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SUMf\ARY 

The computer code, TRUST. provides a versatile tool to solve a wide spec­

trum of fluid flow problems arising in variably saturated deformable 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 TRUNP code written by 

A. L. Edwards. The code uses an integrated finite difference algorithm for 
numerically solving the governing equation. Narching 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 nonlinear 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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l. 1 GENERAL 

TRUST: A COMPUTER PROGRAM FOR VARIABLY SATURATED 
FLOW IN MULTIDIMENSIONAL, DEFORMABLE MEDIA 

1.0 INTRODUCTION 

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 all 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 1 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 last 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 gradually 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 wetting 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 \v"etting 

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 example, 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, 1g76, as 
an overall measure of the degree of numerical difficulty associated with par­

ticular problems to be solved. 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 
Mill 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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TRU~IP code for therma 1 mode 1 i ng. The TRUMP mode 1 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 list 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 desaturation; simulation of drainage and infiltra­
tion in variably saturated columns, ditches and sand boxes; slug tests, constant 

rate or constant drawdown well-tests in porous media with single or multiple­
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 versatility 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. 

the TRUST 
In addition, the organization of the input of the geometric data in 

approach is such that the algorithm does 
two-, or three-dimensional 

not intrinsically differ­
problem. In a sense this entiate 

enables 
between a one-, 
one to have the invariant physics in foc•Js while using TRUST. 

For the aforesaid reasons, it is 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; 

Jr: keg v(z + ~l • 11 dr 

rt 

( l. l) 

in which Gt is the rate of fluid production from element t bounded by the 
closed surface rt; Pis the density of the fluid at the surface segment dr, 
k is the mean value of permeability at df; g is acceleration due to gravity; 

~ is coefficient of viscosity; z is elevation, ~ is pressure head; ~ is unit 

outer normal to df; Mc,t is the fluid mass capacity of the element t, 0/Dt is 

total derivative and ~t is the mean fluid pressure head over element L In 
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Equation (1.1) k and M "are both c,, 
element £ is partially saturated. 

tion (1. 1) is to be treated as the 
tive permeability. 

functions of~. and especially so if the 

In partially saturated systems, kin Equa­

product of absolute permeability and rela-

The partial differential equation equivalent to Equation (1. l) is a gen­
eralization of Richards Equation (Richards, 1931) and may be written as: 

9 + v = m !& 
c Dt ( 1. 2) 

which is obtained by normalizing Equation (1. 1) with reference to the bulk 

volume V£ of element£ and letting the maximum dimension of v2 to tend, in the 
limit, to zero. In Equation (1.2) 9 is the fluid generation rate per unit 

volume of the elemental subdomain and me is specific fluid mass capacity 

(= Mc,£/V1). 

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, Me t and me incorporate deformation of the porous medium 
' 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 or 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 1 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 
6t, it is necessary to solve simultaneous equations only for the isolated groups 
of elements with time constants less than 6t. In other words, the large matrix 
of the entire flow region is partitioned into one or more submatrices for pur­

poses of matrix solution, leading 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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2.0 USE OF TRUST 

2.1 GENERAL 

Use of TRUST to solve problems 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 7luid production and transport, the questions to be answered, and the 
required accuracy. 

2. Development of calculational model: Simplifying, if required, the prob­

lem 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 fluid 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. 

3. Preparation of input data; punching items for each data block on cards, 

organizing data blocks into data decks, stacking data decks for multiple­
problem computer runs, addition of any necessary TRUST control cards. 

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

5. Evaluation of calculation results: checking input data; checking output 
data; determining cause of any errors; dumps, or unexpected results; 
checking final results for accuracy and consistency; determining require­
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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G + J kp 9 
p _w_ V(z 
w " r 

• ~ l . ndr ( 2. 1 ) 

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 ow' 
V, nand S are functions only of w. then e = nS. G is a source term. 

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

d M ~ - (p VnS) 
c d~ w 

( 2. 2) 

Parameter Me 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 an 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 W is not rapid, and let the average properties of 
this volume element be associated with a representative nodal point £. Further­
more, let the volume element be so chosen that the lines 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~ 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 

(2.3) 
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FIGURE 2.1. Volume Element Associated with Nodal Point t 

Note that the quantity within the summation sign in (2.3) represents the flux 
rate across the interface between ~lements t and m. The quantities k and pw 
in (2 .3) are therefore to be evaluated at the interface ro between the elements. N,m 
When there is material heterogeneity and elements· t and m a~e composed of dif-
ferent materials, a harmonic mean permeability (Edwards 1968; Narasimhan 1975) 
is used in order to preserve continuity of flux at the interface. Thus 

(2.4) 

and 

The harmonic mean value is especially appropriate when there is a step-wise 
change in k at the interface. For convenience, the conductance of the interface 
between element t and m is defined by 
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I 

u = p t ,m w, t ,m (2.6) 

Physically, ut,m denotes the rate of flux across the interface t , m due to a 
unit difference between (zm + ~m) and (zt + ~t). 

In the li ght of (2.6), (2.3) becomes 

Gl. + ~ Ul.,m ((zm + .Pm) - (z l. + .Pg_ l] = Mc, l. 
6

:~ (2. 7) 

Assuming zm and zt to be constants during 6t, if we let ~m = ~mo and 
~t = ~to in (2.7), where the superscript 0 denotes the known initial values 
at the beginning of the interval 6t, we obtain 

(2.8) 

In (2.8) all the quantities are known except 6~9 . Equation (2.8) is hence 
explicit, and 6~t can be computed by the simple relation 

For an el ement t whose boundary surface may partly coincide with portions 
·of the boundary of the overall flow region, (2.9) could be generalized as 

(2.10) 

where the subscript b denotes boundary values. 
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Despite its simplicity, the explicit equation is limited to small time 
steps, since the solution of (2. 10) can become unstable with time if 6t exceeds 
a critical value. The phenomenon of stability, however, is local in nature 
(Richtmeyer and Morton 1967). On the basis of physical considerations 
(Dusinberre 1961; Narasimhan 1975) or an analysis of error propagation 
(O'Brien et al. 1951; Evans et al. 1954) it can be shown that the time step 
which is critical to instability of the solution in the vicinity of element t 

is given by 

(2.11) 

In order to be able to progress rapidly in the time domain using conven­
iently large time steps we seek to write (2.7) in an implicit form by letting 
~m and ~i to be appropriate averages over 6t. Thus, 

~ = ~ 0 + A6~ (2.12) m m m 

~· = ~~o + A6~~ 0 <A< 1 (2. 13) 

and obtain 

(2. 14) 

Note that for A= 0, (2.14) reduces to (2.10). The three cases, A= 0, 
A= 0.5, and A= 1.0, are known as forward differencing, central differencing, 
and backward differencing procedures, respectively. 
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By collecting similar terms, ~~R can be split up into an explicit and an 
implicit component. Thus from (2. 14) and (2.10), 

(2.15) 

The local nature of stability and the form of (2.15) suggest that in order to 
carry out the solution process over the whole flow domain, one could first 
compute ~~t,exp for all the nodal points in the flow region and compute the 
implicit correction only for those elements whose stability limit is exceeded 
by ~ t. 

2.2.1.3 Fluid Mass Capacity 

Each term of the fluid mass capacity, Me, (Equation 2.2), is evaluated 
as follows: 

(1) Equation of State. The dependence of Pw on fluid pressure pis 
given by 

where, 

p = density of water at atmospheric pressure wo 
~ = pore water pressure head 
~ = coeffici ent of compressibility of water 

Differentiati ng (2 .16) we obtain 

dpw 
VnS d~ = VnSpwpw0 Sg = VseSpwpw0Sg 

(2 .16) 

(2. 17) 

(2) Deformation of Soil Skeleton. In one-dimensional consolidation theory, 

effective stress at a point is defined by the relation 

cr • = cr - Y w~ • (2.18) 
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Between saturated soils, in which capillary and mechanical stresses may 
be fully equivalent, and extremely dry soils, in which capillary and mechanical 
stresses have no equivalence, lie partially saturated soils of moderate to 
high saturation, in which moisture suction is only partly convertible to mechan­
ical stress. To accommodate this situation, a modified form of (2.18) has been 
proposed by Bishop (1960) and by McMurdie and Day (1960): 

a ' = a - XY w1P 0 ~ X 2,. 1 (2.19) 

Parameter x has been empirically determined for some compacted soils and has 
a strong nonlinear relation to saturation. Thus x = x(S). 

If we assume a to be constant, (2. 19) yields 

do'/dlji =- y x' w (2.20) 

in which x' = (x + ljJ dx/dlji). In the light of (2.20), the second term becomes 

( 2. 21 ) 

The slope of the e versus o' curve as in Figure 2.2A at any point of 
interest is called the coefficient of compressibility av defined by 

av = -de/do' (2.22) 

in which the negative sign accounts for the fact that e decreases with increas­
ing o'. Moreover, because of the nonlinear relationship between e and o', av 
itself is a function of o'. 

Closely related to av is the empirical parameter, volumetric compressibility: 

m = -£ /!::.a' v v (2.23) 
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FIGURE 2.2. Variation of Void Ratio in Relation to Effective Stress. 
(A) Cartesian plot . (B) Semi-Log Plot. (Unpublished 
data from W. N. Houston, University of California, 
Berkeley 1974). 

where £v is the volumetric strain given by 6V/V
0

. The quantities av and mv 
are related by 

Analysis of a large number of uniaxial test data indicates that a plot of 
e versus logo' is approximately a straight line (Figure 2.28). The slope of 
the best-fitting straight line is called the "compression index" Cc in the case 
of the virgin curve and the "swelling index" C in the case of the rebound curve. s 
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Using the chain rule of differentiation, we find that 

= de do' d(ln o'~ = 
-do' d(ln o') d(1og10 o ) 2.303o'av (2.25) 

or 

(2.26) 

In the present model, the time effects are ignored and e is treated as a function 
of o ' only. Combining (2.21) and (2.22), we get 

Or, making use of (2.26), we have 

S d(Vn) 
Pw di/J 

(2. 27) 

(2.28) 

3. Desaturation of Pores. The dependence of S on 1/J for 1/J < 0 is not 
unique but is characterized by a multiple-valued hysteresis relationship as 
shown in Figure 2.3. 

Consider a saturated soil with 1/J = 0 and apply suction. The soil does 
not physically desaturate until the applied suction exceeds a critical "air 
entry" value 1/JA. In the range 1/JA < 1/J < 0 the soil remains saturated but has 
a negative pore pressure. The capillary fringe in natural soils coincides 
with this range in the values of 1/J. 
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Once the threshold air entry value is reached, the S versus ~ relation 
follows the drying curve. If at any point in the drying curve the process is 

reversed, a hysteresis effect as shown by the scanning curve in Figure 2.3 
results. The drying and the wetting curves form the boundaries of the hysteresis 

loop, within which the position of the scanning curve depends on the saturation 
history. 

The slope of the drying, wetting, or scanning curve at any point of interest 
may be called the .. specific saturation capacity .. a·nd is a measure of the ability 
of the soil to absorb or release water from storage due to saturation changes. 
If porosity is assumed constant, as is customary in soil physics literature, 
then 

n dS = d(nS) = de = c 
d~ d~ d~ 

(2.29) 

It is obvious from Figure 2.3 that dS/d~ and d8/d~ are strong multiple-valued 
functions of ~ - Substituting (2.29) into the last term on the right-hand side 
of (2.2) and recognizing that Vn = Vse, we see that 
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(2.30) 

(4) Final Expression for Me. We obtain a final expression for Me by 
substituting (2. 17), (2.27), and (2.30) into (2.2): 

(2.31) 

Or using (2.28), we can use Cc instead of av and write 

(2.32) 

Note that in (2.31) and .(2.32) the quantities pw, S, and e are all func­
tions of~ and change continuously with time. The parameter x' and x '(S) is 
also a function of ~ , since S is related to ~ . 

2.3 A BRIEF OUTLINE OF THE ALGORITHM 

The TRUST algorithm, derived from the TRUMP code developed by Edwards 
(1968; 1972) essentially consists in solving, either explicitly or implicitly, 
Equation (2.15) to obtain 6~1 , where t = 1, 2, 3, .. . L, denotes each volume 
element for which 6~1 has to be computed. The algorithm has two unique fea­
tures, both of which were originated by Edwards. These are: 

a) To first compute 6~n P for all nodes using Equation (2.9) and then }l., ,ex -
to evaluate the extra term on the right-hand side of Equation (2. 15) 
only for those t for which the chosen 6t exceeds the stable time-step 

6~t ,stab· The philosphical impact of this is that in complex, heterogene­
ous systems it is possible to have isolated small regions undergoing rapid 
Ghanges in potential separated by regions of relatively sluggish changes 
in potentials. In such a case, the coupling between the fast-reacting 
i solated regions is quite weak and one can conveniently decouple them 
during any given time-step. From a computational point of view, the 
large matrix of the entire system is partitioned into several smaller 
submatrices. 
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b) The parameter A is calculated for each time-step depending on the 
of the system. In general, 0.57 ~A~ 1.0. This provides for improved 
time-integration of quantities. 

The algorithms employs a quasi-linearization approach to handling time-
or ~-dependent quantities, such as k, Me' and G~ and an accelerated Point-Jacobi­
type iteration scheme, for solving the set of implicit equations. 

While the iterative scheme is ideally suited for three-dimensional prob­
lems which may preclude the use of direct solvers for solutions due to large 
band-widths, the quasi-linearized, iterative solution may lead to failure of 
convergence or undesirably small time-steps when non-linearities are pronounced. 
Such is indeed the case with infiltration problems involving sharp fronts. 

This troublesome aspect of the current version of TRUST can be reduced 
by using a direct solver instead of the iterative solver whenever possible. 
A direct solver especially suited for this is the package 11MA28 11

, developed by 
Duff (1977) from Harwell in England. This package has a special feature of 
permuting the rows and columns of the conductance matrix, which is ideally 
suited for partitioning the matrix in the manner already described. 

A second possibility to increase the time-step size for severely non­
linear problems is to use the Newton-Raphson scheme or a similar procedure to 
iterate on the non-linearities. 
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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 limit 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 lines joining the nodal points of connected nodes are 

perpendicularly bisected by the connected area. In steady 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 limits for various versions of TRUST are summarized 

in Table 3.1. These limits can be changed relatively easily by changing the 

array sizes. 

TABLE 3.1. Problem Size Limits 

Item 

Materials 

Fluid Properties 

Nodes 

Internal Connections 

External Connections 

Boundary Nodes 

Fluid Generation Tables 
Initial Conditions 
Table Lengths 

Data Block 

2 

3 

4 

5 

6 

7 

8 

9 

2,6,7,8 

Size-Limit 
Parameter 

M2 

M3 

M4 

M5 

M6 
My 

Ms 
M4 
Mg 

Size 
Limit 

l 0 

1 

300 

600 

20 

20 

l DO 
300 

100 

The criteria for ending the calculation must be determined, and may include 

pressures falling outside a specified range, time reaching a specified limit, 

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 
the calculation are in the range from 10-lO to 1012 , except for the first time 

step, which is always lo- 12 . 

Typical units are given for many quailtities in this report, to clarify 

use of the quanitites. Output quantities appearing on printouts the meaning or 

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 1 imitation 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 incremental increase in radius dr (ORAD). Such sequences 
can be specified wit~ only one card, or two cards when dr is incremented, if 

the nodes involved are numbered in an arithmetic sequence. When dr 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 normally. 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 (ORAD), 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 10 
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 l, 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 l. 
All linear dimensions specified in BLOCKs 4, 5, 6, and 10 will be multiplied 

by Sd' so that areas will scale as S~ and volumes as S~. 

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 l with the desired values of Kd and Sd 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). In addition, two additional parameters XF and QOVERH 

can be used if dimensionless quantities such as t 0 and P0 are to be printed out 
for flow of water to wells in aquifers 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~- 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 (AV or CC) and the desaturability of the medium (through a table a 
saturation versus :f) 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 1fi relation and S versus ;J.J relation 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 N
0 

(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 11 Specia1 11 by specifying a non-zero value of Ks (KS) 
(see Section 3.12). 

Three dimensional factors, dt (DLDNG), dw (DWIDE), and dr (ORAD), must be 
specified in input data BLOCK 4 for nodes with finite volume. The volume of 
the node will be calculated as follows: 

( 3. l ) 

where o: is 1, 2n, or 4TI, and Sis l, 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 location 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: 

( 3. 2) 

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 KO is l and the flow is two­
dimensional or one-dimensional, either one or two, respectively, of the BLOCK 4 
dimensional factors d£, 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 8 (angle measured in radians), is as follows: 

6V = r6r 6z 68 (3.3) 
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For a finite-volume element, or node, this becomes: 

or 

where 

If KD is 2, the BLOCK 4 dimensional factors may conveniently be 

specified as follows: 

where 

1/(2n) = 0.15915494. 

( 3. 4) 

( 3. 5) 

(3.6) 

(3.6) 

If e extend from 0 to 2TI, d~ becomes (z 2 
dimensional radial flow, the axial length (z 2 
l, so that d~ is l. 

z1). In the case of one­

z1) may arbitrarily be made 

3.6.4 Bodies of Revolution 

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

~v = r M 68 ( 3. 7) 

3.7 



where r is the radius of area /J.A from the axis of revolution. For a finite 

volume element, or node, this becomes: 

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: 

where 

l/2(n) "0.15915494. 

If the body o·f revolution is complete, i.e., 8 extends from 0 to 2TI, 

then d£ becomes L2. 

3.6.5 Spherical Coordinates 

( 3. 9) 

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 8 (measured in radians) and angle from the positive z 
axis¢ (also measured in radians), is as follows: 

(3.10) 

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

(3.11) 
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or 

(3.12) 

where 

-
r=rav{l (3.13) 

(3.14) 

(3.15) 

(3.16) 

If (r2 - r1) is less than rav/6, rav may be substituted for r with an 
error of less than 0.1%. If (~2 - ~ 1 ) is less than 0.15 radian (8.6°), ~av 
may be substituted for~ with an error of less than 0.1%. For a solid sperical 

zone of inner radius zero and outer radius r2, r reduces to rav/11, or 

0.57735 rav· 

If KD is 3, the BLOCK 4 dimensional factors may conveniently be specified 
as fallows: 

or 

d = 
r 
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(3.20) 

The expressions for dt are considerably simplified if 8 extends from 0 to 2n, 

or if¢ extends from 0 ton. If the node is a complete spherical shell, dt 
is l. 

3.7 INTERNAL FLUID GENERATION 

Each node in the system may have a fluid-generation rate Gn (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 G0 n (GT) with a half life t (TVARG). Variable fluid-
' g,n 

generation rates are specified in BLOCK 8 of the data deck. An average fluid-

generation rate, ~n' is used for each time step ~t. 

In the case of exponential decay, Gn is exactly 

Gn = G e-yt (1 e-y6t)fy6t, 
o,n 

( 3. 21 ) 

where y = tn 2/t . For small values of y6t(<l0- 5), the following equation g,n 
is used: 

" -yt un = 6o,n e (1 - yllt/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 
1 imit 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 ~0 (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. l Internal Connections 

(1) General. Each internal connection between nodes must be described 

in input data BLOCK 5 by specifying the two node numbers Ni (NODl) and Nj (NOD2), 
two connector lengths d" (DELl) and d "(DEL2), and two interface dimensional 

/<. ,m m,x-
factors d~ (OLONG) and dr (ORAD). 

The conductance of the connection Un (TRAN, typical units; kg/m-sec) 
~.m 

is calculated as follows: 

where 

and 

r d ds 52 
t,m = a t r d 

r 
~.m (3.23) 

( 3. 24) 

(3.25) 

(3.26) 

In Equation (3.23), k£ and ~are the intrinsic permeabilities of nodes 
£ and m during a time step. 
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In Equation (3.24), a is l, 2n, or 4n, and Sis l, l, or 2, if Kd (KD) 

is l, 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) ielection of Connector Lengths and Interface Areas. The selection of 
connector lengths depends on the location 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, requiring that the nodal points 
be located 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 Un is very large in comparison with the conductances of other con-,,m 
nections involving nodes t and m. This causes numerical difficulties in calcu-

lating 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 andy directions are, respectively, 
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di = llX;• dj = 6xj, r .. 
1 'J 

= 6y 6z 

di = AY i, d. = 
J 6yj' r .. 

1 ,J 
= 6Z 6x (3. 27) 

di = llzi' dj = Llzj' r. = 6x 6y 
1 • j 

In cylindrical coordinates, connector lengths and areas for fluid con­

nections in the r, e, and z directions are. repectively, 

di = Llr;• dj = Llr j , r. 
1 ,j = r 6z 68 

di = r;Lle;, dj = r/~.ej' r. = 6r 6Z 
1 ,j 

( 3. 28) 

di d. -= Llz;, = fl.z j, r .. = r 6r 
J 1 ,J 

-where the r values are arithmetic means. 

In spherical coordinates, connector lengths and areas for fluid connec­
tions in the r, e, and~ directions are, respectively, 

di = L'lr i , d. = 
J Llrj' r .. 

1 ,J 
= r2 sin¢6¢66 

di = ri sin¢;M;, dj = rj sin ~jMj, ri ,j = r a vllrll¢ (3.29) 

di = r;Ll¢;• d. = 
J r/'4>j' r .. = 

1 ,J rav!J.r sin ~~8 

where rav and ¢are as defined in Equations (3.14) through (3.16). The dimen­
sional factors dt 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(NODB) (independent of numbering systems used for materials, and 

nodes) and have a specified constant or time-dependent pressure wb' wb may be 
a tabulated function of time (PSIB verus T!MEB) or vary sinusoidally with 

time with a specified mean value ~b,O (PSIB(l)), amplitude 6~b (PSIB(2)), 
period tb (TIMEB(l)), and phase advance 6tb (TIMEB(2)), as follows: 

(3.30) 

For convenience, the term 11 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, Me, so that its 

pressure is unaffected by fluid flow 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 Gn (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 Fluid Mass Capacity 

could be assigned a constant or variable 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 (NODS) 
and a boundary node Nb (NODSB) must have two specified dimensional factors 

d~ (DLONG) and dr (ORAD) which are used to calculate the surface area As,b 
(AREAS) of the connection, as follows: 

A = a d dS s2 
s,b t r d' 

(3.31) 

where a, S, and Sd are defined as in Equation (3.1). The factors d~ and dr 

are completely independent of dimensional factors specified for the node or 
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any of its internal connection areas. Otherwise~ the same comments apply to 
the use of d~ and dr as in the case of internal connection areas (see Sec­

tion 3 .9). 

A fluid transfer coefficient h b may be constant (HSURE; typical units, 
s' 

l/sec) or a tabulated function of time or pressure (HSURT versus PSIVARH). This 
data is specified in Block 6 of the input data deck. The overall surface con­

ductance is calculated as follows: 

U = P A h s,b o s,b s,b (3.32) 

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 Me. 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) W = 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. 
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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 tmax {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 lJ! • , lJ! will 

12 m1n max 
be 10 . A minimum pressure ljJ • (PSIMIN) may be specified. If not specif;ed, 

m1 n 12 or if equal to or greater than tPmax' tPmin will be -10 . The limits tPmax and 
tPmin 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 tPmin or ilima·x when the controlling node reaches the desired limiting 
potential. 

A maximum number of time steps Mcyc (MCYC) may be specified. If not 
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 l-6) may precede the Problem iiame 
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: 
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• input variable KSPEC must be nonnegative; the upper time step limit 
DELTMX must be equal to either DELTO or 1012 • whichever is smaller; 
or, if DELTMX is less than either, the current time step DELT must 

be equal to DELTMX; 

• the maximum pressure change DPSIMAX must have been less than 0.1% 

of PSIVARY for two consecutive time steps; 

• at least 10 time steps must have been completed; 

• no nodes can have been reclassified as special nodes for three con­

secutive time steps; 

• 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 ~~av {PSIVARY) may be made quite large. However, if important 
fluid production, absorption, or transport processes in the system are strongly 

pressure dependent, ~~av 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 ~tmax {DELTO) is specified, it should be no larger than 10% of the approxi­
mate time constant of the system. 

3.12 CONTROL OF ~IETHOD 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 limiting 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 nonzero 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 limit of 

the node. If KSPEC is positive, all regular nodes will be changed to special 
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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 l. 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 values 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 limits of the average values determined for the nodal point. 

