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2- Infiltration

3- Basic infiltration rate

4- Instantaneous infiltration rate
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2 - Steady state
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o nol | (%) (%) No:2 (%) (%) No:3 (%) (%)
234
o | 491 5.5 0 9.2 13.7 0| 4l 15.7
5 -27.1 10.1 5 -2.9 7.8 5 -8 11.1
o0 45 6.2 10 17.9 1.2 10 6.2 12.2
s | 212 9.7 s 9.1 10.8 5 92 10.5
T 20 s 6 20 145 74 20 173 9.3
25 5.8 4.7 25 0.3 6.7 25 -23.5 4.9
30 5.4 6.1 30 13.2 7.9 30 2.9 6.2
35 4.1 5.2 35 -0.5 9.9 35 -1.6 4.8
40 -2.1 5.5 40 -26.3 4.5 40 -2.9 5.7
s 2.6 5.2 45 10.1 3.9 45 6.3 2.6
50 -6.5 4.9 50 2.4 2.7 50 1.6 3.5
55 4 4.5 55 28.2 2.4 55 28.1 0.2
60 52 3.2 60 9.4 2.9 60 13.5 2.1
65 4.6 2.8 65 -1.4 1.7 65 4.4 0.8
70 | 62 2.6 70 13 2 70 10.5 0.7
75 3.6 2.1 75 7 -0.1 75 9.1 0.7
80 14.9 1.9 80 13.3 0.9 80 12.8 0.2
85 -4.6 1 85 21.3 -0.6 85 15.8 -0.2
90 18.7 2.3 90 8.1 0.6 90 17.8 -0.7 _l
95 6.3 -0.4 95 -0.5 1.2 95 9.8 1.3
100 16.5 -3.2 100 12.7 -0.8 100 13.8 -1.7
105 4.2 -1.1 105 7.5 -0.6 105 18.5 1.5
110 8.9 -1.7 110 3.1 -3.1 110 16.9 -1.5
115 3.6 0.7 115 0.5 0.1 115 23.6 1.9
120 11.1 -3.4 120 15.1 -0.9 120 -8.3 -0.3
125 9 -3.5 125 -5.8 -0.7 125 14 -1.7
130 7.6 0.7 130 -7.9 -0.1 130 18.6 -1.7
135 7.6 -1.1 135 -5.1 0.8 135 -1.2 -0.2
140 -3.2 0 140 -11.6 0.7 140 12.2 -1.3 T
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VLF
\ -l Jgas daly
profile | i ddhe | gilmidhe | Profile | i ihe | sjmeddie | Profile | oo dhe | sibee s
Cnotl | (%) (%) | No:2 (%) (%) No:3 (%) (%)
145 | -44 -0.5 145 -0.8 0.5 145 11 1.1
150 |9l 03 150 6.6 0.2 150 5.3 1.4
55 | 195 2.3 155 5.1 2 155 11.6 0
60 5.6 -0.4 160 4.2 1.5 160 37 0
165 0.8 -1.8 165 5.7 1.4 165 11.2 0.7
70 |26 0.5 170 3.6 2.8 170 14.1 -1.6
175 25 24 175 34 1.2 175 6.8 3.6
180 | 338 7 180 14.1 0.9 180 3.8 0.8
185 154 2.5 185 1.7 2 185 9 -0.8
190 20 1.6 190 6.1 0.3 190 12.4 -1.6
195 |75 1.7 195 1.9 -0.2 195 0.7 0.8
200 |8 0.5 200 7.1 0.7 200 7.7 1.7
205 5.2 2.7 205 2.7 3.5 205 -6.1 1.8
210 49 2.1 210 7.2 1.3 210 -15.6 3.7
215 | 104 2.6 215 9.9 1.6 215 6.2 -1.9
220 7.4 2.6 220 0.2 0 220 -3.7 -6.6
225 16.2 1.5 225 9.5 1.8 225 -10.1 2.8
230 | 111 3.6 230 6.1 1 230 9.7 2.7
235 | 107 0.6 235 1.6 2.7 235 -6.5 -0.3
240 4.6 -0.6 240 -6 1.1 240 17 1.7
245 0.9 -0.3 245 27 1.1 245 -16 1.2
250 2.9 1.3 250 8.4 0.5 250 13.1 -0.7
255 6.2 1 255 4.1 1.2 255 21.6 L1
260 0.9 0 260 2 -0.3 260 8.1 ]
265 9.2 -0.8 265 -0.5 -2.9 265 9.1 -0.7
270 | 01 1.5 270 -5.7 0.1 270 16.4 -0.9
275 25 1.6 275 2 0 275 5.2 0
280 16.3 4.1 280 2 12 280 10.7 -1.2
285 3.3 -3 285 0 -0.5 285 9.1 -0.8
290 0.5 3.5 290 0.8 0.9 290 9.2 -0.2
295 4.7 0.3 295 1 -1.6 295 219 -1.6
300 1.3 1.3 300 1 -0.5 300 13.7 3
305 0.5 -1.9 305 5.8 2.4 305 11.1 3.3
310 4.7 3.2 310 2.8 0.6 310 8.8 -2.1
