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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: 
WIPP Prefix: 

BRAGFLO 
BF2 

Version Number: 4.10 
Revision Date: 5/6/97. 

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

The previous version ofBRAGFLO was Version 4.00, dated 2/9/96. 

The previous version of the User's Manual was WPO # 30703, Version 1.01, dated 1131/96. 

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) 848-0705 
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2.0 FUNCTIONAL REQUIREMENTS 

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

R2 The time and/or frequency of output to each output file and the variables whose values 
will be output are specified in the input. 

R3 The code reads input defining the finite difference grid for the problem to be run, 
including values of Llx, L'!.y, and &, 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. 

R4 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. 

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

R6 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. 

R 7 Material maps at specified times are input. For each material, material properties are 
input, including two-phase flow parameters, intrinsic perrneabilities, reference condition 
porosities, and compressibilities. Also specified are the relative permeability and capil­
lary pressure model to be used for each material. 

R8 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. 

R 9 A simplified rock fracture model allows the porosity and permeability to increase as pore 
pressure increases above a threshold value, simulating a fracture network. 

R lO 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.ll Brine salinity, density at reference conditions, and compressibility are specified by input 
values, and the density of brine varies as a function of pressure. 

R.l2 Gas properties are given by the Redlich-Kwong-Soave (RKS) equation of state. The 
WIPP compliance calculations will use a single pure gas, H2. 

R.13 Two chemical reactions are modeled in BRAGFLO: anoxic corrosion of iron and 
microbial degradation of cellulosics. Both of these reactions produce gas (H2) and con­
sume brine according to specified stoichiometry. Reaction rates are specified for brine­
inundated conditions and for humid conditions. 

R.14 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 3.6220, but 
based on improved models of creep closure and new results from SANCHO simulations. 

R.l5 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. 

R.!6 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. 

R.17 BRAGFLO simulates flow through heterogeneous as well as homogeneous porous media . 
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In order to run the BRAGFLO code successfully, the user will need a basic knowledge of 

• Open VMS 

• Digital 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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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) . 

X 

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 6..x. 

Let 
Q = volume flow rate [13/t] 
p = fluid density [rnle] 
q = mass flow rate [mit] 
v = flow velocity [1/t] 

<P = porosity [pore volume/bulk volume] 
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A = normal cross-section area [12
] 

where the generic units are: 

m = mass 
= length 

t = time. 

X 

---'1>~ Oout 

X+ilX 
TRI-6342-3875-0(b) 

Figure 2. Element of volume of length &. 

WP0#45238 
Mayl2, 1997 

Page 12 

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

Q,,, > 0, injection, 

Q,,, < 0, production. 

Also, Q,,, = volume rate/injected volume, which implies fluid injection is uniformly dis­
tributed over control volume A&. 

where 

Now 

and 

Mass balance requires that 

q,, - q,,, + q,,, A&= change in fluid mass/time 

q,,, =mass injection rate/unit volume. 

q,, = (vAp)x 

q,,.. = (vAp)x-rt.x 

• 

• 

• 
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The mass balance is then 

rate of change of fluid mass = ~ ( <J>A&p) 
dt 

Express the area as A = a(x), then dividing by & yields 

(avp), -(avpL"' +tvn .. =~'acpp). 
& ""'"' a r ~ 
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In the limit as & --7 0, we get the material balance equation for one-dimensional single phase 
flow 

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. 

r- Manometer 

0 

datum (h~o) 

TRI-6342-3876-0 

Figure 3. Experiment for illustration of Darcy's Law. 
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In Figure 3, Q is volumetric flow rate, and distance is measured in the posltl.ve x- • 
direction, from L2 to L1, where the fluid pressure is Pz and P1, respectively. The height above a 
reference datum is h. The cross-sectional area is A, and the fluid has viscosity, !l, and density, p. 
The permeability of the porous medium is k. The differential form of Darcy's Law is: 

-kA(dP dh) Q=- -+pg-. 
ll 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 

Q = m3/s 
k = mz 

A = m2 

dP 

dx = Palm 

).l = Pa·s 
p = kg/m3 

dh - = mlm 
dx 

g = rnls2 

Velocity is given by 

v = ~ =- ~ (: + pg :). 

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

V = _g_ = ..'::. = bulk volume 1 time 
A<!> <1> normal area 

is called the interstitial or average linear velocity, where <1> 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 <1> = 0.20. The cubic meter of fluid will occupy 5 
m3 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 Q/A, or the Darcy velocity, while the fluid velocity 
in the porous material is Qf(A<\l ), 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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... crosses 1m2 ... 

1 m3of water ... 

' ' ' 
I I 
l--- -1 

' ' ' I ',, ____ _ 

... into a rock 

with 20% porosity ••• 

... 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 k1 parallel to 
the plane of the laminae and k2 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 (~ 11) and (x,y). Suppose the principal 
permeabilities are given with respect to (~ 11) system with k1 the permeability in the ~ direction 
and k2 the permeability in the Tl 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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Figure 5. Permeability with anisotropic values k1 and k2 in direction~ and TJ 

The coordinate transformation from the (~,TJ) system to the (x,y) system is 

X = ~ COS 6 - TJ sin 6 

y = ~sine + TJ cos e. 

If i~; and 4 represent the unit vectors in the ~.TJ -directions, respectively, then the Darcy 

velocity vector (ignoring gravitational effects for now) is 

The coordinate transformation maps the unit vectors into 

and 

The chain rule gives 

and 

Then the Darcy velocity is 

~~ ..... sin eix + cos eiy. 

()p ()p ()p 
-=cos6-+sin6-
(J~ dX dy 

()p ()p ()p 
-=sin6-+cose-. 
dTJ dX dy 

• 

• 

• 
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• V= -:, (cose~: +sin6~:)cos6(+sinei,) 

• 

• 

k, ( ap ap)( A A ) -- -sinS-a +cose- -sin61, +cos61, 
ll x ay 

The vector components of the Darcy velocity are 

The dependence of the Darcy velocity components on pressure gradients in both x- andy­
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, 6 = 0. If 6 = 0, then 

-k, aP 
v =----

X ll ax and 
-k2 ap 

v =----
) ll (ly 

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

-k (lp 
X 

-k aP 
' v =----

X ll ax ' v =----
' ll az 

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

V•[ o;p~k)(VP+pgVh)] 

where 

= (i_i +i_ J+i_k)•[apk, (aP + pg oh)i + apk, (aP + pg ah)J+ apk, (aP + pg ah)k] 
ax oy (Jz ll ax ax ll oy oy ll oz oz 

_ a [apk, (aP ah)J a [apk, (aP ah)J a [apk, (aP oh)] ---- -+pg- +- -- -+pg- +- -- -+pg-
ax ll ax ox oy ll oy oy oz ll oz oz 

[ k] = permeability tensor, 
a = 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 (x,y,z). 

The three-dimensional flow of a single fluid incorporating Darcy's law is 

a [apk, (aP ah)J a [apk, l .. aP ah)J a [apk (aP ah)J a - -- -+pg- +- -- -+pg- +- __ , -+pg- +fUJ,. =-(o:<l>p) 
dX !l OX dx dy !l oy oy dZ !l dz OZ ' 0 t 

4.4 Equation of State 

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

a [apk, (aP ah)] a [apk, (aP ah)J a [apk, (aP ah)] a --- -+pg- +- --· -+pg- +- -- -+pg- +o:q,,.=-(o:<j>p) 
ax ll dx ax ay ll dy ay az ll az az d t 

This equation has two dependent variables, pressure, P, and density, p. Independent vari­
ables are space (x, y, and z) and time (t). 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) 
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The incompressible fluid assumption is not valid for most applications and will not be 
considered. 

Slightly compressible fluid assumes: 

(~~ l =cp, 

where cis fluid compressibility. 

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

P =Po exp[c(P- P.)] 

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

Recall 

and if x is close to zero 

ex _ 1 + x. 

Therefore, if c(P-P,) is relatively small, then 

P =Po[! +c(P- Po)} 

This linearization is sometimes used as an approximation to the exponential density function. 

A highly compressible fluid such as gas requires a real gas equation of state 

p = p(P,1) 

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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where <J>, is the porosity at reference pressure P, and c, 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 1s 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. 

the material balance equation (PDE) requires: 

Initial conditions: 

P(x,O)=f(x), o::;;x::;;L 

and 

Boundary conditions: 

P(O,t)=g_,(t), P(L,t)=gL(t), r;;:O 

or 

aP a X (O,t) = go(t), 

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 a Pja 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/ expanded about x,: 

f<'l(x,) 
j(x)=f(x,)+f'(x,)(x-x,)+ 

2
! (x-x,)' 

f (n+l) (1;) n+l 
+ (x-x) 

(n + I)! o 

where 1; is the interval between x and x,. Thus 

f(x) = p(x) + R.(x, x,) 

or 

f(x) - p(x) = R.(x,x,). 
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If f (n+l) is continuous on some interval [a,b] containing, (x, x,), then f (n+l) is bounded, 

and 

lflx) - p{x) I :> Clx - x,,"+
1 

Therefore, as x ~ x, the error goes to zero like (x - x,)"+ 1
• Consider the following derivative 

approximations. First order forward difference requires the Taylor formula: 

j(x) = f(x,) + f' (x,)(x- x,) + R2 (x,x,) 

Let x = x, + h, then 

f(x, + h~- f(x,) _ f'(x,~ = 

The difference approximation 

f'(xu) = f(x, +h)- f(x,) 
h 

Ch2 

::; - = Ch. 
h 

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

Second order central approximation: 
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where subtraction yields 

f(x, +h)-f(x" -h)=2hf(x
0

)'+R3 (X
0

,X, +h)-R3 (X
0

,X
0 

-h) 

This is rearranged to give: 

which produces the estimate 

lf(X0 +h) ;h f(x0 -h) _ f'(xu~ Ch3 

< -- = - h 
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h , diff f(xo + h)- f(xu -h) d d T ere.ore, the erence approximation is a secon or er approxima-
h 

tion to f'(x 0 ). 

Consider discretization of the one-dimensional material balance equation: 

where we assume the gradient of the depth, dhldx is zero. 

/ I I I I I 
t>X1 v 

!>XIM 

TRI-6342-3877-0(a) 

Figure 6. Partition interval [O,LJ into IM subintervals. 

• 

• 

• 
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Space discretization requires the partition of the interval [O,L] into IM subintervals with 
length Ax;, i=l, 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. 

TRI-6342·3877-0(b) 

Figure 7. Depiction of arbitrary grid block. 

We reference the location of the grid block interfaces as 

For example, 

x;.~ 12 = location of interface between i-1 and i, 

X;+I/2 = location of interface between i and i+ I. 

On the i'h grid block the partial derivative in the flux term is approximated by the z•d or­
der correct finite difference 

(
akp aP) (akp aP) 

i_ (akp aP) = ll ax ;+!12 ll ax ;-1/2 

ax ll ax - D.x; 

The partials are approximated at the interface by the z•d order correct finite difference 

(
akp aP) (akp ) P, - P,_1 

----;:;- ax ;-!12 = ----;:;- ;.J/2 x, - x,_, . 

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

At 
t 
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Assume the solution is known at time t., and we wish to compute a solution at time t.+1 

with time step size At = t.+1 - t.. The time discretization of the accumulation term in the i'h grid 
block uses the first order correct finite difference 

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

i= 1, 2, ... , IM 

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

If all the pressures and pressure dependent variables in the flux and source/sink terms are 
evaluated at the beginning of the time step, t = t, then the formulation is called explicit. If these 
quantities are evaluated at the end of the time step, t = t.+1 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 (At). 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. 
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The stability question dictates that the BRAGFLO formulation be fully implicit. The 
evaluation of the interblock flux coefficients at i± 112 will be discussed in Subsection 4.8, on Two 
Phase Flow. 

4.6 Newton-Raphson Method for Solution of Nonlinear Algebraic Equations 

f(x) 

TRI-6342·3878.() 

Figure 8. Newton-Raphson method. 

Consider a real valued function of a real variable (scalar case). A root off is a value x =a 
such that./(a) = 0. Let x' be an approximation to the root ofj(kth iterate approximation). Expand 
fix) in a Taylor series about x,: 

f(x) = 
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Replace the nonlinear root problem with the linear approximation: 

with solution x = ;/+1
• Define 

Then 

and 
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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 off 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 n nonlinear equations (NLS) inn unknowns: 

/ 1(x1 , ... ,x.) = 0 

/ 2 (x1 , ... ,x.)=O 

(NLS) 

In vector notation, the system is written 

and further, if x = (x1, ... , x.), then, F(x) = 0 is equivalent to (NLS). 

Consider Newton-Raphson for n = 2. Let ( xt, x;) be an approximation to the root of 

• 

• 

• 
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f 1(x 1,x2 ) = 0 

f 2 (x 1,X2 ) = 0. 

The Taylor series through linear terms expanded about ( x{, x;) = x_k are 

fl(xl,xz) 1 ( k k) a11 ( k k X k) at~ ( k k X = I xl 'x1 + -- x, 'x2 XI - XI + a XI 'Xz Xz ax, Xz 

fz (xp xz) f ( k k) dfz ( k k X k) dfz ( k k X = 2 xl 'x2 + -- x, 'Xz xl - XI + a XI 'Xz Xz 
dx 1 Xz 

Replace the system of nonlinear equations 

by the linear system 

fl(x 1,x2 ) = 0 

j 1 (x1,x2 ) = 0 

Define the change in iterate values 

" k+l k ux2 = x 2 + x 2 . 

Then the above linear system is written 

The coefficient matrix 
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-xn 

-xn 
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J(i) = 
'dft (x) 
dX1 

dft (i) 
dx2 

dfz (i) 
dx1 

dj2 (i) 
'dx2 

is called the Jacobian matrix for the nonlinear system. 

Then the (k+ l)'h iterative step of the Newton-Raphson method is 

or 

and 

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

'dft (') dft (') 
" X ... " X 
ox1 uxn 

J(i) = 

or 

J(x) . <,J 
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The computation procedure in Newton-Raphson method computes the Jacobian matrix, 

J(xk ), and the function vector, F(xk). 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 

• 

• 

• 
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The major computational effort involves the function evaluations. The above numerical 
approach to the Jacobian requires n2+n evaluations of the function[ 

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 4.1 0), 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 

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'h equation represents 
material balance in i'h grid block. Newton-Raphson iteration requires solution of the linear 
system 

In 112 ... lnM {jp] Fl 
121 lzz ... }21M Spz Fz 

= 

and p,<k+Il = pjkl + Sp, where Jacobian and right hand side are evaluated at k'h iteration 
pressures. If the Newton-Raphson iteration converges then 

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. 

• Test if the change in gas saturation over an iteration is sufficiently small. 

• Test if the gas material balance equation is satisfied. 

• Test 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 

Jll J12 0 ..................... 0 opl F; 
J21 Jn J23 Opz Fz 

0 ...... Jii-l]ii Ji i+]' ........ 0 op, = F, 

0 ...... 
JIM IM-1 JIM IM OpiM FIM 

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. 

4.7 Discretization in Two-Dimensions 

Consider the two dimensional flow equation with gravitational effects neglected: 

~ (akxP a p) + ~ (akyp '!...!!._) + a.q,. = .i._ (mj>p) 
ilx J.l ilx ily J.l ily Y ilt 

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

( n. )n+l ( n. )" ( )n+l n+l n+l a"'p . . - a"'p . . 1 ak p p 1 · - P · _ 1,; !,J + _ __x_ r+ ,J l,J 

t:.t Ill, ll 1/2 . xi+l - x, l+ .j 

( )
n+l n+l n+l 

I akxP Pi,j - Pi-l,j 

Lll; J.l i-l/2,j X; - Xi-1 
(

ak )n+l I vP 

+ !!.yj ---;- i,j+l/2 

n+! n+l 
Pi,J+I - Pi,J 

Yj+l - YJ 

I UJI.yP P;,J - P,,1.J ( ) 

(
_,_ )n+l n+l n+l 

/!,. + ai,J qinJ i,J = 0. 
Yj ll i,j-112 YJ - YJ-1 

A typical two dimensional grid is shown in Figure 9. 

• 

• 
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y 

1 
X 

2 IM 

TRI-6342-3879-0 

Figure 9. 2-dimensional grid. 
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A computational molecule or stencil is shown in Figure 10 and the stencil shows the indi­
ces of the pressures which appear in the material balance equation for the (ij) grid block . 

i, j+1 

i-1' j i,j i+ 1' j 

i, 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 = IM X JM = 5 X 3 = 
15. Suppose the equations or grid blocks are sequentially indexed as in Figure 11. 
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y 

11 12 13 14 15 

6 

1 

7 8 9 10 

2 3 4 5 

X 

TRI-6342-3881-0 

Figure II. Sequential indexing of equations. 
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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 = lliW = 2 X 1M + I • 
(for the example, lliW=ll). 

1 2 3 4 5 6 7 8 9 101112 131415 

1 • • • 
2 • • • • 
3 • • • • 
4 • • • • 
5 • • • 
6 • • • • 
7 • • • • • 
8 • • • • • 
9 • • • • • 
10 • • • • 
11 • • • 
12 • • • • 
13 • • • • 
14 • • • • 
15 • • • 

TRI-6342-3882-0 

Figure 12. Jacobian matrix. • 
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y 

3 

2 

1 

6 9 12 15 

5 8 11 14 

4 7 10 13 

X 

TRI-6342-3883-0 

Figure 13. A different sequential indexing. 
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Suppose the grid is indexed as in Figure 13. Then ffiW = 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 

mw = 2 X min (IM, JM) + 1. 

Storage requirements are as follows: 

(IM x JM)2 words of memory Full matrix storage = 

Band matrix storage = 

If 1M :;; JM then 

1M x JM x mw words of memory 

__ B_a_nd_st_o_ra..cg:_e_ = (2 x JM + 1) X JM x JM 
Full matrix storage (IM x JM) 2 

For various values of JM, storage ratios are given by: 

2xlM+1 

!MxJM 

2 
JM 



 

 Information Only 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

JM 

5 

10 

50 

100 

Storage ratio 

0.4 (40%) 

0.2 (20%) 

0.04 (4%) 

0.02 (2%) 
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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 IB is the half bandwidth, 

IB =min (IM,JM). 

Full matrix: 

multiplication/division= 1/3 NEQ3 

A typical performance assessment grid is 

1M = 33 
JM = 31 
NEQ = 31(33) = 1023 
IBW = 2(31) + 1 = 63 
IB = 31 

Computational effort 

banded matrix structure 

full matrix structure 

JQ23 (31 X 31) 

1/3 (1023)3 

= 983,103 

:= 3.57 X 108
. 

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 multiplication/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 

S. = water saturation, 
S, = gas saturation. 

For example, the volume occupied by water within a bulk volume V with porosity <jl is V<jiS •. 

The saturation constraint for fully saturated media is 

s. + s, = I. 

Capillary pressure is defined by 

For a water wetting phase, P, ~ 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 

k - ~ 
rl - k 

where k is the formation or absolute permeability, k1 is the effective permeability of phase I, and 
k,1 is the relative permeability of phase I. We observe that 0 ~ k,J ~ 1 and k,J 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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1 

k, 

Sw, Sw 

TRI-6342-3884-0 

Figure 14. Typical relative permeability curve. 
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Darcy's Law extended to multiphase flow replaces absolute permeability with an effective 
permeability 

q
1 
=- kk:,[p (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: 

Brine Mass Balance: 

Saturation Constraint: 

s, + s. = 1 

Capillary Pressure Constraint: 

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

q~ = 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 
variables 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 

_1_ (k,,)i+ll2,j ap,k, (<llx- . -<ll'+)n+l 
{ 

n+l [ ]n+l 
~- x. -x. J..L 8•+l.; 8•-J 

1 Hl ! g i+I/2,} 

k )n+J [ k ]n+J } ( rg i-112,} apg ;c (cpx~- - cp~+ -)n+l 
X-- X- !.1 8,,; E,.J.1 

r 1-1 g i-l/2,j 

+_1_ ( ,,li.j+l/2 ap, y (<lly- -<ll'+)n+l 
{ 

k n+J [ k ]n+J 
Lly. y. - y. I! g,_,., ''·' 

} j+l J g i,j+l/2 

where <ll represents the phase potentials: 

<fJX- = p + p gh 
Ki,j g;,j gi-112.} l,J 

and 

Subscripts denote: 

= x-direction grid index, 
j = y-direction grid index, 
i±l/2 = x-direction grid block interface, 
j±l/2 = y-direction grid block 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: 

Llxi+l,j + Llxi,j p 
P,,,,O,j = & .. + Llx . P,,,, & .. + &. . ''"·' 

r,J r+l,J r,J r+l,J 

and 

Ay,,j+l Ay,,j 
P,,,j,,, = •y . . + •y. . P,,,, + •y + •y P,,,,, 

L.l r,J L.l. r,}+l L.l. i,j L.l i,j+l 

AY,,j Ay,,j-1 
p ,,,,_,, = L\y. . + L\y . . p ,,,,_, + L\y. . + Ay . . p ''·'. 

l,j-1 1,) 1,)-1 l,j 
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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. 

Evaluation at grid block interfaces (i. e., at i±l/2 and j±l/2) of mobilities [ ap,:,xo•y]. 
using harmonic averaging, and relative penneabilities (k,,), 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 block. For example, the equation ordering is as follows: 

• 

• 

• 
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equation 
index equation 

1 gas equation in grid block I 
2 brine equation in grid block 1 
3 gas equation in grid block 2 
4 brine equation in grid block 2 

• 
• 
• 

2 xNGB-1 
2xNGB 

gas equation in grid block NGB 
brine equation in grid block NGB 
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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: 

tation: 

unknown 
index 

I 
2 
3 
4 

• 
• 
• 

2 xNGB-1 
2xNGB 

unknown 

gas saturation in grid block I 
brine pressure in grid block 1 
gas saturation in grid block 2 
brine pressure in grid block 2 

gas saturation in grid block NGB 
brine pressure in grid block NOB 

Information at the ij grid block and its neighboring grid blocks will use the compass no-

P corresponds to information with respect to grid block ij 

E corresponds to information with respect to grid block i+ I j 

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

N corresponds to information with respect to grid block ij+ I 

S corresponds to information with respect to grid block ij-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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P, N, E, o, 
s, P, N, E, o, 

• • • • 
• • • • 

• • • • 
• • • • 

• • • • 
• • • • • = 

Wt s, P, N, E, o, G, 

• • • • • 
• • • 

• • • • 
• • • • 

• • • • 
• • • 

WNGB SNGB PNGB 0 NGB GNGB 

The 2 x 2 block matrices in the Jacobian are defined by • 
aF, (i, j) aF, (i, j) 

p - aS,(i,j) apw(i,j) 
,- aF,(i,j) aF,(i,j) 

aS,(i,j) aPw(i,j) 

aF, (i, j) aF, (i, j) aF, (i, j) aF, (i, j) 

E,= 
as, u + I,J) aPw(i + l,j) 

w, = 
as,(i-I,J) aPw(i -l,j) 

aF,(i,j) aF, (i, j) aF, (i, j) aF, (i, j) 

as, u + I,J) aPW(i +I, j) as, u -I,J) aPw(i -l,j) 

aF, (i,j) aF,(i,j) aF, (i, j) aF, (i,j) 

N,= 
as,(i,j +I) aPW(i,j +I) s, = 

as,u,J-1) aPw(i, j -J) 
aF, (i, j) aF, (i, j) aF,(i,j) aF, (i, j) 

as,(i,j+I) aPW(i,j +I) as,(i,j-1) aPw(i,j -1) 

The block vectors in the unknown solution vector are • 
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In tbe above, F1 denotes the left hand side of the gas mass balance equation, and Fz de­
notes the left hand side of the brine mass balance equation. 

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

Consider tbe 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: 

Since pressure and saturation are determined at grid block centers x, and x,+t. the question 
remains as to how to evaluate the interface term at x,+ 112• 

or 

or 

First, we define the harmonic average, H, of a1, a2, as 

H 

Further, the weighted harmonic average of GJ, a2 is 

1 

H 
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where the weights satisfy w1 + w2 = 1. Now introduce the shorthand notation 

At the i+ 112 interface, assume the mass flux is continuous 

- + 
qi+l/2 = qf+l/2 = qi+l/2 

where 

ij,+I/2 is average flow between x, and x,+l• 

q;+ 112 is flow to the left of interface, 

q'(,_ 112 is flow to the right of interface. 

From Darcy's Law, neglecting gravitational effects, 

- - (k ) .P,., - P, 
qi+l/1 - 't i+I/2 '"' i+l/2 

xi+l-xi 

or 

This yields 

l];+ll2 ~(Ax, +Ax,.,) 
P., - P = --"-------

1 

1 

't i+l/2 (krw )i+112 

Similarly, 

- - (k ) (.P,.l12-.P,) 
qi+I/2 - 't i JW i+l/2 } 

-Ax 
2 ' 

+ - (k ) (.P,.,- P..u,) 
qi+112 - 't i+l 1W i+lf2 1 

-Ax 2 i+l 
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• 

• 

• 
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Pressure drop is then written as 

Then 

1 
- 2(ax; +ax;+!) 
qi+112 k 

't i+l/2 ( ...... ) i+l/2 

Solving for 't i+ 112 yields 

.!.ax .!.ax 
+ 2 i+J - 2 ' 

q;+I/2 + qi+l/2 (k ) 
't i+l (k,..,) i+l/2 't i "" i+l/2 

't /t i+l 
't i+ 1/2 = --------'---'-"-'---------

axi+1 ~. + ax, 
• 1 ------'-- 't i + 1 

ax, + axi+1 ax, + axi+1 
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This is the harmonic mean of 't,, 't ,+1 , weighted with respect to the distance to the inter-
face. 

The interblock relative permeability is evaluated by upstream weighting: 

k = rwi+l wi wi+L 

{

k , P <P 

( ~)i+I/2 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 ith grid block. 
Therefore, gas wants to flow from i to i+ I grid block. Although the gas is mobile (k~ > 0) in the 
i'h block, it is immobile (k,, = 0) in the i+ I th block. If the relative permeability is included in the 
interblock harmonic averaging, then 't i+l!Z 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+ I block. 

X; 

i+l/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. 

(k ) = W.k + W. Ik nY j.+-)(2 I TW; 1+ TWi+l 

where the weights sum to I. 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: 

p'" Pw.i+l 

x, 

Figure 16. Displacement of Immobile Water. 

with pressure satisfying Pw; > Pw;+I. The pressure tries to move water from i to i+ I block. Since 
krw, = 0 and krw,., > 0, the interblock relative permeability by arithmetic averaging is greater 

than zero and the immobile water would be transported from the ith 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. 

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 Genuchten-Parker model determines 

Capillary Pressure: 

P = P (s-lim - 1)1-m 
c o e2 

where P, is a constant determined by equating the van Genuchten-Parker capillary pressure with 
the Brooks-Corey capillary pressure (discussed below) at S, = 0.5. 

l 
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Relative Permeabiiities: 

k = s"'[l- (1- s"m)m]' nv e1 e1 

( )
112 ( )2m k,, = 1-S,, I-s;;m 

where the effective saturations are 

and 
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In the original van Genuchten-Parker model the residual gas saturation S,, 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. 
m 

I+ A 

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

A = 0.7 (m = 0.41) 

Sw, = 0.2. 

The original Brooks-Corey model determines 

Capillary Pressure: 

Relative Permeabilities: 
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104L-__ _L __ ~~---L--~----W 

0.0 0.2 0.4 0.6 0.8 1.0 

Sw 

TRI-6342-3873-1 (b) 

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 

is 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. = 0.7 
s .. = 0.2 

P, = 1.0 x 106 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 

where S,, is residual gas saturation. 

• 

• 

• 
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104 L---~--~~--~---J--__J 
0.0 0.2 0.4 0.6 0.8 1.0 

Sw 

TRI.S342·3873·0(d) 

Figure 18. Relative Permeabilities for Original Brooks-Corey Model (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 = 0.7 
s., = 0.2 
S,, = 0.2 

P, = 1.0 X 106 Pa. 

Note that for s. 2 1-S," gas is immobile and water has I 00% mobility. Also, note that the 
capillary pressure curve assumes the threshold capillary pressure at S. = 1-S,,. 

The second modified Brooks-Corey model includes 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 (Sw = 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 I 08 Pais 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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1~L----L----L----L----~--~ 
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TRI-6342·3870·1 (d) 

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 plot) and Capillary Pressure for Linear 
Model (right plot) . 
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TRI-6342·3871-Q(d) 

Figure 22. Capillary Pressure for van Genuchten-Parker Model PCMAX = I as Pa (left plot) and 
Capillary Pressure for Original Brooks-Corey Model PCMAX = I as 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 
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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 

where 

c 
<I> 
p 

= 
= 
= 

rock compressibility, 
porosity, 
pore pressure. 

I d<j> 
C=-­

<j>dP 

For constant compressibility, porosity can be expressed as a function of pressure 
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The fracture treatment in BRAGFLO (Key, 1994) allows for pressure induced alterations 
to the porosity by introducing a pressure-dependent porosity. Figure 25 shows the piecewise 
linear rock compressibility function. Below an initiating pressure, P,, compressibility is 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. 

" ~ 
:c ... ·-., .. 

0 .. 
0: 2! c. 

E 
0 
(,) 

Intact 
Zone 

Alteration 
Zone 

Pore Pressure 

Fully Altered 
Zone 

C=O(P>Pa) 

TRI-6342-3498·3 

Figure 25. Pressure dependent compressibility. 

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

(A) 

for P, < P !> P, 

{ ( ) (c, -c;)(P-P;)'} 
!j> = $, exp C, P- P;, + ( P, _ P; ) 2 

(B) 

• 

• 
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(C) 

BRAGFLO input requires the pressures P, and P, and the porosity at the fully altered 
conditions, (jl,. From this information, the fully altered compressibility, C,, is determined from 
equation (B) as 

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 

= 
= 
= 
= 

n = 

:; = [:J 
permeability of altered material, 
permeability of intact material, 
porosity of altered material, 
porosity of intact material, 
an empirical parameter. 

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 
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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 structuraJ mechanics 
code. 

The surface is generated by a family of 13 f factors which is representative of the level of 
gas generation. The value off= 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 !-factor the above rates are scaled by f BRAGFLO uses a volumetric average 
pressure over the waste and time to interpolate the surlace 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 surlace 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 is related to pressure by 
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where 

k, = 
k,. = 
a,b = 
p = 

formation permeability to gas [m2
], 

formation permeability to water [m2
], 

formation dependent constants, 
pressure [Pa]. 
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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 a= 0.33 and b = 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: • 

(I) 

(2) 

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

(3) 

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

xFe + 2x HzO + (1-x) Fe+ (1-x) 4/3 H20 _., xH2 + (1-x) 4/3 H2 + Inerts 

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

Fe+ (2x + 4)/3 H20 _., (4-x)/3 H2 + 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 
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The PA calculations sample x from a uniform distribution on the interval [0,1] and com­
pute stoichiometric coefficients: 

s1,1 = (4-x)/3 
SJ,2 = (2X+4)/3 
SJ.J = 1.0 

[mol H2/mol Fe] 
[mol H20/mol Fe] 
[mol Fefmol 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 input directives 
describing the two reaction rates are 

RK(l) = brine inundated corrosion reaction rate [mol Fe/m3/s], 
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HF(l) = factor multiplying RK(l) to get humid corrosion reaction rate. 

We introduce the notation 

= 
= 

RK(l ), inundated reaction rate, 
HF(l) x RK(I ), humid reaction rate. 

WPO #45238 
May 12, 1997 

Page 58 

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, S,. Thus 
the effective corrosion reaction rate becomes 

Kc = Ka S •. + KcH S,. 

The rate of Hz production by corrosion per unit volume of panel is 

where MH =molecular weight of Hz [kg/mol]. 
' 

The rate of brine consumption by corrosion per unit volume of panel is 

where M H 0 = molecular weight of HzO [kg/mol]. 
' 

In BRAGFLO the biodegradation reaction assumes microbial consumption of cellulose 
(CHzO) with hydrogen gas as a product 

CHzO +microbes __,. sz.I Hz+ unknowns, 

where 

s2.1 = stoichiometric coefficient, [mol H2/mol CHzO] 

PA samples on sz,1 as uniform distribution on the interval [0, 5/3]. The stoichiometric co­
efficients for the biodegradation reaction are read on input as 

= 

= 

S2,3 = 

(sampled) 

moles H20 = 0.0 

moles CH20 = 1.0 

[mol H2/mol CHzO] 

[mol H20/mol CH20] 

[mol CHzO/mol CH20l. 

• 

• 

• 
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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): 

HF(2) : 

brine inundated biodegradation rate [mol CH20/m3/s] 

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( I) 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 Alpha. BRAGFLO has available a direct solver which 
uses LU-decomposition. 

For large scale problems accumulation of roundoff error 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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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 tbe diagonals of L to be equal to one. If A = (a,1), L = (a'l) and U =(~,;),then for tbe case 
of a 4 X 4 matrix the decomposition would look like 

I 0 0 0 ~11 ~12 ~13 ~14 au a12 a13 a14 

az1 I 0 0 0 ~22 ~23 ~24 a21 a22 ~23 ~24 

a31 a32 I 0 0 0 ~33 ~34 a31 a32 ~33 ~34 

a41 a42 a43 I 0 0 0 ~44 a41 a42 a43 ~44 

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

1 0 0 0 I I I I I I 

-2 I 0 0 0 3 3 3 -2 I I I 
= 

0 I I 0 0 0 -2 -2 0 3 I I 

I I 0 0 0 4 I 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 = (LU)x = 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 tbe 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 tbe 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 

2,3, .... N 

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

i=N-I,N-2, ... ,I 

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 

I. o:ik~kj = au = 1, ... ' J 
k=l 

j 

I. o:ik~ kj = au z = j + I, ... , N 
k=l 

Crout's algorithm (Maron, 1982) solves the equations for the o:'s and Ws by arranging the 
equations in a certain order. The algorithm is sequential over columns from I to N. For the jth 
column the ~lito~" are computed from equation (AI) by 

i-1 

~ij = au - L O:;k~kj fori = I, ... , j (A2) 
k =1 
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j-1 

-I 
k=l 

a ik P kj ) for i = j + I, ... , N. 
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(B2) 

The example will demonstrate that the a.'s and P'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 

I I I I 

-2 I I l 
A = 

0 3 I I 

4 2 6 

Starting with the first column we solve for P11 = I from equation (A2) where the sum is 
taken to mean zero. Equation (B2) is then used to solve sequentially for a.2 1 = -2, a.3 1 = 0, and a..,1 

= l. We now proceed to the second column and from equation (A2) compute sequentially P12 =I, 
P22 = 3. Now from equation (B2) we compute a.32 = I and a..,2 = l. 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, I, 5, 13)T. We first solve the system Ly = b by the forward substitution algorithm. The 
system is 

I 0 0 0 Yl 4 

-2 I 0 0 Y2 I 
= 

0 I I 0 Y3 5 

I I I I Y4 13 

• 

• 

Forward substitution from the first equation to the fourth equation yields y = (4, 9, -4, 4)T. • 
We then solve the system Ux = y. The system is 
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I I I I X] 4 

0 3 3 3 xz 9 
= 

0 0 -2 -2 x3 -4 

0 0 0 4 x4 4 

Back substitution from the fourth equation to the first equation yields x = (I, I, I, I) T. 

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 multi phase 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: 

q,= 

where 

l = phase index (l = w,g), 
q, = phase mass flow rate [kg/s], 
P, = phase pressure [Pa], 
P., = flowing wellbore pressure [Pa], 
PI = well productivity index [m3

], 

p, = phase density [kg!m3
], 

!J., = 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 calculation. For this reason, BRAGFLO does not use the PI 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: 

INJP: 

PROD: 

The well injects (q, > 0) or produces (q, < 0) at a specified rate. 

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

The well produces at a specified flowing well bore pressure. If the inflow 
performance relation predicts q, > 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 study 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, e = 0 (Subsection 4.3). 

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

• BRAGFLO uses the Redlich-Kwong-Soave equation of state to relate gas densityto 
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 material 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 4.1 0). 

• 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 4.1 0). 

• 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 production 
(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). 

• 

• 

• 



 

 Information Only 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

WP0#45238 
May 12, 1997 

Page 67 

• 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: 

I. 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 output (.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 sampled 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 BRAG FLO 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 BF2_UIF$INPUT BF2_TEST7_R00l.INP 
$ DEFINE BF2_DBG$0UTPUT BF2_TEST7_R00l.OUT 
$ DEFINE BF2_DBG$SUMMARY BF2_TEST7_R00l.SUM 
$ DEFINE BF2_BIN$0UTPUT BF2_TEST7_R001.BIN 
$DEFINE BF2_IN$RESTART BF2_TEST7_R001.RIN 
$DEFINE BF2_0UT$RESTART BF2_TEST7_ROOl.ROT 

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 run BRAGFLO in "batch" mode, he or she can enter the following 
command after the VMS "$" prompt, followed by a carriage return: 

SUBMIT/QUEUE=BEATLE$BATCH [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. 

GENMESH 

DE:fines BRAGFL.O's (XJrJ1~)Ul.r".l.10n;.1' 
rnosn fro;;, thG Ci-:ist::e D j;C; Cu:cb!'<:: 

MATSET 

Ass;gns f'"latGr!ai p~opsrtk.'<:> to 
nxi':,:~n bk::<::ks tro~n SDEl 

,..----'1-----

l POSTLHS 

ALGEBRACDB 

('...alcu!ates omarneter comblnD.:l::>ns 
rv .. ..'quimd by BRACFLO a::d 

u;>·l\."cossar:r oala tnJr:' tht~ 

A 
: 
' i 

ICSET 

PRE BRAG 

I 
Transforms COB data to fonnats 

required by BRAGFL.O 

BRAG FLO 

Solves coupled non-linear 
partial differential equations 

for brine & gas flows 

POSTBRAG 

Calculates effective 
porosity in the waste 

panel due to creep 

' ' ' ----t SANTOS, 

' ' I_ - - - -- ...1 

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

• 
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FileS 

$ BRAGFLO <CR> 

> SUBMITKlUEUE-BEAlLE$BATCH [.COM file name] <CR> 
or 

>@[.COM file <CR> 
(User Inputs) 

$ DEFrnE BF _2UIF$INPUT . . INP 
$ DEFINE BF2_DBG$0UTPUT .. , • OOT 
$ DEFINE BF2_DBG$SUMMARY . . . . SUM 1---------------------..11 $ DEFINE BF2_EIN$0l.JTPIJl' . .em 
$ DEFINE BF2_nl$RESTART . . . . RIN 

File 1 BRAGFLO input control file $ DEFINE BF2_0Ul'$RESTART . . . .ROT 

J restart input file (.RIN]' 1 

File2 

Rle3 

Rle4 

Rle6 

''---.. 
BRAGFLO 

~ 
binary output file [.BIN) 

ASCII output file [.OUT] 

summary file [.SUM] 

restart output file [.RoT]• 

/BRAGFLO produces five outpu~ 
\ files for each sampled vector } 

"NOTE: .ROT and .RIN files not used for the 1996 WIPP PA calculation. 

· Figure 30. User-required file specifications for BRAGFLO. 
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BRAGFLO uses one INCLUDE file, BF2_PARAMS.INC, contammg 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 
c Value of IBWM = 3*MAX(MX*MY,MX*MZ,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 MRXYZ MAXPRNTASC MAXPRNTBIN MAXPRNTRST 

c 
INTEGER 

1 MAXMATTIMES, NWTIMEP NDTFIXMAX MAXMATTIMP 
2 NDTFIXMAXP NSDATA NTDATA MKLOS 
3 MMON MWST MDRZ NVPR 
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, 

1 MDIM=2404,NPHASE=2,NWTIME=10,NW=50,NWPERGRID=2,MMAT=80, 
2 NPINT=l0000,NCOMP=3,MGAS=6,MRAD=1,MRXYZ=MRAD*MG, 
3 MAXPRNTASC=100,MAXPRNTBIN=100,MAXPRNTRST=100, 
4 MAXMATTIMES=20,NWTIMEP=NWTIME+1,NDTFIXMAX=50, 
5 MAXMATTIMP=MAXMATTIMES+1,NDTFIXMAXP=NDTFIXMAX+1, 
6 NSDATA=13,NTDATA=214,MKLOS=4,MMON=9,MWST=2,MDRZ=1, 
7 NVPR=95+3*MWST*(1+MRAD),MXHIV=15000,MVHIV=MG,IBWM=1, 
8 MRWXYZ=MRAD*MWST*MG,MWXYZ=MWST*MG,MGVAR=10,MSPEC=23, 
9 NDIRMAX=3 7) 

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. 

• 

• 



 

 Information Only 

• 

• 

• 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

Parameter 
MX 

MY 

MZ 

MDIM 

NWTIME 
NW 
NWPERGRID 
NMAT 
MRAD 

MAXPRNTASC 
MAXPRNTBIN 
MAXPRNTRST 
MAXMA TTIMES 
NDTFIXMAX 
MMON 
MWST 
MDRZ 
MXHIV 

MVHIV 

IBWM 

NDIRMAX 

Table 1. Variables used in BF2_PARAMS.INC 

Description 

WP0#45238 
May 12, 1997 

Page 71 

Maximum number of grid blocks in the x-direction; can be greater than the actual 
number of grid blocks in the problem to be run. 
Maximum number of grid blocks in they-direction; can be greater than the actual 
number of ~d blocks in the problem to be run. 
Maximum number of grid blocks in the z-direction; can be greater than the actual 
number of ~d blocks in the problem to be run. 
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} +I 
Maximum number of times that well properties will be chanaed. 
Maximum number of wells to be specified at any given time. 
Maximum number of wells in any grid block. 
Maximum number of materials regions. 
Maximum number of radionuclides allowed in the transport, decay, and radiolysis 
calculation. 
Maximum number of times at which an ASCII output dump can be specified. 
Maximum number of times at which a binary output dump can be specified. 
Maximum number of times at which a restart can be specified. 
Maximum number of times at which a new material map can be specified. 
Maximum number of times that the time step can be fixed. 
Maximum number of monitor grid blocks that can be specifted. 
Maximum number of waste regions allowed. 
Maximum number of DRZ regions allowed. 
Maximum total number of history variables allowed. Includes I 0 time- and 
performance-related history variables; therefore, must be > 10. 
Maximum number of history variables per output distribution (e.g., brine pressure 
or gas saturation). 
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) + I 

If gas transport is not being modeled, IBWM should be set to I to save large 
amounts of storage. 
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 immiscible fluid phases. 
NPINT 10000 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 (H2, C02, CH,, N2, 0 2, and H2S). 

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

NTDATA 214 Number of time entries in creep closure surface data. 
MKLOS 4 Number of creep closure surfaces available in BRAGFLO. 
MGVAR 10 Number of "global" variables printed out to binary and 

ASCII output files. 
MSPEC 23 Maximum number of species to be used in the reaction path 

model. 

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

I. startup and time control 

2. output control parameters 

3. mesh description parameters 

4. well parameters and boundary conditions 

5. initial conditions 

6. numerical control parameters 

7. material maps and material properties 

8. fluid properties 

9. chemical reaction parameters 

I 0. creep closure parameters 

II. radionuclide transport and decay parameters 

12. multicomponent gas transport parameters. 

INPUTS FROM ALL SECTIONS EXCEPT SECTIONS II AND 12 ARE ALLOWED 
FOR THE 1996-97 WIPP CCA CALCULATIONS. 

• 

• 

• 
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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 BRAGFLO 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 system 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 non blank 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 '* *QA * *' are not the first non blank 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 BRAG FLO will abort. 

Line 0.2. Name of program. 

The first non blank 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. oo'. 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 BRAG FLO output files. 

Line 0.4. PREBRAG revision date. 

The first 8 characters starting with the first non blank character must be the revision date 
of PREBRAG used to set up the input file, e. g., '01119196.' 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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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 3.62ZO, 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 PREBRAG version number 
01/19/96 PREBRAG revision date 
01/25/96 -- PREBRAG run date 
11:13:44 -- PREBRAG 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, L WBIN, LWSUM, L WRST, LRRST. 

Input each flag in free format as aT, .TRUE., F, or .FALSE., separated by one or more 
spaces or by commas . 
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LWSUM: Flag indicating whether an ASCII summary output file is to be written. 

L WRST: 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 = I) 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 I 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 ~ <inputvruue> 
**MODTYPE must be 1, 2, or 3. 

NX: Number of grid blocks in the x-direction. 

NY: Number of grid blocks in they-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 READSTARTUPi 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 • <values set in PARAMETER 
statement> 
** Minimum values allowed: MX,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 1 OOOOth 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 (1110 day). 
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Minimum time step allowed [s or days]. Recommended value: 864. s 
(1110 day). 

Maximum time step allowed [s or days]. Recommended value: 1.728 x 
I 09 s (20,000 days or about 55 yr). 

DTIMEMAX: 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 is 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. 

ITIMECNTRL: Flag for automatic time step control . Recommended value: I. 

TSWITCH: 

= 0: A fixed time step of DELT will be used throughout the simulation. 

= I: 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=l). 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: 0 - I. Recommended value: 0.01. In some instances, 
BRAGFLO will run faster when TSWITCH is turned off by using an in­
put value of TSWITCH = I. 

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. Output 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. 
I: Output 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 0) offers the advantage of more fre­
quent output over a given time span when rapid changes are occurring and Jess 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 
is generally used only for output to the binary output file. Specifying output at selected 
times (option 2) or at fixed time intervals (option I) 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 ASCll 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. 

UNITS I: 

UNITSO: 

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

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

The same system 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 SI units) 
Length m ft 0.3048 
Mass kg lb 0.4535237 
Time s dav 86400 
Temperature K OR 519 
Amount of substance mol lbmol 0.4535237 
Area m' n' 0.09290304 
Volume m' fr 0.028316846592 
Pressure Pa psi 6894.757293168362 
Mass flow rate kgis lb/day 5.2499116898148148 x w-' 
Concentration rate change k•/(s·m3

) lb/(day · ft3
) 0.018539888164305717 

Densitv or concentration kg/m3 lb/ft3 16.0 1846337396014 
Velocity m!s ft/day 3.527777777777778 x w·' 
Volumetric rate m3/s ft3/day 3.2774128 x w·' 
Viscosity Pa·s cP 0.001 
Productivity index m' bbl · cP/ 2.6688839796530887 x w·" 

(day · osi) 
Slope of solution gas-brine Pa'1 

ft3/(bbl·psi) 2.5832324345269173 X 10'5 

ratio vs. nressure 
Slope of viscosity vs. s 

I oressure 
cP/psi 1.4503773773020921 x 10·7 

Permeability m' darcy 9.8692326671601282 X 10-13 

• 

• 



 

 Information Only 

• 

• 

• 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

WP0#45238 
May 12, 1997 

Page 81 

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. 

IfiPRTYPEASC = 0 (output at fixed time step frequency): 

Line 2.4. IPRNT ASC. 

IPRNT ASC: ASCII output time step frequency. 

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

Line 2.4: TMEINT ASC, 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 =I (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]. 

lfiPRTYPEBIN = 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] 
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• 

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 = 0 (restart output at fixed time step frequency): 

Line 2.8. IPRNTRST. 

IPRNTRST: Restart output time step frequency. 

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

Line 2.8. TMEINTRST, SPTMERST, FPTMERST. 

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] 

IfiPRTYPERST = 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] . 
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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 is NVPR = 95 + 3 x MWST x (I + 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 (NVPR values). 

NPRNTB: Flag to indicate output of element variables to the binary output file. 

0 =Do not print this element variable to the binary output file. 

I = 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 ASCII 
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 tb' 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 I - 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 = I, MRAD = 3 (Pu240, 0236, and Th232), which results in a total of NVPR = 
95 + 3 x MWST x (I+ MRAD) = 107 element variables. 

No. CAM CON Element Description SIUnit 
Variable Name 

I PRESBRIN Brine pressure Pa 
2 PRESGAS Gas pressure Pa 
3 POTO Brine density x I! x potentiometric head Pa 
4 POTG Gas density xI! x ootentiomerric head Pa 
5 PBUB Brine bubble pressure Pa 
6 POROS Porosity m3 void/m3 rock 
7 RELPERMB Relative permeability to brine dimensionless 
8 RELPERMG Relative permeability to gas dimensionless 
9 DENBRINE Brine density kg/m3 

10 DEN GAS Gas density kg/m3 ... 

11 PERMBRX Permeability to brine, x-direction m' . 

12 PERMBRY Permeability to brine, y·direction rUT 
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 SATBRJNE Brine saturation fraction void volume 
18 SATGAS Gas saturation fraction void volume 
19 CBRBR 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'ls (@ref. conds) 
22 WELLGAS Time-averaged well gas flow rate m'ls (@ref. conds) 
23 CWELLBR Cumulative well brine flow m3/s (@ ref. conds) 
24 CWELLGAS Cumulative well gas flow m3/s (@ ref. conds) 
25 VELDBRX Brine Darcy velocity, x-direction rnls 
26 VELDBRY Brine Darcy velocity, )'-direction rnls 
27 VELDBRZ Brine Darcy velocity, z-direction rnls 
28 VELDGASX Gas Darcy velocity, x-direction m/s 
29 VELDGASY Gas Darcy velocity, y-direction rnls 
30 VELDGASZ Gas Darcy velocity, z-direction rnls 
31 FLOWBRX Tirne-avg. interblock brine flow, x-direction m3/s (@ref. conds) 
32 FLOWERY Time-avg. interblock brine flow, y-direction m'ls (@ref. conds) 
33 FLOWBRZ Time-avg. interblock brine flow, z-direction m3/s (@ref. conds) 
34 FLOWGASX Time-avg. interblock gas flow, x-direction m3/s (@ref. conds) 
35 FLOWGASY Time-avg. interblock ga.;; flow, y-direction m3/s (@ref. conds) 

36 FLOWGASZ Time-avg. interblock gas flow, z-direction m3/s (@ref. conds) 
37 MASSBALB Relative Brine mass balance dimensionless 
38 MASSBALG Relative Gas mass balance dimensionless 
39 CORRATI Inundated corrosion rate-simple model molls 
40 CORRATH Humid corrosion rate-simple model moUs 

41 BIORATI Inundated biodegradation rate-simple model molls 
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No. CAM CON Element 
Variable Name 

42 BIORATH 

43 H2RATE 
44 BRINRATE 
45 FERATE 

46 CELLRATE 
47 FECONC 
48 CELLCONC 
49 H2 R 
50 C02_R 

51 CH4 R 

52 N2 R 
53 H2S R 
54 02 R 
55 H20 R 

56 H2S04 R 

57 HN03 R 

58 CH20 R 

59 FER 
60 FES2F R 

61 FES20 R 
62 FEC03F R 
63 FEC030 R 

64 FEOH2 R 
65 FEOOH R 

66 FE304 R 

67 FES R 
68 CAO R 
69 CAOH2 R 
70 CAC03 R 

71 H2 RAD R 

72 H2 C 
73 C02 C 

74 CH4 C 
75 N2 C 
76 H2S_C 

77 02 c 
78 H20 C 

79 H2S04 C 
80 HN03 C 
81 CH20 C 

82 FEC 
83 FES2F C 
84 FES20 C 
85 FEC03F C 

86 FEC030 C 

87 FEOH2 C 

Description 

Humid biodegradation rate-simple model 
H2 generation rate-simple model 

Brine consumption rate-simple model 
Fe consumption rate-simple model 

Biodegrad consumption rate-simple model 
Fe concentration-simple model 

Biodegradables concentration-simple model 
H2 generation rate-reaction path model 

C02 generation rate-reaction path model 
CH., generation rate-reaction path model 
N2 generation rate-reaction path model 

H2S generation rate-reaction path model 
0 2 generation rate-reaction path model 
H20 generation rate-reaction path model 

H2S04 generation rate-reaction path model 
HN03 generation rme-reaction path model 

Biodegrad consumption rate-reaction path model 
Fe generation rate-reaction path model 

FeS2 generation rate-reaction path model 

FeS2 generation rate-reaction path model 
FeC03 generation rate-reaction path model 

FeC03 generation rate-reaction path model 
Fe(OHh generation rate-reaction path model 
FeO(OH) generation rate-reaction path model 

Fe30 4 generation rate-reaction path model 
FeS generation rate-reaction path model 
CaO generation rate-reaction path model 

Ca(OHh generation rate-reaction path model 
CaC03 generation rate-reaction path model 

H2 generation rate-radiolysis 
H2 concentration-reaction path model 

C02 concentration-reaction path model 

C~ concentration-reaction path model 
N2 concentration-reaction path model 
H2S concentration-reaction path model 

0 2 concentration-reaction path model 

H20 concentration-reaction path model 
H2S04 concentration-reaction path model 
HN03 concentration-reaction path model 

Biodegradables concentration-reaction path model 
Fe concentration-reaction path model 

FeS2 concentration-reaction path model 
FeS2 concentration-reaction path model 
FeCO::~ concentration-reaction path model 

FeC03 concentration-reaction path model 
Fe(OH)2 concentration-reaction path model 
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SI Unit 

molls 

kg/(s·m'l 
kg/(s·m') 
kg/(s·m') 

kg/(s·m') 
kg/m' 

kg/m3 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m') 
kg/(s·m') 

kg/(s·m') 
kg/(s·m·) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m') 
kg/(s·m3

) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m3
) 

kg/(s·m') 
kg/(s·m') 

kg/(s·m') 

kg/m3 

kg/m3 

kg/m3 

kg/m3 

kg/m3 

kgtm· 

kg/m3 

kg/m3 

kg/m' 

kg/m3 

kg/m3 

kg/m3 

kg/m3 

kg/m3 

kg/m3 

• 

• 
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No, CAM CON Element Description 
Variable Name 

88 FEOOH C FeO(OH) concentration-reaction path model kg/m3 

89 FE304 C Fe30 4 concentration-reaction path model kg/m3 

90 FESC FeS concentration-reaction path model kg/m3 

91 CAO C CaO concentration-reaction path model kg/m3 

92 CAOH2 C Ca(OHh concentration-reaction path model kg/m3 

93 CAC03 C CaC03 concentration-reaction path model kg/m3 

94 H2 RAD C H2 concentration-radiolysis kg/m3 

95 H20 FLO WI Water inflow rate kg/s 
96 BMIITOT Total isotope mass from Waste Region 1 kg 
97 BCITOT Total isotope cone. from Waste Region 1 kg/m3 

98 SMITOT Total solid isotope mass from Waste Region 1 kg 
99 BMIPU240 Mass of isotope I (Pu240) from Waste Region I kg 
100 BMIU236 Mass of isotope 2 (U236) from Waste Region 1 kg 
101 BMITH232 Mass of isotope 3 (Th232) from Waste Region I kg 
102 BCIPU240 Cone, of isotope 1 from Waste Region I kg/m3 

103 BCIU236 Cone. of isotope 2 from Waste Region 1 kg/m3 

104 BCITH232 Cone. of isotope 3 from Waste Region 1 kgtm· 
105 SMIPU240 Solid mass of isotope 1 from Waste Region I kg 
106 SM!U236 Solid mass of isotope 2 from Waste Region I kg 
107 SM1TH232 Solid mass of isotope 3 from Waste Region 1 kg 

Line 2.16. IIHIV, JJHIV, KKHIV (NGBHIV sets) . 

IIHIV: 1-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. 
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SIUnit 

. 

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 a log 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, m2

), CONCFE (iron concentration, 
• kglm\ CONCBIO (cellulosics concentration, kglm\ QR(l) [H2 generation rate, kg/(s m3

)], 
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QOBLOCKI (interblock brine flow in x-direction, m3/s at reference conditions), QOBLOCKJ 
(interblock brine flow in y-direction, m3/s at reference conditions), QGBLOCKI (interblock gas 
flow in x-direction, m3/s at reference conditions), QGBLOCKJ (interblock gas flow in y­
direction, m3/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 12. If 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 ; <NMONinputvalue> 
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. !MONITOR, JMONITOR, KMONITOR 

!MONITOR: !-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 & (DXGRID), Lly (DYGRID), and &: (DZGRID), and the elevation 

• 

• 

• 



 

 Information Only 

• 

• 

• 

BRAGFLO, Version 4.10 
User's Manual. Version 1.20 

WP0#45238 
May 12, 1997 

Page 89 

(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 .1.x (DXGRID) are to be read. 

IDYFLAG: Specifies how grid block width /1y (DYGRID) are to be read. 

IDZFLAG: Specifies how grid block width t;z (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. 
= I: DXGRID varies in !-direction; input NX values of DXGRID. 

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

IDZFLAG 

= 1: DYGRID varies in !-direction; input NX values ofDYGRID. 
= 2: DYGRID varies in J-direction; input NY values of DYGRID. 

= 0: DZGRID does not vary; input one value of DZGRID. 
= 1: DZGRID varies in !-direction; input NX values of DZGRID. 
= 2: DZGRID varies in J-direction; input NY values ofDZGRID. 
= 3: DZGRID varies inK-direction; input NZ values of DZGRID. 
= 4: DZGRID varies in 1- and J-directions; input NX x NY values of 

DZGRID. 

IDEPTHFLAG = 0: Elevation does not vary; input one value of DEPTH. 
= I: Elevation varies in !-direction; input NX values of DEPTH. 
= 2: Elevation varies in J-direction; input NY values of DEPTH. 
= 3: Elevation varies inK-direction; input NZ values of DEPTH. 
= 4: Elevation varies in 1- and J-directions; input NX x NY values of 

DEPTH. 
= 5: Elevation varies in 1- and K-directions; input NX x NZ values of 

DEPTH. 
= 6: Elevation varies in J- and K-directions; input NY x NZ values of 

DEPTH. 
= 7: Elevation varies in I-, J-, and K-directions; input NX x NY x NZ val­

ues of DEPTH. 
= -1: Elevation varies in !-direction; have BRAGFLO calculate values of 

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

DEPTH . 



 

 Information Only 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

WP0#45238 
May 12, 1997 

Page 90 

= -2: Elevation varies in ]-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 ]-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 final 
messages printed are: 

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

*** FATAL 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. 

IfiDXFLAG= 0: 

Line 3.4. DXCONST. 

DXCONST: Uniform grid block &-dimension [m or ft]. 

IfiDXFLAG= 1: 

Line 3.4. (DXGRID(I,l,l), l=l, NX). 

DXGRID(I,l,l): Grid block &-dimensions, varying in the !-direction [m orft]. 

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

• 

• 

• 
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DYGRID input . 

Line 3.5. Descriptor. DYGRID input. 

lfiDYFLAG = 0: 

Line 3.6. DYCONST. 

DYCONST: Uniform grid block ~y-dimension [m or ft]. 

lfiDYFLAG= 1: 

Line 3.6. (DYGRIDI(l), 1=1, NX). 
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DYGRIDI(l): Grid block Ll.y-dimensions. varying only in the !-direction [m or ft]. 

If IDYFLAG = 2: 

Line 3.6. (DYGRIDJ(J), J=l, NY). 

DYGRIDJ(J): Grid block Ll.y-dimensions, varying only in the J-direction [m or 

ft] . 

BRAGFLO does not allow Ll.y 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 Ll.z dimensions [m or ft]. 

If IDZFLAG = I: 

Line 3.8. (DZGRIDI(I), 1=1, NX). 

DZGRIDI(l): Grid block &-dimensions, varying only in the !-direction [m or ft]. 

If IDZFLAG = 2: 
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DZGRIDJ(J): Grid block &-dimensions, varying only in the !-direction [m or ft]. 

If IDZFLAG == 3: 

Line 3.8. (DZGRIDK(K), K==l, NZ). 

DZGRIDK(K): Grid block &-dimensions, varying only in the K-direction [m or ft]. 

If IDZFLAG == 4: 

Line 3.8. ((DZGRIDIJ(I,J), I=l, NX), 1=1, NY). 

DZGRIDIJ(I,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. 

IDEPTHFLAG 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 = 0: 

Line 3.10. DEPTHCONST. 

DEPTHCONST: Uniform elevation in all I-, J-, and K-directions [m or ft]. 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 I. 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 = I: 

• 

• 

• 
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DEPTHI(I): Elevations to grid block centers, varying only in the !-direction [m or ft]. 

If IDEPTHFLAG = 2: 

Line 3.10: (DEPTHJ(J), 1=1, NY). 

DEPTHJ(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. ((DEPTHIJ(I,J), I= I, NX), J=l, NY). 

DEPTHIJ(I,J): Elevations to grid block centers, varying in both I- and J-directions [m or 

ft]. 

• IfiDEPTHFLAG = 5: 

• 

Line 3.10. ((DEPTHIK(I,K), I=!, NX), K=l, NZ). 

DEPTHIK(I,K): Elevations to grid block centers, varying in both I- and K-directions [m 

or ft]. 

IfiDEPTHFLAG = 6: 

Line 3.10. ((DEPTHJK(J,K), J=l, NY), K=l, NZ). 

DEPTHJK(J,K): Elevations to grid block centers, varying in both J- and K-directions [m 
or ft]. 

If IDEPTHFLAG = 7: 

Line 3.10. (((DEPTH(I,J,K), I= I, NX), J=l, NY), K=l, NZ). 

DEPTH(I,J,K): Elevations to grid block centers, varying in all three directions [m or ft]. 

If IDEPTHFLAG < 0: 
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Elevations will be calculated from inclination input. Certain rules must be carefully fol­
lowed to achieve the proper orientation of the mesh. Start with a right-handed coordinate 
system, with the origin at (x,y,z) = (0,0,0) in the center of the front lower left corner 
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: I) 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. IORIG, JORIG, KORIG, ZERODEPTH, THETAX, THETAY, THETAZ. 

IORIG: I-index of origin block. 

JORIG: J-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 they-axis [degrees}. 

THETAZ: Angle of positive right-handed rotation about the z-axis [degrees}. 

IfiDEPTHFLAG = -1: 

Elevation varies only in !-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. 

IfiDEPTHFLAG = -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 THET AX; 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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BRAGFLO 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 useful 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 accordingly. 
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 m the PARAMETER statement in 

BF2_PARAMS.INC), BRAGFLO will abort with the message: 

In READWELL, NWTIME needs to be larger. NWELLTIMES = <NWELL TIMES input 

value> 

*** Well time errors in READWELL *** 

The following input is repeated NWELL TIMES. 

Line 4.3. WELL TIME, NWELLS. 

WELL TIME: Time when conditions go into effect [s or days]. Conditions specified at 

this time remain in effect only until the next WELL TIME. In order for a 

well to remain in effect after the next WELL TIME, the description and 

conditions for that well (Lines 4.4, 4.5, and 4.6) must be repeated at the 

next WELL TIME. 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 WELL TIME. 

The following input is repeated NWELLS times. 

• 

• 

• 
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Line 4.4. IWELLNODE, JWELLNODE, 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 wells that exist in this grid block. 

The following input is repeated NWELLSPERGRID times. 

Line4.5. WELLTYPE. 

WP0#45238 
May 12. 1997 

Page97 

WELL TYPE: 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 WELL TYPE; 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 lb/day]. 

QOWELL: 
PIWELL: 

Brine mass flow rate [kg/s or lb/day]. 
Injectivity or productivity index [m3 or (bbl cP)/(day psi)]. Recommended 
value: 1.0 x 10·6 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, PIWELL, 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 1 0'6 m3

) is used SO that the pressure in the grid block is the 
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same as specified for tlie 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 I 5 km x 60 km x I 00 m, a productivity index of 1.0 
x 10-6 m3 [3.7 X 1012 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 blocks 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. IR,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(I,1,K), I= I, NX), 1=1, NY), K=l, NZ). 

PINIT: Initial brine pressure [Pa or psi]. 

Line 5.3. Descriptor. Brine saturation initial conditions. 

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

SOINIT: Initial brine saturation [dimensionless]. 

Line 5.5. Descriptor. Iron concentration initial conditions. 

Line 5.6. (((CONCFE(I,J,K), I=l, NX), 1=1, NY), K=l, NZ). 

CONCFE: Initial iron concentration [kg/m3 or lb/fr3]. 

Line 5.7. Descriptor. Cellulosics concentration initial conditions. 

Line 5.8. (((CONCBIO(I,1,K), I=l, NX), 1=1, NY), K=l, NZ). 

CONCBIO: Initial cellulosics concentration [kg/m3 or lb/ft3
] . 
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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 
CONCFE 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 BRAGFLO 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(l), DEPLIMIT(2), SATLIMIT. 

DEPLIMIT(l ): Limit allowed on gas saturation outside the physically realistic range of 
0.0 to 1.0. The solution will not be rejected provided: 1.0 + DEPLIMIT(l) 
> S, > -DEPLIMIT(l ). 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(l) 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(l) = 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 o; DEPLIMIT(2), the time step size will 
be reduced and the time step will be repeated. As with DEPLIMIT(l), 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 108 Pa. 

• 

SATLIMIT: Limit on gas saturation solution beyond which a solution will not be ac­
cepted; interstep iterations will continue using the same 11t (i. e., the solution 
is not accepted, but 11t is not reduced) even if DEPLIMIT(l) is satisfied if: 
1.0 + SATLIMIT > S, > -SATLIMIT provided that DEPLIMIT(l) >SAT- • 
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LIMIT. Nonconvergence occurs once Sg violates the SATLIMIT constraint. 
This is intended to be a more stringent limit than DEPLIMIT(l), but it is up 
to the user to ensure that DEPLIMIT(l) > SATLIMIT. Recommended 
value: 1.0 x 10-3

. 

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. DELTADEPNORM(l), DELTADEPNORM(2). 

DELTADEPNORM(l): 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 !05 Pa. 

Line 6.5. Descriptor. Maximum absolute variable changes. 

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

DDEPMAX(l): 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 107 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 result 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 = I should 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 and6.14). 

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

Line 6.10. EPSNORM(l), 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(l) is too easily satis­
fied. Recommended value: 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 10'3. 

• 
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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(l) 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 IJACSWITCH 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(l), EPSLOOSE(2). 

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

EPSLOOSE(2): Same meaning as EPSNORM(2); used after IJACSWITCH time step re­
ductions have occurred. Recommended value: 0.01. 

Line 6.13. Descriptor. Normal right-hand-side function (or residual) criteria. BRAGFLO solves 
a pair of simultaneous mass balance equations: F 1 = 0 (gas mass balance), 
and F2 = 0 (brine mass balance). Because the nonlinear equations are solved 
numerically and iteratively, F 1 and F 2 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(l) and FTOL­
NORM(2) . 
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FfOLNORM(l ): [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, !l>(p,S, + C,,p,S,), where 11> 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 is present). The minimum of this normalized residual value is compared 
with FfOLNORM(I). If ICONVTEST = 0 and the normalized residual is 
less than FfOLNORM(l ), convergence is accepted regardless of 
EPSNORM(l). If ICONVTEST = I, the normalized residual must be less 
than FfOLNORM(l) and EPSNORM(l) must be satisfied in order for the 
solution to be accepted. Recommended value: 1.0 x 10'2• 

FfOLNORM(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, !I>C""p,,S,, where 11> is the porosity, C,, 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 S,, is the brine saturation. The 
minimum of this normalized minimum residual value is compared with 
FfOLNORM(2). If ICONVTEST = 0 and the normalized residual is less 
than FfOLNORM(2), convergence is accepted regardless of EPSNORM(2) . 
If ICONVTEST = I, the normalized residual must be less than FfOL­

NORM(2) and EPSNORM(2) must be satisfied in order for the solution to 
be accepted. Recommended value: 1.0 x 10·2. 

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

Line 6.16. FfOLLOOSE(l), FTOLLOOSE(2). 

FfOLLOOSE(l ): Relaxed value of normalized residual for gas saturation below which 
convergence is accepted regardless of EPSLOOSE(l ); used after UAC­
SWITCH time step reductions have occurred [kg gas in residual/kg gas in 
grid block]. Recommended value: 1.0 x 10·'. 

FfOLLOOSE(2): Relaxed value of normalized residual for brine pressure below which 
convergence is accepted regardless of EPSLOOSE(2); used after UAC­
SWITCH time step reductions have occurred [kg brine in residual/kg brine 
in grid block]. Recommended value: 1.0 X 10·1

. 

Line 6.17. Descriptor. Multicomponent gas constituent transport convergence tolerances. 

• 

• 

• 
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Line 6.18. EPSGAS(l), EPSGAS(2), EPSGAS(3), EPSGAS(4). 
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EPSGAS(l ): 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. CHSOL VER. 

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 READCNTRLi 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 Jess 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, Jacks 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. ITMAX, IRESETMAX, IJACINPUT, 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 DEL TMIN 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. 

DACINPUT: Default iteration interval frequency for updating the Jacobian. The Jaco­
bian is 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
eration 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 I 07 Pa. 

LV ARSWTCH: 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 LV ARSWTCH = 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 (S, 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: 

where: x, = mole fraction of gas dissolved in brine, 

H =Henry's law constant [Palmol 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 LV ARSWTCH = 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, LV ARSWTCH = 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. IUPRPFLAG, IUPMFFLAG, DELTFACTOR, ITRAVE, IMFRA VE. 

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, IUPRPFLAG 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 IUPRPFLAG = 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 itenition, 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. 

IUPMFFLAG: 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. 
IUPMFFLAG 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 solution. 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. 

ITRA VE: Transmissivity averaging method at block interfaces. Recommended value: I. 

ITRA VE = 0: Use arithmetic average. This method is untested. 

ITRAVE = I: Use harmonic average. 

IMFRA VE: 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 = I: 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. IJACSWITCH, IJACMIN, IJACRESET, IUPRPLOOSE, IUPMFLOOSE. 

IJACSWITCH: 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 HAC­
SWITCH time step reductions have occurred; the Jacobian is now reevalu­
ated every IJACMIN iterations. Reevaluating the Jacobian more frequently 
(if IJACINPUT > I) 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 > I, 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: I. 

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: Frequency of updating the upstream direction for relative perrneabilities. 
This is the "looser tolerances" value of IUPRPFLAG, and is 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 
optionoff. • 
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IUPMFLOOSE: Frequency of updating the upstream direction for mass fractions. This is 
the "looser tolerances" value of illPMFFLAG, and is 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. 

Line 6.27. Descriptor. Relative changes for Jacobian elements. 

Line 6.28. DH(l), DH(2). 
DH(l): Relative change in gas saturation for Jacobian element derivative calculations. 

Because the equations being solved ate so nonlinear, DH should be as small 
as possible without losing numerical precision. Recommended value: 1.0 x 
w·8 

DH(2): Relative change in brine pressure for Jacobian element derivative calculations. 
Recommended value: 1.0 X 10·8• 

Line 6.29. Descriptor. Minimum absolute change for Jacobian elements. 

Line 6.30. HMIN(l), HMIN(2). 

HMIN(l): 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 10·10 

. 

HMIN(2): 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 ate input. 

Line 7 .1. Descriptor. Number of material maps . 
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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 7.4. 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 is printed, but any results obtained before BRAGFLO aborts 
will be unpredictable and unreliable. 

Line 7.5. Descriptor. Material map. 

Line 7.6. (((IMAT(I,J,K), I=l, NX), 1=1, NY), K=l, NZ). 

IMAT(I,J,K): Material type number for grid block (I,J,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(I,J,K) is less than I 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: 

*** Aborted: 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 NMA T 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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IfNWST::; 0, the next two lines (7.11 and 7.12) are omitted. 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), I=1, NWST), (MAT_ WASTE(!), 1=1, NWST). 

