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REPORT FORMAT

PART I - DYNAMIC MODEL OF THE ZONE OF AERATION
(Included herein)

PART I (Appendix) - DOCUMENTATION OF COMPUTER PROGRAM
(Included as a separate document and available upon
request from the Arkansas Water Resources Research
Center, University of Arkansas, Fayetteville, AR 72701.

PART II - PORTABLE ENVIRONMENTAL DATA LOGGER AND SENSORS
(Incuded as a separate document)

Each of parts I and II is complete within itself, and may
be distributed separately or as a single report.
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APPENDIX I-A
Documentation of Computer Program

I. Program Information

Origin of Program:
General Office:
Director, ArkansaS Water Resources Research Center
University of Arkansas
Fayetteville, AR 72701
Principal Investigator:
Robert N. MacCallum
Amoco Production Company
Research Center Room 3A24
4502 E. 41st St.
Tulsa, OK 74102
(formerly Associate Professor of Chem. Engr.,
University of Arkansas)
Research Assistants:
Dennis C. Spencer
Reynolds Metals Co.
Bauxite, Arkansas
Norman J. Carter
ALCOA
Benton, Arkansas
Purpose of Program:
The program documented here describes the vertical distribu-
tion of water in the zone of aeration available for use by
vegetation in a wetlands environment.
Problem Statement:
Vegetation is generally thought to be in dynamic equilibrium
with the environment. As the environment changes, vegetation
can.be expected to change until a new balance is approached

or achieved. Flood control measures put into effect in



Eastern Arkansas during the last twenty-five years have
allowed previously flood-prone areas to be cleared of
wetland forests for agriculture. Parts of the remaining
wetland forests, which were in equilibrium with environ-
mental conditions typically including extensive annual
flooding, are now thought to be out of balance with an
environment characterized by reduced flooding or no
flooding. A study of relationship between hydrologic
change and vegetation change should be invaluable as a
planning tool for future use of wetland forest areas.
Areas of Application:
This program may be used to determine the optimum use of
wetlands of any region by predicting the impact of pro-
posed flood control and drainage projects on the wetlands
environment. |
Methods of Computation:
The basic equations are the differential equations which
describe isothermal, one-dimensional, unsteady-state,
simultaneous flow of water and air in a porous medium.
These are a set of two second order, non-linear, partial
differential equations. Because of the complexity of these
equations, it was necessary to use numerical techniques.
The partial differential equations were converted to a
finite difference from and solved using an iterative implicit

procedure.



Basis for Selection of Method:
Because of the complexity of the partial differential
equations, an analytical solution could not be achieved,
and the numerical solution was the only available tech-
nique.

Limitations and Restrictions:
The Theoretical Development section of the body of the
report includes the assumptions which were made in the
development of the model.

Equations and Derivations:
Derivation of the basic equations of the model is shown
in the Theoretical Development section of the report.

Definition of Technical Terms:
The definition of all variable and constant names used in
the computer program is given by comment statements in
the main program body.

Physical Constants:
The physical constants and program parameter values used in
the model are listed in Appendix I-C.

Functional Information:
The finite difference approximations of the partial differ-
ential equations was solved numerically. The depth of the
soil column was directed into intervals and the differential

terms in each of the partial differential equations were



replaced by finite differences. Essentially a iterative
implicit procedure was used to calculate pressures and
saturation at each time step, converging after meeting a
maximum allowable residual mass or pressure. Briefly,
the computation for each time step is:
1. The coefficients of the difference are calculated.
2. The residual mass values are determined.
3. The difference equations are solved by ‘the
Gaussian elimination method yielding pressure
residuals.
4. New values of pressure are calculated at each
grid node.
5. The iteration parameter is advanced by one and
the residuals are recalculated. Convergence is

checked by comparing residuals to the maximum

allowable residuals.

6. If convergence criteria are not met, steps 3, 4

and 5 are repeated. This cyclical process con-
tinues until a preset maximum number of iterations
is reached. The program continues after an error
message if convergence is not attained.

7. New values of saturation are calculated using the
capillary pressure-saturation relationship once

convergence has been reached.



8. At the end of each time step a material balance
calculation is made.

II. Usage Information

Programming Language, Equipment, and Operating System:
The computer program was written in FORTRAN IV for
the IBM 360 system. The model requires 24k of 36
bit-word of core storage. It uses a magnetic tape
for restart purposes.
Input Requirements:
Data input is by cards, and no special input is
necessary.
Secondary Storage Input Format:
None
Input Data Description:
Data input is by punched card. Input requirements
and formats are given by comments in the data input
subroutine, LNKA.
Program Output:
Sample program output is shown in the example case.
Operator Instructions:
No special instructions are required.
Off-Line Error Messages:
No error messages are generated by the program.
Definition of Technical Terms:
A complete listing of all terms used in the program is

given by comment cards in the main program.



Example Case:
An example case is included as Appendix I-D.
Job Processing Time:
Computer time usage varied from less than two minutes

per year to about six minutes per year of simulation

time.
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Computer Program Listing
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MNEMCNICS

AAAA WETTING PHASE ACCULMULATICN IN THE SYSTEM AT EACH TIME
STEP BASEC ON SOURCE/SINK TERMS (LBM)

AANTRY NUMBER CF ITERATICNS [N EACH TIME CCNSTANT
ACG MATERTIAL BALANCE RATIC,NCN-WETTING PHASE (FFFF-RESG)/
CcooD

AG (RESG-COCC) (LBM)
ACW MATERIAL BALANCE RATIC,WETTING PHASE (EEEE-RESW)/CCCC
AIRKG EVAP. MASS—TRANSFER (LBM/SQ.FT/ R) (HR/MILE)**.8(1/PSI)

AKGLEA TRAN. MASS—-TRANSFER (LBM/SQ.FT/HR) (HR/MILE)**.8(1/PST)
AKXML ABS . PERM, MULTIPLYER
AIRRE AIR FILM RESISTANCE AT SOIL SURFACE

