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Appendix K: FORTRAN Program to Convert NUTS'S B i i  Output to a Readable 

Format 

NUTS-BIP-READ Procedure: - 

A FORTRAN listing for the procedures that can be used to  read the binary files from Nuclide 
Transport System ( N U T S )  is provided -in thisappeidix; A discription of the variables and a 
descriptive line beforethe main.fund?ns ~f..the.proceduie are also included to increase the 

. . . ; : . :: - .. - ; ... 
readability of the subroutines. . . .. . . . ,...,,: < . . .  .. . .  . 

. . 

C 
c****".*.*'**"-+ m T  -OUT- NUTS_B~_RWLD~*.""***.*.****' . ~. . ... 
C 

SUBROUTINE NUTS-BIN-READ 
C 

C 
C NUTS-BIh-READ 
C 
c ~urpose: 
C - - - - - - - - 
C This subrourine reads NUTS output binary file 
r - 
C Author: Ali A. Shinta 
C - -- - - - - 

C DXGRID 
C DYGRID 
C DZGRID 

Grid block length in x-direction 
Grid block length in y-direction 
Grid block length in z-direction 

C ZTXm Total time 
C IFLAGTIM Flag = 0 for time = 0 and 1 othewise 
c ~o-~msTEPTime step no. 
C SDATE Date of the run 
C STIME Time of the run 
C- Program name 
C NVRSION Program version no. 
C NREVDATE Revision date 
C NCPUNRME Name of the machine on which the run is conducted 
c ANSWERTEST Flag to tell if the input is from BRAGFLO or stand alone file 
C FINFILETYPEOutput files type 
C COMBTITLE A combination of NUTS title and BFAGFLO or TEST run title - -. . -. - - - - 
C INTITLE BFAGFLO or TEST run title 
C NUTS-TITLE NUTS title 
C IDIMENSION No. of dimensions 
C RADINPUT Nuts input file name 
C FILE-NAME BRAGFLO or test run input file name 
C R A W m B G  NUTS ASCII debug output file name 
c RAW~TPUT NUTS output file name - - ~ -~ 

c RADOUTBIN output Binary name 
c RADOUTASC output ASCII file name 
C MEDIVM Type of the porous medium (fracture, matrix, etc..) 
C FRACTUR Logical flag to identify fracture continuum 
c MATRIX Logical flag to identify matrix continuum 
c SINGLE-POROSITY Logical flag to identify single-porosity system 
C DUAL-POROSITY Logical flag to identify dual-porosity 
c DUAL_PERMEABILITY Logical flag to identify dual-permeability system 
C NBLMlK Total number of grid blocks 
CNXORIMRX No. of grid blocks in x-direction 
C NY OR JMAX No. of grid blocks in y-direction 
c NZ OR KMAX NO. of grid blocks in z-direction 
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C 

c NDcONTINUM No. of continum . ~. 
C NO-PHASES Number of phases 
C X Grid block x-coordinate . . .  , 
C Y Grid block x-coordinate 
C z 
C AXGRID 
C AYGRID 

Grid block x-coordinate 
Interblock area, in x-direction- (I, 1-1) 
Interblock area in v-direction 1J.J-1) 

C AZGRID Interblock area in i-direction ix;x-lj 
C VRGRID Grid volume 
C -Q Flag to identify pH dependkc) (YIN) -~ 
C PHGRID Grid block ground water pH . 
C NSITES No.. _of radioacti~e~sites*:.::.: --: . . .,.....-. I 
C NUCLIDE ,. - ::-..;Total : number -of :~radiunuclide . : - ~ . ' 2 -  : 
C SITE-NAME Name of the disposal site --.I - . . 
c COMPONENT-NAME Component name 
c NAME Comonent name ~ - '  ! . .- . .- . - 
C DaughterJ?l.E component daughter name:=- . .  . 
C ELEMENT-- Element name:. . . - % - L ~ ,  -.  . 
C GROUP-NAME Group under whichthe isotope is classified, i.e: U for 
U235,238, ...... etc. 
C PARENT-Nm Component parent name 
C-NCOMPONENT No. of the components in each site 
C YWSTEVOL Site's waste. vol in M3. ~ . 
C COMPINT Initial inventory of the component in Kg. 
C XMOLW Molecular weight. - 
C XIAMDA Decay constant of the component in 11s. 
C R?.D Character to identify the component radioactivity (radioactive and 
not-radioactive) 
c No- No. of the input elements . , 
c ELSOLB-LIMIT-COR Element solubility limit lXglM3) of block I 
C ELTEMP_SOLBLogical variable to identify if the element solubility is t-erature 
dependent 

- . 

C ELEMNT-SOLB-LIMIT Element solubility limit 
C CO-5 Solubility parameters for temperature dependency correlation 
C PHASETYPE Phase type to be transported (liquid or gas) 
C EQCI Intercept of ..le equilibriumline for gas solubility in the ground 
water .. .- . . . ... . . 
C EQCS Slope of the equilibrium .line .for gas .solubility in the ground water 
C NYASTE Waste matrix, kwaste node, O=no-waste node. 
C ADSTYPEM or F Flag to identify whether sorption is considered (YIN) 
C MAT-ISOTHERM Type of the adsorp. isothem in the matrix 
C L/l=Linear.F/f=Freundlich.UILaIla=Lmcnueir 

~~ -- 

C FRAC-ISOTHERM T&e of the adsorp. isofhe& in the-fracture 
C LI1=Linear,F/f=Freundlich,UILa/la=Langumir 
C MSORPTION Flag to identify whether the component is 
C sorbable in the matrix (ADSORPINON-ADSORP) 
C MADSTEMPDEPLogical flag to identify whether the component sorption is t-. 
dependent 
C FSORPTION Flag to identify whether the component is 
C sorbable in the matrix (ADSORPINON-ADSORP) 
C FADSTlWPDEPLogical flag to identify whether the component sorption is temp. 
dependent 