315 7.7 2.9 315 45 0.7 315 4.9 -1.3
320 9.5 1.2 320 -0.1 0.3 320 8.5 0.3
325 7.4 5.2 325 3.5 -0.8 325 -17.2 -0.1
330 4.6 -4.3 330 10.9 -0.3 330 13 -0.2
335 9.8 1.6 335 0.9 -1 335 0 2
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VLF
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profile | <= Wpe | ilme Al profile | <=* e | sibre 2l profile o> ddlge | (silne il
no: | ) ) no:2 % & no:3 M &
340 8.5 -4.8 340 -4.3 0.7 340 10.6
345 4.4 -2.3 345 -3 0.7 345 12 3.2
350 10.5 -4.1 350 6.3 0.2
355 21.6 -4.5 355 5.2 0.2
360 16.6 -0.3 360 8.1 -1.3
365 19.6 -3.9 365 7.6 0.6
370 20.9 -3.8 370 -4.7 -0.3
375 16.8 -2.8 375 5.3 -3.2
380 20.2 -2.5 380 0 -0.4
385 17.1 -1.7 385 1.4 -0.4
390 16.3 -2.6 390 -5.1 0.5
395 | 4.6 -4.8 395 -18.8 1.3
400 | 1.2 -3.6 400 -2.1 -1.8
405 -5.8 -4.1 405 24 -2
410 -0.4 -2.2 410 -1.7 1.4
415 16.1 -4.6 415 5 0.9
420 -6.2 -2.5 420 -7.5 -0.9
425 12.8 -5.3 425 -26.6 1.8
430 6.5 -6.2 430 1.5 23
435 6 -3.2 435 -4.9 0.5
440 -4.5 -2.1 440 -1.9 -1
445 -2.9 -0.8 445 -17.3 2.2
450 -5.3 1 450 -21.1 0.1
455 -19.9 0.4 455 -17.5 1.5
460 3.8 0 460 11 1.5
465 -5.7 -1.4 465 12.6 -1
470 -10.1 -2.3 470 8.6 1.9
475 0.5 -3 475 14.6 -0.9
480 13.4 -1.9 480 4.8 2.7
485 5.1 -2.8
490 0.4 -2.7
495 -3.7 2
500 5.9 -2.1
505 10.1 -0.3
510 9.6 -3.7
515 -2.1 -1.6
520 20.4 | -1.2
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profile | &> 45 | Gileddlie | Profile | (Ai>ddhe | gbre 43 | Profile | ohei> ddhe | ibne dilsa
no:4 (%) (%) No:5 (%) (%) No:6 (%) (%)
4 5 6
4E SE 6E
234 234 234
58 59 34
0 18.2 2.4 0 -29.5 3 0 21 -0.3
5 26.3 3.1 5 -24.2 5 5 36.8 -2.2
10 26.2 23 10 -26.6 1.3 10 18.9 -5.1
15 33.2 4.5 15 -32.5 4.3 15 22.9 -2.5
20 29.6 3.2 20 -28.8 8.9 20 21.6 -6.3
25 29 6.4 25 -28.5 2.1 25 25.1 -5.4
30 23.5 3.8 30 -22.6 5.1 30 342 -3.3
35 31.1 52 35 -28.2 3.2 35 327 -4.2
40 32.5 2.6 40 -18.9 2.1 40 234 -5
45 333 34 45 -24.2 1.8 45 25.5 -5.2
50 38 0.4 50 -16.3 6.6 50 272 -3.5
55 37.2 0 55 -19 4.3 55 25.3 0
60 49 1.3 60 -18.9 4.9 60 26.7 -3.5
65 36.4 2.2 65 -11.9 5.2 65 28.3 -5.2
70 41.5 0 70 -7.6 4.4 70 26.7 -4.8
75 32.5 3.7 75 -23.6 6.1 75 43.8 0.5
80 46.2 1.5 80 -16.4 5.1 80 22.1 -2.7
85 35.3 0 85 -4.9 6 85 354 -0.4
90 35.7 1.5 90 -25.8 1.3 90 25 -3
95 393 1.4 95 -24.8 3.2 95 324 -6.3
100 30.8 -14 100 -3.7 0 100 36.5 -1.4
105 28.3 0 105 -26.1 -5.1 105 33.8 -4.6
110 26.4 2.1 110 -35.9 0.6 110 36.6 -6.4
115 25 1.7 115 -18.5 -2.1 115 26.4 -1.1
120 30.3 2 120 -25.3 2.6 120 253 0.8
125 26.6 4.1 125 -24.8 -2 125 27.6 -1.7
130 28.6 3.5 130 -22.5 1.1 130 22.5 -2.5
135 30.4 6.4 135 -13.8 -0.9 135 277 -2.2
140 24.5 14 140 -22.1 4.1 140 31 -4.3
145 7 4 145 -29.8 43 145 26.3 -1.1
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profile s profile e
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no:4

