|SOKVA?-?£5 Software Cover Sheet
Sandia PILOT Form Number: 461-B Effective: 9/12/96
[Naab?%gs PLANT Procedure: _ QAP 19-1 Page _1 of __1

1. Document Name: WIPP PA User’s Manual for BRAGFLO (Version 4.10)

2. Document Version Number: 1.20

3. WPO Number: 45238

4. Software Name: BRAGFLO

5. Version ID: 4.10

6. Software Classification”’: SNL-SW
7. Summary of Contents (OUEHL SHEET, DoCUMENT, RENEW FOrml, Comt MEriTS

Total number of pages in body of document; 2 / 6
8. Code Sponsor/Preparer(s) Signature(s): _
James D. Schreiber . Z 1% 52 ,
LR _"_ A 2
Code Sponsor’s Name (print) c te
- \)
James D. Schreiber ‘g:; W 231/6>
Preparer’s Name (print) i ate
—_— —— —
Preparer’s Name (print) Signature Date

9. Reviewer(s) Signature(s)m:

Teklu Hadgu = es,M Tesclin 1"1‘&9*(/,%( m

Reviewer’s Name (prinf) Signature v Date
—_— — .
Reviewer’s Name (print) Signature Date
—_— — J—
Reviewer’s Name (print) ] Signature Date
10. Department Manager Approval:
Hong-Mian Jow ﬁL:J Lﬁ—’% 7/;[/‘? ‘7

Department Manager’s Name (prinf) ~ 0 @/ Date
/1

11. SCM Coordinator’s Signature: : i ?z Wﬁ /
John J. Loukota Py =2 3'(/?'7

SCM Coordinator’s Name (print) V' Signature Date

N Choose from classifications in Appendix A.

@ If there are more than one preparer or reviewer, each person's responsibilities shall be delineated in the document. Each reviewer shall complete a
reviewer's form which applies fo the document reviewed, or document their review in a memorandum. The review documentation shall be included in
the document. Attach additional Suftware Cover Sheets if there are more than three Code Sponsor/preparers or reviewers.

WPO# 4/523(9 Keywords: ?/QHGF&O : ZFZ : ”M

SWCE File Code: ~ SWCF- /g c [ (K o/. 6 [ p /4 : // SFT

I' A or CWBSH Alpha Code (s}




WIPP PA

User’s Manual

for

BRAGFLO, Version 4.10

Document Version 1.20
WPO # 45238

May 12, 1997



BRAGFLO, Version 4.10 WPO # 45238

User's Manual, Version 1.20 May 12, 1997
Page 2
- TABLE OF CONTENTS

1.0 INTRODUCTION .....occviiiriiriieiniciiinseie i essesesecssten e ressssssasessasiasastesasesassseserensessassssnsseres 7
L1 Software IAENtIfIEr .......cc.coriiiiireiiriiesinee et rse et st e e e se e e naneaneanss 7
1.2 POINES Of CONLACL......c.ooiiieieiiieccere e rree et b s s e e sc st e e e s s on e vesananannes 7
12,1 COAE SPONSOT.....ceriiceiiriiiiie ettt es e e et e s e nerses 7
1.2.2 Code Consultants..........cc.cviciiieciirnniinin et s srs et a e sre e 7
2.0 FUNCTIONAL REQUIREMENTS ... ioiecctertrterire e crtnate s ae s s e sn s saes e bt sassaes v ens 8
3.0 REQUIRED USER TRAINING AND/OR BACKGROUND .......ccoccierriierennereseereseesreenns 10
4.0 DESCRIPTION OF THE MODELS AND METHODS .......cccoooiiiiieitnceecnecnnesmnesanis s 11
4.1 One-Dimensional Fluid Flow in Porous Media........cccccoviiiiiiinciinicnicnr e 11
4.2 DAICY'S LAW .ot rtrsi e eicaeta et e se s s see s e aa s e 2 ee s s e nbs st n e cr e e s a e ba bR e sbtaesbreeeann 13

4.3 Permeability Tensor, Darcy's Law, and Material Balance in Higher
DUIMENSION ... ettt it s re st s aese e se e s e e s e e e aesesbentsrnesassanssnsassenaasaesassenas 15
4.4 EqUation Of STALE.........ccooiiiiiiiiiiieenesorb et ees e s e e s s bbb m s mrne s eneas e 18
4.5 Finite Difference and Discretization of Material Balance Equation..........cccoeveiees 21
4.6 Newton-Raphson Method for Solution of Nonlinear Algebraic Equations................ 25
4.7 Discretization il TWoO-DImMeNSIions ..........coccommmeciiieiiiiceeere s e s sreseraesrnennas 30
4.8 TWO PRASE FIOW .oooccoroeooeeooeeeese oo ees s eee st sees oo eeeesasees e 35
4.9 CharacteriStic CUIVES ..iccocirireierereieiisiaesi e erreracsaeseseseerasssssesssobeseesessansssnransnesessns 44
4.10 Pressure-Induced Fracture TTeatment .........ccovveviinicrenieniee et eseeenee e 51
411 Creep CIOSHIE ....oviiiiiiiii it ettt et e m e s e sR e b st s bt s e ssaaa st eeeeeneas 54
4.12 KlnKenberg BIfect. ...ttt st as 55
4.13 Gas Generation Model.........ccooiiiiiiicciniesice e et 56
4.14 Linear EQUatiOn SOLVET .....c..ociiiiiiciicice et et sass s s s 59
4.15 MOAEl GEOMELTY .....cccviiriiririerteci et saes s sat s s ben e na e o nn s rneennenas 63
416 Well MOdEIS..... it e ree e et e sae s rne e 63
4.17 Gas Dissolution MoOdelS.... ...t crreeessss st ses s e aneas 64
5.0 CAPABILITIES AND LIMITATIONS OF THE SOFTWARE ........ccccocoiviiiiiinee 65
6.0 USER INTERACTIONS WITH THE SOFTWARE ........ocoovciierrecreemrcerscsnecneseconnnas 67
7.0 DESCRIPTION OF INPUT FILES ..ottt esseesieisasser e seesaeses e sernesesnessnes 70

7.1 PATAMELET STALEITIEIT «.oevreeestvrevesseeeseieeessiemsaetreeeeeseeeeesreretssresssneessssnsnnnnessnnnnsssnsesnsnssaesens 70




BRAGFLO, Versicn 4.10 WPO # 45238

User's Manual, Version 1.20 May 12, 1997
Page 3

7.2 INPUL CONIOL FALE........oiieieeeceec et eeee s e st s eesseases e sene e aens 73

7.2.1 PREBRAG QA IDfOrmation .......couveeveveerrncenenie e eeseesesssenessesessesassnns 73

7.2.2 Startup and Time CONO] .....ccoeemruiermrecee et et er e 75

7.2.3 Output Control Parameters ........c.....coeeeoeeceriniesiesiensereecseesssssesesresseressesemsnee 79

7.2.4 Mesh Description Parameters ........c.ccocieiciiiniecnncrcsrnrenivcnnseresesnsevesees 88

7.2.5 Well Parameters and Boundary ConditionsS...............c.covevevieevenervevervenernnen. 95

7.2.6 Initial CONAItIONS ....cocivrieeerrrricirirer et reaessse e s e e re s sna s ess e ssns 98

7.2.7 Numerical Control Parameters............ocvccceiciieiiinseieiesresreersesnsessseereraecone 100

7.2.8 Material Maps and Material Properties ........ouecoeeeeeeeeenecerererineieersesenne 111

7.2.9 Fluid PrOPerties. ... ....cooicimmieiinieiiecieinieterceeteenesesass e s st aesnese st snansanes 125

7.2.10 Chemical Reaction PAarameters .....cocucvvvevivrierriinesrnreeeeessensaninennoressssssnsens 130

7.2.11 Creep Closure Parameters..... ..o riiieeireeniices e s vesesreeresesesesteeesssnnes 133

7.2.12 Radionuclide Transport and Decay Parameters...........cccoeviinnninreennn, 137

7.2.13 Multicomponent Gas Transport Parameters ...........coovceevmmmeenenssarncnnns 142

7.3 Restart Capability .......ocoiviiiiiii et st ea s e e 142

8.0 ERROR MESSAGES ..o v eses s st s s ass st se e e snsssesasessesanes 145
9.0 DESCRIPTION OF OUTPUT FILES .........cootiiiiiieiienieetn v e et sesanns s eneeanrneas 146
9.1 Binary Outpt (. BIN} FIle....oovuiveieereeees ettt en st sss bbb st nane 146

9.2 ASCIT OUPUE (LOUT) FHIE oot stseeessseecreee s ssees s tossestssasasosanas 151

9.3 Summary (.SUM) File ......ooiiiiiie it 152

9.4 Restart Output (ROT) File ..ot seee e et ras e s sr s e r s snas 156

10.0 REFERENCES .......oooiiiieiriiercirncee et treasssae st abes s tactsnas s snsssasessnesnnssssassesnssenes 157
11,0 APPENDICES ..o eb et bt sass s asss s sesssen st sannsasasssssenssensn 159
Appendix A: Sample INPUE FIlE ......cc.oviiiiiei sttt s 159
Appendix B: Sample Output File ...........coooiiiiiriecre e sae e 172
Appendix C: Functionality Not Tested........ccooiiiiniriiiineeecireniceeereereesnnra e cassasseessnnsans 208
Appendix D: RevIEwW FOIMS ..ot e n 210



BRAGFLO, Version 4.10 WPQ # 45238

User's Manual, Version 1.20 May 12, 1997

Page 4

LIST OF FIGURES

Figure 1. One dimensional reservoir with area-normal-to-flow as a function of x......c...ccccenuneee. 11
Figure 2. Element of volume of length Ax. ..ot e 12
Figure 3. Experiment for illustration of Darcy’s Law. ....ccccoeciaeriiiiiivrecnreniirnniseserressmesessesevesens 13
Figure 4. Bulk volume vs. Porous Media Displacement. .......cocceeeviervcriinniieneenrne e, 15
Figure 5. Permeability with anisotropic values k; and k; in direction & and 1 ....ceoeveervcreernenanann. 16
Figure 6. Partition interval [0,L} into IM subintervals....................................................‘ .............. 22
Figure 7. Depiction of arbitrary grid blOCK. ...ccccoviioieec et 23
Figure 8. Newton-Raphson method. ...t 25
Figure 9. 2-dimensional Zrid..........cccooviiiiimienieieeee e ere e esa e s et e e e b e et e rrrane e e eansasan 31
Figure 10. Computational molecule (0r Stencil). ........ovveciiiiiviiin e 31
Figure 11. Sequential indexing of eqUations. ........ccccciiiinicciiiicinici e rens 32
Figure 12. JacODbIan MAatliX. ...ccocoiireiiiiic ittt re e et sb s e en e an s 32
Figure 13. A different sequential IndeXINgE. ....c.cooovvciinmiciiiiiiiiic e s 33

Figure 14,
Figure 15.
Figure 16,
Figure 17.

Figure 18.
Figure 19.
Figure 20.
Figure 21.

Figure 22.

Figure 23.

Typical relative permeability CUrve. ...t 36
Gas Displacement Front. ...ttt ereesnaeesees e e e nanans 43
Displacement of Immobile Water. ...........oocoorviviiiiinescii it sne s 44

Relative Permeabilities for van Genuchten-Parker Model (left plot) and
Capillary Pressure for van Genuchten-Parker Model (right plot)....c..ccoovivonveiinicnnne 46

Relative Permeabilities for Original Brooks-Corey Model (left plot) and
Capillary Pressure for Original Brooks-Corey Model (tight plot).....ccocoocvevivncennnne. 47

Relative Permeabilities for Modified Brooks-Corey Model (left plot) and
Capillary Pressure for Modified Brooks-Corey Model (right plot). ........cccvvvieiinnanne 48

Relative Permeabilities for Second Modified Brooks-Corey Model (left plot)
and Capillary Pressure for Second Modified Brooks-Corey Model (right plot).......... 49

Relative Permeabilities for Linear Model (left plot) and Capillary Pressure for
Linear Model (right plot). ........cociiiiii e 49

Capillary Pressure for van Genuchten-Parker Model PCMAX = 10° Pa (left
plot) and Capillary Pressure for Original Brooks-Corey Model PCMAX = 10°
Pa (TIZHE PIOL). .ottt e st es s s s sae s senme e srnns 50

Relative Permeabilities for van Genuchten-Parker Model, effect of parameter
m (left plot) and Capillary Pressure for van Genuchten-Parker Model, effect of
parameter m (Tght PIOT). ..ot e 50




BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997

Page 5

Figure 24. Relative Permeabilities for Brooks-Corey Model effect of pore size
distribution parameter (left plot) and Capillary Pressure for Brooks-Corey

Model effect of pore size distribution parameter (right plot). ........ecccevevrmrercceesereennnes 51
Figure 25. Pressure dependent COMPIESSIDIILY. .ovovvecuiviveeeieceeieiisessiceseecscassssersessssssssesrensneien 52
Figure 26. Pressure dependent porosity and permeability. ....cocc.veeerevveeerirsurienreseresssnesnseenesneees 54
Figure 27. Pressure driven porosity function generated from SANTOS structural

MECHANICS COAE. ...ttt et e e sas et s e n s e e s n e e aenes 35
Figure 28. Increase in gas phase permeability due to Klinkenberg effect. ..........cocevevmenereccrnnane. 57
Figure 29. Sample computational flow diagram for BRAGFLOQ, highlighting flow to and

from BRAGELO. ...ttt es s v s st st st bbb nanns 68
Figure 30. User-required file specifications for BRAGFLO. .........cocoovccovivmmrnsrnsceensieinreescsesenenns 69

List of Tables

Table 1. Variables used in BFZ_PARAMS INC .....ooiiiiiiieeerieee oot esaeeaneeeses s seasnessenes 71
Table 2. Constants for BGZ_PARAMS.INC ........ccccoivvmrmce ettt sve e sessssenessreansensssssesnaes 72
Table 3. CONVErsion Factors. ..........ccciiiiiiiiniiie e et seas s eee s ee s e s e saeaens 80

Table 4. Element variables available for printout in BRAGFLO. Variables 1 - 95 are, by
default, available in any run. Variables 96 and greater depend on the values of
MWST and MRAD. This list is for MWST = 1, MRAD = 3 (Pu240, U236,
and Th232), which results in a total of NVPR =95 + 3 * MWST * (1 +
MRAD) = 107 €lemMent VAIIADIES. .....c..veeiieeeeeeeeeee et eeeseeeesereeeesaeeesaessresesraesessesnsassaneen 85



BRAGFLQ, Version4.10 WPO # 45238

User's Manual, Version 1.20 May 12, 1997
Page 6
ACRONYMS
BRAGFLO................. Brine And Gas FLOw
CCA ..o, Compliance Certification Application
DEC ....cccooovereecrenee Digital Electronic Corporation
DOE...cccoiriiiinciineen. U.S. Department of Energy
DRZ ....cooviiiieriernen, Disturbed Rock Zone
PA e Performance Assessment
PREBRAG................. Preprocessor for BRAGFLO
QA . Quality Assurance
VMS.. e Virtual Memory System (a DEC operating system)

WIPP....oooveen, Waste Isolation Pilot Plant




BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997

Page 7

1.0 INTRODUCTION

This document serves as a User's Manual for BRAGFLO, as used in the 1996 WIPP PA
calculation. As such, it describes the purpose and function of the code, the user's interaction with
the code, and the models and methods employed by the code. Examples of user-accessible input
and output files are included for the user's convenience.

1.1 Software Identifier

Code Name: BRAGFLO
WIPP Prefix: BF2
Version Number: 4.10
Revision Date:  5/6/97.

Platform: FORTRAN 77 for OpenVMS AXP, version 6.1, on DEC Alpha.

The previous version of BRAGFLO was Version 4.00, dated 2/9/96.
The previous version of the User’s Manual was WPOQ # 30703, Version 1.01, dated 1/31/96.

1.2 Points of Contact
1.2.1 Code Sponsor

James D. Schreiber

Science Applications International Corporation (SAIC)

2109 Air Park Road, S. E.

Albuquerque, NM 87106

Voice: (505) 247-8787 (SAIC) (505) 766-9629 (GeoCenters)
Fax: (505) 766 -9125 (GeoCenters)

1.2.2 Code Consultants

Palmer Vaughn

Sandia National Laboratories
Albuquerque, NM 87185-1328
Voice: (505) 848-0678

Fax: (505) 848-0705

Michael E. Lord

Sandia National Laboratories
Albuquerque, NM 87185-1328
Voice: {505) 848-0828

Fax: (505) 8480705
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2.0 FUNCTIONAL REQUIREMENTS

R.1

R.2

R.3

R.4

R.5

R.6

R.7

R.8

R.9

R.10

Input defining the problem to be run is read in, including mesh size, simulation time
specifications, and output files to be used.

The time and/or frequency of output to each output file and the variables whose values
will be output are specified in the input.

The code reads input defining the finite difference grid for the problem to be run,
including values of Ax, Ay, and Az, and elevations of grid block centers, or input parame-
ters that allow BRAGFLO to calculate the elevations. These input parameters may also
specify how the mesh is rotated or dipped relative to a reference right hand coordinate
system.

The default boundary conditions are no-flow conditions. BRAGFLO also allows constant
pressure (Dirichlet) boundary conditions to be applied at specified grid blocks. The
Dirichlet conditions fix the brine pressure and gas saturation at their initial values.

The following initial conditions are specified on input at each grid block: brine pressure,
brine saturation, iron concentration, and the concentration of biodegradables.

Parameters are input that control the numerical behavior of BRAGFLO. These include
specifications of convergence tolerances, iteration limits, upstream weighting control pa-
rameters, dependent variable increments used to calculate Jacobian element derivatives
numerically, and the solver to be used. Only two solvers are currently available, the
original LU decomposition solver and the point successive overrelaxation (SOR) solver,
and only the original LU decomposition solver will be used in WIPP compliance calcula-
tions.

Material maps at specified times are input. For each material, material properties are
input, including two-phase flow parameters, intrinsic permeabilities, reference condition
porosities, and compressibilities. Also specified are the relative permeability and capil-
lary pressure model to be used for each material.

Relative permeabilities and capillary pressure are calculated for each material using one
of several available models. The compliance calculations will use either a modified
Brooks-Corey model or a van Genuchten/Parker model. Some of the QA tests use rela-
tive permeability models that are included in BRAGFLO specifically for those tests.

A simplified rock fracture model allows the porosity and permeability to increase as pore
pressure increases above a threshold value, simulating a fracture network.

The Klinkenberg effect is included, allowing the gas-phase permeability to become
elevated over the intrinsic brine-phase permeability at low pressures in low-permeability
materials.
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R.11 Brine salinity, density at reference conditions, and compressibility are specified by input

R.12

R.13

R.14

R.15

R.16

R.17

values, and the density of brine varies as a function of pressure,

Gas properties are given by the Redlich-Kwong-Soave (RKS) equation of state. The
WIPP compliance calculations will use a single pure gas, Ha.

Two chemical reactions are modeled in BRAGFLO: anoxic corrosion of iron and
microbial degradation of cellulosics. Both of these reactions produce gas (Hs) and con-
sume brine according to specified stoichiometry. Reaction rates are specified for brine-
inundated conditions and for humid conditions.

The effects of salt creep, whereby the surrounding halite closes in on the waste or other
excavated regions, compressing them, may be simulated in BRAGFLO. Using this model,
the porosity of the waste changes with time and brine pressure. BRAGFLO version 4.00
uses a “porosity surface” for the waste that is similar to that used in version 3.62Z0, but
based on improved models of creep closure and new results from SANCHO simulations.

BRAGFLO numerically calculates the flow of two phases, brine and gas, in porous media
as a function of time and space, using an implicit finite difference method with variable
time step control. '

Well models in BRAGFLO allow simulation of wells that are completed within the
formations. or porous media being modeled. The types of wells that can be modeled are
constant injection or production rate wells and constant downhole pressure wells.

BRAGFLO simulates flow through heterogeneous as well as homogeneous porous media.
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3.0 REQUIRED USER TRAINING AND/OR BACKGROUND

In order to run the BRAGFLO code successfully, the user will need a basic knowledge of
. Open VMS

. Digita] Command Language

. Sandia’'s CAMDAT database.

In addition, users should also have access to the WIPP cluster of Alpha microcomputers.
To interpret the input to and results from BRAGFLO, users should have:

. knowledge of basic mathematics through calculus and computational linear
algebra

. an understanding of two-phase flow in porous media.
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4.0 DESCRIPTION OF THE MODELS AND METHODS

Quantification of the effects of gas and brine flow on radionuclide transport for undis-
turbed and disturbed conditions requires use of a two-phase flow code. For performance
assessment, the DOE uses the two-phase flow code BRAGFLO to simulate gas and brine flow as
well as to incorporate the effects of disposal room consolidation and closure, gas generation, and
interbed fracture in response to gas pressure. This section develops the governing equations for
BRAGFLO, its initial and boundary conditions, and the submodels incorporated in BRAGFLO
that were developed specifically for performance assessment of the WIPP.

4.1 One-Dimensional Fluid Flow in Porous Media

Historically, BRAGFLO was developed as a two phase flow model for petroleum pro-
duction applications. For this reason, BRAGFLO uses terminology common to the petroleum
industry. Further details of the concepts necessary for the finite difference solution of reservoir
simulation problems are available in Peaceman (1977), Aziz and Settari (1979), and Thomas
(1982).

TRI-6342-3875-0 (a)

Figure 1. One dimensional reservoir with area-normal-to-flow as a function of x.

We consider now the material balance equation governing the flow of a fluid in a one di-
mensional porous media. Figure 1 shows a one-dimensional reservoir with area-normal-to-flow
as a function of x; area = A(x). The flow streamlines will actually flare in or out due to the
variable area. However, we make the assumption that density and velocity are representative of
average properties over the area normal to flow. From the reservoir, select an element of volume
of incremental length Ax.

Let

volume flow rate [1°/t]

fluid density [mv/1%]

mass flow rate [m/t]

flow velocity [1/t]

porosity [pore volume/bulk volume]

€ -8 TN



BRAGFLOQ, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997
Page 12

A = normal cross-section area [12]

where the generic units are:

m = mass
1 = length
t = time.
Qinj.
Qi )"'—> Qout
X X+AX

TRI-6342-3875-0(b)

Figure 2. Element of volume of length Ax.

The mass rate and volume rate of flow are related by ¢ = pQ. The sign convention on Q.
is

@., > 0, injection,
0., < 0, production.

Also, Q; = volume rate/injected volume, which impiies fluid injection is uniformly dis-
tributed over control volume AAx.

Mass balance requires that

Gu - Goa + Gy AAx = change in fluid mass/time

where
¢.; = mass injection rate/unit volume.
Now
g = (VAP
Gou = (VAP )x + Ax

and
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rate of change of fluid mass = % (0AAXp)
The mass balance is then
| d
(vAp), — (vAp), . +q., Alx = —~(pAAxp)

Express the area as A = 0(x), then dividing by Ax yields

(ovp), —(owp) ...
Ax

0
t0g,, = g;(atbp) .

In the limit as Ax — 0, we get the material balance equation for one-dimensional single phase
flow

d
—ga;(avp)+aq,.m = E(a(bp) .

4.2 Darcy’s Law

For the viscous flow of a fluid through a porous medium the flow velocity is related to the
fluid potential by Darcy’s Law (Darcy, 1856) a mathematical model developed from empirical
data gathered in experiments using a device similar to the one illustrated in Figure 3.

l— Manometer

Sand

filled tuhe /

a

N

datum (h=0) e Y VY

TRIH§342-3876-D

Figure 3. Experiment for illustration of Darcy’s Law.
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In Figure 3, O is volumetric flow rate, and distance is measured in the positive x-
direction, from L; to L;, where the fluid pressure is P and P, respectively. The height above a
reference datum is 2. The cross-sectional area is A, and the fluid has viscosity, J, and density, p.
The permeability of the porous medium is k. The differential form of Darcy’s Law is:

Q=——|——+pg—

—kA(dP dh}
no\dx dx /

The negative sign in Darcy’s Law indicates that flow is in the direction of decreasing pressure or
height above the datum.

The units used in BRAGFLO are

0 m/s
k = m?
A = m
dP

e Pa/m
K Pa s
p kg/m’
dh

E; = m/m
g = m/s

Velocity is given by

_2_ E(_‘?ﬁ+ _‘i’f‘,]
VEAT T u\a TP )

where v is called the Darcy velocity or superficial flow velocity. The quantity

Q v bulk volume , .
== =—=———/time
A0 O normal area

is called the interstitial or average linear velocity, where ¢ is the formation porosity.

The distinction between the Darcy velocity and the interstitial velocity is demonstrated in
Figure 4. Assume fluid in the unit bulk volume at the left end of the reservoir is displaced by a
piston over unit time into a media with porosity ¢ = 0.20. The cubic meter of fluid will occupy 5
m° of the porous material and the fluid will advance to a position 5 meters from the interface.
The velocity of the fluid in the bulk volume is /A, or the Darcy velocity, while the fluid velocity
in the porous material is Qf{A¢), or the interstitial velocity. For example, if a tracer element were
introduced into the porous material, it would travel at the interstitial velocity. The Darcy velocity
is the rate at which the bulk volume is transported.
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we Crosses 1m2,,,

1 m3of water o S W BE rm-':k
¢ with 20% porosity s

e« moving forward 5m
TRI-6342-4316-0

Figure 4. Bulk volume vs. Porous Media Displacement.

4.3 Permeability Tensor, Darcy's Law, and Material Balance in Higher Dimension

The permeability of a geological formation can be direction dependent (anisotropic). For
example, a sedimentary formation may consist of uniform sand or lime laminae of high
permeability alternating with thin, uniform layers of silty, shaley laminae of low permeability.
The large scale permeability characteristics can be approximated as uniformly anisotropic. That
is, the layered system is replaced by a homogeneous system having permeabilities &, parallel to
the plane of the laminae and k; normal to this plane. Further, the direction of the laminae may
not be parallel or normal to the formation boundary as evident in a cross-bedded structure.

Figure 5 shows two Cartesian coordinate systems (E,1) and (x,y). Suppose the principal
permeabilities are given with respect to (E,1) system with &, the permeability in the & direction
and k; the permeability in the 1) direction. Further, assume the reservoir geometry is aligned with
respect to the (x,y) system, which implies that the fluid flow equations are to be formulated with
respect to the (x,y)-axes.
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L.
-

—>» X

TRI-6342-3886-0

Figure 5. Permeability with anisotropic values k; and &; in direction & and n

The coordinate transformation from the (£,n) system to the (x,y) system is

x=&cos@-nsind
y=&sin O +1cos 6.

If ig and i.,] represent the unit vectors in the &,m -directions, respectively, then the Darcy

velocity vector (ignoring gravitational effects for now) is

W OPs kP

§=—t

e Ry i
pot ® pam "

The coordinate transformation maps the unit vectors into
l; — cos@l, +sinBl1,
and

1, — sinB1, + cosBl,.

The chain rule gives

% = cos8 ==+ sin 5
and

oP — <in® oP <0 oP

P = sin 'ax + CO ay .

Then the Darcy velocity is
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. —k apP P . -
V= T[COSB —+5sin@ a—](cosﬁ 1, +5in@ 13.)

ox ay
k oP dP . 2
__El(_ S]HBE+COSB a—y‘]( S][’lelit +COSBI’,)

The vector components of the Darcy velocity are

-k, oP oP
v, =—| cos® 0 =+ sind cosd —
11 ox dy

k oP oP
sin® @ — +sinB cos® —
T ox dy )

-k, oP dP
v,=T sinB cos® — +sin’0 —

¥ ox dy
k
——=| ~sin® cosB—a£+cos Ga—P
Tl ox ady

The dependence of the Darcy velocity components on pressure gradients in both x- and y-
directions will add significantly to the complexity of the material balance equation in 2-
dimensions. A similar analysis with more complexity could be performed in 3-dimensions.

A significant simplification occurs if the directions of the permeability tensor are aligned
with the reservoir coordinate axis; that is, 8 =0. If 8 =0, then

-k oP —k, oP
v, =——— and = -_—

TR ox bR oy

BRAGFLO makes this assumption. Thus, in three dimensions with anisotropic perme-
ability, the components of the Darcy velocity are

—k, oP —k, oP ~k, 9P

poox’ Ty T e

X

where k,, k,, k. are input permeabilities in the direction of the corresponding coordinate axes.

When the effect of gravity is included, the components of the Darcy velocity become
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_—k, [ahp 3"] , k(o ok v_—kz[a_h 3_’1]
T\ P TGy TP T o TPEG,

To generalize the flow equation to higher dimension, we replace the flux term with
(Peaceman, 1977)

v .{E‘M (VP+ ngh)}
v
d: 3+ 9p) |opk (0P oh). opk (oP oh }+ apk(aP oh
= —i+—j+—k b3 I = halatie 3 Bl -
(8xl+3y']+az ).[ 1) [8x+pgax]l+ L (angay)“ 1) *Pg Bz]k
.9 9_‘%[3_& 3_h] L0 |9k, (op ok +i____(3_P+ 3’1]
x| 1 \ax PR o e \ay TP e T\ PPz

where

(4]

permeability tensor,

area normal to flow direction in one dimension (x), or
thickness normal to flow plane in two-dimensions (x,y), or
1 in three-dimensions (z, y,2).

‘The three-dimensional flow of a single fluid incorporating Darcy’s law is
i O:pkx (8_P+ a_h] +i qpky "§£+ _aﬁ +§_ apk (8P+ ah] +ag ____( o )
x| p \axr P )Tyl Th Lay Py )Tzl T oz T PEa)|T MW T P

4.4 Equation of State

From the previous section the three dimensional flow of a single phase fluid is governed
by the equation

9 | opk, [ap+ 91’-] +i apk, QE+ ok +i opk, (ap +pg a—h] +o =—E~}-(C¢¢P)
ax L \odx pgax dy| p \oy P& dy oz| H \dz ) T at :

This equation has two dependent variables, pressure, P, and density, p. Independent vari-
ables are space (x, y, and z) and time (#). We must relate p and P and hence eliminate one of the
dependent variables. This problem is generally treated over three fluid regimes:
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incompressible fluid (p = constant)
. slightly compressible fluid (water, oil)
¢  highly compressible fluid (gas)

The incompressible fluid assumption is not valid for most applications and will not be
considered.

Slightly compressible fluid assumes:
ap ]
e = s
(aP ;o

For ideal fluid ¢ = constant. Then the differential equation can be solved as

where ¢ is fluid compressibility.

p=p, exp[c(P - P )]

where p, is density at reference pressure P,. This is the equation BRAGFLO uses to evaluate
brine density.

Recall

b | =
W=

and if x is close to zero

o
1t
fa—
+
=

Therefore, if c(P-P,) is relatively small, then
p=p[i+e(P-P)]
This linearization is sometimes used as an appreximation to the exponential density function.
A high_}y compressible fluid such as gas requires a real gas equation of state
p=p(P.T)

which, for isothermal flow, gives density as a function of pressure. BRAGFLO uses the Redlich-
Kwong-Soave equation of state to relate gas density to pressure (Walas, 1985).

The formation rock behaves as a slightly compressible material which yields an expres-
sion for porosity analogous to the expression for brine density. In BRAGFLO the formation
porosity is evaluated as
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¢ =0, explc, (P- P,)]
where ¢, is the porosity at reference pressure P, and ¢, denotes rock compressibility.

With the equation of state the material balance equation is formulated and solved in terms
of a single dependent variable, namely pressure. Note that the partial differential equation (PDE)
is nonlinear. Nonlinearity occurs from several sources:

. nonlinear dependence of density on pressure
product of density and pressure gradient

. product of porosity and density in accumulation term since porosity is pressure
dependent due to rock compressibility

. viscosity could be pressure dependent for gases, however, BRAGFLO treats viscosity
constant for both water and gas.

For the one-dimensional case of the equation presented at the end of Section 4.3,

d | apk, (aP ok
ox

3
L 3 TP ax]] +0g,, = E(wbp),

the material balance equation (PDE) requires:

Initial conditions:

P(x0)=f(x), 0x<L

and
Boundary conditions:
PO =g, (1), P(L)=g,(z), t20

or
JP oP
5;(0,1‘)= g,(1), a—;(L,t)=gL(t) t20.

The first type of boundary condition in which the solution is specified at the boundary is called a
Dirichlet boundary condition. The condition in which the pressure gradient is specified is called
a Neumann boundary condition. Generally, most reservoir simulations assume d P/d x =0 on
the boundary (no-flow boundary condition). The boundary condition may be of mixed type.

BRAGFLO assumes a no-flow Neumann type boundary condition at all exterior grid boundaries.

BRAGFLO has the capability of maintaining {Dirichlet condition) pressure and/or satura-
tion at specified grid blocks. This allows the maintenance of initial conditions at far field
locations in the upper formations such as the Culebra.
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4.5 Finite Difference and Discretization of Material Balance Equation

Recall Taylor's formula with remainder for a function f expanded about x,:

F2x)

2
o FX,)

JFx)=flx )+ (x,Xx-x)+—F
f(n)(xo) f(n+l)(§) n+l
B (x_x)+(n+1)l( %)

where £ is the interval between x and x,. Thus

f(x) = p(x) + R,(x,x,)
or
f(x) - P(x) = Rn(xoxa)-

If £¢*Y is continuous on some interval [a,b] containing, (x, x.), then """ is bounded,

If(n+l) (x)| <

and

|n+1

fix) - p(x)| < Clx -

Therefore, as x — x,, the error goes to zero like (x — x,)"*'. Consider the following derivative
approximations. First order forward difference requires the Taylor formula:

f(x) = f(x{)) + f’ (xn)(x - x()) + Rz(x’x())

Let x = x, + A, then

|f(xo + h) — f(xo) _ f’(xo* -

RE(x" o)

= Ch.
h[ h

h

The difference approximation

) = fx, +h)— f(x,)
h

£,
is said to be first order in A. This type of approximation is used for the time derivative.

Second order central approximation:
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(2)
fix, +h)= fix,)+ f’ (xo)h+f ( o)

K2+ R3(x0, X, +h)

fx, —h) = flx,) - fix)h +

(2)(")hz+R(x x, — h)
21 IV o

where subtraction yields
fx, +h)- f(x, -h)y=2hf(x,Y +R,(x,.x, +h)- R,(x,,x, - h)
This is rearranged to give:

flx, + 1)~ flx,
2h

Ry(x,,x, + h) — Ry(x,,x, — h)
2h

h
) _ fr(xn) —

which produces the estimate

|f(x0 + h) - f(x() - h) - f’(xa* < Ezl-i = Ch2
2h h

f(xo-'-h)ﬂf(xo_h)

Therefore, the difference approximation ”

is a second order approxima-

tionto f'(xgy).

Consider discretization of the one-dimensional material balance equation:

9 |k, (9P -9
ax|: 0 (de:|+aqinj_at(a¢p)

where we assume the gradient of the depth, dh/dx is zero.

(77 7/

AX

AxIM

TRI-6342-3877-0(a)

Figure 6. Partition interval [0,L] into IM subintervals.
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Space discretization requires the partition of the interval [0,L] into TM subintervals with

length Ax, /=1, 2, ..., IM, as shown in Figure 6. Consider an arbitrary grid block i and its
neighbors i-1, i+1 as shown in Figure 7.

TR1-6342-3877-0(b}

Figure 7. Depiction of arbitrary grid block.

We reference the location of the grid block interfaces as
- X112 = location of interface between i-1 and i,

X112 = location of interface between i and i+1.
For example,

Xz = X+ Ax g

On the * grid block the partial derivative in the flux term is approximated by the 2™ or-
der correct finite difference

[@a_f’) _[@a_fi)
9 [a_fcg a_P)~ poox), (B o),

ox\ w oox )~ Ax,

The partials are approximated at the interface by the 2™ order correct finite difference

(akp a_P) _ [aka R-P,

hoox ), o Jin X~ %

A similar expression exists at i + 1/2. If the gridding is nonuniform then the above approxima-
tions are no longer 2" order correct.
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Time discretization is as shown below.

At
} — ¢

L Iﬂ-!-l

Assume the solution is known at time #,, and we wish to compute a solution at time z,,,

with time step size At = t,,; - t.. The time discretization of the accumulation term in the it grid
block uses the first order correct finite difference

9
at

(cop)™ + (o),

(atp) = v

where the superscript references the time index. The fully discretized system of equations can be

written as
(akp} P, -P
e Jivin Xin — %

L (akp) -P
Axi L i—-1/2 XX

In this equation, the time level is not indicated on the pressure and pressure dependent variables
in the flux and injection terms.

(9p)*' - (@dp) 1
At Ax;
R

o (gm) =0 =12 ..M

If all the pressures and pressure dependent variables in the flux and source/sink terms are
evaluated at the beginning of the time step, ¢ = ., then the formulation is called explicit. If these
quantities are evaluated at the end of the time step, ¢ = t,,; the formulation is called implicit.

The numerical solution of the material balance equation starts at initial time with speci-
fied initial pressures. The evaluation of the pressure solution in time requires at each time step
the solution of a system of nonlinear equations for the grid block pressures. The error introduced
by the discretization of the continuum equation is called truncation error. Errors will also be
introduced in the nonlinear equation solver since it will not solve the system exactly (see
Subsection 4.6, Newton-Raphson Method). Another source of error involves the choice of
discretization. A numerical artifact of the solution of evolution equations is that small errors
introduced at early time can either be damped with time (stable) or grow with time (unstable).
The errors in an unstable solution will usually grow large enough to dominate the solution with
numerical noise. The numerical stability of a discretization can sometimes depend of the size of
the space discretization (Ax) relative to the time discretization (Af). In this case, the method is
said to be conditionally stable.
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In the above formulations (explicit, implicit) we observe that
Formulation Advantages:
¢ Explicit is simplistic computationally.
* Implicit is unconditionally stable.
Formulation Disadvantages:
¢ Implicit is complex computationally.
» Explicit is conditionally stable.

The stability question dictates that the BRAGFLO formulation be fully implicit. The
evaluation of the interblock flux coefficients at i+ 1/2 will be discussed in Subsection 4.8, on Two
Phase Flow.

4.6 Newton-Raphson Method for Solution of Nonlinear Algebraic Equations

f(x)

A

» X

Figure 8. Newton-Raphson method.

TRI-6342-3878-0

Consider a real valued function of a real variable (scalar case). A rootof fisavaluex=a
such that fla) = 0. Let x* be an approximation to the root of f (k™ iterate approximation). Expand
flx) in a Taylor series about x;:

(2) k
FO) = FGM) + b )x — 15) + iT(f—) (x - x5 = 0
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Replace the nonlinear root problem with the linear approximation:

FER + x5 =0
with solution x = x¥**!. Define

axk k+1 k

=X - X
Then
8x* = _&k_)_
IMEON
and
= kg et

The Newton-Raphson iteration requires an initial guess to the root. In Figure 8 it appears
from the geometry that the iteration would proceed to the root of f. If the initial guess was not
close to the solution, such as to the right of the maximum in Figure 8, then the iteration may not
converge, or it could converge to another solution. When solving the system of nonlinear
material balance equations over a time step, the solution at the beginning of the time step is used
as an initial guess for the Newton-Raphson iteration.

In general, consider a system of » nonlinear equations (NLS) in n unknowns:

filxy,....x,) =0
falxpyyx,) =0

(NLS)
folxyy.oox,) =0
In vector notation, the system is written
filxy, ..o x,)
F(x;,....,x,) =|: = 0,
Fo(xs o xy)

and further, if X = (x,..., x,,), then, F(X) = 0 is equivalent to (NLS).

Consider Newton-Raphson forn=2. Let (x]" , xi‘) be an approximation to the root of
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filxy,xy) =0
falxy,x,) = 0.

The Taylor series through linear terms expanded about (xf , xé‘) = %" are

R e CIE) CEE P CO) R
1

fa(xp, %) = fz(xlsxz)"' gfxl(xl gXxl - xf)+ gi_Z(xf’xg)(xz = xg).
1

Replace the system of nonlinear equations

Filx;,x}) =0
Falxy,x) =0

by the linear system

Lot )+ L - o) = )
%o fufett - o) e Lo )i o) = 1)
Define the change in iterate values
&x, = x4 xf

ox, = xitt + xk.

Then the above linear system is written

Lo (s + L (o

%Wa+§tﬁfﬁﬁﬂ

ox, 2

1]
|
b
>
-
p—

The coefficient matrix
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Iogy g

ox ox
J(ﬁ) = 1 2

df, ... Oy ..

ar, ¥ 35, &

is called the Jacobian matrix for the nonlinear system.

Then the (k+1)" iterative step of the Newton-Raphson method is

J&*)o% = -F&¥)

or

8% = -J 1&MFEY)

and

~k+1 k

X =%"+8X.

For a system of » equations in » unknowns the Jacobian matrix generalizes to

Yg B )
Bxl (X)... axn (X)

Jx) =

(%)

afn (i). - afl’!.
ox, dx,,

or

&), = —aaf— ®.

j

The computation procedure in Newton-Raphson method computes the Jacobian matrix,
J(%*), and the function vector, F(fc") . The matrix inversion is equivalent to the solution of a
system of linear equations which returns the change in iterate values. The iterates are then

updated.
When analytical derivatives are not tractable, Newton-Raphson uses difference approxi-
mation for partials
afi _ f!'(xlg-..,xj +ij,...,xn)_'fi(xl,...,xn)

axj ) Ax

i
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The major computational effort involves the function evaluations. The above numerical
approach to the Jacobian requires n’+n evaluations of the function b2

If the Jacobian is evaluated by an analytic derivative then any change in the formulation
of properties would require significant code changes. Also, some properties, see Characteristic
Curves (Subsection 4.10), use different model descriptions with user input control. In this case it
would be difficult to implement the analytic derivative treatment. For these reasons BRAGFLO
uses the difference approximation for the Jacobian evaluation.

The modified Newton-Raphson algorithm is
alyes _ ~k -
J(x')6x=-F(x"), k=12,...,

that is, the Jacobian is not updated each iteration. In BRAGFLO the user can specify from input
directives the iteration frequency for the Jacobian evaluation.

Consider now the solution of the nonlinear flow equation. The i equation represents
material balance in i" grid block. Newton-Raphson iteration requires solution of the linear
system

Ji Jiz--. Jim | O;y £
I T Jam || 8P _ F,
I Iz I | 9P Fim

and p**" = p!¥ + 8p. where Jacobian and right hand side are evaluated at k™ iteration
pressures. If the Newton-Raphson iteration converges then

lim p/® = pr.

k—yoo

When testing for convergence during the Newton-Raphson iteration, the following test
criteria are applied uniformly over all grid blocks:
. Test gas saturation and brine pressure for physically real values.
®  Testif the change in gas saturation over an iteration is sufficiently small.
. Test if the gas material balance equation is satisfied.
. Tesf if the chance in brine pressure over an iteration is sufficiently small.
. Test if the brine material balance equation is satisfied.

. Test if the changes in gas saturation and brine pressure over the time step are
sufficiently small.
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See Section 7.2.6 for input parameters that specify when convergence has been obtained
or that affect the rate of convergence.

From the flow equations we note the Jacobian matrix has a tridiagonal structure

[Ty Tz Oeeeericoniin S, ] F, ]
Tu T Iy 9P, b
Q.0 ne Jii—lJii ‘]ii+] ......... 0 SP,- = — F;
LA JiM M-1 JIMIM_—Ble— [P |

For both storage and computational considerations the linear eguation solver should take
advantage of the banded structure. This is true for all the BRAGFLO solvers.

4.7 Discretization in Two-Dimensions

Consider the two dimensional flow equation with gravitational effects neglected:

2 (okpap), 2 (Kpap), . 2
ax( " axj+ay( L 3y " Mm = gy )

Discretized equation in 2-dimensions with implicit treatment of the well and flux terms is

+1 n n n n
_ (aq)p):j — (th)p)i,j + 1 (O‘kxPJ " pi++i%j ” pi.jl
At A N M Jizy e o X

I

+1 n +1 n+l n+1
— _1._ (akprn pl"‘l}-l ~ pf'T’lj + 1 (Uk‘)p]ﬂ pi’}-*‘l _ P;,j‘-
J

Ax B Jicia; % - %ia Ay; \ H 2 Yivl Y

n+l n 1
_ [ﬂkypj Pf,}] - P;’f;-l
]

Ay, m + af,f(q""j)f,j =0

Lj—2 Vi T Yia

A typical two dimensional grid is shown in Figure 9.
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y
A
JM
1
»> X
1 2 IM

TRI-6342-3878-0

Figure 9. 2-dimensional grid.

A computational molecule or stencil is shown in Figure [0 and the stencil shows the indi-
ces of the pressures which appear in the material balance equation for the (i,j) grid block.

i, j+1

1,5 | i | i1,

iy j=1

TRI-6342-3880-0

Figure 10. Computational molecule (or stencil).

With IM=5 and JM=3 in Figure 9, the number of equations is NEQ=IMxJM =5x3 =
15. Suppose the equations or grid blocks are sequentially indexed as in Figure 11.
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11 12 13 14 15
6 7 8 9 10
1 2 3 4 5
> X

TRI-6342-3881-0

Figure 11. Sequential indexing of equations.

Then the Jacobian matrix has the structure shown in Figure 12 where * entries are the

only nonzero values.

This is said to have pentadiagonal band structure, with bandwidth = IBW =2 x IM + 1
{for the example, IBW=11).

© e~ oMb YD =

- owh owh owh =k
BN - O

—h
24

101112 131415

Figure 12.

Jacobian

TRI-6342-3882-0

malrix.
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y
A
3 6 9 12 15
2 5 8 11 14
1 4 7 10 13
> X

TR1-6342-3883-0
Figure 13. A different sequential indexing.

Suppose the grid is indexed as in Figure 13. Then IBW =2 x JM + 1 (for the example,
IBW=7).

Therefore, to minimize the bandwidth, BRAGFLO orders the grid blocks so that sequen-

tial indexing proceeds first in the shortest grid direction, then in the longest grid direction. In this
case

IBW =2 x min (IM, IM) + 1.

Storage requirements are as follows:

Full matrix storage = (IM x IM)* words of MEeory
Band matrix storage = IM x JM x IBW words of memory
IfIM < JM then

Band storage _@XIM+D)XIMXJIM  2xIM+1 2
Full matrix storage (IM X IM)? O IMXIM M

For various values of JM, storage ratios are given by:
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M Storage ratio
5 0.4 (40%)
10 0.2 (20%)
50 0.04 (4%)
100 0.02 (2%)

To determine the required computational effort assume the major effort is the multiplica-
tions/divisions.

Banded structure:
multiplication/division = NEQ x IB x IB, where 1B is the half bandwidth,
IB = min (IM,JM).

Full matrix:
multiplication/division = 1/3 NEQ’

A typical performance assessment grid is

™M = 33
JM = 31
NEQ = 31(33)=1023
IBW = 23D+ 1 =63
IB = 31

Computational effort
banded matrix structure = 1023 (31 x 31) = 983,103
1/3 (1023 =357 x 108,

I

full matrix structure

The disparity in storage and computation between a band matrix solver and a full matrix
solver is greater in two-dimensions than in one dimension. Of course, when solving 3-
dimensional problems this disparity becomes even greater.

Although the equation solver is a major part of the time step calculation, other calcula-
tions involve evaluation of pressure dependent functions, coefficient generation, reporting and
other overhead. However, the equation solver is a good indication of the computational effort for
the time step solution. If the mmltiplication/division count of NEQ x IB X IB is used as a
measure of equation solver speed, then a grid refinement for which the number of grid blocks is
doubled in both the x- and y-direction (2-dimensional) would result in an increase in the number
of equations by a factor of 4 and an increase in the half bandwidth by a factor of 2. Therefore,
the computational effort would increase by a factor of 16. This estimate should warn the user
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that when attempting a grid refinement the computation (and also storage) does not depend
linearly on the grid size.

4.8 Two Phase Flow
BRAGFLO assumes a water/gas system.

For miscible flow, the fluids will diffuse within each other, and there is not a defined in-
terface between the fluids. Specifically, there is no capillary pressure effect.

Immiscible fluids are not capable of mixing and have interfaces across which pressure
discontinuities exist. This interfacial tension effect produces a capillary pressure between phase.
In BRAGFLO fluids are assumed to be immiscible.

Phase saturation is the fraction of the pore space occupied by the fluids in a given phase.
The notation is

Sw
S

water saturation,
gas saturation.

For example, the volume occupied by water within a bulk volume V with porosity ¢ is V¢S,
The saturation constraint for fully saturated media is
Se+ 5. =1
Capillary pressure is defined by
F=P -P =F(S,)
For a water wetting phase, P. 2 0.
The ability of a fluid to flow is affected by the presence of another fluid. The relative

permeability is the ratio of the effective permeability of a given fluid phase to the permeability at
100% saturation. This is written as

where k is the formation or absolute permeability, & is the effective permeability of phase 1, and

k. is the relative permeability of phase 1. We observe that 0 < k; < | and &, will be dependent on
the phase saturation. '

Typical relative permeability curves are shown in Figure 14, where S., is the residual wa-
ter saturation. For water saturation at or below S.., water will not flow.
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o
>

Sw 1 Sw

r

TRI-6342-3884-0

Figure 14. Typical relative permeability curve.,

Darcy's Law extended to multiphase flow replaces absolute permeability with an effective
permeability

kk
i, = ——2(VP+ pgVh).
1
The following system of two mass balance equations and two constraint equations is the
BRAGFLO description of the two phase flow within a repository site:
Gas Mass Balance:

3(op,5,)

ap, [k]k
ootk 2

" = (VPg +pgth)]+aqg +0g,, =0
£

Brine Mass Balance:

0
Ve [—apwflk]k” (VPW + pwth)} +og,+0g,, =0 ___(tl)g‘;Sw)

w

Saturation Constraint:
S.+S8.=1

Capillary Pressure Constraint:
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Additional terms include:

it

Grs rate of gas production (or consumption, if negative) due to chemical reaction.

Gro

rate of water production {(or consumption, if negative) due to chemical reaction,

The above system of four equations describes the time and space behavior of the four
vanables S, S., P, P.. The finite difference method requires the introduction of a grid in either
one, two, or three dimensions and then a discretization of the gas and brine mass balance
equations with respect to this grid and with respect to time. The resulting system of nonlinear
algebraic equations is solved over a time step by the Newton-Raphson method.

The discretization of the gas mass balance equation in two dimensions (x,y) is given by

é

n+ n+1 . n+t
1 (krg)i+1]/2.j [apgkx:l (‘IJ"_ _ o )"*1 _(krg)ijlll'z,j I:apgk.r] ((D’_ _ )””

— Biv1j 8ij — Rij 8igy
Ax, | X, —x, K, b ! X~ X H,

112, i-142.j

nt n+l A+ n+l
N 1 |k, )s,jluz ap,k, (fD"_ _pr )”1 _ (er)i.fl—m apk, (q,y— —_p )"“
Ay yj+t - yj “’g £i j+l Ri.j yj _ yj—] ug Bij Bi-jl

J

iR ij-12
n+l1 R
n+1 n+l (uq)pgsg )i»j - (a(bpgsg)lj — 0
+afvf qwsg',- +0:l'J q’.ﬂi,j - Ar -
where @ represents the phase potentials:
8 j = P.Si,j + ps,-“,zljgh"'j

L
(bé'r'.j - P.::i,j + p.ci—uz.jghf.f
and
¥+ ..
qjs;.; - Pgi,j + pm,plmgh"}

(Dir) =F, t p@f,j-uz ghl'v.f ’

Bij
Subscripts denote:
i = x-direction grid index,
j = y-direction grid index,
i+1/2 = x-direction grid block interface,
Jj£1/2 = y-direction grid black interface,

and superscripts denote:
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n  =index in the time discretization, known solution time level,
n+1 = index in the time discretization, unknown solution time level.

The interblock densities are defined by:

= + ¥
pé’mn,j Axr'.j +ij+],j p.&'.‘,j Ax;jj +Axi+l.j p8i+l,1
AXI,;' Axl’-l,j
p&'f—uz.j = Ax pﬂi-l.j + Ax p.&’;‘.;
i-1, + Axi,j Axi—l.j + i
and
0 _ AY; i Ay, ;
S Ay, it Ayi,jH 8 Ayi,j + Ay, j+1 fnt
A yr J Ayi‘_,u—]

Similar equations for the brine mass balance are obtained by replacing the subscript for
gas (g) with the subscript for brine (w). Note that the flux and rate terms are evaluated at time
level n+1, where the solution is not yet known. Therefore, the formulation is fully implicit.

a kIOT
Evaluation at grid block interfaces (i. e., at i¥1/2 and j£1/2) of mobilities {__P_g__yj‘,

&
using harmonic averaging, and relative permeabilities (£,,) , using upstream weighting, will be

discussed later.

For each grid block there are two material balance equations. The saturation constraint is
used to eliminate brine saturation and the capillary pressure equation is used to eliminate the gas
pressure. The remaining unknowns for each grid block are gas saturation, S;, and brine pressure,
P.. Consequently, at each time step it is necessary to solve 2 x NX X NY equations for 2 X NX X
NY unknowns, where NX and NY are the number of grid blocks in the x- and y-directions,
respectively.

In order to investigate the Jacobian matrix structure, assume for sake of argument that NY
< NX. In this case the grid indexing moves most rapid in the y-direction and then in the x-
direction. If the number of grid blocks is denoted NGB, then NGB = NX X NY. In BRAGFLO
the equation indexing is first with respect to the gas equation, then the brine equation and outer
most indexing with respect to the grid biock. For example, the equation ordering is as follows:
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equation
index equation
1 gas equation in grid block 1
2 brine equation in grid block 1
3 gas equation in grid block 2
4 brine equation in grid block 2
[ ]
]
]

2 x NGB-1 gas equation in grid block NGB
2 xNGB brine equation in grid block NGB

The unknowns are gas saturation and brine pressure. The unknowns are ordered by gas
saturation, then brine pressure and then with respect to grid block. The unknown indexing is:

unknown
index unknown
1 gas saturation in grid block 1
2 brine pressure in grid block 1
3 gas saturation in grid block 2
4 brine pressure in grid block 2
.
L ]
L ]

2 x NGB-1 gas saturation in grid block NGB
2xNGB brine pressure in grid block NGB

Information at the i,j grid block and its neighboring grid blocks will use the compass'._.gio-
tation:

P corresponds to information with respect to grid block i,j

E corresponds to information with respect to grid block i+1,j

W corresponds to information with respect to grid block i-1,j

N corresponds to information with respect to grid block i,j+1

S corresponds to information with respect to grid block i,j-1.

Assume that the ij grid block has sequential index £. Then the Jacobian matrix has a 2x2

block pentadiagonal structure and the resulting linear system in the Newton-Raphson iteration
step can be represented as follows
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_Pl Nl . El T 8 i ]
SZ P2 N2 EZ d 2
L ] L | L] .
L] [ ] [ ] L]
. . . .
» [ L] L]
L ] L] L »
. . . . .
w, S, P, N, E 5, | |6
» L] » L] ®
[ ] ] [ ]
[ ] L L J .
. . . .
L} » ] L
. . .
L WNGB S NGB PNGB J _8 NGER | _G NGB |

The 2 x 2 block matrices in the Jacobian are defined by

OF,Gi,j) F,(i.))
3S.(i.j) OP,(,J)

P =1 ar,G, ) 3F.G, )
35_(i.)) oP.(i )
OFG,j)  OFG,)) OFG.)) RG]
g |81 WL | |3S,G-1)) BG-1)
=l AFG.j)  dRG.)) =\ ARG ) ARG
aSg(i+l,j) an(i+],j) aSg(i-l,j) an(i—l,j)
FG.j)  OF(.)) 3F,i.))  OF(.))
|3 ity G| o |35,Gi-D 8RGj-D)
e=| ARG, OFG)) =l ARG G, ))
35 (5, j+1) P, (i,j+1) 35 (i,j—1) OB,G,j—1)

The block vectors in the unknown solution vector are
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5, - (SSK (i, j)].

&P, (i, J)

The block vectors in the equation vector are

F, j
G, = ( :(' J')]_
F. 2 (l’ J )
In the above, F) denotes the left hand side of the gas mass balance equation, and F, de-
notes the left hand side of the brine mass balance equation.

An inspection of the above discretized gas mass balance equation shows that the flux
between neighboring grid blocks invelves interblock flow terms evaluated at grid block
interfaces, such as i+1/2, i-1/2, j+1/2 and j-1/2. It is necessary to discuss how BRAGFLO
evaluates these interblock flow terms.

Consider the following term in the brine equation for flow in the x-direction between grid
blocks i and i+1, with gravitational effects neglected to simplify the discussion:

(k"")' 172 (ap k J
- - £ =-P |
Ax, (x X ) Mo S ( " ' )

vl

Since pressure and saturation are determined at grid block centers x; and x.,1, the question
remains as to how to evaluate the interface term at x.,.ys;.

First, we define the harmonic average, H, of @), a,, as

1 11 ]
_ = = —_—+ —
H Z[al az]

or
2a,a
H=-=—2
a +a,
Further, the weighted harmonic average of a;, az is
1 W, W,
a, a,
or
@,a
H = %2

2
Wody + wid,
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where the weights satisfy wy + w2 = 1. Now introduce the shorthand notation

ap,k,
Tin =[ M ]
w  Jian

At the i+1/2 interface, assume the mass flux is continuous

Tivt2 = Qhuz = Divio
where
G;+1/2 1s average flow between x, and x.q,
412 1s flow to the left of interface,
g2 is flow to the right of interface.

From Darcy’s Law, neglecting gravitational effects,

_ P,-P
Dir = Tian (km' )i+ll2 “"j—__

i+ i

or

P,—P

il T

Gorn =T ooin(& ) iin
qlﬂn r+I.Q( m)ﬁ» 1/2(Ax‘ —Axm)

This yields

_ 1
i 5 (sz‘ + Axm)

}DH»I - F: =
T H+U2 (krw )i+l.'2

Similarly,

Po=P
Gryn =Tk, Yoz (_‘_11’2__)

5 b
fb - Pi-l'
Gy =T (krw ).'+uz LHQ
—_ Axl
2

i+l
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Pressure drop is then written as

P,-P=PF,-P,,+ (B —FB).
Then
1 1 1
—(Ax, + Ax,,,) — Ax, —Ax,
a 2 i i+l _ q+ 2 I+l + q 2
i+l — Y i+
" T i+142 (km )£+11‘2 " T i+l (km )f+1)‘2 " 1, (k )z+1.‘2
Solving for 1,,,,, vields
T !T i+]
Tivisz = Ax Ax
i+1 i

T+ Tt
Ax; + Ax,,, Ax; + Ax;y
This is the harmonic mean of T;, tT,,,, weighted with respect to the distance to the inter-
face.

The interblock relative permeability is evaluated by upstream weighting;:

k"“’iﬂ ? P“’i < P“’Hl
(kfw )HIIZ - k, ., otherwise.

This treatment of the interblock flow term is justified by the following process typical in
‘performance assessment analysis. Assume gas is generated and is displacing water from the left
to the right as in Figure 15. At the gas front, the gas pressure, P,, is highest in the i grid block.
Thcrefore gas wants to flow from i to i+1 grid block. Although the gas is mobile (k, > 0) in the
™ block, it is immobile (k, = 0) in the i+1" block. If the relative permeability is included in the
mterb]ock harmonic averaging, then T, ,,, is zero and no gas is transported. By upstream

weighting the gas relative permeability we allow the mobile gas to flow from i to i+1 block.

S>> 8, 5,<8,
Pgi PgH—l
Xi Xirl

i+1/2
Figure 15. Gas Displacement Front.
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Another treatment of relative permeability is to evaluate it as an arithmetic average of the
two adjacent relative permeabilities.

(krw );4.”2 = Wfkrw‘- + wi+1knu,-+]

where the weights sum to 1. The arithmetic average of interblock relative permeability does not
correctly treat the following case. Suppose water is displaced from left to right in Figure 16:

S"" < Swr S"" > Swr
Pwi Pm’+1
X; Xit 1

Figure 16. Displacement of Immobile Water.

with pressure satisfying P, > P, .,,.
k

than zero and the immobile water would be transported from the i block. Upstream weighting
would yield interblock relative permeability of zero with no water transported. Thus the
upstream weighting prevents immobile fluid from being transported. The upstream weighting of
relative permeability is controlled by input parameters.

The pressure tries to move water from i to i+1 block. Since
~ =0and k, >0, the interblock relative permeability by arithmetic averaging is greater

4.9 Characteristic Curves

Relative permeability and capillary pressure are computed from several different empiri-
cal relations (Brooks, 1964; van Genuchten, 1978; WIPP PA, 1992). Choice of the characteristic
curves is controlled by input directives.

The van Génuchten-—Parkcr mode] determines
Capillary Pressure:
l-m
[)C — R,(Se_z”m _ 1)

where P, is a constant determined by equating the van Genuchten-Parker éapillary pressure with
the Brooks-Corey capillary pressure (discussed below) at S, = 05.
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Relative Permeabilities:
m 2
k, = S:Z[l—(l—Sjl”") }

ke =(1-5,) (1-51)"

where the effective saturations are

S -8
K

and
S-S,

S, =
-5, -5,

In the original van Genuchten-Parker model the residual gas saturation §, was zero.
BRAGFLO has the capability of using a nonzero residual gas saturation in the calculation of s, .

The parameter m is related to the input parameter, A , by

A
1+ A

Typical characteristic curves using the van Genuchten-Parker model are shown in Figure
17 with parameters

A =07 (m = 041)
S, =02,

The original Brooks-Corey model determines

Capillary Pressure:
P.=PR/S*

Relative Permeabilities:

— {2430
krw — Se,

k,=(1-s,) (1-s22*)

=
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Figure 17. Relative Permeabilities for van Genuchten-Parker Model (left plot) and Capillary
Pressure for van Genuchten-Parker Model (right plot).

where P, is threshold pressure and A is pore size distribution parameter. Note that if this option
1s used with P, =0, then P. is identically zero. )

Typical characteristic curves using the original Brooks-Corey model are shown in Figure
18 with parameters

A =07
S.=0.2
P.=10x10°Pa.

Two modifications of the Brooks-Corey model are available which differ in the treatment
of the effective saturation, S..

The first modified Brooks-Corey model computes both phase relative permeabilities using an
effective saturation

SW - SWT

Se-, =
: T 1-5, -8,

where §,, is residual gas saturation.
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Figure 18. Relative Permeabilities for Original Brooks-Corey Medel (left plot) and Capillary
Pressure for Original Brooks-Corey Model (right plot).

Characteristic curves for this option are shown in Figure 19 with input parameters

A =07
S =0.2
S.,=0.2

P.=1.0x10°Pa.
Note that for S, = 1-§,,, gas is immobile and water has 100% mobility. Also, note that the
capillary pressure curve assumes the threshold capillary pressure at S, = 1-S,.

The second modified Brooks-Corey model inciudes residual gas saturation in the calcula-
tion of effective saturation (S, ) only for the gas phase. This treatment results in the character-

istic curves shown in Figure 20.

Finally, a linear model is available with relative permeability and capillary pressure
shown in Figure 21. The only input parameters honored are S,, = 0.2 and P, = P..
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Figure 19. Relative Permeabilities for Modified Brooks-Corey Model (left plot) and Capillary
Pressure for Modified Brooks-Corey Model (right plot).

For both the van Genuchten-Parker and the Brooks-Corey model, the capillary pressure
function is unbounded from the right (S,, = S,). An option is available which truncates the
capillary pressure function at the PCMAX value. The capillary pressure curve with this option

and PCMAX = 1.0 x 10® Pa is shown in Figure 22 (left plot) for the van Genuchten-Parker model
and in Figure 22 (right plot) for the original Brooks-Corey model.

The dependence of the characteristic curves for both van Genuchten-Parker and Brooks-
Corey on the pore size distribution parameter A is shown in Figure 23 and Figure 24.

When the Jacobian is calculated, derivatives with respect to saturation are taken so as not
to cross residual brine saturation, where the capillary pressure is either discontinuous or has
discontinuous derivatives, depending on which option is chosen to model capillary pressure.
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Figure 20. Relative Permeabilities for Second Modified Brooks-Corey Model (left plot) and
Capillary Pressure for Second Modified Brooks-Corey Model (right plot).
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Figure 21. Relative Permeabilities for Linear Model (left piot) and Capillary Pressure for Linear
Model (right plot).
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Figure 22. Capillary Pressure for van Genuchten-Parker Model PCMAX = 10° Pa (left plot) and
Capillary Pressure for Original Brooks-Corey Model PCMAX = 10® Pa (right plot).
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Figure 23. Relative Permeabilities for van Genuchten-Parker Model, effect of parameter m (left
plot) and Capillary Pressure for van Genuchten-Parker Model, effect of parameter m

(right plot). .
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Figure 24. Relative Permeabilities for Brooks-Corey Model effect of pore size distribution
parameter (left plot) and Capillary Pressure for Brooks-Corey Model effect of pore
size distribution parameter (right plot).

4.10 Pressure-Induced Fracture Treatment

Most fluid flow models for porous media, such as BRAGFLO, allow for coupling to the
mechanical system (rock matrix) through the introduction of rock compressibility, which is
defined as the relative rate of change of porosity with respect to pressure

1d
cola
¢ dP
where
C = rock compressibility,
¢ = porosity,
P = pore pressure.

For constant compressibility, porosity can be expressed as a function of pressure
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¢ =9, exp[C (P-», )]
where ¢, is the porosity at reference pressure, P..

The fracture treatment in BRAGFLO (Key, 1994) allows for pressure induced alterations
to the porosity by intreducing a pressure-dependent porosity. Figure 25 shows the piecewise
linear rock compressibility function. Below an initiating pressure, P, compressibility 1s a
constant intact value, C.. For pressures above P, the compressibility increases linearly to a fully
altered compressibility, C,, at the fully altered pressure, P,. For pressures above P, no further
alteration occurs, which implies that C = 0.

Intact Alteration Fully Altered
Zone Zone Zone

|
|
t
|
|

Rock
Compressibility,c

C=0(P>Py)

|
|
|
!
|
|
|
|
|
i
|
|
|
|
|
|
|
|
!
|
!
I
|
|
I
f
!
l;’i

Paore Pressure
TRI-6342-3498-3

Figure 25. Pressure dependent compressibility.

The porosity can now be computed from the compressibility definition giving for P < P,

¢ =9, exp[C,(P- P)] (A)

for P,<P<P,

(B)
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for P > P,
¢ =d.. (©)

BRAGFLO input requires the pressures P; and P, and the porosity at the fully altered
conditions, ¢,. From this information, the fully altered compressibility, C,, is determined from

equation (B) as
(P-2)| 2 [qa,, ]
Cu *C{l-—Z PH—R +(Pa_ﬁ)ln ¢|“ R

The BRAGFLO fracture treatment further allows for change in the fracture material per-
meability. The often used parallel plate analogy for flow in fractured rock suggests the form

where

= permeability of altered material,
permeability of intact material,
porosity of altered material,
porosity of intact material,

= an empirical parameter.

==l
n

The altered permeability model requires as input n. Also, the anisotropic nature of per-
meability is specified for the fracture materials.

A geometric realization of the pressure-dependent porosity and permeability within a
fracture material is shown in Figure 26.

In a system where gas is displacing water, the fracture treatment can influence the gas mi-
gration distance. At elevated pressure, the increased porosity will produce more storage with
corresponding shorter gas migration distance, while the increase in permeability will enhance the
fluid mobility with resulting longer gas migration. The net effect will depend on the relative
magnitudes of the storage and permeability effects.
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Figure 26. Pressure dependent porosity and permeability.

4.11 Creep Closure

The excavation of the WIPP will result in the plastic deformation of the salt material
(creep) and resultant closure (creep closure) of excavated areas. The principal effect of.this
closure for performance assessment is its effect on repository pressure due to the reduction in
void volume accompanying creep closure. Accordingly, creep closure is represented in
BRAGFLO by changing the porosity of the waste disposal area in a manner consistent with
expectations developed from detailed modeling studies. Detailed modeling studies used the code
SANCHO (Butcher et al., 1995), and more recently, SANTOS (Butcher et al., 1995), to develop
time- and pressure-dependent predictions of waste disposal area void volume. Pressure variation
was consistent with variation in the gas generation rates possible in the waste disposal areas. The
results were used to develop a look-up table of porosity as a function of time and waste disposal
area pressure that is used in BRAGFLO to vary waste disposal area porosity. Essential features
of the look-up table (porosity surface) are shown in Figure 27.
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Figure 27. Pressure driven porosity function generated from SANTOS structural mechanics
code.

The surface is generated by a family of 13 f factors which is representative of the level of
gas generation. The value of f= 1.0 corresponds to 2 moles of gas per drum per year for 550
years, 1 mole per drum per year from 550 to 1050 years, and zero gas generation after 1050
years. For each f-factor the above rates are scaled by f. BRAGFLO uses a volumetric average
pressure over the waste and time to interpolate the surtace in Figure 27 for the average waste
porosity.

4.12 Klinkenberg Effect

For gases in a tight porous material at low pressures the boundary condition of zero gas
velocity at the solid surface is not satisfied (Klinkenberg, 1941; Corey, 1990; WIPP PA, 1992).
This phenomenon has been called gas slippage and results in a larger gas velocity. This slipping
of the gas flow contributes to an apparent pressure-dependent increase in permeability, which
was originally observed by Klinkenberg. A correction to the formation permeability to the gas
phase 1s related to pressure by
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k, =k, (1+bk;*/P)

4

where
k, = formation permeability to gas [mz],
k. = formation permeability to water [m?],
ab = formation dependent constants,
P = pressure [Pa].

The constants a,b are input. The recommended values found in the BRAGFLO User's
Manual are from a tight gas/sand correlation. Figure 28 shows the gas phase permeability as a
function of pressure for a family of k. with ¢ =0.33 and & = 0.98.

4.13 Gas Generation Model

Within BRAGFLO there are chemical reactions with the effect of consuming brine and
generating gas. One reaction represents the corrosion of the waste containers. A second reaction
models the microbial consumption of cellulose material.

Two possible anoxic reactions are used to describe the corrosion when waste drums are
exposed to brine:

Fe + 2H;0 — H, + Fe(OH), (1)

3Fe + 4H,0 — 4H, + Fe; Oy (2)

If the equations are normalized to unit mole of iron, then equation (2) is written

Fe + 4/3 H,O — 4/3 H, + 1/3 FesOs. e

In the performance assessment of the WIPP site, a weighted average of the above two re-
actions is assumed

xFe + 2x H,O + (1-x) Fe + (1-x) 4/3 H,O — xH; + (1-x) 4/3 H; + Inerts

where weighting factor x satisfies 0 <x < [. This is written for a unit mole of iron as

Fe + (2x + 4)/3 HO — (4-x)/3 Ha + Inerts.
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Figure 28. Increase in gas phase permeability due to Klinkenberg effect.

From input (line 9.8), the corrosion stoichiometry is described by
S]’QHEO + 514Fe = SL]HQ + Inerts.

The PA calculations sample x from a uniform distribution on the interval [0,1] and com-
pute stoichiometric coefficients:

51,1= (4-x)/3 [mol Ha/mol Fe]
512=(2x+4)/3  [mol H,O/mol Fe]
513=1.0 {mol Fe/mol Fe].

In order to account for the material balance of brine and gas, the rate of reaction must be
specified. BRAGFLO assumes all reaction rates are zero order (constant). However, BRAGFLO
recognizes a different reaction rate if the steel is in contact with liquid brine (inundated condi-
tion) or if the steel reacts with brine in the gas phase (humid condition). The mput directives
describing the two reaction rates are

REK(]) = brine inundated corrosion reaction rate [mol Felm3/s],
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HE(1) = factor multiplying RK(1) to get humid corrosion reaction rate.

We introduce the notation

Ko RK(1), inundated reaction rate,
Ken = HF(1) x RK(1), humid reaction rate.

The portion of steel in contact with brine is assumed to react at the inundated rate, while
the portion of steel in contact with gas reacts at the humid rate as long as some liquid phase brine
is present to be in equilibrium with the brine in the gas phase. The fraction of steel in contact
with brine in a grid block is assumed equal to the volume fraction of brine in the pore space, S..
Similarly, the fraction of steel in contact with gas is equal to the volume fraction of gas, §,. Thus
the effective corrosion reaction rate becomes

Ke=Ko 8.+ K S..

The rate of H; production by corrosion per unit volume of panel is

dcn, = Kes My,

where M, = molecular weight of H, [kg/mol].

The rate of brine consumption by corrosion per unit volume of panel is
demo = Kesiz Myo

where M Ho = molecular weight of H,O [kg/mol].

In BRAGFLO the biodegradation reaction assumes microbial consumption of cellulose
(CH,0O) with hydrogen gas as a product ‘

CH,0 + microbes — s, 1 H; + unknowns,
where _
52,1 = stoichiometric coefficient, [mol Hy/mol CH,0)

PA samples on s;,) as uniform distribution on the interval [0, 5/3]. The stoichiometric co-
efficients for the biodegradation reaction are read on input as

521 = (sampled) [mol Ho/mol CH,0]
S22 = moles H;0 = 0.0 [mol H,O/mol CH;0]
$23 = moles CH;O=1.0 [mol CH,O/mol CH,O].
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Reaction rates for biodegradation are analogous to the corrosion reaction rates; that is,
rates are specified for both inundated and humid conditions, The input directives describing the
two reaction rates are

RK(2) = brine inundated biodegradation rate [mol CHZOIm3Is]
HF(2)

]

factor multiplying RK(2) to get humid biodegradation rate.

and are used to determine the overall biodegradation rate in the same way RK(1) and
HF{1) are used to determine the overall corrosion rate.

Another gas generation model, the reaction path model, was planned and implementation
had begun. This model considered a much larger number of possible reactions that could take
place within the WIPP repository. Although it was still an equilibrium reaction model, it could
account for the different paths that a sequence of reactions could follow. Input and output for the
model was completed, together with a multicomponent gas transport scheme (see Sections 7.2.2,
7.2.9, and 7.2.12), but the reaction path model itself has not been implemented.

4.14 Linear Equation Solver

Each iteration step in the Newton-Raphson method requires the solution of a system of
linear equations. Linear equation solvers fall into two general categories: direct or elimination
type solvers and iterative solvers. Algorithms for direct solvers involve a finite number of
arithmetic steps to produce the solution. Solution error in a direct solver occurs from roundoff
error in the arithmetic operations which is a result of the finite word length representation of any
number on a computer. BRAGFLO is written with double precision word length which produces
floating point number representation of 64 bits or approximately 15 significant digits on a single
word length machine such as the DEC Ailpha. BRAGFLO has available a direct solver which
uses LU-decomposition.

For large scale problems accumulation of roundoff ervor in a direct solver can swamp the
true solution. Also storage and computation time may become prohibitive for direct solvers.
Iterative solvers are generally advantageous over direct solvers when the problem size becomes
large. There are many iterative solvers found in the numerical literature. BRAGFLO includes a
successive over relaxation (SOR) solver. Iterative solvers have the disadvantage that the solution
depends on the convergence of an iterative procedure. For this reason direct solvers are more
simplistic in concept and application.

For performance assessment work the original LU-decomposition method has been used
exclusively and is strongly recommended. It has been found from experience that the iterative
solvers are not robust enough to successfully solve many of the performance assessment
problems.

A description of the LU-decomposition algorithm will be presented. The method will be
demonstrated with a small (4 x 4 matrix) example. The objective is to write the coefficient
matrix (Jacobian matrix) as a product of two matrices,
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LU=A

where L is lower triangular (has non-zero elements only on the diagonal and below) and U is
upper triangular (has non-zero elements only on the diagonal and above). It is further possible to
require the diagonals of L to be equal to one. If A = (a,), L. = (0;) and U = (J3;), then for the case
of a 4 x 4 matrix the decomposition would look like

0 TByy Bz Bz Bufen a2z a3 ay
oy 1 0 0 | 0 P Bz Bosfan ax B2z Pa
o3 a3y 1 0 | 0 0 Baz Paslasr ap B3z Py
Ogp Og2 g3 1 [ 0 0 0 Pagllas aiz aa3 Bas

_ . L -

For example, it can be checked by matrix multiplication that the following is an LU-
decomposition of the given 4 x 4 matrix:

1 o001 1 1 1 t 11 1
-2 10003 3 3| (2111
0 11 0llo 0 -2 =2/ |03 11
1 11 1{lo o o0 4 1 4 2 6

If the LU-decomposition of the matrix A is known then the solution of the system of
equations Ax = b can be written as

Ax=(LUx=L({Ux)=b

The solution is obtained by solving for the vector y such that

Ly=b

and then solving

Ux=y

The advantage of decomposing one linear set of equations into two successive sets of
equations is that the solution of a triangular set of equations is an easy substitution calculation.
Recall for the Modified Newton-Raphson method the Jacobian matrix is not updated every
iteration while the right-hand side of the system of equations is recalculated each iteration. Once .
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the LU-decomposition of the Jacobian matrix is obtained, the Newton-Raphson iteration step is
accomplished by solving the system Ly = b with updated right-hand side vector b by applying
the forward substitution algorithm

and then solving the system Ux = y with the back substitution algorithm

Y

B ww

=i+l

N
%, = Bi{yi. -y ngj} isN-1,N-2,...,1
ii J

Given the coefficient matrix A, how are the decomposition matrices L and U computed?
The (ij)th entry in matrix A will be the inner product of the ith row of L. with the jth column of
U. If the triangular structure of L and U are considered, then the resulting product is described by
the two cases,

i

Y auBy = g i=1..,J
k=1
J
z ayPy = a; i=j+1 ..., N
k=1

Crout’s algorithm (Maron, 1982) solves the equations for the o’s and f§'s by arranging the
equations in a certain order. The algorithm is sequential over columns from 1 to N. For the jth
column the f3y; to B; are computed from equation (A1) by

i-1

B, = a; - Z 0Ly By fori =1, ..., j (A2)

k=1
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followed by the solution of 0. to oy from equation (B1) by

j-1
oy = L{arj - Z aikBkj] fori=j+1,..,N. (B2)
B k=1

The example will demonstrate that the a’s and B’s that occur on the right-hand side of
equations {A2) and (B2) are already determined by the time they are needed.

Within BRAGFLO the LU-decomposition is done within the band structure of the Jaco-
bian matrix. This is crucial for efficient computation. Therefore, the above algorithms must be
modified to work only within the bandwidth of the Jacobian matrix. Further, only the band
structure is stored in the BRAGFLO treatment. This allows considerable saving in the storage
requirement. Finally, BRAGFLO implements a partial pivoting (row interchanges) which reduces

the roundoff errors in the arithmetic and is essential for the numerical stability of Crout’s method.

Now consider the example with

Starting with the first column we solve for B;; = 1 from equation (A2) where the sum is
taken to mean zero. Equation (B2) is then used to solve sequentially for 0 = -2, 03; =0, and o,
= 1. We now proceed to the second column and from equation (A2) compute sequentially By2= 1,
B22 = 3. Now from equation (B2) we compute 03z = 1 and a4z = 1. This procedure is continued for
the 3rd and 4th columns with the resulting L. and U given by the example stated earlier in this
Subsection.

Now suppose the solution of the system Ax = b is required given right-hand side vector b
=(4,1,5, 13)T. We first solve the system Ly = b by the forward substitution algorithm. The
system is

I 0 0 0l[n] [4
210 olln| ]
0 1 1 Ofllys| |5
111 1|y, [13

Forward substitution from the first equation to the fourth equation yields y = (4, 9, -4, 4)".
We then solve the system Ux = y. The system is
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1 1 1 1] x
0 3 3 3 |lxp
0 0 -2 —-2|ix
0 0 0 4 |1 xy4

-hJL\O-h

Back substitution from the fourth equation to the first equation yields x = (1, 1, 1, 1)™.

4.15 Model Geometry

The mesh used in the BRAGFLO simulations attempts to incorporate radial flow phe-
nomena at large distances from the repository and to include the full accessible volume available
for multiphase flow. Time and cost constraints currently preclude a full three-dimensional
representation of the repository and surrounding strata, so a two-dimensional approximation’ to
the actual geometry is made, as described in WIPP PA Department (1992, Volume 5).

4.16 Well Models

. Well behavior is described by an inflow performance relation:

(Pl)p.'krr (B _ Pf),

=

K,

where

! = phase index (I = w,g),

q: = phase mass flow rate [kg/s],

P, = phase pressure [Pa],

P = flowing wellbore pressure [Pa],

PI = well productivity index [m?],

pi = phase density [kg/m’],

L, = phase viscosity [Pa s],

k. = phase relative permeability.

The material balance requires the mass rate for each phase. If a well is operated as rate-
specified, the inflow performance equation determines the flowing wellbore pressure, although
. BRAGFLO does not do this calcnlation. For this reason, BRAGFLO does not use the Pf and P,,
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values for rate-specified wells, although values are required on input. If the well is operated as
pressure-specified, the rate is computed from the inflow performance relation. The required
input parameters for either a rate- or pressure-specified well is found in Section 7.2.4.

The well operation is determined by the well type as specified in the input file. The op-
eration by well type is as follows:

INJQ: The well injects (g; > 0) or produces (g < 0) at a specified rate.

INJP: The well injects at a specified flowing wellbore pressure. If the inflow
performance relation predicts g, < 0, then the rate is set to zero.

PROD:  The well produces at a specified flowing wellbore pressure. If the inflow
performance relation predicts g; > 0, then the rate is set to zero.

BRAGFLO does not allow a well with completion in multiple grid blocks. However,
BRAGFLO does allow multiple wells in a single grid block. The information describing well
location, number of wells in a grid block, and the time period over which each well is in
operation is specified in the input file.

4.17 Gas Dissolution Models

Dissolution of gas in brine can be modeled in BRAGFLO. A bubble point tracking treat-
ment is available but is untested and its use is not recommended. A Henry’s law treatment is also
available. Additional details and input for these models are described in Section 7.2.8.
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5.0 CAPABILITIES AND LIMITATIONS OF THE SOFTWARE

BRAGFLO is the two-phase (brine and gas) finite difference program used to stdy the

fluid flow within the WIPP repository site. The BRAGFLO code is an essential part of the prob-
abilistic modeling necessary for performance assessment of the WIPP site. BRAGFLO has the
following capabilities and limitations, which are discussed in detail in Section 4.0:

Historically, BRAGFLO was developed as an isothermal two phase flow model for
petroleum production applications. For this reason, BRAGFLO uses terminology
common to the petroleum industry (Subsection 4.1).

BRAGFLO assumes that the directions of the permeability tensor are aligned with the
reservoir coordinate axis; that is, 8 = O (Subsection 4.3).

BRAGFLO evaluates brine density assuming its ﬂmd compressibility is constant
(Subsection 4.4).

BRAGFLO uses the Redlich-Kwong-Soave equation of state to relate gas densny 10
pressure (Subsection 4.4).

Although viscosity could be pressure dependent for gases, BRAGFLO treats viscosity
constant for both water and gas (Subsection 4.4).

BRAGFLO assumes a no-flow Neumann type boundary condition at all exterior grid
boundaries (Subsection 4.4).

BRAGFLO uses a fully implicit formulation to solve the matetial balance equations
(Subsection 4.5).

BRAGFLO uses the difference approximation for the Jacobian evaluation (Subsection
4.6).

In BRAGFLO the user can specify from input directives the frequency of the Jacobian
evaluation in the Newton-Raphson iteration (Subsection 4.6).

For both storage and computational considerations the linear equation solver should
take advantage of the banded structure. This is true for all the BRAGFLO solvers
(Subsection 4.6).

To minimize the bandwidth, BRAGFLO orders the grid blocks so that sequential
indexing proceeds first in the shortest grid direction, then in the longest grid direction
(Subsection 4.7).

BRAGFLO assumes a water/gas system (Subsection 4.8).
In BRAGFLO fluids are assumed to be immiscible (Subsection 4.8).

BRAGFLO has the capability of computing relative permeability and capillary pressure
using several different empirical relations. Choice of the characteristic curves is
controlled by the user (Subsection 4.9).
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¢  BRAGFLO allows for coupling to the mechanical system (rock matrix) through the
introduction of rock compressibility (Subsection 4.10).

. The fracture treatment in BRAGFLO allows for pressure induced alterations to the
porosity by introducing a pressure-dependent porosity (Subsection 4.10).

. The BRAGFLO fracture treatment further allows for change in the fracture material
permeability (Subsection 4.10).

. Representation of the creep closure within BRAGFLO is accomplished by a change in
the formation porosity. This porosity function or porosity surface will be time
dependent and is also driven by pressure. The resulting closure information comes
from a geomechanical simulation using the structural mechanics code SANTOS
(Subsection 4.11).

. BRAGFLO corrects for the Klinkenberg effect (Subsection 4.12).

. BRAGFLO can model gas dissolution in brine using a Henry’s law treatment
{Subsection 4.17).

. Well models in BRAGFLO allow simulation of gas or brine injection or product-ion
(Subsection 4.16).

. Within BRAGFLO there are chemical reactions with the effect of consuming brine and
generating gas. BRAGFLO accounts for these reactions by assuming that all reaction
rates are zero order (constant). However, BRAGFLO recognizes a different reaction
rate if the steel is in contact with liquid brine (inundated condition) or if the steel reacts
with brine in the gas phase (humid condition) (Subsection 4.13).

. BRAGFLO is written with double precision word length which produces floating point
number representation of 64 bits or approximately 15 significant digits on a single word
length machine such as the DEC Alpha. BRAGFLO has available one direct solver,
which uses LU-decomposition (Subsection 4.14).

. BRAGFLO includes a successive over relaxation (SOR) solver (Subsection 4.14). -

. Within BRAGFLO the LU-decomposition is done within the band structure of: the
Jacobian matrix. This is crucial for efficient computation (Subsection 4.14).

. BRAGFLO implements a partial pivoting (row interchanges) which reduces the
roundoff errors in the arithmetic and is essential for the numerical stability of Crout’s
method (Sectiom 4.14).
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6.0 USER INTERACTIONS WITH THE SOFTWARE

To exercise BRAGFLO, the BRAGFLO command (.COM) file must specify the desired
input and output files. The following files must be specified:

1. The BRAGFLO input control (.INP) file for the sampled vector. This file is the ASCII
input file that controls BRAGFLO; it is generated by PREBRAG, the code immediately
upstream from BRAGFLO (Figure 29).

2. The BRAGFLO binary ocutput (.BIN) file for the sampled vector. This file is the
primary results file that is converted by POSTBRAG (Figure 29) into standard .CDB
format.

3.  The BRAGFLO ASCII output (.OUT) file for the sampled vector. This file echoes
input and provides user-readable output and QA information.

4. The BRAGFLO summary (.SUM) file for the sampied vector. This file contains a
limited amount of summary information on results at each time step. :

5. The BRAGFLO restart output (. ROT) file for the sampled vector. Enough information
is stored in this binary file to permit restarting BRAGFLO if execution is halted.

6. The BRAGFLO restart input (.RIN) file for the sampled vector. This binary file, a copy
of the .ROT file, is read at the beginning of a restart run.

The name of the restart input file may be specified, even though BRAGFLO runs for the 1996-97
WIPP CCA calculations do not use it.

The above files are specified in the command (.COM) file that runs BRAGFLO. The file
names are already entered into the DEFINE lines of the .COM file. A sample .COM file with the
six specified file names follows:

DEFINE BFZ_UIFS$INPUT BFZ_TEST7_RO0O01.INP
DEFINE BF2_DBGS$OUTPUT BFZ_TEST7_R001.0QUT
DEFINE BF2_DBGS$SUMMARY BFZ_TEST7_R001.SUM
DEFINE BFZ_BINSQUTPUT BF2_TEST7_R001.BIN
DEFINE BF2_INSRESTART BF2_TEST7_R001.RIN
DEFINE BF2_OQUTS$RESTART BFZ_TEST7_RO01.ROT

s Lty Lrdre s

If so desired, the user can modify those file names by editing the DEFINE lines using the
Digital Command Language (DCL) EDIT command. This is accomplished by typing EDIT (or
simply EDT) followed by the name of the .COM file, moving the cursor to the file names to be
changed, changing the file names (and specifying another directory name if the file exists in
another directory), and then, after all the necessary name changes have been made, typing
control-Z and EXIT to save the changes to the .COM file.
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If the user wishes to run BRAGFLO interactively, he or she can enter the following .

command after the VMS “$” prompt, followed by a carriage return:

@[name of .COM command file]
If the user wants to ran BRAGFLO in “batch” mode, he or she can enter the following

command after the VMS “$” prompt, followed by a carriage return:
SUBMIT/QUEUE=BEATLESBATCH [name of .COM command file]
Both options are shown in Figure 30. Regardless of the approach, BRAGFLO executes

as directed by the input control .INP file and outputs the Files 2, 3, 4, 5, and 6, as shown in

Figure 30.
¥
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Figure 29. Sample computational flow diagram for BRAGFLO, highlighting flow to and from

BRAGFLO.
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$ BRAGFLO <CR>

> SUBMIT/QUEUE-BEATLESBATCH [.COM file name] <CR>
or
>@[.COM file name] «CR>

{User Inputs)

éDEFmE BF_2UIFSINPFUT ... .INP File 1
$ DEFINE BF2_DBGSOUTPUT ... .our |Fle2
$ DEFINE BF2_DBGSSUMMARY ... .som (Fled
5 DEFINE BF2_BINSGUTPUT ... .mIN |Fied
$ DEFINE BF2_TNSRESTART ... .RIN |Fi#e5
File 1 BRAGFLO input control file $ DEFINE BF2_CUTSRESTART ... .Ror |FiB6
Fle5 l ’
| restart input file [.FIIN]'—|
T

™ BRAGFLO

;

Fle2 binary output file [.BIN]
File 3 ASCI output file [.OUT]

RAGFLO produces five outpu)

File 4 " B
summary file [.SUM] ( files for each sampled vector

File 6 restart output tile .ROT]"

*NOTE: .RGT and .RiN files not used for the 1996 WIPP PA calculation.
" Fagure 30. User-required file specifications for BRAGFLO.
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7.0 DESCRIPTION OF INPUT FILES

7.1 Parameter Statement

BRAGFLO uses one INCLUDE file, BF2_ PARAMS.INC, containing a single PA-
RAMETER statement that sets dimensions on many of the arrays used in BRAGFLO. (Where
the term “PARAMETER statement” is used in this manual, it refers to the statement in
BF2_PARAMS.INC.) An example of the INCLUDE file, used for the Compliance Certification
Application (CCA) calculations, follows:

C
c NOTE: Value of MDIM = 3*{NEQ* [MIN(MX*MY, MX*MZ, MY*MZ)+1]1-1}+1
C Value of IBWM = 3*MAX(MN*MY, MX*MZ, 6 MY*MZ)+1
C
INTEGER
1 MX , MY , MZ . MG .
2 NEQ , MGNEQ , MDIM . NPHASE .
3 NWTIME , NW , NWPERGRID , MMAT ,
4 NPINT . NCOMP , MGAS , MRAD '
5 MREXYZ . MAXPRNTASC , MAXPRNTBIN , MAXPRNTRST
C
INTEGER
1 MAZMATTIMES, NWTIMEP , NDTFIXMAX , MAXMATTIMP ,
2 NDTFIXMAXP , MSDATA , NTDATA , MELOS .
3 MMON , MWST , MDRZ ., NVPR r
4 MXHIV , MVHIV , IBWM ., MRWXYZ .
5 MWXYZ , MGVAR , MSPEC ., NDIRMAX
c

PARAMETER (MX=50, MY=40,MZ=10, MG=MX *MY *MZ , NEQ=2 , MGNEQ=MG*NEQ,
MDIM=2404,NPHASE=2,NWTIME=10, NW=50, NWPERGRID=2, MMAT=80,
NPINT=10000, NCOMP=3,MGAS=6,MRAD=1, MRXYZ=MRAD*MG,
MAXPRNTASC=100, MAXPRNTBIN=100, MAXPRNTRST=100,
MAXMATTIMES=20, NWTIMEP=NWTIME+1l, NDTFIXMAX=50,
MAXMATTIMP=MAXMATTIMES+1, NDTFIXMAXP=NDTFIXMAX+1,
NSDATA=13,NTDATA=214,MKLOS=4, MMON=9 , MWST=2 ,MDRZ~1,
NVPR=95+3*MWST* { 1+MRAD)} , MXHIV=15000, MVHIV=MG, IBWM=1,
MRWXYZ=MRAD*MWST*MG, MWXYZ=MWST*MG, MGVAR=10, MSPEC=23,
NDIRMAX=37}

WDk WMk

The parameters that can be changed by the user are listed here. Note that all of these pa-
rameters are maximum values. They can be set to be larger than required for the problem being
run, but to minimize memory requirements, the smallest values needed to run the problem should
be used. No values less than one should be used.
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Table 1. Variables used in BF?2_ PARAMS.INC

Parameter Description

MX Maximum number of grid blocks in the x-direction; can be greater than the actuai
number of grid blocks in the problem to be run.