C XLMGRID Linear sorption coefficient m the matrix ((M3 fluid)/(Kg solid)) 
C XLPGRID Linear sorption coefficient in the fracture M 3  fluid)/{Kg 
solid) ) 
C XFCMGRID Preundlich coefficient in the matrix (dimensionless). 
C XFDCMGRID Freundlich distribution coefficient in the matrix ((M3 fluid)/(Kg 
solid) ) . 
C XLCMGRID Langumir coefficient in the matrix ldimensionless). 
C XLDCMGRID Langumir distribution coefficient in the matrix 
C XFCFGRID Freundlich coefficient in the fracture (dimensionless). 
C XFDCEGRID Freundlich distribution coefficient in the fracture ((M3 
fluid)/{Kg solid)). - C XLCFGRID Langumir coefficient in the fracture (dimensionless). 
C XLEFGRID Langumir distribution coefficient in the fracture 
C REFTEMPKD Reference temperature of Kd measurment 
C ADSEXPCOEFFCoefficient to adjust sorption at new temperature 
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C RROGRU) Grid block rock density (kg/ni(l 
C MDISPREQ Flag to identify whether there is dispersion in the matrix (Y/N) 
C FDISPREQ Flag to identify whether there is dispersion in the matrix (Y/N) 
C HFDISPREQ Flag to identify whether there is dispersion between matrix and 

. .  ~ fracture (Y/N) . ... ~- ~ . 

C A L W G m D  Longitudinav~ matrix dispersivity 
C RtLFGRID Longitudinal. fracture -di+ersivity '.. . - 
C -GRID Transverse matrix dispersivity 
C ALPGRID Transverse fracture dispersivity 
C 'PCIREIGRID Matrix tortousity : . ~ 

Matrix tortousity j , :  .. . ~ V . . .  , ~ . ' - .  

c zxa . Molecular diffusion at reference Atemperatuse (M2ls. ) 
c ?--c Logical flag tb identify w&ther.r&e molecular diffusion 
C is temperature dependent' :I .T. I .P. ) . . ... ,I:, 

CTRXF Reference temperature (K) 
C VISREF Viscocity at reference temperature TREF (Pa/s) 
C FSTATUSINJ Flag to identify whether: .there .is..injection in the fracture (YIN) 
c MSTATUSINJ Flag to identify whether there is injection-in'the matrix (YlN) 
C STo(3a3AN Logical flag to identify whether NUTS interfaces with actinide 
source submodel 
C TIMEMSTRT Starting time of injection/production in the matrix (s) 
C TIMEXmD hding time of injectionlproduction in the matrix Ls) 
C TZPIEFmT Starting time of injection/production in the fracture (s) 
C TlEaFEND Ending ,xime of injection/production in the fracture Is) 
C CONCINJMGRm Concentration of the injected component j in grid i of the matrix 
(ka/m3) . ~+ - .  
C CONCINJFGRID -Concentration of the injected component j in grid i of the 
fracture ikg/m3) 
C FDIRICRLE'T Flag to identify whether dirichlet B.C. is available in the 
fracture (TIF) 
c MDIRI- Flag to identify whether dirichlet B.C. is available in the matrix IT/F) 
C CONCDIRMGRID Specified concentration for D.B.C. in the matrix block lkg/m3) 
C CONCDIRFGRID Specified concentration for D.B.C. in the matrix block (kg/&) - 
C IP-A Frequency of print in ASCII file (ex:S=each 5 timesteps) 
C IPFSFQB Frequency of print in BINARY file 
c I P ~ A  Flag.to print the fracture variable in ASCII file 
C IPRNTFB Flag to print the fracture variable in BINARY file 
C IIT.WPNA Flag to print the matrix-variable in ASCII file 
C IPRNTMB Flag to print the matrix variable in BINARY file 
C IPRNTMc Flag to print the matrix variable in CDB file 
C VAR Printed variable name 
~ -~ --- - - - 

C DEBUG Logical flag to generate debug file and variables 
C SWMOmRID Matrix saturation at time level n 
C PORMomRIDMatrix porosity at time level n 
C SWFOLDGRID Fracture saturation at time level n 
C PORFOLDGRIDRacture porosity at time level n 
C BRVOLGRID Brine volume in each matrix grid (m3) 
C SUMM-DISGRID Matrix total mass per grid block of the dissolved isotopes 
C SUW?-DISGRID Fracture total mass per grid block of the dissolved isotopes 
C Sum-PFSCIPGRID Matrix total mass per grid block of the precipitated isotopes 
C SUMF-PRECIFGRID Fracture total mass per grid block of th eprecipitated isotopes 
C Sum-TOTALGRID Matrix total mass per grid block of the dissolved, 
C precipitated, and sorbed isotopes 
C Sum-TOTALGRID Fracture total mass per grid block of the dissolved, 
C precipitated, and sorbed isotopes 
C CSDMH DISGRID Matrix total curies war urid block of the dissolved isotoaes 
c C~UMF-DISGRID Fracture total curie; ~ e ;  arid block of the dissolved iso;o& ~ ~ ~ ~ ~ - - ~ -  ----.- --.-- r -- 
c CSUM?-PRECIPGRID Uatrlx-total curies pe; g r k  block of the precipitated isotopes 
C CSUW-PFSCIPGRID Fracture total curies per grid block of th eprecipitated isotopes 
c C S ~ - T ~ T ~ D  Matrix total curies per grid block of the dissolved, 
C precipitated, and sorbed isotopes 
C C S w - T O T ~ D  Fracture total curies per grid block of the dissolved, 
C precipitated, and sorbed isotopes 
C CM Concentration of the isotope in the matrix at time level n+l 
C CMOW Concentration of the isotope in the matrix at time level n 
C CF Concentration of the isotope in the fracture at time level n+l 
C CFOLD Concentration of the isotope in the fracture at time level n 
C BLOCF-DIS-MASSGRID Fracture mass of dissolved isotope per grid volume Kg/lM3 
rock). 
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C BLOCKDISJLTSSGRID Matrix mass of dissolved isotope per grid volume in Ko/l~3 - - - .  - - 
rock). 
C BLOCF-PRC-MASSGRID Fracture mass of precipitated isotope per grid volume Kg/(M3 
rockl . 
c BL&-PRC-IGSSGRID Matrix mass of precipitated isotope per grid volume Kg/iM3 
rnrk) - - -. . , . 
C ADPRCONM-TOTAL-MASSGRID Total mass resulted from dissolved, precipitated and 
C sorbed isotopes in the matrix 
C ADPRCONF_TOTAL-MASSGRID Total mass resulted from dissolved, precipitated and 
C sorbed isotopes in the fracture -~ 
c voLM_CoNC_CoRIESGRID Equivalent curies of the volumetric concentration inthe 

