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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your

expectations, we will replace it free of charge. Simply write to us:
Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn: Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.

One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.
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#include <stdio.h>
#include <stdlib.h>

struct BigvGen{
float n,beta,porosity,mcResid, ksat;
}; .

main()

char buf([81];

int i,ix,Jjy,kz,matNum,numFound;

int Nx=55,Nz=65,numRockUnits=5;

int iecm;

float vb,permeability, fmat;

float swir,rpm,alpha,pcwmx,sgc;

float density,viscosity,gravity;

float n,beta,porosity,mcResid, ksat;

struct BigvGen **rkUnit, *tcw,*ptn,*tsw,*chn, *ppn;

/*****************i********************************************************
matGroups93.c

This code prepares material-property input block PCKR and
material-assignment input block PHIK for MULTIFLO. Material parameters
for 5 rock units are determined using the data structure BigvGen.
Assignment of rock-unit numbers to finite-difference cells is determined
using information read from an external file containing material-index
data extracted from BIGFLOW

Data structure BigvGen holds the van-Genuchten parameters for a
rock unit in BIGFLOW format. Material-parameter values are derived from
TSPA-93 property set.

n van Genuchten parameter n
beta pressure-head multiplier in van Genuchten function
(in units of 1/m)
_ porosity rock-unit porosity
mcResid residual moisture content (volumetric ratio)
ksat saturated hydraulic conductivity (m/s)
Author G.I. 0Ofoegbu
Date May 09 1996
System Requirement most C compilers will be adequate

***************************************************************************/

/* Initialize material BIGFLOW-format vanGenuchten parameters */

rkUnit = (struct BigvGen **)malloc(5*sizeof(struct BigvGen *));
if (trkUnit)
DumpAndQuit("Unable to allocate memory for rockUnits array");

tcw = (struct BigvGen *)malloc(sizeof(struct BigvGen));
if (!ltcw)
DumpAndQuit("Unable to allocate memory for TCw unit");

tcw->n = 1.62;
tcw->beta = 0.0218;
tcw->porosity = 0.087;
tcw->mcResid = 0.0018;
tew->ksat = 3.86e-10;

rkUnit[0] = tow;

ptn = (struct BigvGen *)malloc(sizeof(struct
if (iptn)
DumpAndQuit("Unable to allocate memory for

ptn->n = 2.611;
ptn->beta = 0.2485;
ptn->porosity = 0.421;
ptn->mcResid = 0.0648;
ptn->ksat = 5.47e-7;
rkUnit[1l] = ptn;

tsw = (struct BigvGen *)malloc(sizeof(struct
if (itsw)
pumpAndQuit("Unable to allocate memory for

tsw->n = 1.793;
tsw->beta = 0.0299;
tsw->porosity = 0.139;
tsw->mcResid = 0.0063;
tsw->ksat = 2.37e-10;
rkUnit[2] = tsw;

chn = (struct BigvGen *)malloc(sizeof(struct
if (!chn)
DumpAndQuit{"Unable to allocate memory for

chn->n = 2.0866;
chn->beta = 0.0306;
chn->porosity = 0.319;
chn->mcResid = 0.0359;
chn->ksat = 6.22e-9;
rkUnit[3] = chn;
ppn = {struct BigvGen *)malloc(sizeof(struct
if (1ppn)

DumpAndQuit("Unable to allocate memory for

ppn->n = 7.014;
ppn->beta = 0.018;
ppn->porosity = 0.292;
ppn->mcResid = 0.0201;
ppn->ksat = 2.58e-9;
rkUnit[4] = ppn;

/* Convertion constants */

density = 1000.0; /* density of water (kg/m~3) */
viscosity = 1.0e-3; /* viscosity of water (Pa.s) */

BigvGen));

PTn unit");

BigvGen));

TCw unit"y);

BigvGen)});

CHn unit");

BigvGen));

PPn unit");

gravity = 10; /* m/s”2 */

/* Write PCKR input block */

printf("PCKR\n");
pcwmx = 0.0;

sgc = 0.0;

iecm = 0;

for (i=0; i<5; i++){
n = rkUnit[i]->n;

o

LAY,

\




beta = rkUnit[i]->beta;

porosity = rkUnit[i]->porosity;

mcResid = rkUnit[i]->mcResid;

swir = mcResid/porosity;

rpm = 1.0 - 1.0/n;

alpha = beta/(density*gravity);

printf("%d  VAN-GEN %12.3e %12.3e %12.3e %5.1f %5.1f %54\n",
i+1,swir,rpm,alpha, pcwmx, sgc,iecm);