MY Maximum number of grid blocks in the y-direction; can be greater than the actual
number of grid blocks in the problem to be run.

MZ Maximum number of grid blocks in the z-direction; can be greater than the actual
number of grid blocks in the problem to be run.

MDIM Minimum bandwidth of the Jacobian matrix; the value should be calculated using
the formula:

MDIM = 3* {NEQ* [MIN (MX*MY, MX*MZ, MY*MZ) + 1] -1} +1

NWTIME Maximum number of times that well properties will be changed.

NW Maximum number of wells to be specified at any given time.

NWPERGRID Maximum number of wells in any grid block.

NMAT Maximum number of materials regions.

MRAD Maximum number of radionuclides allowed in the transport, decay, and radiolysis
calculation.

MAXPRNTASC Maximum number of times at which an ASCH output dump can be specified.

MAXPRNTBIN Maximum number of times at which a binary output dump can be specified.

MAXFRNTRST Maximum number of times at which a restart can be specified.

MAXMATTIMES Maximum number of times at which a new material map can be specified.

NDTFIXMAX Maximum number of times that the time step can be fixed.

MMON Maximum number of monitor grid blocks that can be specified.

MWST Maximum number of waste regions allowed.

MDRZ Maximum number of DRZ regions allowed.

MXHIV Maximum total number of history variables allowed. Includes 10 tire- and
performance-related history variables; therefore, must be = 10.

MVHIV Maximum number of history variables per output distribution (e.g., brine pressure
Or gas saturation).

IBWM Maximum bandwidth for Jacobian used in solution of multicomponent gas
transport model within BRAGFLO; value to be used is computed from the
formula:

IBWM =3 *MAX (MX*MY, MX*MZ, MY*MZ) + 1
If gas transport is not being modeled, IBWM should be set to 1 to save large
amounts of storage.

NDIRMAX Maximum number of grid blocks in which Dirichlet boundary conditions can be
specified.

Several parameters are set in the PARAMETER statement that should not or cannot be
changed. These are described below so the user will know why they should not be altered, and, if
they are inadvertently changed, how they can be reset to their correct values.
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Table 2. Constants for BG2_PARAMS.INC

Parameter Required Description
Value

NEQ 2 Number of equations being solved in BRAGFLO.

NPHASE 2 Number of immiscibie fluid phases.

NPINT 16000 Number of pressure intervals at which gas density is
evaluated when using the lock-up table to obtain gas
density. '

NCOMP 3 Number of components in all phases. Includes gas, brine,
and gas dissolved brine.

MGAS 6 Number of gases for which equation of state parameters are
included in BRAGFLO (H,, CO,, CHy, Na, O,, and H,S).

NSDATA 13 Number of gas-generation-rate entries in creep closure
surface data.

NTDATA 214 Number of time entries in creep closure surface data,

MELQS 4 Number of creep closure surfaces available in BRAGFLO.

MGVAR 10 Number of “giobal™ variables printed out to binary and
ASCII output files.

MSPEC 23 Maximum number of species to be used in the reaction path
moedel.

The input control file consists of the following sections, each dealing with different types
of inputs:

=

startup and time control

output control parameters

mesh description parameters

well parameters and boundary conditions
initial conditions

numerical control parameters

material maps and material properties

fluid properties

0 o, =N kW

chemical reaction parameters

10. creep closure parameters

11. radionuclide transport and decay parameters
12. multicomponent gas transport parameters.

INPUTS FROM ALL SECTIONS EXCEPT SECTIONS 11 AND 12 ARE ALLOWED
FOR THE 1996-97 WIPP CCA CALCULATIONS.
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7.2 Input Control File

As is explained in Section 6.0, the input control file for BRAGFLO is created by PRE-
BRAG based on user inputs to PREBRAG. Even though the input control file for BRAGFLOQ is
not technically user-specified, it is still important to understand and is therefore explained in
detail in this user's manual.

The input file is composed of several sections, each dealing with different types of input.
Within each section, input parameters control specific areas of the simulation. Input generally
consists of a line of description or informative comments followed, on the next line, by one or
more parameter values. The descriptive line can be any 132 characters. It is intended solely to
make the input file easier to read and be understood by the user. None of the information on any
of these descriptive lines is used for program control. The content of these lines is entirely at the
discretion of the user and will have no effect whatsoever on how the program runs. The line can
even be blank, if the user wishes, but there must be a line, informative or blank, and only one
line, everywhere that one is indicated. An example input file is provided in Appendix A.

The order of the input is fixed, i. e., each line of input must appear in exactly the order
described in below. Any deviation from this order will cause BRAGFLO to abort or run
incorrectly.

Many input values have units associated with them, examples being time and initial pres-
sures. BRAGFLO generally allows input to be in either of two systems of units: SI or English.
The choice is up to the user, but one systern must be used consistently for all input parameters
that have units. The description of each input parameter includes in brackets the units that can be
used for that parameter, with the SI units given first and the English units second. If the
parameter has no units, none is shown. In a few instances, only SI units are allowed. If no
English units are mentioned in the description of the parameter, then English units are not
allowed for that particular parameter. Further details concerning units are given in Section 7.2.2.

7.2.1 PREBRAG QA Information

Unlike previous versions of BRAGFLO, version 4.00 allows QA information on PRE-
BRAG to be placed into the .CDB file that is created when POSTBRAG processes the BRAG-
FLO output. This is accomplished by including this information in the BRAGFLO input file
created by PREBRAG. Inclusion of this information is optional, in order to maintain compati-
bility with input files for earlier versions. If PREBRAG is used to set up the BRAGFLO input
file, this information is written automatically to the BRAGFLO input file. If the input file is set
up manually, this section should be omitted; go directly to Section 7.2.1.

Line 0.1. PREBRAG QA flag.

If PREBRAG QA information is to follow, then the first nonblank characters on this line
must be the character string:

**QA**
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Any number of blanks (up to 125) may precede this character string, and the rest of the
line (up to 132 characters) can be blank or contain any characters or descriptions that the
user wishes to use; but none of the information on this line will be saved — this line
serves only as a flag.

If the characters ‘**pa**’ are not the first nonblank characters on this line, then it is as-
sumed that PREBRAG QA information does not follow, and this line is assumed to be
the title of the run, Line 1.1 (see next section, 7.2.1). In this case, no more input from this
section can follow, or BRAGFLO will abort.

Line 0.2, Name of program.

The first nonblank characters on this line should be the string:
PREBRAG

Any number of blanks (up to 125) may precede this character string, and the rest of the
line (to a total of 132 characters) can be blank or may contain any characters or descrip-
tions that the user wishes to use, but none of that information will be saved; only the
string ‘PREBRAG’ will be written to output files.

If the characters “PREBRAG’ are not the first nonblank characters on this line, then it is as-
sumed that the input in this section is not PREBRAG QA information, and no PREBRAG
QA information will be written to the output files. However, it is still necessary to in-
clude all of the lines in this section (Lines 0.1 - 0.6). If any of Lines 0.2 - 0.6 is com-
pletely blank, BRAGFLO will abort.

If this line does begin with ‘PREBRAG’, then the information on the next four lines will be
written to the BRAGFLO output files.

Line 0.3. PREBRAG version number.

The first 8 characters starting with the first nonblank character must be the version num-
ber of PREBRAG used to set up the input file, e. g., ‘6.00°. If this line is blank, BRAG-
FLO will abort. Leading blanks and trailing blanks or nonblank characters are permitted,
but only the eight characters starting with the first nonblank character will be written to
the BRAGFLO output files.

Line 0.4. PREBRAG revision date.

The first 8 characters starting with the first nonblank character must be the revision date
of PREBRAG used to set up the input file, e. g., ‘01/15/96. If this line is blank,
BRAGFLO will abort. Leading blanks and trailing blanks or nonblank characters are
permitted, but only the eight characters starting with the first nonblank character will be
written to the BRAGFLO output files.
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Line 0.5. PREBRAG run date.

The first 8 characters starting with the first nonblank character must be the date on which
PREBRAG was run to set up the input file, e. g., ‘01/25/96’. If this line is blank,
BRAGFLO will abort. Leading blanks and trailing blanks or nonblank characters are
permitted, but only the eight characters starting with the first nonblank character will be
written to the BRAGFLO output files.

Line 0.6. PREBRAG run time.

The first 8 characters starting with the first nonblank character must be the time at which
PREBRAG was run to set up the input file, e. g., ‘11:13:44’. If this line is blank,
BRAGFLO will abort. Leading blanks and trailing blanks or nonblank characters are
permitted, but only the eight characters starting with the first nonblank character will be
written to the BRAGFLO output files.

The rest of the input file is the same as in BRAGFLO version 3.62Z0, beginning with
Line 1.1 in Section 7.2.1.

The first 7 lines of the input file will typically appear as in the following example:

**QA* *

PREBRAG -- Program name

6.00 -- PREBREAG wversion number
01/19/96 -- PREBRAG revision date
01/25/96 -~ PREBRAG run date
11:13:44 -~ PREBR2AG run time

Title of the run (Line 1.1}

7.2.2 Startup and Time Control

In this section, parameters that initialize the size of the problem and control the simula-
tion time are input.

Line 1.1. Title of run.

This is a descriptive title for the simulation being run. This title is saved and printed to
the output files, but otherwise has no effect on the performance of BRAGFLO.

Line 1.2. Descriptor. Logical flags indicating files to be used.

One-line (up to 132 characters) descriptor for the following parameters:

Line 1.3. LWASC, LWBIN, LWSUM, LWRST, LRRST.

Input each flag in free format as a T, TRUE., F, or .FALSE.,, separated by one or more
spaces or by commas.
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LWASC:  Flag indicating whether an ASCII output file is to be written.
LWBIN:  Flag indicating whether a binary output file is to be written.

LWSUM: Flag indicating whether an ASCII summary output file is to be written.
LWRST: Flag indicating whether a binary restart output file is to be written.

LRRST: Flag indicating whether a binary restart input file is to be read. If this flag is
TRUE,, then a restart input file for this run must exist in the same directory
as the input [.INP] file. This file is created by copying a restart output
[.ROT] file from an initial run into a [.RIN] file having the same root name
as the input file used in the restart run. (Although it is best for traceability
reasons for all files used in both initial runs and in restart runs to have the
same root name, it is not necessary in order for the restart to run correctly.)

RESTART CAPABILITY IS NOT SUPPORTED FOR THE 1996-97 WIPP CCA
CALCULATIONS.

Line 1.4. Descriptor. Model type and grid size parameter.

One-line (up to 132 characters) descriptor for the following parameters:

Line 1.5. MODTYPE, NX,NY NZ.

MODTYPE: Number of dimensions being used for this run. Although BRAGFLO is a
fully three-dimensional code, many shortcuts are taken that speed up exe-
cution if the problem being run is only one-dimensional (NY = NZ = 1) or
two-dimensional (NZ = 1). MODTYPE is given a value of 1, 2, or 3, de-
pending on whether the problem is 1-, 2-, or 3-dimensional, respectively.
If a value less than 1 or greater than 3 is input, the program will abort with
the following message printed to the screen:

*** MODTYPE Error in READSTARTUP ***

The ASCII output file provides additional information:

**FATAL ERROR in Input: MODTYPE = <input value>
**MODTYPE must be 1, 2, or 3.

NX: Number of grid blocks in the x-direction.
NY: Number of grid blocks in the y-direction.
NZ: Number of grid blocks in the z-direction.
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NX, NY, and NZ must be less than or equal to MX, MY, and MZ, respectively,
(these are specified in the PARAMETER statement), and they must all be greater
than zero. If not, BRAGFLO will abort with the following message printed to the
screen:

*** Size error in READSTARTUP; invalid NX, NY, or NZ

The ASCII output file provides additional information:

** FATAL ERROR in Input: NX,NY,NZ = <input values>

** Maximum values dimensioned: MX,MY,MZ = <valuessetin PARAMETER
statement>

** Minimum values allowed: M¥,MY,MZ = 1 1 1

Coordinate system. BRAGFLO uses a right-handed coordinate system in which

the origin is at the front lower left corner of the region being modeled. In this system, the x-
direction increases to the right, the y-direction increases into the page, and the z-direction
increases upward. Gravity acts in the negative z-direction. The grid can be reoriented (for
example, to make the y-direction vertical) with input described in Subsection 7.2.3 (Mesh
Parameters). This will be discussed in more detail in Subsection 7.2.3.

Line 1.6. Descriptor. Simulation time limits.
Line 1.7. START, FINISH, MAXITF.,

START: Start time for the simulation [s or days]. START can be negative; if so,

certain special material properties can be changed at time zero. More details
can be found in Subsection 7.2.7 (Material Properties).

FINISH: End time for the simulation [s or days].

MAXITF: Maximum number of time steps allowed in this run. This is the only means

for limiting how long the simulation will run. WIPP Performance Assess-
ment simulations typically require about 1000 time steps to complete a
10,000-yr simulation, depending on convergence criteria selected
(Subsection 7.2.6). On a few occasions, more than 10,000 steps have been
required. A value of MAXITF = 10000 is normally used; if more steps are
required, the run can be restarted from where it ended at the 10000th step,
because a restart record is always written at the end of a run, provided that
LWANS = .TRUE. In a restart run that is to continue from the MAXITFth
step, the new input file must have a value for MAXITF that is greater than
the MAXITF in the original input file.

Line 1.8. Descriptor. Time step controls.

Line 1.9. DELT, DELTMIN, DELTMAX, DTIMEMAX, ITIMECNTRL, TSWITCH.

DELT:

Initial time step [s or days]. Recommended value: 864. s (1/10 day).
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DELTMIN:

DELTMAX:

DTIMEMAX:

ITIMECNTRL:

TSWITCH:

Minimum time step allowed [s or days]. Recommended value: 864. s
(1/10 day).

Maximum time step allowed [s or days]. Recommended value: 1.728 x
10° s (20,000 days or about 55 yr).

Maximum fractional increase in time step that will be allowed when auto
time step control is used [dimensionless]. A value of 1.0 would, in ef-
fect, turn off auto time step control. No check is made to ensure that a
value greater than 1.0 ts used. A value too close to 1.0, e. g., 1.1, is gen-
erally inefficient, not taking full advantage of the tendency for pressures
and flows eventually to equilibrate and thereby allow larger time steps.
A value that is too large, greater than 2.0, is also inefficient because the
solution will fail to converge much more frequently, resulting in wasted
calculations as the time step size must be reduced and the time step re-
peated. The value used for DELTFACTOR (Subsection 7.2.6, Line
6.24) should be taken into consideration in selecting a value for
DTIMEMAX. Recommended value: 1.5.

Flag for automatic time step control . Recommended value: 1.
=0: A fixed time step of DELT will be used throughout the simulation.

= 1: Auto time step control will be used. Variable changes vary greatly
throughout a typical simulation. Auto time step control allows large
time steps to be taken when little is happening, but forces small steps to
be used when rapid changes are occurring.

Value of gas saturation that determines when to switch from relative to
absolute change in gas saturation for calculating time step size when
auto time step control is used (ITIMECNTRL=1). When the current
value of gas saturation is greater than TSWITCH, the time step algo-
rithm uses the relative change in saturation over the previous time step;
otherwise, it uses the absolute change in gas saturation. Valid range of
input value: O - 1. Recommended value: 0.01. In some instances,
BRAGFLO will run faster when TSWITCH is turned off by using an in-
put value of TSWITCH = 1.

Line 1.10. Descriptor. Time step changes.

Line 1.11. NDTFIX.
NDTFIX:

Number of times at which the time step will be reset to a specified value,
overriding the time step computed by the auto time step control. This
feature allows computing time to be saved when major changes in mate-
rial properties at some point in simulation time are likely to cause the
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auto time step control to cut back the time step repeatedly. By reducing
the time step manually, fewer unsuccessful calculations will be per-
formed. If the auto time step control is not being used (ITIMECNTRL =
0), this capability is not used, but some value must still be input for
NDTFIX; a value of 0 is recommended. If NDTFIX < 0, BRAGFLO
will behave as though NDTFIX = 0. If NDTFIX > NDTFIXMAX (set in
PARAMS.INC), the run will abort with a message printed to the screen:

*** ERROR in READSTARTUP: NDTFIXMAX needs to be larger;
NDTFIX = «<input value>
*** NDTFIX error in READSTARTUP *=*=*

The next line is repeated NDTFIX times, each line with these two numbers. If NDTFIX
= 0, no lines are input for these two parameters. If ITIMECNTRL = 0 (i. e., no auto time step
control), but NDTFIX > 0, then NDTFIX lines of TIMEDTFIX and DTFIX must still be input,
even though they will not be used.

Line 1.12. TIMEDTFIX(K), DTFIX(K).

TIMEDTFIX: Simulation time at which the time step will be reset [s or days].

DTFIX: New time step size to be used in the first time step after TIMEDTFIX is
exceeded {s or days].

7.2.3 Output Control Parameters

This section describes input that controls output to the three output files: ASCII, binary,
and restart files.

Line 2.1. Descriptor. Qutput interval specification; units used in input and output.
Line 2.2. IPRTYPEASC, IPRTYPEBIN, IPRTYPERST, UNITSI, UNITSO.

IPRTYPEASC: ASCII output control option.
IPRTYPEBIN: Binary output control option.
IPRTYPERST: Restart output control option.

Three options are available. Additional input is required for each option, and the type of
additional input for each option differs.

0: Output at first, last, and fixed frequency of time steps.
1: Qutput at first and last time step and at fixed time intervals.
2: Output at specified times.

Printing at a fixed frequency of time steps (option () offers the advantage of more fre-
quent output over a given time span when rapid changes are occurring and less output
when changes are slower. This results when auto time step control is in effect, and the
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time step is small when changes are rapid and large when changes are small. This option
1s generally used only for output to the binary output file. Specifying output at selected
times (option 2) or at fixed time intervals (option 1) is useful when comparisons of differ-
ent runs will be made. These two options are usually used for the ASCII and restart out-
put, where less frequent output is desired. The binary output file is intended to be the
primary repository for results because more data can be stored more compactly than in the
ASCII output. An important output feature in BRAGFLO is that whenever any results are
printed to the ASCII file or to the restart file, they are also printed at the same time to the
binary output file. Thus, the binary file contains the complete record of all results that
have been printed to any output file.

UNITSI: Units used in the input (CHARACTER*8 variable). Options are: ‘s1’ or
‘ENGLISH’. Recommended: ‘si’. The input is read in free format, so the
input character string must be enclosed in tick marks.

UNITSO: Units used in the output (CHARACTER*8 variable). Options are: ‘s1’ or
‘ENGLISH'. Recommended: ‘s1’. The input character string must be en-
closed in tick marks.

The same systemn of units must be used consistently throughout the input. Only these
units can be used in the input:

Table 3. Conversion Factors.

Quantity SI units English units Conversion Factor
(multiply by value in English units
to obtain value in S units)
Length m ft 0.3048
Mass kg Ib 0.4535237
Time s day 86400
Temperature K °R 5/
Amount of substance mol tbmol 0.4535237
Area m ft* 0.09290304
Volume m’ ft’ 0.028316846592
Pressure Pa psi 6894.757293168362
Mass flow rate kg/s Ib/day 5.2499116898148148 x 10°°
Concentration rate change ke/(s-m°) Ib/(day - ft) 0.018539888164305717
Density or concentration kg/m’ it 16.01846337396014
Velacity m/s ft/day 3.527777777777778 x 10°
Volumetric rate m’/s ft*/day 3.2774128 x 107
Viscosity Pa-s cP 0.001
Productivity index m bbl - cP/ 2.6688839796530887 x 107
{day - psi)

Slope of solution gas-brine Pa' ft'/(bbl-psi) 2.5832324345269173 x 107
ratio vs. pressure
Slope of viscosity vs. ] cPlpsi 1.4503773773020921 x 107
pressure
Permeability m darcy 9.8692326671601282 x 10
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Subsequent input for output control depends on the input value selected for
IPRTYPEASC, IPRTYPEBIN, and IPRTYPERST. ASCII output is dealt with first.

ASCII Output Controls.

Line 2.3. Descriptor. ASCII output time or frequency control parameters.
If IPRTYPEASC = 0 (output at fixed time step frequency):

Line 2.4. IPRNTASC.
IPRNTASC: ASCII output time step frequency.

If IPRTYPEASC = 1 (output at fixed time interval):

Line 2.4: TMEINTASC, SPTMEASC, FPTMEASC.
TMEINTASC: Time interval [s or days]
SPTMEASC: Starting output time [s or days)
FPTMEASC: Final output time [s or days]

If IPRTYPEASC =2 (output at specified times):

Line 2.4: NPTMEASC.
NPTMEASC: Number of specified times.

Line 2.4a: Descriptor.

Line 2.4b: TIMESASC (NPTMEASC values).
TIMESASC: Specified output times {s or days]

Binary output controls.

Line 2.5. Descriptor. Binary output time or frequency control parameters.
If IPRTYPEBIN = 0 (output at fixed time step frequency):

Line 2.6. IPRNTBIN.
IPRNTBIN: Binary output time step frequency.
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If IPRTYPEBIN = 1 (output at fixed time intervals):

Line 2.6. TMEINTBIN, SPTMEBIN, FPTMEBIN.
TMEINTBIN: Binary output time interval [s or days].
SPTMEBIN: Starting time for binary output [s or days].
FPTMEBIN: Final output time for binary output [s or days].

If TPRTYPEBIN = 2 (output at specified times):

Line 2.6. NPTMEBIN.
NPTMEBIN: Number of output times specified.

Line 2.6a. Descriptor. Output times.

Line 2.6b. TIMESBIN (NPTMEBIN values).
TIMESBIN: Specified binary output times [s or days]

Restart Output Controls. The restart capability in BRAGFLO enables a run to be re-
started from the point where the restart output is written. This feature is useful when debugging a
case that is known to run into problems after much computing time has elapsed. It is also useful
when conditions are changed part way through a base case; then, the base case can be run all the
way to completion, with restarts written at specified times, and sub-cases can then be run starting
from the restarts, rather than starting from the beginning, thereby saving much computing time.
The restart file contains only enough information to enable BRAGFLO to resume from where the
restart was written, including values of the dependent variables, certain cumulative variables, and
current settings for flags that get changed over the course of a run. A regular input file is:still
needed to provide all the information normally obtained from an input file. The restart capability
is discussed in detail in Subsection 7.3. :

NOTE: RESTART CAPABILITY IS NOT ALLOWED FOR THE 1996 WIPP PA
CALCULATION.

Line 2.7. Descriptor. Restart output time or frequency control parameters.
If IPRTYPERST = O (restart output at fixed time step frequency):

Line 2.8. IPRNTRST.
IPRNTRST: Restart output time step frequency.




BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997
Page 83

If IPRTYPERST = | (restart output at fixed time intervals):

Line 2.8. TMEINTRST, SPTMERST, FPFTMERST.
TMEINTRST: Restart output time interval {s or days}
SPTMERST: Starting time for restart output [s or days]
FPTMERST: Final time for restart output [s or days}]

If IPRTYPERST = 2 (restart output at specified times):

Line 2.8. NPTMERST.
NPTMERST: Number of times to specify restart output.

Line 2.8a. Descriptor. Restart output times.

Line 2.8b. TIMESRST (NPTMERST values).
TIMESRST: Specified restart output times [s or days].

Element Variables. The next input are the ASCII and binary print control flags. These
flags indicate which of at least 95 element variables are printed to the output files. Element
variables are defined as any variable that has a time-varying value at each grid block. These are
listed in Table 4. The number of element variables available to be printed out depends on the
number of waste regions in the mesh (defined in Subsection 7.2.7) and the number (if any) of
radionuclides being tracked in the transport calculation. There are 95 element variables that are
always available, none of which is associated with radionuclide transport. Of these 95 variables,
45 (numbers 49-93) are associated with the reaction-path gas-generation model, which has been -
partially implemented but is not available for use in the current version of BRAGFLO. Any of . -
the reaction path model variables can be printed out, but their values are all zero. The total
number available s NVPR = 95 + 3 x MWST x (1 + MRAD), where MWST is the number of
waste regions, and MRAD is the number of radionuclides involved in transport and decay.

Line 2.9. Descriptor. ASCII print flags.

Line 2.10. NPRNTA (NVPR values}).
NPRNTA:  Flag to indicate output of element variables to the ASCII output file.
0 = Do not print this element variable to the ASCII output file.
1 = Do print this element variable to the ASCII output file.
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Line 2.11. Descriptor. Binary print flags. Unlike almost all other descriptor lines in the
BRAGFLO input file, this line cannot be blank. If it is blank, BRAGFLO will abort.
Any non-blank character(s) may be used.

Line 2.12. NPRNTB (NVFR values).
NPRNTB: Flag to indicate output of element variables to the binary output file.
0 = Do rot print this element variable to the binary output file.
1 = Do print this element variable to the binary output file.

History Variables. For purposes of the BRAGFLO input, a history variable is defined as
any variable listed in Table 4, at a specified grid block location. History variables are printed at
every time step, unlike the rest of the ASCII and binary printout, which is generally not printed at
every time step, but rather at multiple time steps or at intervals specified in the input, as
described above. History variables are printed only to the binary output file, never to the ASCI
output file. The purpose for history variables is to allow accurate postprocessing. For example,
integration of brine flow past some boundary can be done in postprocessing to give cumulative
flows that are as accurate as if they were computed internally to BRAGFLO. Earlier versions of
BRAGFLO performed some of this integration, but, without extremely complex input, it was not
possible to keep the code general, and not hard-wired to a particular mesh. Without history
variables, postprocessing can only be done using the element variables, which are usually output
at multistep intervals. Then, variables that change rapidly over a short period of time cannot be
integrated accurately.

Line 2.13. Descriptor. History variables. Unlike almost all other descriptor lines in the
BRAGFLO input file, this line cannot be blank. If it is blank, BRAGFLO will abort.
Any non-blank character(s) may be used.

Line 2.14. NHIV. .
NHIV: Total number of element variables (from the list in Table 4) that will be
printed as history variables. This is the number of sets of variables tg be

read from input.

If NHIV = 0, no history variables will be printed out, and no more history

variable input will be read from input.
If NHIV > 0, then read NHIV sets of lines 2.15 and 2.16:

Line 2.15. LH, NGBHIV.

LH: Element variable number from Table 4.
NGBHIV: Number of grid blocks to be printed as history variables for variable number
LH.
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Table 4. Element variables available for printout in BRAGFLO. Variables 1 - 95 are, by default,
available in any run. Variables 96 and greater depend on the values of MWST and MRAD. This
list is for MWST = 1, MRAD = 3 (Pu240, U236, and Th232), which results in a total of NVPR =
95 + 3 x MWST X (1 + MRAD) = 107 element variables.

No. CAMCON Element Description SI Unit
Variable Name

1 PRESBRIN Brine pressure Pa
2 PRESGAS Gas pressure Pa
3 FOTO Brine density x g x potentiometric head Pa
4 POTG (Gas density X g x potentiometric head Pa
5 PBUB Brine bubble pressure Pa
6 POROS Porosity m’ void/m’ rock
7 RELPERMB Relative permeability to brine dimensionless
8 RELPERMG Relative permeability to gas dimensionless
9 DENBRINE Brine density kg/m’
10 DENGAS Gas density kg/mr
11 PERMBRX Permeability to brine, x-direction m’
12 PERMBRY Permeability to hrine, y-direction m"
13 PERMBRZ Permeability to brine, z-direction m*
14 PERMGASX Permeability to gas, x-direction m’
15 PERMGASY Permeability to gas, y-direction m’
16 PERMGASZ Permeability to gas, z-direction m’
17 SATBRINE Brine saturation fraction void volume
18 SATGAS Gas saturation fraction void volume
19 CBRER Brine component of brine phase mass frac brine phase
20 CGASBR Gas component of brine phase mass frac brine phase
21 WELLBRIN Time-averaged well brine flow rate m’/s (@ ref. conds)
22 WELLGAS Time-averaged well gas flow rate m/s (@ ref. conds)
23 CWELLEBR Cumuiative weli brine flow m'/s {@ ref. conds)
24 CWELLGAS Cumulative well gas flow m'/s (@ ref. conds)
25 VELDBRX Brine Darcy velocity, x-direction m/s
26 VELDBRY Brine Darcy velocity, y-direction m/s
27 VELDBRZ Brine Darcy velocity, z-direction m/s
28 VELDGASX Gas Darcy velocity, x-direction m/s
29 VELDGASY Gas Darcy velocity, y-direction m/s
30 VELDGASZ Gas Darcy velocity, z-direction m/'s
31 FLOWBRX Time-avg. interblock brine flow, x-direction m’/s (@ ref. conds)
32 FLOWBRY Time-avg. interblock brine flow, y-direction m?/s (@ ref. conds)
33 FL.OWBRZ Time-avg. interblock brine flow, z-direction m>/s (@ ref. conds)
34 FLOWGASX Time-avg. interblock gas flow, x-direction m’/s (@ ref. conds)
35 FLOWGASY Time-avg. interblock gas flow, y-direction m’/s (@ ref. conds)
36 FILLOWGASZ Time-avg. interblock gas flow, z-direction m’/s (@ ref. conds)
37 MASSBALB Relative Brine mass balance dimensionless
38 MASSBALG Relative (Gas mass balance dimensionless
39 CORRATI Inundated corrosion rate-simple model mol/s
40 CORRATH Humid corrosion rate—simple model mol/s
41 BIORATI Inundated biodegradation rate—simple model mol/s
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No. CAMCON Element Description SI Unit
Variable Name

42 BIORATH Humid biodegradation rate—simple model mol/s

43 H2RATE H, generation rate—simpie model kg/(s-m’)

44 BRINRATE Brine consumption rate-simpie model kgl(s-mJ)

45 FERATE Fe consumption rate—simple model kgl(s-m3)

46 CELLRATE Biodegrad consumption rate—simple model kef(s-m’)

47 FECONC Fe concentration—simple model kg/m®

48 CELLCONC Biodegradables concentration—-simple model Lg/m3

49 H2_ R H, generation rate—reaction path model kg/(s:m”)

30 CO2_R CQ), generation rate—teaction path model kgl(s-m3)

51 CH4_R CH, generation rate—reaction path model kg/(s-m3)

52 N2 R N, generation rate—reaction path model kg/(s-m’)

53 H2S_R H.S generation rate—reaction path model kg/(s'm”)

54 Oz R O, generation rate-reaction path model kef(s-m®)

55 H20O_R H,0 generation rate—reaction path model kg/(s-m3)

56 H2504_R H,S0, generation rate—reaction path model kg/(s'm”)

57 HNO3_R HNO; generation rate—teaction path model kg/(s-m3)

58 CH20O_R Biodegrad consumption rate—reaction path model kg/(s'm’)

59 FE_R Fe generation rate—reaction path modei kg/(s-m’)

60 FES2F_R FeS, generation rate-reaction path model kg/(sm®)

61 FESZ(0_R FeS, generation rate-reaction path model kg/(s-ms)

62 FECO3F_R FeCO; generation rate-reaction path model kg/(s-m)

63 FECO30_R FeCO; generation rate-reactton path model kg/(s-m?)

o4 FEOH2 R Fe{OH}, generation rate—reaction path model Eg/(s-ma)

65 FEOOH_R FeO{OH) generation rate—reaction path model kg/(sm’)

66 FE304_R Fe, 0, generation rate—reaction path model kgl'(s-m3)

67 FES_R FeS generation rate—reaction path model ke/(s-m”)

68 CAO R CaO generation rate—reaction path model kg/(s-m3)

69 CAOH2_R Ca(OH}, generation rate-reaction path model kg/(sm™)

70 CACO3_R CaCQ; generation rate~-reaction path model kg/(s'm”)

71 H2_RAD_R H; generation rate-radiolysis Icg/(s'm3 }

72 H2_C H; concentration—reaction path model kg/(s-m3)

73 coz2_C CO, concentration-reaction path model kg/m3

74 CH4_C CH,4 concentration—reaction path model lcga’m3

75 N2 C N; concentration—teaction path model kg/m’

76 H25_C H,5 concentration—reaction path model kg/m3

77 02_C 0, concentration-reaction path model kg/m®

78 H20_C H,0 concentration—reaction path model kg/m”

79 H2504_C H,50, concentration—reaction path model kg/m?

80 HNO3_C HNO; concentration—reaction path model kg/m’

81 CH20_C Biodegradables concentration-reaction path madel kg/m?

82 FE_C Fe concentration-Teaction path model kg/m’

83 FES2F_C FeS, concentration—reaction path model kg/m’

84 FES20_C FeS; concentration—reaction path model kg/m’

85 FECC3F_C FeCO;, concentrafion—reaction path model kglm3

86 FECO30_C FeCO; concentration-reaction path model kg/m3

87 FEOH2_C Fe(OH); concentration-reaction path model kg/nfl
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88 FEOOH_C FeO(OH) concentration—reaction path model l':glrn3
89 FE304_C Fe;0, concentration—reaction path model lcglm3
90 FES_C FeS concentration—reaction path madel kg:’rn3
91 CAQO_C CaO concentration-reaction path model kg/m’
92 CAOH2_C Ca(OH}, concentration-reaction path model kg:‘m3
93 CACQ3_C CaC(, concentration—reaction path model kg!m3
94 H2 RAD_C H; concentration—radiolysis kg/m®
95 H20FLOWI Water inflow rate kg/s
26 BMIITOT Total isotope mass from Waste Region 1 kg
97 BCITOT Total isctope conc, from Waste Region 1 kg/m®
98 SMI1TOT Total solid isotope mass from Waste Region 1 kg
99 BMI1FPU240 Mass of isotope 1 (Pu240) from Waste Region 1 kg
100 BM1U236 Mass of isotope 2 (U236) from Waste Region 1 kg
101 BMITH232 Mass of isotope 3 (Th232) from Waste Region 1 kg
102 | BCIPU240 Conc, of isotope 1 from Waste Region ] kg/m®
103 BC1U236 Conc. of isotope 2 from Waste Region 1 i(g/m3
104 | BCI1TH232 Conc. of isotope 3 from Waste Region 1 kg/m’
105 SM1PU240 Solid mass of isotope 1 from Waste Region 1 kg
106 SM1U236 Solid mass of isotope 2 from Waste Region 1 kg
107 SMI1TH232 Solid mass of isotope 3 from Waste Region 1 kg

Line 2.16. IIHIV, JJHIV, KKHIV (NGBHIV sets).
IHIV: I-index for grid block location for the history variable.
JJHIV: J-index for grid block location for the history variable.
KKHIV: K-index for grid block location for the history variable.

Monitor Blocks. BRAGFLO prints out certain summary data to the screen and to the
.SUM file at each time step to provide the user with continuous information on the how the run is
progressing. This summary includes two lines showing simulation time along with time step.and
global mass balance information (described more fully in Subsection 7.2.15). In addition,.the
summary allows the user to monitor values of certain element variables at specified grid blocks.
These monitor blocks are intended solely to monitor progress, rather than to provide data for
postprocessing or other later use, so only a few grid blocks should be selected where significant
changes are likely to occur or where the behavior is representative of an entire region. Typically,
one to three monitor blocks are selected. Because this information is printed both to the screen
{or to alog file if run in batch) and to the .SUM file at every time step, the amount of information
printed out can become large in a long run if too many monitor blocks are selected. The
maximum number of blocks allowed is MMON, which is set in the PARAMETER statement.

In the current version of BRAGFLO, the following nine variables are printed at the
monitor grid blocks: PO (brine pressure, Pa), PG (gas pressure, Pa), SO (brine saturation), PHI
{(porosity), PERMGX (permeability to gas in the x-direction, m?), CONCFE (iron concentration,
kg/m3), CONCBIO (cellulosics concentration, kg/m3), QR(1) [H2 generation rate, kg/(s m?)],
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QOBLOCKI (interblock brine flow in x-direction, m°/s at reference conditions), QOBLOCKJ
(interblock brine flow in y-direction, m*/s at reference conditions), QGBLOCKI (interblock gas
flow in x-direction, m'/s at reference conditions), QGBLOCKI (interblock gas flow in y-
direction, m>/s at reference conditions).

Line 2.17. Descriptor. Monitor block parameters.

Line 2.18. MONITOR.
MONITOR: LOGICAL Flag for monitoring key parameters at a specified grid block.

If MONITOR = .TRUE., then read the next two lines (and possibly more, depending on
the values read); otherwise, go to Subsection 7.2.3.

Line 2.19. Descriptor. Number of monitor blocks.

Line 2.20. NMON.

NMON: Number of monitor blocks to be specified. NMON should be less than 100,
because the monitor block number printout is formatted I2. I NMON >
MMON (where MMON is set in the PARAMETER statement), BRAGFLO
will abort with a message is printed to the screen:

*** ERROR: Too many Monitor Blocks in Input:
Specified: NMON = <NMON input value-

Maximum: MMON = <MMON value set in PARAMETER statement:>
*** Monitor error in READPRTYPE ***

Line 2.21. Descriptor. Monitor block locations.

Read NMON repetitions of Line 2.22.

Line 2.22. IMONITOR, IMONITOR, KMONITOR
IMONITOR: I-index of grid block to be monitored.
JMONITOR: J-index of grid block to be monitored.
KMONITOR: K-index of grid block to be monitored.

7.2.4 Mesh Description Parameters

BRAGFLO provides several options for inputting the mesh. With these options, a simple
mesh can be easily set up with very little input, yet very complex meshes can still be specified,
with correspondingly more detailed input. BRAGFLO uses a rectilinear grid; defining the mesh
requires specifying the Ax (DXGRID), Ay (DYGRID), and Az (DZGRID), and the elevation
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(DEPTH) for each grid block. How much of this information has to be input depends on which

input option is selected.

Line 3.1. Descriptor. Grid data flags.

Line 3.2. IDXFLAG, IDYFLAG, IDZFLAG, IDEPTHFLAG.
IDXFLAG: Specifies how grid block width Ax (DXGRID) are to be read.
IDYFLAG: Specifies how grid block width Ay (DYGRID) are to be read.
IDZFLAG: Specifies how grid block width Az (DZGRID) are to be read.
IDEPTHFLAG: Specifies how grid block elevations (DEPTH) are to be read.

IDXFLAG =0:

DXGRID does not vary; input one value of DXGRID.

: DXGRID varies in I-direction; input NX values of DXGRID.

=0: DYGRID does not vary; input one value of DYGRID.

: DYGRID varies in I-direction; input NX values of DYGRID.
2: DYGRID varies in J-direction; input NY values of DYGRID.

=0: DZGRID does not vary; input one value of DZGRID.

: DZGRID varies in I-direction; input NX values of DZGRID.
: DZGRID varies in J-direction; input NY values of DZGRID.
: DZGRID varies in K-direction; input NZ values of DZGRID.

DZGRID varies in I- and J-directions; input NX x NY values of
DZGRID.

IDEPTHFLAG = 0: Elevation does not vary; input one value of DEPTH.

=1:
=2
=3:
=4

Elevation varies in I-direction; input NX values of DEPTH.

Elevation varies in J-direction; input NY values of DEPTH.

Elevation varies in K-direction; input NZ values of DEPTH.
Elevation varies in I- and J-directions; input NX x NY values of
DEPTH.

: Elevation varies in I- and K-directions; input NX x NZ values of

DEPTH.

: Elevation varies in J- and K-directions; input NY x NZ values of

DEPTH.

: Elevation varies in I-, J-, and K-directions; input NX x NY x NZ val-

ues of DEPTH.

: Elevation varies in I-direction; have BRAGFLOQ calculate values of

DEPTH.

=.2: Elevation varies in J-direction; have BRAGFLOQO calculate values of

DEPTH.



BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997

Page 90

= -2: Elevation varies in J-direction; have BRAGFLO calculate values of
DEPTH.

= -3: Elevation varies in K-direction; have BRAGFLO calculate values of
DEPTH.

= -4: Elevation varies in I- and J-directions; have BRAGFLO calculate
values of DEPTH.

= -5: Elevation varies in I- and K-directions; have BRAGFLO calculate

values of DEPTH.

= -6: Elevation varies in J- and K-directions; have BRAGFLO calculate
values of DEPTH.

= -7: Elevation varies in I-, J-, and K-directions; have BRAGFLO calculate
values of DEPTH.

If the input value for any of these flags is outside the range listed above, BRAGFLO will
abort, with messages printed to the screen indicating what the problems are. The f{inal
messages printed are:

Number of FATAL errors in READMESH = <number of errors>

**% TATAL geometry input errors in READMESH *+*

Subsequent input depends on the values of the geometry flags. There are four sets of in-
put, one each for inputting DXGRID, DYGRID, DZGRID, and DEPTH.

DXGRID input.

Line 3.3. Descriptor. DXGRID input.
If IDXFLAG =0:

Line 3.4. DXCONST.
DXCONST: Uniform grid block Ax-dimension [m or ft].

If IDXFLAG=1:

Line 3.4. (DXGRID(1,1,1), I=1, NX).
DXGRID(L1,1): Grid block Ax-dimensions, varying in the I-direction [m or ft].

BRAGFLO does not allow DXGRID to vary in the J- or K-directions; thus, only
values for DXGRID in the I-direction need (and can) be input.
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DYGRID input.

Line 3.5. Descriptor. DYGRID input.
FIDYFLAG=0:

Line 3.6. DYCONST.
DYCONST: Uniform grid biock Ay-dimension [m or ft].

If IDYFLAG = 1:

Line 3.6. (DYGRIDI(I), I=1, NX).
DYGRIDIKI): Grid block Ay-dimensions, varying only in the I-direction [m or f].

IFIDYFLAG = 2:

Line 3.6. (DYGRIDJ(J), J=1, NY).
DYGRIDIJ(J): Grid block Ay-dimensions, varying only in the J-direction [m or
ft].

BRAGFLO does not allow Ay to vary in the K-direction, nor in the I- and J-
directions simultaneously.

DZGRID input.
Line 3.7. Descriptor. DZGRID input.
If IDZFLAG = 0:

Line 3.8. DZCONST.
DZCONST: Uniform grid block Az dimensions [m or ft].

FIDZFLAG = 1:

Line 3.8. (DZGRIDI(I}, I=1, NX).
DZGRIDI(I): Grid block Az-dimensions, varying only in the [-direction [m or ft).

If IDZFLAG = 2:
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Line 3.8. (DZGRIDI(]), J=1, NY).
DZGRIDI(J): Grid block Az-dimensions, varying only in the J-direction [m or ft].

If IDZFLAG = 3:

Line 3.8. (DZGRIDK(K), K=1, NZ).
DZGRIDK(K): Grid block Az-dimensions, varying only in the K-direction [m or ft}.

If IDZFLAG = 4:

Line 3.8. ((DZGRIDII(L])), I=1, NX), I=1, NY).
DZGRIDIX(1,J): Grid block dimensions, varying in both I- and J-directions [m or ft].

BRAGFLO does not allow DZGRID to vary simultaneously in all three directions.

IDEPTHFILAG input.

Line 3.9. Descriptor. IDEPTHFLAG input.

Input values are elevations above the origin to the center of grid blocks. Positive values
increase with elevation, indicating grid block center elevations above the elevation of the
origin. If IDEPTHFLAG is greater than zero, user-specified values of DEPTH are en-
tered. If IDEPTHFLAG is less than zero, elevations will be calculated from input incli-
nations.

If IDEPTHFLAG = 0O:

Line 3.10. DEPTHCONST.

DEPTHCONST: Uniform elevation in all I-, J-, and K-directions [m or ft]l. Using a
value for IDEPTHFLAG of zero is physically realistic only if the problem is one-
or two-dimensional, and NX, NY, or NZ, or two of these, is 1. However, a uni-
form elevation can be specified for a fully three-dimensional problem or for a
two-dimensional problem with a vertical cross-section. The effect, which is
sometimes desired, is to “turn off” gravity, because there is no difference in ele-
vation between any adjacent layers in the mesh.

If IDEPTHFLAG = 1:
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Line 3.10: (DEPTHI(I), I=1, NX).
DEPTHI(I). Elevations to grid block centers, varying only in the I-direction [m or ft].

If IPDEPTHFLAG = 2:

Line 3.10: (DEPTHI(D), J=1, NY).
DEPTHI(J): Elevations to grid block centers, varying only in the J-direction [m or ft].

If IDEPTHFLAG = 3:

Line 3.10. (DEPTHK(K), K=1, NZ).
DEPTHK(K): Elevations to grid block centers, varying only in the K-direction [m or ft].

If IDEPTHFLAG = 4.

Line 3.10. ((DEPTHII(1.)), I=1, NX), J=1, NY).
DEPTHII(L,J): Elevations to grid block centers, varying in both I- and J-directions [m or
ft].

If IDEPTHFLAG = 5:

Line 3.10. ((DEPTHIK(1.K), I=1, NX), K=1, NZ). .
DEPTHIK(ILK): Elevations to grid block centers, varying in both I- and K-directions [m
or ft].

If IDEPTHFLAG = 6:

Line 3.10. (DEPTHIK(J.K), J=1, NY), K=1, NZ).
DEPTHIK(J.K): Elevations to grid block centers, varying in both J- and K-directions [m
or ft].

I IDEPTHFLAG =7:

Line 3.10. (((DEPTH(L,].K), I=1, NX), J=1, NY), K=1, NZ).
DEPTH(LI.K): Elevations to grid block centers, varying in all three directions [m or ft].

If IDEPTHFLAG < O:
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Elevations will be calculated from inclination input. Certain rules must be carefully foi-
lowed to achieve the proper orientation of the mesh. Start with a right-handed coordinate
system, with the origin at (x,y,2) = (0,0,0) in the center of the front lower left comer
block. The x-direction increases to the right; the y-direction increases into the page; and
the z-direction increases upward. Translate the mesh so that the new origin is at the cen-
ter of grid block (IORIG, JORIG, KORIG). Next, set the elevation at the center of this
grid block to ZERODEPTH. Finally, rotate the mesh about the axes in the following or-
der: 1) Positive rotation about the original x-axis; 2) Positive rotation about the original
y-axis; 3) Positive rotation about the original z-axis. The “original” axes are the axes as
they exist after the elevation is set to ZERODEPTH; in other words, the axes of rotation
do not change after each rotation.

Line 3.10. I0ORIG, JORIG, KORIG, ZERODEPTH, THETAX, THETAY, THETAZ.
IORIG: I-index of origin block.
JORIG: I-index of origin block.
KORIG: K-index of origin block.
ZERODEPTH: Elevation of origin block [m or ft].
THETAX: Angle of positive right-handed rotation about the x-axis [degrees].
THETAY: Angle of positive right-handed rotation about the y-axis [degrees].
THETAZ: Angle of positive right-handed rotation about the z-axis [degrees].

If IDEPTHFLAG =-1:

Elevation varies only in I-direction; there must be only one layer in the K-direction. In
this case, BRAGFLO allows only rotation about the original y-axis. The only value used
from Line 3.10 is THETAY; all other inputs are ignored, but appropriate place holder
values (three integers and four real numbers) must be input.

If IDEPTHFLAG = -2:

Elevation varies only in J-direction; there must be only one layer in the K-direction.
BRAGFLO allows only rotation about the original x-axis. The only value used from Line
3.10 is THETAX; all other inputs are ignored, but appropriate place holder values {three
integers and four real numbers) must be input.

If IDEPTHFLAG < -2:

Elevation can vary in all three directions. This is the most general case, and it is used
whenever IDEPTHFLAG < -2. Other specialized cases, for IDEPTHFLAG = -3 to -6,
analogous to IDEPTHFLAG = +3 to +6, are not yet implemented in BRAGFLO, so any
value of IDEPTHFLAG between -3 and -7, inclusive, is treated as IDEPTHFLAG = -7.
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7.2.5 Well Parameters and Boundary Conditions

BRAGFLQO is capable of simulating wells that are completed within the formations or po-
rous media being modeled. A well is either an injection well or a production (or withdrawal)
well. Each type of well can be treated as a constant-pressure well or as a constant flow rate well.

In a constant-pressure well, fluids (gas and brine) are injected or produced at whatever
rate is necessary to maintain the specified pressure. The amount of each phase that is injected or
produced is proportional to the saturation of each phase in the grid block containing the well.

A constant-pressure well is usetul for simulating constant-pressure boundary conditions,
and, in earlier versions of BRAGFLO, this was the only means of maintaining a truly fixed
boundary pressure. In the current version, constant-pressure boundary conditions can be
specified directly, so wells are no longer used for that purpose.

In a constant-flow injection or production well, the rate of injection or production of each
phase is specified, and the pressure in the grid block containing the well fluctuates accordingl-y.
Injection and production wells are useful for simulating sources and sinks, for example,
generation of gas by a chemical reaction.

In BRAGFLO, a well exists only in a single grid block. In reality, a well might be com-
pleted (i. e., open to the surrounding formation) over a range of depths, which might encompass
more than one grid block in the mesh. To simulate such a well using BRAGFLO, multiple wells
must be used, one for each grid block in which the well is completed. More than one well may
exist in a grid block. Each well in a grid block must be specified individually in the input. All
wells are assumed to be located at the center of the grid block. (In fact, BRAGFLO, as a cell-
centered finite difference code, considers all properties and influences as occurring at the centers
of grid blocks.) It is currently not possible in BRAGFLO for wells to interact directly; for
example, fluids withdrawn from one well cannot be injected in another well. Furthermore,
injection and production rates are fixed over the specified time period; they cannot be varied over
time, except in finite increments as specified explicitly in the input, and they cannot be made to
vary as a function of any other rates or processes simulated in BRAGFLO. They depend solely,
although implicitly, on the brine pressure and gas saturation within the grid block in which the
wells are completed.

Specified well conditions remain in effect only until the next time at which conditions in
any well are changed. For example, suppose two constant-pressure wells are specified initially,
and a third well, a constant-flow well, is to be added after 1000 years. If only the third well is
specified at 1000 years, the two constant-pressure wells will be turned off at 1000 years. If these
two wells are to continue to be in effect after 1000 years, their conditions must be specified at
1000 years (along with the third well) as well as at the start of the run. Wells are turned off
simply by specifying another time when conditions go into effect, but without specifying any
conditions for those wells.
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Constant-pressure (Dirichlet) boundary conditions can be specified directly, instead of
being simulated by means of constant-pressure wells. BRAGFLO assumes all external mesh
boundaries to be no-flow boundaries. Although constant-pressure wells can usually hold the
pressure constant in any grid cell where they are applied, numerical problems are sometimes
encountered. Using wells also requires that productivity indexes (PIWELL) are judiciously
chosen. If PIWELL is too small, the pressure will not be held exactly constant; if PIWELL is too
big, numerical difficulties are exacerbated. When gas dissolution is being simulated, constant-
pressure wells may not work at all. These problems can be eliminated by specifying Dirichlet
boundary conditions. The user has the option of fixing either the brine pressure or the gas
saturation, or both, in any grid block in the mesh.

Dirichlet boundary conditions are in effect during the entire run. They cannot be turned
on or off at various times the way wells can.

Line 4.1. Descriptor. Well parameters.

Line 4.2. NWELLTIMES
NWELLTIMES: Number of times to specify well conditions. If NWELLTIMES is
greater than NWTIME (which is set in the PARAMETER statement in
BF2_PARAMS.INC), BRAGFLO will abort with the message:

In READWELL, NWTIME needs to be larger. NWELLTIMES = <NWELLTIMES input
value>

*** Well time errors in READWELL *=**
The following input is repeated NWELLTIMES.

Line 4.3. WELLTIME, NWELLS.

WELLTIME: Time when conditions go into effect [s or days]. Conditions specified at
this time remain in effect only until the next WELLTIME. In order for a
well to remain in effect after the next WELLTIME, the description and
conditions for that well (Lines 4.4, 4.5, and 4.6) must be repeated at the
next WELLTIME. If this information is not repeated at the next WELL-
TIME, the well is, in effect, turned off at that time,

NWELLS: Number of grid blocks containing wells at this WELLTIME.

The following input is repeated NWELLS times.
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Line 4.4. IWELLNODE, JIWELLNODE, KWELLNODE, NWELLSPERGRID.
IWELLNODE: I-index of grid block containing the well(s).
JWELLNODE: J-index of grid block containing the well(s).
KWELLNODE: K-index of grid block containing the well(s).
NWELLSPERGRID: Number of welis that exist in this grid block.

The following input is repeated NWELLSPERGRID times.

Line 4.5. WELLTYPE.

WELLTYPE: Type of well, This is a CHARACTER*4 variable. It is input in free
format, with no enclosing tick marks and any number of leading spaces, in
contrast to earlier versions of BRAGFLO, which used a formatted read
statement. The available options are:

INJP: Pressure-controlled (or constant-pressure) injection well.

INJQ: Flow-rate-controlled injection well.

PROD: Production well.

NONE: None of the above. This is the initial value for WELLTYPE; if
not changed by an input value, a well that is otherwise fully speci-
fied by input will be ignored and have no effect.

Line 4.6. QGWELL, QOWELL, PIWELL, PW.
QGWELL: Gas mass flow rate [kg/s or Ib/day].

QOWELL: Brine mass flow rate [kg/s or lb/day].

PIWELL: Injectivity or productivity index {m” or (bbl cP)/(day psi)]. Recommended
value: 1.0 x 10° m3, to achieve constant pressure (PO = PW), as when
wells are used to maintain a specified boundary condition. -

PW: Flowing down-hole well bore pressure [Pa or psi].

The productivity index, PTWELL, is a function of grid block dimensions, permeability,
and borehole diameter that allows accurate simulation of well behavior when a small-
diameter borehole is completed within a large grid block. To simulate the pressure drop
from the formation immediately surrounding a borehole into the borehole, the productiv-
ity index must be calibrated to actual measurements of pressure and flow rates. In the
WIPP PA, wells are generally used only to maintain fixed pressures at the boundaries of a
mesh, rather than to simulate the actual behavior of a well. (Since Dirichlet boundary
conditions were implemented, wells are now seldom used at all.) In this case, accurate
simulation of the pressure behavior in the vicinity of the well is unimportant, and a large
productivity index (say, 1.0 x 10°® m?) is used so that the pressure in the grid block is the
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same as specified for the borehole. Because the productivity index is dependent on grid
block dimensions, a “large” value in one grid block may not be large enough in another.
However, for grid blocks as large as 15 km x 60 km x 100 m, a productivity index of 1.0
x 10° m® [3.7 x 10" bbl cP/(day psi)] provides the desired equal pressures in the well
borehole and the grid block.

Line 4.7, Descriptor. Constant brine pressure and gas saturation boundary conditions.

Line 4.8. DIRICHLET, NO_DIRGRID.
DIRICHLET: Logical flag (T or F) indicating that Dirichlet boundary conditions will be
used.
NO_DIRGRID: Number of grid biocks in which Dirichlet boundary conditions will be
applied.

If DIRICHLET is .FALSE., no additional well or boundary condition data are input. If
DIRICHLET is .TRUE,, the following input is repeated NO_DIRGRID times.

Line 4.9. TR,JR KR, DIRGRIDP,DIRGRIDS,DIR_PRES,DIR_SATB.
IR: I-index of grid block in which Dirichlet boundary conditions are applied.
JR: J-index of grid block in which Dirichlet boundary conditions are applied.
KR: K-index of grid block in which Dirichlet boundary conditions are applied.
DIRGRIDP: Logical flag (T or F) indicating that a constant brine pressure is to be used.
DIRGRIDS: Logical flag (T or F) indicating that a constant gas saturation is to be used.
DIR_PRES: Brine pressure specified to be constant [Pa].
DIR_SATB: Brine saturation specified to be constant. Because BRAGFLO solves for

gas saturation, it is actually the gas saturation that will be held constant.

However, to be consistent with the initial condition input, where brine satu-
ration is input, brine saturation is specified here, rather than gas saturation.

Note: DIR_PRES and DIR_SATB must be identical to the initial values, PIINIT (IR,JR,KR) and
SOINIT (IR,JR,KR), respectively (see next subsection). Otherwise, BRAGFLO will run
incorrectly. BRAGFLO does not check to be sure that DIR_PRES and DIR_SATB are the same
as the initial; it is up to the user to ensure that this is true.

7.2.6 Initial Conditions

Initial conditions must be input for brine pressure, brine saturation, iron concentration,
and cellulosics concentration.
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Line 5.1. Descriptor. Brine pressure initial conditions.

Line 5.2. (((PINIT(LJ.K), I=1, NX), J=1, NY), K=1, NZ).
PINIT: Iniual brine pressure [Pa or psi].

Line 5.3. Descriptor. Brine saturation initial conditions.

Line 5.4. (((SOINIT(LJK), I=1, NX), J=1, NY), K=1, NZ).

SOINIT: Initial brine saturation [dimensionless].

Line 5.5. Descriptor. Iron concentration initial conditions.

Line 5.6. (((CONCFE(1J.K), I=1, NX), I=1, NY), K=1, NZ).
CONCEFE: Initial iron concentration [kg/m’ or 1b/ft*].

Line 5.7. Descriptor. Cellulosics concentration initial conditions.

Line 5.8. (({CONCBIO(I,JK), I=1, NX), I=1, NY), K=1, NZ).
CONCBIO: Initial cellulosics concentration [kg/m® or 1b/ft*].

It is sometimes desirable to calculate, rather than input, certain initial conditions, an ex-

ample being the initial brine pressure distribution in formations surrounding the WIPP repository.

In this example, other initial conditions, such as the brine pressure within the repository and

initial concentrations of reactants (iron and cellulosics), still need to be specified in the input,

even though pressures outside the repository are calculated. BRAGFLO accommodates this need

to calculate initial conditions of only some variables in only part of the mesh by means of a
somewhat convoluted interaction between special materials specifications and starting times. .

If a run begins at time START > TIMEICRESET (described in Subsection 7.2.7; gener-
ally, TIMEICRESET = 0.), BRAGFLO uses only the initial conditions specified in Lines 5.1-5.8
above. This use of initial conditions is straightforward and uncomplicated, being the obvious
way that initial conditions are expected to be used.

If a run begins at time START < TIMEICRESET, only some of the initial conditions are
used at time START, while other initial conditions from Lines 5.1-5.8 are used at time TIMEI-
CRESET. In this case, initial pressures, PINIT, will be used in all regions except Waste regions
at time START. Initial brine saturations, SOINIT, will also be used in all regions except Waste
regions at time START. Reactant concentrations, CONCFE and CONCBIO, are not used until
after TIMEICRESET:; furthermore, reactions that affect the values of CONCFE and CONCBIO
occur only in Waste regions, which are undefined prior to TIMEICRESET.
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At TIMEICRESET, brine pressures only in Reset Material regions are set to PINIT. At
the same time, brine saturations only in Reset Material regions are set to SOINIT. Because
CONCEFE and CONCBIO are unaffected before TIMEICRESET, both of these variables have
initial values as specified in Lines 5.6 and 5.8 at time START as well as at time TIMEICRESET.

7.2.7 Numerical Control Parameters

Parameters input in this section allow the user to control the numerical behavior of
BRAGFLO. These parameters affect the accuracy of solutions and can have major effects on
computing time. The equations solved in BRAGFLQ are highly nonlinear, and the discretized
equations are solved using an iterative Newton-Raphson technique. The control parameters
govern the rate of convergence of the solution procedure, as well as the degree of precision to be
achieved in the solution. The Newton-Raphson procedure involves computing a Jacobian
matrix, which is the most computationally intensive step in the solution. The control parameters
allow the user to specify the frequency at which the Jacobian is recalculated. The Jacobian is
always computed at the beginning of each time step. It can be calculated as frequently as each
iteration within a time step (at great computational expense), or after every so many iterations.

Line 6.1. Descriptor. Physical realism constraints.

Line 6.2. DEPLIMIT(1), DEPLIMIT(2), SATLIMIT.

DEPLIMIT(1): Limit allowed on gas saturation outside the physicaily realistic range of
0.0 to 1.0. The solution will not be rejected provided: 1.0 + DEPLIMIT(1)
> §, > -DEPLIMIT(1). Otherwise, the time step size will be reduced and the
time step will be repeated. Note that this is only the first of several criteria
that must be met before a solution is finally accepted. “Slightly unrealistic”
values of gas saturation can (and generally must) be tolerated; if DE-
PLIMIT(1) is too small, or zero, BRAGFLO will likely struggle excessively
(and consume large amounts of computing time) without appreciably im-
proving the solution. Recommended value: DEPLIMIT(1) = 0.2.

DEPLIMIT(2): Lower limit allowed on brine pressure [Pa or psi]; primarily intended to
catch large negative values of pressure. The solution will be accepted pro-
vided: PO > DEPLIMIT(2). If PO < DEPLIMIT{(2), the time step size will
be reduced and the time step will be repeated. As with DEPLIMIT(1), DE-
PLIMIT(2) should not be set too stringently. These two limits are intended
simply to reject the solutions that are beyond hope before any more compu-
tational effort is expended on them. Recommended value: -1.0 x 10° Pa.

SATLIMIT: Limit on gas saturation solution beyond which a solution will not be ac-
cepted; interstep iterations will continue using the same Ar (. e., the solution
is not accepted, but Ar is not reduced) even if DEPLIMIT(1) is satisfied if:
1.0 + SATLIMIT > §, > -SATLIMIT provided that DEPLIMIT(1) > SAT-
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LIMIT. Nonconvergence occurs once S; violates the SATLIMIT constraint.
This is intended to be a more stringent limit than DEPLIMIT(1), but it is up
to the user to ensure that DEPLIMIT(1) > SATLIMIT. Recommended
value: 1.0x 107,

Line 6.3. Descriptor. Limits on variable changes for auto time step control.

These parameters are used in the auto time step control algorithm. They affect the effi-
ciency of BRAGFLO by allowing larger time steps when the variables (gas saturation and
brine pressure) are changing slowly. If auto time step is turned off, these parameters are
not used, but they must still be input,

Line 6.4. DELTADEPNORMY(1), DELTADEPNORM(2).

DELTADEPNORM(1). Relative change in gas saturation across a time step; used to
control size of next time step. Input value is the largest relative change in
gas saturation in the time step just completed such that the new time step
will be the same as the current time step. Using a smaller input value will
cause smaller increases in the new time step for a given relative change in
gas saturation or reduce the relative change in gas saturation that will be al-
lowed in order to achieve a given increase in time step size. Using a larger
input value will have the opposite effect. Recommended value: 0.3.

DELTADEPNORM(2): Absolute change in brine pressure across a time step [Pa or psi];
used to control size of next time step. Input value is the largest absolute
change in brine pressure in the time step just completed such that the new
time step will be the same as the current time step. Using a smaller input
value will cause smaller increases in the new time step for a given absolute
change in brine pressure or reduce the absolute change in brine pressure that
will be allowed in order to achieve a given increase in time step size. Using
a larger input value will have the opposite effect. Recommended value: 5.0
x 10° Pa.

Line 6.5. Descriptor. Maximum absolute variable changes.

Line 6.6. DDEPMAX(1), DDEPMAX(2).

DDEPMAX(1): Maximum absolute gas saturation change allowed over a time step. If a
greater change in gas saturation occurs, the time step is repeated using a
smaller time step. Recommended value: 1.0. (This allows gas saturation to
change from 0.0 to 1.0 in a single step, the most that is physically possible,
in effect turning off this control except when unphysical gas saturations are
obtained.)
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DDEPMAX(2): Maximum absolute pressure change allowed over a time step. If a
greater change in brine pressure occurs, the time step is repeated using a
smaller time step [Pa or psi]. Recommended value: 1.0 x 10’ Pa.

Line 6.7. Descriptor. Newton-Raphson normal convergence criteria.

Line 6.8. ICONVTEST.

ICONVTEST: Flag specifying whether either or both convergence criteria must be satis-
fied before a solution is considered to have converged. Recommended
value: 1. Requiring both convergence criteria to be met should result in a
more accurate solution. However, prohibitively small time steps are some-
times required because the convergence tests tend to over-emphasize the
importance of small grid blocks in which small changes can resuilt in rela-
tively large mass balance errors. To get BRAGFLO to run to completion
when such problems occur, it may be necessary to relax one of the criteria
that must be met. Generally, this has been found to have little impact on
gross results. However, in some instances, important short-lived transient
results can differ greatly depending on whether either or both convergence
criteria are met. Therefore, whenever possible, ICONVTEST = 1 shouid be
used.

= 0: Satisfy either EPSNORM or FTOLNORM. (described next, on Lines
6.10 and 6.14).

= 1: Satisfy both EPSNORM and FTOLNORM. (described next, on Lines
6.10 and 6.14).

Line 6.9. Descriptor. Maximum variables changes for normal convergence.

Line 6.10. EPSNORM(1), EPSNORM(2).

EPSNORM(1): Number of digits of accuracy to the right of the decimal in the change in
gas saturation. This parameter limits the change in gas saturation when
saturations are very small, in which case DDEPMAX(1) is too easily satis-
fied. Recommended vaiue: 3.

EPSNORM(2): Maximum relative change in brine pressure allowed over a time step.
This parameter provides control over brine pressure changes when the pres-
sure is small and DDEPMAX(2) (the maximum absolute change) is too eas-
ily satisfied. Recommended value: 1.0 x 107,
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Line 6.11. Descriptor. Loosened Newton-Raphson convergence criteria.

Occasionally, BRAGFLO encounters great difficulty in converging to a solution. If a so-
lution has not been obtained at a particular time step after numerous time step reductions,
it is quite likely that further time step reductions will not improve the solution sufficiently
to satisfy the normal convergence criteria, EPSNORM(1} and EPSNORM(2). One option
at this point is for BRAGFLO to abort. The user would then rerun the problem after ad-
justing one or more of the control parameters and hope for better results. However, it is
often the case that BRAGFLO’s difficulties are temporary, and that if it can get past the
trouble spot, it will complete the run without further major difficulties. Thus, a second
option has been built into BRAGFLO to handle those occasions when repeated time step
reductions fail to provide convergence: The convergence criteria are temporarily relaxed.
These relaxed criteria are applied after user-specified IACSWITCH time step reductions
have occurred, and they continue to be applied only until convergence is obtained at that
time step. After IJACRESET time steps, and at all subsequent time steps, the normal
convergence criteria are used. This capability makes BRAGFLO a little more robust,
enabling it to complete runs that would otherwise abort and require input modifications
before rerunning, at only a minor cost in overall accuracy. This feature becomes impor-
tant when carrying out large number of runs in automated batch systems. It can be turned
off simply by setting all input values of the loosened criteria equal to the normal criteria.
Caution is advised when using this feature because large mass balance errors can be in-
troduced which may not be apparent in a cursory examination of the results. This feature
has not been tested for use in PA calculations.

Line 6.12. EPSLOOSE(1), EPSLOOSE(2).

EPSLOOSE(1): Same meaning as EPSNORM(1); used after JACSWITCH time step re-
ductions have occurred. Recommended value: 2.0.

EPSLOOSE(2): Same meaning as EPSNORM(2); used after IIACSWITCH time step re-
ductions have occurred. Recommended value:; 0.0].

Line 6.13. Descriptor. Normal right-hand-side function (or residual) criteria. BRAGFLO solves
a pair of simultaneous mass balance equations: F; = 0 (gas mass balance),

and F; = 0 (brine mass balance). Because the nonlinear equations are solved
numerically and iteratively, F; and F, are generally not zero. The deviation
from zero is the residual, or mass balance error. Ideally, iterations will con-
tinue until the residuals are zero, but, in practice, the best that can be hoped
for is to get “close” to zero. Discretization errors, roundoff errors, discon-
tinuous functional dependencies, property functions with discontinuous de-
rivatives, and nonlinearities all contribute to making convergence to truly
zero residuals unattainable. The degree of closeness of the residuals to zero
that is acceptable is input as the tolerances FTOLNORM(1) and FTOL-
NORM(2).
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Line 6.14. FTOLNORM(1), FTOLNORM(2).

FTOLNORMT(1): [kg gas in residual/kg gas in grid block]. For gas saturation, the value
of the residual is normalized by dividing by the amount of gas present in the
grid block, ¢(p.S, + CepsS:), where ¢ is the porosity, p, and p, are the gas and
brine densities at local conditions, S, and S, are the gas and brine saturations,
and C, is the mass fraction of gas in the brine phase(C, = 0.0 if no dissolved
gas 1s present). The minimum of this normalized residual value is compared
with FTOLNORM(1). If ICONVTEST = 0 and the normalized residual is
less than FTOLNORM(1), convergence is accepted regardless of
EPSNORM(1). If ICONVTEST = 1, the normalized residual must be less
than FTOLNORM(1) and EPSNORM(1) must be satisfied in order for the
solution to be accepted. Recommended value: 1.0 x 107,

FTOLNORMY(2): [kg brine in residual/kg brine in grid block]. For brine pressure, the
value of the residual is normalized by dividing by the amount of brine pres-
ent in the grid block, ¢$C.p.S,, where 0 is the porosity, Cy is the mass frac-
tion of brine in the brine phase (C, = 1.0 if no dissolved gas is present), p, is
the brine density at local conditions, and §; is the brine saturation. The
minimum of this normalized minimum residual value is compared with
FTOLNORM(2). If ICONVTEST = 0 and the normalized residual is less
than FTOLNORMY(2), convergence is accepted regardless of EPSNORM(2).

If ICONVTEST = 1, the normalized residual must be less than FTOL-
NORM(2) and EPSNORM(2) must be satisfied in order for the solution to
be accepted. Recommended value: 1.0 x 102

Line 6.15. Descriptor. Loosened right-hand-side function criteria. This feature has not been
tested for use in PA calculations.

Line 6.16. FTOLLOOSE(1), FTOLLOOSE(2).

FTOLLOOSE(1): Relaxed value of normalized residual for gas saturation below which
convergence 1s accepted regardless of EPSLOOSE(1); used after DAC-
SWITCH time step reductions have occurred [kg gas in residual/kg gas in
grid block]. Recommended value: 1.0 x 107

FTOLLOOSE(2): Relaxed value of normalized residual for brine pressure below which
convergence is accepted regardless of EPSLOOSE(2); used after HAC-
SWITCH time step reductions have occurred [kg brine in residual/kg brine
in grid block]. Recommended value: 1.0 x 107,

Line 6.17. Descriptor. Multicomponent gas constituent transport convergence tolerances.
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Line 6.18. EPSGAS(1), EPSGAS(2), EPSGAS(3), EPSGAS(4).

EPSGAS(1): Smallest negative value allowed in the amount of each gas component in a
grid block [mol]. If input as a positive number, BRAGFLO sets it negative.

EPSGAS(2): Largest change in a molar concentration of a gas component that is allowed
over a Newton-Raphson iteration [mol/m3].

EPSGAS(3): Smallest value of molar concentration that is considered to be nonzero.
Used to ensure that, in calculating the relative change in molar concentra-
tion, a zero or essentially zero value is not used [mol/m3].

EPSGAS(4): Maximum relative change in gas component molar concentration allowed
over a Newton-Raphson iteration [dimensionless].

Line 6.19. Descriptor. Equation solver selection.

Line 6.20. CHSOLVER.

CHSOLVER: This is a CHARACTER*3 variable indicating the solver to be used. It is
input in free format, with no enclosing tick marks and any number of leading
spaces. The available options are:

LU: Original LU-decomposition solver, a direct (non-iterative') solver. This is
the solver most frequently used in WIPP PA work. Its principal advan-
tage is its great robustness: unless the Jacobian matrix is truly singular
(which generally indicates flawed input or a conceptual model error), a
solution (i. e.. inversion of the given Jacobian) is virtually guaranteed.
The main disadvantages are large storage requirements and slow
speed, which makes large meshes (such as realistic three-dimensional
problems) impractical.

LP: Another LU-decomposition solver from Linpack, a non-proprietary pack-
age of linear algebra routines. Essentially identical to the original LU
solver, this solver first calculates a condition number, which indicates
the degree of singularity of the Jacobian. If the condition number is
too small, the LP solver concludes that the matrix is singular and
aborts the run, in contrast to the original LU solver, which will con-
tinue with the solution unless the Jacobian determinant is exactly zero.
The parameters and mesh used by WIPP PA often result in Jacobians
that are very nearly singular at times during a run, so the LP solver is
generally not used because it aborts too readily. However, the LP
solver is sometimes useful for debugging. It has been disabled in
BRAGFLO version 4.00 because the massive Jacobian array is rewrit-
ten into another array, nearly doubling the memory required to run
BRAGFLO. It may be reactivated easily in future versions. If the LP
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solver is selected, the program will abort with a message printed to the
screen:

*** Abort in READCNTRL; LP solver not available.

MG: Multigrid solver. This is a sophisticated, state-of-the-art high-speed it-
erative solver. In addition to speed (compared to direct solvers), this
solver has the advantage of all iterative solvers in that the storage re-
quirements are far less than for direct solvers, making large three-
dimensional simulations possible. However, the multigrid solver
originally implemented in BRAGFLO was limited to two dimensions
and suffered from a lack of robustness that was intolerable in WIPP
PA, where all runs must be completed. This option is currently not
available, pending development of a robust three-dimensional multi-
grid solver. Although prospects are poor that a multigrid solver will
eventually work in BRAGFLO, the shell for selecting this solver has
been retained. If it is selected, the program will abort with a message
printed to the screen:

*** Abort in READCNTRL; MG solver not available.

LSOR: Point successive overrelaxation (SOR) solver. This is another itera-
tive solver, which, like the multigrid solver, lacks robustness. It
should work on simple problems or large problems using uniform grid
blocks and smoothly-varying material properties.

Line 6.21. Descriptor. Iteration limits; scaling options.

Line 6.22. ITTMAX, IRESETMAX, JACINPUT, LSCALE, P_SCALE, LVARSWTCH.

ITMAX: Maximum number of Newton-Raphson iterations per time step. Recommended
value: 10.

IRESETMAX: Maximum number of time step size reductions allowed at any time step
should nonconvergence problems be encountered. If this number is ex-
ceeded, the run is aborted; this is the only way a BRAGFLO run will cleanly
abort (aside from input errors). Note that the time steps obtained as a result
of time step reductions following nonconvergence are not restricted in size
by the input parameter DELTMIN (Line 1.9). It is possible for a time step
smaller than DELTMIN to be obtained that results in convergence after
fewer than IRESETMAX time step reductions. This can only occur when
nonconvergence causes time steps to be reduced below DELTMIN. In this
case, the next time step will automatically be reset to DELTMIN. Conver-
gence requiring time steps smaller than DELTMIN may occur repeatedly
and has the potential for causing BRAGFLO to stall out, consuming great
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quantities of computing time using impracticably small time steps by side-
stepping the normal time step minimum through this one loophole. How-
ever, it has been found that when BRAGFLO has difficulties resulting in re-
peated use of time steps smaller than DELTMIN, either these problems are
resolved by taking just a couple of time steps smaller than DELTMIN, or
they cause IRESETMAX to be exceeded. Recommended value: 40.

IJACINPUT: Default iteration interval frequency for updating the Jacobian. The Jaco-
bian 1s always evaluated at the start of each time step. Reevaluating the Ja-
cobian at each Newton-Raphson iteration within a time step will, at least in
theory, result in the fastest convergence to a solution. However, in some
instances, convergence may be just as fast even when the Jacobian is evalu-
ated only before the first iteration. Because evaluating the Jacobian is the
most computationally intensive step in the solution, it is highly desirable to
do this as infrequently as possible. On the other hand, reevaluating every it-
cration is more likely to give a solution, especially in difficult problems,
whereas doing this, say, just once each time step (every 40 iterations), can
sometimes cause the solution to diverge, resulting in more computational ef-
fort than simply reevaluating every iteration. Recommended value: 1.

LSCALE: Logical flag specifying whether to scale the Jacobian and the right hand side.
Scaling may reduce roundoff errors that cause numerical problems when
working with near-singular matrices, which is often the case in WIPP PA.
Recommended value: T.

P_SCALE: When LSCALE = T, the Jacobian and right hand side are divided by
P_SCALE to reduce the singularity of the Jacobian when the degree of sin-
gularity is exacerbated by roundoff errors. Whether LSCALE = T or F, a
value must be input here; when LSCALE = F, P_SCALE is read in but is not
used. Recommended value: 1.0 x 107 Pa.

LVARSWTCH: Logical flag specifying whether variable switching will be allowed.
This flag can be set to T only if dissolved gas is being modeled and Henry's
law is to be used (IDGAS = 2). The gas solubility options are described in
Subsection 7.2.8. When Henry’s law gas solubility is used, LVARSWTCH
should be set to T this is not a requirement, but BRAGFLO may not run
well or at all if variable switching is not allowed (set to F) when IDGAS = 2.
When LVARSWTCH = T, the dependent variables may be automatically
changed when the gas phase disappears, from the normal set of gas satura-
tion and brine pressure (S, and P,) to P, and P.. P,is the equilibrium Henry’s
law gas pressure, defined as the gas pressure that would exist if a gas phase
were present given the mole fraction of gas that is currently dissolved in the
brine. Because gas can dissolve in brine, it is possible for the gas phase to
disappear, but a gas component will remain in the liquid phase. When this
happens, it is no longer possible to keep track of the amount of gas dissolved
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in brine because the dissolved gas is no longer in equilibrium with gas in the
{nonexistent) gas phase. Instead of solving two equations (gas mass balance
and brine mass balance) for two unknowns (5, and P,), BRAGFLO will be
trying unsuccessfully to solve just one equation, the brine mass balance, for
two unknowns, since the gas mass balance is identically zero as a result of S,
being zero. This will cause the run to abort or to flounder, struggling hope-
lessly by cutting back time steps. The solution to this difficulty is to change
the dependent variable from gas saturation to a pseudo-pressure, P,, which is
directly proportional to the mass or mole fraction of gas dissolved in brine:

P=xH,
where: x, = mole fraction of gas dissolved in brine,
H = Henry's law constant [Pa/motl fraction gas in solution].

When a gas phase is present, P, is identical to P,. When a single liquid phase
is present, Pa is the gas pressure that would exist in equilibrium with the dis-
solved gas if a gas phase were present. In this manner, BRAGFLO can still
use the gas mass balance equation as one of the two equations being solved,
but solves, in effect, for the nonzero dissolved gas mass fraction instead of
the zero gas saturation. When LVARSWTCH =T, this switching of the de-
pendent variables is done automatically and is transparent to the user, except
that informational messages are printed to the screen and to the summary
[.SUM] file to indicate when the variables are switched and at which grid
blocks. If LVARSWTCH = F when Henry’s law is used to model gas disso-
lution, BRAGFLO will run smoothly only if a gas phase is always present.

Unless this situation can be assured of holding true for the full duration of
the run, LVARSWTCH = T should be used. This feature has not been ex-
tensively tested.

Line 6.23. Descriptor. Upstream weighting frequencies; time step reduction factor; averaging
methods for relative permeabilities and mass fractions.

Line 6.24. TUPRPFLAG, IUPMFFLAG, DELTFACTOR, ITRAVE, IMFRAVE.

IUPRPFLAG: Frequency of updating the inter-time step upstream weighting direction
for relative permeabilities. The upstream weighting direction can be
changed only when the Jacobian is reevaluated; thus, [UPRPFLAG is not
simply the number of Newton-Raphson iterations between updating the up-
stream direction, but rather the number of Jacobian evaluations between up-
dates. For example, if IJACINPUT = 3 (Jacobian reevaluated every third it-
eration) and [TUPRPFLAG = 3, then the upstream direction for relative per-
meability is updated every 9 iterations. This option has not been extensively
tested, but it appears that the upstream direction should not be changed
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every iteration, nor every other iteration (assuming IJACINPUT = 1), be-
. cause this may cause the solution to oscillate and fail to converge. Recom-
mended value: same as ITMAX, which effectively turns this option off, an-
choring the upstream direction at the first iteration. If convergence difficul-

ties suggest that this option may improve convergence, a value of 3 should
be tried first.

[UPMFFLAG: Frequency of updating the inter-time step upstream weighting direction for
mass fractions. As with relative permeabilities, the upstream weighting di-
rection can be changed only when the Jacobian is reevaluated.
TUPMFFLAG the number of Jacobian evaluations between updates. This
option will have an effect only if the dissolved gas option is activated (see
Section 7.2.8); without dissolved gas, the mass fraction of gas dissolved in
brine is always zero everywhere, and the mass fraction of brine component
in the brine phase is always 1.0 everywhere, so the upstream direction is not
only fixed, but has no impact on the sohution. Although this option is avail-
able, it has not been tested sufficiently to know if it has any significant effect
on convergence behavior. Until it has been tested more thoroughly, this
option should not be used. Recommended value: same as ITMAX, which
turns this option off, anchoring the upstream direction at the first iteration.
A value must be input even if the dissolved gas option is not activated.

DELTFACTOR: Time step reduction factor when nonconvergence occurs. Recom-
. mended value: 0.5,

ITRAVE: Transmissivity averaging method at block interfaces. Recommended value: 1.
ITRAVE = (: Use arithmetic average. This method is untested.
ITRAVE = 1: Use harmonic average.

IMFRAVE: Method for averaging mass fractions at block interfaces when dissolved.gas
option is activated. A value must be input even if the dissolved gas option is.
not activated. Recommended value: 0.

IMFRAVE = 0: Use upstream value of mass fractions.

IMFRAVE = |: Use harmonic average.
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Line 6.25. Descriptor. Jacobian reevaluation control parameters. These parameters are invoked
when difficulties arise that cause the time step to be cut back repeatedly, potentially
causing the run to abort. The options permit the frequency of Jacobian reevaluation
to be changed, convergence tolerances to be relaxed, and upstream directions to be
updated at different frequencies. These changes remain in effect for a specified
number of time steps before the original set of control parameter values is rein-
stated.

Line 6.26. JACSWITCH, [TACMIN, JJACRESET, IUPRPLOOSE, [UPMFLOOSE.

DACSWITCH: Number of time step reductions allowed before the new set of control pa-
rameters is temporarily invoked. This parameter controls when the Jacobian
starts to be reevaluated every IJACMIN iterations instead of every IJACIN-
PUT iterations, the looser convergence tolerances are invoked, and upstream
direction update frequencies are changed. Recommended value: 10,

IJACMIN: Number of iterations allowed before the Jacobian is reevaluated after IJAC-
SWITCH time step reductions have occurred; the Jacobian is now reevalu-
ated every IJACMIN iterations. Reevaluating the Jacobian more frequentty
(if TACINPUT > 1) can sometimes promote convergence when BRAGFLO
is encountering difficulties. Although many iterations can be performed in
much less computing time than is required for a single evaluation of the Ja-
cobian, convergence is often achieved with a single iteration after reevalua-
tion. If IJACINPUT > 1, this parameter alone should be changed first, be-
fore tolerances are loosened or upstream direction frequencies are changed,
because this parameter generally has the greatest impact on convergence.
Recommended value: 1.

IJACRESET: Number of time steps during which IJACMIN, looser tolerances, and
modified upstream direction update frequencies remain in effect following a
time step in which IJACSWITCH time step reductions occurred. When
BRAGFLO is having severe difficulties, reevaluating the Jacobian more fre-
quently for a few time steps can help it through the difficult period. How-
ever, such trouble spots are usually of short duration, so more frequent ree-
valuations should not be continued indefinitely if not necessary. Looser
convergence tolerances should also not be used any longer than necessary
because, strictly speaking, the accuracy of the entire run is only as good as
the looser tolerances, even though they were used only a few small time
steps. Recommended value: 2.

IUPRPLOOSE: Freguency of updating the upstream direction for relative permeabilities.
This is the “looser tolerances” value of IUPRPFLAG, and 1s used for
IJACRESET time steps. This option has not been tested, so its use is not
recommended, use a value equal to or greater than ITMAX, which turns this

option off.




BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1,20 May 12, 1997

Page 111

TUPMFLOOSE: Frequency of updating the upstream direction for mass fractions. This is
the “looser tolerances™ value of IUPMFFLAG, and is used for JACRESET
time steps. This option has not been tested, so its use is not recommended;
use a value equal to or greater than ITMAX, which turns this option off.

Line 6.27. Descriptor. Relative changes for Jacobian elements.

Line 6.28. DH(1), DH(2).
DH(1): Relative change in gas saturation for Jacobian element derivative calculations.
Because the equations being solved are so nonlinear, DH should be as small

as possible without losing numerical precision. Recommended value: 1.0 x
10°%,

DH(2). Relative change in brine pressure for Jacobian element derivative calculations.
Recommended value; 1.0x 1073,

Line 6.29. Descriptor, Minimum absolute change for Jacobian elements.

Line 6.30. HMIN(1), HMIN(2).

HMIN(1): Minimum absolute gas saturation change allowed for Jacobian element de-
rivative calculations. This limit prevents the variable change calculated us-
ing the relative change factor DH from becoming too small when the satu-
ration is small. Recommended value: 1.0 x 107°,

HMIN(2Z): Minimum absolute brine pressure change allowed for Jacobian element de-
rivative calculations [Pa or psi]. Recommended value: 0.01 Pa.

7.2.8 Material Maps and Material Properties

This section describes input that establishes material properties for each grid block. A
material type grid map is input in which each grid block is assigned a material type index. This -
map applies during a specified time period. A series of material maps covers the duration of the
run, allowing material properties in each grid block to change for discrete periods of time.
Following the material maps, certain special materials are input; for these materials, specialized
submodels apply, the most important example being Waste, in which chemical reactions occur
that can occur in no other material, Material properties are input next. These include two-phase
flow parameters, permeabilities, reference-condition porosities, and compressibilities. Finally,
flags and parameters for submodels simulating fracturing and Klinkenberg effect are input.

Line 7.1. Descriptor. Number of material maps.
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Line 7.2. NMATTIMES.

NMATTIMES: Number of times to specify a material map. NMATTIMES must be less
than or equal to MAXMATTIMES, set in the PARAMETER statement.
If NMATTIMES is less than one or greater than MAXMATTIMES, no
error message will be printed, but BRAGFLO will abort sooner or later.

Lines 7.3 - 7.6 are repeated NMATTIMES times.
Line 7.3. Descriptor. Start times.

Line 74. TIMEMAT.

TIMEMAT: Starting time at which the material map that follows is in effect [s or days].
If the first TIMEMAT is later than START, the starting time for the run, no
error message 1s printed, but any results obtained before BRAGFLO aborts
will be unpredictable and unreliable.

Line 7.5. Descriptor. Material map.

Line 7.6. ((IMAT(LJ.K), I=1, NX), I=1, NY), K=1, NZ).

IMAT(LJ,K): Material type number for grid block (ILJ,K). This number is associated
later with the material properties input. BRAGFLO finds the minimum
and maximum material type numbers in all NMATTIMES maps and as-
sumes that the total number of materials, NMAT, is equal to the maxi-
mum value found in the maps. If any IMAT(LJ,K) is less than 1 or
greater than MMAT (set in the PARAMETER statement), BRAGFLO
will abort after printing the offending minimum or maximum value of
IMAT, with the following message printed to the screen:

*** pborted: Input material type error in READMAT ***

One or more material type numbers between 0 and NMAT may, at the
user’s option, be omitted from the material maps without causing any
problem. However, material properties (starting at Line 7.31 below) must
be input for NMAT materials, regardless of how many material numbers
are actually used in the maps. For example, if the maps have only two
material types, numbered 2 and 8, properties for 8 materials must be in-
put, even though the properties for only two of the eight materials will
actually be used. Normally, NMAT materials would actually be used.

Line 7.7. Descriptor. Material names.
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The following line is repeated NMAT times. The information on each line is not used in
any way in BRAGFLO. It is intended solely to provide space within the input file to help
the user identify each material type

Line 7.8. LABEL.
LABEL: Dummy CHARACTER*132 variable. Must be read in, but is not used.

Special Materials.

BRAGFLO has four special material types that have unique capabilities. These have
evolved to handle situations encountered in modeling the WIPP, so they have names that apply to
regions included in models of the WIPP, but actually have fairly generally applications. The
material are referred to as: Waste, DRZ (Disturbed Rock Zone), “Reset” materials, and
Borehole.

Waste Material.

In Waste materials, and only in Waste, can chemical reactions take place. Specifically,
corrosion of iron can occur, which consumes iron and water and produces hydrogen. In addition,
microbial degradation of cellulosics can occur; this reaction consumes cellulosics and produces
hydrogen, and, if indicated in the input (described later), can also consume or produce water.
Another special capability unique to Waste is simulation of creep closure, in which the porosity
decreases over time, the rate depending on the rate of gas production and the pressure within the
Waste. Porosity can change in any material as a result of pressure-dependent compressibility, but
the change is generally quite small. In contrast, the porosity change resulting from creep closure
of the Waste can be very large, changing from an initial 66% porosity to as low as 9% porosity.
Only in Waste can there be an initial mass of radionuclides, the transport and decay of which can
be modeled in any region as long as there was some amount initialized in the Waste. Finally, to
be able to simulate an operational period in the WIPP, during which excavations are open to the
atmosphere and any brine seepage is removed by means of ventilation or pumping, the initial
brine pressure and saturation in the Waste can be specified to be different from the initial
conditions described in Subsection 7.2.5. Then, at some later time (TIMEICRESET), the
conditions in the Waste can be reset to the initial conditions specified in Subsection 7.2.5.

Line 7.9. Descriptor. Waste regions.

Line 7.10. NWST.
NWST: Number of Waste regions.
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If NWST <€ 0, the next two lines (7.11 and 7.12) are orﬁitted. If NWST > MWST (set in
the PARAMETER statement), the run will abort.

Line 7.11. Descriptor. Definition of Waste regions.

Line 7.12. (MAT_WASTEI(]), I=1, NWST), MAT_WASTE(I), I=1, NWST).

MAT_WASTEIL Material type index of the material at time START that will become
Waste at time TIMEICRESET. Prior to TIMEICRESET, materials desig-
nated as MAT_WASTEI have no special characteristics and receive no spe-
cial treatment. It is necessary to know which regions are eventually going to
become Waste regions, however, to calculate what will be the Waste region
volume, because this information must be known before any initial condi-
tions are printed or any other calculations are done.

MAT_WASTE: Material type index of Waste after TIMEICRESET. Porosity will be
calculated using the creep closure submodel only for this material type
(provided that model is turned on; input controlling this submodel will be
discussed later, in Section 10). Corrosion and biodegradation reactions oc-
cur only in this material. There should be a one-to-one correspondence be-
tween MAT_WASTEIL(I) and MAT_WASTE(I); NWST values of each are
read in.

Disturbed Rock Zone (DRZ) Material.

In this material, if the porosity increases at time TIMEICRESET, the brine volume is as-
sumed to remained fixed over that change, and the brine saturation is adjusted to account for the
increased pore volume. Gas is assumed to fill the additional pore space. The gas appears
instantaneously; there is no source for this gas, i. e., it does not flow from any other cell, is not
introduced by well injection, and is not created by way of chemical reaction. It just appears
suddenly to occupy newly created pore volume. The pressure in this material at TIMEICRESET
is specified by input as PRESDRZ. This material arose from a need to simulate the disturbed
rock zone surrounding excavations in halite. The time-dependent behavior of disturbed halite is
not well-understood, but it is considered likely that the porosity will be greater by the time the
repository is filled and sealed. This behavior is currently modeled very simply as an instantane-
ous increase in porosity at TIMEICRESET, with the additional pore space filled with gas that, in
reality, would have flowed in from the adjacent excavated regions through cracks and borings.
More than one DRZ material can be used, each with a different reset pressure (PRESDRZ). In
modeling the WIPP, a single DRZ material is generally used, and the pressure is reset to
PRESDRZ = 1 atm (101.325 kPa), the same as in the Waste at TIMEICRESET, so that the
newly-introduced gas in the DRZ does not expand and unrealistically flow into the Waste,
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Line 7.13. Descriptor. DRZ re-gions.

Line 7.14. NDRZ.
NDRZ: Number of DRZ material regions.

If NDRZ < 0, the next two lines (7.15 and 7.16) are omitted. If NDRZ > MDRZ (set in
the PARAMETER statement), the run will abort.

Line 7.15. Descriptor. DRZ materials.

Line 7.16. (MAT_DRZ(I), I=1, NDRZ), (MAT_DRZNEW(I), I=1, NDRZ).
MAT_DRZ: Original DRZ material type index number, from the first material map.

MAT_DRZNEW: The DRZ material type index number for the material map starting:at
time TIMEICRESET (input later); in this material type at time TIMEICRE-
- SET, saturations will be adjusted and pressures will be reset to PRESDRZ

(input later).