MAT_ W ASTEI: Material type index of the material at time START that will become 
Waste at time TIMEICRESET. Prior to TIMEICRESET, materials desig­
nated as MAT_ W ASTEI 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 1 0). Corrosion and biodegradation reactions oc­
cur only in this material. There should be a one-to-one correspondence be­
tween MAT_WASTEI(l) 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 = I 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 regions. 

• 

• 

Line 7.14. NDRZ. 

NDRZ: Number ofDRZ material regions. 

If NDRZ :50, 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=l, 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 . 
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IfNMATRESET $; 0, the next two lines (7.19 and 7.20) are omitted. IfNMATRESET > • 
NMAT, the run will abort. 

Line 7.19. Descriptor. "Reset" materials. 

Line 7.20. (MATRESET(I), 1=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 II). 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, ICW ASTE. 

TIMEICRESET: Time when initial conditions are reset [s or days]. Normally= 0. Used 
only when START is less than zero. Negative times (START<O) 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 I 0,020 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 I 0,020 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. 

ICW ASTE: 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. 

= I: Initial conditions specified by POW ASTEIC and SOW ASTEIC (input 
next) will be used at time START instead of PINIT and SO !NIT 
(from Subsection 7.2.5). 

= 0: Initial conditions PINIT and SOINIT will be used at time START. 

If TIMEICRESET = START, the ICW ASTE must be 0. Otherwise, 
BRAG FLO will abort with the message: 

ICWASTE must be 0 when TIMEICRESET ; START. 
*** ICWASTE error in READMAT. 

If ICW ASTE is not 0 or I, 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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POWASTEIC(I): Brine pressure in Waste region I at time START, uniform throughout 
Waste region I [Pa or psi]. Used only when ICWASTE =I, but NWST val­
ues must still be input even if ICW ASTE = 0. 

Line 7.27. Descriptor. Saturation initial conditions. 

Line 7.28. (SOWASTEIC(I), I=l, NWST). 

SOW ASTEIC: Brine saturation in Waste region I at time START, uniform throughout 
Waste region I. Used only when ICW ASTE = 1, but NWST values must 
still be input even if ICW ASTE = 0. 

Line 7.29. Descriptor. Reset DRZ pressure. 

Line 7.30. (PRESDRZ(I), I=l, 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(I). 

I: Material type number. 

XLAMDA(I): Pore-size distribution parameter, /.., 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, I..: 

m = /../(1 +A,). 

• 

• 

• 
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SGR(I): 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 
input. 

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) to 3. Recommended value: 1.05 x SBR(I). 

POMIN(I): Minimum brine pressure [Pa or psi]. Used to adjust capillary pressure when 
capillary pressure model KPC(I) = 3 is used. If KPC(I) to 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(I) = 
3, a value of POMIN(I) = 1.01325 x 105 Pais recommended. 

PCMAX(I): 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) = 1.0 x 108 Pais 
recommended. If KPC(I) = I, 4, or 5, a value must still be read in, but 
PCMAX(I) is not used. 

PCT _A (I): Constant, a, 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, S, of 0.5 and solving the expression for P,. [S, = 
(S,,- S,,)/(1- S,,)]. [Pa] 

PCT_EXP(I): Exponent, 11. in function relating threshold capillary pressure, P"" to per­
meability [dimensionless]. 

KRP(I): Relative permeability model number: 

= I: van Genuchten-Parker model; modified to use a nonzero residual gas 
saturation. 
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= 3: 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. 

= 4: Brooks-Corey model, modified to use a residual gas saturation in calcu­
lating the effective saturation for the non-wetting phase relative 
permeability only. 

= 5: Linear relative permeabilities: k,,= S.,; k.,= I - S,,, where: 

S" = (Sr, - S,,)/(1 - S,,- S,,) is the effective saturation using residual 
gas saturation. 

= 6: Linear relative permeabilities: k,, = S,; k,, = S,,, where S,, is the same as 
given above for KRP(5), and S, = (S,, - S,,)/(1- S,,) is the effective 
saturation without the gas saturation dependence. 

= 7: Linear relative permeabilities: k,, = 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) = I. 
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 model 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 dynamically 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, XKX(I) (input on Line 7 .36), is used fork. 

= I: Threshold capillary pressure varies in time for material I; computed in 
BRAGFLO using the function: Pc1 = 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 they-direction [m2 or darcy ]. 

ZKZ(I): Intrinsic permeability of material I in the z-direction [m2 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(I) 
is not used unless material I is used before TIMEICRESET, when creep clo­
sure is 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(I) 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(I): Compressibility of material I at a reference pressure equal to the initial pres- • 
sure, PINIT [Pa-1 or psi- 1

]. 

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: 

where k =fractured permeability [m2
]; 

k, = intact permeability [m2
]; 

~Pt= fractured porosity [m3 voidlm3 rock]; 
<\l,.= intact porosity [m3 void/m3 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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Line 7.42. I, FRPI{I), FRPF(I), FRPHIMAX(I), FRPRMEXP(I), IFRX(I), IFRY{I), IFRZ(I). 

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 106 Pa. 

FRPF(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 
106 Pa. 

FRPHIMAX(l): [m3 void/m3 rock] Maximum allowable fracture porosity. The pres­
sure-dependent porosity will be limited to this value. Typical value: 0.1 0. 

FRPRMEXP(I): Exponent, n, in the permeability-porosity power law relationship 
[dimensionless]. Typical value: 9.5. 

IFRX(I): Flag to indicate whether x-direction permeability will be calculated for frac­
tured material. Recommended value: I . 

= I: Do calculate permeability for fractured material. 

= 0: Permeability will remain the same as the intact permeability for mate­
rial I. 

IFRY(I): Flag to indicate whether y-direction permeability will be calculated for frac­
tured material. Recommended value: 0. 

= I: Do calculate permeability for fractured material. 

= 0: Permeability will remain the same as the intact permeability for mate­
rial!. 

IFRZ(I): Flag to indicate whether z-direction permeability will be calculated for fractured 
material. Recommended value: 0. 

= I: Do calculate permeability for fractured material. 

= 0: Permeability will remain the same as the intact permeability for mate­
rial I. 
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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, knw. can be correlated to the brine or wetting 
phase permeability, k., by the Klinkenberg equation: 

where 

k.~=k.( l+b!P) 

k. =brine phase intrinsic permeability [m2
], 

P = brine pressure [Pa], 
b = Klinkenberg coefficient [Pa] 

= BKLJNK o (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 m 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 tbat 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 (H2), carbon dioxide (C02), methane (C~). nitrogen (N2), oxygen (Oz), and 
hydrogen sulfide (H2S). 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 0 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 ground waters from tbe Salado Formation: 355, I 00 mg/L and 
372,000 mg/L; using the average value of 363,550 mg/L, assuming tbe re­
ported values are total dissolved solids, and using brine density at 27 oc 
(300.15 K) of 1230 kg/m3

, tbe salinity of Salado brine is 29.6 wt %. 

DENOSC: Density of brine at reference conditions [kg/m3 or lb/ft3
]. The density of 

WIPP brine at 101.325 kPa and 27 oc (300.15 K) averages 1230 kg/m3
. 

KGSAT: Flag to indicate initial gas content of brine: 

= 0: Brine is initially gas-free. 

= I: Brine is initially saturated with gas. This is the recommended input 
value . 
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BRCOMP: Brine compressibility, p [Pa·' or psi-1
]. The compressibility of WIPP brine is 

2.5 x w-•o Pa·'. The equation BRAG FLO uses to evaluate brine density is: 

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

where: 

p = brine pressure [Pa], 

p, =reference pressure, PREP (Line 8.2) [Pa], 

p,= brine density, DENOSC, at reference pressure [kg/m3
]. 

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, 8.4c, 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. 

In x, = Do + D1 In P 

where: 

x, =mole fraction of gas in solution in brine. 

Do = adjustable fitting coefficient. For hydrogen dissolved in 5 N NaCI brine, Do = 
10.0789. 

D 1 = adjustable fitting coefficient. For hydrogen dissolved in 5 N NaCI brine, D 1 = 
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 of5. 

Line 8.4b. SGBUBMIN, RSODO, RSODI. 

SGBUBMIN: Minimum gas saturation required for calculating new bubble point. Rec­
ommended value: -1.0. 

RSODO: Gas solubility correlation coefficient, D0 . 

RSOD1: Gas solubility correlation coefficient, D1• 

Line 8.4c. 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): d 
(formation volume factor) I dP [Pa·1 or psi'1]. 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,.) I dP [Pa·1 

or ft31(bbl psi)]. Recommended value: 0. 

VSLOPE: Slope of the brine viscosity versus pressure curve for undersaturated brine 
(pressure above initial brine bubble point pressure): 

d (brine viscosity) I 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 alJ gases, independent of the actual composition, at a fixed tem­
perature. WIPP PA uses 4.0 x 1010 Pa!mol fraction gas. BRAGFLO as­
sumes that the dissolved gas is N2, regardless of the actual composition of 
the gas phase, which WIPP PA generally assumes to be pure H2• These 
conflicting assumptions are used because the gas found dissolved in native 
WIPP brines is mostly N2, whereas the gas generated in the waste, especially 
by anoxic corrosion of ferrous metals, is mostly H2• 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 LV ARSWTCH = T should be used; see 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 ac (300.15 K) and 
I 01.325 kPa is 1.8 x 10'3 Pas. 

VISG: Gas viscosity [Pa s or cP]. The viscosity of hydrogen at 27 ac (300.15 K) and 
101.325 kPa is 8.92 x 10·6 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. 

= 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: Hz, COz, C~. N2, Oz, and HzS. 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 = l, 
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 I 0,000 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 Ill 0 of the 
density at I 0,000 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= I, MGAS), NGAS, NlGAS. 

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. If 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. 

N!GAS: Gas number from the current Jist: 1 = H2, 2 = C02, 3 =Cf4, 4 = N2, 5 = 02,6 
= H2S. This is used only if NGAS = I; 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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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 
CH20, having a molecular weight of 30.02628 x 10·3 kg/mol. The reactions are written as: 

Corrosion: 

Biodegradation: sz.z HzO + sz,3 CH20 -f sz.1 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. 

IGASV AR: Gas generation reaction flag: 

= 0: No Fe or CH20 consumption and no gas generation. 

= 1: Fe and CH20 consumption with gas generation. 

= 2: Reaction path gas generation model. (Not yet available.) 

If IGASV AR = 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(l), RK(2). 

RK(l): Corrosion reaction rate constant under brine-inundated conditions [mol Fe/(s m3
) 

or lbmol Fe/( day ft3
)]. 

RK(2): Biodegradation reaction rate constant under brine-inundated conditions [mol 
CH20/(s m3

) or lbmol CH20/(day ft3
)]. 

Line 9.5. Descriptor. Humid rate factors. 

• 

• 

• 
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• Line 9.6. HF(l), HF(2). 

• 

• 

HF(1): Factor multiplying RK(l) 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 s1,3 = 
s2,3 = 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(l,l), S(1,2), S(l,3). 

S(1,1): Stoichiometric coefficients~,~ for the corrosion reaction [mol H2/mol Fe]. 

S(1,2): Stoichiometric coefficient s1.2 for the corrosion reaction [mol HzO/mol Fe]. 

S(1,3): Stoichiometric coefficient s1•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), S(2,2), S(2,3). 

S(2,1): Stoichiometric coefficient s2,1 for the biodegradation reaction [mol Hz/mol 
CHzO]. 

S(2,2): Stoichiometric coefficient s2•2 for the biodegradation reaction [mol HzO/mol 
CHzO]. 

S(2,3): Stoichiometric coefficient s2.3 for the biodegradation reaction [mol CHzO/mol 
CH20]. Required input value: 1.0 mol CHzO/mol CHzO. 

Line 9.11. Descriptor. Additional reaction parameters. 

Line 9.12. SATWICK, LARXN, ALPHARXN. 

SA TWICK: 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 tum this 
feature off. Instead of using the actual brine saturation, S, to calculate reac­
tion rates, an effective brine saturation, So.oh is used, where 
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The factor a is ALPHARXN, and S, is SATWICK. This function smoothes 
S,,01; it was intended originally for S,,,ff to be S,,,lf = S, + S., but this function is 
discontinuous at S,, = 0, which can cause numerical difficulties 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,,,,lf when wicking is 
modeled (i. e., when SATWICK > 0.). When LARXN = T, ALPHARXN 
(or a) is used in the smoothing function for both humid corrosion and bio­
degradation rates: 

where: 

r,, = humid corrosion or biodegradation rate 

= HF(l) x RK(l), or HF(2) X RK(2); 

r,41 = effective (smoothed) humid corrosion or biodegradation 
rate. 

If LARXN = F, then ALPHARXN is not used for the humid corrosion and biodegradation 
rates, and r,,,,ff = r,,. The full corrosion or biodegradation rate is given by [where r, is the 
inundated rate, RK(l) or RK(2)]: 

r=S"r;+(l-Sh)r,,,,u• S,>O 

=O, s" =O 

so, unless r,41 = 0, r will be discontinuous at S,, = 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 to ease the numerical difficulties. Small negative values of AL­
PHARXN will result in values of r,,,,JT that are significantly different from r1., and a value 
of zero will cause r,,,01 to be zero. 

• 

• 

• 



 

 Information Only 

• 

• 

• 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

7 .2.11 Creep Closure Parameters 

WP0#45238 
May 12, 1997 

Page 133 

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 1011 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 I 0,000 yr; for ex­
ample, the completion time [FINISH] for a run is typically set at 3.1557 x 1011 s, which is 
10,000.02 yr.); after that time, 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. BRAGFLO 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 • 
be done. Recommended value: I. 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 KLOSA VE = 2 is used, 
KLOSINT = 0 may not be used. 

= 0: Interpolation based on gas generation rate and quantity of gas present. 

= I: Interpolation based on average waste pore pressure. 

KLOSA VE: Flag indicating the scale over which properties are averaged for application 
of a closure model. Recommended value: 2. 

= I: 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 KLOSA VE = I where using KLOSA VE = 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 KLOSA VE = 1. If KLOSINT = 0, BRAGFLO will abort with a message 
warning that KLOSINT must be I when KLOSA VE = 2. 

Line I 0.5. Descriptor. Creep closure parameters. 

The following line is repeated NKLOS times: 

Line 10.6. I, PLITHO(I), 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 
KLOSA VE = I) or in the grid block undergoing closure (if KLOSA VE = 2) 
at the time when closure is turned off. 

TIME_CLOSOFF(l): 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 HNISH (Line 1.7, end time for the run) can be in­
put. 

CLOSPERMFACT(I): Constant factor, a, in expression relating permeability, k, to po­
rosity, <jl, in each region undergoing dynamic creep closure [m2

]: 

k = a<jl~ 

If the permeability of any region (KLOSAVE = 1) or grid block 
(KLOSA VE = 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 10'11 m2

. 

CLOSPERMEXP(I): Exponent, 'fl, in expression relating permeability, k, to porosity, <jl, 
in each region undergoing dynamic creep closure [dimensionless]. 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 musts; MMAT (set in the PARAMETER statement) and must 
be ~ 0. (Inputting a value of 0 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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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, I 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(I). 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 backfilL 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 
BRAG FLO 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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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 cun·ent 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 BRAG FLO 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 BRAGFLO, 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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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 ll.S. 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: 

*** Aborted 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 11.1 0) are read in only if LRADDK = .TRUE.: 

Line 11.9. Descriptor. Transport and decay control parameters. 

Line 11.10. XLIM, HALFMAX, T_SCALE, SRAD02, GH2AVG. 

XLIM: Minimum decay factor; decay factor is set to zero when it is below XLIM 
[dimensionless]. Recommended value: 1.0 x 10·7

. 

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). 

SRAD02: Stoichiometric coefficient for 02 from radiolysis [mol 02/mol H 2]: 

The value of SRAD02 should be between 0.0 and 0.5: 

0.0 if 0 2 is assumed to react immediately with other materials; 

0.5 if 0 2 is assumed to be inert. 

Note that BRAGFLO, as used in WIPP PA calculations, assumes all gas to be 
H2. The mass of gas produced by radio lysis as 02 is: 

• 

• 

• 
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When this mass is treated as an equal mass of Hz, it is equivalent to: 

Mw,o, · SRAD02 
31.9988 x l0-3 SRAD02[kg Hz(= kg Oz)] 

mol H 2 = ----------------~----~~----~ 
2.01588 X 10-3

[ kg H 2 ] 
mol Hz 

= 15.8734 · SRAD02 [mol H2 I mol Hz] 

when SRAD02 = 0.5, which results in a far greater volume of gas (as Hz) 
than is realistically produced. It may be more realistic in BRAGFLO to 
consider mdiolysis as producing 112 moles of Hz (assuming the gas to be in­
ert) (i. e., H20 -7 H2 + 112Hz), rather than Mw 0 , · SRAD02 kg of Hz . . . 
Then the value SRAD02 should have in order to produce 0.5 mol Hz can be 
calculated from: 

or, 

SRAD02 

_l_M 
2 w,H~ 

"'-=----

G)z.oJ588 x w-3 

= 
3!.9988 x w-3 

= 0.314993. 

GH2AVG: Average "G" value for H2 [molecules/disintegration]. Recommended value: 
0.0125. 

• Line 11.11. Descriptor. Isotope names. 
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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(l),I= I ,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. (IELE(I),I= I ,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(l),l=l,NRAD). 

THALF: Half-life of isotope IDION [s or yr]. 

Line 11.19. Descriptor. Atomic weights. 

Line 11.20. (AWT(I),I=l,NRAD). 

A WT: Atomic weight of isotope IDION [kg/mol or lbllbmol]. 

Line 11.21. Descriptor. Solubilities. 

• 
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SOLB_LIM: Solubility limit of element in brine [mol!m3 or Jbmollfe]. 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 11.26. RADINIT(I). 

RADINIT(I): Initial total mass of radionuclide IDION(I) in waste [kg or lb ]. 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 all grid blocks having 
initial material type index MAT_ W ASTEI (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 ifLTRANS =.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: 1.0 X 105

. 

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_RA TIO can be increased, but should remain 
below 1.0. Increasing either of these will increase the computational effort . 
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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(I,J,K), 1=1, NX), J=l, NY), K=l, 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 
wasting 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 BRAGFLO." 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.). If 
LWRST is .FALSE., no restart output will be written, and the run cannot be restarted. IfLWRST 
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 (LW ASC 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: 

I. 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 Tin 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 run. If the initial run completed the maximum num­
ber of time steps allowed, then MAXITF (Line I. 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. 

4. 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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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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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 
ASCll 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 ASCll file (Subsection 9.2). It also contains an output variable glossary. 
Enough information is stored to enable a postprocessor, POSTBRAG to read !'"; · 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 Translates BRAGFLO binary file into ASCII file. 
C J. Schreiber, SAIC, 03/08/96 
c 

c 

c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PARAMETER IMX=50,MY=40,MZ=l0,NVPR=l07,MXHIV=l5000, 
1 MVHIV=MX*MY*MZ,MGVAR=lO) 

CHARACTER*8 
CHARACTER*8 
CHARACTER* 50 
CHARACTER*20 
CHARACTER*9 
CHARACTER*32 

RTIMEI2) ,PNAMEI2) ,VRSIONI2) ,UNITS,REVDATEI2) 
NAMVAREL ( NVPR) I NAMVARHI (MXHIV} I NAMVARGL (MGVAR) 
LABELELINVPR) ,LABELHIIMXHIV),LABELGLIMGVAR) 
LABUNTELINVPRJ ,LABUNTHIIMXHIV),LABUNTGLIMGVAR) 
DATEI2) 
CPUNAME 

CHARACTER*! FILTYP 
CHARACTER*80 FILNAMI6),BRAGNAM 
CHARACTER*132 TITLE 
DIMENSION IIHIVIMVHIV,NVPR) ,JJHIV(MVHIV,NVPR) ,KKHIVIMVHIV,NVPR) 
DIMENSION UNTCNVELINVPR),UNTCNVHI(MXHIV),UNTCNVGLIMGVAR) 
DIMENSION DXGRIDIMX,MY,MZ) ,DYGRID(MX,MY,MZ) ,DZGRIDIMX,MY,MZ) 
DIMENSION GRIDVOLIMX,MY,MZ),LHIINVPR),LEINVPR),LHIMXHIV),LGIMGVAR) 
DIMENSION HVARIMXHIV),YYIMX,MY,MZ) ,NGBHIVINVPR) 
REAL IBBALMX,JBBALMX,KBB~MX,IGBALMX,JGBALMX,KGBALMX 

WRITE (*,*) 'Enter name of BRAGFLO binary file.' 
READ I*, ' (A) ' I BRAGNAM 

OPEN (8,FILE=BRAGNAM,STATUS='OLD' ,FORM='UNFORMATTED') 
OPEN (9,FILE='ASCII.OUT' ,STATUS='NEW') 

Read header section with QA info, vbl glossary, grid dimensions: 
Note: If first record is 'PREBRAG', then the file starts with 

PREBRAG QA info; otherwise, there is no PREBRAG info, and 
the file starts with BRAGFLO QA info. 

PNAME{l) ; Preprocessor name (PREBRAG). 
VRSION{l) PREBRAG version number. 
REVDATE(l) PREBRAG revision date. 
DATE ( 1) PREBRAG run date. 
RTIME(l} PREBRAG run time. 
DATE(2) BRAGFLO run date. 
RTIME(2) BRAGFLO run time. 
PNAME(2) = Program name (BRAGFLO). 
VRSION(2} BRAGFLO version 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 Nill1FIL files used by BRAGFLO. 
TITLE 
NX,NY,NZ 
UNIT SO 
NVAREL 
MHIVM 
MHIV 

NHIV 
NGVAR 

Title of run. 
; Dimensions of problem run. 

Units system used for ouput ('SI' or 'ENGLISH'}. 
Number of element variables. 

=Number of time- & performance-related history vbls. 
Total no. of element vbl-based history vbls printed 
at each time step. 

= No. of element vbls that are printed as history vbls. 
Number of global variables. 

READ 18) PNAMEil) 
IF (PNAMEill 11,7) .EQ. 'PREBRAG') THEN 

READ 181 VRSION(l) 
READ I 8) REVDATE I 1 ) 
READ 181 DATEil) 
READ 18) RTIME Ill 
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c 

c 

READ (8} DATE(2} 
ELSE 

DATE(2} = PNAME(1} 
END IF 

READ (8} RTIME(2} 
READ (8} PNAME(2} 
READ (8} VRSIONI2} 
READ (8} REVDATE(2} 
READ I 8} CPUNAME 
READ I 8} FILTYP 
READ ( 8} NUMFIL 
DO 10 I=1,NUMFIL 

READ (8) FILNAMII} 
10 CONTINUE 

READ (8) TITLE 
READ (8) NX,NY,NZ 
READ (8} UNITS 
READ I 8} NVAREL, MHIVM, MHIV, NHIV, NGVAR 
MHIVT = MHIVM + MHIV 

C Read glossary of variables: 
C LHI Element vbl no. from User Manual Table 4 for this 
C history vbl. 
C NGBHIV No. of grid blocks to be printed as history vbl for 
C variable LHI. 
c IIHIV !-index of grid block for this history variable. 
C JJHIV J-index of grid block for this history variable. 
C KKHIV K-index of grid block for this history variable. 
C LE Number of the element variable. 
C Variable name to be used in POSTBRAG. NAMVAREL = 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

LABELEL 
LABUNTEL 
UNTCNVEL 
LH 
NAMVARHI 
LABELHI 
LABUNTHI 
UNTCNVHI 
LG 
NAMVARGL 
LABELGL 
LABUNTGL 
UNTCNVGL 

Description of this variable. 
Units label for this variable {e.g., Pal. 
Factor to convert from UNITSO to SI units. 
Number of the history variable. 
Variable name to be used in POSTBRAG. 
Description of this variable. 
Units label for this variable (e.g., Pal. 
Factor to convert from UNITSO to SI units. 
Number of the global variable. 
Variable name to be used in POSTBRAG. 
Description of this variable. 
Units label for this variable (e.g., kg). 
Factor to convert from UNITSO to SI units. 

DO 20 I=1,NHIV 
READ (8} LHIII) ,NGBHIV(I), IIIHIV(J,I},JJHIVIJ,I) ,KKHIV(J,I), 

1 J=l,NGBHIV(I}) 
20 CONTINUE 

DO 30 I=1,NVAREL 
READ (8} LEII},NAMVARELIII ,LABELEL(I} ,LABUNTELII),UNTCNVEL(I) 

30 CONTINUE 
DO 40 I=1,MHIVT 

READ (8) LH(I),NAMVARHIII) ,LABELHIII) ,LABUNTHI(I),UNTCNVHI(I) 
40 CONTINUE 

DO 50 I=l,NGVAR 
READ 18) LGII},NAMVARGL(I},LABELGL(I} ,LABUNTGL(I),UNTCNVGL(I) 

50 CONTINUE 

C Mesh dimensions and grid block volumes. 
c 

c 

READ (8) (((DXGRID(I,J,K} ,I=1,NX},J=1,NY},K=1,NZ) 
READ (8) ( ((DYGRID(I,J,K) ,I=1,NX} ,J=l,NY) ,K=l,NZ) 
READ (8} ( I(DZGRID(I,J,K} ,I=l,NX} ,J=1,NY) ,K=1,NZ) 
READ (8) (((GRIDVOL(I,J,K},I=l,NX),J=1,NY) ,K=1,NZ) 
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C *** End of header section (READ) *** 
c 
c 

c 

c 

c 

c 

IF (PNAME(1) (1:7) .EQ. 'PREBRAG' I THEN 
WRITE (9,.) ... PREBRAG Program Name ••• 
WRITE (9, *I PNAME(1) 
WRITE (9, *) ... PREBRAG Version Number ... 
WRITE ( 9, *) VRSION(1) 
WRITE ( 9'.) ••• PREBRAG Revision Date . .. 
WRITE ( 9' *) REVDATE (11 
WRITE (9' *I ••• PREBRAG Run Date . .. 
WRITE (9' *I DATE(1) 
WRITE (9' *I ••• PREBRAG Run Time **' 
WRITE ( 9' *I RTIME(1) 

END IF 

WRITE (9' *) '** BRAGFLO Run Date ••• 
WRITE (9' *) DATE(2) 
WRITE ( 9' *I ... BRAGFLO Run Time **' 
WRITE ( 9' *) RTIME (2) 
WRITE (9' 'I ... BRAGFLO Program Name **' 
WRITE ( 9, *) PNAME(2) 
WRITE (9, 'I ... BRAGFLO version Number ... 
WRITE (9, *) VRSION(2) 
WRITE (9, *) ... BRAGFLO Revision Date 
WRITE (9, *) REVDATE(2) 

WRITE {9, *) '** Computer Name '""*' 
WRITE (9,*) CPUNAME 
WRITE (9,*) '**Output File Type**' 
WRITE (9,*) FILTYP 

. .. 

WRITE ( 9, *) '** Number of Files Used * *' 
WRITE (9,*) NUMFIL 
WRITE {9, *) '** Names of Files used **' 
DO 60 I=1,NUMFIL 

WRITE (9,*1 FILNAM(I) 
60 CONTINUE 

WRITE 
WRITE 
WRITE 
WRITE 
WRITE 
WRITE 

(9, *) '** Title of Run **' 
(9,' (A)' I TITLE 
(9,*) '** NX, NY, NZ **' 
(9,*) NX,NY,NZ 
(9,*) '**Output Units**' 
(9,*) UNITS 

WRITE { 9 f *) I** NVAREL' MHIVM, MHIV I NHIV I MGVAR * *' 
WRITE {9,*) NVAREL,MHIVM,MHIV,NHIV,NGVAR 
WRITE (9,*) 
WRITE (9, *) '** History Vbl Locations **' 
DO 70 I=1,NHIV 

WRITE (9,'(2I5,10(3X,3I3))') LHI(I),NGBHIV(I), 
1 (IIHIV(J,II,JJHIV(J,I),KKHIV(J,I) ,J=1,NGBHIV(I)) 

70 CONTINUE 
WRITE (9,*) 
WRITE ( 9, *) '* * Element Vbl Labels * *' 
DO 80 I=1,NVAREL 

WRITE (9, '(I4,2X,A,2X,A,2X,A,1PE16.6) ') LE(I),NAMVAREL(I), 
1 LABELEL(I) ,LABUNTEL(II,UNTCNVEL(I) 

80 CONTINUE 
WRITE (9, *) 
WRITE (9,*) '** HistoryVbl Labels**' 
DO 90 I=1,MHIVT 

WRITE (9,' (I4,2X,A,2X,A,2X,A.1PE16.6) 'I LH(I),NAMVARHI(I), 
1 LABELHI(I),LABUNTHI(II ,UNTCNVHI(I) 

90 CONTINUE 
WRITE (9,*) 
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c 

c 

1 
100 

WRITE (9,*} '**Global Vbl Labels **' 
DO 100 I;1,NGVAR 

WRITE (9, ' ( I4, 2X,A, 2X,A, 2X, A, 1PE16. 61 'I 
LABELGL(II,LABUNTGLIII ,UNTCNVGL(II 

CONTINUE 

LG(II,NAMVARGL(II, 

WRITE (9. *I 
WRITE (9. *I 
WRITE (9. *I 
WRITE (9. *I 
WRITE (9. *I 
WRITE 19, *I 
WRITE ( 9' *) 
WRITE ( 9' *) 
WRITE I 9, *I 
WRITE (9 J *) 

WRITE I 9, *I 
WRITE ( 9. *I 

'**Mesh Sizes: DXGRID **' 
(((DXGRID(I,J,KI ,I=1,NXI ,J;1,NYI ,K;1,NZI 

'**Mesh Sizes: DYGRID **' 
( ( (DYGRID(I,J,KI, I=l,NXI ,J=1,NYI,K;1,NZI 

'**Mesh Sizes: DZGRID **' 
( ( (DZGRID(I,J,KI. I;1,NXI,J;1,NYI ,K;1,NZI 

'**Mesh Sizes: GRIDVOL **' 
(( (GRIDVOL(I,J,KI ,I=1,NX) ,J;1,NYI ,K;1,NZI 

c *** End of header section (WRITE) *** 
c 
c 
C *** Cycle through time steps *** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 

First read 
TIME 
TIMED 
TIMEYR 
DELT 
DELTD 
DELTYR 
AVGITER 
CPUS 
CPUHR 
RNSTEP 
RITER TOT 
KBIN 

NPO = 0 

time, time step, CPU time, performance measures: 
Elapsed simulation time [s] . 
Elapsed simulation time [days]. 
Elapsed simulation time [yr] . 

= Time step [s]. 
Time step [days] . 
Time step [yr] . 
Average Newton-Raphson iterations per time step. 
CPU time used for this time step (s}. 
Total CPU time used so far in the run [hr) . 
Time step number (REAL). 
Total Newton-Raphson iterations so far (REAL). 
Flag indicating: 

=0: only history vbl output will follow. 
=1: history vbls and global and element vbls output 

will follow at this time step. 

110 READ (B,END=130) TIME,TIMED,TIMEYR,DELT,DELTD,DELTYR,AVGITER, 
1 CPUS,CPUHR,RNSTEP,RITERTOT,KBIN 

IF (MHIV .GT. OJ READ IB,END=l30) IHVAR(I) ,I=1,MHIVI 

WRITE (9,*1 
WRITE (9,*) 
WRITE (9,*) '*"'TIME (s,d,y}, DELT (s,d,y), IterAvg, CPU (s,hr),' 

1 //' Step No., IterTot, KBIN' 
WRITE (9,*} 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,*} {no element-variable-based history variables)' 
ELSE 

WRITE (9,*) (HVAR(I),I=l,MHIV) 
END IF 

C (History vbls only, if KBIN=O) 
c 

c 
c 
c 

IF (KBIN .EQ. 11 THEN 

Global vbls (mass balance info at current step) are read next: 
BBALC Brine mass balance error over entire mesh [kg]. 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

c 
c 

1 

GBALC 
BBALMX 
GBALMX 
IBBALMX 
JBBALMX 
KBBALMX 
IGBALMX 
JGBALMX 
KGBALMX 

:: Gas maSs balance error over entire mesh [kg] . 
= Max relative brine mass bal error in any grid block. 

Max relative gas mass bal error in any grid block. 
= !-index of grid block with BBALMX \ 

J-index of grid block with BBALMX I These are 
K-index of grid block with BBALMX 1- saved as 
!-index of grid block with GBALMX I REAL vbls 
J-index of grid block with GBALMX I 

= K-index of grid block with GBALMX I 

READ (8,BND=130) BBALC,GBALC,BBALMX,GBALMX, 
IBBALMX,JBBALMX,KBBALMX,IGBALMX,JGBALMX,KGBALMX 

NPO = NPO + 
WRITE (9'.) 
WRITE ( 9'.) 
WRITE (9'.) 
WRITE (9'.) 

1 

'**Mass Balances (Global Vbls) Printout No. ',NPO 
BBALC,GBALC,BBALMX,GBALMX 
IBBALMX,JBBALMX,KBBALMX,IGBALMX,JGBALMX,KGBALMX 

C The Element vbl distributions are read next. 
c 

c 

DO 120 L=1,NVAREL 
READ (8,END=130) (((YY(I,J,K) ,I=1,NX),J:l,NY),K=1,NZ) 
WRITE (9, *) 

WRITE (9,'(A,I3,3X,A,Fl0.ll'l '**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 Continue to next time step. 
c 

GO TO llO 
c 

130 CLOSE (8) 
CLOSE (9) 

STOP '**Normal Completion**' 
c 

END 

9.2 ASCII Output (.OUT) File 
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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 input, 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: 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 

3.376£-03 8.043£-08 8.951£-01 6.868£-02 
15 12 : 2 20 1 1: 27 1 1 20 1 

1146 1.226E+03 1.101£+03 3 3.31 9.96£-03 10 14 1 3.50£+04 19 8 1 
-8.44£-05 15 12 1 3.16£-08 11 9 1 8.48£-14 3.21£-18 LU 

Monitor Block Arrays: PO, PG, SO, PHI, PERMGX, CONCFE, CONCBIO, QR(l), 

Monitor Block# 1: 
6.8534030052£+06 
3.1650984593£-12 

QOBLOCKI, QOBLOCKJ, QGBLOCKI, QGBLOCKJ 
( 11, :10, ll 
6 8534030052£+06 9.9993392867£-01 3.7000000000E-01 
1 3691991909E+02 8.0880900000E+01 O.OOOOOOOOOOE+OO 

1.8074126802E~07 2.3477482289E-09 O.OOOOOOOOOOE+OO 2.4378208877E~14 

Monitor Block# 2: 
6.7853807274E+06 
5.5888660300E-12 
O.OOOOOOOOOOE+OO 
Monitor Block# 3: 
7.3286118606E+06 
1.8197020000E-19 

( 17, 10, 1} 

6.7919359916E+06 2.0800797783E-03 1.3559451410E-01 
1.3614295550E+02 
O.OOOOOOOOOOE+OO 
( 25, 12, 1} 

7.3323394444£+06 
O.OOOOOOOOOOE+OO 

8.0880900000E+Ol 
1.3059617970E-04 

l.OOOOOOOOOOE+OO 
O.OOOOOOOOOOE+OO 

7.1966507423E-12 
-6.8230599392E-05 

1.7791276293E-02 
O.OOOOOOOOOOE+OO 

-3.3526725094£-09 -1.5699372612E-09 O.OOOOOOOOOOE+OO O.OOOOOOOOOOE+OO 

Lines l-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 1: 
Line 2: 

where 

EPSMAX(l), EPSMAX(2), FTOLMAX(I), FTOLMAX(2) 
IEPS(l ),JEPS( I ),KEPS( l ),IEPS(2),JEPS(2),KEPS(2), 
IFTOL( I ),JFTOL( I ),KFTOL(I ),IFTOL(2),JFfOL(2),KFTOL(2) 

• 

• 
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EPSMAX(2)=max( M'b ·)· 
PbEz 

ilS, = change in gas saturation in a grid block since last iteration, 
M', = change in brine pressure in a grid block since last iteration, 

P, = brine pressure at end of current iteration. 

(
F,IT,,) 

max !, , 

FTOLMAX(l) = max(~). 
0., 

(F2 1T,) 
max !, , 

FTOLMAX(2) = max(;: J 
0., 

"'' 2: T3, and F, ::;; J,, 
T <T JK 3o 

F 1 = discretized gas mass balance equation (seep. 37), 
F2 = discretized brine mass balance equation, 

and the grid block locations where these occur are, respectively: 

[IEPS(l ),JEPS( l),KEPS( 1 )], 
[IEPS(2),JEPS(2),KEPS(2)], 
[IFTOL(l),JFI'OL(l),KFTOL(l)], 
[IFTOL(2),JFTOL(2),KFI'OL(2)]. 
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T3, and T3, are, respectively, the mass of gas and mass of brine in a grid block in [(kg 
phase)/(m3 grid block)]. T3, is a small number, set at 1.0 x 10·15 kglm3

, 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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£ 1 = EPSNORM(l) = required number of digits of accuracy to the right of the 
decimal in the change in gas saturation from the last time step. 

£ 2 = EPSNORM(2) = maximum relative change allowed in brine pressure over a time 
step. 

!1 = FTOLNORM(l) = maximum allowable residual for the gas mass balance, 
normalized by the amount of gas present in the grid block. 

/2 = FTOLNORM(2) = maximum allowable residual for the brine mass balance, 
normalized by the amount of brine present in the grid block. 

Thus, EPSMAX(I) 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 I. If ICONVTEST = 0, EPSMAX(l ) 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 I will be less than 1.0). 

FTOLMAX(l) 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 = I, but may be greater than 1.0 if ICONVTEST = 0. 

When convergence is not obtained within ITMAX [Line 6.22] iterations, lines I 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), JDEPMAX(I ), KDEPMAX(I ), 
DELTAPRESMAX, IDEPMAX(2), JDEPMAX(2), KDEPMAX(2), 

• 
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where: 

Line 4: GASBALMAX, IGBALMX, JGBALMX, KGBALMX, BRNBALMAX, 
ffiBALMX, JBBALMX, KBBALMX, GASBALCUM, BRNBALCUM, 
CHSOLVER. 

!PRINT 
TIME*SECYR 
DELT/DAYSEC 
ITER 
CPU 
DELTASATMAX 

IDEPMAX(l) 
JDEPMAX(l) 
KDEPMAX(l) 

= 
= 
= 
= 
= 
= 

= 
= 
= 

time step number; 
elapsed simulation time since start of run [yr]; 
time step size [days]; 
number of Newton-Raphson iterations to reach convergence; 
CPU time to complete this time step [s]; 
maximum saturation change since last time step anywhere in the 
grid; 
I-index of grid block where DELTASATMAX occurred; 
J-index of grid block where DELTASATMAX occurred; 

DELTAPRESMAX = 
K-index of grid block where DELTASATMAX occurred; 
maximum brine pressure change since last time step anywherein 
the grid [PaL 

IDEPMAX(2) 
JDEPMAX(2) 
KDEPMAX(2) 
GASBALMAX 

IGBALMX 
JGBALMX 
KGBALMX 
BRNBALMAX 

ffiBALMX 
JBBALMX 
KBBALMX 
GASBALCUM 

BRNBALCUM 

CHSOLVER 

= 
= 
= 
= 

= 
= 
= 
= 

= 
= 
= 
= 

!-index of grid block where DELTAPRESMAX occurred; 
J-index of grid block where DELT APRESMAX occurred; 
K-index of grid block where DELTAPRESMAX occurred; 
maximum gas mass balance error relative to mass of gas present 
in a grid block [kg gas (error)/kg gas in grid block]; 
!-index of grid block where GASBALMAX occurred; 
J-index of grid block where GASBALMAX occurred; 
K-index of grid block where GASBALMAX occurred; 
maximum brine mass balance error relative to mass of brine 
present in a grid block [kg brine (error)/kg brine in grid block]; 
!-index of grid block where BRNBALMAX occurred; 
J-index of grid block where BRNBALMAX occurred; 
K-index of grid block where BRNBALMAX occurred; 
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]. 

= 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]. 

= linear equation solver being used [input on Line 6.20]. 

GASBALMAX and BRNBALMAX are computed as follows: 

GASBALMAX = max(F1) • 

BRNBALMAX = max(F2). 
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These mass balance measures are closely related to FfOLMAX(l) and FfOLMAX(2), 
respectively, the latter being normalized by T3,j1 or T3,fz 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 restan record. It is up to the user to keep track of when 
each 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 

~*QA** 

PREBRAG 
6.00 
01/21/96 
01/24/96 
11:16:45 
1996 BRAGFLO 
FILE FLAGS. 
T T T T F 

PREBRAG QA RECORDS 
PROGRAM NAME 
PROGRAM VERSION 
PROGRAM REVISION DATE 
PROGRAM RUN DATE 
PROGRAM RUN TIME 

CASE 2: MEDIAN UNDISTURBED NO MIGRATION VARIANCE PETITION CALCULATION 
.ASCII, BINARY, SUMMARY, RESTART OUT, RESTART INPUT 

MODEL TYPE~ NUMBER OF GRID BLOCKS IN X, Y, AND Z 
2 33 31 l. 

TSTART, '!MAX, MAXSTBPS 
-1.5779£+08 3.1557£+11 10000 

DT_INIT, DT_MIN, DT_MAX, DT_INCR, IAUTODT, TS~IITCH 
8.6400E+00 8. 6400E-04 1. 7280E+09 1. 2500E+00 1 1. 0000E+00 

T!ME-STEP CHANGES: NUMBER OF CHANGES, TIME OF CHANGE, DELT USED 
7 

O.OOOOE+OO .6400E+02 
3 .l557E+08 B. 6400E+02 
7. 8892E+08 8. 6400E+02 
1. 5778E+09 8. 6400E+02 
J.l557E+09 8.6400E+02 
6 .3114E+09 B. 6400E ... 02 
1.2623E+l0 8.6400E~02 

IPRTYPEASC IPRTYPEBIN IPRTYPERST UNITSI UNITSO 
2 o 2 ·si· ·s:r· 

ASCII PRINTOUT CONTROLLED BY USER SPECIFIED TIMES 

' USER REQUESTED PRINTOUT TIMES 
0.0000ET00 3.1557E~ll 

BINARY PRDNTQUT CONTROLLED BY STEP INTERVAL, IPRNTBIN 
20 

RESTART PRDNTOliT CONTROLLED BY USER SPECIFIED TIMES 
1 

USER REQUESTED RESTART TIMES 
3 .1557ET11 

ASCII PRINT FlAGS 
1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 

BmARY PRINT FLAGS 
1 1 0 0 0 1 0 0 0 1 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 
0 0 0 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 
0 0 
0 0 
0 0 

HISTORY VARIABLE OUTPUT 
6 
1 " NAME= BRINE PRESSURE 

9 8 1 10 8 1 11 8 1 12 8 u 8 
15 8 1 5 9 1 10 9 1 11 9 12 9 
14 9 1 lS 9 1 9 10 1 10 10 11 10 

" lO ' l4 10 15 10 ' " 8 18 8 

" 9 ' " 9 19 9 " 10 " 10 
12 1 1 

18 30 NAME=GAS SATURATION 
9 8 10 8 1 ll 8 ' 12 1 13 8 

15 8 9 9 10 9 1 ll 9 ' 12 9 
14 9 15 9 9 10 1 10 10 1 11 10 
13 10 l4 10 15 10 ' 17 8 ' " ' " 9 " 9 19 9 ' " 10 ' 18 10 

" " NAME=TIME~AVERAGE INTERBLOCK BRINE FLO\'", 
3 6 ' 3 12 1 3 lS ' 3 23 ' 3 " 326 1 3 27 ' 3 28 ' 3 29 ' 3 30 

32 6 1 32 12 1 32 15 1 32 23 3 32 24 1 
32 " 1 32 27 1 32 28 ' 32 29 32 30 1 

9 6 1 9 12 ' 
, lS ' " 6 ' " 12 

17 8 1 " 9 1 17 10 1 20 8 ' " 9 ' ' 8 1 9 , 1 9 10 1 16 8 1 16 ' ' 23 6 1 23 7 1 23 8 1 23 9 1 23 10 ' 23 12 1 23 13 1 23 14 1 23 15 1 23 16 
23 " 1 23 l9 1 23 20 1 23 21 1 23 22 
23 24 1 23 , ' 23 " ' 23 27 23 28 
23 30 1 23 " 1 24 6 1 24 7 24 8 ,. 10 ' 24 ll 1 24 12 1 24 13 24 14 
24 16 ' 

,. 
" 

,. 
" 

,. 19 ,. 20 
24 22 1 24 23 " " 24 25 24 26 
24 28 1 " 29 24 30 24 31 

32 46 NAME:TlME-AVERAGE INTERBLOCK BRINE FLOW, 
9 n ' 20 n 1 11 11 1 12 11 1 13 11 1 

15 n ' 9 8 10 ' ' ll ' 1 " ' 14 g ' " ' " 11 1 1S 11 ' " 11 

" ' ' " ' 23 6 1 " 7 1 23 ' 

" u 9 
12 10 
19 9 
19 10 

" 13 
12 10 
19 8 
19 10 
X-DIRECTION 

3 " 
1 

3 31 
32 25 
32 31 

" 15 

" 10 

" 10 ' 23 11 1 
23 " ' 23 23 1 
23 29 ' 24 9 1 
24 lS 

" " " " 
Y-DIRECTION 
1411 1 
n ' 1 
n 
23 
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23 10 
23 16 
23 22 
23 28 

1 
1 
1 

23 11 1 23 12 23 u r 23 14 
23 17 1 23 18 23 19 1 23 20 
23 23 1 23 24 23 25 1 23 26 

23 15 
23 21 
23 27 

1 23 29 1 23 30 23 31 1 
34 

J 6 
J 26 

" 6 32 26 
9 6 

17 ' 
9 8 

" 6 23 12 

" 1 
1 
1 
1 
1 
1 
1 
1 

Nl'.ME=TIME-AVEP..AGE INTERBLOCK GAS FLOW, 
3 12 1 3 15 1 3 23 1 3 24 
3 27 1 3 28 1 3 29 1 3 30 

32 12 1 32 15 1 32 23 1 32 24 
32 27 1 32 28 1 32 29 32 30 

9 12 1 9 15 1 26 6 26 12 1 
17 9 1 17 10 1 20 8 20 9 

9 9 1 9 10 16 8 16 9 
23 7 1 23 8 23 9 23 10 

X-DIRECTION 
3 25 1 
3 31 l 

32 25 1 
32 31 1 
26 1"> 1 
20 10 1 
l6 lO 1 
23 11 

23 18 
23 24 
23 30 
24. 10 
24 16 
24 22 
24 28 

l 
1 
1 
1 
1 
l 
1 

23 13 1 23 14 23 15 23 16 
23 19 1 23 20 23 21 23 22 
23 25 1 23 26 1 23 27 23 28 
23 31 1 24 6 1 24. 7 1 24 8 
24 11 1 24 12 1 24 13 1 24 14 
24 17 1 24 18 1 24 19 24 20 
24 23 1 24 24 1 24 25 24 26 

23 17 1 
23 23 1 
23 29 1 
24 9 1 
24 15 1_ 

24 2l 1 
24 27 1 

1 24 29 1 24 30 1 24 31 1 

" 911 
15 11 
14 8 

" 8 
23 10 
23 16 
23 22 
23 28 

" 1 
1 
1 
l 
l 
1 

NAME-TIME-AVERAGE INTERBLOCK GAS 
10 11 1 ll. 11 .1 12 11 1 13 

9 8 1 10 8 1 11 8 1 12 

FLOW, 
ll l 

8 
15 B 1 17 11 1 18 11 1 19 11 
19 B 1 23 6 1 23 7 J. 23 8 
23 11 23 12 1 23 13 1 23 J.4. 1 
23 17 23 18 1 23 19 1 :ZJ 20 l 

'i-DIRECTION 
14 1. 
13 8 1 
~ 7 8 1 
23 9 1 
2] 15 1 
23 21 

l 23 23 23 24 1 23 25 1 23 26 23 27 
l 23 29 23 30 1 23 31 1 

MONITOR PARAMETER VALUES AT GRIDBLOCK ( S) 
T 
NUMBER OF MONITOR BLOCKS 

3 
MONITOI'( BLOCKS (I,J,K) 

12 10 1 
18 10 1 
26 12 1 

GRID DATA FLAGS: IOXFLAG, IDYFLAG, IDZFLAG, IDEPTHFLAG 
1 2 1 I 

GRID DATA CARDS: GRID BLOCK 
l.S00000E+04 5.000000E~03 
4.000000E+Ol 1 OOOOOOE+Ol 
2.000000E+00 1.000000E~Ol 
l.OOOOOOE+02 B.OOOOOOE+Ol 
5.000000E+02 1 OOOOOOE~Ol 
l.OOOOOOE+OJ 5.000000E+03 
GRID DATA CARDS: GRID BLOCK 
2. 728000E+00 4. 737200E+Ol 
1 380000E+00 1.320800E+00 

OX'S 
1.000000E~OJ 
4 JSOOOOE+Ol 
4 380000E+01 
2 830000E+02 
4 OOOOOOE+Ol 
1 500000E~04 
DY'S 
1.391600E+02 
1.320800E+00 
1.800000E-01 4 610000E+00 .450000E~OO 

8 588000E+01 .588000E+Ol 534000E~01 

2 480000E+01 . 500000E+00 1. 730000E+01 
1.000000E-01 
GRID DATA CARDS: GRID BLOCK 
6.131430E+04 2.131430E+04 
1.834300E+03 1 734300E+03 
4.800000£+00 2.880000E+Ol 
1. 416000E+02 1. 890000E+01 
5 310000E+01 1 258900E+03 
9.214100&+03 2 112€90E~04 

GRID BLOCK ELEVATIONS 

DZ'S 
8. 748800E~03 
1 262000E~02 
1 262000E~02 
1 890000E+Ol 
1. 458900E+03 
6. 1_12.6908+04 

33* 1 293640E+02 
33* 1 544140E+02 

1*-3. 441824E+01 
1~ 2.186417E+02 
1* 2 260048E+02 
1* 2.266209E+02 
1~ 2.2914SOE+02 
1* 2 442706E-+02 
1* 2 531975E+02 
1* 2 6454l5E-+02 
1* 5.1760l4E-+02 
1* 6.014737E-+01 
1* J.l32073E+02 
1* 3 .205704E+02 
1* 3. 211865E-+02 
1* 3.237137E-+02 
1~ 3.JS8362E+02 
1* 3. 47763lE+02 
1* 3. 591071E+02 
1* 6 121671E-+02 
1* 9. Q64270E-+Ol 
1* 3. 437026E-+02 
1* 3.510658E+02 
1* 3. 516819E+02 
1* 3. 542090E+02 
1* 3. 693315£-+02 
1~ 3. 782584E-+02 
1 ~ 3. 1396025E+02 
1* 6 426624E-+02 
1* 9. 656680E-+01 
1* 3. 496267E+02 
1* 3. 569899E+02 
1* 3. 576060E+02 
1* 3. 601331£+02 
1* 3. 752556E-+02 
1* 3. 841825E+02 
1* 3. 955266E+02 
1* 6. 485865E+02 

1* 1.401058E+02 
1* .2387748+02 
1* .264743E+02 
1* .267256E+02 
1" .343401E+02 
1* .471764E+02 
1* .576478E+02 
1* .754493E+02 

1" 2. 346714E+02 
1* 3 .184430E+02 
1* 3 .210399£+02 
1* 3.212912E+02 
1* 3.289057E+02 
1* 3.417420E+02 
1* . 522134E+02 
1" . 700149E+02 

,. ,. 
l• ,. ,. ,. 

. 651668E+02 
, 489384E+02 
. 515353E+02 
.517866E+02 
. 594011E+02 
. 7223BE+02 
. 827088E+02 

1* 4. 005103E+02 

,. ,. ,. ,. ,. 
1• 

. 7109098+02 

. 548625E~02 

. 574594E+02 

.577107E+02 

. 653252E+02 

. 781614E-+02 

. 8863298+02 

. 064343E+02 

7 500000E+02 
l OOOOOOE+Ol 
4. OOOOOOE+Ol 
5 OOOOOOE+Ol 
1.0000008+02 

OOOOOOE+Ol 
1 320800E+00 
2 3900008+01 
3. 728000E+Ol 
1 060000E+02 

561600E+03 
880000E+01 

1. 000000E+01 
1. 890000E+01 
2 018900E+03 

1* 1.9246308+02 
1~ 2.250991E+O:. 
1* 2.265790E+02 
1* 2. 2719518+02 
1* .395322E•02 
1* . 4770DOE+02 
1* .seoe41E+n 
1* 2. 9072018+02 

1* 2. 870287E+02 
1* 3 .196646E+D2 
1~ 3 ,211446E+02 
1* J,217607E+J2 
1* 3.340978£+02 
1* 3.422656E+02 
1* 3.526497E+02 
1* 3 8528578+02 

1* ,1752408+02 
1* . 501600E+02 
1* , 516400E+02 
1* . 5225618+02 
1* 3. 6459328+02 
1* 3. 7276098+02 
1~ 3.8314518+02 
1* 4.157811E+02 

1* .234481E+02 
1 ~ . 560841E+02 
1* .575641E+02 
1 * . 5818028+02 
1* . 70517JE+02 
1* . 786850E+02 
1* . 890692E+02 
1* 4.21'l052E+02 

5. OOOOOOE+02 
2. OOOOOOE+OO 
1. 000000E+02 
1. 000000E+01 
5. 000000E+02 

1.100000E+01 
2.617600E+OO 
5.242000E+01 

. 600000E+01 

. J30000E+01 

3. 314300E+03 
4. 800000E+00 
1. 323000E+02 
9. 5000008+00 
3. 92BOOOE+03 

OOOOOOE+02 
. OOOOOOE-01 
. 950000E+02 
. OOOOOOE+Ol 
. 500000E+02 

SOOOOOE-01 
. 700000E-01 
.2420008-+01 

7. 700000E+00 
1. 566000E+01 

2 .114300E+OJ 
4. OOOOOOE-01 
1 435000E+02 
2. 050000£+01 
6. 910600E-+0J 

1~ .0773398+02 
1* 2553548-+02 
1* 2660008+02 
1 ~ 279264E+02 
1" 2. 4ll029E+02 
1* 2 483108E+02 
1 * 5930588+02 
1* . 43 0774E+02 

l * . 022995E+02 
1* 3 .201010E-+02 
1' 3 .211656E+02 
1~ J.224920E+02 
1w 3.356685E+02 ,. 428764E+02 
1' .538714E-+02 
1* 4. 376429E+02 

P .327949E+02 
1* . 505963E+02 
1' . 516609E+02 
1* . 529873E+02 
P . 661639E+02 
1* .733717E+02 
1* 3.843668£+02 
1* 4.6813B3E+02 

1* .387190E+02 
1* . 565204E+02 
1* . 575B51E+02 
1 ~ . 5991148+02 
1* . 7208BOE+02 
1* . 792958£+02 
1* . 902909E+02 
1* .740624E+02 
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1* 9. 768167E .. Ol 
1* 3. 507415E .. 02 
1* 3,561047E .. 02 
1* 3.587206E+02 
1* 3.612480E+02 
1* 3 763705E+02 
1* 3. 852974£+02 
1* 3. 966414£+02 
::!.* 6 497014£+02 
1* 9. 903186£+01 
1* 3 .5209l.BE+02 
1" 3 594549£+02 
1'* 3.600710E .. 02 
1* 3 625981£ .. 02 
1* 3 777206£ ... 02 
1* 3 866476£ ... 02 
1• 3 979916£+02 
1* 6 Sl.OSJ.SE.;.Q2 
1* l. 003524£+02 
1 * 3. 534124£+02 
1* 3.607755£+02 
1* 3. 613916£+02 
1* 3. 639187£+02 
1* 3. 790413£+02 
1* 3. 879681£+02 
1* 3.993122E+02 
1* 6.523721E+-02 
1* 1.0167311H-02 
1* 3. 547329£ .. 02 
1* 3. 620961£+02 
1* 3. 621122£ .. 02 
p ) 652393£+02 
1* 3 803618£+02 
1• 3 892BBBE+02 
1" 4 00632BE+02 
1 .. 6 536927£+02 
1* 1 036419£+02 
1* 3 567019£+02 
].* 3. 640650£+02 
1* 3. 646811£+02 
1* J. 672083E+02 
1* 3.823307E+02 
1* 3 .912577E+02 
1* 4 026017E+02 
1'* 6 S56616E+02 
P 1 OSOBSSE+02 
1* .S81454E+02 
1* . 655086E+02 
p .661247£+02 
1' . 686518E+02 

. 837743E+02 
P 3. 927012E+02 
1* 4. 040453E+02 
1 * 6. 571052E+02 
1* 1. 075252E+02 
1* 3. 605851E+02 
1* . 679482E+02 
1* . 665643E+02 
1' 

1' 
1' 
1' 

. 710914E+02 

. 862140E+02 

. 951409E+02 

.064649E+02 
, 595449E+02 

1* 1.120545E+02 
1* 3. 651144E+02 
1* 3. 724775E+02 
1* 3 730936E+02 
1* 3 ?5620BE+02 
1,. 3. 907433E+02 
1* 3.996702£+02 
1* 4 110142E+02 
1- 6 640?42E+02 
1* 1 143691E+02 

3. 674290E+02 
J.* 3. 74?922E+02 
J.' 3. 754083E+02 
1* 3. 779354E+02 
J.* 3.9305?9E+02 
1* 4 019848E+02 
1'* 4 .133289E+02 
1* 6 663888E+02 
1* L264073E+02 
1* 3. 794672E+02 
1" ) . 868304£+02 
1'* 3.874464E+02 
J.' 3.899736E+02 
1* 4 050961E+02 
1 .. 4 140230£+02 
1* 4 253670E+02 
J.' 6 784269E+02 
1* 1 645615E+02 
p 4 176214£+02 
1* 4 249846£+02 
1* 4 256006£+02 
1* 4.281277£+02 
1* 4 432503£+02 
1* 4.521772E+02 
1* 4. 635212£+02 
1* 7 .1658J.J.E+02 
1" 2 169735£+02 

J.' 2 722057£+02 
1* 3 559773E+02 
1" 3 58S742E+02 
1" 3 588255E+02 
1• J.664400E+02 
1 .. 3. 792763E+02 
1* 3.897477£+02 
1* 4. 075492E+02 

1* 2 735559E+02 
1* 3.573275E+02 
1* 3. 599244£+02 
1* . Gons7E+02 
1* . 677902E+02 
1* . 806265E+02 
1* . 910979£+02 
P .OBB994E+02 

1* 2. ?48765E+02 
P 3. sB6481E+02 
1* 3.612450£+02 
1* 3.614963£+02 
J.* 3. 691108E+02 
J.'* 3. 8194'71£+02 
J.' 3. 924185£+02 
1* 4 102200£+02 

1'* 761971E+02 
1'* 599687E+02 
1.. 3 625656£+02 
1* 3 628169E+02 
1* 3. 704314E+02 
1 * 3. SJ2677E+02 
1* 3.9:)7)91E+02 
1* 4 115406£+02 

1* 2 781660£+02 
1* 3.619376£+02 
1* 3. 645345E+02 
1* . 647858£+02 
1* . 724003£+02 
1* . 652366£+02 
1* . 957080£+02 
1* 4 .135095£+02 

1* 2. 796096E+02 
1" 3 .633B12E+02 
1'" 3.659781£.<.02 
1* 3 662294E+02 
1" 3 73B439E+02 
1* 3 866802£+02 
1* 3 .971516£+02 
1* 4.149531£+02 

1* 2 820492E+02 
1* 3. 658208£+02 
1* 3. 684177£+02 
1* 3. 686691JE+02 
1* 3. 762835E+02 
1 ~ 3 89l198E+02 
1* 3.995912£+02 
1* 4.173927E+02 

1* 865786E+02 
1* . 703501£+02 
1* . 729470E+02 
P 3. 731983E+02 
P 808128£+02 
1* .936491£+02 
1 ~ 0412058+02 
1* . 219220E+02 

1* 2.8889328+02 
1* 3. 7266478+02 
1 ~ 3. 752617E+02 
1* 3. 755130£+02 
1* 3. 831275£+02 
1* 3. 959637E+02 
1* 4.0643528+02 
1* 4 2423668+02 

1* . 009314£+02 
1* . 847029£+02 
1* . 87299BE+02 
1* . 8755118+02 
1* . 951656£+02 
1* . OB0019E+02 
1* .184733£+02 
1* .3627488+02 

1* . H0855E+02 
1* 4.22B571E+02 
1* .2545408+02 
1* .257054E+02 
1* .333199E+02 
1* 4.461561£+02 
1* . 566275E+02 
1* . 7~4290E+02 

P . 914976E+02 

-:1* 245630£+02 
1* .5/1989£+02 
1.. .586/89£+02 
1* .592950£~02 

1* . 716321E+02 
1* 3. 797998£+02 
1* 3. 901840£+02 
1~ 4.228200E+02 

1* .259131£+02 
1* 3.585491£+02 
1 * . 600291£+02 
1* . 606452£+02 
1• '729823£+02 
1* 811501£+02 
1* 915342£+02 
1* 241702£+02 

1* 3 .272337£+02 
1• 3 598698£+02 
1 .. 3. 613497£+02 
1* 3. 619658£+02 
1• 3. 743029£+02 
1* 3.824706£+02 
1* 3. 928548E+O:Z 
1 .. 4 254908£+02 

1* 3 285544£+02 
1" 3 6119031":+02 
1• 3.626703E+C2 
1* 3.612.864E+C2 
1* 3.756235E+02 
1* 3. 837913E:+02 
1* 3.941754£+02 
1* 4.26R114E+02 

1* . 305233£+02 
1* . 631592£+02 
1* . 646392£+02 
1* . 652553£+02 
1* . 775924£+02 
1* . 857602£+02 
1* 3.951443£+02 
1* 4 287803£+02 

1* 319668£+02 
1* .646023:0:+02 
1* 3. 660828E+02 
1* 3. 656989Z+02 
1• 3.790360Z+O:Z 
1* 3. 872Q37E+02 
1* 3. 975879E+O:Z 
1* 4.3Cl22J9E+02 

1• . 344065£+02 
1* . 670424£+02 
J.* 685224£+02 
1* .691385£+02 
1• 814756£+02 
1* 896433£+02 
1* 000275£+02 
1* 326635£+02 

1* .3893581h02 
1* 3.715717£+02 
1* 3.730517£+02 
1* 3.736678E+02 
1~ 3.860C49E+0:2 
1* 3.941727£+02 
p 4. 04556'31'.+02 
1* 4.37192RE+02 

1 ... 41250~£+02 
1* . 73BB64E+n 
1* 3. 753664E+n 
1* . 759825£+02 
1* . 883196£+02 
1* . 964873£+02 
1* .068715E~o::: 
1* 4.395075L+02 

1* . 532886£+02 
1* . 859246£+02 
1.. '874045£+02 
1* . 880206£+02 
1* . 003578£+02 
1* . 095255£+02 
1* .189096E+02 
1* .515457£+02 

1* . 914427~+.]2 
1* .240?8g£+02 
1* .2555B7E+02 
1* .26174"!8+02 
1• .385119E+D2 
1* .466797E+O~ 
1* 4. 570638£+•')2 
1* 4.896999£+02 

1* .398338£+02 
1 * . 576353E+02 
1* .586999£+02 
1" . 600263£+02 
1' . 732029E+02 
1• 804107E+02 
1• . 914057£+02 
1* 751772£+02 

1" .411840E+02 
l* . 589854E+02 
l" . 600501£+02 
1* . 613765£+02 
1' . 745530E+02 
1' .8176098+02 
1* .92'1559E+02 
1' 4. 765274£+02 

l* . 425046E+02 
1* . 603061E+02 
1* . 613707E+02 
1* .626971E+02 
1 ... 758736E+02 
1.. . 830815E+02 
1* . 940765E+02 
1* 4. 778481E+02 

1 * . 438252£+02 
1* . 616266£+02 
1 * . 626913£+02 
1' .6401.77E:+02 
1' . 771942E+02 
1• . 844021E+02 
1* . 953971E+02 
1* 791686£+02 

1" 457941£+-02 
1* 635956£+02 
1* . 646602£+02 
1* • 659866£+02 
1' . 791631£+02 
1* .863710£+02 
1* . 973660E+02 
1* 4.811375£+02 

. 472377£+02 

.650392E+02 

. 661038£+02 

. 6H301E+02 

. 806067E+02 

. B78146E+02 

. 9B9096E+02 

. 825811E+02 

.496773E+02 

. 674788£+02 

. 685434£+02 

. 698698E+02 

. 830464£+02 
902542£+02 

, 012492E+02 
. 850208£+02 

1' . 542066£+02 
1 * . ?20081E+02 
1* . ?30?27E+02 
1* .743991E+02 
1* .875757E+02 
1* J . 94 7835E+02 
1• 4 OY/?85E+02 
l' 4 895500£+02 

1* 3. 56521JE+02 
1' J. 743227E+02 
1• J 753873E+02 
1• 3 .767137£+02 
1• J .898903£+02 
1* 3. 970981E+02 
1' 4.080932£+02 
l* 4.918647£+02 

1• 
1• 

,. 
1' 
1• ,. ,. 

685594£+02 
863609£+02 

.874255£+02 

. 887519£+02 
019285E+02 
091363£+02 
2013138+02 
OJ9029E+02 

1• .067136E+C2 
1* 4.245151£+02 
1' 
1' ,. 

255797£+02 
269061£+02 
400826E+02 

1" 4.472905£+02 
l" 4. 582855£+02 
1" 5.420571E+02 

1' 4. 5912568+-02 
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1• 4 700334E+02 
1* 4. 773966E+02 
1* 4 780127E+02 
1* 4 805398£+02 
1• 4 956623£+02 
1* 5.045892E+02 
1* 5 .159333E+02 
1* 7.689932E+02 
1"* 2.861129£+02 
1* 5 3917298+02 
J.• 5 465360E+02 
l* 5 471521£+02 
1• 5 .496793£+02 
1* 64801BE+02 
1• .737287£ .. 02 
1* .850727£ .. 02 
l'" 381326E .. 02 
P 3. 719799£.,.02 
1• 6.250398£.,.02 
l* 6. 324030E+02 
1* 6.330190E+02 
1* 6.355461£+02 
1* 6. 506687£+02 
1• 6 595956£ ... 02 
1* 6 709396E+02 
1* 9 239996E+02 
1* 4 375799£+02 
1* 6 906398£+02 
1* 6 980030E+02 
1* 6 986191£+02 
1* 7 011462E+02 
1* 7 162687£+02 
1• 7 251956£+02 
1• 7.365397E+02 
1• 9 895996£+02 
1• 4. 7BBB37E+02 
1• 7.319436£+02 
1* 7.39301:8£+02 
1'" 7.399228£+02 
1* 7.424500£+02 
1> 7. 575725E+02 
1* 7. 664994£+02 
1* 7. 778434£+02 
1* 1.030903£+03 

33* 7.977001E+02 
33* 8 .195501£+02 
33* B.358001E+02 
33• 6.524501£+02 
33* 8.653501E+02 
33* 9.270001E+02 
33~ 1 001650£+03 
33* 1 031130E+03 
33"* 1 039010E+03 

WELL. DATA 
0 

DIRICHLET CONDITIONS 
T 37 

1* 4. 752691£+02 
1* 4.778661£+02 
1* 4 7B1174E+02 
1* 4. 857319E+02 
1* 4. 9856B1E+02 
1* 5.0903968+02 
1~ 5 268410£ .. 02 

p 4 6063?0£+02 
1~ 5 444086E+02 
1~ 5 470055E+02 
1* 5 472568£+02 
1"* 5 548?13E+02 
P 5 677076E+02 
1* 5 781790E+02 
1* 5 959805E+02 

1 * 465040£+02 
1* 302755£+02 
1* 328724£+02 
1* 331238E+02 
1• 40?38]E.,.02 
1* .535745£-+02 
1* . 640460E+02 
1* . 81B4""i~E+02 

1* 6 .121040£+02 
1* 6. 958755E+02 
1* 6. 984725E+02 
1* 6.987238£+02 
1* ? 063383£+02 
1* I .191746£+02 
1* 7. 296460E+02 
1~ 7.4744748+02 

1• 6 534077£+02 
1"* 7.371?93£+02 
1* 7 .397762£+02 
1* . 400275£+02 
1* ?.4?6420£+02 
1* 7 604783£+02 
1* ? 709497£+02 
1* 7 8875121;:+02 

1* 4. 764908£+02 
1* 4.7B708E+02 
1* 4. 785869£+02 
1* 4.909240£+02 
p 4.990917£+02 
1* 5 094759£+02 
1* 5. 421119£+02 

1• 5 129943E+02 
1* 5 456302E+02 
1' 5 471102£+02 
1* 5 477263£+02 
1* 5 600634£+02 
1* 5 682311E+02 
1* 5 786154£+02 
1• 6.112513£+02 

1* 988612E~O;: 

1'" 314972E+02 
1* 329772£+02 
1* .335933£~02 

1* .459J0l,JC+02 
1* .540981£+02 
1* . 644822£+02 
1* .971183£+02 

1* .644fi12E+02 
1* 5.970972£+02 
1* 6. 985772E+02 
1* 6.991933£+02 
1* .115304£+02 
1* .196981E+02 
1* I. 30D823E+C2 
1* 7.627183E+C2 

1' 057650£+0 
1* 384010E•C· 
1* 7. 398810E+O 
1* .4049''0£+(' 
1 * 7. 528342£+0 
1* 7. 6100182+0 
1' 7 713860E~O 
1 * 8 040220£+0 

l 24 T F 8 520000E+05 0 OOOOOOE+OO 
33 24 T F 8 520000E+OS 0 OOOOOOE+OO 

' 33 

' ' 3 
4 
5 

26 T F 9 000000E+05 0 000000E+00 
26 T F 9.000000E+05 0 OOOOOOE+OO 
31 T T 1 013250E+OS 2 OOOOOOE-01 
31 T T J. 013250E-<-05 2 OOOOOOE-OJ. 
31 T T 1 013250E+05 2 OOOOOOE-01 
31 T T 1 013250E .. 05 2 OOOOOOE-Ol 
31 T T 1 013250U05 2 OOOOOOE>Ol 
31 1 T T 1 01325DEi-OS 2 OOOOOOE-01 

7 Jl 1 T T 1. 013250E+05 2 OOOOOOE-01 

8 31 1 T T 1.01325QE.,_05 2.000000E-Dl 
9 31 1 T T 1.013250E+05 2.000000E-01 

10 31 1 T T 1.013250E+05 :LOOOOOOE-01 
11 31 1 T T 1. 013250E+05 2. OOOOOOE-01 
12 31 1 T T 1 Ol3250Et05 2. OOOOOOE-01 

13 31 1 T T 1.01325DE+OS 2.000000E-01 
14 31 1 T T 1.01325DE+05 2,000000E-Ol 
15 31 1 T T 1. 013250E+OS 2. OOOOOOE-01 
16 31 T T 1.013250E+05 2.000000E-01 
17 31 T T 1.013250E+05 2 OOOOOOE-01 
18 31 T T 1.013250E+OS 2 OOOOOOE-01 
19 31 T T 1 013250£+05 2 OOOOOOE-01 
20 31 T T 1 013250£+05 2 OOOOOOE-01 
21 31 T T 1 013250E+05 2 OOOOOOE-01 
22 31 T T 1 013250£+05 2 OOOOOOE-01 
23 31 T T 1 Ol3250E+05 8 OOOOOOE-01 
24 31 T T 1.013250E+05 2 OOOOOOE-01 
25 31 T T 1 013250£+05 2. OOOOOOE-01 
26 31 T T 1 013250E+05 2.000000E-01 
27 31 T T 1 013250£;+05 2. OOOOOOE-01 
28 31 T T 1 013250£+05 2. OOOOOOE-01 
29 31 1 T T 1.013250E+05 2.000000E-01 
30 31 1 T T 1.013250£+05 2 OOOOOOE-01 
31 31 1 T T 1.013250.E+05 2 OOOOOOE-01 
32 31 1 T T 1.013250£+05 2 OOOOOOE-01 
33 31 1 T T 1.013250E+OS 2.000000E-01 

GRID BLOCK BRINE PRESSURE INITIAL CONDITIONS 
2~ 1.550225E+07 29~ 1 270000E+07 2* 1 550225E+07 

33• 1 520060E+07 
1 .. 1 747447E+07 
1• 1 442?19E+07 
1* 1 433853£+07 

1* 1 537290£+07 
1* 1 436415£+07 
1• 1. ~33288E+07 

,. 
1• ,. 