}
printf("0\n");
/* Read material index file and write PHIK input block */
printf("PHIK\n");
vb = 0.0;
jy = 1;
numFound = 0;

while (gets(buf)})

if (sscanf(buf,"%d %d %f",s&ix,skz,sfmat) == 3){
matNum = fmat/1.0e4;
if (tix || ix>Nx || tkz || kz>Nz || !matNum || matNum>numRockUnits){
sprintf(buf, "Invalid input: ix=%d kz=%d matNum=%d",ix,kz,matNum);
DumpandQuit (buf);

i = matNum-1;
porosity = rkUnit[i]->porosity;
ksat = rkUnit[i]->ksat;
permeability = ksat*viscosity/(density*gravity);
printf("$5d%54%5d%5d%5d%5d%3d%3d%5.1£%10.4£%12.3e%12.3e%12.3e\n",
ix,ix,jy,Jjy,Nz-kz+1,Nz-kz+1,
matNum, matNum,
vb,
porosity,permeability, permeability,permeability

i
numFound++;

printf("0\n");
if (numFound != NX*Nz)
printf("\n\n *** Material assignment found for %d of expected %d cells\n\n"
numFound, NX*Nz) ;

}

DumpAndQuit(s)

char *s;

{
printf("\n *** %s ***\n\n",s);
exit(0);

1




#include <stdio.h>
#include <stdlib.h>

struct BigvGen({
float n,beta,porosity,mcResid, ksat;

main()

char buf[81];

int 1i,ix,jy,kz,matNum,numFound;

int Nx=55,Nz=65,numRockUnits=5;

int iecm;

float vb,permeability, fmat;

float swir,rpm,alpha, pcwmx, sgc;

float density,viscosity,gravity;

float n,beta,porosity,mcResid, ksat;

struct BigvGen **rkUnit,*tcw,*ptn,*tsw,*chnv,*chnz;

/**************************************************************************

matGroups95.c

This code prepares material-property input block PCKR and
material-assignment input block PHIK for MULTIFLO. Material parameters
for 5 rock units are determined using the data structure BigvGen.

Assignment of rock-unit numbers to finite-difference cells is determined

using information read from an external file containing material-index
data extracted from BIGFLOW

Data structure BigvGen holds the van-Genuchten parameters for a

rock unit in BIGFLOW format. Material-parameter values are derived from

TSPA-95 property set.

n van Genuchten parameter n
beta pressure-head multiplier in van Genuchten function
(in units of 1/m)

porosity rock-unit porosity

mcResid residual moisture content (volumetric ratio)
ksat saturated hydraulic conductivity (m/s)
Author G.I. Ofoegbu

Date May 09 1996
System Requirement most C compilers will be adequate

**************t************************************************************/

/* Initialize material -BIGFLOW-format vanGenuchten parameters */

rkUnit = (struct BigvGen **)malloc(5*sizeof (struct BigvGen *)});
if (!rkuUnit)
DumpAndQuit ("Unable to allocate memory for rockUnits array");

tew = (struct BigvGen *)malloc(sizeof (struct BigvGen));
if (ltew)
DumpAndQuit ("Unable to allocate memory for TCw unit");

tew->n = 1.558;
tcew->beta = 0.0084;
tew->porosity = 0.087;
tew->mcResid = 1.74e-4;
tew->ksat = 9.7e-12;

rkUnit[0] = tow;

ptn = (struct BigvGen *)malloc(sizeof (struct BigvGen));
if (!ptn)
DumpAndQuit("Unable to allocate memory for PTn unit");

ptn->n = 6.872;
ptn->beta = 0.0153;
ptn->porosity = 0.421;
ptn->mcResid = 0.0421;
ptn->ksat 3.9e-7;
rkUnit[1] ptn;