“Reset” Material,

In this material, conditions will be reset to the initial conditions specified in Subsection
7.2.5. This differs from DRZ material in that both saturation and pressure are reset at time
TIMEICRESET, and they are reset to the Subsection 7.2.5 conditions. In contrast, in DRZ
material, the saturations are adjusted to maintain a fixed brine volume and the pressure is reset to
PRESDRZ, rather than to the Subsection 7.2.5 initial pressure. These materials arose in
modeling the WIPP from the need to simulate backfilled regions, which are initially excavations,
but become backfill at TIMEICRESET. In this case, the conditions calculated just prior to
TIMEICRESET are inconsequential, and new specified conditions reflecting newly-emplaced
backfill and seals are needed; because the backfilled and sealed regions may cover a large
number of grid blocks, these new conditions are most easily provided in the original conditions
in Subsection 7.2.5.

Line 7.17. Descriptor. “Reset” materials.

Line 7.18. NMATRESET.

NMATRESET: Number of material regions where initial conditions will be reset at time
TIMEICRESET to the original initial conditions.



BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997
Page 116

If NMATRESET < 0, the next two lines (7.19 and 7.20) are omitted. If NMATRESET >
NMAT, the run will abort.

Line 7.19. Descriptor. “Reset” materials.

Line 7.20. (MATRESET(I), I=1, NMATRESET).

MATRESET: Material type index numbers for materials in which the brine pressure, PO,
and brine saturation, SO, will be reset to the original (Subsection 7.2.5) ini-
tial conditions, PINIT and SOINIT, respectively. Waste material index
numbers should be included here if PO and SO are to be reset. The material
index numbers used should be for the last material map prior to TIMEI-
CRESET; this map may be (and generally is) the first map specified (at time
START), but if more than one map is specified prior to TIMEICRESET, use
the last map immediately before TIMEICRESET.

Borehole Material.

In this material, the solute concentration and solute mass are reset to zero when an intru-
sion borehole opens. This simulates the removal of radionuclides in both solid and dissolved
phases when a drill cuts through the waste. It is a minor adjustment, but easily accomplished in
BRAGFLO, so it is done just to make the results reflect reality slightly more accurately. It is
used only when transport is activated. However, if transport is not being modeled, lines 7.21 and
7.22 must still be input, although MAT_BOREHOLE can be any number from 0 to NMAT and
is not used.

Line 7.21. Descriptor. Borehole material.

Line 7.22. MAT_BOREHOLE.

MAT_BOREHOLE: Material type index number for borehole material, if transport is
activated (see Section 11). If transport is not activated, MAT_BOREHOLE
can be any number from 0 to NMAT, but a number must still be input.

Special Material Control and Reset Parameters.
Line 7.23. Descriptor. Reset control parameters.

Line 7.24. TIMEICRESET, ICWASTE.

TIMEICRESET: Time when initial conditions are reset [s or days]. Normally = 0. Used
only when START is less than zero. Negative times (START<0) are used in
WIPP PA simulations to cover the operational period of the WIPP, prior to
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the start of the regulatory compliance period, which begins at time zero.

The primary objective of using these negative times is to enable realistic
pressure distributions in the formations surrounding the WIPP repository to
be calculated without doing this in a separate run. Designation of times as
positive or negative is largely a question of semantics. All calculations
could start at time zero, cover, say, a 20-year operational period and extend
to 10,020 years total to cover the 10,000-year compliance period. However,
then the plotting and other postprocessing would need to deal with a time
period of 20 to 10,020 years, instead of the more clearly understandable pe-
riod of 0 to 10,000 years specified in regulations. Using negative times for
the operational period, and omitting this period from plots and reports,
makes discussions of the results simpler and more in line with compliance
regulations.

No results are printed to the output files until TIMEICRESET. The initial
conditions that are always printed to both the ASCII and binary output files
are the conditions at TIMEICRESET, after all the special materials have
been reset to their respective initial conditions.

ICWASTE: Flag to indicate that waste initial conditions will differ from the initial con-
ditions specified in Subsection 7.2.5. This flag overrides any implied reset
control indicated by material type indexes in Lines 7.9 - 7.22, but these lines
must still be input.

= 1: Initial conditions specified by POWASTEIC and SOWASTEIC (input
next) will be used at time START instead of PINIT and SOINIT
(from Subsection 7.2.5). '

= 0: Initial conditions PINIT and SOINIT will be used at time START.

If TIMEICRESET = START, the ICWASTE must be 0. Otherwise,
BRAGFLO will abort with the message:

ICWASTE must be 0 when TIMEICRESET = START.
*** TCWASTE error in READMAT.

If ICWASTE is not 0 or 1, BRAGFLO will neither abort nor warn of an er-
ror, but results may be unpredictable.

Line 7.25. Descriptor. Pressure initial conditions.
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Line 7.26. (POWASTEIC(I), I=1, NWST),

POWASTEIC(I): Brine pressure in Waste region I at time START, uniform throughout
Waste region I [Pa or psi]. Used only when ICWASTE = 1, but NWST val-
ues must still be input even if ICWASTE = 0.

Line 7.27. Descriptor. Saturation initial conditions.

Line 7.28. (SOWASTEIC(I), I=1, NWST).

SOWASTEIC: Brine saturation in Waste region [ at time START, uniform throughout
Waste region I. Used only when ICWASTE = 1, but NWST values must
still be input even if ICWASTE = 0.

Line 7.29. Descriptor. Reset DRZ pressure.

Line 7.30. (PRESDRZ(I), I=1, NDRZ).
PRESDRZ(I): Brine pressure to which DRZ region I will be reset at time TIMEICRE-
SET [Pa or psi].

Material Property Data,

In this section, material properties are input for each of the NMAT materials in the mate-
rial map. Properties used include relative permeability and capillary pressure model parameters,
intrinsic permeability values, porosities, and compressibilities.

Line 7.31. Descriptor. Relative permeability and capillary pressure model parameters.

The next line is repeated NMAT times. If some material type numbers less than NMAT are not
actually used in any material maps, NMAT property values must still be read in. If
there are fewer than NMAT lines of property data, BRAGFLO will abort as a result of
an input error while trying to read character data into INTEGER and REAL variables.

Line 7.32. I, XLAMDA(I), SBR(I), SGR(D).
[: Material type number.
XLAMDA(T): Pore-size distribution parameter, A, for Brooks-Corey and van Genuchten-
Parker relative permeability and capillary pressure models. The van

Genuchten-Parker model uses a parameter, m, which is obtained from the
Brooks-Corey parameter, A:

m=A(1+A).
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. SBR(I): Residual brine saturation, S...

SGR(D): Residual gas saturation, S,. The original Brooks-Corey and van Genuchten-

Parker models do not use a residual gas saturation, but a value must still be
mput.

Line 7.33. Descriptor. More relative permeability and capillary pressure model parameters.

Line 7.34. I, SBMIN(I), POMIN(I), PCMAX(I), PCT_A({I), PCT_EXP(I), KRP{I), KPC(I),

KPT(I).

I: Material type number.

SBMIN(I):

Minimum brine saturation when using capillary pressure model number
KPC(I) = 3. It is otherwise not used; however, a value must still be read in,
and SBMIN(I) > SBR(I). If SBMIN(I) < SBR(I), BRAGFLO will abort,
even if KPC(I) # 3. Recommended value: 1.05 x SBR(I).

POMIN(I): Minimum brine pressure [Pa or psi]. Used to adjust capillary pressure when

PCMAX(D):

capillary pressure model KPC(I) = 3 is used. If KPC(I) = 3, POMIN(I) is
not used and any value can be input for POMIN(I); however, some value
must be input regardless of the capillary pressure model used. If KPC(Y) =
3, a value of POMIN(I) = 1.01325 x 10° Pa is recommended.

Maximum capillary pressure that can be used when capillary pressure model
KPC(I) =2 or 3 is used [Pa or psi]. A value of PCMAX(I) =1.0x 10® Pa is
recommended. If KPC(I) = 1, 4, or 5, a value must still be read in, but
PCMAX(I) is not used.

PCT_A(I): Constant, g, in function relating threshold capillary pressure, P., to perme-

ability, k:

P.=a k", Gives P, for the Brooks-Corey models. In the van Genuchten-
Parker model, a capillary pressure constant, P,, is used; it is calculated in
BRAGFLO by equating the capillary pressure from each of the two models
at an effective saturation, §., of 0.5 and solving the expression for P,. [S. =
(S, - S,)/(1- 5,)]). [Pa]

PCT_EXP(I): Exponent, 1. in function relating threshold capillary pressure, P., to per-

meability [dimensionless].

KRP(I): Relative permeability model number:

= 1: van Genuchten-Parker model; modified to use a nonzero residual gas
saturation.
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=7:

: Original Brooks-Corey model.

: Brooks-Corey model, modified to use a residual gas saturation in calcu-

lating the effective saturation for both wetting and non-wetting
phase relative permeabilities.

: Brooks-Corey model, modified to use a residual gas saturation in calcu-

lating the effective saturation for the non-wetting phase relative
permeability only.

. Linear relative permeabilities: k,=S..; k,=1- S.., where:

S.=(5-8S)( -5, - S.) is the effective saturation using residual
gas saturation.

: Linear reiative permeabilities: k., =38.; k.= S.., where S., s the same as

given above for KRP(5), and §. = (5, - S.)/(1- §8,) is the effective
saturation without the gas saturation dependence.

Linear relative permeabilities: &, =k, = 1.

= 8: Original van Genuchten-Parker model, with zero residual gas satura-

tion.

KPC(I): Capillary pressure model number:

= 1:

No special treatment. Numerical problems may occur as brine satura-
tion approaches residual brine saturation and capillary pressure
tends to infinity. Below residual brine saturation, the capillary
pressure is zero.

= 2: Fixed maximum capillary pressure of PCMAX(I), thereby avoiding

potential problems that might be encountered using KPC(I) = 1.
BRAGFLO computes a minimum brine saturation at which the
capillary pressure equals PCMAX; below this minimum brine satu-
ration, the capillary pressure is PCMAX. This model is recom-
mended.

= 3: Variable maximum capillary pressure. This model has not been fully

tested, and its theoretical basis is uncertain. Use this mode! at your
own risk.

= 4. Capillary pressure fixed at PTHRESH(I), which may be zero.

= 5:

Linear capillary pressures:
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KPT(I): Flag indicating whether threshold capillary pressure will be continuously up-
dated as a function of dynarically varying permeability or fixed in time for
a given material.:

= 0: Threshold capillary pressure is fixed in time for material I; computed in
BRAGFLO using the function: P.= a k", as described above for
PCT_A(I) and PCT_EXP(I). The intrinsic permeability in the x-
direction, XXX(I) (input on Line 7.36), is used for .

= 1: Threshold capillary pressure varies in time for material I; computed in
BRAGFLO using the function: P, = a k", as described above for
PCT_A(I) and PCT_EXP(I). Brine permeability in the x-direction
is used for k; it varies as a function of time-dependent porosity in
materials that undergo fracturing or creep closure. Fracturing is
described below starting at Line 7.37. Creep closure is discussed
in Subsection 7.2.10.

Line 7.35. Descriptor. Intrinsic properties.
The next line is repeated NMAT times.

Line 7.36. I, XKX(I), YKY(I), ZKZ(I), PORREFROCK(I), CROCK(I)
I: Material type number.

XKX(I): Intrinsic permeability of material I in the x-direction [m2 or darcy].
YKY(I): Intrinsic permeability of material I in the y-direction [m2 or darcy].
ZKZ(D): Intrinsic permeability of material I in the z-direction [m? or darcy].

PORREFROCK(I): Porosity of material I at a reference pressure equal to the initial pres-
sure, PINIT, which may be different in each grid block [fraction]. If mate-
rial I is to undergo creep closure (see Subsection 7.2.10.), PORREFROCK()
1s not used unless material I is used before TIMEICRESET, when creep clo-
sure 1s not yet activated. If a material that will undergo creep closure is used
before TIMEICRESET, an appropriate value of PORREFROCK(I) must be
input. If such a material is not used until after TIMEICRESET (this is nor-
mally the case in WIPP PA), then the input value of PORREFROCK(]) is
not used, and any value can be input. If creep closure is later turned off in
this material because pressure or time limitations are exceeded, BRAGFLO
resets PORREFROCK(I) at the value of porosity that exists at the time when
closure is turned off; the reference pressure is reset at the same time and is
equal to the current brine pressure in the material or grid block.
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CROCK(T): Compressibility of material ] at a reference pressure equal to the initial pres-
sure, PINIT [Pa™ or psi’'l.

Various checks are done on the material properties input. Errors or inconsistencies may cause
BRAGFLO to abort with error messages printed to the screen and to the .SUM file.

Fracture Model.

A crude rock fracture model in BRAGFLO allows the porosity and permeability to in-
crease in a fractured network as pore pressure increases above a threshold value. The implemen-
tation uses a pressure-dependent rock compressibility to determine fracture porosity. Permeabil-
ity in the fractured layer is varied with porosity according to a power law function:

b=k, H ,
¢ 0o
where k& = fractured permeability [mz];
k, = intact permeability [mz];
¢= fractured porosity [m” void/m® rockl;
&,= intact porosity [m’ void/m® rock];
n = exponent [dimensionless}.

Line 7.37. Descriptor. Fracture model control.

Line 7.38. KFRACTURE.

KFRACTURE: Logical flag indicating whether the fracture model will be used and
whether the fracture model parameters will be read in.

.TRUE.: Use the fracture model in BRAGFLO and read in parameters.

= FALSE.: Do not use the fracture model, and do not read in fracture
model parameters.

Lines 7.39 -7.42 are input only if KFRACTURE = .TRUE.
Line 7.39. Descriptor. Number of materials in which the fracture model can be applied.

Line 7.40. NFRAC.

NFRAC: Number of materials in which the fracture model can be applied.
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The following two lines are repeated NFRAC times.

Line 7.41. Descriptor. Fracture model parameters.
Line 7.42. 1, FRPI(T), FRPF(I), FRPHIMAX(I), FRPRMEXP(I), IFRX(I), IFRY(T), IFRZ().
I. Material type number for the material in which fracturing can occur.

FRPI(I): Pressure increment above the initial pressure, PINIT, at which fracturing will
initially occur. [Pa or psi]. Typical value: 1.39 x 10° Pa.

FRPK(I): Pressure increment above the fracture initiation pressure (i.e., increment above
PINIT + FRPI), at which the fracture is fully-developed, i. e., the porosity of

the fractured material is at its maximum [Pa or psi]. Typical value: 2.5 x
10° Pa,

FRFHIMAX(D): [m3 void/m® rock] Maximum allowable fracture porosity. The pres-
sure-dependent porosity will be limited to this value. Typical value: 0.10.

FRPRMEXP(T): Exponent, n, in the permeability-porosity power law relationship
[dimensionless]. Typical value: 9.5.

IFRX(): Flag to indicate whether x-direction permeability will be calculated for frac-
tured material. Recommended value: 1.

= 1: Do calculate permeability for fractured material.

= 0: Permeability will remain the same as the intact permeability for mate-
ral L.

IFRY(I): Flag to indicate whether y-direction permeability will be calculated for frac-
tured material. Recommended value: 0. '

= 1. Do calculate permeability for fractured material.

= 0: Permeability will remain the same as the intact permeability for mate-
rial I.

IFRZ(I). Flag to indicate whether z-direction permeability will be calculated for fractured
material. Recommended value: 0.

= 1: Do calculate permeability for fractured material.

= 0: Permeability will remain the same as the intact permeability for mate-
rial L.
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Klinkenberg Effect.

At low pressures and in low-permeability materials, the gas phase intrinsic permeability
can be significantly higher than the liquid phase intrinsic permeability. This is the Klinkenberg
effect. The gas or non-wetting phase permeability, &,,, can be correlated to the brine or wetting
phase permeability, ., by the Klinkenberg equation:

km=k.,(1+b/P)

where
k. = brine phase intrinsic permeability [m?],
P = brine pressure {Pa],
b = Klinkenberg coefficient [Pa]
— BKLINK e (kw )EXPLINK’
BKLINK = linear parameter in Klinkenberg equation [Pa],

EXPKLINK = exponent in Klinkenberg equation [dimensionless].

It is assumed in BRAGFLO that input values of intrinsic permeability (Line 7.36) are
brine phase intrinsic permeabilities. If the Klinkenberg effect is modeled, gas phase intrinsic
permeabilities are obtained from the Klinkenberg equation from the input values of brine phase
intrinsic permeability. If the fracture model is also activated (Line 7.38; KFRACTURE =
TRUE.), brine phase intrinsic permeabilities are calculated first, using the fracture model
parameters, and then gas phase intrinsic permeabilities are calculated using the Klinkenberg
equation.

Line 7.43. Descriptor. Klinkenberg effect control parameter.

Line 7.44. KLINK.
KLINK: Logical flag controlling use of Klinkenberg effect:

.TRUE.: Do include Klinkenberg effect and read in the two parameters.

= .FALSE.: Do not include Klinkenberg effect and do not read in the two
parameters.

Lines 7.45 and 7.46 are read in only if KLINK = TRUE.

Line 7.45. Descriptor. Klinkenberg parameters.
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Line 7.46. BKLINK, EXPKLINK.
BKLINK: Linear parameter in Klinkenberg equation [Pa]. Recommended value:
0.336 Pa.

EXPKLINK: Exponent in Klinkenberg equation [dimensionless]. Recommended value:
-0.336.

7.2.9 Fluid Properties.

This section discusses input for fluid properties and parameters that control their use.
BRAGFLO has two fluids: brine and gas. Brine is composed of water and an unspecified solute,
the composition of which is of no consequence in BRAGFLO. The gas is a mixture of any of six
gases: hydrogen (H:), carbon dioxide (CO,), methane (CHy), nitrogen (N2), oxygen {O,), and
hydrogen sulfide (H2>S). Brine is treated as an ideal fluid. Gases can be treated either as ideal
gases or as real gases using the Redlich-Kwong-Soave equation of state. As an option, gas can
dissolve in brine; using either a Henry's law treatment or an unreliable, untested bubble point
calculation. ‘

Line 8.1. Descriptor. Reference conditions.

Line 8.2. TREF, PREF.
TREF: Reference temperature for standard densities [K or °R].
PREF: Reference pressure for standard densities [Pa or psi].

Line 8.3. Descriptor. Brine property parameters.

Line 8.4. SALT, DENOSC, KGSAT, IDGAS, BRCOMP.

SALT: Brine salinity [wt % solute]. Lambert (1983) reports two values of solute concen-
trations in groundwaters from the Salado Formation: 355,100 mg/L and
372,000 mg/L; using the average value of 363,550 mg/L, assuming the re-
ported values are total dissolved solids, and using brine density at 27 °C
(300.15K) of 1230 kg/mj, the salinity of Salado brine is 29.6 wt %.

DENOSC: Density of brine at reference conditions [kg/m® or Ib/ft’]. The density of
WIPP brine at 101.325 kPa and 27 °C (300.15 K) averages 1230 kg/m3.

KGSAT: Flag to indicate initial gas content of brine:
= 0: Brine is initially gas-free.

= 1: Brine is initially saturated with gas. This is the recommended input
value.
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IDGAS: Flag to indicate treatment of dissolved gas in brine:
=0: (Gas does not dissolve in brine.
= 1: Gas does dissolve in brine, using bubble point tracking,.
= 2: Gas does dissolve in brine, using Henry's law treatment.

BRCOMP: Brine compressibility, B [Pa” or psi']. The compressibility of WIPP brine is
2.5x 10" Pa’'. The equation BRAGFLO uses to evaluate brine density is:

p = p.exp[Bip - p.)]
where:
p = brine pressure [Pa],
p., = reference pressure, PREF (Line 8.2) [Pa],
p. = brine density, DENOSC, at reference pressure [kg/m’].
If IDGAS = 0, no additional gas dissolution parameters are read in; skip to Line 8.5.

If IDGAS = 1, input Lines 8.4a, 8.4b, 8.4¢, and 8.4d:

Line 8.4a. Descriptor. Gas solubility parameters.

The input parameters are coefficients in the empirical correlation relating gas solubility to
gas partial pressure. This correlation is commonly used, but it is used in BRAGFLO
specifically to account for the solubility of hydrogen in WIPP brine.

Inx,= Dg+D;inP
where:
x, = mole fraction of gas in solution in brine.

Dy = adjustable fitting coefficient. For hydrogen dissolved in 5 N NaCl brine, Dy =
10.0789.

Dy = adjustable fitting coefficient. For hydrogen dissclved in 5 N NaCl brine, D; =
0.8205.

P = partial pressure of the gas of interest in the gas phase [MPa].

The bubble point tracking treatment used in BRAGFLO is believed to be flawed, and its use is
not recommended. If a user wishes to investigate this feature, the logic can be retained while the
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bubble point tracking is effectively turned off by using input values for RSODO of -100. and
RSOD1 of 5.

Line 8.4b. SGBUBMIN, RSODO, RSOD1.

SGBUBMIN: Minimum gas saturation required for calculating new bubble point. Rec-
ommended value: -1.0.

RSODO: Gas solubility correlation coefficient, Dy.

RSOD1: Gas solubility correlation coefficient, D;.

Line 8.4¢c. Descriptor. Slopes of parameters at pressures greater than the bubble pressure.

Line 8.4d. BSLOPE, RSLOPE, VSLOPE.

BSLOPE: Slope of the brine formation volume factor versus pressure curve for under-
saturated brine (pressure above initial brine bubble point pressure): o
(formation volume factor) / dP [Pa™ or psi‘l]. Recommended value: 0.

RSLOPE: Slope of the solution gas-brine ratio versus pressure curve for undersaturated
brine (pressure above initial brine bubble point pressure): d (R.,) / dP [Pa
or ft'/(bbl psi)]. Recommended value: O.

VSLOPE: Slope of the brine viscosity versus pressure curve for undersaturated brine
(pressure above initial brine bubble point pressure):

d (brine viscosity) / dP [s or cP/psi]. Recommended value: 0.

If IDGAS = 2, read Lines 8.4a and 8.4b.
Line 8.4a. Descriptor. Henry's law constant,

Line 8.4b. HENRYC.

HENRYC: Henry’s law constant [Pa/mol fraction gas dissolved in brine]. A single value
is used for all gases, independent of the actual composition, at a fixed tem-
perature. WIPP PA uses 4.0 x 10'° Pa/mol fraction gas. BRAGFLO as-
sumes that the dissolved gas is Nj, regardless of the actual composition of
the gas phase, which WIPP PA generally assumes to be pure Hz. These
conflicting assumptions are used because the gas found dissolved in native
WIPP brines is mostly N, whereas the gas generated in the waste, especially
by anoxic corrosion of ferrous metals, is mostly H,. To deal with this situa-
tion correctly would require tracking multiple gas components in both the
gas phase and in the brine phase. Although BRAGFLO is capable of track-
ing multiple components in the gas phase, it cannot currently do this in the
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brine phase, and the computational effort to do so cannot be justified to cor-
rect the small errors resulting from these assumptions.

Note: If IDGAS = 2, a value for LVARSWTCH = T should be used; sec Line 6.22.

Line 8.5. Descriptor. Fluid viscosities. BRAGFLO does not account for the effects of pressure
and composition on viscosity. A single constant value each for brine viscosity and
gas viscosity at a temperature, TREF, is read in.

Line 8.6. VISO, VISG.

VISO: Brine viscosity [Pa s or cP]. The viscosity of WIPP brine at 27 °C (300.15 K) and
101.325 kPa is 1.8 x 107 Pass.

VISG: Gas viscosity [Pa s or ¢P]. The viscosity of hydrogen at 27 °C (300.15 K) and
101.325 kPa is 8.92 x 10° Pas.

Line 8.11. Descriptor. Gas density flag.

Line 8.12. INTERPDENG.
INTERPDENG: Flag indicating how gas density will be calculated:

= 1: Interpolate from table set up by BRAGFLO using the Redlich-Kwong-
Soave equation of state. This is a very fast and efficient means for
calculating gas density accurately, but it can be used only when a
single pure gas is used.

i

0: Calculate gas density using the Redlich-Kwong-Soave equation of
state. This option provides the greatest accuracy and can be used
with any combination of the six gases that can be modeled in
BRAGFLO: H;, CO;, CHs, N3, O,, and H2S. However, it is by far
the slowest method for calculating gas density. The gases that are
available is severely limited because of the lack of binary interaction
coefficients for other gases.

]

-1: Interpolate from table set up by BRAGFLO using the ideal gas law.
This option is made available as a counterpart to INTERPDENG = 1,
but because the ideal gas law is so simple and fast, setting up an in-
terpolation table is generally not recommended.

= -2: Use ideal gas law. This option is the fastest method for calculating
gas density, but is not as accurate as the Redlich-Kwong-Soave
equation of state. Other gases, in addition to the six currently avail-
able, could easily be added because the only data required is molecu-
lar weight. When using. the multicomponent gas transport option
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(Subsection 7.2.12), the ideal gas law should always be used because
the transport model introduces enough inaccuracies that the substan-
tial additional computing time required to use INTERPDENG = 0 is
not justified.

If a single pure gas such as hydrogen is used, it is best to interpolate from a table, because
it is much faster computationally. In this case, BRAGFLO sets up a table of calculated
gas densities using the Redlich-Kwong-Soave equation of state at fixed pressure intervals
of 10,000 Pa. The number of table entries is specified in the PARAMETER statement by
the constant, NPINT. Intervals of 10,000 Pa provides a sufficiently smooth density curve
versus pressure. If much larger intervals are used, results can be noticeably affected;
pressure vs. time plots, for example, will acquire a staircase appearance and the results
may be seriously in error. To ensure that table values cover the full range of expected
pressures, NPINT must be large. It is currently set at NPINT = 10,000, giving a maxi-
mum table entry of 100 MPa. If memory is limited, this can be safely reduced to a more
practical limit of, say, 20 MPa, or NPINT = 2,000. If pressures higher than the maximum
table entry are encountered, BRAGFLO will extrapolate from the two highest entries. If
the pressure, P,, is between 0 and 10,000 Pa, the density is calculated as (P/10000) times
the density at 10,000 Pa. If the pressure is less than zero, the density is set to 1/10 of the
density at 10,000 Pa.

If more than one gas is used, interpolation is not possible, and the full Redlich-Kwong-
Soave equation of state (INTERPDENG = 0) must be solved each time a new density is
needed.

Line 8.13. Descriptor. Gas composition.

Line 8.14. (YGAS(I), I=1, MGAS), NGAS, N1GAS.

YGAS: Initial mole fraction of each of the MGAS gases currently available in BRAG-
FLO (MGAS = 6; set in the PARAMETER statement). If the gas transport
option is used. this composition can change during the run. I gas transport
is not used, this initial gas composition will remain fixed for all time.

NGAS: Number of gases actually being used in the problem.

N1GAS: Gas number from the current list: 1 = H,, 2=C0O,, 3=CHy, 4=N3,5=0,,6
= H,S. This is used only if NGAS = |, otherwise, it can be any number.
This parameter is used to simplify the gas density calculation when only one
gas is present.
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7.2.10 Chemical Reaction Parameters

These parameters govern the chemical reactions that are modeled in BRAGFLO. Two
reactions are modeled: corrosion of iron and microbial degradation of cellulosics. These
reactions take place only in the Waste. Cellulose is approximated by the pseudo-molecule
CH,0, having a molecular weight of 30.02628 x 10 kg/mol. The reactions are written as:

Corrosion: 512H20 + s13Fe — 511 H> + Inerts
Biodegradation: 522 H0 + 53 CHO - 521 Gas + Inerts

Both reactions are assumed to be zeroth order in kinetics with respect to the solid reac-
tants. In other words, the rate of reaction is independent of the iron or cellulose concentration.
The gas produced in the biodegradation reaction is assumed to have the physical properties of

hydrogen.

Line 9.1. Descriptor.

Line 9.2. IGASVAR.
IGASVAR: Gas generation reaction flag: ,
=0: No Fe or CH,0 consumption and no gas generation.
= 1: Fe and CH;O consumption with gas generation.

=2: Reaction path gas generation model. (Not yet available.)

If IGASVAR = 0, no more chemical reaction parameters are input; go to Section 10.
Line 9.3. Descriptor. Reaction rate constants for brine-inundated conditions.
Line 9.4. RK(1), RK(2).

RK(1): Corrosion reaction rate constant under brine-inundated conditions [mol Fe/(s ma)
or Ibmol Fe/(day ft*)].

RK(2): Biodegradation reaction rate constant under brine-inundated conditions [mol
CH20/(s m") or Ibmol CH20/(day ft)].

Line 9.5. Descriptor. Humid rate factors.
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Line 9.6. HF(1), HF(2).

HF(1). Factor multiplying RK(1) to get the corrosion reaction rate constant under humid
conditions [dimensionless].

HF(2). Factor multiplying RK(2) to get the biodegradation reaction rate constant under
humid conditions [dimensionless].

Line 9.7. Descriptor. Stoichiometry for corrosion.

BRAGFLO currently assumes that the two gas generation reactions are written with 5;3=
s23=1.0. Both of these stoichiometric coefficients must be input with a value of 1.0; if a
value other than 1.0 is input, the results will be wrong.

Line 9.8. S(1,1), §(1,2), S(1,3).

S(1,1): Stoichiometric coefficient s, for the corrosion reaction [mol H./mol Fe].
S(1,2): Stoichiometric coefficient s, , for the corrosion reaction [mol H,O/mol Fe].

S(1,3): Stoichiometric coefficient s, 3 for the corrosion reaction [mol Fe/mol Fe]. Re-.
quired input value: 1.0 mol Fe/mol Fe.

Line 9.9. Descriptor. Stoichiometry for biodegradation.

Line 9.10. S(2,1), 8§(2,2), S(2.3).

S(2,1): Stoichiometric coefficient s,; for the biodegradation reaction [mol Hj/mol
CH,0].

S$(2,2): Stoichiometric coefficient s,, for the biodegradation reaction [mol H,0/mol
CH,0]. :

$(2,3): Stoichiometric coefficient 5,3 for the biodegradation reaction [mol CHzO/Iﬁb]
CH;0]. Required input value: 1.0 mol CH,O/mol CHZO.

Line 9.11. Descriptor. Additional reaction parameters.

Line 9.12. SATWICK, LARXN, ALPHARXN.,

SATWICK: Term modifying the brine saturation to simulate the effect of wicking on the
net reaction rate by increasing the inundated rate and decreasing the humid
rate [dimensionless]. Valid range: 0.0-1.0. A value of 0.0 will turn this
feature off. Instead of using the actual brine saturation, S,, to calculate reac-
tion rates, an effective brine saturation, S, is used, where
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Sper = Sb + Sw(l - e“‘g*)

The factor o is ALPHARXN, and S.. is SATWICK. This function smoothes
Ssq; 1t was intended originally for S..zto be S,.4 = S, + S,, but this function is
discontinuous at S, = 0, which can cause numerical difficuities that may lead
to incorrect results.

LARXN: Logical flag indicating whether to smooth humid reaction rates ( TRUE.) using
the factor ALPHARXN, or use unmodified, discontinuous humid rates
{ FALSE.). Recommended value: T.

ALPHARXN: Term used in smoothing functions to eliminate a discontinuity at brine
saturation, S, = 0. Always used in expression to obtain S,.; when wicking is
modeled (i. e., when SATWICK > 0.). When LARXN = T, ALPHARXN

(or o) is used in the smoothing function for both humid corrosion and bio-
degradation rates:

Thoeff = rh(l - EUS[‘)

where:
r. = humid corrosion or biodegradation rate
= HF(1) x RK{(1), or HF(2) x RK(2);
r.g = effective (smoothed) humid corrosion or biodegradation
rate.

If LARXN =F, then ALPHARXN is not used for the humid corrosion and biodegradation
rates, and r.., = r.. The full corrosion or biodegradation rate is given by [where r; is the
inundated rate, RK(1) or RK{2)]:

r=S,r +(l_Sb)rfM‘.ﬁ » 5, >0

’ h
s0, unless r.q = 0, r will be discontinuous at $,= 0. This discontinuity tends to cause nu-
merical problems. Generally, BRAGFLO will run better when LARXN = T, although
exceptions to this rule have been encountered. ALPHARXN must be a negative value; if
a positive value is input, BRAGFLO will convert the input value to a negative value be-
fore using it. Recommended value: -1000. A large negative value for ALPHARXN will
approximate more closely the discontinuous function originally intended for r while re-
maining smooth enough (o ease the numerical difficulties. Small negative values of AL-
PHARXN will result in values of r,., that are significantly different from r,, and a value
of zero will cause r, 4 to be zero.
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7.2.11 Creep Closure Parameters

These parameters activate the creep closure submodel. Using this model, the porosity of
the Waste is calculated to simulate salt creep that, over time, closes in on the waste, compressing
it. Four closure models, or “surfaces,” are available, three that apply to waste and one for
nonbackfilled drifts. Two options are available for interpolating over the closure models. The
porosity can be based on the quantity of gas present in the waste or on the pressure in the waste.
The latter option is more current and conforms more closely to the theoretical basis on which
creep closure is modeled.

Line 10.1. Descriptor. Creep closure control flag.

Line 10.2. CLOSURE.

CLOSURE: LOGICAL flag. If CLOSURE = .TRUE,, the porosity of the waste will be
calculated using the creep closure model. If CLOSURE = .FALSE., the po-
rosity of the waste will instead be calculated based simply on the com-
pressibility of the waste, in the same manner as for all other materials.

If CLOSURE = .FALSE., no more closure data are input; go to Subsection 7.2.11.

Even if CLOSURE = .TRUE,, the creep closure model is not used at any time prior to
TIMEICRESET. The creep closure model is used only up to the maximum data time for
each closure model, TIMEDATA_MAX (3.78716 x 10" s, or 12,000 yr, in the current
version of BRAGFLO. An upper limit of 12,000 yr, instead of 10,000 yr, is used to en-
sure that interpolation is done properly if a WIPP run goes slightly past 10,000 yr; for ex-
ample, the completion time [FINISH] for a run is typically set at 3.1557 x 10! s, which is
10,000.02 yr.); after that titne, the porosity of the waste is computed from the com-
pressibility. In order to preserve the waste porosity as a continuous function of time after
TIMEDATA_MAX, BRAGFLO sets the reference pressure for porosity calculation,
PREFROCK, equal to the current waste pressure, which is uniform throughout the waste
in the creep closure model. In addition, the reference porosity, PORREFROCK, is set
equal to the current waste porosity, which is also uniform throughout the waste.

Line 10.3. Descriptor. Creep closure parameters.

Line 10.4. NKLOS, KLOSINT, KLOSAVE.

NKLOS: Number of closure models to be used in this run. BRAGFLOQ currently has
three closure surfaces from which to choose. NKLOS must be > 0 and <
MKLOS, set in the PARAMETER statement; currently, MKLOS = 4.
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KLOSINT: Flag indicating the basis on which interpolation on the creep closure data will

KLOSAVE:

be done. Recommended value: 1. KLOSINT = 0 was used exclusively in
early versions of BRAGFLO that had closure surface capabilities, but is no
longer considered reliable, especially with closure surfaces 1, 2, and 4
(surface 3 is the original closure surface). If KLOSAVE = 2 is used,
KLOSINT = 0 may not be used.

={0: Interpolation based on gas generation rate and quantity of gas present.
= 1: Interpolation based on average waste pore pressure,

Flag indicating the scale over which properties are averaged for application
of a closure model. Recommended value: 2.

= 1: Average brine pressures in all grid blocks using a given closure model
to determine the porosity, which will be identical in all those grid blocks.
This is done only when evaluating residuals; creep closure is not modeled
when calculating the Jacobian. This averaging method was used exclusively
in earlier versions of BRAGFLO. However, because creep closure effects
cannot be accounted for in evaluating the Jacobian, convergence problems
often arise. In general, this method should not be used except to replicate
earlier results. On the other hand, in some instances solutions have been
obtained using KLOSAVE = 1 where using KLOSAVE = 2 causes the run
to fail.

= 2: Do no averaging; use only the brine pressure in individual grid blocks
to obtain porosity from a closure surface, both for evaluating residuals and
for evaluating the Jacobian. Because creep closure effects are properly ac-
counted for in the Jacobian, convergence behavior should be superior to us-
ing KLOSAVE = |. If KLOSINT = 0, BRAGFL.O will abort with a message
warning that KLOSINT must be 1 when KLOSAVE = 2.

Line 10.5. Descriptor. Creep closure parameters.

The following line is repeated NKLOS times:

Line 10.6. I, PLITHO(), TIME_CLOSOFF(I), CLOSPERMFACT(I), CLOSPERMEXP(I).

I: Closure surface or model number (1, 2, 3, or 4).

PLITHO(I):

Maximum pressure allowed for closure to continue. If waste brine pressure
exceeds PLITHO(I), closure is tuned off permanently. The user is informed
if and when this happens by a warning printed to the screen and to the .SUM
file, if it is used. If closure is turned off, the porosity of the waste may con-
tinue to vary with pressure depending on the value of compressibility of the
waste, as specified in Line 7.36. For this purpose, the reference porosity and
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reference pressure are the values that exist in the closure region (if
KLOSAVE = 1) or in the grid block undergoing closure (if KLOSAVE = 2)
at the time when closure is turned off.

TIME_CLOSOFF(): Time limit for creep closure to be active [s]. As an example, creep
closure modeling may be turned off when a human intrusion occurs, since
the closure surface is no longer valid under those circumstances. If there is
no time limit on creep closure, a value equal to or greater than
TIMEDATA_MAX(I) or FINISH (Line 1.7, end time for the run) can be in-
put.

CLOSPERMFACT(I): Constant factor, a, in expression relating permeability, &, to po-
rosity, ¢, in each region undergoing dynamic creep closure fm?):

k=agp"

If the permeability of any region (KLOSAVE = 1) or grid block
(KLOSAVE = 2) undergoing creep closure is to be constant, set
CLOSPERMFACT(I) to the initial permeability for that material, XKX
(Line 7.36). If KLOSAVE = 1, all grid blocks using the same closure sur-
face will have the same porosity and, consequently, the same permeability.
Recommended value: 1.0 x 10" m>.

CLOSPERMEXP(I): Exponent, m, in expression relating permeability, k, to porosity, @,
in each region undergoing dynamic creep closure [dimensioniess]. If the
permeability of any region or grid block is to be constant, set CLOSPER-
MEXP(I) to zero. Recommended value: 4.6.

Line 10.7. Descriptor. Creep closure material control parameter.

Line 10.8. NMATCLOS.

NMATCLOS: Number of materials in which closure will take place. Each material that
undergoes creep closure is referred to as a closure region. The number of
closure regions cannot be greater than the number of materials  Thus,
NMATCLOS must < MMAT (set in the PARAMETER statement) and must
be 2 0. (Inputting a value of O is pointless, but otherwise harmless, so it is
permitted.)

If NMATCLOS = 0, no more closure data are input; go to Subsection 7.2.11.

Line 10.9. Descriptor. Creep closure parameters associating a material number with a creep
closure model number.
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The following line is repeated NMATCLOS times:

Line 10.10. I, MATCLOS(I), MODELCLOS(D).

I. Closure region number. I must be > 0 and < MMAT (set in the PARAMETER state-
ment).

MATCLOS(I): Material type number from the material map that will be a closure region.
MATCLOS((I) must be > 0 and £ MMAT (set in the PARAMETER state-
ment). It is permissible for a material number not to be used in any material
map, but there is no check to be sure that material MATCLOS(I) is used in
any map. For example, if an input file has one material map with two mate-
rials, numbered, say, | and 14 (and 14 sets of material properties are input in
Section 8), one may input a value of, say, MATCLOS(I) = 5 here, which
does not refer to any material actually used in the run. Creep closure will be
calculated for material 5 even though it does not exist. This may have no-ef-
fect on the run, but it may cause the run to abort (after it has reached
TIMEICRESET)} when the creep closure model tries to interpolate on the
closure surface using brine pressures of 0.0, which is the default value when
a material has not been defined. Thus, it is up to the user to ensure that valid
material numbers are used as closure regions.

MODELCLOS(I): Creep closure surface or model number used by closure region MAT-
CLOS(1). MODELCLOS(I) must be >0 and < MKLOS (set in PARAME-
TER statement; currently, MKLOS = 4). The available options are:

1: Waste without backfill. Used during 1995, this model is no longer con-
sidered the best available for application to waste, but is retained in
BRAGFLO to enable earlier calculations to be reproduced.

2: Drift without backfili. This model was applied to access drifts (“North
End”) and the Experimental Region excavations during 1995. It is
no longer recommended for application to WIPP, but is retained in
BRAGFLO to enable earlier calculations to be reproduced.

3: Waste with backfill. This model was used in the 1992 Preliminary Per-
formance Assessment and in subsequent calculations, until early
1995. Although the waste configuration is no longer considered
likely, this model is retained in BRAGFLO to enable earlier calcula-
tions to be reproduced.

4. Waste without backfill. This model is used in the 1996 Compliance Cer-
tification Application (CCA) calculations (Stone, 1995)
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7.2.12 Radionuclide Transport and Decay Parameters

The “transport” model currently implemented in BRAGFLO is really just a simple parti-
cle tracking model. Radionuclides originating in waste blocks are carried to other grid blocks by
simple advection. The only processes that take place other than advection are dissolution and
precipitation and radionuclide decay. Diffusion, adsorption, and any other reactions are not
included in the present model. The current implementation of transport is inefficient and
computationally intensive, so it should be used with discretion. In particular, the number of
radionuclides that are tracked has a strong effect on the amount of computing time required. The
transport model is solved explicitly and can become unstable. If this happens, transport is turned
off. A warning flag is printed to the screen and to the .SUM file both at the time when this
occurs and again at the end of the run, and radionuclide concentrations and masses remain
unchanged for the duration of the run.

Because of stability limitations and potentially extreme run times associated with the cur-
rent implementation of transport and radionuclide decay, this submodel of BRAGFLO is of
limited use and is being phased out. It is being replaced by a separate code, NUTS (Nuclide
Transport Simulator), that uses a BRAGFLO flow field, but calculates transport and radionuclide
decay implicitly, allowing for much faster and more efficient transport calculations than can be
done within BRAGFLO. For now, the transport model remains coded in BRAGFLQ, but its use
is prohibited because of possible conflicts with the radiolysis model. Radiolysis can also be
modeled in BRAGFLO.

Line 11.1. Descriptor. On/off flag for radionuclide decay, either during radiolysis or transport,
or both.

Line 11.2. LRADDK.
LRADDK: Logical flag indicating whether radionuclide decay will be calculated. If
LRADDK = TRUE,, additional input is required.

Line 11.3. Descriptor. On/off flag for transport.

Line 11.4. LTRANS.

LTRANS: Logical flag indicating whether transport will be calculated. If LTRANS =
.TRUE., additional input is required. Transport may be turned off automati-
cally if it becomes unstable.

Note: Transport is currently disabled. If LTRANS = .TRUE. on input, it will be set to
FALSE. If transport parameters that are not also needed for radiolysis are
in the input file, and radiolysis is not being modeled (LRADDK = .FALSE.),
the run will abort trying to read the rest of the input file.

Line 11.5. Descriptor. On/off flag for radiolysis.
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Line 11.6. LRADLSIS.
LRADLSIS: Logical flag indicating whether radiolysis will be calculated.

If LRADLSIS = FALSE. and LTRANS = FALSE., then BRAGFLO sets LRADDK to
FALSE. even if it was input as .TRUE,, and no additional radionuclide de-
cay parameters are input; go to Subsection 7.2.12.

Line 11.7. Descriptor. Number of radionuclides.

Line 11.8. NRAD.

NRAD: Number of radionuclide species to be tracked in the transport and decay models.
NRAD must be greater than zero and less than or equal to MRAD, which is
set in the PARAMETER statement. Otherwise, BRAGFLO will abort with
the message:

**x* Ahorted in READRAD: Invalid NRAD value input.
Note: None of the rest of the input is checked for validity or consistency.

The following two lines (11.9 and 11.10) are read in only if LRADDK = .TRUE.:

Line 11.9. Descriptor. Transport and decay control parameters.

Line 11.10. XLIM, HALFMAX, T_SCALE, SRADO2, GH2AVG.

XLIM: Minimum decay factor; decay factor is set to zero when it is below XLIM
[dimensionless]. Recommended value: 1.0 x 107,

HALFMAX: Maximum number of half-lives during which decay will be calculated.
Recommended value: 50.

T_SCALE: Time above which half-life is too large to bother calculating decay; used to
shorten the decay chain [s]. Recommended value: 3.1557 x 107 s (1.0 yr).

SRADO2: Stoichiometric coefficient for O2 from radiolysis [mol Oz/mol H]:
H;O — H2 + (SRADO2) Os.
The value of SRADO?2 should be between 0.0 and 0.5:

0.0 if O3 1s assumed to react immediately with other materials;

0.5 if O, is assumed to be inert.

Note that BRAGFLO, as used in WIPP PA calculations, assumes all gas to be
H;. The mass of gas produced by radiolysis as O3 is:
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M, o - SRADO2 = 31.988 x 10" SRADO2 [kg O; / mol H],

where:

M., o, = molecular weight of O, [kg O/ mol O],
M, y = molecular weight of H; [kg Hz / mol Hz],

When this mass is treated as an equal mass of Ha, it is equivalent to:

ke H.(= ke O
31.9988x10'3SRADO2[ g H,(= kg 2)}

M, o - SRADO2 mol H,
M, B ke H
Hy 201588 x 1073 £ 12
mol H,

= 15.8734 - SRADO2 [mol H; / mol H;]
= 7.93668 [mol Ha/mol H,)

when SRADO?2 = 0.5, which results in a far greater volume of gas (as H»)
than is realistically produced. It may be more realistic in BRAGFLO to
consider radiolysis as producing 1/2 moles of H, (assuming the gas to be in-
ert) (i. e., H,0 — Hy + 1/2Hy), rather than M, , - SRADO2 kg of H,. |

Then the value SRADO2 should have in order to produce 0.5 mol H; can be
calculated from:

1 M, - SRADO2
~[mol H, / mol H,] = —=
2 - MW,HZ

Ed

or

2| —

Mw,hh
SRADO2 = =
M\U,O:

[;jz.msss %1073

31.9988 x 10>
= (0.314993.

GHZAVG: Average “G” value for H, [molecules/disintegration]. Recommended value:
0.0125.

Line 11.11. Descriptor. Isotope names.
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Line 11.12. (IDION(I),]l=1 NRAD).

IDION: Name of parent isotope. This is a CHARACTER*S variable, read in free format,
so it must be enclosed in tick marks. The name should be the element sym-
bol followed by the atomic number (e. g., ‘Pu238’) with no spaces or other
punctuation between the element symbol and the atomic number. The ele-
ment symbol can be either all upper case or upper and lower case. Trailing
blanks are optional.

Line 11.13. Descriptor. Daughter names.

Line 11.14. (IDAUG(),I=1,NRAD).

IDAUG: Name of immediate daughter isotope from the decay of isotope IDION(I).
Same input rules as for the parent isotopes. If there is no daughter, use a
blank: one to eight spaces between tick marks.

Line 11.15. Descriptor. Element indexes.

Line 11.16. (JELE(I),I=1 NRAD).

IELE: Element index for each isotope; must range from 1 to a maximum of NRAD, de-
pending on how many elements there are. Applies to IDION only. Thus, all
IDION isotopes of Pu, for example, will have the same IELE index, and all
isotopes of Th will have another IELE index, all the same, but different from
the index used for Pu. These are used to calculate the solubility when more
than one isotope of an element is present, since the input solubility is of an
element, not an isotope.

Line 11.17. Descriptor. Half lives.

Line 11.18. (THALF(I),I=1, NRAD).
THALF: Half-life of isotope IDION [s or yr].

Line 11.19. Descriptor. Atomic weights,

Line 11.20. (AWT(I),I=1,NRAD).
AWT: Atomic weight of isotope IDION [kg/mol or 1b/lbmol].

Line 11.21. Descriptor. Solubilities.
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Line 11.22. (SOLB_LIM(I},I=1, NRAD).

SOLB_LIM: Solubility limit of element in brine [mol/m’ or ibmol/ft’]. Same value
should be input for each isotope IDION of the element; i. e., all IDION with
the same IELE should have the same SOLB_LIM.

Line 11.23. Descriptor. Disintegration energy.

Line 11.24. (EVDP(I),I=1 NRAD).

EVDP: Disintegration energy if isotope IDION [MeV/disintegration]. Note that input
units are MeV/dis; BRAGFLO converts to eV/dis.

The following two lines (11.25 and 11.26) are repeated NRAD times, once for each radionuclide:

Line 11.25. Descriptor. Initial inventory.

Line I1.26. RADINIT(I).

RADINIT(I): Initial total mass of radionuclide IDION(D) in waste [kg or 1b]. Assumed to
exist initially in solid phase only; BRAGFLO will then calculate how much
is dissolved in brine as part of transport and decay calculation, based on in-
put solubilities. This initial inventory is distributed to aii grid blocks having
initial material type index MAT_WASTEI (Line 7.12) in proportion to the
volume of each grid block relative to the total waste volume.

The following two lines are input only if LTRANS = .TRUE.:

Line 11.27. Descriptor. Transport and decay control parameters.

Line 11.28. SOLB_MULT, Q_BVOL_RATIO, TSUB_MAX.

SOLB_MULT: Multiplier on SOLB_LIM (solubility limit of radionuclide species in
brine, Line 11.22) to avoid unrealistic precipitation of radionuclide outside
of the waste regions [dimensionless]. Recommended value: 1.0x 10°.

Q_BVOL_RATIO: Maximum interblock flow allowed during transport calculation
[fraction of grid block volume]. Recommended value: 0.10.

TSUB_MAX: Maximum number of times that BRAGFLO time step DELT is sub-
divided to keep the transport solution stable. Larger values may actually be
needed, but the calculation may then require excessive computing time, so it
is best to set some reasonable limit and hope it remains stable. Recom-
mended value: 100 - 200. If the solution becomes unstable, TSUB_MAX
should be increased. Q_BVOL_RATIO can be increased, but should remain
below 1.0. Increasing either of these will increase the computational effort.
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7.2.13 Multicomponent Gas Transport Parameters

The current version of BRAGFLO has the capability to track multiple components of the
gas phase as they are produced, consumed, and transported. This transport model accounts only
for advective flow; diffusion and retardation are not considered. This feature is intended to
supplement the reaction path gas generation model and gas dissolution model. Because the
reaction path model has not yet been implemented, the gas transport model has not yet been
tested or even debugged, so it should not be used except for testing purposes.

Line 12.1. Descriptor. Gas transport control flag.

Line 12.2, LRXGAST.
LRXGAST: Logical flag (TRUE. or .FALSE.) indicating whether gas component trans-
port will be used.

If LRXGAST = .FALSE., this is the end of the BRAGFLO input.

The next two lines are repeated MGAS times, where MGAS is the number of gas components,
set in the PARAMETER statement.

Line 12.3. Descriptor. Initial gas component concentration.

Line 12.4. ((AFTER(LJ,K), I=1, NX), J=1, NY), K=1, NZ).

AFTER: Initial mole fraction of each gas component [mol fraction].

This is the end of the BRAGFLO input.

7.3 Restart Capability

NOTE: THE RESTART CAPABILITY IS NOT ALLOWED FOR THE 1996-97 WIPP
CALCULATIONS.

The restart capability in BRAGFLO enables runs to be restarted from any point specified
in the input file and from the end of a run. The restarted run will continue exactly as it would
have if the run had been done from the beginning without interruption. This capability is most
useful for debugging, but also allows troublesome runs to be stopped and analyzed before
wasling computing time. Occasionally, control parameters can be changed part way through a
run, enabling a run to finish when it would otherwise remain stuck.
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Some basic information on how to use the restart capability was presented earlier under
“Files used by BRAGFLOQ.” Initially, the input file must specify that a restart output file is to be
written. This is indicated by setting the logical flag, LWRST, on Line 1.3 to T (TRUE.). I
LWRST is .FALSE., no restart output will be written, and the run cannot be restarted. If LWRST
is TRUE., a restart record will be written as specified in Section 2. Restart records, like ASCII
and binary output, can be written at specified times, at specified time intervals, or at a specified
time step frequency. If LWRST is TRUE., a restart record will automatically be written at the
end of a run, regardless of how they are specified to be written during a run. The restart record
contains all the information needed to resume from the last converged time step before the restart
record is written. Although there is no limit to the number of restart records that can be written
during a run, the number of restart records needed is generally very small, at most a couple, or
perhaps every 500 years in a 10,000-year run. The user has to know when the restart records are
written in order to do a restart. This information is written to the screen or log file, to the ASCII
output file [if one is being written (LWASC is .TRUE. on Line 1.3)], and to the .SUM file [if one
is being written (LWSUM is .TRUE. on Line 1.3)] each time a restart record is written.

The procedure for restarting a BRAGFLO run is as follows:

1. Copy the restart output file [[ROT] into a restart input file [.RIN]. The name of the restart
input file does not have to be the same as the restart output file, but it does have to be the
same (except for the .RIN extension) as the ASCII input file that will be used for the restart.

2. Edit the ASCII input [.INP] file used in the initial run. If the flag LRRST in Line 1.3 is F, it
must be changed to T, indicating that a restart input file will be read. The flag LWRST in
Line 1.3 had to have been T in the initial run; it can (and probably should) be left as T, or can
be changed to F for the restart, depending on whether the user wished to write any more
restart output records during the restart ran. If the initial run completed the maximum num-
ber of time steps allowed, then MAXITF (Line 1.7) must be increased, or the restart run will
stop immediately, having already completed MAXITF steps. If the run is being restarted
simply because MAXITF was too small in the initial run, or if the restart is a debugging run,
these are the only changes needed. Almost anything in the ASCII input file can be changed
for the restart run, with the exception of the dimensions of the problem (NX, NY, NZ, Line
1.5). If these are changed, the restart run will abort. Any parameter specifying the number of
something, such as the number of wells, the number of material types, or the number of
history variables, can be changed, but should not be changed because it will likely confuse
both the user and BRAGFLO and probably eventually abort. Print flags should not be
changed because postprocessing will be messed up. Grid block sizes and initial conditions
should not be changed. Logically, the only changes that should be considered, other than file
specifications, time or time step limits, and output times or frequencies, are numerical control
parameters. In rare instances, one might want to modify material properties. Keep in mind
that any changes to the input file that are in effect only at times earlier than the time of the
restart, and are no longer in effect at the restart time, will not have any effect on the restart
run. For example, if the restart is at 1000 years, and the input file is changed to request
additional ASCII output at 500 years, the output at 500 years will not be written. The .INP
file name can be changed from the initial run, but the name has to be the same as the restart
input file name, except for the .INP extension.
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3.  Run BRAGFLO. As usual, BRAGFLO prompts for the name of the .INP file. Then it

requests the number of the restart record from the restart input .RIN file. If the user wished to
start the run from the beginning again (having made changes to the input file), a zero can be
entered here. If a number greater than the number of restart records in the .RIN file is en-
tered, the run will abort trying to read past the end of the .RIN file.

Postprocessing. The binary file from the restart run will have the same structure as the
initial run, but start from the restart time. Before postprocessing in the CAMCON system
using POSTBRAG, it is necessary first to run a utility, BINCOMBO, which merges the two
binary files into a single binary file.
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8.0 ERROR MESSAGES

BRAGFLO outputs a number of error messages and aborts execution when it detects in-
valid input parameters. Explanations of these error messages can be found in Section 7.0.
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9.0 DESCRIPTION OF OUTPUT FILES

9.1 Binary Output (.BIN) File

This file is the primary results file that is converted by POSTBRAG (Figure 29) into
standard .CDB format. This file contains output in a more compact form than is possible in an
ASCII output file. Most results of interest printed typically every 20 or so time steps and a more
limited amount of information printed every time step. The beginning of the file contains QA
information, as in the ASCII file (Subsection 9.2). It also contains an output vuriable glossary.
Enough information is stored to enable a postprocessor, POSTBRAG to read ti:: file and place
the results into a CAMDAT data base for additional postprocessing and analysis by the down-
stream codes. The structure of this file is described below. Although it does not contain all the
information used in a BRAGFLO run (for example, material properties are absent), it can contain
all the results needed for a complete analysis of the results, so it should not be necessary to
modify the code or to write additional output files for further postprocessing.

A FORTRAN program that will read the binary output file is listed on the following page
to illustrate the structure of the file. In this program, the header information is read and saved as
variables whose values are not changed later. The information at each time step is read and
stored in local variables that are over-written at the next time step, so this information must be
written to the output file at each time step as needed for subsequent analysis and postprocessing.
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PROGRAM BINREAD

C

C
C
o

oo OoOonNnaonooaaoaoonNNnaaaaaOnNOaananaQaan

Translates BRAGFLC binary file into ASCII file.
J. Schreiber, SAIC, 03/08/%6

PARAMETER (MX=50,MY=40,MZ=10,NVPR=107, MXHIV=15000,
1  MVHIV=MX*MY*MZ, MGVAR=10)

CHARACTER* S RTIME(2),PNAME (2),VRSICN(2) ,UNITS, REVDATE(2)
CHARACTER*S NAMVAREL (NVPR) , NAMVARHI (MXHIV) , NAMVARGL (MGVAR}
CHARACTER*S50 LABELEL(NVPR),LABELHI (MXHIV},LABELGL (MGVAR)
CHARACTER*20 LABUNTEL (NVPR) , LABUNTHI (MXHIV}, LABUNTGL (MGVAR})
CHARACTER*9 DATE (2)

CHARACTER*32 CPUNAME

CHARACTER*1 FILTYP

CHARACTER*80 FILNAM(6),BRAGNAM

CHARACTER*132 TITLE

DIMENSION ITIHIV{(MVHIV,NVER), JJHIV{(MVHIV,NVPR) ,KKHIV(MVHIV, NVER)
DIMENSION UNTCNVEL (NVPR) ,UNTCHNVHI (MXHIV) , UNTCNVGL {MGVAR)
DIMENSION DXGRID(MX,MY,MZ),DYGRID (MY, MY, M2Z) , DZGRID (MX, MY, MZ)
DIMENSION GRIDVOL (MX,MY,MZ) ,LHI(NVPR),LE{NVPR},LH{MXHIV), LG{MGVAR}
DIMENSION HVAR (MXHIV),YY (MX,MY,MZ) , NGEBHIV (NVPR)

REAL IEBALMX, JBEALMX,XBBALMX, IGBALMX, JGBALMX, KGBALMK

WRITE (*,*) 'Enter name of BRAGFLO binary file.-
READ (*,'{A)') BRAGNAM

OPEN (8,FILE=BRAGNAM, STATUS='CLD', FORM='UNFORMATTED")
OPEN (9,FILE='ASCII.OUT', STATUS='NEW')

Read header section with QA info, vbl glossary, grid dimensiocns:
Note: TIf first record is 'PREBRAG', then the file starts with
PREBRAG QA info; otherwise, there is no PREBRAG info, and
the file starts with BRAGFLO ¢a info.

PNAME (1) = Preprocessor name (PREBRAG).
VRSION{(1l) = PREBRAG version number.
REVDATE (1) = PREBRAG revision date.

DATE (1) = PREBRAG run date.

RTIME (1} = PREBRAG run time.

DATE(2) = BRAGFLO run date.

RTIME (2) = BRAGFLQ run time.

PNAME (2) = Program name {(BRAGFLO).

VRSION{2} = BRAGFLO versicn number.

REVDATE (2) = BRAGFLO revision date.

CPUNAME = Name of machine on which BRAGFLO was run.

FILTYPE = Type of file {('B'=binary).

NUMFIL = Number of files used in the BRAGFLO run.

FILNAM = Names of NUMFIL files used by BRAGFLC.

TITLE = Title of run.

NX,NY,NZ = Dimensions of problem run.

UNITSO = Units system used for ouput {'SI' or *‘ENGLISH').

NVAREL = Number c¢f element variables.

MHIVM = Number of time- & performance-related history vbls.

MHIV = Total nc. of element vbhl-based history vicls printed
at each time step.

NHIV = No. of element vbls that are printed as history vbls.

NGVAR = Number cf global variables.

READ (B8} PNAME{1l)
IF {PNAME(l){(1:7) .EQ. 'PREBRAG') THEN
READ (8) VRSION{1)
READ (B) REVDATE(1)
READ (B) DATE(1)
READ (B) RTIME(1)
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READ (8} DATE(Z)
ELSE
DATE(2) = PNAME (1)
END IF

ooaonNnaoaagacaooaoaaooaonaaonnonoanaonn

Qon

10

20

30

40

50

READ (8) RTIME(2)

READ (8) PNAME (2}

REAL (8) VRSION(2)

READ (8) REVDATE(2)

READ (8) CPUNAME

READ (8) FILTYP

READ (8) NUMFIL

DO 10 I=1,NUMFIL
READ (B} FILNAM{I)

CONTINUE

READ (8} TITLE

READ (8) NX,NY,NZ

READ (8) UNITS

READ (8) NVAREL,MHIVM,MHIV,NHIV,NGVAR

MHIVT = MHIVM + MHIV

Read glossary of variabkles:
LHI = Element vkl no. from User Manual Table 4 for this
history vbl.

NGBHIV = No. of grid blocks to be printed as history vbl for
variable LHI.

ITIHIV = I-index of grid block for this history variable.

JIHIV = J-index of grid block for this history variable.

KKHIV = K-index of grid block for this history wvariable,

LE = Number of the element variable.

NAMVAREL = Variable name tc be used in PCSTBRAG.

LABELEL = Description of this variable.

LABUNTEL = Units label for this variable {(e.g., Pa).

UNTCNVEL = Factor to convert from UNITSO to SI units.

LH = Number of the history wvariable.

NAMVARHI = Variable name te be used in POSTBRAG.

LARBELHI = Description of this variable.

LABUNTHI = Units label for this variakle (e.g., Pa).

UNTCNVHI = Factor to convert from UNITSO to SI units.

LG = Number of the global variable.

NAMVARGL = Variable name to be used in POSTBRAG.

LABELGL = Description of this variabile.

LABUNTGL = Units label for this variable (e.g., kg}.

UNTCNVGL = Factor to convert from UNITSO to SI units.

DO 20 I=1,NHIV

READ (8) LHI(I),NGBHIV!{I), (IIHIV{J,I),JJHIV(J,I),XKHIV(J,I),

J=1,NGBHIVI(I))

CONTINUE
DC 30 I=1,NVAREL

READ (8) LE(I),NAMVAREL(I),LABELEL{I),LABUNTEL (I}, UNTCNVEL(I)
CONTINUE
DO 40 I=1,MHIVT

READ (8) LH(I),NAMVARHI(I),LABELHI(I),LABUNTHI(I),UNTCNVHI(I)
CONTINUE
DG 50 I=1,NGVaR

READ {8} LGI(I),NAMVARGL(I),LABELGL({(I),LABUNTGL(I),UNTCNVGL{I)
CONTINUE

Mesh dimensions and grid block volumes.

READ (B) ({(DMGRID(I,J,K).I=1,NX),J=1,NY},K=1,NZ}
READ (8) (({(DYGRID(I,J,K),I=1,NX),J=1,NY},K=1,NZ}
READ (8) (({DZGRID(I,J,X),I=1,NX),J=1,NY},K=1,N2}
READ (8) (({(GRIDVQL({I,J,K),I=1,NX),J=1,NY),K=1,NZ)
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*** End of header section (READ) ***

Qnn

IF (PNAME{1}{1:7) ,EQ. 'PREBRAG'} THEN
WRITE (9,*) *‘** PREBRAG Program Name **'
WRITE {(9,*) PNAME(1)

WRITE (9,*) '** PREBRAG Version Number **!'
WRITE (9,*) VRSION({1)

WRITE (9,*) '** PREBRAG Revision Date **'
WRITE (%,*) REVDATE(1l}

WRITE (9,*}) '** PREBRAG Run Date **'
WRITE (9,*) DATE(1)

WRITE (9,*) '** PREBRAG Run Time **'

WRITE (9,*) RTIME{1l)

END IF

C
WRITE {(9,*}) *** BRAGFLO Run Date **°'
WRITE (9,*} DATE(2}
WRITE (9,*) '** BRAGFLO Run Time **°*
WRITE (9,*) RTIME(2)
WRITE (%9,%*) *** BRAGFLO Program Name **!
WRITE (9,*) PNAME({2)
WRITE (9,*) '** BRAGFLO Version Number **'
WRITE (9,*) VRSION(2)
WRITE (%,*) '** BRAGFLC Revision Date =**!
WRITE (9,*) REVDATE({2)

C

WRITE (2,*) '** Computer Name **'
WRITE (9.*} CPUNAME
WRITE (9,*) *** Qutput File Type ***
WRITE (9,*) FILTYP
WRITE (9,*) "** Number of Files Used **'
WRITE {(%,*) NUMFIL
WRITE (2,*) '** Names of Files Used **'
DO 60 I=1,NUMFIL
WRITE (9.*) FILNAMI(I}
60 CONTINUE

C
WRITE (9,*) '** Title of Run **'
WRITE (9,'(A)') TITLE
WRITE (9,*) '** N), NY, NZ **°
WRITE (9,*) NX,NY,NZ
WRITE (2,*) '** Qutput Units **°
WRITE (9,*) UNITS

c

WRITE (%,*) '** NVAREL, MHIVM, MHIV, NHIV, MGVAR **'

WRITE (9,*) NVAREL,MHIVM,MHIV,NHIV,NGVAR

WRITE (9,™*)

WRITE (9,*) '** History Vbl Locations **'

Do 70 I=1,NHIV

WRITE {9, '{(2I5,10(3%,3I3))"'} LHI(I},NGBHIV{I),

1 (ITHIV(J,I),JIHIV(T, I} ,KKHIV{J,I),J=1,NGBHIV(I})
70 CONTINUE

WRITE (9,*)

WRITE (9,*) '** Element Vbl Labels **'

DO BO I=1,NVAREL

WRITE (9,'(I4,2X,A,2%X A, 2X,A,1PE16.6)"') LE(I), NAMVAREL (I},
1 LABELEL (I) ,LABUNTEL (I}, UNTCNVEL(I)
80 CONTINUE
WRITE (9,*)

WRITE (%,*}) '** History Vbl Labels ***
DO 90 I=1,MHIVT
WRITE (9,'(I4,2X,A,2%,A,2X,A,1PEi6.6)*) LHE(I), NAMVARHI (I},
1 LABELHT (I), LABUNTHI (I).,UNTCNVHI(I)
90 CONTINUE :

. WRITE (9,*)
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WRITE (9.*j '** Global Vbl Lahels #**’
DO 100 I=1,NGVAR

WRITE (9, '{I4,2X,A, 2X,A,2X,A,1PE16.6)") LG(I},NAMVARGL(I),
1 LABELGL (I}, LABUNTGL(I) , UNTCNVGL(I)
100 CONTINUE
c
WRITE (9.%*)

WRITE (9,*) '** Mesh Sizes: DXGRID **'

WRITE (9,*) ({({DXGRID(I,J,K},I=1,NX},J=1,NY) , K=1,N2Z)
WRITE (9,7)

WRITE (9,*) '** Mesh Sizes: DYGRID **'

WRITE (9,*) {({(DYGRID(I,J,K},I=1,NX),J=1,NY},K=1,NZ)
WRITE (9,*)

WRITE (%,*}) '** Megh Sizes: DZGRID **!'

WRITE (9,*) (({DZGRID(I,J,K),I=1,NX},J=1,NY), K=l 6 NZ)
WRITE (9,*)

WRITE (9,*) '** Mesh Sizes: GRIDVOL **'

WRITE (9,*) {((GRIDVOL{I,J,.K),I=1,N¥),J=1,NY),K=1,NZ)

C
cC *** End of header secticn (WRITE) ***
c
C
C *** Cycle through time steps ***
C
C First read time, time step, CPU time, performance measures:
C TIME = Elapsed simulation time [s].
C TIMED = Elapsed simulation time [days].
C TIMEYR = Elapsed simulation time {yr].
C DELT = Time step [s5].
C DELTD = Time step [days].
C DELTYR = Time step [vr].
C AVGITER = Average Newton-Raphson iterations per time step.
C CPUS = CPU time used for this time step [s].
C CPUHR = Total CPU time used so far in the run [hr].
C RNSTEP = Time step number (REAL).
C RITERTOT = Toctal Newton-Raphson iterations so far (RERL).
C KBIN = Flag indicating:
cC =0: only history vbl output will follow.
C =1: history vbls and glebal and element vbls ocutput
C will feollow at this time step.
C
NEO = 0

110 READ (B,END=130) TIME,TIMED, TIMEYR,DELT,DELTD, DELTYR, AVGITER,
1 CPUS, CPURER, RNSTEP, RITERTOT, KEIN
IF (MHIV .GT. 0} READ (B,END=130) (HVAR(I),I=1,MHIV)

C
WRITE (9,*)
WRITE (9,*)
WRITE (9,*} '** TIME (s,d,y). DELT (=s,d,¥), IterAvg, CPU (s,hr),’'
1 //' Step No., IterTot, KBIN®
WRITE (%,*) TIME,TIMED,TIMEYR,DELT,DELTD,DELTYR, AVGITER,
1 CPUS, CPUHR, RNSTEP,RITERTOT, KBIN
WRITE (9,™*)
WRITE {(9,*) '** History Vbls at Time Step', RNSTEP
IF (MHIV .LE. 0} THEN
WRITE (9,*} ' (to element-variable-based history variables)'
ELSE
WRITE (9,*) (HVAR{I},I=1,MHIV)
END IF
C
C {History vbls only, if KRIN-=0)
C
IF (KBIN .EQ. 1) THEN
c
C Glcbal vbls (mass balance info at current step) are read next:

c BBALC = Brine mass Dbalance error cver entire mesh [kgl.
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c GBALC = Gas mass balance error over entire mesh {kg].
C BBAIMX = Max relative brine mass bal error in any grid block.
C GBAIMX = Max relative gas mass bal error in any grid block.
C IBBALMX = I-index of grid block with BBALMX \
C JBBALMXY = J-index of grid block with BBALMX | These are
C KBBALMX = K-index of grid block with BBALMX |_ saved as
C IGBALMX = I-index of grid block with GBALMX | REAL vbls
C JGBALMY = J-index of grid block with GBALMX |
C KGBALMX = K-index of grid block with GBALMX /
c
READ (8,END=130) BBALC, GEALC, BBALMX, GBALMX,
1 IBBALMX, JBBALMX, KBEBALMY, IGEALMX, JGBALMX , KGBALMX
C
NPQO = HPO + 1
WRITE (9,%*)
WRITE (9.,*) '** Mass Balances (Global Vbls) Printout No.',KNPO
WRITE (9,*) BBALC,GBALC, BBALMYX, GBALMY
WRITE (9,*) IBBALMX, JBBALMX, KBEALMX, IGBALMX, JGBALMY, KGEATLMX
C
C
C The Element vkl distributions are read next.
C
DO 120 L=1,NVAREL
READ (B,END=130) ({(¥YY(I,J,K),I=1,8X),J=1,NY},K=1,NZ}
WRITE (9, *)
WRITE (5, '(A,I3,3X,A,F10.1)') * ** Element Vbl: (No., Name,'
1 //'Time Step No.} =',L,NAMVAREL({L),RNSTEP
WRITE (%9,*) ({((YY(I,J,K),I=1,NX},J=1,NY),K=1,NZ)
120 CONTINUE
END IF
c
C Continue to next time step.
C
GO TC 110
c
130 CLOSE (8)
CLOSE (9)
STOP '** Normal Completion **°'
C

END

9.2 ASCII Output (OUT) File

This file echoes input and provides user-readable output and QA information. It has a
“standard” text file format. It starts with QA information, including a time-and-date-of-run
stamp, BRAGFLO version number, and revision date. It then echoes the input, but with more
information and annotation than found (or allowed) in the input file. Therefore, when problems
are encountered with the nput, this file should be checked first to be sure that the input was read
as intended. Some processed input is then printed out, including information on grid sizes and
volumes of each grid block, since this is not necessarily input directly. Then initial conditions
are printed, with the amount of information specified by the user. Results specified by the user
are printed periodically, at times or frequencies specified by the user. Results at the end of the
run are also printed, the amount of information printed being specified by the user. Finally an
ending time-and-date stamp is printed. Use of this file is optional when BRAGFLO is run, but is
strongly recommended because it always contains an echo of the input, the initial conditions, and
results at the end of the run, which makes it useful for debugging input. Additional results are at
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the discretion of the user and depend on user input. A sample output file is provided in
Appendix B.

9.3 Summary (SUM) File

A limited amount of summary information is written at each time step to the screen
{when BRAGFLO is run interactively) or to a log file (when run in background). The same
information is written to this summary file so that a detailed time step summary is available later
if BRAGFLO is run interactively. This information is often useful for diagnostic purposes when
problems occur.

A typical summary output at one time step appears as follows:

1 3.376E-03 BR.043E-08 8.951E-01 6.868E-02

2 . 15 12 % 2 20 1 11 27 1 120 1

3 1146 1.226E+03 1.,101E+03 2 3.31 $_.8%6E-03 10 14 1 3.50E+04 15 B 1
4 -8.44E-05 15 12 1 3.1%E-08 11 9 1 8.48E-14 131.21E-18 LU

5 ** Monitor Block Arrays: PQ, PGE, SO, PHI, PERMGX, {ONCFE, CONCBIC, QR(1),
& QUBLOCKI, QOBLOCKJ, QGBLOCKI, QGBLCOCKJ

7 Monitor Block # 1: ( 11, 10, 1)

3 6.8534030052E+06 6.5534030052E+06  9.9993392867E-01 3.7000000000E-01
9 3.1650984593E-12 1.3691991909E+02 8.0880900000E+01 0.0000000000E+00
10 1.8074126802E-07 2.3477482289E-09 (0.0000000000E+00 2.4378208877E-14
11 Monitor Bleock # 2: ( 17, 10, 1}

12 6.7853807274E+06 6.7915359916E+06 2.0800797783E-03 1.3559451410E-01
13 5.5888660300E-12 1.3614295550E+02 8.0880900000E+01 7.1966507423E-12
14 0.0000000000E+0D 0.0000000C000E+00Q 1.3059617970E-Q04 -6.8230599392E-05
15 Menitor Block # 3: ( 25, 1z, L)

16 7.3286118606E+06 7.3323394444E+0¢6 1.0000000000E+0D0 1.7791276293E-02
17 1.81%70Z0000E-19 0.0000000000E+0QD 0.0000000000E+00 0.0000000000E+0D
18 -3.3526725094E-09 -1.56993726i2E-09 0.0000000000E+0D 0.0000000000E+00

Lines 1-2 contain information on how well the variable change or mass balance meets or
does not meet the convergence criteria specified in the input. The variables that are written are as
follows:

Line I: EPSMAX(1), EPSMAX(2), FTOLMAX(1), FTOLMAX(2)
Line 2: IEPS(1),JEPS(1),KEPS(1),IEPS(2),JEPS(2),KEPS(2),
IFTOL(1),JFTOL(1),KFTOL(1),IFTOL(2),JFTOL(2),KFTOL(2)

where

EPSMAX(1)=max (AS, x 10%),
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AR
. EPSMAX(2)=max| — |.
fe,
AS, = change in gas saturation in a grid block since last iteration,
AP, = change in brine pressure in a grid block since last iteration,
P, = brine pressure at end of current iteration.
FIT,
max—f_‘“-’ T;gznn andF‘l>fl’
1
£
FTOLMAX(1) = { max 7 , T, 2T, and F £ f,
1
O" ?;g < T:?o
F, /T,
max --7—-— . I,zT,and F, > f,,
Fl
FTOLMAX(2) = 4 max f , I, 2T, and F,<f,,
. 0" T.%g < T;m

L

F) = discretized gas mass balance equation (see p. 37),
F> = discretized brine mass balance equation,

and the grid block locations where these occur are, respectively:

[IEPS(1),JEPS(1),KEPS(1)],
[IEPS(2),JEPS(2),KEPS(2)],
[IFTOL(1),JFTOL(1},KFTOL(1}],
[IFTOL(2) JFTOL(2),KFTOL(2)].

T, and T3, are, respectively, the mass of gas and mass of brine in a grid block in [(kg
phase)/(m® grid block)]. Ts. is a small number, set at 1.0 x 10°" kg/m’, intended to prevent
division by zero and to de-emphasize minute amounts of phase that may be nothing more than
roundoff. :

The maxima are taken over the entire grid for the Newton-Raphson iteration just com-
pleted.
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The convergence limits are specified in the input [Lines 6.10 and 6.14}:

€)= EPSNORM(1) = required number of digits of accuracy to the right of the
decimal in the change in gas saturation from the last time step.

€, = EPSNORM(2)

f

maximum relative change allowed in brine pressure over a time
step.

fi = FTOLNORM(1)

maximum allowable residual for the gas mass balance,
normalized by the amount of gas present in the grid block.

f>» = FTOLNORM(2) maximum allowable residual for the brine mass balance,
normalized by the amount of brine present in the grid block.

Thus, EPSMAX(1) is the maximum fraction of the total allowable change in the gas satu-
ration. It should have a value less than 1.0 when the solution has converged at each time step if
ICONVTEST [Line 6.8} has a value of 1. If ICONVTEST = 0, EPSMAX(1) may be greater
than 1.0 when the solution has converged. (In this case, at least two of the values on Line 1
above must be less than or equal to 1.0.)

EPSMAX(2) is the maximum fraction of the allowable change in the brine pressure over
an iteration that was obtained in the time step just completed. It should have a value less than 1.0
if ICONVTEST =1. If ICONVTEST = 0, EPSMAX(2) may be greater than 1.0 when the
solution has converged (but at least two other values on Line | will be less than 1.0).

FTOLMAX(1} is the maximum fraction of the allowable normalized residual in the gas
mass balance that was obtained in the time step just completed. It should have a value less than
1.0 if ICONVTEST = 1, but may be greater than 1.0 if ICONVTEST =0.

FTOLMAX(2) is the maximum fraction of the allowable normalized residual in the brine
mass balance that was obtained in the time step just completed. It should have a value less than
1.0 if ICONVTEST = 1, but may be greater than 1.0 if ICONVTEST = 0.

When convergence is not obtained within ITMAX [Line 6.22] iterations, lines 1 and 2 are
still printed out, providing valuable information as to the magnitude of the convergence problems
and where those problems are occurring.

Lines 3 and 4 include time information and global mass balance results, along with grid
block locations where maximum mass balance errors occur:

Line 3: IPRINT, TIME*SECYR, DELT/DAYSEC, ITER, CPU,
DELTASATMAX, IDEPMAX(1), IDEPMAX(1), KDEPMAX(1),
DELTAPRESMAX, IDEPMAX(2), IDEPMAX(2), KDEPMAX(2},
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. Line 4: GASBALMAX, IGBALMX, JGBALMX, KGBALMX, BRNBALMAX,
IBBALMX, IBBALMX, KBBALMX, GASBALCUM, BRNBALCUM,
CHSOLVER.

where:

IPRINT time step number;

TIME*SECYR elapsed simulation time since start of run [yr]:

DELT/DAYSEC = time step size [days];

ITER = number of Newton-Raphson itgrations to reach convergence;

CPU = CPU time to complete this time step {s];

DELTASATMAX = maximum saturation change since last time step anywhere in the
grid;

IDEFMAX(1) = I-index of grid block where DELTASATMAX occurred;

JDEPMAX(1) = J-index of grid block where DELTASATMAX occurred;

KDEPMAX(1) = K-index of grid block where DELTASATMAX occurred,;

DELTAPRESMAX = maximum brine pressure change since last time step anywhere:in
the grid [Pal;

IDEPMAX(2) = [-index of grid block where DELTAPRESMAX occurred;
JDEPMAX(2) = J-index of grid block where DELTAPRESMAX occurred;
KDEPMAX(2) = K-index of grid block where DELTAPRESMAX occurred;
GASBALMAX = maximum gas mass balance error relative to mass of gas present-
. in a grid block [kg gas (error)/kg gas in grid block];
IGBALMX = J-index of grid block where GASBALMAX occurred;
JGBALMX = J-index of grid block where GASBALMAX occurred;
KGBALMX = K-index of grid block where GASBALMAX occurred;
BRNBALMAX = maximum brine mass balance error relative to mass of brine
present in a grid block [kg brine (error)/kg brine in grid block]
IBBALMX = I-index of grid block where BRNBALMAX occurred;
JBBALMX = J-index of grid block where BRNBALMAX occurred;
KBBALMX = K-index of grid block where BRNBALMAX occurred;

GASBALCUM = sum of gas mass balance errors over all grid blocks for this time
step normalized by the mass of gas in the entire mesh [kg
gas(error/kg gas total grid].

BRNBALCUM = sum of brine mass balance errors over all grid blocks for this
time step, normalized by the mass of brine in the entire mesh [kg
brine {error)/kg brine total grid].

CHSOLVER linear equation solver being used [input on Line 6.20].

GASBALMAX and BRNBALMAX are computed as follows:

GASBALMAX = max(F)).
. BRNBALMAX = max(F).
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These mass balance measures are closely related to FTOLMAX(1) and FTOLMAX(2),
respectively, the latter being normalized by T3, f) or T3, f2 in the denominator.

Lines 5 and 6 indicate which arrays are being monitored (see discussion of Monitor
Blocks, Lines 2.17 - 2.22, in Section 7.2.2). In this example, three grid blocks are being
monitored; the grid block locations are indicated on lines 7, 11, and 15. For each monitored grid
block, the 12 array values being monitored are listed on the three lines that follow the grid block
location.

9.4 Restart Output ((ROT) File

This binary file is written, if requested in the input, at specified times during a run. It is
always written at the end of a run if the restart write flag has been set in the input. Enough
information is saved to enable BRAGFLO to pick up from where it left off. Each batch of
information written is referred to as a restart record. It is up to the user to keep track of when
cach restart record is written so that if a restart run is needed, the point where BRAGFLO is to
resume can be indicated by the number of the restart record. Periodic writing of restart records is
strongly recommended in calculations that are anticipated to be lengthy as a precaution against
computer or power failures or unforeseen input errors that do not go into effect until late in the
calculation. A message is written to the screen and to the summary file (if one is being written)
when a restart record is written to assist the user in keeping track of when and how many restart
records were written.
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11.0 APPENDICES

Appendix A: Sample Input File

QAT = PREBRAG QA RECORDS
FREBRAG = PROGRAM NAME

6.00 = PROGRARM VERSION
01/21/96 = PROGRAM REVISION DATE
01/24/96 = PROGRAM RUN DATE
11:16:45 = PROGRAM RUN TIME

1596 BRAGFLO CASE 2: MEDIAN UNDISTUREED NO MIGRATICN VARIANCE PETITION CALCULATION
FILE FLAGS...ASCII, BINARY, SUMMARY, RESTART OUT, RESTART INPUT
TTTTF
MODEL TYPE AND MUMBER OF GRID BLOCKS IN X, ¥, AND Z

2 33 a1 1
TSTART, TMAX, HAXSTEPS
=1.5T7TI9E+08 3.1557e+11 10000
DT_INIT, DT _MIN, DT_MAX, DT_INCR, IAUTODT, TSWITCH

8._6400E+00 8.6400E-D4 1.7280E+D% 1.2500E+00 1 1.000Q0E+Q0
TIME-STEF CHANGES: NUMBER OF CHANGES, TIME OP CHANGE, DELT USED

7

0.0000E+00 B, GADDE+0Q2

3.1557E+08 B.&400E+02
7.8892E+08 B.B400E+02
1.5778E+0% 8. 6400E+02
3.1557E+08 B.6400E+D2
6.3114E+05 8.6400E+02
1.2623E+10 8.6400E+02
IPRTYPEASC IPRTYPEBIN IPRTYPERST UNITSI UNITSO
2 o 2 ‘51 *5T!

