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ASPEN/SP DIRECT COAL LIQUEFACTION PROCESS

SINULATION NODEL SUPPLENENTAL FORTRAN LISTINGS

Editorial Note
In the following listing, whenever TOF occurs between single quote marks
in a FORMAT statement, it represents the IBM PC top of form character (ASCII
character 012).

C File OTHERS.FOR
C
C This file contains the following subroutines which are required
C by most of the ASPEN/SP user Fortran models for the direct coal
C liquefaction plant model developed under DOE contract no.
C DE-AC22 90PC89857.
C USRCCN Subroutine for the locating the relative conventional
C component number.
C USRUCO Subroutine for calculating, saving and reporting the
C utilities, capital and operating costs for the plant.
C USRUC1 Subroutine for calculating, saving and reporting the
C utilities, capital and operating costs for the plant.C GETSTR Subroutine for finding the stream bead information.
C USR31T Subroutine to summarize the plant utilities. -- ThisC routine totals all the utilites and prints a summaryC table for all plants.
C USRBD1 User BLOCK DATA routine to initialize the items inC named COMMON /USRCO1/ and /USRC03/.
C USRSR1 Subroutine to write the major plant streams.
C USRSR2 Subroutine to write the total plant installed costs.
C USRSR3 Subroutine to write the LOTUS spreadsheet economicsC model input file, DCLI.PRN
C
C Last revision - January 6, 1993.
C
C$ USRCCN

SUBROUTINE USRCCN (CID, NSQ)
C
C Adapted from ASPEN subroutine NSQCC - 11/25/90.
C Last revision - May 18, 1991.
C
C PURPOSE: To find the sequence number of a conventional component.
C
C Calling sequence:
C
C CALL USRCCN (CID, NSQ)
C
C Variables used:
C Variable 1/0 Type Dimension Description
C CID I C Component ID
C NSQ 0 1 Sequence number
C
C Subroutines called:

C-2



UC Name - LOCATI
C Description - Locates an integer bead.
C'I'C Specifications, declarations, data statements, etc.

IMPLICIT DOUBLE PRECISION (A-H-,O-Z)
CHARACTER*4 CID
INTEGER*4 ID

COMMON /NCOMP/ NCC ,NNCC ,NC ,NAC ,NACC
1 NVCP ,NVNCP ,NVACC ,NVANCC

C End COMMON /NCOMP/ 10-13-78
C

COMMON /PPCTBL/ NBCV, NBNC, NBAC, NBACC, NBCVAL,NBNCALSC End COMMON /PPCTBL/ 9-15-79

COMMON /PLEX/ IB(1)
DIMENSION B(1)
EQUIVALENCE (IB(1), B(1))

C End COMMON /PLEX/ 10-13-78

I DIMENSION CID(2), ID(2)
C
C Convert the character string to an integer.

READ (CID(1),100) ID(1)
READ (CID(2),100) ID(2)

100 FORMAT(A4)
C

C Locate integer address of conventional component symbol table.
IF (NBCV .EQ. 0) GO TO 220
LBC = LOCATI (NBCV)I C

C Go through conventional component symbol table for a match of ID.
DO 210 INC = 1, NCC

NSQ = INC

C Check if IDs are identical.
IF ((IB(LBC + 2 * (INC -1)) .EQ. ID(1)) .AND.

1 (IB(LBC + 2 * INC-i) .EQ. ID(2))) GO TO 999I, 210 CONTINUE
C
C No match of IDs or NBCV = 0 - set NSQ = 0 upon return.

220 NSQ = 0

999 RETURNI END
C$USRUCO

SUBROUTINE USRUCO (NHSTRY, NOUT, IPASS, ID, PNAME, INTi, INT3,I 1I KTEST, CON, CAP, KUNITS)
C
C This subroutineIC 1. Calculates the Utilities, ISBL field costs and Operating
C costs for the Fortran user block models,

C 2 Saves the key results in named COMMON /USRCO1/.

C 3. Writes the results to the Plant Summary Report, if

C requested, on the results pass (i.e., when IPASS = 4).
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CI
C Prepared under DOE contract no. DE-AC22 90PC89857.

C Last revision - May 26, 1992.1
C
C Calling arguments:
C NHSTRY = Logical unit number of the history file.
C NOUT = Logical unit number of the plant output report file.IC IPASS = The results pass flag.
C ID = Plant internal identification number.

C PNAME = Plant name (CHARACTER * 6)I
C INT1 = User block output report control switch.
C 0 => Write the complete user block summary report.C 1 => Skip the capital cost section of the report.
C 2 => Skip the capital cost and utilities sections of theC report.
C 3 => Skip writing the entire user block summary report.IC INT3 =Number of operating duplicate trains, excluding spares.C If INT3 = 0, the minimun number of duplicate trains will
C be determined so that the capacity of each train doesCnot exceed the maximum train capacity specified byIC variable CON(32).
C If INT3 > 0, this number of duplicate trains will be
C used.
C KTEST = Switch for controlling the printing to the history file.C CON() = Vector of plant parameters for calculating the utilities,C capital costs and operating costs as a function of plantCcapacity as defined by the CAP variable.
C CON(1) = Constant factor for the power consumption, kw.C CON(2) = Power consumption per CAP unit, kw/(CAP units).C CON(3) = Constant factor for the 900 psig / 750 F steam
C consumption, Mlbs/hr.
C CON(4) = 900 psig / 750 F steam consumption per CAP unit,C (Mlbs/hr)/(CAP units).
C CON(5) = Constant factor for the 900 psig saturated steamC consumption, Mlbs/hr.
C CON(6) = 900 psig saturated steam consumption per CAP unit,C (Mlbs/hr)/(CAP units).
C CON(7) = Constant factor for the 600 psig / 720 F steamC consumption, Mlbs/hr.3
C CON(8) = 600 psig / 720 F steam consumption per CAP unit,C (Mlbs/hr)/(CAP units).
C CON(9) = Constant factor for the 600 psig saturated steamC consumption, Mlbs/hr.I
C CON(10) = 600 psig saturated steam consumption per CAP unit,C (Mlbs/hr)/(CAP units).
C CON(11) = Constant factor for the 150 psig saturated steamC consumption, Mlbs/hr.
C CON(12) = 150 psig saturated steam consumption per CAP unit,C (Mlbs/hr)/(CAP units).

C CON(13) = Constant factor for the 50 psig saturated steam
C consumption, Mlbs/hr.C CON(14) = 50 psig saturated steam consumption per CAP unit,C (Mlbs/hr)/(CAP units).
C CON(15) = Constant factor for the plant fuel consumption,I
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C MM BTU/hr.
C CON(16) = Plant fuel consumption per CAP unit,
C (MM BTU/hr)/(CAP units).
C CON(17) = Constant factor for the cooling water consumption,
C Mgal/hr.
C CON(18) = Cooling water consumption per CAP unit,
C (Mgal/hr)/(CAP units).
C CON(19) = Constant factor for the process water consumption,
C Mgal/hr.
C CON(20) = Process water consumption per CAP unit,IC (Mgal/hr)/(CAP units).
C CON(21) = Constant factor for the nitrogen consumption,
C MM SCF/hr of N2.IC CON(22) = Nitrogen consumption per CAP unit,
C (MM SCF/hr of N2)/(CAP units).
C CON(23)-
C CON(28) = Future use.
C CON(29) = Constant factor for the number of operators per
C day, operators/day.
C CON(30) = Number of operators per day per operating train,I C (operators/day)/trai n.
C CON(31) = Reference capacity of a single train as defined by

C the key flow rate in CAP units for the calculation
C of the ISBL field cost of a single train as a

cc function of train capacity.
C CON(32) = Maximum size of a single train as defined by the key
C flow rate in CAP units.IC CON(33) = Minimum size of a single train as defined by the key
C flow rate in CAP units.
C CON(34) = Constant A in the plant ISBL field cost equation.
C CON(35) = Constant B in the plant ISBL field cost equation.
C CON(36) = Constant E in the plant ISBL field cost equation.
C CON(37) = Constant F in the plant ISBL field cost equation.
C CON(38) = Number of spare trains.SC CON(39) -
C CON(50) = Future use.
C CAP = Total capacity of all duplicate trains expressed asU.C the key flow rate in CAP units.
C KUNITS = Code for the CAP units of the key flow rate in the
C PUNITS vector.
C
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

I COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,7), OPCST(32,5)
C
C PLNTID(J) =Plant identification information (CHARACTER * 6),

I'C where
C J is the internal plant identification number.
C 1 => Plant 1, Coal cleaning and preparation plant.
C 2 => Plant 2, Coal liquefaction plant.

C 3 => Plant 3, Gas plant.
C 4 => Plant 4, Naphtha hydrotreating plant.
C 5 => Plant 5, 350-850 F distillate hdrotreating
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C 6 => Plant 6.1, Hydrogen purification by membrane
C permeation plant.
C 7 => Plant 6.2, Hydrogen purification by PSA
C (Pressure Swing Adsorption) plant.
C 8 => Plant 8., ROSE-SR solids/liquids extraction
C plant.
C 9 => Plant 7 - Naphtha reformer.
C 10 => Plant 8.1-02, Fluid coking plant.
C 11 => Plant 9.-01, Hydrogen production by coal
C gasification plant.
C 12 => Plant 9.-03, Hydrogen production by steam
C reforming of natural gas plant.
C 13 => Plant 10, Air separation plant.
C 14 => Plant 11, Sulfur recovery plant.
C 15 => Plant 38, Ammonia recovery plant.
C 16 => Plant 39, Phenol recovery plant.
C 17 => Plant 1.4, Coal grinding and drying plant.
C 18 => Plant 31, Steam and power generation plant.
C 19 => Commom users and OSBL users.
C 20 => Plant IG - Coal cleaning for gasification.
C 21 => Plants 31.1 and 31.4 - Fulidized bed
C combustor and steam turbine generator.
C 22 - 32 => Future use.
C UTIL(JK) Plant utilities consumptions, where
C J is the internal plant identification number,C see PLANTID for the meaning of the J values.C K designates the specific utility.
C 1 => Power consumption, Kilowatts.
C 2 => 900 psig / 750 F steam consumption,
C Mlbs/hr.
C 3 => 900 psig saturated steam consumption,
C Mlbs/hr.
C 4 => 600 psig / 720 F steam consumption,
C Mlbs/hr.
C 5 => 600 psig saturated steam consumption,
C Mlbs/hr.
C 6 => 150 psig saturated steam consumption,
C Mlbs/hr.
C 7 => 50 psig saturated steam consumption,
C Mlbs/hr.
C 8 => Fuel consumption, MM BTUs/hr.
C 9 => Cooling water consumption, Mgal/hr.
C 10 => Process water consumption, Mgal/hr.
C 11 => Nitrogen consumption, MM SCF/hr of N2.C 12 => Future use.
C 13 => Future use.
C 14 => Future use.
C 15 => Future use.
C CAPCST(JK) Plant capital costs, where
C J is the internal plant identification number,C see PLANTID for the meaning of the J values.C K designates the following items.
C I => Number of operating duplicate trains,
C excluding spares.
C 2 => Capacity of each individual operating
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C duplicate train in the appropriate units
C for the plant.
C 3 => ISBL field cost of the first duplicate trainC in MM$.
C 4 => Total ISBL field cost of all duplicate
C trains, including spares in MM$.
C 5 => Number of spare trains.
C 6 => Total installed capital cost of all duplicateC trains, including spares in MM$.
C 7 => Future use.
C OPCST(JK) Plant operating costs, where
C J is the internal plant identification number,
C see PLANTID for the meaning of the J values.
C K designates the following items.
C 1 => Total number of operators/day.
C 2 => Future use.
C 3 => Future use.
C 4 => Future use.
C 5 => Future use.
C
C Local variable declaration statements.

DIMENSION CON(50), PUNITS(9)
C

DIMENSION PPV(15)
C PPV(J) is the Plant Property Vector, where
C I => Power consumption, Kilowatts.
C 2 => 900 psig / 750 F steam consumption, Mlbs/hr.
C 3 => 900 psig saturated steam consumption, Mlbs/hr.
C 4 => 600 psig / 720 F steam consumption, Mlbs/hr.
C 5 => 600 psig saturated steam consumption, Mlbs/hr.
C 6 => 150 psig saturated steam consumption, Mlbs/hr.
C 7 => 50 psig saturated steam consumption, Mlbs/hr.
C 8 => Fuel consumption, MM BTUs/hr.
C 9 => Cooling water consumption, Mgal/hr.
C 10 => Process water consumption, Mgal/hr.
C 11 => Nitrogen consumption, MM SCF/hr of N2.
C 12 => Future use.
C 13 => Future use.
C 14 => Future use.
C 15 => Future use.

DIMENSION PCA(2,3)
C PCA(JK) is the Plant Cost Array, where
C J = Property for each plant
C 1 => Plant or train capacity.
C 2 => Plant or train cost.
C K = Total or duplicate train identifier
C 1 => Total of all duplicate trains.
C 2 => First train.
C 3 => All subsequent trains.
C

CHARACTER * 6 PLNTID
CHARACTER * 6 PNAME, BLANK6, MISSNG
CHARACTER * 22 PUNITS
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DATA BLANK6/' '/

DATA MISSNG /'??? '/

C DATA PUNITS /'UNKNOWN UNITS '

1 'MLBS/HR 11
2 'MLBS/HR DRY CLEAN COAL',
3 'MM SCF/HR
4 'MM SCF/HR OF H2 '

5 'MM SCF/HR OF 02
6 'MLBS/HR OF NH3I
7 'MLBS/HR OF PHENOL
8 'MLBS/HR MAIN FEED '/

C

C

IF ( ID .LE. 0 .OR. ID .GE. 33 )THEN
WRITE (NHSTRY, 801) ID '

801 FORMAT ( // ' SEVERE ERROR - Subroutine USRUCO has been '

1 'called with an invalid plant' /
2 'internal identification number (ID) of', 18/

3 'EXECUTION IS BEING TERMINATED.' /
STOP

ENDIF

IF ( PNAME .EQ. BLANK6 ) THEN
WRITE (NHSTRY, 802) ID, MISSNG

802 FORMAT ( // ' WARNING - Subroutine USRUCO has been called '

1 'with a missing plant name'/
2 ' (PNAME) for the plant with the internal '

3 'identification number of', 14 /
4 2X, A6, ' is being substituted for the plant name.' M/

PNAME = MISSNG
ENDIF

IF ( CAP .LT. 0.ODO ) THEN
WRITE (NHSTRY, 803) PNAME

803 FORMAT ( // ' WARNING - Subroutine USRUCO has been called '

1 'with a negative key stream ' /
2 'flow rate (CAP) for plant ', A6/
3 'The utilities consumptions, ISBL field costs and '

A 'operating cost' /
5 ' calculations for this plant are being skipped.'//

GO TO 999
ENDIFI

IF ( KUNITS.LE.O .OR. KUNITS.GE.10 ) THEN
WRITE (NHSTRY, 804) PNAME, KUNITS

804 FORMAT ( // ' WARNING - Subroutine USRUCO has been called '

1 'with an invalid value of the' /
2 ' code (KUNITS) for the units of the key stream '

3 'flow rate for plant ', A6/a
4 'of', 14 /
5 'KUNITS is being set to 1, and execution is continuing.'//)

KUNITS = 15
ENDIF
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IC
UC

C Load the reference, maximum and minimum capacities of a single
C train expressed as the key flow rate in CAP units into the
C appropriate variables.

PREFF = CON(31)I PMAXF = CON(32)
PMINF = CON(33)

C
C If it has not been specified by the user in variable INT3,
C calculate the number of operating duplicate trains, excluding
C spares (NPLT), based on the maximum key flow rate. However, if
C the maximum key flow rate has not been specified, set the number
C of operating duplicate trains to 1.

I~I NPLT NT.EQ. 0) .AND. (PMAXF .GT. 0.000)) THENI NPLT = CAP / PMAXF
IF ((MOD(CAP, PMAXF)) .GT. 0.ODO ) NPLT = NPLT + 1

ELSE
IF (NPLT .EQ. 0) NPLT= 1£ ENDIF

C
C Calculate the key flow rate in CAP units for each of the

C individual duplicate trains.
XPLANT =NPLT

PFLOW =CAP / XPLANT
PCA(1,1) = CAPI PCA(1,2) = PFLOW
PCA(1,3) = PFLOW

C5C Plant Utilities Report Calculations
C Calculate the total plant utilities consumptions as a function
C of the key stream flow rate by the following equation.
C
C Ui = Ai + Bi * TFLOW
C
C Where;IC Ui = Consumption of utility i.
C Note; Positive values indicate consumption (import)
C and negative values indicate productionIC (export).
C TFLOW = Total key flow rate for all duplicate plants in CAP
C units.
C Ai, Bi = Constants for the calculation of the consumption of
C utility i.
C and
C Subscript i designates the following utilities.'IC i =1I=> Power consumption in Kilowatts.
C 2 = 900 psig / 750 F steam in Mlbs/hr.
C 3 = 900 psig saturated steam in Mlbs/hr.
C 4 = 600 psig / 720 F steam in Mlbs/hr.C 0 sgstrte ta nMb/r
C 6 = 600 psig saturated steam in Mlbs/hr.
C 6 = 150 psig saturated steam in Mlbs/hr.

C 8 =Fuel in MM BTU/hr.3 C-9



C 9 = Cooling water in Mgal/hr.
C 10 = Process water in Mgal/hr.
C 11 = Nitrogen in MM SCF/hr of N2.
C 12 = Future use.
C 13 = Future use.
C 14 = Future use.
C 15 = Future use.
C
C Calculate all the utitities consumptions, and save them in the
C Plant Property Vector, PPV(J).

DO 20 J 1, 15
K = 2 J
PPV(J) CON(K-1) + CON(K) * CAP

20 CONTINUE

C Plant ISBL Field Cost Report Calculations.
C Set up the constants in the plant costing equation.

A = CON(34)
B = CON(35)
E = CON(36)
F = CON(37)

C
C The total plant ISBL field cost is calculated by the following
C equations as a function of the capacity of each duplicate
C train (PFLOW) and the number of duplicate trains (N).
C
C TCOST = FCOST + (N - 1) * SCOST
C HOST = A + B * (PFLOW/REFFLOW)**E
C SCOST = F * HOST
C
C Where;
C TCOST = Total ISBL field cost of all duplicate trains; i.e.,
C total ISBL field cost of the plant.
C HOST = ISBL field cost of the first train.
C SCOST = ISBL field cost of each subsequent duplicate train.
C PFLOW = Key flow rate of a single plant used to scale the
C the ISBL field cost of a single train as a function
C of train capacity.
C REFFLOW = Key flow rate of a single plant that is being used
C to scale the ISBL field cost of a single train as a
C function of train capacity.
C N = Total number of duplicate trains.
C A, B, E and F are constants in the above plant ISBL field cost
C equations.
C
C Notes:
C 1, Constant A is a fixed ISBL field cost associated with a
C single train.
C 2. Constant B is the variable ISBL field cost of a single train
C of capacity REFFLOW.
C 3. The sum of constants A and B is the ISBL field cost of a
C single train of capacity REFFLOW.
C 4. Constant E is the cost scaling exponent for calculating the
C ISBL field cost of a single train as a function of plant
C capacity.
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IC 5. Constant F is a ISBL field cost reduction factor for
C construction of duplicate trains.
CIC Calculate the ISBL field cost of the first train.

PCA(2,2) = A + B * (PFLOW/PREFF)**E
C Calculate the ISBL field cost of all subsequent duplicate trains..3, PCA(2,3) = F * PCA(2,2)

C Calculate the ISBL field cost of the total plant including any
C spare trains.

PCA(2,I) = PCA(2,2) + (XPLANT + CON(38) - 1.0) * PCA(2,3)I C
C
C Calculate the total number of operators/day. Do not include a
C set of operators for any spare trains.

XPLTS = XPLANT
OPERS = CON(29) + XPLTS * CON(30)

C
C
C If this is NOT the report pass, save the results in named
C COMMON /USRCOI/.I IF ( IPASS .NE. 4 ) THEN

PLNTID(ID) = PNAME
DO 30 J = 1, 15

UTIL(ID,J) = PPV(J)
30 CONTINUE

CAPCST(ID,1) =XPLANT
CAPCST(ID,2) = PFLOWCACTI,)=PA22
CAPCST(ID,3) = PCA(2,2)

CAPCST(ID,5) = CON(38)
OPCST(ID,1) = OPERS
OPCST(ID,2) = O.ODO
OPCST(ID,3) = O.ODO
OPCST(ID,4) = 0.000
OPCST(ID,5) = O.ODO

ENDIF
CI C
C If this is the report pass, write the results to the plant
C summary report.U IF ( IPASS .EQ. 4 ) THEN

C Don't write the utilities section of the summary report if the
C ouput report control switch, INTi, is 2 or larger.

IF ( INTI .LE. 1 ) THEN
WRITE (NOUT, 821) (PPV(J), J = 1, 11)

821 FORMAT ( // IX, 'PLANT UTILITIES CONSUMPTIONS'/I1 2X, 'POWER, KW ', F18.0
2 2X, '900 PSIG/750 F STEAM, MLBS/HR', F18.1/
3 2X, '900 PSIG SATD STEAM, MLBS/HR ', F18.1/
4 2X, '600 PSIG/720 F STEAM, MLBS/HR', F18.1/5 X 60PI ADSEM LSH 1.
5 2X) '600 PSIG SATO STEAM, MLBS/HR ',F18.1/

6 2X, '150 PSIG SATD STEAM, MLBS/HR ',F18.1/

8 2X) 'PLANT FUEL, MM BTUS/HR ',F18.2/
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9 2X, 'COOLING WATER, MGAL/HR ',F18.2/

A 2X, 'PROCESS WATER, MGAL/HR ',F18.2/

B 2X, 'NITROGEN, MM SCF/HR OF N2 ',F18.2)

WRITE (NOUT, 822) OPCST(ID,1)1
822 FORMAT (/2X, 'TOTAL PLANT OPERATORS/DAY ',F18.1)

ENDIF
C3
C Don't write the plant cost section of the summary report if the
C ouput report control switch, INT1, is 1 or larger.
C has a value of 1 or more.

IF ( INT, .LE. 0 ) THENI
WRITE (NOUT, 831)

831 FORMAT (// 28X, 'PLANT COSTING INFORMATION')
C Get the number of duplicate trains in an integer variable.U

NDUP = CON(38) + 0.00100
N =NPLT + NDUP
IF (INT3 .GE. 1 ) THEN

WRITE (NOUT, 832) N
832 FORMAT (/ IX, 'TOTAL NUMBER OF DUPLICATE TRAINS', 116,

1 ELIX, '(SPECIFIED)')

WRITE (NOUT, 833) N
833FORMAT (/ 1X, 'TOTAL NUMBER OF DUPLICATE TRAINS', 116)
833 ENDIF3

IF ( NDUP .GE. 1 ) THEN
WRITE (NOUT, 834) NDUP

834 FORMAT (lX, 'INCLUDING', 12, ' SPARE TRAIN(S)'
834 ENDIF£

WRITE (NOUT, 835) PUNITS(KUNITS), PMAXF, PUNITS(KUNITS),
1 PMINF

835 FORMAT (1X, 'MAXIMUM SIZE, ', A22, F12.3/
1 1X, 'MINIMUM SIZE, ', A22, F12.3)

C Set up the number of items to write on each line.
NWRIT = 1
IF ( N .GE. 2 ) THEN
NWRIT = 3
WRITE (NOUT, 836)

836 FORMAT (/ 44X, 'TOTAL', 96X, 'FIRST', 3X, 'SUBSEQUENT' )I
ENDIF
WRITE (NOUT, 837) PUNITS(KUNITS), (PCA(1,J), J =1, NWRIT)

837 FORMAT (1X, 'CAPACITY, ', A22, 5X, 2F11.3, F13-3)IWRITE (NOUT, 838) (PCA(2,J), J = 1, NWRIT)838 FORMAT (lX, 'PLANT ISBL FIELD COST, MM$', l1X, 2F11.3, F13.3)

C If the calculated plant size is below the specified minimum
C plant size, write a warning message.

IF ( (PCA(1,1).LT.PMINF) .OR. (PCA(1,2).LT.PMINF))
I WRITE (NOUT, 840)

840 FORMAT (/ ' WARNING - THE ABOVE PLANT COSTS MAY BE IN',
1 ' ERROR SINCE THE CALCULATED' /
2 lix, 'TRAIN SIZE IS BELOW THE SPECIFIED MINIMUM TRAIN '3 'SIZE.')

C
C If the calculated plant size is above the specified maximum

C plant size, write a warning message.
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IF (NPLT.EQ.1) AND. (PCA(1,1).GT.PMAXF)) OR.
I (PCA(1,2).GT.PMAXF) ) WRITE (NOUT, 841)

841 FORMAT (/ ' WARNING - THE ABOVE PLANT COSTS MAY BE IN',
1 ' ERROR SINCE THE CALCULATED' /
2 11X, 'TRAIN SIZE IS ABOVE THE SPECIFIED MAXIMUM TRAIN
3 'SIZE.')

ENDIF

ENDIF
C

999 RETURN
END

C
C$ USRUCI

SUBROUTINE USRUCI (NHSTRY, NOUT, IPASS, ID, PNAME, INTI, INT31
1 KTEST, CON, CAPC, CAPU, KUNITS

C
C This subroutine is similar to USRUCO except that the ISBL field
C costs are based on one flow rate, and the utilities and operating
C costs are based on a different one.
C
C This subroutine
C 1. Calculates the Utilities, ISBL field costs and Operating
C costs for the Fortran user block models,
C 2 Saves the key results in named COMMON /USRCO1/.
C 3. Writes the results to the Plant Summary Report, if
C requested, on the results pass (i.e., when IPASS = 4).
C
C Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Last revision - October 24, 1992.
C
C Calling arguments:
C NHSTRY = Logical unit number of the history file.
C NOUT = Logical unit number of the plant output report file.
C IPASS = The results pass flag.
C ID = Plant internal identification number.
C PNAME = Plant name (CHARACTER * 6)
C INTI = User block output report control switch.
C 0 => Write the complete user block summary report.
C 1 => Skip the capital cost section of the report.
C 2 => Skip the capital cost and utilities sections of the
C report.
C 3 => Skip writing the entire user block summary report.
C INT3 Number of operating duplicate trains, excluding spares.
C If INT3 = 0, the minimun number of duplicate trains will
C be determined so that the capacity of each train does
C not exceed the maximum train capacity specified by
C variable CON(32).
C If INT3 > 0, this number of duplicate trains will be
C used.
C KTEST = Switch for controlling the printing to the history file.
C CONO = Vector of plant parameters for calculating the utilities,
C capital costs and operating costs as a function of plant
C capacity as defined by the CAP variable.
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C CON(I) = Constant factor for the power consumption, kw.
C CON(2) = Power consumption per CAPU unit, kw/(CAPU units).
C CON(3) = Constant factor for the 900 psig / 750 F steam
C consumption, Mlbs/hr.
C CON(4) = 900 psig / 750 F steam consumption per CAPU unit,
C (Mlbs/hr)/(CAPU units).
CCON(5) = Constant factor for the 900 psig saturated steam

C consumption, Mlbs/hr.
C CON(6) = 900 psig saturated steam consumption per CAPU unit,
C (Mlbs/hr)/(CAPU units).
C CON(7) = Constant factor for the 600 psig / 720 F steamI
C consumption, Mlbs/hr.
C CON(8) = 600 psig / 720 F steam consumption per CAPU unit,
C (Mlbs/hr)/(CAPU units).I
C CON(9) = Constant factor for the 600 psig saturated steam
C consumption, Mlbs/hr.
C CON(10) = 600 psig saturated steam consumption per CAPU unit,
C (Mlbs/hr)/(CAPU units).
C CON(I1) = Constant factor for the 150 psig saturated steam
C consumption, Mlbs/hr.
C CON(12) = 150 psig saturated steam consumption per CAPU unit,
C (Mlbs/hr)/(CAPU units).
C CON(13) = Const'ant factor for the 50 psig saturated steam

C consumption, Mlbs/hr.
C CON(14) = 50 psig saturated steam consumption per CAPU unit,

C (Mlbs/hr)/(CAPU units).
C CON(15) = Constant factor for the plant fuel consumption,
C MM BTU/hr.
C CON(16) = Plant fuel consumption per CAPU unit,
C (MM BTU/hr)/(CAPU units).
C CON(17) = Constant factor for the cooling water consumption,
C Mgal/hr.
C CON(18) = Cooling water consumption per CAPU unit,
C (Mgal/hr)/(CAPU units).
C CON(19) = Constant factor for the process water consumption,
C Mgal/hr.
C CON(20) =Process water consumption per CAPU unit,
C (Mgal/hr)/(CAPU units).I
C CON(21) = Constant factor for the nitrogen consumption,
C MM SCF/hr of N2.
CCON(22) = Nitrogen consumption per CAPU unit,I

C (MM SCF/hr of N2)/(CAPU units).
C CON(23)-
C CON(28) = Future use.
C CON(29) = Constant factor for the number of operators perI
C day, operators/day.
C CON(30) = Number of operators per day per operating train,
C (operators/day)/train.I
C CON(31) = Reference capacity of a single train as defined by
C the key flow rate in CAPC units for the calculation

Cof the ISBL field cost of a single train as aI
C function of train capacity.
C CON(32) = Maximum size of a single train as defined by the key
C flow rate in CAPC units.

C CON(33) = Minimum size of a single train as defined by the key
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C flow rate in CAPC units.
C CON(34) = Constant A in the plant ISBL field cost equation.

= ons an in
CON(36) = Constant E in the plant ISBL field cost equation.

C CON(37) = Constant F in the plant ISBL field cost equation.
C CON(38) = Number of spare trains.
C CON(39) -
C CON(50) = Future use.
C CAPC = Total capacity of all duplicate trains expressed as
C the key flow rate in CAPC units for the capital cost
C and number of plants c1culations only.
C CAPU = Total capacity of all duplicate trains expressed as
C the key flow rate in CAPU units for the utilities
C calculations only.
C KUNITS = Code for the CAPC OR CAPU units of the key flow rate in
C the PUNITS vector.
C
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

COMMON /USRC01/ PLNTID(32), UTIL(32,15), CAPCST(32,7), OPCST(32,5)
C
C PLNTID(J) Plant identification information (CHARACTER * 6),
C where
C J is the internal plant identification number.
C 1 => Plant 1, Coal cleaning and preparation plant.
C 2 => Plant 2, Coal liquefaction plant.
C 3 => Plant 3, Gas plant.
C 4 => Plant 4, Naphtha hydrotreating plant.
C 5 => Plant 5, 350-850 F distillate hdrotreating
C plant.
C 6 => Plant 6.1, Hydrogen purification by membrane
C permeation plant.
C 7 => Plant 6.2, Hydrogen purification by PSA

C (Pressure Swing Adsorption) plant.
C 8 => Plant 8., ROSE-SR solids/liquids extraction

C plant.
C 9 => Plant 7 - Naphtha reformer.
C 10 => Plant 8.1-02, Fluid coking plant.

C 11 => Plant 9.-Ol, Hydrogen production by coal

C gasification plant.
C 12 => Plant 1.-03, Hydrogen production by steam

C reforming of natural gas plant.
C 13 => Plant 10, Air separation plant.
C 14 => Plant 11, Sulfur recovery plant.

C 15 => Plant 38, Ammonia recovery plant.

C 16 => Plant 39, Phenol recovery plant.

C 17 => Plant 1.4, Coal grinding and drying plant.

C 18 => Plant 31, Steam and power generation plant.

C 19 => Commom users and OSBL users.

C 20 => Plant 1G - Coal cleaning for gasification.

C 21 => Plants 31.1 and 31 .4 - Fulidized bed

C combustor and steam turbine generator.

C 22 - 32 => Future use.

C UTIL(JK) Plant utilities consumptions, where
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C J is the internal plant identification number,
C see PLANTID for the meaning of the J values.
C K designates the specific utility.
C I => Power consumption, Kilowatts.
C 2 => 900 psig / 750 F steam consumption,
C Mlbs/hr.
C 3 => 900 psig saturated steam consumption,
C Mlbs/hr.
C 4 => 600 psig / 720 F steam consumption,
C Mlbs/hr.
C 5 => 600 psig saturated steam consumption,
C Mlbs/hr.
C 6 => 150 psig saturated steam consumption,
C Mlbs/hr.
C 7 => 50 psig saturated steam consumption,
C Mlbs/hr.
C 8 => Fuel consumption, MM BTUs/hr.
C 9 => Cooling water consumption, Mgal/hr.
C 10 => Process water consumption, Mgal/hr.
C 11 => Nitrogen consumption, MM SCF/hr of N2.
C 12 => Future use.
C 13 => Future use.
C 14 => Future use.
C 15 => Future use.
C CAPCST(JK) Plant capital costs, where
C J is the internal plant identification number,
C see PLANTID for the meaning of the J values.
C K designates the following items.
C I => Number of operating duplicate trains,
C excluding spares.
C 2 => Capacity of each individual operating
C duplicate train in the appropriate units
C for the plant.
C 3 => ISBL field cost of the first duplicate train
C in MM$.
C 4 => Total ISBL field cost of all duplicate
C trains, including spares in MM$.
C 5 => Number of spare trains.
C 6 => Total installed capital cost of all duplicate
C trains, including spares in MM$.
C 7 => Future use.
C OPCST(JK) Plant operating costs, where
C J is the internal plant identification number,
C see PLANTID for the meaning of the J values.
C K designates the following items.
C I => Total number of operators/day.
C 2 => Future use.
C 3 => Future use.
C 4 => Future use.
C 5 => Future use.
C
C Local variable declaration statements.

DIMENSION CON(50), PUNITS(9)

DIMENSION PPV(15)
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IC PPV(J) is the Plant Property Vector, where
C 1 => Power consumption, Kilowatts.
C 2 => 900 psig / 750 F steam consumption, Mlbs/hr.IC 3 => 900 psig saturated steam consumption, Mlbs/hr.
C 4 => 600 psig / 720 F steam consumption, Mlbs/hr.
C 5 => 600 psig saturated steam consumption, Mlbs/hr.
C 6 => 150 psig saturated steam consumption, Mlbs/hr.
C 7 => 50 psig saturated steam consumption, Mlbs/hr.
C 8 => Fuel consumption, MM BTUs/hr.
C 9 => Cooling water consumption, Mgal/hr.IC 10 => Process water consumption, Mgal/hr.
C 11 => Nitrogen consumption, MM SCF/hr of N2.
C 12 => Future use.IC 13 => Future use.
C 14 => Future use.
C 15 => Future use.

DIMENSION PCA(2,3)
C PCA(J,K) is the Plant Cost Array, where
C J = Property for each plantIC 1 => Plant or train capacity.
C 2 => Plant or train cost.
C K = Total or duplicate train identifier3C 1 => Total of all duplicate trains.
C 2 => First train.
C 3 => All subsequent trains.

CHARACTER * 6 PLNTID
CHARACTER * 6 PNAME, BLANK6, MISSNG
CHARACTER * 22 PUNITS

DATA BLANK6 / I I /
DATA MISSNG /'??? '/

C
DATA PUNITS /'UNKNOWN UNITS
1 'MLBS/HR1
2 'MLBS/HR DRY CLEAN COAL',I3 'MM SCF/HRI
4 'MM SCF/HR OF H2I
5 'MM SCF/HR OF 02
6 'MLBS/HR OF NH3
7 'MLBS/HR OF PHENOL
8 'MLBS/HR MAIN FEED '/

CI C
C Input variable error checking.

IF ( ID .LE. 0 .OR. ID .GE. 33 )THENI WRITE (NHSTRY, 801) ID
801 FORMAT ( //' SEVERE ERROR -Subroutine USRUCi has been'

1 'called with an invalid plant' /
2 'internal identification number (ID) of', 18/
3 'EXECUTION IS BEING TERMINATED.' /

STOP

3 C ENDIF
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IF ( PNAME .EQ. BLANK6 ) THEN
WRITE (NHSTRY, 802) ID, MISSNG

802 FORMAT ( // ' WARNING - Subroutine USRUC1 has been called '
1 'with a missing plant name' /I

2 ' (PNAME) for the plant with the internal '
3 'identification number of', 14 /
4 2X, A6, ' is being substituted for the plant name.'//

PNAME = MISSNGU
ENDIF
IF ( CAPU .LT. O.ODO .OR. CAPC .LT. 0.ODO ) THENI
WRITE (NHSTRY, 803) PNAME

803 FORMAT ( // ' WARNING - Subroutine USRUCI has been called '

2 'flow rate (either CAPC or CAPU) for plant ', A6'wtanetiekysrm'/I
3 'The utilities consumptions, ISBL field costs and '
4 'operating cost' /
5 ' calculations for this plant are being skipped.'1)

GO TO 999
ENDIF3

IF ( KUNITS.LE.O .OR. KUNITS.GE.10 I THEN
WRITE (NHSTRY, 804) PNAME, KUNITS

804 FORMAT ( // ' WARNING - Subroutine USRUCI has been called '

1 'with an invalid value of the' /2 ' code (KUNITS) for the units of the key stream '
3 'flow rate for plant ', A6 /
4 'of', 14 /I
5 ' UNITS is being set to 1, and execution is continuing.'//)

KUNITS = 1
ENDIF CUC

C Load the reference, maximum and minimum capacities of a single
C tanexpressed as the key flow rate in CAPC units into the
C appropriate variables.

PREFF = CON(31)
PMAXF = CON(32)I

C If it has not been specified by the user in variable INT3,
C calculate the number of operating duplicate trains, excluding
C spares (NPLT), based on the maximum key flow rate. However, if
C the maximum key flow rate has not been specified, set the number
C of operating duplicate trains to 1.INPLT = INT3

IF ( (NPLT .EQ. 0) .AND. (PMAXF .GT. 0.0DO)) THEN
NPLT = CAPC / PMAXFI
IF ( (MOD(CAPC, PMAXF)) .GT. 0.ODO ) NPLT = NPLT+I

ELSE
IF ( NPLT .EQ. 0 ) NPLT = 1

ENDIFI
C
C Calculate the key flow rate in CAPC units for each of the3
C individual duplicate trains.
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XPLANT = NL
PFLOW = CAPC / XPLANT
PCA(1,1)= CAPI PCA(1,2) = PFLOW
PCA(1,3) = PFLOW

CIC Plant Utilities Report Calculations
C Calculate the total plant utilities consumptions as a function

C of the key stream flow rate by the following equation.
CIC Ui = Ai + Bi * TFLOW
C
C Where;
C Ui = Consumption of utility i.
C Note; Positive values indicate consumption (import)
C and negative values indicate production
C (export).
C TFLOW = Total key flow rate for all duplicate plants in CAPU
C units.
C Ai, Bi = Constants for the calculation of the consumption ofIC utility i.
C and
C Subscript i designates the following utilities.IC i = 1 => Power consumption in Kilowatts.
C 2 = 900 psig / 750 F steam in Mlbs/hr.
C 3 = 900 psig saturated steam in Mlbs/hr.
C 4 = 600 psig / 720 F steam in Mlbs/hr.I 0 sgstrte ta nMb/r
C 6 = 600 psig saturated steam in Mlbs/hr.
C 6 = 50 psig saturated steam in Mlbs/hr.

C 8 = Fuel in MM BTU/hr.
C 9 = Cooling water in Mgal/hr.
C 10 = Process water in Mgal/hr.
C 11 = Nitrogen in MM SCF/hr of N2.I 2=Ftueue
C 12 = Future use.
C 13 = Future use.
C 14 = Future use.

C
C Calculate all the utitities consumptions, and save them in the
C Plant Property Vector, PPV(J).

DO 20 J =1, 15
K = 2 *J
PPV(J) =CON(K-1) + CON(K) * CAPUU20 CONTINUE

C
C Plant ISBL Field Cost Report Calculations.IC Set up the constants in the plant costing equation.

A = CON(34)
B = CON(35)
E = CON(36)
F = CON(37)

C
C The total plant ISBL field cost is calculated by the following
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C train (PFLOW) and the number of duplicate trains (N).
C
C TCOST = RCOST + (N - 1) * SCOST
C FCOST = A + B * (PFLOW/REFFLOW)**EI
C SCOST = F * FCOST

C Where;
C TCOST =Total ISBL field cost of all duplicate trains; i.e.,
C total ISBL field cost of the plant.
C RCOST =ISBL field cost of the first train.
C SCOST = ISBL field cost of each subsequent duplicate train.I
C PRLOW = Key flow rate of a single plant used to scale the
C the ISBL field cost of a single train as a function
C of train capacity.I
C REFFLOW = Key flow rate of a single plant that is being used
C to scale the ISBL field cost of a single train as aC function of train capacity.3
C N = Total number of duplicate trains.
C A, B, E and F are constants in the above plant ISBL field costC equations.3

C Notes:
C 1. Constant A is a fixed ISBL field cost associated with a
C single train.
C 2. Constant B is the variable ISBL field cost of a single trainC of capacity REFFLOW.
C 3. The sum of constants A and B is the ISBL field cost of a
C single train of capacity REFFLOW.UC 4. Constant E is the cost scaling exponent for calculating the
C ISBL field cost of a single train as a function of plant
C capacity.1
C 5. Constant F is a ISBL field cost reduction factor for
C construction of duplicate trains.
C
C Calculate the ISBL field cost of the first train.U

PCA(2,2) =A + B * (PFLOW/PREFF)**E
C Calculate the ISBL field cost of all subsequent duplicate trains.

PCA(2,3) = F * PCA(2,2)I
C Calculate the ISBL field cost of the total plant including any
C spare trains.

C PCA(2,1) = PCA(2,2) + (XPLANT + CON(38) - 1.0) * PCA(2,3)I
C
C Calculate the total number of operators/day. Do not include a5
C set of operators for any spare trains.

XPLTS = XPLANT
C OPERS = CON(29) + XPLTS * CON(30)3

C
C If this is NOT the report pass, save the results in named
C COMMON /USRCO1/.

IF ( IPASS .NE. 4 ) THENI
PLNTID(ID) = PNAME
DO 30 J = 1, 15

UIIL(ID,J) = PPV(J)
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330 CONTINUE
CAPCST(ID,1) =XPLANT

CAPCST(ID2 I FOI CAPCST(ID,3) =PCA(2,2)

CAPCST(ID,4) =PCA(2,1)

CAPCST(ID,5) =CON(38)U OPCST(ID,1) = OPERS
OPCST(ID,2) = O.ODO
OPCST(ID,3) = O.ODO
OPCST(ID,4) = 0.ODOIOPCST(ID,5) = 0.ODO

ENDIF
CI C
C If this is the report pass, write the results to the plant
C summary report.

I IF ( IPASS .EQ. 4 ) THEN
C Don't write the utilities section of the summary report if the

C ouput report control switch, INTi, is 2 or larger.I IF ( INTl .LE. 1 ) THEN
WRITE (NOUT, 821) (PPV(J), J = 1, 11)

821 FORMAT ( // 1X, 'PLANT UTILITIES CONSUMPTIONS'/
1 2X, 'POWER, KW ', F18.0
2 2X, '900 PSIG/750 F STEAM, MLBS/HR', F18.1/
3 2X$ '900 PSIG SATD STEAM, MLBS/HR ', F18.1/
4 2X, '600 PSIG/720 F STEAM, MLBS/HR', F18.1/I5 2XI '600 PSIG SATD STEAM, MLBS/HR ', F18.1
6 2X, '150 PSIG SATD STEAM, MLBS/HR ',F18.1

7 2X, '50 PSIG SATD STEAM, MLBS/HR ',F18.1I8 2X, 'PLANT FUEL, MM BTUS/HR ',F18.2/

9 2X, 'COOLING WATER, MGAL/HR ',F18.2/

A 2X, 'PROCESS WATER, MGAL/HR ',F18.2/

B 2X, 'NITROGEN, MM SCF/HR OF N2 ',F18.2)

WRITE (NOUT, 822) OPCST(ID,1)
822 FORMAT (/2X, 'TOTAL PLANT OPERATORS/DAY ',F18.1)

ENDIF

C Don't write the plant cost section of the summary report if the
C ouput report control switch, INTI, is 1 or larger.
C has a value of 1 or more.

IF ( INTl .LE. 0 ) THEN
WRITE (NOUT, 831)

831 FORMAT (// 28X, 'PLANT COSTING INFORMATION')IC Get the number of duplicate trains in an integer variable.
NDUP = CON(38) + 0.001D0
N =NPLT + NOUPIIF(INT3 GE. 1) THEN

WRITE (NOUT, 832) N
832 FORMAT (/ iX, 'TOTAL NUMBER OF DUPLICATE TRAINS', 116,

1 EL1X, '(SPECIFIED)')

WRITE (NOUT, 833) N
833 FORMAT (/ 1X, 'TOTAL NUMBER OF DUPLICATE TRAINS', 116)

ENDIF
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IF ( NDUP .GE. 1 ) THENU
WRITE (NOUT, 834) NDUP

834FORMAT (1X, 'INCLUDING', 12, ' SPARE TRAIN(S)')
834 ENDIFI

WRITE (NOUT, 835) PUNITS(KUNITS), PMAXF, PUNITS(KUNITS),
1 PMINF

835 FORMAT (lX, 'MAXIMUM SIZE, ', A22, F12.3/3
1 ix, 'MINIMUM SIZE, ', A22, F12.3 )

C Set up the number of items to write on each line.
NWRIT = 1
IF ( N .GE. 2 ) THENI
NWRIT = 3
WRITE (NOUT, 836)

836 FORMAT (/ 44X, 'TOTAL', 6X, 'FIRST', 3X, 'SUBSEQUENT')
ENDIF
WRITE (NOUT, 837) PUNITS(KUNITS), (PCA(1,J), J =1, NWRIT)

837 FORMAT (1X, 'CAPACITY, ', A22, 5X, 2F11.3, F13.3)
WRITE (NOUT, 838) (PCA(2,J), J = 1, NWRIT)I

838 FORMAT (1X, 'PLANT ISBL FIELD COST, MM$', lIX, 2F11.3, F13.3)
C
C If the calculated plant size is below the specified minimumI
C plant size, write a warning message.

IF ( (PCA(I1l).LT.PMINF) .OR. (PCA(l,2).LT.PMINF))
1 WRITE (NOUT, 840)

840 FORMAT (/ ' WARNING - THE ABOVE PLANT COSTS MAY BE IN',I1 'ERROR SINCE THE CALCULATED'/
2 11X, 'TRAIN SIZE IS BELOW THE SPECIFIED MINIMUM TRAIN '

3 'SIZE.')
C
C If the calculated plant size is above the specified maximumCplant size, write a warning message.I

IF ( ( (NPLT.EQ.1) .AND. (PCA(l,1).GT.PMAXF)) .OR.
1 (PCA(1,2).GT.PMAXF) ) WRITE (NOUT, 841)

841 FORMAT (/ ' WARNING - THE ABOVE PLANT COSTS MAY BE IN',
I ' ERROR SINCE THE CALCULATED' /I
2 lix, 'TRAIN SIZE IS ABOVE THE SPECIFIED MAXIMUM TRAIN '

3 'SIZE.')

ENDIF
C

999 RETURNI
END

C
C$ GETSTR
C$ #1 BY: KEW DATE: 12/02/86 FIRST ABSORB
C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -CI

C ** NOTICE *****
-----------------------------------------------------------------------------

C
CU
C
C THIS CODE IS PART OF THE VAX SYSTEM DEVELOPED ATI
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C MORGANTOWN ENERGY TECHNOLOGY CENTER, MORGANTOWN, WEST VIRGINIA
C
C
C
C ----------------------------------------------------------------------
C

SUBROUTINE GETSTR ( ID , NB, LB, NBD, LBD)

C NAME OF MODULE: GETSTR
C
C MODULE TITLE: GET STREAM BEAD INFO
C
C PURPOSE: THIS IS A ROUTINE TO GET A STREAM BEAD NUMBER GIVEN THE
C ID OF THE STREAM. SIMILAR TO MOST OTHER ELEMENTARY ID
C LOCATOR ROUTINES. ALSO RETURNS THE STREAM BEAD OFFSET
C IN THE PLEX AND THE BEAD NUMBER AND OFFSET OF THE STREAM
C CLASS DESCRIPTOR BEAD. THE ROUTINE USES THE STANDARD
C ASPEN FORM OF THE ID (IN INTEGER FORMAT). AN ASSIGNMENT
C STATEMENT WILL PUT THE STREAM NAME IN THE PROPER FORM AS
C FOLLOWS:
C
C ID(I) = 'STRE'
C ID(2) = 'AM
C
C TASK, SUBSYSTEM, SYSTEM: UOS, SP
C
C WRITTEN BY: K. WILLIAMS DATE WRITTEN: 12/02/86
C
C READ BY: DATE READ:
C
C APPROVED BY: DATE APPROVED:
C
C CALLING SEQUENCE:
C
C CALL GETSTR ID, NB, LB, NBD, LBD)
C
C VARIABLES USED:
C
C VARIABLES IN ARGUMENT LIST
C
C VARIABLE 1/0 TYPE-SPEC DIMENSION DESCRIPTION AND RANGE
C ID I 1 2 CHARACTER REP OF ID IN
C LEFT JUSTIFIED FORM
C NB 0 1 - STREAM BEAD NUMBER
C = -1 IF NOT FOUND
C LB 0 1 - STREAM BEAD OFFSET IN PLEX
C = -1 IF NOT FOUND

C NBD 0 1 - STREAM CLASS DESCRIPTOR
C BEAD OF LOCATED STREAM
C = -1 IF NOT FOUND

C LBD 0 1 - STREAM CLASS DESCRIPTOR
C BEAD OFFSET IN PLEX

C -1 IF NOT FOUND

C
C IMPORTANT INTERNAL VARIABLES
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CI
C VARIABLE I/O TYPE-SPEC DIMENSION DESCRIPTION AND RANGE
C
C SUBROUTINES CALLED:I
C
C NAME - LOCATI
C DESCRIPTION - LOCATE AN INTEGER BEAD
CU
C FILES:
C
C FILE NAME -- TITLE-I
C FORTRAN UNIT NUMBER 1 /O0
C CREATED BY / USED BY-
C SEQUENCED ON-
C ACCESS MODE-
C DESCRIPTION-
C
C SPECIFICATIONS, DECLARATIONS, DATA STATEMENTS, ETC.I
C

DIMENSION ID(2)
COMMON /PLEX/ IB(1)I

LPB =LOCATI(2)

LSBH =LPB + 64
CALL UNLOCK(2)

C
C INITIALIZE FIRST BEAD NUMBER TO CHECK
CI

NB = IB(LSBH)
C
C OUTSIDE OF CHECK LOOP
C

10 CONTINUE
C
C CHECK IF NO CHAIN OR IF AT END (NOT FOUND)
C

IF (NB .EQ. 0) THEN
NB = -1I
LBD = -1
LBD = -1 LBD = -
RETURN

ELSE

ENDI = LOCATI (NB)I

C
C COMPARE THE ID'S
CI

IF ((ID(l) .EQ. IB(LBI + 5)) .AND.
C & (ID(2) .EQ. IB(LBI + 6)) )THEN

C GOT A MATCH, SO GET THE INFO
C

LB =LBI5

NBD =IB(LBI+8)
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LBD = LOCATI(NBD)
CALL UNLOCK(NB)
CALL UNLOCK(NBD)
RETURN

ELSE
C
C NO MATCH, SO UPDATE NB AND TRY AGAIN
C

NBN = IB(LBI)
CALL UNLOCK (NB)
NB = NBN
GO TO 10

END IF
C

END
C
C$ USR31T

SUBROUTINE USR31T (NHSTRY, NOUT, IPASS, INTI, INT2, KTEST)
C
C This subroutine totals all the utilites for all the plants and
C writes a summary table.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Last revision - May 27, 1992.
C
C Calling arguments:
C NHSTRY = Logical unit number of the history file.
C NOUT = Logical unit number of the plant output report file.
C IPASS = The results pass flag.
C INT1 = User block output report control switch.
C 0 => Write the complete user block summary report.
C 1 => Skip the capital cost section of the report.
C 2 => Skip the capital cost and utilities sections of the
C report.
C 3 => Skip writing the entire user block summary report.

C INT2 User block summary report destination control switch.

C 0 => Write the complete user block summary report

C to the normal ASPEN/SP output report file.

C 1 => Write the complete user block summary report

C to a separte user block output report file on

C logical unit 62.
C KTEST Switch for controlling the printing to the history file.

C
C Important variables in COMMON /USRCO1/.
C PLNTID(J) Plant identification information (CHARACTER * 6),
C where
C J is the internal plant identification number.

C I => Plant 1, Coal cleaning and preparation plant.
C 2 => Plant 2, Coal liquefaction plant.

C 3 => Plant 3, Gas plant.
C 4 => Plant 4, Naphtha hydrotreating plant.

C 5 => Plant 5, 350-850 F distillate hdrotreating

C plant.
C 6 => Plant 6.1, Hydrogen purification by membrane
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C permeation plant.
C 7 => Plant 6.2, Hydrogen purification by PSA
C (Pressure Swing Adsorption) plant.
C 8 => Plant 8., ROSE-SR solids/liquids extraction
C plant.
C 9 => Plant 7 - Naphtha reformer.
C 10 => Plant 8.1-02, Fluid coking plant.
C 11 => Plant 9.-01, Hydrogen production by coal
C gasification plant.
C 12 => Plant 9.-03, Hydrogen production by steam
C reforming of natural gas plant.
C 13 => Plant 10, Air separation plant.
C 14 => Plant 11, Sulfur recovery plant.
C 15 => Plant 38, Ammonia recovery plant.
C 16 => Plant 39, Phenol recovery plant.
C 17 => Plant 1.4, Coal grinding and drying plant.
C 18 => Plant 31, Steam and power generation plant.
C 19 => Commom users and OSBL users.
C 20 => Plant IG - Coal cleaning for gasification.
C 21 => Plants 31.1 and 31.4 - Fulidized bed
C combustor and steam turbine generator.
C 22 - 32 => Future use.
C UTIL(JK) Plant utilities consumptions, where J is the internal
C plant identification number (see PLANTID for the
C meaning of the J values) and K designates the
C specific utility.
C I => Power consumption, Kilowatts.
C 2 => 900 psig / 750 F steam consumption, Mlbs/hr.
C 3 => 900 psig saturated steam consumption, Mlbs/hr.
C 4 => 600 psig / 720 F steam consumption, Mlbs/hr.
C 5 => 600 psig saturated steam consumption, Mlbs/hr.
C 6 => 150 psig saturated steam consumption, Mlbs/hr.
C 7 => 50 psig saturated steam consumption, Mlbs/hr.
C 8 => Fuel consumption, MM BTUs/hr.
C 9 => Cooling water consumption, Mgal/hr.
C 10 => Process water consumption, Mgal/hr.
C 11 => Nitrogen consumption, MM SCF/hr.
C 12 => Future use.
C 13 => Future use.
C 14 => Future use.
C 15 => Future use.
C
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

COMMON /USRCOI/ PLNTID(32), UTIL(32,15), CAPCST(32,7), OPCST(32,5)
C
C Local variable declarations.

DIMENSION TOT(15)
C

CHARACTER * 6 PLNTID, BLANK6

DATA BLANK6
C
C
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C Initialize the TOT vector to accumulate the utility totals.
DO 50 J =1, 15

TOT(J) =0.0

50 CONTINUE

C Count the number of plants present and total the utilities.
NPLNTS 0
DO 60 J =1, 32
IF ( PLNTID(J) .NE. BLANK6 ) THEN

NPLNTS =NPLNTS + 1
DO 57 K =1, 15

TOT(K) =TOT(K) + UTIL(J,K)
57 CONTINUEI ENDIF
60 CONTINUE

C

IF ( IPASS .EQ. 4 ) THEN
C
C Write the heading for the Utilities Summary Table.I WRITE (NOUT, 801)

801 FORMAT (/28X, 'UTILITIES SUMMARY'/)
C
C Write the first of the two utilities summary tables.

WRITE (NOUT, 802)
802 FORMAT ( 39X, 'COOLING', 6X,'PROCESS'/

1 IX, 'PLANT', 7X, 'POWER', 9X, 'FUEL', 9X, 'WATER', 8X,

2 'WATER', 6X, 'NITROGEN' /
3 2X, 'NO.', 9X, 'KW', 8X, 'MMBTUS/HR', 6X, 'MGAL/HR', 6X,
4 'MGAL/HR', 5X, 'MMSCF/HR' )

DO 100 J = 1, 32
IF ( PLNTID(J) .NE. BLANK6 ) WRITE (NOUT, 803) PLNTID(J),

1 UTIL(J,1), UTIL(J,8), UTIL(J,9), UTIL(J,10), UTIL(J,11)

100 CONTINUE
803 FORMAT ( 1X, A6, IX, F10.0, F15.3, 2F13.2, F13.3)

WRITE (NOUT, 804) TOT(1), TOT(8), TOT(9), TOT(10), TOT(11)I 804 FORMAT ( IX, 'TOTAL', 2X, F10.0, F15.3, 2F13.2, F13.3)
C
C Write the second utility summary table containg the steams.I WRITE (NOUT, 805)
805 FORMAT (/ 9X, 23('-'), ' STEAM, MLBS/HR ',24('-')/

I1lX, 'PLANT', 3X, '900 PSIG', 3X, '900 PSIG', 3X, '600 PSIG',
2 3X, '600 PSIG', 3X, '150 PSIG', 4X, '50 PSIG'/

3 2X$ 'NO.', 6X, '750 F', 7X, 'SATO' 6XI '720 F', 7X, 'SATD',
4 7X, 'SATD', 7X, 'SATD')

CI DO 105 J = 1 , 32
IF ( PLNTID(J) .NE. BLANK6 ) WRITE (NOUT, 806) PLNTID(J),

1 (UTIL(J,K), K = 2, 7)3105 CONTINUE
806 FORMAT ( IX, A6, F1O.1, 5F11.1)

WRITE (NOUT, 807) (TOT(K), K =2, 7)
807 FORMAT ( lX, 'TOTAL', F11.1, 5F11.1)

ENDIF
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CI
C Write the note at the bottom of the page.

WRITE (NOUT, 808)
808 FORMAT (/'POSITIVE VALUES DESIGNATE NET CONSUMPTION, AND '1 'NEGATIVE VALUES', /

2 2X, 'DESIGNATE NET PRODUCTION.'/
3 2XI '600 PSIG STEAM AT 720 F IS USED TO SATISFY THE 600 '

4 'PSIG SATURATED' /U
5 2X,, 'STEAM DEMAND.')

C
C To avoid a MS Fortran error message, use the unused arguments.I

J = INTl + INT2 + NHSTRY + KTEST
C

RETURN
END

C
C$ USRBD1

BLOCKDATA USRBD1I
C
C This BLOCK DATA routine initializes named COMMON /USRCO1/.
C3
C Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Last revision - May 27, 1992.
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,7), OPCST(32,5)
C
C Named COMMON /USRCOl/ contains the calculated plant results.

COMMON /USRCO2/ IDX(100), XPACK(100)I
C
C Named COMMON /USRCO2/ contains the vectors IDX and XPACK which
C are required for the calculation of the stream average molecular
C weight using subroutine CPACK and function AVEMW. They are placed
C in a named common block only to save space.CI

COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR
C
C Named COMMON /USRCO3/ contains the calculated inlet and outlet
C stream flow rates.
C

CHARACTER * 6 PLNTID

DATA UTIL /480 * 0.000
DATA CAPCST /224 * 0.000/
DATA OPCST /160 * 0.000

C
DATA FIN /20 * 0.000
DATA FOUT /80 * O.0DO/
DATA PGAS /O.ODO/
DATA PPWR / .ODO/
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I END
C
C$ USRSR1I SUBROUTINE USRSR1 (NOUT)
C
C Subroutine to write the major input and output streams.I C
C Last revision - October 19, 1992.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.I C
C Calling arguments:
C NOUT =Logical unit number of the plant output report file.
CIC

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

I COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,7), OPCST(32,5)
C
C See subroutine USRUCO for the definition of the items in namedIC common block /USRCO1/.
C

COMMON /USRC03/ FIN(5,4), FOUT(20,4), PGAS, PPWR
C
C FIN(J,K) =Overall complex input, where
C J designates the stream
C 1 => ROM coal.IC 2 => Natural gas for hydrogen production.
C 3 => Natural gas for power generation.
C 4-5 => Future use.IC K designates the following items.
C 1 => Mlbs/hr.
C 2 => Tons/day.
C 3 => MM SCF/hr.
C 4 => Bbls/day.
C
C FOUT(J,K) =Overall complex input, whereIC J designates the stream
C 1 => LPG (propane).
C 2 => Butanes.3C 3 => Naphtha.
C 4 => Light distillate.
C 5 => Heavy distillate.
C 6 => Gas Oil.
C 7 => Refuse.
C 8 => Ash stream from the gasification unit or
C fluid bed combustor.IC 9 => Future use.
C 10 => Ammonia
C 11 => Phenol3C 12 => Sulfur
C 13-20 => Future use.
C K designates the following items.
C 1 => Mlbs/hr.

C 2 => Tons/day.
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C 3 => MM SCF/hr.I
C 4 => Bbls/day.

C PGAS is the purchased natural gas rate for power production inI
C MSCF/hr.
C PPWR is the purchased electricity in Megawatts/hr.

COMMON /USRCO4/ MODE
C
C COMMON /USRCO4/ contains the Plant 2 MODE switch which indicates
C the Plant 2 calculation option in use. Generally MODE is theIC option plus 10. It is not loaded for all options.

C

CHARACTER * 6 PLNTID
CHARACTER * 6 BLNK6

DATA BLNK6/' '/

C
C
C Get the natural gas rate for fuel in Mlbs/hr from MSCF/hr.

FIN(3,1) = PGAS * 16.0426D0 / 379.495D0
C Total power consumption in Megawatt-hrs.

ELECT = 24.0D0 * PPWR
C
C Convert stream flow rates from Mlbs/hr to tons/day.UDO 10 J = 1, 5

10CNINUE,2 = FIN(J,1) * 24.ODO / 2.ODO1
D10 CONT1,20
DOUT0J, = ,T20)*24OO/ .D

20 CONTINUE

C Convert the natural gas rates to MM SCF/hr.
FIN(2,3) = FIN(2,1) * O.OO1DO * 379.495D0 / 16.0426D0
FIN(3,3) = FIN(3,1) * 0.OO1DO * 379.495D0 / 16.0426D0C

C Calculate the barrels/day of the liquid products assuming theC liquid densities given in the Task II Topical Report of Dec.
C 1991 (Volume I) and draft Volume III of Jan. 1992.I

FOUT(1,4) =FOUT(1,1) * 4407. / 32.422
FOUT(2,4) = FOUT(2,1) * 3541. / 29.45

C The naphtha stream.I
IF ( PLNTID(9) .EQ. BLNK6 ) THEN

C Hydrotreated naphtha.
FOUT(3,4) = FOUT(3,1) *19195. / 224.288IELSE

C Reformer product naphtha, the reformate.
FOUT(3,4) = FOUT(3,1) * 17188. / 208.780

ENDIFI
FOUT(4,4) = FOUT(4,1) * 7803. /99.876
FOUT(5,4) = FOUT(5,1) * 21635. /300.288
FOUT(6,4) = FOUT(6,1) * 13310. /193.646
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IC
C The High Space Velocity Option

IF ( MODE .EQ. 18 ) THENIC Calculate the barrels/day of the liquid products using the
C liquid densities developed for this case.
C The naphtha stream.I IF ( PLNTID(9) .EQ. BLNK6 ) THEN
C Hydrotreated naphtha.

FOUT(3,4) = FOUT(3,1) *18519. / 203.280
ELSE

C Reformer product naphtha, the reformate.
FOUT(3,4) = FOUT(3,1) * 17188. / 208.780

ENDIFI FOUT(4,4) = FOUT(4,1) * 7403. /91.510
FOUT(5,4) = FOUT(5,I) * 27590. /360.259
FOUT(6,4) = FOUT(6,1) * 21370. /292.152

ENDIF

C Sum the outputs.

DO 54 J = 1, 4
SUM(J) = 0.000

54 CONTINUE
DO 60 K = 1, 20

SUM(1) = SUM(1) + FOUT(K,1)
SUM(2) = SUM(2) + FOUT(K,2)
IF ( K .LE. 6 ) THEN
SUM(4) = SUM(4) + FOUT(K,4)I ENDIF

60 CONTINUE
CI WRITE (NOUT, 501)

501 FORMAT ( 'TOF' /
1 25X, 'MANAGEMENT SUMMARY REPORT' /
1 MX 'MAJOR INPUT AND OUTPUT STREAMS' /
2 lX, 'INPUT', 13X, 'MLBS/HR', 6X, 'TONS/DAY')

C
GAS = FIN(2,3) + FIN(3,3)I WRITE (NOUT, 502) FIN(1,1), FIN(1,2), GAS

502 FORMAT ( 2X, 'ROM COAL*', F15.3, F14.0/3 C 1 2X, 'NATURAL GAS, MM SCF/HR', F28.3)

IF ( PPWR .GE. 0.000 ) WRITE (NOUT, 503) ELECT
503 FORMAT ( 2X, 'ELECTRIC POWER, MEGA-WH/SD', F24.3)

WRITE (NOUT, 511)
511 FORMAT ( / 1X, 'OUTPUT', 12X, 'MLBS/HR', 6X, 'TONS/DAY', 7X,

1 'BBL/DAY' )

WRITE (NOUT, 512) (FOUT(J,1), FOUT(J,2), FOUT(J,4), J = 1, 6)
512 FORMAT ( 2X, 'PROPANE ', F16.3, F14.0, F13.0/

1 2X, 'BUTANES ', F16.3, F14.0, F13.0/
2 2X2 'NAPHTHA ', F16.3, F14.02 F13.0/
3 2X2 'LT DIST ', F16.3, F14.0, F13.0/
4 2X, 'HVY DIST', F16.3, F14.0, F13.0/

5 2X, 'GAS OIL , F16.3, F14.0, F13.0
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CI
WRITE (NOUT, 513) (FOUT(J,1), FOUT(J,2), J =7, 8),
1 (FOUT(J,1), FOUT(J,2), J = 10, 12)

513 FORMAT ( 2X, 'REFUSE* ', F16.3, F14.0/I1 2X, 'ASH* ', F16.3, F14.0
2 2X9 'AMMONIA ',F16.3, F14.0
3 2X, 'PHENOL ',F16.3, F14.0/
4 2X, 'SULFUR ',F16.3, F14.0)

C
WRITE (NOUT, 514) SUM(l), SUM(2), SUM(4)

514 FORMAT ( 2X,1 'TOTAL ',F16.3, F14.0, F13.0
C

X =-ELECT

516 FORMAT (/2X,, 'ELECTRIC POWER, MEGA-WH/SD', F24.3 I PR.T .D RT NU,56
C

WRITE (NOUT, 520)3
520 FORMAT (/2X, '* STREAM FLOW RATES ARE ON A DRY BASIS.'

C

RETURNI
END

C
C$ USRSR2

SUBROUTINE USRSR2 (NOUT, LOSBL, [PLANT, OPTN6, XOF)C
C Subroutine to calculate the total installed costs for each
C plant from the ISBL field costs and write these costs.IC
C Last revision - January 6, 1993.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Calling arguments:
C NOUT = Logical unit number of the plant output report file.
C LOSBL = OSBL logic calculation switch
C 0 => Use baseline case OSBL costing logic.
C 1 => Use option case OSBL costing logic.IC LPLANT = Designates whether this is the first or Nth plant.
C Used in baseline case OSBL costing logic and in homeCoffice and engineering costing logic.U
C 0 => First plant.
C 1 => Nth plant.
C OPTN6 =Option 6 switch. Option 6 is the H2 production by
C reforming of natural gas.I
C 0.0 => Option 6 is not in use.
C 1.0 => Option 6 is in use - Use revised OSBL costs

C based on redesigned utilities plant (Plant 31).C XOF =Ratio of extra and OSBL operators per dedicated plant
C operator.

C
CIMPLICIT DOUBLE PRECISION (A-H, O-Z)
C COMMON /USRCO1/ PLNTID(32), UTIL(32',15), CAPCST(32,7), OPCST(32,5)
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UC
C See subroutine USRUCO for the definition of the items in named

C common block /USRCO1/.I C
COMMON /USRCO4/ MODE

CIC COMMON /USRCO4/ contains the Plant 2 MODE switch which indicates
C the Plant 2 calculation option in use. Generally MODE is the
C option plus 10. It is not loaded for all options.

I DIMENSION AOSBL(32)
C

CHARACTER * 6 PLNTIDI CHARACTER * 6 BLNK6

DATA BLNK6/' '/

C
C
C Calculate the total ISBL field costs of all simulated plants,
C the allocated OSBL costs for each plant and the total OSBL costs.I TISBL = O.ODO

TOSBL =O.ODO
DO 10 J = 1, 32I IF (PLNTID(J) .NE. BLNK6 ) THEN

TISBL =TISBL + CAPCST(J,4)
IF ( LOSBL .EQ. 0 ) THEN

C Use OSBL baseline costing logic - First plant.I IF ( LPLANT .LE. 0 )
1 AOSBL(J) = CAPCST(J,4) * 870.4 /2231.7

C Use OSBL baseline costing logic - Nth plant.
IF ( LPLANT .GE. 1 )

II 1ESAOSBL(J) = CAPCST(J,4) * 870.4 /1975.2
C Use OSBL option costing logic.

AOSBL(J) = CAPCST(J,4) * 870.4 / 2334.615
ENDIF

C Special OSBL calculations for Option 6.I IF ( OPTN6 .GE. O.99D0 )
1 AOSBL(J) = CAPCST(J,4) * 793.4 / 2334.615

C
C Special OSBL calculations for High Space Velocity Option.

IF ( MODE .EQ. 18 ) THEN
AOSBL(J) = CAPCST(J,4) * 888.333/ 1990.2
IF ( OPTN6 .GE. 0.99D0 ) THEN

C Special OSBL calculations for Option 6.
C Calculate the apportioned Option 6 OSBL cost from the
C Baseline with Option 6 case, and apportion using theIC calculate baseline OSBL for both cases.

X1 = 1692.700 * 793.4 / 2334.615
X2 = X1 888.333 / 870.4
AOSBL(J) CAPCST(J,4) * X2 / 1692.700INI

ENDIF

TOSBL = TOSBL + AOSBL(J)
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ELSEI
AOSBL(J) = 0.000

ENDIF
10 CONTINUE

C The total installed plant costs including OSBL allocation,
C home office and engineering, and contingency.3

DO 20 J = 1, 32
IF ( PLNTID(J) .NE. BLNK6 ) THEN

HO =(CAPCST(J,4) + AOSBL(J)) * 339.0 / (2334.615 + 870.4)
IF ( PLANT .GE. 1 ) HO=O0.8*HOI
CONT = (CAPCST(J,4) + AOSBL(J)) *456.2 / (2334.615 + 870.4)
CAPCST(J,6) = CAPCST(J,4) + AOSBL(J) + HO + CONT

ELSEI
CAPCST(J,6) 0 .000

ENDIF
20 CONTINUE

C
C Write out the ISBL field and total installed capital costs.

WRITE (NOUT, 501)I
501 FORMAT ( /// 1X, 'ISBL FIELD AND TOTAL INSTALLED COSTS '

1 '(INCLUDING OSBL COSTS)' /
215X, 'NUMBER OF PLANTS', 8X, 'PLANT COST, MM$,'

3 3X, 'PLANT ',5X, 'OPERATING', 3X, 'SPARES', 8X, 'ISBL',
4 6X, 'TOTAL')

SUM4 = 0.000
SUM6 = 0.000
DO 80 J = 1, 32
IF ( PLNTID(J) .NE. BLNK6 ) THEN3
SUM4 = SUM4 + CAPCST(J,4)
SUM6 = SUM6 + CAPCST(J,6)
NOPER = CAPCST(J,1)
NSPARE = CAPCST(J,5)I
WRITE (NOUT, 503) PLNTID(J), NOPER, NSPARE, CAPCST(J,4),

1 CAPCST(J,6)
503 FORMAT ( 3X, A6, 110, 110, 6X, F10.3, F10.3)I

ENDIF
80 CONTINUE

WRITE (NOUT, 504) SUM4, SUM6
504 FORMAT ( 3X, 'TOTAL', F37.3, F1O.3 /

C
C Calculate and write the number of operators.I

DOPERS = .000
DO 90 J =1, 32
IF ( PLNTID(J) .NE. BLNK6 ) THEN

C Total number of dedicated operators/day.
DOPERS = DOPERS + OPCST(J,1)

ENDIF
90 CONTINUE

C
C Extra and OSBL operators.

XOPERS = XOF * DOPERS
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UDPR OPR .
I NOOPERS = DOPERS + 0.5

NIOPERS = NOOPERS + NXOPERSI WRITE (NOUT, 506) NOOPERS, NXOPERS, NTOPERS
506 FORMAT ( / 3X, 'DEDICATED PLANT OPERATORS', 18/

1 3X, 'EXTRA AND OSBL OPERATORS ',18/

2 3X, 'TOTAL OPERATORS ',18)

RETURN3 END

C$ USRSR33 SUBROUTINE USRSR3 (NOUT, OPTN6, XOF)

C Subroutine to write the input file to the LOTUS spreadsheet
C economics model.
C
C Last revision - October 22, 1992.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.I C
C Calling arguments:
C NOUT = Logical unit number of the plant output report file.
C OPTN6 = Option 6 switch. Option 6 is the H2 production by

C reforming of natural gas.
C 0.0 => Option 6 is not in use.
C 1.0 => Option 6 is in use - Use revised OSBL costsIC based on redesigned utilities plant (Plant 31).
C XOF =Ratio of extra and OSBL operators per dedicated plant
C operator.I C
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,7), OPCST(32,5)
C
C See subroutine USRUCO for the definition of the items in namedIC common block /USRCO1/.
C

COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR
C
C See subroutine USRSR1 for the definition of the items in named
C common block /USRCO1/.

COMMON /USRCO4/ MODE
C
C COMMON /USRCO4/ contains the MODE switch which indicates theIC Calculation option in use. Generally MODE is the option plus
C 10. It is not loaded for all options.
C

CHRCE C LNI
CHARACTER * 6 PLNTID

C

DATA BLNK6/
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CI
C

C Calculate some totals from the individual plant items.
C TCAP = O.ODO

OPERS =0.ODO
DO 10 J = 1, 32
IF ( PLNTID(J) .NE. BLNK6 ) THEN3

C Total installed capital cost.
TCAP = TCAP + CAPCST(J,6)

C Total number of dedicated operators/day.
DOPERS = DOPERS + OPCST(J,1)I

10 CONTINUE
C
C Extra and OSBL operators.

XOPERS =XOF * DOPERS
NOOPERS =DOPERS + 0.5
NXOPERS =XOPERS + 0.5I
NTOPERS =NDOPERS + NXOPERS

C Total power consumption in Megawatt-hrs.IELECT = 24.000 * PPWR
C Total natural gas purchase rate in MM SCF/hr.

GAS = FIN(2,3) + FIN(3,3)/
CI
C Estimate the raw water make-up rate in g/m as a linear function
C of the ROM coal consumption in TPSD..

GPM =FIN(1,2) * 12042.ODO / 29036.000IF (OPTN6 .GE. 0.9900 ) GPM = FIN(1,2) * 16608.000 / 21377.000
IF (MODE .EQ. 13 )GPM = FIN(1,2) * 11891 .000 / 26757.000
IF (MODE .EQ. 15 )GPM = FIN(1,2) * 10171.ODO / 23421.000
IF (MODE .EQ. 18 )GPM = FIN(1,2) * 11710.000 / 32552.000
IF (MODE .EQ. 18 .AND. OPTN6 .GE. 0.9900
1 GPM = FIN(1,2) * 13745.000 / 23299.ODO

X =0.00100 * FIN(1,2)
WRITE (NOUT, 501) X

501 FORMAT ('ROM COAL FEED RATE, MTSD ',F10.3)UC
X =0.00100 * FOUT(7,2)
WRITE (NOUT, 502) X

502 FORMAT ('COAL CLEANING REFUSE RATE, MTSD ',F1O.3)

C
X = 0.OO1DO * FOUT(8,2)
WRITE (NOUT, 503) X

503 FORMAT ( I ASH PRODUCTION RATE, MTSD ',F1O.3)

WRITE (NOUT, 504) 2400X A
C504 FORMAT ( ' NATURAL GAS RATE, MMMBTU/SD ',F1O.3)

WRITE (NOUT, 505) ELECT
505 FORMAT ( I ELECTRICITY PURCHASE, MEGA-WH/SD ',F1O.3)

X = 24.000 * 60.000 * GPM / 1.0D6
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I WRITE (NOUT, 506) X
506 FORMAT ( ' RAW WATER MAKE-UP, MMGSD ',F10.3)

I X = 0.OO1DO * FOUT(3,4)
WRITE (NOUT, 507) X

C507 FORMAT ( ' NAPHTHA PRODUCTION, MBSD ',F10.3)

X = 0.001D0 * FOUT(4,4)
WRITE (NOUT, 508) X3 508 FORMAT ( ' LT.DIST.PRODUCTION, MBSD ',F10.3)

X = 0.OO1DO * FOUT(5,4)
WRITE (NOUT, 509) XI 509 FORMAT ( ' HVY.DIST. PRODUCTION, MBSD ',F10.3)

X = O.001D0 * FOUT(6,4)
WRITE (NOUT, 510) X

510 FORMAT ('GAS OIL PRODUCTION, MBSD ',F10.3)

C
X = 0.OO1DO * FOUT(1,4)I WRITE (NOUT, 511) X

511 FORMAT ('LIQUID PROPANE PRODUCTION, MBSD ',F10.3)

C3 X = 0.OO1DO * FOUT(2,4)
WRITE (NOUT, 512) X

512 FORMAT ( ' MIXED BUTANES PRODUCTION, MBSD ',F10.3)

I X = O.001D0 * FOUT(1O,2)
WRITE (NOUT, 513) X

513 FORMAT ( ' AMMONIA PRODUCTION, MTSD ',F10.3)

X = O.OO1DO * FOUT(11,2)
WRITE (NOUT, 514) X

514 FORMAT ( ' PHENOL PRODUCTION, MTSD ',F10.3)

X = O.OO1DO * FOUT(12,2)
WRITE (NOUT, 515) XI 515 FORMAT ('SULFUR PRODUCTION, MTSD ',F10.3)

C
WRITE (NOUT, 521) NTOPERS

521 FORMAT ( ' NUMBER OF OPERATORS/BOARDMEN ', 10

WRITE (NOUT, 522) TCAP
522 FORMAT ('TOT.INSTALLED CAP ITAL, $MM (E-YR) ',F10.3)

RETURN
* END
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MISCELLANEOUS FILE LISTINGS

This appendix provides listings of three files that are required toI
execute the complete ASPEN/SP simulation of the baseline design.

1. ASP.BAT - This batch file executes the ASPEN/SP process
simulation program and automatically includes the OTHERS.OBJ
file when linking the executable module for the simulation.
This file should be placed in the ASPENSP/BAT subdirectory.I

2. DCLRPT.BAT - This batch file combines all the individual plant
summary report files written by the ASPEN/SP process simulationIprogram into the summary report file called ALL.REP. This fileshould be placed in the ASPENSP/BAT subdirectory also.

3. DCLSTART.REP - This file contains the title page of the summary
report file, ALL>REP, that is prepared by the DCLRPT.BAT file.
This file must be placed in the ASPENSP/BAT subdirectory.

D-2



The ASP.BAT file

@ECHO OFF
REM Batch file to run ASPEN/SP and include the OTHERS.OBJ file in the
REM Fortran linking step.
REM %I - Fortran user block file name.
REM
IF %1a -- a GOTO NOARGS
IF EXIST %I.OBJ GOTO ASPEN
ECHO
ECHO
ECHO ASP cannot find the %I.OBJ file you specified.
ECHO Please check your input and try again.
ECHO
ECHO
GOTO END
:ASPEN
ASPEN %I OTHERS
GOTO END
:NOARGS
ECHO
ECHO
ECHO ASP requires the file name of the Fortran user block model as an
argument.
ECHO The correct format is as follows: ASP fn
ECHO
ECHO
:END
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The DCLRPT.BAT fileI

@ECHO OFF
REM Batch file to combine all the individual plant summary reports
REM into a single file called ALL.REP, and optionally print this file
REM when the single calling argument is not blank.
REMI
REM Use: Call this batch file by
REM DCLRPT [ ARG
REM When ARG is NOT blank, all the individual plant summaryIREM reports will be printed.
REM
REM Prepared under DOE contract no. DE-AC22 90PC89857.
REM
REM Last revision - June 29, 1992.
REM
REM If an old ALL.REP file is present, delete it.I
IF EXIST ALL.REP ERASE ALL.REP
REM
REM Heading page.I
COPY ALL.REP+\ASPENSP\BAT\DCLSTART.REP ALL.REP > NUL
n. I-am

REM The Summary Report Page.
IF EXIST DCLSUM.REP COPY ALL.REP+DCLSUM.REP ALL.REP > NUL
IF EXIST DCLSUM.REP ERASE DCLSUM.REP > NUL
REM
REM Plant 1 - Coal Cleaning and Preparation Plant - Baseline Case-IREM Coal Cleaning by Jigs for liquefaction.
IF EXIST DCLO1B.REP COPY ALL.REP+DCLOIB.REP ALL.REP > NUL
IF EXIST DCLO1B.REP ERASE DCLO1B.REP > NUL
REM
REM Plant 1 - Coal Cleaning and Preparation Plant - Alternate Case 1I
REM Coal Cleaning by Heavy Media Separation for liquefaction.
IF EXIST DCLO1AI.REP COPY ALL.REP+DCLO1A1.REP ALL.REP > NULI
IF EXIST DCLO1A1.REP ERASE DCLO1A1.REP > NUL
REM
REM Plant 1 - Coal Cleaning and Preparation Plant - Alternate Case 2-IREM Coal Cleaning by Heavy Media Separation and Spherical Agglomeration
REM for liquefaction.
IF EXIST DCLO1A2.REP COPY ALL.REP+DCLO1A2.REP ALL.REP > NUL
IF EXIST DCLOIA2.REP ERASE DCLO1A2.REP > NUL
REM
REM Plant 1 -Coal Cleaning and Preparation Plant - Baseline Case-
REM Coal Cleaning by Jigs for gasification.IIF EXIST DCLiGi.nR COPY ALL.REP+DCLO1G.REP ALL.REP > NUL
IF EXIST DCLO1G .REP ERASE DCLO1G.REP > NUL
REM
REM Plant 1.4 - Coal Grinding and Drying Plant
IF EXIST DCLO1D.REP COPY ALL.REP+DCLO1D.REP ALL.REP > NUL
IF EXIST DCLO1D.REP ERASE DCLO1D.REP > NUL
REM
REM Plant 2 - Coal Liquefaction Plant.
IF EXIST DCLO2.REP COPY ALL.REP+DCLO2.REP ALL.REP > NUL
IF EXIST DCLO2.REP ERASE DCLO2.REP > NULI
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1 REM
REM Plant 3 - Gas Plant.
IF EXIST DCLO3.REP COPY ALL.REP+DCLO3.REP ALL.REP > NULI IF EXIST DCL03.REP ERASE DCLO3.REP > NUL
REM
REM Plant 4 - Naphtha Hydrotreater.
IF EXIST DCLO4.REP COPY ALL.REP+DCLO4.REP ALL.REP > NUL
IF EXIST DCLO4.REP ERASE DCLO4.REP > NUL
REM
REM Plant 5 - Gas-oil Hydrotreater.
IF EXIST DCLO5.REP COPY ALL.REP+DCLO5.REP ALL.REP > NULI IF EXIST DCLO5.REP ERASE DCLO5.REP > NUL

RE Plant 6.1 - Hydrogen Purification by Membrane Permeation Plant.
IF EXIST DC161.REP COPY ALL.REPi-DCL61.REP ALL.REP > NUL
IF EXIST DC161.REP ERASE DCL61.REP > NUL
REMI REM Plant 6.2 - Hydrogen Purification by Pressure Swing Absorption.
IF EXIST DC162.REP COPY ALL.REP+DCL62.REP ALL.REP > NUL
IF EXIST DCL62.REP ERASE DC162.REP > NULI REM
REM Plant 7 - Naphtha Reformer Plant.
IF EXIST DCLO7.REP COPY ALL.REP+DCLO7.REP ALL.REP > NUL
IF EXIST DCLO7.REP ERASE DCLO7.REP > NUL
REM
REM Plant 8.1 - ROSE-SR Unit.
IF EXIST DC181.REP COPY ALL.REPi-DCL81.REP ALL.REP > NULI IF EXIST DCL81.REP ERASE DCL81.REP > NUL
REM
REM Plant 8.2 - Fluid Coking Plant.
IF EXIST DC182.REP COPY ALL.REP+DCLB2.REP ALL.REP > NUL
IF EXIST DCLB2.REP ERASE DCLB2.REP > NUL
REM
REM Plant 9 - Hydrogen Production by Coal Gasification Plant.I IF EXIST DCLO9.REP COPY ALL.REP+DCLO9.REP ALL.REP > NUL
IF EXIST DCLO9.REP ERASE DCLO9.REP > NUL
REMI REM Plant 9.1 - Hydrogen Production by Natural Gas Reforming Plant.
IF EXIST DCL91.REP COPY ALL.REP+DCL91.REP ALL.REP > NUL
IF EXIST DCL91.REP ERASE DCL91.REP > NUL
REM
REM Plant 10 - Air Separation Plant.
IF EXIST DCL1O.REP COPY ALL.REP+DCL1O.REP ALL.REP > NUL
IF EXIST DCL1O.REP ERASE DCLIO.REP > NULI REM
REM Plant 11 - Sulfur Plant.
IF EXIST DCL1I.REP COPY ALL.REP+DCL11.REP ALL.REP > NUL
IF EXIST DCL11.REP ERASE DCLI1.REP > NUL
REM
REM Plant 31 - Utilities Plant.
IF EXIST DCL31.REP COPY ALL.REP+DCL31.REP ALL.REP > NULI IF EXIST DCL31.REP ERASE DCL31.REP > NUL
REM
REM Plant 38 - Ammonia Recovery Plant.

IF EXIST DCL38.REP COPY ALL.REP+DCL38.REP ALL.REP > NUL
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IF EXIST DC138.REP ERASE DC138.REP > NULI
REM
REM Plant 39 - Phenol Pl ant.
IF EXIST DCL39.REP COPY ALL.REP+DCL39.REP ALL.REP > NULI
IF EXIST DCL39.REP ERASE DCL39.REP > NUL
REM
REM Plant 31.1 & 31.4 - Fluidized Bed Combustor and Steam Turbine Gen.
IF EXIST DCLA6.REP COPY ALL.REP+DCLA6.REP ALL.REP > NUL
IF EXIST DCLA6.REP ERASE DCLA6.REP > NUL
REM
REM If there is an argument on the command line, print ALL.REP, else quitIIF %I. -- . GOTO END
PRINT ALL.REP
END

ECHO
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The DCLSTART.REP file

U. S. DEPARTMENT OF ENERGY

PITTSBURGH ENERGY TECHNOLOGY CENTER

DIRECT COAL LIQUEFACTION BASELINE

DESIGN AND SYSTEMS ANALYSIS

CONTRACT NO. DEAC22 9OPC89857

PLANT SUMMARY REPORTS
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U. S. DEPARTMENT OF ENERGY

PITTSBURGH ENERGY TECHNOLOGY CENTER

DIRECT COAL LIQUEFACTION BASELINE

DESIGN AND SYSTEMS ANALYSIS

CONTRACT NO. DEAC22 90PC89857

PLANT SUMMARY REPORTS
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MANAGEMENT SUMMARY REPORT

MAJOR INPUT AND OUTPUT STREAMS

INPUT MLBS/HR TONS/DAY
ROM COAL* 2419.603 29035.
NATURAL GAS, MM SCF/HR 3.511
ELECTRIC POWER, MEGA-WH/SD .000

OUTPUT MLBS/HR TONS/DAY BBL/DAY
PROPANE 32.453 389. 4411.
BUTANES 29.474 354. 3544.
NAPHTHA 224.437 2693. 19208.
LT DIST 99.947 1199. 7809.
HVY DIST 300.474 3606. 21648.
GAS OIL 193.779 2325. 13319.
REFUSE* 483.921 5807.
ASH* 234.335 2812.
AMMONIA 20.342 244.
PHENOL 2.686 32.
SULFUR 61.762 741.
TOTAL 1683.609 20203. 69939.

* STREAM FLOW RATES ARE ON A DRY BASIS.

ISBL FIELD AND TOTAL INSTALLED COSTS (INCLUDING OSBL COSTS)
NUMBER OF PLANTS PLANT COST, MM$,

PLANT OPERATING SPARES ISBL TOTAL
1. -00 5 0 90.997 160.849
2 5 0 932.196 1647.780
3 1 0 25.295 44.712
4 1 0 15.605 27.583
5 1 0 74.039 130.873
6.1 1 0 152.625 269.784
6.2 1 0 .000 .000
8.1 1 0 42.213 74.618
9 5 0 263.613 465.971
10 5 0 191.012 337.638
11 4 0 46.723 82.590
38 1 0 40.146 70.964
39 1 0 13.334 23.569
1.4 10 0 87.499 154.667
31 0 0 .000 .000
OTHERS 0 0 .000 .000
TOTAL 1975.297 3491.598

DEDICATED PLANT OPERATORS 309
EXTRA AND OSBL OPERATORS 106
TOTAL OPERATORS 415
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PLANT I - SUMMARY REPORT
COAL CLEANING AND PREPARATION PLANT

COAL CLEANING BY JIGS FOR LIQUEFACTION

FEED COAL CLEAN COAL MIDDLING REFUSEDRY COAL, MLBS/HR 2419-603 1935.683 .000 483.921WATER, MLBS/HR 210.505 166.004 .000 44.501OTHERS, MLBS/HR .000 .000TOTAL, MLBS/HR 2630.108 2101.687 .000 528.422

WASTE WATER, MLBS/HR .000

ULTIMATE ANALYSIS, WT%
CARBON 61.10 71.05 .00 21.31HYDROGEN 4.20 4.80 .00 1.80NITROGEN 1.20 1.43 .00 .28CHLORINE .10 .05 .00 .30SULFUR 5.10 3.20 .00 12.70OXYGEN 6.60 8.00 .00 1.00ASH 21.70 11.47 .00 62.61TOTAL 100.00 100.00 .00 100.00

PLANT UTILITIES CONSUMPTIONS
POWER, KW 8289.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0600 PSIG/720 F STEAM, MLBS/HR .0
600 PSIG SATO STEAM, MLBS/HR .0
150 PSIG SATO STEAM, MLBS/HR .0
50 PSIG SATO STEAM, MLBS/HR .0
PLANT FUEL, MM BTUS/HR .00
COOLING WATER, MGAL/HR .00
PROCESS WATER, MGAL/HR 47.10
NITROGEN, MM SCF/HR OF N2 .00

-0TAL PLANT OPERATORS/DAY 48.0

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 5
MAXIMUM SIZE, MLBS/HR DRY CLEAN COAL 390.000
MINIMUM SIZE, MLBS/HR DRY CLEAN COAL 200.000

TOTAL FIRST SUBSEQUENTCAPACITY, MLBS/HR DRY CLEAN COAL 1935.683 387.137 387.137PLANT ISBL FIELD COST, MM$ 90.997 18.199 18.199
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5 PLANT 1.4 - SUMMARY REPORT
COAL CLEANING AND PREPARATION PLANT

COAL GRINDING AND DRYING

FEED COAL CLEAN COAL MIDDLING REFUSE
DRY COAL, MLBS/HR 1425.167 1425.167 .000 .000I>WATER, MLBS/HR 122.222 28.503 .000 .000
OTHERS, MLBS/HR .000 .000

TOTAL, MLBS/HR 1547.389 1453.670 .000 .000

WASTE WATER, MLBS/HR 93.719

I ULTIMATE ANALYSIS, WT%
CARBON 71.05 71.05 .00 .00
HYDROGEN 4.80 4.80 .00 .00
NITROGEN 1.43 1.43 .00 .00
CHLORINE .05 .05 .00 .00
SULFUR 3.20 3.20 .00 .00
OXYGEN 8.00 8.00 .00 .005,ASH 11.47 11.41 .00 .00
TOTAL 100.00 100.00 .00 .00

PLANT UTILITIES CONSUMPT IONS
POWER, KW 12114.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0
600 PSIG/720 F STEAM, NIBS/HR .0
600 PSIG SATO STEAM, MLBS/HR .0I150 PSIG SATD STEAM, MLBS/HR .0
50 PSIG SATD STEAM, MLBS/HR .0
PLANT FUEL, MM BTUS/HR 486.00
COOLING WATER, MGAL/HR 14.40
PROCESS WATER, MGAL/HR .00
NITROGEN, MM SCF/HR OF N2 4503.74

ITOTAL PLANT OPERATORS/DAY 17.0

£PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 10
MAXIMUM SIZE, MLBS/HR DRY CLEAN COAL 145.000
MINIMUM SIZE, MLBS/HR DRY CLEAN COAL 50.000

TOTAL FIRST SUBSEQUENTICAPACITY, MLBS/HR DRY CLEAN COAL 1425.161 142.517 142.517

PLANT ISBL FIELD COST, MM$ 87.499 8.750 8.750
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PLANT 2 - SUMMARY REPORT
COAL LIQUEFACTION PLANT

LIQUEFACTION REACTOR SECTION

FRESH MAF COAL CONVERSION, % 92.790

INLET AND OUTLET COMPONENT FLOW RATES, MLBS/HR
COMPONENT INLET OUTLET
H2 99.930 21.706
N2 1.329 1.329
02 .000 .000
H2S .000 36.091
CO .210 .962
C02 .000 1.755
NH3 .000 17.539
H20 1102.050 1221.291
HCL .000 .000
Cos * 000 .000
CH4 7 * 695 30.926
s-'2H6 4 299 22.354
C3H8 3:332 22.523
IC4HIO .726 2.241
NC4HIO .726 9.185
IC5HI2 .094 .382
NC5HI2 .094 1.700
T125 .107 40.433
T175 .121 40.447
T225 .134 40.460
T275 .147 40.473
T325 .159 40.485
T375 .005 47.413
T425 .006 47.414
T475 .000 80.203
T525 .000 80.203
T575 .000 80.203
T625 000 80.203
T675 :095 67.514
T725 .095 67.514
,".75 .095 67.514
T825 .095 67.514
T875 .589 3.366
T925 .589 3.366
T975 .589 3.366
TIOOO+ 536.915 642.840
11000+ .000 .000
COAL 1425.167 .000
URCOAL .000 254.474
SLAG .000 .000
OTHERS * 000 .000
TOTAL 3185.391 3185.391
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PLANT 2 - SUMMARY REPORT (CONTINUED)
COAL LIQUEFACTION PLANT

OUTLET STREAMS, MLBS/HR

COMPONENT H2 GAS LO P GAS NAPHTHA GAS-OIL BOTTOMS
H2 17.211 4.495 .000 .000 .000
N2 .930 .399 .000 .000 .000
02 .000 .000 .000 .000 .000
H2S 10.110 10.210 .115 .000 .000
co .673 .289 .000 .000 .000
C02 .860 .398 .000 .000 .000
NH3 2.416 .200 .000 .000 .000
H20 1.253 3.946 1.983 .000 .000
HCL .000 .000 .000 .000 .000
Cos .000 .000 .000 .000 .000
CH4 18.237 12.675 .010 .000 .000
C2H6 10.037 12.182 .135 .000 .000
C3H8 6.577 15.165 .780 .000 .000
IC4HIO .458 1.139 .644 .000 .000
NC4HIO .308 7.851 1.026 .000 .000
IC5HI2 .218 .021 .143 .000 .000
NC5HI2 .116 .213 1.372 .000 .000
T125 .000 5.305 33.941 1.099 .000
T175 .000 5.307 33.952 1.100 .000
T225 .000 5.308 33.963 1.100 .000
T275 .000 5.310 33.974 1.100 .000
T325 .000 5.312 33.984 1.101 .000
T375 .000 .135 1.579 39.673 .000
T425 .000 .135 1.579 39.673 .000
T475 .000 .006 .000 79.247 .000
T525 .000 .006 .000 79.247 .000
T575 .000 .006 .000 79.247 .000
T625 .000 .006 .000 79.247 .000
T675 .000 .000 .000 67.419 .095
T725 .000 .000 .000 67.419 .095
T775 .000 .000 .000 67.419 .095
T825 .000 .000 .000 67.419 .095
T875 .000 .000 .000 .000 3.366
T925 .000 .000 .000 .000 3.366
T975 .000 .000 .000 .000 3.366
TIOOO+ .000 .000 .000 .000 642.840
11000+ .000 .000 .000 .000 .000
COAL .000 .000 .000 .000 .000
URCOAL .000 .000 .000 .000 254.474
SLAG .000 .000 .000 .000 .000
OTHERS .000 .000 .000 .000 .000
TOTAL 69.403 96.020 179.181 671.511 907.793

CONTINUED ON NEXT PAGE -
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PLANT 2 - SUMMARY REPORT (CONTINUED)
COAL LIQUEFACTION PLANT

OVERALL STREAM BALANCE
FLOW, FLOW TEMP, PRESS,

MM SCF/HR MLBS/HR DEG F PSIA
INLET STREAMS
HYDROGEN FEED 19.115 119.295 100.3 3290.0
COAL FEED 1453.670 70.0 14.7
SOLVENT .001 500.0 500.0
ROSE-SR EXTRACT 539.061 300.0 115.0
WATER 1073.364 126.0 3200.0
TOTAL INPUT 19.115 3185.391

OUTLET STREAMS
H2 GAS TO PLT 6 4.084 69.403 130.0 2985.0
GASES TO PLT 3 1.805 96.020 130.0 65.0
NAPHTHA 179.181 140.0 16.0
GAS OIL 671.511 110.0 30.0
ROSE-SR FEED 907.773 688.0 28.0
SOUR WATER 1261.483 100.0 30.0
TOTAL OUTPUT 5.889 3185.371

PLANT UTILITIES CONSUMPTIONS
POWER, KW 58990.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0
600 PSIG/720 F STEAM, MLBS/HR 5.6
600 PSIG SATD STEAM, MLBS/HR -149.1
150 PSIG SATD STEAM, MLBS/HR -90.1
50 PSIG SATO STEAM, MLBS/HR 56.1
PLANT FUEL, MM BTUS/HR 1089.99
COOLING WATER, MGAL/HR 485.70
PROCESS WATER, MGAL/HR 154.20
NITROGEN, MM SCF/HR OF N2 .04

TOTAL PLANT OPERATORS/DAY 40.0

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 5
MAXIMUM SIZE, MLBS/HR DRY CLEAN COAL 285.050
MINIMUM SIZE, MLBS/HR DRY CLEAN COAL 30.000

TOTAL FIRST SUBSEQUENT
CAPACITY, MLBS/HR DRY CLEAN COAL 1425.167 285.033 285.033
PLANT ISBL FIELD COST, MM$ 932.196 186.439 186.439
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EQUIPMENT SUMMARY
Plant 2 - Coal Liquefaction

All Sizes Are Based on a Single Train Plant.

Reactors and Vessels
--------------------

Equipment Length Diameter
No. Equipment Description (T-T in ft) (ID in ft)

--------- ------------------------------ ----------- -----------

COAL SLURRY PREPARATION
2.1- CIOI Slurry Vortex Mx Tnk Innr Shll 11.0 11.0

Slurry Vortex Mx Tnk Outr Shll 16.0 13.0
2.1- C102 Slurry Surge Tank 43.0 18.0
2.1- C103 Slurry Surge Tank Vent Scrubbr 32.0 4.0
2.1- C104 Scrubber Overhead Receiver 9.0 3.0

REACTOR SYSTEM
2.3- C105 Coal Liquefaction - Stage 1 85.5 15.0
2.4- C106 Coal Liquefaction - Stage 2 85.5 15.0

PRIMARY SEPARATION
2.5- C107 Hot High Pressure Separator 22.5 10.5
2.5- C108 Hot Low Pressure Separator 26.0 9.5
2.5- C109 Recycle Slurry Hold Drum 24.0 9.5
2.5- C110 Warm High Pressure Separator 19.0 9.5
2.5- CIII Warm Low Pressure Separator 22.5 6.5
2.5- C112 Recy Slry Hold Drm Cond Accum 12.0 3.0
2.5- C113 Cold High Pressure Separator 27.0 9.5
2.5- C114 Cold Low Pressure Separator 26.0 6.5
2.5- C115 Wash Water Drum 24.5 7.0
2.5- C116 Sour Water Drum 26.5 7.5
2.5- C117 Compressor Knockout Drum 13.0 6.5

CRUDE PRODUCT FRACTIONATION - ATMOSPHERIC TOWER
2.6- C117 Feed Flash Drum 29.5 10.5
2.6- C120 Overhead Accumulator 26.0 6.5
2.6- C121 Vent Gas Compress Knockout 8.0 4.0

CRUDE PRODUCT FRACTIONATION - VACUUM TOWER
2.6- C124 Vacuum Jet Condenser Accum 16.0 4.0
2.6- C125 Vent Gas Compress Knockout 8.0 4.0
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EQUIPMENT SUMMARY (Continued)
Plant 2 - Coal Liquefaction

All Sizes Are Based on a Single Train Plant.

Pumps

Equipment Flow Rate Brake
No. Equipment Description (gpm) Horsepower

--------- ------------------------------ ------------ ------------

COAL SLURRY PREPARATION
2.1- GIOI Scrubber Condenser Product 1.0 1.0
2.1- G102 Scrubber Sour Water 15.0 1.0
2.1- G103 Coal Slurry Booster Pump 1100.0 70.0

1'-r TREA%, I ION SYSTEM
2.3- G105 ;lurry Charge 535.0 3450.0
2.3- G108 Stage I Ebullating ------ Proprietary ------
2.4- G109 Stage 2 Ebullating ------ Proprietary ------

PRIMARY SEPARATION
2.5- GIIO Slurry Recycle Pump 1625.0 120.0
2.5- G111 Recy Slr Hld Drm Cnd Acumm Liq 15.0 1.0
2.5- G112 Recy Slr Dr Cnd ac Sour Water 1.0 1.0
2.5- G113 Sour Water Drum Pump 630.0 20.0
2.5- G114 Wash Water LP Pump 455.0 30.0
2.5- G115 Wash Water HP Pump 215.0 545.0

CRUDE PRODUCT FRACTIONATION - ATMOSPHERIC TOWER
2.6- G116 Atmos Heater Charge 1145.0 150.0
2.6- G117 Reflux Naphtha Product 370.0 50.0
2.6- G118 AGO Product 120.0 45.0
2.6- G119 Bottoms Product 1110.0 150.0
2.6- G120 Atmos Ovhd Accum Sour Water 15.0 50.0

CRUDE PRODUCT FRACTIONATION - VACUUM TOWER
2.6- G121 LVGO Pumparound 1500.0 50.0
2.6- G122 HVGO Pumparound 120.0 50.0

cl*3 HVGO Product 85.0 100.0
2 6 124 Bottoms Product 455.0 100.0
2.6- G125 Vacuum Jet Accum Sour Water 90.0 50.0
2.6- G126 Vacuum Jet Accum Product 5.0 50.0
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Plant 2 - Coal Liquefaction
ISBL field Cost Summary

The following ISBL field cost summary by plant section is based on
the baseline design configuration of independent processing trains.
The following costs are for a single train. These costs are based
on the ISBL cost of the first train when multiple trains are present.

Plant ISBL Train
Section Description Cost, MM$
------- ------------------------------- ---------

I Coal Slurry Preparation 4.7
2 Coal Slurry Heating 19.5
3 First Stage Reaction 66.1
4 Second Stage Reaction 46.6
5 Primary Separation 35.0
6 Product Fractionation 10.2
7 Recycle Gas Compression 4.2

Total 186.4
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PLANT 3 - SUMMARY REPORT
THE GAS PLANT

INLET STREAM SUMMARY

INLET STREAMS, MLBS/HR
COMPONENT NAPHTHA GAS TOTAL
H2 .000 2.249 2.249
NH3 .000 .000 .000
H20 1.983 .000 1.983
H2S .115 .000 .115
CO .000 .752 .752
N2 .000 1.318 1.318
C02 .000 .000 .000
CH4 .010 32.498 32.508
C2H6 .135 26.402 26.537
C3H8 .780 31.771 32.551
IC010 .644 13.770 14.415
NC4HIO 1.026 15.611 16.638
IC5HI2 .143 6.841 6.984
Nr5H"5 I . 3% 'IF 2 7.946 9.318
T125" 33 .941 4.991 38.932
T175 33.952 4.980 38.932
T225 33.963 4.969 38.932
T275 33.974 4.959 38.933
T325 33.984 4.949 38.933
T375 1.579 .036 1.614
T425 1.579 .035 1.614
T475 .000 .000 .000
500+ F .000 .000 .000
TOTAL 179.181 164.077 343.258

MM SCF/HR 2.190
BBL/HR 681.398

MM SCF/HR OF DRY C4- 2.039

- CONTINUED ON NEXT PAGE
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PLANT 3 - SUMMARY REPORT (CONTINUED)
THE GAS PLANT

OUTLET STREAM SUMMARY

OUTLET STREAMS, MLBS/HR
SOUR FUEL LEAN

COMPONENT GAS GAS PROPANE BUTANES OIL
H2 .000 2.249 .000 .000 .000
NH3 .000 .000 .000 .000 .000
H20 .038 .000 .000 .000 .000
H2S .115 .000 .000 .000 .000
CO .000 .752 .000 .000 .000
N2 .000 1.318 .000 .000 .000
C02 .000 .000 .000 .000 .000
CH4 .010 32.496 .002 .000 .000
C2H6 .135 25.962 .432 .008 .000
C3H8 .780 .048 31.303 .420 .000
IC4H10 .644 .026 .653 13.008 .083
NC4HIO 1.026 .112 .063 15.318 .118
IC5HI2 .123 1.482 .000 .329 5.049
NC5H12 1.184 1.757 .000 .391 5.986
T125 .131 .617 .000 .000 38.183
T175 .131 .617 .000 .000 38.184
T225 .131 .617 .000 .000 38.184
T275 .131 .617 .000 .000 38.184
T325 .131 .617 .000 .000 38.185
T375 .000 .002 .000 .000 1.613
T425 .000 .000 .000 .000 1.614
T475 .000 .000 .000 .000 .000
500+ F .000 .000 .000 .000 .000
TOTAL 4.710 69.292 32.453 29.474 205.383

MM SCF/HR .031 1.578 .280 .192
BBL/HR 786.090

SOUR WATER 1.946 MLBS/HR 233.4 GAL/HR

CONTINUED ON NEXT PAGE
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PLANT 3 - SUMMARY REPORT (CONTINUED)

THE GAS PLANT

PLANT UTILITIES CONSUMPTIONS
POWER, KW 913.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0a
600 PSIG/720 F STEAM, MLBS/HR .0
600 PSIG SATD STEAM, MLBS/HR 396.6
150 PSIG SATD STEAM, NIBS/HR .0
50 PSIG SATD STEAM, MLBS/HR 11.2I
PLANT FUEL, MM BTUS/HR -1472.80
COOLING WATER, MGAL/HR 1317.12
PROCESS WATER, MGAL/HR .00NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY 8.01

PLANT COSTING INFORMATIONI

TOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MM SCF/HR 5.000
MINIMUM SIZE, MM SCF/HR .300
CAPACITY, MM SCF/HR 2.039PLANT ISBL FIELD COST, MM$ 25.295j
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PLANT 4 - SUMMARY REPORT
NAPHTHA HYDROTREATER

REACTOR SUMMARY

REACTOR INLET REACTOR OUTLET
COMPONENT MLBS/HR BBLS/HR MLBS/HR BBLS/HR
H2 2.501 1.965
NH3 .000 .412
H20 18.776 19.896
H2S .000 .021
N2 .034 .034
CH4 .003 1.089
C2H6 .013 .741
C3H8 .049 .749
IC4HlO .139 .7 1.519 7.7
NC4HIO .181 .9 1.584 7.7
IC5HI2 5.512 25.2 4.972 22.7
NC5H12 6.524 29.5 5.984 27.1
T125 38.975 156.9 35.609 143.3
T175 38.975 152.2 35.609 139.1
T225 38.974 147.6 35.609 134.9
T275 38.974 143.2 35.608 130.9
T325 38.974 139.0 35.608 127.0
T375 1.803 6.2 7.600 26.3
T425 1.804 6.1 7.601 25.5
T475 .007 .0 .005 '.0
500+ F .021 .1 .020 .1
TOTAL 232.237 807.6 232.237 792.2

COMPONENT GROUPS
BUTANES .320 1.6 3.103 15.4
PENTANES 12.036 54.7 10.955 49.8
C6 - 350 F 194.871 738.9 178.044 675.1
350+ F 3.634 12.4 15.227 51.9
TOTAL C4+ 210.861 807.6 207.328 792.2

C5+ HETROATOM STATISTICS
REACTOR INLET REACTOR OUTLET

ELEMENT LBS/HR WT % LBS/HR WT % % REMOVAL
SULFUR 1.99 .01000 .00 .00000 99.990
NITROGEN 33.93 .17092 .00 .00002 99.988
OXYGEN 99.98 .50365 .50 .00259 99.500

MAKEUP HYDROGEN RATE 584.1 SCF/BBL OF C5+ FEED
CHEMICAL HYDROGEN CONSUMPTION 125.0 SCF/BBL OF C5+ FEED

CONTINUED ON NEXT PAGE -
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PLANT 4 - SUMMARY REPORT (CONTINUED)
NAPHTHA HYDROTREATER

STREAM SUMMARY

INLET AND OUTLET STREAMS, MLBS/HR
TOTAL

COMPONENT INLET GASES NAPHTHA SOUR H20
H2 2.501 1.965 .000 .000
NH3 .000 .090 .000 .323
H20 18.776 .093 .000 19.803
H2S .000 .000 .000 .021
N2 .034 .034 .000 .000
CH4 .003 1.089 .000 .000
C2H6 .013 .741 .000 .000
C3H8 .049 .749 .000 .000
IC4H10 .139 1.414 .105 .000
NC4HlO .181 1.400 .183 .000
IC5HI2 5.512 .147 4.824 .000
NC5H12 6.524 .177 5.806 .000
T1125 38.975 .088 35.522 .000
T175 38.975 .088 35.521 .000
T225 38.974 .088 35.521 .000
T275 38.974 .088 35.520 .000
T325 38.974 .088 35.520 .000
T375 1.803 .000 7.600 .000
T425 1.804 .000 7.601 .000
T475 .007 .000 .005 .000
T525 .007 .000 .007 .000
T575 .007 .000 .007 .000
T625 .007 .000 .007 .000
T675 .000 .000 .000 .000
T725 .000 .000 .000 .000
T775 .000 .000 .000 .000
T825 .000 .000 .000 .000
T875 .000 .000 .000 .000
T925 .000 .000 .000 .000
T975 .000 .000 .000 .000
TIOOO+ .000 .000 .000 .000
TOTAL 232.237 8.340 203.749 20.147

FLOW, MM SCF/HR .438
FLOW, BBL/HR 775.097
FLOW, GAL/MIN 40.687

SULFUR, WT PPM .0
NITROGEN, WT PPM .2
OXYGEN, WT PPM 24.5

CONTINUED ON NEXT PAGE

E-18



PLANT 4 - SUMMARY REPORT (CONTINUED)I NAPHTHA HYDROTREATER

I PLANT UTILITIES CONSUMPTIONS
POWER, KW 1073.
900 PSIG/150 F STEAM, MLBS/HR .0I900 PSIG SATD STEAM, MLBS/HR .0
600 PSIG/720 F STEAM, MLBS/HR .0
600 PSIG SATD STEAM, MLBS/HR 26.6
150 PSIG SATD STEAM, MLBS/HR .0
50 PSIG SATD STEAM, MLBS/HR .0
PLANT FUEL, MM BTUS/HR 74.03
COOLING WATER, MGAL/HR 153.90
PROCESS WATER, MGAL/HR 2.28
NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY 8.0

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MLBS/HR 400.000IMINIMUM SIZE, MLBS/HR 50.000
CAPACITY, MLBS/HR 210.541
PLANT ISBI FIELD COST, MM$ 15.605
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PLANT 5 - SUMMARY REPORT
GAS-OIL HYDROTREATER

REACTOR SUMMARY
REACTOR INLET REACTOR OUTLET

COMPONENT MLBS/HR BBLS/HR MLBS/HR BBLS/HR
H2 18.503 8.202
NH3 .000 1.761
H20 36.407 41.124
H2S .000 .230
N2 .304 .304
CH4 .000 8.190
C2H6 .000 7.659
C3H8 .000 11.882
IC4HIO .000 .0 10.916 55.4
NC4HIO .000 .0 5.878 28.5
IC5HI2 .000 .0 9.883 45.2
NC5HI2 .000 .0 9.883 44.7
C6 - 300 F 4.399 16.9 17.335 66.7
T325 1.101 3.9 4.335 15.5
T375 39.673 137.3 51.174 177.1
T425 39.673 133.3 51.175 171.9
T47/5 79.247 258.6 75.226 245.5
T525 79.247 251.4 75.226 238.6
T575 79.247 244.5 75.226 232.1
T625 79.247 238.1 75.226 226.0
T675 67.419 197.5 44.421 130.1
T725 67.419 192.8 44.421 127.1
T775 67.419 188.6 44.421 124.2
T825 67.419 184.7 44.421 121.7
T875 .000 .0 2.736 7.4
T925 .000 .0 2.736 7.2
T975 .000 .0 2.736 7.1
T1000+ .000 .0 .000 .0
TOTAL 726.725 2047.7 726.725 2072.1

BUTANES .000 .0 16.794 83.9
PENTANES .000 .0 19.766 89.9
C6 350 F 5.500 20.9 21.670 82.2
350 450 F 79.346 270.6 102.349 349.0
450 650 F 316.988 992.6 300.904 942.2
650 850 F 269.677 763.7 177.682 503.2
850+ F .000 .0 8.208 21.7
TOTAL C4+ 671.511 2047.7 647.373 2072.1

C6+ HETROATOM STATISTICS
REACTOR INLET REACTOR OUTLET

ELEMENT LBS/HR WT % LBS/HR WT % % REMOVAL
SULFUR 23.37 .03480 1.75 .00287 92.500
NITROGEN 169.98 .25313 25.16 .04119 85.200
OXYGEN 429.17 .63911 10.30 .01686 97.600

MAKEUP HYDROGEN RATE 1701.1 SCF/BBL OF C6+ FEED
CHEMICAL HYDROGEN CONSUMPTION 947.0 SCF/BBL OF C6+ FEED

- CONTINUED ON NEXT PAGE
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PLANT 5 - SUMMARY REPORT (CONTINUED)
GAS-OIL HYDROTREATER

STREAM SUMMARY

INLET AND OUTLET STREAMS, MLBS/HR

TOTAL
COMPONENT INLET RX GAS GASES NAPHTHA
H2 18.503 6.630 1.573 .000
NH3 .000 .056 .118 .000
H20 36.407 .707 1.208 .000
H2S .000 .002 .008 .000
N2 .304 .212 .092 .000
CH4 .000 5.840 2.346 .000
C2H6 .000 3.877 3.743 .000
C3H8 .000 4.207 7.673 .000
IC4HIO .000 2.700 8.197 .019
NC4HIO .000 1.191 4.624 .063
IC5HI2 .000 1.048 5.841 2.995
NC5H12 .000 1.048 5.841 2.995
T125 1.099 .048 .318 2.617
T175 1.100 .048 .318 2.618
T225 1.100 .048 .318 2.618
T275 1.100 .048 .319 2.618
T325 1.101 .048 .319 2.618
T375 39.673 .011 .085 .764
T425 39.673 .011 .085 .764
T475 79.247 .000 .001 .000
T525 79.247 .000 .001 .000
T575 79.247 .000 .001 .000
T625 79.247 .000 .001 .000
T675 67.419 .000 .000 .000
T725 67.419 .000 .000 .000
T775 67.419 .000 .000 .000
T825 67.419 .000 .000 .000
T875 .000 .000 .000 .000
T925 .000 .000 .000 .000
T975 .000 .000 .000 .000
TIOOO+ .000 .000 .000 .000
TOTAL 726.725 27.777 43.027 20.688

FLOW, MM SCF/HR 1.528 .646
FLOW, BBL/HR 82.484

SULFUR, WT PPM 1.6
NITROGEN, WT PPM 59.0
OXYGEN, WT PPM 28.9

OUTLET STREAMS ARE CONTINUED ON NEXT PAGE -
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PLANT 5 - SUMMARY REPORT (CONTINUED)
GAS-OIL HYDROTREATER

STREAM SUMMARY

OUTLET STREAMS (CONTINUED), MLBS/HR

COMPONENT 350-45OF 450-65OF 650-85OF SOUR-H20
H2 .000 .000 .000 .000
NH3 .000 .000 .000 1.587
H20 .000 .168 .000 39.041
H2S .000 .000 .000 .220
N2 .000 .000 .000 .000
CH4 .000 .000 .000 .004
C2H6 .000 .038 .000 .002
C3H8 .000 .000 .000 .002
IC4HIO .000 .000 .000 .000
NC4HlO .000 .000 .000 .000
IC5HI2 .000 .000 .000 .000
NC5H12 .000 .000 .000 .000
11 1.342 .006 .000 .002
T175 1.342 .006 .000 .002
T225 1.342 .006 .000 .002
T275 1.343 .006 .000 .002
T325 1.343 .006 .000 .002
T375 45.692 4.552 .000 .071
T425 45.692 4.552 .000 .071
T475 .463 66.619 8.137 .006
T525 .463 66.619 8.137 .006
T575 .463 66.619 8.137 .006
T625 .463 66.619 8.137 .006
T675 .000 6.164 38.257 .000
T725 .000 6.164 38.257 .000
T775 .000 6.164 38.257 .000
T825 .000 6.164 38.257 .000
T875 .000 .001 2.735 .000
T925 .000 .001 2.735 .000
T975 .000 .001 2.735 .000
TIOOO+ .000 .000 .000 .000
TOTAL 99.947 300.474 193.779 41.034

FLOW, BBL/HR 342.860 936.190 556.985
FLOW, GAL/MIN 84.208

SULFUR, WT PPM 5.7 19.8 56.6
NITROGEN, WT PPM 242.0 391.1 559.5
OXYGEN, WT PPM 123.9 654.3 218.2

CONTINUED ON NEXT PAGE -
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PLANT 5 - SUMMARY REPORT (CONTINUED)I GAS-OIL HYDROTREATER

I' PLANT UTILITIES CONSUMPTIONS
POWER, KW 2181.
900 PSIG/150 F STEAM, MLBS/HR .05900 PSIG SATO STEAM, NIBS/HR .0
600 PSIG/120 F STEAM, MLBS/HR .0
600 PSIG SATO STEAM, NIBS/HR 65.1
150 PSIG SATD STEAM, NIBS/HR -33.9
50 PSIG SATD STEAM, MLBS/HR .0
PLANT FUEL, MM BTUS/HR 162.11
COOLING WATER, MGAL/HR 494.03
PROCESS WATER, MGAL/HR .00
NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY 4.0

3 PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MLBS/HR 800.000IMINIMUM SIZE, NIBS/HR 150.000
CAPACITY, NIBS/HR 671. 511
PLANT ISBL FIELD COST, MM$ 74.039
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PLANT 6.1 - SUMMARY REPORT
HYDROGEN PURIFICATION BY MEMBRANE PERMEATION

COMPONENT FLOW RATES, LBS/HR
COMPONENT INLET H2-RICH SOUR GAS REJECT GAS
H2 23840.5 10450.0 .0 13390.6
N2 1142.3 .0 .0 1142.3
H2S 10112.4 .0 10112.4 .0
co 672.9 .0 0 672.9
C02 860.3 .0 860:3 .0
NH3 2471.6 .0 2471.6 .0
H20 1959.6 .0 1779.3 180.3
CH4 24076.4 11.0 .0 24065.4
C2H6 13913.4 .0 .0 13913.4
C3H8 10784.2 .0 .0 10784.2
IC4HIO 3158.1 .0 .0 3158.1
NC4HIO 1498.6 .0 .0 1498.6
IC5HI2 1265.5 .0 .0 1265.5
NC5H12 1163.7 .0 .0 1163.7
200+ F 260.5 .0 .0 260.5
IVIAL 97180.0 10461.0 15223.6 71495.4

FLOW, MM SCF/HR 5.611 1.968 .213 3.431
TEMPERATURE, F 131.5 100.0 250.0 111.0
PRESSURE, PSIA 2690.0 3290.0 14.7 500.0

H2 FLOW, MM SCFAR 4.488 1.967 2.521
MOLE % HYDROGEN 79.986 99.987 73.473

- CONTINUED ON NEXT PAGE
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PLANT 6.1 - SUMMARY REPORT (CONTINUED)I HYDROGEN PURIFICATION BY MEMBRANE PERMEATION

£ PLANT UTILITIES CONSUMPTIONS
POWER, KW 24108.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0£600 PSIG/120 F STEAM, MLBS/HR .0
600 PSIG SATD STEAM, MLBS/HR .0
150 PSIG SATD STEAM, MLBS/HR .0
50 PSIG SATD STEAM, MLBS/HR 4.0
PLANT FUEL, MM BTUS/HR .00
COOLING WATER, MGAL/HR 84.02
PROCESS WATER, MGAL/HR 1.68
NITROGEN, MM SCF/HR OF N2 .00ifTOTAL PLANT OPERATORS/DAY 12.0

PLANT COSTING INFORMATION

ITOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MM SCF/HR OF H2 2.500
MINIMUM SIZE, MM SCF/HR OF H2 .500
CAPACITY, MM SCF/HR OF H2 1.967
PLANT ISBL FIELD COST, MM$ 152.625
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PLANT 6.2 - SUMMARY REPORT
HYDROGEN PURIFICATION BY PRESSURE SWING ABSORPTION

INLET STREAM COMPONENT FLOW RATES, LBS/HR
COMPONENT MIXED GAS FROM P6.1 TOTAL
H2 8033.5 13390.6 21424.0
N2 524.7 1142.3 1667.0
H2S 10333.3 .0 10333.3
CO 289.1 672.9 961.9
C02 397.8 .0 397.8
NH3 407.8 .0 407.8
H20 5284.3 180.3 5464.6
CH4 16119.9 24065.4 40185.3
C2H6 16800.9 13913.4 30714.3
C3H8 24367.6 10784.2 35151.8
IC4HIO 11393.3 3158.1 14551.4
NC4HIO 14901.1 1498.6 16399.7
IC5HI2 6132.7 1265.4 7398.1
NC5H12 7414.3 1163.7 8577.9
T125 5435.8 .0 5435.8
T175 5437.7 .0 5437.7
200+ F 18822.8 260.5 19083.3
TOTAL 152096.6 71495.4 223591.9

FLOW, MM SCF/HR 2.912 3.430 6.342
TEMPERATURE, F 91.9 111.0
PRESSURE, PSIA 55.0 500.0

OUTLET STREAM COMPONENT FLOW RATES, LBS/HR
COMPONENT H2-RICH SOUR GAS REJECT GAS NAPHTHA
H2 19175.2 .0 2248.8 .0
N2 349.3 .0 1317.7 .0
H2S .0 10333.3 .0 .0
CO 209.6 .0 752.3 .0
C02 .0 397.8 .0 .0
NH3 .0 407.8 .0 .0
H20 5464.6 .0 .0 .0
CH4 7684.0 .0 32498.2 3.0
C2H6 4299.0 .0 26402.3 13.0
C3H8 3331.8 .0 31771.0 49.1
IC4H10 725.6 .0 13770.4 55.3
NC4HlO 725.6 .0 15611.4 62.7
IC5H12 94.2 .0 6841.0 462.9
NC5H12 94.2 .0 7946.0 537.7
T125 107.5 .0 4990.7 337.7

7 r 121.2 .0 4979.6 337.0
200+ F 451.4 .0 14947.3 3684.6
TOTAL 42833.3 11139.0 164076.7 5543.0

FLOW, MM SCF/HR 4.010 .128 2.190
TEMPERATURE, F 100.0 250.0 111.0 100.0
PRESSURE, PSIA 3290.0 14.7 25.0 50.0
H2 FLOW, MM SCF/HR 3.610 .423
MOLE % HYDROGEN 90.017 19.327

- CONTINUED ON NEXT PAGE -
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PLANT 6.2 - SUMMARY REPORT (CONTINUED)U HYDROGEN PURIFICATION BY PRESSURE SWING ABSORPTION

PLANT UTILITIES CONSUMPTIONSI ~POER, 1 5 FKTAWLSH 19804.

900 PSIG/7SATD STEAM, NLBS/HR .0
600 PSIG/120 F STEAM, MLBS/HR .0

600 PSIG SATD STEAM, MLBS/HR .0

50PI ADSTEAM, MLBS/HR 55.3UPLANT FUEL, MM BTUS/HR .00
COOLING WATER, MGAL/HR 315.13
PROCESS WATER, MGAL/HR 1.92

NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY .0

PLANT COSTING INFORMATION

ITOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MM SCF/HR OF H2 5.000
MINIMUM SIZE, MM SCF/HR OF H2 .500
CAPACITY, MM SCF/HR OF H2 3.610IPLANT ISBL FIELD COST, MM$ .000
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PLANT 8.1 - ROSE-SR UNIT SUMMARY REPORT3

COMPONENT FLOW RATES, LBS/HR ESDAH
COMPONENT INLET RESIDUUM CONCENTRATE5
H20 .0 .0 .0
C5- .0 .0 .0
C6-350F .0 .0 .0350-450F .0 .0 .0I
450-650F .0 .0 .0
650-850F 380.2 380.2 .0
850-9OOF 3366.1 588.5 2771.6
900-950F 3366.1 588.5 2771.6950-IOOOF 3366.1 588.5 2771.6
10004F 642820.9 536903.2 105917.7
URCOAL 254413.6 .0 254473.6TOTAL 907773.2 539049.0 368724.1

TEMPERATURE, F 688.0 300.0 150.01
PRESSURE, PSIA 28.0 115.0 14.7

PLANT UTILITIES CONSUMPTIONS
POWER, KW 4366.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0I
600 PSIG/720 F STEAM, MLBS/HR .0
600 PSIG SATD STEAM, MLBS/HR .0
150 PSIG SATD STEAM, NIBS/HR 25.4
50 PSIG SATD STEAM, MLBS/HR .0PLANT FUEL, MM BTUS/HR 212.13
COOLING WATER, MGAL/HR .00
PROCESS WATER, MGAL/HR .00
NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY 8.03

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, NIBS/HR 1500.000
MINIMUM SIZE, MLBS/HR 500.000
CAPACITY, MIBS/HR 907.173PLANT iSBL FIELD COST, MM$ 42.2131
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PLANT 9 - SUMMARY REPORT
HYDROGEN PRODUCTION BY COAL/CHAR GASIFICATION

GASIFICATION SECTION
INLET STREAMS COAL* WATER* OXYGEN TOTAL
FLOW, MLBS/HR 879.242 1011.321 746.864 2637.427
FLOW, MM SCF/HR 8.863
TEMPERATURE, F 80.0 90.0 120.0
PRESSURE, PSIA 14.7 150.0 180.0
* COAL IS ON A DRY BASIS. THE WATER INCLUDES THAT IN THE COAL.

OUTLET STREAMS GAS SLAG TOTAL
FLOW, MLBS/HR 2403.093 234.335 2637.427
FLOW, MM SCF/HR 44.833

SHIFT REACTOR SECTION
SHIFT REACTOR INPUT REACTOR

STREAM GAS STEAM OUTLET
FLOW, MLBS/HR 2403.093 167.543 2570.636
FLOW, MM SCF/HR 44.833 48.362

H2, MLBS/HR 49.162 109.429
H2, MM SCF/HR 9.255 20.601
CO, MLBS/HR 871.335 33.895
CO, MM SCF/HR 11.805 .459

FRACTION OF CO SHIFTED .9611

RECTISOL PRODUCT RECOVERY SECTION
OUTLET STREAMS H2 ACID GAS VENT GAS SOUR H20
FLOW, MLBS/HR 92.601 117.886 1859.005 501.144
FLOW, MM SCF/HR 17.207 1.135 19.469
FLOW, MGAL/HR 60.175
H2, MLBS/HR 91.308 .168 17.953
H2, MM SCF/HR 17.190 .032 3.380

COMPOSITION, WT%
H2 98.60 .14 .97
Co .00 1.57 1.72
C02 .00 72.40 96.70
CH4 .00 .00 .00
N2 1.40 1.09 .61
H2S .00 24.71 .00 .06
Cos .09 .00
H20 99.74
HCL .06
NH3 .14
TOTAL 100.00 100.00 100.00 100.00

- CONTINUED ON NEXT PAGE -
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PLANT 9 - SUMMARY REPORT (CONTINUED)

HYDROGEN PRODUCTION BY COAL/CHAR GASIFICATION

OVERALL PLANT MATERIAL BALANCE

INLET STREAMS MLBS/HR PRODUCT STREAMS MLBS/HR

TOTAL COAL/URCOAL 923.024 SLAG FROM GASIFIER 234.3351
WATER/STEAM TO GASIFIER 967.539 H2 PRODUCT STREAM 92.601
OXYGEN STREAM 746.864 ACID GAS STREAM 117.886
STEAM TO SHIFT REACTORS 167.543 VENT GAS STREAM 1859.005U

SOUR WATER STREAM 501.144
TOTAL INPUT 2804.970 TOTAL OUTPUT 2804.970

HYDROGEN PRODUCTION RATE, MM SCF/HR OF H2 17.1901

PLANT UTILITIES CONSUMPT IONSI
POWER, KW 63243.
9000 rS-IG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .03
600 PSIG/720 F STEAM, MLBS/HR .0
600 PSIG SATD STEAM, MLBS/HR -292.0
150 PSIG SATD STEAM, MLBS/IIR -763.3
50 PSIG SATD STEAM, MLBS/HR -781.7
PLANT FUEL, MM BTUS/HR -981.51
COOLING WATER, MGAL/HR 3157.65
PROCESS WATER, MGAL/HR 11.80
NITROGEN, MM SCF/HR OF N2 1.42
TOTAL PLANT OPERATORS/DAY 120.03

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 5
MAXIMUM SIZE, MM SCF/HR OF H2 3.500
MINIMUM SIZE, MM SCF/HR OF H2 1.000

TOTAL FIRST SUBSEQUENT
CAPACITY, MM SCF/HR OF H2 17.190 3.438 3.438

PLANT ISBL FIELD COST, MM$ 263.613 52.723 52.723
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I PLANT 10 - SUMMARY REPORT
AIR SEPARATION PLANT

3 SIMPLIFIED BLOCK MODEL

OXYGEN PRODUCTION RATE, MM SCF/HR OF 02 8.819

ITOTAL INPUT, MLBS/HR 3207.420
TOTAL OUTPUT, MLBS/HR 3207.420

ISTREAM SUMMARY INLET OUTLET

*AIR OXYGEN NITROGEN

FLOW, LB MOLES/HR 111189.9 23354.9 87835.0
FLOW, MM SCF/HR 42.196 8.863 33.333
FLOW, MLBS/HR 3207.420 746.864 2460.556
TEMPERATURE, F 70.0 80.0 -275.0
PRESSURE, PSIA 14.1 350.0 164.1

5 COMPOSITION, WT%
OXYGEN 23.18 99.56 .00
NITROGEN 76.82 .44 100.00

ICOMPOSITION, MOL% OR VL
OXYGEN 20.90 99.50 .00
NITROGEN 79.10 .50 100.00

PLANT UTILITIES CONSUMPTIONS
POWER, KW 160008.90 SG70FSTAMB/R.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG/7SATD STEAM, MLBS/HR .0
600 PSIG/720 F STEAM, MLBS/HR .0
1560 PSIG SATD STEAM, MLBS/HR .0
50 PSIG SATD STEAM, MLBS/HR .0IPLANT FUEL, MM BTUS/HR .00
COOLING WATER, MGAL/HR .00
PROCESS WATER, MGAL/HR .005NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY 4.0

I PLANT COSTING INFORMATION

5TOTAL NUMBER OF DUPLICATE TRAINS 5
MAXIMUM SIZE, MM SCF/HR OF 02 1.875
MINIMUM SIZE, MM SCF/HR OF 02 1.000

ITOTAL FIRST SUBSEQUENT
CAPACITY, MM SCF/HR OF 02 8.819 1.764 1.7643PLANT ISBL FIELD COST, MM$ 191.012 38.202 38.202
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PLANT 11 - SUMMARY REPORT

SULFUR PLANT

FEED GAS FLUE GAS SULFUR
FLOW, MLBS/HR 175.548 113.786 61.762
FLOW, MM SCF/HR 1.736 1.736
TEMPERATURE, F 110.0 80.0 80.0
PRESSURE, PSIA 14.7 14.7 14.7I

NOTE: THE FLOW RATE OF THE FLUE GAS STREAM IS SIGNIFICANTLY UNDER
PREDICTED BECAUSE THE INLET AIR STREAM IS NOT CONSIDERED.

FRACTIONAL LIQUID SULFUR RECOVERY = .9984820

DEPENDING UPON THE IMPURITIES IN THE FEED, THIS SULFUR PLANT WILL
REQUIRE AT LEAST 1751.641 M SCF/HR OF AIR.

PLANT UTILITIES CONSUMPTIONS
POWER, KW 3064.
900 PSIG/75O F STEAM, MLBS/HR .0900 SIGSATDSTEM, MBS/R .900 PSIG/7SATD STEAM, MLBS/HR .0
600 PSIG/720 F STEAM, MLBS/HR 6.0
600 PSIG SATD STEAM, MLBS/HR 16.0
50 PSIG SATD STEAM, NIBS/HR 54.5
PLANT FUEL, MM BTUS/HR 69.04
COOLING WATER, MGAL/HR 487.81
PROCESS WATER, MGAL/HR .00NITROGEN, MM SCF/HR OF N2 .00

TOTAL PLANT OPERATORS/DAY 20.0

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 4
MAXIMUM SIZE, MLBS/HR 16.500

MINIMUM SIZE, NIBS/HR 5.000

TOTAL FIRST SUBSEQUENT
CAPACITY, MLBS/HR 61.762 15.440 15.440
PLANT ISBL FIELD COST, MM$. 46.723 11.681 11.681
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PLANT 31 - SUMMARY REPORT
UTILITIES PLANT

NET PRODUCTION
ELECTRIC STEAM,

ENERGY SOURCE AMOUNT* MMBTU/HR POWER, MW MLBS/HR

COMBUSTION TURBINES SECTION
PLANT FUEL 361.005 34.399

STEAM GENERATION SECTION
EXCESS STEAM 305.740 233.452 27.367 -305.740

POWER PLANT SECTION
NATURAL GAS 3510.992 3510.992 334.555

-------- -------- --------
UTILITIES PLANT TOTAL 4105.449 396.322 -305.740

PURCHASED MATERIALS
NATURAL GAS 3510.992 3510.992

*SOLID FUEL AMOUNTS ARE IN MLBS/HR, AND NATURAL GAS IS IN MSCF/HR.
NEGATIVE NET PRODUCTION VALUES INDICATE CONSUMPTION.
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PLANT 31 - SUMMARY REPORT
UTILITIES PLANT

UTILITIES SUMMARY

COOLING PROCESS
PLANT POWER FUEL WATER WATER NITROGEN
NO. KW MMBTUS/HR MGAL/HR MGAL/HR MMSCF/HR
1. -00 8289. .000 .00 47.10 .000
2 58990. 1089.993 485.70 154.20 .042
3 913. -1472.796 1317.12 .00 .000
4 1073. 74.028 153.90 2.28 .000
5 2181. 162.114 494.03 .00 .000
6.1 24108. .000 84.02 1.68 .000
6.2 19804. .000 315.13 1.92 .000
8.1 4366. 212.130 .00 .00 .000
9 63243. -981.513 3157.65 71.80 1.417
10 160008. .000 .00 .00 .000
11 3064. 69.044 487.87 .00 .000
38 1533. .000 4616.05 .00 .000
39 817. .000 269.11 .00 .000
1.4 12114. 485.996 14.40 .00 4503.740
31 -396322. 3871.997 .00 .00 .000
OTHERS 35821. .000 .00 .00 .000
TOTAL 0. 3510.992 11394.97 278.97 4505.199

----------------------- STEAM, MLBS/HR ------------------------PLANT 900 PSIG 900 PSIG 600 PSIG 600 PSIG 150 PSIG 50 PSIG
NO. 750 F SATD 720 F SATD SATD SATD
1. -00 .0 .0 .0 .0 .0 .0
2 .0 .0 5.6 -149.1 -90.1 56.1
3 .0 .0 .0 396.6 .0 17.2
4 .0 .0 .0 26.6 .0 .0
5 .0 .0 .0 65.1 -33.9 .0
6.1 .0 .0 .0 .0 .0 4.0
6.2 .0 .0 .0 .0 .0 55.3
8.1 .0 .0 .0 .0 25.4 .0
9 .0 .0 .0 -292.0 -763.3 -781.7
10 .0 .0 .0 .0 .0 .0
ii .0 .0 .0 60.0 -186.7 54.5
38 .0 .0 .0 326.5 582.1 .0
39 .0 .0 .0 .0 22.8 61.8
1.4 .0 .0 .0 .0 .0 .0
31 .0 .0 -512.3 .0 381.6 436.5
OTHERS .0 .0 73.0 .0 62.0 96.3
TOTAL .0 .0 -433.8 433.8 .0 .0

POSITIVE VALUES DESIGNATE NET CONSUMPTION, AND NEGATIVE VALUES
DESIGNATE NET PRODUCTION.
600 PSIG STEAM AT 720 F IS USED TO SATISFY THE 600 PSIG SATURATED
STEAM DEMAND.
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PLANT 38 -SUMMARY REPORTU AMMONIA RECOVERY PLANT

STREAM FLOW RATES, MLBS/HR
COMPONENT FEED NH3 PRODUCT SOUR H20
NH3 20.434 20.251 .183
H20 1774.729 .091 1774.638
OTHERS 33.483 .000 33.483

TOTAL 1828.646 20.342 1808.304

TEMPERATURE, F 94.6 80.0 80.0

PRESSURE, PSIA 14.7 14.7 14.7

PLANT UTILITIES CONSUMPTIONSUPOWER, KW 1533.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0I600 PSIG/720 F STEAM, MLBS/HR .0
600 PSIG SATD STEAM, MLBS/HR 326.5
150 PSIG SATD STEAM, MLBS/HR 582.1
50 PSIG SATD STEAM, MLBS/HR .0
PLANT FUEL, MM BTUS/HR .00
COOLING WATER, MGAL/HR 4616.05
PROCESS WATER, MGAL/HR .00

NITROGEN, MM SCF/HR OF N2 .00gTOTAL PLANT OPERATORS/DAY 20.0

PLANT COSTING INFORMATION

ITOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MLBS/HR OF NH3 100.000
MINIMUM SIZE, MLBS/HR OF NH3 5.000
CAPACITY, MLBS/HR OF NH3 20. 251

PLANT ISBL FIELD COST, MMl$ 40.146
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PLANT 39 - SUMMARY REPORT

PHENOL RECOVERY PLANTI
STREAM FLOW RATES, MLBS/HR
COMPONENT FEED PHENOL PRODUCT WASTE H20
PHENOLS 2.482 2.408 .074I
H20 1263.689 .279 1263.410
OTHERS .633 .000 .633
TOTAL 1266.804 2.686 1264.118

TEMPERATURE, F 90.0 80.0 80.0
PRESSURE, PSIA 25.0 14.1 14.1

PLANT UTILITIES CONSUMPTIONS
POWER, KW 811.
900 PSIG/750 F STEAM, MLBS/HR .0
900 PSIG SATD STEAM, MLBS/HR .0
600 PSIG/720 F STEAM, MLBS/HR .0I
600 PSIG SATD STEAM, MLBS/HR .01 50 1 ST A, MLB/HR22.
5 0 PSIG SAT STEAM, MLBS/HR 61.8I
PLANT FUEL, MM BTUS/HR .00
COOLING WATER, MGAL/HR 269.11
PROCESS WATER, MGAL/HR .00
NITROGEN, MM SCF/HR OF N2 .00
TOTAL PLANT OPERATORS/DAY .03

PLANT COSTING INFORMATION

TOTAL NUMBER OF DUPLICATE TRAINS 1
MAXIMUM SIZE, MLBS/HR OF PHENOL 20.000
MINIMUM SIZE, NIBS/HR OF PHENOL 1.000
CAPACITY, MLBS/HR OF PHENOL 2.408

PLANT ISBL FIELD COST, MM$ 13.334
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APPENDIX F

ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION I --

LIQUEFACTION FEED COAL CLEANING BY HEAVY MEDIUM SEPARATION
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION I -- a

LIQUEFACTION FEED COAL CLEANING BY HEAVY MEDIUM SEPARATION

NEW

File: OPT1.INP

TITLE 'OPT1 - DIRECT COAL LIQUEFACTION - OPTION 1 - NTH PLANT'

UtbLKIPTION &
"ASPEN/SP INPUT FILE FOR SIMULATING OPTION 1, ONE OF THE TWO COAL
CLEANING OPTIONS FOR THE DOE DIRECT COAL LIQUEFACTION BASELINE
DESIGN AND SYSTEMS ANALYSIS PROJECT. THIS FILE DOES THE NTH PLANT
COST CALCULATIONS. THIS INPUT FILE ALSO CAN BE USED TO RUN OPTION
7 (NAPHTHA REFORMING), AND A MODIFIED VERSION OF OPTION 6 (STEAM
REFORMING OF NATURAL GAS FOR HYDROGEN PRODUCTION WITH AN FBC
UNTT)

NOTES:
1. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. The switches LOSBL and LPLANT contained in Fortran block SUMMARY

control the costing logic for OSBL and first or Nth plant.
3. Option 1, coal cleaning for liquefaction by heavy medium

separation is activated by setting the fraction going to
stream 1S11 to 1.0 in the S1 Splitter block. All other stream
fractions must be zero.

4. Option 2, coal cleaning for liquefaction by spherical
agglomeration is activated by setting the fraction going to
stream 1S21 to 1.0 in the S1 Splitter block. All other stream
fraction must be zero.

5. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.

6. Modified Option 6 (hydrogen production by steam reforming of
natural gas with an FBC unit) is activated by variable N9 in
Fortran block'OPTION6.' When N; = 1,'the modified Option 6 is
invoked. This is a modified version in that cost parameters
for the coal cleaning plant, Plant 1, are based on sending
some jig cleaned coal to gasification for hydrogen production.
Thus, since no coal is being sent for gasification, the Plant I
costs will be over-estimated.

7. The costing logic is controlled by switches in Fortran block
SUMMARY.

Last revision - July 17, 1992.

Prepared under DOE contract no. DE-AC22 90PC89857.

IN-UNITS ENG
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I OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX- ERRORS= 100

- ; The following two lines are used with V8.0 to produce the overall
;and block elemental balances.

;REPORT ATOMBAL
;BLOCK-REPORT ATOMBAL

HISTORY MSG-LEVEL PROPERTIES=2

MAX-PRINT PROPERTIES=100 SIMULATION=2000

PROPERTIES SYSOP2 GLOBAL

I PSEUDO- COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &

; The following APIs and MWs are revised from the ASPEN/SP predictions.
;Component T1000+ is the 1000+ F material leaving the second coal

liquefaction reactor in Plant 2.3 ;Component 11000+ is the 1000+ F intermediate material leaving the
first coal liquefaction reactor in Plant 2.

COMPONENT T125 TBP=324.82 <K> API=67.91 MW= 82.21
COMPONENT T175 TBP=352.59 <K> API=61.99 MW= 92.11
COMPONENT T225 TBP=380.37 <K> API=56.21 MW=102.84
COMPONENT T275 TBP=408.15 <K> API=50.60 MW=112.50
COMPONENT T325 TBP=435.93 <K> API=45.18 MW=121.82ICOMPONENT T375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT T475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT T525 TBP=547.04 <K> API=25.66 MW=157.54
COMPONENT T575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT T625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT T675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT T725 TBP=658.15 <K> API=10.23 MW=196.44ICOMPONENT T775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT T825 TBP=713.71 <K> API= 4.27 MW=218.85
COMPONENT T875 TBP=741.48 <K> API= 1.78 MW=230.87
COMPONENT T925 TBP=769.26 <K> API=-0.39 MW=243.37
COMPONENT T975 TBP=797.04 <K> API=-2.22 MW=256.24
COMPONENT T1000+ TBP=824.82 <K> API=-3.69 MW=269.33UCOMPONENT P125 TBP=324.82 <K> API=67.91 MW= 82.21
COMPONENT P175 TBP=352.59 <K> API=61.99 MW= 92.77
COMPONENT P225 TBP=380.37 <K> API=56.21 MW=102.84ICOMPONENT P275 TBP=408.15 <K> API=50.60 MW=112.50
COMPONENT P325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT P375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT P425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT P475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT P525 TBP=541.04 <K> API=25.66 MW=157.54
COMPONENT P575 TBP=574.82 <K> API=21.39 MW=166.69UCOMPONENT P625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT P675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT P725 TBP=658.15 <K> API=10.23 MW=196.445COMPONENT P775 TBP=685.93 <K> API= 7.09 MW=207.37
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COMPONENT P825 TBP=713.71 <K> API- 4.21 MW=218.85U
COMPONENT P875 TBP=741.48 <K> API= 1.78 MW=230.87
COMPONENT P925 TBP=769.26 <K> API=-0.39 MW=243.31
COMPONENT P975 TBP=797.04 <K> API=-2.22 MW=256.24ICOMPONENT P1000+ TBP=824.82 <K> API--3.69 MW=269.33
COMPONENT 11000+ TBP=825.0O <K> API=-4.00 MW=275.00
COMPONENT REFORMAT TBP=390.00 <K> API=38.25 MW=100.003

COMPONENTS H2 H2 / N2 N2 / 02 02 / H2S H2S / CO CO / C02 C02 / NH3 H3N/
L-SULFUR SULFUR / H20 H20 / HCL HCL / COS COS / CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / IC4H1O C4H1O-2 INC4HIO C4H10-1/I
IC5H12 C5H12-2 / NC5H12 C5H12-1/

;Pseudocomponents
T125 /T175 /T225 /T275 /T325 /T375 /T425 /T475/
T525 IT575 /T625 /T675 /T725 /T775 /T825 /T875/
T925 /T975 /T1000+ /
P125 /P175 /P225 /P275 /P325 /P375 IP425 /P475/
P525 /P575 /P625 /P675 /P725 /P775 IP825 /P875/I
P925 IP975 /P1000+ I11000+ / REFORMAT/

; Non-conventional components
COAL /URCOAL / SLAG

FORMU1r LA H12H12/ N2 N2 / 02 02/H2S H2 /CO CO/C02 C02 /NH3 H3N/
L-SULFUR S /H20 H20 /HCL HCL / COS COS /CH4 CH4/
C2H6 C2H6 /C3H8 C3H8 /NC4H1O C4H1O / IC4H1O C4H1O/I
NC5H12 C5H12 /I C5H12 C5H12

;Load the liquid sulfur (1-SULFUR) physical properties as taken fromI;DIPPR - MW adjusted to be consistent with ASPEN.
PROP-DATA IN-UNITS SI

PROP-LIST MW / C / PC / VC / ZCI
PYAL 1-SULFUR 32.06 /1313.0 /1.8208E+7 /0. 15800 /0.2640
PROP-LIST MUP / OMEGA / TB / RGYR
PYAL 1-SULFUR 0.0 /0.2624 / 717.82 / 0.0
PROP-LIST DELTA / DGFORM / DHORMI
PYAL 1-SULFUR 2.0245E+4 / 2.3825E+8 / 2.7880E+8
PROP-LIST CPIG
PYAL 1-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &I273.15 1500.0 0.0 87.113 1.0

Load the solubility parameter for COS from the API Tech Data Book.PROP-LIST DELTAI
PYAL COS 18179.0

Reset some component molecular weights to be consisitent with theI
following elemental atomic weights, where needed.
H1=1.0079, C-12.011, 0=15.9994, N=14.0067, S=32.06 & C1=35.453

PROP-LIST MW PVAL H 2.015PVAL H2 2.0158
PYAL 02 31.9988
PYAL H2S 34.0758I
PVAL CO 28.0104
PYAL C02 44.0098
PVAL NH3 17.0304
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PVAL H20 18.0152
PYAL HC1 36.4609
PVAL COS 60.0704
PVAL CH4 16.0426
PYAL C2H6 30.0694
PVAL C3H8 44.0962
PVAL IC4H1O 58.1230IPYAL NC4H1O 58.1230
PVAL 1C5H12 72.1498
PVAL NC5H12 72.1498

; Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS to
;the values given in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGRIVLH 030
PVAL H2 0.3000
PVAL C02 0.8180
PYAL NH3 0.6162
PVAL H2S 0.8014

*VL O 1. 0200

ATIR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL
NC-PROPS COAL ENTHALPY HCOALGEN/IDENSITY DCOALIGTNC-PROPS URCOAL ENTHALPY HCOALGEN/

DENSITY DCHARIGT
NC-PROPS SLAG ENTHALPY HCOALGEN/

DENSITY DCHARIGT
DEF-STREAMS MIXNC ALL

Set an initial GUESS for the ROM COAL stream to Plant 1.
STREAM ROMCOAL

SUBSTREAM MIXED TEMP = 71.0 PRES = 14.7
MASS-FLOW H20 24798.0

SUBSTREAM NC TEMP - 11.0 PRES - 14.1
MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0I COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.70)/

ULTANAL (21.7 61.1 4.2 1.2 0.1 5.1 6.6)/
SULFANAL (3.0 0.3 1.8) /I AOXANAL (43.8 11.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1);Fake the URCOAL properties.

COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/
ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.076)/
SULFANAL (2.507 0.253 1.507)/
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

;Fake the SLAG properties.1 COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)/
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/
SULFANAL (0.0 0.0 0.0) /I AOXANAL (42.0 17.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)
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; Set an initial GUESS for the fresh make-up H2 stream to Plant 2.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 2-H21N

SUBSTREAM MIXED TEMP - 100.0 PRES = 3440.0
MASS-FLOW H2 70300.0 / N2 980.0

; Set an initial GUESS for the total water feed streams (both steam
; and wash water) to Plant 2.
STREAM 2-H20IN

SUBSTREAM MIXED TEMP - 126.0 PRES - 3200.0
MASS-FLOW H20 1073000.0

Set an initial GUESS for the ROSE EXTRACT stream to Plant 2.
STREAM ROSE-XTR

SUBSTREAM MIXED TEMP = 300.0 PRES 3215.0
MASS-FLOW T675 95.0 / T725 95.0 T775 95.0
T825 95.0 / T875 588.335 / T925 588.335
T975 588.355 / T1000+ 536585.0

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but
the input stream is required. Thus, set a small H20 flow to avoid
ASPEN warnings.

STREAM SOLVENT
SUBSTREAM MIXED TEMP - 500.0 PRES = 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES = 28.0
MASS-FLOW H20 0.0
T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 T1000+ 642440.0

SUBSTREAM NC TEMP = 688.0 PRES = 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

; Set an initial GUESS for the H2 stream to Plant 4.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 4-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 500.0
MASS-FLOW H2 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
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STREAM 5-H20IN
SUBSTREAM MIXED TEMP = 70.0 PRES = 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP = 60.0 PRES - 14.7
MASS-FLOW NH3 2830.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 14.7
MASS-FLOW H20 967545.0

Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN

SUBSTREAM MIXED TEMP = 450.0 PRES = 500.0
MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-021N

SUBSTREAM MIXED TEMP = 80.0 PRES - 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP = 70.0 PRES - 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the natural-gas stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP = 70.0 PRES 100.0
MASS-FLOW CH4 307352

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP = 620.0 PRES - 500.0
MASS-FLOW H20 864428.