[}

tsw = (struct BigvGen *)malloc(sizeof (struct BigvGen));
if (!tsw)
DumpAndQuit("Unable to allocate memory for TCw unit");

tsw->n = 1.798;
tsw->beta = 0.0058;
tsw->porosity = 0.139;
tsw->mcResid = 1.112e-2;
tsw->ksat = 1.9e-11;
rkUnit[2] tsw;

chnv = (struct BigvGen *)malloc(sizeof (struct BigvGen));
if (!chnv)
DumpAndQuit("Unable to allocate memory for CHnv unit");

chnv->n = 3.861;
chnv->beta = 0.0163;
chnv->porosity = 0.331;
chnv->mcResid = 1.3571e-2;
chnv->ksat = 2.7e-7;
rkUnit[3] = chnv;

chnz = (struct BigvGen *)malloc(sizeof (struct BigvGen));
if (!chnz)
DumpAndQuit("Unable to allocate memory for CHnz unit");

chnz->n = 1.602;
chnz->beta = 0.0031;
chnz->porosity = 0.306;
chnz->mcResid = 3.366e-2;
chnz->ksat = 2.0e-11;
rkUnit{4] = chnz;

/* Convertion constants */
density = 1000.0;

viscosity = 1.0e-3;
gravity = 10;

/* density of water (kg/m~3)
/* viscosity of water (Pa.s)
/* m/s" 2 */

/* Write PCKR input block */
printf("PCKR\n");
pcwmx = 0.0;

sgc = 0.0;
iecm = 0;

for (i=0; i<5; i++){
n = rkUnit([i]->n;

*/
*/

N




beta = rkUnit{i]->beta;

porosity = rkUnit[i]->porosity;

mcResid = rkUnit[i]->mcResid;

swir = mcResid/porosity;

rpm = 1.0 - 1.0/n;

alpha = beta/(density*gravity);

printf("%d VAN-GEN %12.3e %12.3e %12.3e %5.1f $5.1f %54d\n",
i+l,swir,rpm,alpha, pcwmx, sgc,iecm);

}
printf("0O\n");

/* Read material index file and write PHIK input block */
printf("PHIK\n"); '
vb = 0.0;
jy = 1;
numFound = 0;

while (gets(buf))

if (sscanf(buf,"%d %4 %f",s&ix,skz,&fmat) == 3){
matNum = fmat/1.0ed;
if (tix |} ix>Nx {| !kz {| kz>Nz || !matNum || matNum>numRockUnits){
sprintf(buf, "Invalid input: ix=%d kz=%d matNum=%d",ix,kz,matNum);
DumpAndQuit(buf);
}

i = matNum-1;

porosity = rkUnit(i]->porosity;

ksat = rkUnit[i]->ksat;

permeability = ksat*viscosity/(density*gravity);

printf("$5d%$5d%5d%$5d%5d%$5d%3d%3d%5.1%10.4£%12,3e%12.3e%12.3e\n",
ix,ix,jy,jy.Nz-kz+1,Nz-kz+1,

matNum, matNum,
vb,
porosity, permeability, permeability,permeability
;i
numFound++;
}
printf(™"0\n");
if (numFound != Nx*Nz)

printf("\n\n *** Material assignment found for %d of expected %d cells\n\n",
numFound, Nx*Nz) ;
}

DumpAndQuit(s)
char *s;

{

printf("\n *** %s ***\n\n",s);
exit(0);

#include <stdio.h>
main ()

char buf[121];

int ix,kz,matnum,dx=20,dz=10;
/***********************************************************k*******

phikTest.c

This code converts a PHIK input block (prepared for METRA)
into a tecplot format to enable verification of the PHIK input
block (through a tecplot plot)

Author: G.X. Ofoegbu
Date: May 15 1996
System Requirement: ANSTI C

(Compile with acc on SUN 0S platform)

*******************************************************************/

printf(" zone i= 55 j= 65\n");

while (gets(buf))
if (sscanf(buf,"%d %*d %*d %*d 3d %*d 3d %*d %*{",
&ix, &kz,smatnum) == 3)
printf("%10d%104d%104\n", ix*dx, -kz*dz,matnum) ;

./




Example 2D Perched-Water Problem 3 TOP 15511

Case 08: Infiltration equal to TC Ksat; initial saturation of 25% 0 3.059E-4 1.0 25 0.0001 0
RSTART 0 0

: RSTART 1

: Grid definition STEADY[y] 1.0

: ENDS

GRID XYZ 55 1 65 01 1

DXYZ 0

20.0

1.0

10.0

: Material-properties definition and assignment to grid blocks

éHERM

: no rho cpr ckdry cksat crp crt tau cdiff cexp enb
1 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
2 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
3 2.580e+03 840.0 1.74 2.3 0 ] .0 2.13e-5 1.8 1.
4 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
5 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.

