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SUMMARY

The computer code, TRUST, provides a versatiie tool to solve a wide spec-
trum of fluid flow problems arising in variably saturated deformabie porous
media. The governing equations express the conservation of fluid mass in an
elemental volume that has a constant volume of solid. Deformation of the skel-
eton may be nonelastic.

Permeability and compressibility coefficients may be nonlinearly related
to effective stress., Relationships between permeability and saturation with
pore water pressure in the unsaturated zone may include hysteresis. The code
developed by T. N. Narasimhan grew out of the original TRUMP code written by
A. L. Edwards. The code uses an integrated finite difference algorithm for
numerically soiving the governing equation. Marching in time is performed by
a mixed explicit-implicit numerical procedure in which the time step is inter-
nally controlled. The time step control and related feature in the TRUST code
provide an effective control of the potential numerical instabilities that can
arise in the course of solving this difficult class of noniinear boundary value
problem. This document brings together the equations, theory, and users manual
for the code as well as a sample case with input and output.
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TRUST: A COMPUTER PROGRAM FOR VARIABLY SATURATED
FLOW IN MULTIDIMENSIONAL, DEFORMABLE MEDIA

1.0 INTRODUCTION

1.1 GENERAL

The use of partially saturated flow analysis and the computer modeling of
such systems is important in many different areas of application. Among these
are the variety of problems in irrigation and drainage of agricultural soils,
the environmental assessment of waste repositories and waste burial facilities,
and the numerous applications in the mining industry ranging from enhancement
of mineral recovery to providing for improved tailings disposal methods.

The common feature in ail of these application areas is the significance
of gradual movement of water through porous materials under conditions where
part of the pores in the material are water-filled and the remaining larger
pores or voids are filled with air. This important class of flow problems is
described by the classical nonlinear Richards' equation (Richards 1931) and its
natural extensions. The multitude of important problems in many different
applications has been an important driving force to develop multi-dimensional
partially saturated models over the Tast two decades.

Progress in multidimensional partially saturated flow modeling has been
slow and at times seemingly faultering. That slowness of model development has
been primarily associated with numerical solution difficulties arising from the
basic nonlinearity of the equations. The progress has been further complicated
by the numerical instability difficulties being minor for some problems while
being very severe for other problems. For example, in humid-climate situations
and in problems where the porous material is initially very wet or saturated
and then graduaily drains, the numerical instability may be almost nonexistent.
However, if an arid climate is involved, where the porous materials are initially
very dry and water is added, i.e., the wettihg of a desiccated material is
involved, then very large numerical instabilities generally may occur. These
large instabilities occur as the advancing wetting front moves into the drier
surrounding material. The greater the moisture contrast across the wetting
front, the steeper the moisture gradient in the front, which gives rise to
greater numerical instability.
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Though not always generally cited in the technical literature, there have
been numerous cases where a partially saturated model that was developed and
used very satisfactorily for drainage problems or was applied primarily under
humid type conditions has failed to provide stable and useful results when
applied to desiccated soils in, for exampie, an arid climatic region. Accord-
ingly, caution must be exercised when selecting a partially saturated flow model
for multi-dimensional problems involving desiccated soils, to be sure it con-
tains good numerical stability controls. These controls should include times
step control, upstream weighting of conductances when appropriate and perhaps
control of the degree of moisture saturation change in critical elements. It
may also be useful to apply the correlation presented by Finlayson, 1976, as
an overall measure of the degree of numerical difficulty associated with par-
ticular problems to be soived. A little experience using the Finlayson cor-
relation can provide helpful guidance for a specific new problem.

1.2 USE OF TRUST WITH URANIUM MILL TAILINGS

The U.S. Nuclear Regulatory Commission sponsored a study performed by the
Pacific Northwest Laboratory on the Reduction of Seepage from Buried Uranium
Mi1l Tailings (Nelson, et al., 1980) at a specific site in Wyoming. The analysis
involved the combined partially saturated and saturated modeling of four tailings
management alternatives. The site being in the arid west involved severely
desiccated soils with sharp advancing wetting fronts. Careful consideration
of some of the available computer models resulted in selection of the TRUST code
for evaluating the management alternatives. The excellent performance of the
code under the very difficult numerical condition experienced in analyzing the
Wyoming site, convinced the PNL staff of the general applicability of TRUST
to the NRC needs.

Accordingly PNL joined with one of the Lawrence Berkeley Laboratory (LBL)
staff to provide thorough documentation of the TRUST code. Dr. T. N. Narasimhan
of LBL was responsible for previously formulating and providing in finished form
the TRUST code to solve combined partially saturated and saturated flow in deform-
able media {Narasimhan 1975; Narasimhan and Witherspoon 1976, 1977, and 1978,
Narasimhan, Witherspoon and Edwards 1978). The TRUST code grew out of the original
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TRUMP code for thermal modeifing. The TRUMP model was written by Arthur L. Edward
{1968) of the Lawrence Livermore Laboratory. In several places in the material
to follow the updated documentation of TRUMP by Mr. Edwards was liberally refer-
enced in the course of providing the detailed TRUST documentation.

1.3 THE TRUST PROGRAM

In the material to follow, some of the philosophy of the development and
use of TRUST will be described as an overview. Next the more detailed descrip-
tion of the underlying physical effects and the method of numerical solution
will be discussed.

1.3.1 Philosophy of TRUST

The basic motivation in developing the original TRUST algorithm was to
have a fairly general computational tool to implement the mass conservation
equation over complex, multidimensional flow regions occupied by porous mate-
rials under conditions of variable saturation and deformation. The simple, one-
dimensional deformation assumption of Terzaghi has helped dispense with the
need to solve an additional set of stress-strain equation, while still enabling
the consideration of matrix deformation in so far as it affects fluid flow.
Viewed in this phenomenological context, the TRUST approach provides a powerful,
versatile tool to solve a wide spectrum of fluid flow problems arising in dis-
ciplines such as hydrogeology, soil mechanics, soil physics, rock-mechanics,
and related subjects. The following 1ist enumerates some of the problems which
have been solved in the past using TRUST: settlement and consolidation in
soft-clay systems under constant or variable loads; deformation of organic
soils undergoing drainage and desaturaticn; simulation of drainage and infiltra-
tion in variably saturated columns, ditches and sand boxes; siug tests, constant
rate or constant drawdown well-tests in porous media with single or multipie-
fractures; internal drainage into mines expanding with time; response of an
aquifer-well system of earthquakes or earth tides; and so on.

In order that the vefsati]ity of the tool is preserved, it is necessary
that the data-input structure is kept flexible and general. For this reason,

it is important to make special note of the following two special features of
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TRUST: a) the computational model considers pressure-dependent density vari-
ations of water and conserves the mass of water, and b) the physical parameters
in the governing equation are used in their primitive forms. Although options
are available to employ familiar forms rather than primitive forms of the para-
meters, it is felt that a greater inter-disciplinary flexibility is afforded by
the latter. Thus, intrinsic permeability, fluid viscosity, fluid density and
gravitational constants are separately input rather than hydraulic conductivity;
so also, fluid mass capacity, assembled from deformation and desaturation para-
meters is physically more realistic than the traditional concept of specific
storage. In addition, the organization of the input of the geometric data in
the TRUST approach is such that the algorithm does not intrinsically differ-
entiate between a one-, two-, or three-dimensional problem. In a sense this
enables one to have the invariant physics in focus while using TRUST.

For the aforesaid reasons, it s suggested that a physics-based approach
will help in a better interpretation of TRUST output and a strong logical basis
for trouble-shooting.

1.3.2 TRUST Overview

TRUST is a computer program that implements the equation of mass conser-
vation over explicitly defined discrete subdomains of the flow region of inter-
est. The mass conservation may be represented in an integral form as;

- - DI‘U
' — Kpg =y - L
G£+ prv(z+1p) ndr Mc,z—Uf {(1.1)

Ty

in which GR is the rate of fluid production from element 2 bounded by the

closed surface I',; p is the density of the fluid at the surface segment dr,

E',;
k is the mean value of permeability at dr'; g is acceleration due to gravity;
u is coefficient of viscosity; z is elevation, p is pressure head; nis unit

outer normal to dr; M is the fluid mass capacity of the element 2, D/Dt is

C’E{
total derivative and vy is the mean fluid pressure head over element £. In
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Equation {1.1) k and Mc,i are both functions of y, and especially so if the
element ¢ is partially saturated. In partially saturated systems, k in Equa-
tion (1.1) is to be treated as the product of absolute permeability and rela-
tive permeability.

The partial differential equation equivalent to Equation (1.1) is a gen-
eralization of Richards Equation (Richards, 1931) and may be written as:

(1.2)

L ] L
t

- k
g+v~v£—59v(z+¢)=mc

which is obtained by normalizing Equation (1.1) with reference to the bulk
volume V2 of element & and letting the maximum dimension of VR to tend, in the
1imit, to zero. In Equation (31.2) g is the fluid generation rate per unit
voiume of the elemental subdomain and m. is specific fluid mass capacity
(= M o /V,).

In both Equations (1.1} and (1.2) the volume element is defined in a
Lagrangian sense, assuming it to have a constant volume of incompressible solids.

The storage terms, M and m. incorporate deformation of the porous medium

c,L
and the fluid as well as the desaturation of the pores. The matrix deforma-
tion is handled through the simple one-dimensional deformation assumption of

Terzaghi.

The parameters in Equations (1.1} or (1.2) can be functions of space, time
or ¥. The boundary conditions may be in the form or prescribed fluxes, pre-
scribed potentials ar a combination of the two (as in the case of the seepage
face). The initial conditions may be arbitrary.

The numerical method is an Integral Finite Difference Method {IFDM:
Narasimhan and Witherspoon, 1976} in which physical quantities such as poten-
tial, density, void ratio and sautration, are properly defined averages over
defined subdomains. In addition to this integral basis, the IFDM employs finite
difference gradients for implementing Darcy's Law.

And finally, TRUST uses a mixed explicit-implicit approach, in setting
up the final matrix of equations. The mixed explicit-implicit approach
devised originally by Edwards (1968} recognizes the fact that in a flow region
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with volume elements having widely varying time constants (stable time steps),
isolated groups of elements with relatively small time constants are only weakly
coupled to each other through other elements with larger time constants. A
practical consequence of this recognition is, that over a time step of a given
At, it is necessary to solve simultaneous equations only for the isolated groups
of elements with time constants less than At. In other words, the large matrix
of the entire flow region is partitioned into one or more submatrices for pur-
poses of matrix solution, Teading to efficiency of computation. Currently,
TRUST uses a Point-Jacobi type iterative scheme with an acceleration factor
(Edwards 1968) for solving the implicit equations.
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2.1

2.0 USE OF TRUST

GENERAL

Use of TRUST to solve probiems can be broadly subdivided into the follow-

ing steps, each of which will be discussed in detail in the following sections:

1.

Definition of problem: Describing the system geometry, materials, the
equations to be solved, including initial and boundary conditions, modes
of fluid production and transport, the questions to be answered, and the
required accuracy.

Development of calculational model: Simplifying, if required, the prob-
Tem description; subdivision of the system into discrete nodes; assigning
identification numbers to materials, nodes, and boundary nodes; specify-
ing initial and boundary conditions and modes of fiuid production for
each node; and modes of fluid transport between all connected nodes;
specifying controls on the method and accuracy of the calculation, the
criteria for ending the problem, and the production of output data.

Preparation of input data; punching items for each data block on cards,
organizing data blocks into data decks, stacking data decks for muitiple-
problem computer runs, addition of any necessary TRUST control cards.

Submission of job, interruption and restart of long problems; card, tape,
and output retrieval.

Evaluation of caiculation results: checking input data; checking output
data; determining cause of any errors; dumps, or unexpected results;
checking final results for accuracy and consistency; determining reguire-
ments for additional calculations; generalization of results.

2.2 THEORETICAL FOUNDATION

2.2.1

Definition of Problem

2.2.1.1 Synopsis of Governing Equations

The fundamental equation of transient groundwater motion is an equation

of mass conservation and can be expressed as {Narasimhan and Witherspoon,
1977).
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(Joly ! N
G + jpow——g—-v(z + ) « ndl = a%{panS} %%u (2.1)

r

Equation (2.1) is derived from the mass conservation equation in an integral
form for a flow region which deforms with time. Assumptions were made that
Dz/Dt = 0, implying that z is fixed during the time interval and that if P
¥, nand S are functions only of ¢, then 6 = nS, G is a source term.

The right-hand side of Equation (2.1) can be expressed as

. d
MC = am-(DanS)
_ d d ds
= Vnaa Py ¥ 0,5 Ha‘(Vn} + Vo n @ (2.2)

Parameter MC represents the mass of fluid which the volume V can absorb due
to a unit change in the average value of ¢ over V. The three terms on the
right-hand side represents the compressibility of water, deformability of soil

skeleton and desaturability of pores.

2.2.1.2 Discretization of the Equation

Consider an appropriately small subregion of the flow region (Figure 2.1)
over which the variation of ¢ is not rapid, and let the average properties of
this volume element be associated with a representative nodal point 2. Further-
more, let the volume element be so chosen that the Tines joining the nodal
point £ to its neighbors be normal to the interfaces between the respective
elements. It is assumed that the average properties, such as that y is associ-
ated with each nodal point are functions only of time, while the spatial varia-
tion of these average properties between adjacent nodal points can be represented
by a simple linear relation which is independent of time. Then, applying (2.1)
to the element in Figure 1, we can write

ko9 | (z, +w ) - (2, +yp) i Ay,

T =M —
U di,m + dm,l £,m c,L At

(2.3}
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3.0 DEVELOPMENT OF CALCULATIONAL MODEL

3.1 GENERAL

The next step is to translate Equation (2.15) into a calculational model.
It is desirable to simplify problem complexities by taking advantage of particular
physical features. In symmetrical problems, planes of symmetry may be replaced
by impermeable surfaces. In case of complex geometry and heterogeneity, it is
desirable to 1imit implicit calculations to the smallest possible regions that
may be essentially decoupled during a given time step by intervening regions
that may be treated explicity. In addition, it is often possible to simplify
the.geometry considerably by replacing complex shapes with simpler shapes of
equivalent volume and resistance to fluid flow. Several geometric models may be
tried for the same system to determine the effects on the results.

The system thus chosen for study must be subdivided into regions composed
of different materials, each with specified properties. If density, hydraulic
conductivity, or moisture capacity vary continuously with spatial location in
some region, the degree of subdivision into materials with discrete properties
depends on the required accuracy in describing those properties. If values of
material properties are uncertain, calculations should be made for a range of
values, to determine the effect on the results.

Each region may be subdivided into volume elements, or nodes, each of
which may have a different initial constant or tabulated fluid generation rate,
and modes of fluid transport in relation to other nodes. Each node on a perme-
able surface may have a different boundary condition. Nodes may be of any
size and shape, with any number of internal and external fluid transport con-
nections. Each node must contain a representative nodal point, which may be
located anywhere within or on the surface of the node. Maximum accuracy in
transient problems is obtained if the node shapes and nodal point locations
are chosen so that Tines joining the nodal points of connected nodes are
perpendicularly bisected by the connected area. In Ssteady state problems,
the solution is independent of the moisture capacity associated with each
node, so the nodal points may be located anywhere, without loss of accuracy.

The required fineness of subdivision of each material region into nodes
depends on the degree to which properties, initial and boundary conditions,
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fluid generation rates and resulting distributions vary with spatial location,
and the required accuracy in fitting the values. In general, less total effort
and machine time are required if calculations are made for a crude subdivision,
then successively finer subdivisions of the system, until no appreciable dif-
ference is found in the results, rather than beginning with excessively fine
subdivisions. Often it is apparent from the first calculation which regions
require finer subdivisions and which do not.

Allowable problem size 1limits for various versions of TRUST are summarized
in Table 3.1. These 1imits can be changed relatively easily by changing the
array sizes.

TABLE 3.1. Problem Size Limits

Size-Limit Size

[tem Data Block Parameter  Limit
Materials 2 M2 1D
Fluid Properties 3 M3 1
Nodes 4 M4 300
Internal Connections 5 M5 600
External Connections 6 M6 20
Boundary Nodes 7 M? 20
Fluid Generation Tables 8 M8 100
Initial Conditions g M4 300
Table Lengths 2,6,7,8 M9 100

The criteria for ending the calculation must be determined, and may include
pressures falling outside a specified range, time reaching a specified Tlimit,
number of time steps or amount of machine time reaching specified limits, or
attainment of steady state. These criteria are discussed more fully in
Section 3.11.

The user can choose between several options for the type of difference
equations and methods of controlling the size of the time step. A choice
must be made between the available options for frequency and type of numerical
output produced during and at the end of the problem {see Section 3.14), to
obtain those results necessary to answer the questions asked.
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3.2 UNIT SYSTEMS

In general, any consistent set of units may be used for the input data.
However, the unit of time must be chosen so that all time steps required in

-10 to ]0]2

the calculation are in the range from 10 , except for the first time

step, which is always 10712,

Typical units are given for many quantities in this report, to clarify
the meaning or use of the quanitites. Output quantities appearing on printouts
will be in the same unit system as input data.

3.3 NUMBERING SYSTEMS FOR MATERIALS AND NODES

Each material, system node, and boundary node must be identified by a
nonzero integer number, for use in cross-referencing data in different blocks
of the input data deck. The numbering system for each group is independent
of all others. Within each group, all items must have unique numbers. The
only limitation on the size of the numbers is that they must fit within the
five-column fields on the data cards, i.e., all numbers from -9999 to 99999,
except zero, are allowed. Numbers need not be in sequence, and the choice of
numbers has no effect on the running time of the problem.

In complex geometries, it is often convenient to use a node numbering con-
vention in which different groups of digits in the node number represent
coordinates or zones in different directions in the system.

The size.of the input data deck can be considerably reduced if groups of
nodes or connectors have identical descriptions, or when Kd is 2 or 3, differ
only by a constant intremental increase in radius dr (DRAD). Such sequences
can be specified with only one card, or two cards when dr is incremented, if
the nodes involved are numbered in an arithmetic sequence. When d. is constant
the first item in the sequence is described, and the number of additional items,
and the incremental change in node numbers specified. When dr is incremented,
the first item in the sequence is described nocrmally. On the next card (follow-
ing any table associated with the first item, in BLOCK 6), the second item in
the sequence is described, with a minus sign preceding dr (DRAD}, and the
number of additional items in the sequence, and the incremental change in node
number specififed. This procedure may be used in BLOCKs 4, 5, 6, 8, 9 and 1D

of the input data deck.
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Materials may also be assigned names consisting of up to five Hollerith
characters. These are used in the program only to make identification of the
materials easier in the input card decks and in printed output data.

3.4 GEOMETRIC SYMMETRY AND SCALE

A symmetry indicator Kd (KD) may be specified in data BLOCK 1, to control
the way in which node volumes and connection areas are calculated from input
data in BLOCKs 4, 5, and 6. Details of these calculations are given in
Sections 3.6, 3.9, and 3.10 below. The choices of Kd are 1, 2, or 3, for
systems with no symmetry center or axis, systems with an axis of symmetry, or
systems with a center of symmetry, respectively. Simple examples of these
three types are systems in which nodes are bounded by the orthogonal surfaces
of a rectangular, cylindrical, or spherical coordinate system, respectively.

A geometric scale factor Sd (SCALE) may also be specified in data BLOCK 1.
ATl 1inear dimensions specified in BLOCKs 4, 5, 6, and 10 will be multiplied

by Sd, so that areas will scale as 53 and volumes as Sg.

If different parts of the system are most conveniently described by use
of different values of Kd or Sd’ the input data may be subdivided into two or
more sections. Each section may consist of type A data blocks (see Section 4.2)
preceded by a BLOCK 1 with the desired values of Ky and 54 specified.

3.5 MATERIALS AND SYSTEM PROPERTIES

In deforming porous or fractured media it is necessary to provide certain
system properties in addition to the properties of individual materials. The
system properties so required include: the initial drying or wetting state of
the system (APATH); the elevation to the land surface from zero datum {THICK;
typical units, m} and the average specific gravity or relative density of the
flow region material defined as the ratio of the average density of the material
to that of water (RD). 1In addition, two additional parameters XF and QOVERH
can be used if dimensionTess quantities such as tD and PD are to be printed out
for flow of water to wells in agquifers with or without a fracture.
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Each material must be assigned a Hollerith name (AMAT) and a material num-
ber {MAT). In general, values must be specified for permeability and storage,
each of which may be either constant or dependent on pressure-head, ¢. Several
options are available in this regard. Due to the varieties of nomenclatures and
conventions prevalent in various disciplines such as soil physics, soil mechanics
and hydrogeology, it has not yet been possible to standardize the options.
Further improvements are possible.

Permeability {CONT; typical units, m2) may be either constant or may be
variable. When it is variable, it can be used in combination with LTABK to
make it either an analytical function or a tabulated function of y. Or, if
used in combination with CK, EK and CONZ, it could be a function of void ratio.
The storage parameter, in the simplest case is the quantity specific storage
(SS; typical units, 1/L) which shall always remain constant. For handling
storage in a more physically realistic fashion, the deformability of the
matrix (AY or CC) and the desaturability of the medium (through a table a
saturation versus y)} must be used. In this case, the reference void ratio
EZ and the corresponding effective stress PZ must be specified. Hysteresis
effects in the k versus y relation and S versus ¥ rejation can be handled
through the use of scanning curves.

3.5.1 Fluid

In order to benefit from the generality and power of the computational
model, fluid properties are kept distinct from material properties. The
required fluid properties include, viscosity (VISC; typical units, kg/m-sec);
compressability (BETA; typical units 1/pascal); and density at atmospheric
pressure (RHOZ; typical units, kg/m3).

3.6 NODES

3.6.1 General

Each node must be assigned an identification number Nn {NODE) for use in
referring to the node in various input data blocks. The identification number
of the material of which the node consists {NODMAT) must be specified. The
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node may be classified "special" by specifying a non-zero value of KS {KS)
(see Section 3.12).

Three dimensional factors, d, (DLONG), d, {DWIDE), and d. (DRAD), must be
specified in input data BLOCK 4 for nodes with finite volume. The volume of
the node will be calculated as follows:

= B 3
Vn = o.dR dw d. Sd (3.1)

where o is 1, 2m, or 47, and 8 is 1, 1, or 2, if Kd {KD} is 1, 2, or 3,
respectively. Sd (SCALE) is the scale factor. Any dimensional factors that
result in the correct volume according to Equation {3.1) may be specified.
When KD is 1, the node tocation is determined by the node number Nn (NODE).

3.6.2 Rectangular Coordinates

The volume of a node bounded by the orthogonal surfaces of a rectangular
coordinate system with axis x, y, and z is as follows:

Vn = (xz - xl)(y2 - .‘/])(22 - Z]) (32)

Equation (3.2) may also be used for nodes with irregular or curved sur-
faces, if the coordinates represent average values for each surface and are
measured in three orthogonal directions. If KD is 1 and the flow is two-
dimensional or one-dimensional, either one or two, respectively, of the BLOCK 4
dimensional factors dﬂ, dw, or dr may be assigned an arbitrary value, such as 1.