Model Connectivity

FLOWSHEET__COA -------
Plant M1 is the clean coal outlet streams mixer.
Stream IS-CCOAL is the cleaned coal product stream going to

liquefaction after drying in Plant 1.4
Plant M2 is the middling coal outlet streams mixer.
Stream 1S-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer.
Stream 1S-REFSE is the combined outlet refuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream IS-WATER is the combined outlet waste water product stream.
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Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant M-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.

Plant Pl-ALT1 is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream IS12 is the outlet clean coal product stream.
Stream 1S13 is the outlet middling coal product stream.
Stream 1S14 is the outlet refuse product stream.
Stream IS15 is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream IS22 is the outlet clean coal product stream.
Stream !S23 is the outlet middling coal product stream.
Stream IS24 is the outlet refuse product stream.
Stream 1S25 is the outlet waste water product stream.

Plant Pl-BASE is the Coal Clean4ng and Preparation Plant - BASE CASE.
Stream 1S02 is the outlet clean coal product stream.
Stream 1S03 is the outlet middling coal product stream.
Stream 1S04 is the outlet refuse product stream.
Stream 1S05 is the outlet waste water product stream.

Plant Pl-JIGS is part of the Coal Cleaning and Preparation Plant
that only cleans the coal going to gasification for H2 production.
Stream COALT09 is the outlet clean coal product stream.
Stream IS33 is the outlet middling coal product stream.
Stream 1S34 is the outlet refuse product stream.
Stream IS35 is the outlet waste water product stream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02 is the Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to

supply the steam required to Plant 2.
Stream ROSE-XTR is the deashed product stream.
Stream 2-H20IN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.1.
Stream 2S-SH20 is the sour water product stream.

Plant P03 is the Gas Plant.
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Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
Stream 4-H21N is the hydrogen feed stream.
Stream 4-H20IN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH20 is the hydrotreater sour water stream.

Plant P05 is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H21N is the hydrogen feed stream.
Stream 5-H20IN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
Stream P650-850 is the hydrotreated 650 - 850 F product stream.
Stream 5S-SH20 is the hydrotreater sour water stream.

Plant P61 is the model for the Hydrogen purification by Membrane
Separation Plant, Plant 6.1.

Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2-rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbon product gas stream.
Stream REFORMED is the reformate product stream.

Plant P81 is the model for the ROSE-SR Critical Solvent Deashing unit.
Stream ROSE-XTR is the deashed product stream.
Stream ASH-CONC is the ash concentrate stream.

Plant 911 is the Sulfur plant.
Stream IIS-LIQS is the sulfur product stream.
Stream 11S-FGAS contains all the other material in the feed that

does not leave in the product SULFUR STREAM.
Plant P31 is the simplified model for the utility plant.
Stream 31S-01 is the dummy product stream.

Plant P314 is the model for the Fluidized Bed Combustor and the
Steam Turbine Generator unit.
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Stream FBC-FEED is the feed stream to Plant P314.U
Stream SA6-O1 is the combined product stream out of Plant P314.

,Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.I
Stream 38S-OUT is the reject stream.

,Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 38B.I

Plant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coalI
gasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.
Plant P39 is the phenol recovery plant.
Stream PHENOL is the phenol product stream.
Stream WASTEH20 is the waste water stream.

Plant SA6 is the product stream separator from Plant P314.
Stream FBC-GAS is the gas product stream from Plant SA6.I
Stream FBC-SOL is the solids product stream from Plant SA6.

Block Si is the inlet coal splitter.
Stream ROMCOAL is the inlet ROM coal stream.I
Stream 1SOl is the splitter outlet to the base case plant.
Stream ISIl is the splitter outlet to the alternate case 1 plant.
Stream IS21 is the splitter outlet to the alternate case 2 plant.

Block S6-SH20 is a component splitter to generate a pseudo sour-waterU
stream from Plant 6 to get the NH3 to Plant 38, the Ammonia Recovery
Plant.
Stream 6S-SH20 is the pseudo sour-water stream.I
Stream 11-FEED is the Plant 11 feed stream.

Block S7 is the product naphtha splitter.
Stream PS-NAPH is the inlet product naphtha stream.
Stream 7-NAPH is the splitter outlet to the naphtha reformer plant.
Stream PNAPHTHA is the splitter outlet as product naphtha.

Block S8 is the ash-concentrate splitter.
Stream ASH-CONC is the inlet ash-concentrate stream from the ROSE.I
Stream FBC-FEED is the splitter outlet to the FBC plant.
Stream S8-ASHC is the splitter outlet to the N9C coal mixer.

M1 IN - IS02 IS12 1S22 OUT = IS-CCOAL
M2 IN - IS03 1S13 IS23 IS33 OUT - 1S-XMID
M-2HYD IN = H2MIX 2-H2IN OUT - 2-H2MIX
M.5 IN = 1S04 IS14 IS24 IS34 OUT - 1S-REFSE
M38 IN =25-SH20 35-SH20 4S-5H20 55-5H20 65-SH20 95-SH20 &

OUT - 38-FEED
M4 IN - IS05 IS15 IS25 IS35 OUT - IS-WATERM-462 IN = 4S-GAS GASES 5S-LPGAS 3S-SGAS 7S-H2 OUT = 62-HYD
M-561 IN - 5S-HPGAS 2S-GAS OUT - 61-HYD
M-6GAS IN - SOUR-GAS SOUR-2G5 H2S-GAS 38AS-VAP OUT - 6-SGASU
M-73 IN - GAS-OUT iS-GAS OUT - 3-GAS
M-HYD IN - H2-RICH H2-2RICH OUT - H2MIX DUMMY
M-NAP IN - NAPHTHA2 3S-OIL OUT - 4-FEED
M-PNAP IN = 4S-NAPH 55-NAPH OUT = PS-NAPHI
PI-ALTi IN = iSI1 OUT - 1S12 1S13 1S14 IS15
P1-ALT2 IN = 1S21 OUT - IS22 IS23 1S24 IS25
P1-BASE IN - iSOl OUT - 1S02 1S03 IS04 1SO5
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P1-JIGS IN = ROMCOAL2 OUT = COALT09 1S33 1S34 1S35
P14 IN - 1S-CCOAL OUT - COALT02 14S-XMID 145-REF 14S-WAT
P02 IN = 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &

OUT = 2S-GAS GASES NAPHTHA GAS-OIL 2S-BOTTS 2S-SH20
P03 IN = NAPHTHA 3-GAS &

OUT = 35-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH2O
P04 IN - 4-H2IN 4-FEED 4-H2OIN &

OUT - 4S-GAS 4S-NAPH 4S-SH20
P05 IN - 5-H2IN GAS-OIL 5-H2OIN &

OUT - 5S-HPGAS 5S-LPGAS 55-NAPH P350-450 P450-650 &I P650-850 5S-SH20
P61 IN - 61-HYD OUT - H2-RICH SOUR-GAS P61-GAS
P62 IN - 62-HYD P61-GAS &

OUT - H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2
P07 IN = 7-NAPH OUT - 7S-H2 15-GAS REFORMED
P81 IN = 2S-BOTTS OUT = ROSE-XTR ASH-CONC
P11 IN = 11-FEED OUT = 11S-FGAS IIS-LIQSIP31 IN = 3S-FGAS OUT = 31S-01
P314 IN - FBC-FEED OUT - SA6-01
P38 IN = 38-FEED OUT - NH3-PROD 385-OUT
P38A IN =385-OUT OUT = 38AS-VAP 38AS-LIQ
P38B IN - 38AS-LIQ OUT - WASTE 39FEED
P39 IN - 39FEED OUT - PHENOL WASTEH20
5A6 IN - SA6-01 OUT =FBC-SOL FBC-GAS'I 1 IN =ROMCOAL OUT - iSOl 1I1 IS21
S6-SH20 IN - 6-SGAS OUT = 6S-SH20 11-FEED
S7 IN - PS-NAPH OUT - 7-NAPH PNAPHTHA
S8 IN = ASH-CONC OUT - FBC-FEED S8-ASHC

FLOWSHEET HYDROGEN
Plant M9 is the hydrogen stream mixer.'IStream M9H4 is the dummy H2 stream to the liuaphtha n uyrorete.
Stream M9H2 is the dummy H2 stream to the lieatido unit.
Stream M9H5 is the dummy H2 stream to the gas-oil hydrotreater.IStream HHNEED is the dummy H2 stream from the mixer.

Plant M9C is the coal stream mixer.
, Stream COALT09 is the clean coal stream to the mixer.3 Stream 58-ASHC is the ash concentrate stream from the ROSE unit.
, Stream 9-FEED is the mixed coal stream to the gasifier.
Plant P09 is the plant for producing hydrogen by coal gasification.
Stream 9-H2OIN is the water feed stream to the gasifier section.
Stream 9-02EIN is the stiie 2 team thto the hift retors. t
Stream 9-021MN is the puifedm 02a gostmfo the ahirsep.a plant.

; Stream H2-GAS is the product hydrogen stream.IStream H2S-GAS is the product hydrogen sulfide stream.
; Stream VENT-GAS is the product vent gas stream.
Stream 95-5H20 is the product sour water stream.

; Stream SLAG is the product slag stream.
;Plant P91 is the Steam Reforming of Natural Gas Plant.

StemNAT-GAS is the inlet natural gas stream.
Stream STEAM is the inlet process water stream.I, Stream H2-PROD is the product hydrogen stream.
Stream FLUE-GAS is the product flue gas stream.

,Plant P10 is the Air Separation Plant.IStream 10-AIRIN is the air input stream.
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Strem IOOI s th prouctoxygn steam
Stream 10S01 is the product oxyrgen stream.I

Plant S9 is the hydrogen stream splitter.
Stream H9NEED is the dummny H2 stream for the gasifier.IStream H91NEED is the dummy H2 stream for the steam reformer.

M9H IN - M9H2 M9H4 M9H5 OUT - MHNEED
M9C IN = S8-ASHC COALT09 OUT - 9-FEED
P09 IN - 9-FEED 9-H2OIN 9-02IN 9-STEMIN &

OUT = H2-GAS H2S-GAS VENT-GAS 9S-SH20 SLAG
P91 IN - NAT-GAS STEAM OUT - H2-PROD FLUE-GASI
PIO IN - 10-AIRIN OUT - 1OSOl 10S02
S9 IN - MHNEED OUT = H9NEED H91NEED

Design Specifications

-----------------
Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)
to a specified weight percent (HPCT2) of the MAF coal input stream.

DES-SPEC 2H2FLO
DEFINE CHP2 MASS-FLOW STREAM=2-H2MIX COMPONENT=H2I
DEFINE CCOAL MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COAL
DEF-INE CCASH COMP-ATTR-VAR STREAM=C0ALTO2 SUBSTREAM=NC &

COMPONENT=COAL ATTRIBUTE=ULTANAL ELEMENT=1
C Set the specified H2 rate to Plant 2 in wt% in the following line.I
F HPCT2 -7.9205D0
C DAFCOAL is the dry ash-free coal (MAF coal).
F DAFCOAL - CCOAL * (100.ODO - CCASH) * 0.01D0F H2P2 = 0.O1DO * HPCT2 * DAFCOAL

SPEC CHP2 TO H2P2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=2-H2 IN VARIABLE=MASS-FLOW
LIMITS 100 1000000

;Design spec to set the correct ROM coal flow to the splitter to
;obtain the desired 17,102 TPSD of MF coal flow rate to the coal
liquefaction plant, Plant 2.

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COAL
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal.

F TPD - 16565.ODO
F WTPHR = (TPD * 2000.ODO) / 24.ODO3

SPEC CTARG TO WTPHR
TOL-SPEC 0.1
VARY MASS-FLOW STREAM=ROMCOAL SUBSTREAM=NC COMPONENT=COAL
LIMITS 100 10000000I
Design spec to set the correct dry ROMCOAL2 flow rate to the P1-JIGS
and Plant 9, the coal cleaning for gasification plant and the coal
coal gasifier, to obtain the desired hydrogen production rate.

DES-SPEC H2FLO
DEFINE HOUT MASS-FLOW STREAM=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAM=H9NEED COMPONENT=H2
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I SPEC HOUT TO HIOT
TOL-SPEC 1.0
VARY STREAM-VAR STREAM=ROMCOAL2 SUBSTREAM=NC VAR=MASS-FLOW
LIMITS 0.1 10000000

;Design spec to set the heat duty to block M-HYD to zero byI varying the temperature. This corrects a temperature calculating;error in the ASPEN mixer block algorithm.
DES-SPEC HD-HYD

DEFINE HDTY BLOCK-VAR BLOCK=M-HYD SENTENCE=RETENTION VARIABLE=HEAT-DUTYI SPEC HDTY TO 0.0
TOL-SPEC 1000
VARY BLOCK-VAR BLOCK=M-HYD SENTENCE=PARAM VARIABLE=TEMPERATURE3 LIMITS 10 500

;Design spec to set the 10-AIRIN stream flow to produce the required
;amount of oxygen product required by Plant 9, coal gasification.I, DES-SPEC 02FLO
DEFINE FLO1OS STREAM-VAR STREAM=10S01 VAR=MASS-FLOW
DEFINE FLOOXY STREAM-VAR STREAM=9-021N VAR=MASS-FLOW3 SPEC FLOWOS TO FLOOXY
TOL-SPEC 0.1
VARY STREAM-VAR STREAN=10-AIRIN VARIABLE=MASS- FLOWI LIMITS 0.1 10000000

Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLOIDEFINE HOUT2 MASS-FLOW STREAM=H2-PROD COMPONENT=H2DEFINE HTOT2 MASS-FLOW STREAM=H91NEED COMPONENT=H2

SPEC HOUT2 TO HTOT2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=NAT-GAS VARIABLE=MASS-FLOW
LIMITS 1000 600000

I ;Transfer Blocks

3 ; Transfer block to set ROMCOAL2equal to the ROMCOAL stream (the wet
clean coal input). This duplicates the full property set and
provides the initial guess flow rate for ROMCOAL2.

TRANSFER RCOAL
SET STREAM ROMCOAL2
EQUAL-TO STREAM RONCOAL

I; Transfer block used to set the hydrogen flow rates of the input
;streams to the calculated hydrogen flows to Plant 2 (2-H2IN),
;Plant 4 (4-H2IN), and Plant 5 (5-H2IN). M91s represent hydrogen

; flows from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.TRANSFER HFLOW
SET STREAM M9H2
EQUAL-TO STREAM 2-H2INI SET STREAM M9H4
EQUAL-TO STREAM 4-H2IN
SET STREAM M9H5

EQUAL-TO STREAM 5-H2IN
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*Fortran Bl ocks

,This FORTRAN block will calculate the initial ratio of the MIXED
substream flow to the NC substream flow in the stream ROMCOAL.
It will store this result in RATIO, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flow
that is varied by the COALFLO design-spec. This is needed to set
the correct amount of water entering with the ROM coal.

FORTRAN MIXFLOI
F COMMON /RATIO/ RI4IXNCP, RMIXN2
F COMMON /RGLOB/ RDUM1, RNIN
DEFINE FLONCP SUBSTREAtI-VAR STREAM=ROMCOAL SUBSTREA4=NC VAR=MASSFLOWIDEFINE FLOMIX SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAI4=MIXED VAR=MASSFLOW
C The following should only be true on the first pass. This prevents
C writing over the initial substream ratio on subsequent passes.
F IF (RMIXNCP LT1. RHIN) THENI
F RMIXNCP = FLONCP / FLOMIX
F END IF
C Adjust the other substream flow based on changes to the NCI
C substream.
F FLOMIX = FLONCP / RMIXNCP3

This FORTRAN block will calculate the initial ratio of the MIXED
substream flow to the NC substream flow in the stream ROMCOAL2.
It will store this result in RAT1O2, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flow
that is varied by the H2FLO design-spec. This is needed to set

,the correct amount of water entering with the ROM coal.
See Fortran block MIXFLO for the named common blocks /RATIO/ andI
/RGLOB/ which contain the variables RHIN and RMIXN2.

FORTRAN MIXFL2
DEFINE FLONC2 SUBSTREAM-VAR STREAM=ROMCOAL2 SUBSTREA4=NC VAR=MASSFLOW
DEFINE FLOMW SUBSTREAI4-VAR STREAM=ROMCOAL2 SUBSTREAI4=MIXED VAR=MASSFLOW
C The following should only be true on the first pass. This prevents
C writing over the initial substream ratio on subsequent passes.
F IF (RMIXN2 .LT. RMIN) THENI
F RMIXN2 - FLONC2 / FLOMI2
F END IF
CAdjust the other substream flow based on changes to the NCI

F FLOMI2 =FLONC2 / RMIXN2

;Fortran block to dynamically set the URCOAL fraction in theI
;separation block, SA6, equal to the solids production parameter,
REAL(1), in block, P314.

FORTRAN SA6SETI
DEFINE FRACI BLOCK-VAR BLOCK=P314 SENTENCE=REAL VAR=REAL ELEMENT=1
DEFINE FRAC2 BLOCK-VAR BLOCK=SA6 SENTENCE=FRAC VAR=FRAC ID1=NC &
ID2=FBC-SOL ELEMENT=1

F FRAC2 - FRACI

;FORTRAN block to set the COMBINED steam and water flow rate to
;Plant 2 as a specified weight percent of the dry coal feed.
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I FORTRAN SETUP2
DEFINE FEED2 MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT-COAL
DEFINE H202 STREAM-VAR STREAM'=2-H2OIN VAR=MASSFLOW3F H202 - 0.75315 * FEED2

; FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)
*; to a specified weight percent (HPCT4) of the naphtha feed stream,
*; and the hydrogen flow rate to Plant 5 (5-H2IN) to a specified weight

; percent (HPCT5) of the gas oil feed stream. This block also sets
; the inlet water flow rates for these plants to specified rates
; as functions of the hydrocarbon feed rates.
FORTRAN SETUP45

DEFINE CHP4 MASS-FLOW STREAM1=4-H2IN COMPONENT=H2
DEFINE CHP5 MASS-FLOW STREAM=5-H2IN COMPONENT=H2DEIEIP TEMVRSRA=-2N VRMSFO
DEFINE FLP4 STREAM-VAR STREAM=4-H2IN VAR=MASSFLOW
DEFINE FLPH STREAM-VAR STREAM=5-H2IN VAR=MASSFLOW
DEFINE XNAPH STREAM-VAR STREAM=4A-ED VAR=MASSFLOWIDEFINE XG20L STREAM-VAR STREAM1=GA-OIL VAR=MASSFLOW
DEFINE H205 STREAM-VAR STREAM=4-H2OIN VAR=MASSFLOW

(3C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 - 1.1855
F HPCT5 = 2.7554

IF H2P4 - O.O1DO * HPCT4 * XNAPH
*F FLP4 - H2P4 * (FLP4 / CHP4)

F H2P5 = O.01DO * HPCT5 * XGOIL
F FLP5 = H2P5 * (FLP5 / CHP5)IC Set the specified H20 rates in wt% in the following two lines.
F H204 - 0.089017 * XNAPH
F H205 - 0.054217 * XGOIL

;I to Plant 9 based on the inlet flow rate of hydrocarbons and NC

;components (on a dry ash-free basis).IFORTRAN SETUP9
DEFINE FL29MX SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR-MASS-FLOW
DEFINE ULCOAL COMP-ATTR-VAR STREAM1=9-FEED SUBSTREAM=NC &3COMPONENT=COAL ATTRIBUTE=ULTANAL ELEMENT=I
DEFINE ULURC COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &

COMPONENT=URCOAL ATTRIBUTE=ULTANAL ELEMENT-i
DEFINE FL29C MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT-COALIDEFINE FL29UR MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT=URCOAL
DEFINE FL29W MASS-FLOW STREAM=9-FEED COMPONENT=H20
DEFINE FL2STM STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOWUDEFINE FL2H2O STREAM-VAR STREAM=9-H2OIN VAR=MASS-FLOW
DEFINE FL202 STREAM-VAR STREAM=9-021N VAR=MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the
C inlet flow rate of hydrocarbons and NC components (on a dry basis).
F X1 - 0.01*FL29C *(100.0.ULCOAL)
F X2 = 0.O1*FL29UR*(10O.0-ULURC)
F FL2STM1 - 0.25495 * (FL29MX + X1 + X2 -FL29W)3F FL2H2O - 1.4723 * (FL29MX + XI + X2 -FL29W)

F FL202 - 1.1365 * (FL29MX + X1 + X2 -FL29W)

'3 , Fortran block to set up the common and OSBL utility consumptions.
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FORTRAN SETUP31
F COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PLNTID
DEFINE DCOAL2 SIJBSTREAI4-VAR STREAM=COALTO2 SUBSTREAM=NC VAR=MASS-FLOW
C COMMON /USRCO3/ is ised to transfer vatiables FIN(5,4),C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.IC Base all the offsite and OSBL utilities consumptions on the dry
C coal feed rate to Plant 2, the Coal Liquefaction Plant. Ignore
C cooling and process water consumptions and productions.IF PINTID (19) = 'OTHERS'
C Electric Power.
F UTIL(19,I) = 25.1346 * DCOAL2 * 0.0013
F IF ( OPTN6 .GE. 0.99D0 UTIL(19,I) = 29.5411 *DCOAL2 *0.001
C 600 psig steam at 720F.
F UTIL(19,4) - 0.05122207 *DCOAL2 * 0.001C 150 psig saturated steam.I
F UTIL(19,6) - 0.04350367 * DCOAL2 * 0.001
C 50 psig saturated steam.
F UTIL(19,7) = 0.06757103 * DCOAL2 * 0.001

Frtran stateme~nt to stthe mlrflow raeof teSTEAM stemTO
be in balance with the feed stream to Plant 9.1.

FORTRAN SETUP91I
DEFINE GS STREAM-VAR STREAM=NAT-GAS VARIABLE=MOLE-FLOW
DEFINE ST STREAM-VAR STREAM=STEAM VARIABLE=MOLE-FLOW
F IF ( GS .GT. 0.0DO THENI

F ST - 2.504543D0 GG
F ELSE
F ST - 0.ODO3
F ENDIF

; Fotranblock to switch between Plants 9.0 and 10 (Baseline Design
;Case) or Plants 9.1, 31.1 and 31.4 (Option 6).

FORTRAN OPTION6
F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.
DEFINE FSTM STREAM-VAR STREAM=STEAM VAR=MOLE-FLOW
DEFINE FNG STREAM-VAR STREAM=NAT-GAS VAR=MOLE-FLOW
DEIE FiQA STREAM-VAR STREAM=i0-AIRIN VAR=MASS-FLOW
DEFINE F9H STREAM-VAR STREAI4=9-H2OIN VAR=MASS-FLOW
DEFINE F9S STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOW
DEFINE F90 STREAM-VAR STREAM=9-021N VAR=MASS-FLOWI
DEFINE FC9M SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE FC9NC SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FRACB BLOCK-VAR BLOCK=S8 SENTENCE=FRAC VAR=FRAC &
IDI=S8-ASHC ELEMENT=1I

DEFINE FRAC9 BLOCK-VAR BLOCK=S9 SENTENCE=FRAC VAR=FRAC &
IDI=H9NEED ELEMENT=1

DEFINE FRAC38 BLOCK-VAR BLOCK=P38B SENTENCE=FRAC VAR=FRAC &
ID1=WASTE ELEMENT=1

C Set N9 equal to 0 to run Plants 9.0 and 10 (Bseline), or
C set N9 equal to 1 to run Plants 9.1, 31.1 and 31.4 (OPTION 6). I
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F N9 = 0
F IF (N9 EQ. 0) THEN
F OPTNM6 - 0.00
F FSTM - 1.0-6
F FNG = I.OD-6
F FRAC8 = 1.0
F FRAC9 = 1.0
F FRAC38 - 0.28595
F ENDIF
F IF (N9 EQ. 1) THEN
F OPTNM6 -I.ODO
F FIOA - 1.OD-6
F F9H - I.OD-6
F F9S - I.OD-6
F F90 = I.OD-6
F FC9M - I.OD-6
F FC9NC = I.OD-6
F FRAC8 = 0.0
F FRAC9 = 0.0
F FRAC38 = 0.0
F ENDIF

FORTRAN SUMMARY
C This Fortran block writes the summary report to the DCLSUM.REP
C file, and also writes the DCLI.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMMON /USRC03/ is ised to transfer vatiables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSRI for the definition of the items in named
C common block /USRC03/.
DEFINE FIN1A SUBSTREAM-VAR STREAM1=ROMCOAL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FINIB SUBSTREAM-VAR STREAM=ROMCOAL2 SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FIN2 STREAM-VAR STREAM=NAT-GAS VAR=MASS-FLOW
DEFINE FOUTI STREAM-VAR STREAM1=3S-PROP VAR=MASS-FLOW
DEFINE FOUT2 STREAM-VAR STREAM1=3S-BUT VAR=MASS-FLOW
DEFINE FOUT3A STREAM-VAR STREAM1=PNAPHTHA VAR=MASS-FLOW
DEFINE FOU173B STREAM-VAR STREAM=REFORMED VAR=MASS-FLOW
DEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOW
DEFINE FOUT5 STREAM-VAR STREAM=P450-650 VAR=MASS-FLOW
DEFINE FOUT6 STREAM-VAR STREAM=P650-850 VAR=MASS-FLOW
DEFINE FOUT7 SUBSTREAM-VAR STREAM1=1S-REFSE SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8 SUBSTREAM-VAR STREAM=SLAG SUBSTREAM1=NC VAR=MASS-FLOW
DEFINE FOUT8A SUBSTREAM-VAR STREAM=FBC-SOL SUBSTREAM=NC VAR=MASS-FLOW

rT&lrDEF INE rr Gy ll' r I GO SS ' Tnm E A Ma - 1 # a n STI KRE AM4in3 - PROD i A R='* AS

DEFINE FOU 11 S RE AR S REAM PHENOL VAR=MASS-FLOW
DEFINE FOUT12 STREAM-VAR STREAM=11S-LIQS VAR=MASS-FLOW
C Load the stream flow rates in the FINO and FOUTO arrays in
C Mlbs/hr. All solid stream flow rates are on a dry basis.
F FIN(1,I) = O.OOIDO * (FIN1A + FIN1B)
F FIN(2,I) - 0.001DO * FIN2
F FOUT(1,I) - O.OOIDO * FOUTI
F FOUT(2,1) - 0.001DO * FOUT2
F FOUT(3,1) - O.OOIDO * (FOUT3A + FOUT3B)
F FOUT(4,I) - O.OOIDO * FOUT4
F FOUT(5,1) - O.OOIDO * FOUT5
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F FOT(6,) - .OOIO * OIT
F FOUT(6,1) - O.OO1DO * FOUT6
F FOUT(8,1) = 0.OO1DO * (FOUT8 + FOUTBA)
F FOUT(10,1) = 0.00100 * FOUTIOIF FOUT(11,1) = 0.001D0 * FOUT11
F FOUT(12,1) = 0.001D0 * FOUT12

C Set XOF to the number of extra operators and 0581 operatorsI
C per dedicated plant operator.
C- - - - - - - - - - - - - - -
F XOF = 0.3430421
C
C Set the LOSBL and LPLANT switches, as appropriate, to duplicate
C the Bechtel OSBI and first vs. Nth plant costing logic.C LOBL 0 Us baslin cae OBL cstig lgicC LOSBL = 0 - Use baseine case OSBI costing logic.C 10581T = 1 - Use oprto clase OSBL n nirn costing logic.
C LPLANT - 0 - Use fit plant OSBL and engineering costing logic.

F LOSBL I
F LPLANT IC
C Open the separate output file called DCLSUM.REP to contain the
C summary report of the simulation results.
F OPEN (UNIT=62, FILE='DCLSUM.REPI, STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORt4=FORMATTED',
F 2 BUFFERED='BUFFEREJ')
C Call Subroutines USRSRI and USRSR2 to write the summary report.IF CALL USRSR1 (62)
F CALL USRSR2 (62, LOSBL, LPLANT, OPTN6, XOF)
F CLOSE (UNIT=62, STATUS='KEEP')
C Now write the LOTUS spreadsheet economics model input file.
F OPEN (UNIT=62, FILE='DCL1.PRN', STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORN='FORMATTED',,
F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR3 to write the model input file.
F CALL USRSR3 (62, OPTN6, XOF)
F CLOSE (UNIT=62, STATUS='KEEP') I
Convergence Blocks
- - - - - - -----

CONVERGENCE CBLK1 WEGSTEIN
TEAR H2MIX ID-5
PARAM WAIT=3

CONVERGENCE CBLK2 WEGSTEIN
TEAR 2S-BOTTS 1D-5

CONVERGENCE CBLK3 WEGSTEIN
TEAR 6S-SH2O 10-5

CONVERGENCE COALF ONE-VAR
SPEC COALFLOI
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'I CONVERGENCE HD-C1 ONE-VAR
SPEC HD-HYD

3 CONVERGENCE HYDF BROYDEN-SPEC
SPEC H2FLO

CONVERGENCE 2HYDF ONE-VAR
SPEC 2H2FLO

CONVERGENCE OXYF ONE-VAR

SPEC 02FLO
CONVERGENCE RFMRF ONE-VAR

SPEC RFMRFLO

Calculation Sequence
-- --------------------

Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO S1 P1-BASE PI-ALTi P1-ALT2 &3 MI P14 (RETURN COALF)

Specify entire flowsheet sequence, including subsequence CLEAN.
SEQUENCE BASE RCOAL (SEQUENCE CLEAN) &

CBLK1 2HYDF M-2HYD (RETURN 2HYDF) &
CBLK2 SETUP2 P02 P81 (RETURN CBLK2) &
P61 P62 HD-C1 M-HYD (RETURN HD-C1) &
M-73 P03 N-NAP SETUP45 P04 M-462 P05 M-561 &IM-PNAP S7 P07 (RETURN CBLK1) &

HLWMHOPTION6 S9 S8 P314 SA6SET SA6 &
HYDF MIXFL2 P1-JIGS M9C SETUP9 P09 (RETURN HYDF) &OXYF P10 (RETURN OXYF) M2 M3 M4&
RFMRF SETUP91 P91 (RETURN RFMRF) &
CBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &I(RETURN CBLK3) &
P11 SETUP31 P31 SUMMARY

'3 ; Unit Operations Blocks

Mix the clean coal product streams from the 3 different cases.I BLOCK M1 MIXER
DESCRIPTION 'PLANT 1 OUTLET CLEAN COAL MIXER'

U Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXER
DESCRIPTION 'PLANT 1 OUTLET MIDDLING COAL MIXER'

Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 2'
PARAII NPK-1 KPH=1
Mix the refuse product streams from the 3 different cases.3 BLOCK M3 MIXER
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DESCRIPTION 'PLANT I OUTLET REFUSE MIXER'

Mix the sour water streams from Plants 2, 3, 4, 5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'

Mix the waste water product streams from the 3 different cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT I OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'

Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
BLOCK M-561 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP=110.0 PRES=14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer M9C - The hydrogen plant feed mixer; used to mix the coal and
; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS=2

Mixer M9 - The dummy hydrogen mixer; used to mix the three
streams that go to Plant 2 (M9H2), Plant 4 (M9H4), and
Plant 5 (M9H5) into one single output stream (MHNEED) for the
S9 splitter.

BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'
PARAM NPK=1 KPH=1

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block
; algorithm.
BLOCK M-HYD FLASH2
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.2'
PARAM 'TEMP=100. PRES=3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'
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BLOCK M-PNAP MIXER

; Plant PI-ALTI, Coal Cleaning and Preparation Plant. Use User
; Fortran Model, USRO1, within the PLANTS file. ALTERNATE CASE I
; COAL CLEANING BY HEAVY MEDIUM SEPARATION.
BLOCK PI-ALT1 USER

SUBROUTINE MODEL = USROI REPORT USR01
DESCRIPTION 'PLANT 1 - ALTERNATE I COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
that is modeled in BLOCK PI-JIGS. The operators and cost for this
plant includes those associalted with the PI-JIGS portion of the coal
cleaning and preparation plant. All parameters have the same meaning
as described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FCIM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train -
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - 1S12 KODE=2 TEMP - 70.0 PRES - 14.7

STRM = IS13 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 1S14 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 1S15 KODE=2 TEMP - 70.0 PRES - 14.7

Plant Pl-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
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BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.
BLOCK PI-ALT2 USER

SUBROUTINE MODEL = USR01 REPORT USROI
DESCRIPTION 'PLANT I - ALTERNATE 2 COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL = 70

The following integer and real parameters are for production of
the coal cleaned by both Jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK PI-JIGS. The operators and cost for this plant includes
those associalted with the PI-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
described below for Plant I in BLOCK Pl-BASE.

INT 0 1 0 1 2
FCP FCM FHP FHM FNP FNM

REAL 0.9435271 0.0 0.9338663 0.0 0.9250562 0.0 &
FClP FClM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAM
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 1 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - IS22 KODE=2 TEMP - 70.0 PRES = 14.7
STRM = IS23 KODE=2 TEMP - 70.0 PRES = 14.7
STRM = IS24 KODE=2 TEMP - 70.0 PRES - 14.7
STRM - 1S25 KODE=2 TEMP = 70.0 PRES - 14.7

Plant I - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
Model USROI
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.

BLOCK Pl-BASE USER
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SUBROUTINE MODEL = USR01 REPORT = USR01
DESCRIPTION 'PLANT I - BASE CASE - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL = 70

The following 5 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLOIB.REP, DCL01AI.REP or DCLO1A2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-4 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 -> Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report = DCL01B.REP)
1 => Alternate case 1 - Coal cleaning by heavy media

separation. (Report - DCLO1A1.REP)
2 => Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report = DCLO1A2.REP)

3 => Coal cleaning by jigs for coal gasification in
plant 9. (Report - DCLOIG.REP)

4 => Coal grinding and drying plant.
(Report - DCLOID.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,
and 4 is for the grinding and drying plant.

INT 0 1 0 1 0
The following 70 real parameters are:
REAL(l) Fraction of carbon in the inlet coal leaving
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in the clean coal product stream.I
REAL(2) - Fraction of carbon in the inlet coal leaving

in the middling coal stream.
REAL(3) = Fraction of hydrogen in the inlet coal leavingI

in the clean coal product stream.
REAL(4) = Fraction of hydrogen in the inlet coal leaving

in the middling coal stream.
REAL(5) = Fraction of nitrogen in the inlet coal leaving

in the clean coal product stream.
REAL(6) - Fraction of nitrogen in the inlet coal leaving

in the middling coal stream.I
REAL(7) = Fraction of chlorine in the inlet coal leaving

in the clean coal product stream.
REAL(8) - Fraction of chlorine in the inlet coal leaving

in the middling coal stream.
REAL(9) - Fraction of sulfur in the inlet coal leaving

in the clean coal product stream. OPTIONAL - See Note 1.
REAL(1O) = Fraction of sulfur in the inlet coal leavingin the middling coal stream. OPTIONAL - See Note 1.
REAL(11) - Fraction of oxygen in the inlet coal leaving

in the clean coal product stream.
REAL(12) = Fraction of oxygen in the inlet coal leaving

in the middling coal stream.
REAL(13) = Fraction of ash in the inlet coal leaving

in the clean coal product stream.
REAL(14) = Fraction of ash in the inlet coal leaving

in the middling coal stream.
REAL(15) = Moisture content of the clean product coal on a dry I

basis, wt%.
REAL(16) - Moisture content of the middling coal on a dry

basis, wt%.
REAL(17) - Moisture content of the refuse on a dry basis, wt%.
REAL(18) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.REAL(22) - Power consumption per Mlbs/hr of dry clean coal,
REAL(3) =kw/ (Ml bs/hr) .th pi , Fsea
REA(23 -Constant factor for te900 psi / 750Fsta

consumption, Ml bs/hr.
REAL(4) -900 psig / 750 F steam consumption per Mlbs/hr o
REAL(4) =dry clean coal, (Mlbs/hr)/(Mlbs/hr). o

REAL(25) = Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of
dry clean coal, (Mlbs/hr)/(Mlbs/hr).IREAL(27) = Constant factor for the 600 psig / 120 F steam

REAL(8) =consumption, Ml bs/hr.peMbsh3
REA(28 -600 psig / 120 F steam consumption prMb/ of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Mlbs/hr. cnupinprMb/ro
REAL(0) -600 psig saturated steam cnupinprMb/ro

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(1) =Constant factor for the 150 psig saturated steam
REAL(1) =consumption, Ml bs/hr.I
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REAL(32) = 150 psig saturated steam consumption per Nibs/hr of
dry clean coal, (Mlbs/hr)/(Mlbs/hr).

REAL(33) - Constant factor for the 50 psig saturated steamI. consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

dry clean coal, (Nlbs/hr)/(Mlbs/hr).
REAL(35) = Constant factor for the plant fuel consumption,Si , NM BTU/hr.
REAL(36) = Plant fuel consumption per Nibs/hr of dry clean coal,

(NN BTU/hr)/(lbs/hr).KREAL(37) = Constant factor for the cooling water consumption,
Ngal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of dry cleanI coal (Ngal/hr)/(Nl bs/hr).
REAL(39) - Constant factor for the process water consumption,

Ngal/hr.
REAL(40) - Process water consumption per Nibs/hr of dry clean* coal, (Ngal/hr)/(Nlbs/hr).
REAL(41) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of dry clean coal,

(MM SCF/hr of N2)/(Mlbs/hr).
REAL(43) -

REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,I (operators/day)/train.
REAL(51) - Reference flow rate of the dry clean coal of a

single train in Nibs/hr for the calculation of
the ISBL field cost of a single train as a function
of train capacity.

REAL(52) = Maximum size of a single train as defined by the
REAL(53) flow rate of the dry clean coal in Nibs/hr.
REAL53)= Minimum size of a single train as defined by the

flow rate of the dry clean coal in Nibs/hr.
; REAL(54) = Constant A in the plant ISBL field cost equation.IREAL(55) = Constant B in the plant ISBL field cost equation.

REAL(56) - Constant E in the plant ISBI field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.

A()REAL(70) = Future use.

NOTES:
1. If both the sulfur distribution factors, REAL(9) and REAL(I0),

are zero and a SULFANAL was supplied, the sulfur will be
distributed among the products as follows.
a. The ORGANIC sulfur will be distributed in the same

b. The PYRITIC and SULFATE sulfur will be dis-tributed in the
same proportions as the ash is distributed.

FCP FCN FHP FHM FNP FNM
REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &
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FC1 P FC1 M FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAM
0.4229677 0.0 &
PCWP PCWM PCWR Future Use (3 items)
8.576 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 4.281977 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 31.56 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR01.

FLASH-SPECS STRM - IS02 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS03 KODE=2 TEMP - 70.0 PRES = 14.7
STRM = IS04 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 1S05 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1-JIGS - Coal Cleaning by Jigs for gasification - User Fortran
Model USR01

COAL CLEANING BY JIGS For GASIFICATION.
BLOCK PI-JIGS USER

SUBROUTINE MODEL - USR01 REPORT USR01
DESCRIPTION 'PLANT I - JIGS - COAL CLEANING FOR GASIFICATION'

The following integer and real parameters have the same meaning
as described above for Plant I in BLOCK Pl-BASE.

PARAM NINT = 5 NREAL = 70
INT 0 1 0 1 3

FCP FCM FHP FHM FNP FNM
REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &

FClP FCIM FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAM
0.4229677 0.0 &
PCWP PCWM PCWR Future Use (3 items)
8.576 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 4.281977 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
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0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)*
0.0 0.0 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - COALT09 KODE=2 TEMP - 70.0 PRES - 14.7

STRM - 1S33 KODE=2 TEMP = 70.0 PRES - 14.7
STRM = IS34 KODE=2 TEMP = 70.0 PRES = 14.7
STRM = IS35 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant - Fortran Model USROI
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL = USROI REPORT USR01
DESCRIPTION 'PLANT 1.4 BASE CASE COAL GRINDING AND DRYING PLANT'
PARAM NINT - 5 NREAL 70

The following integer and real parameters have the same meaning
as described above for Plant 1 in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNM

REAL 1.0 0.0 1.0 0.0 1.0 0.0 &
FClP FClM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &
FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
Ref Flow Max Flow Min Flow
142.518 145.0 50.0 &
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Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM = COALT02 KODE=2 TEMP = 70.0 PRES = 14.7

STRM - 14S-XMID KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 14S-REF KODE=2 TEMP - 70.0 PRES - 14.7
STRM - 14S-WAT KODE=2 TEMP = 70.0 PRES = 14.7

Plant 2 - The coal liquefaction plant - user Fortran block USR02.
BLOCK P02 USER

SUBROUTINE MODEL = USR02 REPORT = USR02
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION PLANT'
PARAM NINT = 6 NREAL = 70

The following 6 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital-cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52)

If INT(3) > 0, the number of duplicate pl nts.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
1 -> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INTM - Switch to write the major equipment summary list and
cost summary report by plant section for the baseline
design to the separate block output summary report file
called DCL02.REP on logical unit 62.
0 Do not write the major equipment summary list.
I Write the major equipment summary list to the

separate block output file only when
INT(I) <= 2, INT(2) = 1, and INT(6) = 0.

2 => Write the major equipment summary list and the
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£ , cost summary report by plant section to the
separate block output file only when
INT(1) <= 2, INT(2) = 1, and INT(6) = 0.£ INT(6) =Switch to select which coal liquefaction reactor yields

are calculated.
0=-> Baseline design two-reactor model.
3 , => Option 3 -Yields for Thermal/Catalytic two-

reactor model.
4 => Option 4 - Two-reactor model with interstaage

vent gas separation.

8> Improved Baseline (Option 8) - High space velocity
two-reactor model.

The following 10 real parameters are:
REAL(1) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.S ~ : Future use
REAL(2) =Ftreue

REAL(1) =Constant factor for the power consumption, kw.KREAL(22) - Power consumption per Mlbs/hr of dry coal feed,
kw/(Mlbs/hr of dry coal).

REAL(23) = Constant factor for the 900 psig / 750 F steamI consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

dry coal feed, (Ml bs/hr)/ (Ml bs/hr of dry coal).fl, REAL(25) - Constant factor for the 900 psig saturated steamU , consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).SREAL(29) - Constant factor for the 600 psig saturated steam
consumption, Ml bs/hr.

REAL(30) = 600 psig saturated steam consumption per Mlbs/hr ofI, dry coal feed, (Ml bs/hr)/(Ml bs/hr of dry coal).
REAL(31) = Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.
REAL(32) - 150 psig saturated steam consumption per Mlbs/hr ofI , dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.6'REAL(34) - 50 psig saturated steam consumption per Mlbs/hr ofdry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(35) - Constant factor for the plant fuel consumption,S MM BTU/hr.
REAL(36) - Plant fuel consumption per Mlbs/hr of dry coal feed,

(Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(37) - Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) - Cooling water consumption per Mlbs/hr of dry coal

feed, (Mlbs/hr)/(Mlbs/hr of dry coal).a produced, (Mgal/hr)/(MM SCF/hr of H2).
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REAL(39) = Constant factor for the process water consumption,I
=Mgal/hr.

REAL(40) -Process water consumption per Mlbs/hr of dry coal
feed, (Mlbs/hr)/(Mlbs/hr of dry coal).a

REAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) = Nitrogen consumption per Nibs/hr of dry coal feed,
(MM SCF/hr of N2)/(Mlbs/hr of dry coal).

REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per I

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n. I
REAL(51) - Reference dry coal feed rate to a single train in

Nibs/hr for the calculation of the ISBL field cost of
a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the dry (
coal feed rate in Nibs/hr of dry coal.

REAL(53) - Minimum size of a single train as defined by the dry
coal feed rate in Nibs/hr of dry coal.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.£
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) = Future use.

Percent fresh MAF coal conversion
REAL 92.7901 & I

Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 41.39141 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.003904784 0.0 -0.1046111 0.0 -0.0632168 &
50 satd steam Plant fuel Cooling H20
0.0 0.0393741 0.0 0.764818 0.0 0.340800 &nIProcess H20 Nitrogen
0.0 0.1081972 0.0 0.000029236 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 8.0 &
Ref Flow Max Flow Min FlowS
285.035 285.05 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 186.44 0.7142 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR02.

FLASH-SPECS STRM=2S-GAS KODE=2 TEMP=130.0 PRES=2985.0 NPK=1 KPH=1
STRM - GASES KODE-2 TEMP - 130.0 PRES - 65.0
STRM = NAPHTHA KODE=2 TEMP = 140.0 PRES = 16.0
STRM = GAS-OIL KODE=2 TEMP = 110.0 PRES = 30.0
STRM - 2S-BOTTS KODE=2 TEMP = 688.0 PRES = 28.0
STRM - 2S-SH20 KODE=2 TEMP = 100.0 PRES = 30.0

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL = USR03 REPORT - USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of dry C4- gas,

kw/(MM SCF/hr of dry C4- gas)
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
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REAL(26) - 900 psig saturated steam consumption per MM SCF/hr3
of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).

REAL(27) = Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.I

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr
of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) -600 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Mibs/hr)/(MM SCF/hr of dry C4- gas).

REAL(31) - Constant factor for the 150 psig saturated steamI
consumption, Nibs/hr.

REAL(32) = 150 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Mibs/hr)/(MM SCF/hr of dry C4- gas).I

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Mibs/hr)/(MM SCF/hr of dry C4- gas).I

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of dry C4- gas,
(MM BTU/hr)/(MM SCF/hr of dry C4- gas).

REAL(37) =Constant factor for the cooling water consumption,
Mgal/hr.

REAL (38) -Cooling water consumption per MM SCF/hr of dry C4-
gas, (Mgai/hr)/(MM SCF/hr of dry C4- gas).

REAL(39) = Constant factor for the process water consumption,
Mgal/hr. 1

REAL(40) - Process water consumption per MM SCF/hr of dry C4-
gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of dry C4- gas,
(MM SCF/hr of N2)/(MM SCF/hr of dry C4- gas).

REAL(43)-I
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.F

REAL(50) = Number of operators per day per train,
REAL(1) =(operators/day)/trai n.sigetann3
REALM) = ~~Reference gas feed rate toasigetinn

MM SCF/hr of dry C4- gas for the calculation of
the ISBI field cost of a single train as a function
of train capacity.

REAL(52) = Maximum size of a single train as defined by the
gas feed rate in MM SCF/hr of dry C4- gas.

REAL(53) - Minimum size of a single train as defined by the
gas feed rate in MM SCF/hr of dry C4- gas.N

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.I
REAL(58) = Number of spare trains.
REAL(59) -

REAL(70) - Future use.
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Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 447.6001 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 194.4388 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 8.425471 0.0 -722.141 0.0 645.8090 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
2.04 5.0 0.300 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 25.3 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR03.

FLASH-SPECS STRM - 3S-SGAS KODE=2 TEMP - 137.0 PRES = 55.0
STRM - 3S-FGAS KODE=2 TEMP - 100.0 PRES - 215.0
STRM = 3S-PROP KODE=2 TEMP = 100.0 PRES = 280.0
STRM = 3S-BUT KODE=2 TEMP = 100.0 PRES = 280.0
STRM = 3S-OIL KODE=2 TEMP = 130.0 PRES = 263.0 &

NPK=I KPH=2 /
STRM - 3S-SH20 KODE=2 TEMP = 137.0 PRES = 55.0

Plant 4 - The naphtha hydrotreater use user Fortran block USR04.
BLOCK P04 USER

SUBROUTINE MODEL - USR04 REPORT USR04
DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 -> Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL04.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
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If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) =History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.

3-5> Write some more additional output to the historyI
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(1) = Percent desulfurization of the C5+ feed; i. e.,

Percent of sulfur removed from the entering C5+ feed.
REAL(2) = Percent denitrogenation of the C5+ feed; i. e.,

Percent of nitrogen removed from the entering C5+ feed.
REAL(3) = Percent deoxygenation of the C5+ feed.

Percent of oxygen removed from the entering C5+ feed.I
REAL(4) - Chemical hydrogen consumption in SCF/bbl of C5+ feed.
REAL(5)-
REAL(2) = Future use. I

REAL21)- Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of C5+ feed,

kw/(Mlbs/hr of C5+ feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam 1

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).I
REAL(27) = Constant factor for the 600 psig / 720 F steam

REAL(8) =consumption, Mlbs/hr. prMb/ro
REAL(8) =600 psig / 720 F steam consumption prMb/ro

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.j
REAL(3-) - 600 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr. '
REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REALM3) - Constant factor for the 50 psig saturated steamI

consumption, Ml bs/hr.
REAL(34) = 50 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).I
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.fed
REAL(36) - Plant fuel consumption per Mlbs/hr of C5+fed

(MM BTU/hr)/(Mlbs/hr of C5+ feed).
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REAL(37) = Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) = Cooling water consumption per Nibs/hr of C5+ feed,N (Mgal/hr)/(Mlbs/hr of C5+ feed).REAL(39) = Constant factor for the process water consumption,
Mgal/hr.

REAL(40) = Process water consumption per Nibs/hr of C5+ feed,
(Mgal/hr)/(Mlbs/hr of C5+ feed).

REAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2.IREAL(42) - Nitrogen consumption per Nibs/hr of C5+ feed,
(MM SCF/hr of N2)/(Mlbs/hr of C5+ feed).

REAL(43) -IREAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,I , (operators/day)/trai n.
REAL(51) = Reference C5+ feed rate to a single train in Mlbs/hr

for the calculation of the ISBL field cost of a'3 single train as a function of train capacity.REAL(52) - Maximum size of a single train as defined by the
C5+ feed rate in Mlbs/hr.

REAL(53) = Minimum size of a single train as defined by the
REAL(4) :C5+ feed rate in Nibs/hr.
REAL(4) =Constant A in the plant ISBL field cost equation.
REAL(5) -Constant B in the plant ISBL field cost equation.
REAL(6) =Constant E in the plant ISBL field cost equation.

REAL(57) =~ Constant F in the plant ISBL field cost equation.
REAL(8) =Number of spare trains.

REA(70 -Future use.

% Desulfurization % Denitrogenation

REA 999.8Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feed
99.5 125.0 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam0.0 5.098308 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steamI,0.0 0.0 0.0 0.126493 0.0 0.0 &50 satd steam Plant fuel Cooling H200.0 0.0 0.0 0.351607 0.0 0.730963 &iiProcess H20 Nitrogen
0.0 0.010833 0.0 0.0&
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
Ref Flow Ma&lw Fo
0.0 8.0w Ma&lw MnFo
210.462 400.0 50.0 &
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Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 15.6 0.7843 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR04.
FLASH-SPECS STRM = 4S-GAS KODE=2 TEMP - 135.0 PRES = 915.0

STRM = 4S-NAPH KODE=2 TEMP = 100.0 PRES = 153.0
STRM - 4S-SH20 KODE=2 TEMP = 70.0 PRES - 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL - USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 = > Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REALM = Percent desulfurization of the C6+ feed; i. e.,

Percent of sulfur removed from the entering C6+ feed.
REAL(2) = Percent denitrogenation of the C6+ feed; i. e.,

Percent of nitrogen removed from the entering C6+ feed.
REALM = Percent deoxygenation of the C6+ feed

Percent of oxygen removed from the eniering C6+ feed.
REAL(4) = Chemical hydrogen consumption in SCF/bbl of C6+ feed.
REAL(5) - 1,
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REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Nibs/hr of C6+ feed,

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Nibs/hr.

REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr of
C6+ feed, (Mlbs/hr)/(Mlbs/hr).

REAL(25) = Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per Nibs/hr of,: ~ ~ E ;:6 feed,/ (Ni bs/hr)/:: kh. erNbs/hr of
REAL(27) = Constant factor for the 600 psig / 120 F steam

consumption, Ni bs/hr.

C+feed, (Nlbs/hr)/(Nlbs/hr).
REAL(9) -Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(0) =600 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Nibs/hr)/(Nlbs/hr).
REAL31)= Constant factor for the 150 psig saturated steam
REAL(32)consumption, Nibs/hr.
REAL(2) =150 psig saturated steam consumption per Nibs/hr ofI, C6+ feed, (Nibs/hr)/(Nibs/hr).
REAL(3) =Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

REAL5) =Consan f actor fols/r)Mthe inrfe)osupin
REAL(5 -Consan feed, r fois/r/Nthr)n.fe osupin

NN BTU/hr.
REAL(36) -Plant fuei consumption per Nibs/hr of C6+ feed,

(MN BTU/hr)/(Nibs/hr).
REAL(37) - Constant factor for the cooling water consumption,

Ngai/hr.K3REAL(38) = Cooling water consumption per Nibs/hr of C6+ feed,(Ngai/hr)/(Nlbs/hr).
REAL(39) - Constant factor for the process water consumption,I Ngal/hr.
REAL(40) = Process water consumption per Nibs/hr of C6+ feed,

(Ngal/hr)/(Nlbs/hr).IREAL(41) = Constant factor for the nitrogen consumption,NM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of C6+ feed,£ - (MM SCF/hr of N2)/(Nlbs/hr).

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,
REAL(51) - Reference C6+ feed rate to a single train in Nibs/hrI for the calculation of the ISBL field cost of a

single train as a function of train capacity.REAL(52) - Naximum size of a single train as defined by the
C6+ feed rate in Nibs/hr.
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REAL(53) - Minimum size of a single train as defined by the
C6+ feed rate in Mlbs/hr.

REAL(54) = Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.I
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.I
REAL(59) -
REAL(70) = Future use.

% Desulfurization % DenitrogenationI
REAL 92.5 85.2 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C6+ feed
97.6 947.00 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)5
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steamI
0.0 0.0 0.0 0.096936 0.0 -0.050465 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.241416 0.0 0.735694 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)3
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 4.0 &
Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &
Plant cost equation constants.

0.0 74.0 0.7467 1.0 0.0 0.0 0.0 Sprs Ftr&s 2ies
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0U

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROS.
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leavingI
Plant 4 where this fractionation is actually performed.
FLASH-SPECS SIRM - 5S-HPGAS KODE=2 TEMP = 135.0 PRES = 2690.0/

STR4 - 5S-LPGAS KODE=2 TEMP - 135.0 PRES = 915.0/
STR4 = 5S-NAPH KODE=2 TEMP = 100.0 PRES = 153.0/I
STR4 = P350-450 KODE=2 TEMP = 110.0 PRES = 80.0 /
STRM - P450-650 KODE=2 TEMP = 135.0 PRES = 20.0 /
STRM = P5-50 KODE=2 TEMP = 135.0 PRES = 20.05
STRM = P5-8520 KODE=2 TEMP = 135.0 PRES = 20.0

*Plant 6.1 - The Hydrogen purification by Membrane Separation Plant.3
BLOCK P61 USER

SUBROUTINE MODEL = USR61 REPORT - USR61
DESCRIPTION 'PLANT 6.1 -THE MEMBRANE H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL 7 0
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The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL61.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) = Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of H2 recovered,

kw/(MM SCF/hr of H2 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
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REAL(31) =Constant factor for the 150 psig saturated steamU
consumption, Nibs/hr.

REAL(32) = 150 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).I

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).I

REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) = Plant fuel consumption per MM SCF/hr of H2 recovered,I
(Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(37) = Constant factor for the cooling water consumption,
Mgal/hr.I

REAL(38) = Cooling water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(39) - Constant factor for the process water consumption,
Mgal /hr.I

REAL(40) = Process water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2 o 2rcvrd

I~M~*)= N'itrogen consumption per MM SCF/hr o 2rcvrd
(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).

REAL(43) -I
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.I

REAL(50) - Number of operators per day per train,
REAL(51) (operators/day)/train. raefrasnltai5
REAL(1) -Reference hydrogen recoveryraefrasnltai

in MM SCF/hr of H2 for the calculation of the
ISBL field cost of a single train as a function of
capacity.

REAL(52) = Maximum size of a single train as defined by theI
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) - Minimum size of a single train as defined by theU
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(54) - Constant A in the plant ISBI field cost equation.nIREAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.I
REAL(59) -
REAL(70) = Future use.3

Percent H2 recovery H2 purity in mole %
REAL 43.83285 99.98677 &

Future use (8 items)3
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Power 900/750 F steam 900 satd steam
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0.0 12254.04 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 2.054966 0.0 0.0 0.0 42.705864 &
Process H20 Nitrogen
0.0 0.854117 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow Max Flow Min Flow
1.966943 2.5 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 152.6 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM = H2-RICH KODE=2 TEMP = 100.0 PRES = 3290.0

STRM = SOUR-GAS KODE=2 TEMP = 250.0 PRES = 14.7
STRM = P61-GAS KODE=2 TEMP = 111.0 PRES = 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL - USR62 REPORT - USR62
DESCRIPTION 'PLANT 6.2 THE PSA H2 PURIFICATION PLANT'
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL62.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
1 -> Write the only the subroutine entry and exit

messages to the history file.
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2 = Witesoe ddiioaloututto hehitor fle
2-5=> Write some e additional output to the historyieI

file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 70 real parameters are:
REAL(I) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) = Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of H2 recovered,Ikw/(MM SCF/hr of H2 recovered).REAL(23) = Constant factor for the 900 psig / 750 Fsta

REAL(4) =consumption, Ml bs/hr.sta
REAL(4) =900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) = 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) = Constant factor for the 600 psig saturated steamI

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).I
REALM3) - Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(2) =150 psig saturated steam consumption per MM SCF/hr of
REAL(2) =H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).I

REAL(33) = Constant factor for the 50 psig saturated steam
REAL(4) =consumption, Mlbs/hr. prM C/ro
REAL(4) =50 psig saturated steam consumption prM C/ro

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.I
REAL(36) = Plant fuel consumption per MM SCF/hr of H2 recovered,

(Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(37) - Constant factor for the cooling water consumption,

Mg al/hr.I
REAL(38) = Cooling water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) = Process water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REALM4) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2
REAL(42) - Nitrogen consumption per MM SCF/hr of H2 recovered,

(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).
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REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/train.

REAL(51) - Reference hydrogen recovery rate for a single train
in MM SCF/hr of H2 for the calculation of the
ISBL field cost of a single train as a function of
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) = Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

The cost of Plant 6.2 is included in Plant 6.1.
Percent H2 recovery H2 purity in mole %

REAL 89.5033 90.01665 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 15.32654 0.0 0.0 0.0 87.29583 &
Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
3.61667 5.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR62.
FLASH-SPECS STRM - H2-2RICH KODE=2 TEMP - 100.0 PRES - 3290.0

STRM - SOUR-2GS KODE=2 TEMP = 250.0 PRES = 14.7
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STRM - GAS-OUT KODE=2 TEMP - 111.0 PRES = 25.0
STRM - NAPHTHA2 KODE=2 TEMP = 100.0 PRES = 50.0

Plant 7 - The naphtha reformer - use user Fortran block USR07.
BLOCK P07 USER

SUBROUTINE MODEL - USR07 REPORT - USR07
DESCRIPTION 'PLANT 7 - THE NAPHTHA REFORMER'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
cal I ed -DCL07. REP.

I NNT 3 Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) -
REAL(20) - Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of feed,

kw/(Mlbs/hr of feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) = 600 psig / 720 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
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REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per Mlbs/hr ofI feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(31) = Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.IEL34 50 psig saturated steam consumption per Nibs/hr of
feed, (Mlbs/hr)/(Mibs/hr of feed).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per Mlbs/hr of feed,
(MM BTU/hr)/(Mlbs/hr of feed).

REAL(37) = Constant factor for the cooling water consumption,I Mgal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of feed,

(Mgal/hr)/(Mlbs/hr of feed).IREAL(39) = Constant factor for the process water consumption,
Mgal/hr.

REAL(40) - Process water consumption per Nibs/hr of feed,
(Mgal/hr)/(Mlbs/hr of feed).

REAL(41) - Constant factor for the nitrogen consumption,
NM SCF/hr of N2.

REAL(42) =Nitrogen consumption per Nibs/hr of feed,1 (MM SCF/hr of N2)/(Mlbs/hr of feed).
REAL(43)-
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,
(operators/day)/trai n.IREAL(51) - Reference feed rate to a single train in Nibs/hr
for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
feed rate in Nibs/hr.

REAL(53) = Minimum size of a single train as defined by the
feed rate in Nibs/hr.REL5)=Cntn nteplnISLfedcs qain

REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBI field cost equation.

; REAL(56) - Constant E in the plant ISBL field cost equation.

REAL(58) = Number of spare trains.
REAL(59) -

REAL(70) = Future use.

Future use (10 items)

REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam

0.0 2.26494 0.0 0.0 0.0 0.0 &
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600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 1.41781 0.0 0.123590 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8. &
Ref Flow Max Flow Min Flow
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR07.
FLASH-SPECS STRM - 7S-H2 KODE=2 TEMP - 80.0 PRES = 14.7

STRM = 7S-GAS KODE=2 TEMP = 80.0 PRES = 14.7
ZIRM = REFORMED KODE=2 TEMP = 80.0 PRES = 14.7

Plant 8.1 - The ROSE-SR unit - user Fortran block USR81.
BLOCK P81 USER

SUBROUTINE MODEL - USR81 REPORT - USR81
DESCRIPTION 'PLANT 8.1 - THE ROSE-SR UNIT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL81.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52)

If INT(3) > 0, the number of duplicate pl nts.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
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I file. Larger values generate more intermediate
output.

INT 0 1 0 1£The following 70 real parameters are:
REAL(1) - Hydrocarbon rejection factor.
REAL(2)-
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Nibs/hr of extract,

kw/(Nlbs/hr of extract).IREAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Mlbs/hr.

REAL(24) = 900 psig / 150 F steam consumption per Nibs/hr ofI extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(27) = Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.IREAL(28) = 600 psig / 720 F steam consumption per Nibs/hr of
extract, (Mlbs/hr)/(Mibs/hr of extract).

REAL(29) = Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) = 600 psig saturated steam consumption per Nibs/hr of
extract, (Nibs/hr)/(Mlbs/hr of extract).

REAL(31) - Constant factor for the 150 psig saturated steamI consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

extract, (Nlbs/hr)/(Nlbs/hr of extract).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Ni bs/hr.
REAL(34) =50 psig saturated steam consumption per Nibs/hr of

extract, (Nlbs/hr)/(Nibs/hr of extract).1REAL(35) = Constant factor for the plant fuel consumption,
NM BTU/hr.

REAL(36) = Plant fuel consumption per Nibs/hr of extract,I (Nlbs/hr)/(Mlbs/hr of extract).
REAL(37) = Constant factor for the cooling water consumption,

= gal/hr.
REAL(38) -Cooling water consumption per Nibs/hr of extract,

(Nibs/hr)/(Nlbs/hr of extract).
REAL(39) = Constant factor for the process water consumption,

Mgal/hr.
REAL(40) = Process water consumption per Nibs/hr of extract,

(Mbshr/Mls/r fextract).
REAL41)= Costat fatorforthe nitrogen consumption,

REAL(2) -Nitrogen consumption per Nibs/hr of extract,
(MN SCF/hr of N2)/(Nibs/hr of extract).

REAL(43) -

REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.

REAL(50) = Number of operators per day per train,
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(operators/day)/train.
REAL(51) = Reference feed rate to a single train in Mlbs/hr of

unit feed for the calculation of the capital cost of
a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(53) - Minimum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(54) = Constant A in the plant costing equation.
REAL(55) = Constant B in the plant costing equation.
REAL(56) = Constant E in the plant costing equation.
REAL(57) - Constant F in the plant costing equation.
REAL(58) = Number of spare trains.
REAL(59) -

IREAL(70) = Future use.
Hydrocarbon rejection factor

REAL 1.17 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.098677 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0471832 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.393518 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
907.390 1500.0 500.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 42.2 0.7215 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR81.

FLASH-SPECS STRM - ROSE-XTR KODE=2 TEMP - 300.0 PRES = 115.0
STRM - ASH-CONC KODE=2 TEMP = 150.0 PRES = 14.7

Plant 9 - H2 Production by coal gasification, Use the User Fortran
BlockUSR09.

BLOCK P09 USER
SUBROUTINE MODEL - USR09 REPORT = USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANT,
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
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I => Skip the capital cost portion of the summary
report.

2 => Skip the capital cost and utilities portions
of the summary report.

3 => Skip writing the entire user block summary report.
INT(2) User block summary report destination control switch.

0 Write the user block summary report to the normal
ASPEN/SP output report file called DCL09.REP.

I Write the user block summary report to a separate
user block output report file on logical unit 62.

INT(3) = Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
I -> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(l) - Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) = Fraction of carbon entering the gasifier that goes

to carbonyl sulfide (COS).
REAL(3) - Fraction of carbon entering the gasifier that goes

to methane (CH4).
REAL(4) - Fraction of nitrogen entering the gasifier that goes

to ammonia (NH3).
REAL(5) - Carbon content of the slag produced by the gasifier,

wt %.
REAL(6) - Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reaction

CO + H20 ----- > C02 + H2
REAL(7) - Fraction of carbonyl sulfide (COS) entering the shift

reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS + H20 ----- > C02 + H2S
REAL(8) - Future use.
REAL(9)-
REAL(20) - Rectisol section component distribution factors,

where
REAL(g) - Fraction of inlet H2 going to the hydrogen-rich

gas stream.
REAL(IO) - Fraction of inlet H2 going to the acid gas stream.
REAL(II) - Fraction of inlet CO going to the hydrogen-rich

gas stream.
REAL(12) - Fraction of inlet CO going to the acid gas stream.
REAL(13) = Fraction of inlet C02 going to the hydrogen-rich
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gas stream.I
REAL(14) = Fraction of inlet C02 going to the acid gas stream.
REAL(15) = Fraction of inlet CH4 going to the hydrogen-rich

gas stream.I
REAL(16) - Fraction of inlet CH4 going to the acid gas stream.
REAL(17) = Fraction of inlet N2 going to the hydrogen-rich

REAL(8) =gas stream.I
REAL(8) -Fraction of inlet N2 going to the acid gas stream.

REAL(19) - Fraction of inlet H2S going to the hydrogen-rich
gas stream.

REAL(20) - Fraction of inlet H2S going to the acid gas stream.IREAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of hydrogen

produced, kw/(MM SCF/hr of H2).I
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Ml bs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).I
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) =consumption, Mlbs/hr.3
REAL(6) -900 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr ofI

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Ml bs/hr.IREAL(30) - 600 psig sat urated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(31) = Constant factor for the 150 psig saturated steamU
consumption, Ml bs/hr.

REAL(32) = 150 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(33) - Constant factor for the 50 psig saturated steamI
consumption, Ml bs/hr.

REAL(34) = 50 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).I

REAL(35) - Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr.peMMSFhofydgn3
REAL(6) -Plant fuel consumptionpeMMS/hofydgn

produced, (MM BTU/hr)/(MM SCF/hr of H2).
REALM3) - Constant factor for the cooling water consumption,

REAL(8) =Mgal /hr.ofhdgeI
REAL(8) -Cooling water consumption per MM SCF/hrofhdge

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(39) = Constant factor for the process water consumption,3

REAL(40) - Process water consumption per MM SCF/hr of hydrogen
produced, (Mgal/hr)/(MM SCF/hr of H2).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen
-produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).3
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REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per operating train,

(operators/day)/train.
REAL(51) = Reference hydrogen production rate of a single train

in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(53) = Minimum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen-rich product gas stream and NOT the total
flow rate of the hydrogen-rich product gas stream.

Frac C Frac C Frac N %C in
CO/CO2 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future use
Adjust the fraction of CO shifted to get true H2 rate.
0.9611 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 24. &
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Ref Flow Max Flow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR09.
FLASH-SPECS STRM - H2-GAS KODE=2 TEMP - 80. PRES - 14.7

STRM - H2S-GAS KODE=2 TEMP - 80. PRES - 14.7
STRM - VENT-GAS KODE=2 TEMP = 80. PRES - 14.7
STRM - 9S-SH20 KODE=2 TEMP - 80. PRES - 14.7
STRM - SLAG KODE-2 TEMP - 80. PRES - 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL - USR91 REPORT - USR91
DESCRIPTION 'PLANT 9.1 STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
1"Iti) = User block summary report control switch.

0 => Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL91.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INT(3) = 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, this number of duplicate plants will
be used.

INT(4) History file additional output control switch.
0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REALM - Fraction of CH4 reacting to produce H2 and C02.
REALM - Fraction of CH4 reacting to produce H2 and CO.
REALM - Fraction of hydrogen produced that leaves in the
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I , hydrogen-rich product gas stream.
REAL(4) - Purity of the hydrogen-rich product gas. mole %

REAL(5) -IREAL(20) = Future use.
REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of hydrogen produced,

kw/(MM SCF/hr of H2).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.
REAL(24) = 900 psig / 150 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).I, REAL(25) = Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per NM SCF/hr of
hydrogen produced, (Mibs/hr)/(MM SCF/hr of H2).

REAL(27) = Constant factor for the 600 psig / 720 F steam
* consumption, Nibs/hr.IREAL(28) = 600 psig / 120 F steam consumption per NM SCF/hr of

hydrogen produced, (Mibs/hr)/(MM SCF/hr of H2).
* REAL(29) - Constant factor for the 600 psig saturated steamI consumption, Nibs/hr.

REAL(30) = 600 psig saturated steam consumption per NM SCF/hr of
hydrogen produced, (Nibs/hr)/(NM SCF/hr of H2).

* REAL(31) - Constant factor for the 150 psig saturated steamI consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per NN SCF/hr of

hydrogen produced, (Nibs/hr)/(NM SCF/hr of H2).IREAL(33) = Constant factor for the 50 psig saturated steam
* consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per NN SCF/hr of
hydrogen produced, (Nibs/hr)/(NM SCF/hr of H2).

REAL(35) = Constant factor for the plant fuel consumption,
NM BTU/hr.

REAL(36) = Plant fuel consumption per NN SCF/hr of hydrogen
produced, (MM BTU/hr)/(Nt4 SCF/hr of H2).

REAL(37) = Constant factor for the cooling water consumption,
Ngal/hr.IREAL(38) = Cooling water consumption per NM SCF/hr of hydrogen
produced, (Ngal/hr)/(NN SCF/hr of H2).

REAL(39) = Constant factor for the process water consumption,
Ngal/hr.IREAL(40) - Process water consumption per NM SCF/hr of hydrogen
produced, (Ngal/hr)/(NN SCF/hr of H2).

REAL(41) = Constant factor for the nitrogen consumption,1 NNM SCF/hr of N2..
REAL(42) = Nitrogen consumption per NN SCF/hr of hydrogen

produced, (NM SCF/hr of N2)/(NN SCF/hr of H2).
REAL(43) -

REAL(48) = Future use.

=day, operators/day.IREAL(50) -Number of operators per day per operating train,
(operators/day)/trai n.

REAL(51) - Reference hydrogen production rate of a single train
in MM SCF/hr of H2 for the calculation of the ISBI
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field cost of a single train as a function of train
capacity.

REAL(52) = Maximum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(53) = Minimum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
31.4 is set so as to maintain the same total number of
operators as used for the baseline design.

Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity
REAL 0.0638648 0.04429 0.8862694 100.0 &

Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USRO91.

FLASH-SPECS STRM - H2-PROD KODE=2 TEMP = 100.0 PRES = 500.0
STRM - FLUE-GAS KODE=2 TEMP - 250.0 PRES = 14.7

Plant 10 - Air Separation Plant - Use the User Fortran Model USRIO.
BLOCK PIO USER

SUBROUTINE MODEL = USRIO REPORT = USR10
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DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 -> Write the complete user block summary report to

the normal ASPEN/SP output report file.
I => Write the complete user block summary report to

a separate user block output report file on
logical unit 62 CALLED DCL10.REP.

INT(3) Number of operating duplicate trains, excluding
spares.
If INT(3) = 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) - Purity of the product oxygen stream, mole
REAL(2) - Purity of the product nitrogen stream, mole
REAL(3) -
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of the oxygen stream

flow rate, kw/(MM SCF/hr of 02).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.

REAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

F-55



REAL(29) - Constant factor for the 600 psig saturated steamI
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,I
(Mlbs/hr)/(M4 SCF/hr of 02).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) = 150 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(t4M SCF/hr of 02).

REAL(33) - Constant factor for the 50 psig saturated steamI
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,I
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(35) =Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr.peMMSFhoftexynI
REAL(6) =Plant fuel consumptionpeMMSFhoftexyn

stream flow rate, (MM BTU/hr)/(MM SCF/hr of 02).
REAL(37) = Constant factor frtecoigwtrcnupin

Mgal/hr. frtecoigwtrcnupin
REAL(38) = Cooling water consumption per MM SCF/hr of the oxygen

stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).
REAL(39) = Constant factor for the process water consumption,I
REAL(40) = Process water consumption per MM SCF/hr of the oxygen

stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).
REALM4) - Constant factor for the nitrogen consumption,I

MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of the oxygen

stream flow rate,I
(MM SCF/hr of N2)/(MM SCF/hr of 02).

REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators perI
day, operators/day.

REAL(50) = Number of operators per day per train,
(operators/day)/trai n.IREAL(51) - Reference oxygen production rate for a single train
in MM SCF/hr of 02 for the calculation of the
ISBL field cost of a single train as a function ofI

REAL(52) - Maximum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.

REAL(53) = Minimum size of a single train as defined by theI
oxygen production rate in MM SCF/hr of 02.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.I
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(51) - Constant F in the plant ISBL field cost equation.

A(9REAL(58) - Number of spare trains.I
REAL(70) . Future use.

'NOTES:U
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1. This model does not consider Argon as a separate element.
Hence, argon is lumped with nitrogen.

2. MM SCF/hr of 02 means the oxygen production rate in
MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.

%02 in 02 %N2 in N2 Future Use (8 items)
REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Flow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR10.
FLASH-SPECS STRM = IOSOI KODE=2 TEMP = 80.0 PRES = 350.0

STRM - 10S02 KODE=2 TEMP = -275.0 PRES - 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USR11.
BLOCK P11 USER

SUBROUTINE MODEL - USRII REPORT - USR11
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the

normal ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL11.REP.

INT(3) = Number of operating duplicate trains, excluding spares.
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If INT(3) - 0, the minimun number of duplicateI
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).I

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.

3-5> Write some more additional output to the historyI
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(1) - Fractional sulfur recovery; fraction of sulfur in

the entering H2S and COS that is recovered in the
product liquid sulfur stream. All entering liquidI
sulfur entering in the feed stream is assumed to

REAL(2) be recovered in the liquid sulfur product stream.3
REAL(20) = Future use.

KLkZ) = Constant factor tar the power cosmtokw.
REAL(22) - Power consumption per Mlbs/hr ofproductsufr

kw/(Mlbs/hr).I
REAL(23) - Constant factor for the 900 psig / 750 F steam

REAL(4) =consumption, Mlbs/hr. prMb/ro
REAL(4) -900 psig / 750 F steam consumption prMb/ro

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) -consumption, Mlbs/hr.I
REAL(6) -900 psig saturated steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.I
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REL2)-Constant factor for the 600 psig saturated steamI
REAL(9) =consumption, Mlbs/hr.

REAL(30) = 600 psig saturated steam consumption per Mlbs/hr of
product sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(31) - Constant factor for the 150 psig saturated steam
REAL(2) =consumption, Mlbs/hr.
REAL(2) -150 psig saturated steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).I
REALM3) - Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.
REL3)-50 psig saturated steam consumption per Mlbs/hr ofI
REAL(4) -product sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per Mlbs/hr of product sulfur,
(MM BTU/hr)/(Mlbs/hr).

REAL(37) - Constant factor for the cooling water consumption,

Mgal/hr.
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IREAL(38) = Cooling water consumption per Nibs/hr of product
sul fur (Mgal/hr)/(Ml bs/hr).

REAL(39) = Constant factor for the process water consumption,I Mgal/hr.
REAL(40) - Process water consumption per Nibs/hr of product

sulfur, (Mgal/hr)/(Mlbs/hr).
REAL(41) = Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) = Nitrigen consumption per Nibs/hr of product sulfur,

(MM SCF/hr of N2)/(Mibs/hr).IREAL(43) -
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) = Reference product sulfur flow rate of a single trainI in Nibs/hr of S for the calculation of the 1581 field
cost of a single train as a function of capacity.

REAL(52) - Maximum size of a single train as defined by theI product sulfur flow rate in Nibs/hr of S.
REAL(53) - Minimum size of a single train as defined by the

product sulfur flow rate in Nibs/hr of S.
REAL(54) = Constant A in the plant ISBI field cost equation.IEL5)=Cntn ntepln SLfedcs qain
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.

IREAL(58) = Number of spare trains.
REAL(59) -
REAL(70) - Future use.

I S recovery
REAL 0.998482 &3 , Future Use (19 items)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steamI0.0 49.60954 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022277 &
50 satd steam Plant fuel Cooling H20
0.0 0.882473 0.0 1.117916 0.0 7.89929 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &IFuture Use (6 items)
0.0 0.0 0.0 0.0 '0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 5.0 &
Ref Flow Max Flow Min Flow
15.4305 16.5 5.0 &
Plant cost equation costants.U*A B E F Spares Future use (3 items)
0.0 11.675 0.7823 1.0 0.0 0.0 0.0 &
Future use (10 items)I0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - IIS-FGAS KODE=2 TEMP = 80.0 PRES - 14.7

STRM - IIS-LIQS KODE-2 TEMP = 80.0 PRES = 14.7

Plant 31 - The Utilities plant - user Fortran block USR31.
BLOCK P31 USER

SUBROUTINE MODEL = USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT - 20 NREAL = 20

The following 20 integer parameters are:
INT(l) User block summary report control switch.

0 => Write the complete user block summary report.
1 => Not used.
2 => Not used.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Future use.
INT(6) Switches to select which fuels are burned in the steam
INT(10) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are
I - Coal
2 = ROSE-SR unit bottoms
3 = Coke
4 - Natural gas
5 - Plant fuel

INT(11) Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(11) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(12) fuel is used, etc.
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The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 = Coke
4 - Natural gas
5 - Plant fuel
6 - Purchased electric power

INT(17) -
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REAL(I) - Reference electric power generation rate of a single

train in MW.
REAL(2) - Maximum size of a single train as defined by the

electric power generation rate in MW.
REAL(3) = Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) = Constant A in the plant costing equation.
REAL(S) = Constant B in the plant costing equation.
REAL(6) - Constant E in the plant costing equation.
REAL(7) = Constant F in the plant costing equation.
REAL(8) = Number of spare trains.
REAL(9) - Future use
REAL(10) = Future use
REAL(11) - Constant factor for the number of operators per

day, operators/day.
REAL(12) = Number of operators per day per train,

(operators/day)/train.
REAL(13) -
REAL(20) = Future use.

Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Plants 31.1 and 31.4 - The Fluidized Bed Combustor and Steam Turbine
Generator unit - user Fortran block USRA6.

BLOCK P314 USER
SUBROUTINE MODEL = USRA6 REPORT USRA6
DESCRIPTION 'PLANTS 31.1 AND 31.4 THE FLUIDIZED BED COMBUSTOR AND
STEAM TURBINE GENERATOR UNIT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
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2> Skip the capital cost and utilities portionsI
of the summary report.

3= Skip writing the entire user block summary report.
INT(2) =User block summary report destination control switch.I0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62I
called DCLA6.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicateI
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by- variable REAL(52).I

If INT(3) > 0, the number of duplicate plants.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exitI

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the historyIfile. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:I
REAL(1) - Solids production expressed as fraction of URCOAL

REAL(2)- in feed ending up in solids.3

REAL(20) = Future use.
REAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of unit feed,I

kw/(Mlbs/hr of unit feed).
REAL(2j) = Constant factor for the 900 psig / 750 F steam

REAL(4) =consumption, Ml bs/hr. prMb/ro
REAL(4) =900 psig / 750 F steam consumption prMb/ro

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(25) - Constant factor for the 900 pi auae ta

consumption, Ml bs/hr. pi auae ta
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.I
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(29) = Constant factor for the 600 psig saturated steamI

consumption, Mlbs/hr.
REAL (30) = 600 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).I
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Mlbs/hr. cnupinprMb/ro
REAL(2) -150 psig saturated steam cnupinprMb/ro

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(33) = Constant factor for the 50 psig saturated steam

REAL(4) =consumption, Ml bs/hr. prMb/ro
REAL(4) -50 psig saturated steam consumption prMb/ro

F-62



I , unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.IREAL(36) = Plant fuel consumption per Mlbs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(37) - Constant factor for the cooling water consumption,I = Mgal/hr.
REAL(38) =Cooling water consumption per Mlbs/hr of unit feed,

=(Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(39) =Constant factor for the process water consumption,I Mgal/hr.
REAL(40) - Process water consumption per Mlbs/hr of unit feed,

(Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(41) =Constant factor for the nitrogen consumption,

MM SCF/hr of N2
REAL(42) - Nitrogen consumption per Mlbs/hr of unit feed,

(MM SCF/hr of N2)/(Mlbs/hr of unit feed).IREAL(43) -
REAL(48) - Future use.

REAL(49) -Constant factor for the number of operators perI day, operators/day.
REAL(50) -Number of operators per day per train,

(operators/day)/trai n.
REAL(51) = Reference feed rate to a single train in Mlbs/hr of

unit feed for the calculation of the ISBL field cost
of a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by theIunit feed rate in Mlbs/hr of unit feed.
REAL(53) - Minimum size of a single train as defined by the

unit feed rate in Mlbs/hr of unit feed.
REAL(54) - Constant A in the plant ISBL field cost equation.*EL5)-Cntn ntepln SLfedcs qain
REAL(55) = Constant E in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.

REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) = Future use.

NOTE: The number of operators in this plant and Plant 9lis set so
as to maintain the same total number of operators as used

* for the baseline design.

Fraction of URCOAL in feed ending up in solids
REAL 0.8500914 &

Future use (9 items)

Fure use (0 items) 0: 0: 00000.

00000000.0 -52.47 0.0 0.0 0.0 0.0 &

600/720 F steam 600 satd steam 150 satd steamI0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 27.99327 &
Process H20 Nitrogen
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0.0 0.06900667 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 30.0 &
Ref Flow Max Flow Min Flow
368.660 400.0 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet stream. These
values will override the default values in subroutine USRA6.
FLASH-SPECS STRM = SA6-01 KODE=2 TEMP = 130.0 PRES = 14.7

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL - USR38 REPORT = USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL38.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

if INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REALM = Ammonia recovery, percent.
REALM - Purity of ammonia product, wt
REAL(3)
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REAL(20) = Future use.
REAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Nibs/hr of NH3 recovered,I kw/(Mlbs/hr of NH3 recovered).
REAL(23) =Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.
REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of

NH rcveed!Mlsir/(lb/r of NH: recovered).
REA(25 -onsantfacor or he 00 sigsaturated steam

REA(26 -900 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Mibs/hr)/(Mlbs/hr of NH3 recovered).
REAL27)- Cnstat fcto forthe600psig/ 70 FsteamI consumption, Nibs/hr.

REAL28) 600 psig / 720 F steam consumption per Nibs/hr of
NH3 recovered, (Mlbs/hr)/(Nlbs/hr of NH3 recovered).

REAL(29) = Constant factor for the 600 psig saturated steamI consumption, Nibs/hr.
REAL(30) = 600 psig saturated steam consumption per Nibs/hr of

NH3 recovered, (Mibs/hr)/(Mlbs/hr of NH3 recovered).IREAL(31) = Constant factor for the 150 psig saturated steam
consumption, Ni bs/hr.

REAL(32) = 150 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Nlbs/hr)/(Mibs/hr of NH3 recovered).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) = 50 psig saturated steam consumption per Nibs/hr ofI NH3 recovered, (Nlbs/hr)/(Mlbs/hr of NH3 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

NM BTU/hr.
REAL(36) = Plant fuel consumption per Nibs/hr of NH3 recovered,

(NM BTU/hr)/(Mlbs/hr of NH3 recovered).
REAL(37) = Constant factor for the cooling water consumption,

Mgal/hr.IREAL(38) -Cooling water consumption per Nibs/hr of NH3
recovered, (Mgal/hr)/(Mlbs/hr of NH3 recovered).

REAL(39) - Constant factor for the process water consumption,I Mgal/hr.
REAL(40) = Process water consumption per Nibs/hr of NH3

recovered, (Ngal/hr)/(Mibs/hr of NH3 recovered).
REAL(41) = Constant factor for the nitrogen consumption,

NM SCF/hr of N2.
REAL(42) = Nitrogen consumption per Nibs/hr of NH3 recovered,

-(MM SCF/hr of N2)/(Mlbs/hr of NH3 recovered).

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per* day, operators/day.
REAL(50) = Number of operators per day per operating train,

(operators/day)/trai n.
REAL(51) - Reference NH3 recovery rate of a single train inI Nibs/hr for the calculation of the ISBL field cost

of a single train as a function of train capacity.
REAL(52) - Maximum size of a single train as defined by the

NH3 recovery rate in Nibs/hr of NH3 recovered.
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REAL (53) = Minimum size of a single train as defined by the
NH3 recovery rate in Mlbs/hr of NH3 recovered.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR38.

FLASH-SPECS STRM - NH3-PROD KODE=2 TEMP = 80. PRES = 14.7
STRM = 38S-OUT KODE=2 TEMP = 80. PRES = 14.7

Component splitter to generate the vapor and liquid streams
leaving Plant 38, the ammonia recovery plant.

BLOCK P38A SEP
FRAC SUBS = MIXED STRM = 38AS-VAP &
COMP H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
C2H6 C3H8 IC4HIO NC4HIO IC5H12 NC5HI2 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
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0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492

FLASH-SPECS STRM - 38AS-VAP TEMP=90.0 PRES=25.0 NPK=I KPH-1
STRM - 38AS-LIQ TEMP-90.0 PRES=25.0 NPK=1 KPH-2

; Flow splitter to generate the waste water stream going to the
; gasifier, Plant 9, and the stream going to the phenol recovery
; plant, Plant 39.
BLOCK P38B FSPLIT

FRAC WASTE 0.28595
PARAM NPK=I KPH=2

Plant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL - USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(l) = Phenol recovery, percent.
REAL(2) - Purity of phenol product, wt
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
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REAL(22) - Power consumption per Nibs/hr of phenol recovered,I
kw/(Mlbs/hr of phenol recovered).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Nibs/hr.I

REAL(24) = 900 psig / 750 F steam consumption per Nibs/hr of
phenol recovered, (Mlbs/hr)/(Ml bs/hr of phenol
recovered).

REAL(25) = Constant factor for the 900 psig saturated steam
REAL(6) =consumption, Nibs/hr.
REAL(6) =900 psig saturated steam consumption per Nibs/hr of

phenol recovered, (Mlbs/hr)/(Mibs/hr of phenolI
recovered).

REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.I

REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr of
phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(29) - Constant factor for the 600 psig saturated steamI
consumption, Nibs/hr.

REAL(30) = 600 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Mlbs/hr)/(Nlbs/hr of phenolIrecovered).

REAL(31) = Constant factor for the 150 psig saturated steam-
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of
phenol recovered, (Nlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(33) - Constant factor for the 50 psig saturated steamI
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Nlbs/hr)/(Mibs/hr of phenolI

REAL(35) = Constant factor for theplnfulcsmti,
REAL(6) =MM BTU/hr.plnfulcsmti,
REAL(6) =Plant fuel consumption per Nibs/hr of phenol

recovered,
(MM BTU/hr)/(lbs/hr of phenol recovered).

REL3)=Constant factor for the cooling water consumption,I
REAL(7) =Mgal/hr.

REAL(39) - Cooling water consumption per Nibs/hr of phenol
recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).I

REAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) = Process water consumption per Nibs/hr of phenol
recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).I

REAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2. rcvrd

REAL(42) = Nitrogen consumption per Nibs/hr of phenol Ieoerd
(MM SCF/hr of N2)/(Mlbs/hr of phenol recovered).

REAL(43) -
REAL(48) = Future use.

REAL(9) -Constant factor for the number of operators per
REAL(49)day, operators/day.

REAL(50) - Number of operators per day per operating train,

(operators/day)/trai n.
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REAL(51) - Reference phenol recovery rate of a single train in
Mlbs/hr for the calculation of the IKSBL field cost
of a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(53) = Minimum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR39.
FLASH-SPECS STRM - PHENOL KODE=2 TEMP = 80. PRES - 14.7

STRM - WASTEH20 KODE=2 TEMP - 80. PRES = 14.7

Plant SA6 separates the combined product stream from Plants 31.1
and 31.4 into two streams, one for flue gas and another for solids.
The separation is set to the URCOAL fraction in the solids stream.

BLOCK SA6 SEP
FRAC SUBS=NC STREAM=FBC-SOL COMP=URCOAL FRAC-0.8500914

SUBS=MIXED STREAM-FBC-SOL COMP=T1OOO+ FRAC=1.OD-10

Splitter S1 - The Inlet Coal Splitter. Used as a switch to divert
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; flow between the three different coal cleaning options, as representedI
;by the three different Coal Cleaning and Preparation Plants:
;Base Case (1S0l), Alternate Case 1 (121i), and Alternate Case 2 (1S21).

BLOCK Si FSPLITI
DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'
FRAC 1SOl 0.0 / 1S11 1.0 / IS21 0.0

;Splitter S6-SH20 is a component splitter to generate a pseudoIsour-water stream from Plant 6 to get the NH3 to Plant 38, the
Ammonia Recovery Plant.

BLOCK S6-SH20 SEP
DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'FRAC SUBS=MIXED STREAM=6S-SH20 COMP=NH3 FRAC=1.0

;Splitter S7i- The Product Naphtha Splitter. Used as a switch to
;divert flow between the naphthareom ,Pln7adoupto
;naphtha product.reomr Pln 7adoupto

BLOCK S7 FSPLITI
DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'

Use the following line to direct total flow to the reformer, or....IFRAC 1-NAPH 1.0 todrctoa flwtthpoutsremUse the following linetodrctoaflwtthpoutsrem
FRAC PNAPHTHA 1.0

Splitter S8 - The Ash-Concentrate Splitter. Used as a switch to
divert flow between the fluidized bed combustor, Plant 314 and the
coal gasification train; Plants M9C, P09, & PIO.IBLOCK S8 FSPLIT

DESCRIPTION 'ASH-CONCENTRATE SPLITTER - FBC OPTION 6 SWITCH'
Direct the ash-concentrate flow to coal gasification.I

Splitter S9 - The dummy hydrogen splitter used to switch betweenthe two hydorgen production alternatives, Plant 9.0/10 - coalgasification, or Plant 9.1 - steam reforming of methane.
BLOCK S9 FSPLIT
DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'
Set an H2 target flow for Plant 9.0/10 - coal gasification.

FRAC H9NEED 1.0
PARAM NPK=1 KPH=1

Stream Report Section
--------------

STREAM-REPORT PIA
STREAMS STRM - ROMCOAL ROMCOAL2 1S-CCOAL COALT09 COALT02 &

14S-XMID 14S-REF 1S-XMID 1S-REFSE &I
ASH-CONC S8-ASHC 9-FEED SLAG SOLVENT&
2S-BOTTS FBC-FEED SA6-01 FBC-SOL FBC-GASFLOW-FRAC SUBS=MIXED BASES-MASS / SUBS=NC BASES=MASS

INTENSIVE-PROPS SUBS-MIXED BASES=MASS &I
PROPS-TEMP PRES MW ENTH ENTR DENS HCAP/
SUBS-NC BASES=MASS &
PROPS-TEMP PRES MW ENTH DENS
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ATTRIBUTES SUBS=NC COMPONENT

STREAM-REPORT PlB
STREAMS STRM - 1S-WATER 14S-WAT 2-H20IN 2-H2IN H2MIX 2-H2MIX &

SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &
NAPHTHA GAS-OIL H2-RICH SOUR-GAS P61-GAS &
H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2 3-GAS &
3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20 &
4-FEED 4-H2IN 4-H201N 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H21N 5-H20IN &
5S-NAPH P350-450 P450-650 P650-850 5S-SH20 &
PS-NAPH PNAPHTHA 7-NAPH 7S-H2 7S-GAS REFORMED &
61-HYD 62-HYD M9H2 M9H4 M9H5 MHNEED &
H9NEED H91NEED &
10-AIRIN 10S01 10S02 9-02IN 9-H20IN 9-STEMIN &
H2-GAS H2S-GAS VENT-GAS 9S-SH20 &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SH20 11-FEED 11S-FGAS 1IS-LIQS 31S-01 &
38-FEED NH3-PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS=MIXED BASES=MASS
INTENSIVE-PROPS SUBS=MIXED BASES=MASS &

PROPS=TEMP PRES MW ENTH ENTR DENS HCAP

End of input file OPTI.INP
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ASPEN/SP PROCESS SIMULATION MODEL

I INPUT FILE FOR OPTION 2 --

3; LIQUEFACTION FEED COAL CLEANING BY SPHERICAL AGGLOMERATION
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTfON 2 -- I

LIQUEFACTION FEED COAL CLEANING BY SPHERICAL AGGLOMERATION

NEW

File: OPT2.INP

TITLE 'OPT2 - DIRECT COAL LIQUEFACTION - OPTION 2 - NTH PLANT'

Utbt.KIPTION &
ASPEN/SP INPUT FILE FOR SIMULATING OPTION 2, ONE OF THE TWO COAL
CLEANING OPTIONS FOR THE DOE DIRECT COAL LIQUEFACTION BASELINE
DESIGN AND SYSTEMS ANALYSIS PROJECT. THIS FILE DOES THE NTH PLANT
COST CALCULATIONS. THIS INPUT FILE ALSO CAN BE USED TO RUN OPTION
7 (NAPHTHA REFORMING), AND A MODIFIED VERSION OF OPTION 6 (STEAM
REFORMING OF NATURAL GAS FOR HYDROGEN PRODUCTION WITH AN FBC
UNIT).'

NOTES:
1. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. The switches LOSBL and LPLANT contained in Fortran block SUMMARY

control the costing logic for OSBL and first or Nth plant.
3. Option 1, coal cleaning for liquefaction by heavy mediium

separation is activated by setting the fraction going to
stream 1SI1 to 1.0 in the S1 Splitter block. All other stream
fractions must be zero.

4. Option 2, coal cleaning for liquefaction by spherical
agglomeration is activated by setting the fraction going to
stream 1S21 to 1.0 in the S1 Splitter block. All other stream
fraction must be zero.

5. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.

6. Modified Option 6 (hydrogen production by steam reforming of
natural gas with an FBC unit) is activated by variable N9 in
ForlEran block OPTION6. When N9 = 1, the modified Option 6 is
invoked. This is a modified version in that cost parameters
for the coal cleaning plant, Plant 1, are based on sending
some jig cleaned coal to gasification for hydrogen production.
Thus. since no coal is being sent for gasification, the Plant I
costs will be over-estimated.

7. The costing logic is controlled by switches in Fortran block
SUMMARY.

Last revision - July 17, 1992.

Prepared under DOE contract no. DE-AC22 90PC89857.

IN-UNITS ENG
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I OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX- ERRORS= 100

;The following two lines are used with V8.0 to produce the overall
;and block elemental balances.

;REPORT ATOMBAL

;BLOCK-REPORT ATOMBAL
HISTORY MSG-LEVEL PROPERTIES=2

MAX-PRINT PROPERTIES=100 SIMULATION=2000

PROPERTIES SYSOP2 GLOBAL

1~ PSEUDO- COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &

-1 -1 -1 -1 -1 -1 -1
; The following APIs and MWs are revised from the ASPEN/SP predictions.
;Component T1000+ is the 1000+ F material leaving the second coal

liquefaction reactor in Plant 2.IComponent I1000+ is the 1000+ F intermediate material leaving the
first coal liquefaction reactor in Plant 2.

COMPONENT T125 TBP=324.82 <K> API=67.91 MW- 82.21
COMPONENT T175 TBP=352.59 <K> API=61.99 MW= 92.71
COMPONENT T225 TBP=380.37 <K> API=56.21 MW=102.84
COMPONENT T275 TBP=408.15 <K> API=50.60 MW=112.50
COMPONENT T325 TBP=435.93 <K> API=45.18 MW=121.82ICOMPONENT T375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT T475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT T525 TBP=547.04 <K> API=25.66 MW=157.54
COMPONENT T575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT T625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT T675 TBP=630.37 <K> API=13.66 MW=186.05ICOMPONENT T725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT T775 TBP=685.93 <K> API- 7.09 MW=207.31
COMPONENT T825 TBP-713.71 <K> API- 4.27 MW=218.85ifCOMPONENT T875 TBP-741.48 <K> API= 1.18 MW=230.87
COMPONENT T925 TBP=769.26 <K> API=-0.39 MW=243.37
COMPONENT T975 TBP=797.04 <K> API=-2.22 MW=256.24
COMPONENT T1000+ TBP=824.82 <K> API=-3.69 MW=269.33ICOMPONENT P125 TBP=324.82 <K> API=67.91 MW= 82.27
COMPONENT P175 TBP=352.59 <K> API=61.99 MW= 92.77
COMPONENT P225 TBP=380.31 <K> API=56.21 MW=102.84
COMPONENT P275 TBP=408.15 <K> API=50.60 MW=112.50ICOMPONENT P325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT P375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT P425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT P475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT P525 TBP=547.04 <K> API=25.66 MW=157.54
COMPONENT P575 TBP-574.82 <K> API=21.39 MW=166.69ICOMPONENT P625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT P675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT P725 TBP=658.15 <K> API=10.23 MW=196.44UCOMPONENT P775 TBP=685.93 <K> API= 7.09 MW=207.37
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COMPONENT P825 TBP=713.71 <K> API= 4.21 MW=218.85I
COMPONENT P815 TBP=741.48 <K> API- 1.78 MW=230.87
COMPONENT P925 TBP=769.26 <K> API=-0.39 MW=243.31
COMPONENT P975 TBP=797.04 <K> API=-2.22 MW=256.24
COMPONENT P1000+ TBP=824.82 <K> API=-3.69 MW=269.33I
COMPONENT 11000+ TBP=825.00 <K> API=-4.00 MW=275.00COMPONENT REFORMAT TBP=390.00 <K> API=38.25 MW=100.00

COMPONENTS H2 H2 / N2 N2 / 02 02 / H2S H2S / CO CO / C02 C02 / NH3 H3N/
L-SULFUR SULFUR / H120 H20 / HCL HCL / COS COS / CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / IC4HIO C4H10-2 / NC4H1O C4H1O-1/IIC5H12 C5H12-2 / NC5I112 C5H12-1

;Pseudocomponents
1125 /T175 /T225 T 275 T 325 T 375 T 425 T 415/
T525 /T575 T 625 T 675 /T725 T 775 /T825 T 815/
1925 /T975 /11000+ /
P125 /P175 /P225 /P275 /P325 /P375 /P425 /P475/
P525 /P575 /P625 /P675 /P725 /P775 /P825 /P875/P925 /P975 /P1000+ / I1000+ / REFORMAT/

;Non-conventional components
COAL /URCOAL / SLAG

FORMULA H2 H2 /N2 N2 /0202 /H2S H2S /CO CO C2 CO2 /NH3H3N
L-SULFUR S / H20 H20 / HCL HCL / COS COS /CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / NC4H1O C0H1O / IC4H1O C4H1O
NC5H12 C5H12 / 1C5H12 C5H12

;Load the liquid sulfur CL-SULFUR) physical properties as taken from ';DIPPR - MW adjusted to be consistent with ASPEN.
PROP-DATA IN-UNITS SI

PROP-LIST MW / C / PC / VC / ZC
PVAL L-SULFUR 32.06 /1313.0 /1.8208E+7 /0.15800 /0.2640IPROP-LIST MUP /OMEGA / TB / RGYRPVAL L-SULFUR 0.0 /0.2624 /711.82 / 0.03
PROP-LIST DELTA / DGORM4 / DHORM
PVAL L-SULFUR 2.0245E+4 / 2.3825E+8 / 2.7880E+8
PROP-LIST CPIG
PVAL L-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &I

273.15 1500.0 0.0 87.113 1.0

Load tesolubility aaee for COSC from teAPI TehDataBok
PROJP-LAI DELTA
PVAL COS 18179.0

Reset some component molecular weights to be consisitent with the 'following elemental atomic weights, where needed.
H=1.0079, C=12.011, 0=15.9994, N=14.0067, S=32.06 & C1=35.453
PROP-LIST MW
PVAL H2 2.0158I
PVAL N2 28.0134
PVAL 02 31.9988
PVAL H2S 34.0758I
PVAL CO 28.0104
PVAL C02 44.0098
PVAL NH3 17.03041
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IPVAL H20 18.0152
PYAL HCl 36.4609
PVAL COS 60.0704aPVAL CH4 16.0426
PVAL C2H6 30.0694
PVAL C3H8 44.0962
PVAL IC4H1O 58. 1230IPYAL NC4H1O 58.1230
PYAL IC5H12 72.1498aPVAL NC5H12 72.1498

; Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS to
;the values given in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGRPVLH 030
PVAL CO 0.3000
PVAL C02 0.8180
PVAL NH3 0.6162
PVA HjS 0.8014

1VL O 1. 0200
ATTR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL

ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL

NC-PROPS COAL ENTHALPY HCOALGEN/

NC-PROPS URCOAL ENTHALPY HCOALGENDESTY DOLG
DENSITY DCHARIGT

NC-PROPS SLAG ENTHALPY HCOALGEN/

DENS ITY DCHARIGT

DEF-STREA4S MIXNC ALL

;Set an initial GUESS for the ROM COAL stream to Plant 1.
STREAM ROMCOAL

SUBSTREAM MIXED TEMP - 11.0 PRES = 14.7
MASS-FLOW H20 24798.0

SUBSTREAM NC TEMP - 71.0 PRES - 14.7
MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0U COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.10)/

ULTANAL (21.7 61.1 4.2 1.2 0.1 5.1 6.6)/
SULFANAL (3.0 0.3 1.8) /I AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

;Fake the URCOAL properties.
COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/

ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.076)/
SULFANAL (2.507 0.253 1.507) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

; Fake the SLAG properties.I COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)/
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/
SULFANAL (0.0 0.0 0.0) /I AOXANAL (42.0 11.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)
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; Set an initial GUESS for the fresh make-up H2 stream to Plant 2.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 2-H2IN

SUBSTREAM MIXED TEMP - 100.0 PRES - 3440.0
MASS-FLOW H2 70300.0 / N2 980.0

; Set an initial GUESS for the total water feed streams (both steam
; and wash water) to Plant 2.
STREAM 2-H20IN

SUBSTREAM MIXED TEMP - 126.0 PRES - 3200.0
MASS-FLOW H20 1073000.0

Set an initial GUESS for the ROSE EXTRACT stream to Plant 2.
STREAM ROSE-XTR

SUBSTREAM MIXED TEMP - 300.0 PRES 3215.0
MASS-FLOW T675 95.0 / T725 95.0 T775 95.0

T825 95.0 / T875 588.335 / T925 588.335
T975 588.355 / T1O0O+ 536585.0

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but
the input stream is required. Thus, set a small H20 flow to avoid
ASPEN warnings.

STREAM SOLVENT
SUBSTREAM MIXED TEMP = 500.0 PRES - 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES - 28.0
MASS-FLOW H20 0.0
T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 T1000+ 642440.0

SUBSTREAM NC TEMP = 688.0 PRES - 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

; Set an initial GUESS for the H2 stream to Plant 4.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 4-H2IN

SUBSTREAM MIXED TEMP = 70.0 PRES = 500.0
MMASS-FLOW n112 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
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STREAM 5-H201N
SUBSTREAM MIXED TEMP - 70.0 PRES - 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP = 60.0 PRES - 14.7
MASS-FLOW NH3 2830.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 14.7
MASS-FLOW H20 967545.0

Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN

SUBSTREAM MIXED TEMP - 450.0 PRES - 500.0
MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-02IN

SUBSTREAM MIXED TEMP - 80.0 PRES - 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP - 70.0 PRES - 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the natural-gas stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP - 70.0 PRES 100.0
MASS-FLOW CH4 307352

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP - 620.0 PRES = 500.0
MASS-FLOW H20 864428.

Model Connectivity
------------------

FLOWSHEET COAL
Plant MI is the clean coal outlet streams mixer.
Stream IS-CCOAL is the cleaned coal product stream going to
liquefaction after drying in Plant 1.4

Plant M2 is the middling coal outlet streams mixer.
Stream 1S-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer.
Stream IS-REFSE is the combined outlet refuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream 1S-WATER is the combined outlet waste water product stream.

G-7



Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant M-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.

Plant PI-ALT1 is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream IS12 is the outlet clean coal product stream.
Stream IS13 is the outlet middling coal product stream.
Stream IS14 is the outlet refuse product stream.
Stream IS15 is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream IS22 is the outlet clean coal product stream.
Stream IS23 is the outlet middling coal product stream.
Stream 1S24 is the outlet refuse product stream.
Stream IS25 is the outlet waste water product stream.

Plant Pl-BASE is the Coal Cleaning and Preparation Plant - BASE CASE.
Stream IS02 is the outlet clean coal product stream.
Stream IS03 is the outlet middling coal product stream.
Stream IS04 is the outlet refuse product stream.
Stream 1SO5 is the outlet waste water product stream.

Plant PI-JIGS is part of the Coal Cleaning and Preparation Plant
that only cleans the coal going to gasification for H2 production.
Stream COALT09 is the outlet clean coal product stream.
Stream IS33 is the outlet middling coal product stream.
Stream IS34 is the outlet refuse product stream.
Stream 1S35 is the outlet waste water product stream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02 'is the Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to
supply the steam required to Plant 2.

Stream ROSE-XTR is the deashed product stream.
Stream 2-H20IN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.1.
Stream 2S-SH20 is the sour water product stream.

Plant P03 is the Gas Plant.
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Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
Stream 4-H2IN is the hydrogen feed stream.
Stream 4-H20IN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH2O is the hydrotreater sour water stream.

Plant P05 is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H21N is the hydrogen feed stream.
Stream 5-H20IN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
Stream P650-850 is the hydrotreated 650 - 850 F product stream.
Stream 5S-SH20 is the hydrotreater sour water stream.

Plant P61 is the model for the Hydrogen purification by Membrane
Separation Plant, Plant 6.1.

Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2-rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbon product gas stream.
Stream REFORMED is the reformate product stream.

Plant P81 is the model for the ROSE-SR Critical Solvent Deashing unit.
Stream ROSE-XTR is the deashed product stream.
Stream ASH-CONC is the ash concentrate stream.

Plant P11 is the Sulfur plant.
Stream 11S-LIQS is the sulfur product stream.
Stream 11S-FGAS contains all the other material in the feed that

does not leave in the product SULFUR STREAM.
Plant P31 is the simplified model for the utility plant.
Stream 31S-01 is the dummy product stream.

Plant P314 is the model for the Fluidized Bed Combustor and the
Steam Turbine Generator unit.
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Stream FBC-FEED is the feed stream to Plant P314.1
Stream SA6-O1 is the combined product stream out of Plant P314.

Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.I
Stream 38S-OUT is the reject stream.

Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 388.IPlant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coalIgasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.
Plant P39 is the phenol recovery plant.
Stream PHENOL is the phenol product stream.I
Stream WASTEH20 is the waste water stream.

Plant SA6 is the product stream separator from Plant P314.
Stream FBC-GAS is the gas product stream from Plant SA6.I
Stream FBC-SOL is the solids product stream from Plant SA6.

Block S1 is the inlet coal splitter.
Stream ROMCOAL is the inlet ROM coal stream.
Stream ISOl is the splitter outlet to the base case plant.IStream IS11 is the splitter outlet to the alternate case 1 plant.
Stream IS21 is the splitter outlet to the alternate case 2 plant.

Block 56-SH2O is a component splitter to generate a pseudo sour-waterstream from Plant 6 to get the NH3 to Plant 38, the Ammonia Recovery
Plant.
Stream 6S-SH20 is the pseudo sour-water stream. I
Stream 11-FEED is the Plant 11 feed stream.

Block S7 is the product naphtha splitter.
Stream PS-NAPH is the inlet product naphtha stream.
Stream 7-NAPH is the splitter outlet to the naphtha reformer plant.Stream PNAPHTHA is the splitter outlet as product naphtha.

Block S8 is the ash-concentrate splitter.
Stream ASH-CONC is the inlet ash-concentrate stream from the ROSE.IStream FBC-FEED is the splitter outlet to the FBC plant.
Stream S8-ASHC is the splitter outlet to the M9C coal mixer.

MI IN = IS02 IS12 IS22 OUT - 1S-CCOALI
M2 IN = 1S03 IS13 IS23 IS33 OUT = 1S-XMID
M-2HYD IN - H2MIX 2-H2IN OUT - 2-H2MIX
M12 "'rN 1S04 1S14 IS24 1S34 OUT - 1S-REFSEIM38 IN - 2S-5H20 3S-SH20 45-5H20 5S-SH20 6S-SH20 9S-SH2O &

OUT - 38-FEED
M4 IN - 1S05 1S15 IS25 IS35 OUT - iS-WATERU
M-462 IN - 4S-GAS GASES 5S-LPGAS 3S-SGAS 7S-H2 OUT = 62-HYD
M-561 IN - 5S-HPGAS 2S-GAS OUT - 61-HYD
M-6GAS IN - SOUR-GAS SOUR-2GS H2S-GAS 38AS-VAP OUT - 6-SGAS
M-73 IN - GAS-OUT iS-GAS OUT - 3-GASI
M-HYD IN - H2-RICH H2-2RICH OUT - H2MIX DUMMY
M-NAP IN - NAPHTHA2 3S-OIL OUT - 4-FEED
M-PNAP IN - 4S-NAPH 5S-NAPH OUT - PS-NAPHPI-ALTI IN - ISlI OUT - IS12 1S13 IS14 IS15
P1-ALT2 IN - IS21 OUT - IS22 IS23 IS24 IS25
P1-BASE IN = ISOl OUT - 1S02 1S03 IS04 iSO5
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P1-JIGS IN = ROMCOAL2 OUT = COALT09 IS33 IS34 1S35
P14 IN - lS-CCOAL OUT - COALT02 14S-XMID 14S-REF 14S-WAT
P02 IN - 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &U OUT = 2S-GAS GASES NAPHTHA GAS-OIL 2S-BOTTS 2S-SH20
P03 IN = NAPHTHA 3-GAS &

OUT - 35-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20
P04 IN - 4-H2IN 4-FEED 4-H2OIN &

OUT - 4S-GAS 4S-NAPH 4S-SH20
P05 IN = 5-H2IN GAS-OIL 5-H2OIN &

OUT - 5S-HPGAS 5S-LPGAS 55-NAPH P350-450 P450-650 &I P650-850 5S-SH20
P61 IN - 61-HYD OUT - H2-RICH SOUR-GAS P61-GAS
P62 IN - 62-HYD P61-GAS &

OUT - H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2
P07 IN = 7-NAPH OUT - 7S-H2 75-GAS REFORMED
P81 IN - 2S-BOTTS OUT =ROSE-XTR ASH-CONC
P11 IN - 11-FEED OUT - 11S-FGAS 11S-LIQSIP31 IN = 3S-FGAS OUT = 31S-01
P314 IN = FBC-FEED OUT - SA6-01
P38 IN - 38-FEED OUT = NH3-PROD 385-OUT
P38A IN = 38S-OUT OUT = 38AS-VAP 38AS-LIQ
P38B IN = 38AS-LIQ OUT = WASTE 39FEED
P39 IN =39FEED OUT = PHENOL WASTEH20
SA6 IN = SA6-01 OUT = FBC-SOL FBC-GAS
51 IN = RONCOAL OUT = IS01 1S11 1S21
S6-SH20 IN =6-SGAS OUT = 6S-SH20 11-FEED
S7 IN - PS-NAPH OUT - 7-NAPH PNAPHTHA

S8 IN - ASH-CONC OUT - FBC-FEED S8-ASHC
FLOWSHEET HYDROGEN

Plant M9 is the hydrogen stream mixer.
Stream M9H2 is the dummy H2 stream to the liquefaction unit.

; Stream M9H4 is the dummy H2 stream to the naphtha hydrotreater.
; Stream M9H5 is the dummy H2 stream to the gas-oil hydrotreater.IStream HHNEED is the dummy H2 stream from the mixer.
Plant M9C is the coal stream mixer.
Stream COALT09 is the clean coal stream to the mixer.
Stream S8-ASHC is the ash concentrate stream from the ROSE unit.

; Stream 9-FEED is the mixed coal stream to the gasifier.
;Plant P09 is the plant for producing hydrogen by coal gasification.

Stream 9-H2OIN is the water feed stream to the gasifier section.
Stream 9-02IN is the purified 02 stream from the air sep. plant.
Stream 9-STEMIN is the steam that goes to the shift reactors.
Stream H2-GAS is the product hydrogen stream.I; Stream H2S-GAS is the product hydrogen sulfide stream.
Stream VENT-GAS is the product vent gas stream.
Stream 9S-SH20 is the product sour water stream.
Stream SLAG is the product slag stream.

Plant P91 is the Steam Reforming of Natural Gas Plant.
Stream NAT-GAS is the inlet natural gas stream.

; Stream STEAM is the inlet process water stream.I; Stream H2-PROD is the product hydrogen stream.
; Stream FLUE-GAS is the product flue gas stream.
Plant HIO is the Air Separation Plant.

Stream 10-AIRIN is the air input stream.
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Strem 10O1 s th prouctoxygn steam
Stream 1O00 is the product oxyrgen stream.I
Slata S is the prutdirogen stream.slttr

Plant 59NE is the ydrogen stream pltt r tegsiir
Stream H91NEED is the dummy H2 stream for the sifeamr.fomIr

M9H IN - M9H2 M9H4 M9H5 OUT =MHNEED3
M9C IN - S8-ASHC COALT09 OUT = 9-FEED
P09 IN - 9-FEED 9-H2OIN 9-021N 9-STEMIN &

OUT - H2-GAS H2S-GAS VENT-GAS 9S-SH20 SLAGP91 IN - NAT-GAS STEAM OUT - H2-PROD FLUE-GASI
P10 IN - 10-AIRIN OUT - lOSOl 10S02
S9 IN - MHNEED OUT - H9NEED H91NEED

Design Specifications

Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)to a specified weight percent (HPCT2) of the MAF coal input stream.
DES-SPEC 2H2FLO

DEFINE CHP2 MASS-FLOW STREAM=2-H2MIX COMPONENT=H2
DEFINE CCOAL MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COALIDEFINE CCASH COMP-ATTR-VAR STREAM=COALTO2 SUBSTREAM=NC &

COMPONENT=COAL ATIRI BUTE=ULTANAL ELEMENT=1 3C Set the specified H2 rate to Plant 2 in wt% in the following line.
F HPCT2 - 7.9205D0
C DAFCOAL is the dry ash-free coal (MAF coal).
F DAFCOAL - CCOAL * (100.ODO - CCASH) * 0.O1DOIF H2P2 - 0.OIDO * HPCT2 * DAFCOAL

SPEC CHP2 TO H2P2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=2-H2IN VARIABLE=MASS-FLOWI

; Design spec to set the correct ROM coal flow to the splitter toI
;obtain the desired 11,102 TPSD of MF coal flow rate to the coal
;liquefaction plant, Plant 2.

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COALI
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal.

F TPD = 15738.ODO
F WTPHR = (TPD * 2000.ODO) / 24.ODO

SPEC CTARG TO WTPHRU
VARY MASS-FLOW STREAM=ROMCOAL SUBSTREAM=NC COMPONENT=COAL
LIMITS 100 10000000

;Design spec to set the correct dry ROMCOAL2 flow rate to the P1-JIGS; an PlnIteca laigfrgaiiainpatadteca
;coal gasifier, to obtain the desired hydrogen production rate.

DES-SPEC H2FLO
DEFINE HOUT MASS-FLOW STREAM=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAM=H9NEED COMPONENT=H2I
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1 SPEC HOUT TO HTOT
TOL-SPEC 1.0
VARY STREAM-VAR STREAM=ROMCOAL2 SUBSTREAM=NC VAR=MASS-FLOW3 LIMITS 0.1 10000000

; Design spec to set the heat duty to block M-HYD to zero by
;varying the temperature. This corrects a temperature calculating

; error in the ASPEN mixer block algorithm.
DES-SPEC HD-HYD

DEFINE HDTY BLOCK-VAR BLOCK=M-HYD SENTENCE-RETENTION VARIABLE-HEAT-DUTYU SPEC HDTY TO 0.0
TOL-SPEC 1000
VARY BLOCK-VAR BLOCK=M-HYD SENTENCE-PARAM VARIABLE-TEMPERATURE5 LIMITS 10 500

Design spec to set the 10-AIRIN stream flow to produce the required
amount of oxygen product required by Plant 9, coal gasification.I DES-SPEC 02FLO

DEFINE FLOlOS STREAM-VAR STREAM-lOSOl VAR=MASS-FLOW
DEFINE FLOOXY STREAM-VAR STREAM=9-02IN VAR-MASS-FLOW

SPEC FLO10S TO FLOOXY
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=10-AIRIN VARIABLE-MASS-FLOW3 LIMITS 0.1 10000000

Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLOUDEFINE HOUT2 MASS-FLOW STREAM=H2-PROD COMPONENT=H2

DEFINE HTOT2 MASS-FLOW STREAM=H91NEED COMPONENT=H2
SPEC HOUT2 TO HTOT2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM-NAT-GAS VARIABLE-MASS-FLOW
LIMITS 1000 600000

I ~ Transfer Blocks

Transfer block to set ROMCOAL2equal to the ROMCOAL stream (the wetI clean coal input). This duplicates the full property set and
provides the initial guess flow rate for ROMCOAL2.

TRANSFER RCOAL
SET STREAM ROMCOAL2
EQUAL-TO STREAM ROMCOAL

; Transfer block used to set the hydrogen flow rates of the input
;streams to the calculated hydrogen flows to Plant 2 (2-H2IN),
;Plant 4 (4-H2IN), and Plant 5 (5-H21N). M91s represent hydrogen
;flows-'from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.

TRANSFER HFLOW
SET STREAM M9H2
EQUAL-TO STREAM 2-H2INI SET STREAM M9H4
EQUAL-TO STREAM 4-H2IN
SET STREAM M9H55EQUAL-TO STREAM 5-H2IN
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Fortran Blocks

This FORTRAN block will calculate the initial ratio of the MIXED
substream flow to the NC substream flow in the stream ROMCOAL.
It will store this result in RATIO, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flowIthat is varied by the COALFLO design-spec. This is needed to set
the correct amount of water entering with the ROM coal.

FORTRAN MIXFLOI
F COMMON /RATIO/ RMIXNCP, RI4IXN2
F COMMON /RGLOB/ RDUM1, RMIN
DEFINE FLONCP SUBSTREA!4-VAR STREAM=ROMCOAL SUBSTREA4=NC VAR=MASSFLOW
DEFINE FLOMIX SUBSTREAJI-VAR STREAM=ROMCOAL SUBSTREAI4=MIXED VAR=MASSFLOWI
C The following should only be true on the first pass. This prevents
C writing over the initial substream ratio on subsequent passes.
F IF (RMIXNCP .LT. RMIN) THEN
F RMIXNCP =FLONCP / FLOMIX
F END IF
CAdjust the other substream flow based on changes to the NCI

F FLOMIX - FLONCP / RMIXNCP
This FORTRAN block will calculate the initial ratio of the MIXEDIsubstream flow to the NC substream flow in the stream ROMCOAL2.
It will store this result in RAT1O2, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flowUthat is varied by the H2FLO design-spec. This is needed to set
the correct amount of water entering with the ROM coal.
See Fortran block MIXFLO for the named common blocks /RATIO/ and
/RGLOB/ which contain the variables RHIN and Rt4IXN2.

FORTRAN MIXFL2
DEFINE FLONC2 SUBSTREAI4-VAR STREAM=ROMCOAL2 SUBSTREAM=NC VAR=MASSFLOW
DEFINE FLOMI2 SUBSTREAM'-VAR STREAM=ROMCOAL2 SUBSTREAII=MIXED VAR=MASSFLOWC The following should only be true on the first pass. This prevents
C writing over the initial substream ratio on subsequent passes.
F IF (RMIXN2 .LT. R?41N) THENI

F RMIXN2 = FLONC2 / FLOMW
F END IF
C Adjust the other substream flow based on changes to the NCsubstream.I
F FLOMI2 = FLONC2 / RJ4IXN2

;Fortran block to dynamically set the URCOAL fraction in theI
; separation block, SA6, equal to the solids production parameter,
;REALM1, in block P314, the fluidized bed combustor. This block
;only has significance when Option 6 is in effect.

FORTRAN SA6SETI
DEFINE FRAC1 BLOCK-VAR BLOCK=P314 SENTENCE=REAL VAR=REAL ELEMENT=1
DEFINE FRAC2 BLOCK-VAR BLOCK=SA6 SENTENCE=FRAC VAR=FRAC ID1=NC &
ID2=FBC-SOL ELEMENT-i

F FRAC2 - FRACi

FORTRAN block to set the COMBINED steam and water flow rate toI
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U ; Plant 2 as a specified weight percent of the dry coal feed.
FORTRAN SETUP2

DEFINE FEED2 MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT-COAL
DEFINE H202 STREAM-VAR STREAM=2-H2OIN VAR=MASSFLOWUF H202 = 0.75315 * FEED2

FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)I to a specified weight percent (HPCT4) of the naphtha feed stream,
and the hydrogen flow rate to Plant 5 (5-H2IN) to a specified weight
percent (HPCT5) of the gas oil feed stream. This block also setsU the inlet water flow rates for these plants to specified rates
as functions of the hydrocarbon feed rates.

FORTRAN SETUP45
DEFINE CHP4 MASS-FLOW STREAM=4-H2IN COMPONENT=H2
DEFINE CHP5 MASS-FLOW STREAM=5-H2IN COMPONENT=H2
DEFINE FLP4 STREAM-VAR STREAM=4-H2IN VAR=MASSFLOW
DEFINE FLP5 STREAM-VAR STREAM=5-H2IN VAR=MASSFLOWIDEFINE XNAPH STREAM-VAR STREAM=4-FEED VAR=MASSFLOW
DEFINE XGOIL STREAM-VAR STREAM=GAS-OIL VAR=MASSFLOW
DEFINE H204 STREAM-VAR STREAM=4-H2OIN VAR=MASSFLOW3DEFINE H205 STREAM-VAR STREAM=5-H2OIN VAR=MASSFLOW

C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 = 1.1855
F HPCT5 - 2.7554
F H2P4 = 0.O1DO * HPCT4 * XNAPH
F FLP4 = H2P4 * (FLP4 / CHP4)
F H2P5 = 0.O1DO * HPCT5 * XGOILIF FLP5 = H2P5 * (FLP5 / CHP5)
C Set the specified H20 rates in wt% in the following two lines.
F H204 = 0.089017 * XNAPH3F H205 - 0.054211 * XGOIL

;FORTRAN block to set the steam, water and oxygen stream flow rates
;to Plant 9 based on the inlet flow rate of hydrocarbons and NC
; components (on a dry ash-free basis).
FORTRAN SETUP9
DEFINE FL29MX SUBSTREAM-VAR STREAM=9-FEED SUBSTREATI=MIXED VAR=MASS-FLOWUDEFINE ULCOAL COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &

COMPONENT=COAL ATTRI BUTE=ULTANAL ELEMENT-1
DEFINE ULURC COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &

COMPONENT=URCOAL ATTRI BUTE=ULTANAL ELEMENT-iIDEFINE FL29C MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT-COAL
DEFINE FL29UR MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT=URCOAL
DEFINE FL29W MASS-FLOW STREAM=9-FEED COMPONENT=H20IDEFINE FL2STM STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOW
DEFINE FL2H2O STREAM-VAR STREAM=9-H2OIN VAR=MASS-FLOW
DEFINE FL202 STREAM-VAR STREAM=9-021N VAR-MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the
C inlet flow rate of hydrocarbons and NC components (on a dry basis).
F X1 = 0.01*FL29C *(1000.ULCOAL)
F X2 - 0.01*FL29UR*(100.0-ULURC)UF FL2STM = 0.25495 *(FL29MX + X1 + X2 -FL29W)

F FL2H2O - 1.4723 *(FL29MX + X1 + X2 -FL29W)

F FL202 - 1.1365 *(FL29MX + X1 + X2 -FL29W)

G- 15



,Fortran block to set up the common and OSBL utility consumptions.I
FORTRAN SETUP31
F COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PLNTID
DEFINE DCOAL2 SUBSTREAI4-VAR STREAM=COALTO2 SUBSTREAI=NC VAR=MASS-FLOWI
C COMMON /USRC03/ is ised to transfer vatiables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in namedIC common block /USRCO3/.
C Base all the offsite and OSBL utilities consumptions on the dry
C coal feed rate to Plant 2, the Coal Liquefaction Plant. IgnoreIC cooling and process water consumptions and productions.
F PLNTID (19) - 'OTHERS'
C Electric Power.
F UTIL(19,1) - 25.1346 * DCOAL2 * 0.001I
F IF ( OPTN6 .GE. 0.99D0 UTIL(19,1) - 29.5411 *DCOAL2 *0.001
C 600 psig steam at 720F.
F UTIL(19,4) - 0.05122207 *DCOAL2 * 0.001IC 150 psig saturated steam.
F UTIL(19,6) = 0.04350367 * DCOAL2 * 0.001
C 50 psig saturated steam.
F UTIL(19,7) = 0.06757103 * DCOAL2 * 0.001

Forranstatement to set t~ molar flow rate of the STEAM~ stream TO
be in balance with the feed stream to Plant 9.1.

FORTRAN SETUP91
DEFINE GS STREAM-VAR STREAM1=NAT-GAS VARIABLE=MOLE-FLOW
DEFINE ST STREAM-VAR STREAN=STEAM VARIABLE=MOLE-FLOWUF IF ( GS .GT. 0.ODO )THEN

F ST = 2.504543D0 GG
F ELSE
F ST = 0.ODOI
F ENDIF

;Fortran block to switch between Plants 9.0 and 10 (Baseline DesignI;Case) or Plants 9.1, 31.1 and 31.4 (Option 6).
FORTRAN OPTION6
F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6I

C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.
DEFINE FSTM STREAM-VAR STREAM=STEAM VAR=MOLE-FLOW
D LEFITNE FNG STREAM-VAR STREAM=NAT-GAS VAR=MOLE-FLOWIDEFINE F1OA STREAM-VAR STREAM=10-AIRIN VAR=MASS-FLOW
DEFINE F9H STREAM-VAR STREAM1=9-H2OIN VAR=MASS-FLOW
DEFINE F9S STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOWI
DEFINE F90 STREAM-VAR STREAM=9-02IN VAR=MASS-FLOW
DEFINE FC9M SUBSTREAM-VAR STREAM1=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE FC9NC SUBSTREAM-VAR STREAI4=9-FEED SUBSTREAI4=NC VAR=MASS-FLOW
DEFINE FRAC8 BLOCK-VAR BLOCK=S8 SENTENCE=FRAC VAR=FRAC &IID1=S8-ASHC ELEMENT=1
DEFINE FRAC9 BLOCK-VAR BLOCK=S9 SENTENCE=FRAC VAR=FRAC &
ID1=H9NEED ELEMENT-i

DEFINE FRAC38 BLOCK-VAR BLOCK=P38B SENTENCE=FRAC VAR=FRAC &
IDi-WASTE ELEMENT-i

C Set N9 equal to 0 to run Plants 9.0 and 10 (Bseline), or
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C set N9 equal to I to run Plants 9.1, 31.1 and 31.4 (OPTION 6).
F N9 - 0
F IF (N9 EQ. 0) THEN
F OPTNM6 = O.ODO
F FSTM - 1.OD-6
F FNG = I.OD-6
F FRAC8 = 1.0
F FRAC9 = 1.0
F FRAC38 = 0.28595
F ENDIF
F IF (N9 EQ. 1) THEN
F OPTNM6 -1.ODO
F F10A - I.OD-6
F F9H = I.OD-6
F F9S = I.OD-6
F F90 - 1.OD-6
F FC9M - 1.OD-6
F FC9NC = 1.OD-6
F FRAC8 = 0.0
F FRAC9 = 0.0
F FRAC38 = 0.0
F ENDIF

FORTRAN SUMMARY
C; This Fortran block writes the summary report to the DCLSUM.REP
C file, and also writes the DCLI.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMMON /USRC03/ is ised to transfer vatiables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSRI for the definition of the items in named
C common block /USRC03/.
DEFINE FIN1A SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FINIB SUBSTREAM-VAR STREAM=ROMCOAL2 SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FIN2 STREAM-VAR STREAM=NAT-GAS VAR=MASS-FLOW
DEFINE FOUT1 STREAM-VAR STREAM=3S-PROP VAR=MASS-FLOW
DEFINE FOUT2 STREAM-VAR STREAM=3S-BUT VAR=MASS-FLOW
DEFINE FOU173A STREAM-VAR STREAM=PNAPHTHA VAR=MASS-FLOW
DEFINE FOUT3B STREAM-VAR STREAM=REFORMED VAR=MASS-FLOW
DEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOW
DEFINE FOUT5 STREAM-VAR STREAM=P450-650 VAR=MASS-FLOW
DEFINE FOUT6 STREAM-VAR STREAM=P650-850 VAR=MASS-FLOW
DEFINE FOUT7 SUBSTREAM-VAR STREAM=IS-REFSE SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8 SUBSTREAM-VAR STREAM=SLAG SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8A SUBSTREAM-VAR STREAM=FBC-SOL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUTIO STREAM-VAR STREAM=NH3-PROD VAR=MASS-FLOW
DEFINE FOUT11 STREAM-VAR STREAM=PHENOL VAR=MASS-FLOW
DEFINE FOUT12 STREAM-VAR STREAM=11S-LIQS VAR=MASS-FLOW
C Load the stream flow rates in the FINO and FOUTO arrays in
C Mlbs/hr. All solid stream flow rates are on a dry basis.
F FIN(II) - O.OOIDO * (FINIA + FINIB)
F FIN(2,1) - O.OOIDO * FIN2
F FOUT(1,1) - O.OOIDO * FOUT1
F FOUT(2,I) - O.OOIDO * FOUT2
F FOUT(3,1) - 0.001DO * (FOUT3A + FOUT3B)
F FOUT(4,I) - 0.001DO * FOUT4
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F FOT(5,) - .001O * OUI
F FOUT(6,1) - O.OO1DO * FOUT5
F FOUT(7,1) = 0.OO1DO * FOUT7

F FOUT(8,1) = 0.001D0 * (FOUT8 + FOUT8A)I
F FOUT(10,1) - 0.00100 * FOUTIO
F FOUT(11,1) -O.OO1DO * FOUT11
F FOUT(12,1) - 0.00100 * FOUT123

C Set XOF to the number of extra operators and OSBI operators
C per dedicated plant operator.
C -- -------------
F XOF - 0.343042
CI
C Set the LOSBL and LPLANT switches, as appropriate, to duplicate
C the Bechtel OSBL and first vs. Nth plant costing logic.
C LOSBL = 0 - Use baseline case OSBI costing logic.
C LOSBL = 1 - Use option case OSBL costing logic.C L L A T 0 U e i r s p a n O B L n d e n i n e r i g o s t n g l o i cC LPLANT - 0 - Use fit plant OSBI and engineering costing logic.
C
F LOSBL I
F LPLANT 1CI
C Open the separate output file called DCLSUM.REP to contain theC summary report of the simulation results.
F OPEN (UNIT=62, FILE='DCLSUM.REP', STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FOR?1='FORMATTED',
F 2BUFFERED='BUFFERED')I

C Call Subroutines USRSR1 and USRSR2 to write the summary report.
F CALL USRSR1 (62)
F CALL USRSR2 (62, LOSBL, LPLANT, OPTN6, XOF)
F CLOSE (UNIT-62, STATUS-'KEEP')I
C Now write the LOTUS spreadsheet economics model input file.F OPEN (UNIT=62, FILE='DCL1.PRN', STATUS='UNKNOWN',3
F 1 ACCESS='SEQUENTIAL', FORM=FORMATTED',
F 2 BUFFERED=BUFFERED')
C Call Subroutines USRSR3 to write the model input file.F CALL USRSR3 (62, OPTN6, XOF)I
F CLOSE (UNIT=62, STATUS='KEEP')

Convergence Blocks-- - --- --- -
CONVERGENCE CBLK1 WEGSTEIN3
TEAR H2MIX 10-5
PARAN WAIT=3

CONVERGENCE CBLK2 WEGSTEINI
TEAR 2S-BOTTS 1D-5

CONVERGENCE CBLK3 WEGSTEINI
TEAR 6S-SH20 10-5

CONVERGENCE COALF ONE-VAR
SPEC COALFLO
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CONVERGENCE HD-C1 ONE-VAR
SPEC HD-HYD

3 CONVERGENCE HYDF BROYDEN-SPEC
SPEC H2FLO

I CONVERGENCE 2HYDF ONE-VAR
SPEC 2H2FLO

3 CONVERGENCE OXYF ONE-VAR
SPEC 02FLO

CONVERGENCE RFMRF ONE-VARI SPEC RFMRFLO

* ;Calculation Sequence

*Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO S1 P1-BASE PI-ALTi P1-ALT2 &

MI P14 (RETURN COALF)

Specify entire flowsheet sequence, including subsequence CLEAN.
SQUENCE BASE RCOAL (SEQUENCE CLEAN) &

CBLK1 2HYDF M-2HYD (RETURN 2HYDF) &
CBLK2 SETUP2 P02 P81 (RETURN CBLK2) &
M-3P3 -A SETUP45 P04 M-462 P05 M-561&
P1 P2 S D7 C P -Y (RETURN HD-CI) &

HFLOW M9H OPTION6 S9 S8 P314 SA6SET SA6 &IHYDF MIXFL2 P1-JIGS M9C SETUP9 P09 (RETURN HYDF) &
OXYF P10 (RETURN OXYF) M2 M3 M4 &
RFMRF SETUP91 P91 (RETURN RFMRF) &ICBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &
(RETURN CBLK3) &
P11 SETUP31 P31 SUMMARY

3 ,Unit Operations Blocks

I , Mix the clean coal product streams from the 3 different cases.
BLOCK MI MIXER

* DESCRIPTION 'PLANT 1OUTLET CLEAN COAL MIXER'

;Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXER

* DESCRIPTION 'PLANT1IOUTLET MIDDLING COAL MIXER'

;Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXERI DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 2'

PARA4 NPK=l KPH=1

I ; Mix the refuse product streams from the 3 different cases.
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BLOCK M3 MIXER
DESCRIPTION 'PLANT I OUTLET REFUSE MIXER'

Mix the sour water streams from Plants 2, 3, 4, 5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'

Mix the waste water product streams from the 3 different cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT I OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER

DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'

Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
BLOCK M-561 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP=110.0 PRES=14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer M9C - The hydrogen plant feed mixer; used to mix the coal and
; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS=2

; Mixer M9 - The dummy hydrogen mixer; used to mix the three
; streams that go to Plant 2 (M9H2), Plant 4 (M9H4), and

Plant 5 (M9H5) into one single output stream (MHNEED) for the
S9 splitter.

BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'P A PkA .Pbf ' LF P1 '='IAR . 11 N-1 N n I

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block

algorithm.
BLOCK M-HYD FLASH2
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.2'
PARAM TEMP=100. PRES=3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
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DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'
BLOCK M-PNAP MIXER

; Plant PI-ALTI, Coal Cleaning and Preparation Plant. Use User
; Fortran Model, USROI, within the PLANTS file. ALTERNATE CASE I -
; COAL CLEANING BY HEAVY MEDIUM SEPARATION.
BLOCK PI-ALTI USER

SUBROUTINE MODEL - USR01 REPORT USROI
DESCRIPTION 'PLANT I - ALTERNATE I COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
that is modeled in BLOCK PI-JIGS. The operators and cost for this
plant includes those associalted with the Pl-JIGS portion of the coal
cleaning and preparation plant. All parameters have the same meaning
as described below for Plant I in BLOCK Pl-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FClM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - IS12 KODE=2 TEMP - 70.0 PRES - 14.7

STRM - IS13 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - 1S14 KODE=2 TEMP - 70.0 PRES - 14.7
STRM - 1S15 KODE=2 TEMP - 70.0 PRES = 14.7

Plant Pl-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
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; Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
; BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.
BLOCK PI-ALT2 USER

SUBROUTINE MODEL - USR01 REPORT - USR01
DESCRIPTION 'PLANT I - ALTERNATE 2 - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK PI-JIGS. The operators and cost for this plant includes
those associalted with the PI-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
described below for Plant 1 in BLOCK PI-BASE.

INT 0 1 0 1 2
FCP FCM FHP FHM FNP FNM

REAL 0.9435271 0.0 0.9338663 0.0 0.9250562 0.0 &
FClP FClM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAM
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - IS22 KODE=2 TEMP - 70.0 PRES - 14.7
STRM - IS23 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS24 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - 1S25 KODE=2 TEMP = 70.0 PRES - 14.7

Plant I - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
Model USRO1
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.
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BLOCK PI-BASE USER
SUBROUTINE MODEL - USRO1 REPORT = USROI
DESCRIPTION 'PLANT I - BASE CASE - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following 5 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLOIB.REP, DCLO1A1.REP or DCLO1A2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-4 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 -> Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report = DCL01B.REP)
I => Alternate case I - Coal cleaning by heavy media

separation. (Report - DCLOIA1.REP)
2 Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report - DCLOIA2.REP)

3 Coal cleaning by jigs for coal gasification in
plant 9. (Report - DCL01G.REP)

4 => Coal grinding and drying plant.
(Report - DCLOID.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,

INT 0 1 0 1 0 and 4 is for the grinding and drying 
plant.

The following 70 real parameters are:
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REALM1 = Fraction of carbon in the inlet coal leavingI
in the clean coal product stream.

REAL(2) - Fraction of carbon in the inlet coal leaving
in the middling coal stream.IREAL(3) - Fraction of hydrogen in the inlet coal leaving
in the clean coal product stream.

REAL(4) - Fraction of hydrogen in the inlet coal leaving
in the middling coal stream.I

REAL(5) - Fraction of nitrogen in the inlet coal leaving
in the clean coal product stream.

RA() -Fraction of nitrogen in the inlet coal leavingI
REAL6) -in the middling coal stream.
REAL7) -Fraction of chlorine in the inlet coal leaving
REAL7) -in the clean coal product stream.

REAL(8) - Fraction of chlorine in the inlet coal leaving
in the middling coal stream.

REAL(9) = Fraction of sulfur in the inlet coal leaving
in the clean coal product stream. OPTIONAL - See Note 1.IREAL(1O) - Fraction of sulfur in the inlet coal leaving
in the middling coal stream. OPTIONAL - See Note 1.

REAL(11) - Fraction of oxygen in the inlet coal leaving
in the clean coal product stream.REAL(12) - Fraction of oxygen in the inlet coal leaving
in the middling coal stream.

REAL(13) - Fraction of ash in the inlet coal leavingI
in the clean coal product stream.

REAL(14) - Fraction of ash in the inlet coal leaving
in the middling coal stream.I

REAL(15) - Moisture content of the clean product coal on a dry
REAL(6) -basis, ofte idln oa n r
REAL(6) -Moisture contentoftemdlncalnadr

basis, wt%.
REAL(17) - Moisture content of the refuse on a dry basis, wt%.
REAL(18) -

REAL(20) - Future use.IREAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Powercosumptio per Mlbs/hr of dry clean coal,3
REAL(23) - Constant factor for the 900 psig / 750 F steam

REAL(4) -consumption, Mlbs/hr.
REAL(4) -900 psig / 150 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).REAL(25) -Constant factor for the 900 psig saturated steam
REAL(6) -consumption, Ml bs/hr. cnupinprMb/ro
REAL(6) -900 psig saturated steam cnupinprMb/ro

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr. o
REAL(28) = 600 psig / 120 F steam consumption per Mlbs/hr o

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam3

consumption, Ml bs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REALM3) - Constant factor for the 150 psig saturated steamI
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consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

dry clean coal, (lbs/hr)/(Nlbs/hr).IREAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
dry clean coal, (Mlbs/hr)/(lbs/hr).

REAL(35) - Constant factor for the plant fuel consumption,
MN BTU/hr.

REAL(36) - Plant fuel consumption per Nibs/hr of dry clean coal,
(NM BTU/hr)/(Nlbs/hr).

REAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of dry clean
coal (Ngal/hr)/(Nlbs/hr).

REAL(39) - Constant factor for the process water consumption,
Ngal/hr.IREAL(40) = Process water consumption per Nibs/hr of dry clean
coal, (Ngal/hr)/(Nlbs/hr).

REAL(41) - Constant factor for the nitrogen consumption,I NN SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of dry clean coal,

(NM SCF/hr of N2)/(Nlbs/hr).
REAL(43) -

REAL(49) = Constant factor for the number of operators per

REAL(0) =day, operators/day.IEL50 Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference flow rate of the dry clean coal of a
single train in Nibs/hr for the calculation of
the 1581 field cost of a single train as a function
of train capacity.

REAL(52) = Maximum size of a single train as defined by theI flow rate of the dry clean coal in Mlbs/hr.
REAL(53) - Minimum size of a single train as defined by the

flow rate of the dry clean coal in Nibs/hr.
REAL(54) - Constant A in the plant ISBL field cost equation.UEL5)-Cntn ntepln SLfedcs qain
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -

REAL(10) - Future use.

NOTES:
1. If both the sulfur distribution factors, REAL(9) and REAL(10),

are zero and a SULFANAL was supplied, the sulfur will be
distributed among the products as follows.
a. The ORGANIC sulfur will be distributed in the same

proportions as the carbon is distributed.
b. The PYRITIC and SULFATE sulfur will be distributed in the

same proportions as the ash is distributed.

FCP FCM FHP FHN FNP FNN
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REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &
FClP FClM FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAM
0.4229677 0.0 &
PCWP PCWM PCWR Future Use (3 items)
8.576 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 4.281977 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 31.56 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - IS02 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - 1S03 KODE=2 TEMP - 70.0 PRES - 14.7
STRM = IS04 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS05 KODE=2 TEMP - 70.0 PRES = 14.7

Plant I-JIGS - Coal Cleaning by Jigs for gasification - User Fortran
Model USROI

COAL CLEANING BY JIGS For GASIFICATION.
BLOCK PI-JIGS USER

SUBROUTINE MODEL = USR01 REPORT - USROI
DESCRIPTION 'PLANT 1 - JIGS - COAL CLEANING FOR GASIFICATION'

The following integer and real parameters have the same meaning
as described above for Plant I in BLOCK PI-BASE.

PARAM NINT - 5 NREAL - 70
INT 0 1 0 1 3

FCP FCM FHP FHM FNP FNM
REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &

FCIP FC1M FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAM
0.4229677 0.0 &
PCWP PCWM PCWR Future Use (3 items)
8.576 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 4.281977 0.0 0.0 0.0 0.0 &
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600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - COALT09 KODE=2 TEMP = 70.0 PRES - 14.7

STRM = IS33 KODE=2 TEMP = 70.0 PRES = 14.7
STRM = IS34 KODE=2 TEMP = 70.0 PRES = 14.7
STRM = IS35 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant - Fortran Model USR01
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL - USR01 REPORT USROI
DESCRIPTION 'PLANT 1.4 BASE CASE - COAL GRINDING AND DRYING PLANT'
PARAM NINT - 5 NREAL 70

The following integer and real parameters have the same meaning
as described above for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNM

REAL 1.0 0.0 1.0 0.0 1.0 0.0 &
FClP FClM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &
FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd.steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
Ref Flow Max Flow Min Flow
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142.518 145.0 50.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM = COALT02 KODE=2 TEMP = 70.0 PRES = 14.7

STRM - 14S-XMID KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-REF KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-WAT KODE=2 TEMP - 70.0 PRES - 14.7

Plant 2 - The coal liquefaction plant - user Fortran block USR02.
BLOCK P02 USER

SUBROUTINE MODEL = USR02 REPORT - USR02
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION PLANT'
PARAM NINT - 6 NREAL - 70

The following 6 integer parameters are:
INT(I) = User block sumnary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) = Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
'A Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INTM Switch to write the major equipment summary list and
cost summary report by plant section for the baseline
design to the separate block output summary report file
called DCL02.REP on logical unit 62.
0 Do not write the major equipment summary list.
1 Write the major equipment summary list to the

separate block output file only when
INT(l) <- 2, INT(2) - 1, and INT(6) = 0.
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1 2 -> Write the major equipment summary list and the
cost summary report by plant section to the
separate block output file only whenI INT(1) <- 2, INT(2) - 1, and INT(6) - 0.

INT(6) =Switch to select which coal liquefaction reactor yields
are calculated.
0 => Baseline design two-reactor model.
3 => Option 3 - Yields for Thermal/Catalytic two-

reactor model.
4 => Option 4 - Two-reactor model with interstaageU vent gas separation.
5=-> Option 5 -Yields for two-reactor coker model.
8 => Improved Baseline (Option 8) - High space velocity

two-reactor model.
INT 0 1 0 1 2 0

The following 10 real parameters are:
REALM1 = Percent coal conversion based on fresh MAF coalI entering the coal liquefaction reactors.
REAL(2)-
REAL(20) = Future use.IREAL(21) - Constant factor for the power consumption, kw.

REAL(22) =Power consumption per Mlbs/hr of dry coal feed,
kw/(Mlbs/hr of dry coal).

REAL(23) - Constant factor for the 900 psig / 750 F steamI , consumption, Ml bs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).IREAL(25) - Constant factor for the 900 psig saturated steam
consumption, Ml bs/hr.

REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of
dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).

REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Ml bs/hr.

REAL(28) - 600 psig / 120 F steam consumption per Mlbs/hr of
dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

=dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(31) =Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of

REAL(3) -dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(3) -Constant factor for the 50 psig saturated steamI consumption, Mlbs/hr.

REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of
dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).

REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(1) -(Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(7) -Constant factor for the cooling water consumption,
REAL(8) -Mgal/hr.

REAL(8) -Cooling water consumption per Nibs/hr of dry coal
feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
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produced, (Mgal/hr)/(MM SCF/hr of H2).I
REAL(39) - Constant factor for the process water consumption,

REAL(40) - Process water consumption per Mlbs/hr of dry coalI
feed, (Mlbs/hr)/(Mlbs/hr of dry coal).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) - Nitrogen consumption per Nibs/hr of dry coal feed,I(MM SCF/hr of N2)/(Mlbs/hr of dry coal).
REAL(43) -
REAL(48) = Future use.I

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.I

REAL(51) - Reference dry coal feed rate to a single train in
Nibs/hr for the calculation of the IS81 field cost of
a single train as a function of train capacity.IREAL(52) - Maximum size of a single train as defined by the dry
coal feed rate in Nibs/hr of dry coal.

REL5)-Minimum size of a single train as defined by the dryI
REA(53 -coal feed rate in Nibs/hr of dry coal.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(5) =Constant B in the plant ISBL field cost equation.REA(56 -Contat Eintheplnt SB fildcos euatonREAL(56) - Constant E in the plant ISBL field cost equation.

REAL(58) - Number of spare trains.
REAL(59) - I
REAL(70) = Future use.

Percent fresh MAF coal conversionI
REAL 92.7901 &

Future use (9 items)
0.0 0.Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)I0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam0.0 41 .39141 0.0 0.0 0.0 0.0 &I
600/720 F steam 600 satd steam 150 satd steam
0.0 0.003904784 0.0 -0.1046117 0.0 -0.0632168 &
50 satd steam Plant fuel Cooling H20
0.0 0.0393741 0.0 0.764818 0.0 0.340800 &IProcess H20 Nitrogen
0.0 0.1081972 0.0 0.000029236 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow285.035 285.05 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)I0.0 186.44 0.7142 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR02.

FLASH-SPECS STRM=2S-GAS KODE-2 TEMP-130.0 PRES-2985.0 NPK-I KPH-1
STRM - GASES KODE=2 TEMP - 130.0 PRES = 65.0
STRM - NAPHTHA KODE=2 TEMP - 140.0 PRES - 16.0
STRM - GAS-OIL KODE=2 TEMP = 110.0 PRES = 30.0
STRM = 2S-BOTTS KODE=2 TEMP = 688.0 PRES = 28.0
STRM - 2S-SH20 KODE-2 TEMP - 100.0 PRES = 30.0

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL - USR03 REPORT - USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of dry C4- gas,

kw/(MM SCF/hr of dry C4- gas)
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(25) - Constant factor for the 900 psig saturated steam
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consumption, Nibs/hr.I
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(27) = Constant factor for the 600 psig / 720 F steamI

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(29) = Constant factor for the 600 psig saturated steamI

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).IREAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per MN SCF/hr
of dry C4- gas, (Nibs/hr)/(MM SCF/hr of dry C4- gas).I

REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Ni bs/hr.

REAL (34) = 50 psig saturated steam consumption per NM SCF/hrI
of dry C4- gas, (Nibs/hr)/(MM SCF/hr of dry C4- gas).

REAL(35) = Constant factor for the piant fuel consumption,
MM BTU/hr.I

REAL(36) - Plant fuel consumption per MM SCF/hr of dry C4- gas,
(MM BTU/hr)/(NM SCF/hr of dry C4- gas).

REAL(37) = Constant factor for the cooling water consumption,
Mg al/hr.I

REAL(38) - Cooling water consumption per NM SCF/hr of dry C4-
gas, (Ngal/hr)/(NN SCF/hr of dry C4- gas).

REAL(39) - Constant factor for the process water consumption,I
REAL(0) = gal/hr.
REAL(0) -Process water consumption per NM SCF/hr of dry C4-

gas, (Mgal/hr)/(MN SCF/hr of dry C4- gas).
REAL(41) - Constant factor for the nitrogen consumption,

REAL(2) =MN SCF/hr of N2.
REA(42 =Nitrogen consumption per MM SCF/hr of dry C4- gas,

(NM SCF/hr of N2)/(MM SCF/hr of dry C4- gas).I
REAL(43) -

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators perI

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference gas feed rate to a single train inI

MN SCF/hr of dry C4- gas for the calculation of
the ISBI field cost of a single train as a function
of train capacity.I

REAL1(52) = Naximum size of a single train as defined by the
gas feed rate in MM SCF/hr of dry C4- gas.

REL5)-Minimum size of a single train as defined by theI
REAL(3) =gas feed rate in MM SCF/hr of dry C4- gas.

REAL(54) - Constant A in the patISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.IREAL(57) - Constant F in the plant ISBI field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -I
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REAL(70) - Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 447.6001 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 194.4388 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 8.425471 0.0 -722.141 0.0 645.8090 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
2.04 5.0 0.300 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 25.3 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR03.
FLASH-SPECS STRM - 3S-SGAS KODE=2 TEMP - 137.0 PRES = 55.0

STRM - 3S-FGAS KODE-2 TEMP - 100.0 PRES - 215.0
STRM - 3S-PROP KODE-2 TEMP - 100.0 PRES - 280.0
STRM - 3S-BUT KODE=2 TEMP - 100.0 PRES - 280.0
STRM - 3S-OIL KODE=2 TEMP - 130.0 PRES = 263.0 &

NPK-I KPH=2 /
STRM - 3S-SH20 KODE-2 TEMP - 137.0 PRES = 55.0

Plant 4 - The naphtha hydrotreater use user Fortran block USR04.
BLOCK P04 USER

SUBROUTINE MODEL = USR04 REPORT USR04
DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATERI
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL04.REP.
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INT(3) = Number of operating duplicate trains, excluding spares.I
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum trainI
capacity specified by variable REAL(52).