APOR AVERAGE PCRCSITY IN SOIUL ROCUY 2CNE™
(CU FT WETTING PHASE/CU FT ROCK)

ASSS CAPILLARY PRESSURE INTERCEPT FOR SW .LE. WILPO
ASCLAYER,NKK) INTERCEPT CF A TANGENT CURVE TO THE CAPILLARY
PRESSURE-WETTING PHASE SATURATICN CURVE

AVG NCN-WETTING PHASE VISCCSITY AT I-TH GRID POINT (CP)
"AVGF NCN-WETTING PHASE VISCOSITY AT (1+1) TH GRID PCINT (CP)
AVWF WETTING PHASE VISCOSITY AT (I¢l) TH GRID PQINT (CP)
AVSATL AVERAGE SATURATICN IN ROOT ZCNE

AVW WETTING PHASE VISCCSITY AT I-TH GRID POINT (CP)

AW (RESW—CCCC) (LBWM)

AWSAT AVERAGE SATURATICN IN SOIL RQCT ZONE

aXalalla o Ne o NaNo o aNoTo o le (ol alloNo Ky e XaYalla)

EBBA NCN-WETTING PHASE ACCUMULATED IN THE SYSTEM AT ~—
EACH TIME STEF (LBM)
BSSS CAPILLARY PRESSURE SLCPE FOR SW oLE. WILPC

ASILAYER,.NKK) SLCPE CF A TANGENT TO THE CAPILLARY PRESSURE-
WETTING PHASE SATURATICN CURVE
BW(I) DUMMY VARTABLE LSED FOR WETTING PHASE SATURATION

[ Xsls sNsXs (s XatzlaXais (s Xa o s aks)
|

laXsXalaXsXasXalsisXaka akals

(CU.FT. OF WETTING PHASE 7 CU.FT. PORE)
C{I(N) MATRIX CCEFFICIENTS
 €CCCC _TCTAL WETTING PHASE ACCUMULATION BASED ON SOURCE/SINK )
TERMS (LBM)
C AND CC MATRIX MULTIFLIERS

DDDO TOTAL NCN-WETTING PHASE ACCUMULATION BASED ON SQURCE/

SINK TERKFS (LBM)
DG(I) NCN-WETTING PHASE CENSITY (LBM PER CU. FT.)
DIPG STARTING POINT CCORDINATE ON NON-WETTING PHASE DENSITY-

PRESSLRE CURVE
DIPW STARTING PCINT CCORDINATE ON WETTING PHASE DENSITY-
PRESSURE CURVE

DISKG STARTING PCINT CCCRCINATE ON NCN-WETTING PHASE RELATIVE
PERMEABILITY-WETTING PHASE SATURATION CURVE
DISKw STARTING PCINT CCCRLCINATE ON WETTING PHASE RELATIVE

PERMEABILITY-WETTING PHASE SATURATICN CURVE
DIP STZRTING POINT CGCRCINATE ON VISCOSITY CURVE

 DIQW STARTING PCINT CCCROINATE CN WETTING PHASE INJECTION
CURVE
DISW(LAYER) STARTING PCINT ON WETTING PHASE SATURATION-
DP PRESSURE INCREMENT CN VISCOSITY CURVE (PSI)

‘DLTMAX MAX, SIZE GF TIME STEP

CMGX NCN-WETTING PHASE MCEBILITY RATIO
OMwX WETTING PHASE MCEILITY RATIO
CPC CAPILLARY PRESSURE INCREMENT (PST)
DPG PRESSURE INCREMENT CN NCN—WETTING PHASE DENSITY-
PRESSLRE CLRVE (PSI)
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DPW PRESSURE INCREMENT CN WETTING PHASE NENSITY-

PRESSURE CURVE (PSTI)
DSKG NCN-WETTING PFASE SATURATICN INCREMENT ON ON-WETTING
PHASE RELATIVE PERMEABILITY CURVE

(CU.FT. /7 CU.FT. PCRE )
CSKh WETTING PHASE SATURATIGN INCREMENT ON WETTING PHASE
RELATIVE PERMEABILITY CURVE

fomOnAOOA0 -

(CU.FT. /7 CU.FT. PCRE )
DSwW STARTING PCINT CCCROINATE ON WETTING PHASE SATURATION-
CAPILLARY PRESSURE CURVE (PSI)

|
!

CSW(LAYER)STARTING FCINT CCORDINATE CN WETTING PHASE SATURATION-
CAPILLARY PRESSURE CLRVE (PSI)
OT TIME INCREMENT (HCLR)

CW(TI) WETTING PFrASE OENSTITY (LBMN 7 CU. FY Y
OX1 ANC CX2 SPACE INCREMEMNTS
EEEE WETTING PHASE INITIALLY IN SYSTEM (LBM)
T EKGM CCNVERCGENCE CRITERIA FCR NON-WETTING PHASE PRESSURE
EKWM CCNVERGENCE CRITERIA FOR WETTING PHASE PRESSURE
ESTAR MAX,. NUMBER CF TIME STEPS TO BE COMPUTED

T T EVALEN DISTARCE TC EVAFPC. SURFACE (FOOTY
FCONV CCNVERSICN FACTCR FCR PSE TO PSF
FFFF NCN WETTING PHASE INITIALLY IN THE SYSTEM

nndnnmnndnnnnnnnnn

FINAL KEY VARIABLE FCR TAPE LSAGE AND CALL EXIT
GGGG MATERTIAL BALANCE RATIO,wWETTING PHASE BASED GN AMOUNT
INITIALLY IN PLACE (RESW-CCCC)/EEEE

""GRESG MAX, RESIDUAL FCR NCN-WETTING PHASE
GRESW MAX. RESICUAL FCR WETTING PHASE
GSUM AMCUNT OF NON-WETTING PHASE IN MODEL (LBM)

H(N) FEIGHT (FEET)
FrHEF MATERIAL PALANCE RATIC,NON-WETTING PHASE BASED ON
AMOUNT INITIALLY IN PLACE (RESG-DODD)/FFFF

HK(T) ITERATICN PARAMETER T
IT IS TFE MIN. TINE (SEC) FOR THE RUN TO WRITE ON TAPE AND EXIT
ITSTOP IS NO LCNGER LSEDO. REMAINING TIME ROUTINE IS NOW USED.