This may be difficult to estimate in advance but is simple to determine after 
a calculation 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 large potential changes occur at the location of the 
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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 limit 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 
80. 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 limits, DEL TO and SMALL, on the 

size of the time step. The upper limit 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 lower limit selected by the program, which is 

usually 2/3 of 1% of the smallest stability limit of any regular node in the 
system. The lower limit may also be used to avoid very small time steps when 

a tabulated parameter undergoes large percentage changes that need not be 

accurately followed. DELTO 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 limits 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 less than 5(10- 5) of PSIVARY, and when no finite-volume special node has 
a change in calculated temperature, from one step of the iteration to the next, 

-4 greater than 10 PSIVARY. A limit 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. 
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The iteration procedure may converge very slowly, or fail to converge, 
without obtaining an accurate fluid mass balance or accurate pressure, if 
the system is too finely subdivided, relative to the required 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 
slow, 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 list 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 OELTD no larger than 10 to 100 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. In general, their effect is in one or two units 

in the last significant figure of any quantity for each time step. 
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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 OUTPUT DATA 

3.14.1 Numerical Output 

All 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 !PRINT. 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-limit counter (MF) and upper-limit counter (t~SS); 

problem-end sentinel (KWIT}; 

time-step upper limit (DELTMX) and lower limit (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 (SLIN, limiting stable time step usable with a forward difference equation), 

void ratio (E), saturation (S), and preconsolidation stress (PC, kg/m-sec 2). 
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The following data are printed out for each internal conne~tion: area 
(AREA), overall conductance (TRAN, e.g., kg/m-sec), net fluid flow since the 
beginning of the problem (Fl, 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., l/sec), overall conductance 

(TRANS, e.g., 1/sec), net fluid flow since the beginning of the problem (FS, 
e.g., 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 latter case, the following data 
are printed out: the time step number (KCYC), 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 = 80.0 x PSIVARY) 
or too large a change in a tabulated function (DPSIMAX =%change x PSIVARY), 

and the maximum pressure change 6~max (DPRES). 

After the last time step, the following additional data are written out: 

the problem-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 Output 

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 l of the 

input data. The new BLOCK g may be used to replace the BLOCK g 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 

All input data for TRUST are in Hollerith (A), integer (I), or floating 

point (E) formats. 

Hollerith 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,orN. 

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 n;ust follow all numbers that al'e not 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, 4I5, 5X, 5El0.3), the input record could be as follows: 

"ABCDEb242, l0745b27, 1~, Sbbbbbl.~E-4, l.23456E-3b~.2,, bl.~E-8," 

beginning in column l, where the letter b indicates a blank space. Note that 

the integer "10745" and the floating point number "l.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 11 ABCDE 11 and the blank field specified by "5X 11 in the fonTlat 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 "0 11 is used for the number zero in descriptions 

of FORTRAN names and data values. where confusion with the letter 11 0" might 
otherwise result. The symbol 11 *" between FORTRAN names, numerical values, or 

combinations of these, indicates multiplication, unless otherwise noted. 

4.2 DATA DECK ORGANIZATION 

In the present algorithm, input is organized into convenient blocks. All 

control parameters. such as output interval, time limit, choice of differencing 

scheme, scale factor, symmetry factor ~tsmall' ~tlarge' ~var' and uniform initial 
conditions are provided through Block l. Block 2 is used for specifying mate­
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. 

4.2.1 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 end 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. Normally 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 98. The initial time will be the same as either the initial 
(K = 2 or 3) or final (K = 4) time from the preceding problem, unless modified 
in a new BLOCK l. SfiALL 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 
COITillents 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 11 BLOCK 11 in columns 1 through 5, 
and the block number, from 01 through 10, in columns 6 and 7. A block type 
indicator (~100) may be punched in column 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 /I'JOD is A, data previously read in are saved and the new data are added. 
If 1•100 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 l, 3 and 10. 
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TABLE 4.1. TRUST Input Data Blocks 

Block Description 

1(a,b) 

2 

3 

4 
s(a) 

6 
y(c) 

8 

9 

10 

Problem controls, limits, constants (required} 

System and material properties (required) 
Properties of the fluid (required) 
Node description 
Internal fluid flow connections 
External fluid flow connections 

External potentials; boundary nodes 

Variable sources/sinks 
Initial conditions, constant sources/sinks, 
and initial preconsolidation stress 
Dimensionless variables, t 0 and P0 

(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 Problem Name card, unless 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 PCONE. Thus a data block may be subdivided into sec­
tions requiring different values of one or more of the listed parameters, and 

placed in the data deck with a new BLOCK l preceding each section. All 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 

block than the allowed limit (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 length exceeds 
the allowed limit (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 
block, when all the items have new reference numbers, the time spent searching 
the block 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 dec~ must be a Data End card, with the word 
11 ENDED 11 in columns l 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 l is l, 
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 9 format. 
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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 listed 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 l Problem Controls, Limits and Co~stants (Required) 
Read in Subroutine TALLY. 

CARD l 

l-5 

6-10 

ll-15 

Format (815, lOX, 2El0.3) 

!PRINT 

NUM 

KDATA 

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. 

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. 

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 

51-60 

61-70 

CARD 2 

1-5 

KSPEC 

NCYC 

NSEC 

NPUNCH 

NDOT 

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. All nodes in BLOCK 6 are classified as implicit 
modes. DELTO and SMALL must be specified when KSPEC>O. 

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. 
used if zero or unspecifed. If negative, 
after first time step. 

~ISEC wi 11 not be 
problem will end 

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 ENOE0-2 or ends normally, if NPUNCH 1 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. 

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

TIMEP 

SCALE 

Blank field. 

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

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 S~IALL to DELTO. 

Format (15, 5X, 7El0.3) 

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

ll-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

DELTO 

SMALL 

TAU 

TIMAX 

PSIMIN 

PSIMAX 

Leave blank. 

Maximum allowed time steps. May be used with SMALL to 
limit range of time step. DELTO is set to l0 12 if unspeci­
fied or not in range from 10-10 to 10 12

• 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- 12

• 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 
less 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(10-')*PSIVARY. 

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

Maximum allowable 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. 
be set to 10-12 if equal to or larger than PSIMAX or 
unspecified. 

Wi 11 
if 

Maximum allowable pressure head in the flow domains. Will 
be set to 1012 if equal to or less than PSIMIN, or if 
unspecified. 

CARD 3: Format (8El0.3) 

1-l 0 PHI ONE 

11-20 GONE 

21-30 HONE 

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 Preconsolidation 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 11 SYSTM 11 

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 x parameter used in deformation of the 
unsaturated zone. This group is simply ignored if the x 
parameter is not considered. 

Group 1: System properties 

CARD 1 Punch the word 11 5YST 11 in cols. 1 through 4. 

CARD 2 Format (A4, 6X, 4El0.3) 

1-4 A PATH 

5-l 0 

11-20 THICK 

Punch the word 11 DRY 11 or 11 WET 11 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. 

Leave blank. 

Thickness of flow region, in units of legnth; used in 
calculating total stress. 
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21-30 RD 

31-40 XF 

41-50 QOVERH 

As it is, prov1S1on is made only for one value of "THICK 11
• 

Modifications will be needed if a general, irregularly 
shaped flow region is to be considered. 

Specific gravity of saturated soil, defined as a unit wt. 
of saturated soil divided by unit wt. of water. 

Fracture length or similar parameter 
dimensionless variables such as t 0. 
and a default value of 1.0. 

Flow rate from well per unit aquifer 
computing dimensionless pressure P0. 

used in calculating 
XF has units of length 

thickness. Used for 
Units of (L'/T). 

Group 2: Material Properties 

CARD 1 Fon11at (A4, !X, 515, 5El0.3) 

1-4 

5 

6-10 

11-15 

16-20 

21-25 

Af!AT 

MAT 

LTABC 

LTABSC 

LTABK 

Name of material. 

Leave blank. 

Material identification number. 

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~ by the relation, 

s = s + (1 - s ) r r 
a 

a + 

where J.t! < 0. For 1JJ > 0, S = 1 . 

Number of scanning curves used when S versus W hysteresis 
is to be considered. Zero or leave blank if hysteresis 
is ignored. 

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 
relation, 

permeability k is related to~ by the 

A 
k = ko _A_+_(_o""--~-)"B 

When J.t! < 0. For W > 0, either k0 is constant or is to be 
considered as a funCtion of void ratio, using Ck. 
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26-3D 

31-4D 

41-5D 

51-6D 

61-7D 

71-SD 

CARD 2 

1-1 D 

11-20 

21-3D 

31-4D 

41-5D 

51-6D 

61-7D 

LTABSK 

AV 

EZ 

PZ 

CONT 

ss 

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

Coefficient of compressibility, a . Has units of pressure- 1 

Set AV = D or leave this field blXnk when it is desired to 
use specific storage, 5

5
• 

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

Reference effective stress corresponding to EZ. Dimension 
(rVLT'). 

Permeability if constant permeability is to be used 
(i.e., LTABK =D). Leave blank if LTABK is not equal to 
zero. Dimension (L 2

). 

Specific storage. Dimension (l- 1
). When\ is used, AV 

must be set to zero nr left blank. 

For reading in Cc and/or Ck. Omit this card if Cc or Ck or both are 
not used. 

Format (7ElD.3) 

cs 

cc 

EZ 

PZ 

CK 

EK 

CONZ 

Swelling index, C
5

. Dimensionless. 

Compression Index, C
5

. Dimensionless. 

Reference void ratio e
0 

on thee versus logo' curve. 

Reference effective stress corresponding to EZ. Dimen­
sion (M/LT'). 

Slope of the e versus log k straight line. 

Reference void ratio on thee versus logo' straight line. 

Reference permeability corresponding to EZ. Dimension (L 2
). 

Subgroup 2A. 
and scanning 

Cards in this group are used to input 5 versus w. k versus w. 
curve data for the unsaturated soil, W 2 0. Read in HYST. 

CARD 1 If LTABC = lDD or LTABK = D or both, this card is used to input the 
parameters a, 5 , n, A, B, k and Wairentry· When LTABC F 100, this 
card and the following cards0 are used tor 1abulating the various 
functional dependencies. 
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CASE 1: LTABC = 100 

CARD 1 Format (7El0.3) 

1-10 A 

11-20 B A k = k 
A + (0 - $) 8 21-30 CONT or k

0 
0 

31-40 a 

41-50 n 

51-60 

61-70 

SR 

PSIAIR 
S = S + (1 - S ) a 

r r a + ($air - $)n 

' $ < 0 

where Sr = residual saturation and 1Pair = air entry value and 1lJ < 0. 

CARD 1 

1-10 

11-20 

21-30 

CASE 2: LTABC ~ 2, but ; 100, Tabulated Values of Saturation 

Pressure head, format (8El0.3) 

PSIVARC (1) 

PSIVARC (2) 

PSIVARC (3) 

(1) (21 

PSIVARC 
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Use as many cards as needed. Note that PSIVARC (J) < P~IVARC (J + 1), J = 1, 
2, 3, ...... LTABC. --

CARD lA Wetting (SW), drying (SO) curves, format (8E10.3) 

1-10 SW(1) Use as many cards as needed. If there is no hysteresis, 
set SW = SO 

11-20 

21-30 

31-40 

CARD 2 

SD(l) 

SW(2) 

SD(2) 

Saturation, wetting curve. } 
corresponding to pressure 

Saturation, drying curve. heads in CARD 1 

Saturation scanning curve data. Omit this group if LTABSC = 0. 

1-10 DC( 1) 

11-20 DCS(l) 

21-30 WC(l) 

31-40 WCS(l) 

41-50 DC(2) 

51-60 DCS(2) 

61-70 WC(2) 

71-80 WCS(2) 

OCU) DC(2l DC(3l DC(4) WCUl 

WC(3) 
Use as many cards as needed. 

Permeability-~ Table: For ~ < 0, permeability is a function of pore 
water pressure (~ ). For ~> 0, permeability should be tabulated as a 
function of effective stress head PSIVARK . 
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CARD 3 Permeability vs. pressure head. Omit this group if LTABK < 2 or 
LTABK = 100. 

Pressure head, format (8El0.3). 

1-10 PSIVARK(l) 

11-20 PSIVARK(2) 

21-30 PSIVARK(3) 

K 

Ill 121 131 0 

PSIVARK 

Use as many cards as needed. Note that PSIVARK (J) < PSIVARK (J + 1) 

CARD 3A Wetting conductivity (CONTW) and drying conductivity (CONTD) 

1-10 CONTW (1) 

11-20 CONTD (1) 

21-30 CONTW (2) 

31-40 CONTD (2) 

Use as many cards as needed. 
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CARD 4 Permeability Scanning curve data. Omit this group if LTABSK = 0. 

Format (8El0.3) 

1-10 OK (1) 

11-20 OKS (1) 

21-30 WK (1) 

31-40 w~s (1) 

41-50 OK (2) 

51-60 

61-70 

OKS (2) 

WK (2) 

71-80 WKS (2) 

Use as many cards as needed. 

DK(l) DK(2) DK(3) WK(l) WK(2) WK(3) 

Group 3: Data related to the x parameter in deformation of the unsaturated 
zone. Read in THERM. 

CARD 1 Format (A4,1X,I5) 

1-4 Punch the word "CHI" in cols. 1 to 3. 

5 Leave blank. 

6-10 LTABCHI Number of tabulated values of X· Positive if versus 

CARD 2 

1-10 

11-20 

saturation. Negative if versus pressure head. 

Format {8El0.3) 

CHI ( 1) 

CHIVARS (1) Saturation, if LTABCHI > 0 
CHIVARP (1) Pressure head, if LTABCHI < 0 
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21-30 CHI (2) 

31-40 CHIVARS (2) 
CHIVARP (2) 

Use as many cards as needed. 

CHI (2) 

1 

X 

0 (1) (2) (3) 1 (1) (2) (3) 

CHIVARS CHIVARP 

s p 

End BLOCK 2 with a blank card. 

5.3 BLOCK 3 Properties of the fluid. 
Read in Subroutine TALLY. 

Format (lOAl, 4E10.3) 

1-10 AFLUID Name of fluid. 

11-20 VISC Coefficient of viscosity (M/LT) 

21-30 BETA Compressibility of fluid (LT2/M) 

31-40 RHOZ Density at ~ = 0 (M/L 3 ) 

41-50 GEE Gravitational constant (L/T2 ) 
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5.4 BLOCK 4 Node description. 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-40 

41-50 

51-60 

61-70 

71-80 

Read in subroutine THERM. 

Format (515, 5X, 5E10.3) 

NODE 

NSEQ 

NADD 

NODMAT 

KS 

DLONG ) 
OW IDE 

ORAD 

DELZ 

z 

Node identification number. Use a negative number if the 
node lies on or will lie on a seepage face. 

Number of identical nodes to be generated in sequence. 

Increment between successive values of NODE in the sequence 
of NSEQ+l nodes generated when NSEQ is used . 

Identification number of the material of which node is 
part. 

Node type indicator. Node will be an implicit node if 
KS is nonzero. Only used when KSPEC in BLOCK 1 is negative. 
Not needed for zero volume or surface nodes. 

Leave blank 

Geometric factors whose product with SCALE 3 is equal to 
the node volume, if KD=l. For KD=2 or 3, the input value 
of ORAD is replaced with 2nDRAD, or 4nDRAD2

, respectively, 
before calculation of volume. The program substitutes 
10- 2 ~ if the calculated volume equals zero. 

Increment between successive values of elevation, Z, of 
nodes in the sequence of NSEQ+l nodes generated when NSEQ 
is used. Dimension (L). 

Elevation of node. Dimension (L). 

End BLOCK 4 with a blank card. 

5.5 BLOCK 5 Internal fluid flow connections. 

1-5 NODl 

6-10 NOD2 

11-13 NSEQ 

14-16 NADl ' 

16-19 NAD2 

Read in subroutine FINK. 

Format (215, 313, lX, 4El0 .3) 

} 

} 

Identification numbers of the connected nodes. 

Number of additional identical connections. 

Increments between successive values of NOD 1 and NOD 2 
in the sequence of NSEQ+l connections generated when 
NSEQ is used. · 
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20 

21-30 

31-40 

41-50 

51-60 

DELl} 
DEL2 

DLDNG} 
ORAD 

Leave blank. 

Lengths, when multiplied by SCALE, of the fluid flow paths 
from the nodal points in NOD 1 and NOD 2, to the connected 
interface. Should not both be zero. 

Geometric factors whose product with SCALE2 is the area 
of the connected interface if KD=l. For KD values of 2 
or 3, the input value of ORAD is replaced with 2nDRAD or 
4nDRAD2 , respectively, before calculating area. . 

End BLOCK 5 with a blank card. 

5.6 BLOCK 6 External fluid flow connections. 
Read in subroutine SURE 

CARD 1 Format (615, 5El0.3) 

1-5 

6-10 

11-15 

16-20 

21-25 

26-30 

31-40 

41-50 

51-60 

CARD 2 

NODS 

NODB 

NSEQ 

NADS } 

NADSB 

LTABH 

DLONG} 

ORAD 

HSURE 

Surface node identification number. NODS should be either 
zero volume node or with a nodal point on the external 
surface. 

Boundary node identification number. 

Number of additional identical connections to be generated. 

Increments between successive values of NODS and NODSB 
respectively, in the sequence of NSEQ+l connections to 
be generated when NSEQ is used. 

Number of tabulated values of surface fluid transfer 
coefficients. Positive if versus potential, negative 
if versus pressure head. 

Geometric factors whose product with SCALE 2 is the area 
of the external surface of NODS if KD=l. For KD=2 or 3 
the input value of ORAD is replaced by 2nDRAD or 4nDRAD2 

respectively, before calculating the area. 

Surface fluid transfer coefficient if constant. Dimensions 
(M/TLL2

}. 

Format (8El0.3). Omit if LTABH = 0. 

1-10 HSURT (1) Surface fluid transfer coefficient 

11-20 PSIVARH (1) Potential, if LTABH > 0; pressure head, if LTABH < 0. 
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31-30 HSURT (2) 

31-40 PSIVARH (2) 

Use as many cards as needed. 

End BLOCK 6 with a blank card. 

5.7 BLOCK 7 Boundary nodes or external potentials. 
Read in subroutine SURE. 

CARD 1 Format (215, 7El0.3) 

1-5 

6-10 

11-20 

21-30} 
41-50 
61-70 

31-40} 
51-60 
71-80 

NODS 

LTABPHI 

ZB 

PHIS 

TIMES 

Boundary node identification number. 

Number of tabulated values of external or boundary 
potential. To obtain sinusoidal variation of boundary 
potential with time, LTABPHI = 100. 

Elevation of boundary node 

External potentials 

Time corresponding to PHIS. 

End Block 7 with a blank card. 

5.8 BLOCK 8 Internal variable fluid generation list. 
Read in subroutine GEN. 

CARD 1 Format (4I5, 6El0.3) 

1-5 

6-10 

11-15 

16-20 

21-30} 
41-50 
61-70 

NODG 

NSEQ 

NADG 

LTABG 

GT( 1) 

Node identification number. 

Number of identical nodes to be generated in sequence. 

Increment between successive values of NODG in the sequence 
of NSEQ+l nodes generated when NSEQ is used. 

Number of tabulated values of fluid generation. Positive 
if versus potential, negative is versus time . 

Fluid generation rate corresponding to TVARG 1. Dimension 
(L 3/T). 
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31-40] 
51-60 

71-80 

TVARG (1) Potential or time corresponding to GT(l) 

etc. Up to three pairs of values on this card and four pairs 
on each additional card as required. Use format (8El0.3) 
for additional card. 

End BLOCK 8 with a blank card. 

5.9 BLOCK 9 Initial conditions. Read in subroutine TALLY. 

1-5 

6-10 

11-15 

16-20 

21-30 

31-40 

51-60 

NOTE 

NSEQ 

NADD 

PPHI 

GG 

PC 

Format (315, 5X, 3El0.3) 

Node identification number 

Number of additional nodes with identical initial conditions. 

Increment between successive node numbers in the sequence 
of NSEQ+l nodes generated when NSEQ is used. 

Leave blank. 

Initial potential. Set to PHIONE (BLOCK 1) if unspecified. 

Fluid generation rate. Set to GONE (BLOCK 1) if unspeci­
field. Has no effect if GT versus TVARG is specified for 
this node in BLOCK 8. 

Initial preconsolidation stress. 

End BLOCK 9 with a blank card. 

5.10 BLOCK 10 Data for calculating dimensionless variables t
0 

and P
0

. 
Read in TALLY. 

Format (3I5, 5X, 6El0.3) 

1-5 NODTD Identification number of the node for which dimensionless 
quantities are to be completed. 

6-10 NSEQ Number of additional nodes to be generated 

11-15 NADD Increments between successive nodes in the sequence of 
NSEQ+l nodes generated when NSEQ is used. 

16-20 Leave blank. 

21-30 X X-coordinate of nodal point 
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31-40 

41-50 

51-60 

61-70 

71-80 

y 

z 

DELX l 
DELY 

DELZ 

Y-coordinate of nodal point 

Z-coordinate of nodal point 

R(BODTD) = /'x2 + Y2 + Z2 

Increments to the values of X, Y, and Z in the sequence 
of NSEQ+l nodes generated when NSEQ is used 

End BLOCK 10 with a blank card. 

Note: 

p = 2nkpg~P 
D {Q/H)ll 
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6.0 SYSTEM USAGE AND OPERATIONS 

TRUST currently exists on UNIVAC and VAX-11 computers. It is also avail­
able on the CDC 6400/6600/7000 system at LBL. Unlike the version on UNIVAC, 
the TRUST programs on VAX do not deal with punching cards. There are two ver­
sions of TRUST on the VAX: single and double precisions. Both operate in the 
same manner. 

The user first creates an input data file containing all the necessary 
information to run TRUST. This data file conforms to the formats specified 
previously for the BLOCK items. The file name for the input data file is input 
during the demand mode or supplied in the batch mode. The data file is opened 
by the program through logical Unit 1. Final conditions in BLOCK 9 format are 
written to logical Unit 2 as a restart file. When continuation of the run in 
desired, the last BLOCK 9 data in the input file should be replaced with this 
restart file, TAU updated and computation can resume with the revised input 
file. The program also requires output file name for storing a result file. 
The result file is written to Unit 5 at selected time plane frequence. It con­
tains time and delta time, potentials at each node, and node pairs as specified 
in BLOCK 0 5 and the flux rate during the last computed time plane. The result 
file, in conjunction with other existing programs, is useful in plotting velocity 
field, pathlines, moisture distribution and contaminant fronts. 
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7.0 EVALUATION OF CALCULATION RESULTS 

7.1 DIAGNOSIS OF INPUT ERRORS 

All input values, values substituted by the program for blank data fields, 
and values of a number of derived quantities, such as node volumes, connection 
areas, and material summary data, are written out at the beginning of each 
problem. These should be carefully checked against the intended calculational 
model. 

If the problem ended or dumped before all the input data were read in, 
the cause may have been a missing Problem Name card, a missing Block Number 

card, a missing blank card at the end of a data block, a missing Data End card, 
an incorrect table length, an illegal character punched, data punched in the 
wrong columns, a card out of place, or a floating point exponent which is too 
large. These errors usually cause an illegal character, indefinite operator, 
overflow, or insufficient-data diagnostic. 

If all the input data were read in but the problem ended before the first 
time step, the value of KWIT on the printout may be 5, 6, 9, 11, or 12 and 
indicates the type of error which occurred, as listed in Table 7.1. Diagnostic 
statements are written out for each occurrence of most input errors detected 
by the program, and the value of KWIT may indicate only the last type of error 
detected. 

If the problem ends after the first time step, KWIT may be 1, 2, 3, 4, 6, 
7, 8 or 10, because of one of the causes listed in Table 7.1 or because of an 
incorrect floating-point exponent in the input data, resulting in an overflow 
or indefinite-operator error, causing a system dump. The input values of 
TIMAX, TMIN, TMAX, MCYC and MSEC must be carefully considered to allow the 
problem to run long enough to obtain the desired redsults. 

7.2 ANALYSIS OF CALCULATION RESULTS 

All output data obtained for each problem should be carefully checked 

for accuracy, consistency, and credibility. Accuracy of the fluid mass balance 

7.1 



KWIT 

,(a) 
2(a) 
3(a) 
4(a) 

s(b) 

6 

7(a) 

8(a) 

g(b) 

lO(b) 

ll(c) 
12(c) 

TABLE 7.1. Values of the Problem-End 
Sentinel KWIT 

Cause of Problem Ending 

Problem time *SUMTIM* reached TIMAX 
A pore pressure exceeded PSIMAX + O.OOl*PSIVARY 
A pore pressure was less than PSIMIN - O.OOl*PSIVARY 
Steady-state criteria were satisfied 
An unspecified material, node or boundary node was referred to 
-2 punched in columns 6-7 of data end card or *CHECK card preceded 
problem name card 
The number of time steps reached MCYC 
The number of seconds of elapsed machine time used since the start 
of this job reached MSEC 
No material list (BLOCK 2) or node list (BLOCK 4) was specified or 
carried over from the preceding problem 
Iterative scheme for pressure head changes in connected special nodes 
failed to converge in 80 iterations by use of a time step = 2*St~LL 
The number of items in a data block exceeded the maximum size 
The length of a table for a time or pressure dependent input 
quantity exceeded the maximum size. 