. ...< , . 
~ . . . . . . , . . . . matrix . . 

c VOLS_CONC-CORIESGRID Equivalent curles of the volumetric coxicentration in 
thefracture -. - -- - - - - - 
c DI~.!-MLSS-CURIESGRID Curies of the dissolved mass per grid block in the matrix 
c DI.~F-MAS-C~JRIESGRID Curies of the dissolved mass per grid block in the fracture 
C-PRCIF~J~~S-CURIESGRID :.Curies.of the precipitated mass per grid block in the matrix 
C PRCIPF-M7GS-CURI3SGRU) Curies of the precipitated mass per grid block in the 
matrix 
C TOTAU-MASS-CURIESGRID Curies of the total mass ldissolved + sorbed + Precipitate) 

Der mrid block in the matrix 
c TOTALE-MASS-CLiRIESGRID Curies bf the total mass ldissolved + sorbed + Precipitate) 

per grid block in the fracture 
C FLmGMlMGRID Fluxes crossing grid block lower interface in y-direction in 
the matrix (kg/s) -. , 

c ~DXJF~M- Fluxes crossing gria block lower interface in y-direction in 
the fracture (kg/sl - 
C ELUXIMlMGRID Fluxes crossing grid block left interface in x-direction ln . - 
the matrix (kg/sl 
C FLUXIFlMGRID Fluxes crossing grid block left interface in x-direction in 
the fracture (kg/s) 
C CO-SGRID Gas mass that dissolve in the grid block brine of the matrix 
(kg) 
C CONDFMASSGRID Gas mass that dissolve in the grid block brine of the matrix 
(kg1 
C QWXF-GRID Water interblock rate in x-direction in the fracture (m3/sl 
C QWYE-GRID Water interblock rate in y-direction in the fracture lm3/sl 
C QWZE-GRID Water interblock rate in 2-direction in the fracture im3/s) 
C QWXMWlLMGRID Water interblock rate in x-direction in the matrix lm3/s) 
C QWYM-GRID Water interblock rate in y-direction in the matrix (m3ls) 
C QWZM-GRID Water interblock rate in 2-direction in the matrix im3/sl 
c QPRMGRID Matrix production rate IM3 /s) 
C QINMGRID Matrix injection rate (M3 /s) 
C BLOCIMBMMAX Maximum residual among matrlx blocks 
C CMBIM Isotope material balance error for the time step in the 
matrix 
C CMBTM Cumulative isotope material balance error in the matrix 
C SUMRTM Cumulative residuals in the matrix 
C SOnQTM Cumulative sources in the matrix 
C BLOCICMBFMAX Maximum residual among fracture blocks 
C m I F  Isotope material balance error for the time step in the 
fracture 
C CMBTE 
C SUMRTF 
C SUMQTF 
C JBIN 

Cumulative isotope material balance error in the fracture 
Cumulative residuals in the fracture 
Cumulative sources in the fracture 
NUTS binary output file unit number 
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READ (JBINIZTIME, IELAGTIW3,NO-TIMESTEP. . . . 
i - 

C 

....................... START READING INITIAL VARIABLES . . . . . . . . . . . . . . . . . . . . . .  

L 

c----------------------- READ PROGRAM HEADINGS IQA INFOREVLTION) 
....................... . 
C 

C 
READ (JBIN) ANSWERTEST. FINFILETYPE 
READIJBiNI COMBTITLE.INTITLE.NOTS~TITLE 

C 
READIJBIN) RADINPT,FILE-NAME,RAWDTPUT 
m(FINE1LETYPE .EQ. 'ASC' .OR. FINFILETYPE .EQ. 'ASC-BIN' 

1 .OR. FINFILETYPE .EQ. 'ASC-CDB' .OR. FINFILETYPE .EQ. 
2 ' ASC-BIN-CDB ' .-OR. DmIJGl 
3 READ(JBIN) RADOTASC 
IF(FINEIIZTYFZ .EQ. 'BIN1 .OR. FINEILETYPE .EQ 'ASC-BIN' 

1 .OR. FINFILETYPE .EQ. 'BIN-CDB' .OR. FINFILETYPE .EQ. 
2 'ASC-BIN-CDB ' ) 
3 READ(JB1N) RADOUTBIN 
IF(FINEILETYPE .EQ. 'CDB' .OR. FINFILETYPE .EQ 'ASC-CDB' , .  , .. ., - 

1 .OR. FINFILETYPE .EQ. 'BIN-CDB' .OR. FINFILETYPE .EQ. ', , . ,,: f 

I . \ . 2 ' ASC-BIN-CDB ' 
3 READIJBIN) RADOUTCDB 

'{, . ,, 
b - 

L 

READ (JBIN) MEDIUM, FRACTURE, MATRIX, SINGLE_POROSITY, 
& DUAL-POROSITY.DUAL_PERMEABILITY 

C 
c---------------- READ THE TOTAL NUMBER OF GRID BLOCKS -------------- 
C 

READIJBINI NBLOCK 

C--------------- Grid Grid Block Length (x-direction) 
C 

CALL BRE33DlDXGRID,JBIN) 
C 
C--------------- Grid Grid Block Width (y-direction) 
C 

CALL BRE33DlDYGRID.JBINl 
C 
C--------------- Grid Grid Block Hight (2-direction) 
C 

CALL BRE33D(DZGRID, JBINI 
L 

C-------------- READ Grid Block X.Y.2 COORDINATE 
C 

CALL BRE33DLX.JBINl 
&LL BRE~~D~Y.JBIN) 
CALL BRE33DlZ.JBIN) 
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C W  BRE33DlAYGRID.JBINl.. . -*..L-z:. 2 - 2 .  > ..*. . . . ~ , .  