ASCIT PRINTOUT CONTROLLED BY USER SPECIFIED TIMES
2

USER REQUESTED PRINTCUT TIMES
0. 0000E+DD 3.1557E+11
BINARY PRINTOUT CONTROLLED BY STEP INTERVAL, IPRNTEIN
2%
RESTART PRINTQUT CONTROLLED BY USER SPECIFIED TIMES
1

USER REQUEESTED RESTART TIMES

3.1557E+11
RSCII PRINT FLAGS
11800 10000 00000 00100 GO0OOQOGO
00000 POCCOO 00000 DOODDO0 OG22o00
G00G0 COOOD 00000 00000 GO0QOO
00000 0O0COQ0O0 00000 00O0O0O
pCceoOo0 o
0
00
Do
BINMARY PRINT FLAGS
110600 10001 10010 00101 0QO0COCG0
o000 11011 00000 00010 Q1100
poCcecoeCC 290000 00000 00000 GODO0O0D
00000 0DO00DO00 00000 00000
o000 o
0Q
oo
0o
HISTORY VARIABLE CUTPUT
[
1 31 NAME=BRINE PRESSURE
2 8 1 10 8 1 11 8 1 12 8 1 13 8 1 14 & 1
15 8 1 9 9 1 w0 % 1 11 5 1 12 9 1 13 9 1
14 9 1 15 9 1 $10 1 1016 L 1i1p i 12 10 1
1310 1 1410 1 1510 1 17 8 1 18 8 1 1% & 1
17 % 1 18 9 1 1% % 1 17 10 1 18 10 : 15 10 1
12 11
18 30 NAME=GAS SATURATION
9 8 1 1p B 1 11 & 1 312 & 1 13 8 1 14 B 1
15 8§ 1 9 § 1 10 9 1 11 &% 1 12 § 1 13 9 1
14 9% 1 15 5 1 910 1 1010 2 11106 1 12z 10 1
1310 1 1410 1 1% 10 1 1% & 1 18 & 1 13 & 1
17 8 1 18 % 1 1% 9 1 1710 1 1810 1 19510 1
31 w4 NAME=TIME-AVERAGE INTEREBLOCK BRINE FLOW, X-DIRECTION
3 5 1 312 1 315 1 323 1 lz24 1 325 1
126 1 327 1 328 1 329 1 330 1 331 1
32 6 1 3212 1 3215 1 3223 1 3224 1 3225 1
3226 1 3227 1 3238 1 3229% 1 3230 1 3231 1
9 § 1 912 1 915 1 26 6 1 2612z 1 26 15 1
17 8 1 17 § 1 1710 1 20 & 1 20 9 1 2010 1
9 8 1 9 g 1 910 1 16 8 1 16 3 1 16 10 1
23 6 1 23 7 1 23 & 1 23 8 1 2310 1 2301
2312 1 2313 1 2314 1 2315 1 2316 1 23 17 1
23 1B 1 23 1% 1 2320 1 2321 1 232z 1 2323 1
2324 1 2325 2 23285 1 2327 1 2328 1 2132% 1
23 30 1 2331 1 24 6 1 24 7 1 24 8 + 24 % 1
24 10 1 2411 1 2412 1 2413 1 24 14 1 24 15 1
29 16 1 2417 1 24 1B 1 2415 1 24320 1 2421 1
24 22 1 2423 1 2424 1 2425 1 2426 i 24327 1
2428 1 2429 1 2430 1 2431 1

w
Y
e
(-]

NAME=TIME-AVERAGE INTERBLOCK BRINE FLOW, Y-DIRECTION
10 11 1 11 11 1 1211 1 13 11 1 14 11 1
5 8 1 ic 8 1 11 8 1 13 8 1 13 8 1

B 1 1711 1 18 11 I 13 11 1 17 &8 1
19 8 1 23 6 1 23 7 1 23 8 1 23 09 1

15 11

-
s
)
SN
-
w

1z 8
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2310 1 23
2z 18 1 23
23 22 1 23
23 28 1 23
34 94
3 6 3
326 3
32 6 32
32 26 3z
9 6 )
17 8 17
5 8 £
23 6 23
23 12 23
23 18 23
23 24 23

23 10
23 16
23 22
23 28

w0
-
=
o

PEHPERRRE mRRPRRRRRER R R R
W
Y

MONITOR PARARMETER VALUES AT GRIDBLOCK{S

T
HUMBER OF MONITOR BLOCKS

MONITOR BLOCKS (I.J.K)
1

3

1z 10
&) 10
26 12

GRID DATA FLAGS:
1

1 2

GRIC DATA CARDS: GRID BLOCK

1.500000E+04
4.000000E+01
Z.000000E+00
1.000000E+02
5.000000E+02
1.000000E+03

GRIC DATA CRRDS: GRID BLCCK

2.728000E+400
1.320000E+00
4_610000E+00
%_5S88000E+01
2.480000E+01
1.000000E-01

GRID DATA CARDS: GRID BLOCK

6.131430E+04
1.834300E+03
4.300000E+00
1.416000E+02
5.310000E+01
$.214100E+03

1
1

5

5.00000C0E+02
1.C00000E+01
1.000000E+01
B, QOOOODE+QL
1.0C0000E+OL
5.0000D0DE+02

4.737200E+01
1.320B00E+0Q0
4.450000E+00
B.5BB000E+OL
B8.50000CE+00

2.131430E+04
1.734300E+01
2.880000E+01
1,830000E+01
1.25B900E+03
2.1726308+04

GRID BLOCK ELEVATICNS

DX's

1.000000E+02
4.3B0000E+Q1
4.380000E+01
2.830000E+02
4.000000E+01
1.500000E+04
DY*s

1.391600E+02
1.320800E+00
1.800000E-01
4.534000E+01
1.730000E+01

Dz's

£.748800E+03
1.262Q0QE+02
1.262000E+02
1.820000E+01
1.458%00E+03
©.17289DE+D4

33% 1.293640E+02

33* 1.544140E+02
1+-3.441824E+01 1%
1* 2,186417E+02 1*
1+ 2.260048E+02 1*
1* 2.266209E+02 1=
1% 2.2914808+02 1=
1* 2.442706E+02 1*
1* 2.531975E+02 1%
1* 2.645415E+02 1+
1% 5.176014E+02
1* 6.014737E+01 1*
1* 3.132073E+02 1%
1% 3.205704E+02 1%
1* 3.211865E+02 1+
1* 3.237137E+02 1*
1* 3,388362E+02 1+
1* 3.477631E+02 1+
1+ 3.591071E+02 1+
1% 6.121671E+02
1% 9, 064270E+01 1*
1* 3.437026E+02 1=
1* 3.510658E+02 1%
1* 3.516819E+02 1+
1* 3.542090E+02 1*

1* 3.6%3315E+02
1* 3.782584E+02
1* 3,696025E+02
1* 6.426624E+02
1* 9.656680E+01
1* 3,496267E+02
1* 3.569839E+02
1* 31.57606QE+02
1* 3.601331E+02
1* 3.752556E+02
1* 3,841825E+02
1* 3,955266E+02
1* 6.485865E+02

1+
1%
1%

1+
1%
1

1+
1+
1+
1~

1.401058E+02
2.238774E+02
2.264743E+02
2.267256E+02
2.343401E+02
2.471764E+02
2.576478E+02
2.754493E+02

2.346714E+02
3.184430E+02
3.210399E+402
3.212912E+02
3.2089057E+02
3.417420E+02
3.522134E+02
3.700149E+02

2.E51668E+02
3.48%3R4E+0Z2
3.515353E+02
3.51786EE+0D2
3.504011E+02
3.722373E+02
3.B27088E+02
4,005103E+02

2.71L05Q%E+02
3,548625E+02
3.574594E+02
3.577107E+02
3.653252E+02
3.781614E+02
3.886329E+02
4.064243E+02

11 1 23 12 1 2313 1 2312 1
17 1 23 18 1 23 19 1 23 20 1
1 23 24 1 2325 1 23 26 1
29 1 23 30 1 23 31 1
NAME=TIME-AVERAGE INTERBLOCK GAS FLOW, X-
iz 1 315 1 323 1 324 1
27 1 328 1 329 1 330 1
iz 1 3z 15 1 32 23 1 3224 1
27 1 2 28 1 3229 1 3z 30 1
12 1 215 1 26 6 1 26 12 1
g 1 1710 1 20 8 1 20 & 1
g 1 210 1 16 & 1 16 ¢ 1
71 23 8 1 23 9 1 23 10 1
13 1 23 14 1 23 15 1 23 16 1
15 1 23 20 1 23 21 1 23 22 1
25 1 23 26 1 23 27 1 23 28 1
31 1 24 6 1 24 7 1 24 8 1
11 1 24 12 1 34 13 1 24 14 1
17 1 24 18 1 24 1% 1 24 20 1
23 1 24 24 1 24 25 1 24 28 1
2% 1 24 30 1 24 31 1
HAME=TIME-AVERAGE INTERBLOCK GAS FLOW, Y-
11 1 i1 11 1 12 11 1 1311 1
8 1 ic & 1 11 8 1 iz 8 1
B 1 17 11 1 18 11 1 12 11 1
B 1 23 6 1 23 7 1 23 8
11 1 2312 1 2113 1 23 1a 1
17 1 23 18 1 23 19 1 23 20 1
23 1 23 24 1 231 25 1 23 26 1
29 1 23 3¢ 1 23 31 1
}

IDXFLAG, IDYFLAG, IDZFLAG, IDEPTHFLAG

T.500000E+02
1.000000E+01
4,00C0CCE+CL
5.0Q00C00E+CL
1.000000E+C2

5.0000CCE+CL
1.3208C0E+CO
2.3%0000E+CL
3.728000E+0L
1.060000E+02

6.5616C0E+03
2.880000E+01
1.000000E+0GL
1.8900C0E+01
2.018900E+02

1.%24630E+02
2.250991E+0Z
2.265790E+02
2.271851E+02
2.385322E+D2
2.417000E+02
2. 5B0B41E+02
2.907201E+02

2.8702B7E+D2
3.1%6646E+D2
3,211446E+02
3.217607E+32
3.34057BE+OZ2
3.422656E+02
3.5264976+02
3.B52R57E+02

3.175240E+02
3.301600E+02
3.516400E+C2
3.522561E+02
3.645932E+02
3.727€03E+02
3.831451E+02
4.157811E+02

3.239481E+02
3.560B41E+02
3.578641E+02
31.581B0ZE+02
3.705173E+02
3.78E8S0E+02
3.3906%2E+02
4.217052E+02

2315 1
2321 1
23 27 1

DIRECTION
3 25
3 31

32 25

3z 31

26 15

20 10

18 10

23 11

23 17

23 23

2328

24 8

24 15

24 22

24 2%

) VI TN Wy Py TR RSN

DIRECTION
14 2. 1
i3 8
17 8
23 9
23 1
23 21
23 27

PR

.000COOE+D2
. 0LCOCGE+OD
.Q00OROE+Q2
.DO00BOE+CL
.0CGO0000E+02

e R

.1DGQORE+OL
.B1l7E00E+00Q
.242000E+01
.G0CO0DE+0L
.330000E+0L

T

.3143C00E+03
.BOOOROE+DD
.323000E+02
.500000E+00
.S2BQC0OE+03

[Ny}

1.000C0CE+02
4.000000E-01
4.9500C0E+02
6,000000E+01
7.500000E+02

8.500000E-01
2.700000E-01
5.242000E+01
7.7000C0E+00
1.566000E+01

2,114300E+03
4.000000E-01
1.435000E+02
2.050000E+01
6.910600E+03

1 2.077333%E+02

1+
1%
1
1+
1+
I
1

1*
1+
1
1-
1=
1+
1+
1+

1+
1=
1+
1w
1+
1%
1%
1%

1%
1%
1%
1
1%
1+
1+
1+

2.255354E+02
2.2566000E+02
2.279264E+02
Z.411029E+02Z
2.483108E+02
2.59305BE+02
2.430774E+02

3.022995E+02
2.201010E+02
3.211656E+02
3.224920E+02
3.354685E+02
3.428764E+02
3.53B714E+02
4.376429E+02

3.327949E+02
3.505963E+02
3.516609E+02
3.529873E+02
3,661639E+02
3.733717E+02
3.B4366RE+02
4.6BL3B3E+D2

3.3B71S0E+02
3.565204E+02
3.575851E+02
3,580114E+02
3.7208B0E+02
3.75255BE+02
3.502503E+02
4.740624E+02
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1*

1
1
1>
1+
1+
2w
i
1

1+
1%
1+
1%
1%
1=
1+

1+
1%
1=
1+

1+
1+
1+

1*
1+
1*

1+
1
1*
1*
1

1%
1+
1=
1w
1+
1%
1
1*
1=
1w
1+
1%
1+
1+
1+

1+
1
1+

1+
1=
1%
1%
1%
1=
1
1*
1%
1=
1+

9.768l67E+01
3.507415E+02
3,5B1047E+02
3.5B720BE+(2
3.612480E+02
3.763705E+02
3.85297%4E+02
3.966414E+02
& .497014E+(2
9.903186E+01
3.520918E+02
3.5584549E+02
3.600710E+02
3.625981E+02
3.777206E+02
1.866476E+02
1.979916E+02
6.510515E+02
1.003524E+02
3.534124E+02
3.6077SSE+02
3.613916E+02
3.€39187E+02
3.790413E+02
3.B79681E+02
3.993122E+02
6.,523721E+02
1.016731E+02
3.547329E+02
3.620561E+02
3.627122E+02
3.652393E+02
2.803618E+02
3 .892BBBE+D2
4.006832BE+02
§.536927E+02
1.036419B+02
3.56701%E+02
3.640650E+02
3.646811E+02
3.672083E+02
3.823307E+02
3.912577E+02
4.026017E+02
£.556616E+02
1.0S0855E+02
J.581454E+02
3.655086E+02
3.661247E+02
3,686518E+02
3.B37743E+02
3.5927012E+02
4.040453E+02
6.571052E+02
1.075252E+02
3.605B51E+02
3.679482E+02
3.685641E+02
3.710914E+02
3.BG62140E+02
3.951409E+02
4.064849E+02
6.595449E+02
1.120545E+02
3.651144E+02
3.724775E+02
3.730336E+02
3.756208E+02
3.907433B+02
3.996702E+02
4.110142E+02
6.640742E+02
1.143691E+02
3.674290E+02
3.747922E+02
3.754083E+02
3.779354E+02
3.930579E+02
4.019848E+02
4.133289E+02
6.66388RE+02
1.264073E+02
1.794672E+02
3.868304E+02
3.874464E+02
3.899736E+02
4.050961E+02
4.140230E+02
4.253670E+02
6.784269E+02
1.645615E+02
4.176214E+02
4.249846E+02
4.256006E+02
4.281277E+02
4.432503E+02
4.521772E+02
4.6835212E+02
7.165811E+02
2.169735E+02

1*
1
1+
1+
1+
1=
1
1+

1%
1+

1®
1=
1%
1%
1

1+
1=
1*
1%

1+
1+~
1w

1+

1+
1%
1+
14

1%

1*
1
1+
1+
1#
1

1*

1=
1+

1
1
1*
1
1+

1
1~
1=
1+
1~
1

1+
1+

1%
1%
1+
1=
1+
1+

1
1~
1w
1+
1+
1+
1w
1~

1+
1%
1%
1~
1%
1%
1*
1

1%
1%
1+
1%
1%
1+
1
1

»

1

2.722057E+02
3.559773E+02
3_.585742E+02
31.588235E+02
1.664400E+02
3.792763E+02
3.89747TTE+02
4.075452E+02

2,735559E+D2
3.%73275E+D2
3.5892244E+02
3.60L757E+02
3.677%02E402
3.B06265E+02
3.510%79E+02
4.0BB554E+02

2.748765E+02
3.586481E+02
3.612450E+402
3.614963E+02
3.691108E+02
3.819471E+02
3.924185E+02
4.102200E+02

2.761971E+02
3.529687E+02
3.425656E+02
1.62B169E+02
3.704314E+02
3.832677E+02
31.%37391E+02
4.115406E+02

2.78l660E+02
3.619376E+02
3.645345B+02
3.647858E+02
3.724002E+82
3.B52366E+02
3.357080E+02
4.135095E+02

2.796096E+02
3.633812E+02
3.559781E+02
3.6622094E+02
3.738439E+02
3 .B66R0ZE+D2
3.971516E+02
4.149531E+02

2.820492E+02
3.65820BE+02
3.654177E+02
3.686699E+02
3.762835E+02
3.891198E+02
3.995912E+02
4.173227E+02

2.86578B6E+02
3.703501E+02
3.729470E+02
3.7315383E+02
3.B0B12BE+0Q2
3.53e431E+02
4.041205E+02
4.219220E+02

2.888931E+02
3.726647E+02
3.752617E+02
3.755130E+02
3.831275E+02
3.959637E+02
4.064352E+02
4.242366E+02

3.009314E+02
3.B47029E+02
3.BT7289RE+02
3.B75511E+02
3.951656E+02
4.0B00L%E+(2
4.1B4733E+02
4.36274BE+D2

3.3%0855E+02
4.228571E+02
4.254540E+02
4.257054E+02
4.333199E+02
4.461561E+02
4.566275E402
4.7494250E+02

3.514976E+02

1w

1-
1+
1
1%
1%
i

1%
1+
1*
1+
1+
1*
1+
1r

1%
1*
1
1%
1#
1
1*
1=

1~
i»

1+
1+
1%
1+
1%

1
1%
1%
1%
1+
1*
1
1*

1-
1*
1+
1+
g
1
1w
1

1w
1w
1
1=
1=
1w
1
1%

1+
1+
1+

1+
1=
1%
1+

1+
1+
1+
1
1~

1=
1+

1~
1*
1
1+
1%

1+
1%

1*

1*
1%
1
1=
1%
1%

*

1

1.245630E+02
J.57198%E+02
1.SBE7ESE+02
3.5923950E-02
2.716321E+02
2.7979598E+02
3.5901840E+02
4.228200E+02

3,259131E+02
3.585491E+02
3.600291E+02
3.606452E+02
3.729823E+02
3.811501E+02
3.915342E+02
4.241702E+02

3.2723378+02
3 .59862BE+02
3.613497E+02
3.619658E+02
3.743029E+02
3.824706E+02
3.92B548E+0Z
4.254508E+02

3.285544E+02
1.611903E+02
3.626703E+C2
3.632864E+02
3.,756235E+02
3.837313E+02
3.941754E+02
4.268114E+02

3,305233E+02
3.631592E+02
3.646352E+Q2
3.6852553E+02
3.775924E+02
3.B5760ZE+02
3.961442E+02
4.287803E+02

3.319668E+02
3,646023E+02
3.660828E+02
3.6669852+02
3.790300Z+02
3.872037E+02
3.975879R+0%
4.30223%E+02

3.344065E+02
3.670424E+0Q2
3.685224E+02
3.65138%E+02
3.814756E+02
3.8%6433E+02
4.000275E+4(2
4.326635E+02

3.389352E+02
3.715717E+4G2
3.730517E+02
3.736678E+02
3.860043E+02
3.941727E+02
4,.045563E+02
4.371928E+02

3.412504E+92
3.758RE4E+02
3.753654E+02
3.759825E+02
3.8831596E+02
3.564B73E+02
4.068715E+Q2
4,395075E+02

3.532BBEE+02
3.B59246E+02
3.874045E+02
3.BB80206E+02
4.003578E+02
4.085255E+02
4,189096E+02
4.515457E+02

3.514427E+02
4.24078LE+02
4.255587E+02
4.261748E+02
4.385119E+G2
4.48567I7E-D2
4.570638E+02
4.B9693FE+02

4.438548E-02

1+
1+
1
1
14
1+
1=
1=

1
1.
1.
1*
14

i
)

1
1
1

1=
1=
1%
1%

1+
1
1%
1+
1%
1
1+
1=

1
1
1
1=
1
1%
1+
1%

1
iv
1=
1
14
1+
1

1*
1+
1+
1=
1+
1+
1=
1=

1+
1+
1%
1¥
1%
1+
1+
1+

1+
1
1=
1
1=
1=
14
1+

1=
1=
1k
1
1~
1=
14
1+

1=
1%
14
1~
1=
1n
1~
1

1

3.398338E+02
3.576353E+02
3.586523E+02
3.500263E+02
3.732029E+02
3.804107E+02
3.914057E+02
4.7517TT2E+02

J.411B40E+02
3.589854E+02
3.600501E+02
3.613765E+02
3.745530E+02
3.81760%E+02
3.%2755%E+02
4.765274E+02

3.425046B+02
3.603061E+02
3.613707E+02
3.626571E+02
3.758736E+02
3.830815E+02
3.940765E+02
4.77B481E+02

3.438252E+02
3.616266E+02
3.626913E4+02
3.64017TE+DZ
3.771942E+02
3.844021E+02
31.953571E+0Q2
4.791686E+02

3.457341E+02
3.635956E+02
3.646602E+02
3.659866E+02
3.751631E+02
3.863710E+02
3.973660E+02
4,.811375E+02

3.472377E+02
3.650392E+02
3.661038E+02
3.674301E+02
3.B06067E+02
3.878146E+02
3.988096E+02
4.825811E+02

3.496773E+02
3.6874788E+02
3.685434E+02
3.46984698E+02
3.830464E+02
3.902542E+02
4.012492E+02
4 .850208E+02

3.542066E+02
3.720081E+02
3.730727E+02
3.743991E+02
3.875757E+02
1.247835E+02
4.057783E+02
4 895500F+Q2

3.565213E+02
3.743227E+02
3.75387IE+02
3.767137E+02
1.898903E+02
3.970981E+02
4.08093ZE+02
4.918647E+02

3.685594E+02
3.863609E+02
3.874255E+02
1.887512E+02
4.019285B+02
4,091363E+02
4.201313E+02
5.032029E+02

4. 067136E+C2
4.245151E+02
4.255797E+02
4.269081E+02
4.4008268+02
4.472505E+02
4.582855E+02
5.420571E+02

4.591256E+02



BRAGFLO, Version 4.10 WPO # 45238
User's Manual, Version 1.20 May 12, 1997

Page 162

1* 4.7003134E+02 1 4.7526%91E+D2 1* 4.76430BE+02 17 4.769271E+02
1* 4.773966E+02 1 4.778661E+D2 1* 4.77970BE+02 1* 4.779317E+Q2
1* 4.7E0127E+02 1* 4.781174E+D2 1* 1.785869E+02 1* 4.793181E+02
1* 4.8051398E+02 1* 4.B57319E+02 1* 4.308240E+02 1* 4.924947E+02

1* 4.956623E+02 1* 4.985631E+02 1% 4.%90917E+02 1* 4.997025E+02
1* 5_045892E+02 1* 5.0903%6E+02 1* 5.09475SE+02 1* 5.106975E+02
1* 5.159333E+02 1» 5.268410E+02 1* 5.421115E+02 1* 5.944891E+02

1* 7.689932E+02

1* 2.861129E+02 1* 4.606370E+02 1= 5.129%43E+02 1* 5.282651E+02
1+ 5.391728E+02 1* 5.444086E+02 1* 5.456302E+02 1* 5.460666E+02
1* 5_4653B0E+02 1* 5.470055E+02 1% 5.471102E+02 1% 5.471312E+02
1" 5.471521E+02 1* 5.472568E+02 1* S_477263E+D2 1* 5.4B4576E+G2
1* 5.496753E+02 1% S_545713E+032 1" 5_600€634E+02 1* 5,616342E+02
1* 5.64BD1BE+02 1* 5.677076E+02 1% 5.6B2311E+0C2 1* 5.6EB420E+02
1% 5.737287E+02 1* 5.781790E+02 1* 5.786354E+02 1* 5.7%8370E+02
1* 5,850727E+02 1* S.95980SE+02 1+ 6.112513E+0% 1 €.636086E+02
1* B.3Bl326E+02

1% 3.71%79%E+02 1% 5.465040E+02 1% 5.988612E+0z i* 6.141321E+02

1* 6.250398E+02 1* 6.302755E+02 1 6.314972F-02 1 §.319335E+02
1* £.324030E+02 1* 6.328B724E+02 1% 6.329772E~02 1* H.325581E+02
1* 6.3301%0E+02 1= 6.331238E+02 1* £.335933E+02 1* 6.343245E+02

1* 6.355461E+02 1* 6.4073B3E+02 1* 6,459304E+02 1* 6.475011E+02
1* 6.5066B7E+02 1* 6.535745E+02 1* E.540981E+02 1= 6.547082E+02
1* 6.5959S6E+02 1* 6.640460E+(2 1* B.644822E+02 1* 6.65703%2E+02
1* 5.709296E+02 1* 6.BLBA74E+D2 1* 6.871163E+02 1* 7.494755E+02
1* 9.239936E+02

1* 4.375799E+02 1* 6.121040E+02 1* 6.644612E+02 1* 8.797321E+02
1* 6.906398E+02 1* §,558755E+02 1* &.8708972E+02 1* 6.975135E+02
1* 6.980030F+02 1* 6.%8B4725E+02 1* 6.983772E+Q2 1* 6.985981E+02
1* 6.986191E+02 1* &.987238E+02 1* 6.9914933E+(2 1 6.999246E+02
1* 7.011462E+02 1* 7.0633B3E+02 1* 7.115304E+02 1+ 7.131011E+02
1* 7.162687E+02 1* 7.1%1746E+02 1+ 7.19639B1E+02 1+ 7.203090E+02
1% 7.251%5HE+02 1* 7,2964608402 1* 7.300823E+02 1* T.313040E+02
1* 7.365397E+02 1* 7.474474E+02 1* 7.6Z71B3E+C2 1* 8.150755E+02
1* 9.855396E+02

1* 4.788B37E+02 1* &6.534077E+02 1* 7_057650E+C2 1* 7.210358E+02
1 7.319436E+02 1* 7.371793E+02 1* 7.38401CE+C2 1* 7.38B373E+02
1% 7.3930€8E+02 1* 7.337762E+02 1* 7.39B8L0E+02 1* 7.399019E+02
1 7.38959228E+02 1= 7.400275E+02 1* 7.404870E+(0Z 1* 7.412283E+02
1* 7.424500E+02 1" 7.476420E+02 1= 7.528342E+0% 1= 7.54404RE+02
1* 7.575725E+02 1* 7.6047TB3B+02 1* 7.6100182+0Z2 1* 7.6lE127E+02
1* 7.664994E+02 1= 7.709497E+02 14 T.T713860Z+02 1i* 7.726C077E+C2
1* 7.778434E+02 1= 7.887512E+02 1* B.040220E+02 1* 8.563793E+02

1* 1.030903E+03
33* 7.977001E+02
33* B.195501E+02
33* B.358001E+02
33* B,524501E+02
33* B.E53501E~+02
33* 9.270001E+02
33* 1.001650E+03
33* 1.031130E+03
33~ 1.039010E+Q3

WELL DATA
o]
DIRICHLET CONDITIONS
T 37
1 24 1 T P 8.520000E+05 0.000000E+00
33 24 1 T F €.520000E+05 0. 000000E+00
1 26 L T F %.000000E+05 0. 000000E+00
33 26 1 T F S.000000E+05 0.000000E+00
1 31 1 T T 1.013250E+05 2.000000E-01
2 31 1 T T 1.013250E+05 2.000000E-01
3 31 1 T T 1.013250E+05 2.000000E-01
4 31 1 T T 1.013250E+05 2.000000E-01
5 31 1 T T 1.013250E+05 2.000000E-01
6 31 1 T T 1.013250E+05 2.000000E-01
7 31 1 T T 1.D013250E405 2_.000000E-01
g 31 1 T T 1.013250E+05 2.000080E-01
2 31 1 T T 1.013250E+05 2.000009E-0L
10 3t 1 T T 1.013250E+05 2.000000E-0%
il 21 1 T T 1.013250E+05 2.000000E~0Q1
1z 31 1 T T 1.013250E+05 2.000C00E-01
1z 31 1 T T 1.013250E+05 2.000000E-01
34 31 1 T T 1,013250E+05 2,000000E-01
15 5 1 T T L.013250E+05 2.000000E-01
18 31 1 T T 1.013250E+05 2.000000E-0C1
17 31 1 T T 1.013250E+05 2.000000E-01
18 31 1 T T 1,013250E+05 2.000000E-01
19 31 1 T T 1.012250E+05 2.000000E-01
20 31 1 T T 1.013250E+03 2.000000E-01
1 31 1 T T 1.013250E+05 2.000000E-01
22 31 1 T T 1.013250E+05 2.000000E-01
23 31 1 T T 1.013250E+05 8.000000E-01
24 31 1 T T 1.013250E+05 2.000000E-01
25 31 1 T T 1.013250E+05 2.000000E-01
26 31 1 T T 1.01325CE+05 2.000CG00E-01
27 31 1 T T 1.013250E+05 2.000000E-01
28 31 1 T T 1.013250E+05 2.000000E-01
29 31 1 T T 1.013250E+05 2.000000E-01
30 31 1 T T 1.013250E+05 2.00000CE-~D1
31 3l 1 T T 1.01l3250E+05 2.000000E-01
32 11 1 T T 1.013250E+05 2.000000E-01
33 11 1 T T 1.013250E+05 2.000000E-01

GRID BLOCK BRINE PRESSURE INITIAL CONDITICONS
2% 1.550225E+D7 29* 1.270000E+07 2% 1.550225E+07
33* 1.520080E+07
1* 1.74d7447E+07 1* 1.537290E+07 1% 1.474243E+07 1* 1.455854E+07
1* 1,442719E+07 1" 1.43641SE+07 1* 1.434944E+07 1% 1.434418E+07
1* 1.433853E+07 1* 1.433288E+0Q7 1* 1.433261E+07 1= 1.433136E+07
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1+
1%
1=
1
1*
1=
1+
1+

1*

1%

1+

1.433111E+07
1.430068E+07
1.411B58BE+07
1.401108E+07
1.38744BE+07
1.082721E+07
1.633574E+07
1.328845E+07
1.319980E+07
1.319238E+Q7
1.316195E+07
1.297985E+07
1.287235E+07
1.273575E+07
%.BBB84B0E+0E
1.5%96R52E+07
1.292125E+07
1.283258E+07
1.2B2516E+07
1.279473E+07
1.261263E+07
1.250514E+07
1.236B54E+07
%.321264E+06
1.585718E+Q7
1.284591E+07
1.276125E+07
1.275383E+07
1.272340E+07
1.254130E+07
1.2433B0E+D7
1.22%720E+07
9.24%5328E+06
1.588376E+07
1.283649%E+07
1.274782E+07
1,274040E+07
1.270997E+07
1.252787E+07
1.242028E+07
1,22837BE+07
9.2316503E+06
1.5BETSOE+Q7
1.282023E+07
1.013250E+05
1.226752E+07
8.22024%E+06
1.5B5160E+07
1.280433E+07
1.013250E+05%
1.225161E+07
9.204342E+05%
1.583570E+07
1.278843E+07
1,011250E+05
1.223571E+07
9.188441E+06
1.581199E+07
1.276472E+07
1.267605E+07
1.266B63E+07
1.263820E407
1.245610E+Q7
1.234860E+07
1.221200E+07
9.164732E+06
1.579460E+07
1.274733E+07
1.2658867E+07
1.265125E+07
1.2620682E+07
1.243B72E+07
1.233122E+07
1.219462E+07
5.147348E+06
1.576523E+07
1.271796E+07
1,262929E+07
1.262187E+07
1.259144E+07
1.240934E+07
1,230184E+07
1.216524E+07
$.117971E+06
1.571069E+07
1.266342E+07
1.257475E+0Q7
1.256733E+07
1.25369QE~+(7
1.235430E+07
1.224730E+07
1,211070E+07
9.063431E+06
1.568281E+07
1.263554E+07
1,254688E+07
1.253946E+07
1.250803E+07
1.2326%3E+07
1.221943E+07

1
1+
1%
1+
1%

1*
1*
1*
1+
1
1*
1%
1

1+
1*
1*
1
1*
T
1*
1=

1*
1%
1*
1~
1=
1
1r
1

1*
1+
1+
1+
1%
1*
1r
1*

1+
1~
1+
1+

1+
1=
1+
1%

1+
1+
1+
1*

1
1~
1+
1+
1+
1
1
1%

1=
1%
1%
1
1=
1*
i
1=

1=
1%
1+
1+
1
1
1+
1+

1*
1w
1%
1*
1~
1*
i
1+

1+
1%
1+
1%
1%
1%
1

1.432985E+07
1.423816E+07
1.408359E+07
1.395T49E+07
1.374313E+07

1.423417E+07
1,322542E+07
1.318415E+07
1.319112E+Q7
1.308343E+07
1.294486E+07
1.281876E+07
1.260440E+07

1.386695E+07
1,28S820E+07
1.28B2€93E+07
1.282390E+07
1.273221E+07
1.,257764E+07
1.245155E+07
1.223713E+407

1,379562E+07
1.278687TE+07
1.275559E+Q7
1.275257E+07
1.266088E+07
1.250631E+07
1.238021E+07
1.216585E+07

1.378219E+07
1.277344E+07
1.274217B+07
1.273%14EB+07
1.264745E+Q7
1.245288BE+07
1.236679E+07
1.215243E+07

1.376594E+07
1.275718E+07
1.235053E+07
1.213617E+07

1.375003E+07
1.274128E+07
1.233463E+07
1.212027E+07

1.373413E+07
1.27253BE+07
1,231872E+07
1.210437E+07

1.371042E+07
1.270167E+07
1,26704QE+07
1.266737E+Q7
1.257568E+07
1.242111E+07
1.229502E+07
1.208066E+07

1.369304E+07
1.26B8425E+07
1.265301E+07
1.26485%9E+07
1.255R30E407
1.240372E+07
1.227763E+07
1.206327E+07

1.366365E+07
1.2654%1E+07
1.262364E+07
1.2620861E+Q7
1.252892E+07
1.217435E+07
1.224825E+07
1.2033%0E+07

1.360912E+07
1.2680037E+07
1.256%210E+07
1,256607E+07
1.247438E+Q7
1.231581E+407
1.219371E+07
1.197936E+07

1.258125E+07
1.257250E+07
1.254122E+07
1.253820E+07
1.244651E+07
1.229194E+0Q7
1.215584E+07

1.4324Z0E+D7
1.417564E+07
1.407728E+Q7
1.395224E+07
1.355925E+07

1.360370E+07
1.321071E+07
1.319283E+07
1.3185478~07
1.3036%1E+07
1.293855E+07
1.281351E+07
1.24205ZE+C7

1.323648E+07
1.284345E+07
1.282567E+07
1.2B1625E+07
1.266965E+(7
1.257134E407
1.,244629E+07
1.205330E+07

1.316515E~07
1.277215E+07
1.275433E+07
1.274651E+07
1.259838E+0%
1.013250E+05%
1.237496E+C7
I.198196E+C7

1.315172E+07
1.275873E+07
1.274091E+07
1.273349E+07
1.258493E+07
1.813250E+05
1.236153E+07
1.196854E+07

1.313548E+07
1.274247E+Q7
1.234528E+07
1.195228E+07

1.311956E+07
1.272657E+07
1.232937E+07
1.193638E+07

1.310348E+07
1.271067E+07
1.23153472+07
1.192048E+07

1.307985E+07
1.26B696E+07
1.266514E+G7
1.266172E+07
1.251316E+07
L.C0L3250E+05%
1.228976E+07
1.189677E+07

1.306257E+07
1,266957E+07
1.265175E+07
1.284433E+07
1.249577Ew07
1.013250E+08
1.227238E+07
1.187938E+07

1.303318E+07
1.284G20E+67T
1.262238E«07
1.2614%6E+C7
1.246640E+07
1.013250E+05
1.224300E+07
1.195001E+37

1.2537865E+Q7
1.258566E+037
1.256783E+17T
1.256042E+07
1.241156E+07
1.0123250E+0%
1.218846E+07
1.179547=+07

1.295078E+07
1.255778E+07
1.251596E+07
1.253254E+07
1.238398E+07
1.013290E+05
1.216059E+07

1*
1*
1
1
1

1w
1=

1
1+
1%
1~
1=
1%

1
1*
1%
1*
1+
1
1+
1=

1%
14
1+
1%
1*
1+
I
1+

s
1=
1
1%
1w
1%
1+
1*

1
1
1
1%

1
1+
1%
1r

1.431539E+07
1.415672E+07
1.4069393E+07
1.393753E+07
1.292878E+07

1.341981lE+07
1.320545E+07
1.319263E+07
1.317665E+07
1.301799E+07
1.2393120E+07
1.279880E+07
1.173005E+07

1.305260E+Q7
1,283824E+07
1.2R2542E+07
1.280945E+07
1.265078E+07
1.256398E+07
1.243158E+07
1.142283E+07

1.298126E+07
1.276690E+07
1.27540BE+07
1.273811E+07
1.257944E+07
1.249265E+07
1.236025E+07
1.135150E+Q7

1.296784E+07
1.273348E+07
1.274066E+07
1.272468E+07
1.256602E+07
1.247922E+07
1.234682E+07
1.133807E+07

1.295158E+07
1.273722E+07
1.213056E+07
1.132181E+07

1.293567E+07
1.272132E+07
1.231466E+07
1.130591E+07

1* 1.291977E+07

1%
1+
1+
1+
1*
1+
1=
1+

1
1
1%
1%
i
1+
1+
1%

1+
1=
1=
1
1+
1
1=
1+

14
1=
1~
1%
1+
1
1.

1+

1+
1+
1~
1=
1%
1%
1+

1.270541E+407
1.229676E+07

* 1.129001E+07

1.2B9606E+Q07
1.26817T0E+07
1.266888E+07
L.2652Z91E+0Q7
1.249424E+07
1.240743E+07
1.227505E+07
1.126630E+07

1.287868E+07
2.266432E+07
1. 265150E+07
1.363553E+07
1.247635E4+07
1.239007E+07
1.225767E+07
1.124832E+07

1.284920E+07
1.263434E+07
1.26221ZE+07
1. 26061 5E+07
1.244745E+07
1.235069E+07
1.222829E+07
1.121954E+07

1.279476E+07
1.258040E+07
1,256758E+07
1.255161E+07
1.239294EB+07
1.230615E+07
1.217375E407
1.116500E+07

1.276689E+07
1.255263E+Q7
1.253871E+07
1,252374E+07
1,236507E+07
1.227824E+07
1.214588E+07
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1% 1.208ZB3E+07 1* 1.195148E+07 1% 1.1767539E+07 1% 1.113713E+07
1* 9.035558E+06

1* 1.553785E+07 1* 1.343629E+07 1= 1.280582E+07 1% 1.262133E+07
1* 1.249058E+07 1% 1.242754E+07 1% 1.241282E+07 i* 1.240757E+07
1* 1.240132E+07 1* 1.239626E+07 1* 1,239500E+07 1* 1,239475E+07
1 1.233450E+07 1* 1.239324E+07 1* 1.23B75BE+Q7 1* 1.237878E+07
1* 1.236407E+07 1" 1.230155E+07 1+ 1.223902E+07 1* 1.222011E+07

1* 1.21B187E+07 1* 1.214698E+07 1% 1,013250E+05 1* 1.213332E+07
1* 1.207447E+07 1* 1.202088E+07 1* 1.201563E+97 1* 1.200092E407
1* 1.193787E+Q7 1* 1.1B80652E+0D7 1* 1.162264E8+07 1+ 1,039217E+07
1* B.B90SYBE+06

1% 1.507841E+07 1* 1.297685E+07 1* 1.234638E+07 1+ 1.2162d9E+07
1% 1.203114E+(7 1* 1.196R09E+07 1v 1.19533BE+07 1+ L1.194813E+07
1+ 1.194246E+07 1+ 1.193632E+07 1+ 1.193558E+07 ir 1,193531E+07
1* 1.133506E+07 17 1.133380E+07 1* 1,19Z814E+07 1+ 1.191934E+0%
1* 1.190463E+07 1* 1.184210E+07 1% 1.177958E+07 1% 1.176067E+07
1* 1.172253E+07 1* 1.168753E+07 1= 1.013250E+05 1* 1,167388E+07
1* 1.161503E+07 1* 1.156144E+07 1* 1.155618E+07 1+ 1.154148E+07
1* 1.147B43E+07 1* 1,134708E+07 1+ 1.116315E+07 1* 1.053272E+07
1* 8.431157R+06

1* 1.444728E+07 1% 1.234572E+07 1% 1.171525E+07 1* 1.153136E+07

1+ 1.140001E+07 1* 1.1136%6E+07 1+ 1.132225E+07 1* 1.131700E+DT
1* 1.131135E+07 1* 1.130569E+07 1+ 1.130443E+07 1* 1.130418E+07
1* 1.,1303%93E+07 1* 1.130267E+07 1+ 1.129701E+07 1* 1.128821E+07
1* 1,127350E+07 1* 1,121098E+07 1 1.114845E+07 i® 1.112534E+07
1* 1.109140E+07 1* 1.105641E+07 I* 1.013250E+05 1= 1.104274E+07
1* 1.098390E+07 1* 1.093031E+07 1= 1.092506E+07 1* 1.031035E+07
1* 1.084730E+07 1* 1.071595E+07 1* 1,053206E+07 1* 5.901595E+06
1* 7.800027E+06

1* 1.361473E+0D7 1* 1.151316E+07 1% 1,DBR2EYE+D7 1* 1.063880E+07

1% 1.056745%E+07 1* 1.050441E+07 1* 1.048970E+07 1* 1.048444E+D7
1* 1.047879E+07 17 1.047314E+D7 1% 1.04718BBE+D7 1* 1.047162E+07 -
1* 1.047137E+07 1* 1.047011E+07 1* 1.046446E+07 1* 1.045565E+07

1* 1.044094E+07 1* 1.D37842E+07 1* 1.031590E+07 ° 1* 1.029696E+07
1* 1,025884E+07 1* 1.022385E+07 1+ 1.013250E+05 1* 1.021019E+07

1* 1.015134E+07 1% 1.009775E+07 1% 1.009250E+07 1* 1.007779E+07
1* 1.001474E+07 1* 5.883394E+06 1* 9.593507E+06 1* 9.069037E+086
1* 6.967471E+06

1* 1.2358074E+07 1* 1.047513E+07 1+ 9.84R706E+06 1% 9.66481BE+06

1* $.533470E+06 1* 2.470423E+06 1¥ 9. 455712E+06 1% 9.45045EE+06
1* 9.444B08E+CE 1* 9.439152E+06 1* 9.437891E+06 1* 9.4376319E+06
1* 9.43738BGE+0H 1* 9.426126E+06 1+ 9.430472E+08 1" 9.421667E+06
1* 9.406956E+DE 1% 9.344434E408 1x 9. 281913E+06 1* 93,262998E+06
1* 9.224B56E+06 1* 9.188865E+06 1* 1.013250E+05 1* 9.176204E+046
1* 89.1173€0E+06 1% 9.063770E+06 1* 9,053516E+06 1* 9.0438035E+046
1* #.9B07SBE+06 1+ 8.849410E+06 1+ 8,665523E+06 1* 8.035053E+06
1* 5.933486E+08

1* 1.179081E+07 1= 9.689240E+06 1+ 9.058770E+08 1* 8.874882E+06
1* B.T7T43534E+06 1* 8.680487E+06 1 8.665777E+06 1* B.6E60523E+06
1* 8.6554869E+06 1* B.649216E+06 1+ 8.6475558+06 1* B.647703E+06
1* 8.647450E+06 1% £.646190E+06 1~ B.640537E+06 1* B.631711E+D6
1* 8.617020E+06 1* 8.554498E+06 1+ §,491577E+06 1% 8.473063E+06
1" 8.434315E+06 1* 8.399928E+06 1+ 1.013250E+25 1+ B.386268E+06
1* 8.327424E+06 1= 8.273834E+06 1* B.26B5BOE+06 1+ B.253B69E+06
1% B.190B22E+06 1* 8.050474E+406 1% 7.B75587E+06 1* 7.245117E+06
1* 5.143550E+06

1% 1.129344E+07 1* 9.131873E+06 1* B.561402E+GE 1* 8.377515E+06
1* 8.246167E+06 1* 8.1683120E+06 1* B.1e8410E+08 1+ A.163155E+06

1* 8.157502E+06 1* B8.151B49E+06 1* 8.150SBBE+(6 1* 8.150335E+06
1* B.150083E+06 1* B.148823E+06 1+ B.143165E+06 1* 8.134364E+0€
1* B.115%653E+06 1* 8.057131E+06 1* 7.934BL0EZ-06 1* 7.%75695E+06
1* 7.937552E+0$§ 1* 7.%02561E+06 I* 1.013250E+035 L* 7.888201E+06
1* 7.8300S7E+06 1% 7.776467E+06 1+ 7.77L213E+08 1* 7.756502E+06
1* 7.633495E+06 1* 7.562107E+06 1+ 7.378220E+06 1* &.747750E+ 08

1* 4.6461B4E+06
22* 2.296527E+06 1* 1.013250E+05 10* 2.296527E+06
22 8.520000E+05 1* 1.013250E+05 10+ 8.520000E+0%
22* 1,837738E+06 1* 1.013250E+05 10* 1.83773BE+06
22* 9.00000QE+05 1% 1.0Ll3250E+05 10+ 9 00Q000E+DS
22* 1.4BlS08E+Q6 1* 1.p13250E+05 1o+ 1.481806E+06
22+« 7.395352E+05 1% 1.013250E+05 10*% T.33535ZE+05
33 1.013250E+05
33* 1,013250E+05
33* 1.013250E+05
GRID BLOCK BRIME SATURATION INITIAL CONDITIONE
33* 1.000000E+00O
33* 1.000000E+00
33+ 1.000000E+00
33~ 1.000000E+30
33* 1.0000Q00E+00
22* 1.000000E+00Q 1* 8.000000E-01 10% 1.000000E=00
22* 1.00000QE+00 1* §.000000E-01 10" 1.000000E+00
8* 1.000000E+0D 7* £.000000E-04 i* 0,000000E+GG 3* 6.000000E-04
3+ 0.00000O0E+DD 1* 8.000000E-01 2* 0.000000E+0D 8+ 1.000000E+00
§* 1.000000E+00Q 7* 6.000000E-04 1* 0.00000CE+00 3 §.000000E-04
3* 0.000000E+OQOQ 1~ 8.000000E-01 2* 0.00000CE+QU B* 1,000000E+0Q0

8* 1.000000E+0Q ?* 6.000000E-C4 1* 0. DRRODODE+DD 3~ £.DDDDDCE-DY
3 0,000000E+00C 1* 8.D0DDOOE-O1 2* 0.000000E+0Q 2+ 1.000000E+0D
22* 1.000000E+0D 1+ B.DCCO00E-OL 10+ 1.000000E+0Q0
22* 1.000000E~+00 1* B.00000CE-0O1 lo* 1.000000E+00
22* 1.000000E+00 1* 8,000000E-01 1o0% 1.0000005<00
22* 1.000000E+0Q 1* 8.0000Q0E-01 10* 1.00000Q0E+00
22* 1.000000E+00 1+ 8.000000E-01 10+ 1.000000E+00Q
22* 1.000000E+DD 1* B.000000E-01 10 1.00Q0000E+00D
22+* 1.000DDDE+DD 1* 3.p0000DE-01 1a*+ 1.000000E+00
22* 1.00C0COE+00Q 1* B.00COD0E-O1 1p* 1.000000E+OD
1

22* 1.000000E+00 1* 8.0000C0DE-OL 10* 1.0CCO00E+00
22* 1.000000E+Q0 1% B.00DOCOE-0O1 10* 1.00CO000E+00
22* 1,000000E+00 1* B.DDOODOE-OL1 10* 1.000000E+0Q
22* 1.00000Q0E+Q0 1* 0.0600000E+QD 19% 1.000000E+00
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22* 1.000000E+00 1* 8.000000E-Q1 10* 1.0B0CO0E+Q0
22* 1.000000E+00 1* 8.00QQ00E-01 10= 1.000000E+00
22* 1.000000E+00 1* B.000000E-D1 10 1.4000008+00
22* 1,000000E+00 1* B.0Q000D0E-0]1 10* 1.000000E+00
22* 1,000000E+00 1* B.00Q000E-01 10* 1.000000E+00
22* 1.000000E+00 1* 8.000000E-0] 10* 1.00QQ00E+C0
22~ 2.000000E-01 1* 8.000000E-01 10* 2.000000E-01
22* 2.000000E-01 1* &.000000E-OL 10* 2.000000E-C1
22* 2.000000E=01 1* §.000000E-OL 10+ 2.000000E-Q1
GRID BLOCK PE CONCENTRATION INITIAL CONDITIONS

33* 0.000000E+00

33* 0.000000E+Q0

33* 0.000000E+00

33* 0.000000E+00

33* ©.000000E+DD

33* 0,000000E+00

33* 0.000000E+00

B8* 0.000000E+00 7* 1,575201E+02 1* 0.000000E+Q0Q
14* 0.000000E+00

8% 0.0DDDOOE+DD ?* 1.575201E+02 1* 0.000000E+00
14% 0.000000E+00

8* 0,000000E+00 7* 1.575201E+02 17 0.000000E+00

14* 0.000000E+0Q
33* 0,0D0000E+00
33* 0.0D0D000E+00
33* 0.000000E+0D
33" 0.000000E+00
33* 0.000000E+00
33* 0.000000E+00
33+ 0.000000E+00
33* 0.000000E+00
33* 0.000000E+00
33* 0.000000E+00
33* 0.000000E+00C
33* 0.000000E+00
33* 0.000000E+0Q
33" 0.00000QE+00
33* 0.000000E+00
33* 0.000000E+00
33* 0,000C00E+0Q0
33* D.DCDOCOE+00O
33+ 0.00C0C0E+00O
23* 0.000000E+CO
33* 0.00000CE+Q0
GRID BLOCK CHE2ZQ CONCENTRATICN INITIAL CONDITIONS
33* 0.0000CCE+CD
33+ (.000000E+CC
33* 0.000000E+00
33* 0,000000E+00
33* 0.000000E+00
33* 0.00000QE+00
33~ 0.000000E+00
8* 0.000000E+0DD * 9,244771E+01 1* 0.00000CE+QOD
14* 0.000000E+00
8* 0.000000E+00 7* 9.2447T71E+01 1* 0.000000CE+C0Q
14* 0.0000D0E+00
g4 0.000000E+00 7* 9,244771E+01 1* 0.C00000E+Q0
14* 0.C00000E+00
33* 0.000000E+00
33* 0,000000E+00
33* 0.0000Q0E+00
33" 0.C0CCOOE~00
33* 0.000000E+00
33* 0.000000E+00
33* 0.000000E+00
33+ D.000000E+00
33* 0.000000E+00
33* 0.000000E+00
33* 0.00Q000E+00
33* (,000000E+Q0Q
33* 0.000D00E«00
33* 0.000000E+00
33* 0.000Q00E+00
33* 0.000000E+00
33* 0.000000E+00
33* 0.00CQQ0E+0Q0
33* 0.00C000E+0Q0Q
33" 0.000000E+00
33* 0.00000CE+0DD
DSATLIM, DPRESLIM, SATLIMIT
2_.00Q0E-01 ~1,0000E+08 1.0000E-03
SATNCRM, FRESNORM: NOMINAL CHANGE DEPENDENT VARIARLE
3.0000E-01 5.0000E+05
HMAXTMUM ALLOWABLE VARIABLE CHANGES: DSAT MAX DPRES_MAX
1.0000E+00 1,0000E+0Q7
CONVERGENCE TEST FLAG: 0=CR/1=AND
1
EPS_SAT, EPS_FRES: NORMAL CONVERGENCE CRITERIA
3.0000E+00 1.0000E-02
EPS_SAT, EFS_PRES; RELAXED CONVERGENCE CRITERIA
3.0000E+00 1.0000E-02
FTOL_ SAT FTOL_FRES: MNORMAL RESIDURL' TOLERANCE
1.00CCE-02 1.0000E-02
FTOL_SAT PTOL_PRES: RELAXED RESIDUAL' TOLERANCE
1.0000E-02 1.0000E-02
GAS TRANSPORT TOLERANCES
1.00GCE-05 1.0000BE-05 1.C0CCE-0QS 1.0000E-C5
LINEAR EQUATION SCLVER TYFE
U
ITMAX, IRESETMAX, IJACINT, LSCALE, P_SCALE, LVARSWITCH

3+ 1.575201E+02
a* 1.575201E+02

3+ 1.575201E+02

3* 9.244771E+01
3* 8.244771E+01

3* 9.244771E401
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B 40 i T 1.0000E+07 F

IUFRPFLAG, IUPMFLRG, DT_REDU, ITRAVE, IMFRAVE
9 9 5.0000E-01 1 ]

IJACSWITCH, IJACMIN. LJACRESET., IUPRFPLOOSE., IUPMFLOOSE

41 1 5 9 g
DHSAT_REL, DHFAES_REL: REL. CHANGE FOR JRCOBIAN ELEMENT CALCS

1.0000E-08 1.0000E-08
DHSAT_MIN, DHFRES_MIN: MIN. CHANGE ARLLOWED FOR JRCOEIAN CARLCS

1.0000E-10 1.0000E-02
NUMBER OF TIMES FOR SPECIFYING MATERIAL MAP
8
START TIME FOR MAP 1
-1,5775E+08
MATERIAL TYFE GRID MAF

2* 10 29+ 11 2* 10

33* 10

33* 1

33« 1

33+ 1

g 3 14+ 2 1+ 3 2% 2 8* 3
g§* 1 14% 2 i g 2r 2 B* 1
g 1 7€ i~ 9 7 1* & &~ 8 1 s 2% 8 B* 1
B 1 A 1+ 9 3 7 1= & 2+ 3 1= & 2* 8 g 1
g* 1 7* & 1 9 3* 7 1+ g 2* 3 1~ ¢ 2* 8 g* 1
g§* 1 14% 2 1 9 2% 2 B* 1
g% 4 14* 2 1+ 9 2+ 2 B* 4
8% 1 14*% 2 i 9 2 2 B 1
ar 1 14> 2 1* 9 2% 2 g* 1
22 5 1= § 10 S

az- 1 1* § 10 1

22* 1 1+ 5 1o0* 1

22% 1 1* 9 10+ 1

22+ 1 i & 10+ 1

22* 1 i 9 1o~ 1

22+ 1 i~ 9 10 1

22+ 1 1* 9 10+ 1

22* 10 i+ % 10" 10

22* 10 i~ 9 10" 10

22* 10 1* § 10* 10

22+ 10 1i* g 1a* 140

22* 10 1* 5 10+* 10

22% 10 1i* 9 10~ 10

22* 1o 1* 9 10* 10

a2~ 10 ir 9 10+ 10

22+ 10 i+ 9 10* 10

START TIME FOR MAP 2

0.0000E+0D
MATERTAL TYPE GRID MAP
2* 10 29* 11 2* 10

33+ 10
33+ 1
33* 1
33+ 1
8% 3 14* 2 1= 27 g+ 2 a* 3
8 1 14 2 1+ 27 2+ 2 8 1
8+ 1 712 1+ 42 3% 13 1+ 42 2% 21 1+ 27 2% 22 gx 1
g* 1 r 12 1= 42 3* 13 1x 42 2* 21 1+ z7 2+ 22 8+ 1
g* 1 7= 12 1* 42 313 1r 42 2T 21 1+ 27 2+ 22 gt 1
8* 1 14+ 2 1+ 27 2% 2 g* 1
8* 4 14* 2 1* 27 2% 2 g* 4
B 1 14* 2 1= 27 2. 2 g 1
a1 14* 2 1* 41 a* 2 g* 1
22 5 1+ 41 10* S
az+ 1 1* 33 10+ 1
22+ 1 1* 28 10% 1
22+ 1 1* 28 10~ 1
22* 1 1* 36 10 1
22+ 1 iI* 36 107 1
22* 1 1+ 26 10* 1
22+ 1 1* 25 10* 1

22+ 14 1* 24 10* 14
22+ 15 1+ 24 10* 15
22* 16 1* 24 10* 1lg
22* 17 1* 24 10* 1%
22+ 18 1= 24 10* 1%
22*% 1% 1+ 23 10+ 18
22* 19 1= 23 10» 19
g2* 20 1+ 23 10*% 20
Z2*% 20 1* 23 1o0* 20
START TIME FOR MAP 3
3.1557E+08
MATERIAL TYPE GRID MAF
2* 10 29* 11 2* 10

33+ 10
33~ 1
33 1
33 1

B* 3 14* z 1+ 27 2+ 2 8t 3

g 1 14% 2 1+ 27 2 g* 1

g+ 1 F* 12 1x 42 3% 13 1+ 42 2% 21 1* 27 2% 22 5% 1
s* 1 7% 12 LV 3* 13 1~ 42 2% 21 1 27 2% 22 g+ 1
g 1 T 12 1* 42 3= 13 1~ 42 2" 21 1~ 27 2% 22 g* 1
8= 1 14* 2 1 27 2* 2 g* 1

8* 4 14+ 2 1+ 27 2* 2 B 4

g 1 14+ 2 1* 27 2% 2 B+ 1

& 1 14% 2 1+ 41 x 2 3% 1
2% 5 1~ 41 10~ 5
az2r 1 1* 34 10* 1
22+ 1 1* 29 10* 1

1 1

1* 29 10*
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22+
22+
22+
22
22~
2z*
22+
22
2z
22"
22>
a2+
22+

1+

START TIME FOR
7.8892E+DB
MATERIAL TYPE GRID MAP

a%
33"
33"
33
33+

g*

8¥

a*

gr

B~

g

g+

g+

g
2z~
2+
22*
22~
22
i
a2+
22*
22+
2z%
22
22
22+
22+
22+
22"
22+

10
10

FHERRRRURRBRBEREFRRERSWBRE R

20

25>

14~

1

11

23

10" 1
10* 1
10+ 1
10+ 1
10* 14
10* 15
10" 16
10* 17
10* 18
10+ 19
10% 19
10" 20
10= 20
MAP 4

2* 10

1
ip* 1
10 1
10+ 1
i0* 1
19 1
10* 14
10+ 15
10* 16
10* 17
19= 18
10* 19
10+ 19
10* 20
19 20

START TIME FOR MAP &
1.557EE+09
MATERIAL TYFE GRID MAP

2%

33*
33
33+
g
g
g+
g*
g+
=
a
g
8+
i
22
22
22
22+
i
22+
22%
22~
22+
22
rrid
il
22~
22>
22+
rrdd

10
10

[Ey N
T N N T Sy T URT N S P T T

17
1s
19
19
20
20

29"

14+
14~

11

2* 10

1+ 27
1* 27
1= 42
1* 42
1* 42
1* 27
v 27
1~ 27
1* 21
10+ 5
1o+
1p* 1
g~ 1
1o 1
1= 1
1+ 1
1o+ 1
10* 14
10* 15
1o* 16
10+ 17
10+ 18
1o+ 19
1o* 1%
10* 20
10+ 20

START TIME FOR MAP 6
3.1557E+09
MATERIAL TYFE GRID MAP

2%
EEL]
33+
33~
33w
g
g+
Et
g+
g+
B
81
B+
g
22*
22~

10
10
1

FURP&HRERER LR R

23

14"
1la~
7

T
14
14"
14*
144

[y
s

11

2+ 10

1* 27
1* 27
1~ 42
1+ 42
1* 27
1= 27
1+ 27

g+ S
g 1

4z
42

[SyTyr .

2%
2w
e

2%
2%
2%

2
I
2

21
Z1
a1

21
21
21

2
21
21

1w
1+
1+

1=
1+
1+

1=
1w
1+

27
27
27

27
27
27

2w
Z*
2

v
o
2+

9
2
2%

22
2z
2z

22
22
22

22
22
2z

g+
g*
B

g
A
g

g+
g+
a+

1
1
1

1
1
1
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22+ 1 1* 32 10* 1
22% 1 1* 32 10* 1
22 1 1® 38 10 1
22* 1 17 38 1p* 1
22* 1 1* 27 1p* 1
22* 1 1® 25 1o* 1
22* 14 1% 24 10% 14
22% 15 1% 24 10* 15
22* 16  1* 24 10% 16
22% 17 1* 24 i0* 17
22* 18 1* 24 10* 1%
22* 19 1+« 23 10* 19
22+ 13 1+ 23 1D0* 19

20

22+ 1~ 23 10 20
22* 20 1+ 23 10* 20
START TIME FOR MAP 7
6.3114E+09

MATERIAL TYFE GRID MAP
2+ 10 2%+ 11 2* 10

ii* 10
33+ 1
33+ 1
33 1
B 3 14¢ 2 1+ 27 2 2 g 3
B* 1 14% 2 1* 27 2 2 g§* 1
g* 1 712 1* az 3¢ 13 1- 42 2r 21 1+ 27 2+ 22 g% 1
a* 1 712 1* 4z 3v 13 1* 42 2* 21 i+ 27 2+ 22 g% 1
B* 1 12 1* 42 3+ 13 1+ 42 2* 21 v 27 ar 22 g+ 1
B* 1 l14a* 2 1~ 27 2*x 2 g* 1
s* 4 14 2 1* 27 2% 2 a* 4
g* 1 14 2 1~ 27 2% 2 g+ 1
g* 1 14* 2 1* 41 2t 2 8 1
22* 5 1* 41 10* 5
22+ 1 i* 35 10* 1
22 1 1* 32 10* 1
22 1 1* 32 1% 1
2% 1 1* 39 10* 1
22 1 i+ 39 1o0* 1
2z* 1 1= 2% 1o+ 1
22+ 1 i* 25 19« 1
a2* 14 i* 24 10* 14
22= 15 i 24 10* 15§
22* 16 1* 24 10~ 16
22+% 17 1* 24 10* 17
22+ 18 1* 24 140* 18
22* 19 i= 23 10* 19
22* 19 1= 23 10~ 19
22+ 20 1* 23 10* 20
22+% 20 1* 23 140* 20
START TIME FCR MAF 8
1.2623E+10
MATERTAL TYPE GRID MAP
2% 10 29+ 11 2* 10
33*% 10
33+ 1
33 1
33+ 1
B* 3 14* 2 1= 27 2* 2 g* 1
B 1 la* 2 1* 27 2+ 2 g+ 1
g 1 712 1% 42 3* 13 1= 42 2+ 21 1= 27 z* 22 g* 1
8* 1 7= 12 1+ q2 a* 13 1* 42 2" 21 1+ 27 2+ 22 5% 1
1 7= 12 1r 42 3* 13 i= 42 2= 21 1« 2% 2+ 22 g« 1
B* 1 14* 2 1~ 27 2+ 2 g* 1
B* 4 14" 2 1+ 27 2~ 2 B* 4
Br 1 14* 2 1+ 27 2+ 2 g~ 1
B 1 14~ 2 1* 41 2% 2 g+ 1
22* 5 i 41 10* 5
az* 1 1* 35 10T
22* 1 1% 32 10+ 1
2% 1 i+ 32 1o0* 1
22+ 1 1* 40 1o+ 1
2z% 1 1 40 10 1
22* 1 ir 27 10* 1
2% 1 i+ 25 10* 1

22* 14 1* 24 10* 14
22* 15 1+ 24 10* 15
22* 16 i+ 24 10* 16
22+ 17 1* 24 10* 17
2% 18 i+ 24 10* 18
22* 19 1+ 23 10* 19
22+ 19 1= 23 1o 1w
22+* 20 1+ 23 10* 20
23*% 20 1* 23 10* 20

L] NRME
S_HALITE
2 DRZ_0
3 S_ME139
4 S_ANH_AE
5 S_MB13B
6 CAVITY_Ll
7 CAVITY_2
B CAVITY_3
g CAVITY_ 4
10 IMFERM_Z
11 CASTILER
12 WAS_AREA
13 REPOSIT
14 UNHMAMED
15 CULEEBRA

18 TRMARISK
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17 MAGENTA

18 FORTYNIN
139 DEWYLAKE
20 SANTARDS
21 BACKFILL
22 EXP_AREA
23 EARTH

24 CLAY

25 ASPHALT

26 CONC_T1

27 CONC_T2

28 CL M Tl

29 CL_M_T2
30 CL_M_T3

31 CL_M_T4
32 CL_M_T5
33 CL_L_ Tl
34 cL_L_T2
as CL_L_T?}
36 SALT_T1
37 SALT_T2
38 SALT_T3
39 SALT_T4
40 SALT_T5
41 CLAY._BOT
42 FAN_S_1
NWST

2

MAT, WASTED  MAT_WASTE
& 7

12 13

NDRZ

0

NMATRESET

4

MATRESET

& 7 8 39

BORE HOLE MATERIAL NUMBER
0

RESET TIME, ICWASTE

0.0000E+00
POWASTEIC
1.013250E+05
1.013350E+05
SOWASTEIC
0.000000E+0OC
0.000000E+DD

PRESDRZ
# LAMBDA
1 7.000000E-01
2 7.000000E-01
3 7.000000E-01
4 7.000000E-01
5 7.000000E-01
6 7.000000E-01
7 7.000000E-Q1
8 7.000000E-01
% 7.000000E-01
10 1.0C0000E+QD
11 7.0000C0E~0L
12 7.000000E-01
13 7.000000E-01
14 7.000000E-01
13 7.000000E-01
16 7.000C0O0E-QL
17 7.000000E-01
18 7.000000E-0L
12 7.000000E-01
20 7.000000E-01
21 7.000Q00E-0C1
221 7.000000E-01
23 1.700000E+00
24 1.900000E-01
25 7.000000E-01
26 7.000000E-C1
27 7.000CCOE~OL
28 1.9%00000E-01
29 1.9%00000E-0C1
30 1,90000CE-01
31 1.900000E-01
32 1.900000E-01
33 1.900000E-01
34 1.900000E-02
35 1.300000E-01
38§ 7.000000E-01
37 7.000000E-0L1
38 7.000000E-01
19 7.0004040E-01
40 7.000000E-01
41 1.900000E-01
42 7,000000E-01
# SEMIN
1 3.15c000E-01
2 0.000CCOE+00
% 2.100000E-01
4 2.100000E-01
5 2.100000E-01
6 0.0000Q0E+Q0
7 0.0C0000E+QQ

1

SOR
3.000000E-01
0. 000000E+00
2., 000000E-01
2.0000008-01
2.000000E-01
0.000000E+00
0.000000E+DC
0.00000DE+0C
0.0000DDE+LE
0.000000E+00
2.000000E~01
2.000000E-01
2.000000E-01
2.000000E-01
2.000000E-01
2.000000E-01
2.000000E~01
2.000000E~01
2.000000E-01
2.000000E-01
0.000000E+00
0. 000DLLE+DD
2.210000E-01
2.240000E-02
0.000000E+00
2.000000E-01
2.000000E-01
2.240000E-D2
2.240000E-02
Z.240000E-02
2.240000€-02
2.240000E-02
2.240000E-02
2.240000E-02
2.240000E-02
2.000000E-01
2.000000E-01
2.000000E-01
2.000000E-QL
2.000000E-01
2.240000E-02
2,000000E-01
FEMIN

1.013250B+05
1.013250E+05
1.013250E+05
1.013250E+05
1.013250E+05
1.013250E+05
1.013250E+05

SGR

2.
0.
1.
1.
1.
o,
0.
c.
0.
0.
2,
2.
2.
2.
2.
2,
2.
2.
2.
2.
a.
D.
2.
2.
0.
2.
2,

000000E-01
00D0Q0E+00
650000E-01
650000E-01
£50000E-01
QC0000E+0D
000000E+00
OCOOOCE+Q0
0C0DOCE+OD
C00C00E+DD
0CCNROE-CGL
cooo0ceE-01
000000E~01
0000DDE-DL
000Q00E~C1
00000CE-01
C00000E-01
000000E-Q1
000000E~01
000000E-01
Q00000E+Q0
0LUOOUE+00
OCO00OE-01
240000E-02
00000CE+DD
000000E-D1
00C000E-01

2.24000CE-02
2.240000E-02
2.240000E-02

2,
2.
2.

240000E-D2
240C000E-0D2
240000E-02

2.24C000E-02
2.240000E-02

2.
2.
2.
2.
2.
2.
2.

000000E-01
000000E-01
Q00000E-01
0000002-01
000000E-01
240000E-02
000QQOE-01

PCHAX

1.

COQQQOE+08

1.0000QCE+0B
1.CCOO0OOE+QR
1.c0o00OE+O8
1.
1
1

000000E+DE

. 000000E+0SE
.000C00E+08

PCT_A

9. 000000E=05
0.000000E+00
2_6102&88E-02
2.630268E-02
2.630268E~02
0.000000E+00
0.000000E+O0O

PCT_EXT

0.
0.
-3
~3.
-3.

[=R=]

000000E+00
GO00D0DDE+OO
460000E-D1
460000E-0L
460000E-01

-0000CQE+0D
. ODOCCOE+DD

[N NS

RN E N

KRP KPC KTP

[

[=R~=N-Rei=g]
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8 0.00DO0OE+00 1.013250E+05 1.000000E+08 {.00C000E+00 0.000000E+00

9 D.0OOOONE+00 1.013250E+05 1.000000E+08 0.00DOCOE+00 0.000D0DE+DD
10 0.000000E+0D 1.013250E+05 1.000000E+08 D.DDCQCOE+0DD O.DDDDODE+0D
11 2.100000E-D1 1.013250E+05 1.000000E+0B 5, 600000E-D1 -3.460000E-01
12 2.100000E-D1 1,013250E+05 1.000000E+D8 5. 600000E-D1 -3 _460000E-01
13 2.100000E-01 1.013250E+05 1,0000D0E+DS 5.60D000E-01 -3.4600Q0E-01
14 2.100000E-01 1.013250E+05 1.00DDOOE+D8 0.000000E+QC 0.000000E+00
15 2.100000E-01 1.013250E+05 1.000000E+08 5_500000E-01 -3.460000E-01
16 2.100000E-01 1.013250E+05 1.000000E+08 '0.000000E-D0 Q.000000E+00
17 2.100000E-Q1 1.013250E+05 1_00000Q0E+08 5.600000E-01 -3.460000E-Q1
18 2,100000E-01 1.01325DE+05 1.Q00000E+08 0.000000E+00 (.00000DE+Q0
18 2.100000E-01 1.013250E+05 1.000000E+08 0.C00000E+G¢ 0.00C000E+00
20 2,100000E-01 1,013250E+05 1.000000E+08 0.000000BE+00 0.00CO0UE+0Q
21 0.00000CJE+00 1.013250E+05 1.000000E+38 (,0Q0000E+00 §.000000E+00
22 0.00C000E+00 1.013250E+05 1,000000E+08 0,00CCCOE+CCE  O.0CDG0O0E+DD
23 2.320500E-01 1.013250E+05 1.000000E+08 1.42200DE+(4 0.C0CCDOE+0D
24 2.352000E-02 1.013250E+05 1.0DO000DE+D8 1.500000E+06 0.CCDDODE+DD
25 0.000000E+D0 1,013250E405 1.000000E+08 (.00000CE+0C O.DODDOOE+QQ
26 2.100000E-01 1.013250E+05 1,000000E+C8 1,500000E+0& (.000Q00E+00
27 2.100000E-D1 1.013250E+05 1.0D00CCE+D8 1.500000E+06 0.000D0QE+00
26 2.352000E-02 1.023250E+05 1.CCOCOOE+OB  1.500000E+06 0.000000E+00
25 2.3)520008-02 }.013250E+05 1_QOCDODE+08  1.500000E£+06 0. 000000E+00
30 2.352000E-02 1.013250E+05 1,Q00000E+08 1.500000E+D6 {.0CCOO0QE+DC
31 2.352000E-02 1.013250E+05 1.000000E+08 1.5C0000E+06 0.000DDDE+OD
32 2.352000E-02 1.013250E+05 1.000000E+08 1.500000E+06 0O.000000E+00
33 2.352000E-02 1,013250E+05 1.000000E+08 1.500000E+06 (.000000E+00
34 2,352000E-02 1.013250E+05 1.00G0CCE+0B 1,5D00CCE+CE (. 00000Q0E+Q0
35 2,352Q00E-02 1.013250E+Q5 1.0CCCODE+0R  1.5000C0E+D6 O.C000000E+0D
36 2,100000E-01 1,013250E+05 1,000000E+DB  3.90CC00E+04 O, Q00000E+00
17 2.100000E-01 1.013250E+05 1.00DDDDE+08 2. 1800C0E+05 0.000000E+00
38 2.100000E-01 1.013250E+05 1.00D0CCE+08 §.470000E+05 0.00DDDOE+00
39 2.100000B-C1 1.013250E+Q5 1.CCQCOCOE+CB 4.700000E+04 0.000000E+00
40 2.100000E-01 1.013250E+05 1.00C0COE+0E 4.700000E+06 0.000000E+0D
41 2.352000E-02 1.01325QE+05 1.000000E+08 1.500000E+06 {.000000E+00
42 2,10000DE-01 1.013250E+05 1.000000E+08 0.00C000E+QQ 9. 000000E+00
PERMK PERMY PERMZ PCROSITY COMPRES
1.DDDCOCE-1 1.00000DE-21 1.000000E-21 1.000000E-02 §.054475E-D9
1.0C000QE-15 1.000000B~15 1. 000000E-15 1.000000E-02 8.279475E-08
2.511884E=19 2,5L1884E-19 2.511884E-19 1.30000DE-02 4.120777E-09
2.511884E-1% 2.511884E-19 2.511884E-15 1,5%00000BE-02 4.120777E-09
2.511884E-1% 2.511884E-19 2,511BB4E~1% 1,S0C000E-02 4.120777E-09
1.000000E-10 1.000000E-1C 1,000000E-10 1,00CCC0E+00 0,00Q000E+00
1.000000E-10 1.000000E-10 1,0D0000E-10 1.0000C0E+00 (.000000E+00
1.000000E-10 1.000000E-10 1.000000E-10 1.00C00C0E+00 0.000000E+00
1.900000E-10 1.000000E-10 1.000000E-10 1.000000E+00 0.000000E+0Q
1.000000E-35 1.000000E-35 1.000000E-35 5.000000E-03 0.000000E+00
1.330453E-11 1.330453B-11 1.330453E-11 5.200000E-03 1.923077E-07
5.5B4699E-12 5.58469%E-12 5.52465%9E-12 B.810350E-01 1.203130E-09
5.5846%9E-12 5.584699E-1% 5.584699E-12 $§.510350E-0L 1.203130E-09
1.000000E-35 1.000000E-35 1_000000E-35 2.000000E-01 0.000000E+00
15 2,64R502E-13 2.64B502E-11 2.648502E-13 1.450000E-01 1.417160E-0QY
1.000000E-35 1.CC0000E-35 1.000000E-35 2,000000E-01 0.00000QE+00
17 1.096478E-16 1.096478E-16 1.096478E-16 9.000000E-0G2 2.199962E-09
18 1.000000E-35 1.000000E-35 1,000000E-35 2.DCOCO0E-01 ©.CCCCOCE+DD
19 9.332549E-16 9.332549E-16 5.332549E-LE 1.5000C0E-01 €._666667E-08
20 1.00000CE-10 1.000000E-1§{ 1.000000E-10 1 750000E-01 5 714286E-08
21 1.000000E-21 1.000000E-11 1,Q000000E-11 1.000CCOE+(0 {0.0QQQ00E+00
22 1.000000E-11 1.0000CCE-11 1.Q00000E-11 1_.0000C0E+00 0.000000E+00
23 1.000000E-14 1.000000E-14 1.000C00E-14 2.500000E-01 0.000000E+00
24 9.99%992E~19 9.999959E-19 9_999999E-19 2.500000E-01 ©0.000CO0E+DQ
25 3.311315E-17 3.311315E-17 3.311315E-17 1.000000E-02 ©.00000QE+00
26 5.000338E-19 %.000338E-1% 5.0003318E-19 <7.500008E-02 0.000000E+00
27 1.000000E-14 1,000000E-14 1.000000E-14 7.500000E-02 0. 0OCODOE+DD
28 3.83705%E-17 3.B37069E-17 3_837063E-17 7.500000E-G2 ©.CCOOQCE+0O
29 2.529297E-17 2.529297E-17 2.529297E-17 7.50000CE-GZ 0.0C0CQCE+DO
30 1.5B1246E-17 1.581246E-17 1.581246E-17 7.50000CE-0Z 0.000000E+00
31 6.531313E-18 6,531313E-18 6£.531313E-18 7 500000E-0Z . 0000QQE+00
32 9.999999E-19 5.999999E-19 9.999999E-19 7.500000E-02 0.000000E+00
33 4.677352B-17 4.677352E-17 4.677352E-17 7.500000E-02 0.000000E+00
34 9.078209E-18 9.078209E-18 9.078209E-18 7.500000E-02 Q.000000E+Q0
1S 9.999999E-15 5.999993E-19 5.9539959E-12 7.50C000E-02 0.000000E+00
36 1.000000E-14 1.0000D0E-14 1.000000E-14 4.000000E-02 0.00Q000E+0D
37 6.998409E-17 6.95B409E-17 €.998409E-17 4.000000E-02 [.00000DE+0D
38 9.,%599999E-19 9.999999E-139 9.999999E-19 4.000000E-02 (¢.0000DOE+DD
35 3.303898E-21 3.303658E-21 3.303688E-21 4.000000E-0G2 0.000000E+00
40 1.000000E-21 1.000000E-21 1.000D0DE-21 4.0000COE-02 0. 000000E+0Q
4l 9.999999E-1% 9.999999E-19 9.555599E-19 7.500000E-0Z 0.000000E+00
42 1.000000E-12 1.000000E-12 1.000000E-12 7.500000E-02 1.333333E-08

FRACTURE MODEL DATA TO FOLLOW :T OR F

N P P N N A P R R P PO G S S g
FENNNRNRNBNNHNRORNRNROBRNNNENN SRR RB RSN RanR e
COoO0000OOO0D0O000OD0O0COo0D0 0L OO00DODCO

3=
HOoOW®-1Mua Wk =

=
o L

[
>

T

NFRRC

3

¥ DELTA_PI DELTA_PF FRAC_PHI FRAC_EXP IFRX IFRY IFRZ
3 1.BOOOOOE+06 2.500000E+06 2._900000E-02 5,32082B8E+01 1 1 0
4 1.300000E+0§ 2.50C000E+06 2.900000E-02 5.320828E+01 1 1 4

5 1.800000E+06 2.500000E+06 2.300000E-02 5.320B28E+01 1 1 a
KLINKENBERG EFFECT TC BE USED? True or False

T

BELINK EXPKLINK

9.B00C0E-01 -3_.300C00E-01

REFERENCE TEMPERATURE AND PRESSURE FOR DENSITY CALCULATIONS
3.00150E+02 1.01325E+05

SALT(WT.%!] DEN_BR KGSAT IDGAS COMPR_ER

2.5600E+01 1.2300E+02 1 0 2.5000E-10

VISC_BR VISC_GAS

L.80000E-03 8.92000E-06
GAS DENSITY DATA: =0 COMPUTE; =1 INTERPOLATE

1

GAS MOLE FRACTIONS FOR H2Z, €02, CH4, N2, H2S, AND 02

1.0000E+00 0.00QCQE+D0 Q0.0000E+0C C.CCCCE+0C ©.0C0CE+C0 O.0000E+00 1 1
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IGRSVAR (2= REACTION PATH, 1= USING AVG. STOICK. . 0= USING WELLS}
1

RATE COMSTANTS: CORROSION (RKCOR) AND BIODEGRADATION (RKRIO)
3.0437E-08 2.6642E~-Q7
HUMIDITY FACTQRS: HUNFAC_COR, HUMFAC_BIO
d.0000E+00 1.0000E~01
SCOR_H2=a, SCOR_H20=b, SCOR_FE=c: where D*HID + c*FE=> a*H2 + inert solids
1.1667E+00 1.6667E+00 1.0000E+00
SBIO_GhS=a, SHIO_HZO=b, SBIO_(H20=c: where b*H20 + c*CH20=»> a*GhS + inerts
1.1000E+00 0.0000E+Q0 1.0000E+00
WICKING SATURATION, HUMID RATE SMOOTHING ALPHARII
5.0000E-01 T 1.0000E+Q3
CREEF CLOSURE?
T
NKLOS, KLOSINT (0=MOLES, 1cFRESSURE) ¥LOSAVE (1=REGION AVE,2=CELL}
1
CLOSURE PARAMETERS: PRES_LITHO, TIME_OFF PERM_FACTOR, PERM_EXFE
4 5.,000CE+07 3.1557E+12 5.6B847E-12 0, 0000E+0Q
NUMEER OF MATERIAL REGICNS FOR CLOSURE
2
# MAT NO. MODEL 1= WASTE-NOBACKFILL, 2=DRIFT-NOBACKFILL, 3=WASTE-BACKFILL 4=JAN_96:WASTE-NOBACKFILL
1 12 4
2 13 4
WILL RADIONUCLIDE DECAY EE CALCULATED? T or F
F

WILL TRANSPURT BE CALCULRTED? T or F
F
WILL RADIOLYSIS BE CALCULATED? T or F
F

BRAGFLO GAS COMPONENT TRANSPORT MODEL
T
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Appendix B: Sample Output File

L L L O T T T T T T S T T Ty

** Beginning of BRAGFLO Version: 4.00 Pevised: 01/21/9%8 LA
** Bequn on: 91/25/96 at 16:1%:05 Run on: LAREY - ALPHA AXF OpenVMS V5.1 **

D e L L L L L

R T TR EERE R R AR ARRARR AR IR

BEBBBE RRRRRER ARARR GGGGE FFFFFFF LL 00000
BB BE RR RR AR Ax GG GG FF L oo o0
BB BE RR RR  AA Ax GG FF LL o0 oo
BEBEBEE RRRHRRE AANAAAA GG FFFFF LL [£¢) [£¢)
BB BE RRRRR AR AR GG GGG FF LL Q0 00
BB BB RR KRR AR AR GG GG FF LL [=la] o0
BBBEBRE RR RR  AA AR GGGGEAE FF LLLLLLL 0C0oCo
Written by: Palmer Vaughn. SNL

James D. Schreikber, SAIC

Contributors: Michael E. Lord, SKL
James E. Esan, NMERI
ali A. Shinta, AFI
John Wormeck, Eccdynamics

B T L L L R R R R T

Disclaimer

This computer Program was prepared as an account of work
sponsored by an agency of the United States Government.
Heither the United States Government nor any agency thereck,
nor any of their employees, nor any of their contractors,
subcontractore, or their employees, makes any warranty,
express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, cr usefulnass
of any information, apparatus, product, or process disclosed
or represents that its use would not infrings privately
owned rights. Reference herein tc any specific commercial
product, process, or service by trade name, trademark.
manufacturer, or otherwise, does not aecessarily constitute
or imply its endorsement, recommendation, or Zavoring by the
United States Goverhment, any agency therecf or any of their
contractors o subcontracters. The views and opinijions
expressed herein do not necessarily state or reflect those
of the United States Government, any agency thersef or any
af their contractors or subceontractors.

R R R T LT P

QAN -- QA info for:

FREBRAG -- program nama;

6.00 PREBRAG version numbar;
01/21/96 PREBRAG revision date;
01/24/96 PREBRAG run date;

11:16:45 -- PREBRAG run Lime,

Number of file names to follow = 5

Ed b ik bk kA Ak R R T R R R R R R A AR A A KRR A AR RN R AR AR R K Ak Rk kR kR Rk ARk Ak kA AN
Input File Mame:
WPSTESTROOT: (BF2. TEST]BF2_NMVP MED_2 ., INP;:2

R R B R e N Y T sy

PR R R R L A A R R Rl R e R L )
ASCII Output File Name:
WPSTESTROCT : |BF2 . TEST]BF2_NMVP_MED_2.0UT; 1

L R L L

A AR R Rk AR bR AR AR AR A RN KRR AR R AR R A AR R Ak ke ok ko hrh kb drard bbbk kbbb bbb bk
ASCII Summary File Name:!
WPSTESTRCOT: [BF2.TEST| BF2_NMVP_MED_Z .5UM; 1

I L LR e L e L Ty T L S Y LT T 1 3

L L e S R T PP T ISR R T LY

Einary Cutput File Name:
WPSTESTROOT : [BF2. TEST ! BF2_NMVP_MED 2 ,BIN; 1

LR e T T P S T T T R L ]

T R et T T Tt T T T
Restart Cutput File Name:
WPSTESTROOT: [BF2. TEST)BF2_NMVP_MED_2 .ROT; 1

LR R T e T T PR T T T T T T LT T T Y

Simulaticn title:
1996 BRAGFLO CASE 2Z: MEDIRN UNDISTUREED NO MIGRATION VARIANCE PETITION CALCULATION
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Size parameters: MY, NY, HZ -
) 31 1
Number of grid blocks = 1023

Model Type [MODTYPE) = 2-Dimensional

A e R T T Ty Py T P R LR R R R e R e S R P IR TSI ]

Parameters for adjusting DELT:

Number of times to fix DELT (NDTFIX) = 7

TIMEDTFIX = Time for fixing DELT, =

DTFIX =
TIMEDTFIX (K]
0.000000E+00
3.155700E+08
7.883200E+08
1.577800E+0%
3.155700E+DY
6.311400E+0%
1,262300E+10

DTFIX(K)
§.640000E+02
§.640000E+02
8. 640000E+02
B.640000E+0Z2
8.640000E+02
§.640000E+02
&.640000E+02

Sk WD =R

UNITS used in input:
51

UNITS uged in output:
s1

DELT t¢ be used when TIMEDTFIX is exceeded, s

LR R R R dd g e R a E  E R T g R L o T R R PP -

Start time of simulation (START) =-1.57790E+08 =
End time for simulation (FINISH) = 3.1557QE+11 s
Max no. time steps allowed (MAXITF) = 10000
Initial time grep (DELT) = B.64000E+00 s
Minimum time step allowed (DELTMIN) = EB.G64000E-04 =
Maximum time step allowed (DELTHAK) = 1.72B00E+09 =
Max fractional increase in time step allowed (DTIMEMAX) = 1.25000E+00
Flag for auto time step control (O=No,l=Yes) (ITIMECMTRL) = 1
Switch from relative Lo absolute change
in variahle for determining time step size (TSWITCH) = 1,.Q0000E+00

L O e T T e R L T O A g o pr e vy

ASCII print control Eype
Binary print control type
Reptart print control type

ASCII putput at 2 gpecified times:

1 0.00000E+0C =
2 3.15570E+11 s

(IPRTYFEASC) = 2

{IPRTYPEBIN) = 0©

{IPRTYPERST!} = 2
IFFNTEIN) = 20

Binary ocutpub timestep interval {

Restart ouktput at
1 3.15570E+1l s

B L E L L T L R U

rraxs

1 specified times:

EETE L]

¥+ Variable (utput Flags
Do MOT Print to Desighated Outputb File

-
Q
1 DC Print to Designated Output File

1 n

1 ASC BIN Variable

Description

1 1 1 PO Brine pressure

2 1 1 PG Gas pressure

3 a 3 POTO Brine rho*g*potentiometric head

4 0 o POTG Gas rho*q*potentiometric head

5 0 [} FEUB Brine bulible pressure

6 1 1 FHI Porosity

7 [} 0 RKO Relative permeability to brine

8 0 0 RKG3 Relative permeability to gas

] 0 o] RHCB Brine density

19 [\) 1 RHOG Gas density

11 [+ 1 PERMEX Permeability to brine, x-diracticn
12 [ [} PERMEY Fermeability ro brine, y-direction
13 Q [} PERMBZ Permeability to brine, z-direction
14 [ 1 FERMGX Fermeebility to gas, x-direction
15 0 0 FPERMGY Fermeability to gas, y-direction
6 0 0 PERMGZ Permeabilicy to gas, 2-direction
17 0 0 50 Brine saturation
18 1 i 5C Gas saturation
19 Q [ 00 Brine component cf brine phase
20 0 1 ceo Gas component of brine phase
21 2 0 QOREFAVE Time-average well brine flow rate
22 Q o QGREFAVE Time-average well gas flow rata
23 ] o QoTUM Cumulative well krine flow
24 0 4] QGCUM Cumulative well gas flow
2% 0 [1] VODAVEL Time-avg brine Darcy velocity, x-dir
26 0 0  VODAVEJ Time-avg brine Darcy velocity, y-dir
27 a ] VODAVEK Time-avg brine Darcy wvelocity, z-dir
28 0 1] VGDAVEL Time-avg gaa Darcy velority, x-dir
29 a o VGDAVET Time-avy gas Darcy velocity, y-dir
30 0 0 VGDAVEK Time-avyg gas Darcy velocity, z-dir
31 0 1  QODAVEL Time-avg interblock brine flow, x-dir
32 4 1 QODAVEY Time-avg interblock brine flow, y-dir
33 0 o] QODAVEX Time-avy interblock brine flow, z-dir
34 0 1 QGDAVEI Time-avy interblock gas flow, x-dir
35 0 1  QGDAVET Time-avg interblock gas flow, y-dir
36 C 0 OGDAVEK Time-avg interblock gas flow, z-dir

FR AR AR AR AN RN AN AN TR R A kR

Pa
dimensionless

dimensionless

dimensionless -
kg/m"2

kg/m~3

m*2

m2

m*2

m*2

m*F

m"~2

fraction veid volume

fraction void volume

nage fr brine phase

mass fr brine phase

m*3/5 (ref conds)

m~3/5 (ref conds)

fr Orig Brn In Flace

Er Orig Gas In Place

m/8

m/s

m/e

m/s

m/s

m/ e
n"3/s (@
m*i/s (B
m*3/s {B
m*i/e (&
m*3/s (@
m~3/e (68

conda)
condsg}
conds)
conds}
conds)
conds)

ref
ref
ref
ref
ref
ref



BRAGFLO, Version 4,10 WPO # 45238
User's Manual, Version 1,20 May 12, 1997
Page 174
37 0 0 BRNBALREL Relative Brine mass balance dimengionless
38 [ 0 GASBALREL Relative Gas mass balance dimensicnless
39 o ) R¥NR(I,J,K,1} Inundated corresion rate mol/s
40 0 9 TRR(L, 3, K, 2) Humid correosion ratce mcl/s
41 b)) [¥) RXNR(I,J,K,3}) Inundated biodegradation rate mol/s
42 0 [¥) RXNR(I,J,K, 4} Humid biocdegradation rate mal/g
43 0 0  QR(I.J.E.1} HZ generaticn rate -- simple model kg/ (a*m"3)
. 44 0 1  QRII.J.K,2} Brine consumption rate -- fimple model kg/(5*m"3)
45 [ a QRII,J.K,3| Fe consumption rate -- simple model kg/(s*m"™3)
46 [ 1] QRII,J.K,4) CH20 consumption rate -- simple model kg/ (g*m~3)
47 1 1 CONCFE Fe concentration -- simple model kg/m~3
48 1 1 CONCBIO CHZ20 concentration -- simple model kg/m*3
49 1] [} GENRAT( 1,I,J,E} HZ generation rate -- reaction path model kg/(s*m™3)
50 0 [q] GENRAT( 2,I,J,E) CO2 generabion rate -- reaction path modal kg/(ea*m"3)
51 0 1] GENRAT( 3,I,J,K} CH4 generation rate -- reactian path modal kg/(s*m"3)
52 [ o GENRAT( 4,I,J,K} NZ generation rate -- reaction path model kg/ (5*m"3)
83 1] Q GENRAT( 5,I,J,K) H2S generaticn race -- reaction path model kg/(s*m*3)
54 0 o] GENRAT( 6,I,J,K) 02 generaticon rate -- reacktion path madel kg/(s*m"3
55 0 o] GENRAT( 7,I,J,K) H20 generation rate -- reaction path model kg/(8*m~3)
56 0 (] GENRAT( 8,I,J,K) H2504 generatian rate -- reaction path model kg/(s*m~3
57 1} [n] GENRAT( 9,I,J,K} HNO3 generation rate -- reaction path model kg/{s*m"3)
58 0 0  GENRAT(10,I,J,HE} CH20 consumption rake -- reaction path model kg/{s*m"3
59 o 0 GENRAT{1L.I,J,1) Fe consumption rate -- reaction path model kg/ {s*m™1]
60 0 0 GEMRAT(12,I,J,K} Fe52_F generaticn rake -- reaction path model kg/{a*m"3
61 0 0 GEMRAT(13,.I,J, K} FeS2_0 generaticn rate -- reaction path model kg/{s*m"3
62 4] 0 GENRAT(14,I.J,K} FeCO3_F generation rate -- reaction path model kg/{s*m"3
&3 1] Q GENRAT (15,I,J,K} FeCD}_0 gensrakticn rata -- reacktion path model kg/{s*m"3
64 ’] 4] GEMRAT{16,I,J, K} Fe{DH)2 generation rakte -- reaction path model kg/{s*m"3
€5 0 a GENRAT(17,I,J.K} FeO|DH} generaticn rate -- reaction path model kg/(5*m"3
(1 o 4] GENRAT(18,I,J,K; Fe304 generation rakte -- reaction path model kg/{s*m”"3
67 o a GENRAT(1l%,I,J,K}) FeS generakbion rate -- reaction path model kg/(s*m"3)
(1] 0 Q GEMRAT(Z0.I,J,K) CaC generation rate -- reacktion path model kg/(s*m"3])
8% 0 Q GENRAT(21,I,J.K} CalOH)2 generation rare -- reaction path model kg/(s*m~3)
70 o a GENRAT(22,I,J,K)} CaCD3 generation rate -- reaction path model kg/ (5"m"3)
71 [} aq GENRAT (23,I,J,.K) H2 generation rate -- radiolysis kg/(5*m™3)
72 v} 0 CONCRXN{ 1,I,J,K} H2 concentration -- reaction path model kg/m"3
73 1] Q COMCRMXN{ 2,I,J,K) C02 concentrarion -- reackion path model kg/m~3
74 ] Qa CONCR¥MN{ 3,I,J,K) CH4 concentraticn -- reaction path medel kg/m"3
75 o Q CONCRXN{ 4,I,J,K) N2 concentration -- reaction path medel kg/m*3
78 0 Q CONCEXMN{ 5,I,J,K) H25 concentration -- reaction path model kg/m"3
77 o 0 CONCRXN{ 6,I,J,K} 02 concentration -- reaction path model kg/m"3
8 0 ] CONCRMN{ 7,I,J.K} H20 concentration -- reaction path model kg/m"3
79 1] Q CCNCRXM( 8,I,J.K) H2504 concentration -- reaction path model xg/m"3
80 0 o CONCRXM( 5,I,J,K) HNO3 concentration -- reaction path model kg/m~3
§1 0 [} CONCRXN (10, I,J,K) CH20 concentrakticn -- reacktion path model kg/m"3
82 1] o) CONCR¥N{11,1,J,F} Fe concentration -- reaction path medal hg/m"3
a3 o o CCNCR®MN{12,I,J,K!} FeS2_F concentration -- reaction path model kg/m~3
84 0 [ CONCRXN(13,I,J,K) FeS2_ (¢ concentraticn -- reaction path model kg/m~1
85 ] [q] CONCRX®{14,I,J,K!} PeCC3_F concentration -- reaction path model kg/m"3
13 0 0 CONCRXM{15,I,J,.K) FeCC2_0 concentration -- reaction path model kg /m"3
87 0 0 CONCRXR(16,I,7.H) Fe [OH}2 concentration -- reaction path model kg/m~3
/8 [H [v] CONCRX®M{17,I.J,K) FeQ[OH! concentratilon -- reaction path model kg /m~3
89 o o CONCRX®I{(18,I,J,K} Fe304 concenktration -- reaction path model kg/m™3
ag [ [q] CONCRXM (1S ,I,J,K) FeS concentraticn -- reaction path model kg/m*3
a1 [ Q CONCRXMN(20,I,J,K} Cal concentration -- reaction path model kg/m"3
a2 0 0 CONCR¥N(21,I,J.K} CaiQH)2 concentraticn -- reaction path model kg/m”~3
33 [} [n] CONCRXN(22,T,J,K) CaCC3} concentraticn -- reaction path model kg/m~3
44 0 o CONCRXM(23,I,J,K) H2 concentration -- radiolysis kg/m*3
95 0 (1] H2O0FLOWIN Water inflew rate kg/s
96 0 [} B_MASS_CuM(1} Toral isoteope mass from Waste Regian 1 kg
a7 "] Q B _CONC_CUM(1} Total isctops conc from Waste Region 1 kg/m™3
EL] o Q S_MASS CUM({1} Total solid isctope mass from Waste Region 1 kg
939 o Qa E_MASS_CUM(2) Taotal isotope mass from Waste Region 2 kg
100 0 a B_CONC_CUM{2) Total isoktope conc from Waste Region 2 kg/m~3
101 0 aq E_MASS_CUM{Z} Toktal solid isotope mass from Wasce Region 2 kg
102 0 Q B_MASS{ 1,1} Mags of isctope 1 from Waste Region 1 kg
103 0 0 E_MASS{ 1,2} Macs of isotope 1 from Waste Region 2 kg
104 0 0 B_CONC{ 1,1} Conge of isctope 1 from Waste Region 1 kg/m"3
los o 0 B _CONC({ 1,2} Conc af isctope 1 Zrom Waste Region 2 kg/m™3
106 0 0 E_MASS{ 1,1} Solid mass of isctcpe 1 from Waskte Region 1 kg
1o7? [¥] 0 S_MASS{ 1,2} Sclid mass of isokope 1 from Waste Region 2 kg

P L R e R S S AR RS e e gd

Number of variables to be printed ac History Variables

(NHIV) = 6

NOTE: History variables printed conly to Einary output file,
No. of
Vbl No. Grid Elocks {I,J.K)-Inderes
1 31 9 § 1 10 8 1 11 g 1 12 8 1 13 8 1 14 38 1 15 B 1 9 % 1
1w 9 1 11 % 1 12 9 1 13 9 1 14 9 1 15 9 1 310 1 10 10 1
1110 1 12 10 1 13 10 1 14 10 1 1% 10 1 17 8 1 18 B 1 13 8 1
17 9 1 18 9 1 15 9 1 17 10 1 18 10 1 19 10 1 12 1 1

18 30 9 8 1 ic 8 1 11 8 1 12 8 1 13 &8 1 14 8§ 1 15 8 1 g 9 1
10 35 1 11 5 1 12 % 1 13 5 1 4 5 1 15 3 1 % 1¢ 1 10 10 1
11 10 1 12 10 1 13 10 1 1410 1 15 10 1 17 8 1 18 B 1 19 8 1

17 9 1 18 9 1 e g 1 17 10 1 18 10 1 18 14 1
31 94 306 1 312 1 315 1 323 1 324 1 325 1 126 1% 3127 1
228 1 329 1 3 30 1 331 1 3z 5 1 3212 1 32 15 1 32 23 1
3224 1 32 25 1 32 26 1 32 g7 1 228 1 32 2% 1 32 30 1 3231 1
a 6 1 912 1 915 1 26 6 1 26 12 1 26 15 1 17 8 1 17 9 1
17 10 1 20 8 1 20 9 1 20 10 1 3 8 1 9 9 1 510 1 15 & 1
16 9 1 16 10 1 21 6 1 21 7 1 23 8 1 23 9 1 21 10 1 23 11 1
23 12 1 23 13 1 23 14 1 23 15 1 23 16 1 2317 1 23 18 1 2318 1
23 20 1 2 21 1 22 22 1 23 23 1 23 24 1 23 25 1 23 26 1 23 27 1
23 28 1 23 29 1 23 30 1 23 31 1 24 6 1 24 7 1 24 8 1 24 % 1
24 10 1 24 11 1 24 12 1 24 13 1 24 14 1 24 15 1 24 16 1 24 17 1
24 18 1 24 19 L 24 20 1 24 21 1 24 22 1 24 23 1 24 24 1 24 25 1

29 26 1 24 27 1 24 287 1 24 2% 1 24 30 1 24 31 1
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32 4 911 1 1011 1 11311 1 1211 1 1311 1 1411 1 1511 1 § B 1
19 8 1 11 B 1 12 8 1 13 8 i 1& 8 1 15 8 1 1711 1 1811 1
1911 1 17 B 1 18 8 1 1% 8 1 2% & 1 23 T 1 25 B 1 23 9 1
2310 1 2311 1 2312 1 2313 1 2314 1 2318 1 2316 1 2317 1
2318 1 23 18 1 23 20 1 23 21 1 23 22 1 2123 1 2: 24 1 23 25 1
2326 1 2327 1 2328 1 2320 1 2330 1 2331 1

34 54 36 1 312 1 315 1 323 1 324 1 3125 1 326 1 327 1
328 1 329 1 3 30 1 331 1 32 6 1 3212 1 3215 1 32 23 1
322¢ 1 3225 1 3226 1 3227 1 3228 : 3233 1 3230 1 32 3l 1
9 65 1 912 1 15 1 26 6 1 2612 t 2615 1 17 8 1 17 8 1
1710 1 20 8 1 20 % 1 2010 1 9 8 1 s 9 1 910 1 16 B 1
is 9% 1 16 10 1 23 8 1 23 7 1 23 8 1 23 9 1 23 10 1 23 11 1
23 12 1 23 13 1 23 14 1 231 15 1 231 16 1 23 17 1 23 18 1 2319 1
2320 1 2321 1 2333 1 2323 1 2324 L 23125 1 32326 1 2327 1
2328 1 2229 1 2330 1 2331 1 24 6 L 24 7 1 24 8 1 24 8 1
2410 1 26411 1 2412 1 2413 1 2434 1 2415 1 2416 1 2417 1
24 18 1 24 19 1 24 20 1 24 21 1 24 22 1 24 23 1 24 24 1 24 25 1
24 26 1 24 27 1 24 28 1 24 29 1 24 30 1 24 31 1

35 L1 511 1 19 11 1 11 11 1 12 11 1 13 11 1 1a 11 1 1% 11 1 9 B 1
10 8 1 11 8 1 12 8 1 13 8 1 14 8 1 15 8 1 1711 1 1811 1
111 1 17 8 1 18 & 1 19 8 1 23 6 1 23 7 1 23 8 1 23 9§ 1
2310 1 2311 1 2312 1 2313 i 2314 1 2315 1 2316 1 2317 1
23 18 1 2319 1 23 20 1 23 21 1 23 22 1 23 23 1 23 24 1 23 25 1
2326 1 2327 1 2328 1 2329 1 2330 L 2331 1