If INT(3 > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.I
1=-> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.I3-5=-> Write some more additional output to the history

file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(l) - Percent desulfurization of the C5+ feed; i. e.,

Percent of sulfur removed from the entering C5+ feed.IREAL(2) - Percent denitrogenation of the C5i- feed; i. e.,
Percent of nitrogen removed from the entering C5+ feed.

REAL(3) - Percent deoxygenation of the C5+ feed.I
Percent of oxygen removed from the entering C5+ feed.

REAL(4) = Chemical hydrogen cosmto nSCF/bbl o 5 ed
REAL(5) -cosmto inoC+fed
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Nibs/hr of C5+ feed,

kw/(Mlbs/hr of C5+ feed).I
REAL(23) - Constant factor for the 900 psig / 150 F steam

REAL(4) -consumption, Nibs/hr. prNb/ro
REAL(4) -900 psig / 750 F steam consumption prMb/ro

C5+ feed, (Mlbs/hr)/(Nlbs/hr of C5+ feed).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr ofI

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Ni bs/hr.I
REAL(28) = 600 psig / 720 F steam consumption per Nibs/hr of

C5+ feed, (Nlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.I
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

C5+ feed, (Nlbs/hr)/(Nlbs/hr of C5+ feed).
REALM3) - Constant factor for the 150 psig saturated steamI

consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption per Nibs/hr of

C5+ feed, (Nlbs/hr)/(Mlbs/hr of C5+ feed).I
REALM3) - Constant factor for the 50 psig saturated steam

consumption, Ni bs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

C5+ feed, (Mlbs/hr)/(Nlbs/hr of C5+ feed).
REAL(35) = Constant factor for the plant fuel consumption,

REAL(3) =MN BTU/hr. prNb/ro ed
REL(6)-Plant fuel consumption pe lsh fC5+fed
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(MM BTU/hr)/(Mlbs/hr of C5+ feed).
REAL(37) - Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of C5+ feed,:2alh)/Mbh of C5+ feed).

REAL39)- Costat fctorfortheprocess water consumption,

REAL(0) =Process water consumption per Nibs/hr of C5+ feed,
(Mgal/hr)/(Nlbs/hr of C5+ feed).

REAL(41) - Constant factor for the nitrogen consumption,I MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of C5+ feed,

(MM SCF/hr of N2)/(Mlbs/hr of C5+ feed).
REAL(43) -UREAL(4) -Future use.

REAL(9) -Constant factor for the number of operators per
day, operators/day.IREAL(50) -Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference C5+ feed rate to a single train in Nibs/hrI for the calculation of the ISBI field cost of asingle train as a function of train capacity.
REAL(52) - Maximum size of a single train as defined by theU C5+ feed rate in Nibs/hr.
REAL(53) - Minimum size of a single train as defined by the

C5+ feed rate in Nibs/hr.
REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.
REAL(58) - Constant F in the plant ISBL field cost equation.UEL58 Number of spare trains.
REAL(59) -
REAL(70) = Future use.

% Desulfurization % Denitrogenation
REAL 99.99 99.988 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feed
99.5 125.0 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5.098308 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 sem 0.0 0:126493 0.00&

0.0 0.00.0.567 000793&IProcess H20 Nitrogen
0.0 0.010833 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 8.0 &
Ref Flow Max Flow Min Flow
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210.462 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 15.6 0.7843 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR04.
FLASH-SPECS STRM - 4S-GAS KODE=2 TEMP - 135.0 PRES - 915.0

STRM - 4S-NAPH KODE=2 TEMP - 100.0 PRES - 153.0
STRM - 4S-SH20 KODE=2 TEMP - 70.0 PRES - 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL - USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REALM - Percent desulfurization of the C6+ feed; i. e.,

Percent of sulfur removed from the entering C6+ feed.
REAL(2) - Percent denitrogenation of the C6+ feed; i. e.,

Percent of nitrogen removed from the entering C6+ feed.
REALM - Percent deoxygenation of the C6+ feed

Percent of oxygen removed from the eniering C6+ feed.
REALM - Chemical hydrogen consumption in SCF/bbl of C6+ feed.
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I REAL (5)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.UREAL(22) - Power consumption per Nibs/hr of C6+ feed,
kw/(Nlbs/hr).

REAL(23) - Constant factor for the 900 psig / 750 F steamI consumption, Nibs/hr.
REAL(24) =900 psig / 750 F steam consumption per Nibs/hr of

C6+ feed, (Nlbs/hr)/(Mlbs/hr).
REAL(25) - Constant factor for the 900 psig saturated steamI consumption, Nibs/hr.
REAL(26) - 900 pslg saturated steam consumption per Nibs/hr of

C6+ feed, (Mlbs/hr)/(Mibs/hr)
REAL(21) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) = 600 psig / 720 F steam consumption per Nibs/hr of

C6+ feed, (Mlbs/hr)/(Nlbs/hr).IREAL(29) = Constant factor for the 600 psig saturated steam
consumption, Ni bs/hr.

* REAL(30) - 600 psig saturated steam consumption per Nibs/hr of* C6+ feed, (Mibs/hr)/(Mibs/hr).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Ni bs/hr.
* REAL(32) - 150 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Nibs/hr)/(Nibs/hr).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

C+feed, (lsh)(lsh)
REAL(35) - Constant factor for the plant fuel consumption,I NM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of C6+ feed,

(NM BTU/hr)/(Nlbs/hr).
REAL(37) - Constant factor for the cooling water consumption,I' Mgal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of C6+ feed,

(Mgal/hr)/(Ml bs/hr).3'REAL(39) - Constant factor for the process water consumption,
* Ngal/hr.

REAL(40) = Process water consumption per Nibs/hr of C6+ feed,
(Ngal/hr)/(Nl bs/hr).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of C6+ feed,

REAL(3) -(MM SCF/hr of N2)/(lbs/hr).
REAL(48) - Future use.

* REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/train.

*REAL(51) - Reference C6+ feed rate to a single train in Nibs/hr
for the calculation of the ISBL field cost of a
single train as a function of train capacity.IREAL(52) - Maximum size of a single train as defined by the
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C6+ feed rate in Nibs/hr.U
REAL(53) - Minimum size of a single train as defined by the

C6+ feed rate in Nibs/hr.
REAL(54) - Constant A in the plant ISBL field cost equation.I
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.I
REAL(59) -
REAL(70) = Future use.

% Desulfurization % Denitrogenation
REAL 92.5 85.2 &

% Deoxvaenation Chemical H2 consumption in SCF/bbl C6+ feedI97.6 941.00 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)U
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &I
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.096936 0.0 -0.050465 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.241416 0.0 0.735694 &I
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)I
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 4.0 &
Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)I0.0 74.0 0.1467 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROS.I
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leaving
Plnt 4 where this fractionation is actually performed.
FLASH-SPECS STRM - 5S-HPGAS KODE=2 TEMP - 135.0 PRES = 2690.0/

STR4 - 5S-LPGAS KODE-2 TEMP - 135.0 PRES - 915.0/STRM =5S-NAPH KODE-2 TEMP - 100.0 PRES = 153.0/
STR4 - P350-450 KODE=2 TEMP - 110.0 PRES - 80.0 /
STRM - P450-650 KODE=2 TEMP - 135.0 PRES = 20.0 /ISTRM = P650-850 KODE=2 TEMP - 135.0 PRES = 20.0STRM = 5S-SH2O KODE=2 TEMP = 135.0 PRES = 20.0

BlCK P61 USe Hydrogen purification by Membrane Separation Plant.
SUBROUTINE MODEL - USR61 REPORT - USR61
DESCRIPTION 'PLANT 6.1 - THE MEMBRANE H2 PURIFICATION PLANT'
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PARAM NINT - 4 NREAL - 70
The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL61.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of H2 recovered,

kw/(MM SCF/hr of H2 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) = 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
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H2 recovered, (Mlbs/hr)/(M4 SCF/hr of H2 recovered).I
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Mlbs/hr. cnupinprM C/ro
REAL(2) -150 psig saturated steam cnupinprM C/ro

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, ilbs/hr.
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,

(Ml bs/hr)/(MM SCF/hr of H2 recovered).
REAL(37) = Constant factor for the cooling water consumption,I

Mgal /hr.
REAL(38) - Cooling water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(39) - Constant factor for the process water consumption, I

Mgal/hr.
REAL(40) - Process water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) - Nitrogen consumption per MM SCF/hr of H2 recovered,
(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).

REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per '
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference hydrogen recovery rate for a single train
in MM SCF/hr of H2 for the calculation of the
ISBI field cost of a single train as a function of
capacity. (

REAL(52) = Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) = Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2

REAL(4) =recovered.

REA(5-j =Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.
REAL(57) - Constant F in the plant ISBI field cost equation. '
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) - Future use.

Percent H2 recovery H2 purity in mole %
REAL 43.83285 99.98677 &

Future use (8 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
G-40I



Power 900/750 F steam 900 satd steam
0.0 12254.04 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 2.054966 0.0 0.0 0.0 42.705864 &
Process H20 Nitrogen
0.0 0.854117 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow Max Flow Min Flow
1.966943 2.5 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 152.6 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM - H2-RICH KODE-2 TEMP - 100.0 PRES = 3290.0

STRM - SOUR-GAS KODE-2 TEMP - 250.0 PRES = 14.7
STRM = P61-GAS KODE-2 TEMP - 111.0 PRES - 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL - USR62 REPORT - USR62
DESCRIPTION 'PLANT 6.2 THE PSA H2 PURIFICATION PLANT'
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL62.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I -> Write the only the subroutine entry and exit
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messages to the history file.I
2 => Write some additional output to the history file.
3- >Write some more additional output to the history
~ >file. Larger values generate more intermediate

output.
INT 0 1 0 1

The following 70 real parameters are:
REAL(1) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole-% or vol%.
REAL(3)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of H2 recovered,

kw/(M4 SCF/hr of H2 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 120 F steamI

consumption, Ml bs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered). I
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Ml bs/hr. cnupinprM C/ro
REAL(0) -600 psig saturated steam cnupinprM C/ro

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Ml bs/hr. cnupinprM C/ro
REAL(2) -150 psig saturated steam cnupinprM C/ro

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.REAL(34) - 50 psig saturated steam consumption per MM SCF/hr ofH2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,

(Mlbs/hr)/(MM SCF/hr of H2 recovered).
REALM3) - Constant factor for the cooling water consumption,IMgal/hr.
REAL(38) - Cooling water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered). IREAL(9) -Constant factor for the process water consumption,
REAL(40) -galProcs water consumption per MM SCF/hr of H2 5

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REALM4) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2
REAL(42) - Nitrogen consumption per MM SCF/hr of H2 recovered,
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(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).
REAL(43) -
REAL(48) - Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,
(operators/day)/train.

REAL(51) - Reference hydrogen recovery rate for a single train
in MM SCF/hr of H2 for the calculation of the
ISBL field cost of a single train as a function of
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) - Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

The cost of Plant 6.2 is included in Plant 6.1.
Percent H2 recovery H2 purity in mole %

REAL 89.5033 90.01665 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 15.32654 0.0 0.0 0.0 87.29583 &
Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
3.61667 5.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR62.
FLASH-SPECS STRM - H2-2RICH KODE-2 TEMP - 100.0 PRES - 3290.0
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STRM - SOUR-2GS KODE-2 TEMP - 250.0 PRES - 14.7
STRM - GAS-OUT KODE-2 TEMP - 111.0 PRES - 25.0
STRM - NAPHTHA2 KODE=2 TEMP - 100.0 PRES - 50.0

Plant 7 - The naphtha reformer - use user Fortran block USR07.
BLOCK P07 USER

SUBROUTINE MODEL - USR07 REPORT - USR07
DESCRIPTION 'PLANT 7 - THE NAPHTHA REFORMER'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(l) User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the momal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL07.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of feed,

kw/(Mlbs/hr of feed).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr. -
REAL(24) = 900 psig / 750 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of
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feed, (Nibs/hr)/(Nlbs/hr of feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Ml bs/hr.IREAL(30) - 600 psig saturated steam consumption per Nibs/hr of
feed, (Nlbs/hr)/(Mlbs/hr of feed).

REAL(31) - Constant factor for the 150 psig saturated steamI consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption per Nibs/hr of

feed, (Nlbs/hr)/(Mlbs/hr of feed).
REAL(33) = Constant factor for the 50 psig saturated steam
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

fe,(Mlbs/hr)/(Mlbs/hr of feed).I'REAL(35) - Constant factor for the plant fuel consumption,MM BTU/hr.
REAL(36) = Plant fuel consumption per Nibs/hr of feed,

(MM BTU/hr)/(Mlbs/hr of feed).IREAL(37) - Constant factor for the cooling water consumption,
Ngal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of feed,N (Ngal/hr)/(Nlbs/hr of feed).
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per Nibs/hr of feed,

(Ngal/hr)/(Nlbs/hr of feed).
REAL(41) - Constant factor for the nitrogen consumption,

MN SCF/hr of N2.tREAL(42) - Nitrogen consumption per Nibs/hr of feed,
(MM SCF/hr of N2)/(Mlbs/hr of feed).

REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,I (operators/day)/trai n.
REAL(51) - Reference feed rate to a single train in Nibs/hr

for the calculation of the ISBI field cost of aU, single train as a function of train capacity.
REAL(52) = Naximum size of a single train as defined by the

feed rate in Nibs/hr.
REAL(53) = Ninimum size of a single train as defined by the

feed rate in Nibs/hr.
REAL(54) = Constant A in the plant ISBI field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBI field cost equation.REAL(57) - Constant Fin teplant ISLfield cotequation.
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) - Future use.

Future use (10 items)I REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam

G-45



0.0 2.26494 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 1.41781 0.0 0.123590 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8. &
Ref Flow Max Flow Min Flow
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR07.
FLASH-SPECS STRM - 7S-H2 KODE-2 TEMP - 80.0 PRES = 14.7

STRM - 7S-GAS KODE=2 TEMP = 80.0 PRES = 14.7
STRM = REFORMED KODE=2 TEMP - 80.0 PRES = 14.7

Plant 8.1 - The ROSE-SR unit - user Fortran block USR81.
BLOCK P81 USER

SUBROUTINE MODEL = USR81 REPORT - USR81
DESCRIPTION 'PLANT 8.1 - THE ROSE-SR UNIT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.'
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL81.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INTM - History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.
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3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

£ NTThe following 70 real parameters are:
REAL(1) - Hydrocarbon rejection factor.
REAL(2)-'UREAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Nibs/hr of extract,

kw/(Mlbs/hr of extract).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr of
REAL(25) = Constant factor for the 900 psig saturated steam

REAL(6) =consumption, Nibs/hr.
REAL(6) -900 psig saturated steam consumption per Mibs/hr of

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(27) - Constant factor for the 600 psig / 720 F steamI consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of

extract, (Nibs/hr)/(Nlbs/hr of extract).
REAL(29) - Constant factor for the 600 psig saturated steamI' , consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

extract, (Nlbs/hr)/(Nibs/hr of extract).
REAL(31) = Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Nibs/hr.
REAL(2) =150 psig saturated steam consumption per Nibs/hr of

extract, (Nlbs/hr)/(Mlbs/hr of extract).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
REAL (35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per Nlbs/hr of extract,

(Mbshr/Mls/r fextract).
REAL37)- Costat fatorforthe cooling water consumption,

REAL(8) =Cooling water consumption per Nibs/hr of extract,
(Mlb/hr/(Mls/h ofextract).

REAL(9) -Constant factor for the process water consumption,I Ngai/hr.
REAL(0) =Process water consumption per Nibs/hr of extract,

(Ml bs/hr)/(Ni bs/hr of extract).
REAL(41) = Constant factor for the nitrogen consumption,I NM SCF/hr of N2
REAL(42) - Nitrogen consumption per Nibs/hr of extract,

REAL(3) -(MN SCF/hr of N2)/(Nibs/hr of extract).
REAL(48) = uueue
REAL(49) - Constant factor for the number of operators perI day, operators/day.
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REAL(50) - Number of operators per day per train,
(operators/day)/train.

REAL(51) = Reference feed rate to a single train in Mlbs/hr of
unit feed for the calculation of the capital cost of
a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(53) = Minimum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(54) - Constant A in the plant costing equation.
REAL(55) - Constant B in the plant costing equation.
REAL(56) - Constant E in the plant costing equation.
REAL(57) - Constant F in the plant costing equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.
Hydrocarbon rejection factor

REAL 1.6 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.098677 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0471832 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.393518 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
907.390 1500.0 500.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 42.2 0.7215 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR81.
FLASH-SPECS STRM - ROSE-XTR KODE=2 TEMP - 300.0 PRES = 115.0

STRM - ASH-CONC KODE-2 TEMP - 150.0 PRES = 14.7

Plant 9 - H2 Production by coal gasification, Use the User Fortran
Block USR09.

BLOCK P09 USER
SUBROUTINE MODEL = USR09 REPORT - USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.
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0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block sumary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file called DCL09.REP.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62.
INT(3) - Number of operating duplicate trains, excluding spares.

If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) - Fraction of carbon entering the gasifier that goes

to carbonyl sulfide (COS).
REAL(3) - Fraction of carbon entering the gasifier that goes

to methane (CH4).
REAL(4) - Fraction of nitrogen entering the gasifier that goes

to ammonia (NH3)
REAL(5) - Carbon content oi the slag produced by the gasifier,

wt %.
REAL(6) = Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reaction

CO + H20 ----- > C02 + H2
REAL(7) - Fraction of carbonyl sulfide (COS) entering the shift

reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS + H20 ----- > C02 + H2S
REAL(8) - Future use.
REAL(9)-
REAL(20) = Rectisol section component distribution factors,

where
REAL(9) - Fraction of inlet H2 going to the hydrogen-rich

gas stream.
REAL(IO) - Fraction of inlet H2 going to the acid gas stream.
REAL(11) = Fraction of inlet CO going to the hydrogen-rich

gas stream.
REAL(12) - Fraction of inlet CO going to the acid gas stream.
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REAL(13) - Fraction of inlet C02 going to the hydrogen-rich3
REAL(4) -gas stream.
REAL(4) -Fraction of inlet C02 going to the acid gas stream.

REAL(15) - Fraction of inlet CH4 going to the hydrogen-richI
gas stream.

REAL(16) - Fraction of inlet CH4 going to the acid gas stream.
REAL(17) = Fraction of inlet N2 going to the hydrogen-rich

REAL(18) gas stream.I
REAL(8) =Fraction of inlet N2 going to the acid gas stream.
REAL(9) =Fraction of inlet H2S going to the hydrogen-rich
REAL(19) gas stream.

REAL(20) - Fraction of inlet H2S going to the acid gas stream.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per M4M SCF/hr of hydrogenI

produced, kw/(MM SCF/hr of H2).REAL(23) - Constant factor for the 900 psig / 750 F steam
REAL(4) =consumption, Mlbs/hr.'f
REAL(4) -900 psig / 150 F steam consumption per 14M SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.I
REAL(26) = 900 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(29) - Constant factor for the 600 psig saturated steamI

consumption, Ml bs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(M4 SCF/hr of H2).*
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(32) consumption, Mlbs/hr. cnupinprM C/ro
REAL(2) =150 psig saturated steam cnupinprM C/ro

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REALM3) = Constant factor for the 50 psig saturated steam

REAL(4) =consumption, Mlbs/hr. prM C/ro
REAL(4) =50 psig saturated steam consumption prM C/ro

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) = Plant fuel consumption per MM SCF/hr of hydrogenI

produced, (MM BTU/hr)/(M4 SCF/hr of H2).
REALM3) - Constant factor for the cooling water consumption,

Mgal/hr.I
REAL(38) - Cooling water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(39) - Constant factor for the process water consumption,I
REAL(40) - Process water consumption per MM1 SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REALM4) - Constant factor for the nitrogen consumption,I

MM SCF/hr of N2.
REAL(42) = Nitrogen consumption per MM1 SCF/hr of hydrogen

produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).
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REAL (43)
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/train.

REALM) - Reference hydrogen production rate of a single train
in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(53) - Minimum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen-rich product gas stream and NOT the total
flow rate of the hydrogen-rich product gas stream.

Frac C Frac C Frac N %C in
C0/C02 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future use
Adjust the fraction of CO shifted to get true H2 rate.
0.9611 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
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0.0 24. &
Ref Flow Max Flow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR09.
FLASH-SPECS STRM = H2-GAS KODE-2 TEMP - 80. PRES - 14.7

STRM - H2S-GAS KODE-2 TEMP - 80. PRES - 14.7
STRM - VENT-GAS KODE=2 TEMP - 80. PRES = 14.7
STRM = 9S-SH20 KODE=2 TEMP - 80. PRES = 14.7
STRM = SLAG KODE=2 TEMP - 80. PRES = 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL - USR91 REPORT - USR91
DESCRIPTION 'PLANT 9.1 - STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL91.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate

plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

if !NT(3) > 0, this number of duplicate plants will
be used.

INTM History file additional output control switch.
0 => Write no additional output to the history file.
1 -> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(l) - Fraction of CH4 reacting to produce H2 and C02.
REAL(2) - Fraction of CH4 reacting to produce H2 and CO.
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IREAL(3) = Fraction of hydrogen produced that leaves in the
hydrogen-rich product gas stream.

REAL(4) - Purity of the hydrogen-rich product gas. mole %U REAL(5) -
REAL(20) - Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of hydrogen produced,I , kw/(MM SCF/hr of H2).
REAL(23) =Constant factor for the 900 psig / 150 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr ofEE ~ hydrogen produced, (Mb/r/M C/ro H2).
REAL(25) - Constant factor for the 900 psig saturated steam

* consumption, Ml bs/hr.
REL2)-900 psig strtdsemcnupinerMM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(7) =Constant factor for the 600 psig / 720 F steamI consumption, Mlbs/hr.
REAL(8) -600 psig / 720 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).IREAL(29) - Constant factor for the 600 psig saturated steam
consumption, Ml bs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Ml bs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr ofI hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.IREAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.IREAL(36) - Plant fuel consumption per MM SCF/hr of hydrogen
produced, (MM BTU/hr)/(MM SCF/hr of H2).

REAL(37) = Constant factor for the cooling water consumption,I Mgal/hr.
REAL(38) - Cooling water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).IREAL(39) - Constant factor for the, process water consumption,
Mgal/hr.

REAL(40) = Process water consumption per MM SCF/hr of hydrogen
produced, (Mgal/hr)/(MM SCF/hr of H2).IREAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2..

REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen
REAL(43) produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).

REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators perI day, operators/day.
REAL(50) - Number of operators per day per operating train,

(operators/day)/trai n.IREAL(51) = Reference hydrogen production rate of a single train
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in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Maximum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(53) - Minimum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
31.4 is set so as to maintain the same total number of
operators as used for the baseline design.

Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity
REAL 0.638648 0.04429 0.8862694 100.0 &

Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR091.

FLASH-SPECS STRM - H2-PROD KODE=2 TEMP = 100.0 PRES = 500.0
STRM - FLUE-GAS KODE-2 TEMP - 250.0 PRES - 14.7

Plant 10 - Air Separation Plant - Use the User Fortran Model USRIO.
BLOCK P10 USER
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SUBROUTINE MODEL - USR10 REPORT - USR10
DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the complete user block summary report to

the normal ASPEN/SP output report file.
I Write the complete user block summary report to

a separate user block output report file on
logical unit 62 CALLED DCLIO.REP.

INT(3) - Number of operating duplicate trains, excluding
spares.
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) = Purity of the product oxygen stream, mole
REALM - Purity of the product nitrogen stream, mole
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of the oxygen stream

flow rate, kw/(MM SCF/hr of 02).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of
the oxygen stream flow rate,
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REAL(9) -(Mlbs/hr)/(MM SCF/hr of 02).

REAL(9) -Constant factor for the 600 pslg saturated steam
REAL(0) =consumption, Ml bs/hr.g
REAL(0) -600 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(31) = Constant factor for the 150 psig saturated steamI
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,

REAL(3) -(Mlbs/hr)/(M4 SCF/hr of 02).
REAL(3) -Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(35) = Constant factor for the plant fuel consumption,3
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of the oxygen
stream flow rate, (MM BTU/hr)/(MM SCF/hr of 02).

REAL(37) = Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per MM SCF/hr of the oxygen
stream flow rate, (Mgal/hr)/(M4 SCF/hr of 02).

REAL(39) - Constant factor for the process water consumption,

REAL(40) = MPaochrs water consumption per MM SCF/hr of the oxygenI
stream flow rate, (Mgal/hr)/(MI SCF/hr of 02).

REAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of the oxygen 1
stream flow rate,
(MM SCF/hr of N2)/(M4 SCF/hr of 02).

REAL(43) -I
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference oxygen production rate for a single train
in MM SCF/hr of 02 for the calculation of theI
ISBI field cost of a single train as a function of

REAL(2) =train capacity.
REAL(2) =Maximum size of a single train as defined by the

oxygen production rate in MM SCF/hr of 02.1
REAL(53) - Minimum size of a single train as defined by the

REAL(4) =oxygen production rate in MM SCF/hr of 02.I
REAL(4) =Constant A in the plant ISBI field cost equation.

REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBI field cost equation.I
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) = Future use.
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NOTES:
1. This model does not consider Argon as a separate element.

Hence, argon is lumped with nitrogen.
2. MM SCF/hr of 02 means the oxygen production rate in

MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.

%02 in 02 %N2 in N2 Future Use (8 items)
REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Flow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR10.
FLASH-SPECS STRM - 10SOI KODE-2 TEMP - 80.0 PRES = 350.0

STRM - 10S02 KODE-2 TEMP - -275.0 PRES = 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USRII.
BLOCK P11 USER

SUBROUTINE MODEL - USRII REPORT - USRII
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the

normal ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLII.REP.
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INT(3) =Number of operating duplicate trains, excluding spares.I
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum trainI
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) =History file additional output control switch.

0 -> Write no additional output to the history file.
1=-> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.U

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(1) =Fractional sulfur recovery; fraction of sulfur in

the entering H2S and COS that is recovered in the
product liquid sulfur stream. All entering liquid
sulfur entering in the feed stream is assumed to
be recovered in the liquid sulfur product stream.U

REAL(2)-
REAL(20) = Future use.

REAL(21) =Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of product sulfur,

kw/ (Ml bs/hr) .
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.I
REAL(24) = 900 psig / 150 F steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(25) - Constant factor for the 900 psig saturated steam I

consumption, Ml bs/hr.
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hrj/(Mlbs/hr).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Ml bs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REALM3) = Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.
REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of1

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(35) - Constant factor for the plant fuel consumption,I

REAL(36) = Plant fuel consumption per Mlbs/hr of product sulfur,
REAL(7) =(MM BTU/hr)/(Mlbs/hr).I
REALM) =Constant factor for the cooling water consumption,

G-583



REAL(38) = Cooling water consumption per Mlbs/hr of product
sulfur (Mgal/hr)/(Mlbs/hr).

REAL(39) = Constant factor for the process water consumption,

REAL(40) E Process. water consumption per Mlbs/hr of product
sulur,(Mgal/hr)/(Mlbs/hr).

REAL(1) =Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(2) -Nitrigen consumption per Mlbs/hr of product sulfur,U (MM SCF/hr of N2)/(Mlbs/hr).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.IREAL(51) = Reference product sulfur flow rate of a single train
in Mlbs/hr of S for the calculation of the ISBI field
cost of a single train as a function of capacity.IREAL(52) = Maximum size of a single train as defined by theproduct sulfur flow rate in Mlbs/hr of S.

REAL(53) = Minimum size of a single train as defined by the
product sulfur flow rate in Mlbs/hr of S.IREAL(54) - Constant A in the plant ISBI field cost equation.

REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant 1581 field cost equation.1REAL(57) - Constant F in the plant ISBL field cost equation.REAL(58) = Number of spare trains.
REAL(59) -

IREAL(70) = Future use.

S recovery
REAL 0.998482 &Ii Future Use (19 items)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 49.60954 0.0 0.0 0.0 0.0&
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022277 &U50 satd steam Plant fuel Cooling H20
0.0 0.882473 0.0 1.117916 0.0 7.89929 &
Process H20 NitrogenI0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 5.0 &
Ref Flow Max Flow Min Flow
15.4305 16.5 5.0 &I Plant cost equation costants.
A B E F Spares Future use (3 items)
0.0 11.615 0.7823 1.0 0.0 0.0 0.0 &I Future use (10 items)
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0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM = 11S-FGAS KODE=2 TEMP - 80.0 PRES = 14.7

STRM = 1IS-LIQS KODE=2 TEMP - 80.0 PRES = 14.7

Plant 31 - The Utilities plant - user Fortran block USR31.
BLOCK P31 USER

SUBROUTINE MODEL - USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT - 20 NREAL - 20

The following 20 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Not used.
2 => Not used.
3 => Skip writing the entire user block summary report.

INT(2) = User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2)

If INT(3) > 0, the number of duplicate t ains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Future use.
INT(6) Switches to select which fuels are burned in the steam
INT(10) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 - Plant fuel

INT(11) - Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(II) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
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is reached. Then the INT(12) fuel is used, etc.
The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 - Plant fuel
6 - Purchased electric power

INT(17) -
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REAL(l) - Reference electric power generation rate of a single

train in MW.
REAL(2) - Maximum size of a single train as defined by the

electric power generation rate in MW.
REAL(3) = Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) - Constant A in the plant costing equation.
REAL(5) = Constant B in the plant costing equation.
REAL(6) = Constant E in the plant costing equation.
REAL(7) - Constant F in the plant costing equation.
REAL(8) - Number of spare trains.
REAL(9) - Future use
REAL(10) - Future use
REAL(11) - Constant factor for the number of operators per

day, operators/day.
REAL(12) - Number of operators per day per train,

(operators/day)/train.
REAL(13) -
REAL(20) = Future use.

Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Plants 31.1 and 31.4 - The Fluidized Bed Combustor and Steam Turbine
Generator unit - user Fortran block USRA6.

BLOCK P314 USER
SUBROUTINE MODEL - USRA6 REPORT USRA6
DESCRIPTION 'PLANTS 31.1 AND 31.4 THE FLUIDIZED BED COMBUSTOR AND
STEAM TURBINE GENERATOR UNIT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary
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report.I
2 >Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.I

INT(2) =User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I1=> Write the user block summary report to a separateI

user block output report file on logical unit 62
called DCLA6.REP.

INT(3) =Number of operating duplicate trains, excluding spares.I
If INT(3 - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) =History file additional output control switch.

0 => Write no additional output to the history file.I
1 => Write the only the subroutine entry and exit

messages to the history file.
2 ->Write some additional output to the history file.I3-5> Write some more additional output to the history

file. Larger values generate more intermediate

INT 0 1 0 1 oupt
The following 70 real parameters are:
REAL(1) = Solids production expressed as fraction of URCOAL

in feed ending up in solids.I
REAL(2)-
REAL(20) - Future use.

REAL(21) = Constant factor for the power consumption, kw.I
REAL(22) - Power consumption per Mlbs/hr of unit feed,

kw/(Mlbs/hr of unit feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Ml bs/hr.I
REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(25) - Constant factor for the 900 psig saturated steamI

REAL(6) =consumption, Ml bs/hr.
REAL(6) =900 psig saturated steam consumption per Nibs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(27) = Constant factor for the 600 psig / 120 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(29) = Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Ml bs/hr. cnupinprMb/ro
REAL(0) -600 psig saturated steam cnupinprMb/ro

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REALM3) = Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) - 150 psig saturated steam consumption per Nibs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(3) = Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.
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IREAL(34) - 50 psig saturated steam consumption per Mlbs/hr of
unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(35) - Constant factor for the plant fuel consumption,a MM BTU/hr.
REAL(36) - Plant fuel consumption per Mlbs/hr of unit feed,

(Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(37) - Constant factor for the cooling water consumption,p Mgal/hr.
REAL(38) = Cooling water consumption per Mlbs/hr of unit feed,

(Mlbs/hr)/(Mlbs/hr of unit feed).IREAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) - Process water consumption per Mlbs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) = Nitrogen consumption per Mlbs/hr of unit feed,
REAL(3) -(MMI SCF/hr of N2)/(Mlbs/hr of unit feed).

REAL(48) = Future use.IREAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) =Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference feed rate to a single train in Mlbs/hr of
unit feed for the calculation of the ISBI field cost
of a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
REAL53) unit feed rate in Mlbs/hr of unit feed.
REA(53 =Minimum size of a single train as defined by the

unit feed rate in Mlbs/hr of unit feed.
REAL(4) -Constant A in the plant ISBL field cost equation.

REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBI field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(10) = Future use.

NOTE: The number of operators in this plant and Plant 91is set so
as to maintain the same total number of operators as used
for the baseline design.

Fraction of URCOAL in feed ending up in solidsIREAL 0.8500914 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &3 , Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 -552.6414 0.0 0.0 0.0 0.0 &I600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20I.0.0 0.0 0.0 0.0 0.0 27.99327 &
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Process H20 Nitrogen
0.0 0.06900667 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 30.0 &
Ref Flow Max Flow Min Flow
368.660 400.0 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet stream. These
values will override the default values in subroutine USRA6.
FLASH-SPECS STRM - SA6-01 KODE-2 TEMP - 130.0 PRES = 14.7

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL = USR38 REPORT - USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL38.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REALM - Ammonia recovery, percent.
REALM - Purity of aimnonia product, wt
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I REAL (3) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.IREAL(22) - Power consumption per Nibs/hr of NH3 recovered,
kw/(Mlbs/hr of NH3 recovered).

REAL(23) - Constant factor for the 900 psig / 750 F steamI consumption, Nibs/hr.
REAL(24) = 900 psig / 750 F steam consumption per Nibs/hr of

NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).

REAL(25) - Constant factor for the 900 psig saturated steam
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

REAL(27) recovered, (Nibs/hr)/(Nibs/hr of NH3 recovered).IEL27 Constant factor for the 600 psig / 720 F steam
consumption, Mibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of
NH3 recovered, (Nibs/hr)/(Mlbs/hr of NH3 recovered).3REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) = 600 psig saturated steam consumption per Nibs/hr ofI NH3 recovered, (Nibs/hr)/(Mibs/hr of NH3 recovered).REAL(31) - Constant factor for the 150 psi9 saturated steam
consumption, Mi bs/hr.3. REAL(32) - 150 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Nibs/hr)/(Nibs/hr of NH3 recovered).

REAL(33) =Constant factor for the 50 psig saturated steam
* consumption, Mi bs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr ofNH3 recovered, (Ni bs/hr)/(Ni bs/hr ofN3recovered).
REAL(35) - Constant factor for the piant fuel consumption,

NM BTU/hr.I (MM BTU/hr)/(Mlbs/hr of NH3 recovered).
REAL(37) = Constant factor for the cooling water consumption,U Mg al/hr.
REAL(38) - Cooling water consumption per Nibs/hr of NH3

recovered, (Mgal/hr)/(Nlbs/hr of NH3 recovered).
REAL(39) = Constant factor for the process water consumption,

IREAL(40) - Process. water consumption per Nibs/hr of NH3
recovered, (Ngal/hr)/(Nlbs/hr of NH3 recovered).

REAL(41) - Constant factor for the nitrogen consumption,
NN SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of NH3 recovered,I (NN SCF/hr of N2)/(Nlbs/hr of H recovered).
REAL(43) -
REAL(48) - Future use.3REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per operating train,

(operators/day)/trai n.
REAL(51) - Reference NH3 recovery rate of a single train in

of a single train as a function of train capacity.
REAL(52) = Naximum size of a single train as defined by the
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NH3 recovery rate in Mlbs/hr of NH3 recovered.
REAL(53) - Minimum size of a single train as defined by the

NH3 recovery rate in Mlbs/hr of NH3 recovered.
REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR38.

FLASH-SPECS STRM - NH3-PROD KODE-2 TEMP - 80. PRES = 14.7
STRM - 38S-OUT KODE-2 TEMP - 80. PRES = 14.7

Component splitter to generate the vapor and liquid streams
leaving Plant 38, the ammonia recovery plant.

BLOCK P38A SEP
FRAC SUBS = MIXED STRN - 38AS-VAP &
COMP H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
C2H6 C3H8 IC4HIO NC4HIO IC5HI2 NC5HI2 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
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0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492

FLASH-SPECS STRM - 38AS-VAP TEMP-90.0 PRES-25.0 NPK=1 KPH=1
STRM - 38AS-LIQ TEMP=90.0 PRES=25.0 NPK=1 KPH=2

; Flow splitter to generate the waste water stream going to the
; gasifier, Plant 9, and the stream going to the phenol recovery
; pl ant, Plant 39.
BLOCK P38B FSPLIT

FRAC WASTE 0.28595
PARAM NPK=I KPH=2

Plant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL = USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) = Phenol recovery, percent.
REAL(2) = Purity of phenol product, wt %.
REAL(3) -
REAL(20) = Future use.
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REAL(21) = Constant factor for the power consumption, kw.I
REAL(22) = Power consumption per Mlbs/hr of phenol recovered,

kw/(Mlbs/hr of phenol recovered).
REAL(23) = Constant factor for the 900 psig / 150 F steamI

consumption, Mlbs/hr.
REAL(24) - 900 ps19 / 750 F steam consumption per Mlbs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(25) - Constant factor for the 900 psig saturated steam
REAL(26) consumption, Ml bs/hr. cnupinprMb/ro
REAL(6) -900 psig saturated steam cnupinprMb/ro

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REL2)=Constant factor for the 600 psig / 720 F steam
REAL(7) =consumption, Mlbs/hr.
REA(28 - 00 sig/ 120 F steam consumption per Mlbs/hr of

REAL(8) =phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol

recovered).I
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) =consumption, Mlbs/hr. cnupinprMb/ro
REAL(0) =600 psig saturated steam cnupinprMb/ro

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(31) = Constant factor for the 150 psig saturated steamI
consumption, Mlbs/hr.

REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of
phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).I

REAL(33) - Constant factor for the 50 psig saturated steam
REAL(4) =consumption, Mlbs/hr.3
REAL(4) =50 psig saturated steam consumption per Mlbs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(5) =Constant factor for the plant fuel consumption,
REAL(5) =MM BTU/hr.

REAL(36) = Plant fuel consumption per Mlbs/hr of phenol
recovered,
(MM BTU/hr)/(Mlbs/hr of phenol recovered).I

REAL(37) = Constant factor for the cooling water consumption,

REAL(39) - Coiga /hr er consumption per Mlbs/hr of phenol3
recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).

REAL(39) = Constant factor for the process water consumption,
Mgal/hr.3

REAL(40) - Process water consumption per Mlbs/hr of phenol
recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).

REALM) =Constant factor forthnirgncsupo,
REAL(1) =MM SCF/hr of N2. thnirgncsupo,

REAL(42) - Nitrogen consumption per Mlbs/hr of phenol recovered,
REAL(43) (MM SCF/hr of N2)/(Mlbs/hr of phenol recovered).

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per

REAL(0) =day, operators/day.I
REALM) =Number of operators per day per operating train,
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(operators/day)/train.
REALM) = Reference phenol recovery rate of a single train in

Mlbs/hr for the calculation of the IKSBL field cost
of a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(53) = Minimum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and Pressure of the outlet streams. These
values will override the default values in subroutine USR39.
FLASH-SPECS STRM = PHENOL KODE=2 TEMP = 80. PRES = 14.7

STRM - WASTEH20 KODE-2 TEMP - 80. PRES = 14.7

Plant SA6 separates the combined product stream from Plants 31.1
and 31.4 into two streams, one for flue gas and another for solids.
The separation is set to the URCOAL fraction in the solids stream.

BLOCK SA6 SEP
FRAC SUBS=NC STREAM=FBC-SOL COMP=URCOAL FRAC=0.8500914

SUBS=MIXED STREAM=FBC-SOL COMP-TlOOO+ FRAC=I.OD-10
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;Splitter Si - The Inlet Coal Splitter. Used as a switch to divertU
; flow between the three different coal cleaning options, as represented

;by the three different Coal Cleaning and Preparation Plants:
; Base Case (1S0l), Alternate Case 1 (121l), and Alternate Case 2 (IS21).I
BLOCK SI FSPLIT
DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'
FRAC iSOl 0.0 / 1S11 0.0 /I1S21 1.01

;Splitter S6-SH20 is a component splitter to generate a pseudo
sour-water stream from Plant 6 to get the NH3 to Plant 38, the
Ammonia Recovery Plant.I

BLOCK S6-SH20 SEP
DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'
FRAC SUBS=MIXED STREAM=6S-SH20 COMP=NH3 FRAC=1.03

;Splitter S7 - The Product Naphtha Splitter. Used as a switch to
;divert flow between the naphtha reformer, Plant 7 and output to
naphtha product.I

BLOCK S7 FSPLIT
DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'

,Use the following line to direct total flow to the reformer, or....I
FRAC 7-NAPH 1.0

,Use the following line to direct total flow to the product stream.
FRAC PNAPHTHA 1.0

Splitter S8 - The Ash-Concentrate Splitter. Used as a switch to
divert flow between the fluidized bed combustor, Plant 314 and theI
coal gasification train; Plants M9C, P09, & P1O.

BLOCK S8 FSPLIT
DESCRIPTION 'ASH-CONCENTRATE SPLITTER - FBC OPTION 6 SWITCH'I
;Direct the ash-concentrate flow to coal gasification.
FRAC 58-ASHC 1.0

;Splitter S9 - The dummy hydrogen splitter used to switch betweenI
,the two hydorgen production alternatives, Plant 9.0/10 - coal
;gasification, or Plant 9.1 - steam reforming of methane.

BLOCK S9 FSPLITI
DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'
Set an H2 target flow for Plant 9.0/10 - coal gasification.

FRAC H9NEED 1.0

PARAM NPK=1 KPH=1

;Stream Report Section3

STREAM-REPORT PlA
STREAMS STRM - ROMCOAL ROMCOAL2 1S-CCOAL COALT09 COALT02 &I

14S-XMID 14S-REF 1S-XMID 1S-REFSE&
ASH-CONC S8-ASHC 9-FEED SLAG SOLVENT &

FLOW-RAC S 2S-BOTTS FBC-FEED SA6-O1 FBC-SOL FBC-GASFLO-FRC UBS=MIXED BASES-MASS / SUBS=NC BASES=MASS
INTENSIVE-PROPS SUBS-MIXED BASES=MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP/

SUBS-NC BASES-MASS &
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PROPS-TEMP PRES MW ENTH DENS
ATTRIBUTES SUBS=NC COMPONENT

STREAM-REPORT PlB
STREAMS STRM = 1S-WATER 14S-WAT 2-H20IN 2-H2IN H2MIX 2-H2MIX &

SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &
NAPHTHA GAS-OIL H2-RICH SOUR-GAS P61-GAS &
H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2 3-GAS &
3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20 &
4-FEED 4-H2IN 4-H20IN 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H2IN 5-H20IN &
5S-NAPH P350-450 P450-650 P650-850 5S-SH20 &
PS-NAPH PNAPHTHA 7-NAPH 7S-H2 7S-GAS REFORMED &
61-HYD 62-HYD M9H2 MgH4 M9H5 MHNEED &
H9NEED H91NEED &
10-AIRIN 10SO1 10S02 9-02IN 9-H20IN 9-STEMIN &
H2-GAS H2S-GAS VENT-GAS 9S-SH20 &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SH20 11-FEED 11S-FGAS 11S-LIQS 31S-01 &
38-FEED NH3-PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS=MIXED BASES=MASS
INTENSIVE-PROPS SUBS=MIXED BASES=MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP

End of input file OPT2.INP
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION 3 -- I

THERMAL-CATALYTIC LIQUEFACTION REACTOR CONFIGURATION

NEW

File: OPT3.INPI

TITLE 'OPTION 3 - THERMAL/CATALYTIC OPTION - NTH PLANT SIMULATION'

DESCRIPTION &
"ASPEN/SP INPUT FILE FOR SIMULATING OPTION 3, THE THERMAL/CATALYTIC
COAL LIQUEFACTION REACTOR DESIGN, FOR THE NTH PLANT. THIS INPUT FILE
ALSO CAN BE USED TO RUN OPTION 6 (STEAM REFORMING OF NATURAL GAS FORI
HYDROGEN PRODUCTION WITH AN FBC UNIT) AND OPTION 7 (NAPHTHA REFORMING)."1

NOTES:U
1. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. The switches LOSBL and LPLANT contained in Fortran block SUMMARY

control the costing logic for OSBL and first or Nth plant.3. Option 6 (hydrogen production by steam reforming of natural
gas with an FBC unt) is activated by variable N9 in Fortran
block OPTION6. When N9 =1, Option 6 is invoked.I

4. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.I

5. The costing logic is controlled by switches in Fortran blockSUMMARY.

Last revision - July 16, 1992.1

Prepared under DOE contract no. DE-AC22 90PC89857.3

IN-UNITS ENG
OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX- ERRORS= 100

;The following two lines are used with VB.0 to produce the overall
;and block elemental balances.m

;REPORT ATOMBAL
;BOKRPORT ATOMBAL

HISTORY MSG-LEVEL PROPERTIES=2
MAX-PRINT PROPERTIES=100 SIMULATION=2000

PROPERTIES SYSOP2 GLOBAL

PSEUDO-COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &U
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;The following APIs and MWs are revised from the ASPEN/SP predictions.
;Component T1000+ is the 1000+ F material leaving the second coalI liquefaction reactor in Plant 2.
Component I1000+ is the 1000+ F intermediate material leaving the

first coal liquefaction reactor in Plant 2.
COMPONENT T125 TBP=324.82 <K> API=67.91 MW= 82.21
COMPONENT T175 TBP=352.59 <K> API=61.99 MW= 92.77
COMPONENT T225 TBP=380.37 <K> API=56.21 MW=102.84
COMPONENT T275 TBP=408.15 <K> API=50.60 MW=112.50
COMPONENT T325 TBP=435.93 <K> API=45.18 MW.121.82ICOMPONENT T375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT 1475 TBP=519.26 <K> AP1=30.19 MW=148.60
COMPONENT T525 TBP=547.04 <K> API=25.66 MW=157.54
COMPONENT 1575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT T625 TBP-602.59 <K> API=17.38 MW=176.16UCOMPONENT T675 TBP=630.31 <K> API=13.66 MW=186.05
COMPONENT T725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT 1175 TBP=685.93 <K> API- 1.09 MW=207.375COMPONENT 1825 TBP=713.71 <K> API- 4.27 MW=218.85
COMPONENT 1875 TBP=741.48 <K> API= 1.78 MW=230.87
COMPONENT 1925 TBP=769.26 <K> API-0.39 MW=243.37
COMPONENT 1975 TBP=797.04 <K> API=-2.22 MW=256.24
COMPONENT 11000+ TBP=824.82 <K> API=-3.69 MW=269.33
COMPONENT P125 TBP=324.82 <K> API=67.91 MW= 82.27
COMPONENT P175 TBP=352.59 <K> API=61.99 MW= 92.177
COMPONENT P225 TBP=380.37 <K> API=56.21 MW=102.84UCOMPONENT P275 TBP=408.15 <K> API=50.60 MW=112.50
COMPONENT P325 TBP-435.93 <K> API=45.18 MW=121.82
COMPONENT P375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT P425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT P475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT P525 TBP=547.04 <K> API=25.66 MW=157.54ICOMPONENT P575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT P625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT P675 TBP=630.31 <K> API=13.66 MW=186.05
COMPONENT P725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT P775 TBP=685.93 <K> API- 7.09 MW=207.37
COMPONENT P825 TBP-113.71 <K> API- 4.27 MW=218.85
COMPONENT P875 TBP-741.48 <K> API- 1.18 MW=230.87
COMPONENT P925 TBP=769.26 <K> API=-0.39 MWrn243.37
COMPONENT P975 TBP-197.04 <K> API--2.22 MW=256.24
COMPONENT P1000+ TBP=824.82 <K> API--3.69 MW=269.33
COMPONENT 11000+ TBP=825.00 <K> API--4.00 MW=275.00ICOMPONENT REFORMAT TBP-390.OO <K> API=38.25 MW=100.O0

COMPONENTS H2 H2 / N2 N2 / 02 02 / H2S H2S / CO CO / C02 C02 /NH3 H3N/I 1L-SULFUR SULFUR / H20 H20 / HCL HCL / COS COS / CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / IC4H1O C4HlO-2 /NC4H1O C4H1O-1
ICSI112 C5HI2-2 / NC5H12 C5H12-1/I ; Pseudocomponents
T125 T 175 T 225 T 215 T 325 T 315 T 425 T 475/
1525 T 575 T 625 T 675 /T125 T7175 T 825 T 875/

1925 T 975 T 1000+ /
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P125 /P175 /P225 /P275 /P325 /P375 /P425 /P475/I
P525 /P575 /P625 /P675 /P725 /P775 /P825 /P875/
P925 /P975 /P1000+ /11000+ / REFORMAT/

Non-conventional componentsI
COAL /URCOAL /SLAG

FORMULA H2 H2/N2 N2/0202/H2S H2S /COCO/C02 C02 /NH3 H3N
1-SULFUR S / H20 H20 / CL HCL / COS COS /CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 /NC4H1O C0H1O / IC4H1O C4H1O/
NC5H12 CSH12 / IC5H12 C5H12

; Load the liquid sulfur (1-SULFUR) physical properties as taken from
;DIPPR - MW adjusted to be consistent with ASPEN.

PROP-DATA IN-UNITS SI
PROP-LIST MW I TC I PC / VC / ZCPVAL 1-SULFUR 32.06 I1313.0 /1.8208E+7 /0.15800 /0.2640
PROP-LIST MUP /OMEGA I TB / RGYR
PVAL 1-SULFUR 0.0 /0.2624 I 717.82 I 0.0I
PROP-LIST DELTA W GORM4 / WHORM
PYAL 1-SULFUR 2.0245E+4 /2.3825E+8 /2.7880E+8
PROP-LIST CPIGI
PVAL L-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0&

273.15 1500.0 0.0 87.113 1.0

Load the solubility parameter for COS from the API Tech Data Book.I
PROP-LIST DELTA
PVAL COS 18179.0

Reset some component molecular weights to be consisitent with the
following elemental atomic weights, where needed.
H=1.0079, C=12.011, 0=15.9994, N=14.0067, S-32.06 & C1=35.453I
PPLIS H22.15
PVAL N2 2.0134
PYAL 02 31.9988
PVAL H2S 34.0758
PVAL CO 28.0104
PVAL C02 44.0098I
PVAL NH3 17.0304
PVAL H20 18.0152
PYAL HCl 36.4609
PVAL COS 60.0704I
PVAL CH4 16.0426
PVAL C2H6 30.0694
PVAL C3H8 44.0962
PVAL IC4H1O 58.1230
PVAL NC4H1O 58.1230
PVAL 1C5H12 72.1498I
PVAL NC5H12 72.1498

Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS to
ithe values given in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGR
PVAL H2 0.3000

PVAL CO 0.3000
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IPVAL C02 0.8180
PVAL NH3 0.6162
PVAL H2S 0.8014IPVAL N2 0.8094
PVAL COS 1.0200

ATTR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANALIATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL

INC-PROPS COAL ENTHALPY HCOALGEN/
DENSITY DCOALIGT

NC-PROPS URCOAL ENTHALPY HCOALGEN/

NC-PROPS SLAG ENTHALPY HCOALGEN DNIY DHRG
DENSITY DCHARIGT

DEF-STREAMS MIXNC ALL
Set an initial GUESS for the RON COAL stream to Plant 1.

STREAM ROMCOAL
SUBSTREAM MIXED TEMP = 71.0 PRES = 14.7
MASS-FLOW H20 24798.03 SUBSTREAM NC TEMP - 71.0 PRES - 14.7
MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0
COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.70)/

ULTANAL (21.7 61.1 4.2 1.2 0.1 5.1 6.6)/I SULFANAL (3.0 0.3 1.8) /
AOXANAL (43.8 11.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

;Fake the URCOAL properties.
COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/

ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.076)!
SULFANAL (2.507 0.253 1.507) /
AOXANAL (43.8 11.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)U; Fake the SLAG properties.

COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)/
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/
SULFANAL (0.0 0.0 0.0)/
AOXANAL (42.0 11.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)

;Set an initial GUESS for the fresh make-up H2 stream to Plant 2.I; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 2-H2IN

SUBSTREAM MIXED TEMP = 100.0 PRES - 3440.0
MASS-FLOW H2 70300.0 / N2 980.0

;Set an initial GUESS for the total water feed streams (both steam
;and wash water) to Plant 2.I STREAM 2-H2OIN
SUBSTREAN MIXED TEMP - 126.0 PRES - 3200.0
MASS-FLOW H20 1346856.0

Set an initial GUESS for the ROSE EXTRACT stream to Plant 2 (T/C opt).
STREAM ROSE-XTR

SUBSTREAM MIXED TEMP = 300.0 PRES - 3215.0
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MASS-FLOW T675 147. / T725 147. / T775 147. / T825 147.0
T875 911. / T925 911. / T975 911. / TIOOO+ 831960.

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but
the input stream is required. Thus, set a small H20 flow to avoid
ASPEN warnings.

STREAM SOLVENT
SUBSTREAM MIXED TEMP - 500.0 PRES - 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES - 28.0
MASS-FLOW H20 0.0

T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 TIOOO+ 642440.0

SUBSTREAM NC TEMP = 688.0 PRES - 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

; Set an initial GUESS for the H2 stream to Plant 4.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 4-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
STREAM 5-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP - 60.0 PRES = 14.7
MASS-FLOW NH3 2830.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 14.7
MASS-FLOW H20 967545.0

Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN

SUBSTREAM MIXED TEMP - 450.0 PRES - 500.0
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MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-02IN

SUBSTREAM MIXED TEMP - 80.0 PRES = 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP = 70.0 PRES = 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the CH4 stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP - 70.0 PRES - 100.0
MASS-FLOW CH4 307352.

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP = 620.0 PRES - 500.0
MASS-FLOW H20 864428.

Model Connectivity

FLOWSHEET__COA -------
Plant MI is the clean coal outlet streams mixer.
Stream 1S-CCOAL is the combined outlet clean coal product stream.

Plant M2 is the middling coal outlet streams mixer.
Stream IS-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer
Stream 1S-REFSE is the combined outlet reiuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream 1S-WATER is the combined outlet waste water product stream.

Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant M-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.

Plant PI-ALTI is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream IS12 is the outlet clean coal product stream.
Stream 1S13 is the outlet middling coal product stream.
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Stream IS14 i s the outlet refuse product stream.
Stream IS15 is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream 1S22 is the outlet clean coal product stream.
Stream 1S23 is the outlet middling coal product stream.
Stream 1S24 is the outlet refuse product stream.
Stream 1S25 is the outlet waste water product stream.

Plant PI-BASE is the Coal Cleaning and Preparation Plant - BASE CASE.
Stream IS02 is the outlet clean coal product stream.
Stream IS03 is the outlet middling coal product stream.
Stream IS04 is the outlet refuse product stream.
Stream IS05 is the outlet waste water product stream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02TC is the THEREMAL/CATALYTIC Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to

supply the steam required to Plant 2.
Stream ROSE-XTR is the deashed product stream.
Stream 2-H2OIN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.1.
Stream 2S-SH20 is the sour water product stream.

Plant P02A simulates the fractionation of the bottoms stream leaving
Plant 2 into a 850-1000 F cut for gasifiaction and the ROSE-SR unit
feed stream
P02A IN - BOTTOMS OUT = S2-GASIF ROSE-FD

Plant P03 is the Gas Plant.
Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
Stream 4-H21N is the hydrogen feed stream.
Stream 4-H20IN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH20 is the hydrotreater sour water stream.

Plant P05 is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H2IN is the hydrogen feed stream.
Stream 5-H2OIN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
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Stream P650-850 is the hydrotreated 650 - 850 F product stream.
Stream 5S-SH20 is the hydrotreater sour water stream.

Plant P61 is the model for the Hydrogen purification by Membrane
Separation Plant, Plant 6.1.

Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2-rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbon product gas stream.
Stream REFORMED is the reformate product stream.

Plant P81 is the model for the ROSE-SR Critical Solvent Deashing unit.
Stream ROSE-XTR is the deashed product stream.
Stream ASH-CONC is the ash concentrate stream.

Plant P11 is the Sulfur plant.
Stream 11S-LIQS is the sulfur product stream.
Stream IIS-FGAS contains all the other material in the feed that

does not leave in the product SULFUR STREAM.
Plant P31 is the simplified model for the utility plant.
Stream 31S-01 is the dummy product stream.

Plant P314 is the model for the Fluidized Bed Combustor and the
Steam Turbine Generator unit.
Stream FBC-FEED is the feed stream to Plant P314.
Stream SA6-01 is the combined product stream out of Plant P314.

Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.
Stream 38S-OUT is the reject stream.

Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 38B.

Plant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coal
gasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.
Plant P39 is the phenol recovery plant.
Stream PHENOL is the phenol product stream.
Stream WASTEH20 is the waste water stream.

Plant SA6 is the product stream separator from Plant P314.
Stream FBC-GAS is the gas product stream from Plant SA6.
Stream FBC-SOL is the solids product stream from Plant SA6.

Block S1 is the inlet coal splitter.
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Stream ROMCOAL is the inlet RON coal stream.I
Stream ISOl is the splitter outlet to the base case plant.
Stream 1S11 is the splitter outlet to the alternate case 1 plant.
Stream 1S21 is the splitter outlet to the alternate case 2 plant.I

,Block S2 is the clean coal splitter.
Stream 1S-CCOAL is the inlet clean coal stream.
Stream COALT014 is the splitter outlet to plant 2.
Stream 9-COAL is the splitter outlet to plant 9.I

Block S6-SH2O is a component splitter to generate a pseudo sour-water
stream from Plant 6 to get the NH3 to Plant 38, the Ammonia Recovery
Plant.I
Stream 6S-SH2O is the pseudo sour-water stream.
Stream 11-FEED is the Plant 11 feed stream.

,Block S7 is the product naphtha splitter.
Stream PS-NAPH is the inlet product naphtha stream.
Stream 7-NAPH is the splitter outlet to the naphtha reformer plant.
Stream PNAPHTHA is the splitter outlet as product naphtha.

Block S8 is the ash-concentrate splitter.I
Stream ASH-CONC is the inlet ash-concentrate stream from the ROSE.
Stream FBC-FEED is the splitter outlet to the FBC plant.
Stream S8-ASHC is the splitter outlet to the M9C coal mixer.

Ml IN = 1S02 IS12 IS22 OUT = 1S-CCOAL
M2 IN =1S03 IS13 1S23 OUT - 1S-XMID
M-2HYD IN = H2MIX 2-H2IN OUT - 2-H2MIX1
M3 IN = IS04 1S14 1S24 OUT = 1S-REFSE
M38 IN = 25-SH20 35-SH20 4S-SH20 5S-SH20 6S-SH20 95-SH20 &

OUT = 38-FEED IM4 IN = 1SO5 1S15 IS25 OUT - iS-WATER
M-462 IN - 4S-GAS GASES 5S-LPGAS 3S-SGAS 7S-H2 OUT - 62-HYD
M-561 IN - 5S-HPGAS 2S-GAS OUT - 61-HYD
M-6GAS IN = SOUR-GAS SOUR-2G5 H2S-GAS 38AS-VAP OUT = 6-SGAS
M-73 IN = GAS-OUT iS-GAS OUT = 3-GAS
M-HYD IN = H2-RICH H2-2RICH OUT - H2MIX DUMMY
M-NAP IN =NAPHTHA2 3S-OIL OUT - 4-FEEDI
M-PNAP IN = 4S-NAPH 5S-NAPH OUT - PS-NAPH
Pi-ALTi IN = IS11 OUT - 1S12 1S13 1S14 I15
P1-ALT2 IN = IS21 OUT = IS22 1S23 1S24 1S25I
P1-BASE IN = IS01 OUT = IS02 1S03 1S04 IS05
P14 IN = COALT014 OUT - COALT02 14S-XMID 14S-REF 14S-WAT
P02TC IN = 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &

OUT = 2S-GAS GASES NAPHTHA GAS-OIL 2S-BOTTS 25-SH20I
P02A IN = 2S-BOTTS OUT = S2-GASIF 81-FEED
P03 IN - NAPHTHA 3-GAS &

OUT = 35-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-5H20IP04 IN - 4-H2IN 4-FEED 4-H2OIN &
OUT - 4S-GAS 4S-NAPH 4S-SH20

P05 IN - 5-H2IN GAS-OIL 5-H2OIN &I
OUT - 5S-HPGAS 5S-LPGAS 5S-NAPH P350-450 P450-650&

P650-850 5S-SH20
P61 IN - 61-HYD OUT - H2-RICH SOUR-GAS P61-GAS
P62 IN - 62-HYD P61-GAS &I

OUT = H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2
P07 IN = 7-NAPH OUT - 7S-H2 7S-GAS REFORMED

P81 IN = 81-FEED OUT - ROSE-XTR ASH-CONC
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P11 IN - 11-FEED OUT - 11S-FGAS 11S-LIQS
P31 IN = 3S-FGAS OUT - 31S-01
P314 IN = FBC-FEED OUT - SA6-OiIP38 IN = 38-FEED OUT - NH3-PROD 385-OUT
P38A IN - 385-OUT OUT - 38AS-VAP 38AS-LIQ
P38B IN = 38AS-LIQ OUT - WASTE 39FEED
P39 IN - 39FEED OUT - PHENOL WASTEH20
SA6 IN = SA6-O1 OUT - FBC-SOL FBC-GAS
Si IN - RONCOAL OUT - 1501 1511 1S21
S2 IN - 1S-CCOAL OUT - COALT014 9COAL
S6-SH2O IN = 6-SGAS OUT - 6S-SH2O 11-FEED

S7IN - PS-NAPH OUT - 7-NAPH PNAPHTHA

FLOWSHEET HYDROGEN
Plant M9 is the hydrogen stream mixer.
Stea M9H2 is the dummy H2 stream to the liquefaction unit.

StemM9H4 is the dummy H2 stream to the naphtha hydrotreater.
StemM9H5 is the dummy H2 stream to the gas-oil hydrotreater.

Stream HHNEED is the dummy H2 stream from the mixer.
Plant M9C is the coal stream mixer.
Stream S2-GASIF is the 850-1000 F cut from the T/C option of Plant 2

that is gasified.
Stream COALT09 is the clean coal stream to the mixer.IStream S8-ASHC is the ash concentrate stream from the ROSE unit.
Stream 9-FEED is the mixed coal stream to the gasifier.

Plant P09 is the plant for producing hydrogen by coal gasification.IStream 9-H2OIN is the water feed stream to the gasifier section.Stream 9-02IN is the purified 02 stream from the air sep. plant.
Stream 9-STEMIN is the steam that goes to the shift reactors.
Stream H2-GAS is the product hydrogen stream.

Stream VENT-GAS isthe product vent gasstream.
Stream H25-GAS is the product hydrogae sfdstream.

Strem SAG i th prouctslag stream.
Plant P91 is the Steam Reforming of Natural Gas Plant.
Stream NAT-GAS is the inlet natural gas stream.
Stream STEAM is the inlet process water stream.
Stream H2-PROD is the product hydrogen stream.
Stream FLUE-GAS is the product flue gas stream.

Plant PlO is the Air Separation Plant.
Stream 10OSIRl is the pirdut oxgstream.
Stream lOOIRI is the ariut oxgstream.

; Stream 10S02 is the product nitrogen stream.
Plant S9 is the hydrogen stream splitter.
Stream H9NEED is the dummy H2 stream for the gasifier.
Stream H91NEED is the dummy H2 stream for the steam reformer.

M9H IN - M9H2 M9H4 M9H5 OUT -=HNE
M9C IN - S2-GASIF S8-ASHC COALT09 OUT - 9-FEED
P09 IN - 9-FEED 9-H2OIN 9-02IN 9-STEMIN &I OUT - H2-GAS H2S-GAS VENT-GAS 9S-SH20 SLAG
P91 IN = NAT-GAS STEAM OUT - H2-PROD FLUE-GAS
PlO IN - 10-AIRIN OUT - lOSOl 10S02
S9 IN = MHNEED OUT - H9NEED H91NEED
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Design Specifications

-----------------
Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)

;to a specified weight percent (HPCT2) of the MAF coal input stream.
DES-SPEC 2H2FLO

DEFINE CHP2 MASS-FLOW STREAM=2-H2MIX COMPONENT=H2I
DEFINE CCOAL MASS-FLOW STREAM=COALT02 SUBSTREAM=NC COMPONENT=COAL
DEFINE CCASH COMP-ATTR-VAR STREAM=COALTO2 SUBSTREAMV=NC &

COMPONENT-COAL ATTRI BUTE=ULTANAL ELEMENT= 1IC Set the specified H2 rate to Plant 2 in wt% in the following line.
F' HPCT2 - 7.9205D0
C DAFCOAL is the dry ash-free coal (MAF coal).
F DAFCOAL =CCOAL * (100.0D0 - CCASH) * 0.01D0
F H2P2 - O.01D0 * HPCT2 * DAFCOAL

SPEC CHP2 TO H2P2
TOL-SPEC 0.1I
VARY STREAM-VAR STREAM=2-H2IN VARIABLE=MASS- FLOW
LIMITS 100 1000000

;Design spec to set the correct ROM coal flow to the splitter to
;obtain the desired 17,102 TPSD of MF coal flow rate to the coal
liquefaction plant, Plant 2.U

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COAL
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal.

F TPD - 17102.ODO
F WTPHR = (TPD * 2000.ODO) / 24.ODO

SPEC CTARG TO WTPHR
TOL-SPEC 0.1
VARY MASS-FLOW STREAM'=ROMCOAL SUBSTREAM'=NC COMPONENT=COAL
LIMITS 100 10000000

;Design spec to set the correct 9-FEED flow rate to the Plant 9,
;coal gasifier, to obtain the desired hydrogen production rate.

DES-SPEC H2FLO
DEFINE HOUT MASS-FLOW STREAI4=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAMw 49NEED COMPONENT-H2
SPEC HOUT TO HTOT
TOL-SPEC 1.0
VARY STREAM-VAR STREAI4=COALTO9 SUBSTREA4=NC VAR=MASS-FLOW
LIMITS 0.1 10000000

;Design spec to set the heat duty to block M-HYD to zero by
;varying the temperature. This corrects a temperature calculatingI;error in the ASPEN mixer block algorithm.

DES-SPEC HD-HYD
DEFINE HDTY BLOCK-VAR BLOCK=M-HYD SENTENCE-RETENTION VARIABLE=HEAT-DUTY
SPEC HDTY TO 0.0
TOL-SPEC 1000
VARY BLOCK-VAR BLOCK-M-HYD SENTENCE-PARAM VARIABLE=TE4PERATURE
LIMITS 10 500
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;Design spec to set the 10-AIRIN stream flow to produce the required
;amount of oxygen product required by Plant 9, coal gasification.I DES-SPEC 02FLO
DEFINE FLOIOS STREAM-VAR STREAM=10S01 VAR=MASS-FLOW
DEFINE FLOOXY STREAM-VAR STREAM=9-021N VAR=MASS-FLOWI SPEC FLOlOS TO FLOOXY
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=10-AIRIN VARIABLE=MASS-FLOW
LIMITS 0.1 10000000

;Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLO

DEFINE HOUT2 MASS-FLOW STREAM=H2-PROD COMPONENT=H2
DEFINE HTOT2 MASS-FLOW STREAM=H91NEED COMPONENT=H2
SPEC HOUT2 TO HTOT2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=NAT-GAS VARIABLE=MASS-FLOW
LIMITS 1000 600000

Transfer Blocks

Transfer block to set COALT09 equal to the 9COAL stream (the wet
provides the initial guess flow rate for COALTO9.

TRANSFER CCOALI SET STREAM COALT09
EQUAL-TO STREAM 9COAL

;! Transfer block used to set the hydrogen flow rates of the input
;streams to the calculated hydrogen flows to Plant 2 (2-H21N),
;Plant 4 (4-H2IN), and Plant 5 (5-H2IN). M9's represent hydrogen
;flows from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.

TRANSFER HFLOW
SET STREAM M9H2
EQUAL-TO STREAM 2-H2IN
SET STREAM M9H4
EQUAL-TO STREAM 4-H2IN
SET STREAM M9H5
EQUAL-TO STREAM 5-H21H

Fortran Blocks

coal- oingto-Plnt-9
Fortran block to set the correct water flow rate in the clean

FoRTaN gCoAL olnt9FOTAICA
DEFINE W9COAL MASS-FLOW STREAM=9COAL COMPONENT=H20
DEFINE C9COAL MASS-FLOW STREAM=9COAL SUBSTREAM=NC COMPONENT=COAL
DEFINE WCT09 MASS-FLOW STREAM=COALT09 COMPONENT=H20
DEFINE CCT09 MASS-FLOW STREAM=COALT09 SUBSTREAM=NC COMPONENT=COAL

F WCT09 = CCT09 * (W9COAL / C9COAL)

;This Fortran block resets the split fraction in S2 to provide the
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,flow rate of coal to Plant 9.0.
FORTRAN COALFLOW

DEFINE C14 STREAM-VAR STREAN=COALTOI4 VAR=MASSFLOW
DEFINE C9 STREAM-VAR STREAM4-COALT09 VAR=MASSFLOWIDEFINE RC STREAM-VAR STREAt4=ROMCOAL VAR=MASSFLOW
DEFINE CC STREAM-VAR STREAM=1S-CCOAL VAR=MASSFLOW
DEFINE SFRAC BLOCK-VAR BLOCK=S2 SENTENCE=FRAC VAR=FRAC &
ID1=COALTOI4 ELEMENT-iI

C Cal cul ate total clean coal.
F TCC =C14 +C9
C Reset the ROMCOAL feed rate to match the new value.F RC -RC *(TCC /CC)
C Reset the split fraction in S2 to correct 9COAL flow rate.
F SFRAC =C14 / (C9 +C14)
,This FORTRAN block will calculate the initial ratio of the MIXED
,substream flow to the NC substream flow in the stream ROMCOAL.
It will store this result in RATIO, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flow

,that is varied by the COALFLO design-spec. This is needed to set
,the correct amount of water entering with the RON coal.IFORTRAN MIXFLO

F COMMON /RATIO/ RMIXNCP
F COMMON /RGLOB/ RDUM1, RI4IN
DEFINE FLONCP SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAM=NC VAR=MASSFLOW IDEFINE FLOMIX SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAM=MIXED VAR=MASSFLOW
C The following should only be true on the first pass. This prevents
C writing over the initial substream ratio on subsequent passes.F IF (RMIXNCP .LT. RM'IN) THEN
F RMIXNCP - FLONCP / FLOMIX
F END IF
C Adjust the other substream flow based on changes to the NC
C substream.
F FLOMIX - FLONCP / RNIXNCP

Fortran block to dynamically set the URCOAL fraction in the
;separation block, SA6, equal to the solids production parameter,
;REAL(I), in block P314, the fluidized bed combustor. This blockI
;only has significance when Option 6 is in effect.

FORTRAN SA6SET
DEFINE FRACI BLOCK-VAR BLOCK=P314 SENTENCE=REAL VAR=REAL ELEMENT=1
DEFINE FRAC2 BLOCK-VAR BLOCK=SA6 SENTENCE-FRAC VAR=FRAC ID1=NC &I
ID2=FBC-SOL ELEMENT-i

F FRAC2 = FRACI

; FORTRAN block to set the COMBINED steam and water flow rate to
; Plant 2 as a specified weight percent of the dry coal feed.
FORTRAN SETUP2

DEFINE FEED2 MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COALDEFINE H202 STREAM-VAR STREAM=2-H2OIN VAR=MASSFLOW
C The following value is for the T/C option (Option 3).
F H202 - 0.9450434 * FEED2

; FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)
; to a specified weight percent (HPCT4) of the naphtha feed stream,I
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I ; and the hydrogen flow rate to Plant 5 (5-H2IN) to a specified weight
;percent (HPCT5) of the gas oil feed stream. This block also sets
;the inlet water flow rates for these plants to specified rates
;as functions of the hydrocarbon feed rates.

FORTRAN SETUP45
DEFINE CHP4 MASS-FLOW STREAII=4-H2IN COMPONENT=H2
DEFINE CHP5 MASS-FLOW STREAM=5-H2IN COMPONENT=H2DEIEFP TEMVRSRA=-2N VRMSFO
DEFINE FLP4 STREAM-VAR STREAM=4-H2IN VAR=MASSFLOW
DEFINE FLP STREAM-VAR STREAM=4-H2IN VAR=MASSFLOW
DEFINE XNAPH STREAM-VAR STREAM=-FEEDOI VAR=MASSFLOWI'DEFINE XGO0L STREAM-VAR STREAM=GA-O2IL VAR=MASSFLOW
DEFINE H205 STREAM-VAR STREAM=4-H2OIN VAR=MASSFLOW

C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 = 1.1855
F HPCT5 = 2.7554
F H2P4 = 0.O1DO * HPCT4 * XNAPHIF FLP4 - H2P4 * (FLP4 / CHP4)
F H2P5 = O.O1DO * HPCT5 * XGOIL
F FLP5 - H2P5 * (FLP5 / CHP5)I.C Set the specified H20 rates in wt% in the following two lines.
F H204 - 0.089017 * XNAPH
F H205 = 0.054217 * XGOIL

;FORTRAN block to set the steam, water and oxygen stream flow rates
;to Plant 9 based on the inlet flow rate of hydrocarbons and NC
;components (on a dry ash-free basis). Note the T/C Option adjustment
; on the oxygen plant.
FORTRAN SETUP9
DEFINE FL29MX SUBSTREAI4-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE ULCOAL COMP-ATTR-VAR STREAM-19-FEED SUBSTREAM=NC &

COMPONENT=COAL ATTRIBUTE=ULTANAL ELEMENT=1
DEFINE ULURC COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &

COMPONENT=URCOAL ATTRIBUTE=ULTANAL ELEMENT=1IDEFINE FL29C MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT=COAL
DEFINE FL29UR MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT=URCOAL
DEFINE FL29W MASS-FLOW STREAM=9-FEED COMPONENT=H20
DEFINE FL2STM STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOW
DEFINE FL2H2O STREAM-VAR STREAM=9-H2OIN VAR=MASS-FLOW
DEFINE FL202 STREAM-VAR STREAM=9-02IN VAR=MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the£C inlet flow rate of hydrocarbons and NC components (on a dry basis).
F X1 = O.01*FL29C *(1000.ULCOAL)
F X2 = O.01*FL29UR*(1OO.O-ULURC)
F1 FL2STM = 0.25495 *(FL29MX + XI + X2 -FL29W)

F FL2H2O - 1.4723 *(FL29MX + XI + X2 -FL29W)

F FL202 - 1.1365 *(FL29MX + X1 + X2 -F129W) * 1.055

Fortran block to set up the common and OSBL utility consumptions.
FORTRAN SETUP31
F COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PINTID
DEFINE DCOAL2 SUBSTREAM-VAR STREAM=COALTO2 SUBSTREAM=NC VAR=MASS-FLOW
C COMMON /USRCO3/ is used to transfer variables FIN(5,4),

C FOUT(20,4), PGAS, PPWR, OPTN6'I H-15



C See Subroutine USRSR1 for the definition of the items in namedI
C common block /USRCO3/.
C Base all the offsite and OSBL utilities consumptions on the dry

C coal feed rate to Plant 2, the Coal Liquefaction Plant. IgnoreI
C cooling and process water consumptions and productions.
F PLNTID (19) - 'OTHERS'
C Electric Power.
F UTIL(19,1) = 25.1346 * DCOAL2 * 0.001£
F IF ( OPTN6 .GE. 0.99D0 UTIL(19,1) - 29.5411 *DCOAL2 *0.001

C 600 psig steam at 720F.
F UTIL(19,4) - 0.051222017 DCOAL2 * 0.001 '

C 150 psig saturated steam.
F UTIL(19,6) = 0.04350367 * DCOAL2 * 0.001
C 50 psig saturated steam.
F UTIL(19,7) =0.06757103 * DCOAL2 * 0.001

Fortran statement to set the molar flow rate of the STEAM stream to
be in balance with the feed stream to Plant 9.1.I

FORTRAN SETUP91
DEFINE GS STREAM-VAR STREAM=NAT-GAS VAR IABLE=MOLE -FLOW
DEFINE ST STREAM-VAR STREA4=STEA4 VARIABLE=MOLE-FLOW

F IF (GS .GT. 0.ODO ) THEN
F ST = 2.504543D0 * GS
F ELSE
F ST - 0.ODO
F ENDIF

Fortran block to switch between Plants 9.0 and 10 (Baseline Design
Case) or Plants 9.1, 31.1 and 31.4 (Option 6).

FORTRAN OPTION6
F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.
DEFINE FSTM STREAM-VAR STREAM=STEAM VAR=MOLE-FLOW
DEFINE FNG STREAM-VAR STREAM=NAT-GAS VAR=MOLE-FLOWDEFINE F1OA STREAM-VAR STREAM=10-AIRIN VAR=MASS-FLOW
DEFINE FgH STREAM-VAR STREAM=9-H2OIN VAR=I4ASS-FLOW
DEFINE F9S STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOWIDEFINE F90 STREAM-VAR STREAM=9-O2IN VAR=MASS-FLOWDEFINE FC9M SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE FC9NC SUBSTREAtI-VAR STREAM=9-FEED SUBSTREA4=NC VAR=MASS-FLOW
DEF I NE FRAC0B BLOCK-VAR BLOCK=S8 SENTENCE=FRAC VAR=FRAC &
ID1=S8-ASHC ELEMENT=1

DEFINE FRAC9 BLOCK-VAR BLOCK=S9 SENTENCE-FRAC VAR=FRAC &

DEFINE FRAC38 BLOCK-VAR BLOCK=P3BB SENTENCE=FRAC VAR=FRACD1HNE &LMN= ,
ID1=WASTE ELEMENT-i

C Set N9 equal to 0 to run Plants 9.0 and 10 (Baseline), orC set N9 equal to 1 to run Plants 9.1, 31.1 and 31.4 (OPTION 6).F N9 -0
F IF (N9 .EQ. 0) THEN
F OPTN6 - 0.ODOI
F FSTM = 1.0D-6
F FNG - 1.0D-63
F FRAC8 - 1.0
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F FRAC9 = 1.0
F FRAC38 = 0.28595
F ENDIF
F IF (N9 EQ. 1) THEN
F OPTN6 = 1.0DO
F F10A - I.OD-6
F F9H = I.OD-6
F F9S = I.OD-6
F F90 - I.OD-6
F FC9M - I.OD-6
F FC9NC - I.OD-6
F FRAC8 - 0.0
F FRAC9 = 0.0
F FRAC38 = 0.0
F ENDIF

FORTRAN SUMMARY
C This Fortran block writes the summary report to the DCLSUM.REP
C file, and also writes the DCLI.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMMON /USRC03/ is used to transfer variables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSRI for the definition of the items in named
C common block /USRC03/.
DEFINE FINI SUBSTREAM-VAR STREAM-ROMCOAL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FIN2 STREAM-VAR STREAM=NAT-GAS VAR=MASS-FLOW
DEFINE FOUT1 STREAM-VAR STREAM-3S-PROP VAR=MASS-FLOW
DEFINE FOUT2 STREAM-VAR STREAM=3S-BUT VAR=MASS-FLOW
DEFINE FOUT3A STREAM-VAR STREAM-PNAPHTHA VAR=MASS-FLOW
DEFINE FOUT3B STREAM-VAR STREAM=REFORMED VAR=MASS-FLOW
DEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOW
DEFINE FOUT5 STREAM-VAR STREAM-P450-650 VAR=MASS-FLOW
DEFINE FOUT6 STREAM-VAR STREAM=P650-850 VAR=MASS-FLOW
DEFINE FOUT7 SUBSTREAM-VAR STREAM=1S-REFSE SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8 SUBSTREAM-VAR STREAM=SLAG SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8A SUBSTREAM-VAR STREAM=FBC-SOL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT10 STREAM-VAR STREAM=NH3-PROD VAR=MASS-FLOW
DEFINE FOUTI1 STREAM-VAR STREAM=PHENOL VAR=MASS-FLOW
DEFINE FOUT12 STREAM-VAR STREAM-11S-LIQS VAR=MASS-FLOW
C Load the stream flow rates in the FINO and FOUTO arrays in
C Mlbs/hr. All solid stream flow rates are on a dry basis.
F FIN(1,I) - 0.001DO * FINI
F FIN(2,1) = O.OOIDO * FIN2
F FOUT(1,I) = 0.001DO * FOUTI
F FOUT(2,1) = 0.001DO * FOUT2
F FOUT(3,1) - 0.001DO * (FOUT3A + FOUT3B)
F FOUT(4,1) = 0.001DO * FOUT4
F FOUT(5,1) = O.OOIDO * FOUT5
F FOUT(6,1) = 0.001DO * FOUT6
F FOUT(7,I) = O.OOIDO * FOUT7
F FOUT(8,1) - 0.001DO * (FOUT8 + FOUT8A)
F FOUT(10,1) - O.OOIDO * FOUTIO
F FOUT(11,1) = 0.001DO * FOUT11
F FOUT(12,1) - 0.001DO * FOUT12
C
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C Set XOF to the number of extra operators and OSBI operators
C per dedicated plant operator.

F XOF - 0.343042
C
C Set the LOSBI and IPLANT switches, as appropriate, to duplicate
C the Bechtel OSBI and first vs. Nth plant costing logic.a
C LOSBL = 0 - Use baseline case OSBL costing logic.
C LOSBI - 1 - Use option case OSBL costing logic.
C LPLANT - 0 - Use first plant OSBI and engineering costing logic.

C LPLANT - 1 - Use Nth plant OSBI and engineering costing logic.1

F LOSBL= I
F LPLANT = 1

C Open the separate output file called DCLSUM.REP to contain the
F OPEN (UNIT=62, FILE='DCLSUM.REPI, STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORM='FORt4ATTED',
F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR1 and USRSR2 to write the summary report.F CALL USRSR1 (62)
F CALL USRSR2 (62, LOSBI, LPLANT, OPTN6, XOF)
F CLOSE (UNIT=62, STATUS='KEEP')I
C Now write the LOTUS spreadsheet economics model input file.
F OPEN (UNIT=62, FILE-'DCL1.PRN', STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORN='FORMATTED',
F 2BUFFERED='BUFFERED')

C Call Subroutines USRSR3 to write the model input file.
F CALL USRSR3 (62, OPTN6, XOF)
F CLOSE (UNIT=62, STATUS='KEEP')I,

;Convergence Blocks

----- ----- ---- 3
CONVERGENCE CBLK1 WEGSTEIN
TEAR H2MIX 1D-5

PARAM WAIT=3
CONVERGENCE CBLK2 WEGSTEIN
TEAR 2S-BOTTS 1D-5

CONVERGENCE CBLK3 WEGSTEIN
TEAR 6S-SH20 1D-5

CONVERGENCE COALF ONE-VAR
SPEC COALFLO

CONVERGENCE HD-C1 ONE-VAR
SPEC HD-HYD

CONVERGENCE HYDF BROYDEN-SPECI
SPEC H2FLO

CONVERGENCE 2HYDF ONE-VAR
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I SPEC 2H2FLO

CONVERGENCE OXYF ONE-VARI SPEC 02FLO

CONVERGENCE RFMRF ONE-VAR
SPEC RFMRFLO

Calculation Sequence

I Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO SI P1-BASE PI-ALTi P1-ALT2 &

M1 S2 P14 (RETURN COALF) &

Specify entire flowsheet sequence, including subsequence CLEAN.
SEQUENCE BASE (SEQUENCE CLEAN) CCOAL &

CBLK1 21IYDF M-2HYD (RETURN 2HYDF) &
CBLK2 SETUP2 P02TC P02A P81 (RETURN CBLK2) &IP61 P62 HD-Cl M-HYD (RETURN HD-C1) &M-73 P03 N-NAP SETUP45 P04 M-462 P05 M-561 &
M-PNAP S1 P07 (RETURN CBLK1) &
HFLOW M9H OPTION6 S9 S8 P314 SA6SET SA6 &
HYDF 9COAL M9C SETUP9 P09 (RETURN HYDF)&
OXYF P10 (RETURN OXYF) COALFIOW (SEQUENCE CLEAN) &
RFMRF SETUP91 P91 (RETURN RFMRF) &
CBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &
(RETURN CBLK3) &
P11 SETUP31 P31 SUMMARYI Unit Operations Blocks

MiIh la olpoutsram rmte3dfeetcss
Mixth- cea-calprdut-tramsfrm-he3-iferntcaes

BLOCK MI MIXER3 DESCRIPTION 'PLANT1IOUTLET CLEAN COAL MIXER'

Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXERI) DESCRIPTION 'PLANT 1 OUTLET MIDDLING COAL MIXER'

Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 2'

Mi3 P er efuseiproduc streams from the 3 different cases.

BLOCK M3 MIXER
DESCRIPTION 'PLANT 1 OUTLET REFUSE MIXER'

;Mix the sour water streams from Plants 2, 3, 4,5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'
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Mix the waste water product streams from the 3 different cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT 1 OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'

Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
BLOCK M-561 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP=110.0 PRES-14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer MgC - The hydrogen plant feed mixer; used to mix the coal and
; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS-2

; Mixer M9 - The dummy hydrogen mixer; used to mix the three
; streams that go to Plant 2 (M9H2), Plant 4 (M9H4), and
; Plant 5 (M9H5) into one single output stream (MHNEED) for the
; S9 splitter.
BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'
PARAM NPK=l- KPH=1

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block
; algorithm.
BLOCK M-HYD FLASH2

DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.21
PARAM TEMP=100. PRES=3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'

BLOCK M-PNAP MIXER

Plant PI-ALTI, Coal Cleaning and Preparation Plant. Use User
Fortran Model, USRO1, within the PLANTS file. ALTERNATE CASE I
COAL CLEANING BY HEAVY MEDIUM SEPARATION.

BLOCK Pl-ALTI USER
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SUBROUTINE MODEL - USRO1 REPORT USRO1
DESCRIPTION 'PLANT I - ALTERNATE I COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
that is modeled in BLOCK PI-JIGS. The operators and cost for this
plant includes those associalted with the PI-JIGS portion of the coal
cleaning and preparation plant. All parameters have the same meaning
as described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FCIM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - IS12 KODE-2 TEMP - 70.0 PRES = 14.7

STRM - IS13 KODE-2 TEMP = 70.0 PRES = 14.7
STRM - 1S14 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - IS15 KODE=2 TEMP = 70.0 PRES = 14.7

Plant Pl-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.

BLOCK Pl-ALT2 USER
SUBROUTINE MODEL - USROI REPORT - USR01
DESCRIPTION 'PLANT I - ALTERNATE 2 - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL - 70

The following integer and real parameters are for production of
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the coal cleaned by both jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK PI-JIGS. The operators and cost for this plant includes
those associalted with the Pl-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
described below for Plant 1 in BLOCK Pl-BASE.

INT 0 1 0 1 2
FCP FCM FHP FHM FNP FNM

REAL 0.9435271 0.0 0.9338663 0.0 0.9250562 0.0 &
FClP FClM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAM
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM = 1S22 KODE=2 TEMP = 70.0 PRES = 14.7

STRM = IS23 KODE=2 TEMP - 70.0 PRES = 14.7
STRM = IS24 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS25 KODE-2 TEMP = 70.0 PRES = 14.7

Plant I - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
Model USRO1
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.

BLOCK Pl-BASE USER
SUBROUTINE MODEL - USR01 REPORT USROI
DESCRIPTION 'PLANT I - BASE CASE COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following 5 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary
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report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLOIB.REP, DCLO1AI.REP or DCLOIA2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-4 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report = DCLOIB.REP)
I Alternate case 1 - Coal cleaning by heavy media

separation. (Report - DCLOIA1.REP)
2 Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report = DCLOIA2.REP)

3 Coal cleaning by jigs for coal gasification in
plant 9. (Report - DCLOIG.REP)

4 Coal grinding and drying plant.
(Report = DCLOID.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,
and 4 is for the grinding and drying plant.

INT 0 1 0 1 0
The following 70 real parameters are:
REAL(I) - Fraction of carbon in the inlet coal leaving

in the clean coal product stream.
REAL(2) - Fraction of carbon in the inlet coal leaving

in the middling coal stream.
REAL(3) - Fraction of hydrogen in the inlet coal leaving

in the clean coal product stream.
REAL(4) - Fraction of hydrogen in the inlet coal leaving

in the middling coal stream.
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REAL(5) - Fraction of nitrogen in the inlet coal leavingI
in the clean coal product stream.

REAL6) -Fraction of nitrogen in the inlet coal leaving
REAL6) =in the middling coal stream.N

REAL(7) = Fraction of chlorine in the inlet coal leaving
in the clean coal product stream.

REAL(8) = Fraction of chlorine in the inlet coal leaving£
REAL9) =in the middling coal stream.
REAL9) -Fraction of sulfur in the inlet coal leaving

in the clean coal product stream. OPTIONAL - See Note 1.
REAL(1O) - Fraction of sulfur in the inlet coal leaving

in the middling coal stream. OPTIONAL - See Note 1.
REAL(11) - Fraction of oxygen in the inlet coal leaving

in the clean coal product stream. I
REAL(12) - Fraction of oxygen in the inlet coal leaving

in the middling coal stream.
REAL(13) - Fraction of ash in the inlet coal leaving

in the clean coal product stream.
REAL(14) = Fraction of ash in the inlet coal leaving

in the middling coal stream.
REAL(15) - Moisture content of the clean product coal on a dryI

basis, wt%.
REAL(16) - Moisture content of the middling coal on a dry

basis, wt%.
REAL(17) = Moisture content of the refuse on a dry basis, wt%.
REAL(18) -

REAL(20) = Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of dry clean coal,

kw/ (Ml bs/hr) .
REAL(23) - Constant factor for the 900 psig / 750 F steamI

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).V
REAL(27) = Constant factor for the 600 psig / 720 F steam

-consumption, Mlbs/hr.peMbsh
DEAL(2) - 600 psig / 720 F steam consumption prMb/ of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REALM3) - Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.I
REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REL )=Constant factor for the 50 psig saturated steam
REAL(3) -consumption, Mlbs/hr.

REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of
dry clean coal, (Mlbs/hr)/(Mlbs/hr).

REAL(35) - Constant factor for the plant fuel consumption,
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MM BTU/hr.
REAL(36) -Plant fuel consumption per Nibs/hr of dry clean coal,

(NiM BTU/hr)/(Nlbs/hr).
REAL(37) = Constant factor for the cooling water consumption,

REAL(38) -Constant water cnupinper Mlbs/hr of dry clean

REAL39)- Costat fatorfor he roces wterconsumption,
Mgal/hr.

REAL(40) - Process water consumption per Nlbs/hr of dry cleanI coal, (Mgal/hr)/(Mlbs/hr).REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per Mlbs/hr of dry clean coal,
REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr).

REAL(48) - Future use.42REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) = Reference flow rate of the dry clean coal of a
single train in Nlbs/hr for the calculation of
the ISBL field cost of a single train as a function
of train capacity.
flow rate of the dry clean coal in Mlbs/hr.

REA(53 -Minimum size of a single train as defined by theREAL(4) :flow rate of the dry clean coal in Mlbs/hr.
REAL(4) -Constant A in the plant ISBI field cost equation.
REA(55 -Constant B in the plant 1581 field cost equation.
REA(56 -Constant E in the plant ISBL field cost equation.REAL(57) - Constant F in the plant 1581 field cost equation.

REAL(58) = Number of spare trains.

REAL(59) -

1. f bththe sulfur distribution factors, REAL(9) and REAL(10),
are eroand a SULFANAL was supplied, the sulfur will bedistributed among the products as follows.R a. The ORGANIC sulfur will be distributed in the sameproportions as the carbon is distributed.

b. The PYRITIC and SULFATE sulfur will be distributed in the
same proportions as the ash is distributed.

FCP FCN FHP FHM FNP FNM
REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &

FCIP FC1M FSP FSM FOP FOil0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAN

ix0.4229677 0.0 &
PCWP PCWM PCWR Future Use (3 items)
8.576 3.0 10.0 0.0 0.0 0.0 &IPower 900/750 F steam 900 satd steam
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0.0 4.281977 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0 .0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 18.2 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - IS02 KODE=2 TEMP - 70.0 PRES = 14.7

STRM - 1S03 KODE-2 TEMP - 70.0 PRES = 14.7
STRM = 1S04 KODE-2 TEMP = 70.0 PRES = 14.7
STRM - 1S05 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant - Fortran Model USROI
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL - USROI REPORT USROI
DESCRIPTION 'PLANT 1.4 - BASE CASE COAL GRINDING AND DRYING PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters have the same meaning
as described above for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNM

REAL 1.0 0.0 1.0 0.0 1.0 0.0 &
FClP FCIM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &
FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
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Ref Fl ow Max Fl ow Min Flow
142.518 145.0 50.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; let tle temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - COALT02 KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-XMID KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-REF KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-WAT KODE-2 TEMP - 70.0 PRES = 14.7

Plant 2 - The coal liquefaction plant - T/C Option - Fortran USR02.
NOTE - This block has different parameters than the Baseline block.

BLOCK P02TC USER
SUBROUTINE MODEL - USR02 REPORT = USR02
DESCRIPTION 'PLANT 2 - T/C OPTION COAL LIQUEFACTION PLANT'
PARAM NINT = 6 NREAL - 70

The following 5 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip Writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Switch to write the major equipment summary list and
cost summary report by plant section for the baseline
design to the separate block output summary report file
called DCL02.REP on logical unit 62.
0 -> Do not write the major equipment summary list.
1 => Write the major equipment summary list to the
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separate block output file only when
2 INT(1) <= 2, INT(2) - 1, and INT(6) = 0.
2 >Write the major equipment summary list and the

cost summary report by plant section to the
separate block output file only when
INT(1) <= 2, INT(2) - 1, and INT(6) = 0.

INT(6) -Switch to select which coal liquefaction reactor yields'f
are calculated.
0 => Baseline design two-reactor model.
3= Option 3 -Yields for Thermal/Catalytic two-

reactor model.I
4 =>Option 4 - Two-reactor model with interstaage

vent gas separation.
5 => Option 5 -Yields for two-reactor coker model.
8 => Improved Baseline (Option 8) - High space velocity

two-reactor model.
INT 0 1 0 1 2 3

The following 70 real parameters are: f
REAL(1) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.
REAL(2)-
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per 141bs/hr of dry coal feed,

kw/(Mlbs/hr of dry coal).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr ofI

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.
REAL(26) 900 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(27) =Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr. I
REAL(28) =600 psig / 720 F steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(29) -Constant factor for the 600 psig saturated steamt

consumption, Ml bs/hr.
REAL(30) =600 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(31) =Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.
REAL(32) =150 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Ml bs/hr)/(Ml bs/hr of dry coal).I
REAL(33) =Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per Mlbs/hr of dry coal feed,

(Mlbs/hr)/(Mlbs/hr of dry coal).
REALM3) - Constant factor for the cooling water consumption,

Mgal/hr.
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IREAL(38) - Cooling water consumption per Nibs/hr of dry coal
feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
produced, (Mgal/hr)/(MM SCF/hr of H2).

REAL(39) - Constant factor for the process water consumption,
Mgal /hr.

REAL(40) - Process water consumption per Nibs/hr of dry coalI feed, (Mlbs/hr)/(Mlbs/hr of dry coal).REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) - Nitrogen consumption per Nibs/hr of dry coal feed,I (MM SCF/hr of N2)/(Mlbs/hr of dry coal).REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators perj REAL(50) - Numbery operators rdayprtan
daoperators/dayri.

IREAL(51) = Reference dry coal feed rate to a single plant in
Nibs/hr for the calculation of the capital cost of a
single plant as a function of plant capacity.jREAL(52) = Maximum size of a single plant as defined by the dry
coal feed rate in Mlbs/hr of dry coal.

REAL(53) = Minimum size of a single plant as defined by the dry
coal feed rate in Nibs/hr of dry coal.REAL(55) = Constant B in the plant costing equation.REAL(54) - Constant A in the plant costing equation.

fl, REAL(56) = Constant E in the plant costing equation.
REAL(57) - Constant F in the plant costing equation.
REAL(58) - Number of spare plants.
REAL(59) -IREAL(70) = Future use.

Percent fresh MAF coal conversion
REAL 92.7901 &

0.00.00.00.00.00.0 0.0 0.0 0.0 &
Future use (90 items)10.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &Power 900/750 F steam 900 satd steam
0.0 47.6583 0.0 0.0 0.0 0.0 &S600/720 F steam 600 satd steam 150 satd steam
0.0 0.0044963 0.0 -0.120468 0.0 -0.072790 &
50 satd steam Plant fuel Cooling H20
0.0 0.0453371 0.0 0.880599 0.0 0.3924172 &
Process H20 Nitrogen
0. 0.001 0. 0.000029236 &

0000.0 0.0 0.0 0.0&
Opers/day (Opers/day)/trai n
0.0 8.0 &
Ref Flow Max Flow Min Flowa203.597 203.600 20.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 142.4 0.7142 1.0 0. 0.0 0.0 &
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Future use (10 items)
0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR02.
FLASH-SPECS STRM=2S-GAS KODE=2 TEMP-130.0 PRES-2985.0 NPK=1 KPH=I

STRM - GASES KODE-2 TEMP = 130.0 PRES = 65.0
STRM - NAPHTHA KODE-2 TEMP = 140.0 PRES = 16.0
STRM - GAS-OIL KODE-2 TEMP = 110.0 PRES = 30.0
STRM = 2S-BOTTS KODE-2 TEMP = 688.0 PRES = 28.0
STRM - 2S-SH20 KODE-2 TEMP - 100.0 PRES = 30.0

BLOCK P02A SEP
DESCRIPTION 'GENERATION OF 850-1000 F AND ROSE FEED STREAMS'
FRAC SUBS - MIXED STREAM = S2-GASIF &
COMP = T675 T725 T775 T825 T875 T925 T975 TIOOO+ &
FRAC - .5625 .5625 .5625 .5625 .76271 .76271 .76271 .00100587

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL - USR03 REPORT - USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT - WITH T/C OPTION CONSTANTS'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I)
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
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REAL(22) = Power consumption per NiM SCF/hr of dry C4- gas,
kw/(MM SCF/hr of dry C4- gas)

REAL(23) - Constant factor for the 900 psig / 150 F steamI. consumption, Nibs/hr.
REAL(24) - 900 psig / 150 F steam consumption per Nil SCF/hr

of dry C4- gas, (Nlbs/hr)/(NN SCF/hr of dry C4- gas).IREAL(25) - Constant factor for the 900 psig saturated steamconsumption, Nibs/hr.
REAL(26) = 900 psig saturated steam consumption per MN SCF/hr

of dry C4- gas, (Nibs/hr)/(NN SCF/hr of dry C4- gas).IREAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per NM SCF/hr
of dry C4- gas, (lbs/hr)/(lN SCF/hr of dry C4- gas).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per Nil SCF/hrI of dry C4- gas, (Nlbs/hr)/(NM SCF/hr of dry C4- gas).REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per NM SCF/hr
of dry C4- gas, (Mlbs/hr)/(NM SCF/hr of dry C4- gas).REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) =50 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Nibs/hr)/(MM SCF/hr of dry C4- gas).REAL(35) - Constant factor for the plant fuel consumption,

REAL(36) Consant fe consumption per Nil SCF/hr of dry C4- gas,
R(MML(37) = (MN SCF/hr of dry C4- gas).
REA(37 - onsantfactor for the cooling water consumption,

REAL(38) -Constant water consumption per NM SCF/hr of dry C4-
gas (Mal/r)/MMSCF/hr of dry C4- gas).REA(39 = onsantfactor for the process water consumption,

Ngal/hr.
REAL(40) =Process water consumption per MM SCF/hr of dry C4-
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nil SCF/hr of dry C4- gas,

(MM SCF/hr of N2)/(NN SCF/hr of dry C4- gas).
REAL(43) -

; REAL(48) = Future use.IREAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,
(operators/day)/trai n.

REAL(51) = Reference gas feed rate to a single train in
MM SCF/hr of dry C4- gas for the calculation of
the ISBL field cost of a single train as a function
of train capacity.

REAL(52) - Naximum size of a single train as defined by the
gas feed rate in NM SCF/hr of dry C4- gas.

REAL(53) - Minimum size of a single train as defined by the
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gas feed rate in MM SCF/hr of dry C4- gas.
REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost-equation.
REAL(58) - Number of spare trains.
REAL(59) - #
REAL(70) - Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 359.5931 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 156.141 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 6.765 0.0 -778.06 0.0 518.602 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
2.04 5.0 0.300 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 21.2 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR03.
FLASH-SPECS STRM - 3S-SGAS KODE=2 TEMP - 137.0 PRES - 55.0

STRM - 3S-FGAS KODE-2 TEMP = 100.0 PRES = 215.0
STRM - 3S-PROP KODE-2 TEMP = 100.0 PRES = 280.0
STRM = 3S-BUT KODE=2 TEMP = 100.0 PRES = 280.0
STRM - 3S-OIL KODE-2 TEMP = 130.0 PRES = 263.0 &

NPK-I KPH=2 /
STRM = 3S-SH20 KODE-2 TEMP = 137.0 PRES = 55.0

Plant 4 - The naphtha hydrotreater - use user Fortran block USR04.
BLOCK P04 USER

SUBROUTINE MODEL - USR04 REPORT - USR04
DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATER1
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
1 -> Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
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3 => Skip writing the entire user block summary report.
INT(2) - User block summary report destination control switch.

0 => Write the user block summary report to the mormalI ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62I' called DCLO4.REP.
INT(3) =Number of operating duplicate trains, excluding spares.

If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train

INT(4) capacity specified by variable REAL(52).
If INT(3) > 0, the number of duplicate trains.

INT(4) History file additional output control switch.
0=> Write no additional output to the history file.
I=> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.
35=> Write some more additional output to the history

file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(1) - Percent desulfurization of the C5+ feed; i. e.,

REA(2) Percent of sulfur removed from the entering C5+ feed.
REAL2) =Percent denitrogenation of the C5+ feed; i. e.,

Percent of nitrogen removed from the entering C5+ feed.
REAL3) =Percent deoxygenation of the C5+ feed.

Percent of oxygen removed from the entering C5+ feed.
REAL(4) =Chemical hydrogen consumption in SCF/bbl of C5+ feed.I REAL(5) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of C5+ feed,

kw/(Mlbs/hr of C5+ feed).

consumption, Ml bs/hr.1'REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(25) = Constant factor for the 900 psig saturated steam
consumption, Ml bs/hr.IREAL(26) = 900 psig saturated steam consumption per Mlbs/hr of
C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(27) - Constant factor for the 600 psig / 720 F steamI consumption, Ml bs/hr.
REAL(28) = 600 psig / 720 F steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Ml bs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

REAL(1) -C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REA(31 -Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).'I H-33



REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) = 50 psig saturated steam consumption per Nibs/hr of
C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) = Plant fuel consumption per Nibs/hr of C5+ feed,
(MM BTU/hr)/(Mlbs/hr of C5+ feed).

REAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of C5+ feed, I
(Mgal/hr)/(Mlbs/hr of C5+ feed).

REAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) = Process water consumption per Nibs/hr of C5+ feed,
(Mgal/hr)/(Mlbs/hr of C5+ feed).

REAL(41) = Constant factor for the nitrogen consumption,
MN SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of C5+ feed,
-(MN SCF/hr of N2)/(Nlbs/hr of C5+ feed).i

REAL(48) = Future use.
REAL(49) =Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference C5+ feed rate to a single train in Nibs/hr

for the calculation of the ISBL field cost of asingle train as a function of train capacity.
REAL(52) - Maximum size of a single train as defined by the

C5+ feed rate in Nibs/hr.I
REAL(53) = Minimum size of a single train as defined by the

C5+ feed rate in Nibs/hr.
REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.I
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.

A(9REAL(58) - Number of spare trains. *
REAL(70) - Future use.11

% Desulfurization % Denitrogenation
REAL 99.99 99.988 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feed
99.5 125.0 &U
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
0. . . . . . . . . .Future use (10 items)I

Power 900/750 F steam 900 satd steam
0.0 5.098308 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.126493 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.351607 0.0 0.730963 &
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Process H20 Nitrogen
0.0 0.010833 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
210.462 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 15.6 0.7843 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR04.
FLASH-SPECS STRM = 4S-GAS KODE=2 TEMP = 135.0 PRES = 915.0

STRM = 4S-NAPH KODE=2 TEMP = 100,.0 PRES = 153.0
STRM - 4S-SH20 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL = USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
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REAL(I) - Percent desulfurization of the C6+ feed; i. e.,I
Percent of sulfur removed from the entering C6+i feed.

REAL(2) - Percent denitrogenation of the C6+ feed; i. e.,
Percent of nitrogen removed from the entering C6+ feed.

REAL(3) - Percent deoxygenation of the C6+ feed.
Percent of oxygen removed from the entering C6+ feed.

REAL(4) - Chemical hydrogen consumption in SCF/bbi of C6+ feed.
REAL(5) -
REAL(20) - Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Nibs/hr of C6+ feed,1

kw/ (Mlbs/h r) .
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.I
REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of

C6+ feed, (Mibs/hr)/(Mlbs/hr).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr. '
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Mibs/hr)/(Nibs/hr).
REAL(27) = Constant factor for the 600 psig / 720 F steamI

consumption, Nibs/hr.
REAL(28) = 600 psig / 720 F steam consumption per Mlbs/hr of

C6+ feed, (Mlbs/hr)/(Mlbs/hr).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Mibs/hr)/(Mibs/hr). I
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of *

C6+ feed, (Mibs/hr)/(Nlbs/hr).
REAL(33) = Constant factor for the 50 psig saturated steam

REAL(34) consumption, Ni bs/hr.I
REAL(4) =50 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Nlbs/hr)/(Nlbs/hr).
REAL(35) = Constant factor for the plant fuel consumption,

NM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of C6+ feed,

(NM BTU/hr)/(Nl bs/hr).
REAL(37) =Constant factor for the cooling water consumption,

Ngai/hr.
REAL(38) = Cooling water consumption per Nibs/hr of C6+ feed,

REAL(9) =(Mga/hr)/(Nl bs/hr). cnupin
REAL(9) =Constant factor for the process water cnupin

Ngai/hr.
REAL(40) - Process water consumption per Nibs/hr of C6+ feed,

(Mgal/hr)/(Nl bs/hr).
REALM4) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2.
REAL(42) = Nitrogen consumption per Nibs/hr of C6+ feed,

(MM SCF/hr of N2)/(Nlbs/hr).
REAL(43)-
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
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I day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/train.
REAL(51) - Reference C6+ feed rate to a single train in Nibs/hr

for the calculation of the ISBI field cost of a
single train as a function of train capacity.

REAL(2) -Maximum size of a single train as defined by the
C6+ feed rate in Mlbs/hr.

REAL(3) -Minimum size of a single train as defined by the
C6+ feed rate in Nibs/hr.

REL54 Constant B in the plant ISBI field cost equation.
REAL(5) -Constant A in the plant 1581 field cost equation.
REAL56)= Constant E in the plant 1581 field cost equation.

REAL(57) - Constant F in the plant 1581 field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

% Desulfurization % Denitrogenation
REAL 92.5 85.2 &I% Deoxygenation Chemical H2 consumption in SCF/bbl C6+ feed97.6 947.00 &

Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
00.0 0.0 0.096936 0.0 -0.050465 &j50 satd steam Plant fuel Cooling H200.0 0.0 0.0 0.241416 0.0 0.735694 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &SFuture Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train50.0 4.0 &Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &
Plant cost equation constants.IA B E F Spares Future Use (2 items)
0.0 74.0 0.7467 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROS.
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leaving
Plant 4 where this fractionation is actually performed.
FLASH-SPECS STRI = 5S-HPGAS KODE=2 TEMP = 135.0 PRES = 2690.0/aSTRM - 5S-LPGAS KODE=2 TEMP - 135.0 PRES - 915.0/

STRN - 5S-NAPH KODE=2 TEMP = 100.0 PRES =153.0/
STRM = P350-450 KODE=2 TEMP = 110.0 PRES = 80.0
STRM - P450-650 KODE=2 TEMP = 135.0 PRES = 20.0
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STRM - P650-850 KODE-2 TEMP = 135.0 PRES = 20.0
STRM - 5S-SH20 KODE=2 TEMP = 135.0 PRES = 20.0

Plant 6.1 - The Hydrogen purification by Membrane Separation Plant.
BLOCK P61 USER

SUBROUTINE MODEL = USR61 REPORT = USR61
DESCRIPTION 'PLANT 6.1 THE MEMBRANE H2 PURIFICATION PLANT - T/C Cost'
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL61.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of H2 recovered,

kw/(MM SCF/hr of H2 recovered).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) = 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
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REAL(27) = Constant factor for the 600 psig / 120 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr ofI H2 recovered, (Mlbs/hr)/(M4 SCF/hr of H2 recovered).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(M4 SCF/hr of H2 recovered).
REAL(33) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 150 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(35) - Constant factor for the 5pnt fueltconsumton,josmpin , MN TU/hr
REAL(36) - Plan fs uel edta consumption per MM SCF/hr ofcved

Hreoe,(Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(35) = Constant factor for the colng waer consumption,
MgaBT/hr.

REAL(38) = Colng wter consumption per M SCF/hr of H2 rcvrd
reovr,(lbs/hr)/(M SCF/hr of H2 recovered).

REAL(37) - Constant factor for the pocessg water consumption,
Mgal /hr.

REAL(40) = Pocessg water consumption per MM SCF/hr of H2I recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(41) - Constant factor for the niroenswa consumption,

MgaSC/hr o NI, REAL(42) - Niroenswa consumption per MM SCF/hr of H2 cvrd

(MMN SCF/hr of N2)/(MM SCF/hr of H2 recovered).
REAL(43) -

;REAL(48) = Future use.iiREAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,I (operators/day)/trai n.
REAL(51) - Reference hydrogen recovery rate for a single train

in MM SCF/hr of H2 for the calculation of the
ISBI field cost of a single train as a function of
capacity.

REAL(52) = Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.:1REAL(53) = Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2I recovered.

REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) - Constant Emi the plant ISBI field cost equation.1REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -IREAL(70) = Future use.
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Percent H2 recovery H2 purity in mole %
REAL 43.83285 99.98677 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 12254.04 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 2.054966 0.0 0.0 0.0 42.705864 &
Process H20 Nitrogen
0.0 0.854117 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow Max Flow Min Flow
1.966943 2.5 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 174.3 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM - H2-RICH KODE=2 TEMP - 100.0 PRES = 3290.0

STRM = SOUR-GAS KODE=2 TEMP = 250.0 PRES = 14.7
STRM = P61-GAS KODE=2 TEMP = 111.0 PRES = 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL - USR62 REPORT = USR62
DESCRIPTION 'PLANT 6.2 - THE PSA H2 PURIFICATION PLANT'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL62.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
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trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 ->Write no additional output to the history file.
1> Write the only the subroutine entry and exit

messages to the history file.
2 = Wrtesome additional output to the history file.

3-5 > Witesome more additional output to the history
file. Larger values generate more intermediate

INTOfollwingoutput.

The olloing10 real parameters are:
REALI) -Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL2) -Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) - Future use.IREAL(21) = Constant factor for the power consumption, kw.REAL(22) - Power consumption per MM SCF/hr of H2 recovered,

kw/(MM SCF/hr of H2 recovered).IREAL(23) =Constant factor for the 900 psig / 750 F steam
consumption, Ml bs/hr.

REAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(25) - Constant factor for the 900 psig saturated steam
consumption, Ml bs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hrI, of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr ofI H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(31) - Constant factor for the 150 psig saturated steamI consumption, Mlbs/hr.
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(33) = Constant factor for the 50 psig saturated steamI consumption, Ml bs/hr.
REAL(34) = 50 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(35) = Constant factor for the plant fuel consumption,MM BTU/hr.
REAL(36) = Plant fuel consumption per MM SCF/hr of H2 recovered,

(Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(37) - Constant factor for the cooling water consumption,

REAL(8) =Mgal/hr.

REAL(8) =Cooling water consumption per MM SCF/hr of H2I recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

H-41



REAL(39) - Constant factor for the process water consumption,I

REAL(40) - Process water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(M4 SCF/hr of H2 recovered).I

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) -Nitrogen consumption per MM SCF/hr of H2 recovered,
(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).I

REAL(43) -

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per f

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.I
REAL(51) - Reference hydrogen recovery rate for a single train

in MM SCF/hr of H2 for the calculation of the
1581 field cost of a single train as a function of
capacity. '

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) = Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.REL(4)- ontat i te lat SB fel csteqaton

REAL(55) = Constant A in the plant 1581 field cost equation.
REAL(55) = Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -

REAL(10) - Future use.
The cost of Plant 6.2 is included in Plant 6.1.

Percent H2 recovery H2 purity in mole %
REAL 89.5033 90.01665 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0&
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 & I
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 15.32654 0.0 0.0 0.0 87.29583 &I
Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)I
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 0.0 &
Ref Flow Max Flow Min Flow
3.61667 5.0 0.5 &
Plant cost equation constants.

A B E F Spares Future use (2 items)
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0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR62.

FLASH-SPECS STRM = H2-2RICH KODE-2 TEMP = 100.0 PRES - 3290.0
STRM = SOUR-2GS KODE-2 TEMP - 250.0 PRES - 14.7
STRM - GAS-OUT KODE-2 TEMP - 111.0 PRES - 25.0
STRM - NAPHTHA2 KODE-2 TEMP - 100.0 PRES - 50.0

Plant 7 - The naphtha reformer - use user Fortran block USR07.BLOCK P07 USER
SUBROUTINE MODEL = USR07 REPORT - USR07
DESCRIPTION 'PLANT 7 - THE NAPHTHA REFORMER'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL07.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.REAL(22) - Power consumption per Mlbs/hr of feed,
kw/(Mlbs/hr of feed).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Mlbs/hr.

REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
feed, (Mlbs/hr)/(Mlbs/hr of feed).
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REAL(25) - Constant factor for the 900 psig saturated steamI
consumption, Nibs/hr.

REAL(26) = 900 psig saturated steam consumption per Nibs/hr of

REAL(7) =feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(7) -Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of

feed, (Nlbs/hr)/(Mlbs/hr of feed).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr ofI

feed, (Nlbs/hr)/(Mlbs/hr of feed).
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Nibs/hr.a
REAL(2) -150 psig saturated steam consumption per Nibs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(33) = Constant factor for the 50 psig saturated steam

=consumption, Nibs/hr.
REAL(34) =50 psig saturated steam consumption per Nibs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(35) - Constant factor for the plant fuel consumption,I

MM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of feed,

(MM BTU/hr)/(Nlbs/hr of feed).I
REAL(31) - Constant factor for the cooling water consumption,

REAL(38) = Cooling water consumption per Nibs/hr of feed,
(Mgal/hr)/(Mlbs/hr of feed).

REAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) - Process water consumption per Nibs/hr of feed,
(Mgal/hr)/(Mlbs/hr of feed).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of feed,
REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr of feed).

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/train.Nish
REAL(51) = Reference feed rate to a single train in lsh

for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
REAL(3) -feed rate in Nibs/hr.I
REAL(3) -Minimum size of a single train as defined by the

feed rate in Nibs/hr.
REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.I
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.

REAL(59)-
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REAL(70) = Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 2.26494 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 1.41781 0.0 0.123590 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8. &
Ref Flow Max Flow Min Flow
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR07.
FLASH-SPECS STRM = 7S-H2 KODE=2 TEMP = 80.0 PRES - 14.7

STRM = 7S-GAS KODE=2 TEMP = 80.0 PRES = 14.7
STRM = REFORMED KODE-2 TEMP - 80.0 PRES - 14.7

Plant 8.1 - The ROSE-SR unit - user Fortran block USR81.
BLOCK P81 USER

SUBROUTINE MODEL = USR81 REPORT - USR81
DESCRIPTION 'PLANT 8.1 THE ROSE-SR UNIT
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL81.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
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capacity specified by variable REAL(52).I
If INT(3) > 0, the number of duplicate plants.

IIIT(4) - History file additional output control switch.
0 => Write no additional output to the history file.I1- Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 oupt
The following 10 real parameters are:
REAL(I) - Hydrocarbon rejection factor.
REAL(2)-
REAL(20) - Future use.I

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of extract,

kw/(Mlbs/hr of extract).I
REAL(23) - Constant factor for the 900 psig / 750 F steam

REAL(4) =consumption, Mlbs/hr. prMb/ro
REAL(4) -900 psig / 750 F steam consumption prMb/ro

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr ofI

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(7) -Constant factor for the 600 pi 2 ta
REAL(7) =consumption, Mlbs/hr. pi 2 ta

REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of
extract, (Mlbs/hr)/(Mlbs/hr of extract).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Mlbs/hr.I

REAL(30) = 600 psig saturated steam consumption per Nibs/hr of
extract, (Mlbs/hr)/(Mlbs/hr of extract).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Mlbs/hr.

REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of
extract, (Mlbs/hr)/(Mlbs/hr of extract).

REAL(33) = Constant factor for the 50 psig saturated steam
REAL(4) =consumption, Mlbs/hr. prMb/ro
REAL(4) -50 psig saturated steam consumption prMb/ro

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(35) = Constant factor for the plant fuel consumption,

REAL(6) =MM BTU/hr.peMlsrofxta,
REAL(6) -Plant fuel consumptionpe lshofxta,

(Mlbs/hr)/(Mlbs/hr of extract).
REALM(3) = Constant factor for the coigwtrcnupin

Mgal /hr.coln waecosmtni
REAL(38) - Cooling water consumption per Nibs/hr of extract,

(Mlbs/hr)/(Mlbs/hr of extract).
REAL (39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per Nibs/hr of extract,

(Mlbs/hr)/(Mlbs/hr of extract).
REALM4) - Constant factor for the nitrogen consumption, I
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MM SCF/hr of N2
REAL(42) = Nitrogen consumption per Mlbs/hr of extract,

(MM SCF/hr of N2)/(Mlbs/hr of extract).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/train.

REAL(51) - Reference feed rate to a single train in Mlbs/hr of
unit feed for the calculation of the capital cost of
a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(53) - Minimum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(54) = Constant A in the plant costing equation.
REAL(55) - Constant B in the plant costing equation.
REAL(56) - Constant E in the plant costing equation.
REAL(57) = Constant F in the plant costing equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

Hydrocarbon rejection factor
REAL 1.0 &

Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.098677 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0471832 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.393518 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
907.390 1500.0 500.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 42.2 0.7215 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR81.
FLASH-SPECS STRM - ROSE-XTR KODE=2 TEMP - 300.0 PRES = 115.0

STRM - ASH-CONC KODE-2 TEMP - 150.0 PRES - 14.7

Plant 9 - H2 Production by coal gasification, Use the User Fortran
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Block USR09.
BLOCK P09 USER

SUBROUTINE MODEL - USR09 REPORT = USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANT'
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(l) User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file called DCL09.REP.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62.
INT(3) Number of operating duplicate trains, excluding spares.

If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) = Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) = Fraction of carbon entering the gasifier that goes

to carbonyl sulfide (COS).
REAL(3) = Fraction of carbon entering the gasifier that goes

to methane (CH4).
REALM - Fraction of nitrogen entering the gasifier that goes

to ammonia (NH3).
REALM = Carbon content of the slag produced by the gasifier,

wt %.
REALM = Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reaction

CO + H20 ----- > C02 + H2
REALM = Fraction of carbonyl sulfide (COS) entering the shift

reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS + H20 ----- > C02 + H2S
REAL(8) - Future use.
REAL(9)-
REAL(20) - Rectisol section component distribution factors,
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I , where
REAL(9) - Fraction of inlet H2 going to the hydrogen-rich

gas stream.
REAL(10) - Fraction of inlet H2 going to the acid gas stream.
REAL(11) - Fraction of inlet CO going to the hydrogen-rich

gas stream.
REAL(12) - Fraction of inlet CO going to the acid gas stream.IREAL(13) - Fraction of inlet C02 going to the hydrogen-rich

gas stream.
REAL(14) - Fraction of inlet C02 going to the acid gas stream.IREAL(15) - Fraction of inlet CH4 going to the hydrogen-rich

gas stream.
REAL(16) - Fraction of inlet CH4 going to the acid gas stream.
REAL(11) - Fraction of inlet N2 going to the hydrogen-rich
REAL(18) - Fraction of inlet N42 going to the acid gas stream.
REAL(19) = Fraction of inlet H2S going to the hydrogen-richI gas stream.
REAL(20) - Fraction of inlet H2S going to the acid gas stream.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of hydrogen

produced, kw/(MM SCF/hr of H2).
REAL(23) = Constant factor for the 900 psig / 150 F steam

consumption, Mlbs/hr.IREAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(25) = Constant factor for the 900 psig saturated steamI consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) = 600 psig / 120 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(29) = Constant factor for the 600 psig saturated steam

REAL(30)consumption, Mlbs/hr.
REAL(0) -600 psig saturated steam consumption per MM SCF/hr of3 hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REL31 Constant factor for the 150 psig saturated steam
consumption, Mlbs/hr.fl, REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

5. , hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.
REAL(34) = 50 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(35) - Constant factor for the plant fuel consumption,

REAL(6) =Plant fuel consumption per MM SCF/hr of hydrogen
produced, (MM BTU/hr)/(MM SCF/hr of H2).

REAL(7) -Constant factor for the cooling water consumption,a Mgal/hr.
REAL(8) -Cooling water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL39)= Constant factor for the process water consumption,

H -49



Mgal/hr.
REAL(40) - Process water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(41) = Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen

produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).
REAL(43)
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Numberof operators per day per operating train,
(operators/day)/train.

REAL(51) - Reference hydrogen production rate of a single train
in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) = Maximum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(53) = Minimum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E -in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) - Future use.

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen-rich product gas stream and NOT the total
flow rate of the hydrogen-rich product gas stream.

Frac C Frac C Frac N %C in
CO/CO2 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future use
Adjust the fraction of CO shifted to get Coal rate for the
Thermal/catalytic option
0.855 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
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0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 24. &
Ref Flow Max Flow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USRO9.
FLASH-SPECS STRM = H2-GAS KODE=2 TEMP = 80. PRES = 14.7

STRM - H2S-GAS KODE-2 TEMP - 80. PRES - 14.7
STRM - VENT-GAS KODE-2 TEMP - 80. PRES - 14.7
STRM = 9S-SH20 KODE-2 TEMP = 80. PRES = 14.7
STRM = SLAG KODE-2 TEMP - 80. PRES = 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL = USR91 REPORT - USR91
DESCRIPTION 'PLANT 9.1 STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL91.REP.

INT(3) - Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate

plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, this number of duplicate plants will
be used.

INT(4) - History file additional output control switch.
0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
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2 Wit soe ddtioaloututtothehitor fle
2- > Write some e additional output to the historyieI

file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(1) - Fraction of CH4 reacting to produce H2 and C02.REAL(2) = Fraction of CH4 reacting to produce H2 and CO.I
REAL(3) = Fraction of hydrogen produced that leaves in the

REAL4) -hydrogen-rich product gas stream.
REAL(S) - Purity of the hydrogen-rich product gas. mole %.I

REAL(20) = Future use.
REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of hydrogen produced,

kw/(MM SCF/hr of H2).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REL2)-Constant factor for the 900 psig saturated steamI
REAL(25) consumption, Mlbs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(27) = Constant factor for the 600 psig / 120 F steam
consumption, Mlbs/hr.

REAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr ofhydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).I
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Mlbs/hr.5
REAL(0) -600 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(31) = Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.I
REAL(34) = 50 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.I
REAL(36) - Plant fuel consumption per MM SCF/hr of hydrogen

produced, (MM BTU/hr)/(MM SCF/hr of H2).
REL3)-Constant factor for the cooling water consumption,5
REAL(7) =Mgal/hr.

REAL(38) - Cooling water consumption per MM SCF/hr of hydrogen
produced, (Mgal/hr)/(MM SCF/hr of H2).I

REAL(39) - Constant factor for the process water consumption,

REAL(40) = Process water consumption per MM SCF/hr of hydrogen3
produced, (Mgal/hr)/(MM SCF/hr of H2).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2..

REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen
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produced, (MM SCF/hr-of N2)/(MM SCF/hr of H2).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/train.

REAL(51) - Reference hydrogen production rate of a single train
in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Maximum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(53) - Minimum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
31.4 is set so as to maintain the same total number of
operators as used for the baseline design.

Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity
REAL 0.638648 0.04429 0.8862694 100.0 &

Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR091.
FLASH-SPECS STRM - H2-PROD KODE=2 TEMP = 100.0 PRES - 500.0

STRM = FLUE-GAS KODE-2 TEMP - 250.0 PRES - 14.7

Plant 10 - Air Separation Plant - Use the U ser Fortran Model USR10.
BLOCK P10 USER

SUBROUTINE MODEL - USRIO REPORT = USRIO
DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the complete user block summary report to

the normal ASPEN/SP output report file.
1 => Write the complete user block summary report to

a separate user block output report file on
logical unit 62 CALLED DCL10.REP.

INT(3) - Number of operating duplicate trains, excluding
spares.
If INT(3) - 0, the minimun number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
'he following 70 real parameters are:
ZL(1; = Purity of the product oxygen stream, mole
REAL(2) = Purity of the product nitrogen stream, mole %.
REAL(3) - I
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of the oxygen stream

flow rate, kw/(MM SCF/hr of 02).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(25) - Constant factor for the 900 psig saturated steam
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I consumption, Nibs/hr.
REAL(26) =900 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(27) = Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of
REAL(29)the oxygen stream flow rate,

(Mlbs/hr)/(MM SCF/hr of 02).
REAL(9) -Constant factor for the 600 psig saturated steamI consumption, Nibs/hr.
REA(30 -600 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,I (Mlbs/hr)/(MM SCF/hr of 02).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,1 REA(34) (Mlbs/hr)/(MM SCF/hr of 02).
REAL(33) = Constant factor for the 50 psig saturated steamI consumption, Nibs/hr.

REA(34 -50 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,

* , (Mlbs/hr)/(MM SCF/hr of 02).
UREAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of the oxygenI stream flow rate, (MM BTU/hr)/(MM SCF/hr of 02).
REAL(37) = Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) = Cooling water consumption per MM SCF/hr of the oxygen

stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.IREAL(40) = Process water consumption per MM SCF/hr of the oxygen
stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).

REAL(41) - Constant factor for the nitrogen consumption,I MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of the oxygen

stream flow rate,
(MM SCF/hr of N2)/(MM SCF/hr of 02).I REAL(43) -

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators perI day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference oxygen production rate for a single train

in MM SCF/hr of 02 for the calculation of the
tancapacity.RREAL(52) - Maximum size of a single train as defined by the

oxygen production rate in MM SCF/hr of 02.
REAL(53) - Minimum size of a single train as defined by theI oxygen production rate in MM SCF/hr of 02.
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REAL (54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NOTES:
1. This model does not consider Argon as a separate element.

Hence, argon is lumped with nitrogen.
2. MM SCF/hr of 02 means the oxygen production rate in

MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.

%02 in 02 %N2 in N2 Future Use (8 items)
REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Fl'ow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR10.

FLASH-SPECS STRM = IOSOI KODE=2 TEMP - 80.0 PRES = 350.0
STRM = 10S02 KODE-2 TEMP = -275.0 PRES = 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USRII.BLOCK P11 USER
SUBROUTINE MODEL - USRII REPORT - USRII
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions
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of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.30 -> Write the user block summary report to the
normal ASPEN/SP output report file.

1 => Write the user block summary report to a separate
user block output report file on logical unit 62
called DCLII.REP.

INT(3) =Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimun number of duplicateI trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0> Write no additional output to the history file.
1- Write the only the subroutine entry and exit

messages to the history file.
IN2 => Write some additional output to the history file.

3- >Write some more additional output to the history
file. Larger values generate more intermediate
output.

The olloing70 real parameters are:
RELI Fractional sulfur recovery; fraction of sulfur inthe entering H2S and COS that is recovered in the

product liquid sulfur stream. All entering liquid
sulfur entering in the feed stream is assumed to
be recovered in the liquid sulfur product stream.

REAL(2)-
REAL(20) - Future use.IREAL(21) = Constant factor for the power consumption, kw.

REAL(22) - Power consumption per Nlbs/hr of product sulfur,
kw/(Mlbs/hr).

REAL(23) = Constant factor for the 900 psig / 750 F steam
REAL(5) Econsumption, Mlbs/hr.

REAL(24) = 900 psig / 750 F steam consumption per Mlbs/hr of
product sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(5) =Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(6) -900 psig saturated steam consumption per Mlbs/hr ofI product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(7) =Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.IEL(8 - 600 psig / 720 F steam consumption per Mlbs/hr ofproduct sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.IREAL(30) - 600 psig saturated steam consumption per Mlbs/hr of
product sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Mlbs/hr.

REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of
product sulfur, (Mlbs/hr)/(Mlbs/hr).IREAL(33) = Constant factor for the 50 psig saturated steam
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consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL (35) - Constant factor for the plant fuel consumption,3
REAL(36) - Plant fuel consumption per Nibs/hr of product sulfur,

REAL(7) =(MM BTU/hr)/(Mlbs/hr). wtrcnupin
REAL(7) -Constant factor for the cooling wtrcnupin

Mgal/hr.
REAL(38) = Cooling water consumption per Nibs/hr of product

sul fur (Mgal/hr)/(Ml bs/hr).I
REAL(39) - Constant factor for the process water consumption,

Mgal/h - rocs.ae consumption per Nibs/hr of productI
sulfur, (Mgal/hr)/(Mlbs/hr).

REAL(41) - Constant factor for the nitrogen consumption,

REAL(2) =MN SCF/hr of N2.
REL4)-Nitrigen consumption per Mlbs/hr of product sulfur,I(MM SCF/hr of N2)/(Mlbs/hr).

REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.I

REAL(51) - Reference product sulfur flow rate of a single train
in Mlbs/hr of S for the calculation of the ISBL field
cost of a single train as a function of capacity.I

REAL(52) - Maximum size of a single train as defined by the
product sulfur flow rate in Mlbs/hr of S.

REAL(53) = Minimum size of a single train as defined by the
product sulfur flow rate in Mlbs/hr of S.I

REAL(54) = Constant A in the plant ISBI field cost equation.
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -I

REAL(70) - Future use.
S recoveryI

REAL 0.998482 &
Future Use (19 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &Power 900/750 F steam 900 satd steam
0.0 49.60954 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022277 &
50 satd steam Plant fuel Cooling H20
0.0 0.882473 0.0 1.117916 0.0 7.89929 &
Process H20 Nitrogen£
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
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Opers/day (Opers/day)/train
0.0 5.0 &
Ref Flow Max Flow Min Flow
15.4305 16.5 5.0 &
Plant cost equation costants.
A B E F Spares Future use (3 items)
0.0 11.675 0.7823 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - IIS-FGAS KODE-2 TEMP = 80.0 PRES = 14.7
STRM = IIS-LIQS KODE-2 TEMP = 80.0 PRES = 14.7

Plant 31 - The Utilities plant - user Fortran block USR31.
BLOCK P31 USER

SUBROUTINE MODEL - USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT = 20 NREAL = 20

The following 20 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Not used.
2 => Not used.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Future use.
INT(6) Switches to select which fuels are burned in the steam
INT(IO) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are
I - Coal
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2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 - Plant fuel

INT(II) Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(11) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(12) fuel is used, etc.
The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 = Coke
4 - Natural gas
5 - Plant fuel
6 = Purchased electric power

INT(17)
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REAL(I) - Reference electric power generation rate of a single

train in MW.
REAL(2) - Maximum size of a single train as defined by the

electric power generation rate in MW.
REAL(3) - Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) = Constant A in the plant costing equation.
REAL(5) = Constant B in the plant costing equation.
REAL(6) = Constant E in the plant costing equation.
REAL(7) = Constant F in the plant costing equation.
REAL(8) - Number of spare trains.
REALM = Future use
REAL(10) = Future use
REAL(II) = Constant factor for the number of operators per

day, operators/day.
REAL(12) = Number of operators per day per train,

(operators/day)/train.
REAL(13) -
REAL(20) = Future use.

Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Plants 31.1 and 31.4 - The Fluidized Bed Combustor and Steam Turbine; Generator unit - user Fortran block USRA6.
BLOCK P314 USER
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SUBROUTINE MODEL - USRA6 REPORT USRA6
DESCRIPTION 'PLANTS 31.1 AND 31.4 THE FLUIDIZED BED COMBUSTOR AND
STEAM TURBINE GENERATOR UNIT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLA6.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) - History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) - Solids production expressed as fraction of URCOAL

in feed ending up in solids.
REAL(2)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of unit feed,

kw/(Mlbs/hr of unit feed).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
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REAL(30) - 600 psig saturated steam consumption per Nibs/hr ofI
unit feed, (Nlbs/hr)/(Mibs/hr of unit feed).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.I

REAL(32) - 150 psig saturated steam consumption per Nibs/hr of
unit feed, (Mlbs/hr)/(Mibs/hr of unit feed).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.I

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
unit feed, (Nibs/hr)/(Mlbs/hr of unit feed).

REL3)-Constant factor for the plant fuel consumption,I
REAL(5) -MM BTU/hr.

REAL(36) - Plant fuel consumption per Nibs/hr of unit feed,
(Mlbs/hr)/(Nlbs/hr of unit feed).I

REAL(7) -Constant factor for the cooling water consumption,
REAL(7) =Mgal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of unit feed,(Mlbs/hr)/(Mlbs/hr of unit feed).I
REAL(39) - Constant factor for the process water consumption,

REAL(40) - Process water consumption per Mlbs/hr of unit feed,3
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2I

REAL(42) =Nitrogen consumption per Nibs/hr of unit feed,
REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr of unit feed).

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,I

(operators/day)/trai n.
REAL(51) - Reference feed rate to a single train in Nibs/hr of

unit feed for the calculation of the ISBI field cost
of a single train as a function of train capacity.IREAL(52) = Maximum size of a single train as defined by the
unit feed rate in Nibs/hr of unit feed.

REAL(53) = Minimum size of a single train as defined by theunit feed rate in Nibs/hr of unit feed.
REAL(54) - Constant A in the plant ISBI field cost equation.REAL(55) = Constant B in the plant ISBI field cost equation.I
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(51) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) - IREAL(70) = Future use.

;NOTE: 'The number of operators in this plant and Plant glis set soI
as to maintain the same total number of operators as used
for the baseline design.I

Fraction of URCOAL in feed ending up in solids
REAL 0.8500914 &

Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &I
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Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 -552.6474 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 27.99327 &
Process H20 Nitrogen
0.0 0.06900667 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
368.660 400.0 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet stream. These
values will override the default values in subroutine USRA6.
FLASH-SPECS STRM = SA6-01 KODE=2 TEMP - 130.0 PRES - 14.7

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL - USR38 REPORT - USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL38.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
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2 = Wit smeaddtina otpt o te isor fle
2-5=> Write some e additional output to the historyeI

file. Larger values generate more intermediate

INT 0 1 0 1 output.i
The following 10 real parameters are:
REAL(1) - Ammonia recovery, percent.
REAL(2) - Purity of ammonia product, wt %
REAL(3) -
REAL(20) =Future use.

REAL(21) - Constant factor for the power consumption, kw.IREAL(22) - Power consumption per Mlbs/hr of NH3 recovered,
kw/(Mlbs/hr of NH3 recovered).

REAL(23) - Constant factor for the 900 psig / 150 F steam
consumption, Ml bs/hr.I

REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of
NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).

REAL(25) - Constant factor for the 900 psig saturated steamconsumption, Ml bs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).I
REAL(21) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr ofNH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).IREAL(29) = Constant factor for the 600 psig saturated steam

REAL(30) consumption, Mlbs/hr. cnupinprMb/ro
REAL(0) =600 psig saturated steam cnupinprMb/ro

NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.
REAL(32) = 150 psig saturated steam consumption per Mlbs/hr ofI

NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam3

consumption, Ml bs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).5
REAL(35) - Constant factor for the plant fuel consumption,MM BTU/hr.

REAL(6) -Plant fuel consumption per Mlbs/hr of NH3 recovered,REAL(6) =(MM BTU/hr)/(Mlbs/hr of NH3 recovered).
REAL(37) - Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) - Cooling water consumption per Mlbs/hr of NH3

recovered, (Mgal/hr)/(Mlbs/hr of NH3 recovered).IREAL(39) - Constant factor for the process water consumption,

REAL(40) - Process water consumption per Mlbs/hr of NH3
recovered, (Mgal/hr)/(Mlbs/hr of NH3 recovered).

REAL(41) - Constant factor for the nitrogen consumption,MM SCF/hr of N2.3
REAL(42) = Nitrogen consumption per Mlbs/hr of NH3 recovered,

REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr of NH3 recovered).

REAL(48) - Future use.
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REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/train.

REAL(51) - Reference NH3 recovery rate of a single train in
Mlbs/hr for the calculation of the ISBL field cost
of a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
NH3 recovery rate in Mlbs/hr of NH3 recovered.

REAL(53) - Minimum size of a single train as defined by the
NH3 recovery rate in Mlbs/hr of NH3 recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0* 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR38.
FLASH-SPECS STRM - NH3-PROD KODE=2 TEMP - 80. PRES - 14.7

STRM - 38S-OUT KODE=2 TEMP - 80. PRES = 14.7

Component splitter to generate the vapor and liquid streams
leaving Plant 38, the ammonia recovery plant.

BLOCK P38A SEP
FRAC SUBS - MIXED STRM - 38AS-VAP &
COMP - H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
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C2H6 C3H8 IC4H10 NC4H10 IC5HI2 NC5H12 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492

FLASH-SPECS STRM - 38AS-VAP TEMP=90.0 PRES=25.0 NPK=1 KPH=1
STRM - 38AS-LIQ TEMP=90.0 PRES=25.0 NPK=1 KPH=2

Flow splitter to generate the waste water stream going to the
gasifier, Plant 9, and the stream going to the phenol recovery
plant, Plant 39.

BLOCK P38B FSPLIT
FRAC WASTE 0.28595
PARAM NPK=I KPH=2

Plant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL - USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INTM - History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
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file. Larger values generate more intermediate
output.

INT 0 1 0 1IThe following 70 real parameters are:
REAL(I) - Phenol recovery, percent.
REAL(2) - Purity of phenol product, wt %3 REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of phenol recovered,U kw/(Mlbs/hr of phenol recovered).
REAL(23) - Constant factor for the 900 psig / 150 F steam

consumption, Ml bs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

REAL25)phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
aEL2)-Cntn atrfrte90pi saturated steam

REAL(6) -900 psig saturated steam consumption per Mlbs/hr of
phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenolI recovered).

REAL(7) -Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of
REAL29)phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol

REAL29)- Costat fctorforthe 00 sigsaturated steam

REA(30 -600 psig saturated steam consumption per Mlbs/hr of
phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per Nibs/hr ofI phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(33) = Constant factor for the 50 psig saturated steamI consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(35) - Constant factor for the plant fuel consumption,
REAL(36) - Plant fuel consumption per Nibs/hr of phenolU recovered,

REAL(1) =(MM BTU/hr)/(Mlbs/hr of phenol recovered).
REAL(7) -Constant factor for the cooling water consumption,

Mgai/hr.
REAL(39) - Cooling water consumption per Nibs/hr of phenol

recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per Nibs/hr of phenol

recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).
REAL(41) - Constant factor for the nitrogen consumption,
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MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Mlbs/hr of phenol recovered,

(MM SCF/hr of N2)/(Mlbs/hr of phenol recovered).
REAL(43) - IREAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per operating train,

(operators/day)/train.
REAL(51) - Reference phenol recovery rate of a single train in

Mlbs/hr for the calculation of the IKSBL field cost
of a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(53) = Minimum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR39.
FLASH-SPECS STRM - PHENOL KODE=2 TEMP - 80. PRES - 14.7

STRM = WASTEH20 KODE=2 TEMP - 80. PRES = 14.7
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;Plant SA6 separates the combined product stream from Plants 31.1
;and 31.4 into two streams, one for flue gas and another for solids.I; The separation is set to the URCOAL fraction in the solids stream.

BLOCK SA6 SEP
FRAC SUBS=NC STREAI4-FBC-SOL COMP-URCOAL FRAC-0.8500914 /3 SUBS=MIXED STREAM=FBC-SOL COMP-T1000+ FRAC=1 .OD-10

;Splitter Si - The Inlet Coal Splitter. Used as a switch to divert
;flow between the three different coal cleaning options, as represented

; by the three different Coal Cleaning and Preparation Plants:a; Base Case (ISOI), Alternate Case 1 (ISli), and Alternate Case 2 (1S21).
BLOCK S1 FSPLIT

DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'.FRAC ISOl 1.0 / IS11 0.0 / IS21 0.0

Splitter S2 - The Clean Coal Splitter.
BLOCK S2 FSPLIT

DESCRIPTION 'CLEAN COAL SPLITTER'
FRAC COALT014 0.736227

I Splitter S6-SH2O is a component splitter to generate a pseudo
sour-water stream from Plant 6 to get the NH3 to Plant 38, the
Ammonia Recovery Plant.I BLOCK S6-SH2O SEP

DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'3 FRAC SUBS=MIXED STREAI4=6S-SH20 COMP=NH3 FRAC=1.0

;Splitter S7 - The Product Naphtha Splitter. Used as a switch to
;divert flow between the naphtha reformer, Plant 7 and output to
;naphtha product.

BLOCK S7 FSPLIT
DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'

Use the following line to direct total flow to the reformer, or....
;FRAC 7-NAPH 1.0
Use the following line to direct total flow to the product stream.I FRAC PNAPHTHA 1.0

;Splitter S8 - The Ash-Concentrate Splitter. Used as a switch to
divert flow between the fluidized bed combustor, Plant 314 and theI ; coal gasification train; Plants M9C, P09, & PIO.

BLOCK S8 FSPLIT
DESCRIPTION 'ASH-CONCENTRATE SPLITTER - FBC OPTION 6 SWITCH'
;Direct the ash-concentrate flow to coal gasification.

FRACtS -h e dummy hydrogen splitter used to switch betweenI the two hydorgen production alternatives, Plant 9.0/10 - coal
gasfiatinor Plant 9.1 - steam reforming of methane.

BLOCK S9 FSPLITI DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'
;Set an H2 target flow for Plant 9.0/10 - coal gasification.
FRAC H9NEED 1.0

PARA4 NPK=1 KPH=1
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Stream Report Section

-----------------
STREAM-REPORT PIA

STREAMS STRM - ROMCOAL 1S-CCOAL 9COAL COALT014 COALT02 &
14S-XMID 14S-REF IS-XMID 1S-REFSE &
ASH-CONC S8-ASIIC COALT09 9-FEED SLAG SOLVENT &I
2S-BOTIS 81-FEED FBC-FEED SA6-01 FBC-SOL FBC-GAS

FLOW-FRAC SUBS-MIXED BASES-MASS / SUBS=NC BASES-MASS
INTENSIVE-PROPS SUBS-MIXED BASES-MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP
SUBS-NC BASES-MASS &
PROPS=TEMP PRES MW ENTH DENS

ATTRIBUTES SUBS-NC COMPONENT
STREAM-REPORT PIB3

STREAMS STRM -IS-WATER 14S-WAT 2-H2OIN 2-H2IN H2MIX 2-H2MIX &
SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &
NAPHTHA GAS-OIL S2-GASIF H2-RICH SOUR-GAS P61-GAS &
H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2 3-GAS &I
3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20 &4-FEED 4-H2IN 4-H2OIN 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H2IN 5-H2OIN &
5S-NAPH P350-450 P450-650 P650-850 5S-SH20 &
PS-NAPH PNAPHTHA 7-NAPH 7S-H2 iS-GAS REFORMED &
61-HYD 62-HYD M9H2 M9H4 M9H5 MHNEED &K9NEED H91NEED &I
10-AIRIN IOS0l 10S02 9-02IN 9-H2OIN 9-STEMIN&
H2-GAS H2S-GAS VENT-GAS 9S-SH20 &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SH20 11-FEED 11S-FGAS 11S-LIQS 31S-01 &I
38-FEED NH3-PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS-MIXED BASES-MASS
INTENSIVE-PROPS SUBS-MIXED BASES-MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAPU

End of input file OPT3.INP
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION 4 --

CATALYTIC-CATALYTIC LIQUEFACTION REACTOR

CONFIGURATION WITH VENT GAS SEPARATION



ASPEN/SP PROCESS SINULATION NODEL

INPUT FILE FOR OPTION 4 -- I

CATALYTIC-CATALYTIC LIQUEFACTION REACTOR

CONFIGURATION WITH VENT GAS SEPARATION

NEW

File: OPT4.INP

TITLE IOPT4 - DIRECT COAL LIQUEFACTION - VENT GAS SEPARATION, NTH PLANT'

DESCRIPTION &
ASPEN/SP INPUT FILE FOR SIMULATINO THE VENT GAS SEPARATION OPTION
FOR THE NTH PLANT. THIS INPUT FILE ALSO CAN BE USED TO RUN OPTION 6
(STEAM REFORMING OF NATURAL GAS FOR HYDROGEN PRODUCTION WITH AN FBC
UNIT) AND OPTION 7 (NAPHTHA REFORMING).'

NOTES:
1. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. The switches LOSBL and LPLANT contained in Fortran block SUMMARY

control the costing logic for OSBL and first or Nth plant.
3. Option 6 (hydrogen production by steam reforming of natural

gas with an FBC unt) is activated by variable N9 in Fortran
block OPTION6. When N9 - 1, Option 6 is invoked.

4. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.

5. The costing logic is controlled by switches in Fortran block
SUMMARY.

Last revision - July 16, 1992.

Prepared under DOE contract no. DE-AC22 9OPC89857.

IN-UNITS ENG
OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX-ERRORS=100

; The following two lines are used with V8.0 to produce the overall
; and block elemental balances.
;REPORT ATOMBAL
;BLOCK-REPORT ATOMBAL

HISTORY MSG-LEVEL PROPERTIES=2
MAX-PRINT PROPERTIES-100 SIMULATION=2000

PROPERTIES SYSOP2 GLOBAL
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I PSEUDO-COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &

-1 -1 -1 -1 -1 -1 -1
; The following APIs and MWs are revised from the ASPEN/SP predictions.;Component T1000+ is the 1000+ F material leaving the second coal

liquefaction reactor in Plant 2.
Component 11000+ is the 1000+ F intermediate material leaving theIfirst coal liquefaction reactor in Plant 2.
COMPONENT 1125 TBP=324.82 <K> API=67.91 MW= 82.27
COMPONENT T175 TBP=352.59 <K> API=61.99 MW= 92.77ICOMPONENT 1225 TBP=380.31 <K> API=56.21 MW=102.84
COMPONENT 1275 TBP=408.15 <K> API-50.60 MW=112.50
COMPONENT T325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT T375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT 1475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT T525 TBP-547.04 <K> API-25.66 MW=157.54
COMPONENT T625 TBP-602.59 <K> API=1.38 MW=176.6
COMPONENT 1575 TBP=574.82 <K> API17.39 MW=166.16
COMPONENT T675 TBP=630.31 <K> API=13.66 MW=186.05
COMPONENT T725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT 1775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT 1825 TBP=713.71 <K> API= 4.27 MW=218.85
COMPONENT T875 TBP=741.48 <K> API= 1.78 MW=230.87IICOMPONENT T925 TBP=769.26 <K> API=-0.39 MW=243.37
COMPONENT T975 TBP-797.04 <K> API--2.22 MW=256.24
COMPONENT T1000+ TBP=824.82 <K> API=-3.69 MW=269.33ICOMPONENT P125 TBP=324.82 <K> API=67.91 MW= 82.27
COMPONENT P175 TBP=352.59 <K> API=61.99 MW= 92.77
COMPONENT P225 TBP=380.37 <K> API=56.21 MW=102.84
COMPONENT P275 TBP=408.15 <K> API=50.60 MW=112.501COMPONENT P325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT P375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT P425 TBP-491.48 <K> API=34.96 MW=139.75ICOMPONENT P475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT P525 TBP=547.04 <K> API=25.66 MW=157.54
COMPONENT P575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT P625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT P675 TBP=630.31 <K> API=13.66 MW=186.05
COMPONENT P725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT P775 TBP=685.93 <K> API= 7.09 MW=207.37ICOMPONENT P825 TBP=713.71 <K> API= 4.27 MW=218.85
COMPONENT P875 TBP=741.48 <K> API- 1.78 MW=230.87
COMPONENT P925 TBP=769.26 <K> API=-0.39 MW=243.37ICOMPONENT P975 TBP=797.04 <K> API=-2.22 MW=256.24
COMPONENT P1000+ TBP=824.82 <K> API=-3.69 1*1-269.33
COMPONENT 11000+ TBP=825.0O <K> API=-4.00 MW=275.0
COMPONENT REFORMAT TBP=390.00 <K> API=38.25 MW=100.00

COMPONENTS H2 H2 / N2 N2 / 02 02 / H2S H2S / CO CO / C02 C02 /NH3 H3N/
L-SULFUR SULFUR / H20 H20 / HCL HCL / COS COS / CH4 CH4/I C2H6 C2H6 / C3H8 C3H8 / IC4H1O C4H1O-2 /NC4H1O C4H1O-1/
1C5H12 C5H12-2 / NC5H12 C5H12-1/

Pseudocomponents1 1125 / T175 / T225 / T275 / T325 T 375 /T425 / T475/
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T525 /T575 /T625 / T675 /T725 /T775 /T825 /T875/I
T925 /T975 /T1000+ /
P125 /P175 /P225 /P275 /P325 /P375 /P425 /P475/
P525 /P575 /P625 /P675 /P725 /P775 /P825 /P875/IP925 /P975 /P1000+ / 11000+ / REFORMAT/

Non-conventional components
COAL /URCOAL / SLAGI

FORMULA H2 H2/N2 N2 /02 02/H2S H2S /COCO/C02 C02 /NH3H3N
L-SULFUR S / H20 H20 /HCL HCL / COS COS /CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 /NC4H1O C4H1O / IC4H1O C4H1O/INC5H12 C5H12 / IC5H12 C5H12

;Load the liquid sulfur (L-SULFUR) physical properties as taken from
;DIPPR - MW adjusted to be consistent with ASPEN.I

PROP-DATA IN-UNITS SI
PROP-LIST MW / TC / PC / VC / ZC
PVAL L-SULFUR 32.06 /1313.0 /1.8208E+7 /0. 15800 /0.2640IPROP-LIST MUP I OMEGA / TB / RGYR
PVAL L-SULFUR 0.0 /0.2624 / 717.82 / 0.0
PROP-LIST DELTA W GORM W HORMI
PVAL L-SULFUR 2.0245E+4 /2.3825E+8 /2.7880E+8
PROP-LIST CPIG
PVAL L-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &

273.15 1500.0 0.0 87.113 1.0
,Load the solubility parameter for COS from the API Tech Data Book.PROP-LIST DELTAI
PVAL COS 18179.0

;Reset some component molecular weights to be consisitent with the
following elemental atomic weights, where needed.
H=1.0079, C=12.0111 0=15.9994, N=14.0067, S=32.06 & C1=35.453
PROP-LIST MWI
PVAL H2 2.0158
PVAL N2 28.0134
PVAL 02 31.9988
PVAL H2S 34.0758I
PVAL CO 28.0104
PYAL C02 44.0098
PVAL NH3 17.0304
PVAL H20 18.0152I
PVAL HCl 36.4609
PVAL COS 60.0704I
PVAL CH4 16.0426
PVAL C2H6 - 30.0694
PVAL C3H8 44.0962
PVAL IC4H1O 58.1230
PVAL NC4H1O 58.1230
PVAL IC5H12 72.1498
PYAL NC5H12 72.1498

;Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS to
;the values given in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGR
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PVLHI030
IPVAL HO 0.3000

PVAL C02 0.8180
PVAL NH3 0.6162
PVAL H2S 0.8014
PYAL N2 0.80943PVAL COS 1.0200

ATIR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXA ALIATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL

NC-PROPS COAL ENTHALPY HCOALGEN
DENSITY DCOALIGT

NC-PROPS URCOAL ENTHALPY HCOALGEN/
DENSITY DCHARIGT

NC-PROPS SLAG ENTHALPY HCOALGEN/

DENSITY DCHARIGT

DEF-STREAMS MIXNC ALL

ISet an initial GUESS for the ROM COAL stream to Plant 1.
STREAM ROMCOAL

SUBSTREAN MIXED TEMP - 11.0 PRES - 14.7(3 MASS-FLOW H20 24798.0
SUBSTREAN NC TEMP - 71.0 PRES - 14.7
MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0I COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.10)/

ULTANAL (21.7 61.1 4.2 1.2 0.1 5.1 6.6)/
SULFANAL (3.0 0.3 1.8) /
AOXANAL (43.8 11.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

Fake the URCOAL properties.
COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/

ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.016)/I SULFANAL (2.507 0.253 1.507) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

Fake the SLAG properties.
COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)

ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0
SULFANAL (0.0 0.0 0.0) /3 AOXANAL (42.0 17.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)

;Set an initial GUESS for the fresh make-up H2 stream to Plant 2.
;Assume the make-up H2 contains 1.396 wt% nitrogen.