150 13.1 1.5 150 -23.8 -1.4 150 28.6 0.2
155 30.3 -1.6 155 -26.4 2.7 155 23 -0.2
160 9.2 0.5 160 -30.2 3.5 160 29.1 4.3
165 8.9 -0.8 165 -29.2 1.9 165 342 -4.4
170 25.4 2.1 170 -23.8 4.2

175 8.2 3.1 175 -27.1 -0.7

180 204 2.3 180 -24.1 2.6

185 28.2 5.5 185 -31.7 5.1

190 13.1 1.7 190 -24.3 1.1

195 52 1.7 195 -26 5.1

200 7.9 1.6 200 -23.7 5.2

205 15.3 3.9 205 -17.3 3.1

210 15.7 3.8 210 -26 7.9

215 5.7 3.5 215 -23.5 2.6

220 36.9 3.8 220 -20.1 1.6

225 5.8 0.7 225 -27.7 5.6

230 39 3.9 230 -31.6 4.6

235 30.1 0.5 235 -24.1 2.1

240 5.5 1.9 240 -54 -0.3

245 5.2 4.1 245 -13.4 -2

250 7.1 -2 250 -14.7 0.5

255 12.8 35 255 -26.2 29

260 2.6 0.4 260 -25 1.3

265 -7.7 2 265 -22.7 3.6

270 3.1 0.2 270 -23.7 0.9

275 32.7 2.7 275 -26.6 3.1

280 343 -2.6 280 -35.9 6.7

285 33 24 285 -26.1 4.1

290 -29.1 1.7
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Q1 created by Behshad Jodeiri, Version 3.6, Date 21/06/06
CPVNAM=VDI;SPPNAM=Core
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IRUNN = 1 ;LIBREF = 0
ok ok ok ok ok 3k 3 ok 3k 3k ok ok ok ok ok ok ok ok oK 3K 3k ok 3k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok ok ok ok ok Kk ok ok ok ok ok
Group . Run Title
TEXT(No title has been set for this run. )
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Group 2. Transience
STEADY=F

* Set overall time and no. of steps
RSET(U,0.000000E+00,6.307200E+07,24)

* Modify regions
RSET(T,1,24,1.000000E+00)
ok ok 3 % ok ok 3k ok 3k sk ok ok ok ok ok ok ok ok ok K ok 3k ok ok ok ok ok ok ok ok ok ok ok ok ok R ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok kK
Groups 3,4, 5 Grid Information

* Qverall number of cells, RSET(M,NX,NY NZ, tolerance)
RSET(M,1,1,30)
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Group 6. Body-Fitted coordinates
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Group 7. Variables: STOREd,SOLVEd,NAMEd
ONEPHS = T
NAME(148) =DENI1
* Solved variables list
SOLVE(C1 ,C2)
* Stored variables list
STORE(DENI)

2k 3k ok 3k ok 3k ok ok ok 3 3k 3k 3k 3k K K 3K kK K 3k ok 3K ok 3 sk sk sk sk 3k 3 3 3k ok 3K K ok 3K ol 3k ok 3 3 3k ok 3K 3k ok ok 3 o 3k 3 3k 3k ok ok k koK

Group 8. Terms & Devices

TERMS (C1 ,N,N,N,Y,Y,Y)

TERMS (C2 ,N,N,Y,N.N,Y)

k3 ok 3 3K 3k 3 ok 3k 3 e 3k ok 3k sk kK 3k 3K ok 3k 3k 3k sk 3k vk 3 3k ok ok ok sk ke 3 sk ok 3k 3k ok sk 3k ok dk 3k vk 3 3k 3K ok ok ok ok ok ok %k Kk koK

Group 9. Properties

PRESS0 = 1.000000E+0S ;TEMPO = 2.730000E+02
* Domain material is: 67 WATER at 20. deg C

SETPRPS(1, 67)

RHO1 =1.000000E+00

ENUL =1.000000E+00

ENUT =0.000000E+00

DVOIDT = 1.180000E-04

PRNDTL(C2 )= -5.000000E-08

% % 2k 3 3k 3k ke 3k 3k e ok ok ok ok 3k 3k K 3k ok 3k 3 3 3k sk sk ok k3K sk ok ok 3k 3k 3 3k 3 ok 3k vk 3 ok 3k ok ok ok ok ok 3K 3k 3 ok ok ok ok ok 3K ok Kk

Group 10.Inter-Phase Transfer Processes
K sk ke sk ok ok K oK o 3 3K o ok o 3k 3k ok o 3k 3k 3R ok ok K sk ke ok ok 3K ke o 3 3k ok ok oK o o 3k ok ok k5K ok o 3k o 3Rk K o o K oK o ok oK ok

Group 11.Initialise Var/Porosity Fields
FIINIT(C1 )= 3.150000E+02 ;FIINIT(C2 )= 0.000000E+00
No PATCHes used for this Group
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INIADD = F
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Group 12. Convection and diffusion adjustments
No PATCHes used for this Group
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Group 13. Boundary & Special Sources

** (C2 = oxygen fraction
PATCH (INSOUR ,CELL ,2,0,0,0,0,0,1,24)
COVAL (INSOUR ,C2 ,FIXVAL , 2.100000E-01)

PATCH (C2SINK ,CELL ,0,0,0,0,0,0,1,24)
COVAL (C2SINK ,C2 ,2.210000E-09, 0.000000E+00)