(a) Limits specified in data BLOCK 1, see Section 3.11. 
(b) Diagnostic statements are written out for each occurrence. 
(c) See Table 3.1. 

can be checked for the system, each material, each node, each boundary node, 
each internal connection, and each external connection. Spatial and time 
accuracy can be determined to some degree by the smoothness of plots of poten­
tial versus position and time. Consistency and credibility can be determined 
by comparing the results with those obtained for similar systems or with those 
expected on the basis of experience, sound judgment, and familiarity with the 
physical laws governing the system. 

Errors in the fluid mass balance can result from use of too large a value 
of PSIVARY, relative to the maximum total potential change in the system (see 
Section 3.13); use of zoning that is too fine, which results in time constants 
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(SLIM) that are very small, relative to the time steps used in the calculation, 
and usually results in slowness or failure of the iteration procedure; and use 
of fluid capacities that are strongly ~ dependent, combined with time steps too 
large to allow the moisture-capacity curves to be closely followed. 

Physically unrealistic solutions can also result from evaluation of ~ 

dependent quantities at potentials outside the range given in input tables. 
This can be avoided by use of a potential range in the table that includes all 
possible calculated potentials, or by beginning and ending the table with zero 
slopes. The program substitutes lo-24 for zero or negative values of hydraulic 
conductivity, and lo-36 for zero or negative values of total node fluid capac­
ity, but surface fluid-transfer coefficients and other tabulated quantities 
may be negative. 

7.3 REQUIREMENTS FOR ADDITIONAL CALCULATIONS 

Additional calculations may be required to correct errors by 1) improving 
accuracy by using a more finely subdivided system, 2) employing different 
methods of controlling the calculations, 3) determining the effects of uncer­
tainties in input values by trying a range of values, or 4) determining the 
effects of simplifications in the model by trying other models. When a large 
number of similar calculations are to be made for the same or similar systems, 
careful choice of calculational controls and degree of subdivision into nodes 
will result in the minimum use of machine time for the required accuracy. Also, 
improvements such as in optimum organization of input data may greatly reduce 
the effort required for additional calculations. 

7.4 GENERALIZATION OF RESULTS 

Many problems can be generalized by expressing the results in dimension­
less or normalized form, so as to be applicable to problems other than the 
specific problem calculated or to simplify comparison with the results of other 
similar calculations. Input data may be specified in dimensionless or normalized 
form (or optional linear transformations applied to plotted variables) to pro­
duce graphs in dimensionless or normalized form. 
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The parameters potential or pressure difference ~ ' position x, time t, 
density p, specific moisture capacity C, hydraulic conductivity k, a basic 
dimension L, a basic potential or pressure difference ~O' fluid-generation 
rate G, surface flow flux per unit area F, fluid-transfer coefficient h, and 
total quantity of fluid W may be combined into the following dimensionless 
ratios , and into any combinations of them: 