C 
c------------------- ~ead Interface,Area in z-direction ----------------- 
C 

CALL BRE33DlAZGRID,JBINl- 
C 
c------------------------ Read Ground Water pH .......................... - 

READISBIN) PHREQ 
IF(PHREQ .EQ. 'Y' .OR. PHREQ .EQ. ' Y '  CALL BRE33DlPHGRID.JBIN) 

C 
READISBIN) (SITE--(I), NCOMPONENTII) ,WASTEVOLlI) 

& I=l,NSITESl 
READ I JBIN I NAME I I I , DAUGHTER-NAME I I 1 , PARENT- (I I 

& GROUP-NAME 11) , 1=1 , NUCLIDE) 

READIJBIN) NOELEMENT 
READISBIN) lELTEXPTEMPSOLBII), I = 1,NOELEbENTl 
DO I = 1. NOELEMENT 

IF1.NOT. ELTEMF'TEMPSOLBIIll THEN 
C 
cc>c>c>c>c> ELEKENT NAEIE, TEXP. DEPENDENCY, SOLUBILITY LIHIT 
C - 

RWLD (JBIN) ELEMENT-- 11) , ELEMNT-SOLB-LIMIT 11 1 
ELSE 

C 
Cc>c>c>c>c> ELEMENT -,TEMP. DEPENDENCY,CORRELATION PARAMETERS 

C 
C***"""'*" MATRIX SORPTION 
C - IF (MATRIX) THEN 

READ (JBIN) ADSTYPEM 
~. . ~ IFIADSTYPEM .EQ. 'N' .OR. ADSTYPEM .EQ. I GO TO 100 
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READ (JBINI MAT-ISOTHERM 
READ(JBIN1 (NAMEIJI ,MSORPTIONlJl ,L3ADSTEMPDEP(Jl, J=1 .NUCLIDE1 

C 
IFIMAT-ISOTHERM .EQ. 'L' .OR. MAT-ISOTHERM .EQ. 1 ) THEN 
DO 10 J = 1, NUCLIDE 
CALL BRE23D(XLMGRID,JBIN, J) 

10 CONTINUE 
ENDIF 

C 
c------------- EREIJNDLICH DISTRIBUTION COEFFICIENTS ------------L.. . 

C 
IF (MAT-ISOTHERM .EQ. ' F' .OR. MAT_ISOTHER13 .EQ. ' f ' ) THEN 
DO 20 J = 1. NUCLIDE 
CALL BRE23D (X-DCMGRID. JBIN, J) 

20 CONTINUE 
' DO 30 J = 1, NUCLIDE 
CALL BRE23D IXFCMGRID, JBIN, Jl 

3 0 CONTINUE 

c 
IF(MAT_ISOTHERM .EQ. 'LA' .OR. MAT-ISOTIIERM .EQ.-'La' 

& .OR. MAT-ISOTHERM .EQ. a THEN 
DO 40 J = 1,   NUCLIDE^ 
CALL BRE23D IXIZCMGRID, JBIN, J) 

40 CONTINUE 
DO 50 J = 1. NUCLIDE --..../-+- 
C W  BRE23D (%~GRID, JBIN, J) 

50 CONTINUE 
ENDIF 

100 CONTINUE 
ENDIF 

READ IJBIN) ADSTYPEF 
IE(ADSTYPEF .EQ. ON' .OR. ADSTYPEF .EQ. I GO TO 200 
READIJBIN) FRAC-ISOTHERM 
READIJBINI (NAME(J1 ,FSORPTIONIJI , FADSTEMPDEP(J1, J=l,NUCLIDEl 

IF(FRAC-ISOTHERM .EQ. 'L' .OR. FRAC-ISOTHERM .EQ 1 THEN 
W 110 J = 1, NUCLIDE 
CW BRE23D(%EGRID,JBIN,J) 

110 CONTINUE 
ENDIF 

C 
C------------- FREINDLICH DISTRIBUTION COEFFICIENTS ------------- 
C 

IF(FRAC-ISOTHERM .EQ. 'F' .OR. FRAC-ISOTHERM .EQ. ) THEN 
DO 120 J = 1, NUCLIDE 
CALL BRE23D IXFDCFGRID, JBIN, Jl 

120 CONTINUE 
W 130 J = 1, NUCLIDE 
C W  BRE23D (XFCEGRID,JBIN, Jl 

130 CONTINUE 
ENDIE 

C 
C-------------- M G w I R  DISTRIBUTION COEFFICIENTS ------------- 
r - 

IE(FRAC-ISOTHERM .EQ. 'LA' .OR. FRAC-ISOTHERM .EQ. 'La' 
& .OR. FRAC-ISOTIIERM .EQ. a THEN 
DO 140 J = 1. NUCLIDE 
CALL BRE23DlXLDCFGRID.JBIN.J) 

140 CONTINUE 
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C 

M) 150 J = 1, NUCLIDE 
C2L& BRE23D(MCFGRID,JBIN.J) 

150 CDNTIWJE 
ENDIE 

200 CONTINUE 
ENDIE 

.~ ~ 

. ~ . . . . .  
C 

. . 

c-------------- RFFERENCE TEMP. AND SORPTION EXPONENT ------------- 
C 

1F(IADSTYPEF .EQ 'Y' .OR. ADSPYPEP .EQ I .OR. 
h (ADSTYPM .EQ. 'Y' .OR. ADSTYPEM::EQ:!Y']) . 
90 I = 1, NUCLIDE 

IF(FADSTEMPDEP(I1 -OR. WSTEMPDEP(1)) 

1F(ADSTYPEM .EQ. 'N' .OR. ADSTYPM .EQ. 'n' .AND. 
& ADSTYPEF .EQ. 'N' .OR. ADSTYPEE .EQ. 'n') GO TO 300 
CALL BRE33D(FHOGRID, JBIN) 

C 
300 CONTINUE 

IF (SINGLE-POROSITY .m . FRACTURE1 READ (JBIN) FDISPREQ 
IF (SINGLE_POROSITY .AND. MATRIX) RERD (JBINI MDISPREQ 
IF(DUAL-POROSITY .OF.. DURL_PERPIERBILITYI 

h RERDIJBINI IDISPREQ, PIFDISPREQ, FDISPREQ 
C 
C".~'l*********"'*~.*. mma 
C 

IE(MATRIx1 THEN 

- IF(MD1SPREQ .EQ. 'N' .OR. MDISPREQ .EQ. I GO TO 400 
L 
C--------------------- MATRn LONGITUDINAL DISpERSNITY ------------- - ~ 

C . . . . j 
l* 

CALL BRE33D(~GRID,JBINl i '  

L 

400 CONTINUE 
ENDIF 

IE(FRACTURE) THEN 
IF(FD1SPREQ .EQ. 'N' .OR. FDISPREQ .EQ. n GO TO 500 
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ENDIF 

IFl(MD1SPRFQ .EQ. 'Y' .OR. MDISPREQ .EQ. I .OR. - 
~ 

& (FDISPRFQ .EQ. 'Y' .OR. MDISPREQ .EQ. y THEN . . 
READIJBIN) (DMOLTEMDEP(1). I = 1, NUCLIDE) 
DO I = 1, NUCLIDE . - 

IF(.NOT. DMOLTEMOEP(I1) THEN 
? ..  .. ~ ~ .. 
CoC>Clo<> MOLECULAR DIFNSION,TENP. DEPENDENCY '7' - : .... 