STREAM 2-H2IN
SUBSTREAV MIXED TEMP =100.0 PRES - 3440.0
MASS-FLOW H2 10300.0 / N2 980.0

I~ Set an initial GUESS for the total water feed streams (both steam
;and wash water) to Plant 2.

STREAM 2-H2OIN
SUBSTREAM MIXED TEMP = 126.0 PRES =3200.0
MASS-FLOW H20 1073000.0

3 ; Set an initial GUESS for the ROSE EXTRACT stream to Plant 2.
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STREAM ROSE-XTR
SUBSTREAM MIXED TEMP = 300.0 PRES 3215.0
MASS-FLOW T675 95.0 / T725 95.0 T775 95.0
T825 95.0 / T875 588.335 / T925 588.335
T975 588.355 / TIOOO+ 536585.0

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but

; the input stream is required. Thus, set a small H20 flow to avoid
; ASPEN warnings.
STREAM SOLVENT

SUBSTREAM MIXED TEMP - 500.0 PRES - 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES - 28.0
MASS-FLOW H20 0.0

T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 T1000+ 642440.0

SUBSTREAM NC TEMP - 688.0 PRES - 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

; Set an initial GUESS for the H2 stream to Plant 4.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 4-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
STREAM 5-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP - 60.0 PRES - 14.7
MASS-FLOW NH3 2830.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 14.7
MASS-FLOW H20 967545.0

1-6



Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN

SUBSTREAM MIXED TEMP - 450.0 PRES = 500.0
MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-021N

SUBSTREAM MIXED TEMP - 80.0 PRES - 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP - 70.0 PRES - 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the CH4 stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP - 70.0 PRES 100.0
MASS-FLOW CH4 307352.

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP - 620.0 PRES - 500.0
MASS-FLOW H20 864428.

Model Connectivity
------------------

FLOWSHEET COAL
Plant M1 is the clean coal outlet streams mixer.
Stream 1S-CCOAL is the combined outlet clean coal product stream.

Plant M2 is the middling coal outlet streams mixer.
Stream 1S-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer.
Stream IS-REFSE is the combined outlet refuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream 1S-WATER is the combined outlet waste water product stream.

Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant M-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.
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Plant PI-ALTI is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream IS12 is the outlet clean coal product stream.
Stream IS13 is the outlet middling coal product stream.
Stream IS14 is the outlet refuse product stream.
Stream IS15 is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream IS22 is the outlet clean coal product stream.
Stream IS23 is the outlet middling coal product stream.
Stream IS24 is the outlet refuse product stream.
Stream 1S25 is the outlet waste water product stream.

Plant PI-BASE is the Coal Cleaning and Preparation Plant - BASE CASE.
Stream IS02 is the outlet clean coal product stream.
Stream 1S03 is the outlet middling coal product stream.
Stream IS04 is the outlet refuse product stream.
Stream IS05 is the outlet waste water product stream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02 is the Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to

supply the steam required to Plant 2.
Stream ROSE-XTR is the deashed product stream.
Stream 2-H20IN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.1.
Stream 2S-SH20 is the sour water product stream.

Plant P03 is the Gas Plant.
Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
Stream 4-H21N is the hydrogen feed stream.
Stream 4-H2OIN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH20 is the hydrotreater sour water stream.

Plant P05 is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H21N is the hydrogen feed stream.
Stream 5-H20IN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
Stream P650-850 is the hydrotreated 650 - 850 F product stream.
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Stream 5S-SH20 is the hydrotreater sour water stream.
Plant P61 is the model for the Hydrogen purification by Membrane

Separation Plant, Plant 6.1.
Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2-rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbon product gas stream.
Stream REFORMED is the reformate product stream.

Plant P81 is the model for the ROSE-SR Critical Solvent Deashing unit.
Stream ROSE-XTR is the deashed product stream.
Stream ASH-CONC is the ash concentrate stream.

Plant P11 is the Sulfur plant.
Stream 11S-LIQS is the sulfur product stream.
Stream 11S-FGAS contains all the other material in the feed that

does not leave in the product SULFUR STREAM.
Plant P31 is the simplified model for the utility plant.
Stream 31S-01 is the dummy product stream.

Plant P314 is the model for the Fluidized Bed Combustor and the
Steam Turbine Generator unit.
Stream FBC-FEED is the feed stream to Plant P314.
Stream SA6-01 is the combined product stream out of Plant P314.

Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.
Stream 38S-OUT is the reject stream.

Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 38B.

Plant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coal
gasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.
Plant P39 is the phenol recovery plant.
Stream PHENOL is the phenol product stream.
Stream WASTEH20 is the waste water stream.

Plant SA6 is the product stream separator from Plant P314.
Stream FBC-GAS is the gas product stream from Plant SA6.
Stream FBC-SOL is the solids product stream from Plant SA6.

Block S1 is the inlet coal splitter.
Stream ROMCOAL is the inlet ROM coal stream.

1-9



, Stream 1S01 is the splitter outlet to the base case plant.
Stream iSlI is the splitter outlet to the alternate case 1 plant.

; Stream 1S21 is the splitter outlet to the alternate case 2 plant.
,Block S2 is the clean coal splitter.I

Stream 1S-CCOAL is the inlet clean coal stream.
Stream COALT014 is the splitter outlet to plant 2.
Stream 9-COAL is the splitter outlet to plant 9.

Block S6-SH2O is a component splitter to generate a pseudo sour-waterI; stream from Plant 6 to get the NH3 to Plant 38, the Ammonia Recovery
Plant.
Stream 6S-SH2O is the pseudo sour-water stream.I
Stream 11-FEED is the Plant 11 feed stream.

Block S7 is the product naphtha splitter.
Stream PS-NAPH is the inlet product naphtha stream.I
Stream 7-NAPH is the splitter outlet to the naphtha reformer plant.
Stream PNAPHTHA is the splitter outlet as product naphtha.Block S8 is the ash-concentrate splitter.
Stream ASH-CONC is the inlet ash-concentrate stream from the ROSE.IStream FBC-FEED is the splitter outlet to the FBC plant.Stream S8-ASHC is the splitter outlet to the M9C coal mixer.

Ml IN = IS02 IS12 1S22 OUT - 1S-CCOAL
M2 IN - IS03 IS13 IS23 OUT - 1S-XMID
M-2HYD IN -H2MIX 2-H2IN OUT - 2-H2MIX IM3 IN - IS04 1S14 IS24 OUT - 1S-REFSE
M38 IN = 2S-SH20 35-5H20 4S-SH20 5S-SH20 65-5H20 9S-5H20 &

OUT = 38-FEED
M4 IN = IS05 IS15 IS25 OUT - IS-WATERI
M-462 IN = 4S-GAS GASES 55-LPGAS 3S-SGAS 7S-H2 OUT = 62-HYD
M-561 IN - 5S-HPGAS 2S-GAS OUT - 61-HYD
M-6GAS IN = SOUR-GAS SOUR-2GS H2S-GAS 38AS-VAP OUT = 6-SGAS
M-73 IN - GAS-OUT iS-GAS OUT - 3-GASI
M-HYD IN - H2-RICH H2-2RICH OUT - H2MIX DUMMY
M-NAP IN - NAPHTHA2 3S-OIL OUT - 4-FEED
M-PNAP IN - 45-NAPH 5S-NAPH OUT = PS-NAPHIPI-ALTI IN = IS11 OUT = IS12 IS13 IS14 I15
P1-ALT2 IN = 1S21 OUT - IS22 IS23 1S24 IS25P1-BASE IN = iSOI OUT - IS02 1S03 IS04 1SOS5P14 IN = COALT014 OUT - COALT02 14S-XMID 14S-REF 145-WAT
P02 IN - 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &

PA OUT = 2S-GAS GASES NAPHTHA GAS-OIL 2S-BOTTS 2S-SH20P03 IN = NAPHTHA 3-GAS &
OUT = 3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20

P04 IN - 4-H2IN 4-FEED 4-H2OIN &
OUT = 4S-GAS 4S-NAPH 4S-SH20IP05 IN - 5-H2IN GAS-OIL 5-H2OIN &OUT = 5S-HPGAS 55-LPGAS 55-NAPH P350-450 P450-650 &

P650-850 5S-SH20I
P61 IN - 61-HYD OUT - H2-RICH SOUR-GAS P61-GASP62 IN - 62-HYD P61-GAS &

OUT = H2-2RICH SOUR-2G5 GAS-OUT NAPHTHA2
P07 IN - 7-NAPH OUT = 7S-H2 iS-GAS REFORMED
P81 IN = 25-BOTTS OUT = ROSE-XTR ASH-CONC
P11 IN - 11-FEED OUT - ilS-FGAS IIS-LIQS
P31 IN - 3S-FGAS OUT - 31S-01I

I-10



IP314 IN = FBC-FEED OUT - SA6-O1
P38 IN - 38-FEED OUT - NH3-PROD 38S-OUT
P38A IN - 385-OUT OUT - 38AS-VAP 38AS-LIQIP38B IN - 38AS-LIQ OUT - WASTE 39FEED
P39 IN - 39FEED OUT - PHENOL WASTEH20
SA6 IN = SA6-01 OUT - FBC-SOL FBC-GASISi IN - RONCOAL OUT - 1501 1S11 IS21S2 IN - 15-CCOAL OUT - COALT014 9COAL
S6-SH2O IN - 6-SGAS OUT - 6S-SH20 11-FEED
S7 IN - PS-NAPH OUT - 1-NAPH PNAPHTHA
S8 IN - ASH-CONC OUT - FBC-FEED S8-ASHC

FLOWSHEET HYDROGEN
Plant M9 is the hydrogen stream mixer.
Stream M9H2 is the dummy H2 stream to the liquefaction unit.
Stream M9H4 is the dummy H2 stream to the naphtha hydrotreater.
Stream M9H5 is the dummy H2 stream to the gas-oil hydrotreater.IStream HHNEED is the dummy H2 stream from the mixer.

Plant M9C is the coal stream mixer.
Stream COALT09 is the clean coal stream to the mixer.IStream S8-ASHC is the ash concentrate stream from the ROSE unit.Stream 9-FEED is the mixed coal stream to the gasifier.

Plant P09 is the plant for producing hydrogen by coal gasification.
Stream 9-H2OIN is the water feed stream to the gasifier section.IStream 9-STEMIN is the steam that goes to the shift reactors.
Stream H2-GAS is the product hydrogen stream.IStream H2S-GAS is the product hydrogen sulfide stream.
Stream VENT-GAS is the product vent gas stream.
Stream 9S-SH20 is the product sour water stream.
Stream SLAG is the product slag stream.
Slata NATG is the mRfin fNatural Gas tr a.

Pla P ATG1 is the emRfing fnatural gas Plrat.
; Stream STEAM is the inlet process water stream.IStream H2-PROD is the product hydrogen stream.
Stream FLUE-GAS is the product flue gas stream.

;Plant P10 is the Air Separation Plant.IStream 1O-AIRIN is the air input stream.
Stream lOS0l is the product oxygen stream.
Stream 1OS02 is the product nitrogen stream.

Plant S9 is the hydrogen stream splitter.
Stream H9NEED is the dummy H2 stream for the gasifier.
Stream H91NEED is the dummy H2 stream for the steam reformer.

iM9H IN - M9H2 M9H4 M9H5 OUT - MHNEED
M9C IN = S8-ASHC COALT09 OUT - 9-FEED
P09 IN - 9-FEED 9-H2OIN 9-02IN 9-STEMIN &

OUT = H2-GAS H2S-GAS VENT-GAS 9S-SH20 SLAG
P91 IN = NAT-GAS STEAM OUT - H2-PROD FLUE-GAS
PlO IN = 10-AIRIN OUT - lOSOl 10S025S9 IN - MHNEED OUT - H9NEED H91NEED

Design Specifications
----------------
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;Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)
;to a specified weight percent (HPCT2) of the MAF coal input stream.

DES-SPEC 2H2FLO
DEFINE CHP2 MASS-FLOW STREAM-2-H2MIX COMPONENT-H2 'DEFINE CCOAL MASS-FLOW STREAI4-COALT02 SUBSTREAM=NC COMPONENT=COAL
DEFINE CCASH COMP-ATTR-VAR STREAM=COALTO2 SUBSTREAM=NC &

COMPONENT-COAL ATTRI BUTE=ULTANAL ELEMENT-iC Set the specified H2 rate to Plant 2 in wt% in the following line.IF HPCT2 - 1.9205D0
C DAFCOAL is the dry ash-free coal (MAF coal).
F DAFCOAL = CCOAL * (100.00 - CCASH) * 0.01D0F H2P2 - O.01D0 * HPCT2 * DAFCOAL

SPEC CHP2 TO H2P2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM-2-H2IN VARIABLE-MASS-FLOW
LIMITS 100 1000000

;Design spec to set the correct ROM coal flow to the splitter to;obtain the desired 17,102 TPSD of MF coal flow rate to the coal
liquefaction plant, Plant 2.

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAfI-COALTO2 SUBSTREAM=NC COMPONENT-COAL
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal .

F TPD = 17102.ODO
F WTPHR - (TPD * 2000.000) / 24.000

SPEC CTARG TO WTPHRU
TOL-SPEC 0.1
VARY MASS-FLOW STREAM=ROMCOAL SUBSTREAM=NC COMPONENT=COAL
LIMITS 100 10000000I

;Design spec to set the correct 9-FEED flow rate to the Plant 9,;coal gasifier, to obtain the desired hydrogen production rate.
DES-SPEC H2FLOU

DEFINE HOUT MASS-FLOW STREAM=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAM-H9NEED COMPONENT-H23
SPEC HOUT TO HTOT
TOL-SPEC 1.0
VARY STREAM-VAR STREAM4-COALT09 SUBSTREAM=NC VAR=MASS-FLOW
LIMITS 0.1 10000000

;Design spec to set the heat duty to block M-HYD to zero by;varying the temperature. This corrects a temperature calculating
;error in the ASPEN mixer block algorithm.DES-SPEC HD-HYD
DEFINE HDTY BLOCK-VAR BLOCK=M-HYD SENTENCE-RETENTION VARIABLE-HEAT-DUTYI
SPEC HDTY TO 0.0
TOL-SPEC 1000
VARY BLOCK-VAR BLOCK-M-HYD SENTENCE=PARAM VARIABLE-TEMPERATURE
LIMITS 10 500

;Design spec to set the 10-AIRIN stream flow to produce the required;amount of oxygen product required by Plant 9, coal gasification.
DES-SPEC 02FLO
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DEIEIOO TEMVRSRA=OO A=ASFO
IDEFINE FLOOS STREAM-VAR STREAM-9-02IN VAR=MASS-FLOW

SPEC FLO10S TO FLOOXYI TOL-SPEC 0.1
VARY STREAM-VAR STREAM=1O-AIRIN VARIABLE=MASS-FLOW
LIMITS 0.1 10000000

I Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLO

DEFINE HOUT2 MASS-FLOW STREAM=H2-PROD COMPONENT=H2IDEFINE HTOT2 MASS-FLOW STREAM=H91NEED COMPONENT=H2
SPEC HOUT2 TO HTOT2
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=NAT-GAS VARIABLE=MASS-FLOW
LIMITS 1000 600000

Transfer Blocks---------
Transfer block to set COALT09 equal to the 9COAL stream (the wet
clean coal input). This duplicates the full property set and
provides the initial guess flow rate for COALTO9.

TRANSFER CCOAL
SET STREAM COALT09
EQUAL-TO STREAM 9COAL

;Transfer block used to set the hydrogen flow rates of the input
;streams to the calculated hydrogen flows to Plant 2 (2-H2IN),
;Plant 4 (4-H2IN), and Plant 5 (5-H21N). M9's represent hydrogen
;flows from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.

TRANSFER HFLOW
SET STREAM M9H2
EQUAL-TO STREAM 2-H2IN
SET STREAM M9H4

SET STREAM M9H5

EQUAL-TO STREAM 5-H2IN

Fortran Blocks

Fortran block to set the correct water flow rate in the clean
coal going to Plant 9.

FORTRAN 9COALIDEFINE W9COAL MASS-FLOW STREAII=9COAL COMPONENT=H20DEFINE C9COAL MASS-FLOW STREAM=9COAL SUBSTREAM=NC COMPONENT=COAL
DEFINE WCT09 MASS-FLOW STREAM=COALTO9 COMPONENT=H20
DEFINE CCT09 MASS-FLOW STREAM=COALTO9 SUBSTREAM=NC COMPONENT=COAL

F WCT09 - CCT09 * (W9COAL / C9COAL)
This Fortran block resets the split fraction in S2 to provide the

ii flow rate of coal to Plant 9.0.
FORTRAN COALFLOW

DEFINE C14 STREAM-VAR STREAM=COALTOJ4 VAR=MASSFLOWIDEFINE C9 STREAM-VAR STREAM=COALTO9 VAR=MASSFLOW
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DEFNE C SREA-VA STEAMROMOAL VARMASFLO
DEFINE RC STREAM-VAR STREAMI-OCOAL VAR=MASSFLOWI
DEFINE SFRAC BLOCK-VAR BLOCK-S2 SENTENCE-FRAC VAR=FRAC &
IDI=COALTO14 ELEMENT=1

C Cal cul ate total clean coal.
F TCC -C14 +C9
C Reset the ROMCOAL feed rate to match the new value.
F RC=-RC *(TCC /CC)I
C Reset the split fraction in S2 to correct 9COAL flow rate.
F SFRAC -C14 / (C9 +C14)3

;This FORTRAN block will calculate the initial ratio of the MIXED
substream flow to the NC substream flow in the stream ROMCOAL.
It will store this result in RATIO, and use that value to adjust

;the MIXED substream flow in proportion to the NC substream flowI
that is varied by the COALFLO design-spec. This is needed to set
the correct amount of water entering with the ROM coal.

FORTRAN MIXFLO 'F COMMON /RATIO/ RMIXNCP
F COMMON /RGLOB/ RDUM1, RHIN
DEFINE FLONCP SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAMV=NC VAR=MASSFLOW
DEFINE FLOMIX SUBSTREAM-VAR STREAM-ROMCOAL SUBSTREAM=MIXED VAR=MASSFLOW
C The following should only be true on the first pass. This prevents
C writing over the initial substream ratio on subsequent passes.
F IF (RMIXNCP L11. RMIN) THEN
F RMIXNCP - FLONCP / FLOMIX
F END IF
C Adjust the other substream flow based on changes to the NCIC substream.F FLOMIX - FLONCP / RMIXNCPg

Fortran block to dynamically set the URCOAL fraction in the
separation block, SA6, equal to the solids production parameter,
REAL(1), in block P314, the fluidized bed combustor. This block

;only has significance when Option 6 is in effect.
FORTRAN SA6SET

DEFINE FRACI BLOCK-VAR BLOCK=P314 SENTENCE=REAL VAR=REAL ELEMENT=1
DEFINE FRAC2 BLOCK-VAR BLOCK=5A6 SENTENCE=FRAC VAR=FRAC ID1=NC &
ID2=FBC-SOL ELEMENT=1

F FRAC2 - FRACi

iFORTRAN block to set the COMBINED steam and water flow rate to
Plant 2 as a specified weight percent of the dry coal feed.

FORTRAN SETUP2
DEFINE FEED2 MASS-FLOW STREAM-COALT02 SUBSTREAM=NC COMPONENT-COALDEFINE H202 STREAM-VAR STREAt4=2-H2OIN VAR=MASSFLOWF H202 - 0.75315 * FEED23

FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)
to a specified weight percent (HPCT4) of the naphtha feed stream,
and the hydrogen flow rate to Plant 5 (5-H2IN) to a specified weight
percent (HPCT5) of the gas oil feed stream. This block also setsIthe inlet water flow rates for these plants to specified rates
as functions of the hydrocarbon feed rates.

FORTRAN SETUP45
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DEIEIP ASFO TRA--2N CMOETH
DEFINE CHP4 MASS-FLOW STREAM=4-H2IN COMPONENT=H2
DEFINE CHP5 MASSA-LOW STREAM=5-H2IN CORMONENT-H
DEFINE FLP4 STREAM-VAR STREAII-4-H2IN VAR=MASSFLOW
DEFINE FLP STREAM-VAR STREAM4--H2I VAR=MASSFLOW
DEFINE XNAPH STREAM-VAR STREAI4-4A-EE VAR-MASSFLOW
DEFINE HG2IL STREAM-VAR STREAM=-AS-IL VAR=MASSFLOW
DEFINE H205 STREAM-VAR STREAM-4-H2OIN VAR=MASSFLOW

C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 - 1.1855IF HPCT5 = 2.7554
F H2P4 - 0.01D0 * HPCT4 * XNAPH
F FLP4 = H2P4 * (FLP4 / CHP4)
F H2P5 = 0.01D0 * HPCT5 * XGOIL
F FLP5 - H2P5 * (FLP5 / CHP5)
C Set the specified H20 rates in wt% in the following two lines.

F H204 = 0.089017 * XNAPH

F H205 = 0.054217 * XGOIL
FORTRAN block to set the steam, water and oxygen stream flow rates

;? to Plant 9 based on the inlet flow rate of hydrocarbons and NC
;components (on a dry ash-free basis).

FORTRAN SETUP9
DEFINE FL29MX SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOWIDEFINE ULCOAL COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &

COMPONENT=COAL ATTRIBUTE-ULTANAL ELEMENT-i
DEFINE ULURC COMP-ATTR-VAR STREAM-9-FEED SUBSTREAM=NC &ICOMPONENT-URCOAL ATTRIBUTE-ULTANAL ELEMENT-iDEFINE FL29C MASS-FLOW STREAM-9-FEED SUBSTREAM=NC COMPONENT=COAL
DEFINE FL29UR MASS-FLOW STREAM-9-FEED SUBSTREAM=NC COMPONENT=URCOAL
DEFINE FL29W MASS-FLOW STREAM=9-FEED COMPONENT-H20DEIEI2T TEMVRSREM9SEI A=ASFODEFINE FL2STM STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOWDEFINE FL202O STREAM-VAR STREAI4=9-H2IN VAR-MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the
C inlet flow rate of hydrocarbons and NC components (on a dry basis).

F X1 - 0.01*FL29C *(100.0.ULCOAL)
F X2 = 0.01*FL29UR*(100.0-ULURC)

F FL2STM = 0.25495 *(FL29MX + X1 + X2 -FL29W)

F FL2H2O = 1.4123 *(FL29MX + XI + X2 -FL29W)

F FL202 - 1.1365 *(FL29MX + X1 + X2 -FL29W)

Fortran block to set up the common and OSBL utility consumptions.a FORTRAN SETUP31ifF COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PLNTID
DEFINE DCOAL2 SUBSTREAM-VAR STREAI4-COALTO2 SUBSTREAM-NC VAR-MASS-FLOWIC COMMON /USRCO3/ is used to transfer variables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRC03/.
C Base all the offsite and OSBL utilities consumptions on the dry
C coal feed rate to Plant 2, the Coal Liquefaction Plant. Ignore
C cooling and process water consumptions and productions.

F PLNTID (19) - 'OTHERS'
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C Electric Power.I
F UTIL(19,1) - 25.1346 * DCOAL2 * 0.001
F IF ( OPTN6 .GE. 0.99D0 UTIL(19,1) . 29.5411 *DCOAL2 *0.001

C 600 psig steam at 720F.I
F UTIL(19,4) - 0.05122207 DCOAL2 * 0.001
C 150 psig saturated steam.
F UTIL(19,6) - 0.04350367 * DCOAL2 * 0.001
C 50 psig saturated steam. IF UTIL(19,7) - 0.06757103 * DCOAL2 * 0.001

Fortran statement to set the molar flow rate of the STEAM stream to
be in balance with the feed stream to Plant 9.1.

FORTRAN SETUP91
DEFINE GS STREAM-VAR STREAM-NAT-GAS VARIABLE-MOLE-FLOW
DEFINE ST STREAM-VAR STREAM-STEAM VARIABLE-MOLE-FLOW

F IF ( GS .GT. 0.ODO ) THEN
F ST - 2.504543D0 GS
F ELSEI
F ST - 0.000
F ENDIF

;Fortran block to switch between Plants 9.0 and 10 (Baseline Design
;Case) or Plants 9.1, 31.1 and 31.4 (Option 6).

FORTRAN OPT 10N6
F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6I
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.
DEFINE FSTM STREAM-VAR STREAM=STEAM VAR=MOLE-FLOWIDEFINE FNG STREAM-VAR STREAM=NAT-GAS VAR-MOLE-FLOW
DEFINE F10A STREAM-VAR STREAM-10-AIRIN VAR-MASS-FLOW
DEFINE F9H STREAM-VAR STREAM-9-H2OIN VAR-MASS-FLOW£
DEFINE F9S STREAM-VAR STREAM=9-STEMIN VAR-MASS-FLOW
DEFINE F90 STREAM-VAR STREAM=9-021N VAR=MASS-FLOW
DEFINE FC9M SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE FC9NC SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=NC VAR=MASS-FLOW 'DEFINE FRAC8 BLOCK-VAR BLOCK-S8 SENTENCE-FRAC VAR=FRAC &
ID1-58-ASHC ELEMENT-i

DEFINE FRAC9 BLOCK-VAR BLOCK-S9 SENTENCE=FRAC VAR=FRAC &ID1=H9NEED ELEMENT-i
DEFINE FRAC38 BLOCK-VAR BLOCK-P38B SENTENCE=FRAC VAR-FRAC &
IDJ=WASTE ELEMENT-i

C Set N9 equal to 0 to run Plants 9.0 and 10 (Baseline), orIC set N9 equal to 1 to run Plants 9.1, 31.1 and 31.4 (OPTION 6).
F N9 =0
F IF (N9 .EQ. 0) THEN
F OPTN6 - .ODO
F FSTM -1.OD-6
FFNG - 1.OD-6I

F FRACB - 1.0
F FRAC9 - 1.0
F FRAC38 - 0.28595
F ENDIFI
*F IF (N9 .EQ. 1) THEN
F OPTN6 -1.ODO
F F10A = .OD-6
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IF F9H -=.O-
F F9S = 1.OD-6
F F90 =l.OD-6IF FC9M = l.OD-6
F FC9NC - 1.0D-6
F FRAC8 - 0.0
F FRAC9 - 0.0

F ENFRAC38 - 0.0

Ii FORTRAN SUMMARY
C This Fortran block writes the summary report to the DCLSUM.REP
C file, and also writes the DCLI.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMMON /USRCO3/ is used to transfer variables FIN(5,4),

C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in namedI>C common block /USRC03/.
DEFINE FINi SUBSTREAI4-VAR STREAI4=ROMCOAL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FIN2 STREAM-VAR STREAM=NAT-GAS VAR=MASS-FLOWIDEFINE FOUTI STREAM-VAR STREAM=3S-PROP VAR=MASS-FLOWDEFINE FOUT2 STREAM-VAR STREAM=3S-BUT VAR=MASS-FLOW
DEFINE FOUT3A STREAM-VAR STREAM=PNAPHTHA VAR=MASS-FLOW
DEFINE FOUT3B STREAM-VAR STREAM-REFORMED VAR=MASS-FLOWIDEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOWDEFINE FOUT5 STREAM-VAR STREAM-P450-650 VAR=MASS-FLOW
DEFINE FOUT6 STREAM-VAR STREAM-P650-850 VAR=MASS-FLOWIDEFINE FOUT7 SUBSTREAM-VAR STREAM-lS-REFSE SUBSTREAM=NC VAR=MASS-FLOWDEFINE FOUT8 SUBSTREAM-VAR STREAM-SLAG SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUTBA SUBSTREAM-VAR STREAM-FBC-SOL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUTlO STREAM-VAR STREAM=NH3-PROD VAR=MASS-FLOW
DEFINE FOUT11 STREAM-VAR STREAM=PHENOL VAR=MASS-FLOW
DEFINE FOUT12 STREAM-VAR STREAM=llS-LIQS VAR=MASS-FLOW
C Load the stream flow rates in the FIN() and FOUT() arrays inI' Mlbs/hr. All solid stream flow rates are on a dry basis.

F FIN(1,1) = O.OOlDO * FINI
F FIN(2,I) - O.OO1DO * FIN2UF FOUT(l,l) - O.OOlDO * FOUTIF FOUT(2,l) - 0.OO1DO * FOUT2

F FOUT(3,l) - 0.OOlDO * (FOUT3A + FOUT3B)
F FOUT(4,l) - 0.OO1DO * FOUT4
F FOUT(5,1) - 0.OO1DO * FOUT5
F FOUT(6,l) - O.OOlDO * FOUT6
F FOUT(7,l) = 0.OO1DO * FOUT7
F, FOUT(8,I) =0.O0lDO * (FOUT8 + FOUTBA)
F FOUT(lO,1) = O.OO1DO * FOUTIO
F FOUT(II,I) = O.OO1DO * FOUTlI
F FOUT(12,l) - O.OO1DO * FOUT12I erdeicte lat peatr
C Set XOF to the number of extra operators and OSBI operators

C

C Set the LOSBL and LPLANT switches, as appropriate, to duplicateI 1-17



C the Bechtel OSBI and first vs. Nth plant costing logic.I
C LOSBL = 0 - Use baseline case OSBL costing logic.
C LOSBI = 1 - Use option case OSBI costing logic.
C LPLANT - 0 - Use first plant OSBI and engineering costing logic.I
C LPLANT - 1 - Use Nth plant OSBI and engineering costing logic.
C ===========m=============------------

F LOSBL1 I
F LPLANT =1

C
C Open the separate output file called DCLSUM.REP to contain the
C summary report of the simulation results.I
F OPEN (UNIT=62, FILE-'DCLSUM.REP'I, STATUS-'UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORH-'FORMATTED',
F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR1 and USRSR2 to write the summary report.
F CALL USRSR1 (62)
F CALL USRSR2 (62, LOSBI, IPLANT, OPTN6, XOF)
F CLOSE (UNIT=62, STATUS='KEEP')
C Now write the LOTUS spreadsheet economics model input file.
F OPEN (UNIT-62, FILE='DCL1.PRNI, STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORI4-'FORMATTED',
F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR3 to write the model input file.

F CALL USRSR3 (62, OPTN6, XOF)I
F CLOSE (UNIT=62, STATUS='KEEP')

:Convergence Blocks5

CONVERGENCE CBLK1 WEGSTEIN
TEAR H2MIX 1D-5 i
TAR 25-BTTS D-

CONVERGENCE CBLK3 WEGSTEIN

TEAR 6S-SH20 1D-5

CONVERGENCE COALF ONE-VAR
SPEC COALFLO

CONVERGENCE HD-C1 ONE-VAR
SPEC HD-HYD

CONVERGENCE HYDF BROYDEN-SPEC
SPEC H2FLO3

CONVERGENCE 2HYDF ONE-VAR
SPEC 2H2FLO3

CONVERGENCE OXYF ONE-VAR
SPEC 02FLO

CONVERGENCE RFMRF ONE-VAR
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SPEC RFMRFLO

Calculation Sequence
--------------------

Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO SI PI-BASE PI-ALTI PI-ALT2 &

MI S2 P14 (RETURN COALF) &
M4 M3 M2

Specify entire flowsheet sequence, including subsequence CLEAN.
SEQUENCE BASE (SEQUENCE CLEAN) CCOAL &

CBLK1 2HYDF M-2HYD (RETURN 2HYDF) &
CBLK2 SETUP2 P02 PSI (RETURN CBLK2) &
P61 P62 HD-Cl M-HYD (RETURN HD-C1) &
M-73 P03 M-NAP SETUP45 P04 M-462 P05 M-561 &
M-PNAP S7 P07 (RETURN CBLK1) &
HFLOW M9H OPTION6 S9 S8 P314 SA6SET SA6 &
HYDF 9COAL M9C SETUP9 P09 (RETURN HYDF) &
OXYF PIO (RETURN OXYF) COALFLOW (SEQUENCE CLEAN) &
RFMRF SETUP91 P91 (RETURN RFMRF) &
CBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &
(RETURN CBLK3) &
P11 SETUP31 P31 SUMMARY

Unit Operations Blocks
----------------------

Mix the clean coal product streams from the 3 different cases.
BLOCK MI MIXER
DESCRIPTION 'PLANT I OUTLET CLEAN COAL MIXER'

Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXER
DESCRIPTION 'PLANT I OUTLET MIDDLING COAL MIXER'

Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 21
PARAM NPK=I KPH=I

Mix the refuse product streams from the 3 different cases.
BLOCK M3 MIXER
DESCRIPTION 'PLANT I OUTLET REFUSE MIXER'

Mix the sour water streams from Plants 2, 3, 4, 5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'

Mix the waste water product streams from the 3 different cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT I OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER -
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DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'

Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
BLOCK M-561 MIXER

DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP-110.0 PRES-14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer M9C - The hydrogen plant feed mixer; used to mix the coal and
; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS-2

; Mixer M9 - The dummy hydrogen mixer; used to mix the three
; streams that go to Plant 2 (M9H2), Plant 4 (M9H4), and
; Plant 5 (M9H5) into one single output stream (MHNEED) for the
; S9 splitter.
BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'
PARAM NPK=1 KPH=1

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block
; algorithm.
BLOCK M-HYD FLASH2
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.2'
PARAM TEMP=100. PRES=3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER

DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'

BLOCK M-PNAP MIXER

; Plant PI-ALT1, Coal Cleaning and Preparation Plant. Use User
; Fortran Model, USR01, within the PLANTS file. ALTERNATE CASE 1
; COAL CLEANING BY HEAVY MEDIUM SEPARATION.
BLOCK Pl-ALTI USER

SUBROUTINE MODEL - USROI REPORT - USR01
DESCRIPTION 'PLANT I - ALTERNATE 1 - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
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that is modeled in BLOCK PI-JIGS. The operators and cost for this
plant includes those associalted with the PI-JIGS portion of the coal
cleaning and preparation plant. All parameters have the same meaning
as described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FClM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - IS12 KODE-2 TEMP - 70.0 PRES = 14.7

STRM = IS13 KODE-2 TEMP - 70.0 PRES = 14.7
STRM = 1S14 KODE=2 TEMP - 70.0 PRES - 14.7
STRM = 1S15 KOIDE=2 TEMP - 70.0 PRES = 14.7

Plant Pl-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.

BLOCK PI-ALT2 USER
SUBROUTINE MODEL = USROI REPORT USR01
DESCRIPTION 'PLANT I - ALTERNATE 2 COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both Jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK PI-JIGS. The operators and cost for this plant includes'
those associalted with the PI-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
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described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 2
FCP FCM FHP FHM FNP FNM

REAL 0.9435271 0.0 0.9338663 0.0 0.9250562 0.0 &
FClP FClM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAM
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM = IS22 KODE=2 TEMP - 70.0 PRES = 14.7

STRM - 1S23 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS24 KODE=2 TEMP - 70.0 PRES - 14.7
STRM - IS25 KODE-2 TEMP - 70.0 PRES - 14.7

Plant 1 - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
Model USR01
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.

BLOCK Pl-BASE USER
SUBROUTINE MODEL - USROI REPORT USR01
DESCRIPTION 'PLANT 1 - BASE CASE COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL = 70

The following 5 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) = User block summary report destination control switch.
0 => Write the user block summary report to the mormal
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ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLOIB.REP, DCL01AI.REP or DCLOIA2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I -> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-4 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report - DCLOIB.REP)
I Alternate case I - Coal cleaning by heavy media

separation. (Report = DCL01A1.REP)
2 => Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report - DCLO1A2.REP)

3 => Coal cleaning by jigs for coal gasification in
p'Ant 9. (Report - DCL01G.REP)

4 -> Coal grinding and drying plant.
(Report - DCLOID.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,
and 4 is for the grinding and drying plant.

INT 0 1 0 1 0
The following 70 real parameters are:
REAL(I) - Fraction of carbon in the inlet coal leaving

in the clean coal product stream.
REAL(2) = Fraction of carbon in the inlet coal leaving

in the middling coal stream.
REAL(3) - Fraction of hydrogen in the inlet coal leaving

in the clean coal product stream.
REAL(4) - Fraction of hydrogen in the inlet coal leaving

in the middling coal stream.
REAL(5) - Fraction of nitrogen in the inlet coal leaving

in the clean coal product stream.
REAL(6) - Fraction of nitrogen in the inlet coal leaving

in the middling coal stream.
REAL(7) - Fraction of chlorine in the inlet coal leaving

in the clean coal product stream.
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REAL (8) - Fraction of chlorine in the inlet coal leaving
in the middling coal stream.

REAL(9) - Fraction of sulfur in the inlet coal leaving
in the clean coal product streami. OPTIONAL - See Note 1.

REAL(IO) =Fraction of sulfur in the inlet coal leaving
in the middling coal stream. OPTIONAL - See Note 1.

REAL(11) = Fraction of oxygen in the inlet coal leaving3
in the clean coal product streami.

REAL(12) = Fraction of oxygen in the inlet coal leaving
in the middling coal stream.

REAL(13) - Fraction of ash in the inlet coal leavingI
in the clean coal product streami.

REAL(14) - Fraction of ash in the inlet coal leaving
in the middling coal stream.

REAL(15) - Moisture content of the clean product coal on a dry
basis, wt%.

REAL(16) - Moisture content of the middling coal on a dry3
basis, wt%.

REAL(17) = Moisture content of the refuse on a dry basis, wt%.
REAL(18)-
REAL(20) = Future use. I

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of dry clean coal,

kw/ (Ml bs/hr) .
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Ml bs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr). I
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) -consumption, Mlbs/hr. cnupinprMb/ro
REAL(6) -900 psig saturated steam cnupinprMb/ro

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(21) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REL )-Constant factor for the 150 psig saturated steamI
REAL(1) =consumption, Mlbs/hr.

REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of
dry clean coal, (Mlbs/hr)/(Mlbs/hr).

REALM3) - Constant factor for the 50 psig saturated steamI
consumption, Mlbs/hr.

REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of
dry clean coal, (Ml bs/hr)/ (Ml bs/hr).I

REAL(35) = Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr. prMb/ro r la ol
REAL(6) -Plant fuel consumption prMb/ro r la ol

(MM BTU/hr)/(Mlbs/hr).
REAL(37) - Constant factor for the cooling water consumption,

REAL(38) -Cooling water consumption per Mlbs/hr of dry cleanI
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coal (Mgal/hr)/(Mlbs/hr).
REAL(39) = Constant factor for the process water consumption,

Mgal/hr.IREAL(40) = Process water consumption per Mlbs/hr of dry cleancoal, (Mgal/hr)/(Mlbs/hr).
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2.IREAL(42) = Nitrogen consumption per Mlbs/hr of dry clean coal,
(MM SCF/hr of N2)/(Mlbs/hr).

REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.gREAL(50) = Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference flow rate of the dry clean coal of a
single train in Mlbs/hr for the calculation of
the ISBL field cost of a single train as a functionE REAL52) =of train capacity.

REAL(2) -Maximum size of a single train as defined by theI flow rate of the dry clean coal in Mlbs/hr.REAL(53) - Minimum size of a single train as defined by the
flow rate of the dry clean coal in Mlbs/hr.

REAL(54) - Constant A in the plant ISBI field cost equation.IREAL(55) = Constant B in the plant ISBI field cost equation.REAL(56) - Constant E in the plant ISBI field cost equation.
REAL(57) - Constant F in the plant ISBI field cost equation.IREAL(58) - Number of spare trains.REAL(59) -

REAL(70) - Future use.I., NOTES:
1. If both the sulfur distribution factors, REAL(9) and REAL(10),

are zero and a SULFANAL was supplied, the sulfur will be1 distributed among the products as follows.
a. The ORGANIC sulfur will be distributed in the same

proportions as the carbon is distributed.
b. The PYRITIC and SULFATE sulfur will be distributed in the

same proportions as the ash is distributed.

FCP FCN FHP FHM FNP FNM
REAL 0.9323M 0.0 0.1485 FOP.9333 .
REL .93239 0.0 0.1485 0.0 0.5333 0.0.003. .090 . 0.9696970 0.0 &

0.4229671 0.0 &
PCWP PCMPCWR FuueUse (3 items)8.576 3.0 10.0 0.0 0.0 0.0 &Power 900/750 F steam 900 satd steam0.0 4.281977 0.0 0.0 0.0 0.0 &

600/720 F steam 600 satd steam 150 satd steam&
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &IProcess H20 Nitrogen
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0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 18.2 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - 1S02 KODE-2 TEMP - 70.0 PRES = 14.7

STRM - 1S03 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS04 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 1S05 KODE=2 TEMP - 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant - Fortran Model USR01
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL = USROI REPORT - USRO1
DESCRIPTION 'PLANT 1.4 BASE CASE - COAL GRINDING AND DRYING PLANT'
PARAM NINT = 5 NREAL 70

The following integer and real parameters have the same meaning
as described above for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNM

REAL 1.0 0.0 1.0 0.0 1.0 0.0 &
FClP FClM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &
FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
Ref Flow Max Flow Min Flow
142.518 145.0 50.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
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0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - COALT02 KODE-2 TEMP - 70.0 PRES = 14.7

STRM - 14S-XMID KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-REF KODE-2 TEMP - 70.0 PRES - 14.7
STRM - 14S-WAT KODE-2 TEMP - 70.0 PRES = 14.7

Plant 2 - The coal liquefaction plant - user Fortran block USR02.
BLOCK P02 USER

SUBROUTINE MODEL - USR02 REPORT - USR02
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION PLANT - VENT GAS OPTION'
PARAM NINT = 6 NREAL = 70

The following 6 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) - Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Switch to write the major equipment summary list and
cost summary report by plant section for the baseline
design to the separate block output summary report file
called DCL02.REP on logical unit 62.
0 => Do not write the major equipment summary list.
1 Write the major equipment summary list to the

separate block output file only when
INT(I) <- 2, INT(2) - 1, and INT(6) - 0.

2 Write the major equipment summary list and the
cost summary report by plant section to the
separate block output file only when
INT(I) <- 2, INT(2) - 1, and INT(6) = 0.

INT(6) - Switch to select which coal liquefaction reactor yields

1-27



are calculated.I
0 =>Baseline design two-reactor model.
3> Option 3 -Yields for Thermal/Catalytic two-

reactor model.
4 => Option 4 - Two-reactor model with interstaage

vent gas separation.
5=-> Option 5 -Yields for two-reactor coker model.
8 => Improved Baseline (Option 8) - High space velocityI

two-reactor model.
INT 0 1 0 1 2 4

The following 70 real parameters are:
REAL(1) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.
REAL(2)-U
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of dry coal feed,

kw/(Mlbs/hr of dry coal).
REAL(23) - Constant factor for the 900 psig / 750 F steam

REAL(4) =consumption, Nibs/hr. prMb/ro
REAL(4) -900 psig / 750 F steam consumption prMb/ro

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nlbs/hr of

dry coal feed, (Mibs/hr)/(Mlbs/hr of dry coal).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(29) - Constant factor for the 600 psig saturated steam1

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REALM3) = Constant factor for the 150 psig saturated steam

REAL(2) -consumption, Nibs/hr.
REAL(2) -150 psig saturated steam consumption per Nibs/hr ofdry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).REALM3) - Constant factor for the 50 psig saturated steam

REAL(4) =consumption, Nibs/hr.
REL3)-50 psig saturated steam consumption per Nibs/hr of Udry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).REAL(35) - Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr.peNishofdyca feI
REAL(6) =Plant fuel consumptionpe lshofdycafe,

(Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(37) - Consanthr to for the cooling water consumption,

REAL(38) - Cooling water consumption per Nibs/hr of dry coalI
feed, (Mlbs/hr)/(Mlbs/hr of dry coal).

REAL(9) -produced, (Mgal/hr)/(MM SCF/hr of H2). 'REALM) -Constant factor for the process water consumption,
Mgal/hr.

REAL(40) - Process water consumption per Nibs/hr of dry coal

feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
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REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) = Nitrogen consumption per Mlbs/hr of dry coal feed,I' (MM SCF/hr of N2)/(Mlbs/hr of dry coal).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference dry coal feed rate to a single train in
MlEAL52 fo h calculation of the ISBL field cost of
a sigletrain as a function of train capacity.

REA(52 - axium izeof a single train as defined by the dry
colfeed rate in Mlbs/hr of dry coal.

REA(53 -Minimum size of a single train as defined by the dry
coal feed rate in Mlbs/hr of dry coal.IREAL(54) = Constant A in the plant ISBI field cost equation.

REAL(55) =Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.IREAL(57) - Constant F in the plant ISBL field cost equation.REAL(58) =Number of spare trains.
REAL(59) -3 ,REAL(70) - Future use.

Percent fresh MAF coal conversion
REAL 92.7901 &

Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 41.83416 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steamI0.0 0.003904784 0.0 -0.1046111 0.0 -0.0632168 &
50 satd steam Plant fuel Cooling H20
0.0 0.0393741 0.0 0.747978 0.0 0.340800 &
Process H20 Nitrogen
0.0 0.1081972 0.0 0.000029236&
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &I Opers/day (Opers/day)/trai n
0.0 8.0 &
Ref Flow Max Flow Min FlowI285.035 285.05 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 186.44 0.7142 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

£ ,Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USRO2.
FLASH-SPECS STRM=2S-GAS KODE=2 TEMP=130.0 PRES=2985.0 NPK=1 KPH=1£STR4 - GASES KODE=2 TEMP - 130.0 PRES - 65.0
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STRM - NAPHTHA KODE-2 TEMP - 140.0 PRES - 16.0
STRM - GAS-OIL KODE-2 TEMP - 110.0 PRES - 30.0
STRM - 2S-BOTTS KODE-2 TEMP - 688.0 PRES = 28.0
STRM - 2S-SH20 KODE-2 TEMP - 100.0 PRES = 30.0

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL - USR03 REPORT - USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INTM History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(l) -

IREAL(20) = Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of dry C4- gas,

kw/(MM SCF/hr of dry C4- gas)
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
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REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hrof dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(29) - Constant factor for the 600 psig saturated steamU' consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).IREAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Mlbs/hr)/(Mtl SCF/hr of dry C4- gas).REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of dry C4- gas,I (MM BTU/hr)/(MM SCF/hr of dry C4- gas).REAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.IREAL(38) - Cooling water consumption per MM SCF/hr of dry C4-gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).REAL(39) = Constant factor for the process water consumption,
Mgal/hr.IREAL(40) = Process water consumption per NM SCF/hr of dry C4-
gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).

REAL(41) =Constant factor for the nitrogen consumption,I MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of dry C4- gas,

(MM SCF/hr of N2)/(MM SCF/hr of dry C4- gas).
REAL(43) -

REAL(48) - Future use.REAL(49) - Constant factor for the number of operators per
day, operators/day.IREAL(50) = Number of operators per day per train,
(operators/day)/trai n.REAL(51) = Reference gas feed rate to a single train in
MM SCF/hr of dry C4- gas for the calculation of
the ISBL field cost of a single train as a function
of train capacity.

REAL(52) = Maximum size of a single train as defined by theI gas feed rate in MM SCF/hr of dry C4- gas.REAL(53) = Minimum size of a single train as defined by the
gas feed rate in MMI SCF/hr of dry C4- gas.IREAL(54) - Constant A in the plant ISBL field cost equation.REAL(55) - Constant B in the plant ISBI field cost equation.

REAL(56) - Constant E in the plant 1581 field cost equation.UREAL(57) = Constant F in the plant ISBI field cost equation.REAL(58) = Number of spare trains.REAL(59) -

REAL(70) = Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
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0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 447.6001 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 194.4388 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 8.425471 0.0 -722.141 0.0 645.8090 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
2.04 5.0 0.300 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 25.3 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR03.
FLASH-SPECS STRM = 3S-SGAS KODE-2 TEMP - 137.0 PRES = 55.0

STRM - 3S-FGAS KODE-2 TEMP - 100.0 PRES = 215.0
STRM - 3S-PROP KODE=2 TEMP - 100.0 PRES = 280.0
STRM - 3S-BUT KODE-2 TEMP - 100.0 PRES = 280.0
STRM - 3S-OIL KODE=2 TEMP - 130.0 PRES - 263.0 &

NPK-1 KPH-2 /
STRM - 3S-SH20 KODE-2 TEMP - 137.0 PRES - 55.0

Plant 4 - The naphtha hydrotreater use user Fortran block USR04.
BLOCK P04 USER

SUBROUTINE MODEL - USR04 REPORT USR04
DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL04.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).
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If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0=-> Write no additional output to the history file.
1 => Write the only the subroutine entry and exit
2 Write some additional output to the history file.

3-5 =>Write some more additional output to the history
file. Larger values generate more intermediate

3he following 70 real parameters are:
REAL~l) - Percent desulfurization of the C5+ feed; i. e.,

Percent of sulfur removed from the entering C5+ feed.
REAL(2) - Percent denitrogenation of the C5+ feed; i. e.,

Percent of nitrogen removed from the entering C5+ feed.
REAL(3) - Percent deoxygenation of the C5+ feed.

Percent of oxygen removed from the entering C5+ feed.IREAL(4) = Chemical hydrogen consumption in SCF/bbl of C5+ feed.REAL(S) -
REAL(20) = Future use.

; REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of C5+ feed,

kw/(Mlbs/hr of C5+ feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) = 900 psig saturated steam consumption per Mlbs/hr ofREAL(7) =C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(7) -Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) =600 psig / 120 F steam consumption per Mlbs/hr of

REAL(9) :Consan f actoMlsr)/o /r th 600 ps fsauaedsea
REAL(9 -Costan feed, r fob/h)(Mr ofe 600 fegsauaed. ea

consumption, Mlbs/hr.I,,(3) 600 psig saturated steam consumption per Mlbs/hr of
C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Mlbs/hr.IREAL(32) - 150 psig saturated steam consumption per Mlbs/hr ofC5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(33) =Constant factor for the 50 psig saturated steamI consumption, Mlbs/hr.REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of
CS+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(35) - Constant factor for the plant fuel consumption,
REAL(3 MM = BlaTfUelcnumtohprrb/h.fC5 ed

(MM BTU/hr)/(Mlbs/hr of C5+ feed).'IREAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per Mlbs/hr of C5+ feed,3' (Mgal/hr)/(Mlbs/hr of C5+ feed).
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REAL(39) - Constant factor for the process water consumption,1

REAL40)= Process water consumption per Mlbs/hr of C5+ feed,

REA(41 -Constant factor for the nitrogen consumption,I

MMI SCF/hr of N2. o 5 ed
REAL(42) - Nitrogen consumption per Nibs/hr o 5 ed

(MM SCF/hr of N2)/(Mlbs/hr of C5+ feed).I

REAL(4) --Future use. /
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/train.
REAL(51) - Reference C5+ feed rate to a single train in Nibs/hr

for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by theI
=C5+ feed rate in Nibs/hr.

REAL(53) -Minimum size of a single train as defined by the
C5+ feed rate in Nibs/hr.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBI field cost equation.
REAL(58) =Number of spare trains.
REAL(59) -

REAL(70) - Future use.

% Desulfurization % Denitrogenation
REAL 99.99 99.988 &I

% Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feed
99.5 125.0 &
Future use (6 items)5
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5.098308 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.126493 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.351607 0.0 0.730963 &
Process H20 Nitrogen
0.0 0.010833 0.0 0.0 &I
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trainI
0.0 8.0 &
Ref Flow Max Flow Min Flow
210.462 400.0 50.0 &I
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 15.6 0.7843 1.0 0.0 0.0 0.0 &

Future Use (10 items)
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0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR04.

FLASH-SPECS STRM - 4S-GAS KODE-2 TEMP - 135.0 PRES = 915.0
STRM - 4S-NAPH KODE-2 TEMP = 100.0 PRES - 153.0
STRM - 4S-SH20 KODE-2 TEMP - 70.0 PRES = 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL - USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Percent desulfurization of the C6+ feed; i. e.,

Percent of sulfur removed from the entering C6+ feed.
REAL(2) - Percent denitrogenation of the C6+ feed; i. e.,

Percent of nitrogen removed from the entering C6+ feed.
REAL(3) = Percent deoxygenation of the C6+ feed.

Percent of oxygen removed from the entering C6+ feed.
REAL(4) = Chemical hydrogen consumption in SCF/bbl of C6+ feed.
REAL(5) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of C6+ feed,

kw/ (Ml bs/hr) .
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REAL(23) = Constant factor for the 900 psig / 150 F steamU
consumption, Nibs/hr.

REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr of
C6+ feed, (Nlbs/hr)/(Mlbs/hr).I

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per Nibs/hr of
C6+ feed, (Mibs/hr)/(Mlbs/hr).I

REAL(21) = Constant factor for the 600 psig / 720 F steam
REAL(8) -consumption, Nibs/hr.I
REAL(8) -600 psig / 720 F steam consumption per Nibs/hr of

C6+ feed, (Nibs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Mibs/hr of

C6+ feed, (Nibs/hr)/(Mibs/hr).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.I
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

REAL(3) =C6+ feed, (Nibs/hr)/(Mlbs/hr).3
REAL(3) =Constant factor for the 50 psig saturated steam

consumption, Ni bs/hr.
REAL(34) = 50 psig saturated steam consumption per Mibs/hr of

REAL(5) =C6+ feed, (Mibs/hr)/(Nlbs/hr).
REAL(5) =Constant factor for the plant fuel consumption,
REAL(6) -MM BTU/hr.
REAL(6) -Plant fuel consumption per Nibs/hr of C6+ feed,

(MN BTU/hr)/(Nibs/hr).
REAL(37) - Constant factor for the cooling water consumption,

REAL'8' - gal/hr.3
REAL(8) -Cooling water consumption per Nibs/hr of C6+ feed,

(Mgai/hr)/(Nibs/hr).
REAL(39) - Constant factor for the process water consumption,

REAL(40) = Process water consumption per Nibs/hr of C6+ feed,I
(Ngal/hr)/(Mi bs/hr).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.I

REAL(42) - Nitrogen consumption per Nibs/hr of C6+ feed,
REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr).£

REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.
REALM5) = Reference C6+ feed rate to a single train in Nibs/hr

for the calculation of the ISBL field cost of a3single train as a function of train capacity.
REAL(52) = Maximum size of a single train as defined by the

REAL(3) =C6+ feed rate in Nibs/hr.I
REAL(3) -Minimum size of a single train as defined by the

C6+ feed rate in Nibs/hr.
REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
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REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

% Desulfurization % Denitrogenation
REAL 92.5 85.2 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C6+ feed
97.6 947.00 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.096936 0.0 -0.050465 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.241416 0.0 0.735694 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 4.0 &
Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 74.0 0.7467 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR05.
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leaving
Plant 4 where this fractionation is actually performed.
FLASH-SPECS STRM = 5S-HPGAS KODE=2 TEMP - 135.0 PRES - 2690.0

STRM - 5S-LPGAS KODE-2 TEMP - 135.0 PRES = 915.0
STRM - 5S-NAPH KODE=2 TEMP - 100.0 PRES = 153.0
STRM = P350-450 KODE=2 TEMP = 110.0 PRES = 80.0
STRM = P450-650 KODE=2 TEMP - 135.0 PRES = 20.0
STRM - P650-850 KODE-2 TEMP - 135.0 PRES = 20.0
STRM = 5S-SH20 KODE=2 TEMP - 135.0 PRES = 20.0

Plant 6.1 - The Hydrogen purification by Membrane Separation Plant.
BLOCK P61*USER

SUBROUTINE MODEL - USR61 REPORT - USR61
DESCRIPTION 'PLANT 6.1 THE MEMBRANE H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary
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report.U
2 >Skip the capital cost and utilities portions
->of the summary report.
3 >Skip writing the entire user block summary report.3

INT(2) - User block summnary report destination control switch.
0 => Write the user block summary report to the normal

ASENS output report file.
I - Wrte he serblock summary report to a separateuser block output report file on logical unit 62
called DCL61.REP.

INT(3) -Number of operating duplicate trains, excluding spares.IIf INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) =History file additional output control switch.

0 -> Write no additional output to the history file.I
1> Write the only the subroutine entry and exit

messages to the history file.
2- Write some additional output to the history file.I

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(I) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.REAL(2) - Concentration of hydrogen in the hydrogen-rich
product gas stream, mole % or vol%.3

REAL(20) = Future use.
REAL(21) - Constant factor for the power consumption, kw._
REAL(22) - Power consumption per MM SCF/hr of H2 recovered,

kw/(MI SCF/hr of H2 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) =consumption, Mlbs/hr.I
REAL(6) -900 psig saturated steam consumption per MM SCF/hrof H2 recovered, (Mlbs/hr)/(M4 SCF/hr of H2 recovered).

REAL(27) - Constant factor for the 600 psig / 720 F steamconsumption, Mlbs/hr.U
REAL(28) - 600 psig / 120 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) - Constant factor for the 600 psig saturated steamIconsumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REALM3) - Constant factor for the 150 psig saturated steamI

consumption, Ml bs/hr.
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
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IREAL(33) - Constant factor for the 50 psig saturated steam
consumption, Mlbs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of3 H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,I (Mlbs/hr)/(M4 SCF/hr of H2 recovered).
REAL(37) - Constant factor for the cooling water consumption,

Mgal /hr.
REAL(38) = Cooling water consumption per MM SCF/hr of H2

REAL(39)recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL39)- Cnstnt actr Fr te poces wterconsumption,

REAL(0) -Process water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(41) = Constant factor for the nitrogen consumption,I MM SCF/hr of N2
REAL(42) - Nitrogen consumption per MM SCF/hr of H2 recovered,

(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).

A(3REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/train.
REAL(51) - Reference hydrogen recovery rate for a single trainU in MM SCF/hr of H2 for the calculation of the

ISBI field cost of a single train as a function of
capacity.

REAL(52) - Maximum size of a single train as defined by theIhydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) - Minimum size of a single train as defined by theIhydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBI field cost equation.IREAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.IREAL(59) -
REAL(70) = Future use.

IPercent H2 recovery H2 purity in mole %REAL 43.83285 99.98677 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steamU0.0 12254.04 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
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0.0 2.054966 0.0 0.0 0.0 42.705864 &
Process H20 Nitrogen
0.0 0.854117 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow Max Flow Min Flow
1.966943 2.5 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 152.6 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM = H2-RICH KODE=2 TEMP = 100.0 PRES = 3290.0

STRM = SOUR-GAS KODE=2 TEMP = 250.0 PRES = 14.7
STRM = P61-GAS KODE-2 TEMP - 111.0 PRES = 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL - USR62 REPORT - USR62
DESCRIPTION 'PLANT 6.2 THE PSA H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL62.REP.

INTO) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INTM - History file additional output control switch.

0 => Write no additional output to the history file.
I -> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.
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INT 0 1 0 1
The following 70 real parameters are:
REAL(1) = Percent hydrogen recovery to the hydrogen-rich3 product gas stream from the inlet gas stream.
REAL(2) =Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of H2 recovered,I kw/(MM SCF/hr of H12 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.3REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(25) - Constant factor for the 900 psi9 saturated steam
consumption, Mlbs/hr.IREAL(26) - 900 psig saturated steam consumption per MM SCF/hr
of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(27) - Constant factor for the 600 psig / 720 F steamI consumption, Mlbs/hr.
REAL(28) =600 psig / 120 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(31) - Constant factor for the 150 psig saturated steam
consumption, Mlbs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Mlbs/hr.

REAL(34) = 50 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr.IREAL(36) = Plant fuel consumption per MM SCF/hr of H2 recovered,
(Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(37) = Constant factor for the cooling water consumption,
Mgal /hr.IREAL(38) - Cooling water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) = Process water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H12 recovered).IREAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) = Nitrogen consumption per MM SCF/hr of H2 recovered,
REAL(3) -(MM SCF/hr of N2)/(MM SCF/hr of H2 recovered).

REAL(48) = uueue
REAL(4) = Contant fatrfrsheube.foertr eREL4)=Cntn atrfr h ubro prtr e

day, operators/day.
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REAL(50) = Number of operators per day per train,
(operators/day)/train.

REAL(51) - Reference hydrogen recovery rate for a single train
in MM SCF/hr of H2 for the calculation of the
ISBL field cost of a single train as a function of
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) - Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) - I
REAL(70) - Future use.

The cost of Plant 6.2 is included in Plant 6.1.
Percent H2 recovery H2 purity in mole %

REAL 89.5033 90.01665 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 15.32654 0.0 0.0 0.0 87.29583 &
Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
3.61667 5.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR62.
FLASH-SPECS STRM - H2-2RICH KODE-2 TEMP - 100.0 PRES - 3290.0

STRM - SOUR-2GS KODE-2 TEMP - 250.0 PRES - 14.7
STRM - GAS-OUT KODE-2 TEMP - 111.0 PRES - 25.0
STRM - NAPHTHA2 KODE-2 TEMP - 100.0 PRES = 50.0

Plant 7 - The naphtha reformer - use user Fortran block USR07.

1-42



BLOCK P07 USER
SUBROUTINE MODEL - USR07 REPORT = USR07
DESCRIPTION 'PLANT 7 - THE NAPHTHA REFORMER'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL07.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of feed,

kw/(Mlbs/hr of feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
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REAL(31) - Constant factor for the 150 psig saturated steamU
consumption, Ml bs/hr.

REAL(32) =150 psig saturated steam consumption per Nibs/hr of
feed, (Mlbs/hr)/(Mlbs/hr of feed).IREAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
feed, (Mlbs/hr)/(Mlbs/hr of feed).I

REAL(35) = Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr. prNb/ro ed
REAL(6) -Plant fuel consumption prMb/ro ed

-(MM BTU/hr)/(Mlbs/hr of feed).
REAL(37) -Constant factor for the cooling water consumption,

Ngal /hr.
REAL(38) - Cooling water consumption per Nibs/hr of feed,

(Mgal/hr)/(Mlbs/hr of feed).
REAL(39) = Constant factor for the process water consumption,

Mgal/hr.
REAL(40) = Process water consumption per Nibs/hr of feed,

(Ngal/hr)/(Mlbs/hr of feed).
REAL(41) = Constant factor for the nitrogen consumption,I

MM SCF/hr of N2.
REAL(2) =Nitrogen consumption per Nibs/hr of feed,
REAL(4(MM SCF/hr of N2)/(Nlbs/hr of feed).

REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.I

REAL(50) = Number of operators per day per train,
REAL(1) =(operators/day)/trai n. tani ish
REAL(1) =Reference feed rate to a single tani lsh

for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
feed rate in Nibs/hr.I

REAL(53) = Minimum size of a single train as defined by the
feed rate in Nibs/hr.

REAL(54) = Constant A in the plant ISBL field cost equation.UREAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(51) = Constant F in the plant ISBI field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) = Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 2.26494 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20

0.0 0.0 0.0 1.41781 0.0 0.123590 &
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Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8. &
Ref Flow Max Flow Min Flow
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR07.

FLASH-SPECS STRM = 7S-H2 KODE=2 TEMP = 80.0 PRES = 14.7
STRM = 7S-GAS KODE=2 TEMP = 80.0 PRES = 14.7
STRM = REFORMED KODE=2 TEMP = 80.0 PRES = 14.7

Plant 8.1 - The ROSE-SR unit - user Fortran block USR81.
BLOCK P81 USER

SUBROUTINE MODEL = USR81 REPORT = USR81
DESCRIPTION 'PLANT 8A THE ROSE-SR UNIT'
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL81.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INTM = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
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REAL(1) - Hydrocarbon rejection factor.U
REAL(2)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.I
REAL(22) = Power consumption per Mibs/hr of extract,

kw/(Mlbs/hr of extract).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.I
REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of

extract, (Mlbs/hr)/(Mibs/hr of extract).
REAL(25) - Constant factor for the 900 psig saturated steamI

consumption, Nibs/hr.
REAL(26) = 900 psig saturated steam consumption per Nibs/hr of

extract, (Mlbs/hr)/(Nibs/hr of extract).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) = 600 psig / 720 F steam consumption per Nibs/hr of

extract, (Mibs/hr)/(Mibs/hr of extract).I
REAL(29) = Consta'nt factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr ofI

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(31) = Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

extract, (Nibs/hr)/(Mibs/hr of extract).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.I
REAL(34) = 50 psig saturated steam consumption per Nibs/hr of

extract, (Nibs/hr)/(Nibs/hr of extract).
REAL(35) - Constant factor for the piant fuel consumption,I
REAL(36) =Piant fuel consumption per Nibs/hr of extract,

(Nibs/hr)/(Mlbs/hr of extract).
REAL(37) = Constant factor for the cooling water consumption,I

Ngal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of extract,

(Mlbs/hr)/(Mlbs/hr of extract).I
REAL(39) = Constant factor for the process water consumption,

REAL(40) = Process water consumption per Nibs/hr of extract,3
(Ml bs/hr)/(Mi bs/hr of extract).

REALM4) = Constant factor for the nitrogen consumption,
NM SCF/hr of N2

REAL(42) = Nitrogen consumption per Nibs/hr of extract,I
(MM SCF/hr of N2)/(Nibs/hr of extract).

REAL(43) -
REAL(48) = Future use.I
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REALM5) - Number of operators per day per train,

(operators/day)/trai n.I
REAL(51) = Reference feed rate to a single train in Nibs/hr of

unit feed for the calculation of the capital cost of
a single train as a function of train capacity.
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REAL(52) - Maximum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(53) = Minimum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(54) - Constant A in the plant costing equation.
REAL(55) = Constant B in the plant costing equation.
REAL(56) - Constant E in the plant costing equation.
REAL(57) = Constant F in the plant costing equation.
REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) = Future use.
Hydrocarbon rejection factor

REAL 1.0 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.098677 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0471832 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.393518 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
907.390 1500.0 500.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 42.2 0.7215 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR81.
FLASH-SPECS STRM = ROSE-XTR KODE=2 TEMP = 300.0 PRES = 115.0

STRM = ASH-CONC KODE=2 TEMP = 150.0 PRES = 14.7

Plant 9 - H2 Production by coal gasification, Use the User Fortran
Block USR09.

BLOCK P09 USER
SUBROUTINE MODEL = USR09 REPORT = USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANT'
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.
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INT(2) - User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file called DCL09.REP.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62.
INT(3) Number of operating duplicate trains, excluding spares.

If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) = Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) = Fraction of carbon entering the gasifier that goes

to carbony"I sulfide (COS).
REAL(3) - Fraction of carbon entering the gasifier that goes

to methane (CH4).
REAL(4) = Fraction of nitrogen entering the gasifier that goes

to ammonia (NH3).
REAL(5) = Carbon content of the slag produced by the gasifier,

wt %.
REAL(6) - Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reaction

CO + H20 ----- > C02 + H2
REAL(7) = Fraction of carbonyl sulfide (COS) entering the shift

reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS + H20 ----- > C02 + H2S
REALM = Future use.
REAL(9)-
REAL(20) = Rectisol section component distribution factors,

where
REAL(9) = Fraction of inlet H2 going to the hydrogen-rich

gas stream.
REAL(IO) = Fraction ofinlet H2 going to the acid gas stream.
REAL(11) = Fraction of inlet CO going to the hydrogen-rich

gas stream.
REAL(12) - Fraction of inlet CO going to the acid gas stream.
REAL03) = Fraction of inlet C02 going to the hydrogen-rich

gas stream.
REALM) - Fraction of inlet C02 going to the acid gas stream.
REAL(15) = Fraction of inlet CH4 going to the hydrogen-rich

gas stream.
REAL(16) = Fraction of inlet CH4 going to the acid gas stream.
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REAL(17) = Fraction of inlet N2 going to the hydrogen-rich
gas stream.

REAL(18) = Fraction of inlet N2 going to the acid gas stream.IREAL(19) = Fraction of inlet H2S going to the hydrogen-rich
gas stream.

REAL(20) - Fraction of inlet H2S going to the acid gas stream.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of hydrogen

produced, kw/(MM SCF/hr of H2).
REAL(23) - Constant factor for the 900 psig / 750 F steamI consumption, Mlbs/hr.
REAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) = 900 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).IREAL(27) = Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.

REAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr ofI hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(29) = Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(M4 SCF/hr of H2).
REAL(31) = Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.IREAL(32) = 150 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) = 50 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(35) = Constant factor for the plant fuel consumption,I MM BTU/hr.
REAL(36) = Plant fuel consumption per MM SCF/hr of hydrogen

produced, (MM BTU/hr)/(M4 SCF/hr of H2).
REAL(37) = Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) = Cooling water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(39) = Constant factor for the process water consumption,

Mgal/hr.
REAL(40) = Process water consumption per MM SCF/hr of hydrogenI produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(41) = Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen

produced, (NM SCF/hr of N2)/(MM SCF/hr of H2).
REAL(43) -

REAL(48) = Future use.
REAL(49) =Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per operating train,

(operators/day)/trai n.
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REAL(51) = Reference hydrogen production rate of a single train
in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) = Maximum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(53) - Minimum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -

IREAL(70) = Future use.

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen-rich product gas stream and NOT the total
flow rate of the hydrogen-rich product gas stream.

Frac C Frac C Frac N %C in
CO/CO2 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future use
Adjust the fraction of CO shifted to get true H2 rate.
0.9611 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 24 &
Ref Flow Max Fiow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
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Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR09.

FLASH-SPECS STRM - H2-GAS KODE=2 TEMP = 80. PRES = 14.7
STRM - H2S-GAS KODE=2 TEMP - 80. PRES - 14.7
STRM = VENT-GAS KODE=2 TEMP - 80. PRES - 14.7
STRM = 9S-SH20 KODE=2 TEMP = 80. PRES = 14.7
STRM - SLAG KODE=2 TEMP - 80. PRES = 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL = USR91 REPORT - USR91
DESCRIPTION 'PLANT 9.1 - STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL91.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INT(3) = 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, this number of duplicate plants will
be used.

INT(4) History file additional output control switch.
0 -> Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) = Fraction of CH4 reacting to produce H2 and C02.
REAL(2) - Fraction of CH4 reacting to produce H2 and CO.
REAL(3) = Fraction of hydrogen produced that leaves in the

hydrogen-rich product gas stream.
REAL(4) = Purity of the hydrogen-rich product gas. mole
REAL(5) -
REAL(20) = Future use.

REAL(21) = Constant factor for the power consumption, kw.
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REAL(22) - Power consumption per MM SCF/hr of hydrogen produced,I
kw/(MM SCF/hr of H2).

REAL(23) - Constant factor for the 900 psig / 750 F steam
REAL(4) -consumption, Nibs/hr.1
REA(24 -900 psig / 750 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(NM SCF/hr of H2).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.N
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(M4 SCF/hr of H2).
REAL(27) - Constant factor for the 600 psig / 720 F steamI

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).IREAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) = 150 psig saturated steam consumption per MM SCF/hr ofI
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(33) = Constant factor for the 50 psig saturated steam
REAL(4) =consumption, Nibs/hr.I
REAL(4) =50 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(35) - Mostn BTU/hr r for the plant fuel consumption,

REAL(36) = Plant fuel consumption per MM SCF/hr of hydrogen
produced, (MM BTU/hr)/(MM SCF/hr of H2).

REL3)=Constant factor for the cooling water consumption,IREAL(7) =Mgal/hr.

REAL(38) = Cooling water consumption per MM SCF/hr of hydrogen
produced, (Mgal/hr)/(MM SCF/hr of H2).

REL3)=Constant factor for the process water consumption,I
REAL(9) =Mgal/hr.

REAL(40) = Process water consumption per MM SCF/hr of hydrogen
produced, (Mgal/hr)/(MM SCF/hr of H2).3

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2..

REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen
produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).I

REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/train.I

REAL(51) - Reference hydrogen production rate of a single train
in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) = Maximum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(53) = Minimum plant size as defined by the hydrogen
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production rate in MM SCF/hr of H2.
REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
31.4 is set so as to maintain the same total number of
operators as used for the baseline design.

Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity
REAL 0.638648 0.04429 0.8862694 100.0 &

Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR091.
FLASH-SPECS STRM = H2-PROD KODE=2 TEMP - 100.0 PRES - 500.0

STRM - FLUE-GAS KODE=2 TEMP = 250.0 PRES - 14.7

Plant 10 - Air Separation Plant - Use the User Fortran Model USRIO.
BLOCK PIO USER

SUBROUTINE MODEL - USRIO REPORT = USRIO
DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
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I => Skip the capital cost portion of the summary
report.

2 -> Skip the capital cost and utilities portions
of the summary report.

3 => Skip writing the entire user block summary report.
INT(2) - User block summary report destination control switch.

0 -> Write the complete user block summary report to
the normal ASPEN/SP output report file.

1 -> Write the complete user block summary report to
a separate user block output report file on
logical unit 62 CALLED DCLIO.REP.

INT(3) Number of operating duplicate trains, excluding
spares.
If INT(3) - 0, the minimun number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REALM - Purity of the product oxygen stream, mole
REAL(2) = Purity of the product nitrogen stream, mole
REAL(3)
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of the oxygen stream

flow rate, kw/(MM SCF/hr of 02).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(25) = Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(27) = Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Mlbs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).
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REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Mlbs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr ofI the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Ml bs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr. frtecoigwtrcnupin

REAL(36) = Plant fuel consumption per MM SCF/hr of the oxygen
stream flow rate, (MM BTU/hr)/(MM SCF/hr of 02).

REAL(8) -Cooling water consumption per MM SCF/hr of the oxygen
stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).

REAL(9) -Constant factor for the process water consumption,
Mgal/hr.IEL(0 - Process water consumption per MM SCF/hr of the oxygen
stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).

REAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2.IREAL(42) - Nitrogen consumption per MM SCF/hr of the oxygen
stream flow rate,

-(MM SCF/hr of N2)/(MM SCF/hr of 02).

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/train.
REAL(51) - Reference oxygen production rate for a single trainI in MM SCF/hr of 02 for the calculation of the

ISBI field cost of a single train as a function of
train capacity.

REAL(52) = Maximum size of a single train as defined by theK RAL(3) oxygen production rate in MM SCF/hr of 02.
REAL(3) =Minimum size of a single train as defined by the

oxygen production rate in MM SCF/hr of 02.IEL54 Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) =Constant E in the plant ISBI field cost equation.IREAL(57) = Constant F in the plant ISBL field cost equation.REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NOTES:
1. This model does not consider Argon as a separate element.

Hence, argon is lumped with nitrogen.
2. MM SCF/hr of 02 means the oxygen production rate in

MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.

1-55



%02 in 02 %N2 in N2 Future Use (8 items)
REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Flow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USRIO.
FLASH-SPECS STRM - 10S01 KODE=2 TEMP - 80.0 PRES = 350.0

STRM - 10S02 KODE=2 TEMP - -275.0 PRES = 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USR11.
BLOCK P11 USER

SUBROUTINE MODEL - USR11 REPORT - USR11
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the

normal ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLI1.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
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INTO4) = History file additional output control switch.
0=-> Write no additional output to the history file.
I1=> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.
3- >Write some more additional output to the history

file. Larger values generate more intermediate
INT 0 1 0 1
; The following 10 real parameters are:I REAL(1) -Fractional sulfur recovery; fraction of sulfur in

the entering H2S and COS that is recovered in the
product liquid sulfur stream. All entering liquid
sulfur entering in the feed stream is assumed to
be recovered in the liquid sulfur product stream.

REAL(2)-
REAL(20) = Future use.IREAL(21) = Constant factor for the power consumption, kw.

REAL(22) = Power consumption per Nibs/hr of product sulfur,
kw/ (Ml bs/hr) .

REAL(23) = Constant factor for the 900 psig / 750 F steam

REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
* product sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(5) -Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(6) -900 psig saturated steam consumption per Nibs/hr ofproduct sulfur, (Mlbs/hr)/(Mlbs/hr).
consumption, Nibs/hr.REAL(8) =600 psig / 720 F steam consumption per Mlbs/hr ofproduct sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(9) -Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(0) =600 psig saturated steam consumption per Nibs/hr ofproduct sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL31)= Constant factor for the 150 psig saturated steamI consumption, Nibs/hr.
REAL32)= 150 psig saturated steam consumption per Nibs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REL13 = Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL34)= 50 psig saturated steam consumption per Nibs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL35)= Constant factor for the plant fuel consumption,

REAL(36) = lntfe consumption per Nibs/hr of product sulfur,
(MBTU/hr)/(Mlbs/hr).

REAL(7) =Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of product
sulfur (Mgal/hr)/(Mlbs/hr).

REAL(39) - Constant factor for the process water consumption,
Mgal/hr.'IREAL(40) = Process water consumption per Nibs/hr of product
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sulfur, (Mgal/hr)/(Mlbs/hr).I
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) - Nitrigen consumption per Nibs/hr of product sulfur,I

(MM SCF/hr of N2)/(Mlbs/hr).
REAL(43) -
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.I

REAL(51) - Reference product sulfur flow rate of a single train
in Mlbs/hr of S for the calculation of the ISBL field
cost of a single train as a function of capacity.I

REAL(52) - Maximum size of a single train as defined by the
product sulfur flow rate in Nibs/hr of S.

REAL(53) = Minimum size of a single train as defined by the
product sulfur flow rate in Nibs/hr of S.I

REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.IREAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -I
REAL(70) - Future use.

S recovery
REAL 0.998482 &I

Future Use (19 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &I
Power 900/750 F steam 900 satd steam
0.0 49.60954 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022277 &I
50 satd steam Plant fuel Cooling H20
0.0 0.882473 0.0 1.117916 0.0 7.89929 &
Process H20 NitrogenI
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 5.0 &
Ref Flow Max Flow Min Flow
15.4305 16.5 5.0 &I
Plant cost equation costants.
A B E F Spares Future use (3 items)
0.0 11.675 0.7823 1.0 0.0 0.0 0.0 &IFuture use (10 items)0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0I

;Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROl.
FLASH-SPECS STRM - 11S-FGAS KODE=2 TEMP - 80.0 PRES - 14.7/

STRM = 11S-LIQS KODE=2 TEMP - 80.0 PRES - 14.7
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Plant 31 - The Utilities plant - user Fortran block USR31.
BLOCK P31 USER

SUBROUTINE MODEL - USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT - 20 NREAL - 20

The following 20 integer parameters are:
INT(I) User block summary report control switch.

0 => Write the complete user block summary report.
I => Not used.
2 => Not used.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate trains, excluding. spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Future use.
INT(6) - Switches to select which fuels are burned in the steam
INT(IO) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are
I = Coal
2 = ROSE-SR unit bottoms
3 = Coke
4 - Natural gas
5 - Plant fuel

INT(11) - Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(II) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(12) fuel is used, etc.
The fuel codes are
I - Coal
2 = ROSE-SR unit bottoms
3 - Coke
4 = Natural gas

1-59



5 - PI ant fuel
6 - Purchased electric power

INT(17) -
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REAL(l) - Reference electric power generation rate of a single

train in MW.
REAL(2) - Maximum size of a single train as defined by the

electric power generation rate in MW.
REAL(3) - Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) - Constant A in the plant costing equation.
REAL(5) = Constant B in the plant costing equation.
REAL(6) - Constant E in the plant costing equation.
REAL(7) = Constant F in the plant costing equation.
REAL(8) = Number of spare trains.
REAL(9) - Future use
REAL(10) = Future use
REAL(11) = Constant factor for the number of operators per

day, operators/day.
REAL(12) = Number of operators per day per train,

(operators/day)/train.
REAL(13) -
REAL(20) Future use.

Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Plants 31.1 and 31.4 - The Fluidized Bed Combustor and Steam Turbine
; Generator unit - user Fortran block USRA6.
BLOCK P314 USER

SUBROUTINE MODEL = USRA6 REPORT - USRA6
DESCRIPTION 'PLANTS 31.1 AND 31.4 - THE FLUIDIZED BED COMBUSTOR AND
STEAM TURBINE GENERATOR UNITIV
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INTM - User block summary report destination control switch.
0 => Write the user block summary report to the normal
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ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62I called DCLA6.REP.
INT(3) = Number of operating duplicate trains, excluding spares.

If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity

fof each train does not exceed the maximum train
capacity specified by variable REAL(52).
IfINT(3) > 0, the number of duplicate plants.

INT(4) - History file additional output control switch.U 0 =>Write no additional output to the history file.
I Write the only the subroutine entry and exitII messages to the history file.

2 ~>Write some additional output to the history file.
3-5 => Write some more additional output to the history

file. Larger values generate more intermediateI output.
INT 0 1 0 1

The following 70 real parameters are:UREAL(I) - Solids production expressed as fraction of URCOAL
in feed ending up in solids.

REAL(2)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of unit feed,

* , kw/(Mlbs/hr of unit feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr ofI) unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(27) - Constant factor for the 600 psig / 120 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) = 600 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(31) = Constant factor for the 150 psig saturated steamI consumption, Mlbs/hr.
REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(35) - Constant factor for the plant fuel consumption,

REAL(6) =MM BTU/hr.
REAL(6) =Plant fuel consumption per Mlbs/hr of unit feed,

(Mlbs/hr)/(Mlbs/hr of unit feed).
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REAL (31) = Constant factor for the cooling water consumption,I
Mgal/hr.

REAL(8) =Cooling water consumption per Nibs/hr of unit feed,
REAL(38) (Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(39) - Constant factor for the process water consumption,I
Mgal/hr.

REAL(40) - Process water consumption per Nibs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).I

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) - Nitrogen consumption per Nibs/hr of unit feed,
REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr of unit feed).

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.I
REAL(51) = Reference feed rate to a single train in Nibs/hr of

unit feed for the calculation of the ISBI field cost
of a single train as a function of train capacity.I

REAL(52) = Maximum size of a single train as defined by the
unit feed rate in Nibs/hr of unit feed.

REAL(53) = Minimum size of a single train as defined by the
unit feed rate in Nibs/hr of unit feed.I

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) - Constant E in the plant ISBI field cost equation.IREAL(57) = Constant F in the plant ISBI field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -I

REAL(70) = Future use.
NOTE: The number of operators in this plant and Plant 9lis set so

as to maintain the same total number of operators as used
for the baseline design.

Fraction of URCOAL in feed ending up in solidsI
REAL 0.8500914 &

Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 -552.6474 0.0 0.0 0.0 0.0 &I600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20I0.0 0.0 0.0 0.0 0.0 27.99321 &
Process H20 Nitrogen
0.0 0.06900661 0.0 0.0 &
Future Use (6 items)I
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 20.0 &I
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Ref Fl ow Max Fl ow Min Flow
368.660 400.0 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet stream. These
; values will override the default values in subroutine USRA6.

FLASH-SPECS STRM = SA6-01 KOIDE=2 TEMP - 130.0 PRES = 14.7

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL - USR38 REPORT - USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
1 -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DC138.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate

trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) = Ammonia recovery, percent.
REAL(2) = Purity of ammonia product, wt
REAL(3) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of NH3 recovered,

kw/(Mlbs/hr of NH3 recovered)
REAL(23) = Constant factor for the 900 piig / 750 F steam
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consumption, Nibs/hr.I
REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of

NH3 recovered, (Mibs/hr)/(Mibs/hr of NH3 recovered).
REAL(25) - Constant factor for the 900 psig saturated steamI

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

NH3 recovered, (Mibs/hr)/(Mibs/hr of NH3 recovered).
REAL(27) = Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.
REAL(28) = 600 psig / 720 F steam consumption per Nibs/hr of

NH3 recovered, (Mibs/hr)/(Nibs/hr of NH3 recovered).I
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr ofI

NH3 recovered, (Nlbs/hr)/(Mlbs/hr of NH3 recovered).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr ofI

NH3 recovered, (Mlbs/hr)/(Mibs/hr of NH3 recovered).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.I
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

NH3 recovered, (Mlbs/hr)/(Mibs/hr of NH3 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

NM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of NH3 recovered,

(MM BTU/hr)/(Mlbs/hr of NH3 recovered).
REAL(37) - Constant factor for the cooling water consumption,I

Ngal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of NH3

recovered, (Ngal/hr)/(Nibs/hr of NH3 recovered).I
REAL(39) = Constant factor for the process water consumption,

Mgal/hr.
REAL(40) = Process water consumption per Nibs/hr of NH3

recovered, (Ngal/hr)/(Mlbs/hr of NH3 recovered).
REAL(41) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2.
REAL(42) = Nitrogen consumption per Nibs/hr of NH3 recovered,I

(MM SCF/hr of N2)/(Mlbs/hr of NH3 recovered).

REAL(4) =: Future use.I
REAL(49) =Constant factor for the number of operators per

day, operators/day.
REAL(50) =Number of operators per day per operating train,

(operators/day)/trai n.I
REALM5) - Reference NH3 recovery rate of a single train in

Nibs/hr for the calculation of the ISBL field cost
of a single train as a function of train capacity.I

REAL(52) = Maximum size of a single train as defined by the
NH3 recovery rate in Nibs/hr of NH3 recovered.

REAL(53) - Minimum size of a single train as defined by the
NH3 recovery rate in Nibs/hr of NH3 recovered.I

REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
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REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR38.
FLASH-SPECS STRM = NH3-PROD KODE=2 TEMP - 80. PRES = 14.7

STRM - 38S-OUT KODE=2 TEMP - 80. PRES = 14.7

Component splitter to generate the vapor and liquid streams
leaving Plant 38, the ammonia recovery plant.

BLOCK P38A SEP
FRAC SUBS = MIXED STRM - 38AS-VAP &
COMP H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
C2H6 C3H8 IC4H10 NC4HIO IC5HI2 NC5H12 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492
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FLASH-SPECS STRM - 38AS-VAP TEMP=90.0 PRES=25.0 NPK=1 KPH=1
STRM - 38AS-LIQ TEMP-90.0 PRES=25.0 NPK=1 KPH=2

; Flow splitter to generate the waste water stream going to the
; gasifier, Plant 9, and the stream going to the phenol recovery
; plant, Plant 39.
BLOCK P38B FSPLIT

FRAC WASTE 0.28595
PARAM NPK=1 KPH=2

Plant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL - USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 => Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) - Phenol recovery, percent.
REAL(2) - Purity of phenol product, wt
REAL(3)
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of phenol recovered,

kw/(Mlbs/hr of phenol recovered).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
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U phenol recovered, (Mlbs/hr)/(Mibs/hr of phenol
recovered).

REAL(25) - Constant factor for the 900 psig saturated steamI consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).

REAL(27) = Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr ofI phenol recovered, (Mibs/hr)/(Mlbs/hr of phenol
recovered).

REAL(29) - Constant factor for the 600 psig saturated steamI consumption, Nibs/hr.
REAL(30) = 600 psig saturated steam consumption per Nibs/hr of

phenol recovered, (Mlbs/hr)/(Mibs/hr of phenol
recovered).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of
phenol recovered, (Mibs/hr)/(Mlbs/hr of phenol
recovered).

REA(33 -Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.IEL34 50 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Mlbs/hr)/(Mibs/hr of phenol
recovered).

REL(5 - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) = Plant fuel consumption per Nibs/hr of phenol
recovered,
(MM BTU/hr)/(Mlbs/hr of phenol recovered).REAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(39) = Cooling water consumption per Nibs/hr of phenol
recovered, (Mgal/hr)/(Nlbs/hrofpelrcvrd)

REL )-Cnantfhr.fr h process water consumption,

REAL(0) =Process water consumption per Nibs/hr of phenol
recovered, (Mgal/hr)/(Mibs/hr of phenol recovered).

REAL(41) - Constant factor for the nitrogen consumption,I MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of phenol recovered,

-(MM SCF/hr of N2)/(Mlbs/hr of phenol recovered).

REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators perI day, operators/day.
REAL(50) - Number of operators per day per operating train,

(operators/day)/trai n
REAL(51) - Reference phenol recovery rate of a single train in

Nibs/hr for the calculation of the IKSBL field cost
REA(52 =of a single train as a function of train capacity.
REA(52 -Maximum size of a single train as defined by theI phenol recovery rate in Nibs/hr of phenol recovered.
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REAL(53) - Minimum size of a single train as defined by the
phenol recovery rate in Mlbs/hr of phenol recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) - I
REAL(70) = Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR39.

FLASH-SPECS STRM - PHENOL KODE=2 TEMP - 80. PRES = 14.7
STRM - WASTEH20 KODE=2 TEMP - 80. PRES = 14.7

Plant SA6 separates the combined product stream from Plants 31.1
; and 31.4 into two streams, one for flue gas and another for solids.
; The separation is set to the URCOAL fraction in the solids stream.
BLOCK SA6 SEP

FRAC SUBS=NC STREAM=FBC-SOL COMP=URCOAL FRAC=0.8500914
SUBS=MIXED STREAM=FBC-SOL COMP=TIOOO+ FRAC=1.OD-10

Splitter SI - The Inlet Coal Splitter. Used as a switch to divert
flow between the three different coal cleaning options, as represented
by the three different Coal Cleaning and Preparation Plants:
Base Case (1SOI), Alternate Case I (IS11), and Alternate Case 2 (1S21).

BLOCK S1 FSPLIT
DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'
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U FRAC iSOl 1.0 / 1S11 0.0 / 1S21 0.0

Splitter S2 - The Clean Coal Splitter.I BLOCK S2 FSPLIT
DESCRIPTION 'CLEAN COAL SPLITTER'
FRAC COALT014 0.736227

I Splitter 56-5H20 is a component splitter to generate a pseudo
sour-water stream from Plant 6 to get the NH3 to Plant 38, the
Ammonia Recovery Plant.I BLOCK S6-SH2O SEP

DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'
FRAC SUBS=MIXED STREAM=6S-SH2O COMP=NH3 FRAC=1.0

;Splitter S7 - The Product Naphtha Splitter. Used as a switch to
;divert flow between the naphtha reformer, Plant 1 and output to
;naphtha product.I BLOCK S7 FSPLIT
DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'

1 Use the following line to direct total flow to the reformer, or....
Use the following line to direct total flow to the product stream.

I FRAC PNAPHTHA 1.0
Splitter S8 - The Ash-Concentrate Splitter. Used as a switch to
divert flow between the fluidized bed combustor, Plant 314 and theI coal gasification train; Plants M9C, P09, & P10.

BLOCK S8 FSPLIT
DESCRIPTION 'ASH-CONCENTRATE SPLITTER - FBC OPTION 6 SWITCH'
Direct the ash-concentrate flow to coal gasification.

FRAC S8-ASHC 1.0

;Splitter S9 - The dummy hydrogen splitter used to switch between
the two hydorgen production alternatives, Plant 9.0/10 - coal
gasification, or Plant 9.1 - steam reforming of methane.

BLOCK S9 FSPLITI DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'Set an H2 target flow for Plant 9.0/10 - coal gasification.FRAC H9NEED 1.0

ifPARAM NPK=1 KPH=1
Stream Report Section

I STREAM-REPORT PIA
STREAMS STRM - ROMCOAL IS-CCOAL 9COAL COALT014 COALT02 &I145-XMID 145-REF 1S-XMID 1S-REFSE &

-ASH-CONC S8-ASHC COALT09 9-FEED SLAG SOLVENT &
2S-BOTTS FBC-FEED SA6-01 FBC-SOL FBC-GAS

FLOW-FRAC SUBS=MIXED BASES=MASS / SUBS=NC BASES=MASSI INTENSIVE-PROPS SUBS=MIXED BASES=MASS &
PROPS-TEMP PRES MW ENTH ENTR DENS HCAP/
SUBS=NC BASES=MASS &

PROPS-TEMP PRES MW ENTH DENS
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ATTRIBUTES SUBS=NC COMPONENT

STREAM-REPORT PIB
STREAMS STRM IS-WATER 14S-WAT 2-H20IN 2-H2IN H2MIX 2-H2MIX &

SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &
NAPHTHA GAS-OIL H2-RICH SOUR-GAS P61-GAS &
H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2 3-GAS &
3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20 &
4-FEED 4-H2IN 4-H20IN 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H21N 5-H20IN &
5S-NAPH P350-450 P450-650 P650-850 5S-SH20 &
PS-NAPH PNAPHTHA 7-NAPH 7S-H2 7S-GAS REFORMED &
61-HYD 62-HYD M9H2 MgH4 M9H5 MHNEED &
H9NEED H91NEED &
10-AIRIN 10SOI 10S02 9-02IN 9-H20IN 9-STEMIN &
H2-GAS H2S-GAS VENT-GAS 9S-SH20 &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SH20 11-FEED 11S-FGAS 11S-LIQS 31S-01 &
38-FEED NH3-PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS=MIXED BASES=MASS
INTENSIVE-PROPS SUBS=MIXED BASES=MASS &

PROPS=TEMP PRES MW ENTH ENTR DENS HCAP

End of input file OPT4.INP
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION 5 -- I

FLUID COKING OF VACUUM BOTTOMS

NEW

File: OPT5.INP

TITLE IOPT5 - DIRECT COAL LIQUEFACTION - FLUID BED COKER OPTION'

UtbUKIPTION &
ASPEN/SP INPUT FILE FOR SIMULATING THE OPTION 5 DESIGN, FLUID COKING
OF VACUUM BOTTOMS, FOR THE NTH PLANT. THIS INPUT FILE ALSO CAN BE
USED TO RUN OPTION 6 (STEAM REFORMING OF NATURAL GAS FOR HYDROGEN
PRODUCTION WITH AN FBC UNIT) AND OPTION 7 (NAPHTHA REFORMING).11

NOTES:
1. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. The switches LOSBL and LPLANT contained in Fortran block SUMMARY

control the costing logic for OSBL and first or Nth plant.
3. Option 6 (hydrogen production by steam reforming of natural

gas with an FBC unt) is activated by variable N9 in Fortran
block OPTION6. When N9 - 1, Option 6 is invoked.

4. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.

5. The costing logic is controlled by switches in Fortran block
SUMMARY.

Last revision - July 13, 1992.

Prepared under DOE contract no. DE-AC22 90PC89857.

IN-UNITS ENG
OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX-ERRORS=100

; The following two lines are used with V8.0 to produce the overall
; and block elemental balances.
;REPORT ATOMBAL
;BLOCK-REPORT ATOMBAL

HISTORY MSG-LEVEL PROPERTIES=2
MAX-PRINT PROPERTIES=100 SIMULATION=2000

PROPERTIES SYSOP2 GLOBAL

PSEUDO-COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &
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; The following APIs and MWs are revised from the ASPEN/SP predictions.
; Component TI000+ is the 1000+ F material leaving the second coala liquefaction reactor in Plant 2.

Component 11000+ is the 1000+ F intermediate material leaving the
;first coal liquefaction reactor in Plant 2.
COMPONENT T125 TBP-324.82 <K> API=67.91 MW- 82.27ICOMPONENT T175 TBP=352.59 <K> API=61.99 MW- 92.71
COMPONENT T225 TBP=380.37 <K> API=56.21 MW=102.84
COMPONENT T275 TBP-408.15 <K> API=50.60 MW=112.50
COMPONENT T325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT T375 TBP=463.71 <K> API=39.96 MW4130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW4139.75aCOMPONENT T475 TBP=519.26 <K> API=30.19 MW=148.60COMPONENT T525 TBP-541.04 <K> API-25.66 MW=157.54COMPONENT T575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT T625 TBP=602.59 <K> API=17.38 MW=176.16ICOMPONENT T675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT T725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT T775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT T825 TBP=713.71 <K> API= 4.27 MW=218.85
COMPONENT T875 TBP=741.48 <K> API= 1.78 MW=230.87
COMPONENT T925 TBP=769.26 <K> API=-0.39 MW=243.37
COMPONENT T975 TBP=797.04 <K> API=-2.22 MW=256.24ICOMPONENT T1000+ TBP=824.82 <K> API=-3.69 MW=269.33
COMPONENT P125 TBP=324.82 <K> API=67.91 MW= 82.27
COMPONENT P175 TBP=352.59 <K> API=61.99 MW= 92.77ICOMPONENT P225 TBP=380.37 <K> API=56.21 MW=102.84COMPONENT P275 TBP-408.15 <K> API=50.60 MW=112.50
COMPONENT P325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT P375 TBP=463.71 <K> API=39.96 MW=130.86VCOMPONENT P425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT P475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT P525 TBP=547.04 <K> API=25.66 MW=157.54ICOMPONENT P575 TBP=574.82 <K> API=21.39 MW=166.69
COMPONENT P625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT P675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT P725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT P775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT P825 TBP=713.71 <K> API= 4.27 MW=218.85
COMPONENT P875 TBP=741.48 <K> API- 1.78 MW=230.87I:COMPONENT P925 TBP=769.26 <K> API=-0.39 MW-243.37
COMPONENT P975 TBP-797.04 <K> API--2.22 MW-256.24
COMPONENT P1000+ TBP=824.82 <K> API=-3.69 MW1=269.33ICOMPONENT 11000+ TBP=825.00 <K> API=-4.00 MW1=275.00COMPONENT REFORMAT TBP=390.00 <K> API=38.25 MW=100.00

ICOMPONENTS H2 H2 /N2N2 /02 02 /H2SH2 /CO CO /C02C0 HH3
L-SULFUR SULFUR / H20 H20 / HCL HCL / COS COS / CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / IC4H1O C4HIO-2 /NC4H1O C4HIO-I
IC5H12 C5H12-2 / NC5H12 C5H12-1/I Pseudocomponents
T125 /T175 /T225 /T275 /T325 /T375 /T425 /T475/
T525 /T575 /T625 /T675 /T725 /T775 /T825 /T875/£T925 /T975 /T1000+ /
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P125 /P175 /P225 IP275 /P325 /P375 /P425 /P475/I
P525 /P575 /P625 /P675 /P725 /P775 /P825 /P875/
P925 /P975 /P1000+ I 1000+ / REFORMAT/

Non-conventional components
COAL /URCOAL /SLAG

FORMULA H2 H2 /N2 N2 /02 02 /H2S H2S / CO CO /C02 C02 / NH3 H3N/
1-SULFUR S / H20 H20 IHCL HCL / COS COS /CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 /NC4H1O C4H1O / IC4H1O C4H1O
NC5H12 C5H12 / 1C5H12 C5H12I

; Load the liquid sulfur (L-SULFUR) physical properties as taken from
;DIPPR - MW adjusted to be consistent with ASPEN.

PROP-DATA IN-UNITS SI
PROP-LIST MW / C / PC / VC / ZC
PVAL 1-SULFUR 32.06 /1313.0 /1.8208E+7 /0.15800 /0.2640
PROP-LIST MUP / OMEGA / TB / RGYR
PVAL 1-SULFUR 0.0 /0.2624 /717.82 / 0.0I
PROP-LIST DELTA / WGORM W HORM
PVAL 1-SULFUR 2.0245E+4 /2.3825E+8 /2.7880E+8
PROP-LIST CPIGV
PVAL 1-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &

273.15 1500.0 0.0 87.113 1.0

Load the solubility parameter for COS from the API Tech Data Book.
PROP-LIST DELTA
PVAL COS 18119.01

Reset some component molecular weights to be consisitent with the
following elemental atomic weights, where needed.
H-1.0079, C-12.011, 0=15.9994, N=14.0067, S=32.06 & C1=35.453
PROP-LIST MW
PVAL H2 2.0158
PVAL N2 28.0134
PVAL 02 31.9988I
PVAL H2S 34.0758
PVAL CO 28.0104
PVAL C02 44.0098
PYAL NH3 17.0304
PVAL H20 18.0152
PVAL HCl 36.4609
PVAL COS 60.0704I
PVAL CH4 16.0426
PVAL C2H6 30.0694
PYAL C3H8 44.0962
PVAL IC4H1O 58.1230
PVAL NC4H10 58.1230
PVAL 1C5H12 72.1498I
PVAL NC5H12 72.1498

;Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS toj
;the values given in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGR
PVAL H2 0.3000

PVAL CO 0.3000
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IPVAL C02 0.8180
PVAL NH3 0.6162
PYAL H2S 0.8014
PVAL N2 0.8094
PVAL COS 1.0200

ATTR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANALIATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL

INC-PROPS COAL ENTHALPY HCOALGEN/
DENSITY DCOALIGT

NC-PROPS URCOAL ENTHALPY HCOALGEN/
DENSITY DCHARIGT

NC-PROPS SLAG ENTHALPY HCOALGEN/
DENS ITY DCHARIGT3 DEF-STREAMS MIXNC ALL

Set an initial GUESS for the ROM COAL stream to Plant 1.I STREAM ROMCOAL
SUBSTREAM MIXED TEMP = 71.0 PRES = 14.7
MASS-FLOW H20 24798.0

SUBSTREAM NC TEMP = 71.0 PRES = 14.7'I, MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0
COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.70)/

ULTANAL (21.7 61.1 4.2 1.2 0.1 5.1 6.6)/I SULFANAL (3.0 0.3 1.8) /AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)
;Fake the URCOAL properties.

COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/
ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.076)SULFANAL (2.501 0.253 1.507) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)I; Fake the SLAG properties.

COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)/
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/
SULFANAL (0.0 0.0 0.0)/
AOXANAL (42.0 17.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)

;Set an initial GUESS for the fresh make-up H2 stream to Plant 2.
;Assume the make-up H2 contains 1.396 wt% nitrogen.

STREAM 2-H2IN
SUBSTREAM MIXED TEMP - 100.0 PRES = 3440.0
MASS-FLOW H2 70300.0 / N2 980.0

;Set an initial GUESS for the total water feed streams (both steam
;and wash water) to Plant 2.I STREAM 2-H2OIN
SUBSTREAM MIXED TEMP - 126.0 PRES = 3200.0I MASS-FLOW H20 1073000.0
Set an initial GUESS for the ROSE EXTRACT stream to Plant 2.

STREAM ROSE-XTR
SUBSTREAM MIXED TEMP = 300.0 PRES = 3215.0
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MASS-FLOW H20 1.0

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but
the input stream is required. Thus, set a small H20 flow to avoid
ASPEN warnings.

STREAM SOLVENT
SUBSTREAM MIXED TEMP - 500.0 PRES - 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES = 28.0
MASS-FLOW H20 0.0

T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 T1OO0+ 642440.0

SUBSTREAM NC TEMP - 688.0 PRES = 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

; Set an initial GUESS for the H2 stream to Plant 4.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 4-H2IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 500.0
MASS-FLOW H2 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H2IN

SUBSTREAM MIXED TEMP = 70.0 PRES = 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
STREAM 5-H20IN

SUBSTREAM MIXED TEMP = 70.0 PRES = 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP - 60.0 PRES = 14.7
MASS-FLOW NH3 2830.0

STREAM 82-AIR
SUBSTREAM MIXED TEMP - 70.0 PRES 15.0
MASS-FLOW 02 3071. / N2 10107.

STREAM 82-STM
SUBSTREAM MIXED TEMP = 500. PRES 600.0
MASS-FLOW H20 42000.0

Stream H20FEED includes the water entering with the MEA stream.
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STREAM 82-H20-
SUBSTREAM MIXED TEMP - 100. PRES = 50.0
MASS-FLOW H20 17122.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 14.7
MASS-FLOW H20 967545.0

Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN

SUBSTREAM MIXED TEMP - 450.0 PRES - 500.0
MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-02IN

SUBSTREAM MIXED TEMP = 80.0 PRES - 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP = 70.0 PRES = 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the CH4 stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP = 70.0 PRES = 100.0
MASS-FLOW CH4 307352.

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP = 620.0 PRES = 500.0
MASS-FLOW H20 864428.

Model Connectivity
------------------

FLOWSHEET COAL
Plant MI is the clean coal outlet streams mixer.
Stream 1S-CCOAL is the combined outlet clean coal product stream.

Plant M2 is the middling coal outlet streams mixer.
Stream IS-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer.
Stream IS-REFSE is the combined outlet refuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream IS-WATER is the.combined outlet waste water product stream.

Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant MS is the mixer to combine gas oil streams for Plant 5.
Stream GAS-OIL is the product gas oil stream from P02.
Stream 82S-GO is the product gas oil stream from P82.
Stream 5-GO is the combined gas oil stream to P05.
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Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 82S-NAP is the product naphtha stream from P82.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant N-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.

Plant PI-ALTI is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream IS12 is the outlet clean coal product stream.
Stream IS13 is the outlet middling coal product stream.
Stream IS14 is the outlet refuse product stream.
Stream IS15 is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream 1S22 is the outlet clean coal product stream.
Stream IS23 is the outlet middling coal product stream.
Stream 1S24 is the outlet refuse product stream.
Stream 1S25 is the outlet waste water product stream.

Plant PI-BASE is the Coal Cleaning and Preparation Plant - BASE CASE.
Stream IS02 is the outlet clean coal product stream.
Stream IS03 is the outlet middling coal product stream.
Stream 1S04 is the outlet refuse product stream.
Stream IS05 is the outlet waste water product stream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02 is the Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to
supply the steam required to Plant 2.

Stream ROSE-XTR was the deashed product stream, now only H20.
Stream 2-H20IN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.2.
Stream 2S-SH20 is the sour water product stream.

Plant P03 is the Gas Plant.
Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
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Stream 4-H2IN is the hydrogen feed stream.
Stream 4-H20IN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH20 is the hydrotreater sour water stream.

Plant POS is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H2IN is the hydrogen feed stream.
Stream 5-H20IN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS: is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
Stream P650-850 is the hydrotreated 650 - 850 F product stream.
Stream 5S-SH20 is the hydrotreater sour water stream.

Plant P61 is the model for the Hydrogen purification by Membrane
Separation Plant, Plant 6.1.

Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2-rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbon product gas stream.
Stream REFORMED is the reformate product stream.

Plant P82 is the simplified model for plants 8.2 - Fluid Coker.
Stream 2S-BOTTS is the bottoms product stream from P02.
Stream 82-AIR is the air inlet stream.
Stream 82-STM is the steam inlet stream.
Stream 82-H20 is the water inlet stream.
Stream 82S-GAS is the gases product stream.
Stream 82S-NAP is the naphtha product stream to P04.
Stream 82S-GO is the gas oil product stream to P05.
Stream 82S-BOT is the 850-1000 product stream to M9C.
Stream 82S-COKE is the coke product stream to M9C.
Stream 82SOI is the combined acid gas and sour water stream.

Plant P82A is a splitter to simulate the MEA unit.
Stream 82SOI is the combined acid gas and sour water stream.
Stream 82AS-GAS is the acid gas product stream to P11.
Stream 82AS-H20 is the sour water stream to P38.

Plant P11 is the Sulfur plant.
Stream 1IS-LIQS is the sulfur product stream.
Stream 11S-FGAS contains all the other material in the feed that
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does not leave in the product SULFUR STREAM.1
Plant P31 is the simplified model for the utility plant.

Stream 31S-01 is the dunuy product stream.
Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.
Stream 38S-OUT is the reject stream.

Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 38B.

,Plant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coal
gasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.I
Plant P39 is the phenol recovery plant.

Stream PHENOL is the phenol product stream.
Stream WASTEH20 is the waste water stream.

Block S1 is the inlet coal splitter.I
Stream ROMCOAL is the inlet ROM coal stream.
Stream ISOI is the splitter outlet to the base case plant.
Stream ISII is the splitter outlet to the alternate case 1 plant.
Stream IS21 is the splitter outlet to the alternate case 2 plant.

Block S2 is the clean coal splitter.
Stream 1S-CCOAL is the inlet clean coal stream.Stram OAT01 i th siiter utet o lan 2
Stream 9COAL1 is the splitter outlet to plant 2.

Block S6-SH20 is a component splitter to generate a pseudo sour-water
stream from Plant 6 to get the NH3 to Plant 38, the Ammonia RecoveryI
Plant.
Stream 6S-SH20 is the pseudo sour-water stream.
Stream 11-FEED is the Plant 11 feed stream.

Block S7 is the product naphtha splitter.
Stream PS-NAPH is the inlet product naphtha stream.
Stream 7-NAPH is the splitter outlet to the naphtha reformer plant.
Stream PNAPHTHA is the splitter outlet as product naphtha.

Ml IN - 1S02 IS12 IS22 OUT = 1S-CCOAL
M2 IN - 1S03 1S13 1S23 OUT = 1S-XMIDI
M-2HYD IN -H2MIX 2-H2IN OUT - 2-H2MIX
M3 IN - IS04 1S14 1S24 OUT = 1S-REFSE
M38 IN - 25-SH20 3S-SH20 45-SH20 5S-5H20 6S-SH20 95-SH20 & '
M4 IN - 1S05 iSI5 IS25 OUT - iS-WATER
M-462 IN - 4S-GAS GASES 5S-LPGAS 3S-SGAS 1S-H2 OUT = 62-HYD
M5 IN - GAS-OIL 82S-GO OUT - 5-GO
M-561 IN - 5S-HPGAS 2S-GAS OUT - 61-HYD
N-6GAS IN - SOUR-GAS SOUR-2GS H2S-GAS 38AS-VAP OUT = 6-SGAS3
M-73 IN - GAS-OUT iS-GAS OUT = 3-GASW
M-HYD IN - H2-RICH H2-2RICH OUT = H2MIX DUMMY
N-NAP IN - NAPHTHA2 3S-OIL 82S-NAP OUT = 4-FEED
M-PNAP IN - 4S-NAPH 5S-NAPH OUT - PS-NAPH
PI-ALTI IN - IS11 OUT = IS12 IS13 ISi4 IS15
P1-ALT2 IN - 1S21 OUT = 1S22 IS23 IS24 1S25
P1-BASE IN - iSol OUT - 1S02 IS03 IS04 iSO5
P14 IN - COALT014 OUT - COALT02 14S-XMID 14S-REF 14S-WAT
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1P02 IN - 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &
OUT - 2S-GAS GASES NAPHTHA GAS-OIL 2S-BOTTS 2S-SH20

P03 IN - NAPHTHA 3-GAS &IOUT - 3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH2OP04 IN - 4-H2IN 4-FEED 4-H2OIN &
OUT - 4S-GAS 4S-NAPH 4S-SH20

P05 IN - 5-H2IN 5-GO 5-H2OIN &SOUT - 5S-HPGAS 5S-LPGAS 5S-NAPH P350-450 P450-650 &
P650-850 5S-SH2O

P61 IN - 61-HYD OUT = H2-RICH SOUR-GAS P61-GASI'P62 IN - 62-HYD P61-GAS &
OUT - H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2

P07 IN - 7-NAPH OUT - 7S-H2 iS-GAS REFORMED
P82 IN - 2S-BOTTS 82-AIR 82-STM 82-H20 &

OUT - 82S-GAS 82S-NAP 82S-GO 82S-BOT 82S-COKE 82S01
P82A IN - 82S0I OUT - 82AS-GAS 82AS-H20
P11 IN - 11-FEED OUT - 11S-FGAS 11S-LIQSUP31 IN - 35-FGAS OUT - 31S-01
P38 IN = 38-FEED OUT = NH3-PROD 38S-OUT
P38A IN = 38S-OUT OUT = 38AS-VAP 38AS-LIQ
P38B IN - 38AS-LIQ OUT - WASTE 39FEED
P39 IN - 39FEED OUT = PHENOL WASTEH20
51 IN - ROMCOAL OUT = IS01 IS11 IS21
S2 IN - 1S-CCOAL OUT - COALT014 9COAL
S6-5H20 IN - 6-SGAS OUT = 6S-SH20 11-FEED
S7 IN =PS-NAPH OUT = 7-NAPH PNAPHTHA

IFLOWSHEET HYDROGEN
Plant M9 is the hydrogen stream mixer.

Stream M9H2 is the dummy H2 stream to the liquefaction unit.
Stream M9H4 is the dummy H2 stream to the naphtha hydrotreater.
Stream MHNE is the dummy H2 stream fom the ma-ie yr tetr
Stream MHSE is the dummy H2 stream tom the ga-il yr otetr

;Plant M9C is the coal stream mixer.I'Stream 82S-BOT is the 850-1000 stream from the fluid bed coker unit.
Stream 82S-COKE is the coke stream from the fluid bed coker unit.
Stream COALT09 is the clean coal stream to the mixer.3; Stream 9-FEED is the mixed coal stream to the gasifier.

Plant P09 is the plant for producing hydrogen by coal gasification.
Stream 9-H2OIN is the water feed stream to the gasifier section.
Stream 9-02IN is the purified 02 stream from the air sep. plant.I'Stream 9-STEMIN is the steam that goes to the shift reactors.
Stream H2-GAS is the product hydrogen stream.

; Stream H25-GAS is the product hydrogen sulfide stream.IStream VENT-GAS is the product vent gas stream.
Stream 9S-SH20 is the product sour water stream.
Stream SLAG is the product slag stream.

Plant P91 is the Steam Reforming of Natural Gas Plant.
Stream NAT-GAS is the inlet natural gas stream.
Stream STEAM is the inlet process water stream.
Stream H2-PROD is the product hydrogen stream.IStream FLUE-GAS is the product flue gas stream.

Plant PlO is the Air Separation Plant.
; Stream 10-AIRIN is the air input stream.
Stream lOSOl is the product oxygen stream.UJ- 11



Stream 10S02 is the product nitrogen stream.
,Plant S9 is the hydrogen stream splitter.

Stream H9NEED is the dummny H2 stream for the gasifier.
Stream H91NEED is the dummy H2 stream for the steam reformer.

M9H IN = M9H2 M9H4 M9H5 OUT - MHNEED
M9C IN - 82S-BOT 82S-COKE COALTO9 OUT - 9-FEED
P09 IN - 9-FEED 9-H2OIN 9-02IN 9-STEMIN &

OUT - H2-GAS H2S-GAS VENT-GAS 9S-SH2O SLAG
P91 IN - NAT-GAS STEAM OUT - H2-PROD FLUE-GAS
P10 IN - 10-AIRIN OUT - 10SOI 10S02S9 IN - MHNEED OUT - K9NEED H91NEED

;Design Specifications3

Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)3
to a specified weight percent (HPCT2) of the MAF coal input stream.

DES-SPEC 2H2FLO
DEFINE CHP2 MASS-FLOW STREAI4=2-H2MIX COMPONENT=H2
DEFINE CCOAL MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COALI
DEFINE CCASH COMP-ATTR-VAR STREAM=COALTO2 SUBSTREAM=NC&

COt4PONENT=COAL ATTRIBUTE=ULTANAL ELEMENT=1
C Set the specified H2 rate to Plant 2 in wt% in the following line.
F HPCT2 - 6.52D0
C DAFCOAL is the dry ash-free coal (MAF coal).
F DAFCOAL - CCOAL * (100.0DO - CCASH) * 0.O1DO
F H2P2 - O.O1DO * HPCT2 * DAFCOALI

SPEC CHP2 TO H2P2
TOL-SPEC 0.1
VARY STREAM-VAR STREA4=2-HI2N VARIABLE=MASS-FLOW
LIMITS 100 1000000

;Design spec to set the correct ROM coal flow to the splitter to
;obtain the desired 17,102 TPSD of MF coal flow rate to the coal
liquefaction plant, Plant 2.

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAi4=COALTO2 SUBSTREAM=NC COMPONENT=COAL
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal.

F TPD - 11102.ODO
F WTPHR - (TPD * 2000.ODO) / 24.ODO

SPEC CTARG TO WTPHR3
TOL-SPEC 0.1
VARY MASS-FLOW STREAM=ROMCOAL SUBSTREAI4=NC COMPONENT=COAL
LIMITS 100 100000005

;Design spec to set the correct 9-FEED flow rate to the Plant 9,
; coal gasifier, to obtain the desiredhyrgnpoutnrae
DES-SPEC H2FLOhyrgnpoutnrae

DEFINE HOUT MASS-FLOW STREAM=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAMwI=9NEED COMPONENT=H2
SPEC HOUT TO HTOT3
TOL-SPEC 1.0

J-123



I VARY STREAM-VAR STREAM=COALTO9 SUBSTREAM=NC VAR=MASS-FLOW
LIMITS 0.1 10000000

; Design spec to set the heat duty to block M-HYD to-zero by
;varying the temperature. This corrects a temperature calculating
;error in the ASPEN mixer block algorithm.

DES-SPEC HD-HYDI DEFINE HDTY BLOCK-VAR BLOCK-M-HYD SENTENCE-RETENTION VARIABLE-HEAT-DUTY
SPEC HDTY TO 0.0
TOL-SPEC 1000
VARY BLOCK-VAR BLOCK-M-HYD SENTENCE-PARAM VARIABLE=TEMPERATUREI LIMITS 10 500

;Design spec to set the 10-AIRIN stream flow to produce the required
; amount of oxygen product required by Plant 9, coal gasification.
DES-SPEC 02FLO
DEFINE FLOIOS STREAM-VAR STREAM=10S01 VAR=MASS-FLOWUDEFINE FLOOXY STREAM-VAR STREAM=9-02IN VAR=MASS-FLOW
SPEC FLO10S TO FLOOXY
TOL-SPEC 0.15 VARY STREAM-VAR STREAM=10-AIRIN VARIABLE=MASS- FLOW
LIMITS 0.1 10000000

Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLO

DEFINE HOUT2 MASS-FLOW STREAM=H2-PROD COMPONENT=H2
DEFINE HTOT2 MASS-FLOW STREAM=H91NEED COMPONENT=H2
SPEC HOUT2 TO HTOT2

V STEAM-0.1 STREAM-NAT-GAS VARIABLE-MASS-FLOW
LIMITS 1000 60000

Transfer Blocks

--------
Transfer block to set COALT09 equal to the 9COAL stream (the wet
clean coal input). This duplicates the full property set and
provides the initial guess flow rate for COALTO9.

TRANSFER CCOAL
SET STREAM COALT09

I EQUAL-TO STREAM 9COAL

;Transfer block used to set the hydrogen flow rates of the input
; streams to the calculated hydrogen flows to Plant 2 (2-H2IN),I Plant 4 (4-H2IN), and Plant 5 (5-H2IN). M9's represent hydrogen
;flows from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.

TRANSFER HF LOW
SET STREAM M9H2
EQUAL-TO STREAM 2-H2IN
SET STREAM M9H4
EQUAL-TO STREAM 4-H2INI SET STREAM M9H5
EQUAL-TO STREAM 5-H2IN

I Fortran Blocks
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Fortran block to set the correct water flow rate in the clean

FORTRAN 9COAL
DEFINE W9COAL MASS-FLOW STREAM=9COAL COMPONENT=H20
DEFINE C9COAL MASS-FLOW STREAM=9COAL SUBSTREA4=NC COMPONENT=COAL
DEFINE WCT09 MASS-FLOW STREAM'=COALTO9 COMPONENT=H20I
DEFINE CCT09 MASS-FLOW STREAI4=COALTO9 SUBSTREAM=NC COMPONENT=COALF WCT09 - CCT09 * (W9COAL / C9COAL)

This Fortran block resets the split fraction in S2 to provide the
;flow rate of coal to Plant 9.0.

FORTRAN COALFIOW
DEFINE C14 STREAM-VAR STREAM=COALT014 VAR=MASSFLOWIDEFINE C9 STREAM-VAR STREAM-COALT09 VAR=MASSFLOW
DEFINE RC STREAM-VAR STREAM=ROMCOAL VAR=MASSFLOW
DEFINE CC STREAM-VAR STREAM=1S-CCOAL VAR=MASSFLOWDEFINE SFRAC BLOCK-VAR BLOCK=S2 SENTENCE-FRAC VAR=FRAC &
IDI-COALT014 ELEMENT=l

C Cal cul ate total clean coal.
F TCC -C14 +C9C Reset the ROMCOAL feed rate to match the new value.F RC -RC *TCC ' ICC)3
C Reset the split fraction in S2 to correct 9COAL flow rate.
F SFRAC -C14 /(C9+ C14)

;This FORTRAN block will calculate the initial ratio of the MIXEDI;substream flow to the NC substream flow in the stream ROMCOAL.It will store this result in RATIO, and use that value to adjust;the MIXED substream flow in proportion to the NC substream flow;that is varied by the COALFLO design-spec. This is needed to setU;the correct amount of water entering with the ROM coal.
FORTRAN MIXFLO3
F COMMON /RATIO/ RMIXNCP
F COMMON /RGLOB/ RDUM1, RI4IN
DEFINE FLONCP SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAM=NC VAR=MASSFLOWDEFINE FLOMIX SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAM=MIXED VAR=MASSFLOWIC The following should only be true on the first pass. This preventsC writing over the initial substream ratio on subsequent passes.
F IF (RMIXNCP .LT. RHIN) THEN
F RMIXNCP -FLONCP / FLOMIX
F END IF
C Adjust the other substream flow based on changes to the NC1
C substream.
F FLOMIX - FLONCP / RMIXNCP

FORTRAN block to set the COMBINED steam and water flow rate toIPlant 2 as a specified weight percent of the dry coal feed.FORTRAN SETUP2 3DEFINE FEED2 MASS-FLOW STREAI4=COALTO2 SUBSTREAM=NC COMPONENT=COALDEFINE H202 STREAM-VAR STREAI4=2-H2OIN VAR=MASSFLOW
F H202 - 0.75315 * FEED2

FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)
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I; to a specified weight percent (HPCT4) of the naphtha feed stream,
;and the hydrogen flow rate to Plant 5 (5-H2IN) to a specified weight

; percent (HPCT5) of the gas oil feed stream. This block also setsI; the inlet water flow rates for these plants to specified rates
;as functions of the hydrocarbon feed rates.

FORTRAN SETUP45
DEFINE CHP4 MASS-FLOW STREAM=4-H2IN COMPONENT=H2IDEFINE CHP5 MASS-FLOW STREAM=5-H2IN COMPONENT=H2
DEFINE FLP4 STREAM-VAR STREAM-4-H2IN VAR=MASSFLOW
DEFINE FLP5 STREAM-VAR STREAM=5-H2IN VAR=MASSFLOWIDEFINE XNAPH STREAM-VAR STREAM=4-FEED VAR=MASSFLOW
DEFINE XGOIL STREAM-VAR STREAM=GAS-OIL VAR=MASSFLOW
DEFINE H204 STREAM-VAR STREAM=4-H2OIN VAR=MASSFLOW
DEFINE H205 STREAM-VAR STREAM-5-H2OIN VAR=MASSFLOW

C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 - 1.1855
F HPCT5 - 2.7554IF H2P4 - 0.01D0 * HPCT4 * XNAPH
F FLP4 - H2P4 * (FLP4 / CHP4)
F H2P5 - 0.O1DO * HPCT5 * XGOILIF FLP5 = H2P5 * (FLP5 / CHP5)

C Set the specified H20 rates in wt% in the following two lines.
F H204 - 0.089017 * XNAPH3F H205 - 0.054217 * XGOIL

;FORTRAN block to set the air, steam and water stream flow rates to
;Plant 8.2 based on the inlet flow of hydrocarbons and NC components.IFORTRAN SETUP82
DEFINE FD82MX SUBSTREAM-VAR STREAM=2S-BOTTS SUBSTREAM=MIXED VAR-MASS-FLOW
DEFINE FD82NC SUBSTREAM-VAR STREAM=2S-BOTTS SUBSTREAM=NC VAR-MASS-FLOW
DEFINE AIR82 STREAM-VAR STREAM=82-AIR VAR=MASSFLOWUDEFINE STM82 STREAM-VAR STREAM=82-STM VAR=MASSFLOW
DEFINE H2082 STREAM-VAR STREAM=82-H20 VAR=MASSFLOW
F FEED82 - FD82MX + FD82NCIF AIR82 - 0.022228 * FEED82
F STM82 - 0.070844 * FEED82
F H2082 = 0.028881 * FEED82

;FORTRAN block to set, the steam, water and oxygen stream flow rates
;to Plant 9 based on the inlet flow rate of hydrocarbons and NC
;components (on a dry ash-free basis).3FORTRAN SETUP9
DEFINE FL29MX SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR-MASS-FLOW
DEFINE ULCOAL COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &I COMPONENT-COAL ATTRI BUTE-ULTANAL ELEMENT-i
DEFINE ULURC COMP-ATTR-VAR STREAM-9-FEED SUBSTREAM=NC &

COMPONENT-URCOAL ATTRIBUTE=ULTANAL ELEMENT=1
DEFINE FL29C MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT=COAL
DEFINE FL29UR MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT-URCOAL
DEFINE FL29W MASS-FLOW STREAM=9-FEED COMPONENT=H20
DEFINE FL2STM STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOWIDEFINE FL2H2O STREAM-VAR STREAM=9-H2OIN VAR-MASS-FLOW
DEFINE FL202 STREAM-VAR STREAM=9-02IN VAR=MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the
C inlet flow rate of hydrocarbons and NC components (on a dry basis).
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F X1 - 0.O1*FL29C *(100.0.uLCOAL)I
F X2 - 0.01*FL29UR*(100.0.ULURC)
F FL2STM - 0.25495 *(FL29MX + X1 + X2 - FL29W)
F FL2H20 - 1.4723 *(FL294X + X1 + X2 - F129W)
F FL202 - 1.1365 *(FL29MX + X1 + X2 - F129W)

Fortran block to set uptecmo n SL tlt osmtos
FORTRAN SETUP31thcomnanuluycnsmin.
F COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PINTID
DEFINE DCOAL2 SUBSTREAM-VAR STREAI4=COALTO2 SUBSTREAM=NC VAR=MASS-FLOWIC COMMON /USRCO3/ is used to transfer variables FIN(5,4),C FOtJT(20,4), PGAS, PPWR, OPTN6

C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.I
C Base all the offsite and OSBI utilities consumptions on the dryC coal feed rate to Plant 2, the Coal Liquefaction Plant. Ignore
C cooling and process water consumptions and productions.3F PINTID (19) - 'OTHERS'
C Electric Power.
F UTIL(19,1) - 25.1346 * DCOAL2 * 0.001
F IF ( OPTN6 .GE. 0.99D0 UTIL(19,1) = 29.5411 *DCOAL2 *0.001
C 600 psig steam at 720F.
F UTIL(19,4) - 0.05122207 *DCOAL2 * 0.001
C 150 psig saturated steam. IF UTIL(19,6) - 0.04350367 * DCOAL2 * 0.001
C 50 psig saturated steam.
F UTIL(19,7) -0.06757103 * DCOAL2 * 0.001£

;Fortran statement to set the molar flow rate of the STEAM stream to
;be in balance with the feed stream to Plant 9.1.

FORTRAN SETUP91U
DEFINE GS STREAM-VAR STREAM=NAT-GAS VARIABLE=MOLE- FLOW
DEFINE ST STREAM-VAR STREAM=STEAM VARIABLE=MOLE-FLOW

F IF (GS .GT. 0.ODO ) THENIF ST = 2.504543D0 * GS
F ELSE
F ST - 0.ODO
F ENDIF

;Fortran block to switch bewe Plants 9.0 and 10 (Baseline Design3;Case) or Plants 9.1, 31.1 and 31.4 (Option 6).
FORTRAN OPT 10N6
F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in namedIC commnon block /USRCO3/.
DEFINE FSTM STREAM-VAR STREAM-STEAM VAR=MOLE-FLOW
DEFINE FNG STREAM-VAR STREAM=NAT-GAS VAR-MOLE-FLOW
DEFINE FIOA STREAM-VAR STREAI4-10-AIRIN VAR=MASS-FLOWI
DEFINE F9H STREAM-VAR STREAM-9-H2OIN VAR=MASS-FLOW
DEFINE F9S STREAM-VAR STREAM=9-STEMIN VAR-MASS-FLOWI
DEFINE F90 STREAM-VAR STREAM=9-O2IN VAR=MASS-FLOW
DEFINE FC9M SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR-MASS-FLOW
DEFINE FC9NC SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FRAC9 BLOCK-VAR BLOCK=S9 SENTENCE=FRAC VAR=FRAC &I
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IID1=H9NEED ELEMENT-i
DEFINE FRAC38 BLOCK-VAR BLOCK=P38B SENTENCE=FRAC VAR=FRAC &
IDI-WASTE ELEMENT-iUC Set N9 equal to 0 to run Plants 9.0 and 10 (Baseline), or

C set N9 equal to 1 to run Plants 9.1, 31.1 and 31.4 (OPTION 6).
F N9-O0
F IF (N9 .EQ. 0) THENIF OPTN6 -0.0DO
F FSTM -i.OD-6
F FNG -1.00-6IF FRAC9 - 1.0
C FRAC38 value is changed for Option 5 from baseline value.
F FRAC38 - 0.24055
F ENDIF
F IF (N9 .EQ. 1) THEN
F OPTN6 - 1.000
F F1OA - 1.OD-6I F F9H - 1.0D-6
F F9S - 1.00-6
F F90 - 1.OD-6
F FC9M - 1.00-6
F FC9NC - i.OD-6

F FRAC9 - 0.0
F FRAC38 -0.0

F ENDIF

FORTRAN SUMMARYIC This Fortran block writes the summary report to the DCLSUM.REP
C file, and also writes the DCL1.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMMON /USRCO3/ is used to transfer variables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRCO3/.IDEFINE FINI SUBSTREAN-VAR STREAM=ROMCOAL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FIN2 STREAM-VAR STREAI4=NAT-GAS VAR=MASS-FLOW
DEFINE FOUT1 STREAM-VAR STREAM=3S-PROP VAR=MASS-FLOW3DEFINE FOUT2 STREAM-VAR STREAM=3S-BUT VAR=MASS-FLOW
DEFINE FOUT3A STREAM-VAR STREAM=PNAPHTHA VAR=MASS-FLOW
DEFINE FOUT3B STREAM-VAR STREAM=REFORMED VAR=MASS-FLOW
DEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOW£EIEFU5SRA-A TEMP5-5 A=ASFO
DEFINE FOUT5 STREAM-VAR STREAM=P450-650 VAR=MASS-FLOW
DEFINE FOUT6 SUSTREAM-VAR STREAM=P65-850ESBSRMN VAR=MASS-FLOW
DEFINE FOUT1 SUBSTREAM-VAR STREAM=S-REF SUBSTREAM=NC VAR=MASS-FLOWIDEFINE FOUTO SSTREAM-VAR STEMSA USTREAM=NC3PO VAR=MASS-FLOW
DEFINE FOUTIO STREAM-VAR STREAM=PNPOD VAR=MASS-FLOW
DEFINE FOUT12 STREAM-VAR STREAM=PHENOLI VAR=MASS-FLOW

C Load the stream flow rates in the FIN() and FOUT() arrays in
C Mlbs/hr. All solid stream flow rates are on a dry basis.
F FIN(1,1) - 0.00100 * FINIIF FIN(2,1) - 0.00100 * FIN2
F FOUT(1,I) - 0.001D0 .* FOUTI
F FOUT(2,1) - 0.00100 * FOUT2

F FOUT(3,1) - 0.00100 * (FOUT3A + FOUT3B)I J-17



F FOUT(4,1) - 0.001D0 * FOUT4U
F FOUT(5,1) - 0.OO1DO * FOUT5
F FOUT(6,1) - O.OO1DO * FOUT6
F FOUT(7,1) - O.OO1DO * FOUT1
F FOUT(8,I) - 0.001D0 * FOUT8F FOUT(10,1) - 0.OO1DO * FOUTlO
F FOUT(11,1) - 0.001D0 * FOUTII
F FOUT(12,I) - 0.OO1DO * FOUT12I
C
C Set XOF to the number of extra operators and OSBI operators
C per dedicated plant operator.IC- - - - - - - - - - - - - - -
F XOF - 0.3430421

C Set the LOSBL and LPLANT switches, as appropriate, to duplicateC the Bechtel OSBI and first vs. Nth plant costing logic.
C 10581 - 0 - Use baseline case OSBL costing logic.
C LOSBL - 1 - Use option case OSBI costing logic.IC LPLANT - 0 - Use first plant OSBI and engineering costing logic.C LPLANT - 1 - Use Nth plant 0581 and engineering costing logic.
C
F LOSBL I
F LPLANT I
C
C Open the separate output file called DCLSUN.REP to contain theC summary report of the simulation results.
F OPEN (UNIT-62, FILE='DCLSUM.REP., STATUS='UNKNOWN',
F IACCESS-'SEQUENTIAL', FORM='FORMATTEJ',I

F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR1 and USRSR2 to write the summary report.
F CALL USRSRI (62)
F CALL USRSR2 (62, 10581, LPLANT, OPTN6, XOF)UF CLOSE (UNIT=62, STATUS='KEEP')
C Now write the LOTUS spreadsheet economics model input file.
F OPEN (UNIT=62, FILE='DCL1.PRN', STATUS='UNKNOWN',F 1 ACCESS='SEQUENTIAL', FORI4-'FORI4ATTED',
F 2 BUFFERED=BUFFERED')

C Call Subroutines USRSR3 to write the model input file.UF CALL USRSR3 (62, OPTN6, XOF)F CLOSE (UNIT-62, STATUS='KEEP')3

Convergence Blocks
-- - - -- - - - -

CONVERGENCE CBLI1 WEGSTEIN
TEAR H2MIX 1D-5
PARAN WAIT=35

CONVERGENCE CBLK3 WEGSTEIN
TEAR 6S-SH20 1D-5

CONVERGENCE COALF ONE-VARI
SPEC COALFLO

CONVERGENCE HD-C1 ONE-VAR
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I SPEC HD-HYD

CONVERGENCE HYDF BROYDEN-SPEC3 SPEC H2FLO

CONVERGENCE 2HYDF ONE-VAR3 SPEC 2H2FLO

CONVERGENCE OXYF ONE-VAR
SPEC 02FLO

CONVERGENCE RFMRF ONE-VAR
SPEC RFMRFLO

Calculation Sequence

I Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO S1 P1-BASE PI-ALTi P1-ALT2 &

MI S2 P14 (RETURN COALF) &
M4 M3 M2

Specify entire flowsheet sequence, including subsequence CLEAN.
SEQUENCE BASE (SEQUENCE CLEAN) CCOAL &ICBLK1 2HYDF M-2HYD (RETURN 2HYDF) &

SETUP2 P02 SETUP82 P82 &
P61 P62 HD-C1 M-HYD (RETURN HD-CI) &IM-73 P03 N-NAP M5 SETUP45 P04 M-462 P05 M-561 &
M-PNAP S7 P07 (RETURN CBLK1) &
HFLOW M9H OPTION6 S9 &
HYDF 9COAL M9C SETUP9 P09 (RETURN HYDF) &IOXYF P1O (RETURN OXYF) COALFLOW (SEQUENCE CLEAN) &
RFMRF SETUP91 P91 (RETURN RFMRF) &
CBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &

(RETURN CBLK3) &

Unit Operations Blocks------------
Mix the clean coal product streams from the 3 different cases.I BLOCK MI MIXER
DESCRIPTION 'PLANT 1 OUTLET CLEAN COAL MIXER'

3 ; Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXER
DESCRIPTION 'PLANT 1 OUTLET MIDDLING COAL MIXER'

;Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 2'

PARAM NPK=1 KPH-1
;Mix the refuse product streams from the 3 different cases.5 BLOCK M3 MIXER
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DESCRIPTION 'PLANT I OUTLET REFUSE MIXER'

Mix the sour water streams from Plants 2, 3, 4, 5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'

Mix the waste water product streams from the 3 different cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT I OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'

Mix the gas oil streams from Plants 2 & 8.2 for Plant 5.
BLOCK M5 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 5 FEED'

Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
BLOCK M-561 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP-110.0 PRES=14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer M9C - The hydrogen plant feed mixer; used to mix the coal and; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS=2

; Mixer M9 - The dummy hydrogen mixer; used to mix the three
; streams that go to Pl ant 2 (M9H2), Pl ant 4 (M9H4), and
; Plant 5 (M9H5) into one single output stream (MHNEED) for the
; S9 splitter.
BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'
PARAM NPK-1 KPH-1

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block; algorithm.
BLOCK M-HYD FLASH2
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.21
PARAM TEMP-100. PRES-3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER
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DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'

BLOCK M-PNAP MIXER

Plant PI-ALTI, Coal Cleaning and Preparation Plant. Use User
Fortran Model, USROI, within the PLANTS file. ALTERNATE CASE 1 -
COAL CLEANING BY HEAVY MEDIUM SEPARATION.

BLOCK PI-ALTI USER
SUBROUTINE MODEL - USR01 REPORT - USR01
DESCRIPTION 'PLANT I - ALTERNATE I - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both Jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
that is modeled in BLOCK PI-JIGS. The operators and cost for this
plant includes those associalted with the Pl-JIGS portion of the coal
cleaning and preparation plant. All parameters have the same meaning
as described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FClM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - IS12 KODE=2 TEMP = 70.0 PRES = 14.7

STRM - 1S13 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS14 KODE=2 TEMP - 70.0 PRES = 14.7
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STRM = IS15 KODE=2 TEMP = 70.0 PRES = 14.7

; Plant PI-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
; Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
; BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.
BLOCK PI-ALT2 USER

SUBROUTINE MODEL - USROI REPORT - USROI
DESCRIPTION 'PLANT 1 - ALTERNATE 2 - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both Jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK Pl-JIGS. The operators and cost for this plant includes
those associalted with the PI-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
described below for Plant 1 in BLOCK PI-BASE.

INT 0 1 0 1 2
FCP FCM FHP FHM FNP FNM

REAL 0.9435271 0.0 0.9338663 0.0 0.9250562 0.0 &
FCIP FClM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAM
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - IS22 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS23 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - IS24 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 1S25 KODE-2 TEMP - 70.0 PRES = 14.7

Plant I - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
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Model USROI
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.

BLOCK PI-BASE USER
SUBROUTINE MODEL = USR01 REPORT - USROI
DESCRIPTION 'PLANT 1 - BASE CASE - COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following 5 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL01B.REP, DCL01AI.REP or DCLOIA2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-4 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report = DCL01B.REP)
I Alternate case I - Coal cleaning by heavy media

separation. (Report - DCLO1A1.REP)
2 Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report - DCL01A2.REP)

3 => Coal cleaning by jigs for coal gasification in
plant 9. (Report = DCLOIG.REP)

4 -> Coal grinding and drying plant.
(Report - DCLOID.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,
and 4 is for the grinding and drying plant.
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INT 0 1 0 1 01
The following 70 real parameters are:
REAL(1) - Fraction of carbon in the inlet coal leaving

in the clean coal product stream.U
REAL(2) - Fraction of carbon in the inlet coal leaving

in the middling coal stream.
REAL(3) - Fraction of hydrogen in the inlet coal leaving

in the clean coal product stream.IREAL(4) - Fraction of hydrogen in the inlet coal leaving
in the middling coal stream.

REAL(5) - Fraction of nitrogen in the inlet coal leavingin the clean coal product stream.
REAL6) -Fraction of nitrogen in the inlet coallevnREAL(6) in the middling coal stream.levn

REAL(7) - Fraction of chlorine in the inlet coal leavingI
in the clean coal product stream.REAL(8) = Fraction of chlorine in the inlet coal leaving3
in the middling coal stream.

REAL(9) = Fraction of sulfur in the inlet coal leaving
in the clean coal product stream. OPTIONAL - See Note 1.REAL(10) - Fraction of sulfur in the inlet coal leavingU
in the middling coal stream. OPTIONAL - See Note 1.REAL(11) = Fraction of oxygen in the inlet coal leaving
in the clean coal product stream.

REAL(12) - Fraction of oxygen in the inlet coal leavingIin the middling coal stream.
REAL(13) - Fraction of ash in the inlet coal leaving

in the clean coal product stream.I
REAL(14) = Fraction of ash in the inlet coal leaving

in the middling coal stream.
REAL(15) - Moisture content of the clean product coal on a dryI
REAL(16) = Moisture content of the middling coal on a dry

basis, wt%.
REAL(11) - Moisture content of the refuse on a dry basis, wt%.IREAL(18) -
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.IREAL(22) - Power consumption per Mlbs/hr of dry clean coal,
REAL'23'kw/(Mlbs/hr).
REAL(3) -Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Nlbs/hr).
REAL(25) = Constant factor for the 900 psig saturated steamI

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).I
REAL(21) = Constant factor for the 600 psig / 720 F steam

REAL(8) =consumption, Mlbs/hr. prMb/ro
REAL(8) -600 psig / 720 F steam consumption prMb/ro

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(30) consumption, Mlbs/hr. o
REAL(0) =600 psig saturated steam consumption per Mlbs/hr o
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I , dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.IREAL(32) - 150 psig saturated steam consumption per Mlbs/hr of
dry clean coal, (Mlbs/hr)/(Mlbs/hr).

REAL(33) = Constant factor for the 50 psig saturated steamI ' REL(34) consumption, Ml bs/hr.
REAL(4) -50 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(35) - Constant factor for the plant fuel consumption,U MM BTU/hr.
REAL(36) - Plant fuel consumption per Mlbs/hr of dry clean coal,

(MM1 BTU/hr)/(Mlbs/hr).
REAL(37) - Constant factor for the cooling water consumption,I REAL(38) -

REAL(8) -Cooling water consumption per Mlbs/hr of dry clean
coal (Mgal/hr)/(Mlbs/hr).IREAL(39) = Constant factor for the process water consumption,
Mga 1/hr.

REAL(40) - Process water consumption per Mlbs/hr of dry clean
REAL(1) =coal, (Mgal/hr)/(Mlbs/hr).
REAL(1) =Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) = Nitrogen consumption per Mlbs/hr of dry clean coal,

(MM SCF/hr of N2)/(Mlbs/hr).
REAL(43) -
REAL(48) = Future use.IREAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,I (operators/day)/train.
REAL(51) = Reference flow rate of the dry clean coal of a

single train in Mlbs/hr for the calculation of
the ISBI field cost of a single train as a function

REAL(52) = Maximum size of a single train as defined by the

flow rate of the dry clean coal in Mlbs/hr.IREAL(53) = Minimum size of a single train as defined by the
flow rate of the dry clean coal in Mlbs/hr.

REAL(54) - Constant A in the plant 1581 field cost equation.
REAL(55) = Constant B in the plant 1581 field cost equation.IEL5)-Cntn ntepln SLfedcs qain
REAL(56) - Constant E in the plant ISBL field cost equation.

; REAL(58) = Number of spare trains.IREAL(59) -
REAL(10) = Future use.

NOTES:I 1. If both the sulfur distribution factors, REAL(9) and REAL(10),
are zero and a SULFANAL was supplied, the sulfur will be
distributed among the products as follows.* * a. The ORGANIC sulfur will be distributed in the same

proportions as the carbon is distributed.
b. The PYRITIC and SULFATE sulfur will be distributed in the

same proportions as the ash is distributed.
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FCP FCM FHP FHM FNP FNM
REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &

FCIP FClM FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAM
0.4229677 0.o &
PCWP PCWM PCWR Future Use (3 items)
8.576 3.0 10.0 0.0 0.o o.0 &
Power 900/750 F steam 900 satd steam
0.0 4.281977 0.0 0.0 .0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 18.2 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. Thesevalues will override the default values in subroutine USR01.FLASH-SPECS STRM - IS02 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS03 KODE=2 TEMP = 70.0 PRES = 14.7
STRM = IS04 KODE=2 TEMP = 70.0 PRES = 14.7
STRM = 1S05 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant - Fortran Model USROI
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL - USR01 REPORT USROI
DESCRIPTION 'PLANT 1.4 - BASE CASE COAL GRINDING AND DRYING PLANT'PARAM NINT - 5 NREAL = 70

The following integer and real parameters have the same meaning
as described above for Plant 1 in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNMREAL 1.0 0.0 1.0 0.0 1.0 0.0 &
FClP FClM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
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600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
Ref Flow Max Flow Min Flow
142.518 145.0 50.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - COALT02 KODE=2 TEMP - 70.0 PRES - 14.7

STRM - 14S-XMID KODE=2 TEMP = 70.0 PRES = 14.7
STRM = 14S-REF KODE=2 TEMP = 70.0 PRES = 14.7
STRM = 14S-WAT KODE=2 TEMP = 70.0 PRES = 14.7

Plant 2 - The coal liquefaction plant - user Fortran block USR02.
BLOCK P02 USER

SUBROUTINE MODEL - USR02 REPORT = USR02
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION PLANT - COKER OPTION'
PARAM NINT - 6 NREAL = 70

The following 6 integer parameters are:
INT(I) = User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.
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3-5 => Write some more additional output to the historyI
file. Larger values generate more intermediate
output.

INT(5) - Switch to write the major equipment summary list and
cost summary report by plant section for the baselineI
design to the separate block output summary report file
called DCL02.REP on logical unit 62.
0 ->Do not write the major equipment summary list.1- Write the major equipment summary list to the

separate block output file only when
INT(I) <- 2, INT(2) - 1, and INT(6) - 0.I

2 ->Write the major equipment summary list and the
cost summary report by plant section to the
separate block output file only when
INT(1) <- 2, INT(2) - 1, and INT(6) =0.IINT(6) =Switch to select which coal liquefaction reactor yields

are calculated.
0 => Baseline design two reactor model.I
3 => Option 3 -Yields for Thermal/Catalytic two-

reactor model .
4=-> Option 4 - Two-reactor model with interstaageI

vent gas separation.
5 => Option 5 -Yields for two-reactor coker model.
8=-> Improved Baseline (Option 8) - High space velocity3

two-reactor model.
INT 0 1 0 1 2 5

The following 10 real parameters are:
REAL(I) = Percent coal conversion based on fresh MAF coalI

REAL()... entering the coal liquefaction reactors.
REAL(20) - Future use.I

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Nibs/hr of dry coal feed,

kw/(Mlbs/hr of dry coal).
REAL(23) - Constant factor for the 900 psig / 150 F steamIconsumption, Ml bs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr ofdry coal feed, (lbs/hr)/(Mlbs/hr of dry coal).IREAL(25) = Constant factor for the 900 psig saturated steam

consumption, Nibs/hr. oREAL(26) - 900 psig saturated steam consumption per Nibs/hr o
dry coal feed, (Nlbs/hr)/(Mlbs/hr of dry coal).IREAL(21) - Constant factor for the 600 psig / 720 F steam

REAL(8) -consumption, Nibs/hr. prNb/ro
REAL(8) -600 psig / 720 F steam consumption prMb/ro

dry coal feed, (lbs/hr)/(Mlbs/hr of dry coal).
REAL(29) - Constant factor for the 600 psig saturated steamconsumption, Nibs/hr.I
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

dry coal feed, (Nlbs/hr)/(Nlbs/hr of dry coal).REALM3) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.I

REAL(32) - 150 psig saturated steam consumption per Nibs/hr of
dry coal feed, (lbs/hr)/(Nlbs/hr of dry coal).

REAL(3) = Constant factor for the 50 psig saturated steamI
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consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Mibs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).IREAL(35) = Constant factor for the plant fuel consumption,
MN BTU/hr.

REAL(36) - Plant fuel consumption per Nibs/hr of dry coal feed,
(MM BTU/hr)/(Nlbs/hr of dry coal).

REAL(31) - Constant factor for the cooling water consumption,
Mgal /hr.

REAL(38) - Cooling water consumption per Nibs/hr of dry coal
feed, (Nlbs/hr)/(Nlbs/hr of dry coal).

REAL(39) - Constant factor for the process ofte H2consumption,I NMgal /hr.
REAL(0) =Process water consumption per Nibs/hr of dry coal

feed, (Nlbs/hr)/(Nlbs/hr of dry coal).
REAL(41) = Constant factor for the nitrogen consumption,I MN SCF/hr of N2
REAL(42) = Nitrogen consumption per Nibs/hr of dry coal feed,

(MN SCF/hr of N2)/(Nlbs/hr of dry coal).

A(3REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.IREAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference dry coal feed rate to a single train inI Nibs/hr for the calculation of the ISBL field cost of
a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the dry
coal feed rate in Nibs/hr of dry coal.

REAL(53) = Minimum size of a single train as defined by the dry
coal feed rate in Nibs/hr of dry coal.

REAL(54) - Constant A in the plant ISBI field cost equation.IREAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBI field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(9) - Future use.

Percent fresh MAF coal conversion
REAL 92.7901 &

Future use (9 items)I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 29.830195 0.0 0.0 0.0 0.0&
600/720 F steam 600 satd steam 150 satd steam
0.0 0.003904784 0.0 -0.075393 0.0 -0.009201 &I50 satd steam Plant fuel Cooling H20
0.0 0.0393743 0.0 0.5515144 0.0 0.2456133 &
Process H20 NitrogenI0.0 0.1009987 0.0 0.0000216 &
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Future Use (6 items)
0.0 0.0 0.0 0 , 0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 285.05 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 186.44 0.7 142 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR02.
FLASH-SPECS STRM - 2S-GAS KODE-2 TEMP - 130. PRES - 2985. &

STRM - GASES KODE-2 TEMP - 130. PRES - 65. &
STRM - NAPHTHA KODE-2 TEMP - 140. PRES - 16. &
STRM = GAS-OIL KODE=2 TEMP = 110. PRES = 30. &
STRM = 2S-BOTTS KODE=2 TEMP = 688. PRES = 28. &
STRM = 2S-SH20 KODE=2 TEMP = 100. PRES = 30.

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL = USR03 REPORT = USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT'
PARAN NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.
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The following 70 real parameters are:
REAL(I) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of dry C4- gas,

kw/(MM SCF/hr of dry C4- gas)*REAL(23) -Constant factor for the 900 psig / 750 F steam
consumption, Mlbs/hr.

REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr
of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).IREAL(25) - Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hrU of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.

REAL(28) - 600 psig / 120 F steam consumption per MM SCF/hr
of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).

REAL(29) = Constant factor for the 600 psig saturated steam
consumption, Mlbs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr
REof(dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REA(31 - onsantfactor for the 150 psig saturated steam

consumption, Mlbs/hr.
REA(32 - 50 sigsaturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(33) - Constant factor for the 50 psig saturated steamI consumption, Ml bs/hr.
REAL(34) = 50 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of dry C4- gas,

(MM BTU/hr)/(MM SCF/hr of dry C4- gas).IREAL(37) = Constant factor for the cooling water consumption,
Mgal /hr.

REAL(38) - Cooling water consumption per MM SCF/hr of dry C4-I gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).REAL(39) - Constant factor for the process water consumption,
Mgal /hr.

REAL(40) - Process water consumption per MM SCF/hr of dry C4-
gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.IREAL(42) - Nitrogen consumption per MM SCF/hr of dry C4- gas,
(MM SCF/hr of N2)/(MM SCF/hr of dry C4- gas).