3.6.3 Cylindrical Coordinates

The volume of a differential volume element bounded by the orthogonal
surfaces of a cylindrical coordinate system with coordinates r, z (linear
dimensions), and 9 (angle measured in radians}, is as follows:

AV = rar Az A8 {3.3)
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For a finite-volume element, or node, this becomes:

vy = (1720005 - 1)z, - 2))(8, - 8)) (3.4)
or
V)= 2n ¥ (ry = 1)z, - 2))[(6, - 07)/(2n)] (3.5)
where
r=(1/2)(r, + ry). (3.6)

If KD i5 2, the BLOCK 4 dimensional factors may conveniently be
specified as follows:

=8
1]

r = (l/2)(r2 + r])

d = (rz - ) L (3.6)

d2 = (z2 - z])(ez - 81)/(2ﬁ1

where

1/(2r} = 0.15915494.

If 8 extend from O to 2w, dz becomes (22 - 21). In the case of one-
dimensional radial flow, the axial length (z2 - z]) may arbitrarily be made
1, s0 that da is 1.

3.6.4 Bodies of Revolution

The volume of a differential volume element formed by rotating an area
AA (measured in a plane containing the axis of revolution) through an angle
A8 {measured in radians) about the axis of revolution is as follows:

AV = r AA AB (3.7}
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where r is the radius of area AA from the axis of revolution. For a finite
volume element, or node, this becomes:

v, = 2nr A[(92 -81)/2ﬁ] (3.8}

where r is the radius of the centroid of area A from the axis. If area A can
be expressed as the product of two factors L1 and L2, and KD is 2, the
BLOCK 4 dimensional factors may conveniently be specified as follows:

(=N
n
-

where

172(n) = 0.15915494.

If the body of revolution is complete, i.e., & extends from 0 to 2w,
then dg becomes L2.
3.6.5 Spherical Coordinates

The volume of a differential volume element bounded by the orthogonal
surfaces of a spherical coordinate system with distance from the origin r,
angle in the x-y plane 6 (measured in radians) and angle from the positive z
axis ¢ (also measured in radians), is as follows:

AV = r2 sin § Ar A6 Ad (3.10)

For a finite volume element, or node, this becomes:

Vo = (1f3)(r3 - r?)(cos 91 - €0s 6,)(8y - 61) (3.11)
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or

where

error of less than 0.1%. If (¢2 - ¢]) is less than 0.15 radian (8.6°), ¢
may be substituted for ¢ with an error of less than 0.1%.
zone of inner radius zero and outer radius ros r reduces to rav//g, or

v, = 4m()2(r, - ry)[sin(3)/21(0, -01)0(8, - &)/ (2m)],

i , 172
r=roy {1+ (I/12)[(r2 - r])frav] }
Fav = (lf2)(r2 + r])
sin ¢ = sin(g, ) sinle, - ¢9)/23/[(9, - ¢;)/2]

bay = (1/2)(0, + 0,).

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

If (r2 - rl) is less than ravf6, Ty MY be substituted for r with an

0.57735 Fay:

av
For a solid sperical

If KO is 3, the BLOCK 4 dimensional factors may conveniently be specified

as follows:
r, r, - ry > rg /6
T av® T2 = T1 < Tay/6
dw =T, -
d2 = [{cos ¢1 - cos ¢2)/2][(82 - 91)f(2ﬂ)]
or
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= [sin(§)/21(6, -6 1)[{0, ~ 05)/(2m)] (3.20)

The expressions for d2 are considerably simplified if 9 extends from 0 to 2w,

or if ¢ extends from 0 to w. If the node is a complete spherical shell, d
is 1.

2

3.7 INTERNAL FLUIO GENERATION

Each node in the system may have a fluid-generation rate G (GONE, GG,
or GT, typical units: kg/sec}. This rate may be constant or specified in
BLOCKS 1 or 9, or both, of the data deck, or it may be a tabulated function
of time or pressure (GT or TVARG)}, or it may decay exponentially from a speci-
fied initial value G (GT) with a half life tg (TVARG). Variable fluid-
generation rates are spec1f1ed in BLOCK 8 of the data deck. An average fluid-
generation rate, Gn’ is used for each time step At.

In the case of exponential decay, Gn is exactly

Gn =& . e Yt (1 - e'YAt)/yﬁt, (3.21)

where y = 4&n 2/tg 0 For small values of YAt(clo's), the following equation
is used:

- -yt
Gn = Go,n e {1 - yat/2). (3.22)

The resulting pressure changes in materials with pressure-dependent specific
moisture will be accurate only if the time steps are sufficiently small to
1imit the change in specific moisture to a small percentage. It may be
necessary to specify SMALL in BLOCK 1 to accomplish this.

3.8 INITIAL CONDITIONS

Initial potential and constant fluid-generation rates, if any, may be
specified in two ways. Constant values of initial potential bg (PHONE), and
fluid-generation rate G0 {GONE) may be specified in BLOCK 1 of the input data
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deck. These values will be assigned to all nodes subsequently described in a
BLOCK 4, unless other values are subsequently specified for individual nodes
in BLOCK 9. The corresponding BLOCK 1 values will be substituted for blank
input data fields in BLOCK 9. BLOCK 1 may be used more than once in a data
deck to specify different sets of constants for use in later data blocks.

3.9 INTERNAL FLUID TRANSPORT

3.9.1 Internal Connections

(1) General. Each internal connection between nodes must be described
in input data BLOCK 5 by specifying the two node numbers N. (NOD1) and Nj (NOD2)
two connector lengths d (DELT) and d_ (DEL2), and two interface dimensional
factors d, (DLONG) and d (DRAD)

The conductance of the connection U2 m(TRAN, typical units; kg/m-sec)
is calculated as follows:

Ugon = Pugom Eg’mawﬂg’mg (dZ:Tdm’R) (3.23)
where
Pym = dy df s (3.24)
and
Kom = Kkn(dm * Ao )/ (gt by ) (3.25)
E)w,SL,m - pw,ﬂpw,m(dﬂ,m * m R)/(pw £'m,% pw,mdﬁ,m) (3.26)

In Equation {3.23), kPL and km are the intrinsic permeabiiities of nodes
2 and m during a time step.



In Equation (3.24), a is 1, 2%, or 4w, and g is 1, 1, or 2, if Kd {KD)
is 1, 2, or 3, respectively. Sd (SCALE) is the scale factor.

Any number of connections may be specified between any pair of nodes.
If an interface conductance has a pressure or time dependency that cannot be
modeled as described above, a very thin node may be placed in series between
the two nodes. The thin node may be a material with a hydraulic conductivity
tabulated versus pressure or time, to obtain the desired conductance.

Any desired connector lengths and area factors which result in the correct
conductance of the connection, according to Equation (3.23), may be specified.
The values are independent of the dimensional factors specified in input data
BLOCK 4 for the nodes. This method allows systems of any shape and with any
type of interconnection to be described.

{2) Selection of Connector Lengths and Interface Areas. The selection of

connector lengths depends on the Tocation of the representative point {or

nodal point) within each node. These locations may be chosen arbitrarily,

but, for greatest accuracy in transient calculations, should usually be at

the geometric centers of the nodes. Exceptions are nodes for which the amount
of flow actually depends on surface pressures, reguiring that the nodal points
be Tocated on the surface. This includes nodes with surface connections of

any type except a specified flux. Care must be taken to avoid connections

for which Uﬁ,m is very large in comparison with the conductances of other con-
nections involving nodes £ and m. This causes numerical difficulties in calcu-
tating the fluid balance. Such connections may be eliminated by either lumping
the two nodes into a single node or by moving the nodal points further apart,
whichever causes the least error.

(3) Connector Lengths and Areas in Simple Coordinate Systems. In

rectangular coordinates, connector lengths and areas for connections in the
x and y directions are, respectively,



d1 = &xi, dj = &xj, Fi,J = Ay AZ

= » d. = Ay., T = AZ AX 3.27
dj = &yy> dy = BYgs Ty (3.27)
d1 = az1, dj = azj, F1,J = AX Ay

In cylindrical coordinates, connector lengths and areas for fluid con-
nections in the r, 8, and z directions are, repectively,

- . = . T -

d1 ﬁr1, dJ ﬁrJ, i, r Az AB
=7 — r = )

d1 r1ﬁe1, dJ rJAGJ, i Ar Az (3.28)
= .= . T = F r

d'l AZ ., dJ &ZJ i,i A

where the r values are arithmetic means.

In spherical coordinates, connector lengths and areas for fluid connec-
tions in the r, 8, and ¢ directions are, respectively,

- - o Wl einT 3
di = ﬁri, dj = ﬁrj, Fi,j r singAdAS
di = ri s1n¢1ﬂei, dj = rj sin ¢jﬂej,[},j = ravara¢$- {3.29)
di = r1ﬁ¢1, dj = rj&¢j, Fi,j = T hr sin LD

where r_ . and ® are as defined in Equations (3.14) through {3.16). The dimen-
stonal factars cl£ and dr may be chosen as desired to give the correct interface

areas according to Equation (3.24}.

3.10 SURFACE FLUID TRANSPORT

3.10.1 External Potentials

For convenience in specifying boundary conditions that involve fluid
transfer between the system and its surroundings, external potential may be
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specified. Each such external potential must be assigned an identification
number Nb(NUDB) (independent of numbering systems used for materials, and
nodes) and have a specified constant or time-dependent pressure wb, by, may be
a tabulated function of time (PSIB verus TIMEB) or vary sinusoidally with
time with a specified mean value Y0 (PSIB(1)}, amplitude Ay, (PSIB(2)},
period tb (TIMEB{1)), and phase advance Aty (TIMEB(2)), as follows:

t + At)
bp(t) = by o+ diy sin 2n( & (3.30)

For convenience, the term "boundary node" is used in this report to refer to
an external potential. These data are specified in BLOCK 7 of the input data.

An alternative way to produce a potential to be used as an external poten-
tial is by using a node with very large Fluid Mass Capacity, Mc’ sg that its
pressure is unaffected by fluid fiow between it and the system. The node may
be assigned an initial pressure, which will remain constant; or may have a
specified fluid-generation rate G (GT), which can be a tabulated function of
time; or may decrease or increase exponentially with time (see Section 3.7).
For a fluid-flux boundary condition, a node with very small Fiuid Mass Capacity
could be assigned a constant or varjable fluid-generation rate and could be
connected to the actual surface node.

3.10.2 External Connections

Fluid flow between the system and the extern environment takes place
through external connections. Each connection between a surface node NS (NCDS)
and a boundary node Nb (NODSB) must have two specified dimensional factors
dg {DLONG) and dr {DRAD) which are used to calculate the surface area As,b
(AREAS} of the connection, as follows:

(3.31)

where a, B, and Sy are defined as in Equation (3.1). The factors dg and d_
are completely independent of dimensional factors specified for the node or



any of its internal connection areas, Otherwise, the same comments apply to
the use of dg and d_as in the case of internal connection areas (see Sec-
tion 3.9).

A fluid transfer coefficient hs,b may be constant (HSURE; typical units,
1/sec) or a tabulated function of time or pressure (HSURT versus PSIVARH). This
data is specified in Block & of the input data deck. The overall surface con-
ductance is calculated as follows:

=p A . h (3.32)

U o s,b 's,b

s,b

In the present model, boundary conditions can be conveniently handled with
the help of surface and boundary elements and the surface conductance between
them. A surface element is usually a thin element which shares a segment of
the external boundary of the flow region.

For simulating a prescribed potential at the boundary (Dirichlet problem)
a surface element may be connected through a large surface conductance to a
boundary element with a prescribed potential. Alternatively, the boundary
element could be replaced by a very large element with very large M.. A
prescribed flux boundary {Neumann problem) can be simulated by connecting the
surface element through a very small surface conductance to the boundary ele-
ment with a very large boundary potential and choosing the boundary potential
so that the product of the surface conductance and the boundary potential
yields the prescribed flux. Prescribed flux can also be handled through a thin
surface element generating fluid at a rate equal to that of the prescribed
flux.

The seepage face is an important boundary condition arising in the consi-
deration of saturated-unsaturated flow. On a seepage face, two conditions
hold: 1) ¢ = 0, and 2) across a seepage face, fluid can leave but not enter
the flow region. To handle the seepage face, a check is carried out at the
end of each time step if the flux is directed inward or outward from the flow
region across each segment of the seepage face. If the flux is directed
inward that segment of the seepage is made an impermeable boundary, and the
time step calculations are repeated.



sources or sinks can be conveniently handled by prescribing the fluid
generation rates from one or more elements. In the present algorithm, genera-
tion rates, prescribed potentials, and prescribed fluxes can be tabulated
either as functions of { or a function of time.

3.11 CRITERIA FOR ENDING THE PROBLEM

3.11.1 Miscellaneous Limits

A number of different criteria may be used to end a problem. Any or all
may be used. A maximum problem time tax {TIMAX)} may be specified. If not
specified, tmax will be ignored. If tmax is negative, the problem will end

after the first time step. If not specified or if equal to wmin’ wmax will

be 10]2. A minimum pressure wmin {(PSIMIN) may be specified. If not specified,
. . 12 .

or if equal to or greater than ¢max’ ¢min will be -10°". The Timits wmax and

wmin can be made to apply individually to any node in the system for any spec-

ified periods of time. This is done by connecting a zero-volume node to the
controlling node, and also to a boundary node with a time-dependent fluid
transfer coefficient. The connection conductances and boundary node potential
are chosen so that the potential of the zero-volume node reaches a specified

value of y or b4 when the controlling node reaches the desired limiting

min X

potential.

A maximum number of time steps Mc (MCYC) may be specified. If not

yc
specified, Mcyc will be ignored. A maximum number of seconds of machine time,
Msec {MSEC), may be specified. If not specified, Msec will be ignored. If

Mcyc or Msec is negative, the problem will end after the first time step.

A "*CHECK" TRUST control card (columns 1-6) may precede the Problem iame
card, to cause the problem to end on completion of the first time step. This
option is convenient for checking input data for errors.

3.11.2 Steady State

If no other criteria end the problem, and boundary conditions or fluid-
generation rates do not vary with time, steady state will usually be reached
eventually. The following requirements must be satisfied before the program
will end the problem because of steady state:



e input variable KSPEC must be nonnegative; the upper time step limit
DELTMX must be equal to either DELTO or 1012
or, if DELTMX is less than either, the current time step DELT must
be equal to DELTMX;

, whichever is smaller;

e the maximum pressure change DPSIMAX must have been less than 0.1%
of PSIVARY for two consecutive time steps;

e at least 10 time steps must have been completed;

e no nodes can have been reclassified as special nodes for three con-
secutive time steps;

e and no time steps can have been repeated for three consecutive time
steps.

If the user requires only the steady-state solution, the specified average
pressure change Moy {PSIVARY} may be made quite large. However, if important
fluid production, absorption, or transport processes in the system are strongly
pressure dependent, ﬂwav should be small enough to limit changes in the magni-
tudes of these processes to small percentages. Otherwise, an oscillatory solu-
tion may result, preventing the steady-state criteria from being satisfied.

If At {DELTO} is specified, it should be no larger than 10% of the approxi-

max
mate time constant of the system.

3.12 CONTROL OF METHOD OF CALCULATION

The types of difference equations used for fluid transport can be con-
trolled to some extent by the user. Stable difference equations, not subject
to a 1imiting time step, are used for all special nodes, which includes all
zero-volume nodes, nodes with external connections, nodes for which the user
specifies a nonzerc value of KS in data BLOCK 4, and regular nodes reclassified
as special nodes during the calculation. No regular nodes can be reclassified
as special nodes during the calculation if the user specifies a negative value
of KSPEC in data BLOCK 1. If KSPEC is zero or not specified, each regular
node will be reclassified as a special node when the time step required to
obtain a maximum potential change to PSIVARY approaches the stability Timit of
the node. If KSPEC is positive, all regular nodes will be changed to special



nodes before the first time step. If KSPEC is 2, the interpolation factor
FOR, which determines the amount of interpolation between initial and final
potential driving forces in the fluid-transport equations, will be fixed at
1.0, so that simple backward difference equations will be used. If KSPEC is
3, the interpolation factor will be fixed at 0.5, so that central difference
equations will be used. The options with nonzero KSPEC are less accurate and
efficient than the option obtained when KSPEC is zero, but allow a more direct
comparison with results obtained by other computer programs using simple for-
ward, backward, or central difference equations.

In addition, the user may specify upper and lower limits for the size of
the time step, SMALL and DELTO in data BLOCK 1. These may be equal, resulting
in use of a fixed time step. The program will ignore the value of SMALL, how-
ever, if it is greater than the stability limit determined for the regular
nodes. In most problems, the most efficient calculation is obtained by not
specifying KS, KSPEC, SMALL or DELTO.

3.13 CONTROL OF ACCURACY

3.13.1 Principle Types of Errors

Accuracy is affected by six principle types of errors:

1. modeling errors, arising from use of inaccurate material properties,
inaccurate initial and boundary conditions, other approximations used
in modeling the real system, and interpolation errors in evaluating
tabulated functions;

2. spatial truncation errors, arising from the subdivision of the system
into discrete volume elements, or nodes, for which average values of
spatially-dependent variables must be estimated, and for which inaccurac-
ies in volumes, areas, and distances may arise;

3. time truncation errors, arising from the use, in the transient calculation,
of discrete time steps for which average vaiues of time-dependent vari-
ables must be estimated;
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4. potential truncation errors, arising from the discrete potential changes
that occur in each node in each time step, for which average values of
potential dependent variables must be estimated;

5. convergence errors, arising from the use of an iterative method of
solving the fluid-transport difference equations for connected special
nodes, with arbitrary convergence criteria;

6. and arithmetic truncation errors, arising from accumulation of round-off
errors and from the loss of significant figures that results when
numerical values of widely differing magnitudes are added to, or numerical
values of similar magnitude are subtracted from, each other.

3.13.2 Modeling Errors

Modeling errors can usually be estimated or determined by comparing the
results of using different models of the same system. Available material pro-
perties, and assumptions made concerning boundary conditions, are seldom
accurate to more than two or three significant figures. There is no justifica-
tion for attempting to reduce spatial and time-step truncation errors much
below modeling errors, except where their effect tends to be accumulative.

3.13.3 Spatial Truncation Errors

Spatial truncation errors are controlled by subdividing the system just
finely enough so that nonlinear potential distributions are fitted within
required accuracy by linear interpolation between the nodal points of the nodes,
and variation of pressure-dependent properties over the volume of each node
is within required Timits of the average values determined for the nodal point.
This may be difficult to estimate in advance but is simple to determine after
a calcuiation has been made. Often a simplified version of the problem may
be calculated to help in estimating the required degree of subdivision in dif-
ferent parts of the system.

In most problems, reasonable accuracy and efficient use of machine time
are obtained by subdividing the system into nodes whose time constants (total
capacity divided by total conductance of all connections} are about 1% of the
total time range in which Targe potential changes occur at the location of the



node in the system. This will vary widely from points near boundaries and
interfaces where potential discontinuities are initially present, to points
distant from any discontinuity.

3.13.4 Time Truncation Errors

Time truncation errors are usually controlled indirectly, by specification
of a desired maximum potential change for each time step, PSIVARY. Each time
step is adjusted from the previous value, within fixed limits, to try to main-
tain the maximum potential change at an average of PSIVARY, and no more than
twice PSIVARY,

In addition, the time step is adjusted to Timit changes in time~ and
pressure-dependent functions to an average of 1%, and no more than 2% over
each time step. The time step is also adjusted to limit the number of itera-
tions required in the fluid mass balance to an average of 40, and no more than
B0. Results of time steps for which potential changes, changes in tabulated
functions, or the number of iterations exceed these limits are discarded and
the size of the time step halved. Time-dependent quantities are evaluated at
an intermediate time in each time step, obtained by adding to the initial time
a fraction of the time step between 0.57 and 1.0 (see Section 9.7.3}.

The user may also specify upper and lower 1limits, DELTG and SMALL, on the
size of the time step. The upper Tlimit may be necessary to prevent a narrow
peak in a tabulated function of time from being completely skipped, or to
avoid slow convergence of the iteration procedure when approaching steady
state, especially in problems involving highly pressure-dependent parameters.
DELTO should be specified as about 0.1 to 1% of the total time in which
important potential changes will occur, if that is known. The lower limit
may be necessary to allow time-dependent functions to be fit more closely
than would be allowed with the Jower 1imit selected by the program, which is
usually 2/3 of 1% of the smallest stability 1imit of any regular node in the
system. The lower 1imit may also be used to avoid very small time steps when
a tabulated parameter undergoes large percentage changes that need not be
accurately followed., OELTO and SMALL may be given the same value, to force
use of a constant time step, for comparison with another program or for con-
venience in obtaining output data at exact times.
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Instabilities can result from use of too large a time step when the esti-
mated average values of driving forces for the time step are very inaccurate.
This is automatically prevented from occurring in TRUST in the case of fluid
transport, by use of stable implicit equations for connections that would
otherwise cause instabilities,

3.13.5 Potential Truncation Errors

Potential truncation errors are controlled by specification of PSIVARY,
which controls the size of the time step within the 1imits of SMALL and DELTO.
Pressure-dependent quantities are evaluated at estimated average pressures for
each time step and are obtained by adding to the initial pressure the rate of
pressure change estimated from the previous time step, multiplied by a fraction
of the time step between 0.57 and 1.0. In most problems, reasonable accuracy
and efficient use of machine time are obtained by specifying a value of PSIVARY
of about 0.1% to 1% of the greatest pressure change expected to take place in
the system, or such that no more than 1% change occurs in pressure-dependent
quantities in the pressure interval PSIVARY. Average cumulative errors in the
fluid mass balance and calculated pressures will amount to about 1% of PSIVARY,
with individual errors no more than 10%, compared with a calculation of the
same node system with very small time steps.