***C1 = pyrite fraction

PATCH (C1SINK ,CELL ,0,0,0,0,0,0,1,24)
COVAL (CISINK ,CI ,FIXFLU ,GRND )

EGWF = T
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Echo InForm settings for Group 13

inform13begin

inform13end
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Group 14. Downstream Pressure For PARAB
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Group 15. Terminate Sweeps

LSWEEP = 500

RESFAC = 1.600000E-03
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Group 16. Terminate Iterations
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Group 17. Relaxation
33 o ok vk vk ok 3 ok ok ok ok ok ok 3K ok ok sk ok ok e vk S ok ok koK ok ok ke 3 o dk sk ok K 3k vk o ok sk ok dk 3k ok dk k ok ok 3k ok ok ok kok kk

Group 18. Limits

33K 5 3k vk 3k 3k vk o ok 3 ke Sk A ok 3 ok ok 3k 3k ke %k 3k ok vk % ok ok 3k 3k 3k ke ok ok ok ok ok ok ok ok ok sk ok ok ok ok ok sk ok ok ok ok sk ok ok sk ok

Group 19. EARTH Calls To GROUND Station
USEGRD = T ;USEGRX= T

ASAP = T

PARSOL = T

CONWIZ = T

IDISPB = 1;IDISPC= 5000

RG( 1)=5.900000E-10

RG( 3) = 2.000000E-03

RG( 4) = 2.100000E+00

RG( 5)=5.000000E+00

38 3K 3 3k vk 3k 3k vk ke 3k e ok k3 kK ok 3R 3k ke kK kK ok ok ok ok sk 3 ok 3 3 ok ok ok ok ok dk e sk ok sk sk 3K kK B K sk ok ok ok ok kR
Group 20. Preliminary Printout

ECHO = T

ok ook K KR oK K K K K ik K ok kK ok o ok ok K R ok R ok ok ok ok ok ok ok ok sk ok ook K KR ok ok K ok ok ok kK

Group 21. Print-out of Variables
3 3k ok ok ok ok o ok ok o ok 3 e ok ok 3k 3 ok sk ok sk ok sk Sk ko ek ok 3k 3k kK ok sk sk dk sk sk ok sk ok ok ok ok ok ok ok ok ok ok ok ook kok ko K

Group 22. Monitor Print-Out
IXMON = [;IYMON = 1;IZMON = 3
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NPRMON = 100000
NPRMNT = 1
TSTSWP = -1
3 3 3 ok e ek ok ook ok ok ok ok e e ok ok sk ok ok ok ok S sk ok 3k ok ok ok ok ok B 3k ok s ok ok ok ¢ K ok ok ok ok ok ok ok ok sk R ok kok ok
Group 23.Field Print-Out & Plot Control
NPRINT = 100000
NTPRIN = 100000 ;ISTPRF = 1;ISTPRL = 10000
ISWPRF = 1;ISWPRL = 100000
No PATCHes used for this Group
o e ke e K e ke ok ook ok ok S K K ok ke ok ok ok 3 ok 3 Ok e ok ok ok e e ok e sk ok ok K i s s ke sk ok ok K R R R Ok ok ok
Group 24. Dumps For Restarts
IDISPA = 1 ;IDISPB = 1;IDISPC= 5000

CSGl =M

GVIEW(P,0.000000E+00,-9.950042E-01,9.983341E-02)
GVIEW(UP,0.000000E+00,9.983341E-02,9.950042E-01)

>DOM, SIZE, 1.000000E-01, 1.000000E-01, 5.000000E+00
>DOM, MONIT, 5.000000E-02, 5.000000E-02, 4.166670E-01
>DOM, SCALE, 1.000000E+00, 1.000000E+00, 1.000000E+00
>DOM, SNAPSIZE, 1.000000E-02

>GRID, RSET_Z 1, 30, 1.000000E+00

>O0BJ, NAME, OUT
>OBJ, POSITION, 0.000000E-+00, 0.000000E+00, 5.000000E+00
>O0BJ, SIZE,  1.000000E-01, 1.000000E-01, 0.000000E+00
>O0BJ, GEOMETRY, cubel2t

>O0BJ, ROTATION24, 1

>OBJ, TYPE, OUTLET

>O0BJ, PRESSURE, 0.000000E-+00

>O0BJ, TEMPERATURE, SAME

>OBJ, COEFFICIENT, 1.000000E+03

>0BJ, TIME_LIMITS, ALWAYS ACTIVE

>O0BJ, NAME, IN
>O0BJ, POSITION, 0.000000E-+00, 0.000000E+00, 0.000000E+00
>0BJ, SIZE, 1.000000E-01, 1.000000E-01, 9.000000E-02
>0BJ, GEOMETRY, default
>0BJ, ROTATION24, 1
>0BJ, TYPE, CELLTYPE
STOP
</strong></pre></body></html>
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C Ground file