474243£+07 
434944£+07 

. 433161£+07 

1 * . 769271£+02 
1* .779917E+02 
1* . 793181£+02 
1* 924947£+02 
1* 4.997025£+02 
1* 5 .106975£+02 
1* 5. 944691£+02 

1* .282651£+02 
1 * . 460666£+02 
1' .4?1312£+02 
1' 5 4945?6£+02 
1* 5.616342£+02 
1* 5.688420£+02 
1* 5. 798370E+02 
1* 6.636086E+02 

1' 6 141321E+02 
1' 6 319335£+02 
1' 6 329981£+02 
1' 6 343245£+02 
1* 6 4?5011£+02 
1* 6 547089E+02 
1* 6 657039£+02 
1* 7.494755£+02 

l* 797321E+02 
1' 975335E+02 
l' 985981E+02 
1* 999246£+02 
1* 7.131011£+02 
1* 7.203090E+02 
1* .313040E+02 
1• 8.150755£+02 

1~ 7.210358E+02 
1* 7.3SB373E+02 
1' .399019E+02 
1• . 4122B3E+02 
1 * . 544048E+02 
'* 7. 616127£+02 
1* 7. 726077E+02 
1* 8.563793E+02 

1* 455854!!+07 
1* 434418£+07 
1• 1.433136£+07 
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1* 1.433111E: .. o? 
1* 1.430068E+07 
1* 1.411858E+07 
1* 1 401108E+07 
1* 1 387448E+07 
1* 1 082721E+07 
1 * 1 633574E+07 
1'* 1 328846E+07 
l.' 1 Jl9980E+07 
1* 1 31923fiE+07 
1* 1 316l.95E+07 
1* 1.297985E+07 
1~ 1 287235E+07 
1* 1 2735758+07 
1" 9. 688480E+06 
1* 1. 596852E+07 
1* 1 292125E .. 07 
1* 1.283256E+07 
1" 1 2825168+0? 
1* 1 279473E+07 
1* 1 261263E+07 
1* 1 2505HE+07 
1-. 1 23685AE .. 07 
1* 9 321264E-t06 
l.' 1 589718E+07 
1* 1.284991E+07 
1* 1.276125E+07 
1* 1.275383E+07 
1* 1 272340E+07 
1* 1 254130E+07 
1"' 1 243J80E+07 
1* 1.229720E .. 07 
1* 9 249928E+06 
1* 1 588376E+07 
1• 1 283649E+07 
2* 1 274782E+07 
1* J...274040E+07 
1" L270997E+07 
1 .. 1.252781E+01 
1* 1.24203SE+07 
1* 1.228378E+07 
1* 9.236503E+06 
1* L 586750E+07 
1* 1 282023E+07 

17~ 1.0132SOE+OS 
1* 1.226752E+07 
1~ 9 22024SE+06 
1* 1 585160E+O? 
1* 1 280433E+O? 

17• 1 0132SOE+a5 
1* 1 225161E+07 
1' 9 204342E+06 
1* 1 583570E+a7 
1• 1 27884JE+a7 

17* 1 0U2SOE+OS 
1* 1.22357lE+[}7 
1* 9. 188441E+[}6 
1* 1.581199E+07 
1* 1.2?6472E+07 
1* 1.26760SE+07 
1• l 266863E+07 
1* 1 263820E+07 
1 .. 1 245610E+07 
1* 1 234860E+07 
1* .1 2212[}[}E+07 
1' 9 164732E+[}6 
1• 1 579460E+a7 
1* 1 274733E+[}7 
1 ~ 1 265867E+[}7 
1* 1 26512SE+07 
1* 1 262082E+07 
1~ 1 243872E+07 
1* 1 233122E+07 
1* 1.219462E+07 
.1* .147348£+06 
1• . 576523E+07 
1* .271?96E+07 
1* .262929E+07 
1* 262UI7E+07 
1* l 259144E+Q7 
1• 1 2409J4E+07 
1* 1 230184E+07 
1* 1 216524E+07 
1' 9 117971E+06 
.1"* 1 571069E+[}7 
1• 1 266342E+07 
1* 1 257475E+07 
1' 1 256133E+07 
1* 1 253690E+07 
1* 1.235480E+07 
1* 1 2247JOE+07 
1* 1.211070E+07 
l* 9.063431E+06 
1 * 1. 568281E+07 
1* 1 263554E+07 
1* 1 254688E+07 
l* 1.253946E+07 
1* 1 250903E+07 
1* 1 232693E+Q7 
1• 1 221:143E+0"1 

1* 1 432985E+07 
1* 1 423816E+07 
1' 1 408359E+0"1 
1' L395749E+0"1 
1* 1.374313E+0"1 

1* 1.42341?E+07 
1* 1 .322542E+07 
1* 1 .319415E+07 
1* 3191128+[}7 
1• .30994JE+07 
1* 294486E+07 
1* 1.281876E+07 
1• 1.260440E+07 

1' 1 .386695E+07 
1' 1 2858208+07 
.1"* 1 2826938+07 
1• 1 2823908+07 
1* 1.2"13221E+07 
1* 1.25"1"164E+O? 
.1* 1 245155E+07 
1* 1 223719E+07 

1* 1.3"19562.£+07 
1• 1.2786B7E+[}") 
1'" 275559E+07 
1.. 2752578+07 
1• 1.2660BBE+07 
1• 1.250631E+07 
1" 1.::0380218+07 
1• L216585E+0"1 

1 .. 1 378219£+07 
1* 1.2"17344E+07 
1' 1.2"142.178+07 
1' 1 2"13914E+07 
1~ 1.264?45E+07 
1~ .21l9288E+07 
1* .2366"19£+07 
1* :H5243E+07 

1* 3765948+07 
1• 275718E+07 
1"* 2.35053E+07 
1' 1. 21361 "1E+0"1 

p 1 3"150038+0"1 
1~ 1.2"1412BE+07 
1* 1.233463£+07 
1* 1 21202/E+O/ 

1~ 1.373413E+07 
1* 1 272538E+07 
1* 1.231'i!12B+07 
1* 1 210437E+07 

P L371042E+07 
1* 1.2701678+07 
1* 1.2670408+07 
1• 1.26673"18+0"1 
1 * 1. 257568E+0"1 
1• l. 24211:J..E+01 
1* 1. 229502E+07 
1* 1.208066£+0"1 

1* J69304E+07 
1* .268429E+07 
1' 1.2653018+07 
1• 264999E+07 
1• .zsss.:>cn:. ... G1 
1* 240373E+07 
1* 227763E+07 
1* 206327E+07 

1* 1 3663668+0"1 
1* 1 2654918+07 
1* 1 262364E+07 
l. * 1 26206l.E+07 
1• 1 2528928+07 
1* 1 2374358+07 
1• 1 224825E+07 
1* 1.203390E+07 

1• 360912E+07 
1* 2600378+07 
1* 256910E+07 
l* .256607£+07 
1• l.24743BE+07 
1' 1.2319818+07 
1• 1 219371E+07 
1* 1 1979J6E+07 

1* 1.3581258+07 
1* 1 2572508+07 
1* 1 254122E+07 
1* 1 25J820E+07 
1* 1 Z44651E+07 
1* 1.229194E+07 
1• 1.2165848+07 

,. 1.432420£+0' 
1* 417564E+07 
1~ 1 40772BE+07 
1* 1.395224£+07 
1* 1.355925£+07 

1* 3603"10E+07 
1* .321071£+07 
1* J19289E•0"7 
l'" 31B547E.,.07 
1" 303691£+07 
1.. 2938558+07 
1* 281351E+07 
1* 242052E+07 

1 .. 1 323648E+07 
1"" 1 284349E+07 
1* 1.282567£+07 
1* 1 281825£+07 
P 1 266969E+07 
1* 1 257134E+07 
1~ 1.2446298+0"1 
1* 1.205330E+07 

1'" . 316515E+07 
1'" 277215E+07 
1* 27543JE+07 
1* 1.2746918+07 
1 .. 1.259::l35E+0' 
1* 1 013250E+0~ 
1* 1 237496E+07 
1* 1.198196£+07 

1* 1.315172£+07 
1* 1 275873£+07 
1* 1 274091E+07 
1* 1 27JJ49E+07 
1* 1. 258493E+07 
1' 013250E+05 
1* 236.153E+07 
1• 196854E+07 

1* .1.3135468+07 
1* 1 274247E+07 
1* 1 234528E+07 
1* 1.195228£+07 

p 1. 311956£+07 
1* 1.272657£+07 
1 * 1 232937£+07 
1* 1.193 63 8E+-J7 

1* .310366E+0""! 
1* .271067E+I)""! 
1~ 231347:0: .. [1""' 

1* 1.1920482+07 

1* 1 307995E+07 
1* 1 268696E·t07 
1* 1 2669HE+07 
p 1.266172£+07 
1' L 251316E+O""! 
1 ~ 1 01325\lE+O'J 
p 228976£+07 
1* .189677£+07 

p .306257£+0""! 
1* . 2669S7E-+07 
1 ~ . 2651 75E .. Q7 

1* 1.264433!c+O""! 
1" 1 2.;.9SllE-..1}-; 
1* 1 013250E+05 
1• 1 2272JBE+0' 
1• 1.18793SE+0"7 

1* 1.303319E+O~ 
1* 1 264020E+C"7 
1~ 1 262238E+C~ 
1* 1 261li9{.E+C7 
1 • .1.246640£+07 
1 * 1. 013250£+05 
1 .. 1 2243008+07 
1* 1.185001E+07 

1* 297865£+07 
1 ~ 2585668+07 
1* 256783E+Ol 
1 ~ 1. 256042£+07 
1 * l 241186E+D""! 
1 * 1. Ol3250E+05 
1 * 1 218846E .. Q7 
1* 1 179547E+07 

l* 1.29507SE+07 
1* 1 255778E+01 
1* 1 253996E+07 
1* 1 2532548+0"; 
1* 1 233391:\E+O~ 
1* 1.013250E+O'o 
1' 1.2.16059£+07 

1* 4315398+07 
1• 1.415672£+07 
1• 1. 406993£+0"1 
1* 1 393"153E+0"1 
1• 1 2928"18E+07 

.1• 1 3419818+07 
1• 1 320545£+07 
1* 1.319263£+07 
1* 317666E+07 
1* 301799E+07 
1* 2931208+07 
1* . 279880E+07 
1* .1 790058+07 

1 ~ 1 305260E+07 
1* 1 2B3824E+07 
1* 1 282542£+07 
1• 2809458+0"1 
1• 265078E+07 
1"" 256398E+0"1 
1* 1.2431588+0"1 
1* L1422831HO"! 

1.• 1.2981268+07 
1* 1.2"16690E+07 
1* 1 2?540BE+07 
1* 1.273BllE+07 
1* .2579448+07 
1 * 2492658+07 
1• 23 6025E+07 
1. 13 5150£+0"1 

1 ~ 1 296784E+07 
1• 1 2753488+07 
1* 1 2"14066E+07 
1* .1. 2"124688+07 
'* 1.2566028+07 
1' 2479228+07 
1* 234682£+07 
1• .1JJB07E+07 

1* .2951568+07 
1* 2737228+07 
1* 2J3056E+07 
1* 1321818+07 

l' 293567E+0"1 
1' 272.132E+0"1 
1* 231466E+07 
1• 130591E+0"1 

1' 1. 2919"1/E+O? 
l' 1.270541E+07 
1* 1 229B76E+07 
1' 1.129001E+07 

1' .2896068+07 
1* .268170E+07 
1• 266BSeE+07 
1 * 2652918+07 
l' 1 2494248+07 
l' 1 24074SE+07 
1• 1 227505E+07 
1* 1 126630£+0"1 

1' 287868E+07 
1• 266432E+07 
1* 1. 265150E+07 
1* 1.263553£+0"1 
'. l 24?6!36£+07 
1• 1 239007E+07 
1* 1 225767E+07 
1• 1.124892£+07 

1* 1.2849308+07 
.263494£+07 1' ,. 262212E+07 
26061'::•E+01 

1' 1.2447488+0"1 

,. 
1* 2360698+07 
1• 222829E+07 
1* Ll21954E+0"1 

1' 1 2794"168+07 
1* 1 2SS040E+07 
1• 1 25615SI>+O? 
1* 1 255161£+07 
1* L239294E+0"1 
1' 1 230615£+07 
l" 1.2173758+07 
t• 1.116SOOE+07 

, • . 276689£+07 
l* 1 255253E .. a1 
1* 1 253971E+07 
1 * 1 252374E+07 
1• 1.236501E+07 
1* 1. 2276288+07 
1* 1.214588E+07 
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1• 1. 208283E+O? 
1• 9.035558E+06 
1* 1.553785E+O? 
1* 1.249058E+-0? 
1'* 1.24019:2E+-07 
1'" 1.239450E+07 
1• l.236407E+07 
1* 1.2l.Bl97E+07 
1* 1.207447E+07 
1~ 1.193787E+07 
1* 8.890598E+-06 
1* 1.507841E+07 
l* 1 203114E+07 
1* 1 194248E+07 
1* 1.193506E+07 
1'* 1 190463E+07 
l.* 1 172253E+-07 
l* 1 161503E+07 
1 .. 1 147B43E+07 
1* 8 431151E+06 
1 .. 1 444728E•07 
1* 1.140001E+-07 
p 1. l3113 5E+07 
P 1.130393E+07 
1* l. 127350E+07 
1• 1.109140E+07 
1* 1.098390E+07 
l* l.084730E+07 
1* 7. 800027E+06 
1'* l.J6147JE+07 
1* 1.056745E+07 
1* 1.047879E+07 
1* 1 04?137E+07 
1* 1. 044094E+07 
1* l.025884E.;.Q7 
1* 1. 015134E-+07 
1* 1 001474E+07 
:l* 6 96747lE+06 
1* 1.258074E+07 
1" 9.533470£+06 
1* 9.444806£+06 
1"* 437386£+06 
:J.• 4069515E+06 
1" 2248515E+06 
1 ... 117360£+06 
1* 8. 980758£+06 
1* 5.933486£+06 
1* 1.179081£+07 
1* 8.743534£+06 
1* 8 654869E+06 
1• 8 647450E+06 
1• 8 617020£+06 
1* 8.434919£+06 
1 .. 8 327424E+06 
2* 8.190B22E+06 
1- 5 .143550E+06 
1* 1.129344£+07 
1* 8.24616'7£+06 
1• 8 .157502£+06 
1 * B.150083E+06 
1* 8 ll.965JE+06 
1• 7 937552E+06 
1* 7 830057E+06 
1* 7.693455£+06 
1* 4 646184E+06 

22• 2 296527E+06 
22* 8 520000E+05 
22 .. 1 837738£+06 
22 .. 9.000000E+OS 
22* 1 481906£+06 
22~ 7.395352E+05 
33• 1 013250E+OS 
33* 1.0132SOE+OS 
33* 1.013250E+05 

1~ 1.19S148E+-07 

1"* 1. 343 629E+07 
1"* 1.242754£+07 
1"* 1.239626£+07 
1 .. 1.239324£+07 
1"* 1.230155E+07 
1* 1.214698£+07 
1• 1.202088£+07 
1* 1.180652£+07 

1* 1 297685E+07 
1" 1 196809£+07 
1* 1 193682£+07 
1• l. :l.9JJ80E+07 
1 * 1.184210£+07 
1 .. 1.168753E+07 
l.* 1 156144E+07 
1- 1 13470BE+07 

1* 1 234572E+07 
1• 1.13J696E+O'"J 
P 1.130569E+07 
1* 1.130267E+07 
1* 1.121098E+07 
1* 1 105641£+07 
1* 1.09JOJ:J.E+07 
1* 1.071595£+07 

1- 1 151316E+07 
1* 1 0S0441E+07 
1" 1.047314£+07 
1• 1 047011£+07 
1* 1. 037842E+07 
1* 1.022385E+07 
1* 1 009775£+07 
1* 9 883394£+06 

1* 1.047918£+07 
1* 9.470423£+06 
1"' 9.439152£+06 
1* 9.436126£+06 
1 .. 9.344434£+06 
1* 9.189865E+06 
1* 9. C63770E+06 
1* 8. 849410E+06 

1~ 9 689240E+06 
1* 8 680487E+06 
1* 8 649216£+06 
1* 8 646190E+06 
1* 8. 554498E+06 
1* 8 .l99928E+06 
1* 8 273834E+06 
1* 8 059474E+06 

1" 9 .191873E+06 
1* 8.l631:'-0E+06 
1 .. 8 .l.51849E+06 
1* 8.l48823E+06 
1* 8. 057131E+06 
1* 7.902561£+06 
1* i76467E+06 
1* . 562107E+06 

013250E+05 
013250£+05 

1* 1. 013250E+05 
1* 1. 013250E+05 
1* 1.0132SOE+05 
1"" i. 0132SOE+05 

1• 
1• 

'1' 116759E+07 

1• 1 280582E+07 
1• 1 241282E+07 
1'" 1.239500E+07 
1* 1.23B75BE+07 
1* 1.223902£+07 
1* 1.013250E+05 
1~ 1. 201563E+07 
1* 1 162264E+01 

1• 234638E+OI 
1* 1 195338£+07 
,. 1 193556E+07 
1• 1.192814E ... OI 
1• 1.177958E+07 
1• 1 013250E+05 
1* 1.155619E+07 
1* 1.116319E+07 

1* 1 l'll.525E+07 
1* 1 1J2225B<-D! 
1* 1 130443E+07 
1'* 1 .129701£+07 
1'* .1 .1.14845E+07 
.1* .1 01J250E+05 
1" 1 092506£+07 
1 .. 1 OS3206E+07 

1* 1.DJ:!.B269E+07 
1* 1.048970E+07 
1* 1 047188E+07 
1• 1 046446E+07 
1* 1 031590£+07 
1"* 1 01J250E+05 
1* .1 009250E+07 
:J.• 9. 699507£+06 

1• 
1• 

848706E+06 
455712E+06 

1• 437S91E+06 
1* 9. 430472E+06 
1* 9.281913E+06 
1* 1.013250E+05 
1* 9.0SB516E+06 
1* 8. 665523£+06 

1• 9 

,. ' 
058770E+06 
665777E+06 

1* 8 647955E+06 
1* 8 640537E+06 
1* 8. 491977E+06 
1* 1.013250E+05 
1* 8.268580E+06 
1* 7.875587E+06 

1* 8.561402E+06 
1* 8 168410E+06 
1• 8 150588E+06 
1* 8.143169£+06 
.l.* 7 994610::::~06 

1• 1 013250£+05 
1* 7.7712138+05" 
1• 

10• 
10' 
10' 
10' 
10' 
10' 

7 .3782208+06 

2.296527E+06 
8 520000E+05 
1. 8317388+06 
9 OOOOOOE+OS 
.1 481906E+06 
7 .395352£+05 

GRID BLOCK BRINE SATURATION 
33* 1. OOOOOOE+OO 

INITIAL CONDITIONS 

33• 1.000000E+OO 
33* 1.000000E+00 
33" 1 OOOOOOE+OO 
33* 1.000000E+00 
22* 1 OOOOOOE+OO 
22• 1 OOOOOOE+OO 

8• 1 OOOOOOE+OO 
3"* 0 OOOOOOE+DD 
8"* 1 000000E+00 
3* 0 OOOOOOE+OO 
8" l.OOODDDl!:+DO 
3.- O.OOOOOOE+OO 

22 * 1. OOOOOOE+OO 
22• 
22• 
22• 
22' 
22• 
22• 
22• 
22• ,. 
22• ,. 

1.000000E+00 
1 OOOOOOE+OO 
1 OOOOOOE+OO 
1 OOOOOOE+OO 
1 OOOOOOE+OO 
l OOOOOOE-f-00 
1 OOOOOOE+OO 
1 OOOOOOE+OO 
1.000000E+OO 
1. OOOOOOE+OO 
1.000000E+00 

1* 8 OOOOOOE-01 
1* 8 OOOOOOE-01 
7"* 6 000000E~04 
1* 8 000000E~01 

7* 6 000000E~04 
1* 8 OOOOOOE-01 
7 .. 6 DOOOOOE-04 
1* 8. OOOOOOE-01 
1* 8. OOOOOOE-01 
1* 8 OOOOOOE-01 
1* 8.000000E-01 
1* 8 OOOOOOE-0:1 
1* 8 OOOOOOE-01 
1* 8 OOOOOOE-01 
1 * 8. OOOOOOE-01 
1- 8 OOOOOOE-01 
1* 8 OOOOOOE-01 
1* 8. OOOOOOE-01 
1* 8. OOOOOOE-01 
1* 0 OOOOOOE+OO 

.10* 1.000000E-00 
10* 1 OOOOOOE+OO 

l* 0 OOOOOOE+OO 
2* 0. OOOOOOE+OO 
1* D. OOOOOOE+OO 
2* O.OOOOOOE+OO 
l* 0 DODDODt:.,.O() 
2* 0 OOOCOOE+OO 

10"* 1 OOOOOOE+OO 
10"* 1. OOOOOOE+OO 
:l.O* 0000005+00 
10* 000000E+0(1 
10.. . OOOOOOE+OO 
10* .0000008+0{) 
10* 1. OOOOODE+O(: 
10* 1.000000E+01) 
10* 1. OOOOOOE+OI) 
10* 1 0000008+00 
10* 1 OOOOOOE+OQ 
10* 1. OOOOOOE+OO 

1* L113713E+07 

1* 1.262193£+07 
1*" 1.240757£+07 
1* 1.239475E+0'7 
1* 1 237878E+07 
1* 1 222011E+07 
1" 1 213332£+07 
P 1 200092£+07 
1 * 1. 099217£+07 

1• 1 216249E+07 
'* 1 194813€+07 
l .. 1 193531£+01 
1' 1 191934£+07 
1"' 1 176067£+07 
1* 1 167388E+07 
1* 1.154148£+07 
1* 1 053272E+07 

1* 1.153136E+0'7 
1* 1 .1317008+07 
1* 1 130418E+07 
1* 1 128821E+07 
1 * 1 112954E+07 
1• 1 104274£+07 
1* 091035E+07 
1* 901595£+06 

P l 06.9BBOE+07 
1* 1.048444£+0'7 
1* 1.04716:.lE+07 
1* 1 045565E+0'7 
1' 1 029696E+07 
1* 1 021019E+07 
1 * 1 007779E+07 
1* 9 069037E+06 

1' 664816£+06 
1* 450458£+06 
1* 437639E+06 
1• 421667E+06 
1 * 262996E+06 
1* 9 176204E+06 
1* 9. 043805£+06 
1~ 8.03505)E+06 

1* 8 874862£+06 
1"' 8 660523E+06 
1* 6 64'7'703E+06 
1* 8 63:J.7JlE+06 
1* 47306.3£+06 
1* 386268£+06 
1• . 253869£+06 
1 .. 7.245111£+06 

1* 8.377515£+06 
1* 8.16315'5£+06 
1 * 8 150335£+06 
,, 8.1J4J64E+06 
1* .975695£+06 
1* .888901£+06 
1' 7 756502E+06 
1* 6. 747750E+06 

3* 6 OOOOOOE-04 
s• 1 ooooooE ... oo 
3* 6. OOOOOOE-04 
8' 1.000000E+00 
]" 5.0DDDDOE-04 
8* 1. OOOOOOE+OO 
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22' 1. OOOOOOE+OO 1• 8. OOOOOOE-01 
22' l.OOOOOOE+OO 1' 8. OOOOOOE-01 
22• l.OOOOOOE ... OO 1' 8. OOOOOOE-01 
22• l.OOOOOOE+OO 1• S.OOOOOOE-01 
22' 1. OOOOOOE+OO 1• S.OOOOOOE-01 ,. 1. OOOOOOE+OO 1• S.OOOOOOE-01 ,. 2.000000E-Ol ,. S.OOOOOOE-01 
22• 2.000000E-Ol ,. S.OOOOOOE-01 
22' 2.000000E-01 1"' S.OOOOOOE-01 

10' ' OOOOOOE+OO 
10' ' . 000000E+00 ,. 1 • OOOOOOE+OO ,. 1 OOOOOOE+OO 
10' 1 OOOOOOE+OO ,. 1 OOOOOOE+OO 
10' 1 OOOOOOE-01 
10' 1 OOOOOOE-01 
10' 1 OOOOOOE-01 

GRID BLOCK FE CONCENTRATION INITIAL CONDITIONS ,. O.OOOOOOE+OO ,. O.OOOOOOE-+00 
33' O.OOOOOOE-+00 ,. O,QOOOOOE+OO ,. O.OOOOOOE-+00 ,. O.OOOOOOE+OO ,. O.OOOOOOE+OO 
•• O.OOOOOOE+OO ,. 1 575201E+02 ,. 0. OOOOOOE+OO ,.. O.OOOOOOE+OO 
•• 0. OOOOOOE+OO ,. 575201E1-02 ,. . OOOOOOE+OO 

14' 0 OOOOOOE+OO •• 0 .OOOOOOE+OO ,. 1. 575201E+02 1' . OOOOOOE+OO 
14' 0 OOOOOOE+OO 
33• 0 OOOOOOE+OO 
33• 0 OOOOOOE+OO 
33• 0 OOOOOOE+OO 
33' 0 OOOOOOE+OO 
33' 0 OOOOOOE+OO ,. 0 OOOOOOE+OO 
33• 0. OOOOOOE+OO 
33' O.OOOOOOE+OO 
33• O.OOOOOOE+OO 
33' O.OOOOOOE-tOO 
33' O.OOOOOOE-tOO 
33' O.OOOOOOE-+00 
33' 0 OOOOOOE-+00 
33' 0 OOOOOOE+OO 
33• 0 OOOOOOE+OO 
33' 0. OOOOOOE+OO 
33' 0. OOOOOOE+OO 
33• 0. OOOOOOE+OO 
33' 0. OOOOOOE+OO 
33' 0. OOOOOOE+OO 
33* O.OOOOOOE+OO 

GRID BLOCK CH20 CONCENTRATION INITIAL CONPlTIONS 
33 .. O.OOOOOOE-t-00 
33' 0. OOOOOOE-t-00 
33' 0. OOOOOOE+OO 
33• 0 OOOOOOE+OO 
33. 0 OOOOOOE+OO 
33' 0 OOOOOOE+OO 
33' O.OOOOOOE+OO ,. O.OOOOOOE+OO ,. 

' 244771E+01 " O.OOOOOOE+OO ,.. O.OOOOOOE+OO ,. O.OOOOOOE-+00 ,. 244771E+01 1' 0 OOOOOOE+OO 
14' 0 OOOOOOE-+00 ,. 0 OOOOOOE+OO ,. 244771E+Ol 1' OOOOOOE+OO ,.. 0 OOOOOOE-+00 
33' 0 OOOOOOE-tOO 
33' 0 OOOOOOE+OO 
33• 0 OOOOOOE+OO ,. 0 OOOOOOE+OO 
33' 0. OOOOOOE+OO 
33' 0. OOOOOOE+OO 
33• 0. OOOOOOE+OO 
33• 0. OOOOOOE+OO , . 0. OOOOOOE.;.OO 
33' 0 . OOOOOOE+OO 
33' 0 .OOOOOOE+OO 
33• 0 . OOOOOOE+OO 
33' OOOOOOE+OO 
33' OOOOOOE+OO 
33' OOOOOOE+OO 
33' OOOOOOE+OO 
33' OOOOOOE+OO 
33• 0 .OOOOOOE+OO 
33' 0 OOOOOOE+OO 
33' 0 OOOOOOE+OO 
33' 0 OOOOOOE+OO 

OSATLIM, DPRESLIM, SATLIMIT 
2. OOOOE-01 -1. OOOOE+OS l.OOOOE-03 

SATNORM, PRESNORM: NOMINAL CHANGE DEPENDENT VARIABLE 
J.OOOOE-01 5. OOOOE-t-05 

MAXIMUM ALLOWABLE VARIABLE CHANGES: DSAT_MAX DPRES_MAX 
l.OOOOE+OO 1.0000E+07 

CONVERGENCE TEST FLAG: QKOR!l=ANO 
1 

EPS_SAT, EPS_PRES: NORMAL CONVERGENCE CRITERIA 
3.0000E+00 l.OOOOE-02 

EPS_SAT, EPS_PRES: RELAXED CONVERGENCE CRITERIA 
3.0000E+OO 1.0000E-02 

f'TOL_SAT FTOL_PRES: NORMAL RESIDUAL' TOl-ERANCE 
l.OOOOE-02 l.OOOOE-02 

FTOL_SAT FTOL_PRES: RELAXED RESIDUAL' TOl-ERANCE 
l.OOOOE-02 1.0000E-02 

GAS TRANSPORT TOLERANCES 
1. OOOOE-05 1. OOOOE-05 1. OOOOE-05 1 OOOOE-05 

LINEAR EQUATlON SOLVER TYPE 

"" !TMAX, IRESETMAX, IJACINT, LSCALE, P_SCALE, LVARSWITCH 

3' 

, . 
3• 

3• 

3' 

3• 

1.575201E+02 

1 575201E+02 

1 575201E+02 

244771E+01 

2H7?1E-+01 

.244771E-+01 
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40 l T l.OOOOE•07 F 
IUPRPPLAG, :IUPMFLAG, DT_REDU, ITRAVE, IMFRAVE 

9 9 S.OOOOE-01 1 0 
IJACSWITCH, lJACMnf, IJACRESET, IUPRPLOOSE, ltJPMFLOOSE 

41 1 5 9 9 
DHSAT_REL, DKPRES_REL: REL. CHANGE FOR JACOBIAN ELEMENT CALCS 

l.OOOOE-08 l.OOOOE-08 
DHSAT_Milir, DHPRES_MIN: MIN. CHANGE ALLOWED FOR JACOBIAN CALCS 

l.OOOOE-10 l.OOOOE-02 
NUMBER OF TIMES FOR SPECIFYING MATERIAL MAP 

' START TIME FOR MAP 1 
-1, 5779E+OS 

MATERIAL TYPE GRID MAP 
2~ 10 29* 11 2~ 10 

33* 10 
33~ 1 
33~ 1 
33* 1 

8'* 3 14* p 9 
8* 1 14* 2 1* 9 
s• 1 7* 15 t• 9 
8'* 1 7~ 6 1* 9 
8'* 1 7* 6 1'* 9 
8* 1 14* 2 1* 9 
B* 4 14* 2 l.* 
8* 1 14* 2 1* 
8* 1 14* 2 1" 

22* 5 1* 9 10'"" 
22'* 1 1* 9 10* 
22* 1 1* 9 10* 
22* 1 1* 9 10* 
22* 1 1* 9 10* 
22* 1 1* 9 10* 
22.. 1 1'* 9 10'* 
22* 1 p 9 10* 1 
22* 10 1* 9 10* 10 
22* 10 p 9 10* 10 
22* 10 1* 9 10* 10 
22* 10 1* 9 10* 10 
22* 10 1* 9 10* 10 
22* 10 1* 9 10* 10 
22* 10 1* 9 10* 10 
22* 10 1* 9 10* 10 
22* 10 1* 9 10* 10 
START T!ME FOR MAP 2 
0. OOOOE•OO 
MATERIAL TYPE GRID MAP 

2* 10 29* 11 2* 10 
33"* 10 
33* 1 
3P 1 
33* 1 
8*314 .. 1*27 
8*114* 1"*27 
8* 1 7* 12 1* 42 
8* 1 7* 12 1* 42 
8* 1 7* 12 1* 42 
8* 1 14* 2 1* 27 
8* 4 14* 2 1* 27 
8* 1 14* 2 1* 27 
8* 1 14* 2 1* 41 

22* 5 1 * 41 10* 5 
22* 1 1* 33 10* 1 
22* 1 1* 28 10* 1 
22* 1 1* 28 10* 1 
22* 1 1* 36 10* l 
22* 1 1"* 36 10* 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* 16 
22* 1'? 1* 24 10* 17 
22* 18 1* 24 10* 18 
22* 19 1* 23 10* 19 
22* 19 1* 23 10* 19 
22* 20 1 .. 23 10* 20 
22* 20 1* 23 10* 20 
START T~ME FOR MAP 3 
3 .15572+08 
MI'.TER!J\L TYPE GRID MAP 

2* 10 29* 11 2* 10 
33* 10 
33* 1 
33* 1 
33.. 1 

8* 3 14* 2 
14* 2 ,. 

' ' ' ' 1 

,. ,. ,. ,. ,. ,. ,. ,. ,. ,. ,. 

4 

' 1 
5 
1 

' 1 

7* 12 
'?* 12 

12 
2 

,. ,.. 
,.. 
1• 
1• 

2 
2 
2 

41 
34 

1 .. 29 
1* 29 

1 .. 27 
1* 2'? 
1* 42 
1• 42 
1* 42 
p 27 
!"" 27 

,. 
w 

1* 27 
41 

5 
1 
1 

2• 2 
7• 2 ,. ,. ,. 
7• 
2• 
2• ,. 

2• 2 
,. 2 
3. 13 
3 .. 13 
3* 13 
2• ' 
7• ' 
,. 2 
,. 2 

,. 2 
,. 2 
3* 13 
3*13 
3* 13 

2• ' ,. ' ,. ' 
,. 2 

,. ,. ,. 
1• 
1• ,. ,. ,. ,. 

,. ,. 
1 .. 42 
1* 42 
1* 42 
,. 1 ,. ,. ,. 

,. 3 
,. 1 
1' 42 
1' 42 
1* 42 
,. 1 
,. 4 ,. ' ,. 

,. ,. ,. 

2* 21 
2* 21 
2* 21 

2* 21 
2* 21 
2* 21 

1• 
1• 
1• 

,. 2 
1• 
,. 2 

1* 27 
1* 27 
1* 27 

,. ,. ,. 

2* 22 
2* 22 
2* 22 

,. 1 
,. 1 
,. 1 

,. ,. ,. 

s• 
s• ,. 
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22~ 1* 36 10* 1 
22* 1* 36 10* 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• 16 
22* 17 1* 24 10* 17 
22* 18 1* 24 10* 18 
22* 19 1* 23 10* 19 
22* 19 1* 23 10* 19 
22* 20 1* 23 10• 20 
22* 20 1* 23 10* 20 
START TIME FOR MAP 4 
7. 8892E+DB 
MATERIAL TYPE GRID MAP 

2* 10 29* 11 2* 10 
33'" 10 
JJ• 1 
33.. 1 
33* 1 
,. 3 
,. 1 
,. 1 
,. 1 
,. 1 
,. 1 
,. 4 
,. 1 ,. 

22* 5 
22* 1 
22* 1 
22'* 1 
22.. 1 
22* 1 
22* l 
22* 1 
22"* 14 
22"* 15 
22* 16 

14* 2 
14* 2 

7* 12 
7* 12 
7* 12 

14* 2 
14* 2 
14* 2 
14* 2 

1* 41 
1* 35 
1* 30 
1* 30 
t• 36 
1* 36 
1* 26 
1* 25 
p 24 
1* 24 
1* 24 

1* 27 
1* 27 
1* 42 
p 42 
1* 42 
p 27 
p 27 
1* 27 
1* 41 

10* 5 
10* 1 
10* 1 
10* 1 
10* 1 
10* 1 
10* 1 
10* 1 
10* 14 
10* 15 
10* 16 

22* 17 1* 24 10* 17 
22 .. 18 1* 24 10* 18 
22'* 19 1'" 23 10* 19 
22* 19 1* 23 10* 19 
22* 20 t• 23 10* 20 
22'* 20 1* 23 10* 20 
START T:IME FOR MAP 5 
1.5578E+09 
MATERIAL TYPE GRID MAP 

2* 10 29* 11 2* 10 
33* 10 
33* 1 
33* 1 
33* 1 

8* 3 J.4* 2 
8* 1 J.4* 2 
8.. 1 7* 12 
8* 1 7• 12 
8* 1 7* 12 
8* 1 J.4* 2 
8'* 4 14~ 2 
8* 1 14* 2 
8* 1 14.. 2 

22* s 1* 41 

1• :n 
1* 27 
1* 42 
1 .. 42 
1* 42 
1* 27 
1* 27 
1* 27 
1* 41 

10.. 5 
22* 1 1* 35 10* 
22* 1 1* 31 10* 
22* 1 1* 31 10* 
22* 1 1• 37 10* 
22* 1 1* 37 10 .. 
22* 1 1* 26 10* 
22* 1 1* 25 10* 1 
22 .. 14 1* 24 10* 14 
22* 15 1• 24 10* 15 
22* 16 1• 24 10* 16 
22* 17 1* 24 10* 17 
22* 18 1* 24 10* 18 
22* 19 1* 23 10* 19 
22* 19 1* 23 10* 19 
22* 20 1• 23 10* 20 
22* 20 1* 23 10 .. 20 
START T:IME FOR MAP 6 
3.1557E+09 
MATERIAL TYPE GRID MAP 

2* 10 29* 11 2* 10 
33* 10 
33* 1 
33* 1 
33* 1 

8* 3 14* 2 
8* 1 14* 2 
8.. 1 7* 12 
8* 1 7*' 12 
8* 1 7* 12 
8* J. 14* 
8* 4 14* 
8* 1 14* 
8* J. 14* 

22* 5 1* 41 
22'* 1 1* 35 

1* 27 
1* 27 
1* 42 
1 .. 42 
1* 42 
1* 27 
1* 27 
1 * 27 
1* 41 

10* 5 
10* J. 

2• 2 
,. 2 
3• 13 
3* 13 
3* 13 
,. 2 
2' 2 
2• 2 
2' 2 

2' ,. 
3* ].] 
3• 13 
3* 13 
2' 2 ,. 
,. 2 
,. 2 

2' 2 
,. 2 

3* 13 
3* 13 
3* 13 
2' 2 
,. 2 

2' 2 
2' 2 

,. 
,. 1 

1* 42 
1* 42 
].W 42 
,. 1 
,. 4 
,. 1 
,. 1 

,. J 
,. 1 
1* 42 
1* 42 
1* 42 
,. 1 
,. 4 
,. 1 ,. ' 

,. J 
,. 1 
1* 42 
1* 42 
1* 42 
,. 1 
,. ' 
,. 1 
,. 1 

2* 21 
2* 21 
2* 21 

2* 21 
2' 21 
2 .. 21 

1• ;n 
1* 27 
1* 27 

2* 22 
2* 22 
2. 22 

2* 22 
2* 22 
2* 22 

,. ,. ,. 

,. ,. ,. 

,. ,. ,. 
1 
1 
1 
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22' 1 1' 32 10• 1 • 22• 1 1' 32 10' 1 
22' 1 1• 3B 10' 1 
22• 1 1' 30 1o• 1 
22• 1 1' " 10' 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 10' 17 
22' 18 1• 24 10' 18 
22' 19 1' 23 10' 19 ,. 19 1• 23 10' 19 
22' 20 1' 23 10' 20 
22' 20 1' 23 10' 20 
STAAT TlME FOR MAP 7 
6.3l.l.4E+09 
MA.TERIAL T"iFE GRID MAP 

2' 10 29 .. 11 2' 10 ,. 
" J)• 1 

33' 1 
33' 1 ,. 2 "' ' 1' " 2' 2 ,. 3 ,. 1 "' 2 1' " 2' 2 ,. 1 ,. 1 ,. 12 1• " 2' 12 1' " 

,. 21 1' " 2' 22 ,. ,. 1 ,. 12 1• " 2' 12 1' " 
,. 21 ,. 

" 2' 22 s• ,. 1 ,. 12 1• " 2' 12 1' " ,. 21 1' " 2' 22 s• ,. 1 "' 2 1' " ,. 2 ,. 1 ,. 4 "' 2 1• 27 2' 2 ,. 
' ,. 1 14' 2 1' " 2' 2 ,. ,. 1 "' 2 1' 41 2• 2 ,. 

22' 5 1' 41 10' 5 
22• 1 1' ;s to> 1 
22' 1 1' 32 to> 1 
22' 1 1' 32 to> 1 ,. 1 1' 39 to> 1 
22' 1 ,. 

" to> 1 
22' 1 ,. 

" to> 1 
22' 1 1' 25 to> 1 ,. 14 ,. 24 to> 14 
22' 15 1• 24 to> 15 
22• 16 ,. 24 10' 16 ,. 17 1' 24 10' 17 
22• 1B ,. 24 10' 18 ,. 19 1• 23 10' 19 
22' 19 ,. 23 10' 19 
22' 20 1' 23 10' 20 
22* 20 1' 23 10' 20 • START TIME FOR MAP 8 
1.2623E+l0 
MATERIAL TYPE GRID MAP 
2' 10 ,. 11 ,. 10 ,. 10 

33' 1 
JJ< 1 
33' 1 ,. 2 ,.. 2 1' " ,. 2 ,. 3 ,. 1 "' 2 1' " 

,. 2 ,. 1 ,. 1 7• 12 1' " 2' 12 1• " 2' 21 1' " 
,. 22 ,. ,. 1 7• 12 1• " 2' 13 1' " ,. 21 1' 27 ,. 22 ,. ,. 1 7• 12 1• " 2' 13 1• " 2• 21 1' 27 ,. 22 ,. 1 ,. 1 14' 2 1' " 2' 2 ,. 1 ,. 

' 
,.. 

' 1' " ,. 2 s• ' ,. 1 14' 2 1' " 
,. 2 ,. 1 

s· 1 14' 2 1' 4l ,. 2 ,. 1 
22' 5 1' 41 10' 5 
22' 1 1' " 10' 1 
22• 1 1' 32 10' 1 
22' 1 1' 32 10' 
22' 1 1' so to> 
22' 1 1' so 10' 
22• 1 1' " 10' 
22• 1 1' 25 10' 1 
22' 14 1' 24 to> 14 
22' 15 1' 24 10' 15 
22• 16 1' 24 10' 16 
22• 17 1' 24 10' 17 
22• 1B 1' 24 10' 18 
22• 19 ,. 23 to> 19 
22' 19 1' 23 10' 19 
22' 20 1' 23 10' 20 
22' 20 1' 23 10' 20 

• NAME 
1 S_HALITE 
2 ORZ_O 
3 S_MB139 

' S_ANH_AB 
5 S_MB138 
6 CAVITY_l 
7 CAVITY_2 
B CAVITY_) 
9 CAVITY_4 

10 IMPERM_Z 
11 CASTlLER 
12 WAS _AREA 
12 REPOSIT 
14 UNNAMED • 15 CULEBRA 
16 TAMARISK 
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11 
18 
19 
20 
21 

" 23 

" 25 

" 2? 
28 
29 
30 
31 

" 33 
34 

" 36 

" 38 

Mii.GENTA 
FORTYNIN 
DEWYLAKE 
SANTAROS 
BACKFILL ,..__.....,. 

39 
40 
41 
42 
NWST 

EARTH 
CLAY 
ASPHALT 
CONC_Tl 
CONC_T2 
CL.JLTl 
CLJLT2 
CL_M_TJ 
CL_M_T4 
CL_M_TS 
CL_L_Tl 
CL_L_T2 
CL_L_T3 
SA1/l'_Tl 
SALT_T2 
SALT_TJ 
SALT_T4 
SA:t..T_TS 
CLAY_BOT 
PAN_B_l 

' MA'r_WASTEl-

6 ' 
12 13 

ND" 
0 
NMATRESET 

• 
MATRESET 

6 ' 8 
BORE HOLE MATERIAL NUMBER 
0 
RESET 'l'lMJ;;, ICWASTE 
O.DOOOE-t-00 1 
PQlJO\STEIC 
1. Ol3250E+05 
1. 013250E+05 
SOWASTEIC 
O.OOOOOOE<-00 
0. 000000E+00 
PRESDRZ 

• LAMBDA 
1 ' OOOOOQE-01 

' ' OOOOOOE-01 
3 ' OOOOOOE-01 

• ' OOOOOOE-01 

' ' OOOOOOE-01 
6 ' OOOOOOE-01 

' ' OOOOOOE-01 

' ' OOOOOOE-01 
9 '. OOOOOOE-01 

10 L OOOOOOE+OO 
11 ' .OOOOOOE-01 
12 ' .OOOOOOE-01 
13 ' .OOOOOOE-0:1 

14 ' OOOOOOE-01 
15 ' OOOOOOE-01 
16 ' OOOOOOE-01 
1? 7. OOOOOOE-0:1 
18 ?.OOOOOOE-01 

" 7.000000E-01 
20 ' OOOOOOE-01 
21 ' OOOOOOE-01 
22 ' . OOOOOOE.-01 
23 1 70000QE.;.QQ 
24 L 900000E-01 
25 ' .OOOOOOE-01 

" ' .OOOOOOE-01 

" ' .OOOOOOE-01 
28 L 900000E-01 

" L 900000E-Ol 
30 1 .900000E-01 
31 1 900000E-01 
32 1 900000E-01 
33 1 900000E-01 
34 1 900000E-01 

" 1.900000E-01 
36 7.000000E-01 
3? 7.000000E-01 
38 ?.OOOOOOE-01 

" 7 .OOOOOOE-01 
40 ?.OOOOOOE-01 
41 1.900000E-01 

'DR 
J.OOOOOOE-01 
O.OOOOOOE..-00 
2.000000E-Ol 

' .OOOOOOE-01 

' . OOOOOOE-01 
0 . OOOOOOE-t-00 
0 OOOOOOE...-00 
0 OOOOOOE..-00 
0 OOOOOOE..-00 
0 OOOOOOE..-00 
2 OOOOOOE~Ol 
2 OOOOOOE~Ol 
2 OOOOOOE~01 

' OOOOOOE~01 2 OOOOOOE~Ol 

' OOOOOOE~01 2. OOOOOOE~01 

' OOOOOOE-01 
2. OOOOOOE~Ol 
2 .OOOOOOE-01 
0. 000000E+00 
0 .OOOOOOE..-00 
2 . 210000E~01 
2 .240000E~02 
0 OOOOOOE+OO 
2 OOOOOOE-01 
2. OOOOOOE-01 
2.240000E-02 
2. 240000E-02 
2.240000E-02 
2.240000E-02 
2.240000E-02 
2. 240000E-02 
2. 240000E-02 

' 240000E-02 
2. OOOOOOE-01 
2. OOOOOOE-0:1 
2. OOOOOOE-01 
2 . OOOOOOE-01 
2 . OOOOOOE-01 

' .240000E-02 

" 7. OOOOOOE-01 2 . OOOOOOE-01 

• SBMm PBMIN 
1 3. lSOOOOE-01 l.Ol3250E+05 
2 0 . OOOOOOE+OO 1. 013250E+05 
3 2 . lOOOOOE-01 1. 013250E+05 

• ' .lOOOOOE-01 1. 013250E+05 
5 2 .100000E-01 1. 013250E+05 
6 OOOOOOE .. OO l.Ol3250E+05 

' OOOOOOE .. OO 1.013250E+05 

SGR 
2. OOOOOOE-01 
0. OOOOOOE+OO 
l. 6SOOOOE-01 
1.6SOOOOE-01 
1.650000E-Ol 
O.OOOOOOE+OO 
O.OOOOOOE+OO 
0 OOOOOOE+OO 
0 OOOOOOE+OO 
0. OOOOOOE..-00 

'. OOOOOOE-01 
2. OOOOOOE~Ol 
2 . OOOOOOE-01 
2. OOOOOOE-01 
2 .OOOOOOE-01 
2 . OOOOOOE-01 
2 OOOOOOE-01 
2 OOOOOOE-01 
2 OOOOOOE-01 
2 OOOOOOE-01 
0 OOOOOOE+OO 
0 OOOOOOE+OO 
2 OOOOOOE-Ol 
2 240000E-02 
0 OOOOOOE+OO 
2. OOOOOOE-01 
2. OOOOOOE-01 

' 240000E-02 

' .240000E-02 
2 .240000E-02 
2 .240000E-02 

' . 240000E- 02 
2 240000E-02 
2 .240000E-02 
2 240000E-02 
2 OOOOOOE-01 
2 OOOOOOE-01 
2 OOOOOOE-01 
2 QQOOOOB-IH 
2 OOOOOOE-01 
2.240000E-02 
2.000000E-01 
eCMAX PCT_A 
1.000000E+08 9.00000QE.,.06 
1.000000E+08 O.OOOOOOE+OO 
1 000000E+08 2.6J0268E-02 
1 OOOOOOE+OS 2.630268E-02 
L OOOOOOE+OS 2. 630268E-02 
1. 000000E+08 0 OOOOOOE+OO 
L 000000E+08 0 OOOOOOE+OO 

PCT_EXP KRP KPC 
O.OOOOOOE+OO 
O.OOOOOOE+OO 

-J.460000E-01 • 2 
-3. 460000E-01 4 ' -3. 460000E-01 • 2 

0 OOOOOOE .. OO • 1 
0. OOOOOOE+OO 4 1 

KTP 
0 
0 
0 
0 
0 
0 
0 
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0. OOOOOOE.;.OQ 1. 013250£+05 1 OOOOOOE+DS 0 .OOOOOOE-+00 0 . OOOOOOE+OO l 0 • 0 OOOOOOE+OO 1.013250E+05 1 OOOOOOE+OB 0. OOOOOOE+OO 0. OOOOOOE+OO ' l 0 
lO 0 OOOOOOE+OO 1. 013250E+OS 1 O!lOOOOE+OB 0. OOOOOOE+OO 0. OOOOOOE+OO ' 1 0 
11 2.100000E-Dl 1.01325QE.;.QS l OODOOOE+OB 5. 600000E-Ol ·3 . 460000E-01 ' 2 0 
12 2.100000E-Ol l.Ol3250E+05 1 OOOOOOE+08 5 600000!':-01 -3 . 460000E-01 ' ' 0 
13 2.100000E-Ol. l..013250E-t05 1. OOOOOOE+OS 5 600000E-01 -3 .460000E-01 ' ' 0 
14 2.100000E-01 l.Ol3250E+05 1. OOOOOOE+-08 0 OOOOOOE+OO 0 .OOOOOOE•OO ' 1 0 
l5 2.100000E-01 1.013250E+05 1 000000E+08 5 600000E-Ol -3 .460000E-m ' 2 0 
16 2.100000E-01 1 013250E+05 l 000000E+08 0 OOOOOOE•OO O.OOOOOOE+OO 4 1 0 
17 '· lOOOOOE-01 l 013250E+05 1 OOOOOOE+OS 5 600000E-01 

_, 
.460000E-01 ' 2 0 

18 2 . 100000E-01 1 013250E+05 1.000000£+08 0 OOOOOOE+OO 0 OOOOOOE+OO ' l 0 

" 2 .lOOOOOE-01 1 013250E+OS 1.000000E+08 0 000000£+00 0 . OOOOOOE+OO 1 0 
20 2 .lOOOOOE-01 1 013250£+05 1.000000E+08 0 . OOOOOOE+OD O.OOOOOOE+OO 1 0 
21 0. 000000£+00 L 013250£+05 1. 000000£+08 0 000000£+00 0. 000000£+00 1 0 
22 O.OOOOOOE+DO 1. 013250E+05 1. OOOOOOE+OB 0. OOOOOOE+OO 0. OOOOOOE+OO 1 0 
23 2.320SOOE-01 1. 013250E+05 1. OOOOOOE+OB L 422000£+04 0. OOOOOOE+OO • 2 0 
24. 2.352000E-02 1. 0132SOE+05 1. OOOOOOE+OS 1. 500000E+06 0 OOOOOOE+OO ' 2 0 
25 O.OOOOOOE+OO 1 013250E+05 1. OOOOOOE+OS 0 OOOOOOE+OO 0 OOOOOOE+OO ' 1 0 
26 2.100000E-01 l OD250E+05 1. OOOOOOE+08 1 SOOOOOE+06 0 OOOOOOE+OO ' 2 0 
27 2.100000E-Cl 1 Cl3250E+05 1. COOOOOE+08 1.500000E+06 0. 000000£+00 4 2 0 
28 2.352000E-02 1 013250E+OS 1.000000E+08 l. S00000E•06 0 OOOOOOE+OO • 2 0 , 2 .352CCCE-02 1 01325/JE+-05 1. 000000£+08 1 SOOOODE+06 0. OOOOOOE+OO ' 2 0 
30 2. 352000E-02 l 013250E+05 1.000000E+08 1 SOOOOOE+06 0 . OOOOOOE+OO ' 1 0 
31 2.352DDOE-02 1 0132SOE+05 l.OOOOOOE+08 l 500000E+06 0 . OOOOOOE+OO ' 2 0 
31 2.352000£-02 1 .013250£+05 1 000000E+08 1 500000E+06 0. OOOOOOE+OO ' 2 0 
JJ 2. 352000E-02 1 013250E+05 1 OOOOOOE+OS 1. 500000E+06 0. OOOOOOE+OO ' 2 0 
34 2. 352000£-02 1. 013250E+05 1 OOOOOOE+OB 1. SOOOOOE+06 0. OOOOOOE+OO • ' 0 
J5 2.352000£-02 1. Ol3250E+05 1 . OOOOOOE+DB l 500000E+06 0. OOOOOOE+OO ' 1 0 
J6 2.100000E-01 1. 013250£+05 1 000000E+08 J . 900000£+04 0 OOOOOOE+OO • 2 0 

" 2.100000E-01 L 013250£+05 l. OOOOOOE+OS 2 180000E+05 O.OOOOOOE+OO ' 2 0 
JS 2.100000E-01 1 013250E+05 1. OOOOOOE+08 9 .470000£+05 0. OOOOOOE+OO ' 2 0 
39 2.100000E-01 l 013250E+05 1. OOOOOOE+-08 ' 700000~+06 0 OOOOOOE+OO • 2 0 
40 2.100000E-01 1 013250£+05 1. OOOOOOE+OS 4.700000E+06 0 OOOOOOE+OO 2 0 
412 352000£-02 1 013250E+05 1.000000E+08 l 500000E+06 0 . OOOOOOE+OO 2 0 
422 lOOOOOE-01 1 013250E+05 1.000000E+08 0 000000E+00 0 . OOOOOOE+OO 1 0 

• PERM>< PERMY PERMZ POROSITY COMPRES 
l 1. OOOOOOE-21 1. OOOOOOE-21 1 OOOOOOE-21 1 OOOOOOE-02 B. 054475£-09 
2 1.000000E-15 1. OOOOOOE-15 1 OOOOOOE-15 1 OOOOOOE-02 B .279475E-08 
J 2. 511884£-19 2. 511884E-19 1 Sll884E-19 1. 900000E-02 ' .120777£-09 

' 2.511884E-H 1. 511884E-19 1 511884£-19 1. 900000E-02 . . 120777£-09 
5 2.511884E-19 2 511884E-19 2 . 511BB4E-19 1. 900000£-02 4 120777£-09 
6 1.000000E-10 1 OOOOOOE-10 1. OOOOOOE-10 1 OOOOOOE+OO 0 OOOOOOE+-00 
7 l.OOOOOOE-10 1 OOOOOOE-10 1. OOOOOOE-10 l OOOOOOE+OO 0 OOOOOOE+-00 
6 l.OOOOOOE-10 1 OOOOOOE-10 1 OOOOOOE-10 1 OOOOOOE+OO 0 OOOOOOE+OO 
9 1.000000E-l0 1 OOOOOOE-10 1 OOOOOOE-10 1 OOOOOOE+OO 0 OOOOOOE+OO 

10 1. OOOOOOE-:35 1.000000E-35 1 OOOOOOE-35 5 OOOOOOE-03 0 OOOOOOE+OO 
11 1.330453E-ll 1.330453E-ll 1 330453E-ll 5 200000E-03 L 923077£-07 
12 5. 584699£-12 5. 584699£-12 5 584699E-12 8 810350E-Ol 1 203130E-09 
lJ 5.584699£-12 5.584699£-12 5 584699E-12 8 810350£-01 .2031JOE-09 • 14 1. OOOOOOE-35 1 OOOOOOE-35 1 OOOOOOE-35 2 OOOOOOE-01 . OOOOOOE+OO 
15 2. 648502E-1J 2 . 648502£-13 1 648502£-13 1 .460000£-01 l 417160E-09 
16 1. OOOOOOE-35 1. OOOOOOE-35 1 OOOOOOE-35 2 .OOOOOOE-01 0 . OOOOOOE+OO 
n 1 096478£-16 1 096478E-16 1 096478£-16 '. OOOOOOE-02 2 .199962E-09 
l8 l OOOOOOE-35 1. 000000£-35 1 OOOOOOE-35 2 . OOOOOOE-01 0. OOOOOOE+OO 

" 9 332549E-16 9 332549E-Hi ' . 332549£-16 1. 500000£;;-01 6 666667£;;-08 
20 1 OOOOOOE-10 1 OOOOOOE-10 1. OOOOOOE-10 1. 750000E-O:!. ' 714286£-08 
21 1 OOOOOOE-11 1 OOOOOOE-ll 1. ooooooe-11 1 OOOOOOE+00 0 OOOOOOE+OO 

" 1 OOOOOOE-11 1 OOOOOOE-ll 1 OOOOOOE-11 1.000000E~OO 0. 000000£+00 
2J 1 OOOOOOE-14 1 OOOOOOE-14 l OOOOOOE-14 2.500000E-01 0 OOOOOOE+OO 

" 9 . 999999£-19 9 999999£-1!1 9 999999£-19 2. 500000£-01 ·J. OOOOOOE+OO 
25 J .311315E-17 3 311315E-l.'J J 311315£-17 1. OOOOOOE-02 . OOOOOOE+OO 
26 5 . 000338£-19 5 000338£-B 5 000338£-19 7. 500000£-02 . OOOOOOE+OO 
27 1. OODDOOE-14 1 .ODDDOOE-14 1 OOOOOOE-14 '. SQOOOOE-C2 O.OOOOOOE-!-00 
28 J .837069£-17 J . 837069£-1' 3 837069£-1? . 500000E-02 0. OOOOOOE+OO 
29 1. 529297E-17 2 . 529297E-17 2 . 529297£-17 7. SOOOOOE-02 0 OOOOOOE+OO 
JO 1. 581246E-17 1. 581246£-17 1. 581246£-17 500000£-02 0 OOOOOOE+OO 
n 6.531313£-18 6. 531313£-1!3 6 . 531313£-18 500000E-02 0 OOOOOOE+-00 
32 9.999999£-19 ' 999999E-19 9. 999999£-19 . 500000£-02 OOOOOOE+OO 
JJ • 677352E-17 4 677352E-17 4 677352E-17 7. SOOOOOE-02 OOOOOOE+OO 
34 9 078209E-18 9 078209E-113 9 078209E-J.8 ' 500000E-02 . OOOOOOE+OO 
J5 9 999999£-19 ' 999999£-19 ' 999999E-19 ' 500000E-02 . OOOOOOE+OO 
36 1 OOOOOOE-14 1 OOOOOOE-14 I OOOOOOE-14 4 . OOOOOOE-02 . OOOOOOE+OO 

" 6 . 998409£-17 6 998409E-17 6 998409£-17 ' .OOOOOOE-02 0. OOOOOOE+OO 
38 9 . 999999E-19 ' . 999999£-1;:1 9 999999E-19 4 . OOOOOOE-02 0 . OOOOOOE+OO 
J9 J . 303688E-21 J . 303688£-21 J ,303688£-21 4. OOOOOOE-02 0. OOOOOOE+OO 

" 1 OOOOOOE-21 1. OOOOOOE-21 1 .OOOOOOE-21 .. OOOOOOE-02 0 OOOOOOE+OO 

" 9 999999E-19 9 999999E-19 9 . 999999E-19 7 500000£-02 0 OOOOOOE+OO 

" 1 OOOOOOE-12 1 OOOOOOE-1<! l. OOOOOOE-12 7. 500000E-02 1 333333£-03 
FRACTURE MODEL DATA TO FOLLOW :TOR F 
T 
NPRAC 
3 

• DELTA_PI DELTA_PF FRAC_PHI FRAC_EXP mx IFRY IFR2 
3 1.800000£+06 2.500000£+06 2. 900000£-02 5,320628£+01 l l 0 
4 1.800000E+06 2.500000£+06 2. 900000E-02 5 .32082BE+Ol 1 1 0 
5 1.800000E+06 2.500000E+06 2. 900000E-02 5. 320828E+Ol 1 1 0 
KLINKENBERG EFFECT TO BE USED? True or False 
T 
BKLINK EXPKLINK 

9.80000E-01 -3.30000E-01 
REFERENCE TEMPERATURE ANP PRESSURE FOR DE:NSITI CALCULATIONS 

3. 00150E+02 1. 01325£+05 
SALT(W'!'.'t;) DEN_ER KGSAT IDGAS COMPRJ!R 
2.9600E+Ol 1.2300£-!-03 1 0 2. 5000E-10 
VISC_BR VISC_GAS 

l.SOOOOE-03 8. 92000£-06 
GAS DENSITY DATA: =0 COMPUTE; •l INTERPOLATE 
1 • GAS MOLE FAACTIONS FOR H2, C02, CH4, N2. H2S, ;>..ND 02 
1.0000E+00 O.OOOOE+OO O.OOOOE+OO O.OOOOE~OO 0 OOOOE->-00 0. OOOOE+OO 
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IGASVAR (2= REACTION PATH, 1= USING AVG. STOICH . 
1 

0= lJSING WELLS) 

RATE CONSTANTS: CORROSION (RXCOR) AND BIODEGRADATION (RKBIO) 
3.04378-08 2.6642£-07 

HUMIDITY FACTORS: HUMPAC_COR, HUMFAC_BIO 
O.OOOOE+OO ~.OOOOE-01 
scoR_H2=~.sco~o=b,SCOR_FE=c: where b*H20 + c*FE2 > a~H2 +inert solids 

1.1667E+OO 1.6667E+OO l.OOOOE+OO 
SBt0_GAS:a,SBIO_H20=b,SBIO_CH20=c: where b~H20 + c*CH20=> a*GAS + inerts 

l.lOOOE+OO O.OOOOE+OO l.OOOOE+OO 
lUCKING SATUP.ATION, HUMID RATE SMOOTHING ALFHARXN 

S.OOOOE-01 T l.OOOOE+OJ 
CREEP CLOSURE? 

T 
NKLOS, KLOSINT (O=MOLES,l:PRESSURE) KLOSAVE (!=REGION AVE,2ECELL) 

1 1 ' 
CLOSURE PARAMETERS: PRES_LITHO, TIME_OFF PERM_FACTOF., PERM_EXP 
4 5 . OODOE+07 3 . 1557E+ 12 5 . 5 B47E-12 0, 0000E+00 
NUMBER OF ~TERIAL REGIONS FOR CLOSURE 

2 
jl MAT NO. MODEL l= WASTE-NOBACKFILL, 2=DRIFT-NOBACKFILL, 3.:WASTE-BACKFILL 4=.JAN_96:WASTE-NOBACKFILL 
1 12 4 
2 13 4 
WILL RADJ:ONUCL:IDE DECAY BE CALCULATED? T or F 
F 
WILL TRANSPORT BE CALCVLATED? T or F 
F 
W:ILL RADJ:OLYS:IS BE CALCULATED? T or F 
F 
BRAGFLO GAS COMPONENT TRANSPORT MODEL 
F 
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Appendix B: Sample Output File 

........................ ...... .......................... ,. .................................... " ............ * * * ......................... .. 
** Beginning of BRAGFLO Version: 4.00 Revised: 0~/22/96 
** Begun on: 01/25/96 at 16:19:05 Run on: LARRY - ALPHA AXP OpenVMS V6.1 ** 
................................................................................................................................................. 

BBBBBB 
BB BB 
BB BB 
BBBBBB 
BB BB 
BB BB 
BBBBBB 

"""""" """"" GOOGG FFFFFFF LL 
RR RR AA AA GG GG FF LL .. .. AA AA GG FF LL ...... AAAAAAA GG FFFFF LL 

"""'"' AA AA GG GOO FF LL .. .. AA "" GG GG FF LL 
RR RR AA "" GGGOO FF LLLLLLL 

Written by: Palmer Vaughn. SNL 
J~s D. Schreiber, SAIC 

Contributors: Michael E. Lord, SNL 
J~s E. Bean, NMERI 
Ali A. Shinta, API 
John Wo~ck, Eccdynamics 

Disclaimer 

00000 
00 00 
00 00 
00 00 
00 00 
00 00 

00000 

This computer program was prepared as an account of work 
sponsored by an agency of the United States Government. 
Neither the united States Government nor any agency thereof, 
nor any of their employees, nor any of their contractors, 
subcontractors, or their employees, makes any warranty, 
express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness 
of any information, apparatus, product, or process disclosed 
or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute 
or imply its endorsement, recommendation, or !avoring by the 
United States Government, any agency thereof or any of their 
contractors or subcontractors. The views and opinions 
expressed herein do not necessarily state or reflect those 
of the United States Government, any agency thereof or any 
of their contractors or subcontractors. 

•~QA*• 

PREBRAG 
6.00 
01/21/96 
01/24/96 
11:16:45 

QAinfo tor: 
program name; 
PREBRAG version number; 
PREBRAG revision date; 
PREBRAG run date; 
PREBRAG run time. 