Monitor key parameters {MONITOR}: T
Number of HMonitor Blocks (MMCN} = 3

I-index of grid bleck 1 to be monitored {IMOM1TOR} = 12
J-index of grid block 1 to be monitored (JMONITOR} = 10
K-index of grid block 1 to be monitored ({KMONITCOR) = 1
I-index of grid block 2 to be monitored (IMONTTOR) = 18
J-index of grid block 2 to be monitored (JMONITOR] = 10
K-index of grid block 2 to be monitored (¥MONITOR) = 1
I-index of grid bleck 3 to be monitored {IMOMITOR) = 26
J-index of grid block 3 to be monitorad ([JMONITOR) = 12
K-index of grid block 3 to be monitored {EMONITOR) = 1
Geometry Flags -- Specifies how block thicknesses are to be read.
IDEKFLAG = 1
IDYFLAG = 2
IDZFLAG = 1
IDEPTHFLAG = 7
Grid block dimensions in I-direction, m
1.500000E+04 5.00CCQC0E+D3 1.00D0D00E+03 7.S00000E+02 S 000C0ODE+02
1.000000E+02 4.00C0CCE+(1l 1.000000E+01l 4.3S00C0E+G1 1.000GONE+0L
2.000000E+Q9 4.000000E-DL1 2.000000E+00 1.000CCCE+G1l 4.380000E+01
4.000000E+01 1.000000E+02 4.950000E+02 1.0000CGQE+C2 £.000000E+0L
2.830000E+02 5.000000E+01 1.000000E+01 6.000CCQE+CLl 5.GGO00DE+02
1,000000E+01 4.00000CE+0CL 1.000000E+02 5.0000GGE+D2 7. S00000E+D2
1.00D0000E+03 5.000000E+03 1.500000E+04

Grid block dimensions in J-direction, m

2.728000E+00 4_737200E+01 1.3%1600E+02 5.000000E+01 1.100000E+01
B.500000E-O1 1.380000E+00 1.320800E+00 1.320800E+00 1.320800E+D0
2.617600E+00 2Z.70000CE-01 4,610000E+00 4.45000CE+C0 1.800000E-01
2.350000E+01 5.242000E+01 5.242000E+0) §.588000E+01 B.S8800CE+0l
4,534000E+01 3.728000E+01 3.600000E+01 7.700000E+0D 2. 480000E+01
R.500000E+Q0 1 730000E+01 1.0€0000E+02 4.330000E+01 1.566000E+01
1.000000E~01

Grid block dimensions in K-direction, m

6.131430E+04 2.131430E+04 B.7438800E+G3 6,561600E+C3 3.314300E+03
2.114300E+03 1.834300E+03 1.734300E+03 1,262000E+02 2.880000E+01
4.80C000E+00 4.00000CE-0Q1 4.BOCOCOE+DD 2.880000E+01 1.262000E+02
1,000000E+01 1.323000E+02 1.435000E+02 1.416000E+02 1,8%0000E+01
1.B30000E+01 1.890000E+01 %.500000E+0D0 Z.0500080E+01 5.310000E+01
1.258500E+03 1.458900E403 2.CLlB%00E+03 3.928000E+C3 €.910600E+03
9.214100E+03 2.172690E+04 §£,1726%0E+04
Elevations to grid bleck centers in IJE-direction, m

1.293640E+02 1.293640E+02 1.29364CE+02 1.293640E+(2 1.293640E+02
1.293640E+02 1.293640E+02 1.293640E+02 1.293640F+02 1.293640E+02
1.293640E+02 1.293640E+02 1.293640E+02 1.293640E+02 1.293640E+02
1.293640E+02 1.293640E+02 1.253640E+02 1.393640E+C2 1.29364CE+02
1.293640E+02 1.293640E+02 1.253640E+02 1.293640E+02 1.293640E+02
1.2593640E+02 1.293640E+02 1,293640E+02 1.293640E+02 1.293640E+02
1.293640E+02 1.293640E402 1.29%3640E+02 1.544140E+02 1.54414CE+02
1.544140E+02 1.54414CE+02 1.544140E+02 1.544140E+02 1.544140E+02
1.544140E+02 1.544140F+02 1.544140E+02 1.544140E+02 1.544140E+02
1.544140E+02 1.544140E+02 1.544140E+02 1.544140E+02 1,544140E+02
1.544140E+02 1.544140E+02 1.544140E+02 1.544140E+02 1.544140E+02
1.544140E+02 1.544140E+02 1.544140E+02 1.54414GE+02 1.544140E+02
1.5d4140E+02 1.544140E+02 1.544140E+02 1.544140B+C2 1.544140E+02
1.544140E+02-3.441824E+01 1.40Ll056E+D2 1.92d4630E+02 2.077338E+02
2.186417E+D2 2.238774E+02 2.2509%1E+02 2.255354E+02 2.260048E+02
2.264743E«02 2.265790E+02 2.266000E+02 2.266209E+02 2.267256E+02
2.271851E+02 2.279264E+02 2.291480E+02 2.343401E+02 2.395322E+02
2.411022E+02 2.442706E+02 2,471%764E+D2 2.477CCCE+0: 2.483108E+02
2.531975E+02 2.57647BE+02 2.5B0841E+02 2.593058E+02 2.645415E+02
2,7544%3E+02 2.907201E+02 3.430774E+02 5.17€014E+02 & 014737E+0L
2.246714E+02 2.A702B7E+02 3.022%995E+02 3.132073E+02 2.184430E+02
3.196646E+02 3.201010E+02 3.205704E+D2 3.2103199E+02 3.211446E+032
3.211656E+02 3.211865E+02 3.212912E+02 3.2176C7E+02 3.224920E+02
3.237137E+02 1_.289057E+02 3.340978E+02 3.356685E+02 3. 388362E+02
3.417420E+02 3,4232658E+02 3.428764E+02 3.477631E+02 3.522134E+02

3.526497E+02 3.538714E+02 3,531071E+02 1.700149E+02 2.852857E+02
4.276429E+02 6.121671E+02 9.064270E+01 2.651668E+02 1.1752408+02
3.337349E+02 3.437026E+02 3.489384E+02 3.501600E+02 3.505963E+02
3.510658E+02 3.515353E+02 3.516400B+02 3.516609E+02 3.51681%E+02
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3.517866E+02
3.645932E+02
3.733717E+02
1.896025E+02
9. 656680E+01
3_.S4B&25E+D2
3.S57S641E+D2
31.589114E+02
31.752556E+02
3.886329E+02
4.21T7052E+02
3.245630E+02
3.576353E+02
3.587208E+02
3.664400E+02
3.737998E+02
3.914057E+02
§.497014E+02
1.520918E+02
3.599244E+02
3.606452E+02
1.745530E+02
1.866476E+02
4.088994E+02
2.748765E+02
3.598698E+02
3.613707E+02
3.639187E+02
3.812471E+02
3.92854BE+02
4.778481E+02
3.438252E+02
3.620961E+02
3.628169E+02
3.756235E+02
3.844021E+02
4.006328E+02
1.036419E+02
3.619376E+02
3,646392E+02
3.659866E+02
3.823307E+02
3.957080E+02
4.287803E+02
3.319668E+02
3.650392E+02
3.661247E+02
3.738433E+02
3.872037E+02
3.988096E+02
6.571052E~02
3.605851E+Q2
3.6B4177E+Q2
3.691385E+02
3.830464E~02
3.951409E+02
4,173927E+02
2.8657B6E+02
3.7153717E+Q2
3.730727E+02
3.756208E+02
3.936421E+02
4.043569E+02
4.895500E+02
3.565213E+02
3.747522E+02
3.755130E+02
3.883196E+02
3.970981E+02
4.133289E+02
1.264073E402
3.847029E+02
1,874045E+02
3.8B7519E+02
4.050961E+02
4.184733E+02
4.515457E+02
3.914427E+02
4.245151E+02
4.256006E+02
4.333199E+02
4.4EB797E+02
4.5B2855E+02
7.165811E+02
4.700334E+02
4.778661E+02
4.785862E+02
4.524947E+02
5.045892E+02
5.268410E+02
4.608170E~+02
5.456302E402
5.471312E+02
5.496793E+02
5.677076E+02
5.786154E+02
6.636086E+02
6.141321E+02
6.324030E+02
6.331338E+02

3.522561E+02
3.661619E+02
3.7B2584E+02
4.005103E+02
2.710905E+032
3,560841E+02
3.575851E+02
3.601311E+Q2
31.781614E+D2
31.890692E+02
4.740624E+02
3.398338E402
3.581047E+02
31.588255E+02
3.716321E+02
3.804107E+02
3.966414E+02
9.903186E+01
3.573275E+02
3.600291B402
J.813765E+02
3.777206E+02
31.910579E+02
4.241702E402
J.272337E+02
3.503061E+02
3.613916E+032
3.691108E+02
3.B24706E+02
31.940765E+02
6.523721E+02
3.547329E+02
3.625656E+(02
3.632864E+02
3.771942F+02
3.892888E+02
4.115406E+02
2.781660E+02
3.631332E+02
3.646602E+02
3.672083E+02
1.852366E+02
3.961443E+02
4.811375E+02
3.472377E+02
3.655086E+02
3.662294E+02
3,790360E+02
3.878146E+02
4.040453E+02
1.075252E+02
3.658208E+02
3,685224E+02
3.69B698E+02
3.862140E+02
3.995912E+032
4.326635E+02
3.3B9358E+02
3.720081E+02
3.730936E+02
3.808128E+02
3.941727E+02
4.05778SE+02
6.640742E+02
3.674280E+02
3.752617E+02
3.7598Z5E+02
3.89B303E+02
4.019848E~02
4.242366E+02
3.009314E+02
3.859246E+402
3.874255E+02
3.899736E+02
4.980019E+02
4.189096E+02
5.039029E+02
4.067136E+02
4.249846E+02
4.257054E+02
4.285119E+02
4.472905E+02
4.635212E+02
2.169735E+02
4.752691E+02
4, 779708E+02
4.793181E+02
4.956623E+02
5.090396E+02
5.421119E+02
5.129943E+02
5.460666E+02
5.471%21E+02
5.548713E+02
5.6B2311E+02
5.798370E+02
8.381326E+02
6.250398E+02
6.128724E+02
6.335333E+02

3.529873E+07
3.693315E+02
3.82708BE+02
4.137811E+02
3.2344B1E+02
3.565204E+02
3.576060E+02
3.653252E+02
3.786850E+02
3.302908E+02
6.4B5865E+02
3.50741E5E+02
3.E5B5742E+02
3.592850E+02
3.73202%E+02
3.BE52574E+02
4.0754%2E+02
2.73555%E+02
3.E5B5491E+D2
3.600501E+02
3.6259B1E+DZ
3.B0E265E+02
3.915342E+02
4.76527T4E+02
3.425046E+02
3.607755E+02
3.614963E+02
3.743029E+02
3.830815E+02
3.993122E+02
1.016731E+02
3.599687E+02
3.626703E+02
3.640177E+02
3.803618E+02
3.,937391E+02
4.268114E+02
3.305233E+02
3.631593%6E+02
3.646811E+02
3,724003E+02
3.857602E+02
3.973660E+02
&.556616E+02
3.581454E+02
31.6537B1lE+02
3.666985E+02
3.806067E+Q2
3.927012E+02
4.143531E+02
2.8204%2E+02
3.670424E+02
3.6B5434E+02
3.710914E+02
3.891198E+02
4.000275E~02
4.550208E+02
3 .542066E+02
3.724775E+02
3.731983E+02
3.860049E+02
3.947835E+02
4.110142E+02
1.143691E+02
3.726647E+02
3.753664E+02
3. T6T13TE+02
3.930579E+02
4.064352E+02
4.395075B+02
3.532BBE6E+02
3. B63609E+02
3.874464E+D2
3.951656E+02
4.085255E+02
4.201313E+02
6.784269E+02
4.176214E+02
4.254540E+Q2
4.261748E+02
4.400826E+02
4.5Z1772E+02
4.744290E+02
3.914976E+02
4.764908E+02
4.779917E+02
4,805398E+02
4.985681E+02
5.094759E+02
5.944691E+02
5.262651E+02
5,465360E+02
5.47256RE+02
5.600634E+02
5.688420E+02
5.B50727E+02
3.719735E+02
6.302755E+02
6.329772E+02
€,343245E+02

3.542080E+02
3.722373E+02
3.B31451E+G2
4.6B1383E+02
3.3871%0E+02
3.5690%9E+02
3.577107E+02
3.705173E+02
3.792958E+02
3.955266E+02
4. 768167E+01
3.558773E+02
3.5B67B9E+D2
3.600263E+02
3.763705E+02
3.827477E+02
4.228200E+02
3.259131E+02
3.589854E+02
3.60071CE+02
3.6877902E+02
3.811501E+0Z2
3.927559E+02
6.510515E+02
3.534124E+02
3.612450E+02
3.615658E+0z2
3.758734E+02
3.875681E+02
4.102200E+02
2.761371E+02
3.611203E+02
3.626213E+02
3.652393E+02
3.832677E+02
3.541754E+02
4.751686E+02
3.4537341E+02
3.640650E+02
3.647858E+02
3.775924E+02
3.863710E+02
4.026017E+02
1.050855E+02
3.633812E+02
3.660828E+0D2
3.674301E~+02
3.837743E+02
3.971516E+02
4.302239E+02
3.344065E+02
3.674788E+02
3.685643E+02
3.762B35E+02
3.896433E+02
4.012492E+02
6.595449E+02
3.651144E+02
3.729470E+02
3.73667BE+02
3.875757E+02
3.996702E+02
4.219220E+02
2.HBBY932E+(2
3.73BRE4E+(2
3.753873E+C2
3.778354E+02
3.959637E+02
d.06B715E+02
4.918647E+02
3.6B5524E+0D2
3.868304E+02
3.875511E+0Z
4.003578E+0Z
4.091363E+02
4.253€670E+02
1.8645615E+02
4.228571E+0D2
4.255587E+02
4.269061E+02
4.432503E+02
4.566275E+402
4.896299E+02
4.438548E+02
4.769271E+02
4.780127E+02
4,857319E+02
4.990917E+02
5.106873E+02
7.68B9932E+02
5.391729E+02
5,470055E+02
5.477263E+02
5.6LE342E+02
5.737287E+02
5.95%805E+02
5.465040E+02
6.314972E+02
6.329981E+02
6.355461E+02

3
3
3
6
3
3
3
3
3
]
2
3
3
3
3
3
4
3
3
3
3
3
K|
3

3
3

3
2
3
4
3
3
3

.5%40L1E+02
.727608E+02
.B43668E+02
.d26624dE+02
.4%6267E+02
L 5745%4E+02
.581802E+02
.T208B0E+0Z
.841B25E+02
.064343E+02
L722057E+02
.57198%E+02
.SBE999E+02
.G61l24B0E+02
.732763E+02
.901840E+02
.TS51772E+02
.411840E+02
L 594549E+02
.601757E+02
.7Z9823E+02
.817603E+02
-979916E+02

-003524E+02

.5B6481E+02
.B13497E+02
.B26971E+02

- 790411E+02
.924185E+02
-254905E+02
.285544E+02
.61l5266E+02
.627122E+02

3.704314E+02

3
3
5
3
3
3
3
3
4
2
]
3
3
3
3
4
3
3
3
3
3
4
1
3
3
3
3
4
4
3
3
3
3
3
4
&
3
3
3
4
4
4
2
4
2
4
&
4
5
4
q
4
4
4
5
2
5
5
5
5
5
6
&
€
6
G

.B837913E+Q2
- 953971E+02
.536927E+02
-567019E+02
.645345E+02
.652553E+02
-791631E+02
L 912577E+02
-135095E+02
.796096E+02
.646028E+02
.661038E+02
.686518E+02
.B66802E+02

L9758T9E+02

-825811E+02

L496773E+02

.G679482E+02
-686690E+02

.B14756E+02
.902542E+Q2
.064B49E+Q2

-120545E+02

.703501E+02
.730517E+02
.7439591E+Q2
L307433E+02
L041205E+02
.371928E402
.412504E+02
.743227E+02
.754083E+02
-B31275E+02
.964873E+02
.0B0932E+02
.663BBEE+D2
.154672E+D2
.BT7ZH5BE+Q2
.8B0206E+02
.Di82E85SE+02

-140230E+02
. 342748E+02
.330855E+02
.Z407RRE+02
.255797E+02
JZ2B1277E+02
.461561E+02
.570638E+02
L420571E+02
.591256E+02

.773966E+02

.781174E+02

.905240E+02
.597025E+02
.158333E+02
.BE1120E+Q02
.44q0BEE+02
L47L1L02E+02
.484576E+02
.E4BO01BE+QN2
.781790E+02
.112513E+02
L988612E+02
.31933EE+02
.330190E+02
.A07381E+02
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6.459304E+02 6.475011E+02 6.506687E+07 £.535745E+02 &.540981E+02
5.547089E+02 €.595956E+02 &.640460E+02 §,644B22E+0Z §.657039E+02
5.709396E+02 €.BLBATAE+02 &.971183E+02 7,4947S5E+02 9.21%9996E+032
4.375799E+02 6.121040E+02 &.644612E+02 5.797321E+02 §.906398E+02
6,958755E+02 6.970972E+02 6.975335E+02 6.980030E+02 §.984725E+02
6.985772E+02 6,985981E+02 6.986191E+02 §£.987238E+02Z £.991933E+02
6.999246E+02 7.011462E+02 7.063383E+02 7.115304E+02 7.131011E+02
7.162687E+402 7.151746E+02 7.196981E+02 7.203090E+02 7.251956E+02
7.296460E+02 7.300823E+02 7.313040E+02 7.365397E+02 7.474474E+02
T7.627183E+02 B,150755E+02 9_855358E+02 4.788837E+02 &.534077E+02
7.057650E+02 7.210358E+02 7.319436E+02 7.371793E+02 7.384010E+02
7.388373E+02 7.393068E+02 7.397762E+02 7.398B10E+02 7.395015E+02
7.399228E+02 7.400275E+02 7.404970E+02 7.412283E+02 7, 424500E+02
7.476420E+402 7,528342E+02 7.544048E+02 7.575725E+02 7.604783E+02
7.61001BE+02 7.61l612Z7E+02 7.664994E+02 7.705457E+02 7.713860E+02
T.726077E+02 7.778B434E+02 7.887S12E+02 8.040220E+02 &.5617931E+02
1.930903E+03 7.977001E+02 7.377001E+02 7.977001E+02 7,977001E+02
7.977001E402 7.977001E+02 7.977001E+02 7.977001E+02 7.977001E+02
7.977001E+02 7.977001E+02 7.977001E+02 7.977001E+0Z 7.577001E+02
7.977001E+02 7.577001E+02 7.977001E+02 7.977001E+02 7.8977001E+02
7.977001E+02 7.977001E+02 7.377001E+02 7.977001E+02 7, 977001E+02
7.977001E+02 7,977001E+02 7.977001E+02 7.977001E+0Z 7.977001E+02
7.977001E+02 7.877001E+02 7.977001E+02 7.977001E+0Z 5.195501E+02
§.195501E+02 B.1395501E+02 8,195501E+02 8_.195501E+02 &.195501E+02
§.195501E+02 B.1595501E+02 $,195501£+02 8.195%01E+02 &.155501E+02
8.195501E+02 B,155501E+02 8.195501E+02 8_195501E+02 8_155501E+02
B.195501E+02 B.1%5501E+02 §.195501E+02 B.195501E+02 8.195501E+02
§.195501E+02 8.195501E+02 §.195501E+02 §.195501E+02 B, 195501E+02
§.195501E+02 8.195501lE+02 8.195501E+02 5.195501E+02 8.195501E+02
8.195501E+02 B.1%5501E+02 8.358001E+02Z B.358001E+0Z §.3158001E+02
£.358001E+02 B.35B00lE+02 8.358001E+02 8.35B001E+0Z 8.158001BE+02
§.3158001E+02 B.3SBOCLE+CZ &.358001E+02 B8.35B0Q01E+0% £.)SBO01E+02
§.358001E+02 8.35B001E+02 E.15S8001E+02Z §.358001lE+02 #.358001E+02
£.358001E+02 B,358001E+02 B.358001E+02Z 3.358001E+02 §.358001E+02
£.358001E+02 B.35B001E+02 8, 158001E+02 8.358001E+02 &.315B8C01E+032
&.358001E+02 B.35B00LE+02 8.358001E+02 8.358001E+0Z2 3#.358001E+02
8.524501E+02 B.524501E+02 £.524501E+02 8.524501E+02 B.524501E+02
8.524501E+02 8.524501E+02 §.524501E+02 §.524501E+02 £ _S524501E+02
8.524501E+02 B,524501E+02 B8.524501E+02 8.5Z4501E+0Z 8.524501E+02
8.524501E+02 B.524501E+02 §.524S01E+02 B8.524501E+02 §.524501E+02
§.524501E+02 B.524501E+02 8.524501E+02 §.524501E+02 §.524501E+02
§.524501E+02 B.524501E+02 §.524501E+02 B,524501lE+02 B8.524501E+02
8.524501E+02 8.524501E+02 §.524501E+02 8.653501E+02 ®.653501E+02
8.653501E+02 8.653501E+02 B.653501E+02 S.653501E+02 £.653501E+02
E.&853501E402 B,653501E+02 8.653501E+02 8.&53501E+02 §.653501E+02
8.E53501E+02 B8.65350LE+02 8,653501E+02 E_.&51501E+0Z 8.653501E+02
§.653501E+02 B.653501E+02 8.653501E+02 8_.6531501E+02 8.653501E+02
B.653501E+02 B.G53501E+02 §.653501E+02 8,653501E+02 8.653501E+02
B.653501E+02 8.653501E+02 £_.653501E+02 8.653501E+02 &.6531501E+02
8.653501E+02 9,27000LE+02 9.270001E+02 $.270001E+02 2.Z70001E+02
$.270001E+02 S5.27C0CLlE+02 9. 270001E+02 9.270001E+0Z ¢.Z70001E+02
%.270001E+02 §.270001E+02 9.270001E+02 9.270001E+0Z ©.270001E+02
©.270001E+02 9.270001E+02 9.270001E+02 9.27Q001E+0Z 9.270001E+02
%,270001E+02 9.270001E+02 $.270001E+02 9.270001E+02 2 270001E+D2
%.270001E+02 9.270001E+D2 9. 270001E+02 9.270001E+02 9.270001E+02
$.270001E+02 §.270001E+02 9,.270001E+02 9.270001E+02 :.001&S0E+03
1.001650E+03 1.001650E+03 1.001650E+03 1.001650E+03 L.00l&50E+D3
1.001650E+03 1.00LlES0E+02 1.001850E+03 1.00165S0E+03 i 00l650E+03
1.001650E+03 1.00L650E+03 1.002&5S0E+03 1.0016SCE+03 G01650E+03
1.001650E+03 1.001650E+03 1.001650E+02 1.001650E+03 001650E+03
1.001650E+03 1.001l650E+03 1.001650E+03 1.001&50E+03 001650E+03
1.001650E+03 1.00LE50E+03 1.001650E+03 1.001650E+02 Q01650E+Q03
1.001650E+03 1.001650E+03 1.031130E+03 1.031130E+03 1.031130E+03
1.031130E+03 1.031130E+02 1.031130E+03 1.031i30E+03 }_031130E+03
1.031130E+03 1.031130E+03 1.031130E+03 1.031130E+032 1.03113QE+03
1.031130E+03 1.031130E+03 1.031130E+03 1.03113CE+03 031120E+03
1.031130E+03 1.031130E+03 1.021130E+03 1.031130E+03 1.032130E+03
3.031130E+03 1.031130E+03 1.031130E+03 1.031130E+03 1.031130E+03
1.031130E+03 1.031130E+02 1.031130E+03 1.031130E+03 ! 031130E+03
1.03%010E+03 1,03%010E+03 1.039010E+03 1.039010E+03 1.039010E+03
1.019019E+03 1.03%010E+02 1.039010E+03 1.039CGL0E+03 1. 039010E+03
1.039010E+03 1.03%010B+03 1.03%01Q0E+03 1.033010E+03 039010E+03
1.033010E+03 1.035010E+03 1.039010E+03 1,0392010E+03 1.039010E+03
1.035010E+03 1.03%010E+03 1.039010E+03 1.039010E+03 1i.039010E+03
1.0390]10E+03 1.03%9010E+03 1.039010E+03 1.039010E+03 1.039010E+03
1.039010E+03 1.039010€+03 1.039010E+03
Dirichlet ECs to be specified? {T/F} {DIRICHLET) = T
Number of grid blocks where Dirichlet BCS specified [NO_DIRGRID} = 17
H I J K DIRGRIDF DIRGRIDS D1R_PRES {Pa] DIF_SATB
1 1 24 1 T F 8.5200008+05 0.000Q00E+00
2 33 24 1 T F 8.5Z0000E+05 0.000000E+00
K| 1 26 1 T F §.000000E~05 0.000000E+00
4 33 28 1 T F 5. 000000E~+0% 0.000000E+00
5 1 31 1 T T 1.013250E+05  2.000000E-01
8 2 31 1 T T 1.013250E+05 2.000000E-01
7 I 31 1 T T 1.013250E+05 2.000000E~Q1
8 4 31 1 T T 1.013250E+0% 2.000000E-01
9 S 31 1 T T 1.013250E+05  2.000000E-01
10 6 31 1 T T 1.912250E+05 2.000000E-01
11 7 31 1 T T 1.013250E+05 2.000000E-01
12 8 31 1 T T 1.013250E+05 2.000090E-01
12 § 31 1 T T 1.013250E+95 2.000000E-01
14 10 31 1 T T 1.013250E+05 2.000000E-01
15 11 31 1 T T 1.013250E+05 2.000000E-01
16 12 31 1 T T 1.013250E+05 2.000000E-01
17 13 31 1 T T 1.013250E+05 2.000000E-01
18 31 1 T T L.013250E+05 2.000000E~01
19 15 31 1 T T 1.013250E+05 2.000000E-01
20 le 31 1 T T 1.013250E+05 2.000000E-01
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21 17 31 1 T T 1.013Z250E+05 Z.0C00000E-C1
22 18 31 1 T T 1.013250E+05 2.000000E-01
23 19 RS 1 T T 1.013250E+05 2.000000E-01
28 20 31 T b 1.0132508+05  Z.000000E-01
25 21 31 1 T T 1.013250E+05 2.000000E-01
z26 22 31 1 T T 1.013250E+05 2.000000E=01
27 23 31 1 T T 1.013250E+05 8.000000E-01
28 24 31 1 T T 1.013250E+05 2.000000E-01
29 25 a1 1 T T 100133502+05  2.000000E-01
300 26 31 1 T T 1.0132508+05  2.000000E-01
31 27 31 1 T T 1.013250E+05 2.000000E-01
32 28 31 1 T T 1.0132250E+05 2.00000QE-0Q1
33 2 o311 T T 1.013250E+05  2.00GG0CE-01
3¢ 30 031 1 % T 1,013250E405  2,000000E-01
35 31 31 1 T T 1.013250E+05 2.0C000CE-01
346 az 31 1 T T 1.013250E+05 2.00000CE~G1
3733 31 1 T T 1.01325CE+05  2.0000C0E-CL

SATLIMIT and DEFLIMIT for 2 equations:

SATLIMIT = 1.000E-03
DEPLIMIT(1) = 2.000E-01
DEPLINIT(2) =-1.000E+03 Pa

Variable change allowed to keep same time step (DELTADEFNORM):
DELTADEPNORM(1) = 3.000E-01
CELTADEPHMORM(2) = 5.000E+05 Pa

HMax variable change allowed over time step (DDEPMAX):
DDEFMAX (1) = 1.000E+00
DDEPMARX (2] = 1.009E+07 Pa

HORMAL Newton-Raphson convergenca criteria {EPSNORH):
EPSNORM(l} = 3.000E+00C
EFSHNORM(2} = 1.000E-(2

LGOSE Newton-Raphaon convergence criteria {EPSLDGSE} :
EPSLOOSE{1l} = 2.000E+0C0D
EPSLOOSE {2} = 1.000E-02

NOBRMAL Min., walue of RHS function wector below which
convergence is accepted regardless of EFS (FTOLNORM) :
FTOLNORM{1) = 1.000E-D2
FTOLNORM{2) = 1.000E-02

LOOSE Min. value of RHS function vector below which
convergence is accepted regardless of EPS (FTCLLOCQSE}:
FTOLLOCSEILl) = 1.000E-02
FTOLLCOSE(2) = 1.000E-02

Convergence criteria for gas component transport:
EPSGAS{1l) =-1.000E-05
EPSGAS(2) = 1.0D0E-05
EPSGAS{3) = 1.000E-05
EFSGAS{4) = 1.0d0E-05

Solver to be used (CHSOLVER): LU

Hewton-Raphson control paramekters:

Maximum number of Newton-Raphson iterations (ITMAX) = 8
Maximum number of interval halvings

if Newton-Raphaon encounters errors {IRESETMAX! = 40
Interval frequency for updating Jacobian {IJAZTINPUT} = 1
Scaling of matrix to be done hefore solution {LSCALE)} = T
Pressure scaling factor {P_SCALE) = 1.000E+07
Variable switching allowed (LVAERSWTCH)} = F
Upskream weighting update frequency for

relative permeabilities (IUPEPFLAG) = kl
Upstream weighting update freguency for

maee fractions (IUFMFFLAEG) = 9
Timescep reduction factor if error oceurs (DELTFACTCE) = 5.000E-01
Transmissivity averaging method [ITRAVE) = 1
Mass fraction averaging method [ IMFRAVE) = 0

Jacobian reevaluabion control parameters:
Number of time step reductions allowed
before Jacobian starts to be reevaluated

every IJACMINtL iteraticon (IJRCSWITCH} = 41
Mew number of iterations allowed before
Jaccobian is reevaluated (IJACHIN) = 1

HNumber of time steps IJACMIN is in effect
after violation of IJACSWITCH (IJACRESET) =
Upatream weighring update frequency for
relative permeahilities while
IJACHIN is in effect (IUPRPLOOSE! = 9
Upstream weighting update frequency for diesolwed gas
while IJACHMIN is in effect {IUPMFLCOSE] = 9

wn

Relative change in variable for Jacobian element derivative calculations |DH}:
DHi1l) = 1.000E-08
DHIZ2) = 1.000E-08

Minimum variable change allewed for Jacobian element derivative calculations (HMIN):

HMIN(1) = 1.000QE-10
HMIN(2} = 1.000E-02 Pa

P L R R L R R L R LR L L L a R R T L s r e a e R T R R R R R R R AR R T T Y

Wumber of times to specify material grid (NMATTIMES) = g

Material cime number = 1 Starkting at time =-1,577%00E+08 &5
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Layer 1 .
1 10 10 11 11 11 11 11 11 11 11 11 11 11 11 31 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 19 190
2 10 1¢ 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 1111111111111 11 31 1 1 1 11 1111211 11 1111111
4 1131111111111 11111111111 1 1 1 1 1 1 1 1 1 1
5 1i11111111111111111 111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
3 2 3 33 3 32 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 9 2 2113 3 3 3 32
7 1111 11 11 2 2 2 2 2 2 2 2 2 2 2 2 2 2% 2 21111111 1
-] 11111111 ¢6&6 6 &6 6 6 6 6 9 7 7 7 % &8 8% % %8 § 1 11 1 1 11 1
9 111111116 6 6 6 6 6 6 % 7 7 7 2 8 8 92 8 8 1 1 1 1 1 1 1 1
10 111111 2131 6 6 6 & & 6 6 5 7 7 7 % 8 8 % 8 g1 11 1 1 111
11 11111 11 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 %2 211111111
12 4 4 4 4 4 4 4 4 2 2 2 2 2 2 2 2 Z 2 Z 2 2 2 9 2 2 4 4 4 4 4 4 4 4
13 11111111 2 2 2 2 2 2 2 2 2 2 2 2 2 2 % 2 2 111111 1 1
14 11111111 2 2 2 2 2 2 2 2 2 2 2 2 2 2 % 2 2 11 111111
15 = 5 55 5 5% 56 535555 5 5 5 5 5 5 5 5 5 9 5 5 5 5 § § g5 5§ 5 5
16 i111 111 111111111111 111 192 11 1 1 11 1111
17 i1111111 11111111 2» 111 11 1% 111 1 11 1111
18 1111112121112 1111111111 11 % 11 1 1 1111 1 1
19 1111111111111 11 1 11 1 1 1 1 % 1 1 1 i 1 1 11 11
20 i1 111 1*¥»¥3i 11111111 1111111 %1 3111111111
21 i 1111 21111111111 1111111 % 1111111111
22 11111 111111111111 1111112135111 1111111
23 10 19 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
24 10 10 10 10 10 10 10 10 19 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
25 10 10 10 10 10 10 10 10 14 10 19 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
26 10 10 10 10 10 10 10 10 10 10 10 10 10 1¢ 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
27 10 10 10 1€ 10 10 10 10 10 10 10 10 10 18 10 10 16 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
28 10 10 1¢ 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 14 10
29 10 10 10 10 10 10 10 1) 10 19 10 10 10 1¢ 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 19 10
30 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
31 10 10 10 10 10 10 10 19 10 10 10 10 19 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 10 10 10 10
Material time number = 2 Starting at time = 0.000000E+00 &
Layer 1
1 10 10 11 11 11 11 11 11 11 11 11 31 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 19 10 B
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 $1 1111111111111 1111111111 111 11 1 L 1 1
4 1111211111111 131 311131111111 11 1111111
5 1111111161161 1111111 111111 1 1 1 1 1111 11
[ 3 3 » 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 3 3 3 3 3 3 3 3
7 111111112 2 2 2 2 2 2 2 2 2 2 2 2227 2211111111
8 1 1 1 1 1 1 1 1121212 13 12 12 12 42 13 13 13 42 21 31272222 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 11212 12 32 12 12 12 42 13 13 134221 21272222 1 1 1 1 1 1 1 1
10 1 11 1 1 1 1 11212 12 12 12 12 12 42 13 13 13 422121 272222 1 1 1 1 1 1 1 1
11 111111112 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 11111 111
12 4 4 4 4 4 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 4 4 4 4 4 4 4 4
13 1111111 1 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 211111111
14 $1 111111131 2 2 2 2 2 2 2 2 2 2 2 2 2 241 2 2 1 1 1 1 1 1 1 1
15 § % 5 55 5 5% 5 5 5 5 5 5 5 5 5 & 5 5 5 5 5J1 5 5 5 5 5 B 5 5 8% 5
16 11111111 1111111 1 1 1 11 133 1 1 1 1 1 1 1 1 1 1
17 1111111111111 1311 =1 1 1 1 1 1 1 128 1 1 1 1 1 1 1 1 1 1
1R 111111111 111132 %+ 1 1 1 1 1 1 1 12 1 1 1 1 1 1 1 1 1 1
19 1111111111111 %t 31 1 1 1 1 1 11 13 1 1 1 1 1 1 1 1 1 1
20 121111111111 111111 1111 11 13 1 1 1 1 1 1 1 1 1 1
21 i 1111111111111 31 111 1 1 1 12 1 1 1 1 1 1 1 1 1 1
22 i1111111 11 1 11 1 1 L 1 1 1 1 125 1 1 1 1 1 1 1 1 1 1
23 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14
24 15 15 15 15 15 15 15 15 1% 25 15 15 15 15 15 1% 1% 1S 15 15 15 15 24 15 15 15 15 15 15 15 15 15 15
25 16 16 16 16 16 16 16 16 16 16 16 16 16 1§ 16 16 16 16 16 16 16 16 24 16 16 16 1k 16 16 16 16 1& 14
26 17 1% 17 17 17 17 17 17 17 1% 17 17 17 17 17 37 17 17 17 17 17 17 24 17 17 17 17 17 17 17 17 17 17
27 i8 13 18 18 18 18 18 18 12 12 18 18 18 18 18 18 i& 18 18 18 18 18 24 18 18 18 18 18 18 18 18 18 1A
28 19 1% 1% 19 19 1% 12 15 1% 19 12 12 19 12 19 3% 1% 3% 1% 19 19 19 23 19 1% 1% 1% 1% 192 19 1% 19 19
23 19 12 19 1% 15 19 1% 1% 1% 1% 1% 19 19 19 1% 12 1% 12 1% 1% 1% 1% 23 19 1% 1% 1% 19 19 19 1% 19 19
30 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
a1 20 20 20 20 20 10 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
Material time number = 3 Starting at time = 3.155700E+0B £
Layer 1
1 10 10 11 11 11 11 11 21 11 11 11 331 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 10 140
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1¢ 10 10 10 10 1¢ 10 10 10 10 10 10
k| i11111111113111 11 11 1 y1 111 11 1 1 1 1 1 1 1 1
4 11111111311 11 11 1 1 11 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1
5 1111111121311 311111 1 11 111 1 1 1 1 11 1 1 1 11
3 33 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 227% 2 2 31 3 3 3 3 3 3 3
7 i1 11111 1 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 11 111111
8 11 1 1 1 1 1 1121212 12 12 12 12 42 13 1313 422121272222 1 1 1 1 1 1 1 1
El 11 1 1 1 1 1 11212 12 1212 12 12 42 13 13 13 422121272222 1 1 1 1 1 1 1 1
10 11 1 1 1 1 1 121212121212 12 12 42 13 13 13 422121272222 1 1 1 1 1 1 1 21
11 1111 11 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 1 i 1 11111
1z 4 4 4 4 4 4 4 4 2 2 2 2 2 2 2 2z 2 2 2 2 2 227 2 2 4 4 4 4 4 4 4 2
13 11111111 2 2 2 2 2 2 2 2 % 2 2 2 2 227 2 2 1 1111111
i4 11 1111112 2 2 2 2 2 2 2 2 2z 2 2 2 241 2 2 1 1 1 1 1 1 11
15 5 5 5 % 5% 5 55 5 5 5 5 5 5 5 5 5 5 5 5 5 541 %5 5 5 5 5 5 5 5 § §
16 1111111111111 311111 11 1 12 1 11 1 111111
17 1111111111111 1 1 1 1 1 1 11 1 12% 1 1 1 1 1 1 1 1 1 1
18 {11131 1 1111111111 1 1 1 1 12 1 1 1 1 1 1 1111
19 1111111111111 11111 11 1 13 11 1 1 1 1 1111
20 1111111111111 11111 1 1 11 1 13 1 1 1 1 1 1 1 1 1 1
21 1111111111111 11 1+ 1 1 1 1 1 1 1 12 1 1 1 1 1 1 1 1 1 1
22 $: 11111111111 31} 21 11 1 1 1 L t25 ¢ I ¢ ¢ & 12 2 1 1 1
23 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14
24 15 15 15 15 15 15 15 15 15 15 15 15 15 1% 15 35 5 15 15 15 15 15 24 15 15 15 15 15 15 15 15 15 15
25 16 16 16 15 16 16 16 16 16 16 16 16 16 16 16 16 16 26 16 16 16 16 24 16 16 16 16 46 16 16 16 15 15
26 17 17 17 17 17 17 17 17 17 17 17 1% 1% 1% 17 17 17 17 17 17 17 17 24 17 17 17 17 17 17 17 17 17 17
27 12 18 18 18 18 1B 18 18 12 18 18 1§ 18 14 18 15 14 18 18 18 12 18 24 18 18 18 18 18 18 18 18 18 18
28 1% 19 19 19 19 1% 1% 19 12 19 19 19 19 19 12 12 1% 1% 1% 19 19 19 23 1% 12 19 1% 1% 19 19 19 19 19
25 19 19 19 19 19 1% 1% 19 1% 19 1% 19 19 1% 1% 1% 19 12 19 15 19 1% 23 19 19 19 19 19 19 19 13 19 19
30 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
31 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
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Marerial time number = 4 Starting at time = 7.889200E+08 s
Layer 1
1 10 10 11 I3 11 11 11 11 11 11 1% 11 33 213 11 II 2I 11 11 11 11 11 11 11 11 11 11 11 11 11 11 1¢ 10
2 10 10 106 10 10 10 10 1¢ 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 1€ 10 10 10
3 111131 11 111313 :r1 11111111111 11 111111
4 111111111111 111 1111111111 11 111111
5 1111113131111 11 11 1111111 11 1 1 1 1111
6 3 3 3 3 3 3 31 3 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 3 3 3 3 3 3 3 3
7 11111 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 1 1 1 1 1 1 1 1
8 11 1 1 1 1 1 112121212 12 12 12 ¢2 13 13 13 422121272222 1 1 1 1 1 L 1 1
9 1 1 1 1 1 1 1 1121212 12 12 12 12 42 13 13 13 4221 21272222 1 1 1 1 1 1 1 1
10 11 1 1 1 1 1 1121z 12 12 12 12 12 42 13 13 13 42 212127 2222 1 1 1 1 1 1 1 1
11 11111 1112 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 1 1 1 1 1 1 1 1
12 4 4 4 4 4 4 4 4 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 4 4 4 4 4 4 4 2
13 1111 1 1 11 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 111111 11
14 11111 111 2 2 2 2 2 2 2 2 2 2 2 2 2 24L 2 2 1 1 1 1 1 1 1 1
15 5 5 5 5 5 5 5 5 5 5 % 5 5 5 5 5 5 5 5 5 5 541 5 5 5 5 5 5 5 5 5 §
18 11111 11 11 1 1 1 1 11 1 11 1 1 135 12 1 1 1 1 1 1 1 1 1
17 1111111111 11111111 111 13 1 &1 1 1 1 11 11
18 11111 1 1 1 1 11 1 1 1 1 1 1 1 1 1 L 130 .1 1 1 1 1 1 1 1 1 1
19 1111111 11 1111 1 1 1 ! 1 1 1 1 13 1 1 1 1 1 1 1 1 1 1
20 111111112111 1111 1 1 1 1 1 1 13 1 1 1 1 1 1 1 1 1 1
21 i11 11 11111111 11 1 2 1 1 1 1 12 1 1 1 1 1 1 1 1 1 1
22 11111 111111111111 1111 125 1 1 1 1 1 1 1 1 1 1
23 14 14 14 14 14 14 14 14 14 14 14 14 1a 14 14 14 24 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14
24 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 24 15 15 15 15 15 15 15 15 15 15
25 16 146 16 16 16 1€ 16 15 16 16 16 16 16 16 16 16 16 16 16 16 16 16 24 16 16 16 16 16 16 16 16 16 16
26 17 17 17 17 17 17 17 17 17 17 17 17 17 17 24 17 17 17 17 17 17 17 17 17 17

-
-3
=
“a
-
-1
fun
oo -
fun
w1
o
-3
=
=
s
~a

27 18 18 18 18 18 18 1% 18 18 1z 18 18
28 12 19 19 19 1% 19 19 15 19 15 19 13
25 13 1% 19 15 12 192 1% 19 19 19 19 19
30 20 20 20 20 20 20 20 20 20 20 20 20
31 20 20 20 20 20 20 20 20 20 20 20 20

=
@
-
@
-
@
-
o

18 18 12 18 18 18 24 18 18 1B 1B 13 18 18 18 1& 18
15 15 15 15 15 195 23 1% 1% 1% 1% 1% 1% 1% 1% 19 19
1% 15 19 19 19 15 23 12 19 15 19 1% 12 12 1% 15 19
20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 290 20

R
coww
MR
coww
BB R
< oW
(S
ER=Rar

Material time Tumber = S Starkting at time = 1 .557B00E+03 s
Layez 1

1 ip 10 11 11 11 11 11 11 11 11 11 11 11 11 11 11 131 11 11 11 11 11 11 11 11 11 11 11 11 11 11 10 10
2 10 10 10 10 10 1€ 10 10 10 10 10 10 10 10 10 10 10 10 10 16 10 10 10 10 10 10 16 1¢ 10 10 10 10 10
3 i 1¥1r¥r1131121212121212111111111°1"1?1111 111 1 1 1 11
4 r 111114+ 1121111111111 1111111°11?1?111 11 1 11
5 i+ 2111111111111 1111111 11111 11 1 1 11 12 1 11
L1 i 3 3 3 3 2 3 2 2 2 2 2 2 2 2 2 2 22 2 2 227 2 2 3 3 1 3y 3 2 3 3
T {11111 112 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 11 11 1 1 11
8 1 1211 1 1 1 1121212 12 12 12 12 42 13 13 13 42 21 21 272222 1 1 1 1 1 1 1 1
9 11 1 1 1 1 1 1121212212 12 12 12 12 42 13 13 13 42 21 2127 22 22 1 1 1 : 1 1 1 1
10 1 1 1 1 1 1 1 11212 12 12 12 12 12 42 13 13 13 42 212127 2222 1 1 1 1 1 1 1 1
11 111 1 1 1 1 1 2 2 2 2 2 2 2 Z 2 2z 2z 2 2 227 2 2 }1 :i11 111
12 4 4 4 a4 ¢ 4 4 4 2 2 2 2 2 2 2 2 2 2 2 Z 2 27 2 4 4 4 4 4 4 4 4
13 1 1111 1 11 2 2 2 2 2 2 ¢ 2 2 2 3 2 2 227 2 2 1 11 1 1 1 1 1
14 1111 11 11 2 2 2 2 2 2 2 2 2 2 2 2 2 241 2 2 111 1 1 1 11
15 s 5 § 5 5 5 5 5 5 5 5 5 &5 5§ § £ §5 5 5 5 5 541 5 5 5 5 5 5 5 5 5 5
1 111111111111 1 :* % 21 2 1 1 1 1 13% 1 1 1 1 1 1 1 1 11
17 1111121111111 113 11 1 1 11 131 1111 11 1 1 11
18 1111121212111 11 11 221212111 1 122111 1111 1 1 11
19 111111111111 1113 :* 11211 11 13 1111111111
20 1111121111111 1111 11 %+ 1 1 1 1 1 137 111 1111 111
21 11111111111 1 1 ¢ i1 ¢ 1 2 1 1 1 126 1 1 1 1 1 1 1 1 11
22 11111 21112111111 1111 * 2 1 1 1 1 12% 1 1 1 1 1 1 1 1 1 1
23 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 34 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14
24 15 15 15 15 1% 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 24 15 15 15 15 15 15 15 15 15 15
25 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 24 26 16 16 16 16 16 16 16 16 16
26 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 24 17 17 17 17 17 17 17 17 17
27 ig 12 18 18 18 132 18 1B 1B 18 18

28 19 19 19 1% 1% 1% 19 19 13 19 19
29 19 18 19 138 19 1% 19 19 1% 1¥ 1%

[

w3
=
@
-
o
-
=
I
o

30 20 20 20 20 20 20 20 20 20 20 20 20 20 2C 20 20
31 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
Marerial time number = § Scarting at time = 3 155700E+09 =
Layer 1
1 10 10 11 11 11 13 11 11 11 11 141 11 12 11 1@ 23 33 11 11 11 17 11 11 311 11 11 11 11 11 11 11 10 10
2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 1111111211212 121111 3% 11341+ 111111111 1 11 111 11
4 1131111111 1112121211 11 1 i 1111 1 1111111 1 1 1 1
5 1111111111212 1111111111111 1111 11111
& 3 3 3 3 3 3 3 31 2 ¢ 2 2 2 2 2 2 2 2 2 2 2 227 2 2 3 3 3 3 3 31 3 12
7 i1 11111 12 2 2 2 2 2 2 2 2 2 2 2 2 222 2 2 1 11 1 1 11121
-] 1 1 1 1 1 1 1 112 12 1z 12 12 12 12 42 13 13 13 42 21 21272222 1 1 1 1 1 1 1 1
g 1 1 1 1 1 1 1 11212 12 12 12 12 12 42 13 13 13 42 21 21 272222 1 1 1 1 1 1 1 1
10 1 1 1 1 1 1 1 112121212 12 12 12 42 13 13 13 42 21 2127 22322 1 1 1 1 1 1 1 1
11 111111 112 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 1 1 11 1 1 11
12 4 4 4 4 4 4 4 4 T T 2 2 2 2 2 2 2 2 2 X 2 227 2 2 4 4 4 4 4& 4 4 4
13 111111112 2 2 2 2 2 2 2 2 2 2 2 2 227 2 211 111111
14 1111111 1 2 2 2 2 2 2 2 2 2 2 2 2 2412 2 21 1 11 11 11
15 5 555 55 5 5 5 %5 5 53 5 55 &5 5 55 5 5 54 5 5 5 5 5 5 5 § 5 5
156 1 1111111111211 1111211211 112111 13% 11 1 1 1 1 1 1 1 1
17 1111111111211 1111 111 311 132 1111111 1 11
18 11111111111 111111 11 i1 11 21232 111111 11 11
18 $1 1111111111 1®» 11 1 11 i1 1 1 138 1 1 1111 11 1 1
20 {11111 1 1111161 11 1 @111 1 13% 11 1 1 1 1 1 1 1 1
21 $ 1111111111111 11 ¢ 311 1 1 12 11 11 11 11 11
22 $*1 111111 1311111111+ 2131111 12% 1 1 1 1 1 1 1 1 1
23 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 314 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14
24 15 15 15 15 15 1% 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 15 24 15 15 15 15 15 15 15 15 15 15
25 16 16 16 1% 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 24 16 16 16 1& 16 16 16 16 1€ 16
26 i7 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 27 17 17 17 17 17 24 17 17 17 17 17 17 17 17 17 17
27 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 38 18 18 1s 18 18 24 18 18 18 18 18 18 18 18 18 18
28 1% 1% 19 19 19 1% 1% 195 15 1% 19 19 19 19 1% 15 19 19 1% 19 1% 1% 23 19 19 19 192 1% 19 1% 1% 19 19
29 1% 1% 1% 19 1% 1% 19 19 1% 1% 19 19 19 19 1% 1% 15 19 19 19 159 1% 23 12 19 1% 19 1% 19 1% 13 19 19
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30 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 2¢ 2¢ 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
31 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
Material ktime mumber = 7 Starting at time = §.311400E+09 8
Layer 1
1 10 1% 11 11 11 11 13 12 311 12 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 32 1i 11 11 11 19 10
2 10 10 10 10 10 10 10 10 19 10 10 10 14 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10
3 i111111112111111311 1211211 i1 11111111111 111
4 i1111 1131111111313 1 2 i 111 1111 1 11 111 1 1 1
5 i111 11132 111221 1111111 3111111111111 1 1 1
3 33 3 3 313 3% 2 ¢ % 2 ¢ o2 02 2 02 2 0 0% o2 o7 o2 03 03303 30343 3
7 T1 4111111 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 11111111
B i1 1 1 1 1 1 112121212 12 12 12 42 13 13 13 4221 2127 2222 1 1 1 1 1 1 1 1
9 1 1 1 1 1 1 1 11212 12 12 12 12 12 42 13 13 13 422121272222 1 1 1 1 1 1 1 1
10 1 1 1 1 I 1 1 1121212 12 12 12 12 42 13 13 13 42 21 21272222 1 1 1 1 2 1 1 1
11 11111111 2 2 2 2 2 2 2 3 2 2 2 2 2 227 2 2 1 1 1 1 11 11
12 4 4 4 4 4 ¢ 4 4 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 4 4 4 4 4 & 4 a
13 i1 111 1 31 1 2 2 2 2 3 2 2 2 2 2 2 2 =2 227 2 2 1 1 1 1 ¥ 1 11
14 1111111 1 2 2 2 2 2 2 2 2 2 2 2 2 2 241 2 2 1 1 1 1 1 1 1 1
15 5 § 5 %5 5 5 55 55 5 5 5 5 5 5 5 5 5 5 %5 541 5 5 5 5 5 5 5 5 5 §
16 111111111121 1212111111 11 11 111 13% 1 1 2 1 1 1 1 1 1 1
17 i1111 3211 1111311 1111 1 311 132 1 1 1 1 1 1 1 1 1 1
¥} 1111111121111 1 11 1 1 i1 1 31 132 1 1 1 1 1 1 1 1 1 1
1% i1111 1111221111111 * 23221 1 1 13% 1 1 1 1 1 1+ 1 1 1 1
20 i1111111 1111 3111 1 1 1 1 1 1 1 1 13% 1 1 1 1 1 1 1 1 1 1
21 +*+r 1222111111111 112 121111111 127 1111 1 1 1 1 1 1
22 $1 1121111111111 1 111111 1125 1 11 1 1 1 11 11
23 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14
24 15 15 15 15 15 15 15 15 1% 15 15 15 15 15 15 15 15 15 15 15 15 15 24 15 15 15 15 15 15 15 1% 15 15
25 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 15 16 16 16 24 16 16 16 16 16 16 16 16 16 15
26 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 24 17 17 17 17 17 17 17 17 17 1%
27 18 18 18 16 18 18 28 18 1% 18 1% 18 18 18 18 18 2§ 18 18 15 18 18 24 18 1g 18 18 18 135 18 18 1§ 18
8 13 13 12 1% 19 1% 1% 19 1% 15 19 19 1% 1% 1% 1% 19 1% 19 19 19 1% 23 19 19 1% 19 15 1% 19 1% 19 19
29 19 19 19 1% 19 1% 19 19 1% 1% 19 19 19 12 19 1% 19 1% 19 1% 19 1% 23 19 1% 1% 19 1% 19 15 19 19 19
30 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20 —
31 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20
Material time number = 8 Starting at time = 1, 26230Q0E+10 &
Layer 1
1 10 10 11 11 11 11 11 11 211 11 11 11 11 I1 21 23 33 13 331 131 33 33 33 13 13 13 13 1) 13 11 11 1% 1D
2 10 10 10 10 10 10 10 10 10 10 10 16 1¢ 16 10 16 10 10 10 10 10 10 10 10 10 10 10 10 10 1o 10 10 10
3 111111211111 11111 1 111111 1 1 1 2 11111
4 1113121121111 11111 11111 1 311 1111111 111
5 i1111111111111111 111111111111 1 111 11
& 3 3 3 3 3 3 3 3 2 2z 2 2 2 2 2 2 2 2 2 2 2z 22T 2 2 3 31 31 3 3 3 3 2
7 11 1 1 ¥ 111 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 211111111
g 11 1 1 1 1 1 2112121212 12 12 12 42 13 12 1342 21 21272222 1 1 1 1 4% 1 1 1
E] 1 1 1 1 1 1 1 121212 12 12 12 12 12 42 13 13 13 42 21 21272222 1 1 1 1 1 1 1 1
10 11 1 1 1 1 1 11212 12 12 12 12 12 42 13 13 33 4221 21 272222 1 1 1 1 1 1 1 1
11 1 11111 11 2 2 2 2 2 2 %2 2 2 2 2 2 2 22% 2 2 1 1 11 11 11
1z 4 4 4 4 & 4 4 4 2 2z 2 2z 2 2 F L 2 Z 2 2 2 227 2 2 4 4 4 4 g 4 4 4
13 11111111 2 2 2 2 2 2 2 2 2 2 2 2 2 227 2 2 11111 1 11
14 11111111 2 2 2 2 2 2 2 2 2 2 2 2 2 241 2 2 1 1 1 1 1 1 1 1
15 555 55§65 5 5 % 5% 5 5 5 5 5 5 £ 5 5 5 5 541 5 §5 %5 5 § 5 5 5 § §
16 i 1211111111111 11111111 11 13 1 1 1 1 1 1 1 1 1 1
17 1111211111111 1111111 111 132 1 1 1 1 i1 1 1 1 1 1
18 11111111111 11 1 1 % 1 ¥ 1 i1 1 132 1 1 1 1 1 :r 11 11
19 i1 1 2111111 111111 ¢ % 1 1 1 1 140 1 1 1 1 2 1 1 1 1 1
20 i1111 1111211111 1 1t I 1 1 1 140 1 1 3 12 1 1 1 1 1 1
21 1111111111111 1 1 1 1 &1t 1 1 127 1 1 1 1 1 1 1 1 1 1
22 111 311?11 111111 11 1 11 1 1 1 125 1 1 1 1 1 1 1 1 11
23 24 14 14 14 14 34 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 24 14 14 14 14 24 14 14 14 14 14
24 1515 15 15 1% 15 15 15 15 15 15 15 15 1% 15 1% 15 15 15 15 15 15 24 15 15 15 15 15 15 15 15 15 15
25 16 16 16 16 16 16 16 16 18 16 16 16 16 16 16 16 16 16 16 16 16 16 24 16 16 16 16 16 16 16 16 1§ 15
26 17 1v 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 17 i7 17 17 17 24 17 17 17 17 17 17 17 17 1% 17
27 18 18 18 18 18 18 18 18 1¢ 18 18 15 1% 18 18 18 is 1% 18 18 18 18 24 18 18 18 18 18 18 18 1B 18 18
2e 1% 1% 19 19 19 15 1% 13 1% 1% 19 15 12 1% 1% 12 19 19 1% 1% 1% 1% 23 1% 19 1% 1% 1% 19 1% 1% 19 19
29 19 1% 19 19 19 19 1% 19 1% 19 19 1% 15 15 19 1% 1% 19 19 1% 1% 1% 23 1% 19 19 15 1% 19 19 19 19 19
3o 20 20 20 20 20 20 20 20 20 20 20 29 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 24 2D 20 20 -
a1 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 2D 2D

Material type number and name of material:

1 8_HALITE
2 DRZ_0
3 5_ME135
4 S_RNH_AR
5 S5_MB138
& CAVITY_1
7 CAVITY_2
8 CAVITY_3
e CRVITY_4
10 1MPERM_2
11 CASTILER
12 WAS_AREA
13 REPOSIT
14 UNNAMED
15 CULEBRA
16 TAMARISK
17 MAGENTA
19 FORTYNIN
13 DEWYLKKE
20 SANTARGS
21 BACKFILL
22 EXP_AREM
23 EARTH
24 CLAY
25 ASPHALT
26 CONC_T1
27 CONC_T2
28 CL_M_T1
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29 CL_M_T2 B
ap CL_M_T3
11 cL_M T4
3z CL_M_T5
33 CL_L_TL
34 CL_L_T2
s CL_L_T3
36 SALT_T1
37 SALT_T2
38 SALT T3
a3 SALT T4
40 SALT_TS
41 CLAY_BOT
42 PAN_S_1

Special material index numbers:

Nurmber of waste regions {NWST} = 2
Initial waste matl index nos. [MAT WASTEI} = 6§ 7
Final waste matl index numbers [MAT _WASTE) = 12 13
Number of MAT _DRZ regions (MDRZ) = 0
Material type index for DRZ before

IC's are resec (MAT_DRZ) =
Material type index for DR2 after

IC's are recet (MAT_DRZNEW! =
Number of material regions

where IC*'s will be reset (NMATRESET} = 4
Material type indexes of material regions

where IC'as will be reset {MATRESET) = 6 7 8 9§
Borehole matl index number [MAT_BOREHOLE) = {

Initial Conditions reset parameters:
Time when IC's are reset (TIMEICRESET) = 0.Q0C00E+00 s
Startup Initial Conditions will be used
instead of Input IC'e for the Wasce
[0=No, 1l=Yes] ({ICWASTE) = 1

Uniform Wagte Region 1 Startup Pressure {POWASTEIC)
Uniform Wagke Region 2 Startup Pressure {POWASTEIC)
Uniform Wagke Region 1 Startup Brine Satn (SOWASTEIC)
Uniform Waste Region 2 Startup Brine Satn (SOWASTEIC)

1.01325E+05 Pa
1.01325E+05 Pa
0.CO0CCE+00
0.C0C000E+GD

Material properties:
XLhMDR = Brooks-Corey parameter *lambda, "
for calculating relative permeabiliky

SBER = Residual brine saturation
SGR = Resgidual gae saturation
XK = X-direckion permeability, m"2
YKY = Y-direction permeability., m”*2
IKZ = Z-directicn permeability, m"2
PORROCKMAT Rock porosity
CROCK = Rock compressibility, 1/Pa
SEMIN = Min brine satn at which Pc will be
computed using char curve params
POMIN = Min brine pregsure used to adjust cap
pressure when varisble model used, Pa
PCMAX = Max Pc that can be used, Pa
PCTA = Constant in threshcld cap press (PCT) correlation, Pa
PCTEXP = Exponent in PBCT corraelation:
BCT = PCTA*PERMBN**PCTEXP
KRP = Relative permeability model number
KFC = Capillary pressure mcdel number
KPT = Threchold capillary pressure (PCT) flag:

PCT constang
PCT function of dynamic permeabiliky

I ALAMDA SER SGR KEx YKY ZKZ PCORREFROCK CROCK SBHIN POMIN PCHAX PCTA PCTEXP KRP KPC KPT
7.00E-01 3.00E-01 2.00E-01 1.00E-21 1.00E-21 1.Q0E-21 1,00E-02 8.0SE-09 3.15E-01 1.01E+05 1.0DE+0B 9.0CE+06 Q,00E+00
7.00E-01 D.00E+0C 0.00E+00 1.00E-15 1.00F-15 1.00E-15 1.00E-02 B.2BE-08 0.00E+00 1.01E+D5 1.00E+08 C.CQCE+00 0.00E+00
7.00E-01 2.00E-01 1.65E-01 2,51E-15 2.51E-15 2.51BE-15 1.%0E-02 4.12E-¢9 2,10E-01 1.0lE+05 1,00E+08 2.53E-02-2.46E-01
7.00E-01 2.00E-Q1 1.65E-0Ll 2 51E-1% 2.51E-19 2.51E-1% 1.50E-02 4.12E-0% 2.1DE-01 L1.0LE+05 1.Q0E+08 2.63E-02-3.46E-01
7
L

-U0E-01 2.00E-01 1.65E-01 2.51lE-12 2.51E-19 2.51E-1% 1.%0BE-02 4.12E-0% 2.10E-01l 1,01E+05 1.D0E+08 2.63E-02-3,46E-01

.GOE-01 0.00E+00 0,00B+0C 1.00E-10 1.00E-1C 1.00E-10 1.00E+00 0.00E+00 0.00E+0( 1.0lE+D5 1.00E+08 0.00E+00 0.00E+00
7.00E~01 0.00E+00 Q.0C0E+C0 1.00E-10 1.00E-1¢ 1.00E-10 1.00E+00 O.0O0E+00 {.00E+00 1.01E+05 1.00E+08 0.00E+00 ©.00E+CO
7.00E-01 0.0CE+0¢ D.0DE+00 1_0Q0E-10 1.00E-10 1,00E-10 1.00E+00 0.00E+{0 0.00E+00 1.01E+05 1.00E+08 0.00E+00 Q.O00E+0O0

% 7.00E-01 0.COE+DD 0.00E+00 1.00E-10 1.00E-10 1.00E-10 1.00E+00 0.00E«00 0.00E+00 1.01E+05 1.00E+08 0.00E+0{ ¢.00E+00
10 1.00E+00 0.00E+00 ©0.OCE+00 1.00E-25 1.00E-35 1.00E-35 5,00E-03 0.00E+00 0.00E+00 1,0lE+05 1.CQQE+0E 0.00E+00 0,00E+00
11 7.00e-01 2.00E-01 2.0CE-01 1.33E-11 1.33E-11 1.33E-11 5,20E-03 1.92E-07 2.10E-0]1 1.01E+05 1.Q0E+08 5.50E-01-3, 46E-01
12 7.Q0E-01 2,00E-01 2.00E-01 5.58E-12 5.58E-12 5.58E-12 8.81E-D1 1.20E-0% 2.10E-01 1.01E+05 1.00E+08 $.60E-01-3.d46E-01
13 7.00E-01 2.00E-01 2.00E-01 5 .58E-12 5,58E-12 5.58E-12 #.81E-01 1.20E-09 2.10E-01 1.01E+05 1.00E+08 5.60E-C1l-3.46E-01
14 7.00E-01 2.00E-01 2.00E-01 1.00E-35 1,00B-35 1,00E-35 2.00E-01 0.00E+0Q 2.10E-01 1.01E+05 1.00E+0B 0,0CE+00 0.00E+00
15 7.00E-01 2.00E-0l1 2.00E-0l 2.65E-13 2.65B-13 2,65E-13 1.46E-Q1 1.42E-09 2.10E-01 1.01E+D5 1.00E+08 5.6CE-01-2.46E-01
16 7.00E-01 2.00E-01 2.00E-01 1.00E-35 1.CCE-35 1.0C0E-35 2.00E-01 0,00E+00 2.10E-01 1,01lE+05 1.00E+08 O0.0O0E+0D 0.00E+00
17 7.Q0E-01 2.00E-01 2,00E-01 1.10E-16 1.10E-1¢ 1.108-16 9.00E-02 2.I0E-Dg Z.LOE-JlL L.0LE+05 1.00E+08 5.60E-0I-3,d6E~0L
18 7.00E-01 2.00E-01 2.00E~01 1 QO0E-35 1.00B-35 1 0Q0E-25 2.00E-01 0.00E+00 2.310E-01 1.01E+05 1.00E+08 0.00E+00 0.00E+00
19 7.00E-01 2.00E-GLl 2.00E-01 % 33E-16 9.33E-16 9.33E-1§ 1.50E-01 6.67E-08 2.10E-01 1.01E+05 1.00E+08 (.00E+00 0.DOE+00
20 7.00E-01 2.G0E-QL 2.00E-01 1.00E-10 1.00E-10 1.00E-10 1.75E-01 5.71E-0% 2.10E-01 1.01E+05 1.00E+08 0.00E+00 0.00E+00
21 7.00E-01 0,00E+00 0.00E+00 1.00E-11 1.00E-11 1.00E-11 1.00E+00 0.0QE+00 0.00E+00 1.01E+05 1.00E+08 ['.00E+00 0_0QE+00
22 7,00E-01 0.CDE+0D0 0.00E+00 1.00E-11 1.00E-11 1.00E-11 1.00E+00 0.00E+00 D.00E+00 1.01E+05 1.00E+0B D.O00E+00Q 0,Q0E+0Q
23 1.70E+00 2.21E-01 2.00E-01 1,00E-14 1.CCE-14 1.00E-14 2.50E-01 0.00E+00 Z.32E-01 1.01E+05 1.00E+08 1.42E+04 0.00E+00
24 1.50g-01 2,24E-(2 2.24E-02 1.0DE-18 1.UCE-18 1.00E-18 2. 50E-01 0.00E+00 2,35E-02 1.G1E+D5 1.00E+08 1.50E+05 0.00E+D0
25 7.00E-01 D.COE+00 Q.0QQE+00 3.31E-17 3.31E-17 3.31E-17 1,00E-02 0.00E+00 D.00E+00 1,01E+05 1.00E+08 0.O00E+00 0_00E+00
26 7.00E-01 2.00E-01 2.00E-OL 5.00E-1% 5.00B-1% 5,00E-1% 7.50E-02 0.00E+00 2.10E-01 1.01E+05 1.0CE+CB 1.50E+06& 0.0DE+DO

A pbphpbbbbhbpbhbbbbbbhbbbadidpn
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27 7.00E-01 2.00E-01 2.00E-01 1.00E-14 1.Q0E-14 1.00E-14 7.50E-02 0.00E+00 2.10E-01 1. Q1E+05 1.00E+08 1.50E+06 O_00E+00
28 1.90E-01 2,24E-02 23.24E-02 3.84E-17 3.84E-17 3.84E-17 7.50E-02 0.0C0E+0C 2.35E-02 1. 01lE+D5 1.008+06 1.S0E+06 0.00E+00
9 1.90E-01 2,24E-02 2.24E-02 2.53E-17 2.53E-17 2.53E-17 7.50E-02 0.0O0E+00 2.3%E-02 1,01E+05 1.00E+08 1.S50E+06 0.00E+00
30 1.90E-01 2,24E-02 2.24E-02 1.58E-17 1.58E-17 1.58E-17 7.50E-02 0.00E+00 2.35E-02 1,01E+0S5 1.00E+08 1,50E+06 0.00E+00
31 1,90E-01 2.24E-02 2.34E-02 &.53E-18 6.51E-18 6.53E-18 7.50E-02 0.00E+00 2.35E-02 1.01E+05 1.00E+O8 1.50E+06 0.00E+00
32 1.90E-01 2.24E-02 2.24E-02 1.00E-18 1.00E-18 1.00E-18 7.50E-02 0.00E+00 2,3SE-02 1.01E+05 1.G0E+08 1.50E+06 0.00E+D0
33 1.94E-0L 2.24E-02 2.2dE-G2 d.66E-17 4.46E-17 4.6BE-17 7,50E-02 0.00E+(0 2.35E-02 1.01E+05 1.00E+08 1.5GE+06 0.00E+G0
34 1.50E-01 2.24E-02 2.24E-02 %,08E-18 9.0BE-18 9.08E-18 7.S0E-02 0.J0E+00 2.3SE-02 1.01E+05 1.00E+08 1,50E+08 0.00E+00
35 1.%0E-01 2.24E-02 2.24E-C2 1,00E-1B 1.00E-18 1.0CE-18 7.50E-02 0.00E+00 2.35E-02 1,01E+05 1.00E+08 1.50E+0§ O.00E+00
36 7.00E-01 2.00E-01 2.00E-01 1.00E~14 1.00E-14 1.00E-14 4.00E-G2 0.00E+00 2.10E-01 1.01E+05 1.00E+08 3.90E+Dd 0.Q0E+00
37 7.00E-01 2.00E-01 2.0CE-01 7.00E-17 7.00E-17 7.00B-17 4.00E-02 0.00E+00 2.10E~01 1.Q1E+05 1.00E+08 2.18E+05 0.Q00E+00
38 7.00E-01 2.00E-01 2,00E-01 1.00E-1B 1.00E-18 1.00E-1B 4.QCE-02 0.00E+00 2.10E-01 1.01E+05 1.00E+08 9.47E+05 0.00E+CO
39 7.00E-01 2.00E-01 2.00E-01 3.30E-21 3.30E-21 3.30E-21 4.C0E-02 C.00E+00 2.10E-01 1.01E+05 1,00E+08 4.70E+06 0.00E+00
40 7.00E-01 2.0CE-01 2.00E-D1 1.00E-21 1.00E-21 1.00E-21 4.00E-02 C.00E+0C 2.10E-01 1,01E+05 1.00E+OB 4.70E+06 0.00E+00
41 1.90E-01 2.24E-02 2.24E-02 1.00E-18 1.0QE-18 1,G0B-1B 7.50E-02 0.0UE+30 2Z.35E-82 1.01E+05 1.00E+08 1.50B+06 0.Q00E+0G
42 7.00E-0) 2,00E-01 2.00E-01 1.0OE-12 1.00E-12 1.00E-~12 7.50E-02 1,33E-0B 2.10E-01 1.01E+05 1.00E+08 0.00E+CC 0O.00E+0D0

bahob b o d PR s
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Fracture model will be used? (KFRACTURE): T

Fracture model paramebers:

Index for material in which fracturing occurs {IFRCHAT) 3

Fracture initiation pressure increment {FRPIINC) = 1.BOODDE+0E& Pa
Fully-developed fracture preggure increment {FRPFINC} = 2.50G0GE+06 Pa
Maximum fracture poreosity (FRPHIMAY) = 2.90000E-02
Fracture permeability funcktion exponent (FRFRMEXF) = 5.32083E+01
Flag tn ralc x-direction perm as fractured (IFRX) = 1 yes)
Flag to calc y-direction perm as fracrured (IFRY) = 1 Iyes)
Flag to cale z-direction perm as fractured (IFRZ) = 0 (no)
Fracture madel parameters:
Index for material in which Fracturing occurs (IFRCMAT] = 4
Fracture initiation pressure increment (FRPIINC) = 1.B0000E+D6 Pa
Fully-developed fracture pressure increment (FRPFINC) = 2.50000E+06 Pa
Haximum fracture porosicy {FRPHIMAX) = 2.90000E-02
Fragcture permeabhility function exponent {FRPRMEXF} = 5.32083E+0L
Flag te cale x-direction perm as fractured {IFRX)} = 1 {yes)
Flag to cale y-direction perm as fractured {IFRY} = 1 (yes)
Flag to calc z-direction perm as fractured {IFRZ} = 0 ({nn}
Fracture model parameters:
Index tor material in which fracturing occurs (IFRCMAT) = 5
Fracture initiatien pressuze increment (FRFIINC) = 1.80000E+06 Fa
Fully-developed fracture pressure increment (FRPFINC) = 2.50000E+06 Pa
Maximum fracture porésity (FRPHIMAX) = 2.90000E-02
Fracture permeability function exponent (FRPRMEXF) = 5.32083E+01
Flag to calc s-diraecticon perm as fracturead {IFRX) = 1 (yes)
Flag to cale y-direction perm as fractured {IFRY] = 1 (yes}
Flag to calc z-direction perm as fractured {IFRZ} = 0 (no)

Klinkenberg effect will bhe included? (ELINK): T

Klinkenberg equation paramaters:
Linear factor (BKLINK} = 9.80000E-0]1 Pa
Exponent {EXPELINK} =-3.20000E-01

Refeorence conditions:

Reference temperature (TREF) 3. 00150E+D2 X

Reference pressure (PREF) 1.01325E+05 Pa
Brine salinity {SALT) = 2.%600E+01 wt %
Brine denaity at ref. conditions {DENQSC! = 1,2300E+03 kg/m"3
Gas-free |=0) or gas-sat'd brine (=1} {KGSAT) = 1
Dissolved gas i=1) or no dissolved gas {=0} ({(IDGAS] = 0
Brine compreasibility {BRCOMP} = 2_SCODE-10 1/Pa

Brine visccsity (VISO)
Gas wvigcosity [(VISG)

= 1.B00OE-02 Pa*sg

= 8._.9200E-06 Pa*s

Flag for calculating gas density (INTERPDENG):
INTERPDENG = 1: Interpalate from table with RXS ECg.

Gas parameters:
Gas mole fraction (YGAS)

H2: 1.00Q0E+GO Coz: 0.00QE+Q0D
CH4: 0.CCOE+0D MZ: 0.000E+00
H2S: Q. 000E+0D oz2: 0.000E+00
Humber of gases actually used (NGAS) =1

Gas number used if NGAS=];
(1=H2, 2=C02, 31=CH4, 4=N2
5=H28, §=02) {NG2S1) = 1

L e R R R e T R R R

Gas generation model (IGRSVAR) = 1
Original model: Zeroth-order corrosion & biodegradatiomn.

Reaction rate constants {RK):
Corrosion reaction rate constant
Biodegradation reaction rate constant

= 3.043700E-0% mol Fes{s*m"1)
= 2.664200E-07 mol cell/{s*m"3}
Factor for humid reaction rate constants (HF):

Corrosion reaction = 0.000000E+0Q

Biedegradation reaction = 1.000000E-01

Stoichicmetric coeff's for corrosion rxn [S(1,I)]:
Gas coefficient = 1.166700E+00
H20 coefficient = 1.666700E+00
Fe coafficient = 1.000000E+00
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Stoichiometric coeff's for biodegr. rxn ([S5{2,I)]:
Gas coefficiant = 1,.100000E+0C0
H20 coefficient = 0.000000E+QQ
Bio coefficient = 1.0000R00E+00

Molecular weights (WM):

Hz: 2.0159E-023 xg/mol
H20: 1.8015E-02 kg/mol
Fe: 5.5847E-02 kg/mal

Rio: 3.0026E-02 kg/mnl

Wicking term (SATWICK) = 5.000000E~01
Humid rates to be smoothed? (LARXN) = T
Humid rate smoothing factor (ALPHARXN) = 1.000000E+03

Will creep closure be used (CLOSURE}: T

Humber of closure surfaces (NEKLOS] = 1

Closure surface interpolation basis (KLOSINT!: 1
[Gas generation rate: FLOSINT=D]
[Average waste pressure: FLOSINT=1]

Presgsure averaging method for closure (KLOSAVG): 2
Ihverage all closure surface blocks: ELOSAUG=1}
[Ho averaging; use PO in (I,J,K): KLOSAVG=2]

PLITHO
TIME_CLQSOFF

Maximum pressure for closure
Time limit for closure
CLOSPERMFACT = Constant factor in permeability-porosity expresgion
CLOSPERMEX? Exponent in permeability-porosity expression
Model Number (PLITHO} ([Pa} {TIME_CLGSOFF) [s] (CLOSFERMFACT} [m™2] [CLOSPERMEXP) [-]
4 5.000000E+Q7 3.155700E+12 5.584700E-12 0., 000000E+ 00

Humber of materials using closure [(NMATCLOS) = 2
Material Index Model Number
# {MATCLOS) {MODELCLOS}
1 12 4
2 13 4

Radionuclice decay will be calculated? (LRRDDK): F

Solute transport will be calculated? (LTRANS): F
Solute radieclysis will be calculated? (LRADLSIS): F

Pecay has been turned off (LRRDDXK changed to F),
since neither transport nor radiolysig is on:
{LTRANS = LRADLSIS = F)

Will gas compenent tremsport be calculated? (LRXGAST): F
***+ Yagte Region 1 is initialized with PO & SO = 1.013250E+05 0.000900E+0QQ
*** Warte Region 2 ig initialired with PO & S50 = 1.013250E+05 0.000000E+00

AR W R R kA AN o o R AT T X T A A A A A T T T A A A AN A AN A A A A A A A A A T T T T T T T TR RRANNNTTAANR AN AR A A AR d b bbb bbb rwr R b b AN W AR AR
Total mesh volume = 1.907061E+12 m"3

Total waste volume = 4.361532E+05 m"3

Density of initial brine ac ref cond = 1.230000E+03 kg/m"3
Density of initial gas at ref cond = B.179988E-02 kg/m"3
Hass fraction ¢f initial brine in brine phase at ref. cond
Hass fraction of imitial gas in brine phase at ref. cond
Criginal brine in place at ref. cond = 1.53%993E+10 m"3
Original brine in place = 1.B%41532E+13 kg
Original gas in place at ref. cond = §,350%%6E+0R m"3
original gas in place = 4.049508E+07 kg

1.000000E+Q0
0.0000D0E+CQ

Humber of element variables printed to ASCII cutput = &
Number of global wvariables printed to ASCII ocutput = 10
CAMCON  Elemant Variable Unite Conv
NG, Vbl Name Description Units Label Factor
1 PRESBRIM Brine pressuce Pa 1.0000008+00
2 PRESGAS Gas pressure Fa 1.000000E+00
6 POROS Porosiky dimensionless 1.000000E+00
18 SATGAS Gas saturation fraction void wvolume 1.000000E+C0
47 FECONC Fe concentration -~ simple model kg /m~3 1.000000E+Q0
48 CELLCONC CH20 concentration -- simple model kg /m”~3 1.000000E+00
CAMCON Global Variable Units Conv
He. Vbl Wame Description Units Label Pactor
1 BRNMBCUM Cumnlative brine mass balance dimengionless 1.000000E+00
2 GASMECUM Cumulative gas maas balance dimensionless 1.00Q000E+00
3 BRNMEMAX Maximum brine mass balance dimensionless 1.000000E+09Q
4 GASMEMAX Maximum gas mass balance dimeneionless 1.000000E+Q0
5 IBENMBMKX I-index, location of maximim Drine mass balance dimensionless 1.000000E+Q0
6 JBRNMEMX J-index, location of maximum brine mass balance dimensicnless 1.000000E+00Q
7 KEEMNMBMX K-index, lacation of maximum Drine mase balance dimensicnless 1.000000E+00
B IGASMBMX I-index, location of maximum gas mass balance dimensionless 1.0000Q0Q0E+Q0
5  JGASMEMX J-index, location of maximin gas mass balance dimensionless 1.000000E+00
10 KGASMBMX X-index, location ¢f maximum gas mass balance dimengionless 1.000000E+00

Grid block dimensions
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Grid block dimensions in X-direction

1

10

11

12

1z

14

15

16

17

18

13

20

21

22

23

24

25

Layer i

1.50C00E+04
2.00000E+00
2.83000E+02
1.00000E+D3
1.50000E+04
z.00000E+00
2.83000E+02
1.00000E+03
1.50000E+04
2.00000E+00
2.83000E+02
1.0C000E+03
1.500C0E+04
2.00000E+00
2.B3000E+0Q2
1.00000E+03
1.50000E+04
2.00000E+00
2.83000E+D2
1.00000E+D3
1.50000E+04
2.00000E+00
2.83000E+02
1.00000E+D3
1.50000E+04
2.00000E+00
2.83000E+02
1,00000E+0Q3
1.50000E+04
2.00000E+00
2.830008+02
1,00000E+03
1.50000E+04
2.000C0E+00
2.83000E+02
1.00000E+03
1.50000E+Q4
2.0000DE+0QQ
2.83000E+02
1.C00000E+03
1,50000E+04
2.00000E+QD
2.83000E+02
1.00000E+0Q3
1.50000E+04
2.00000E+00
2.B3000E+02
1.00000E+03
1.50000E+04
2.000C0OE+0Q0C
2.83000E+02
1.00000E+03
1.50000E+04
2.00000E+00
Z.83000E+02
1.00000E+03
1.50000E+04
2.00000E+00
2.83000E+02
1.0CCc00E+03
1.50000E+04
2,00000E+00
2.83000E+02
1.00000E+03
1.50C00E+04
2.00000E+0Q
2.830C0E+02
1.00CCCE+03
1.5000CE+04
2.00000E+00
2.83000E+Q2
1.00000E+03
1.50000E+04
2,00000E+00
2.830Q0QE~+02
1.0C000E+Q3
1.50000E+04
2.00000E+00
2.83000E+02
1.0000CE+03
1.50000E+04
2.0000DE+0QO
2,83000E+02
1.90000E+03
1.50000E+04
2.Q000DE+QQ
2.83000E+02
1.00000E+03
1.50C000E+04
2.00000E+00
2.83000E+02
1.00000E+03
1.50Q000E+0C4
2.00000E+00
2.23000E+02
1.00000E+03
1.50000E~04

5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+03
4.00000E-01
5.00000E+01
5. 00000E+D3
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+03
4.00000E-D1
5.00000E+D1
5.00000E+03
5.00000E+03
4.00000E-01
5.00C00E+01
5.00000E+03
5.00000E+03
4.00000E-D1
5.00O0OOE+DL
5.0C000E+03
5.00000E+0]
4.00000E-01
5.00000E+01
5.00000E+D3
5.00000E+03
4.00000E-01
S.00000E+0Y
5.00000E+Q3
S.00000E+03
4.00000E-01
5.00000E+01
5.000C0E+0]
5.00000E+03
4.000CCE~O1
5.000C0E+0L
5.00000E+C3
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+0D3
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+Q3
4.00C0CE-01
5.000CCE+OL
5.0000cE+C3
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
S.00000E+03
4.00000E-01
5.00000E+Q1
5.00000E+03
5.00000E+03
4.00000E-01
5.00000E+01
5.00Q00E+03
5.00000E+03
4.00000E-01
5.00000E+Q1
5.00000E+03
5.00000E+02
4,00000E-01
5.00000E+Q1
5.00000E+0D3
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E403
5.00000E+D3
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+03
4.00000E-01
5.00000E+01
5.00000E+03
5.00000E+03
4.00000E~01
5.00000E+01
5.00000E+03
5.00000E+03

1.0000CE+C3
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E403
2_00000E+00
1.00000E+01
1.50000E+04
1.00000E+03
2.00000E+CD
1.00000E+01
1.50000E+0Q4
1.C0000E+03
2,00000E+00
1,00000E+01
1.50000E+04
1,00000E+Q2
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E+03
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E+03
2.00000E+0)
1.00000DE+01
1.5D000E+D4
1,00000E+03
2.00000E+QO
1.00DDDE+T1
1.50000E+04
1.00000E+02
2.00000E+00
1.00000E+0]
1.50000E+04
1.00000E+03
2.00000E+00
1,00000E+01
1.50000E+04
1.CCC00E+03
2.00000E+DD
1.00000E+0L
1.50000E+04
1.00000E+03
2.00000E+Q0
1.00000E+01
1.50000E+04
1.000CCE+0]
2,00000E+00
1.00000E+01
1.50000E+04
1.00008E+03
2.00000E+00
1.00000E+01
1.50000E+04
1.CC0O00E+D3
2.0000CE+CD
1.0000CE+0L
1.5C000E+0Q4
1.00000E+03
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E+03
2.0000CE+CO
1.00000E+01
1,50000E+04
1.00000E+03
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E+03
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E+0Q3
2.0000CE+QQ
1.000CCE+0Q1
1.50000E+0D4
1.C00G0E+0]
2.00000E+00
1.0000DE+0Q1
1.50000E+04
1.00000E+03
2.00000E+00
1.00000E+0L
1.50000E+04
1.00000E+03
2.00000E+00
1.00000E+01
1.50000E+0Q4
1.00000E+03
2.00000E+00
1.00000E+01
1.50000E+04
1.00000E403

7.50000E+02
1.C000QE+01
6.00000E+01

7.50000E+02
1.00Q000E+01
5.00000E+01

7.50000E+02
1.00000E+01
6.00000E+D1

7.50000E+02
1.00000E+01
6.00000E+Q1

?.50000E+02
1.00000E+0D1
6.00000E+01

7.50000E+02
1.900000E+Q1
6.00000E+01

7.50000E+02
1.00000E+0D1
6, 00000E+0L

7.50000E+02
1.00000E+01
6.00000E+01

7.50Q000E+02
1.00000E+0]
& .00000E+D1

7.50000E+02
1.00000E+01
€.00000E+01

7.50000E+02
1.00000E+0L
6.00000E+01

7.Z0000E+02
1.00000E+01
6.00000E+0L

7.50000E+02
1.00000E+0Q1
6.00000E+01

7.S0000E+02
1.00000E+01
&. 00000E+Q1

7.50000E+02
1.00000E+C1
€.00000E+01

7.50000E+02
1.00000E+0L
6.00000E+0L

7.50000E+02
1.00000E+01
&.00000E+Q1

7.50000E+02
1.00000E+01
6.00000E+0D1

7.50000E+02
1.00000E+01
§.00000E+N1

7.50000E+02
1.00000E+01
€.000Q00E+DL

7.50000E+0Q2
1.00000E+01
6,00000E+01

7.5C000E+D2
1.00000E+01
5. 00000E+0L

7.50000E+02
1.0000Q0E+01
6€.000Q0E+QL

7.50000E+02
1.00000E+01
6.00000E+01

7.50000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02Z
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+0L
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+Q2

5.00000E+02
4.38000E+01
5.00000E+02

5.0000CE+0Q2
4.38000E+0Q1
5.00000E+D2

5.00000E+02
4.3B000E+0L
5.00000E+02

5.00000E+02
4.38000E+C1
5.00000E+02

5.CC0O0E+02
4.38000E+01
5.00000E+02

5.00000E+D2
4.3B000E+0L
S.00000E+D2

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E+01
5.00000E+02

5.00000E+02
4.38000E4+01
5.00000E+02

5.00000E+02
4.38000E+01
5.0000QE+Q2

S.0000CE+C2
4.3800CE+01
5.00000E+02

5.00000E+D2
4.38DD0DE+01
5.00000E+02

5.00000E+D2
4.3BD00E+01
5.000DDE+D2

5.,00000E+02
4.38000E+01
5.C0000E+0Q2

5.00000E+02
4.3B000E+01
5.00000E+02

5.00000E+0z2

1.00000E+02
4.00000E+Q1
1.00000E+Q]

1.00000E+02
4.00000E+0OL
1.00000E+01

1.00000E+02
4.00000E+01
1,00000E+01

1.00000E+02
4.00000E+01
1.00000E+01

1.00000E+02
4.00000E+01
1.00000E+01

1.00000E+02
4.00000E+01
1.00000E+0L

1.00000E+02
4.000D00E+D]
1.00000E+01

1.00000E+02
4.00000E+01
1.00000E+01

1.00000E+02
4,00000E+01
1.00000E+0L

1.00C00E+C2
4.0C00C0E+C1
1.G0C00E+0]

1.00000E+02
4.00000E+01
1.00000E+01

1,G000CE+02
4.000C0E~+0Q1
1.00000E+01

1.00000E+02
4,00000E+01
1.00000E+01

1.00000E+D2
4.00000E+C1
1.G0Q0CE+Q]

1.C0000E+02
4.00000E+01
1.00000E+01

1.00000E+02
4.00000E+01
1.00000E+01

1.00000E+02
4.00000E+Q1
1.00000E+Q1

1.00000E+02
4. 00000E+01
1.0000QE+01

1.00000E+02
4.00Q00E+01
1.00000e+01

1.00000E+02
4.00000E+01
1.00000E+01

1.00000E+02
4.00000E401
1.00000E+01

1.00000E+02
4.00000E+Q1
1,0000CE+01

1.00000E+02
4.00000E+01
1.00000E+01

1.0000Q0E+Q2
4.00000E+01
1.00000E+01

1.00000E+02

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+0]
1.00000E+02
4.00000E+0L

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+01
1.00000E+0Q2
4.00000E+01

4,00000E+01
1.00000E+02
4.00000E+01

4.00000E+01
1.0000DE+02
4.00000E+01

4.00000BE+0L
1.00000E+02
4.00000E+01

4.90000E+01
1.00000E+02
4.00000E+D1

4.00000E+01
1.0000CE+02
4.0CCCCE+O1

4.00000E+D]
1.00C00E+C2
4.00000E+CL

4.00000E+01
1.000CCE+D2
4.00000E+C1

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+01
1.00000E+02
4.00000E+01

3.C0C0CE+DY
1.00C00E+0Q2
4.0000CE+C1

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+01
1.00000E+(2
4.00000E+01

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+Q1
1.00000E+02
4.00000E+01

4.00000E+01
1.00000E+0Q2
4.00000E+0)