C.... FILE NAME GROUND.FTN 240802
SUBROUTINE GROUND
include /phoenics/d_includ/farray’
INCLUDE "phoenics/d_includ/satear’
INCLUDE '/phoenics/d_includ/grdloc’
INCLUDE '/phoenics/d_includ/satgrd’
INCLUDE '/phoenics/d_includ/grdear’
INCLUDE '/phoenics/d_includ/grdbfc’
COMMON/IDATA/IDFL(118)
COMMON/GENI/NXNY,IGFILI(8),NFM,IGF(21),IPRL,IBTAU,ILTLS,IGFIL(15),
1 ITEMI1,ITEM2,ISPH1,ISPH2,ICON1,ICON2,IPRPS,IRADX,IRADY,IRADZ IVFOL
COMMON/DRHODP/ITEMP,IDEN/DVMOD/IDVCGR
COMMON/HBASE/IHO01,IH02,KH01,KHO1H,KHO1L,KH02,KH02H,KHO2L,LOHO12
COMMON /NAMFN/NAMFUN,NAMSUB
CHARACTER*6 NAMFUN,NAMSUB
LOGICAL EF,NF,HF,EF0,NFQ,HF(
CXXXXXXXX XXX XXX XXX XX XX XXX XXX XXX XXXXXXXXX USER SECTION STARTS:
C
C 1 Set dimensions of data-for-GROUND arrays here. WARNING: the
C  corresponding arrays in the MAIN program of the satellite
C and EARTH must have the same dimensions.
PARAMETER (NLG=100, NIG=200, NRG=200, NCG=100)
C
COMMON/LGRND/LG(NLG)/IGRND/IG(NIG)/RGRND/RG(NRG)/CGRND/CG(NCG)
LOGICAL LG
CHARACTER*4 CG
DIMENSION UUGV1(20,40),UUGPOT(20,40)
DATA NXDIM,NYDIM/40,20/
C
C 2 User dimensions own arrays here, for example:
C DIMENSION GUH(10,10),GUC(10,10),GUX(10,10),GUZ(10)
C
C 3 User places his data statements here, for example:
DATA NXDIM,NYDIM/10,10/

Insert own coding below as desired, guided by GREX examples.
Note that the satellite-to-GREX special data in the labelled
COMMONSs /RSG/, /ISG/, /LSG/ and /CSG/ can be included and
used below but the user must check GREX for any conflicting
uses. The same comment applies to the EARTH-spare working
arrays EASP1, EASP2,...EASP20. In addition to the EASPs,
there are 10 GRound-earth SPare arrays, GRSP1,...,GRSP10,
supplied solely for the user, which are not used by GREX. If
the call to GREX has been deactivated then all of the arrays
may be used without reservation.

BN

oloNeNoRoNeoNoNoYoNoNeReo o)

c***********************************************************************

C
IXL=IABS(IXL)
IF(IGR.EQ.13) GO TO 13
IF(IGR.EQ.19) GO TO 19
GO TO (1,2,3,4,5,6,25,8,9,10,11,12,13,14,25,25,25,25,19,20,25,
121,23,24),IGR
25 CONTINUE

vy
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RETURN

ol e L e e T e S i

C
C--- GROUP 1. Run title and other preliminaries
C
1 GO TO (1001,1002,1003),ISC
C
1001 CONTINUE
C
C * e GROUP 1 SECTION 3
C---- Use this group to create storage via MAKE, GXMAKE etc which it is
C  essential to dump to PHI (or PHIDA) for restarts
C  User may here change message transmitted to the VDU screen
IF(NOT.NULLPR.AND.IDVCGR.EQ.0)
1 CALL WRYT40('GROUND file is GROUND.F of: 240802")
C
RETURN
C * v GROUP 1 SECTION 3
C---- Use this group to create storage via GXMAKE which it is not
C  necessary to dump to PHI (or PHIDA) for restarts
C
1003 CONTINUE
GO TO 25
1002 CONTINUE
RETURN

C*****************************************************************

C
C--- GROUP 2. Transience; time-step specification
C
2 CONTINUE
RETURN
C*****************************************************************
C
C--- GROUP 3. X-direction grid specification
C
3 CONTINUE
RETURN

CHFF Rk Rk ok ook KRk KoK sk K Sk R K S o KR K KK K ok k

C
C--- GROUP 4. Y -direction grid specification
C
4 CONTINUE
RETURN
C*****************************************************************
C
C--- GROUP 5. Z-direction grid specification
C
5 CONTINUE
RETURN

C*****************************************************************

C
C--- GROUP 6. Body-fitted coordinates or grid distortion
C
6 CONTINUE
RETURN

(ks sk sk ok sk ok oK ok KSR KRR SRR K Sk ok K Sk ok R K ok KRR Kok o R Sk KR SRR Sk K KoK
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C * Make changes for this group only in group 19.
C--- GROUP 7. Variables stored, solved & named