3.13.6 Convergence Errors

Convergence errors in the iterative solution for connected special nodes
are controlled by the specified value of PSIVARY. The iteration is stopped
when the change in total fluid content, divided by the total moisture capacity,
of all the connected special nodes, from one step of the iteration to the next,
is Tess than 5(107°)
a change in calculated temperature, from one step of the iteration to the next,
greater than 10"4 PSIVARY. A 1imit of 80 iteration steps is also imposed,
which, if reached, causes the results to be rejected and the time step to be
halved and repeated. PSIVARY should be no less than about 0.02% of the
expected maximum total pressure change in the system. Otherwise, numerical
truncation errors might prevent the convergence criterion from being satisfied
for any size of time step,

of PSIVARY, and when no finite-volume special node has
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The iteration procedure may converge very slowly, or fail to converge,
without obtaining an accurate fiuid mass balance or accurate pressure, if
the system is too finely subdivided, relative to the regquired accuracy in
space and time. In each iteration, a node is only affected by directly
connected nodes, so that the number of iterations required for two nodes to
properly interact is proportional to the number of connections in series
between them. Because of this method of iteration, convergence may also be
siow, or fail, if a single connection between two nodes has very high conduct-
ance compared with the conductances of other connections of the nodes, causing
large numerical truncation errors to occur. This can occur, for example, when
two very thin layers of highly permeable material are in contact between poorly
permeable material. They may oscillate, or equilibrate with each other, then
remain at constant pressure, regardless of the pressure changes in the poor
permeable elements. This can be avoided by lumping any such pair of nodes
into a single node. In every problem, the output data 1ist of connection con-
ductances (column headed TRAN) should be checked to see if such connections
exist. The output data list of time constants of nodes (column headed SLIM)
should also be checked to make sure that unnecessarily small time constants
are not being used. Difficulties in convergence of the iteration procedure
for special nodes and preservation of the mass balance may result if large
groups of connected nodes have time constants much smaller than the time steps
used in the calculations (by factors of 10 or 100 or more}. Convergence can
be improved by use of coarser zoning, or by specifying a much smaller value
of PSIVARY, or by specifying a value of DELTO no larger than 10 to 10CG times
the average stability limit of the group of nodes, and no larger than 10% of
the time constant of the whole system. Zero-volume nodes should be used only
where absolutely necessary as for determining accurate surface pressures when
an appreciable hydraulic gradient is expected at the surface.

3.13.7 Arithmetic Truncation Errors

Numerical truncation errors arising from accumulated round-off errors
are generally not important, in comparison with modeling errors and space, time,
and pressure truncation errors. 1In general, their effect is in one or two units
in the last significant figure of any quantity for each time step.

3.22



Truncation errors arising from algebraic addition of terms which are
nearly equal but have opposite signs, or which have widely differing orders
of magnitude, can be quite serious. Net fluid-flow values and average flux
rates for nodes, especially zero-volume nodes, can be affected by this type
of error. These errors can be found by comparing the net fluid-flow values
for a node with the net fluid flow across all connection of the node. These
may represent large percentage errors, but very small absolute errors, and
have no effect on calculations of pressure or moisture content.

Convergence of the iterative scheme for special nodes can be affected by
this type of error, if any node has conductances of widely differing magnitude.
This is why extremely high conductances should be avoided, where possible, by
lumping nodes together, or by modeling very thin layers or gas gaps as inter-
face conductances.

3.14 SELECTION OF QUTPUT DATA

3.14.17 Numerical Qutput

A1l input data--and several derived quantities such as node volumes, con-
nection areas and table slopes, and comments concerning special input options
or input errors--are written out. The results of the first, second, and last
time steps are always written out. In addition, data are written out at prob-
lem time intervals of TIMEP and time-step intervals of IPRINT. The type of
data written out is controlled by the input value of KDATA. The following are
included in each printout:

problem name (NAME) and number {(NPROB);

printout number {NPRINT);

time-step number (KCYC);

time-step lower-1imit counter (MF) and upper-limit counter (MSS);
problem-end sentinel (KWIT);

time-step upper 1imit (DELTMX} and Tower 1imit {SMALL}:
pressure-change control (PSIVARY);

maximum pressure change (DPRES);

time-step control (DPMAXS),
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number of special node fluid-balance iterations (NUTS);

total time {SUMTIM) and last time step (DELTS);

net fluid flow into the system (FLUX), resulting average pressure change
(PSIER), and average rates of fluid flow (FX) and pressure change (FLX);
average system pressure (PSIAD); '

total system fluid mass capacity (CAPS} and moisture content (FLUID);
total system fluid-generation rate {GS), amount of fluid generated (GENS),
and resulting average pressure change (PSILE);

The table of fluid potentials (¢}, includes only node numbers and poten-
tial, if KDATA is negative. If KDATA is nonnegative, the following data are
printed out for each node: elevation (Z), pressure head (PSI), potential (PHI},
pressure head change during time step (DPSI), estimated time-derivative of
pressure head (DDPSI), fluid generation (G, e.g., kg/sec), total fluid content
(W, e.g., kg), change in fluid content from the beginning of the problem (H),
and net fluid transported into the node by internal and external connections
(F, e.g., kg).

The following data are printed out for each boundary node: potential
(PHIBS), net fluid flow into the system from the boundary node {FB, e.g., kg),
average rate of fluid flow (FX, e.g., kg/sec), flow into Node {N) in time step
DELTS(DFB}, and flow rate across a connection during a preceding time step
(DFBX) during the problem.

A node (NUM) may be specified in data BLOCK 1, for which NUMX, Z, PSI,
PHI, DDPSI, and SUMTIM will be printed out at every time step.

Additional data are printed out only on the first and last time steps,
and for other time steps if KDATA is positive. The following data are printed
out for each material: the number of nodes (NODMS), total volume {VOLMS),
total fluid capacity (CAPMS, e.g., kg/m), and total fluid content (WMS, e.g.,
kg).

The following data are printed out for each node: material number (NOXMAT),
type (NTYPE), volume (VOL), density (RHO), fluid capacity (CAP, e.g., kg/m},
permeability (CON, e.g., m2), overall conductance for Node {N) (ZIP}, time con-
stant (SLIH,']imiting stable time step usable with a forward difference equation),
void ratio (E), saturation (S), and preconsolidation stress (PC, kg/m—secz).
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The following data are printed out for each internal connection: area
(AREA), overall conductance (TRAN, e.q., kg/m-sec), net fluid flow since the
beginning of the problem (FI, e.g., kg) into the first node from the second
node, the average rate of fluid flow (FX) and flow into Node (N) in time step
DELTS (DFI), and flow rate across a connection during a preceding time step
(DFIX) during the problem.

The following data are printed out for each external connection: area
(AREAS), fluid-transfer coefficient (HSURE, e.g., 1/sec), overall conductance
{TRANS, e.q., 1/sec), net fluid flow since the beginning of the problem (FS,
e.d., kg) into the surface node from the boundary node, average rate of fluid
flow since the beginning of the problem, flow into Node {N) in time step DELTS
(DFS), and flow rate across a connection during preceding time step (DFSX).

During the problem, statements are printed out whenever a regular node is
changed to a special node, whenever the iteration procedure for special
nodes fails to converge in the allowed maximum number of iterations, and when-
ever a time step has to be repeated. In the Tatter case, the following data
are printed out: the time step number (XCYC), the size of the unsuccessful
time step (DELT), the problem time at the beginning of the time step (SUMTIM},
the factor indicating iteration-convergence failure (DPSIMAXS = 8D.0 x PSIVARY)
or too large a change in a tabulated function (DPSIMAX = % change x PSIVARY),
and the maximum pressure change Ay .. {DPRES).

After the Tast time step, the following additional data are written out:
the probliem-end sentinel (KWIT) and a table of values of its meanings, and
the elapsed machine time, in second, since the beginning of the problem.

For each problem, the following data are printed out on-line: the problem
number (NPROB), number of time steps used (KCYC), final problem time (SUMTIM)
and problem-end indicator (KWIT), elapsed machine time, in seconds, since the
beginning of the problem, and the total fluid content of the system {FLUID)
and net flow into the system (FLUX).

In addition, statements are printed out on~line that are related to
occurrence of various input errors, use of data from a preceding problem
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when data decks are stacked, failure of convergence of the iteration procedure
used for special node fluid balance calculations, repetition of time steps that
are rejected, and reclassification of nodes as special nodes.

3,14.2 Punched/File Qutput

A set of punched cards or a restart file containing the final values of
node potential and constant fluid-generation rates, in the same format as the
input BLOCK 9 cards, may be obtained when a problem is ended or interrupted.
This is accomplished by specifying a nonzero value of NPUNCH in BLOCK 1 of the
input data. The new BLOCK 9 may be used to replace the BLOCK 9 in the original
data deck, as an alternative way to restart an interrupted problem or to specify
the initial conditions for one or more new problems.
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4.0 PREPARATION OF INPUT DATA

4.1 CARD INPUT FORMATS

A1l input data for TRUST are in Hollerith (A}, integer (I), or floating
point (E) formats.

Holierith data may consist of any characters in the character set recognized
by the computer and available on standard keypunch machines.

Integer data may consist of numbers only, preceded by a sign, and right-
adjusted in the specified data fields. Only TRUST variables that are read in
with an integer format have names beginning with any of the letters I, J, K,
L, M, or N.

Floating point data may include numbers, preceded by a sign, and must
include a decimal point if the field is not entirely blank. The exponent to
the base 10 may be included (right-adjusted in the specified data field), con-
sisting of the letter E or a sign, or both, followed by numbers. Some vari-
ables used in floating point form in the program are read in with a Hollerith
frmat, converted to floating point if a decimal point is included, or assigned
some other value if no decimal point is included.

Field-free input may be used for integer and floating point variables.
A comma following a number is interpreted as a field terminator. If commas
are used, they nwust follow all numbers that are nct right-adjusted in the field
width specified in the format statement, including the last number in the
input record. Commas may not be used after numbers that are right-adjusted or
fields that have X or A specifications. For example, if the input format is
(A5, 415, 5X, 5E10.3), the input record could be as follows:

"ABCDEb?242, 10745b27, 19, 8bbbbbl.PE-4, 1.23456E-3bp.2,, b1.PE-8,"
beginning in column 1, where the letter b indicates a blank space. Note that

the integer "10745" and the floating point number "1.23456E-3" each fills its
data field, so cannot be preceded by a blank or followed by a comma. The
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Hollerith data "ABCDE" and the hlank field specified by "5X" in the format also
must each use the entire data field and cannot be followed by a comma. The
fourth E data field is blank. The number in the fifth E field does not use

10 columns, so must be followed by a comma.

In this report, the symbol "@" is used for the number zero in descriptions
of FORTRAN names and data values, where confusion with the letter "0" might
otherwise result. The symbol"*" between FORTRAN names, numerical values, or
combinations of these, indicates multiplication, unless otherwise noted.

4.2 DATA DECK ORGANIZATIGON

In the present algorithm, input is organized into convenient blocks. Al]
control parameters, such as output interval, time limit, choice of differencing
scheme, scale factor, symmetry factor atsma]]’ Qt]arge’ wvar
conditions are provided through Block 1. Block 2 is used for specifying mate-

, and uniform initial

rial properties, and Block 3 for properties of the fluid. Geometric properties
of elements are specified in Block 4, while blocks 5 and 6 are used to specify
internal and external fluid flow connections. Boundary potential are specified
in Block 7, and Block 8 is used for specifying variable generation rates.
Finally, Block 9 is used for specifying nonuniform initial conditions.

4.2.17 Data Decks

Each data deck must consist of a Problem Name card, any number of Block
Number cards with their accompanying Block Item input cards, and a Data End
card. Any number of data decks can be stacked together, using the data carry-
over controls on the Problem Name cards, and the block modification controls
on the Block Number cards, to eliminate the need for describing any input data
block or block item more than once, when used for more than one problem. The
final data deck should be followed by a "*SPLIT".

4,2.2 Problem Name Card

The first card of each data deck must be a Problem Name and Data Carryover
card. The symbol "*" must be in column 1, any desired problem identification
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and description in columns 2 through 71 and 73 through 80, and the data carry-
over control, K, in column 72. HNormally K will be blank. If K is 2, 3, or 4,
all data from the preceding problem will be saved, and only those data blocks
and block items required to change data or add new data need be included in the
data deck. The initial potentials will be the same as either the initial (K = 2}
or final (K = 3 or 4) values from the preceding problem, unless modified in a
new BLOCK 9, 9A or 9B. The initial time will be the same as either the initiai
(K= 2or 3) or final (K = 4) time from the preceding problem, uniess modified
in a new BLOCK 1. SMALL should be specified in any problem for which K is 3 or
4, if not specified in the original BLOCK 1. The entire contents of the card
(NAME) will appear on all output, along with a sequential problem number, and
the time and date at the beginning of the run. Additional cards containing
comments without "*" in column 1 may precede the name card and will appear on
the on-line printer and the printout.

The second card should contain an integer (Format (114)} designating the
interval (number of iterations) at which the tape data will be written.

4.2.3 Block Number Cards

There are presently 10 allowed input data blocks, with block numbers from
1 through 10, as described in Table 4.1. Each block used must begin with a
Block Number card and, except for BLOCKs 1 and 3, must end with a blank card.
The specification of data within each data block is described in Section 5.0
below.

The Block Number card must have the word "BLOCK" in columns 1 through 5,
and the btock number, from @1 through 10, in columns 6 and 7. A block type
indicator (MOD) may be punched in cotumn 8. If MOD is not A or B, the data
read in for the block replaces any data previously read in for the same block.
If MOD is A, data previously read in are saved and the new data are added.

If HOD is B, data previously read in are also saved, and the new data either
modify individual items previously described with the same reference numbers
or, if none can be found, are added to the old data. These options do not
apply to BLOCK 1, 3 and 10.
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TABLE 4.1. TRUST Input Data Blocks

Block Description

1 (

a,b) Problem controls, 1imits, constants (required}

2 System and material properties (required)
3 Properties of the fluid (required)
4 Node description

5(a) Internal fluid flow connections

6 External fiuid flow connections
?(C) External potentials; boundary nodes
8 VYariable sources/sinks

9 Initial conditions, constant sources/sinks,
and initial preconsolidation Stress

10 Dimensionless variables, tD and PD

{a) Required data for all problems.
(b) Must be read in before any other data blocks.
{c) Required if BLOCK 6 is used.

Any desired block description may be in columns 9 through 80, which will
appear on the printout. Additional cards containing comments may proceed or
follow any data block, as long as columns 6 and 7 are blank, and will also
appear on the printout.

Data BLOCK 1 must follow the Probiem Name card, unliess the data in
BLOCK 1 is being carried over from the preceding problem. Data BLOCK 1 may
be used more than once in the data deck, to change the values of parameters
used in initializing data in the following data blocks, such as SCALE, KD,
PHIONE, GONE, HONE, and PCDNE. Thus a data block may be subdivided into sec-
tions requiring different values of one or more of the listed parameters, and
pilaced in the data deck with a new BLOCK 1 preceding each section. A1l other
data blocks may be placed in any order, and any number of Type A or B blocks
can be used for each data block. If more items are described for a particular
biock than the allowed 1imit {see Section 7.1), a diagnostic statement is
printed out, the excess items each successively stored in the last available
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memory location, and KWIT will be set equal to 11. If any table Tength exceeds
the allowed 1imit (see Section 7.1), the data will be incorrectly sorted, and
KWIT will be set equal to 12. In either case, the problem will end after com-
pletion of the input and initialization phases.

Although a Type B data block can serve the same purpose as a Type A data
biock, when all the items have new reference numbers, the time spent searching
the biock items previously read in is wasteful.

In a Type 2, 3, or 4 continuation problem, a block of data may be cleared
from memory, without substituting new data, by including a data block consist-
ing only of a Block Number card with column 8 blank, followed by a blank card.
This applies to all blocks except BLOCK 1. BLOCKs 1 and 3 require no blank
cards.

If the same item is described more than once in a block, the effects will
be additive in BLOCKs 5 and 6, but only the last description will be used in
BLOCKs 4, 7, 8 or 9.

4.2.4 Data End Card

The last card of each data deck must be a Data End card, with the word
"ENDED" in columns 1 through 5, and either "-1" or "-2" in columns 6 and 7.
The options are for the problem either to be interrupted, so it can be restarted
later, or to be ended, respectively,

The advantage of ending the problem is that the additional output data
produced on the final time step are obtained. If NPUNCH in data BLOCK 1 is 1,
the final potentials can either be punched on cards in the format of data
BLOCK 9, and placed in the data deck to restart the problem or be written
to a file in the BLOCK ¢ format.

4.5






5.0 BLOCK ITEM DESCRIPTIONS

Input data that may be specified in each data block are summarized in
this section of this report. Formats, definitions, options, and suggested
uses are described for all input data specified in BLOCK 1, and for one block
item in each of the other blocks. A block item is described on a card specify-
ing the identification number or numbers of the material, node, boundary node,
or combination of these involved, and other data, and any additional cards
required for tables of pressure- or time-dependent variables associated with
the block item.

The maximum table length and maximum number of block items allowed in
each block of TRUST are given in Table 3.1. The data blocks presently allowed
in TRUST are 1isted in Table 4.1. Short definitions of input data variables
are included in the TRUST Glossary, Section 10.3.

Section 3.0 should be referred to for a detailed discussion of the develop-
ment of the calculational model and selection of input data. Section 9.0
should be referred to for a detailed discussion of the methods of calculation
used in the program.

5.1 BLOCK 1 Problem Controls, Limits and Constants (Required)
Read in Subroutine TALLY.

CARO i Format (815, 10X, 2E10.3)

1-5 IPRINT Number of time steps between data output, in addition to
outputs in first, second and last time steps and outputs
controlled by TIMEP. Not used if negative, zero or
unspecified.

6-10 NUM Identification number of a node for which potential, rate
of change of potential, source rate and time will be
written for each time step. Useful for following the solu-
tion at a point of interest in the flow region. NUM not
used if unspecified.

11-15 KDATA Controls options on output data, normal amount {0 or
unspecified}, minimum (-1}, maximum {1).
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16-20

21-25

26-30

31-35

36-40

41-45
46-50
51-6D

61-70
CARD 2
1-5

KSPEC

MCYC

MSEC

NPUNCH

NDOT

KSTDATA

TIMEP

SCALE

Node classification and implicit difference calculations.
Normally zero or unspecified. If zero, explicit nodes
will be reclassified as implicit nodes only when needed to
assure stability and the implicit interpolation factor is
made to vary between 0.57 and 1.0. If KSPEC is negative,
no nodes may be reclassified and steady state criteria are
not used for ending problem. If positive, all nodes are
reclassified as implicit nodes before first time step.

If 2, interpolation factor is set to 1.0 (backward differ-
ence or fully implicit), if 3, interpolation factor is set
to 0.5 (central-differencing or Crank-Nicolson scheme}.
Individual node classifications may be made in BLOCK 4
with KS. A1l nodes in BLOCK 6 are classified as implicit
modes. DELTO and SMALL must be specified when KSPEC>(Q.

Maximum allowed number of time steps. Not used if zero or
unspecified. If negative, problem will be ended after
first time step.

Maximum allowed machine time in seconds. MSEC will not be
used if zero or unspecifed. If negative, problem will end
after first time step.

Causes a deck of punched cards or a computer file in
BLOCK 9 format to be produced when the problem is ended by
ENDED-1 or ENDED-2 or ends normally, if NPUNCH # 0. The
data are the final values of potentials and sources. The
new BLOCK 9 may be inserted with an input deck, which may
then be resubmitted to continue the problem.

If nonzero, causes all time derivative to be set to zero
timing the problem. Not normally used.

If nonzero, data on volume strain will be printed out.
Blank field.

Problem time interval between data output, in addition to
outputs on first, second and last time steps and output
controlled by IPRINT.

TIMEP is ignored if negative, zero or unspecified. Output

will be written at exact multiples of TIMEP, if possible by
adjusting timesteps in the range SMALL to DELTO.

Format {I5, 5X, 7E10.3)

KD

Symmetry-type indicator: 1 for nonsymmetric; 2 for
axisymmetric; 3 for centrisymmetric. Input values of DRAD
in BLOCKS 4, 5 and 6 read in after BLOCK 1 will be replaced
with DRAD, 2nDRAD and 4nDRAD? respectively. Set to 1 if
unspecified or zero.
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6-10
11-20

21-30

31-40

41-50
51-60

61-70

71-80

CARD 3:

i-10

11-20

21-30

DELTO

SMALL

PSIVARY
(V. )

vary

TAU
TIMAX

PSIMIN

PSIMAX

PHIONE

GONE

HONE

Leave blank.

Maximum allowed time steps. May be used with SMALL to
limit range of time step. DELTO is set to 10'2if unspeci-
fied or not in range from 107'° to 10%2. DELTO must be
specified if KSPEC is positive.

Minimum allowed time step. If SMALL is unspecified, the
program sets SMALL to 2/3 of 1% of the smallest time con-
stant of any explicit node in the system. If at least
1/4 of the nodes are explicit nodes, set to 10-'%. SMALL
should be specified in continuation problems of type 3 or
4, if not specified in original BLOCK 1.

Desired maximum change in potential in each time step.

Set equal to 5.0 if zero or unspecified. Controls size

of time step between limits SMALL and DELTO. Steady state
cannot end the problem unless maximum potential change is
Tess than 0.001 PSIVARY for two successive time steps.

The convergence criteria for iterative calculations for
implicit nodes are a change in the weighted average poten-
tial change of all connected implicit nodes of less than
5(107°)*PSIVARY.

Initial problem time. Will be set to zero if unspecified.

Maximum allowabie problem time. TIMAX may not be used if
zero or unspecified. If negative, problem will end after
first time step.

Minimum allowable pressure head in the flow domains. Will
be set to 107'* if equal to or larger than PSIMAX or if
unspecified.

Maximum allowable pressure head in the flow domains. Will
be set to 10'% if equal to or less than PSIMIN, or if
unspecified.

Format (8E10.3)

Initial potential (PHI = Z + PSI) for all nodes for which
PPHI is not specified in BLOCK 9.

Constant source or sink rate for all nodes for which GG
is not specified in BLOCK 9.

Fluid mass transfer coefficient for all external connec-

tions for which no HSURE or a HSURT table is specified
in BLOCK 6.
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31-40 PCONE Preconsoiidation stress for all nodes for which no PC(N)
is specified in BLOCK 9.

5.2 BLOCK 2 System and Material Properties.
Read in subroutines THERM and HYST.

In this group, three groups of cards are read in as follows:

Group 1: System parameters. Card 1 of this group starts with "SYSTM"
in cols. 1 through 5.

Group 2: Properties of individual materials. The first card of this
group starts with the material name in cols. 1 through 5.

Group 3: Data relevant to the y parameter used in deformation of the
unsaturated zone. This group is simply ignored if the
parameter is not considered.

Group 1: System properties
CARD 1 Punch the word "SYST" in cols. 1 through 4.

CARD 2 Format (A4, 6X, 4E1D.3)

1-4 APATH Punch the word "DRY" or "WET" as the case may be in the
cols. 1 through 4. The program assumes that at the
beginning the system is either drying everywhere or wetting
everywhere. Leave this field blank for a fully saturated
flow region,

5-10 Leave blank.

11-2D THICK Thickness of flow region, in units of legnth; used in
calculating total stress.

Thick

|-— N — i
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As it is, provision is made only for one value of "THICK".
Modifications will be needed if a general, irregularly
shaped flow region is to be considered.

21-30 RD Specific gravity of saturated soil, defined as a unit wt.
of saturated soil divided by unit wt. of water.

31-40 XF Fracture length or similar parameter used in calculating
dimensionless variables such as tD. XF has units of length
and a default value of 1.0,

41-50 QOVERH Flow rate from well per unit aquifer thickness. Used for
computing dimensionless pressure P Units of (L3/T}.