PCKR

1 VAN-GEN 2.000e-03 3.582e-01 8.400e-07 0.0 0.0 0

2 YVAN-GEN 1.000e-01 8.545e-01 1.530e-06 0.0 0.0 0

3 VAN-GEN 8.000e-02 4.438e-01 5.800e-07 0.0 0.0 0

4 VAN-GEN 4.100e-02 7.410e-01 1.630e~06 0.0 0.0 0

5 VAN-GEN 1.100e-01 3.758e-01 3.100e-07 0.0 0.0 0

0

PHIK c05 : Get material assignments from c05.phk

: Initial conditions

iNIT

1 55 1 1 1 64 1.0725e+05 25.000 0.75 0 0
1 55 1 1 65 65 1.0725e+05 25.000 0.0001 [
0
MONItor

1512 1623 2172
RECUrrent.-data

6UTPUT P=1 L=1 T=1
SOLVE 4 4 12

;TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE
Tolr l.e-1 l.e-5 l.e-4 l.e+t0 1l.e-6 l.e-6 l.e-6 1.e-20 1.e-20 1.e-20

;Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx
LIMIT 5.e6 .07 7. 5.e5 1l.e-7 l.e3 0

;AUTO-step DPMXE DSMXE DTMPMXE DP2MXe TACCEL IAUTO
AUTO-step 1.0E+5 0.03 3.0 1.e30
Plots 1

: Boundary conditions
BCON 2

1 BOTTOM 1 55 1 1
0 0 1.0725E5 25.0 0.0001 ©O

0
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Example 2D Perched-Water Problem with thermal perturbation TIME([y] 100.
Case 10: Steady-state solution of Case 08 as initial condition ENDS

RSTART O
; Grid definition

GRID XYZ 55 1 65 0 1 1
DXYz 0

20.0

1.0

10.0

: Material-properties definitign and assignment to grid blocks

THEERM

: no rho cpr ckdry cksat cxrp crt tau cdiff cexp enbd
1 2.580e+03 728.0 1.69 2.23 0 o] .5 2.13e-5 1.8 1.
2 2.580e+03 422.0 0.61 0.81 0 0 5 2.13e-5 1.8 1.
3 2.580e+03 840.0 2.10 2.78 0 0 0 2.13e-5 1.8 1.
4 2.580e+03 488.0 0.84 1.11 0 0 0 2.13e-5 1.8 1.
5 2.580e+03 526.0 0.42 1.88 0 0 0 2.13e-5 1.8 1.

0

PCKR

1 VAN-GEN 2.000e-03 3.582e-01 8.400e-07 0.0 0.0 0

2 VAN-GEN 1.000e-01 8.545e-01 1.530e-06 0.0 0.0 0

3 VAN-GEN 8.000e-02 4.438e-01 5.800e-07 0.0 0.0 0

4 VAN-GEN 4.100e-02 7.410e-01 1.630e-06 0.0 0.0 ]

5 VAN-GEN 1.100e-01 3.758e-01 3.100e-07 0.0 0.0 0

0

PHIK c05 : Get material assignments from c05.phk

INIT c08out : Get initial conditions from cO8out.int

: MONItor

1512 1623 2172
RECUrrent-data

OUTPUT P=1 L=1 T=1
SOLVE 4 4 12

;TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE
Tolr 1l.e-1 l.e-5 l.e-4 1.e+0 l.e-6 l.e-6 l.e-6 1.e-20 l.e-20 1l.e-20

:Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icutmx

LIMIT 5.e6 .07 7. 5.e5 1l.e-7 l.e3 0

:AUTO-step DPMXE DSMXE DTMPMXE DP2MXe TACCEL IAUTO

AUTO-step 1.0E+5 0.03 3.0 1.e30

Plots 1

SOURCE 1 1.0 1.0 gqh83 : read heat source definition from gh83.src

: Boundary conditions

BCON 2

1 BOTTOM 1 55 1 1

0 0 1.0725E5 25.0 0.0001 O
0 ,

3Top 15511

0 3.059E-4 1.0 25 0.0001 0
0
: RSTART 1
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IMPLICIT REAL*8(A-H,0-%)

Code HeatSrcByvVol computes transient heat flux (J/s) emanating from
a volume (VCELL) of the repository. The heat flux (J/s) due to

1 MTU (FLUX) is computed in subroutine MTUFLX (developed by

R. D. Mantuefel) and is multiplied by the number of MTUs in the
repository (TMTU) and divided by the repository volume (VREPO)

to obtain the average flux per unit repository volume (FLXPV),
which is multiplied by VCELL to obtain the total flux that emanates
from VCELL. The repository is model as a 10-m thick slab, and the
case illustrated is for an 83 MTU/acre thermal loading.