C < -  . , 
--.L - -  . 

READIJBINI DMOL(1) . CI" ,rmT "'. . . -,5T- ...-. . .~ , . .  . .. 

r n I F  
IF (DMOLTEMDEP (I ) ) TEN 

C 
C o o o o  MOLECULAR DIFNSION,TMP. DEPENDENCY.REF. TEMP & VISCOSITY 
C -. ~ . .  . ,, . \, . , 

. .- . ., . - 
READ(JBIN1 DMOL(1) ,TREF(Il ,VISRFF(Il 
ENDIF 
ENDW 
ENDIF 

C 
IF(SINGLE~POR0SITY .AND. FRACTURE) - 

& READ (JBIN) FSTATUSINJ, STOCKMAN 
C 

IF(S1NGLE-POROSITY .AND. MATRIX) 
& READ(JEIN1 MSTATUSINJ, STOCKMAN 

r 

IF(MATRIX) THEN 
IFIMSTATUSINJ .EQ. N .OR. MSTATUSINJ .EQ. I GO TO 700 
READ(JBIN) TIMEMSTRT, TmEMEmD 
DO 600 J = 1,NUCLIDE 
CALL BRE23D(CONCINJMGRID.JBINNJ1 

600 CONTINUE 
700 CONTINUE 

ENDIE 

C 
IF(FP.ACTURE) THEN 

IFIFSTATUSINJ .EQ. 'N' .OR. FSTATUSINJ .EQ. I GO TO 900 
READIJBIN) TIMEFSTRT, TIMEFEND 
DO 800 J = 1,NUCLIDE 
CALL BRE23D(CONCINJFGRID, JEIN, J) 

800 CONTINUE 
900 COXTINUE 

ENDIF 
901 CONTINUE 
C 
C-------------- SPECIN DIRICHLET B.C. IF ANY ....................... 
C - 

IFISINGLE-POROSITY .AND. FRACTURE) READ(JBIN) EDIPJCHLET 
IF(S1NGLE-POROSITY .AND. KATRIXI READ(JBIN1 MDIRICHLFP 
IFIDUAL-POROSITY .OR. DUAL-PERMEABILITY) 

& READ (JBIN) MDIRICHLET,FDIRICIILET 
C 
C"******'**"***..* MATRIX 
C 

IF (MATRIX) THEN 
IF IMDIRICHLET) THEN 
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DO 902 J = 1,NUCLIDE 
CALL BRE23D(CONCDIRMGRID,JBIN,J) 

902 CONTINUE 
ENDIF . . 

ENDIF 
. . ~. . ~ . . . . . . . . . . . .  C ... 

. . 
C.....***..*...."-'- -c- 
C 

IF (FRACTURE) THEN 
IF (FDIRICHLET) THEN 

. . - .. W 904 J = 1,NUCLIDE . .~ 

CALL BRE23D1CONCDIREGRID,JBININJ) . - ... - . ... 
904 CONTINUE . . ,  ... . . 

ENDIF . . . .  ~. 
ENDIF 

c----------------- READ PRINT FLAGS OF THE BRSLRY FILE ----------------- 
C----------- SPECIFY NUMBER OF OUTPUT ARRAYS AND TIlEIR TITLES -------- 

IF(FINF1LETYPE .EQ. 'BIN' .OR. FWFILETYPE .EQ. 'ASC-BIN' 
1 .OR. FINEILETYPE .EQ. 'BIN-CDB' .OR. FINFILETYPE .EQ. 
2 'ASC-BIN-CDB'.OR. DEBUG) THEN - 

C 
IF~MATRIX) THEN . . 

READITBIN) (IPIUJTMB(1). I = 1. NMVARB) 
W 910 I = 1, NVARTIW2 
IF(IPRNTMB(1) .GT. 0) READ(JB1N) VARII) 

910 CONTINUE 
ENDIF 

READ(&CN) (IPPJVTFB(1). I = 1, NFVARB) 
m=o 
W 920 I = NVARTIT/2+1, NVARTIT 
K K = K K + l  
IF(IPWFB(KK) .GT. 0) READIJBIN) VAR(1) 

920 CONTINUE 
ENDIF 

ENDIF 
C 
C**"*"******'******* READ PRINT EIAGS OF ASCII FILES 
r - 

IF(FINE1LETYPE .EQ 'ASC' .OR. FINFILETYPE .EQ. 'ASC-BIN' 
1 .OR. FINFILETYPE .EQ. 'ASC-CDB' .OR. FINFILETYPE .EQ. 
2 ' ASC-BIN-CDB ' .OR. DEBUG) THEN 

C 
C++++++++++++++++++ FRACTURE OUTPUT FLAGS 

L 
C++++++++++++++++++ MATRIX OUTPUT FLAGS " 

C 
C""**************** READ PRIWI FLAGS OF CDB FILES 
C - 

IF(FIW1LETYPE .EQ. 'CDB' .OR. FINFILETYPE .EQ. 'ASC-CDB' 
1 .OR. FINFILETYPE .EQ. 'BIN-CDB' .OR. FINFILETYPE .EQ. 
2 'ASC-BIN-CDB'.OR. DEBUG) THEN - 

C 
C++++++++++++++++++ FRACTURE OUTPUT FmGS 
C 

A. 
IF(FRACTURE) READIJBIN) IIPRhTFC(1). I = 1, NFVARC) 

C 
C++++++++++++++++++ MATRIX OUTPUT FLAGS 
C 
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C .. 2.- 
IEIMATRIX) THEN 

' &L B&~D IPORMOLDGRID, JBIN) 
e; 

c------------------ . BRINE VOLDME Initialization --------------- .. - . 
C . . :- 7 , - . ~ . . 