HOFLEAF FEIGHRT OF THE PLANT FROM A OATUM PLANE
IOUTPT KEY TCSFECIFY CLTPUT
INSW =0 4 INITIAL SAT. WILLBE AS READ,=1, INITIAL SAT.

WILL BE CALCUATED FRCM CAPILLARY CURVE
ITAPE KEY FCR THE LSE OF THE RESTAR TAPE
KC ITERATION INCEX

KX(N) ABSCLUTE PERMEARILITY (CARCYS)
LAYER, LAY NUMBER CF SCIL LAYER IN MODEL
MAXG LCCATICN OF MAXIMUM NCN-WETTING PHASE RESIDUAL

MAXW LOCATICN CF MAXTMUM NWETTING PHASE RESIDUAL
MTRY MAX. NUMBER OF ITERATICN STEPS
NBUG KEY VARIABLE FCR CEBUGGING PURPQSES

0000000000000 0000N000N000

NOLAY NO. CF CAPILLARY PRESSURE CURVE

NHK NUMBER OF ITERATICN FARAMETERS IN A CYCLE

NPCC NUMBER CF PCINTS CN CAPILLARY PRESSURE-WETTING PHASE
SATURATICN CLRVE

NSTAR TAPE USAGE INDICATICN

NTRY NUMBER OF ITERATICN STEPS

ﬁﬁﬁiﬁ oo

NWELLS NUMBER CF SIAK (SCLRCE)

NXsNAyNL NUMBER GF GRIC PCINTS

PC(I) C,PILLARY PRESSULRE (PSI) ]

PCT STARTING PCINT CCCROINATE CN TAPILLARY PRESSURE WETTING 77~
PHASE SATURATICN CURVE

PG(N) NCN-WETTING PHASE PRESSURE CALCULATED AT OLD TIME STEP

9
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(PSI)

PGA(N) NGN-WETTING PHASE PRESSURE CALCULATED AT NEW TIME STEP
(PST1)

PGCFV PER CENT GRCUND CCVERC BY VEGETATION
PGB(N) NON-WETTING PHASE PRESSURE DIFFERENCE BETWEEN TWO
SATURATICNS (PSI)

PGIN(N) NCN-WETTING PrASE PRESSURE AT BOUNCARY OF N-TH GRID
(PSTH

PKEY(N) KEY VARIABLE FCR INJECTION/PRODUCTION FROM A GRID PT.
PLCCNCU PLANT CCNDUCTIVITY LBM/SQ FT-HR-PSI

QOO0 000 000N

. POFLAW CRITICAT LEAF FCTENTIAL FT-HR=PSI
POR(N) PCRCSITY
POTCFR WETTING PHASE FCTENTIAL AT ROGCT SURFACE (PS1)

POTPFL WETTING PHASE PCTENTIAL AT LEAF SURFACE (PST)
FMCHG CCNVERCENCE CRITERIA FOR PGB(N)
PMCHW CCNVERCENCE CRITERIA FOR PWB(N)

PW(N) WETTING PFASE PRESSURE AT OLD TIME STEP (PST)
PWA(N) WETTING PHASE FRESSURE AT NEW TIME STEP (PSI)
PWR(N) WETTING PHASE PRESSURE OIFFERENCE BETWEEN TwWO

sNeNalaNelellgNaNe)

SATURATICNS (FST)
PWIN(N) WETTING PHASE PRESSURE AT BOUNDARY QOF N-TH GRID
(PSI)

leNaNel

QDD IS THE DRAINAGCE FUNCTICN CCNSTANT
QEVA(N) EVAPGRATICN FRCM N-TH CELL (LBM/HR/SQ FT)
QGI(N) RATE OF NCN-WETTING PHRASE IN (OUT) (LBM/HR/FT SQ)

CQQEVA CUMULATIVE EVAPCRATICN (LBM/SQ FT)
0QQTRA CUMULATIVE TRANSPIRATIGN (LBM/SQ FT)
QTA, QTB, ANC QTC ARE ALL SEASONAL TRANSPIRATICN FUNCTION CONST.

QTRAN(N) TRANSPIRATICN FRCM N-TH GRIO POINY DURING CNE TINE
INTERVAL (LBM/SC FT/HR)

QTRANT TRANSPIRATICN CURING ONE TIME INTERVAL (LBM/SQ FT/HR)
‘QW(N) RATE OF WETTING PHASE IN (OUT) (LBM/HR/FT SQ)
CWF PRECIPITATICN (INCH/DATA POINT INTERVAL)

__RESG TCTAL AMCUNT CF NCN-WETTING PHASE REMAINING IN SYSTEM

(aNeXsiaXsNgisNaYaNelaNe]

RESTAR TAPE USAGE INCICATCR
RESWw TCTAL AMCLNT CF WETTING PHASE REMAINING IN SYSTEM (L8BM)
RG NCN-WETTING PHASE CENSITY AT I-TH GRID POINT CALCULATEOD
AT CLDO PRESSURE (LPM/CU FT)
RGA NCN-WETTING PHASE CEANSITY AT I-TH GRID POINT CALCULATED

AT NEw PRESSURE (LBM/CU FT)
RGF NCN-WETTING PHASE CENSITY AT (I+#1)TH GRID PQOINT
CALCLLATED AT CLD PRESSLRE (LBM/CU FT)