Author: G. I. Ofoegbu
Date: June 12 1996

ACRE = 4047.0

THICK = 10.0

AML = 83.0

TMTU = 63000.0
VCELL = 20.0%*10.0
AREA = ACRE*TMTU/AML
VREPO = AREA*THICK

TIME = 0.0

CALL MTUFLX(FLUX,TIME)
TSEC = TIME*365.0%24.0*3600.0
FLXPV = TMTU*FLUX/VREPO

CELFLX = VCELL*FLXPV
WRITE(6,1000) TSEC,CELFLX

DT = 0.1

IF (TIME .GT. 1.0) DT = 0.5

IF (TIME .GT. 10.0) DT = 5.0

IF (TIME .GT. 100.0) DT = 50.0
IF (TIME .GT. 1000.0) DT = 500.0
TIME = TIME + DT

IF (TIME .LT. 10010.0) GO TO 100
STOP

FORMAT (2E12.3)

END

SUBROUTINE MTUFLX( FLUX, TIME)

IMPLICIT REAL*8(A-H,0-%Z)
DIMENSION TIMES(38), PWR(38), BWR(38)

DATA TIMES / 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0,
16.0, 18.0, 20.0, 25.0, 30.0, 40.0, 50.0, 60.0, 70.0, 80.0,
90.0, 100.0, 200.0, 300.0, 400.0, 500.0, 1000.0, 2000.0,
3000.0, 5000.0, 10000.0, 30000.0, 40000.0, 50000.0, 100000.0,
200000.0, 500000.0, 1000000.0 /

C PWR WITH 42 GWD/MTU BURNUP

Mo e

DATA PWR / 10582.390, 5740.4059, 3759.2845, 2784.2818,
2265.6947, 1957.4007, 1769.3468, 1641.4306, 1547.4025,
1477.2287, 1231.4270, 1177.4945, 1133.5847, 1026.9513,
941.70979, 796.60790, 682.24662, 591.08155, 531.67177,
458.53320, 410.13654, 371.14194, 205.60656, 159.43532,
134.23410, 116.03889, 65.483382, 33.112897, 25.230178,
20.668519, 15.006216, 5.9303608, 4.2836496, 3.2613031,

[eXe!

O o aoaoaaon

8833

1 1.2804850, 0.80268576, 0.67173300, 0.48635582 /

1
1
1
1
1
1
1

BWR WITH 32 GWD/MTU BURNUP

DATA BWR / 6648.7963, 3652.6734, 2437.5396, 1834.6740,
1522.4266, 1334.2946, 1226.4492, 1142.4117, 1088.4892,
1045.2362, 887.48326, 851.11466, 817.75730, 744.64654,
682.32031, 577.22915, 494.33762, 427.36371, 373.44121,
329.67049, 294.30397, 265.33367, 146.33258, 115.24506,
98.253661, 85.614640, 50.235460, 27.102957, 21.205846,
17.606008, 12.704777, 4.9260472, 3.5334570, 2.6730881,

1.

0138927, 0.60454605, 0.50774771, 0.37405906 /

AVG BURNUP = 38.5 GWD/MTU

Apply heat flux to canister

AGE = 23.0
TYR = TIME + AGE

IF( TYR .LT. TIMES(1) ) THEN
TYR = TIMES(1) + 1.0D-8

ELSEIF( TYR .GT. TIMES(38) ) THEN
TYR = TIMES(38) - 1.0D-8

ENDIF

DO I =1, 38
IF( TYR .LT. TIMES(I) ) THEN

J=1I-1
GOTO 8833
ENDIF

ENDDO
J = 37
CONTINUE
AM = DLOG(PWR(J)/PWR(J+1)) / DLOG(TIMES(J+1)/TIMES(J))
QP = PWR(J) * (TIMES(J) / TYR )**AM
AM = DLOG(BWR(J)/BWR(J+1)) / DLOG(TIMES(J+1)/TIMES(J))
QB = BWR(J) * (TIMES(J) / TYR )**AM