CALL BRE33D lBRVOLGRID,JBIN) - . . . .. . . .. . . . . .. . . 
C 
c------------------ TOTAL DISSOLVED MASS PER GRID BLm ----------------- 
C 

IF(IPRNTMB(1) .GT. 01 CALL BRE33D ISUMM-DISGRID,JBIN) 
C 
C----------------TOTAL PRECIPITA- MASS PER GRID BLOCK ---------------- 
C 

IF(IPRNTMBl2) .GT. 0) CALL BRE33D (SUMKPRECIPGFSD,JBIN) 

C 
IFlIPRNTMB(3) .GT. 0) CALL BRE33D IS-TOTALGRID,JBIN) 

C 

c----------------- THE TOTAL OF DISSOLVED, PRECIPITArrT), ---------------- 
c------------------- AM) SORBED CURIES PER GRID BLOCK ----------------- 
C 

IF I IPRNTMB ( 6 )  . GT. 0 I CALL BXE33D lC~ALTOTALGRID, JBINI 
C 

DO 1000 J = 1, NUCLIDE 
READ(JBIN) NAME(J) 

C 
c------------------ INITIAL VOLUMETRIC CONCENTRATION ----------------- 
C 

IF(IPRNTMB(7) .GT. 0) CALL BRE23D(CMOLDGRID.JBIN.J) 
C 
C----------------------- INIT- DISSOLVED MASS ..................... 
C 

IE(IPRNTMBl8) .GT. 0) CALL BRE23D(BLOCM-DIS-MASSGRID,JBIN. J) 
C 

C 
IFIIPRNTMB(10) .GT. 0) 

6. CALL BRE23D(ADPRCONMALTOTALALMASSGRID,JBIN,J) 
C 
c----------------- INITIAL CURIES OF VOLUMETRIC CONCENTRATION ---------- 
r - 

IElIPRNTMB(11) .GT. 0) 
6. CALL BRE23D (VOL&CONC-CURIESGRID, JBIN, J) 
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C 

IF(IPRNTMB(l21 .GT. 0) 
& CALL BRE23D(DISMSMMASS-CURIESGRID,JBIN,Jl 

C 
IF(IPRNTMB(131 .GT. 01 

& CALL BRE23D(PRCIPM_MnsS-CURIESGRID,JBIN,J) 
C s 
c------------------- '.... INITIAL CURIES OF TOTAL MASS ----------------- ,, .. . 
C '5. 

IF(IPRNTMB(14) .GT. 01 
i ';" 

. .  ~ . ,... .~ ~. ; , " ( 5  :, 

. & CALL BRE23D (TOTALNJGSS-CURIESGRID, &IN, .. Jl ... . . , 1 . , . ,  . .. /, : 
1000 CONTIrn { " 

ENDIF : I , ,  

- 
IE(FRACTIP.E) THEN 

CALL BRE33D(PORFOLDGRID,JBIN) 

C 
CALL BRE33D(SWFOLM;RID,JBIN) 

C 
c------------------ TOTAL DISSOLVED MASS PER GRID BLOCK ----------------- 
r - 

IF (IPRNTFB (1) .GT. 0) CALL BRE33D (SUMF-DISGRID,JBIN) 

- 
C--------------- TOTAL PRECIPITATED CURIES PER GRID BLOCK --------------- 
r 

DO 2000 J = 1, NUCLIDE 
READ(JB1N) M ( J )  " 
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IFIIPRNTFBI101 .GT. 0) 
& CALL BRE23D lADPRCONF_TOTALALMASSGRID,JBIN, J) 

r ~. . 

U . 
IFIIPRNTFB(11) .GT. 0) 

& CALL BRE23D WOLF-CONC-CUFUESGRID. JBIN, J) 

C 
IF(IPRNTFB113) .GT. 0) 

& CALL BRE23D IPRCIPF-WS_CURIESGFJD,JBIN. J) 
C 

........................... END OF INTIALIZATION AND INPUT ECHO 
! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! I !?!  
C 
C 
.................... OUTPUT TIMEDEPENDENT VARIABLES ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  
C 
C%%%%%%%%%% SPECIAL INTEREST VARIABLES OUTPUT %%%%%%%%%%% 
C 

C 
IF(SINGLE_POROSITY .AM). MATRIX) THEN 
DCI 2500 J = 1, NUCLIDE 
READIJBIN) -1J) 
CALL BRE23D IFLUXJMlMGRID. JBIN . J) 
CALL BRE23D (FLUXIMLMORID, JBIN, J) 

2500 CONTINUE 
ENDIE 

C 
IF (SINGLE-POROSITY .AND. FRACTUK3) THEN 
DO 2600 J = 1. NUCLIDE 
READ(JBIN) NA&E(J) 
CALL BRE23DlFLUXJMlFGRTD.JBIN.J) 
CALL BRE23D IFLUXIMlFGRID, JBIN, J) 

2600 CONTINUE 
ENDIF 

C 
C**""'*'**'** DUAL-POROSITY OR DUAL-PERMEABILITY 
C 

- 
IF IPHASER'PE .EQ. G ) THEN 
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. 
IF lSINGLE_POROSITY .AND. MATRIX1 THEN 
W 2710 J = 1, NUCLIDE 
READ(JBIN1 NAMEIJ) 
CW BRE23D(CmSGRTD,JBIN,J) 

2710 CONTINUE 
ENDIF 

C 
c"*-****.***'-****.. 