Nwnber of file names to follow "" 

:rnput File Name: 
WP$TESTROOT: [BF2. TEST] BF2_NMVP _ME0_2. INP; 2 

ASC:ri OUtput File Name: 
WP$TESTROOT: [BF2. TEST]BF2....NM\fP_ME0_2. OUT; 1 

ASCII Summary Pile Name: 
WP$TESTROOT: (BF2.TEST]BF2_NMVP_MED_2.SUM;l 
···~·····~*~~·~································································ 

Binary Output File Name: 
WP$TESTROOT:[BF2.TEST]BF2_NMVP_M£0_2.BIN;l 

••********"***********•························································ 

Restart OUtput Pile Name: 
WP$TESTROOT: [BF2. TEST]BF2__NMVP_MED_2 .ROT; 1 
·····················································~························· 

simulation title: 
1996 BRAGFLO CASE 2: MED:rAN UNDISTURBED NO MIGRATION VARIANCE PETITION CALCULATION 
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Si~e pa~ameters: NX, 
33 

Number of grid blocks 

NY • 
31 

1023 

NZ 

' 
Model Type lMODTYPE) 2-Dimensional 

Parameters for adjusting DELT: 
Number of times to fix OELT (NOTFIXI : 
TIMEO'I'Fl){ ~ Time for fixing OELT, s 
DTFIX = DELT to be used when TIMEDTFIX 1S exceeded, s 

K TIMEDTFIX(Kl DTFIX(K) 
1 O.OOOOOOE+OO 8.640000E~02 
2 3.155700£+08 8.6400008+02 
3 7.889200E+OB 8.640000£+02 
4 l.S77800E+09 8 640000£+02 
5 3.155700E+09 8 6400008+02 
6 6.311400£+09 8 640000£+02 
7 1.262300£+10 8 6400008+02 

UNITS used in input: 
Sl 

UNITS used in output: 
Sl 

Start time of simulatiort (START) =-1.57790£+08 
End time for simulation (FINISH) 3.15570£+11 
Max no. time steps allowed (MAXITF) 10000 
Initial time step (DELT) • 8. 64000E+00 s 
Minimum time step allowed (DELTMIN) = B. 6400QE-04 
Maximum time step allowed (DELTMAX) = 1.72800E+09 .s 
Max fractional increase in time step allowed (DTIMEMAXI 
Flag for auto time step control (O~No,l=Yesl (ITIMECNTRL) 
Switch from relative to absolute change 

in variable for determining time step .si~e 

ASCII print control type 
Binary print control type 
Restart print control type 

( I:PR'n"PEASC I 
(IPRTYPEBINI 
(IPRTYPERSTI 

ASCII 

' 2 

output at 2 specified times: 
O.OOOOOE+OO s 
3 .l5570E+ll s 

Binary output timestep interval !IPRNTBIN) 

Restart output at 1 specified times: 
1 3.15570B+ll s 

('t'SWITCH\ 

20 

1 25000E+OO 
1 

. OOOOOE+OO 
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..................... ~ .................................................................................................................................................................... ., ................................................ .. 
Variable Output Flags 

0 . Do NOT Print co Designated Output Pile 
1 . DO Print co Designated Output File 

1 "c BIN Variable Description Units 
------------------- -----------

' ' 1 RO Brine pressure Pa 
2 ' ' PG Gas pressure Pa 
3 0 0 ROTO Brine rho*g*potentiometric head Pa 

' 0 ""' Gaa rho*g*potentiometric head Pa 
5 0 "UB Brine bubble pressure Ra 
6 ' '"' Porosity dimensionless 
7 0 RKO Relative permeability co brine dimensionless 
8 0 RKG Relative permeability co qaa dimensionless 
9 0 0 RHOB Brine density kg/m~J 

" 0 1 RHOG Ga> dens:\.ty kq/m~J 

H 0 1 RERMBX Permeability co brina, x-direction •'2 

" 0 0 RERMBY Permeability " brine, y-direction m"2 
13 0 0 RERMB' Pern~eability co brJ.ne, z-direction •'2 

" 0 1 l?ERMGX Permeability co gas, x-direction ··2 

" 0 0 PERMGY Permeability co gas, y-direction m·'2 

" 0 0 PERMGZ Permeability co gas, z-direction •'2 

" 0 '0 Br~ne saturation fraction void volume 

" 1 'G Gaa satu>::ation fraction void volume 
19 0 coo Brine coll"lponent of br~ne phase _, fr brine phase 
20 0 coo oaa component of brJ.ne phase -a a fr brine phase 

" 0 QOREFAVE Time-ave>::age well brine flow rate m~J;s (ref conds) 
22 0 0 QGREFAVE Time-ave>:: age well goa flow rate rn~J/s (ref condsl 
23 0 0 QOCUM Cumulative well brlne flow '" Orig Bm '" Place 

" 0 0 QGCUM Cunrulative well '"" flow f< Orig Oaa '" Place 
Z5 0 VODAVEI Time-avg brine Darcy velocity, x-dir mla 
26 0 VODAVEJ Time-avg brine Darcy velocity, y-dir mla 

" 0 VODJWEK Time-avg brine Darcy velocity, z-dir ml• 

" 0 0 VGOAVEl Time-avg qa• Darcy velocity, x-dir •I• 
29 0 0 VGDAVEJ Time-avg , .. Darcy velocity, y-dir mla 
30 0 0 VGDAVEK Time-avg gas Darcy velocity, z-dir ml• 

" 0 ' QODAVEI Time-avg interblock brine flow, x-d " m'"3/s '" <ef conds) 

" 0 ' QODAVEJ Time-avg intet"block brine flow, y-d " m'"3/s " <ef conds) 
33 0 0 QODAVEK Time-avg interblock brine flow, •-d " m~3/s " <ef conds) 

" 0 1 QGDAVEI Time-avg interblock goa flow, x-dir m"J/s " <Of coadsi 
35 0 1 QGDAVEJ Time-avg interblock ,., flow, y-dir m")/s " ""' condsl 
36 0 0 QGDAVEK Time-avg interblock goa flow, z-dir m'"J/s " ""' conds) 
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3? 0 
38 0 

" 0 40 0 
41 0 
42 0 

" 0 .. 0 

" 0 
" 0 
" 1 .. 1 
49 0 
50 0 
51 0 

" 53 
54 
55 
56 

" 0 58 0 
59 0 
60 0 
6l 0 
62 0 
63 0 

" 0 
65 
66 
67 

" " " 71 

" " 74 0 
75 0 
76 0 
77 0 

" 0 

" 80 
81 

" " 84 
85 
86 
87 
88 
89 
90 
91 

" " 0 94 0 
95 0 
96 0 

" 0 
" 0 

" 100 0 
101 0 
102 0 
103 0 
104 0 
105 0 
106 0 
107 0 

0 BRNBALREL 
0 GASBALREL 
0 RXNR(I,J,K,l) 
0 RXNR(l,J,K,2) 
0 RXNR(I,J,K,3) 
0 RXNR(I,J,K,4) 
0 QR(l,J,K,l) 
1 QR(I,J,I\,2) 
0 QR(l,J,K,31 
0 QR(I,J,K,4) 
1 CONCPE 
1 CONCBIO 
0 GENRAT( l,I,J,K) 
0 GENRAT( 2,I,J,K) 
0 GENRAT( 3,I,J,K) 
0 GENRAT( 4,!,J,K) 
0 GENRAT( 5,I,J,K) 
0 GENRAT( 6,I,J,K) 
0 GENRAT( ~.I,J,K) 
0 GENRAT( 8,I,J,K) 
0 GENRAT( 9,I,J,K) 
0 GENRAT(lO,I,J,K) 
0 GENAAT(ll,I,J,K) 
0 GENRAT(l2,I,J,K) 
0 GENRAT(l3,I,J,K) 
0 GENRAT(l4,I,J,K) 
0 GENRAT(l5,I,J,K) 
0 GENRAT(16,I,J,K) 
0 GENRAT(D,l,J,K) 
0 GENRAT(18,I,J,K) 
0 GENRAT(19,I,J,K) 
0 GENRAT(20,I,J,K) 
0 GENRATCU,I,J,KI 
0 GENRAT(22,I,J,K) 
0 GENRAT(23,I,J,K) 
0 CONCRXN{ l,I,J,K) 
0 CONCRXN( 2,I,J,K) 
0 CONCRX!>J( 3,I,J,K) 
0 CO!~CJDa>J( 4,I,J,K) 
0 CONCRXN( 5,I,J,K) 
0 CONCRXN( 6,I,J,K) 
0 CONCRXN{ 7, I,J, K) 
0 CONCRXN( 8,I,J,K) 
0 CONCJDa>J( 9,I,J,K) 
0 CONCJDa>J(10,I,J,K) 
0 CONCRXN(ll,I,J,K) 
0 CONCRXN(12,I,J,K) 
0 CONCRXN(13,I,J,K) 
0 CONCRXN(l4,I,J,K) 
0 CONCRXN(15,I,J,K) 
0 CONCRXNil6,I,J,K) 
0 CONCRXN(l7,I,J,K) 
0 CONCRXN(18,I,J,K) 
0 CONCRXN(19,I,J,K) 
0 CONCRXN(20,I,J,K) 
0 CONCRXN(2l,I,J,K) 
0 CONCRXN(22,I,J,K) 
0 CONCRXN(23,I,J,K) 
0 H20FLOWIN 
0 E_MASS_CUM ( 1) 
0 E_CONC_CUM(1) 
0 S_MASS_CUM(1) 
0 E_MASS_CUM ( 2) 
0 E_CONC_CUM(2) 
0 S_MASS_CIJM ( 2) 
0 E_MASS( 1, 1) 
0 E_MASS{ 1,2) 
0 E_CONC( 1,1) 

E_CONC( 1,2) 
S_MASS( 1, 1) 
S_MASS( 1,2) 

Relative srine mass balance 
Relative Gas mass balance 
Inundated corrosion rate 
Humid corxosion rate 
Inundated biodegradation rate 
Humid biodegradatlon rate 
H2 generation rate -- simple model 
Brine consumption rate -- simple model 
Fe consumption rate -- simple model 
CH20 consumption rate -- simple model 
Fe concentration -- s>.mple model 
CH20 concentratlon -- simple model 
H2 generation rate -- reaction path model 
C02 generat>.on rate -- reaction path modal 
CH4 generation rate -- reaction path model 
N2 generation rate -- reaction path model 
H2S generation rate -- reaction path model 
02 generation rate -- reaction path model 
H20 generation rate -- reaction path model 
H2S04 generation rate -- reaction path model 
HN03 generation rate -- reaction path model 
CH20 consumption rate -- reaction path model 
Fe consumption rate reaction path model 
FeS2_F generation rate -- reaction path model 
FeS2_0 generation rate -- reaction path model 
FeC03_F generatlon rate reaction path model 
FeC03_o generation rate -- reaction path model 
Fel0H)2 generation rate -- reaction path model 
FeOIQH) generation rate -- reaction path model 
Fe304 generation rate -- reaction path model 
FeS generation rate reaction path model 
cao generation rate -- reaction path model 
Ca[OH)2 generatlon rate -- reaction path model 
CaC03 generation rate -- reaction path model 
H2 generation rate -- radiolysis 
H2 concentration -- reaction path model 
C02 concentration -- reaction path model 
CH4 concentration -- reaction path model 
N2 concentration -- reaction path model 
H2S concentration -- reaction path model 
02 concentration -- reaction path model 
H20 concentration -- reaction path model 
H2S04 concentration -- reaction path model 
HN03 concentration -- reaction path model 
CH20 concentration -- reaction path model 
Fe concent~atian -- reaction path model 
FeS2_F concentration -- reaction path model 
FeS2_0 concentration -- reaction path model 
FeC03_F coAcentration reaction path mode! 
FeCOJ_O concentratlon reaction path model 
Fei0H)2 cancentratlon --reaction path model 
FeO(OHl cancentratlan -- reaction path model 
Fe304 concentration -- reaction path model 
FeS concentration reaction path model 
CaO concentration reaction path model 
Ca(OH)2 concentration -- reaction path model 
CaCO} concentration -- reaction path model 
H2 concentration -- radiclysis 
Water inflow rate 
Total isotope mass from Waste Region 1 
Total isotope cone from Waste Region 1 
Total solid isotope mass from Waste Region 
Total isotope mass tram \~aste Region 2 
Total isotope cone tram Waste Region 2 
Total solid isotope mass from Waste Region 2 
Mass of isotope 1 from Waste Region 1 
Mass of isotope 1 from Waste Region 2 
Cone of isotope 1 tram \~aste Region 1 
Cane of isotope l tram \11aste Region 2 
Solid mass of isctcpe 1 ~rom Waste Region 
Solid mass of isatop" 1 from Waste Region 2 

NUmbe< of variables to be printed as History variables (1\.'HIVI 
NOTE: History variables printed only to Binary output flle. 

No. "' Vbl No. Grid Blocks (I ,.J ,K) -Inde.Y,es 

dimensionless 
dimensionless 
molls 
molls 
molls 
molls 
kg/ls*m~3) 

kg/ (s*m~3) 
kg/ {s*m"3) 
kg/ls*m"3) 
kg/m~3 

kg/m"3 
kg/ls*m"3) 
kg/ls*m"3) 
kg/(s*m~3) 

kg/ls*m"3) 
kg/(s*m"3) 
kg/(s*m"3l 
kg/(s*m"3l 
kg/ (s*m"J) 
kg/ (s*m"31 
kg/ ( s~m"31 
kg/ (s*m"31 
kg/ (s*m"3) 
kg/ (s~m"31 
kg/ (s*m"3) 
kg/ (s*m"31 
kg/(s•m"31 
kg/(s*m"31 
kg/(s'*m"31 
kg/(s*m"3) 
kg/(s*m"Jl 
kg/(s*m"3) 
kg/(s*m"3) 
kg/ls*m"3) 
kg/m"3 
kg/m"3 
kg/m"J 
kq/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"J 
kq/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/m"3 
kg/s 
kg 
kg/m"3 
kg 
kg 
kg/m"3 
kq 
kg 
kg 
kg/m"J 
kg/m"3 
kg 
kg 
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31 9 8 1 10 8 11 12 1 13 8 1 14 8 15 8 1 9 ' 1 

10 9 1 11 9 12 1 13 1 14 9 1 15 9 9 10 1 10 10 1 
11 10 1 12 10 13 10 1 14 10 1 15 10 1 " 8 1 18 8 1 19 8 1 

" 9 1 18 9 " 9 1 " 10 1 18 10 1 19 10 1 12 1 1 
18 30 9 8 1 10 8 11 8 1 12 ' 1 13 ' 1 14 8 1 15 8 1 ' 9 1 

10 9 1 11 9 1 12 9 13 9 1 14 9 1 15 9 1 9 10 1 10 10 1 
11 10 1 12 10 1 11 10 14 10 1 15 10 1 " 8 1 18 8 1 19 8 1 

" 9 1 18 9 1 19 9 " 10 1 18 10 1 19 10 
Jl " 3 6 1 3 12 1 3 15 3 23 1 J 24 1 3 25 3 26 1 3 27 1 

3 " 1 3 29 1 3 30 3 31 1 32 6 1 32 12 32 15 1 32 23 1 
32 24 n 25 1 12 26 12 " 1 n " 1 n 29 32 30 1 n 31 1 

g 6 9 12 1 9 15 26 6 1 26 12 1 26 15 17 8 1 " 9 1 

" 10 20 8 1 20 9 " 10 1 9 8 9 9 ' 10 16 8 1 
16 9 16 10 1 23 6 23 7 23 8 23 9 23 10 1 23 11 1 
23 12 1 23 13 1 23 14 23 15 23 16 23 17 23 18 1 23 19 1 
23 20 1 23 21 1 23 " 23 23 23 24 23 25 23 26 1 23 27 1 
23 " 1 23 29 1 23 30 23 31 24 6 24 24 8 1 24 9 1 
24 10 1 24 11 1 24 1:2 1 24 D 1 24 14 1 24 15 1 24 16 1 24 " 1 
24 18 24 19 1 24 20 1 24 21 1 24 22 1 24 23 1 24 24 1 24 25 1 
24 26 24 27 24 28 24 29 1 24 30 1 24 31 1 

• 

• 

• 
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32 46 9 11 1 10 11 11 11 1 32 11 1 13 11 1 14 11 1 15 11 1 9 B 1 • 10 B 1 11 B 12 8 1 13 B 1 14 ' 1 15 ' 1 " 11 1 18 11 1 
19 11 1 " B 18 8 1 19 B 1 2J 6 1 2J 7 1 23 ' 1 2J ' 1 
23 10 1 2J 11 23 11 1 23 13 1 23 14 1 2J 15 1 23 16 1 23 17 1 
23 18 1 23 19 23 20 1 23 21 1 23 22 1 23 23 1 23 24 1 23 25 1 
23 26 1 2J 27 23 " 1 23 29 1 23 30 1 23 J1 1 

J4 " 3 6 1 3 12 3 15 3 23 1 3 24 1 3 25 1 3 26 3 27 1 
3 " 1 3 29 3 JO 3 J1 1 32 6 1 32 12 1 32 15 32 23 1 

32 24 1 32 25 32 26 32 27 1 32 2B 1 32 " 1 32 JO 32 31 1 
9 6 1 ' 32 9 15 26 6 1 26 12 1 26 15 1 " ' 1 " 9 1 

17 10 1 20 B 20 9 20 10 1 9 ' 1 9 9 1 9 10 1 16 B 1 
16 9 1 16 10 23 ' 23 1 23 8 1 23 9 1 23 10 1 23 11 1 
23 12 1 23 1J 23 14 1 23 15 1 23 16 1 23 " 1 23 18 1 23 19 1 
23 20 1 23 21 23 22 1 23 23 1 23 24 1 23 25 1 23 26 1 23 " 1 
23 28 1 23 29 23 30 1 23 J1 1 24 6 1 24 7 1 24 ' 1 24 9 1 

" 10 1 24 11 1 24 32 1 24 13 1 24 14 1 24 15 1 24 16 1 24 17 1 

" 18 1 " 19 1 24 20 1 24 21 1 24 22 1 24 23 1 24 24 1 24 25 1 
24 26 1 " 27 1 24 28 1 " 25 1 " 30 1 " J1 1 

35 46 9 11 1 10 11 1 11 11 1 12 11 1 13 11 1 14 11 1 15 11 1 9 ' 1 
10 8 1 11 B 1 12 8 1 13 8 1 14 8 1 15 8 1 " 11 1 18 11 1 
19 11 1 17 8 18 8 1 19 8 1 23 6 1 23 7 1 23 ' 1 23 9 1 
23 10 1 23 11 23 32 1 23 13 1 23 14 1 23 15 1 23 16 1 23 17 1 
23 1S 1 23 19 23 20 1 23 21 1 23 " 1 23 23 1 23 24 1 23 " 1 
23 26 1 23 27 23 28 1 23 29 1 23 30 1 23 J1 1 

Monitor key parameters (MONITOR): T 
Number of Monitor Blo~ks (NMON) 
!-index of grid block 1 eo be monitored (lMONITOP.) 32 
J-index of grid block 1 eo be monitored (JMON!TOR) 10 
K-index of qdd block 1 eo be monitored (KMONITORI 1 
I-index of qrid block 2 eo be monitored ('!MONITOR) 18 
J-index of grid block 2 co be monitored (JMONITORI 10 
K-index of o;rrid block 2 co be monitored (KMONITORI 1 
!-index of qrid block 3 eo be monitored (IMONITORI 25 
J-index of ~id block 3 eo be monitored (JMONITORI 12 
K-index of grid block 3 Co be monitored (KMONITORI 1 

Geometry Flags -- Specifies how block thicknesses are to be read. 
IDXFLAG 1 
IDYFLAG 2 
IDZFLAG 1 
!DEPTH FLAG ' 

Grid block dimensions in !-direction, m 
1. 500000£+04 5. 000000E+03 1. OOOOOOE+03 7. 500000E+02 000000E+02 
1 OD0000£+02 4.0DDOOOE+Ol 1 OOOOOOE+Ol ' 380000E+01 . 000000£+01 
2 .000000£+00 4.000000£-01 2. 0000001>+00 1. OOOOOOE+01 ' . 380000£+01 

' .OOOOOOE+OJ. 1 OODDIJOE+02 ' . 950000£+02 1 000000£+02 B. OOOOOOE+01 
2 . 830000£+02 5 000000E+01 1. DDOOOOE+01 6 . 000000E+01 5. 000000E+02 • 1 000000£+01 .. OOOOOOE+01 1. ODDD00£+02 5. 000000£+02 . 500000£+02 
1 000000E+03 5 000000E+03 1 500000£+04 

Grid block dimensions in J-direction, • 
2.728000E+OO 4_737200£+01 1.391600£+02 000000E+01 1. 100000£+01 
8.500000£-01 1. 380000E+OO 1. 320800£+00 1. 3208DDE+OO 1. 320800£+00 
2 617600£+00 2 700000£-01 4. 610000£+00 '. 450000£+()0 1.800000£-01 
2 .390000£+01 5 242000£+01 5 242000£+01 8. 588000£+01 8. 588000£+01 

' . 534000£+01 3 . 728000E+01 J . 6DOOOOE+01 7 . 700000£+00 2 . 480000£+01 

' 500000E+OO 1 730000£+01 1. 060000E+D2 4.330000£+01 1 . 566000£+01 
1. DOOOOOE-01 

Grid block dimensions in K-direction, • 
6.131430£+04 2.131430£+04 B. 748800£+03 6. 561600E+C3 3 . 314300£+03 
2.114300£+03 1 834300£+03 1. 734300£+03 1 262000£+02 2 . 880000£+01 
4. 800000£+00 ' OOOOOOE-01 .. 8DOOOOE+OO 1. 880000E+01 l. 262000£+02 
1.0000008+01 1 323000£+02 1 435000£+02 1. 4160008+02 1. 890000E+01 
l 8900008+01 1 890000E+01 '. 500000E+00 2. 050000E+01 . 310000£+01 
1 258900£+03 1.458900£+03 2 . 018900£+03 J . 928000£+03 fi. 910600E+03 
9 214100£+03 2.172690E+04 '. 172690£+04 

Elevations to grid block centers in IJK-direction, m 
1.293640£+02 1.293640E+02 1.293640£+02 1.293640E+C2 .293640£+02 
1.2936408~02 1.293640E+02 1.293640£+02 1.293640£+02 1. 293640£+02 
1.293640£~02 .1.293640E+02 1.293640E+02 1. 293640£+02 293640£+02 
1.293640£+02 1.293640E+-{]2 l 293640£+{]2 1.293640E+C2 293640£+02 
l .2936408+02 1.293640£+02 1 .293640£+02 l 293640£+02 . 293640E+02 
l 293640E~02 1.293640E+02 1 293640£+02 1 293640£+02 1.293640£+02 
1 293640£~02 1.293640£+02 1 293640E+02 1. 544140£+02 1. 544140£+02 
1 544140£+02 :J..544140E+02 1. 544140£+02 1. 544140£+02 1. 544140£+02 
1. 544140E+02 1.544140£+-02 1. 5441408+02 1. 544140£+02 l. 544140£+02 
1. 544140E+02 1.544140£+02 1. 5441408+02 l. 544140£+02 1. 544140£+02 
1.544140£+02 1.544140E+02 1. 544140£+02 1. 544140£+02 1. 544140£+02 
1 .5441408+02 1. 544140£+02 1. 544140£+02 1. 544140£+02 1 . 544140£+02 
1. 5441408~02 1. 544140£+02 1. 544140£+02 1. 5441408+02 1. 544140£+02 
1 5441408~02-3 441824E+01 1. 401058£+02 1. 924630£+02 '. 077339E+02 
2 186417£+02 2. 23 8774E+D2 2 . 250991£+02 2. 255354£+02 2 . 260048£+02 
2 .2647438+02 2.265790£+02 2 . 266000£+02 2 . 266209£+02 2 . 267256E+02 
2 271951£+02 2. 279264E+02 2 . 291480£+02 2. 3434018+02 2 395322£+02 
2 . 411029E~02 2. 442706£+02 2 .4?1764£+02 2 . 477000£+0~ . 4831088+02 
2 531975£+02 2.576478E+02 2. 580841£+02 2 5930588+02 2. 6454158+02 

' . 754493E+02 2.907201£+02 3 . 4307748+02 5. 176014E+02 6 014737£+01 
2 346714£+02 2. 870287£+02 3 . 022995£+02 .132073E+02 3 .184430E+02 
3 1966468~02 3. 201010E+02 3 .205'104£+02 .210399£+02 . 211446£+02 
3 211656£~02 3.2ll865E+02 3 .212912£+02 . 217607£+02 . 2249208+02 
3 237137£+02 3.289057£+02 3 . 3409788~02 . 356685£+02 . 388362£+02 
3 417420£+02 3.422656£+02 3 . 428764£+02 3 .4776318+02 . 522134E+02 
3 526497£~02 3. 538714£+02 3. 591071£+02 3 . 700149£+02 3 .8528578+02 • 4 376429£+02 6.121671£+02 9. 0642708+01 2 651668£+02 .1752408+02 
3 32'1949£+02 3.437026£+02 3 . 4893848+02 3 . 5016008+02 .505963£+02 
3 510658£+02 3.515353£+02 3 . 516400E+02 3 . 5166098+02 . 516819£+02 
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3.517866E-+02 3 .52256l.E.o.Q2 3 529873E+Ol 3 . 542090E+02 . 594011E+02 • 3. 645932E-t02 3 .661639E-t.02 3 693315E+02 3 . 722373E+02 . 721609E+02 
3. 733717E+02 3 .782584E.,.02 3 . 827088E+02 3 . B31451E+02 3 . 843668E+02 
3.896025E+02 '. 005103E+02 • 157811E+02 '. 681383E+02 6. 426624E+02 
9.656680E+Ol 2.710909E+02 3 234481E+02 3 .387190E+02 3 . 496267E+02 
3.54862SE+02 3.560841E.;.Q2 3. 565204E+02 3 . 569899E+02 3 . 574594E+02 
3.575641E-t02 3.575851E;.02 3. 576060E+02 3 . S?7107E+02 3 . 581802E+02 
3.589114E+02 3. 6013HE-T02 3.653252E+02 3 . 705173E+02 3. 720880E+02 
3. 752556E+02 3.781614E-+02 3. 786850E+02 3 . ?92958E+02 . 841825E+02 
3.886329E+02 3.890692E+02 3.902909E+02 3 . 955266E+02 . 064343E+02 
4.2~7052E+02 4.740624E-4-02 6 . 485B6"5E+02 9 . ~6"816"~E+01 . 72205~E+02 
3.245630E+02 3.3983JBE-4-02 3 . 507415E+02 3 . 559~73E+02 . 5119B9E+02 
3.576353E+02 3.581047E+02 3 . 585~42E+02 3 . 586789E+02 3 . 586999E+02 
3.587208E•02 3. 588255E+02 3 . 592950E+02 3 . 6"0026"3E+02 3 . 612480E+02 
3.664400E+02 3. 716321E-4-02 3 . ~32029E+02 3 . ~63~05E+02 3 . 792~63E+02 
3.797998E+02 3.804~07E-t02 3 . 852974E+02 3 . 89~477E+02 3. 901840E+02 
3.914057E+02 3.966414E-t02 ' . 075492E+02 ' 228200E+02 751772E+02 
6.497014E'"-02 9.903186E+Ol 2 . 735559E+02 3 .259131E+02 . 411840E+02 
3. 520918E+02 3.573275E+02 3 . 585491E+02 3 . 589854E+02 . 594549E+02 
3.599244E+02 3. 60029H!+02 3 . 600501E+02 3. 600710E+02 . 601 ~5~E+02 
3. 606452E+02 3.613765E+02 3 . 6259BlE+02 3 . 6~~902E+02 . 729823E+02 
3. 745530E+02 3. 777206E+02 3 . 806265E+02 . 811501E+02 . 8l i609E+02 
3. 8664"76E+02 3. 910979E+02 3 . 915342E+02 . 92~559E+02 .9799J..6E+02 
4.088994E+02 4.241702E+02 ' . 765274E+02 510515E+02 l 003524E+02 
2.748765E+02 3. 272337E+02 3 . 4250466:+02 . 534124E+02 3 . 586481E+02 
3. 598698E+02 3. 603061E+02 3 . 60"1755E+02 3 . 6l2450E+02 . 61349iE+02 
3. 6l3"707E+02 3. 613916E+02 3 . 614963E+02 3 619658E+02 . 626971E+02 
3. 63911l7E+02 3. 691101lE+02 3 . 743029E+02 3 758736E+02 ?90413E+02 
3 819471E+02 3. 824706E+02 3 . 830815E+02 3 879681E+02 . 924185E+02 
3 .928548E+02 3.940765E-t02 3 .993122E+02 • 102200E+02 4 254908E+02 

• 778481E+02 6.523721E+02 1 01673l.E+02 2.76l97J..E+02 3 . 285544E+02 
3 . 4382 528+02 3.547329.E:+02 3. 599687E+02 3.6J..1903E+02 J . 616266E+02 
3.620961E+02 3. 6256568+02 3.626703E+02 3. 626913E+02 3 . 627122E+02 
3.628169E+-02 3. 632864E+02 3. 640177E+02 ) . 652393E+02 . 704314E+02 
3. 756235E+02 3. 771942E+02 3.803618E+02 3 . 832677E+02 3 . 837913E+02 
3.844021E+02 3. 89288BE+02 3.937391E+02 3 .941754£+02 3 . 953 971E+02 
4.006328E+02 4 .l.15406E+02 ' 2681148+02 4 791686E+02 6. 536927E+02 
1.036419E+02 2.781660E+02 3 .3052338+02 3 .457941E+02 3 - 5670198+02 
3. 619376E+02 3.631592E+02 3 .635956E+02 3 .640650£+02 3 . 645345E+02 
3 ,646392E+02 3. 646602E+02 3 .646811E+02 3 .647858£+02 3 . 652553E+02 
3 . 659866E+02 3. 6720838+02 3 724003E+02 3 775924E+02 J . 791631E+02 
3 .1!233078+02 3.8523668+02 3 857602E+02 3 8637l.OE+02 J . 912577E+02 
3 . 957080E+02 3.961443E+02 3 973660E+02 ' 026017E+02 4 135095E+02 

' .287803E+02 ' 811375E+-02 6 556616E+02 1 050855E+02 2 796096E+02 
3 .Jl9668E+02 3 472377E+02 3 5814548+02 3 .633812E+02 3. 646028E+02 
3 . 650392E+02 3 . 655086E+02 3 65978J..E+02 3 . 660828E+02 3 .661038E+02 
3 . 661247E+02 3 . 662294E .. 02 3 666989E+02 3 . 674301£+02 J . 686518E+02 

.7384398+02 3 . 790360E+02 3 806067E+02 3 .837743E+02 3 . 866802E+02 

. 872037E+02 3 . 878146E+02 3. 927012E+02 3 .971516E+02 3 . 975879:E+02 • 3.988096£+02 4 . 040453E-t02 4 ~49531E+02 4. 302239E+02 4.825811E+02 
6. 5 71052E+02 1. 075252E+02 2 820492E+02 3 . J.:i<l065E+02 J . .:i9677JE+02 
3 .605851E+02 3 . 658208E+02 3 .670424£+02 3 .674788£+02 . 679482E+02 
3 .684l.77E+02 3 . 685224E+02 3 . 685434E+02 3 . 685643£+02 . 686690E+02 
3 . 691385E+02 3 . 698698E+02 3 . 710914E+02 3 .762835E+02 .814756E+02 
3 .830464£+02 3 . 862140E+02 3 . 89l.l.98E+02 3 896433E+02 3 . 902542E+02 
3 .9514098-4-02 3 . 995912E+02 4 000275E+02 4 012492E+02 . 064849E+02 

' 1739278+02 4 .326635E+02 ' 850208E+02 6 595449£+02 120545E+02 
2. 865786E+02 3 .389358E+02 3 . 542066E+02 3 .651144E+02 . 703501E+02 
3 . 715717E+02 3 . 7200Bl.E+02 3 . 724775E+02 3 729470E+02 . 730517E+02 
3 . 730727E+02 3 . 730936£+02 3 . 73l.983E+02 3 . 736678E+02 . 743991E+02 
3 .756208E+02 3 . 8081288+02 J . 860049£+02 3 . 875757E+02 . 907433E+02 

. 936491E+02 3 . 941727E+02 3 . 947835£+02 3 . 996702£+02 . OU205E+02 
045569E+02 ' . 057785E+02 4 1101428+02 4 .219220E+02 . 371928E+02 
895500E+02 6 . 640742E+02 3 143691E+02 . BBB932E+02 3 . 412504E+02 

. 5652138+02 3 . 674290E+02 3 . 726647E+02 . 738864E+02 . 743227E+02 

. 7479228+02 3 . 752617E+02 3 753664E+02 . 753873E+C2 . 754083E+02 

. 755~30E+02 3 . 7598258+02 3 . 767137E+02 . 7~93541hC2 831275E+02 
883196E+02 3 . 898903E+02 . 930579E+02 . 959637E+02 . 964873E+02 

. 970981E+02 '. 019848E+02 .064352E+02 ' . 0687l.SE+02 4. 080932E+02 
1332898+02 '. 24231S6E+02 .395075E+02 '. 918647E+O~ ' . 6638888+02 

1 2640738+02 3 . 009314E+02 . 532886E+02 3 . 685~94E+02 3 . 794672E+02 
3 847029E+02 3 .859246E+02 . B63609E+02 3 . 868304E+02 3 8729913E .. 02 
3 . 874045E+02 3 8742SSE+02 . 874464£+02 B75511E+02 880206E+02 
3 887519E+02 3 .899736E+02 . 951656E+02 003578E+02 ' . 019285E+02 
4.050961£+02 • 0800l9E+02 . 085255£+02 ' 091363E+02 4 140230E+02 
4.184733E+02 ' 1.890968+02 ' 201313E+02 • 253670E+02 4 .362748E+02 
4. 515457E+02 5 039029E+02 6 784269E+02 1 6456l5E+02 390855E+02 
3. 9144278+02 ' 067136E+02 4. 176214E+02 ' 22857J..E ... Q2 4.240788E+02 

• 245151£+02 ' 249846E+02 ' 254540E+02 4 255587E ... Q2 4 255797E+02 
4.256006£+02 • 257054E+02 ' 261748E+02 ' 269061E+02 4 281277E+02 
4 333199E+02 4 385119E+02 4 400826E+02 • 432503E+02 4. 461561E+02 
4 466797E+02 ' 47290SE+02 5217728+02 4 566275E+02 4. 570638E+02 
4 .582855E+02 ' 635212E+02 744:290£+02 4 896999E+02 5. 420571E+02 
7. 165811E+02 2 169735E+02 3 914976E+02 4 438548E+02 4 591256E+02 

' . 700334E+02 ' 752691E .. 02 4 764908£+02 4 76927l.E+02 .773966E-t02 

' . 778661E+02 ' . 77970BE+02 ' 7799178+02 ' 780l27E+02 781174E+02 
4 785869E+02 ' . 793181E+02 ' 805398E+02 ' .857319E+02 . 909240E+02 
4. 924947E+02 '. 956623E+02 • 985681E+02 ' . 990917E+02 . 997025E+02 
5. 045892E+02 5 . 090396E+02 5 094759E+02 5 .1069758+02 .159333E+02 
5 268410E+02 5 .42ll19E+02 5 944691E+02 7 . 689932E+02 ' . B61129E+02 .. 606370£+02 5 .129943£+02 5 2826518+02 5 .391729£+02 5 . 444086E-t02 
5 4563028+02 5 . 460666E+02 5 465360E+02 5 .470055E+02 5 . 471102E+02 
5. 4713~2E+02 5 . 471'321E.+02 5 4725688+02 5 .477263£+02 . 484516E+02 
5 496793E+02 5 . 548713E+02 600634E+02 5 . 616342E+02 . 648018£+02 
5. 677076E+02 5. 682311E+02 688420E+02 5 737287E+02 . 781790E+02 
5 7861548+02 5. 798370E+02 . 850727E+02 5 . 9598DSE+02 6. 112513E+02 
6 636086E+02 B. 381]26E+02 719799E+02 5. 465040E+02 5. 988612E+02 • 6. 1413218+02 6 250398E+02 . 302755£+02 6 . 3l.4972E+02 6. 319335E+02 
6 324030E•02 6. 3287248+02 .329772E+02 6 329981E+02 6. 330190E+02 
6. 331.2388+02 6. 335933£+02 .343245E+02 6 355461E+02 6. 407383E+02 
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• 6.459304E-+02 ' 4750UE+02 6 506687E+OZ 6.535745E+02 6 540981Ef-02 
6.547089E+02 '. 595956E+02 6 640460E+02 6.644822E+02 6 657039E+02 
6. 709396E+02 '· 818474E-+02 6 971183E+02 7.494755E+02 9 .239996E+02 
4.375799£+02 ' .121040E+02 6 644612E+02 6.797321£+02 6 906398E+02 
6.958755E-+02 '· 970972E,..02 6 975335E+02 6.980030E+02 6 984725£+02 
6. 985772£ .. 02 ' . 985981E+02 6 986191E+02 6 987238£+02 6 991933E+02 
6.999246£+02 7 . 011462£+02 7 063383E+02 7 115304E+02 7 .l31011E+02 
7 .162687£+02 .191746E..,.02 7 196981E+02 7 203090E+02 7. 251956E+02 
7.296460£+02 .30082JE+02 7 313040E+02 7 . 365397£+02 474474£+02 
7 627183£+02 .150755E .. 02 9 895996£+02 4 788837£+02 6. 5)4077£+02 
7 057650E.f02 7 .210358E+-02 7 Jl9436E+02 7.37J.793E+02 384010E+-02 
7. 388373E•02 .393068E+-02. 7 397762E+02 7.398810E+02 399019E+-02 
7. 399228E•02 .400275E+02 404970E+02 7.412283E+02 424500E+02 
7.476420E•02 . 528342E+02 544048E+02 7. 575725E+02 7. 604783E+02 
7.6100J.8E.f02 7 .616127E+02 664994E+02 7 709497E+02 713860E+02 
7. 726077E•02 7 . 778434E+-02 7 .887512E+02 8 040220E+02 8 563793E+-02 
1.030903E-1-03 7. 977001E+02 7 977001E+02 7.977001E+02 ' 977001E+02 
7. 977001E-1-02 7 .977001E+-02 977001E+02 7 977001E+02 . 977001E+-02 
7.977001E-1-02 7 .9770012+-02 977001E+02 7 977001E+02 977001E+-02 
7.97700J.E+02 7 97'7001E+-02 7. 977001E+02 7 977001E+02 977001E+-02 
7. 977001E+02 7 977001E+02 7 977001E+02 7 977001E+02 977001E+02 
7. 977001E+-02 7 .977001E+02 7 977001E+02 7 977001E+02 977001E+-02 
7 977001E-1-02 7 977001E+-02 7 977001E+02 7.977001E+02 195501E+-02 
B 195501E-1-02 B .195501E+02 B 195501E+02 8.195501E+02 195501E-1-02 
B 195501E•02 8 .195501E ... 02 8.195501E+02 8.195501E+02 8 .195501E+02 
B 195SOJ.E.f02 a .195S01E ... o2 8.195501E+02 8.195501E+02 195501E+-02 

' 195501E•02 B .195501E+-02 8 195501E+02 8.195501E+02 195501E-t-02 
B 195501E+02 8 .195501E+02 ' 195501E+02 8. 195501E+02 195501E+02 
B 195501E•02 8 .195501E+02 B 195501E+02 8 J.95501E+02 195501E+-02 
8.195501E•02 B .195501E+-02 B 358001E+02 B 358001E+02 358001E+-02 
8. 35800J.E•02 B .358001E+02 B 358001E+02 8 358001E+02 8 358001E+-02 
8. 358001E•02 B .358001E+02 8 358001E+02 8 358001E+02 ' JSS001E+02 
8.358001E+02 ' .358001E+02 ' 358001E+02 8 358001E+02 8. JS8001E+02 
B 358001E+02 B .358001E+02 8 358001E+02 8 358001E+02 B 358001E+-02 
B 358001E.f02 B .358001E+-02 B 358001E+02 B 358001E+02 8 358001E+-02 
8 358001E+02 8 .358001E+-02 8 358001E+02 8 358001E+02 8. 358001E+02 
B 52450J.E,..02 B 524501E+-02 B 524501E+02 8 524501E+02 8. 524501E+02 
B 524501E+02 8 524501E+02 524SOJ.E+02 8 524501E:+02 e 524501E+02 

'. 524501E+02 8 . 524501E+02 524SOJ.E+02 8 S24501E+02 8. 524501E+-02 

' 524501£+02 ' . 524501E+-02 S24501E+02 ' 524501E+02 8. 524501E+02 

' 52450J.E+02 ' SUSOlE+-02 524501E+02 8 524501E+02 8. 524501E+02 
B 524501E,..02 8 524501E+-02 524501E+02 8 524501E+02 8. S24501E+02 

' 524501E+02 ' 524501E+02 8 52450J.E+02 8 653501E+02 8. 653501E+02 
8 653501E+02 8 653501E+02 ' 65350J.E+02 8 653501E+02 8. 653501E+02 

' 653501£+02 8 .653501E+-02 8 653501E+02 8 653501E+02 8. 653501E+-02 

' 653501E+02 8 .653501E+-02 ' 653501E+02 ' 653501E+02 8. 653501E+02 
8 .65350J.E+02 ' .653501E+-02 8 653501E+02 ' 65JS01E+02 8. 653501E+02 

' 65350J.E+02 8 .653501E+02 ' 653501E+02 ' 653501E+02 8. 653501E+02 
8. 653501E+02 ' 653501E+02 ' 653501E+02 8. 653501E+02 8 653501E+02 • '. 653501E+-02 9 270001E+-02 9 27000J.E+02 ' 270001E+02 9 270001E+02 
9 27000J.E+-02 9 270001E+-02 9 270001E+02 9 270001E+02 270001E+02 
9 27000J.E+02 9 270001E+-02 9 27000U:+02 9 270001E+02 '. 270001E+02 
9 270001E+02 9 270001E+02 9 270001E+02 ' 270001E+02 270001E+02 
9. 270001E+-02 9 270001E+02 ' 27000J.E+02 ' 270001£+02 270001E+02 
9. 27000J.E+02 9 . 270001E+-02 9 270001E+02 ' 270001.2+02 270001£+02 
9 27000J.E+-02 9 270001E+02 9 270001E+02 ' 270001E+02 001650tH03 
1 OOJ.650E,..03 1 .001650E+-03 1 001650E+03 1 001650E+OJ L 001650E+03 
1 001650E+03 1 .001650E+03 l.OOJ.650E+03 1 001.650E+OJ 001650E+03 
l. 001650E+03 1 001650E+03 1 OOH50E+03 1 001650E+03 001650E+03 
1. 001650E+-03 1 001650E+03 1 001650E+03 J..OOJ.650E+03 0016SOE+03 
1. OOJ.65QE,..03 1 .001650E+-03 1 001650E+03 1 OOJ.650E+03 001650E+-0] 
1 OOJ.650E+03 1 .001650E+03 1 0016SOE+OJ 1 OOJ.650E+03 001650E+03 
l. 001650E,..03 001650E+-03 1 031130E+OJ 1 031.!.30E+03 OJlUOE+-03 
l. 0311JOE,..03 .031130E+OJ 1 031130E:+03 1 031130E+03 031130E+03 
1 031130E+03 .031130E+03 1 OJllJOE+-03 J..OJllJOE:+-03 L 03l1JOE+OJ 
1 03J.J.30E+03 .031130E+03 1 OJllJOE+OJ 1 03J.J.JOE+03 031130E+03 
1 031130E,..03 1 031130E+03 1 031130E+0] 1 031130E+03 OJJ.l.JOE+-03 
1 031130E+03 1 .031130E+03 1 OJJ.J.JOE+OJ 1 031130E+OJ 1 OJ1130E+03 
1 031130E•03 1 031130E+03 1 031J.JOE+03 1 031130E+03 l 031130E+03 
1 039010E+03 l. 039010E+03 1 0390J.OE+03 J..039010E+OJ OJ9010E+03 
1 0390J.OE+03 1 . 039010E+03 1 OJ9010E+03 1 0390J.OE+03 l. 039010E+03 
1 0390J.OE+03 1 039010E+03 1 039010E+03 1 0390J.OE+03 0390J.OE+03 
1 039010E,..03 l. 039010E+03 1 039010E+03 1 0390J.OE+03 0390J.OE+-03 
1.039010E,..03 l. 039010E+03 J..039010E+OJ l. 039010E+OJ 1 0390J.OE+03 
J.. 039010E+03 l. 039010E+03 1.0390J.OE+03 l. 039010E+03 1 039010E+03 
1.0390J.OE+03 1 . 039010£+03 J.. 039010E+03 

Dirichlet BCs to be spe~ified? !T/F) {DIRICHLET) . T 
NUfl\ber of grid blo~ks where Diri~hlet BCs specified INO_DIRGRID) . 37 

N I J K DIRGRIDP DIRGRIDS DIR_PRES (Pal DIP~SATB 
1 1 " 1 T ' 520000E-05 0 OOOOOOE+-00 
2 33 " 1 T ' 520000E•05 0 OOOOOOE+OO 
3 1 26 1 T ' OOOOOOE-.-05 0 OOOOOOE+-00 

' 33 26 T ' OOOOOOE+05 0 OOOOOOE+-00 
5 1 31 T T . 013250E+05 2 OOOOOOE-OJ. 
6 2 31 T T 013250E+05 2. OOOOOOE-01 
7 3 31 T T 0132SOE-<-05 2.000000E-OJ. 

' 4 31 1 T T . 013250E+05 2 OOOOOOE-OJ. 
9 5 31 1 T T . 013250E+05 2. OOOOOOE-OJ. 

10 6 31 1 T T 1. JJ.3250E+05 2 OOOOOOE-OJ. 
11 7 31 1 T T 1 . 013250E+05 2 . OOOOOOE-01 
12 8 31 1 T T 1 .013250E+05 2. OOOOOOE-01 
13 9 31 1 T T 1 OJ.3250E-+05 2 OOOOOOE-01 
14 10 31 1 T T 1 . 013250E+05 2 OOOOOOE-OJ. 
15 11 H 1 T T 1.013250E+05 . OOOOOOE-01 
16 12 31 1 T T 1 . Ol3250E+05 . OOOOOOE-01 
17 13 31 1 T T l. 013250E+05 2 OOOOOOE-OJ. • 18 14 31 1 T T l. 013250E+05 2 OOOOOOE-OJ. 
19 15 31 1 T T 1.013250E+05 2 . OOOOOOE-OJ. 
20 l6 31 1 T T l.Ol3250E+05 2 .OOOOOOE-01 
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21 " 31 1 T T 1 013250E+OS 2.000000E-01 

" " 31 1 T T J...OJ.3250E+OS 2.000000E-01 
23 19 31 1 T T 1 013250:!::+05 2 OOOOOOE-01 
24 20 31 1 T T 1 013250E+OS 2 OOOOOOE-01 
25 21 31 1 T T 1 013250E+05 2 OOOOOOE-01 

" " 31 1 T T 1 013250E+05 2 OOOOOOE-01 

" 23 31 1 T T .1. Ol3250E-..05 8 OOOOOOE-01 

" 24 31 1 T T OJ.3250E+OS 2 OOOOOOE-01 

" 25 31 1 T T 013250E+OS 2 OOOOOOE-01 
30 " 31 1 T T 01J250E+05 2 OOOOOOE-01 
31 " 31 1 T T 013250£+05 2 OOOOOOE-01 
32 " 31 1 T T 013250E•OS 2 OOOOOOE-01 
33 " 31 1 T T 013250E+05 2 OOOGOOE-01 
34 30 31 1 T T 013250E ... 05 2 OOOOOOE-01 
35 31 31 1 T T .013250£+05 2 . OOOOOOE-01 
36 32 31 1 T T 1. 013250E+05 OOOOllOE-01 

" " 31 1 T T 1.013250E+05 .OOOOOOE-01 

SATLIMIT and OEFLIMIT for 2 equations: 
SATLIMIT = l.OOOE-03 
DEPLIM:IT ( 1) ~ 2.000E-01 
DEPLIMIT(2) =-1.000E+08 Pa 

Variable change allowed to keep Bame time step (DELTADEPNORMl: 
DELTADEPNORM(ll = J.OOOE-01 
DELTADEPNORM(2) m 5.000E~05 Pa 

Max variable change allowed over time step (DDEE'MA..'U ' 
DDEPMAX(l) "' l.OOOE+OO 
DDEPMAX!2l : LOOOE+07 Pa 

NORMAL Newton-Raphson convergence criteria (EPSNORMI : 
EPSNORM(lt = J.OOOE-1'{]0 
EPSNORM(2) : l.OOOE-02 

LOOSE Newton-Raphson convergence criteria (EPSLOOSE) · 
EPSLOOSE{l) = J.OOOE-1-00 
EPSLOOSE(2) = l.OOOE-02 

NORMAL Min. value of RHS function vector below which 
convergence is accepted regardless of EPS (FTOLNORM) : 
FTOLNORMill = l.OOOE-02 
FTOLNORM(2) : l.{]OOE-02 

LOOSE Min. value of RHS function vector below which 
convergence is accepted regardless of EFS IFTOLLOOSEl: 
FTOLLOOSEill = l.OOOE-02 
FTOLLOOSE(2) ~ l.OOOE-02 

Convergence criteria for gas component transport: 
EPSGAS{l) =-l.OOOE-05 
EPSGASI2) l.OOOE-05 
EPSGAS(3) ~ l.OOOE-05 
EPSGAS(4) : l.OOOE-05 

Solver to be used {CHSOLVER): LU 

Newton-Raphson control parameters: 
Maximum number of Newton-Raphson iterations 
Maximum number of interval halvings 

(I'I'MAXI 

if Newton-Raphson encounters errors (IRESETMAX) 
Interval frequency for updating Jacobian (!JA~INPUT) 

Scaling of matrix to be done before solution (LSCALE) 
Pressure scaling factor (P_SCALE) 
Variable switching allowed (LVAP.SWTCH) 
Upstream weighting update frequency for 

relative permeabilities (IUPP.PFLAGl 
()pstream weighting update frequency for 

mass fractions (IUPMFFLAG) 
Timestep reduction factor if error occurs (D~LTFACTCR) 

Transmissivity averaging method IITP~VEJ 

Mass fraction averaging method IIt1FRAVEl 

Jacobian ~eevaluation control parameters: 
Number of time step reductions allowed 

before Jacobian starts to be reevaluated 
every IJACMINth iteration (IJACSWITCH) 41 

New number of iterations al.lowed before 
Jacobian is reevaluated (IJACMINl 

Number of time steps IJACMIN is in effect 
after violation of IJACSWITCH (IJACRESET) 

Upstream weighting update frequency for 
relative permeabi.lities while 
IJACMIN is in effect (IUPRPLOOSEl 

Upstream weighting update frequency for dissolved gas 
while !JACHIN is in effect {IUPMFLOOSE) 9 

40 
1 
T 

l OOOE+07 

' 
9 

9 
5.000E-Ol 

1 
0 

Relative change in variable for Jacobian element derivative calculations IDH): 
DHll) = l.OOOE-08 
DHI2) "' l.OOOE-08 

Minimum variable change allowed for Jacobian element derivative calculations (HMIN) : 
HMIN{l] = l.OOOE-10 
HMIN{2] : l.OOOE-02 Fa 

Number of times to specify material grid (NMATTIMESJ -

Material time number = l Starting at time ~-l.577900E+08 s 
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Layer 1 
1 10 10 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 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 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 1 
4 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 l 
5 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 1 
6 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 9 2 2 3 3 3 3 3 3 3 3 
7 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 9 2 2 1 1 1 1 1 1 1 1 
8 1 1 1 1 1 1 1 1 6 6 6 6 6 6 6 9 7 7 7 9 8 8 9 8 8 1 1 1 1 1 l 1 
9 1 1 1 1 1 1 1 1 6 6 6 6 6 6 6 9 7 7 9 8 8 9 8 8 1 1 1 1 1 1 1 1 

10 1 1 1 1 1 1 1 l 6 6 6 6 6 6 6 9 7 7 7 9 8 8 9 8 8 1 1 1 1 1 1 1 1 
11 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 9 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 9 2 2 4 4 4 4 4 4 4 4 
131111111122222222 2222292211211111 
14 111111112222222222222292211111111 
15 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 9 5 5 5 5 5 5 5 5 5 5 
16 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 1 1 1 
17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 1 1 1 
18 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 
19 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 
20 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 
21 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 
22 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 9 1 1 1 1 1 1 1 1 1 
23 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 
24 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 
25 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 
26 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 
27 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 
28 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 
29 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 
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 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 

Material time number = 
Layer 1 ' Sta~ting at time ~ 0. OOOOOOE ... OO s 

' • • 5 
6 

' 8 
I 

10 
11 

" .. .. 
15 
16 
17 
u 
11 
10 
21 

" " .. 
25 

" 17 

" " 30 
31 

10 10 11 11 11 11 11 
10 10 10 10 10 10 10 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
3333333 
1 1 1 1 1 1 1 

1 
1 
1 
1 

• 
1 

1 
1 
1 
1 
I 
1 

• 
5 

• 1 

• • 
1 
3 
4 
1 

• 
5 
1 
1 
1 
1 

1 
1 
1 
1 
4 
1 

5 
1 
1 
1 
1 

1 
1 
1 
1 

• 
1 

11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

1 11111111111111111 
1111 111111111111111 
1111111 111111 
3 2 2 2 2 2 2 2 2 2 2 2 2 27 2 2 3 3 
1 2 2 2 2 2 2 2 2 2 2 2 2 27 2 2 1 1 
1 12 12 12 12 12 12 12 42 13 l3 13 42 21 21 27 22 22 1 1 
1 12 12 1.2 12 12 12 12 42 13 13 13 42 21 21 27 22 22 1 1 
1 12 12 12 12 12 12 12 42 13 13 13 42 21 21 27 22 22 1 1 
1 2 2 2 2 2 2 2 2 2 2 2 2 2 27 2 2 1 1 
4 2 2 2 2 2 2 2 2 2 2 2 2 2 27 2 2 4 4 
1 2 2 2 2 2 2 2 2 2 2 2 2 2 27 2 2 1 1 
1 2 2 2 2 2 2 2 2 2 2 2 2 2 41 2 2 1 1 

• 
1 
1 
1 
1 

5 
1 
1 
1 
1 

5 5 5 5 5 5 5 5 5 5 41 5 5 5 5 
1 
1 
1 
1 

1 1D 

" " 36 

1 
J 
1 
1 

1 
1 

• 1 
1 

1 
1 
1 
1 

• 
1 
1 
5 
1 
1 
1 
1 
1 
1 
1 

1 
5 
1 
1 
1 
1 
1 
1 
1 

1 
1 
3 
1 
1 

14 14 14 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

14 14 14 14 14 14 14 

5 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 1 

1 1 3 
1 1 3 

14 14 14 
1.5 15 15 
1.6 16 1.6 

36 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

26 1 1 1 1 1 
1 1 1 1 1 1 1 25 1 1 1 1 1 

14 14 l4 14 14 14 14 14 14 24 14 14 14 14 14 
15 15 15 15 15 15 15 15 15 24 15 15 15 15 15 
16 16 16 16 16 16 16 16 16 24 16 16 16 16 16 

15 15 15 15 15 15 15 1.5 15 15 
16 16 16 16 16 16 16 16 16 16 
17 17 17 17 17 17 17 17 17 17 
18 18 18 18 18 18 18 18 18 18 
19 19 19 19 19 19 19 19 19 19 
19 19 19 19 l9 19 19 19 19 19 
20 20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 20 

DUDDUU>,>7171'1'D'013DUDU 
UUUUUUUUUUUU20UU181818 
UUUUUU39UUU191113191119UU 
uu••••u••••uuuuunU111111U 
20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 

11 11 11 10 10 
1010101010 

1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
3 3 3 3 3 
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 
4 4 4 4 4 
1 1 1 1 1 
1 1 1 1 1 

5 5 5 5 
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 1 1 1 

14 14 14 14 14 
15 15 15 15 15 
16 16 16 16 16 
1717171717 
18 18 18 18 18 
1.9 19 19 19 19 
19 19 19 19 19 
20 20 20 20 20 
20 20 20 20 20 

Material time number =- Starting at time= 3.1557008+08 s 

1 

• 
3 
4 
5 
6 

8 
9 

30 
11 

" lJ 

" 15 
16 
D 
u 
19 
10 .. 
22 

" .. 
29 

" 27 
20 

" 30 
31 

Layer 1 
10 10 11 11 11 11 11 11 11 11 11 11 11 11 11 11 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 

11 11 
10 10 

11 11 11 11 11 11 11 11 11 11 11 11 11 
10 10 10 10 10 10 10 10 10 10 10 10 10 

1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

10 10 
10 10 

• 
1 
1 
3 
1 

1 
1 
1 
3 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
3 
1 

1 
1 
1 

1 
1 
5 
1 
1 
1 
1 
1 
1 

1 
1 
1 
3 
1 
1 
1 
1 
1 

1 
1 
5 
1 
1 
3 
1 
1 
1 

1 
1 
1 
3 
1 
1 
1 
1 
1 
4 
3 
1 
5 
1 

1 
1 
1 
3 
1 
1 
3 
1 
3 
4 

• 
1 
5 
1 
1 

3 

• 
1 

• 1 
1 

• 
1 
1 
4 

1 
1 
1 
1 

• 1 1 1 1 1 1 1 1 
1 1 1 1 
1111111 
3 2 2 2 2 2 2 
1 2 2 2 2 2 2 

1 

' 2 
2 
2 

2 

' 1 12 12 12 12 12 12 12 42 13 

1 
1 
5 
1 
1 

12 12 12 12 12 12 12 42 13 
12 12 12 12 12 12 12 42 13 

2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 

' 2 
5 
1 
1 

' 2 

• 1 
1 

2 
2 

• 1 
1 

2 

• 
5 
1 
1 

' • 1 
1 

2 2 

' • 
1 
1 

2 
5 
1 
1 

1 1 1 1 1 1 1 1 
1 
1 

3 
1 

• 
1 

1 
1 
3 
1 
1 

3 
1 
1 
J 
1 
1 
1 
1 
1 
4 

2 2 2 2 
2 2 2 2 

13 13 42 21 
13 13 42 21 
13 13 42 21 

2 2 2 
2 2 2 
2 2 • 

2 ' 

2 27 2 2 3 3 
2 27 2 2 1 1 

21 27 22 22 1 1 
21 27 22 22 1 1 
21 27 22 22 1 1 

2 27 2 2 1 1 
2 27 2 2 4 4 

• 1 
1 

• 1 
1 

• 

• 1 
1 
1 
1 
1 
4 

• 
3 
1 

• 
1 
1 
4 

3 
1 
1 
4 

2 27 2 2 1 1 1 1 1 
2 41 2 2 1 1 1 1 1 1 

41 5 5 5 5 5 5 5 5 
34 1 1 1 1 1 1 1 1 

1 
1 
5 
1 

29 1 1 1 1 1 1 1 1 l. 
1 1 29 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 36 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 36 1 1 1 1 1 1 1 1 1 

1 
1 
1 
3 
1 
1 
1 
1 
1 

• 
1 
1 
5 
1 
1 
1 
1 
1 

1 1 1 1 1 1 1 1 1 1 1 1 26 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 25 1 1 1 1 1 1 1 2 2 1 

14 14 14 14 14 14 14 14 14 14 14 14 14 1_4 l4 14 l4 14 14 14 14 14 24 14 14 14 14 14 14 14 14 14 14 
UU151515151515U15UUUUU~>,UU1515U,OU15151515UUUUU 
16UUU16U16UUUUUUUUUUUUUUUIIU161616UUUUUU 
DDDDD17D17D17DDDDDDDDDDD1710D17171717D17DDD 
18 18 18 18 18 18 18 18 l8 18 18 18 18 18 18 18 18 18 18 18 18 18 24 18 18 18 18 l8 18 18 18 18 18 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 l9 19 19 19 19 19 23 19 19 19 19 19 19 19 19 19 19 
UUU19U19UUUUUU1111U151515UUUU,,UU15UUUUUU19 
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 
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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Material time number ~ st~rting at time - 7 889200E~08 s 

1 
2 
3 
4 
5 
6 

' 8 

' lO 
ll 

" 13 
l4 
l5 
l6 
17 
l8 

" 20 
21 
22 
23 
24 

" 26 
27 

" " 3D 
31 

Layer 1 
11 11 11 11 11 10 10 10 10 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 11 

U10UU10U1010UUUU1010101010101010101010UUUU101DUUUU 
1 1 1 1 1 1 l 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 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 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 l 1 1 1 1 
3 3 J 3 3 3 3 3 2 2 2 2 2 2 2 2 2 2 2 2 2 27 2 2 3 3 3 3 3 3 3 3 
1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 
1 1 1 1 1 1 1 1 12 12 12 12 12 12 12 42 13 13 13 42 21 
1 1 1 1 1 1 1 1 12 12 12 12 12 12 12 42 lJ 13 13 42 21 
1 1 1 1 1 1 1 12 ].2 11: 12 12 12 12 42 13 13 13 42 21 

227 
21 27 
21 27 
21 27 

2 ' 
22 22 
22 22 
22 22 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 27 1 1 1 
444 444422222222 22 2 27 4 44 

1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 27 1 1 1 

1 
1 
1 
1 
1 
I 
1 

3 
1 
1 
1 
3 
4 
1 

3 
1 
1 
1 
1 
4 
1 3 

1 
5 
1 
1 

3 
1 
5 
1 
3 

1 1 1 1 2 2 2 2 2 2 2 2 41 1 1 1 1 1 1 1 
5 5 5 5 5 5 5 5 41 5 5 5 5 5 5 5 
1 1 1 1 1 1 1 1 35 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 30 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 l .1 1 1 30 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 .1 1 1 36 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 l 1 36 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 26 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 25 1 1 1 1 1 1 1 1 1 1 

14 14 14 14 14 14 l4 14 14 14 14 14 14 14 1~ 14 14 1~ 14 14 14 14 24 14 14 14 14 14 l4 14 14 14 14 
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 
16 16 ::1.6 16 16 16 16 16 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 
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 17 
16 18 18 18 1B 1B 18 B 18 18 18 18 18 18 18 1R 18 18 18 18 18 18 24 18 18 18 18 18 18 18 18 18 18 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 23 19 1.9 19 19 19 19 19 19 l9 19 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 23 19 19 19 19 19 19 19 19 19 19 
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 
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 

M~terial time number : s Starting at time - 1 557800E~09 s 

1 
2 
3 
4 

lO 
ll 
l2 
13 
l4 
l5 
l6 
17 
18 
19 

" 21 
22 
23 
24 
25 
26 
27 

" " 30 
31 

Layer 1 
10 10 11 11 11 11 11 
10 10 10 10 10 10 10 

1 1 1 1 1 1 1 
1 1 1 1 1 1 1 

11 11 11 11 11 11 11 11 11 11 11 11 11 
10 10 10 10 10 10 10 10 10 10 10 10 10 
111111 

11 11 11 11 11 11 11 11 11 11 11 10 10 
10 10 10 10 10 10 10 10 10 10 10 10 10 

1 1 1 1 1 1 1 1 1 1 1 1 1 

1 
3 
1 
1 
1 
1 
1 
4 
1 
1 
5 
1 
1 
1 
3 

1 
3 
1 
1 
1 
1 
1 
4 
1 
1 

1 
3 
1 
1 
1 

1 
3 
1 
1 
1 

5 
1 
1 
1 
1 

3 
1 
1 
1 

5 
1 
1 
1 
1 

1 1 
3 
1 
1 
1 
1 
1 
4 
1 
1 
5 
1 
1 
1 
1 

3 
1 
1 
1 
3 
3 
4 
1 
1 
5 

1 1 1 1 1 1 1 

11111 111 11 
11111 111 11 

3 2 2 2 2 2 2 2 2 27 2 2 
1 2 2 2 2 2 2 2 2 27 2 2 
11212121212121'''1'1'131,,1,1'''''' 
1 12 12 12 12 12 12 12 42 13 13 13 42 21 :n 27 22 22 
1 12 12 12 12 12 12 12 42 13 13 13 42 21 21 27 22 22 

1 
1 
1 
1 

2 2 2 2 2 2 2 2 2 2 27 2 2 
2 2 2 2 2 2 27 2 2 
2 2 2 2 2 2 2 27 
2 2 2 2 2 2 2 41 
5 5 5 5 5 5 5 41 

1 1 1 1 1 35 
1 
1 
1 
1 

1 
1 
1 
1 

1 1 1 31 
3 
1 

' 2 

• 1 
1 

2 
2 
5 
1 

1 1 1 1 1 1 1 1 1 1 1 1 

1 
1 
1 
1 

31 
37 
37 
26 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 
14 14 14 14 14 14 14 14 14 14 14 14 14 14 
15 15 15 15 15 15 15 15 15 15 15 15 15 15 
16 16 16 16 16 16 16 16 16 16 16 16 16 16 
17 17 17 n 17 17 17 17 17 17 11 17 17 17 
18 18 18 18 18 18 18 18 1!1 18 18 18 18 18 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 
19 19. 19 19 19 19 13 19 lS' 19 19 B 1.9 1.9 
20 20 20 20 20 20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 20 20 20 20 20 

1 1 1 1 1 1 25 1 1 
14 14 14 14 l4 14 14 14 24 14 14 
15 15 .!-5 15 15 15 15 15 24 15 15 
16 16 16 16 16 16 16 16 24 16 16 
l/ 1"1 ~") 17 17 17 17 17 24 17 17 
113 18 18 18 18 18 18 18 24 18 18 
19 19 l'l 19 19 19 19 19 23 19 19 
19 19 19 19 19 19 19 23 19 19 
20 20 20 20 20 20 20 20 23 20 20 
20 20 20 20 20 20 20 20 23 20 20 

1 
1 
2 
4 

1 
1 
3 
1 
1 
1 
1 
1 
4 

1 
3 
3 
1 
1 
2 
1 
1 
4 

1 
1 
3 
1 
1 
3 
1 
1 
4 

1 1 
1 1 
1 1 
1 1 

1 1 1 1 
14 14 14 14 
15 15 15 15 
16 16 16 16 
17171711 
18181818 
19191919 
19191919 
20 20 20 20 
20 20 20 20 

1 
3 
3 
1 
1 
1 
1 
1 
4 

1 
1 
3 
1 
1 

1 
1 
1 
1 

1 
3 
1 
1 
1 
1 
1 

' 1 
1 
5 
1 
1 
3 
1 
1 
1 

1 
1 
3 
1 
1 
1 
1 
1 
I 
1 
1 
5 
1 
1 
1 
1 
1 
2 

1 1 1 1 
14 14 14 14 
15 15 15 15 
16 16 16 16 
17171117 
18181818 
19191919 
1919191.9 
202C2020 
20202020 

Material time number ~ Starting at time = 3 l55700E+09 s 

1 
2 
3 
4 
5 
6 

' 8 
9 

lO 
31 
12 
l3 
l4 
l5 
l6 

" IS 

" 20 
21 

" 23 
24 
25 
26 

" 28 

" 

Layer 1 
10 10 11 11 H 11 11 11 11 11 11 11 1l 11 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 

11 11 ·'--'· 
10 10 10 

1 

11 11 
10 10 

1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 
11111 1 1 1 1 1 1 1 1 1 1 
33333 3 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 1 1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
4 4 4 4 
1 1 1 1 
1 1 1 1 
5 5 5 5 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 2 
1 1 2 
1 1 1 
1 1 1 

4 
1 
1 
5 
1 
1 
1 

4 
1 
1 

• 
1 
1 
1 
1 
1 
1 
1 

' 1 
1 
s 
1 
1 
1 
1 
1 
1 
1 

1 12 12 12 12 12 12 12 42 13 13 13 
1 12 12 12 12 12 12 12 42 13 13 13 
1 12 12 12 12 12 12 12 .;12 13 13 13 
1 2 2 2 2 2 2 2 2 2 2 2 

2 2 2 2 2 2 2 2 2 2 2 
1 2 2 2 2 2 2 2 2 
1 
5 
2 
1 
1 
1 

2 2 2 2 2 2 
55555 5 
1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
11111 1 
1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 l 1 

14 14 14 14 14 14 14 14 14 14 14 14 
15 15 15 15 15 15 15 15 15 15 15 15 

11 11 11 11 11 11 11 11 11 11 11 11 10 10 
10 10 10 10 10 10 10 10 10 10 10 10 10 10 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1111111111111 
1111111111111 

' 2 
2 ' 

42 21 
42 21 
42 21 

' ' 2 

' s 
1 
1 
1 
2 
1 
1 

2 
2 
2 

' s 
1 
1 
1 
1 
1 
1 

221 
2 27 

21 27 
21 27 
21 27 

' " 2 " 
' 27 ' .. 
5 .. 