D"
Group 2: Material Properties
CARD 1 Format (A4, 1X, 5I5, 5E10.3)
1-4 AMAT Name of material.
5 Leave blank.
6-10 MAT Material identification number.
171-15 LTABC Number of tabulated values of saturation. Positive, if

versus pressure head and negative, if versus time. Zero,
if only one value is specified.

Set LTABC = 100 if S is related to y by the relation,

L

5=5r+“’5r)

a+ (¢ p)"

airentry
where y < 0. Fory >0, S =1.

16-20 LTARSC Number of scanning curves used when S versus y hysteresis
is to be considered. Zero or leave blank if hysteresis
is ignored.

21-25 LTABK Number of tabulated values of permeability as a function
of pressure head. Positive, if versus pressure head,
negative, if versus time.

Set LTABK = 100, if permeability k is related to v by the
relation,

A
© a4+ (0-y)®

k =K

When y < 0. For ¢ > 0, either kg is constant or is to be
considered as a function of void ratio, using Ck.
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26-30

31-40

41-50

51-60

61-70

71-80

CARD 2

1-10
11-20
21-30
31-40

41-50
51-60

61-70

LTABSK Number of scanning curves used when k versus y hysteresis
is ignored.

AV Coefficient of compressibility, a . Has units of pvr‘essur‘e'1
Set AV = 0 or leave this field bl¥nk when it is desired to
use specific storage, Ss'

EZ Reference vyoid ratio on the curve of e versus effective
stress, PZ, corresponding to E7.

Pz Reference effective stress corresponding to EZ. Oimension
(M/LT?).
CONT Permeability if constant permeability is to be used

(i.e., LTABK = 0}. Leave blank if LTABK is not equal to
zerg. Dimension (L?).

SS Specific storage. Dimension (L™!). When S is used, AV
must be set to zero or left blank.

For reading in Cc and/or C

Omit this card if CC or Ck or both are
not used.

K’

Format (7E10.3)

€S Swelling index, CS. Dimensionless.

CC Compression Index, Cs' Dimensionless.

EZ Reference void ratio e, on the e versus log ¢' curve.

Pz Reference effective stress correSpondinQ to EZ. Dimen-
sion (M/LT?).

CK Slope of the e versus log k straight line.

EK Reference void ratio on the e versus Jog o' straight 1ine.

CONZ Reference permeability corresponding to EZ. Oimension {L?}.

Subgroup 2A. Cards in this group are used to input S versus y, k versus y,
and scanning curve data for the unsaturated soil, y < 0. Read in RYST.

CARO 1

If LTABC = 100 or LTABK = 0 or both, this card is used to input the
parameters a, S_, n, A, B, ko and Yaipentry- When LTABC # 100, this
card and the foT]owing cards are used for ¥abu1ating the various
functional dependencies.
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The element configuration shown in Figure B.2 was designed to accommodate
data for different soil materials such as those shown in the slim horizontal
elements representing the clay Tiner beneath the tailings and in the clay cover
for the tailings. For examplie, in the slim elements between C' and E in
Figure 8.2, compacted clay material data are used; while in the slim elements
between E and G, regular sandstone characteristics are used. In elements
between D and E, if clay material is used then the side-lined alternative can
be analyzed; however, those same elements are specified as tajlings materials
for this problem and no side wail liners is considered.

8.1.3 Fjuid Flow Boundary Conditions

In Figure 8.2, along the lower boundary between A and B, the flow normal
to the boundary is zero. In other words, there may be flow parallel to AB,
but there is no flow vertically across this boundary. Similarly, there is no
flow across boundary BC'C"C because this is a boundary of symmetry with hori-
zontal flow components of zero. No inflow of infiltration across the top
boundary CD'F is assumed. The boundary FGA was held as an equipotential
boundary at the potential head of 9.75 m (32 ft), which is the initial water
table elevation. Such a boundary condition between points A and G in Figure 8.2
results in essentially horizontal outflow toward the left of the system. For
practical purposes, the outflow between points G and F is effectively zero for
this constant potential conditions. The hydraulic conductivity in the very
dry, partially saturated region between points G and F is very small.

8.1.4 Fluid Flow Initial Conditions

In the region in Figure 8.2 enclosed by ABC'EDC"CD'FGA, the materials are
considered to be in equilibrium with the regional water table, which is Jocated
3.96 m (13 ft) below the top of the bottom clay liner. The water table is at
a potential head of 9.75 m (32 ft). Accordingly, everywhere in the region--
except in the pit and up to the clay layer that covers the pit--the initial
potential head is 9.75 m (32 ft). This assumes that only minor water table
fluctuations may have occurred recently and that the large mass of natural
material around the pit has not been significantly disturbed.
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The initial conditions just described assume that the burial pit is com-
pletely filled at the initial time (time equals zero) either with saturated or
dewatered tailings, depending upon the situation being studied. No seepage
or drainage is assumed to have occurred prior to time equals zero. In actual
practice, the pit is filled gradually and some seepage occurs during this time;
however, any seepage losses during filling correspondingly reduce the satura-
tion in the tailings; i.e., the two phenomena tend to be compensatory. In other
words, the initial condition assumes that seepage lost during filling is still
in the tailings pit at time equals zero, and that ail fluid must drain out later.
Such an initial condition tends to represent a worst-case maximum stress to the
system from the standpoint of environmental consequences.

8.1.5 Soil Materials

The materials used for this study represent both the materials that will
be mined and processed in the mill operation and the undisturbed sediments
adjacent to the mine pits through which the Teachate may move. The materials
characterized included the following: uranium mill tailings, clayliner,
overburden, and sandstone.

8.2 DATA INPUT

The input, Appéndix A, mathematically describes the case presented in the
conceptual model Section 8.1. The details of the card input is described in
Section 4.0. The initial conditions described in Biock §9 are repiaced by out-
put from the first run should one wish to continue and the starting time, TAU,
on Card 3 of Block @1 would be updated. Multiple continuation runs are the
rule rather than the exception on large problems. Input listings are included
in Appendix A.

8.3 QUTPUT FROM TRUST

The TRUST code output can be controiled by the point frequency option on
Card 1 of Block B1. However, the program prints a rather extensive digest of
the input stream which is very helpful for error checking. The output from
the typical mine tailing problem detailed in this section are included in
Appendix B. It is, however, not a complete solution but only a solution for
the number of days indicated. It does, however, illustrate the application of

the model. 8.4



9.0 METHODS OF SOLUTION

9.1 CALCULATIONAL SCHEME AND ORGANIZATION

At the beginning of a problem the parameters are initialized, and the
total stress, volume of solids, and preconsoijdation pressure are calculated
for each element. Following this, various system parameters are evaluated and
summarized.

Before carrying out the time step calculations it is necessary to choose
at, reclassify elements as needed, estimate time derivatives and A, and evalu-
ate the appropriate mean values of k and MC. The first time step is always set

-12
te 10
tives. For each time step, &wexp and the fluxes due to the explicit changes

so as to start the calculations smoothly and to estabiish time deriva-

in potential are first calculated for all elements in the system. Following
this the iterative scheme is employed to make the necessary corrections to Ay
for all the implicit elements in the system. Upon obtaining proper convergence,
final corrections are made to all the fluxes involving implicit eliements and to
the potentials at all explicit elements connected to implicit elements.

If convergence does not occur in 80 iterations, if awmax exceeds twice
wvar’ or if any tabulated quantities change by more than 2%, the time step
caiculations are discarded, At is halved, and the calculations are repeated.
If the reduced At is less than Atgma]]

failure of convergence is assumed, and the probiem is terminated.

and more than 40 iterations are required,

The code TRUST is organized into a main program and the principal sub-
routines THERM, HYST, FINK, GEN, SURE, SPECK, and TALLY. Other subroutines
are used for cross-references, encode-decode, interpolation, and other subordi-
nate operations. The main program is used for initializing parameters and for
calling the various calculational subroutines. THERM is used for input of
material and element properties and for evaluating y-dependent coefficients
for ¢ > 0. HYST is used for evaluating material properties when v < 0. The
fluxes and the associated changes in y due to the explicit part are calculated
in FINK for the internal connections and in SURE for the surface connections.
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Explicit caltculations related to sources or sinks are performed in GEN. The
implicit iterative calculations as well as the associated corrections to fluid
fluxes and the corrections to explicit elements connected to implicit elements
are carried out in SPECK. Summarizing the material balance, making all prepara-
tions for the next time step, and controlling the frequency of output are func-
tions of the subroutine TALLY.

9.2 CALCULATION OF PROPERTIES, HYSTERESIS AND FLUID MASS BALANCE DATA

9.2.1 Evaluation of Tabulated Properties

A number of input properties may be tabulated functions of time, potential
or pressure head. These include saturation {SW and SD versus PSIVARC), satura-
tion scanning (DCS and WCS versus DC and WC), permeability (CONTD and CONTW
versus PSIVARK) and permeability scanning (DKS and WKS versus DK and WK}.

Also included is the Bishop's parameter y in deformation of the unsaturated
zone (CHIVARS or CHIVARP versus CHI) and surface fluid transfer coefficients
(HSURT versus PSIVARH). External potential may be tabulated functions of
time (PHIB versus TIMEB).

At each time t (SUMTIM) in the calculation, average values of all tabu-
lated properties must be estimated for use during the next time step At {DELT).
These values are calculated from the tables by the point-slope method of inter-
polation, with extrapolation beyond the range of the table. Time-dependent
parameters are calculated for an average time:

T =1+ ) At (9.1)

except for external potentials, evaluated at t + At. y-dependent parameters
are calculated for estimated average node pressure En and average external
pressure EB:

— LY

Vo =¥, t A at {9.2)
by = by A - gy (9.3)
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wn is a node pressure head at time t, $n is an estimated average rate of pres-
sure head change (see Section 9.7.3}, by and ¢6 are external potentials evalu-
ated at times t and t + At, and X is an interpolation factor between 0.57 and
1.0 (see Section 9.7.4).

Accuracy in evaluation of tabulated properties depends on how well the
curve obtained by joining the tabulated points with straight Tine segments
fits the actual function. Errors due to use of finite time steps are controlled
by limiting the percentage change in any tabulated property over any time step
to 2%. If necessary, the time step is halved and repeated, subject to a lower
limit, SMALL (see Section 3.13).

9.2.2 Node Fluid Mass Balance

9.2.2.1 Hydrologic Properties

Several quantities required for the pressure change calculation, and
additional quantities related to the fluid balance are calculated for each node
in the system. The node volume Vn (VOL) remains constant throughout the
calculation:

V =oddd®s

n Lwr °d (9.4)

where o and R depend on system symmetry {see Section 3.4); dﬂ, dw’ and dr are
input values for each node (see Section 3.6}.

The average total fluid capacity of each node M. (CAP} is calculated as
follows: ’

M = m v (9.5)

where m is the specific fluid mass capacity of the node material at the
a
average time and estimated average pressure of node n for the time step

(Equation 9.2). Specific fluid mass capacity is given by Mo = M. n/un.
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The initial fluid content Nn {v) of each node is calculated at the beginning
of each time step as follows, if the fiuid capacity of the node material is
tabulated versus pressure:

W=V« 5. -0, (9.6)

Or,

L=

=" e, ; i
Wy = T5g "€ P *S if SS is not used {9.7)

where Y is the node pressure at the beginning of the time step, e is the void
ratio, s is the saturation, p is the density, and SS is the specific storage
coefficient,

9.2.2.2 Fluid Balance Data

The net change in fluid content of each node since the beginning of the
calculation, Ho net (H), is calculated at the end of each time step as follows:

H =ZIM

(9.8)
n,net At

C,n By,

where the summation is over all the time steps up to the current time.

The net amount of fluid transported into each node by internal and external

connections since the beginning of the calculation, H (F), is calculated

n,flux
at the end of each time step as follows:
H =L {r AH + L AH (9.9)
n,flux f'ﬁt(k n,K b n,b)

where the k summation is over all the internal connections of node n, and the
b summation is over all the external connections of node n, The fluid-flow
increments &Hn,k and éHn,b are calculated for each time step with Equations
(9.20) and (9.35).
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9.2.3 System Fluid Mass Balance

Several quantities related to the overall fluid balance of the system are
calculated, These include total volume Vsys {YOLS), which remains constant

throughout the calculations:

vsys = ﬁ Vn (9.10)

where the summations are over all the nodes in the system.

At the end of each time step, the system fluid capacity Msys (CAPS),
fluid content wsys (FLUID), and average pressure (assuming constant fluid
capacity wSyS (PSIAD) are calculated as foliows:

e = 2 M n (9.11)
Wsys = ﬁ Nn (9.12)
Ysys = E Me.n Up/Msys (9.13)

(FLUX), the resulting
sys.Flux (PSIER)T the
sys, Flux (FX), and the resulting
{TX), are calculated as follows:

Also, the net fluid flow into the system Hsys,f]ux
net pressure change (assqming constant fluid capacity) Ay
average rate of fluid flow into the system f
average rate of pressure change y

sys,flux
Hsys. flux = I Fn, frux (9.14)
Bsys flux = Hsys, fruxMsys {9.15)
ﬁ-sys,ﬂux N Hsys,f1ux/(t-to) (9.186)

9.5



wsys,f]ux ) ﬁ‘Psys,ﬂu;.;/(t'tg) (9.17)

where t is the total time SUMTIM and t0 is the tnitial time TAU.

The effects of internal fluid generation on the system are summarized by
the net rate of fluid generation in the system Gsys {GS), the total amount of

fluid generated H {GENS), and the resulting net pressure change (assuming

S¥S,49en

constant fluid capacity) {PSILE), calculated at each time step as

ﬁwsys,gen
follows:

Gsys = a G, (9.18)
Hsys,gen = 2 Gsys ﬂts (9.19)
ﬂwsys,gen - Hsys,genXMsys (9.20}

where the s summation is over all the time steps up to the current time.

9.3 INTERNAL FLUID GENERATIQON

The pressure change of node n due to internal fluid generation during a
time step At is initially calculated as follows:

G_At
&Lp =__[I_.__
n,G,Reg MC n

(9.21)

and Eﬁ is the estimated average fluid-generation rate in the node during the
time step {see Sections 3.7 and 9.2). If node n is a special node, part of
the fluid generated is redistributed, as a result of the iteration procedure,
among other nodes in the system, and the resulting net pressure change is as
follows:
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- .22
By 6 = Bq,6Reg (1 ¥ ez Mo ) (9.22)

where A is the time-step interpolation factor (see Section 9.7.4) and Zn is
the total conductance of node n {Equation 9.49).

9.4 INTERNAL FLUID TRANSPORT

9.4.1 Internal Connections

The fluid flow into node n from node k during a time step At, due to an
internal connection, ﬂHn K.1° is calculated as follows:
A )

&Hn,k,l - Un,k (wk - wn) at = - &Hk,n,I (9.23)

where Un,k is an average conductance, calculated as described in Sections 3.23
and 9.2, and wk-and wn are average pressure for thettime step. A1l nodes are
first treated as regular nodes. An iterative scheme is later used to find the
solution when special nodes are invoived, to correspond to the following average
pressure values:

Nodes n and k both regular:

PRERS (9.28)
U = Uy (9.25)
Node n regular, node k special:
e A R (9.26)
Y =+ A, (9.27)
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Nodes n and k both special:

=
1

=Vt d by {9.28)
\Dk = ¢’k + A M)k (9.29)

where U and ) are pressures at the beginning of the time step; X is an inter-
polation factor between 0.57 and 1.0 (see Section 9.7.4); &wn,Reg is the net pre-
sure change in regqular node n due to all causes, excluding the final corrections
made for connections to special nodes {see Section 9.6.3); and ﬂwn and &wk are

net pressure changes in special nodes n and k due to all causes.

The total fluid flow across each internal connection H, K {FI), and the
average rate H K (FX}, are calculated at each time step . &t , as follows:

Hn,k,I =¥ Un K (wk - wn) Ats (9.30)
Hn,k,I = H oy, I/ z at (9.31)

The rate for the time step, Un K (Ek - Eﬁ) is also calculated.

2
The net pressure change in node n due to internal connections, ﬂwn I is
initially calculated as follows:

AVn,1,Reqg ~ M n,k(wk -¥) (9.32)

For systems which include special nodes, the final results, after appiying
the iteration scheme are as follows:

Regular nodes:

At Spec
M’n,I i Un,k(wk - wn) tA i Un,k(&wk B &wn,Reg) (9.33)
c,n
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Special nodes:

At Al Reg
Bpr = Mol Un k(¥ = ¥ + 2 : U k{40 Reg = A%y
Spec
taz U k(ﬂwk - ﬂwn) (9.34}
k >

9.5 SURFACE FLUID TRANSPORT

The fluid flow into node n from boundary node b during time step At,
AHn b.E? is calculated as follows:

&Hn,b,E = Un,b (wb - wn) At {9.35)

where Un,b is an average conductance calculated as described in Sections 3.9.1
and 9.2, and U and Eﬁ are average pressure for the time step. All nodes are
first treated as regular nodes, and the iterative scheme is later applied when
special nodes are included in the system. A1l nodes with connections to boundary
nodes are classified as special nodes.

wb = wb + l(wé - wb) (9-36)
ﬁh = ¥y (initially) (9.37)
by =g+ x sy (Finally) (9.38)

where Yy and ws are the boundary node (external} potentials at the beginning
and end of the time step, found as described in Section 9.2; wn is the pressure
of node n at the beginning of the time step; and ap is the net potential
change in node n due to all causes,

The total fluid flow across each surface connection, Hn b.E {FS), and

average rate Hn b.E (FX), are calculated each time step ﬂts as follows:
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b E = E U b (¥ = ¥y) At (9.39)

Hn,b,E = Hn,b,E} E At (9.40)

The rate for the time step, U, b(@b - Eh), is also calculated.

The total fluid flow into the system from each boundary node, Hb (FB) and
average rate Hb (FX}, are calculated each time step as follows:

Hb = ﬁ Hn,b,E (9.41)
Hb = beg &ts (9.42)

The rate for the time step, I U, (Eb - P,), is also calculated.
n L]

The net potential change in node n due to surface connections, Ay

n,E,Reg’
is initially calculated as follows:
At ,
M¥n,E.Reg " W E U, plop *+ Aoy - ) - 9] (9.43)
C,N d

The final result, after applying the iteration scheme, is as follows:

. At
&¢n,E "M

c.n E Un’b[wb = Wn + l(lbl') = wb = ’54’ )] (9-44)

n

9.6 MIXED EXPLICIT-IMPLICIT ITERATIVE SCHEME

9.6.1 Iterative Procedure

The iterative scheme used in the present work is an adaptation and a
generalization of one discussed by Evans, et al, (1954). The scheme is uncon-
ditionally stable, provided the coefficients in the equation are not very
strongly dependent on ¥. Convergence is generally rapid, but the number of



iterations necessarily depends on the relative number and time constants of
interconnected implicit elements in the system and the relative values of
conductances between such elements.

The equation for the iterative scheme is obtained from {2.15) by making the
following substitutions {(Edwards 1968}.

e left-hand side = &w£p+1 (9.45)
. . _ . p+] ’ p (9 46)

B, right-hand side = {1 + s) Ny - s My .
B right-hand side = &wmp {9.47)

The acceleration factor s should be greater than zero for convergence. A
value of s = 0.2 was empirically chosen by Edwards (1968} by minimizing the
total required machine time for a large group of test problems. However, s
is always set to zero on the first time step and for any time step in which no
implicit elements are interconnected.

Making the above substitutions and solving for ﬂwgp+], we obtain

ang EXP

p+1 _ p
A = AY +o— ¢ U MY +zU Ay
£ L.exp MC,R n L,m “Tm,exp m L.,m ~Tm
sZ, Ay P
+ IR (9.48)
[T+ (Aat/M. (T +5) Z.] :
C,2 L
in which
Z. =2 U + U {9.49)
L b 2,b M 2,m

For the first iteration (p = 0) the following values are used:
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ap,” = ot v, (9.50)

awmo At b {9.51)

where @1 and @m are judiciously estimated values of the time derivative. The
difference between successive values of ﬂwi in the iteration is given by

p+l _ ptl .. p
E, b, Ay g (9.52)

In the Tight of (9.48), {9.52) can be immediately written as

ptl _JAst P . p-1)
5 {Mc g [;:1 UR’"’(M"’ “m

P p-]) AL -1
+ szi(a% hy, ]}[1 R (1 + s)zﬁ] (9.53)
ar
n+1 _ [ ant P p]}[ ALt ]-1
E = U EF +sZE 1+ 57=—=(1 +s) 12 (9.54)
) {ﬁc’g [m £,m —m '} l"'IC,j1 2

In (9.54), note that E, at iteration p#1 is expressed in terms of the known
values of EQ, Em at iteration p. This procedure eliminates unncessary recalcula-
tion of the fixed quantities in (9.48}.

To implement the iterative scheme, the values of A¢o] are first computed
by using (9.48), (9.50) and (9.51), and the values of E£1 are calculated by

|
E, = b, sty (9.55)

2 . .
Then E © is calculated by using (9.54) and ﬂwlz is obtained by the relation
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LR (9.56)

This scheme is continued until convergence criteria are satisfied. If the
convergence criteria are not satisfied within a 1imit of B0 iterations, then
the results of the time step are discarded, a new At, half as large, is used,
and the calcufations are carried out. If the new time step has already reached
a minimum prescribed value, then the problem is ended, and convergence failure
is assumed.

9.6.2 Convergence Criterion

The convergence criterion is intimately related to the quantity wvar’
which is one half of the maximum change in | allowed at any nodal point in the
system during a given time step. The net corrections to the fluid mass content
and the fluid mass capacity of all the implicit elements in the systems for the
pth iteration are given by

imp

P _ P
Mo = i M. g Ea (9.57)

(9.58}

The iteration procedure is stopped when the following criteria are satisfied

for ail elements, excluding those for which MC e is zero (the zero volume ele-
ments): ’

P 107

net M

c,net)(wvar) (9.59)

s] -4
Ez,max <10 (wvar) (9.60)

9.6.3 Final Corrections for Explicit Element

After the final changes in ¢ have been found for all the implicit elements,
final corrections must be made to Ay in all the explicit elements connected to
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implicit elements in order to obtain the correct mass balance. The complete
equation for explicit elements connected to implicit elements is as follows:

. aat ™R
B expycorr = Mg exp * M., ; Ug im0 = 200 axp) (9.61)

Corrections must also be made to the fluxes calculated for all those internal
connections involving implicit elements.

9.7 PREPARATION FOR NEXT TIME STEP

9.7.1 Reclassification of Nodes

The reclassification of nodes from regular to special depends on the input
values of KSPEC, PSIVARY, and DELTO in BLOCK 1. If KSPEC is negative, no
reqular nodes can be changed to special nodes during the calculation, and the
only special nodes will be zero-volume nodes, surface nodes, and nodes for
wich the input value of KS, in BLOCK 4, is nonzero. If KSPEC is positive, all
reqular nodes will be changed to special nodes before the first time step,
and the value of the interpolation factor A (FOR) can also be controlled (see
Section 9.7.4).