REAL(43)-
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,I (operators/day)/tra in.
REAL(51) - Reference gas feed rate to a single train in

MM SCF/hr of dry C4- gas for the calculation of
the ISBL field cost of a single train as a function
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of train capacity.
REAL(52) - Maximum size of a single train as defined by the

gas feed rate in MM SCF/hr of dry C4- gas.
REAL(53) - Minimum size of a single train as defined by theI

gas feed rate in MM SCF/hr of dry C4- gas.
REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) - Constant B in the plant ISBI field cost equation.REA(5) CostntE i te lan IBLfied os eqatonREAL(56) - Constant E in the plant 1581 field cost equation.
REAL(58) - Number of spare trains.
REAL(59) - I
REAL(70) - Future use.

Future use (10 items)3
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steamI
0.0 447.6001 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 194.4388 0.0 0.0 &I
50 satd steam Plant fuel Cooling H20
0.0 8.425471 0.0 -722.141 0.0 645.8090 &
Process H20 Nitrogen
0. . 0.0 0.0 &

Futur Use(6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opersfday)/trai nI
0.0 8.0 &
Ref Flow Max Flow *Min Flow
2.04 5.0 0.300 &UPlant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 25.3 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

;Set the temperature and pressure of the outlet streams. TheseU;values will override the default values in subroutine USRO3.
FLASH-SPECS STRI = 3S-SGAS KODE=2 TEMP = 137.0 PRES = 55.0 /

STRI - 3S-FGAS KODE=2 TEMP = 100.0 PRES = 215.0/I
STRN - 35-PROP KODE=2 TEMP = 100.0 PRES = 280.0
STRM - 3S-BUT KODE=2 TEMP = 100.0 PRES = 280.0/
STRI - 35-OIL KODE=2 TEMP = 130.0 PRES = 263.0 &

NPK=1 KPH=2 /I
STR4 - 3S-SH20 KODE=2 TEMP - 137.0 PRES = 55.0

Plant 4 - The naphtha hydrotreater -use user Fortran block USRO4.IBLOCK P04 USER
SUBROUTINE MODEL = USR04 REPORT =USR04

DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATER'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(1) = User block summary report control switch.

0 -> Write the complete user block summary report.
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1 => Skip the capital cost portion of the summary
report.

2> Skip the capital cost and utilities portionsI of the summary report.
3> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 ->Write the user block summary report to the mormal

1 Wrie theuser block summary report to a separate

use blckoutput report file on logical unit 62I called DCLO4.REP.
INT(3) Number of operating duplicate trains, excluding spares.

If INT(3) - 0, the-minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.IINT(4) = History file additional output control switch.
0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2- => Write some e additional output to the historye
2-5=> Write some e additional output to the historye

file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 10 real parameters are:
REAL(1) - Percent desulfurization of the C5+ feed; i. e.,

REA(2) Percent of sulfur removed from the entering C5+ feed.
REAL2) -Percent denitrogenation of the C5+ feed; i. e.,

Percent of nitrogen removed from the entering C5+ feed.
REAL3) -Percent deoxygenation of the C5+ feed.

Percent of oxygen removed from the entering C5+ feed.
; REAL(4) = Chemical hydrogen consumption in SCF/bbl of C5+ feed.I REAL(5) -

REAL(20) = Future use.
REAL(21) = Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Mlbs/hr of C5+ feed,

kw/(Mlbs/hr of C5+ feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

=C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(25) -Constant factor for the 900 psig saturated steamI consumption, Mlbs/hr.
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

REAL(28) consumption, Mlbs/hr.
REA(28 -600 psig / 720 F steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(29) = Constant factor for the 600 psig saturated steam
REAL(0) =consumption, Mlbs/hr.
REA(30 -600 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

J-33



REAL(31) = Constant factor for the 150 psig saturated steamI
consumption, Nibs/hr.

REAL(32) = 150 psig saturated steam consumption per Nibs/hr of
C5+ feed, (Mlbs/hr)/(Mibs/hr of C5+ feed).I

REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr ofC5+ feed, (Mibs/hr)/(Mlbs/hr of C5+ feed).U
REAL(35) - Constant factor for the plant fuel consumption,

REAL(6) -MN BTU/hr. prNb/ro ed
REL(6)-Plant fuel consumption pe lsh fC5+fed

(MM BTU/hr)/(Mlbs/hr of C5+ feed).
REAL(31) - Constant factor for the cooling water consumption,

REAL(38) - Cooling water consumption per Nibs/hr of C5+ feed,
(Mgal/hr)/(Mlbs/hr of C5+ feed).

REAL (39) - Constant factor for the process water consumption,
Mgal /hr.I

REAL(40) - Process water consumption per Nibs/hr of C5+ feed,
(Mgal/hr)/(Nlbs/hr of C5+ feed).

REAL(41) = Constant factor for the nitrogen consumption,IMN SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of C5+ feed,

(MM SCF/hr of N2)/(Mlbs/hr of C5+ feed).
REAL(43) -I
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.I

REAL(50) - Number of operators per day per train,
REAL(1) =(operators/day)/trai n.sigetannNb/h
REAL(1) -Reference C5+ feed rate to asigetann l/h

for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
C5+ feed rate in Nibs/hr.

REAL(53) = Minimum size of a single train as defined by the
C5+ feed rate in Nibs/hr.

REAL(54) - Constant A in the plant ISBL field cost equation.I
REAL(55) = Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(51) - Constant F in the plant ISBI field cost equation.
REAL(58) = Number of spare trains.I
REAL(59) -
REAL(70) - Future use.

% Desulfurization % Denitrogenation
REAL 99.99 99.988 &

Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feedI
99.5 125.0&
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam

0.0 5.098308 0.0 0.0 0.0 0.0 &
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600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.126493 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.351607 0.0 0.730963 &
Process H20 Nitrogen
0.0 0.010833 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
210.462 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 15.6 0.7843 1.0 0.0 0.0 0.0 &
Future Use (10 items) .
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR04.
FLASH-SPECS STRM - 4S-GAS KODE-2 TEMP = 135.0 PRES = 915.0

STRM - 4S-NAPH KODE=2 TEMP - 100.0 PRES = 153.0
STRM = 4S-SH20 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL - USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
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file. Larger values generate more intermediateI
output.

INT 0 1 0 1
The following 70 real parameters are:I
REAL(I) -Percent desulfurization of the C6+ feed; i. e.,

Percent of sulfur removed from the entering C6+ feed.
REAL(2) - Percent denitrogenation of the C6+ feed; i. e., fedU

Percent of nitrogen removed from the entering C6+fed
REAL(3) - Percent deoxygenation of the C6+ feed.

Percent of oxygen removed from the entering C6+ feed.
REAL(4) - Chemical hydrogen consumption in SCF/bbl of C6+ feed.IREAL(5) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of C6+ feed,

REAL(23) =w/Constfar) fr.h 900 psig / 750 F steam
consumption, Mlbs/hr.

REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of
REAL(25) C6+ feed, (Mlbs/hr)/(Mlbs/hr).staI
REAL(5) -Constant factor for the 900 psig saturatedsta
REAL(26) consumption, Nibs/hr.
REAL(6) -900 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Mlbs/hr)/(Nlbs/hr).3
REAL(27) - Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr ofC6+ feed, (Mlbs/hr)/(Nlbs/hr).I
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Ml bs/hr.
REL3)-600 psig saturated steam consumption per Nibs/hr ofIC6+ feed, (Mlbs/hr)/(Nlbs/hr).

REAL(31) - Constant factor for the 150 psig saturated steam
REAL(2) =consumption, Ml bs/hr. cnupinprNb/ro
REAL(2) =150 psig saturated steam cnupinprMb/ro

C6+ feed, (Mlbs/hr)/(Mlbs/hr).
REAL(33) = Constant factor for the 50 pi auae ta

consumption, Ml bs/hr. pi auae ta
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Nlbs/hr)/(Nlbs/hr).
REAL(35) = Constant factor for the plant fuel consumption,MM BTU/hr.I
REAL(36) = Plant fuel consumption per Nibs/hr of C6+ feed,

REAL(1) -(MM BTU/hr)/(Nibs/hr). wtrcnupin
REAL(7) =Constant factor for the cooling wtrcnupin

Mgal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of C6+ feed,

(Mgal/hr)/(Ml bs/hr).I
REAL(39) - Constant factor for the process water consumption,

REAL'40' Mgal/hr.
REAL(0) =Process water consumption per Nibs/hr of C6+ feed,

(Mgal/hr)/(Ml bs/hr).
REALM4) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) = Nitrogen consumption per Nibs/hr of C6+ feed,I
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I(MM SCF/hr of N)(lsh)
REAL(43) -
REAL(48) - Future use.IREAL(49) -Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference C6+ feed rate to a single train in Nibs/hr

for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
REAL53) C6+ feed rate in Nibs/hr.
REA(53 -Minimum size of a single train as defined by the

*C6+ feed rate in Nibs/hr.
REAL(4) -Constant A in the plant ISBL field cost equation.

REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) - Constant E in the plant 1581 field cost equation.IREAL(51) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -

REAL(70) = Future use.

% Desulfurization % Denitrogenation
REAL 92.5 85.2 &I% Deoxygenation Chemical H2 consumption in SCF/bbl C6+ feed

91.6 947.00 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &U Future use (10 items)
000.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.096936 0.0 -0.050465 &I50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.241416 0.0 0.735694 &
Process H20 NitrogenI0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 4.0 &
Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &(IPlant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 74.0 0.7467 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROS.
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leaving

Plat 4whee tisfractionation is actually performed.

FLASH-SPECS STRN = 5S-HPGAS KODE=2 TEMP = 135.0 PRES = 2690.0/
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STRM - 5S-LPGAS KODE=2 TEMP - 135.0 PRES = 915.0
STRM - 5S-NAPH KODE-2 TEMP - 100.0 PRES = 153.0
STRM - P350-450 KODE-2 TEMP - 110.0 PRES - 80.0
STRM - P450-650 KODE-2 TEMP - 135.0 PRES = 20.0
STRM - P650-850 KODE-2 TEMP - 135.0 PRES = 20.0
STRM - 5S-SH20 KODE-2 TEMP - 135.0 PRES = 20.0

Plant 6.1 - The Hydrogen purification by Membrane Separation Plant.
BLOCK P61 USER

SUBROUTINE MODEL - USR61 REPORT = USR61
DESCRIPTION 'PLANT 6.1 - THE MEMBRANE H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary-report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL61.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.REAL(22) - Power consumption per MM SCF/hr of H2 recovered,
kw/(MM SCF/hr of H2 recovered).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Mlbs/hr.

REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
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REAL(25) = Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hrI of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 120 F steam consumption per MM SCF/hr of

H2L(9 reoerd (Mb/r/M SCF/hr of H2 recovered).
REA(29 -onsantfacor or he 00 sigsaturated steam

REAL(0) -600 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of
H2 ecoere, (lbshr)(MMSCFhrof H2 recovered).

REAL(33) - Constant factor for the 50 psig saturated steamI consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mibs/hr)/(MM SCF/hr of H2 recovered).IREAL(35) =Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,3 REAL37) -(Nlbs/hr)/(MN SCF/hr of H2 recovered).
REAL(7) -Constant factor for the cooling water consumption,

Mgal /hr.
REAL(38) - Cooling water consumption per NM SCF/hr of H2I recovered, (Nlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(39) = Constant factor for the process water consumption,

Mgal /h r.
REAL(40) = Process water consumption per MN SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2

REAL(42) = Nitrogen consumption per MMI SCF/hr of H2 recovered,
REAL(3) -(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/train.
REAL(51) = Reference hydrogen recovery rate for a single train

in MM SCF/hr of H2 for the calculation of the(3 ISBI field cost of a single train as a function of
capacity.

REAL(52) = Maximum size of a single train as defined by the'Ihydrogen recovery rate in NM SCF/hr of H2
REAL53) - Niieuo ieroeigl.ri a eiedb h
REA5 hydroeniu rieoer atnge rin M sh oefie H2 th

recovered.
REAL(54) - Constant A in the plant ISBI field cost equation.

REAL(5) =Constant B in the plant ISBL field cost equation.

REAL(56) = Constant E in the plant ISBL field cost equation.
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REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

Percent H2 recovery H2 purity in mole %
REAL 43.83285 99.98677 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 12254.04 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 2.054966 0.0 0.0 0.0 42.705864 &
Process H20 Nitrogen
0.0 0.854117 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow - Max Flow Min Flow
1.966943 3.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 152.6 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM - H2-RICH KODE=2 TEMP - 100.0 PRES = 3290.0

STRM - SOUR-GAS KODE=2 TEMP = 250.0 PRES = 14.7
STRM - P61-GAS KODE=2 TEMP = 111.0 PRES = 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL - USR62 REPORT = USR62
DESCRIPTION 'PLANT 6.2 THE PSA H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INTM - User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate
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user block output report file on logical unit 62
called DCL62.REP.

INT(3) - Number of operating duplicate trains, excluding spares.I If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).U INT4) -If INT(3) >0, the number of duplicate trains.

INT() -Histry ileadditional output control switch.
0 Wrie noadditional output to the history file.I 1I Write the only the subroutine entry and exit
messages to the history file.

2- Write some additional output to the history file.
3-5 ->Write some more additional output to the history

file. Larger values generate more intermediate
output.

INT 0 1 0 1IThe following 70 real parameters are:
REAL(I) = Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.IREAL(2) = Concentration of hydrogen in the hydrogen-rich
product gas stream, mole % or vol%.

REAL(3)-
REAL(20) - Future use.'UREAL(21) - Constant factor for the power consumption, kw.

REAL(22) = Power consumption per MM SCF/hr of H2 recovered,
kw/(MM SCF/hr of H2 recovered):IREAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Nibs/hr.

REAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr ofII H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hrI of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
IIREAL(31) - Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(35) - Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr.
REAL(6) -Plant fuel consumption per MM SCF/hr of H2 recovered,

(Mlbs/hr)/(MM SCF/hr of H2 recovered).
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REAL(37) -Constant factorfor the colnIae cnupinMgal /hr. coigwtrcnupin
REAL(38) - Cooling water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).REAL(9) -Constant factor for the process water consumption,REAL(39) Mgal/hr.
REAL(40) - Process water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr ofH2reord)
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2
REAL(42) - Nitrogen consumption per MMI SCF/hr of H2 recovered,I(WIN SCF/hr of N2)/(MM SCF/hr of H2 recovered).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators perIday, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference hydrogen recovery rate for a single train

in MM SCF/hr of H2 for the calculation of the
ISBI field cost of a single train as a function of

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.I

REAL(53) - Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2recovered.I

REAL(54) - Constant A in the plant ISBL field cost equation.REAL(55) - Constant B in the plant ISBL field cost equation.REAL(56) -Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.IREAL(58) = Number of spare trains.
REAL(59)-
REAL(70) = Future use.

The cost of Plant 6.2 is included in Plant 6.1.
Percent H2 recovery H2 purity in mole %I

REAL 89.5033 90.01665&
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 &I
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &50 satd steam Plant fuel Cooling H20I
0.0 15.32654 0.0 0.0 0.0 87.29583&Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)I
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
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Ref Fl ow Max F1 ow Min Flow
3.61667 6.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR62.

FLASH-SPECS STRM - H2-2RICH KODE-2 TEMP = 100.0 PRES = 3290.0
STRM - SOUR-2GS KODE=2 TEMP = 250.0 PRES - 14.7
STRM - GAS-OUT KODE=2 TEMP - 111.0 PRES = 25.0
STRM - NAPHTHA2 KODE=2 TEMP = 100.0 PRES = 50.0

Plant 7 - The naphtha reformer - use user Fortran block USR07.
BLOCK P07 USER

SUBROUTINE MODEL - USR07 REPORT = USR07
DESCRIPTION 'PLANT 7 - THE NAPHTHA REFORMER'
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL07.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of feed,

kw/(Mlbs/hr of feed).
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REAL(23) = Constant factor for the 900 psig / 150 F steam
consumption, Nibs/hr.

REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of
feed, (Mibs/hr)/(Mibs/hr of feed).IREAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) -consumption, Nibs/hr.a
REA(26 - 00 sigsaturated steam consumption per Nibs/hr of

feed, (Nlbs/hr)/(Nlbs/hr of feed).
REAL(27) - Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr ofIfeed, (Nlbs/hr)/(Nlbs/hr of feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr. IREAL(30) - 600 psig saturated steam consumption per Nibs/hr of
feed, (Nibs/hr)/(Nibs/hr of feed).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per Nibs/hr of
feed, (Nibs/hr)/(Mibs/hr of feed).

REAL(33) -Constant factor for the 50 psig saturated steamIconsumption, Nibs/hr.
REAL(34) = 50 psig saturated steam consumption per Nibs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(35) - Constant factor for the plant fuel consumption,

MN BTU/hr.
REAL(36) = Plant fuel consumption per Nibs/hr of feed,

(MN BTU/hr)/(Nlbs/hr of feed).REAL(37) - Constant factor for the cooling water consumption,

REAL(38) = Cooling water consumption per Nibs/hr of feed,
(Ngal/hr)/(Mibs/hr of feed).

REAL(39) = Constant factor for the process water consumption,
Ngai/hr.

REAL(40) - Process water consumption per Nibs/hr of feed,
(Ngal/hr)/(Mlbs/hr of feed).

REAL(41) - Constant factor for the nitrogen consumption,
NM SCF/hr of N2.3

REAL(42) = Nitrogen consumption per Nibs/hr of feed,
-(MN SCF/hr of N2)/(Nlbs/hr of feed).

REAL(48) = Future use.
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,I

(operators/day)/trai n.
REAL(1) =Reference feed rate to a single train in Nibs/hr
REAL(1) =for the calculation of the ISBI field cost of a

single train as a function of train capacity. I
REAL(52) =Maximum size of a single train as defined by the

feed rate in Nibs/hr.
REAL(53) - Minimum size of a single train as defined by theI

feed rate in Nibs/hr.
REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.I
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REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items) -
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 2.26494 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 1.41781 0.0 0.123590 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8 how Min Flow &
Ref Flow Max
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR07.
FLASH-SPECS STRM - 7S-H2 KODE-2 TEMP - 80.0 PRES = 14.7

STRM = 7S-GAS KODE=2 TEMP = 80.0 PRES = 14.7
STRM - REFORMED KODE=2 TEMP = 80.0 PRES = 14.7

Plant 8.2 - The Fluid Coking Plant user Fortran block USR82.
BLOCK P82 USER

SUBROUTINE MODEL - USR82 REPORT USR82
DESCRIPTION 'PLANT 8.2 FLUID COKING PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
1 => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.
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INT(3) =Number of operating duplicate trains, excluding spares.
If INT(3 - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train U
capacity specified by variable REAL(52).

If INT(3 > 0, the number of duplicate trains.
INT(4) =History file additional output control switch.

0=-> Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2- Write some additional output to the history file.

3-5 ->Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(I)-
REAL(20) = Future use.I

REAL(21) - Constant factor for the power consumption, kw.REAL(22) - Power consumption per Mlbs/hr of main feed,
kw/(Mlbs/hr of main feed).I

REAL(23) - Constant factor for the 900 psig / 750 F steam
REAL(4) =consumption, Nibs/hr. prNb/ro
REAL(4) =900 psig / 750 F steam consumption prMb/ro

main feed, (Mlbs/hr)/(Mlbs/hr of main feed).
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) -consumption, Nibs/hr. cnupinprNb/ro
REAL(6) -900 psig saturated steam cnupinprMb/ro

main feed, (Mlbs/hr)/(Mlbs/hr of main feed).
REAL(21) - Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.£
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of

main feed, (Mlbs/hr)/(Mlbs/hr of main feed).
REAL(29) = Constant factor for the 600 psig saturated steamconsumption, Nibs/hr. 1REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

main feed, (Nlbs/hr)/(Nlbs/hr of main feed).
REAL(31) - Constant factor for the 150 psig saturated steamconsumption, Nibs/hr.

REAL(2) -150 psig saturated steam consumption per Nibs/hr of
REAL(32) main feed, (Nlbs/hr)/(Nlbs/hr of main feed).

REALM3) - Constant factor for the 50 psig saturated steam
consumption, Ni bs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
main feed, (Mlbs/hr)/(Nlbs/hr of main feed).REAL(35) - Constant factor for the plant fuel consumption,

REAL(36) = Mlnt BTuhr. supto per Nibs/hr of main feed,
(MN BTU/hr)/(Nlbs/hr of main feed).

REAL(37) - Constant factor for the cooling water consumption,

REAL(38) - Cooling water consumption per Nibs/hr of main feed,
REAL(9) =(Nlbs/hr)/(Nlbs/hr of main feed).
REAL(9) -Constant factor for the process water consumption,

Mgal /hr.I
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REAL(40) = Process water consumption per Mlbs/hr of main feed,
(Mlbs/hr)/(Mlbs/hr of main feed).

REAL(41) - Constant factor for the nitrogen consumption,
14M SCF/hr of N2 -

REAL(42) - Nitrogen consumption per Mlbs/hr of main feed,
(MM SCF/hr of N2)/(Mlbs/hr of main feed).

REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/train.

REAL(51) - Reference main feed rate to a single train in
Mlbs/hr for the calculation of the ISBL field cost
of a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
main feed rate in Mlbs/hr of main feed.

REAL(53) = Minimum size of a single train as defined by the
main feed rate in Mlbs/hr of main feed.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NOTE: Main feed is the total feed from Plant 2, the coal
liquefaction plant.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future use (10 items) '
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 11.90173 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -0.0071947 0.0 0.0531732 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 -1.052534 0.0 0.0989787 &
Process H20 Nitrogen
0.0 0.002935 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
592.855 600.0 60.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 161.06 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
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values will override the default values in subroutine USR82.
FLASH-SPECS STRM = 82S-GAS KODE=2 TEMP = 140. PRES = 65.

STRM - 82S-NAP KODE=2 TEMP = 140. PRES = 30.
STRM - 82S-GO KODE=2 TEMP - 110. PRES = 30.
STRM - 82S-BOT KODE-2 TEMP - 688. PRES - 28.
STRM = 82S-COKE KODE=2 TEMP = 100. PRES = 15.
STRM = 82SOI KODE=2 TEMP = 100. PRES = 30.

Block 82A is used to generate the H2S and sour water streams leaving
the fluid coking plant.

BLOCK P82A SEP
DESCRIPTION ISPLITTER TO GENERATE ACID GAS AND SOUR WATER FROM COKER'
FRAC SUBS-MIXED STRM-82AS-GAS COMP=H2S NH3 H20 FRAC=1.0 0.0 0.0

Plant 9 - H2 Production by coal gasification, Use the User Fortran
Block USR09.

BLOCK P09 USER
SUBROUTINE MODEL = USR09 REPORT = USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
=> Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file called DCL09.REP.
I => Write the user block summary report to a separate

user block output report file on logical unit 62.
INT(3) - Number of operating duplicate trains, excluding spares. 1C

If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INTM - History file additional output control switch.

0 => Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) = Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) - Fraction of carbon entering the gasifier that goes

to carbonyl sulfide (COS).
REAL(3) - Fraction of carbon entering the gasifier that goes

to methane (CH4).
REAL(4) = Fraction of nitrogen entering the gasifier that goes
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to ammonia (NH3).
REAL(5) = Carbon content of the slag produced by the gasifier,

wt %.
REAL(6) - Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reactionICO +H20 ----- >C02 +H2

REAL(7) - Fraction of carbonyl sulfide (COS) entering the shift
reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS(9 E H20 ----- > C02 +H2S
REAL(8) - Future use.

REA(20 - ectsolsection component distribution factors,

REAL9) =Fraction of inlet H2 going to the hydrogen-rich
gas stream.

REAL(0) -Fraction of inlet H2 going to the acid gas stream.
REAL(11) = Fraction of inlet CO going to the hydrogen-richI gas stream.
REAL(12) = Fraction of inlet CO going to the acid gas stream.
REAL(13) = Fraction of inlet C02 going to the hydrogen-richI gas stream.
REAL(14) - Fraction of inlet C02 going to the acid gas stream.
REAL(15) - Fraction of inlet CH4 going to the hydrogen-rich

gas stream.
REAL(17) - Fraction of inlet N24 going to the hydogn-rh .
REAL(16) - Fraction of inlet CN2 going to the acdogasnream.

gas stream.IREAL(18) - Fraction of inlet N2 going to the acid gas stream.
REAL(19) - Fraction of inlet H2S going to the hydrogen-rich

gas stream.
REAL(20) - Fraction of inlet H2S going to the acid gas stream.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of hydrogen

produced, kw/(MM SCF/hr of H2).

consumption, Mlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
consumption, Ml bs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr ofI hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(21) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.IREAL(28) = 600 psig / 720 F steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(29) = Constant factor for the 600 psig saturated steam
consumption, Mlbs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(31) - Constant factor for the 150 psig saturated steam
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REAL(32) = 150 psig saturated steam consumption per MM SCF/hr ofI
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(33) - Constant factor for the 50 pi auae ta
consumption, Mlbs/hr. pi auae ta

REAL(34) - 50 pslg saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of hydrogen
produced, (MM BTU/hr)/(MM SCF/hr of H2).

REAL(31) - Constant factor for the cooling water consumption, (
REAL(38) - Cooling water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2). 'REAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) = Process water consumption per MM SCF/hr of hydrogenproduced, (Mgal/hr)/(MM SCF/hr of H2). (REAL(41) - Constant factor for the nitrogen consumption,
MN SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogenI
produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).

REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators perIday, operators/day.
REAL(50) = Number of operators per day per operating train,

(operators/day)/trai n.
REAL(51) = Reference hydrogen production rate of a single train

in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of trainEAL(52) caaiutieoyasnl.rana eindb h
hydrogen production rate in MM SCF/hr of H2.

REAL(53) - Minimum size of a single train as defined by theIhydrogen production rate in MM SCF/hr of H2.REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBI field cost equation. IREAL(56) - Constant E in the plant 1581 field cost equation.
REAL(57) = Constant F in the plant ISBI field cost equation.
REAL(58) - Number of spare plants.
REAL(59)-
REAL(70) =Future use. hdoe

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hdoe
in the hydrogen-rich product gas stream and NOT the total
flow rate-of the hydrogen-rich product gas stream.I

Frac C Frac C Frac N %C in
CO/C02 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future useIAdjust the fraction of CO shifted to get true coal rate.
0.995 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
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0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 24. &
Ref Flow Max Flow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR09.
FLASH-SPECS STRM - H2-GAS KODE=2 TEMP = 80. PRES = 14.7

STRM - H2S-GAS KODE=2 TEMP - 80. PRES - 14.7
STRM = VENT-GAS KODE=2 TEMP = 80. PRES = 14.7
STRM = 9S-SH20 KODE=2 TEMP = 80. PRES = 14.7
STRM = SLAG KODE=2 TEMP = 80. PRES = 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL - USR91 REPORT = USR91
DESCRIPTION 'PLANT 9.1 STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
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1 -> Write the user block summary report to a separate I
user block output report file on logical unit 62
called DCL91.REP.

INT(3) - Number of operating duplicate plants, excluding spares.I
If INT(3) - 0, the minimum number of duplicate

plants will' be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, this number of duplicate plants will
be used.

INT(4) - History file additional output control switch. I
0- Write no additional output to the history file.
1- Write the only the subroutine entry and exit

->messages to the history file. 1
2 Write some additional output to the history file.
- Write some more additional output to the history

file. Larger values generate more intermediate3

INT 0 1 0 1oupt
The following 70 real parameters are:
REAL(I) - Fraction of CH4 reacting to produce H2 and C02.
REAL(2) - Fraction of CH4 reacting to produce H2 and CO.
REAL(3) = Fraction of hydrogen produced that leaves in the

hydrogen-rich product gas stream.
REAL(4) - Purity of the hydrogen-rich product gas. mole %

REAL(20) -Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of hydrogen produced,

kw/(MM SCF/hr of H2).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Ml bs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(25) - Constant factor for the 900 psig saturated steam(i

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).B
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of I

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REALM3) - Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.S
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REALM) -Constant factor for the 50 psig saturated steam
REAL(3) =consumption, Mlbs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(M SCF/hr of H2).

REAL(35) -Constant factor for the plant fuel consumption,
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MMBT/r
REAL(36) - Plant fuel consumption per MM SCF/hr of hydrogen

produced, (MM BTU/hr)/(MM SCF/hr of H2).IREAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per MM SCF/hr of hydrogenI produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(39) = Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per MM SCF/hr of hydrogenI produced, (Mgal/hr)/(MM SCF/hr of H2).REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2..IREAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen
produced, (MM SCF/hr of N2)/(MM SCF/hr of H2).

REAL(43) -
;REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,I (operators/day)/trai n.
REAL(51) = Reference hydrogen production rate of a single train

in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train

REAL(52) = Maximum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(53) = Minimum plant size as defined by the hydrogen
production rate in MM SCF/-hr of H2.

REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) - Constant B in the plant 1581 field cost equation.
REAL(56) = Constant F in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.

REAL(8) =Number of spare plants.

REAL(70) - Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
operatos ause fo th baseaine daeig ln mero
31.4atis s sd as t e aintaine dsamiotn umeroI' Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity

REAL 0.638648 0.04429 0.8862694 100.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steamI0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &I50 satd steam Plant fuel Cooling H20
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0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/4ay)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR091.
FLASH-SPECS STRM - H2-PROD KODE-2 TEMP = 100.0 PRES = 500.0

STRM - FLUE-GAS KODE=2 TEMP = 250.0 PRES = 14.7

Plant 10 - Air Separation Plant - Use the User Fortran Model USR10.
BLOCK PIO USER

SUBROUTINE MODEL = USRIO REPORT = USRIO
DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 -> Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the complete user block summary report to

the normal ASPEN/SP output report file.
1 -> Write the complete user block summary report to

a separate user block output report file on
logical unit 62 CALLED DCLIO.REP.

INT(3) Number of operating duplicate trains, excluding
spares.
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.
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The following 70 real parameters are:
REAL(I) - Purity of the product oxygen stream, mole %
REAL(2) - Purity of the product nitrogen stream, mole %

RL3REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.

MiREAL(22) - Power consumption per MM SCF/hr of the oxygen stream
U flow rate, kw/(MM SCF/hr of 02).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Nibs/hr.

REAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr of£ REAL25) -the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).jEL25 Constant factor for the 900 psig saturated steamconsumption, Nlbs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,I (Mlbs/hr)/(MM SCF/hr of 02).REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.IREAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr ofthe oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,I> (Mlbs/hr)/(MM SCF/hr of 02).REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Nlbs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(NM SCF/hr of 02).

REAL(33) - Constant factor for the 50 psig saturated steam
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of the oxygen
stream flow rate, (MM BTU/hr)/(MM SCF/hr of 02).

REAL(37) = Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per MM SCF/hr of the oxygen
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per MM SCF/hr of the oxygen

stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).
REAL(41) - Constant factor for the nitrogen consumption,I MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of the oxygen

stream flow rate,

(MM SCF/hr of N2)/(MM SCF/hr of 02).
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REAL(43)
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/train.

REAL(51) - Reference oxygen production rate for a single train
in MM SCF/hr of 02 for the calculation of the
ISBL field cost of a single train as a function of
train capacity.

REAL(52) - Maximum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.

REAL(53) - Minimum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NOTES:
1. This model does not consider Argon as a separate element.

Hence, argon is lumped with nitrogen.
2. MM SCF/hr of 02 means the oxygen production rate in

MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.

%02 in 02 %N2 in N2 Future Use (8 items)
REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Flow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USRIO.
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FLASH-SPECS STRM - 10S01 KODE=2 TEMP = 80.0 PRES = 350.0
STRM - 10S02 KODE=2 TEMP = -275.0 PRES = 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USR11.
BLOCK P11 USER

SUBROUTINE MODEL - USR11 REPORT - USR11
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the

normal ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLII.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) Fractional sulfur recovery; fraction of sulfur in

the entering H2S and COS that is recovered in the
product liquid sulfur stream. All entering liquid
sulfur entering in the feed stream is assumed to
be recovered in the liquid sulfur product stream.

REAL(2)
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of product sulfur,

kw/(Mlbs/hr).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of
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product sulfur, (Mibs/hr)/(Nibs/hr).I
REAL(27) - Constant factor for the 600 pslg / 720 F steam

consumption, Mi bs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr ofa

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.I
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

product sulfur, (Mibs/hr)/(Nlbs/hr).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.I
REAL(32) - 150 psig saturated steam consumption per Nibs/hr of

product sulfur, (Mibs/hr)/(Nibs/hr). A
REAL(33) - Constant factor for the 50 pslg saturated steam i

consumption, Ni bs/hr.
REAL(34) - 50 pslg saturated steam consumption per Nibs/hr of

product sulfur, (Mibs/hr)/(Mibs/hr).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) = Plant fuel consumption per Nibs/hr of product sulfur,

(MM BTU/hr)/(Nl bs/hr).1
REAL(37) - Constant factor for the cooling water consumption,

Ngal /hr.
REAL(38) - Cooling water consumption per Nibs/hr of product I

sulfur (Mgal/hrj/(Nlbs/hr).
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per Nibs/hr of product

sulfur, (Mga/hr)/(Mlbs/hr).
REAL(41) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2.I
REAL(42) - Nitrigen consumption per Nibs/hr of product sulfur,

(NM SCF/hr of N2)/(Mlbs/hr).
REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) = Reference product sulfur flow rate of a single train
in Nibs/hr of S for the calculation of the ISBL field
cost of a single train as a function of capacity.

REAL(52) = Maximum size of a single train as defined by the
product sulfur flow rate in Nibs/hr of S.

REAL(53) = Minimum size of a single train as defined by the
product sulfur flow rate in lbs/hr of S.

REAL(54) - Constant A in the plant 1581 field cost equation.
REAL(55) = Constant B in the plant 1581 field cost equation.I
REAL(56) = Constant E i-n the plant 1581 field cost equation.
REAL(57) - Constant F in the plant 1581 field cost equation.
REAL(58) - Number of spare trains.
REAL(59)-
REAL(70) = Future use.

S recovery

J -58 f



REAL 0.998482 &
Future Use (19 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 49.60954 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022277 &
50 satd steam Plant fuel Cooling H20
0.0 0.882473 0.0 1.117916 0.0 7.89929 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 5.0 &
Ref Flow Max Flow Min Flow
15.4305 16.5 5.0 &
Plant cost equation costants.
A B E F Spares Future use (3 items)
0.0 11.675 0.7823 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - 11S-FGAS KODE=2 TEMP - 80.0 PRES = 14.7

STRM = IIS-LIQS KODE=2 TEMP = 80.0 PRES = 14.7

Plant 31 - The Utilities plant - user Fortran block USR31.
BLOCK P31 USER

SUBROUTINE MODEL - USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT - 20 NREAL - 20

The following 20 integer parameters are:
INT(I) User block summary report control switch.

0 => Write the complete user block summary report.
I Not used.
2 Not used.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I => Write the only the subroutine entry and exit
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messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Future use.
INT(6) - Switches to select which fuels are burned in the steam
INT(IO) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are

I - Coal
2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 - Plant fuel

INT(II) Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(II) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(12) fuel is used, etc.
The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 = Plant fuel
6 - Purchased electric power

INT(17)
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REALM - Reference electric power generation rate of a single

train in MW.
REALM = Maximum size of a single train as defined by the

electric power generation rate in MW.
REALM = Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) = Constant A in the plant costing equation.
REALM = Constant B in the plant costing equation.
REALM = Constant E in the plant costing equation.
REALM = Constant F in the plant costing equation.
REALM - Number of spare trains.
REALM - Future use
REAL(IO) = Future.use
REALOI) - Constant factor for the number of operators per

day, operators/day.
REAL(12) = Number of operators per day per train,

(operators/day)/train.
REAL(13) -
REAL(20) = Future use.
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Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL - USR38 REPORT - USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 -> Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL38.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Ammonia recovery, percent.
REAL(2) - Purity of ammonia product, wt %.
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) -'Power consumption per Mlbs/hr of NH3 recovered,

kw/(Mlbs/hr of NH3 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
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REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr ofI
NH3 recovered, (Mlbs/hr)/(Nlbs/hr of NH3 recovered).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Mlbs/hr)/(Nlbs/hr of NH3 recovered).

REAL(27) - Constant factor for the 600 psig / 720 F steamI
consumption, Nibs/hr.

REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr of
NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Nlbs/hr)/(Nlbs/hr of NH3 recovered).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Ni bs/hr.

REAL(32) = 150 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Nlbs/hr)/(Nlbs/hr of NH3 recovered).I

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
NH3 recovered, (Nlbs/hr)/(Nlbs/hr of NH3 recovered).

REAL(35) = Constant factor for the plant fuel consumption,
MM BTU/hr.I

REAL(36) -Plant fuel consumption per Nibs/hr of NH3 recovered,
(MM BTU/hr)/(Nlbs/hr of NH3 recovered).

REAL(31) - Constant factor for the cooling water consumption,
Ngal /hr.I

REAL(38) - Cooling water consumption per Nibs/hr of NH3
recovered, (Mgal/hr)/(Nlbs/hr of NH3 recovered).

REAL(39) = Constant factor for the process water consumption,V
Mgal/hr.

REAL(40) = Process water consumption per Nibs/hr of NH3
recovered, (Ngal/hr)/(Mibs/hr of NH3 recovered).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) = Nitrogen consumption per Nibs/hr of NH3 recovered,
(MM SCF/hr of N2)/(Mlbs/hr of NH3 recovered). '

REAL(43) -
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators perI
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/trai n.3

REAL(51) = Reference NH3 recovery rate of a single train in
Nibs/hr for the calculation of the ISBL field cost
of a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
NH3 recovery rate in Nibs/hr of NH3 recovered.

REAL(53) - Minimum size of a single train as defined by the
NH3 recovery rate in Nibs/hr of NH3 recovered.I

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
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REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 '0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 V
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR38.
FLASH-SPECS STRM - NH3-PROD KODE=2 TEMP - 80. PRES = 14.7

STRM = 38S-OUT KODE=2 TEMP = 80. PRES = 14.7

; Component splitter to generate the vapor and liquid streams
; leaving Plant 38, the ammonia recovery plant.
BLOCK P38A SEP

FRAC SUBS - MIXED STRM = 38AS-VAP &
COMP H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
C2H6 C3H8 IC4HIO NC4HIO IC5HI2 NC5H12 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492

FLASH-SPECS STRM = 38AS-VAP TEMP=90.0 PRES=25.0 NPK=1 KPH=I
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STRM = 38AS-LIQ TEMP=90.0 PRES=25.0 NPK=1 KPH=2

; Flow splitter to generate the waste water stream going to the
; gasifier, Plant 9, and the stream going to the phenol recovery
; plant, Plant 39.
BLOCK P38B FSPLIT

FRAC WASTE 0.24055
PARAM NPK-1 KPH-2

Plant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL - USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) - Phenol recovery, percent.
REAL(2) - Purity of phenol product, wt
REAL(3)
REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of phenol recovered,

kw/(Mlbs/hr of phenol recovered).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
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U recovered).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Ni bs/hr.IREAL(26) - 900 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Nlbs/hr)/(Nlbs/hr of phenol
recovered).

REAL(21) - Constant factor for the 600 psig / 720 F steam

REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of
phenol recovered, (Nlbs/hr)/(Nibs/hr of phenol

REA(29 -Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REA(30 -600 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Nibs/hr)/(Nlbs/hr of phenol
recovered).

REAL(31) - Constant factor for the 150 psig saturated steam
REAL(32 cons150pin satu ratsemcnupinprNb/ro
REL32 50pigstrae smconsumption, Nir bs/hr.o

phnlrecovered, (Nlbs/hr)/(Nlbs/hr of phenolI recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

REALphenol recovered, (Nlbs/hr)/(Nlbs/hr of phenol
Neovre)

REAL(6) -Plant fuel consumption per Nibs/hr of phenol
recovered,K (NM BTU/hr)/(Nlbs/hr of phenol recovered).

REAL(31) - Constant factor for the cooling water consumption,
Ngal/hr.

REAL(39) - Cooling water consumption per Nibs/hr of phenol

REAL(39) = Constant factor for the process water consumption,
Ngai/hr.

REAL(40) = Process water consumption per Nibs/hr of phenol
recovered, (Ngal/hr)/(Nlbs/hr of phenol recovered).

REAL(41) - Constant factor for the nitrogen consumption,
NM SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of phenol recovered,
(NM SCF/hr of N2)/(Nlbs/hr of phenol recovered).

; REAL(43) -1/REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per operating train,

, (operators/day)/train
REAL(51) - Reference phenol recovery rate of a single train in

Nibs/hr for the calculation of the IKSBL field costI of a single train as a function of train capacity.
REAL(52) - Naximum size of a single train as defined by the

, phenol recovery rate in Nibs/hr of phenol recovered.
jREAL(53) - Ninimum size of a single train as defined by the
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phenol recovery rate in Mlbs/hr of phenol recovered.
REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR39.

FLASH-SPECS STRM - PHENOL KODE=2 TEMP - 80. PRES = 14.7
STRM - WASTEH20 KODE=2 TEMP = 80. PRES = 14.7

; Splitter S1 - The Inlet Coal Splitter. Used as a switch to divert
; flow between the three different coal cleaning options, as represented
; by the three different Coal Cleaning and Preparation Plants:
; Base Case (1SO1), Alternate Case I (IS11), and Alternate Case 2 (1S21).
BLOCK S1 FSPLIT
DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'
FRAC IS01 1.0 / IS11 0.0 / 1S21 0.0

Splitter S2 - The Clean Coal Splitter.
BLOCK S2 FSPLIT
DESCRIPTION 'CLEAN COAL SPLITTERI
FRAC COALT014 0.736227

Splitter S6-SH20 is a component splitter to generate a pseudo

J-66



;sour-water stream from Plant 6 to get the NH3 to Plant 38, the
;Ammonia Recovery Plant.

BLOCK 56-SH20 SEP
DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'
FRAC SUBS-MIXED STREAM=6S-5H20 COMP=NH3 FRAC=1 .0
;Splitter S7 - The Product Naphtha Splitter. Used as a switch to
;divert flow between the naphtha reformer, Plant 7 and output to

; naphtha product.
BLOCK S7 FSPLIT
DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'

I ; Use the following line to direct total flow to the rouct, stram.
FRAC PNAPH 1.0

;Splitter S9 - The dummy hydrogen splitter used to'switch betweenthe two hydorgen production alternatives, Plant 9.0/10 - coal
gasification, or Plant 9.1 - steam reforming of methane.I BLOCK S9 FSPLIT

DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'Set an H2 target flow for Plant 9.0/10 - coal gasification.
FRAC H9NEED 1.0
PARAM NPK-1 KPH-1
Stream Report Section-- ----------

STREAM-REPORT PIAISTREAMS STRM - ROMCOAL 1S-CCOAL 9COAL COALT014 COALT02 &145-XMID 14S-REF IS-XMID 1S-REFSE &COALT09 9-FEED SLAG SOLVENT &
2S-BOTTS 82S-COKE

FLOW-FRAC SUBS-MIXED BASES-MASS / SUBS-NC BASES-MASS
INTENSIVE-PROPS SUBS=MIXED BASES=MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP/I SUBS-NC BASES-MASS &
PROPS-TEMP PRES MW ENTH DENSATTRIBUTES SUBS-NC COMPONENT

STREAM-REPORT PIB
STREAMS STRM - 15-WATER 145-WAT 2-H2OIN 2-H2IN H2MIX 2-H2MIX &

SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &INAPHTHA GAS-OIL 5-GO H2-RICH SOUR-GAS P61-GAS &H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2 3-GAS &
3S-SGAS 35-FGAS 3S-PROP 3S-BUT 3S-OIL 35-SH2O &
4-FEED 4-H2IN 4-H2OIN 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H2IN 5-H2OIN&
55-NAPH P350-450 P450-650 P650-850 5S-5H20 &
P5-NAPH PNAPHTHA 1-NAPH 7S-H2 iS-GAS REFORMED &61-HYD 62-HYD M9H2 M9H4 M9H5 MHNEED &
82-AIR 82-STM 82-H20 82S-GAS 825-NAP 82S-GO &
825-BOT 82S0I 82AS-GAS 82AS-H20 &
H9NEED H91NEED &
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10-AIRIN 10SOI 10502 9-021N 9-H2OIN 9-STEMIN &
H2-GAS H2S-GAS VENT-GAS 9S-SH2O &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SI120 11-FEED 11S-FGAS 11S-LIQS 31S-01 &
38-FEED NH3-PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS-MIXED BASES-MASS
INTENSIVE-PROPS SUBS-MIXED BASES-MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP

End of input file OPT5.INPp
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£ ASPEN/SP PROCESS SIMULATION MODEL

3 INPUT FILE FOR OPTION 6 --

STEAM REFORNING OF NATURAL GAS FOR

I HYDROGEN PRODUCTION PLUS AN FBC UNIT
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION 6 -- 11,

STEAM REFORMING OF NATURAL GAS FOR

HYDROGEN PRODUCTION PLUS AN FBC UNIT

NEW

File: OPT6.INP

TITLE IOPT6 - DIRECT COAL LIQUEFACTION - BASELINE, NTH PLANT SIMULATION'

DESCRIPTION &
ASPEN/SP INPUT FILE FOR SIMULATING THE BASELINE DESIGN FOR THE NTH
PLANT. THIS INPUT FILE ALSO CAN BE USED TO RUN OPTION 6 (STEAM
REFORMING OF NATURAL GAS FOR HYDROGEN PRODUCTION WITH AN FBC UNIT)
AND OPTION 7 (NAPHTHA REFORMING).11

NOTES:
1. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. Option 6 (hydrogen production by steam reforming of natural

gas with an FBC unt) is activated by variable N9 in Fortran
block OPTION6. When N9 - 1, Option 6 " is invoked.

3. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.

4. The costing logic is controlled by switches in Fortran block
SUMMARY.

Last revision - July 16, 1992.

Prepared under DOE contract no. DE-AC22 90PC89857.

IN-UNITS ENG
OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX-ERRORS=100

; The following two lines are used with V8.0 to produce the overall
; and block elemental balances.
;REPORT ATOMBAL
;BLOCK-REPORT ATOMBAL

HISTORY MSG-LEVEL PROPERTIES=2
MAX-PRINT PROPERTIES-100 SIMULATION=2000

PROPERTIES SYSOP2 GLOBAL

PSEUDO-COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &
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; The following APIs and MWs are revised from the ASPEN/SP predictions.
;Component T1000+ is the 1000+ F material leaving the second coalI liquefaction reactor in Plant 2.
Component 11000+ is the 1000+ F intermediate material leaving the

first coal liquefaction reactor in Plant 2.
COMPONENT T125 TBP-324.82 <K> API=67.91 MW- 82.27
COMPONENT T175 TBP=352.59 <K> API-61.99 MW- 92.77
COMPONENT T225 TBP=380.31 <K> API-56.21 MW-102.84
COMPONENT T275 TBP=408.15 <K> API=50.60 MW=112.50£COMPONENT T325 TBP-435.93 <K> API-45.18 MW=121.82
COMPONENT T375 TBP=463.71 <K> API=39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT T475 TBP-519.26 <K> API-30.19 MW-148.60
COMPONENT T525 TBP-547.04 <K> API-25.66 MW-157.54
COMPONENT T575 TBP-574.82 <K> API=21.39 MW=166.69
COMPONENT T625 TBP=602.59 <K> API=11.38 MW=176.16ICOMPONENT T675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT T725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT T775 TBP=685.93 <K> API= 7.09 MW=207.375COMPONENT T825 TBP=713.11 <K> API= 4.27 MW=218.85
COMPONENT T875 TBP=741.48 <K> API= 1.78 MW=230.87
COMPONENT T925 TBP=769.26 <K> API=-0.39 MW=243.37
COMPONENT T975 TBP-197.04 <K> API--2.22 MW=256.24ICOMPONENT T1000+ TBP=824.82 <K> API-3.69 MW=269.33
COMPONENT P125 TBP-324.82 <K> API=67.91 MW= 82.21
COMPONENT P175 TBP-352.59 <K> API=61.99 MW= 92.71ICOMPONENT P225 TBP=380.37 <K> API=56.21 MW-102.84
COMPONENT P275 TBP-408.15 <K> API=50.60 MW=112.50
COMPONENT P325 TBP-435.93 <K> API-45.18 MW-121.82
COMPONENT P375 TBP=463.71 <K> API-39.96 MW=130.86
COMPONENT P425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT P475 TBP=519.26 <K> API-30.19 MW=148.60
COMPONENT P525 TBP-547.04 <K> API=25.66 MW=157.54ICOMPONENT P575 TBP=574.82 <K> API-21.39 MW=166.69
COMPONENT P625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT P675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT P725 TBP=658.15 <K> API=10.23 MW=196.44
COMPONENT P775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT P825 TBP=713.71 <K> API= 4.27 MW=218.85
COMPONENT P875 TBP-741.48 <K> API- 1.78 MW=230.87ICOMPONENT P925 TBP=769.26 <K> API=-0.39 MW=243.37
COMPONENT P975 TBP=797.04 <K> API-2.22 MW=256.24
COMPONENT P1000+ TBP=824.82 <K> API-3.69 MW=269.33ICOMPONENT 11000+ TBP=825.00 <K> API-4.00 MW=275.0O
COMPONENT REFORMAT TBP=390.00 <K> API-38.25 MW=100.0O

COMPONENTS H2 H2 / N2 N2 / 02 02 / H2S H2S / CO CO / C02 C02 /NH3 H3N/I 1L-SULFUR SULFUR / H20 H20 / HCL HCL / COS COS / CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / IC4H1O C4H1O-2 /NC4H1O C4H1O-1/
1C51112 C5H12-2 / NC5H12 C5H12-1/I Pseudocomponents
T125 /T175 /T225 /T275 /T325 /T375 /T425 /T475/
T525 /T575 /T625 /T675 /T725 /T775 /T825 /T875/
T925 /T975 /T1000+ /
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P125 /P175 /P225 /P275 /P325 IP375 /P425 /P475/I
P525 /P575 /P625 /P675 /P725 /P775 /P825 /P875/
P925 /P975 /P1000+ /11000+ / REFORMAT It

Non-conventional components
COAL /URCOAL /SLAG

FORMULA H2 H2/N2 N2/02 02/H2S H2S /CO CO/C02 C02 /NH3 H3N/
L-SULFUR S / H20 H20 /HCL HCL / COS COS /CH4 CH4/I
C2H6 C2H6 / C3H8 C3H8 /NC4H1O C4H10 / IC4H1O C4H1O/
NC5H12 C5H12 /I1C51112 C5H12I

Load the liquid sulfur (L-SULFUR) physical properties as taken from
DIPPR -MW adjusted to be consistent with ASPEN.

PROP-DATA IN-UNITS SI
PROP-LIST MW / TC / PC / VC / ZCPVAL L-SULFUR 32.06 /1313.0 /1.8208E+7 /0.15800 /0.2640
PROP-LIST MUP /OMEGA / TB / RGYR
PYAL L-SULFUR 0.0 /0.2624 /717.82 / 0.0PROP-LIST DELTA W GORM DHFORM
PVAL L-SULFUR 2.0245E+4 /2.3825E+8 /2.7880E+8
PROP-LIST CPIG
PVAL L-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &

273.15 1500.0 0.0 87.113 1.0
Load the solubility parameter for COS from the API Tech Data Book.IPROP-LIST DELTA
PVAL COS 18179.0E

Reset some component molecular weights to be consisitent with the
following elemental atomic weights, where needed.
H-1.0079, C=12.011, 0=15.9994, N=14.0067, S=32.06 & C1=35.453
PROP-LIST MW-
PVAL H2 2.0158
PVAL N2 28.0134
PVAL 02 31.9988I
PVAL H2S 34.0758
PVAL CO 28.0104
PVAL C02 44.0098
PVAL NH3 17.0304
PVAL H20 18.0152
PVAL HCl 36.4609
PVAL COS 60.0704I
PVAL CH4 16.0426
PVAL C2H6 30.0694
PYAL C3H8 44.0962I
PVAL IC4H1O 58.1230
PVAL NC4HIO 58.1230
PVAL IC5H12 72.1498

PVAL NC5H12 72.1498
;Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS to f
;the values given in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGR
PVAL H2 0.3000
PVAL CO 0.3000I
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IPVAL C02 0.8180
PVAL NH3 0.6162
PVAL H2S 0.8014IPYAL N2 0.8094
PVAL COS 1.0200

ATTR-CO4PS COAL PROXANAL ULTANAL SULFANAL AOXANALIATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL

3NC-PROPS COAL ENTHALPY HCOALGEN/
DENSITY DCOALIGT

NC-PROPS URCOAL ENTHALPY HCOALGEN/
DENSITY DCHARIGT

NC-PROPS SLAG ENTHALPY HCOALGEN/
DENSITY DCHARIGT

DEF-STREAMS MIXNC ALL

Set an initial GUESS for the ROM COAL stream to Plant 1.I STREAM ROMCOAL
SUBSTREAN MIXED TEMP - 71.0 PRES = 14.1

MASS-FLOW H20 24798.0
SUBSTREAM NC TEMP - 11.0 PRES - 14.1I MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0

COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.70)/
ULTANAL (21.1 61.1 4.2 1.2 0.1 5.1 6.6)/I' SULFANAL (3.0 0.3 1.8) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

Fake the URCOAL properties.I COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/
ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.076)/
SULFANAL (2.501 0.253 1.501) /
AOXANAL (43.8 11.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)1 ~ Fake the SLAG properties.

COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)/
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/

ULAA (000000AOXANAL (42.0 11.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)

Set an initial GUESS for the fresh make-up H2 stream to Plant 2.
Assume the make-up H2 contains 1.396 wt% nitrogen.

STREAM 2-H2IN
SUBSTREAM MIXED TEMP - 100.0 PRES - 3440.0I MASS-FLOW H2 70300.0 / N2 980.0

Set an initial GUESS for the total water feed streams (both steam
and wash water) to Plant 2.I STREAM 2-H2OIN
SUBSTREAM MIXED TEMP - 126.0 PRES = 3200.0

MASS-FLOW H20 1013000.0

Set an initial GUESS for the ROSE EXTRACT stream to Plant 2.
STREAM ROSE-XTRI SUBSTREAM MIXED TEMP - 300.0 PRES = 3215.0
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MASS-FLOW T675 95.0 / T725 95.0 / T775 95.0
T825 95.0 / T875 588.335 / T925 588.335
T975 588.355 / TIOOO+ 536585.0

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but
the input stream is required. Thus, set a small H20 flow to avoid
ASPEN warnings.

STREAM SOLVENT
SUBSTREAM MIXED TEMP - 500.0 PRES - 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES = 28.0
MASS-FLOW H20 0.0

T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 T1000+ 642440.0

SUBSTREAM NC TEMP - 688.0 PRES - 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

Set an initial GUESS for the H2 stream to Plant 4.
Assume the make-up H2 contains 1.396 wt% nitrogen.

STREAM 4-H2IN
SUBSTREAM MIXED TEMP - 70.0 PRES - 500.0
MASS-FLOW H2 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES - 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H21N

SUBSTREAM MIXED TEMP - 70.0 PRES = 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
STREAM 5-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP - 60.0 PRES - 14.7
MASS-FLOW NH3 2830.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H201N

SUBSTREAM MIXED TEMP - 70.0 PRES - 14.7i
MASS-FLOW H20 967545.0

Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN
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SUBSTREAM MIXED TEMP = 450.0 PRES = 500.0
MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-02IN

SUBSTREAM MIXED TEMP - 80.0 PRES - 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP - 70.0 PRES - 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the CH4 stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP - 70.0 PRES - 100.0
MASS-FLOW CH4 307352.

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP - 620.0 PRES = 500.0
MASS-FLOW H20 864428.

Model Connectivity
------------------

FLOWSHEET COAL
Plant MI is the clean coal outlet streams mixer.
Stream IS-CCOAL is the combined outlet clean coal product stream.

Plant M2 is the middling coal outlet streams mixer.
Stream 1S-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer.
Stream 1S-REFSE is the combined outlet refuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream IS-WATER is the combined outlet waste water product stream.

Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant M-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.

Plant Pl-ALTI is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream IS12 is the outlet clean coal product stream.
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Stream IS13 is the outlet middling coal product stream.
Stream IS14 is the outlet refuse product stream.
Stream ISIS is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream IS22 is the outlet clean coal product stream.
Stream IS23 is the outlet middling coal product stream.
Stream IS24 is the outlet refuse product stream.
Stream IS25 is the outlet waste water product stream.

Plant PI-BASE is the Coal Cleaning and Preparation Plant - BASE CASE.
Stream IS02 is the outlet clean coal product stream.
Stream IS03 is the outlet middling coal product stream.
Stream IS04 is the outlet refuse product stream.
Stream IS05 is the outlet waste water product stream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02 is the Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to

supply the steam required to Plant 2.
Stream ROSE-XTR is the deashed product stream.
Stream 2-H20IN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.1.
Stream 2S-SH20 is the sour water product stream.

Plant P03 is the Gas Plant.
Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
Stream 4-H2IN is the hydrogen feed stream.
Stream 4-H20IN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH20 is the hydrotreater sour water stream.

Plant P05 is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H21N is the hydrogen feed stream.
Stream 5-H20IN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
Stream P650-850 is the hydrotreated 650 - 850 F product stream.
Stream 5S-SH20 is the hydrotreater sour water stream.

Plant P61 is the model for the Hydrogen purification by Membrane
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Separation Plant, Plant 6.1.
Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2,rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbonproduct gas stream.
Stream REFORMED is the reformate product stream.

Plant P81 is the model for the ROSE-SR Critical Solvent Deashing unit.
Stream ROSE-XTR is the deashed product stream.
Stream ASH-CONC is the ash concentrate stream.

Plant P11 is the Sulfur plant.
Stream 11S-LIQS is the sulfur product stream.
Stream 11S-FGAS contains all the other material in the feed that

does not leave in the product SULFUR STREAM.
Plant P31 is the simplified model for the utility plant.
Stream 31S-01 is the dummy product stream.

Plant P314 is the model for the Fluidized Bed Combustor and the
Steam Turbine Generator unit.
Stream FBC-FEED is the feed stream to Plant P314.
Stream SA6-01 is the combined product stream out of Plant P314.

Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.
Stream 38S-OUT is the reject stream.

Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 38B.

Plant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coal
gasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.
Plant P39 is the phenol recovery plant.
Stream PHENOL is the phenol product stream.
Stream WASTEH20 is the waste water stream

Plant SA6 is the product stream separator f om Plant P314.
Stream FBC-GAS is the gas product stream from Plant SA6.
Stream FBC-SOL is the solids product stream from Plant SA6.

Block SI is the inlet coal splitter.
Stream ROMCOAL is the inlet ROM coal stream.
Stream IS01 is the splitter outlet to the base case plant.
Stream ISII is the splitter outlet to the alternate case I plant.
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, Stream 1S21 is the splitter outlet to the alternate case 2 plant.I
Block S2 is the clean coal splitter.

Stream 1S-CCOAL is the inlet clean coal stream.
Stream COALT014 is the splitter outlet to plant 2.IStream 9-COAL is the splitter outlet to plant 9.

Block S6-SH2O is a component splitter to generate a pseudo sour-water
stream from Plant 6 to get the NH3 to Plant 38, the Ammonia Recovery
Plant.
Stream 6S-SH2O is the pseudo sour-water stream.
Stream 11-FEED is the Plant 11 feed stream.

Block S7iIs the product naphtha splitter.IStream PS-NAPH is the inlet product naphtha stream.
Stream 1-NAPH is the splitter outlet to the naphtha reformer plant.
Stream PNAPHTHA is the splitter outlet as product naphtha.IBlock S8 is the ash-concentrate splitter.
Stream ASH-CONC is the inlet ash-concentrate stream from the ROSE.
Stream FBC-FEED is the splitter outlet to the FBC plant.
Stream S8-ASHC is the splitter outlet to the M9C coal mixer.

M1 IN - IS02 1S12 IS22 OUT - 1S-CCOAL
M2 IN - 1S03 IS13 IS23 OUT - 1S-XMIDIM-2HYD IN - H2MIX 2-H2IN OUT - 2-H2MIXM3 IN - 1S04 IS14 IS24 OUT - 1S-REFSE
M38 IN - 2S-SH20 3S-SH20 4S-SH20 5S-SH20 6S-SH20 9S-SH2O &

OUT - 38-FEED
M4 IN - IS05 IS15 1S25 OUT - IS-WATER
M-462 IN - 4S-GAS GASES 5S-LPGAS 35-SGAS 7S-H2 OUT = 62-HYD
M-561 IN - 5S-HPGAS 2S-GAS OUT = 61-HYD
M-6GAS IN - SOUR-GAS SOUR-2GS H2S-GAS 38AS-VAP OUT = 6-SGAS
M-73 IN - GAS-OUT iS-GAS OUT = 3-GAS
M-HYD IN - H2-RICH H2-2RICH OUT - H2MIX DUMMY
N-NAP IN - NAPHTHA2 3S-OIL OUT - 4-FEEDM-PNAP IN - 4S-NAPH 55-NAPH OUT - PS-NAPH
PI-ALTI IN - IS11 OUT - IS12 IS13 IS14 1S153
P1-ALT2 IN - IS21 OUT - IS22 IS23 IS24 IS25
P1-BASE IN - IS01 OUT - IS02 1S03 IS04 IS05
P14 IN - COALTO14 OUT - COALT02 14S-XMID 14S-REF 14S-WAT
P02 IN - 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &IOUT - 2S-GAS GASES NAPHTHA GAS-OIL 25-BOTTS 2S-SH2O
P03 IN = NAPHTHA 3-GAS &

OUT - 3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20
P04 IN = 4-H2IN 4-FEED 4-H2OIN &

OUT - 4S-GAS 45-NAPH 4S-5H20
P05 IN - 5-H2IN GAS-OIL 5-H2OIN &

OUT - 5S-HPGAS 5S-LPGAS 5S-NAPH P350-450 P450-650 &P650-850 SS-SH20
P61 IN - 61-HYD OUT - H2-RICH SOUR-GAS P61-GASP62 IN - 62-HYD P61-GAS &IOUT - H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2
P07 IN - 7-NAPH OUT - iS-H2 iS-GAS REFORMED
P81 IN - 2S-BOTTS OUT - ROSE-XTR ASH-CONC
P11 IN - 11-FEED OUT = 11S-FGAS 11S-LIQSIP31 IN - 3S-FGAS OUT - 31S-01
P314 IN - FBC-FEED OUT = SA6-01
P38 IN - 38-FEED OUT - NH3-PROD 38S-OUT

K- 10



P38A IN = 38S-OUT OUT - 38AS-VAP 38AS-LIQ
P38B IN = 38AS-LIQ OUT - WASTE 39FEED
P39 IN - 39FEED OUT - PHENOL WASTEH20
SA6 IN - SA6-01 OUT - FBC-SOL FBC-GAS
S1 IN - ROMCOAL OUT - IS01 ISII 1S21
S2 IN - IS-CCOAL OUT - COALT014 9COAL
S6-SH20 IN - 6-SGAS OUT - 6S-SH20 11-FEED
S7 IN - PS-NAPH OUT - 7-NAPH PNAPHTHA
S8 IN - ASH-CONC OUT - FBC-FEED S8-ASHC

FLOWSHEET HYDROGEN
Plant M9 is the hydrogen stream mixer.

Stream M9H2 is the dummy H2 stream to the liquefaction unit.
Stream M9H4 is the dummy H2 stream to the naphtha hydrotreater.
Stream M9H5 is the dummy H2 stream to the gas-oil hydrotreater.
Stream HHNEED is the dummy H2 stream from the mixer.

Plant M9C is the coal stream mixer.
Stream COALT09 is the clean coal stream to the mixer.
Stream S8-ASHC is the ash concentrate stream from the ROSE unit.
Stream 9-FEED is the mixed coal stream to the gasifier.

Plant P09 is the plant for producing hydrogen by coal gasification.
Stream 9-H20IN is the water feed stream to the gasifier section.
Stream 9-02IN is the purified 02 stream from the air sep. plant.
Stream 9-STEMIN is the steam that goes to the shift reactors.
Stream H2-GAS is the product hydrogen stream.
Stream H2S-GAS is the product hydrogen sulfide stream.
Stream VENT-GAS is the product vent gas stream.
Stream 9S-SH20 is the product sour water stream.
Stream SLAG is the product slag stream.

Plant P91 is the Steam Reforming of Natural Gas Plant.
Stream NAT-GAS is the inlet natural gas stream.
Stream STEAM is the inlet process water stream.
Stream H2-PROD is the product hydrogen stream.
Stream FLUE-GAS is the product flue gas stream.

Plant P10 is the Air Separation Plant.
Stream 10-AIRIN is the air input stream.
Stream IOSOI is the product oxygen stream.
Stream 10S02 is the product nitrogen stream.

Plant S9 is the hydrogen stream splitter.
Stream H9NEED is the dummy H2 stream for the gasifier.
Stream H91NEED is the dummy H2 stream for the steam reformer.

M9H IN - M9H2 M9H4 M9H5 OUT = MHNEED
m9c IN - S8-ASHC COALT09 OUT - 9-FEED
P09 IN - 9-FEED 9-H20IN 9-02IN 9-STEMIN &

OUT - H2-GAS H2S-GAS VENT-GAS 9S-SH20 SLAG
P91 IN - NAT-GAS STEAM OUT = H2-PROD FLUE-GAS
P10 IN - 10-AIRIN OUT = 10SOI 10S02
S9 IN - MHNEED OUT = H9NEED H91NEED

Design Specifications
---------------------

Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)
to a specified weight percent (HPCT2) of the MAF coal input stream.
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DES-SPEC 2H2FLOI
DEFINE CHP2 MASS-FLOW STREAMl=2-H2MIX COMPONENT=H2
DEFINE CCOAL MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COAL
DEFINE CCASI COMP-ATIR-VAR STREAM=COALTO2 SUBSTREA4=NC &ICOMPONENT-COAL ATTR IBUTE-ULTANAL ELEMENT= 1

C Set the specified H2 rate to Plant 2 in wt% in the following line.
F HPCT2 - 7.9205D0
C DAFCOAL is the dry ash-free coal (MAF coal).I
F DAFCOAL - CCOAL * (100.ODO - CCASH) * 0.01DO
F H2P2 - 0.01D0 * HPCT2 * DAFCOAL

SPEC CHP2 TO H2P2I
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=2-H2IN VARIABLE-MASS- FLOW
LIMITS 100 1000000

;Design spec to set the correct ROM coal flow to the splitter to
obtain the desired 17,102 TPSD of MF coal flow rate to the coal
liquefaction plant, Plant 2.

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAM=COALTO2 SUBSTREAM=NC COMPONENT=COAL
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal .I

F TPD -17102.ODO
F WTPHR - (TPD * 2000.ODO) / 24.ODO

SPEC CTARG TO WTPHR
TOL-SPEC 0.1
VARY MASS-FLOW STREAH=ROMCOAL SUBSTREAM=NC COMPONENT=COALILIMITS 100 10000000

;Design spec to set the correct 9-FEED flow rate to the Plant 9,; coal gasifier, to obtain the desired hydrogen production rate.
DES-SPEC H2FLO

DEFINE HOUT MASS-FLOW STREAM=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAM=H9NEED COMPONENT=H2
SPEC HOUT TO HTOT
TOL-SPEC 1.0
VARY STREAM-VAR STREAM=COALTO9 SUBSTREAM=NC VAR=MASS-FLOW
LIMITS 0.1 10000000

;Design spec to set the heat duty to block M-HYD to zero by
varying the temperature. This corrects a temperature calculating
error in the ASPEN mixer block algorithm.

DES-SPEC HD-HYD3
DEFINE HDTY BLOCK-VAR BLOCK=M-HYD SENTENCE=RETENTION VARIABLE=HEAT-DUTY
SPEC HDTY TO 0.0
TOL-SPEC 10005
VARY BLOCK-VAR BLOCK=M-HYD SENTENCE=PARAM VARIABLE=TEMPERATURE
LIMITS 10 500

;Design spec to set the 10-AIRIN stea flow to produce the required i;amount of oxygen product required by Plant 9, coal gasification.
DES-SPEC 02FLO
DEFINE FLOlOS STREAM-VAR STREAM=10S01 VAR=MASS-FLOW
DEFINE FLOOXY STREAM-VAR STREAM=9-021N VAR=MASS-FLOWI
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I SPEC FLOIOS TO FLOOXY
TOL-SPEC 0.1
VARY STREAM-VAR STREAM-10-AIRIN VARIABLE-MASS-FLOWI LIMITS 0.1 10000000

Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLODEIEIU2MS-LW STEM2PO OPNN4

DEFINE HOT2 MASS-FLOW STREAM-H2-PROD COMPONENT=H2
SPEC HOUT2 TO HTOT2I TOL-SPEC 0.1
VARY STREAM-VAR STREAM-NAT-GAS VARIABLE-MASS-FLOW
LIMITS 1000 600000

I Transfer Blocks
clancolinut.-hs-upiats-hefllprpet-st-n

Transfer block to set COALT09 equal to the 9COAL stream (the wet
provides the initial guess flow rate for COALTO9.I TRANSFER CCOAL
SET STREAM COALT09
EQUAL-TO STREAM 9COAL

; Transfer block used to set the hydrogen flow rates of the input
;streams to the calculated hydrogen flows to Plant 2 (2-H2IN),
;Plant 4 (4-H2IN), and Plant 5 (5-H2IN). M9's represent hydrogen
; flows from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.
TRANSFER HFLOW

SET STREAM M9112
EQUAL-TO STREAM 2-H2IN
SET STREAM M9H4
EQUAL-TO STREAM 4-H2IN
SET STREAM M9H5

EQUAL-TO STREAM 5-H2IN
,Fortran Blocks

Fortran block to set the correct water flow rate in the clean
coal going to Plant 9.I FORTRAN 9COAL
DEFINE W9COAL MASS-FLOW STREAM=9COAL COMPONENT=H20
DEFINE C9COAL MASS-FLOW STREAM=9COAL SUBSTREAM=NC COMPONENT=COAL
DEFINE WCT09 MASS-FLOW STREAM=COALTO9 COMPONENT=H20
DEFINE CCT09 MASS-FLOW STREAM=COALTO9 SUBSTREAM=NC COMPONENT=COAL

F WCT09 - CCT09 * (W9COAL / C9COAL)

Thi Flotra oc rto Path 9.0.rato i 2topoid h
This Frtra of ck rt s Path spi9rato.i0.topoid h
FRRNCOALFLOWIDEFINE C14 STREAM-VAR STREAM=COALTO14 VAR-MASSFLOW

DEFINE C9 STREAM-VAR STREAM=COALTO9 VAR=MASSFLOW
DEFINE RC STREAM-VAR STREAM=ROMCOAL VAR=MASSFLOWIDEFINE CC STREAM-VAR STREAM=1S-CCOAL VAR=MASSFLOW
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DEFINE SFRAC BLOCK-VAR BLOCK-S2 SENTENCE-FRAC VAR=FRAC &I
IDl=COALT014 ELEMENT-i

C Cal cul ate total clean coal.
F TCC -C14 +C9I
C Reset the RONCOAL feed rate to match the new value.
F RC -RC *(TCC /CC)
C Reset the split fraction in S2 to correct 9COAL flow rate.
F SFRAC -C14 / (C9 +C14)

This FORTRAN block will calculate the initial ratio of the MIXED
substream flow to the NC substream flow in the stream ROMCOAL.I
It will store this result in RATIO, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flow
that is varied by the COALFLO design-spec. This is needed to setI
the correct amount of water entering with the RON coal.

FORTRAN MIXFLO
F COMMON /RATIO/ RMIXNCP
F COMMON /RGLOB/ ROUMI, RI4INI
DEFINE FLONCP SUBSTREAI4-VAR STREAM=ROMCOAL SUBSTREA4=NC VAR=MASSFLOW
DEFINE FLONIX SUBSTREAI4-VAR STREAI4=ROMCOAL SUBSTREAM=MIXED VAR=MASSFLOW
C The following should only be true on the first pass. This preventsI
C writing over the initial substream ratio on subsequent passes.
F IF (RMIXNCP .LT. RHIN) THEN
F RNIXNCP - FLONCP / FLOMIX
F END IFI
C Adjust the other substream flow based on changes to the NC
C substream.

F FLOMIX - FLONCP / RNIXNCP

Fortran block to dynamically set the URCOAL fraction in the
separation block, SA6, equal to the solids production parameter,3REAL(I), in block P314, the fluidized bed combustor. This block
only has significance when Option 6 is in effect.

FORTRAN SA6SET
DEFINE FRACI BLOCK-VAR BLOCK=P314 SENTENCE=REAL VAR=REAL ELEMENT=1I
DEFINE FRAC2 BLOCK-VAR BLOCK-SA6 SENTENCE=FRAC VAR=FRAC IDI=NC &
1D2=FBC-SOL ELEMENT=I

F FRAC2 - FRACII

;FORTRAN block to set the COMBINED steam and water flow rate to
;Plant 2 as a specified weight percent of the dry coal feed.I
DEFINE FEED2 MASS-FLOW STREAN-COALT02 SUBSTREAM=NC COMPONENT-COAL
DEFINE H202 STREAM-VAR STREAM=2-H2OIN VAR=MASSFLOW

F H202 - 0.75315 * FEED2

FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)
;to a specified weight percent (HPCT4) of the naphtha feed stream,I;and the hydrogen flow rate to Plant 5 (5-H21N) to a specified weight
;percent (HPCT5) of the gas oil feed stream. This block also sets
;the inlet water flow rates for these plants to specified ratesI;as functions of the hydrocarbon feed rates.

FORTRAN SETUP45
DEFINE CHP4 MASS-FLOW STREAM=4-H2IN COMPONENT-H2
DEFINE CHP5 MASS-FLOW STREAM=5-H2IN COMPONENT=H2
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DEIEFP TEMVRSRA=-2N VRMSFO
DEFINE FLP4 STREAM-VAR STREA14=4-H2IN VAR=MASSFLOW
DEFINE FLP STREAM-VAR STREAM=5-H2IN VAR-F4ASSFLOW
DEFINE XNAPH STREAM-VAR STREAM-GA-EED VAR-MASSFLOWIDEFINE H2O0L STREAM-VAR STREAM-GA-O2IL VAR-MASSFLOW
DEFINE H205 STREAM-VAR STREAM=5-H20IN VAR-MASSFLOW

C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 - 1.1855
F HPCT5 = 2.7554
F H2P4 = 0.01D0 * HPCT4 * XNAPHIF FLP4 - H2P4 * (FLP4 / CHP4)
F H2P5 - 0.01D0 * HPCT5 * XGOIL
F FLP5 - H2P5 * (FLP5 / CHP5)
C Set the specified H20 rates in wt% in the following two lines.

F H204 - 0.089011 * XNAPH
F H205 - 0.054211 * XGOIL

;FORTRAN block to set the steam, water and oxygen stream flow rates

; coponnts(on a dry ash-free basis).IFORTRAN SETUP9
DEFINE FL29MX SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE ULCOAL COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &

COMPONENT=COAL ATTRIBUTE=ULTANAL ELEMENT=1IDEFINE ULURC COMP-ATTR-VAR STREAM=9-FEED SUBSTREAM=NC &
COMPONENT-URCOAL ATTRI BUTE-ULTANAL ELEMENT= 1

DEFINE FL29C MASS-FLOW STREAM=9-FEED SUBSTREAM=NC COMPONENT=COALIDEFINE FL29UR MASS-FLOW STREAM-9-FEED SUBSTREAM=NC COMPONENT=URCOAL
DEFINE FL29W MASS-FLOW STREAM=9-FEED COMPONENT=H20
DEFINE FL2STM STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOW
DEFINE F12H2O STREAM-VAR STREAM=9-H2OIN VAR=MASS-FLOWIDEFINE FL202 STREAM-VAR STREAM-9-02IN VAR=MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the
C inlet flow rate of hydrocarbons and NC components (on a dry basis).

F X2 - 0.01*FL29UR*(1O0.0-ULCA)
F X2 - 0.01*FL29C *(100.0ULUCA)

F FL2STM - 0.25495 *(FL29MX + X1 + X2 -FL29W)IF FL2H2O = 1.4723 *(FL29MX + X1 + X2 -FL29W)F FL202 - 1.1365 *(FL29MX + X1 + X2 -FL29W)

Fortran block to set up the common and OSBL utility consumptions.
FORTRAN SETUP31
F COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PLNTIDI DEFINE DCOAL2 SUBSTREAM-VAR STREAM=COALTO2 SUBSTREAM=NC VAR=MASS-FLOW
C COMMON /USRCO3/ is used to transfer variables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common bl ock /USRCO3/.
C Base all the offsite and OSBL utilities consumptions on the dry
C coal feed rate to Plant 2, the Coal Liquefaction Plant. Ignore1C cooling and process water consumptions and productions.
F PLNTID (19) - 'OTHERS'
C Electric Power.

F UTIL(19,1) - 25.1346 * DCOAL2 * 0.001p K-15



F IF ( OPTN6 .GE. 0.99D0 UTIL(19,I) = 29.5411 * DCOAL2 * 0.0011
C 600 psig steam at 720F.
F UTIL(19,4) - 0.05122207 *DCOAL2 * 0.001

C 150 psig saturated steam.
F UTIL(19,6) - 0.04350367 * DCOAL2 * 0.001
C 50 pslg saturated steam.
F UTIL(19,7) - 0.06757103 * DCOAL2 * 0.0013

;Fortran statement to set the molar flow rate of the STEAM stream to
be in balance with the feed stream to Plant 9.1.

FORTRAN SETUP91 DEFNE S TREM-AR TREM-AT-ASVARABL=MLE-LIDEFINE ST STREAM-VAR STREAM-NT-AS VARIABLE=MOLE-FLOW
F IF ( GS .GT. 0.ODO ) THEN
F ST - 2.504543D0 GS
F ELSE
F ST - 0.ODOI
F ENDIF

Fortran block to switch between Plant 9.0 & 10 or just Plant 9.1.FORTRAN OPT 10N6
F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSRI for the definition of the items in named
C common block /USRCO3/.DEFIE FTM TREM-VR SREA=STAM AR=OLEFLIDEFINE FSTM STREAM-VAR STREAM=TA VAR=MOLE-FLOW
DEFINE FNGA STREAM-VAR STREAM1-NA-GAS VAR=MOLE-FLOW
DEFINE F1OA STREAM-VAR STREAM=10-AIRIN VAR=MASS-FLOWDEFNE 9S TREM-VR SREA=9-TEMN VR=MSS-LIDEFINE F9H STREAM-VAR STREAM=9-H2IN VAR-MASS-FLOW
DEFINE FC9M SUBSTREAM-VAR STREAM-9-FEED SUBSTREAM=MIXED VAR=MASS-FLOW
DEFINE FC9NC SUBSTREAM-VAR STREAM-9-FEED SUBSTREAM=NC VAR-MASS-FLOW
DEFINE FRAC8 BLOCK-VAR BLOCK=S8 SENTENCE-FRAC VAR=FRAC &ID1=S8-ASHC ELEMENT-i
DEFINE FRAC9 BLOCK-VAR BLOCK=S9 SENTENCE-FRAC VAR=FRAC &
ID1=H9NEED ELEMENT=I

DEFINE FRAC38 BLOCK-VAR BLOCK=P38B SENTENCE-FRAC VAR=FRAC &IDi-WASTE ELEMENT-i
C Set N9 equal toO0 to run Plant 9.0 & 10, or
C set N9 equal to 1 to run Plant 9.1 (OPTION 6).
F N9-1
F IF (N9 .EQ. 0) THEN
F OPTN6 = .ODO
F FSTM - .OD-6
F FNG - 1.OD-6I
F FRAC8 - 1.0
F FRAC9 - 1.0
F FRAC38 - 0.28595
F ENDIF
F IF (N9 .EQ. 1) THEN
F OPTN6 - 1.ODO
F F1OA - .OD-6I
F F9H - .OD-6
F F9S - .OD-6
F F90 - .OD-6
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F FC9N =.D-

F FC9NC - .00-6
F FRAC8 =0.0aF FRAC9 =0.0

F FRAC38 -0.0

F ENDIF

FORTRAN SUMMARY
C This Fortran block writes the summary report to the DCLSUM.REP
C file, and also writes the DCL1.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMN/SR0/i used to transfer variables FIN(5,4),
C FU(04,PAPPWR, OPTN6

C See Subroutine USRSR1 for the definition of the items in named
C commnon block /USRCO3/.
DEFINE FINI SUBSTREAI4-VAR STREAI4=ROMCOAL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FIN2 STREAM-VAR STREAM-NAT-GAS VAR=MASS-FLOWUDEFINE FOUTI STREAM-VAR STREAM=3S-BUTP VAR=MASS-FLOW
DEFINE FOUT2 STREAM-VAR STREAM=3S-PROP VAR=MASS-FLOW
DEFINE FOUT3A STREAM-VAR STREAM=PNAPHTHA VAR=MASS-FLOW
DEFINE FOUT3B STREAM-VAR STREAM=REFORMED VAR=MASS-FLOW
DEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOW
DEFINE FOUT5 STREAM-VAR STREAM=P450-650 VAR=MASS-FLOW
DEFINE FOUT6 STREAM-VAR STREAM=P650-850 VAR=MASS-FLOW'IDEFINE FOUT1 SUBSTREAM-VAR STREAM-15-REFSE SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8 SUBSTREAM-VAR STREAM=SLAG SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUTBA SUBSTREAM-VAR STREAM=FBC-SOL SUBSTREAM=NC VAR=MASS-FLOWIDEFINE FOUTIO STREAM-VAR STREAM=NH3- PROD VAR=MASS-FLOW
DEFINE FOUT11 STREAM-VAR STREAM=PHENOL VAR=MASS-FLOW
DEFINE FOUT12 STREAM-VAR STREAM=11S-LIQS VAR=MASS-FLOW

C Load the stream flow rates in the FIN() and FOUT() arrays in
C Mlbs/hr. All solid stream flow rates are on a dry basis.
F FIN(1,1) =0.001D0 * FINI
F FIN(2,1) = .00100 * FIN2

F FOUT(1,1) -0.001D0 * FOUTI
F FOUT(2,1) -0.00100 * FOUTi

F FOUT(3,1) -0.00100 * (FOUT3A + FOUT3B)IF FOUT(4,1) -0.00100 * FOUT4
F FOUT(5,1) 0.00100 * FOUT5
F FOUT(6,1) -0.00100 * FOUT6
F FOUT(7,1) -0.00100 * FOUT1
F FOUT(8,1) -0.00100 * (FOUTB + FOUT8A)
F FOUT(10,1) -0.00100 * FOUTIO
F FOUT(11,1) =0.00100 * FOUTli
F FOUT(12,1) - .00100 * FOUJT12

C Set XOF to the number of extra operators and OSBL operators
C per dedicated plant operator.

F XOF - 0.343042
CI C Set the LOSBL and LPLANT switches, as appropriate, to duplicate
C the Bechtel OSBI and first vs. Nth plant costing logic.
C LOSBI - 0 - Use baseline case OSBL costing logic.IC LOSBI = 1 - Use option case OSBI costing logic.
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C LLAT 0 -sefist lat SB ad ngneein cstngloic
C LPLANT - 0 - Use firth plant OSBI and engineering costing logic.I
C
F LOSB - I
F LPLANT - 1

C Open the separate output file called DCLSUM. REP to contain the3
C summary report of the simulation results.
F OPEN (UNIT-62, FILE-'DCLSUH.REPI, STATUS-'UNKNOWN',,
F 1 ACCESS-'SEQUENTIAL', FORM-'FORI4ATTED',

F 2BUFFERED-'BUFFERED')I
C Call Subroutines USRSR1 and USRSR2 to write the sumary report.
F CALL USRSR1 (62)
F CALL USRSR2 (62, LOSBL, IPLANT, OPTN6, XOF)
F CLOSE (UNIT-62, STATUS-'KEEP')
C Now write the LOTUS spreadsheet economics model input file.
F OPEN (UNIT=62, FILE='DCL1.PRNI, STATUS='UNKNOWN',
F 1 ACCESS='SEQUENTIAL', FORM='FORMATTED',I
F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR3 to write the model input file.

F CALL USRSR3 (62, OPTN6, XOF)I
F CLOSE (UNIT=62, STATUS='KEEP')

Convergence Blocks ---------------
CONVERGENCE CBLK1 WEGSTEIN

TEAR H2MIX 1D-5U
PARAM WAIT-3

CONVERGENCE CBLK2 WEGSTEINI
TEAR 2S-BOTTS 1D-5

CONVERGENCE CBLK3 WEGSTEIN3
TEAR 6S-SH20 10-5

CONVERGENCE COALF ONE-VAR
SPEC COALFLOI

CONVERGENCE HD-Cl ONE-VAR
SPEC HO-HYD

CONVERGENCE HYDF BROYDEN-SPEC
SPEC H2FLO5

CONVERGENCE 2HYDF ONE-VAR
SPEC 2H2FLOI

CONVERGENCE OXYF ONE-VAR
SPEC 02FLO

CONVERGENCE RFMRF ONE-VAR
SPEC RFMRFLO

;Calculation Sequence
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--------------------

Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO S1 Pl-BASE PI-ALTI Pl-ALT2 &

MI S2 P14 (RETURN COALF) &
M4 M3 M2

Specify entire flowsheet sequence, including subsequence CLEAN.
SEQUENCE BASE (SEQUENCE CLEAN) CCOAL &

CBLKI 2HYDF M-2HYD (RETURN 2HYDF) &
CBLK2 SETUP2 P02 P81 (RETURN CBLK2) &
P61 P62 HD-Cl M-HYD (RETURN HD-CI) &
M-73 P03 M-NAP SETUP45 P04 M-462 P05 M-561 &
M-PNAP S7 P07 (RETURN CBLKI) &
HFLOW M9H OPTION6 S9 S8 P314 SA6SET SA6 &
HYDF 9COAL M9C SETUP9 P09 (RETURN HYDF) &
OXYF P10 (RETURN OXYF) COALFLOW (SEQUENCE CLEAN) &
RFMRF SETUP91 P91 (RETURN RFMRF) &
CBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &
(RETURN CBLK3) &
P11 SETUP31 P31 SUMMARY

Unit Operations Blocks
----------------------

Mix the clean coal product streams from the 3 different cases.
BLOCK MI MIXER
DESCRIPTION 'PLANT I OUTLET CLEAN COAL MIXER'

Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXER
DESCRIPTION 'PLANT I OUTLET MIDDLING COAL MIXER'

Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 2'
PARAM NPK=1 KPH=I

Mix the refuse product streams from the 3 different cases.
BLOCK M3 MIXER
DESCRIPTION 'PLANT I OUTLET REFUSE MIXER'

Mix the sour water streams from Plants 2, 3, 4, 5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'

Mix the waste water product streams from the 3 d.ifferent cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT 1 OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'

Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
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BLOCK M-561 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP-110.0 PRES-14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer M9C - The hydrogen plant feed mixer; used to mix the coal and
; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS=2

Mixer M9 - The dummy hydrogen mixer; used to mix the three
streams that go to Plant 2 (M9H2), Plant 4 (M9H4), and
Plant 5 (M9H5) into one single output stream (MHNEED) for the
S9 splitter.

BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'
PARAM NPK-I KPH=I

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block

algorithm.
BLOCK M-HYD FLASH2
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.21
PARAM TEMP-100. PRES-3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'

BLOCK M-PNAP MIXER

; Plant PI-ALT1, Coal Cleaning and Preparation Plant. Use User
; Fortran Model, USROI, within the PLANTS file. ALTERNATE CASE I
; COAL CLEANING BY HEAVY MEDIUM SEPARATION.
BLOCK PI-ALT1 USER

SUBROUTINE MODEL - USR01 REPORT USR01
DESCRIPTION 'PLANT I - ALTERNATE I COAL CLEANING AND PREPARATION PLANT'
PARAM NINT = 5 NREAL = 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
that is modeled in BLOCK PI-JIGS. The operators and cost for this
Plant includes those associalted with the PI-JIGS portion of the coal
cleaning and preparation plant. All parameters have the same meaning
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as described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FClM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - 1S12 KODE=2 TEMP - 70.0 PRES = 14.7

STRM = IS13 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - 1S14 KODE-2 TEMP = 70.0 PRES = 14.7
STRM - IS15 KODE=2 TEMP - 70.0 PRES = 14.7

; Plant PI-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
; Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
; BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.
BLOCK PI-ALT2 USER

SUBROUTINE MODEL - USR01 REPORT USRO1
DESCRIPTION 'PLANT I - ALTERNATE 2 COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK PI-JIGS. The operators and cost for this plant includes
those associalted with the PI-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
described below for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 2
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FCP FCM FHP FHM FNP FNM
REAL 0.9435271 0.0 0.9338663 0.0 0.9250562 0.0 &

FClP FClM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAN
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - IS22 KODE=2 TEMP - 70.0 PRES = 14.7

STRM - 1S23 KGDE=2 TEMP - 70.0 PRES - 14.7
STRM - 1S24 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS25 KODE=2 TEMP = 70.0 PRES = 14.7

Plant I - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
Model USROI
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.

BLOCK PI-BASE USER
SUBROUTINE MODEL - USR01 REPORT USR01
DESCRIPTION 'PLANT I - BASE CASE COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following 5 integer parameters are:
INT(l) - User block summary report control switch.

0 -> Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INTM - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
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called DCLOIB.REP, DCL01AI.REP or DCLO1A2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-4 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report - DCLOIB.REP)
I Alternate case I - Coal cleaning by heavy media

separation. (Report - DCLO1A1.REP)
2 => Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report = DCLOIA2.REP)

3 Coal cleaning by jigs for coal gasification in
plant 9. (Report = DCLOIG.REP)

4 Coal grinding and drying plant.
(Report = DCL01D.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,
and 4 is for the grinding and drying plant.

INT 0 1 0 1 0
The following 70 real parameters are:
REAL(I) = Fraction of carbon in the inlet coal leaving

in the clean coal product stream.
REAL(2) - Fraction of carbon in the inlet coal leaving

in the middling coal stream.
REAL(3) = Fraction of hydrogen in the inlet coal leaving

in the clean coal product stream.
REAL(4) - Fraction of hydrogen in the inlet coal leaving

in the middling coal stream.
REAL(5) - Fraction of nitrogen in the inlet coal leaving

in the clean coal product stream.
REAL(6) - Fraction of nitrogen in the inlet coal leaving

inthe middling coal stream.
REAL(7) - Fraction of chlorine in the inlet coal leaving

in the clean coal product stream.
REAL(8) - Fraction of chlorine in the inlet coal leaving

in the middling coal stream.
REAL(9) - Fraction of sulfur in the inlet coal leaving
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in the- clean coal product stream. OPTIONAL - See Note 1.1
REAL(1O) - Fraction of sulfur in the inlet coal leaving

in the middling coal stream. OPTIONAL - See Note 1.
REAL(11) - Fraction of oxygen in the inlet coal leavingIin the clean coal product stream.
REAL(12) - Fraction of oxygen in the inlet coal leaving

REAL(3) -in the middling coal stream.I
REAL(3) -Fraction of ash in the inlet coal leaving

in the clean coal product stream.
REAL(14) - Fraction of ash in the inlet coal leaving

in the middling coal stream.IREAL(15) - Moisture content of the clean product coal on a dry
REAL(6) -basis, wt%.
REL1)-Moisture content of the middling coal on a dryIbasis, wt%.

REAL(11) - Moisture content of the refuse on a dry basis, wt%.
REAL(18) -

REAL(20) - Future use.I
REAL(21) = Constant factor for the power consumption, kw.
REAL(22) =Power consumption per Mlbs/hr of dry clean coal,

kw/ (Ml bs/hr) .I
REAL(23) - Constant factor for the 900 psig / 750 F steam

REAL(24) consumption, Mlbs/hr.
REAL(4) -900 psig / 150 F steam consumption per Nibs/hr of

dry clean coal, (Mlbs/hr)/(lbs/hr).
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) -consumption, Nlbs/hr. cnupinprMb/ro
REAL(6) -900 psig saturated steam cnupinprMb/ro

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.1
REAL(28) -600 psig / 120 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.I
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Ml bs/hr)/ (Ml bs/hr).
REAL(31) - Constant factor for the 150 psig saturated steamU

REAL(2) =consumption, Ml bs/hr.
REAL(2) -150 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(3) = Constant factor for the 50 psig saturated steamI

consumption, Ml bs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).I
REAL(35) - Constant factor for the plant fuel consumption,

REAL(6) =MM BTU/hr. prMb/ro r la ol
REAL(6) =Plant fuel consumption prMb/ro r la ol

(MM BTU/hr)/(Mlbs/hr).
REAL(37) - Constant factor for the cooling water consumption,

REAL(38) - Cooling water consumption per Nibs/hr of dry clean
coal (Mgal/hr)/(Mlbs/hr).

REAL(39) = Constant factor for the process water consumption,

Mgal/hr.
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IREAL(40) - Process water consumption per Nibs/hr of dry clean
coal, (Mgal/hr)/(Mlbs/hr).

REAL(41) - Constant factor for the nitrogen consumption,I MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of dry clean coal,

(MM SCF/hr of N2)/(Mlbs/hr).
REAL(43) -

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.IREAL(50) - Number of operators per day per train,
(operators/day)/train.

REAL(51) -Reference flow rate of the dry clean coal of a
single train in Nibs/hr for the calculation of
the ISBI field cost of a single train as a function
of train capacity.

REAL(52) - Maximum size of a single train as defined by theI flow rate of the dry clean coal in Nibs/hr.
REAL(53) = Minimum size of a single train as defined by the

flow rate of the dry clean coal in Mlbs/hr.
REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -3 ,REAL(70) - Future use.

NOTES:
1. If both the sulfur distribution factors, REAL(9) and REAL(1O),

are zero and a SULFANAL was supplied, the sulfur will be
distributed among the products as follows.
a. The ORGANIC sulfur will be distributed in the same

proportions as the carbon is distributed.Ib. The PYRITIC and SULFATE sulfur will be distributed in the
same proportions as the ash is distributed.

IFCP FCM FHP FHM FNP FNMREAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &
FC1P FC1M FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &3FAP FAN
0.4229677 0.0 &
PCWP PCWM PCWR Future Use (3 items)I8.576 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 4.281977 0.0 0.0 0.0 0.0 &5,600/120 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &*Process H20 Nitrogen
0.0 0.02433102 0.0 0.0 &
Future Use (6 items)I0.0 0.0 0.0 0.0 0.0 0.0 &
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Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 18.2 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - 1S02 KODE-2 TEMP - 70.0 PRES - 14.7
STRM - IS03 KODE-2 TEMP - 70.0 PRES = 14.7
STRM = IS04 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS05 KODE-2 TEMP - 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant Fortran Model USR01
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL = USROI REPORT USR01
DESCRIPTION 'PLANT 1.4 BASE CASE COAL GRINDING AND DRYING PLANT'
PARAM NINT = 5 NREAL 70

The following integer and real parameters have the same meaning
as described above for Plant 1 in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNM

REAL 1.0 0.0 1.0 0.0* 1.0 0.0 &
FClP FClM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &
FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
Ref Flow Max Flow Min Flow
142.518 145.0 50.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 '0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
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values will override the default values in subroutine USRO1.
FLASH-SPECS STRM - COALT02 KODE-2 TEMP - 70.0 PRES = 14.7

STRM - 14S-XMID KODE-2 TEMP - 70.0 PRES = 14.7
STRM - 14S-REF KODE-2 TEMP - 70.0 PRES = 14.7
STRM - 14S-WAT KODE-2 TEMP - 70.0 PRES - 14.7

Plant 2 - The coal liquefaction plant - user Fortran block USR02.
BLOCK P02 USER

SUBROUTINE MODEL.- USR02 REPORT - USR02
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION PLANT'
PARAM NINT - 6 NREAL - 70

The following 5 integer parameters are:
INT(I) = User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip.writing the entire user block summary report.

INT(2) - User block sunvnary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLO2.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 => Write no additional output to the history file.
I -> Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Switch to write the major equipment summary list and
cost summary report by plant section for the baseline
design to the separate block output summary report file
called DCLO2.REP on logical unit 62.
0 Do not write the major equipment summary list.
I Write the major equipment summary list to the

separate block output file only when
INT(I) <- 2, INT(2) - 1, and INT(6) = 0.

2 Write the major equipment summary list and the
cost summary report by plant section to the
separate block output file only when
INT(I) <- 2, INT(2) = 1, and INT(6) - 0.

INT(6) Switch to select which coal liquefaction reactor yields
are calculated.
0 Baseline design two reactor model.
3 Option 3 - Yields for Thermal/Catalytic two-
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reactor model.I
4 ->Option 4 - Two-reactor model with interstaage

vent gas separation.
5> Option 5 -Yields for two-reactor coker model.I
8 ->Improved Baseline (Option 8) - High space velocity

two-reactor model.
INT 0 1 0 1 2 0

The following 10 real parameters are:
REAL(I) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.3

REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Nlbs/hr of dry coal feed,kw/(Mlbs/hr of dry coal).U
REAL(23) - Constant factor for the 900 psig / 150 F steam

REAL(4) -consumption, Mlbs/hr. prMb/ro
REAL(4) -900 psig / 150 F steam consumption prMb/ro

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.U
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.U
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(29) - Constant factor for the 600 psig saturated steamIconsumption, Ml bs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of3

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr ofU

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.fedI
REAL(36) = Plant fuel consumption per Mlbs/hr of dry coalfed

(Ml bs/hr)/(Ml bs/hr of dry coal).
REAL(7) -Constant factor for the cooling water consumption,
REAL(37) Mgal /hr.3

REAL(38) - Cooling water consumption per Mlbs/hr of dry coal
feed, (Mlbs/hr)/(Mlbs/hr of dry coal).
produced, (Mgal/hr)/(MM SCF/hr of H2).I

REAL(39) = Constant factor for the process water consumption,
Mgal /hr.

REAL(40) - Process water consumption per Mlbs/hr of dry coal
feed, (Mlbs/hr)/(Mlbs/hr of dry coal). IREALM4) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) = Nitrogen consumption per Mlbs/hr of dry coal feed,I
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(MM SCF/hr of N2)/(Mlbs/hr of dry coal).
REAL(43) -
REAL(48) - Future use.UREAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference dry coal feed rate to a single train in

Mlbs/hr for the calculation of the ISBL field cost of
a single train as a function of train capacity.IREAL(52) - Maximum size of a single train as defined by the dry
coal feed rate in Mlbs/hr of dry coal.

REAL(53) - Minimum size of a single train as defined by the dry
REA(54 -coal feed rate in Mlbs/hr of dry coal.
REAL(4) -Constant A in the plant ISBI field cost equation.

REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.IREAL(51) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) = Future use.

Percent fresh MAF coal conversion
REAL 92.7901 &I Future use (9 items)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &UPower 900/750 F steam 900 satd steam
0.0 41.39141 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.003904784 0.0 -0.1046111 0.0 -0.0632168 &50 satd steam Plant fuel Cooling H20
0.0 0.0393741 0.0 0.764818 0.0 0.340800 &UProcess H20 Nitrogen
0.0 0.1081972 0.0 0.000029236 &
Future Use (6 items)I0.0 0.0 0.0 0.0 0.0 0.0 &Opers/day (Opers/day)/trai n
0.0 8.0 &
Ref Flow Max Flow Min FlowI285.035 285.05 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 186.44 0.7142 1.0 0.0 0.0 0.0 &

StteFuture use (10 items)
000.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Setthetemeraureand pressure of the outlet streams. These
values will override the default values in subroutine USRO2.
FLASH-SPECS STRM-2S-GAS KOIJE-2 TEMP=130.0 PRES=2985.0 NPK-1 KPH=1/UTR - GASES KODE=2 TEMP - 130.0 PRES = 65.0

STRM - NAPHTHA KODE=2 TEMP =140.0 PRES = 16.0
STRM - GAS-OIL KODE=2 TEMP = 110.0 PRES = 30.0
SIRM = 2S-BOTIS KODE=2 TEMP = 688.0 PRES = 28.0
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STRM - 2S-SH20 KODE=2 TEMP = 100.0 PRES = 30.0

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL - USR03 REPORT = USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block sunimary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - I
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of dry C4- gas,

kw/(MM SCF/hr of dry C4- gas)
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(29) - Constant factor for the 600 psig saturated steam
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I , consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).IREAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Nlbs/hr)/(MM SCF/hr of dry C4- gas).

REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).1REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of dry C4- gas,
(MM BTU/hr)/(MN SCF/hr of dry C4- gas).

REAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.IREAL(38) - Cooling water consumption per MN SCF/hr of dry C4-
gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).

REAL(39) - Constant factor for the process water consumption,I Ngal/hr.
REAL(40) - Process water consumption per MN SCF/hr of dry C4-

gas, (Ngal/hr)/(MM SCF/hr of dry C4- gas).
REAL(41) = Constant factor for the nitrogen consumption,I ,MN SCF/hr ofN2
REAL(42) = Nitrogen consumption per MN SCF/hr of dry C4- gas,3 - (MN SCF/hr of N2)/(MN SCF/hr of dry C4- gas).

REAL(48) =Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference gas feed rate to a single train inI MN SCF/hr of dry C4- gas for the calculation of

the ISBI field cost of a single train as a function
of train capacity.

REAL(52) = Maximum size of a single train as defined by theU REA(53) gas feed rate in MN SCF/hr of dry C4- gas.
REAL(3) -Minimum size of a single train as defined by the

gas feed rate in MN SCF/hr of dry C4- gas.IEL54 Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant 1581 field cost equation.
REAL(56) - Constant E in the plant ISBI field cost equation.IREAL(57) - Constant F in the plant ISBI field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) =Future use.

Future use (10 items)
REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &I Future use (10 items)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 447.6001 0.0 0.0 0.0 0.0 &
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600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 194.4388 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 8.425471 0.0 -722.141 0.0 645.8090 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
2.04 5.0 0.300 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 25.3 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR03.
FLASH-SPECS STRM - 3S-SGAS KODE-2 TEMP - 137.0 PRES = 55.0

STRM - 3S-FGAS KODE=2 TEMP = 100.0 PRES = 215.0
STRM = 3S-PROP KODE=2 TEMP = 100.0 PRES = 280.0
STRM - 3S-BUT KODE=2 TEMP - 100.0 PRES = 280.0
STRM - 3S-OIL KODE=2 TEMP = 130.0 PRES = 263.0 &

NPK=1 KPH=2 /
STRM - 3S-SH20 KODE=2 TEMP = 137.0 PRES = 55.0

Plant 4 - The naphtha hydrotreater use user Fortran block USR04.
BLOCK P04 USER

SUBROUTINE MODEL - USR04 REPORT USR04
DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

!NT(2) User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL04.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
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1 => Write the only the subroutine entry and exit
messages to the history file.

2 =>Write some additional output to the history file.I 3-5 =>Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(I) - Percent desulfurization of the C5+ feed; i. e.,

Percent of sulfur removed from the entering C5+ feed.IEL2 Percent denitrogenation of the C5+ feed; i. e.,
Percent of nitrogen removed from the entering C5+ feed.

REALM3 - Percent deoxygenation of the C5+ feed.
Percent of oxygen removed from the entering C5+ feed.

REAL(4) - Chemical hydrogen consumption in SCF/bbl of C5+ feed.
REAL(5) -
REAL(20) = Future use.IREAL(21) = Constant factor for the power consumption, kw.

REAL(22) - Power consumption per Mlbs/hr of C5+ feed,
kw/(Mlbs/hr of C5+ feed).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Ml bs/hr.

REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of
C5+ feed, (Mlbs/hr)/(Nlbs/hr of C5+ feed).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Ml bs/hr.

REAL(26) - 900 psig saturated steam consumption per Mlbs/hr ofI C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(21) - Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Mlbs/hr ofI C5+ feed, (Nlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Ml bs/hr.IREAL(30) = 600 psig saturated steam consumption per Mlbs/hr of
C5+ feed, (Nlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(31) - Constant factor for the 150 psig saturated steamI consumption, Ml bs/hr.
REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(33) = Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.
REAL(34) = 50 psig saturated steam consumption per Mlbs/hr of

C5+ feed, (Mlbs/hr)/(Mlbs/hr of C5+ feed).

REAL(35) - Constant factor for the plant fuel consumption,
REAL(6) =MM BTU/hr.
REAL(6) -Plant fuel consumption per Mlbs/hr of C5+ feed,
REAL(7) =(MM BTU/hr)/(Mlbs/hr of C5+ feed).
REAL(7) -Constant factor for the cooling water consumption,
REAL(8) -Mgal /hr.
REAL(8) -Cooling water consumption per Mlbs/hr of C5+ feed,
REAL(39)(Mgal/hr)/(Mlbs/hr of C5+ feed).
REAL(9) -Constant factor for the process water consumption,

Mgal/hr.

REAL(40) - Process water consumption per Mlbs/hr of C5+ feed,
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(Mgal/hr)/(Mlbs/hr of C5+ feed).I
REAL(41) = Constant factor for the nitrogen consumption,

MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Mibs/hr of C5+ feed,I

(MM SCF/hr of N2)/(Mlbs/hr of C5+ feed).
REAL(43) -

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators perI

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.IREAL(51) - Reference C5+ feed rate to a single train in Nibs/hr
for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by theI
C5+ feed rate in Nibs/hr.

REAL(53) = Minimum size of a single train as defined by the
C5+ feed rate in Nibs/hr.I

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.I
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -I

REAL(70) - Future use.

% Desulfurization % Denitrogenation
REAL 99.99 99.988 &I

% Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feed
99.5 125.0 &
Future use (6 items)
0. 0.0 .0 m00 0 0  0.0 &U

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5.098308 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.126493 0.0 0.0 &U50 satd steam Plant fuel Cooling H200.0 0.0 0.0 0.351607 0.0 0.730963 &
Process H20 Nitrogen
0.0 0.010833 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai nI
0.0 8.0 &
Ref Flow Max Flow Min Flow
210.462 400.0 50.0 &I
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 15.6 0.7843 1.0 0.0 0.0 0.0 &
Future Use (10 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. TheseI
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values will override the default values in subroutine USR04.
FLASH-SPECS STRM - 4S-GAS KODE-2 TEMP - 135.0 PRES = 915.0

STRM - 4S-NAPH KODE=2 TEMP = 100.0 PRES = 153.0
STRM - 4S-SH20 KODE-2 TEMP - 70.0 PRES - 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL - USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 -> Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(l) - Percent desulfurization of the C6+ feed; i. e.,

Percent of sulfur removed from the entering C6+ feed.
REAL(2) - Percent denitrogenation of the C6+ feed; i. e.,

Percent of nitrogen removed from the entering C6+ feed.
REAL(3) - Percent deoxygenation of the C6+ feed.

Percent of oxygen removed from the entering C6+ feed.
REAL(4) - Chemical hydrogen consumption in SCF/bbl of C6+ feed.
REAL(5) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of C6+ feed,

kw/ (Ml bs/hr) .
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
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C6+ feed, (Mlbs/hr)/(Mlbs/hr).I
REAL(25) - Constant factor for the 900 psig saturated steam

REAL(6) -consumption, Nibs/hr.3
REAL(6) -900 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Mibs/hr)/(Mlbs/hr).
REAL(27) - Constant factor for the 600 pslg / 120 F steam

REAL(28) consumption, Nibs/hr.
REAL(8) -600 psig / 720 F steam consumption per Nibs/hr of

C6+ feed, (Mlbs/hr)/(Nibs/hr).
REAL(9) -Constant factor for the 600 psig saturated steam
REAL(9) -consumption, Nibs/hr.I

REAL(30) - 600 pslg saturated steam consumption per Nibs/hr of

REAL(1) -C6+ feed, (Mlbs/hr)/(Nibs/hr).
REAL(1) -Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption prMb/ro

REAL(3) -C6+ feed, (Nibs/hr)/(Nibs/hr). prNb/ro
REAL(3) -Constant factor for the 50 psig saturated steam

consumption, Ni bs/hr.
REAL(34) - 50 psig saturated steam consumption prMb/ro

C6+ feed, (Mlbs/hr)/(Mibs/hr). prNb/ro
REAL(35) - Constant factor for the plant fuel consumption,

REAL(6) =MM BTU/hr. prNb/ro ed
REL(6)-Plant fuel consumption pe lsh fC6+fed

(MM BTU/hr)/ (Nibs/hr).
REAL(37) - Constant factor for the cooling water consumption,

REAL(8) = gal /hr.3
REAL(8) -Cooling water consumption per Nibs/hr of C6+ feed,

(Mgal/hr)/(Mlbs/hr).
REAL(39) - Constant factor for the process water consumption,

Ngal /hr.I
REAL(40) - Process water consumption per Nibs/hr of C6+ feed,

(Mgal/hr)/(Mlbs/hr).
REAL(41) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2.I
REAL(42) - Nitrogen consumption per Nibs/hr of C6+ feed,

(MM SCF/hr of N2)/(Nibs/hr).
REAL(43) - I
REAL(48) - Future use.
REAL(49) -Constant factor for the number of operators per

day, operators/day.I
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.Nish
REAL(51) - Reference C6+ feed rate to a single train in lsh

for the calculation of the ISBI field cost of a
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
C6+ feed rate in Nibs/hr.I

REAL(53) - Minimum size of a single train as defined by the
C6+ feed rate in Nibs/hr.

REAL(54) - Constant A in the plant ISBI field cost equation.I
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the piant ISBL field cost equation.

REAL(58) = Number of spare trains.
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REAL(59)
REAL(70) Future use.

% Desulfurization % Denitrogenation
REAL 92.5 85.2 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C6+ feed
97.6 947.00 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.096936 0.0 -0.050465 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.241416 0.0 0.735694 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 4.0 &
Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 74.0 0.7467 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR05.
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leaving
Plant 4 where this fractionation is actually performed.
FLASH-SPECS STRM - 5S-HPGAS KODE=2 TEMP - 135.0 PRES = 2690.0

STRM - 5S-LPGAS KODE=2 TEMP - 135.0 PRES = 915.0
STRM - 5S-NAPH KODE-2 TEMP = 100.0 PRES = 153.0
STRM - P350-450 KODE-2 TEMP = 110.0 PRES = 80.0
STRM - P450-650 KODE=2 TEMP = 135.0 PRES = 20.0
STRM - P650-850 KODE=2 TEMP - 135.0 PRES = 20.0
STRM - 5S-SH20 KODE=2 TEMP = 135.0 PRES = 20.0

Plant 6.1 - The Hydrogen purification by Membrane Separation Plant.
BLOCK P61 USER

SUBROUTINE MODEL - USR61 REPORT - USR61
DESCRIPTION 'PLANT 6.1 THE MEMBRANE H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
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3 -> Skip writing the entire user block summary report.I
INT(2) = User block summary report destination control switch.

0 ->Write the user block summary report to the normal
ASPEN/SP output report file.I

1I= Write the user block summary report to a separate
user block output report file on logical unit 62

INT(3) called DCL61.REP.tris exldn spe.I
INT() -Number of operating duplicatetrisexldnspe.

If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.I

0> Write no additional output to the history file.
I= Write the only the subroutine entry and exit

messages to the history file.2 = Witesoe ddiioaloututto hehitor fle
2-5=> Write some e additional output to the historye

file. Larger values generate more intermediate
output.I

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Percent hydrogen recovery to the hydrogen-richI

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%.
REAL(3)-I
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of H2 recovered, U

kw/(MM SCF/hr of H2 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(25) = Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.I
REAL(26) = 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(27) = Constant factor for the 600 psig / 720 F steamI

consumption, Ml bs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).I
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Mlbs/hr. cnupinprM C/ro
REAL(2) -150 psig saturated steam cnupinprM C/ro

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REALM3) = Constant factor for the 50 psig saturated steam

REAL(4) =consumption, Mlbs/hr. prM C/ro
REAL(4) -50 psig saturated steam consumption prM C/ro
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U , H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,EE5b/hiE(M E 2r:: of H2 recovered).
REAL(37) - Constant factor for the cooling water consumption,

REAL38)- Colig wterconumpionper MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(9) -Constant factor for the process water consumption,
Mgal /hr.

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(1) -Constant factor for the nitrogen consumption,

MM SCF/hr of N2
REAL(2) -Nitrogen consumption per MN SCF/hr of H2 recovered,(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).EFuture use
REL4)- Contant fatrfrsheube.foertr eIEL9 d oay, fco frtenubro operators/day.

REAL50) Number of operators per day per train,
(operators/day)/trai n.

REA(51 -Reference hydrogen recovery rate for a single train
in MM SCF/hr of H12 for the calculation of the
ISBL field cost of a single train as a function of
capacity.IREAL(52) = Maximum size of a single train as defined by the
hydrogen recovery rate in MN SCF/hr of H2
recovered.(IREAL(53) - Minimum size of a single train as defined by the
hydrogen recovery rate in MN SCF/hr of H2
recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.IREAL(55) = Constant B in the plant ISBI field cost equation.
REAL(56) - Constant E in the plant 1581 field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) = Future use.

IPercent H2 recovery H2 purity in mole %
REAL 43.83285 99.98677 &3 , Future use (8 items)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 12254.04 0.0 0.0 0.0 0.0&600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &I50 satd steam Plant fuel Cooling H200.0 2.054966 0.0 0.0 0.0 42.705864 &
Process H20 Nitrogen
0.0 0.854117 0.0 0.0 &
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Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow Max Flow Min Flow
1.966943 2.5 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 152.6 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM - H2-RICH KODE-2 TEMP - 100.0 PRES = 3290.0

STRM - SOUR-GAS KODE-2 TEMP - 250.0 PRES = 14.7
STRM - P61-GAS KODE=2 TEMP = 111.0 PRES = 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL = USR62 REPORT = USR62
DESCRIPTION 'PLANT 6.2 THE PSA H2 PURIFICATION PLANT'
PARAM NINT = 4 NREAL 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL62.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 -> Write no additional output to the history file.
1 => Write the only the subroutine entry and exit j

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Percent hydrogen recovery to the hydrogen-rich
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U , product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or voi%.I REAL(3)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of H2 recovered,

REAL(23)(M - : SnCF/hr of H2 recovered).
REA(23 - onsantfactor for the 900 psig / 150 F steam

REAL(24 cons900piog / Nbs/hr.
REAL24) 90 psi / 70 Fsteam consumption per MM SCF/hr of

H2 recovered, (Nlbs/hr)/(MN SCF/hr of H2 recovered).
REAL(25) - Constant factor for the 900 psig saturated steamI consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of H2 recovered, (Mibs/hr)/(MM SCF/hr of H2 recovered).
REAL(21) - Constant factor for the 600 psig / 120 F steam

REAL(2 consumpion, Nibs/hr.
REAL28) 60 psi /120 F steam consumption per MM SCF/hr of

H2 rcoveed,(Nlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Nlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Nibs/hr)/(MM SCF/hr of H2 recovered).UREAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Nibs/hr)/(MM SCF/hr of H2 recovered).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) = Plant fuel consumption per NM SCF/hr of H2 recovered,
(Ni bs/hr)/(MM SCF/hr of H2 recovered).

REAL(37) - Constant factor for the cooling water consumption,(I Ngal/hr.
REAL(38) - Cooling water consumption per MM SCF/hr of H2

recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(39) - Constant factor for the process water consumption,I Ngai/hr.
REAL(40) =Process water consumption per MM SCF/hr of H2

recovered, (Nlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(41) - Constant factor for the nitrogen consumption,

REAL(42) - Nitrogen consumption per MN SCF/hr of H2 recovered,
(MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).

REAL48)- Fuureuse.

day, operators/day.
REAL(0) -Number of operators per day per train,

(operators/day)/trai n.

REAL(51) - Reference hydrogen recovery rate for a single train
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in MM SCF/hr of H2 for the calculation of the
ISBL field cost of a single train as a function of
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) - Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

The cost of Plant 6.2 is included in Plant 6.1.
Percent H2 recovery H2 purity in mole %

REAL 89.5033 90.01665 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 15.32654 0.0 0.0 0.0 87.29583 &
Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
3.61667 5.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR62.
FLASH-SPECS STRM - H2-2RICH KODE=2 TEMP = 100.0 PRES = 3290.0

STRM - SOUR-2GS KODE=2 TEMP = 250.0 PRES - 14.7
STRM - GAS-OUT KODE-2 TEMP - 111.0 PRES - 25.0
STRM - NAPHTHA2 KODE=2 TEMP = 100.0 PRES = 50.0

Plant The naphtha reformer - use user Fortran block USR07.
BLO K P07' USER

SUBROUTINE MODEL = USR07 REPORT = USR07
DESCRIPTION 'PL ANT 7 - THE NAPHTHA REFORMER'
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PARAM HINT -4 NREAL - 70
The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 ->Write the complete user block summary report.

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 >Skip writing the entire user block summary report.

INT() - serblock summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
1I Write the user block summary report to a separateU user block output report file on logical unit 62

called DCL07.REP.
IN()- Number of operating duplicate trains, excluding spares.

If INT(3) = 0, the minimum number of duplicate

of each plant does not exceed the maximum train

capacity specified by variable REAL(52).I If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0> Write no additional output to the history file.
I> Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.

3-5 =>Write some more additional output to the historyI file. Larger values generate more intermediate
output.

INT 0 1 0 1*The following 10 real parameters are:
REAL(1) -
REAL(20) - Future use.

; REAL(21) - Constant factor for the power consumption, kw.IREAL(22) - Power consumption per Mlbs/hr of feed,
kw/(Mlbs/hr of feed).

REAL(23) = Constant factor for the 900 psig / 150 F steamI consumption, Ml bs/hr.
REAL(24) = 900 psig / 150 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(25) - Constant factor for the 900 psig saturated steamI consumption, Ml bs/hr.
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

REAL(28) consumption, Ml bs/hr.
REAL(8) -600 psig / 720 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(9) -Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

* feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
REAL(32) = 150 psig saturated steam consumption per Mlbs/hr of
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feed, (Mlbs/hr)/(Nlbs/hr of feed).I
REAL(33) -Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr ofI

feed, (Mlbs/hr)/(Nlbs/hr of feed).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.I
REAL(36) - Plant fuel consumption per Mlbs/hr of feed,

(Nil BTU/hr)/(Nlbs/hr of feed).
REAL(37) - Constant factor for the cooling water consumption,

14gal/hr.I
REAL(38) -Cooling water consumption per Mlbs/hr of feed,

(Mgal/hr)/(Mlbs/hr of feed).
REAL(39) - Constant factor for the process water consumption, I

Ngal /hr.
REAL(40) - Process water consumption per Nlbs/hr of feed,

(Mgal/hr)/(Nlbs/hr of feed).
REAL(41) - Constant factor for the nitrogen consumption,I

MM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nlbs/hr of feed,

(MM SCF/hr of N2)/(Mlbs/hr of feed).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference feed rate to a single train in Mlbs/hrU
for the calculation of the ISBL field cost of a
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the I
feed rate in Nlbs/hr.

REAL(53) = Minimum size of a single train as defined by the
feed rate in Nlbs/hr.

REAL(54) - Constant A in the plant ISBL field cost equation.I
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59)-

REAL(70) - Future use.
Future use (10 items)

REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a
Future use (10 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 2.26494 0.0 0.0 0.0 0.0 &I
600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 1.41781 0.0 0.123590 &I
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &I
Future Use (6 items)
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0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8. &
Ref Flow Max Flow Min Flow
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR07.
FLASH-SPECS STRM - 7S-H2 KODE-2 TEMP - 80.0 PRES = 14.7

STRM - 7S-GAS- KODE=2 TEMP - 80.0 PRES - 14.7
STRM - REFORMED KODE-2 TEMP - 80.0 PRES = 14.7

Plant 8.1 - The ROSE-SR unit - user Fortran block USR81.
BLOCK P81 USER

SUBROUTINE MODEL = USR81 REPORT = USR81
DESCRIPTION 'PLANT 8.1 - THE ROSE-SR UNIT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL81.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Hydrocarbon rejection factor.
REAL(2)-
REAL(20) - Future use.
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REAL(21) - Constant factor for the power consumption, kw.I
REAL(22) - Power consumption per Nibs/hr of extract,

kw/(Nlbs/hr of extract).
REAL(23) - Constant factor for the 900 psig / 750 F steam Uconsumption, Nibs/hr.
REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of

extract, (Mlbs/hr)/(Mlbs/hr of extract).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

extract, (Nlbs/hr)/(Mlbs/hr of extract).1
REAL(21) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr ofIextract, (Nlbs/hr)/(Mlbs/hr of extract).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per Nibs/hr ofI

extract, (Mlbs/hr)/(Nlbs/hr of extract).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr. BREAL(32) - 150 psig saturated steam consumption per Nibs/hr of
extract, (Mibs/hr)/(Nibs/hr of extract).

REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Ni bs/hr.

REAL(34) - 50 psi9 saturated steam consumption per Nibs/hr of
REL3) -extract, (Mb/r/Mb/rof extrac~t). nREL3)-Constant factor for the patfuel cosmpin

MM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of extract,

(Nlbs/hr)/(Nlbs/hr of extract).
REAL(37) - Constant factor for the cooling water consumption,

REAL(38) =Cooling water consumption per Nibs/hr of extract,3
(Nibs/hr)/(Nlbs/hr of extract).

REAL(39) = Constant factor for the process water consumption,
REL40 Process water consumption per Nibs/hr of extract,

(Nlbs/hr)/(Nlbs/hr of extract).
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2I
REAL(42) - Nitrogen consumption per Nlbs/hr of extract,

(MM SCF/hr of N2)/(Nibs/hr of extract).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) = Number of operators per day per train,I
(operators/day)/trai n.

REAL(51) - Reference feed rate to a single train in Nibs/hr of
unit feed for the calculation of the capital cost of
a single train as a function of train capacity.I

REAL(52) - Maximum size of a single train as defined by the
unit feed rate in Nlbs/hr of unit feed.

REAL(53) - Minimum size of a single train as defined by the
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unit feed rate in Mlbs/hr of unit feed.
REAL(54) - Constant A in the plant costing equation.
REAL(55) - Constant B in the plant costing equation.
REAL(56) - Constant E in the plant costing equation.
REAL(57) = Constant F in the plant costing equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.
Hydrocarbon rejection factor

REAL 1.0 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.098677 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0471832 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.393518 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
907.390 1500.0 500.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 42.2 0.7215 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR81.
FLASH-SPECS STRM - ROSE-XTR KODE=2 TEMP = 300.0 PRES = 115.0

STRM - ASH-CONC KODE=2 TEMP = 150.0 PRES = 14.7

Plant 9 - H2 Production by coal gasification, Use the User Fortran
Block USR09.

BLOCK P09 USER
SUBROUTINE MODEL - USR09 REPORT = USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal
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ASPEN/SP output report file called DCL09.REP.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62.
INT(3) - Number of operating duplicate trains, excluding spares.

If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) - Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) - Fraction of carbon entering the gasifier that goes

to carbonyl sulfide (COS).
REAL(3) = Fraction of carbon entering the gasifier that goes

to methane (CH4).
REAL(4) - Fraction of nitrogen entering the gasifier that goes

to ammonia (NH3).
REAL(5) - Carbon content of the slag produced by the gasifier,

wt %. 
AREAL(6) - Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reaction

CO + H20 ----- > C02 + H2
REAL(7) - Fraction of carbonyl sulfide (COS) entering the shift

reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS + H20 ----- > C02 + H2S
REAL(8) - Future use.
REAL(9)-
REAL(20) = Rectisol section component distribution factors,

where
REALM - Fraction of inlet H2 going to the hydrogen-rich

gas stream.
REAL00) = Fraction of inlet H2 going to the acid gas stream.
REAL(II) - Fraction of inlet CO going to the hydrogen-rich

gas stream.
REAL(12) = Fraction of inlet CO going to the acid gas stream.
REALM) - Fraction of inlet C02 going to the hydrogen-rich

gas stream.
REAL(14) - Fraction of inlet C02 going to the acid gas stream.
REALM) - Fraction of inlet CH4 going to the hydrogen-rich

gas stream.
REAL06) - Fraction of inlet CH4 going to the acid gas stream.
REAL(17) - Fraction of inlet N2 going to the hydrogen-rich

gas stream.
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REAL(18) - Fraction of inlet N2 going to the acid gas stream.
REAL(19) - Fraction of inlet H2S going to the hydrogen-rich

gas stream.IREAL(20) - Fraction of inlet H2S going to the acid gas stream.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) -Power consumption per NM SCF/hr of hydrogenI, produced, kw/(MM SCF/hr of H2).
REAL(23) - Constant factor for the 900 pslg / 750 F steam

consumption, Nibs/hr.
REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(21) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 120 F steam consumption per MM SCF/hr of

hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).
REAL(29) - Constant factor for the 600 psig saturated steamI consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Nibs/hr)/(MM SCF/hr of H2).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption per NM SCF/hr of

hydrogen produced, (Nibs/hr)/(MM SCF/hr of H2).
REALM3) = Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr ofI hydrogen produced, (Mibs/hr)/(MM SCF/hr of H2).
REAL(35) - Constant factor for the plant fuel consumption,

NM BTU/hr.
REAL(36) - Plant fuel consumption per NM SCF/hr of hydrogenI produced, (MM BTU/hr)/(M4 SCF/hr of H2).
REAL(37) - Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) - Cooling water consumption per NM SCF/hr of hydrogen

produced, (Ngal/hr)/(NM SCF/hr of H2).
REAL(39) = Constant factor for the process water consumption,

Ngal /hr.
REAL(40) - Process water consumption per NM SCF/hr of hydrogen

produced, (Ngal/hr)/(MM SCF/hr of H2).
REAL(41) - Constant factor for the nitrogen consumption,B NM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MM SCF/hr of hydrogen

produced, (NM SCF/hr of N2)/(NM SCF/hr of H2).

A(3REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
* REAL(50) - Number of operators per day per operating train,

REAL(1) =(operators/day)/trai n.
REAL(1) -Reference hydrogen production rate of a single train

in MM SCF/hr of H2 for the calculation of the ISBI
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field cost of a single train as a function of train
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(53) - Minimum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) - Future use.

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen-rich product gas stream and NOT the total
flow rate of the hydrogen-rich product gas stream.

Frac C Frac C Frac N %C in
CO/CO2 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future use
Adjust the fraction of CO shifted to get true H2 rate.
0.9611 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 24. &
Ref Flow Max Flow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR09.

FLASH-SPECS STRM - H2-GAS KODE-2 TEMP - 80. PRES = 14.7
STRM - H2S-GAS KODE-2 TEMP = 80. PRES = 14.7
STRM - VENT-GAS KODE-2 TEMP - 80. PRES - 14.7
STRM - 9S-SH20 KOOE-2 TEMP - 80. PRES - 14.7
STRM - SLAG KODE-2 TEMP - 80. PRES = 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL - USR91 REPORT - USR91
DESCRIPTION 'PLANT 9.1 STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL91.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INT(3) - 0, the minimum number of duplicate
plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, this number of duplicate plants will
be used.

INT(4) History fille additional output control switch.
0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) - Fraction of CH4 reacting to produce H2 and C02.
REAL(2) - Fraction of CH4 reacting to produce H2 and CO.
REAL(3) - Fraction of hydrogen produced that leaves in the

hydrogen-rich product gas stream.
REAL(4) - Purity of the hydrogen-rich product gas. mole
REAL(5) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of hydrogen produced,

kw/(MM SCF/hr of H2).
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REAL(23) - Constant factor for the 900 psig / 750 F steamI
consumption, Nibs/hr.

REAL(4) -900 pslg / 150 F steam consumption per MM SCF/hr of
REAL(4) -hydrogen produced, (Mlbs/hr)/(NII SCF/hr of H2).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MI SCF/hr of H2).

REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of I
hydrogen produced, (Nlbs/hr)/(MM SCF/hr of H2).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.I

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Nlbs/hr)/(MM SCF/hr of H2).

REAL(31) - Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.

REAL(32) = 150 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) = 50 psig saturated steam consumption per 191 SCF/hr of
hydrogen produced, (Nibs/hr)/(M4 SCF/hr of H2).

REAL(35) - Constant factor for the plant fuel consumption,I
MM BTU/hr.

REAL(36) - Plant fuel consumption per MM SCF/hr of hydrogen
produced, (NM BTU/hr)/(MM SCF/hr of H2). i

REAL(31) - Constant factor for the cooling water consumption,
REAL(8) =Mgal /hr. cnupinprM C/ro
REL3)=Cooling water cosmto e MSFh fhydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(39) - Constant factor for the process water consumption,

REAL(40) = Process water consumption per MM SCF/hr of hydrogen
produced, (Mgal/hr)/(MM SCF/hr of H2).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2..

REAL(42) - Nitrogen consumption per NM SCF/hr of hydrogen
produced, (MM SCF/hr of N2)/(MSFhofH)

REAL(43) - ofISFhro .,REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per operating train,

(operators/day)/trai n.
REAL(51) - Reference hydrogen production rate of a single train

in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Maximum plant size as defined by the hydrogen 3
production rate in MM SCF/hr of H2.

REAL(53) - Minimum plant size as defined by the hydrogen
production rate in MM SCF/hr of H2.

REAL(54) = Constant A in the plant ISBI field cost equation.
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REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) = Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
31.4 is set so as to maintain the same total number of
operators as used for the baseline design.

Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity
R EAUL 0.638648 0.04429' 0.8862694 100.0 &

Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR091.
FLASH-SPECS STRM H2-PROD KODE=2 TEMP = 100.0 PRES = 500.0

STRM FLUE-GAS KODE=2 TEMP - 250.0 PRES = 14.7

Plant 10 - Air Separation Plant - Use the User Fortran Model USRIO.
BLOCK PIO USER

SUBROUTINE MODEL - USR10 REPORT = USRIO
DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
I -> Skip the capital cost portion of the summary

report.
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2- Skip the capital cost and utilities portionsI
of the summary report.

3> Skip writing the entire user block summary report.
INT(2) -User block summary report destination control switch.I0 ->Write the complete user block summary report to

the normal ASPEN/SP output report file.
1- Write the complete user block summary report toI

a separate user block output report file on
logical unit 62 CALLED DCL10.REP.

INT(3) -Number of operating duplicate trains, excluding
spares.I
If INT(3) -0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) =History file additional output control switch.

0> Write no additional output to the history file.
I =>Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.

3-5 ->Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 70 real parameters are:
REAL(1) = Purity of the product oxygen stream, mole %

REAL(2) - Purity of the product nitrogen stream, mole %
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per MM SCF/hr of the oxygen stream

flow rate, kw/(M4 SCF/hr of 02).
REAL(23) - Constant factor for the 900 psig / 150 F steam

consumption, Mlbs/hr.I
REAL(24) = 900 psig / 150 F steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/414 SCF/hr of 02).I

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.

REAL(26) = 900 psig saturated steam consumption per MM SCF/hr ofI
the oxygen stream flow rate,

REAL(1) -(Mlbs/hr)/(4M SCF/hr of 02).
REAL(7) -Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.V
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/4M SCF/hr of 02).REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Nlbs/hr. cnupinprM C/ro
REAL(0) -600 psig saturated steam cnupinprM C/ro

the oxygen stream flow rate,
(Mlbs/hr)/(M4 SCF/hr of 02).

REAL(31) - Constant factor for the 150 psig saturated steamj
consumption, Nibs/hr.
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IREAL(32) = 150 psig saturated steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).IREAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) = 50 psig saturated steam consumption per MM SCF/hr ofI the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.IREAL(36) - Plant fuel consumption per MM SCF/hr of the oxygen
stream flow rate, (MM BTU/hr)/(M4 SCF/hr of 02).

REAL(31) - Constant factor for the cooling water consumption,I Mgal/hr.
REAL(38) - Cooling water consumption per MM SCF/hr of the oxygen

stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).
REAL(39) -Constant factor for the process water consumption,I Mgal/hr.
REAL(40) - Process water consumption per MM SCF/hr of the oxygen

stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).aREAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of the oxygen
stream flow rate,
(MM SCF/hr of N2)/(M4 SCF/hr of 02).

REAL(43) -
REAL(48) - Futurepjse.£REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,I REA(51) (operators/day)/train.

REAL(1) -Reference oxygen production rate for a single train
in MM SCF/hr of 02 for the calculation of the
ISBI field cost of a single train as a function ofK train capacity.

REAL(52) - Maximum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.

REAL(53) - Minimum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.

REAL(54) = Constant A in the plant ISBI field cost equation.
; REAL(55) = Constant B in the plant ISBL field cost equation.IREAL(56) = Constant E in the plant ISBL field cost equation.

REAL(57) - Constant F in the plant ISBI field cost equation.
; REAL(58) - Number of spare trains.IREAL(59) -

REAL(70) = Future use.

NOTES:
Hence, argon is lumped with nitrogen.

2. MM SCF/hr of 02 means the oxygen production rate inI MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.

I,%02 in 02 %N2 in N2 Future Use (8 items)
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REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Flow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR10.

FLASH-SPECS STRM - 10S01 KODE=2 TEMP - 80.0 PRES = 350.0
STRM - 10S02 KODE-2 TEMP - -275.0 PRES - 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USR11.
BLOCK P11 USER

SUBROUTINE MODEL = USRII REPORT = USRII
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the

normal ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL11.REP.

INTM - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
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1I Write the only the subroutine entry and exit
messages to the history file.

2- Write some additional output to the history file.I 3-5 ->Write some more additional output to the history
file. Larger values generate more intermediate
output.

I, NTThe following 70 real parameters are:
REAL(I) -Fractional sulfur recovery; fraction of sulfur in

the entering H2S and COS that is recovered in theI product liquid sulfur stream. All entering liquid
sulfur entering in the feed stream is assumed to
be recovered in the liquid sulfur product stream.

'I REAL(2)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) = Power consumption per Nibs/hr of product sulfur,

REAL(23) = Constant factor for the 900 psig / 750 F steam
consumption, Nibs/hr.VREAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of
product sulfur, (Mibs/hr)/(Mibs/hr).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per Nibs/hr of
product sul fur, (Ni bs/hr)/(Nl bs/hr).

REAL(21) - Constant factor for the 600 psig / 720 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr of
product sul fur, (Mi bs/hr)/(Ml bs/hr).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per Nibs/hr of
product sul fur, (Nibs/hr)/(Mlbs/hr).IREAL(31) - Constant factor for the 150 psig saturated steam
consumption, Ni bs/hr.

REAL(32) - 150 psig saturated steam consumption per Nibs/hr ofI product sul fur, (Nibs/hr)/(Nlbs/hr).
REAL(33) - Constant factor for the 50 psig saturated steam

REAL(4) -consumption, Nibs/hr.
REAL(4) -50 psig saturated steam consumption per Nibs/hr ofI product sul fur, (Nibs/hr)/(Nlbs/hr).

REAL(35) - Constant factor for the plant fuel consumption,
MN BTU/hr.IREAL(36) - Plant fuel consumption per Nibs/hr of product sulfur,
(NMM BTU/hr)/(Nlbs/hr).

* REAL(31) - Constant factor for the cooling water consumption,I Ngal/hr.
REAL(38) - Cooling water consumption per Nibs/hr of product

sulfur (Mgal/hr)/(Nlbs/hr).
REAL(39) - Constant factor for the process water consumption,

REAL(0) =Ngal/hr.

REAL(0) =Process water consumption per Nibs/hr of product
REAL(1) -sulfur, (Ngal/hr)/(Nlbs/hr).IEL41 Constant factor for the nitrogen consumption,
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MM SCF/hr of N2.I
REAL(42) - Nitrigen consumption per Nibs/hr of product sulfur,

REAL(3) -(MM SCF/hr of N2)/(Mlbs/hr).I

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train, '

(operators/day)/trai n.
REAL(51) - Reference product sulfur flow rate of a single train

in Nibs/hr of S for the calculation of the 1581 fieldI
cost of a single train as a function of capacity.

REAL(52) - Maximum size of a single train as defined by the
product sulfur flow rate in Mlbs/hr of S.

REAL(53) - Minimum size of a single train as defined by the
product sulfur flow rate in Mlbs/hr of S.

REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.AREAL(56) - Constant E in the plant ISBI field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59)-
REAL(10) = Future use..

S recoveryI
REAL 0.998482 &

Future Use (19 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &I0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 49.60954 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022271 &
50 satd steam Plant fuel Cooling H20
0.0 0.882473 0.0 1.117916 0.0 7.89929 &Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)I
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 5.0 &
Ref Flow Max Flow Min FlowI
15.4305 16.5 5.0 &
Plant cost equation costants.
A B E F Spares Future use (3 items)0.0 11.675 0.7823 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR0l.
FLASH-SPECS STR4 - 11S-FGAS KODE=2 TEMP - 80.0 PRES = 14.7/I

STRN - 11S-LIQS KODE=2 TEMP = 80.0 PRES = 14.7

Plant 31 - The Utilities plant - user Fortran block USR31.
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BLOCK P31 USER
SUBROUTINE MODEL - USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT - 20 NREAL - 20

The following 20 integer parameters are:
INT(I) User block summary report control switch.

0 Write the complete user block summary report.
I Not used.
2 Not used.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(S) Future use.
INT(6) Switches to select which fuels are burned in the steam
INT(10) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 - Plant fuel

INT(II) - Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(II) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(12) fuel is used, etc.
The fuel codes are
I - Coal
2 - ROSE-SR unit bottoms
3 - Coke
4 - Natural gas
5 = Plant fuel
6 = Purchased electric power
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INT(17) -
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REAL(l) - Reference electric power generation rate of a single

train in MW.
REAL(2) - Maximum size of a single train as defined by the

electric power generation rate in MW.
REAL(3) - Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) - Constant A in the plant costing equation.
REAL(5) - Constant B in the plant costing equation.
REAL(6) - Constant E in the plant costing equation.
REAL(7) - Constant F in the plant costing equation.
REAL(8) = Number of spare trains.
REAL(9) = Future use
REAL(IO) - Future use
REAL(II) - Constant factor for the number of operators per

day, operators/day.
REAL(12) - Number of operators per day per train,

(operators/day)/train.
REAL(13) -

IREAL(20) - Future use.

Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Plants 31.1 and 31.4 - The Fluidized Bed Combustor and Steam Turbine
Generator unit - user Fortran block USRA6.

BLOCK P314 USER
SUBROUTINE MODEL - USRA6 REPORT USRA6
DESCRIPTION 'PLANTS 31.1 AND 31.4 THE FLUIDIZED BED COMBUSTOR AND
STEAM TURBINE GENERATOR UNIT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

IINT(2) User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate
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I user block output report file on logical unit 62
called DCLA6.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

INT4) ~trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).
IfINT(3) > 0, the number of duplicate plants.

INT() -History file additional output control switch.
0- Write no additional output to the history file.£ 1- Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.a 3-5 ->Write some more additional output to the history

file. Larger values generate more intermediate
output.

INT 0 1 0 1IThe following 70 real parameters are:
REAL(1) - Solids production expressed as fraction of URCOAL

in feed ending up in solids.£ REAL(2)-
REAL(20) -Future use.

REAL(21) - Constant factor for the power consumption, kw.IREAL(22) - Power consumption per Mlbs/hr of unit feed,
kw/(Mlbs/hr of unit feed).I

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Mlbs/hr.IREAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(25) - Constant factor for the 900 psig saturated steam3' , consumption, Ml bs/hr.
REAL(26) =900 psi9 saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).IREAL(29) - Constant factor for the 600 psig saturated steam
consumption, Ml bs/hr.

REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of
unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Ml bs/hr.

REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of
------ Iunit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.3REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of
unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.

REAL(36) - Plant fuel consumption per Mlbs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(31) - Constant factor for the cooling water consumption,

Mgal/hr.
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REAL(38) - Cooling water consumption per Mlbs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(39) - Constant factor for the process water consumption,
Mgal /hr.

REAL(40) -Process water consumption per Nibs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(41) - Constant factor for the nitrogen consumption,I
NiM SCF/hr of N2

REAL(42) -.Nitrogen consumption per Nibs/hr of unit feed,
(NM SCF/hr of N2)/(Mlbs/hr of unit feed).

REAL(43) - a
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.a

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) = Reference feed rate to a single train in Mlbs/hr of
unit feed for the calculation of the ISBL field cost
of a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.I

REAL(53) = Minimum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(54) - Constant A in the plant ISBI field cost equation.I
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains. '
REAL(59) -

REAL(70) = Future use.

NOTE: The number of operators in this plant and Plant 9lis set so
as to maintain the same total number of operators as used
for the baseline design.I

Fraction of URCOAL in feed ending up in solids
REAL 0.8500914 &

Future use (9 items)I
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &1
Power 900/150 F steam 900 satd steam
0.0 -552.6414 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 27.99327 &
Process H20 Nitrogen
0.0 0.06900667 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &I
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow

368.660 400.0 30.0 &
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Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet stream. These
; values will override the default values in subroutine USRA6.

FLASH-SPECS STRM - SA6-01 KODE=2 TEMP - 130.0 PRES = 14.7

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL - USR38 REPORT - USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
1 -> Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL38.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Ammonia recovery, percent.
REAL(2) - Purity of ammonia product, wt
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of NH3 recovered,

kw/(Mlbs/hr of NH3 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of
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NH3 recovered, (Mlbs/hr)/(Mlbs/hr of NH3 recovered).U
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr ofI

NH3 recovered, (Mlbs/hr)/(Nlbs/hr of NH3 recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.I
REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr of

REAL(9) -NH3 recovered, (Nlbs/hr)/(Nibs/hr of NH3 recovered).
REAL(9) -Constant factor for the 600 pslg saturated steam

consumption, Nibs/hr.I
REAL(30) - 600 psig saturated steam consumption per Nibs/hr of

NH3 recovered, (Nlbs/hr)/(Nlbs/hr of NH3 recovered).
REAL(31) - Constant factor for the 150 psig saturated steamI

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

NH3 recovered, (Nlbs/hr)/(Nlbs/hr of NH3 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

NH3 recovered, (Nlbs/hr)/(Nibs/hr of NH3 recovered).
REAL(35) = Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of NH3 recovered,

(MM BTU/hr)/(lbs/hr of NH3 recovered).
REAL(37) - Constant factor for the cooling water consumption,

Ngal /hr.
REAL(38) - Cooling water consumption per Nibs/hr of NH3 a

recovered, (Ngal/hr)/(Mlbs/hr of NH3 recovered).
REAL(39) - Constant factor for the process water consumption,

Ngal/hr.
REAL(40) - Process water consumption per Nibs/hr of NH3

recovered, (Ngal/hr)/(Nlbs/hr of NH3 recovered).
REAL(41) - Constant factor for the nitrogen consumption,U

NM SCF/hr of N2.
REAL(42) - Nitrogen consumption per Nibs/hr of NH3 recovered,

(NM SCF/hr of N2)/(lbs/hr of NH3 recovered).
REAL(43)-

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.I
REAL(50) - Number of operators per day per operating train,

(operators/day)/trai n.
REAL(51) - Reference NH3 recovery rate of a single train in

Nibs/hr for the calculation of the ISBI field costI
of a single train as a function of train capacity.

REAL(52) - Naximum size of a single train as defined by the
NH3 recovery rate in Nibs/hr of NH3 recovered.

REAL(53) - Ninimum size of a single train as defined by the
NH3 recovery rate in Nibs/hr of NH3 recovered.

REAL(54) - Constant A in the plant ISBL field cost equation.REA(5) Cnsan B n heplntISL fel csteqaton
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.

REAL(58) = Number of spare trains.
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REAL(59) -
REAL(70) - Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR38.
FLASH-SPECS STRM - NH3-PROD KODE=2 TEMP = 80. PRES = 14.7

STRM - 38S-OUT KODE=2 TEMP = 80. PRES = 14.7

; Component splitter to generate the vapor and liquid streams
; leaving Plant 38, the ammonia recovery plant.
BLOCK P38A SEP

FRAC SUBS - MIXED STRM - 38AS-VAP &
COMP H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
C2H6 C3H8 IC4H10 NC4H10 IC5HI2 NC5H12 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492

FLASH-SPECS STRM - 38AS-VAP TEMP=90.0 PRES=25.0 NPK=I KPH=1
STRM - 38AS-LIQ TEMP=90.0 PRES=25.0 NPK=1 KPH=2
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Flow splitter to generate the waste water stream going to the
; gasifier, Plant 9, and the stream going to the phenol recovery
; pl ant, Pl ant 39.
BLOCK P38B FSPLIT

FRAC WASTE 0.28595
PARAM NPK-1 KPH-2

Pl ant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL - USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 -> Write the complete user block summary report.
1 => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) - Phenol recovery, percent.
REAL(2) - Purity of phenol product, wt
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of phenol recovered,

kw/(Mlbs/hr of phenol recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
recovered).
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REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per Nibs/hr ofI phenol recovered, (Nlbs/hr)/(Mibs/hr of phenol
recovered).

REAL(27) - Constant factor for the 600 psig / 120 F steamI consumption, Nibs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr ofphenol recovered, (Nlbs/hr)/(Mlbs/hr of phenol

recovered).IREAL(29) - Constant factor for the 600 psig saturated steam
consumption, Ni bs/hr.

REAL(30) - 600 psig saturated steam consumption per Nibs/hr of3 , phenol recovered, (Nlbs/hr)/(Nlbs/hr of phenol
recovered).

REAL(31) - Constant factor for the 150 pslg saturated steam
consumption, Ni bs/hr.IREAL(32) = 150 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Nibs/hr)/(Mibs/hr of phenol
recovered).IREAL(33) = Constant factor for the 50 psig saturated steamconsumption, Nibs/hr.

REAL(34) -50 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Nlbs/hr)/(Mibs/hr of phenol
recovered).

REAL(35) - Constant factor for the plant fuel consumption,
NM BTU/hr.5'REAL(36) - Plant fuel consumption per Nibs/hr of phenol
recovered,
(MM BTU/hr)/(Nlbs/hr of phenol recovered).

REAL(31) - Constant factor for the cooling water consumption,
REAL(39) = Cooling water consumption per Nibs/hr of phenol

recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).1REAL(39) - Constant factor for the process water consumption,
Mgal /hr.

REAL(40) = Process water consumption per Nibs/hr of phenolI. recovered, (Mgal/hr)/(Nlbs/hr of phenol recovered).
REAL(41) - Constant factor for the nitrogen consumption,

NN SCF/hr of N2.
REAL(42) -Nitrogen consumption per Nibs/hr of phenol recovered,

(MN SCF/hr of N2)/(Nlbs/hr of phenol recovered).
REAL(43) -

; REAL(48) = Future use.
REAL(49) - Constant factor for the number of operators per

REAL50)day, operators/,day.
REAL(0) -Number of operators per day per operating train,

(operators/day)/trai n.
REAL(1) -Reference phenoi recovery rate of a single train in

Nibs/hr for the calculation of the IKSBL field cost
of a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
phenol recovery rate in Nlbs/hr of phenol recovered.

REAL(53) - Ninimum size of a single train as defined by the
phenol recovery rate in Nibs/hr of phenol recovered.
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REAL (54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR39.
FLASH-SPECS STRM = PHENOL KODE=2 TEMP - 80. PRES = 14.7

STRM = WASTEH20 KODE=2 TEMP = 80. PRES = 14.7

Plant SA6 separates the combined product stream from Plants 31.1
and 31.4 into two streams, one for flue gas and another for solids.
The separation is set to the URCOAL fraction in the solids stream.

BLOCK SA6 SEP
FRAC SUBS-NC STREAM-FBC-SOL COMP=URCOAL FRAC=0.8500914

SUBS-MIXED STREAM-FBC-SOL COMP=T1000+ FRAC=I.OD-10

Splitter S1 - The Inlet Coal Splitter. Used as a switch to divert
flow between the three different coal cleaning options, as represented
by the three different Coal Cleaning and Preparation Plants:
Base Case (IS01), Alternate Case I (IS11), and Alternate Case 2 (IS21).

BLOCK S! FSPLIT
DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'
FRAC 1SOI 1.0 / IS11 0.0 / 1S21 0.0
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I ; Splitter S2 - The Clean Coal Splitter.
BLOCK S2 FSPLIT

DESCRIPTION 'CLEAN COAL SPLITTER'1 FRAC COALT014 0.736227

Splitter S6-SH20 is a component splitter to generate a pseudo
sour-water stream from Plant 6 to get the NH3 to Plant 38, theI Ammonia Recovery Plant.

BLOCK S6-SH20 SEP
DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'
FRAC SUBS-MIXED STREAM-6S-SH20 COMP-NH3 FRAC-1 .0
;Splitter S7 - The Product Naphtha Splitter. Used as a switch toI; divert flow between the naphtha reformer, Plant 7 and output to
;naphtha product.

BLOCK S7 FSPLIT
DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'

Usethefollowing line to direct total flow to the reformer, or....
FRAC 7-NAPH 1.0I Use the following line to direct total flow to the product stream.FRAC PNAPHTHA 1.0

Splitter S8 - The Ash-Concentrate Splitter. Used as a switch toI divert flow between the fluidized bed combustor, Plant 314 and the
coal gasification train; Plants M9C, P09, & PlO.

£ BLOCK S8 FSPLIT
DESCRIPTION 'ASH-CONCENTRATE SPLITTER - FBC OPTION 6 SWITCH'
Direct the ash-concentrate flow to coal gasification.
FRAC 58-ASHC 1.0

I ,Splitter S9 -The dummy hydrogen splitter used to switch between
the two hydorgen production alternatives, Plant 9.0/10 - coal
gasification, or Plant 9.1 - steam reforming of methane.I BLOCK S9 FSPLIT

DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'
Set an H2 target flow for Plant 9.0/10 - coal gasification.I, FRAC H9NEED 1.0

PARAI4 NPK=1 KPH=1

3 ~ Stream Report Section

STREAM-REPORT PlA
STREAMS STR4 - ROI4COAL 1S-CCOAL 9COAL COALT014 COALT02 &

14S-XMID 14S-REF 1S-XMID IS-REFSE &
ASH-CONC S8-ASHC COALT09 9-FEED SLAG SOLVENT &
2S-BOTTS FBC-FEED SA6-01 FBC-SOL FBC-GAS

FLOW-FRAC SUBS-MIXED BASES-MASS / SUBS=NC BASES=MASS
INTENSIVE-PROPS SUBS-MIXED BASES=MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP/I SUBS-NC BASES-MASS &
PROPS=TEMP PRES MW ENTH DENS

ATTRIBUTES SUBS=NC COMPONENT
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STREAM-REPORT PIB
STREAMS STRM 1S-WATER 14S-WAT 2-H20IN 2-H2IN H2MIX 2-H2MIX &

SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &
NAPHTHA GAS-OIL H2-RICH SOUR-GAS P61-GAS &
H2-2RICH SOUR-2GS GAS-OUT NAPHTNA2 3-GAS &
3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20 &
4-FEED 4-H21N 4-H20IN 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H21N 5-H20IN &
5S-NAPH P350-450 P450-650 P650-850 5S-SH20 &
PS-NAPH PNAPHTHA 7-NAPH 7S-H2 7S-GAS REFORMED &
61-HYD 62-HYD N9H2 M9H4 M9H5 MHNEED &
H9NEED H91NEED &
10-AIRIN 10SO1 IOS02 9-02IN 9-H20IN 9-STEMIN &
H2-GAS H2S-GAS VENT-GAS 9S-SH20 &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SH20 11-FEED IIS-FGAS 11S-LIQS 31S-01 &
38-FEED NH3-'PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS=MIXED BASES=MASS
INTENSIVE-PROPS SUBS=MIXED BASES=MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP

End of input file OPT6.INP
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR OPTION 7 -- I

ADDITION OF A NAPHTHA REFORMER

NEW

File: OPT7.INP

TITLE IDCLN - DIRECT COAL LIQUEFACTION - BASELINE, NTH PLANT SIMULATION'

DESCRIPTION &
ASPEN/SP INPUT FILE FOR SIMULATING THE BASELINE DESIGN FOR THE NTH
PLANT. THIS INPUT FILE ALSO CAN BE USED TO RUN OPTION 6 (STEAM
REFORMING OF NATURAL GAS FOR HYDROGEN PRODUCTION WITH AN FBC UNIT)
AND OPTION 7 (NAPHTHA REFORMING).'