4.00000B+01
1.00000E+02
4.00000E+01

4.00000E+01
1.90000E+02
4.0000QE+Q1

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+01
1.00000E+02
4.00000E+01

4.00000E+401
1.00000E+02
4.00000E+D1

4.00000E+01

1.00000E+01
4.95000E+02
1.00000E+{Q2

1.00000E+01
4.95000E+02
1.00000E+02

1.00000E+01
4.35000E+02
1.00000E+02

1.00003E+01
4.95000E+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+D2

1.00000E+01
4.950008+02
1.00000E+02

1.00000E+0D1
4.55000E+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+02

1.00000E+01
4.950Q0E+02
1.00000E+02

1.00000E+01
4.95000E+Q2
1.C0000E+02

1.00000E+01
4.%5000E+02
1,00000E+02

1.0c000E+0L1
4.95000E+02
1.00000E+02

1.00000E+01
4.950008+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+02

1.000CCE+0D1
4.95000E+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+02

1.00000E+01
4_95000E+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+02

1.00000E+01
4.25000E+02
1. 00000802

1.00000E+01
4.95000E+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+02

1.90000E+0Q1
4,95000E+02
1.00000E+D2

1.00000E+D2
4.95000B+02
1.00000E+02

1.00000E+01
4.95000E+02
1.00000E+02

1.00000E+01

4.380CCE+01
1.000CCE+D2
5.00000E+02

4.3R000E+Q1
1.00000E+02
5.00000E+02

4_38000E+01
1.00CO0E+02
5.00000E+02

4,38000E+01
1.00000E+0Q2
5.00000E+02

4.38000E+01
1.00000E+02
5.00000E+02

4.38Q00E+01
1.00900E+02
5.00000E+02

4.33000E+01
1.00000E+02
5.00000E+02

4.33000E+01
1.00000E+02
5.00000E+02

4.38000E+01
1.00000E+02
5.00000E+02

4.38000E+C1
1.00000E+(2
5.00000E+02

4.33Q00E+01
1.00000E+02
5.00000E+02

4.38000E+01
1.00000E+02
5,00000E+Q2

4.38000E+01
1,00000E+02
5.0C000E+02

4.38000E+01
1.90000E+02
5.00000E+02

4.283000E+01
1.00000E+02
S.0D000E+02

4.38000E+01
1.00000E+02
5.00000E+02

4.3B000E+0L
1.00000E+02
5.00000E+02

4,38000E+01
1.00000E+02
5.00000E+02

4.38000E+01
1.00000E+92
5.00000E+22

4.38000E+0L
1.00Q00E4+02
5.00000E+02

4.38Q00E~0L
1.00000E+02
5.00000E+02

4.38000E+D1
1.00000E+02
5.00000E+02

4.38000E+01
1.00000E+02
5.00000E+02

4.38000E+01
1.000DDE+0Q2
5.00DD0E+02

4,3800DE+C1

1.90000E+01
£.00000E+01
7.50000B+02

1.00000E+01
8. 00Q00E+01
7.50000E+02

1.00000E+01
8,00000E+11
7.50000E+02

1.00000E+0]
§8.00000E+01
7.50000E+02

1.00Q00E+01
2.0000CE+0L
T.50000E4+02

1.00000E+01
8, 00000E+01
7.50000E+02

1.00000E+01
£.00000E+01
7.50000E+02

1.00000E+01
5.00000E+01
7.50000E+02

1.00000E+QL
8.00000E+0Q1
7.50000E+02

1,00000E+01
B.00000E+01
7.50000E+02

1.00000E+01
1.00000E+QL
7.50000E+02

1.00000E+D1
§.00000E+0L
7.50000E+02

1.00000E+01
8.00000E+01
7.50000E+02

1.00C00E+01
B.0DOCOOE+D]
7.50000E+02

1,00000E+01
B.00000E+0D1
7.50000E+02

1.00000E+01
4.00000E+01
7.50000E+02

1.00000E+01
2.00009E+01
7.50000E+02

1.00000E+01
#.00000£+01
7.50000E+02

1.00000E+01
8.00000E+01
7.5000DE+C2

1. 00000E+OL
2, 00000E+01
7.50000E+02

1.00000E+D1
8.00000E+DL
7.50000E+02

1.00009BE+D1
% .00000B+0L
7.50000E+02

1.D0000E+0L
8.00000E+0L
7.50000E+D2

1.00000E+0L
8.00000E+01
7.50000E+02

1.00900E+01
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2.00000E+Q0 4.0DDDDE-01 2.00000E+00° 1.00000E+01 4.38000E+01 4.00000E+01 1.000C0E+02 4,9%5000E+02 1.00000E+02 B,00000E+01
2.83000E+D2 5.00000E+01 1.00000E+01 &.00C00E+01 5.00000E+02 1.C0CCOE+0L 4.0C0CCE+01 1,00000E+02 S.Q0000E+02 7.50000E+02
1.00000E+03 S_00000E+03 1.50000E+04
26 1.S0000E+04 5.00000E+03 1.0Q00CE+03 7.50000E+02 ©5.00C0CE+02 1.00Q00E+02 4.00C0CE+0L 1.00D00E+01  4.38000E+01 1.Q0000E+01
2.00000E+00 4.00000E-01 2.00CCCE+D0 1.00000E+Cl 4.3BDOCE+DL 4.00000E+D1 1.000QC0E+D2 4.95000E+02 1.00000E+02 2.00000E+01
2.83000E+D2 5_00000E+01 1.0QCCDE+01 6.00000E+01 5.0DDODE+D2 1.00000E+0L 4.00000E+D1 1.00000E+02 5.00000E+02 7T.50000E+02
1,.000C0E+03 S_Q0000E+03 1.50000E+04
27 1.500D0DE+04 5.00000E+03 1.00000E+03 7.S0000E+0Z 5.00000E+02 1.00000E+02 4.00000E+01 1 _00000E+01 4.3B0C0E+C1 1.00000E+01
2.00000E+00 4._0000CE-01 2,00000E+00 1.0000CE+01l 4.38000E+01 4.00000E+01 1.00000E+02 4.9S5000E+02 1.00000E+02 $.00000E+01
2.B3000E+02 5.00000E+01 1.CO0CCCE+Dl &.00000E+Cl 5,0COCQE+02 1.0CCCCE+01 4.QCCQCE+0l 1.00000E+02 5.000G0E+Q2 7.50000E+02
1.00000E+03 5.00000E+03 1.500CCE+Q4
28 1.50C00E+04 5.00000E+0C31 1.C0Q000E+03 7.50000E+02 G5.0DOOOE+02 1.00000E+02 4.0Q000CE+01 1.00000E+Q1 4.3B0CCE+Q1l 1,00000E+01
2.00000E+00 4.0Q000E-C1 2.00Q0CE+00 1.00000E+01 4&.38000E+01 4.00000E+01 1.Q0000E+02 4 .950QQE+02 1.00000E+02 g.0CCCOE+0Ll
2.B3I000E+02 5.00000F+01 1.00000E+0%1 &.00000E+01 5.00000E+02 1.00000E+01 4.00000E+01 1.00000E+02 5.00000E+02 7.50C00E+02
1.00000E+03 5.00000E+03 1.50000E+04
29 1.5000QE+04 5.000CG0E+03 1.00000E+03 7.5000CE+02 5,00000E+02 1.00009E+02 4.0000QE+01 1.00000E+01 4.3B000E+0l 1.00000E+Q1
2,00000E+00 4.000C0E-01 2.00000E+00 1.00000E+01l 4.38000E+01 4.00000E401 1.00000E+C2 4.95000E+0Z 1.00000E+0z 8.00000E+01
2.83000E+02 5.CC000E+01 1.00000E+01 &.00000E+01 5,00000E+02 1.00000E+01 4.00000E+C1 1.0C0000E+02 5.00000E+02 7.50000E+02
1.00000E+03 ©5.00O00E+0) 1.50000E+04
3¢ 1.50000E+04 5.00000E+03 1.00000E+03 7.5CC00E+02 5. QpOCCOE+02 1.GCCCO0E+C2 4.0CCOOE+01 1.00000E+01 4.3BO0COE+Q1l 1.J0000E+01
Z.GGQ00E+00 4. GQ000E-Q1 2.00000E+00 1.DDODOEsDL 4 380005+01 4.00000E+D1  1.00000E+0Z 4, 95000E+02 1.CC0CCOE+02 B.0000DE+O0L
2.33000E+02 5 _00000E+01 1.000QOE+01 &.0000CE+01 5.00000%+Q2 1.00000E+01 4.00000E+01 1,00000E+02 5.00000E+02 7.50000E+02
1.00000E+03 S.00000E+03 1.50000E+04
31 1.50000E+04 5.00000E+03 1.00000E+03 7.50000E+02 S.00000E+02 1.00000E+02 4.00000E+01 1.00000E+01 4.38000E+01 1.00000E+01
2.00000E+00 4.00000E-01 2.00000E+00 1.00000E+01 4&.38000E+01 4.00000E+Q01 1.00000E+02 4.95C00E+02 1.00000E+02 8,00000E+01
2,B3000E+02 5.000C0E+01 1.00Q000E+01 6.00000E+01 5_00000E+02 1.0000QE+01 4.00000E+C1 1. QCCQOE+02 5.00000E+02 7.50000E+D2
1.00000E+03 5 _00000QE+03 1.50000E+04
Grid block dimencions in Y-direction m
Layer 1
1 2.72800E+00 2,72800E+00 2.72800FE+00 2.72800E+00 2 72800E+00 2.72800E+00 2.72B800E+00 2.72B00E+00 2.72800E+00 2.72800E+J0
2.72800E+0C 2.72800E+00 2.72R00E+CC 2.72BO00E+C0 2,72B00E+00 2.72B800E+00 2.72800E+00 2.72B00E+00 2.72800E+00 2.728Q0E+00
2.7Z800E+00 2.72B00E+00 2.72800E+00 2.72800E+00 2,72800E+00 2.72800E+00 2.72800E+00 2Z.7280CE+00 2.72800E+0Q 2.72800E+30
2.72800E+00 2.72800E+00 2.72800E+00
2 4.73720E+01 4.73720E+01 4.73720E+01 4.73720E401 4.73720E+01 4.73720B+01 4.73720E401 4.73720E+01 4.73720E+01 4.T73TZ20E+01
4.72720B+01 4.73720E+01 4,73720E+01 4,73720B+401 4.73720E+01 4.73720E+0D1 4.73720E+01 4,73720E+01 4.73720E+01 4.T73720E+01
4.73720BE+01 4.73720E+01 4.73720B+01 4.73720E+01 4.73720E+01 4.73720E+01 4.73720E+01 4.73720E+01 4.73720B+01 4.73720E+01
4.73720E+01 4.72720E+01 4.73720E+01
3 1.39160E+02 1.29160E+02 1.3916CE+C2 1.39160E+02 1.3916CE+D2 1.3916CE+02 1.39160E+02 1.39160E+02 1.39160E+02 1.39160F+02
1.39160E+02 1.39160E+02 1.3%160E+02 1.3%160F+02 1.39160E+D2 1.39160E+02 1.39160E+02 1 39160E+02 1.35160E+02 1.39160E+02
1.39160E+02 1,39160E+02 1.39160E+02 1.39160E+02 1_35140E+02 1,3%2160E+02 1.39160E+02 1,39160E+02 1.39160E+02 1.3916QE+(2
1.39160E+0z 1.33160E+02 1.39160E+02
4 5.000C0E+01 5.00000E+D1 S.00000E+01 5.00000E+0l1 5.00000E+0l1 5.00000E+01 5.00000E+01 S5.00000E+01 5.0C0CQ0E+01 5.00000E+01
5.080D0E+01  5.000D0E+C1  5.00000E+0} 5.00000E+01 5.00000E+01 5.00000E<C1 5.00000E+01 5.00000E+0l £5.00000E+01 5.00CDOE+O01l
5.00000E+01 5.00000E+01 5.00000E+01 5.00000E+01 S.00000E+01 5.00000E+01 5.00000E+01 5,00000E+01 5.00000B+01 5.00000E+01
5.00000E+01 S.Q0QCQOE+01l 5.00000E+01
5 1.10000E+01 1.10000E+01 1.10000E+Cl1 1.10000E+0C1 1.10000E+Cl 1.10000E+01 1.10000E+0l 1.1Q000E+01 1.10000E+01 1.10000E+01
1.10000E+01 1.30000E+01 1.10000E+C1 1.10000E+0l1 1.10000E+01 1.10000E+01 1.10000E+0l1 1.10000E+01 1.10000E+0C1 1.10000E+C1
1.10000E+01 1.10000E+01 1.10000E+01 1.10000E+01 1.10000E+01 1.10000E+01 1.1Q000E+01 1_10000E+01 1.10000E+D1 1.10000E+01
1.10000E+01 1.10000E+01 1.10000E+0QL
€ 8.50000E-01 8£.50000E-01 B.S5000Q0E-01 B.S500CCE-0l1 8.50000E-01 8.50000E-01 8.50000E-Q1 &.S50000E-01 &.S5S0000E-01 48.50000E-01
8.5000CE-01 8.50000E-C1 B.50000E-01 B.S000CE-01 §.50000E-01 8.50000E-01 8.50000E-01 &.50000E-01 8&.50000E-01 8.50000E-01
8.50000E-01 §.50000E-01 B.50000E-01 8.50000E-01 8.50000E-01 §8.50000E-01 8.50000E-01 ®.5CC0QE-0l1 B8.50000E-01 8.50000E-01
£.SC000E-01 B.50000E-01 B8.5Q00008-01
7 1.3BODOE+00 1.3B00CE+00 1.38000E+00 1.3BOOOE+00 1.38000E+00 1,38000E+00 1.28000E+00 1,38000E+00 1.38000B+00 1.38000E+00
1.38000E+00 1.38000E+0C 1.38000E+00 1.380GGE+G0 1.38JJ0E+33 1.38000E+00 1.38CCCE+DD 1,3B0DDE+D0 1.3B000E+00 1.38000E+00
1.3800C0E+00 1.3B000E+C0 1.38000E+00 2.38000E+00 1.38000E+00 1.38000E+00 1.38000E+00 1.3BCCCE+00 1.3B000E+00 1.3800Q0E+Q0C
1.3BCCCE+Q0 1.3B00CE+CC 1.38000E+0D
8 1.320BOE+00 1.32080E+0C 1.3208%0E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.320B0E+00 1.32080E+00
1.32080E+00 1,320BQE+00 1.32080E+00 1.320BC0E+00 1.32080B+00 1.320BOR+00 1.320B0E+0C 1,320B0E+00 1.320B0E+00 1.32080E+00
1.32080E+00 1.3208CE+00 1.22080E+00 1.32080E+00 1,32080E+00 1.320B0B+00 1.32080E+CC 1.32080E+00 1.32080B+00 1.32080E+00C
1.32080E+00 1.320B0E+00 1.32080E+00
9 1,320B80E+00 1.32080E+00 1.32080E+00 1.320R0E+00 1.320BCE+00 1.32080E+00 1,320BOE+DC 1.320B0E+00 1.320B0E+00 1.320B0E+00
1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1,320B0E+0DC 1.320B0E+00 1.32080B+00 1.320B0E+00
1.32080E+00 1.32080E+00 1,32080E+00 1,32080B+00 1.32Z080E+00 1.32080E+00 1.32080E+0C 1 32080E+00 1.32080E+00 1.320B0B+00
1.32080E+00 1.32080E+00 1.32080E+0Q0
10 1.32080E+00 1.32080E+00 1,32080B+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.320B0E+00
1.32080E+0Q 1.32080E+00 1.32080E+00 1.32080E+00 1,32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080R+00 1.32080E+00
1.32080E+00 1.32080E+00 1.320B0E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.32080E+00 1.3208GE+00 1.32080E+00 1.320BQ0E+00
1.32060FE+00 1.320B0E+00 1.3208B0E+0Q0
11 2.61760E+00 2.61760E+00 2_617480E+00 2.61760E+00 2.61760E+00 2.61750E+00 2.61760E+00 2.6176CE+00 2.61760E+00 2.&1760E+00
2.51760E+00 2,61760E+00 2.61780E+00 2.61760E+00 2.61760E+00 2.61760E+00 2.51760E+00 2, 6176CE+00 2.61750E+00 2.61760E+00
2.61760E+00 2.61760E+00 2.61760E+00 2.61760E+00 2,61760E+00 2.61760E+00 2.61760E+00 2.61760E+00 2.81760E+00 2.81760E+00Q
2.61760E+00 2.61760E+00 2.61760E+00
i2 2.70000E-01 2.70000E-01 2.70000E-01 2.70000E-01 2.70000E-01 2.700CCE-01 2.70Q0QCE-01 2.70000E-01 2.70000E-)1 2.70000E-01
2.70000E-01  2.70000E-01 2.70CQCE-01 2.70000E-01 2.70000E-0QL 2,70000QE-0Q1 2.70000E-01 ¢.7Q000E-01 2.70000E-01 2.70090E-01
2.70000B-01 2,70000E-01 2.7000Q0E-01 2.70000E-01 2 70000E-01 2.70000B-01 2.70000E-01 2.70000E-01 2.70Q000E-01 2.70000E-01
2.700008-01 2.70000E-01 2.70000E-01
11 4.81QDBE+GD0 4.861000E+00 4.61p0GE+DD 4. 61000E+00 4.61000E+0D0 4.61000E+00 4.61000E+00 4.61000E+0QC 4.61000E+00 4.&1000E+00
4.61000E+00 4.61000E+00 4.61lC00E+00 4.51000E+00 4.61000E+00 4.61000E+00 4.61000E+00 4_610QQ0E+00 4.61CCOE+00) 4.61000E+0C
4.61000E+00 4.61000E+00 4.61000E+00 4.61000E+00 4_.61000E+00 4.61000E+00 4.61000E+00 4.61000E+00 4.61000E+00 4.61C0CE+00
4.61000E+00 4.61000E+00 4.6100CE+00
14 4.45000E+00 4.45000E+00 4.45000E+00 4.45000E+00 4,45000E+00 4.45000E+00 4.43000E+00 4.45000E+00 4.45000E+00 4.45000E+00
4.450C0E+Q0 4.45000E+CC 4.45000E+00 4.450C0E+QQ0 4.45000E+00 4.45000E+00 4.45000E+00 4.4500CE+00 4.45000E+00 4.45000E+00
4.45000E+00 4.45C00E+00 4.45000E+00 4.450CCE+Q0 4.45000E+00 4.45000E+00 4.45000E+00 4.45000E+00 4,45000E+00 4.45000E+Q0
4.450C0E+00 4.45000E+00 4.45000E+QQ
15 1.80000E-01 1,BOCOOE-01 1.80QQQE-01 1.80000E-01 1.80000E-01 1,B0C0QE-01 1.80CCCE-Cl 1.80000E-01 1.80000E-01 1.BQ00OE-O0L
1.80000E-01 1,BCCOOE~01 1.B00QQE-01 1.80000E-C1 1.B800Q00E-01 1.8CCGDE-01 1.8C000E-01 1.80000E-01 1.8CCCCE-01 1.80000E-01
1.80000E~01 1.8BCCO0E-01 1.BO0Q0Q00E-01 1.BQOOOE-01 1,8C00CE-C1 1.BOOQOE-CL 1.80000E-01 1.80000E-01 1.80000E-01 1.8000CE-0Q1
1.80000E-01 1.80000E-01 1.804000E-01
16 2.39000E+0l 2.339000E+01 2.3%000E+01 2.39000E+01 2.39000E+01 2.33000E+01 2.3500QE+01 2.33000E+01 2.3%0GOE+01 2.39000E+01
2.39000E+01 2_3%00CE+01 2.3%000E+01 2.3%2000E+01 2 39000E+01 2.39000E+01 2.39000E+C01 2.33%000E+01 2.359000E+401 2.33000E+01
2.39000E+01 2.39000E+01 2.39%9000E+01 2.39000E+01 2.39G0GE+01 2.39000E+01 2.3900CE+01 2.3%0008+01 2.33000E+01 2.39000E+01
2.39000E+01 2.39C00E+01 Z.3%000E+01
17 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+0l 5.24200E+01 5.24200E+01 5.24200E+01
5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5.,34200E+01 G5.24200E+Cl
5.24200E+01 5.24200E+01 5.24200E+01 5,24200E+01 5.24200E+01 5.24200E+01 5.24200E+01 5 24200E+Q1 5,24200E+01 5.24200B+01
5.24200E+01 5.24200E+01 5.24200E+01
18 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+0l ©5.24200E+01 5.2420CE+01 5.24200E+01 5.24200EB+01 S5.24200E+01 5.24200E+01
5.24200E+01 5.24200E+01 5.24200E+0l 5.24200E+01 5.24200E+01 5.24200E+01 5.24200E+Ql 5.24200E+01 5.24200E+01 5.24200E+01
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19

20

21

22

23

24

25

26

27

28

29

30

31

5.24200E+01
5.24200E+01
8.58800E+01
8.58800E+01
B8.5BBO0E+)1
8.58B00E+01
8_58B00E+01
8_58B0D0DE+01
8_58800E+01
§.58800E+01
4.53400E+01
4.53400E+01
4.53400E+01
4.53400E+01
3.72800E+01
3.72800E+01
3.72800E+01
3.72800E+01
3.60000E+01
3.60000E+01
3.60000E+01
3.60000E+01
7.70000E+00
7.70000E+00
7.70000E+Q0
7.70000E+00
2_48000E+01
2_43000E+01
2.48000E+01
2.48000E+01
8.50000E+00
8.50000E+00
8.50000E+{0
8.50000E+00
1.73000E+01
1.73000E+01
1.73000E+01
1.73000E+01
1.06000E+02
1.06000E+02
1.06000E+02
1.06000E+02
4.332000E+01
4.33000E+01
4.33000E+01
4.33000E+01
1.5660Q0E+01
1.56600E+01
1.56600E+01
1.56600E+01
1.00000E-01
1.00000E-01
1.00000E-01
1.00000E-D1
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.442CCE+01
.24200E+D1
.SBBOCE+OL
.5BBO0E+0O1
.58800E+01
.5B800E+01
.58800E+01
.58800E+0L
.58800E+01
.58B00E+D1
.53400E+01
.53400E+01

53400E+Q1
53400E+01
T2BDDE+OL

.72B00E+0L

72800E+01

.72B00E+01
.60DDDE+DL

600C0E+0QL
60000E+01
6C0COE+01
J00DDE+0O
70000E+00
TOO00E+OD
70000E+00
4800D0OE+0OL
48C00DE+01

.48000E+0L
.48000E+0L
.50000E+00
.50000E+00
.5C000E+00

50CDOE+00
73000E+0L
73000E+01

L73000E+0L1
.73000E+01
.06000E+02

CEDOOE+02
06000E+02

. 0E000E+Q2
.33000E+01
.33000E+01
.31000E+01
.33000E+01
.SE6600E+01
.56500E+01
.56600E+01
.56600E+01
.00000E-01
.00000E-01
. 00000E-01
.C0000E-01

5.24200E+Q1 °

5.24200E+01
8.5BE00E+01
§.58300E+01
8.58B00E+01
8.58800E+01
8.58800E+01
§.58800E+01
8.58800E+01
8.58800E+0]
4.53400E+01
4.53400E+01
4.53400E+02
4.53400E+01
3.72B00E+01
3.72B800E+01
3.72B00E+01
3.73800E+01
3.60000E+01
3.60000E+0D1
3.60000E+01
3.60000E+01
7.70000E+00Q
7.70000E+00
7.70000E+00
7.70000E+00
2.48000E+01
2,48000E+01
2_48000E+01
2.48000E+01
8.50000E+00
§.50000E+00
8.500Q0E+00
8.50000E+QQ
1.73000E+01
1.73000E+01
1.73000E+01
1.73000E+01
1.Q060Q00E+02
1.06000E+Q2
1.08000E+02
1.06000E+02
4.33000E+01
4.33000E+01
4.332000E+01
4.33000E+01
1.56600E+01
1.56600E+01
1.56600E+01
1.56600E+0Q1
1.00000E-01
1.00000E-01
1.00000E-01
1.00000E-01
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.24200E+01

.58800E+01
.58800E+0]
.58800E+01

-58800E+0]
-58800E+01
-58800E+01

.53400E+01
.53400E+01
-52400E+01

- 72800E+01
. 7280QE+01
.72800E+01

.6000QE+01
.60000E+01
-60000E+01

-70000E+00
-70Q00E+00
.70000E+00

~48000E+01
-48000E+01
-48000E+01

-50000E+00
-50000E+00
-50000E+00

. 73000E+QY
.73000E+01
-73000E+01

-06000E+02
-06000E+02
-06000E+Q2

.33000E+01
-33000E+01
.32000E+01

.56600E+01
.368600E+01
-56600E+01

.00900E-01
.00000E-01
.{Q0000E-01

5.24200E+01

8_58B00E+01
§.58800E+01
B.58800E+01

B.SBBO0E+(1
8.58800E+0C1
8.5BBDDE+0OL

4.53400E+0L
4.53400E+01
4.53400E4+01

3.72800E+01
3.72800E+01
3.72800E+C1

3.60000E+D1
3.60000E+01
3.80000E+01

7.70000E+C0O
7.70000E+0D
7.70000E+00

2.4B000E+01
Z.48000E+01
2.48000E+01

&.50000E+00
&.50000E+00
8 .50000E+00

1.73000E+01
1.73000E+01
1.73000E+01

1.08000E+02
1.06000E+02
1.06000E+02

4.33000E+01
4.32000E+01
4.33000E+01

1.5660QE+01
1.56600E+0]
1.56600E+01

1.00000E-01
1,00000E-01
1.00000E-01

5.24200E+01

8.5B800E+0L
§.58800E+01
8.58800E+01

8.58800E+01
8.58800E+01
8.588C0E+01

4.53400E+01
4.53400E+01
4,53400E+01

3.72800E+01
3.72800E+01
3.72800E+01

1.60000E+01
3.60000E+01
3.60000E+01

7.70000E+0C
7.70000E+0D
7.70000E+0D

2.48000E+01
2.480CCCE+01
2.4800DE+01

8, S0000E+QD
§.50000E+00
8.50000E+00C

1.73000E+01
1.73000E+C1
1,73000E+01

1.06000E+02
1.0&000E+0Z2
1.05000E+02

4.33000E+01
4.33000E+01
4.33000E+01

1.56600E+01
1.56600E+Q1
1.56600E+0L

1.00000E-01
1.00000E-01
1.00000E-01

©.24200E+01

8§.5BB0DCE+DL
8 .58800E+0OL
8.58B00E+01

8.58800E+01
8.58800E+01
8.58800E+01

4.53400E+DL
4.53400E+01
4.53400E+01

3.72800E+01
3.72800E+01
3.72800E+01

3.60000E+01
3.60000E+01
3.60000E+01

7.70000E+0CC
7.70000E+00D
7.70000E+0C

2.48000E+01
2.45000E+01
2.48000E+D1

8.50000E+00
8.500C0E+00

§.50CC0E+00

1.73000E+01
1.7300CE+CL
1.73000E+01

1.060C0E+0D2
1.0&6CCOE+02
1.06000E+02

4.33000E+01
4.33000E+01
4.33000E+01

1.56600E+01
1,.56600E+01
1.56600E+01

1.00000E-01
1.00000E-01
1,00000E-Q1

$.24200E+Q1

8.58800E+01
8.58800E+01
§.58800E+01

8.58B00E+01
8.58800E+01
8.58800E+01

4.53400E+01
4.53400E+01
4.53400E+01

3.72800E+01
3.72800E+01
3.72800E+01

3.6C00CE+OL
3.60000E+01
3.60000E+01

7.70000E+00
7.7C000E+00
7.70000E+00

2.48000E+01
2.48000E+01
2.48000E+01

8.50000E+00
8.50000E+00
8.50000E+00

1.73000E+01
1.73000E+01
1.73000E+01

1.06000E+02
1.06000E+02
1.05000E+0D2

4.33000E+01
4.33000E+01
4.33000E+01

1.56600E+01
1.56600E+01
1.56600E401

1.00000E-01
1.00000E-01
1.Q00000E-01

Grid block dimensions in Z-directicn

1

10

11

Layer 1

6.13143E+04
4.80000E+0Q0
1.83000E+01
9.21410E+03
6.13143E+04
4.80000E+00
1.89000E+01
9.21410E+03
6_12143E+04
4.80000E+00
1.89000E+01
9.21410E+03
6.13143E+04
4.80000E+0C
1.89000E+01
9.21410E+03
6.13143E+04
4.80000E+CO
1.89000E+01
9.21410E+03
6.13143E+04
4.80000E+00
1.83000E+D1
4.2141CE+03
6.13143E+04
4.B0QODE+QO
1.B9C00E+01
8.21410E+02
6.13143E+04
4.80000E+00
1.89000E+01
9.21410E+02
6.13143E+04
4.80000E+00
1.8%000E+01
9.2141Q0E+03
6.13143E+04
4.80000E+00
1.8%000E+01
9.214910E+03
6§.13143E+04
4.80000E+00
1.85000E+01
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L13143E+04
.00000E-Q1
.89000E+(Q1
-17262E+04
13143E+04
+00000E-01
.89000E+01
.17263E+04
-13143E+04
.00000E-01
-B9000E+Q1
.17269E+04
-13143E+04
.00000E-01
.85000E+01
.17269E+04
~13143E+04
-00000E~01
.82000E+01
.17269E+04
L13143E+04
-Qa0QQE-01
-89000E+01
.17259E+04
-13143E+04
-00000E-01
.89000E+01
.17269E+04
.13143E+04
-00000E-01
.8%000E+C1
.17269E+04
.13143E+04
.{10000E-01
.B900CE+D1

17269E+04
13143E+04
00CCOE-01
§9C00E+01
17269E+04
13143E+04
QCCCOE-O1

.8900C0E+DL

- 74880E+03
- 80000E+Q0
. 50000E+00
.17269E+04
- 74880E+03
.BOQQ0E+DD
. 50000E+00
L17269E+04
.7T48B0E+03
-BOOOOE+0D
.50000E+00
.17269E+04
LTGBBOE+D3
.80000E+00
. 51000E+00
.17269E+04
.74880E+03
.80000E+00
.50000E+00
.17269E+04d
.74880E+03
.80000E+0Q0
.50000E+00
.17269E+04
-74880E+03
.80000E+OC
.5C0C0E+0OD
17269E+04
.74880E+03
-80000E+00
.S0000E+0DO
.17269E+04
. 7T4BBOE+03
.8000QE+QQ
-S0000E+00
-17263E+04
-74BS0E+03
. 80Q00E+00
.50000E+Q0
-17269E+04
. 7T4880E+(3
-BO0QQE+QQ
-50000E+0QQ
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-561E0E+03
.BBOCDE+01
.05000E+01

.SELEDE+D3
.BROCOE+QL
.05000E+01

.561lE0E+03
.BBOCCE+DL
.05000E+01

.56160E+D3
.B8000E+01
.05000E+01

.56160E+03
.BBONOE+OL
.05000E+01

.56160E+03
.BBODOE+01
.05Q00E+01

-56160E+03
.8B000E+01
-0B000E+01

-56160E+03
.8B000E+(Q1
-05000E+01

.56160E+03
.88000E+01
.05009E+01

.36160E+02
-88000E~+01
.05000E+01

.56160E+02
.BH0Q0E~+0O1
.05000E+01

3.31430E+0Q3
1.26200E+02
5.31000E+01

3.31430E+03
1.26200E+02
5.21000E+01

3.31430B+03
1.26200E+02
5.31000E+01

3.31430E+03
1.26200E+02
5.31000E+01

3.31430E+03
1.26200E+02
5.31000E+01

3.31430E+03
1.26200E+02
5.31000E+01

3.31430E+03
1.26200E+C2
5.3100CE+D1

3.31430E+03
1.26200E+02
$.31000E+01

3.31430E+03
1.26200E+02
5.31000E+01

3.31430E+03
1.268200E+02
5.31000E+01

3.31430E+03
1.258200E+02
5.31000E+01

2.11430E+0Q3
1.00Q00E+01
1.25830E+03

2.11430E+03
1.00000E+01
1.25890E+02

2.11430E+03
1.00000E+01
1.25890E+Q3

2.11430E+03
1.00000E+01
1.25890E+02

2.11430E+03
1.00000E+01
1.25890E+03

2.11430E+03
1.00000E+01
1.258%0E+03

2.11430E+03
1.00000E+01
1,25890E+03

2.11430E+03
1.00000E+01
1.25830E+03

2.11430E+03
1.00000E+01
1.258590E+03

2.11430E+0Q3
1.00000E+01
1.25820E+03

2.11430E+03
1.00000E+01
1.25890E+03

1.83430E+03
1.3230QE+02
1.45890E+03

1.83430E+03
1.32300E+02
1.45890E+02

1.83430E+03
1.32300E+02
1.45890E+Q3

1.83430E+03
1.32300E+02
1.45890E+02

1.83430E+03
1.32200E+02
1.45830E+03

1.83430E+03
1.32300E+02
1.45B90E+03

1.83430E+03
1.32300E+02
1.45890E+03

1.83430E+0D3
1.32300E+02
1.45890E+03

1.83430E+03
1.32300E+02
1.4589%0E+03

1.83430E+0Q3
1.32300E+02
1.45B50E+03

1.83430E+03
1.32300E+02
1.45820E+03

1.73430E+03
1.43500E+02
2.01890E403

1.73430E+03
1.43500E+02
2.01890E+03

1.73430E+03
1.43500E+02
2.01890E+03

1.73430E+03
1.432500E+02
2.01890E+03

1.73430E+03
1.43500E+02
2.{11B90E+D3

1.7343C0E+03
1.43500E+02
2.0189CE+03

1.73430E+03
1.43500E+02
2.01890E+Q3

1.73430E+03
1.435002+02
2.01850E+03

1.73430E+03
1.43500E+02
2.01890E+03

1.73430E+03
1.43500E+D2
2.01820E+03

1.73430E+03
1,.43500E+02
2.01890E+03
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1.
1,
3.

<24200E+01

-58800E+01
-58800E+01
-SBE00E+CQ]

.58800E+0L
.58800E+01
-58800E+0L

-53400E+01
-53400E+01
.53400E+01

.72800E+0]
-72800E+01
-TZB00E+01

-60000E+01
-60000E+01
-60000E+0D1

-T0000E+00
.70000E+00
. T0000E+00

.48000E+01
-48000E+01
-48000E+01

-50000E+0Q0
-50000E+00
. S0000E+00

-73000E+01
- 73000E+01
.73000E+0L

.08000E+02
.06000E+02
.06000DE+02Z

.33000E+01
.33000E+01
-33000E+01

.56600E+01
.56600E+01
.56600E+01

.0D000E-01
.00000E-01
.00000E-01

.26200E+02
.41600E+02
.92800E+Q3

.26200E«02
.41600E+02
.92800E+03

.26200E+02
.4160CE+02
.92800E+03

.26200E+02
.41600E«02
.92800E+03

.26200E+Q2
.41600E+Q2
.592800E+03

-262Z00E+02
-416Q0E+02
.92800E4+02

-26200E+02
.41600E+02
.92800E+03

-26200E+D2
-41600E+0Z

92800E+03

.26200B+02
.41600E+0Q2
.92B00E+03

.36200E+02
.41600E«02
.92B00E+03

26200E+Q2
41600E+02
92B00E+02

5.24200E+01

8.5880Q0E+01
8.58800E+01
§.5B8B00E+01

§._58B00E+01
§.58800E+01
§.58800E+01

4.53400E+01
4.53400E+01
4.53400E+01

3.72800E+01
3.72B00E+01
3.72800E+01

3.60000BE+0L1
3.6C00CE+OL
3.60000E+01

7.70000E+00
7.70000E+00
7.70000E+00

2_480C0E+01
2.4B8000E+DL
2,48000E+01

E.50000E+00
E_S0000E+00
8.50000E+00

1.73000E+01
1.73000E+01
1_73000E+01

1. 06000E+02
1. 060D0E+02
1.C6000E+02

4.33000E+01
4.33000E+Q1
4.33000E+01

1.56600E+01
1.56600E+01
1.56600E+01

1.00000E-01
1.00000E-01
1.00000E-01

2.88000E+01
1.89000E+01
§$.9106QE+03

2.B8000E+01
1.89000E+01
6,.91060E+03

2.88000E+01
1.89000E+01
6.91060E+02

2.88000E+01
1.99000E+(1
6. 91F60E+03

2.88000E+01
1,89000B+01
6.91060E+03

2.88000E+01
1.89000E+01
€.91060E+03

Z.B8000E+01
1.89000E+01
6, 91060E+03

2.BEBOOOE+OL
1.8%000E+01
6.91060E+03

2.88000E+01
1.39000E+01
§.91060E+03

2.88000E+01
1.85900QE+01
6.21050E+02

2.88000E+01
1,5%000E+01
6.21060E+03
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9.21410E+03 2.17269E+04 6.17269E+04"

12 6.13143E+04 2.13143E+Dd §&.74880E+Q3 6.S6160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+C3 1.26200E+0Z 2.B2300DE+0D1
4.8C000E+00 4.00000E-0L 4.80000E+00 2.88000E+Q1 1.26200E+02 1.00000E+01 1.32300E+02 1.43500E+02 1.41600E+02 1.ES0DDE+01
1,8900DE+01 .B9000E+01 9,50000E+00 2.05000E+401 5.31000E+)1 1.25890E+03 1.45890E+03 2.01890E+03 3.92800E+03 &.5106DE+0]
9.2141DE+03 .17269E+04d 6.17269E+04

13 6.13143E+04 .13143E+04 B.748830E+03 6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.88000E+01
4.BDDDDE+00 .0DCOQE-D1 4.80000E+0Q0 2.8B3000E+01 1.25200E+02 1.00000E+01 1.323Q0E+02 1.43500E+02 1.41600E+02 1.89%000E+01
1.85000E+01 .8900DE+01 9.50000E+00 2.05000E+01 5.31000E+01 1.25890E+03 1.45890E+03 2.01830E+Q3 3.92800E+03 6.91060E+03
9.21410E+03 .17265E+04 6.172863E+04

14 6.13143E+04 L13143E+04 8.74880E+03 §.55160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26Z00E+D2 2.88000E+01
4.B0000E+Q0 Q0DODE-01 4.80000E+00 2,88000E+01 1.26200E+02 1.00000E+01 1.32300E+402 1.43500E+02 1.41600E+D2 1.35000E+01
1.85000E+01 .89000E+01 9.50000E+00 2.05000E+01 S5.31000E+01 1.25890E+03 1.45890E+03 2.01B30BE+03 1.92800E+03 6.91060B+03
%,21410E+03 .17262E+04 6.17269E+04

15 6.13143E+04 .13143E+04 8.74880E+03 €.56160E+03 3.31430E+03 2.11430E+03 1,83430E+03 1.73430E+03 1.25200E+02 2.88000E+01
4.80000E+00 .0Q000E-01 4.80Q00E+00 32.88000E+01 1,26200E+02 1.00000E+01 1.32300E+02 1.43500E+02 1.41600E+02 1.83000E+Q1
1.B85000E+01 .B30D0E+01 9.50000E+00 2.05000E+4+01 5.31C00E+01 1.25830E+D3 1.45B90E+03 2.01890E+03 3.592800E+03 6.391060E+03
5.21410E+03 .17262E+D04 6.17269E+04

16 6.13143E+04 .13143E+04d B.74880E+03 6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+0Q3 1,73430E+03 1.26200E+02 Z.BB000E+01
4.80000E+Q0 0Q0OQE-01 4,80000E+00 2,88000E+01 1.2620Q00E+02 1,00000E+01 1.3230D0E+02 1.43500E+02 1.41600E+C2 1.89000E+0Ll
1.82000E+01 .83000E+01 9.50000E+00 2.05{00E+01 5.31000E+01 1.25BB0E+03 1.45890E+03 2.01890E+03 3.92800E+03 &.91060E+C3
9.21410E+03 .17269E+04 6.17269E+04

17 6.13143E+04 .13143E+04 §&,74880E+03 §£.56150E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.BHO00E+D1
4.80000E+00 .00000E-01 4.30000E+00 2.BB3000E+01 1.26200E+02 1.00000E+0L 1.32300E+02 1.43500E+02 1.41600E+02 1.89000E+01
1.85000E+01 .890008+01 9.50000E+00 2.05000E+01 5.31000E+01 1.25890E+03 1.45890E+03 2.01890E+03 3.92800E+03 6.91C60E+03
9.21410E+03 L17269E+04 6.17269E+04

18 6.13143E+04 13143E+04 8.748B0E+D03 6,56160E+03 3.31430E+03 2.11430+03 1.83430E+03 1.73430E+03 1.26200E+02 2.88000E+01

BNNRFEANMNR

4.80000E+00C .00000E-01 4.80000E+D0 2.88000E+01 1.26200E+02 1.00000E+0Ql 1.32300E+02 1.43500E+02 1_41600E+02 1.83000B+0Ll
1.89000E+01 .89000E+01 9.50CQ0E+00 2.05000E+01 5.31000E+01 1.2582QE+03 1.458%Q0E+03 2.01890E+D3 3.92800E+03 6.91D60E+03
9.21410E+03 .17269E+04 6.17263E+04

12 6.13143E+04
4.80000E+00
1.83000E+01
9.21410E+03

20 6.13143E+04
4.80000E+0Q0
1.89000E+D1
9.21410E+03

21 6.13143E+04
4.80000E+00
1.89000E+01
9.21410E+03

22 6.13143E+04
4.80000E+00
1.89000E+01
9.21410E+03

23 6,13143E+04
4.BDDDOE+00
1.B2000E+01
9.21410E+03

24 6.13143E+04
4.80000E+00
1.89000E+Q1
%,21410E+03

25 6.13143E+04
4,B0000E+00
1.85000E+01
%,21410E+03

26 6.13143E+04
4.30000E+00
1.389000E+01
9.21410E+03

27 6.13143E+04
4.80000E+00C
1.B89000E+0D1
9.21410E+03

28 6.13143E+04
4.80000E+00
1.83000E+01
9.21410E+03

29 6.13143E+04
4.80000E+00
1.83000E+01
9.2141CE+0D3

30 6.13143E+04
4.80000E+00
1.8900QE+01
9.21410E+03

31 6£.13143E+04
4.B0000OE+D0

.13143E+04 B.74BBOE+03 €._.56160E+03 3_3143QE+03 2_.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.BS000E+01
.00000E-01 4.BODDOE+DO0 2_8B000E+01 1.26200E+02 1_.00000E+Q1l 1.32300E+02 1.43500E+02 1.41600E+02 1.89000E+01
_B89000E+01 9.50000E+00 2_05000E+01 5.31000E+01 1.25890E+03 1.45890E+03 2,0189CE+03 3.92800E+03 6.91060E+03
17269E+04 6.17269E+04
L13143E+04  8,7d880E+03 6.56160E+03 3,31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 Z.88000E+01
L00000E-01 4,B0Q0Q0E+00 2.88000E+«01 1.26200E+02 1.00000E+Q1 1.32300E+02 1.43500E+02 1.41600E+02 1.89000E+01
£9000E+01l 5.5DD00E+00 2.0S000E+01 5.31000E+01 1.25830E+03 1.458B30E+03 2_01890E+03 3 92B800E+03 6.91060E+0]
17269E+04 6.17269E+04
.13143F+04 B.74B80E+03 6.568160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1,2620Q0E+02 2.88000E+01
-00000E-01 4.80000E+00- 2_880CCE+01 1.26200E+02 1.00000E+01 1.32300E+02 1.4350CE+02 1.41600E+02 1.8%000E+0Q1
.89000E+01 9.50000E+00 2.05000E+01 5.31000E+01 1.2589QE+Q3 1.458%0E+03 2.01890E+03 3.92800E+03 6.91060E+03
J17269E+04 6. 17269E+04
.13143E+04 8.74880E+03 6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.BB0O00E+0L
.00000E-01 4.80000E+00 2.88000E+01 1.26200E+02 1.00000E+01 1.32300E+02 1.43500E+02 1.41800E+02 1,B500QE+01
.B89000E+01 9 _50000E+00 2.05000E+01 5.31000E+01 1.25890E+03 1.45890E+03 2.01830E+D3 3.92800E+03 6.5106DE+D3
L7269E+04  6.17269E+04
.13143E+04 8.74880E+03 6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.B8000E+0l
.000CDE-D1 4.80000E+00 2.88000E+01 1.26200E+02 1.00000E+01 1.32300E+02 1.43500E+02 1.41600E+02 1.8%000E+01
.89000E+D1 9.S0000E+00 2.05000E+01 5.31000E+01 1.25B30E+03} 1_45890E+03 2.01890E+03 2.92800E+03 6,91060E+03
.172659E+04 6.17269E+04
.13143E+04 8._74880E+01 G.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1,73430E+03 1.26200E+02 2.88000E+01
.Q0000E-0L 4.80000E+00 2.88000E+01 1.26200E+02 1.00000E+01 1.32300E+02 1.43500E+02 1.41600E+02 1.83000E+01
B9000E+01 9.50000E+00 2.05000E+01 5.31000E+01 1,25890E+03 1.45890E+03 2.01BZ0E+03 13.32800E+03 6.21060E+03
.1726%E+04 6.17269E+04
.13143E+04 B.74BBOE+03 6.56160E+03 3.31430E+03 2.11430F+03 1.83430E+03 1.73430E+03 1.26200E+02 2. 83000E+01
.C0000E-01 4.80000E+00 2.88000E+01 1.26200E+02 1.00000E+C1 1.32300E+02 1.43500E+02 1.416008+02 1.89000E+01
.89000E+01 9.50000E+00 2.0S000E+C1l 5.31CC0E+01 1.25890E+03 1.45890E+03 2.01830E+03 3.928BC0E+03 6.91060E«03
17269E+04  6.17269E+04
.13143E+04 &.748B0E+03 6.56160E+03 3.31430E+G3 2.11430E+03 1,B343DE+03 1.73430E+03 1.26200E+D2 2.38000E+01
.C0000E-01 4.8000CE+00 2.BROOOE+01 1.26200E+02 1.000COE+01 1.32300E+02 1.43500E+02 1.41600E+02 1.89000E+01
.B9000E+01 9.5000CE+CC 2.05000E+01 5.31000E+01 1.25890E+03 1.458%0E+03 2,01890E+03 3.92B80DE+03 €.91060E+03
.L7269E+04 6.17269E+C4
13143E+04 8,74880F+03 6,56160E+03 3,31430E+03 2.11430E+D3 1.83430E+03 1.73430E+03 1.26200E+0Z 2.8B000E+0L
.DO000E-01 4.800CCE+00 2.88000E+D01 1.262D00E+D2 1.00000E+01 1.32300E+02 1.43500E+02 1.41600E+02 1.8%000E+01
.BS000E+01 9.5CCOCE+0C 2.0S000E+0l 5.31000E+01 1.25B%0E+03 1.45890E+03 2.01890E+03 3,92800E+03 §,9106DE+03
.17269E+04 6.17269E+C4
.13143E+04 8.74880E+03 6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.8B0D0E+01
00000E-01 4,80000E+00 2.8B8000E+0] 1.26200E+02 1.00000E+01 1.32300E+02 1.43S00E+02 1.41600E+02 1.89000E+01
.B9000E+01 9.5CCO0E+00 2.05000E+01 5.31000E+01 1.25890E+03 1.45890E+03 2.01890E+03 3.92800E+0} &.9106Q0E+03
L17269E+04  6.17269E+04
13143E+04 B,.74RB0E+03 6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+D3 1.25200E+02 2.88000E+01
.00000E-01 4.8DQDDE+00 2.8R000E+«01 1.2620QE+02 1.0Q0000E+01 1.32300E+02 1.43500E+02 1.41600E+0X 1.8%000E+01
£9000E+C1 5.5D0D0E+00 2.0S0C0E+01 S.31000E+01 1.25390E+03 1.45830E+03 2.C01BY90E+01 1.92800E+03 6.91060E+03
.17269E+04 6.17269E+04
-13143E+04 B8.748B0E+01 6_.56160E+03} 13 _31430E+03 2.11430E+03 1.83430E+03 1.73430BE+03 1.26200E+02 2,88000E+0Q1
-00000E-01 4.80000E+00 2.88000E+01 1.26200E+02 1_00000E+Q1 1.32300E+02 1.4350DE+02 1.41600E+02 1.89000E+01
.89000E+01 9.50000E+00 2.05000E+01 5.31000E+01 1.25830E+D3 1.45890E+03 2.C1350E+03 3.9280CE+03 6.%1060E+03
.17269E+04 6.17269E+04
.13143E+04 8.74880E+03 &6.56160E+03 3.31430E+03 2.11430E+03 1.83430E+03 1.73430E+03 1.26200E+02 2.838000E+01
.CODOCE-OL1  4_S0000E+00 2.8BCCOE+01 1.26200E+0Z 1.00000E+0L 1.32300E+02 1.435008+02 1.41600E+02 1.85000E+01
1.89000E+01 .8YDO0E+01 $.30000E+00 2.05000E+C1 5.31000E+01 1.25890E+03 1.45890E+03 2.01890E+03 3.92800E+03 6,391060E+03
9.21410E+03 17269E+04  6.17269E+04
Grid Block Volumes m*3
Layer 1
1 2.50898E+09 2.90727E+08 2.38667E+07 1.34250E+07 4.52C071E+06 5.76781E+05 2.00159E+05 4,73117E+04 1.50792E+04 7.85664E+02
2,61R88E+01 4.36480E-01 2.61BBSE+DL 7.85664E+02 1.50792E+04 1.09120E+03 3.60914E+04 1.%3777E+05 3.BE2BSE+04 4.12474E+03
1.45913E+04 2.57796E+03 2.59160E+02 3.35544E+03 7.24284E+04 3.43428E+04 1.59195B+05 5.50756E+05 35.35779E+06 1.41391E+Q7
2
5
7

NRBMNEBRMNHABNKRHANNHEANMNHEFBNNFEFABNNFEFENNALARORBENNEPANNRPANBDHAMNMNHFALRNRERAMNFANMNEABRNNR

2.51361E+07 .96355E+08 2.S5ZS8EE+09

2 4.356B7E+10 .D4851E+09 4.1444BE+0B 2.33127E+0B 7.B5025E+D7 1.00LlS9E+07 23.4757BE+06 §.21573E+05 2,61852E+05 1,36431E+04
4.54771E+02 L57952E+00 4.54771E+02 1.36431E+04 2.61B52E+05 1.89488E+04 6,26732E+05 3.36495E+06 6&.70788E+05 7.16265E+04
2.53379B+05 4.47665E+04 4.50034E+03 5,82676E+04 1.25773E+06 5.96366E+05 2.76444E+06 9.56393E+06 2.303BEE+0T 2.45327E+08
4.36490E+08 5.14623E409 4.38619E+1D

3 1.27987E+1l 1.48305E+10 1.21748E+0% 6.B84B34E+08 2.30609E+(8 2.94226E+07 1.02104E+07 2.4134SE+06 7.6%215E+05 4.007B1lE+04
1.33594E+D3 2.22656E+01 1.33554E+03 4.007BlE+04 7.6%21SE+05 G5.56640E+04 1.84109E+06 9._88488E+06 1.97051E+06 2.10410E+05
7.44325E+05 1.31506E+05 1.32202E+04 1.71167E+05 3.69470E+0& 1.T751B9E+06 £.12082E+06 2.80950E+07 2.73310BE+08 7.21259E+08
1.28223E+0% 1.51176E+10 L1.28845E+1l

4 4.59857E+10 5. 32858F+09 4.37440E+08 2.46060E+08 8. 28575E+07 1.05715€+07 2.6686QE+06 B.671S0E+05 2.76378E+05 1.44000E+04
4.80000E+02 $§.00000E+C0 4.BDDOOE+02 1.44000E+04 2.76378E+Q5 2.00Q00E+04 6.61500E+0S 3.SS163E+06 7.08000E+05 7.56000E+04
2.67435B+05 4.72500E+04 4.75000E+03 6.15000E+04 1.32750E+06 6.29450E+05 Z.317B0E+06 1.00945E+07 9.82000E+07 2.59148E+08
4.60705B+08 5.43173E+0% 4.62952E+10
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20
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22

23

24

25

26

27

28

2%

1.01169E+10
1.05600E+02
%.88357E+04
1.01355E+08
7.817S7E+08
§.16000E+Q0
4.54639E+03
7. 83159E+08
1.26221E+09
1.32480E+01
7.38121E+03
1.27155E+07
1.21476E+09
1.26797E+01
7.06456E+03
1.21700E+D7
1.21476E+D9
1.26797E+01
7.06456E+03
1.21700E+07
1.21476E+05
1.26797E+01
7.06456E+03
1.21700E+07
2.40744E+Q3
2.51250E+01
1.40008E+04
2.41188E+07
2.48323E+08
2.59200E+00
1.44415E+03]
2.4B7B1lE+0&
4.239BBE+D%
4.42560E+01
2.46575E+04
4.24770E+07
4.09273E+0%
4.27200E+01
2.38017E+04
4.10027E+07
1.565549E+(8
1.72800E+00
9.62766E+02
1.65854E+06
2.15812E+10Q
2.29440E+Q2
1.27834E+05
2.20217E+08
4.82114E+10
5,03232E+02
2.B80379E+05
4.83003E+08
4.82114E+10
5.43232E+02
2.B0379E+05
4.83003E+08
7.B9851E+10
B_24448E+02
4.59346E+05
7.91307E+08
7.82851E+10
8.24448E+402
4.59346E+05
7.91307E+0B
4.16995E+10
4.35264E+02
2.42510E+05
4.17767E+08
3.42B70E+10
3.57888E+02
1.99400E+05
3.43502E+08
3.31097E+10
3.45600E+02
1.525531E+0%
3.31708E+08
7.08180E+0%
7.29200E+01
4.11850E+04
7.0948EE+07
2.280B9E+1D
2.38080E+D2
1.32648E+05
2.28510E+08
7.81757E+09
B8.26000E+01
4.54639E+04
7.83199E+07
1.59111E+10
1.560G0E+02
9.25325E+04
1.59404E+08
9.74897E+10
1.01760E+03
5.66962E+05
9.76E95SE+08
3.9BZIEE+1Q
4.15680E+02
2.31599E+05
3.98971E+08

1.17225E+09
1.76000E+00
1.03950E+04
1.1%498E+0%
9.05858E+07
1,3600DE-D1
8.0325CE+02
9.23393E+D7
1.47069E+CB
2.20800E-01
1.30410E+03
1.49916E+(8
1.40760E+08
2.13328E-01
1.24816E+02
1.43484E+08
1.40760E+08
2.11328E-01
1.24816E+03
1.43484E+08
1.40760E+08
2.11328E-01
1.2dB1l6E+D3
1.43484E+08
2.789%62E+08
4,18816E-01
2.47363E+03
2.84362E+08
2.B7743E+D7
4.32000E-02
2.55150E+02
2.93313E+07
4.912935E+08
7.37600E-01
4.315645E+03
5.00805E+08
4,74243E+08
7.12000E~01
4.20525E+03
4.B83424E+08
1.91829E+07
2.B8DDAE-02
1.70100E+02
1.95542E+07
2.54706E+09
3.82400E+00
2.25855E+04
2,59636E+08
5.58648E+4089
8.38720E+00
4.95369E+04
5.69462E+09
5.58648E+09
8.38720E+00
4.95363E+04
5.69462E+039
9.15236E+0%
1.37408E+01
8.11566E+04
5.32953E+09
9.15236E+09
1.37408E+01
B.11566E+04
9,32953E+09
4.B3195E+09
7.25440E+00
4.2B4E3E+0D4
4.92549E+0%
3.97299E+09
5.964B0E+00Q
3.5229€E+04
4.04989E+053
3.83657E+03
5.76000E+00
3.40200E+04
3.21084E+039
B.20601E+08
1.23200E+00
7.27650E+03
8.364B6E+08
2.E64297E+D9
3.56800E+00
2.34360E+04
2.69414E+09
9, 05858E+08
1.36000E+00
8.03250E+03
9.23393E+08
1.B4369E+0%
2.76800E+00
1.63485E+04
1.87938E+09
1,12966E+10Q
1.69600E+01
1.00170E+05
1.151533E+10
4.61455E+09
6.,92800E+00
4.091B5E+04
4.70387E+02

9.62368E+07 -

1.05600E+02
1.04500E+03
1.01849E+10
7.43648E+06
8§.16000E+00
§.07500E+01
7.87018E+08
1.20733E+07
1.32480E+01
1.31100E+D02
1.27775E+09
1.15554E+07
1.26797E+01
1.25476E+Q2
1.22293E+09
1.15554E+07
1.26797E+01
1.25476E+02
1.22293E+09
1.1555%4E+07
1.26797E+01
1.25476E+02
1.22293E+D9
2.29009E+07
1.51290E+01
2.48672E+02
2,.42365E+09
2.362]18E+0D6
2. ES20DE+DO
2.56500E+01
2.49994E+C0R
4.03320E+07
4,42560E+C1
4.37950E+02
4.26842E+09
3.B9322E+D7
4.27200E+01
4.22750E+02
4.12027E+09
1.57478E+06
1.72800E+00
1,71000E+01
1.66663E+08
2.09096E+08
2.29440E+02
2.27050E+03
2.21291E+10
4,58612E+0B
5.03232E+02
4.97390E+03
4.B5359E+10
4.58612E+08
5.00232E+02
4.97930E+03
4.85359E+10
7.51347E+08
$.2444BE+02
8.15860E+03
7.95166E+10
7.51347E+08
8.24448E+02
B.15860E+03
7.95166E+10
3.96671E+08
4.35264E+02
4.30730E+03
4.19B0SE+10
3.26155E+08
3.5788BE+02
3.54160E+02
3.45177E+1D
3.14957E+08
3.4560DE+02
3.42000E403
3.33325E+10
5,.73658E+07
7.39200E+01
7.31500E+02
7.12946E+09
Z.16970E+08
2.38080E+02
2.35600k+03
2.29624E+10)
7.43643E+07
B.16000E+01
8.07500E+02
7.87018E+09
1.51354E+08
1.66080E+02
1.64350E+03
1.60181E+10
9.27373E+08
1.901760E+03
1.00700E+04
9.81458E+10
1.78B23E+08
4.15680E+02
4.11350E+03
4.00916E+10

5.41332E497
3.16800E+03
1.35300E+04

4.18302E+06
2.44800E+02
1.04550E+03

6. 759126E+06
3.97440E+02
1.69740E+03

6.4%%92E+06
2.80390E+02
1.62458E+03

6§.49992E+06
3.80390E+02
1.62458E+02

6.49592E+06
3.803%0E+02
1.62458E+03

1.28817E+D7
7.53369E+02
3,219635E+03

1.32872E+06
7.77600E+DL
3.32100E+D2

2.26857E+D7
1.32768E+03
5.E7030E+03

2.18993E+07
1.2816QE+03
5.47350E+03

8.85816E+05
5.1840QE+01
2.21400E+02

1.17617E+08
6.883120E+03
2.93970E+04

2.57969E+08
1.50970E+04
6.44766E+04

2.57965E+08
1.50970E+04
6.44766E+04

4.22633E+408
2,47334E+04
1.05632E+05

4.22633E408
2.47334E404
1.05632E+05

2.23127E+08
1.30579E+04
5.57632E+04

1.83462E+08
1.07366E+04
4.58544E+04

1.77163E+08
1.0368DE+04
4,42800E+04

3.7B932E+07
2.21760E+03
9.47100E+03

1.22046E+08
7.14240E+03
3.05040E+04

4.18302E+07
2.44B00E+03
1.04550E~04

8.5136BE+(07
4.98240E+03
2.12790E+04

5.21647E+08
2.052B0E+04¢
1.30380E+05

2,13088E+08
1.24704E+04
5.32590E+04

1.82287E+07
6.08032E+04
2,92050E+05

1.40858E+06
4.69843E+03
2.25675E+04

2.2B8687E+06
7.62803E+02
3.66390E+04

2.1B876E+06
7.30080E+02
3.50672E+04

2.18876E+06
7.30080E+03
3.50672E+04

2.1BB76E+06
7.300BOE+D3
3.50672E+04

4,33776E+06
1.446B9E+D4
6.34973E+04

4.47431E+05
1.4%244E+03
7.16850E+03

7.63046E+06
2.548B21E+04
1,22396E+05

7.37432E+06
2.4597E6E+04
1.18148E+05

2.398287E+05
9.94961E+02
4.77900E+03

3.96059E+07
1.32109E+05
6,34545E+05

B.6B67BE+D7
2.B9755E+05
1.39175E+06

B.6BATRE+Q7
2.89755E+05
1.39175E+06

1.42316E+08
4.74707E+05
2.28011E+06

1.42316E+08
4.74707E+05
2,28011E+06

7.5135ZE+07
2.50620E+05
1.20378E+06

6, 17786E+D7
2.06067E+05
9.BS7B4E+DS

5.96574E+07
1.56992E+05
3.55800E+05

1.27601E+07
4.25622E+04
2.04435E+05

4.10972E+07
1.37083E+05
5 .58440E+05

1.40858E+07
4.69843E+04
2,25675E+05

2.B668TE+07
9.56268E+04
4.59315E+0%5

1.75658E+08
5.85921E+05
2.81430E+06

7.17546E+07
2.39343E+05
1.1495ZE+06

2.32573E+08
4.40000E+02
1.38479E+05

1.79716E+03
3.40000E+02
1.07007E+04

2.91773E+05
5.52000E+02
1.73728E+04

2.79257E~05
5.28320E+02
1.66275E+04

2.79257E+05
5.28320E+02
1.65276E+04

2,79257E+05
5.28320B+02
1.66276E+04

5.53439E+05
1.04704E+D3
3.2%530E+04

5.70861E+04
1.08000E+02
3.39903E+03

9.74692E+05
1.84400E+03
5.80353E+04

9. 40864E+05
1.78000E+03
5.60211E+04

3.80574E+04
7.20009E+0%
2,26602E+03

5.0531BE+06
9.56000E+D3
3.00877E+05

1.10832E+07
2.093680E+04
6.59915E+05

1.10832E+07
2.09680E+04
6.59915E+05

1.81576E+07
3.43520E+04
1.08114E+06

1.81576E+07
3.43520E+04
1.08114E+06

3,5B8624E+06
1.B1360E+04
5.70785E+05

7.88211E+D6
1.49120E+04
4.69318E+05

7.61148E+06
1.44000E+04
4.53204E+05

1.62B01E+06
3.08000E+03
9.69353E+04

5.24346E+06
9.92000E+03
3.12207E+05

1.79716E+06
3.40000E+03
1.07007E+05

3.657THE+06
&6.92000E+03
2.177T30E+05

2.24118E+07
4.24000E+03%
1.33443E+05

9.1549ZE+06
1.73200E+04
5.45104E+05

8.07092E~05
1.45530E+05
6.41916E+05

6.23B62E+04
1.12455E+04
d4.96026E+D4

1.01293E+05
1.82574E+04
8.05213E+04

9.6%057E+04
1.74742E+04
7.70766E+04

9.65097E+04
1.74742E+04
7.70766E+04

9.65097E+04
1.74742E+04
7.70766E+04

1.92059E+05
3.4E30BE+D4
1.52753E+05

1.58104EF+04
3.57210E+403
1.57561E+04

3.38245E+05
£€.09903E+04
2.69021E+05

3.26505E+05
5.88715E+04
2,59684E+05

1.32070E+04
2.3%14DE+D3
1,05041E+04

1.75359E+06
3.16137B+05
1.39871E+06

3.84616E+06
5,93517E+05
3.05902E+06

3.84616E+06
6.93517E+05
3.05902E+06

€.30119E+06
1.13619E+06
5.01161E+06

6.30119E+0%6
1.13619E+08
5.01161E+06

3.32669E+06
5.593848E+05
2.64586E+086

2.73531E+06
4.93214E+05
2,17551E+06

2.64139E+06
4.76280E+05
2.10082E+06

5.64964E+05
1.01871E+05
4.49341E+05

1.81963E+06
3.28104E+05
1.44723E+06

€.23662E+05
1.12455E+05
4.96026E+05

1.26934E+06
2.2BB79E+05
31.00256E~06

7.77743E+06
1.40238E+06
6. 18574E+06

3.17701E+06
5.72859E+05
2.52681E+06

1.590773E+05
7.81358E+05
2.22079E+05

1.47415E+04
6.03776E+04
1.716D7E+05

2.3931331B+04
5.80248E+04
2.78608E+05

2.25066E+D4
2.28197E+{4
2.66656E+05

2.29066E+04
9.38197E+04
2.66656E+05

2.29066E+04
9.38197E+04
2.B6E56E+0Q5

4.53970E+04
1,85835E+05
5.2B467E+Q5

4.68261lE+03
1.9178BE+04d
5.45103E+04

7.99512E+04
3.27460E+05
9.30713E+05

7.71763E+04
1.16095E+05
£.98411E+05

3.12174E+03
1.27BSTE+04Q
3.63402E+04

4.14498E+05
1.6976BE+06
4.B2517E+0€

9.05120E+05
3.72352E+06
1.05831E+07

9.039120E+05
3.72352E+06
1.05831E+07

1.48942E+06
6.10027E+Q8
1.73382E+07

1.48942E+06
6.10027E+06
1.73383E+07

7.863312E+05
3.22061E+06
2.15359E+06

6.456547E+05
2,E4B0SE+06
7.52646E+06&

6.2434BE+05
2.55717E+06
7.26804E+06

1.33541E+05
5.46950E+05
1.55455E+06

4.30106E+05
1.76161E+D6
5.00687E+06

1.47416E+D5
6.01776E+D5
1.71607E+06

3.00034E+05
1.22886E+06
3.49270E+06

1.83836E+06
7.52345E+06
2.14002E+07

7.50952E+05
3.07571E+06
8.74184E+06

6.08032E+04
1.55760E+05
2,16040E+07

4.69843E+03
1.20360E+04
1.66940E+06

T.62803E+03
1.95408E+04
2.71032E+06

7.30080E+03
1.87025E+04
2.59405E+06

7.30080E+03
1.87025E+04
2.539405E+06

7.30080E+03
1.87025E+04
2.59405E+0¢6

1.44689E+04
3.70652E+04
5.14097E+06

1.45244E+03
1.82320E+03
5.30280E+05

2.54821E+04
6.52776E+04
S.D5404E+06

2.45%76E+04
€.30120E+04
8.73980E+06

9.94961E+02
2.5488UE+03
3.5352QE+03

1.32109E+05
3.38424E+05
4.69396E+07

2z, 89755E+05
7.42267E+05
1.02353E+08

2.89755E+05
7.42267E+05
1.02953E+038

4.74707E+05
1.21606E~06
1.68668E+08

4.74707E+05
1.21606E+06
1.68668E+08

2.50620E+05
6.420142E+05
8.90478E+07

2.06067E+05
5.27885E+05
7.32179E+07

1.98992E+05
5.09760E+05
7.07040E+07

4.25622E+04
1.09032E+05
1.51228E+07

1.37083E+05
3.5116BE+0S
4.87072E+07

4.69843E+04
1.20360CE+05
1.66940E+07

9.56268E+04
2.4496BE+Q5
3.3877ZE+07

5. 85921E+05
L.50096E+06
Z,0B81B4E+08

2.35343E+05
6.1312BE+05
B.50412E+07

3.16899E+03
1.68320E+04
5.70125E+07

2.44B00E+02
1.28520E+03
4.40551E+06

3.9T44DE+D2
2.08656E+03
7.15247E+06

3.80330E+02
1.99705E+03
6.84564E+06

3.803%0E+02
1.99705E+03
6.B4564E+06

3.80390E+02
1.53705E+03
6.84564E+06

7.53869E+02
3.55781E+03
1.3566%E+07

7.77600E+0L
4.08240B+02
1.395%40E+06

1.32768E+03
6.97032E+03
2.38934E+07

1.28160E+03
6.T2840E+03
2.30641E+07

5. 18400E+0L
2.72160E+02
9.32931E+05

6.88320E+0]3
3.61368E+04
1.23873E+08

1.50970E+04
7.92590E+04
2.716%0E+08

1.50970E+04
7.92590E+04
2.71690E+08

2.47334E+04
1.29B51E+05
4.45112E+08

2.47334E+04
1.29851E+05
4.45112E+08

1.30579E+04
6.85541E+04
2.34995E+08

1.07366E+04
5.63674E+04
1.93220E+08

1.03680E+04
5.44320E+04
1.86586E+D8

2.21760B+03
1.16424E+04
3.93387E+07

7.14240E+03
3.74976E+04
1.28537E4+08

2.44800E+02
1.28520E+04
4.40551E+07

4.99240E+03
2.61576E+04
8.96650E+07

3.05280E+04
1.60272E+05
S5.49393E+08

1.24704E+04
&.54696E+04
2.24422E+08
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30 1.440927B+10 1.66891E+0% 1.37006E+08 - 7.7056605+07 2.59510E+07 3.31099E+D6 1.14901E+06 2.71591E+05 B.6561l6E+04 4.51008E+03
1.50336E+02 2.50560E400 1.S50336E+02 4.51008E+03 B8.65616E+D4 6.26400E+03 2.07182E+05 1.11237E«+06 2.21746E+D5 2.J6779E+04
£.37606E+04 1.47987E+04 1,48770E+03 1.92618BE+04 4,15773E+05 1.97144E+05 9,13855B+05 3,16160E+06 3.07562E+07 B8.11850E+07
1.44293E+08 1.70122E+D9 1,44%96E+10

31 9.19715E+07 1.08572E+07 8,74880E+05 4.72120E+05 1.65715E+d5 2.11430B+04 7,33720E+03 1.73430E+02 S.52756E+02 2.380008+01
9.60DDCE-01 1.60000E-02 9.50000E-01 2.88000E+01 5.52756E+02 4.Q0000E+D1 1.323D00E+03 7.10325E+03 1.416Q00E+03 1.51200E+02
5.34870E+02 9.45000E+01 9.50000E+00 1.23000E+02 2.65500E+03 1.25B8%0E+03 5.83560E+031 2.01890E+04 1.%6400E+05 5.18295E+05
9.21410E+05 1.0B635E+07 %.25904E+07

P T LR R LT T e P e P Y P
Elapsed Time
0.000000E+00 sec = (.000000E+00 day = D.0DOOOOE+DC yr

DELT

5.231209E+06 sec = 6.054640E+01 day = 1.657706E-01 yr
Time Step Number = 391
Total Newton-Raphson lterations = 1321
Avg Mewton-Raphson Iterations/Time Step = 3.379
CPU Time (this time step) = 6.52 sec = 0.00181 nr
CPU Time (total Eor vun) = 3865.68 sec = 1.0738B0 hr

B R R R T L R Y

Curulative Mass Balance
Brine: -3.834158E-18
Gas: -1.09977BE-15

Maxirum Relative Mase Balance [Currenkt Time Step)
Brine: 1.151902E-96 at (I,J3.X) = 20 12 1
Gas: -4.8%6622E-04 ar (I,J,K) = 20 1z 1

Brine pressure Pa
Layer 1

1 1.55023E+07 1.55023E+07 1.27000E+07 1,27000E+07 1.27000E+07 1.27000E+07 1.27000E+07 1.27000E+07 1.2T000E+07 1.27000E+Q7
1.27000E+07 1.27000E+07 1,27000E+G7 1.27000E+07 1.2TOOOE+07 1.27000E+(Q7 1.270D0DE+07 1.27000E+07 1.27000E+07 1.27000E«07
1.27000E+07 1.27000E+07 1.2700DE+07 1.27000E+07 1.27000E+07 1.27000E+07 1.27000E+47 1.27000E+07 1.27000E+07 1.2700QE+07
1.27000E+07 1.55023E+07 1.55023E+07

2 1.52006E+07 1.52006E+07 1.52006E+07 1.53006E+07 1.52006E+07 1.52006E+07 1.52006E+07 1,52006R+07 1.S52006E+07 1.52006E+07
1.52006E+07 1.52006E+07 1.52006E+07 1.52006E+07 1.52006E+07 1.520068E+(07 1.52006E+07 1.52006E+07 1.52D06E+D7 1.52006E+07
1.52006E+07 1.52006E+0% 1.52006E+07 1.52006E+07 1.52006E+07 1.52008E+07 1.52006E+07 1.52006E+07 1.5200Q6E+07 1.52006E+07
1.52006E+07 1.52006E+07 1.52008E+07 .

3. 1.74745E+07 1.5372%E+07 1.47424E+07 1.45585E+07 1.44272E+07 1.43642E407 1.43454E+07 1.434d2E+07 1.433B5E+07 1.43329E+07
1.43316E+07 1.4331dE+07 1.43311E+07 1.43299E+07 1.43242E+07 1.43154E+07 1.43007E+07 1.42382E+(07 1.41756E+07 1.41567E+07
1.41186E+07 1,40B36E+07 1.40773E+07 1.40699E+07 1.40111E+07 1.33575E+07 1.39522E+07 1.39375E+07 1.38745E+07 1.37431E+07
1.35593E+07 1.29288BE+07 1_.08272E+07

4 1.83357E+07 1.42342E+07 1,36037E+07 1.341%AE+07 1.32B85E+07 1.32254E+07 1.32107E+07 1.32054E+G7 1.31998E+07 1.31341E+07
1.3192BE+07 1.31926E+07 1.31923F+07 1.31911E+07 1.31B54E+07 1.31766E+07 1_31619E+07 1.,30994E+07 1.30369E+07 1.3D0179E+07
1.2979BE+Q07 1.29448E+07 1.29385E+07 1.29312E+07 1.28723E+07 1.28187E+07 1.28135E+07 1.27988E+07 1.27357E+07 1.26044E+07
1.24205E+07 1.17900E+07 9. 68B4BE+0E

5 1.59685E+07 1.38670E+07 1,32365E+07 1.30526E+07 1.29213E+07 1.28582E+Q7 1.28382E+07 1.2772BE+07 1.27269E+07 1.27212E+07
1.27199E+07 1.27197E+07 1.27194E+07 1.27182E+07 1.27126E+07 1.27039E+07 1.26B93E+07 1.26270E+07 1.25650E+07 1.25466E+{7
1.25106E+07 1.24776E+07 1.24717E+07 1.24642E+07 1.24051E+07 1.23969E+07 1.24421E+07 1.24315E+07 1.23685E+07 1.22372E+07
1.20533E+07 1.1422BE407 9.32126E+06

6 1.5B972E+07 1.37956E+07 1.31652E+07 1.29813E+07 1.28499E+07 1.27806E+07 1.23350E+07 9.4B755E+06 8.30625E+06 8.30057E+06
®.29931E+06 B.295906E+06 §.29881E+06 8.29755E+06 B.29189E+06 B.28311E+D6 B.26841lE+D6 B.20585E+06 B.14332E+06 8.12447E+06
f,08662E+06 8.45192E+06 1.0Q1325E+05 B.03B31E+06 7.97940E+06 9.40563E+06 1,200BLE+D7 1.23555E+07 1.22%72E+07 1.21659E+07
1.19820E+07 1.13513E+07 9.24993E+06

7 1.58B38E+07 1.37822E407 1.31517E+07 1.29678E+07 1.28365E+07 1.27714E+07 1.25661E+07 1.06790E+07 §.29279E+06 8.28712E+06
8.2B5B6E+06 8.28B61E+06 8§.28537E+06 §.20411E+06 R.27B45E+DE B,26966E+06 8.25497E+06 ©_.192408+06 B.129898E+06 8.11102E+06
§.07318E+06 H.03BJ7E+06 1.01325E+05 8.024BEE+06 7.96595E+06 1.05761E+(7 1.ZZ061E+07 1.2J453E+D7 1.228135+07 1.21524E+D7
1.196B5E+07 1.13381lE+07 9,23650E+06

8 1.58675E+07 1.37659E+07 1.31355E+07 1.29516E+07 1.28202E+07 1.275639E+07 1.27036E+07 1.20633E+07 1.01325FE+05 1.01325E+05
1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+0S 1.01325E+05 1.01325e+05 1.013258B+405 1.01325E+05 1.01325E+05
1,01325E+05 1.01325E+0% 1.01325E+05 1.01325R+05 1.01325E+05 1.17875E+07 1.23148E+07 1.23303E+07 1.22675E+07 1.21362E+07
1.19523E+07 1.13218E+07 9.22024E+06

9 1.58516E+Q07 1.37500E+07 1,31196E+07 1.29357E+07 1.28043E+07 1.27412E+Q7 1.27196E+07 1.24667E+07 1.01325E+05 1.013ZSE+05
1.01325E+05 1.01325E+05 1.D1325E+C5 1.01325E+05 1.01325E+05 1.01325E+«05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05
1.01325E+05 1.01325E+05 1.01325E«25  1.01325E+05 1.01325E+05 1.21129E407 1.23240E+07 1.23146B+07 1.22516E+07 1.2126G3E+07
1.19364E+07 1.13059E+07 9.20434E+(06

10 1.58357E+07 1.37341E+07 1.31037E+07 1.29198E+07 1.278B4E+07 1.27253E+07 1.27048E+07 1.24447E+07 1.01325E+05 1.01325E+05

1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.013225E+05 1.01325B+05 1.01325E+05
1.01325E+05 1.01325B+05 1,01325E+05 1.01325E+05 1.01325E+05 1.20918E+07 1.2308%E+07 1.22987E+07 1.22357E+07 1.21044E+07
1.19295E+07 1.12300E+07 ©9.1RE44E+06

1t 1.58120E+Q7 1.37104E+(07 1.3080GE+37 1.28961E+07 2.27647E+07 1.270155+07 2.25541E+07 1.19061E+07 §.22029E+06 8.21523E+06

8.21395E+06 8.21362E+06 8.21330E+06 8.21202E+06 B.20608E+06 B8.19774F+06 B.1B312E+06 8.12063E+06 8,05B42E+06 8.03949E+06
B.00172E+06 7.9667SE+0§ 1.01325E+05 7.%5300E+06 7.8%426E+06 1,16407E+07 1.22636E+07 1.22749E+07 1.22120E+07 1.20887E+07
1.18%68E+07 1.12663E+07 9.16473E+QE

12 1.57948E+07 1.36930E+07 1.30626E+07 1,28787E+07 1.27473E+07 1.26831E+07 1,25257E+07 1.028B1E+07 B8.20219E+06 8. 1%781E+06

8.19654E+0E6 8.19611E+06 8.19564E+06 B.1943BE+0& §.18813E+D& B5.18027E+06 B._16574E+06 B8.1033dE+06 B.04151E+06 B.D22&2E+06
7.98479E+06 7.94951E+06 1,01325E+05 7.93S6DE+0& 7.87703E+06 1.02007E+07 1.21517E+407 1.22567E+07 1.219d6E+07 1.206313E+07
1.18794E+07 1.12489E+07 5,14735E+06

13 1.57652E+07 1.36637E+07 1.310332E+07 1.28493E+07 1.27180E+07 1.2654BE+07 1.26279E+07 1.225BSE+D7 8.17157E+06 B.16783E+06

B.1672%E+06 B.1665dE+06 §_16579E+06 B, 1645BE+06 &.15778E+06 8.15076E+06 B8,13637E+06 B.07412E+06 B.03406E+06 £.02077E+06
7.96B6SE+06 7.92041E+06 1_.01325E+Q5 7.90619E+06 7,849d2E+06 1.19236E+07 1,22332E+07 1.22282E+07 1.21652E+07 1.20339E+07
1.18500E+07 1.12195E+07 9.11737E+06

14 1.57107E+07 1.36091E+07 1.29787E+07 1.27948E+07 1.26634E+07 1.26004E+07 1.25846E+07 1.24420E+07 8,16%31E+06 8.16764E+06

A.166318+06 #.1E6367E+06 £.16102E+06 8.15936E+06 @.15732E+06 B8,13049R+06 8&.03631E+06 S.06048E+06 B.03379E+06 8.02043E+D6
7.96B3I3E+08 7.BB4E1Ev06 1.01325E+05 7.35158E+DE 7,.84914F+DF 1.20725E+07 1.218B0E+07 1.21737E+07 1.21107E+Q7 1,12794E+D7
1.17955E+07 1.11650E+G7 9 ,06343E+06

15 1.56828E+07 1.35612E+07 1.29508E+07 1.27669E+07 1.26355E+07 1.25724E+07 1.25464E+07 1.23902E+07 §,14166E+06 B.139%0E+06

8.13857E+06 B8.13593E+06 &.13328E+06 B8,13162E+06 B.12958E+06 #.10275E+06 8 06B56E+06 B.03273E+06 B.00601E+06 7.29272E+06
7.94056E+06 7.856B4E+06 1.01325E+05 7.82382E+06 7,52140E+06 1.21000E+07 1.21568E+07 1.2145BE+07 1.20B28E+07 1.39515E+07
1.17676E+D7 1.11371E+07 §.03556E+06

16 1.55378E+07 1.34363E+07 1.28058E+07 1.26213E+07 1.24906E+07 1.24275E+07 1.24128E+07 1.24071E+07 1.23797E+07 1.237T40E+07

1.23728E+07 1.23725E+07 1.23722E+07 1.23710E+07 1.23653E+07 1.23565E+07 1.23417E+07 1.22792E+07 1.22168E+07 1.219808B+07
1.21603E+07 1.21208E+07 1.01325E+05 1.21087E+07 1.20533E+07 1.20207E+07 1.20156E+07 1,20009E+07 1.19373E+07 1.1B0G5E+07
1.16226E+07 1.09922E+07 8.89080E+06

17 1.5078B4E+07 1.2976BE+07 1.23d64E+07 1.21625E+Q7 1.20311E+07 1,19681E+07 1,1%534E+07 1.134B1E«07 1.13425E+07 1.18368E+07

1.19356E+07 1.19353E+(7 1.19351E+07 1.19338E+Q7 1.15281E+07 1.19193E+07 1.19046E+07 1.13421E+07 1.177%6E+Q7 1.17607E+07
1.17235e+07 1.16B27E+07 1.0132S5E+05 1.16705E+87 1.16150E+07 1.15614E+07 1.15562E+07 1.15415E+07 1.14784E+07 1.13471E+07
1.11632E+Q7 1.05327E+07 5.43116E+06

18 1.44473E+07 1.23457E+07 1.17152E+07 1.15314E+07 1.14C000E+07 1.13370E+07 1.13222E+07 1.13170E+07 1.13113E+87 1.13057E+07
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19

20

21

22

22

24

25

26

27

28

29

30

31

1.13044E+07
1.10914E+07
1.05321E+07
1.36147E+07
1.04719E+07
1.02588E+07
9.69951E+06
1.25807E+Q7
9.43789E+D6
9_22486E+06
8.66552E+06
1.17908E+0D7
8.64795E+06
B8.434382E+06
7.87559E+06
1.12934E+07
8.15059E+06
7.93755E+Q8
7.37822E406
2,.29653E+06
2.29653E+06
2.29653E+06
2.29653E+06
8.52000E+05
8.52000E+DS
2.52000E+05
8.52000E+05
1.83774E+06
1.81774E+06
1.83774E+06
1.83774E+06
9.00000E+05
9.00000E+05
%.00000E+05
%.00000E+05
1.48191E+06
1.4B8121E+06€
1.4B191E+06
1.48191E+06
7,39535E+05
7.39535E+05
7.39535E+05
7.39535E+05
1.01325E+05
1.01325E+05
1.01325E+05%
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E4D5
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05

1.13042E+07
1.10516E+07
9.90159E+06
1.15132E+07
1.04716E+07
1.02191E+07
. 06904E+06
1,04792E+07
9.43764E+06
9.18529E+06
8.03505E+06
%.6B92Z4E+06
€.64770E+06
8.39549E+06
7.24512E+06
9.19187E+06
§.15034E+06
7.89820E+06
6.74775E+06
2.29653E+06
2.,29653E+06
2.29653E+06
2.2%653E+06
8.52000E+D5
8.52000E+05
B.5200DE+DS
8.E2000E+DS
1.83774E+D6
1.83774E+DE
1.83774E+D6
1.83774B+06
9.D000CE+05S
9.00000E+05
9.00000E+05
9.00000E+0D5
1.48191E+06
1.48191E+C6
1.48191E+06
1.48191E+06
7.39535E+05
7.39535E+05
7.39535E+05
7.39535E+05
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05
1.,01325E+05
1.0132S5E+05
1.0132S5E+05
1.01325E+05
1.01325E+05
1.01325E+05

Gas pressure

1

14q

11

Layer 1

1.55023E+07
1.27022E+07
1.27022E+07
1.27022E407
1.520068E+07
1.52006E+07
1.52006E+07
1.52006E+07
2.30398E+07
1.98969E+07
1.96839E+07
1.91245E+07
2.19010E+07
1.87581E+07
1.85451E+07
1.79853E+07
2.15338E+07
1.82852E+07
1.80759E+07
1.76186E+07
1.59487E+07
8.29931E+06
8.08G662E+06
1.,20325E+07
2.1449QE+07
B.28586E+Q6
8.07318E+06
1.75338E+07
2.14328E+07
1.05708E+05
1.01325E+0S
1.75176E+07
2.14169E+07
1.05708E+D5
1.01325E+05
1.75017E+07
2,1401CE+07
1.05708E+05
1.01328E+05
1.7d4858E+07
2.13773E+07
8.21395E+06

1.55023E+07
1.27022E+07
1.27022E+07
1.55023E+07
1.52006E+07
1.52006E+0D7
1.52006E+07
1.52006E+07
2.093B2E+07
1.98267E+07
1,9648%E+07
1.B4%41E+07
1.97995E+07
1.87579E+07
1.85101E+07
1,73553E+07
1.94322E+07
1.82B50E+07
1.80428E+07
1.649BRLE+D7T
1.38472E+07
8.29906E+06
B.05152E+D6
1.14031E+D7
1.93475E+07
8.2856LE+DG
8.03B47E+06
1.69034E+07
1.93312E+07
1.05708E+05
1.01325E+05
1.68B71LE+0Q7
1.93153E+07
1.05708E+05
1,01325E+05
1.68712E+07
1.92994E+07
1.05708BE+05
1.01325E+05
1.68553E+07
1.92757E+07
8§.21362E+06

1.13039E+07

1.01325E+05
7.80003E+48
1,08827E+07
1.94714E+07
1.012325E+Q5
6.96747E+06
9_84871E+05
9.43739E+04
1.01325E+05
5.93349E+06
9.05877E+06
8.64745E406
1.01325E+05
5.14355E+06
8.56140E+06
8.15008E+06
1.01325E+0Q5
4.64518E+06
2.29653E+06
2.29653E+406
1.01325E+05
2_296531E+06
8.52000E+05
£.52000E+05
1.01325E+05
8.52000E+05
1.83774E+06
1.83774E+D6
1.01325E+05
1.83774E+06
%.00000E+05S
2.00000E+05
1.01325E+05
2. 00000E+05
1.43121E+0Q8
1.48191E+06
1.01325E+D5
1,48191E+0E
7.39535E+05
7.39535E+05
1.01325E+05
7.38535E+05
1,01325E+C5
1.C01325E+Q05
1.01325E+05
1,01)25E+05
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05
1,.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05

1.27022E+07
1.27022E+07
1.27022E+07
1.55023E+07
1.52008E+07
1.52006E+07
1.52006E+07
1.52006E+07
2.03077E+07
1.98964E+07
1.96428E+07
1.63925E+07
1.921690E+07
1.87576E+07
1.85038E+07
1.52538E+07
1.88018E+07
1.A2847E+07
1.80370E+0Q7
1.48866E+07
1.32167E+07
£.29881E+06
1.60133E+06
9.30149E+06
1.87170E+07
8.28537E+06
1.60133E+06
1.48018E+07
1.87008E+07
1.05708E+0S
1.601313E+06
1.47855E+07
1.86849E+07
1.05T02E+DS
1.60133E+0E
1.47636E+07
1.86690E+07
1.05708E+0S
1.60133E+0E
1.47537E+07
1.B645S2E+07
8.21330E+08&

1.13027E+07
1.103%4E+07

1.06388E+07
1.04701E+07
1.02069E+07

9.66482E+0%
9.43613E+08
9.17203E+06

§.8748BE+06
8.64619E+06
8.38318E+06

8.37751E+06
8.14882E+06
7.88587E+06

2.29653E+06
2.29653E+08&
2.29653E+06

8.5%2000E+05
§.52000E+05
8.52000CE+0S

1.83774E+0E
1.83774E+D6
1.B31774E+D6

2., 00000E+D5
9. 00000E+D%
9.00000E+D5

1.4B191E+06
1.48191E+06
1.48191E+C%

7.359535E+05
7.39535E+05
7.39535E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.12970E+07
1.09839E+07

1.05674E+07
1.04645E+07
1.01513E+07

9.53347E+06
9.43047E+06
9.11736E+06

8.74353E+06
8.64054E+06
B.32742E+08

£.24617E+06
8.14317E406
7.8300&8E+06

2.29631E+06
2.296531E+06
2.29651E+06

£.52000E+05
8.52000E+D5
8.52000E+05

1.83774E+06
1.83774E+06
1.83774E+0E

2.00000E+05
2. 00000E+05
5.00000E+05

1.4B191E+06
1.48191E+06
1.48191E+06

7.39335E+05
7.39535E+05
7.39535E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E+Q5

1.01325E+05
1.01325E+05

1.12882E+07
1.09303E+07

1.05044E+07
1.04556E+07
1.00977E+Q7

2_.47042E+0&
3.42167E+06
9.083TTEXDE

8.68049E+06
8.63173E+06
8.27383E+06

§.18312E+06
8.13436E+06
7.77647E+06

2.29653E+D6
2.29633E+06
2.29653E+06

B.52000E+D5
4.52000E+05
8.52000E+05

1.83774E+06
1.83774E+06
1.83774E+06

9.00000E+0S
9.00000E+05
9.00000E~+05

1.48191E+06
1.48191E+06
1.48191E+06

7.39535E+405
7.39535E+05
7.39535E+05

1.01325E+05
1.01325E+0S
1.01325E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E+05
1.91325E+05
1.01325E+QS

1.12735E+07
1.09251E+07

1.0483TE+07
1.04403E+07
1.00825E+07

9.45571E+06
8.40696E+0E
9.05852E+06

€.66578E+06
8.61702E+06
8.26858E+06

8.16841E+06
B.11965E+06
7.TT121E+06

2.29653E+D6
2.29653E+DE
2.29653E+06

B.52000E+05
B.520C00E+05
8.52000E+05

1.83774E+06
1.83774E+06
1.83774E+06

9.00000E+0Q5
9.00000E+05
9.00000E+05

1.48191E+406
1.45191E+06
1.48191E+06

7.39535E+05
7.39535E+05
7.39535E+05

1.01325E+05
1.01325E+Q5
1.01325E+05

1.01325E+05
1.0132S5E+05
1.01325E+05

1.01325E+0%
1.01325E+05
1.01325E+05

1.12110E+07
1.09103E+07

1.04844E+07
1.03784E+07
1.00778E+07

9.45046E+06
9.34443E+06
9.04380E+08

£.66052E+06
8.55450E+06
8.25387E+06

8.15315E+06
£.05713E+06
7.73650E+06

2,29653E+06
2.29653E+06
2.29653E+06

8.52000E+0%
B.52000E+0S
E.5200DE+05

1.83774E+D6
1.83774E+06
1.83774E+06

9.00000E+05
9.0000CE+05
9.0000CE+05

1.48191E+06
1.48191E+06
1.48191E+06

7.39535E+05
7.39535E+05
7.39535E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E+035
1.01325E+05
1.01325E+05

1.01325E+05
1.01325E+05
1.91325E+05

1.27022E+07
1.27022E+07
1.27022E+07

1.52006E+07
1.52006E+07
1.52006E+07

2.01238E+07
1.928951E+07
1.96352E+07

1.89851E+07
1.87564E+07
1.84965E+07

1.86179E+07
1.82835E+07
1.80295E+07

1.30328E+07
8.29755E406
8.03831E+06

1.85331E+07
£.28411E+06
B.0Z4B6E+06

1.85169E+07
1.05708E+05
1.01325E+05

1.85010E+07
1.0570BE+05
1.01325E+05

1.84B851E+07
1.05708E+05S
1.01325E+05

1.84614E+07
B.21202E+05

1.27022E+07
1.27022E+07
1.27022E+07

1.52006E+07
1.52006E+07
1.52006%8+07

1.99925E+07
1.98835E+07
1.95764E+07

1.88538E+07
1.87507E+07
1.84176E+D7

1.34865E+07
1.82779E+07
1.72704E+D7

1.29015E+07
£.29182E+06
7.97940E+06

1.84018E+07
£.27845E+06
7.96595E+06

1.83855E+07
1.05702E+05
1.01325E+05

1.83696E07
1.057CBE+DS
1.01125E+DS

1.B3S37E+07
1.0570BE+05
1.01325E+05

1.83300E+07
B.20&602E+0Q6

1.27022E+07
1.27022E+07
1.2702ZE+07

1.52006E+07
1.52006E+07
1.52006E+07

1.9%23224E+07
1.98B07E+07
1.95228E+07

1.87907E+07
1.87412E+07
1.83840E+07

1.B4234E+D7
1,B82692E+07
1.79622E+07

1.2B222E+07
8.283L1E+DE
9.4571BE+D6E

1.83367E+07
8.26266E+06
1.61414E+D7

1.83222E+07
1.01325E+05
1.73528E+07

L.BA0VESE+D?
1.01325E+05
1.76782E+07

1.82906E+07
1.01325E+0S
1.76571E+07

1.8266BE+07
8.19774E+06

1.27022E+07
1.27022E+07
1.270232E+07

1.52006E+07
1.52006E+07
1.52006E+07

1.22147E+07
1.5B660E+07
1.55175E+D7

1.87760E+07
1.87272E+07
1.B837EBE+D7

1.B4035E+07
1.82545E+07
1.BOO74E+07

1.23B65E+D7
B.2EB41E+06
1.205%6E+07

1.B1314E+07
B.254%7E+DE
1.7771L4E+07

1.8268%E+D7
1.05708E+05
1.78801E~07

1.82849E+07
1.057CBE+0QS
1.788931E+07

1.82701E+07
1.0570BE+OS
1.78742E+07

1.82194E+(7
B.18312E+0€

1.27022E+07
1.27022E+Q7
1.27022E+07

1.52006E+07
1.52006E+07
1.52006E+07

1.99095E+07
1.28035E+Q7
1.95028E+07

1.87707E+07
1.36647E+07
1.B3641E+07

1.83381E+07
1.81923E+07
1.7996BE+07

2.53310E+06
8.20585E+06
1.24071E+07

1.62443E+07
8.19240E+06
1.79106E+07

1.76346E+Q7
1.05708E+05
1.78956E+Q7

1.80320E+07
1.03708E+05
1.738733E+07

1.80100E+07
1.0S708E+05
1.78640E+07

1.74714E+07
8.12063E+06

1.11484E+07
1.08473E+07

1.0478BE+D7
1.03159E+07
1.00147E+07

9. 44481E+0D6
9,28191E+06
8.20076E+06

8.65487E+D6
8.49198E+06
8,19082E+06

8.15750E+{06
7.99461E+06
7.69345E+06

2.29653E+06
2.29653E+06
2.29653E+06

8.52000E+05
8.52000E+05
§.52000E+Q5%

1.83774E+06
1.83774E+06
1.83774E+06

9.00000E+Q5
9.00000E+05
9.00000E+05

1.48191E+06
1.48191E+06
1.48121E+06

7.39535E+09
7.39535E+05
7.39535E+05

1.01325E+05
1.01325E+CS
1.01325E+05

1.01325E+05
1.01325E+05
1.D1325E+05

1.01325E+05S
1.01325E+05
1.01325E+05

1.27022E+07
1.27022E+07
1.27022E+07

1.5200&6E+07
1.52006E+07
1.52006E+07

1.99038E+07
1.97409E+07
1.94398E+07

1.87650E+07
1.86022E+07
1.83010E+07

1.82921E4(7
1.81303E+D7
1.79318BE+07

8.30625E4+06
8.14232E+06
1.23488E+07

8.29279E+06
8.12988BE+06
1.78491E+07

1.05708E+05
1.0S708E+05
1.78328E+07

1.95708BE+0D5
1.35708E+05
1.78163E+0D7

1.9570BE+05
1.0S708E+05
1.78010E+D7

8.22029E+D6
8.05842E+06

1.11295E+07
1.07159E+07

1.04731E+07
1.02970E+07
9.88319E+06

9.43%15E+06
9._26300E+06
8.84941E+06

8.64922E+06
8.47306E+06
B.05347E+06

8., 151B5E+06
7.97S69E+Q6
7.56211E+06

2.29653E+06
2.29653E+06
2.29653E+06

B.5200DE+05
&§.52000E+05
8.52000E+CS

1.83774E+06
1.83774E+06
1.83774E+06

2.00000E+05
2.00000E+05
9.00000E+05

1.4818iE+06
1.48181E+06
1.48191E+06

7.39535E+05
7.39535E+05
7.39535E+05

1.0132S5E+05
1.01325E+05
1.01325E+D5

1.01325E+05
1.01325E+05
1.01325E+05

1.01325E4Q%
1.0132SE+0S
1.01325E+0S

1.27022E+07
1.27022E+07
1.27022E+07

1.52006E407
1.52006E+07
1.52006E+07

1.98982E+07
1.97Z20E+07
1.23084E+07

1.875;43+DT
1.85832E+07
1.81697E+07

1.B2865E+07
1.B1l119E+07
1.78023E+07

8,30057E+06
8.12447E+06
1.22174E+07

B.2B712E+06
8.11102E+06
1.77177E+07

1.05708£+05
1.01325E+0%
1.77015E+07

1.05708E+05
1.01325E+05
1.76856E+07

1.05708E+05
1.01325E+05
1.76697E+07

8.21523E+06
£.03%49E+06
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8.00172E+06 7.96675B+06 1.60133E+06  7.95300E+06 7.89426F+06 1.72060E+07 1.7H289E+07 1.7B4D2E+07 1.77773E+07 1.T646QE+07
1.74621E+Q7 1.68316E+07 1.4%300E+07

12 1.5B8462E+07 1.37446B+07 1.31141E+07 1.29302E+07 1.27989E+07 1.27346E+07 1.25773E+07 1.03397E+07 B.20219E+06 §&.197B1E+0§

§.19654E+06 8.19611E+06 B.19564E+06 B.19438E+06 H.18813E+06 8.18027E+06 8.16574E+06 8.10334E+06 &.04151E+06 B.02262ZE+08

7.98479E+06 7.94951E+06 1.60133E+06 7.393560E+08 7.87703E+05 1.02522E+07 1.22032E+07 1.23083E+07 1.22462E+07 1.2114BE+07
1.1530%E+07 1.13005E+07 9.19891E+06

13 2.13305E+07 1.92290E+07 1.85985E407 1.84146E+07 1.82833E+07 1.82201E+07 1.81931E+07 1.78238E+07 B.17157E+06 8.Ll6783E+06

8.167228406 B.16E54E+06 §.16579E+06 8,16458E+05 8,.1577BE+06§ B.15076E+06 8.13637E+06 B.07412E+06 8.03406E+06 8£.02077E+06

7.96865E+06 7,92041E+06 1.60133E+06 7,30619E+406 7.34942E+06 1.74889E+07 1.77885B+07 1.77935E+07 1.77305E+07 1.75932E+07
1.74153E+07 1.67848E+07 1.46833E+07

14 2.12760E+07 1.591744E+07 1.85439E+07 1.B3601E+07 1.82287E+07 1.81657E+07 1.814%%E+07 1.80073E+07 8.16931E+06 B.16764E+06

8.16631E+06 B.16367E+06 8.16102E+06 B.15936E+06 B8.15732E+06 B.13049E+06 ®.03631E+0€ B.06048E+06 8.03379E+06 B8.02049E+06

7.96833E+06 7.8B461E+06 4.5301BE+06 7.85158E+06 7.8d%14E+06 1.7637BE+07 1.77533E+07 1.773%0E+07 1.76760E+07 1.75447E+07
1.73608E+07 1.67303E+07 1.462B87E+07

15 1.57344E+07 1.36328E+07 1.30023E+07 1.28184E+07 1.26871E+07 1.26239E+07 1.25979E+07 1,24418E+07 B.19623E+06 8.13452E+06

8.19321E+06 8.1%059E+06 B.1B791E+06 8.1B8625E+06 B.18416E+06 8.15697E+0€ 8,132223E+06 8.08633E+06 B.05760E+06 8.04427E+06

7.99211E+06 7,90B39E+06 4.53018E+06 7.87651E+06 7,87540E+06 1.21516E+07 1.22083E+07 1.21974E+07 1.21344E+07 1.20030E+07

1.18192B+07 1.11887E+407 %.08711E+06

16 2.11031E+07 1.90016E+07 1.83711E+07 1.81872E+07 1.8055%E+07 1.79%2RE+07 1.72731F+07 1.79724E+07 1.79450E+07 1.793931E+07

1.793808+07 1,79378E+07 1.79375E+07 1.79363E+07 1.7%306E+07 1. 7%9218E+07 1.79070E+07 1.78445E+07 1.77821E+07 1.77633E+07

1.77256E+07 1.76861E+07 d4.53018E+06 1.76739E+07 1.76186E+07 1.75860E+D7 1.75809E+07 1.75662E+07 1.750323E+07 1,73718E+(7

1.71873E+407 1.85575E+07 1.44559E+07

17 2.06437BE+07 1.B85421E+07 1.79117E+07 1.77278E+07 1.75964E+07 1.75334E+07 1.75187E+07 1.75134E+07 1.75078E+07 1.75021E+07

1.75008E+07 1.75006E+07 1.75003E+07 1.74991E+07 1.74934E+07 1.74846E+07 1.74699E+07 1,74074E+07 1.73449E+07 1.73260E+07

1.72878B+07 1.72480E+C¢7 4.53018E+06 1.72358E+07 1.71803E+07 1.71267E+07 1.71215E+07 1.7106BE+07 1.70437E+07 1.69124E+07

1.672B5E+07 1.60980E+07 1.39965E+07

18 2.00126E+07 1.79110E+07 1.72805E+07 1.70967E+07 1,69653E+07 1.69023E+07 1.6B8875E+07 1.68823E+07 1.68766E+07 1.68710E+0Q7

1.68697E+07 1.68635E+07 1.68692E+07 1.68680E+07 1.68623E+07 1.68535E+07 1.68388E+07 1.67763E+07 1.67137E+07 1.656948E+07

1.66567E+07 1.6616ZE+07 4.53018E+05 1.66047E+07 1.65492E+07 1.64956E+07 1.64904E+07 1,64756E+07 1.64126E+07 1.62812E+07

1.60974E4+07 1.5466%E+07 1.33&53E+07

15 1.%1800E+07 1.70785E+07 1.64480E+07 1.62641E+07 1.61327E+07 1.60697E+07 1,60550E+07 1.60487E+07 1.60441E+07 1.50384E+07

1.60372E+07 L1.60369E+07 1.60367E+07 1.60354E+07 1.6029BE+07 1.60209E+07 1.60062E+07 1.59437E+07 1.58B12E+07 1.S58623E+07

1.58241E+07 1.57B44E+07 1.40325E+05 1.57722E+07 1.57166E+07 1.56630E+07 1.5657RE+07 1.56431E+07 1.5580CE+07 1.54487E+07

1.52648E+07 1.46343E+07 1.25328E+07

20 1.81460E+07 1.60445E+07 1.54140E+07 1.52301E+07 1,50988E+07 1,50357E+07 1.50210E+07 1.50158E+07 1.50101E+07 1.50044E+07

1.50032E+07 1.50029E+07 1,50027E+07 1,50014E+07 1.49958E+07 1.49870E+07 1.49723E+07 1.4%097E+07 1 .48472E+07 1.4A2R3E+(7

1.47902E+07 1.47506E+07 1.40325E+05 1.47383E+07 L1.46B27E+07 1.462%1E+07 1.46238E+07 1.46091E+07 1,45461lE+07 1.44147E+07

1.42308E+07 1.36003E+07 1,14988E+07

21 1.73561E+07 1.52545E+07 1.46241E+07 1.44402E+07 1.430BBE+07 1.42458E+07 L1,.42311E+07 1.42258E+07 1.42202E+07 1.42143E+07

1.42132E+07 1.42130E+07 1.42127E+07 1.42115E+07 1.4205%8E+07 1.41970E+07 1,41823E+07 1.41198E+07 1.40573E+07 1.403B4E+07

1.40002E+C7 1.35960BE+0D7 1.60133E+06 1.394B5E+07 1,38927E+07 1,383%1E+07 1.38339E+07 1.38192E+07 1.37561E+07 1.3624BE+07
1.34409E+07 1.28104E+07 1.0708BBE+07

22 1.68587E+07 1.47572E+07 1.41267E+07 1.39428E+07 1.38115E+07 1.37484E+07 1.37337E+07 1.37284E+07 1.3722BE+07 1.37171E+07

1.37159E+07 1.37156E+07 1.37154E+07 1.37141E+07 1.37085E+07 1.36997E+07 1.36849E+07 1.36224E+07 1.355%9E+07 1.35410E+07

1.35028E+D07 1.34635E+07 1.01325E+05 1.34512E+07 1.23954E+07 1,33418E+07 1.333&65E+07 1.33218BE+07 1,32587E+07 1,31274E+Q7
1.29435E+07 1.23130E+07 1.02115E+0D7

23 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.29651E+06 2.29853E+06 2.29653E+06 2.20653E+06 2.29653E+l4 2.29651E+06

2.29653E+06 2.29653E+06 2.29%653E+06 2.29653E+06 2.25653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2. 29653E+06 2.29653E+06

2.29653E406 2.29653E+06 4.53018E+06 2.29853E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2,29653E+08 2.29653E+06

2.296S3E+06 2.29653E+06 2.29653E+04

B.