If KSPEC is zero at the end of each time step for which the maximum allowed
time step DELTMX was used {see Section 9.7.2), and is less than DELTO, the sta-
bility limits SLIM of all regular nodes are tested. Regular nodes for which
SLIM is equal to or less than 1.8 DELTMX are reclassified as special nodes.
Since DELTMX is 2/3 of the smallest stability 1imit of any regular nodes, all
regutar nodes with stability 1imits from 1.0 to 1.2 times the smallest values
are reclassified as special nodes. This range was empirically chosen to mini-
mize the required computation time for a large group of test problems.

The larger the value of PSIVARY, the sooner the size of the time step
(see Section 9.7.2) will become large, relative to the stability limits of most
of the nodes in the system, and the sooner they will be reclassified as special
nodes if KSPEC is zero.



9.7.2 Control of Time Step

The user may specify minimum and maximum time steps SMALL and DELTO and
a desired average maximum potential change per time step PSIVARY, and choose
the method of calculation, by specifying that certain nodes be special nodes
(with KS in input BLOCK 4) and by using KSPEC in input BLOCK 1 (see Sec-
tion 3.12). These, and a number of other factors, all affect the way in which
the time step varies as the calculation proceeds.

The first time step {KCYC=0) is always 10']2.

nodes to reach equilibrium, and allows time derivatives to be established. At

This allows zero-volume

the end of the first time step, and each succeeding time step, the minimum
stability limit, T (SLIM), of any regular node in the system, Atstab’ is

found. This search is skipped after the first time step, if no change can

occur in the stabjlity limits and node classifications. The maximum allowed
time step, DELTMX, is then set at 2/3 of &tstab greatly reduces time-truncation
error in coarsely zoned systems, compared with use of ﬁtstab‘ The minimum time
step SMALL, is initially set equal to SMALT, the input value of SMALL. If SMALL
is equal or greater than DELTMX, SMALL is reduced to slightly less than DELTMX
so that the input value cannot force an unstable time step to be used. If no
input value of SMALL is specified, if at least 1/4 of the nodes in the system
are regular nodes, and if DELTMX is not equal to 10]2, SMALL is set equal to
1/100 of DELTMX.

Next, the largest potential change for the time step, DPRES, is found,
exclusive of zero-volume nodes on the first two time steps. Another gquantity,
DPSIMAX, is the product of PSIVARY and either the largest percentage change
that took place in any tabulated property, or 1/40 of the number of iterations
required for convergence, whichever is larger. The ratio RS is then calculated
as follows:

R = PSIVARY/{DPRES, DPSIMAX)max (9.62)

If RS is less than 0.5, and Ats is greater than 1.07 SMALLS, Ats is halved,
and the time step will be repeated. If there are no regular nodes in the system,
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RS is reduced by a factor of 100 for the first time step, to insure that the

calculation starts out smoothly. For values of R¢ less than 1.0, a new ratio
is calculated:

. o Ré > 0.5, 0.5 < Rs.i 1.0 (9.63)

For values of RS greater than 1.0, a new ratio is calculated:

RL = 0.5(1 + R), R! < 2.0, R>1.0 (9.64)

The new time step is then calculated as follows:

Btgyp = Atg R (9.65)
Mtg,q > SMALL (9.66)
8t ,q < DELTMX (9.67)

This method provides a continual gradual adjustment in the size of the time
step to obtain a maximum pressure change of PSIVARY, or a maximum change in
any tabulated property of 1%, and to prevent the number of iterations from
averaging more than 40. The calculation of R; provides for a rapid decrease
in At when these 1imits are exceeded, with a more graduail increase in At when
the changes are smaller than these limits.

An additional adjustment in the size of the new time step is made if the
input value of atp (TIMEP) 1in BLOCK 1 is positive. This is done by multiply-
ing the unadjusted new time step, at;+] (OELT) by a factor as close as possible
to 1.0, and in the range from 2/3 to 1.5, so that the remaining time to the
next desired printout time is an integer multiple of the adjusted time step.
Also, the adjusted time step must remain in the range from &tmin (SMALL} to
At (DELTMX). The remaining time to next desired printout time is first
calculated as follows:



At;em =EAtp(l + |t/&tp|) ~ t] modulo &tp (9.68)

where the vertical bars indicate that the integer value of the expression is
to be used. An adjustment is made to insure that ﬂtrem is at least 2/3 of the
unadjusted new time step:

Mpom = Otpgn ¥ 8ty [V - (At 0 - At y/T.5)/8t (] (9.69)

The number of time steps remaining until the next printout time is then esti-
mted as follows:

Ny = At /8t + 0.5]

and the adjusted new time step calculated as follows:

At = At /N

s+1 rem’' 'p

If Ats+] is less than SMALL, the next smaller positive value of Np is used.
If At5+] is greater than DELTMX, the next larger value of Np is used. The limit
in Equation (9.67) in then reapplied. The adjustment factor is always between

the Vimits 2/3 and 1.5, and should average much closer to 1.0 if At is small

5+1]
compared with Atp. This method provides a continual minimum adjustment in the
size of the time step, if possible, between the 1imits SMALL and DELTMX, to

obtain the desired printout times.

If a maximum problem time tmax (TIMAX) has been specified, the new time
step is also Timited as follows, so that t will slightly exceed tmax on the
last time step:

12

At <t -t 107 (9.70)

s+l — “ma

The small increment (10']2) insures against truncation error.
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When KSPEC is not negative, the limit in Equation {9.69} is seldom reached,
since nodes are reclassified as special nodes when their stability limits are
less than 1.8 DELTMX.

9,7.3 Estimation of Time Derivatives

Time derivatives of © are used to estimate the average pressure heads
during the time step, to evaluate y dependent tabulated properties, and to
obtain the first estimate of Ay for implicit elements to begin the iterative
mass balance calculations.

At the end of each time step the calculated values of Ay are used to
estimate the time derivatives for the next time step. The estimate makes use
of the ratio of the maximum rates of change during the two preceding time steps
to obtain approximately second-order accuracy. If the maximum rate of change
is decreasing with time, it is assumed that the potentials throughout the flow
region are exponentially approaching equilibrium with the same exponent. On
the other hand, if the maximum rate of change is increasing, it is assumed that
the potential changing most rapidly is following a quadratic curve and that the
ratio between successive slopes is the same for all elements.

Consider first the case of exponential decay. Looking at Figure 9.1,
Tet ¥ he expressed by

v = woe—at (9.71)

Then w = -awoe"at

, and @0 = ®1t=0 = -oyg. Hence
s, ¢ ot
Vg = e (9.72)

or

(3r3g) 't = e (9.73)
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FIGURE 9.1. Estimation of i for Exponential Decay

In the light of {39.73) we can write

-7 -1
(b tsty * 88) 210 (g g (L(8E, + Atg)r2) (3.74)

or

(8t, + Atg)/(Aty + At,) (9.75)

Fc = w3/¢2 = (w1/w2)
Consider now the second case, in which the maximum rate of change of |
is increasing with time (Figure 9.2). Let ¢ be expressed by the quadratic
relation

b +at + bt (9.76)

=
I

Then ) = a + 2bt, and ¥ = ﬁltzo = a. Hence ¥ = &0 + 2bt. Therefore

(0/4g) - 1 = 2bt/d, (9.77)
In the light of (9.77),
P 2b(At, + At,)/2
2 9= L (9.78)
Uy 2
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FIGURE 9.2. Estimation of §
for Quadratic Increase

and
Uy 2b(t, + At,)/2
= 1= - 2 (9.79)
Vo 2
Dividing (9.78) by (9.79) and rearranging terms, we obtain
y by Aty ¥ Aty
Fe=7==1+0 - =) (Ef + Aty (9.80)
¥y Vo
Once F_ is calculated by using {9.75) or (9.80) the estimate of the time
derivative for an element y is obtained by
Vo est = Folowg/ot) (9.81)

in which the quantity (ﬂwifﬂt) is the rate of change calculated for the last
time step.

To safeguard against several possible sources of instability, the following
precautions are taken: a) FC is fixed at 1.0 for the first two time steps;
b} Fc is fixed at 1.0 for two time steps after any time step has been rejected,
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or a regular node has been reclassified as a special node; c¢) time derivatives
for the initial time step (At = 10'12) are zero; d) time derivatives of zero-
volume nodes are fixed at zero for the first two time steps; e) time derivatives
of other special nodes are calculated as follows for the first two time steps:

g (B /Bt + tg 2 M o) (9.82)

n,special =

where Zn is the total conductance of the node, including all connections--this
produces a more accurate result for special nodes with stability Timits small
compared with At ; f} time derivatives are multiplied by 10‘24

change sign.

whenever they

Each of these safeguards has been found necessary for some particular type
of problem. More accurate derivatives could be calculated by saving several
successive values of ¢ for each case and using higher-order extrapolates. How-
ever, since the algorithm only uses first-order approximation in space, there
is 1ittle to be gained in attempting higher-order approximation in time without
reducing spatial errors.

9.7.4 Estimation of Interpo]ation Factor X

The factor » is used to estimate the average values of ¥ during the time
step for 1) evaluating the y-dependent properties, and 2) interpolating between
initial and final values of y for implicit calculations. In the mixed explicit-
implicit procedure, » is allowed to vary between 0.57 and 1, depending on Fc‘
Thus

» = [0.57, (1.0, Fc)max

/(1.0 + F.)] (9.83)

ma x

As can be seen from (9.83), the minimum value of A is 0.57 instead of 0.5.
This is to make sure that the small oscillations which may arise if » = 0.5
are damped out.

The form of Equation (9.83) was chosen to give X a value close to the
interpolation factor required to obtain a correct average potential when
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potentials are approaching equilibrium values exponentially, i.e., near 0.5
when slopes do not change appreciably over a time step, and near 1.0 when large
time steps are used near equilibrium. Thus the accuracy inherent in use of
central-difference equations is obtained, without the undamped oscillations
resulting from such equations when rapid changes occur in boundary conditions
or y- or time-dependent properties, during the part of a problem in which y
changes are rapid. The interpolation factor is gradually shifted toward 1.0
as equilibrium is approached, to maintain accuracy that is lost when central-
difference equations are used. Approach to equilibrium is usually too rapid
when forward- or central-difference equations are used. A much more accurate
approach is obtained by the method used here. During the transient part of
the problem, the va1ﬁe of A used need not be exact, as errors averaged over
several time steps are usually much smaller than the error for a single time
step, a particular characteristic of the conduction equation.

As an additional safeguard against possible sources of instability, the
value of A is always fixed at 1.0 for the initial time step (At = 10'12) and
for any time step following a rejected time step. This insures that zero-
volume nodes and other nodes with small stability Timits reach equilibrium
with nodes to which they are connected, without overshoot and resulting damped
oscillation after any change in a boundary condition or a y- or time-dependent
property.

The user may control the value of A used on other time steps by specifying
in data BLOCK 1, a value of KSPEC of 2, to fix A at 1.0--or, if KSPEC is 3, to
fix A at 0.5. In both cases, all nodes are reclassified as special nodes before
the first time step, so that the resulting calculation method is either the
"backward" or "central" method, respectively; this will generally reduce accu-
racy and increase machine time, but it may be done to investigate the effect
on accuracy or to compare calculational results with those of a program in
which one of those methods is used.

9,7.5 Evaluation of y Dependent Coefficients

In a variably saturated deformable porous medium the fluid mass capacity,
as well as the permeability, is a function of ¢ and hence of time. Before
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carrying out the calculations for a time step, both Mc and k are evaluated at
an estimated average value of ¥ for that time step. This estimate is obtained

by

Ty= vy aatd, (5.84)

In order to compute MC (Equation 2.2) it is necessary that several quan-
tities, such as Py € and s, be evaluated at ¥. It is relatively simple to
compute Py with the equation of state: Pw = “uo exp[pwosgﬁj. For evaluating
the deformation parameters e and a, it is essential to transform ¢ into an
equivalent effective stress. For this purpose the total stress o and the
volume of solids VS for each element are calcuiated at the beginning of the
problem and stored in memory. Then o' is given by ¢' = ¢ - wa, and e can be
calculated either by e = e, - {o - 00') a, or, for normal consolidation, by

e=e. - Cc[1og]0 (¢ - T 1.

The functions x', S, and dS/dy are tabulated as functions of ¢ and hence
are to be evaluated by interpolation at y. In particular, the Y-S relation
may be characterized by hysteresis. In the present work, hysteresis is han-
dled in a simple manner with the help of scanning curves.

The permeability parameter, k, is a function of the void ratio (or effec-
tive stress) in the saturated zone and of the § in the unsaturated zone. Here,
just as in the case of the y versus S relation, k is tabulated as a function
of & for ¢y < 0 and is evaluated by interpolation at ¥. In addition, when
¥ <0, S and k can be calculated by the empirical relations,

§=§5 +{(1-§) ——% (9.85)
' Tat gy - )
and
A
k = k (9.86)
O A+ (0 - y)B



Where Sr is the residual saturation, wA is the pressure head at the air entry
value, ko is a constant or is to be considered as a function of void ratio,

and o, n, A and B are constants which provide the best fit for the ¥ - S or
the ¥ - k relationships. For the saturated zone, k either can be tabulated

as a function of ¢' or, more easily, can be evaluated by using the index Cy:

k =k, exp [2.303(e - eo)/Ck] (9.87)
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10.0 THE PROGRAM

10,1 GENERAL

The TRUST Program consists of a main program and several subroutines.
The language is FORTRAN IV, with a few statements, such as ENCODE/DECODE and
certain open statements, specific for computers such as UNIVAC, CDC and VAX-11.
TRUST is a modification of program TRUMP which was developed by A. L. Edwards
of Lawrence Radiation Laboratory. The modifications were written by
T. N. Narasimhan of University of California at Berkeley. The following sub-
routines are available: THERM, FINK, GEN, SURE, SPECK, TALLY, PATCH, REFER,
SEEK1 and SEEK2. The added new subroutines are HYST, ENTER, SLOPE, MORTHAN
and LINE. Appendices C and D contain the flowchart and program listing for TRUST.

When recompiling to obtain a specific version, the choices of inclusion
or exclusion of the various optional parts of the program, and the dimensions
assigned to variable arrays, are determined by the values of several parameters
M2 through M9 in the main program. When recompiling with new values of any of
these parameters, only the main program TRUST must be recompiled. Other sub-
routines that have changes in the dimensional arrays in COMMON statements wili
also need be recompiled. These are the COMMON's in the INCLUDE statements.

10.2 TRUST SUBROUTINES

10.2.1 General

TRUST consists of a main program and several required and optional sub-
routines, divided according to logical function, the sequence of calculations
and the various modes of fluid production and transport. The subroutines
required for all fluid conduction problems are THERM, HYST, FINK, SPECK, TALLY
for the input, initialization, and time-step phases of the calculation; PATCH,
SEEKT, and SEEKZ for the input phase only; and REFER for the initialization
phase only. The optionaT subroutines include GEN for problems with internal
fluid sources and sinks, and SURE for problems with variable boundary conditions.
The additional entry point TALLY] in TALLY is for the option of punching a
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card deck or writing on to a file in the format of input Data BLOCK 9, con-
taining the final values of pressure and constant fluid-generation rates for
the problem.

Some of the characteristics of the TRUST subroutines are summaried im
the Glossary.

10.2.2 TRUST

TRUST is the logic control center of the program. All calls to other
TRUST subroutines except PATCH, SEEK], SEEK2, and REFER are made from TRUST.
Before any input data are read in, several flags are initially set, and calls
are made to ERRORS to set underflows to zero. Any TRUST control cards preced-
ing the first Problem Name card are read in, and the appropriate variables are
reset or initially set, and calls are made as necessary to control input and
output unit specifications.

After the Problem Name card has been read in, various arrays are initially
set depending on the valtue of the data carryover control in column 72. If data
are being carried over from the preceding problem, TALLY is called to initially
set node classifications and the initial conditions for the new problem.

Block Number cards are then read in, and the appropriate subroutines are
called for reading in data from the various data blocks. After the Data End
card is read in, the Problem Name and the integer value on the Data End card
are stored in new locations, and subroutines TALLY and SPECK are called to
initially set variables before the first time step.

At the beginning of each time step, the time-step counter is incremented.
Calls are then made to the subroutines required for the time step calculations.
After each time step is completed, various tests are made to determine whether
the problem should be continued, ended, or interrupted and saved for later
continuation. If the problem is ended, the input file is read again and TRUST
control cards and Problem Name cards are handled as described above.

The machine clock is monitored at the beginning of each problem, again
after all data has been read in, and again when the problem is interrupted or
ended.
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A1l data read in from the input file are written out, and statements are
written out concerning the Problem Name, clock time, date, machine time used,
data carryover, specification of input and output files, interruption and
restart, and the end of each problem.

TRUST calls subroutines THERM, GEN, FINK, SURE, SPECK, and TALLY.
10.2.3 THERM

Subroutine THERM is entered to read in the data items in data BLOCKs 2
(material properties) and 4 {(node descriptions). A1 input data and immediately
derived data, such as table slopes, and node classifications and volumes, are
written out.

For the first time step, subroutine THERM is entered to initially set
cross-reference tables that relate the node 1ist to the material list and
determine initial stress and total stress on the nodes. The node conductivi-
ties, masses, fluid capacities, and fluid contents, and the total material
volumes, moisture capacities, fluid contents, and average pressures, are
calculated.

For each time step, THERM is entered to recalculate any of the quantities
above that are variable, At intervals determined by input data, summary data
are written out for each material, listing name, number, moisture capacity,
fluid content, average pressure, and transition pressure. Summary data are
written gut for each node, 1isting number, material number, classification,
location, volume, mass, moisture capacity, conductivity, net conductance, and
time constant.

THERM calls TRUST subroutines PATCH, HYST, SEEKY, SEEKZ2 and REFER and
returns to TRUST.

10.2.4 HYST

Subroutine HYST 1is entered to read in the data jtems in data BLOCK 2
that concern the tabulated values of saturation, the tabulated values of
permeability, scanning curve data of S versus y and K versus ., All input
data and immediately derived data, such as table slopes and specific moisture
capacity table, are written out.
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Subroutine HYST is for evaluating saturation and permeability when pressure
head is less than zero (unsaturated zone), since both saturation and permeability
have hysteretic relationship with negative pressure head.

HYST is called by and returns to THERM.
10.2.5 GEN

Subroutine GEN is entered to read in the data items in data BLOCK 8, the
1ist of nodes with variable fluid-generaticn rates. A1l input data and immedi-
ately derived data, such as table slopes, are written out.

For the first time step, GEN is entered to initially set the cross-
reference table that relates the variable-fluid-generation tables to the node
list. At each time step, all variable fluid-generation rates are recalculated,
and the fluid added to or removed from each node by variablie or constant fluid
generation is calculated,

GEN calls TRUST subroutines SEEK! and REFER., and returns to TRUST.
10.2.6 FINK

Subroutine FINK is entered to read in the data items in data BLOCK 5, the
connection 1ist. A1l input data and immediately derived data, such as connec-
tion areas, are written out.

For the first time step, FINK is entered to initially set the cross-
reference table that relates connections to the node 1ist, and to initially
set the conductances of each connection,

At each time step, FINK is entered to recalculate the conductance of con-
nections involving nodes with variable hydraulic conductivity, and to calcu-
late the amount of flow across each connection, based on the pressure differ-
ence at the beginning of the time step.

At intervals determined by input data, summary data for each connection
are written out, including the node numbers, area, interface conductance,
overall conductance, cumulative total fiuid flow, and average rate of fluid

flow, across the connection.
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10.2.7 SURE

Subroutine SURE is entered to read in the data items in data BLOCK 6,
the surface-connection list, and in data BLOCK 7, the external-potential
(boundary-node) Tist. ATl input data and immediately derived data, such as
connection areas and table slopes, are written out.

For the first time step, SURE is entered to initially set the cross-
reference tables that relates the surface-connection Tist to the node list and
the boundary-node 1ist. The initial values of several quantities are calculated,
including the conductance of the surface connectijons.

At each time step, SURE is entered to calculate the cumulative fluid flow
across each surface connection, the new boundary node potential, the new
surface-connection conductances, and the amounts of fluid flow across each
surface connection. These calculations are based on estimated average con-
ductances during the time step, surface-node potentials at the beginning of
the time step, and boundary-node potentials at the end of the time step.

At intervals determined by input data, summary data are written out for
each surface connection, including the surface and boundary node numbers, the
connection area, the surface conductance, the overall conductance, and the net
fluid flow and average fluid-flow rate into the surface node from the boundary
node. Summary data are written out for each boundary node, including the
boundary node number, the externai potential and the net fluid flow and average
fiuid-flow rate into the system from the boundary node. The total fluid flow
and average flow rate into the system for all boundary nodes are also written
out.

SURE calls TRUST subroutines PATCH, SEEKZ, and REFER, and returns to TRUST.
10.2.8 SPECK

Subroutine SPECK is entered after all input data have been read in, and,
for the first time step, to initially set various quantities.

At each time step, SPECK is entered to make the final calculation of fluid
flow across surface connections, and across internal connections including
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nodes classified as special nodes. This calculation is based on interpolated
values of special node potentials during the time step, weighted from 0.57 to
1.00 toward the pressures at the end of the time step.

When special nodes are connected to each other, an iterative calculation
is required, which is done by an accelerated method and imposes strict conver-
gence criteria on average and individual potential changes. Diagnostic state-
ments are written out if a specified maximum number of iterations are required,
and if the problem must be ended because of convergence failure when the small-
est ailowable time step is being used.

Fluid flow into regular nodes connected to special nodes is corrected to
maintain an exact fluid mass balance for each connection.

At intervals determined by input data, summary data are written out,
including the number of time steps completed; the total, average, and maximum
number of iterations used; and the potential interpolation factor.

SPECK returns to TRUST.
10.2.9 TALLY

Subroutine TALLY is entered after the Problem Name card of a continuation
problem has been read in, to determine the initial conditions and node classi-
fications for the new problem. Subroutine TALLY is entered to read in the
input items in data BLOCK 9, the initial condition Tist. A1l input data and
immediately derived data are written out.

After all input data has been read in, TALLY is entered to write out a
summary of the number and sizes of input data blocks, data carried over from
preceding problems, the number of tables of various types, the numbers of cer-
tain types of input items, and the amount of memory used for groups of vari-
ables and arrays required for various input-data options. The problem time,
the size of the first time step and interpolation factor, and other variables
are initially set.

Subroutine TALLY is the time-step control center of the program. At the
end of the first time step, TALLY is entered to initially set several variables
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used thereafter in TALLY. At the end of every time step, TALLY is entered to
determine the maximum stable time step for regular nodes. Nodes may be classi-
fied as special nodes to keep the size of the time step from being limited.