2 2 

2 ' 
22 22 
22 22 
22 22 

2 

' ' ' 5 

2 
2 

' 2 
5 

3 
1 
1 
1 

1 

• 
1 
1 

3 
1 
1 
1 
1 
1 
I 
1 
2 
5 

3 
1 
1 
1 
1 
1 
I 
1 
1 

3 
1 
1 
1 
3 
3 
4 
1 
1 
5 

1 35 1 1 1 
1 32 1 1 1 
1 32 1 1 1 
1 38 1 1 1 
1 38 1 1 1 

3 
1 
1 
1 
1 
2 
4 
1 
1 
5 

3 
1 
1 
1 
1 
2 
4 
1 
1 

1 27 1 1 1 1 

3 
1 
1 
1 
1 
1 
I 
1 
1 
5 
1 
1 
1 
1 
1 
1 

3 
1 
1 
1 
1 
1 

• 
1 
1 

1 
1 
1 
1 
1 
2 

14 14 J.4 14 14 14 14 
15 15 15 15 15 15 15 
16 16 16 16 16 16 16 
17 17 17 17 17 17 17 
18 18 18 1B 18 18 18 
19 19 19 19 19 19 19 
19 J.9 19 19 19 19 19 

1 1 1 25 1 1 1 1 1 1 1 1 1 1 
14 l4 14 24 14 14 14 14 14 14 14 14 14 14 
15 15 15 24 15 15 15 15 15 15 15 15 15 15 
16 16 16 24 16 16 16 16 16 16 16 16 16 16 16 16 16 16 :l.6 16 1.6 10 l_6 1.6 16 16 

1717nn1•nnU17Dnnnnnunnnnnnnnnn 
18 18 1B 18 :1.8 18 18 18 18 18 18 18 18 18 18 24 18 18 18 18 18 lB 18 1B 18 18 
191111191919Ul9U11UUUl9U2lU11U1919U1919UU 
19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 23 19 19 19 19 19 19 19 19 19 19 
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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 ;Hl 20 20 20 20 20 20 20 20 20 20 20 20 20 23 20 20 20 20 20 20 20 20 20 20 

Mate~ial time number : 1 St.a:t:tinq at time "' 6 311400E+09 s 

1 
2 
1 

• 
5 

' ' B 
9 

10 
11 
12 
13 
14 
15 
16 

" 1B 
19 
20 

" 11 
13 
24 
25 
26 

" ,. 
29 
10 
11 

Layer 1 
10 10 11 ll 11 11 
10 10 10 10 10 10 

1 1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 1 
333333 
1 1 1 1 1 1 

1 
1 

• 
1 
1 
5 
1 
1 
1 

1 1 1 1 
1 J. 1 1 
1 1 1 1 
1 1 1 1 
4 4 4 4 
1 1 1 1 
1 1 1 1 
5 5 5 5 
1 1 1 1 
1 1 1 
1 1 1 

1 1 1 1 
1 1 1 1 
1 1 J. J. 1 
1 1 1 1 1 

1 
1 

' 1 
1 
5 
1 
1 
1 
1 
1 
1 
1 

14 14 14 14 14 14 
15 15 15 15 15 15 
16 16 16 16 16 16 
17 t? 17 17 17 n 
18 18 18 18 18 18 
19 lS 19 19 19 19 
19 19 19 19 19 19 
20 20 20 20 20 20 
20 20 20 20 20 20 

H 11 11 11 11 11 11 
10 10 10 10 10 10 10 

1 1 1 1 1 1 1 

n n 
J.O 10 

11 11 11 ll 11 11 
10 10 10 lO 10 10 

1 l 1 1 1 
1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 
l 3 2 2 2 2 2 2 2 2 

122222 2 22 
1 
1 
1 

1 12 12 12 12 12 n 12 42 13 13 u 42 21 
1 12 12 12 12 12 12 12 4J 13 13 13 42 21 
1 12 12 12 12 12 12 12 42 13 13 13 42 21 

1 
4 
1 
1 
5 
1 
1 

12222222 2222 

' 1 
2 2 2 2 2 2 2 2 2 2 2 
2 2 2 2 2 2 2 2 2 2 2 

1 2 2 2 2 2 2 2 2 2 2 2 2 2 
55555555 5 55 

1 

1 
1 
1 

1 1 
1 1 

1 
1 
1 
1 

1 1 1 
1 1 1 

14 14 14 
15 15 15 
16 16 16 
n 17 17 
:1.8 18 18 
19 29 19 
19 :19 J.9 
20 20 20 
20 20 20 

1 1 1 1 1 1 1 1 1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

14 14 
15 15 
16 15 
17 17 
18 18 
19 19 
19 19 
20 20 
20 20 

1 1 1 1 1 1 1 1 
1 1 1 1 1 l 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 14 14 14 
15 15 15 15 
16161616 
17171717 
18 18 18 18 
19191919 
19 19 19 19 
20202020 
20 20 20 20 

1 

1 
1 

14 14 
15 15 
16 16 
17 17 
1$ 18 
19 19 
19 19 
20 20 
20 20 

1 1 
1 1 1 1 
1 1 1 1 

14 14 14 14 
15151515 
16 16 16 16 
17171717 
18181828 
19192919 
19191919 
20202020 
20202020 

111111 
10 10 10 

1 1 1 
1 1 1 
1 1 1 

1111Hll 
10 10 10 10 

1 1 1 
1 1 1 
1 1 1 

11 11 11 10 10 
10 10 10 10 l.O 

1 1 1 1 1 

1 1 

1 

1 
1 
1 
1 
1 

• • 
1 1 

2 21 2 2 
2 27 2 2 

21 27 22 22 
21 27 22 22 
21 27 22 22 

2 27 2 2 
2 27 2 2 
2 27 2 2 
2 41 2 1 1 1 

5 5 5 

1 
1 
1 
1 

• 
1 
1 
5 

1 
1 
1 

• 1 
1 
5 
1 

1 1 1 1 
1 1 

3 ' ' 1 
3 
1 
1 
1 
1 
1 

1 
1 
1 
1 

• 
' 1 

1 
1 

• 1 
1 
5 
1 
1 

' 1 
1 
5 
1 
1 

1 
1 
1 
1 
1 
4 
1 
1 
5 
1 
1 
1 

5 41 5 
1 35 1 
1 32 1 
1 32 1 
1 39 1 
1 39 1 
1 27 1 
1 25 1 

14 24 14 
15 24 15 
16 24 16 
17 24 17 
18 24 18 
19 23 19 
19 23 19 
20 23 20 
20 23 20 

5 
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 
111111111 
111111111 
111111111 

14 14 14 14 14 14 14 14 14 
15 15 15 15 15 15 15 15 15 
16 16 16 16 16 16 16 16 16 
l7 17 17 17 17 17 17 17 17 
18 18 18 18 18 18 18 18 18 
19 19 19 19 19 19 19 19 19 
19 19 19 19 19 19 19 19 19 
20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 

Material time number = Starting at time"' 1.262300E+10 s 

' • 
5 
6 

' 8 
9 

10 
11 
12 
13 
14 
15 
16 

" 1B 
19 
20 

" 11 
13 
24 
25 
26 

" 2B 
29 
10 
11 

Layer 1 
10 w l.l. ll 
10 10 10 10 

1 1 1 1 
1 1 1 1 
1 1 1 1 
3 3 J 3 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 
1 1 1 

• • • 
1 1 1 
1 1 1 
5 5 
1 1 

l:lllll 
J.O :10 10 

1 1 1 
1 1 1 
1 1 1 
3 3 3 
1 
1 
1 
1 
1 

• 
1 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

' 1 

1.1 11 1.1 1.1 1.1 il 11. 
10 10 10 10 10 10 10 
1111111 
1111111 
1 1 1 1 1 1 1 
3 2 2 2 2 2 2 
1 2 2 2 2 2 2 
1121212121212 
1 12 12 12 12 12 12 
1 12 12 12 12 12 12 
1 2 2 2 2 2 2 
4 22222 

1 
5 
1 

1 
1 
5 
1 

1 2 2 2 2 
1 2 1 1 1 

5 5 5 
1 1 1 

1 1 1 1 1 

5 5 5 
1 1 

1 

5 
1 
1 
1 1 1 1 1 1 1 1 

1.11.11111 
10101010 

1 1 1 
1 1 1 

1 1 1 1 
2 2 2 2 
2 2 2 2 

1242131.3 
12 42 lJ 13 
l2 42 13 13 

' ' 

1.1 11 11 
10 10 10 

1 1 1 
1 1 

11 11 
10 10 

1 1 
1 1 1 

1 
2 
2 

l l 1 1 
2 2 2 27 
2 2 2 27 

13 42 21 Z1 27 
13 42 21 21 27 
13 42 2l 21 27 

2 " 
2 " 
2 " 
2 41 
5 41 
1 35 

2 2 1 
1 2 2 

5 
1 

2 2 

" 32 

11 11 11 11 11 11 11 11 1.0 1.0 
10 10 10 10 10 10 10 10 10 10 

1 1 ~ 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 l 1 1 1 1 
2233333333 
2 2 "1 1 1 1 1 1 1 1 

22 22 1 ~ 1 1 1 1 1 1 
22 22 1 1 1 1 1 1 1 1 
22221111111 

2 
2 
2 
2 
5 
1 

2 1 1 1 1 1 1 1 
2 
2 
2 
5 
1 
1 

' 1 
1 
5 
1 
1 
1 

4 4 4 4 4 
1 
1 
5 
1 
1 
1 

1 1 1 1 
1 
5 
1 
1 
1 

1 1 1 
5 5 5 
1 1 
1 
1 

• 
1 
1 
5 
1 
1 

1 
1 
1 
1 1 1 1 1 1 

1 
1 

2 
5 
1 
1 
1 
1 40 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 

14 14 14 14 14 14 l4 l4 14 
15 15 15 15 15 15 15 15 15 
16 16 16 16 16 16 16 16 16 
17 17 17 17 17 17 17 17 17 
18 18 18 18 18 18 18 18 1S 
19 19 19 19 19 19 19 19 19 
19 19 19 19 19 19 19 19 19 
20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 

1 
1 1 

14 14 
15 15 
16 16 
17 17 
18 18 
19 19 
19 19 
20 20 
20 20 

1 
1 

14. 14 l4 
15 15 15 

1 ' 1 
l4 l4 14 
15 15 15 
~6 16 16 16 16 l6 

17171717l7l7 
18 18 18 18 18 lS 
19 ~9 19 19 19 19 
19 19 19 19 19 19 
20 20 2C 20 2() 20 
20 20 20 20 20 2() 

1 
l4 14 14 
15 15 l5 
16 16 16 
17 17 17 
18 18 18 
19 19 19 
19 l9 19 
2() 20 2\J 
20 20 20 

1 1 40 1 1 1 1 1 1 
1 1 27 1 1 1 1 1 1 1 l l 1 
1 1 25 l 1 1 1 1 1 1 1 1 1 

14 14 24 14 14 14 14 14 14 14 14 14 14 
15 15 24 15 15 15 15 15 15 15 15 15 15 
16 16 24 
17 17 24 
18 18 24 
19 19 23 
19 19 23 
2!} 2!} 23 
20 20 23 

16 16 16 16 16 16 16 16 16 16 
17 17 17 17 17 17 17 17 17 17 
18 18 Ul 1B 1B 18 18 18 18 18 
19 19 19 19 19 19 19 19 19 19 
19 19 19 19 19 19 19 19 19 19 
20 20 20 20 20 20 20 20 20 20 
20 20 20 20 20 20 20 20 20 20 

Material 
1 

type number and name of material: 
S_HALITE 
DRZ_O 
S__MB139 
S_ANH-"" 
S__MB138 
CAVITY_! 
CAVITY_2 
CAVITY_3 
CAVITY_4 
lMPERM_Z 
CASTILER 
WAS __AREA 
REPOSIT 
UNN>MEO 
CULEBRA 
TAMARISK 
Ml'.GENTA 
FORTYNIN 
DEW'il..AKE 
SANTAROS 
BACKFILL 
EXP_AREA 
EARTH 
CLAY 
AS"'ALT 
CONC_T1 
CONC_T2 
CL_M_Tl 

2 
3 

• 
5 
6 

' 8 

' 10 
11 
12 
1J 
14 
15 
16 

" 1B 
19 
20 
21 

" 23 

" 25 
26 

" 2B 
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" CL_X_T2 
3D CL_M_T3 
Jl CL_H_T4 
l2 CL_M_T5 
33 CL_L_Tl 

" CL_L_T2 
35 CL_L_T3 
36 SALT_Tl 
37 SALT_T2 
38 SALT_T3 

" SALT_T4 
40 SALT_TS 
41 CLAY_BOT ., PAN_5_1 

Special material index numbers: 
Number of waste regions lNWST) 2 
Initial waste matl index nos. {MAT_WASTtl} 6 7 

Final waste matl index numbers IMAT_WASTEJ 12 13 

Number of MAT_DRZ regions (NDAZ) 
Material type index for ORZ before 

IC' s are reset (MAT_Dli.Z) 

Material type index for DRZ after 
IC's are reset (MAT_DRZNtwl 

Number of mat<'lrial reqions 
where IC's will be resE!!t (NMATRESE'!') ' Material type indexes of material regions 
where IC'a will be reset (MATRESETJ 7 

Borehole matl index number IMAT~OREHOLE) 

Initial Conditions reset parameters: 

' 

Time when IC's are reset (TIMEICRESETJ !l. !JOOOOE-+00 s 
Startup rnitial Conditions will be used 

instead of ~nput ~C's for the Waste 
[O:No, !:Yes] (ICWA.STE) 

Uniform Waste Region 
Uniform Waste Region 
Uniform Waste Region 
Uniform Waste Region 

1 Startup Pressure 
~ Startup Pressure 
1 Startup Brine Satn 
~ Startup Brine Satn 

(POWASTEICJ 
(POWASTEICJ 
( SOWASTEIC I 
( SOWASTE~C I 

1. Ol325E-+05 Pa 
1. Ol325E-+05 Pa 
0. OOOOOE+OO 
0 OOOOOE+OO 

Material properties: 

' 

XLAMDA e~ooks-Corey parameter "lambda,• 

, .. 
'GR 
)\l(X 

Y><Y 

'"' PORROCKMAT "' 
CROCK 
'BMIN 

POM~N 

PCMAX 
PCTA 
PCTEXP 

KRP 
KPC 
KPT 

fo~ calculating relative permeability 
Residual brine saturation 
Residual gas saturation 
X-direction permeability, m~2 
Y-direction permeability, m~2 
Z-direction permeability, mh2 
Rock porosity 
Rock compressibility, 1/Pa 
Min brine satn at which Pc will be 
computed using char curve params 
Min brine pressure used to adjust cap 
pressure when variable model used, Pa 
Max Pc that can be used, Pa 
Constant in threshold cap press (PCT) correlation, Pa 
Exponent in PCT correlation: 

PCT "' PCTA"'PERMBX**PCTEXP 
Relative permeability model number 
Capillary pressure model number 
Threshold capillary pressure (PCTI flag: 
0 "' PCT constant 
1 = PCT function of dynamic pe~ability 

XWOO>> , .. 'GR """ YKY ,,, PORREFROCK CROCK SBMlN POM~N '<OMAX PCTA 
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''"''"" KRP KPC KPT 
----------------------------------------------------------------------------------------------------------------------------------

1 OOE-01 3 . OOE-01 OOE-01 OOE-21 1 OOE-21 1 OOE-21 1 . OOE-02 8 . OSE-09 3 15E-Ol 1 01E-+05 OOE-+08 OOE+06 0 OOE-+00 ' ' ' 2 . OOE-01 D. OOE,.OO D. OOE+OO '· OOE-15 1. OOE-15 1. OOE-15 1. ODE-02 8 28E-08 0 OOE-+00 1 01E+05 1 00E+08 O.OOE-+00 0 OOE-+00 ' 1 0 
3 7 OOE-!l1 ' OOE-01 1 65E-01 2. 518-19 ' . 518-19 ' . 51E-19 1. 90E-02 ' .12E-09 ' .10E-01 1. 01E+05 1. 008+08 2. 638-02-J 46E-01 ' 2 0 

' 7 OOE-01 2 OOE-01 1 65E-01 2. 51E-19 ' 51E-19 ' . 51E-19 1. 90E-02 • . 12E-09 ' .UIE-01 1. OlE-+05 1 . OOE+08 2.6JE-02-3 46E-01 ' ' 0 
5 7 OOE-01 2 OOE-01 1 6SE~01 '· 51E-19 2. 51E-19 2. 51E-19 1. 90E-02 '. 12E-09 2. 10E-01 1. 01E+05 1. OOE,.08 2.63E-02-3 468-01 ' ' 0 
6 7 .008-01 0 OOE+OO ' .OOE-+00 1. OOE-10 1. OOE-10 1 OOE-10 1. OOE,.OO ' 00E+00 D OOE-+00 1. 018+05 1. 00£ ... 08 O.OOE-+00 D .OOE+OO ' 1 0 
7 7 .OOE-01 0 OOE-+00 ' .OOE ... OO 1 OOE-10 1. OOE-10 1 OOE-10 1 OOE,.OO ' OC>E+OO 0. 008-+00 1. 01E+05 1.00£+08 O.OOE-+00 ' .OOE-+00 ' 1 0 

' 7 .OOE-01 0 OOE-+00 D. OOE+OO 1 OOE-10 l.OOE-10 1 OOE-10 1.00£ ... 00 D OOE,.OO O.OOE,.OO 1.01E ... 05 1.008-+08 O.OOE-+00 ' OOE-t-00 ' 1 0 
9 7 OOE-01 0 OllE-+00 D. OOE+OO 1 OOE-10 1. OOE-10 1 OOE-10 1 OOE+OO 0 OOE,.OO O. OOE,.OO 1.01E,.05 1.00£-+08 0. OOE-+00 O.OOE-t-00 ' 1 D 

10 1.C>OE+OO ' OOE-+00 D OOE+OO 1 OOE-35 1 OOE-35 1 OOE-35 s OOE-03 0 OOE ... OO O.OOE+OO 1.01E-+05 1. OOE:-+08 ' O!lE+OO 0. OOE+OO ' 1 ' 11 7 .OOE-01 2 . 008-01 ' OOE-01 1 JJE-11 1 JJE-11 1 JJE-11 s 208-03 1 92E-07 2.10£-01 1.01E+05 l.OOE-;-08 s. 60E-01-3. 46E-01 • 2 0 
12 7 .OOE-01 ' . OOE-01 ' OOE-01 s 58E-12 s 58E-12 s 58E-12 8 8lE-01 1 20E-09 2.10E-01 l.OlE-+05 1. OOE-+08 s . 60E-01-3. 46E-01 • ' D 
13 7 .OOE-01 '· OOE-01 ' OOE-01 s . 58E-12 5 . SBE-12 5 . SBE-12 ' . BlE-01 1 20E-09 2 .10E-01 1. 01E-+05 1. OOE-+08 5. 608·01-3. 46E-01 ' • 0 
H 7. OOE-01 ' OOE-Ol 2 OOE-01 1 OOE-35 1. OOE-35 1. OOE-35 ' . OOE-01 D OOE-+00 2 .10E-Ol 1. 01E-+05 1.008-+0B 0. OOE..-00 O.OOE-+00 • 1 0 
15 7 OOE-01 2.00E-Ol 2. OOE-01 2 . 658-13 2 . 65£-13 ' . 65E-l3 1. 46E-!l1 1 42E-09 2.10E-Ol 1 01E+05 1. OOE+OB 5 60E-01-3.46E-01 • 2 0 

" 7 (IOE-01 2.00E-01 2.00£-01 1. OOE-35 1 OOE-35 1. OOE-35 2 OOE-01 0. 00E+00 ' . 10E-01 1. 01E-+05 1. 00E+08 O.OOE+OO 0 OOE+OO ' 1 0 
17 7 OOE-01 2. OOE-01 2 .OOE-!l1 1. 10E-16 1 10E-16 1 108-16 9. OOE-02 2.20E-09 2. 10£-01 1. 018,.05 ' OOE+OS 5.60E-01-3 46E-01 ' 2 D 
18 7 . OOE-01 2. OOE-01 ' . !lOE-01 1 OOE-35 1 OOE-JS 1. OOE-35 ' OOE-01 0. 00E+00 2. lOE-01 1 01£,.05 1 00E+08 0. OOE-+00 0. OOE,.OO ' 1 D 
19 7 . OOE-01 2 OOE-01 ' . OOE-01 9 338-16 9 JJE-16 9 33E-16 1. 50E·01 6. 67E-08 2 108-01. 1.01E+05 1 OOE+08 0. OOE-+00 ' OOE-+00 • 1 D 
20 7 .OOE-01 2 OOE-01 2 .OOE-01 1 008-10 1 OOE-10 1 OOE-J.O ' ?SE-01 5.718-08 2.10E-01 l.01E+05 1 OOE-+08 0. OOE-+00 ' OOE+OO • 1 0 
21 7 OOE-01 0 OOE-+00 D. OOE+OO 1 OOE-11 OOE-11 OOE-11 1 OOE-+00 O.OOE+OO O.OOE+OO 1.018+05 1. OOE-+08 ' OOE-t-00 0 OOE+OO • 1 ' " 7. OOE-01 ' . OOE-+00 ' OOE+OO 1 OOE-11 OOE-11 OOE-11 1 OOE-+00 O.O()E-;-00 0.008+00 1.01E-+05 1 OOE-;-08 0. OOE+OO 0 008-+00 ' 1 ' " 1 70E+OO ' .21E-01 2 OOE-01 1 OOE-14 .OOE-14 1 OOE-14 2 50E·01 0. 00E+00 2. 32E-Ol 1 01E-+Il5 1 00E+08 1 428 .. 04 0 OOE-+00 ' 2 0 

" 1 90£-01 2 24E-02 2 24E-02 ' .OOE-18 1. OOE·lB 1. OOE-lB 2. SOE-01 0. OOE-+00 2.35E-0.2 1. 01E+05 1. OOE.,.08 1 50!:+1)6 0. OOE-1"00 • 2 0 
25 7 .OOE-01 '. OOE+OO 0 OOE-+00 .31E-17 3 .31E-1'1 3 .31E-17 1. OOE-02 0. OOE-+00 0. OOE-+00 1 01E-+05 1. OOE-+08 0 OOE+OO D OOE+OO ' 1 ' " 7.00£-01 2 OOE-OJ. 2 OOE-01 . OOE-19 5 . OOE-19 5. OOE-19 7 . SOE-02 0. OOE+OO 2 .10E-01 1. 01E,.05 1. 00E+08 1 SOE-+06 D OOE+OO • ' D 

• 

• 

• 
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" 7.00E-01 2 OOE-01 2.00E-Ol 1 OOE-14 LOOE-14 1. OOE-14 7. SOE-02 0. OOB:-t-00 2 lOE-01 

" L90E-01 2 . 24E-02 2. 24E-02 3 .84£-17 3.84E-17 3. 84E-17 7. SOE-02 0 OOE .. OO 2 35E-02 

" 1- 90E-01 2 . 24E-02 2.24£-02 2 SJE-17 2. SJE-17 2.53E-17 7 .SOE-02 0 00E+00 2 35E-02 
30 1.90E-Ol 2. 24E-02 2.24E-02 1 58£-17 l.SSE-17 1.588-17 7.508-02 0 OOE .. OO 2 JSE-02 
31 1. 90E-01 2.248-02 2.24£-02 6 SJE-18 6.53E-18 6. SJE-18 ?.SOE-02 0 OOE+OO 2 JSE-02 
32 1. 908-01 2.248-02 2.24E-02 1 OOE-18 1. OOE-18 1. OOE-18 7. SOE-02 0 OOE+OO 
33 l.90E-Ol 2.24£-02 2.24E-02 ' 68E-17 4.68E-17 4.68E-l7 7.5(1£-02 0 00£+00 
34 1 90E-01 2..24E-02 2.24E-02 ' 08E-18 9. OBE-18 9.08E-18 7. SOE-02 0 00£+00 
35 1. 90E-01 2.24E-02 2.24E-OJ l. OOE-18 1. OOE-18 l.OOE-18 7 50£-02 0.00!0:+00 
36 ' .OOE-01 2.00E-01 2. OOE-01 1. OOE-14 1. OOE-14 1 OOE-14 4 . OOE-02 0.00!0:+00 

" ' . OOE-01 2.00E-01 2. OOE-01 '1 . OOE-1'1 '1 . OOE-1'1 ' .OOE-1'1 • . OOE-02 0. 00!0:+00 

" ' .OOE-01 2.00E-01 2 .OOE-01 1 OOE-18 1 OOE-18 l. OOE-18 • . OOE-02 0. OOE+OO 

" ' OOE-01 2 OOE-01 2 . OOE-01 3 .JOE-21 3 .JOE-21 3 .JOE-21 4. OOE-02 0. OOE+OO 

" ' OOE-01 2.00£-01 2 . OOE-01 1 OOE-21 1 OOE-21 1. OOE-21 4. OOE-02 0. 00!0:+00 
41 1 90£-01 2.24E-02 2. 24£-02 l OOE-18 l OOE-18 l. OOE-18 '. SOE-02 0.00£+00 
42 ' OOE-01 2.00£-01 2. OOE-01 1 OOE-12. 1. OOE-12. 1. OOE-12 '. SOE-02 1. 33£-08 

Fracture model will be used? (KFRACTURE); T 

Fracture ~nodel parameters:, 
Index for material in Which fracturing occurs !J:FRCMAT) 
Fracture initiation pressure increment IFRPilNC) 1 BOOOOE-t-06 
Fully-developed fracture pressure increment IFRFFINCJ 2 50000£+06 
Maximum fracture porosity (FRPHIMAX) 2.90000!0:-02 
Fracture permeability function expOnent (FRPRME:XP) 
Flag to calc x-direction perro as fractured (lFRX) 
Flag to calc y-direction perm as fractured (U'RY) 
Flag to calc z-direction perm as fractured (It'"RZl 

Fracture model parameters: 
Index for material in which fracturing occurs {IFRCMAT/ 
Fracture initiation pressure increment (FRP!lNCl 
Fully-developed fracture pressure increment (FRPFINCI 
Maximum fracture porosity (FRPHI:W:UCI 
Fracture permeability function exponent (FRPRMEXP) 
Flag to calc x-direction perm as fractured (IFRXI 
Flag to calc y-direction perm as fractured (IFR~) 
Flag to calc z-direction perm as fractured IIFRZI 

Fracture model parameters, 
Index for material in which fracturinq occurs (IFRCMAT) 
Fracture initiation pressure incre~nent (FRPIINC) 
Fully-developed fracture pressure increment IFRPFINC) 
Maximum fracture porosity (FRPHIMAX) 
Fracture permeability function exponent (FRPRMEXPI 
Flag to calc x-direction perm as fractured (IFRX) 
Flag to calc y-direct:ion perm as fractured {IFRY/ 
Flag to calc z-direction perm as fractured {IFRZ) 

K1inkenberg effect will be included? (KLINK)o T 

Klinkenberg equation par~ters: 
Linear factor (BKLI»Kl = 9 SOOOOE-01 Fa 
Exponent. (EXPKLltn() =-3 .30000E-Ol 

Reference conditions, 
Reference temperature (TREF) 
Reference pressure (PREFI 

3. 001508+02 K 
1. Ol325E+05 Pa 

5.32083E+01 
1 (yes) 
1 ly~asl 
0 (no) 

l. BOOOOI;:+Ofi 

' . 500001::+06 

'. 900008-02 
5 320838+01 

1 !yes) 
1 (yes) 
0 (no) 

SOOOOE:+Ofi 
2 500001::+06 
2 900001::-02 
5 320831::-+01 

1 (yes) 
1 {yes/ 
0 (no) 

Brine salinity (SALT/ 
(DENOSCI 

(KGSAT) 
(IDGAS) 

(BRCOMP) 

2. 9600E+Ol wt % 
Brine density at ref. conditions 
Gas-£ree 1=0) or qa.s-sat'd brine 1=11 
Dissolved qas l:lJ or no dissolved gas 1~01 
Brine compressibility 

Brine viscosity (VISO) 
Gas viscosity (VISG) 

l.SOOOE-03 Pa~s 
S.9200E-06 Pa*s 

Flao;r for calculating gas density (IN'I'ERPDENG): 

1 2300E+03 kg/tn~3 
l 

2..5000E-10 1/Pa 

IN'l'ERPDS117G = 1: Interpolate from table with RXS EDS. 

Gas parameters: 
Gas mole fraction (YGASJ 

H2: 1. OOOE+OO C02: 
CH4: 0 .OOOE+OO N2: 
H2S: 0. OOOE+OO 02, 

Number of qases actually used 
Gas nwnber used if NGAS=1.­

Il=H2, 2=C02, 3=CH4, 4~N2 
5=H2S, 6:02) 

Gas generati~n model (IGASVAR) = 1 

0. 000£+00 
O.OOOE+OO 
O.OOOE+OO 
(NGAS) 1 

(NGASl) .: 1 

Original modelo Zeroth-order corrosion & biodegraCiation. 

Reaction rate constants (RKI : 
Corrosion reaction rat~ constant 3.043700E-08 mol Fe/(s~mA3) 
Biodegradation reaction rate constant 2.664200E-07 mol cell/(s~mA)) 

Factor for humid reaction rate constants (HF): 
Corrosion reaction = O.OOOOOOE+OO 
Biodegradation reaction~ l.OOOOOOE-01 

Stoichiometric coeff's for corrosion rxn (S(l,Il]: 
Gas coefficient 1.166?00E+00 
H20 coefficient 1.6667008+00 
Fe coeff:icient = 1. 000000E+00 

2.. JSE-02. 
2.35£-02 
2.35E-02 
2.35£-02 
2.10£-01 
2 .lOE-01 
2.10£-01 

' lOE-01 
2 lOE-01 
2 35£-02 

' .lOE-01 

,. ,. 

,. ,. 

,. ,. 
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1. OlE+OS 1. 008+08 1.50E+06 O.OQE<~-00 • ' 0 
1. OlE•OS l. OOE+08 1.50&+06 0.00£+00 • 2 0 
l. OlE+OS 1. OOE+OB 1.508+06 O.QQE+OO • 2 0 
1. OlE .. OS 1. 00E+08 1. 508+06 0. OOE+OO ' 2 0 
1 OlE+OS l.OOE ... OB 1.50E+06 O.OOE+OO ' 2 0 
1 011!+05 1.001!+08 1.50£+06 0 .OOE-+00 ' ' 0 
l 01£+05 1.00£+08 1. SOE-<06 0 OOE+OO ' ' 0 
1 01E+OS 1.00E+08 1. 50£+06 0 OOE+OO ' 2 0 
1 01E+05 1.00£+08 1 50£+06 0. OOE+OO • 2 0 
1 01E+05 l.OOE+OS 3 90E+04 0. OOE+OO 4 2 0 
1 01E+05 3 00E+08 2 18E+05 0. OOE+OO • 2 0 
1 01E+05 1 OOE-+08 ' 4'1E+05 0. OOE+OO 4 ' 0 
1 01E+05 1 OOE+OB 4 . '10E+06 O.OOE+OO 4 2 0 
1 01£+05 1 . OOE+OB • 70E+06 O.OOE+OO ' 2 0 
l OlE-+05 l OOE-+08 l 5QE+06 O.OOE+OO • ' 0 
1 01£+05 l.OOE+OS 0 OOE+OO 0.00£+00 1 0 
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Stoichiometric coeff•s for biodeqr. rxn [S(2,rl]: 
Gas coefficient l.lOOOOOE+OO 
H20 coefficient • 0. OOOOOOE ... OO 
Bio coefficient ., 1. OOOOOOE+OO 

Molecular 
H2: 
H20: 
Fe: 
I:lio: 

weights (WM): 
2. Ol59E-03 ltg/mal 
1 8015E-02 kg/mol 
5 5B4"'1E-02 kg/mol 
3. 0026E-02 kg/mol 

Wicking term (SATWICK) : 5 
~umid rates to be smoothed? 
Humid rate ~othinq factor 

Will creep closure be used 

OOOOOOE-0.1 
ILARXNI 

(ALPHARXN) 

(CLOSURE): T 

Number of closure surfaces (NKLOSJ : 1 

T 
l.OOOOOOE+OJ 

Closure surface interpolation basis (KLOS!NTJ: 1 
[Gas generation rate: KLOSINTmO] 
[Average waste pressure: XLOSINT=ll 

Pressure averaging method for closure (KLOSAVGJ : 
(Average all closure surface blocks: KLOSAVG~ll 
[No averaging; use PO in (l,J,K): KLOSAVG,.2J 

PLrTHO Maximum pres~ure for closure 
TrME_CLOSOFF - Time limit for c~osure 
CLOSPERMFACT = Constant factor in permeability-porosity expression 
CLOSPERMEXP = Exponent in permeabi~ity-porosity expression 

Model Number (PLI:THO) {Pa] ITIME_CLOSOFF) [s] (CLOSPERMFACT) [m~2] 

4 s.aaaooo£~07 J.lSS7oo~~l2 5.5S4700E-12 

NUmber of materials using closure INMATCLOS) 2 
Material Index Model Number 

f (MATCLOS) (MODELCLOS) 
l 12 4 
2 13 4 

Radionuclide decay will be calculated"? (LAADDKl : F 

Solute transport will be calculated? (~TRANS): F 
Solute radiolysis will be calculated? (LRADLSI:S) : F 

Oec~y has been turned off (LRADDK changed to F), 
since neither transport nor radiolysis is on: 
(LTRANS "' LRADLSIS "" F) 

Will gas component transport be calculated? (LRXGAST): F 

Waste Region 1 is initiali~ed with PO & SO OD250E+05 

... ~~ Waste Region 2 is initiali~ed with PO & SO l.OlJ250E.J-05 

0. OOOOOOE.J-00 

O.OOOOOOE .. OO 

(CLOSPERMEXP) ( -] 
O.OOOOOOE~OI} 
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....................................................................... ~ ................................................................................................................................... * ............................................... .. 
Total mesh volume ~ l.907061E+12 m~J 
Total waste volume = 4.361532E+05 m~J 
Density of initial brine at ref cond = 1.230000E+03 kq/mAJ 
Density of initial gcos cot ref cond 8.179988E-02 kg/rJJ.~3 
Mass fraction of initial brine in brine phase at ref. cond 1 OOOOOOE+OO 
Mass frcoction of initial gas in brine pha~e at ref. cond O.OOOOOOE+OO 
Original brine in place at ref. cond 1.539993E+l0 rJJ.~) 
Original brine in place l.B94192E+l3 kq 
Origincol gas in place at ref. cond 4.950996E~OB m~J 
Original gas in place 4.04990BE+07 kg 

Number of element variables printed to ASCII output 

NUmber of global vcoriables printed to ASCII output 10 

CAMCON Element Variable 
No. Vbl Name Description 

--------------------------------------------------
' PRESBRIN Brine pressure 
2 PRESGAS Gao pressure 
6 POROS Porosity 

18 SATGAS Gao saturation 
47 FECONC Po concentration ~~ 

" CELLCONC CH20 concentration 

CAMCON Global Variable 
No. Vbl Name Description 

simple model 
~~ simple model 

1 BRNMSCUM Cumulative brine mass balance 
GASMBCUM Cumulative gas mass balance 
BRNMBMAX Maximum brine mass balance 
GASMBMAX Maximum gas mass balance 
IBRNMBMX r-index, location of maximum brine mass balance 
JBRNMBMX J-index, location of maximum brine mass balance 

1 KBRNMBMX K-index, location of maximum brine mass balance 
8 IGASMBMX I:-index, location of maximum gas mass balance 
9 JGASMBMX J-index, location of maximum qas mass balance 

10 KGASMBMX K-index, location of maximum gas mass balance 

G~id block dimensions 

Units """"1 
--------------------
Po 
Pa 
dimensionless 
fraction void volume 
kg/mAJ 
kg/m~J 

Units Lobo1 
--------------------
ditnensionless 
dilnensionless 
di.rJJ.ensionless 
dimensionless 
dimensionless 
dirJJ.ensionles;s 
dimensionless 
dimensionless 
dimensionless 
dimensionless 

Units Conv 
Factor 
------------
1 0(1(l0QQE-+ll0 
1 OOOOOOE .. OO 
1 OOOOOOE+OO 
1 OOOOOOE .. OO 
1 OOOOOOE+OO 
1 OOOOOOE+OO 

Units C=v 
Factor 

------------
1 OOOOOOE+OO 
1 OOOOOOE+OO 

' OOOOOOE+OO 

' OOOOOOE+OO 
1 OOOOOOE+OO 
1 OOOOOOE+OO 

' OOOOOOE+OO 

' OOOOOOE+OO 
1 OOOOOOE+OO 
1 OOOOOOE+OO 

• 

• 

• 
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Grid block d~nsions in X-direction 
Layer 1 
1. SOOOOE+-04 
2. OOOOOE+-00 
2. 830008+02 
l.OOOOOE+-03 

2 1.50000E+04 

11 

15 

16 

17 

18 

19 

20 

21 

23 

24 

25 

2.00000E-+OO 
2.8JOOOE+02 
l.OOOOOE+-03 
l.SOOOOE+04 
2.00000E+O() 
2.83000E+-02 
1. OOOOOE+OJ 
l. SOOOOE+-04 
2. OOOOOE .. OD 
2. BJOOOE+-02 
1 OOOOOE+-03 
1 SO!lOOE+-04 
2 OOOOOE+-00 
2 83000E+02 
1 OOOOOE+O) 
1 SOOOOE+-04 
2 OOOOOE+OO 
2. 83000E+02 
1. OOOOOE+-03 
1 SOOOOE+-04 
2. OOOOOE<!"OO 
2.83000E+02 
1. OOOOOE+OJ 
1, SODOOE+-04 
2.00000E+-00 
2.SJIJOOE+02 

. OOOOOE+-03 

. SOOOOE+-04 
2 OOOOOE+-00 
2 83000E+02 
1 OOOOOE+OJ 
1 50000E+04 
2 OOOOOE+OO 
2 83000E+02 
l.OOOOOE+OJ 
1. SOOOOE+-04 
2. OOOOOE+-00 
2.83000E+02 
1. oooooe: .. oJ 
1. SOOOOE+-04 
2. OOOOOE+OO 
2. B3000E.;.Q2 
1. OOOOOE+-03 
1. 50000E+04 
2 OOOOOE+OO 
2 83000E+0:2 
1 00000E+D3 
l 50000E+04 
2.00000E+OO 
2 83000E+02 
1 OOOOOE+03 
1 50000E+04 
:2.00000E+OO 
2.83000E+02 
1. 00000E+03 
1. 50000E+04 
2. OOOOOE+OO 
2. 83000E+02 
1. OOOOOE+OJ 
1 50000E+04 
2. OOOOOE+OO 
2. 83000E+0:2 
1 OOOOOE+03 
1 50000E+04 
2. OOOOOE+OO 
2.83000E+02 
1 00000E+03 
1 50000E+04 
2 OOOOOE+OO 
2 83000E+02 
L OOOOOE+OJ 
1.50000E+04 
2.00000E+00 
2.83000E+02 
1. OOOOOE+03 
L 50000E+04 
2 OOOOOE+OO 
2. aJOOOE+02 
1. 00000E+03 
1. 50000E .. 04 
2 OOOOOE+OO 
2 83000E .. 02 
1 00000E+03 
1 50000E+04 
2.00000E+OO 
2.83000E+02 
1.00000E+03 
1 50000E+04 

OOOOOE+OO 
2 83000E+02 
1 OOOOOE+03 
1 50000E ... 04 

5 OOOOOE ... OJ 
4 OOOOOE-01 
5 00000E+01 
5.00000E+03 
5. 00000E .. 03 
4.00000E-01 
5.00000E-t-01 
5. 00000€+03 

OOOOOE+03 
OOOOOE-01 
00000E+01 
OOOOOE+OJ 

5 OOOOOE+OJ 
4 OOOOOE-01 
5 00000E1"01 
5 00000E+03 
5.00000E+03 
4 OOOOOE-01 
5.00000E+01 
5 OOOOOE+OJ 
5.00000E+03 
4. OOOOOE-01 
5 00000E+01 
5 00000E+03 
5 00000E+03 
4 OOOOOE-01 
5. 00000£+01 
5.00000E+03 
S.OOOOOE+OJ 
4. OOOOOE-01 
S.OOOOOE+Ol 
S.OOOOOE+OJ 
5. 00000£+03 
4.00000E-01 
5.00000E+Ol 
5. 00000£+03 
5.00000E+03 
4. OOOOOE-01 
5. 00000ET01 
5. 00000E+03 
5 00000E+03 
<1. 00000£-IH 
5 OOOOOE+01 
5 00000E+03 
5 00000E1"03 
4 OOOOOE-01 
5 00000E+01 
5 00000E+03 
5 00000£+03 
4 OOOOOE-01 
5.00000E+01 
5. OOOOOE+OJ 
5. 00000E+03 
4.00000E-01 
5. OOOOOE-t-01 
5. oooooe: .. oJ 
5. 00000E+03 
4. OOOOOE-01 
5 OOOOOE+Ol 
5 00000E+03 
5 00000£+03 
4 OOOOOE-01 
5.00000£+01 
5 OOOOOE+03 
5 OOOOOE+03 
4 OOOOOE-01 
5 00000E+01 
5 00000E+03 
5. OOOOOE+OJ 
4.00000E-01 
5.00000E+01 
5. 00000E+03 
5. oooooe: .. oJ 
4. OOOOOE-01 

OOOOOE .. 01 
00000£+03 
00000E+03 
OOOOOE-01 

5 00000E+01 
5 OOOOOE+03 
5 OOOOOE+03 
4 OOOOOE-01 
5 OOOOOE+01 
5 OOOOOE+OJ 
5 00000£+03 
4 OOOOOE-01 
5 00000E1"01 
S 00000£+03 
5 OOOOOE+OJ 
4 OOOOOE-01 
5 00000E+01 
5.00000E+03 
5. 00000E+03 
4. OOOOOE-01 
S.OOOOOE+01 
5. 00000E+03 
5. 00000E+03 

1. OOOOOE+OJ 
2. OOOOOE+OO 
1. 00000E+01 
1. 50000E+04 
1.00000£+03 
2.00000E+OO 
1.00000E+01 
1 50000£+04 
1 00000E+03 
2 00000E+00 
1 00000E+01 
1. 50000£+04 
1. 00000E+03 
2. 00000£+00 
1. 00000E+01 
1. S0000.E+04 
1 OOOOOE+OJ 
2 OOOOOE+OO 
1 00000E+01 
1 50000£ ... 04 
1 00000E+03 
2 OOOOOE+OO 
1 00000E+01 
1.50000E+04 
1 oooooe: .. o3 
2 OOOOOE+OO 
1. 00000£+01 
1. 50000ET04 
1. 00000E+03 
2. OOOOOE+OO 
1 OOOOOE+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 OOOOOE+OJ 
2 OOOOCEo~-00 

1. 00000E+01 
1. 50000E+04 
1. 00000E+03 
2.00000E+OO 
1.00000E+01 
1. S0000E+04 
1. 00000E+03 
2. OOOOOE+OO 
1 00000E+01 
1 50000£+04 
1 0\.IOOOE+O:'; 
2 OOQOOE+OO 
1 00000E+01 
1 S0000E+04 
1 00000E+03 
2 OOOOOE+OO 
1. 00000E+01 
1. 50000E+04 
1. 00000E+03 
2. OOOOOE+OO 
1. OOCOOE+01 
1 S0000E+04 
1 OOOOCE+03 
2. OOOOOE+OO 
1 00000E+01 
1. 50000£+04 
1 00000£+03 
2 OOOOOE+OO 
1 00000E+01 
1. 50000E+04 
1 00000£+03 
2 OOOOOE+OO 
1 00000E+01 
1.50000E .. 04 
1 00000E .. 03 
2 00000E+00 
1. 00000E+01 
1. 50000E+04 
1. 00000E+03 
2. OOOOOE+OO 
1. 00000E+01 
1. 50000£+04 
1. 00000£+03 
2. OOOOOE+OO 
1 OOOOOE+01 
1. 50C00E+04 
1. OOOOOE+03 
2 00000E+00 
1. 00000E+01 
1 50000E+04 
1 00000E+03 
2 00000E+00 
1 00000E+01 
1 50000E+04 
J..00000E+03 

m 

7. 50000E+02 
1 OOOOOE+01 
6 OOOOOE+Ol 

7 50000£+02 
1 OOOOOE+Ol 
6 OOOOOE+Ol 

7.50000E+02 
1 oooooe: .. o1 
6 00000£+01 

7. 50000£+02 
1. OOOOOE+Ol 
6. 00000E+01 

7 SOOOOE+02 
1 OOOOOE+01 
6 OOOOOE ... 01 

7.50000£+02 
1 00000E+01 
6 OOOOOE .. 01 

7 50000£+02 
1. 00000£+01 
6. 00000E+01 

7. 50000£+02 
1. OOOOOE+01 
6. 00000E+01 

7. 50000£+02 
00000£+01 
OOOOOE+01 

7.50000E+02 
l 00000E .. 01 
6 00000E+01 

7 50000E+02 
1 OOOOOE+Ol 
6. 00000E+01 

7. 50000£+02 
1. 00000£+01 
6. 00000E+01 

7. 50000E+02 
.OOOOOE+Ol 
OOOOOE+01 

'1.50{.10\.IE+02 
1 00000£+01 
6 00000E+01 

7 50000E+02 
1 00000E+01 
6. 00000E+01 

7 50000£+02 
1. 00000£+01 
6. 00000£+01 

7. 50000E+02 
.OOOOOE+Ol 
. 00000E+01 

50000£+02 
00000E+01 

6. OOOOOE+01 

7 SOOOOE+02 
1 00000E+01 
6 OOOOOE+01 

7 50000E+02 
1 00000E+01 
6 OOOOOE+Ol 

7 50000E+02 
1. 00000£+01 
6. 00000E+01 

7. 50000E+02 
1 00000£+01 
6. OOOOOE+01 

7. 50000E+02 
1. OOOOOE+01 
6. 00000£+01 

. 50000E+02 

. 00000E+01 
00000E+01 

7 50000£+02 

5. 00000E+02 
4.38000£+01 
5.00000E+02 

5 OOOOOE .. 02 
4 38000E+01 
5 00000E+02 

5. 00000E+02 
4. 38000E+01 
5. 00000£+02 

. OOOOOE+02 
4. 3BOOOE+01 
5 OOOOOE+02 

5 00000E+02 
4 38000E+01 
5.00000£+02 

5 OOOOOE+02 
4 38000E .. 01 
5 00000E+02 

5. 00000E+02 
4. 38000E+01 
5. 00000E+02 

5. 00000E+02 
4. 38000£+01 
5 00000E+02 

5 OOOOOE+02 
4 38000E+OJ. 
5 oooooe: .. o2 

5 OOOOOE+02 
4 38000E .. 01 
5 00000E+02 

5. 00000E+02 
4. 3BOOOE+Ol 
5. OOOOOE+02 

. 00000E+02 

.39000E+01 

. OOOOOE+02 

OOOOOE+02 
38000£+01 
00000E+02 

5 OOOOOE .. 02 
4 38000E+01 
5 00000E+02 

00000E+02 
4. 38000E+01 
5. OOOOOE+02 

5. 00000E+02 
4. 38000£+01 
5. 00000E+02 

OOOOOE+02 
38000E+01 
OOOOOE+02 

OOOOOE+02 
4 38000E+01 
5 00000£+02 

00000E+02 
4. 38000E+Ol 
5.00000E+02. 

5 00000E+02 
4. 3aOOOE+01 
5 00000E+02 

5. 00000£+02 
4 38000£+01 
5. OOOOOE+02 

5. 00000£+02 
4.3BOOOE+01 
5. 00000£+02 

.00000£+02 

.38000£+01 
OOOOOE+02 

OOOOOE+02 
38000E+Ol 
00000£+02 

OOOOOE+02 

1 00000E+02 
4 OOOOOE+Ol 
1 OOOOOE+Ol 

1 00000E+02 
4. 00000E+01 
1. 00000E+01 

1. 00000E+02 
4. 00000E+01 
1. OOOOOE+Ol 

1 00000E+02 
4 OOOOOE ... 01 
1 OOOOOE+01 

J. 00000£+02 
4 00000£+01 
1 OOOOOE+Ol 

1 00000E+02 
4. 00000E+01 
1. OOQOOE+01 

1. 00000E+02 
4. OOOOOE+Ol 
1. 00000E+01 

1. 00000£+02 
4 00000E+01 
1 OOOOOE+OJ. 

1 00000E+02 
4.00000E+01 
1.00000E+01 

1. OQQ00E+02 
4. 00000E+01 
1. 00000E+01 

1. 00000£+02 
4. 00000E+01 
1 00000E+01 

1.00000E+02 
00000E+01 
00000E+01 

00000E+02 
4.00000E+01 
J..00000E+01 

1 oooooe .. o2 
4. 00000E+01 
1 00000E+01 

1. 00000£+02 
4. OOOOOE+Ol 
1 00000E+01 

1.00000£+02 
00000E+01 
00000E+01 

1 00000£+02 
4 OOOOOE+Ol 
1 00000£+01 

J. 00000£+02 
4 00000E+01 
1 00000E+01 

1 00000E+02 
4. OOOOOE+01 
1 OOOOOE+Ol 

1. 00000E+02 
4. 00000£+01 
1. 00000E+D1 

1. OOOOOE+02 
4. 00000E+01 
1 00000£+01 

1. 00000E+02 
4. 00000E+01 
1. 00000E+01 

00000E+02 
00000E+01 
00000E+01 

1 00000E+02 
4 OOOOOE+Ol 
1 00000E+01 

l.00000E+02 

4 00000E+01 
1 00000E+02 
4 OOOOOE .. 01 

4. OOOOOE+Ol 
1. 00000£+02 
4. OOOOOE+Ol 

.00000£+01 
00000E+02 
00000E+01 

4 OOOOOE+01 
1 OOOOOE+02 
4 OOOOOE+01 

4 OOOOOE+OJ. 
1.00000E+02 
4.00000E+01 

4. OOOOOE+01 
1. 00000£+02 
4. 00000£+01 

. 00000E+01 

. OOOOOE+02 
4. OOOOOE+01 

4 00000£+01 
1 OOOOOE+02 
4.00000£+01 

4 00000E+01 
1 OOOOOE .. 02 
4. OOOOOE .. 01 

4. OOOOOE+01 
1. 00000E+02 
4. 00000E+01 

4.00000E+01 
1. OOOOOE+02 
4. OOOOOE+01 

4 OOOOOE ... 01 
1 OOOOOE ... 02 
4 OOOOOE+Ol 

4 OOOOOE+01 
1 00000E+02 
4 OOOOOE .. 01 

4. DDOOOE+01 
1. 00000E+02 
4. 00000E+01 

4. 00000E+01 
1 00000£+02 
4 00000E+01 

4 00000E+01 
1 OOOOOE+02 
4.00000E+01 

4 00000E+01 
1 00000E+02 
4 00000E+01 

OOOOOE .. 01 
1 00000E+02 
4 OOOOOE+01 

. 00000E+01 
1. 00000£+02 
4.. QOOOOE-1-111 

. OOOOOE+01 

. OOOOOE+02 
4. OOOOOE+01 

. 00000£1"01 

. OOOOOE+02 
4. 00000£+01 

4 00000E+01 
1 00000E1"02 
4 00000E+01 

4 00000£+01 
1 OOOOOE+02 
4 00000E+01 

4.00000£+01 
1 OOOOOE+02 
4 OOOOOE+01 

OOOOOE .. 01 

1 OOOOOE+Ol 
4. 95000£+02 
1.00000E+02 

1 00000E+01 
4.95000E+02 
1. OOOOOE+02 

. 00000E+01 

. 95000E+02 
1. 00000£+02 

1 00000E+01 
4 950008+02 
1 OOOOOE+02 

1 OOOOOE+01 
4 95000E+02 
1 00000E+02 

1.00000E+01 
4.95000E .. 02 
1. OOOOOE .. 02 

1. OOOOOE+01 
4. 95000£+02 
1.00000£+02 

1 OOOOOE+01 
4 95000ET02 
1. OOOOOE+02 

1 OOOOOE+Ol 
4 95000£+02 
1 OOOOOE ... 02 

1 OOOOOE+Ol 
4. 95000E+02 
1.000008+02 

1. 00000E+01 
4. 95000E+02 
1. OOOOOE+02 

1. OOOOOE+01 
4 95000E+02 
1 OOOOOE+02 

OOOOOE+Ol 
4 95000£+02 
1 00000£ ... 02 

~ OOOOOE+Ol 
4.95000E+02 
1.000008+02 

1. 00000E+01 
4. 95000£+02 
1. 00000E+02 

00000£+01 
95000E+02 
00000E+02 

1 00000E+01 
4 95000£+02 
1.00000£+02 

1 00000E+01 
4 95000E+02 
1 00000E+02 

1 OOOOOE+Ol 
4 95000E+02 
1 C000\.1'£+02 

1. OOOOOE+Ol 
4.950008+02 
1. oooooe: .. o2 

1. OOOOOE+01 
4. 95000£+02 
1 00000E+02 

OOOOOE+Ol 
4.95000E+02 
1. OOOOOE+02 

1. 00000E+01 
4..9SOOOE+02 
1 00000E+02 

1 00000E+01 
4 950008+02 
1.00000E+02 

1.00000£+01 
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4 .38000E+01 
1 OOOOOE+02 
5 00000E+02 

4 38000E+01 
1 00000E+02 
5 OOOOOE+02 

4.38000E.;.01 
1.00000E+02 
5.00000E+02 

4.38000E .. 01 
1. 00000E+02 
5. 00000E+02 

. 38000E+01 
00000.E+02 
00000E+02 

4 JSOOOE+01 
1 00000£+02 
5 00000E+02 

4.38000E+01 
1 00000E+02 
5 00000E+02 

4. 3 8000E+Ol 
1. 00000E+02 
5. 00000£+02 

.38000£+01 

.00000E+02 
5. 00000E+02 

4 38000E+01 
1 00000E+02 
5 00000£+02 

4.380008+01 
1.000008+02 
5.00000E+02 

4 JaOOOE+01 
1.00000E+02 
5. 00000E+02 

. 38000E+Ol 

. 00000E+02 

.OOOOOE+02 

38000E+01 
00000E+02 
00000E+02 

4.38000£+01 
1.00000£+02 
5.00000£ ... 02 

4 3B000E+01 
1 00000E+02 
5.00000E+02 

4.3B000E+01 
1. 00000ET02 
S.00000E+02 

.380008+01 
00000E+02 

. 00000£+02 

4 380008+01 
1 00000E+02 
5 00000B+D2. 

4 38000E+01 
l 00000E+02 
5 OOOOOE+02 

4.38000£ ... 01 
1.00000E+02 
S.00000E+02 

4.38000E ... 01 
1.\.1\.1000£-'<02 
5.00000E+02 

4 38000£+01 
1 00000£+02 
5 00000E+02 

4. 3 BOOOE+01 
1. 00000E+02 
5. 00000£+02 

.JBOOOE+Ol 

L00000E+01 
8.00000E .. 01 
7.50000E+02 

1.00000E+01 
8. 00000E+01 
7. 50000E+02 

1 00000£+01 
8.00000E1"01 
7. 50000E+02 

1 OOOOOE+01 
8 00000£+01 
7 50000E+02 

1.00000E+01 
8.00000E+Ol 
7.50000E.;.02 

1. 00000E+01 
9. 00000E+01 
7.50000E1"02 

1.00000E+01 
8 . OOOOOE+O 1 
7. 50000E+02 

1 OOOOOE+01 
8 00000E1"01 
7 50000E ... 02 

1 OOOOOE+01 
8 OOOOOE+Ol 
7 50000E+02 

1. 00000E+01 
B. 00000E+01 
7. 50000£+02 

1 00000E+01 
8 00000E+01 
7. 500008+02 

1 OOOOOE+01 
8 00000E+01 
7 50000E+02 

LOOOOOE+01 
8.00000£+01 
7.50000E+02 

1 OOOOOE+01 
B OOOOOE•Ol 
'J. 50000£+02 

1. 00000E+01 
B. OOOOOE+01 
7. 50000£+02 

1 00000£+01 
a OOOOO.E+01 
7 50000E+02 

1.00000E+01 
8.00000£+01 
'7.50000£+02 

1 00000£+01 
8 OOOOOE+01 
7.50000E+02 

1 00000E+01 
8.00000E+01 
; . 50000£+02 

1. 00000£+01 
a.OOOOOE+01 
7. 50000E+02 

1 OOOOOE+Ol 
a 00000E+01 
7. 500008+02 

1. 00000E+01 
B 00000E+01 
7. 50000ET02 

. OOOOOE+01 
B.OOOOOE+01 
7. 5QOOOE+02 

1 OOOOOE+01 
8 OOOOOE+01 
7.SOOOOE+02 

l.OOOOOE ... 01 
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2.00000E-1-00 
2. 83000E-!-02 
l..OOOOOE-!-03" 

26 1. 50000E+04 
2.00000ET00 
2.83000E+O:l: 
l.OOOOOE-!-03 

27 1 50000ET04 
2 OOOOOE+OO 
2. 83000£+02 
1. OOOOOE+OJ 

28: 1. 50000E-1-04 
2.00000E-1-00 
2 83000E+02 
1 OOOOOE+Ol 

29 1 50000E-1-04 
2. OOOOOE+OO 
2.8l000E+02 
1.00000E-1-0l 

30 1. 50000E-!-04 
2.00000E+OO 
2. 83000E+02 
1. OOOOOE+03 

31 1 50000ET04 
2 OOOOOE+OO 
2. 83000E+0:2 
1 OOOOOE+03 

4 OOOOOE-01 
5.00000E+01 
5 00000E+03 
5 00000E+03 
4 OOOOOE-01 
5.00000E+01 
5.00000E+03 
5.00000E+03 
4.00000E-01 
5. 00000E+01 
5. OOOOOE-1-0J 
5 OOOOOE-1-0J 
4. OOOOOE-01 
5. OOOOOE+01 
5. OOOOOE+OJ 
5. OOOOOE+OJ 
4 OOOOOE-01 
5.00000E+01 
5 OOOOOE+03 
5 OOOOOE+OJ 
4. OOOOOE-01 
5 00000E+01 
5 OOOOOE-1-0J 
5 00000ET03 
4.00000E-01 

00000E+01 
OOOOOE+03 

2 OOOOOE+OO 
1 00000E+01 
1 50000E+04 
1 00000E+03 
2. OOOOOE+OO 
1. 00000E+01 
1. 50000E+04 
1. 00000E+03 
2. OOOOOE+OO 
1 OOOOOE+Ol. 
1 50000£+04 
1 00000E+03 
2 OOOOOE+OO 
1 00000E+01 
1 50000E+04 
1 00000E+03 
2. OOOOOE+OO 
1 00000E+01 
1 50000E+04 
1. 00000E+03 
2.00DOOE+OD 
1. 000QOET01 
l.. 50000E+04 
1 OOOOOE+OJ 
2 OOOOOE ... OO 
1 OOOOOE+Ol 
1 50000E+04 

Grid block dimensions in ¥-direction 
Layer 1 

1 2 72800E+OO 
2 72800E+OO 
2 728008-+00 
2 72800E+OO 

2 4 73720E-t01 
4 73720E+Ol 
4 737208+01 
4 73720E+Ol 
1.39160E+02 
1 3'H60E+02 
1 39160E+02 
1 391608+02 
5. OOOOOE+Ol 
5.0000DE+Ol 
5. OOOOOE+Ol 
5 OOOOOE+Ol 
1 lOOOOE+Ol 
1 10000E+01 
1 lOOOOE+Ol 
1 lOOOOE+Ol 

6 8 SOOOOE-01 
8 SOOOOE-01 
8 SOOOOE-01 
8 SOOOOE-01 

7 1 JBOOOE+OO 
1 38000E .. OO 
1 38000E+OO 
1 38000E+OO 
1 32080E+OO 
1. 32080E+OO 
1 32080E+OO 
1 3208QE.;.QQ 
1 32080E+00 
1 32080E+OO 
1.32080E+OO 
1 32080E+OO 

10 1 32080E .. OO 
1. 32080E+OO 
1. 32080E+OO 
1.32080E+OO 

11 2. 61760E+OO 
2 61760E+OO 
2 61760E+00 
2.61760E+OO 

12 2 ?OOOOE-01 
2 ?OOOOE-01 
2 ?OOOOE-01 
2.70000E-Ol 

13 4.61000E+OO 
4 61000ET00 
4 61000ETQQ 
4 61000E+OO 

14 .45000E+OO 
.45000£+00 

4.45000E+OO 
4 45000E+OO 

15 1 80000£-01 
1 80000E-01 
1 80000E-01 
1 80000E-01 

16 2 39000E+01 
2 39000E+01 
2 J9000ET01 
2 3"9000E+01 

17 5. 24200E+01 
5.24200£+01 
5 24200£+01 
5 24200£+01 

18 5 24200E-1-01 
5.24200E+01 

2. '12800E+00 
2. 72800E-1-00 
2. 72BOOE+00 
2 72800E+00 
4 73720E+01 
4 73720E+01 
4 73720E-1-01 
4 73720E-!-01 

39160E+02 
39160E+02 

.39160E+02 

.39160£-1-02 

. OOOOOE+Ol. 
5.00000E+Ol 
5. OOOOOE ... Ol 
5.00000E ... 01 
1.10000E+01 
1.10000E+01 
1 10000E+01 
1 10000E+01 
8 50000E-01 
8 50000E-01 
8 50000E-01 
8 SOOOOE-01 
1 38000E+OO 
1 JSOOOE-1-00 
1 38000E+00 
1 38000E+00 
1.32080E+OO 
1 32080E ... 00 
1 32080E+00 
1 32080E+OO 
1 32080E+00 
1 32080E+00 
1 320BOE+OO 
1 32080E+00 
1 32080E-1-00 
1 32080E-1-00 
1 32080E-!-OO 
1 320BOE+00 
2.61760£+00 
2.61760E+00 
2. 61760E-1-00 
2. 61760E+00 
2 70000E-01 
2 70000£-01 
2.70000£-01 
2. 70000E-01 
4.61.000E+00 
4.61000E+OO 
4. 61000E+OO 
4. 61000E+OO 
4 45000E+00 
4 45000E+00 
4. 45000E+00 
4.45000E+OO 
1.80000E-01 
1.80000E-01 
1 BOOOOE-01 
1 BOOOOE-01 
2 J9000E+01 
2 39000E+01 
2 39000E+01 
2. 39000E+01 
5 24200E+01 
5. 24200E+01 
5 24200E+01 
5.24200E+01 
5 24200£+01 
5 24200E+01 

2 72800E-!-OO 
2 72SOOE+00 
2 72800E+OO 
2 72800E+00 
4. 73720£+01 
4. 73720£+01 
4. 73720E+01 
4 73720E+01 
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7.70000E+00 
7.70000£+00 
7.70000£+00 

2. 48000E+Ol 
2. 480008+01 
2.48000£+01 

8 SOOOOE+OO 
8.50000E+OO 
8 50000E+00 

1 73000E-t-01 
1 73000£+01 
1 73000E+01 

1.060008-t-02 
1.06000E+02 
1.06000E+02 

4 33000E.;.01 
4 JJOOOE+01 
4.330008~01 

1 56600£+01 
1 566008+01 
1 56600£ .. 01 

1 000008-01 
1.000008-01 
1.000008-01 
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5.242008-t-01 

8. 58800£+01 
8. 58800£+01 
8.58800£+01 

8 58800£+01 
8 58800£+01 
8 588008+01 

4 53400£+01 
4 534008-..01 
4 534008~01 

. 72800£+01 
3. 72800£+01 
3. 72800£+01 

3.60000E .. 01 
3 600008+01 
3 600008~01 

7. 70000£+00 
7.700008 .. 00 
7.70000£+00 

2.48000£+01 
2.480008+01 
2 48000£+01 

8 SOOOOE+OO 
8. 50000£+00 
8. 500008+00 

73000E+01 
73000£-t-01 
73000£+01 

1 060008+02 
1 06000E+02 
1. 06000E+02 

. 33000E+Ol 

. 330008+01 
4. 33000E+01 

1. 56600E-t-01 
1. 56600E+01 
1. 566008+01 

1. OOOOOE-01 
1. OOOOOE-01 
1. 000001!:-01 

5.24200E+01 

8.588001!:+01 
S.588008+01 
8.58800£+01 

8.58800£+01 
8.58800£+01 
8.58800E+Ol 

4. 53400E+Ol 
4 534008+01 
4.53400E+01 

.728001!:+01 
3. 728008+01 
3. 72800E+01 

.600008+01 

.60000E+01 

. 60000E+01 

7 70000E+00 
7 70000E+00 
7 700008+00 

2 48000E+01 
2. 48000E-t-01 
2' 480008+01 

8 50000£+00 
8 500008+00 
8 SOOOOE+OO 

1.730008+01 
1. 73000£+01 
1. 730008+01 

1.06000E+02 
l.06000E+02 
1.06000£+02 

4.33000£+01 
4.330008+01 
4.33000£+01 

1. 56600E-T01 
1. 56600£+01 
1. 56600£+01 

l.OOOOOE-01 
l.OOOOOE-01 
1.00000E-01 

------------------------------------------------------------------------------------------------------------------------------------
Grid block dimensions in Z-direction 

Layer 1 
6 .13143E+04 
4.800008+00 
1 89000E+01 
9 21410E-t-03 

2 6 13143E+04 
4 80000E+OO 
1 89000E+Ol 
9 21410E+03 

3 6 13143E-t-04 
4 80000E+00 
1. 890008+01 
9 21410£+03 

4 6 13143E+04 
4 SOOOOE-t-00 
1. 89000E+Ol 
9 21410E+03 
6 13143E+04 
4.80000E+00 
1. 89000E-t-01 
9.21410£+03 
6 .131438+04 
4.BOOOOE+00 
1. 89000£+01 
9 21410E+03 

' 

11 

6 .13143£+04 
4.80000E+OO 
1. 89000E1-01 
9 21410E+03 
6. 13143£+04 
4.80000E+00 
1.89000E+Ol 
9 21410E+03 
6 131438+04 
4.80000E.P00 
1.89000E+Ol 
9. 214108+03 
6 13143E .. 04 
4 800008+00 
1 890008.P01 
9 21410E+03 
6 131438+04 
4 80000E-T00 
1 89000£+01 

2 13143E ... 04 
4.00000£-01 
1 89000E+Ol 
2 17269£+04 
2 13143£-+04 
4 OOOOOE-01 
1 890008 .. 01 
2 17269£+04 
2 13143£+04 
4 000008-01 
1 890008+01 
2 17269£-+04 
2 131438-+04 
4 000008-01 
1 89000£+01 
2 172698+04 
2 13143E-+04 
4.00000E-01 
l 890008+01 
2 17269£+04 
2 13143E+04 
4 OOOOOE-01 
1 890008+01 
2 172698+04 
2 131438-+04 
4 OOOOOE-01 
1 89000E+01 
2.17269£+04 
2.13143E+04 
4 OOOOOE-01 
1 89000E-t-01 
2.17269E+04 
2. 131438+04 
4. OOOOOE-01 
1. 89000E+01 
2 .17269E+04 
2 .13143E+04 
4.00000E-01 
1. 89000£+01 
2.17269£+04 
2.13143E+04 
4.00000£-01 
1 89000£+01 

8. 748808+03 
4. 800008+00 
9. 50000E+OO 
6 .17269£+04 
8. 748808+03 
4. 800008+00 
9. SOOOOE+OO 
6.17269E+04 
8. 748BOE+03 
4.800008+00 
9. 500008+00 
6.172698-t-04 
8. 74980E+03 
4. 80000£+00 
9. SOOOOE+OO 
6 .17269£+04 
B. 74880£+03 
4. BOOOOE+OO 
9. 50000E+00 
6. 17269E+04 
8 74880E+03 
4. 80000E+00 
9. 50000E+OO 
6.17269E+04 
8 74880E+03 
4 80000E+00 
9 50000£+00 
6 17269£+04 
8 74880E+03 
4 80000E+OO 
9 50000£+00 
6 17269E+04 
8 74880E+03 
4 80000E+OO 
9 SOOOOE+OO 
6 17269E+04 
8 74880£+03 
4 800008+00 
9 50000E+00 
6 17269£+04 
8 748808+03 
4 80000£+00 
9 500008+00 

• 
6. 561608+03 
2. 880008+01 
2. 05000E+01 

. 561608+03 

. 880008+01 

. 050008-+01 

. 56160E+03 

. B8000E+01 
2. 05000E+01 

6. 56160£+03 
2. 8BOOOE-t-01 
2. 05000E+01 

6. 56160E+03 
2. 8BOOOE-t-01 
2. 05000E+01 

6. 56160E-+03 
2. 88000E+01 
2 05000E+01 

56160E+03 
88000E+Ol 
05000£+01 

6 56160£+03 
2 88000E+01 
2.05000E+01 

6 56160E+03 
2 88000E+Ol 
2 05000E+Ol 

6 56160£+03 
2 88000E.P01 
2 05000£+01 

6 561608+03 
2. 88000E-T01 
2. 05000E+01 

.31430£-+03 
26200E+02 

5. 31000E+01 

. 314308+03 

.26200E+02 
5 .31000£+01 

3. 31430E-T03 
1 26200£+02 
5. 310008+01 

.31430£+03 
2621l0E+02 

.31000£-+01 

.31430E+03 
26200E+02 

.310008+01 

3. 31430E+03 
1. 26200E+02 
5. 31000E-+01 

3.31430E+03 
1 26200£+02 
5 31000E+Ol 

3 31430£+03 
1 26200E+02 
5 31000£+01 

3 .314308+03 
1 26200E+02 
5 31000£+01 

.31430£+03 
26200E+02 
310008+01 

3 31430£-+03 
1 26200£+02 
5 .31000£+01 

2 114308+03 
1 000008+01 
1 25890E+03 

2 114308.P03 
1 OOOOOE+Ol 
1 25890£+03 

2 114308-..03 
1 000008.P01 
1 25890E+03 

2 11430£.;.03 
1. OOOOOE-+01 
1.25890£-TOJ 

.11430£.;.03 

.OOOOOE+01 
1.258908+03 

2 .l1430E+03 
1. OOOOOE+Ol 
1 25B90E+03 

2.11430E-t-03 
1 00000E+01 
1 25890E+03 

2 11430£+03 
1 OOOOOE+Ol 
1 25890E+03 

2 11430£+03 
1 OOOOOE+01 
1.258908-t-03 

2.114308+03 
1.00000E+01 
L25890E+03 

2 .11430£+03 
1. 000008+01 
1.25890£~03 

1. 83430£+03 
1.32300E+02 
1.458908+03 

1 83430E.P03 
1 32300E+02 
1 45890E+03 

1 83430E+03 
1 323008.P02 
1 45890E+03 

1.83430£.;.03 
1.32300£+02 
1.45890£-..03 

83430£+03 
323008+02 

1. 458908-T03 

834308+03 
.32300£+02 
.45B90E+03 

1.83430E+03 
1 32300E+02 
1. 45890E+03 

1 83430£-t-0) 
1 32300£+02 
1 45890£+03 

1 83430£+03 
1.323008+02 
1.458908+03 

1.83430E+OJ 
1.32300£+02 
2.45890E~OJ 

83430E+OJ 
32300E+02 

1.45890E+03 

1 73430£+03 
1 435008+02 
2 01890£+03 

1 734308+03 
1 43500£+02 
2 018908+03 

1 73430£+03 
1 435008+02 
2 018908+03 

1 734308+03 
1 435008+02 
2 018908+03 

734308+03 
43500E+02 

2. 01890E+03 

1 73430£+03 
1. 43500£+02 
2. 01B90E+03 

1 73430£+03 
1 435008+02 
2 018908+03 

l. 73430E-t-03 
1.43500E+02 
2.01890E+OJ 

1.73430£+03 
1. 43 500E~02 
2.018908-..03 

1 734308+03 
1 43500£+02 
2 01890E+03 

73430£+03 
1.43500£+02 
2. 018908+03 

1. 262008-t-02 
1. 41600E+02 
3.92800E+03 

1 26200E+02 
1 41600£+02 
3.92800E .. 03 

1 26200£+02 
1 41600£+02 
3. 92800E+03 

1 26200£1-02 
1. 41600E+02 
3.92800E+03 

1.262008+02 
1.41600E+02 
3.92800E+03 

1.26200E+02 
1. 41600£+02 
3.92800£+03 

1. 262008+02 
1. 416008+02 
J. 928008+03 

1 262008-t-02 
1 41600E+02 
3. 92800E+03 

1. 26200E+02 
1 41600E+02 
3. 928008+03 

1.262008+02 
1. 416008+02 
3.92800E+OJ 

1.26200£+02 
1.41600£+02 
3.92800£+03 

2.88000E+Ol 
1.89000E+01 
6.91060£+03 

2.88000E~Ol 

1.89000E+01 
6.91060£+03 

2.880_008+01 
l.89(100E+01 
6.91060E.P03 

2.88000£+01 
1. '890lJOE-+01 
6. 9l:(l60E+03 

2.880008+01 
1. 89000E+Ol 
6. 91060£+03 

2. 88000E+01 
1 890008+01 
6. 91060E+03 

2.880008+01 
1. 89000E-t-01 
6. 910608+03 

2 88000£+01 
1 890008+01 
6 91060E+03 

2.88000E+Ol 
1.890008+01 
6.91060E.P03 

2.88000E+Ol 
1. 890008+01 
6. 91060E+03 

2.88000£+01 
1,890008+01 
6. 91061lE+Il3 
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l3 

" 
18 

19 

20 

21 

22 

23 

24 

" 

" 
30 

31 

9.21410E+0) 
ti .13143£+04 
4.80000E+OO 
l. 89000E+Ol 
9.21410£+03 
6. 1314JE ... 04 
4, BOOOOE+OO 
1.89000£+01 
9. 21410£+03 
6 .13143£+04 
4.80000£+00 
l. 89000£+01 
9 21410£+03 
6. 13143£+04 
4.80000E+OO 
l.69000E+Ol 
9 21410£+03 
6 1Jl.43E+04 
4 BOOOOE+OO 
1. 89000£+01 
9 21410E+03 
6.13143£+04 
4,80000E+OO 
1.89000E+Ol 
9 21410£+03 
6 13143£+04 
4 80000£+00 
1 89000£ ... 01 
9 21410£+03 
6 13143E+04 
4 SOOOOE..,.QO 
1 89000E""t01 
9.21410£+03 
6.13143£+04 
4.80000E+OO 
1. 89000£+01 
9.21410£+03 
6 .13143£+04 
4. 80000E+00 
1 89000E+Ol 
9 21410E+OJ 
6.13143£.,.04 
4 BOOOOE-t-00 
1 89000E+Ol 
9 21410£+03 
6 ,13143£+04 
4. BOOOOE ... OO 
1. 89000E+Ol 
9.21410£+03 
6 .13143£+04 
4.80000E+OO 
1. 89000E+Ol 
9. 21410£+03 
6 .13143£+04 
4.80000E+OO 
1. 89000£+01 
9. 21410£+03 
6 .13143£+04 
4 80000E+00 
1. 89000£+01 
9. 21410£+03 
6 .13143£+04 
4. 80000E+00 
1.89000£+01 
9. 21410£+03 
6 .13143£+04 
4 80000£+00 
~ 89000£+01 
9 21410£+03 
6 13143£+04 
4 80000E+OO 
1 89000E+O~ 
9 21410£+03 
6.13143£+04 
4.80000E+OO 
1. 89000£+01 
9 21410E+03 
6.131438+04 
4 80000E+00 
1. 89000E+01 
9.21410E+03 

2.17269E+04 
2.13143£+04 
4.00000£-01 
1. 89000£+01 
2 .17269E+04 
2 .13143£+04 
4. OOOOOE-01 
1. 89000E+Ol 
2.17269£+04 
2.13143£+04 
4. OOOOOE-01 
1. 89000E+01 
2 17269£+04 
2. 13143£+04 
4. OOOOOE-01 
1. 89000E+01 
2 17269£+04 
2.13143E+04 
4. OOOOOE-01 
1. 89000E+01 
2.17269E+04 
2 .13143£+04 
4.00000E-01 
1. 89000E+Ol 
2.17269£+04 
2 .13143E+04 
4.00000£-01 
1. 89000£+01 
2 .17269£+04 
2 13143£+04 
4 OOOOOE-01 
1 89000£+01 
2 17269£+04 
2 13143E+04 
4 OOOOOE-01 
1 89000E+01 
2.17269£+04 
2 . .13143£+04 
4.00000£-01 
1.89000£+01 
2.17269£+04 
2 13143E+04 
4 OOOOOE-01 
1 89000E+01 
2 17269E+04 
2 13143£+04 
4 OOOOOE-01 
1 89000£+01 
2 17269£+04 
2 13143£+04 
4 OOOOOE-01 
1 89000E+Ol 
2 .17269£+04 
2 .13143E+04 
4. OOOOOE-01 
1. S9000E+Ol 
2.17269E+04 
2 .13143E+04 
4.00000E-Ol 
1. 890008+01 
2 .172698+04 
2 .13143E+04 
4.00000E-01 
1. 890008+01 
2 .17269£+04 
2 .13143£+04 
4.00000E-01 
1. 89000£+01 
2 .17269£+04 
2 13143£+04 
4.00000E-01 
1 89000£+01 
2 17269E+04 
2 13143£+04 
4 OOOOOE-01 
1 89000£+01 
2 17269£+04 
2 13143E+04 
4. OOOOOE-01 
1 89000£+01 
2 17269E+04 

Grid Block Volumes 
Layer .1 
2.50898£+09 
2.61888£+01 
1. 45913£+04 
2 51361£+07 

2 4. 35687£+10 
4.54771£+02 
2. 53379£+05 
4 36490£+08 
1 27987E+ll 
1 33594£+03 
7 44325£+05 
1 28223E+09 
4 59857£+10 
4.80000£+02 
2.67435£+05 
4. 60705E+08 

2. 90727E+08 
4.364SOE-01 
2. 57796£+03 
2. 96355£+08 
5. 04851£+09 
7. 57952£+00 
4.47665£+04 
5 .14623£+09 
1 48305E+10 
2 22656£+01 
1 31506E+05 
1 51176E+10 
5 32858E+09 
8 OOOOOE+OO 
4 
5 

72500£+04 
43173E+09 

6.17269£+04" 
8.74880£+03 
4.80000£+00 
9 50000£+00 
6.17269£+04 
8. 74880£+03 
4.B0000E+00 
9.50000E+00 
6.17269£+04 
8.74880£+03 
4.80000E+OO 
9.50000E+00 
6 17269E+04 
8.74880£+03 
4.80000E+OO 
9 50000£+00 
6 17269E+04 
8 74880E+03 
4 80000£+00 
9 50000£+00 
6 17269E+04 
8 ?4880E+03 
4 80000£+00 
9 50000E+00 
6 17269E+04 
8 74880E+03 
4. SOOOOE+OO 
9. SOOOOE+OO 
6.17269E+04 
8. 74880£+03 
4. 80000E+00 
9. SOOOOE+OO 
6.17269E+04 
8 '14SSOE+03 
4. 80000E+00 
9. 50000E+OO 
6.17269£+04 
8. i4880E+03 
4. 80000£+00 
9. 50000£+00 
6 1 '1269E+04 
8 74880E+03 
4 80000E+00 
9 SOOOOE+OO 
6 17269E+04 
8.74880E+03 
4 80000£+00 
9 50000£+00 
6 17269E+04 
8 74880E+03 
4 80000E+00 
9 SOOOOE+OO 
6 17269£+04 
8 74880£+03 
4 80000£+00 
9 SOOOOE+OO 
6 17269E+04 
8 74880E+03 
4 80000£+00 
9 50000E+00 
6 .17269£+04 
8 74880£+03 
4 80000E+00 

SOOOOE+OO 
17269£+04 

. 74880E+03 

. 80000E+OO 
9. SOOOOE+OO 
6 .17269E+04 
8. 74880E+03 
4. 80000£+00 
9. SOOOOE+OO 
6.17269£+04 
8 H.880E+03 
4. SOOOOE+OO 
9 50000E+OO 
6 17269£+04 
8 74880E+03 
4 BOOOOE+OO 
9 SOOOOE+OO 
6 17269£+04 

2 38667E+07 
2 61888E+01 
2 59160£+02 
2 52586£+09 
4.14448£+08 
4 54771E+02 
4. 50034£+03 
4 .38619E+10 
1.21748£+09 
1 33594£+03 
1 32202E+04 
1 28849E+ll 
4.3?440E+08 
4. 80000E+02 
4. 75000£+03 
4 62952E+10 

6.56160E+03 
2.88000£+01 
2 05000E+01 

6.56160£+03 
2.88000£+01 
2.05000E+01 

6 56160E+03 
2 88000£+01 
2 05000E+01 

6 56160E+03 
2 88000E+01 
2. 05000£+01 

6. 56160E+03 
2.88000E+01 
2. 05000E+01 

. 56160£+03 

. 88000E+01 

. 05000E+01 

6. 56160E+03 
2. 88000E+01 
2. 05000£+01 

6 S6160E+03 
2 88000£+01 
2.05000£+01 

56160£+03 
88000E+01 
05000E+01 

6 561608+03 
2 880008+01 
2 05000E+01 

6 56160E+03 
2 880008+01 
2 OSOOOE+01 

6 56160£+03 
2 88000E+01 
2 05000£+01 

6 56160£+03 
2 88000£+01 
2 05000E+01 

6 56160E+03 
2 88000£+01 
2. 05000E+01 

. 56160E+03 

. 88000£+01 

. 05000£+01 

. 56160£+03 

. 88000E+01 
2. 05000£+01 

6. 56160E+0) 
2. 88000E+01 
2. 05000£+01 

6 56160E+03 
2. 88000E+01 
2 OSOOOE+01 

6 561608+03 
2 88000£+01 
2.05000£+01 

6 56160E+03 
2 88000E+01 
2 05000E+01 

m'3 

1 34250E+07 
7. 85664£+02 
3.35544£+03 

2. 33127£+08 
1 36431E+04 
5. 826'16£+04 

6. 84834E+-08 
4. 00781£+04 
1 71167E+05 

46060£+08 
1.44000£+04 
6.15000E+04 

3. 31430E+03 
1.26200E+02 
5.31000£+01 

3. 31430£+03 
1.26200£+02 
5.31000£+01 

3 .31430£+03 
1 26200£+02 
5 31000£+01 

3 31430E+03 
1.26200E+02 
5.31000£+01 

3.31430E+03 
1 26200E+02 
5. 31000£+01 

.31430E+03 
26200£+02 
31000E+01 

3.31430£+03 
1. 26200E+02 
5 31000E+01 

3.31430E+-03 
1 26200£+02 
5 31000£+01 

3 31430£+03 
1 26200E+02 
5 31000E+01 

3 31430£+03 
1 26200E+02 
5 31000£+01 

31430£+03 
1.26200£+02 
5.31000£+01 

J. 31430£+03 
1 26200E+02 
5 31000£+01 

3 .31430E+03 
1 26200E+02 
5 31000E+01 

31430£+03 
26200£+02 
31000E+01 

3. 31430E+03 
1 26200£+02 
5. 31000£+01 

3.31430E+03 
1 26200E+02 
5. 31000£+01 

3. 31430E+03 
1. 26200E+02 
5.31000E+Ol 

3 • 31430£+03 
1 26200E+02 
5 31000E+01 

3. 31430E+03 
1.26200£+02 
5.31000£+01 

.31430E+03 
1.26200E+02 
5.31000E+01 

.52071E+06 

. 50792£+04 

.24284£+04 

7. 85025£+07 
2. 61852E+05 
1 25'173E+06 

2. 30609E+08 
69215£+05 

.69470£+06 

8 285758+07 
2 763'18E+05 
1 32750E+06 

2.11430E+03 
1.00000E+01 
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8 05313£-+04 2 78608E+05 

9 69097£+04 
1 74742£+04 
7.70766£+04 

9 69097£+04 
1 74742£+04 
7.70766£ ... 04 

9. 69097E+04 
1 74742£+04 
? , 70?66E+04 

1. 92059£+05 
3.45308£+04 
1 52753E+05 

1. 98104E+04 
3 57210E+03 
J.. 57561E+04 

3 38245£+05 
6 09903£+04 
2 69021£+05 

3 26505£+05 
5 88735£+04 
2. 59684£ ... 05 

l. 32070£ ... 04 
2 38l.40.E+OJ 
1. 05041£+04 

1 753S9E+06 
3 .161978+05 
1 394718+06 

3 84616£+06 
6 93517£+05 
3. 05902E+06 

3. 84616E+06 
6 93517£+05 
3. 05902£+06 

6 30ll9E+06 
1 13619£+06 
5 01161£+06 

6.30119£ ... 06 
1.13619£+06 
5. 011618 ... 06 

. 32669£+06 

. 99848£+05 

.64586E+06 

2 73531£+06 
4. 932:148+05 
2 17551£+06 

2 64139E+06 
4 76280E+05 
2 10082E+06 

5. 64964£+05 
1 01871£+05 
4.49341E+05 

1. 81963£+06 
3 28104£+05 
l.44723E+06 

6 23662£+05 
1 12455£+05 
4 96026£+05 

1.26934£+06 
2 28879£+05 
1. 00956E+06 

7.77743£+06 
1.40238£+06 
6.18574£+06 

3.17701£+06 
5 72859£+05 
2 52681£+06 

2.29066£+04 
9.38197£+04 
2.66656£+05 

2. 29066£+04 
9.38197£+04 
2.66656£-+05 

2.29066£+04 
9 38197£+04 
2. 66656£+05 

4. 53970£+04 
1.85935£+05 
5 . 2 84 67E ... 05 

68261£+03 
91788£+04 

.45103£+04 

7 99512£+04 
3 .27460£+05 
9 30713£+05 

71763E+04 
.16095£+05 
98411£+05 

.121'14£+03 
1 2?858E+04 
3.63402£+04 

4.14498E+05 
1. 69768£+06 
4.82517£+06 

.09120£+05 

. 72352£+06 
05831E+07 

9 09120£+05 
3. 72352£+06 
1 058318+0? 