2 2 3 
~~~O' x/L, kt/pCL , Gt/p Cw0, FL/kw0, hl/ k, and W/pCL ~o· 

Graphs are usually made by using two of the first four groups, or combinations 
thereof with other groups, as ordinate and abcissa. By selecting suitable 
groups, and scales, useful analytic approximations can often be found for large, 
small, or intermediate ranges of values of the groups. 
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8.0 SAMPLE PROBLEM 

The purpose of this sample problem was to examine potential groundwater 
contamination by seepage from buried tailings. Extensive drilling in the area 
under investigation delineated the size and depth of the pit boundaries. The 
model was used to examine management practices and investigate reduction of 
the seepage from the tailings . The input and output are complex and large, 
but illustrate the capabilities of the model. 

8. 1 CONCEPTUAL MODEL 

Figure 8.1 shows half of a cross-section of a typical burial pit. Only 
half of the typical cross section is shown for use in modeling since the other 
half would be a mirror image. The typical pit shown has an average width of 
132.88 m or 600ft (300ft in Figure 8.1) and a depth of buried tailings of 
25.91 m (85 ft}, with the water table initially at 3.96 m (13 ft) below the 
top of the clay liner. 

OVEAIIliPDEN 

~ 

~ 
_. 

"!HE TAILIHIOS ~ 
~ 

SAI()STONE ~ 

CLAY LINING ......._ 

INITIAL YATER TfVILE \ 

\ O'IEfiiiiRlEN 

I CLAY 

FIGURE 8.1. Schematic Diagram of Half of the 
Typical Tailings Burial Pit 

8. 1.2 Model Grid of Typical Tailings Pit 

t. '· If. 
L-L..-1 

ttET£AS 

The typical tailings pit cross section and the immediately surrounding 
area were discretized into irregular elements for use in the integrated finite 
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difference numerical solution method, which is used in the TRUST code for 
solving problems involving both partially saturated and saturated flow. The 
resulting element network is shown in Figure 8.2. It is convenient to think 
of each element in the figure as having a grid point at approximately the center 
of the element. 

FIGURE 8.2. Model Grid Elements for Half of 
a Typical Tailings Burial Pit 

The actual node points and their interconnections are shown in Figure 8.3. 
A number is assigned to each central grid point or element, and all calculations 
are performed in terms of that element number. Similarly, the soil characteris­
tics, boundary conditions, and initial conditions are all indexed in terms of 
the individual node or element number. 

C=t=t~~~S8~~~~~~~" It 
n 

~--~L---~~--~~~L_~~~~L-~--~~--~L-----~------~· 

FIGURE 8.3. Grid of Model Nodes and Identifying Node Numbers 

8.2 



The element configuration shown in Figure 8.2 was designed to accommodate 
data for different soil materials such as those shown in the slim horizontal 

elements representing the clay liner beneath the tailings and in the clay cover 
for the tailings. For example, in the slim elements between e• 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 tailings materials 

for this problem and no side wall liners is considered. 

8. 1.3 Fluid 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 scene 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 (32ft), 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'EOC 11 C0 1 FGA, the materials are 
considered to be in equilibrium with the regional water table, which is located 
3.96 m (13ft) below the top of the bottom clay liner. The water table is at 
a potential head of 9.75 m (32ft). 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 (32ft). 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 all 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 leachate may move. The materials 
characterized included the following: uranium mill tailings, clayliner, 

overburden, and sandstone. 

8.2 DATA INPUT 

The input, Appendix 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 Block ~9 are replaced by out­
put from the first run should one wish to continue and the starting time, TAU, 
on Card 3 of Block i)l would be updated. t1ultiple continuation runs are the 
rule rather than the exception on large problems. Input listings are included 
in Appendix A. 

8.3 OUTPUT FROM TRUST 

The TRUST code output can be controlled by the point frequency option on 
Card 1 of Block 01. 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 ~IETHODS 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 preconsolidation pressure are calculated 

for each element. Following this, various system parameters are evaluated and 
surrma.rized; 

Before carrying out the time step calculations it is necessary to choose 

~t. reclassify elements as needed, estimate time derivatives and A, and evalu­
ate the appropriate mean values of k and Me. The first time step is always set 
to lo-12 so as to start the calculations smoothly and to establish time deriva­

tives. For each time step, 6~exp and the fluxes due to the explicit changes 
in potential are first calculated for all elements in the system. Following 
this the iterative scheme is employed to make the necessary corrections to~~ 

for all the implicit elements in the system. Upon obtaining proper convergence, 
final corrections are made to all the fluxes involving implicit elements and to 
the potentials at all explicit elements connected to implicit elements. 

If convergence does not occur in 80 iterations, if ~~max exceeds twice 
~var' or if any tabulated quantities change by more than 2%, the time step 
calculations are discarded, ~t is halved, and the calculations are repeated. 

If the reduced ~tis less than ~tsmall and more than 40 iterations are required, 
failure of convergence is assumed, and the problem is terminated. 

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 ~-dependent coefficients 

for ~ > 0. HYST is used for evaluating material properties when ~ ~ 0. The 
fluxes and the associated changes in~ due to the explicit part are calculated 

in FINK for the internal connections and in SURE for the surface connections. 

9. l 



Explicit calculations 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 (OKS and WKS versus DK and WK). 
Also included is the Bishop 1 S parameter x 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 6t (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=t+AM ( 9. 1 ) 

except for external potentials, evaluated at t + ~t. ~-dependent parameters 

are calculated for estimated average node pressure ~n and average external 

pressure ~b: 

. 
~n = ~n + A 6t ~n (9.2) 

(9.3) 
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~n is a node pressure head at time t~ ~n is an estimated average rate of pres­
sure head change (see Section 9.7.3}, ~band ~bare external potentials evalu­
ated at times t and t + ~t~ and A 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 line 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: 

(9.4) 

where a and 8 depend on system symmetry (see Section 3.4); dt' dw, and dr are 
input values for each node (see Section 3.6). 

The average total fluid capacity of each node Me (CAP} is calculated as ,n 
follows: 

M c,n (9.5) 

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

(Equation 9.2). Specific fluid mass capacity is given by mc,n = Mc,n/Vn. 
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The initial fluid content Wn {W) of each node is calculated at the beginning 
of each time step as follows, if the fluid capacity of the node material is 
tabulated versus pressure: 

(9.6) 

Or, 

if Ss is not used (9.7) 

where ~n 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, Hn,net (H), is calculated at the end of each time step as follows: 

I M 
6t c,n 

(9.8) 

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, Hn,flux {F), is calculated 
at the end of each time step as follows: 

(9.9) 

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 ~H k and ~H b are calculated for each time step with Equations n, n, 
(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 V (VOLS). which remains constant sys 
throughout the calculations: 

(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 ~sys (PSIAD) are calculated as follows: 

M = " M 
sys c,n 

n 
(9.11) 

wsys = " wn 
n 

(9.12) 

~sys = " ~,n ~JMQS n 
(9.13) 

Also, the net fluid flow into the system Hsys,flux (FLUX), the resulting 
net pressure change (assuming constant fluid capacity) ~w fl (PSIER), the 

· . QS, UX 
average rate of fluid flow into the system Hsys,flux (FX), and the resulting 
average rate of pressure change ~sys,flux (TX), are calculated as follows: 

Hsys,flux = 

9.5 

L Hn,flux 
n 

(9.14) 

(9.15) 

(9.16) 



-'-
~ =6~ /(t-t) sys,flux sys,flux 0 (9.17) 

where t is the total time SUMTIM and t 0 is the initial 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 Hsys,gen (GENS), and the resulting net pressure change (assuming 

constant fluid capacity) 6~sys,gen (PSILE), calculated at each time step as 
follows: 

Gsys = [ 

n 
Gn (9 .18) 

Hsys,gen = [ Gsys 6t5 s 
(9.19) 

6~sys,gen = Hsys, gen1Msys (9.20) 

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

9.3 INTERNAL FLUID GENERATION 

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

( 9. 21 ) 

and Gn 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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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 ~t. due to an 

internal connection, ~Hn,k,l' is calculated as follows: 

(9.23) 

where un,k is an average conductance, calculated as described in Sections 3.23 
and 9.2, and ~k and ~n are average pressure for thettime step. All nodes are 
first treated as regular nodes. An iterative scheme is later used to find the 

solution when special nodes are involved, to correspond to the following average 
pressure values: 

Nodes n and k both regular: 

~n = ~n . (9.24) 

~k = ~k (9.25) 

Node n regular, node k special: 

(9.26) 

(9.27) 
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Nodes nand k both special: 

(9.28) 

(9.29) 

where ~n and ~k are pressures at the beginning of the time step; A is an inter­
polation factor between 0.57 and 1.0 (see Section 9.7.4); ~~ R is the net pre-n, eg 
sure change in regular node n due to all causes, excluding the final corrections 
made for connections to special nodes (see Section 9.6.3); and n~n and ~~k are 
net pressure changes in special nodes nand k due to all causes. 

The total fluid flow across each internal connection Hn,k (FI), and the 
average rate Hn,k (FX), are calculated at each time step_~t5 , as follows: 

H k I = I un k (\Vk - '~nl ~ts n' , s • 
(9.30) 

(9.31) 

The rate for the time step, un,k (\Vk- \Vn) is also calculated. 

The net pressure change in node n due to internal connections, 6~n.I' is 
initially calculated as follows: 

M n,I,Reg 
6t 

= - I U (~ - ~ ) M k n,k k n c,n 
(9.32) 

For systems which include special nodes, the final results, after applying 

the iteration scheme are as follows: 

Regular nodes: 

=M 
N 

(9.33) 
c,n 
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Special nodes: 

6~n,I = -M- I Un k(~k 6t [•11 
c,n k ' 

9.5 SURFACE FLUID TRANSPORT 

The fluid flow into node n from boundary node b during time step 6t, 

6Hn,b,E' is calculated as follows: 

(9.34} 

(9.35} 

where U b is an average conductance calculated as described in Sections 3.9.1 n, 
and 9.2, and ~b and ~n 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. All nodes with connections to boundary 
nodes are classified as special nodes. 

(9.36} 

~ = l/1 (initially} n n (9.37} 

l/ln = ~n + A 61/ln (finally) (9.38} 

where ~band ~bare the boundary node (external) potentials at the beginning 
and end of the time step, found as described in Section 9.2; ~n is the pressure 
of node n at the beginning of the time step; and 6~n 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 H (FX), are calculated each time step 6t
5 

as follows: n, b, E 
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(9.39) 

. 
H b E = Hn b E/ E ~ts n, ' ' ' s 

(9.40) 

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

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: 

The 

H - E H 
b - n n ,b,E 

rate for the time step, r U b (~b- ~n)' is also calculated. 
n n • 

(9.41) 

(9.42) 

The net potential change in node n 
is initially calculated as follows: 

due to surface connections, ~~n E R • 
' • eg 

~~ n,E,Reg 
=Q!__> M ~ 

c ,n b 
(9.43) 

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

(9.44) 

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 1./1. Convergence is generany rapid, but the number of 
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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). 

6w~, right-hand side = (l + s) 6~£p+l 

6wm' right-hand side = 6wmp 

-sll~P 
t 

(9.45) 

(9.46) 

(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. 

Mak1ng the above substitutions and solving for 

in which 

6·•· p+ l = 
'£ 

+ [l 

AM.. exp 
+--LU lll/J 

Me.£ m £,m m,exp 

6,,. P+l 
o/ t ' we obtain 

6w P 
m 

For the first iteration (p = 0) the following values are used: 

9.11 
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(9.50) 

61!J 0 
= l'lt w m m (9.51) 

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

E p+l = 6~ p+l 6~ p 
£ £ ! 

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

or 

E ~+1 
£ 

E p+ 1 
£ 

+ _2.6t (1 
M c,t 

= f Mt [L U E p + sZ,E,Pl}[1 
l._Mc,£ m £,m m ,_, x.j 

(9.52) 

(9.53) 

(9.54) 

In (9.54), note that E£ at iteration p+l is expressed in terms of the known 
values of E£' 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 f\4' 0 

1 are first computed 

by using (9.48), (9.50) and (9.51), and the values of E£f are calculated by 

(9.55) 

Then E£
2 is calculated by using (9.54) and 6~£2 is obtained by the relation 
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(9.56) 

This scheme is continued until convergence criteria are satisfied. If the 
convergence criteria are not satisfied within a limit of 80 iterations, then 
the results of the time step are discarded, a new 6t, half as large, is used, 

and the calculations 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 ~var' 
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 

~Hnei 
imp 

E p = E M 
i c,i ~ 

(9. 57) 

imp 
Mc~net = E 

i Mc,.t 
(9.58) 

The iteration procedure is stopped when the following criteria are satisfied 

for all elements, excluding those for which Me,£ is zero (the zero volume ele­
ments): 

(9.59) 

(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 6~ 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: 

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 

regular 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 
regular 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 limit of any regular nodes, all 
regular nodes with stability limits 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. 
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9.7.2 Control of Time Step 

The user may specify minimum and maximum time steps SMALL and DEL TO 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. 

( ) -12 The first time step KCYC=O is always 10 This allows zero-volume 
nodes to reach equilibrium, and allows time derivatives to be established. At 

the end of the first time step, and each succeeding time step, the minimum 

stability limit, 1n (SLIM), of any regular node in the system, 6tstab' is 
found, This search is skipped after the first time step, if no change can 

occur in the stability limits and node classifications. The maximum allowed 

time step, DELTMX, is then set at 2/3 of 6tstab greatly reduces time-truncation 
error in coarsely zoned systems, compared with use of 6tstab' The minimum time 
step SMALL, is initially set equal to SMALT, the input value of SMALL. If SMALL 
is equal or greater than OELTMX, 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 1012 , SMALL is set equal to 
l/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 quantity, 
DPSIMAX, is the product of PSIVARY and either the largest percentage change 
that took place in any tabulated property, or l/40 of the number of iterations 
required for convergence, whichever is larger. The ratio Rs is then calculated 
as follows: 

Rs = PSIVARY/(DPRES, DPSIMAX)max (9.62) 

If Rs is less than 0.5, and ~ts is greater than 1.01 SMALLS, ~ts 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 Rs less than 1.0. a new ratio 
is calculated: 

R' > 0.5, 0.5 < R < 1.0 s- - s- (9.63) 

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

R' = 0.5(1 + R ), R' < 2.0, R > 1.0 s s s - (9.64) 

The new time step is then calculated as follows: 

(9.65) 

bts+ l .0: SMALL (9.66) 

(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 ~t when these limits are exceeded, with a more gradual increase in ~t 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 btp (TIMEP) in BLOCK 1 is positive. This is done by multiply­

ing the unadjusted new time step, ~t~+l (DELT} 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 btmin (SMALL) to 

~tmax (DELTMX}. The remaining time to next desired printout time is first 

calculated as follows: 
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where the vertical bars indicate that the integer value of the expression is 

to be used. An adjustment is made to insure that 6trem is at least 2/3 of the 
unadjusted new time step: 

(9.69) 

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

and the adjusted new time step calculated as follows: 

If 6ts+l is less than SMALL, the next smaller positive value of NP is used. 
If 6ts+l 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 limits 2/3 and 1.5, and should average much closer to 1.0 if 6ts+l is small 

compared with 6tp. This method provides a continual minimum adjustment in the 
size of the time step, if possible, between the limits 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 limited as follows, so that twill slightly exceed tmax on the 
last time step: 

< t - t + 10-12 
- max 

The small increment (lo- 12 ) 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 ~ dependent tabulated properties, and to 

obtain the first estimate of~~ for implicit elements to begin the iterative 
mass balance calculations. 

At the end of each time step the calculated values of ~~ 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. l, 

let ~ be expressed by 

Then ~ 

or 

Hence 

-at = e 

9.18 
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(9.71) 