The largest potential change for the time step is found. The results of the
time step are accepted or rejected, based on input data, the largest potential
change, and changes in tabulated quantities during the time step. The size of
the next time step is determined based on a number of criteria. The interpola-
tion factor and slope-correction factor for the next time step are determined.
The new values of potential are found, and fluid mass balance data are updated.
Various criteria for ending the problem are tested. Various criteria for
producing output data for the time step are tested. When required, summary
data for the time step are written cut, including fiuid mass balance data for
the system, new values, change and rates of change of potentials, and fluid
mass balance data for the nodes. Other special output data may also be produced
if required by input data.

TALLY is entered at entry point TALLY1 when a probliem is ended or inter-
rupted, if required by input data, to punch or write to a file the final condi-
tions of the problem in the format of data BLOCK 9. These cards may be added
to the original data deck as a means of continuing the problem.

TALLY calls TRUST subroutines PATCH, SEEK1, and REFER, and returns to
TRUST.

10.2.10 PATCH

Subroutine PATCH is entered during the input phase of the problem, to
test certain input variables in several data blocks. These variables are
initially read in as 10 separate Hollerith characters. In PATCH, these char-
acters are tested to see if any of them is a decimal point. If so, the array
of 10 characters is converted to a floating point number and assigned to the
input variable. If not, a floating point number in the subroutine argument
list is assigned to the input variable. If not, a floating point number in the
subroutine argument list is assigned to the input variable. A sentinel is also
returned, indicating whether or not a decimal point was found.
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PATCH is used for several purposes. Data in data BLOCK 1 are substituted
for certain input variables when the data field on the input cards is blank.
Other input variables have specific values, written into the program, assigned
to them when the input data field is blank. Other input variables have data
fields in columns 72 through 80 of the input cards, which may contain Hollerith
data when produced by certain procedures. It is sometimes convenient to pur-
posely put Hollerith data, as a comment, in the data fields of input variables
tested by PATCH, when numerical values of those variables are not needed.

PATCH returns to the calling routine, which may be THERM, FINK, SURE, or
TALLY.

10.2.11 SEEK1

Subroutine SEEK]1 is entered only during the data-input phase of the problem,
when a data BLOCK 2, 3, 4, 7, B, or 9 of type B is being read in. The list of
identification numbers previously read in for the same data block is searched,
in reverse sequential order, to find one equal to the last one read in. If
one is found, the sequence number in the Tist is returned, so that the new input
data can be substituted for the old input data. If one is not found, the new
input data are added to the end of the list.

This procedure allows input data already in memory to be modified, or
new data added, with a minimum number of input data cards. The data to be
modified may have been carried over from a preceding data deck, or read in as
an item in a separate data block, or as a preceding item in the same data block.

SEEKT returns to the cailing routine, which may be THERM, GEN, SURE, or
TALLY.

10.2.12 SEEK2

Subroutine SEEK2 is entered only during the data input phase of the problem,
when a data BLOCK 5, 6, or 10 of type B is read in. SEEKZ has the same function
and follows the same procedures as SEEK1, except that the search is for a pair
of identification numbers which are the same as the pair just read in.

SEEKZ returns to the calling routine, which may be THERM, FINK, or SURE.
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10.2.13 REFER

Subroutine REFER is entered only during the first time step, to produce
cross-reference tables relating varjous input-data item lists to others. The
sequence number in the node 1ist (data BLOCK 4) must be found for all nodes
listed in data BLOCKs 1, 5, 6, 8, 9, and 10. The sequence number in the mate-
rial list {data BLOCK 2) must be found for each material listed in data BLOCK 4.
The séquehce number in the boundary-node 1ist (data BLOCK 7) must be found for
each boundary node listed in data BLOCK 6. This procedure makes possible the
use of arbitrarily chosen identification numbers for each of the four types
of items referenced by other data blocks, allowing flexibility in arranging
and modifying data decks. Also, the identification numbers may be chosen to
convey additional information to the user, such as composition, spatial Joca-
tion, function in the problem, or sequence of modification of data.

The search for each item referenced is made in reverse sequence, so that
the Tatest item in the 1ist is used. If a referenced identification number is
not in the 1ist being searched, a diagnostic statement is immediately written
out. An error indicator is set, and certain parts of the program are skipped,
and the problem is ended at the end of the first time step.

REFER returns to the calling routine, which may be THERM, GEN, FINK,
SURE, or TALLY.

10.3 TRUST PROGRAM GLOSSARY

10.3.1 General Definitions

BLOCK ITEM An input data description of a material, node, internal
connection, external connection, boundary node, fluid
generation table, or node initial condition.

BOUNDARY Pertaining to specified conditions at an external surface,
or to an external potential (boundary node} connected to
the system.

CONDUCTANCE Rate of fluid mass flow per unit pressure difference.
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CONNECTION

CONVERGENCE

DATA BLOCK

DATA DECK

EXPLICIT NODES
EXTERNAL

IMPLICIT NGDES
INTERFACE

INTERNAL
ITERATION

MATERIAL

NODAL PGINT

NODE
REGULAR

A means of fluid transport between two nodes, or between
a surface node and an external potential,

Acceptance of results of iterative calculation of the
fluid mass balance for inter-connected special nodes.
See PSIVARY, ERRS.

A group of input data of a particular type, or a list of
block items, preceded by a block number card and followed
by a blank card. Block items need not be on the same input
unit as the block number card. See BLOCK.

Input data for a single probiem, consisting of a problem
name card, data biocks, and a data end card.

See "REGULAR"

Pertaining to a boundary node or connection between a node
and a boundary node.

See "SPECIAL"

A surface common to two nodes, through which fluid may be
transported,

Pertaining to a node or connection between nodes.

A repetitive step in the calculation of the fluid mass
balance for inter-connected special nodes.

A substance with density, fluid capacity, and hydraulic
conductivity.

A representative point within a node, from which distances
to interfaces are measured to describe internal connections.

A volume element of a particular material.

Classification of nodes for which the fluid mass balance
is based on potentials at the beginning of each time step
for connections with other regular nodes. These nodes
may also be called Explicit Nodes.
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SPECIAL

STEADY STATE

SURFACE

TIME STEP

TRANSIENT

Classification of nodes for which the fluid mass balance
is based on average potential during the time step. See
REGULAR, NTYPE, KS, KSPEC, FOR, SPECK. These nodes may

also be called Implicit Nodes.

A condition in which remaining time dependencies are
insignificant compared with a specified allowable error.

Pertaining to a node connected to a boundary node, to the
connection, or the area which is connected.

A small interval of time for which a pseudo steady state
calculation is made to determine changes in time-dependent
variables.

Pertaining to variation with time, non-steady state.

10.3.2 TRUST Control Cards

BLOCK

ENDED

{BLANK)

*CHECK

*SPLIT

*{NAME)

BLOCK number card, with block number (see IBLOCK) in
Cols. 6-7, BLOCK type {(see MOD) in Col. 8. Cols. 9-80
may contain a title (see ABLOCK).

Data end card (must follow last data block). Columns 6-7
must be either -1 or -2, and the problem will either be
interrupted or ended, resp.

A blank card indicates the end of a list of block items

in BLOCKS 2, 4, 5, 6, 7, 8, 9, and 10, and the end of mate-
rial selection 1ist in BLOCK 2. Extra blanks may be
inserted anywhere except within block item 1lists.

Data deck preprocessing control card (preceding data deck}.
Causes next probiem to end after the first time step.
Used for checking input data.

Job completion control card {following data deck). If
read, program will call exit.

Problem name card. Column 1 must be an *. Column 72
controls use of data from preceding problem (see K).
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10.3.3 Glossary of Variables and Parameters Occurring in Program TRUST

(Prepared by T. N. Narasimhan, Earth Sciences Division, Lawrence

lLaboratory, Berkeley, California)

NAME

ABLOCK
ABLOCK
ADATA
ADATA
ADD

ADD
AFLUYID
AMAT (N}
APATH
APATH

AP ATH
AREALNY
AR EA (W)
AREAS(N)
AREASINY}
AVIN}
AYIN}

Al

BN}

BET

BETA

BETW

816G

BPRIME
CAPUN}

CAPY N}
CAPMINI
CAPY{Y}
CAPYS

Caps

CAPT [JeN)
CAPTLJ N}
CAPT(JaN?}
CCiN)

CHIl JeN)
CHIAY
CHIDJASH
CAIJASH
CHIMID
cHIvidP
CHIVARPLJsN)
CHIvare(J, M)
CHIVARS{J o N}
CKIN}

CKiNY

CLiN}

CON{N}

DESCRIPTION

DESCRIPT IVE INFORMATION PUNCHED ON BLOCK NUMBER CARD [N
COLUMNS 2 THRU AQ
AL PHANUMERIC CHARACTERS IN COLUMNS L THRU 5 0OF THE
BLOCKX NUMBER LARD
DIFFERENCE BETWEEN SUCLESSIVE VALUES DF DRAC IN A
SEQUENCE OF NODES OR CONMECTIONS PROODWCED BY 4S&FQ
NAME OF FLUID. SPECIFIED IN COLUMNS 1 THU 10 OF 81LD07X3
DESCRIPTIVE NAME JF MATERIAL WITH NUMBER MATINI
DESCRIPT ION OF THE PATH OF SATURATIDN OF THE FLOW
SYSTEM. CAN B8E DRYING OR WETTING. [F BLANK, SYSTEM [S
ASSUMED TO BF SATURATED
INTERFACE AREA BETWEEN NODL (N} AND NODZ2{N) ,EQUALS
(GEOMNULONG*ORAD®KSYMIRSCALE®&2, SEE XKD
AREA OF NODS{Ni) EXPOSED TQ BIUNDARY NODE NODSAIN),
EQUALS (GEOM*DULONG®DRAD*KSyM)=*SCALE=w2, SEE XD
COEFFICIENT OF COMPRESSIBILITY OF MATERIAL WITH NUMBER
MAT (N}
TEMPTRARY VARIABLE IN ALPHANJUMERIC FORMAT
PARAMETER FO DESLRIBING PRESSURE HEAD VERSUS
PERMEARILITY RELATIDON FOR YHE NTH MATER[AL TLRATED
VALUE OF A TABULATED PRDPERTY USED TO FIND CHAMGE
COEFFICLENT OF CODYPRESSIBILITY OF FLUID
VALUE CF wW{N) BEFDRE FINDING NEW VALUE
CONSTYANT WITH VALJE 0.99999999F 12
LUMPFED PARAMETER JF FLJID, EQUALS BETARH)Z%GEF
FLUTD MASS CAPACITY OF NODE (N} AT PST{N),SUMPTIV
SPECIFIC MDISTURE CAPACITY OF PARTIALLY SATULRATED SCIL
IN NODE(N},COMPITED AS CHANGE IN SATURATION DER UNIT
CHANGE TN PSTIN)
TOTAL FLUID MASS CAPACITY DF A MATERIAL
TOTAL FLUID MASS CAPALITY OF SYSTEM
FLUTID MASS CaAPACITY PER UNIT VOLUME CF 4 NODE,
TO CAPILNI 8Y, CaP(N) = CAPT{J,NI=vOL(N]).
INPUT IN BLOCK 2 AS CAPACITY OF MATIN) AT SIVARC{J,N}
COMPRESS ION INDEX OF MATERIAL MATIN}
JTH TABULATED VALUE OF CHI FOR MATERIAL N
FTHE VALUE OF CHI AT ANY PARTICULAR VALUE 0F PSIT
SAME AS CHEPRIME DEFINED [N THE THEORY 2APER
PART 1 BY NARASIMHAN ANO =ITHERSPCON
LOCAL VALUE OF ZHI(J.N]
MEAN VALUE OF TWO ADJACENT VALUES OF CHIVAPP
VALUE OF PRESSURE HEAD AT WHICH CHI HAS A VvALUE OF
CHL{J+N}
VALUE OF SATURATION AT WHICH CHI HAS A VLUFE OF CHILJ+Y}
COEFFICTIENT INDIZATING RELATIQON BETWEEN VOID RATID anD
LOGARITHM OF ABSGLUTE PERMEABILITY OF MATERIAL WITH
NUMBER MATIN)
HY ORAULIC CONDUCTIVITY (L/T) OF NODE{N} AT

RELATEND
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CONCN)
CONE
CONST
CINST
CONSTL
CONSTL
CONSTZ
CONT {J+Ni
CONTD{ J ¢ N}
CONTRLJ+N)
CONTWL Jo N}
CINTHi J N2
CONZ N}
CCONZ { N}
C5{N)

DAY
OCldn)
DCiJ«N)
OCS{ JeNi
OELT

DELT
JELTG
DELT MX
DEL TMX
DELTHMX
DELT M
DELTO
DELIQ
DELTOLD
DELTS
DELTSS
QELVOL {N}
DELI(N}
DELLINI
DELZIN)
DELZ{N}
DE X

DF{N}
DELZ

DELL
DFI{N}

DFSIN}
OKiJ NI
DK{JsNI
DK {d,.N)
DKLI M N}
DKS(JeN}
DLONG
OLONG
DNOP

DNODR
DPLIMIN)
DPLIM{N)
DPLIM{NI
DPLEIMK (N}
DPLIMK [N}
DPLI MK {N)
DPHAXS
DPRE S
OPSI (N
DPSTMAX

PSI{NI, SUMTIMW

YALUE GIVEN & NIN-DEZIMAL BACD NUMBER NXX IN PATCH

TEMPCRARY CONSTANT,USED IN CALCULATING ABSDLUTE OPERMCA-
BILITY FROM ¥QID RATIO

CCNSTANT USED IN CALCULATING VOIDQ RATI(Q WHEN CNRFEIC =
[ENT OF COMPRESSIBILITY (AY¥) IS USED

CONSTANT USED WHEW ZOMPRESSION INDEX {CC) IS USEN
ABSOLUTE PERMEABILITY OF MAT{N} AT PSIVARN{J.N}

J-TH TABULATED VALUE OF ABSOLUTE PERMEABILITY NN THE
DRY ING CURVE OF MATERIAL WITH NUMBER MAT(NI

J-TH TABULATED WALUE OF ARSOLUTE PERMEABIL [TY ON THE
WETTING CURVE OF HATERIAL WITH NUMBER MAT(N)
REFERENCE VALUE OF ABSOLUTE PERMEARELETY AT THE KNOWN
vOID RATIO EZ(N) OF MATERTAL WITH NJUMBER MAT(N}

SWELLING INDEX OF MATERIAL WMITH MUMBER MAT(N}
TEMPORARY NAME FOR QOATE

SCANNING CIRVYE DATA FOR SATURATION, J—TH REFFRENCE
YALUF CF PRESSURE HEAD FOR MATER JAL WITH NUMRFER MAT{NY
SATURATION VALUE AT THE PRESSURE HEAD OF DL {J, N}

FTIME STEP CONTROLLED BY PSEVARY (SMALL,DELTO,DELTMX,
TIMEP ANO TIMAX, ALSQO SEE KS¢KSPEC

LAST ACCEPTED TIME STEP COMPLETED

MAXTMUM ALLDWMABLE TIME STEP.ND LARGER THAN EITHER DELTO
OR 2/3 OF THE SMALLEST VALUE OF SLININI FOR REGILAR
NODES (NTYPEIN)=Q)}, SEE KSPEC,KS5. ABSOLUTE LIMITS ARE
FROM 1,810 TO L1.EL2

MAXTMUM ALLOWABLE TIME STEP. BLANK=1,0El2. MIJST RE
SPECIFIED IF XSPEL 1S POSITIVE

LAST ACCEPTED TIME STEP

LAST TIME STEP [OMPLETYED

LAST ACCEPTED TIME STYEP COMPLETED BEFDRE 2ELTS

CUMULATIVE CHANGE IN THE VOLUME OF NODE(M?

AYERAGE LENGTH OF FLUID FLOW PATH FROM NDDAL PPINT IN
NODE(N} TO I[NTERFACE WITH N)O2{N}, SEE SZALE

AVERAGE LENGTH OF FLUID FLOW PATH FROM NOOAL POIMT T4
NOD2Z2{NY TO INTERFACE WITH NODL(MNF. SEE SCALE
TEMPORARY VYALUE OF DDPSI{N}

NET MASS FLOW I[NTJ NODE{N) IN TIME STEP DELT
DIFFERENCE [N ELEVATION BETWEEN THE NDDE BEIMG
GENERATED AND THE PREVYIOUS NADE IN SEQJENCE

FLUID FLOW FROM HOD2{N) TD NODI{N) DURING TIME
STEPF CELT

MASS FLOwW FROWM NJIDSBIN} TO NODSIN)} IN TIME STEP DELT

SCANNING CURVE OATA FOR PERMEAAILITY TABLE, J~TH
REFERENCE WALJE OF PRESSURE HEAD FDOR MATERITAL wliTH
NUMBER MAT{N)

ABSOLUTE PEAMEABILITY CORRESPONDIND TQ 02 [MKI{N),

ABSOLUYE PERMEABILITY CORRESPONDING TC DK{iJ,M}

AVERAGE LENGTH OF A NODE IN ABLDCKX &. AN INTERFACE IN
BLOCK S, OR & SURFACE IN BLOCYX &, SEE DRAD

DERIVATIVE DF PORDSIYY WITH REFERENMCE T{] EFFRCTIVE
STRESSs THE LATTER BEING IN METRES [F W&ATER

HYSTERESIS INFORMATION. PRESSIRE HEAD AT THE POINT 7N
THE CARYING CURVE FROM WHICH THE SCANNING CURVE OF
NODE{N} COMMENCED ON THE SATHRATION CURVE

HYSTERES[S [NFORMATIOMN, PRESSURE HEAD AT THE POINT n
THE DRYING CURVE FROM WHICH THE SCANNING CLRVE NF
MODE{N} COMMENCED ON THE PERMEABIL ITY CURVE

VALUE OF OPSIMAX FDR TIME STEP DELTS

MAXTMUM PRESSURE HEAD CHANGE IN TIME STSP OFLTS

CHANGE IN PRESSURE HEAD IN NODE(NY IN TIME STEP DELT

MAX IMUM CHANGE TN ANY TABULATED PROPERTY, I[N EQUTIVALENT
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DRAJ

0% AD
DRAD
DRAD

DR ADS
OSLIMIN)
ovoL
ovoL
DWIDE
Dx

DX

ox i

Oxi

Dyl
EAVS
EAVS
EAVS

EC

EC

EK (N}
EK(N}
EXIN)
ELT
EMAX
EMAX

EM AX
EPSINCR
S INCR
EPSMEAN
EPSYEAN
ERROA{N]
ERRCRA{N)
ERRS
ERRS
ERRS
ERRS
ESTRESS
ESTYESS
ESTRIN
ESTRIN
ESTRMIN
ESUM
ESUM

ET AT N}

EX

EX

EX
EZ(N}
EZiNI
FIN)
FBiN}
FEX
FGINY
FI(N}
FIN
FIN
FIN
FLEX
FLULD
FLUX
FLUXS

MEAN DEPTH (KD=1), QJR MEAN RADIUS (K(0=2 FR 3} OF A 4Y2NF
IN BLOCK 4, AN [NTERFAIE IN BLOCK 5, OR & SURFACE IN
BLCCK 6. SEE NSEQ FOR JSE OF NEGATIVE WALUE., ALSD SFE
VOLIN)y AREA{MI,+AREAS{N) AND SCALF

VALUE OF DRAD FOR NODE OR CONMNECTION LAST READ IV

SATURATION AT DPLIMIN)

CHANGE [N VOLUME DURING TIMESTEP QELTS OF THE NODE
UNDER CONSIODERATION

AVERAGE WIDTH AF A NODE IN BLDCK 4. SFE DRAC

VOLUMETR IC FLUID GENERATION [N TIME STEP DELT FOR THE
NODE UNDER CONSIDERATION

TNCREMENTAL vALUE OF X COORDINATE FCR NODAL POINT
GENERATION TN BLICK 4

SAME AS OX} BUT FQR Y CODRDINATE

VOID RATIO EVALUATEQ AT THE ESTIMATED MWEAN VALUE OF
EFFECTIVE STRESS DURING TIME STEP DFLT FOR THE NONE
UNOER CONSIOERATION

NEW YALUE OF REFERENCE vOID RATIJ WHEN THE SNIL REGINS
TO SWELL ALONG A NEW SWELLING CURVE

REFERENMCE VvALUE OF vCID RATIO ON THE vaID RATIN VERSUS
LOG EFFECTIVE STRESS PLDT DF MATERJAL WITH NUMBER
MATI{N)

TEMPORARY MAME FDR ELAPSED TIME

LARGEST CHANGE IN THE CALCULATED PRESSURE HEAD CHANGE
OF ANY FINITE-VOLUME SPECTAL MNODE !N CNE ITERATITN,
MUST BE LESS THAN 1D.O*ERRS#PSIVARY FCR ZONVERGENGE

INCREMENTAL VOLUMETRIC STRAIN DURING TIMESTEP DELTS °F
THE MOOE UNDER CONSIDERATION

CUMULATIVE VOLUMETRIC STRAIN OF THFE NODE UNDER CDNSIDOT-
RATION

NEW ESTIMATED CHANGE IN MASS FLOW INTO NODE(W)

LAST ESTIMATED CHANGE I[N MASS FA.OW INTO NODE(M)
MAXIMUM ALLOWABLE FRACTION OF PSIVARY FOR THE CHANGE [N
THE CALCYLATED AYERAGE PRESSURE HEAD CHANGE OF [MNTER-
CCNNECTED SPECIAL WNODES IN ONE ITERATICN, FMR COMVER~

GENCE

EFFECTIVE STRESS IN UNITS OF FORCE PER UNIT ARER 0OF
THE NODE UMNDER CINSIDERATION

INITIAL EFFECTIVE STRESS AT THE BEGINNING OF TIMF 570
DELT CF THE NODE UNOER CONSIDERATION

MINIMUM EFFECTIVE STRESS OF THE SYSTEM

CHANGE IN THE CALCULATED TOTAL MASS CONTENT OF [NTSR-
CONNECTED SPECIAL NODES TN ONE TTERATICN

PARAMETER FOR DESTRIBINS PRESSURE HEAD VERSUS
SATURATION RELATION FOR THE NTH MATERIA

EXTRAPOLATION OF PRESSURE HEAD 7R TIME FOR TABLE LCOKURP
OR & CORRECTION TO THE PRESSURE HEAD CHANGE OF A
SPECIAL NGDE FOR ONE ITERATIQN STEP

REFERENCE VOID RATID ON THE VOID RATIO VERSUS LOG
EFFECTIVE STRESS PLOT OF MATERIAL WITH NUMHEER MAT{y}

TOTAL MASS FLIW TNTD NODE{NI AT SuMTiM

TOTAL MASS ADDED TO SYSTEM FROM BOUNDARY NCDE NODRIM)