8.

4.

8.

1.

1.

4.

1.

1.

1.

4.

1.

1.

1.

4.

1.

7.

7.

1.

7.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

24 B8.G0343E+05 9.60343E+05 60343E+05 8.60343E+05 8.60343E+05 B.60343E+05 8.60343E+05 9.60343E+05 §.60343E+05 B.60343E+05
B.60343E+05 B.560343E+D5 60343E+05 8.60343E+05 #.60343E+05 B.60343E+05 8.60343E+05 B.60343E+05 §.60343E+05 B.60343E+05
B.60343E+05 §,60343E+05 SI01RE+06 A.G60343E+05 8.60343E+05 B,.60343F+05 8.60343E+05 8.60343E+05 B§.60343BE+05 B.60343E+05
8.60343E+05 B.60343E+D5 60343E+05

25 1.83774E+06 1.83774E+06 83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.B3774E+06
1.83774E+06 1.83774E+06 BI7T4E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06
1.83774E+06 1.B3774E+06 53018E+06 1.B3774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06 1.83774E+06
1.83774E+06 1.83774E+0& 83774E+06

26 1.02356E+06 1.02358E+06 02356E+06 1.02356E+06 1.02356E+06 1.02356E+06 1.02356E+06 1.02356E+06 1.02356E+06 1.02356E+06
1.02356E+06 1,02356E+08 02356E+D6 1.02356E+06 1.02356E+06 1.02356E+06 1.02356E+06 1.02356E+06 1,02356E+06 1,02356E+06
1.02356E+06 1.02356E+06 5301RE+06 1.02356E+06 1,02356E+06 1.02356B+06 1.02356E+06 1.02356E+06 1.02356E+06 1.C2356E+04&
1.02156E+06 1.D23156E406 02356E+06

27 1.48191E+0& 1.48191E+0§ 48191E+C6 1.4B191E+C6 1.4BLS1E+06 L1.4B191E+0D6 1.48191E+06 1.4B191E+06 1.48191E+06 1.48191E+06
1.48191E+06 1.481921E+06 48191E+06 1.4B191E+06 1.48L91E+06 1.4R191E+06 1,4815%1E+0§ 1.48191E+06 1.48191E+06 1.48191E+06
1.48121E+06 1.48191E+06 53018E+06 1.48191E+06 1.48191E+06 1.48191E+06 1.4B191E+06 1.481391E+06 1,48191E+06 1,.48191E+06
1.48191E+06 1.48191E+06 48191E+C6

28 7.39535E+05 7.39535E+05 39535E+05 7.35535E+05 7.39535E+05 7.39535E+05 7.39535E+05 7.39535E+405 7.38535E+05 7,39535E+05
7.39535E+05  7.19535E+05 39535E+05 7.39535E+D5 7.39535E+05 7.39535E+05 7.39535E+05 7.39535E+05 7.39535E+05 7.39535E+05
7.39535E+05 7.39535E+05 15545E+05 7,3%535E+05 7.3%535FE+05 7.39535E+05 7.35%535E+05 7.39535E+05 7.39535E+05 7.39535E+05
7.39535E+05 7.39535E+05 39535E+05 -

29 1.01325E+05 1.01325E+05 D1325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1,01325E+05
1.01325E+05 1.01325E+05 01325%E+05 1.01325E+05 1.01325E+05 1.01125E+05 1.01325E+05 1.01325E+05 1.01325E+05 1,01325E+05
1.01325E+05 1.01325E+05 15545E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05
1.01325E+05 1.01325E+05 01325E+05

30 1.01325B8+G5 1.01325E+D5 01325E+05 1.01325SE+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05
1.01325E+05 1.01325E+405 01325E405 1.01325E+405 1.01325E+05 1.01325E<D5 1.01325E+05 1.01325E+05 1.01325E+05 1,0Ll325E405
1.01325E+05 1.01325E+05 15545E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E405 1.01325E+0S
1.01225E+05 1.01325E+05 01325E+05

31 1.01325E+05 1.01325E+05 01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1,01325E+05 1.01325E+05 1.01325E+05
1,01325E+05 1.01325E+05 01325E+05 1.01325E+05 1,01325E+05 1.01325E+05 1,01325E+05 1.01325E+05 1.01325E+05 1.01325E+05
1.01325E+05 1.01325E+05 15545E405 1.01325E+05 1.01325E+05 1.01325B+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05

1.01325E+05 1.01325E+05 Ql325E+05
Porosity dimensionless
Layer 1

1 5.00000E-03 5.00000E-03
5.20000E-03 5,20000E-03
5.20000E-03 5,20000E-03
5.20000E-03 5.00000E-03

2 5.00000E-03 5.C0000E-03
5,00000E-03 5,00000E-03
5.00000E-03 5.00000E-03
5.00000E-03 5.00000E-Q3

3 1.00000E~02 1.00000E-02
1.00000E-02 1.00000E-02
1.00000E-C2 1.00000E-02
1.00000E-02 1.00000E-02 .0QQ00E-02

4 1.00000E-02 1.00000E-02 .00000E-02 1.00000E-02 1.QQQ0QQE-Q2 1.Q0000E-02 1.00000E-02 1.0Q0000E-02 1.00000E-02 1.00000E-02
1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000B-02 1.00C00E-02 1,00000E-Q2 1.00000E=-02
1.00000E-02 1.00000E-C2 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-92 1.00C0QCE-02 1.00000E-02 1.00000E-02

,20000E-03 5.20000E-03 5.20000E-03 5.20000E-03 5.20000E-02 5.20000E-03 5,20000E-03 S5.20000E-03
.20000E-03 5,20C00E-03 5,20000E-03 5,20000E-02 5.20000E-03 5.20000E-03 5.20000E-03 '5.20000E-03
.20000E-03 5,20000E-03 5.20000E-03 5,20000E-03 5.20000E-03 5.20000E-03 &5.20000E-03 S.20000E-03
.00000E-03

.0000DE-03 5.00000E-03 5.00000E-03 5.00000E-03 5.00000E-03 5.00000E-03 5.00000E-03 S.00000E-03
.00000E-03 5.00000E-03 5.00000E-03 5.00000E-03 5.00000E-Q3 5.000CCE-03 5.0Q0000E-03 5.00Q0Q0E-03
00000E-G3 5.00000E-03 5.00000QE-03 5.00000E-03 5.00000E-03 5.00000E-03 5.00Q00E-03 5.0Q000E-03
000QO0E-03

.00C0CE~-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000B-02 1.00000E-Q2 1,00000E~02 1.00000E-02
.G0C00E-02 1.00000E-02 1.00000E-02 1.00000E-02 1,00000E-02 1.00000E-02 1.00000E-02 1.00000E-d2
.000GOE-0Z  1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.Q0000E-02 1.00000E-02 1.00000E-02
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1.00000E-02 1.00000E-02 1.00000E-02 "

5 1.00000E-C2 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 $.99958E-03 9.99472E-03 9.99I49E-03 O_99149E-03
9.99149E-03 %,99149E-03 9.99149E-03 9.99143E-03 9.99149E-03 9.99150E-23 9.99151E-03 9,.33153E-03 9.99157B-D3 9,99161E-03
5.99178E-03 9.99194E-03 2.9919BE-03 9.99197E-03 9.99194E-03 9.99560E-03 9.99966E~03 1.QQ000E-02 1.00000E-02 1.00000E-02
1.00000E-02 1,00000E-02 1.0Q0Q0Q0E-02

6 1.90000E-02 1.30000E-02 1.90000E~02 1.90000E-02 1.90000E-02 1.89995E-02 1,B89658E-02 1.B7450E~02 6.91529E-03 6. 91527E-03
6.91527E-03  §.91527E-03 6.9152BE-03 6.91528E-03 &.91528E-03 6.91529E-03 6.91529E-03 6.91527E-03 6.91527E-D3 6.91530E-03
6.91547E-03 §.31563E-03 7.30000E-02 €.91566E-01 €.51563E-03 1,B87685E-02 1.B9713E-02 1.89996E-02 1.90000E-02 1.90000E-02
1.9000Q0E-02 1.90D00DE-C2 1.S0000E-02

7 1.00000E-QZ 1.00000E-02 1,000GQE-C2 1.00000E-02 1.0Q0C0OE-02 9.99983E-03 4,.98450E-03 9.B3430E-03 6.91527E-03 6.91526E-01
6.91526E-03 6.91526E-03 €.91527E-03 6.91527E-03 6.91526E-03 6.91528E-03 6.91529E-03 6.91526E-03 6.91526E-03 6,91529E-03
6.91546E-03 6.91563E-D3 7.50000E-(2 6.91566E-01 6.91562BE-03 9. 85G680E-03 D5.98743E-03 9, 9098BE-03 1.00000E-02 1.COO00E-02
1.0000GE-02 1.00000E-02 1.CDCODE-02

g 1.0000CE-02 1.0000D0E-02 1.00D0DE-02 1,00000E-02 1.00000E-02 9,99997E-03 9_99687E-03 3,94635E-03 8, 4834%E-01 8.4B3498-01
§.4B349E-01 §.48349E-01 B.48349E-01 B.48349%E-01 B.{8345E-01 7.50000E-02 $.48349E-01 &.453I49E-01 B.48349E-01 7.50000E-02
1.00000E+0C 1.00000E+00 7.50000E-02 1.00000E+00 1.00000E+00 9.95475E-03 9.99754E-03 9.9999BE-01 1.00C00E-02 1.00D000E-Q2
1.0CRO0E~D2 1.00000E-02 1.D0QODE-D2

9 1.00000E-02 1.00000E-02 1.0CCQDE-02 1,00000E-02 1.C00CCE-02 1,00000E-02 9.99344E-03 9,.97451E-03 8.4B349E-01 8,4834%E-01
B.48349E-01 8§.48345E-01 8.48349E-01 8.4B349E-D1 #.4A345E-01 7.50000E-02 B.4B349E-01 B.48349E-DL 8.48349E-01 7.S0000E-02
1.00000E+00 1.00000F+00 7.5000CE-02 1.00000E+0C 1.C0CCCE+00 9.98216E-03 9.99957E-03 1.00000E-02 1.00000E-02 1.CCOOOE-02
1.00000E-02 1.00000E-02 1.000COE-02

10 1,00000E-02 1.00000E-02 1.00000E-C2 1.00000E-02 1.00000E-02 1.00000E-02 9.99953E-03 9,97902E-03 §.4834%E-01 8.48349E-01
8.48349E-01  §.4R349E-01 8.48349E-01 B.4B349E-01 B8,48349E-01 7.50000E-02 8.48349E-01 B.48349E-01 B.4B3I49E-01 7.50000E-02
1.00000E+0C  1.00000E+00 7.50000E-02 1.00000E+00 1.00000E+00 9.98174E-03 9.99963E-03 1.00000E-02 1,00000E-02 1.00000E-02
1.Q0000E-02 1.00000E-02 1.00000E-02

11 1.90000E-02 1.00000E-02 1.00000E~02 1.00000E-02 1.00000E-02 9. 99998E-03 9.99736E-03 9.93772E-03 6.914B5E-03 6,91519E-03
6.9151BE-03 €.91514E-03 &.91510E-03 6.91509E-03 6.91492E-03 6.91519E-03 6.91524E-03 &.91526E-03 6.91543E-03 6.91543E-03
6.91564E-03 6.51565E-03 7.50000E-02 6.91560E-03 6.91566E-03 9.94744E-03 9.99789E-03 9.99999E-03 1,00000E-02 1.00000E-02
1.0000QE-02 1.00000E-02 1.00000E-02

12 1.30000E-02 1.90000E-02 1.90000E-02 1.30000E-02 1.9000QE-02 1.B9999E-02 1.%9887E-02 1.B8149E-02 6.91444E-03 6 91517E-03
6.91517E-03  §.91506E-03 6.91494E-01 6.91494E-03 &.91460E-03 6.91514E-03 6.91524E-03 6.91%31E-03 6.91571E-03 €,91572E-01
6.915%0E-03 §.91573E-03 7.50C00E-02 €.91559E-03 €.91575E-03 1.88381E-C2 1.89905B-02 1.89999E-02 1.90000E-02 1.9%0C0CE-02
1.90000E-02 1.90000E-02 1.9CC0DE-D2

13 1.0CCOCE-02 1.00000E-02 1.000CCE-02 1.00000E-02 1.00000E-02 9.99999E-03 9,99901E-03 9.96972E-03 &.91373B-03 6._91482E-03
6.91524E-03 6.91435E-03 6,91467E-03 6.91470E-D3 6,91404E-03 6.91506E-03 €.91525E-03 6.91540E-03 6.92827E-03 6.93151E-03
6.9234BE-03 6.91590E-0) 7.50000E-02 6.91557E-03 6,91677E-03 9.97389E-03 9.99921E-03 1.00000E-02 1.00000E-02 1.0000DE-02
1.00000E-0Z 1.00000E-02 1,00000E-02 ’

14 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.D0000E-02 1.00000E-02 9.99991E-03 9, 98886E-03 6.94372BE-03 6, 94601E-03
6.9459BE-03 6.54460E-03 6.94322E-03 6.94299E-03 6.9d507E-03 6.93471E-03 6.92354E-03 6.938B6E-03 6.95947E-03 6.96271E-03
6.85464E-03 6.92663E-03 7.50000E-02 §6,91553E-03 §.94791E-03 9.99024E-03 9.99995E-03 1.00000E-02 1.C00000E-02 1.00Q00E-02
1,00000E-02 1.00000E-02 1.D0000E-02

15 1.90000E~02 1,90000E-02 1.30000E-02 1.30000E-02 1,%0000E-02 1.90000E-02 1.89991E-02 1.89873E-02 1.B6582E-02 1,B&585E-02
1.86585E-02 1.BE583E-0Z 1.86581E-02 1.B65B1E-02 1.86584E-02 1.86570E-02 1.86555E-02 L1.%6575E-02 1.86€601E-02 1.86607E-02
1.86597E-02 1.86559E-02 7.50000E-02 1.86544E-C2 1.865BBE-D2 1,89948E-02 1.89997E-02 1.90000E-02 1,90000E-02 1.90000E-02
1.90000E-02 1.90000E~02 1.90000E-02

16 1.00000E-02 1.000Q0E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 9.99996E-03 9.99821E-03 9, 99821E-03
9.99821E-03 9.99821E-Q3 9.99821FE-03 9.99821E-03 9.99821E-03 9.995820E-03 9.99820E-03 9.99820E-03 9.99821E-03 9_99822E-03
9.99825E-03 0.99789E~03 7.50000E-02 9.99801E-03 9.99830E-03 9.99999E-03 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02
1.00000E-G2 1.00000E-02 1.00000E-02

17 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.000Q00E-02
1.00000E~02 1,00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.0DO00OE-02 1.00000E-02
1.00000E-02 9,9%%61E-03 7.50000E-02 9.99973E-03 1.Q0000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02
1.00000E-02 1.0DQ00QE-02 1.00000E-02

18 1.00000E-02 1.CO0DDOE-02 1.00000E-02 1.00000E-02 1.00000E-02 1,00000E-02 1.00000E-02 1.00000E-02 1,00000E-02 1.00000E-02
1.00000E-02 1.00000DE-02 1.00000E-02 1,00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1,00000E~02 1.G000GE-02 1.00000E-02
1,00000E-02 9.99961E-03 7.50000E-02 9.9%973E-03 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02
1.00000E-32 1.000GOE-02 1.000C0E-D2

19 1.00000E-02 1,00000E-02 1.0CCCOE-02 1.00000E-D2 1.0000CE-02 1.00000E-02 1,00000E-02 1.0RCOOE-02 1.00000E-02 1,00000E-02
1.00000E-02 1.00000E-02 1.000DOE-02 1.00000E-D2 1.0000CE-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02
1.00000E-02 9.99962E-03 4.00000E-02 9.9%974E-03 1.000DCE-C2 1,00000E-02 1.00000E-DZ 1,00000E-0Z 1,00000E-02 1.0C000E-02
1.00000E-02 1.00000E-02 1.00CCOE-02

20 1,0000CE-02 1.00000E-02 1.00000E-02 1.00000E-C2 1.0CQCCE-D2 1.00000E-02 1.000008B-02 1.0CCO0E-02 1.00000E-02 1.00000E-02
1.00000E-02 1.00000E-0D2 1.C0000E-02 1.0CO0OE-02 1.000COE-D2 1.00000B-02 1.000D0E-02 1.00000E-02 1.00000E-02 1,00000E-02
1.00000E-02 9.99963E-03 4.00000E-02 9.99974E-03 1.C0CCCE-02 1.00000B-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02
1.00000E-02 1.00000E-02 1.00000E-02

21 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.000D00E-02 1.00000E-02 1.00000E-02 1.00000B-02 1.00000E-02 1.00000E-D2
1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-D2 1.00000E-02 1.00000R-02 1.00000E-02 1.00000E-02 1,00000E-02 1.00000E-02
1.00000E-02 $.99964E-03 7.50000E-D2 9,99975E-03 1,00000E-02 1.00000E-02 1.00000E-02 1,00000E-02 1.00000E-02 1,00000E-02
1.00000E-02 1.00Q000E-02 1.00000E-02 :

22 1.00000E-02 1.00000E-02 1,00000E-02 1.000C0E-Q2 1.00000E-02 1.00000E-02 1.000008-02 1.060UOE-DZ  1.000DOE-02 1.00GDDE-D2
1.0000CE-02 1.00000E-02 1.00000E-02 1.000DCE-02 1.000CCE-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02
1.0000CE-D2  5,99965E-03 1,00000E-02 9.9997&E-03 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.00000E-02 1.0DODOE-02
1.00000E-D2 1.00000E-02 1.00000E-02

23 2.00000E-01 32.00000E-01 2.00000E-D1 2,00000E-01 2.00000E-D1 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01
2.0Q000E-C1 2.00000E-0]1 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00Q00E-01 2.00000E-01 2.00000E-01
2.00000E-01 2.00000E-01 2.50000E-01 2,00000E-01 2.00000E-01 2.00000g-01 2.00000E-01 2.00000E-Cl 32,00000E-01 2.00000E-01
2.00000E-01 2.00000E-01 2.00000E-D1

24 1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1,46000E-01
1.46000E-01 1.46000E-01 1.46000E-01 1.46000E-01 1,46000E-01 1.4&000E-01 1.46000E-01 1.48000E-01 1.46000E-01 1.46000E-01
1.46000E-C1 1,46000E-01 2.50000E-01 1.46000E-01 1.46000E-01 1.46000E~01 1.45000E-01 1.46000E-01 1.46000E-01 1.46000E-01
1.46000E-01 1.46000E-01 1.45000E-01

25 2.00000E-01 2.DDOOCE-01 2.00000E-01 2,00000E-01 2.00000E-0l 32.00000E-01 2.00000E-01 2,00000E=-01 2,00G00E-01 2.00000E-01
2,00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.DBODGE-01 2. Q0QQQE-41
2.0COODOE-D1  2,00000E-01 2,50000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2,0000CE-01 2.00000E-01 2.0D0000E-01 2.00000E-01
2.00000E-01 2.0000CE-01 2.00000E-01

26 9.00000E-02 5.00000E-02 9.00000E-02 9.00000E-02 9.00000E-0Z 9,00000E-02 9.0C000E-02 9,00000E-G2 9,00000E-02 9_00000E-02
9.0C000E-02 9.00000B-02 %.00000E-02 9.00000E-02 %.00DDDDE-02 9.00000E-02 9.0CDO0E-D2 9.00000E-02 9.00400E-02 &.Q0DODOE-O2
9.0C000E-0Z 9.00000E-02 2.50000E-01 9.00000E-0Z 9,00000E-02 9.00C00E-02 9.C000DE-C2 $.00000E-0Z 9.00000E-02 9.00000E-02
9.000C0E-02 9.00000E-0Z 9.0C000E-02

27 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2,000008-01 2.C0CCOE-01 2,00000E-01 2.00000E-01 2.00000E-01
2,00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-C1 2.00000E-01 2.0C000E-01 2.00000E-01 2.00000E-D1 2_00000E-01
2.000C0E-01 2.00000E-0L 2.50000E-01 2.00000E-Ol 2.000Q00E-01 2.000CCE-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01
2.00000E-01 2.00000E-01 2.000C0E-01

28 1.50000E-01 1.50000E-01 1.S5CCCCE-01 1.50000E-01 1.50000E-C1 1.50C00E-01 1.500CCE-C1 1.50000E-01 1.50000E-01L 1.S50000E-01
1.50000E-01 1.50000E-01 1.5C00CE-C1 1.50000E-0l1 1.SO0CCOE-C1 1.500C08-01 1.50CC0E-01 1.50000E-01 1,50000E-Q0L 1._50000E-01
1.50000E-01 1.50000E-01 2.50000E-C1 1.50000E-0l 1.S0000E-01 1.5CCCCE-01 1.50000E-01 1.S0000E-01 1.50000E-01 1.50000E-01
1.50000E-01 1.50004E-01 1,50000E-01

29 1.50000E-01 1.50000E-01 1.50000E-01 1.5000CE-01 2.50000E-01 1.50000B-01 1,50000E-01 1.50000E-01 1.50000E-01 1.50000E-01
1.50C000E-01 1.50000E-01 1.50000E-0l1 1.5000CE-01 2.50000E-01 1.50000E-01 1.S50000E-D1 1,50000E-01 1.50000E-01 1.S0000E-01
1.50C00E-01 1.50000E-01 2.50000E-01 1.50000E-01 1.50000E-01 1.50000E-01 1.50000E~01 1,5Q000E-01 1,50000E-01 1.50000E-01
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30

31

1.50000E-0Q1
1.75000E-Q1
1.75000E-01
1.75000E-01
1.75000E-01
1,75000E-01
1.75000E-01
1.7500Q0E-01
1.75000E-0L1

1.50000E-01
1.75000E-01
1.75000E-01
1.75000E-0C1
1.75000B-01
1.75000E-01
1.75000E-01
1.75000E-01
1.75000E-01

Gas saturaticn

1

10

il

iz

1z

14

15

16

17

1B

12

20

21

22

Layer 1

Q.00000E+00
0.00000E+00
0.00000E+00Q
Q.000C0E+0D0
Q.00000E+00
0.00000E+00
0.0000DE+DD
0.00000E+00
0.00000E+DOD
0.00000E+00
0.00000E+00
0.00000E+00
Q,00000E+00
0.00000E+00
0.00000E+00
0.0C000E+DQ
0.C0000E+00
0,00000E+00
0.00000E+00
0.00000E+0C0
0.00000E+0D
1.93890-226
§.35966E-24
0.000CQE+00
0,00000E+00
8.02756E~04
3.2145BE-22
0.00000E+DO
0.00000E+00
9.59400E-01
1,00000E+00
0. 00D00E+0QD
0.CCOO0E+DD
9.95400E-01
1.00000E+00
0. 00000E-00
0.00000E+0D
9.99400E-01
1.00000E+00
0.000Q0E+D0Q
0.00000E+00
2.62341E-02
3.50434E-C2
0.00000E+Q0O
0.0000DE+DD
2,63606E-02
4.26B836E-02
0.00COOE+0QO
0.000DDE+00
7.54793E-01
4.07351E-01
0.00000E+00
0. 00000E+00
7.85831E-01
5.80309E-01
0.00000E+00D
D.DOODOE+DD
3.15055E-02
2.55247E-08
0.00000E+00
0.00000E+00
0.00000E+C0Q
0.00000E+CD
0.90000E+0D
0.9000CE+00
0.0000GE+00
0.00000E+00
0.000O0OE+00
0.C0000E+00
0.00000E+0C
0.00000E+00
0.00000E+0D
0.00000E+DD
0.00000E+00
Q.000C0E+00
0.00000E+00
0.0CCOQE+0DD
0.000D0E+00
0.000D0OE+00
0.00000E+00
0.00000E+0D
L.DDDDOE+OD
0.00C00E+DO
0.00000E+0Q
0.00000E+00
0.00000E+0D
0.00000E+0D
0.00000E+00

0.00000E+00
0.00900E+00
0,00000E+00
0.00000E+00
0.900000E+00
0.00000E+00
0. 00000E+00Q
0.00000E+00
0.0D000E+Q0
0.00000E+00
0.00000E+00
0.00000E+0C
0.00000E+CO
0.0000DCE+00
0.0000CE+00
0.00000E+00
0.00000E+00
1,92558E-27
0.0C000E+0O0D
0.00000E+00
0.00000E+00
7.35237-208
1.23600E-09
0.00000E+0D
0.00000E+00
8.32346E-06
4.49964E-0%
0.00000E+00
0.00000E+00
9.935400E-01
1.C00000E+0DD
0. DODDDE+QD
0.00CCCE+DOD
9.994C0E-01
1.0CC0O0E+00
0.00000E+00
0.GDO00E+00D
9.9%400E-01
1.00000E+00
C.00000E+0Q
0. 00000E+00
2.862550E-02
3.67399E-02
0.00000E+00
0.00000E+00
2.62906E-02
3.68385E-02
0.000C0B+00
0.0CCOCE+DO
7.49471E-01
5.9B714E-02
0.0000DDE+DD
C.00000QE+00
7.855278-01
4.859432E-01
0. 00000E+QD
0. DDDO0E+QD
3.19%15E-02
2.0B936E-D&
0.00000E+DD
0.00000E+0Q
C.00000E+00
0.00000E+00
0.00000E+00
0.00000E+0DC
0.00000E+0DD
0.00000E+0D
0.000CCE+00
0.00CC0E+00
0. 00000E+00
0.00000E+00
0.00000E+DD
0.00000E+0C
0.00000E+00
0.00000E+0D
0.00000E+00D
0.00D00E+00
0.00000E+00
0.0C0CDE+DO
0.00000E+00
0.00000E+00
D.ODDODE+DD
{0.00CCCE+00
0.00000E+00
0.C00000E+OD
D.00000E+DD
0, 00D00OE+DD
0.00000E+D0

1.50000E-01
1.75000E-01 1.75000E-01
1.75000E-01 1.75000E-01
2.50000E-01 1.75000E-01
1.750008-01
1.75000E-01 1.75000E-01
1.75000E-01 1.75000E-01
2.50000E-01 1.750008-01
1.75000E-01

1.75000E-01 1.7S5000E-01 1.7S000E-01 1.75000E-0Q1
1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01
1.75000E-01 1.75000p-01 1.75000E-01 1.75000E-01
1.75000E-01 1.75000E-01 1.750040E-01 1.75000E-01
1.750GGE-G1L 1.7350Q0E-gL L.75G00E-01 1.75000E-01
1.75000E-01 1,750Q00E-01 1.75000E-01 1,75000E-01
fraction void volume
0.00000E+00 0O.00000E+00 O0.0000DDE+00 O.0000QE+00

0.00000E+00 0.00000E+00
0.000C00E+00 0.00COCOE+00
0.00000E+DD  0.0DDCO0E+OC
0.00000E+00Q

0.00000E+00 0.0QQ00E+0Q
0.00000E+00 0.00000E+00
0.00000E+00 ©.0Q0000E+00
0.C000ODE+OD

0.0C0C0E+00 0.00000E+00
0.Q0000E+00 0.00000E+00
0.00000E+00 0.00000E+0Q0
0. 00DODE+DOD

0.00000E+D0 0.000CQE~+0Q
0.00000E+00 Q.00000E+QQ
0.0000DE+00 ©.0000CE+QD

0.00000E+00
0.00000E+00 0.00000E+00
1.89194E-37 0.00000E+00

0.00000E+00
0.00000E+00
0.00DDDE+00 0.000CQE+DQ
4.5236B-1%2 4.83145-1731
2,00000E-01 9.10818E-1D
0.00000E+00Q

0.00000E+00 0.00000E+QD
2,35331E-12 3.41448E-0§
2,00000E-01 3.29791E~09
0,00000E+00

0.00000E+00 0.000DOE+0Q
9,99400E-01 2.99400E-01
Z.00000E-Q1 1.00000E+0D
0.00000E+00D

0._.00000E+00 0.00000E~+00
9.99400E-01 9.99400E-01
2.00000E-01 1.00CG00E+00
0.00000E+00

0.CQ00DE+0QD

0.00000E+00 0.0000CE+{0
9.99400E-01 9.99400E-01
2.00000E-01 1,00000E+00

0.00000E+00
0,COD0DE+DD
1.27303E-02
2.00000E~01
0.00000E+00
0.00000E+00 0.000DDE+00
1.28156E-02 8.12403E-03
2.00000E-01 5.1147BE-04
0_00000E+00

0.0QDOD0E+00 Q.00D00E+00
3.69247E-01 1.11595E-01
2.00000E-01 3.011B9E-03
Q.00000E+00
0,00000E+0D
7.639637E-01
2,00000E-01
0.CC0CCE+OD
0.C0C00E+DD 0. DOCDOE+QD
3.17452E-02 3.17068E-02
2.00000B-01 1.20121E-02
0.00000E+C0

0.000QCE+C0 0.0Q000E+00
0.00000E+00 0O.00000E+00
2,00000E~-01 O.00DO0QE+DQ
0. CO000E+00

0.00000E+00 0O._00000E~00
0_0000QE+00 0._00000E+00
2 _00000E-01 0.00000B+00
0. 0000QE+00Q
0.00000E+QQ
0.0000CE+CD
2,0C000E-DL
0.0D00OE+DD
0.000Q0E+0Q0 O.000CCE+0{
0,00000E+00 0©.000COE+00
2.00000E-01 ©0.00000E+00
0. 00000E+00

0_00000E+00 0.00000E+00
0_00000E+00 0.00000E+00
2.00000E-01 0.D00DDE+0D
Q.00000E+00
0.000QDE+00
0._0D000DE+00
%.00000E-01
{.00000E+00
0.00000B+00
0.00000E+00
1.00000E+00
D.DDDDCE+QD

0.CC000E+00D
8.03BIBE-03
8.155316E-04

0.000D0E+QQ
7.06364E-01
1.13221E-01

0.0000CE+0D
0.00000E+00
0.00000E+00

0.0C000E+G0
0. 00000E+QQ
Q.00000E+0D

0.00000E+00
0.CC00DE+DD
0.CC000E+OD

0.0000CE+00
0.00000E+Q0

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+0Q0
0.00000E+00
0.00000E+00

0.00000E+090
0.00000E400
0.00000E+00

0.0C0C0CE+00
0.0C00CE+CD
0.C0C0CE+QO

0.00000E+00
9.24647-158
6.38700E-25

0.00000E+00
4.56262E-04
3.16999E-23

0.00000E+00
9.99400E-01
1.00000E+00

0.00000E+00
9.99400E-01
1.00000E+00

0.00000E+00
%.93%400E-01
1.00000E+00

0.00000E+00
1.63389E-02
2.27703E-C2

0.00000E+00
1.64031E-02
2.32309E-02

0.00000E+00
2.6B981E-01
2.79560E-01

0.00000E+00
6.54748E-01
6.45144E-0L1

0.00000CE+0Q0Q
3.1245BE-0D2
2.55359E-02

0.00000E+00
0.00000E+0D
0.00000E+00

0.00000E+Q0
0.900000E+09
0.900000E+09

0.00000E+00
0.00000E+00D
0.0Q00Q0C0E+00D

0.00000E+00
0.00000E+00
0.00000E+00

0.000Q0E+00
0.00000E+DO
0.00000E+Q0

0.0C000E+D0
0.00000E+00
0.00000E+00

0.CCCCCE+0OC
c.cocoeoceE+CO
0.000CCE+CQ

0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+Q0

0.Q0000E+00
0.00000E~Q0Q
0.00000R+00

0.00000E+00
0.00000E+D0
0.00000E+00

0,0C000E+00
0.C0QCDE+DD
9.71260E-27

0.00000E+Q0
1.02201-127
0.00000E+00

0.00000E+00
7.97552E-09
0.00000E+00

0.00000E+00
1.00000E+00
0.00000E+00

0.00000E+00
1.00000E+09Q
0.00009E+QQ

“0.00000B+00
1.00000E+0Q0
0.00000E+00

0.00000BE+C0
1.45050E-02
1.29297E-28

0.0000QE+00
1.45697E-02
0.00000E+00

0.00000E+0Q0
5.23874E-02
0.0000CE+CO

¢.0000DE+00D
6€.20555E-01
0.CQ000E+0Q0Q

0.00000E+0Q0Q
2.76725E-02
0.00000E+00

0.00000E+00D
0.0Q000E+00
0.00000E+Q0Q

0.900000E+00
0.00000E+00
0.00000E+0D

0.00000E+00
0.000C0E+QD
0. 0000QE+Q0

0.00000E+00
0.00000E+0Q0Q
0.00000E+00

0.00000E+00
0.000Q0E+00
0.00000E+00

0.00C0CE+D0
0.000Q0E+DD
0.00000E+0D0

C.COCOOE+CD
c.0C0QOE+OC
¢.0C00D0E+0D

0.0Q0000E+00Q
0.00000E+00Q

0.00000E+Q0
0.Q0000E+00
0.900000E+00

0.00000E+0Q0Q
0.00Q00E+00
0.00000E+00

0.00000E+0Q0
0.00000E+CO
0.00CC0E+0D0

0.00DDDE+DD
0.00000E+00
4.03823E-28

0.00000E+00
4.55561-108
0.00000E+00

0.00000E+00
8.86234E-06
0.00000E+00

0.00000E+00
9.959400E-01
0.00000E+00

0.00000E+00
9.99400E-01
0,.00000E+00

0.00000E+00
%.99400E-01
0.00000E+00

0.00000E+DOD
1.12571E~02
2.2592%E-28

0.90000E+0d
1.13Z87E~02
0.00000E+00

0.00000E+00
1,38538E-02
0.COCDOE+DD

0, 00000E+0Q0O
5.75003E-01
0.00000E+00

0.00000E+00
2.215%8E-02
0.00000E+00D

0.00000E+0Q9Q
0.00000E+00
0.00000E+DD

0.DDO00OE+DC
0.00000E+CC
0.00000E+00

0.00CCCE+OD
0.00000E+00
0.00000E+QQ

0, 00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.000CCE+0D

0.00000E+00Q
0.00000E+00
0.00000E+C0

0.CCO0DE+OO
0.00000QE+OQ
0.0D000E+00

0.00000E~+0C
0.00000E+00

0.00000E+00
0.00000E+00
0.000C0E+00

0.00000E+00
0.00000E+DD
0.00000E+00

0.00000E+0OD
0.00000E+0Q0
0.0D0000E+D0

0.00000E+)0
0.00000E+0Q0
0.00000E+00

1.07109-2%2
3.02605E-87
0.00000B+00

0.00000E+00
2.2754%E-15
0.0D0D0DE+00

0.00000E+DD
9.99400E-01
0. 00000E+0D

0.00000E+00
9.9%400E-01
0.00000E+00

0.00000E+00
9.99400E-01
C.Q0ODOOE+DD

©.00000E+00
1.75300E-92
0.00000E+00

T.451BCGE-04
1.75932E-02
0.00000E+0D

0.00000E+00D
2.B31735E-02
0.00000E+00

0.00000E+QD
5.65656E-01
0.00000E+0C

0.0000CE+0D
2.21344E-02
0.00000E+QC

0.00000E+0D
D.00DDQE+0CO
0.00000E+00

0.00000E+OD
0.00000E+00
0.00000E+00

0.00000E+00
0.0000GE+G0
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0. 00000E+00
0, 00000E+Q0

0.00000E+Q0
0.00000E+00
0, 00000E+00

0.000D0E+0Q0
0.00D0DE+QQ
0_DODOOE+00

1.75000E-01
1.75000E-01
1.75000E-0L1

1.75000E-01
1,75000E-01
1.75000E-01

C.CO000E+OO
0.00000E+00Q
0. 00000E+00

0.00000E+00
0.00000E+00
0.00000E+0Q

0.Q0000E+0Q0
0.000D0E+CE
0.00000E+00

0.00000E+00
0.D0000E+DD
0.0000CE+00

0,0CCO0E+0D
0.0DODOE+0D
O.00000E+0C

4.57515-267
1.16018E-§6
0.00000E+00

1.37170E-03
1.70526E-43
0.00000E+00

9.99400E-01
9.99400E-01
Q,00000E+0Q0

9.99400E-01
9.99400E-01
0.00000E+00

9.99400E-01
9.99400E-01
0.00000E+DD

?.75026E-03
2.84003E-02
0.00000E+00

7.831755E-03
4.49533g-02
0. 00000E+00

1.17008E-01
4.53114B-01
0.00000E+CO

7.772316E-01
5.55124E-01
0.00000E+0Q

3.11571E-02
3.55968E-04
0.00000E+00

0.0000QE+00
0.00000E+00Q
0.00000E+0D

0.0000DE+0D
0.00000E+00
0.0000CE+0Q

0.000C0E+0Q
0.00000E+0¢
0.00000E+00

0.00000E+Q0Q
0.0000QE+00
0.00000E+00

0.00000E4+00
0.00000E+00
0.00000E+0D

0.0C000E+DD
0.00000E+00
{.00000E+00

0.00000E+00
0.00000E+0D
0.00000E+DD

1.75000E-01
1.75000E-01
1.75000E-0]

1.75000E-01
1.75000E-01
1.75000E-01

0.00C00E+00
0.00C00E+00
0.0CCO0E+00

0.00000E+00
0. 00000E+00Q
0.900000E+Q0

0.0DDCOE+OQD
0.0000DE+00
0.00000E+00

0.00000E+00
Q.00000E+0Q0
0.00000E+00

0.00000E+DD
0.0000CE+00
0.C0000E+QD

5.46330-246
1.51627E-47
0.00000E+00

I.11954E-03
B.16109E-45
0.0000DE+QQ

9.99400E-01
1.00000E+00
0.00000E+00

9.99400E-0]
1.00000E+00
0.00000E+00

9.99400E-01
1.00000E+00
Q.00000E+00

1.26811E-02
2.54311E-02
0.00000E+00

1.268238-02
3,22625E-02
0.00000E+QQ

7.48246E-01
4 .98663E-01
0.00000E+00

7.81976E-01
5.96948E-01
0.00000E+00

3.1B919E-02
B.19459E-07
0,00000E+00

0.00000E+00
0.00000g+00
Q. 00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
a,cacopsE+00
0. 00000E+0D

0,00000E+00
0,00000E+00
0.DDODOE+Q0

0.00000E+0Q
0.00000E+00
0.00000E+00

0.00000E+D0O
0.00000E+0C0
0.900000E+00

C.0DDDDE+DC
0.DDDDDE+DD
0. 0DDODE+OO
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23 0.000DCE+00 0.00000E+0D O0.COQCCE+QC ~C.CDQOQOE+(O(Q C©.COCOOE+0D 0.00000E+00 0.00000E+00 0.00000E+0C O, O0C000E+00 ©.0QQ0QQE+DD
0.0000CE+Q0 {.00000E+00 0.0000CE+00 ©.0DOODE+0D 0.00000E+00 0.00000E+00 0O_00000E+00 0.00000E+00 0.0CCOCE+J0 0.000QQE+0D
4.34262B-72 3.27713E-18 2.00000E-01 2.275%2E-18 4.39973E-73 0.00000E+00 0.00000E+00 0.00000E+00 0.000COE+00 0.00000E+D0
0.00000E+00 (.00000E+00 {.00000E+DD

24 0.00000E+DD 0.CCQOQE+00 0.00000E+00 0.00QUQE+00 Q.00000E+00 0.00000E+00 ©.00000E+00 0.00000E+00 0.00D0DOE+00 O.00000E+00
0.00000E+00 0.00000E+Q0 0.Q0000E+00 0.00000E+00 @.00000E+00 0_.000Q0E43Q 0.0Q0Q00E+Q0 O.Q0QQ0E+G3 49 ,00000E+00 D,00000E+G0
1.00301E-6% 2.68831E-]17 2.00000E-01 1.B6668E-17 1.39716E-70 0.00000E+00 0.00000E+00 0.00000E+00 G.00DDOE+QC O.00000E+00
0.00000E+0D 0.00000E+00 0.0DDODE+0D

25 0.00000E+00 D.00000E+00 O.00000E+00 0.00000E+00 0.00000E+00 0O.00000E+00 0©,00000E+00 0.00000E+00 0,0000DE+00 0.00000E+0Q
0.00000E+0D 0.D0000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 O0.0C000E+00 0.DGOCCE+0D G.00000E+00
1.356888E-71 4.B0875E-18 2.00000E-01 3.33941E-18 1.73730E-72 0.00000E+00 0.0Q0000E+00 0.00000E+00 0.CG00GCE+00 O.0Q0000E+00
0.00000E+00 0.00QQQE+00 O.00000E+00

36 0.00000E+0Q0 ©.Q000DE+00 0.00000E+00 0O.0000CE+00 0,00000E+00 0,0D0DDOE+«QO (0,00DDDE+DD §.0DO00CE+00 0,00000E+30 G.00000E+0D0
0.00000E+00 0.0000QE+00 ©.00000E+0Q 0.0000OE+00 0©.00000E+DD 0.QDDDDE+DD O.DOQOQE+DQ 0D.00QO0E+Qd 4Q.QQ400E+30 C,00000E+00
6.23124E-70 2.22823E-17 2.00000QE-01 1.54738E-17 8,72003E-71 0.00000E+0D0 O.00000E+00 0.DOODOE+00 O.DO000E+0C D.COCOOE+CGC
0.00Q00E+00 0.000D0E+0D C.CDOODE+0C

27 0.00000E+00 0.00000E+00 0(.00000E+D0 0O.CCOO0E+CO 0,.00000E+00 0O.00000E+00 0.00000E+00 0.00000E+CC 0.00000E+00 0.C0000E+00
0.00000B+00 0.00000E+30 0.00000E+00 ©.CCCODE+0Q0 0,00000E+00 ¢,00000E+00 0.00000E+00 0O.00000E+00 0.00000E+0D0 O.00000E+00
6.6l1621E-71 9.66265E-18B 2.00000E-01 &.7101BE-18 9, 11929E-72 0.(00000E+00 0_00000E+00 0.00000E+0C ©,0Q000E+00 {.00000B+00
0.00000E+C0  0.00000E+00 0.00DD0E+00

28 0.00000E+0C 0.00000E+0Q O.00400E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0GO0CE+00 0.0C000E+00
0.00000E+0C 0.00000E+00 0.00000E+30 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+Q0 0.0Q0000E+J0 0.00000E+00 Q.00000E~00
1.19397E-69 2.96709E-17 2.00000E-01 2.06048E-17 1,62180E-70 0.00000E+00 0.00000E+00 0,DD000E+00 0.0DOOOE+GC O.00000E+00
0.00000E+00 0.00000E+00 0,00000E+00

29 8.00000E-Q1 8.00Q00E-01 £&.00000E-01 48.C00Q0E-01 8.00000E-01 8.0000QE-01 &,00000E-01 8.00000E-01 B8.00000E-01 8.00Q00E-01
8.00000E-0) 8.00000E-01 5.000Q0E-01 8.00000E-01 8.00000E-01 8.00000E-01 8.00000E-01 2.00000E-01 8.00000E-01 &.00000E-01
8.00000E-01 E.00000E-Q1 2.00000E-01 £.00000E-01 8.00000E-01 &.00000E-01 8.Q0000E-01 $_00000E-01 H.000CGCE-01 8.00000E-01
8.00000E-01 E.00000E-01 8.00000E~01

30 #2.00000E-01 8.00000E-01 5.00000E-01 8.00000E-01 §.00000E-01 §,00000E-01 B.00000E-01 8,00000E-01 ©,00000E-01 8&,00000E-01
§.00000E-01 B,.00000E-DL &.00000E-01 8.00000E-01 &.00000E-01 B.00000E-01 R.0HOODDE-01 B8.000C0E-01 8&.00QQ0E-91 B.0Q0QQE-0L
8.0CODOE-01 8.00000E-C1 2.0C00QE-O01 B.00000E-01 8.00000E-01 8.00000E-D1 §.00000E-01 8.00000E-01 S.00000E-01 B.00000E-01
8.00000E-01 8.00000E-01 8.0COODE-G1

31 8.00COCE-01 3.00080B-01 8,C0CCOE-01 2.00000E-01 8§.00000E-01 6.00000E-01 8.00000E-01 B8.00000E-Cl &,0Q000E-01 8,00000E-01
B.00000E-0L 8.00000E-01 8.00000E-C1 8.CO0DDOE-01 g,00000E-D1 B,00000E-01 8&.00000E-01 §.00000B-01 8,0C000E-01 8.00000E-O1
B.00000E-0L &.00000E-01 2.00000E-01 #.00000E-01 8.00000E-01 §.(Q0000E-01 8.00Q000E-01 8.00000E-01 8.00000E-01 &8.0000JE-01
8.00000E-01 &.00Q00E-01 8.00000E-01

concentration -- gimple model
Layer 1 .

1 0.00000E+Q0 0.00000E+00 (.00000E+00 0.CCO0QE+00 0.00000E+00 {Q.0000QE+00Q 0.00000E+00 0,00000E+00 O,00000E+00 0O.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 ¢ 0DDDOE+00 0.00000E+00 0,QQ000E+00 0.00000E+00 ©.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0000QE+00 0.00000E+00 0.00000E+00 0O.00000E+00
0.00000E+00 0.00000E+00 0.00000E+Q0

2 0.00000E+00 0.00000E+30 0.00000E+00 0.00000E+QQ 0.00000E+00 {0,QO0000E+00Q 0.C0Q0000E+00 O,Q0000E+00 0,00000E+30 O0.Q0000E+Q0
0.00000E+0C 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0,Q0000E+00 O.QQ0OOE+0d 0.00000E+30 0.00000E+CO
0.00000E+0C 0, 00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.Q0000E+00 D.00000E+00 0.00000E+00 0.00000E+00 0 .C0000E+00
0.CODOOE+00 0.00000E+00 0.000QQE+00

3 0.00000E+00 0.00000E+0C O.0QDDOE+00 ©,QQ0C00E+0OC ©0.0CCQ0E+00 0.00000E+00 O,DODOOE+O0 0.00000E+C0 0.000Q0E+00 0.00000E+00
0.C0CCOE+00 0.00000E+00 OC.COCOCE+CC 0.00000E+00C 0©.0ODOQE+00 0.0DD000E+00 0.00000EB+00 0.00000E+00C ©.0O0000E+00 O.00000E+00
0.00000E+0O0 0.00000E+00 O.CCCOCE+QD O©.COCOOE+00 (©.CCCOOE+00 0.00000E+00 O0.00000E+00 0.0Q000E+0C ©.0CO00E+00 0.D0000E+0D
1.0000CE+00C Q.00000E+00 C.CO000E+CC

4 0.00000E+00Q 0,00000E+00 0.00000E+00 ©.0CCOCE+00 0.0D0000E+0D 0.00000E+00 0.00000E+00 0.C0000E+00 0.00000E+00 0.00000E+00
0.00200E+00 D0.00DCOE+O) 0.00CQ00E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 ©.00COCE+00 0.00000E+00
0.00000E+C0 0.00000E+00 0.00000E+30 0.0CO00E+D® 0.C0000E+00 ©.00000E+00 0.0000DE+00 O.00000E+00 ©._00GOOE+00 0.00000E+00
0.00000E+00 0.00000E+00 O¢.0C000CE+DD

5 0.00000E+00 0.00000E+00 ©.000CCE+00 0.00000E+00 ©,000CCE+00 0.02000E+00 9.0Q000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 ©.00CO0E+00 0.CCQQ0E+00 0.00000E+00 0.00000E+00 0.0000CE+00 0.00000E+QC 0.00000E+30
0.00000E+00 0.00000E+00 0.000COE+00 0,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+0C¢ 0.CO000QE+Q0 0.00000E+00
0.00000E+0C 0.0D00OE+00 0.00000E+00

6 0.00000E+00 0.00000E+00 O.00000E+00 0.00000E+00 0_.00000E+00 0.00000E+00 {.00000E+00 0.00000E+00 O,00000E+CO 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00Q00E+0Q 0.00000E+00 0.00000E+00 0.0000DE+0C 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+0Q 0.00000E+00 0.00000E+00 0,000Q0E+0C 0.00QQ9E+00
0.00000E+D0 0.00000E+0C O.00000E+00
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.00000E+00  0.00000E+0C ©.00000E+00 0,000Q0E+DD
.G0000E+00 0.00000E+CL 0.00000E+00 0, 00000E+00
-G0Q00QE+00 0.J0000E+00 0.000QQE+00 0.00000E+D0

oo
ooo

.00000E+00 0.00000E+0C 0O.D0000E+Q0
24477E401  5.24477E+01  0.00000E+00
.00000E+00 0.00000E+00 0.C0000E+00D

.0D000E+00C 0.00000E+00 $.24477E+01 9.244778+01
-2U477TE+01  9.24477E+01  2.24477E+01 0. (CO0000E+00C
-QDOOQE+QOQ O.0DODOE+DO0 O0.000QQE+00 ©,00000E+00

owo

COoOUCOOoOROCOU00RNOECD0O0DO0000000DC
(=0 =)

.000QJ0E+00 0.00C00E+Q0 92.24477E+01 9.24477E+01
L24477E+01  9.24477E+01 9.24277E+01  0.00000E+00

wo
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10

11

12

13

14

15

16

17

18

19

20

21

23

23

24

25

26

27

28

25

o

31

Date:

0.00000E+00
0.00000E+0Q0
0.000DDE+00
9.24477E+01
0.0000DE+DOD
0.00000E+00C
Q0.0000DE+0Q0Q
a.30000E+00
0.0000DE+Q0
0.00000E+00
0.000DDE+DD
0.900000E+00
0.00000E+00
0.0000CE+DO
0.00000E+DO
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+D0Q
0.00000E+0QD
0.00000E+0D
0.00000E+00
0.90000E+00
0.00000E+00
0.00000E+0C0C
0.00000E+0CD
0.00000E+00
0. 00000E~0D
Q.Q0000E+QD
0.CCO00E+Q0D
0.00000E+00
C.00000E+D0
0.00000E+00
0.00000E+00D
0.00Q00E+0Q0
0.00000E+00
0.00Q00E+Q0Q
0.00000E+DQ
0.0CCO0E~DO
0. Q0000E+00
0.00000E+00
0.00000E+00
0.00000E+DD
0.00000E+00
0.00000E+0Q0D
0.00000E+00
0.00000E+0D
0.00000E+CO
0.00000E+0C
0.00000E+0D0
0. 00000E+00
0. QODOOE+DD
0.00J000E+00
0.00000E+00
0. 00000E+0D
0.00000E+00
0. 00000E+00
0.00000E+0D
0.CCCCCE+OD
0.0C0C0E+QD
0.00CC0E+0D
0.00000E+0D
0.CQC00E+DO
0.000CCE+QD
0.00000E+00
0.00CCOE+DO
0,C0000E+QO
0.CCCCCE+DD
0.C0000E+00
0.000C0E+0D
0.0C000E+CQO
0.00000E+QD
D.CQQOOE+QD
0.00000E+QD
0. 00000E+OD
0.000Q0E+00
¢.00000E+0D
Q.00000E+0D
0. 00000E+00
0. 00000E+00Q
0.00000E+00
0. 00000E+DD
0.00000E+00
0.00000E+0D0
0. 00000E+0D
0., 00000E+00D
0. 00QO0OE+DD
0.00000E+00
0.00000E+00D
0.0CCOOE+QO

Time Step No.

Date:

Time Step NHo.

Date:

Time Step No.

0l/25/98

01/25/96

0Ll/25/96

0.00000E+00D
0.00000E+00Q
Q.00000E+QQ
9.24477E4+01
0.000Q0E+0Q
0.00000E+00
0.000D0E+00
0.00000E+0Q
0.00000E+00
0.00000E+0QQ
0.00000E+00
0.00000E+040
0.00000E+00
0, 00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+0Q0
0. 00000E+00
Q. 00000E+00
0.00000E+00
0.00000E+00
§.bboDDEFOO
0.00000E+0O
0.00000E+00
0.0C000E+00
0.0C000E+Q0
0.00000E+Q0Q
0.00DDOE+OO
0.0CQ00E+00
0.00000E+00
D.00CCOE+QD
0.000CCE+QO
0,0000CE+00
0.000C0E+OO
0.000CCE+CDQ
0.0000CE+QO
0.0000CE+0D
0.00000E+00
0.00DODE+DD
0. GOO00E+OO
0.00000E+00
0.00000E+00
0.00000E+00
0.000DDE+DD
0.00000E+00
0.00000E+00
0.00000E+00
¢.0CCODE+DO
C.CO00DE+DD
0.0CO0DE+DD
0.00000E+00
0.0C000E+00
0.00000B+00
0.00000B+00
0.000D0E+00
0.00000E+00
0.0000DE+0QD
0.00000E+00
0.00000E+0Q0
0.00000E+0C
0.00000E+00
0.00000E+00
0.00000E+00
1.00000E+00
0.004000E+00
0.00000E+00
0.00Q000E+0OC
¢.00000E+DO
C.00000E+00
0.00CC0E+00
0.00C00E+00
0.00000E+00
0.00000E+OD
0.0CC000E+00
0.00C00E+00
0.00000E+00
0.0C000E+0D
0.000QQE+00
0.00CODE+DD
0.0C000E+00
0.00000E+00
0.00O0QE+00
C.0CO00QE+DD
0.90000E+0C0

Time: 17:24:

0.00000E+00
0.00000E+DD
0.00000E+DOD
9,24477E+01
D.DDOOOE+DD
0.0D0DDE+00
Q.DDDODE+00
0.0000DE+DD
0.000DOE+DD
0.00000E+0D0
Q. 00000E+00D
Q0.00000E+00
0. 0UDDDE+OD
0.00000E+00
0.000C0E+00
0.00000E+C0
0.00000E+Q0Q
0.00000E+0Q0
0.00000E+00Q
0.00000E+00
0.00000E+0Q0
0.00000E+00
0.00000E+0Q
0.00000E+00
0,00000E+00
0.00000E+00
0.C0000E+00
0. D0DOOE+QU
0.00000E+QQ
0.00000E+0Q0Q
0.00000E+00
(.00000E+00
0.00000E+00Q
0.00000E+00
0.00000E+00
0.00000E+DD
0.00000E+00
0.00000E+00
0.00000E+00
0. 00000E+Q0
0.00000E+O0
0.00000E+Q0D
0.00000E+00
0.00000E+00
0.00000E+Q0Q
0.00000E+{0
0.00000E+00
0.00000E+00
0.00000E+0Q0Q
0.00000E+00Q
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+Q0Q
0.00000E+00
0.00000E+00
0.00000E+00
0. Q0QC0E+CO
C.CO00CQE+CC
C.CCCCOE+QD
C.CCCCCE+QD
0.0CCCCE+DD
0. 0D000E+OC
0.0000CE+0OOD
©.00000E+C0C
0, 00000E+QOD
C.00000E+C0C
C.CCCCCE+OO
0.00QCOE+COD
C.CCO0CQE+QOQ
0.00000E+QO
0.00C00E+Q0D
©.CODOOESDD
0.00000E+00D
0. 00000E+00
0.00000E+00
0. 00000E+00
0.00000E+00Q
0.00000E+00
0.00000E+00C
0.00000E+00
0.00000E+00
0.00000E+0Q
0.00000E+QO
0.00000E+0D
0.00000E+00
0.00000E+00
0.00C00E+CQ0
0.0D0OCOE+0OD

© 0,00000B+00

0.0000DE+DO
9.24477E+01
0.ccoopE+DD

0.00000E+DD
0.0000CE+DD
0.00000E+0D

0.00CGDDE+QD
0.000DDE+00
0. Q0DOQE+DD

0.0DDDOE+00
0. 00000oE+DD
¢.COC00E+DD

0.00000QE+0D
0.00000E+QQ
0.00D00E+00D

0.C0RONE+0D
0.0C000E+Q0
0.00000E+Q0

0.00000E4DC
0.000COE+00
0.000C0E+DQ

0.00000E+00Q
0.00000E+00
0.00000E+00

Q.00000E+00
0.00000E+00
0.00000QE+0D

0.00000E+00
0.00000E+00
Q.00000E+00

0.00000E+00
0.00000E+040
0.00000E+0C

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0. 0D000E+0O0D
0. 00000E+OO

0.Q0000E+CD
0.000Q0E+00
0. 0000E+00

0. 00000E+C0C
0.000Q0E+Q0O
0.00000E+00

C.00000E+OO
0.C0000E+0OO
0. 00000E+COD

0.90000E+00
0.00000E+00
0.0000CE+COD

0.00000E+00
0.00000E+00
0.00000E«00

0.00000E+00
0.00000E+00
0_00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+0D0

0.00D0DE+00
9.24477E+01
0.00000E+00

0.0000DE+QQ
0.00000E+QQ
0.00000E+QQ

0.00000E+0Q
0.00000E+0Q
0.C0CCOE+D0

C.C0000E+0D
0.0000CE+D0
0.00CCCE+00

0.C00C0CE+0O
0.000CDE+00
0,00000E+00

0.00C00E+00Q
0.00000E+00
0.00000E+00

C.00000E+00Q
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+QO

0.00000E+0D
0.00000E+0D
0.00000E+00C

0.00000E+00
0.00000E+CO
0.00000E+0D

0. Q00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00Q
0.00000E+00

0.00000E+0D0D
0.00000E+00D
0.00000E+00

0.00000E+Q0
0.00000E+00
0.00000E+0D

C.CCOCOE+CO
0. 00000E+QD
0, 00000E+QD

0.00000E+QQ
C.CCCCOE+DD
0.00Q00CE+CO

0.0000CE+CC
0.00000E+DD
0.000C0E+CD

C.CCCCOE+CQ
0.O0CCCCE+CQD
C.o0DCOCE+QC

0.00000E+00
0.00000E+00
0. 00000E+DD

0.00000E+00
0.00000E+DD
0.00000E+00Q

0.00000E+0D0
0, 00000E+00
0.00000E+D0

0.00000E+00
0.00000E+00
0 .Q3QQQVE+T0

1% CPU Time: 0 1: 4:26.02 { 3866.09

391 Elapsed Time = 0.000000E+00 days

Time: 17:24:20 CPU Time:

0 I: 4:26.31 ¢

404 Elapsed Tims = 2.72B293EF-02 days
0 1: 5:16.B0 [ 3516.80 sec} Binary

Time: 17:25:11 CPU Time:

420, Elapsed Time = 2_717887E-01 days

0.00000E+00

0.00000E+00
0.00000E+040
0.00000E+00

4.00000E+0Q
0.00000E+0Q0
0.00000E+00

0.00000E+00
0.490009E+040
0.00000E+00

0.00000E+00Q
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+400
0.00000E+00
0.00000E+00

0.Q0000E+00
Q.00000E+00
0.00000E+00

0.00000E+00
0. 00000E+00
0.00000E+00O

0.00D000E+CO
0.0D0DOE+00
0.00D00E+QD

0.000CCE+CO
0.0000CE+CD
0.00000E+C0D

0.00000EFO0
0. 00000E+00
0.00000E+Q0D

0.00000E+00
0.00000E+00
0.00000E+00D

0.00000E+00
0.00000E+Q0
0.00000E+0O0Q

0. 0000QE+00
0.00000E+00
0. 00000E+00

C.0CCOCE+DD
0.000C0E+00
0.CO00CE+00D

0.0CQCCE+CD
0.C0000E+0Q0D
0.00000E+COD

C.0COCOE+GD
0.C0CO0E+DD
0.00000E+0D

0.0000CE+0D
0.0000OE+0C
C.C0000E+0Q0

0. 0D00DE+DOD
0.00000E+00
0.00000E+00

0.00000E+00
©.C0Q00E+0Q0
0.00000E+00

0. 00000E+0D
0. 0000QE+0D
0.00000E+Q0C

0.00000E+00Q

0.00000E+00
0, 00000400

secl ASCIT

3B66.31 sec! Pinary

0.00000E+00

0.00000E+00
9.24477E4Q1
0.00000E+Q0

0.00000E+0Q
0.00000E+00Q
0.00000E+00Q

0.00000E+QQ
0.00000E+40
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E~+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0_00000E+00
0.00000E+0D
0.00000E+00

0.00000E+Q0
0.0O0000E+0Q
0.00000E+00

0.C0000E+00O
0.C0C00E+OO
0.00Q00E+QD

0.C0000E+QO
0.00000E+00C
0.C0CODE+CD

0. DDDDDEFDD
0. 00000E+Q0O
0.00000E+00Q

0.00000E+0D
0.00000E+00
¢.00000E+00Q

0.00000E+0Q0Q
0.00000E+00
0. DOCDOE+O0D

0. 00000E+0OD
0.00000E+00
0.00000E+0Q0Q

0.0000DE+QO
0.00000E+00C
0.00000B+CO

0.DDDDQE+CO
0.00000E+0C0
0.00000E+0CD

0.00000E+C0
0.00000E+0Q0
0.00000E+0Q0

0.000DDE+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00O
0. 00000E+DO

0.DQDODE+OD
0.00000E+00
0.00000E+DO

0.00000E+00C
0,00000E+00D
0.00000E+0Q0

0.000C0E+0Q0Q
0, 00000E+0Q0Q
0.00000E+T0

0.00000E+0Q0O

Q.00000DE+CD
9.24477E+01
0.00000E+00

{.00000E+DC
4J.00g00E+00
0.00000E+0D

0.0000DE+DD
4.0400409E+00
0.00000E+0Q

0.00000E+00
0.00000E+00
0.000C0E+DD

0.00000E+0D
0,00000E+0Q0
0.00000E+00

0.00000E+0DD
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+0Q0
0.00000E+Q0

0. 00000E~+00
0.00000E+0Q0
0.0C0000E+00D

0.00000E+D0
0.00000E+QO
0. 00000E+QD

D.DDODDE+0D
0.00000E+0D
0.00000E+00

0.00000E+0{0
0. 0DO0OE+DY
0.00000E+09

0.00000E+00
0.00000E+0Q
0. 00000E+00

0. 00000E+00
0.00000E+Q0
0. 00000E+00

0. 00000E+0O0
0. 00000E+0O0
0.00000E+0O0

0, COQOOE+QQ
C.CCCCCE+0O
0.00000E+00

0.0CRORE+0D
0. 00000E+QQ
0.0D0OCCE+0OQ

0.00CCCE+OD
0.00CCOE+00
0.000C0E+0QD

Q. 00Q00E+0Q0
0.00000E+00
0. 00000E+00

0. C0000E+00
0.00000E+Q0
0. 00000E+00

0.00000E+00
0.00000E+00
0. 00Q00E+00

0.00000E+D0
0.00000E+00
0. S0000E+QD

0.00000E+00

S .244T7TE+01
9. 244TTE+01
0. 00000E~00

0.00000E+00
0.Q00Q0QE+00
©.00000E+00Q

0.0QCC00E+00
0. 0000QE+QD
0.00000E+0Q

0.00000E+00
0.00000E+00
0.Q00000E+00

0.00000E+QQ
0.00000E+00
0.0Q000E+00

0.00000E+00
0.00000E+00
0. 00000E+00

0.00000E+00
D.00000E+DO
0.00000E+00

a4, 00000E+00Q
0.00000B+00
0.00000E+00Q

0.00000E+00
0,00000E+0D
0.90000E+00

0.00000E+00Q
0.00000E+00
0.00000E+DD

0.00000E+D0
0.C000CE+00
0.C0000E+0D

0.00000E+00
0,00000E+00
0.C0000E+00

0.00000E+0D
0.00000E+D0
0.00000E+00

0.00000E+00
0.00000E+0D
0.00000E+0D

0.00000E+Q0
0.00000E+00
0.00000E+GD

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+0D
0.00000E+00
0.00DQ0E+CO

0.00000E+00C
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.00000E+00

0.000CCE+Q0
0.COCOLE+00
0. 00000B+00

{.000DOE+DO

%.24477E+0L
0. 00C00E+Q0
0.0000CE+DD

{.DOCOCE+OD
0. 00000E+00
Q0.00000B+00

0.000DC0E+DD
0. G0000E+00
ad, DOOODE+QQ

D.00000E+QQ
0.0D000E+0D
0.00000E+00

0.00000E+00
0.00000E+0CD
G.00000E+OD

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E-00
0.00000E+QQ
0.00000E+00

0.00000E+QQ
0.00000E+00Q
0.00000E+Q0

0.00000E+00
0.000ADE+Q0
0.00000E+0D

0.00000E+00
0.00000E+00
0.00000E+00

0.00000E+00
C.00000E+0Q
0. 00000E+00

0.00000E+00
C.00000E+Q0
0. 00000E+0Q0

0.00000E+00
©.00000E+00
0.00000E+00

0. 00000E+00
0.00000E+00
C.00000E+D0

0. CCCOCE+OO
0. 00000E+00
0,00000E+00

0. 0C000E+DO
0. C0C00E+00
0. 00000E+0D

@.00000E+00
0.00000E+0D
0. 0000OE+QO

©.00DROE+CC
0.000DDGE+CC
D.00CDCE+CO

0. 00000E+00
1. 00000E+Q0
0. 00000E+00

0.00000E+00
0.000Q0E+00
0.00000E+00

0.00000E+00
0.00000E+00
0.Q0000E+00

0.00000E+00
0.00000E+00
0. 00000E+00
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Date: 01/25/96

Time Step No, =
Date: {1/25/96

Time Step Mo, =
Date: 01/25/96

Time Step No. =
Date: Q1/25/386

Time Step No. =
Date: Q1/25/96

Time Step No. =
Date: 01/25/96

Time Step No. =
Date: (1/25/96

Time Step No. =
Date; 0Ll/25/96

Time Step Wa. =
Date: O01/25/96

Time Step No. =
Date: 01/25/96

Tima Step Nao. =
Date: 0Q1/25/96

Time Step No. =
Date: 01/25/96

Time Step No. =
Date; 0Ol/25/96

Time Step No. =
Pate: 01/25/94

Time Step Ho. =
Date: §1/25/9§

Time Step No. =
Date: 01/25/96

Time Step No. =
Date: Q1/25/96

Time Step No. =
Date: 01/25/96

Time Step No. =
Date: 01/25/96

Time Step Ho. =
Date: 01/25/96

Timé Step No. =
Date: 01/25/96

Time Step Ho. =
Date: 01/25/%6

Time Step No. =
Date: 01/25/96

Time Step No. =
Date: {(1/25/%6

Time Step No. =
Date: D1/25/96

Time Step No. =
Date: 01/25/96

Time Step No. =
Date: 01/25/9%

Time Step MNo., =
Dake: 01/25/5%6

Time Step NHo. =
Date: 0L1/25/96

Time Step No. =
Date: dQ1/25/%&

Time Step Ho., =
Date: 01/25/96

Time Step Na. =
Date: O0L/25/96

Time Step No. =
Date: 01/25/96

Time Step No. =
Date: 01/25/96

520
540
Time:

560
Time:

580
Time:

600
Time:

620
Time:

&40
Time :

650
Time:

6840
Time:

7400
I20
Time:

740
Time:

760
780
Time:

800
Time :

820
Time:
840
Time:
B8&0
Time:

880
Time

200
Time:

920
Time:

440
Time:

960
Time:

280
10040
Time:

1020
Time:

1040
Time:

1060
Time:

1080
Time:

17:27:12 CPU Time: 0 1: 7:15.81

Elapeed Time = 2.708876E+00 days
17:29:14 CPU Time: 0 1: 9:16.865

Elapsed Time = 1.696366E+02 days
17:31:32 CPU Time: 4 1:11:32.72

Elapsed Time = 3.104677E+03 days
17:34:05 CPU Time: 0 1:14: 4.27

Elapsed Time = 3,654611E+03 days
17:34:58 CPU Time: 0 1:14:55,30

Elapsed Time = 3.844984E+03 days
17:36:04 CPU Time: 0 1:16: 1.30

Elapeed Time = 9.131076E+03 days
17:37:29 CPU Tima: 0 1:17:23.99

Elapged Time = 9.139449E+03 days
17:38:16 CPU Time: ¢ 1:18: 9,84

Elapsed Time = 9.865662E+03 days
17:39:34 CPU Time: 0 1:19:26,39

Elapsed Time = 1.B26lE2F+04 days
17:41:53 CPU Time: ¢ 1:21:44.5%

Elapsed Time = 1.826525E+04 days
17:42:41 CPU Time: ¢ 1:22:30.71

Elapsed Time = 1,856271FE+«04 days
17:43:34 CPU Time: O 1:23:23.22

Elapsed Time = 3.652432E+04 days
17:45:18 CPU Time: 0 1:25: 5.49

Elapsed Time = 3.652860E+04 days
17:46:06 CFU Time: 0 1:25:51.41

Elapsed Time = 3.690042E+04 daya
17:46:53 £PU Time: # 1:26:37.22

Elapsed Time = 6.893473E+04 days
17:48:41 <CPU Time: ¢ 1:28:23.24

Elapged Time = 7.305135E+04 days
17:45:32 CPU Time: 0 1:29:11.39

Elapsed Time = 7.328931E+04 days
17:50:26 CPU Time: 0 1:30: 5.56

Elapsed Time = 9.392955E+04 days
17:52:12 CPU Time: 0 1:31:49.43

Elapsed Time = 1.460996E+05 days
17:54:52 CPO Time: 0 1:34:27.43

Elapsed Time = 1.461127E+05 days
1%:55:39 CPU Time: 0 1:35:13.91

Elapsed Time = 1.472474E+(5 days
17:56:41 CPU Time: 0 1:36:14.71

Elapsed Time = 1.995843E+05 days
17:58:44 CPU Time: 0 1:38:16.07

Elapsed Time = 3.271868E+05 days
18:03:22 CPU Time: 0 1:42:52.74

Elapsed Time = J.284052FE+05 days
18:04:52 CPU Time: 0 1:44:22.18

Elapsed Time = 4.327011E+05 days
18:06:55 CPU Time: 0 1:46:23,62

Elapsed Time = 7.727755E+05 days
18:12:01 <PY Time: 0 1:51:27.93

Elapsed Time = 7.741322E+(05 days
18:13:58 CPU Time: 0 1:53:23.17

Elapsed Time = 8.450515E+05 days
1B:15:37 CPU Time: Q9 1:55: 1.19

Elapsed Time = 1_.242988E+05 days
18:17:35 CPU Time: 0 1:56:5B8.18

Elapsed Time = 1,6425BBE+06 days
18:19:17 CPU Time: 0 1:58:38.26

Eilapsed Time = 2.042988E+06 daye
18:20:47 CPU Time: { 2: 0: 7.75

Elapsed Tlme = 2.4429BBE+08 days
18:22:18 CPU Time: 0 2: 1:36.71

Elapsed Time = 2Z.B42%B88E+06 days
18:23:48 CPU Time: 0 2: 3: 5.99

4035.81

4155.65

4292.72

4444.27

4496.30

4561.30

4643.99

4689 ,84

4766.39

4%04.5%

4950.71

5003.22

5105.49

5151.41

5137.23

5303.24

5351.19

5405.56

5E509.43

5667.93

5713.31

5774.71

5896.07

£172.74

6252.18

E383 .62

66387.9)

6803.17

6901.139

7018.18

7118.26

7207.75

7296.71

7385.99

sec)

sec)

sec)

sec)

sac)

sec)

sec)

8ec)

sec)

sec)
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sec!

sec)

sec}

sec)

sec)

sec)

sec)

sec)

gacl

sec)

sec)

gec!

sec|

gec)

aec)

sec)

sec)

sec)

sea)

sec)

sec)

gec}

gec)

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

Binary

EBinary

Binary

Binary
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3.242288E+06 days

Time Step No. = 1109 Elapsed Time =

Date: 01/25/96 Time:; 18:25:19 CPU Time: 0 2: 4:35.44 ( 7475.44 sec) BRinacy
Time Step No. = 1120 Elapsed Time = 3.642588E+06 days

Date: 01/25/26 Time: 18:26:49 CPU Time: 0 2: §: 4.39 { 7564.39 sec) Binary
Regtart information has been written to I/0 unit 2 in DISKW, £file name:

BF2_OUTSRESTART
for time step IPRINT = 1121
TIME = 3.15570D000000000E+11s
IMATTIME+KRESTMAT = 38,
RRESTMAT = O

IRESTARTCOUNT =

DELT = 0.000000000000000E+00 s
IWELLTIME+KRESTWELL = 0
KRESTWELL = 0

B L T T T T T TP P P
Elapsed Time
3.155700E+11 gec = 3.652431E+06 day =
DELT
8.158234E+08 Bec =
Time Step Number =

T

1.000002E+04 yT

9.442400E+03 day =
1121

2.585243E+01 yr

Total Newton-Raphson Iterations = 2740
Avg Newton-Raphscn Iteratjons/Time Step = 2.444
CPU Time {this time step} = 4.73 gec = 0,00131 hr
CPU Time j{total for run) = 7T568.86 sec = 2.10246 hr

R AR

LR R R R R R A -

Cumilative Mass Balance
Brine: 1.105940E-17
Gaz: 6_0B82H1E-13

Haximum Felative Mass Balance (Current Time Stepl
Erine: -5.071291E-07 at (I,J,K) = 15 9 1
4.928396E-05 at (I.J.K)| = 12 8 1

Pa

Brine pressure
Layer 1
1 1.55023E+07
1.27000E+07
1.2700DE+07
1.27000E+07
2 1.52006E+07
1.52006E+D7
1.520068E+07
1,52006E+07
3 1.74752E+07
1.43314E+07
1.40323E+07
1.35597E+D7
4 1.63357E+07
1.33624E+07
1.24374E+07
1.24204E+07
5 1.59684E+07
1.31682E+07
1.20788BE+Q7
1.20532E+C7
& 1.58971E+07
1.36235E+07
1.38277E+07
1.193818E+07
7 1.58B36E+07
1.3€6294E+07
1.36276E+07
1.156B4E+07
8 1.98674E+07
1.36249E+07
1.36275E+07
1.19521E+D7
9 1.58515E+07
1.36247E+07
1.36273E+07
1.19362E+07

1.55023E4+07
1.27000E+07
1.27000E+07
1.55023E+07
1.52006E+07
1.52006E+07
1.52006E+07
1.52006E+07
1.53735E+07
1.43297E+07
1.39999E+07
1.29292E+07
1.4Z341E+07
1.33493E+07
1.24168E+07
1.17900E+07
1.38668E+07
1.31723E+07
1.,20357E+07
1.14227E+07
1.37955E+07
1.36295E+07
1.36274E+07
1,135%131E+07
1.37820E+07
1.36294E+07
1.36273E+07
1.13379E+07
1.3763BE+07
1.36249E+07
1.36272E+07
1.13216E+07
1.37499E+07
1.36247E+07
1.368271E+07
1.13057E+07

1.27000E+07
1.27000E+07
1.27000E+07
1.55023E+07
1.52006E+D7
1.52006E+07
1.52006E+07
1.52008E+Q7
1.47430E+07
1.432B0E+07
1.40046E+07
1,08274E+07
1.36036E+Q7
1.33362E+07
1.25244E+07
9.8HB835E+06
1.32364E+07
1.317S4E+07
1.22349E+07
9.32110E+0a
1.31650E+07
1.36295E+07
1.23481E+07
9.24976E+06
1.31516E+07
1.36294E+07
1.23347E+07
9.23633E+08
1.21353E+07
1.36249E+07
1.231B4E+07
9.22007E+06
1.311%4E+07
1.36247E+07
1.23024E+07
9.20417E+06

1.Z700DE+D?
1.27000E+07
1.27000E+07

1.27000E+Q7
1.27000E+G7
1.27000E+Q7

1.52006E+07
1.52006E+07
1.52006E+07

1.52006E+07
1.52C06E+07
1.52006B+07

1.45591E+07
1.43259E+Q7
1.400%2E+07

1.44290E+07
1.43195E+07
1.39504E+07

1.34200E+07
1.33279E+07
1,26372E+07

1,33251E+07
1.33121E+07
1.25314E+07

1.30533E+Q7
1.31462E+C7
1.23857E+07

1.30304E+07
1.30546E+07
1.2188BE+07

1.29820E+Q7
1.36235E+07
1.23408E+07

1.29755E+07
1.36294E+07
1.23108E+07

1.29686E+Q7
1.36294E+07
1.23273E+07

1.29641E+07
1.35293E~07
1.23107E+07

1.29523E+07
1.36248E+07
1.23110E+07

1.28519E+07
1.316248E+07
1.23106E+07

1.29364E+07
1.36247E+07
1.23109E+07

1.29401E+07
1.38247E+07
1.23105E+07

10 1.58355E+07 1.37340E+07 1.31035E+07 1.29205E+07 1.29284E+07
1.36246E+07 1.36246E+07 1 36246E+07 1.36246E+07 1.36245E+07
1.36272E+07 1.368269E+07 1,22B65E+07 1.23108E+07 1.23104E+07
1.19203E+07 1.12B9BE+D?7 S.18B27E+(Q6

11 1.58118E+07 1.37103E+07 1.30793E+07 1.28967E+07 1.25111F+07
1.36288E+07 1,362BBE+07 1.3628BE+07 1.36288E+07 1.36287E+07
1.36270E+407 1.36267E+07 1.22627E+07 1.23106E+07 1.23102E+07
1.18%66E+07 1.12661E+07 9.16456E+06

12 1.57944E+07 1.36929E+07 1.30624E+07 1.28793E+07 1.23072E+07
1.36286E+07 1.36286E+07 L1.36286E+07 1.36Z86E+07 1.36286E+07
1.36269E+07 1.16266E+07 1.22453E+07 1.23105E+07 1.23100E+07
1.187592E+07 1.12487E+07 9. 14717E+0%

13 1.57651E+07 1.36635E+07 1.30330E+07 1.28499E+07 1,28551E+07
1.362084E+07 1.362B4E+D7 1.36284E+07 1.36284E+07 1.36283E+07
1.36266E+07 1.36263E+07 1.22159E+07 1.23103E+07 1.23098E+Q7
1.18458E+07 1,121%4E+D7 $.11780E+06

14 1.5710SE+07 1.360B9E+07 1,2978SE+07 1.27953E+07 1.27B66E+07
L1.36279E+07 1.36275B+D7 1.36279E+07 1.36279E+07 1.36279E+07
1.36262E+07 1.36259E+07 1.21557E+07 1.23099E+07 1.23094E+07
1.17953E+07 1.1164BE+07 9.06325E+06

15 1.56826E+07 1,35811E+07 1.2%506E+07 1.27674E+07 1.27525E+07
1.34B05E+07 1.34BDEE+D7 1.34808E+07 1.34800E+07 1.34787E+07
1.34722E+07 1.34462E+07 1.21263E+07 1.217SBE+07 1,21902E+07
1.17674E+07 1.11370E+D7 9.03538E+06§

16 1.55377E+07 1,34361lE+07 1.28058E+07 1.26222E+07 1.25722E+Q7

1.22750E+07 1.22243E+07 1.21735E+07 1.21451E+07 1.21166E+07

1.27000E+07
1.27000E+07
1.27000E+07

1.27000E+07
1.27000E+07
1.27000E+07

1.270D0CE+D7
1.27000E+07
1.27000E+07

1.27000E+Q7
1.27000E+07
1.27000E+07

1.52006E+07
1.52006E+07
1.52006E+07

1.52006E+07
1.52006E+07
1.52006E+07

1.52006E+07
1.52006E+D7
1.52006E+Q7

1.52006E+07
1.52006E+07
1.%2006E+07

1.43693E+07
1.43113E+07
1.38339E+07

1.43542E+07
1,42953E+07
1.39296E+07

1.43486E+07
1.4185BE+D7
1.39241E+07

1.43401E+07
1.40827E+07
1.38745E+07

1.33656E+07
1,33398E+07
1,26898E+07

1.3428BE+07
1.33199E+07
1.26R97E+07

1.34228E+07
1.28287E+07
1.27157E+07

1.331855E+07
1.242B5E+07
1.27312E+07

1.33366E+07
1.31387E+07
1.23458E+07

1.31279E+07
1.31834E+07
1.23385E+07

1.33072E+D7
1.25188E+07
1.236656E+07

1.31246E+07
1.20473E+07
1.23623E+07

1.34621E+07
1.36292E+07
1.22796E+07

1.35447E+07
1.36287E+07
1.22999E+07

1.30772E+07
1.36294E+07
1.22703E+07

1.36295E+07
1_31628ZE+07
1.22907E+07

1.30654E+D7
1.36292E+07
1.22574E+07

1.34431E+07
1.362591E+07
1.22666E+07

1.35220E+4+07
1.26286E+Q7
1.22873E+07

1.36294E+97
1.36281E+07
1.22773E+07

1.35037E+07
1.36241E+07
1.22726E+07

1.30520E+07
1.36291E+07
1.22422E+07

1.34327E+07
1.36246E+07
1.22512E+07

1.36249E+07
1.36236E+07
1.22610E+07

1.34156E+07
1.36245E+07
1.22361E+07

1.34863E+07
1.36240E+07
1.22583E+907

1,3038BE+Q7
1.36250E+07
1.22271E+07

1.36248E+07
1.36234E+07
1.22452E+07

1.30255E+07
1.36288E+07
1.22120E+07

1.33927E+07
1.36243E+07
1.22211E+07

1.34693E4+07
1.36238E+07
1.22441E+0%

1.36247E+07
1.36233E+07
1.22293E+07

1.34445E+07
1.36280E+07
1.22229E+07

1.30054E+07
1.36287E+07
1.21892E+07

1,33760E+07
1.36285E+07
1.21986E+07

1.36288E+07
1.36275E+07
1.22056E+07

1.34521E+07
1.36279E+07
1.22081E+07

1.32572E+07
1.36285E+07
1.21875E+07

1.339%62E+07
1,36284E+07
1,21%74E+07

1.36287E+07
1.36274E+07
1.21B83E+07

1.32307E+07
1.36283E+07
1.21598E+Q7

1.32840E+07
1.36281E+07
1.21590E+07

1.32849E+07
1.36276E+07
1.21760E+07

1.36285E~+07
1.36271E+07
1.21520E+Q7

1.32303E+07
1.36277E+07
1.21037E407

1.32303E+(47
1.36272E+07
1.21183E+07

1.26230E+07
1.36267E+07
1.21046E+07

1.31830E+07
1.36278E+07
1.21082E+07

1.31906E+07
1.347B4E+07
1.20829E+07

1.32472E+07
1.34779E+07
1.20757E+07

1.32524E+07
1.34759E+07
1.20890E+07

1.34769E+07
1.34742E+07
1.20768E+07

1.25384E+07
1.2101ZE+07

1.24716E+07
1.20839E+07

1.24434E+07
1.20276E+07

1.23414E+07
1.13743E+07

1.27000E+07
1,27000E+07
1.27000E+07

1.52006E+07
1.52006E+07
1.52006E+07

1.43335E+07
1.40647E+07
1.37436E+07

1.33707E+07
1.24196E407
1.26043E+07

1.31653E+07
1.20448E+07
1.22370E+07

1.36295E+07
1.36280E+07
1.21656E+07

1.36294E407
1.36279E+07
1.21522E+07

1.16249E+07
1.16278E+07
1.21359E+07

1.362478+07
1.36377E+07
1.21200E+07

1.36246E+07
1.36275E+Q7
1.21041E+07

1.3628BE~07
1.36273E407
1.20804E+07

1.36287E+07
1.16272E+07
1.20620E+07

1.36284E+07
1.36270E+07
1.20336E+07

1.36280E+07
1.36265E+07
1.19791E+07

1.34812E+(Q7
1.34737E+07
1.19512E+07

1.23038E+07
1.19562E+07
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1.18944E+07 1.14747E+07 1.19731E+Q7 - 1 14249E+07 1.16428E+07 1,19246E+07 1.19226E+07 1.1%374E+07 1.19325E+07 1.18063E+07
1.16225E+07 1.09920E+07 8.89043E+06

17 1.507B3E+07 1.29767E+07 1.23462E+07 1,21624E+D7 1.20501E+07 1.20267E+07 1.1%442E+07 1.15286E+07 1.1B605E+07 1.18305E+D7
1.1B07BE+07 1.17681E+07 1.17283E+07 1.17058E+07 1.16823E+07 1.168B2E+07 1.16313E+07 1.15934E+07 1.15381E+07 1.151B6E+Qd7
1.14525E+07 1.093B0E+07 1.14%52E+07 1.09323E+07 1.12489E+07 1.146%4E+07 1.14677E+07 1.14838E+07 1.14756E+07 1.13463E+07
1.116308+07 1.05326E+07 B8.43100E+06

18 1.44471E+07 1.23456E+07 1.17151E+07 1,15312E+07 1.14024E+07 1.1342DE+D7 1.13D66E+07 1.12980E+07 1.12704E+07 1,12553E+D7
1.12455E+07 1.12295E+07 1.12136E+07 1,12039E+07 1.11311E+07 1.11BDLE+07 1.11644E+07 1.11037E+07 1.10438E+07 1.10225E+07
1.09447E+07 1.0D%19E+07 1.0B732E407 1.D20B5E+07 1.0B251E+07 1.0BS18E+07 1.0BBB2E+07 1.08873E+07 1.08464E+07 1.071SBE+D7
1.05319E+07 9,50143E+06 7.79986E+06

1% 1.36146E+07 1.15130E+07 1.08825E+07 1.089%87E+07 1.05674E+0D7 L1.0503BE+D7 1.04863E+D7 1.04B06E+07 1.D4T712E+07 1.D464BE+D7
1.04623E+07 1.D4597E+07 1.04571E+07 1,04546E+D7 1.D4479E+07 1.D4387E+07 1.0D4239E+07 1.036186E+07 1.02994E+07 1.DZ769E+07
1.01738E+07 8.48148E+06 B.48939E+06 ®.73950E+06 1.01127E+67 1.Q0%13E+D7 1.00870E+07 1.00746E+07 1,00145E+07 3.BBI25E+06
9.6%936E+06 92,06B50E+06 &,957331E+0§ .