C*****************************************************************

C
C--—- GROUP 8. Terms (in differential equations) & devices
C
8 GO TO (81,82,83,84,85,86,87,88,89,810,811,812,813,814,815,816)
LISC
81 CONTINUE
C ¥ e SECTION 1
C For UIAD.LE.GRND--- phase 1 additional velocity. Index VELAD
RETURN
82 CONTINUE
C ¥ SECTION 2
C For U2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
RETURN
83 CONTINUE
C * o SECTION 3
C For VIAD.LE.GRND--- phase 1 additional velocity. Index VELAD
RETURN
84 CONTINUE
C * e SECTION 4
C For V2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
RETURN
85 CONTINUE
C * e SECTION 5
C For WIAD.LE.GRND--- phase 1 additional velocity. Index VELAD
RETURN
86 CONTINUE
C * e SECTION 6
C For W2AD.LE.GRND--- phase 2 additional velocity. Index VELAD
RETURN
87 CONTINUE
C ¥ SECTION 7 ---- Volumetric source for gala
RETURN
88 CONTINUE
C * s SECTION 8 ---- Convection fluxes

C--- Entered when UCONYV =TRUE.; block-location indices are:

C LD11 for east and north (accessible at the same time),

C LDI2 for west and south (accessible at the same time),

C LD2 for high (which becomes low for the next slab).

C User should provide INDVAR and NDIREC IF's as appropriate.
RETURN

89 CONTINUE
C ¥ e SECTION 9 ---- Diffusion coefficients

C--- Entered when UDIFF = TRUE.; block-location indices are LAE

C for east, LAW for west, LAN for north, LAS for
C south, LD11 for high, and LD11 for low.
C User should provide INDVAR and NDIREC IF's as above.
C EARTH will apply the DIFCUT and GP12 modifications after the user
C has made his settings.
C
RETURN
810 CONTINUE
C ¥ e SECTION 10 --- Convection neighbours
RETURN
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811 CONTINUE
C * e SECTION I1 --- Diffusion neighbours
RETURN
812 CONTINUE
C * oo SECTION 12 --- Linearised sources
RETURN
813 CONTINUE
O SECTION 13 --- Correction coefficients
RETURN
814 CONTINUE
C * o SECTION 14 --- User's own solver
RETURN
815 CONTINUE
C ™ oo SECTION 15 --- Change solution
RETURN
816 CONTINUE
C ¥ e SECTION 16 --- Change DVEL/DPs

RETURN

[oN@]

* See the equivalent section in GREX for the indices to be
used in sections 7 - 16

* Make all other group-8 changes in GROUP 19.

3k 3 3 vk 3 3k vk 3k 3 sk 2k ok ok sk 2k ok 3k ok sk ok e ok 3 ok ok ok 3k 3k ko ok sk ak vk 3k 3 ok ke ok 3k ok ok ke ok ok 3k K ok ok X ok 3k K ok ok ok ok Kk ok

--- GROUP 9. Properties of the medium (or media)

oNoNoNoNoNoKe!

C The sections in this group are arranged sequentially in their
C order of calling from EARTH. Thus, as can be seen from below,
C the temperature sections (10 and 11) precede the density
C sections (1 and 3); so, density formulae can refer to
C temperature stores already set.
9 GO TO (91,92,93,94,95,96,97,98,99,900,901,902,903,904,905),ISC

C*****************************************************************

900 CONTINUE

C ¥ SECTION 10
C For TMP1.LE.GRND------—-- phase-1 temperature Index TEMP1
RETURN
901 CONTINUE
C * e SECTION 11
C For TMP2.LE.GRND--------- phase-2 temperature Index TEMP2
RETURN
902 CONTINUE
C * - SECTION 12
C For EL1.LE.GRND------—-- phase-1 length scale Index LEN1
RETURN
903 CONTINUE
C * e SECTION 13
C For EL2.LE.GRND--------- phase-2 length scale Index LEN2
RETURN
904 CONTINUE
C * s SECTION 14
C For SOLVE(TEM1)-------- phase-1 specific heat
RETURN
905 CONTINUE
C * e SECTION 15
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C For SOLVE(TEM2)-------- phase-2 specific heat
RETURN
91 CONTINUE
C * e SECTION 1
C For RHO1.LE.GRND--- density for phase 1 Index DENI
RETURN
92 CONTINUE
C * - SECTION 2
C For DRHIDP.LE.GRND--- D{LN(DEN))/DP for phase |
C Index D1DP
RETURN
93 CONTINUE
C * - SECTION 3
C For RHO2.LE.GRND--- density for phase 2 Index DEN2
RETURN
94 CONTINUE
C * - SECTION 4
C For DRH2DP.LE.GRND--- D(LN(DEN))/DP for phase 2
C Index D2DP
RETURN
95 CONTINUE
C ¥ e SECTION 5
C For ENUT.LE.GRND--- reference turbulent kinematic viscosity
C Index VIST
RETURN
96 CONTINUE
C * o SECTION 6
C For ENUL.LE.GRND--- reference laminar kinematic viscosity
C Index VISL
RETURN
97 CONTINUE
C * e SECTION 7
C For PRNDTL().LE.GRND--- laminar PRANDTL nos., or diffusivity
C Index LAMPR
RETURN
98 CONTINUE
C * SECTION 8
C For PHINT( ).LE.GRND--- interface value of first phase
C Index FII1
RETURN
99 CONTINUE
C * - SECTION 9
C For PHINT( ).LE.GRND--- interface value of second phase
C Index FII2

RETURN

C*****************************************************************

C
C--- GROUP 10. Inter-phase-transfer processes and properties

C
10 GO TO (101,102,103,104,105),ISC
[01 CONTINUE

C ¥ SECTION 1

C For CFIPS.LE.GRND--- inter-phase friction coeff.