MASS FLOW FROM NODZ2(N} TO NODOL{N) [N T IME STED NFLT

TOTAL MASS GENERATED FROM NOJE (N}

TOTAL MASS FLOW FROW NOD2(N) TO NIDI(N) AT 5SUMTIW

QUMMY L{ST ARGUMENT USED FOR WRITE STATEMENTS W [TH MO
LIST+ TO AVYOID FIN STATEMENT REQUIRED IN LRLTRAM
BUT NOT ALLOWED IN CHAT,

FINAL CORRECTION TO MASS FLUX BETWEEN NODES

TOTAL FLULID MASS CDNTENT OF SYSTEM

NET TCTAL FLUID MASS FLOW [NTO ALL NCODES N THE SYSTFM

NET TOTAL FLJID M&SS FLOW INTO SYSTEM FROM BCUNNARY
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FLUXS NODES

FLX FLUID CONTENT OF SYSTEM BASED ON CONSTANT CAP(N}

FOR INTERPOLAT ION FACTOR BETWEEN PRESSURE HEADS AT THE BE~-
FOR GINNING AND AT THE ENO OF TIME STEP., FOR [S5 SFT 17 1.D
Far FOR THE FIRST TIME STEP AND AFTER REJECTED TIME STEPS.
FOR FOR CTHER TIME STEPS,FOR IS L.0 [F KPEC {5 2, 0,5 IF
FIR KSPEC IS 3, DR BETWEEN 0,57 AND 1.0+ DEPENCING TN RAST
FOR) FACTOR FOR ESTIMATING CHANGES. SQUALS FOR®DELY QR

FOR) 0.5*DELT

FS{N) TOTAL MASS FLOW FROM NODSB{N)} TO NODS{N) AT SUMTIM

FX AVERAGE RATE OF MAS3 FLOW ACROSS A CONNECTICON

EX SINCE TIME TAU

FLyF2y F3 TEMPORARY VA TA3LES

G{N} VOLUMETRIC FLUID GENERATION RATE IN NOOFtN). SEE GANE,
GINI GGINT» GT{JeN}

GBYsu LUMPED CONSTANT., EQUALS GRAVITATIONAL CONSTANT DIVIDFD
GBYMU BY VISCOSETY OF FLUID

GEE GRAVITAT IONAL CONSTANT

GENS NET TOTAL AMOUNY OF FLULIOD MASS GENERATED IN SYSTEM
GENS SINCE TIME TAU

GEOM GEDMETRIC FACTDR, 1.0 FOR KD = 1, 2.0%P| FOR KD = 2,
GEOM AND %.0%P[ FOR KD = 3 (Pl = 3,14159265}

GGIN) ENITIAL VOLUMETRIC FLUID GENERATION RATE IN NOTE{NI],
GG NI BLANK=GONE

GMASS TOTAL MASS GENERATION IN NOOE{NY DURING TIME STEP DELT
GONE CONSTANT VOLUMETRIC FLUID GENERATION RATE ASSIGNED TO
GONE ALL NCOES IN BLOCK & READ I{N AFTER BLOCK L. AND SUR-
GONE STITUTED FOR ANY GGIN} IN ANY BLOCK 10 READ IN AFTER
GONE BLOCK 1.« WILL NOT BE USED FJR NODES LISTED IN BLOCK 2
GS NET TOTAL MASS GENERATION RATE [N SYSTEM

GT LI, NI VOLUMETR IC FLUID GENERATION RATE IN NOOGEN) AT TVARG
GTL{JsN) TJeN)IF LTABGIN] IS -1,0 ORL, GT IS THE VOLUMETZL]
GT{J.N} GENERATION RATE AT TIME ISRO» OECAYING W#ITH HALF L IFF
GU{JsN} TVARGLLN}

GX TEMPCRARY VALUE OF GGIN)

Hi{N} FLUID MASS ADDED TO NOGEIN} UPTO SUMTIM

HEX MASS FLOW BETWEEN NODES DURING TIME STEP DELT

HANZ SURFACE CDNDUCTANCE FOR ANY EXTERMAL CCNNECTIONS WITH
HONE HSURE{(N) BLANK IN & BLOCK & READ [N AFTER BLICK 1

HS UM TOTAL FLULID MASS CAPACITY OF ALL SPECTAL NONES WHiICH
HS UM HAVE INTERNAL CONNECTIONS WITH OtHER SPECIAL NODES
HSURE{NI SURFACE CONDUCTANCE BETWEEN NODSINI AND NODSBIN}

HSUR T{ J NI SURFACE CONDUCTANCE OF MODSIN} AT TVARK(Je NI ALANK=HIYE
HX TEMPORARY VALUE DF HSURE(NI

HYSTL1+HYST2 ENTRY POINTS WETHIN SUBRIUTINE HYST
HYST3,HYST4 ENTRY POINTS WITHIN SUBRODUTINE HYST

1 ARRAY SUBSCRIPT

1BLOCK BLOCKX NUMBER -~— 1 CONTROLS,L{MITS, AND CONSTANTS
IBLICK 2 MATERIAL PROPERTIES

IBLOCK 3 FLUID PRAPERTIES

IBLDCK {NCT APPLICABLE FIR FLUMP)
IBLOCK & NODAL POINT DATA

1BLOCK 5 ELEMENT DATA

IBLICK 6 EXTERNAL FLUID fCNNECTIZNS
18LOCK 7 EXTEANAL HEADS

{8L0CK 8 VARTABLE FLUID GENERATION RATES
1BLICK 9 INITIAL CONDITIONS

I8LOCK (HEADS AND FLUIO GENERATINN RATES)
IBLICK io DATALFORFDIMENS I CNLESS v ARI AR £S
IBLOCL VALUE OF BLDCK ON DATA END CARD

I ARRAY SUBSCRIPT

i ARRAY SUBSCRELPT
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IPATHINY
IPATHIN}
IPATHI{NI
[PATHINI
IPATHI{NI
IPRINT
IPRINT
[PRINT
IPRINT
[PRINT
IRITE
IRITE
RIFE
ITAPE
ITAPE
ITEMS{N)
4

44

41

J2

AR E AR X

XCYZ
KCrC
KCYC
x0D

KD

KD

KD

KO
XDAT A
XKJATA
KDAT A
KDATA
KDATAX
KGOCD
KGOOD
KK
KNOC X
KNOCK
KONSTIM
KONSTIM
KS
KSEZS
KSECS
KSECS
KSPEC
KSPEC
K5 PEC
KSPEC
KSPEC
KSPEC
KSPEC
KSYH
KWIT
KmIT

INDEX DESCRIBING PATH WITHIN HYSTERESIS LOOP, [PATH =1
IF ON DRYING CURVE, I[PATH = 1,1F ON WETTING CURVE,
IPATH = 3 IF ON SCANNING CURVE FIOM WETTING TO JIRYING
AMD [PATH = & IF ON SCANNING CURVE FROM &ETTING TN
DRYING., SUBSCRIPT REFERS TO INDEX DOF NDOE

INDICATES THAT DATA PRINTOUTS WILL BE MADE WHENEVER
THE NUMBER OF TIME STEPS IS5 EWENLY OIVISIBLE BY [P2INT,
IN ACDITION TO THE FIRST, SECCND AND LAST TIME STEPRS,
AND C(THER TIME STEPS ACCORDING TQ TIMEP. SEF KNATA,
NUM, IRITE,TIMEP

>0+ INDICATES DATA WILL BE WRITTEN ON UNIT *ITAPE?®
WHEMEVER KCYC [S EVENLY DIVISIBLE BY (RITE, IN
ACDDITION TO THE FIRST, SECOND, AND LAST TIME STEPS

OUTPUT UNET ON WMICH TIME, NODE NUMBERS, AND
HEADS ARE WRITTEN, SEE IRITE.

NUMBER OF CROSS REFERENCED JTEMS IN DATA BLOCK N

ARRAY SUBSCRIPT

ARRAY SUBSCRIPY

TEMPORARY VALUE OF NOOWMAT(NODI(NEKE QR MAT(NI

TEMPORARY VALUE OF NODMAT{NODZ {N)}

IN COLUMN 72 OF PROBLEM MNAME CARD, IF 2,3 0R 4.
TNDICATES NEW PROBLEM JELL USE ALL CATA FROY THE
PREYICUS PROBLEM, [NCLUDING EITHER THE INITIAL {K=2}
OR FINAYL (K =2 3 JR &) PRESSURE HEADS AND START AT
EITHER THE INITIAL (X = 2 DR 3] OR F{NAL (K = &}
PROBLEM TIME.(ALSO USED FOR ARRAY SUBSCRIPTS.FLAGS 1IN
SEEK1 AND SEEX2. TEMPORARY VALUES OF SUGSCRIPTED
INTECGERS)

INDICATES PROBLEM [S IN JATA TNPUT PHASE {IF —-1).,0R 1N
INITIALTZATION PHASE, INCLUDING INITIAL TIWE STEP NF
L.OE=12 {IF 0),0R THE NUMBER 0OF TIME STEPS COMPLETED

GECMETRIC SYMMETRY INOICATOR. 1 FOR NCN SYMMFETRIC,

2 FOR AX!ISYMMMETRIC, 3 FOR CENTRISYMMETRIC, USED T°
CONTPOL CALCULATICN OF NDDE VOLUMES AND CCUNNECTECN
AREAS FOR BLOCKS 4,5 AND & READ [N AFTER BLOCK 1 ,[“CRT
THAN ONE BLOCK E MAY BE USED,s TD CHANGE KD,

CONTROLS AMOUNT DOF DATA ON PRINTQUTS, MINIMLY [€ MEGA-
TIVE, NORMAL IF ZERD, AND MAXEMUM IF PISITIVE, “waAXIvIY
QUTPUT [S ALWAYS PROOUSED ON FIRST, SECOND AND LAST
FIME STEPS. SEE IPRINT: NUM, TIMEP,

INPUT VALUE OF KDATA

NUMBER OF SUCCESSTIVE TIME STEPS NOT REPEATEND, 7R NQOT
INVOLYING CHANGES TO SPECIAL NDDES. AFTER SECOND

ARRAY SUBSCRIPT

NUMBER OF FLUID FLOM COMNECTIONS BETWEEN PALIRS O SPC-
CIAL NODES

>0y CCNSTANT TIME STEP USED {DELT = DELTC}
<=0, VARIABLE T|ME STEP USED

INDICATES THAT NIDEIN) [S A SPECTAL MODE, SEE XS®eC

MACHINE TIME CHARGED T2 PROBLEM. IN SECONIS. MEASURED
FROM JUST BEFORE READING PROBLEM NAME [CARD FIR FACH
DATA DECK

INDICATES REGULAR NODES WILL BRE CHANGED TO SPECIAL
NODES AS NEEDED TO ALLIW LARGER TIME STEPS {0), AE-
FORE FIRST TIMESVTEP {1+2 DR 2}, OR NOT ALL, AND STEADY
STATE CRITERLA CANNOT END PROBLEM {-1!}. CAN FIX [NTER-
POLATION FACTOR (FOR) AT 1.0 (2}, OR AT 0,5 (31,
NORMAL VYALUE OF <SPEC IS lERD. DELTO MUST BE SACf[FLED
IF KSPEC 1S5 POSITIVE

SYMHETRY FACTI, 1 IF X2 [S 1 OR 24 2 IF KO 15 13

FLAG IKDICATING REASON FOR ENOING PROBLFEY -~
INDICATES TIME STEP TD BE REPEATED {(~1), SUMTIYE Ex-
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KmiT
KmIF
KWIT
KW[T
KT
KelT
Kwl¥LOC
Kot fTL2C
Kei i TLOC
KWITHSG
KlyK 2

L

LABEL
LASTEM

LASTIM

LBX
LISTIN}
LISTIND
LIST{N)
LISTR{ N}
LISTX(NY
LT AB
LTABCIN}
LTABCINI
LTABGIN}
LTABGTNY
LTABGINI
LTABGIN]
LTABG{N}
LT ABH{N}
LTA3H{NI]
LTABHINY
LTABK{ NI
LTAIKI N}
LT ABSCINI
LTAB SC (Nt
LTABSK (N}
LTABSK {N}
LTABPHI{NY
LTABPHI [N
LTAAPHIIN]
LTABPHT (N)
LxX

LL TO L&
M

MA R

MAT{ N

A X

MAa X

MA XE

L 1o 4o
MCYC
o YC
MF
HF
mMiD
MIN
MODS
5

CEEDS TIMAX [L)y PSE OVER PSIMAX {2}, OR UNDER PSIMIN
{3}, STEADY STATE REACHED (&}, I[NPUT ERAROR (51, *CHECK
CARD READ IN {6)s KCYC DVER MSYC (7)e KSECS OVER WSS
(A), MISSING BLOCK 2 OR BLOCK 4 {91, ITERATION ((QNVFu-
GENCE FAILURE {1D), NUMIER OF BLOCX [TEMS TPROD {ARGF
{11}« OR TABLE LENGTH DVER M9 {12}

NUMBER TEN—LETTER ALPHA NUMERIC WORDS IN EACH KW[THMSH
STATEMENT, XKWITLDC IS USED PRINT DIAGNOSTIC STATEMENT
DN ENDING THE PRCBLEM

DIAGNOSTIC MESSAGE ON REASOM FOR ENDING THE PROBLESM

TEMPORARY YARTABLES

TEMPORARY VARIABLE

[NDICATES TABLE HEADINGS TO BE REWRITTEN, [F NONZERC
INDICATES PRESSURE SCALE 1S L INEAR IF O LOG IF 1.

INCLUDED IN THE BATTELLE VERSION OF TRUST ™MLY

INDICATES TIME SCALE IS LIMEAR JF 0. LOG IF 1.

[NCLUDED IN THE BATTELE YFRSION OF TRUST ONLY

INDICATES INPUT DATA FIELD FOR NXX BLANK IF ZERMD

INPUT ARRAY JHICH MUST BE RECALCULATED IN SURBR REFER,
CCNTAINS INTERNALLY ASS IGNED NOOAL POINT NUMAERS
WHICH ARE S5ET = J WHERE LISTXINY = LISTR{J)

ARRAY COMNTAINING NUMBERS TO WHICH ARRAY LIST REFERS,

INPUT VALUES DOF ARRAY LIST

ABSOLUTE VALUE OF A TABLE LENGTH

LENGTH QF A& TABLE OF SATJRAT [QON {WETTING OR DRYING]
JERUS PSIVARCIJ,N} DF MATERJAL WETH NUMBER MAT(N)

LENGTH CF A TABLE OF GT(JsNt VERSUS TVARG { J.N) FOR
NODG{N}, IS NEGATIYE FOR TIME TABLE, [S POSITIVE FR
PRESSURE HEAOD TABLE, ~l1,0 0R 1 FOR EXPOMENTIALLY vARY=-
ING FLUIO GENERATION WITH RATE GT(Ll,N) AT T[¥E O, HALF
LIFE TYARGIL 4N}

LENGTH OF A TABLE OF HSURT{J.N} VERSUS TVARHIJ.N! FOR
NODS{N), §5 MEGATIVE FDR TIME TAQLFy POSITIVE FOR
PRESSURE HEAD TABLE

LENGTH OF A TABLE OF CONTO{JeM)+CONTH{ J, N} VERSUS
PSIVARK 1J,N} DF MATERIAL WITH NUMBFR MAT (M)

LENGTR OF A TABLE OF SATURATION SCANNING ZURYE OF ATT-
QIAL WITH NUMBER MAT (M)

LENGTH OF A TABLE OF PERMEABILITY SCANKING [URVE NF
MATERIAL WITH NUMBER YATIN)

LENGTH OF A TABLE OF PHIB{J. N} VERSUS TIMEBR{J,M} [F
NOCBI{N) . MAKE 100 TO GET SINUSOIDAL YARIATION OF
PHIBIN} AQOUND PHIBC(L, N1 WITH AMPL [TUDE PHEA{Z,NT,
PERIOD TIMEB({L 4N} AND PHASE ADVANCE TIME TIMER(2.M1},

INOICATES INPUT DATA FIELD FOR NXX BLANK [F 228D

TEMPORARY VALUES

UNIT NUMBER FDR QUTPUT OF CALCULATIONAL SESULTS

SIZE CF ARRAY LISTR IN SUBROUVYINE REFER

IDENTIFICATION NUMBER OF MATERIAL WITH INDEX M

SIZE OF ARRAYS LIST AND LISTX IN SUBROUTINE REFFR.

HIGHEST INDEX CF PART DOF TABLE RAE [NG SFARCHED

SILIE OF ARRAYS LIST AND LISTX IM SUBRPUTINE REEFR,
HIGHEST INOEX DF PART JF TABLE BEING SEARCHED

MAXT®UM ALLOWED NUMBER OF TIME STEPS {LIMIT N XC¥D),
NEGATIVE WILL STOP PROBLEM AT END OF FIRST TI™E STro,
ZERQ CR BLANK IS ([GNORED

TOTAL NUMBER OF TIMES DPRES OR OPSIMAX HAS EX[FENED
PSIVARY N TIME STEPS FOR WHICH DELT wAS ECQUAL TN Sv4:i}

CENTRAL [NDEX OF PART OF TABLE REING SEARCHED

LAIWEST [TNDEX JF PART OF TABLEL DEING SEARLHEC
INOICATES MOE 1S & {#11+s B (~11s OR NFITHER (0O}

NUMBER OF TIME STEPS FOR WHICH OELT WAS EQUAL T2 NELTuY
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MS

MS
MSEC
MSEC
MSEL
M55
MsS
455
My

ML -
-
" -
M1 -
N
M
NADD
NADG
NADS
NADS B
NADL
NADL
NADZ
NAD2
NA ME
NAME
NA M2
NAMES
NE
NBLINM
NBZ (N
NBZ[N
NC
NCHEC
NCYL
NO BT
NDaT
NOUMM

H12
ML2
M12
11z
Mtz

K

Y

ND UM My

MNE WBL
NEWEB &
NEWBL
NEWBL
NEWS
NIT
NMAT
NN
NMD
NOCON
NOD3
NODBS
NODE ¢
HODES
NODES
NODL ™
NIDIM
NOODTD
NIDTD
NODTO
KODG |

NJOYAT{ND

NODM S
NODRE

(M)
(N1
(N
(N}

N

Ni

(N}
{N)
{N)
N

¥

AND LPRES AND OPSIVAX WERE LESS THAN PSIVARY, SINCF
LASY REGULAR NODE wAS RECLASSIFIED AS A SPEC{AL NODE
MAXIMUM ALLOWED USE DF MACHINE TIME, IN SECCNDS, NEGA-
TIVE WiILL STOP PROBLEW AT END OF FIAST TIME 5TEP, 2FRA

OR BLANK IS IGNORED

TOTAL KUMBER OF T[MES DPRES AND DPSIMAX WERF LESS THAM

PSIVARY IN TIME SIFEPS FOR WHICK DELT WAS EQUAL TD
DELTMX

NORMAL MOMITOR QUTPUT UNIT NUMBER {03 AT LRL)

PARAMETERS CONTROLLING DIMENSIONS OF ARRAYS FNR
MATERJALS {(M2).NODES (M4), INTERNAL CCHNECTIONS (4%,
SURFACE COMNECT [ONS (M&), BOUNDARY NODES (M7), FLUID
GENERATEON NIDES {¥B), TABLE LENGTH{MG), MLI,M3IsM]10,¥11
AND M12 ARE PRESENTLY UNUSED '

ARRAY SUBSCRIPT

DIFFERENCE BETWEEN SUCCESSIVE VALUES OF NMODE TN SECUENCE

DIFFERENCE BETWEEN SUCCESSIVE YALUES OF NODG IN SEQUENCE

DIFFERENCE BETWEEN SUCCESSIVE VALUES CF MODS IN SEQUFMCE
DIFFERENCE BETWEEN SUCCESSIYE wALUES CF NODSB IN SEAQUENCE

DIFFERENCE, AFTER MULTIPLY ING BY LO*=NZ, BETWEFN VAL UFS
DF NAOY IN A SEQUENCE OF CONNECTIONS

DIFFERENCE, AFTER MULTIPLYING BY 1C*%NZ , BE TWEEN
YALUES OF NAD2Z [N A SEQUENCE OF CONNECT IONS

BO—CHARACTER TITLE OF PROBLEM NAME CARO. FIRSYT CHARALTER
MUST BE AN %, CHARACYER 72 CINTROLS USE DF TATA FROM
PRECEDING PROBLEM (SEE K}

PROBLEM NAME AT TIME LAST DATA SND CARO WAS READ IN
INGUT QUNIT NIMBER FOR ALOCK ITEMS

INTEGER WHICH SEEX]1l DR SEEKZ2 [S TD SEARCH FCR.