NOTES:
I. The dry clean coal feed rate to the Plant 2 coal liquefaction

reactors is set in the design specification DES-SPEC COALFLO.
2. The switches LOSBL and LPLANT contained in Fortran block SUMMARY

control the costing logic for OSBL and first or Nth plant.
3. Option 6 (hydrogen production by steam reforming of natural

gas with an FBC unt) is activated by variable N9 in Fortran
block OPTION6. When N9 = 1, Option 6 is invoked.

4. Option 7 (naphtha reforming) is activated in Block S7 by
sending all the hydrotreated naphtha to Plant 7 rather than
to the product PNAHTHA.

5. The costing logic is controlled by switches in Fortran block
SUMMARY.

Last revision - July 16, 1992.

Prepared under DOE contract no. DE-AC22 90PC89857.

IN-UNITS ENG
OUT-UNITS ENG
HISTORY-UNITS ENG
RUN-CONTROL MAX-ERRORS=100

; The following two lines are used with V8.0 to produce the overall
; and block elemental balances.
;REPORT ATOMBAL
;BLOCK-REPORT ATOMBAL

HISTORY MSG-LEVEL PROPERTIES-2
MAX-PRINT PROPERTIES=100 SIMULATION=2000

nr T eePROPERIIES SSYSOP2 GLOBAL

PSEUDO-COMPS
METHOD METCCOAL -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 &
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;The following APIs and MWs are revised from the ASPEN/SP predictions.
;Component T1000+ is the 1000+ F material leaving the second coal

liquefaction reactor in Plant 2.
:Component 11000+ is the 1000+ F intermediate material leaving thefirst coal liquefaction reactor in Plant 2.
COMPONENT T125 TBP-324.82 <K> API-67.91 MW- 82.21'ICOMPONENT T175 TBP-352.59 <K> API=61.99 MW- 92.77
COMPONENT T225 TBP-380.37 <K> API=56.21 MW=102.84
COMPONENT T275 TBP=408.15 <K> API=50.60 MW=112.50ICOMPONENT T325 TBP-435.93 <K> API=45.18 MW=121.82
COMPONENT T375 TBP-463.71 <K> API-39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW-139.75
COMPONENT T475 TBP-519.26 <K> API-30.19 NW-148.60
COMPONENT T525 TBP-547.04 <K> API-25.66 MW=157.54
COMPONENT T575 TBP-574.82 <K> API=21.39 MW-166.69
COMPONENT T625 TBP=602.59 <K> API=17.38 MW-176.16ICOMPONENT T675 TBP=630.37 <K> API=13.66 MW=186.05
COMPONENT T725 TBP=658.15 <K> API-10.23 MW=196.44
COMPONENT T775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT T825 TBP=713.71 <K> API= 4.21 MW=218.85
COMPONENT T875 TBP=741.48 <K> API= 1.78 NW=230.87
COMPONENT T925 TBP=169.26 <K> API=-0.39 MW=243.37
COMPONENT T975 TBP=797.04 <K> API=-2.22 MW=256.24ICOMPONENT T1000+ TBP=824.82 <K> API=-3.69 MW=269.33
COMPONENT P125 TBP=324.82 <K> API=67.91 MW= 82.27
COMPONENT P175 TBP-352.59 <K> API-61.99 MW- 92.771COMPONENT P225 TBP-380.37 <K> API-56.21 MW-102.84COMPONENT P275 TBP-408.15 <K> API-50.60 MW-112.50
COMPONENT P325 TBP-435.93 <K> API-45.18 MW-121.82
COMPONENT P375 TBP-463.71 <K> API=39.96 MW=130.86
COMPONENT P425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT P475 TBP-519.26 <K> API-30.19 MW-148.60
COMPONENT P525 TBP-547.04 <K> API=25.66 MW=157.54ICOMPONENT P625 TBP=602.59 <K> API1.38 MW=176.6
COMPONENT P575 TBP=574.82 <K> API17.38 MW=166.16
COMPONENT P675 TBP=630.37 <K> API=13.66 MW=186.053COMPONENT P725 TBP=658.15 <K> API=10.23 MW-196.44
COMPONENT P775 TBP=685.93 <K> API= 7.09 MW=207.37
COMPONENT P825 TBP-713.71 <K> API- 4.27 MW-218.85
COMPONENT P875 TBP-741.48 <K> API- 1.78 MW-230.87ICOMPONENT P925 TBP-769.26 <K> API-0.39 MW-243.37
COMPONENT P975 TBP-797.04 <K> API--2.22 MW=256.24
COMPONENT P1000+ TBP=824.82 <K> API--3.69 MW=269.33ICOMPONENT 11000+ TBP-825.00 <K> API--4.00 MW-275.00
COMPONENT REFORMAT TBP=390.O0 <K> API=38.25 MW=100.00

COMPONENTS H2H2 /N2 N2 /0202 /H2S H2S /CO CO / C02 C02 NH3H3NI L-SULFUR SULFUR / H20 H20 / HCL HCL / COS COS / CH4 CH4/
C2H6 C2H6 / C3H8 C3H8 / IC4H1O C4H1O-2 /NC4H1O C4H1O-1/
IC5H12 C5HI2-2 / NC5H12 C5H12-1/I Pseudocomponents
T125 /T175 /T225 /T275 /T325 /T375 /T425 /T475/
T525 /T575 /T625 /T675 /T725 /T775 /T825 /T875/
T925 /T975 /T1000+ /
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P125 /P175 /P225 /P275 /P325 /P375 /P425 /P475/
P525 /P515 /P625 /P675 /P125 /P715 /P825 /P875/
P925 /P975 /P1000+ I11000+ / REFORMAT/

Non-conventional components
COAL /URCOAL /SLAG

FORMULA H2H2/N2 N2/0202/H2S H2S /COCO/C2 C02 /NH3 H3N
L-SULFUR S /H20 H20 /HCL HCL / COS COS /CH4 CH4/
C2H6 C2H6 /C3H8 C3H8 /NC4H1O C4H1O / IC4H1O C4H1O
NC5H12 C5H12 / 1C5H12 C5H123

;Load the liquid sulfur (L-SULFUR) physical properties as taken from
;DIPPR - MW adjusted to be consistent with ASPEN.

PROP-DATA IN-UNITS SI
PROP-LIST MW / TC / PC / VC / ZCPYAL L-SULFUR 32.06 /1313.0 /1.8208E+7 0.15800 /0.2640
PROP-LIST MUP / OMEGA / TB / RGYR
PVAL L-SULFUR 0.0 /0.2624 / 717.82 / 0.0PROP-LIST DELTA / DGFORM / DHFORM
PVAL L-SULFUR 2.0245E+4 /2.3825E+8 /2.7880E+8
PROP-LIST CPIG
PVAL L-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &

273.15 1500.0 0.0 87.113 1.0
Load the solubility parameter for COS from the API Tech Data Book.1PROP-LIST DELTA
PVAL COS 18179.01

Reset some component molecular weights to be consisitent with the:following elemental atomic weights, where needed.
H=1.0079, C=12.011, 0=15.9994, N=14.0067, S=32.06 & C1=35.453
PROP-LIST MW
PVAL H2 2.0158
PVAL N2 28.0134
PVAL 02 31.9988I
PVAL H2S 34.0758
PVAL CO 28.0104
PVAL C02 44.00981
PVAL NH3 17.0304
PVAL H20 18.0152
PVAL HCl 36.4609
PVAL COS 60.0704I
PVAL CH4 16.0426
PVAL C2H6 30.0694
PVAL C3H8 44.0962PVAL IC4H1O 58.1230
PVAL NC4H1O 58.1230
PVAL IC5H12 72.1498
PVAL NC5H12 72.1498

; Set the specific gravities of H2, CO, C02, NH3, H2S, N2 and COS to
;the values given in the API Technical Data Book - Petroleum Refining.IPROP_-LIST SPGR
PVAL H2 0.3000
PVAL CO 0.3000
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IPVAL C02 0.8180
PVAL NH3 0.6162
PYAL H2S 0.8014
PYAL N2 0.8094
PVAL COS 1.0200

ATTR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-CO4PS SLAG PROXANAL ULTANAL SULFANAL AOXANAL

INC-PROPS COAL ENTHALPY HCOALGEN/
DENSITY DCOALIGT

NC-PROPS URCOAL ENTHALPY HCOALGEN/3 DENS ITY DCHARIGT
NC-PROPS SLAG ENTHALPY HCOALGEN/

DENSITY DCHARIGT

I DEFt-bTREA4S MIXNC ALL

Set an initial GUESS for the ROM COAL stream to Plant 1.I STREAM ROMCOAL
SUBSTREAM MIXED TEMP - 71.0 PRES = 14.7
MASS-FLOW H20 24198.0

SUBSTREAI NC TEMP - 11.0 PRES - 14.7
MASS-FLOW COAL 285035.0 / URCOAL 0.0 / SLAG 0.0
COMP-ATTR COAL PROXANAL (0.0 42.06 36.24 21.70)/

ULTANAL (21.7 61.1 4.2 1.2 0.1 5.1 6.6)/I SULFANAL (3.0 0.3 1.8) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

;Fake the URCOAL properties.
COMP-ATTR URCOAL PROXANAL (0.0 19.197 16.549 64.254)/

ULTANAL (64.254 29.914 0.185 1.304 0.0 4.267 0.076)
SULFANAL (2.507 0.253 1.507) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)3; Fake the SLAG properties.

COMP-ATTR SLAG PROXANAL (0.0 10.0 0.0 90.0)/
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/
SULFANAL (0.0 0.0 0.0) /I AOXANAL (42.0 17.0 23.0 1.0 1.0 6.0 2.0 1.0 3.0 4.0)

;Set an initial GUESS for the fresh make-up H2 stream to Plant 2.I , Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 2-H2IN

SUBSTREAM MIXED TEMP - 100.0 PRES - 3440.0I MASS-FLOW H2 70300.0 / N2 980.0

Set an initial GUESS for the total water feed streams (both steam
and wash water) to Plant 2.

STREAM 2-H2OIN
SUBSTREAM MIXED TEMP - 126.0 PRES = 3200.0I MASS-FLOW H20 1073000.0

Set an initial GUESS for the ROSE EXTRACT stream to Plant 2.
STREAM ROSE-XTR

SUBSTREAM MIXED TEMP - 300.0 PRES = 3215.0
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MASS-FLOW T675 95.0 / T725 95.0 / T775 95.0
T825 95.0 / T875 588.335 / T925 588.335
T975 588.355 / T1000+ 536585.0

Set an initial GUESS for the SOLVENT stream to Plant 2. The user
Fortran block model for Plant 2 does not require any solvent, but
the input stream is required. Thus, set a small H20 flow to avoid
ASPEN warnings.

STREAM SOLVENT
SUBSTREAM MIXED TEMP - 500.0 PRES = 500.0
MASS-FLOW H20 1.0

Set an initial GUESS for the 2S-BOTTS stream leaving Plant 2.
STREAM 2S-BOTTS

SUBSTREAM MIXED TEMP 688.0 PRES - 28.0
MASS-FLOW H20 0.0

T825 380.0 T875 3365.0
T925 3365.0 T975 3365.0 TIOOO+ 642440.0

SUBSTREAM NC TEMP - 688.0 PRES - 28.0
MASS-FLOW COAL 0.0 / URCOAL 254475.0

Set an initial GUESS for the H2 stream to Plant 4.
Assume the make-up H2 contains 1.396 wt% nitrogen.

STREAM 4-H2IN
SUBSTREAM MIXED TEMP - 70.0 PRES = 500.0
MASS-FLOW H2 1400.0 / N2 19.0

Set an initial GUESS for the H20 stream to Plant 4.
STREAM 4-H20IN

SUBSTREAM MIXED TEMP = 70.0 PRES - 50.0
MASS-FLOW H20 18770.

; Set an initial GUESS for the H2 stream to Plant 5.
; Assume the make-up H2 contains 1.396 wt% nitrogen.
STREAM 5-H2IN

SUBSTREAM MIXED TEMP = 70.0 PRES = 500.0
MASS-FLOW H2 17000.0 / N2 279.0

Set an initial GUESS for the H20 stream to Plant 5.
STREAM 5-H20IN

SUBSTREAM MIXED TEMP = 70.0 PRES = 50.0
MASS-FLOW H20 36382.0

Set an initial GUESS for the pseudo sour H20 from Plant 6.
STREAM 6S-SH20

SUBSTREAM MIXED TEMP - 60.0 PRES = 14.7
MASS-FLOW NH3 2830.0

Set an initial GUESS for the H20 stream to Plant 9.0.
STREAM 9-H20IN

SUBSTREAM MIXED TEMP - 70.0 PRES = 14.7
MASS-FLOW H120 967545.0

Set an initial GUESS for the STEAM stream to Plant 9.0.
STREAM 9-STEMIN
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SUBSTREAM MIXED TEMP - 450.0 PRES = 500.0
MASS-FLOW H20 167545.0

Set an initial GUESS for the OXYGEN stream to Plant 9.0.
STREAM 9-02IN

SUBSTREAM MIXED TEMP - 80.0 PRES - 300.0
MASS-FLOW 02 743531.0 / N2 3269.0

Set an initial GUESS for the AIR stream to Plant 10.
STREAM 10-AIRIN TEMP - 70.0 PRES - 14.7

MASS-FLOW 02 743531.0 / N2 2463614.0

Set an initial GUESS for the CH4 stream to Plant 9.1.
STREAM NAT-GAS

SUBSTREAM MIXED TEMP - 70.0 PRES 100.0
MASS-FLOW CH4 307352.

Set an initial GUESS for the STEAM stream to Plant 9.1.
STREAM STEAM

SUBSTREAM MIXED TEMP = 620.0 PRES = 500.0
MASS-FLOW H20 864428.

Model Connectivity
------------------

FLOWSHEET COAL
Plant MI is the clean coal outlet streams mixer.
Stream IS-CCOAL is the combined outlet clean coal product stream.

Plant M2 is the middling coal outlet streams mixer.
Stream IS-XMID is the combined outlet middling coal product stream.

Plant M-2HYD is the mixer to combine H2 streams for Plant 2.
Stream 2-H2MIX is the combined H2 stream from 6.1, 6.2, & source.

Plant M3 is the refuse outlet streams mixer.
Stream IS-REFSE is the combined outlet refuse product stream.

Plant M38 is the sour water mixer.
Stream 38-FEED is the combined sour water streams to Plant 38.

Plant M4 is the waste water outlet streams mixer.
Stream IS-WATER is the combined outlet waste water product stream.

Plant M-462 is the mixer to combine H2 streams for Plant 6.2.
Stream 62-HYD is the combined H2 stream from Plants 2 & 4.

Plant M-561 is the mixer to combine H2 streams for Plant 6.1.
Stream 61-HYD is the combined H2 stream from Plants 2 & 5.

Plant M-6GAS is the heater to combine sour gas streams for Plant 11.
Stream 6-SGAS is the combined sour gas stream from Plants 6.1 & 6.2.

Plant M-73 is the mixer to combine H2 gas streams for Plant 3.
Stream 3-GAS is the combined H2 gas stream from Plant 3.

Plant M-HYD is the mixer (flash2) to combine H2 streams for M-2HYD.
Stream H2MIX is the combined H2 stream from Plants 6.1 & 6.2.
Stream DUMMY is the dummy vapor stream that contains no flow.

Plant M-NAP is the mixer to combine naphtha streams for Plant 4.
Stream 4-FEED is the combined naphtha stream from Plants 2 & 6.2.

Plant M-PNAP is the mixer to combine product naphtha streams.
Stream PS-NAPH is the combined naphtha stream from Plants 4 & 5.

Plant PI-ALT1 is the Coal Cleaning and Preparation Plant - ALT CASE 1.
Stream 1S12 is the outlet clean coal product stream.
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Stream IS13 i s the outlet middling coal product stream.
Stream IS14 is the outlet refuse product stream.
Stream IS15 is the outlet waste water product stream.

Plant PI-ALT2 is the Coal Cleaning and Preparation Plant - ALT CASE 2.
Stream IS22 is the outlet clean coal product stream.
Stream IS23 is the outlet middling coal product stream.
Stream IS24 is the outlet refuse product stream.
Stream IS25 is the outlet waste water product stream.

Plant PI-BASE is the Coal Cleaning and Preparation Plant - BASE CASE.
Stream IS02 is the outlet clean coal product stream.
Stream IS03 is the outlet middling coal product stream.
Stream IS04 is the outlet refuse product stream
Stream 1SO5 is the outlet waste water product siream.

Plant P14 is the Coal Grinding and Drying Plant.
Stream COALT02 is the outlet clean coal product stream.
Stream 14S-XMID is the outlet middling coal product stream.
Stream 14S-REF is the outlet refuse product stream.
Stream 14S-WAT is the outlet waste water product stream.

Plant P02 is the Coal Liquefaction Plant.
Stream 2-H2MIX is the hydrogen feed stream.
Stream COALT02 is the clean coal feed stream.
Stream SOLVENT is the solvent feed stream. This stream is used to

supply the steam required to Plant 2.
Stream ROSE-XTR is the deashed product stream.
Stream 2-H2OIN is the water feed stream to the liquefaction unit.
Stream 2S-GAS is the HP gas product stream going to Plant 6.1.
Stream GASES is the LP gas product stream going to Plant 6.2.
Stream NAPHTHA is the naphtha product stream.
Stream GAS-OIL is the gas-oil product stream going to Plant 5.
Stream 2S-BOTTS is the bottoms stream going to Plant 8.1.
Stream 2S-SH20 is the sour water product stream.

Plant P03 is the Gas Plant.
Stream 3S-SGAS is the sour off-gas product stream.
Stream 3S-FGAS is the fuel gas product stream.
Stream 3S-PROP is the C3 product stream.
Stream 3S-BUT is the C4s product stream.
Stream 3S-OIL is the lean-oil product stream to M-NAP.
Stream 3S-SH20 is the product sour water stream.

Plant P04 is the simplified model for plant 4, the naphtha hydrotreater.
Stream 4-H2IN is the hydrogen feed stream.
Stream 4-H2OIN is the water feed stream.
Stream 4S-GAS is the hydrotreater off-gas product stream.
Stream 4S-NAPH is the hydrotreated naphtha product stream.
Stream 4S-SH20 is the hydrotreater sour water stream.

Plant P05 is the simplified model for plant 5, the gas-oil hydrotreater.
Stream 5-H21N is the hydrogen feed stream.
Stream 5-H20IN is the water feed stream.
Stream 5S-HPGAS is the hydrotreater hi-pressure purge gas stream.
Stream 5S-LPGAS is the hydrotreater other gases stream.
Stream 5S-NAPH is the hydrotreated C6-350 F naphtha product stream.
Stream P350-450 is the hydrotreated 350 - 450 F product stream.
Stream P450-650 is the hydrotreated 450 - 650 F product stream.
Stream P650-850 is the hydrotreated 650 - 850 F product stream.
Stream 5S-SH20 is the hydrotreater sour water stream.

Plant P61 is the model for the Hydrogen purification by Membrane
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Separation Plant, Plant 6.1.
Stream 61-HYD is the feed stream to the H2 purification plant.
Stream H2-RICH is the purified H2-rich product gas stream.
Stream SOUR-GAS is the sour gas product stream.
Stream P61-GAS is the reject (non-permeate) product gas stream.

Plant P62 is the model for the Hydrogen purification by Pressure
Swing absorption Plant, Plant 6.2.

Stream 62-HYD is the mixed gas feed stream to the PSA hydrogen
purification plant.

Stream P61-GAS is the reject gas stream from Plant 6.1, the high
pressure section of Plant 6, the hydrogen purification by
membrane permeation section.

Stream H2-2RICH is the purified h2-rich product gas stream.
Stream SOUR-2GS is the sour gas product stream.
Stream GAS-OUT is the reject product gas stream.
Stream NAPHTHA2 is the liquid raw naphtha product stream.

Plant P07 is the simplified model for Plant 7, the naphtha reformer.
Stream 7-NAPH is the naphtha feed stream.
Stream 7S-H2 is the hydrogen rich product gas stream.
Stream 7S-GAS is the light hydrocarbon product gas stream.
Stream REFORMED is the reformate product stream.

Plant P81 is the model for the ROSE-SR Critical Solvent Deashing unit.
Stream ROSE-XTR is the deashed product stream.
Stream ASH-CONC is the ash concentrate stream.

Plant P11 is the Sulfur plant.
Stream IIS-LIQS is the sulfur product stream.
Stream 1IS-FGAS contains all the other material in the feed that
does not leave in the product SULFUR STREAM.

Plant P31 is the simplified model for the utility plant.
Stream 31S-01 is the dummy product stream.

Plant P314 is the model for the Fluidized Bed Combustor and the
Steam Turbine Generator unit.
Stream FBC-FEED is the feed stream to Plant P314.
Stream SA6-01 is the combined product stream out of Plant P314.

Plant P38 is the NH3 recovery plant.
Stream NH3-PROD is the product NH3.
Stream 38S-OUT is the reject stream.

Plant P38A is the reject stream component splitter from plant 38.
Stream 38AS-VAP is the vapor stream going to Plant 11.
Stream 38AS-LIQ is the liquid stream going to Plant 38B.

Plant P38B is the liquid reject stream splitter from Plant 38A.
Stream WASTE is the reject portion of the inlet stream which
in this model is rejected, but actually goes to the coal
gasification plant, if present.

Stream 39FEED is the stream going on to Plant 39.
Plant P39 is the phenol recovery plant.
Stream PHENOL is the phenol product stream.
Stream WASTEH20 is the waste water stream.

Plant SA6 is the product stream separator from Plant P314.
Stream FBC-GAS is the gas product stream from Plant SA6.
Stream FBC-SOL is the solids product stream from Plant SA6.

Block SI is the inlet coal splitter.
Stream ROMCOAL is the inlet ROM coal stream.
Stream 1SOI is the splitter outlet to the base case plant.
Stream 1S11 is the splitter outlet to the alternate case 1 plant.
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Stream 1S21 is the splitter outlet to the alternate case 2 plant.3
Block S2 is the clean coal splitter.

Stream IS-CCOAL is the inlet clean coal stream.
Stream COALTO14 is the splitter outlet to plant 2.IStream 9-COAL is the splitter outlet to plant 9.

,Block S6-SH2O is a component splitter to generate a pseudo sour-water
stream from Plant 6 to get the NH3 to Plant 38, the Ammonia Recovery
Plant.
Stream 6S-SH2O is the pseudo sour-water stream.
Stream 11-FEED is the Plant 11 feed stream.

Block S7 is the product naphtha splitter.I
Stream PS-NAPH is the inlet product naphtha stream.
Stream 7-NAPH is the splitter outlet to the naphtha reformer plant.
Stream PNAPHTHA is the splitter outlet as product naphtha.I

Block S8 is the ash-concentrate splitter.
Stream ASH-CONC is the inlet ash-concentrate stream from the ROSE.
Stream FBC-FEED is the splitter outlet to the FBC plant.
Stream S8-ASHC is the splitter outlet to the M9C coal mixer.

MI IN - IS02 1S12 1S22 OUT - 1S-CCOAL
M2 IN - IS03 IS13 1523 OUT - 1S-XMID3
M-2HYD IN = H2MIX 2-H2IN OUT = 2-H2MIX
M3 IN - 1S04 IS14 1524 OUT = IS-REFSE
M38 IN = 25-SH20 3S-SH2O 4S-SH2O 5S-SH20 6S-SH20 9S-SH2O &3

OUT - 38-FEED
M4 IN - 1S05 IS15 1525 OUT - iS-WATER
M-462 IN - 4S-GAS GASES 5S-LPGAS 3S-SGAS 7S-H2 OUT = 62-HYD
M-561 IN - 5S-HPGAS 2S-GAS OUT - 61-HYDIM-6GAS IN - SOUR-GAS SOUR-2GS H2S-GAS 38AS-VAP OUT = 6-SGAS
M-73 IN - GAS-OUT iS-GAS OUT = 3-GAS
M-HYD IN - H2-RICH H2-2RICH OUT - H2MIX DUMMY
M-NAP IN - NAPHTHA2 3S-OIL OUT - 4-FEED
M-PNAP IN = 4S-NAPH 5S-NAPH OUT = PS-NAPH
PI-ALTI IN - iSIl OUT = IS12 IS13 IS14 1S15
P1-ALT2 IN = IS21 OUT - IS22 IS23 IS24 IS25I
P1-BASE IN - IS01 OUT = IS02 IS03 1S04 IS05
P14 IN - COALT014 OUT = COALT02 14S-XMID 14S-REF 14S-WAT
P02 IN = 2-H2MIX COALT02 SOLVENT ROSE-XTR 2-H2OIN &UOUT - 2S-GAS GASES NAPHTHA GAS-OIL 2S-BOTTS 2S-SH20
P03 IN - NAPHTHA 3-GAS &

OUT - 3S-SGAS 35-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH2O
P04 IN = 4-H2IN 4-FEED 4-H2OIN &

OUT = 4S-GAS 4S-NAPH 4S-5H20
P05 IN - 5-H2IN GAS-OIL 5-H2OIN &

OUT - 5S-HPGAS 5S-LPGAS 55-NAPH P350-450 P450-650 &I
P650-850 5S-SH2O

P61 IN - 61-HYD OUT - H2-RICH SOUR-GAS P61-GAS
P62 IN - 62-HYD P61-GAS &I

OUT - H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2
P07 IN - 7-NAPH OUT = 7S-H2 iS-GAS REFORMED
P81 IN - 2S-BOTTS OUT = ROSE-XTR ASH-CONC3
P11 I 1FE U i-GS1SLQ
P31 IN = 3S-FGAS OUT = 31S-01
P314 IN - FBC-FEED OUT - 5A6-01
P38 IN - 38-FEED OUT = NH3-PROD 38S-OUT
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IP38A IN - 385-OUT OUT = 38AS-VAP 3A-I
P38B IN = 38AS-LIQ OUT - WASTE 39FEED
P39 IN - 39FEED OUT - PHENOL WASTEH20USA6 IN - SA6-O1 OUT - FBC-SOL FBC-GAS
Si IN - ROt4COAL OUT - IS0l 1511 1S21
S2 IN - 1S-CCOAL OUT - COALT014 9COAL
S6-SH2O IN - 6-SGAS OUT - 6S-SH2O 11-FEED
S7 IN - PS-NAPH OUT - 1-NAPH PNAPHTHA
S8 IN - ASH-CONC OUT - FBC-FEED S8-ASHC

5FLOWSHEET HYDROGEN
Plant M9 is the hydrogen stream mixer.
Stream N9H2 is the dummy H2 stream to the liquefaction unit.
Stream M9H4 is the dummy H2 stream to the naphtha hydrotreater.
Stream M9H5 is the dummy H2 stream to the gas-oil hydrotreater.
Stream HHNEED is the dummy H2 stream from the mixer.

Plant M9C is the coal stream mixer.I ~ ~~Stream COALT09 is the clash coeat stream romterOSnt
Stream COALTO9 is the can coeal stream o m mx R S nt

, Stream 9-FEED is the mixed coal stream to the gasifier.I Plant P09 is the plant for producing hydrogen by coal gasification.
Stream 9-H2OIN is the water feed stream to the gasifier section.

, Stream 9-02IN is the purified 02 stream from the air sep. plant.
Stream 9-STEMIN is the steam that goes to the shift reactors.IStream H2-GAS is the product hydrogen sulfe steam
Stream H2S-GAS is the product hydrogen strfieam. eam

; Stream VENT-GAS is the product vent gas stream.
Stream 9S-SH20 is the product sour water stream.

,Stream SLAG te is the product slag stream.
Plan P9 istheSteam Reforming of Natural Gas Plant.3 ; Stream NAT-GAS is the inlet natural gas stream.

Stream STEAM is the inlet process water stream.
Stream H2-PROD is the product hydrogen stream.

; Stream FLUE-GAS is the product flue gas stream.IPlant PlO is the Air Separation Plant.
Stream 10-AIRIN is the air input stream.
Stream lOSOl is the product oxygen stream.I; Stream 10S02 is the product nitrogen stream.

Plant S9 is the hydrogen stream splitter.
Stream H9NEED is the dummy H2 stream for the gasifier.

IStream H91NEED is the dummy H2 stream for the steam reformer.

M9H IN - M9H2 M9H4 M9H5 OUT - MHNEED
M9C IN - S8-ASHC COALT09 OUT - 9-FEEDIP09 IN - 9-FEED 9-H2OIN 9-02IN 9-STEMIN &

OUT - H2-GAS H2S-GAS VENT-GAS 9S-SH20 SLAG
P91 IN - NAT-GAS STEAM OUT - H2-PROD FLUE-GASIPlO IN - 10-AIRIN OUT - 1OSOl 10S02
S9 IN - MHNEED OUT = H9NEED H91NEED

3 :Design Specifications

Design spec to set the hydrogen flow rate to Plant 2 (2-H2MIX)I to a specified weight percent (HPCT2) of the MAF coal input stream.
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DES-SPEC 2H2FLO3
DEFINE CHP2 MASS-FLOW STREAM=2-H2MIX COMPONENT=H2
DEFINE CCOAL MASS-FLOW STREAM=COALTO2 SUBSTREA4=NC COMPONENT=COAL
DEFINE CCASH COtIP-ATTR-VAR STREAf4=COALTO2 SUBSTREAM=NC &I

COMPONENT=COAL ATTR IBUTE=ULTANAL ELEMENT=1C Set the specified H2 rate to Plant 2 in wt% in the following line.
F HPCT2 - 7.9205D0
C DAFCOAL is the dry ash-free coal (MAF coal).I
F DAFCOAL - CCOAL * (100.0DO - CCASH) * O.O1DO
F H2P2 - 0.O1DO * HPCT2 * DAFCOAL

SPEC CHP2 TO H2P2I
TOL-SPEC 0.1
VARY STREAM-VAR STREAM=2-H2IN VAR IABLE=MASS- FLOW
LIMITS 100 1000000

;Design spec to set the correct RON coal flow to the splitter to
;obtain the desired 11,102 TPSD of MF coal flow rate to the coal
liquefaction plant, Plant 2.I

DES-SPEC COALFLO
DEFINE CTARG MASS-FLOW STREAN=COALTO2 SUBSTREAM=NC COMPONENT=COAL
Set TPD to the target coal rate to Plant 2 in TPSD of MF coal .I

F TPD = 17102.ODO3
F WTPHR - (TPD * 2000.OD0) / 24.ODO

SPEC CTARG TO WTPHR
TOL-SPEC 0.13
VARY MASS-FLOW STREAM=ROMCOAL SUBSTREAM=NC COMPONENT=COAL
LIMITS 100 10000000

;Design spec to set the correct 9-FEED flow rate to the Plant 9,
;coal gasifier, to obtain the desired hydrogen production rate.U

DES-SPEC H2FLO
DEFINE HOUT MASS-FLOW STREAM=H2-GAS COMPONENT=H2
DEFINE HTOT MASS-FLOW STREAM=H9NEED COMPONENT=H2ISPEC HOUT TO HTOT
TOL-SPEC 1.01
VARY STREAM-VAR STREAM=COALTO9 SUBSTREAM=NC VAR=MASS-FLOW
LIMITS 0.1 10000000

Design spec to set the heat duty to block M-HYD to zero by
varying the temperature. This corrects a temperature calculating
error in the ASPEN mixer block algorithm.

DES-SPEC HO-HYD
DEFINE HDTY BLOCK-VAR BLOCK=M-HYD SENTENCE=RETENTION VARIABLE=HEAT-DUTYISPEC HDTY TO 0.0
TOL-SPEC 10001
VARY BLOCK-VAR BLOCK=M-HYD SENTENCE=PARA4 VARIABLE=TEMPERATURE
LIMITS 10 500

Design spec to set the 10-AIRIN stream flow to produce the required
" mon of oxygen product required by Plant 9, coal gasification.

DEFINE FLOlOS STREAM-VAR STREAM=10S01 VAR=MASS-FLOW
DEFINE FLOOXY STREAM-VAR STREAM=9-021N VAR=MASS-FLOW
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I SPEC FLOlOS TO FLOOXY
TOL-SPEC 0.1
VARY STREAM-VAR STREMl=10-AIRIN VARIABLE=MASS-FLOW3 LIMITS 0.1 10000000

Design spec to set the hydrogen flow rate for Plant 9.1.
DES-SPEC RFMRFLOI DEFINE HOUT2 MASS-FLOW STREAI4=H2-PROD COMPONENT=H2

DEFINE HTOT2 MASS-FLOW STREAM=H91NEED COMPONENT=H2
SPEC HOUT2 TO HTOT2
TOL-SPEC 0.1I VARY STREAM-VAR STREAM-NAT-GAS VARIABLE-MASS-FLOW
LIMITS 1000 600000

I ;Transfer Blocks

I , Transfer block to set COALT09 equal to the 9COAL stream (the wet
clean coal input). This duplicates the full property set and
provides the initial guess flow rate for COALTO9.U TRANSFER CCOAL
SET STREAM COALT09
EQUAL-TO STREAM 9COAL

I ,Transfer block used to set the hydrogen flow rates of the input
;streams to the calculated hydrogen flows to Plant 2 (2-H2IN),

; Plant 4 (4-H2IN), and Plant 5 (5-H2IN). M9's represent hydrogen
; flows from Plant 9.0/10 and M91's are for the Plant 9.1 alternative.
TRANSFER HFLOW

SET STREAM M9H2
EQUAL-TO STREAM 2-H2IN
SET STREAM M9H4
EQUAL-TO STREAM 4-H2IN
SET STREAM M9H5

EQUAL-TO STREAM 5-H2IN
* ,Fortran Blocks

Fortran block to set the correct water flow rate in the clean
coal going to Plant 9.I FORTRAN 9COAL
DEFINE W9COAL MASS-FLOW STREAM=9COAL COMPONENT=H20
DEFINE C9COAL MASS-FLOW STREAM-9COAL SUBSTREAN=NC COMPONENT=COALIDEFINE WCT09 MASS-FLOW STREAM=COALTO9 COMPONENT-H20
DEFINE CCT09 MASS-FLOW STREAM=COALTO9 SUBSTREAH=NC COMPONENT=COAL

F WCT09 - CCT09 * (W9COAL / C9COAL)

ThFlora oc rto Path 9.0.rato i 2topoid h
flo ThsFrtra of ckeesteaplrcto nS to provid the.
FRRNCOAL FLOWIDEFINE C14 STREAM-VAR STREAM=COALTOI4 VAR-MASSFLOW

DEFINE C9 STREAM-VAR STREAM=COALTO9 VAR-MASSFLOW
DEFINE RC STREAM-VAR STREAM=ROMCOAL VAR=KASSFLOW
DEFINE CC STREAM-VAR STREAM=1S-CCOAL VAR-MASSFLOW
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DEFINE SFRAC BLOCK-VAR BLOCK=S2 SENTENCE=FRAC VAR=FRAC &I
ID1=COALTO14 ELEMENT=1

C Cal cul ate total clean coal.
F TCC -C14 +C9I

C Reset the RONCOAL feed rate to match the new value.
F RC -RC *(TCC /CC)
C Reset the split fraction in S2 to correct 9COAL flow rate.
F SFRAC -C14 /(C9 +C14)

This FORTRAN block will calculate the initial ratio of the MIXED
substream flow to the NC substream flow in the stream ROMCOAL.IIt will store this result in RATIO, and use that value to adjust
the MIXED substream flow in proportion to the NC substream flow
that is varied by the COALFLO design-spec. This is needed to setI
the correct amount of water entering with the ROM coal.

FORTRAN MIXFLO
F COMMON /RATIO/ RI4IXNCP
F COMMON /RGLOB/ RDUM1, RHINI
DEFINE FLONCP SUBSTREAt4-VAR STREAM=ROMCOAL SUBSTREAM=NC VAR=MASSFLOW
DEFINE FLOMIX SUBSTREAM-VAR STREAM=ROVCOAL SUBSTREAMv=NIXED VAR=MASSFLOW
CThe following should only be true on the first pass. This preventsI

C writing over the initial substream ratio on subsequent passes.
F IF (RMIXNCP .LT. RMIN) THEN
F RHIXNCP - FLONCP / FLOM'IX
F END IFI
C Adjust the other substream flow based on changes to the NC
C substream.

F FLOMIX - FLONCP / RHIXNCP
Fortran block to dynamically set the URCOAL fraction in the;separation block, SA6, equal to the solids production parameter,U;REAL(1), in block P314, the fluidized bed combustor. This block;only has significance when Option 6 is in effect.

FORTRAN SA6SET3
DEFINE FRACI BLOCK-VAR BLOCK=P314 SENTENCE=REAL VAR=REAL ELEMENT=1
DEFINE FRAC2 BLOCK-VAR BLOCK=SA6 SENTENCE=FRAC VAR=FRAC ID1=NC &
ID2-FBC-SOL ELEMENT-I

F FRAC2 - FRACII
FORTRAN block to set the COMBINED steam and water flow rate to
Plant 2 as a specified weight percent of the dry coal feed.

FORTRAN SETUP2I
DEFINE FEED2 MASS-FLOW STREAM=COALTO2 SUBSTREAN=NC COMPONENT=COAL
DEFINE H202 STREAM-VAR STREAM=2-H2OIN VAR=MASSFLOW

F H202 - 0.75315 * FEED2I

FORTRAN block used to set the hydrogen flow rate to Plant 4 (4-H2IN)
to a specified weight percent (HPCT4) of the naphtha feed stream,I

,and the hydrogen flow rate to Plant 5 (5-H2IN) to a specified weight
percent (HPCT5) of the gas oil feed stream. This block also sets
the inlet water flow rates for these plants to specified rates3
as functions of the hydrocarbon feed rates.

FORTRAN SETUP45
DEFINE CHP4 MASS-FLOW STREAM=4-H2IN COMPONENT=H2
DEFINE CHP5 MASS-FLOW STREAM=5-H2IN COMPONENT=H2
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DEIEIP TEMVRSRA=-2N VRMSFO
IDEFINE FLP4 STREAM-VAR STREAM-4-H2IN VAR-MASSFLOW

DEFINE FLP STREAM-VAR STREAM=-H2INE VAR-MASSFLOW
DEFINE XNAPH STREAM-VAR STREAM-4-FEEDL VAR-MASSFLOWIDEFINE H2O0L STREAM-VAR STREAM=-AS-IL VAR-MASSFLOW
DEFINE H205 STREAM-VAR STREAH=4-H2OIN VAR=MASSFLOW

C Set the specified H2 rates in wt% in the following two lines.
F HPCT4 - 1.1855
F HPCT5 - 2.7554
F H2P4 - O.O1DO * HPCT4 * XNAPHIF FLP4 - H2P4 * (FLP4 / CHP4)
F H2P5 - O.O1DO * HPCT5 * XGOIL
F FLP5 - H2P5 * (FLP5 / CHP5)
C Set the specified H20 rates in wt% in the following two lines.
F H204 - 0.089017 * XNAPH
F H205 - 0.054217 * XGOIL

; FORTRAN block to set the steam, water and oxygen stream flow rates'
;to Plant 9 based on the inlet flow rate of hydrocarbons and NC
;components (on a dry ash-free basis).IFORTRAN SETUP9
DEFINE FL29MX SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR-MASS-FLOW
DEFINE ULCOAL COMP-ATIR-VAR STREAM=9-FEED SUBSTREAM-NC &

COMPONENT-COAL ATTRI BUTE-ULTANAL ELEMENT-I
DEFINE ULURC COMP-ATTR-VAR STREAM-9-FEED SUBSTREAM=NC &

COMPONENT-URCOAL ATTRI BUTE-ULTANAL ELEMENT-1
DEFINE FL29C MASS-FLOW STREAM-9-FEED SUBSTREAM-NC COMPONENT-COALIDEFINE FL29UR MASS-FLOW STREAM-9-FEED SUBSTREAM-NC COMPONENT-URCOAL
DEFINE FL29W MASS-FLOW STREAM-9-FEED COMPONENT-H20
DEFINE FL2STM STREAM-VAR STREAM-9-STEMIN VAR-MASS-FLOW
DEFINE F12H20 STREAM-VAR STREAM=9-H2OIN VAR-MASS-FLOW
DEFINE FL202 STREAM-VAR STREAM=9-021N VAR-MASS-FLOW
C Adjust the steam, water and oxygen stream flow rates based on the
C inlet flow rate of hydrocarbons and NC components (on a dry basis).IF X1 - 0.01*FL29C *(100.0ULCOAL)
F X2 - O.O1*FL29UR*(100.0-ULURC)
F FL2STM - 0.25495 *(FL29MX + X1 + X2 -FL29W)

F FL2H2O - 1.4723 *(FL29MX + XI + X2 -FL29W)

F FL202 - 1.1365 *(FL29MX + X1 + X2 -FL29W)

Fortran block to set up the common and OSBL utility consumptions.I FORTRAN SETUP31
F COMMON /USRCO1/ PLNTID(32), UTIL(32,15), CAPCST(32,5), OPCST(32,5)
F CHARACTER * 6 PLNTIDI DEFINE DCOAL2 SUBSTREAM-VAR STREAM=COALTO2 SUBSTREAM-NC VAR-MASS-FLOW
C COMMON /USRCO3/ is used to transfer variables FIN(5,4),
C FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRC03/.
C Base all the offsite and OSBL utilities consumptions on the dry
C coal feed rate to Plant 2, the Coal Liquefaction Plant. Ignore
C cooling and process water consumptions and productions.
F PLNTID (19) - 'OTHERS'
C Electric Power.

F UTIL(19,1) = 25.1346 * DCOAL2 * 0.001
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F IF ( OPTN6 .GE. 0.99D00 UTIL(19,1) - 29.5411 * DCOAL2 * 0.0013
C 600 psig steam at 720F.
F UTIL(19,4) - 0.05122207 *DCOAL2 * 0.001

C 150 psig saturated steam.I
F UTIL(19,6) - 0.04350367 * DCOAL2 * 0.001
C 50 psig saturated steam.
F UTIL(19,7) - 0.06757103 * DCOAL2 * 0.001

Fortran statement to set the molar flow rate of the STEAM stream to
be in balance with the feed stream to Plant 9.1.

FORTRAN SETUP91I
DEFINE GS STREAM-VAR STREAM=NAT-GAS VARIABLE=MOLE-FLOW
DEFINE ST STREAM-VAR STREAI4=STEAM VARIABLE=MOLE-FLOW

F IF (GS .GT. 0.ODO ) THEN
F ST - 2.504543D0 * GS
F ELSE
F ST - 0.ODO

F ENDIF
;Fortran block to switch between Plants 9.0 and 10 (Baseline Design
;Case) or Plants 9.1, 31.1 and 31.4 (Option 6).UFORTRAN OPTION6

F COMMON /USRCO3/ FIN(5,4), FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSRI for the definition of the items in named
C, common block /USRCO3/.
DEFINE FSTM STREAM-VAR STREAM=STEAM VAR=MOLE-FLOW
DEFINE FNG STREAM-VAR STREAM=NAT-GAS VAR=MOLE-FLOW
DEFINE F10A STREAM-VAR STREAM=lo-AIRIN VAR=MASS-FLOWIDEFINE F91H STREAM-VAR STREAM=9-H2OIN VAR=MASS-FLOW
DEFINE F9S STREAM-VAR STREAM=9-STEMIN VAR=MASS-FLOW
DEFINE F90 STREAM-VAR STREAM=9-02IN VAR=MASS-FLOW
DEFINE FC9M SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=MIXED VAR=MASS-FLOWDEFINE FC9NC SUBSTREAM-VAR STREAM=9-FEED SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FRAC8 BLOCK-VAR BLOCK=S8 SENTENCE=FRAC VAR=FRAC &
ID1=SB-ASHC ELEMENT=IU

DEFINE FRAC9 BLOCK-VAR BLOCK=S9 SENTENCE=FRAC VAR=FRAC &
ID1=H9NEED ELEMENT-i

DEFINE FRAC38 BLOCK-VAR BLOCK=P388 SENTENCE=FRAC VAR=FRAC &1ID1=WASTE ELEMENT-i
C Set N9 equal to 0 to run Plants 9.0 and 10 (Baseline), or
C set N9 equal to 1 to run Plants 9.1, 31.1 and 31.4 (OPTION 6).
F N9 -0I
F IF (N9 .EQ. 0) THEN
F OPTN6 = .ODO3
F FSTM = .OD-6
F FNG - .OD-6
F FRAC8 - 1.0
F FRAC9 - 1.0
F FRAC38 - 0.28595
F ENDIF
F IF (N9 .EQ. 1) THEN

F OruN6  1.00u

F F1OA = .OD-6
F F9H - 1.OD-63
F F9S = 1.OD-6
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F F90 - 1O-
F FC9M = 1.00-6
F FC9NC - 1.00-6IF FRAC8 - 0.0
F FRAC9 -0.0
F FRAC38 - 0.05F ENDIF

FORTRAN SUMMARY
C This Fortran block writes the summnary report to the DCLSUM.REPIC file, and also writes the DCL1.PRN file for transfering the
C results to the Lotus spreadsheet economics model.
C COMMON /USRCO3/ is used to transfer variables FIN(5,4),IC FOUT(20,4), PGAS, PPWR, OPTN6
C See Subroutine USRSR1 for the definition of the items in named
C common block /USRC03/.
DEFINE FINI SUBSTREAM-VAR STREAM=ROMCOAL SUBSTREAM=NC VAR=MASS-FLOWIDEFINE FIN2 STREAM-VAR STREAM=NAT-GAS VAR=MASS-FLOW
DEFINE FOUTI STREAM-VAR STREAM=3S-PROP VAR=MASS-FLOW
DEFINE FOUT2 STREAM-VAR STREAM=3S-BUT VAR=NASS-FLOWIDEFINE FOUT3A STREAM-VAR STREAM-PNAPHTHA VAR-MSS-FLOW
DEFINE FOUT3B STREAM-VAR STREAM=REFORMED VAR=MASS-FLOW
DEFINE FOUT4 STREAM-VAR STREAM=P350-450 VAR=MASS-FLOW
DEFINE FOUT5 STREAM-VAR STREAM=P450-650 VAR=MASS-FLOW
DEFINE FOUT6 STREAM-VAR STREAM=P650-850 VAR=MASS-FLOW
DEFINE FOUT7 SUBSTREAM-VAR STREAM=1S-REFSE SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT8 SUBSTREAM-VAR STREAM=SLAG SUBSTREAM=NC VAR=MASS-FLOWIDEFINE FOUTBA SUBSTREAM-VAR STREAM=FBC-SOL SUBSTREAM=NC VAR=MASS-FLOW
DEFINE FOUT10 STREAM-VAR STREAM=NH3-PROD VAR=MASS-FLOW
DEFINE FOUT11 STREAM-VAR STREAM-PHENOL VAR-MASS-FLOW5DEFINE FOUT12 STREAM-VAR STREAM=11S-LIQS VAR=MASS-FLOW
C Load the stream flow rates in the FIN() and FOUT() arrays in
C Mlbs/hr. All solid stream flow rates are on a dry basis.
F FIN(1,1) - 0.00100 * FINIIF FIN(2,1) - 0.OO1DO * FIN2
F FOUT(1,1) - 0.00100 * FOUTI
F FOUT(2,1) - 0.00100 * FOUT2
F FOUT(3,1) - 0.00100 * (FOUT3A + FOUT3B)
F FOUT(4,1) - 0.00100 * FOUT4
F FOUT(5,1) - 0.00100 * FOUT5
F FOUT(6,1) - 0.00100 * FOUT6
F FOUT(1,1) - 0.00100 * FOUT1
F FOUT(8,1) - 0.00100 * (FOUTB + FOIJTBA)
F FOUT(10,1) - 0.00100 * FOUT10IF FOUT(11,1) - 0.00100 * FOUTil
F FOUT(12,1) - 0.00100 * FOUT12
CIC Set XOF to the number of extra operators and OSBL operators
C per dedicated plant operator.
C-- - - - - - - - - - - - - -
F XOF - 0.343042
C
C Set the LOSBL and IPLANT switches, as appropriate, to duplicate
C the Bechtel OSBL and first vs. Nth plant costing logic.

C LOSBL - 0 - Use baseline case OSBL costing logic.
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C LOSBI -=1 -Use option case OSBL costing logic.I
C LPLANT - 0 - Use first plant OSBI and engineering costing logic.
C IPLANT - 1 - Use Nth plant OSBL and engineering costing logic.CI
F LOSB -
F LPLANT - 1
C
C Open the separate output file called DCLSUM.REP to contain theI
C summnary report of the simulation results.
F OPEN (UNITz62, FILE='DCLSUM.REP', STATUS-'UNKNOWN',
F 1 ACCESS-'SEQUENTIAL', FORI4='FORIIATTED',IF 2 BUFFERED.='BUFFERED')
C Call Subroutines USRSR1 and USRSR2 to write the summary report.
F CALL USRSR1 (62)
F CALL USRSR2 (62, LOSBI, LPLANT, OPTN6, XOF)F CLOSE (UNIT-62, STATUS-'KEEP')
C Now write the LOTUS spreadsheet economics model input file.
F OPEN (UNIT=62, FILE='DCLI.PRN', STATUS='UNKNOWN',I
F 1 ACCESS-'SEQUENTIAL', FORM='FORMATTED',,
F 2 BUFFERED='BUFFERED')
C Call Subroutines USRSR3 to write the model input file.IF CALL USRSR3 (62, OPTN6, XOF)F CLOSE (UNIT-62, STATUS='KEEP')3

Convergence Blocks

CONVERGENCE CBLK1 WEGSTEIN
TEAR H2MIX 1D-5
PARAN WAIT-33

CONVERGENCE CBLK2 WEGSTEIN
TEAR 2S-BOTIS 1D-5

CONVERGENCE CBLK3 WEGSTEINI
TEAR 6S-5H20 1D-5

CONVERGENCE COALF ONE-VARI
SPEC COALFLO

CONVERGENCE HD-C1 ONE-VARI
SPEC HD-HYD

CONVERGENCE HYDF BROYDEN-SPEC3
SPEC H2FLO

CONVERGENCE 2HYDF ONE-VAR
SPEC 2H2FLO

CONVERGENCE OXYF ONE-VAR
SPEC 02FLO

CONVERGENCE RFMRF ONE-VAR
SPEC RFMRFLO3
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Calculation Sequence
--------------------

Define subsequence for coal cleaning complex.
SEQUENCE CLEAN COALF MIXFLO S1 P1-BASEPI-ALT1 PI-ALT2 &

MI S2 P14 (RETURN COALF) &
M4 M3 M2

Specify entire flowsheet sequence, including subsequence CLEAN.
SEQUENCE BASE (SEQUENCE CLEAN) CCOAL &

CBLK1 2HYDF M-2HYD (RETURN 2HYDF) &
CBLK2 SETUP2 P02 P81 (RETURN CBLK2) &
P61 P62 HD-Cl M-HYD (RETURN HD-Cl) &
M-73 P03 M-NAP SETUP45 P04 M-462 P05 M-561 &
M-PNAP S7 P07 (RETURN CBLKI) &
HFLOW M9H OPTION6 S9 S8 P314 SA6SET SA6 &
HYDF 9COAL M9C SETUP9 P09 (RETURN HYDF) &
OXYF PIO (RETURN OXYF) COALFLOW (SEQUENCE CLEAN) &
RFMRF SETUP91 P91 (RETURN RFMRF) &
CBLK3 M38 P38 P38A P38B P39 M-6GAS S6-SH20 &
(RETURN CBLK3) &
P11 SETUP31 P31 SUMMARY

Unit Operati ons Blocks
----------------------

Mix the clean coal product streams from the 3 different cases.
BLOCK M1 MIXER
DESCRIPTION 'PLANT I OUTLET CLEAN COAL MIXER'

Mix the middling coal product streams from the 3 different cases.
BLOCK M2 MIXER

DESCRIPTION 'PLANT I OUTLET MIDDLING COAL MIXER'

Mix the hydrogen streams going to Plant 2.
BLOCK M-2HYD MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN STREAM TO PLANT 21
PARAM NPK-I KPH=1

Mix the refuse product streams from the 3 different cases.
BLOCK M3 MIXER
DESCRIPTION 'PLANT I OUTLET REFUSE MIXER'

Mix the sour water streams from Plants 2, 3, 4, 5, and 9.
BLOCK M38 MIXER
DESCRIPTION 'SOUR WATER MIXER FOR PLANT 38 FEED'

Mix the waste water product streams from the 3 different cases.
BLOCK M4 MIXER
DESCRIPTION 'PLANT I OUTLET WASTE WATER MIXER'

Mix the hydrogen streams from Plants 4 & 2 for Plant 6.2.
BLOCK M-462 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.2 FEED'
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Mix the hydrogen streams from Plants 5 & 2 for Plant 6.1.
BLOCK M-561 MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 6.1 FEED'

Mix the sour gas streams from Plants 6.1, 6.2, 9 and 38 for the
Plant 11 feed stream.

BLOCK M-6GAS HEATER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 11 FEED'
PARAM TEMP=110.0 PRES=14.7

Mix the H2 gas streams from Plants 7 & 6.2 for Plant 3.
BLOCK M-73 MIXER

DESCRIPTION 'MIXER TO GENERATE THE PLANT 3 FEED'

; Mixer M9C - The hydrogen plant feed mixer; used to mix the coal and
; ROSE unit ASH-CONC stream that goes to Plant 9.0.
BLOCK M9C MIXER
DESCRIPTION 'MIXER TO GENERATE THE PLANT 9 FEED'
BLOCK-OPTIONS HMB-RESULTS=2

Mixer M9 - The dummy hydrogen mixer; used to mix the three
streams that go to Plant 2 (M9H2), Plant 4 (M9H4), and
Plant 5 (M9H5) into one single output stream (MHNEED) for the
S9 splitter.

BLOCK M9H MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL AMOUNT OF HYDROGEN NEEDED'
PARAM NPK-1 KPH=1

; Mix the hydrogen streams from Plants 6.1 and 6.2. Use a flash2 block
; to correct a temperature calculating error in the ASPEN mixer block
; algorithm.
BLOCK WHYD FLASH2
DESCRIPTION 'MIXER TO GENERATE THE TOTAL HYDROGEN FROM 6.1 AND 6.2'
PARAM TEMP-100. PRES-3290.

Mix the naphtha streams from Plants 2 and 6.2.
BLOCK M-NAP MIXER
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PLANT 4 NAPHTHA FEED'

Mix the product naphtha streams from Plants 4 and 5.
DESCRIPTION 'MIXER TO GENERATE THE TOTAL PRODUCT NAPHTHA STREAM'

BLOCK M-PNAP MIXER

; Plant Pl-ALTI, Coal Cleaning and Preparation Plant. Use User
; Fortran Model, USROI, within the PLANTS file. ALTERNATE CASE I
; COAL CLEANING BY HEAVY MEDIUM SEPARATION.
BLOCK PI-ALTI USER

SUBROUTINE MODEL - USROI REPORT USROI
DESCRIPTION 'PLANT I - ALTERNATE I COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL = 70

&L The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation. The coal
cleaned only by jigs for gasification is handled by a separate plant
that is modeled in BLOCK PI-JIGS. The operators and cost for this
plant includes those associalted with the PI-JIGS portion of the coal
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cleaning and preparation plant. All parameters have the same meaning
as described below for Plant I in BLOCK Pl-BASE.

INT 0 1 0 1 1
FCP FCM FHP FHM FNP FNM

REAL 0.9120155 0.0 0.9050241 0.0 0.8869236 0.0 &
FClP FClM FSP FSM FOP FOM
0.7602203 0.0 0.4471884 0.0 0.9905900 0.0 &
FAP FAM
0.3012854 0.0 &
PCWP PCWM PCWR Future Use (3 items)
9.0 3.0 10.0 0. 0. 0. &
Power 900/750 F steam 900 satd steam
0.0 7.400489 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.042246 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
285.035 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 25.52 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USROI.
FLASH-SPECS STRM - IS12 KODE-2 TEMP = 70.0 PRES = 14.7

STRM - IS13 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS14 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - IS15 KODE=2 TEMP - 70.0 PRES = 14.7

Plant PI-ALT2, Coal Cleaning and Preparation Plant. Use User Fortran
Model, USROI, within the PLANTS file. ALTERNATE CASE 2 - COAL CLEANING
BY HEAVY MEDIUM SEPARATION FOLLOWED BY SPHERICAL AGGLOMERATION.

BLOCK PI-ALT2 USER
SUBROUTINE MODEL - USR01 REPORT USROI
DESCRIPTION 'PLANT 1 - ALTERNATE 2 COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following integer and real parameters are for production of
the coal cleaned by both jigs and heavy medium separation followed
by spherical agglomeration. The coal cleaned only by jigs for
gasification is handled by a separate plant that is modeled in
BLOCK PI-JIGS. The operators and cost for this plant includes
those associalted with the PI-JIGS portion of the coal cleaning
and preparation plant. All parameters have the same meaning as
described below for Plant 1 in BLOCK PI-BASE.
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INT 0 1 0 1 2
FCP FCM FHP FHM FNP FNM

REAL 0.9435271 0.0 0.933o663 0.0 0.9250562 0.0 &
FClP FCIM FSP FSM FOP FOM
0.7400450 0.0 0.3772778 0.0 0.9867266 0.0 &
FAP FAM
0.1295931 0.0 &
PCWP PCWM PCWR Future Use (3 items)
14.16 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 51.68786 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
.50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.394967 0.0 0.0 &
Process H20 Nitrogen
0.0 0.103481 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
262.3 300.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 73.78 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - IS22 KODE=2 TEMP - 70.0 PRES = 14.7

STRM - IS23 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - 1S24 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - IS25 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1 - Coal Cleaning, Preparation and Drying Plant, Use User Fortran
Model USROI
BASE CASE - COAL CLEANING BY JIGS For LIQUEFACTION.

ULULK PI-BASE USER
SUBROUTINE MODEL = USROI REPORT USR01
DESCRIPTION 'PLANT I - BASE CASE COAL CLEANING AND PREPARATION PLANT'
PARAM NINT - 5 NREAL - 70

The following 5 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

TL]Tf'31 Of 
II %rj user block summary report destination control switch.

0 Write the user block summary report to the mormal
ASPEN/SP output report file.

1 Write the user block summary report to a separate
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user block output report file on logical unit 62
called DCLOIB.REP, DCLOIAI.REP or DCLO1A2.REP
depending on the value of the coal cleaning option
control switch, INT(5).

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-4 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Coal cleaning, drying and grinding option control
switch. The name of the short plant report file
written for each option is option dependent.
0 Base case - Coal cleaning by jigs for coal

liquefaction in plant 2. (Report = DCLO1B.REP)
I Alternate case I - Coal cleaning by.heavy media

separation. (Report = DCLOIAI.REP)
2 Alternate case 2 - Coal cleaning by heavy media

separation and spherical agglomeration.
(Report - DCLOIA2.REP)

3 => Coal cleaning by jigs for coal gasification in
plant 9. (Report = DCLOIG.REP)

4 -> Coal grinding and drying plant.
(Report = DCLOID.REP)

NOTE: Values 0, 1 and 2 are used when this model
cleans the coal going to the coal liquefaction
plant, 3 is used only when this model cleans
the coal going to the coal gasification plant,
and 4 is for the grinding and drying plant.

INT 0 1 0 1 0
The following 70 real parameters are:
REAL(l) - Fraction of carbon in the inlet coal leaving

in the clean coal product stream.
REAL(2) - Fraction of carbon in the inlet coal leaving

in the middling coal stream.
REAL(3) - Fraction of hydrogen in the inlet coal leaving

in the clean coal product stream.
REAL(4) - Fraction of hydrogen in the inlet coal leaving

in the middling coal stream.
REAL(5) - Fraction of nitrogen in the inlet coal leaving

in the clean coal product stream.
REAL(6) - Fraction of nitrogen in the inlet coal leaving

in the middling coal stream.
REAL(7) - Fraction of chlorine in the inlet coal leaving

in the clean coal product stream.
REAL(8) - Fraction of chlorine in the inlet coal leaving

in the middling coal stream.
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REAL(9) - Fraction of sulfur in the inlet coal leavingU
in the clean coal product stream. OPTIONAL - See Note 1.

REAL(1O) - Fraction of sulfur in the inlet coal leaving
in the middling coal stream. OPTIONAL - See Note 1.IREAL(11) - Fraction of oxygen in the inlet coal leaving
in the clean coal product stream.

REAL(12) - Fraction of oxygen in the inlet coal leaving
in the middling coal stream.I

REAL(13) - Fraction of ash in the inlet coal leaving
in the clean coal product stream.

REAL(14) - Fraction of ash in the inlet coal leavingin the middling coal stream.
REAL(15) - Moisture content of the clean product coal on a dry

basis, wt%.
REAL(16) - Moisture content of the middling coal on a dryI

basis, wt%.
REAL(17) = Moisture content of the refuse on a dry basis, wt%.
REAL(18) - I
REAL(20) =Future use.

REAL(21) = Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of dry clean coal,Ikw/ (Ml bs/h r) .
REAL(23) - Constant factor for the 900 psig / 150 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr ofI

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Ml bs/hr.U
REAL(26) = 900 psig saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(27) = Constant factor for the 600 psig / 120 F steamU

consumption, Mlbs/hr.
REAL(28) = 600 psi9 / 720 F steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(29) = Constant factor for the 600 psig saturated steamU

consumption, Ml bs/hr.
REAL(30) - 600 psi9 saturated steam consumption per Mlbs/hr of

dry clean coal, (Mlbs/hr)/(Mlbs/hr).I
REAL(31) -Constant factor for the 150 psig saturated steam

REAL(2) =consumption, Ml bs/hr. cnupinprMb/ro
REAL(2) =150 psig saturated steam cnupinprMb/ro

dry clean coal, (Ml bs/hr)/ (Ml bs/hr).
REAL(33) = Constant factor for the 50 psig saturated steam

REAL(4) =consumption, Mlbs/hr. prMb/ro
REAL(4) =50 psig saturated steam consumption prMb/ro

dry clean coal, (Mlbs/hr)/(Mlbs/hr).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.cla coI
REAL(36) - Plant fuel consumption per Mlbs/hr of dryclaco,

REAL(31) (MM BTU/hr)/(Mlbs/hr).
REAL(7) -Constant factor for the cooling water consumption,

Mgai/hr.
REAL(38) - Cooling water consumption per Mlbs/hr of dry clean

coal (Mgal/hr)/(Mlbs/hr).
REAL(39) - Constant factor for the process water consumption,
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REAL(40) - Process water consumption per Nibs/hr of dry clean
coal, (Mgal/hr)/(Mlbs/hr).IREAL(41) = Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) = Nitrogen consumption per Nibs/hr of dry clean coal,
(MM SCF/hr of N2)/(Mlbs/hr).

REAL(43) -
REAL(48) - Future use.

REAL(49) = Constant factor for the number of operators perI, day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/trai n.
REAL(51) - Reference flow rate of the dry clean coal of a

single train in Mlbs/hr for the calculation of

of train capacity.iiREAL(52) - Maximum size of a single train as defined by the
flow rate of the dry clean coal in Nibs/hr.

REAL(53) - Minimum size of a single train as defined by theI flow rate of the dry clean coal in Mlbs/hr.
REAL(54) = Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -

REAL(10) = Future use.

NOTES:
1. If both the sulfur distribution factors, REAL(9) and REAL(1O),

are zero and a SULFANAL was supplied, the sulfur will be
distributed among the products as follows.
a. The ORGANIC sulfur will be distributed in the same

proportions as the carbon is distributed.
b. The PYRITIC and SULFATE sulfur will be distributed in the

* , same proportions as the ash is distributed.

FCP FCM FHP FHM FNP FNM
REAL 0.9302390 0.0 0.9142857 0.0 0.9533333 0.0 &

FClP FC1M FSP FSM FOP FOM
0.40000 0.0 0.5019608 0.0 0.9696970 0.0 &
FAP FAN
0.4229617 0.0 &
PCWP PCWM PCWR Future Use (3 items)

8.576 3.0 10.0 0.0 steam:0

04.281977 0.0 0.0 0.0 0.0&
600/120 F steam 600 satd steam 150 satd steam

Process H20 NitrogenH2 &

0.0 0.02433102 0.0 0.0 &
II Future Use (6 items)
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0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
8.0 8.0 &
Ref Flow Max Flow Min Flow
387.158 390.0 200.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 18.2 0.5942 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR01.
FLASH-SPECS STRM - IS02 KODE=2 TEMP - 70.0 PRES = 14.7

STRM - IS03 KODE=2 TEMP - 70.0 PRES = 14.7
STRM - IS04 KODE-2 TEMP - 70.0 PRES = 14.7
STRM - IS05 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 1.4 - Coal Grinding and Drying Plant - Fortran Model USR01
BASE CASE

BLOCK P14 USER
SUBROUTINE MODEL - USR01 REPORT - USROI
DESCRIPTION 'PLANT 1.4 BASE CASE - COAL GRINDING AND DRYING PLANT'
PARAM NINT = 5 NREAL 70

The following integer and real parameters have the same meaning
as described above for Plant I in BLOCK PI-BASE.

INT 0 1 0 1 4
FCP FCM FHP FHM FNP FNM

REAL 1.0 0.0 1.0 0.0 1.0 0.0 &
FClP FClM FSP FSM FOP FOM
1.0 0.0 1.0 0.0 1.0 0.0 &
FAP FAM
1.0 0.0 &
PCWP PCWM PCWR Future Use (3 items)
2.0 3.0 10.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.499979 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.3410096 0.0 0.010104 &
Process H20 Nitrogen
0.0 0.0 0.0 3.16015 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
7.0 1.0 &
Ref Flow Max Flow Min Flow
142.518 145.0 50.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)0% A IW.V 8.75 0.8504 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USROI.

FLASH-SPECS STRM - COALT02 KODE=2 TEMP = 70.0 PRES = 14.7
STRM - 14S-XMID KODE-2 TEMP - 70.0 PRES = 14.7
STRM - 14S-REF KODE=2 TEMP - 70.0 PRES - 14.7
STRM - 14S-WAT KODE=2 TEMP - 70.0 PRES = 14.7

Plant 2 - The coal liquefaction plant - user Fortran block USR02.
BLOCK P02 USER

SUBROUTINE MODEL = USR02 REPORT - USR02
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION PLANT'
PARAM NINT - 6 NREAL - 70

The following 5 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLO2.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 => Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Switch to write the major equipment summary list and
cost summary report by plant section for the baseline
design to the separate block output summary report file
called DCLO2.REP on logical unit 62.
0 Do not write the major equipment summary list.
I Write the major equipment summary list to the

separate block output file only when
INT(l) <= 2, INT(2) - 1, and INT(6) = 0.

2 Write the major equipment summary list and the
cost summary report by plant section to the
separate block output file only when
INT(I) <- 2, INT(2) - 1, and INT(6) - 0.

INT(6) Switch to select which coal liquefaction reactor yields
are calculated.
0 -> Baseline design two reactor model.
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3 => Option 3 - Yields for Thermal/Catalytic two-I
reactor model.

4 ->Option 4 - Two-reactor model with lnterstaage
vent gas separation.I

5> Option 5 -Yields for two-reactor coker model.
8 =>Improved Baseline (Option 8) - High space velocity

two-reactor model.
INT 0 1 0 1 2 0

The following 10 real parameters are:
REAL(1) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.
REAL(2)-
REAL(20) - Future use.

REAL(21) = Constant factor for the power consumption, kw.I
REAL(22) - Power consumption per Nibs/hr of dry coal feed,

kw/(Mlbs/hr of dry coal).
REAL(23) - Constant factor for the 900 pslg / 750 F steam

consumption, Ml bs/hr.I
REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of

dry coal feed, (Mlbs/hr)/(Nlbs/hr of dry coal).
REAL(25) - Constant factor for the 900 psig saturated steamI

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

dry coal feed, (Ml bs/hr)/(Ml bs/hr of dry coal).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr of

dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).IREAL(29) = Constant factor for the 600 psig saturated steam
REAL(O) =consumption, Nibs/hr. cnupinprNb/ro
REAL(0) -600 psig saturated steam cnupinprMb/ro

dry coal feed, (Mlbs/hr)/(Nlbs/hr of dry coal).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption per Nibs/hr ofI

dry coal feed, (Mlbs/hr)/(Nlbs/hr of dry coal).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.IREAL(34) - 50 psig saturated steam consumption per Nibs/hr of
dry coal feed, (Mlbs/hr)/(Mlbs/hr of dry coal).

REAL(5) =Constant factor for the plant fuel consumption,
REAL(5) - M BTU/hr.

REAL(36) = Plant fuel consumption per Nibs/hr of dry coal feed,
(Ml bs/hr)/ (Ml bs/hr of dry coal).

REAL(37) -Constant factor for the cooling water consumption,I
Mg al/hr.

REAL(38) - Cooling water consumption per Nibs/hr of dry coal
feed, (Nlbs/hr)/(Mlbs/hr of dry coal).I
produced, (Mgal/hr)/(N14 SCF/hr of H2).

REAL(39) - Constant factor for the poeswtrcnupin
Ngal/hr. poeswtrcnupin

REALO40) - Process water consumption per Nibs/hr of dry coal
feed, (Nlbs/hr)/(Nlbs/hr of dry coal).

REALM4) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2
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REAL(42) = Nitrogen consumption per Nibs/hr of dry coal feed,
(MM SCF/hr of N2)/(Mlbs/hr of dry coal).

REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

RELI0 Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference dry coal feed rate to a single train in
Nibs/hr for the calculation of the ISBL field cost ofI, a single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the dry
coal feed rate in Mlbs/hr of dry coal.IREAL(53) - Minimum size of a single train as defined by the dry
coal feed rate in Ml bs/hr of dry coal.

REAL(54) - Constant A in the plant ISBI field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBI field cost equation.
REAL(57) =Constant F in the plant 1581 field cost equation.
REAL(58) = Number of spare trains.IREAL(59) -

REAL(70) - Future use.

Percent fresh MAF coal conversionIREAL 92.7901 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0041.39141 0.0 0.0 0.0 0.0 &

600/720 F steam 600 satd steam 150 satd steam
0.0 0.003904784 0.0 -0.1046117 0.0 -0.0632168 &
50 satd steam Plant fuel Cooling H20I0.0 0.0393741 0.0 0.764818 0.0 0.340800 &
Process H20 Nitrogen
0.0 0.1081972 0.0 0.000029236 &

Future Use (6 items)!0I0 0.;0 0.00.00.0 0.0
Opers/day (Opers/day)/trai n

Ee Flo Spare Futur use (2liems
08.03 18.0574 1.0 0. & . .

Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

;Set the temperature and pressure of the outlet streams. These
;values will override the default values in subroutine USRO2.
FLASH-SPECS STRM=2S-GAS KODE-2 TEMP=130.0 PRES=2985.0 NPK=1 KPH=1/

STRM - GASES KODE=2 TEMP = 130.0 PRES = 65.0
STRM - NAPHTHA KODE=2 TEMP - 140.0 PRES = 16.0
STRM - GAS-OIL KODE=2 TEMP - 110.0 PRES = 30.0
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STRM - 2S-BOTTS KOD'E=2 TEMP = 688.0 PRES = 28.0
STRM - 2S-SH20 KODE-2 TEMP - 100.0 PRES = 30.0

Plant 3 - The gas plant - use user Fortran block USR03.
BLOCK P03 USER

SUBROUTINE MODEL = USR03 REPORT = USR03
DESCRIPTION 'PLANT 3 - THE GAS PLANT'
PARAM NINT = 4 NREAL - 70

The following 4 integer parameters are:
INT(l) User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL03.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of dry C4- gas,

kw/(MM SCF/hr of dry C4- gas)
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Nlbs/hr.
REAL(24) = 900 psig / 750 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
REAL(271) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr

of dry C4- gas, (Mlbs/hr)/(MM SCF/hr of dry C4- gas).
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REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hrI of dry C4- gas, (Mlbs/hr)/(M4 SCF/hr of dry C4- gas).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Nibs/hr.
REAL(32) - 150 pslg saturated steam consumption per MM SCF/hr

of dry C4- gas, (Mibs/hr)/(NM SCF/hr of dry C4- gas).
REAL(33) - Constant factor for the 50 pslg saturated steam

consumption, Nibs/hr.IREAL(34) - 50 psig saturated steam consumption per MM SCF/hr
of dry C4- gas, (Nlbs/hr)/(MM SCF/hr of dry C4- gas).

REAL(35) - Constant factor for the plant fuel consumption,I MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of dry C4- gas,

(MM BTU/hr)/(NM SCF/hr of dry C4- gas).
REAL(31) - Constant factor for the cooling water consumption,

Mgal/hr.
REAL(38) - Cooling water consumption per NM SCF/hr of dry C4-

gas, (Ngal/hr)/(MM SCF/hr of dry C4- gas).IREAL(39) = Constant factor for the process water consumption,
Mgal/hr.

REAL(40) - Process water consumption per MM SCF/hr of dry C4-
gas, (Mgal/hr)/(MM SCF/hr of dry C4- gas).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of dry C4- gas,
(MM SCF/hr of N2)/(MM SCF/hr of dry C4- gas).

REAL(4) -Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,I = (operators/day)/trai n.
REAL(51) -Reference gas feed rate to a single train in

MM SCF/hr of dry C4- gas for the calculation of
the ISBI field cost of a single train as a functionI of train capacity.

REAL(52) - Maximum size of a single train as defined by the
gas feed rate in NM SCF/hr of dry C4- gas.

REAL(53) - Minimum size of a single train as defined by theI gas feed rate in MM SCF/hr of dry C4- gas.
REAL(54) - Constant A in the plant ISBL field cost equation.

; REAL(55) - Constant B in the plant ISBL field cost equation.IREAL(56) = Constant E in the plant 1581 field cost equation.
REAL(51) = Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

Future use (10 items)IREAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
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0.0 447.6001 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 194.4388 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 8.425471 0.0 -722.141 0.0 645.8090 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
2.04 5.0 0.300 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 25.3 0.8013 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR03.

FLASH-SPECS STRM - 3S-SGAS KODE=2 TEMP = 137.0 PRES = 55.0
STRM - 3S-FGAS KODE=2 TEMP = 100.0 PRES = 215.0
STRM = 3S-PROP KODE=2 TEMP = 100.0 PRES = 280.0
STRM - 3S-BUT KODE=2 TEMP = 100.0 PRES = 280.0
STRM - 3S-OIL KODE-2 TEMP = 130.0 PRES = 263.0 &

NPK=1 KPH=2 /
STRM - 3S-SH20 KODE=2 TEMP = 137.0 PRES = 55.0

Plant 4 - The naphtha hydrotreater use user Fortran block USR04.
BLOCK P04 USER

SUBROUTINE MODEL - USR04 REPORT USR04
DESCRIPTION 'PLANT 4 - THE NAPHTHA HYDROTREATER'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) = User block summary report control switch.

0 -> Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL04.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

L-32



0 0=> Write no additional output to the history file.
1 -> Write the only the subroutine entry and exit

messages to the history file.I2 -> Write some additional output to the history file.
3-5 -> Write some more additional output to the history

file. Larger values generate more intermediate

INT 0101output.
The following 70 real parameters are:
REAL(1) - Percent desulfurization of the C5+ feed; i. e.,

Percent of sulfur removed from the entering C5+ feed.

Percent of nitrogen removed from the entering C5+ feed.IREAL(3) - Percent deoxygenation of the C5+ feed.
Percent of oxygen removed from the entering C5+ feed.

REAL(4) - Chemical hydrogen consumption in SCF/bbl of C5+ feed.
REAL(S) -IREAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Nibs/hr of C5+ feed,I kw/(Mlbs/hr of C5+ feed).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr of

C5+ feed, (Nlbs/hr)/(Nlbs/hr of C5+ feed).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 psig saturated steam consumption per Nibs/hr of

C5+, feed, (Nlbs/hr)/(Mlbs/hr of C5+ feed).
REAL(7) -Constant factor for the 600 psig / 120 F steam

consumption, Nibs/hr.
REAL28) 600psig / 720 F steam consumption per Nibs/hr of

C+feed, (Nlbs/hr)/(Nlbs/hr of C5+ feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) = 600 psig saturated steam consumption per Nibs/hr of

C5+ feed, (Nlbs/hr)/(Nlbs/hr of C5+ feed).
REAL(31) - Constant factor for the 150 psig saturated steam£ REAL32) =consumption, Nibs/hr.

REAL(2) -150 psig saturated steam consumption per Nibs/hr of
C5+ feed, (Nibs/hr)/(Nlbs/hr of C5+ feed).

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
REAL(35) - Constant factor for the plant fuel consumption,

NM BTU/hr.VREAL(36) = Plant fuel consumption per Nibs/hr of C5+ feed,
(NM BTU/hr)/(Nlbs/hr of C5+ feed).

REAL(37) - Constant factor for the cooling water consumption,
14gal/hr.

REAL(38) - Cooling water consumption per Nibs/hr of C5+ feed,
REAL(9) =(Ngal/hr)/(Nlbs/hr of C5+ feed).
REAL(9) -Constant factor for the process water consumption,

Ngal/hr.
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REAL(40) = Process water consumption per Nibs/hr of C5+ feed,I
(Mgal/hr)/(Mlbs/hr of C5+ feed).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2. IREAL(42) - Nitrogen consumption per Nibs/hr of C5+ feed,

-(MM SCF/hr of N2)/(Mlbs/hr of C5+ feed).3

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,I

(operators/day)/trai n.
REAL(51) - Reference C5+ feed rate to a single train in Nibs/hr

for the calculation of the ISBL field cost of aU
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by the
C5+ feed rate in Nibs/hr.

REAL(53) - Minimum size of a single train as defined by the
C5+ feed rate in Nibs/hr.

REAL(54) = Constant A in the plant ISBI field cost equation.
REAL(55) = Constant B in the plant ISBI field cost equation.REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) - Future use.

% Desulfurization % Denitrogenation
REAL 99.99 99.988 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C5+ feed
99.5 125.0 &3
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5.098308 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam0.0 0.0 0.0 0.126493 0.0 0.0 &
50 satd sem Plant fuel Cooling H20
0.0 0.0 sem 0.0 0.351607 0.0 0.730963 &I
Process H20 Nitrogen
0.0 0.010833 0.0 0.0 &
Future Use (6 items)3
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min FlowI
210.462 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)

00 15.6 0.7843 1.0 0.0 0.0 0.0 &U
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR04.

FLASH-SPECS STRM - 4S-GAS KODE-2 TEMP - 135.0 PRES = 915.0
STRM - 4S-NAPH KODE=2 TEMP - 100.0 PRES = 153.0
STRM - 4S-SH20 KODE=2 TEMP = 70.0 PRES = 14.7

Plant 5 - The gas-oil hydrotreater use user Fortran block USR05.
BLOCK P05 USER

SUBROUTINE MODEL - USR05 REPORT USR05
DESCRIPTION 'PLANT 5 - THE GAS-OIL HYDROTREATER1
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 => Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the mormal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL05.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity'
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) - Percent desulfurization of the C6+ feed; i. e.,

Percent of sulfur removed from the entering C6+ feed.
REAL(2) - Percent denitrogenation of the C6+ feed; i. e.,

Percent of nitrogen removed from the entering C6+ feed.
REAL(3) - Percent deoxygenation of the C6+ feed.

Percent of oxygen removed from the entering C6+ feed.
REAL(4) - Chemical hydrogen consumption in SCF/bbl of C6+ feed.
REAL(5) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of C6+ feed,

kw/(Mlbs/hr).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
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REAL(24) - 900 psig / 750 F steam consumption per Nibs/hr ofI
C6+ feed, (Mlbs/hr)/(Nlbs/hr).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.1

REAL(6) -900 psig saturated steam consumption per Nibs/hr ofREAL(6) -C6+ feed, (Mlbs/hr)/(Nlbs/hr).
REAL(27) - Constant factor for the 600 psig / 720 F steamconsumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of

REAL(9) -C6+ feed, (Nibs/hr)/(Mibs/hr).sta5
REAL(9) -Constant factor for the 600 psig saturatedsta

consumption, Nibs/hr.
REAL(30) - 600 psig saturated steam consumption prMb/ro

C6+ feed, (Nibs/hr)/(Nibs/hr). prNb/ro
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Ni bs/hr.
REAL(32) - 150 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Nibs/hr)/(Nlbs/hr).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Ni bs/hr.
REAL(34) - 50 psig saturated steam consumption per Nibs/hr of

C6+ feed, (Mibs/hr)/(Nlbs/hr).
REAL(35) = Constant factor for the plant fuel consumption,

NM BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of C6+ feed,I

(NM BTU/hr)/(Nibs/hr).
REAL(37) = Constant factor for the cooling water consumption,5

REAL(38) - Cooling water consumption per Nibs/hr of C6+ feed,
REAL(9) =(Ngal/hr)/(Nl bs/hr). poeswtrcnupin
REAL(9) -Constant factor for the poeswtrcnupin

Ngal/hr.
REAL(40) - Process water consumption per Nibs/hr of C6+ feed,

REAL(41) (Ngal/hr)/(Mlbs/hr). cnupin
REAL(1) =Constant factor for the nitrogen cnupin

NM SCF/hr of 'N2.
REAL(42) = Nitrogen consumption per Nibs/hr of C6+ feed,

(NM SCF/hr of N2)/(Nlbs/hr).
REAL(43) -
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference C6+ feed rate to a single train in Nibs/hrI
for the calculation of the ISBI field cost of a
single train as a function of train capacity.

REAL(52) = Naximum size of a single train as defined by theIC6+ feed rate in Nibs/hr.
REAL(53) - Ninimum size of a single train as defined by the

C6+ feed rate in Nibs/hr.REA(5) CostntA i te lan IBLfied os eqatoIREAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBI field cost equation.
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REAL(58) = Number of spare trains.
REAL(59) -
REAL(70) - Future use.

% Desulfurization % Denitrogenation
REAL 92.5 85.2 &

% Deoxygenation Chemical H2 consumption in SCF/bbl C6+ feed
97.6 947.00 &
Future use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 3.247198 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.096936 0.0 -0.050465 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.241416 0.0 0.735694 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 4.0 &
Ref Flow Max Flow Min Flow
671.04 800.0 150.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 74.0 0.7467 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR05.
The 5S-LPGAS and 5S-NAPH temperature and pressure are those leaving
Plant 4 where this fractionation is actually performed.
FLASH-SPECS STRM - 5S-HPGAS KODE=2 TEMP = 135.0 PRES = 2690.0

STRM - 5S-LPGAS KODE=2 TEMP = 135.0 PRES = 915.0
STRM - 5S-NAPH KODE=2 TEMP = 100.0 PRES = 153.0
STRM - P350-450 KODE-2 TEMP - 110.0 PRES = 80.0
STRM - P450-650 KODE=2 TEMP - 135.0 PRES = 20.0
STRM = P650-850 KODE=2 TEMP = 135.0 PRES = 20.0
STRM - 5S-SH20 KODE=2 TEMP = 135.0 PRES = 20.0

Plant 6.1 - The Hydrogen purification by Membrane Separation Plant.
BLOCK P61 USER

SUBROUTINE MODEL = USR61 REPORT = USR61
DESCRIPTION 'PLANT 6.1 - THE MEMBRANE H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions
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of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0> Write the user block summary report to the normal

ASPEN/SP output report file.
1 ->Write the user block summnary report to a separate

user block output report file on logical unit 62
called DCL61.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacityI
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I1=> Write the only the subroutine entry and exit

messages to the history file.
2 -> Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(1) - Percent hydrogen recovery to the hydrogen-rich

product gas stream from the inlet gas stream.
REAL(2) - Concentration of hydrogen in the hydrogen-rich

product gas stream, mole % or vol%. 'REAL(3)-
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.REAL(22) - Power consumption per MM SCF/hr of H2 recovered,
kw/(M4 SCF/hr of H2 recovered).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Nibs/hr. (REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(M4 SCF/hr of H2 recovered).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Ml bs/hr.

REAL(26) = 900 psig saturated steam consumption per MM SCF/hr
of H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).I

REAL(27) - Constant factor for the 600 psig / 720 F steam
consumption, Mlbs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per MM SCF/hr ofI
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(31) - Constant factor for the 150 psig saturated steam
REAL(~) -consumption, Nibs/hr. cosmtnpe t'SFhrfI
REAL(2) -150 psig saturated steam cnupinprM C/ro

HZ recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.

L-38



REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(35) - Constant factor for the plant fuel consumption,I MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,

(Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per MM SCF/hr of H2
recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(39) - Constant factor for the process water consumption,
Mgal/hr.

REAL(40) - Process water consumption per MM SCF/hr of H2I recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(41) - Constant factor for the nitrogen consumption,

MM SCF/hr of N2
REAL(42) = Nitrogen consumption per MM SCF/hr of H2 recovered,I (MMM SCF/hr of N2)/(MM SCF/hr of H2 recovered).
REAL(43) -
REAL(48) = Future use.I'REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,£ - (operators/day)/trai n
REAL(51) -Reference hydrogen recovery rate for a single train

in MM SCF/hr of H2 for the calculation of the
ISBI field cost of a single train as a function ofI capacity.

REAL(52) = Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) =Minimum size of a single train as defined by the

recovered.
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(54) - Constant A in the plant ISBL field cost equation.

REAL(6) -Constant E in the plant ISBI field cost equation.
REAL(57) = Constant F in the plant ISBI field cost equation.
REAL(58) -= Number of spare trains.

jREAL(10) = Future use.

Percent H2 recovery H2 purity in mole %1
REAL 43.83285 99.98671 &

Future use (8 items)

0.0r0.0 0.0 0.0 0:00:0 0.0 0.0 0.

Power 900/150 F steam 900 satd steam

00.0 0.0 0.00.00&
50 satd steam Plant fuel Cooling H20
0.0 2.054966 0.0 0.0 0.0 42.105864 &
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0.0 0.854117 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 12.0 &
Ref Flow Max Flow Min Flow
1.966943 2.5 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 152.6 0.8478 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR61.
FLASH-SPECS STRM - H2-RICH KODE=2 TEMP = 100.0 PRES = 3290.0

STRM = SOUR-GAS KODE=2 TEMP = 250.0 PRES = 14.7
STRM = P61-GAS KODE=2 TEMP = 111.0 PRES = 500.0

Plant 6.2 - The Hydrogen purification by Pressure Swing Absorption
Plant.

BLOCK P62 USER
SUBROUTINE MODEL = USR62 REPORT = USR62
DESCRIPTION 'PLANT 6.2 THE PSA H2 PURIFICATION PLANT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 => Write the complete user block summary report.
1 -> Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 => Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL62.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
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REAL(I) - Percent hydrogen recovery to the hydrogen-rich
product gas stream from the inlet gas stream.

REAL(2) - Concentration of hydrogen in the hydrogen-richI product gas stream, mole % or voi%.
REL3-

REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of H2 recovered,

kw/(MN SCF/hr of H2 recovered).
REAL(23) - Constant factor for the 900 psig / 150 F steamI consumption, Nibs/hr.
REAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr
of H2 recovered, (Nlbs/hr)/(MN SCF/hr of H2 recovered).IREAL(21) = Constant factor for the 600 psig / 120 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 120 F steam consumption per MM SCF/hr of
H2 recovered, (Mibs/hr)/(MM SCF/hr of H2 recovered).

REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of3REAL(31) - Constant factor for the 150 psig saturated steam

5 consumption, Nibs/hr.
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).
REAL(33) - Constant factor for the 50 psig saturated steamS REAL34) =consumption, Nibs/hr.

REAL(4) -50 psig saturated steam consumption per MN SCF/hr of
H2 recovered, (Mlbs/hr)/(MM SCF/hr of H2 recovered).

REAL(35) - Constant factor for the plant fuel consumption,I MM BTU/hr.
REAL(36) - Plant fuel consumption per MM SCF/hr of H2 recovered,

(Nlbs/hr)/(MM SCF/hr of H2 recovered).IREAL(31) = Constant factor for the cooling water consumption,
Mgal /hr.

REAL(38) - Cooling water consumption per MN SCF/hr of H2I' RAL(3) -recovered, (Nlbs/hr)/(MN SCF/hr of H2 recovered).
REAL(9) -Constant factor for the process water consumption,

Ngal/hr.
REAL(40) - Process water consumption per MN SCF/hr of H2

REAL(41) - Constant factor for the nitrogen consumption,

MN SCF/hr of N2
REAL(42) = Nitrogen consumption per MN SCF/hr of H2 recovered,

(MNN SCF/hr of N2)/(MN SCF/hr of H2 recovered).
REAL(43) -

REAL(48) - Future use.
REAL(49) - Constant factor for the number of operators per

REAL(0) -day, operators/day.
REAL(0) -Number of operators per day per train,

(operators/day)/trai n.
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REAL(51) - Reference hydrogen recovery rate for a single train
in MM SCF/hr of H2 for the calculation of the
ISBL field cost of a single train as a function of
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(53) = Minimum size of a single train as defined by the
hydrogen recovery rate in MM SCF/hr of H2
recovered.

REAL(5,t) - Constant A in the plant ISBL field cost equation.
REAL(55) = Constant B in the plant ISBL field cost equation.
REAL(56) = Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

The cost of Plant 6.2 is included in Plant 6.1.
Percent H2 recovery H2 purity in mole %

REAL 89.5033 90.01665 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 5485.989 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 15.32654 0.0 0.0 0.0 87.29583 &
Process H20 Nitrogen
0.0 0.530875 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
3.61667 5.0 0.5 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.7 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0 .0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR62.

FLASH-SPECS STRM = H2-2RICH KODE=2 TEMP = 100.0 PRES = 3290.0
STRM = SOUR-2GS KODE=2 TEMP = 250.0 PRES = 14.7
STRM - GAS-OUT KODE=2 TEMP = 111.0 PRES = 25.0
STRM - NAPHTHA2 KODE=2 TEMP = 100.0 PRES = 50.0

Plant 7 - The naphtha reformer - use user Fortran block USR07.
BLOCK P07 USER

SUBROUTINE MODEL - USR07 REPORT = USR07
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DESCRIPTION 'PLANT 7 - THE NAPHTHA REFORMER'
PARAM NINT = 4 NREAL = 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL07.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) = History file additional output control switch.

0 => Write no additional output to the history file.
1 -> Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(I) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of feed,

kw/(Mlbs/hr of feed).
REAL(23) = Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Mlbs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(29) - Constant factor for the 600 psig saturated steam

consumption, Mlbs/hr.
REAL(30) - 600 psig saturated steam consumption per Mlbs/hr of

feed, (Mlbs/hr)/(Mlbs/hr of feed).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Mlbs/hr.
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REAL(32) - 150 psig saturated steam consumption per Nibs/hr ofI
feed, (Mlbs/hr)/(Mlbs/hr of feed).

REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 pslg saturated steam consumption per Nibs/hr of
feed, (Mlbs/hr)/(Mlbs/hr of feed).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr.I

REAL(36) - Plant fuel consumption per Nibs/hr of feed,
(MM BTU/hr)/(Nlbs/hr of feed).

REAL(37) - Constant factor for the cool-ing water consumption,
REAL(38) - Cooling water consumption per Nibs/hr of feed,

(Mgal/hr)/(Mlbs/hr of feed).
REAL(39) - Constant factor for the process water consumption,

REAL(40) - Process water consumption per Nibs/hr of feed,I
(Ngal/hr)/(Nlbs/hr of feed).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of feed,1
(MM SCF/hr of N2)/(Nlbs/hr of feed).

REAL(43)-
REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per1day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/train. IREAL(51) - Reference feed rate to a single train in Nibs/hr
for the calculation of the ISBI field cost of a
single train as a function of train capacity.

REAL(52) - Maximum size of a single train as defined by theI
feed rate in Nibs/hr.

REAL(53) - Minimum size of a single train as defined by the
feed rate in Nibs/hr.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant 1581 field cost equation. vREAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) = Number of spare trains.
REAL(59) -

1REAL(70) = Future use.
Future use (10 items)

REAL 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 2.26494 0.0 0.0 0.0 0.0 &I600/720 F steam 600 satd steam 150 satd steam
0.0 -0.314772 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H200.0 0.0 0.0 1.41781 0.0 0.123590 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &

L -44 'f



Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0. 8. &
Ref Flow Max Flow Min Flow
224.289 400.0 50.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 30.7 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR07.
FLASH-SPECS STRM - 7S-H2 KODE=2 TEMP = 80.0 PRES = 14.7

STRM - 7S-GAS KODE-2 TEMP - 80.0 PRES = 14.7
STRM = REFORMED KODE=2 TEMP - 80.0 PRES = 14.7

Plant 8.1 - The ROSE-SR unit - user Fortran block USR81.
BLOCK P81 USER

SUBROUTINE MODEL - USR81 REPORT = USR81
DESCRIPTION 'PLANT 8.1 THE ROSE-SR UNIT'
PARAM NINT - 4 NREAL 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL81.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) = History file additional output control switch.

0 Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 => Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REAL(I) Hydrocarbon rejection factor.
REAL(2)-
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REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.
REAL(2,) - Power consumption per Nibs/hr of extract,

kw/(Nibs/hr of extract).REAL(23) - Constant factor for the 900 psig / 150 F steam
consumption, Nibs/hr.

REAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of
extract, (tMbs/hr)/(Nlbs/hr of extract).IREAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 pslg saturated steam consumption per Nibs/hr of I
extract, (Nibs/hr)/(Nibs/hr of extract).

REAL(27) - Constant factor for the 600 pslg / 120 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr ofIextract, (Nlbs/hr)/(Nibs/hr of extract).
REAL(29) -Constant factor for the 600 psig saturated steam

consumption, Nibs/hr.
REAL(30) = 600 psi9 saturated steam consumption per Mlbs/hr of

extract, (Mibs/hr)/(Mibs/hr of extract).
REAL(31) - Constant factor for the 150 psig saturated steamI

consumption, Nibs/hr.
REAL(32) = 150 psig saturated steam consumption per Nibs/hr of

extract, (Nlbs/hr)/(Nibs/hr of extract).
REAL(33) - Constant factor for the 50 psig saturated steamconsumption, Ni bs/hr.REAL34) 50 sigsaturated steam consumption per Nibs/hr ofREAL(4) -extract, (Nlbs/hr)/(Nlbs/hr of extract).
REAL(35) - Constant factor for the plant fuel consumption, IREAL(3) = N BTU/hr.peNishofxta,

REAL(6) -Plant fuel consumptionpe lshofxta,
(Nlbs/hr)/(Mlbs/hr of extract).

REAL(7) -Constant factor for the cooling water consumption,
REAL(8) = gal/hr.j
REAL(8) =Cooling water consumption per Nibs/hr of extract,

(Nibs/hr)/(Nlbs/hr of extract).
REAL(39) - Constant factor for the process water consumption,

Ngal/hr.I
REAL(40) - Process water consumption per Nibs/hr of extract,

(Nibs/hr)/(Nibs/hr of extract).
REAL(41) - Constant factor for the nitrogen consumption,NM SCF/hr of N2I
REAL(42) - Nitrogen consumption per Nibs/hr of extract,

REAL(3) -(MM SCF/hr of N2)/(Nlbs/hr of extract).
REAL(43)~ - Fuueue

Constant fa to forur thuumesoepe a or.e
day, operators/day.

REAL(50) - Number of operators per day per train,
(operators/day)/trai n.

REAL(51) - Reference feed rate to a single train in Nibs/hr of
unit feed for the calculation of the capital cost ofI
a single train as a function of train capacity.

REAL(52) - Naximum size of a single train as defined by the
unit feed rate in Nibs/hr of unit feed.I
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REAL(53) - Minimum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REAL(54) - Constant A in the plant costing equation.
REAL(55) - Constant B in the plant costing equation.
REAL(56) - Constant E in the plant costing equation.
REAL(57) - Constant F in the plant costing equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.
Hydrocarbon rejection factor

REAL 1.0 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 8.098677 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0471832 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.393518 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
907.390 1500.0 500.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 42.2 0.7215 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR81.
FLASH-SPECS STRM - ROSE-XTR KODE-2 TEMP = 300.0 PRES = 115.0

STRM - ASH-CONC KODE=2 TEMP = 150.0 PRES = 14.7

Plant 9 - H2 Productionby coal gasification, Use the User Fortran
Block USR09.

BLOCK P09 USER
SUBROUTINE MODEL - USR09 REPORT - USR09
DESCRIPTION 'PLANT 9 - H2 PRODUCTION BY COAL GASIFICATION PLANTI

PARAM NINT = 4 NREAL - 70
The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) = User block summary report destination control switch.
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0 Write the user block summary report to the normal
ASPEN/SP output report file called DCL09.REP.

I Write the user block summary report to a separate
user block output report file on logical unit 62.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Molar CO/CO2 ratio in the gasifier product gas.
REAL(2) - Fraction of carbon entering the gasifier that goes

to carbonyl sulfide (COS).
REAL(3) - Fraction of carbon entering the gasifier that goes

to methane (CH4).
REAL(4) - Fraction of nitrogen entering the gasifier that goes

to ammonia (NH3).
REAL(5) - Carbon content of the slag produced by the gasifier,

wt %.
REAL(6) - Fraction of carbon monoxide (CO) entering the shift

reactors that is shifted; i.e., converted to carbon
dioxide (C02) by the chemical reaction

CO + H20 ----- > C02 + H2
REAL(7) - Fraction of carbonyl sulfide (COS) entering the shift

reactor section that is hydrolyzed; i.e., converted
to carbon dioxide (C02) and hydrogen sulfide (H2S)
by the chemical reaction

COS + H20 ----- > C02 + H2S
REAL(8) - Future use.
REAL(g)-
REAL(20) - Rectisol section component distribution factors,

where
REAL(9) - Fraction of inlet H2 going to the hydrogen-rich

gas stream
REAL(10) - Fraction oi inlet H2 going to the acid gas stream.
REAL(II) - Fraction of inlet CO going to the hydrogen-rich

gas stream.
REAL(12) - Fraction of inlet CO going to the acid gas stream.
REAL(13) - Fraction of inlet C02 going to the hydrogen-rich

gas stream.
REAL(14) - Fraction of inlet C02 going to the acid gas stream.
REAL(15) - Fraction of inlet CH4 going to the hydrogen-rich

gas stream.
REAL(16) - Fraction of inlet CH4 going to the acid gas stream.
REAL(17) - Fraction of inlet N2 going to the hydrogen-rich
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gas stream.I
REAL(18) - Fraction of inlet N2 going to the acid gas stream.
REAL(19) - Fraction of inlet H2S going to the hydrogen-rich

gas stream.
REAL(20) - Fraction of inlet H2S going to the acid gas stream.IREAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per NM SCF/hr of hydrogenproduced, kw/(MM SCF/hr of H2).I
REAL(23) - Constant factor for the 900 psig / 750 F steam

REAL(4) -consumption, Nibs/hr.
REAL(4) -900 psig / 150 F steam consumption per MM SCF/hr ofhydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(25) -Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 psig saturated steam consumption per MM SCF/hr ofhydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).REAL(27) - Constant factor for the 600 psig / 120 F steam
consumption, Nibs/hr.

REAL(28) - 600 psig / 720 F steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL(29) - Constant factor for the 600 psig saturated steamt
consumption, Nibs/hr.

REAL(30) = 600 psig saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MI SCF/hr of H2).

REAL(31) = Constant factor for the 150 psig saturated steam 'consumption, Nibs/hr.
REAL(32) -150 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Nlbs/hr)/(MM SCF/hr of H2).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.
REAL(34) - 50 psig saturated steam consumption per MM SCF/hr ofhydrogen produced, (Nlbs/hr)/(NM SCF/hr of H2).REAL(35) - Constant factor for the plant fuel consumption,

REAL(6) =MM BTU/hr.pe 44SFhofydgnI
REAL(6) -Plant fuel consumptionpeMMS/hofydgn

produced, (NM BTU/hr)/(NM SCF/hr of H2).
REAL(37) - Constant factor for the cooling water consumption,

Ngal /hr.
REAL(38) = Cooling water consumption per NM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REAL(39) - Constant factor for the process water consumption,

Mgal/hr.I
REAL(40) - Process water consumption per MM SCF/hr of hydrogen

produced, (Mgal/hr)/(MM SCF/hr of H2).
REALM4) - Constant factor for the nitrogen consumption,INM SCF/hr of N2.
REAL(42) - Nitrogen consumption per MN SCF/hr of hydrogen

REAL(3) -produced, (MM SCF/hr of N2)/(NN SCF/hr of H2).I
REAL(48) = Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.I

REALM5) - Number of operators per day per operating train,
REAL(51) (operators/day)/train. rt fasnl ri
REALM) -Reference hydrogen production rt fasnl ri

1-49£



in MM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Maximum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(53) - Minimum size of a single train as defined by the
hydrogen production rate in MM SCF/hr of H2.

REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) =_Fu re use.

n

NOTE: MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen-rich product gas stream and NOT the total
flow rate of the hydrogen-rich product gas stream.

Frac C Frac C Frac N %C in
CO/CO2 to COS to CH4 to NH3 slag

REAL 2.419768 0.000804005 0.0 0.05212 5.229154 &
Frac CO shifted Frac COS hydrolyzed Future use
Adjust the fraction of CO shifted to get true H2 rate.
0.9611 0.9516917 0.0 &
Component distribution factors for H2 to H2 and acid gas.
0.8344 0.00153604 &
Component distribution factors for CO to H2 and acid gas.
0.0 0.0545937 &
Component distribution factors for C02 to H2 and acid gas.
0.0 0.0453275 &
Component distribution factors for CH4 to H2 and acid gas.
0.0 0.0 &
Component distribution factors for N2 to H2 and acid gas.
0.0932727 0.0923972 &
Component distribution factors for H2S to H2 and acid gas.
0.0 0.990203 &
Power 900/750 F steam 900 satd steam
0.0 3679.14335 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -16.98424 0.0 -44.40466 &
50 satd'steam Plant fuel Cooling H20
0.0 -45.47563 0.0 -57.09919 0.0 183.6952 &
Process H20 Nitrogen
0.0 4.176796 0.0 0.0824568 &
Future Use (6 items)
0. 0. 0. 0. 0. 0. &
Opers/day (Opers/day)/train
0.0 24. &
Ref Flow Max Flow Min Flow
3.436 3.5 1.0 &
Plant cost equation constants.
A B E F Spares Future use (3 items)
0.0 52.7 0.7658 1.0 0. 0.0 0.0 &
Future use (10 items)

L-50



0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR09.
FLASH-SPECS STRM - H2-GAS KODE=2 TEMP - 80. PRES = 14.7

STRM - H2S-GAS KODE=2 TEMP - 80. PRES = 14.7
STRM - VENT-GAS KODE-2 TEMP - 80. PRES - 14.7
STRM - 9S-SH20 KODE-2 TEMP - 80. PRES - 14.7
STRM - SLAG KODE-2 TEMP - 80. PRES = 14.7

Plant 9.1 - Steam Reforming of Natural Gas Plant.
BLOCK P91 USER

SUBROUTINE MODEL - USR91 REPORT - USR91
DESCRIPTION 'PLANT 9.1 - STEAM REFORMING OF NATURAL GAS PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
1 Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL91.REP.

INT(3) Number of operating duplicate plants, excluding spares.
If INTM - 0, the minimum number of duplicate

plants will be determined so that the capacity
of each plant does not exceed the maximum plant
capacity specified by variable REAL(52).

If INT(3) > 0, this number of duplicate plants will
be used.

INT(4) History file additional output control switch.
0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1 output.

The following 70 real parameters are:
REALM - Fraction of CH4 reacting to produce H2 and C02.
REAL(2) = Fraction of CH4 reacting to produce H2 and CO.
REALM - Fraction of hydrogen produced that leaves in the

hydrogen-rich product gas stream.
REALM - Purity of the hydrogen-rich product gas. mole
REAL(5) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per MM SCF/hr of hydrogen produced,
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kw/(NN SCF/hr of H2).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Nibs/hr.IREAL(24) - 900 psig / 150 F steam consumption per MM SCF/hr of
hydrogen produced, (Nlbs/hr)/(NlI SCF/hr of H2).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Nibs/hr.

REAL(26) - 900 pslg saturated steam consumption per MM SCF/hr of
hydrogen produced, (Mibs/hr)/(MN SCF/hr of H2).

REAL(7) -Constant factor for the 600 pslg / 120 F steam
consumption, Nibs/hr.

REAL(8) -600 psig / 120 F steam consumption per MM SCF/hr of
hydrogen produced, (Mlbs/hr)/(MM SCF/hr of H2).

REAL29)- Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per NM SCF/hr offt RAL(3) =hydrogen produced, (Nlbs/hr)/(MM SCF/hr of H2).
REAL(1) -Constant factor for the 150 psig saturated steam

consumption, Ni bs/hr.
REAL(32) = 150 psig saturated steam consumption per MN SCF/hr of

hydrogen produced, (Nibs/hr)/(MN SCF/hr of H2).
REAL(33) - Constant factor for the 50 psig saturated steam

REAL(4) -consumption, Nibs/hr.
REAL(4) -50 psig saturated steam consumption per MM SCF/hr of

hydrogen produced, (Nlbs/hr)/(NM SCF/hr of H2).
REAL(35) - Constant factor for the piant fuel consumption,

NM BTU/hr.IREAL(36) - Piant fuel consumption per NM SCF/hr of hydrogen
produced, (NM BTU/hr)/(NM SCF/hr of H2).

REAL(37) - Constant factor for the cooling water consumption,
Mgal/hr.

REAL(38) - Cooling water consumption per N SCF/hr of hydrogen
REAL(9) =produced, (Ngal/hr)/(MM SCF/hr of H2).
REAL(9) -Constant factor for the process water consumption,

Ngal /hr.
REAL(40) - Process water consumption per NM SCF/hr of hydrogen

produced, (Ngal/hr)/(NM SCF/hr of H2).
REAL(41) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2..
REAL(42) - Nitrogen consumption per NM SCF/hr of hydrogen

REAL(3) -produced, (NM SCF/hr of N2)/(NM SCF/hr of H2).

REAL(48) - Future use.

REAL(49) - Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/trai n.

REAL(51) - Reference hydrogen production rate of a single train
in NM SCF/hr of H2 for the calculation of the ISBL
field cost of a single train as a function of train
capacity.

REAL(52) - Naximum plant size as defined by the hydrogen
production rate in NM SCF/hr of H2.

REAL(53) - Ninimum plant size as defined by the hydrogen

production rate in NM SCF/hr of H2.
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REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare plants.
REAL(59) -
REAL(70) - Future use.

NOTES: 1. MM SCF/hr of hydrogen produced means MM SCF/hr of hydrogen
in the hydrogen rich product gas stream and NOT the total
flow rate of the hydrogen rich product gas stream.

2. The number of operators in this plant and Plants 31.1 and
31.4 is set so as to maintain the same total number of
operators as used for the baseline design.

Frac CH4 to C02 Frac CH4 to CO Frac recovered H2 Purity
REAL 0.638648 0.04429 0.8862694 100.0 &

Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 354.158 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 -65.3773 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 89.0448 0.0 32.6902 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 8.0 &
Ref Flow Max Flow Min Flow
5.77237 6.25 2.0 &
Plant cost equation constants.
A B E F Spares Future Use (2 items)
0.0 68.1 0.75 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

; Set the temperature and pressure of the outlet streams. These
; values will override the default values in subroutine USR091.

FLASH-SPECS STRM - H2-PROD KODE-2 TEMP - 100.0 PRES - 500.0
STRM - FLUE-GAS KODE=2 TEMP - 250.0 PRES = 14.7

Plant 10 - Air Separation Plant - Use the User Fortran Model USRIO.BLOCK PIO USER
SUBROUTINE MODEL = USRIO REPORT = USR10
DESCRIPTION 'PLANT 10 - AIR SEPARATION PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary
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report.
2- Skip the capital cost and utilities portions

of the summary report.
3> Skip writing the entire user block summary report.INT(2) - User block summary report destination control switch.
0 ->Write the complete user block summary report to3 the normal ASPEN/SP output report file.
1I= Write the complete user block summary report to

a separate user block output report file on
logical unit 62 CALLED DCL1O.REP.IINT(3) - Number of operating duplicate trains, excluding

spares.
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train£ - 1 capacity specified by variable REAL(52).
IfINT(3) > 0, the number of duplicate trains.

INT() -Hisoryfile additional output control switch.
0 => Write no additional output to the history file.
1=-> Write the only the subroutine entry and exit

messages to the history file.
2 > Write some additional output to the history file.
3- >Write some more additional output to the history

file. Larger values generate more intermediate
INT 0 1 0 1
The following 10 real parameters are:
REAL(2) - Purity of the product nitrgen stream, mole %REAL(1) - Purity of the product oxyrgen stream, mole %
REAL(3) -
REAL(20) - Future use.

REAL(22) - PwConsump faton pr MCro the oxygeonumtin strea
REAL(2) = Coe ons mfato for the power cosumtieoxn, kw. ea

flow rate, kw/(MI SCF/hr of 02).IREAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Mlbs/hr.

REAL(24) - 900 psig / 750 F steam consumption per MM SCF/hr of
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(25) - Constant factor for the 900 psig saturated steam
consumption, Mlbs/hr.
the oxygen stream flow rate,

(Mlbs/hr)/(MM SCF/hr of 02).
REAL(27) - Constant factor for the 600 psig / 720 F steam

REAL(8) -consumption, Ml bs/hr.
REAL(8) -600 psig / 720 F steam consumption per MM SCF/hr ofI? the oxygen stream flow rate,

(Mlbs/hr)/(MM SCF/hr of 02).
REAL(29) - Constant factor for the 600 psig saturated steam£ consumption, Ml bs/hr.REAL(30) - 600 psig saturated steam consumption per MM SCF/hr ofthe oxygen stream flow rate,

(Mlbs/hr)/(MM SCF/hr of 02).IREAL(31) - Constant factor for the 150 psig saturated steam
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consumption, Nibs/hr.I
REAL(32) - 150 psig saturated steam consumption per MM SCF/hr of

the oxygen stream flow rate,
(Mlbs/hr)/(M4 SCF/hr of 02).

REAL(33) - Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per MM SCF/hr of3
the oxygen stream flow rate,
(Mlbs/hr)/(MM SCF/hr of 02).

REAL(35) - Constant factor for the plant fuel consumption,
MM BTU/hr. f

REAL(36) - Plant fuel consumption per MM SCF/hr of the oxygen
stream flow rate, (MM BTU/hr)/(MM SCF/hr of 02).

REAL(37) - Constant factor for the cooling water consumption,
Mgal /hr. teoye

REAL(38) - Cooling water consumption per MM SCF/hr of teoye
stream flow rate, (Mgal/hr)/(M4 SCF/hr of 02).I

REAL(39) - Constant factor for the process water consumption,
Mgal /hr.

REAL(40) = Process water consumption per MM SCF/hr of the oxygen
stream flow rate, (Mgal/hr)/(MM SCF/hr of 02).I

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrogen consumption per MM SCF/hr of the oxygenI
stream flow rate,
(MM SCF/hr of N2)/(MM SCF/hr of 02).

REAL(43) -

REAL(48) - Future use.
REAL(49) = Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,U

(operators/day)/trai n.
REAL(51) - Reference oxygen production rate for a single train

in MM SCF/hr of 02 for the calculation of theI
ISBL field cost of a single train as a function of
train capacity.

REAL(52) = Maximum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.1

REAL(53) = Minimum size of a single train as defined by the
oxygen production rate in MM SCF/hr of 02.

REAL(54) = Constant A in the plant 1581 field cost equation.£
REAL(55) - Constant B in the plant ISBI field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -

REAL(70) - Future use.3
NOTES:
1. This model does not consider Argon as a separate element.

Hence, argon is lumped with nitrogen.
1 M SCF/hr of 02 means the oxygen production rate in
MM SCF/hr of 02 in the product oxygen stream and NOT
the total flow rate of the product oxygen stream.5
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%02 in 02 %N2 in N2 Future Use (8 items)
REAL 99.5003 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &

Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 18143.97 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 0.0 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 0.0 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
4.0 0.0 &
Ref Flow Max Flow Min Flow
1.763605 1.875 1.0 &
Plant cost equation costants.
A B E F Spares Future use (2 items)
0.0 38.2 0.7028 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USRIO.
FLASH-SPECS STRM = 10S01 KODE=2 TEMP = 80.0 PRES = 350.0

STRM - 10S02 KODE=2 TEMP = -275.0 PRES = 164.7

Plant 11 - Sulfur Recovery Plant, Use the User Fortran Model USR11.
BLOCK P11 USER

SUBROUTINE MODEL - USR11 REPORT - USR11
DESCRIPTION 'PLANT 11 - THE SULFUR RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 => Write the complete user block summary report.
I => Skip the capital cost portion of the summary

report.
2 -> Skip the capital cost and utilities portions

of the summary report.
3 -> Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the

normal ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCLII.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimun number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.
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0 => Write no additional output to the history file.U
1I Write the only the subroutine entry and exit

messages to the history file.
2 ->Write some additional output to the history file.I

3-5 =>Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 70 real parameters are:
REAL(1) -Fractional sulfur recovery; fraction of sulfur in

the entering H2S and COS that is recovered in theI
product liquid sulfur stream. All entering liquid
sulfur entering in the feed stream is assumed to

REAL2) - be recovered in the liquid sulfur product stream.

REAL(20) - Future use.
REAL(21) - Constant factor for the power consumption, kw.I

REAL(2) -Power consumption per Mlbs/hr of product sulfur,
REAL(22) kw/(Mlbs/hr).

REAL(23) - Constant factor for the 900 psig / 750 F steam
consumption, Ml bs/hr.I

REAL(24) - 900 psig / 150 F steam consumption per Mlbs/hr of
product sulfur, (Ml bs/hr)/ (Ml bs/hr).

REAL(25) - Constant factor for the 900 psig saturated steamI
consumption, Ml bs/hr.

REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of
product sulfur, (Mlbs/hr)/(Mlbs/hr).

REAL(27) - Constant factor for the 600 psig / 120 F steam
consumption, Ml bs/hr.

REAL(28) - 600 psig / 720 F steam consumption per Mlbs/hr of
product sulfur, (Ml bs/hr)/ (Ml bs/hr).

REAL(29) - Constant factor for the 600 psig saturated steam
REAL(0) =consumption, Mlbs/hr. cnupinprMb/ro
REAL(0) -600 psig saturated steam cnupinprMb/ro

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(31) - Constant factor for the 150 psig saturated steam

REAL(2) -consumption, Mlbs/hr. cnupinprMbh o
REL3)-150 psig saturated steam cosmto e ls/r o

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Ml bs/hr.I
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

product sulfur, (Mlbs/hr)/(Mlbs/hr).
REAL(35) - Constant factor for the plant fuel consumption,

MM BTU/hr.
REAL(36) = Plant fuel consumption per Mlbs/hr of product sulfur,

(MM BTU/hr)/ (Ml bs/hr).
REAL(31) - Constant factor for the cooling water consumption,I

Mgal /hr. o
REAL(38) - Cooling water consumption per Mlbs/hr ofproduct

sulfur (Mgal/hr)/(Mlbs/hr).
RL(39) - Constant factor for the process water consumption,

Mgal/hr.
REAL(40) - Process water consumption per Mlbs/hr of product

sulfur, (Mgal/hr)/(Mlbs/hr).
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REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2.

REAL(42) - Nitrigen consumption per Nibs/hr of product sulfur,I (MM SCF/hr of N2)/(Mlbs/hr).REAL(43) -

REAL(48) -Future use.
REAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) - Number of operators per day per train,

(operators/day)/train.
REAL(51) - Reference product sulfur flow rate of a single train'I in Nibs/hr of S for the calculation of the ISBL field

costof sigletrain as a function of capacity.
REA(52 - axiumsize of a single train as defined by theprouctsulfur flow rate in Nibs/hr of S.REA(53 -Minimum size of a single train as defined by the

prouctsulfur flow rate in Nibs/hr of S.IEL5)-Cntn in the plant ISBL field cost equation.REAL(5) =Constant B in the plant ISBL field cost equation.
REAL56)= Constant E in the plant ISBI field cost equation.IREAL(57) - Constant F in the plant ISBL field cost equation.REAL(58) = Number of spare trains.

REAL(59) -5REAL(70) = Future use.

S recovery
REAL 0.998482 &

Future Use (19 items)
0.0 0:0 0.0 0:0 0.0 0.0 0.0 0.0 0.0 &

0.0 49.60954 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.971388 0.0 -3.022277 &I50 satd steam Plant fuel Cooling H200.0 0.882473 0.0 1.117916 0.0 7.89929 &
Process H20 NitrogenI0.0 0.0 0.0 0.0 &Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 5.0&
Ref Flow Max Flow Min Flow
15.4305 16.5 5.0 &
Plant cost equation costants.
A B 00 E F Spares Future use (3 items)
0.0 1.7 0.831.0 0.0 0.0 0.0 &
Future use (10 items)
0000.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

*Set the temperature and pressure of the outlet streams. Thesea values will override the default values in subroutine USROl.
FLASH-SPECS STRI - 11S-FGAS KODE-2 TEMP - 80.0 PRES = 14.7/3STRM - 11S-LIQS KODE=2 TEMP - 80.0 PRES = 14.7
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Plant 31 - The Utilities plant - user Fortran block USR31.
BLOCK P31 USER

SUBROUTINE MODEL - USR31 REPORT - USR31
DESCRIPTION 'PLANTS 31 - THE UTILITIES PLANT'
PARAM NINT - 20 NREAL - 20

The following 20 integer parameters are:
INT(I) User block summary report control switch.

0 Write the complete user block summary report.
I Not used.
2 => Not used.
3 -> Skip-wri-ti-ng the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) Number of operating duplicate trains, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(2).

If INTM > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 Write no additional output to the history file.
1 Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Future use.
INT(6) Switches to select which fuels are burned in the steam
INT(10) boiler to produce steam and/or electric power to

satisfy the steam demand. The fuel specified in
INT(6) is used until it is all consumed, the steam
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(7) fuel is used, etc.
The fuel codes are
1 = Coal
2 - ROSE-SR unit bottoms
3 = Coke
4 - Natural gas
5 = Plant fuel

INT(II) Switches to select which fuels are burned to satisfy
INT(16) the electric power demand. The fuel specified in

INT(II) is used until it is all consumed, the power
demand is satisfied, or the capacity to use this fuel
is reached. Then the INT(12) fuel is used, etc.
The fuel codes are
I - Coal
el - ROSE-SR unit bottoms
3 = Coke
4 - Natural gas
5 = Plant fuel
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6 = Purchased electric power
INT(17) -
INT(20) Future use.

INT 0 1 0 1 0 4 1 2 3 5 &
4 1 2 3 5 6 0 0 0 0

The following 20 real parameters are:
REAL(I) - Reference electric power generation rate of a single

train in NW.
REAL(2) - Maximum size of a single train as defined by the

electric power generation rate in MW.
REAL(3) - Minimum size of a single train as defined by the

electric power generation rate in MW.
REAL(4) - Constant A in the plant costing equation.
REAL(5) - Constant B in the plant costing equation.
REAL(6) - Constant E in the plant costing equation.
REAL(7) - Constant F in the plant costing equation.
REAL(8) - Number of spare trains.
REAL(9) - Future use
REAL(10) - Future use
REAL(11) - Constant factor for the number of operators per

day, operators/day.
REAL(12) - Number of operators per day per train,

(operators/day)/train.
REAL(13) -
REAL(20) = Future use.

Ref MW Max size Min size
REAL 79.259 84.0 1.0 &

Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 87.466 0.7 1.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
6.0 2.0 &
Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Plants 31.1 and 31.4 - The Fluidized Bed Combustor and Steam Turbine
Generator unit - user Fortran block USRA6.

BLOCK P314 USER
SUBROUTINE MODEL - USRA6 REPORT USRA6
DESCRIPTION 'PLANTS 31.1 AND 31.4 THE FLUIDIZED BED COMBUSTOR AND
STEAM TURBINE GENERATOR UNIT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the normal

ASPEN/SP output report file.
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1 => Write the user block summnary report to a separateI
user block output report file on logical unit 62
called DCLA6.REP.

INT(3) - Number of operating duplicate trains, excluding spares.I
If INT(3) - 0, the minimum number of duplicate

trains will be determined so that the capacity
of each train does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate plants.
INT(4) - History file additional output control switch.

0:=> Write no additional output to the history file.
1 =>Write the only the subroutine entry and exit

messages to the history file.
2> Write some additional output to the history file.I

3-5 =>Write some more additional output to the history
file. Larger values generate more intermediate

INT 0 1 0 1oupt
The following 10 real parameters are:
REAL(1) = Solids production expressed as fraction of URCOAL

in feed ending up in solids.I
REAL(2)-
REAL(20) = Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of unit feed,

kw/(Mlbs/hr of unit feed).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(25) = Constant factor for the 900 psig saturated steamU

consumption, Mlbs/hr.
REAL(26) - 900 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).I
REAL(27) = Constant factor for the 600 psig / 720 F steam

consumption, Ml bs/hr.
REAL(28) = 600 psig / 120 F steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).I
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(30) consumption, Mlbs/hr. cnupinprMb/ro
REAL(0) =600 psig saturated steam cnupinprMb/ro

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Ml bs/hr.
REAL(32) - 150 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REALM3) = Constant factor for the 50 psig saturated steam

consumption, Mlbs/hr.
REAL(34) - 50 psig saturated steam consumption per Mlbs/hr of

unit feed, (Mlbs/hr)/(Mlbs/hr of unit feed).
REAL(35) - Constant factor for the plant fuel consumption,I

MM BTU/hr.
REAL(36) - Plant fuel consumption per Mlbs/hr of unit feed,

REAL(7) =(Mlbs/hr)/(Mlbs/hr of unit feed).I
REALM) =Constant factor for the cooling water consumption,
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REAL(38) - Cooling water consumption per Mibs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).IREAL(39) -Constant factor for the process water consumption,
Ngal/hr.

REAL(40) - Process water consumption per Nibs/hr of unit feed,
(Mlbs/hr)/(Mlbs/hr of unit feed).

REAL(41) - Constant factor for the nitrogen consumption,
MM SCF/hr of N2

REAL(42) - Nitrogen consumption per Nibs/hr of unit feed,I (MM SCF/hr of N2)/(Mlbs/hr of unit feed).
REAL(43) -
REAL(48) - Future use.IREAL(49) - Constant factor for the number of operators per

day, operators/day.
REAL(50) = Number of operators per day per train,

(operators/day)/trai n.3REAL(51) = Reference feed rate to a single train in Nibs/hr of
unit feed for the calculation of the ISBL field cost
of a single train as a function of train capacity.

REAL(52) = Maximum size of a single train as defined by the
unit feed rate in Mlbs/hr of unit feed.

REA(53 -Minimum size of a single train as defined by the
unit feed rate in Nibs/hr of unit feed.IREAL(55) - Constant B in the plant IS81 field cost equation.

REAL(5) -Constant A in the plant ISBL field cost equation.
REAL(56) -Constant E in the plant ISBL field cost equation.IREAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) = Future use.

;NOTE: The number of operators in this plant and Plant 9lis set so
as to maintain the same total number of operators as used
for the baseline design.

Fraction of URCOAL in feed ending up in solidsIREAL 0.8500914 &
Future use (9 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &3 Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 -552.6474 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
50 Isatd steam Plant fuel Cooling H20 &
0.0 0.0 0.0 0.0 0.0 07.092 &

PoesH20 Nitrogen
000.06900667 0.0 0.0 &Fuur Us,6ies

0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/trai n
0.0 20.0 &

Ref Flow Max Flow Min Flow
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368.660 400.0 30.0 &
Plant cost equation constants.
A B E F Spares Future use (2 items)
0.0 0.0 0.75 1.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet stream. These
values will override the default values in subroutine USRA6.
FLASH-SPECSSTRM - SA6-01 KODE-2 TEMP - 130.0 PRES - 14.7

Plant 38 - The Ammonia Recovery Plant - use user Fortran block USR38.
BLOCK P38 USER

SUBROUTINE MODEL - USR38 REPORT - USR38
DESCRIPTION 'PLANT 38 - THE AMMONIA RECOVERY PLANT'
PARAM NINT - 4 NREAL - 70

The following 4 integer parameters are:
INT(I) = User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 -> Write the user block summary report to the mormal

ASPEN/SP output report file.
I -> Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL38.REP.

INT(3) Number of operating duplicate trai ns, excluding spares.
If INT(3) = 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) History file additional output control switch.

0 -> Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REALM - Ammonia recovery, percent.
REAL(2) = Purity of ammonia product, wt
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of NH3 recovered,

kw/(Mlbs/hr of NH3 recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
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UREAL(24) - 900 psig / 150 F steam consumption per Nibs/hr of
NH3 recovered, (Mibs/hr)/(Nlbs/hr of NH3 recovered).

REAL(25) - Constant factor for the 900 psig saturated steamI consumption, Nibs/hr.
REAL(26) - 900 pslg saturated steam consumption per Nibs/hr of

NH3 recovered, (Nlbs/hr)/(Mlbs/hr of NH3 recovered).
REAL(21) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 720 F steam consumption per Nibs/hr of

NH3 recovered, (Nlbs/hr)/(Nlbs/hr of NH3 recovered).1REAL(29) - Constant factor for the 600 psig saturated steam
consumption, Nibs/hr.

REAL(30) - 600 psig saturated steam consumption per Nibs/hr ofI NH3 recovered, (Nibs/hr)/(Mibs/hr of NH3 recovered).
REAL(31) - Constant factor for the 150 psig saturated steam

consumption, Ni bs/hr.
REAL(32) =150 psig saturated steam consumption per Nibs/hr ofI NH3 recovered, (Mlbs/hr)/(Nibs/hr of NH3 recovered).
REAL(33) - Constant factor for the 50 psig saturated steam

consumption, Nibs/hr.IREAL(34) - 50 psig saturated steam consumption per Nibs/hr ofNH3 recovered, (Nibs/hr)/(Mibs/hr of NH3 recovered).
REAL(35) - Constant factor for the plant fuel consumption,U MN BTU/hr.
REAL(36) - Plant fuel consumption per Nibs/hr of NH3 recovered,

(MN BTU/hr)/(Mlbs/hr of NH3 recovered).
REAL(37) = Constant factor for the cooling water consumption,I Ngal /hr.
REAL(38) - Cooling water consumption per Nibs/hr of NH3

recovered, (Mgal/hr)/(Mlbs/hr of NH3 recovered).*REAL(39) - Constant factor for the process water consumption,
Mgal /hr.

REAL(40) - Process water consumption per Nibs/hr of NH3
recovered, (Mgal/hr)/(Nlbs/hr of NH3 recovered).IREAL(41) = Constant factor for the nitrogen consumption,
MN SCF/hr of N2.

REAL(42) - Nitrogen consumption per Nibs/hr of NH3 recovered,S (MN SCF/hr of N2)/(Nlbs/hr of NH3 recovered).REAL(43) -
REAL(48) =Future use.

REAL(49) =Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,
(operators/day)/trai n.

REAL(51) - Reference NH3 recovery rate of a single train in
REALC;) Nbs/hr for the calculation of the ISBL field cost

of a single train as a function of train capacity.
REAL(2) =Maximum size of a single train as defined by the

NH3 recovery rate in Nibs/hr of NH3 recovered.
REAL(3) =Ninimum size of a single train as defined by the

NH3 recovery rate in Nibs/hr of NH3 recovered.IEL54 Constant A in the plant ISBI field cost equation.
REAL55) Constant B in the plant 1581 field cost equation.

REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) = Constant F in the plant ISBL field cost equation.
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REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NH3 recovery, % NH3 purity, wt%
REAL 99.103 99.552 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 75.713367 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 16.124425 0.0 28.745809 &
50 satd steam Plant fuel Cooling H20
0.0 0.0 0.0 0.0 0.0 227.9442 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 20.0 &
Ref Flow Max Flow Min Flow
20.221 100.0 5.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 40.1 0.7807 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR38.
FLASH-SPECS STRM - NH3-PROD KODE=2 TEMP = 80. PRES = 14.7

STRM - 38S-OUT KODE-2 TEMP - 80. PRES = 14.7

Component splitter to generate the vapor and liquid streams
leaving Plant 38, the ammonia recovery plant.

BLOCK P38A SEP
FRAC SUBS = MIXED STRM = 38AS-VAP &
COMP = H2 N2 02 H2S CO C02 NH3 &

L-SULFUR H20 HCL COS CH4 &
C2H6 C3H8 IC4H10 NC4HIO IC5H12 NC5H12 &
T125 T175 T225 T275 T325 &
T375 T425 &
T475 T525 T575 T625 T675 &
P125 P175 P225 P275 P325 P375 &
P425 P475 P525 P575 P625 P675 &

FRAC 1.0 1.0 1.0 0.9956 1.0 0.9985 0.07104 &
0.0 0.002755 1.0 1.0 0.8888889 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 &
0.08481 0.08481 0.08481 0.08481 0.9492 &
0.9492 0 9492 0.9492 0.9492 0.9492 0.9492 &
0.9492 0.9492 0.9492 0.9492 0.9492 0.9492

FLASH-SPECS STRM = 38AS-VAP TEMP=90.0 PRES=25.0 NPK=1 KPH=1
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STRM - 38AS-LIQ TEMP=90-0 PRES=25.0 NPK=1 KPH=2

; Flow splitter to generate the waste water stream going to the
; gasifier, Plant 9, and the stream going to the phenol recovery
; plant, Plant 39.
BLOCK P38B FSPLIT

FRAC WASTE 0.28595
PARAM NPK-1 KPH-2

Plant 39 - The PHENOL RECOVERY PLANT - Use user Fortran block USR39.
BLOCK P39 USER

SUBROUTINE MODEL - USR39 REPORT - USR39
DESCRIPTION 'PLANT 39 - THE PHENOL RECOVERY PLANT'
PARAM NINT - 4 NREAL = 70

The following 4 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
I Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) User block summary report destination control switch.
0 Write the user block summary report to the mormal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL39.REP.

INT(3) - Number of operating duplicate trains, excluding spares.
If INT(3) - 0, the minimum number of duplicate
trains will be determined so that the capacity
of each plant does not exceed the maximum train
capacity specified by variable REAL(52).

If INT(3) > 0, the number of duplicate trains.
INT(4) - History file additional output control switch.

0 Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT 0 1 0 1
The following 70 real parameters are:
REAL(l) - Phenol recovery, percent.
REAL(2) - Purity of phenol product, wt
REAL(3) -
REAL(20) - Future use.

REAL(21) - Constant factor for the power consumption, kw.
REAL(22) - Power consumption per Mlbs/hr of phenol recovered,

kw/(Mlbs/hr of phenol recovered).
REAL(23) - Constant factor for the 900 psig / 750 F steam

consumption, Mlbs/hr.
REAL(24) - 900 psig / 750 F steam consumption per Mlbs/hr of

phenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol
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recovered).I
REAL(25) - Constant factor for the 900 psig saturated steam

consumption, Nibs/hr.
REAL(26) - 900 pslg saturated steam consumption per Nibs/hr ofIphenol recovered, (Mlbs/hr)/(Mlbs/hr of phenol

recovered).
REAL(27) - Constant factor for the 600 psig / 720 F steam

consumption, Nibs/hr.
REAL(28) - 600 psig / 120 F steam consumption per Nibs/hr of

phenol recovered, (Nlbs/hr)/(Mibs/hr of phenolrecovered).I
REAL(29) - Constant factor for the 600 psig saturated steam

REAL(0) -consumption, Nibs/hr.
REAL(0) -600 psig saturated steam consumption per Nibs/hr of

phenol recovered, (Mibs/hr)/(Nlbs/hr of phenol
recovered).

REAL(31) = Constant factor for the 150 psig saturated steam
consumption, Nibs/hr.I

REAL(32) = 150 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Mlbs/hr)/(Nlbs/hr of phenol
recovered).I

REAL(33) = Constant factor for the 50 psig saturated steam
consumption, Nibs/hr.

REAL(34) - 50 psig saturated steam consumption per Nibs/hr of
phenol recovered, (Nlbs/hr)/(Nlbs/hr of phenolI
recovered).

REAL(35) - Constant factorfothplnfulcsmti,
NN BTU/hr. fothplnfulcnuti,

REAL(36) = Plant fuel consumption per Nibs/hr of phenol
recovered,
(NM BTU/hr)/(Nlbs/hr of phenol recovered).IREAL(37) = Constant factor for the cooling water consumption,
Mgal/hr.

REAL(39) = Cooling water consumption per Nibs/hr of phenol
recovered, (Mgal/hr)/(Mlbs/hr of phenol recovered).I

REAL(39) - Constant factor for the process water consumption,
Ngal /h r.

REAL(40) -Process water consumption per Nibs/hr of phenolIrecovered, (Mgal/hr)/(Nlbs/hr of phenol recovered).
REAL(41) - Constant factor for the nitrogen consumption,

NM SCF/hr of N2.
REAL(42) = Nitrogen consumption per Nibs/hr of phenol recovered,

(NM SCF/hr of N2)/(Mlbs/hr of phenol recovered).
REAL(43) -3
REAL(48) = Future use.

REAL(49) = Constant factor for the number of operators per
day, operators/day.

REAL(50) - Number of operators per day per operating train,I
REAL(1) -(operators/day)/trai n.
REAL(1) -Reference phenol recovery rate of a single train in

Nibs/hr for the calculation of the IKSBL field cost
of a single train as a function of train capacity.I

REAL(52) = Maximum size of a single train as defined by the
phenol recovery rate in Nibs/hr of phenol recovered.

REAL(53) - Minimum size of a single train as defined by the3
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phenol recovery rate in Mlbs/hr of phenol recovered.
REAL(54) - Constant A in the plant ISBL field cost equation.
REAL(55) - Constant B in the plant ISBL field cost equation.
REAL(56) - Constant E in the plant ISBL field cost equation.
REAL(57) - Constant F in the plant ISBL field cost equation.
REAL(58) - Number of spare trains.
REAL(59) -
REAL(70) - Future use.

NOTE: In the above, phenol recovered means pure phenol recovered.

Phenol recovery, % Phenol purity, wt%
REAL 97.0089 89.62 &

Future use (8 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Future use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 &
Power 900/750 F steam 900 satd steam
0.0 339.16667 0.0 0.0 0.0 0.0 &
600/720 F steam 600 satd steam 150 satd steam
0.0 0.0 0.0 0.0 0.0 9.465 &
50 satd steam Plant fuel Cooling H20
0.0 25.652917 0.0 0.0 0.0 111.775 &
Process H20 Nitrogen
0.0 0.0 0.0 0.0 &
Future Use (6 items)
0.0 0.0 0.0 0.0 0.0 0.0 &
Opers/day (Opers/day)/train
0.0 0.0 &
Ref Flow Max Flow Min Flow
2.4 20.0 1.0 &
Plant cost equation constants.
A B E F Spares Future Use (3 items)
0.0 13.3 0.8056 1.0 0.0 0.0 0.0 &
Future Use (10 items)
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Set the temperature and pressure of the outlet streams. These
values will override the default values in subroutine USR39.
FLASH-SPECS STRM - PHENOL KODE-2 TEMP - 80. PRES = 14.7

STRM - WASTEH20 KODE-2 TEMP - 80. PRES - 14.7

Plant SA6 separates the combined product stream from Plants 31.1
and 31.4 into two streams, one for flue gas and another for solids.
The separation is set to the URCOAL fraction in the solids stream.

BLOCK SA6 SEP
FRAC SUBS-NC STREAM-FBC-SOL COMP-URCOAL FRAC=0.8500914

SUBS-MIXED STREAM=FBC-SOL COMP=T1OO0+ FRAC=1.OD-10

; Splitter S1 - The Inlet Coal Splitter. Used as a switch to divert
; flow between the three different coal cleaning options, as represented
; by the three different Coal Cleaning and Preparation Plants:
; Base Case (1SOI), Alternate Case I (ISII), and Alternate Case 2 (1S21).
BLOCK SI FSPLIT
DESCRIPTION 'INLET ROM COAL SPLITTER - COAL CLEANING SWITCH'
FRAC ISOI 1.0 / 1SI1 0.0 / 1S21 0.0
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Spl itter S2 - The Cl ean Coal Spl itter.
BLOCK S2 FSPLIT
DESCRIPTION 'CLEAN COAL SPLITTER'
FRAC COALT014 0.736227

Splitter S6-SH2O is a component splitter to generate a pseudo3
sour-water stream from Plant 6 to get the NH3 to Plant 38, the
Ammonia Recovery Plant.

BLOCK S6-SH2O SEP
DESCRIPTION 'SPLITTER TO GENERATE PSEUDO SOUR WATER FROM PLANT 6'IFRAC SUBS-MIXED STREAM-6S-SH2O COMP=NH3 FRAC-1 .0

;Splitter S7i- The Product Naphtha Splitter. Used as a switch to
;divert flow between the naphtha reformer, Plant 7 and output toI
;naphtha product.

BLOCK S7 FSPLIT

DESCRIPTION 'HYDROTREATED NAPHTHA SPLITTER - REFORMER OPTION SWITCH'
;Use the following line t ietttlfo oterfreo..
FRAC 7-NAPH 1.0 t ietttlfo oterfreo..
;Use the following line to direct total flow to the product stream.
FRAC PNAPHTHA 1.0

;Splitter S - The Ash-Concentrate Splitter. Used as a switch toI;divert flow between the fluidized bed combustor, Plant 314 and the
;coal gasification train; Plants M9C, P09, & P10.

BLOCK S8 FSPLITI
DESCRIPTION 'ASH-CONCENTRATE SPLITTER - FBC OPTION 6 SWITCH'
Direct the ash-concentrate flow to coal gasification.

FRAC S8-ASHC 1.0

Splitter S9 - The dummy hydrogen splitter used to switch between
the two hydorgen production alternatives, Plant 9.0/10 - coal
gasification, or Plant 9.1 - steam reforming of methane.BLOCK S9 FSPLIT

DESCRIPTION 'DUMMY H2 SPLITTER - H2 GENERATION OPTION SWITCH'
Set an H2 target flow for Plant 9.0/10 - coal gasification.I

FRAC H9NEED 1.0
PARAM NPK=1 KPH=1

Stream Report SectionI
--------------

STREAM-REPORT PIAI
STREAMS STRM - RONCOAL 1S-CCOAL 9COAL COALT014 COALT02 &

14S-XMID 14S-REF 1S-XMID 1S-REFSE &
ASH-CONC S8-ASHC COALTO9 9-FEED SLAG SOLVENT &I
2S-BOTTS FBC-FEED SA6-01 FBC-SOL FBC-GAS

FLOW-FRAC SUBS-MIXED BASES-MASS / SUBS-NC BASES=MASS
INTENSIVE-PROPS SUBS-MIXED BASES-MASS &

PROPS-TEMP PRES MW ENTH ENTR DENS HCAP/I
SUBS-NC BASES-MASS &
PROPS-TEMP PRES MW ENTH DENS

ATTRIBUTES SUBS-NC COMPONENT
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STREAM-REPORT PIB
STREAMS STRM - IS-WATER 14S-WAT 2-H20IN 2-H21N H2MIX 2-H2MIX &

SOLVENT ROSE-XTR 2S-GAS GASES 2S-SH20 &
NAPHTHA GAS-OIL H2-RICH SOUR-GAS P61-GAS &
H2-2RICH SOUR-2GS GAS-OUT NAPHTHA2 3-GAS &
3S-SGAS 3S-FGAS 3S-PROP 3S-BUT 3S-OIL 3S-SH20 &
4-FEED 4-H21N 4-H20IN 4S-GAS 4S-NAPH 4S-SH20 &
5S-HPGAS 5S-LPGAS 5-H21N 5-H20IN &
5S-NAPH P350-450 P450-650 P650-850 5S-SH20 &
PS-NAPH PNAPHTHA 7-NAPH 7S-H2 7S-GAS REFORMED &
61-HYD 62-HYD M9H2 M9H4 M9H5 MHNEED &
H9NEED H91NEED &
10-AIRIN IOSOI IOS02 9-02IN 9-H20IN 9-STEMIN &
H2-GAS H2S-GAS VENT-GAS 9S-SH20 &
NAT-GAS STEAM H2-PROD FLUE-GAS &
6-SGAS 6S-SH20 11-FEED IIS-FGAS 1IS-LIQS 31S-01 &
38-FEED NH3-PROD 38S-OUT 38AS-VAP 38AS-LIQ &
WASTE 39FEED PHENOL WASTEH20

FLOW-FRAC SUBS=MIXED BASES=MASS
INTENSIVE-PROPS SUBS=MIXED BASES=MASS &

PROPS=TEMP PRES MW ENTH ENTR DENS HCAP

End of input file OPT7.INP
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ASPEN/SP PROCESS SIMULATION MODEL

INPUT FILE FOR THE KINETIC REACTOR MODEL

NEW1

File T2V2S.INP

TITLE 'T2V2S.INP - KINETIC MODEL SIMULATION OF PLANT 2 REACTORS'

DESCRIPTION &3
"ASPEN/SP INPUT FILE FOR SIMULATING THE COAL LIQUEFACTION REACTORS
IN PLANT 2 WITH THE KINETIC MODEL FOR THE BASELINE DESIGN USING
FIXED RECYCLE RATES."3

Last revision - August 12, 1992.

Prepared under DOE contract no. DE-AC22 90PC89857.I

IN-UNITS ENG
OUT-UNITS ENG
HISTORY-UNITS ENG
HISTORY

MSG-LEVEL PROPERTIES=2

PROPERTI ES SYSOP2/SYSOP4

COMPONENTS H2H2 /N2 N2 /0202 / H2SH2S/ COCO / C02C02/&3
NH3 H3N /L-SULFUR SULFUR /H20 H20 / HCL HCL / COS COS / &
CH4 CH4 /C2H6 C2H6 / C3H8 C3HB IC4HIO C4H1O-2 /&
NC4HIO C4HIO-1 / IC5H12 C5H12-2 /NC5H12 C5H12-1 /&
PseudocomponentsI
T125 /T175 /T225 /T275 /T325 /T375 /T425 /T475 /&
T525 /T575 /T625 /T675 /T725 /T775 /T825 /T875 /&
T925 /T975 /T1000+ / 11000+ / &I
Non-conventional componentsCOAL / URCOAL / SLAG3

FORMULA H2 H2 /N2 N2 /0202 / H2SH2S /COCO/C02 C02/&
NH3 H3N /L-SULFUR SULFUR / H20 H20 / HCL HCL /COS COS /&
CH4 CH4 /C2H6 C2H6 / C3H8 C3HB IC4H1O C0H1O-2 /&
NC4HIO C4H1O-1 / IC5HI2 C5H12-2 /NC5H12 C5H12-1 /&
PHYSICAL PROPERTY DATA

PSEUDO-COMPS
METHOD METCCOAL
The following APIs and MWs are revised from the ASPEN/SP predictions.ICOMPONENT T125 TBP=324.82 <K> API=61.91 MW= 82.27
COMPONENT T175 TBP=352.59 <K> API=61.99 MW= 92.77
COMPONENT T225 TBP=380.31 <K> API=56.21 NW=102.84
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COMPONENT T275 TBP-408.15 <K> API=50.60 MW=112.50
COMPONENT T325 TBP=435.93 <K> API=45.18 MW=121.82
COMPONENT T375 TBP-463.71 <K> API=39.96 MW=130.86
COMPONENT T425 TBP=491.48 <K> API=34.96 MW=139.75
COMPONENT T475 TBP=519.26 <K> API=30.19 MW=148.60
COMPONENT T525 TBP=547.04 <K> API=25.66 MW=157.54
COMPONENT T575 TBP-574.82 <K> API=21.39 MW=166.69UCOMPONENT T625 TBP=602.59 <K> API=17.38 MW=176.16
COMPONENT T675 TBP-630.37 <K> API=13.66 NW-186.05
COMPONENT T725 TBP-658.15 <K> API=10.23 MW=196.44ICOMPONENT T775 TBP=685.93 <K> API= 1.09 MW=207.37
COMPONENT T825 TBP-713.71 <K> API- 4.21 MW-218.85
COMPONENT T875 TBP-741.48 <K> API- 1.78 MW=230.87
COMPONENT T925 TBP=169.26 <K> API=-0.39 MW=243.31
COMPONENT T975 TBP-791.04 <K> API=-2.22 MW=256.24
Component T1000+ is the 1000+ F material leaving the second coal

liquefaction reactor in Plant 2.I COMPONENT T1000+ TBP=908.15 <K> API=-5.94 MW=308.05
Component I1000+ is the 1000+ F intermediate material leaving the

first coal liquefaction reactor in Plant 2.
COMPONENT 11000+ TBP=908.15<K> API=-5,94 MW=308.05

;Load the liquid sulfur (L-SULFUR) physical properties as taken from
;DIPPR - MW adjusted to be consistent with ASPEN.

PROP-DATA IN-UNITS SI
PROP-LIST MW / TC / PC / VC / ZCIPVAL L-SULFUR 32.06 /1313.0 /1.8208E+7 /0.15800 /0.2640PROP-LIST MUP /OMEGA / TB / RGYR
PYAL L-SULFUR 0.0 /0.2624 /717.82 / 0.0
PROP-LIST DELTA W GORM W HORM
PVAL L-SULFUR 2.0245E+4 /2.3825E+8 /2.7880E+8
PROP-LIST CPIG
PVAL L-SULFUR 2.5639E+4 -7.9870 4.7860E-3 -9.5700E-7 0.0 0.0 &

273.15 1500.0 0.0 87.113 1.0U , Load the solubility parameter for COS from the API Tech Data Book.
PROP-LIST DELTA
PVAL COS 18179.

Reset some component molecular weights to be consisitent with the
following elemental atomic weights, where needed.
H=1.0079, C=12.011, 0=15.9994, N=14.00679 S=32.06 & C1=35.453
PROP-LIST MWIPVAL H2 2.0158
PYAL N2 28.0134
PVAL 02 31.9988
PVAL H2S 34.0758
PVAL CO 28.0104
PVAL C02 44.0098
PYAL NH3 17.0304
PYAL H20 18.0152

PVALCH416. 0426
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PVAL C2H6 30.0694I
PVAL C3H8 44.0962
PVAL IC4H1O 58.1230
PVAL NC4H1O 58.1230I
PVAL 1C5H12 72.1498
PVAL NC5H12 72.1498

;Set the specific gravities of H2, NH3 and H2S to the values givenI
; in the API Technical Data Book - Petroleum Refining.
PROP-LIST SPGR
PYAL H2 0.3000
PVAL CO 0.3000
PVAL C02 0.8180
PYAL NH3 0.6162
PYAL H2S 0.8014
PVAL N2 0.8094
PVAL COS 1.02

ATIR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL
NC-PROPS COAL ENTHALPY HCJ1BOIE/

DENSITY DCOALIGT
NC-PROPS URCOAL ENTHALPY HCJ1BOIE/U

DENSITY DCHARIGT
NC-PROPS SLAG ENTHALPY HCJ1BOIE/

DENSITY DCHARIGTI

DEF-STREAIS MIXNC ALL

FLOWSHEET

FLOWSHEET MAIN
BLOCK 2M-1O1A IN=2SY1 2SY2 OUT=2SY
BLOCK 2M-101 IN-1SX 2SY OUT=2S1
BLOCK 2M-102H IN=9SX1 9SX2 OUT=9SXI
BLOCK 2C-103 IN=9SX OUT=2S45 2S46
BLOCK 2M-104 IN=2S46 2S28A OUT=2S28
BLOCK 2M-102 IN=2S1 2S45 OUT=2S3
BLOCK 2L-i01 IN=2S3 OUT=2S4I
BLOCK 2L-102 IN=2S28 OUT=2SI0
BLOCK 2M-103 IN=2S10 2S4 OUT=2S5
BLOCK P2RX1 IN=2S5 OUT=2S6IBLOCK 2M-107 IN=2S6 2S27 OUT=2S7
BLOCK P2RX2 IN=2S7 OUT=2S11
BLOCK 2C-107 IN=2S11 OUT=2S12 2S13I
BLOCK 2XI07 IN=2S12 OUT=2S14
BLOCK 2C-110 IN=2S14 OUT=2S15 2S16
BLOCK 2X106 IN=2S15 OUT-2S191
BL OCK 2M-110 IN=2SI91 2S17 OUT=2S19IBLOCK 2C-113 IN-2S19 OUT=2S5O 2S21 2S22
BLOCK 2C-115 IN=2S50 OUT=2S20 2S51
BLOCK 2C-108 IN=2S13 OUT=2S271 2S281
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IBLOCK 2XI04 IN-2S271 OUT-2S29
BLOCK 2M-106 IN-2S29 2S16 OUT-2S30
BLOCK 2C-111 IN=2S30 OUT=2S31 2S32IBLOCK 2X110 IN-2S31 OUT-2S33
BLOCK 2M-108 IN=2S33 2S21 OUT=2S34
BLOCK 2C-114 IN=2S34 OUT=2S35 2S36 2S37
BLOCK 2C-109 IN=2S281 OUT-2S38 2S39
BLOCK 2XI08 IN=2S38 OUT-2S41
BLOCK 2C-112 IN=2S41 OUT-2S43 2S44 2S42
BLOCK 2C-105 IN-2S39 OUT-2S461 2S40IBLOCK 2M-109 IN-2S36 2S44 2S40 2S32 2S51 OUT-2S451
BLOCK 2XI09 IN-2S451 OUT-2S452
BLOCK 2C-200 IN-2S452 OUT=2S200 2S201 2S202 2S203 2S204
BLOCK 2C-201 IN=2S204 OUT=2S205 25206
BLOCK 2C-202 IN=2S205 OUT=2S211 2S212 2S213 2S214 2S215 2S216

STREAMS

DEF-STREAMS MIXNC ALL

STREAM 2S17
SUBSTREAM MIXED TEMP=70.0 <F> PRES=2980.0 <PSIA>
MASS-FLOW H20 219929.0 <LB/HR>

MAKE-UP H2
STREAM 9SX1'I SUBSTREAM MIXED TEMP=200.0 <F> PRES=3200.0 <PSIA>

MASS-FLOW N2 2 <LB/HR> /H2 15759 <LB/HR> / H20 1 <LB/HR> /&
H25 1 <LB/HR> /NH3 1 <LB/HR> /CO 1 <LB/HR> / &
C02 1 <LB/HR> /CH4 1 <LB/HR> /C2H6 1 <LB/HR> / &
C3H8 1 <LB/HR> /NC4HIO 1 <LB/HR>/&
NC5H12 1 <LB/HR>

I FIRST REACTOR (STAGE I)TREATED RECYCLE GAS
STREAM 9SX2

SUBSTREAM MIXED TEMP=200.0 <F> PRES=3200.0 <PSIA>I MASS-FLOW N2 2 <LB/HR> / H2 4037 <LB/HR> / H20 1 <LB/HR> / &
H25 2 <LB/HR> / NH3 4 <LB/HR> / CO 1 <LB/HR> / &
C02 2 <LB/HR> / CH4 1261 <LB/HR> / C2H6 756 <LB/HR> /&
C3H8 751 <LB/HR> / NC4H1O 252 <LB/HR> / &
NC5H12 2 <LB/HR>

FIRST REACTOR (STAGE I) UNTREATED RECYCLE GASU STREAM 2S28A
SUBSTREAM MIXED TEMP=100.0 <F> PRES=3200.0 <PSIA>
MASS-FLOW N2 2 <LB/HR> / H2 3528 <LB/HR> / H20 1 <LB/HR> / &IH25 2241 <LB/HR> / NH3 475 <LB/HR> /CO 129 <LB/HR> /&C02 205 <LB/HR> / CH4 5098 <LB/HR> /C2H6 2131 <LB/HR> / &

C3H8 1410 <LB/HR> / NC4H1O 398 <LB/HR> / &
NC5H12 1130 <LB/HR>

SECOND REACTOR (STAGE II) UNTREATED RECYCLE GAS
STREAM 2S27

SUBSTREAM MIXED TEMP=100.O <F> PRES=3200.0 <PSIA>
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MASS-FLOW N2 2 <LB/HR> / H2 23511 <LB/HR> / H20 102 <LB/HR> / &I
H2S 14979 <LB/HR> / NH3 3179 <LB/HR> /CO 862 <LB/HR> / &
C02 1399 <LB/HR> / CH4 34061 <LB/HR> /C2H6 14240 <LB/HR> /&
C3H8 9426 <LB/HR> / NC4H1O 2664 <LB/HR> / &INC5H12 7556 <LB/HR>

STREAM4 2SY1
SUBSTREAN MIXED TEMP-400.O <F> PRES-3200.O <PSIA>
CONVENTIONAL COMPONENTS:
MASS-FLOW H20 3 <LB/HR> / NH3 3 <LB/HR> / C3H8 165 <LB/HR> /

CH4 7 <LB/HR> / NC4H1O 1 <LB/HR> / H2S 1 <LB/HR> / ICO 1 <LB/HR> / IC4H1O 252 <LB/HR> / NC5H12 0 <LB/HR> /
C02 3 <LB/HR> / 1C5H12 448 <LB/HR> / H2 4 <LB/HR>/
C2H6 4 <LB/HR>/

PSEUDOCOMPONENTS:
1125 2 <LB/HR> / T175 2 <LB/HR> / T225 2 <LB/HR>/
T275 2 <LB/HR> / T325 440 <LB/HR> / 1375 235 <LB/HR>/
T425 2 <LB/HR> / 1415 4411 <LB/HR> / T525 4411 <LB/HR>/I
T575 4411 <LB/HR> /T625 4411 <LB/HR> / T675 23174 <LB/HR>/
T725 23114 <LB/HR> /T775 23174 <LB/HR> / T825 23174 <LB/HR> /
T875 41565 <LB/HR> /T925 41565 <LB/HR> / T975 41565 <LB/HR> /IT1000+ 308956 <LB/HR>

STREAM 2SY2
NON-CONVENTIONAL COMPONENTS:
SUBSTREAM NC TEMP-400.0 <F> PRES=3023.O <PSIA>
MASS-FLOW URCOAL 14911 <LB/HR>
COMP-ATTR URCOAL PROXANAL (0.0 19.199 16.547 64.254)/I

ULTANAL (64.254 28.688 1.938 0.577 0.0 1.292 3.250)
SULFANAL (0.760 0.076 0.456) /

COPATRSLGPRXNL 00 00 . 9.)AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)I
ULTANAL (90.0 10.0 0.0 0.0 0.0 0.0 0.0)/
SULFANAL (0.0 0.0 0.0) /
AOXANAL (42.0 17.0 23.0 1. 1. 6. 2. 1. 3. 4.)