(9.72) 

(9.73) 
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FIGURE 9.1. Estimation of w for Exponential Decay 

In the light of (9.73} we can write 

(~zl~l}[(~tl + ~t2}/2l-l 0 

or 

(9.74} 

(9.75} 

Consider now the second case, in which the maximum rate of change of W 
is increasing with time (Figure 9.2). Let W be expressed by the quadratic 

relation 

(9.76} 

Then~ o a+ 2bt, and ~O o ~ltoO = a. Hence~ o ~O + 2bt. Therefore 

(9.77} 

In the light of (9.77}, 

0 

~2 
0 (9.78} 

0 

~1 
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and 

• w3 1 
= 2b(~t2 + ~t3 );2 

02 ~2 

Dividing (9.78) by (9.79) and rearranging terms, we obtain 

. 
wl 

(1 - -. ) 
w2 

~t2 + ~t3 

(nl + ~t2 

Once Fe is calculated by using (9.75) or (9.80) the estimate of the time 
derivative for an element ~ is obtained by 

(9.79) 

(9.80) 

(9 .81) 

in which the quantity (~Wt/~t) 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) Fe is fixed at 1.0 for the first two time steps; 

b) Fe 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 (~t = lo- 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 fol.lows for the first two time steps: 

(9.82) 

where Zn is the total conductance of the node, including all connections--this 

produces a more accurate result for special nodes with stability limits small 

compared with ~ts; f) time derivatives are multiplied by lo- 24 whenever they 

change sign. 

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 1f! for each case and using higher-order extrapolates. How­

ever, since the algorithm only uses first-order approximation in space, there 

is little to be gained in attempting higher-order approximation in time without 

reducing spatial errors. 

9.7.4 Estimation of Interpolation Factor A 

The factor A is used to estimate the average values of ~during the time 

step for 1) evaluating the ~-dependent properties, and 2) interpolating between 

initial and final values of~ for implicit calculations. In the mixed explicit­

implicit procedure, A is allowed to vary between 0.57 and l, depending on Fe. 
Thus 

(9.83) 

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 A= 0.5 
are damped out. 

The form of Equation (9.83) was chosen to give A 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~- or time-dependent properties, during the part of a problem in which~ 
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 value 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 (6t = lD-12 ) and 
for any time step following a rejected time step. This insures that zero­

volume nodes and other nodes with small stability limits reach equilibrium 
with nodes to which they are connected, without overshoot and resulting damped 

oscillation after any change in a boundary condition or a ~- 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 
11 backward" or 11 central 11 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~ 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 Me and k are evaluated at 
an estimated average value of W for that time step. This estimate is obtained 
by 

(9.84) 

In order to compute Me (Equ.ation 2.2) it is necessary that several quan­

tities, such as Pw' e, and s, be evaluated at~- It is relatively simple to 
compute Pw with the equation of state: pw = pwo exp[pw0 Sg~]. For evaluating 
the deformation parameters e and av it is essential to transform ~ into an 
equivalent effective stress. For this purpose the total stress a and the 

volume of solids Vs for each element are calculated at the beginning of the 
problem and stored in memory. Then o' is given by o' =a- Yw~• and e can be 
calculated either bye= e

0 
(a- o0 ') av or, for normal consolidation, by 

e = e
0 

Cc[log10 (a- o
0
')]. 

The functions x', S, and dS/d~ are tabulated as functions of~ and hence 

are to be evaluated by interpolation at ~- In particular, the ~-S relation 
may be characterized by hysteresis. In the present work, hysteresis is han­
dled in a simple manner with the help of scanninq 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~ versus S relation, k is tabulated as a function 
of~ for W < 0 and is evaluated by interpolation at~- In addition, when 
~ < 0, S and k can be calculated by the empirical relations, 

s s + ( l - Sr) 
a (9.85) = 

r a + (~A- l/!)n 

and 

k = ko 
A (9.86) 

A + (0 - l/!)B 
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Where Sr is the residual saturation, ~A is the pressure head at the air entry 
value, k0 is a constant or is to be considered as a function of void ratio, 
and a, n, A and B are constants which provide the best fit for the ~- S or 
the 1j; - k relationships. For the saturated zone, k either can be tabu·lated 
as a function of a' or, more easily, can be evaluated by using the index 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, 
SEEKl 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 will 
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, 
SEEKl, and SEEKZ for the input phase only; and REFER for the initialization 
phase only. The optional subroutines include GEN for problems with internal 
fluid sources and sinks, and SURE for problems with variable boundary conditions. 

The additional entry point TALLYl 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 in 
the Glossary. 

10.2.2 TRUST 

TRUST is the logic control center of the program. All calls to other 

TRUST subroutines except PATCH, SEEKl, 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 value 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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All 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 THER/11 is entered to read in the data items in data BLOCKs 2 
(material properties) and 4 (node descriptions). All 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 list 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 out for each node, listing number, material number, classification, 

location, volume, mass, moisture capacity, conductivity, net conductance, and 
time constant. 

THERM calls TRUST subroutines PATCH, HYST, SEEKl, SEEK2 and REFER and 
returns to TRUST. 

10.2.4 HYST 

Subroutine HYST is entered to read in the data items in data BLOCK 2 
that concern the tabulated values of saturation, the tabulated values of 

penneability, scanning curve data of S versus t/J and K versus 1'· 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 ca 11 ed by and returns to THERfl. 

10.2.5 GEN 

Subroutine GEN is entered to read in the data items in data BLOCK 8, the 

1 ist of nodes with variable fluid-generaticn rates. All 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 variable or constant fluid 
generation is calculated. 

GEN calls TRUST subroutines SEEKl 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 list. All 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 list, 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 fluid 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) list. All 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 list to the node list and 
the boundary-node list. The initial values of several quantities are calculated, 
including the conductance of the surface connections. 

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 external potential and the net fluid flow and average 

fluid-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, SEEK2, 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 

10.5 



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 allowable 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 list. All 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 ceoter 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 
detennine 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 out, including fluid 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 TALLYl when a problem 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, SEEKl, 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. 
of 10 characters is converted to a floating point number and 

If so, the array 
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 SEEKl 

Subroutine SEEKl is entered only during the data~input phase of the problem, 
when a data BLOCK 2, 3, 4, 7, 8, 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 sequent i a 1 order, to find one equa 1 to the 1 as t one read in. If 
one is found, the sequence number in the list 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 preced~ng item in the same data block. 

SEEKl returns to the calling 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. SEEK2 has the same function 

and follows the same procedures as SEEKl, except that the sea~ch is for a pair 

of identification numbers which are the same as the pair just read in. 

SEEK2 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 various input-data item lists to others. The 
sequence number in the node list (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 sequence number in the boundary-node list (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 loca­

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 latest item in the list is used. If a referenced identification number is 
not in the list 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 

CONDUCTANCE 

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

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

Rate of fluid mass flow per unit pressure difference. 
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CONNECTION 

CONVERGENCE 

DATA BLOCK 

DATA DECK 

EXPLICIT NODES 

EXTERNAL 

IMPLICIT NODES 

INTERFACE 

INTERNAL 

ITERATION 

MATERIAL 

NODAL POINT 

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 black 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 problem, consisting of a problem 
name card, data blocks, and a data end card. 

See n REGULAR 11 

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 

for connections with other regular nodes. 
may also be called Explicit Nodes. 
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SPECIAL 

STEAOY 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 

ENOEO 

(BLANK) 

*CHECK 

*SPLIT 

*(NAME) 

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

Oata 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 list in BLOCK 2. Extra blanks may be 
inserted anywhere except within block item lists. 

Data deck preprocessing control card (preceding data deck). 

Causes next problem 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 (seeK). 
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10.3.3 Glossar of Variables and Parameters Occurrin 
Prepared by T. N. Narasimhan~ Earth Sciences 

Laboratory. Berkeley. California) 

NA"!E 

ABUJCK 
ABL!lCK 
ADAT A 
AOAT A 
A>O 
ADO 
AFUJID 
A.I'IATI'41 
APATH 
APA.TH 
APATH 
l.REAINI 
AREAI'41 
AREASINI 
AREASCNI 
A'/1~1 
AII'CNI 
Al 
61 Nl 

BET 
BET-' 
BE TW 
BIG 
BPRI "'E 
CAPINI 
Cf.P'11"1.1 
CAP'11N I 
CAP'1 ('4 I 
CAP'1 S 
CAPS 
CAPT iJ,NI 
Co\PTIJ,NI 
CAPTIJ,NI 
CCI :<4 I 
CI-HIJ,NI 
CH IA T 
CHDASH 
C."'l JASH 
CHI 1'1 lD 
CHl'1lJP 
CHJo/ARPCJ,NJ 
CHIII'ARPC J, Nl 
CHI o/ARSIJ,NI 
CK I Nl 
CK PU 
Cl( I '4 I 
CONI Nl 

DESCRIPTION 

DESCRIPTIVE INFOR'1ATI0'4 ~UNCHED ON BLOCK NUMBER CARD IN 
COLUMNS 9 THRU 80 

ALPHANUMERIC CHARA.CTERS IN COLUMNS 1 THRU 5 0~ THE 
BLOCK NUMBEP CARD 

DIFFERENCE BETWEE"'. SUCCESSIVE VALUES OF DRAO IN A 
SEQUENCE OF NODES OR CONNECHONS PRODUCED BY 'IISFO 

NAME OF FLUIO. SPECIFIED IN COLU"l"'.S 1 TI-RU 10 QF HO:K3 
OESCRIPTI'IE ."'.A"!E JF MATERIAL WITH NUMBER ,"!ATI"'.I 
DESCRIPTION OF THE PATH OF SATUII:ATION OF THE FLOW 

SYSTEM. CAN BE DRYING OR WETTING. IF BLANK, SYSTEI.! T'i 
ASSUMED TO BE SATURATED 
INTERF~CE AREA BETWEEN NQD\INI AND NDDZIN I, EQUALS 

I GED,..*ULONG•DR AO•KSYMJ•SCALE••z. SEE KO 
AREA Of NODSOU EXPOSED TO BJU"'OARY NODE "lOOSfHNI, 

EQUALS IGEOM•OlONG•DRAD*KSVMI*SCAlE••z. SEE KO 
COEFFICIENT QF CQMP~ESSIBILITY' OF MATE~IAL WITH NUMAEQ 

MAT INI 
TEMPf'RAA.V VARIABLE IN ALPHANUMERIC FORMAT 
PARAMETER fO:{ ::>ESCRIBING PRESSURE HEAD VERSUS 

PERMEABILITY RElATION FOR THE NTH MATERIAL Tl.RATFO 
VALUE OF A TABULATE[) PROPERTY' USED TO FIND CHA.NGE 
COEFFICIENT OF CD~PRESSIBILITY OF FLUID 
VALUE CF WCNI BEFORE FINDING NEW o/ALUE 
CONSTANT WITH 1/'A.LJE 0.99999999E L2 
LU"'PEO PARAMETER )f FlJIO, EQUALS BETA•Q>iJZ*GEJ:: 
FLUID MASS CA.PACITY OF NOOEI"1.1 AT PSI(NJ,SUol'rt"' 
SPECIFIC MOISTURE CAP4CrTY' OF ~ARTI&LLY SATLRATED SOIL 

IN NOOEINJ,COMP'JTEO AS CHANGE IN SATUI<AT ION <JER U"'IT 
CHANGE IN PSI tNJ 

TOTAL FLUID !"'ASS CAPII.CITY OF A WIATEQIAL 
TOTAl FLUID ~ASS CAPACITY OF SYST~M 

FLUID MASS CAPACITY PER tJNIT VOLU"'E CF A NODE. ~H.\TEI) 
ro CAPINI BY, CAPlNI"' CAPT(J,NJ*VOLINJ. 
INPUT IN BLOCK 2 AS CAPACITY' OF MATI"ll AT STVA"CIJ,NI 

COMPRESS ION INDEX OF WIATER IAL M&Tf N I 
JTH TABULATED VALUE OF CHI FOR MATEPIAL N 
THE VALUE OF CHI AT ANY PARTICULAR VALUE I')F PST 
SAME AS CHIPRI"'E OEFI\IEO 1"4 THE THEORY :JAPER 

PART 1 BV \IARASIMHAN AND orriiTHERSPCON 
LOCAL 1/'ALUE OF :HrtJ,\11 
MEAN VALUE OF TWf) ADJACENT VALUES OF CHIVAP.P 
VALUE OF PRESSURE HEAD AT WHICH CHI HAS A VALUE OF 

CHlfJ.NJ 
oJAlUE OF SATURATION AT ioiHICH CHI HAS A 1/'L!.Jf !"JF CHI!J,'Jl 

COEFFICIPH I\IDI:4TING RELATION BETiofEN VOID RATID A'-10 
LOGARITHM Of ABSOLUTE PERMEABILITY OF "'ATERrAL WITH 
NUMBER MATHH 

HYDRAULIC CONOUCTlVITY fLIT) OF NriDEiNI AT 

l 0. 12 



CO~(~I 
CONE 
CONST 
CJNST 
co~s n 
CONS Tl 
CONi rz 
CONTfJ.NI 
CONTDIJ,NI 
CONT 01 J, N I 
CONTWI J 0 N) 
CJNHH J,N I 
CONliN I 
CCNZlNI 
CSt~J 
DAY 
OCIJ,-.1 
DCIJ.NI 
DCSIJ,NI 
CELT 
OEl.T 
OEL TG 
oetr Mx 
O=LTIOIIX 
OELT~X 
OELTMX 
DEL TO 
oEuo 
OELT OLD 
DEL T S 
DEL TSS 
OELVOLINI 
DELI IN) 
OELUNI 
OELZillil 
OELZIN) 
DEx 
OF I~ 1 
DEll 
DEll 
OF I IN I 

DFSINI 
DKIJ oN I 
OK(J,NI 
OK!J,'IIJ 
OKll Ml Nl 
DKSIJ,NI 
OLONG 
DLO'IIG 
DNO" 
ONOP 
OPLIIOIIINI 
DPLI Ml N I 
OPLI MINI 
OPlf,..KINI 
OPLI MK HO 
OPll I'IKINI 
DPMAXS 
OPRE S 
OPSI INI 
OPSt~A.X 

PSliNI, SUMTIIOI 
VAlUE GIVEN 4 'i:J'i-OE(;IMAL BCJ NUMBER NXX I~ PATCH 
TEMPCP:ARY CONSTANT,USEO IN CALCULATING &.8SOLUTO:: iJER~<;a­
BiliTY FROM VOID RA.TlO 

CCNSTANT USED IN CALCULATING VOII) RATIO ~ojHEN cn~F"IC 
lENT OF COMPRESSJBIUT'f IAVI IS USED 

CONSTANT USEI) WHE'II :OMPRESSION INI)EX (CCI IS 'J'W1 
ABSOLUTE PERMEABILITY OF MATINI AT PSlVARKIJ.·"ll 
J-TH TABUl.ATEt) VllUE OF 48SDLUTE PERMEABILITY I'JN THf 

DRYING CURVE OF "4ATERIAL WITH NUMBER IIIA.HN! 
J-TH TABULATED \IALUE OF A~SOLUTE PER~ EABIL ITY 0"4 HIE 

WETTING CURVE OF IIIATERIA.l WITH NUIOIIPER ~AT(II:) 
REFERENCE V.t.LUE OF ABSOLUTE PEfi~€A.SlliTY AT Nl" K\10\ol"l 

VOID RATtO EZINI OF f'!ATEIHAL WITH NJMeER MAll~! 
SWELLING INDEX OF MATERUL WITH NUMBER "~HINI 
TEMPORARY NAME FOR DATE 
SCANNING ClAVE DATA FOR SATURATION. J-TH REFFQ.ENCF: 

VALUE CF PRESSURE HEAD F'JR IIIIATE~IAL WITH NU~FII MATI"ll 
SATURATION \IALUE AT THE PRESSURE HEAD Of OC(J,~JI 
TIME STEP CONTROlLE~ 8V PSI \IARV ,SMAll, DEL TO, DEl TMx, 

TIMEP AND TIMAX. ALSO SEE KS,KSPEC 
LA.ST A.CCEPTE!J TI~E STEP COI'IPLETEO 
"(AXIMUM ALLO .. A.BLE Tlfi'IE STEP.'IIO LA.R.GEFI THII.N EIT~EP [)f'l TO 

OR 213 OF THE SMALL EST VALUE OF SUM IN I FOR R EG~L AR 
NODES INT't'PEINJ .. O •• SEE KSPEC,KS. ABSOLUTE LIMIT'i Alit= 
FROM 1. E-10 TO 1.El2 

MAXIMUM All0JIA8LE TIME STEP. 8LANK=l.OEl2. lo'IJST BE 
SPECIFIED IF KS~EC IS POSITIVE 

LAST ACCEPTED TIME STEP 
lAST TIME STEP COMPLETE[) 
LAST ACCEPTED Tl"4E STEP COMPLETED BEFOPE 'lEL TS 
CUMUlATIVE CHANGE lN THE VOLIJ"'E OF NOOHNt 
AVERAGE lENGTH OF FliJD FLOW PATii FI<Q,III NODAL PI"INT I~ 

NODltNI TO lNTE~FACE WITH "')D21"11. SEE 'i:ALt= 
AoJERAGE lENGTH OF FlUID FlOW PATi-1 FRO,-. 'lODAL PO ~~~T '!'1 

NOD2tN1 TO INTERFACE WITH ~o,ilJQIUH. SEE SCALE 
TEMPORARY VALUE Of OOPS II N I 

NET ~~ASS FLOW INT:I 'IIOOEOH IN TIME STEP OELT 
DIFFERENCE IN ELEI/ATIO"'' BETWEEN THE 1\fODE BEI'l,; 

GENERATED A~D THE PREitiOUS N'JOE IN SEOJENCE 
FLUID FlOW FROM llf002tNI TO NOOll"'l DURING TI"'E 

STEP CELT 
fMIASS FL)j!j fROll! NJOSBINI TO NOOSINI IN TIME STEP OHT 
SCI\NII;lNG CUR'/E DATA FOR PEFI"'EAIHLITV TABL:. J-Tf-1 

REFERENCE VAL:JE OF PRESSURE HEAD FC'R ~AfER IAL !.'ITH 
NU~BER .otA.TINI 

A8SOLUfE PERMEABILITY CORRESPONOIND TO O~LlMKI~J. 
ABSOLUTE PERMEABILITY CORRESPONDING TC OKIJ,~II 
.t.VERAGE LENGTH OF A NOOE IN BLOCK 4. AN INTERFACE IN 

BLOCK '5, OR A. SURFACE IN BLOCK 6. SEE ORAD 
DERIVATIVE OF POROSITY WITH PEF':RENCE TO HF'=CTIVE 

STRESS• THE LATTER BflNG IN friiiETRES OF ;.jATER 
HYSTERESIS INFORMATION. PR.ESSJRE HEAD AT TI-'E P'JI'IT :::'1 

THE CRYING CU~VE FROM WHICH THE SCil.NNI~~G CliiiVE N 
NOOEINI COMMENCED ON THE SAflJRATION CURVE 

HYSTERESIS INFORMATION. PRESSUR.: HEAD AT T!-IE P.~INT ""' 
Ttl€ DRY lNG CURV'E FROM WHICH THI! SCANNH~:I Ci,;RVE nF 
NOOECN1 COMMENCED ON THE PER~EASillfY CJRVE 

VALUE OF OPSI~AX FOR TIME STEP DEUS 
MAXIMUM PRESSURE HEAD CHANGE IN TI"'E STEP OHTS 
CHANGE IN PRESSURE HEAD IN NCOE INI IN TI~E STEP DEL T 
MAXIMUM CHANGE (Ill ANY TA.BULAT!::O PROPERTY, l"J EOU!VAU''H 

l 0. 13 



ORA) 
ouo 
ORAD 
ORA) 
OR ADS 
0Sli'11NI 
OVOL 
OVOL 
OWIJE 
ox 
ox 
OXl 
OXl 
OVl 
EAV;; 
EA.V~ 

EAV:O 

" EC 
EK (14 I 
EK I NJ 
EKI~I 
Elf 
EMAX. 
EJ44X , ... 
EPSI NCR 
EPS I NCR 
EPSMEAN 
EPS'4EAN 
ERRORINI 
ERRCRXINI 
ERRS 
ERRS 
ERRS 
ERRS 
ESTRESS 
ESH ESS 
ESTRIN 
!::SHIN 
ESTR~IN 
ESUM 
ESU'4 
ETAINI 

" EX 
EX 
EZ IN I 
EH'tl 
F I Nl 
FBHH 
FEX 
FGI ~ I 
Fl OH 
FIN 
FI' 
FIN 
FLEX 
FL Ul 0 
FLUX 
FLUXS 

MEAN DEPTH IKO.::t), OR MEAN RADIUS lk0=2 rR 31 OF.\ '1:'')~" 

IN BLOCK 4, ..t,N I'HERFA:E HI BLOCK 5, OR A SURF!\CE H< 
BLCCK 6. SEE NSEQ FOR JSE OF NEGATIVE VALUE, .\LSJ <;H 
VOLCNit AREACNI,AREASINI AND SCALE 

VALUE QF ORAD FOR NODE OR CONNECTION LAST READ I'll 
SATURATION AT OPLIMINI 
Cl-tANGE IN VDLU~E IJURING TI~ESTEP DELTS OF THE NODE 

UNDER CQNSIOERATI0'4 
AVERAGE WIDTH aF A NODE IN BLOCK 4. SF.E DRAC 
VOLUMETRIC FLUID GENERATION IN TI'1E STEP DELT FnR THE 

NODE UN DEll CONS JOERAT ION 
INCREMENTAL VALUE OF X COORDINATE FCR NODAL POINT 

GENEIIAT ION IN BLJC'< 4 
SAME AS QXt BUT FOR Y COOROINAT~ 
VOID RATIO EVALUATED AT THE ESTIMAT!;O ,ootEAN VALUE OF 

EFFECTIVE STRESS DiJRING TII'IE STEP DELl FUR T'rlE '40rJE 
UNOER CONSIDERATION 

"'EW VALUE OF ~EFHENCE VOID R.ATEJ WHEN THE Sf'JIL f';"'C>I~S 
TO SIIIELL ALONG A NEW SWELLING C!JRVE 

REFERENCE VALlJE OF VOID RAT[Q O"l THE VOiD RATTI"J VERSUS 
LOG' EFFECTIVE STRESS PLOT OF ~UERJAL iooiiTH "4U~BER 
"'A TOO 

TEJIIPORARY NAJIIE FOR ELAPSED Tl'-4!:: 
LARGEST CHANGE IN THE CALCULATED PRESSURE HEA'1 CHANGE 

OF ANY FINITE-VOLUME SPECIAL NCOE IN C'NF. ITERATI..,II:, 