WITH KBL{N} CONSTITUTES PAIR OF ARRAYS NF

INTEGERS SEARCHED FOR I[N SUBRDUTINE SEFKZ

ARRAY SUBSCRIPY OF NXX IN PATCH

{NDICATES /w(CHECK/ READ IN IF NDN ZERD

TEMPDRARY PARAMETER. EQUALS KCYC-1

ITNDICATES TIME DERIVATIVE DOPSI(N} wilL BE USED

(NOQT > OF OR MAINTAINEQ AT 0.0 (NDOT NOT 0t

COLLECTIVE NAME FOR CROSS REFERENCED VARIABLES GROUPEN
BEHIND NOSPEC IN BLANK COMMON

NUMBER PDF TIMES DATA BLOCE N HAS BEEN READ M. 1232 1S
ACDED EACH TIME A REFERENCED DATA BLDOCK [S QEAD 1IN,
TH{S WILL APPEAR AS LEADING IZEROES IN THE PRINTIUT nuc
YO THE FORMAT USFD

NUMBER OF REGUL AR NODES MADE SPECIAL IN ONE TI™ME STEP

NUMBER OF NODES WITHIMITIAL VALUES PPHI aND GG

NUMBER OF MATERIALS DESCRIBED IN INPUT BLOCK 2

ARRAY SUBSCRIPTY

ARRAY SUBSCRIPT

NUMBER OF INTERNAL NODE CONMECTIONS {BLOCK St

NUMBER OF BOJNDARY NODE WHITH INDEX N

NUMBER DF BOUNDARY NOOES (INPUT BLOCK T)

IOENTIFICATION NUMBER OF NODE WiITH INDEX N

NUMBER OF NODES INPUT [N BLOCK & pLUS ANUMBER AF

WELLS TNPUT [N 8L0CK 9 (FLUMP}

NUMBER OF NODES FDR WHICH TD AND PO ARE T] BE
CALCULATED

SERTAL NUMBER IN THE NODE LIST OF THE NTH

¥YOLUME ELEMENT FOR WHICH DIMENSIIMLESS

QUANTIT IES ARE REQUIRED

NUMBER DF & NODE #iTH VARIABLE FLUID GENERATION
IDENTIFICATION NUMBER OF MATERIAL IN MCDE({N)

TOTAL NUMBER DF NODES 3F A YATEAILAL

[NOEX OF NODE BEING REFERRED TQ
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NODS (N)
NODS LN
NIDS5BE{Y}
NODSBi NI
NHODL {H)
NODL {N)
NODZ (N}
NOD21{N]
MOGE N
NOSCON
NDOSPEL
NOTE{N)
NOTZ (NY
NCA

NO MW

NOXE {4}
NOXG {N)
NOXS(N]
NIXSBI{M}
NOXL (N}
NOX2{N}
N& RENT
NPRINT
NPRIB
NPUNCH
NPUNCH
NPUNCH
NPUNCH
NR

HRS

NRES
NSAVE
MSAVE
NSEQ
NSEQ

NS TOP
NTABLE
NTYPELN)
NTYPEI N}
NTYPE{N}
NTYPES{NI}
NUM

NUH

NUM

NUM

WM %
NUTA VS
NJTHWAX
NUTMAX
NUTS
NUTS
HUTS LM
NUTX
NUTX1
NVARLL
MY ARCHI
NVARG
NV AR H
NVAAK
NVART

NX
NXL{NE

[DENT{FICATION NUMBER 0OF SURFACE MNODE CONNECTED TN
NCOSEENY

IDENTIFICATION NUMBER DF BOUNDARY NCDE COMNELTED TH
NCDS {N)

IDENTIFICATION NUMBER OF INTERNAL NODE CCNNECTED T2
NOD 2(N}

I0ENTIFICATION NUMBER OF INTERMNAL NODE CONNECTED TN
NOD LM}

HUMBER OF NODES dITH FLUID GENERATION

NUMBER QOF EXTERAMNAL COMNMNECT IONS (INPUT PBLDOCK 6]

NUMBER OF SPECTEAL NODES IN SYSTEM

LOENTIFICATION NUMBER OF NODE WITH IMIT{ALf CONDITIONS
PPHYI, GG

{NDICATES PRINTOUTS ARE 3EINS PROOUCED FOR THE TIME
STEP JUST CODMPLETED, [F NON ZERD

INPUT vALUE OF NOTE{N}

[NPUY VALUE OF NODGIN}

INPUT VALUE DOF NODS{N)

INPUT VALUE QOF NDDJSB{ N}

INPUT VALUE DF NDOD1IN)

INPUT VALUE OF NO22U NI

NUMBER OF PRESSURE HEAD (PSI1 VERSUS MODE NUMBER BRIMT-
OUTS MADE :

PROBLEM NUMBER COUNTED FROM LAST /=DATA/ CARD

INDICATES FINAL WALUES 2F PHI,AND COCNSTANT WALUES OF 5
WILL BE PUNCHED IN THE FORMAY OF BLOCK 9 A+EM THE
PROBLEM {5 ENDED OR INTERRUPTEO, TO ALLOW A CCNTIMNUA-
TION PROBLEM TO BE RUN
INPUT UNI T NUMBER FOR DATA DECKS
NORMAL MONITDAR INPUT UNIT NUMBEL (02 AT LRL!

NMUMBER (JF REGULAR NODES IN SYSTEM

INDICATES A *DECKS CARD HAS BEEN READ INs IF 1, AND
UNUSED 0ATA DECAS ARE TD BE SAVED

NUMAER OF BLPCK ITEMS TJ BE GEMERATED [N ACCITION TT
THE [TEM DESCRIBED

INDICATES PROBLEM TQ ENO WHEN TIME SYEP [S COMPLETE

TOTAL NUMBER OF TABLES IN INPUT DATA

NODE TYPEy, REGULAR (O}s SURFACE {Ll)e ZERC—VOLUME {24,
KS=] SPECIAL {31, K5=0 CONVERTED TN SPECIAL (4) "R
XSPEC = ]| GCONVERYED TO SPECIAL {%)

INITIAL NOOE TYPE. SEE NTYPEIN)

MUMBER OF A NOOE FOR WHICH PS1. PHEIWDOPS!, SUMTIM WILL
BE WRITTEN DN QUTPUT EVWERY TIME STEP, THIS [S IN APDI-
TION TO THE DATA WRITTEN QUT FOR ALL WMDDES AT {NTZR-
VALS COMNTROLLED BY IPRINT AND TiMEP

INPUT VALUE OF NU™

AVERAGE NUMBER QF ITERATIONS PER CYCLE

MAXTHUM ALLOWABLE NUMRER OF ITERATIONS CF THE 4ASS
BALANCE EQUATIOQNS FOR INTERCOMNECTED SPEC IAL MNMODES{RD)

NUMBER DF [TERATINWS COMPLETED REFGRE LCOMVERGEMCE, wWILL
CAUSE NKEXT TIME STEP 7D BE REDUCED EF HDRE THAM 40

TOTAL NMUMBER OF [ TERATIONS USED IN PRCALEY

MAXIMiM NUMBER OF [TERATIONS USED IN AMY TINE STEP

TEUPCRARY VARIABLE FOR Nytx

NUMRER DF MATERIALS WITH VARTABLE FLUID MASS CAPACITY

NUMBER OFf MATERIALS WITH TABULATED VAL UES OF 41

NUMBER CF MNOQES WITHM VARTABLE FLUID GENEFATION

NUMRER NF NODES WITH VARTABLE SURFACE CONDUCTANCE

NUUMBER OF NODES WITH VARIABLE PERMEABILITY

NUMBER OF BOUNDARY NDOES WI{TH VARIAALE PCTENTI AL

TEMPORARY VALUE OF MNEWBLIN), DUTPUT LINE COUNTER

INPUT NUMBER HSUREIN), PPHI(N} IN BRCD FORM
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NX2{NI
NX3TNE
NX 4 N3
NX X NY

NZ

MLy ¥2sN3
GLDV QL
oLovoL
PCINt
PCH{ N)
PCONE
PCONE

PL ONE
PCONE

PLX

D)

PD
PHIBL.J N}
PHIB(Ll 4N}
PHIB (2 +NI
4IRS
PHIMAX
PHIMAX
PHEYAX
PHIMIN
PHININ
PHIMEN
PHIDNE
PHIONE
PH I DNE
PHIX

PIX

PIX

PLUMP
PLUMp
PLUMP
PORS

POUT

POUT

PIUT

PaOLT

PPHE (N)
PSTNI
PSIAD
PSIATR(N]
PSIER
PSIZR
PSILE
PSIBINY
PSI3S{ND
PS IMAX
PSI%AX
PSIMAXL
PSIMIOC( 2+ N}
FSIMIDC §d 4N}
PSIVARC LI+ NI
PSIVARC{Js N
PSIVARK({.J, N}
PSIVARK{J N}
QOVERH
QDVEIH
QOVERH

INPUT NUMBER GGI(NI [N BCD FO2M
INPUT KUMBER PCI{NL IN BCD FORM
INPUT NUMBER 53G (N} IN BCD FORM
& BCLC NUMBER TD BE TESTED FODR A DECIMAL PT, IN PITCH
INDICATES NADL1 ,NADZ ARE TO RE MULT [PLIED BY 10#wNy
YTEMPORARY VALUES OF VARIJUS INTEGERS
VOLUME [OF NODE UNDER CONS IDERATION AT THE EMND DF LAST
COMPLETED T{ME STEP
PRECONSDL TDAT ION STRESS OF NQDE IN).
PCANY EXPRESSED IN EQUIVALENT COLUMN QF FLUID
CONSTANT PRECOMSOLIDATION STRESS ASSIGNED TC ALL NMMFS
IN ANY BLOCK & READ IN AFTER BLOCK L, AND SUBSTITUTED
FOR ANY UNSPECIFIED PCIN) IN ANY BLICK 10 READ IN AFTER
BLOCK 1.
TEMPORARY VALUE OF PC{N} N INPUT DATA BLOCK 10.
OIMENSIONLESS PRESSURE, CONVENTIOLALLY USED N
PETROLEUM LITERATURE, PD = PLUMP & DRAWDOWN
FLUID POTENTIAL OF NODBI(N) AT TIMEB(J.N}
AVERAGE VALUE OF PHBINI, IF LTABTIN} IS5 100
AMPLITUDE OF VARIATION DOF PHB(NY, IF LTABTINI IS 100
AVERAGE VALUE OF ROUNDARY NOOE POTENT IAL DURING TIuggt=o
MAXEMUM ALLOWABLE POTENTIAL. REPLACED WwITH 1.0 Fl2
IF NOY LARGER THAM PHI[MIMN. PROBLEM TERMINATES [F
SIMA X1 BECOMES LARGER THAN PHIMAX
MINTMUM ALLOWNARLE PDTENT{AL., REPLACFD WiTH -1,0FL2
[F NOT LESS THAN PHIMAX, PROBLEM TERMINATES I[F
SIMIN]1 FALLS BELDW PHIMIN
INITIAL FHUID POTENTIAL ASSIGNED TO ALL MODES [N ANY
BLOCK 4 READ IN AFTER 8L0CK L,AND SUBSTITUTED FCR UY-
SPECIFIED PPHIIN) IN ANY BLOCX 9 READ IN AFTER 2LNCK 1
TEMPORARY VALUE QOF PPHI({N)
NUMBER OF TIME STEPS ESTIMATED TO REMAIM BEFCRE T [wAX
REACKES AN INTEGRAL MULTIPLE QF TImEp
THE CONSTANT PORTIOMN OF PO FOR A GIVEMN PRQOBLEW,
PLUMP TIMES DRAWDDWN EQUALS PD, PLUMP =
(2., 3,.14153 = CON » RHD *= GEE}/[QO¥FERH *= Vv[S5C)
PORGCSITY
FLOAT ING POINT VALUE GIVEN & 8C0 NUMAER MNXXx IN CPATCH.
USETD FOR SETTING INITIAL VALUES -~ PPEHIIN},y GGIN!s
MSURE(NY TO EITHER [NPUT VALUES IN BLOCKS 6,10
OR DEFAULT VALUES IN BLOCK 1.
INETIAL PUTENTIAL IN NOTE {N). BLANK = PHIONE
PRESSURE HEAD IN MODE(N). EQUALS PHTI{NI=Z{N}
AVERAGE PRESSURE HEAD OF SYSTEM, CONSTANT CAP{N}
PRESSURE HWEAD AT AIR ENTRY VALUE
CHANGE IN AVERAGE PRESSURE HFAD OF SYSTEM DUE T NET
SURFACE FLUX
CHANGE [N AVERAGE PRESSURE HEAD DUE TN FLUID GENERATIONM
POAESSURE HEAD AT NODBI{w}
AVERAGE VALUE OF PSIA{N) DURING A TIME STEP
MAXTMUM A| LOWABLE PRESSURE HEAD. REPLACED w!TH t.2E12
IF NOT LARGER THAN PSIMEN.
MAXIMUM PRESSURE HFEAD [N SYSTEM AT SUMTIM
MEDI AN VALUE OF PRESSURE AT WHICH SPECIFIC MO[STURE
CAPACITY (OF A MATERIAL WITH KUMBER MAT{M) IS EJALUATF?,
VALUE OF PRESSUREHEAD PSIT AT WHICH SATURATICN #HAS
A VALUE CF SW{JsN} 0OR SD{J4N)
VALUE OF PRESSURE HEAD PSI AT WHICH PERMEABILITY HAS
A VYALUE OF CONTD{J+N} OR CONTW{ JeN}
VOLUMETRIC FLOW RATE FROM WELL PER PNIT AQU IFER
THICKNESS,USED FOR GENERATING DIMENSINNLESS VARTABRLFES,
USED ONLY [F BLOCX1O IS USED
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RATG VALUE OF STIVARY/ZDHEAD IN TIME STEP QELTG

R{N} RADIUS TQ NTH NODE IN AN AXISYMYETRIL SYSTEM, USED
FOR CCMPUTING DIMENSICONL£SS TIME

RATLIO RATID OF DELT TD 2ELTS, BEFORE RESTRICTING [DELT TO

RATIC LIMITS SMALL AND DELT%X, RATIQ IS SET EQUAL T0O

RATID SIVARY/MAXLF(DHEAD,DSIMAX), RESTRICTELD TO THE

RATIC RANGE FROM 3.5 T3 2.0

RATL VALUE OF SIVARY/DHEAD IN TIME STEP DELTS

RAT2 VALDE DOF SIVARY/DHTAD IN TIME STEP DEL TSS

RO RELATIVE DENSITY OR SPECIFIC GRAVITY NF THE O0OVER-

RD MATERTAL, DEFINED AS THE PRATIOQ DF THE AVERAGE

AD UNIT WEIGHT OF THE OVERBURDEN MATCRIAL 1O 1THE

RD UNIT WEIGHT OF wWAVER

AQELT = {DELT + DELTSY / (DELTS & NELTSS)

RH O{ N} DENS ITY OF FLUID IN THE N TH VOLUME ELEMENT

RHOMEAN HEAN DENSITY OF FLUID AT THE INTERFACE BETWEEM

RHOMEAN TWwl YOLUME ELEMENTS

RHOZ REFERENCE DENSI{TY DOF THE FLUID AT REFERENCE PRESSURE,

RHOZ USUALLY ATMOSPHERIC

S{ N} SATURAT IONAT NDDE N

SAVG AVERAGE VALUE OF SATURATION QOVER A TIME STEP DELT

SAVG USED [N ESTIMATING CAP{N)

SCALE LINEAR SCALE FACTIR USED IN CALCULATING ALL LENGTHS.

SCALE AREAS, AND VOLUMES FDA BLNDCKS 4, 5, AND &, SET TN

SCALE ! [F MEGATIVE, ZERD, DR UNSPECIFIED 1IN ALOCK L

SO et} JTH YALUE OF SATURATLON ON THE DRY ING CURVE FOR THE

SDtJI N} NTH MATER JAL

SET TIME CR HEAD FOR TABLE LOOK-UP

SLIMIN} MAXIMUM STABLE TIME STEP FOR A REGULAR NDDE{NI,

SL IM(N Y = CAB(N}/LIPIMI

SLOC (JaH) SLOPE BETWEEN ENTRIES J AND J-1 {N CAPTI[J,N} TABLE

SLAZ2CJe N SLIPE BETWEEN J ANO J-1 ENTRIES [M THE CRYING CURVF
SLOCHI{J+N}t SLOPE BRETWEEN THE J AND J-1 ENTRIES [N THE CHI TABLE
SLOCHLU{J N} OF THS N TH MATERLAL

SLOCH (JeN) SLIPZ QETWEEN J AND 4-) ENTRIES IN THE WETTING CURVE
SLOCHW (J.N} TABLE FCR THE N TH MATERIAL

SLACIL I NI TABLE FOR THE N TH MATER [AL.

SLOG {J e N S5L0PE BETWEEN ENTRIES J AND J=-1 IN GT{J.N) TABLE
SLOHCJ e+ N} SLCPE BETWEEM ENTRIES J AND J-1 IN HSURTI{J«N} TA3LE
SLIKLJ N} SLOPE BE TWEEN ENTRIES J AND J~1 IN COMT{JsN} TABLE
SLOX DI Je N} SLOPE BETWEEN J AND J~1 ENTRIES [N THE DRYING»
SLOLDY Ja4N) PERNEABILITY VERSUS PRESSURE HEAD TABLE OF N TH MATER [AL
SLOKWI J+N] SLOPE BETWEEN J AND J=1 ENTRIES IN THE WETTING,

SLOK A J« NI PERYEABILITY VERSUS PRESSURE HEAD TABLE OF TH4E
SLOKwi J,N) N TH MATERIAL

SLOPS RATIOD OF MAXIMUM RATES OF HEAD CHANGE IN TIME STEPS
sLars GELTS AND DELTSS. = (RATI = QELTS)IFI{RAT2 =*x DELTSS)
SLIT {deN} SLCPE BETWEEN ENTRIES J AND J—1 IN PHIB{JsN} TARLE
SHALL MINIMUM AL LOWABLE TIME STEP, BLANK = 1.,E-17, LATER
SMAL L REPLACED w!TH 0.01=DELTMX, AS LONG AS AT LEAST 1/4%
SMALL OF THE NDOES ARE REGULAR NOUDES.

SMALT INPUT VALUE OF SMALL OR 1.0 E-12, WHICHEYER LARGER
SPEED ACCELFRATION PARAMETER FOR PDINT [TERATIVE SCHEME, = )}.2
SRIN) RESIDUAL SATURATION OF NTH MATERIAL

SS(N) SPECIFIC STORAGE COEFF{CIENT OF THE NTH MaTERIAL
STRATE TIME RATE OF vOLUMETRIZ STRAIN ESPRESSED AS A

STRATE PERCENTAGE. STRATE = 100,% EPSINCR/DELTS

SUMTIH TOTAL PROBLEM TIME, STARTEING AT TAU., LIMIT 1S TImaX,
Swid N JTH VALUE OF SATURATION ON THE WETTING CURVWE FNR THE
SWlJ.Nj NTH WMATER IAL

TAU INITIAL vALUE OF PRODOBLEM TIME

o DIMENSTCNLESS TIME FREQUESTLY USED IN THE RETRNLEYUM
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L))

TD

TIM

TIv

TiMax
TIMA X
TIMAX
TIMEBC Jo N}
TIMEBI LeN }
TIMEBIZ ¢N)
TIMEP
TIMEP
TIMEP
TIMEP
TRAN(N)
TLUM P
TLUwP
TLUNP
TLup
TRANS{ N}
TRANS{N}
TVARG{ L¢N)
TYARGELeN}
TVARGE J o N}
TYATH{JsNI
vLOST

VOLL N}

VoL {N)
VOLMS

VOLS
VSOLIDIN)
Wi N

WiN)

WMS

XF

XF

Xl

X2

13

X8

Z{ M)
ZTPLNY
LIPLNY
ZIPIN)}

LI TERATURE.
SSUNTIH
REMAINING TIHME RETWEEN SUMTIM AND NEXT RIGHER INTEG-
ER MULTIPLE OF TEIMEP FOR WHICH PRINTOUT PROTUCED

MAXIMUM YALUE OF PROBLEw TIME, I[F <0, PROBLEM
WILL END AFTER FIAST TIME STEP, [IF UNSPECIFIED
IT IS NOT USED.
TIME AT WHICH NODBI{NI [S AT PHIAQCJ,N}
SINE WAVE PERIOD JF PHAINY, [F LTABT{N} [S 100
SINE WAYE ADVANCE TIWE JIF PHB{NJ)s IT LTABTIN} [S 100
PROBLEM TIME INTERVAL QETWEEN DATA DATA OUTPUT IN
ADOTITON TO DUYPUT ON FIRST, SECOND, AND LAST TIME
STEP, AND IN ACDITION TO OUTPUT COMTRCLLED BY
VIPRINT', [F <= 0, IT IS5 NOT USED.
CONDUGCTANCE BETWEEN NODE{N) AND NOD2{N}
THE CCNSTANT PORTION OF TD FOR A GIVEN PROBLEM,
TD = TLUMP * [SUMTIM/R{NI®®2} FQR & GIVEN MNCDE N
ORe TD = TLUMP &{SUMT [H/XF%%2} FOR A WFLL
[NTERCEPTING A FRACTURE OF LENGTH {ORsRADIUST XF,
CONCUCTANCE BETWEEN NODSL{N) AND NODSB(N)
=AREAS{ M) ™SUREIN}
HALF=LIFE OF GENERATION RATE [N NODG{(N} WHEN
LTABG(N) IS -1, 0« DR ¢l
HEAD CR TIME AT WHICH NODGIN} HAS GTIJ M)
HEAD OR TINE AT WHICH NODSUNY HAS HSURT{J N}
TOTAL VOLUME CHANGE OVER THE ENTIRE FLOW REGION
VOLUME OF NODE{N} BASED ON INPUT IN BLOCKS 1 AND &,
= {GEOMMDWIDEXDLONG*DRAD S+ SYM}# SCALE ®x}
TOTAL VOLUME OF A MATERIAL
TOTAL VOLUME DF SYSTEM
YOLUME GF SCLIDS IN ELEMENT N
QUANTITY OF FLUID CONTAIMED IN EXCLUSIVE
4S5S0CIATED WITH NODE (N)
TOTAL FiLUID MASS CONTENT OF & MATERIAL
LENGTH OF VERTICAL FRACTURE Jr RADIUS CF
FRACTURE. JSED IN CALZULATING TO
TEMPORARY VARIABLE IN THERM: X CDORDINATE
TEMPORARY VARIABLE IN THERM: Y COORQINATE
TEMPORARY VARIABLE [N THERM: I CNORDINATE
TEMPORARY YARIABLE
ELEVATION OF NODE N ABOQVE DATUM
QVERALL CONDUCTANCE FOR NODE{N}, =SUM OF CONDUCTANCES
OF ALL INTERNAL ANO EXTERNAL FLUID CONNECTIONS TO
NODE{N). =CAPT{N}®VOLIN)/SLIM(NI

TD = {CON * RHO =GEE/VISC*SS*RADIUS%%x2)

SU800MAIM

HOR[ZONT AL

{N TALLY
IN TALLY
IN TALLY

10.3.4 TRUST Subroutines

FINK

GEN

PATCH

Subroutine of TRUST for
Uses data from BLOCK 5.
Skipped if NOCON = 0.

Subroutine of TRUST for internal flow generation.

Subroutine of TRUST to convert a number from BCD to floating
point if it contains a decimal point, or substituting a

specified floating point number.
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flow between nodes by conduction.
Treats all nodes as regular nodes.

Uses data
from BLOCKS 1, 8, and 9 (optional, skipped if NOGEN = Q}.



REFER

SEEK1

SEEK2

SPECK

SURE

TALLY

TALLY1

THERM

TRUST

Subroutine of TRUST to find array subscripts of materials,
nodes, or boundary nodes referred to by identification
number in another data block, and to write out diagnostic
statements whenever one cannot be found.

Subroutine of TRUST for finding an identification number
of a material, node, or boundary node in a block item 1list.

Subroutine of TRUST for finding the identification numbers
of a pair of nodes in a block item Tist.

Subroutine of TRUST for flow between special nodes

and other nodes or boundary nodes. Iterates to solve set
of implicit difference equations when special nodes are
connected to each other. Skipped if NOSPEC = 0.

Subroutine of TRUST for flow between surface nodes, or
boundary nodes. Uses data from BLOCKS 6 and 7. Treats

all surface nodes as regular nodes. See SPECK. ({Optional,
skipped if M6 or M7 is zero). Skipped if NOSCON = Q.

Subroutine of TRUST for initialization, totaling and
checking results, finding new DELTMX and DELT, converting
regular to special nodes, testing for ending the problem.
Uses data from BLOCKS 1 and 9.

Entry point in TALLY for punching BLOCK 9 cards or writing
to a file,

Subroutine of TRUST for material properties and node
descriptions. Uses data from BLOCKS 2 and 4.

A computer program for transient and steady state potential
distributions in multidimensional systems with conduction,
flow generation, and variable properties and boundary
conditions. Also for reading in TRUST control cards,
problem name cards, block number cards, data end cards,

and making subroutine calls for data input and time step
calculations. Controls problem interruption and restart.
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