STREAM 1SX
SUBSTREAM MIXED TEMP=200.0 <F> PRES=3023.O <PSIA>I

NON-CONVENTIONAL COMPONENTS:
SUBSTREAM NC TEMP-200.0 <F> PRES=3023.0 <PSIA>

MASS-FLOW COAL 285035.
COMP-ATTR COAL PROXANAL (0.0 47.55 40.99 11.47)/

ULTANAL (11.473 71.047 4.80 1.43 0.00 3.20 8.05)/
SULFANAL (1.88 0.19 1.13) /
AOXANAL (43.8 17.1 24.1 0.8 0.1 5.6 1.0 0.6 2.1 4.1)

FORTRAN SOLVENTI
DEFINE SOLY STREAM-VAR STREAM-2SY1 VARIABLE=MASS-FLOW
DEFINE URC MASS-FLOW STREAM=2SY2 SUBSTREAM=NC COMPONENT=URCOAL

C Set the weight ratio of unconverted coal (URCOAL) to solvent in
C'he solvent recycle stream.

F URC -0.137168*SOLV
EXECUTE BEFORE 2M-1O1A3
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I ; UNIT OPERATION BLOCKS

I BLOCK 2M-1O1A MIXER
PROPERTIES SYSOP4
PARAM PRES--I.0

I BLOCK 2M-101 MIXER
PROPERTIES SYSOP4
PARAM PRES--1.0

BLOCK 2M-102H MIXER
PROPERTIES SYSOP4
PARAM PRES-1.0

BLOCK 2C-103 FSPLIT
PROPERTIES SYSOP4

FRAC 2S45 0.05
BLOCK 2M-102 MIXER1 PROPERTIES SYSOP4

PARAM PRES=-1.0

BLOCK 2m-104 MIXERI PROPERTIES SYSOP4
PARA4 PRES=-1.0

.1 BLOCK 2L-101 HEATER
PROPERTIES SYSOP4
PARAM TEMP-570 <F> PRES=3115.0 <PSIA>

I BLOCK 21-102 HEATER
PROPERTIES SYSOP4
PARAM TEMP=1050 <F> PRES=3070.O <PSIA>

BLOCK 2M-103 MIXER
PROPERTIES SYSOP43 PARAM PRES--5.0

Plant P2RX1 is the model for the first coal liquefaction reactor.
Stream 2S5 i s the feed stream to the f irst Pl ant 2 coal

liquefaction reactor.
Stream 2S6 i s the total reactor ef fl uent from the f irst

* Plant 2coal liquefaction reactor.

Plant 2 - The first coal liquefaction reactor - Fortran block USR2R.
BLOCK P2RX1 USER

PROPERTIES SYSOP4
SUBROUTINE MODEL - USR2R REPORT = USR2R
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION REACTORS MODEL'
PARAM NINT = 5 NREAL = 20I) The following 5 integer parameters are:

INT(1) - User block summary report control switch.
0 -> Write the complete user block summary report.

1 => Skip the capital cost portion of the summary
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report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 Write the user block summary report to the normal

ASPEN/SP output report file.
I Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) - Number of duplicate plants. NOT APPLICABLE.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
I Write the only the subroutine entry and exit

messages to the history file.
2 Write some additional output to the history file.

3-5 Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) Yields factor calculation switch
2 => Yields calculated in subroutine USR2R via a

linear model for both coal liquefaction reactors.
3 -> Called by subroutine USRRI
4 => Called by subroutine USRR2
5 Yields calculated in subroutine USR2R via a

kinetic model for both liquefaction reactors.
Exact transfer of Lotus spreadsheet

6 Yields calculated in subroutine USR2R via a
kinetic model for first stage reactor system
only.Call this model P2RXI.

7 Yields calculated in subroutine USR2R via
a kinetic model for second stage reactor.
It is assumed that input to this are yields
from P2RXI plus recycle stream 2S27.
Call this P2RX2.

INT 0 1 0 4 6
The following 20 real parameters are:
REAL(I) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.
REAL(2) - Future use.
REAL(3) = RESID YIELD IN REACTOR I, %MAF
REAL(4) - OVERALL UNCONVERTED COAL, %MAF
REAL(5) - RESID LOSS IN ROSE, %MAF
REAL(6) = COAL SV, LB MAF COAL/HR/LB CATALYST
REAL(7) - FIXED CARBON, WT% MF
REAL(8) - REACTOR ID STAGE I AND 11, FEET
REAL(9) - MAXIMUM REACTOR WEIGHTI 322 SHORT TONS
REAL(IO) = REACTOR 1, TEMP DEG F
REAL(II) - REACTOR 11, TEMP DEG F
REAL(12) - STAGE I OUTLET PRESSURE, PSIA
REAL(13) - STAGE II OUTLET PRESSURE, PSIA
13CM flA%LnLk1'tj = MAXIMUM GAS VELOCITY, FPS
REAL(15) = Unconverted coal, stage I % MAF
REAL(16) -
REAL(20) Future use.
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REAL 92.7901 &
Future use (4 items)
0.0 26.80 7.54 8.13 1.12 50.68 15.0 1322.0 790.0 &
760.0 3040.0 3010.0 0.197 10.2 0.0 0.0 0.0 0.0 0.0

Use the following FLASH-SPECS sentence to force ASPEN/SP to flash
the reactor effluent stream.
FLASH-SPECS STRM - 2S6 KODE=2

BLOCK 2M-107 MIXER
PROPERTIES SYSOP4
PARAM PRES-5.0

Plant P2RX2 is the model for the second coal liquefaction reactor.
Stream 2S7 is the feed stream to the second Plant 2 coal

liquefaction reactor.
Stream 2S11 is the total reactor effluent from the second

coal liquefaction reactor.

Plant 2 - The second coal liquefaction reactor - Fortran block USR2R.
BLOCK P2RX2 USER

PROPERTIES SYSOP4
SUBROUTINE MODEL - USR2R REPORT = USR2R
DESCRIPTION 'PLANT 2 - COAL LIQUEFACTION REACTORS MODEL'
PARAM NINT - 5 NREAL - 20

The following 5 integer parameters are:
INT(l) - User block summary report control switch.

0 Write the complete user block summary report.
1 Skip the capital cost portion of the summary

report.
2 Skip the capital cost and utilities portions

of the summary report.
3 Skip writing the entire user block summary report.

INT(2) - User block summary report destination control switch.
0 => Write the user block summary report to the normal

ASPEN/SP output report file.
I => Write the user block summary report to a separate

user block output report file on logical unit 62
called DCL02.REP.

INT(3) - Number of duplicate plants. NOT APPLICABLE.
INT(4) - History file additional output control switch.

0 -> Write no additional output to the history file.
1 => Write the only the subroutine entry and exit

messages to the history file.
2 => Write some additional output to the history file.

3-5 -> Write some more additional output to the history
file. Larger values generate more intermediate
output.

INT(5) - Yields factor calculation switch
2 -> Yields calculated in subroutine USR2R via a

linear model for both coal liquefaction reactors.
3 -> Called by subroutine USRRI
4 => Called by subroutine USRR2
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5 => Yields calculated in subroutine USR2R via aI
kinetic model for both liquefaction reactors.
Exact transfer of Lotus spreadsheet

6=-> Yields calculated in subroutine USR2R via aI
kinetic model for first stage reactor system
only-Call this model P2RXI.

7 -> Yields calculated in subroutine USR2R via
a kinetic model for second stage reactor.
It is assumed that input to this are yields
from P2RXI plus recycle stream 2S27.
Call this P2RX2.I

INT 0 1 0 4 7
The following 20 real parameters are:
REAL(1) - Percent coal conversion based on fresh MAF coal

entering the coal liquefaction reactors.REAL(2) - Future use.
REAL(3) - RESID YIELD IN REACTOR I, %MAF
REAL(4) - OVERALL UNCONVERTED COAL, %MAFIREAL(S) - RESID LOSS IN ROSE, %MAF
REAL(6) = COAL SY, LB MAF COAL/HR/LB CATALYST
REAL(7) = FIXED CARBON, WT% MF
REAL(8) - REACTOR ID STAGE I AND II, FEET
REAL(9) - MAXIMUM REACTOR WEIGHT,1 322 SHORT TONS
REAL(10) = REACTOR I, TEMP DEG F
REAL(11) - REACTOR 11, TEMP DEG FI
REAL(12) - STAGE I OUTLET PRESSURE, PSIA
REAL(13) - STAGE 11 OUTLET PRESSURE, PSIA
REAL(14) -MAXIMUM GAS VELOCITY, FPS IREAL(15) - Unconverted coal, stage 1 % MAF
REAL(16)-
REAL(20) =Future use.

REAL 92.7901 &
Future use (5 items)
0.0 26.80 1.54 8.13 1.12 50.68 15.0 1322.0 790.0 &I760.0 3040.0 3010.0 0.191 10.2 0.0 0.0 0.0 0.0 0.0

Use the following FLASH-SPECS sentence to force ASPEN/SP to flash
the reactor effluent stream.I
FLASH-SPECS SIRM - 2S11 KODE-2

BLOCK 2C-107 FLASH2
PROPERTIES SYSOP4
PARAII TEMP-760. <F> PRES=3015. <PSIA>

BLOCK 2X107 HEATER
PARAM TEMP=550. <F> PRES=-10.0

BLOCK ZC-110 FLASH2I
PARA4 TEMP=400. <F> PRES=3015. <PSIA>

BLOCK 2X106 HEATERI
PARAM TEMP-130. <F> PRES=2995.0 <PSIA>

BLOCK 2C-113 FLASH3
PROPERTIES SYSOP4
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I PARA4 TEMP=130. <F> PRES=2985. <PSIA>

bLOCK ZC-115 SEP
FLASH-SPECS STRM-2S51 TEMP-130.0 <F> PRES=2985.O <PSIA>/ISR=2 FRAC SUS-MIXE <F> PRES=2985.0 <PSIA>&

COMP-H2 N2 02 H2S CO C02 &
NH3 L-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4H1O NC4H10 IC5H12 NC5H12 &

;Pseudocomponents

T425 T475 T525 T575 1625 T675 &
T725 T775 T825 T875 T925 T375+

UFRAC-1.0 1.0 1.0 1.0 1.0 1.0 &
1.0 1.0 0.30 0.05 1.0 1.0 &
1.0 1.0 0.5 0.8 0.3 0.3 &I ~ Pseudoconiponents
0.0 0.0 0.0 0.0 0.0 0.0 &

U0.0 0.0 0.0 0.0 0.0 0.0 &
*0.0 0.0 0.0 0.0 0.0 0.0 &

0.0/
STRM=251 &
COMP-H2 N2 02 H2S CO C02 &

NH3 1-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4H1O NC4H1O 1C5H12 NC5H12 &

;Pseudocomponents
T125 1175 1225 1275 1325 1375 &
TI 425 1475 1525 1575 1625 1675 &

UFRAC=0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.10 0.95 0.0 0.0 &
0.0 0.0 0.5 0.2 0.7 0.7 &

Pseudocomponents
1.0 1.0 1.0 1.0 1.0 1.0 &
1.0 1.0 1.0 1.0 1.0 1.0 &
1.0 1.0 1.0 1.0 1.0 1.0 &I 1.0

BLOCK 2C-108 FLASH2I'PARAM TEMP=745. <F> PRES=115. <PSIA>
BLOCK 2XI04 HEATERIPARAM TEMP=550. <F> PRES=105.0 <PSIA>
BLOCK 2M-106 MIXERI PARAM PRES=-1.0

BLOCK 2C-111 FLASH2
PROPERTIES SYSOP4

PARAM TEMP-550. <F> PRES=80. <PSIA>

BLOCK 2X110 HEATER
* PARAN TEMP=130. <F> PRES=70.0 <PSIA>
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BLOCK 2M-109 MIXER
PARAN PRES=-1.0

BLOCK 2M-108 MIXER
PARAM PRES=-1.0

BLOCK 2C-114 FLASH3I
PROPERTIES SYSOP4

PARAM TEMP=125. <F> PRES=65. <PSIA>

BLOCK 2C-109 FLASH2
PARAM TEMP-743. <F> PRES-35. <PSIA>

BLOCK 2X108 HEATERI
PARAM TEMP-130. <F> PRES-25.0 <PSIA>

BLOCK 2C-112 FLASH3I
PARAM TEMP=130. <F> PRES=25. <PSIA>

BLOCK 2C-105 FSPLITI
FRAC 2S461 0.43

BLOCK 2M-110 MIXER
PARAM PRES-1.0

BLOCK 2XI09 HEATER
PARAM TEMP-148.O <F> PRES=115.0 <PSIA>I

BLOCK 2C-200 SEP
FLASH-SPECS STRM=2S200 TEt4P-140.0 <F> PRES=16.0 <PSIA> /I

STRM=2S201 TEMP=140.0 <F> PRES=16.O <PSIA>
STRM=2S202 TEMP=140.0 <F> PRES=16.0 <PSIA>/
STRM=2S203 TEMP=140.0 <F> PRES=28.0 <PSIA>/
STRM=2S204 TEt4P=695.O <F> PRES=28.0 <PSIA>I

FRAC SUBS=MIXED STRM=2S200 &
COMP=H2 N2 02 H2S CO C02 &

NH3 L-SULFUR H20 HCL Cos CH4 &IC2H6 C3H8 IC4HIO NC4H1O IC5H12 NC5H12 &
;Pseudocomponents

T125 T175 T225 T275 T325 T375 &
T425 T475 1525 T575 T625 1675 &
T725 T775 1825 T875 T925 1975 &
T1000+ 11000+ &

FRAC-1.0 1.0 1.0 0.0 1.0 1.0 &I
0.1 0.0 0.05 0.0 1.0 0.0&

0.0 0.0 0.0 0.0 0.0 0.0 &

0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &I
0.0 0.0/

STRM=2S201 &
COMP-H2 N2 02 H2S CO C02 &

NH3 L-SULFUR H20 HCL Cos CH4 &
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Ped comonnt C3H8 IC4H10 NC4H1O IC5H12 NC5H12 &

T125 T175 T225 T275 T325 T375 &
T 425 T475 T525 T575 1625 1675 &
T725 T775 T825 T875 1925 T975 &
T1000+ 11000+ &

FRAC=1.0 1.0 1.0 0.1 1.0 1.0 &
*0.9 1.0 0:95 1.0 1.0 1:0 &

; Pseudocomponents

0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &

COMP=H2 N2 02 H2S Co C02 &
NH3 1-SULFUR H20 HCL Cos CH4 &IC2H6 C3H8 IC4H1O NC4H1O IC5H12 NC5H12 &

;Pseudocomponents
1125 115 T225 T275 1325 1315 &
T 425 1475 1525 T575 1625 1675 &
T725 T775 1825 T875 1925 T975 &
11000+ 11000+ &3FRAC=0.0 0.0 0.0 0.9 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 1.0 &
1.0 1.0 1.0 1.0 1.0 1.0 &

;PseudocomponentsI0.94 0.94 0.94 0.94 0.94 0.035 &
0.035 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &I 0.0 0.0/

STR!4=2S203&
COMP=H2 N2 02 H2S CO C02 &

NH3 1-SULFUR H20 HCL Cos CH4 &
C2H6 C3H IC4H1O NC4H1O ICS12 NC5H12 &

Pseudocomponents
1125 T175 1225 1275 1325 1375 &
T 425 T475 1525 1575 1625 1675 &
1725 T115 1825 T875 1925 1975 &
11000+ 11000+ &

FRAC=0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &

PseudocomponentsI0.034 0.034 0.034 0.034 0.034 0.815 &
0.815 0.404 0.404 0.404 0.404 0.096 &
0.096 0.096 0.9 0W00 0.0 0.007f
0 0.0 0 .0/

STRI4=2S204 &
COMP=H2 N2 02 H2S Co C02 &

NH3 1-SULFUR H20 HCL Cos CH4 &IC2H6 C3H8 IC4H1O NC4H1O 1C5H12 NC5H12 &
Pseudocomponents

1125 1175 1225 T215 1325 1375 &

1425 1475 1525 1575 1625 1675 &
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T725 1775 1825 T875 T925 T975 &I
T1000+ 11000+ &

FRAC-0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &I0.0 0.0 0.0 0.0 0.0 0.0 &

;Pseudocomponents
0.026 0.026 0.026 0.026 0.026 0.150 &
0.150 0.596 0.596 0.596 0.596 0.904 &I
0.904 0.904 0.904 0.993 0.993 0.993 &
1.0 1.0

Non-conventional componentsI
FRAC SUBS=NC STRI4=2S200 &

COt4P-COAL URCOAL SLAG &
FRAC-0.0 0.0 0.0/I
COMP-COAL URCOAL SLAG &
FRAC=0.0 0.0 0.0/1

COMP-COAL URCOAL SLAG &
FRAC=0.0 0.0 0.0/
S1R14=2S203 &I
COMP-COAL URCOAL SLAG&
FRAC=0.0 0.0 0.0/
STRM=2S204 &
COMP-COAL URCOAL SLAG &
FRAC=1.0 1.0 1.0

BLOCK 2C-201 FSPLIT
FRAC 2S205 0.72

BLOCK 2C-202 SEP1
FLASH-SPECS STRII=2S211 TEMP=110.0 <F> PRES=16.7 <PSIA>/

STRM=2S212 TEMP=110.0 <F> PRES=16.7 <PSIA>/
STRII=2S213 TEMP=110.0 <F> PRES=16.7 <PSIA>/STRM2S21 TEP-26.0 <> PES=1.7 <S1ASTRM=2S214 TEMP=266.0 <F> PRES=16.7 <PSIA>/
STRM=2S215 TEMP=400.0 <F> PRES=16.7 <PSIA>/

FRAC SUBS=MIXED STRM=2S211 & ICOMP-H2 N2 02 H2S CO C02&
NH3 L-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4H1O NC4H1O IC5H12 NC5H12 &3

;Pseudocomponents
1125 1175 1225 1275 1325 1375 &
T425 1475 1525 1515 1625 T675 &
T725 1775 1825 1875 T925 1975 &I

FRAC-1.0 1.0 1.0 0.9 1.0 1.0 &
0.1 0.0 0.05 0.0 1.0 1.0 & I
1.0 1.0 1.0 1.0 0.0 0.0&;Pseudocomponents
0.0 0.0 0.0 0.0 0.0 0.0 &
U.0I 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/

STRII=2S212 &I
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ICOI4P=H2 N2 02 H2S Co C02 &
NH3 1-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4HIO NC4HIO 1C5H12 NC5HI2 &I ; Pseudocomponents
T125 T175 T225 T275 T325 T375 &
1425 T475 T525 1515 1625 T675 &
T725 T775 T825 T875 T925 T975 &

FRAC-g.; 0.0 0.0 0.1 0.0 0.0 &

0.0 0.0 0.0 0.0 0.0 0.0 &
0. 0.0 0.0 0. 0.0 0.03'0.0 0.0 0.0 0.0 0.0 0.0 &

STRI4=2S213 &
COMP-H2 N2 02 H2S Co C02 &

NH3 1-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4H1O NC4H1O IC5H12 NC5HI2 &I ; Pseudocomponents
T125 T175 1225 1215 T325 T375 &
1425 T415 T525 T575 T625 1675 &3T725 T775 1825 1875 T925 T975 &
11000+ 11000+ &

FRAC=0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &I0.0 0.0 0.0 0.0 1.0 1.0 &

;Pseudocomponents
0.545 0.545 0.545 0.545 0.545 0.068 &
0.068 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &

STRI4=2S214 &
COMP-H2 N2 02 H2S CO C02 &

NH3 1-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4HI0 NC4H1O 1C5H12 NC5H12 &I Pseudoconiponents
1125 1175 1225 1275 1325 T375 &
1425 T475 1525 1575 T625 1675 &
1725 1715 1825 1815 T925 T975 &
11000+ 11000+ &

FRAC=0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &10.0o 0.0 0.0 0.0 0.0 0.0 &

Pseudocomponents
0.455 0.455 0.455 0.455 0.455 0.932 &30.932 1.0 1.0 1.0 1.0 0.883 &
0.883 0.883 0.883 0.026 0.026 0.026 &
0.0 0.0/

STRI4=2S215 &ICOI4P-H2 N2 02 H2S CO C02 &
NH3 1-SULFUR H20 HCL Cos CH4 &
C2H6 C3H8 IC4H1O NC4H1O IC5H12 NC5H12 &

Pseudocomponents
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T125 T175 1225 T275 T325 T375 &1
T425 T475 1525 T575 T625 T675 &
T725 T775 1825 T875 T925 T975 &
T1000+ 11000+ &IFRAC-0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &

;Pseudocomponents
0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.08 &
0.08 0.08 0.08 0.533 0.533 0.533 &I0.0136 0.0/

STRI4-2S216 &
COMP-H2 N2 02 H2S Co C02 &

NH3 1-SULFUR H20 HCL Cos CH4&C2H6 C3H8 IC4H1O NC4H1O IC5H12 NC5H12 &
;Pseudocomponents

1125 T175 1225 T275 T325 T375 &11425 1475 T525 1575 1625 T675 &
1725 T775 1825 1875 T925 T975 &
T1000+ 11000+ & I

FRAC=0.0 0.0 0.0 0.0 0.0 0.0&0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.0 &

PseudocomponentsI
0.0 0.0 0.0 0.0 0.0 0.0 &
0.0 0.0 0.0 0.0 0.0 0.037 &
0.037 0.037 0.037 0.441 0.441 0.441 &I0.9864 0.0

;Non-conventional components
FRAC SUBS=NC STRM=2S211 &

COMP-COAL URCOAL SLAG&
FRAC=0.0 0.0 0.0/
STRM=2S2 12 &
COMP=COAL URCOAL SLAG &IFRAC=0.0 0.0 0.0/
STRM=2S213 &
COMP-COAL URCOAL SLAG &FRAC=0.0 0.0 0.0/
STRII-2S2 14 &
COMP=COAL URCOAL SLAG &FRAC=0.0 0.0 0.0/I
STRM=2S215 &
COMP-COAL URCOAL SLAG &
FRAC-0.0 0.0 0.0/I
STRI4=2S216 &
COMP-COAL URCOAL SLAG &
FRAC-1.0 1.0 1.0 U

STREAM-REPORT P2 .
STREAMS STRM-ALL
FLOW-FRAC SUBS-MIXED BASES-MASS / SUBS-NC BASES=MASS
INTENSIVE-PROPS SUBS-MIXED BASES-MASS &

PROPS=TEMP PRES MW ENTH ENTR DENS HCAP/
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SUBS-NC BASES=MASS &
PROPS=TENP PRES ENTH DENS HCAP

End of input file T2V2S.INP

M-17





APPENDIX N





APPENDIX N

ASPEN/SP FORTRAN USER BLOCK MODELS

FOR THE KINETIC REACTOR MODEL

N-



ASPEN/SP FORTRAN USER BLOCK MODELS

FOR THE KINETIC REACTOR MODEL

Editorial Note
In the following listing, whenever TOF occurs between single quote marks
in a FORMAT statement, it represents the IBM PC top of form character (ASCII
character 012).

C File USR2G.FOR
C
C This file contains the following subroutines:
C USR2R Main routine for both Plant 2 coal liquefaction
C reactors.
C USR2BD Block data routine for initializing some variables
C in COMMON /USR12L/.
C USR02A Subroutine to load the pure component properties in
C the CPROP array in named COMMON /USR02M/.
C USR02B Subroutine to write the reactor elemental balance to
C the history file.
C USR02R Subroutine to calculate the net coal liquefaction
C reactor yields and the reactor outlet stream.
C USR2RS Subroutine to load the coal liquefaction reactor outlet
C stream into the reactor effluent stream vector.
C USR2RZ Subroutine to write any warning messages to the
C summary report.
C USR02C Subroutine to calculate frequently used quantities
C utilized in several different subroutines.
C USR02F Subroutine to calculate fluid dynamic properties of
C ebullated bed reactor.
C USR02K Subroutine to calculate various kinetic parameters
C for the eb-bed reactors.
C USR2S1 Subroutine to calculate catalyst addition rate when
C the first stage resid yield is given.
C USR2RC Subroutine to calculate resid concentration for both
C reactor effluent streams, using accurate phase
C equilibria.
C USR2S2 Subroutine to calculate catalyst addition rate for
C the second stage.
C USR2YF Subroutine to calculate product yields for reactor
C stages I and II.
C USR2FL Subroutine to calculate equilibrium flash gas and
C liquid phase compositions.
C USR2KV Subroutine returning temperature dependent equilibrium
C K-values for a given reactor mixture.
C USR02E Subroutine to calculate the required fresh reactor
C inlet stream temperature Tprh that will provide the
C desired average bed temperature.
C USR2EI Subroutine to conducte a simple energy balance at the
C 'invisible' mixer at the reactor bottom, merging the
C cool fresh feed with the hot internal recycle to the
C single reactor net inlet stream.
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C USR2EB Subroutine to evaluate temperature of the reactor
C effluent stream, by an overall energy balance with
C iterative convergence.
C USR2CP Subroutine to evaluate heat capacities of pure
C substances.
C USR2C1 Subroutine to evaluate conventional liquid heat
C capacities.
C USR2C2 Subroutine to evaluate conventional gases (ideal) heat
C capacities.
C USR2C3 Subroutine to evaluate petroleum liquid fractions heat
C capacities.
C USR2C4 Subroutine to evaluateing petroleum gas fractions heat
C capacities.
C USR2C5 Subroutine to evaluate solid carbon heat capacity
C (graphite).
C USR2LH Subroutine to evaluate latent heats of pure compounds,
C as functions of equilibrium temperature.
C USR2L1 Subroutine to evaluate latent heats of vaporization of
C pure conventional compounds.
C USR2L2 Subroutine to evaluate latent heats of vaporization of
C petroleum pseudo-components.
C
C NOTE: This model contains some USR02 subroutines and uses named
C common blocks COMMON /USR02M/ and /USR12L/.
C
C The above subroutines require the following non-standard ASPEN/SP
C subroutines which are not included in this file.
C USRCCN Subroutine for locating the relative conventional
C component number.
C USRUCO Subroutine for calculating, saving and reporting the
C utilities, capital and operating costs for the plant.
C GETSTR Subroutine for finding the stream bead information.
C USR31T Subroutine to summarize the plant utilities. -- This
C routine totals all the utilites and prints a summary
C table for all plants.
C USR111 User BLOCK DATA routine to initialize the items in
C named COMMON /USRCO1/.
C
C NOTE: Changes are required in subroutines USR2S2 and USR2YF when
C switching between the original baseline design case and
C the improved baseline design (high space velocity) case.
C

C$ USR2R
SUBROUTINE USR2R (NSINNINFISIN1,SIN2,SIN3,SIN4, SINFINSOUT,C - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I NINFOSOUT1,SOUT2,SOUT3,SOUT4,SINFONSUBSIDXSUBITYPENINT,
2 INTNREALREALIDSNPONBOPSTNIWIWNWWNSIZESIZE)

C
C ASPEN USER UNIT OPERATION BLOCK: USR2R
C
C BLOCK DESCRIPTION: Plant 2, Both DOE Coal Liquefaction Reactors
C
C Both Plant 2 Coal Liquefaction Reactors Block Model
C
C -----------------------
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C
CII
C Reactor Feed ---- >1 Both Coal - ->Reactor EffluentI
C I Liquefaction I
C IReactorsI
CII

C

C FUNCTION (MODEL, REPORT, OR BOTH): Both 1
C

C ASSUMPTIONS, SPECIAL FEATURES AND LIMITATIONS:
C 1. The single inlet stream is the Total Reactor Feed Stream.
C 2. The single outlet stream is the Reactor Effluent Stream.
C 3. This user block model will work with any number of
C conventional components, but requires three non-conventional
C coal-type components which must be supplied in the following
C order, COAL, URCOAL and SLAG.
C 4. This user block Fortran model requires that all inupt and
C output streams are of the ASPEN/SP stream class of MIXNC or
C MIXNCPSD.
C 5. The order of the items in the ATTR-COMPS statement must be
C PROXANAL, ULTANAL, SULFANAL AND AOXANAL because it is in this
C order that ASPEN/SP stores these items, and this subroutine
C assumes this order. Therefore, the three ATTR-COMPS
C statement:_, in the input file must be: 1
C ATTR-COMPS COAL PROXANAL ULTANAL SULFANAL AOXANAL
C ATIR-COMPS URCOAL PROXANAL ULTANAL SULFANAL AOXANAL
C ATTR-COMPS SLAG PROXANAL ULTANAL SULFANAL AOXANAL
C 6. Any fresh coal (COAL) present in the input stream may be
C liquefied. Any unreacted COAL leaves as URCOAL. Any URCOAL
C or SLAG present in the input stream leaves unchanged in the
C reactor effluent stream. I
C 7. The 4 integer parameters are:
C INT(l) = User block summary report control switch.
C 0 => Write the complete user block summary report. I
C 1 => Skip the capital cost portion of the summary
C report.
C 2 => Skip the capital cost and utilities portions I
C of the summary report.
C 3 => Skip writing the entire user block summary
C report.
C INT(2) =User block summary report destination controlI
C switch.
C 0 => Write the user block summary report to the
C normal ASPEN/SP output report file.I
C 1 => Write the user block summary report to a
C separate user block output report file on
C logical unit 62 called DCL2R.REP.
C INT(3) =Number of duplicate plants. NOT AVAILABLE.
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I'C INT(4) = History file additional output control switch.
C 0 => Write no additional output to the history
C file.IC 1 => Write only the subroutine entry and exit
C messages to the history file.
C 2 => Write some additional output to the history
C file.
C 3-5 => Write some more additional output to the

C history file. Larger values generate more
C intermediate output.>c INT(5) =Yields factor calculation switch.
C 2 => Yields calculated in subroutine USR2R
C via a linear model for both stages l and 2IC coal liquefaction reactors.
C 3 => Called by subroutine USRR1.

C4 => Called by subroutine USRR2.
C 5 => Yields calculated in subroutine USR2R via aI.c kinetic model for both stages l and 2
C liquefaction reactors.
C 6=> Yields calculated in subroutine USR2R via aIC kinetic model for first liquefaction reactor.

C 7 => Yields calculated in subroutine USR2R via a
C kinetic model for second stage liquefactionIC reactor, assuming that yields from stage I
C reactor have alraedy been calculated.
C 8. The 20 real parameters are:
C REAL(l) = Percent coal conversion based on fresh MAF coalIC entering the coal liquefaction reactors.
C REAL(2) = Future use.
C REAL(3) = RESID YIELD IN REACTOR I, % MAF
C REAL(4) = OVERALL UNCONVERTED COAL, %MAF
C REAL(S) = RESID LOSS IN ROSE, Y.NAF
C REAL(6) = COAL SV, LB MAF/HR/LB CATALYST
C REAL(7) = FIXED CARBON, WT%. MFAC REAL(8) = REACTOR ID STAGE I AND II, FEET
C REAL(9) = MAXIMUM REACTOR WEIGHT, SHORT TONS
C REAL(lO) = REACTOR STAGE I TEMPERATURE, DEG FIC REAL(il) = REACTOR STAGE II TEMPERATURE, DEG F
C REAL(12) = REACTOR STAGE I PRESSURE, PSIA
C REAL(13) = REACTOR STAGE II PRESSURE, PSIA
C REAL(14) = MAXIMUM GAS VELOCITY, FPS
C REAL(lS) = UNCONVERTED COAL REACTOR I EFFLUENT, %MAF
C REAL(16) -
C REAL(20) = Future use.
C
C
C Required user Fortran unit operation block declarations.S IMPLICIT DOUBLE PRECISION (A-H, O-Z)

DIMENSION SINl(l),SIN2(l),SIN3(l),S1N4(l),SINFI(l),SOUTl(l),
1 SOUT2(l),SOUT3(l),SOUT4(l),SINFO(l),IDXSUB(NSUBS),ITYPE(NSUBS),
2 INT(NINT),REAL(NREAL),IDS(2,13),NBOPST(3,NPO),IW(NIW),W(NW),
3 SIZE(NSIZE)
COMMON/USER/RMISS, IMISS,NGBAL, IPASS, IRESTR, ICONVG,LMSG,
1 LPMSG,KFLAG,NHSTRY,NRPT,NTRMNL,ISIZE

COMMON/NCOMP/NCC, NNCC, NC, NAC, NACC, NVCP,NVNCP, NVACC, NVAVCC
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COMMN/IDCC/DSCC2,I
COMMON/IDSCC/IDSCC(2, 1)1
COMMON/IDSNCC/IDCC (1)
COMMON/IDXCC/IDXCC(1)

COMM0N/RPTGLB/IREPFL, ISUB(10)
COMMON/MW/XMW (1)
COMMON/ASPGLB/RACC(200), IACC(200)

C Component ordering in the various vectors.

C 1. H2 Hydrogen1
C 2. N2 Nitrogen
C 3. 02 Oxygen
C 4. H2S Hydrogen sulfideI
C 5. CO Carbon monoxide
C 6. C02 Carbon dioxide
C 7. NH3 Ammonia
C 8. H20 Water
C 9. HCL Hydrochloric acid
C 10. Cos Carbonyl sulfide
C 11. CH4 Methane f
C 12. C2H6 Ethane
C 13. C3H8 Propane
C 14. IC4HIO Iso-butane

C 15. NC4HIO Normal butane
C 16. IC5H12 Iso-pentane
C 17. NC5H12 Normal pentane
C 18. T125 100 - 150 F boiling range fraction
C 19. T175 150 - 200 F boiling range fraction
C 20. T225 200 - 250 F boiling range fraction
C 21. T275 250 - 300 F boiling range fractionI
C 22. 1325 300 - 350 F boiling range fraction
C 23. T375 350 - 400 F boiling range fraction
C 24. T425 400 - 450 F boiling range fraction

C 25. T475 450 - 500 F boiling range fraction
C 26. T525 500 - 550 F boiling range fraction
C 27. 1575 550 - 600 F boiling range fraction
C 28. T625 600 - 650 F boiling range fraction *
C 29. T675 650 - 700 F boiling range fraction
C 30. T725 700 - 150 F boiling range fraction
C 31. T775 750 - 800 F boiling range fractionI
C 32. T825 800 - 850 F boiling range fraction
C 33. 1875 850 - 900 F boiling range fraction
C 34. T925 900 - 950 F boiling range fraction
C 35. 1975 950 - 1000 F boiling range fraction
C 36. 11000+ 1000+ F boiling range material leaving the
C second coal liquefaction reactor.
C 37. 11000+ 1000+ F boiling range intermediate material
C leaving the first coal liquefaction reactor.
C 38. blank Future use
C 39. blank Future use 1
C 40. blank Future use-
C 41. blank Future use
C _42. blank_ __ Future-use _ _

L 43. blanK Future use
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C 4 ln Ftr s
C 44. blank Future use
C 46. COAL Fresh MAF coal that reacts to form conventional
C components and unreacted coal (URCOAL).
C 47. URCOAL Unreacted coal which leaving the reactors.
C 48. SLAG Slag, (i.e., gasifier solid bottoms product).
C 4.blank Future use
C 50. OTHERS Other components not listed above.
C

COMMON/USR12L/C(50) ,F(50) ,Z(400)

COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,1), ICNUMB(50),
1 ST1(5,5), ST2(6,5), OPROP(20,5)I C

C In COMMON /USRO2M/
C CIN(J) contains the component flow rates entering the coal
C liquefaction reactors in lbs/hr.
C COUT(J) contains the component flow rates leaving the coal
C liquefaction reactors in lbs/hr.
C CPROP(J,K) contains the conventional component properties'IC where J designates the component number and
C K = 1 => Molecular weight
C 2 => Density, lbs/bbl
C 3 => Carbon content, wt%
C 4 => Hydrogen content, wt%
C 5 => Sulfur content, wt%
C 6 => Nitrogen content, wt%

CN7M => Oxntaintent reltv opnntnmes
C 7CU J >oxygens cotreaicmoent, wters

C ST1JK)and ST2(J,K) contain the properties of up to 5 inlet1 ad outlet streams, in order, where J designates the stream

C K = 1 => Total stream flow rate in Mlbs/hr.
C 2 => Stream temperature in degrees Fahrenheit.
C 3 => Stream pressure in PSIA.
C 4=> Stream flow rate in MMSCF/hr.

C 5 => Future use.IC OPROP(J,K) contains the outlet petroleum fractions % elemental
C contents, necessary for exact elemental balance. This had to
C be added, because some petroleum fractions exist at inlet,
C especially for stage II calculations in mode 7. This contains
C the % elements in petroleum fractions (ID no. GE 18) in the
C same order as in CPROP.
C ASPEN/SP PRESERVES COMMONed VARIABLES CONTENTS BETWEENIC SUBSEQUENT CALLS. THUS, WE DON'T NEED TO PLACE CIN(46) IN THE
C REAL VECTOR FOR MODE 7, WE WILL JUST SAVE THE MODE 6 VALUE AND
C RE-USE IT FOR MODE 7. THE SAME TRICK MAY BE USED FOR ANY
C OTHER VARIABLE THAT NEEDS TO BE PRESERVED.

COMMON /USR2SV/ SAVE46, SAVZ46 ,SAVZ49
C
C Local variable declaration statements.

DIMENSION ICN(2), ICNAME(100)
C

DIMENSION OXIN1(1O), OXIN1N(lO), UIN1(7), UIN2(7), UIN3(7),
1 UIN1N(7), UIN2N(7), UIN3N(7), ULTOUT(7), WTUC(7), WTUCC(7)
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CI
CHARACTER * 4 BLANK4, ICN, ICNAME

CHARACTER * 6 PNAMEI

C Initialize the component identifications.
DATA KMAXC /50/
DATA KOMPS /37/
DATA BLANK4 I
DATA ICNAME I'H2 It ' 'I *'N2 It I 1, ' 02 ',1

1 'H2S It' I , I CO I, f I I C02 19I ,1 19NH3 11,' 1

2 'H20 ', 1 1~ 1'HCL I's I, CO 'Co 1 '11 11 CH4 ItI,
3 'C2H6', I I I'C3H8', I I, t'IC4H',1 '10 '1 ' NC4H', '10 1,

4 'IC5H', '12 ', 'NC5H',P '12 ', '1125', ' 1, 2T175', '

5 'T225', I 'I '1I275', I I, v 13251, I I I-'T375',

'1I425', 1 1 '1I475', I 1 525', I, '1I575',I
'1I625', ' I '1I675', ' , ' T725', ' I v'T775',I

9 '1100', '0+ 1 ,lI10011 '0+ 1 t I , 1I I I, I I

B I 1 '1 1 1 t I I I I I ' COAL', ' URCO'l 'AL ',

C 'SLAG', ' I t, 'I ' )1 OTHE', 'RS I

DATA PNAME / 'RX 2 '

Ct
C
C PARAMETER INITIALIZATION SECTION

C
C Load the KIEST switch which controls the optional printing to the
C History file (0 => No printing and 1 or more, print some results
C to the History file. I

KTEST =INT(4)
MODE =INT(5)

C
C If requested, write the subroutine heading to the history file.

IF ( KIEST .GE. 1 ) THEN
WRITE (NHSTRY, 501) IPASS

501 FORMAT ( // 1X, 'Plant 2 - Supplementary data from 'ItI

1 'subroutine USR2R' /
2 2XI 'Coal Liquefaction Reactors', 20X, 'IPASS =', 13)
ENDIF

C
C Check to insure that there is exactly 1 inlet stream, and if
C not, print an error message and terminate execution.

IF ( NSIN .NE. 1 ) THEN
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASS
WRITE (NHSTRY, 502) NSIN

502 FORMAT ( / I~ "* ERROR * - The Plant 2 reactors require '

1 'only one inlet stream.' /
2 3X, 'It currently has', 14, ' inlet streams.' I
3 3X, 'Please correct this problem and try again.' /
4 3X, 'EXECUTION IS BEING TERMINATED.'/)

STOP
ENDIF _.
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C Check to insure that there is exactly 1 outlet stream, and if
C not, print an error message and terminate execution.

IF ( NSOUT .NE. I ) THENI IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASS
WRITE (NHSTRY, 503) NSOUT

503 FORMAT ( / 1X, '* ERROR * - The Plant 2 reactors require '

1 'only one outlet stream.' /
2 3X, 'It currently has', 14, ' outlet streams.' I
3 3X, 'Please correct this problem and try again.' /
4 3X, 'EXECUTION IS BEING TERMINATED.'/)

STOP
ENDIF

CIC Check to insure that all inlet streams are of the ASPEN/SPC stream class MIXNC or MIXNCPSD, and if not, write an error
C message to the History file and terminate execution.

IF ( NSUBS .NE. 2 .OR. ITYPE(2) .NE. 3 ) THEN
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASS
WRITE (NHSTRY, 504)

504 FORMAT ( / IX, '* ERROR *-The input stream to the Plant 2 '1.I 'coal liquefaction reactors is' /
2 3X, 'not of stream class MIXNC or MIXNCPSD. This model '

3 'will not work. Please' /t 4 3X, 'set all input streams to one of these stream '5 'classes and try again.' //
6 3X, 'EXECUTION IS BEING TERMINATED.'/)

STOP
ENDIF

C Set the stream class code to indicate the ASPEN/SP stream class
C of the inlet and outlet streams, where

C = 2 => MIXNC
C = 3 =>MIXNCPSD

KLASS = 2

C Check for a substream P50 attribute on the second substream of theI; first inlet stream.
CALL GETSTR (IDS(1,4), NB, LB, NBD, LBD)
NUMATT = NPAT (LBD, 2)a NUMPSD = 0
IF ( NUMATT .GT. 0 ) THEN
NUMPSD =NAVAR (LBD, 2, 1)
KLASS =3

ENDIF
C
C Set the offset variable for the conventional substream.

NCONV = (NCC + 9)
C Set the offset variable for the conventional substream and the
C nonconventional substream.I NCCONV = NCONV + (NNCC + 9)

C Set NITEMS to the number of items in the component attributes for
C each of the non conventional components.
C N ITEMS = PROXANAL + ULTANAL + SULFANAL + AOXANAL
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NITEMS= 4 + 7 + 3 + 10
C Find the number of items in the whole inlet stream vector.

ITEMS = NCCONV + NNCC * NITEMS + NUMPSD

C Calculate the total inlet flow in lbs/hr.
C CF is the conversion factor from Kg/sec to lbs/hr.

CF =3600.0D0 / O.45359237D0
J =NCC + 1
K =NCC + 9
X =SINI(J)*SINI(K)
J NCC + 9 + NNCC + 1
FLOWIN = CF * (X + SIN1(J))
IF ( FLOWIN .LE. 1.ODO ) THENa

C Skip all remaing calculations if this plant has no flow.
IF ( KTEST .GE. 1 ) WRITE (NHSTRY, 505)

505 FORMAT ( / I There is no material entering the Plant 2 '

1 'coal liquefaction reactors.')
GO TO 999

C-- - - -
ENDIF

C
C Check to insure that there are 3 non-conventional components, and
C if not, write an error message to the History file and terminate
C execution.

IF ( NNCC .NE. 3 ) THEN
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASS
WRITE (NHSTRY, 506)

506 FORMAT ( / 1XII '* ERROR *-The-input stream to the Plant 2 '

1 'coal liquefaction reactors' /
2 3X, 'must allow for three non-conventional components, '

3 'COAL, URCOAL and SLAG.' /
4 3X, 'Please adjust your component list to contain them in
5 'the above order and try again.' //
6 3X, 'EXECUTION IS BEING TERMINATED.'/)

STOP

C ENDIF I
C Find the relative component numbers of the required conventional
C components, and save then in the ICNUMB vector.

DO 20 J =1, KOMPS

ICN(1) =ICNAME(K)

ICN(2) =ICNAME(K+1) 4
CALL USRCCN (ICN, ICNUMB(J))
IF ( ICNUMB(J) .EQ. 0 ) THEN
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASSI
WRITE (NHSTRY, 507) ICN(1), ICN(2)

507 FORMAT ( / IX, '* ERROR * - The following component is '
1 'missing from your component list' / 5X, 2A4 /I
2 3X, 'The coal liquefaction plant requires this '

3 'component. Please add' /
4 3X, 'it to your component list and try again.' /

3AX, -LALLU IILU 1.1 DOiINU rIFW1I IiLU./)
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STOP
ENDIF

20 CONTINUE
C

C INPUT SECTION

CC User specified parameters.
C Set up the logical unit number for writing the output report in
C variable NOUT.'I NOUT = NRPT

IF ( INT(2) .GE. 1 ) NOUT = 62
C
C Load the percent coal conversion based on fresh MAF coal entering

C
CONMAF = REAL(I)1'C REAL(15) was originally set to 10.2. Now, stage I unconverted coal

C is reduced (i.e., first stage coal conversion increased) to
C 1.05*(stage II UC coal) (=8.0)'I REAL( 15)=1 .05*REAL(4)
C Decide overall conversion based on MODE
C ONCE CORRECT CONMAF IS SET, WEIGHTS ARE PROPERLY CALCULATED.'I IF (MODE .EQ. 5 .OR. MODE .EQ. 7) THEN

CONMAF= 100 .0-REAL (4)
ELSE IF (MODE .EQ. 6) THEN
CONMAF=100.O-REAL(15)I ENDIF

WRITE (NHSTRY,26)
26 FORMAT ( /'TABULATION OF REAL VECTOR'/)IC SHOW ALL REAL ELEMENTS, EVEN EMPTY ONES

WRITE (NHSTRY,28) (J,REAL(J),J=1,NREAL)
28 FORMAT ( /4 (12, 2X, F10.2, 2X))

CIC Check the supplied fresh coal conversion to be sure that it a
C realistic value has been supplied.

IF ( CONMAF .LE. 10.ODO .OR. CONMAF .GE. 99.9D0 THEN
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASS
WRITE (NHSTRY, ::8) onCONMAF MFca otepat

508 FORMAT ( / iX, 1* WARNING * - The supplied coalIxcneinbsdo rshMFca otepat
2 3Xt '2 reactors has an invalid value of', F10.3, '.A

3 'converion per pass of 92.5%'
4 3X, 'will be assumed, and execution will continue using 'I 5 'this conversion per pass.')

CONMAF = 92.5D0
ENDIF

C
C Call subroutine USR02A to load the pure component properties into
C the CPROP array in named COMMON /USRO2M/.3 CALL USR02A (KTEST, NCC, NHSTRY, MODE)
C I e u s e , w i e t e i e s o n e e t i h n e
C st remuetod rt the hieso fi e eti h neC temvco o h itr ie

IF ( KTEST .GE. 5 ) THEN
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WRITE (NHSTRY, 509)
509 FORMAT ( / I The inlet stream vector:'/

1 3X, 'Item', 8X, 'SIN1'
DO 30 J = 1, ITEMS f

WRITE (NHSTRY, 510) J, SIN1(J)
510 FORMAT ( IX, 16, 1X, 1PE15.5)
30 CONTINUE

ENDIF
C
C Load the total entering component flow rates in the CIN vector.
C First, zero the CTN vector.

DO 40 J =1, KIIAXC
CIN(J) = .000

40 CONTINUE

C Conventional components - Load the flow rate and component MWs.

DO 44 J = 1, NCCI
DO 42 K = 1, KOMPS
IF ( J .EQ. ICNUMB(K) )THEN
CIN(K) = CF * XMW(J) *SIN1(J)

ENDIF
42 CONTINUE '

CIN(50) = CIN(50) + CF *XMW(J) *SIN1(J)

44 CONTINUE

C Non-conventional components.
CIN(46) = CF * SIN1(NCONV+1)
CIN(47) = CF * SIN1(NCONV+2)
CIN(48) = CF * SIN1(NCONV+3)I

IER1 = 0
IF ( CIN(50) .GE. 1.ODO ) THEN

IER1 = 1
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 501) IPASS
WRITE (NHSTRY, 511) CIN(50)

511 FORMAT ( / iX, 1* WARNING *-The feed to the plant 2 coal '

1 'liquefaction reactors'/
2 3X, 'contains one or more components that this model '

3 'cannot handle. It' /
4 3X, 'contains', F1O.1, 'lbs/hr of these components. '

5 'These components will'/
6 3X, 'be lost in the process. The plant 2 reactors will not '

7 'be in mass balance.' /
8 3X, 'Please remove these component(s) from the feed stream.'//
9 3X, 'Execution is continuing.'/)
ENDIFI

IF ( KTEST .GE. 4 ) THEN
SUM = 0.000
WRITE (NIISTRY, 513)

513 FORMAT ( / ' Component properties:'/
1 1X, 'No.', 2X, 'Name', 8X, 'lbs/hr', 5X, 'MW', 6X, 'lbs/bbl',

4 A, -WLUo L, 14A, -Wi7o nl* - QA, -W Uo 3 ,4A, -J~ W 4 ,o 1
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1 3 4X, 'Wt% 0', 3X, 'ID')
DO 46 J =1, KNAXC

I IF (ICNAME(K) .NE. BLANK4 ) THEN
SUM SUM + CIN(J)
IF (J .LE. 40 ) THEN

WRITE (NHSTRY, 514) J, ICNAME(K), ICNAME(K+1), CIN(J),
1 (CPROP(J,K), K = 1, 7), ICUM1B(J0 1O3 594J1 OMA X 13, 2,24 1.,F04 I.,594

WRITE (NHSTRY, 515) J, ICNAME(K), ICNAME(K+1), CIN(J),
1 ICNUMB(J)

515 FORMAT ( 1X, 13, 2X, 2A4, F10.1, 170)
ENDIF

46 CONTINUE
WRITE (NHSTRY, 516) SUM

516 FORMAT ( 6X,, 'Total', F13.1)j ENDIF

C IF THIS IS MODE 6, SAVE THE CIN(46) VALUE FOR MODE 7. IF THIS IS
C MODE 7, USE THE PREVIOUSLY SAVED VALUE AS A PHANTOM CIN(46).I IF (MODE EQ. 6) THEN

SAVE46=CIN (46)
ELSE IF (MODE .EQ. 7) THEN
CIN(46)=SAVE46NY' ENDIF

C Load the Ultimate analyses of the fresh inlet coal (COAL),

CC unreacted coal (URCOAL) and slag, and normalize to 100 wt%.
N2 = N1 + 243K N3 = N2 + 24
SUMIN2 = O.ODOI' SUMIN3 = O.ODO
DO 50 J = 1, 1O
DO50J) = 1 J+N7
UIN2(J) = SIN1(J+N2)5 UIN3(J) = SIN1(J+N3)
UIN(J = SINIJ+ N)
SUMINI = SUMIN2 + UIN2(J)
SUMIN3 = SUMIN3 + UIN3(J)

50 ONIN3 UE I3+UI3
SU0iCON0.0UE
SUM2 = 0.ODO
SUM3 = O.ODOR DO 52 = 1,7D

UININ(J) =100.0DO UIN1(J) /SUMINi1KUIN2N(J) =100.0DO UIN2(J) /SUMIN2
UIN3N(J) =100.00 UIN3(J) /SUMIN3
SUMI = SUMI + UIN1N(J)
SUM2 = SUM2 + UIN2N(J)
SUM3 = SUM3 + UIN3N(J)jN- 13



52 CONTINUE
C

IF (KTEST .GE. 3) THEN
C Write the supplied arnd normalized Ultimate analyses.

WRITE (NHSTRY, 517)
517 FORMAT ( / I Supplied non-conventional component Ultimate '

1 'analyses:')
WRITE (NHSTRY, 518) (UIN1(J), UIN2(J),.UIN3(J), J = 1, 7)

518 FORMAT ('Component', 9X, 'Coal', 7X, 'URCOAL', 9X, 'SLAG'/
1 2X, 'Ash ', 3F13.2/
2 -2X1 'Carbon ', 3F13.2/
3 2X9 'Hydrogen', 3FI3.2/
4 2X, 'Nitrogen', 3F13.2/
5 2X, 'Chlorine', 3FI3.2 /I
6 2X7 'Sulfur ', 3FI3.2/
7 2X, 'Oxygen ', 3F13.2)

WRITE (NHSTRY, 519) SUMINi, SUMIN2, SUMIN3I
519 FORMAT ( 2X, 'Total ',3F13.2)

C
WRITE (NHSTRY, 520)

520 FORMAT ( / ' Normalized non-conventional component Ultimate '

1 ' analyses:'I)
WRITE (NHSTRY, 518) (UIN1N(J), UIN2N(J), UIN3N(J), J =1, 7)
WRITE (NHSTRY, 519) SUMi, SUM2, SUM3

ENDIF
C
C Load the ash oxide (AOXANAL) analyses of the fresh inlet coal and
C normalize to 100%.
C THIS IS FOR DISPLAY PURPOSES ONLY; NEITHER THE OXINi OR OXINiN
C VECTORS ARE USED ANYWHERE ELSE IN PROGRAM EXCEPT FOR THE
C FOLLOWING WRITE STATEMENTS. '

N1 NCCONV + 14
SUM = .ODO
DO 60 J = 1, 10 '

OXIN1(J) = SIN1(J+N1)
SUM = SUM + OXIN1(J)

60 CONTINUE
SUM1 = 0.ODO
DO 62 J = 1, 10
OXIN1N(J) = 100.ODO * OXIN1(J) /SUM
SUMI = SUMi + OXIN1N(J)

62 CONTINUE
C

IF (KTEST .GE. 3) THENI
C Write the supplied and normalized ash oxide (AOXANAL) analyses.

WRITE (NHSTRY, 521)
521 FORMAT ( / ' Supplied and normalized ash oxide (AOXANAL) '

1 'analyses of the fresh coal:')
WRITE (NHSTRY, 522) (OXIN1(J), OXIN1N(J), J = 1, 10)

522 FORMAT ( I Component', 4X, 'Supplied', 4X, 'Normalized'/
1 2X7 'Si02 ', 2F13.2/
2 2X7 !Ai203 ', 2F13.2/
3 2X, 'FeOx ',2F13.2/

4 -2X, 'TiO2 ___,2F13.2/ ______
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6 2X, I'CaO ',2F13.2/

7 2X, 'MgO ', 2F13.2/
8 2X, 'Na2O J1, 2F13.2/I9 2X,) 'K20 ', 2F13.2/
A 2XI 'S03 1, 2F13.2)

WRITE (NHSTRY, 519) SUM, SUMi
ENDIF

Ci Calculate the lbs/hr of the Ultimate analyses components in the
C feed stream entering the reactors (WTUCC) and the total lbs/hr of

C all Ultimate analysis components entering the reactors (WTUC).
NI = NCCONV + 4
N2 = N1 + 24ii N3 = N2 + 24
DO 70 J = 1,7

WTUCC(J) = O.O1DO * CIN(46) * UIN1N(J)
C FOR MODE 7, THERE IS NO REAL COAL FEED. MODIFY TOTAL ELEMENTALIC FLOWS FOR THIS CASE, SUBTRACTING THE FICTIOUS COAL BASED
C QUANTITY

WTUC(J) = 0.O1DO * (CIN(47)*UIN2N(J) + CIN(48)*UIN3N(J))
I + WTUCC(J)

IF (MODE .EQ. 7) WTUC(J)=WTUC(J)-WTUCC(J)
70 CONTINUE

TSOLID = CIN(46) + CIN(47) + CIN(48)
C THIS TSOLID VARIABLE IS USED ONLY FOR FOLLOWING TABULATION.
C IT IS ALSO USED FOR THE CALCULATION OF CONVSN. MAKE IT
C CONSISTENT FOR MODE 7.

C IF (MODE .EQ. 7) TSOLID = ISOLID - CIN(46)

IF ( KTEST .GE. 2 ) THEN* WRITE (NHSTRY, 523) (WTUCC(J), WTUC(J), J = 1, 7), CIN(46),
1 TSOLID

523 FORMAT ( / I Amount of entering Ultimate analysis components,',
1 ' lbs/hr.' / 13X, 'Fresh Coal', 8X, 'Total'/
2 2X9 'Ash ', 2F13.1/
3 2X9 'Carbon ', 2F13.1/
4 2X, 'Hydrogen', 2F13.1/

6 2X, 'Chlorine', 2F13.1 2,'irgn,21.
7 2X9 'Sulfur ', 2F13.1/
8 2X, 'Oxygen ', 2F13.1/
9 2X9 'Total ', 2F13.1)

ENDfF

3/C Calculate the required coal conversion/pass based of total MAF
C coal entering the reactors to give the specified coal conversion
C based on fresh MAF coal.
C THIS CONVERSION PER PASS IS NEVER USED. ITS VALUE IS NOT CORRECT
C FOR MODE 7.

CONVSN = CONMAF * (CIN(46) - WTUCC(1)) / (TSOLID - WTUC(1))

IF ( KTEST .GE. 3 ) WRITE (NHSTRY, 524) CONMAF, CONVSN
524 FORMAT ( / 2X, 'Specified fresh MAF coal conversion, % ',F10.4/

1 2X, 'Equivalent conversion/pass, % ',F10.4)

C
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C Set the reactor effluent stream temperature and pressure.
TOUT = 800.ODO0
POUT=REAL( 12)
IF (MODE .EQ. 7) POUT=REAL(13)

C
IF ( IPASS .EQ. 4 .AND. INT(1) .LE. 2 ) THEN

C If this user block summary report is to be written to thea
C normal ASPEN/SP report file, the ASPEN/SP system needs to know
C the number of lines which will be written. Thus, calculate the
C number of lines which will be written. Otherwise, open the
C separate output file and skip to the top of a new-page-.

IF ( INT(2) .EQ. 0 ) THEN
C Calculate the number of lines in the first page.

LINES = 54
ISUM = IER1 + IER2 + IER3 + IER4
IF ( ISUM .GE. 1 ) LINES = LINES + 1

C Call subroutine RPTHDR to tell ASPEN/SP system the number
C of lines that will be written.

CALL RPTHDR (LINES, 0, 3, ISUB)
ELSE

C Open the separate output file called DCL2R.REP to containI
C this user block summary report.
C SET UP A DIFFERENT OUTPUT REPORT FOR MODE 7. OTHERWISE, THE
C REPORT WILL OVERWRITE THE ONE GENERATED IN THE OTHER MODES.

IF (MODE .EQ. 7) THEN
OPEN (UNIT=62, FILE='DCL2R M7.REP', STATUS='UNKNOWN',

1 ACCESS='SEQUENTIAL', FORM='FORMATTED',
2 BUFFERED='BUFFERED')I

ELSE
C OPEN THE NORMAL SUMMARY REPORT FILE FOR EVERY OTHER CASE.

OPEN (UNIT=62, FILE='DCL2R.REP', STATUS='UNKNOWN',
1 ACCESS='SEQUENTIAL', FORM=' FORMATTED',
2 BUFFERED='BUFFERED')

ENDIF
WRITE (NOUT, 800)

C FORMAT statement 800 will print across a page on a PC
C because it contains the PC top-of-form character (ASCII
C character 012) between two quote marks ( i.e., 'TOF').

800 FORMAT ( 'TOF' )
C Depending on MODE, write the appropriate .REP file heading.
C

IF ( MODE .EQ. 0) WRITE (NOUT, 801)
801 FORMAT ( / 22X, 'PLANT2 2, 6 AND 8 - SUMMARY REPORT'/

1 17X, 'COAL LIQUEFACTION PLANT AND THE ROSE-SR UNIT')

IF ( MODE .EQ. 1 ) WRITE (NOUT, 802)
802 FORMAT ( / 27X, 'PLANT 2 - SUMMARY REPORT'/

1 28X,1 'COAL LIQUEFACTION PLANT')
C

IF ( MODE .EQ. 2 .OR. MODE .EQ. 5) WRITE (NOUT, 803)
803 FORMAT (/15X,'COAL LIQUEFACTION REACTORS - SUMMARY REPORT')

IF ( MODE .EQ. 3 ) WRITE (NOUT, 804)
804 FORMAT (/24X, 'FIRST COAL LIQUEFACTION REACTOR'/
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IC
IF ( MODE .EQ. 6 ) WRITE (NOUT, 8804)

I3 32X,,'UMR REPORT' )

IF ( MODE .EQ. 7 ) WRITE (NOUT, 8888)1' 8888 FORMAT ( / 24X, 'SECOND COAL LIQUEFACTION REACTOR'/
1 32X, 'SUMMARY REPORT')

C
IF ( MODE .EQ. 4 ) WRITE (NOUT, 805)I 805 FORMAT ( / 23X, 'SECOND COAL LIQUEFACTION REACTOR'/

1 31X, 'SUMMARY REPORT' )I, IF ( MODE .LE. 1 ) WRITE (NOUT, 811)
811 FORMAT (/'LIQUEFACTION REACTOR SECTION')

ENDIFI ENDIF
C Set MODE to 2 to tell subroutine USR02R that it is being called
C by subroutine USR2R.
C MODE =2
C
C Load the inlet and outlet stream temperatures (in degrees
C Fahrenheit) and stream pressures (in PSIA) in the STi and ST2
C arrays for printing in subroutine USRO2R.

X =1.8D0
X1 459.67D0I, STl(1,2) = X * SIN1(NCC+2) - X1

C FOR MODES 6 AND 7, THE OUTLET TEMPERATURE IS CALCULATED BY AN
C OVERALL ENERGY BALANCE. THUS, IF THIS IS MODE 6 OR 7, ST2(l,2)
C WILL BE RECALCULATED LATER.

ST2(1,2) = TOUT
X =1.ODO / 6.8947573D+3
STl(1,3) = X * SINl(NCC+3)
ST2(1,3) = POUT

C BEFORE ANY CALLS ARE MADE, CALL INITIALISATION ROUTINE.
CALL USRO2C(REAL,NREAL,WTUCC)

C CALL SUBROUTINE USR02F TO CALCULATE THE FLUIDIZATION PROPERTIES.
CALL USRO2F(MODE,KOMPS,NHSTRY,NREAL,REAL, IPASS,NOUT)

C Call Subroutine USR02R to calculate the net yields from theIC coal liquefaction reactor.
CALL USR02R (CONMAF, CONVSN, ICNAME, IER1, IER2, IER3, IER4,
1 INT(1), IPASS, KMAXC, KOMPS, KTEST, MODE, NHSTRY, NOUT,
2 NREAL,REAL,UIN1N, ULTOUT, UIN2N)

C PERFORM ENERGY BALANCE
C INLET TEMPERATURE, DEG F52 UTIN=ST1(l,2)

C FOR ALL CASES, VIEW BOTH REACTORS AS A UNIT AND CALCULATE THE
C TEMPERATURE OF THE STREAM LEAVING THE 2ND REACTOR, BASED ON THE
C FRESH FEED TO THE 1ST REACTOR AND OVERALL H2 CONVERSION.
C This is meaningful only for single reactor systems (MODEs 6 & 7).

CALL USR2EB(UTIN,TOUT,KOMPS,NHSTRY)

ST2(l,2)=TOUT
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C Write the energy balance results to report file
IF (IPASS .EQ. 4 .AND. INT(1) .LE. 2 .AND. MODE .GE. 2) THEN

C Energy balance in separate page.
WRITE (NOUT, 842)

842 FORMAT ( 'TOF' / 27X,'ENERGY BALANCE SECTION'///
1 23X, 'INLET' ,6X, 'OUTLET'!)

WRITE (NOUT, 841) ST1(1,2), ST2(1,2),
1 ST1(1,3), ST2(1,3)

841 FORMAT ( / 4X, 'TEMPERATURE, F', F10.1, F12.1/
1 4X, 'PRESSURE, PSIA', F1O.1, F12.1/)
ENDIF

C
C Calculate correct fresh feed temperature that is required to

C provide the desired average bed temperature. This can be performed I
C only for single reactors, using the calculated internal recycle
C flow. Since this calculation is 'academic' as far as ASPEN is
C concerned, restrict this call for quite large values of KTEST.
C Also only during the report pass is this allowed to execute,
C don't bother with it during recycle loops.

IF (MODE .GT. 5 .AND. KTEST .GE. 3 .AND. IPASS .EQ. 4) THEN
C SEPARATE REACTOR CALCULATIONS ENABLE MORE DETAILED EQUILIBRIA.
C IN USRO2E, THE REQUIRED INLET TEMPERATURE FOR ACHIEVING THE
C DESIRED T-AVERAGE IN EVERY STAGE IS CALCULATED.

IF (MODE .EQ. 6) THENI
UTAVG=REAL(IO)

ELSE
UTAVG=REAL (11)

ENDIF I
CALL USRO2E(UTAVG,KOMPS,NHSTRY,NOUT)

C Results from the above call went to Z vector.
ENDIF

C CALL USR02K TO DO THE REACTOR KINETIC CALCULATIONS.
CALL USRO2K(MODE, ICNAME,KOMPS,KTEST,NHSTRY,NOUT, '
1 NREAL,REAL, IPASS,WTUCC,WTUC)

C
C DISPLAY THE CURRENT (FINAL) VALUES IN THE BASIC VECTORS.

IF (KTEST .GE. 2) THENI
WRITE (NHSTRY,12)

12 FORMAT ( /'TABULATION OF REAL,C, F, AND Z VECTORS'/)
WRITE (NHSTRY.13) I

13 FORMAT ( /'TABULATION OF REAL VECTOR'!)
C SHOW ALL REAL ELEMENTS, EVEN EMPTY ONES.

WRITE (NHSTRY,15) (J,REAL(J),J=1,NREAL)
15 FORMAT (/ 4(12, 2X, F10.2, 2X))

WRITE (NHSTRY,14)
14 FORMAT ( /'TABULATION OF C VECTOR'!)

WRITE (NHSTRY,16) (J,C(J)sJ=1,50)
16 FORMAT (/ 4(12, 2X, F1O.2, 2X))

WRITE (NHSTRY,18)
18 FORMAT ( /'TABULATION OF F VECTOR'!)

WRITE (NHSTRY,17) (J,F(J),J=1,50)a
17 FORMAT (/ 4(I2, 2X, FJO.2, 2X))

WRITE (NHSTRY,22)
22 FORMiAT A BiULAMi 1-JN- urOF LIW)----------_ ___
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WRITE (NHSTRY,24) (J,Z(J),J=I,400)
24 FORMAT (/ 4(13, 2X, D12.6, 2X))j ENDIF

C If requested, call subroutine USR02B to write the reactor
C elemental balance to the history file.

/ IF ( KTEST .GE. 3 ) THEN
CALL USR02B (ICNAME, KMAXC, KOMPS, NHSTRY, ULTOUT, WTUC)

ENDIF
C
C Call Subroutine USR2RS to load the reactor effluent into the
C single product stream.

CALL USR2RS (ICNAME, IPASS, ITEMS, KOMPS, KTEST,J. 1 NCC, NCCONV, NCONV, NHSTRY, NNCC, SINI, SOUTi, ULTOUT)

C If this is the report pass, the plant sumamry report is being2C written, and any warning messages are needed, set up to write
C them.

ISUM = IER1 + IER2 + IER3 + IER4
IF ( ISUM .GE. 1 .AND. IPASS .EQ. 4 .AND. INT(1) .LE. 2 )THENI IF ( INT(2) .EQ. 0 ) THEN

C Calculate the number of lines in second page.
LSTRM = 3
IF (IERI .GE. I )LSTRM = LSTRM + 4
IF (IER2 .GE. 1 )LSTRM = LSTRM + 4
IF (IER3 .GE. 1I LSTRM = LSTRM + 3
IF (IER4 .GE. 1) LSTRM =LSTRM+ 4p LINES = LSTRM

C Call subroutine RPTHDR to tell ASPEN/SP system the number
C of lines that will be written in this user block summary
C report.

CALL RPTHDR (LINES, 0, 3, ISUB)
ELSEI WRITE (NOUT, 800)

ENDIF
C
C Call Subroutine USR2RZ to write any warning messages to the1C summary report.

CALL USR2RZ (IERI, IER2, IER3, IER4, INT(1), IPASS, NOUT)
CI ENDIF
C If the summary report for this user block is has been sent to a
C separate output file on logical unit 62, then close this file.

IF ( IPASS .EQ. 4 .AND. INT(2) .GE. 1)
1 CLOSE ( UNIT=62, STATUS='KEEP'

C
999 IF ( KTEST .GE. 1 ) WRITE (NHSTRY, 540)
540 FORMAT (/'Leaving subroutine USR2R'

I C RETURN
END

C

C$ USR2BD
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C
BLOCKDATA USR2BD

C
C This BLOCK DATA routine initalizes some varaables in COMMON
C /USR12L/. See subroutine USR2C for a definition of these
C variables.
C
C Last revision - July 23, 1992.
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

COMMON/USR12L/C(50),F(50),Z(400)
C
C SOME OF THESE INITIALIZED VALUES ARE RECALCULATED IN THE PROGRAM.
C
C INITIALIZE THE C VECTOR CONTAINING LIQUID AND PARTICLE PROPERTIES.

DATA C / 
IC RULER ...1 ..... 2 ..... 3 ...... 4.....5 .... 6 .... 7 ...... 8 ...... 9 .... 0

C C(1) PATCHED TO LBM/FT3
1 50.56, 0.3 , 4.0, 1.11, 1.64,34.0, 0.8, 0.083, 0.240, 0.1354,
2 0.64, 0.8 , 2.4,379.5 15.0 85.0, 4.0,19.7 35.0 0.0 ,
3 0.0 , 0.0 , 0.0, 0.0 0.0 , 0.0, 0.0, 0.0 , 0.0 0.0 ,
4 0.0 , 0.0 , 0.0, 0.0 0.0 , 0.0, 0.0, 0.0 , 0.0 0.0 ,
5 6.0 16.95,489.2, 0.0 0.0 , 0.0, 0.0, 0.0 , 0.0 0.0

C INITIALIZE THE F VECTOR.
DATA F /

C RULER .... 1 ..... 2 ..... 3 ..... 4 ..... 5 ..... 6.....7 ..... 8 ..... 9.....0
1 0.0 , 0.0 0.8 12.5 0.0 , 0.0 , 0.0 , 2.3 , 0.0 , 0.0
2 0.0 , 0.0 0.0 , 0.0 0.66, 0.0 , 0.0 , 1.6 , 6.64, 1.6
3 0.5 , 0.3 0.3 , 0.1 21.06,30.43,12.72, 8.42, 2.38, 6.75,
4 0.77, 1.25, 2.84,13.38, 0.0 0.1 7.5 14.5 24.9 44.8
5 8.2 , 0.0 , 0.0 , 0.0 , 0.0 0.0 0.0 , 0.0 , 0.0 , 0.0

END
C
C$ USR02A

SUBROUTINE USR02A (KTEST, NCC, NHSTRY, MODE)

C This subroutine loads the conventional component molecular
C weights, densities and elemental compositions in the CPROP(JK)
C array.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Last revision - July 21, 1992.
C
C Calling arguments:
C KTEST = Switch for controlling the printing to the history
C file.
C NCC = Number of conventional components.
C NHSTRY = Logical unit number of the history file.
C
C The conventional components order follows.
0 Nu.
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C 1. H2 Hydrogen
C 2. N2 Nitrogen
C 3. 02 Oxygen
C 4. H2S Hydrogen sulfide
C 5. CO Carbon monoxide
C 6. C02 Carbon dioxide
C 7. NH3 Ammonia
C 8. H20 Water
C 9. HCL Hydrochloric acid
C 10. Cos Carbonyl sulfide
C 11. CH4 Methane
C 12. C2H6 Ethane
C 13. QH8 Propane
C 14. IC4HIO Iso-butane
C 15. NC4H10 Normal butane
C 16. IC5H12 Iso-pentane
C 17. NC5H12 Normal pentane
C 18. T125 100 - 150 F boiling range fraction
C 19. T175 150 - 200 F boiling range fraction
C 20. T225 200 - 250 F boiling range fraction
C 21. T275 250 - 300 F boiling range fraction
C 22. T325 300 - 350 F boiling range fraction
C 23. T375 350 - 400 F boiling range fraction
C 24. T425 400 - 450 F boiling range fraction
C 25. T475 450 - 500 F boiling range fraction
C 26. T525 500 - 550 F boiling range fraction
C 27. T575 550 - 600 F boiling range fraction
C 28. T625 600 - 650 F boiling range fraction
C 29. T675 650 - 700 F boiling range fraction
C 30. T725 700 - 750 F boiling range fraction
C 31. T775 750 - 800 F boiling range fraction
C 32. T825 800 - 850 F boiling range fraction
C 33. T875 850 - 900 F boiling range fraction
C 34. T925 900 - 950 F boiling range fraction
C 35. T975 950 - 1000 F boiling range fraction
C 36. T1000+ 1000+ F boiling range material leaving the
C second coal liquefaction reactor.
C 37. 11000+ 1000+ F boiling range intermediate material
C leaving the first coal liquefaction reactor.
C 38. blank Future use
C 39. blank Future use
C 40. blank Future use
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)
C

COMMON/MW/XMW(I)

COMMON /USR02M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
I STI(5,5), ST2(6,5), OPROP(20,5)

C
C In COMMON /USR02M/
C CPROP(JK) contains the conventional component properties
C where J designates the component number and
C K = I => Molecular weight
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C 2 => Density, lbs/bblI
C 3 => Carbon content, wt%
C 4 => Hydrogen content, wt%
C 5 => Sulfur content, wt%I
C 6 => Nitrogen content, wt%
C 7 => Oxygen content, wt%
C ICNUMB(J) contains the relative component numbers.
C
C
C Initialize all component properties to either 1.0 or zero.

DO 10 J = 1, 40
CPROP(J,1) = 1.ODO
CPROP(J,2) = 1.ODO
DO 8 K = 3, 71

CPROP(J,K) = 0.ODO
8 CONTINUE
10 CONTINUE I

C Calculate the conversion factor for converting the component
C standard volumes from m**3/Kg-mole to densities in lbs/bbl.
C Kg -- > lbs m**3 -- ft**3 ft**3 -- > bbls

X = 2.2046226D0 * ((0.3048D0)**3) * (42.ODO*231.ODO/1728.ODO)
C
C Conventional components -Load the component molecular weights 1
C and densities in lbs/bbl as calculated from the standard volumes
C in m**3/Kg.

DO 20 J = 1, NCC
DO 18 K = 1, 40I
IF ( J .EQ. ICNUMB(K) )THEN

CPROP(K,1) = XMW(J)
C The component volumes are stored in the XMW vector following
C the molecular weights; i.e., they are offset by NCC items.

STDVOL = XMW(J+NCC)
CPROP(K,2) = X * XMW(J) / STDVOL

18 CNINU
20 CONTINUE
0C ONTNU

C
C Load the molecular weights of atomic carbon, hydrogen, sulfur,
C nitrogen and oxygen. *

XMWH = 0.5D0 * CPROP(1,1)
XMWC = CPROP(11,1) -2.ODO * CPROP(1,1)
XMWS = CPROP(4,1) -CPROP(1,1)XMWN= 0.DO *CPRO(2,I
XMWN = 0.5D0 * CPROP(2,1)
XMO=050*CRP31

C

C Load the pure component carbon, hydrogen, sulfur, nitrogen and
C oxygen contents in wt%.
C Hydrogen.

CPROP(1,4) = 100.ODO
C Nitrogen.

CPROP(2,6) = 100.ODO--
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CPROP(3,7) 100.00
C Hydrogen sulfide.

CPROP(4,4) = 100.ODO * 2.00 XMWH / CPROP(4,I)
CPROP(4,5) = 100.ODO * XMWS CPROP(4,I)

C Carbon monoxide.
CPROP(5,3) = 100.ODO * XMWC CPROP(5,I)
CPROP(5,7) = 100.00 * XMWO / CPROP(5,1)

C Carbon dioxide.
CPROP(6,3) = 100.ODO * XMWC / CPROP(6,I)
CPROP(6,7) = 100.ODO * 2.ODO XMWO / CPROP(6,I)

C Ammonia.
CPROP(7,4) = 100.00 * 3.ODO XMWH / CPROP(7,1)
CPROP(7,6) = 100.ODO * XMWN / CPROP(7,I)

C Water.
CPROP(8,4) = 100.ODO * 2.ODO XMWH / CPROP(8,1)
CPROP(8,7) = 100.00 * XMWO / CPROP(8,I)

C Hydrochloric acid.
CPROP(9,4) = 100.ODO * XMWH / CPROP(9,1)

C COS - Carbonyl sulfide.
CPROP(10,3) = 100.00 * XMWC / CPROP(10,1)
CPROP(10,5) = 100.00 * XMWS / CPROP(10,1)
CPROP(10,7) = 100.00 * XMWO / CPROP(10,1)

C Methane.
CPROP(11,3) = 100.00 * XMWC / CPROP(11,1)
CPROP(11,4) = 100.00 * 4.ODO * XMWH / CPROP(11,I)

C Ethane.
CPROP(12,3) = 100.00 * 2.ODO * XMWC / CPROP(12,1)
CPROP(12,4) = 100.00 * 6.ODO * XMWH / CPROP(12,1)

C Propane.
CPROP(13,3) = 100.00 * 3.ODO * XMWC / CPROP(13,1)
CPROP(13,4) = 100.00 * 8.ODO * XMWH / CPROP(13,I)

C Butanes.
CPROP(14,3) = 100.00 * 4.ODO * XMWC / CPROP(14,1)
CPROP(14,4) = 100.00 * 10.ODO XMWH CPROP(14,I)
CPROP(15,3) = CPROP(14,3)
CPROP(15,4) = CPROP(14,4)

C Pentanes.
CPROP(16,3) = 100.ODO * 5.ODO XMWC CPROP(16,1)
CPROP(16,4) = 100.00 * 12.ODO XMWH CPROP(16,1)
CPROP(17,3) = CPROP(16,3)
CPROP(17,4) = CPROP(16,4)

C IF THIS IS MODE 7, INSTEAD OF FOLLOWING VALUES, USE THOSE
C CALCULATED AND SAVED FOR US AT STAGE I OUTLET.

IF (MODE NE. 7) THEN
C USE THE NORMAL PROCEDURE FOR COMPOSITIONS.
C Load the C6+ component sulfur contents in wt%.

CPROP(18,5) = 0.01
CPROP(19,5) = 0.01
CPROP(20,5) = 0.01
CPROP(21,5) = 0.01
CPROP(22,5) = 0.01
CPROP(23,5) = 0.01
CPROP(24,5) = 0.01
CPROP(25,5) = 0.02

N-23



CPROP(26,5) = 0.02
CPROP(27,5) = 0.02
CPROP(28,5) = 0.02
CPROP(29,5) = 0.06
CPROP(30,5) = 0.06
CPROP(31,5) = 0.06
CPROP(32,5) = 0.06
CPROP(33,5) = 0.10
CPROP(34,5) = 0.15
CPROP(35,5) = 0.20
CPROP(36,5) = 0.50
CPROP(37,5) = 0.50

C
C Load the C6+ component nitrogen contents in wt%.

CPROP(18,6) = 0.17DO
CPROP(19,6) = 0.17DO
CPROP(20,6) = 0.17DO
CPROP(21,6) = 0.17DO
CPROP(22,6) = 0.17DO
CPROP(23,6) = 0.22DO
CPROP(24,6) = 0.22DO
CPROP(25,6) = 0.24DO
CPROP(26,6) = 0.24DO
CPROP(27,6) = 0.24DO
CPROP(28,6) = 0.24DO
CPROP(29,6) = 0.28DO
CPROP(30,6) = 0.28DO
CPROP(31,6) = 0.28DO
CPROP(32,6) = 0.28DO
CPROP(33,6) = 0.35DO
CPROP(34,6) = 0.40DO
CPROP(35,6) = 0.45DO
CPROP(36,6) = 0.50DO
CPROP(37,6) = 0.50DO

C Load the C6+ component oxygen contents in wt%.
CPROP(18,7) = 0.50DO
CPROP(19,7) = 0.50DO
CPROP(20,7) = 0.50DO
CPROP(21,7) = 0.50DO
CPROP(22,7) = 0.50DO
CPROP(23,7) = 0.70DO
CPROP(24,7) = 0.70DO
CPROP(25,7) = 0.60DO
CPROP(26,7) = 0.60DO
CPROP(27,7) = 0.60DO
CPROP(28,7) = 0.60DO
CPROP(29,7) = 0.67DO
CPROP(30,7) = 0.67DO
CPROP(31,7) = 0.67DO
CPROP(32,7) = 0.67DO
CPROP(33,7) = 0.70DO
CPROP(34,7) = 0.71DO
-CPROP(35.T) =-O-.- 72DO
CPROP(36-,7-) =-O-.75DO
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CPROP(37,7) = 0.75D0

C Load the C6+ component hydrogen contents in wt%.tCPROP(18,4) = 14.21D0
CPROP(19,4) = 14.2100
CPROP(20,4) = 14.2100ICPROP(21,4) = 14.2100
CPROP(22,4) - 14.2100
CPROP(23,4) = 12.16D0
CPROP(24,4) = 12.16D0ICPROP(25,4) = 10.9500
CPROP(26,4) = 10.9500
CPROP(27,4) = 10.9500ICPROP(28,4) = 10.9500
CPROP(29,4) = 9.97D0
CPROP(30,4) = 9.97D0
CPROP(31,4) = 9.97D01PO(24)=99D
CPROP(33,4) = 9.90D0
CPROP(34,4) = 9.8000I.CPROP(35,4) = 9.7000
CPROP(36,4) = 9.0000
CPROP(37,4) = 5.5000

C
C Calculate the C6+ component carbon contents in wt% byC difference.

DO 30 J = 18, 37I CPROP(J,3) = 100.000 - CPROP(J,4) - CPROP(J,5) - CPROP(J,6)
1 - CPROP(J,7)

30 CONTINUEI ELSE
C FOR MODE 7, USE PREVIOUSLY SAVED COMPOSITIONS (i.e., OUTLET

C COMPOSITION OF STAGE I BECOMES INLET COMPOSITION FOR STAGE II).
DO 509J=18,37I DO 40, K=1,5

CPROP(J,K+2)=OPROP(J-17,K)
40 CONTINUEI50 CONTINUE

ENDIF
C

I C RETURN
END

C
C$ USR02B

£ SUBROUTINE USR02B (ICNAME, KMAXC, KOMPS, NHSTRY, ULTOUT, WTUC)
C This subroutine calculates and reports a reactor elemental
C balance. In this elemental balance, chlorine is considered as

*C carbon.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.
C

C Last revision - July 21, 1992.3 N-25



C1
C Calling arguments:
C ICNAME() = Vector of component identifications (CHARACTER * 4)
C KMAXC = Total number of componets (conventional and non-
C conventional) in the component vectors.
C KOMPS = Number of conventional components used in the coal
C NHSTRY = Logical unit number of the history file.3
C ULTOUT() = Ultimate analysis of the URCOAL (unconverted coal and
C ash) leaving the ROSE-SR unit.
C WTUC() = Totatl weight of entering Ultimate analysis components,
C lbs/hr.
C
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)£

COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),

C I ST1(5,5), ST2(6,5), OPROP(20,5)I

DIMENSION ICNAME(*), ULTOUT(*), WTUC(*)
C
C Local variable declarations.
C

DIMENSION EINC(7), EINS(7), EINT(7), EOUTC(7), EOUTS(7), EOUTI(7),
1 ENAME(7)

C EINC are the element weights in lbs/hr entering the reactor in the
C conventional components in the order given in the UNAME vector.
C EINS are the element weights in lbs/hr entering the reactor in the
C non-conventional (solid) components in the order given in the
C UNAME vector.
C EINT are the total element weights in lbs/hr entering the reactor '
C of all components in the order given in the UNAME vector.
C EQUIC, EOUTS and EOUTT are equivalent to the EIN? vectors for the
C elements leaving the coal liquefaction reactors.
C
C

CHARACTER * 4 BLANK4, ICNAME
CHARACTER * 8 ENAME

C
DATA BLANK4/' '/

DATA ENAME / 'Carbon ','Hydrogen', 'Sulfur ','Nitrogen',

1 'Oxygen ' Ash I,'Total /
C
C
C Zero all the elemntal vectors.

DO 10 J = 1, 7 EINCJ) =O.OI
EINC(J) = O.ODO
EINS(J) - O.ODO
EINT(J) = O.ODO
EOUTC(J) = O.ODO
EOUTS(J) = 0.ODO

10 CONTINUE
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C Calculate the lbs/hr of each element entering and leaving the
C coal liquefaction reactors in the conventional components.

DO 30 K = 1, 5I L = K + 2
DO 28 J = 1, KOMPS

C HERE THE REASON BECOMES EVIDENT FOR RECALCULATION OF CPROPs5C FOR PETROLEUM FRACTIONS AT THE END OF USRO2R. BUT FOR MODE 7,
C THE STAGE I CPROPs FOR FRACTIONS SHOULD BE SAVED, IN ORDER TO
C PERFORM RIGHT BALANCES.

EINC(K) = EINC(K) + CIN(J) * CPROP(J,L)
C DISTINGUISH % COMPOSITION FOR OIL FRACTIONS.

IF (J .LT. 18) THEN
COMPOS=CPROP(J, L)I ELECOMPOS=OPROP(J- 17, K)

ENDIF
EOUTC(K) = EOUTC(K) + COUT(J) * COMPOS28 CNIU

28 CONTINUE
CIC Convert to lbs/hr from % times lbs/hr.

DO 40 K = 1, 5
EINC(K) =O.O1DO * EINC(K)I EOUTC(K) = 0.O1DO * EOUTC(K)

40 CONTINUE
C
C Elements entering in the non-conventional components.IEINS(1) = WTUC(2) + WTUC(5)

EINS(2) = WTUC(3)
EINS(3) = WTUC(6)IEINS(4) = WTUC(4)
EINS(5) = WTUC(7)
EINS(6) = WTUC(1)

C
C Elements leaving in the non-conventional components.

EOUTS(1) = O.O1DO * COUT(47) * (ULTOUT(2) + ULTOUT(5))
EOUTS(2) = O.O1DO * COUT(47) * ULTOUT(3)IEOUTS(3) = 0.O1DO * COUT(47) * ULTOUT(6)
EOUTS(4) = O.O1DO * COUT(47) * ULTOUT(4)
EOUTS(5) = 0.0100 * COUT(47) * ULTOUT(7)
EOUTS(6) = O.O1DO * COUT(41) * ULTOUT(1)

C Calculate the totals.
DO 50 K = 1, 6IEINC(7) = EINC(1) + EINC(K)

EINS(7) = EINS(7) + EINS(K)
EOUTC(7) = EOUTC(7) + EOUTC(K)IEOUTS(7) = EOUTS(7) + EOUTS(K)

50 CONTINUE
DO 60 K = 1, 7

EINT(K) = EINC(K) + EINS(K)
EOUTT(K) = EOUTC(K) + EOUTS(K)

60 CONTINUE
C

C Write the reactor elemental balance.
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WRITE (NHSTRY, 701)
701 FORMAT ( / I Reactor elemental balance in lbs/hr.'

I 2X, 'In this balance, chlorine is included in the carbon.'
2 3X, 'Element', 7X, 'in fluids', 6X, 'in solids', 1OX, 'Total'

C
WRITE (NHSTRY, 702)

702 FORMAT ( I Reactor feed'

WRITE (NHSTRY, 703) (ENAME(J), EINC(J), EINS(J), EINT(J), J= 1, 7)
703 FORMAT ( 3X, A8, F15.1, F15.1, F15.1

WRITE (NHSTRY, 704)
704 FORMAT ( I Reactor effluent'

WRITE (NHSTRY, 703) (ENAME(J), EOUTC(J), EOUTS(J), EOUTT(J),
1 1 = 1, 7)

C
C

RETURN
END

C$ USR02C
C
C SUBROUTINE USR02C CALCULATES FEQUENTLY USED QUANTITIES UTILIZED
C IN SEVERAL DIFFERENT SUBROUTINES. THIS MAKES THE DIFFERENT
C MODES INDEPENDENT, NO MATTER WHICH SUBROUTINE EXECUTES FIRST OR
C DOES NOT EXECUTE AT ALL.
C
C THE FOLLOWING DEFINITIONS ARE USED:
C C(1) LIQUID DENSITY (LBM/FT3)
C C(2) LIQUID VISCOCITY (CP)
C C(3) LIQUID SURFACE TENSION (DYN/CC)
C C(4) DENSITY OF DRY CATALYST PARTICLES (GM/CC)
C C(5) DENSITY OF SOAKED CATALYST PARTICLES (GM/CC)
C C(6) SETTLED DRY CATALYST BULK DENSITY (LB/FT3)
C C(7) SPHERICITY OF CATALYST PARTICLES (DIMENSIONLESS)
C C(8) AVERAGE DIAMETER OF CATALYST PARTICLE (INC)
C C(9) AVERAGE LENGTH OF CATALYST PARTICLE (INC)
C C(10) SPHERE EQUIVALENT DIAMETER OF CATALYST PARTICLE (IN)
C C(11) PORE VOLUME OF FRESH DRY CATALYST (CC/GR)
C C02) DENSITY OF COKE ON CATALYST (GR/CC)
C C(13) DENSITY OF METALS SULFIDES ON CATALYST (GM/CC)
C C(14) FT3 PER LBMOL = 379.5
C C(15) H-COAL REACTOR INTERNAL DIAMETER, FT; USE 15 FT
C C(16) H-COAL REACTOR HEIGHT; USE 85. FT
r C(17) RATIO OF RECYCLE TO FRESH FEED
C C(18) EXPANDED BED DENSITY, LB/FT3
C C(19) SETTLED BED DENSITY, LB/FT3
C C(20) TO C(40) KEEP SPARE FOR FLUID DYNAMIC CALCULATIONS
C C(41) REFRACTORY THICKNESS, INCHES
C C(42) REACTOR OD, FT
C C(43) REACTOR STEEL WEIGHT CONSTANT, 489.2 LBS/FT3
C F(1) Future use.
C F(2) Future use.
C F(3) NiV AND S ON CATALYST (WT% OF FRESH)
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C F(4) C AND H ON CATALYST (WT% OF FRESH)
C F(5) SOLVENT/MF COAL
C F(6) ASH, % MAF
C F(7) MAF COAL LB/HR/TRAIN
C F(8) WATER IN COAL, % MAF
C F(9) MF COAL LB/HR/TRAIN
C F(10) RESID IN RECYCLE SOLVENT, % MAF
C F(11) C5 TO lO00F+F IN RECYCLE SOLVENT
C F(12) ASH IN RECYCLE SOLVENT, LB/HR
C F(13) UNCONVERTED COAL IN RECYCLE SOLVENT, LB/HR
C F(14) UC COAL REACTOR I % MAF
C F(15) DISTILLATE LOSS % MAF
C F(16) ASH IN SOLVENT , % MAF COAL
C F(17) TOTAL SOLVENT LB/HR
C F(18) RECYCLE GAS FROM H2 PURIFIER, WT% MAF COAL
C F(19) UNTREATED RECYCLE GAS TO STAGE 1, WT% MAF
C F(20) H2 IN RECYCLE PURIFIED GAS, WI-1. MAF
C F(21) Cl IN RECYCLE PURIFIED GAS, WT7. MAF
C F(22) C2 IN RECYCLE PURIFIED GAS, WT% MAF
C F(23) C3 IN RECYCLE PURIFIED GAS, WT% MAF
C F(24) C4 IN RECYCLE PURIFIED GAS, WT'/. MAF
C F(25) UNTREATED RECYCLE GAS H2 WT.
C F(26) UNTREATED RECYCLE GAS Cl WT%
C F(27) UNTREATED RECYCLE GAS C2 WTY.
C F(28) UNTREATED RECYCLE GAS C3 WTY.
C F(29) UNTREATED RECYCLE GAS C4 WT%
c F(30) UNTREATED RECYCLE GAS C5+ WTo
C F(31) UNTREATED RECYCLE GAS CO WT%
C F(32) UNTREATED RECYCLE GAS C02 WT%
C F(33) UNTREATED RECYCLE GAS NH3 WTI
c F(34) UNTREATED RECYCLE GAS H2S WT.
C F(35) C5-350 F WT. IN 1000 F- SOLVENT
C F(36) 350-450 F WT% IN 1000 F- SOLVENT
c F(37) 450-650 F WTY IN 1000 F- SOLVENT
C F(38) 650-750 F WT% IN 1000 F- SOLVENT
C F(39) 750-850 F WT% IN 1000 F- SOLVENT
C F(40) 850-950 F WTY. IN 1000 F- SOLVENT
C F(41) 950-1000 F WT-Y. IN 1000 F- SOLVENT
C Z(l) SUPERFICIAL VELOCITY OF FEED LIQUID (FPS)
C Z(2) SUPERFICIAL VELOCITY OF RECYCLE LIQUID (FPS)
C Z(3) SUPERFICIAL VELOCITY OF LIQUID IN CATALYST BED (FPS)
C Z(3)=Z(I)+Z(2)
C Z(4) SUPERFICIAL VELOCITY OF FEED GAS (FPS)
C Z(5) SUPERFICIAL VELOCITY OF RECYCLE GAS (FPS)
c Z(6) SUPERFICIAL VELOCITY OF GAS IN CATALYST BED (FPS)
C Z(6)=Z(4)+Z(5)
C Z(7) TERMINAL VELOCITY OF CATALYST PARTICLES (FPS)
C Z(8) TERMINAL VELOCITY OF BUBBLES (FPS)
C Z(9) MINIMUM FLUIDIZATION VELOCITY WITHOUT GAS (FPS)
C Z(10) MINIMUM FLUIDIZATION VELOCITY WITH GAS (FPS)
C Z(11) SPHERE EQUIVALENT BUBBLE DIAMETER (CM)
C Z(12) POROSITY OF TAPPED SETTLED BED ((VOL.FR. BED)
C Z(13) POROSITY AT MINIMUM FLUIDIZATION VELOCITY (VOL. FR. BED)
C Z(14) GAS HOLDUP IN CATALYST BED (VOL FRACTION OF TOTAL BED)
C Z(16) CATALYST PARTICLE HOLDUP IN BED (VOL. FRACTION OF BED)
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C Z(15) LIQUID HOLDUP IN BED (VOL. FR. OF BED)
C Z(17) BED POROSITY (VOL. FR. BED)
C Z(18) AVERAGE BED DENSITY (LB/FT3)
C Z(19) VEAPO R EO DENSITY (LB/FT3) '

C Z(20) VAGE R EE R DENSITY (LB/FT3)
C

C Z(22) BED INITIAL HEIGHT (FT)R
C Z(23) BED EXPANDED HEIGHT (FT)
C Z(24) BED EXPANSION (% OF SETTLED BED HEIGHT)
C Z(25) BED EXPANSION WITHOUT GAS (% OF SETTLED BED HEIGHT)C (2) BMLSHRO GSEUSCOPOENSENERNGTH RACO
C Z(26) LBMS/HR OF GAEU COMPONENTS ENTERING THE REACTOR
C Z(27) LBS/HR OF LIQUID COMPONENTS ENTERINGYTHE SREATO
C Z(29) LBMOS/HR OF LIQ U COMPONENTS WITH RECYCLE STREAM

C Z(30) SCFM OF VAPOR FEED AT REACTOR INLET
C Z(31) SCFM OF RECYCLE VAPOR

C Z(32) GPM OF LIQUID FEEDI
C Z(33) GPM OF RECYCLE LIQUID
C Z(34) REACTOR CROSS SECTION, FT**2
C Z(35) CATALYST WEIGHT EACH REACTOR, LBS

C Z(36) EXPANDED BED VOLUME, FT3
C Z(37) EFFECTIVE REACTOR ID, FT
C Z(38) EXPANDED HEIGHT, FT
C Z(39) REACTOR HEIGHT, FTI
C Z(40) SETTLED CATALYST VOLUME, FT3
C Z(41) REACTOR SHELL WEIGHT, LBS
C Z(42) REACTOR HEADS WEIGHT, LBS
C Z(43) REACTOR NOZZLES AND SKIRS WEIGHT, LBS
C Z(44) MISCELLANEOUS ADDITION TO REACTOR WEIGHT, 7% OF Z(41)
C Z(45) REACTOR WEIGHT IN SHORT TONS

SUBROUTINE USRO2C(REAL,NREAL,WTUCC)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C COMMON STORAGE: the main connection to main program.£
COMMON /USR02M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
1 ST1(5,5), ST2(6,5), OPROP(20,5)

C FIRST DECLARATION OF THIS COMMON.
C DATA IS INITIALIZED IN BLOCK DATA ROUTINE USR2BD.

COMMON/USR12L/C(50) ,F(50) ,Z(400)
C FORMAL ARGS DECLARATION

DIMENSION REAL(NREAL) ,WTUCC(*)

C Note: the C and F vectors are initialized in BLOCKDATA USR2BD.

C ZERO THE ZVECTOR--CONTAINING CALCULATED RESULTS.I
DO 5 I=1,400

Z(I)=O.0
5 CONTINUEI

C STAGE I INPUT DATA: REST OF VALUES ARE CONTAINED IN REAL VECTOR.

C CALCULATE MAF COAL LB/HR/TRAIN, MOVED FROM 02F.I
F(7)=CIN(46) -WTUCC(1)

C CALCULATE ASH IN COAL, % MAF, MOVED FROM 02F.

F(6)=WTUCC(1)*100./F(7)
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IC STAGE II INPUT DATA: REST OF VALUES ARE CONTAINED IN REAL VECTOR
C OR IN THE ABOVE INITIALIZED F VECTOR OR SHARED WITH THE STAGE I
C DATA.
CIC STAGE II PREREQUISITES: SET 2S2/2Y2 PATH INDEPENDENT OF 2S1/2Y1

C PATH. REMEMBER THAT MODE 7 STILL HAS TO PASS THROUGH 2S1/2Y1
C PATH TO GET THE STAGE I YIELDS [Z(69)-Z(83)].

C SET UC COAL REACTOR I % MAF.
F(14)=REAL(15)

C CATALYST WEIGHT EACH REACTOR, LB.I ~Z (35) =F (7)/REAL (6)
C Z(66) DISTILLATE AND RESID LOSS, % MAF.

Z(66)=(3./7. )*(F(6)+REAL(4))IC Z(67) RESID LOSS % MAF.
Z(67)=Z(66)-F(15)

C Z(68) OVERALL COAL CONVERSION TO 1000-F %.MAF.I Z(68)=100.0-REAL(4) -Z(67)
C FINAL GENERAL PURPOSE PATCHES.
C

C EQUILIVANCE THE STAGE I CONVERSION WITH Z(68) (OVERALL

C Z(5) 100+FCONV REACTOR I, % MAF.I Z(65)=100.O-REAL(3)-REAL(I5)
CC F(18) RECYCLE GAS FROM PURIFIER, WT%. MAF COAL.

I C ~~F( 18) =F(C20) +F( 21) +F( 22) +F( 23) +F (24)
RETURN
END

C
C$ USR02R
C

SUBROUTINE USR02R (CONMAF, CONVSN, ICNAME, IERI, IER2, IER3, IER4,
1 INTi, IPASS, KMAXC, KOMPS, KTEST, MODE, NHSTRY, NOUT,
2 NREAL,REAL,UFCOAL, ULTOUT, UURC)

CIC This subroutine calculates the net coal liquefaction reactor
C yields and the total reactor outlet stream.
CIC Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Last revision - July 21, 1992.
CIC Method of calculation:
C 1. The entering non-ash solids are converted to the net
C yields from the coal liquefaction reactor by the yield
C distribution factors loaded in the CYF vector.
C 2. The unconverted coal and mineral matter (called ash) is
C the URCOAL.
C 3. The Ultimate analysis of the unreacted coal URCOAL is
C calculated by an elemental balance
C 4. The net yields are loaded in the COUT vector.
C

C Calling arguments:5 N-31



C CONMAF = Percent coal conversion based on fresh MAF coal
C entering the reactors.
C CONVSN = Percent coal conversion per pass based on total MAF
C coal entering the reactors.
C ICNAME0 = Vector of component identifications (CHARACTER * 4)
C IER1 = Switch to indicate whether the OTHERS warning message
C should be written.
C 0 => Do not write the warning message.
C 1 => Write the warning message.
C IER2 = Switch to indicate whether the insufficient hydrogen
C supplied warning message should be written.
C 0 => Do not write the warning message.
C I => Write the warning message.
C IER3 = Switch to indicate whether the conversion was changed
C to balance the elements in the URCOAL warning message
C should be written.
C 0 => Do not write the warning message.
C 1 => Write the warning message.
C IER4 = Switch to indicate whether the liquefaction reactor
C element inbalance warning message should be written.
C 0 => Do not write the warning message.
C I => Write the warning message.
C INT1 = User block output report control switch.
C 0 => Write the complete user block summary report.
C 1 => Skip the capital cost section of the report
C 2 => Skip the capital cost and utilities section; of
C the report.
C 3 => Skip writing the entire user block summary report.
C IPASS = The results pass flag.
C KMAXC = Total number of componets (conventional and non-
C conventional) in the component vectors.
C KOMPS = Number of conventional components used in the coal
C liquefaction reactor model.
C KTEST = Switch for controlling the printing to the history
C file.
C MODE = Switch to indicate which model and/or subroutine
C has called this subroutine.
C 0 => Called by subroutine USR28, the combined model for
C plants 2, 6 and 8.
C I => Called by subroutine USR02, the block model for
C plant 2.
C 2 => Called by subroutine USR2R, the detailed model for
C both plant 2 coal liquefaction reactors.
C 3 => Called by subroutine USRR1, the detailed model for
C the first plant 2 coal liquefaction reactor
C 4 => Called by subroutine USRR2, the detailed mo el for
C the second plant 2 coal liquefaction reactor.
C NHSTRY = Logical unit number of the history file.
C NOUT = Logical unit number of the plant output report file.
C, liquefaction reactor model.
C UFCOALO = Ultimate analysis of the fresh coal entering the
C reactors.
C ULTOUTO = Ultimate analysis of the URCOAL (unconverted coal
C and ash) leaving the reactors.
C UURC(7) = Ultimate analysis of the URCOAL that enters the
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IC reactors.
C

CIMPLICIT DOUBLE PRECISION (A-H, O-Z)
C

COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
C1 ST1(5,5), ST2(6,5), OPROP(20,5)

COMMON/USR12L/C(50) ,F(50) ,Z(400)
CI C

DIMENSION ICNAME(*), ULTOUT(*), UFCOAL(*), UURC(*)
CIC Local variable declarations.
C
C YFC(J), YFH(J), YFS(J), YFN(J) and YFO(J) are the fractional
C yields of carbon, hydrogen, sulfur, nitrogen and oxygen going toIC component J produced by the reaction of one pound of fresh MAF
C coal.
C * For the two reactor yields model, the YFCO(J), YFHO(J),
C YFSO(J), YFN0(J) and YFOO(J) factors were developed from data
C *at 92.79 conversion and adjusted to 100% fresh MAF coal
C conversion.3 For the first reactor yields model, the YFC1(J), YFH1(J),

C YFS1(J), YFN1(J) and YFO1(J) factors were developed from data
JC at 89.80 conversion and adjusted to 100% fresh MAF coal

C conversion.I C
C YFUC(5) contains the fractional yields of C, H, S, N and 0 in
C the unconverted coal (URCOAL) for the above base case.IC * For the two reactor yields model, the YFUCO(J) factorsC were developed from data at 92.79 fresh MAF coal conversion.
C * For the first reactor yields model, the YFUC1(J) factors
C were developed from data at 89.80 fresh MAF coal conversion.I C

DIMENSION YFC(50), YFH(50), YFN(50), YFO(50), YFS(50), YFUC(5),
1 YFCO(50), YFHO(50), YFNO(50), YFOO(50), YFSO(50), YFUCO(5),I 2 YFC1(50), YFH1(50), YFN1(50), YFOI(50), YFS1(50), YFUC1(5)

DIMENSION CPROD(50), ENAME(5), EYLD(50,5), SUME(5), UANAME(8),
C WTEIN(5), WTUOUT(7), XYF(20,5),REAL(NREAL)

DIMENSION YYFC(50),YYFH(50),YYFS(50),YYFN(50),YYFO(5o)

I CHARACTER * 4 BLANK4, ICNAME
CHARACTER * 8 ENAME, UANAME

C£ ~DATA BLANK4/' '/

C Define new yield factors based on kinetic model
EQUIVALENCE (YFC(1),YYFC(1)),(YFH(1),YYFH(1)), (YFS(1),YYFS(1)),
1 (YFN(1),YYFN(1)),(YFO(l),YYFO(1))

C
C Initialize the reactor element yield distribution factors in

C lbs/lb of fresh MAF coal converted.5N -33



C
C OVERALL TWO REACTOR ELEMENTAL YIELD FACTORS.
C --------------------------------------------
C The iC5/NC5 split was assumed to be the same as the IC4/NC4 split.
C The properties of the 850+ F material were estimated based on the
C data in the letters.
C
C Carbon.
C Wt fraction to H2 N2 02 H2S co

DATA YFCO 0.0 , 0.000000 , 0.000000 , 0.0000000, 0.0003466,
C C02 NH3 H20 HCL Cos

1 0.0005148, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4H10 N C4HIO

2 0.0185601, 0.0153915, 0.0167342, 0.0013364, 0.0074615,
C IC5HI2 N C5H12 T125 T175 T225

3 0.0002555, 0.0014266, 0.0366256, 0.0366256, 0.0366256,
C T275 T325 T375 T425 T475

4 0.0366256, 0.0366256, 0.0439693, 0.0439693, 0.0754803,
C T525 T575 T625 T675 T725

5 0.0754803, 0.0754803, 0.0754803, 0.0640470, 0.0640470,
C T775 T825 T875 T925 T975

6 0.0640470, 0.0640470, 0.0026366, 0.0026363, 0.0026360,
C T1000+ I1000+ Future Future Future

7 0.1008881, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.00000001
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000
C
C Hydrogen.
C Wt fraction to H2 N2 02 H2S CO

DATA YFHO /-0.066818, 0.000000 , 0.000000 , 0.0146041, 0.0000000,
C C02 NH3 H20 HCL Cos

1 0.0000000, 0.0213052, 0.0918606, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4HIO

2 0.0399181, 0.0248274, 0.0239940, 0.0017964, 0.0100299,
C IC5H12 N C5H12 T125 T175 T225

3 0.0003297, 0.0018410, 0.0391783, 0.0391783, 0.0391783,
C T275 T325 T375 T425 T475

4 0.0391783, 0.0391783, 0.0394149, 0.0394149, 0.0600448,
C T525 T575 T625 T675 T725

5 0.0600448, 0.0600448, 0.0600448, 0.0459572, 0.0459572,
C T775 T825 T875 T925 T975

6 0.0459572, 0.0459572, 0.0018801, 0.0018611, 0.0018421,
C TIOOO+ 11000+ Future Future Future

7 0.0651810, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000
C
C Sulfur.
C Wt fraction to H2 N2 02 H2S CO

DATA YFSO / 0.000000, 0.000000 , 0.000000 , 0.9770567, 0.0000000,
C C02 NH3 H20 HCL Cos
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1 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4H1O

2 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C IC5H12 N C5HI2 T125 T175 T225

3 0.0000000, 0.0000000, 0.0001160, 0.0001160, 0.00011601
C T275 T325 T375 T425 T475

4 0.0001160, 0.0001160, 0.0001363, 0.0001363, 0.0004613,
C T525 T575 T625 T675 T725

5 0.0004613, 0.0004613, 0.0004613, 0.0011634, 0.0011634,
C T775 T825 T875 T925 T975

6 0.0011634, 0.0011634, 0.0000799, 0.0001198, 0.0001598,
C TIOOO+ 11000+ Future Future Future

7 0.0152324, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000

C Nitrogen.
C Wt fraction to H2 N2 02 H2S CO

DATA YFNO / 0.000000, 0.000000 , 0.000000 , 0.0000000, 0.0000000,
C C02 NH3 H20 HCL Cos

1 0.0000000, 0.8454024, 0.0000000, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4H10

2 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C IC5H12 N C5H12 T125 T175 T225

3 0.0000000, 0.0000000, 0.0040154, 0.0040154, 0.0040154,
C T275 T325 T375 T425 T475

4 0.0040154, 0.0040154, 0.0061092, 0.0061092, 0.0112746,
C T525 T575 T625 T675 T725

5 0.0112746, 0.0112746, 0.0112746, 0.0110572, 0.0110572,
C T775 T825 T875 T925 T975

6 0.0110572, 0.0110572, 0.0005694, 0.0006508, 0.0007321,
C T1000+ 11000+ Future Future Future

7 0.0310227, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000
C
C Oxygen.
C Wt fraction to H2 N2 02 H2S CO

DATA YFOO / 0.000000, 0.000000 , 0.000000 , 0.0000000, 0.0037755,
C C02 NH3 H20 HCL Cos

1 0.0112137, 0.0000000, 0.9304138, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4H1O N C4HIO

2 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C IC5H12 N C5H12 T125 T175 T225

3 0.0000000, 0.0000000, 0.0017593, 0.0017593, 0.0017593,
C T275 T325 T375 T425 T475

4 0.0017593, 0.0017593, 0.0028956, 0.0028956, 0.0041988,
C T525 T575 T625 T675 T725

5 0.0041988, 0.0041988, 0.0041988, 0.0039414, 0.0039414,
C T775 T825 T875 T925 T975

6 0.0039414, 0.0039414, 0.0001697, 0.0001721, 0.0001745,

N-35



C T1000+ I1000+ Future Future Future
7 0.0069322, 0.0000000, 0.0000000, 0.0000000, 0.0000000,

C Future Future Future Future Future
8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,

C Coal URCOAL Slag Future OTHERS
9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000

C
C Unconverted coal (URCOAL) at 92.79 conversion.
C Weight fraction of element in the fresh MAF coal going to URCOAL
C (unconverted coal) for the base MAF coal at 92.79 conversion.
C C H S N

DATA YFUCO / 0.0751810, 0.0032037, 0.2380879, 0.1628409,
C 0

1 0.0017012

C FIRST REACTOR ELEMENTAL YIELD FACTORS.
C --------------------------------------
C The iC5/NC5 split was assumed to be the same as the IC4/NC4 split.
C The properties of the 850+ F material were estimated based on the
C data in the letters.
C
C Carbon.
C Wt fraction to H2 N2 02 H2S CO

DATA YFC1 / 0.0 , 0.000000 , 0.000000 , 0.0000000, 0.0002304,
C C02 NH3 H20 HCL Cos

1 0.0003300, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4H10

2 0.0091525, 0.0079417, 0.0093307, 0.0006747, 0.0037670,
C IC5H12 N C5H12 -) T125 T175 T225

3 0'0001359, 0.0007587, 0.0181109, 0.0181109, 0.0181109,
C T275 T325 T375 T425 T475

4 0.0181109, 0.0181109, 0.0286048, 0.0286048, 0.0207329,
C T525 T575 T625 T675 T725

5 0.0207329, 0.0207329, 0.0207329, 0.0454438, 0.0454438,
C T775 T825 T875 T925 T975

6 0.0454438, 0.0454438, 0.0737284, 0.0737201, 0.0738313,
C T1000+ 11000+ Future Future Future

7 0.0000000, 0.3339277, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000
C
C Hydrogen.
C Wt fraction to H2 N2 02 H2S CO

DATA YFHI /-0.041203, 0.000000 , 0.000000 , 0.0131610, 0.0000000,
C C02 NH3 H20 HCL Cos

1 0.0000000, 0.0187649, 0.0883811, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4H10

2 0.0254416, 0.0165569, 0.0172914, 0.0011722, 0.0065446,
C IC5H12 N C5H12 T125 T175 T225

3 0.0002266, 0.0012653, 0.0250391, 0.0250391, 0.0250391,
C T275 T325 T375 T425 T475

4 0.0250391, 0.0250391, 0.0331412, 0.0331412, 0.0213167,
C T525 T575 T625 T675 T725
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5 0.0213167, 0.0213167, 0.0213167, 0.0421451, 0.0421451,
C T775 T825 T875 T925 T975

6 0.0421451, 0.0421451, 0.0679499, 0.0672636, 0.0666851,
C T1000+ 11000+ Future Future Future

7 0.0000000, 0.1639707, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000
C
C Sulfur.
C Wt fraction to H2 N2 02 H2S CO

DATA YFS1 / 0.000000, 0.000000 , 0.000000 , 0.9155408, 0.0000000,
C C02 NH3 H20 HCL Cos

1 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4H10

2 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C IC5H12 N C5HI2 T125 T175 T225

3 0.0000000, 0.0000000, 0.0000771, 0.0000771, 0.0000771,
C T275 T325 T375 T425 T475

4 0.0000771, 0.0000771, 0.0001192, 0.0001192, 0.0001703,
C T525 T575 T625 T675 T725

5 0.0001703, 0.0001703, 0.0001703, 0.0011093, 0.0011093,
C T775 T825 T875 T925 T975

6 0.0011093, 0.0011093, 0.0030020, 0.0045030, 0.0060138,
C TIOOO+ 11000+ Future Future Future

7 0.0000000, 0.0651981, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000

C Nitrogen.
C Wt fraction to H2 N2 02 H2S CO

DATA YFNI / 0.000000, 0.000000 , 0.000000 , 0.0000000, 0.0000000,
C C02 NH3 H20 HCL Cos

1 0.0000000, 0.7281565, 0.0000000, 0.0000000, 0.0000000,
C CH4 C2H6 C3H8 IC4HIO N C4HIO

2 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C IC5HI2 N C5H12 T125 T175 T225

3 0.0000000, 0.0000000, 0.0025096, 0.0025096, 0.0025096,
C T275 T325 T375 T425 T475

4 0.0025096, 0.0025096, 0.0050233, 0.0050233, 0.00391421,
C T525 T575 T625 T675 T725

5 0.0039142, 0.0039142, 0.0039142, 0.0099161, 0.0099161,
C T775 T825 T875 T925 T975

6 0.0099161, 0.0099161, 0.0201258, 0.0230009, 0.02591791
C TIOOO+ I1000+ Future Future Future

7 0.0000000, 0.1248831, 0.0000000, 0.0000000, 0.0000000,
C Future Future Future Future Future

8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,
C Coal URCOAL Slag Future OTHERS

9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000
C
C Oxygen.

N-37



C Wt fraction to H2 N2 02 H2S CO
DATA YFO1 / 0.000000, 0.000000 , 0.000000 , 0.0000000, 0.0032903,

C C02 NH3 H20 HCL Cos
1 0.0094237, 0.0000000, 0.9080477, 0.0000000, 0.0000000,

C CH4 C2H6 C3H8 IC4H10 N C4H10
2 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,

C IC5H12 N C5H12 T125 T175 T225
3 0.0000000, 0.0000000, 0.0011405, 0.0011405, 0.0011405,

C T275 T325 T375 T425 T475
4 0.0011405, 0.0011405, 0.0024697, 0.0024697, 0.00151211

C T525 T575 T625 T675 T725
5 0.0015121, 0.0015121, 0.0015121, 0.0036665, 0.0036665,

C T775 T825 T875 T925 T975
6 0.0036665, 0.0036665, 0.0062197, 0.0063086, 0.0064078,

C T1000+ 11000+ Future Future Future
7 0.0000000, 0.0289459, 0.0000000, 0.0000000, 0.0000000,

C Future Future Future Future Future
8 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000,

C Coal URCOAL Slag Future OTHERS
9 0.0000000, 0.0000000, 0.0000000, 0.0000000, 0.0000000

C Unconverted coal (URCOAL) at 89.80 conversion.
C Weight fraction of element in the fresh MAF coal going to URCOAL
C (unconverted coal) for the base MAF coal at 89.80 conversion.
C C H S N

DATA YFUC1 0.0724812, 0.0145230, 0.4313947, 0.3357133,
C 1 0

0.2363297

C
DATA UANAME 'Ash 'Carbon 'Hydrogen', 'Nitrogen',
1 'Chlorine't 'Sulfur 1. 'Oxygen 1, 'Total I

C
DATA ENAME 'Carbon 1, 'Hydrogen', 'Sulfur 1, 'Nitrogen',
1 'Oxygen

C

IF ( KTEST GE. 2 ) WRITE (NHSTRY, 501) MODE
501 FORMAT ( / I Starting the coal liquefaction plant reactor

1 'calculations in Subroutine USR02R.1
2 3X, 'MODE =',, 13 )

C Load the appropriate element yield distribution factors into the
C working element yield distribution factors loacations.
C

IF ( MODE EQ. 3 THEN
C Load the First Reactor Factors.

DO 4 J = 1, 50
YFC(J) = YFC1(J)
YFH(J) = YFH1(J)
YFS(J) = YFS1(J)
YFN(J) = YFN1(J)
YFO(J) = YFOI(J)

4 CONTINUE
DO 5 J = 1, 5
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IYFUC(J) = YUIJ
5 CONTINUE3 ENDIF

IF ( MODE .EQ. 2 )THEN
C Load the Overall Two Reactor Factors.5 DO 14 J =1, 50

YFC(J) =YFCO(J)

YFH(J) =YFHO(J)

YFS(J) =YFSO(J)I YFN(J) =YFNO(J)

YFO(J) =YFOO(J)

14 CONTINUEI DO 15 J =1, 5
YFUC(J) = YFUCO(J)

15 CONTINUEI ENDIF
C Zero the component flow rates in the reactor outlet stream and
C the elemental yields of each component.

DO 26 J = 1, KMAXC
CPROD(J O.ODO

EYLD(J,K) = O.ODO

I aclt the amount of MAF solids entering the coal liquefaction
C reactors and put them in the WTEIN vector in the order of C, H, S
C N an 0. Include the chlorine with the carbon.IWTEIN(1) = O.O1DO * CIN(46) * (UFCOAL(2) + UFCOAL(5))

WTEIN(2) = O.O1DO * CIN(46) * UFCOAL(3)
WTEIN(3) = O.O1DO * CIN(46) * UFCOAL(6)
WTEIN(4) = O.O1DO * CIN(46) * UFCOAL(4)
WTEIN(5) = O.O1DO * CIN(46) * UFCOAL(7)

C Calculate the total amount of entering fresh MAF coal.

3C TOTMAF = WTEIN(1) + WTEIN(2) + WTEIN(3) + WTEIN(4) + WEN5
IF ( KTEST .GE. 3 ) THEN
WRITE (NHSTRY, 506) (ENAME(J), WTEIN(J), J = 1, 5), UANAME(8),

1 TOTMAF
506 FORMAT ( / I Entering elemental weights in the fresh MAF coal,',

1 ' lbs/hr.', 6( / 2X, A8, F12.1 )I END IF
C Calculate the weights of fresh MAF coal that is converted and the

C amount that remains unconverted.IC ADJUST CONVERTED AND UNCONVERTED FRACTIONS FOR MODES >=5.
C
C NEXT 2 VARIABLES HOLD THE CONVERTED AND UNCONVERTED AMOUNTS BASED
C ON THE FRESH MAF AT STAGE I. THEY PROBABLY HAVE NO MEANING FOR
C MODE 7.

WTCONV = 0.01 *CONMAF * TOTMAF
WTUC = TOTMAF -WTCONV
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C DEFINE A NEW SWITCH TO CALCULATE REFERENCE CASE YIELDSU
C MODE > or - 5 YIELDS BASED ON THE REFERENCE CASE MODEL-
C TWO STAGE REACTORS5

C CALL SUBROUTINE TO CALCULATE YIELD FACTORS BASED ON THE REFERENCE
C CASE MODEL ONLY FOR MODE 5.

IF (MODE .GE. 5) THENI
CALL USR2YF(MODE,KTEST,NHSTRY,NREAL,REAL,
1 YYFC,YYFH,YYFS,YYFN,YYFO)

ENDIF
C NEXT DO LOOP HOLDS FOR ALL MODES?
C THAT'S WHY FOR MODES 5 AND 6 WE GET THE SAME AMOUNT OF URCOAL OUT,
C BECAUSE WE ALWAYS USE THE YIELD FACTORS FOR THE 2-STAGE SYSTEM.
C DETERMINE UCOAL YIELD FACTORS FOR MODES >= 5.I

IF (MODE .GE. 5) THEN
C THE YFUCs FOR URCOAL ARE GIVEN FOR 2 BASE CONVERSIONS, BASED ON
C THE MAF ELEMENTS ENTERING THE REACTORS SYSTEM. LINEARLY
C INTERPOLATE TO GET THE FACTORS FOR ANY CONVERSION. NOTE THAT THOSE
C FACTORS ARE INVERSLY PROPORTIONAL TO THE COAL CONVERSION. THEN,
C FOR ALL MODES (EXCEPT 7?), THOSE FACTORS SHOULD BE ADJUSTED TO
C THE TOTAL UNCONVERTED AMOUNT, USING THE CORRECT UNCONVERTEDI
C QUANTITY. HOW WILL THE INVERSE PROPORTIONALITY HANDELED HERE?
C MAYBE A CHANGE OF SIGN.

DO 115, J=1,5U
YFUC(J)=YFUCI(J)-(YFUCO(J)-YFUC1(J))/(92.79-89.8)*

1 (CONMAF-89.8)
115 CONTINUE5

C FOR MODE 7 WE WANT THE DIFFERENCE OF THESE FACTORS.
IF (MODE .EQ. 7) THEN
DO 116, J=1,5

C CALCULATE THE APPROPRIATE STAGE I FACTOR, USING STAGE I
C CONVERSION.I

XYFUC=YFUC1(J)-(YFUCO(J)-YFUC1(J))/(92.79-89.8)*
1((100.O-REAL(15))-89.8)I

C USE THE DIFFERENCE AS THE CORRECT YIELD FACTOR
C YFUC(J) CURRENTLY CONTAINS OVERALL FACTOR

YFUC(J)=YFUC(J) -XYFUC
116 CONTINUE

C GET THE CORRECT AMOUNT CONVERTED FOR STAGE II ONLY
C THIS QUANTITY WILL PROBABLY BE NEGATIVE! ALL YFUCs ARE EITHER
C POSITIVE OR NEGATIVE.

WTUC=WTUC-O .01*TOTMAF*REAL( 15)
ENDIF

ENDIF

IF ( KTEST .GE. 2 ) THEN
WRITE (NHSTRY, 502)

502 FORMAT ( / I The elemental yield distribution factors'/
1 ' No.', 5X, 'Name ', 13X, 'C', lOX, 'H', lOX, '5', lox,
2 'N', lox, '0' )

C ONLY POSITIVE YIELD FACTORS ARE NORMALISED AND USED FOR SUMs.
SMl)= 0.01

SUME(2) = 0.0
SUME(3) = 0.0

SUME(4) = 0.0
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I SUME(5) = 0.0
DO 20 J = 1, KOMPS
K= 2 *J -I WRITE (NHSTRY, 503) J, ICNAME(K), ICNAME(K+1), YFC(J),

1 YFH(J), YFS(J), YFN(J), YFO(J)
503 FORMAT ( IX, I5, 5X, 2A4, 5X, SF11.7)IIF (YFC(J) .GT. 0.0) SUME(1) = SUME(1) + YFC(J)

IF (YFH(J) .GT. 0.0) SUME(2) = SUME(2) + YFH(J)
IF (YFS(J) .GT. 0.0) SUME(3) = SUME(3) + YFS(J)
IF (YFN(J) .GT. 0.0) SUME(4) = SUME(4) + YFN(J)
IF (YFO(J) .GT. 0.0) SUME(5) = SUME(5) + YFO(J)

20 CONTINUE
WRITE (NHSTRY, 504) (SUME(J), J - 1, 5)

504 FORMAT ( IIX, 'Total', 8X, 5F11.1 )

WRITE (NHSTRY, 505) (YFUC(J), J = 1, 5)

1 'conversion.' /
2 11X, 'URCOAL', 7X, 5F11.7)
ENDIFI IF ( KTEST .GE. 4 ) WRITE (NHSTRY, 507) WTCONV, WTUC

507 FORMAT ( / ' Weight of fresh MAF coal converted = , F16.1/
1 'Weight of fresh MAF coal not converted = ,F12.1)

C
C Add the hydrogen consumed to that in the coal.
C FOR MODES GE 5, THE YFH(1) IS BASED ON MAF QUANTITY IN STAGE I.

IF (MODE .GE. 5) THENI WTEIN(2) = WTEIN(2) - TOTMAF * YFH(1)
ELSE

C FOR PREVIOUS MODES, USE FACTORS BASED ON CONVERTED QUANTITY.I WTEIN(2) = WTEIN(2) - WTCONV * YFH(1)
ENDIF

C
IF ( KTEST .GE. 4 ) THEN

SUM = TOTMAF - WTCONV * YFH(1)
WRITE (NHSTRY, 508) (ENAME(J), WTEIN(J), J = 1, 5), UANAME(8),

1 SUMI 508 FORMAT (/'Total elemental weights going to all the '

1 'products, lbs/hr.', 6( / 2X, A8, F12.1 )
ENDIF3 C

C Calculate the weight of the elements going to the unconverted coal
C (URCOAL) at the reference conversion.

SUM = 0.0I DO 30 J = 1, 5
EYLD(47,J) = WTEIN(J) * YFUC(J)
SUM = SUM + EYLD(47,J)I30 CONTINUE

C Adjust this total to match the total amount that is unconverted.
CPROD(47) = 0.ODO
DO 32 J = 1, 5

EYLD(47,J) =WTUC * EYLD(47,J) / SUM
CPROD(47) =CPROD(47) + EYLD(47,J)

32 CONTINUE
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CI
IF ( KTEST .GE. 4 ) WRITE (NHSTRY, 509) (EYLD(47,J), J = 1, 5),
1 CPROD(47)3

509 FORMAT ( / I Weights of unconverted fresh MAF coal, lbs/hr.'
1 1X, 6F12.1)

C
C Calculate the weight of the elements to be distributed among the
C conventional component products.

DO 34 J = 1, 5
WTEIN(J) = WTEIN(J) - EYLD(47,J)

34 CONTINUE
C

IER3 = 0
DO 36 J = 1, 5I
IF ( WTEIN(J) .LT. 0 .ODO ) THEN

IER3 =1

X = -WTEIN(J)

WTEIN(J) = 0.ODO
EYLD(47,J) =EYLD(47,J) - X
CPROD(47) =CPROD(47) - X
CONMAF = 100.0D0 * (TOTMAF - CPROD(47)) /TOTMAFI
X1 = 0.01D0 * CIN(47) * (100.ODO - UURC(1))
CONVSN = 100.0D0 (TOTMAF - CPROD(47)) / (TOTMAF + XI)
IF ( KTEST .GE. 0 )WRITE (NHSTRY, 531) IPASS

531 FORMAT ( // 1X, 'Plant 2 - Supplementary data from '

1 'subroutine USR02' /
2 2X, 'Coal Liquefaction Plant', 20X, 'IPASS =', 13)

WRITE (NHSTRY, 532) ENAME(J), X, ENAME(J), ENAME(J), CONMAFI
532 FORMAT ( / I * WARNING * - The coal liquefaction reactors are',

1 ' not in elemental balance for'/
2 3X, A8, '. The URCOAL (unconverted coal) should contain',
3 F8.1) ' lbs/hr more' /
4 3X, A8, ' than is entering the reactors. The Ultimate '

5 'analysis of the URCOAL' /
6 3X, 'for ', A8, ' is being adjusted. This adjustment '

7 'will cause a small change' /
8 3X, 'in the conversion. The new fresh MAF coal '

9 'conversion is ', F8.3, ' wt%.'/U
A 3X, 'Execution is continuing.')

ENDIF
36 CONTINUE

C IN ORDER TO MAINTAIN THE ORIGINAL CONTEXT OF YYs, FOR MODE 7
C WE NEED THE ELEMENTAL QUANTITIES PRODUCED SOLELY AT STAGE II.
C THESE CONSIST OF THE ELEMENTS CONVERTED AT STAGE II, ie. URCOAL,I
C H2 AND T875 AND UP FRACTIONS. TO BE MORE GENERAL, EVERY COMPOUND
C WITH NEGATIVE YYs (ie. CONVERTED) MUST BE INCLUDED AS ELEMENT
C SOURCE, AND AFTER THAT EXCLUDED FROM THE DISTRIBUTION TO PRODUCTS.
C THE CONVERTED AMOUNTS CAN BE OBTAINED FROM THE NON-NORMALISED YYs
C BASED ON THE OVERALL MAF QUANTITY. HANDLE H2 AND URCOAL A BIT
C DIFFERENTLY.

IF (MODE .EQ. 7) THEN
C ZERO ALL ELEMENTS AVAILABLE FOR CONVERSION; NOTE THAT TILL NOW,
C WE NEEDED THE ORIGINAL WTEINs FOR CORRECT URCOAL CALCULATIONS.

DO 300, J=l,5
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I WTEIN(J)=0. 0
300 CONTINUE

C SCAN YIELD FACTORS FOR NEGATIVE ELEMENTS. FOR EACH COMPOUNDIC EITHER ALL FACTORS ARE NEGATIVE OR POSITIVE. SOME MAY BE
C NIL (NOTE THAT H2 *IS* INCLUDED HERE).

DO 302, J=1,KOMPS
IF (YFC(J) .LT. 0.0 .OR. YFH(J) .LT. 0.0 .OR.

IYFS(J) .LT. 0.0 .OR. YFN(J) .LT. 0.0 .OR.
2 YFO(J) .LT. 0.0) THEN

C ADD THIS PRODUCTs CONTRIBUTION TO CONVERSION; NOTE THATIC BOTH EYLDs AND CORRECT WTEINs ARE CALCULATED IN ONE STROKE.
EYLD(J,1) - TOTMAF * YFC(J)
EYLD(J,2) = TOTMAF * YFH(J)I EYLD(J,3) = TOTMAF * YFS(J)
EYLD(J,4) = TOTMAF * YFN(J)
EYLD(J,5) = TOTMAF * YFO(J)
DO 304, I=1,5

C THESE EYLDs ARE NEGATIVE, SUBTRACT TO CHANGE SIGN.
WTEIN(I) = WTEIN(I) - EYLD(J,I)

304 CONTINUEI ENDIF
302 CONTINUE

C FINALLY, ADD ELEMENTS DUE TO URCOAL CONVERSION AT STAGE II.
DO 306, I=1,5
WTEIN(I)=WTEIN(I)-EYLD(47, I)

306 CONTINUE3 ENDIF

C Distribute this amount of material among the pure conventional
C component products, the first 17 components, but ignore hydrogenIC since that will be handled separately later.

DO 40 J = 2, 17
EYLD(J,1) = WTEIN(1) * YFC(J)
EYLD(J,2) = WTEIN(2) * YFH(J)3YDJ3 TI()*YSJ
EYLD(J,3) = WTEIN(3) * YFS(J)
EYLD(J,4) = WTEIN(4) * YFN(J)

I40 CONTINUE
C
C Calculate the molecular weights of atomic H, C, S, N and 0.IXMWH = 0.5D0 * CPROP(1,1)

XMWC = CPROP(11,I) -4.ODO *XMWH

XMWS = CPROP(4,I) -2.ODO *XMWH

XMWN = 0.5D0 * CPROP(2,1)UXMWO = 0.5D0 * CPROP(3,I)
C
C THIS ADJUSTMENT MEANS THAT FOR MODE 7, NONE OF THESE IS PERMITTEDIC TO BE A REACTANT (ie. CONVERTED) AT STAGE II.
C Adjust the carbon and hydrogen weights as necessary in the pure
C components to maintain the correct proportions for the compound.
C H2S - Component no. 4.

EYLD(4,2) = 2.ODO * XMWH * EYLD(4,3) / XMWS
C CO - Component no. 5.

EYLD(5,I) = XMWC * EYLD(5,5) / XMWO

C C02- Component no. 6.
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EYLD(6,I) = XMWC * EYLD(6,5) / (2.ODO * XMWO)I
C NH3 - Component no. 7.

EYLD(7,2) = 3.0D0 * XMWH * EYLD(1,4) / XMWN
C H20 - Component no. 8.I

EYLD(8,2) = 2.ODO * XMWH * EYLD(8,5) / XMWO
C HCL - Component no. 9. - Ignore chlorine since is lumped with
C carbon in the pure component yields calculations.
C COS - Component no. 10. - Ignore the minor corrections to the
C carbon and oxygen yields for the slight change to maintain the
C correct proportions with respect to sulfur.

EYLD(10,1) = XMWC * EYLD(10,3) / XMWSI
EYLD(10,5) = XMWO * EYLD(10,3) / XMWS

C CH4 - Component no. 11.
EYLD(11,2) = 4.0D0 * XMWH * EYLD(11,1) /XMWCI

C C2H6 - Component no. 12.
EYLD(12,2) = 6.ODO * XMWH * EYLD(12,1) /(2.ODO * XMWC)

C C3HB - Component no. 13.
EYLD(13,2) = 8.ODO * XMWH * EYLD(13,1) /(3.ODO * XMWC)

C iC4H1O and NC4H1O - Component nos. 14 and 15.
EYLD(14,2) = 10.ODO * XMWH * EYLD(14,1) / (4.ODO * XMWC)
EYLD(15,2) = 10.ODO * XMWH * EYLD(15,1) / (4.ODO * XMWC)I

C iC5H12 and NC5H11 - Component nos. 16 and 17.
EYLD(16,2) = 12.0D0 * XMWH * EYLD(16,1) / (5.ODO * XMWC)
EYLD(17,2) =12.ODO * XMWH * EYLD(17,1) / (5.ODO * XMWC)

C Calculate the remaing amount of the elments to be distributed

DO 50 J = 2, 171
DO 48 K = 1, 5

WTEIN(K) = WTEIN(K) - EYLD(J,K)
48 CONTINUEI
50 CONTINUE

C
IER4 = 01
DO 52 J = 1, 5
IF ( WTEIN(J) .LT. 0 .ODO ) THEN

IER4 =1

X = -WTEIN(J)I

WTEIN(J) = 0.ODO
L 0
IF (WTEIN(1) .GE. X )THENI
WTEIN(1) = WTEIN(1) -X

ENDIF
IF ( KTEST .GE. 0 ) WRITE (NHSTRY, 531) IPASSI
WRITE (NHSTRY, 534) ENAME(J), X, ENAME(J), ENAME(J)

534 FORMAT ( / I * WARNING * - The coal liquefaction reactors are',
1 ' not in elemental balance for'/
2 3X, A8, '. The pure conventional components contain',
3 F8.1, ' lbs/hr more' /
4 3X, A8, ' than is available for them. The reactors are '

5 'in effect, generating' /
6 3X, 'this amount of ', A8,'')

IF ( L .EQ. 0 ) WRITE (NHSTRY, 535)

535 FORMAT ( 3X, 'No adjustments are being made. Please check '
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11 'the pure component yield'/
2 3X, 'factors. The plant 2 reactors are not in mass '

3 'and elemental balance.' /I4 3X, 'Execution is continuing.')
IF ( L .GE. 1 ) WRITE (NHSTRY, 536)

536 FORMAT ( 3X, 'The carbon is being adjusted to maintain the '

'I1 mas alnc. Plas cec te 3X, 'pure component yield factors. The plant 2 reactors '

3 'are not in elemental' /
4 3X, 'balance. Execution is continuing.')I ENDIF

52 CONTINUE
CI IF ( KTEST .GE. 4 ) WRITE (NHSTRY, 510) (WTEIN(J), J =1, 5)

510 FORMAT ( / ' Element weights to be distributed in the '

1 'pseudo-components, lbs/hr.'

U C 2 IX, 6F12.1 )
C Renormalize the elemental yield factors for the pseudo-components
C to 1.0 to distribute the remaining material, and save theseUC factors in the XYF(20,5) array, where the first subscript
C designates the component number less 17 and the second subscript
C designates, c, H, S, N and 0, respectively.

DO 60 K = 1, 5
SUME(K) = 0.0

60 CONTINUE
DO 64 J = 18, KOMPS1XYF(J-17,1) = YFC(J)

XYF(J-17,2) = YFH(J)
XYF(J-1723) = YFS(J)IXYF(J-17,4) = YFN(J)
XYF(J-17,5) = YFO(J)

C SECOND STAGE NORMALISATION MUST UNDERGO THE SAME APPROACH. THAT
C IS, DO NOT ACCOUNT FOR NEGATIVE YF?s.

DO 62 K = 1, 5
IF (XYF(J-17,K) .GT. 0.0) SUME(K) = SUME(K) + XYF(J-17,K)

62 CONTINUEI64 CONTINUE
DO 68 J = 18, KOMPS

DO 66 K = 1, 5I XYF(J-17,K) = XYF(J-11,K) / SUME(K)
66 CONTINUE
68 CONTINUE

CIC Distribute this amount of material among the pseudo-components,
C components 18-36.

DO 72 J = 18, KOMPSI DO 70 K = 1, 5
IF (XYF(J-17,K) .GT. 0.0) EYLD(J,K) = WTEIN(K) * XYF(J-17,K)

70 CONTINUE
72 CONTINUE

C Calculate the amount of material remaining to be distributed.
DO 82 J = 18, KOMPS

DO 80 K = 1, 5
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IF (EYLD(J,K) .GT. 0.0) WTEIN(K) = WTEIN(K) - EYLD(J,K)U
80 CONTINUE
82 CONTINUE

IF ( KTEST .GE. 4 ) THEN
SUM - O.ODO
DO 84 J = 1, 5

SUM = SUM + WTEIN(J)
84 CONTINUE

IF ( SUM .GE. 0.5D0 ) WRITE (NHSTRY, 511) (WTEIN(J), J =1, 5)
5-11 FORMAT ( / I * WARNING * - All but the following elements '

1 'have been distributed, lbs/hr.' /
2 3X, 'Something is wrong in the yield calculations.'/
3 1X, 6F12.3)I
ENDIF

C
IF ( KTEST .GE. 3 ) THEN
WRITE (NHSTRY, 512)

512 FORMAT ( / ' Elemental yields, lbs/hr.'
1 ' No.', 2X, 'Name ', 8X, 'C', 9X, 'H', 9X, '5', 9X,
2 'N', 9X, '0', 7X, 'Total')I

DO 102 L = 1, 5
SUME(L) = 0.ODO

102 CONTINUE
DO 106 J =2, KMAXC
K=2 *J -1I
IF (ICNAME(K) .NE. BLANK4 )THEN
SUM = EYLD(J,1) + EYLD(J,2) + EYLD(J,3) + EYLD(J,4)I

1 + EYLD(J,5)
WRITE (NHSTRY, 513) J, ICNAME(K), ICNAME(K+1),

1 (EYLD(J,K), K = 1, 5), SUM
513 FORMAT ( IX, I5, 2X, 2A4, 6F10.1)

DO 104 L =1, 5
SUME(L) =SUME(L) + EYLD(J,L)

104 CONTINUE
ENDIF

106 CONTINUE
SUM = 0.ODOI

SUM = SUM + SUME(L)
108 CONTINUE

WRITE (NHSTRY, 514) (SUME(J), J =1, 5), SUM
514 FORMAT ( 8X, 'Total', 3X, 6F10.1)

ENDIF3

C Load the total conventional component flows in the CPROD vector.
C INTERMEDIATE HYDROGEN ADDITION IS HANDLED BASED ON THE
C DIFFERENCE OF THE BASE OF H2 YIELD FACTOR PATCHED.

IF (MODE .GE. 5) THEN
CPROD(1) = TOTMAF * YFH(1)

ELSE
CPROD(i) = WTCONV * YFH(1)

ENDIF
DO 110 J = 2, KOMPS

CPROD(J) - EYLD(J,l) + EYLD(J,2) + EYLD(J,3) + EYLD(J,4)
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31 + YDJ5
110 CONTINUE

CIC Account for the fresh coal.
CPROD(46) =-CIN(46)

C3C Add the ash in the fresh coal to the URCOAL product.
C DO NOT ADD ASH AT STAGE 11; THIS HAPPENED AT STAGE I ALREADY.

IF (MODE .NE. 7) CPROD(47) = CPROD(47) + 0.O1DO*

I C 1 CIN(46) * UFCOAL(1)
C Calculate the Ultimate analysis of the solid URCOAL that is
C produced by the reaction of the fresh coal.IC FOR STAGE 11 IN MODE 7, NEGATIVE EYLD(47,*) WILL CAUSE A MESS.
C THERE IS NO SENSE IN TABULATING THE 'PRODUCED' URCOAL FOR 2ND
C STAGE. ALSO REMEMBER TO BLOCK OUT THE ASH HERE.

IF (MODE .NE. 7) THEN
WTUOUT(1) = O.O1DO * CIN(46) *UFCOAL(1)

ELSE
WTUOUT(1) = 0.0I ENDIF

WTUOUT(2) = EYLD(47,1)
WTUOUT(3) = EYLD(47,2)
WTUOUT(4) = EYLD(47,4)
WTUOUT(5) = O.ODO
WTUOUT(6) = EYLD(47,3)
WTUOUT(7) = EYLD(47,5)

C Separate the chlorine which previously was lumped with the
C carbon. Assume it distributes in the same proportion as theIC carbon.

WTUOUT(5) = WTUOUT(2) *UFCOAL(5) / UFCOAL(2)
WTUOUT(2) = WTUOUT(2) -WTUOUT(5)

IF (MODE .NE. 7) THEN
SUM = O.ODO
DO 120 J = 1, 7I SUM = SUM + WTUOUT(J)

120 CONTINUE
DO 122 J = 1, 7I ULTOUT(J) = 100.0DO * WTUOUT(J) / SUM

122 CONTINUE
C

IF ( KTEST .GE. 4 ) WRITE (NHSTRY, 517)I1 (UANAME(J), ULTOUT(J), WTUOUT(J), J = 1, 7), UANAME(8), SUM
517 FORMAT (/' Ultimate analysis of the URCOAL (unconverted coal)',

1 ' that is produced.' / 16X, 'Wt %', 5X, 'lbs/hr'I 2 7(3X, A8, F9.2, F11.1 /)
3 3X, A8, F20.1)
ENDIF

C
C Calculate the Ultimate analysis of the total URCAOL that is
C leaving the reactors. That is, combine the URCOAL that is
C produced with the URCOAL entering the reactors.

SUM = O.ODO
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DO 130 J = 1, 7U
WTUOUT(J) = WTUOUT(J) + 0.O1DO * CIN(47) * UURC(J)
SUM = SUM + WTUOUT(J)

130 CONTINUEI
DO 132 J = 1, 7

ULTOUT(J) = 100.0DO * WTUOUT(J) / SUM
132 CONTINUE3

IF ( KTEST .GE. 4 ) WRITE (NHSTRY, 518)
1 (UANAME(J), ULTOUT(J), WTUOUT(J), J = 1, 7), UANAME(8), SUM

518 FORMAT ( / I Ultimate analysis of the total URCOAL (unconverted',I
1 ' coal) leaving the reactors.' / 16X, 'Wt %', 5X, 'lbs/hr'
2 7(3X, A8, F9.2, F11.1 /)
3 3X, A8, F20.1)

C Calculate the total component flows leaving the coal

C liquefaction reactor in lbs/hr.
DO 160 J =1, KMAXC

COUT(J) =CIN(J) + CPROD(J)
160 CONTINUE

C
C If the hydrogen flow leaving the reactor section is negative,
C then insufficient hydrogen has been supplied. Set the netU
C hydrogen in the total product to zero and write a warning
C message. When this is done, the coal liquefaction section
C will not be in mass balance.

IER2 = 0I
IF ( COUT(1) .LT. 0.OO1DO ) THEN

IER2 = 1
IF ( KTEST .LE. 0 ) WRITE (NHSTRY, 521) IPASSI

521 FORMAT ( // IX, 'Plant 2 - Supplementary data from '

1 'subroutine USRO2' /
2 2X, 'Coal Liquefaction Plant', 20X, 'IPASS =', 13 I

X = - COUT(1)
COUT(1) = 0.ODO
WRITE (NHSTRY, 522) X3

522 FORMAT ( / 1X '* WARNING *-Insufficient hydrogen has been '

1 'supplied to plant 2, the' /
2 3X31 'coal liquefaction plant. The unit is short ', F10.3,
3 ' lbs/hr of hydrogen.' /I
4 3X, 'Execution will continue assuming just the correct '

5 'amount of hydrogen has' /
6 3X,, 'been supplied. No excess hydrogen will be in the '

7 'outlet gas stream.' /I
8 3X,, 'Plant 2 will not be in mass balance.'
9 // 3X, 'Execution is continuing.'/)
ENDIFI

C
C ALL CIN(46) BASED CALCULATIONS ARE NOW OVER. NOW SET CIN(46)
C TO ITS REAL VALUE OF ZERO TO PRODUCE A VALID PRINTOUT.

IF (MODE .EQ. 7) THEN
CIN(46)=0.0
CPROD(46)=0 .0

END IF
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IC
IF ( KTEST .GE. 3 ) THEN
WRITE (NHSTRY, 523)I 523 FORMAT ( / I Plant 2 reactor flow rates, lbs/hr.'/

1 ' No.', 5X, 'Name', 13X, 'Inlet', 3X, 'Production',
2 7X, 'Outlet')

SUME(1) = 0.ODO
SUME(2) - 0.ODO
SUME(3) = 0.ODO
DO 170 J = 1, KMAXCIK= 2 * J -1
IF (ICNAME(K) .NE. BLANK4 ) THEN
WRITE (NHSTRY, 524) J, ICNAME(K), ICNAME(K+1), CIN(J),I1 CPROD(J), COUT(J)

524 FORMAT 1 X, I5, 1X, 2A4, 5X, 3F13.2)
SUME(I) =SUME(1) + CIN(J)
SUME(2) =SUME(2) + CPROD(J)
SUME(3) =SUME(3) + COUT(J)

ENDIF
170 CONTINUEI WRITE (NHSTRY, 525) SUME(1), SUME(2), SUME(3)
525 FORMAT ( 11X, 'Total', F17.2, 2F13.2)

ENDIFI C
C Calculate the pseudo-component *OUTLET* properties.
C WARMING: THIS APPROACH IGNORES ANY PREVIOUSLY KNOWN ELEMENTAL
C COMPOSITIONS FOR THESE ELEMENTS!! ONCE THIS CPROP VECTOR ISN'TUC USED BY ASPEN, NOR CONSERVES ITS CONTENTS BETWEEN SUBSEQUENT
C CALLS! PATCHED TO INCLUDE PREVIOUS CONTENTS AND COPE FOR
C CONSUMPTION.

* DO 182 J = 18, KOMPS
SUM=CIN(J)+EYLD(J, 1)+EYLD(J,2)+EYLD(J,3)+EYLD(J,4)+EYLD(J,5)
DO 180 K = 1, 5
IF (SUM .GE. 1.OD- 20) THEN
OPROP(J-17,K)=1O0.0*(EYLD(J,K)+O.01*CIN(J)*CPROP(J,K+2) )/SUM

ELSE
OPROP(J-17,K) = 0.ODOI ENDIF

180 CONTINUE
182 CONTINUE3 C

C NOW THAT THE REASON FOR RE-EVALUATION OF FRACTION'S COMPOSITIONS
C HAS BEEN REALIZED, SAVE THESE FRESHLY CALCULATED AT STAGE I
C OUTLET FOR SHORTCOMING STAGE II. THERE, THE CPROPs WILL BE FILLED

C BY THESE SAVED VALUES. OPROP common'ed array will preserve it's
C contents till used in mode 7 run for new inlet properties.
CI IF ( KTEST .GE. 3 ) THEN

WRITE (NHSTRY, 526)
526 FORMAT ( / ' Calculated component properties:'/

1 1X, 'No.', 2X, 'Name', 8X, 'Wt% C', 5X, 'Wt% H', 5X, 'Wt% S',

2 5XI 'Wt% N', 5X, 'Wt% 0', 5X, 'Total')
DO-190 J = 18, KOMPS

IF (ICNAME(K) .NE. BLANK4 ) THEN
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SUM = OPROP(J-17,1) + OPROP(J-17,2) + OPROP(J-17,3)+I
1 OPROP(J-17,4) + OPROP(J-17,5)

IF ( J .LE. 40 ) THEN
WRITE (NHSTRY, 527) J, ICNAME(K), ICNAME(K+1),I

1 (OPROP(J-17,K), K = 1, 5), SUM
527 FORMAT ( 1X, 13, 2X, 2A4, 6FI0.4)

ELSE ENDIU
ENDIF

190 CONTINUE
ENDIFI

C
IF ( IPASS .EQ. 4 .AND. INTl .LE. 2 ) THEN3

C Write the reactor portion of the output report.
C

WRITE (NOUT, 800)
800 FORMAT (/ 30X, 'MASS BALANCE REPORT')

C
C Convert the total flow rates to Mlbs/hr.