~UST BE LESS THA14 lO,O*ERRS*PSIVARY FC~ CONV!:RGE~CE 

INCREMENTAL VOLUMETRIC STRAIN DURING r I~ ESTEP DEL TS :'F 
THE NODE UNDER CONS lOERA TION 

CUMULAT I 'IE VOLUMETRIC STRAl'~ ::IF THE NODE UNO!:R CONS! Jt:­
RATlON 

NEW ESTH"'ATEO CHANGE IN MASS FLOW INTO NODE(~) 
LAST ESTJ/IIATED CHANGE IN MASS R..OW INTO IJODEPII 
~AXIMUM ALLOWABLE FRACHDN OF PSIVARY FtJR T!cE CHANr,E r-. 

THE CALCiJlATED AVERAGE PRESSUH HEAD CliA"'GE OF l'llfEfl­
CCNNECTEO SPECIAL NODES IN ONE ITERATION. f,..,R CO~NF>l­
GENCE 

EFFECTIVE STRESS IN UNITS Of FQ~CE PER Ur--.1 IT AREA. 0~=' 
THE NODE UNDER CJNSIOERATlON 

INITIAL EFFECTIVE STRESS &.T THE_BEGINNJr«i Of TI~F ST': 0 

DEll CF THE ~ODE UNDER CONSIDERATION 
MINIMUM EFFECTIVE STRESS OF THE SVSTE~ 
CHANGE IN THE CALCULATED TOTAL ~ASS CONTEII:T 'lF I'H'OR­

CONNECTED SPECIAL ~ODES I"' C"NE TTERAT tCN 
PARAMETER FO~ DES:::RUHN:i PRESSURE HEAD VERSUS 

SATURATION RELATION FOR THE NTH lo\ATERIAL 
EXTJIAPOLATION OF PRESSURE HEAD '1R TIME FOR TABL" LCOK1Jr> 

OR A CORti:ECTlON TO THE PRESSURE HEAD CHANGE OF ~ 
SPECIAl NOOE FOR ONE ITERATION SHP 

REFERENCE VOID RHIO ON THE VOID ti:ATIO VERSUS LOG 
EFfECTIVE STRESS PLOT OF '4ATERIAL WITH II:U~I!!;~ '~~a.,.! "'I 

TOTAL M.&SS FLJW INTO NOUEOO b.T SiJ"!T!M 
TOTAL .loiiASS ADDEO TO SYSTEM FROM BOUNDARY NGDE "1009!~JJ 
MASS FlOW FROM N01>21NJ TO NODl!NI lN TIME STEO '1E'LT 
TOTAL MASS GENE~ATED FROM NO~~(NI 
TOTAL .loiiASS flOW FRO"' N0021...,1 TO N'JDliNI AT SU'IIflll 
OUI'I"'Y U ST ARGUMEI-lT USEJ FOR WRITE ST ATEMENT"i II !TI--! ''~"' 

LIST 9 TO AVOID FIN STATEME~T REQUIRED IN LRLTRA~ 
BUT NOT ALLOiiiEO IN CHAT • 

FINAL CORRECTiON TO MASS FLUX BETWEEN NODES 
TOTAL FLUID MASS CD'HE'H 'JF SYSTE\4 
NET TCTAL FLUID MASS FLOW INTO ALL NCDES IN THE SYST~"~ 
\lET TOTAL FlJID !'tASS FLOW III:TO SYSTEM FROM BOJWJAR.Y 
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Fl UXS 
FlX 
FOR 
FOR 
FOR 
FOR 
FJR 
FOR) 
FORJ 
FSPU 
FX 
FX 
Fl,FZ,F3 
G( Nl 
GIN I 
GBY"'U 
GBY'4U 
GEE 
GENS 
GENS 
GE0'4 
GE0\111 
GGI~ I 
GGI~ I 
GMASS 
GONE 
GONE 
GONE 
GONE 
GS 
GTIJ,NI 
GTIJ,NI 
GTIJ,•O 
GTIJoNI 
GX 
H(NI 
HEX 
HONO: 
HONE 
HSU\111 
HSU\111 
HSUR E( Nl 
HSURHJ,NI 

"' HYSTl.HYST2 
HYST3oftYST4 
1 
!BLOCK 
IBLJCK 
I BLOCK 
IBlOCK 
I BLOCK 
I BLOCK 
IBLJCK 
l8lOCK 
1BUlCK 
IBL)CK 
I BLOCK 
IBLJC( 
l8LOCL 
11 
lJ 

NODES 
FLUID CONTENT OF SYSTE"' BASED ON CONSTANT CAP! "'I 
INTERP(llATION FACTOR BETWEE-. PR":SSURE HEA[)S U P·lf' 810-

GINNING AND AT THE END OF TIME STEP. FIJR IS SFT T') 1,0 
FOR Tt<E FIRST H"'E STEP AND AFTER REJECTED TP.IE STEPS, 
FOR CTHER TIME STEPS,FOR IS l,O IF KPEC IS 2, O,"i IF 
KSPEC IS 3, OR BETWEEN Q,57 AND loOt DEPENDING ~'l R"-'ST 

FACTOR f(11; ES'flHATJ~G CrfA>.jGESo SWA..LS FOR•OELT OR 
O, 5•DEL T 

TOTAL MASS FLOW FROM NODSBINI TO NOOSI~I AT S1J"'TPo1 
AVERAGE RATE OF "'ASS FLOW: ACROSS A. ::ONNECTION 

SINCE TIME TAU 
TEMPORARY VA~ IA.3LES 
VOLU ... ETRIC FLUID GENERAriON RATE IN ~'JOEI'll. SEE GON':'o 

GGINI, GTIJ,NI 
LU~PEO CONSTANT, EQUALS GRAVITATIONAL CONSTANT OIVIOI='J 

BY IIISCOSITY OF FlUID 
GR.AVITAT IONAl I:ONSTo\NT 
NET TOTAL AMOUNT OF Fl:JIO "'ASS GENERATED IN SYSTE"' 

SINCE TI"'E TAU 
GEOMETRIC FACTOR. 1.0 FOR KO " lo z.o•Pt FOR K!) : Z, 

AND 4.0•Pt FOR KO : 3 !PI : 3,1415.;)2651 
INITIAL VOlUWIETRtC fLUIO GENERATION RATE IN "l)TF'!Nlo 

8LANIC .. GONE 
TOTAL "'ASS GENERATION IN NOOEtN1 DURING TIME STEP OELT 
CONSTANT VOLUMETRIC FLUID GENERATION RATE ASSIGNED TC' 

All NCOES IN BLOCK It READ IN AFTER E!LOCt< lo AND SUA­
STITUTED FOR ANY GGINI IN ANY BLOCK 10 READ IN AFH'l. 
BLOCK lo Will NOT BE USED FOil. NODES LISTED IN BLOCK ~ 

NET TOTAL MASS GENERATION RATE IN SYSTEM 
VOLUMETRIC FLUID GENERATION RATE IN NODGINI AT TV~RG 

IJoNloiF LTABG(14l IS -1,0 ORl, GT IS THE VOLU"'':HI: 
GENERATION RATE AT T!~E l!:'ROo DECAYING tHTH HALF LIF~" 
TVARGI loN l 

TEMPCRAR'f VALUE OF GGINI 
FLUID MASS ADDEO TO NOOEINJ UPTO SUMTlM 
MASS FLOW BETWEEN 'IIODES DURING TI"!E STEP DEll 
SURFACE CONDUCTANCE FOR ANY EXTERNAl CCNNECT !::!"'S Oi JTH 

HSUREiN I BLANK I'i 4 BLOCK 6 READ IN AFTER BL"'JCK l 
TOTAL FLUID MASS CAPACITY OF All SPEC III.L NODES OIHiCH 

HAVE INTERNAL CONNECTIONS WITH OTHER SPECIAL NCOES 
SURFACE CONDUCTANCE BETWEEN NOOSINI AND NODSBI'IJI 
SURFACE CONDUCTANCE OF NODS INI AT T ... ARI-IJ, NI,9LANt<:H;'J" 
TEMPORARY VAlUE OF HSUREI~I 
ENTRY POINTS WITHIN SUBR:IUTlNE HYST 
ENTRY POINTS WITHIN SUBROUTINE HYST 
ARRAY SUBSCRIPT 
BLOCK ~UMBER 

VALUE 
ARRAY 
ARRAY 

OF IBLDCK 
SUBSCRIPT 
SUBSCR( PT 

1 
2 
3 

" ' 6 
7 
8 
9 

CONTROLS,LIMITS, AND CONSTA~T5 
~ATERIAL PROPERTIES 
FLUlO PR'JPERllES 
(NOT II.PPLICABlE FCR FLU~Pl 

NODAL POINT OATA 
ElEMENT DATA 
EXTERNAL FLUID CCNNECTI:JN<; 
EXTER~AL HEADS 
VARIABLE FLUID GENERATION RATES 
INITIAL CONDITIONS 
(HEADS AND FLUID GE'lER.ATl'J"l RATIO)) 

LO OATALFORFOIMENS I CNLESS ... ARI ~BL E'"i 
ON DATA END CARD 
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IPATH(NI 
IPATHOI) 
JPATHINI 
I PATH( NJ 
IPATH(NI 
IPRINT 
I PRINT 
IPRI NT 
I PRINT 
IPRJ~T 
I RITE 
I RITE 
I~ IT E 
I TAPE 
lTAPE 
ITE~SUU 
J 
JJ 
Jl 
J2 
K 
K 
K 
K 
K 
K 
K 
K 
KCY:: 
KCYC 
I(CYC 
KD ., 
"" KD 
KD 
I< OAT A 
'(JAH. 
!<.DATA 
KDA T4. 
KD AT AX 
!(GOOD 
!<GOOD 
KK 
KNOCK 
KNO: K 
KONS Tl M 
KO~STIM 
KS 
KSE: S 
KS E: S 
J<SECS 
KSPEC 
KSPEC 
KS PEC 
KSPEC 
KSPEC 
KSPEC 
KSP'!:C 
KSVM 
KW lT 
KIHT 

INDEX DESCRIBING PATH RITHIN HYSTERESIS L~OP. IP~TH :t 
IF ON DRYING CUR'o'Eo (PATH= l.IF Qt. WE'TTING CURVF, 
!PATH • 3 IF ON SCANNIN':i CURVE F~OM \ofETTJNG TO JR'fi"'JJ 
AND IPATH = 4 IF ON SCANNING CURVE FR014 ioETTING Tl) 
DRYING. SUBSCRIPT REFERS TO INDEX OF NODE 
l~OICATES THAT DATA PII:INTOUTS WILL BE !o!AOE \<jHE~EVER 

THE ~UMBER OF TI~E STEPS IS EIIENLY DIVISIBLE BY IPRI'Ho 
IN ACCITION TO THE FIRST, SECOND AND lAST TI~E STEPS, 
AND CTHER TIME STEPS ACCORDING TO TIMEP. SH K'JAH., 
NUM, IRITEoTIMEP 

>Oo INDICATES DATA Will BE WRITTEN ON UNIT 'I TAPE' 
irjHE~EVER KCYC IS EIIENlY DIVISIBlE BY IRITEo IN 
ACOfTfON TO THE FIRST, SECOND, AND LAST Tl"'E STEPS 

OUTPUT UNIT ON irjHJCH TI14E, NODE NUMBERS, ANC 
HEADS ARE irjRJTTEN. SEE JRITE. 

NUMBER OF CROSS A.EFERE"'CED ITEJ!IIS IN DATA BLOCK "' 
ARRAY SUBSCRIPT 
ARRAY SUBSCRIPT 
TEMPORARY VAl~E OF ~DD~ATI~ODlCNIJ OR J!IIATINI 
TEMPORARY VALUE OF NODMATCNOOZCNII 
IN COLUMN 72 OF PROBLEM NAME CAROo IF 2,3 OR 4. 

INDICATES NEW PII:OBlEM •fill USE All CATA FRO~ THE 
PREIJJOUS PROBLEM. INClUDING EITHER THE INITIAl 1~:21 
OR FINAl IK"' 3 JR 41 PRESSUH HEADS ANO START AT 
EITHER THE INITIAl 1K ~ 2 OR 31 OR FINAl IK::: 4) 
PROBLEM TIME.CALSO USEO FOR ARRAY SUBSCR JPTS.FLAG'i I"' 
SEEKl AND SEEK2• TEMPQit.oii.RY VALUES Of SU6SCRIPT":D 
INTEGER 51 

INDICATES PROBlEM IS [N JATA I"'PIJT PHASE IIF -li.OR I'll 
INITIAUZAHON P'i#ISE.INCLUOING INITIAL TI~E STEP rJF 
l.DE-12 IIF OI.OR THE NUJ!IIBER OF TI~E STEPS COMPLETED 

GECMETRIC SY14METRY INDICATOR. l FIJR NQN SYMMf"TRIC, 
Z FOR AXI SYMM~ETRJC, 3 FOR CE"'TRISYMI<IETRIC. l'SED i:" 
CONTPOl CALCUlATION OF NODE IJOlU~ES Afii.O CCfii.NECTIC"' 
AREAS FOR BlOCKS 4,5 AND 6 READ IN AFTER BlOCK 1.. I ~CR'O 
THAN ONE Bl:JCK l MAY BE USEOo TO CHANGE KO.I 

CONTROlS AMOUNT OF DATA ON PRINTOUTS, MPHML'1 {(; ~lfGA­
TIVEo NORMAL IF ZERO, AND !'IAXJ"!U'1 IF P'JSlTIVE. "~XII'IJ'~ 

OUTPUT IS AlWAYS P~ODU:EO ON FIRST, SECQNO ~NO LAST 
T [ME STEPS. SEE IPRINTo NU~, Tl"tEP. 

INPUT VAlUE 3F KOo\ U 
NUMBER OF SUCCESSIVE TI"'E STEPS NOT REPEATFD. '11<: ~OT 

INIJOLIJ(NG CHANGES TO SPECIAL NODES, AfTER SECO~Q 
ARRAY SUBSCRIPT 
NUMBER Of FLLJIO FlQirj C0'-1\IECTIO!'fS BETIOEEN PAIRS 0!" ')P"'­

CJAL NODES 
>Do CCNSTANT TIME STEP USED !CELT: OElTQ) 
<~o, VARIABlE TIME STEP USEO 

INDICaTES THAT NJOE,Nl IS A SPECIAl ~·ODE. SEE '<S:>"'C 
"'ACHINE TIME CHtr.RGEJ Tel f'ROBLE"4. IN SECm.ns. "~.-.SURfJ 

FROM JUST BEFORE READING PROBL~M NA"'E CA~Il ~"1R ~~CH 
DATA DECK 

INOIOTES REGULAR NODES .. Ill BE CHANGED TO SPECI.~L 
NODES AS NEE:>EO TO ALLOW lARGER TII-iE STfPS !Clo f:\0::-
FORE FIRST TII!ESTEP llt2 DR 31, OR NOT ALL. A'l9 src ... ny 
STATE CRITERIA CANNOT END f'ROBLE"4 1-11. CAN FIX [I.IT::R.­
POlATION FACTOR IFORI AT 1.0 121, OR AT 0.5 131. 
NOPMAl IJALUE OF <SPEC IS ZERO. DELTO MIJST 8E SPC::CfF!I01 
IF KSPEC IS POSITIVE 

SY"ti!ETRY FACTJ~, 1 IF KJ IS 1 OR 2o 2 IF KO IS 3 
FLAG 11\0IC.ATING ".EASON FOR ENOING PROBll"~ 

ZN91CATES TIME STEP TO BE REPEATED 1-11, SU"'TI"E n-
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KWIT 
l(l<j 11" 
K~ [f 
10HT 
KW If 
KWIT 
KlollfLOC 
Ktl H LJC 
KWITLOC 
KW IT MSG 
Kl.Kl 
l 
LABEL 
tASTE"! 

LAS TIM 

LBX 
ll STINI 
USTINI 
L1 SH'II I 
Ll STRI Nl 
LISTX(NI 
UA8 
LTA.6CINJ 
LT ASCI N I 
LTABGINI 
LTABGI Nl 
LTABGINI 
LTABGINI 
LTABG(NI 
l..f ABHPU 
LTA6HI Nl 
LTABHINI 
LTABKINI 
LTA'JKI Nl 
LT ABSCINI 
LTABSCfNJ 
LTABSKINI 
LT A8 SkI Nl 
LTAtlPiiftNl 
LTABPHIINJ 
LTAiH'HliNI 
LTABP'il INI 
LXX 
Ll TO L4 

' ••• 

"':: v: 
MCYC 
..: YC 
MF 
MF 
MID 
MIN 
MOOS ., 

CEEOS TIMAX Ill. PSI OYER PSIMAX 121~ OR U~DER: P<;P'I'< 
lllr STEADY STATE REACHED 141, INPUT ERROR 1'51, *CH':f'< 
CARD READ IN I OJ, KCYC OVER "4SVC 11J r KSECS OVER -..:;::;c 
1~1, "'ISSI~ BLOCK 2 OR BLOCK 4 191, TTERATII1N C0'4V"'~­
GENCE fAILURE 11::1), NUMSER OF BUJCK ITE"~S TCO LARGE' 
(1!1, OR TAStE LENGTH OYER M9 1121 

NUMBER TEN-LETTER ALPHA NUMERIC WORDS ~~- EII.Cl- Kioi!T~<;r; 
STATEMENT. I<WITLOC IS USED PRINT DIAGNOSTIC STATE~!'~T 
ON ENDING TI-lE PROBL E"! 

DIAGNOSTIC MESSAGE ON REASON FOR ENDING THE PR~BL!'_. 

TEMPORARY VAR tABlES 
TEMPORARY VARIABLE 
INDICATES TABLE HEAIH~GS TO BE REWR.ITTF"'o IF NONl~R.C: 

lNOICATES PRESSURE SCALE IS LINEAR If J, LOG If t. 
INClUDED IN THE BATTEllE 'o!ERStON OF Tll.UST r'1NLV 

INDICATES TIME SCALE IS li"'EU. IF Oo LOG IF 1, 
INCLUDED IN THE SATTELE VERSION OF TPUST O!I!LV 

INDICATES INPUT DATA FIELD FOR N)(X BlANK IF ZERr'1 
INPUT ARRAY IIHICH MUST BE RECALCULATE!) IN SURR REo:;:~:.. 

CCNTAINS INTERNAll't" ASSIGNED NODAL POI~T NU'18ERS 
WHICH ARE SET; J WHERE LISTXINI = LISTR{JI 

ARRAY CONTAINING NU"18ERS TO WHICH APPII.Y LIST REFER<;. 
INPUT VALUES OF ARRAY liST 
ABSOLUTE VALIJE OF A TAaLE LENGTH 
LENGTH OF A TABLE OF SATJRAT[QN IOIETTING OR 'JRYl"'G1 

'IERUS PSI'IARCIJ,Nl OF J(ATERJAL WITH NU"1BER ~AT{Nl 
LENGTH Cf A TABLE OF GHJ,"'l VERSUS TVAII_G { J,NJ fOR 

"'CDGtNit IS NfGATIVE FOR TIME TABLE, IS POSITIVE F"'~ 
PRESSURE HEAO TABLE, -t,O OR 1 FOR EXPQ"'ENT!.\LLY VAP'f­
ING FLUID GENERATlON WITH RATE Gl(l,NI AT TI"E Cl, HAL"' 
LIFE TYAP.Gil, Nl 

lENGTH OF A T4.8LE Of HSURHJ,NI VERSUS TYARHtJ.~Il F"R 
NOOSINJ, IS NEGAT lYE FOR TJME TABLfo POSITIVE F:l~ 
PRESSURE HEAD TABLE 

LENGTH OF A TABLE OF C!HTD(J,NI•CONTI'IIJ,J\11 ·~ERSUS 
PSIYARKIJ,NI OF MATE~IAL WITH NU~BFR ~lT!NJ 

LENGTto OF A TABLE OF SATURATION SCANNING C.UI<IIE OF ·~AT"'­

Q.[AL OIITH NJMBER ~ATtNI 

LENGTH OF A TABLE Of PERMEABILITY SCANJ\:I~G ::URV~ rF 
MATERIAL WITH NIJ"'BER '4ATI~I 

LENGTH Of A TABLE Of ?Hl81J,NI 'IERSUS TI"'EBIJ.~!I co: 
IIIOCBINI. "lAKE 100 TO f;ET SINUSOIOIIL liAR lATino CF 
PHI BINI ARO~NO PHIBI1~NI WITH A~PL !TUDE PHI~12,"11, 
P!:RIOO TIMEBil.NI AND PHASE AD.,.ANCE TI~E TI"fB!Zo'Jt, 

INDICATES INPUT CU.TA FIELD FOR ~XX BLANK IF Z~Rn 

TEMPORARY VALUES 
UNIT NUMBER FOR OUTPUT OF CALCULATIONAL ~<ESULTS 
SIZE CF ARRAY L JSTR IN SUBROUTINC REFER 
IDENTifiCATION NUMBER OF MATERIAL ,.tTH n;oex ~~ 

SIZE OF ARRAYS LIST AN:> LISTX IN SUBIWUTlNE Dfff;R. 
~IGHEST INDEX Cf PART OF TABLE 1\E lNG SEARCH~O 
SIZE OF ARRAYS UST AN() llSTX IN SU6Pf1Uf!NE RE!=~R. 

HIGHEST INDEX OF PART JF TABLE BEING S!'ARCHO:::V 
MAXI "'UM ALL()tED NUMBER OF T I"'' E STEPS I Lifo' IT !::!IJ '<C v~ 1, 

NEGATIVE WILL STOP PROBLEM AT EN9 OF FIRST TI~E srco. 
ZERO CR BLANK IS IGNORED 

TOTAl NUMBER :>F TIMES OPRES 'JR OPSIJoiAX HAS FXf.F"''J"'") 
PSIVAR.V IN TIME STEPS FOR WHICH DELT J.AS ECUAL T'J s~~~-L 

CENTRAL INDEX OF PART OF TABLE REING SEII.!l.CHE!J 
L'JWEST INDEX JF j)ART OF TAStE BEING SEARCHEC 

INDICATES "'DE IS A 1•11~ B !-tJ, OR !IIEITI-IEP 101 
NUMBER OF Tf"'lE STEPS FOR WHICH OELT ~AS EQUAL TJ 0ELT"X 
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"' MS 
MSEC 
'1SEC 
MSEI: 
MSS 
MSS 
MSS 

"" Ml Mll 

"' "' "' "' N 

- MLZ 

NAOD 
NADCO 
NAOS 
NAOS8 
NAOl 
NAOl 
NAOZ 
'1402 

"'"' NAME 
NA"'!:: 
NAMES ,. 

"" "' "' 

NBUNI 
NB2 t Nl 
"'1821 fill 
NC 
NCHECK 
NCYC 
NODT 
"tOOT 
NJU'I~V 
NOUMMV 
NEWBL!"fl 
"'EioiBLINI 
I\IEWBl( Nl 
NEJIBU N I 
NEWS 
NIT 
N"IAT 
NN 
NND 
NOc:J N 
NODHNI 
1'<0085 
"tO DE IN I 
'lODES 
NODES 
NODI"'' 
NJOIM 
NOOTDIN) 
NODTOINI 
NQOTOINI 
NOOGINI 
NJO'UHNI 
NOm-IS 
NOD~ E'F 

AND CPRES AND OPSI"'AX WERE LESS THAN PSI'/APY. Si'ICE' 
LAST REGUL.t.R NODE ~AS RECLA.SS!FlED AS A SPEl:IAL 'IJCJrJ'C 

Mo\XIMU"'' AllOWED USE OF MACHINE TI"!Eo IN SECCNOS, I\IEGA-
TlVE WILL STOP PROBLE"' AT E~O OF FI~ST TIME ST~P, ZF~~ 
OR BLANK IS IGNORED 

TOTAL NUMBER OF T[MES OPRES AND OPSJMAX WERE LESS TH,\"1 
PSIYARY IN HME STEPS FDA: loiHICK OELT !liAS EQUAL TO 

OEl HOI 
NOP"tAl MONITOR OUTPUT UNIT NUMBER I 03 AT LRLI 
PARAMETERS CONTROLLING DP4ENSIONS OF ARRAYS F.,~ 

~A.TERIA.LS tMZI.NOOES IM4J, t~TERNA.L CC~NECTIO~S ~~~I• 
SURFACE CONNECT l!lNS 0161 0 BOUNDARY ~ODES Onl, FLUI'J 
GENERATION NJOES {"'BI, TA8LE LENGTHtJol'91, MloM),Ml'Jo"ll 
AND M12 ARE PRESENTLY lNUSEO 

ARRAY SUBSCRIPT 
DIFFERENCE BETWEEN SUCCESSIVE VALUES OF NODE IN SECU!:=f\,ICE 
DIFFERENCE BETWEE~ SUCCESSIVE VALUES OF NODG IN SEOtJE"JC': 
DIFFERENCE BETlooiEEN SUCCESSIVE VALUES rF N!10S IN SEOU~'lCI" 
DIFFERENCE BETINEE\1 SUCCESSIVE VA.LUES CF NODSB Jfl,l SEOUE''lCE 
DIFFERENCE, AFTER ~ULTIPLYING BY lO**NZ, BE'TINEFN YALUFS 

OF NA.Ol IN A SEQUENCE OF CONNECTIONS 
!) IFFERENCE, AFTER MULTIPlY lNG BY lC**Nlo BE TWHN 

VALUES OF NADZ IN A SEQUENCE OF CONNECT IONS 
B0-01ARACTER HTLE OF PROBLEM NAME CA.RQ, FIRST CHARACT':Q 

MUST BE AN *• CHARACTER 7 2 C:lNTR OLS USE OF 11A. fA FRO~ 
PRECEDING PROBLEM t SEE Kl 

PROBLEM NAME A.T TIME LAST DATA O:ND CARD WAS READ IN 
INPUT UNIT NUMBER FOR BlOCK IT?IS 
INTEGER WHICH SEEKl OR SEEKZ IS TO SEA.RCH FCR. 
WITH ~BUNI CONSHTUTES PAIR OF ARIUYS OF 

INTEGERS SEARCHED FOR IN SUBROUTINE SEF:KZ 
ARRAY SUBSCRIPT OF NXK IN PATCH 
INDICATES /*CHECK! READ IN IF NON ZEIIO 
TE!o!PORARY PARlro!ETER.. EQUALS KCVC-1 
INDICATES TIME OE~IYA.TIVE OOPSIINI "ill ae USE') 

INDOT > 01 OR MUNTAINEO AT O,C! INOOT NOT 01 
COLLECTIVE NAJo!E FOR. CROSS REFEI'ENCEO VAR!ABL!:S GPOIJPEr1 

BEHIND NOSPEC I~ BLANK COMMON 
NUMBE~ IJF TIMES DAT4 BlOC~': N HA<; BEEN IIEAO 1~1. lJJJ IS 

.UOEO EACH TI~t \ REFER:NCEO ClAU BLCCo<. IS 'I.ElD !•1, 
THIS iojlll APPEAR AS LEADING ZEROES IN THE PR.J'JTJUT r)U~ 
TO THE FORMAT USED 

NUMBER OF REGULAR NODES "4ADE SPIOCIAL IN ONE TI,.E STEP 
NUMBER CF NODES ~jJTHINITIAl VALUES PPHI ANO GG 
NUMBER OF fi1ATERIALS ()ESCRIBED 1"1 INPUT BLOCK 2 
ARRAY SUBSCRIPT 
ARRAY SUBSCRIPT 
NUMBER Of INTERNAL NODE CONNECTIONS IBLOCK '51 
NU"'BER OF BOJNOARY NODE IIliTH INDEX N 
NUMBER OF BOLI~OU:Y NODES I INPUT BUJCK 71 
I DENT IFICATlON NLI'4BER OF NODE "'ITH 1\IOEX N 
NUJoiBER 'lF NODES INPUT IN BLOCK 4 PLUS ~'U~o!SER 'JF 

WEllS INPUT (N UOCK 9 IFLLIMPI 
NUMBER OF NODES FOR INHICH TO AND PO ARE TJ BE 

CALCULATED 
SERIAL NUMBER IN THE NODE LIST OF THE NTH 

VOLU"'E ELEMENT FOR WHICH OIJo!ENSIJNLESS 
QUANTIfIES ARE REQUIRED 

NW1BER OF A NODE IIHH VARIABLE FLUID GENERATION 
IOENTIFICA.TION NUMBER OF MATERIAL IN NCDEtNI 
TOTAL NUMBER OF NODES ::IF A -.ATERIAL 
INDEX OF NODE 8EI·\IG REFERRED Tn 
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~ODS IN I 
NOOSINI 
~JOSBI'II 

NOOSBINI 
NOD UN I 
NCIOl INI 
N002tNI 
N0021NI 
NOGEN 
NOS CON 
NOSP EC 
NOTEINI 
NOT:;tNI 
Nl>l 
NOW 
NOXE f'H 
NOXG IN I 
NOXSfNI 
NJXSB( N I 
NOXL I'll 
NOX2 00 
NP Rl NT 
NPRI NT 
NPRJB 
NPUNCH 
NPU'IICH 
~PUNCH 
NPUNCH 

"' NOS 
NRE:i 
NSAVE 
NSAVE 
NSEQ 
NSEO 
NSTOP 
NT ABlE 
NTYPEI Nl 
NTYPEINI 
~I'"VPE PO 
NTYP ES IN I 
NUM 
NUM 
NUM 
NUM 
NUMX 
N!.JUVG 
NUTMAX 
NUTMAX 
NUTS 
NUTS 
NUTSU~ 

""" NUH l 
NVA\C 
~ARCH I 
NVHG 
NVUH 
NV ARK 
NV ART 
NX 
NXUNI 

IDENTIFICATION NUMBER OF SURFACE NODE CCNNECTED TO 
NCDSf!INI 

IDENTIFICATIQ'II NUMBER OF BOUNOAPV NCDE CQNNECTf~ T~ 
NCDSlNI 

IDENTIFICATION NU~BER OF INTERNAL NODE CrNNECTED T, 
N0021NI 

IDENTIFICATION N!.J~BER OF INTERNAL NODE CD'IINECTF.D T0 
NODLINI 

NUMBER OF NODES .. ITH FLUID GE ... ER.ATION 
NUMBER OF EXTERNAL CONNECT lONS I INPUT eLJCK 61 
NUMBER Of SPECIAL NODES IN SYSTEM 
IDENTIFICATION NU!.IIBER OF NODE WITH INITIAL Cf1NiliTIONii 
PPHI, GG 

INDICATES P~INTOUTS ARE 3EHG PRODUCED FOR TI-lE TI'IE 
STEP JUST CO~PLETEO, IF NON ZERO 

(NPUT VALUE OF NOTEINI 
INPUT VALUE OF NODGINI 
INPUT VALUE OF ~ODSINl 
INPUT VALUE QF NIJJS!H Nl 
INPUT VALUE Of NODi OU 
1 NPUT VALUE OF fii0J21 Nl 
NUMBER OF PRESSURE HEAD IPSII VERSUS NODE NUMI3':R PRI~IT­

OUTS /o'ADE 
PROBLEM NUMBER COUNTED FROM LAST /*DATil/ CARD 
INDICATES FINAL VALUES JF PHI,II.NO CONSTANT VALUES OF G 

W(LL BE PUNCHEIJ IN THE FORMAT OF BL:!CK 9 -11-E~ THE 
PIIOBlE~ IS ENDED OR PHERRUPTEO. TO ALLOW A CCr>lTI"'UA­
TION PROBLEM TO BE RUN 
INPUT UNIT NUMBER FOR. DATA DECKS 
NORMAL MON[TOR I~PUT U~IT 'W"'BE~ 102 AT LRl! 

"!UfO,BER OF REGULAR NODES IN SYSH"1 
INDICATES A *OECKS CARD HAS BEE"l READ !"'t IF t, ,,\10 

Ut.USEO OATA OECI(S ARE T!l BE SAVEJ 
NUI"6ER OF BU~CK ITE"4S TO 8E GEN'=RATED IN ACCITIO'I r:; 

THE ITEM DESCIUBEO 
INDICATES PROBLEM TO END loiHE"' TIM!: STEP IS C0"4PLETE 
TOTAL NUMBER DF TABLES IN INPUT OATA 
NODE TY!'Eo REGULAR IOio SURFACE Ill. ZEF<O-VOLU"'E 121. 

KS:l SPECIAL 01, KS=O CONVERTED fl' SP~CJAL {41 >R 
KSPEC"' 1 CiJNYERTEJ TO SPECIAL 151 

INITIAl NODE HPE. SEE NTYPEI Nl 
!IIU,..SER OF A NODE FOR \r,IHICH PSI, PHI,OOPS!,SUIITI"' OIILL 

BE WRITTEN ON OUTPUT EVERY TIME STEP. THIS IS IN Ar'}!­
TIDN TO THE DATA WRITTEN OUT FOR All NODES AT !NT;P­
VALS CONTROLLED BV IPRINT AN() TI"'EP 

INPUT VALUE OF NU'4 
AVERAGE "iUf!IIBER OF IH'RATIONS PER CYClE 
'1AXI11U~ ALLO.,A!3LE NUMBER OF ITERATICNS CF- THE HliS 

BALANCE EQUATIONS FOR INTERCO"l~ECTEO SPECIAL 'JODES!~'~Ol 
.~U"1BER CF ITERil.TIONS COMPlFTEO BEF0RE CONVFRGE•iC!=. WILL 

CAUSE f\EXT TJ"'E STEP TJ BE ~EDIJCfO IF ~nRE TCIAN 4J 
TOTAl P..U~BER OF ITERATIONS USED IN PRC:BLE"' 
MAXIM\J"~ NU"~BER OF JTERil.TIONS USED tN Af\V TI~~>E STFP 
TEWP(FARY YARIABLE FOR ~UTX 
NU...at=:R OF ~ATERIALS WITH VARIABlE FL!JID "'ASS OPAC:tT'f 
NUMBER OF "'ATERIALS WITH TA8ULATEQ VAI.UES OF C-11 
NU~ER Of NODES WlTH VARIABLE FlUID GENEFATION 
NUMBER OF NODES WITH VARIABLE SUPFACE CONDUCTANCE 
NUMBEP OF NODES \<,liTH YARIABLE P!:R"'EABillTY 
NUMBER OF 80UIIIOAR.Y ~ODES \r,lfTH V'AR !ABLE i>CT ENTI Al 
TEMPORARY VALUE OF NEWBLINJ, OUTP'JT LINE COU"JTI';~ 