]
i
|

CALCLLATEO AT NEW PRESSURE (LBM/CU FT)
RGXF NCN—-WETTING PHASE DOENSITY AT (I¢1)TH GRID POINT
CALCULATEC AT NEW PRESSURE (LBM/Cu FT)
RKG NCN-WETTING PHASE RELATIVE PERMEABILITY
(CIMEASTCNLESS)
77777 RKGE ACN-WETTING PHASE RELATIVE PERMEABILITY
AT (I+1)TH GRID PCINT (DIMENSIGNLESS)
RKGC NCN-WETTING PHASE RELATIVE PERMEABILITY

T AT I-TH GRIC FCINT (CIMENSICNLESS)
RKGF NCN-WETTING PHASE RELATIVE PERMEABILITY
AT (1+1)TF GRID PCINT (DIMENSIONLESS)
RKW WETTING FRASE RELATIVE PERMEABILITY (C
RKW8B WETTING PHASE RELATIVE PERMEABILITY A
POINT (CIMENSICNLESS)

IMENSTONLESSY
T (I+1)TH GRID

Gk R R e YN T N N e R N N Nl R X Ko Yol

10
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RKWC WETTING FHASE RELATIVE PERMEABILITY AT I-TH GRID POINT
(DIMENSICALESS)
RKWF WETTING PHASE RELATIVE PERMEABILITY AT (I+1)TH GRID
_POINT (CIMENSICNLESS)
RHUM(AN) ATR HUMIDITY
RCOTN NUMBER CF GRIC PCINTS IN WHICH ROOTS PENETRATE
RSGA SUM OF NCN-wWETTING PHASE RESICUAL
RSWA SUM OF wETTING PHASE RESIODUAL
RW WETTING PHASE CENSITY AT I-TH GRID POINT CALCULATED AT
QLD PRESSURE (LBM/CU FT) )
RTDEN(NN) ROCT DENSTITY (FT ROCY/CU.FT SAIL)
RWA WETTING PFASE ODENSITY AT I-TH GRID POINT CALCULATED AT
_CLD PRESSURE (LBM/CL FT)
RwF WETTING PHASE DENSITY AT (I+1)TH GRID POINT CALCULATED
AT OLC PRESSURE (LBM/ CU FT)
RWXB WETTING PHASE CENSITY AT (I+L)TH GRIDO POINT CALCULATED
AT NEw PRESSURE (LBM7 CU FT)
RWXF WETTING PHASE DENSITY AT (I+1)TH GRIC POINT CALCULATED
AT NEw PRESSURE (LBM/ CU FT)
~—  S(N)Y WETTING PHASE SATURATICN (CU FT WETTING PHASE/
CU FT PCRE SPACE)
SCALE SAT. MLLTIPLYER
T "SGK(N) NCN-WETTING PHASE PFASE NORMALTZATION FACYOR
SOILPC AVERAGE SOIL PCTENTIAL IN RGOT ZONE (PSI)
SOILRE SOIL FLCW RESISTANCE IN VAPCR 20NE
T T SRESG SQUARE CF NON-WETTING PHASE RESIDUAL
SRESW SQUARE CF WETTING PFASE RESIDUAL
STEM(NN) SOIL TEMP. CEGREE F.
STAR TAPE USAGE INCICATOR
STRP(NN) VAPOR PRESSULRE VSe TEMP.
SWK WETTING PHASE NCRMALIZATIGN FACTOR
TCCN VMAX. STFCLATICN TINE (HOURSY
TH(N) THICKNESS (FCCT)
TIMA,TIMB PRCCESSOR TIME CCNTROL
TIMENU TIME STEP SIZE MULTIPLYER
TOLG CCNVERGENCE CRITERIA FOR GRESG
TCLw CCNVERGENCE CRITERIA FOR GRESW
"7 TTOT CURRENT SIFMULATICN TIME (HCURS)
TIRE TCTAL RESISTANCE
VG(I) NCN-WETTING PHASE VISCOSITY (CP)
T VWIT) WETTING PRASE VISCCSITY (CPY
WSUM AMCUNT OF WETTING PHASE IN MODEL (LBM)
WILFC WILTING SAT. (CF/CF PCRE)
“"WINCV WIND VELOCITY (NFH)
WHEAC(N) PRECIPITATICN IN./MO. OR WATER HEAD (PSI)
X(N) SPACE CCCRDINATE (FCCT)

“ MAINLINE

;nnnnn&nnnn

|

YeXaXalalaXsiaXaRalaXaXsisXaRsiaXs s s ke e

Y N Yo (e MR e Fa ¥ Pe WP o

CCGMMCN FG(50) 4PW(50)4,PGA(50)+,PWA(50),S(50),AS(10,100),85(10,100)
""" TOMMCN CTUIZ2,5CI,DOMWX{50),CRGXTS0),QEVA(50) ' T T

CCMMCN SGK(50),SWK(50)+K(50)9D+DDsDT+AAAA,BBRB,CCCC,DDDD,EEEE FFF

1F yGGGC yHHHH yASS S, BSSS

CCMMCN SUMMM,SUMNN,CENANT, ANUMER

CCGMMCN RKWC yRKWR,RKWF ¢ RKCC 9RKGByRKGF yRWyRWF3RG 4RGF yAVWAVWF ,AVG

COMMCN RWA,RWXF ¢PTC,RGA4RCXF,RGXBsRWXB)AVGF

CCMMCN Cw(50),0C(50),PWIN(S50)yPGIN(50),QTRAN(S50)

CCMMCN WHEAC(SSB8),RTCEN(50),PKEY(50),LAY(50)

CCMMCN RHUM(SS9) yATEM(S9G),STEMI999) , STARP(100) ,WINDV(999)

11




S MAIN DATE = 74186 . 17744700

CCMMCN VW (100),PC(1C,100),04(100)+DG(100) ,RKW(100),RKG(100),VG(100 o
1) POR(50),PWE(50) s X(5C),KX(50),PGBL50),TH(50) ,H(50)