1 48942£.+06 
6 1002"1E...,06 
l. 73383E+07 

1 48942£+06 
6 10027£+06 
1 73383£+07 

7. 86332£+05 
3.22061£+06 
9.15369£+06 

.46547£ ... 05 

.64809£+06 

. 52646£+06 

6 24348E+05 
2.5571?£+06 
7 .26804£+06 

33541£+05 
46950£+05 
55455£+06 

4 30106£+05 
1 761618+06 
5 00687E+06 

1.47416£+05 
6.03776£.+05 
1. 71607£+06 

3.00034£+05 
1.22886£.+06 
3 .492"10E+06 

1 83836E+06 
7 529458+06 
2 14003£+07 

.50952£+05 
07571£+06 
74l84E+06 
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6. 08032£+04 
1. 557608+05 
2 .16040£+07 

4 69843£+03 
1 20360£+04 
1 66940£+06 

7 .62.803£+03 
1 95408£+04 
2 71032£+06 

7 30080£+03 
1. 87025£ ... 04 
2. 59405E+06 

. 30080E+03 
1.8?025£+04 
2. 59405£+06 

7.30080E+03 
l. 870258+04 
2. 59405E+06 

1.446898+04 
3.70652£+04 
5.14097£-+06 

1 49244£+03 
3.82320£+03 
5 30280£+05 

2. 548218 ... 04 
6.527'16£+04 
9. 054048 ... 06 

.45976£+04 

.30120£+04 

. 73980£+06 

9 94961£+02 
2. 54880£.+03 
3 53520E+OS 

1 32109£+05 
3 .38424£+05 
4 693968+0? 

2 89755£-+05 
7 42267£+05 
1 02953£+08 

2.89755£+05 
7 42267£+05 
1 02953£+08 

4 74707E+05 
1 21606£+06 
1. 68668E+08 

74707£+05 
21606£+06 
68668E+08 

2 50620E+05 
6 42014£+05 
8.90478£+07 

2.06067E+05 
5. 27885£+05 
7.32179E+07 

1 989928+05 
5 09760£+05 
7 07040E+07 

4. 25622£+04 
1.09032£+05 
1.51228£+07 

l.3?083E+05 
3.5l168E+05 
4. 87072E+07 

4. 69843£+04 
1 20360E+05 
1. 66940£+07 

9 56268E+04 
2 4496SE+05 
3. 39'772£+07 

5. 85921£ ... 05 
1. 50096£+06 
2. 081BQE ... 08 

2.39343E+05 
6 .13128£+05 
8. 50412E+07 

3.168008+03 
1.663208+04 
5.70125£+07 

2 44800£+02 
1. 28520£+03 
4.40551£+06 

3. 9"1440E+02 
2. 08656E+03 
7 .15247£+06 

3 80390£+02 
1 99705£+03 
6 84564£-+06 

3.80390£+02 
1 99705£+03 
6.84564£+06 

80390£+02 
1 99705£+03 
6 84564£+06 

? . 53869E+02 
3. 957818+03 
1 35669E+O? 

7, ??600E+01 
4. 08240£+02 
1.39940£+06 

1 327688+03 
6 97032E+03 
2 389348+07 

1.28160£+03 
6. 7284.0E+03 
2.30641£+07 

5 .184'008+01 
2. 72160E+02 
9.329318+05 

6.88320£ ... 03 
3.613688+04 
1.23873£+08 

1. 509?0E+04 
7. 92590£+04 
2. 71690E+08 

1. 50970£+04 
7, 92590E-+04 
2. ?1690E+08 

2.47334£+04 
1.29S5u .... o5 
4.45112E+08 

2 47334E+04 
1 29851£.+05 
4.451128+08 

1.30579£+04 
6. 85541£+04 
2. 3 4995£+08 

1 073668 ... 04 
5. 636?4E+04 
1 932.20£+08 

1.03680E+04 
5 44320£+04 
1 86586£+08 

2 21?60E+03 
1.16424E+04 
3 99087£+07 

7 .142408+03 
3. "14976E+04 
1.285378+08 

2 448008+03 
l.28520E+04 
4.40551£+07 

4.98240£+03 
2.61576£+04 
8. 96650£+07 

3. 05280£+04 
1. 60272£.+05 
5. 49393E+08 

1.24704£+04 
6.54696£-+04 
2.24422£+08 
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1 44027E+10 
1 50336E+02 
8 37606E+04 
1 442!13E;.08 
9.19?15E'I"07 
9.60000E-01 
5.34870E+02 
9 2l410E+05 

Elapsed Time 

1 66891E-+09 
2 50560E+00 

47987E+04 
70122E+09 

1. 065?2E+07 
1. 60000E-02 
9.45000E+-Ol 
l.OB635E+07 

1.37006E+08- 7.7066DE+07 
1 50336E+02 4.51008E+03 
1 48770E+03 1. 92618E+04 
1 44996E+l0 
8.74880E+OS 
9.60000E-Ol 
9. SOOOOE+OO 
9.25904E+07 

4 92120E+05 
2 BBOOaE ... Ol 
1 23000E+02 

2 59510E+07 
8 65616E+04 
4 15773E+05 

1 65715E""t05 
5.52756E+02 
2. 65500E+03 

O.OOOOOOE+OO sec O.OOOOOOE+OO day O.DOOOODE...-00 yr 
DELT 

5.231209E+06 sec 6.05464DE+Dl day 1 657706£-01 yr 
Time Step Number 391 
Total Newton-Raphson Iterations 1321 
Avg Newton-Raphson Iterations/Time Step 
CPU Time (this time step) ~ 6.52 sec 
CPU Time (total for run) 3865.68 sec 

3. 379 
0.00181 hr 
1.07380 hr 

Cumulative Mass Balance 
Brine: -3 .834158E-1B 
Gas: -1. 099778E-15 

Maximum Relative Mass Balance I Current Time Step) 
Brine: 1.151902E-06 at ll,J,K) "" 20 12 1 
Gas: -4.8966228-04 at II,J,K) = 20 12 1 

Brine pressure 
Layer 1 

1 1. S5023E-i-07 
1.27000E-l-07 
1.27000E-l-0"! 
1.270008+07 

2 1. 52006E+07 
1. 52006E+07 
1. 52006E+07 
1.52006E+07 
1.74"!45E+07 
1.43316E+07 
1. 41186E+07 
1.35593E-!-07 
1 63357E+07 
1 J1928E+07 
1 29798E+07 
1 24205E-l-07 
1 596858-!-07 
1.271998-l-07 
1 251068-l-07 
1 20533E+07 

6 1 58972E+07 
8 299318+06 
8 08662E+06 
1 19820E+07 

7 1 58838E+07 
8.28586E+06 
8 0731BE+06 
1.19685E+07 
1. 58675E+07 
l. 013258+05 
1.01325E-1-05 
1. 19523E+07 
1 585J.6E+07 
1 OJ.325E+05 
J. OJ.325E+05 
J. .19364E+07 

10 1 58357E+07 
1.0J.325E+05 
1 01325E+05 
1.19205E+07 

11 1. 58120E+07 
8.21395E+06 
8. 00172E+06 
1.189688-l-07 

12 1 57946E+07 
8 .196548-l-06 
7. 98479E+06 
1.18794E+07 

13 1 57652E+07 
8 16729E+06 
7 96865E+06 
1 18500E+07 

14 1. 57107E+07 
8 .16631E+06 
7. 96833E+(J6 
1.17955E+07 

15 1 56828E+07 
8 13857E+06 
7 940568-l-06 
1 17676E+07 

16 1 55378E+07 
1 23728E+07 
1 21603E+07 
1 16226E+07 

17 1.50784E+07 
1.193568+07 
1.17225E+07 
1.11632E+07 

18 1. 44473E+07 

1 55023E+07 
1 27000E+07 
1 27000E+O"! 
1 55023E-1-07 
1 52006E-i-07 
1 52006E+07 
1 52006E+07 
1 52006E+07 
1 53729E+07 
1. 43314E+07 
1.408368+07 
1 29288E+07 
1. 42342E+07 
1.319268+07 
1 29448E+07 
1.17900E+07 
1 38670E+07 
1 27197E+07 
1 24776E+0'7 
1 14228E+0'7 
1 37956E+0'7 
8 29906E-l-06 
8 05192E+06 
1 13S15E+07 
1 37822E+0'7 
8 28561E+06 
8 03847E+OG 
1 13381E+07 
1 37659E+O/ 
1. 01325E+OS 
1.01325E+OS 
1.13218E+07 
1. 37500E+07 
1 01325E+05 
1 01325E+05 
1 13059E+O/ 
J..37341E-l-0"} 
1.01325E+05 
1.01325E+05 
1.12900E+07 
1 37104E+07 
8.21362E+06 
7, %675E+06 
1. 12663E+07 
1.36930E+07 
8 19611E+06 
7.94951E+06 
1.12489E+07 
1. 36637E+07 
8.16654E+06 
7 .92041E+06 
1.12195E+07 
1.360918+07 
8.16367E+06 
7. 884615+06 
1.116508+07 
1.358128+07 
B 13593E+06 
7 S5684E+06 
1 11371E+07 
1 34363E-l-07 
1.23725E+07 
1.2120SE+07 
L 09922E+07 
1.29768E+07 
1.19353E+07 
1.16827E+07 
1.05327E+07 
1 23457E+07 

1 2?000E+O'l 
1 27000E+07 
1.27000E+07 
1. 55023E+07 
1 52006E+07 
1 52006E+07 
1 52006E+07 
1 52006E+07 
1 47424E+07 
1 4331lE+07 
J. 40773E+07 
1 08272E+07 
1 36037E+07 
1 31923E+07 
1.29385E+07 
9.68848E+06 
1 3236SE+07 
l 27194E+07 
1 247178+07 
9, 32126E+06 
1 31652E+07 
S 29881E+06 
1 0132SE+05 
9 24993E+06 
1 31517E+07 
8 28537E+06 
1 01325E+OS 
9 23650E-!-06 
1 31355E-l-07 
1 01325E+05 
1.01325E+05 
9. 22024E+06 
1 31196E+07 
1.0132SE<05 
1. 0132~F.·;JS 
9. 20434E+06 
1 31037E+07 
1 01325E+OS 
1 01325E+05 
9 .18844E+06 
1 30800E+07 
8 21330E+06 
1 01325E+05 
9 16473E+06 
1 30626E+O'l 
8 .19564E+06 
1. 01325E+05 
9.14735E+06 
1 30332E+07 
S 16579E+06 
1 01325E+05 
9 .11797E+06 
J. 29787E+07 
8 .16102E+06 
1. 01J25E+05 
9, 06343E+06 
1 2950BE+07 
8 .13328E+06 
1. 01325E+05 
9.03556E+06 
1. 28058E+07 
1.23722E+07 
1 01325E+05 
8 89060E+06 
1 23464E+07 
1 19351E+07 
1 01325E-1-05 
8 43116E+06 
Ll7152E+07 

,, 
1 27000E+07 
1 270008+07 
1 27000E+07 

1.52006E+07 
1. 52006E+07 
1. 52006E+07 

45585E-i-07 
1 43299E+07 
1 40699E+O'J 

.3419BE+07 
1.31911E+O'J 
1 29312E+07 

1. 30526E+07 
1 27182E+07 
1 24642E+07 

1 29813E+07 
8 29755E-l-06 
8 03831E+06 

1 29678E+07 
8 28411E+06 
8. 02486E+06 

1 29516E+07 
1. 01325E+05 
1. 01325E+05 

1. 29357E+07 
1 01325E+05 
1. OJ.J25E+05 

1 29198E+07 
1 01325E+OS 
1 01325E+OS 

28961E+07 
. 21202E+06 
.95300E+06 

1 287B"!E+OI 
8 .19438E+06 
7 93560E+06 

1 28493E+07 
8 16458E+06 
7. 90619E+06 

1 27948E+07 
8 .15936E•06 
7. 85158Ei-06 

1 2?669E<-07 
8 13162E•06 
7 82382E+06 

1 26219E+07 
1.23710E+07 
1.21087E+07 

1 21625E-t07 
1.19338E-t-07 
1 .16705E-t-07 

1.15314E+OI 

L27000E+07 
L27000E+07 
J..27000E+07 

52006E+07 
52006E+07 
52006E-l-07 

1 44272E+07 
1 43242E+O'l 
1 40111E+07 

1 32885E+0'1 
1. 31854f;:+07 
1. 28723E+O'J 

1. 29213E+07 
1.27126E+07 
1.24051E+07 

1.284998-l-07 
8.29189E-!-06 
7. 97940E-t06 

1 28365E+07 
B .2'1B45E+06 
7. 9659SE+06 

1 28202E+07 
1 01325E+05 
1 01325E+05 

1.28043E+07 
J. OJ.325E+05 
1 01325E+05 

27884E+07 
01325E+05 

1. 01325E+05 

1 27647E+07 
8. 20608E+06 
'), 89426E+06 

27473E+07 
1881JE+06 

7. 87703E+06 

1 27180E+07 
8 15778E+06 
7. 84942E+06 

26634E+07 
.15'132E+06 

7. 84914£+06 

1 26355E+07 
8.12958E+06 
7.821408+06 

24906E+07 
23653£+07 
20533E+07 

1. 20311E+07 
1. 19281E+07 
1. 16150E+O'J 

1.14000E+07 

,J1099E+06 
26400E-i-03 

1.97144E+OS 

2 .11430E+04 
4. OOOOOE+01 
1 258908+03 

J. 27000E+07 
1 27000E+07 
1 27000E+07 

52006E-i-07 
52006£+07 
52006£-<.07 

1.43642E+07 
1. 43154Ei-07 
1.39575E+O'J 

1 32254E+07 
1. 31766E+07 
1 28187E<-07 

1 28582E+O'l 
1 27039E+07 
1.23969E+07 

27806E'!-07 
28311E+06 

. 40563E+06 

2'J'H48+07 
26966E+06 

1. 05761E+07 

1 27569E+07 
1 01325E+05 
1 17875E'f-07 

L 27412E+07 
1.01325E+05 
1.21129£+07 

27253E+07 
01325E+05 
209188+07 

1 27015E+0'7 
8 .19774E+06 
1.16407E+0'1 

1 26831E+07 
8 18027E+06 
1 02007E+07 

26548£+07 
15076E+06 
192368+07 

26004£+07 
.13049£+06 

J..20725E+07 

1 25724E+07 
8 102758+06 
J..2J.000£+07 

24275£-1-07 
23565£+07 

. 202072+07 

1, 196818+07 
1.191938+0'1 
1.15614E+O'J 

1.133708+07 

l.l490lE+06 
2.07182E+05 
9.13855E+05 

'1.33'120E+03 
1 32300E+03 
5.83560E+03 

1 27000E+07 
l 27000E-1-07 
1 27000E+07 

1 52006E+07 
1 52006E+O'J 
1. 52006£+07 

1 43494E+07 
43007E+07 
J9522E+07 

1.32107E+07 
1 31619E+07 
1 28135E+07 

1 28382£+07 
1 26893E+07 
1.244218-l-07 

1 23350E+O'l 
8 .26841E+06 
1 20081E+07 

1 25661E+07 
8 25497E+06 
1.22061E+07 

1 27036E+07 
1 01325£+05 
1.23148E+07 

27196£-1-07 
01325E+05 
23240E+07 

27048E+07 
01325£+05 
2308~E+07 

,26541£+07 
.18312E+06 
22636E+07 

1. 25257E+07 
8 16574E+06 
1 21517E+07 

1 26279E+07 
8 13637E+06 
1 22332E+07 

1 25846E+07 
8.09631E+06 
1 218808+07 

1 25464E+07 
8 06856E+06 
1.215688-l-07 

1 24128E+07 
1 23417E+07 
1 20156E+07 

1.19534E+07 
1.19046£+07 
1.155628+07 

1 13222E+07 

2 71591E+05 
1 11237E+06 
3.161608+06 

1 73430E+03 
7 10325E+03 
2 01890E+04 

1.270002+07 
1.270008+07 
1.2'10008+07 

1. 520068+07 
1. 52006E+07 
1 520068+07 

1 43442£+07 
1 42382£+07 
1.39375E+07 

~ J2054E+07 
1 30994£-1-07 
1 279881::+07 

1 27728E+07 
1 26270E+07 
1 24315E+07 

9. 48755E+06 
8. 20585E+06 
1.23555E+07 

1 06790£+07 
8 19240E-!-06 
1 2J453E+07 

206938+07 
.01325E+05 
. 23303E+07 

1 24667E+07 
1 01325E+05 
1 23146E+07 

1 24447E+07 
1. 01325E+05 
1.22987E+07 

l 19061£+07 
8 12063E+06 
1 22749£+07 

1 028B1E+07 
10334E+06 
22567E+O? 

.225858+07 
,07412E+06 
22282E+07 

1.24420E+07 
8.0604SE-!-06 
J..2l737E+07 

1.23902E+0? 
8, 03273E+06 
1.21458E+07 

1. 2407:tE+07 
1.22792£+07 
1 20009E+07 

1.1948lE+07 
1.18421E+07 
1.15415E+07 

1.13170E+07 
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8. 65616E+04 
2 21746E+05 
3 07562E+07 

5 52756E+02 
1 41600E+OJ 
1. 96400E+05 

1.27000E+07 
1.27000£+07 
1.27000E+07 

52006E+0? 
52006E+07 
52006E+07 

.433858+07 
41756E+07 
38'145E+07 

319981!:+07 
1 30369E+07 
1 27357E+07 

1 27269E+07 
1 25650E+07 
1 23685£+07 

8 30625E+06 
8 143328+06 
1 229'12E+07 

29279E+06 
B 12988E+06 
1 22838E+07 

1 01325E+05 
1 OJ.325E-i-05 
1.22675E+07 

1 01325E+05 
1 01325E+05 
1 22516E+07 

1 01325E+OS 
1 013258+05 
1 2235'1E+07 

8 220298+06 
8.05842E+06 
1. 22120E+07 

20219E+06 
04151E+06 

1.219468-l-07 

8 17157E+06 
8 03406E+06 
1 21652E+07 

8 ,16931E+06 
B. 033?9E+06 
1 211078+07 

8 14166E+06 
8 00601E+06 
1 20828E+07 

23797E+07 
22168E+07 

1.19379E+07 

1.19425E+07 
1.1 ?796E+07 
1 14784E+07 

1 13113E-!-07 

4. 51008E+03 
2.36779E'f-04 
8.l1650E+07 

2.8B000E+01 
1. 51200E+02 
5 .18295£+05 

1.27000E+07 
1.27000E+07 
1.27000E+07 

1.52006E+O'l 
1.52006E+07 
1. 52006£-1-07 

1 43329E•07 
1 41567E'f-07 
1 37431E+07 

1 Jl94lE+07 
1 30179E+07 
1 26044E+07 

1 272l2E+07 
1.25466E+07 
1.22372E+07 

8.30057£-<.06 
8.12447E+06 
1.21659E-1-07 

28712E+06 
.11102E+06 
215248+07 

1 Ol325E+05 
1.01325£+05 
1 21362E+07 

1.01325E+05 
1.0132SE+05 
1.21203E+07 

1 01325E+05 
1 013258-l-05 
1.210448-l-07 

8.21523E+06 
8.03949E+06 
1.2080'JE+O'l 

.197618+06 
8. 02262E+06 
1.20633E+07 

8.16783£+06 
8. 02077E-1-06 
1.20339E+07 

8 .16764E+06 
8.02049E-+06 
1.197948+07 

8.13990E+06 
'7.99272£+06 
1.19515£+07 

1 23740E+0? 
1 219BOE+O'l 
1 180658+07 

1 1936BE+07 
1.176078+07 
1.13471E+07 

13057E+07 

• 

• 

• 
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20 

21 

22 

25 

" 

" 
30 

33 

1.13044E+07 
l.l0914E+-07 
1.05321E+07 
1.36147E+-07 
1. 04'?19E+07 
1. 02588E+07 
9 69951£+06 
1 2SSD7E+07 
9 43789E+D6 
9 22486E+06 
8 66552E+06 
1 11908E+07 
8 64795E+06 
8.43492£+06 
7.87559E+-06 
1.12934E+07 
8.15059E+06 
7, 93755E+06 
7. 37822E-+06 
2. 29653E+06 
2. 29653£+06 

296SJE.;.06 
29653E+06 
52000E+-05 
52000E+OS 
52000E+05 
52000E+05 

1.83774E+06 
1.83774£+06 
1. 83774£+06 
1. 83774£+06 
9.00000E+05 
9. OOOOOE+-05 
9. OOOOOE+-05 
9. OOOOOE+OS 
1.48191E+06 
1 4Bl91E.,_06 
1.481 1HE+06 
1 4B191Et-06 
7 .39535E+05 
7.39535£+05 
7 .39535E+-05 
7 39535E+OS 
1 01325E+05 
1 0132SE+05 
1 01325E+-05 
1 01325E+05 
1 01325E+05 
1 01325E+-05 
l 01325E ... 05 
1 01325E+05 
1 01325E+05 
1 01325E+05 
1 01325E-+05 
1 01325E+05 

Gas pressure 
Layer 1 

1 1. 5502JE+07 
1. 27022E+07 
1. 27022E+07 
:;._ 27022E+07 
l. 52006E+07 
1 52006E+07 
1 52006E+07 
1 52006E+07 
2. 30398E+07 
1 98969£-+07 
1 96839E-+07 
1 91245E+07 
2 19010E+07 
1 87581E-+07 
1. 85451E-+07 
1. 79858E-+07 
2 .15338E-+07 
1 82852E+07 
1. 80759E+07 
1. 76186E-+07 
1. 59487E-+07 
8 29931E-+06 
8. 08662E-+06 
1 20335E+07 
2 .144908+07 
8 28586E-+06 
B.07318E+06 
1 75338E+07 
2 .14328£+07 
1.05708E+OS 
1.01325£+05 
1 75176£+07 
2 .14169E+07 
1.05708E+OS 
1 Ol325E+05 
1 75017E+07 

10 2.14010£+07 
1. 057088+05 
1. 013258+05 
1 74858E+07 

11 2 .13773E+07 
8.21395£+06 

1.13042£+07 
1.10516£+07 
9.901598+06 
l..l.5132E+07 
1.04716£+07 
1.02191£-+07 
9.06904£+06 
1.04792£+07 
9.43764£+06 
9 18529E+06 
8 035058+06 
9.689248+06 
8 64770E+06 
8. 3 9549E+06 
7.24512£+06 
9. 191878+06 
8 .150348+06 
7. 89820E+06 
6.74775£+06 
2.29653£+06 
2.296538+06 
2.296538+06 
2 29653E+06 
8. 52000E+05 
6. 52000E+05 
6. 52000E+05 
8. 52000E+05 
1 83774E+06 
1 83774E+06 
1 83774£+06 
1 837748+06 
9 OOOOOE+OS 
9 000008+05 
9 OOOOOE+OS 
9 OOOOOE+OS 
1 48191E+06 
1 48191E+06 
1 46191E+06 
.1.48.19.1E+06 
7.39535E-+05 
7.39535£+05 
7 .39535E+05 
7.39535E+05 
1 0.1325E+05 
1 01325E+05 
1 01325E+05 
1 01325E+05 
1.01325£+05 
.1 0.132SE+05 
1. 01325E+OS 
.1. Ol325E+05 
.1.013258+05 
l. 0132SE+05 
.1. Ol325E+05 
l.Ol325E+05 

1. 550238+07 
1 27022E+07 
1 27022E+07 
1. 55023£+07 
1. 520068+07 
1. 52006E+07 
1. 520068+07 
1.52006£+07 
2. 09382E+07 
1. 98967E+07 
1. 964898+07 
1. B4941E+07 
1.97995£+07 
1. 87579E+07 
1.85101£+07 
1 735538+07 
1. 94322E+07 
1.82850E+07 

.80429£+07 
69991E+07 
394?2E+07 

.29906E+06 
05192E+06 

1 14031E+07 
.1 93475E+07 
8 28561E+06 
8. 03847E+06 
1 69034E+07 
1 93312E+07 
.1 05708E+OS 
1 0.1325E+05 
1 688?1E+07 
1 931538+07 
.1 05709E+05 
.1 013258+05 

68712E+01 
92994E+01 
OS/09E+05 
01325E+05 
68553E+07 
92157E+07 
21362E+06 

1.13039£+07. 
1 01325E+05 
7. 80003E+06 
1 08827E+07 
.1.047l4E+07 
.1.0.1325E+05 
6. 9614/E-+06 
9. 84871E+06 
9. 43739E+06 
1. 01325E+05 
S.9H49E+06 
9. 05877£+06 
8 64145E+06 
1 0.1325E+05 
5 .14355£+06 
8 56140£+06 
8 15008£+06 
.1. 01325E+05 
4.646188+06 
2.296538+06 
2.29653£+06 
.1.0132SE+05 
2.29653£+06 
8 520008+05 
8 52000E+05 
1 0.13258+05 
8. 520008+05 
1. 837748+06 
1. 831748+06 
1 013258+05 
1. 83774E+06 
9. 00000E+05 
9. 00000E+05 
1. 013258+05 
9. 00000E+05 
1 48191E+06 
1.48191£+06 
1.01325E+05 
1. 48.191E+06 
7.39535£+05 
7.39535£+05 
1.01325£+05 
/.39535£+05 
1 01325E+05 
.1 01325£+05 
1 01325£+05 
1. 0.1325E+05 
.1 01325E+OS 
1 0.1325E+OS 
1 Ol325E+OS 
1 01325E+05 
l 01325E+05 
1 01325E+OS 
.1 0.1325E+05 
1 Ol325E+05 

27022£+07 
.1.27022£+07 
.1 270228+07 
.1 55023E+07 
.1 52006E+07 
.1 52006E+07 
1 52006E+07 
.1 52006E+O/ 
2 03071E+07 
1 98964E+01 
1 96426E+07 
.1 63925£+07 
1. 9.1690£+07 
1 87576£+01 
1 850388+01 
1 52538E+07 
1 88018E+07 
1 82847£+07 
1 803708+07 
1.48866£+07 
1 32l.67E+07 
8 29881E+06 
1 60133E+06 
9 30149£+06 
1. 87.170£+07 
8 285371'!+06 
1 601338+06 
1 48018E+07 
1 870088+07 
1 057088+05 
1 60133E+06 
1 47855E+07 
1 86849£+07 
~ 05108E+05 
1 60133E+06 
1 4.7696E+07 
1 B6690E+07 
1 057088+05 
1 60133E+06 
1 47537E+07 
1 86452E+07 
8 21330E+06 

1. 13 027E+07 
1.10394£+07 

1 06988£-+07 
1. 04701E+01 
1 02069E+07 

66482£+06 
.43613£+06 

9 .11303£+06 

87488£+06 
646.19£+06 
38318£+06 

8 31151£+06 
8 14882E+06 
7 88587E+06 

2 29653£+06 
2 29653£+06 
2.29653£+06 

8 52000E+05 
8 520008+05 
8.52000E+05 

1 83774£+06 
1 83774E+06 
1. 83774E+06 

9. OOOOOE+05 
9. OOOOOE+05 
9. OOOOOE+05 

1.48191£+06 
1.49191E+06 
1.48191£+06 

.39535E-+05 

.39535E+05 

.39535£+05 

1.01325£+05 
1 0132SE+05 
1.01325E+OS 

0.1325E+05 
Ol325E+05 

.01325E+OS 

01325E+05 
01325E+05 
0.1325E-;-05 

27022E+07 
27022E+07 
27022E+07 

52006E+07 
.1.52006E+07 
.1. 52006£+01 

2 01238E+07 
.1. 98951E+07 
.1. 96352E+01 

1 89851E+07 
.1 87564E+07 
.1 84965£+07 

.1 86.1798+07 
1 82835E1-07 
.1 80295E+07 

.1 30328£+07 
8 29755E+06 
8 03831E+06 

1 853J1E+07 
8 284111':+06 
8.02486E+06 

.1 85169E+07 
1 05708E+05 
.1. 0.1325E+05 

.1 85010E+07 
1 05708E+OS 
.1.0.1325E+05 

1 84851E+07 
.1 05708E+05 
.1 01325E+05 

1 846.14E+07 
8 2.1202E+06 

129/0E-+07 
09839E+01 

.1 05674E+07 

.1. 04645E+<l7 
1 0.15.13E+07 

53347E+06 
43047E+06 
11736E+06 

8 74353E+06 
8 64054E+06 
8.32742£+06 

8.24617£+06 
8 . .143178+06 
7.83006£+06 

29653E+06 
29653E+06 
29653E+06 

8 52000E+05 
8 520008+05 
8. 520008+05 

1 83114£+06 
1. 83714E+06 
1.83774£+06 

9. 000008+05 
9 OOOOOE-+05 
9. 00000E+05 

1 4B191E+06 
.1 48191E+06 
1 4819.1E+06 

1 39535£+05 
7 .39535£+05 
1 39535E+05 

.01325E+05 
01325£+05 
01325E+05 

01325£+05 
01325£+05 
0.1325£+05 

0.1325£+05 
Ol325E+05 
0.1325£+05 

1.27022£+07 
.1.270228+07 
.1.270228+07 

1 52006E+07 
1 52006E+07 
.1 52006£+07 

1 99925£+07 
.1 988958+0/ 
.1 95764£+0") 

1 88538£+07 
1 87507E+0/ 
1 84376E+0/ 

1. 84865£+07 
1 827798+07 
1. 797048+01 

1 29015E+07 
8 291898+06 
7. 97940£+06 

l. 84018E+01 
8 278458+06 
7 96595E+06 

1 83855E+07 
1 05708E+05 
1 01325E+05 

.1.83696£+01 
1 05708E+05 
1 0.1325E+05 

1 835318+07 
1 05708E+05 
.1 Ol325E+05 

.1 83300£+07 
8.20608£+06 

l.l2882E+07 
.1 093038+07 

1 05044£+07 
.1 04556E+07 
1 00977£+07 

9 47042£+06 
9 42.167E+06 
9 06377E+06 

68049£+06 
63.1'138+06 

8.27383£+06 

8 183.128+06 
8 13436£+06 
7. 776478+06 

2 29653E+06 
2 29653E+06 
2 29653E+06 

B. 52000£+05 
8. 52000E+05 
8. 52000E+05 

1. 83774£+06 
1. 83774E+06 
1. 83774E+06 

00000E+05 
OOOOOE+OS 
OOOOOE-+05 

.1. 48.19.1£+06 
48191E+06 
48191E+06 

7 .39535E+05 
1 39535E+05 
7 39535E+05 

01325E+05 
01325E+05 

1.0.13258+05 

01325E+05 
.1. 01325E+05 
1.0.13258+05 

l.01325E+05 
1. 01325£+05 
1. 01325E+OS 

1 27022E+07 
.1 270228+07 
1.27022E+07 

1 52006E+07 
.1. 520068+07 
1. 520068+07 

1. 99294E+01 
1. 98807E+07 
1. 95228£+07 

1.87907£+01 
1.87419£+01 
1.B3840E+07 

1. 84234E+O/ 
1. 92692E+07 
1. 796228+07 

1 28322E+07 
8 28311E+06 
9. 4511BE+06 

1.833618+07 
B. 26966£+06 
1. 61414E+01 

1. 832228+07 
1 Ol325E+05 
1. 73528E+07 

1 83065£+07 
1 01325£+05 
1 76782E+07 

1. 829068+07 
1.013258+05 
1. 76571£+07 

1 82668£+07 
8 .197748+06 

.1 l2735E+07 
1 09251£+07 

1 04897£+07 
1 04409E+07 
.1 0092SE+07 

9 4557.1E+06 
9 40696£+06 
9 05852£+06 

8 66578£ .. 06 
8.617028+06 
8 26858£+06 

8 16841E+06 
8 .11965E+06 
7 771218+06 

. 29653£+06 
2 296538+06 
2. 29653E+06 

. 52000E+05 
8.52000E+05 
a. S2000E+OS 

83774E+06 
83114£+06 
83114£+06 

9 OOOOOE-+05 
9 OOOOOE+OS 
9 OOOOOE-+05 

.1.4819.1£•06 

.1.48191£+06 

.1.4819.1£+06 

7 39535£+05 
7.395358+05 
1.395358+05 

.1 Ol325E+OS 
1 0.132SE+OS 
1.01325£+05 

1 01325£+05 
.1 0.13258+05 
1.013258+05 

1 01325E+05 
1 01325E+05 
1 01325£+05 

1 270228+07 
1. 27022E+07 
1 27022£+07 

1. 52006E+07 
1. 52006ET07 
1. 52006E+07 

1. 99141E+07 
1. 98660E+01 
1.95175E+07 

1. 87760E+07 
1. B7272E+07 
1.8378BE+07 

1.84035£+07 
1 625458+07 
1. B0074E+07 

1 23B65E+01 
8.26841£+06 
.1 20596E+07 

1. B1314E+01 
.25497E+06 
77714E+07 

1. 82689E+07 
1. 05108£+05 
1. 788018+07 

1 828498+07 
1 05708£+05 
1. 78893E+07 

1. 82701E+07 
1 05708£+05 
1. 78742E+01 

1.82194£+07 
8 .183128+06 

1.12110E+01 
1.09103E-t01 

1.04844£+07 
1. 03784E-+07 
1.00778£+01 

9 45046E+06 
9 34443E+06 
9 04380£+06 

8 66052E+06 
8 55450£+06 
8 25387E+06 

8 163.15E+06 
8 05713E+06 
7 75650E+06 

2.29653£+06 
2. 29653£+06 
2.29653£+06 

8. 52000E+05 
8.520008+05 
8. 52000£+05 

.1 83774E+06 
1 83774E+06 
1. 83774E+06 

OOOOOE+05 
00000E+05 
00000E+05 

48.191£+06 
.1.48.19.1£+06 
1 48191£+06 

7 3953SE+05 
7.39535£+05 
7. 39535£+05 

l.Ol325E+05 
1.01325E+OS 
1.01325£+05 

1.01325£+05 
1. 01325£+05 
1.01325£+05 

1 01325E+05 
.1 0.1325E+05 
.1 0.1325E+05 

1 27022E+07 
1 27022E+07 
.1. 27022E+07 

1 52006£+07 
1.52006£+07 
1 52006E+07 

1. 990958+01 
1. 98035£+07 
1. 950288+07 

1.877078+07 
1. 86647E+07 
1.83641E+07 

1. 83381E+07 
1.819238+01 
1 79968£+07 

9.53910E+06 
20585£+06 
24071E+07 

1. 624438+07 
B .19240E+06 
1 79106E+07 

1. 763468+07 
.1. 05708E+05 
1. 78956E+01 

1 80320E+07 
1 05708E+05 
1. 78799E+01 

1.80100E+07 
1 057088+05 
1. 78640£+07 

1 74714E+07 
8 .12063E+06 
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1.11484E+07 
1. 0B473E+07 

.1 04788E+07 
1.03159E+07 
1 00147E+07 

9. 44481E+06 
9.2Bl91E+06 
8. 98076E+06 

.654878+06 
49.198£+06 
19082E+06 

8 15150£+06 
7 99461E+06 
7 69345E-+06 

2 29653E+06 
2 29653E+06 
2.29653£+06 

8 52000E+05 
8 52000E+05 
8 52000E+05 

1 83774E•06 
1 83774E+06 
1 83774E+06 

9 000008+05 
9 OOOOOE+05 
9 00000E+05 

1. 48191E+06 
1. 481918+06 
1. 481918+06 

7. 39535E+05 
7.395358 .. 05 
7. 39535E+05 

1. 01325£+05 
1. 01325E+05 
1. 01325E+OS 

1. 01325E+05 
1. Ol325E+05 
1. 01325E+05 

1 01325E+05 
1. 01325E+05 
1 01325E+05 

1.27022ET01 
1 27022E+07 
1. 27022E+07 

1. 520068+07 
52006E+01 
52006E+07 

1 99038E+07 
1 91409£+07 
1. 94398E+07 

1. 87650E+07 
1.86022E+07 
1. 83010E+07 

1 82921E-+01 
.1 8130JE+07 
1 79338E+07 

8 30625£+06 
a 14332E+06 
1 23488E-+07 

8 29279E+06 
8 .12988E+06 
1. 18491E+07 

05708E+05 
. 05708E+05 

1.183288+01 

1. 05108E+05 
1. 0570BE+05 
1.18169£+01 

1. 057088+05 
.1. 05708E+OS 
1. 18010E+01 

220298+06 
a. osB42E+06 

1.11295E+07 
1. 07159E+07 

1.04131E+07 
1.02970Ei-01 
9.88339£+06 

9.439158•06 
9.26300£•06 
8.84941£1-06 

8 64922E+06 
8 47306E+06 
8 05947Ei-06 

8 15185E+06 
7 97569£+06 
7.562ll8+06 

2 29653E+06 
2 29653E+06 
2 .29653£+06 

8. 52000£+05 
8.52000E+05 
6. 52000£+05 

.1. 83774E+06 
1.83174£-+06 
1. 83714E-+06 

9. 00000E+05 
9.00000E-+05 
9.0000(1E-+05 

1 48i9iE-+06 
1 4819-1£+06 
1 48191£+06 

7.39535£+05 
7.39535E+OS 
7.39535£+05 

1.01325E+05 
1.0132SEi-05 
.1.01325E+05 

1. 01325£+,05 
1.01325£-+05 
.1.01325£+05 

.1.013258+05 
1.0.1325£+05 
1.0.1325£+05 

1.27022£+07 
1.27022ET07 
1.27022£+07 

1. 520068+07 
1. 52006E+07 
1 52006£+07 

1.98982£ .. 07 
1. 972208+07 
1.93084£+07 

1. 87594E+07 
1. 858328+07 
1. 81697E+07 

1. B2865E+07 
1. 81119ET07 
1 78025ET07 

8.30057E+06 
8.12447£+06 
1 22174£+07 

8 .287128+06 
8.111028+06 
1.17177E+07 

1 057088+05 
1 0132SE+OS 
1 77015E+07 

.1.05708E+OS 
1.01325E+OS 
1.76856£+07 

.1.05708E+OS 
1.0132SE+05 
.1 76697E+07 

8 21523E+06 
8 03949E+06 
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13 

15 

18 

19 

20 

23 

" 
25 

26 

28 

30 

31 

8.00172E+06 
1 ?4621E+07 
1. 58462£+07 
8 .19654£+06 
7.98479£+06 
1.19309£+07 
2 .13305£+07 
8 .16729£+06 
7.96865£+06 
l. 74153£+07 
2.22760£+07 
8.16631£+06 
7 .96833£+06 
1. 73608£+01 
1. 57344£+07 
8.19321£+06 
7.99211£+06 
1.18192£+07 
2.11031£+07 
1. 79380£+07 
1. 77256£+07 
1.71879£+07 
2. 06437£+07 
1. 75008£+07 
1. 72878£+07 
1. 6?285£+07 
2.00126£+07 
1. 68697£+07 
1. 66567E+07 
1.60974E+07 
1. 91800£+07 
1.60372£+07 
1 58241£+07 
1 52648£+07 
1 81460£+07 
1 50032£+07 
1 47902£+07 
1 42308E+D7 
1 73561£+07 
1 42132£+07 
1 40002£+07 
1 34409£+07 
1.68587£+0? 
1.37159£+01 
1. 3 5028£+07 
1 29435£+07 
2 29653£+06 
2 29653£+06 
2 29653£+06 
2 29653£+06 
8 60343£+05 
8 60343£+05 
8 60343£+05 
8 603438+-05 
1. 837?48.;.06 
1 837?48.;.06 
1. 837748.;.06 
1.837748.;.06 
1. 023568+06 
1. 023568+06 
1. 023568+06 
1. 023568.;.06 
1. 48191E+06 
1 48191E+06 
1 48191E+06 
1 481918+06 
7. 395358+05 
7 395358+05 
7 395358+05 
7 395358+05 
1 013258+05 
1 013258+05 
1 013258+05 
1 013258+05 
1 013258+05 
J. 013258+05 
1 013258+05 
J. 0:13258+05 
1 013258+05 
1.013258+05 
1. 013258.;.05 
1. 01325E+05 

Porosity 
Layer 1 
5. OOOOOE-03 
5. 20000£-03 
5. 20000£-03 
5. 20000£-03 

2 5.000008-03 
5.00000E-03 
5 000008-03 
5. 000008-03 
J. 000008-02 
J. 000008-02 
1 OOOOOE-02 
J. OOOOOE-02 

4 1 000008-02 
1 000008-02 
1.000008-02 

?.96675£.;.06 
1. 683168+07 
1.374468.;.0? 
8.196118+06 
7.949518+06 
1. 13 0058+07 
1. 92290£.;.07 
8 .166548+06 
7' 9204:18+06 
1. 678488+0? 
1. 917448+0? 
8 163678+06 
? 884618+06 
1 67303E+O'i 
1 363288+0? 
8 190598+06 
7 908398+06 
1 1188?8+07 
1 900168+07 
1 793?88+07 
1 ?68618+0? 
1 655?58+07 
1 854218+07 
1 75006£+07 
1 72480£+07 
1 60980£+07 
1 791108+07 
1 68695£+07 
1 66l.69E.;.07 
1 546698+07 
1 70"1858.;.07 
1. 603698+07 
1 578448+07 
1.~63438+07 
1. 60445£+07 
1. 500298+07 
1.47506£+07 
1.360038+07 
1.52545E+07 
1. 421308+07 
1' 3 96088+07 
1 28104E+07 
1 47572£+07 
1 3?1568+07 
1 34.6358+07 
1 23.1308+07 
2 296538+06 
2 296538+06 
2 296538+06 
2 296538+06 
8 603438+05 
8 603438+05 
8. 60343£+05 
8 60343£+05 
1 837748+06 

837748+06 
837748+06 
837748+06 
023568+06 

.02356E+06 

.023568+06 
1. 023568+06 
1 481918+06 
1.481918+06 
1. 481918+06 
1. 481918+06 
7. 395358+05 
7 39535E+05 
7 395358+05 
7 395358+05 
1 013258+05 
1. 013258+05 
1.013258+05 
1.013258+05 
1.0132SE+-05 
1.013258+05 
1.013258+05 
1. 013258+05 
1. 013258+05 
1.013258+05 
1 013258+05 
1.013258+05 

5.000008-03 
5.200008-03 
5.200008-03 
5. 000008-03 
5 OOOOOE-03 
5. 000008-03 
5. 000008-03 
5 00000£-03 
~ 000008-02 
1 000008-02 
1 000008-02 
~ 00000£-02 
1.000008-02 
1. 000008-02 
1. 000008-02 

1 60133£+06 
1 47300£+07 
1 31141£+07 
8 195648+06 
1 601338+06 
9 198918+06 
1. 859858+07 
8 .165798+06 
1. 60133£+06 
1. 468338+07 
1 854398+07 
8 .161028+06 
4. 530188+06 
1 46287£+-0'i 

300238+07 
.187918+06 
. 53018£+06 

9. 08711£+06 
1.837118+07 
1.793758+07 
4. 53018£.;.06 

7 953008+06 

1 293028+07 
8 .19438£+06 
7. 935608+06 

.841468+07 

.16458£+06 
7. 906198+06 

1. 836018+07 
8.159368+06 
7. 85158£+06 

1 28184£+07 
8 186258+06 
7. 876518+06 

1 818728+07 
1 793"638+07 
1 76739E.;.07 

1 445598.;.07 
1.791178+07 1 
1. 750038+07 1 
4 53018E+06 1 
1 39965£+07 

77278E+07 
749918+07 
?2358£+07 

1 72805£.;.07 
1 68692£.;.07 
4.530188+06 
1.33653£+07 
1.64480E+07 
1. 603 678+07 
1.40325£+05 
1.25328£+07 
1. 54140£+07 
1. 50027£+07 
1.40325£+05 
1.14988£+07 

462418+07 
. 421278+07 
. 60133£+06 

1 070888+07 
1 41267£+07 
1 371548+07 
1. 013258+05 
1. 02115£+07 
2. 29653£+06 
2. 296538+06 
4. 53018£+-06 
2 29653£.;.06 
8 603438+05 
8 603438+05 
4 530188+06 
8 603438+05 
1. 83 7748+06 
1 83774£+06 
4 53018E+06 
1 83774£+06 
1 02356£+06 
1 023568+06 
4 530188+06 

023568+06 
48191£+06 
48191£+06 
53018£+06 

. 481918+06 
7 395358+05 
7 39535E+05 
1.15545£+05 
7.395358+05 
1. 013258+05 
1. 013258+05 
1.155458+05 
1.013258+05 
1. 01325£+05 
1.0U25E.;.05 
1 155458+05 
1 013258+05 
1 01325£+05 
l 01325E+05 
1.155458+05 
1 01325£+05 

709678+07 
68680£+07 
66047£+07 

1. 626418+07 
J. 603548+07 
1 57722£+07 

1 52301£+07 
1. 500148+07 
1.473838+07 

1 444028+07 
1.421158+07 
1.39485£+0? 

1 394288+07 
1 371418+07 
1 345128+07 

296538+06 
29653E+06 
29653£.;.06 

8 60343E+05 
8. 603438+05 
8 60343E+05 

1.83774£+06 
8377.r:.8+06 
83774£+06 

02356£+06 
.023568+06 
.023568+06 

. 48191£+06 

. 48191£+06 

. 461918+06 

.39535£+05 

.395358+05 

.39535£+05 

1. 01325£.;.05 
1 01325£+05 
1 01325£+05 

1 01325£.;.05 
2.0.13258+05 
1.0.13258+05 

01325£+05 
01325£+05 

.013258+05 

.894268+06 

1 279898+07 
8 18813E+06 
7. 87703E+06 

1 828338+07 
8 .157788+06 
7. 849428+06 

1. 82287£+07 
8 .157328+06 
7. 849148+-06 

1 268718+07 
8 18416E+06 
7. 875408.;.06 

1 805598+07 
1 79306E+07 
1 761868+07 

1 75964£+07 
1 74934£+07 
1 71803£+07 

1 696538+07 
1 686238+07 
1 654928+07 

613278+07 
60298£+07 
57166£+07 

1. 509888+07 
1. 49958£+07 
1 46827£+07 

1 430B8E+07 
1. 420588+07 
1 3892?8+0? 

1 38115£+07 
1 37085E+07 
1 339548+07 

2 296538+06 
2 29653£+06 
2 29653£+06 

8 60343£+05 
8 603438+05 
8 603438+05 

837748+06 
. 837748+06 
837748+06 

.02356£+06 

.02356£+06 

.02356£+06 

1.481918+06 
1.48191£+06 
1. 48191£+06 

.395358+05 

.39535£+05 

. 395358+05 

1. 01325£.;.05 
1. 013258+05 
1 013258+05 

1 013258+05 
.1 01325E+05 
1.01325£+05 

01325E+05 
.013258+05 
.01325£+05 

dimensionless 

.200008-03 

.200008-03 

.200008-03 
5. 000008-03 
5. 000008-03 
5. 000008-03 
5. OOOOOE-03 
5. 000008-03 
1 000008-02 
l 000008-02 
1 OOOOOE-02 
1.000008-02 
1 000008-02 
1 OOOOOE-02 
1 000008-02 

5. 200008-03 
5 200008-03 
5 20000£-03 

5 OOOOOE-03 
5 000008-03 
5 OOOOOE-03 

1 000008-02 
.l. OOOOOE-02 
1 OOOOOE-02 

l OOOOOE-02 
1 OOOOOE-02 
1. OOOOOE-02 

5. 20000E-03 
5 20000E-03 
5 20000E-03 

5 OOOOOE-03 
5 OOOOOE-03 
5 000008-03 

.l. 000008-02 
1 OOOOOE-02 
1 000008-02 

1. OOOOOE-02 
000008-02 
OOOOOE-02 

1 72060£+07 

1 27346£+07 
8 180278+06 
1 02522E+07 

822018+07 
150768+06 

1. 74889£+07 

81657£+07 
.130498+06 
763?8£.;.07 

1 262398+07 
8 .15697E+06 
1.215168.;.07 

1 799288+07 
1 792.18£+07 
l. 75860£+07 

1 753348+07 
1 748468+07 
1 71267£+07 

690238+07 
685358+07 
64956£+07 

60697£+07 
60209£+07 
56630£+07 

503578+07 
. 498708+07 

1.462918+07 

1 4245BE+07 
1.419708+-07 
1 383918+07 

1 37484£+07 
1 369978+07 
1. 334188.;.07 

2 296538+06 
2 29653£+06 
2.296538+06 

603438+05 
603438+05 
60343£+05 

1 837748+06 
1 83774E+06 
1. 83774£+06 

. 023568+06 

. 023568+06 
1.02356E+06 

481918+06 
481918+-06 

.481918+06 

.395358+05 

.395358+05 

. 395358+05 

1. 013258+05 
1. 01325£+05 
1 01325£+05 

1 013258+05 
1.0.1325£+05 
1.01325£+05 

1 013258+05 
1 013258+05 
1. 01325£+05 

20000E-03 
200008-03 
;2.0000£-03 

OOOOOE-03 
OOOOOE-03 
OOOOOE-03 

000008-02 
000008-02 
000008-02 

000008-02 
OOOOOE-02 
OOOOOE-02 

1 782898+07 

1 25?738+07 
8 .16574£+06 
1. 220328+07 

1 819318+07 
a 136378+06 
1 779858+07 

. 81499£.;.07 

. 09631£.;.06 
1. 775338+07 

1. 259798+07 
8 122238.;.06 
1 22083£+07 

79781£+07 
1 790708+07 
1 75809£+07 

751878+07 
746998+07 

1.712158+07 

688758+07 
68388E+07 
649048+07 

605508+07 
600628+07 
56578£+07 

502108+07 
49723£+07 

.462388+0? 

423118+07 
41823£.;.07 

1.383398+07 

37337E+07 
36849£.;.07 

~.333658+07 

2 29653E+06 
2 296538+06 
2.296538+06 

603438+05 
603438+05 
603438+05 

1. 937748+06 
1.83774£+06 
1. 83?74£.;.06 

1. 02356£+06 
1.023568+06 
1. 023568+06 

1. 48191£+06 
1.48191£.;.06 
1. 481918+06 

.395358+05 

. 395358+-05 
7.39535£.;.05 

1. 01325£+05 
1. 013258+05 
1.013258+05 

1.01325£+05 
L01325E+05 
1.01325£+05 

01325£+-05 
1.013258+05 
1. 013258+05 

5 200008-03 
5 20000E-03 
5 20000£-03 

000008·03 
5. 000008·03 
5. 000008-03 

OOOOOE-02 
1 . 000008-02 
1. OOOOOE- 02 

1. OOOOOE-02 
1.000008-02 
1. OOOOOE-02 

794028+07 

1. 03397£+07 
8.10334£.;.06 
1 23083£.;.07 

1 78238£+07 
8. 07 412£+06 
1 779358+07 

1.800738+07 
8 06048E+06 
1 773908+07 

.l. 24418£+07 
8.086398+06 
1.219748+07 

797248+07 
.78445£+07 
756628+07 

. 75134£.;.07 
740?4£.;.07 

1. 710688+07 

1.68923£+07 
1.67"1638+07 
1. 64756E.;.07 

1. 604971':.;.07 
1.594378+07 
1.564318+07 

1. 501588+07 
1. ~90978+07 
1. 460918+07 

1. 422588+07 
1 4~198E+07 
1 38192£+07 

1 37284£+07 
.1.362248+07 
1.33218£+07 

2 296538+06 
2 296538+06 
2 .29653£+06 

. 603438.;.05 
B. 60343E+05 
8.603438+05 

1 93774£+06 
1. 83774£+06 
1 83774£+06 

1 02356£+06 
1 02356£+06 
1 023568+06 

1.48.1918+06 
1 48191£+06 
1 48191£+06 

39535£+05 
7. 39535£+05 
7. 39535£+05 

1 01325£+05 
1 013258+05 
1 013258+05 

1 013258+05 
1. 013258+05 
1.01325£+05 

1.013251':+05 
1. 013251':+05 
1 01325E+05 

200008-03 
20000£-03 
200008-03 

5. OOOOOE-03 
5. 000008-03 
5. 000008-03 

1. OOOOOE-02 
1.00000E-02 
1.000008-02 

1. 000008-02 
1. OOOOOE-02 
1. 000008-02 
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1 77773£+07 

8 20219£+06 
8 041518+06 
.1.224628+07 

8 17157E+06 
8 03406£+06 
1 77305£+07 

169318+06 
.033798+06 
. 767608+07 

8.196238.;.06 
8 05760E+06 
1. 213 44£+07 

1 79450£+07 
1 77821£+07 
1 750328+07 

75078£.;.07 
.l. 734498+07 
1 704378+07 

687668+07 
671378+07 
641268+0? 

604418+07 
58812£+07 
558008+07 

50101£+07 
.48472£+07 
454618+07 

422028+07 
405738+07 

.37561£+07 

1 37228£.;.07 
1.35599£+07 
1. 32587£+07 

2 296538+06 
2. 296538+06 
2. 29653£+06 

a 603438+05 
8 603438+05 
8 603438+05 

1. 83774£.;.06 
1.837748+06 
1. 837748.;.06 

1.023568+06 
1.02356£+06 
1. 023568+06 

1.481918+06 
1.481918.;.06 
1.48191£+06 

7.39535E.;.05 
.395358+05 
. 395358+05 

1. 013258+-05 
1.013258.;.05 
1.013258+05 

1 013258+05 
1 013258+05 
1 01325£+05 

1 013258+05 
1 013258+05 
1 013258+05 

5 20000£-03 
5 200008-03 
5 200008-03 

5 000008-03 
5 000008-03 
5 000008-03 

. 000008-02 
000008-02 
000008-02 

000008-02 
OOOOOE-02 
OOOOOE-02 

1. 76460£+07 

8 197818+06 
8 022628+06 
1.211488+07 

8.16783£+06 
8.020778+06 
L 759928+07 

8.167648+06 
8.02049£+06 
1. 754478+07 

8 .19454E+06 
8. 04427£+06 
1 20030£+07 

1 79393£+07 
1. 776338+07 
1 7371BE+07 

1 7502J.E.;.07 
1 73260£.;.07 
1 69124E.;.07 

1 687108.;.07 
1 66948£+07 
1 62812E+07 

1 60384E+07 
1 586238+07 
1 54487£+07 

1 5004"4£+07 
1 48283£+07 
1 44J.478+07 

1 42145£+07 
1 40384£+07 
1 362488+07 

1 371718+07 
1 354108+07 
1 31274£+-07 

2. 29653£+06 
2 296538+06 
2.296538+06 

8 60343£.;.05 
8 603438+05 
8 60343£+05 

83774£+06 
837748+06 
837748+06 

1 023568+06 
1.023568+06 
1. 02356£+06 

.48191£+06 
481918+06 
48191E+06 

7 395358+05 
7 395358+05 
7 .39535£+05 

01325£+05 
01325E+05 

1. 013258+05 

1 013258+05 
1.013258+-05 
1.01325£.;.05 

1 01325E+05 
1 01325£+05 
1 01325E+05 

5. 20000£-03 
5. 20000£-03 
5. 20000£-03 

5 OOOOOE-03 
5 OOOOOE-03 
5 000008-03 

1 OOOOOE-02 
1.000008-02 
1.000008-02 

1 OOOOOE-02 
1 000008-02 
1. 000008-02 

• 

• 
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' 
7 

10 

11 

12 

13 

14 

35 

17 

18 

19 

22 

23 

24 

25 

" 
27 

" 

" 

]..OOOOOE-02 
LOOOOOE-02 
9. 99149E-03 
9.99178E-OJ 
l..OOOOOE-02 
1.90000E-02 
6.91527E-03 
6. 91547E-03 
l..90000E-02 
1. OOOOOE-02 
6. 91526E-03 
6. 91546E-03 
1. OOOOOE-02 
1. OOOOOE-02 
S.4BJ49E-01 
l.OOODOE ... OO 
1. COIHiOE-02 
1. OOOOOE-02 
8. 48349E-Ol 
1. OOOOOE+DO 
1. OOOOOE-02 
LOOOOOE-02 
8.48349E-01 
L00000E+00 
l.OOOOOE-02 
l.OOOOOE-02 
6.91518E-03 
6.91564E-03 
l..OOOOOE-02 
1 90000E-02 
6 91Sl.7E-03 
6. 91590E-03 
1. 90000E-02 
l.OOOOOE-02 
6, 91524E-03 
6. 92348E-03 
L OOOOOE-02 
1 OOODOE-02 
6. 94598E-OJ 
6. 95464E-03 
1 OOOOOE-02 
1 90000E-02 
1 86585E-02 
l 86597E-02 
1.90000E-02 
l.OOOOOE-02 
9. 99821E-03 
9.99825E-03 
1. OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
1. OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
1.00000E-02 
1. OOOOOE-02 
~ OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
1.00000E-02 
1. OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
1. OOOOOE-02 
1 OOOOOE-02 
1 {JQOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
l.OOOOOE-02 
J. OOOOOE-02 
J. OOOOOE-02 
2 OOOOOE-01 
2 OOOOOE-01 
2.00000E-01 
2.00000E-01 
1.46000E-01 
1 46000E-01 
1 46000E-01 
1 46000E-01 
2 OOOOOE-01 
2. OOOOOE-01 
2.DOOOOE-01 
2 OOOOOE-01 
9.00000E-02 
9.00000E-02 
9.00000E-02 
9. OOOOOE-02 
2.00000E-OJ. 
2.00000E-OJ. 
2. OODOOE-01 
2.00000E-01 
1. 50000E-01 
1 SOOOOE-01 
1 SOOOOE-01 
1 SOOOOE-01 
1 SOOOOE-01 
1 50000E-Ol. 
1 SOOOOE-01 

1.00000E-02 
1.00000E-02 
9. 99149E-03 
9. 99194E-03 
1. OOOOOE-02 
1. 90000E-02 
6. 91527E-03 
6. 91563E-03 
1. 901lOOE-02 
1. OOOOOE-02 
6.91526E-03 
6. 91563E-03 
1. OOOOOE-02 
l.OOOOaE-02 
8.48349E-01 
l.OOOOOE .. OO 
1 OOOOOE-02 
1 OOOOOE-02 
8 48349E-01 
1 OOOOOE .. OO 
1 OOOOOE-02 
1 OOOOOE-02 
8 48349E-01 
1.00000E .. OO 
1. OOOOOE-02 
1. OOOOOE-02 
6. 91514E-03 
6. 91565E-03 
1. OOOOOE-02 
1. 90000E-02 
6. 91506E-03 
6 915?3E-03 

90000E-02 
OOOOOE-02 
91495E-03 

6. 91590E-03 
1. OOOOOE-02 
1. OOOOOE-02 
6.94460E-03 
6 92663E-03 
1 OOOOOE-02 
1 90000E-02 
1 86583E-02 
1 86559E-02 
1 90000E-02 
1.00000E-02 
9. 99821E-03 
9. 99?89E-03 
1. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
9. 99961E-03 
1. OOOOOE-02 
1 OOOOOE-02 
1. OOOOOE-02 
9 99961E-03 
1 (I(I{J0CE-C2 
1 OOOOOE-02 
1 OOOOOE-02 
9 99962E-03 
1 OOOOOE-C2 
1 COOOOE-02 
1 OOOOOE-02 
9 99963E-03 
1 OOOOOE-02 
l.OOOOOE-02 
1. OOOOOE-02 
9.99964E-03 
1. OOOOOE-02 
l. OOOOOE-02 
1 OOOOOE-02 
9.99965E-03 
1.00000E-02 
2.00000E-01 
2.00000E-Ol 
2.00000E-01 
2.00000E-01 
1 46000E-Ol 
1 46000E-Ol 
1. 46000E-01 
1 46000E-01 
2. OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-Ol 
2 OOOOOE-01 
9 OOOOOE-02 
9 OOOOOE-02 
9 OOOOOE-02 
9 OOOOOE-02 
2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 
1 SOOOOE-01 
l.50000E-C1 
l.SOOOOE-01 
1.50000E-Q1 
l. 50000E-01 
J...SOOOOE-01 
l.SOOOOE-01 

1. OOOOOE-02 · 
1. OOOOOE-02 
9. 99149E-03 
9.9919BE-03 
l.OOOOOE-02 
1.90000E-02 
6.91528E-03 
7.50000E-02 
1.90000E-02 
J.. OOOOOE-02 
6 9l527E-03 
7 50000E-02 
1 OOOOOE-02 
1. OOOOOE-02 
B 4B349E-01 
"7. 50000E-02 
1 OOOOOE-02 
1 OOOODE-02 
8. 48349E-01 
7 SOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
8 48349E-01 
7 50000E-02 
1 OOOOOE-02 
1 OOOOOE-02 
6 91510E-03 
7.50000E-02 
1 OOOOOE-02 
1 90000E-02 
6 91494E-03 
7 50000E-02 
1 90000E-02 
l OOOOOE-02 
6. 91467E-03 
? . SOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
6. 94322E-C3 
? . SOOODE-02 
1 OOOOOE-02 
l. 90000E-02 
1 86581E-02 
7. SOOOOE-02 
1 90000E-02 
1 OOOOOE-02 
9 99821E-03 
7 50000E-02 
L OOOOOE-02 
1 OOOOOE-02 
l.OOOOOE-02 
7 SOOOOE-02 
l. OOOOOE-02 
1 OOOOOE-02. 
1 OOOOOE-02 
? 50000£-02. 
1 COCCOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
4. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
4. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
1 OOOOOE-02 
? . 5 OOOOE~ C2 
1 OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 
2 OOOOOE-01 
2 OOOOOE-01 
2 SOOOOE-01 
2. OOOOOE-01 
1 46000E-01 
1 46000E-01 
2.50000E-01 
1 46000£-01 
2 OOOOOE-01 
2 OOOOOE-01 
2 50000£-0J.. 
2.00000E-01 
9.00000E-02. 
9.00000£-02 
2.50000£-01 
9 OOOOOE-02 
2 OOOOOE-Ol 
2 OOOOOE-01 
2 SOOOOE-01 
2 OOOOOE-01 
1 50000E-Ol 
1. 50000E-Ol. 
2. SOOOOE-Ol 
~ SOOOOE-01 
1 50000£-01 
1. 50000E-01 
2. SOOOOE-01 

1 OOOOOE-02 
9 99149£-03 
9 99197E-03 

1 90000E-02 
6 91528E-03 
6 91566£-03 

l OOOOOE-02 
6 91527£-03 
6 91566£-03 

1. OOOOOE-02 
B.48349E-01 
1. OOOOOE+OC 

1.00000E-02 
8 .48349E-01 
1. OOOOOE+OO 

l OOCOOE-02 
8. 48349E-01 
1 OOOOOE .. OO 

OOOOOE-02 
91509E-03 
91560£-03 

1 90000£-02 
6.91494E-03 
6.91559E-03 

1 OOOOOE-02 
6 9l470E-03 
6 91557E-03 

1. OOOOOE-02 
6.94299E-03 
6.91553E-03 

1. 90000E-02 
1.86581E-02 
1. 86544E-02 

1 OOOOOE-02 
9 99821E-03 
9 99801E-03 

OOOOOE-02 
OOOOOE-02 
99973E-03 

1 OOOOOE-02 
1 OOOOOE-02 
9.99973£-03 

1 OOOOOE-02 
1 OOOOOE-02 
9 99974E-03 

l. OOOOOE-02 
1 OOOOOE-02 
9 99974E-03 

1. OOOOOE-02 
1. OOOOOE-C2 
9.999?SE-03 

1. CCOOOE-02 
1. OOOOOE-02 
9.999?6£-03 

2. OOOOOE-01 
2. OOOOOE-01 
2 OOOOOE-01 

46000E-01 
46000E-01 
46000E-01 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

OOOOOE-02 
9.00000£-02 
9.00000E-02 

2 OOOOOE-01 
2 OOOOOE-Ol 
2 OOOOOE-Ol 

1 SOOOOE-01 
l SOOOOE-01 
1 50000E-01 

1 50000E-01 
1 SOOOOE-01 
1.50000E-01 

1 OOOOOE-02 
9. 9914.9E.-03 
9 99194.£-03 

1 90000E-02 
6 91528E-03 
6 9l563E-03 

l. OOOOOE-02 
6. 91526£-03 
6. 91562E-03 

1. 00000£-02 
8 48349E-01 
1 OOOOOE .. OO 

OOOOOE-02 
.48349E-01 
OOOOOE-+00 

OOOOOE-02 
. 48349E-01 
OOOOOE+OO 

1. OOOOOE-02 
6. 91492E-03 
6. 91566E-03 

l 90000£-02 
6 91460E-03 
6 9l5?5E-03 

1 OOOOOE-02 
6. 91404E-03 
6. 91677E-03 

1. OOCOOE-02 
6. 9450?E-03 
6. 94?9J.E-03 

. 90000E-02 
l 86584E-02 
1 86588£-02 

1. OOOOOE-02 
9 99821£-03 
9.99830E-03 

OOOOOE-02 
OOOOOE-02 
OOOOOE-02 

1 OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 

1. OOOOOE-02 
l OOOOOE-02 
l OOOOOE-02 

1. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 

1. OOOOOE-02 
1. OOOOOE-02 
1.COOOOE-02 

.OOOOOE.-02 
OOOOOE-02 
OOOOOE-02 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

46000E-Ol 
46000£-01 
46000E-01 

2.00000£-01 
2.00000£-0J.. 
2.00000E-Ol. 