INPUT NUMBER HSUREINI, PPHIINI IN RC:O FOPio\ 
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NX21NI 
NXJI Nl 
NX 4( Nl 
NXXC Nl 
NZ 
Nl,~2.rH 
OLOI/ OL 
OUlVOL 
pC IN I 
PC HI Nl 
PC ONE 
PCO'lE 
PC ONE 
PC Oil E 
PCX , 
PO 
PHIB(J,NI 
PHIBCl,NI 
PHJBI2,NI 
Pi-ll !IS 
PH P4AX 
PHI MAX 
Pftf\UX 
PHI MIN 
P11l14IN 
Pi-11'41\l 
Pi-HONE 
PHI ONE 
PIHONE 
Pli I X 
PIX 
PIX 
PLU"4P 
PLUMP 
PLU'4P 
PORS 
POUT 
POUT 
PJUT 
PQtJT 
t'PHII~ I 
PS IOH 
PSU.O 
PSIAIRINI 
PS IE R 
PSI:; R 
PSI L E 
PS IB fN I 
PS13SI'll 
PS 1'411X 
PS1'4AX 
PS I'UX l 
P'iiMIDC(J,NI 
I'SI"41:lCIJoNI 
PS IIIARC(J, Nl 
PSI'IARCIJoNI 
PSl'IA.RKCJ,NI 
PSIVARK(J,NI 

QOVERH 
QOV E{ H 
QOIIE RH 

INPUT NUMBER GGINI IN BCD FOiil"' 
INPUT NUMBER PCINI IN BCD FORM 
INPUT NUMBER ~GINI IN BCD FORM 
A BCD NUMBER TJ BE TESTE) FOR A DECIMAL PT. 1"'1 P~TCH 
INDICATES N4Dl,NA.02 ARE TO BE MUlTIPLIED SY lOU\IZ 
T EMPORA.R Y VAlUES OF VARI :JUS I NTFGERS 
VOLUME OF NODE UNDER CONS IOERo\TIOii AT THE END OF U.ST 
CO~PlETED TIME STEP 

PRECONSDLrDUIIJN STRESS OF NOOE frill. 
PCtNI EXPRESSED IN EQUIVALENT COLUMN OF FLUID 
CONSTANT PRECONSOLIDAT!ON STRESS ASSJGt-·EiJ TC 4.LL "'nJ)~"S 

IN A~Y BLOCK 4 READ IN AFTER BLOCK 1, AND ~UBSTI TUTE"J 
FOR ANY UNSPECIFIED PCINI IN A.NV BUCK 10 READ IN o\FT~q_ 
BLOCK t. 

TEMPOPARY VAllJE OF PCOO I~ INPUT DAU BlOCK 10. 
DIMENSIONlESS PRESSURE, CONVENTIOlALlY USED T"l 

PETROLEUM liTERATURE. PO = PLUMP * DRAWOOhN 
FLUID POTENTIAL OF NODBINI AT TI'1EBIJ,Nl 
AVERAGE VHUE OF ~HBINI. IF lUBTPU IS 100 
AMPLITUDE OF VARIATION OF PHBINI, IF LTABTI~I IS 100 
AVERAGE VALUE OF BOUNDARY NODE POTENTIAL OUR lNG T l .. ~q;:;o 
MAXIMUM AllOWABlE POTENTIAl. REPLACED WITH 1.0 F12 

IF NOT lARGER THA/i PHIII!IN. PROfiLE~ TERMINATES IF 
SHIAlcl BECOMES lARtiER THAN PHI"'AX 

MININIUM ALlOoiAI!lE PQTE\lTIAlo REPLACED \<liTH -1.0~"12 
IF NQT LESS THAN PHP+AX. PROBlE~ TERMINATES IF 
SIMINl FALLS BELOW PHP.HN 

INITIAl FlUID POTENTIAl ASSIGNEIJ TQ &Ll NODES IN A"lY 
BlOCK 4 READ IN AfTER BlCCK loANO SUBSTITUTED FCR ~'I­
SPECIFIED JUHJINI IN ANY BLOCK q READ IN AFTER E'l'lCK 1 

TEMPORARY VAlUE OF PPHICNI 
NUMBER OF HME STEPS ESTI"'ATFO TO RE"'AIN BEFCRE Tl""AX 

R EACI-ES AN INTEGRAL MUlf IPLE Of Tl""EP 
THE CONSTANT PORTION Of PO FOR A GIVfN PflOBLE ... 

PLU"'P Tl~E$ DII:AWDOWN EQUALS PD. PLUMP -= 
12.* l.llols:J * CON * RHJ • GEE III QOII~RH * VI SCI 

POROSITY 
FLOATING POINT 1/ALUE GIVEN A BCD NUMIJER NXX IN PATCH. 

USE'J FOR SETTING INITIAl VALUES-- i>PI-JINI, GGI"JI, 
HSUqfiN1 TO EITHER I ... PUT VALUES IN BLOCKS 6.to 
OR DEFAULT 'IA.LUES lN BLOCK l. 

INiTIAl POTE"4TlAl IN NOTE INlo BLANK .s PHICINE 
PRESSURE HEAD I"4 ~DDEINJ. EQUALS PHIINI-ZtNI 
AVERAGE PRESSURE HEAD QF SYSHM. CONSTANT CAPI'JI 

PRESSUAE I-lEAD AT AIR ENTRY VAL'JE 
CHANGE IN AVERAGE PRESSURE HEAD OF SYSTEI'l DUE TO "JET 

SURF ACE HUX 
CHA.NGE lN AVERAGE PRESSURE HEAO DUE TO FLUID SENERAT!Q'J 
pq_ESSURE HEAD AT 'lODB(\11 
A'o/ERAGE VAll!E OF PSfB(NI DURING A. TI~E STEP 
MAXIMU~ ALLO.JABLE PllESSUii.E HEAD. REPLACED WfTH lo.1':l2 

IF NOT LARGER THAN PSJM(N. 
~AXIMU~ PRESSURE ftEAD IN SYSTE~ AT SUMTI~ 
MEDIAN VALUE OF PRESSURE AT JIHICH SPEC:FtC "'OIST!JIH 

CAPAClTY Of A "lATERIAl WITH NU~BER /"i&TI"il IS !:oJALU.HF;"J. 
VAlUE OF P!'ESSUREHE5.D PSI U WHICH SATL'R&TICN HAS 

A liHUE CF SWIJ.Nl OR SD(J,NI 
VALUE OF PRESSURE HEAD PSI AT JIHICH PE~MEAB!LITY H~S 

A VALUE Of CO"'TDIJ.NI OR CONT~«J,NI 
VOLUMETRIC FLOW RATE FROM WELL PER. UNIT AQU !FER 

THICKNESS,USEO FQR GENERATING DIMENSIONLESS VARTABlt=S. 
USED ONLY IF ~LOCKlO IS USED 
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RATG 
RINI 

RATIO 
RA Tl 0 
RATIO 
RATIO 
RATl 
RATZ 
RD 
RD 
RD 
RD 
ROE. T 
RH 01 Nl 
RH0'4E.&.N 
RHOM!:AN 
RHOl 
RHOZ 
snu 
SAVG 
SA'IG 
SCALE 
SCALE 
SCALE 
SO tJ o 1i I 
SQ(J,~I 

SET 
SLl"HNI 
Sl i"HN I 
SLCC IJoNI 
SLO:JIJ,NI 
SLOCfiiiJoNI 
SLOCI-il(J,NI 
SLOC,; tJ,N I 
SLQ!:;,j IJ.NI 
SLOC'J( JoN! 
SLOGIJoNI 
SLOrHJoNI 
SL:JKIJ,NI 
SLO<OI J, Nl 
SLO(Q( J,N) 
SLO<wl J,NJ 
SLOKNtJ.NI 
SLO(WI J,N) 
SLOPS 
SLOPS 
SLOT IJ,NI 
SMAll 
SMALL 
SMALL 
$)4 4L T 
SPEED 
SR 1'0 
SS IN I 
STRATE 
STRATE 
SUMfiM 
SW IJ ,NI 
SW(J,NI 
TAU 
TD 

VALUE OF SIVAMY/DHEAD I~ TI~E STEP DELTG 
RADIUS TO NTH "'ODE Hi AN AXISYM"'ETRIC SYSTEM, 1JS':3 

FOR CC~PUTlNG DPIENSIONLESS TIME 
RATIO 'Jf DEll TO ')EllS, BEFORE RESTRICTING CELT TO 

Llfi<IITS SMALL AND OELT"IX. ;jATIO IS SET EQUAL Ta 
SIVARY/MAXlFIOHEAO,OSIMAXIo RESTRICTEC TO TH~" 

RANGE FROM 0.5 TO 2.0 
VA.LUE OF SIVARV/OHEAO IN TIME STEP OELTS 
VAlUE OF SIVAPY/DHEAD IN TIME STEP DELTSS 
R!'LATIVE DENSITV OP SPECIFIC GII:AVIT'f nF THF. OV':R­

MATERI&l, DEFINED AS THE RATIO OF THE AVEIUGE 
UNIT WEIGHT OF THE OVERBUROEN MATERIAL TO lHE 
UNIT ~EIGHT OF WA.HR 

= (I)El T • DEL TSI I IOELTS • r:lELTSSI 
DENSITY Of FLUID I~ THE "' TH 1/0LUME ELEMENT 
"\Eb.".. DENSITY OF FlUID AT THE INTEII:FACE BETWEE"l 
TWO VOl'J~E ELE"ENTS 
REHRENCE DENSITY OF THE FLUID AT IIEFERENCE PRI"SSUII:;:, 

U SUALl V Al"''JSPHER I C 
SATURATIONAT ~ODE N 
A.VERAGE VALUE Of SATURATION OVER A. TIM!: STEP OELT 

USED IN ESTJ"'ATING C&Pl'O 
LINE~R SCALE FACTJR USED IN CALCULATING All LENGTHS, 

AREAS, AND VOLU"'ES FOR BLOCKS 4, 5, AND b, SET T'1 
1 If "4EGATIVE, ZERO, OR UNSPECIFIED If'.. HflCK L 

JTH VALUE OF SATURATION ON THE DRY lNG CURVE HlR THE 
NTH ~UERIAl 

T I !olE CR HEAD FOR TABLE LOOK-UP 
"'AXt"'UM STABLE TI~E STEP FOR A REGULAR N:JOEINI, 

= CAP(NI/ZIPINI 
SLOPE BETWEEN ENTRIES J &NO J-t IN CAPHJoNI TABLE 

SLJPE BETWHN J AND J-1 ENTRIES IN TI-E CkY lNG CURif 
SL-JPE eETWEEN THE J AND J-1 ENTRIES I~ THF. CHI TABLE 

Of T~c NTh "'ATEIIIAL 
SUP.: 6ETiriEEN J AND J-l ENTRIES IN THE lo.fTTING CIJRIJE 

TABLE FCR THE N TH 'HTERIAL 
TABLE FOR THE N TH MATERIAL, 

SLOPE SETWEEN ENTRIES J AND J-1 IN GTIJ,NI TABLE 
SLCPE 8ETWEE"' ENT~IES J AND J-1 I~ HSUil.T(J,NI H~LE 
SLOPE BET\oiEE~ ENTfHES J AND J-1 IN CONT(J,rH TAeLI" 
SL0PE BETOIEEN J II.ND J-1 E\lTRIES IN ThE DRYING. 
PER~<~HBlLITY 1/ERSUS PRESSURE HEAD TABLE OF NTH ~A.Tl=Q: tAL 

SLOP!: BETWEEN J AND J-1 ENTRIES IN THE WETTING, 
PER~EA81LITV VERSUS PRESSURE HEAD TABLE OF T"'E 
N TH MATERIAL 

RATIO OF ~AKI~<JM UTES 0~" HEAD CHANGE IN TIME STfP') 
C.ElTS AND DELTSSo ,. (RATl • DELTSI/II<ATZ • ilELTSSJ 

SLCPE BET~EE~ ENTRIES J &NO J-1 IN PHIBIJ,NI TA8LE 
~INI"'UM ALLOWABLE TI~E STEP. BLANK= t.E-l.Z. UT<:R 

REPllCED .. !TH O.Ol•DELT!<IX, AS LO"'G AS AT LEAST l/4 
OF TI-E NflOES A.Q:.!' II:EGUL4.R NODE So 

INPUT Vb.LUE OF S~All OR 1.0 E-12, WHICHEVER LARGE~ 

ACCELFRATION PAIUfOIIETER FOR POINT ITE!Ul!VE SCHEr>~f;, -:: J.2 
RESIDUAl SATURATIJN OF NTH ~ATERIAL 
SPECIFIC STORAGE COEFFICIENT OF THE 'HI'< ~ATERitiL 
TI~E RATE OF VOLU~ETRI: STRAIN ESPRESSEO AS A 

PERCE"'TAGE. STRATE "' lOOo* EPSINCR/DEL1"S 
TOTAL PROBLEM Tir>~E, STARTING AT TAU. LIMIT IS Tf"'AX. 

JTH IJf.LUE OF SATURHION ON THE WETTING CURVE FoR THE 
NTH ~AT ERIAL 

PHTlAl VALUE OF PR!JBLE"' TI~E 
OIMHSICNLESS T!'IE fREQUESTLY USED IN THE PI:TR0L~"'J'~ 
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" TD 
TIM 

''" TI MAX 
THo\<\ X 
TIMAX 
TIMEBIJoNI 
TIMEBilo~l 
TIMEBIZ,NI 
TIMEP 
TI~EP 

TIMEP 
TJ MEP 
TRANCNI 
TLU'4P 
TLU"'P 
TlUMP 
TtU'4 P 
TRANSINI 
TRM·.;SI Nl 
TV'o\RGI l,NI 
TVARGiloNI 
TVARGI J,NI 
T'IA:tHIJ,NI 
VLOST 
'tiOU Nl 
VOLINI 
VOLMS 
V'OLS 
VSOLIO INI 
WI Nl 
WIN I 
'-'"'$ 

" XF 
Xl 
X2 

" " ll Nl 
ZIPINI 
liPINI 
ZJPINI 

liT!:'RATUREo TO=- ICON* RHO *GEE/VISC*SS*RAOIUS*'~<21 
*SUMTIM 

RE/IIAINING TIME BETWEEN SUMTIM AND NEXT HIGHER I"'TEG­
ER MULTIPlE OF TP4EP F'JR WHICH PRINTOUT PRODUCED 
MAXI~UM VALUE OF PROBLE"' TlMEo IF <Do PROBLEM 

ol'lll END AFTER FIRST TJi'IE STEP. If UNSPECIFIED 
IT IS NOT USED. 

TIME AT WHICH NOOBINI IS AT PHIBIJ 1 '\II 
SINE WAVE PERIClO )F PHBINio IF LTABTCNI {S 100 
SINE WAVE AOVo\NCE TI'4E JF PHBCNI, IT LTABHNI IS 100 
PROBLEM Tl"'E INTERVAL BETWEEN OAU OATA OUTPUT IN 

AllDITON TO OUTPUT ON FIRST, SECONDo AND LAST TI~E 
STEP. AND IN A DOlT ION fD OUTPUT CONTROLLED BY 
'I PRINT' • IF <z 0 9 IT IS NOT USED. 

CONDUCTANCE 6ETWEEN NODHNI AND "'ll02011 
THE CCNSTANT PORTION OF TD FOR A GIVEN PROBLE"'. 

TQ : TLlJioiP * ISUMfiMIR(NI**ZI FOR A GIVEN t.COE N 
OR. TO" TLUMP *CSUMTIMIXF**ZI FOR A NEll 
INTERCEPTING A FRACTURE QF LENGTH IOR.RADIUSI XF. 

CONCUCTANCE 6ETWEEN NOOStNI AND r.tOOSBOII 
=AREASINJ*HSUREINI 

HALF-LIFE OF GENEUTtON RATE IN NOOGINI WHEt<! 
LTA6GIN I IS -1. Oo OR +l 

HEAD CR TIME AT WHICH NOOGINI H!.S GTIJtNI 
HEAD OR TIME AT WHICH NOOSINI HAS HSURTIJtNI 
TOTAL VOLUJI4E CHANGE OVER THE ENTIRE FlOW li:EGION 
VOLUME OF NOOE(NI BASED ON INPUT IN BLOCKS l AND 4o 
= I GEmUOWIDE*OlONG*ORAOUKSYMUSCALE*-*3 

TOTAL VOLU.WE Of A MATEfl:l Al 
TOTAL VOLUME OF SYSTEM 
VOLUME OF SOLIDS IN ELE"'ENT ... 
QUANTITY Of flUID CONTAINED IN EXCLUS fVE SUBDO~AI'I 

O.SSOCIAHD WTTH "'ODE IN) 
TOTAL FlUID MASS CONTENT OF A ~ATERIAL 
LENGTH OF VERTICAL FRACTURE :JP RADIUS Cf HOPIZ0114TAL 

FRACTURE. JSED IN CAL:uLATING TO 
TE~PORAPV VARIABLE IN 'fHER~: X COORDiNATE I"' TALLY 
TEMPORARY VARIABLE IN THER~: Y COORDINATE IN TlLLV 
TE~PORARY VARIA.BLE IN THER~; l C'10R.O!NATE IN UllY 
TEMPORARY iARIABLE 
ELEVATION Of "DOE N ABOVE f)ATUM 

OVEP.All CONDUCTANCE FOR NOOEINio =SUM 0~ CONDUCTANCES 
OF ALL INTERNAL AND EXTEPNAL FLUID CC'NNECTIONS TO 
NODE ( N I. :CAPT PO *VOL! N II SLI Ml N I 

10.3.4 TRUST Subroutines 

FINK Subroutine of TRUST for flow between nodes by conduction. 

GEN 

PATCH 

Uses data from BLOCK 5. Treats all nodes as regular nodes. 
Skipped if NOCON = 0. 

Subroutine of TRUST for internal flow generation. Uses data 

from BLOCKS 1, B, and 9 (optional, skipped if NOGEN = 0). 

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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REFER 

SEEKl 

SEEK2 

SPECK 

SURE 

TALLY 

TALL Y1 

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 tor finding an identification number 

of a material, node, or boundary node in a block item list. 

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

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 = 0. 

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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APPENDIX A 

SAMPLE PROBLEM INPUT LISTING 



" '!IJ! !1\Jll"'' ~-A~l 
¢·'J<l>1 

hLII( K 

"· fllLIC:~ 2 
t,V~T" 

~ ,J·i \' 
I, t ~ ,, ~ .1

0 
A I 

~~:j~S I +~d ~ t'tl ~. l•lb .~15 l,J~ Et1J8,2~~ l•ll 
Ac, (>< .~f n•<l~!, 21 'H-+" ~ ... -,, 1.11 ~ '" ~·2, rout • .a J•:, ~h';;t tt:l.h 1, 1 CI:IE +()2 .. 4, 1 lllEHl.2"2 ,1 'ilt~0i! 
•l,to~tt~a .. 6,!o~tt~l-~,2~tt+~t~t,qri2~1t:lt~a,921t+d~•1,~qa~·e~.s,9b7t+00~4,87bE+~0 
.,j,9tiRrt~H-~ 0 21~l~~~·2,~43~tl4•2,~<19tt~.l·2,l84f+~~-2,14b~·~t:l~t,9Sltt~0~1 1 8~5Et00 
.. 1 , b ''lf: HI''"' 1, 42lt •-J·J· 1 , cnH ... .,~.,, Z!ll~t •·h1•1, 19St +Ja .. t,t 'l2t •11'11" 1,111 f+.di!i•t, 07tE+II)Z 
.Q,~~~t·~IM9 0 l/4E•~1·~,4Sbt•0!•1 0 1~!t•dl•7 1 1l9~·~1••,~6bE•al••,08~t•0!•5 0 6l0E•01 
-i,ll4~-~~-~.64~t•~l•4,i2~E·11•J,&jJt.~t~J,~qQf•~1·3,4t~t•01~1,2d7E•~ll~~0, 
2,9Jtt-~i 2,~4ll•d2 ~.9t~t•dZ l,912E·e2 4,esa~~~2 ~.adaE~~l s.s~J~·~2 s.ss!~·~a 
~.ti~4~·~i ~.~i4~·~2 7 1 1~4~•di 7,7~4E•~2 d 1 7t5f·~2 ~,lb~E-02 9,735Ew~a 9,7J5E•d2 
1,~1\t•JI t.~rtt·~l I,I~Sl•.dl 1,1b~t~Jt l,ib~E·~I 1.2&5~•~1 1 1 1h2~•~1 1 1 l62E•~l 
1,~~~~-~1 t.~~~t·~l 1,5~bf•'1 I,S~•E•~I 1,651~·~1 lob53E•01 1,7~0~•01 t,750E•~1 
l.~~~t-ftl t,641t·~l t,9~4t•JI 1,9~at.~t 2,~41t•~1 2,~41E•01 2,1J8E•01 2 1 1SBE•B1 
2,2j~t-~l 2 1 23~t-~\ ~ 1 tJ2C•41 2,3~~E·~I 2,429[•~1 2,429t•~l 2,52bE•01 2 0 52bE•0l 
i.l~t~--~1 2 1 7~\l•~\ 2,91~t~41 2,91~~-~t 3,!~9E•~I l,109E•~I l,30lE•01 l 1 3el~•01 
l,Ubll-~1 J.~~J~·~I 1,b9IE•01 J,.~l~·~l l,SS~t~~t ] 0 5b5E•~t 4 1 ~79t~01 4 1 019E•~I 
~.~bB~-~1 G,4bijt•~t G,~~h~·~l ~.~b5t~~t 5,244E•~I 5 0 244E•01 5,.1ZE•31 ~,b3a~w~1 
~.~~~~-~~ ~.~ilL•~! 6 1 4e9t~dl ~.4~~E·~I b,19JE•01 t,791E•~t 7,t85E•01 1 1 185E•~1 
1,b1IE·~I 7,&71t•~l 8,15h!•al e,t~&f~dl &1 b4IE•01 8 1 b41@•~1 9,12bE•~l 9,1ibE•01 
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" "' 1 , I $ ~ 7 1 Flll 1!0,~111\! l,ihl0 ., 
"' 1,1.54 1,154 2~,.,110 t,eu 

" " 7., jij 1,1 H i2~.~016 I ,1!~0 

" '" I ,1 J1.4 7. 1 J ~ 2\1 1 \HII! l,illl0 

"' "' '·'~'+ '· 5~0 ?.111,1'100 1 1 (IJi);'J 

•• " 8,'1wl\1 &,Ill!~ 21! 1 0<Hil 1, 000 ., sv,q "· '1.1•4\ II, 1,11()>1 21c1,0o:!J 1 ,161!~ 

"' :t'i b, .5t~2 5,1'1~~ Cll!,il<l~'~ t,I!.D~ 

" "' b, .51u! t>,Jt>l 211,01:1~ I 1 iHHt 

" " ';,.:l<lid '5,5.!11 CWI 1 0Vh:l 1 '11100 ,, ,, 
"·~"'" 5,"1~11 2·~. i'(ll0 l,lil.-10 

" C),2 '), ,:::,. 5. 5211 20,016iJ I, 00" 

" " ~.~o!<i -;.~24 Cil 1 il?r<t 1,1:.!11~ 

" ,. ~. J2~ S 1 'J24 i!011;iil0 I, 0~0 

" , 'i,~2'1 1 0 ':1\Hl 2~,11"'0 1,01<}0 
'.b " I,,,Hl ~.'1-:lOl i!el,0111! 1 • o!li!il 
~·t> " B, 'I;IW 8140(.1 C!il,wllll~ 1,1:1.,0 

" " ~ ,lll<d 5. •J·,1vJ i!.J .ll~lll I' !1~~ ,,, bl j •. Si .. J,ll't i:il, VI<!.-, I ,003 

" " .5,.)1" S,ll q 2;1 1 A\!3 I ,lo!U 

" 
,, J. Jl ~ ! , i Ill .. ~.l'hll''l I 1 0illd 

" " 1, ~I II 31 l! q C!'cl,ll!ll0 I ,lllll0 

" " J,H!I 1,~10~ ('r.J • ~,:HI l,lhJ~ 

" " I '~ •'I~ ~:~.~.-~~ Zol, !liflit l,ld-.l~ ,, ,, A, 11<1,~ 8, '1•1,, 2'il,lflo1~ 1 • ,J,.l;:! ,, -.·;!, 11 0 'h·tl 1;1. jj ""~ <'~I , ~~ <1 ll 1,1\,oi<) ,,, 
" I • J $!:1 1, n, I~ 1 •lifl0 1, !lelll ,, ,,, I 0 I 4 'l '). ~" .i ~~ •• hal 1,1.1a" 

f, 'I " J. ~·<I >'I I • t <J'; !S,<I<Iwl I 0 flld~ ',, " I, I;-~) 1 , I ,,-, 2".~"" I ,IJ~ifl 

" " l • I.-~~ I , I l:l'i t'{l 0 i\oliJ I, ~~~.1 

" " I • '"·' ':l I , I 01'; ~~\. •l.1il I,~:II.H1 

I ' ) " 1 , I <1 ') 1 I I~., CI'.,M·:.'I I 1 !Wifl 

" , 
I , I '' ':l I • 'i [1_, .:!~,.,.,;.-! I • illl (1) 

" '" I 0 ':!,1\ol a, 4~·01 <!•! •., ,H• I • ~"" 
" " II, ~ .~ll 11 1 4l:! ~ ""'· ·''"" I, ,1.1~ 
II '"' 7 ". ~ ,,, b. <l ;') ?. ... 0~1/l 1, 3\!o!l 
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<)'~ "' ;'.' 'J I' r' il, ·-.~.,. II', 1• ~d l • <), t1 

" " ~~~. "J,}~ 'i,~h·~<~ Hl,~ih! l. ~-d~ '., "' ?,0:1b l,'i~>~ I I , til l 0 ~ ..lv) 
li '1 " I ''l •Jil II o .Ol:J V1 tt,lf~ 1, 0;,0 

'" "' II o ~ ''" 
11 1 ~ l;<.l \1 ',, .. I '10010 

" •; ~'II o. '1·~ .. ~ !1,11011.1 II , I 19 1. ~Je 

~"'" 1·:9 ')' .,,,., l,'lkl ... i!l'l,lll8 1, 01.'11!1 

'" "' 1 • 'l"Jv. ~. t.H i!lll,ll<!\'l '1 0(,1~ 
" I,,,, q ,lh ~ I Yl, ~~5 21",01i!" 1,JU0 

),I<J HI ~.Jl91 l 1' 1 H,9 2"'.~""~-~ 1,~0i! 
t <11 I r<<.' q. b.H 1\ol,dO, '"·"'il0 t,l1lll~ 
),1~ l!d 'f,IO'l Ill, Ill 2i<l,fl~li '·"Ill~ !1-d '"'" ". ll'f 'I ~ • .11\'0I'j i;!t1, <h!'J0 I, 011HJ 
1"11 I •''=' '). l11)0l l,'lol,_, a~-., ~0., 1 ,I': \l 11' 

! .: ' I 'I'· 1,"li:>J O,QI':I'! 2 .... ,0~0 1 1 0JI'I 
IH' H11 e. '~<h' H, 1hH'I ~ ~. ''~<! l,il\161! 
1 ~ 1 ~I '1 b,~..,ill II, IHJOI 2.~.~illo'l 1,!'10~ 
Clt1 ·~ I ··I ) ,<d,!ol I' ~LJI<1 C'lll,-'110 1,~01! 
>IJ I" I, ~<'ol 5,~H i!Oi,ilU~ I , ~hi.! 
)!1'1 1 I!', 'i,.Hd IU,S"'l i?"' ,1100 1,0ll~ 
I J ,1 Ill 9, '4 'H llol,lbQ 2"'.~\!!16 l,~rHl 
Ill I L~ 'II. bJi Ul, o? S5 .!l-',k'lae 1,\ftl;! 

'" 1\l 'II. lt>';i I A I I tl ~(1,11!(.111 l,ljMJ 
Ill II' ". ,.,~ ~.~u!ll C!ll, 0~16 I,;,~~ 
I I ·~ ll'i 'S ,¥'.0116 1, SO!i'l ill,01d~ I ,01:1~ 
115 Ito 1, ':ill\! 8. Q~;t l'11,i'h•l~ I, 000 

"' 111 ~ 0 1H'I.-! 
ll, "'"' ~". oll!il! 1, IOI•H! 

O:l! 311 ')I 'l. ,1 i) !,5MI Je,~"ld 1,16~<t 

HI '" I • ~~.:l s. b57 31:1.11100 1 1 Uilfll 

'" I<'•' 9,1ol 1111,~1<11 :s~,i'lllil I, ~.:10 
12 ~ 121 '1,10~1 ~~.Jc.9 )1'1,016~ 1,160~ 

"I l?.i' 9 ,o.S I 11'! 1 CH 30,31dld I 0 01.:11! 

"' 121 9
1 

ho) 10,111 3~,C'Ioilil I, 0i1R 

I" '"" '1,1:>-.1~ "l,lli10 30,U01! 1,~01'1 

1211 P'l 'l,oi<J~ l,:l'llq ]~.~"""' l,iHl~ 
1-b li?l> I , :,., ,1 6,101'.0 ]~. \:lll~l 1,0~16 
l<o j .: , tl 1 •hll:! 8. Qi6111 ]i'!,~:a"' I. JI/J;! 

I" ~li' ls,'l~b e,'llll0 J~ ,l'ltlil '· 001 
~I;:> J\~ 5. 0•!'11 J,'li'!ij ""'•~hHI I 0 0111B 
.~I i! I" I • ':ilc'!~ '!:l,b.H 40 1 i'IH:I 1,000 
12'1 I S'" 'ti,Jtd 10,'lo11 lli!,i!lil0 1,0ihl 
I 1 >l Ill ". <I'H I~,Jb~ c~o~, a~0 I , 0ilrt 
\ll HI' "' t: ~ 1 10,r!S"' ti0,iH3 l ,00113 
H<: IH ~.l•n j;. 1 Jll ~ 11,1ill!lll \ 1 11iWI'I 
• :ll I" 01 1 U'i'i 5,k"l11.'1 ll.,,llilliJ 1,1!~11;'1 
I 3 •l II> 'l,\1~1\ l,'i,H'o 'It!, 0i1QI I ,iHHl 
I" "' 1,~ 1(1,11 ~,41"o\ ""'·"'111'(1 t ,lhl\!1 
I" !J1 1:1,11<1\J 1),4.!1.'1 ~ld,illllil t ,iii:10 
I 'I '" e,·H,J 8. hJ~· qJ,~~I<} I 0 1HHt 
<:! ·s ~ ! .s 'l .~.1 ~ I • '.a'~ "0 •. 1(~;, I ,II"~ 

'" IH l,'l-1>!1 S,6H 1fij,{' ... 0 l, ~l11:l 
I S \1 1'1•1 Q,i6! I >1 1 sc• S IU'l,III ... J I • ?.Oi) 
I< I I~;: ~ ,t,.S I IIII,<'.S~ ~i1.~00 I,""'~ 
t 'j" Jill '11,, t>~ 11'1 1 I I I 40,i:lil~ '·"l'lllJ 
"' I 'l'l t.l, O~"oo ':i, €0•('1 "~,~h.\~ 1 1 i!lld~ 
I q II 1 ~" ':1,~<~~0 '·"~"' 40,~'c!0 l,l:l<IIJ 
I~,, '" I, )<1:!! II, 4~~ ~·,1,1'1;:)0 1, 0;,>,,~ 
1 ~·. 1 ·"1 a,,.,)>') !I. ~.!~1 iJOI,t'i!loll I, i'!~~ 
HI "1 1 II o '< J ·1 8, ~,'I<J q Ll ,l'l<J\ol l, [J<i0 
Cl'l "i! lj ') 1 \l ,I!.:) I' ':i~li1 t• (.! ,lldl' 1 1 ,H!i1 
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'" i•J·I I , '> <• .1 '!. l• j 1 b01 0 (J\h\ I , ili:\01 
1'1'1 1 .,,, -I, 5td 1 ~. "" ~ l· ,, • ,,.'1>1 I , 01 "I'\ 

~~··· '" '1,14'J/ I >1, it> 'I b C1. ·~" V1 l,ll;Ji<l ,, l'J2 ~,to~ I l 01. r. 5~ u~,v<1111 t. 0~ltl 
1 ~.,! '" '1, I b5 l f1, jolj &;1.~'1il 1,0il0 

'" l"i'l ~.I!"" 5,\HHI f) II! • ·-~ ,. \'l I • ~~,.; .._, 
15<1 ,, 5,•'-'i<l 1 

0 
'.i:H-1 bV\ 0 1~tlll 1, <lfl~ 

'"'• )'1'1 I • ~.,,, 8 O l)l,~ b~' kif\~ I , lloHl 
I~!> "' b.~ ~ol a, 01.11' hti 0 1<JVIV1 I .~~fl 
t'jl '" II, 'I <1 .-1 ~. 'tf•l'l &..,,~e~ I, 0i!l~ ,, 

'" ':I. 0.cJ<J '· ""'~'~ bt:l. >lil1<1 l,~i!l\l 
~ 1 'j I'd I')"'~<~ ';). td· 7 0Llo 0iJOJ I' i' ~" 
D'1 It,.; q 0 jb s I il, ':i" ~ t-0. k->Jf1 I , 0~'11 
lbl'l "' ... ~ .. , Ill, Jo'f bit,QHW I, <'100 
101 \~<! <,i' <.d I lvl,-'.)5 L\'l,i.l.:\1<1 l,;l~ld 

'" "' 'il 1 I b":J I~ ,III/I t:0,~11!0 l,l:hl0 

'" H-4 4,o'>'i 5 0 >\u~ f.l.l,~io!lfl I I 111110 
l" It-'; ':!, >J ohl !, 511"' l;n<l 1 01rl~ l,~olkl 
\I) ':I l6b I 0 SJ,I 11,'0:.1>1 b\J ,.J~llil I ,lHHl 
1oo llo T tl,oiVIwl !l,~lrll-l 0111,"01:1 I, ill00 

'" Sit> tl 0 1HJ<l 6. ~ ~1'1 b>1, ;10'0 1,\JOI~ 

• " 2f,,~l0 C!i!,IIQ!j> :st-,4611' i ,1!100 

" i>'l <!2 1 ~'07 U,i':i3 Zf>,~b~ I, 0.1<! 

" " I 1 ,td C 9 
0 

'HIS 22,09!1 !,PI~~ 

" '" I"•"'~<~ ~,'51<1 P,t>19 t, 1:011 

"' '" J<l,.hl 'l,b32 1'3,i!'!i9 I, 0~~ 

'" " ~~ ... j~ 9. 1~~ 8,!!39 I, lhH:l 

" " ~~~IZi! 9,1178 4 1 11Zil I 0 ~Hltl 

" " I ~,111•'~ Ol,i-lllil Ill, Vll60 I, 0f'IO'l 
l " <'I , 111 ,, ~". ~9.l J2,1119 I ,Ill~~ 

ll " 22, C4 1 H't,i!~J Cb,9b0 I I JC~ 

" H I I, t.! .:' 9, Jll6 z~. 1 I, t100 

" '" 1~.~'110) 9,'>10 17 1 b I 9 I ,000 

" " H,, 1o r 9,bs..> ll,2:i'l I, 11!0!11 

" " I~.~,,_, 9,7~5 !1,839 1,000 
bl 11 1 V,)U 9,•Hll II, '12~1 1. 000 
7l " I~ o ~:1~ .!,i>l.,., ~ ,l~0111 1,01!0 

" " J'il,l>ll'> lo! 1 S~5 iS, 7117 l,l!li:!a 