CCMMCN FCCNVoCSW(10)+CISW(10)9DPN,DIPW,DPGyDIPG,DPyDIPsDPCoPCIoNXy
1OISKWsDSKCyDISKGyNHK yLAYER yNPCCoDSKWo DHEAD 4D IHEAD

CCMMCN MTRY,KCoyNBUG,NTRY s MAXWyMAXG s SRESGy SRESWyGRESWy GRESGsRSWA RS
1GAsHOFLEA yAKGLEA,DIWINC yAIRKG,WILPQ,PLCOND
CCMMCN RESTAR,STARFINALyTCLWoTOLG+sTCCNyPMCHW, PMCHG+EKGM R

COMMCN CATEM,DIATENM,CSTEMyCISTEMoOSTPsDISTPyORHUM,OIRHUM,y CWIND
CCMMCN PGCRV,SATURA,TIMEMU,QQEVA,QQQEVA,AVSATU,QTRANT,QQQTRA
CCMMCN POFLAW,JCUTPT,CTA,CTE,QTC,QDD, 1QT, IQD

DOUBLE PRECISICN ATEMP yRHUySTEMP,PSTARyASTAR,WINDVC,yQTRAN
COUBLE PRECISICN QEVA,TTRE,SOILRE.+AIRRE

DOUBLE PRECISICN PG,PCA,Ph,PHA,S,AS,B8S,ASSS,BSSS
COUBLE PRECISICN CoDMWXyDMGXy SWK»SGK yHK
DOUBLE PRECISICN RKWCyRKWByRKWFyRWXByRGXB yRKGC 9 RKGByRKGF yRWXF yRGXB

LoRWyAVGF yRWF yRCyRCAyRGFsAVR yRWA,AVHF ,AVG,PTC, RGXF
COUBLE PRECISICN TPT9yDT+9Q29Q05¢Q90Q119AGyRESWIRESGsACW,GSUM,WSUM
DOUBRLE PRECISICN DyCCyAAAA,BBEBRyCCCCyDODDYEEEEY FFFF9GGGGy HHHH 4 AW

© T T T T 7T DOUBLE PRECISICN SATW,GWF,TTUT,PWIN,PGIN,ACG,QW, QG
COUBLE PRECISICN SUMMM,SUMNN,DENAMI,ANUMER
REAL “KX
C UNKA IS DATA INPUT LINK
CALL LAKA
c LNKB IS MAIN CALCULATICNAL LINK
CALL TNKB
sToP
END

S IN EFFECT* NCIC,EBCDIC,SOURCE,NOL ISToNODECK »LOAD,NOMAP

S IN EFFECT* NAME = MAIN s LINECNT = 60
TICS* SOURCE STATEMENTS = 21,PROGRAM SIZE = 322
TICS* NC DIAGACSTICS CENERATED

12



V G LEVEL 21 LNKA DATE = 74186 . 17/44/00

c

SUBRCLTINE LNKA

THIS SURROUTINE 1S A CATA INPUT SUBRCUTINE
CCMMCN PG(50) sPW(50) 9PGA(50) 4PWAL(S0) yS{50),A5(10,100),BS(10,100)
CCMMCN C(12+50)sCMWX(50),OMGX50)4,QEVA(50)

CCMMCN SGK(50) ySwK(50) +HK(S0)»0,00,0T,AAAA,BBBB,CCCC, DDDD+EEEEFFF
1FoGGGCoyHHH,ASSS,BSSS
CCMMCN SUMMM,SUMNN,CENAMI, ANUMER

CCMMCN RKWC RKWB ) RKWF,RKGCyRKCEByRKGF,RWyRWFsRGoyRGF y AVW, AVWFy AVG
CCMMCN RWAZRWXFoPTCyRCAyRCXFyRGXByRWXB,AVGF
CCMMCN QW I(50)+CG(50),PWIN(S0),PGIN(S50),QTRAN(50)

CCMMCN WHEACUSSE)Y ,RTDENTSCY .PKEV(50),LAY(50)
CCMMCN RHUM (GSS) ,ATEM(999 )y STEM(999),STARP(100) yWINOV(999)
COMMCN VW(100)+PC(10+100)+CW(100),CG(100) »RKW{100),RKG(100),VG(100

1),POR(S50),PWBI(5C),X(5C)Y,KX(50),PGABT50),TH(50),H(50)
COMMCN FCCNV,CSW(10),DI1SW(10),OPWyDIPW,DPG,DIPG,DP,DIP,DPCoPCINX,
LDISKWwyDSKGyDISKGyAHKyLAYERyNPCCyDSKWy OHEACsDIHEAD

CCMMCN MTRY,KCoNBUG yNTRY,MAXW,MAXGy» SRESG ¢y SRESWyGRESWy CRESG9yRSWA,RS
1GA,HCFLEAAKGLEA,OIWIND,AIRKG,WILPO,PLCOND
CCMMCN RESTAR,STARGFINALyTCLUWyTOLG9yTCCNyPMCHW,PMCHGy EKGM

CCMMCN TTOT,ITAPE,DLTMAX,ESTAR,NSTARIOUTPT,IT,TIBA,TIMB,TIMC
CCMMCN CATEM,CIATEMDSTEMyCISTEM,DSTP4DISTPyDRHUMyDIRHUM, DWIND
COMMON PGCBV s SATURA,TIMEMLyQQEVA,QQQEVA9)AVSATU»QTRANT,QCQTRA

CCMMCN PCFLAW,JOUTPT,CTA,QT8,Q7C,Q0D, 1QT,IGD
CIMENSICN PCCUM(100), BW(100)
OOUBRLE PRECISICN ATEMPyRHUySTEMP,PSTAR,ASTAR,WINDVO,BW,QTRAN

COUBLE PRECISICN QEVA,TTRE,SUILRE,AIRRE
DOUBLE PRECISICN PGoPGAyFhyPWA9S+sASyBS9ASSSyBSSS
COUBLE PRECISION PwTE.PGTELPWI,PGI