ENDIF . ~ 

. . , : 1. 
~ .. ,.-, , . , 

C 
C"***"'****" DUAL POROSITY OR DUAL PEREIEABILITY 
C - 

IF (DUAL-POROSITY .OR. DUAL-PEIMEABILrn) TREN 
DO 2730 J = 1, NUCLIDE 
READIJBINI NUCLIDE 
CALL BRE23D(COmSGRmIDJaIN,J) 
CALL BRE23D ICONDFPIASSGRID. JBIN, Jl 

2730 CONTINWE 
ENDIE 

ENDIF 
r - 
C----------------- SOURCE FROM TRE ACTINIDE SOURCE -0DEL --------------- 
C Note that the source is in kgls and injected only in the fracture 
C - IF (STOCKMAN) THEN 

W 2740 J = 1.NUCLIDE 
READIJBINI NUCLIDE 
CALL BRE23DlCONCINJFGRID,JBIN, Jl 

2740 CONTINE 
ENDIF 

CALL ~RE33g (QWXF-GRID. JBIN) 
CALL BRE33D (QW-GRID, JBIN) 
ENDIF 

r 

C 
IEISINGLE~POROSITY .AND. MATRIX) THEN 

CALL BRE33D (QWXN-GRID, JBINI 
CALL BRE33D I QWYM-GRID. JBIN) 
ENDIF 

C 
C"-"'***".**** DUAL-PERMEABILITY OR POROSITY 
r 
b 

IF(DUALPOROS1TY .OR. DUALPERMEABILITY) THEN 
CALL BRE3 3D lQWXFWXFGRID, JTEMPI 
CALL BRE33D ( O W  GRID.JTEMP1 

C 
IF (MATRIX) THEN 

C 
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C 

CALL BRE33D (QPRMGRID, JBIN) 
C .. , 

C---------------------- mJECTION RATE OF EACH B- .................... 
C . . 

CALL BRE33P (QINMGRID, JBIN) 
. . 

C ,.': .. 
,%' c------~-+L---~& BRINE VOLUME IN EACH GRID BLOCK--------------- 

? !  

C , . . ' 
CAI& $F&$ ~~~~LGRID,JBIN) 

C $ . r  ;; 
c%%%B%%%%& >@* SPECIFIED VAKULBLES OUTPOT.X%%%%%%%%%% -..'-I . ' ~. . . 
C . . 

C----------------- THE TOTAL OF DISSOLVED, PRECIPITATED ---------------- 
C--------------------- AND SORBED MASS PER GRID B L m  ----------------- 

C 
IF(IPRNTMB(4) .GT. 0) CALL BRE33D (C--DISGRID,JBIN) 

C 

C 
IF(IPRNTMB (5) .GT. 0 )  CALL BRF33D (CSKIXCPRECIPGRID, J B I N )  

C 
IF IIPRNTMB ( 6 )  . GT. 0) CALL BRE33D (CSIJMM-TOTALGRID, JBIN) 

C 
DO 3000 3 = 1. NVCLIDE 
READ(JB1N) NAME(J1 - 

C 
C======================= VOLUMETRIC CONCENTRATION ....................... 
C 

IFlIPRNTMB(7) .GT. 01 CALL BRE23D(CMGR1DrJBIN,J) 
C 

IF(1PRNTMB ( 8 )  .GT. 0) CALL BRE23D(BLCCM-DIS-MASSGRIDJBIN, J) 
C 
C======================= MASS OF THE PRECIPITATE ........................ 
C 

IF (IPRNTMB(91 .GT. 0) CALL BRE23DlBLOC.t-PRC-MASSGRID,JBIN. J) 
C 

- 
IF(IPRNTMB(10) .GT. 0) 

& CALL BRE23D(ADPRCONM-TOTALALMASSGRID,JBIN,J) 
C 
C================== CURIES OF VOLUMETRIC CONC-RATION ================== 
C 

IF(IPRNTMBI11) .GT. 0) 
& C A L L  BRE23D(VOLM_CONC-CUR1ESGRID.JBIN.J) 

C 
...................... m I E S  OF DISSOLVED NUCLIDES ..................... - 
C 

IF(IPRNTMB(12) .GT. 0) 
& CALL BRE23D (DISM-MASS-CURIESGRID, JBIN, J) . 
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c.-- 

IF(IPRNTMB(131 .GT. 01, . 
& C m  BRE23D (PRCIPMBS-CURIESGRID, JBIN, Jl 

C 
IF (FRACTURE) THEN 

R ' 
1 t? ..: 

C 
IF (IPRNTFB (4) .GT. 01 CALL BRE33D (CSUMF-DISGRID,JBIN) 

C 
C--------------- TOTAL PRECIPITATED CURIES PER GRID BLOCK --------------- - 

C 
IF ( IPRNTFB ( 6 1 . GT. 0 ) CALL BRE33D ( CSUMFSUMFTOTALGRID. JBINJ 
DO 4000 J = I, NUCLIDE 
READ(JB1N) NAME(J) 

C 
IF(IPRNTFB(71 .GT. 0) CALL BRE23D(CFGRID,JBIN,J) 

C 
IF(IPRNTFB(8) .GT. 01 CALL BRE23D(BLOCF-DIS-MASSGRID.JBIN,Jl 
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L 

INCLUDE 'PARAMBR.INC' 
IMPLICIT NONE 
COHMON/D3SIZE/NX,NY,NZ 
INTEGER NX,NY,NZ,I,J,K,JTEXP 
DIMENSION ARRAYIMX.MY.M~I 
REAL ARRAY 
DO 10 K = 1, NZ 
DO10 J = l .  NY 
DO 10 I = 1. NX 
ARRAYlI.J.Kl = 0.0 

10 CONTINUE 
C 

READIJTEMP) lllARRAYlI,J,Kl ,I=l,NXl ,J=l,NYl .K=l,NZl 
C 

IlEm - ,. 
C 
..................... EM) OF SUBROETINE BRE33D %%%%%%%%%%a%%%% 
r 

L 

SUBROUTINE B R E 2 3 D l V A R O U T P E T , J T ~ , I C O ~ l  
C 

mrpose: - - - - - - - - 
This subroutine read a single precision 3D variable from BINARY 
file an return it as 4D. 

Author : Ali A. Shinta ------- 
Call: None 
Called by: NUTS-BIN-= 
Arguments : 
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VAROUTPUT(I,J,K.ICOUNT) = 0.0 
VAROUTPUT(I,J,K,ICOUNT) = ARRAY(1,J.K) 

20 CONTINUE 

C 
RETURN 

. 
C 
C BINRHEAD. INC 

C - - - - - - - - 
C This include file has the common blocks and the declarations 
C required for NUTS-BIN-READ. 
C - 
C Author : Ali A. Shinta 
C - - - - - - - 
r - 
C Call: NONE 
C Called BY: NLTS-BIN-READ 

C 
IMPLICIT NONE 

C 
c--------------------------------------------------------------- 

COMMON/DIMENSION/DXGRID~MX,~,MZl,DYGRID(MX,~,Mzl, 
&DZGRIDlMX,~,Mz~,VRGRID~MX,~,MZ~,AXGRID(MX,~,Mzl, 
&AYGRIDLMX,~,MZl.AZGRID~MX,~,Mz).X~MX.~,Mz), 
6 Y (MX,MY, MZ I , z (m, m, MZ ) . NBLOCK, IDIMENSION, 
& DIRECTION 

C 
REAL DXGRID,DYGRID,DZGRID,VRGRID,AXGRID,AYGR~,AZGR~,X,Y.Z 

C 

REAL W.OGRID, QPRMZRID, QPRPGRID. QINMGRID. QINFGRID. PHGRI'C. 
& POWOLDGRID.PORMOLDGRID.SWFO~MI.RI~.SWMOL~R~D 

INTEGER IFIAGTIME,NUCLIDE,NO~PHASES,NOCONTINUM,NO~TIMESTEP 
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INTEGER JBIN .. - . . 