20 1.25B06E+07 1.D47%0E+07 9 .84856E+06 9. 66467E+D6 9,53333E+06 9,47C19E+06 9.45526E+06 9.44997E+06 9.44407E+06 9.43B30E+0¢
9.43693E+06 9.4364%E+06 9.43604E+D6 9. 43468E+D6 9.42893E+06 9.42010E+D6 9.40538E+06 9.34387E+06 5.28030E+06 2, 2570BE+0€
9.13878E+06 6.87304E+06 &6.79945E+06 7 ,23461E+06 9._D9581E+(6 %.06310E+06 &.05732E+06 9_.04343E+06 B8.9B061E+06 B.B4AS27E+06&
B.66539E+06 8,D3493E+06 5.9333BE+D6

21 1.17904E+D7 S5.6RBYBE+06 9.D5856E+D6 B_B7469E+06 8 74335E+06 B.68029E+06 B.66555E+06 R.66029E+06 B_63461E+06 B.64854E+06
8.64766E+06 B.64739E+06 B.647L1E+C6 B,64564E+06 B.64017E+06 &.63136E+06 B.61665E+06 B.55414E+06 B.49153E+D6 B8.46750E+06
8.32752E+D6 4.82581E+06 3,44082E+06 5.40983E+06 5.30227E+06 B2.27352E+06 B5.26B34E+06 B.25369E+06 3.19068E+06 8.05935E+06
7.BT547E+06 7,24505E+06 5.14366E+06

22 1.12926B+07 %.19146E+06 B,.S56112E+06 B_37727E+06 B8 _245%5E+06 B.18292E+06 B8, 168BIQE+D6 B8.16295E+06 8.15729E+D6 B.15163E+04
8.15037E+06 &§.15011E+D6 B.14986E+06 B_14859E+06 B.142%4E+06 §.13413E+06 B.11542E+06 G§.05692E+06 7.99431E+06 7.37013E+0§
7.82630E+06 4.17574E+06 2.94200E+06 4_77968E+06 7.80418E+06 7.77623E4+06 7.77105E+06 7.75639E+06 7.69336E+06 7_.56204E+0§
7.317820E+DE &_74796E+D6 4.64676E+06

23 2.29653E+06 2_.29853E+06 3.2%653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.2%653E+06 2.29653E+06 2.29653B+06
2.29653E+06 2,29653E+D6 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+D6 2.2%9653E+06 2.25653E+D6 2.29653E+06 2.29653E+D6
2,29653E+06 2.29653E+06 1.22154E+06 2.2965E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+06 2.29653E+08
2,29653E+06 2.29653E+(C6 2.29653E+06

24 8.520C0CE+05 8.520D0E+05 B.52000E+05 8.52000E+05 ©.52000E+05 B,52000E+0S 8.S2C00E+05 B.52000E+05 B8.S2000E+0S B.S52000E+0S
8.52001E+05 §.52001E+Q5 &.52001E+05 £ 52001E+05 A.52001E+05 @,52002E+CS 8.52003E+05 B.52003E+05 2.52004E+D5 B.52005E+05S
8.52010E+05 8,52021E+05 9.03288E+05 §.52010E+05 B.52002E+05 B.52DCCE+05 8.52000E+05 3§.52000E+D5 B8.52000E+05 B.52000E+0S
B,52000E+05 B8.52000E+05 8.52000E+05

25 1.83774E+06 1.B3774E+06 1.83774E+06 1.83774E+06 1.83774E+C6 1.831774E+06 1.83774E+06 1.83774B+06 1.83774E+06 1.B3ITT4E+06
1.83774E+06 1.83774E+06 1.83774E+06 1.B83774E+06 1.B83774E+C6 1.83774E+06 1.83774E+06 1.B3774E+06 1.83774E+06 1.83774E+06
1.83774E+06 1.83774E+06 9.63391R+05 1,.83774E+D6 1.83774E+06 1.83774E+06 1.BI774E+06 1.513774E+D6 1.83774E4D6 1.B3774E+06
1.83774E+06 1. 837TTLE+OS 1.83774EDS

26 9.00000E+G5 9.00148E+05 9.00255E+0% ©9.00325E+05 9.00407E+05 9.00468E+05 35.00489E+05 9.00497E+05 9.00606E+05 9.D0B19E+05
9.01054E+05 9.01483E+05 2,01924E+D5 9.02159E+05 9.02172E+05 2.037Q7E+05 9.0516GE+05 5.C06460E+D5 9.07737E+05 9.09253E+05
9.15152E+05 9.33193E+05 9.B4E76E+D5 9. 18793E+05 9_.04285E+05 9.0Q00610E+05 5.00596E+05 9.00566E+05 5.00497E+05 5.00403E+05
9,00320E+05 S.001838E+05 5.00D0DE+DS

27 1.48191E+D6 1.48191E+06 1.48191E+06 1_481%1E+06 1_48151E+06 1.4%191E+06 1.481591E+06 1.4B151E+06 1.46191E+06 1.48191E«0s
1.48191E+D6 1.48191E+06 1.4BL91E+06 1.48191E+06 1.48191E+06 1.481%1E+06 1.48191E+06 1.4B1%1E+06 1.48191E+06 1.48151E+06
1.4B191E+06 1.48191E+06 1.25004E+06 1_48151E+06 1.4B8151E+06 1.481%1E+06 1.48191E+06 1.4B191E+06 1.48191E+D6 1.438191E+J§
1.4B191E+06 1.48191E+06 1.48191E+06

28 7.39553E+05 7.40161E+05 7.41503E+05 7.42446E+05 7.43587E+05 7.44452E+05 7.44754E+05 7.44875E+05 7.46419E+0S 7.4945BE+05
7.52BD02E+05 7.59003E+05 7.65204E+05 7.5B548E+05 7.71587E+05 7.90617E+05 8.11436E+05 @.29852E+05 8.4B0Y6E+D5 B.697B9E+0S
9.54155E+05 1.00942E+06 1.01011E+06 9.57460E+05 B.46497E+05 7.51383E+05 7.51026E+05 7.50250E+05 7.48470E+05 7.46135E+05
7.44071E+05 7.41067E+05 7.319583E+05

29 1.01355E+05 1.C1355E+05 1.01355E+05 1,01355E+05 1.01355E+05 1.01355E+05 1.01355E+05 1.01355E+05 1.013S5E+05 1,01355E+D5
1.01355E+05 1,.01355E+05 1.01355E+05 1.D1355E+05 1.C1355E+05 1.C01355E+05 1.01355E+D5 1.01355E+05 1.C13S5E+05 1.01355E+05
1.01365E+05 2,37043E+05 2.55324E+05 2,17742E+05 1.01356E+05 1.01355E+05 1,01355E+05 1.01355E+05 1.01355BE+05 1.01355E+05
1.01355E+05 1.01355E+05 1.0}355E+05

30 1.01331E+05 1.0l331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05
1.01331E+05 1.01331E+05 1.01331E+05 1,01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+C5
1.01331E+05 1.01331E+05 1.07CSDE+C5 1.01331E+05 1.C01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+05 1.01331E+(5
1.01331E+05 1.01331E+05 1.01331E+C5

31 1.01325E+05 1.D01325E+05 1.01325E+05 1,01325E+05 1.01325E+05 1.D1325E+05 1.01325B+05 1.01325E+05 1.01325E+05 1.01325E+05
1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+D05 1.01325E+05 1.01325E+05 1.013258+0% 1.0132SE405 1.01325E+05 1.0132SE+0Q5
1.01325E+05 1.01325E+05 1.C1325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.01325E+05 1.D1325E+05
1.01325E+05 1.01325E+405 1.01325E+D5

Gas pressure Pa
Layer 1

1 1.55023E+07 1,5S023E+07 1.27D22E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+{7
1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022B+07 1.27022E+(07
1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+D7 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07 1.27022E+07
1.27022E+07 1.55023E+07 1.55C23E+07

2 1.52006E+07 1.52006E+D7 1,.52006E+07 1.52006E+D07 1.52006E+07 1.52006E+4Q7 1.52006E+07 1.52006E+07 1.52006E+07 1.52096E+07
1.52006E+07 1.52006E+07 1.52006E+07 1.52006E+07 1.52006E+07 1,52006E+07 1.52D06E+D7 1,52006E+D7 1.52006E+07 1.520846E+D7
1.52006E+07 1.52D06E+D7 1.52006E+07 1.52005E+07 1.52006E+07 1.52006E+D7 1.52006E+07 1.52006E+07 1.52006E+07 1.52006E+D7
1.52006E+07 1.52006E+07 1.52006E+07

3 2.30405E+07 2.093BBE+07 2.03083E+07 2.01244E+07 1.99943E+07 1.99346E+07 1.99195E+07 1.99139E+07 1.99054E+07 1,9B89BBE+D7
1.98%67E+07 1.99950E+C7 1.9B933E+D7 1.98%912E+07 1.3908R48E+D7 1,98766E+07 1.9B606E+07 1.%7510E+07 1.96479E+07 1,.963C0CE+07
1.95982E+07 1.95652E+C7 1.95699E+07 1.35745E+07 1.95157E+07 1.9d992E+07 1.94949E+07 1.94894E+07 1.9419BE+07 1.930B9E+07
1,91250E+07 1.84945E+07 1.6&3927E+07

4 Z.19C1OE+07 1.97994E+07 1.91689E+07 1.B9B53E+D7 1.BB9D4E+D7 1.8%3C9E+C7 1.89941E+07 1.89881E+D7 1.89508E+07 1.8%36CE+07
1.89277E+D7 1.8%14€6E+07 1.89015E+07 1.8B931E+D7 1.BA774E+07 1.89051E+07 1.88852E+07 1.83940E+07 1.7%%38E+07 1,79849E+07
1.30027E+07 1.79821E+07 1.80897E+07 1.B2025E+07 1.80967E+C7 1.82551E+07 1.82550E+07 1.82B10E+07 1.82965E+07 1.816%6E+07
1.798S7E+07 1.735852E+07 1.52536E+07

5 2.,15337E+07 1,94321E+07 1.BBO17E407 1.B6lB6E+07 1.BSSS6E+07 1.86932E+07 1,89019E+07 1.88725E+07 1.87599E+07 1.87305E+07
1.87335E+07 1.B7376E+07 1.87407B+07 1,87115E+07 1,86199E+07 1.87487E+07 1.B7040E+07 1.80841E+07 1.76126E+07 1.76101E+07
1.76441E+07 1.76010E+07 1.78002E+07 1.79510E+07 1.77S41E+07 1.7903BE+07 1.79111E+07 1.7931%E+07 1.7%276E+07 1.78023E+07
1.76185E+07 1.698B0E+07 1.4B864E+Q7

€ 1.59486E+07 1.36470E+407 1.32166E+07 1.30336E+07 1.30270E+07 1.31288E+07 1.35331E+87 1,36290E+07 1.36295E+07 1.36255E+07
1.36295E+07 1.36295E+07 1,36295E+D7 1.36295E+07 1.36294E+07 1.36294E+07 1.36292E+07 1,36237E+07 1.36282E+07 1.362B0E+{7
1.362778+07 1.36274E+H7 1.3RC032E+07 1.23408E+07 1.23108E+07 1.23376E+07 1.22312E+07 1.23515E+07 1.23423E+07 1.232172E+07
1.20334E+07 1.14029E+D07 9.30132E+06

7  2.142B9E+07 1.93472E+07 1.87169E+07 1,85339E+07 1.85294E+)7 1.B&307E+07 1.%0134E+D7 1.90872E+07 1.36294E+07 1.36294E+07
1.362594E+07 1.36294E+07 1.36294E+07 1,36294E+07 1.36293E+07 1.36292E+07 1.36291E+07 1.36286E+07 1.36281E+07 1,36279E+07
1.36276E+07 1.36273E+07 1.38029E+07 1.23273E+07 1.23107E+D7 1.7B227E+07 1.78319E+07 1.78526E+07 1.78436E+07 1.77175E+07
1.75337E+07 1.65%032E+07 1.48016E+07

8 2.14326E+07 1.53311E+07 1.87006E+07 1.85176E+07 1.85172E+07 L1.86173E+07 1.89970E+07 1.50690E+07 1.362%3E+07 1.16291E+07
1.36292E+07 1.36292E+07 1.J6292E+(7 1,36292E+07 1.36292E+07 1.36291E+07 1.36290E+07 1.36285E+07 1.36280B+07 1.36278E+07
1.36273E+07 1.36272E+07 1.38026E+07 1.23110E+07 1.23106E+07 1.78074E+07 1.78165E+07 1.78379E+07 1.78263E+07 1.77012E+07
1.75174E407 1.688659E+07 1.47854E+07

9 2.14167E+07 1.953152E+07 1.B6B47E+07 1.85017E+07 1.85054E+07 1.86041E+07 1.89R09E+D7 1,90516E+07 1.36292E+07 1.36291E+07
1.36291E+07 1.36291E+07 1.3629%1E+07 1.36291E+07 1.36291E+07 1_36250E+07 1.36289E+07 1.362B2E+07 1.36278E+07 1.363T7E+07
1.36273E+07 1.36271E+07 1.37972E+07 1.23109E+07 1.23105E+Q7 1.77924E+07 1.78014E+07 1.78236E+07 1.78105E+07 1.76B53E+07
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1

1.75015E+07
. 14008E+07
. 36290E+07
L36272E+07
. 74856E+Q7
.13771E+07
.36288E+07
.3627DE+D7
. 14E19E+07
.SBAGOE+0T
-35828BE+07
-35269E+07
1.1930BE+07
2.13304E+07
1.36284E+07
1.36266E+C7
1.74151E+07
2.12758E+07
1.36279E+07
1.36262E+07
1
1
1
1
1
2
1
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.73606E+37

.57342E+D7

. 362T7E+07

. 36260E+07

.1819QE+07

-11030E+07

- 78403E+07
1.74597E+Q7
1.71878E+07
2.06435E+07
1.73731E+07
1.70178E+07
1.67283E+07
2.0DD124E+07
1.6Bl0BE+D?7
1.65100E+07
1.60972E+07
1.851755E+07
1.60276E+07
1.57390E+07
1.52647E+07
1.81459E+07
1.50022E+07
1.47041E+07
1.42307E+07
1.73557E+07
1.42130E+07
1.38928E+07
1.34408E+07
1.68572E+07
1.37157E+07
1.33916E+07
1.29435E+07
2.29653E+06
2.289653E+08
2.29653E+06
2.296531E+D6
8.60343E+05
B.60344E+05
B.E1398E+05S
B.60344E+05
1.83774E+06
1.83774E+06
1.B3774E+0Q6
1.83774E+06
1.02356E+06
1.02461E+D4
1.03871E+06
1.0238BE+06
1.48191E+0¢
1.48151E+06
1.48191E+Q&
1.48191E+06
7.39553E+05
7.52802E+05
5.54155E+05
7.44073E+05
1.01355E+05
1.01355E+05
1.01365E+05
1.01355E+05
1.01331E+05
1.01331E+05
1.01331E+05
1.01331E+95
1.01325E+05
1.01325E+05
1.01325E+05
1.01325E+05

Porosity

1

Layer 1

.00000E-0)
. 20000E-Q3
.20000E-03
.20000E-03
.00000E-03
.00000E-03
.00000E~03
.0000QE~03

[LRT N RT FFRT TR ]

1.6B710E+07
1.92323E+07
1.36290E+07
1.36265E+07
1.68551E+D7
1.92756E+07
1.36288E+07
1.36267E+07
1.68314E+07
1.37244E407
1.362B6E+07
1.36266E+07
1.13003E+07
1.92288E+(7
1.36284E+07
1.36263E+07
1,67847E+07
1.91742E4+07
1.36279E+07
1.36259E+07
1.67301E+07
1.36326E+07
1.36277E+07
1.36257E+07
1.11885E+07
1.90014E+07
1.77896E+07
1.70400E+07
1.65573E+07
1.85420E+07
1.73333E+07
1.65033E+07
1.60979E+07
1.79108E+07
1.57948E407
1.58572E+C7
1.54667E+07
1.70783E+07
1.60250E+07
1.40468E+07
1.46342E+07
1.60443E+07
1.50018E+07
1,24383E+07
1.36002E+07
1.52543E+07
1.42127E+07
1.03911E+C7
1.28103E+D7
1.47568E+07
1.37154E+07
9.74103E+06
1.23132E+07
2.29653E+06
2.2%653E+06
2.29653E+06
2.29653E+06
S.60344E+05
8 .60344E+405
8.64731E+05
8.50344E+05
1.83774E+06
1.83774E406
1.83774E+06
1.B3774E+0E
1.02370E+06
1.02504E+086
1.09893E+06
1.02374E+06
1.48191E+06
1.48191E+06
1.48191E+06
1.48191E406
7.40161E+05
7.59003E+05
1,00342E+06
7.41067E+05
1.01355E+05
1.01155E+05
2.37043E+05
1.01355E+05
1.01331E+05
1.01331E+05
1.01331E+05
1.013131E+05
1,01325E+05
1.01325E+05
1.01325E+05
1.01325E4+05

1.47693E+07 -

1.86688E+07
1.36290E+07
1.37829E+07
1.47536E+07
1.86451E+07
1.36288E+07
1.37629E+07
1.4729%E+07
1.31140B+07
1.362B6E+07
1.37455E+07
9.19B73E+05
1.85983E+Q7
1.36284E+07
1.37164E+07
1.46821E+07
1.85428E+07
1.36279E+07
1.26753E+07
1.46285E+07
1.30022E+07
1.36277E+07
1.36590E+07
9. 0BES4E+06
1.8370%E+~0Q7
1.77388E+07
1.36197E+07
1.44557E+07
1.79115E+07
1.72936E+07
1.33535E+07
1.39963E+07
1.72804E+07
1.67783%E+07
1.32623E+07
1.33652E+07
1.6447BE+D7
1.60224E+Q7
1.25577E+07
1.25326E+07
1.54139E+07
1.50013E+Q7
1.16336E+07
1.149B7E+07
.46239E+D7
.42124E+07
.72396E+06
-07030E+07
-41264E+07
-37152E+07
.94200E+06
L 02121E+07
-29653E+0€
.29653E+06
.94371E+D6
.29633E+D6
.60344E+05
-E0344EADS
-dB225E+06
.60343E+05
.83774E+06
.83774E+06
.62232E+06
.B3774E+06
.023B1E+06
.D254BE+06
,52299E+08
.02356E+06
.4B191E+0E
.4B191E+06
.78425E+086
.4B1%1E+C6
.41503E+05
.65204E+05
-02375E+Q6
.39583E+Q5
-01355E+05
~01355E+Q5
-68120E+05
-013155E+05
.01331E+05
.01321E+05
-2113BE+05
~01331E+Q5
-01325E+05
-01325E+05
.15545E+05
-01325E+05
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1.85%08E+07
1.36288E+07
1.77772E+07

1.85706E+07
1.36287E+07
1.77545E+07

1.34247E+07
1.26285E+07
1.23094E+07

1.87960E+07
1.36283E+07
1.77251E+07

1.87433E+07
1.36278E+07
1.76735E+07

1.32765E+07
1.36276E+07
1.21400E+C7

1.82037E+07
1.76665E+07
1.74893%E+07

1.75520E+07
1.72335E+07
1.70347E+07

1,69073E+C7
1.67454E+07
1.64571E+07

1.60691E+07
1.60040E+07
1.5657ZE+07

1.503558+07
1.49854E+07
1.462B4E+07

1.4245€6E+07
1.41967E+07
1.38388E«C7

1.37482E+07
1.36994E+07
1.33415E+07

2,29653E+06
2.29653E+06
2.29653E+06

8. 60344E+0D5
B.60345E+03
B.6D344E+0S

1.B3774E+C6
1.83774E+QE
1,83774E+06

1.02402E+06
1.02726E+06
1.02417E+06

1.48191E+06
1.48191E+06
1.48191F+06

7.44452E+05
7.90617E+Q5
7.51383E+05

1.01355E+05
1.01355E+05
1.01355E+05

1.01331E+05
1.01331E+05
1.01331E+05

1.01325E+0%
1.01325E+0%5
1.01325E+03

1.8%650E+07
1,36287E+07
1.77864E+07

1,89413E+07
1.36285E+07
1.77639E+07

1.35692E+07
1.36234E+07
1.23014E+D7

1.88493E+07
1.36281E+0Q7
1.77243E+07

1.87956E+07
1.36277E+07
1.76690DE+Q7

1.336€63E+07
1.36275E+07
1,21273E+07

1.B03E5E+0D7
1.76452E+07
1.74B79E+07

1.75095E+D7
1.72166E+07
1.70330E+07

1.68719E+07
1.67297E+Q7
1.64535E+07

1.60516E+07
1.59892E+Q7
1.56523E+Q07

1.50206E+07
1.49707E+07
1.46232E+07

1.43308E+07
1,41819E+C7
1.3B336E+07

1.37335E+07
1.36847E+07
1,33363E+07

2.29653E+06
2.29653E+06
2.29653E+06

8.60344F+05
8.60346E+D5
8.60344E+05

1.B83774E+0E
1.83774E+QE
1.83774E+06

1.02404E+08
1.02872E+06
1.902415E406

1.48191E+06
1.48191E+06
1.48191E+06

7.44754E+05
8.11416E+45
7.51026E+05

1.01355E+Q5
1.01355E+05
1.01355E+05

1.01331E+05
1.01331E+05
1.01331E+05

1.01325E+0%
1.01325E+0S
1.01325E+0S

1.50346E+07
1.36282E+07
1.78094E+07

1.%009BE+07

1.36280E+07
1.77882E+07

1.36259E+07
1.36279E+07
1.22651E+07

1.88501E+{17
1.36276E+07
1.77413E+07

1.87556E+07
1.36272E+07
1.76836E+07

1.33504E+07
1.36269E+07
1.21406E+0Q7

1.30087E+Q7
1.75929E+07
1.75027E+07

1.74239E+Q7
1.715B7E+07
1.70451E+07

1.68633E+07
1.66690E+07
1.64532E+D7

1.60459E+D7
1.59269E+07
1.56399E+07

1.50153E407
1.45082E+07
1.46087E+07

1.42256E+07
1.411%4E+07
1.38190E+07

1.37282E+07
1.36222E+07
1.33217E+07

2.29653E+06
2.29653E+06
2.29653E+06

B.60344E+05
B.&0347E+05
B.E0344E+05

1.83774E+06
1.B3774E+06
1.B3774E+06

1.02405E+06
1,03002E+0€
1.02412E+06

1.4B191E+D6
1.48191E+06
1.481%1E+06

7.44875E+05
8.29853E+Q5
7.50250E+405

1.01355E+05
1.01255E+Q5
1.01355E+05§

1.01331E+05
1.01331E+05
1.01331E+05

1.01325E+0Q5
1.01325E+05
1.01325E+05

1.362590E+07
1.36277E+07
1.77946E+07

1._36288E+D7
1.36275E+07
1.77709E+07

1.36287E+07
1.36274E+07
1,22398E+07

1.36285E+07
1.36271E+07
1,77243E+07

1.362B0E+07
1.36267E+07
1.76699E+07

1.36278E+D7
1.36264E+0D7
1.21284E+07

1.79067E+07
1.75402E+Q7
1.7497BE+07

1.7425BE+D7
1.71034E+07
1.704059E+07

1.68357E+07
1.656091E+07
1.64117E+07

1.60372E+07
1.58647E+07
1.5579BE+07

1.50024E+07
1.4B456E+07
1.45453%E+D7

1.42199E+07
1.40562E+07
1.37560E+07

1.37226E+07
1.35596E+07
1.32587E+07

2.29652E406
2.29653E+06
2.29653E+06

8.60344E+05
8.60348E+05
£.60344E+05

1.83774E~+08
1.83774E+06
1_83774E«06

1.02416E+06
1.03129E+06
1.02405E+06

1.48121E+06
1_48191E+Q&
1.48191E+06

7.46419E+05
8, 48096E+05
7.48470E+05

1.01355E+05
1.01355E+05
1.01355E+05

1.01331E+05
1.01331E+05
1.01331E+05

1.01325E+05
1.01325E+05
1.01325E+05

1.36290E+07
1.316275E+07
1.76634E+07

1.36288E+07
1.36273E+07
1.76457E+07

1.36287E+07
1.36272B+07
1.21146E+07

1.36284E+07
1.36270E407
1.75989E+07

1.36280E+07
1.36265E+07
1.75444E+07

1.36277E+07
1.36263E+07
1.20028E+0Q7

1.78692E+07
1.75215E+07
1.73716E+07

1.73558E+07
1.7083%E+07
1.6%122ZE+07

1.68206E+07
1.65882E+07
1.62811E+07

1.60301E+07
1.58422E+07
1.54485SE+07

1.50026E+07
1.48224E+07
1.44146E+07

1.42142E+D7
1.40328E+07
1.36246E+D7

1.37169E+07
1.35354E+07
1.31273E+07

2.29653E+06
2.29653E+06
2.29653E+06

3.60344E+05
8,6034BE+0S
B.60344E+05

1.81774E+DE
1.383774E+06
1.83774E+06

1.0143BE+06
1.032B1lE+Q6
1.02396E+06

1.48191E+06
1.48191E+06
1.48191E+06

7.49458E+0S
8. 69789E+05
7.46135E+05

1.01355E+Q5
1.01355E+05
1.01355E40Q5

1.01131E+05
1.01331E+05
1.01331E+05

1.01225E+05
1.01325E+05
1.01325E+05

5.00000E~03
5.20000E~03
5.20000E-02
5.0C0000E-03
5.GG000E-03
5.0000CE-03
5.0000CE-D3
5.00000E-03

.20000E-03
-20000E-03
-20000E-03
-00000E-02
.Q0000E-03
.00000E-03
- 00000E-03
-00000E-0D3

LR NURUNV NV ETRU ]

[LEC BT

LA

84358E+07 1.84%317E+07
36290E+07 1.36289%E+07
23108E+07 1.23104E+07
.84620E+07 1.84764E+0}7
.1628BE+07 1.36287E+Q7
.23106E+07 1.23102E+07
.29305E+07 1.29745E+07
.362B6E+07 1.362B6E+07
.23105E+07 1.23100E+07
.B4152E+07 1.84204E+07
.362R4E+07 1.36283E+07
.231C03E+07 1.23098E+07
.83606E+07 1.8351%E+07
.36279E+07 1.36279E+07
.23099E+07 1.23094E+07
.281%0E+07 1.2B041E+07
.36277E+07  1.36Z77E+07
.23096E+07 1.230%2E+07
B187%E+0T  1.8137SE+D7
77104E+07 1.76819E+07
.69502E+07 1.72081E+07
77277E+07  1.76154E+07
-72711E+07 1.72476E+07
.64975E+07 1.68142E+07
.70965%E+07 1.69677E+Q7
.67692E+07 1.67%64E+07
L5773HE+07  1.63904B+07
.B26Q0E+07 1.61327E+07
.ED199E+07 1.6C132E+07
.43048E+07 1.56780E+07
.52300E+07 1.50986E+Q7
.50000E+07 1.49942E+07
L27999E+07 1.46611E+07
.44400E+D7 1.43DB6E+07
.42111E+07 1.42055E+0Q7
.09751E+07 1.38676E+07
.39426E+07 1.3El12E+(C7
.37139E+07 1.370B2E+07
.03450E+07 1,33€35E+07
.29653E+06 2.29653E+06
.2%653E+06 2.29653E+06
L29653E+06 2.29653E+06
.6D3A4E+D5 B.60344E+05
.60349E+05  B.60345E+(S
.64697E+05 E.60507E+D5
.83774E+06 1,83774E+06
.831774E+06 1.83774E+06
.83774E+06 1.BE3774E+06
.0238BBE+06 1.02396E+06
.02571E+06 1.G2593E+06
.0BOS51E+06 1.02784E+06
L4B191E+06 1.4R191E+06
.4B191E+06 1.4B131E+06
.4B191E+0f 1.48191E+06
.42446E+05  7.43587E+05
.6B548E+05 7,71587E+(5
.67460E+05 B.46497E+05
.01355E+Q05 1.01355E+05
-Q1355E+Q5 1.01355E+(Q5
L17742E+05 1.01356E+05
LQ1331E+05 1.01331E+05
~01331E+05 1.01331E+05
-Q1331E+05 1.01331E+05
.01325€+05 1.013125E+05
.Q1325E+05 1.01325E+05
_Q1325E+05 1.01325E+05%
dimensionless
.20000E-03 5.20000E-02
.20000E~03 5.20000E-013
.20DD0OE-03 5.20000E-03
.00000E-02 5.00000E-02
.00000E-03 5.00000E-0]
.00000E-02 5.00000E-03

5.20000E-02
5.20000E-02
5.20000E-03

5.00000E-03
5.00Q000E-Q2
5.00000E-03

5.20000E-03
5.20000E-02
5.20000E-02

5.00000E-03
5.00000E-03
%.00000E-02

5.20000E-03
5.20000E-D3
5.20000E-03

$.00000E-Q3
5.00000E-03
5.00000E-D3

5.20000B-03
5.20000E-03
5.2000CE-03

5.G0000E-03
5.00000E-03
5.00000E-03

5.20000E-03
5.2Q9Q00E-03
5.20000E=-03

S5.00000E-02
5.00000E-03
5.00000E-03
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3 1,00001E-02 1.00000E-02 1.00000E-02 - 1.00000E-02 1.00001E-02 1.00004E-02 1.00004E-02 1.00004E-02 1.00001E-02 1.00000E-02
9.99999E-03 9.999B7E-01 .99975E-01 9.999G68E-03 9 99962E-03 9.99967E-03 09.99957E-01 9.99578E-03 9,89251B-03 5.99259E-03
9.99310E-03 9.99326E-03 9,99415E-03 9,99511E-03 5.99511E-03 9,33810E-03 9.9081BE-03 9.99851E-03 1,00000E-02 1.00000E-02
1.00000E-02 1.00000E-0Q2 1.00000E~-02
4 1.00000E-02 9,99999E-03 9.99999E-03 1.000CCE-02 1.00030E-02 1.00113E-02 1,00176E-02 1.00175E-02 1.00150E-02 1.00142E-02
1.00137E-02 1.00126E-02 1.00116E-02 1.00110E-02 1.00102E-D2 1.00131E-02 1.00127E-02 9.97822E-02 9.95111E-03 §.95192E-0J
9.95641E-03 9,95756B.03 9.96570E-03 5.97635E-D3 9.9725BE-03 9.98962E-03 9,99C03E~-03 9.99321E-01 9.99943E-03 9.999%%3E-03
9.9999%E-03 9.99%9%E-03 9,.39999E-03
5 9.99999E-03 9.95999E-03 9.98999E-03 1.00001E-02 1.00088E-02 1.00217E-02 1.00398E-02 1.003178E-02 1.G0292E-02 1.00273E-02
1,00276E-02 1.00280E-02 1.00283E-02 L1.00260E-02 1.00191E-02 1,00302E-02 1.00277E-02 9.98252E-03 9.94939E-03 9,95131E-03
2.95710E-03 9.95644%-03 5,%72%4E-03 9,98565E-03 9,97455E-03 9.990%0E-03 9.%91%1E-03 9.99477E-03 9.99950E-J03 9.993%58E-03
9.99999E-03 9.99999E-03 §.59995E-03
6§ 1.90000E-02 1.90000R-02 1.90000E-02 1.90001E-02 1.90098E-02 1.90227E-02 1.90S41E-02 1.90810E-02 1.0%454E-02 1.07504E-0Q2
1.97515E-02 1.07517E-G2 1.07520E-02 1.07530E~02 1.07580E-02 1.07658E-02 1.07788E-02 1.08343E-02 1.08901E-02 1.090T0E-02
1.09412E-02 1.09727k-02 7.50000E-02 9.87506E~03 9.89570E-03 1.89914E-42 1. 89925E-02 1.89953E~02 1.§9995E-02 1.90000E-02
1.90000E-02 1.90000E-D2 1,90000E-02
7 9.99699e-03 O§.9%%99E-03 9.99995E-03 1.00001E~02 1.00103E-02 1.0023%E-02 1.00SS7E-02 1.00621E-02 1.07572E-02 1.07622E-02
1.07633E-02 1.07636E-02 1.07638E-02 1_0764%E~0Z 1.07699E-02 1.07777E-02 1.07907E-02 1.08463E-02 1.09021E-02 1.09190E-02
1.09533B-02 1.098485-02 7.50000E-02 9.87504E~03 9.90962E-03 9.99120E-03 9.99236E-03 9.99520E-03 9.99948E-03 9.99998E-03
9.59999E-03 9.9999%E-03 9.9999%E-03
8 9.9%999%E-03 9.999%9E-03 9.92999E-03 1.00001E-02 1.00106E-02 1.00238E-02 1.00557E-02 1.00619E-02 2.04399E-01 2.04399E-01
2.04399E-01 2.0439%E-01 2.04399E-01 2.04399E~-01 2.04398E-01 #.98246E-02 2.04396E-01 2.04392E-01 2.04387E-01 8.98230E-02
1.00000E+00 1.00000E+00 7.50000E-02 1.00000E+00 1.0QCROE+0C 9,99127E-D3  9.99242E-03 9.99534E-03 0,99948E-01 9.99998E-03
9.99999E-03 9.99995E-03 9.99999E-03
3 9.99999E-D3 9.99999E-03 9.99999E-03 1.00001E-02 1,00103E-02 1.00240E-02 1.00557E-02 1.00618BE-02 2.04398E-01 2.04338E-01
2,04398E-01 2.04398E-01 2,04398E-01 2,04398E-01 2,04397E-01 B§.98244E-02 2.043958-01 2.04390E-01 32,043B5E-01 &,9822BE-02
1.00000E+Q0 1.DLLOOE+Q0 7.50600E-02 1,DDDODE+DD 1.00000E+00 9.99134E-03 9.9%249E-03 9.99547E-03 9.99948E-03 9.999%8E-03
9.99999E-03 9,9999%E-03 9,99999E-03

10 9.99999E-03 9.9995%E-03 9.93399E-03 1.0C001E-02 1.00L13E-02 1.00242E-02 1.00557E-02 1.00617E-02 2.04397€-01 2.04397E-01
2,04395E-01 2.043%6E-01 2.04396E~-01 2.04396E-0l1 2,04396E-01 8,98243E-02 2.043%4E-01 2.04389E-01 2,04384E-Q1 8.98227E-02
1.00000E+00 1.00000E+00 7.50000E-02 1.CQCQO0CO0E+0C 1,C00C0E+0C 9.99140E-03 9.99256E-03 9.99560E-03 9.9994BE-03 D5.99998E-03
$.99999E-03 9.99999E-01 9.09999E-03

11 9.99993E-03 9,99999E-03 9.99999E-03 1.00002E-02 1.COL18E-02 1.002d45E-02 1.00557E-02 1.00616E-02 1.08208E-02 1,08258E-02
1.08270E-02 1.0B272E-02 1,08274E-02 1,08285E-02 1.08336E-02 1.08414E-02 1.08545E-02 1.091Q4E-02 1.09665E-02 1,09836E-02
1.10180E-C2 1.10497E-02 7.50000E-02 9.92015E-03 9.96824E-03 9.59148E-Q03 9.99266E-03 9.99580B-03 9,99949E-03 9.99998E-02
9.99993E-03 2.33999E-03 9.99999%9E-03 .

12 1.90000E-02 1.90000E-02 1.90000E-02 1.90001E-02 1.90125E-02 1.9044%E-02 1.90570E-02 1.9061BE-02 1.08363E-02 1.08433E-02
1.08424E-02 1.08426E-02 1.08429E-02 1.0R440E-02 1.08490E-02 1.08569E-02 1.08700E-02 1.09259E-02 1_.09822E-02 1.09992E-02
1.10337E-02 1.10555E-02 7.SCCOCE-02 9.93433E-03 9.98249E-03 1.89929E-02 1.89941E-02 1.B9%9%61E-02 1.89995E-02 1.%0000E-02
1.%0000E-02 1.90000E-02 1.90000E-02

13 9.99999E-03 9.99999E-01 %.99999E-03 1.00000E-0Z 1.00110B-02 1.00465E-02 1.00520E-02 1.00525E-02 1.08624E-02 1.086TSE-02
1.086B6E-02 1.0868BE-02 1.08691E-02 1.08702E-02 1.08752E-02 1.08831E-Q2 1.08962E-02 1.09523E-02 1,10087E-02 1.k0258E-02
1.10604E-02 1.109%922E-02 7.500Q0QE-02 9,95834E-03 1.00066E-02 9.99Z2BBE-03 9.9%9323E-03 %.99579E-03 9.99949E-031 9.99998E-G3
9.99999E-03 9.3%999E-03 9.99999E-03

14 %.99%99E-03 5.%9999g-03 9.99999E-03 1,.00000E-02 1.00099E-02 1.00470E-02 1.00521E-02 1.00525E-02 1.09112E-02 1.09163E-02
1.09174E-02 1.09176E-02 1.09178E-02 1.09180E-0Z 1.09240E-02 1,0931$E-02 1.09452E-02 1.10015E-02 1.10581E-02 1.10753E-02
1.11100E-02 1.11420E-02 7.50000E-02 1.00031E-02 1.005L6E-02 9.9931ZE-03 9.99318E-03 9.99553E-03 9.99951E-03 9,9999BE-03
9.99999E-03 9.99999E-03 9,99999E-03

15 1.90000E-02 1.%0000E-02 1.9000DE-D2 1.90000B-02 1.50092E-D2 1.90485E-02 1.90541E-02 1.90SS0E-02 1.90730E-02 1.90737E-02
1.90738E-02 1.9073%E-02 1.5073BE-D2 1.90739E-02 1.90742E-02 1.90749E-02 1.50780E-02 1.90808E-02 1.90853E-02 1.9%0870E-02
1.90899E-02 1.90906E-02 7.50000E-D2 1.8992CE-02 1.89977E-02 1.89935E-02 1.89934E-02 1.89956E-02 1.89995E-02 1.90000E-02
1.90000E-02 1.90000E~02 1.S0000E-02

16 9.99999E-03 9.99999E-03 $.9$99%E-03 1.00000E-02 1.00066E-02 1.00170E~-02 1.00047E-02 1.00029E-02 9.99512B-03 9,99255E-032
9.99034E-03 9.98628g-03 9.%8221E-03 9.98003E~-03 9.97819E-03 9.97767E-03 9.97746E-03 9.97796BE-03 9.97875E-03 9.97877E-03
9.978BEE-03 9.%4600F-p3 7.50000E-02 9_94311FE-03 9.96529E-03 9.99225E-03 9.99251E~-03 9,99488E-03 9.99957E-03 9.99998E-03
9.999%9E-03 9.99999F-03 9.9999%E-03

17 9.99559E-03 5.99999E-03 9.99999E-03 9.99995E-03 1.00015E-02 1.00047E-02 9.99926E-03 %, 99842E-03 9,95340E-03 9.99144E-03
9.98971E-03 9.98654E-03 9.98336E-03 9.98166E-43 J.3BQ22E-Q3 9.979789E-Qd3 9.97962E-03 5,59799%E-03 9,9B057E-03 9.98052E-03
5.97828E-03 9.93981E-03 7.S0000E-02 9.94044E-D3 9.97055E-03 9.99259E-03 9,992R7E-03 9.99536E-03 9.99977E-03 9.99999E-03
9.99999E-03 9.99999E-03 §.99999E-03

18 9.99999E-03 5.99999E-03 9_99999E-03 9.99999E-03 1.00002E-02 1.00004E-02 9.99B74E-01 9.99847E-03 0,99670E-03 9.99594B-03
9.99525E-03 9.99399E-03 $.99273E-03 9.99205E-03 3.89147E-03 9.99129E-03 9.99122E-031 9.99136E-03 9,99157-03 9.99141E-03
5.98819E-03 9.92263E-03 7.50000E-02 9.93303E-03 0.98722E-03 9.99650E-03 9.99703E-03 9,99819E-03 3,.99993E-03 9.99393E-03
9.99999E-03 9.99999E-03 9.99999E-03

19 9.99995E-03 9.99999E-03 9.%9999E-03 9,999395E-03 1.00000E-02 9.99995E-03 9,99973E-C3 9.9996%9E-02 9.99944E-03 9.99833E-03
9,99923E-03 9.99904E-03 9.99885E-03 5.93875E-03 9.99866E-03 9.99864E-03 9.99862E-03 9.99864E-03 9.99867E-03 9.9%838E-03
9.9931SE-03 9.B6064E-03 4.00000E-02 9.88224E-03 9.99689E-03 0,99953E-03 9,99956E-01 9.99974E-03 9,99998E-03 9.99939E-03
9.99999E-03 9.993%9%E-03 9.359999E-03

20 9.99999E-03 9.959%9E-03 9.99999E-03 9.99999E-03 9.99999E-03 9,99998BE-03 9.99996E-03 §.39996E-03 9.9999dE-03 9.99993E-03
9.59992E-03 9.995%1E-03 9.99%89E-03 9.99988E-03 9.99988E-03 9.99987E-~03 9.999B7E-03 9.99987E-03 9.99987E-03 9.93%952E-03
$.99307E-03 9.81512E-03 4.00000E-02 9.84483E-C3 9.99826E-C3 9.9%995E~031 9.959995E-03 9.99997E-03 9.9993%%E-03 9.99999E-03
$.99939E-03 5.99999E-03 9,99999R-03

21 2.893375-D3 5.99539FE-03 9.99998F-03 9_99598E-0) $. 99999E-03 2.99%9BE~03 2.9999BE~03 9.9999BE-03 9,.99998E-03 9.9999BE-03
9.99998E-03 5.99997E-03 9.99997E-03 9.999%7E-03 9.95997E-03 9.99997E-03 9.99997E-03 9.9%%%7E-03 9.99996E-03 9.99955E-03
9.99135E-03 9.71623E-03 7.50000E-02 §.76311E-Q3 5.59797E-03 5.99997E~03 9.99998E-03 9,99999E-03 9.99999E-03 9.99999E-03
9.92999€-03 9.99995E-03 1.00000E-02

22 9.%9993E-03 9.9955%B-03 9.99998E-03 9.99998E-03 9.99998E-03 9.99998E-03 9.9993BE-03 9.99998E-03 9.9999BE-03 95.9595938E-03
9.99998E-03 9.99598E-01 9.99998E-03 9.99998E-03 9.99998E-03 9,99998E-03 9.95GYBE-01 9.99999E-03 9.999%8E-03 9.99955E-03
9.99104E-03 9.70428E-03 1.00000E-02 9,75258E-03 9.99792E-03 9.9399BE-03 §.99999E-03 §.99959E-D3 3.99999E-03 5.99999E-03
1.00000E-02 1.00000E-02 1.00000E-02

23 2.00000E-C1 2.00000E-01 2.CCOCOE-CL 2.00000E-0L 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2,00000E-01
2.00000E-C1 2.00000E-01 2.QCOQOE-GL 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 #.00000E-01
2.00000E-C1 2.00000E-01 2.5C0C0E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01
2.00000E-01 2.00000E-01 2.Q0000E-Ql

24 1.46000E-01 1.4600QE-01 1,460D0E-01 1.48000E-01 1.46000E-01 1.46000E-Q1 1.46000E-01 1.46000E-01 1.48000E-01 1.46Q00Q0E-Q1
1.46000E-01 1.46000E-01 1.46000E-D1 1.46000E-01 1.46000E+-01 1.46000E-01 1.4600CE-01 1.46000E-01 1.46000B-01 1.46Q0Q00E-01
1.46000B-01 1.45000E-01 2.50000E-01 1.46000E-01 1.46000E-01 1.46000E.C1 1,4600CE-01 1.46000E-01 1.46000E-01 1.46000E-01
1.46000E-01 1.46000E-01 1.46000E-01

25 2.00000E-01 2.00000E-D1 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.0000E-DL
2.00000E-01 Z2.00000E-C1 2.0C000E-01 2.00000E-01 2.00000E-01 2,0DO0DE-D1 2.00000E-01 2.Q0000E-Q1 2,.0000CE-OL 2.00000E-01
2.00000E-01 2.00000E-01 2.50000E-01 2.0000CE-01 2,00000E-01 2.0C00CDE-01 2.000Q0E-Q1 2.00000E-Q1 2.0CCCOE~O1 2.00000E-0O1
2.00000E-01 2.00000E-01 2.00000E-01

26 9.00000E-02 9.0000CE-02 9.00001E-02 9.00001E-02 9.00001E-02 9.0C001lE-02 9.00001E-02 9.00001E-02 9.00001E-02 %.00C02E-02
9.00002E-02 9.00003E-02 9.00004E-02 9.00004E-02 9,00005E-02 9.00007E-02 9.00010E-02 9.00013E-02 9.00015E-02 9,00C18E-02
%.00030E-02 9.00066E-02 2.50000E-01 9.00037E-02 9,00008E-02 9.CCO0lE-02 $.00001E-02 9.00001E-02 9.00001E-02 9.00CCLlE-Q2
9.00001E-02 9.00000E-02 9.00000E-02

27 2.00000E-01 2.00000E-01 2.Q0000E-01 2.0CQ000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2,00C00E-01 2.00000E-01 2.00000E-Q1
2.00000E-D1 2.00000E-01 2.0Q000E-Q1 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01
2.00000E-01 2.CO000E-01 2.500008-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01 2.00000E-01
2.00000E-01 2.00000E-01 2.C00OBE-01
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28 1.50000E-01 1.50006E-01 1.50020E-01° 1.50029E-01 1.50041E-01 1.50049E-01 1.50052E-01 1.50053E-01 L1.50069E-01 1,5003%E-01
1.50133E-01 1.50193E-01 1.50257E-01 1.50290E-01 1.50321E-01 1.50512E-01 1.50721E-01 1.50906E-01 1.51090E-01 1.513C8E-C1
1.52162E-01 1.52723E-01 2.50000E~01 1.52297E-01 1.51073E~01 1.50119E-01 1.50115E-01 1.50107E-01 1.500B9E-O01 1.5006GE-01
1.50045E-01 1.50015E-01 1.50000E-D1
22 1.50000E-C1 1,.50000E-01 1.50000E-01 1.50000E-01 1.50000E-01 1.50000E-01 1.50000E~01 1.50000E-01 1,50000E-01 1.50000E-01
1.50000E-01 1.50000E-01 1.50000E-01 1.50000E-01 1.50000B-01 1.50000E-01 1.50000E-01 1.50000E-0l 1.50000E-01 1.50000E-01
1.50000E-01 1.51363E-01 2,50000E-01 1.51169E-01 1.50000E-01 1.50000E-01 1.50000E-01 1.50000E-01 1.50000E-03 1,50000E-0L
1.50000E-01 1.50000E-01 1,50000E-01
30 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.7S5000E-01
1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.7S000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01
1.75000E-01 1.75000E-01 2.50000E-01 1.75000E-01 1.75000E-01 1.7S000E-~01 1.7S000E-01 1.75000E-01 1,75000E-01 1.75000B-01
1.75000E-01 1.75000E-01 1.75000E-01
31 1.75000B-01 1.75000E~01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75C00E-01
1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.7S000E-01 1.75000E-01 1.75000E-01 1.75000E-01 1.75000E-01
1.75000E-01 1.75000E-01 2.50000E-01 1.75000E-01 1.75000E-01 1.7S000E-01 1.75000E-01 1.75000E-01 1.75000E-0lL 1.75000B-01
1.75000E-01 1.75000E-01 1.75000E-01

Gas saturation fraction void wvoluma
Layer 1 .

1 0.00000E+00 ©.CO000E+00 0.0Q00Q0E+0Q0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+0C 0.00000E+00 0.00000E+00
0.00000E+00 ©.CO000E+00 0.00000E+00 0.DDDOOE+00 0.00000E+00 0.00000E+00 0.00000E+Q00 0.00000E+00 0.00000E+D0 O.00000E+00
0.00000E+00 0.CBO000E+00 0.00000E+00 0.0D000E+00 0.00000E+00 0.00000E+0Q 0.00000E+00 0.00Q00E+00 ©.O0DOOOE+00 O.00000E+0Q
0,00000E+00 0.00000E+U0 0.00000E+0Q

2 0.00000E+00 0,00000E+00 {Q.00000E+00 0O.00000E+00 0O.00000E+00 0.00000E+00 O_00000E+00 O.00000E+00 O,00000E+00 O.000D0E+0Q
0.00000E+00 0,00000E+00 0.00000E+00 0Q.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0,00000E+00 O.Q00000E+00
0.00000E+00 (,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 O.0RO00E+00C O.Q00000E+00
0.00000E+00 {.0Q0000E+00 0.00000E+00

3 0.00000E+00 0.00DDDODE+00 0.000QQQE+00 0.00000E+00 0.00000E+00 0.00000E+00 0,Q0000E+00 0.00000E+00 C.000DDE+00 O.QO000E+00
0.00000E+00 0.000DDE+00 4.930S4E-31 0.00000E+00 0.00000E+00 O0.00000E+00 O0.00000E+00 {,QQQQ0E+00 0,00000E+00 O.00000E+00
0.00000E+00 0.00000E+D0D  0Q.00000E+00 0.00000E+00 0.00000E+00 0.0QQ000E+00 0.00000E+00 0O.0000QE+00 ¢.00000E+0C O.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00

4 0.00000E+00 0.00QO000E+00 0.00000E+00 0.00000E+00 0,QQ0QQQE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0CO00E+00 O.00000E+00
9.48650E-20 0.C0000E+00 (.QO000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0GOOOE+00 0.Q0000E+0Q
0.00000E+00 0.00000E+00 0.000QQE+00 0.00000E+00 0.00000E+00 O0.0000CE+0) O0.00000E+00 0Q.00000E+00 0,00000E+00 O.00A00E+00
0.00000E+D0 (.00000E+00 0.00000E+00Q :

5 0,00000E+00 0.0COO00E+Q0 0.00000E+00 0.00000E+00 0.00000E+D0 0.000D0DODE+00 0.00000DE+00 0.00000E+00 0.C0000E+00 Q.QQQ00E+00
0.00000E+00 0.0C00DE+00 0.00000E+00 2.505R3E-25 0,00000E+00 0.00000E+00 0.00000E+00 6.94210E-25 6.60230B-22 4.12323E-21
1.95807E-23 7.43361E-22 0.00000E+00 0.00000E+00 0,00000E+00 1.02431E-20 4.01%48E-22 1.87356E-25 1.71072E-32 0.00000E+00
0.00000E+00 C.00000E+00 O.00000E+00

& 0.00000E+00 0.00000E+00 0.00ODOE+00 0.0000DE«00 0.00000E+00 0.00000E+00 1.60346E-01 2.32716E-01 3.9B027E-01 4.72983E-01
3.08B345E-01 1,.607R4E-67 1.76881E-51 3.04652E-01 4,.73016E-01 3.39591E-01 3.65605E-01 5.35839E-01 6.44542E-01 &.27653E-01
6.00413E-01 9.07602E-01 1.87087E-01 5.12414E-05 4.16611E-01 1,36254E-01 0.00000E+00 0.00000E+00 0.C0000E+00 ©.00000E+00
0.00000E+00 0.00000E+00 O.00000E+00

7 0.00000E+00 0.0000CE+00 0.00000E+00 0.00000E+00 0.00000E+00 O0.00000E+00 5.13830B-25 2,76595E-25 9.35904E-01 9.35883E-01
9.35584E~01 9.333B3E-01 9.32677E-01 9.33448E-01 9.34619E-01 9.34073E-01 9.34201E-01 9.36998E-01 9.41756E-01 9.41874E-01
9.38738E-01 9.56532E-01 1.9094%E-01 5.52316E-05 9.37504E-01 0.00000E+00 0.00000E+00 O0.00000E+00 0.00000B+00 0.00000E+Q0
0.00000E+00 0.00C0OE+00 {.00000E+00

B 0.00000E+00 0,00Q00E+00 0.00000E+00 0.00000E+00 0,00000E+00 0.00000E+00 0.00000E+00 0.0Q0000E+00 1.00000E+00 1.00000E+00
1.00000E+00 1.0CO00E+00 1.00000E+00 1.00000E+00 1.00000E+00 9.05007E-01 1.00000E+00 1.00000E+00 1.00000E+00 9.37407E-01
9.94375SE-01 9.93391E-01 1.95548E-01 &.76521E-01 9.85132E-01 0.00000E+00 O0,00000E+00 0.00000E+00 0.00000E+00 0©.00000E+00
.00000E+00 0.000COE+00 0.00000E+00

% 0.CO0000E+00 0.00000B+00 0.00000E+G0 0.00000E+D0 0.00000E+00 0.00000E+00 O0.00000E+00 5,16493E-26 1,00000E+00 L.00000E+0Q
1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+00 1.00000E+Q0 7.84%43E-01 1.00000E+0C 1.00000E+00 1.00000E+D0 8,7316BE-01
9.B3606E~01 9,81544E-01 1.98514E-01 9.74431E-01 9,81166E-01 1.00159E-26 0.00000E+00 0.00000E+00 0.00000E+00 O0.00000E+00
0.00000E+0D0 0.0000QE+00 (O, 00000E+00

10 ©.00000E+00 0.0000DE+00 0.00000E+00 0.00C0CE+00 O0.0D000E+00 0,00000E+00 2,7954lE~26 9.16524E-28 9.99992E-01 ©.99996E-01
9.99%978-01 9.99996E-01 9.99995E-01 9.99996E-02 9.99996E-01 7.B2156E-01 9.99996E-01 9,99996E-01 9.99996E-01 7.81436E-01
9.76738E-01 9.76368E-01 1.98998E-0%L 9.75%33E-01 9.75860E-01 1.11182E-25 0.00000E+00 O0.O00G0OE+00 0.0000CE+D0 O.00000E+00
0.00000E+00 0,00000E+00 0,00000E+00

11 ©.00000E+00 0.00000E+00 0.00000E+00 0.0000CE+00 O_00000E+00 0O,00000E+00 0,00000E+00 0.00000E+00 9.17241E-0% 9.27666E-01
9.30782E-01 9.25451E-01 9.24442ZE-01 9.26393E-01 9.26995E-01 9.24754E-01 5.26%64E-01 9.27173E-01 9,26245B-01 9.24090E-01
9.24158E-01 9.34944E-01 2.00039E-01 9.23571E-01 9.18874E-01 5.77922E-21 1.62548E-24 0.00000E+00 0.00000E+00 0.00000E+QQ
0.00000E+00 0.000D0E+D0 0. 00000E+00

12 0.00000E+00 0.00000E+00 0,00000E+00 0.0000CE+00 1.36325E-01 4.49265E-01 d.57099E-01 4.58350E-01 ¢.12310E-01 9.21014EB-01
9.23783E-01 9.19353E-01 9.18423E-01 9.19912E-01 9.20454E-01 9,20370E-01 9.20433E-01 9.20615E-01 9.19977E-01 9_20004B-01
9.200S2E-01 9.29459E-01 2.00042ZE-01 9.19902E-01 9.16236E-01 3.62181E-01 3.10533E-01 5.34954E-02 0.00000E+00 O,QQ000E+00
0.00000E+00 0.0CC00E+0C 0.00000E+0O v

13 C.0D000E+Q0 0.0000CE+00 0.00000E+00 ©0.0000DE+00 1.11296E-23 1.47266E-25 0.00000E+00 13.56128E-26 9.1276BE-01 9.21304E-01
9.24017E-01 9.19740E-01 9.18787E-01 9.20224E-01 9.207S6E-01 9.20676E-01 9.20737B-01 9.20914E-01 9.20294E-01 9.20321E-g1
9.20368E-01 9.29511E-01 2,00143E-01 9.20244E-01 9.16648E-01 2.49748E-24 0.00000E+00 8.09424E-25 0.00000E+00 0.00000E+00
0.00000E+00 0.0000CE+00 0O.00000B+00

14 ©.0000QE+00 0.0Q00DE+00 0.00000E+00 Q.Q0Q00E+00 6.01515E-28 2.56096E-26 6.59957E-24 0.00000E+00 ©,233%6E-01 9.27556E-01
9.29025E-01 9.27364E-01 9.26840E-01 9.27014E-01 9.27301E-01 9.27260E-01 9.27296E-01 9.27385E-01 9.271%2E-01 9,27211E-01
5.27228E-01 $.30710E-01 2.47435E-02 9.27625E-01 5.25967E-01 O0.00000E+00 5.84026E-24 1.E9400E-26 0©.0C000E+00 O.00000E+00
0.00000E+00 0,00000E+00 0.00000E+00

13 0.00000E+00 0.QQO000E+00 0.Q0Q00E+00 0.00000E+00 4.137SSE-04 2.40442E-01 3.54805E-01 1.96463E-01 4.226B9E-01 4.14948E-01
4.16266E-01 4,15907E-01 4.15558E-01 4.17125E-01 4.19410E-01 4.19720E-01 4.20467E-01 4.22941E-01 4.249%22B-01 4.25655E-01
4.27689E-01 4.65929B-01 2.63062E-02 3.89702E-01 3.54552E-01 5.51944E-02 0.00000E+00 0.00000E+00 0©.00000E+00 0.00000E+00
0.00000E+00 0©.CCODOE+00 0.00000E+00

16 0.00000E+D0 (.COOOOE+00 0.0Q000E+00 0.00000E+00 1.02898E-25 O0.00000E+00 1.33127E-26 0.00000E+00 4.63401E-26 4,92173E-24
0.00000E+00 0.0C000E+00 3.91437E-36 3.07067E-25 2.95471E-27 2.87274E-33 0.00000E+00 0.00000E+00 0.00000E+00 0O.00000E+00
0.00000E+00 (,00000E+00 3.91672E-02 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0©.00000E+00 0.00000E+00
0.00000E+00 0©.00D000E+00 0.00000E+00

17 0.00000E+00 0.0CO0OE+00 0.00000E+0Q 0.00000E+00 0O.00000E+00 1.28640E-26 0.00000E+00 0.00000E+00 O.00000E+DD O.00000E+00
1.21625E-27 0,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 6.049%29E-02 0.0D0000E+D0 0.00000E+0Q0 0.00000E+00 0.00000E+00 0.00000E+00 0,00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.0Q000E+QQ

18 ©0.00000E+00 ©.00000E+00 0.00000E+0Q0 0.00000E+00 0.D000DE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+G0
4.39144E-31 0,00000E+00 0.Q0000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+0C 0.00000E+00 0.00C00E+0DD
0.00000E+0C  0.00000E+00 1.03243E-01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+CC 0.00000E+0D0 0.DDO0OE+DO

19 0.00000E+0C 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0O.00000E+00 0.00000E+00 0,00000E+00 0.00000E+00 {.CQ0000E+00
0.00000E+00 0©.00000E+00 0.00000E+00 0,00000E+00 0.00000E+00 0.00000E+0Q0 0Q.00000E+00 0.00000E+00 O.00000E+Q0 0,00000E+00
0.00000E+00 0.00000E+00 1.36216E-01 0.00000E+00 0.00000E+00 ©O.0DD000E+D0 0.00000E+00 0.00COOE+00 O.00000E+00 O, DDDDDE+OD
0.00000E+DC 0,00000E+00 0.00D00E+DD

20 0.00000E+0C C.00000E«Q0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0O.00000E+00 0.00000E+00 0.00000E+00 0.0000O0E+00
0.00000E+00 0.00000E+00 0.0D0000E+D0 0.00000E+00 0.00000E+00 0,0D0000F+00 0.00000E+00 0.C0000E+00 0O,00000E+Q00 0.00000E+0DD
0.00000E+00 0.00000E+00 2.11703E-D1 0,00000E+00 0.00000E+00 0.00000E+00 O.00000E+00 0.000G0E+00 O.00000E+Q0 0,00000E+00
0.00000E+00 0.00000E+00 0.00000E+00

21 0.00000E+0C0 0.00000E+00 0.Q0000E+00 C.CCOOOE+00 0,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 ©.00000E+00
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0.00000E+00 0.00000E+00 (.00DDDDE+0C ~ 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 C.00000E+D0 0,00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 1.306%7E-01 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0,00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00DDOE+0O
22 0.00000E+00 0.00000E+00 0.0000DE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00CCOE+D0 0.00000E+00 0.00000E+Q0
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00CC0E+D0 0.00000E+00 0.00000E+00
0.00000E+D0 0.00000E+00 4.46627E-01 0.00000E+00 O0.00000E+00 O.00000E+00 0.00000E+00 G.00C0CE+00 0.00000E+00 0.00000E+00
0.000C0E+00 0.00000E+00 0.000D0E+00
23 0.00000E+00 Q.0DO0OE+0D 0,00000E+00 0.000QCE+00 0.000Q0E+00 Q.00000E+00 0.00000E+00 0.000CCE+00 0.00000E+00 0.00000E+0Q
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
4.34262B-72 1.56014E-13 4.70994E-0% 1.08343E-13 4.39973E-73 0.00000E+00 0.00000E+00 0©.0C000E+0O 0.00000E+00 0.00000E+00
0.0DOOOE+00 0.00000E+0D  ©0.0D0000E+30
24 0.C0000E+00 (0.0000CE+DG 0.0QQ0000E+0Q0 0O.00000E+Q0 0.00000E+00 Q,00000E+00 0.00000E+0C 0.00DDOE+DC O.00000E+00 O©.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 O0.00000E+00
€.34080E-02 2.04146E-01 3 _.16650E-02 2.0141SE-01 1.0644BE-02 0.00000E+00 0.00000E+00 0.00000E+0Q O.00000E+00 0.00Q00E+00
0.00000E+00 0.00C00E+00  0.00000E+00
25 0.00000E+00 0.000CDE+0D 0.00000E+00 0.0D000E+00 0.00000E+00 0.00000E+0C O,0C000E+0Q 0.00000E+00 0,00000E+00 0.00000E+0D
€.00000E+00 0.00000E+00 0.000Q0E+00 0.00Q00E+00 0.00000E+00 0.000CCE+0C 0.CCOCOE+00 0.00000E+00 0.00000E+0C 0.00000E+00
1.36888E-71 2.33614E-13 4.05029E-02 1.62232E-13 1,7373CE-72 C.0CCCOE+00 C.CODOOE+00 0.00000E+00 0.00COCE+0C 0.00000E+Q0
0.00000E+00 0,00000E+00  0.00000E+00
26 0.00000E+00 (0.CCOOO0E+00Q O.00000E+00 ©O.00000E+00 O.CCCCOE+0C O©.QOQCOE+QC O.QU000E+0Q0 0.0Q000E+00 0,00000E+0C 0.00000E+00
0.0C000E+Q0 0.00000E+00 0,00000E+00 0,00000E+00 O,0CCO0E+00 0.00DDDE+00 0.00000E+00 0.00000E+00 0,0Q000E+00 0.00000E+00
6.14066E-70 1.4BE6E7E-01 2.59667E-02 1,37372E-01 2.4561BE-32 O0.J0000E+00 0.00000E+00 ©.00Q000E+00 1.05B50E-d42 0.00000E+00
¢.00000E+00 (Q.00000E+00 0O.0D000E+00
27 0.00000E+00 ©.00000E+00 0.00000E400 0.0C000E+00 C.COO00E+0C 0.0QO00OE+00 0,00000E+00 ©.00000E+00 C.O00ODDE+00 0©.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 C.00Q0QE+00 O©.0CCDOE+00 0.00000E+00 0.00000E+00 0.0QC0DE+0C 0.00000E+00
6.61621E-71 4,35605E-14 2.64837E-02 3.02503E-14 9.11929E-72 [.00CCOE+00 O.000COE+0Q 0.00000E+Q0 O.C0COOCE+CC 0.00000E+00
0.00000E+00 ©0,00000E+00 0.00000E+00
28 0.CCCOQE+00 0.00000E+00 0.40903E+33 O§.00CODE+D0 ©.COCQOE+C0 O.COCCQE+00 0.00CCOE+00 0.00000E+00 0.00CODE+0¢ 0.00000E+00
©.00C00E+00 0.00C00E+00 O.0OODOE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 C.0000QQE+00 J.00G00E+08 ©.00000E+00
9.13391E-70 2.1383dE-17 1.57561E-01 1.55333E-17 3.62872E-32 {.00000E+00 0.00000E+00 ©.00CQQE+00 0.{Q0Q00E+00 ©.00000E+00
0.00000E+00 0.0CCCOE+QC 0.00000E+QQ
2% 8.00000E-01 8,00000E-01 &.00000E-0C1 B.00000E-01 8.00000E-01 ©.00000E-01 &.00000E-01 B.000COE-01 8.00000E-01 8.00000E-01
‘8.00000E-01 8.C00CCE-01 8.00000E-O1 8.0D000CE-O1 R.DODDOB-01 B.0DODODE-D1  8.00000E-01 8.000CCE-01 §.00000E-01 7.99944E-01
2.75220E-01 1.13202E-01 B§.§2647E-02 1.22603E-01 5.46265B-01 B.00Q00E-01 8.00000E-01 8.0000CE-01 8.00000E-01 8.00000E-01
8.00000E-01 &.CQOCQQ0E-01 &8.00000E-01 t
3¢ 8.00000E-01 8.C0000E-0l §.00000E-01 8.00000E-01 @.00000E-01 A.00000E-01 8.00000E-C1 8.0CCOOE-01 &.00000E-01 8.00000E-01
8,00000E-01 8.0O0CCOE-01 8.00000E-01 §.00000E-01 A.00000E-01 B8.00000E-01 B.DOODOCE-O1 @2.00000E-01 &.00000E-01 8._00000E-01
7.99999E~Ql 13.06318E~01 1.90771E-01 3.34823E-01 8§.00000E-01 H.00000E-01 &.00000E-01 8.C0000E-01 8.Q00D0E-01 8.00000E-01
8.00000E-01 8.00000E-01 2.004000E-01
31 8.00000E-01 8.00000E-01 8.00000E-D1 @.00000E-01 B8.000COE-01 A.00000E-01 8.0C000E-01 &£.00000E-01 B.D0000E-01 &.00000E~01
8.00000E-01 8,00000E-01 8.00000E-01 8,Q0CQ0E-Cl 8,CCOCOE-01 8,000CCE-CL 8.0000CE-01 8.00000E-01 8.000CCE-01 - 8.00080E-01
8.00000E-01 2.00000E-01 2.00300E-01 B8.00000E-C1L ©.C00COE-C1 8.0CCOCE-C1  8.C0COCDE-O1  B.QO00QOE-0L B.00000E-01 B.00000E-O1
8.00000E-01 8.CO0000E-01 8.00000E-01
Fe concentration —-- simple model kg /"3
Layar 1
1 0.00000E+20 O©.00000E+00 0.0000CE+0OC C.O0000DE+00 0.00000E+00 0.00000E+D0 ©.0000DE+00 0.00000E+0C O.00000E+0C ©.(QQCCOE+00
0.00000E+00 0.00000E+00 0.00000E+0C ©.0CCOOE+00 0_00000E+00 O._000QDE+0C O.CO0000E+00 0Q,Q00000E+0C O.0Q0000E+00 O.00000E+00
0.00000E+0C 0.000C0E+00 0.00COCE+0C O.00000E+CQ 0.0000Q0E+Q0 0.0Q0C0E+Q0 O.00000E+00 0.00000E+00 O.00000E+00 O.00000E+0Q
0.00000E+00 ©.00000E+00 0.0CQDQOE+CO
2 0.00000E+00 0©.00000E+00 C©.0000CE+00 0.00000E+00 0.000DOE+00 O0.00000E+00 0.00000E+00 0.0C0COE+00 0.00000E+00 O.00D00E+00
0.00000E+00 0.00000E+00 0©.0CCCOE+00 0.00000E+00 0.00000E+00 0.00000E+00 O.00000E+00 ©.000CQE+00 0.00000E+00 0.00000BE+{0
0.000Q0E+0C 0.00000E+00 0.OC0OOE+00 O0.00000E+00 0.00000E+00 0.00000E+00 0.00000©B+00 0,00000E+00 0.00000E+00 O.00000E+00
0.00000E+0C 0.00000E+00 0.00000E+00
3 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000B+00 0.00000E+00 0.00000E+DO 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 ©.OCOOOE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.CQ0C00E+00 ©O.0000CE+Q00 0.00Q000E+030
0.00000E+00 0.00000E+0C 0.00000E+00 0.00000E+00 O_00000E+00 O0.00000E+00 O.00000E+00 O.QQQQQE+00 O.00000E+00 0.00000E+00Q
0.00000E+CO 0.00000E+00 0.00000E+00
4 0.00000E+00 0.00000B+00 0Q.QQCQCE+C0 0.00000E+0Q0 0.00000E+00 0.00000E+00 0.00000E+00 ©.00000E+00 0,00000E+00 0.00000E+00D
0.00000E+00 0.00000E+00 ©.00000E+00 0.00QQ00E+00 0.00000E+00 0,00000E+00 0.00000E+00 ©.COO00E+00 0.00000E+00 0.00000E+00
0.0000DE+00 0.00000E+0C ©.00000E+00 0.00000E+00 0.00000E+0Q0 O.00000E+00 0.J0000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000B+0C0 0.00000E+00
5 0.00000E+00 0.00000E+0C 0.00000E+00 O0.00000E+00 O0.00000E+00 0O.00000E+00 0.00000E+00 0.0Q00CE+00 0,.00000E+00 0.00000E+00
0.00000E+00 0O.00D00E+QC ©.00000E+00 0.00000E+00 0.00000E+00 0O.00000E+00 0.00000E+00 0,0CC0CE+00 0.00000E+00 {.00000E+Q0
0.000C0E+0D0 0.0000CE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0CCCOE+00 0.00000E+00 O.00000E+00
0.00000E+00 0.0000CE+00 0.00000E+00
6 0,00000E+Q0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0000CE+00 0.00000E+00 O.00QG00E+00
0.00000E+00 0.00000E+Q0 0.00000E+00 0.000C0E+0C 0.00000E+00 0.00000E+00 0.00000E+00 0.00CCCE+00 0.00000E+00 0O.C00000E+0Q
0.00000E+00 0.000COE+00 0.00000E+00 0O.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 ©C.000COE+0Q0C 0.00000E+0Q 0O.00000E+00
0.00000E+00 0.00COOE+00 0.00000E+00
7 0.00000E+00 0.0C0O0E+00 0.00000E+00 0.0000CE+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0CCOCE+00 0.00000E+00 O.00DOOE+00
0.0Q0003E+G8 0, 00000E+00  0.00000E+00 0.000C0E+00 0.00000E+00 0.00000E+00 0.00000E+00 0©.COC00E+00 0.00000E+00 0.00000E+00
0.00000E+00 0,00000E+00 0.00000E+G0 0©.00000E+00 C.0QCQCE+0C 0.0Q000E+0QC ¢.C00003E+58 0.20O0COE+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.GOCGCE+CD
8 0.00000E+C0 0.00000E+00 O0.COODCE+0C 0.00000E+00 O0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 3.7%716E+01 1.47250E+02
1.47119E+02 1.56897E+02 1.47259E+02 &.5B417E+01 1.47237E+02 0.00000E+00 1.35983E+02 1.47181E+02 1.47585E+02 0.0000DE+0C0
0.00000E+00C  0.00000E+00 ©,00000E+00 0,00000E+0D 0.00000E+Q00 O.000Q0E+0C 0O.00000E+00 0.0000CE+00 0.00000E+00 0.C0Q000E+00
0.00000E+00 0.00000E+00 0.0CCODE+0OO
3 ©0.00000E+00 0.00000E+00 0.00000E+00 O0.0000CE+00 0.00000E+00 0.00000E+00 0.0Q000E+0C O©.CCCUOE+00 1.43772E+02 1.5670DE+02
1.56700E+02 1.558700B+02 1.56700E+02 1.56700E+02 1.56700B+02 0.00000E+00 1.56700E+02 1.56700E+02 1.56700E+02 (.00000E+00
0.00000E+00 0.00000E+G0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+0C 0,00000E+00 O.00000E+00 ©0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
10 0.00000E+00 0.00000E+00 0.00000E+Q0 0Q.0Q000E+00 0.0D000E+00 0.00000E+0C 0.0CCCCE+D0 0.00000E+00 4.91939E+01 1.2Q0899E+02
1.21040E402 1.0%141E4+02 1.00650E+02 9.40696E+01 9.89393E+01 0.0000CE+00 8.5B573E+01 8.63110E+01 1.C4335E+02 0.00000E+00
0.0000CE+00 0.000CCE+00 0.COC0DE+00 0.00000E+00 0.0CGO0CCE+0C C.COCCUE+00 O©.00000E+00 0.00000E+00 0.0CO00E+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
11 0.000CCE+00 0.00000E+00 0.00000E+00 0.00000E+00 O.0COUOE+00 0.00000E+0Q0 0.00000E+Q0C 0.00000E+0C 0.00000E+00 0.0DOODE+00
0.000C0E+00 0.000CCE+00 0.00000E+00 0.00000E+0C ¢,Q0000E+00 0,0DQQC0E+00 0.00000E+00 0.00000E+00 0.00000E+00 0O.00000E+DO
0.00CCOE+00 0,000C0E+00 0.00000E+00 0.CCCO0E+CC 0.00000E+00 0.00000E+00 0.00000E+0Q 0.00CO0CE+00 0.00000E+00 0.00000E+00
0.0C000E+00 0.00CCOE+00 0.00000E+00
12 0.00000E+00 0.000COE+00 0.00D000E+00 O.0C000E+00 0.00000E+00 0.00000E+00 0O_00000E+00 0,00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00COOE+00 O._D0OQ0DE+00 ©.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
0.0C000E+00 0.C0000E+0Q0 0.00000E+00 ©,00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0CCO0E+00 0.00000E+00 0,00000E+Q0
0.C0000E+00 0.CCO000E+00 O.00000E+0Q
13 0.00000E+00 ©0,00000E+00 0.00000E+0C 0.00000E+00 0.00000E+00 0O.00000E+00 0.00000E+0C O0.0CO0CE+00 0.00000E+00 0.00000E+00
C.00000E+00 0.00000E+00 0.COCCOE+CC 0.000COE+00 ©.00000E+00 0©.00000E+00 0.00000E+00 0.00CCOE+00 0.00000E+00 0.00000E+00
C¢.00000E+00 0.00000E+00 0.D00QCE+Q0 ©.00000E+00 0.00000E+00 0.00000E+0Q Q.00000E+00 0.00000E+00 0.00000E+00 0. 00000E+00
0.00000B+00 0,00000E+00 0.CO00CE+O0
14 0.00000E+0C 0.00000E+00 OC.CCOCCE+00 O©.0CO0CCE+00 0O,00000E+00 0©.00D00E+00 0.00000E+00 0.0000CE+00 ©0.0O000E+00 0.00000E+00
0.00000E+00 0.00000E+D0 (©.Q0QCQE+DD 0.00000E+00 0.00000E+Q00 0.00000E+0D0 0O.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00
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0.00000E+00

0.000CCE+CC O.00000E+00 -

0.00000E+00 0.000DDE+00 0.00000E+00
15 ©.00000E+0# 0.000C0E+0C 0.00000E+00
@.00000E+00 ©.DODODE+O0 0.00000E+0Q
0.00000E+00 0.0000DE+D0 0.00000E+00
0.0000QE+00 0.00000E+030 O0.00000E+00
16 0.Q0Q0QE+00 0.00000E+00 O.00000E+00
0.00Q00E+00 ©0.0Q0ODDDE+00 0.00000E+00
0.00000E+00 O.CQODDDE+00 O.00000E+00
0.00000E+DD (,00000E+00 0.00000E+00
17 0.00000E+00 0.O0DDDDE+00 (Q.000Q0E+00
0,0Q000E+00 0.0CCODE+00 0O.00000E+00
0.00000E+00 0,00CODE+00 O.00000E+D0
D.00000E+00 §.CCODDE+00 O,00000E+DO
18 0.00000E+00 ©.COODDE+DQ 0.00Q0Q0E+00
0.00000E+DD 0O.0CDDDE+C0 0O.000Q0E+00
0.0D000E+D0 0Q.CCODDE+00 ©O.00000E+0D0
0.DOCOOE+OD O,00000E+00 0.00DDOE+D0
19 0.00000E+00 C.OCDDDE+DD 0.0Q0D00E+00
0.00000E+Q00 0.000COE+OD 0.000QDE+0OO
0,00000E+00 (.000GDE+DQ0 0O.0C0000E+00
C.DDODOE+00  D.DOOCCE+DD 0O,0DDOOE+DD
20 0.0DDDOE+D0 0.000CCE+00 D.ODDOOE+QO
0.00000E+00 0.000GCE+00 0.0C0000E+Q{
0.00000E+00 D0.00000E+0Q0 O.00000E+00
0.00000E+00 ¢Q.00000E+00 0.0D0OQE+00
21 O0.0DDDDE+0QC O.Q0000E+00 D.ODODPE+0QQ
C.CODDDE+0O0 O.00DDUOE+0QO 0.QDDDDE+DD
0.0000DE+00 0.00000E+80 D.(QQ000E+00
0.00000E+00 0.00000E+QC D.QDQQQE+0D
22 0.00000E+Q0 0.00000E+0C D.ODDDOE+0Q
0.00000E+00 0.00000E+0C ©D.0QO0DDDE+0Q
0.C0O0DODE+00 Q.00000E+0D D.0DDOOE+DO
C0.DDDDOE+0C O0.0Q0000E+00 0.DODDDE+DD
23 0.0DDDDDE+00 0.0DDDOE+GD 0,00000E+00
0.00DDDE+0O0 O._GODODODE+OC D.DDDDOE+DO
0,.00000E+CC ©O.0C000E+00 O0.DDDDDE+00
0,00000E+CC 0Q_.00000E+00 0.DDODOE+00
24 0.00000E+00 ©0.00DQOE+00 D.00000E+00
0.00000E+DC O.00000E+00 0.0DDDODE+DD
0.D0DDDE+CC O.0COQOE+O) 0,D0DDOE+0D
0.00000E+DC 0.00000E+00  0.00030E+DD
25 0.00000E+00 0.00000E+00 Q.00000E+00Q
0.00000E+C0C 0.00000E+00 0.00000B+00
0.00000E+00 0.00000E+00 Q.00000E+DQ
0.00000E+DC 0.00000E+00 O ,00000E+00
26 0.0000OE+DC  O.CCOOOE+DO  0.00000E+00
0_0000DE+00 ©.DOOOOE+00 @.00000E+0Q
0.00000E+DC ©.0QCCOQE+QC 0.00000E+00
0.00009E+00 ©.0QCOCQE+Q0 0.00000E+00
27 0.00000E+D0  0.00000E+QQ0 0.00000E+00
0.CD0DOE+0D O, CCCOOE+O0  0,00000E+00
0.00000E+0D 0.0000Q0E+00 0O.000QQQE+JQ
0.00000E+00 ©.CCOCOOE+00 0.00000E+00
286 0.00000E+D0 ©.0CQCQE+Q0 0O.00000E+0Q
0.00000E+0D ©.CCCOOE+00 0Q.00000E+0Q
0.00000E+00 C.COOOOE+0D 0.00000E+00
0.00000E+00 G.QQCCOE+Q0 O.00000E+00
29 0.00000E+Q0 0, Q00CCE+00 0.00000E+00
0.00000E+00 ©,00000E+00  0.00000E+00
0.00000E+00 C.COCOOE+QO  0.00000E+00
0.00000E+DD 0.CCCCOE+00 D0.00000E+0Q
30 0.00000E+00 O0.COOOOE+00 0.00000E+Q0
0.00000E+00 G.CQQOCOE+00 0.00000E+00
©.00000E+00 G,0C0C0E+00 0.00000E+00
0.00000E+00 0.0CCCOE+00 0.00000E+00
31 0.000O00R+00 ©.00000E+0D 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 0.00D00E+0Q0 0.00000E+00
0.00000E+00 ©0.00000E+00 0.0000DE+00
CH20 concentration -- simple model
Layer 1
1 0.00000E+0D 0.00000E+00 0.00000B+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+Q0C 0.00000E+00 0.00000E+00
0.00000E+00 0.000)0E+00 0.000Q0CE+00
2 0.00000E+0C 0.DO00OE+00 0,00000E+00
0.00000E+00 0.00D00E+00 ©.0C000E+00
0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+QQ 0.00000E+00 O0.C000DE+00
3 0.00000E+DD O,000QQE+00 (.00000E+00
0.00000E+00 0.00000E+00 0.00000E+CO
0.00000E+00 0.00000E+00 0.000C0E+00
0.00000E+00 0.00000E+00 0.00000E+00
4 0.00000E+00 0O.00000E+00 O0.0CODOE+0D
0.00000E+D0 ©.0QQQ0E+0D0 0.0CCOCE+OC
0.00000E+0D 0.00000E+00 ©.0CQ0QE+OD
0.00000E+00 0.00000E+00 (,QCQQ0QE+0O0
5 0.00000E+Q0 0.0000QE+00 O.CCOOQE+DD
0.0000CE+00 ©O.00000E+00 O.CCOCOODE+HOD
0.00000E+00 0.00000E+J0 0.0CQ00QE+DD
0.Q0000E+00 0.00000E+00 0.00000E+0D
6 0.00000E+00 0.00000E+00 0.00000E+0Q
0.00000E+00 0.00000E+00 O.00QQQFE+C0
0.00000E+0D 0.0D0000E+00 Q.CCOGCE+QO
0.00000E+00 0.00000E+00 ©.Q0DCCCE+QD
7 0.00000E+00 O,00000E+00 0.000COR+DD
0.GODDDE+0Q0 ©.DODOOE+0Q0 0.00000E+Q0
0.00000E+0D0 ©.0CCQ00E+00 {.00000E+00
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0.C0000E+00 Q.00DCOE+00 0.00000E+0Q0 0.00000E+00 0.00000E+00 0_00000E+00 0.00000E+00 0©,00000E+00 0.00000E+00 O0.00000E+Q0
0.00000E+00 O0.CCCQOOE+0QD 0O.00000E+0Q

28 0.00000E+00 0.CCCOOE+00 0.00000E+00 0.00000E+00 0.000Q0E+00 ©§.00CCCE+00 0.000DOE+D0 O.0000CE+00 0.00000B+00 0.00000E+00
0.00000E+00 0O.CO000E+00 0.00000E+00 0©.0C0O00E+00 O.00000E+00 0.000CCE+C0 ©.COQCOCE+DO 0.00000E+00 0.00000E+00 0.00000E+00
0.00000E+00 C©.C0OO0QOE+00 0.00000E+00 (.C0CQ0Q0E+00 OQ.00CO0E+0C 0.OCCCCOE+0C C.CODDOE+00 0©.00000E+00 0.00000B+00 0.00000E+00
0.00000E+00 0.00000E+00 0.00000E+0Q0

2% 0.00000E+00 0.000QOE+00 0.0000CE+CC 0.0000DE+00 0.00000E+0C 0O.00000E+0C 0.00000E+00 0.00000E+00 0.000COE+00 Q.00000E+0¢
0.00000E+C0O  0.0C000E+0Q0 ©.00CCOE+CG 0.00000E+O0C 0.00000E+0C 0.00000E+00 C.00Q00E+Q0 0.00000E+00 0.Q0000E+0C 0.00000E+00Q
0.00Q00E+DC 0.00000E+00 0.00000E+C0 0,00C000E+00 0.0000CE+0Q0 O0.00000E+00 O.0000CE+00 0.00000E+0C 0.00000E+00 0O.000DDE+DO
0.00000E+00 0.00000E+00 0©.0COCCE+DO

ic 0.00000E+00 0.00CCO0E+00 0,00000E+0C O0.CDOODE+DD O©.OCOCOE+CC O©O.0CCOCE+Q0 G.Q0000E+dd &.00080E+G0 §.0DDODE+0D D.(Q00JDE+00
0.00000E+00 O0.00000E+D0 Q.00000E+0C O©.DOOOOE+00 O0.0000DE+D0 O.00000E+00 0.00000E+00 0.00000E+0C 0.0000CE+00 O.00CO0E+0Q
0.00000E+0C 0©.00000E+0C 0.0000CE+C0 (,00)00E+00 O.00000E+00 0.00000E+0C 0.0Q000E+00 0O.00000E+0C ©.00000E+00 ©.00000E+D0
0.00000E+0C 0.0Q0000E+00 0.000CCCE+CO

31 0.00000E+00 0.00000E+00 O0.QCODQOE+00 ©.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0.0000CE+D0 0.0C000E+00 O.00000E+3Q0
0.00000E+00 0©O.Q0000E+00C O.CCQOOE+Q0 0.00000E+00 O0.00000E+00 0_.00000E+00 0Q.0QQ000E+00 OD.000CQE+00 O.00000E+00 O.00000E+0(
0.00000E+00 0.000C0E+0C C.O00000E+00 0.00000E+00 0.00000E+00 0O,00000E+00 0.00000E+00 D.CCOQCE+00 0.00000E+00 O.00000E+QQ
0.0000GE+00 0.00000E+00 0©.00000E+00Q

Date: 01/25/96 Time: 18:26:56 CPU Time: 0 2: &: 9.56 ( 7569.56 sec) RASCII
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Time Step No. = 1121 Elapsed Time = 3.652431E+06 days
Date: @1/25/96 Time: 18:26:56 CPU Time: 0 2: E: 3.76 ( 7569.76 sec) Binary
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* End aof BRAGFLO Version: 4.00 Revised: 01/21/98 *
* Completed: (1/25/59€ at 18:26:56 Run on: LARRY - ALPHA AXP OpenVMS V5.1 *
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Appendix C: Functionality Not Tested

For BRAGFLO Version 4.00, the following features will not be tested at this time because
they will not be used as part of the WIPP compliance calculations:

1)

2)

3

4)

5)

6)

7)

8)

9

Radionuclide transport. BRAGFLO is no longer used for transport calculations because
a faster, more accurate, and more versatile code, NUTS, is now available.

Gas dissolution. Dissolution of gas in brine may be simulated using either Henry’s law
for a single gas or bubble point tracking. The brine may be specified as initially gas-
free or fully gas-saturated. This feature will not be used in the WIPP compliance
calculations and will not be tested now.

Numerous options are available for inputting the description of the mesh. Because only
a couple of these are regularly used, the only ones that will be tested now will be those
that will be used in the WIPP compliance calculations and in test cases for testing other
features.

Reaction path gas generation model. This model has been neither fully developed nor
implemented and is not available for the WIPP compliance calculations.

Multicomponent gas transport. Without a source of multiple gas components (i. e., the
reaction path model), there is little point in tracking multiple gas components; this will
not be done in the WIPP compliance calculations.

Three-dimensional calculations. Although BRAGFLO is a fully 3-D code, time and
resource constraints currently preclude doing any 3-D calculations for WIPP
compliance.

Three earlier creep closure surfaces. Creep closure data used for preliminary
performance assessments have been retained in BRAGFLO to enable these calculations
to be reproduced, but only the most recent creep closure surface (which became
available in January 1996) will be used for WIPP compliance calculations.

Alternative equation solvers. In addition to the original LU solver, BRAGFLO also has
a Linpack LU solver and a point-SOR iterative solver. The Linpack LU solver offers
no advantages over the original LU solver, except for certain debugging capabilities.

Because it has been coded very inefficiently, nearly doubling the memory required by
BRAGFI.O when it is used, it has been disabled in version 4.00. No iterative solver has
yet been found that is sufficiently robust for calculations done for WIPP PA; in
particular, the point-SOR solver is inadequate for use in the compliance calculations.

An iterative multignid solver is under development, but is not yet available for testing.

Capillary pressure treatment. An option in BRAGFLO is to allow the maximum
capillary pressure to vary automatically. This model is experimental, has not been well-
tested, and will not be used in the WIPP compliance calculations.
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10) Numerical control parameters. The experience gained over several years of using

11)

12)

13)

14)

15)

BRAGFLO (see WIPP PA, 1991, 1992; NAS 1993 report; SPM1 1994; SPM2, 1995;
FEPs Screening, 1995) has shown what values of the various control parameters will
enable BRAGFLO to run successfully. Test cases show that these values are being used
as intended in the code. However, because the values of these parameters will not be
varied in the WIPP compliance calculations, further testing is not done.

Multicomponent gas properties. BRAGFLO is capable of calculating gas properties
using either the ideal gas law or the Redlich-Kwong-Soave equation of state. Properties
can be calculated for either pure gases or for mixtures of any of the following six gases:
H,, CO,, CHa, Na, Oy, and H;S. Because the WIPP compliance calculations will use
pure hydrogen and the Redlich-Kwong-Soave equation of state, the calculation of
mixture properties and use of the ideal gas law are not tested.

Restart capability. This feature is used only for debugging and will not be used for the
WIPP compliance calculations.

Relative permeability and capillary pressure models. BRAGFLO currently has 10
relative permeability and capillary pressure models available. Only two of these are
expected to be used for the WIPP compliance calculations, KRP = 1 and 4; these will
be tested for software QA. Three others (KRP = 5, 9, and 10) are used in QA testing,
so these will also be tested. None of the other five models will be tested at this time.

Radiolysis (the radiolytic breakdown of water into hydrogen and oxygen) may be
calculated. The initial inventory of radionuclides in the waste is input, and BRAGFLO
calculates the decay of this inventory over time, along with the amount of water that is
decomposed and the amount of gas generated. This feature will not be used in the
WIPP compliance calculations and will not be tested now.

Certain little-used options for inputting the mesh are not tested. For parameter
IDZFLAG, which specifies how Az is input, options 2, 3, and 4 are not tested.
(IDZFLAG options that are tested include O and 1.) For parameter IDEPTHFLAG,
which specifies how the grid block elevations are input, options 1, 2, 3, 4, 5, 6, and -1
are not tested. (IDEPTHFLAG options that are tested include 0, -2, -3, and 7.) All
available options for parameters IDXFLAG and IDYFLAG, which specify how Ax and
Ay are input, are tested.
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Appendix D: Review Forms

The review forms for the BRAGFLO User’s Manual are provided in this appendix.