OOUBLE PRECISICN CyCMWX,CMCX,SHK,SGK,HK

DOUBLE PRECISICN RKWC sRKWEB)RKWF ;RWXB¢sRGXB ¢y RKGC y RKGB 9 RKGF 9 RWXF 9yRGXB

1,RWyAVCFyRWFyRGyRGAyRGFyAVHsRWAJAVWF yAVG yPTC 4 RG XF

COUBLE PRECISICN D,DDyAAAA,BBBByCCCCoDDDDIEEEE9FFFF4GGGGoHHHH » AW
COUBLE PRECISICN SATW,QWF,TTOT,PWINJPGIN,ACG»QW QG

(sXgile]

nnn'nnqnn

"DOUBLE PRECISICN TPT,07,63,05,09,Q11,AG,RESW,RESG,ACW,GSUM,WSUN

DOUBLE PRECISICN SUMNN,SUMNN,DENAMI,ANUMER
REAL KX

T START

NSTAR=2

IOUTPT CCNTRCLS CUTPUT OF RESULTS, PWIN)y PGI(N)y, S(N) - QUTPUT

WILL BE WRITTEN AFTER FIRST TIME STEP AND SUBSEQUENTLY AFTER
EACH IQUTPT TIME STEPS

T T REAC (5,320) RESTAR,FINAL,ESTAR,AKXNU,ATRKG,WILUPT, POFLAW

RESTAR = 0, START FRCM INITIAL TIME, RESTAR NEO, START FROM TAPE

WRITE (€9490) RESTARLFINAL yPOFLAW
WRITE (69220)

ESTAR = NUMBER OF TIME STEPS TO BE CALCULATED

WRITE (6,500) AKXMU,ESTAR,AIRKG,WILPO

NBUG IS A WRITE CCNTRCL: = -2 WRITE AFTER EACH TIME STEP

13



71
vV G LEVEL 21 LNKA DATE = 74186 . 17744700
c = 0 WRITE AFTER EACH ITERATION
C = 0 WRITE MATRIX SOLN AND PROPERTIES
c ITAPE IS RESTART TAPE CCONTROL: ITAPE =0,NO RESTART: ITAPE =1,RESTA
. ART
c

REAC (542S90) NBUG,IT,INSwWoI TAPE,IQUTPT,IQT,IQD
WRITE (6+550) NBUG,IT,INSWoITAPE,IOUTPT, IQT,1QD

INITIAL SAT. WILL BE MCOIFIED IF INSW = 13 THE WATER PRESSURE WILL

BE SET IN ACCORD. WITH GRAVITY HEACL, WHICH SETS PC AND THUS SHW.
IF INSW = O TFEN INITIAL SATURATION WILL BE AS FOLLOWS (SEE
RCUTINE THAT FCLLCWS)

REAC (5,510) DLTMAXyPLCCND+sHOFLEA,AKGLEAJASSS+BSSSyPGCBYV, TIMEMU

WRITE (6+540) CLTFAX,PLCCND,ROFLEA,AKGLEA,ASSS,BSSS,PGCBYV, TTMEMU -
ITSTCP=IT

"THE VALUE OF RESTAR IS SAVED FOR TAPE USAGE -

STAR=RESTAR

IF (RESTAR.GT.C.0001) GC YC 190

REAC VISCOSITY TABLES

AN = NC. OF PTS. IN TABLE, CP = PRESS. INCR.y DIPW = INIT. TABLE -
VW (N) = WATER VISCOSITY
VG (N) = CGAS VISCOSITY

REAC (5,300) AN,DP,DIP
WRITE (6+210) AN,DP,DIP
T N=AN
REAC (£,220) (VW(NN)},NN=1yN)
REAC (5,220) (VGI(NN)yNA=1,N)

10

00 10 rP=AN,100
VH{(M)=VWw(N)
VG{(M)=VG(N)

WRITE (€,360)

WRITE (6,210) (VW(NN)yNN=1,100)
WRITE (€4+370)
"WRITE (6,:10) (VG(NN),NN=1,100)

REAC CENSITY TABLES

CW (N) = WATER DENSITY
CG (N) = CGAS CENSITY

REAC (5+200) AN,CPW,DIPW
N=AN

20

‘READ (5,32C) (DW(NN),NN=1,N)
00 20 M=N,100
CW(M)=CW(N)

WRITE (€,350)
WRITE (€£4210) AN,CPW,DIPW
WRITE (€+310) (DW(AN)yAN=1,100)

REAC (%,200) AN,DPG,DTPG
N=AN
_READ (54510) (DGI(NAN)yAN=1,N)

14



IV G

“30  DG(M)=CC(N)

LEVEL 21 LNKA DATE = 74186, 17744700

DO 30 M=N,100

WRITE (€&4340)
WRITE (&£,210) AN,OPG,L,CIPG

WRITE (€4210) (DG(ANN),NN=1,100)