U ~ . .  . . .. 
LOGICAL DEBUG . . 

REAL ADPRCOWTOTAL-MASSGRID,ADPRCOWTMAL-MASSGRID, 
6 BLOCF-DIS-I?ASSGRID,BLOcILDIS-~SGRID,BLDCF-PRCBSGRID. 
& BLOM-PRC-MASSGRID, S C B F D I S G R I D ,  SUMF-PRECIPGRID, 

REAL VOM-CONC-CURIESGRID. DISKMASS-CURIESGRID, 
& PRCImMASS-CURIESGRID,TOTW.--5-CURIESGRID. 
& VOLF-CONC-CURIESGRII:,DISF-MASS-CURIESGRID, 
& PRCIPF-MASS-CURIESGRID,TOTW~MASS_CURIESGRID. 

C 

REAL CMBIF, CMBTF, SUMRTF, SUMQTE ,BLOC?WBFMU(, CMBM. CMBTPI, 
& SUMRTM, SUMQTM, BLOCKMBMMAX 
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& C3 (NC) ,C4(NCl ,C5(NC) ,XMOLWT(NCl .COMPINT(NCl ,WASTEVOL(NS), 
& XI3LMIA (NC) , IWASTE (NB, NC I . NCOMPONENT (NS) , NSTPES, NO-, 
& RAD (NCI , ELTENP_SOLB (NC) -. 

- 
C 

REAL ~EMNT~SOLB~LIMIT,CO,C1,C2,C3,C4,C5,XMOLWT,COMPINT, 
6. WASTEVOL.XLAMDA 

C 
INTEGER IWASTE,NCOMPONENT,NSITES,NOELEMENT 

r - 
cHRRAcTER*zo RRD . .  . 

C 
. - . -. . 

LOGICAL ELTEMP_SOLB 
~ . . ~ .  .~ - ~ ~ . , .. . .- . . . .. .< , . . .. , . 

L . - . - .~ - 
' . . 

COXMON/NAMESIPAREhPPAREhPPNAMEINC) ,NAME(NC), 
& DAUGHTER-NAME (NC) , ELEMENTELEMENTNAME (NC ) , 
& GROUP-NAME INC 1 , SITE- f NS 1 . . . .  . 

C .. . . 
CHARACTER* 2 0 PARENT-NAME ,NAME, DAUGWI'ELNAME, ELEMENT-NAPIE, 

& GROUP-NAME . SITE-NAME 

. ~ .  . .  
& XLCMGFJD(MX,W,M.NCI ,~CFGRID(~,~,MZ,NCI, 
& REF!EEPKD(NC) ,ADSMPCOEEE (NC) , 
& FSORPTION (NC)-,MSORPTSONlNCl ,ADSTYPEF, 
& ADSTYPM,NAT-ISOTHERM, FRAC~ISOTKERM, 
& MADSTEMPDEP (NC) . FADSTMPDEP (NC) " . . .. . 

+ I 
REAL XLFGRID, XIXGRID ,XFDCFGRID, XFDCMGRID,XFCFGFXD,XFCMGRID, , 

& XLDMGRID,MDCFGRID,M~GRID,XLCFGRID,REFTEMPKD,ADSEXPCOEFF *' ; 
C 

C 
LOGICAZl MADSTEMPDEP , FADSTEMPDEP 

COMMON/DISPPROP/WFGRID(MX.W,MZ).ALWGFXD(M[.~.MZl.. 
& TOWGRID(MX,W. MZI . ALLHGRID(MX. m .  MZI .ALTMGRID(M(,MY,MZ) , 
&TORnGRID~MX,~.~l.DM~L~NCl.V~S~FlNCl.TREF(NCl.2IDISPREQ. 
& FDISPREQ, MFDISPREQ. DM3LTENDSP (NC) 

r 

C 
REAL CFGRID,CMGRID,CEOLDGRID,CMOLDGRID 

c-------------------------------------------------------------------- 
COMMON/CONCSOURCE/CONCINJFGRIDlMX.W.MZ.NCl. - .  . 

& COP~DIRMGRID(MX,W. KZ.NC1 ,CONCDIRFGRIDlMX,MY,M,NCl , 
& CONCINJMGRID (MX. MY. MZ. KC, , T I M E M S T R T 8 T ~ ,  TIHEFSTRT. 
& TIMEFEND.HDIRICIIET,FDIRICHLET.MSTATUSINJ,ESTATVSINJ.STOCKHAN - 

REAL CONCINJFGRID.CONCDIRMGRID,CONCDIWGRID,CONCINJMGRID, 
& TIMEMSTRT. TIMMEND, TIMEFSTRT , TIMEFEND 

CHARACTER'ZO MSTATUSINJ.FSTATUS1NJ 

LOGICAL MD1R1CIILET.FLl1R1CHLET.S~ 
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- 
CHARACTER+24 MEDIUM 

C - 
LOGICAL FRACTURE,MATRIX,SINGLE~POROSITY,DUAL~POROSITY, 

& DUAL-PERHEABILITY . . . . 

- 
REAL CONDMMASSGRID,CONDFNASSGRID,EQCI,EQCS 

C 
CHARACTER PHASETYPE'lO 

. 
COMMON/BRVOLGRID/BRVOLGRID(MX,m,MZ. 
RULL.4 BRVOLGRID 

- L 

C%%%%%%%%%%%%%%%%%% END OF BINRHEAD.INC %%%%%%%%%%%%%%%%% 
C 