QWP = 0.65*QP + 0.35*QB

FLUX = QWP

RETURN

END

<z
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Results

inia v o LY

Under the influence of a constant,flux of 0.3 mm/yr and isothermal conditions the flow
system exhibited the following behavior. %e PTn unit, having a high permeability, allows water
to flow freely down through it. When it encounters the TSw unit, which has a low permeability,
its downward flow is inhibited. This causes the water to be channelled downdip in the PTn until
it reaches the GDF. The footwall of the fault has been uplifted such that the PTn in the hanging
wall is juxtaposed against the relatively impermeable TSw unit in the footwall of the fault. This
produces a trap where the water that is channelled downdip through the PTn encounters the
relatively impermeable TSw at the fault and begins to accumulate, producing a perched water

i)ody. As it continues to accumulate, it percolates slowly downward through the TSw unit, thus

extending the perched water body well in the TSw unit. The perched body continues to grow as

long as there is enough water above it to supply it with water faster than it can be dissipated and

reaches a steady-state condition that is characterizg G:% very high saturation values (99% and
higher) immediately updip of the GDF Higure-1¢

,—-\\

NS -

O\ Wit Soeage.. (D
| R

The isothermal results are used as initial condition for the nonisothe sis. Almost

immediately (in one year or less), the effects of repository heating are fe}t jn terms df inc d
saturation and liquid- and gas-phase velocities at the level of the reposito igﬁm a3 1t
is worthwhile noting that this is particularly amplified below the area of hi uration values

predicted under the isothermal conditions. As time progresses, a high saturation zone develops
at the repository depth, immediately updip of the GDF. This perched water volume increases with
time, reaches a maximum value, and then starts dissipating under the influence of elevated
temperatures, until it finally breaks down after 250 yrs, and ultimately completely dries out after
approximately 1,000 yrs. Representative snapshots of the saturation contours are depicted in

ﬂg@ &We ow pages RO, M and RA-
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limltﬁ | b

A complete time history of the perched water zone volume is shown in Figure-3Tor three
saturation thresholds (99.8, 99.98, and 100%). Several observations can be made from this figure.
First, though the isothermal analyses produced high saturations, giving water volumes (per unit
section thickness) of 4,800 and 7,500 m® within zones with saturations higher than 99.98 and
99.8%, respectively, there was no zone with saturation values equal to 100%. Under the influence
of repository heating, the perched water volume based on 100% saturation threshold increases,
reaches a maximum of 4,000 m’® after 100 yrs and dissipates totally after 1,000 yrs. Similar

N

behavior is exhibited by the other two curves with the exception of the maximum t?eing attained
- around 45 yrs, followed by an abrupt decrease in the volume. The abrupt decrease in volume for
. both the 99.8 and 99.98% saturation values is attributed to condensation effects due to the heat

‘wave reaching and passing through the area of isothermally-driven bigh ation values.

14000

— 100%

12000 /‘ — — 99.8%

-+~ 99.98%

100001

8000+

6000+

Perched Water Volume (m3)

&

2000+

1

10

10
Time After Heating Started (years)

e history of water volume for parts of the domain with saturations higher
al to 99.8, 99.98 and 100%.

to return to its pre-heating state. A case in point is made by obse £,
tours an direction vectors after a period of 10,000 yrs.
returning to its isothermal steady-state condition and that even after a period of 10,000 yrs.
understand the physical phenomena associated with the formation bf&e&q@gﬁ_ water bodies under
water-movement directional patterns remained essentially the same as was established prior to
size of the 100%-saturation zone initially increases with time and later gigrates downwards to
* movement. //—\

It is also worth reporting that even though the effects of repository heating are propagated
wHith depicts
hquld-phﬁ,s‘:e ..clocny mag tug_;c,\'t con
page 25
nonisothermal conditions in the vicinity of the repository. As Figure-5a shows, the introduction
repository heating. The combined effect of water accumulation and gas expulsion led to the
" a depth of about 360-400 m, that is below the repository level (Fi ). Thereafter, the
(G 1)

and felt throughout the domain almost instantaneously, it takes a :\;}e,_r,‘y lon q;c}i_gle tjo%}he system
in%ﬁgm—ﬁ
Comparing E on& oin adily infer that the flow system is still far from
Plots of gas-velocity magnitudes and directions (e.g., Figure-5a) were examined to
of heating caused general. movement of gas away from the repository area, whereas
development of 100%-saturation, first in the zone of highest isothermally-driven saturation. The
saturation zone begins to break up and eventually disappears, because of gas-driven moisture
\_ I
1
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CONCLUSIONS

5;5{%NY
Results calculated,in this work indicate that the initial effect of r

the condition of steady a\%raged infiltration) is likely to be increased w

epository heating (under
ater saturation within the

repository area, because of gas expulsion from the heated area and water infiltration. Such

increased saturation may result in sustained perched water volumes that grow in size within the

first 100 yrs of repository h%.ing and begin to dissipate thereafter.