9 OOOOOE-02 
9 00000£-02 
9 OOOOOE-02 

2 OOOOOE-Ol 
2 OOOOOE-Ol 
2 OOOOOE-01 

1 50000£-01 
1 SOOOOE-01 
1 50000£-01 

1. SOOOOE-01 
1. 50000E-01 
1. SOOOOE-01 

1. OOOOOE-02 
9. 99150E.-01 
9.99560E-03 

1 89995E-02 
6. 91529E-OJ 
1. B?6B5E-02 

. 999BJE-03 

. 9152BE-03 

. 85680E-03 

. 9999"7£-03 
7. 50000E-02 
9. 95475E-03 

OOOOOE-02 
7. 50000£-02 
9. 98216E-03 

OOOOOE-02 
7 SOOOOE-02 
9 98174E-03 

9 99998E-03 
6 91519£-03 
9 94?44E-03 

1 89999E-02 
6 91514£-03 
1. 88381E-C2 

9. 99999E-03 
6. 91506E-03 
9. 9?389E-03 

OOOOOE-02 
934?1E-03 

. 99024£-03 

1 90000E-02 
l 86S?OE-02 
1 89948E-02 

1 OOOOOE-02 
9 99820£-03 
9 99999£-03 

1 OOOOOE-02 
J...OOOOOE-02 
J...OOOOOE-02 

1 OOOOOE-02 
l. OOOOOE-02 
l. OOOOOE-02 

l. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 

1. OOOOOE-02 
1. 00000£-02 
1. 00000£-02 

. OOOOOE-02 
l OOOOOF:-02 
1 OOOOOE-02 

Q(\(1(1(1£-02 
OOOOOE-02 

1. OOOOOE-02 

2 OOOOOE-01 
2 OOOOOE-Ol 
2 00000£-01 

1.46000£-01 
l 46000E-Ol 
1 46000E-Ol 

000005-01 
OOOOOE-01 

2.00000E-Ol 

9 OOOOOE-02 
9.00000E-02 
9 OOOOOE-02 

2 OOOOOE-Ol 
2 OOOOOE-01 
2 OOOOOE-Ol 

1 500005-01 
1. 50000E-0l 
1. 500005-01 

1. 500005-01 
1. 50000E-01 
1. 50000£-01 

9.99958E-03 
9.9nSlE-OJ 
9.99966E-03 

l. 89658E-02 
6. 91529£-03 
1. B9713E-02 

. 98450E-03 

.91529E-03 
9. 98"749£-03 

99687E-03 
48349E-01 
99754£-03 

9 99944E-03 
8 48349E-01 
9 99957£-03 

9.99953E-03 
8.48349E-01 
9.99963£-03 

9 99736E-03 
6 91524£-03 
9 99?89E-03 

1 89887E-02 
6. 91524E-03 
1.89905E-02 

. 99901E-03 

. 91525E-03 

.99921£-03 

99991E-03 
92354E-03 
99996E-03 

89991£-02 
1 B6555E-02 
1. 89997£-02 

1 OOOOOE-02 
9 99820£-03 
l..OOOOOE-02 

1 OOOOOE-02 
1.00000£-02 
1.00000£-02 

1. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 

1. OOOOOE-02 
1. OOOOOE-02 
1. OOOOOE-02 

1. OOOOOE-02 
1. OCCCOE-02 
l. OOOOOE-02 

OOOOOE-02 
OOOOOE-02 

1. OOOOOE-02 

l QOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 

2 00000£-01 
2 OOOOOE-01 
2 OOOOOE-Ol 

1 46000£-01 
1 46000E-01 
l.46000E-01 

2 OOOOOE-Ol 
2 OOOOOE-01 
2 00000£-01 

9 OOOOOE-02 
9 OOOOOE-02 
9. 000001!:-02 

2 OOOOOE-Ol 
2.00000E-01 
2.00000E-01 

1.50000E-Ol 
1 50000E-Ol 
1. 50000E-01 

1. 50000E-01 
1. 50000£-0l 
1. 50000E-01 

9. 99473E-03 
9. '3'315~£-0~ 
J...OOOOOE-02 

1.8?450E-02 
6. 9J.527E-03 
1.89996E-02 

9.B3430E-03 
6. 91526E-03 
9. 999B8E-03 

.94635E-03 
48.349E-Ol 
9999BE-03 

.97951£-03 
48J49E-01 
OOOOOE-02 

97902£-03 
8.48349E-01 
1.00000E·02 

9 93172E-03 
6 91526E-03 
9.99999£-03 

1 8814.9E-02 
6 91531E-03 
1.69999£-02 

9. 96972E-03 
6. 91540E-03 
1. OOOOOE-02 

. 966B6E-03 
938B6E-03 

1. OOOOOE-02 

1 696"73E-02 
1 8'5S'15E-02. 
1 90000E-02 

9 99996E-03 
9 99820£-03 
1 OOOOOE-02 

l OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 

1 OOOOOE-02 
l OOOOOE-02 
1 OOOOOE-02 

1.00000£-02 
1.00000£-02 
1.00000E-02 

1.00000£-02 
1. OOOOOE-02 
1. 000001!:-02 

OOOOOE-02 
1. OOOOOE-02 
1.00000E-02 

1.\lOOOl:IE-02 
OOOOOE-02 
OOOOOE-02 

2 OOOOOE-01 
2 OOOOOE-01 
2.00000E-01 

1 46000E-01 
l 46000£-01 
1 46000E-01 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

9 00000£-02 
9 OOOOOE-02 
9 OOOOOE-02 

2 OOOOOE-01 
2.00000E-01 
2.00000E-01 

1 SOOOOE-01 
l 50000E-01 
1 SOOOOE-01 

1 50000E-01 
1.S0000E-01 
1.50000E-01 

WP0#45238 
May 12, 1997 

Page 193 

9. 99149E-03 
9. 9915/E-03 
1 OOOOOE-02 

915298-03 
9152"7£-03 
90000E-02 

6 91527E-03 
6 .91526£-03 
1 OOOOOE-02 

8.48349E-01 
6.48349E-01 
l..OOOOOE-02 

8.46349E-01 
B.48349E-01 
1.00000E-02 

8 4B349E-01 
8. 4B349E-01 
1.00000E-02 

6. 91485E-03 
6. 91543£-03 
1 OOOOOE-02 

91444E-03 
915?1E-03 

. 90000E-02 

6 91373E-03 
6 92627E-03 
1 OOOOOE-02 

6 94372E-03 
6 95947E-03 
1 OOOOOE-02 

1 B6562E-02 
1.8660:1£-02 
1.90000E-02 

9 9982J.E-03 
9 99B2l.E-03 
1. OOOOOE-02 

1. OOOOOE-02 
1 OOOOOE-02 
1 OCOOOE-02 

1.00000E-02 
1.00000E-02 
1. OOOOOE-02 

OOOOOE-02 
OOOOOE-02 
OOOOOE-02 

1 OOOOOE-02 
1 OOOOOE-02 
1 OOOOOE-02 

1.00000E-02 
1.00000E-02 
1.00000E-02 

1. OOOOOE-02 
1.00000E-02 
l.OOOOOE-02 

2. OOOOOE-01 
2.00000£-01 
2. OOOOOE-01 

1 46000E-Ol 
1 46000E-01 
1 46000E-01 

2.00000£-01 
2 OOOOOE-01 
2.00000E-Ol 

.OOOOOE-02 

.QOOOOE-02 

.OOOOOE-02 

2.00000E-01 
2.00000E-01 
2.00000E-Ol 

1 50000E-01 
1.500001!:-01 
1. 50000£-01 

1 50000E-01 
1 SOOOOE-01 
1 50000E-01 

9. 99149£-03 
9.9.9161£-03 
1.00QOOE-02 

6. 91527£-03 
6.91530E-03 
1.90000£-02 

6.9l526E-03 
6. 91529E-03 
1. OOOOOE-02 

B 48349£-01 
? . 50000£-02 
1 OOOOOE-02 

. 4B349E-01 
7. 50000£-02 
1 OOOOOE-02 

. 48349E-01 
7 SOOOOE-02 
1 OOOOOE-02 

6 91519E-03 
6. 91543E-03 
J...OOOOOE-02 

6 9151"7£-03 
6 915?2E-03 
l 900008-02 

91482E-03 
6. 93:).51E-03 
1. OOOG.OE-02 

6. 94601E-03 
6. 96271£-03 
1 OOOOOE-02 

1 86585£-02 
1. fi6'5{}11Hl2 
1. 90000E-02 

9. 99821E-03 
9. 99822£-:-03 
l.OOOOOE-02 

J...OOOOOE-02 
l.OOOOOE-02 
1.00000E-02 

l OOOOOE-02 
l..OOOOOE-02 
1.00000E-02 

l.OOOOOE-02 
J...OOOOOE-02 
l..OOOOOE-02 

l.OOOOOE-02 
1.00000E-02 
1.00000E-02 

1. OOOOOE-02 
1 OOOOOE-02 
1. OOOME-02 

1 OOOD!JE-02 
1 OOO.OOE-02 
1 OOOOOE-02 

2.00000E-01 
2.00000E-01 
2.00000£-01 

1.f600QE-01 
1.460001!:-01 
1.46000E-01 

2 OOOOOE-01 
2 OOQQOE.-01 
2 OOOOOE-Q1 

9.00000E-02 
9.00000E-02 
9.00000E-Q2 

2.00000E-01 
2.00000E-01 
2.00QOOE-01 

l..SOOOOE-01 
l.SOOOOE-01 
1.50000E-01 

1.50000£-01 
1.50000E-01 
1.50000E-01 



 

 Information Only 

BRAGfLO, Version 4.10 
User's Manual, Version 1.20 

30 

31 

1. SOOOOE-01 
1.75000E-OJ. 
1 75000E-01 
1 75000E-01 
1 75000E-Ol 
1.75000E-01 
1 75000E-01 
1 75000E-Ol 
1 75000E-01 

Gas saturation 
Layer 1 

1 O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

2 O.OOODOE+OO 
0 OOOOOE+OO 
0. OOODOE+OO 
0 OOODOE+OO 
0. OOOODE+OO 

00000E+00 
OOOOOE .. OO 

O.OOOOOE .. OO 
O,OOOOOE+OO 
0. ODOOOE+OO 
O.OOOOOE+OO 
0.00000E+00 
O.OOOOOE+OO 
O.OOOOQE.;.QQ 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
3 93890-226 
6 35966E-24 
0 OOODOE+OO 

7 0 OOOOOE+OO 
8 02756E-04 
3 2145BE-22 
0 OOOOOE+OO 
0. OOOOOE+OO 
9.99400E-01 
1. OOOOOE+OO 
O.OOOOOE-1-00 
O.OOOOOE+OO 
5I 99400E-01 
1 OOOOOE+OO 
O.OOOOOE+OO 

10 O.OOOOOE+OO 
9.9940QE-Ol 
l.OOOOOE+OO 
O.OOOOOE+OO 

H 0. OOOOOE+OO 
2. 62341E-02 
3. 504348-02 
0 OOOOOE+OO 

~2 0 OOOOOE+OO 
2 63606E-02 
4.268368-02 
0 OOOOOE+OO 

13 o OOOOOE+OO 
7. 54793E-01 
4. 07351E-01 
0. OOOOOE+OO 

14 0. OOOOOE+OO 
7. B5831E-01 
5. B0309E-01 
O.OOOOOE+OO 

15 0 DOOODE+DD 
3 .19055E-02 
2 55247E-06 
0 OOOOOE+OO 

16 O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

17 O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. 0DOOOE+00 

18 0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

19 O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

20 O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

21 0. OOOOOE+OO 
O.OOOOOE+-00 
0. OOOOOE+-00 
0 OOOOOE+OO 

22 0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

1 SOOOOE-01 
1 7SOOOE-01 
1 75000E-01 
1. 75000E-01 
1. 75000E-01 
1.75000E-01 
1 75000E-Ol 
L 75000E-Ol 
1.750008-01 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
O.ODOOOE+OO 
1. 92558E-27 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
7' 35237-208 
1. 23600E-09 
O.OOOOOE+OO 
O.OOOOOE+OO 
8.32346E-06 
4.49964E-09 
O.OOOOOE+OO 
0. OOOOOE+OO 
9 99400E-01 
1 OOOOOE+OO 
0.00000E+00 
0. OOOOOE+OO 
9.994008-01 
1.00000E+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
9 99400E-01 
1 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
2 62550E-02 
3 67399E-02 
0 OOOOOE+OO 
0 OOOOOE+OO 
2 62906£-02 
3.68385E-02 
0 OOOOOE+OO 
0 OOOOOE+OO 
7 494'/lE-01 
5. 98?14E-02 
0 OOOOOE+OO 
0. OOOOOE+OO 
7.95527E-01 
4. B9432E-01 
O.OOOOOE+OO 
O.OOOOOE+OO 
3 .19915E-02 
2. 08936E-08 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 000008+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
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Fe concentration -- simple model 
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0 OOOOOE.;.OO 
0 OOOOOE.;.OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE•OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

· 0 OOOOOE+OO 
0 OOOOOE+OO 
2 27592£-18 

0. OOOOOE+OO 
0 OOOOOE+OO 
1. 86688E-17 

0 OOOOOE.;.OO 
0 OOOOOE+OO 
J .JJ941E-18 

0 OOOOOE+OO 
0 OOOOOE+OO 
l 54738E-l7 

0 OOOOOE+OO 
0. OOOOOE+OO 
6. 7101BE-18 

0. OOOOOE+OO 
0. OOOOOE.;.OO 
2. 06048E-17 

OOOOOE-Ol 
OOOOOE-Ol 
OOOOOE-01 

S OOOOOE-01 
S.OOOOOE-Ol 
8.00000E-Ol 

8 OOOOOE-01 
8 OOOOOE-01 
8. OOOOOE-01 

0. OOOOOE-1-00 
0. OOOOOE+OO 
4 39973£-73 

0. OOOOOE.;-00 
O.OOOOOE+OO 
]..39716&-70 

0 OOOOOE+OO 
0 00000£+00 
l 73730&-72 

0 OOOOOE+OO 
0 OOOOOE.+OO 
B 72003£-71 

0 OOOOOE+OO 
Q, 00000&+00 
9.11929£-72 

0 OOOOOE-+00 
0. OOOOOE.;.OO 
l 62l80E-70 

B. OOOOOE-Ol 
B OOOOOE-01 
8.00000£-01 

8 OOOOOE-01 
8 OOOOOE-01 
B OOOOOE-01 

8. OOOOOE-01 
8. OOOOOE-01 
B. OOOOOE-01 

kq/m"3 

OOOOOE-+00 
OOOOOE.;.OO 
OOOOOE.;.OO 

0 OOOOOE+OO 
0 00000&+00 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
o. ooooas ... oo 
0. OOOOOE-+00 

OOOOOE+OO 
OOOOOE-+00 
OOOOOE-+00 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE•OO 
l 57520E-+-02 
0 OOOOOE+OO 

0 OOOOOE+OO 
1. 57520£-1-02 
0. OOOOOE+OO 

0. OOOOOE+OO 
1. 57520E-+02 
0 00000&+00 

. OOOOOE-+00 
OOOOOE-+00 

o. OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£+00 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE•OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0. ooooos ... oo 
0. OOOOOE+OO 

O.OOOOOE-+00 

0 OOOOOE.;.OO 
0 OOOOOE-+00 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE-1-00 
0. OOOOOE+OO 

0 .GOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE-+00 
0. OOOOOE-+00 

0 OOOOOE.;.OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE-+-00 
0 OOOOOE•OO 

0 OOOOOE+OO 
1. 57520£+02 
0. OOOOOE+OO 

0. OOOOOE+OO 
1.57520£+02 
0. OOOOOE+OO 

. OOOOOE-+00 
57520£+02 
OOOOOE-+00 

0. OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE-+-00 

0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0. 00000£+00 
0. OOOOOE+OO 

O.OOOOOE+OO 

0. QOOOOE+OO 
0. OOOOOE-+00 
0 OOOOOE.;.OO 

0. OOOOOE-+00 
0 _ OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 00000E+00 
0 00000E+00 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE-+00 

0 OOOOOE.;.OO 
0 .OOOOOE-+00 
0 OOOOOE+OO 

8 OOOOOE-Ol 
8 OOOOOE-Ol 
8 OOOOOE-Ol 

B. OOOOOE-01 
B QOOOOE-01 
8. OOOOOE-01 

.OOOOOE-01 

. OOOOOE-01 
OOOOOE~01 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0. 00000E+00 
0. OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE-+00 
0. OOOOOE-+00 

0 OOOOOE.;.OO 
0 OOOOOE.;.OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE-+-00 
0 OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE+OO 
0. 00000£+00 

0. OOOOOE+OO 
0. OOOOOE+OO 
0 QOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE.;.OO 

OOOOOE-+00 
OOOOOE+OO 

0.00000£-+00 

0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0. OOOOOE•OO 
0. OOOOOE•OO 
0. 00000E+00 

0. OOOOOE+OO 
0. OOOOOE-1-00 
0. OOOOOE+OO 

0. OOOOOE+OO 
0. 00000E+00 
0. 00000£+00 

. 00000£.;.00 

0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE.;.OO 

0 00000E+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

0.00000E+00 
0 OOOOOE+OO 
0. OOOOOE+OO 

0. 00000E+00 
0. OOOOOE.+OO 
0. OOOOOE-+00 

a OOOOOE.;.OO 
0 00000£.;.00 
0 ooooos ... oo 

0 OOOOOE-+00 
IJ OOOOOE.;.OO 
0 OOOOOE+OO 

OOOOOE-Ol 
OOOOOE-Ol 

B.OOOOOE-01 

8. OOOOOE-01 
I! OOOOOE-01. 
B. OOOOOE-01 

OOOOOE-Ol 
8. OOOOOE-Ol 
B. OOOOOE-01 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE-+-00 

0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 

0. OOOOOE+OO 
. OOOOOE+OO 
00000£+00 

. OOOOOE-+00 
0 OOOOOE-+00 
0 00000£.;.00 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

00000E+00 
00000E+00 
00000E.+00 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
1. 57520&+02 
0 .OOOOOE-+00 

0 OOOOOE-+00 
1 57520E-+02 
0 OOOOOE+OO 

0 OOOOOE.;.OO 
1 57520E ... 02 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 00000£+00 
O.OOOOOE+OO 
O.OOOOOE•OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

.00000E+00 

. OOOOOE+OO 
OOOOOE-+00 

OOOOOE-tOO 

00000E+00 
00000E+00 
00000£+00 

0 OOOOOE-+00 
Q 00000E.1-00 
0 OOOOOE.;.OO 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE+OO 

O.OOOOOE-1-00 
O.OOOOOE+OO 
0. 00000E+00 

0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. 00000£+00 
O.OOOOOE+OO 
0. OOOOOE-+00 

8.00000E-Ol 
8. OOOOOE-Ol 
8.00000E-01 

B.OOOOOE-01 
B .OOOOOE-01 
8. OOOOOE-Ol 

.OOOOOE-01 
OOOOOE-01 
OOOOOE-01 

0 OOOOOE-+00 
0 OOOOOE.;.OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
0.00000£+00 
Q QOQ00E+00 

0. 00000E+00 
0. OOOOOE+OO 
0 OOQOOE-1-00 

00000E+00 
00000E+00 

.00000£+00 

00000£+00 
o.ooooos ... oo 
O.OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE.;.OO 

0 00000E+00 
O.OOOOOE+OO 
O.OOOOOE+OO 

0. OOOOOE-+-00 
1. 57520£+02 
0. QOQ00E+00 

OOOOOE+OO 
57520£+02 
00000£+00 

OOOOOE.;.OO 
57520£1-02 

o_oooooE.;.oo 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE•OO 

0 00000£.;-QO 
0 00000£+00 
0 OOQOOE+OO 

0 OOOOOE+OO 
0 00000E+00 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
0.00000E+00 

0. OOOOOE+OO 
0. OOOOOE•OO 
0 00000E+00 

0 OOOOOE+OO 
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O.OOOOOE-+00 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 00000£+00 
o oonoOE+-OQ 
o noooos ... oo 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

00000£+00 
0. QQQOOE-+00 
O.OOOOQE.;.OO 

O.OOOOQE-+00 
0.00000£.;.00 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0. 00000£+00 

.OOOOOE-01 

.OOOOOE-01 
OOOOOE-01 

8 OOOOOE-Ol 
B OOOOOE-01 
8 OOOQQE-01 

8.00000£-0l 
B.OOOOOE-01 
B.OOOOOE-01 

0 00000E+00 
0 OOOOOE+OO 
O.OOOOOE+OO 

0. OOOOOE+OO 
Q. OOOOOE-+00 
O.OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOQE.;.QO 
0 OOOOQE-+00 

0 OOOOOE+OO 
0 OOOOOE+QQ 
0 OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE-1-00 
O.OOOOOE+OO 

0 00000E+00 
0 OOOOOE+OO 
0 .OOOOOE+-00 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE ... OO 

1. 57520E-+02 
1.57520E-+02 
0. OOOOOE-+00 

l 57520E+02 
1 57520£+02 
0 OOOOOE+OO 

1 57520£+02 
1. 57520£+02 
0 OOOOOE.+OO 

0. 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 

0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

Q OOOOOE-+00 
0 QOOQOE-+00 
0.00000£.;-QO 

0 OOOOOE-+00 
0 OOOOOE+OO 
0.00000£.;.00 

O.OOOOOE+OO 

O.OOOOOE•OO 
0. OOOOOE+OD 
O.OOOOOE+-00 

O.OOOOOE-+00 
a. oononE•Go 
O.OOOOOE.;.QQ 

0 OOQOOE-+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE•OO 

0. 00000£+00 
0. OOOOOE+OO 
0. OOOOOE-+00 

0 OOOOOE.;.OO 
Q QOOOOE+OO 
0 QOOOOE+OO 

8 OOOOOE-01 
8.00000£-0l 
8.00000E-Ol 

8. OOOOOE-01 
R OOOOOE-01 
8. 00000£-01 

. OOOOOE-01 
OOOOOE-01 
OOOOOE-01 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE-1-00 

0 OOOOOE.;-00 
0 OOOOOE-+00 
0 OQOOQE-+00 

0 OOOOOE.;.QQ 
O.QQQOOE+OO 
O.OOQQOE+-00 

O.OOOOOE+OO 
0.00000&+00 
0.00000&+00 

0 OOOOOE+OO 
0.00000&+00 
O,OOOOOE+OO 

1. 575208+02 
0. 000006+00 
0.00060E+00 

l. 575202+02 
0. 00000£.;.00 
0. OOOOOE-+00 

1.57520);:-+02 
O.OOQOQE.;.QO 
O.OOOOOE-+00 

O.OQOOOZ-+00 
O.OQOQOE-+QO 
O.OOOQOE.;.OQ 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE•OO 
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17 

l8 

19 

20 

21 

" 
23 

25 

26 

" 
29 

30 

31 

O.OOOOOE-+00 
O.OOOOOE-+00 
0.00000E+00 
O.OOOOOE•OO 
0. OOOOOE+-00 
O.OOOOOE+OO 
0. OOOOOE+-00 
O.OOOOQE..-00 
O.OOOOOE+OO 
O.OOOOOE+OO 
0.00000£+00 
O.OOOOOE-tOO 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE..,OO 
0 000008+00 
0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOQE.;.OO 
0, OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE-+00 
0 000008+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+-00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE ... OO 
0. OOOOOE+OO 
0. DOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE ... OO 
0 OOOOOE+IJO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE+O!l 
O.OOOOOE-+00 
O.OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 .OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE-+00 
0. OOOOOE-+00 

0 00000E+00 
0 OOOOOE ... OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000E+00 
0 OOOOOE-t-00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE-t-00 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE ... OO 
O.OOOOOE+OO 
O.OODDDE+DD 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE-+00 
O.OOOOOE ... OO 
O.OOOOOE ... OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE ... OO 
0 OOOOOE.;.OO 
0 OOOOOE-+00 
0 OOOOOE ... OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 !IOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

CH20 concentration -- simple 
Layer 1 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

2 0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE ... OO 
0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE+OO 

4 0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE ... OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

7 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE ... OO 
9 24477E+01 
0 OOOOOE-+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
9 244TJE+01 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE ... OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE.;.OO 
O.OOOOOE.;.OO 
0 OOOOOE-+00 
0 OOOOOE-t-00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
9 24477E+01 
0 OOOOOE-+00 
0 OOOOOE+OO 
O.OOOOOE+OO 
9.24477£+01 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE ... OO 
0 OOOOOE.;.OQ 
0 OOOOOE+OO 
0 OOOOOE.;.QO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE.;-00 
0. OOOOOE.;.OO 
0. OOOOOE-+00 
0. OOOOOE-t-00 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£-+-00 
0 OOOOOE-+00 
O.OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE ... OO 
0. OOOOOE ... OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

model 

0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE.;-00 
0 OOOOOE ... OO 
0 OOOOOE-+00 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE.;.OO 
0 OOOOOE-+00 
0 OOOOOE-+00 
0. OOOOOE+OO 
O.OOOOOE-+00 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE ... OO 
0. OOOOOE+OO 
O.OODDDB1"00 
0. OOOOOE+OO 
9. 2441?E+01 
0. OOOOOE+OO 
0. OOOOOE+OO 

OOOOOE+OO 
244?'/E+Ol 

. 0. OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE•OO 

. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
0. OOOOOE.;-00 
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0. OOOOOE+OO 
0. 00000£+00 

0 OOOOOE-tOO 
0. OOOOOE+OO 
0 OOOOOE+OO 

OOOOOE-tOO 
OOOOOE+OO 

. OOOOOE+OO 

0. OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 

OOOOOE+OO 
OOOOOE.,.OO 
OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE.,.OO 

0 OOOOOE+OO 
O.OOOOOE<t-00 
O.OOOOOE+OO 

0 QOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE-tOO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE<t-00 
0 OOOOOE-tOO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE<~-00 

0 OOOOOE+OO 
0 OOOOOE<~-00 

0 OOOOOE+OO 

0 OOOOOE<~-00 

0 OOOOOE-tOO 
0 OOOOOE+OO 

0 OOOOOE<~-00 

0 OOOOOE<~-00 

O.OOOOOE<~-00 

0 OOOOOE<~-00 

0 OOOOOE+OO 
O.OOOOOE<~-00 

0 OOOOO!HOO 
0 OOOOOE-tOO 
0 OOOOOE+OO 

0 OOOOOE+OO 
O.OOOOOE<~-00 

O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0. 00000E+00 

0 OOOOOE<t-00 
0. OOOOOE-tOO 
0 00000E+00 

00000E+00 
. OOOOOE+OO 
, OOOOOE-tOO 

OOOOOE-tOO 
.OOOOOE-+00 

0. OOOOOE<t-00 

OOOOOE-tOO 
OOOOOE-+00 

. OOOOOE-tOO 

OOOOOE<t-00 
OOOOOE-tOO 
OOOOOE-tOO 

OOOOOE<t-00 
OOOOOE-tOO 
00000E+00 

0 OOOOOE.,.OO 
0 OOOOOE.,.OO 
0 OOOOOE+OO 

0 OOOOOE-tOO 
0 OOOOOE-tOO 
0 OOOOOE.,.OO 

0 OOOOOE.f-00 
0 OOOOOE-tOO 
0 OOOOOE-tOO 

0 00000E+00 
0 OOOOOE<~-00 

0 OOOOOE<~-00 

0 COOOOE+OC 
0 OCOOOE+OO 
0 OOOOOE<~-00 

0 OOOOOE.,.OO 
0 OOOOOE+OO 
O.OOOOOE<~-00 

OOOOOE<~-00 

0 OOOOOE+OO 
0 OOOOOE<~-00 

0. OOOOOE<~-00 
0. OOOOOE<~-00 
0. OOOOOE+OO 

0 OOOOOE ... OO 
0. 00000£+00 
0. OOOOOE+OO 

0. OOOOOE<~-00 
OOOOOE-+00 
OOOOOE.,.OO 

0. OOOOOE+OO 
0 OOOOOE-+00 
0. OOOOOE-tOO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE-tOO 

0. OOOOOE-tOO 
0. OOOOOE.,.OO 
0. OOOOOE+OO 

0. OOOOOE.f-00 
0. OOOOOE-tOO 
0. OOOOOE-tOO 

0 OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE<~-00 
0. OOOOOE-tOO 

Date: 01125/96 Time: l-7:24 19 CPU Time' 0 1: 4 26 09 3866.09 ~ec) ASCII 

Time Step No. 391 Elapsed Time = O.OOOOOOE+OO ~ys 
Date: Ol./25/96 Time: 17:24:20 CPU Time: 0 1: 4 26.31 

Time Step No. 400 Elapsed Time~ 2.728293£-02 days 
Date: 01/25/96 Time: 17:25:11 CPU Time: 0 1: 5 16.80 

Time Step No. 420 Elapsed Time= 2.717887E-01 days 

3866.31 sec) Binary 

3916.80 sec) Binary 

.OOOOOE-+00 

0 OOOOOE+OO 
9 24477£<+-01 
0. OOOOOE+OO 

OOOOOE-tOO 
OOOOOE+OO 
OOOOOE+OO 

0 OOOOOE+OO 
0 .OOOOOE-tOO 
0 OOOOOE+OO 

0 OOOOOE<t-00 
0 OOOOOE-tOO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE<t-00 
0 OOOOOE-tOO 

0 00000£+00 
0 OOOOOE+OO 
O.OOOOOE+OO 

0.00000£+00 
O.OOOOOE.,.OO 
O.OOOOOE.,.OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0 OOCOC'E+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 

0. OOOOOE-tOO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE<~-00 
0. OOOOOE+OO 
0. OOOOOE-tOO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE.f-00 

0. OOOOOE+OO 
0. OOOOOE-+00 
0. 00000£.,.00 

0. 00000£+00 
0. 00000£+00 
0. OOOOOE-tOO 

0. OOOOOE<~-00 
0. 00000£+00 
0. OOOOOE+OO 

0. OOOOOE ... OO 
0. OOOOOE-+00 
0. OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE-tOO 
0. OOOOOE.,.OO 

0. 00000£+00 
0. OOOOOE<+-00 
0. OOOOOE-tOO 

0. OOOOOE+OO 
0. OOOOOE<~-00 
0. OOOOOE.f-00 

0 OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE•OO 

0. OOOOOE+OO 

0. OOOOOE+OO 
9 244?7& ... 01 
0 OOOOOE+OO 

0 OOOOOE<t-00 
0 OOOOOE-tOO 
0 OOOOOE.,.OO 

0 OOOOOE-tOO 
Q QQQQOE-tOO 
0 OOOOOE+OO 

0 OOOOOE<t-00 
0 OOOOOE<t-00 
0 OOOOOE-tOO 

0 OOOOOE-+00 
0 OOOOOE+OO 
0. OOOOOE<t-00 

OOOOOE-+00 
OOOOOE+OO 
OOOOOE-+00 

O.OOOOOE-tOO 
O.OOOOOE-tOO 
O.OOOOOE-tOO 

0 OOOOOE+OO 
0 OOOOOE-+00 
O.OOOOOE-tOO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£+00 

0 OOOOOE.,.OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 DDOOOE+OO 
0 OOOOOE.,.OO 
0 OOOOOE.,.OO 

0 OOOOOE.,.OO 
O.OOOOOE+OO 
0 OOOOOE.,.OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE-tOO 
0 OOOOOE.,.QO 
0 OOOOOE.,.OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE.,.OO 
O.OOOOOE.,.QO 
O.OOOOOE.,.OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE.,.OO 

O.OOOOOE+OO 
O.OOOOOE.f-00 
O.OOOOOE+OO 

0 OOOOOE-+00 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
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0 OOOOOE-+00 

9 24477£•01 
9 24477E+Ol 
0 OOOOOE.,.OO 

0 OOOOOE+OO 
0 OOOOOE•OO 
0 OOOOOE+OO 

0 OOOOOE.,.OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOQE.,.OO 
o oooooe: ... oo 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE .. OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

.OOOOOE-tOO 

. OOOOOE.,.OO 

.OOOOOE+OO 

0. OOOOOE+OO 
O.OOOOOE-tOO 
0. OOOOOE-+00 

O.OOOOOE-+00 
0. O!IOOOE+OO 
0. !IOOOOE-t!IO 

. 00000£+00 
0 O!IOO!IE+OO 
0 OOO!IOE+OO 

0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE+OO 

OOOOOE-tO!l 
OOOOOE.,.OO 
OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE-tOO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE.f-00 

OOOOOE-+00 
0. OOOOOE+OO 
0. OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE•OO 
0 OOOOOE-+00 

0 OOOOOE+OO 
0 OOOOOE•OO 
0 OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE<+-00 

OOOOOE-tOO 
OOOOOE+OO 
OOOOOE+OO 

0 OOOOOE-tOO 
O.OOOOOE-+00 
0 OMME+OO 

O.OOOOOE-tOO 

9.244778+01 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE,.OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE.f-00 

0. OOOOOE-tOO 
0. OOOOOE-tOO 
0 OOOOOE-+00 

O.OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE-+00 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE.f-00 

0 OOOOOE-tOO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE..,OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
0. OOOQOE.,.OO 
O.OOOOQE.,.OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE.,.OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE.,.OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE.,.OO 

O.OOOOOE.f-00 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE.,.OO 
O.OOOOOE-+00 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE.,.OO 
O.OOOOOE+OO 

O.OOOOOE.f-00 
0. OOOOOE+-00 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE.f-00 

0 OOOOOE.,.OO 
0 OOOOOE.,.OO 
O.OOOOOE+OO 

0 OOOOOE+-00 
0 00000E+00 
0 OOOOOE.,.OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 



 

 Information Only 

BRAGFLO, Version 4.10 
User's Manual, Version 1.20 

D111te: 01/25/96 Time: 17:27:12 CPU Time: 0 1: 7:15.81 

Time Step No. = 440 Elapsed Time~ 2.708876£~00 days 
Date: 01/25/96 Time: 17:29:14 CPU Time: 0 1: 9 16.65 

TUne Step No. = 460 El&psed Time ~ 1.696966£+02 days 
Date: 01/25/96 Time: 17:31:32 CPU Time: 0 1:11 32.72 

Time Step No. 480 El~p.sed Time = 3.104677E+03 days 
Date: 01/25/96 Time: 17:34:05 CPU Time: 0 1:14: 4.21 

T~ Step No. 500 Elapsed Time- 3.654611£+03 days 
Date: 01/25/96 Time: 17:34:5!1 CPU Time: 0 1:14:56.30 

Time Step No. 520 Elapsed Time= 3.844984£+03 days 
Date: 01/25/96 Time: 17:36:04 CPU Time: 0 1:16: 1.30 

Time Step No. 540 Elapsed Time = 9.131076E+03 days 
Date: 01/25196 Time: 17:37:29 CPU Time: 0 l:J.7 23.99 

Time Step No. 560 Elapsed Time = 9.139449E+03 days 
Date: 01/25/96 Time: 17:38:16 CPU Time: 0 1:18: 9.84 

Time Step No. = 580 Elapsed Time = 9.865662E+03 days 
Date: 01/25/96 Time: 17:39:34 CPU Time: 0 1:19:26.39 

Time Step No. 600 Elapsed Time~ 1.826182E+04 days 
Date: 01/25/96 Time: 17:41:53 CPU Time: 0 1:21:44.59 

Time Step No. 620 Elapsed Time = 1.826525E+04 days 
Date: 01/25/96 Time: 17:42:41 CPU Time: 0 1:22:30.71 

Time Step No. 640 Elapsed Time = 1.856271£+04 days 
Date: 01/25/96 Time: 17:43:34 CPU Time: 0 1:23:23.22 

Time Step No. 660 Elapsed Time= 3.652432E+04 days 
Date: 01/25/96 Time: 17:45:18 CPU Time: 0 1'25: 5.49 

Time Step No. 680 Elapsed Time = 3.652860£+04 days 
Date: 01/25/96 Time: 17:46:06 CPU Time: 0 1:25 51.41 

Time Step No. 700 Elapsed Time = 3.690042E+04 days 
Date: 01/25/96 Time: 17:46:53 CPU Time: 0 1:26·37.23 

Time Step No. 720 Elapsed Time = 6.993473E+04 days 
Date: 01/25/96 Time: 17:48:41 CPU Time: 0 1:28 23.24 

Time Step No. 740 Elapsed Time~ 7.305135£+04 days 
Date: 01/25/96 Time: 17:49:32 CPU Time: 0 1:29 13.39 

Time Step No. 760 Elapsed Time= 7.328931E+04 days 
D<>te: 01/25/96 Time: 17:50:26 CPU Time: 0 1:30: 5.56 

Time Step No. 780 Elapsed Time = 9.392955E+04 days 
Date: 01/25(96 Time: 1'1:52:12 CPU Time: 0 1:31.49.43 

Time Step No. = 900 Elapsed Time = 1.460996E+05 days 
Date: 01/25/96 Time: 17:54:52 CPU Time: 0 1:34:27.93 

Time Step No. 820 Elapsed Time = 1.461127E+05 days 
Date: 01/25/96 Time: 1/:55:39 CPU Time: 0 1:35:13.91 

Time Step No. 840 Elapsed Time = 1.472474£+05 days 
Date: 01/25/96 Time: 1/:56:41 CPU Time: 0 1:36:14.71 

Time Step No. 860 Elapsed Time = 1.995843£+05 days 
Date: 01/25/96 Time: 1'7:58:44 CPU Time: 0 1:38:16.0? 

Time Step No. 880 Elapsed Time= 3.271868£+05 days 
Date: 01/25/96 Time: 18:03:22 CPU Time: 0 1:42 52.74 

Time St~ No. 900 Elapsed Time~ J.284052E+05 days 
Date: 01/25/96 Time: 18:04:53 CPU Time: 0 1:44 22.18 

Time Step No. 920 Elapsed Time ~ 4.327011£+05 days 
Date: 01/25/96 Time: 18:06:55 CPU Time: 0 1:46 23.62 

Time Step No. 940 Elapsed Time = 7.727755E+05 days 
Date: 01/25!96 Time: 18:12:01 CPU Time: 0 1:51 27.93 

Time Step No. 960 Elapsed Time= 7.741322E+05 days 
Date: OJ.t25t96 Time: 18:13:58 CP1J Time: 0 1:53:23.17 

Time Step No. 980 Elapsed Time = 8.450515E+OS days 
Date: 01/25/96 Time: 18:15:3? CP1J Time: 0 1:55: 1.19 

Time Step No. = 1000 Elapsed Time ~ 1.242988E+05 day~ 
Date: 01/25/96 Time: 19:17:35 CPU Time: 0 1:56:58.18 

Time Step No. 1020 Elapsed Time~ 1.642988£+06 days 
Date: 01/25/96 Time: 18:19:17 CPU Time: 0 1:5Q:38.26 

Time Step No. 1040 Elapsed Time = 2.042999E+06 days 
Date: 01/25/96 Time: 18:20:47 CPU Time: 0 2: 0: 7.75 

Time Step No. = 1060 Elapsed Time = 2.442988E+06 days 
Date: 01/25/96 Time: 19:22:18 CP1J Time: 0 2: 1 36.71 

Time Step No. 1080 ~lapsed Time = 2.842988E+06 days 
Date: 01/25/96 Time: 18:23:48 CPU Time: 0 2: 3: 5.99 

4035 81 .sec) Binary 

4156 65 sec) Binary 

4292.72 sec) Binary 

4444.27 sec) Binary 

4496.30 sec) Bioary 

4561 30 sec) Bioary 

4643.99 sec) Binary 

4689,84 sec) Binary 

4766.39 sec) Binary 

4904.59 sec) Binary 

4950.71 sec) Binary 

5003.22 secl Binary 

5105 49 sec) Binary 

5151 41 sec) Binary 

5197 23 sec) Binary 

5303.24 sec) Binary 

5353 39 sec) Binary 

5405 56 sec) Binary 

5509.43 sec) Binary 

5667.93 sec) Binary 

5713.91 sec) Binary 

5774 71 secl Binary 

5996.07 sec) Binary 

6172 74 sec) Binary 

6262 18 sec) Binary 

6383.62 sec) Binary 

6697 93 sec) Binary 

6803 17 sec) Binary 

6901 19 sec I Binary 

7018.18 sec) Binary 

7118 26 sec) Binary 

7207 75 sec) Binary 

7296 '71 sec) Binary 

7385 99 sec) Binary 
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BRAGFLO, Version4.10 
User's Manual, Version 1.20 

Time Step No. 1100 Elapsed Time= 3.242988E+06 days 
Date: 01/25/96 Time: 18:25:19 CPU Time: 0 2: 4:35.44 "14?5.44 sec) Binary 

Time Step No. 1120 Elapsed Time= 3.642988E+06 days 
D11te: 01/25/96 Time: 18:26:49 CPU Time: 0 2: 6: 4.39 7564 39 sec) Binary 

Restart information bas been written to I/0 unit 2 in DISKW, file n~: 
BF2_0UT$RESTAAT 

for time step IPRINT = 1121 IRESTAR'l'COUNT = 
TIME : 3. 155700000000000E+lls DELT = 0. OOOOOOOOOOOOOOOE+OO s 
D9.'M'IME .. KRESTMAT = 8, IWELLTIME+KRES'IWELL = 
KRES'nOI.T ~ 0 KRES'lWELL = 0 

********* .......... "" * * * * * .... ., .......................................... " ....................................................................... .. 
Ehopsed Time 
3.155700E+ll sec 

oaT 
3.652431E+06 day= 000002E+04 yr 

8.158234E+08 sec 9.442400£+03 day= 2 585243E+Ol yr 
Time Step Number 1121 
Total Newton-Raphson Iterations 
Avg Newton-Raphson Iterations/Time Step 
CPU Time lthis time step) = 4.73 sec 

2740 
2.444 
0.00131 h:r 

CPU Time ltota1 for run) 7568.86 sec 2 . .10246 hr 

CUmulative Mass Balance 
Brine: 1.10594DE-17 
Gas: 6.088281E-l3 

Maximwn Relative Mass Balance (CUrrent Time Step) 
Brine: -5.071291£-07 at (I,J,KJ = 15 9 1 
Gas: 4.928396E-05 at (I,J,KJ = 12 8 1 

Brine pressure 
Layer 1 
1. 55023£+01 
1.27000£+07 
1.27000£+07 
1 .27000£+07 

2 1. 52006£+07 
1. 52006£+07 
1. 52006E+07 
1. 52006£+07 
1 74752£+07 
1 43314£+07 
1.40329E+O/ 
1.35597£+07 

4 1. 63357£+07 
1.33624£+07 
1.24374£+07 
1. 24204E+07 

5 1. 59684£-i-07 
1. 31682E+07 
1 207138£+07 
1 20532£+07 

6 1 58971£+07 
1 36295E+07 
1 36277£+07 
1 19818£+07 
1 58836£-i-07 
1 36294£-i-07 
1 36276£+07 
1 19684E+07 
1 58674£+07 
1. 36249£+07 
1 36275£+07 
1 19521£+07 
1. 58515£+07 
1. 36247£+07 
1. 36273£+07 
1 19362£+07 

10 1. 58355£+07 
1 36246£+07 
1.36272£+07 
1.19203£+07 

11 1. 58118£+07 
1. 36288£+07 
1.36270£+07 
1.18966£+07 

12 1. 57944£+07 
1. 36286£+07 
1 36269£+07 
1. 18792£+07 

13 1. 57651£+07 
1 362ME+07 
1 36266£+07 
1. 18498£+07 

14 1. 57105£+07 
1 36279£+07 
1. 36262E+07 
1.17953E+07 

15 1. 56826E+07 
1. 34805£;--07 
1 34722£+07 
1.17674£+07 

Hi 55377£+07 
22750£+07 

1. 55023E+01 
J..27000E+07 
1.27000£+07 
1.55023£+07 
1. 52006E+07 
1 52006£+07 
1 52006E+07 
1 52006£+07 
1 53735£+07 
1 43297£+07 
1. 39999£+07 
1. 29292£+07 
1 42341£+07 
1 33493£+07 
1 24168£+07 
1.17900£+07 
1.38668£+07 
1. 31723£+07 
1 20357£+07 
1.14227£+07 
1 37955£+07 
1 36295£+07 
1 36274£+07 
1.13513£+07 
1. 3/820E+07 
1 36294E+07 
1 36273£+07 
1.13379£+07 
1 37658£+07 
1 36249£+07 
1 36272£+07 
1.13216£+07 
1 37499£+07 
1 36247£+07 
1 36271£+07 
1.13057£+07 
1 37340£+07 
1.36246£+07 
1 36269£+07 
1.12898£+07 
1 37103£+07 
1 36288£+07 
1 36267£+07 
1 12661£+07 
1 36929£+07 
1 36286£+07 
1 36266£+07 
1.124fi7E+07 
1 36635E+07 
1 362B4E+I)7 
1 36263E+07 
1 12194£+07 
1 36089£+07 
1 36279E+07 
1 36259E+07 
1 1164BE+07 
1 35811£+07 
1 34806£+07 

34462E+07 
11370E+07 
34361£+07 
22243£+01 

1 21000E+07 
1 27000£+07 
1 27000£+07 
1. 55023E+07 
1. 52006E+07 
1. 52006E+07 
1. 52006E+07 
1. 52006£+07 
1. 47430£+07 
1 43280£+07 
1 40046£+07 
1, 08274E+07 
1. 36036£+07 
1 33362£+07 

25244£-+07 
68835£+06 
32364E+07 
31754£+07 
22349£+07 
32110£+06 
31650£+07 

1.36295£+07 
1.23481£+07 
9 24976£+06 
1 31516£+0"1 
1 36294£+07 
1 23347£+07 
9 23633£+06 
.1 31353£+07 
1 36249£+07 
1 23184£+07 
9 22007£+06 
1 31194£+07 
1 36247£+07 
.1 23024£+07 
9 204J.7E+06 
1.31035E+07 
1.36246E+07 
1.22865E+07 
9.18827£+06 
1 30798£+07 
1 36288E+07 
1 22627£+07 
9 16456£+06 
1 30624£+07 
1.36286£+07 
1 22453E+07 
9 14717E+06 
1 30330E+07 
1 36284£+07 
1 22159£+07 
9 11780E+06 
1 29785E+07 
1 36279E+07 
1 21557£+07 
9 06J:25E+06 
1 29506E+07 
1 34808E+07 
1 21263E+07 
9 03538£+06 
1 28056£+07 
1 21735E+07 

1 27000£+07 
1 27000E+07 
1 27000£+0? 

1. 52006£+07 
1. 52006£+07 
1.52006£+07 

1. 45591£+07 
1 43259E+07 
1 40092£+07 

1 34200£+{]7 
1 33279£+07 
1 26372£+07 

1. 30533£+07 
1 31462£+07 
1.23857£+{]7 

1.29820E+07 
1 36295£+07 
1.23408£+07 

29686.£ .. 07 
36294£+07 
23273£+{]7 

29523£+07 
. 36248£+07 
23110£+07 

29364£+07 
36247£+07 
23109£+07 

29205£+07 
36246£+07 
23108£+07 

28967£+07 
1 36288£+07 
l 23106£+07 

1 28793£+07 
1 36286£+07 
1 23105£+07 

1 28499E+07 
1 36284£+07 
1 23103£+07 

1 27953£+07 
1 36279£+07 
1 23099£+07 

1.27674£+07 
.1 34800£+07 
1 21758E+07 

26222£+07 
.1.2145.1£+07 

27000£+07 
27000£+07 

1. 27DOOE+07 

1. 52006E+07 
1. 52006£+07 
1. 52006E+07 

1 44290E+07 
1 43195E+07 
1 39504E+07 

1.33251£+07 
.33121£+07 
.25314£+07 

. 30304£+07 
1 30546£+07 
1 21888£-+07 

.29755£+07 
36294£+07 
23108£+07 

29<i4.1E+07 
.36293E+07 
23107£+07 

29519£+07 
36248£+07 
23106£+07 

1.29401£+07 
1. 3 6247£+07 
1.23105£+07 

1 29284£+07 
1 36245£+07 
1 23104E+07 

1 29.11J.E+07 
1 36287£+07 
1 23102£+07 

.1.29072£+07 
1. 3 6286£+07 
1.23100E+07 

28551£+07 
1.36283£+07 
1. 230913£+07 

27866£+07 
1. 3 6279£+07 
.1. 23 094E+07 

27525£+07 
34787E+07 
21902£+07 

25722£+07 
21166£+07 

1 27000E+07 
1 27000£+07 
1.27000£+07 

1 52006£+07 
1. 52006£+07 
1 52006£+07 

43693£+07 
43113£+07 
39339£+07 

1 33656£+07 
1, 33398E+07 
1 26898£+07 

31279£+07 
31834£+07 

1.23385£+07 

30772E+07 
36294£+07 
22703£+07 

~ 30654'£+07 
1 36292£+07 
1 22574£+07 

30520£+07 
36291£+07 
22422£+07 

30388£+07 
36290£+07 
22271£+07 

1 30255E+07 
1 36288E+07 
1 22120E+07 

1 30054£+07 
1 36287£+07 
1 21892E+07 

1 32572E+07 
1 36285£+07 
l.21875E+07 

1 32307£+07 
1 36283£+07 
1 21598£+07 

1 31830£+07 
1 36278£+07 
1 21082£+07 

J. 3J.906E+07 
1 34784£+07 
1 20829£+07 

.1 26384E+07 
1 210.12E+07 

1.27000£-i-07 
1.27000£+07 
1. 27000£+07 

52006£-+07 
52006£-+07 
52006£+07 

43542£+07 
1.42953£+07 
1.39296£+07 

1 34288£+07 
1 33199£+07 
1 26897£+07 

1 33366£+07 
1 31387£+07 
1 23458£+07 

1.34621E+07 
1.36292£+07 
1.22796£+07 

l 3448J.E+07 
1 36291£+07 
1 22666£+07 

34317£+07 
l.3.6246E+07 
1.225l2E+07 

1 34156£+07 
1 36245E+07 
1 22361£+07 

1 33997E+07 
1 36243E+07 
1 22211E+07 

1 33760E+07 
1 36285E+07 
1 21986£+07 

1 33962£+07 
1. 36284E+07 
1 21974£+07 

1 32840£+07 
1 36281£+07 
1 21590£+07 

1 32303E+07 
1 36277£+07 
1 21037£+07 

1 32472E+07 
1 34719£+07 
1 20757£+07 

.1.24716E+07 
1.20839£+07 

27000E+07 
27000£+07 
2?000E+07 

. 52006£+-07 
52006E+07 
52006E+07 

43486£+07 
.41858£+07 
39241£+07 

34229£+07 
28287£+07 
27157E+07 

1.330728+07 
1.251888+07 
1.23666£+07 

35447E+O? 
36287£+07 
22999£+07 

1 35220£+0? 
36286£+07 
22873£+07 

350378+07 
36241£+07 

1.22726£+07 

34863£+07 
1. 3 6240£+07 
1.22583£+07 

346938+07 
J. 36238£+07 
1 22441£-i-07 

34445£+07 
.1.36280£+07 
L22229E+07 

1.34521£+07 
1. 36279£+07 
l. 22081£+07 

L32849E+07 
1. 36276£+07 
1 21760£+07 

32303£+0? 
36272£+07 
21183£+07 

1. 32534£+07 
1.34759£-i-07 
1.20890£+07 

1.24434£+07 
.1.20276£-i-07 
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1.27000£+07 
1.27000£+07 
1.27000£+07 

1 52006E+07 
1 52006£+07 
1.52006E+07 

1 43401E+07 
1 40827E+07 
1 38745£+07 

1 33855£+07 
1.24285E+07 
1. 27312E+07 

1. 31946E+07 
1. 204 73£+07 
1.23623£+07 

1 36295£+07 
1 36282£+07 
1 22907E+07 

1 36294E+07 
1 36281£+07 
1.227738+07 

1. 3 6249E+07 
1.36236£+07 
1.22610£+07 

1 3624BE+07 
1 36234£+07 
1 22452£+07 

1 36247£+07 
1 36233£+07 
1. 2229JE+07 

1.36288£+07 
1 36275£•07 
1 22DS6E+07 

1 36287£+07 
1 36274£+07 
1 21883£+07 

1 362BSE-+Oi 
1.36271£+07 
1 21590£+07 

1 36280£+07 
1 36267£+07 
1 21046£+07 

1 34769£+-07 
1 34743£+07 
1 20768E+07 

l.23414E+07 
1.19749E•07 

1.27000£+07 
1' 27000E+07 
l. 27000£+07 

1. 52006E-+07 
1. 52006£+07 
1. 52006E+07 

1 43335E+07 
1 40647E+07 
1 37436£+07 

1 33707£-+07 
1 24196£-+07 
1 26043£+07 

1.31653£+07 
J..20448E+07 
1.22370£+07 

1 36295£-1-07 
1 36280£-1-07 
1 21656£+07 

1.36294£+07 
1.36279£+07 
1. 21522£ ... 07 

1.36249£+07 
1.36278£-1-07 
l.21359E-!-07 

1.36247E-t07 
1.36277E+07 
1.212QOE..-07 

1.36246£+07 
1.36275E+07 
1.21041E•07 

1.36288£•07 
1. 36273£-1-07 
1.20804E•07 

1.36287E+07 
1.36272E+07 
1.20630£+07 

1. 36284E+<l1 
1.36270£-i-07 
1.20336£+07 

1. 36280£+07 
1.36265ET07 
1.19791E+07 

1.34812£+07 
1.34737£-+07 
1.19512£-i-07 

1. 23038£+07 
1.19562£+07 
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21 

22 

28 

" 
30 

1 18944£...-07 
1 16225£...-07 
1 50783£+07 
1 180?8£+-07 
1 14525£+07 
l 11630£+07 
1,44471£+07 
1.12455£+07 
1.09447£+07 
1. 05319£+0"1 
1. 3 6146£+07 
1.04623£+07 
1.01?38£+07 
9. 69936£-+06 
1 25806£+07 
9 43693£+06 
9 13878£+06 
8 66539£+06 
1 17904£+07 
8 64766£-ot-06 
8 32752£+06 
7 87547£+06 
1.12926£+07 
8 .15037£+06 
7. 82630£+06 
7,37820£+06 
2 29653£+06 
2 29653£+06 
2.2965)£.;.06 
2. 29653£ ... 06 
8. 52000£+05 
8.52001£+05 
8.52010£+05 
8.52000£+05 
1. 83774£+06 
1. 83774£+06 
1. 83774£+06 
1 83774£+06 
9 OOOOOE+OS 
9 01054£-+05 
9 15152£+05 
9 00320£+05 
1 48191£+06 
1 48191£+06 
1.48191£+06 
1.48191£+06 
7.39553£+05 
7. 52 802£ ... 05 
9. 54155£+05 
7.44073£+05 
1 01355£+05 
1.01355£+05 
1.01365£+05 
1.01355£+05 
1. OB31E+05 
1.0133l.E+05 
1. 01331E+05 
1. Ol331E+05 
1.01325E+OS 
1. 01325E+05 
1. 0132.5E+05 
1. 01325E+05 

Gas pressure 
Layer 1 

1 1. 55023E+O? 
1.2?022E+O? 
L27022E+0? 
1 27022E+0? 

2 1 52006E+0? 
1 52006E+O? 
1 52006E+O? 
1 52006E+0? 
2 30405E+0? 
1 9896?E+O'l 
1.95982£+0'7 
1.91250E+0'7 
2.19010E+0'7 
1. 89277E+07 
1. 80027E+07 
1 79857E+07 
2 .15337£+07 
1 87335£+07 
1 76441£+07 
1 76185E+O? 

6 l. 59486E+07 
1 36295£+07 
1 36277£.,.07 
1 20334E+07 

7 2 14489E+-0? 
1 36294£+07 
1 36276£+07 
1 75337£+07 
2. 14326E+07 
1 36292£+07 
1 36275£+07 
1. 75174£+07 
2 14167£+07 
1. 36291E+07 
1. 36273£+07 

1.14747E+07 
1.09920E+07 
1.29767E+0? 
1.17681£+0? 
1 09380£+-07 
1 05326E+07 
1 23456E+07 
1.12295E+-07 
1. 00919£+07 
9. 90143£+-06 
1.15130£+07 
1 04597£+07 
8.48148£+06 
9. 06890£+06 
1. 04790£+07 
9.43649£+06 
6. 87304£+06 
8. 03493£+06 
9 68898£+06 
8 64?39£+06 
4 82581E+06 
7.24505E+06 
9.19146£+06 
8.150llE+06 
4.l.7574E+06 
6.74786E+06 
2.29653E+06 
2.29653E+06 
2.29653£+06 
2 29653£+06 
8 52000£+05 
8.52001E+05 
8.52021£+05 
8.52000E+-05 
l.83774E+06 
1. 83774£+06 
1. 83774£+06 
1, 63774E+Q6 
9.00148E+Q5 
9.01469£+05 
9 33193E+05 
9 00188E+05 
1 48191£+06 
1 48191E+06 
1 48191E+06 
1 48191E+06 
7 40161E+05 
7 59003E+05 
1 00942£+06 
7 41067E+05 
1 01355E+05 
1.01355E+05 
2.37043£+-05 
1 01355E+-05 
1.01331E+05 
1 Ol331E+05 
1. 013 31E+-05 
1.01331E+05 
1.01325£+05 
1. 01325E+05 
1.01325£+05 
1. 01325E+OS 

1 55023£+07 
1 27022£+07 
1 27022£+07 
1 55023E+07 
1.52006£+07 
1. 52006£+0? 
1 52006E+O? 
1 52006E+07 
2 093BBE+07 
1 98950£+07 
1 95652£+07 
1 84945£+-0? 
1. 97994£+0? 
1 89146£+07 
1. 79821£+07 
1 73552£+07 
1.94321£+07 
1. 87376£+07 
1. 76010E+07 
1 69880E+07 
1.38470£+07 
1.36295£+07 
1 J6274E.,.07 
1 14029E+0? 
1 93473E+07 
1 36294E+07 
1 36273£+07 
1. 69032£+-0? 
1. 93311£+07 
1 J6292E+07 
1 36272E+07 
1. 68869E+07 
1. 93152£+07 
1 36291E+07 
1 36271E+07 

1.19731E+-07 -1.14249£+07 
8.89043£+06 
1.23462£+07 
1.17283E+07 
1.14952£+07 
8.43100£+06 
1.17151£+07 
1.12136£+07 
1. 08732£+07 
7. 79986£+06 
1 08825E+07 
1 04571E+07 
8 48938E+06 

96733£+06 
. 84856E+06 
. 43604£+06 
. 79945£+06 

5. 93338E-t-06 
9. 05B56E+06 
B.64711E+06 
3. 44082£+06 
5 .14366£+06 
8 56112E+-06 
8 14986£+-06 
2 94200E+06 
4 64676E+06 
2 29653E+06 
2 29653£+06 
1.22194£+06 
2.29653£+06 
8. 52000£+05 
8. 52001£+05 
9 03288£+05 
8 52000£+05 
1 83774E+06 
1 83774E+06 
9 63391£+05 
1. 83774E+06 
9.00255£+05 
9. 01924£+05 
9. 84676£+05 
9. OOOOOE-t-05 
1 48191E+06 
1. 48191E+06 
1 25004E+06 
1 48191E+-06 
7 41503£+05 
7 65204E+05 
1 010llE+-06 
7. 39583£+05 
1.01355E+05 
1.01355E+05 
2. 55324E+05 
1. 01355£+05 
1 01331£+05 
1 0133lE+05 
1 07050E+05 

01JJ1E+05 
01325E+05 

,01325£+05 
01325£+05 

1.01325£+05 

27022E+07 
1 27022£+07 
1. 27022£+07 
1 55023£+07 
1 52006E+0? 
1. 52006E+0? 
1 52006E+-07 
1 52006£+07 
2 03063E+07 
1 9893JE+07 
1 95699£+07 
1 63927E+07 
1 91689£+07 
1 89015£+07 
1 80897£+07 
1 52536£+07 
1.88017£+07 
1. 87407E+07 
1 78002£+07 
1 48864£+07 
1. 32166E+-07 
1 36295E+-07 
1 J8032E+07 
9 30132£+06 
1. 87169E+07 
1.36294E+07 
1 J8029E+07 
1 48016£+07 

87006E+07 
36292E+07 

. 38026E+07 

. 47854£+07 
1. B6847E+07 
1 36291E+0/ 
1 319728+07 

1.21624£+07 
1 17058£+07 
1. 09323E+07 

1.15312£+07 
1.12039£-+07 
1. 02085E+O/ 

1. 06987£+07 
1. 04546E+07 
e. 73950E+06 

9 66467E+06 
9. 43466£+06 
7.23461£+06 

e 87469E+06 
8 64584E+06 
S 40983E+06 

8.37727£+06 
8 .14859£+06 
4.77968E+06 

2 29653£.+06 
2 296S3E+06 
2.296~5E+06 

8. 52000£-+05 
8, 52001£+-05 
8. 52010£+05 

1. 8377dE+06 
1. 83??4E+06 
1. B37'1dE+06 

9. 00325£+-05 
9. 02159E+05 
9 1B793E+05 

1 48191£+06 
1 48191E+06 
1 48191£+-06 

7.42446E+05 
7.68548£+-05 
9 67460£+05 

1 01355E+05 
1 01355£+05 
2 17742£+05 

1 01331E+05 
1 01331£+05 
1.01331£+05 

1. 01325E+05 
1. 01325£+05 
1. 01325£+05 

1. 27022E+O? 
1 27022E+0? 
1 27022£+07 

1. 52006E+07 
1 52006£+07 
1. 52006E+07 

2 01244E+0'1 
1 98912E+07 
1. 95145£+0/ 

1. B9B53E+07 
1. BB931E+0? 
1.82025£+07 

1. 86186£+07 
1 87115E+07 
1 79510£+-07 

L30336E+-0? 
1.36295£+07 
L23408E+07 

85339£+07 
. 36294E+07 
.23273£+07 

1.85176£+0? 
1 36292£+0'1 
1. 23110E+O/ 

1 85017£+07 
1 36291£+07 
1 23109£+0? 

16428£+07 

20501£+07 
16B23E+07 

1.12489£+07 

1 140248+07 
1.11911£+-07 
1. 08251£+07 

1.05674E+07 
1.0dd79E+07 
1. 01127E.,.Q7 

9.53333E+06 
9 42893E+-06 
9. 09581E+06 

8 74335E+06 
8 64017E+06 
8.30227£+06 

8 24595E+06 
8 14294E+06 
7 804188+06 

29653£+06 
2 29653E+06 
2 29653E+06 

8. 52000£+05 
B. 52001£+05 
8. 52002E+05 

1. 837'14E+-06 
1. 83774£+06 
1.83774E+-06 

9 00407E+-05 
9 02372E+05 
9 04285E+-05 

1 48191E+06 
1 48191£+06 
1 48191E+06 

7 .43587£+05 
7.71587E+05 
8.46497E+05 

01355£+05 
01355£+05 
01356£+05 

1.01331£+05 
1 01331E+05 
1. 01331E+05 

1. 01325£+05 
1. 01325£+-05 
1. 01325£+05 

1 27022£+07 
1 27022E+07 
1 27022E+07 

. 52006£+07 
1. 52006£+07 
1. 52006£+07 

1. 99943£+0'1 
1. 98848£+07 
1. 95157£+07 

1. 88904£+07 
1. B6774E+-0/ 
1. 80967£+-07 

1 85956£+-07 
1 86199E+07 
1 77541E+O? 

1.30270£+07 
J6294E+07 
23106£+07 

1. 85294E+07 
1.36293E+-07 
1 23107£+07 

1. 85172E+0? 
1. 36292E+07 
1.23106£+07 

1 85054E+0/ 
1 36291E+0? 
1 23105£+07 

19246£+07 

.20267£+07 
1 Hi682E+07 
1 14694£+07 

1.13420£+07 
1.11801£+07 
1. 08918E+07 

1. 05038£+07 
1.04387£+-07 
1 00919E+07 

9.47019£+-06 
9 42010E+-06 
9 06310E+06 

8 68029E+06 
8 63136E+06 
8 27352E+06 

8 18292£+06 
8 13413£+06 
7 77623£+06 

2 .29653E+06 
2.29653E+06 
2. 29653£+06 

8. 52000£+05 
8. 52002£+05 
8. 52000£+05 

1. 83774£+06 
1. 83774£+-06 
1 83774E+-06 

9 00468£+05 
9 03707£+05 
9 00610E+-05 

1 48191E+-06 
1 48191£+06 
1 48191£+06 

7.44452£+05 
7 90617£+05 
7 51383E+OS 

01355E+05 
01355E+05 

.01355£+05 

01331£+-05 
01331£+05 

1. 01331E+05 

1. 01325£+05 
1. 01325£+05 
1.01325£+05 

27022£+07 
27022E+07 
27022£+07 

1. 52006£+07 
1 52006E+07 
1. 52006£+07 

1.99346£+07 
1. 9B766E+07 
1.94992E+07 

1 89309£+-07 
1. 8905~£+-07 
1.82551£+07 

1 86932E+07 
1 87481E+0? 
1 ?9038E+07 

1 31288£+07 
1 36294£+07 
1 23376£+07 

. 86307£+07 
36292E+07 

1.78227E+0? 