C Index INTFRC
RETURN
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102 CONTINUE
C ¥ e SECTION 2
C For CMDOT.EQ.GRND- inter-phase mass transfer lndex INTMDT
RETURN
103 CONTINUE

C ¥ SECTION 3
C For CINT( ).EQ.GRND--- phasel-to-interface transfer coefficients
C Index COI1
RETURN
104 CONTINUE
C ¥ e SECTION 4
C For CINT().EQ.GRND--- phase2-to-interface transfer coefficients
C Index CO12
RETURN
105 CONTINUE
C * e SECTION 5
C For CVM.EQ.GRND--- virtual mass coefficient
C Index LD12
RETURN
C*****************************************************************
C
C--- GROUP 11. Initialization of variable or porosity fields
C Index VAL
11 CONTINUE
RETURN
C*****************************************************************
C
C--- GROUP 12. Convection and diffusion adjustments
C
12 CONTINUE
RETURN

C*****************************************************************

C
C--- GROUP 13. Boundary conditions and special sources
C Index for Coefficient - CO
C Index for Value - VAL
13 CONTINUE
GO TO (130,131,132,133,134,135,136,137,138,139,1310,
11311,1312,1313,1314,1315,1316,1317,1318,1319,1320,1321),ISC
130 CONTINUE
Comom e SECTION 1 ---=-eneeeeee coefficient = GRND
IF((INDVAR.EQ.C1). AND(NPATCH.EQ.'CISINK"))THEN
LFCO = LOF(CO)
DO 1301 IY =1YF,IYL
DO 1301 IX = IXF,IXL
ICELL =1Y + (IX-1)*NY
F(LFCO+ICELL)=0.001732
1301 CONTINUE

ENDIF
RETURN
131 CONTINUE
(O SECTION 2 --——emmmee coefficient = GRND1
RETURN
132 CONTINUE
Comrmmemmr SECTION 3 ----mmmemen coefficient = GRND2
RETURN
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133 CONTINUE

Commmemmmm e SECTION 4 —meemmeeee coefficient = GRND3
RETURN
134 CONTINUE
[ 2103 b (0) - S —— coefficient = GRND4
RETURN
135 CONTINUE
[ SECTION 6 -—--mmm- coefficient = GRNDS
RETURN
136 CONTINUE
oo SECTION 7 ——mmeeeeemme coefficient = GRND6
RETURN
137 CONTINUE
S — SECTION 8 —-—-=-mmmemm- coefficient = GRND7
RETURN
138 CONTINUE
[ SECTION 9 ~--mmemeeeeee coefficient = GRND8
RETURN
139 CONTINUE
Commmmememmmm e SECTION 10 ~==mmmmmemmem coefficient = GRND9
RETURN
1310 CONTINUE
@ SECTION 11 -—-cmeeee- coefficient = GRND10
RETURN
1311 CONTINUE
o —— SECTION 12 <eeeemmmeeeeee value = GRND

IF(INDVAR.EQ.C1).AND.(NPATCH.EQ.'CISINK')) THEN
LOVAL = LOF(VAL)
LOC2 = LOF(C2)
DO 13111 IY = IYF,IYL
DO 13111 IX = IXF,IXL
ICELL = IY + (IX-1)*NY
GCl11 = VARYX(OLD(C1))
GSUR=(10)*RG(4)*((RG(3)*VARYX(OLD(C1)))*RG(4)/RG(5))
&**0.67
GSUR1=GSUR*100.0
GCl=RG(1)*100*F(LOC2+ICELL)
F(LOVAL+ICELL) =-1.0*GC1
13111 CONTINUE

o000

ENDIF
RETURN
1312 CONTINUE
[ S SECTION 13 —-cmmemmee e value = GRNDI
RETURN
1313 CONTINUE
Commmmem e SECTION 14 ~--momommmeeee- value = GRND2
RETURN
1314 CONTINUE
SECTION 15 ---memmremmeee - value = GRND3
RETURN
1315 CONTINUE
Comrommmeeee, R0 (6] [ [ — value = GRND4
RETURN
1316 CONTINUE
O —— SECTION 17 ———m-mmmmmeeeeeeee value = GRNDS
RETURN
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1317 CONTINUE
Commmmmem e SECTION 18 -=----mmmmmmnoeemee value = GRND6
RETURN
1318 CONTINUE
Commmmmee - SECTION 19 —---mmmmm e value = GRND7
RETURN
1319 CONTINUE
Crmmmmmmem oo SECTION 20 -----m--=-mmnmmeee value = GRNDS
RETURN
1320 CONTINUE
Cmmmmmrmme e SECTION 21 ----cemmmmmmameeeee value = GRND9
RETURN
1321 CONTINUE
Commmmmmmm e SECTION 22 —----memmmmmmmmeeee value = GRND10
RETURN
C***************************************************************
C
C--- GROUP 14. Downstream pressure for PARAB=TRUE.
C
14 CONTINUE
RETURN

CF AR A AR AR AR ko kKKK R KKK Kokok k K ok ok R ko

C* Make changes to data for GROUPS 15, 16,17, 18 GROUP 19.