- ' W
(Lect of Fractures eyt 6 (1996
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wWo M e PCKR v 2 CASS
5 repvodmie
o S I (R 0~ 6/ i et S S L S
i type-curv swirm rpmm(lamda) - alpham sgextm § iecm e
swirf rpmf(lamda) alphaf phim phif permm permf
1 vVan-Gen 0.020 0.3582 8.4e-7 0. 0. 1 e
0.04 0.7636 1.305e-5 0.087 1.8e-3 9.7e-19 3.9e-12
2 Van-Gen 0.100 0.8545 1.53e-6 0. 0. 1
0.040 0.7636 1.305e-5 0.421 1.8e-3 3.9e-14 3.%9e-13
\\\\\\\\\\\\\\\\\ 3 Van-Gen ., 0.080 0.4438 5.8e-7 0. 0. 1
0.040 0.7636 1.305e-5 0.139 1.8e-3 1.9e-18 3.%9e-12 ...
\\\\\\\\\\\\\\\\\ 4 Van-Gen 0.041 0.741 1.63e-6 0. 0. 1
\\\\\\\\\\\\\\\\\\\\\\\ 0.040 0.7636 1.305e-5 (0.331 1.8e-3 2.7e-14 3.9%9e-13 RE—
5 Van-Gen 0.110 0.3758 3.10e-7 0. 0. 1
\\\\\\\\\\\\\\\\\\\\\\ 0.040 0.7636 1.305e-5 0.306 1.8e-3 2.0e-18 3.9e-12 —
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Example 2D Perched-Water Problem
Case ecml: ECM equivalent of Case c08.

Infiltration equal to TC Ksat(matrix); initial saturation of 25%
RSTART 0 '

: ¢rid definition

GRID XYZ 55 1 65 0 1 1
DXYZ O

20.0

1.0

10.0

: Material-properties definition and assignment to grid blocks

THERM
: no rho cpr ckdry cksat crp crt tau cdiff cexp enbd
1 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1. 1.
2 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
3 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
4 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
5 2.580e+03 840.0 1.74 2.3 0 0 .0 2.13e-5 1.8 1.
0
PCKR
: i type-curv swirm rpmm(lamda) alpham sgextm sgc iecm
swirf rpmf(lamda) alphaf phim phif permm permf
1 Vvan-Gen 0.020 0.3582 8.4e-7 0. 0. 1
0.04 0.7636 1.305e-5 0.087 1.8e-3 9.7e-19 3.9e-12
2 Van-Gen 0.100 0.8545 1.53e-6 0. 0. 1
0.040 0.7636 1.305e-5 0.421 1.8e-3 3.9%e-14 3.9e-13
3 Van-Gen 0.080 0.4438 5.8e-7 0. 0. 1 .
0.040 0.7636 1.305e-5 0.139 1.8e-3 1.9e-18 3.9e-12
4 Van-Gen 0.041 0.741 1.63e-6 0. Q. 1 oo
0.040 0.7636 1.305e-5 0.331 1.8e-3 2.7e-14 3.9e-13
5 Van-Gen 0.110 0.3758 3.10e-7 0. 0. 1
0.040 0.7636 1.305e-5 0.306 1.8e-3 2.0e-18 3.9%e-12
[
PHIK ec0Ol : Get material assignments from ecOl.phk
Initial conditions
INIT )
1 55 1 1 1 64 1.0725e+05 25.000 0.75 0 o]
1 55 1 1 65 65 1.0725e+05 25.000 0.0001 0
0

RECUrrent-data

OUTPUT P=1 L=1 T=1
SOLVE 4 2 7

:TOLR TOLP TOLS TOLT TOLP2 TOLM TOLA TOLE

Tolr l.e-0 l.e-4 l.e-3 l.e+0 l.e-6 l.e-6 l.e-6 1l.e-12 1l.e-12 1l.e-12

;Limit dpmx dsmx dtmpmx dp2mx dtmn dtmx icuotmx
LIMIT 5.e6 .07 7. 5.e6 l.e-8 l1.e3 0

:AUTO-step DPMXE DSMXE DTMPMXE DP2MXe TACCEL IAUTO
AUTO-step 1.0E+5 0.03 3.0 1.e5
Plots 1