1 86173£+07 
1 362911'.:+-07 
1 78074E+07 

1 86041E+07 
1 36290E+0? 
1 77924£+07 

1.19226£+07 

1.19442E+07 
1.16513E+07 
1.14677E+-07 

~ .13066£+07 
1.11644E+07 
1. 088828+07 

1. 04863£+-07 
1.04239£+07 
1. 00870£+07 

9 45526£+06 
9 40538E+06 
9 05792E+06 

8.66555E+06 
8. 61665£+06 
8.26834E+06 

.168:-.!0E+-06 

.11942£+06 
7. 77105E+06 

.29653E+06 

.29653£+06 

.29653£+-06 

B. 52000E+05 
B 52003£+05 
8 52000£+05 

1 83?74£+06 
1 83774£+06 
1 83?74E+06 

9 00489E+05 
9 05168£+05 
9 00596£+05 

1.48::1.91£+06 
1.48191£+06 
1.48191£+06 

7 44754E+05 
8 11436£+05 
7 51026£+05 

1 01355E+05 
1 01355E+05 
1 01355£+05 

.01331£+05 
1 01331E+05 
1. 01331£+05 

1.01325E+05 
1.01325E+OS 
1 01325£+05 

1.27022E+07 
1.27022£+-07 
1.27022£+07 

1. 52006E+07 
1. 52006E+07 
1. 52006£+07 

1. 99195£+07 
1. 98606E+07 
1. 949491!:+07 

1 89941£+-07 
1 88852E+07 
1 82550E+07 

1 89019E+07 
1 87040£+07 
1 79111£+07 

JS331E-+07 
36292£-+07 

.23312E+07 

1. 90134E+07 
1 36291E+-07 
1 7B319E+07 

1 89970£+-07 
1 36290£+07 
1 7S165E+07 

1 89809£+07 
1 36289£+07 
1. 78014£+07 

1 19374E+07 

1 19286£+07 
1 15934E+07 
1 14838£+07 

1.12980£+07 
1.11037£+07 
1 06879E+07 

1 04806£+07 
1 03616£+07 
1 00746£+07 

44997E+06 
34287£+06 
04343£+06 

8 66029E+06 
B. 55414E+06 
8 25369£+06 

8 .16295£+-06 
8. 05692£+06 
7. 75639£+06 

2. 29653£+06 
2.29653£+06 
2.29653£+06 

8 52000£+05 
8 52003E-+05 
8 52000E+05 

8J774E+06 
83774£+06 
83774E+06 

00497£+05 
06460E+05 
00566E+05 

1 48191£+06 
1 48191£+06 
1 48191£+-06 

.44875E+-05 

.29852E+-05 
7. 50250£+05 

1. 01355£+-05 
1.01355£+-05 
1. 013 55E+05 

1 01331E+05 
1 01331£+05 
1 01331£+05 

1 01325£+05 
1 01J25E+05 
1 01J25E+05 

.27022£+-07 
27022E+07 
27022E+07 

1 52006E+07 
1 52006E+07 
1 52006E+07 

1 99139£+07 
1 97510£+07 
1. 94894£+-07 

B9881E+07 
83940£+07 
82810£+07 

8B725E+07 
80841E+07 
79319E+-07 

1 36290£+-07 
1. 36287£+-07 
1.23515£+07 

1 90872E+07 
1 36286£+07 
1 78526£+07 

l.90690E+07 
1.36285E+0? 
1.783791'.!+07 

. 90516£+07 
36283E+07 
78236£+07 
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1.193258+07 

1.18605£+07 
1.15381£+-07 
l..14756Ei-07 

1.12704£+07 
1.10438£+-07 
1. 08464£+07 

1. 04719E+07 
1. 02994E+07 
1. 00145E+-07 

44407£+06 
280301'.:+06 

8. 98061£+06 

8 65461E+06 
8 49153£+06 
8 19068£+-06 

8 .15729E+06 
7. 99431E+06 
., . 69336£+06 

2 29653£+-06 
2 29653£+06 
2 29653E+06 

8. 52000£+05 
8 52004£+05 
8 52000£+05 

1 83774E+06 
1 83774£+06 
1 83774£+06 

9 00606£+05 
9 07737£+05 
9 00497E+05 

1 48191£+06 
1 48191£+06 
l 48191£+06 

7 46419£+05 
8 48096E+05 
7 48470£+05 

01355£+05 
. 01355E+05 
01355E+05 

1. 01331E+05 
1 01331£+-05 
1.01331£+05 

1, 01325E+05 
1 01325£+05 
1. 01325£+05 

1 27022£+07 
1 27022E+07 
1 2'?022E+07 

1.52006£+-0? 
1.52006£+-07 
1. 52006£+07 

1. 99054£+07 
1.96479£+07 
1 94398£+07 

1 89508E+07 
1 79938£+07 
1 82965E+07 

1 87599£+07 
1 76126E+07 
1. 79276£+07 

1 36295E+07 
1 36282E+07 
1 23423E+07 

1. 362941'.:+-07 
1.36281£+07 
1. 78426£+07 

1.36293E+07 
1.36280E+07 
1. 78263£+07 

1.36292E+07 
1.36278£+07 
1. 78105£+07 

1.18063£+07 

1.18305E+-07 
1.15186£+07 
l.l3469E+07 

1,12553£+07 
1 .10229E+07 
l.. 0115BE+07 

1. 04648£+0/ 
1. 02769E+07 
9. 88325£+06 

9.43830£+06 
9 25708£+-06 
B 84927£+06 

8 64894E+015 
8 46750E+06 
6.059J5E+06 

8 15163£+06 
7 97013E+06 
7 56204£+06 

2 .29653£+06 
2. 29653£+06 
2. 29653£+06 

B.52000E+OS 
8.52005£+-05 
8.52000£+05 

B3774E+06 
1.83'l74E+06 
1. 837.74E+-06 

9.00819£+05 
9 09253£+05 
9.00405£+05 

1.48191£+06 
1.48191E+-06 
1.48191£+06 

7.49458E+05 
8.69789E+OS 
7 .46135£+05 

1 01355E+05 
1 01355£+05 
1 01355E+05 

1 01331£+05 
1 01331£+05 
1 01331E+05 

.01325E+05 
1. 01J25E+05 
1.01325£+05 

1.27022£+07 
1.27022£+07 
1.27022£+07 

52006£+07 
52006£+07 
52006E+07 

1 98988£+-07 
1. 96300E+07 
1.93089E+07 

1.89360£+07 
1. 79849E+-07 
1.81696£+07 

1. 87305E+07 
1.76101E+07 
1. 78023£+07 

1.362958+07 
1.36280E+07 
1.22172£+-07 

. 36294E+-07 
1. 3 6279E ... 07 
1. 7717SE,.Q7 

1.36293£+07 
1.36278£+-07 
1. 77012E ... 07 

1 36291E+07 
1 36277E+07 
1 76853£+07 

• 

• 

• 
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11 

13 

14 

15 

1? 

lB 

19 

20 

21 

22 

" 

28 

" 
30 

31 

1. 75015E+07 
2 .l4008E+07 
1. 3 6290!+07 
1.36272!+07 
1.74856£+07 
2 .13771!+07 
1.J62BSE.;-Q7 
1.36270E+07 
1. 74619E+07 
l.SS460E+01 
1.36286£+07 
1.36269!+-07 
1.1930BE+07 
2 .13304!+07 
1.36284E+07 
1.36266E+07 
l 74151!+07 
2 12758E+07 
1 36279E+07 
1 36262E+O? 
1 73606!+07 
1 57342E+07 
1. 36277E+07 
1. 36260E+07 
1.18190!+07 
2 11030!+07 
1. 78403!+07 
1.74597!+07 
1. 71878E-t-07 
2.06435!+07 
1. 737311!:+07 
1 70178!+07 
1.67283E+07 
2.00124E+07 
1. 68108!+07 
1. 65100!+07 
1. 60972E+07 
1.91799!+07 
1 60276!+-07 
1 57390!+07 
1 52647!+07 
1 81459!+07 
1 50022E+07 
1 47041!+07 
1 42307E+07 
1 73557E+07 
1.42130!+07 
1.38928E+07 
1. 34408E-+-07 
1 68579!+07 
1 37157E .. 07 
1 33916!+07 
1. 29435E+07 

.29653E+06 

. 29653E+06 

.29653E-t-06 

.29653E-+-06 

. 60343E-+-05 

. 60344E+OS 
13. 61398E+05 
8. 60344E+05 
1.83774E-+-06 
1.83774E+06 
1.83774E+06 

83774E+06 
02356E+06 
02461E+06 
03871E+06 
02388E+06 
48191E+06 
4B191E+06 
48191E+06 
48191E+06 

? .395538+05 
7. 52802E+05 
9. 54155E+05 
7 440738+05 
1 013558+05 
1 01355E+05 
1.013658+05 
1.013558+05 
1.013318--t-05 
1.013318--t-05 
1.013Jl.E+05 
1.01331E+05 
l. 01325E+05 
1 01325E+OS 
1 01325E+05 
1 01325E+05 

Porosity 
Layer 1. 
5. OOOOOE-03 
5. 20000E-03 
5. 20000E-03 
5.20000E-03 
5. OOOOOE-03 
5. OOOOOE.-03 

. OOOOOE-03 
OOOOOE-03 

68710E+07 
92993E+07 
36290E+07 
362698+07 

1. 685518+07 
1. 92756E+07 
l.36288E+07 
1. 3 6267E+07 
1 6133148+07 
1 37444E+07 
1 36286E-t07 
1 36266E+07 
1 13003E+07 
1 92288E+07 
l. 36284E+07 
1 36263E+07 
1 67847E+07 
1.91742E+07 
1 36279E+07 
1 36259E+07 
1.67301£+07 
1 36326E+07 
1 36277E+07 
1.36257E+07 
1.11885E+07 
1 90014E+07 
1.77996E+07 
1 704008+07 
1 655738+07 
1. 85420E+07 
1 733338+07 
1 650338+07 
1 609798+07 
1 79108E+07 
1 67948E+07 
1.56572E+07 
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. 421.27E+07 
1.039l.l.E+07 
1 281038+07 
1. 47569E+07 
1 37154E+07 
9. 741038+06 
1 23l32E+07 
2 29653E+06 
2 296538+06 
2 29653E+06 
2 29653E+06 
8 603448+05 
8 60344E+05 
8 64731E+05 
13 60344E+05 
1. 83774E+06 
1 837748+06 
1 83774E+06 
1 83774E+06 
1 02370E+06 
1 02504E+06 
1.09893E+06 
1 02374E+06 
1 48191E+06 
1 481918+06 
1 48191E+06 
l. 48191E+06 
7 40161E+05 
7 59003E+05 
1. 00942E+06 
7. 41067E+05 
1 OU55E+05 
1 OU55E+05 
2.37043E+05 
1.01355E+05 
1. 01331E+05 
l.01331E+05 
1.01331E+05 
1.01:3318+05 
1. Ol325E+05 
1 01325E+05 
1 01325E+05 
1. 01J25E+05 

OOOOOE-03 
20000E-03 
20000E-03 
OOOOOE-03 
OOOOOE-03 
OOOOOE-03 
OOOOOE-03 
OOOOOE-03 

1 47695E+07 · 
1 86688E+07 
1 36290E+07 
l, 37829£+07 
1 47536E.+07 
1. 86451E+07 
1 36288E+07 
1 37629E+07 
1.47299E+07 
1 31140£+07 
1 36286E+07 
1 37455E-1-07 
9 19873E+06 
1 85983E+07 
1 36284E-t07 
1 37164E+07 
1 46831£+07 
1 854388+07 
1 362798+07 
~ 36753£+07 
1 46285£+07 
1 30022E+07 
1 36277E+07 
1 36590E+07 
9 08694£+06 
L83709E+07 
l. 77388E+07 
1 36197E+07 
1 44557E+07 
1 79115E+07 
1. 72936E+07 
1.. 33535E.+07 
1 399638-1-07 
1 72804E+07 
1. 67789E+07 
1 32623E+07 
1 33652£+07 
1. 64478E-1-07 
1 60224E+07 
1 25577E+07 
1 25326E+07 
1 54139£+07 
1 50013E+07 
1 163368+07 
1 14987E+07 
1 46239E+07 
1 42124£+07 
4 72396E+06 
1 07090£+07 
1 41264£+07 
1 37152E+07 
2 94200E+06 
1 02121E+07 
2 29653E+06 
2 29653E+06 
2 943718+06 
2 29653E+06 
8. 60344E+05 
S 603HE+OS 
2. 48225£+06 
8. 60343E+05 
1. 93774E+06 
1. 83774£+06 
2. 62232E+06 
1. 83774£+06 
1. 02381E+06 
1 0254BE+06 
2. 52299E+06 
1. 02356£+06 
1 48191E+06 
1. 48191E+06 
2. 784258--t-06 
1. 48191E+06 
7. 41503£+05 
7 652048+05 
1 02375£+06 
7 39583E+05 
1 01355E+05 
1 01355£+05 
2 681208+05 
1 013558+05 
1 01331E+05 
1.01331£+05 
1.21138E+05 
1.013318+05 
~ 01325E+05 
1 01325E+05 
1 15545E+05 
1 01325E+05 

5 20000£-03 
5 20000E-03 

20000E-03 
OOOOOE-03 
OOOOOE-03 
OOOOOE-03 
OOOOOE-03 
000008-03 

1.84858E+07 
1. 36:290E+07 
1.23108E+07 

1.84620E+07 
1.36288E+07 
1. 231068+07 

29309E+07 
36286E-t07 
231058+07 

. 84152£+07 
1 362848+07 
1 2310.38+07 

83606£+07 
3627!3E+07 
23099£+07 

28190E+07 
1 36277£+07 
1 23096£+07 

1 8187SE..,.01 
1 77104E+07 
1 69902E+07 

1 77:277E+07 
1 72711E+07 
1 64975E-+07 

1. 70965£+01 
1. 67692E+07 
1.57738£+07 

1.626408+07 
1. 60199E+07 
1.43048£+07 

1. 523008+07 
1 500008+07 
1 27999£+07 

1 44400E+07 
1 42111E+07 
1 09751E+07 

1 39426E+07 
1 37139£+07 
1.03450E+07 

2 29653E+06 
2 29653E+06 
2 29653E.+06 

8 60344E+05 
8 60345E+OS 
8, 64697E+05 

l. 83774£+06 
1. 837HE+06 
1.83774E+06 

1. 02388£+06 
1.025HE+06 
1. 08051E+06 

1.48191E+06 
1.48191£+06 
1.48191£+06 

. 42446£+05 
7. 68548£+05 
9. 61460E+05 

1 01355£+05 
1 01355£+05 
2 .17742£+05 

1. 01331£+05 
01331£+05 
01331£+05 

01325£+05 
01325.E+05 
01325£+05 

1 849378+07 
1 36289E+07 
1 23104£+07 

1. 847648+07 
1 36287E+07 
1 23102E+07 

.29745£+07 
36286£+07 

1. 231008+07 

1 84204£+07 
1 36283E+07 
1 23098£+07 

83519E+07 
36279£+07 

1. 23094E+07 

1 28041£+07 
1 36277E+07 
1 23092E+07 

1.81315E+O'J 
l. 76819£+07 
1 720818+07 

l. ?6154E+07 
1. 72476£+07 
l. 68142E+07 

1. 69677E+07 
1. 67564E+07 
1. 63904£+07 

1 61327£+07 
1 601328+07 
1 56780E+07 

509868+07 
49942£+07 
46612E+07 

1 43086£+07 
1 42055E+07 
1 38676£+07 

1 3811:2£+07 
1 37082E+07 
1 33695E+07 

29653E+06 
29653E+06 
29653E+06 

8. 60344£+05 
B. 60345£+05 
8. 6050/E+OS 

1.93774E+06 
1.83774£+06 
1.83774£+06 

1.02396E+06 
1. 02593£+06 
1. 02794E+06 

1 48191£+06 
1 48191E+06 
1 481918+06 

7. 43587£+05 
7. 715878+05 
8. 46497E+05 

01355E+05 
1.01355E+OS 
1.01356£+05 

1 01331E+OS 
1 01331£+05 
1 01331£+05 

01325£+05 
013258+05 
01325£+05 

dimensionless 

5 20000£-03 
5 20000.E-03 
5 20000]0;-03 

5 OOOOOE-03 
5 OOOOOE-03 
5 OOOOOE-03 

20000£-03 
20000E-03 

5.:20000£-03 

5 OOOOOE-03 
5 OOOOOE-03 
5 OOOOOE-03 

1. 85908E+07 
J628BE+07 
77772E+07 

1. 857068+07 
1 36287E+07 
1. 77545£+07 

34247E+07 
)6285E+07 
230948+07 

87960E+07 
1.36283E+07 
1.77251E+07 

1.87483£+07 
1.36278E+07 
1. 76735£+07 

1 3:2765E+07 
1 36276E+07 
1 214008 .... 07 

l. 82031E+O'i 
1. 76665£+0'1 
1. 74899E-1-07 

75920E+07 
72335E+0"7 
703478+07 

1 69073£+07 
1 67454£+07 
1 64571E+07 

606918+07 
1. 60040£+07 
~. 56572E+07 

1 50355£+07 
1 49854£+0'1 
1 46284Eo~-07 

1 42456E .... O""I 
1 41967E+07 
1 38388E+07 

37482E.-1-0'i 
1. 36994E+07 
1 33415E+07 

2 29653E+06 
~. ~9653E+06 
2 29653E+06 

8. 60344E+05 
8. 60345E+05 
8. 60344E+05 

1. 83774E+06 
1. 83774E+06 
1. 83774E+06 

1. 02402E+06 
027268+06 
02417E+06 

48191E .. 06 
48191E+06 

1.48191£+06 

7 44452E+05 
7 .90617E+05 
7. 513133£+05 

1 01355£+05 
1 01355E+OS 
1 01355E+05 

1.01331£+05 
1 01331E+05 
1 01331E+05 

1 01325£+05 
L013:25E+05 
1. 01325E+05 

5 20000E-03 
5 20000E-OJ 
5 20000E-OJ 

OOOOOE-03 
OOOOOE-03 
OOOOOE-03 

1. 89650E+07 
1 362978+07 
1. 77964£+07 

89413E+07 
36285E+07 
77639E+07 

1 35692E+07 
1 36284£+07 
1.230~4£+07 

1. 88493E+07 
1 36281E+07 
L 77:243E+07 

1 87956£+07 
1 36277E+07 
1 76690E+07 

1 33663E+07 
1 36275e:o~-07 

1 21273E+07 

1 8031'>98+07 
1 76492E+07 
1 74979£-+07 

1 75095E-1-07 
1 72166E+07 
1 703308+0'1 

68719£+07 
1 67297E+07 
1 64535E+07 

1.60516E+07 
1. 59892E+07 
1.56523£+07 

1 50206E+07 
1 49707E+07 
1. 46232£+07 

1 42308E+07 
1. 41819E+07 
1.383368+07 

l. 3"7335E+07 
1.36847E+O~ 
1. 33363E+07 

.29653E+06 

.29653E+06 

.29653E+06 

8. 60344E+05 
8. 60346E+05 
8. 60344E+05 

83774£+06 
83774£+06 
83774E+06 

02404£+06 
02872E+06 

1.024158+06 

1 48191E+06 
1 48191E+06 
1 48191E+06 

7 44"754£+05 
8 114.l6E+05 
7 51026£+05 

1 01355E+05 
1 01355£+05 
1 01355£+05 

1 01331£+05 
1. 01331£+05 
l.. Ol331E+05 

1 01325E+05 
1.01325£+05 
l.. 013:25E+05 

5 20000E-03 
5 20000E-03 
5. 20000E-03 

5 OOOOOE-03 
5. 000008-03 
5. OOOOOE-03 

1.90346E+07 
1 36282E+07 
1 78094£+07 

1. 90098E+07 
1. 36290£+07 
1 77882E-1-07 

362598+07 
36279£+07 
22651E+07 

88501E+07 
1.36276£+07 
1. 77413£+07 

1 87956E+07 
1 36272£+07 
1 76836E+07 

1. 33904E+07 
1.36269£+07 
1. 21406E+07 

1.80087E+07 
1. 75929E+07 
1.75027E+07 

74939£+07 
7158~E.+07 

1.70491E+07 

68633E-+07 
.66690E+07 

1. 645328+07 

604598-t-07 
59269E+07 
56399E+07 

1..501S:3E+O""I 
1.490S2E+07 
1.46087E+07 

1 42256E+07 
1. 41194E+07 
1 38190£+07 

1. 3 7282E+07 
1. 36222E+07 
1.33217£+07 

.29653£+06 

.29653E+06 

.29653£+06 

. 60344E.+05 
. 60347E+05 
. 60344E-+05 

1. 83774£+06 
1.837748+06 
1.83774E+06 

02405E+06 
030028+06 
02412E+06 

48191E+06 
481918+06 
48191E+06 

7 44875E+05 
8 29852£+05 
7 50250E--t-05 

013558+05 
01355£+05 
01355£+05 

01331£+05 
01331£+05 

1.01331E+05 

1.013258+05 
1.013258+05 
1.01325E+05 

5. 20000£-03 
5.20000E-03 
5.20000£-03 

5.00000E-03 
5 OOOOOE-03 
5 OOOOOE-03 
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1.36290£+07 
1.36277£+07 
1.77946E+07 

1.36288£+07 
1. 36275£+07 
1. 77709E+07 

1 36287E+07 
1 36274E+07 
1 22398E+07 

1. 36285£+07 
1.36271£+07 
1. 77243E+07 

J62BOE+07 
36267E+07 

. 766998+07 

1 36278E+07 
1 36264E+07 
1 212848""1-07 

79067E+07 
1. 75402£+0"7 
1. 74978£+07 

1 74258E-+07 
1 71034£+07 
1 70409£+07 

1 68357E+07 
1 66091£+07 
1 64117£+07 

1 60372£+07 
1 586478+07 
1. 55798E+07 

1 50094E+07 
1 48456E-+07 
1 45459E+07 

421998+07 
405688+07 
37560E+07 

~ 37226E+07 
1 35596£+07 
1 32587E+07 

2 29653E+06 
2 29653E+06 
2 29653£+06 

8 60344E+05 
8 60348£+05 
8. 60344E+05 

1 83774E+06 
1 83774E ... 06 
1 83774E ... 06 

1 02416E-+06 
1 03129E+06 
1 02405E+06 

1 48191E+06 
1 4B191E+06 
1 48191E+06 

46419E+05 
S.4S096E+OS 
7. 48470£+05 

1. 01355E+05 
1.01355E.+05 
1.01355£+05 

1. 01331£+05 
l.Ol331E+05 
1.01331£+05 

1. 01325E+05 
1 013251!:+05 
1. 01325£+05 

.20000E-03 

. 20000E-03 
20000E-03 

OOOOOE-03 
OOOOOE-03 
OOOOOE-03 

1 36290£ .... 07 
1 36275E+07 
1 76694£ .... 07 

1. 36288E+07 
1 36273£-+07 
1 76457E+07 

1 36287E+07 
1 36272E+07 
1 21146E+07 

1.36294£+07 
1.36270£+07 
1. 75989E+07 

1.36280£+07 
~.36265E+07 
1. 75444E+07 

1 36277£+07 
1 36263£+07 
1 :20028E-+07 

1 78691E ... 07 
l. 7521SE+07 
1. 73716E .... 07 

73958£+07 
1 70839E+07 
1. 69122E .... 07 

1. 68206E+07 
1 65BB2E+07 
1 628HE""I-07 

1. 60301£+07 
1.58~2£ ... 07 
l.5448SE•07 

l. 50036E-+01 
1 48224E+07 
1.44146E+07 

1 42142E+07 
1 40328E .... 07 
1 36246E+07 

1 37169E+07 
1 J5354E.-1-07 
1 312738+07 

.29653E+06 

.296531!:+06 

.29653E+06 

9.60344E+OS 
9. 6034BE+05 
B. 60344£+05 

1. 93774E-+06 
1.93774E+06 
1. 83774E+06 

1.024JBE+06 
l.OJ2B1E+06 
1. 023 96E+06 

4819"lE+06 
48191E+06 
481918+06 

7 .49458£+05 
8.69189E+05 
7 .46135£+05 

1.01355E ... 05 
l.Ol355E+05 
1.01355£+05 

1 01331E+05 
l.Ol331E+OS 
l.01331E+05 

1.01325£+05 
1.01325E+05 
1.01325E+05 

5.20000E-03 
5.20000£-03 
5.20000E-03 

S.OOOOOE-03 
5.00000E-03 
5.00000E-03 
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4 

6 

7 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

" 
23 

24 

" 

1. ODOOlE-02 
9.999998-03 
9. 993108-03 
l.OOOOOE-02 
l.OOOOOE-02 
1. 0013 7E-02 
9. 956418-03 
9. 999998-03 
9.999998-03 
1.002768-02 
9.95710E-03 
9.99999£-03 
L 90000E-02 
1.075158-02 
1 094128-02 

90000E-02 
99999£-03 
07633£-02 

.095338-02 
9.99999£-03 
9. 99999£-03 
2.04399E-01 
1. OOOOOE+OO 
9.999998-03 
9. 999998-03 
2.04398E-01 
l. OOOOOB ... QC 

9 99999£-03 
9 999998-03 
2 043968-01 
1 OOOOOE+OO 
9 999998-03 
9 99999£-03 
1 08270£-02 
1 10180E-02 
9 999998-03 
1 90000E-02 
1 08424£-02 
1.1033?E-02 
1.90000E-02 
9, 99999E-03 
1. OB686E-02 
1.10604£-02 
9. 999998-03 
9.99999E-03 
1. 091748-02 
1 lll.OOE-02 
9 999998-03 
1 900008-02 
1 90738£-02 
1 908998-02 
1 90000E-02 
9 999998-03 
9 99034E-03 
9 97686E-03 
9 99999E-03 
9 99999E-03 
9 98971E-03 
9. 97828E-03 
9. 99999E-03 
9. 99999E-03 
9. 99525E-03 
9. 98819E-03 
9. 99999E-03 
9 99999E-03 
9, 99923E-03 
9 99315E-03 
9 99999E-03 
9 99999E-03 
9.99992E-OJ 
9. 99307E-03 
9. 99999E-03 
9 99997E-03 
9 99998E-03 
9 99135E-03 
9. 99999E-03 
9. 99993E-03 
9. 99998E-03 
9.99104E-03 
1.00000E-02 
2.00000E-01 
2.00000E-01 
2 OOOOOE-01 
2 OOOOOE-01 
1. 46000E-01 
1.46000E-01 
1.46000E-01 
1.46000E-01 
2 OO!JOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 
2.00000E-01 
9.00000E-02 
9.00002E-02 
9.00030E-02 
9. OOOOlE-02 
2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

1. OOOOOE-02 
9. 99987E-OJ 
9. 99326E-03 
1. OOOOOE:-02 
9, 99999E-03 
1. 00126E-02 
9. 95756E-03 
9. 99999£-03 
9. 999991i:-03 
1 00280E-02 
9 95644E-03 
9 99999E-03 
1 90000E-02 
1.07517E-02 
L09727E-02 
1. 90000E-02 
9. 999991::-03 
1 07636E-02 
1 09848E-02 
9 99999£-03 
9 99999E-03 
2. 04399£-01 
1 OOOOOE+-00 
9.99999E-03 
9. 99999E-OJ 
2. 04J98E-01 
1. DOOOO'e+OO 
9. 99999E-03 
9. 99999E-03 
2.04396E-01 
1 OOOOOE+OO 
9 999991;;-03 
9 99999E-03 
1. 08272E-02 
1.10497E-02 
9 99999E-03 
1 90000E-02 
1 08426E-02 
1 10655E-02 
1 90000E-02 
9 99999E-03 
1.08688E-02 
1.10922E-02 
9. 99999E-03 
9. 99999E-03 
1.09176E-02 
1. ll420E-02 
9. 99999E-03 
1 90000E-02 
1. 90738E-02 
1 90906E-02 
1 90000E-02 
9 99999E-03 
9 98628E-03 
9 94600E-03 
9 99999£-03 
9 99999E-OJ 
9 98654E-03 
9 93981E-03 
9 99999E-03 
9 99999E-03 
9. 99399E-03 
9. 92262E-03 
9. 99999E-03 
9. 99999E-03 
9. 99904E-03 
9. 86064E-03 
9. 99999E-03 
9 99999E-03 
9 99991E-03 
9 81512E-03 
9 99999E-03 
9 99998E-OJ 
9 99997E-03 
9 71623E-03 
9 99999E-03 
9 99997E-03 
9 99991:\E-03 
9. 70428E-03 
1. OOOOOE-02 
2.00000E-01 
2.00000E-01 
2 OOOOOE-01 
2 OOOOOE-01 
1 46000E-01 
1 46000E-01 
1 46000E-01 
1 46000E-01 
2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 
2. OOOOOE-01 
9 OOOOOE-02 
9 OOOOJE-02 
9.00066E-02 
9.00000E-02 
2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 
2.00000E-01 

1. OOOOOE-02 -
9.99975E-03 
9. 99415E-03 
1. OOOOOE-02 
9. 99999E-03 
1. 00116E-02 
9. 96670E-03 
9. 99999E-03 
9. 99999E-03 
1. 00283E-02 
9. 97294E-03 
9. 99999E-03 
1. 90000E-02 
1. 07520E-02 
7. 50000E-02 
1.90000E-02 
9 99999E-03 
1 07638E-02 
7 SOOOOE-02 
9 99999E-03 
9 99999£-03 
2 04399E-01 
7.SOOOOE-02 
9.99999£-03 
9. 99999E-03 
2. 04398E-01 
7.5DDOOE-D2 
9. 99999E-03 
9 99999E-03 
2.04396E-01 
7.50000E-02 
9. 99999E-03 
9. 99999£-03 
1. 08274E-02 
7. 50000E-02 
9. 99999£-03 
1.90000E-02 
1 OS429E-02 
7.50000E-02 
1 90000E-02 
9 99999E-03 
1 08691E-02 
7 50000£-02 
9 99999E-03 
9 99999E-03 
1 09178E-02 
7 SOOOOE-02 
9 99999E-03 
1. 90000E-02 
1.90738£-02 
7. 50000E-02 
1. 90000E-02 
9. 99999E-03 
9 98221E-03 
7. 50000E-02 
9 99999E-03 
9 99999E-03 
9 98336E-03 
7 SOOOOE-02 
9 99999E-03 
9 99999E-03 
9 99273E-03 
7 SOOOOE-02 
9 99999E-03 
9. 99999E-03 
9. 99885E-03 

OOOOOE-02 
. 99999E-03 

9. 99999E-03 
9. 99989E-03 
4. OOOOOE-02 
9. 99999E-03 
9. 9999.9£-03 
9 99997E-03 
7 SOOOOE-02 
1 OOOOOE-02 
9 99998E-03 
9 99998£-03 
1 OOOOOE-02 
1 OOOOOE-02 
2 OOOOOE-01 
2 OOOOOE-01 
2. SOOOOE-01 
2. OOOOOE-01 
1. 46000£-01 
1. 46000£-01 
2 50000£-01 
1 46000£-01 
2 OOOOOE-01 
2.00000E-01 
2.50000E-01 
2.00000E-01 
9. 00001E-02 
9. 00004E-02 
2. SOOOOE-01 
9 OOOOOE-02 
2. OOOOOE-01 
2. OOOOOE-01 
2. SOOOOE-01 
2. OOOOOE-01 

OOOOOE-02 
99968£-03 

.99511E-03 

1. OOOOOE-02 
1. OOllOE-02 
9.97635E-OJ 

1. 00001E-02 
1 00260E-02 
9 98565£~03 

1 90001E-02 
1 07530£-02 
9 87506E-03 

1 00001E-02 
L07649E-02 
9. 87504E-03 

1 OOOOlE-02 
2 04399E-01 
1 OOOOOE+OO 

1. 00001E-02 
2. 0439BE-01 
1.DDDDOE+-00 

1. 00001E-02 
2. 04396E-01 
1 OOOOOE+OO 

1 00001E-02 
1 08285£-02 
9 92015£-03 

1 90001E-02 
1 OB440E-02 
9 93433E-03 

1 OOOOOE-02 
1 08702£-02 
9 95834E-03 

.OOOOOE-02 
1. 09190E-02 
1. 00031E-02 

1. 90000E-02 
1.90739£-02 
1.89920E-02 

1 OOOOOE-02 
9 98003£-03 
9 94311E:-03 

9 99999E-03 
9 98166E:-03 
9 94044E:-03 

99999E-03 
. 99205£-03 
. 93303£-03 

. 99999E-03 
9. 99875E-03 
9.88224E-03 

9. 99999E-03 
9 99988E-03 
9. 84483E-03 

9 999981;;-03 
9 99997E-03 
9 76311E-03 

99998E-03 
99998E-03 

. 75268E-03 

2. OOOOOE-01 
2. OOOOOE-01 
2. OOOOOE-01 

1 46000£-01 
1.46000E:-01 
1.46000E-01 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

9. 00001E-02 
9. 00004E-02 
9. 00037E-02 

2. OOOOOE-01 
2 OOOOOE-01 
2.00000E-01 

1 00001£-02 
9. 99962E-03 
9. 99511E-03 

1.00030E-02 
1. 00102E-02 
9 9725BE-03 

1 00088E-02 
1 00191E-02 
9. 97455E-03 

1 90098E-02 
1 07580E-02 
9 89870E-03 

1 00103£-02 
1 07699E-02 
9 90962E-03 

1 00106E-02 
2. 04398E-01 
1. OOOOOE+OO 

1. 00109E-02 
2. 04397E-01 
1.DDDDDE+DD 

1 00113E-02 
2 04396E-01 
1 OOOOOE+OO 

1 00118E-02 
1 08336E-02 
9 96824E-03 

90125E-02 
08490£-02 
98249E-03 

1 OOllOE-02 
1. 08752E-02 
1 00066£-02 

1. 00099E-02 
1.09240E-02 
l. 00516E-02 

1 90092£-02 
1 90742£-02 
1 89977E-02 

1 00066E-02 
9 97819£-03 
9. 96529E-03 

1 00015£-02 
9 98022E-{13 
9 97055£-03 

1 00002E-02 
9. 99147E-03 
9. 98722E-03 

1. OOOOOE-02 
9. 99866E-03 
9. 99689E-03 

9 99999E-03 
9 99988£-03 
9 99826E-03 

9 99999E-03 
9 99997E-03 
9 99797£-03 

. 99998E-03 

.99998E-03 

. 99792E-03 

2. OOOOOE-01 
2. OOOOOE-01 
2 OOOOOE-01 

1 46000E-01 
1 46000E-Ol 
1 46000E-01 

2 OOOOOE-01 
2. OOOOOE-01 
2. OOOOOE-01 

9. 00001E-02 
9. OOOOSE-02 
9. OOOOSE-02 

OOOOOE-01 
OOOOOE-01 
OOOOOE-01 

1 00004E-02 
9. 99967E-03 
9. 99810E-03 

1. 00113E-02 
1. OOlJlE-02 
9. 98962E-03 

1. 00217E-02 
1 00302E-02 
9 99090E-03 

1 90227E-02 
1 07658E-02 
1.89n4E-02 

L00235E-02 
1. 07777£-02 
9 99120E-03 

1 00238E-02 
8 98246E-02 
9. 99127E-03 

1. 00240E-02 
8.98244E-02 
9 99D4E-03 

1 00242E-02 
8 98243E-02 
9 99140E-03 

1 00245£-02 
1 08414£-02 
9 99148E-03 

1 90449E-02 
1 08569E-02 
1 89929£-02 

. 00465E-02 
08831E-02 

9. 9928BE-03 

1. 00470£-02 
1. 09319E-02 
9.99312E-03 

1 90485E-02 
1 907491!:-02 
1 89935E-02 

00170£-02 
97767E-03 
99225E-OJ 

1. 00047E-02 
9. 97979E-03 
9.99259E-03 

1.00004E-02 
9. 99129E-03 
9. 99690E-03 

9. 99995E-03 
9. 99864£-03 
9. 99953£-03 

9. 99998E-03 
9. 99987£-03 
9 99995£-03 

9 99998E-03 
9 99997£-03 
9 99997E-03 

99998E-03 
. 99998E-03 
. 99998E-03 

2. 000001!:-01 
2 OOOOOE-01 
2 OOOOOE-01 

1 46000E-01 
1 46000E-01 
1 46000E-01 

2. OOOOOE-01 
2. OOOOOE-01 
2. OOOOOE-01 

9 00001E-02 
9.00007E-02 
9 00001E-02 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

1 00004E-02 
9. 99957E-03 
9. 99BlBE-03 

1. 00176£-02 
1.00127£-02 
9. 99003£-03 

1 00398E-02 
1 002778-02 
9 99191E-03 

1 9054lE-02 
1.07788£-02 
L89925E-02 

l.00557E~02 

1. 07907E-02 
9. 99236E-03 

1 005578-02 
2. 04396E-01 
9. 99242E-03 

1. 005578-02 
2. 04395E-01 
9 99249E-03 

1 00557E-02 
043948-01 
99256E-03 

1 00557E-02 
1 08545£-02 
9 99266E-03 

90570E-02 
08700E-02 
89941E-02 

1 00520E-02 
1. OB962E-02 
9. 99323E-03 

1. 00521E-02 
1. 09452E-02 
9 99318£-03 

1 90541E-02 
1.90760£-02 
1.89934£-02 

1 00047E-02 
9 97746E-03 
9 99251E~03 

9 99926E-03 
9. 97962E-D3 
9. 99287E-03 

9. 99874E-03 
9. 99122E-03 
9. 99703E-03 

9. 99973E-03 
9. 99862E-03 
9. 99956E-03 

9. 99996E-03 
9. 99987E-03 
9 99995E-03 

9 99998E-03 
9 99997£-03 
9 99998E-03 

. 9999BE-03 

. 99998E-03 

. 99999E-03 

OOOOOE-01 
OOOOOE-01 

2.00000E-01 

46000E-01 
46000E-01 
46000E·01 

2. OOOOOE-01 
2. OOOOOE-01 
2 OOOOOE-01 

00001E-02 
9 00010E-02 
9 000018-02 

2 OOOOOE-01 
2 OOOOOE-01 
2. OOOOOE-01 

1.00004E-02 
9.99578E-03 
9.998918-03 

1 00175£-02 
9 97822£-03 
9 99331£-03 

00378E-02 
98282£-03 
99477£-03 

90610E-02 
083438-02 
89953E-02 

1. 00621E-02 
1.08463E-02 
9. 99520E-03 

1.006198-02 
2 04392E-Ol 
9 99534E-03 

1 00618E-02 
2 04390E-01 
9 99547E-0J 

L00617E-02 
2.04389E-Ol 
9. 99560E-03 

00616E-02 
09104E-02 
995BOE-03 

. 90618E-02 
09259E-02 

1. 89961E-02 

l. 00525E-02 
1. 09523E-02 
9. 99579E-03 

1 00525E-02 
1 10015E-02 
9 99553E-03 

90550E-02 
90808E-02 
89956E-02 

1 00029E-02 
9. 97796E-03 
9. 994BBE-03 

9. 998428-03 
9.9799.98-03 
9 99536E-03 

9 998478-03 
9 99136E-03 
9 998198-03 

9 99969£-03 
9 99864E-03 
9 99974E-03 

9 99996£-03 
9 99987E-03 
9 99997E-03 

99998E-03 
. 99997E-03 
. 99999E-03 

9. 999988-03 
9 99998E-03 
9 99999E-03 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

1 46000E-01 
1 460008-01 
1. 46000E-01 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

9 00001£-02 
9 000138-02 
9 00001E-02 

2. OOOOOE-01 
2. OOOOOE-01 
2. OOOOOE-01 
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1 00001E-02 
9. 99251E-03 
1. OOOOOE-02 

1. 00150E-02 
9. 951118-03 
9 99963E-03 

1.002921!:-02 
9.94999£-03 
9 999508-03 

1 07454E-02 
1 08901E-02 
1 899958-02 

1 07572E-02 
l 09021E-02 
9 99948E-03 

2 04399£-01 
2 04387E-01 
9. 999488-03 

2. 04398E-01 
2. 04385E-01 
9. 99948E-03 

2.04397£-01 
2 043848-01 
9. 99948E-03 

l. 08208E-02 
1.09665E-02 
9.99949E-03 

1.083638-02 
1.09822£-02 
l.B9995E-02 

08624E·02 
l0087E-02 

9. 99949E-OJ 

1 091128-02 
1.10581E-02 
9. 99951E-03 

1 90730E-02 
1 90856E-02 
1 89995£-02 

9 99512E-03 
9 978758-03 
9 99957E-03 

9 99340E-03 
9. 980578-03 
9. 99977E-03 

. 99670E-03 

. 99157E-03 

. 99993£-03 

9. 99944E-03 
9. 99867E-03 
9. 99998£-03 

9. 99994£-03 
9. 99987£-03 
9 99999E-03 

9 99998E-03 
9 99996E-03 
9 99999E-03 

99998E-03 
. 99998E-03 
. 999998-03 

2 OOOOOE-01 
2 OOOOOE-01 
2.00000E-01 

1.46000E-01 
1.460008-01 
1. 460008-01 

2 Q{IOOOE-01 
2 OOOOOE-01 
2 000008-01 

9 00001E-02 
9 00015E-02 
9 OOOOlE-02 

2 OOOOOE-01 
2 OOOOOE-01 
2 OOOOOE-01 

l.OOOOOE-02 
9.992598-03 
1. OOOOOE- 02 

1 001428-02 
9. 95192E-03 
9. 99999E-03 

1 00273E-02 
9. 951318-03 
9. 99998E-03 

1. 07504E-02 
1.09070E-02 
1.90000E-02 

1.07622E-02 
1.09190E-02 
9.99998E-03 

2.04399E-01 
8.98230£-02 
9.99998E-03 

2 04398£-01 
a 982288-02 
9 9"9998E-03 

2. 04397E-01 
8. 98227E-02 
9.99998E-03 

1 08258E-02 
1.09836E-02 
9 999988-03 

1 08413E-02 
1 09992E-02 
1 900008-02 

1 08675E-02 
l.l0258E-02 
9.999988-03 

1 09163£-02 
1.10753E-02 
9. 99998E-03 

1 90737E-02 
1.908708-02 
1.90000E-Q:2 

9.99255E-03 
9. 97877E-03 
9.99998E-03 

9.99144E-03 
9_.98052E-03 
9. 99999E-03 

99594E-03 
99141E-03 
99999E-03 

99933E-03 
99838E-03 
99999E·03 

9. 99993E-03 
9 99952E-OJ 
9. 99999E-03 

9. 999988-03 
9 999558-03 
9 99999E-03 

9 99998E-03 
9.99955£-03 
9. 99999£-03 

2, OOOOOE-01 
2.00000E-01 
2.000008-01 

1.46000E-01 
1.46000E-01 
1 460008-01 

:Z OOOOOE-01 
2 OOOOOE-01 
2. OOOOOE-01 

9. 00002E-02 
9. 000188-02 
9 000018-0"2 

2 OOOOOE-01 
2 OOOOOE-01 
2 000008-01 

• 

• 

• 
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28 1. SOOOOE-01 
1.50133E-Ol 
1.52162£-01 
L50045E-Ol 

29 LSOOOOE-01 
l.SOOOOE-01 
1. SOOOOE-01 
1. SOOOOE-01 

30 1. 75000£-01 
1 75000E-01 
1 75000E-01 
1 75000E-01 

31 1 75000E-01 
1 75000£-01 
1 7SOOOE-Ol 
1 75000E-01 

1 50006E-01 
l.50195E-Ol 
l 52723E-01 
1.50015£-01 
1 SOOOOE-01 
1 SOOOOE-01 
1 51363£-01 
l.SOOOOE-01 
1 75000E-01 
1 75000E-01 
1.75000E-01 

75000E-01 
75000E-Ol. 
75000E-01 
75000E-01 
75000E-Ol. 

1 50020E-01 
1 50257£-0l 
2 SOOOOE-01 
1 SOOOOE-01 
1 SOOOOE-01 
1 SOOOOE-01 
2 SOOOOE-01 
1 SOOOOE-01 
1 75000£-01 
1 75000E-01 
2 SOOOOE-01 
1 75000E-01 
1 75000E-01 
1 75000E-01 
2.50000E-01 
1 75000£-01 

1 50029E-01 
1. 50290E-01 
1. 52297£-01 

1 SOOOOE-01 
1 SOOOOE-01 
1 51169£-01 

75000E-01 
75000E-01 

1. 75000E-01 

75000E-01 
75000E-01 

1. 75000£-01 

50041£-01 
50321£-01 

. 51073£-01 

50000E-01 
50000£-01 
50000E-01 

1 75000£-01 
1 75000£-01 
1 75000E-01 

1 75000£-01 
1 75000£-01 
1 75000£-01 

1.50049£-01 
1.50512E-01 
1. 50119£-0.1 

1 SOOOOE-01 
1 50000£-01 
1 SOOOOE-01 

1 75000£-01 
1 75000£-01 
1 75000E-01 

1 75000E-01 
1 75000E-01 
1 75000E-01 

1.50052£-01 
1.50721£-01 
1.501.15£-01 

1 50000E-01 
1 50000E-01 
1 50000E-01 

1 75000E-01 
1 75000E-01 
1 75000E-Ol 

1 75000E-01 
1 75000£-01 
1 75000£-01 

50053E-01 
50906£-01 

. 50107E-01 

1 50000E-01 
l.SOOOOE-01 
1.50000E-01 

1 75000£-01 
1 75000£-01 
1. 75000£-01 

1 75000E-01 
1 75000E-01 
1. 75000£-01 
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1 50069£-01 
1 51090E-01 
1. 50089E-01 

1.50000E-Ol 
l.. 50000£-01 
1. SOOOOE-Ol 

75000E-01 
75000E-01 
75000E-01 

75000£-01 
75000E-01 

l.. 75000E-01 

1. soo~nE-01 
1.51308£-01 
1. S0066E-01 

50000E-01 
1. SOOOOE-01 
1.50000E-01 

1. 75000E-01 
1.75000E-01 
1.75000E-01 

75000E-01 
75000E-01 
75000E-01 

------------------------------------------------------------------------------------------------------------------------------------
Gas saturation 

Layer 1 
1 O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
9 48650£-30 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
1. 95907£-23 
O.OOOOOE+OO 
0 OOOOOE+OO 
3. 08345£-01 
6. 00413£-01 
O.OOOOOE+OO 
O.OOOOOE+OO 
9 35584£-01 
9 38738£-01 
0.00000£+00 
O.OOOOOE+OO 
1. OOOOOE+OO 
9. 94J75E-01 
0. OOOOOE+OO 
O.OOOOOE+OO 
1. 00000£+00 
9. 89606£-01 
0. OOOOOE+OO 

10 0. OOOOOE+OO 
9. 99997E-01 
9. 76738E-01 
0. OOOOOE+OO 

11 O.OOOOOE+OO 
9.30182£-01 
9. 24158£-01 
O.OOOOOE+OO 

12 0. OOOOOE+OO 
9.23183E-01 
9. 20052£-01 
O.OOOOOE+OO 

13 0. OOOOOE+OO 
9. 24017E-01 
9.20368E-01 
0. OOOOOE+OO 

14 0. OOOOOE+OO 
9. 29025£-01 
9.27228E-01 
0. OOOOOE+OO 

15 0. OOOOOE+OO 
4.16266£-01 
4.27689£-01 
O.OOOOOE+OO 

16 0. OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

1 i 0 OOOOOE+OO 
1 21626£-27 
0 OOOOOE+OO 
O.OOOOOE+OO 

18 0 00000£+00 
4 39144E-31 
0 OOOOOE+OO 
0 OOOOOE+OO 

19 O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

20 O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

21 0 OOOOOE+OO 

0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOODE+OO 
0 OOOODE+OO 
0. OOOOOE+DO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0. OOOODE+DO 
0 OODODE+OO 
0. 00000£+00 
0. OOOOOE+OO 
0. OOOOOE+OO 
7 H361E-22 
0. OOOOOE+OO 
0. OOOOOE+OO 
1 607B4E-6i 
9 07602£-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
9 333838-01 
9.56539£-01 
0 OOOOOE+OO 
0 OOOOOE+OO 

OOOODE+OO 
93391£-01 
OOOOOE+OO 
000008+00 
OOOOOE+OO 
81544£-01 

0 OOOOOE+OO 
0 OOOOOE+OO 
9 99996£-01 
9 76368E-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
9 25451E-01 
9 34944£-01 

00000£+00 
OOOOOE+OO 
19393£-01 
29459E-01 
OOOOOE+OO 
OOOOOE+OO 
19740£-01 
29511£-01 

0 OOOOOE+OO 
0 OOOOOE+DO 
9 27364E-01 
9 30710E-01 
0. OOOOOE+OO 
0 OOOOOE+OO 
4.159078-01 
4 65929£-01 
0. OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+-00 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOODE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+-00 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+-00 
0. OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
4 93054£-31 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
1 76881£-51 
1 8708iE-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
9. 326iiE-Ol 
1 90949E-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
1 OOOOOE+OO 
1 95548E-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
1 OOOOOE+OO 
1 98514E-01 
0. OOOOOE+OO 
0 OOOOOE+OO 
9 99995£-01 
1. 98998£-01 
0. OOOOOE+OO 
0 OOOOOE+OO 
9 24442£-01 
2 00039E-01 
0. OOOOOE+-00 
0. OOOOOE+OO 
9 18423E-01 
2 00042E-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
9.18787£-01 
2 00143E-01 
O.OOOOOE+OO 
0 OOOOOE+OO 
9 26840£-01 
2 4743SE-02 
0 OOOOOE+OO 
0 OOOOOE+OO 
4 15558E-01 
2 63062£-02 
0 OOOOOE+OO 
0 00000£+00 
3 91437£-36 
3 91672£-02 
0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
6 04929£-02 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE+OO 
1 03243E-01 
0 OOOOOE+OO 
O.OOOOOE+OO 
0 00000£+00 
1 36216£-01 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
2 ll703E-01 
0 OOOOOE+OO 
0 OOOOOE+OO 

fraction void volume 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 00000£+00 
0 00000£+00 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
2 50683£-25 
O.OOOOOE+OO 

0 OOOOOE+OO 
3 04652£-01 
5 12414E-05 

0 OOOOOE+OO 
9 33448E-01 
5 82316E-05 

0 OOOOOE+OO 
1 OOOOOE+OO 
8 76521£-01 

0 OOOOOE+OO 
1 OOOOOE+OO 
9 74431£-01 

0 OOOOOE+OO 
9 99996£-01 
9 i5933E-01 

0 OOOOOE+OO 
9 2639JE-01 
9. 23571£-01 

0 OOOOOE+OO 
9 19912£-01 
9 19902£-01 

0 OOOOOE+OO 
9 20224E-01 
9 20244£-01 

0 OOOOOE+OO 
9 27014E-01 
9 27625£-01 

0 OOOOOE+OO 
4 17125E-01 
3.897-02£-01 

0 OOOOOE+OO 
3 .0706iE-25 
0 OOOOOE+OO 

0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE+OO 

. OOOOOE+OO 
OOOOOE+OO 

0. OOOOOE+OO 

OOOOOE+OO 
. OOOOOE+OO 
OOOOOE+OO 

. OOOOOE+OO 

0.00000£+00 
O.OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0.00000£+00 
O.OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
4 73016E-01 
4.16611£-01 

0 OOOOOE+OO 
9 34619£-01 
9 37504£-01 

0 OOOOOE+OO 
1 OOOOOE+OO 
9 85138E-01 

0 OOOOOE+OO 
1 OOOOOE+OO 
9 81166£-01 

0 OOOOOE+OO 
9 99996E-01 
9 75860£-01 

0 OOOOOE+OO 
9 26995£-01 
9 18874£-01 

1 36325£-01 
9 20454E-01 
9 16236£-01 

1 31296E-23 
9 20i56E-01 
9 16648E-01 

6 01515E-28 
9 27301£-01 
9 25967E-01 

4.13756£-04 
4 l9410E-01 
3 54552E-01 

1 02898£-25 
2 95471£-27 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 00000E+00 
0 00000£+00 

OOOOOE+OO 
OOOOOE+OO 

0. OOOOOE+OO 

OOOOOE+OO 
OOOOOE+OO 

. OOOOOE+OO 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE+OO 

. OOOOOE+OO 

0 OOOOOE+OO 
0 00000£+00 
0.00000£+00 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 000008+00 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
1. 02431E-20 

0 OOOOOE+OO 
3. 39591£-01 
1. 36254£-01 

OOOOOE+OO 
340i3E-01 
OOOOOE+OO 

0. OOOOOE+OO 
9. OSOOiE-01 
0. OOOOOE+OO 

0. OOOOOE+OO 
7 84943E-01 
1. 00159£-26 

000008+00 
7. 82156£-01 
1.11182£-25 

0. OOOOOE+OO 
9 24iS4E-01 
s. 77922£-21 

4. 4926SE-01 
9. 203i0E-01 
3. 62181E-01 

1. 47266B-2S 
9. 20676£-01 
2. 49i48E-24 

2. 56096E-26 
9 27260£-01 
0 OOOOOE+OO 

40442E-01 
19720E-01 
51944£-02 

0 OOOOOE+OO 
2 87274£-33 
0 OOOOOE+OO 

1 28640E-26 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE+OO 

OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£+00 

0 000008+00 
0 OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

0 OOOOOE+OO 
0. OOOOOE+OO 
4. 01948£-22 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
6 94210£-25 
1 87356£-25 

1. 60346E-01 2 32716£-01 
3. 85605£-01 5. 35839£-01 
0. OOOOOE+OO 0. OOOOOE+OO 

5. 13890£-25 
9 34201£-01 
0. OOOOOE+OO 

0. OOOOOE+OO 
1. OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
1. OOOOOE+OO 
0. 000008+00 

2. 795UE-26 
9. 99996£-01 
0 OOOOOE+OO 

0. OOOOOE+OO 
9. 26964£-01 
1. 62548E-24 

4. 57099E-01 
9.204338-01 
3.10533£-01 

0. OOOOOE+OO 
9 20?3?8-01 
0. OOOOOE+OO 

6. 5995iE-24 
9 2J296E-01 
5. 84026£-24 

3. 54805E-01 
4. 20467E-01 
0 OOOOOE+OO 

1 3312iE-26 
0 OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 

2. i6595E-25 
9 36998E-01 
O.OOOOOE+OO 

0 OOOOOE+OO 
1 OOOOOE+OO 
O.OOOOOE+OO 

5.16498£-26 
1.00000E+00 
O.OOOOOE+OO 

9.16524£-28 
9.999968-01 
O.OOOOOE+OO 

O.OOOOOE+OO 
9 27173E-01 
0 OOOOOE+OO 

4.58350£-01 
9.20615£-01 
5 34954£-02 

.56128E-26 
20914£-01 
09424E-25 

O.OOOOOE+OO 
9 27385£-01 
3.89400£-26 

] • 96463£-01 
4 22941£-01 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE+OO 

000008+00 
OOOOOE+OO 
OOOOOE+OO 

OOOOOE+OO 

0. 000008+00 
0. OOOOOE+OO 
0 OOOOOE+OO 

0. OOOOOE+OO 
0 ODOOOE+OO 
0 000008+00 

0 OOOOOE+OO 
0. OOOOOE+OO 
0. 000008+00 

0.0(10008+00 
0 00000£+00 
O.OOOOOE+OO 

.OOOOOE+OO 
60230£-22 
71072E-32 

3 9802iE-Ol 
6 44542£-01 
0 OOOOOE+OO 

35904£-01 
41756£-01 
OOOOOE+OO 

1 00000E+00 
1 OOOOOE+OO 
0 OOOOOE+OO 

1. OOOOOE+OO 
1. OOOOOE+OO 
0. OOOOOE+OO 

999928-01 
99996£-01 

0. OOOOOE+OO 

9 172418-01 
9 26245£-01 
0 00000£+00 

9 12310£-01 
9 199778-01 
0 OOOOOE+OO 

12768£-01 
20294£-01 

.OOOOOE+OO 

.233968-01 

.27192£-01 

.000008+00 

4. 22689E-01 
4.24922£-01 
0 OOOOOE+OO 

4. 69401E-26 
0 OOOOOE+OO 
0 OOOOOE+OO 

0. 00000E+00 
0. OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0.000008+00 
O.OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OQ 
O.OOOOOE+OO 
O.OOOOOE+OO 

0 OOOOOE+OO 
0 00000E+00 
0 OOOOOE+OO 

0.000008+00 
O.OOOOOE+OO 
0.00000E+00 

O.OOOOOE+OO 
4.12323£-21 
O.OOOOOE+OO 

4 72983E-01 
6. 27653£-01 
O.OOOOOE+OO 

9.35883£-01 
9.41874£-01 
O.OOOOOE+OO 

1.00000E+OO 
9.37407£-01 
O.OOOOOE+OO 

1.00000E+OO 
8. 73168E-01 
0 OOOOOE+OO 

9 99996E-01 
7 81436£-01 
0 OOOOOE+OO 

9.27666£-01 
9.24090£-01 
O.OOOOOE+OO 

9.21014£-01 
9.20004£-01 
O.OOOOOE+OO 

9. 21-304£-01 
9. 2QJ·21E-01 
0. OO.OOOE+OO 

9.27556£-01 
9.272llE-Ol 
O.OOOOOE+OO 

4.14948£-01 
4.256558-01 
O.OOOOOE+OO 

4. 92173£-24 
0 .OOOOOE+OO 
0. OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
Q.OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 000008+00 
0 OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 

0. OOOOOE+OO 
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" 

" 

" 

28 

29 

JO 

J1 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE-+00 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
4.342628-72 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
6.34080E-02 
0. OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE+OO 
1 36888E-71 
0 OOOOOE-+00 
0 OOOOOE+OO 
0. OOOOOE+OO 
6 .14066E-70 
O.OOOOOE+OO 
0. OOOOOE-+00 
0. OOOOOE+OO 
6.616218-71 
O.OOOOOE-+00 
O.OOOOOE-+00 
0 OOOOOE+OO 
9 13391E-70 
6 OOOOOE+OO 
8 OOOOOE-01 
8 OOOOOE-01 
2 75220E-01 
8 OOOOOE-01 
8 OOOOOE-01 
8 OOOOOE-01 
7 99999E-01 
8 OOOOOE-01 
8 OOOOOE-01 
8 OOOOOE-01 
8 OOOOOE-01 
8 OOOOOE-01 

0 OOOOOE-+00 
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0 000008-+00 
0 000008+00 
0 000008+00 
0 000008-+00 
0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE-+00 
O.OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0.000008+00 
0.000008+00 
0. OOOOOE-+00 

CH20 concentration -- simple 
Layer 1 

1 O.OOOOOE+Oa 
O.OOOOOE+OO 
O.OOOOOE+OO 
0.000008+00 

2 0.000008+00 

' 

5 

6 

O.OOOOOE+OO 
O.OOOOOE+OO 
0.000008+00 
0.000008+00 
O.OOOOOE+OO 
0.000008+00 
0.000008+00 
O.OOOOOE+OO 
0.000008+00 
0 000008+00 
0 000008+00 
0 000008+00 
0 000008+00 
0 000008+00 
0 000008+00 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0.000008+00 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE-tOO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE+OO 
O.OOOOOE-+00 
0 000008+00 
0 OOOOOE+OO 

0.000008+00 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE•OO 
O.OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE•OO 
O.OOOOOE•OO 
O.OOOOOE•OO 
O.OOOOOE+OO 
O.OOOOOE•OO 
O.OOOOOE•OO 
0. OOOOOE•OO 
O.OOOOOE•OO 
o OOOOOE+OO 
0. 000008•00 
0 OOOOOE•OO 
0. OOOOOE•OO 
0 000008+00 
0. 000008+00 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. 000008+00 
o. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. 000008+00 
0. 000008+00 
0. 000008+00 
0. OOOOOE+OO 
a.OOOOOE+OO 
0. 0000{]8+00 
0, 000008+{]0 
0. 000008+00 
0. 000008+00 

000008+00 
000008+00 

0. OOOOOE+CIO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. 000008+00 
0. OOaOaE+OO 
0. OOOOOE+OO 
0. 000008+00 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE-+00 
OOOOOE+OO 

. 000008+00 
OOOOOE+OO 

a 000008+00 
0 000008+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
a. OOOOOE+OO 

model 

OOOOOE+OO 
0 OOOOOE+OO 
0 aooaaE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 000008+00 
0 000008+00 
0 OOaOa8+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0, OOOOOE-+00 
0. aooaOE+OO 
0. OOOOOE-+00 
0. 000008+00 
0. 000008+00 
0, OOOOOE+OO 
0. OOOOOE-+00 
0. 000008+00 
0. OOOOOE-+00 
0. OOOOOE-+00 
0. OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOaE .. OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. aOOOOE .. OO 

. 0. OOOOOE-+00 

0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE-+00 
0 000008+00 
0 OOOOOE-+00 

0 OOOOOB-+00 
0 000008+00 
0 OOOOOE+OO 

0 00000£+00 
0 OOOOOE-+00 
0 OOOOOE+OO 

0 000008+00 
0 000008+00 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 000008+00 
0 OOOOOE-+00 

0 000008+00 
0 OOOOOE+OO 
0. OOOOOE-+00 

0 OOOOOE'rOII 
0 000008+00 
0. 000008+00 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. 000008+00 

0. OOOOOE+OO 
0. OOOOOE-+00 
0. OOOOOE+OO 

0. 000008+00 
0. 000008+00 
0. OOOOOE+OO 

. 000008+00 

. OOOOOE+OO 

.000008+00 

. OOOOOE+OO 

.000008+00 

. OOOOOE-+00 

. 000008+00 

.000008+00 

. OOOOOE+OO 

0. 000008+00 
O.OOOOOE+OO 
0. OOOOOE+OO 

. ooaoo8+00 

. OOOOOE+OO 

.OOOOOE+OO 

OOOOOE-+00 

O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 000008+00 

0 OOOOOE-+00 
0 OOOOOE•OO 
0 OOOOOE+OO 

O.OOOOOE-+00 
0 OOOOOE•OO 
0 OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE+OO 
0. 000008+00 

0 OOOOOE-+00 
0 OOOOOE•OO 
0 OOOOOE•OO 

0 000008+00 
0 000008+00 
0. OOOOOE-+00 

0. 000008•00 
0. OOOOOE-+00 
0. 000008+00 

0 000008+00 
0. 000008+00 
0. OOOOOE-tOa 

0. 000008+00 
0. OOOOOE+OO 
0. OOOOOE+OO 

o aoaooE+OO 
0. 000008+00 
0. OOOOOE+OO 

00000£+00 
. OOOOOE+OO 
000008+00 

. 000008+00 

. 000008+00 
0. 000008+00 

000008+00 
. OOOOOE+OO 

0. 000008+00 

. OOOOOE+OO 

. OOOOOE+OO 

. OOOOOE+OO 

OOOOOE+OO 
. OOOOOE+OO 
. 000008+00 

. OOOOOE+OO 
OOOOOE+OO 

. OOOOOE-+00 

kg/m"3 

0. 000008+00 
0. 000008+00 
0. 000008+00 

. 000008+00 

. 000008+00 

. 000008+00 

a OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE-+00 

0. OOOOOE-+00 
0. 000008+00 
0. 000008+00 

0. 000008+00 
0, OOOOOE-+00 
0. OOOOOE-+00 

0. OOOOOE-+00 
0. 000008+00 
0. OOOOOE+OO 

0. OOOOOE+lJO 
0. OOOOOE-+00 
0. OOOOOE-+00 

0. OOOOOE+OO 
0. 000008-+aO 
0 OOOOOE+OO 

000008+00 
. OOOOOE+OO 
. OOOOOE+OO 

. 000008+00 

.OOOOOE+OO 
0. 00000£+00 

0. 000008+00 
0 OOOOOE+OO 
0. OOOOOE+OO 

0. OOOOOE+OO 
0. 000008+00 
0. 00000£+00 

0. OOOOOE-+00 
0. 000008+00 
0. OOOOOE+OO 

0 OOOOOE-+00 
0. OOOOOE+OO 
0. OOOOOE-+00 

O.OOOOOE-+00 

O.OOOOQE.;.OO 
O.OOOOOE•OO 
O.OOOOOE•OO 

0. OOOOOE-+00 
0. OOOOOE-+00 
0. 000008+00 

0. 000008+00 
0. OOOOOE-+00 
0. 000008+00 

0. OOOOOE-+00 
0. 000008+00 
0. 000008+00 

0. 000008+00 
0. OOOOOE-+00 
0. 000008+00 

0. OOOOOE-+00 
0. OOOOOE-+00 
0. OOOOOE-+00 

0. OOOOOE-+00 
0 000008+00 
0. OOOOOE-+00 

OOOOOE-+00 
0 000008+00 
0 OOOOOE-+00 

0 000008+00 
0 000008+00 
o. oooaoE+OO 

000008+00 
OOOOOE+OO 
00000£+00 

OOOOOE+OO 
OOOOOE-+00 
OOOOOE+OO 

0. OOOOOE-+00 
O.OOOOOE-+00 
0. OOOOOE-+00 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE-+00 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE-+00 

OOOOOE+OO 
OOOOOE+OO 
OOOOOE+OO 

OOOOOE-+00 
OOOOOE+OO 
OOOOOE+OO 

OOOOOE-+00 
OOOOOE-+00 

0. OOOOOE-+00 

OOOOOE-+00 
0 OOOOa8+00 
0 OOOOOE+OO 

000008+00 
OOOOOE-+00 

0. OOOOOE+aO 

OOOOOE+OO 
. 000008+00 
. OOOOOE+OO 

0 000008+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 000008+00 
0 000008+00 
O.OOOOOE+OO 

O.OOOOOE+OO 
O.OOOOOE-+00 
0 OOOOOE+OO 

. 000008+00 

.OOOOOE-+00 
0. OOOOOE-+00 

0 OOOOOE-+00 

0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE-+00 

0. OOOOOE-+00 
0. 000008+00 
O.OOOOOE-+00 

0 OOOOOE+OO 
0 OOOOOE-+00 
0. 000008+00 

0. 000008+00 
0. OOOOOE-+00 
0. 000008+00 

0. 000008+00 
0. OOOOOE-+00 
0, OOOOOE+OO 

0. 000008+00 
0. OOOOOE-+00 
0. OOOOOE-+00 

0 000008+00 
0 OOOOOE-+00 
0. 000008+00 

,OOOOOE-+00 
OOOOOE-+00 

.000008+00 

OOOOOE+OO 
. OOOOOE-+00 
OOOOOE-+00 

000008+00 
000008+00 
00000£+00 

O.OOOOOE-+00 
OOOOOE-+00 
OOOOOE+OO 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE-+00 

0 000008+00 
0 OOOOOE+OO 
0 OOOOOE-+00 

0 OOOOOE+OO 
0 000008+00 
0 OOOOOE-+00 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

O.OOOOOE-+00 
0 OOOOOE-+00 
0 00000£+00 

0 000008+00 
0 OOOOOE-+00 
0. 00000£+00 

0 000008+00 
0 000008+00 
0 OOOOOE+OO 

000008+00 
OOOOOE-+00 

0. 000008+00 

OOOOOE+OO 
00000£+00 

. 000008+00 

OOOOOE+OO 
OOOOOE+OO 

. 000008+00 

OOOOOE-+00 
.000008+00 
.OOOOOE-+00 

0. 000008+00 
0 000008+00 
a.OOOOOE-+00 

.000008+00 

.000008+00 
0. OOOOOE-+00 

O.OOOOOE+OO 

0. OOOOOE+OO 
0.000008+00 
O.OOOOOE+OO 

O.OOOOOE-+00 
O.OOOOOE-+00 
0.000008+00 

O.OOOOOE-+00 
0. OOOOOE-+00 
O.OOOOOE-+00 

0. OOOOOE-+00 
0. 000008+00 
O.OOOOOE-+00 

O.OOOOOE+OO 
0. OOOOOE-+00 
0. 000008+00 

O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE-+00 

0. OOOOOE-+00 
0. OOOOOE-+00 
0. 000008+00 

0. 000008+00 
0. OOOOOE-+00 
0. OOOOOE-+00 

0 000008+00 
0, OOOOOE-+00 
0 OOOOOE-+00 

0 000008+00 
0 000008+00 
0. 000008+00 

0 OOOOOE-+00 
OOOOOE+OO 
000008+00 

0. OOOOOE-+00 
0 OOOOOE-+00 
0.000008+00 

0.000008+00 
0. OOOOOE+OO 
0. OOOOOE+OO 

000008+00 
000008+00 
OOOOOE-+00 

000008+00 
000008+00 
OOOOOE+OO 

OOOOOE-+00 
OOOOOE+OO 
000008+00 

OOOOOE+OO 
000008-1-00 
OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE-+00 
0 000008+00 

0 OOOOOE-+00 
0,000008+00 
O.OOOOOE-+00 

0 000008+00 
0 000008+00 
0. OOOOOE-+00 

0 000008+00 
0. 000008+00 
O.OOOOOE-+00 

0.000008+00 
0. OOOOOB+OO 
0. OOOOOE+OO 

O.OOOOOE-+00 
0. 000008+00 
0. 000008+00 

0.000008+00 
0.000008+00 
0.000008+00 
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OOOOOE-+00 

0 000008+00 
0.000008+00 
0 000008+00 

O.OOOOOE-+00 
0. OOOOOE+OO 
0. OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE+OO 
0 000008+00 

O.OOOOOE+OO 
0.000008+00 
0.000008+00 

0 OOOOOE-+00 
0 000008+00 
0 OOOOOE+OO 

0 00000£+00 
O.OOOOOE-+00 
0.00000E+00 

O.OOOOOE-+00 
O.OOOOOE.,.OO 
O.OOOOOE-+00 

0 000008+00 
0 OOOOOE+OO 
0 OOOOOE-+00 

0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE-+00 

0 000008+00 
0 OOOOOE+OO 
0 OOOOOE+OO 

0 OOOOOE+OO 
0 OOOOOE-+00 
0 OOOOOE+OO 

O.OOOOOE+OO 
0.000008+00 
0.000008+00 

0 000008+00 
0 OOOOOE+OO 
0 OOOOOE-+00 

0 000008+00 
O.OOOOOE+OO 
O.OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE+OO 
0 OOOOOE-+00 

0 000008+00 
0 000008+00 
0 OOOOOE+OO 

0 OOOOOE+OO 
O.OOOOOE-+00 
O.OOOOOE-+00 

0.000008+00 
O.OOOOOE-+00 
0.000008+00 

0.000008+00 
O.OOOOOE-+00 
O.OOOOOE+OO 

0.000008+00 
O.OOOOOE-+00 
O.OOOOOE-+00 

O.OOOOOE+OO 
0.000008+00 
o.oooooe: ... oo 

O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE+OO 

O.OOOOOE-+00 
O.OOOOOE-+00 
O.OOOOOE-+00 

O.OOOOOE-+00 
O.OOOOOE-+00 
O.OOOOOE-+00 

0 .00000£+00 

0.00000£+00 
0.000008+00 
O.OOOOOE-+00 

0.000008+00 
0.000008+00 
0.000008+00 

0 000008+00 
0 000008+00 
0 OOOOOE-+00 

0 000008+00 
0 000008+00 
0 000008+00 

O.OOOOOE-+00 
0. 000008+00 
O.OOOOOE-+00 

0 OOOOOE+OO 
0. 000008+00 
0. OOOOOE-+00 

0 000008+00 
O.OOOOOE-+00 
O.OOOOOE-1-00 

0 000008+00 
0 OOOOOE-+00 
O.OOOOOE+OO 

0 OOOOOE+OO 
0.00000£+00 
0 OOOOOE-+00 

O.OOOOOE-+00 
0 OOOOOE-+00 
0 OOOOOE-+00 

0 OOOOOE-+00 
0 OOOOOE+OO 
0 000008+00 

O.OOOOOE-+00 
O.OOOOOE+OO 
O.OOOOOE-1-00 

O.OOOOOE-+00 
0.000008+00 
O.OOOOOE+OO 

0 OOOOOE•OO 
0 aooa08+00 
0 OOOOOE+OO 

0 OOOOOE-+00 
0 000008+00 
0 000008+00 

.OOOOOE+OO 
000008+00 
OOOOOE-+00 

O.OGOOOE-+00 
0.000008+00 
0. OOO'OOE-+00 

O.OOOOOE-+00 
0, 000008+00 
0 000008+00 

0 000008+00 
0 000008+00 
0 OOOOOE-+00 

0 000008+00 
0 OOOOOE-+00 
0 OOOOOE-1-00 

0.000008+00 
O.OOOOOE-+00 
O.OOOOOE+OO 

0 000008+00 
0 000008+00 
0 000008+00 

0 OOOOOE-+00 
0.000008+00 
0 000008+00 

0 000008+00 
0 000008+00 
0 000008+00 
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9 

10 

11 

12 

13 

15 

17 

lB 

19 

21 

24 

26 

2B 

30 

31 

O.OOOOOE+OO 
0 OOOOOE+OO 
3.57862£-o-01 
0 00000£+00 
O.OOOOOE-ot-00 
O.OOOOOE+OO 
8.45789£+01 
0.00000£+00 
0.00000£+00 
0.00000£+00 
0 00000£+00 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE+OO 
0.00000£+00 
0 OOOOOE ... OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
O,DOOOOE+OO 
O.OOOOOE+OO 
0.00000£+00 
0. 00000£+00 
O.OOOOOE+OO 
0.00000£+00 
0 00000£+00 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE-+00 
0 00000£+00 
0 OOOOOE+OO 
0 00000£+00 
0 00000£+00 
0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOODOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. 00000£+00 
0. OOOOOE+OO 
O.OOOOOE+OO 
0,00000£+00 
0.00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 00000£+00 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.ODOOOE+OO 
D.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+aO 
0 OOOOaE+OO 
0 OOOOO.E+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 

O.OOOOOE+OO 
0. OOOOOE+OO 
8.570838+01 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
8.457898+01 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOaOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0, 000008+00 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 aOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 

OOaOOE+OO 
OOOOOE+OO 
OOOOOE+OO 

,OOOOOE+OO 
.OOOOOE+OO 

0. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOaOE+OO 
0 OOaOOE+OO 
0 OOOOOE+OO 
O.ODDOOE*-00 
D. OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
0. OOOOOE+OO 
0. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O,OOOOOE+OO 
O.OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOaaOE+OO 
0 OaaaOE+OO 
a. aaOOOE+OO 
a. aaOOOE+OO 
a.ooaaOE+OO 
a. OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
a OOOOOE+OO 
a OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
0 OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
O.OOOOOE+OO 
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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: 

I) Radionuclide transport. BRAG FLO is no longer used for transport calculations because 
a faster, more accurate, and more versatile code, NUTS, is now available. 

2) 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. 

3) 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. 

4) Reaction path gas generation model. This model has been neither fully developed nor 
implemented and is not available for the WIPP compliance calculations. 

5) 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. 

6) 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. 

7) 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. 

8) 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 
BRAGFLO 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 multigrid solver is under development, but is not yet available for testing. 

9) 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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1 0) Numerical control parameters. The experience gained over several years of using 
BRAGFLO (see WIPP PA, 1991, 1992; NAS 1993 report; SPMI 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. 

II) 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: 
H2, COz, CH4, Nz, 0 2, and H2S. 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. 

12) Restart capability. This feature is used only for debugging and will not be used for the 
WIPP compliance calculations. 

13) 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 . 

14) 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. 

15) Certain little-used options for inputting the mesh are not tested. For parameter 
IDZFLAG, which specifies how & is input, options 2, 3, and 4 are not tested. 
(IDZFLAG options that are tested include 0 and 1.) For parameter IDEPTHFLAG, 
which specifies how the grid block elevations are input, options I, 2, 3, 4, 5, 6, and -I 
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 fu: and 
Ll.y are input, are tested . 



 

 Information Only 

BRAGFLO, Version4.10 
Users Manual, Version 1.20 

Appendix D: Review Forms 

The review forms for the BRAGFLO User's Manual are provided in this appendix. 
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