C
c REAC CAPILLIARY PRESS. CATA - READ SW AT EQUAL INCR. OF CAP. PRESS
c AN = NC. OF FT1S. IN TABLE o -
c PCT = INIT. CAP. PRESS. IN TABLE
c DPC = INCREMEAT IN CAF., PRESS.
c SCALE = SCALE FACTOR - PURPOSE IS TO EASILY SHIFT CAP. PRESS. CUR
c AW(N) = SW (WATER SATULRATICN)
c
Cc NOLAY = NUMPER OF LAYERS WITH OIFFERENT CAPILCARY PRESS. CURVES
c :
REAC (5,290) NCLAY
T DO 40 I=1,NCLAY
REAC (5,300) AN,PCI,DPCoSCALE
__N=AN
NPCC=N
WRITE (€,210) AN,PCI,DPC,SCALE
LAYER=1 .
REAC (5,510) (BW(NN),NN=1,N)
(o
c CAPILLIARY PRESS. DATA CCNVERTED TO EQUAL INCREMENTS OF SATURATION
C B8S(J) ANOC AS (J) CALCULATED FOR EACH TABLE ENTRY
C SW = AS(J) ¢ BS(J) = PC
L CALL CAPPR (AN4PCI,CPCySCALEyLAYER9BWAS+BS,DSW,DISW,PC)
WRITE (€,330) o
WRITE (€+210) AN,DSW(LAYER) ,DISW(LAYER)
 WRITE (6,210) (PC{LAYER,J)eJ=1,N)
40 CCNTINLE
c
c_ READ IN CGRID CATA _ o
(o PERM,y PCR(PER CENT)y INIT. GAS PRESS., INIT. SAT., THICKNESS
c X LOCATICN, WATER INJECTICN RATE. AIR INJECTION RATE, WELL WATER
C_ PRESSes WELL CAS PRESS.» POUNCARY CCNDITION CCNTROL
C KX(N)=CARCIES
(o WATER ANC AIR INJECTICN RATES ANO BOUNDARY PRESSURES NEED ONLY BE
C  SPECIFIEC IN ACCORCANCE WITH PKEY(N)
c
(o
REAC (5,290) NX -
T T WRITE (€,230) NX -
WRITE (€,240)
LAYCUMF=1
00 SC I1=1,1CC "“
50 PCOUM(TII)=PC(1,11)
fO 1CC N=1,NX
READ (5,%20) KXINI,LAYINY ,POR(NI ,PGUIN) oSINT o THINI L HINT XINYSOWINTY,
1QG(N) s PWIN(N) yRTDEN(N) s PGIN(N) 4 PKEY(N)
c POR(N)I=POR(N)I*0.01
C  S(N)=S(N)/POR(N) ‘_’ B
LAYER=LAY(N)
 KXAN)=KX(N)®AKXMY B
IfF (LAYCUM.EQ.LAYER) GC TC 70 T
CO 6C I1=1,100
60 PCDLM(II)=PC(LAYER,II)

15
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'V G LEVEL 21 LAKA DATE = 74186 . 17744700
 LAYDUM=LAYER e
c PCOUM IS A DUMMY CAP. PRESS. ARRAY FOR USE IN SUBROUTINE TAB
70 CALL TAB (DSW(LAYER) ,DISW(LAYER) yPCDUM,S(N),PTC)

PW(N)=FGIN)-PTC

THIN)=F(N)Y=FCCAV
IF (INSW.NE.1) GC TC 90
PWI=FW(N)

PGI=PG(N)
80 PWTE=Ph(N)
PGTE=FG(N)

CALL TAB (CPGHCIPGyLCGyPGTEIRG)
CALL TAB (CPWCIPW,DWyPhRTEsRW)
PW(N)=PwI-H(N)*RW

T PGINI=PGI-H(N)I*RG
ABPW=CABS(PW(N))
ABPC=CABS(PG(N))

IF_(ZEPH.LT.O.ID AWHSOQI
IF (ABPG.LT.C.1) ABPG=Q.1
IF (CABS(PwWTE-PWIN))/ABPW.GT.0.2D-14) GO TO 80

~ IF (CABSTPGTE-PG(N))I/ABPG.CT.0.20-14) 60 TO 80
NKK=(PG(N)=PW(N)-PCI)/0PC+1.0

IF (NKKaGToNPCC) MKK=NFCC

IF (NKK.LT.1) ANKK=1
IF ((AS(LAYERJNKK)+BS(LAYERyNKK)*({PG(N)=PW(N)))LT.WILPO) LAYER=10
AS(10,NKK)=ASSS

BS(1CyNKK)=BSSS
SIN)=AS(LAYERNKK)+BS(LAYERyNKK)*(PG(N)-PWIN))
90 HWRT =F(N)/FCCAV

WRITE (€4530) KXIN)JLAY(N) oPOR(ND) ¢PW(N) yPG(N) SN, TH(N),HWRT, X(N)
1yCWIN)yQGIN)yPWININ)PGIN(N)oPKEYIN) RTDEN(N)
C

c 0.2€37 IS CCAVERGENCE FACTOR FOR CARCY TO CP.FT#*2 PSI/HR

KX(N)=KX(N)®*,2€37

PwA (NI =PW(N)
PGA(N)=PC(N)
100 CONTINUE

REAC RELATIVE PERM. CATA

1

c

c

c CSKG = INCREMEANT IN SAT,
€~ ~ DISKG = FIRSY SAT. IN TABLE
C

REAC (5,300) AN,CSKW,DISKW

e FEAL _ —
REAC (5,510) (RKW(NN)sNN=14N)
~ CO 11C M=MN,100

110 RKW(*)=RKWIN)
WRITE (64380)
WRITE (6+210) (RKW(AN)yNN=1,100)
77 7 wRITE (6,210) AN,DSKW,CTSKW - ’ T o
REAC (5,300) AN,DSKG,CISKG
N=AN

T REAT (E5,510) TRKGINNI,RAK=T,NJ
CO 120 M=N,100
120 RKG(M)=RKG(N)

WRITE (€,390)
WRITE (6+310) AN,CSKG,CISKG
WRITE (€,310) (RKG(AN),NN=1,100)

16



IV G LEVEL 21 LNKA OATE = 74186, 17744700

c REAC AIR TEMP. ¥S. TIMPE o (Fo )

REAC (5,300) ANJDATEM,0IATEM

N=AN
REAC (S+510) (ATEM(NN) oNNz=1yN)
CG_120 #=A,100

T 130 ATEM(M)=ATEM(N)

(% REAC SOIL TEMP. VS. TIME » (F.)