TOTIN = O.001D0 * TOTINI
SUM = 0.OO1DO * SUM

C WRITE (NOUT, 812) CONMAFU

812 FORMAT (/'FRESH MAF COAL CONVERSION, % ',F10.3)

C
IF ( MODE .LE. 2 ) WRITE (NOUT, 813) CONVSN

813 FORMAT ('OVERALL COAL CONVERSION PER PASS, %', F10.3)I
C

IF ( MODE .LE. 1 ) WRITE (NOUT, 821)
821 FORMAT ( / ' REACTOR COMPONENT FLOW RATES, MLBS/HR'

1 4X, 'COMPONENT', 8X, 'INLET', 6X, 'OUTLET')
C

IF ( MODE .EQ. 2 .OR. MODE .EQ. 5) WRITE (NOUT, 822)
822 FORMAT ( / 21X, 'FLOW RATES, MLBS/HR'

1 22X, '1ST RX', 6X, '2ND RX' /
2 4X, 'COMPONENT', lOX, 'INLET', 6X, 'OUTLET')

IF ( MODE .EQ. 3 ) WRITE (NOUT, 823)
823 FORMAT ( / 21X, 'FLOW RATES, MLBS/HR'

2 4X, 'COMPONENT', lOX, 'INLET',_6X, 'OUTLET'2X,'SR',6, 1TR'/I
C

IF ( MODE .EQ. 6 ) WRITE (NOUT, 8823)
8823 FORMAT ( / 21X, 'FLOW RATES, MLBS/HR'

1 22X, '1ST RX', 6X, '1ST RX' /
C 2 4X, 'COMPONENT', lOX, 'INLET', 6X, 'OUTLET')3

IF ( MODE .EQ. 7 ) WRITE (NOUT, 8824)
8824 FORMAT ( / 21X, 'FLOW RATES, MLBS/HR'

2 4X, 'COMPONENT', lOX, 'INLET', 6X, 'OUTLET'2X, 2NR',6, 2DR'/I
C

IF ( MODE .EQ. 4 ) WRITE (NOUT, 824)

824 FORMAT (/21X, 'FLOW RATES, MLBS/HR'
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3 1 22X, '2ND RX', 6X, '2ND RX'/
2 4X, 'COMPONENT', lOX, 'INLET', 6X, 'OUTLET')

CIC Write the liquefaction reactor component flow rates in Mlbs/hr.
SUME(l) = O.ODO
SUME(2) = O.ODO
DO 210 J = 1, KMAXC
K=2 *J - 1
IF (ICNAME(I() .NE. BLANK4 ) THEN
X =O.OO1DO * CIN(J)I XI= O.OOIDO * COUT(J)
WRITE (NOUT, 831) ICNAME(K), ICNAME(K+1), X, X1

831 FORMAT (4X, 2A4, F16.3, F12.3)I SUME(1) =SUME(1) + X
SUME(2) =SUME(2) + XI

ENDIF
210 CONTINUE

WRITE (NOUT, 832) SUME(1), SUME(2)
832 FORMAT ( 4X, 'TOTAL', 3X, F16.3, F12.3)

CIC ON A NEW PAGE, REPORT KINETIC MODEL ASSUMED WT%1 YIELDS.
C THIS INVOLVES USE OF COMPONENT RANGES, CALCULATED IN USR2YF.

IF (MODE .GT. 5) THEN
IF(MODE .GT. 6) GO TO 601
WRITE (NOUT, 600)

600 FORMAT ('TOF'! 23X,'KINETIC MODEL WT% YIELDS (MAF BASED)'///
1 2X,'COMPONENT',11X,'WT%. YIELD')IC USE XYF(*,1) AS SLAVE STORAGE SPACE, NOW USELESS.

C LOOP CONTAINS ALL COMPONENTS BUT RESID & UC (FOR STAGE I).
C IDs IDENTICAL TO THE ELEMENT ORDER CALCULATED IN USR2YF.3601 CONTINUE

DO 603, I=1,15
XYF(I,1)=Z(68+I)

603 CONTINUE
C RESID STAGE I YIELD

XYF(16, l)=REAL(3)
C UC STAGE I YIELDI XYF( 17, 1) =REAL( 15)
C REPORT SINGLE STAGE YIELDS FOR SECOND STAGE, NOT TOTALS.

IF (MODE .EQ. 7) THEN
WRITE (NOUT, 6000)

6000 FORMAT ('TOF'! 13X,'KINETIC MODEL OVERALL WTI YIELDS (MAF BASED)'///
1 2X,'COMPONENT',11X,'WT%. YIELD')

C TO FIND STAGE SPECIFIC YIELDS, SUBTRACT STAGE I YIELDSIC FROM TOTALS.
DO 606, 1=1,15

C XYF(I,1)=Z(178+1)-XYF(I,1)I XYF(I,1)=Z(178+I)
606 CONTINUE

C RESID STAGE II YIELD
C XYF(16,1)=Z(67)-REAL(3)

XYF( 16 ,1) =Z(67)
C UC STAGE II YIELD
C XYF(17,1)=REAL(4)-REAL(I5)

XYF( 17 ,1) =REAL (4)
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ENDIFI
C GIVE H2 THE PROPER SIGN (CONVERTED)

XYF(1,I)=-XYF(1,1)
WRITE (NOUT, 609) XYF(6,1)I

609 FORMAT (2X, ICO',T20,F1O.3)
WRITE (NOUT, 612) XYF(7,1)

612 FORMAT (2X,'C02',T20,F10.3)
WRITE (NOUT, 615) XYF(10,1)

615 FORMAT (2X,'H20',T20,F10.3)
WRITE (NOUT, 618) XYF(9,1)

618 FORMAT (2X,'H2S',T20,F1O.3)I
WRITE (NOUT, 621) XYF(8,1)

621 FORMAT (2X,'NH3',T20,F10.3)
WRITE (NOUT, 624) XYF(2,1)I

624 FORMAT (2X,'C1',T20,F1O.3)
WRITE (NOUT, 627) XYF(3,1)

627 FORMAT (2X,'C2',T20,F1O.3)
WRITE (NOUT, 630) XYF(4,1)I

630 FORMAT (2X,'C3',T20,F1O.3)
WRITE (NOUT, 633) XYF(5,1)

633 FORMAT (2X,'C41,T20,F1O.3)U
WRITE (NOUT, 636) XYF(11,1)

636 FORMAT (2X1,'C5-C350',T20,F1O.3)
WRITE (NOUT, 639) XYF(12,1)I

639 FORMAT (2X,'C350-C450',T20,F10.3)
WRITE (NOUT, 642) XYF(13,1)

642 FORMAT (2X,'C450-C65O',T20,F1O.3)
WRITE (NOUT, 645) XYF(14,1) I

645 FORMAT (2X, 'C650-C850',T20,F1O.3)
WRITE (NOUT, 648) XYF(15,1)

648 FORMAT (2X,'C850-C1000',T20,F1O.3)I
WRITE (NOUT, 651) XYF(16,1)

651 FORMAT (2X, 'RESID',T20,F1O.3)
WRITE (NOUT, 654) XYF(17,1)

654 FORMAT (2X, 'UC',T20,F1O.3)
WRITE (NOUT, 657) XYF(I,1)

657 FORMAT (2X,1H2',T20,F1O.3)
C REPORT SUM, TOOI
C Note that this SUM will be 100.0 for first stage, where MAF coal
C is actually converted, and 0.0 for second stage where all

C conversion flows internally among the components is included inI
C the summation. If we included the MAF coal yield in this list,
C the SUM should evidently be 0.0 for both stages.

SUM=0.0
DO 660, I=1,17
SUM=SUM+XYF(I,1)

660 CONTINUE
WRITE (NOUT,663) SUM

663 FORMAT (/ 2X, 'TOTAL', T20, F10.3)
ENDIF

C CI
ISUM = IER1 + IER2 + IER3 + IER4

IF ( MODE .LE. 1 .AND. ISUM .GE. 1I WRITE (NOUT, 851)U
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U 851 FORMAT (/25X, '- CONTINUED ON NEXT PAGE -

C
IF ( MODE .GE. 1 .AND. ISUM .GE. 1 )WRITE (NOUT, 852)

C852 FORMAT ( 25X, '- CONTINUED ON NEXT PAGE -

U C ENDIF
C

999 RETURN

I END
Cs USR2RS
CI SUBROUTINE USR2RS (ICNAME, IPASS, ITEMS, KOMPS, KTEST,

1 NCC, NCCONV, NCONV, NHSTRY, NNCC, SINI, SOUTI, ULTOUT)
C
C This subroutine loads the coal liquefaction reactor outlet stream
C into the reactor effluent stream vector, the SOUTi vector.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.I C
C Last revision - July 21, 1992.
C
C Calling arguments:
C ICNAME() = Vector of component identifications (CHARACTER * 4)
C IPASS = The results pass flag.
C ITEMS = Total number of items in the SOUTi vector.IC KOMPS = Number of conventional components used in the coal
C liquefaction reactor model.
C KTEST = Switch for controlling the printing to the history*1C file.
C NCC = Number of conventional components.
C NCCONV = Offset for the non-conventional component substream.
C NCONV = Offset for the conventional component substream.
C NHSTRY = Logical unit number of the history file.
C NNCC = Number of non-conventional components.
C SIN1() = ASPEN/SP stream vector for reactor inlet stream.IC SOUT1() = ASPEN/SP stream vector for reactor effluent stream.
C ULTOUT() = Ultimate analysis of the URCOAL (unconverted coal and
C ash) leaving the ROSE-SR unit.

IMPLICIT DOUBLE PRECISION (A-H, O-Z)
C

COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),I 1 ST1(5,5), ST2(6,5), OPROP(20,5)
C

COMMON /USRCO2/ IDX(100), XPACK(100)IC Vectors IDX and XPACK are required for the calculation of the
C stream average molecular weight using subroutine CPACK and
C function AVEMW initialization. They are placed in COMMON /USRCO2/
C only to save space since all block models use these variables.
C

DIMENSION ICNAME(*), ULTOUT(*), SIN1(*), SOUT1(*)

IC Local variable declarations.
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CHARACTER * 4 BLANK4, ICNAMEI
C

DATA BLANK4 /' '

C Set up the properties of the product streams.

IF ( IPASS .NE. 4 ) THEN
C First, zero all the base items in the product stream vector.U

DO 200 J = 1, NCCONV
SOUT1(J) = 0.ODO

200 CONTINUE
C
C CF is the conversion factor from Kg/sec to lbs/hr.

CF = 3600.ODO / 0.45359237D0

C Set the molar flow rates of the conventional components.
SUMI = O.ODO
DO 210 J = 1, NCC

DO 208 K = 1, KOMPS
IF ( J .EQ. ICNUMB(K) ) THEN
SOUTI(J) = COUT(K) / (CF * CPROP(K,1))I
SUMi = SUMI + SOUT1(J)
GO TO 210

ENDIF
208 CONTINUE
210 CONTINUE

C Set the total molar flow rate of the conventional components.I
SOUT1(NCC+1) = SUMI

C
C Set the mass flow rates of the non-conventional components.

SUMI = 0.ODO
DO 220 J = 1, 3

SOUT1(NCONV+J) = COUT(J+45) / CF
SUMI = SUMi + SOUT1(NCONV+J)I

220 CONTINUE
C
C Set the total mass flow rates of the non-conventionals.I

SOUTI(NCONV+NNCC+1) = SUMI
C
C Set the temperature and pressure of the reactor effluent stream
C to the values which were loaded in the 5T2 array. Return these
C values to ASPEN/SP in Kelvins and Pascals.
C NOTE: These default values can be overriden by the FLASH-SPECS
C sentence in the ASPEN/SP input file.I

SOUT1(NCC+2) = (ST2(1,2) -32.ODO)/1.8D0 + 273.1500
SOUT1(NCC+3) = S12(1,3) *6.8947573D+3
SOUTI (NCONV+NNCC+2) = SOUTi (NCC+2)
SOUTi (NCONV+NNCC+3) = SOUTI (NCC+3)

C
SOUTI(NCONV+NNCC+9) = 1.ODO

C IF MODE=6, SHOULD THIS ULTIMATE ANALYSIS PASS BACK TO ASPEN,
C SO THAT THE FORTHCOMING MODE 7 WILL HAVE THE RIGHT ANALYSIS TO

C WORK WITH? OR ONLY AFTER MODE 7 HAS RUN SHOULD THIS ANALYSIS BE
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UC PERMITTED TO PASS BACK TO ASPEN/SP.
C Set the Ultiminate analysis of the unconverted coal (URCOAL) to
C that calculated in subroutine USRO2R.I C
C Load the first outlet stream.

DO 230 J = 1, 7
NI = NCCONV + 24 + 4
SOUTI(J + NI) = ULTOUT(J)

230 CONTINUE
CIIC Set the PROXANAL of the unconverted coal (URCOAL).
C Set the moisture to zero.

SOUT1(NCCONV+25) = O.ODOIC Set the ash to that of the Ultimate analysis.
SOUTi (NCCONV+28) = SOUTi (NCCONV+29)

C Distribute the fixed carbon and volatile matter in the
C same proportions as that of the entering coal.

X = (100.ODO - SOUT1(NCCONV+29)) * SIN1(NCCONV+2)/
1 (SIN1(NCCONV+2) + SIN1(NCCONV+3))

X1 = 100.ODO - SOUTI(NCCONV+29) - XI SOUT1(NCCONV+26) - X
SOUT1(NCCONV+27) = X1

C
C Calculate and load the SULFANAL of the unconverted coal (URCOAL)
C in the same proportions as the feed coal, but adjust the total
C to match the sulfur in the Ultimate analysis.

X =SIN1(NCCONV+12) + SIN1(NCCONV+13) + SIN1(NCCONV+14)IX1 SOUT1(NCCONV+34) * SIN1(NCCONV+12) / X
X2 =SOUT1(NCCONV+34) * SIN1(NCCONV+13) / X
X3 =SOUT1(NCCONV+34) * SIN1(NCCONV+14) / X

II SOUT1(NCCONV+36) = X1
SOUT1(NCCONV+37) = X2
SOUT1(NCCONV+38) =X3

C
C Load the AOXANAL of the unconverted coal (URCOAL) to be the same
C as that of the feed coal.

DO 240 J = 1, 10I Ni = NCCONV + 24 + 14
N2 = NCCONV + 14
SOUT1(J + NI) = SINI(J + N2)

240 CONTINUE
C
C Call subroutine CPACK and funcion AVEMW to calculate the
C average molecular weight of the conventional components in all1C the product streams.

CALL CPACK (SOUT1, NCP, IDX, XPACK, TMASS)
,SOUT1(NCC+9) = AVEMW (NCP, IDX, XPACK)I C

C If requested, write the items of interest in the outlet stream
C vector to the history file.

IF ( KTEST .GE. 5 ) THEN
WRITE (NHSTRY, 531)

531 FORMAT ( // I The outlet stream vector'/
1 14X9 'SOUTi' )

DO 290 J = 1, ITEMS
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WRITE (NHSTRY, 532) J, SOUT1(J)
532 FORMAT ( 2X, 15, 6(IPE15.5)
290 CONTINUE

ENDIF
C

ENDIF

RETURN
END

C
C$ USR2RZ

SUBROUTINE USR2RZ (IERI, IER2, IER3, IER4, INT1, IPASS, NOUT)
C
C This subroutine writes any warning messages to the summary report.
C
C Prepared under DOE contract no. DE-AC22 90PC89857.
C
C Last revision - July 21, 1992.
C
C Calling arguments:
C IER1 = Switch to indicate whether the OTHERS warning message
C should be written.
C 0 => Do not write the warning message.
C 1 => Write the warning message.
C IER2 = Switch to indicate whether the insufficient hydrogen
C supplied warning message should be written.
C 0 => Do not write the warning message.
C 1 => Write the warning message.
C IER3 Switch to indicate whether the conversion was changed
C to balance the elements in the URCOAL warning message
C should be written.
C 0 => Do not write the warning message.
C I => Write the warning message.
C IER4 = Switch to indicate whether the liquefaction reactor
C element inbalance warning message should be written.
C 0 => Do not write the warning message.
C I => Write the warning message.
C INT1 = User block output report control switch.
C 0 => Write the complete user block summary report.
C I => Skip the capital cost section of the report
C 2 => Skip the capital cost and utilities section; of
C the report.
C 3 => Skip writing the entire user block summary report.
C IPASS = The results pass flag.
C NOUT = Logical unit number of the plant output report file.
C

IMPLICIT DOUBLE PRECISION (A-H, O-Z)

IF ( IPASS EQ. 4 AND. INT1 LE. 0 ) THEN
C

WRITE (NOUT, 801)
801 FORMAT ( / 15X, 'COAL LIQUEFACTION REACTORS - SUMMARY REPORT'

1 30X9 '(CONTINUED)'
C

IF ( IERI GE. 1 ) WRITE (NOUT, 811)
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U 811 FORMAT (/ 1X, '*WARNING* THE FEED TO THIS PLANT CONTAINS '

1 'SOME COMPONENT(S) UNKNOWN TO' /
2 2X, 'THIS MODEL. THEY ARE BEING IGNORED. THEREFORE, '

I 3 'PAN 2 S OTIN 2X, 'MASS BALANCE. PLEASE REMOVE THE EXTRA '

C5 'COMPONENT(S) FROM THE FEED.' )

IF ( IER2 .GE. 1 ) WRITE (NOUT, 812)
812 FORMAT (/ 1X, '*WARNING* INSUFFICIENT HYDROGEN HAS BEEN '

1 'SUPPLIED. THE ABOVE RESULTS' /I,2 2X, 'ASSUME JUST THE CORRECT AMOUNT OF HYDROGEN WAS '

3 'SUPPLIED. PLANT 2 IS' /
4 2X, 'NOT IN MASS BAANCE. PLEASE PROVIDE SOME '

5 'MORE HYDROGEN.' )

IF ( IER3 .GE. 1 ) WRITE (NOUT, 813)

IICAGDTOMITI THE '/
2 2X, 'ELEMENTAL BALANCE. SEE THE HISTORY FILE FOR MORE 'I C 3 'INFORMATION.' )

IF ( IER4 .GE. 1 ) WRITE (NOUT, 814)
814 FORMAT (/ 1X, '*WARNING* THE COAL LIQUEFACTION REACTORS '

I 'RENO I LEENALBAANE 2X, 'AND MAY NOT BE IN MASS BALANCE ALSO. SEE THE '
3 'HISTORY FILE FOR MORE'/

I C 4 2X, 'INFORMATION.')

ENDIF

(I RETURN
END

CI C$ USR02F
C

SUBROUTINE USRO2F(MODE,KOMPS,NHSTRY,NREAL,REAL, IPASS,NOUT)
C
C SUBROUTINE TO CALCULATE THE FLUID DYNAMIC PROPERTIES OF THE1C EBULLATED BED REACTORS.

I) IMPLICIT DOUBLE PRECISION (A-H,O-Z)
COMMON/USRO2M/CIN(50),COUT(50),CPROP(40,7),ICNUMB(50),
1 ST1(5,5),ST2(6,5), OPROP(20,5)

C THIS COMMON NOW JUST SERVES AS A REFERENCE FOR INCLUDED DATA.'I COMMON/USR12L/C(50) ,F(50) ,Z(400)
C THIS IS THE MAIN FLASH COMMON STORAGE.

COMMON /USRO2V/ FIN(40),VOUT(40),XLOUT(40)IC FORMAL ARGS DECLARATION
DIMENSION REAL(NREAL)

C
PVAVL = C(11) - F(4)/100.O/C(12) - F(3)/100.O/C(13)
IF (PVAVL .LT. 0.0) PVAVL = 0.0
COKE = 0.0
C(5) = C(4)*(1.O+F(3)/100.0 + COKE/100.O + PVAVL*C(1)/62.42)

PI = 3.14159
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VOL = C(9)*PI*(C(8)**2)/4.0
C(10)= (6.*VOL/PI)**0.3333
AREAS = PI*(C(10)**2)
AREAP = PI*C(9)*C(8)+2.*PI*(C(8)**2)/4.
C(7) = AREAS/AREAP

C
DIMP=2.54*C(8)
XLEN=2.54*C(9)
DENL=C(I)/62.42
VISL=C(2)/100.
GA=(DIMP**3)*981.*(DENL)*(C(5)-DENL)/(VISL**2)
A=3.1456*GA/2.
IF (A LT. l.D3 ) THEN
RET=0.2441*(A**0.6642)

ELSEIF (A LT. 1.D4 ) THEN
RET=0.3993*(A**0.5930)

ELSEIF (A LT. 1.D5 ) THEN
RET=0.7946*(A**0.5182)

ELSE
RET=0.8875*(A**0.5086)

ENDIF
Z(7)=RET*VISL/DENL/DIMP
Z(7)=Z(7)/30.48
Z(13)=0.44
DIMSP=2.54*C(10)
G=981.
GA=G*(D'LMSP**3)*DENL*(C(5)-DENL)/VISL/VISL
CI=2.53-O.6I5*DEXP(l.27*C(7))
A=CI
B=24.0
Cl=-GA*(Z(13)**4.94)/1.21/(C(7)**1.35)
REM=(-B+DSQRT(B*B-4.*A*Cl))/2./A
UMINLI=REM*VISL/DIMSP/DENL
Z(9)=UMINLI/30.48

C SET REACTOR TEMPERATURE, DEG F.
IF (MODE EQ. 7) THEN

C USE SECOND REACTOR TEMPERATURE.
TRXN=REAL(Il)
PRXN=REAL(13)

ELSE
C FOR ANY OTHER CASE, USE FIRST REACTOR TEMPERATURE.

TRXN=REAL(10)
PRXN=REAL(12)

ENDIF

C FLASH CALCULATIONS.
DO 123, J=1,KOMPS

FIN(J)=CIN(J)
123 CONTINUE

CALL USR2FL(TRXNKOMPSTOTGASTOTLIQNHSTRY)
Z(26)=TOTGM
Z(27)=TOTLIQ
Z(32)=O.O
DO 10 J=1,KOMPS
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DEBUG=CPROP(J,2)
IF (DEBUG LT. 0.001) DEBUG=100.0
Z(32)=Z(32)+XLOUT(J)*42./DEBUG/60.

10 CONTINUE
Z(29)=0.1*Z(26)
Z(30)=Z(26)*C(14)/60.
Z(31)=Z(29)*C(14)/60

Z(37)=REAL(8)-2.*C(4I)/I2.0
Z(34)=0.754*Z(37)**2
Z(4)=Z(30)*(14.7/PRXN)*(460.+TRXN)/537./60./Z(34)
Z(5)=Z(31)*(14.7/PRXN)*(460.+TRXN)/537./60./Z(34)
Z(6)=Z(4)+Z(5)
Z(I)=Z(32)/7.48/60./Z(34)

UGB=Z(6)*30.48
DENSP=C(5)
RATIO=I.-(UGB**.436)*(VISL**.227)*(DIMSP**.598)
1 /((DENSP-DENL)**0.305)
ULMG=RATIO*Z(9)
Z(10)=ULMG

Z(39)=C(16)
Z(38)=Z(39)-8.0
Z(36)=Z(38)*Z(34)
C(18)=Z(35)/Z(36)
Z(17)=1.0-C(18)/(62.42*C(4))
RELG=Z(6)*30.48*DENL*DIMSP/VISL
ELWOG=Z(17)/(1.0+0.07*RELG**0.34)
GA=(DIMSP**3)*981.*(DENL)*(C(5)-DENL)/(VISL**2)
CI=2.53-0.615*DEXP(I.27*C(7))
QUAD=GA/(ELWOG**(-4.94)*0.75*1.61*C(7)**1.35)
DET=24.0**2.0-4.0*CI*(-QUAD)
DET=DSQRT(DET)
REF=(-24.0+DET)/(2.0*CI)
Z(3)=(REF*VISL)/(30.38*DENL*DIMSP)
Z(2)=Z(3)-Z(I)
Z(33)=Z(2)*7.48*6O.O*Z(34)
C(17)=Z(33)/Z(32)
Z(309)=C(17)*TOTLIQ

C
-C VARIOUS BED CALULATIONS.
C BED INPUT (MAX ALLOWED) HEIGHT, FT
C I WONDER WHY WE USE SEPARATE VARIABLES FOR THIS METRIC.

Z(21)=F(2)
C BED SETTLED VOLUME, Z(40)==FT3 (SAME AS CATALYST VOL)

Z(40)=Z(35)/C(19)
C BED INITIAL (SETTLED) HEIGHT, FT

Z(22)=Z(40)/Z(34)
C CALCULATE EXPANDED BED HEIGHT, FT
C Z(38) CONTAINS THE SAME HEIGHT

Z(23)=Z(38)
C CALCULATE BED EXPANSION, % OF INITIAL BED HEIGHT.

Z(24)=Z(23)/Z(22)*IOO.0
C
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C CALCULATE SHELL WEIGHT, LBSI
Z(41)=PI*(C(42)/2.+REAL(8)/2. )*(C(42)/2. -REAL(8)/2.)
1 * C(43)*Z(39)

C CALCULATE HEADS WEIGHT, LBS
Z(42)=0.4189D1*( (C(42)/2. )**3.(REAL(8)/2.)**3)*C(43)

C SET WEIGHT FOR NOZZLES AND SKIRS, LBS
Z(43)=30000.

C CALCULATE MISCELLANEOUS ADDITIONS TO WEIGHT, LBS
Z (44) =7.OD-2*Z (41)

C CALCULATE REACTOR WEIGHT IN SHORT TONS.
Z(45)-=(Z(41)+Z(42)+Z(43)+Z(44) )/2000. I

C
C WARN IF SUPPLIED LIQUID SUPERFICIAL VELOCITY IS LOWER THAN MINIMUM
C FLUIDIZATION VELOCITY WITH GAS.

IF (Z(3) .LT. Z(10)) THEN
WRITE (NHSTRY, 966) Z(3),Z(1O)

966 FORMAT (1* WARNING * Liquid superficial velocity in bed is'!
1 'smaller then the minimum required for fluidization!'/
2 'Current liquid velocity ',F1O.3,' FPS'/
3 'Minimum required 1,F1O.3,' FPS')

ENDIF
C REPORT FLUID DYNAMICS

IF (IPASS .EQ. 4) THEN
WRITE (NOUT, 853)

853 FORMAT (/ 15X, 'FLUID DYMAMICS REACTOR - SUMMARY REPORT')
WRITE (NOUT,881)

881 FORMAT ('REACTOR GEOMETRY') I
WRITE (NOUT,861) C(17)

861 FORMAT (4X,'RATIO OF RECYCLE TO FRESH FEED' ,60,F1O.3)
WRITE (NOUT,859) C(15) I

859 FORMAT (4X,'H-COAL INTERNAL DIAMETER, FT',T60,F1O.3)
WRITE (NOUT,860) C(16)

860 FORMAT (4X,'H-COAL REACTOR MAX ALLOWED HEIGHT, FT',T60,F1O.3)
WRITE (NOUT,864) C(42) I

864 FORMAT (4X,'REACTOR OD, FT',T60,F1O.3)
WRITE (NOUT,879) Z(39)

879 FORMAT (4X,'REACTOR HEIGHT, FT'P,T60,F1O.3)I
WRITE (NOUT,880) Z(45)

880 FORMAT (4X,'REACTOR WEIGHT, SHORT TONS',T60,F1O.3)
C
C GAS, LIQUID AND SOLID PROPERTIES

WRITE (NOUT,882)
882 FORMAT ('GAS, LIQUID AND SOLID PROPERTIES')

WRITE (NOUT,854) C(1) I
854 FORMAT (4X,'LIQUID DENSITY, LBM/FT3',T60,F1O.3)

WRITE (NOUT,857) C(8)
857 FORMAT (4X,'AVERAGE DIAMETER OF CATALYST PARTICLE, INC',T60,

1 FIO.3)
WRITE (NOUT,858) C(9)

858 FORMAT (4X,'AVERAGE LENGTH OF CATALYST PARTICLE, INC',T60,F1O.3)
WRITE (NOUT,855) C(4)

855 FORMAT (4Xt'DENSITY OF DRY CATALYST PARTICLES, GM/CC',T60,F1O.3)
WRITE (NOUT,884) C(5)

884 FORMAT (4X,'DENSITY OF SOAKED CATALYST PARTICLES, GM/CC',T60,
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WRITE (NOUT,856) C(6)
856 FORMAT (4Xt'SETTLED DRY CATALYST BULK DENSITY, LBM/FT3',T60,
I F1O.3)

C
C FLUID DYNAMICS DATA

WRITE (NOUT,883)
883 FORMAT ('FLUID DYNAMICS DATA')

C PHASE VELOCITIES
WRITE (NOUT,869) Z(4)I869 FORMAT (4X,'SUPERFICIAL VELOCITY OF FEED GAS, FPS',T60,F1O.3)
WRITE (NOUT,870) Z(5)

870 FORMAT (4X,'SUPERFICIAL VELOCITY OF RECYCLE GAS, FPS',T60,F10.3)I WRITE (NOUT,871) Z(6)
871 FORMAT (4X,'SUPERFICIAL VELOCITY OF GAS IN CATALYST BED, FPS',

1 T60,F1O.3)
WRITE (NOUT,866) Z(1)

866 FORMAT (4X,'SUPERFICIAL VELOCITY OF FEED LIQUID, FPS',T60,F1O.3)
WRITE (NOUT,867) Z(2)

867 FORMAT (4X,'SUPERFICIAL VELOCITY OF RECYCLE LIQUID, FPS',T60tI1 FlO.3)
WRITE (NOUT,868) Z(3)

868 FORMAT (4X,'SUPERFICIAL VELOCITY OF LIQUID IN CATALYST BED, FPS'*11 ,T60,FlO.3)
WRITE (NOUT,890) Z(7)

890 FORMAT (4X,'PARTICLE TERMINAL VELOCITY, FPS',T60,F1O.3)
WRITE (NOUT,812) Z(9)'I872 FORMAT (4X,'MINIMUM FLUIDIZATION VELOCITY WITHOUT GAS, FPS',T60,

1 FlO.3)
WRITE (NOUT,873) Z(10)

873 FORMAT (4X,'MINIMUM FLUIDIZATION VELOCITY WITH GAS, FPS',T60,
1 F1O.3)

C
C BED PRROPERTIES

WRITE (NOUT,877) Z(22)
877 FORMAT (4X,'BED INITIAL HEIGHT, FT',T60,F1O.3)

WRITE (NOUT,878) Z(23)1878 FORMAT (4X,'BED EXPANDED HEIGHT, FT',T60,F1O.3)
WRITE (NOUT,863) C(19)

863 FORMAT (4X,'SETTLED BED DENSITY, LBM/FT3',T60,F1O.3)
WRITE (NOUT.862) C(18)

862 FORMAT (4X,'EXPANDED BED DENSITY, LBM/FT3',T60,F1O.3)
WRITE (NOUT,874) Z(17)

874 FORMAT (4X,'BED POROSITY (VOL. FR. BED)',T60,FlO.3)1 WRITE (NOUT,875) Z(24)
875 FORMAT (4X,'BED EXPANSION (% OF SETTLED BED)',T60,F1O.3)

C
C FORCE NEW PAGE HERE.

WRITE (NOUT, 800)
800 FORMAT ( 'TOF')

C
ENDIF

C
RETURN

END
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CI
C$USR02K I

Cs
C SUBROUTINE USRO2K, CALCULATING VARIOUS KINETIC PARAMETERS FOR

C EB-BED REACTORS. THE MAIN VARIABLE CALCULATED IS THE CATALYST
C ADDITION RATE.

SUBROUTINE USRO2K(MODE,ICNAME,KOMPS,KTEST,NHSTRY,NOUT,
1 NREAL,REAL, IPASS,WTUCC,WTUC)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C COMMON STORAGE
COMMON/USR12L/C(50) ,F(50) ,Z(400)
COMMON /USR02M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
1 ST1(5,5), ST2(6,5), OPROP(20,5)I
COMMON /USR2SV/ SAY E46 ,SAVZ46, SAVZ49

C FORMAL ARGS DECLARATION
DIMENSION ICNAME(*)
DIMENSION REAL(NREAL) ,WTUCC(*) ,WTUC(*)I
CHARACTER *4 ICNAME

C
C Older coal flow property calculations were restricted in usingIC REAL vector data. Many of them may be more accurately calculated,
C using the mass balance data, already calculated. Note for MODE 7,
C that CIN(46) has been restored to zero before this subroutine is
C called.
C CALCULATE MF COAL, LB/HR/TRAIN.

F19) = F(7) + WTUCC(1)
C CALCULATE RESID IN RECYCLE SOLVENT, %MAF, MOVED FROM 02FI
C For 2nd stage this is bigger!

F(1O)=CIN(36)*100./F(7)
C CALCULATE C5 TO 1000F- IN SOLVENT, MOVED FROM 02FSUM=O.O

DO 4 I=16,35
SUM=SUM+CIN(I)

4 CONTINUEI
F(11)=SUM

C CALCULATE SOLVENT/MAF COAL, MOVED FROM 02F
F(5)=(F(11)+CIN(36)+CIN(37)+CIN(47) )/F(7)

C F(17) TOTAL SOLVENT,LB/HR/TRAIN, MOVED FROM 02F
C For 2nd stage this is quite bigger!

F(17)=F(7)*F(5)I
C CALCULATE ASH IN RECYCLE SOLVENT LB/HR

F(12)=WTUC(1)-WTUCC(1)
IF (MODE .EQ. 7) F(12)=WTUC(1)

C CALCULATE UNCONVERTED COAL IN RECYCLE SOLVENT, LB/HR I
F(13)=CIN(47) -F(12)

C UC IN SOLVENT,%MAF
F(42)=F(13)*I0O0O/F(7)I

C ASH IN SOLVENT, % MAF COAL.
CF(16)=F(12)*1OO.O/F(7)

IF (MODE .NE. 7) THEN
C Accurately evaluate previously assumed REAL values.
C UC in solvent, %MAF.

REAL2=100.O*F( 13)/F(7)
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UC Resid yield in reactor 1, Yt4AF
REAL3=100.0*(COUT(36) -CIN(36) )/F(7)

C Z(46) RESID+UC OUT OF REACTOR 1 PER 100 LBS OF MAF COAL,IC FROM 2S1
Z(C46) =F( 10) +REAL2+REAL3+REAL( 15)

C Z(49) SLURRY FEED TO REACTOR I, LB/HR/TRAIN.
Z(49)=F(9)+F(7)*F(8)*O.01+F(5)*F(7)

C Save these values for MODE 7.
SAVZ46=Z (46)
SAVZ49=Z (49)I ELSE

C Use previously saved values.
Z(46)=SAVZ46I Z(49)=SAVZ49

ENDIF
C Z(50) SLURRY FEED /LB CATALYST (REACTOR I).

Z(50)=Z(49)/Z(35)
C Z(51) FC CONVERSION, LB/HR.

Z(51)=(O.01*F(9)*REAL(7) )- (O.01*F(7)*REAL(4))
C Z(52) REACTOR I RESID B TOTAL CONV% FC.

Z(52)=(Z(5l)-F(7)*REAL(3)*0.O1)*100./Z(51)
C Z(53) RESID B CONV,LB/HR/TRAIN REACTOR I.

C Z(53)=O.O1*Z(51)*Z(52)

IF (MODE .EQ. 6) THEN
C CALL SUBROUTINE USR2S1 TO CARRY OUT STAGE I REACTOR CALCULATIONS

CALL USR2S1(ICNAME,KOMPS,KTEST,NHSTRY,NREAL,REAL)
ELSE

C THIS 'ELSE' INCLUDES ALL REST CASES, THAT IS MODES 2, 7, AND
C ALL OTHERS, USING SECOND STAGE REASONING FOR THE CATALYSTIC ADDITION RATES.
C CALL SUBROUTINE USR2S2 TO CARRY OUT STAGE II REACTOR
C CALCULATIONS.

CALL U5R2S2(ICNAME,KOMPS,KTEST,NHSTRY,NREAL,REAL)
ENDIF

C
C REPORT HERE.IC NOTE THAT NOUT STREAM IS VALID ONLY IF IPASS=4.
C

IF (IPASS .EQ. 4) THENI WRITE (NOUT, 10)
10 FORMAT ( 'TOF', 30X,' REACTOR KINETICS' I

C SINCE DIFFERENT MODES STORE THE SAME RESULTS IN DIFFERENT SPOTS,
C USE DIFFERENT WRITE COMMANDS WITH THE SAME FORMAT SPECIFICATIONS.

IF (MODE .EQ. 6) THEN
WRITE (NOUT, 60) F(9)
WRITE (NOUT, 62) F(7)
WRITE (NOUT, 22) REAL(6)
WRITE (NOUT, 23) F(5)

WRITE (NOUT, 20) REAL(15)
WRITE (NOUT, 30) REAL(7)WRTINU, 0 EL3
WRITE (NOUT, 40) REAL(3)
WRITE (NOUT, 50) RF(1)

C WRITE (NOUT, 75) REAL(2)
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WRITE (NOUT, 75) F(42)I
WRITE (NOUT,76) F(16)

C WRITE (NOUT, 80) Z(46)
WRITE (NOUT, 90) Z(48)I
WRITE (NOUT, 100) Z(49)
WRITE (NOUT, 110) Z(50)
WRITE (NOUT, 120) Z(52)
WRITE (NOUT, 130) Z(53)
WRITE (HOyT, 140) Z(54)
WRITE (NOUT, 150) Z(55)WRIT (NOT, 60) (56
WRITE (NOUT, 160) Z(56)
WRITE (NOUT, 170) Z(58)
WRITE (NOUT, 180) Z(59)
WRITE (NOUT, 190) Z(59)I
WRITE (NOUT, 200) Z(61)
WRITE (NOUT, 210) Z(62)
WRITE (NOUT, 220) Z(62)WRIT (NO T , 40) (64
WRITE (NOUT, 230) Z(32)

C H2 PARTIAL PRESSURE REPORT FOR 1ST REACTOR.I
WRITE (NOUT, 250) Z(295)*REAL(12)

ELSE
C NO MATCH TO FORMAT STATEMENTS 160, 170 AND 210. IWRITE (NOUT, 60) F(9)

WRITE (NOUT, 62) F(7)
WRITE (NOUT, 22) REAL(6)

C WRITE (NOUT, 23) F(5)
WRITE (NOUT, 20) REAL(4)
WRITE (NOUT, 30) REAL(7)
WRITE (NOUT, 40) Z(67)
WRITE (NOUT, 50) REAL(11)

C WRITE (NOUT, 70) F(10)
C WRITE (NOUT, 75) F(42)C WRTE (OUT,76) (13
C WRITE (NOUT, 76) F(16)

CWRITE (NOUT, 80) Z(166)

WRITE (NOUT, 100) Z(49)I
WRITE (NOUT, 110) Z(50)
WRITE (NOUT, 120) Z(167)
WRITE (HOyT, 130) Z(168)I
WRITE (NOUT, 140) Z(169)
WRITE (NOUT, 150) Z(170)
WRITE (NOUT, 180) Z(173)
WRITE (NOUT, 190) Z(174)I
WRITE (NOUT, 200) Z(175)
WRITE (NOUT, 220) Z(177)WRIT (NOT, 20) Z17I
WRITE (NOUT, 230) Z(172)
WRITE (NOUT, 240) Z(37)

WRITE (NOUT, 250) Z(295)*REAL(13)I
ENDIF

ENDIF
20 FORMAT (2X,'UNCONVERTED COAL, WT% MAF', T60,F12.3)
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22 FORMAT (2X,'COAL SV LB MAF COAL/HR/LB CATALYST'J,60,F12.3)
23 FORMAT (2X,'SOLVENT/MAF COAL', T60,F12.3)
30 FORMAT (2X,'FIXED CARBON, WT%. MAF', T60,F12.3)I40 FORMAT (2X,'RESID YIELD, WT% MAF' T60,F12.3)
50 FORMAT (2X,'REACTOR AVERAGE TEMPERATURE, DEG F',T60,F12.3)
60 FORMAT (2X,'MF COAL, LBM/HR',I T60,F12.3)I62 FORMAT (2X,'MAF COAL, LBM/HR', T60,F12.3)
70 FORMAT (2X,'RESID IN RECYCLE SOLVENT, %.MAF', T60,F12.3)
75 FORMAT (2X,'UC IN SOLVENT, %MAF', IT60,F12.3)
76 FORMAT (2X,'ASH IN SOLVENT, %.MAF' T60,F12.3)

C 80 FORMAT (2X,'RESID+UC AT REACTOR EFFLUENT, YoMAF',T60,F12.3)
90 FORMAT (2X,'RESID+UC CONVERSION, %FEED R+UC', T60,F12.3)
100 FORMAT (2X,'SLURRY FEED, LBM/HR',2 T60,F12.3)£110 FORMAT (2X,'SLURRY FEED PER LB CATALYST', T60,F12.3)
120 FORMAT (2X,'RESID B CONVERSION, %FC', T60,F12.3)
130 FORMAT (2X,'RESID B CONVERSION, LBM/HR', T60,F12.3)
140 FORMAT (2X,'K THERMAL/', T60,F12.3)
150 FORMAT (2X,'RESID+UC CONVERSION', T60,F12.3)
160 FORMAT (2X,'THERMAL RX', T60,F12.3)
170 FORMAT (2X,'RESID B CATAL CONVERSION, %FC', T60,F12.3)I180 FORMAT (2X,'K REACTOR', T60,F12.3)
190 FORMAT (2X,'FREQUENCY FACTOR A', T60,D12.6)
200 FORMAT (2X,'1/R',I T60,F12.3)I210 FORMAT (2X,'CATALYST REPLACEMENT FACTOR', T60,D12.6)
220 FORMAT (2X,'CATALYST REPLACEMENT, LBM/HR', T60,F12.3)
230 FORMAT (2X,'CATALYST ADDITION, LBM/TON MF', T60,F12.3)
240 FORMAT (2X,'RESID OUTLET CONCENTRATION', T60,F12.3)I242 FORMAT (2X,'VAPOR WEIGHT % REACTOR OUTLET', T60,F12.3)
250 FORMAT (2X,'H2 OUTLET PARTIAL PRESSURE', T60,F12.3)

RETURN

END
C
C$ USR2S1
C

SUBROUTINE USR2S1 (ICNAME,KOMPS,KTEST,NHSTRY,NREAL,REAL)
C THIS SUBROUTINE CALCULATES THE CATALYST ADDITION RATE WHENIC THE FIRST STAGE RESID YIELD IS GIVEN.
C
C Last revision - December 22, 1992.

IMPLICIT DOUBLE PRECISION (A-H,O-Z)
COMMON/USR12L/C(50) ,F(50) ,Z(400)
DIMENSION ICNAME(*)
DIMENSION REAL(NREAL)
CHARACTER *4 ICHAME

CIC Z(47) RESID+UC IN INLET TO REACTOR I PER 100 LBS OF MAF COAL.
Z (47) =100. O+F( 10)+F( 13)*100 .0/F (7)

C Z(48) STAGE I R+UC CONV% - FEED R+UC
Z (48)=(Z (47) -Z (46) )*100 ./Z (47)

C Z(54) STAGE I, THERMAL K.
L(54)=O. 58*(DEXP(37.33-47307.0/(REAL(10)+460.O)))

C Z(55) RESID + UC CONVERSION

Z(55)=Z(54)/(Z(54)+Z(50))3 N-65



C Z(56) THERMAL RX, STAGE II
Z(56)=Z(55)*100.O/Z(48)

C Z(57) REACTOR I RESID B CATAL CONV, % FC
Z (57)Z( 52)*( 1. -Z( 56) )

C CALCULATE RESID CONCENTRATION IN REACTOR I EFFLUENT.I

CALL USR2RC(REAL(10) ,ICNAME,KOMPS,KTEST,NHSTRY)
C Z(64) RESID CONCENTRATION IN REACTOR I EFFLUENT
C Z(64) CALCULATED IN USR2RC NOW.
C Z(58) K,REACTOR I

Z(58)=Z-(53)*Z(57)/(Z(35)*Z(64)*Z(52)*0. 01)I
C Z(59) FREQUENCY FACTOR A

Z(59)=Z(58)*DEXP(40O00./(1.985*(273.2+((REAL(10)-32.)/1.8))))
C The following equation for Z(60) is valid for both the originalI
C and improved baseline (high space velocity) design cases.
C Z(60) = 1/R

Z(60) =3.6312D+15/Z(59) - 2000.0
C Z(61) CATALYST REPLACEMENT FACTOR BED FRACTION/HR

Z(61)=1 .O/Z(60)
C Z(62) CATALYST REPLACEMENT LB/HR/TRAIN

Z(62)=Z(61)*Z(35)I
C Z(63) CATALYST ADDITION LB/TON MF I STAGE

Z(63)=Z(62)/(F(9)/2OO0.)

RETURN
END

C
C$ USR2RC 3
C
C SUBROUTINE USR2RC, CALCULATING RESID CONCENTRATION FOR BOTH
C REACTOR EFFLUENT STREAMS, USING ACCURATE PHASE EQUILIBRIA. I
C

SUBROUTINE USR2RC(TAVG, ICNAME,KOMPS,KTEST,NHSTRY)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)
COMMON/USRO2M/CIN(50) ,COUT(50) ,CPROP(40,7) ,ICNUMB(50), *
1 ST1(5,5),ST2(6,5), OPROP(20,5)
COMMON/USR12L/C(50) ,F(50) ,Z(400)

C COMMON STORAGE FOR INTERFACING TO USR2FL, WHICH PERFORMS FLASH.
C CALCULATIONS.

COMMON /USRO2V/ FIN(40),VOUT(40),XLOUT(40)
C ARGS DECLARATION AND LOCAL VARIABLES DEFINITION.

DIMENSION ICNAME(*)
CHARACTER *4 ICNAME,BLANK4

C
C INITIALISE DUMMY STRING FOR REPORT PRINTOUT.I

DATA BLANK4/1 /

C
C PREPARE OUTLET FLASH, FILLING FIN VECTOR WITH ALREADY CALCULATED.I
C COUTs.

DO 10, J=1,KOMPS
FIN(J)=COUT(J)

10 CONTINUE
C
C FLASH SHOULD BE PERFORMED AT EXIT TEMPERATURE, BUT TO REDUCE

C CALLING OVERHEAD, APPROXIMATE OUTLET TEMPERATURE WITH THE AVERAGE
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C ONE IN REAL VECTOR.
C THIS TEMPERATURE IS PASSED AS THE TAVG FORMAL ARG IN HERE,
C SINCE THIS SUBROUTINE IS CALLED FOR BOTH STAGES I AND II.I C
C FLASH OUTLET STREAM; TOTGAS IS TOTAL GAS FLOW IN LB-MOL/HR, AND
C TOTLIQ IS TOTAL LIQUID FLOW IN LBM/HR.ifC Z327 TOTAL LIQUID FLOW IN LB-MOL/HR

CALL USR2FL(TAVG,KOMPS,TOTGAS,TOTLIQ,NHSTRY)
C
C CALCULATE WT% RESID IN LIQUID.

Z(64)=100.0*(XLOUT(36)+XLOUT(31) )/TOTLIQ
C
C CALCULATE OUTLET VAPOR H2 MOLE FRACTION.

Z(295)=VOUT(1 )/TOTGAS

C REPORT EQUILIBRIA HERE.I IF (KTEST .GE. 2) THEN
WRITE (NHSTRY, 100)

100 FORMAT ( / 23X,'REACTOR EFFLUENT PHASE EQUILIBRIA'/I1 2X,' #',2X,'COMP 1,2X,' LIQUID FLOW',2X,
2 ' GAS FLOW' ,2X,' GAS FLOW',2X,' WT% GAS'/
3 17X,'I (LBM/HR)',2X,' (LB-MOL/HR)',2X,' (LBM/HR)')

sum = 0.0
C SOLIDS (ID GT 37) LEFT OUT FROM PHASE REPORT.

DO 20, J 1, KOMPSI K = 2*J I
IF (ICNAME(K) .NE. BLANK4) THEN

C INCLUDE WTo IN GAS PHASE IN REPORT'I WTGAS=VOUT(J)*CPROP(J, 1)
SUM=SUM+WTGAS

C CATCH THOSE NASTY DIVISION BY ZERO ERRORS
PCGAS=X LOUT (J )+WTGAS
IF (PCGAS .GT. 0.0) PCGAS=I0O0O*WTGAS/PCGAS

C OTHERWISE PCGAS IS ALREADY ZERO
WRITE (NHSTRY,200) J, ICNAME(K), ICNAME(K+1), XLOUT(J),I1 VOUT(J), WTGAS, PCGAS

200 FORMAT (2X, 13, 2X, 2A4, 4(2X, F12.3))
ENDIF

I20 CONTINUE
WRITE (NHSTRY, 300) TOTLIQ, TOTGAS, SUM

300 FORMAT (2X, 'TOTALS:', 6X, 3(2X, F12.3))I ENDIF
C
C Calculate weight % gas in reactor outlet (will be reported inIC USRO2K).

Z(327)=100.0*SUM/(SUM+TOTLIQ)
C

RETURN
END

C
C$ USR2S2
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SUBROUTINE USR2S2(ICNAME,KOMPS,KTEST,NHSTRY,NREAL,REAL)I
C THIS SUBROUTINE CALCULATES THE CATALYST ADDITION RATE FOR
C THE SECOND STAGE.

C Last revision - December 22, 1992.

C NOTE: For the improved baseline (high space velocity) design
C remove the C% from the begining of the equation that
C calculates Z(175), the reciprocal of the second reactor
C rate constant.
CI

IMPLICIT DOUBLE PRECISION (A-H,O-Z)
COMMON/USR12L/C(50),F(50) ,Z(400)
COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),I
1 ST1(5,5), ST2(6,5), OPROP(20,5)

C FORMAL ARGS DECLARATIONS
DIMENSION ICNAME(*)
DIMENSION REAL(NREAL)
CHARACTER *4 ICNAME

C Z(165) RESID+UC OUT OF REACTOR 2 PER 100 LBS OF MAF COAL.I
Z(165)=100.O*(COUT(36)+COUT(47) -F(12) )/F(7)

C Z(166) STAGE II R+UC CONV% FEED R+UC.
Z(166)=(Z(46) -Z(165) )*100./Z(46)

C Z(167) OVERALL B TOTAL CONY, % FC

C Z(168) RESID B CONY REACTOR II, LB/HR/TRAIN
Z168) = ( 51) *Z (167) *0 .01-Z( 53)

C Z(169) STAGE II, THERMAL K
Z(169)=0.58*(DEXP(37.33-47307.0/(REAL(11)+460.0)))

C Z(170) E,RESID + UC CONV, STAGE III
Z(170)=Z(169)/(Z(I69)+Z(50))

C Z(171) STAGE II T FRACTION
Z171) =Z( 170) *100 ./Z( 166)

C 1
C CALCULATE RESID CONCENTRATION IN REACTOR II EFFLUENT.

CALL USR2RC(REAL(11) ,ICNAME,KOMPS,KTEST,NHSTRY)
C Z(172) RESID CONCENTRATION IN REACTOR II EFFLUENT.I
C Z(172) CALCULATED IN USR2RC (MAIN RESULT).

Z( 172) =7( 64)
7 (173) K FOR REACTOR II.I
Z173)=Z( 168)*(1. -Z( 171) )/(Z (35)* ( 172) *0 .01)

C Z(174) FREQUENCY FACTOR A,REACTOR II
Z(174)=Z(173)*DEXP(40000./(1.985*(273.2+((REAL(11)-32.)/1.8))))

C Z(175) = 1/R FOR REACTOR 11
C NOTE: The following equation is valid for the original baseline
C design case.

Z(175) = (1.0/Z(174)-1.0/2.5871D+12)*2.5871D+12/5.0D-05
C NOTE: The following equation is valid for the improved baseline
C (high space velocity) design case.

C% Z(175) = (1.0/Z(174)-l.0/5.5426D+i12)*5.5426D+12/5.0D-05I
C Z(176) = R FOR REACTOR II.

Z(176)=1 ./7(175)
C 7(177) REACTOR II REPLACEMENT RATE, LB/HR/TRAIN

Z177) =7(35) *7( 176)
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C Z(178) CATALYST ADDITION RATE IN LB/TON MF FOR STAGE II.
Z(178)=Z(177)/(F(9)/2000.)

RETURN
END

CI Cs USR2YF
C

SUBROUTINE USR2YF (MODE, KTEST, NHSTRY, NREAL, REAL,
1 YYFC, YYFH, YYFS, YYFN, YYFO)

C Last revision - December 22, 1992.
CIC NOTE: For the improved baseline (high space velocity) design
C case, remove the C% in front of the DATA statements for
C the A and B vectors and comment out the other set of
C DATA statements for the A and B vectors that are for the
C original baseline design case.
C
C THIS SUBROUTINE CALCULATES THE PRODUCT YIELDS FOR REACTOR STAGESVC I AND II THAT ARE BASED ON CORRELATIONS WHICH HAVE THE FORM
C Y =A *X -B
C WHERE: Y IS THE YIELD WTo ON MAF COAL,IC X IS THE 1000+F CONVERSION IN REACTOR I, % MAF COAL.
C THIS SUBROUTINE OVERRIDES THE YIELD FACTORS OF THE STANDARD
C SET IN SUBROUTINE USR2OR.
C VECTORS YFC,YFH,YFS,YFN,YFO, etc. ARE DEFINED IN SUBROUTINEIC USRO2R.
C

IMPLICIT DOUBLE PRECISION (A-H,O-Z)IC THIS COMMON IS NEEDED FOR CPROP PROPERTIES VECTOR.
COMMON/USRO2M/CIN(50) ,COUT(50) ,CPROP(40,7) ,ICNUMB(50),
1 ST1(5,5),ST2(6,5), OPROP(20,5)
COMMON/USR12L/C(50) ,F(50) ,Z(400)
DIMENSION VO(50),V1(50),V(50),SUME(5)

C ARGS DECLARATION AND LOCAL VARIABLES DEFINITION.
DIMENSION REAL(NREAL)I DIMENSION YYFC(*),YYFH(*),YYFS(*),YYFN(*),YYFO(*)
DIMENSION A(50),B(50)

C
*C INITIALIZE VECTOR A

C Set the yields for the original baseline design case.
DATA A /

C RULER.......... 1..........2 ..........3 ...........4 ...........5
$ 13.1230D-2, 8.480D-2, 8.480D-2, 8.480D-2, 1.82240D-2,
$ 9.3458D-4, 2.336D-3, 2.086D-2, 4.021D-2, 1.12617D-1,
1 3.79439D-1, 1.2196D-1, 8.6028D-1, 2.87851D-1, 13.123D-2,
I4.25D-2, 8.3458D-1, 0.0, 0.0, 0.0,
20.0, 0.0, 0.0, 0.0, 0.0,

2 0.0, 0.0, 0.0, 0.0, 0.0,
3 0.0, 0.0, 0.0, 0.0, 0.0,
3 0.0, 0.0, 0.0, 0.0, 0.0,
4 6.0, 16.95, 489.2, 0.0, 0.0,
4 0.0, 0.0, 0.0, 0.0, 0.0/

C Set the yields for the improved baseline (high space velocity)
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C design case.I
C% DATAA /
C RULER.......... 1..........2 ..........3 ...........4 ...........5
C% $ 13.1230D-2, 8.260D-2, 8.470D-2, 8.4700-2, 2.729000-2,I
C% $ 9.3458D-4, 2.8000-3, 2.081D-2, 4.021D-2, 1.31200D-1,
C% 1 5.47890D-1, 2.8916D-1, 1.44372D0, 5.83050D-1, 13.123D-21
C% 1 4.33D-2, 8.3458D-1, 0.0, 0.0, 0.0,
C% 2 0.0, 0.0, 0.0, 0.0, 0.0,1
C% 2 0.0, 0.0, 0.0, 0.0, 0.0,
C% 3 0.0, 0.0, 0.0, 0.0, 0.0,
C% 3 0.0, 0.0, 0.0, 0.0, 0.0,
C% 4 6.0, 16.95, 489.2, 0.0, 0.0,
C% 4 0.0, 0.0, 0.0, 0.0, 0.0/

C INITIALIZE VECTOR B
C Set the yields for the original baseline design case.

DATA B /
C RULER....... 1............2 ..........3............4 ...........5

$ 4.867100+0, 6.46D+1, 6.460+1, 6.460+1, 0.748130+0,
$ 1.88785D-2, 5.7158D-2, 3.45526D-1, 5.329D-1, 5.14020-3,
1 1.5904670+1, 2.78365D+0, 4.71977D+1, 2.9345790+0, 4.86710+0,I
1 2.970+1, 7.1098540+1, 0.0, 0.0, 0.0,
2 0.0, 0.0, 0.0, 0.0, 0.0,
2 0.0, 0.0, 0.0, 0.0, 0.0,
3 0.0, 0.0, 0.0, 0.0, 0.0,1
3 0.0, 0.0, 0.0, 0.0, 0.0,
41 0.0, 6.0, 16.95, 489.2, 0.0,5
4 0.0, 0.0, 0.0, 0.0, 0.0/

C Set the yields for the improved baseline (high space velocity)
C design case.
C% DATA B! /
C RULER.......1I............2 ..........3............4 ...........5
C% $ 4.867100+0, 6.460+1, 6.460+1, 6.460+1, 1.319650+0,
C% $ 1.887850-2, 5.71600-2, 3.750000-1, 5.3290-1, 1.89200+0,
C% 1 3.1770450+1, 17.27890+0, 8.841580+1, 3.5709230+1, 4.8671D+0, 1
C% 1 2.970+1, 7.1098540+1, 0.0, 0.0, 0.0,
C% 2 0.0, 0.0, 0.0, 0.0, 0.0,
C% 2 0.0, 0.0, 0.0, 0.0, 0.0,I
C% 3 0.0, 0.0, 0.0, 0.0, 0.0,
C% 3 0.0, 0.0, 0.0, 0.0, 0.0,
C% 4 0.0, 6.0, 16.95, 489.2, 0.0,I
C% 4 0.0, 0.0, 0.0, 0.0, 0.0
C
C FOR ALL MODES, CALCULATE STAGE I YIELDS

AG72=Z (65)
C CALCULATE STAGE I H2 CONSUMPTION, % MAF

Z (69) =A( 1) *AG72-B( 1)
C CALCULATE STAGE I C1 YIELD, WT% MAF

Z(70)=(A(2)*REAL(10) -B(2) )*3.6145D.1
C CALCULATE STAGE I C2 YIELD, WT% MAF

Z(71)=(A(3)*REAL(10)-B(3) )*2.9719..1
C CALCULATE STAGE I C3 YIELD, WT%. MAF

Z(72)=(A(4)*REAL(10) -B(4) )*3.4136..1
C CALCULATE STAGE I C4 YIELD, WT% MAF

Z(73)=A(5)*AG72-B(5)
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IC CALCULATE STAGE I CO YIELD, WT% MAF
Z(74)=A(6)*AG72-B(6)

C CALCULATE STAGE I C02 YIELD, 4WT%. MAF
Z(75)=A(7)*AG72-B(7)

c CALCULATE STAGE I NH3 YIELD, WT% MAF

Z(76)=A(8)*AG72-B(8)IC CALCULATE STAGE I H2S YIELD, WT%/ MAF
Z (77) =A (9) *AG72 -B (9)

C CALCULATE STAGE I H20 YIELD, WT%. MAF
Z(78)=A(1O)*AG72-B(I0)IC CALCULATE STAGE I C5-350 F YIELD, WT% MAF
Z(79)=A(11)*AG72-B(11)

C CALCULATE STAGE I 350-450 F YIELD, WT% MAFI Z (80) =A( 12) *AG72-B( 12)
C CALCULATE STAGE I 450-650 F YIELD, WT%. MAF

Z (81) =A( 13) *AG72-.B( 13)
C CALCULATE STAGE I 650-850 F YIELD, WT%. MAFI ~ ~Z (82) =A( 14) *AG72-.B( 14)
C CALCULATE SUM OF Cl TO 650/850 YIELDS

SUM=O.0£ DO 4 I=70,82
SUM=SUM+Z(I)

4 CONTINUE
c CALCULATE STAGE I 850-1000 F YIELD, WT% MAF

Z(83)=(100.+Z(69) )- (REAL(15)+REAL(3)+SUM)
C
C FOR MODE 7, CALCULATE THE STAGE II YIELDS.I IF (MODE .EQ. 7) THEN

AG72=Z (68)
C CALCULATE TOTAL H2 CONSUMPTION, % MAFI Z(179)=A(1)*AG72-B(l)
C CALCULATE TOTAL Cl YIELD, WT% MAF

C CALCULATE TOTAL C2 YIELD, WT%. MAF

C CALCULATE TOTAL C3 YIELD, WT% MAFZ(8)(A2*EI1)B2)((1)RA(1-(6)*.73-
C CALCULATE TOTAL C4 YIELD, WTI MAF

Z(183)=A(5)*AG72-B(5)
C CALCULATE TOTAL CO YIELD, WT%. MAF

Z(184)=A(6)*AG72-B(6)
C CALCULATE TOTAL C02 YIELD, WT% MAF

Z(185)=A(7)*AG72-B(7)
C CALCULATE TOTAL NH3 YIELD, WT% MAFI Z(186)=A(8)*AG72-B(8)
C CALCULATE TOTAL H2S YIELD, WT% MAF

Z187) =A (9) *AG72-.B( 9)
CCALCULATE TOTAL H20 YIELD, WT%. MAF

Z(188)=A(10)*AG72-B(10)

C CALCULATE TOTAL C5-350 F YIELD, WT% MAF
Z189 )=A (11) *AG72 -B( 11)

C CALCULATE TOTAL 350-450 F YIELD, WT%. MAF
Z190) =A( 12) *AG72-.B( 12)

C CALCULATE TOTAL 450-650 F YIELD, WT% MAF

Z191) =A (13) *AG72 -B( 13)5 N-71



C CALCULATE TOTAL 650-850 F YIELD, WT%. MAFI
Z (192) =A (14) *AG72 -B (14)

C CALCULATE Cl TO 650/850 YIELDS
SUM=O.0
DO 5 I=180,192
SUM=SUM+Z(I)

5 CONTINUE
C CALCULATE TOTAL 850-1000 F YIELD,WT%, MAF

Z(193)=(100.+Z(179) )-(SUM+Z(67)+REAL(4))
END IF

C VO(J) CONTAINS THE PRODUCT YIELDS FROM THE TWO REACTOR MODEL
C V1(J) CONTAINS THE PRODUCT YIELDS FROM THE FIRST REACTOR
C V(J) CONTAINS THE FINAL PRODUCT YIELDS, WT% MAF COALI
C

DO 10 J=1,50
VO(J)=0.0

V(J)=0.0
10 CONTINUE

C FOR MODE 7, JUST THE STAGE II YIELDS BASED ON THE FRESH MAE COAL
C ENTERING THE STAGE I REACTOR ARE NEEDED. THESE ARE THE DIFFERENCE
C BETWEEN THE TOTAL YIELDS MINUS STAGE I YIELDS. THIS MEANS THAT m

C FOR MODE 7, ALL YIELDS MUST BE CALCULATED. STILL, NO NEW VECTORS
C ARE INTRODUCED FOR THIS SPECIAL CASE, SINCE THE RESULTS ARE PLACED
C IN THE V VECTOR, WHICH THEN FILLS THE VARIOUS YYF* VECTORS.
C

IF (MODE .EQ. 5 .OR. MODE .EQ. 7) THEN
C CALCULATE VO(J), WT%. YIELD MAF IN COMPONENT J, TWO STAGE SYSTEM
C NUMBER SEQUENCE IS THE SAME AS SUBROUTINE USR2R.

VO(1)=Z(179)
VO(4)=Z(187)
VO(5)=Z(184)
VO(6)=Z(185)
VO(7)=Z(186)
VO(8)=Z(188)
VO(11)=Z(180)I
VO(12)=Z(181)
VO(13)=Z(182)

C SPLIT IC4/NC4 ACCORDING TO THE RATIO SHOWN IN THE YFCO.I
C VECTOR IN SUBROUTINE USR02R

VO(14)=(1 .3364D-3/8.7979D-3)*Z(183)
VO(15)=Z(183)-VO(14)

C SPLIT IC5/NC5 ACCORDING TO THE RATIO SHOWN IN THE YFCO
C VECTOR IN SUBROUTINE USR02R

.VO(16)=(2.555D-4/1.6821D-3)*(1.682ID-3/1.848102D-1)*Z(189)
VO(17)=(1.4266D-3/1.6821D-3)*(1.682ID-3/1.848102D-1)*Z(189) I

C CALCULATE PSEUDOCOMPONENT YIELDS ASSUMING EQUAL DISTRIBUTION
C IN EACH BOILING RANGE

VO(18)=(Z(189)-VO(16)-VO(17))/5.0I
VO(19)=(Z(189)-VO(16)-VO(17))/5.0
VO(20)=(Z(189)-VO(16)-VO(17))/5.0
VO(21)=(Z(189)-VO(16)-VO(17))/5.0

VO(22)=(Z(189) -VO(16)-VO(17))/5.0
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VO(23)=Z(190)/2.0
VO(24)=Z(190)/2.0
VO(25)=Z(191)/4.0
VO(26)=Z(191)/4.0
VO(27)=Z(191)/4.0
VO(28)=Z(191)/4.0
VO(29)=Z(192)/4.0
VO(30)=Z(192)/4.0
VO(31)=Z(192)/4.0
VO(32)=Z(192)/4.0
VO(33)=Z(193)/3.0
VO(34)=Z(193)/3.0
VO(35)=Z(193)/3.0
VO(36)=Z(67)

ENDIF
IF (MODE EQ. 6 OR. MODE EQ. 7) THEN

C CALCULATE VI(J), WT% YIELD MAF IN COMPONENT J, ONE STAGE SYSTEM
C NUMBER SEQUENCE IS THE SAME AS SUBROUTINE USR2R.

Vl(l)=Z(69)
Vl(4)=Z(77)
Vl(5)=Z(74)
Vl(6)=Z(75)
Vl(7)=Z(76)
Vl(8)=Z(78)
Vl(ll)=Z(70)
VI(12)=Z(71)
Vl(13)=Z(72)

C SPLIT IC4/NC4 ACCORDING TO THE RATIO SHOWN IN THE YFCO
C VECTOR IN SUBROUTINE USR02R.

Vl(14)=(1.3364D-3/8.7979D-3)*Z(73)
VI(15)=Z(73)-VI(14)

C SPLIT IC5/NC5 ACCORDING TO THE RATIO SHOWN IN THE YFCO
C VECTOR IN SUBROUTINE USR02R.

VI(16)=(2.555D-4/1.682ID-3)*(1.682ID-3/1.848102D-1)*Z(79)
Vl(17)=(1.4266D-3/1.6821D-3)*(1.6821D-3/1.848102D-I)*Z(79)

C CALCULATE PSEUDOCOMPONENT YIELDS ASSUMING EQUAL DISTRIBUTION
C IN EACH BOILING RANGE.

VI(18)=(Z(79)-Vl(16)-VI(17))/5.0
VI(19)=(Z(79)-VI(16)-VI(17))/5.0
Vl(20)=(Z(79)-VI(16)-VI(17))/5.0
VI(21)=(Z(79)-VI(16)-VI(17))/5.0
VI(22)=(Z(79)-VI(16)-VI(17))/5.0
VI(23)=Z(80)/2.0
VI(24)=Z(80)/2.0
VI(25)=Z(81)/4.0
Vl(26)=Z(81)/4.0
VI(27)=Z(81)/4.0
Vl(28)=Z(81)/4.0
VI(29)=Z(82)/4.0
VI(30)=Z(82)/4.0
VI(31)=Z(82)/4.0
Vl(32)=Z(82)/4.0
VI(33)=Z(83)/3.0
VI(34)=Z(83)/3.0
VI(35)=Z(83)/3.0
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Vl(36)=REAL(3)
ENDIF
IF (MODE EQ. 5) THEN
DO 20 J=1,50
V(J)=VO(J)

20 CONTINUE
ENDIF
IF (MODE EQ. 6) THEN
DO 30 J=1,50
Vp)=VIp)

30 CONTINUE
ENDIF

C SPECIAL MODE 7 FACTORS.
IF (MODE EQ. 7) THEN
DO 31 J=1,50
V(J)=VO(J)-Vl(i)

31 CONTINUE
ENDIF

C
C THESE ELEMENTAL YIELD FACTORS WERE ORIGINALLY THE WT FRACTION
C (NOT PERCENT) OF THE PRODUCED ELEMENTS THAT WAS DUE TO THE
C COMPOUND FORMATION, i.e., YYFC(2) WAS THE WT FRACTION OF THE TOTAL
C ELEMENTAL CARBON PRODUCED THAT "AS DUE TO COMPOUND NO 2 FORMATION.

NOTICE THAT H2 (ID 1) IS OMITTED FROM THIS CONTEXT, SINCE IT
C IS CONVERTED AND NOT FORMED, FOR ALL STAGES. WHEN MODE 7 COMES
C INTO PLAY, SOME COMPOUNDS (i.e., FRACTIONS 875 & UP) ARE CONVERTED
C AT STAGE II, T N CONTRAST TO STAGE I FORMATION OF THE SAME
C COMPOUNDS. NEGATIVE ELEMENTAL YIELD FACTORS ARE CATASTROPHIC
C IN THE ORIGINAL CONTEXT. THE PROPOSED PROCEDURE IS TO
C NORMALIZE ALL YIELD FACTORS CONCERNING ELEMENTS THAT ARE PRODUCED
C IN ANY STAGE, AND LEAVE OUT ALL FACTORS OF COMPOUNDS BEING
C CONVERTED. THE TYPE I FACTORS RETAIN THE ORIGINAL IDEA,
C WHILE TYPE 2 FACTORS ARE NOT NORMALIZED AND SIMILAR TO ORIGINAL
C H2 FACTOR, i.e., BASED ON THE TOTAL MAF QUANTITY (WATCH IT:
C NOT ELEMENTAL QUANTITY THAT WAS ENTERED AT THE FIRST REACTOR).
C
C Z(304) LBS OF C IN GASEOUS AND LIQUID PRODUCTS PER LB MAF COAL.

SUMC=0.O
DO 100 J=1,37

C OMIT FROM SUM NEGATIVE V(J)s
IF (V(J) GT. 0.0) SUMC=SUMC+0.01*0.01*V(J)*CPROP(J,3)

100 CONTINUE
Z(304)=SUMC

C CALCULATE YIELD FACTORSLB OF C IN COMPONENT J PER LB OF MAF COAL
DO 110 J=1,37

YYFC(J)=0.01*0.01*V(J)*CPROP(J,3)
C NORMALIZE ONLY POSITIVE V(J)s

IF (V(J) GT. 0.0) YYFC(J)=YYFC(J)/SUMC
110 CONTINUE

C Z(305) LBS OF H IN GASEOUS AND LIQUID PRODUCTS PER LB MAF COAL.
C CALCULATE LB OF H CONSUMED PER LB OF MAF COAL.
C NOTICE THE DIFFERENT WAY THIS YIELD FACTOR IS EVALUATED; H2 IS
C CONSUMED, SO THIS MUST BE NEGATIVE. STILL, THERE IS NO MATCH
C BETWEEN THIS AND THE REST YYFH(J) FACTORS WHICH ARE 'NORMALIZED
C SO IN STAGE 11, WHERE MANY PRODUCTS THAT WERE PRODUCED IN STAGE I
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C AND ARE CONSUMED IN STAGE II, MUST UNDERGO A SIMILAR PROCEDURE.
C LEAVE OUT H2, COS ITS V(J) IS POSITIVE ALTHOUGH IT IS CONVERTED.

YYFH(1)=-0.O1*0.01*V(1)*CPROP(1,4)I SUMH=0.0
DO 120 J=2,37

C OMIT FROM SUM NEGATIVE V(J)s.
IF (V(J) .GT. 0.0) SUMH=SUMH+0.01*0.01*V(J)*CPROP(J,4)

Z (305) =SUMH
C CALCULATE YIELD FACTORS, LB OF H IN COMPONENT J PER LB OF MAF COAL

DO 130 J=2,37
YYFH (3)=0 .01*0 .01*V(J )*CPROP(J, 4)

C NORMALISE ONLY POSITIVE V(J)s.I, IF (V(J) .GT. 0.0) YYFH(J)=YYFH(J)/SUMH
130 CONTINUE

C Z(306) LBS OF S IN GASEOUS AND LIQUID PRODUCTS PER LB MAF COAL.I SUMS=0O
DO 140 J=1,37

C OMIT FROM SUM NEGATIVE V(J)s
IF (V(J) .GT. 0.0) SUMS=SUMS+0.01*0.01*V(J)*CPROP(J,5)I140 CONTINUE

Z(306)=SUMS
C CALCULATE YIELD FACTORS, LB OF S IN COMPONENT J PER LB OF MAF COAL

DO 150 J=1,37
YYFS(J)=0.01*0.01*V(J)*CPROP(J, 5)

C NORMALIZE ONLY POSITIVE V(J)s.
IF (V(3) .GT. 0.0) YYFS(J)=YYFS(J)/SUMS

150 CONTINUE
C Z(307) LBS OF N IN GASEOUS AND LIQUID PRODUCTS PER LB MAF COAL

SUMN=0.0I DO 160 J=1,37
C OMIT FROM SUM NEGATIVE V(J)s

IF (V(J) .GT. 0.0) SUMN=SUMN+0.01*0.01*V(J)*CPROP(J,6)
160 CONTINUE

Z(307)=SUMN
C CALCULATE YIELD FACTORS, LB OF N IN COMPONENT J PER LB OF MAF COAL

DO 170 J=1,37
YYFN (3)=0 .01*0 .01*V (3 )*CPROP (3,6)

C NORMALIZE ONLY POSITIVE V(J)s.
IF (V(J) .GT. 0.0) YYFN(J)=YYFN(J)/SUMNI170 CONTINUE

C Z(308) LBS OF 0 IN GASEOUS AND LIQUID PRODUCTS PER LB MAF COAL
SUMO=0.0
DO 180 3=1,37

C OMIT FROM SUM NEGATIVE V(J)s.
IF (V(J) .GT. 0.0) SUMO=SUMO+0.01*0.01*V(J)*CPROP(J,7)

180 CONTINUEIZ (308) =SUMO
C CALCULATE YIELD FACTORS, LB OF 0 IN COMPONENT J PER LB OF MAF COAL

DO 190 3=1,37
YYFO (3 )=0 .01*0 .01*V (3 )*CPROP ( , 7)

C NORMALIZE ONLY POSITIVE V(J)s.
IF (V(J) .GT. 0.0) YYFO(J)=YYFO(J)/SUMO

I C190 CONTINUE
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IF (KTEST GE. 2) THEN
WRITE (NHSTRY,12)

12 FORMAT ( /'TABULATION OF VOVlV VECTORS'/)
WRITE (NHSTRY,26)

26 FORMAT ( /'TABULATION OF VO VECTOR'/)
WRITE (NHSTRY,14) (JVO(J),J=1,50)

14 FORMAT (/ 4(13, 2X, D12.6, 2X)
WRITE (NHSTRY,24)

24 FORMAT (/ 'TABULATION OF Vl VECTOR'/)
WRITE (NHSTRY,16) (JVl(J), J 1, 50)

16 FORMAT (/ 4(13, 2X, D12.6, 2X)
WRITE (NHSTRY,22)

22 FORMAT (/ 'TABULATION OF V VECTOR'/)
WRITE (NHSTRY,18) (JV(J), J = 1, 50)

18 FORMAT (/ 4(13, 2X, D12.6, 2X))
ENDIF

RETURN
END

C
C$ USR2FL
C
C SUBROUTINE USR2FL, CALCULATING EQUILIBRIUM FLASH GAS AND LIQUID PHASE
C COMPOSITIONS, BASED ON OPERATING TEMPERATURE AND PRESSURE, GIVEN THE
C OVERALL INPUT COMPOSITION. STANDARD FLASH CALCULATIONS ARE INCLUDED,
C USING EXPERIMENTALLY DERIVED K-VALUES FOR THE MIXTURE COMPONENTS.
C
C FORMAL ARGS
C -----------
C TF ...... FLASH TEMPERATURE, F.
C KOMPS...NUMBER OF MIXTURE COMPONENTS INVOLVED IN PHASE EQUILIBRIA.
C TFG ..... TOTAL GAS FLOW, LB-MOL/HR (FILLED HERE)
C TFL ..... TOTAL LIQUID FLOW, LBM/HR (FILLED HERE)
C NHSTRY..HISTORY FILE UNIT NUMBER, USED FOR TROUBLE REPORT. IF FLASH
C CALCULATIONS DO NOT CONVERGE, AN ERROR MESSAGE IS PRINTED AND
C EXECUTION IS HALTED.
C
C PHASE COMPOSITIONS ARE PASSED THROUGH COMMON /USR02V/.
C THIS COMMON CONSISTS OF THE FOLLOWING VECTORS:
C FIN(I) .... OVERALL FEED COMPOSITION, LBM/HR. CALLER MUST FILL THIS
C VECTOR BEFORE CALLING HERE. WATCH THAT THIS ONE IS
C PRESERVED HERE, SO CALLER NEEDN'T REFILL IT (I.E., IN
C ITERATIVE SOLUTIONS).
C VOUT(I) ... GAS PHASE COMPOSITION, LB-MOL/HR (FILLED HERE)
C XLOUT(I)..LIQUID PHASE COMPOSITION, LBM/HR (FILLED HERE)
r THE VALUES IN THIS COMMON ARE VALID TILL ANOTHER CALL TO USR2FL IS
C PERFORMED. IN BETWEEN, THE V/L DISTRIBUTION VALUES MAY BE USED FREELY.
C
C MOLECULAR WEIGHTS FOR MASS BASIS CONVERSIONS ARE PASSED THROUGH THE
C COMMONed PROPERTIES' MATRIX CPROP(IJ). IT IS ASSUMED THAT FOR
C PETROLEUM PSEUDO-COMPONENTS, THE GAS AND LIQUID PHASES HAVE THE SAME
C MOLECULAR WEIGHT.
C
C FLASH PRESSURE IS IGNORED, ASSUMED 3015 PSIA.
C
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I SUBROUTINE USR2FL (TF,KOMPS,TFG,TFL,NHSTRY)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)
COMMON/USR12L/C(50) ,F(50) ,Z(400)IC THIS CONTAINS PROPERTIES' MATRIX.
COMMON/USRO2M/CIN(50) ,COUT(50) ,CPROP(40,1) ,ICNUMB(50),
1 STI(5,5),ST2(6,5), OPROP(20,5)

C THIS IS THE MAIN FLASH COMMON STORAGE.
COMMON /USRO2V/ FIN(40) ,VOUT(40) ,XLOUT(40)

C LOCAL VARIABLES (MAX 40 COMPONENTS)
C SLAVE VECTOR FOR INPUT COMPOSITION PRESERVATION.I DIMENSION ZIN(40)
C CONSTANT TEMPERATURE, K's NEED ONLY BE EVALUATED ONCE.

DIMENSION XK(40)I C
C NO NEED TO ZERO FILLED VECTORS.
C
C CONVERT FEED COMPOSITION FROM LBM->LB-MOLES TO SLAVE VECTOR.
C CONCURRENTLY GET TOTAL MOLAR FEED RATE.

FTOT=0.O
DO 20, I=1,KOMPSIC BE SURE THAT THE FIN VECTOR IS PRESERVED.
ZIN(I)=FIN(I)/CPROP(I, 1)
FTOT=FTOT+ZIN( I)

20 CONTINUE
C GET MOLAR FEED CONCENTRATION (MOLAR FRACTIONS).

DO 30, 1=1,KOMPS
ZIN(I)=ZIN(I)/FTOTI30 CONTINUE

C EVALUATE EQUILIBRIUM K-VALUES AT FLASH TEMPERATURE.
DO 40, I=1,KOMPSI CALL USR2KV(I,TF,XK(I))

40 CONTINUE
C CALCULATE WITH BASE 1 LB-MOL TOTAL FEED.
C
C GET TOTAL VAPOR PHASE FRACTION VFT, USING NEWTON-RAPHSON METHOD.
C SOLUTION TOLERANCE.

TOLRNC=1 .OD-5IC MAX LIMIT FOR CONVERGENCE.
MAX ITR= 100
ITCNT=0

C INITIAL GUESS FOR VAPOR FRACTION IN [0,1].
VFT=O.9

C ITERATIONS ENTRY POINT.
50 ITCNT=ITCNT+1IC STD FLASH CALCULATIONS USED.

FNV=0.0
DO 60, I=1,KOMPSIN=N+ZNI*X()l0)/10VT(KI-.)

60 CONTINUE
C DERIVATIVE EXACTLY KNOWN, NO NEED FOR APPROXIMATIONS.

DFNV=0.0
DO 70, I=1,KOMPS
DFNV=DFNV-(ZIN(I)*((XK(I)-1.0)**2.0))/

71 COTNE ((1.0+VFT*(XK(I)-l.0))**2.0)
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C DERIVATIVE SHOULD NOT BE ZERO NOW.I
IF (DABS(DFNV) .LT. 1.OD-50) THEN

C INDICATE DERIVATIVE ZERO ERROR AND BREAK LOOP.
IERR=1I
GOTO 100

ENDIF
VFTNEW=VFT- FNV/DFNV

C CHECK FOR CONVERGENCE.
IF (DABS(VFTNEW-VFT) .LE. TOLRNC) THEN

C INDICATE NORMAL EXIT AND BREAK LOOP.
IERR-0
V FT=VFTN EW
GOTO 100

ELSE
C HOW ABOUT MAX ITERATION OVERCOME?

IF (ITCNT .GT. MAXITR) THEN
C INDICATE TOO MANY ITERATIONS ERROR AND BREAK LOOP.

IERR=2
GOTO 100

ENDIF
C CONTINUE ITERATIONS WITH FRESHLY CALCULATED VALUE.I

VFT=VFTNEW
ENDIF

C LOOP BACK FOR NEXT ITERATION.
GOTO 50

C END OF ITERATION LOOP.

C CHECK TO ENSURE THAT THE CALCULATIONS CONVERGED NORMALLY. IF NOT,I
C PRINT AN ERROR MESSAGE AND TERMINATE EXECUTION.

100 IF (IERR .GT. 0) THEN
WRITE (NHSTRY, 990)I

990 FORMAT (/I1X,I*** ERROR *** in flash calculations')
C SHOW THE KIND OF TROUBLE ENCOUNTERED

IF (IERR .EQ. 1) WRITE (NHSTRY,991) ITCNT
IF (IERR .EQ. 2) WRITE (NHSTRY,992) MAXITR

991 FORMAT (3X, 'Derivative is zero at iteration No.', 14)
992 FORMAT (3X, 'Failed to converge after ',14,' iterations')

WRITE (NHSTRY, 999)
999 FORMAT (IX, 'EXECUTION IS BEING TERMINATED'!!)

STOP
ENDIFI

C EVALUATE PHASE COMPOSITIONS; EACH FRACTION MUST BE NON-NEGATIVE.
DO 110, I=1,KOMPS
XLOUT(I)=ZIN(I)/(1 .O+VFT*(XK(l)-1 .0))
VOUT(I) =XLOUT(I)*XK(I)

110 CONTINUE
C OUTPUT STREAM VECTORS NOW CONTAIN MOLAR CONCENTRATIONS. I
C CONVERT TO DESIRED OUTPUT UNITS.
C FIRST REVERT TO ACTUAL FLOW RATES, LB-MOL/HR.

VFT=VFT*FTOT
C LIQUID PHASE FLOW RATE, LB-MOL/HR

XLFT=FTOT-VFT
C TFL ALREADY EVALUATED.

C LIQUID PHASE FLOW RATE IN LBM/HR, TO BE EVALUATED.
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TFL=0.0
DO 120, I=1,KOMPS

C LIQUID OUTFLOW IN LB-MOL/HR.I XLOUT(I)=XLOUT(I)*XLFT*CPROP(I,1)
TFL=TFL+XLOUT( I)

C VAPOR OUTFLOW IN LB-MOL/HRI VOUT(I)=VOUT(I)*VFT
120 CONTINUE

C PASS BACK TOTAL GAS AND LIQUID FLOWS.
TFG=VFTUC TFL HAS ALREADY BEEN EVALUATED.

C
RETURNI, END

C$ USR2KV
C
C SUBROUTINE USR2KV, RETURNS TEMPERATURE DEPENDENT EQUILIBRIUM
C K-VALUES FOR GIVEN REACTOR MIXTURE. DUE TO STRUCTURE SIMILARITIES
C BETWEEN COMPOUNDS, CONCENTRATION DEPENDENCE ON K-VALUES IS IGNORED.IC FORMAL ARGS
C -----------
C ID.... .SUBSTANCE ID, AS DESCRIBED IN COMPOUND TABLE REFERENCE.IC .. .... EQUILIBRIOUM TEMPERATURE, F.

-'C XKVAL.CALCULATED K-VALUE RETURNED TO CALLER.
C

SUBROUTINE USR2KV( ID,TF,XKVAL)IC DECLARATION REQUIRED BY ASPEN LINKER.
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C VECTOR TO HOLD QUADRATIC COEFFICIENTS. CONTAINED VALUES ARE
C OBTAINED FROM EXPERIMENTAL POINTS FOR 3016 PSIA.

DIMENSION QDRC(37,3)
C
C INITIALISE QUADRATIC COEFFICIENT MATRIX IN C-STYLE.
C PURE GASES HAVE A K-VALUE APPROACHING POSITIVE INFINITY.
C APPROXIMATE (+oo) WITH A HUGE VALUE.

DATA ((QDRC(I,J), J=1,3), I=1,37) /IC A B C A B C
C H2 N2(ASSUMED GAS)

1 +5.00537,-0.87126,+0.04587, +6.00841,-1.01848,+0.00377,UC 02(ASSUMED GAS) H2S
2 +1.0D003,+O.00000,+O.O0000, +1.82016,+0.24297,-0.07473,

C CO C02
3 +5.91984,-0.96431,-0.00877, +2.98101,+0. 15222, -0.12699,IC NH3 H20
4 +1.85336,+0.30818,-0.08773, +0.81384,+0.28503,-0.02240,

C HCL(ASSUMED GAS) COS(ASSUMED GAS)I5 +1.0D003,+0.O0000,+0.OO000, +1.0D003,+0.00000,+0.00000,
C CH4 C2H6

6 +3.98225, -0.26869, -0.07791, +2.58080,+0. 12330, -0.09136,
C C3H8 IC4H1O

7 +1.94535,+0.23441,-0.07782, +1.61922,+0.20520,+0.00000,
C NC4HIO IC5H12

8 +1.46280,+0.22677,+0.00000, +1.21610,+0.28011,-0.04351,

C NC5H12 T125
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9 +1.16740,+0.28982,-0.04144, +1.23587,+0.15151,+0.00000,
C T175 T225

$ +0.94279,+0.17790,+0.00000, +0.73249,+0.19783,+0.00000,
C T275 T325

1 +0.52288,+0.18992,+0.00000, +0.34751,+0.16065,+0.00000,
C T375 T425

2 +0.23014,+0.13274,+0.00000, +0.18662,+0.13460,+0.00000,
C T475 T525

3 +0.12646,+0.10913,+0.00000, +0.08661,+0.07079,+0.01733,
C T575 T625

4 +0.05914,+0.05243,+0.01602, +0.04095,+0.03887,+0.01428,
C T675 T725

5 +0.02862,+0.02895,+0.01250, +0.01998,+0.02155,+0.01088,
C T775 T825

6 +0.01369,+0.01583,+0.00941, +0.00903,+0.01129,+0.00806,
C T875 T925

7 +0.00563,+0.00764,+0.00675, +0.00328,+0.00482,+0.00546,
C T975 T1000+

8 +0.00178,+0.00279,+0.00423, +0.00015,+0.00003,+0.00135,
C I1000+(SAME AS TIOOO+)

9 +0.00015,+0.00003,+0.00135
C
C IN ALL EUATIONS, TERM (T-700)/150 APPEARS WHEREVER T APPEARS.

T=(TF-700.0)/150.0
C INVENTORY IS LIMITED TO EQUATIONS FOR FIRST 37 COMPOUNDS.
C ASSUME ALL THE OTHER COMPONENTS ARE LIQUIDS (K=O).

IF (ID GT. 37) THEN
XKVAL=O

ELSE
XKVAL=QDRC(IDI)+QDRC(ID,2)*T+QDRC(ID,3)*T*T

C THE EQUATION FOR C02 IS OF SPECIAL EXPONENTIAL TYPE.
C IF (ID EQ. 6) XKVAL=10.0**XKVAL

ENDIF

RETURN
END

C
C$ USR02E
C
C ENERGY BALANCE SECTION
C ----------------------
C
C Subroutine USR02E, calculates the required fresh reactor inlet stream
C temperature, Tprh, that will provide the desired average bed
C temperature. The actual overall energy balance has already been
C conducted by USR2EB, which calculated the actual effluent temperature
C based on the inlet one supplied by ASPEN, and ST2(1,2) has been
C updated. This sub will calculate a temperature which has no meaning in
C the current run. If the Tprh that shortly will be calculated is found
C to considerably differ from the one supplied by ASPEN, the input file
C should be modified upstream to provide the correct Tprh for the
C desired Tavg. Note that this sub is meaningful only for separate
C reactor calculations, i.e., it should be called only for modes 6 & 7.
C Formal args:
C -----------
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C TAVG..Desired bed average temperature, deg F. This is either REAL10
C or REALli, depending on current mode.
C KOMPS .... Number of fluid mixture components (-37).IC NHSTRY... .History file to print any warning messages.
C NOUT..Report file to print any warning messages.
C Watch that this sub is called only at the report passIC (IPASS=4), so the NOUT handle is positively valid.
C All results (if any... ) are stored in Z vector.
C

SUBROUTINE USRO2E(TAVG,KOMPS,NHSTRY,NOUT)I IMPLICIT DOUBLE PRECISION (A-H,O-Z)
C Common storage.

COMMON/USR12L/C(50),F(50),Z(400)IC This contains the actual inlet and outlet temperatures in ST?(1,2)
C array.

COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
1 ST1(5,5), ST2(6,5), OPROP(20,5)

C Some Z values are interesting.
C Local storage. Save vector, see comments below.

DIMENSION SAV(15)I C
C Save the original values calculated by initial energy balance in
C Z, since USR2EB will be called again from here, altering the
C actual values. Restore those values before exiting this sub.

DO 10, J=1,12
SAV(J)=Z(J+309)

10 CONTINUE

C The only guaranteed method of correct fresh feed temperature
C evaluation is to use the bounding Regula-Falsi procedure, sinceIC trial and error has proven itself unacceptably slow to converge
C (in fact it didn't converge at all unless the initial guess was
C too close to optimal solution). The Regula-Falsi scheme requires
C two pairs of initial values, which confine the optimal solution.
C A low Tprh value will lead to a low Tout, thus low Tavg. This
C means that Tprh and Tavg are directly proportional.
CI'C Define low and hi limits for Tprh and corresponding Tavg's.
C The overall energy balance has provided the temperature rise from
C fresh feed to outlet. If we assume that this rise will not
C significantly vary with Tprh, then we have a means of hi and lo
C limits guess: the min Tprh cannot be less than (Tavg-rise), since
C the optimal Tout will be slightly above the desired Tavg. The max
C limit for Tprh is of course Tavg itself.I RISE=ST2(1,2)-ST1(1,2)

TPRHLO=TAVG-RISE
TPRHHI=TAVGIC Get corresponding Tavg's for Tprh initial interval.

C The correct procedure here would be to accurately calculate the
C Tavg hi and 1o limits corresponding to TPRHHI and TPRHLO. But this
C would involve for each point a call to USR2EB and then USR2EI,
C which is an unacceptable overhead for input guesses. Use
C reasonable values instead, which be improved during solution.

TAVGLO=TPRHLO+O .5*RISE

C Here we cannot use ST2(1,2) since in the general case this might
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C be smaller than the avarage.I
TAVGHI=TAVG+O. 2*RISE

C Initial guess for TIN net reactor inlet temperature, deg F.I
C Note that the effect of this assumption is minimal, since TIN is a
C relatively unimportant variable in this scheme.

TIN=TAVGLO

C Initialise loop counter, max iterations limit and tolerance.
ITCNT=0
MAX ITR= 100

C It is unwise to specify a very low tolerance here.
TOLRNC=1 .OD-1

C Entering main iteration loop.
20 ITCNT=ITCNT+1

C Use Regula-Falsi derivative based algorithm to determine new Tprh.
C Note that Regula-Falsi is much more efficient compared to a simple
C bisection technique.

TPRH=TPRHL0+(TPRHHI-TPRHL0)*(TAVG-TAVGL0)/(TAVGHI -TAYGLO)I

C Perform an overall energy balance to get corresponding outlet
C temperature, by calling sub USR2EB.

CALL USR2EB(TPRH,TOUT,KOMPS,NHSTRY)

C Now get corresponding average bed temperature, performing an inlet

C is mainly passed back for display purposes.I
CALL USR2EI (TPRH,TOUT,TIN,TAVNEW,KOMPS,NHSTRY)

C
C If original TAVG limits were valid, TAVNEW must now lie inside theI
C [TAVGLO,TAVGHI] region.
C

C Check for convergence on average bed temperature.I
IF (DABS(TAVG-TAVNEW) .LT. TOLRNC) THEN
GOTO 100

ELSE
C Check if max iteration limit exceeded. If yes, break loop.I

IF (ITCNT .GT. MAXITR) GOTO 100
C Else prepare next iteration. Either the lo or hi limits are to
C be replaced by the freshly calculated pair (Tprh,Tavg).I

IF (TAVNEW .GT. TAYG) THEN
C We have a new hi limit pair.

TPRHHI=TPRH
TAVGH I=TA VN EW

ELSE
C This must be the new lo limit.

TPRHLO=TPRH[
TAVGLO=TAVNEW

ENDIF
ENDIFI

C Loop back for next iteration.
GOTO 20

C Leaving iteration loop.3
C
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IC Check for convergence; if failed, print a warning message to the
C history file and RESUME execution.

100 IF (ITCNT .GT. MAXITR) THENI WRITE (NHSTRY, 500) MAXITR
500 FORMAT (/ I * WARNING * Failed to bring outer energy balance'/

1 I to convergence after ',14,' iterations.'/I2 ELE' Resuming normal execution.'/)
C Store fictious temperatures in Z vector.
C Required fresh feed temperature, deg FI Z(322)=TPRH
C Corresponding net reactor inlet temperature, deg F

Z(323)=TINIC Corresponding reactor outlet temperature, deg F
Z(324)=TOUT

C
C Since this sub but itself is just a computational overhead,
C calculate the net inlet and bed average temperatures for the
C ASPEN provided values.

TPRH=ST1 (1,2)I TOUT=ST2 (1,2)
CALL USR2EI(TPRH,TOUT,TIN,TAVNEW,KOMPS,NHSTRY)

C Store these values as well.3C Actual net reactor inlet temperature, deg F
Z(325)=TIN

C Actual reactor bed average temperature, deg F5Z (326) =TAVNEW

C Post a warning message if the calculated Tprh significantly
C differs from the current fresh inlet temperature.I IF (DABS(ST1(1,2)-Z(322)) .GT. 1.0)

1 WRITE (NOUT, 510) ST1(1,2), Z(325), Z(326), ST2(1,2),
2 Z(322), Z(323), TAVG, Z(324)

510 FORMAT (/1* WARNING * The supplied fresh feed temperature 1

1 'cannot provide the desired average bed temperature.'/
2 l1I, ' Fresh', 2X, ' Inlet', 2X, I Average', 2X,
3 ' Outlet', 2X, '(deg F)'I4 'Supplied ',4(2X,F8.3) /
5 'Required ',4(2X,F8.3) /)
ENDIF1 C

C Restore actual effluent stream heat properties in any case.
DO 110, J=1,12
Z(J+309)=SAV(J)I110 CONTINUE

C
RETURNI END

C$ USR2EI
C
C Subroutine USR2EI, does a simple energy balance at the 'invisible'
C mixer at the reactor bottom, merging the cool fresh feed with the
C hot internal recycle to the single reactor net inlet stream, the goal
C is to calculate the average bed temperature corresponding to a certain£N -83



C fresh inlet temperature and the corresponding outlet temperature, that
C already has been calculated by subroutine USR2EB. First the net inlet
C temperature Tin of the reactor is calculated, and the average is
C obtained as the arithmetic mean of Tin and Tout.
C Formal args:
C -----------
C TPRH .... Fresh inlet temperature, deg F
C TOUT .... Effluent stream temperature, deg F
C TIN ..... Net reactor inlet temperature, deg F (filled here)
C TAVG .... Average bed temperature, deg F (filled here)
C KOMPS...Number of fluid mixtite components.
C

SUBROUTINE USR2EI(TPRHTOUTTINTAVGKOMPSNHSTRY)
IMPLICIT DOUBLE PRECISION (A-HO-Z)

C Common storage
C Flash interface

COMMON /USR02V/ FIN(40),VOUT(40),XLOUT(40)
C This contains the already calculated mass balance in and out.

COMMON /USR02M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
I ST1(5,5), ST2(6,5), OPROP(20,5)
COMMON /USR12L/ C(50), F(50), Z(400)

C
C Local storage
C Vector to hold latent heats at Tprh, Btu/lb-mol.

DIMENSION DHVAP(40)
C Vector to hold net inlet composition, Ibm/hr of fluids.

DIMENSION TOTIN(40)
C 

L

C Perform an energy balance at the inlet to obtain Tin, the net
C inlet reactor temperature. This is a simple mixing balance, with
C no reaction heat. Input streams are:
C i. Fresh feed at Tprh; mixed gas, liquid and solid flows.
C ii. Internal recycle at Tout; solely liquid flow. The internal
C recycle is returned from the reactor top, and assuming
C minimal heat losses during transfer the Tout temperature is
C justified. It mainly consists of heavy fractions, that is why
C it is considered solely liquid. Its total flow rate has
C already been determined from the fluidization calculations in
C the eb-bed, stored in Z(309), lbm/hr. The sole output stream
C is the net reactor inlet stream, mixed flow at Tin. Base
C temperature for the energy balance is Tprh and liquid state.
C
C Store internal recycle total flow, lbm/hr.

RECYCL=Z(309)
C The total recycle flow may be fixed, but the actual concentration
C in heavy fractions is slightly dependent on outlet temperature.
C Just before this sub is called, an overall energy balance has
C provided the Tout outlet temperature. The responsible sub USR2EB,
C was the last customer to the flash sub USR2FL, thus XLOUT contains
C the liquid outlet composition, which is identical to internal
C recycle composition, only watch that XLOUT refers to the outlet
C total flow, which is smaller than the recycle flow. Adjust XLOUT
C to reflect the recycle flow and calculate the net reactor inlet
C overall detailed flows. NOTE that the recycle is assumed to be
C free from solids.
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C Get total outlet fluid flow, lbm/hr.
SUM=0.0
DO 10, J=1,KOMPSI SUM=SUM+X LOUT (J)

10 CONTINUE
DO 20, J=1,KOMPSIC Store net inlet flows to TOTIN vector, will be used in flashing.
TOTIN(J)=CIN(J)+XLOUT(J)*RECYCL/SUM

20 CONTINUE
C The energy balance has also supplied the correct outlet liquid
C specific heat, stored at Z(313), Btu/(lbm F).

CPREC=Z(313)
C Final element of inlet entalpy is the recycle cooling, Btu/hr.I C H INREC=RECYCL*CPREC* (TOUT-TPRH)
C Get total solid net inlet flow, ibm/hr solely due to fresh feed.

C TOTSOL=CIN(46)+CIN(47)+CIN(48)

C Flash fresh input to get corresponding vaporization enthalpy,
C Btu/hr.I DO 30, J=1,KOMPS

FIN(J)=CIN(J)
30 CONTINUEIC Here we don't need the total gas and liquid flows, since both

C gases and liquids are already at the base temperature.
CALL USR2FL(TPRH,KOMPS,DUMMY1,DUMMY2,NHSTRY)
HINVAP=0.0
DO 40, J=1,KOMPS

C Store individual latent heats, Btu/lb-mol, since they will be
C used for fresh feed vaporization, too.I CALL USR2LH(J,TPRH,DHVAP(J))

HI NVAP=HINVAP+VOUT (J) *DHVAP(J)
40 CONTINUE

C
C The net inlet (outlet for nrg balance) flash should be performed
C at Tin, a temperaure that we are searching for. Thus iterations
C are needed.I C
C Initial guess for net inlet temperature, deg F.

TIN=TPRH+5 .03 C
C Fill here once the TOTIN to the flash total stream FIN. It won't
C have to be refilled during the iterative calculations that follow.

DO 50, J=1,KOMPS
FIN (J)=TOTIN (3)

50 CONTINUE
CIC Iterations counter, maximum number of iterations and tolerance.

ITCNT=0
MAXITR=1003 TOLRNC= .OD-3

C Entering iterations main loop.
100 ITCNT=ITCNT+1

C Flash net reactor inlet at current Tin to get detailed3N -85



C vapor/liquid flows. TOIGAS is gas flow in lb-mol/hr, and TOTLIQ isI
C the liquid flow in lbin/hr.

CALL USR2FL(TIN, KOMPS,TOTGAS,TOTLIQ,NHSTRY)
C Calculate the net inlet stream enthalpy Btu/hr, due to
C vaporization at Tprh. Note that this is a portion of the outlet
C enthalpy, as far as this specific energy balance is concerned.
C Concurrently, get net inlet average gas and liquid specific heat
C capacities, CPGAS is in Btu/(lb-mol F), and CPLIQ in Btu/(lbm F).

HUTVAP=O.O
CPGAS=O .0
CPLIQ=0.0
DO 110, J=1,KOMPS

C Latent heats at Tprh already stored in DHVAP vector.
HUTVAP=HUTVAP+VOUT (J )*DH YAP (J)I
CALL USR2CP(J,0,TPRH,TIN,CPTMP)
CPLIQ=CPLIQ+CPTMP*XLOUT(J)/TOTLIQ
CALL USR2CP(J,1,TPRH,TIN,CPTMP)I
CPGAS=CPGAS+CPTMP*VOUT (J )/TOTGAS

110 CONTINUE
C
C Get solid heat capacities, Btu/(lbn F), all considered coal (=46).I

CALL USR2CP(46,0,TPRH,TIN,CPSOL)
C
C Calculate outlet enthalpy available for gas, liquid and solidsI
C heating.

HOUT=HINVAP+HINREC-HUTVAP

C Calculate net inlet temperature, deg F.I
TINNEW=TPRH+HOUT/ (TOTGAS*CPGAS+TOTLIQ*CPLIQ+TOTSOL*CPSOL)

C Check for convergence.I
IF ( DABS(TINNEW-TIN) .LT. TOLRNC ) THEN
TIN=TINNEW
GOTO 2005

ELSE
C If there are any iterations to spare, keep on searching.

IF (ITCNT .GT. MAXITR) GOTO 200
TIN=TINNEWI

ENDIF
C Loop back for next iteration.

GOTO 100I

C Leaving iterations loop, check for method failure.
200 IF (ITCNT .GT. MAXITR) THEN

C Post a warning message and continue with best accurate value.
WRITE (NHSTRY, 500) NAXITR

500 FORMAT (/1* WARNING * Inlet energy balance failed to converge'/
1 'after ',14,' iterations.'/
2 'Resuming execution with currently best guess.'/)
ENDIF

CI
C Average TIN and TOUT to get average bed temperature, deg F.

TAVG = 0.5*(TIN+TOUT)

RETURN
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I END
C
Cs USR2EBI C
C SUBROUTINE USR2EB, EVALUATING TEMPERATURE OF THE REACTOR EFFLUENT
C STREAM, BY AN OVERALL ENERGY BALANCE WITH ITERATIVE CONVERGENCE.
C FORMAL ARGS:
C -----------
C TIN .... INLET TEMPERATURE, DEG F
C TOUT... OUTLET TEMPERATURE, DEG FI C KOMPS. .NUMBER OF CONVENTIONAL COMPONENTS (=37)
C THREE NON-CONVENTIONAL COMPONENTS EXIST AT INDICES 46, 47 & 48,
C WHICH ARE CONSIDERED SOLID CARBON IN ENERGY BALANCE CALCULATIONS.IC NHSTRY.HISTORY FILE UNIT NUMBER, FOR ERROR PRINTOUTS. THIS HAPPENS IF
C THE METHOD FAILS TO CONVERGE AFTER A NUMBER OF ITERATIONS.
C
C INLET AND OUTLET OVERALL COMPOSITIONS ARE PASSED AS COMMON ARGS, KEPT
C IN VECTORS CIN() AND COUTO, LBM/HR, ALREADY CALCULATED.
C

SUBROUTINE USR2EB(TIN,TOUT,KOMPS,NHSTRY)I IMPLICIT DOUBLE PRECISION (A-H,O-Z)
C COMMON HOLDING INLET AND OUTLET OVERALL RATES.

COMMON/USRO2M/CIN(50) ,COUT(50) ,CPROP(40,7) ,ICNUMB(50),I 1 ST1(5,5),ST2(6,5), OPROP(20,5)
C THIS IS THE MAIN FLASH COMMON STORAGE.

COMMON /USRO2V/ FIN(40) ,VOUT(40) ,XLOUT(40)
C THIS COMMON FOR STORING SOME INTERESTING VALUES IN Z VECTOR.U COMMON/USR12L/C(50) ,F(50) ,Z(400)
C LOCAL VARIABLES.
C VECTOR TO HOLD CONVENTIONAL COMPONENTS' LATENT HEATS AT INLET
C CONDITIONS, IN BTU/LB-MOL.I DIMENSION DHVAP(40)
C
C NRG BALANCE IS BASED ON INLET TEMPERATURE TIN, DEG F, AND LIQUID
C PHASE AS STANDARDS. THUS INLET ENTHALPY IS ALREADY KNOWN. A HEAT
C LOSS IS ASSUMED DUE TO INTERNAL RECYCLE STREAM. FINALLY, DHrxn OF
C THE REACTION IS PER LB-MOL HYDROGEN CONVERTED. ITS VALUE ISIC TRADITIONALLY NEGATIVE FOR EXOTHERMIC REACTIONS LIKE THIS ONE.
C DHrxn MUST BE FOR ALL REACTANTS AND PRODUCTS IN THE LIQUID STATE,
C AND PROPERLY CONVERTED TO BASE TEMPERATURE OF ENERGY BALANCEIC CALCULATIONS.
C
C HEAT LOSS NOT RESSOLVED YET.

QLOSS=O .0

C DHrxn=-11000 BTU/LBM H2 CONSUMED, DHRXN IN BTU/HR
DHRXN=-11OOO.0*(CIN(l) -COLJT(l))IC NRG CONSERVATION EQUATION: Hin-DHrxn=Hout+Qloss

C GET INLET STREAM ENTHALPY, BTU/HR. BECAUSE NRG BALANCE IS RELATIVE
C TO INPUT TEMPERATURE, JUST ENTHALPIES OF VAPORIZATION SHOULD BE3C CONSIDERED, AT INLET CONDITIONS. GET VAPOR AT INLET BY CALLING
C USR2FL. NORMALLY, FLASH IS NOT ISOTHERMAL, SO THERE IS A SERIOUS
C BUG IN THIS APPROACH... MOREOVER, FLASH CALCULATIONS FOR THE INLET
C STREAM HAVE ALREADY BEEN PERFORMED IN REACTOR FLOW MODEL

C CALCULATIONS IN USRO2F. IN COMMON USR02V USED FOR FLASH INTERFACE,3N -87



C THE VECTORS ARE:
C FINO ... .OVERALL FEEDS, LBM/HR
C VOUTO ... .GAS PHASE RATES, LB-MOL/HR
C XLOUTo..LIQUID PHASE RATES, LBM/HRI
C
C FILL OVERALL FEED FOR INLET FLASH.

DO 10, I=1,KOMPSU
FIN(I)=CIN(I)

10 CONTINUE
C PERFORM FLASH CALCULATIONS; USR2FL ALSO RETURNS TOTAL GAS & LIQUID
C PHASE RATES, WHICH ARE NOT NEEDED HERE, THUS DUMMIES ARE PASSED.
C PREVAILING PRESSURE IS IGNORED IN FLASH CALCULATIONS.

CALL USR2FL(TIN,KOMPS,DUM1,DUM2,NHSTRY)
C CALCULATE INLET ENTHALPY DUE TO GAS PHASE EXISTANCE. NOTE THAT
C NON-CONVENTIONAL STUFF ARE IGNORED HERE, LIKE LIQUIDS.

HIN=O.0
C ONLY CONVENTIONAL COMPONENTS MAY EXIST IN GAS STATE.

DO 20, I=1,KOMPS
C GET ENTHALPY OF VAPORIZATION FOR SPECIES I, AND STORE IT IN DHVAP
C VECTOR. WATCH ONCE MORE THAT LATENT HEAT IS EVALUATED AT INLET
C CONDITIONS.I

CALL USR2LH(I,TIN,DHVAP(I))
C ADD EFFECT OF SPECIES I TO INPUT ENTHALPY.

HIN=HIN+DHVAP( I)*VOUT( I)I
20 CONTINUE

C THE ADOPTED PROCEDURE IS TO ASSUME AN EXIT TEMPERATURE, THUS
C FIXING VAPOR AND LIQUID RATES AT OUTLET. ALSO MEAN TOTAL PHASE CPs
C ARE EVALUATED FOR THIS ASSUMED TEMPERATURE AND A NEW EXIT
C TEMPERATURE IS EVALUATED FROM THE NRG BALANCE, THUS CREATING AN
C ITERATIVE SCHEME.
C FILL FLASH EXIT TOTAL STREAM HERE ONCE; THIS IS PRESERVED IN USR2FL,I
C SO IT WON'T HAVE TO BE FILLED AGAIN.

DO 30, I=1,KOMPS
FIN(I)=COUT(I)I

30 CONTINUE
C SOLIDS DO NOT ENTER PHASE EQUILIBRIA. CALCULATE HERE TOTAL SOLIDS
C OUTFLOW IN LBM/HR.

TOTSOL=COUT (46) +COUT (47)+COUT (48)I
C ITERATION COUNTER AND MAX ITERATIONS ALLOWED FOR CONVERGENCE.

ITCNT=0
MAX ITR=1 00I

C SOLUTION TEMPERATURE TOLERANCE, DEG F.
TOLRNC=1 .OD-3

C INITIAL TEMPERATURE GUESS, DEG F. SINCE REACTION IS EXOTHERMIC,
C THIS WILL BE A BIT HIGHER THAN INLET TEMPERATURE.

TOUT=TIN+5 .0
C ENTERING NRG BALANCE ITERATION LOOP.
CI

50 ITCNT=ITCNT+l
C FLASH OUTLET TO GET VAPOR AND LIQUID PHASES. NOTE THAT THE TOTAL
C GAS AND LIQUID FLOWS ARE INTERESTING. TOTGAS IS IN LB-MOL/HR, AND
C TOTLIQ IS IN LBM/HR.

CALL USR2FL(TOUT,KOMPS,TOTGAS,TOTLIQ,NHSTRY)
C CONVENTIONAL COMPOUNDS AREA: LIQUID AND GAS PHASES.5
C GET MEAN LIQUID PHASE CP IN BTU/(LBM F).
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DO 60, I=l,KOMPS
C GET SPECIES I LIQUID HEAT CAPACITY CPI, BTU/(LBM F) FOR ASSUMEDIC TOUT. PRESSURE IS NOT NEEDED FOR LIQUIDS, SO NIL IS PASSED.

CALL USR2CP(I,0,TIN,TOUT,CPI)
C ADD EFFECT TO MEAN LIQUID CP VALUE.

CPLIQ=CPLIQ+CPI*XLOUT( I)/TOTLIQ
60 CONTINUE

C GET MEAN GAS PHASE CP IN BTU/(LB-MOL F).
CPGAS=0 .0I DO 70, I=l,KOMPS

C GET SPECIES I GAS HEAT CAPACITY CPI, BTU/(LB-MOL F) FOR ASSUMED
C TOUT. PRESSURE IS NEEDED FOR GASES, OUTLET PRESSURE IS NEEDEDIC HERE, ASSUMED 20 PSIA LESS THAN INLET.

CALL USR2CP(I,1,TIN,TOUT,CPI)
C ADD EFFECT TO MEAN GES CP VALUE.

CPGAS=CPGAS+CPI*VOUT( I)/TOTGAS
70 CONTINUE

C NON-CONVENTIONAL COMPOUNDS AREA: PERMANENTLY IN SOLID STATE
C SOLIDS CP IN BTU/(LBMl F), ALL HAVE THE SAME, SO CALL ONLY ONCE.I CALL USR2CP(46,0,TIN,TOUT,CPSOL)
C EXIT ENTHALPY CONSISTS OF LIQUID, GAS AND SOLIDS HEATING FROM TIN
C (BASE TEMPERATURE) TO TOUT, PLUS ENTHALPY OF EVAPORATION OF OUTLET5C GASES AT BASE TEMPERATURE. THE LATTER CAN BE EVALUATED HERE, ONCE
C GAS FLOW IS ALREADY KNOWN FROM FLASH EQUILIBRIA. NOTE THAT THIS IS
C BASED ON A REACTION HEAT IN WHICH ALL REACTANTS/PRODUCTS ARE AT
C LIQUID PHASE AND BASE TEMPERATURE.I C CALCULATE OUTLET VAPORIZATION ENTHAPY, BTU/HR.

HUTVAP=O.0
DO 80, I=1,KOMPSIC DHVAPs MUST BE POSITIVE VALUES.
HUTVAP=HUTVAP+VOUT (I) *DH VAP (I)

80 CONTINUE
C EVALUATE THE NEW OUTLET TEMPERATURE, TNEW, IN DEG F...
C Hout=Hout,vap+(Tout-Tbase)*SUM(CPi,out*FLOWi,out)
C WHERE i IS LIQUID, GAS AND SOLID PHASES. EVALUATE TNEW BY
C SUBSTITUTING Hout FROM THE ABOVE EQUATION IN OVERALL NRG BALANCE.
C OUTLET ENTHALPY FROM NRG BALANCE, BTU/HR.I HOUT=H IN- DHRXN -QL
C GET DESIRED OUTLET TEMPERATURE, DEG F.

TNEW=TIN+(HOUT-HUTVAP)/(CPLIQ*TOTLIQ+CPGAS*TOTGAS+CPSOL*TOTSOL)
C CHECK FOR CONVERGENCE.

IF (DABS(TOUT-TNEW) .LT. TOLRNC) THEN
TOUT=TN EWI GOTO 500

ELSE
C CHECK IF MAX ITERATIONS HAVE BEEN EXCEEDED.

II IF (ITCNT .GT. MAXITR) GOTO 500
C ELSE PREPARE NEXT ITERATION.

TOUT=TNEW
ENDIF

C LOOP BACK FOR NEXT ITERATION.
GOTO 50

C LEAVING ITERATION LOOP; CHECK FOR METHOD FAILURE.

C3N -89



500 IF (ITCNT .GT. MAXITR) THENU
C PRINT ERROR MESSAGE AT REPORT FILE AND HALT EXECUTION.

WRITE (NHSTRY,900) ITCNT
900 FORMAT (/ 1X, 1** ERROR *** in energy balance calculations!'/I

1 4X, 'Method failed to converge after ',14,' iterations'/
2 iX, 'EXECUTION IS BEING TERMINATED.'//)

STOP
ENDIF

C CALCULATED EXIT TEMPERATURE IN TOUT NOW, DEG F.
C STORE INTERESTING VALUES IN END POSITIONS OF Z VECTOR. ALSO,I

C DISTINGUISH THE MODE SINCE THERE IS NO SENSE IN NRG BALANCE FOR
C MODE 5.
C INLET TEMPERATURE, DEG FI

Z(310)=TIN
C INLET TEMPERATURE, DEG F

Z(311)=TOUT
C NRG GENERATED FROM H2 CONVERSION, BTU/HR

Z(312)=DHRXN
C OUTLET LIQUID MEAN CP, BTU/(LBM F)

Z(313)=CPLIQI
C OUTLET GAS MEAN CP, BTU/(LB-MOL F)

Z(314)=CPGAS

C OUTLET SOLIDS CP, BTU/(LBM F)I
Z(315)=CPSOL

C OUTLET LIQUID FLOW, LBM/HR
Z(316)=TOTLIQ

C OUTLET GAS FLOW, LB-MOL/HRI
Z(317)=TOTGAS

C OUTLET SOLIDS FLOW, LBM/HR
Z (318) =TOTSOLU

C TOTAL INLET ENTHALPY, BTU/HR
Z(319)=HIN

C TOTAL OUTLET ENTHALPY, BTU/HR
Z(320)=HOUT

C TOTAL OUTLET VAPORIZATION ENTHALPY, BTU/HR
Z (321 )=HUTVAP

RETURN
END3

C

C SUBROUTINE USR2CP, CALCULATES THE HEAT CAPACITIES OF PURE SUBSTANCES.
C CLASIFICATION IS BEING DONE INTERNALLY, SEPARATING CONVENTIONAL
C SUBSTANCES FROM PETROLEUM PSEUDO-COMPONENTS THROUGH CALLS TO SEPARATE
C SUBPROGRAMS. THIS WAY THE JARGON IS MINIMIZED; READABILITY AND SPEED
C ARE ATTAINED. THE CP VALUES ARE TEMPERATURE DEPENDENT; TEMPERATURE
C RANGE IS PASSED HERE, AND CP IS RETURNED AS THE MEAN VALUE OVER THE
C SPECIFIED RANGE.
C FORMAL ARGS:
C ----------- U
C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE.
C IDPHS. .PHASE ID FOR SUBSTANCE, AS FOLLOWS:

C 0 O... LIQUID
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C TLOW...MIN TEMERATURE LIMIT, DEGREES F.
C TU.... .MAX TEMERATURE LIMIT, DEGREES F.
C CP ... HEAT CAPACITY, WITH UNITS AS FOLLOWS:
THI -LIQUID..BTU/(LBM F) (SAME APPLIES TO SOLIDS)

C GAS.....BTU/(LB-MOL F)
C THS PASEUNITS DISTINCTION IS CUSTOMISED FOR THE SPECIFIC PROBLEM;

THE SUBROUTINES CALLED FROM HERE RETURN THE CP VALUES IN SAME UNITS AS
C FOUND IN TABULATIONS.

SUBROUTINE USR2CP(ID, IDPHS,TLOW,TUP,CP)I IMPLICIT DOUBLE PRECISION (A-H,O-Z)
C ADD COMMON INCLUDING CPROP(I,J) FOR MOLECULAR WEIGHTS.

COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),I 1 ST1(5,5), ST2(6,5), OPROP(20,5)

C DIRECT PROBLEM TO APPROPRIATE HANDLER; EACH ONE HANDLES
C TEMPERATURE AND CP UNITS INDIVIDUALLY. THUS NO PRELIMINARY UNIT
C CONVERSIONS ARE BEING DONE AT THIS STAGE. FIRST DISTINCTION IS
C AMONG CONVENTIONAL COMPONENTS (ID<=17) AND PETROLEUM FRACTIONS.

IF (ID .LE. 17) THENIC SECONDLY, DISTINGUISH THE PHASE.
IF (IDPHS .EQ. 0) THEN

C HANDLE CONVENTIONAL LIQUIDS (NO PHASE ID REQUIRED).
CALL USR2CI(ID,TLOW,TUP,CP)

c CONVERT UNITS J/(KG-MOL K) -> BTU/(LBM F)
CP=CP/(4186.8*CPROP(ID, 1))

ELSEUC HANDLE CONVENTIONAL GASES.
CALL USR2C2(ID,TLOW,TUP,CP)

C CONVERT UNITS J/(KG-MOL K) -> BTU/(LB-MOL F)I CP=CP/4186 .8
ENDIF

ELSE IF (ID .LE. 37) THEN
C CALCULATE SPECIFIC GRAVITY OF FRACTION. DIFFERENT FOR LIQUID AND
C GAS PHASES.
C CPROP(I,2) CONTAINS LIQUID DENSITIES IN LBS/BBL, CONVERT UNITS

SG=CPROP( ID,2)*2.85301/1000.OIC SECONDLY, DISTINGUISH THE PHASE.
C IN PETROLEUM EVALUATIONS, WATCH THAT ID BEGINS WITH 18 AND UP.

IF (IDPHS .EQ. 0) THENIC HANDLE PETROLEUM LIQUID FRACTIONS.
CALL USR2C3(ID,TLOW,TUP,SG,CP)

C CP ALREADY IN DESIRED UNITS, BTU/(LBM F).
ELSEIC HANDLE PETROLEUM GAS FRACTIONS.

C CALL USRGSG TO CALCULATE GAS SPECIFIC GRAVITY, PASSING
C TEMPERATURE, PRESSURE AND MOLECULAR WEIGHT. MW IS ASSUMED SAME

C TO LIQUID'S. CALL USRGSG(CPROP(ID,1),PRESS,(TLOW+TUP)/2.O,SG).
CALL USR2C4(ID,TLOW,TUP,SG,CP)

C CP UNITS ALREADY IN BTU/(LB-MOL F).
ENDIF

ELSE
C ALL NON-CONVENTIONAL COMPONENTS ARE TREATED AS SOLID CARBON.
C THUS NO IDs NEED TO BE PASSED. THIS IS VALID ONLY FOR

C COMPONENT IDs 46, 47 AND 48. IF USED FOR ANY OTHER IDs
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C (BLANKs), UNPREDICTABLE RESULTS WILL OCCUR.I
CALL USR2C5(TLOW,TUP,CP)

C CONVERT UNITS CAL/(MOL K) -> BTU/(LBM F)
C USE PURE CARBON'S MOLECULAR WEIGHT.I

CP=CP/12 .01
ENDIF

RETURN
END

C
C$ USR2C1
C
C SUBROUTINE USR2C1, EVALUATING CONVENTIONAL LIQUID HEAT CAPACITIES.
C EXTENDED QUADRATIC EQUATIONS TAKEN FROM AIChE/DIPPR DATA COMPILATION
C (TABLES OF PROPERTIES OF PURE COMOUNDS)
C TEMPERATURE RANGE CHECK IS PERFORMED, TO ASSURE VALIDITY OF RESULTS.
C THIS IS COMPULSORY FOR LIQUID CP VALUES, SINCE MOST COMPOUNDS ARE
C GASES AT THE OPERATING TEMPERATURE, STILL THE FINITE K-VALUES MAY
C ALLOW A TINY AMOUNT OF LIQUID PHASE; IF A WILD CP VALUE IS EVALUATED
C FOR THIS SMALL AMOUNT OF LIQUID, UNPREDICTABLE RESULTS MAY OCCUR.
C FORMAL ARGS:I
C -----------
C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE (1-17 FOR
cCONVENTIONAL).

C TLOW. .. MIN TEMERATURE LIMIT, DEGREES F.
C TUP.... .MAX TEMERATURE LIMIT, DEGREES F.
C CP ... LIQUID HEAT CAPACITY, J/(KG-MOL K).
CI

SUBROUTINE USR2CI(ID,TLOW,TUP,CP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C MATRIX TO HOLD QUADRATIC EQUATION COEFFICIENTS. THE GENERAL
C EQUATION FORM IS
C CP = A + B*T + C*T**2 + D*T**3 + E*T**4
C SOME SUBSTANCES MAY USE A REDUCED FORM OF THE ABOVE EQUATION.

DIMENSION CFN(11,5)
C MATRIX TO HOLD TEMPERATURE RANGE VALIDYTY OF EQUATION COEFFICIENTS
C FOR EACH ELEMENT, A LOW AND HIGH LIMIT IN KELVINS.

DIMENSION TRNG(17,2)U

C INITIALIZE COEFFICIENTS VECTOR IN 'C' STYLE.
DATA ((CFN(I,J), J=1,5), I=1,17) / IC A B C D E
1 +2.2560D+04, -1.9859D+03, +1.1547D+02, -1.2598D+00, +O.OOOOD+OO,
2 -3.3400D+04, +3.5070D+03, -4.6700D+01, +2.1270D-O1, +O.OOOOD+OO,
3 +6.8337D+04, -6.1354D+02, +7.9280D+00, -3.1680D-02, +O.OOOOD+O0,
4 +3.7491D+06, -5.5411D+04, +2.7765D+02, -4.6310D-O1, +O.OOOOD+OO,
5 +5.5140D+04, +7.0400D+01, +0.OOOOD+O0, +0.OOOOD+O0, +O.OOOOD+OO,
6 -8.3043D+06, +1.0437D+05, -4.3333D+02, +6.0052D-01, +O.OOOOD+OO,U
7 +1.0827D+06, -1.5541D+04, +8.9011D+01, -2.2513D-01, +2.1336D-04,
8 +5.2634D+04, +2.4119D+02, -8.5085D-01, +1.0000D-03, +O.OOOOD+O0,

+4.71300D+04, +9 .OOOOD+01, +0 .OOOOD+O0, +0. OOOOD+OO, +0. OOOOD+O0,I
$ +2.5260D+05, -3.1304D+03, +2.0129D+01, -5.8185D-02, +6.5430D-05,
1 +6.0714D+05, -1.8946D+04, +2.3842D+02, -1.3113D+00, +2.6842D-03,
2 +1.8310D+05, -3.0830D+03, +2.9608D+01, -1.2133D-01, +1.8430D-04,

3 +1.2220D+05, -9.9430D+02, +9.0810D+00, -3.3549D-02, +4.7384D-05,
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14 +2.2870D+05, -2.8505D+i03, +2.1722D+01, -6.6330D-02, +.64-5
5 +2.9060D+05, -3.0036D+03, +1.8266D+01, -4.7125D-02, +4.7040D-05,
6 +1.0830D+05, +1.4600D+02, -2.9200D-0l, +l.5100D-03, +0.OOOOD+O0,I 7 +1.5016D+05, -1.1700D+02, +1.4490D-01, +1.4840D-03, +0.OOOOD+00/

C
C INITIALIZE RANGE VECTOR IN 'C' STYLE.5 DATA ((TRNG(I,J), J=1,2), 1=1,17) /
C TLOW, TUP TLOW, TUP

1 14.0, 32.0, 64.0, 120.0,
2 54.3, 105.0, 191.5, 208.2,U3 68.1, 90.0, 220.0, 290.0,
4 195.4, 373.1, 303.1, 363.1,
5 165.0, 185.0, 134.3, 378.8,I6 90.7, 180.0, 90.3, 290.0,
7 85.4, 350.0, 113.5, 390.0,
8 134.9, 410.0, 113.2, 310.0,
9 148.6, 302.9/

C CP IS OBVIOUSLY NEEDED FOR ENTHALPY VARIATION EVALUATIONS OVER A
C TEMPERATURE RANGE; CP's ARE NOT CONSTANT OVER THIS RANGE, SO ANIC APPROXIMATION MUST BE DONE. ONE APPROACH IS TO EVALUATE CPs AT LOW
C AND HIGH TEMPERATURE LIMITS AND THEN USE THE AVERAGE OF THE TWO
C VALUES. THE APPROACH UTILIZED HERE IS TO EVALUATE CP VALUE AT THE3C TEMPERATURE IN THE MIDDLE OF DESIRED RANGE.
C GET MID TEMPERATURE, F.

TMID=(TLOW+TUP)/2 .0
C CONVERT THE TEMPERATURE TO KELVINS.I TMID=5.0/9.0*(TMID-32.0)+273. 15
C CHECK TEMPERATURE RANGE; IF ATTEMPT TO EVALUATE CP IS MADE OUT OF
C THE VALID RANGE, ERRONEOUS RESULTS MAY OCCUR. IN THIS CASE,IC CALCULATE THE CP VALUE AT THE CLOSEST TEMPERATURE LIMIT.

IF (TMID .LT. TRNG(ID,1)) THEN
TMID=TRNG( ID, 1)

ELSE IF (TMID .GT. TRNG(ID,2)) THEN
TMID=TRNG(ID,2)

ENDIF
C EVALUATE CP,. J/(KG-MOL K)I CP=CFN(ID,1)+CFN(ID,2)*TMID+CFN(ID,3)*TMID**2.0+

1 CFN(ID,4)*TMID**3.0+CFN(ID,5)*TMID**4.0
C CP CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.

RETURN
END

CI C$ USR2C2
C
C SUBROUTINE USR2C2, EVALUATING CONVENTIONAL GASES (IDEAL) HEATIC CAPACITIES. EXPONENTIAL EQUATIONS TAKEN FROM AIChE/DIPPR DATA
C COMPILATION (TABLES OF PROPERTIES OF PURE COMOUNDS).
C FORMAL ARGS:
C C-----------
C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE (1-17 FOR
C CONVENTIONAL).
C ILOW... .MIN TEMERATURE LIMIT, DEGREES F.

C TUP.... .MAX TEMERATURE LIMIT, DEGREES F.
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C CP..GAS HEAT CAPACITY, J/(KG-MOL K).I

SUBROUTINE USR2C2(ID,TLOW,TUP,CP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C MATRIX TO HOLD EXPONENTIAL EQUATION COEFFICIENTS. THE GENERAL
C EQUATION FORM IS
C CP = A + B*DEXP(-C/T**D)

DIMENSION CFN(17,4)
C MATRIX TO HOLD TEMPERATURE RANGE VALIDYTY OF EQUATION COEFFICIENTS
C FOR EACH ELEMENT, A LOW AND HIGH LIMIT IN KELVINS.

DIMENSION TRNG(17,2)I
C
C INITIALIZE COEFFICIENTS VECTOR IN 'C' STYLE.

DATA ((CFN(I,J), J=1,4), I=1,17) / IC A B C D
1 +2.9158D+04, +7.8952D+05, +1.7069D+02, +4.69700-01,
2 +2.9097D+04, +9.4578D+03, +8.5872D+04, +1.64880+00,
3 +2.9095D+04, +9.6530D+03, +3.9556D+04, +1.6287D+00,
4 +3.3330D+04, +4.1150D+04, +1.00660+03, +9.14700-01,
5 +2.9123D+04, +9.3780D+03, +7.8460D+04, +1 .6569D+00,
6+2.8950D+04, +3.9680D+04, +6.0610D+02, +1.04320+00,I

7 +3.3190D+04, +7.4230D+04, +5.4040D+02, +8.8950D-01,
8 +3.3252D+04, +6.0104D+04, +4.1899D+02, +7.72400-01,

9+2.9130D+04, +1.1150D+04, +5.0140D+04, +1.5086D+00,I
$ +2.82800+04, +3.8650D+04, +4.3340D+02, +1.05200+00,
1 +3.3106D+04, +9.99750+04, +2.3380D+03, +1.13470+00,
2 +3.8380D+04, +1.7500D+05, +8.4350D+02, +1.02040+00,
3 +4.7497D+04, +2.46700+05, +6.98580+02, +1.00740+00,I
4 +4.8010D+04, +3.54000+05, +3.01000+02, +8.82400-01,
5 +5.7380D+04, +3.42400+05, +3.70500+02, +9.07000-01,
6 +7.15600+04, +3.9240D+05, +6.37200+02, +1.00170+00,I
7 +8.2707D+04, +3.66530+05, +1.1194D+03, +1.08730+00/

C
C INITIALIZE RANGE VECTOR IN 'C' STYLE.3

DATA ((TRNG(I,J), J=1,2), I=1,17) /
C TLOW, TUP TLOW, TUP

1 400.0, 1500.0, 50.0, 1500.0,
2 100.0, 1500.0, 100.0, 1500.0,I
3 100.0, 1500.0, 50.0, 1500.0,
4 100.0, 1500.0, 100.0, 1573.2,
5 50.0, 1500.0, 100.0, 1500.0,
6 100.0, 1500.0, 100.0, 1500.0,
7 100.0, 1500.0, 100.0, 1500.0,
8 100.0, 1500.0, 100.0, 1500.0,
9 100.0, 1500.0/

C GET THE TEMPERATURE AT THE MIDDLE OF THE RANGE, F. I
TMID=(TLOW+TUP)/2 .0

C CONVERT THE TEMPERATURES TO KELVINS.
TMID=5.0/9.0*(TMID-32 .0)+273. 153

C CHECK TEMPERATURE RANGE; IF ATTEMPT TO EVALUATE CP IS MADE OUT OF
C THE VALID RANGE, ERRONEOUS RESULTS MAY OCCUR. IN THIS CASE,
C CALCULATE THE CP VALUE AT THE CLOSEST TEMPERATURE LIMIT.

IF (TMID .LT. TRNG(ID,1)) THEN
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TMID=TRNG(ID, 1)
ELSE IF (TMID .GT. TRNG(ID,2)) THEN

TMID=TRNG( ID, 2)IC ELSE WE ARE IN RANGE, NO ADJUSTMENTS NECESSARY.
ENDIF

C EVALUATE CP, J/(KG-MOL K).
CP=CFN(ID,1)+CFN(ID,2)*DEXP(-CFN(ID,3)/(TMID**CFN(ID,4)))

C CP CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.
RETURN
END

C$ USR2C3-
C3C SUBROUTINE USR2C3, EVALUATING PETROLEUM LIQUID FRACTIONS HEAT
C CAPACITIES.
C FORMAL ARGS:
C -----------
C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE (18-37 FOR
C FRACTIONS).
C ILOW.. .MIN TEMERATURE LIMIT, DEGREES F.IC TUP.... .MAX TEMERATURE LIMIT, DEGREES F.
C SG..SPECIFIC GRAVITY OF FRACTION.
C CP..LIQUID HEAT CAPACITY, BTU/(LBM F).

SUBROUTINE USR2C3(ID,TLOW,TUP,SG,CP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

CUC USE THE SAME APPROACH AS FOR CONVENTIONAL LIQUIDS.
C GET MID TEMPERATURE, F

TMID=(TLOW+TUP)/2 .0IC NO RANGE CHECKING IS PERFORMED HERE; SINCE LIQUID CP DEPENDENCE ONC TEMPERATURE APPROXIMATES A STRAIGHT LINE, EVALUATION OF CP IS
C EXPECTED TO BE IN VALID RANGE, EVEN ABOVE THIS FRACTION'S
C PSEUDOCRITICAL TEMPERATURE.IC GET API GRAVITY.

API=141 .5/SG-131 .5
C CP EVALUATION IS BASED ON NELSON'S DIAGRAMS; THE SUBSEQUENTIC EQUATION IS THE MATHEMATICAL INTERPRATATION OF THE TABLE, USING
C DOUBLE LINEARIZATION, BOTH TEMPERATURE AND API GRAVITY INCLUDED.
C THE REASONING IN CALCULATIONS, LEADS TO OMISSION OF THIS
C FRACTION'S TBP TEMPERATURE FROM CP EVALUATION; CP IS MAINLY
C DEPENDANT ON API GRAVITY. THIS MEANS THAT 2 FRACTIONS WITH SAME

C API GRAVITY, WILL HAVE THE SAME CP VALUE FOR A GIVEN TEMPERATURE
C RANGE, DESPITE ANY POSSIBLE DIFFERENCE IN THEIR TBP VALUES.IC EVALUATE CP, BTU/(LBM F), TEMPERATURE IN DEG F.

CP=1 .49583D-6*API*TMID+i5.33475D-4*TMID+1 .75683D-3*API+O .34701
C CP CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.

RETURN
END

C
C$ USR2C4
C
C SUBROUTINE USR2C4, EVALUATING PETROLEUM GAS FRACTIONS HEAT CAPACITIES.

C METHOD ADOPTED FOLLOWS THE KESSLER CORRELATIONS, AS LISTED IN ASPEN/SP
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C MANUALS. KESSLER CORRELATIONS HAVE PROVEN VERY STIFF IN VARIATIONI
C OF SPECIFIC GRAVITY. NOW GAS CP IS BASED ON RIAZI'S CORRELATIONS.
C FORMAL ARGS:

ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE (18-37 FORI
C FRACTIONS).
C TLOW... .MIN TEMERATURE LIMIT, DEGREES F.I
C ...... .MAX TEMERATURE LIMIT, DEGREES F.
C SG..SPECIFIC GRAVITY OF FRACTION.
C CP..GAS HEAT CAPACITY, BTU/(LB-MOL F).
C WHEN KESSLER CORRELATIONS WERE USED THESE UNITS WERE SI.
C

SUBROUTINE USR2C4(ID,TLOW,TUP,SG,CP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)I

C VECTOR HOLDING NORMAL BOILING POINTS OF FRACTIONS, K.
DIMENSION TBP(20)

C
C INITIALIZE NORMAL BOILING POINTS VECTOR, KELVINS.
C DATA TAKEN FROM ASPEN LISTING 'T2V2.INP'

C DAATP5 ELEMENTS PER TABLE LINEI
1 324.82, 352.59, 380.31, 408.15, 435.93,
2 463.71, 491.48, 519.26, 547.04, 574.82,
3 602.59, 630.37, 658.15, 685.93, 713.71,
4 741.48, 769.26, 797.04, 824.82, 825.00 /

C
C RIAZI's APPROACH CALCULATES FIRST GAS SPECIFIC GRAVITY AT TWO BASE
C TEMPERATURES (600 & 1200 F), USING FRACTION's SPECIFIC GRAVITY AND
C TBP TEMPERATURE. THEN, THE CP VALUE AT DESIRED TEMPERATURE COMES
C FROM INTERPOLATION IN THIS REGION. NOTE THAT THE REGION 600-1200F
C IS QUITE SUFFICIENT FOR THE SPECIFIC PROBLEM DEFINITION.I
C CONVERT TBP TEMPERATURE FROM KELVINS TO DEG R.

TBR=TBP( ID-17)*1 .8
C GET BASE CP VALUES, BTU/(LB-MOL F).

CP6 =4.935D-6*(TBR**2.4219)*(SG**(-1.9436))
CP12=8.352D-6*(TBR**2.3853)*(SG**(-1.9320))

C GET MID DESIRED TEMPERATURE, F.
TMID=(TLOW+TUP)/2.0

C LINEARLY INTERPOLATE TO GET DESIRED VALUE, BTU/(LB-MOL F).
CP=CP6+(CP12-CP6)/(1200. 0-600 .0)*(TMID-600. 0)

C CP CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.I
C

RETURN
END C$ USR2C

C

C SUBROUTINE USR2C5, EVALUATING SOLID CARBON HEAT CAPACITY (GRAPHITE).I
C EQUATION TAKEN FROM HIMMELBLAU CP TABLES.
C TEMPERATURE RANGE CHECK IS ALSO PERFORMED.

C FORMAL ARGS:U
C -----------
C TLOW... .MIN TEMERATURE LIMIT, DEGREES F.
C TU..... .MAX TEMERATURE LIMIT, DEGREES F.

C CP..SOLID CARBON HEAT CAPACITY, CAL/(MOL K).
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C
SUBROUTINE USR2C5(TLOW,TUP,CP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)IC GET MID TEMPERATURE, F.
TMID= (TLOW+TUP)/2 .0

C CONVERT TEMPERATURE TO KELVINS.I TMID=5.0/9.0*(TMID-32.0)+273. 15
C CHECK TEMPERATURE RANGE; IF ATTEMPT TO EVALUATE CP IS MADE OUT OF
C THE VALID RANGE, ERRONEOUS RESULTS MAY OCCUR. IN THIS CASE,
C CALCULATE THE CP VALUE AT THE CLOSEST TEMPERATURE LIMIT.

IF (TMID .LT. 213.15) THEN
TMID=273. 15

ELSE IF (TMID .GT. 1373.15) THEN
TMID=1373.15

ENDIF
C EVALUATE CP, CAL/(MOL K).

C CP CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.
C

RETURNI END
C
C$ USR2LHI C
C SUBROUTINE USR2LH, EVALUATING LATENT HEATS OF PURE COMPOUNDS AS
C FUNCTIONS OF EQUILIBRIUM TEMPERATURE. CLASIFICATION IS BEING DONE
C INTERNALLY, SEPARATING CONVENTIONAL SUBSTANCES FROM PETROLEUM
C PSEUDO-COMPONENTS THROUGH CALLS TO SEPARATE SUBPROGRAMS. THIS WAY THE
C JARGON IS MINIMIZED, READABILITY AND SPEED ARE ATTAINED.
C FORMAL ARGS:I C-----------
C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE.
C TVAP... .VAPORIZATION TEMERATURE, DEGREES F.
C DHVAP. .ENTHALPY OF VAPORIZATION, BTU/LB-MOL (FILLED HERE)
C
C EFFECT OF PRESSURE IS IGNORED; THIS HAS NO MEANING FOR PURE COMPOUNDS,
C BUT IF MIXTURE VAPORIZATION HAPPENS THE PRESSURE MAY CAUSE ERRONEOUSIC RESULTS.
C

SUBROUTINE USR2LH (ID, TVAP, DHVAP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C ADD COMMON INCLUDING CPROP(I,J) FOR MOLECULAR WEIGHTS.
COMMON /USRO2M/ CIN(50), COUT(50), CPROP(40,7), ICNUMB(50),
1 ST1(5,5), ST2(6,5), OPROP(20,5)

C DIRECT PROBLEM TO APPROPRIATE HANDLER; EACH ONE HANDLES
C TEMPERATURE AND DHVAP UNITS INDIVIDUALLY, THUS NO PRELIMINARY UNITIC CONVERSIONS ARE BEING DONE AT THIS STAGE.
C DISTINCTION IS AMONG CONVENTIONAL (ID<=17) & PETROLEUM FRACTIONS.

IF (ID .LE. 17) THEN
CALL USR2L1(ID,TVAP,DHVAP)

C CONVERT FROM J/KG-MOL -> BTU/LB-MOL
DHVAP=DHVAP/2326 .0

ELSE IF (ID .LE. 37) THEN

C IN PETROLEUM EVALUATIONS, WATCH THAT ID BEGINS WITH 18 AND UP.
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C CALCULATE SPECIFIC GRAVITY OF FRACTION.I
C CPROP(I,2) CONTAINS DENSITIES IN LBS/BBL, CONVERT UNITS.
C THIS IS MOST PROBABLY THE LIQUID DENSITY.

SG=CPROP( ID,2)*2.85301/1000.O
CALL USR2L2(ID,TVAP,SG,DHVAP)

C UNITS ALREADY BTU/LB-MOL.
ELSE

C FOR ALL OTHER IDs, DHvap=O.
DHVAP=O.O

ENDIF
C RESULT IS KEPT IN 'DHVAP' VARIABLE NOW.I
C

RETURN
END5

C$ USR2L1
C
C SUBROUTINE USR2L1, EVALUATING LATENT HEATS OF VAPORIZATION OF PURE
C CONVENTIONAL COMPOUNDS. EXPONENTIAL EQUATIONS TAKEN FROM AIChE/DIPPR
C DATA COMPILATION (TABLES OF PROPERTIES OF PURE COMPOUNDS).
C RANGE CHECKING PERFORMED FOR CRITICAL TEMPERATURE OVERCOME.I
C FORMAL ARGS:
C -----------
C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE (1-17 FOR
C CONVENTIONAL).
C TVAP... .VAPORIZATION TEMERATURE, DEGREES F.
C DHVAP. .ENTHALPY OF VAPORIZATION, J/KG-MOL (FILLED HERE)
CI
C EFFECT OF PRESSURE IS IGNORED; THIS HAS NO MEANING FOR PURE COMPOUNDS,
C BUT IF MIXTURE VAPORIZATION HAPPENS, THE PRESSURE MAY CAUSE ERRONEOUS
C RESULTS.

SUBROUTINE USR2L1 (ID,TVAP,DHVAP)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C MATRIX TO HOLD EXPONENTIAL EQUATION COEFFICIENTS. THE GENERAL
C EQUATION FORM IS:
C DHVAP = A * (1 - Tr)**(B + C*Tr +D*Tr**2 + E*Tr**3)
C WHERE Tr IS THE REDUCED TEMPERATURE.U
C SOME SUBSTANCES MAY USE A REDUCED FORM OF THE ABOVE EQUATION.

DIMENSION CFN(17,4)
C CRITICAL TEMPERATURE FOR CONVENTIONAL COMPOUNDS, KELVINS.I
C WATCH THAT ABOVE Tc, HEAT OF VAPORIZATION IS NIL.

DIMENSION TCR(17)
C
C INITIALISE COEFFICIENTS VECTOR IN 'C' STYLE.U

DATA ((CFN(I,J), J=1,4), 1=1,17) /
C A B C D

1 +1.5170D+06, +2.2221D+O0, -4.1870D+00, +2.4110D+00,I
2 +9.4300D+06, +1.2010D+00, -1.4811D+00, +7.0850D-O1,
3 +8.0400D+06, -9.8000D-02, +5.9900D-O1, -1.8900D-01,
4 +2.1230D+07, -2.3400D-O1, +7.6400D-O1, -1.9300D-O1,
5 +8.0030D+06, +3.1800D-01, +O.OOOOD+OO, +O.OOOOD+OO,
6 +1.8260D+07, +2.1460D-O1, -6.5900D-O1, +7.8260D-O1,
7 +3.1523D3+07, +3.914013-01, -2.2890D-O1, +2.309013-01,

8 +5.7608D3+07, +6.964013-01, -7.7970D-O1, +4.7678D3-01,
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19 +3.0540D+07, +1 .6900D+00, -2.2393D+00, +10860,
$ +2.58500+07, +3.63000-01, +O.OOOOD+00, +O.OOOOD+O0,
1 +1.0325D+07, +3.1380D-O1, -2.3180D-Ol, +2.5750D-01,I2 +2.0903D+07, +5.72000-01, -5.0610D-O1, +3.1330D-O1,
3 +2.6720D+07, +3.8550D-O1, -8.6000D-02, +6.8600D-02,
4 +3.1944D+07, +3.91100-01, +0.OOOOD+00, +0.00000+00,
5+3.3430D+07, +4.1770D-O1, -7.5OOOD-02, +4.OOOOD-02,
6+3.7700D+07, +3.95200-01, +0.OOOOD+00, +0.0000D+00,

7 +3.9850D+07, +3.97900-01, +0.OOOOD+00, +0.0000D+00/
CIC INITIALIZE CRITICAL TEMPERATURES VECTOR, KELVINS.
C VALUES TAKEN FROM AIChE/DIPPR DATA COMPILATION (TABLES OF
C PROPERTIES OF PURE COMOUNDS).

C DAATR/5 ELEMENTS PER TABLE LINE
1 33.25, 126.10, 154.58, 373.53, 132.92,
2 304.19, 405.65, 647.29, 324.65, 378.80,
3 190.58, 305.42, 369.82, 408.14, 425.18,
4 460.43, 469.65/

C
C CONVERT INPUT TEMPERATURE TO KELVINS.

3 TR=TCNV/TCR( ID)
C CHECK TR; IF THE CRITICAL TEMPERATURE EXCEEDED (TR>1.), THEN THE
c HEAT OF VAPORIZATION IS ZERO.

IF (TR .LT. 1.0) THENIC CALCULATE LATENT HEAT, J/KG-MOL.
DHVAP=CFN(ID, 1)*(1 .0-TR)**(CFN(ID,2)+CFN(ID,3)*TR+

1 CFN(ID,4)*TR**2.0)I ELSE
C ABOVE CRITICAL TEMPERATURE, NO DISTINCTION BETWEEN GAS AND
C LIQUID PHASES EXIST, THUS, DHVAP = 0.

DHVAP=0.0
ENDIF

C CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.
RETURNI END

C
Cs USR2L2I C
C SUBROUTINE USR2L2, EVALUATING LATENT HEATS OF VAPORIZATION OF
C PETROLEUM PSEUDO-COMPONENTS. ASPEN/SP MANUALS OFFER TWO PATHS FOR SUCH
C AN EVALUATION:
C A. USING GRAY's REGION MODEL; HERE DHVAP IS A SIMPLE FUNCTION OF THE
C FRACTION'S BOILING POINT ONLY, WHICH IS THE TEMPERATURE THAT
C CHARACTERISES THE FRACTION ITSELF.IC B. USING RIAZI's PARAMETRIC MODEL FOR OIL PROPERTIES ESTIMATION; HERE
C DHVAP FOLLOWS A POWER LAW CORRELATION, BASED ON BOILING POINT AND
C SPECIFIC GRAVITY. THIS APPROACH IS USED IN THIS SUBROUTINE.
C NOTE THAT THE EFFECT OF PRESSURE IS NOT TAKEN INTO ACCOUNT IN BOTH
C METHODS, A FACT THAT MAY LEAD TO POOR VAPORIZATION HEATS ESTIMATES.
C FORMAL ARGS:
C -----------

C ID..SUBSTANCE ID, AS DESCRIBED IN REFERENCE TABLE (18-37 FOR
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C FRACTALS).U
C IVAP... .VAPORIZATION TEMERATURE, DEGREES F.
C NOTE: TVAP IS NOT THE SAME AS THE ONE CHARACTERIZING THE
C FRACTION. SINCE THE APPLIED METHOD USES THE NORMALI
C BOILING POINT, THIS VARIABLE IS OF NO USE FOR THE MOMENT,
C UNLESS A WAY OF INTRODUCING PRESSURE EFFECT ON DHVAP IS
C DEVISED.
C SG..SPECIFIC GRAVITY OF FRACTION (LIQUID PHASE???).
C DHVAP. .ENTHALPY OF VAPORIZATION, BTU/LB-MOL (FILLED HERE)

SUBROUTINE USR2L2(ID,TVAP,SG,DHVAP)I
IMPLICIT DOUBLE PRECISION (A-H,O-Z)

C VECTOR HOLDING NORMAL BOILING POINTS OF FRACTIONS, K.
DIMENSION TBP(20)

C INITIALIZE NORMAL BOILING POINTS VECTOR, KELVINS.

C DAT TBP ELEMENTS PER TABLE LINE
1 324.82, 352.59, 380.37, 408.15, 435.93,
2 463.71, 491.48, 519.26, 547.04, 574.82,
3 602.59, 630.37, 658.15, 685.93, 713.71,I
4 741.48, 769.26, 797.04, 824.82, 825.00 /

C REMEMBER THAT THE PSEUDOCOMPONENT IDS START AT 18 HERE.
C CONVERT TBP AND TVAP TEMPERATURES TO DEGREES R.

TCNV=TBP(ID-17)*1 .8
TVAR=TVAP+459 .67

C SPECIFIC GRAVITY IS PASSED AS AN ARGUMENT, DIMENSIONLESS.
C AGAIN, CRITICAL TEMPERATURE MUST BE VERIFIED TO BE WELL ABOVEI
C TVAP, THE TEMPERATURE IN INTEREST HERE.
C CALCULATE CRITICAL TEMPERATURE IN R, USING ANOTHER RIAZI's POWER
C LAW.I

TC=24.2787*(TCNV**0.58848)*(SG**0.3596)
C CHECK TC; IF CRITICAL TEMPERATURE EXCEEDED (TVAP>TC) THEN
C ASSIGN NIL TO HEAT OF VAPORIZATION.

IF (TVAR .LT. TC) THEN
C CALCULATE LATENT HEAT AT NORMAL BOILING POINT, BTU/LB-MOL.

DHVAP=8.48585*(TCNV**1. 1347)*(SG**O.0214)
C INTRODUCE TEMPERATURE EFFECT ON DHVAP.I
C GET REDUCED TEMPERATURE AND A REDUCED-TYPE ONE.

TR=TVAR/TC
TRNB=TCNV/TCI

C GET 'gamma' CORRECTION FACTOR DESCRIBED BY NELSON.
C SUBSEQUENT EQUATION IS INTERPRATATION OF DIAGRAMM WITH DOUBLE
C LINEARIZATION RELATIVE TO REDUCED TEMPERATURES DESCRIBED ABOVE.

GF=-4 .255*TR*TRNB+0.386*TR+5.312*TRNB-0 .9092
C GET CORRECTED DHVAP, BTU/LB-MOL.

DHVAP=G F*DHVAP*TVAR/TCNV
ELSEI

C ABOVE CRITICAL TEMPERATURE, NO DISTINCTION BETWEEN GAS AND
C AND PHASES EXIST, THUS DHVAP = 0.

DHVAP=O.0
ENDIF

C CONVERSION TO DESIRED UNITS IS HANDLED BY CALLER.
RETURN

END
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