O Rk ook ok Kok ok ook oK ok ok ko KKK KR o ko sk ok Koo Rk R KRR Sk ok kK kK

C
C--- GROUP 19. Special calls to GROUND from EARTH

C
19 GO TO (191,192,193,194,195,196,197,198,199,1910,1911),ISC
191 CONTINUE
O U —— SECTION 1 ---- Start of time step.
RETURN
192 CONTINUE
C * oo SECTION 2 ---- Start of sweep.
RETURN
193 CONTINUE
[ O — SECTION 3 ---- Start of iz slab.
RETURN
194 CONTINUE
C * e SECTION 4 ---- Start of iterations over slab.
RETURN

1911 CONTINUE
------------------- SECTION 11---- After calculation of convection

C *

C fluxes for scalars, and of volume
C fractions, but before calculation of
C scalars or velocities

RETURN
199 CONTINUE
C * e SECTION 9 ---- Start of solution sequence for
C a variable
RETURN
1910 CONTINUE
[ S SECTION 10---- Finish of solution sequence for
C a variable
RETURN
195 CONTINUE
C ¥ o SECTION 5 ---- Finish of iterations over slab.
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RETURN
196 CONTINUE
C * e SECTION 6 ---- Finish of iz slab.
RETURN
197 CONTINUE
C ¥ et SECTION 7 ---- Finish of sweep.
RETURN

198 CONTINUE
C ¥ SECTION 8 ---- Finish of time step.

RETURN
C***************************************************************
C
C--- GROUP 20. Preliminary print-out
C

20 CONTINUE

RETURN
C***************************************************************
C--- GROUP 21. Special print-out to screen

21 CONTINUE

GO TO 25

C***************************************************************

C* Make changes to data for GROUP 22 only in GROUP 19.
C***************************************************************
C
C--- GROUP 23. Field print-out and plot control
23 CONTINUE
RETURN
C***************************************************************
C
C--- GROUP 24. Dumps for restarts
C
24 CONTINUE
END
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Abstract

Mining activities and subsequent mineral processing programs produce a number of
environmental problems. Coal is considered to be a major mineral which is used to generate
energy. The coal produced by mining activity should be processed in order to raise its quality and
remove any impurity. The waste produced by coal processing plant often contains pyrite which
may be oxidised and produce acid mine drainage (AMD) if it is exposed to the atmosphere. AMD
is often characterised by high concentrations of iron, high sulphate and low pH and it is
considered to be a major cause of long-term poor water quality and is the source of many
environmental problems. In this present study, the pollution problems associated with the waste
produced by Alborz Sharghi coal processing plant was investigated by the combination of
geophysical imethod and mathematical modeling. The study area is located in 11 km to Razmjah
coal region and 45 km to Tehran-Mashhad road. After preliminary observations and selecting the
appropriate waste dump, the geophysical survey using VLF method was performed on 6 profiles
in the downstream of the waste dump in order to investigate the likely polluted zones due to
leaching from the waste dump. The measured data was then processed by the use of RAMAG
computer-based software. The results of interpretation detected two polluted zones. Furthermore,
the Geo-electrical survey incorporating Dipole-Dipole array and Time-Laps technique was
carried out for a time period of 6 months in order to consider time dependence transportation of
pollutants leached from waste dump. A computer model called RES2DINYV was used to perform
an inverse modeling on the measured Geo-electrical data. The results of inverse modeling and
Time-Laps method successfully showed the pollutant transportation process. In three points on
the waste dump, samples were taken from different depths in order to investigate pyrite oxidation
and pollution generation. The samples were analyzed using atomic absorption to determine the
fraction of pyrite remained within the waste particles. Furthermore, in order to study the samples
qualitatively, thin sections were prepared and studied under polarized light; defining the presence
of pyrite within the samples. A numerical finite volume model using PHOENICS as a
computational fluid dynamic (CFD) package has been developed to simulate pyrite oxidation and
pollution generation from the Alborz Sharghi coal processing waste dump. The pyrite oxidation
reaction is described by the shrinking-core model. Gaseous diffusion is considered to be the main
mechanism for the transport of oxygen through the waste. It was assumed that the oxygen is the
only participant in the oxidation of pyrite. No bacterial activity was allowed to take place within
the waste materials. The results obtained from the numerical modeling were compared with the
results of field observations and close agreement was achieved. A simple mathematical model
incorporating advection and hydrodynamic dispersion processes was also presented in order to
verify the results of geophysical Time-Laps method showing transportation of the pollutants
through the downstream of the waste dump. Both mathematical model and geophysical Time-
Laps method are agreed in the identification of pollutant transport emanated from the waste
dump. Althsugh the oxidation of pyrite in the presence of air and water, pollution generation and
transportaticn associated with coal processing waste dump is almost unavoidable, the results of
such investigations can be used for designing an effective environmental management program in
order to minimise environmental effects arising from both active and abandoned waste dumps.
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