REAC (5,300) AN,DSTEM,DISTEM
N=AN

CO 14C M=N,100
140 STEM(M)=STEM(N) :

c REAC AIR HUMIDITY VS. TIME

READ (5,300) AN,DRHUM,CIRHUM
N=AN
REAC (59510) (RHUM(NN)oNN=1,N)

CO 15G M#=A,100
150 RHUM(M )=RHUM(N)

c REAC ®INC VELCCITY VS. TIPE (MPH)
REAC (5,300) AN,DWIND,DIWIND

N=AN
REAC (5,510) (WINDVI(NN) 4NA=1,yN)
CO 16C P=h,100

160  WINDVI(MY=WINOV(N)
WRITE (€,420)
WRITE (6+210) AN,CATEM,CIATEM

" WRITE (6,210) (ATEM(KN) ,NN=1,N)
WRITE (€,420)
WRITE (6,310) AN,DSTEM,DISTEM

""WRITE (€,310) (STEMIKN),NN=1,NJ
WRITE (6,410)
WRITE (6+310) ANyCRHUM,DIRHUM

"WRITE (6,210) (RHUM(NA) JKA=1,N)
WRITE (6,440)
WRITE (&£,210) ANJDWIND,DIWIND

TTWRITE (€,310) (WINDVI(KN) NN=1,N)

c
c READ VAPCR PRESSURE VvS. TEMP
T C
REAC (5+300) ANyDSTP,CISTP
N=AN
7T "REAC 15,5107 (STARPINKRT,NK=1I,N] T

WRITE (69450)
WRITE (64210) AN,DSTP,DISTP

“£Q 176 #=N,10C
176 STARP(M)=STARP(N)
WRITE (€,210) (STARP(NN) yAN=1,100)

"7 WRITE (6,400)
c REAC SCHEDULE CF WATER MEAC AT BOUNCARY - FOR VARIABLE HEAD BOUND.

C CHEAC = TIME INCREMENT FOR TABLE

17



IV G LEVEL

C

21 LNKA DATE = 74186 . 17/44/00

DIHEAC = INITIAL TIME CORRESPCNDING TC FIRST TABLE VALUE

180

:EA& (5,300) AN,DFEAD,CIFEAD
A
REAC (S,10) (WHKEAC (AN) yNA=1,N)

CC 180 ¥=N,100
WHEACIM)=WFEAC (N)
WRITE (&,210) AN,DFEAC,CIFEAD

T 777 wWRITE (&,310) (WFEAGU(NNY,MNN=1,N)

C

MTRY = MAX. NC. OF ITERATICNS PER TIME STEP
REAC (5,290) MTRY

CMIN=MTRY
TSTEP = NO. CGF ITERATICN PARAMETERS

‘REAC (5,320) TSTEP
WRITE (€9460)
WRITE (64210) CMIN,TSTEP

NHK=TSTEP

HK = ITERATICN PARAMETERS - WILL BE USED IN CYCLICAL MANNER

REAC (£,320) (HKITIT,I=1,NFK]}
WRITE (6,250)
WRITE (€£,310) (HK(I)yI=1yNHK)

CCNVERGENCE CRITERIA
TOLG IS MAX, GAS PHASE RESICUAL ALLOWED, TOLW IS MAX. WATER RESID.
PMCHG IS MAX. CHANGE IN GAS PRESS. ALLOWED AT ANY GRID POINT

"_ PMCHW TS MAX, CHANGE IN WATER PRESS. ALLOWED AT ANY GRTID POINT T

REAC (54320) TCLW,TCLCGyPMCHW,PMCEG

WRITE (€,260)
WRITE (64480) TCLW,TCLGyPMCHWPMCHG
WRITE (6,270)

=000

90

TT0T=C.0
GO TC 210

"RESTAR FRCM TAPE

REWIND 2

200

NSTAR=0
READ (2) TOLW,TOLG,AAAA,BBBByCCCCyDODDIEEEEFFFFyGGGGyHHHHyMTRY yNH
1Ko PMCHW sPMCHG ¢ TTCT ¢yNX9D9OC 9y NPCCySATURAYQOEVA, AVSATU, QTRANT,QQQTRA

READ (2) DSW,0ISw,PC,0PC,FCT»ASyBSyASSS,BSSS
REAC (2) DP,LIP,VWyVG
READ (2) CPW,DIPW,DW+CPG,CIPG,CG

REAC (2) DFREADC,OIHEAD,WHEAD,OSKW,DISKW,RKHWDSKG,D1SKG,RKG
REAC (2) LAY RTDEN,FKEY,QWsQGyPWIN,PGIN
REAC (2) CATEM,DIATEMyOSTEMyCISTEMyOSTPDISTP,DRHUM,DIRHUM, DWIND

REAC (2) RKUM,ATEM,STEM,STARP,WINDV,DIWIND
REAC (2) (KX(I)osPOR(IDoPG(I)oPHWIT)yPGA(TI)yPGBI(II9PWA(I),PWB(I),X(I
1)9SCI)yTHUI) o K(T) DNGX(T ) OMWXII) oSGK(I)ySWK(T)yI=1yNX)

REAC (2) NTRY,MAXW,MAXG,SRESWySRESGyGRESWyGRESGsEKWM,EKGM,RSWAZRSG
LAsKC yFK(KC) 9y HK o INLy PKEY(INL) yCEVA,QQQEVA, JOUTPT,y SUMMM, SUMNN
REAC (2) RESTAR,FINAL,OT,TCON,PCTOFR,POTOFL,Q1111,Q2222,TIMA,TIMB,

1TIMC
WRITE(E,491) RESTARLFINALCT,TTCT
AANTRY = NTRY

IF (RESTAR+0.0001.GE.STAR) GO YO 210
GO TO 200
READ (5,470) CToTCON,TIMA,TIMB,TIMC,QTA,QTB,QTC,QDD
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IV G LEVEL

21 UNKA DATE = 74186 _ 17744700

WRITE (6+280) DV, TCCNyTIMA,TIMB,TIMC,QTA,QTB,QTC,Q0D

ESTAR=RESTAR+ESTAR ~———/7——/—>7—"/"=7—"

RETURN

C

220 FCRMAT (1HO,4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>