Boundary conditions

éCON 2

1 BOTTOM 1 55 1 1
0 0 1.0725E5 25.0 0.0001 0

0

3 TOP 15511
0 3.059g-4 1.0 25 0.0001 ©

0
RSTART 1

STEADY[y] 1.E-4
ENDS

-

and QA reg Nt e folborsi




Example 2D Perched-wWater Problem
Case ecnl: Nonisothermal case; ecml steady state as initial condition

Infiltration equal to TC Ksat(matrix); initial

RSTART

0

: Grid definition

GRID XYZ 55 1 65 0 1 1

DXYZ 0
20.0
1.0
10.0

: Material-properties

THERM

no rho

1 2.
2 2.
3 2.
4 2,
5 2.

0

580e+03
580e+03
580e+03
580e+03
580e+03

cpr

840.
840.
840.
840.
840.

0
0
0
0
0

type-curv swirm
swirf

Van-Gen

Van-Gen

Van-Gen

Van-Gen

Van-Gen

PHIK ec0l

QOO0 O0OOOO

.020
.04

.100
.040
.080
.040
.041
.040
.110
.040

definition and assignment to grid blocks

cki

(RS

dry cksat

74

.74
.74
.74
.74

rpmm(lamda}
rpmf (lamda)

0.

COOOCOOOOO

: Get

Initial conditions

INIT ec

mlss

RECUrrent-data

OUTPUT P=1 L=1 T=1

SOLVE

4 2

7

: Get

3582

.7636
.8545
.7636
.4438
.7636
.741

.7636
.3758
.7636

NV

wWwwww

R W R e e

crp

COOOO

alpham
alphaf
8.4e-7

c

r
0
0
0
0
0

t

tau cdiff
0 2.13e-5
.0 2.13e-5
.0 2.13e-5
0 2.13e-5
0 2.13e-5

sgextm sgc
phim phif

material assignments

CO0OO0OOOOOOO

0.
.087 1.8e-3
0
L421 1.8e-3
0.
.139 1.8e-3
0
.331 1.8e-3
. 0
.306 1.8e-3

from ecOl.phk

initial condition from ecmlss.int

;TOLR TOLP TOLS TOLT TOLP2
Tolr 1l.e-0 l.e-4 l.e-3 l.et0 1l.e-6 1l.e-6 l.e-6 l.e-12 1l.e-12 1l.e-12

;Limit dpmx dsmx dtmpmx dp2mx dtmn
LIMIT 5.e6 .07

:AUTO-step DPMXE

AUTO-step

Plots 1

1.0E+5

7.

5.

eb

l.e-8

TOLM TOLA TOLE

dtmx icutmx

l.e3

o]

DSMXE DTMPMXE DP2MXe TACCEL IAUTO
0.03

SOURCE 1 1.0 1.0 gh83

: Boundary conditions

3.

0

1l.e5

B W O

saturation of 25%

permf

read heat source definition from gh83.src

.%e-12
.9e-13
.%9e-12
.9e-13

.9e-12

BCON 2

1 BOTTOM 1 55 1 1

0 0 1.0725E5 25.0 0.0001 O

0
3 TOP

15511

0 3.059E-4 1.0 25 0.0001 0

0
:RSTART 1

TIME[years]
TIME[years]
TIME[years]
TIME[years]
TIME[years]
TIME[years]
TIME([years]
TIME|[years]
TIME[years]
TIME(years]
TIME[years]
TIME[years]
TIME[years]
ENDS

1
5

5000
10000

e.cOl. r\a\nk

e.cwmiss. st

a A

i

ﬂ\nsg‘SrC
o
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ECM Analysis Cases
(R> Input file name (.dat extension)
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; Fault-zone Nonisothermal
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Infiltration rate | fracture density | Isothermal to with heat
Case ID - (mm/yr) ratio steady state source
1 ' 0.3 ' 1.0 ecmli ' ecnl
2 3.0 1.0 ecm?2 ecn2
3 30.0 1.0 ecm3 ecn3
f1 03 10.0 ecmf1
2 3.0 10.0 ecmf2 ecnf? R
f3 30.0 10.0 emf3 | |
4 0.3 100.0 — 1
5 3.0 100.0 ecmf5 x
f6 30.0 100.0 ecmf6
7 0.3 500.0 emt7 | 0 1
f8 3.0 500.0 ecmf8 ]
9 30.0 500.0 ecmf9
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