u " 1 I ,t> I'! 'l, 1!18 22.098 1,11.,0 

" "' j'l,ll"'" 9,'5P ll,t.79 I, 0.l0 

"' " p'o,.)t;1 'O,hh' I ~' o! !)·~ I • Ol~_, 
S< " I J, C·l ~ 9,7~'5 8, /; S·l I. V'~·.~ 

" 7< I,, I I~.!. 9, b 78 a ,112~ I I ~00 
J,: '" j..l. \'IJ,; <I,<Hlll 1/. ,1,~1<1 I • ~~01! 
'1 ~ 1 P • .Sb7 9,1d2 I 3, C:J'l 1,-'"11 , 

'l I" • <'<!~ 9,1~~ 6,113'11 I • J~V'I 
'1 " 11~.1<!<! '1,1;11" II 1 4 i!<) I ~~~~'~~ 
11 I• .~ \.,. ,, ~ k'1 ;'I.~~ kJ ~ <l,<l~~ 

I , "'' .-1 
~" ~I'· jk1,<l'l><! <j I ">I j,l II' II I 'I I'~'~ 

" ' "' \lrl,lbl 'I, b Si? 13,i'5'0 l,iol.;'0 

' ' I" 1'1 ... 'I "I 'l,l~'> II,I'I.S'l I ,<10~ 

" '" I 1, I <.' o! 9 0 11 Ill ~. q 2il 1 1 <);j<J ,, li\0 1 •' • ,, ,0.1 l-110h'l :11 :i.Jil l,~lH) 
i:''·l '., 'i. ~ ~ 'l l:.l 0 1le~ I~, _,<1·1 1 • .>~e., 

"' 
,,. " .'>l':l I <l, S\•i:> I ~ , '"llc:i I, Olo\~ 

" " (j. Q') ~ 10. \ ~ ~ 1 ,,, • "' ~ r'l I, ~·.1B ,,, ,,, .,. • •ll u I~, i1b I lo:l,<lll<l l,tiJtiJ 

" ',, ~ 0 1 ~·I '.i • ,, \J ·,) 1 ,J, l,.l.lfl ,, 
'" p·,:Oiv• 'l,'.l.hl lilllll>'l I ,llN~ 

I,, 
'" I<,~ l b ~. 'iblj 1 'l, ,,.sa I' .OJ\'! 
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"' " I", l•'<' ~ 0 h 1111 l<l, II I 1 I I o;IOHl '., ,,, Pl•lt•h <'l,tU~ :.,764 I , oil '<Iii 

" " ., .... ,., , II ,ill# 'I r.! 1 JIC l.ij~~ ,, 
" 'J,J.SJ e,~,.,\l f1, 0~01 1 ,lhlll ,, 
" Iii,., 711 "· q,h1 !'.l,tdll l,i:l~i" 

" " 1"',·1~1:1 'i,';oll !5,~3~ I ,00f<l 

'" ,, t". j,je q, b'lll 10,11fd~ l,~i'llll 

" 'lq 10. 11:.11 9,1! J(' 5,7111 I,.IHHI 

'" " 5,ol~;~1 11,11'19 2. 5I c 1, n0" 

"' "' I , 'lw16 4, lc!'l <!'.S. (199 I ,ll't\111 

" HI 5,11$~ ~.11fd.i <l, 00!0 1,~..,, 

~..,i, ~•' I 16. tlb, c2,H'i ti,39'i I '~\lit 
'):11 "' i'll,~r::l 11 'bb<l I!' 199 1 ,IlliZI~ 

"' '5o•J llll,.lc!>l Jll,5'lt 11 • .!99 I, 01110 

'" 5"'" 9." ~., ~~.4~9 11,1':19 1,01fllll 

"' ~·;It> 9,b94 Hl,l611 6,31)(! l,kHill!l 
')''·!,> S·,;7 9 0 r.llo I\!!,>~ td d. 399 t,;,rul 
5·~, ,,, 

". 'IJ'>~ 11,47a &,H~ I ,~00 

"' ~~~ b ,loc1!1 UJ, ... ~:~tl a,l'l!ol 1,1!1~-' 
~I~. ~ ll I~' d<>lll lill,l'llll<'l 8 1 ]9'~ 1,0iHI 
511 '51.? I~. rJ<}I1 l5,.1tJ0 11 1 199 1,0~1! 
~I,:. '" J';,o.~od\1 .?0 ,.l.,i.l ll,h'il 1 1 IHIA 

"' "' i!ltl,~.,1,.) c:0,16o.lll II,S99 l,liH'lil 
5J1f '" 20!,•11-Hl .HJ owl~;~~ II 1 199 1 ,000 

'" ~lb .5~ 1 ~iH: .Hl 01-!'tl0 &1 H9 1, eu 
' " ltl,&b1 £!2,31'1 I b ,1100 1,0110 

" " c!~,t)c!\ II 0 b!\0 tf.,,S~i! 1, ~lil0 

" " ~~ • .S2"' Hl,'l~l U 1 110i! 1, 01H' 

" "' "~• 4" ·~ 1~,112'1 16,80!il 1,0!160 

" " 9, ~ '1 H',.Hib lt>,8rt0 I ,0~0 
'i7 ,, Y,o\111 li! 0 lllll lb,l!\!0 ' ,"1!11110 ,, 

" 9,1l10 l0,0bl lb,ll~0 1,0~0 

" ·" 'l,'H'I 11,<112 tb,8"" I ,lil 11"!1 

" 1>7 b,1,Jtl ta.IIOl~ Ito 1 8~~ 1. 0£'1'1 
I r.; f Ill 1ill 0 il~<i U,IC"0 lb,ll'olll 1 0 ~HH) 

Ill P1 J;.1 1 Ut1~ I <;, i'lll~~ lb,!loH'I 1,01110 

"' Ill tS,I:HHI o::!I'.,ICkji:! lh,b\1~ l, (cl il"-1 

"' 147 2~,t:ll'l~ d!,~l!1i\ lb,tlf'l(i ' • t't\11 

'"' I" z~.vJlel\Cl Jr.J ·Ql""' lb,61:oi:' 1, 01'10 
l':il 11>1 'H1 0 >'J<'I'I Jil ,'IH.1~ tb, ~i\0 t, 001<1 

0 '" 111,11~7 a,H'l Jt> 1 Sll~ '. 01-'0 
I o " i'ill,tti:l It, Ubi" I h • & I • "')0 
2b lf· 11-',.i,!oJ H" 1 551 IO,!I\:1~ t. "'~" 
" "' 'I 1 q ·l 'I lod,qi?" lb. 3.oil I, ~i.1'i ,, 

" '1, ~ 11 110. 3,'lQ lb,~.;t:l I,~~~~~~~ 

" ,,, 9,0'14 I il,l o4 1 b. -i~· 1<\ loil'-1:! 

" " 'i,dlb U,<lb\ lb,Qolllil 1 ,llllf~ ,., "' b, Hill 1~,1'11!Pl \0,0~0 l,lhHI 
li•t> 110 I 'I'~' ,II! HJ,~.okl II> ,A ('II! I , i<lllkl 
110 I" l ;1, ~~~l.t l'l,l'll(jf\ 10 0 11~H~ t.~t\0 

"' I 3(', l'l,l"i'•IO ~~~.l'l,.," 1b' dihl t • lhh:l 

"' 1 q,, i:! "~• -'"il '"·"'ld., lb 1 !HHI I, iHI~ 
l<o 1 <.;b c<~ •"';Jo<l jiJ,\111!0 1 tot tliHl l,!dll0 

"" H>t> J.il,i'A\1 l\1 • 1-ll'l f\ tt.,a.,~ I ,~101! , 
" '"·"1.1' <:!<?, 31Q ~.<~~0 1, 00n 

I '> " ,..,,,'='~I ll.t.BI-1 3. >100 I , -'<111 ,., 
" 1'1,~~"' I t'l , ~; ':ll J, Holt:l l,0ih! 

" "' 'I. q 11 \j l.J, u,:q .S,J~O 1, 01!0 ., 
" 'I • 'l7 I H1, hlb 3. 1:1(,(; l 0 lHH·l 

s·, _, <1, b ·; ~ l.:l, 11:1 ~ .i,~il~ 1, 01!0 
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o'• " '1,<111> ll!,llb I 5,1-1~01 I, ~111~ 

" " 'I o '1 j~ ~.412 1,~0'11-l I,~.H'I ,, 
'" ". 7 i,,., 11\,•Ht(-1 3,~>~11 1 , l'ul-1 

I" '" 111, II! .10l l\~,,~•1 '·"'"~ 1, ~00 
115 '" till,..,,, >'i I 'j, ~111\,l ],i61'l0 1, ~~0 
12~ 1\5 I !; , Ill <:l <' ~0,1li60 ] , iHH1 1,0o10 
ll> J .• 'l 2111,1.1<'1;1 ~0,0<'i-l J,O)~., '·"'""' I" I" 2d,il<'l'J ]~,,~0 ~.il0il 1 1 1'1VH1 
1, I" '"'·'tl<ld Jl1,~lili/l J,000 I, il00 

" lo!'l ,,'::l!li ll!l,Atl~ I Vl 0 OHHl ,,.,110 
I>; II" ll:l,ill/l;l 10,~>'1'1l U,01iHI I, 000 
I" "' Jl'i,l'l(lJcl 15,0YI0 lil,1611lil '· 0il0 li< '" ,~,..,,.,, Ci! 0 1'11110 l<l,il0fl! l,let'-11! 
130:. ,, ... 2111 1 ~ilA ~0 1 1110•\J lo1,~<1111 lo ~<!WI 
100 154 2~.~1!1<1 l~. [11')(11 1'1,1:111!0 I, 211.11'1 
1!:14 lt>ll 5il,l1;116 l0 0 Ail0 u~, 11(191 I I 0![>10 .. I i-ll I , I l '5 10,'<l~0 l'l,'lolli'l I, 0w.10 
l u 5 '" '"'·tlo'llcl 10,0((1121 15,~00 l,i!~lot 
12l !H ji'l,od~0 15,'l0~ 1'!1,01:19.1 I 0 !oHl0 
10 I ">l 20,1'0'11'1 l0 0 1111HJ I S,~HH:I 1,0'1Htl 
l>l ,,, ]16,10~1<! Jl! ,lllcllll 15,000 1,11100 

" I" 4,1:1411 Ul,id"0 216, tiJOH1 I, llliH'I 
l>h! II< 10,1:10\:l 11<!,01,10 2,,01611 1, "'-'il 
112 "' tld,16i1~ 15,1lv'li'l i'ill,Oii'l0 I • <:~~::~ 
IU '" ~~.Ill\!~ .?0,01110 21:1,1100 1,11)-'" 
ll< '" 2i1,1691tl c!~,L'I00 20 0 1!1Hl 1 ,0ee 
I" I ':I(: ,? ij 1 ill I( \'l Jl(l,l11110 ii:lll,0illil l,illl'llil 

'" I t.2 3~,1/Jicllll .hJ,Idi!0 291,0ii!QI 
'· 00:10 

" I' I to,lb 1 10,1hl0 20,000 I, 0illil 
I >I Ill l"'·vl"il l0 1 0iHl 2111,011)0 1,000 
Ill '" li1,11l<IO:! 15,1'10~ 2\l,il(lllil 1 ,01lll 
I <I I" l;,iiJi/1 c!(rl .~hll:l 216,000 I, •liHl 
IH "' 2il,~i'lil C0 1 1'1_,0 2" 0 1liHl l,liiU 
101 "' 211,~<~1111:1 Jill. ilill:l 211 1 klliHI I, 01t!lil 
I ')J I o I ];J 0 ¥llcll:l J0,~H~0 20.~1:10 I 0 0Z0 

" ''" fl,bl" 10,1:11'1~ 2<1,111010 1,0010 
l<Jo: IP 111,'11<11:1 10 ,ihl0 CI:I 1 0U0 l ,01110 
i IV' I>" 1-'·"o\l:l 1S 1 ~111~ 2\!li'l\10 I 1lhl0 

"' 15' J5 1 11lol0 <!0.0160 2ill,l'h~0 l,il-'0 

'" I'll! Cl'l,w;.:.ll! C0,0~11J 21110i:lil l,ili11il 
lq,; "' 2.!,111.1\~ .hl.0~0 Co:!,lhH!I I, iHl0 
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APPENDIX B 

SAMPLE PROBLEM OUTPUT LISTING 
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" oou,~"oiEolf\ l!,ltoSHt~O o, Uo~l[+OO 

" • 1). 'Ill 71\t till 0 0 11'3<tE+nil o,t7'i•Jf.+O!l 

" •O,)<I~~f.l\11 !J,I A1H.+'I0 O,JAu7f.+OO 
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"' •0 0 J4)'il+OII o,97!l<!Eooo o,<nn'lf+Uo 
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.. ~ • .!Jo'lf +Ql l,Jot,D•n~o J,JOJioli~UII , •o?,IIC'St+!ll '·"~~lll•\11> 7,4<1AIU•Ob 
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'" •"o~IU"ltOI 1,7H•bl>•<>'l '· ''""'{l-1)4 
" "''I 0 7 J ro"it+ II I l, l4 .. 111>•114 J,)41ol1!>•1!4 

" •2o.l~l~~ ... , 'i,J91~11-(t4 S 0}9f91l•Uij 

" •I o Ill 1~£. +Ill I, b4bllll•l>! I 1!>lii>Oil•Ol 

'" ... , II <!'>l oliO '5,954"1J•ll} 5, 'l'llf/111•1)) 

" •II,<> J,>'>t +IHI 7,;:>1ilHI>-oJ 7,i!IIJ~Ii•IJ) 

" -so ""l"it ''I" ll 0 'lr11Sil•Ol 11 0 '1117Hl•O l 
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'" •i!,1~1>,l~HHl 3,~'1'131'•02 .S,l'lq'D•Ol 
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'" •l.~~$0t+Uil ! 0 !1 I O'lll•O I l 0 0!o~D•OI ,, 
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" •I, .S'i~St t!iO l 0 U]bi"•OI I ,41 &lll•O I 

'" .. j,</b.SOhOil a, 21 hn-o 1 4,i'17Hl•OJ 

" •l,lt75~onn l, 1> Q 4 Qll•O I 4 0 jlj !1>•01 

'" •J,I1lSE+on 5,()1)'1]11•0\ 4,51 ]':10•01 
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" •I, '''~In~ +II') 4 01150Uil•OI u,ll'iol'fl•Ol 
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'" •l,l511)[.1)\ I,Sl'5bll+IIO \,5\<;f>IHO~ 
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f'EIIMEA!1lLITY T A~Lf 

PSH<k~ CU•<T~ SLu~~ Co'ITD SLO~O 

' •2,bObOE+IIII o;,utuoo-?.b l,bHHO•i.''l 5,0iaOE"2b ],6378£-29 

' •l,?l'luf+OII '),5U7tlll•2'i J,bJ7110oo~9 5,SII70[oo25 l,H711E•2'1 

' •S,1otol~+!l} ),11970il•2U 5, I SO 7D·211 ] 06'1f!l[o2U '5,1507E•l8 
• -~,1biJIIE+II} ~.1~20L>•23 S,<~5~21l·27 i.',!llzUE•ll '5,QSII2f•H 

' •1,~r.Su[oO) 1 0 U1l~D·22 b,t&ll]l)•21> I,OIJ0f•22 &,lbi!JE•lb 

• -7,7~roE+Il.? <>,11271ll)•22 4,9a'I~D·25 ~,UltH.•U q, '1&9~E •?5 

' ~ ~ • I ~<) 11F I <l). t,ll57nr).2! ,,~7~81l·l~ t,B'l70E•21 ~.~ruet•i!U 

' •i,l91nton2 t .~06~1>·<!1 2,'1b~UD•i!J 1,C~I,0[•21 2,91,!IOE•23 

' •I,H>'lVE+oz 3,1JI,b'll!•~O l,240ijf.l.oU l,llbt:oOf.•C'O i!,i!•IOUF.,.2i' 

"' •b, HIQJf +Ill 1,n2oLJ-t" l,l'o7bbl).21 t,n.,of.·l" L,fl7bbE•2t 

" •1.~M1uftl>\ 5,\t>IPJO,.l~ \ 0 351\Qll•i!O 'l,Uo0£•1'1 l,l'iiiQ€•20 ,, •1.~1\;>hf+~'l 2,~7J•IIl•l'l I, 0~7111'•1 'I 2,<17Jl~E•18 l,n878E•U 

" -~."<7"~'"" ~ ,ln !Ol' .. lll .. ,7(3<~1) .. j(l 6,20~0f•111 ... 72J<If•l ~ ,,, •7,?~~<1E1<1rl .1. o<;?<li'•L 7 7,St>llll·lll 2,05?0t•l7 1 ,'lbi\E•I ~ 

" -~.'~'>1'1~+<!1) Q,JIIblli'•\1 '. 751btl•ll Q,3~b0f•l7 I ,l~l&E•\1 

" • l • il 1 ~ "' oil r) ~.')2~''"•17 J,R<r351l•\1 II,Si!~H·\1 l,AII!SE-17 

" •3,·~~~.-t+'l(' 1. S5~,11). l" 7 0 Q~Q!IIl•l7 ),5'iQIIf•L~ 7,QJU8~•17 

'' •J,i'71LH +lOri i',lll"lh)b t,l>v7C'IJ•I~ 2,7IJ11E•!b 1 •"''72€•1 b 

" -~.u~1•rF"'" "· ~~·1111>•," 5,Q<Ib5LJ·l~ Q,~'<<JOt•ll'o 5,U1lb5f•lb 

'" -~.~"""~+Un 1, I? I <'l>• I b ~,'IJS'J'J,.Ib 7,1.:>\0f•lb II,Q)SQfoo\1) 

" .. ;,IM'Wf +<Ill 1,<'~''"'•)<; 1, 1JIQII'·15 I • ""70f.•1 5 1 0U\41E•IS 

" •2, I <lbllf oiliJ 1 ,bl lOll• I<; 2,2vl Ill• IS I, b 11 Of•l5 2,?nl7E•lS 

" •1.-·~1'!~•!11! ,,s~~HU•)S J,bSb•li'•l'; 2,3?unt-l'l 3,b51'oU~~t5 

'" •1 ,~.,S\'1- • "" 3. ~bbllll•l o; ' .~1250·1~ J,?.f>bOf•l'l o,~I<'SE•\5 

" • I , ~ 7 ll()t olin "·"2$<111~1~ I ,S';h\J-!Q "· o;>,uf ... l o; 1,55HF·t~ 

" o I • ~ 2 \<,1- I I' u I • V 1 ~ un • I 'I I. 711~~\l·l ij \ 0 II'A'lf•j<l 1,7rl~t.f•IQ 

" • I 0 ?"-~ o,f I 1l <1 I • 7•1 711>'· I " ~.~~~~'1-!ij 1 • 7117111 ~1 'I ~."M12E•I<1 

'" •I, "'I "I'' I" I i'."' '"'1•1 ,, 7. ll'i'~l, .. l ~ ~. n7 n~!- •1 'l ? • I II ?if •\l 
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" • .J, ~I> I of •t> t 2.~781111.\} l,l 7'1ttl .. J J i',1>7AOE.•J] i', 1 7'11E•1l 

'" -~.~b<;i<lt•lli' ~,J!>jii(>•IJ a,\IS'ilJ•lJ ~. Jb)Ol•IJ U0 J15Sf_•\3 

" •1,l1111f•lli' ';,b!>I<>IJ•t l l,qJbiiO•Ii! S,O!>yOE•Il 2,QJbOf•ll 

" •S,?IIH't•l\i r.~.?<Jatl·tl l,'5~9~!J·II 7,ai!~nE.•Il i'. 5~011£•11 

" .. ;>,;>,SqOE•<IJ <~.<11Sl>IJ.t5 ' ,nHtiO•II <I,~ISOE•IJ ll,nJIOf•\1 

·" .o,.,~l\1\f •lla l,Jt\SOLJ,.li' i!',5.1HU•IO 1,3no;OE•12 i',SBH•I~ 

" •U,l!UU~ -nu 1, l'l4Qi1•1 i! '1 0 0Ui!o'P•10 1, 7U~Ol•lil 1! 0 0lli!i!E•IO 

" •t,l/1!1!•1\ij ~ 0 5Hnt>.j;> ~, s;>u•m-n<J ;>.Jlqtll•li! ~,52BUf•O'I 

" .?,b~UUf•US r.,HonD.ti s,~sflijt••to 2,J7not•ti! l,nssqr-to 

'" 1 , IJ IHH>f +I\ J i'.51onl'•l2 U0 r\JIIl01)tl\l) i',J7nOE•Ii' o.nnooftOO 
~~=~··=·~3ZT~az::~::zT:~:::wzz:c:~:•:c•a:S::T•z::m:········=······==3•:::::T:::zB=a:zzaz=•····=····· 
I"Jlll ALPtJo. ' 
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D•H llLOCM • 

'JOI'F 1 'll'lE l ,.,~ ll 'I TYPIC !!LIH•G IHdi'E UIUO VOlllf'E l 

' ' ' " 11,211~--~~+Ui! 11 0 i'6~1JII~ +Ui! ll,!OIIIlllE+ol n,IIJ'io'1F.oJ O,IO'i3lEtO] • ' " fl,IIO\IIIltl)i! II,II<Jl!~Ettii! O,IUnoOE+~I fl,!bi!'.i.?Etnll fl,fiSoqo~toi! 

' " "·' utJ'i~f 1112 o,JoiJSGltui' n,J otronEtnl O,ltiJ'IIJEtllJ O,OJ5onEt02 

' • ' ~.i!'i'li!Jtt<l~ o,25'~i!Utui! 0 0 \0IIUOltOI 0,1>720U! tlll n,HI>OOf.t02 

' ' " n,II'HJ!L+o~ 11,11?11 H *~>i! O,lllOOIIEtol 0,2<Hl'~EtOU O,lb1'1011E+02 

" ' ' n,2J'~I!i!Eooi! o,UIJ~i!E+Oi! o,tonooE+ol O,'i75Ji1E+O] O,l211114f+ol 

" ' " II,J1'1tllt+Oi! o,)l'olpiEoui! D,IOIIOOE+ol ~.ta3711E+OII O,'IIHtt+ot' 

'" " " o,,bBI3toOi! \!, }flllt H.+Ot' o,JnoooE+ot O,tl'55i!E+OII O,bOII5'iE+02 

" " " 11 0 1t15~Et~i.' 0,11 SSI!E.tui! u,tunonE+ol IJ,Ji!IJOIIftO' O,~}SOtiF.tOl ,. '" ' 11 0 2'olfl.!'lf.+Ui! U,2')fli!IJt t t>i.' 0 0 101PI(IttOI O,IIHIIIIEHIJ O,Jli>OOE+Ol 

" " " o,i!DA7II~+Oi! 0 0 i!081II~+Oi! o,toouoE+ol 0,722113£+03 o,tbllon[tll2 

" " o,i!SiqlfoO'! O,l51'12E+U2 0 0 \llhUOE+~I O,&}llflll£+01 n,ti!2&7ftcl 

" " " 0 0i.'IIIII5E+02 o,i.'qJB5Etui! 11 0 \0CIUO[+ol o,se~IJIE+OJ O,IOH&EtOl 

" '" " n,2fl!l7E+o2 U,2811HEtOi! O,IOOOOE+ol O,Bli57E+Ol o,ettqu£+112 

" " ' " o,lJtSIJE+~~l C,Hl5'~EtUi! O,IOOOI>t+ol 0,53blllftiiJ (1 0572bii[Hi! 

" " ' ' n,l\ti'4!1E+OI 0 0 8ti!aOEtnt 0 0 tonool+nt O,bS'IIJIJ[tO.! 0 0QJ500E+Oi! 

" " ' ' o,t'lli!'Ht~l O,!IJi!i"5EtOl 0 0 101100[+<'11 0 0 lb'IIIDEt03 O,llbOOEtOi! 

" '" ' " o,l'llC!':ittU n,tiJi!l':iEHi! o,tooooEtot O,lb'li!ICiftOl O,Jfii'IOOEtOi! 

" '. ' " ~. USO!Etoi! Oote5ott+o2 0 010000£tnl O,llli!i!IJEtOl o,1llllt£+ol ,, 
'" ' ' n,IJ20i!E+Oi! O,ll20ll+o2 O,IUOOII£tol O,t7~21Jf+Ol O,t27lllf:+Ol 

'" " ' 0 n,tqt':ii!E+"2 U,l 'IISIIE.+cll 0 0 \IIOOII[tQI 0,}b10l£t01 11 0 \i!OSII£+01 

" " ' " II,!?II'IOf.Hli! U,l IJ!I'IOE +Ol n,tiHIOUEtnl O,l'l'ibiE+03 O,t071J7£+0l 

" " ' 0 11,t'1!18JE+oi! u,JIJBBJEtol O,IUUOOE+ol O,JIJ5H£+0J O,IJ2'HH+O! 
ll ,. ' " II,I'IIIIIJE+~i! O,JIJIU3Et02 O,IOOOOUol O,lq':iH£•01 o. Ulllflf+Ol ,. " ' 0 n,t'lfi-1\Etili! O, I '1118][ tiJi! n,tiiCIOO£tol ~ .• H'5HEtUJ o,o;uq<J~f_+o2 

" " ' " 0,17~bOl+UI 0,774bOE+Q\ llo\IIIIOOEtOI 0 0 1101101£+02 O,lll'iOOEtOl 

" " ' " o.tfllJIIE+Ui! ll,tii]JoftOi! o,toonottot O,HS'IIJft01 0 0 HIIODE+ol 

" 
,, 

' " O,tiiHOEtU<' O,ll'lJOEHli! o,tonun~tol O,H'i'ICIE+O.t O,lb8DCIE+n2 

" ,. ' " O,IIISIII>Etr),l! n,t~5&1>E+ui! 0 0 IOIIOot+l)l O,JU~711E+Ol Ooll'iS!EtO] 

" '" ' " O,IU!IIi!E+~i! o,t~tqlf+ol n,tooooEtnl 0 0 200011EtOJ n,totJqbf+oJ 

'" " " I),IJ':ilSE+Oi.' 0, 17'i3SE +Oi! O,IOOUOE+OI O,)<l7'111Et0) n,tol77f+nl ., " " 11,115JSl*'ll O,t75lSt+o2 O,IOOUOE+III O,l07411EtU] o.'ll<l8oftnt' 

"' " ' " n,t7SJ5t+ol 0 0 t7SJ'iE•ol UoiOOIIOE+ol O,J07'IIIft0l 0,1111'101£+0! . , , . ' ' 11,17'HSF.oil2 O,Jf'5JSEtui! o,lo~oot+ol 0 0 l011Hift11) n,l.l71'12~f_tni! 

"' " ' " 11,17'iJ'ittoi! O,P'ilSEtoi! O,!OIIO~Etfll O,Jil11111Et0) O,':il7J4Etnl 

'" " ' " ~,17hOEttll t1,77111>~Et!il o,tooooe:•ot 0 0 b0001EtOi! 0 04lSOOE+o2 

" " ' " n,t113lnf t'./2 u,tiiJJot.to.l! O,IU~IJOltOI 0 0 lJ51JIJEt0] 0 0 JliiOOEtlll 

" 
,, 

' " n,IIIHOEoOl O,t6SJOEt02 o,tonollt.+ol O,HSY'IEtUl ll,tbiiOOE+02 

"" " ' " n,Jc;IW'Itto2 n,t511'1'1t.ttl~ 11 0 IOOIIOEtn\ O,t'Sl711Et111 0 0 '11170)£+02 

" "" ' " n,tut ~i!E+•li! O,l~l'll[+O?. 0 0 llt0C>Oltfll Oo20IJOIIF.t0l o,qtlllll£40<' 

'" . ' •• n,tol'llnttll.! o,l"lllnttn2 O,IOilO!IEtnl O,i!t'I!>JE+OI o,~t~tJ7H+n2 

" " .. n,t~~i~EH? O,J~H.,!QE+Ui' II,!UOOOE+OI O.i!l'lt.JEtO) n,7'~1JB&!:to2 

" .. .. 0,\lllliOt+Oi! o.t"~<!nt+ol n,tnrtnot•"' o,21'~~>Utnl o, 7 12111F. +Oi! 

" '" .. n,t<~llltJttoi.' O,I~B2oEtnl u,tunooE+ol 0,21'~11Utn3 0 0 t.t'oq£+02 

" "' ' " n,IUIIJt>ttol ll,l~8i!rtEttl2 0,\00II~Eto\ o,;>t!Jt.JE.ol u,SO'S2~l+Oi! 

" "' ' ' n,77~b0t+o1 u,77<1&nF.tol o,JonoOEtol 0 0 b000\~t02 ~.aJ<;Oil£+02 

" " ' " !t,IIIJ10E+Hl o,tii)Jn~.+ui! O,IIIOOOl+nl O,J]S'IIJEHl o, BI>00£+02 

" 
.,, 

' .. o 0 111l!rlt+o? 1l 0 ltllJ!It+•>2 o.tiiiii'U~tol u,ur;qq~•ol 0 1 \flll0~[+02 

" . ., ' ' n,ti!flijJt+Ul O,ti!t.IIH +02 O,!OOO!IE+nt 0 0 \MIIIfiE+Ol (1 0 171JIISE+02 ,. '" ' " n,\Q1'•2EH2 O,IH'IlttiiZ O,IOOUIIf+OI 0 0 i!QIIOUE+U) 0 0 7l'IOJE+Oi! 

'" " " n,ll<~dn~••l? n,tiii~Ot tO~ n,tooooE+ol O,IJI7'1EtoJ ~.1otllfof+Oi! 

" " " o,IIU1'1ttu~ 0,11~7'1~+112 1) 0 \UOOIIf.toll 0 0 1!177HOJ n 0 ~S'IIIi!EH1l 

" " .. n,I!Uiqto.l..! I) 
0 

11 <IJ'h_ 0<1~ n,t•Joon~•ll1 O,!J117fOU) U,bll77?.f+Ol 

" ,. .. I', 1 1 <I I 'I~ o u..! l\ 0 11 IIJ•>r +U2 11,\!IIIO<'E+I\1 fl,IJI71hll' o,<;47112Eo02 
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,., 
" " 11,11~1<1[+~" o, I Ill l'h:.+(l,? u,IOIJ/IIlt+ol O,lll77hi)J o,4~lt5Eto2 ,, 
" " n,771lt>OI:_t111 IJ,11Q~(l[+U\ o,!onuoton\ O,t>OO<IH tOo? 0 0 Ql'>OOE+Il2 

" " " o,lt<1JOl+'ll n,ll.'HOU02 0 0 \UO!IOE+nl o,,l'>'I<IF.onl 0 0 BtoUOEto? 

'+llLJf 1 N f'l 0 MA !l N I 1P~ IJLUNG o~ l!Jf LlllUl Vtl\_11"[ z 
" ,. ' " ll,lllllllf.tol~ 0,18BnEt<J<' O,ll'OOO[tOI o, HS<I<II:.t/1} 0 0 11>MOf+Oi! 

" " ' " o,?7biOE+<JI r1,11t>70Etnt o,tonooE+nt O,t>0321>Et02 O,'i'I\02E+OZ ,, 
'" ' " r,ti!2Q7Eo~2 U,t221l1t+02 0,\UIIUOE+nl 0,\Q<I<I<IftOl O,'>b000£+02 

'" " ' " n,t>t>2tloE+ol O,bbi!~Ot+tl\ u,tonontonl O,Q]CIJO[t02 O,'ill'J'H.+02 

" " " o,'>bl~Of.+OII O,ltl>i!~OftOI 0,\UOUOE+nt O,ll]'ll~Eonl! 0 0 5\'191f.HI2 

" " " o,btoi!~Oltlll O,t>to2>:10l+OI 0 ,I !lOUOf.t/11 n,u\'IJJitoo2 o,r;o;>57f+oi! 
n " " n,l>b?llof.+u! o,&t>~l!ut+ot o,\ooooE+ol 0

0
Q]'IjOfo02 O,~llllli~+02 ,. 

" ' " o,!>I>CIIIOEtUI ~,llb2~oE+nt o,IIJIIOOf.:tol o,~l'I.\OEt02 O,~biO':iEt02 

" " ' " o,71allol+•!l n,71~Mt:.+ut O,I~OOOl+nl O,bOO(!I£+02 0,4}500£+02 

" ,, 
' " n,111HoE.o2 n,tlllloE+02 O,IUOOO[+OI O,llS'J'JEtOJ 0,3JbOOf.t02 

" .. ' " n,111Bot:.+o2 O,l!llJoE+o2 O,lllOOOE+ol O,J!5'J<IEt03 O,lb~OOEt02 

" " ' " o,J!~'IOE+tl\ ll,B~'iOEtOt O,lllOPOE+ol 0,\1~11'5Et02 0,0'1701[+(12 ,, 
'" ' " 0 0 'J'~UOE+OI O,H"OU+OI o,tnouot•ol O,ll'l'l<'Etll2 0,472li>E+02 

"" '' ' ' l!,nonooEton o,oooool+•IO O,IUOUO[tt'll n,toOOIIE•2l 0,400011£•02 

"' " ' ' o,oonuoe..uo n,ouoooE+oo o,tuooottot 0,!()0()(1[ .. 21 O,'laQOOft02 

" " " n,'S7'fiOE+ut u,"S7"toE+ot o,IUoonE•ol O,HSlh£•02 O,O)';OOftOi' 

"' " ' " o,IJ7IIO[+Oi' n,tl7o<~E+112 o,tooooE+ol O,t8760EtOJ !1, HbO!IEHl 

"' " ' " o,I370IItt02 O,!ltnQEtO.! o,1onnoE+~I n.IB71\0E+03 O,lbll!l!lE+oi!' 

'" " ' " ~,171SA[t02 u,t77o;~t+oa o,tooonE~ol O,Jt53Sft03 0,1 J''IJblt01 

" " ' " ~,16'SbH+oCI o,t8'SbtE+uz o,toouol•nt n.J~'~5If•01 o,tt<l5nt::+o1 

" '" ' , o,l'5~'fSEtOi o,t'ifi'ft;Et<12 O,IUn(IU[tol 0,2.,21l5EtOJ O,'f'fbl!Etoa 

" 
,. 

' " ",12b~illt0i!' o,121111~E+o2 o.tonooEtn1 O,h07P.[t!IJ 0 0 797b5E:+Oo! 

'" " ' 0 0 • 711>50[ H 1 o, 7H50[+0I O,!OIJOOE+ol O,foo2'15f.•02 0 0 'i9111'1'1~+02 

" " ' " "· JJ!I<IoE+'l1 O,lliii!JO[tOj n,tono"E•ol n,1t~fl'i~tOi!' n, q'IQI>bE tOo! 

" " ' " o,t73i!tEH12 o,1H21E+'l2 O,IOOOO[tOI 0 0 JOOOi![t03 o,tl'fJbEtnJ 

'"" "' ' " o,lonooEt112 U,20ilo0Etll2 o,toouoE•ol o,~OOOOEtln o, 1tii50Eto3 

'"' " ' " o,o!OOOO[t<.ll O,i!'IHIQO[HJi!' 0 0 \llOOOEtol O,~OOOO[tOJ o,<l<lbS1Eto2 
110~ il"i ' " o,2~ooot+Oi! n,zo~oot+Oi! o,t~nooE+o1 o,~unnnEtol 0 ,7'1J&';[ttli!' 

'"' " ' " n,t7l<!IE+U2 o,tTJ21l+02 n,toonoE+o1 U,)()002EtOJ o,511~1111Eto2 

'"' "' ' " o,I~I~2E+Oiil O,lq\II,?Et02 O,IOOUOE•OI 0,201100[+03 o,sooooEtoi!' 
\I)'; "' ' ' Q 0 7JIID0tt!/l 0,11Qt>Ol+O\ 0,\<lOOMtnl O,bOIIOIE•Oi! ll,G3SOOE+02 
\l)ll ,., 

' ' ~.1 ~BOEtUi! u,,~llol•u2 o,tununE+ot ll,HS<I'fEtOJ t1,33bOOEtOi! 
\1)1 "' ' " 0 0 \!'.JlOltUi! o,t111Jnft~l2 o,tnouo~•ol 0,3l5'1<1FoOl 0 0 1to~OOEOC2 

'"' " ' " o,IH.!I[+I/2 ~.t752tttOi! O,IIIOOOttol o,lnOoi!'t.tnl O,ll"l&E+03 

"" " ' " ~.zon~OL+O~ o,zoon~~toi' O,I!IO(IO~t(l\ O,IIOIIOO(tOJ n,ti<ISOEtol 

'" H ' " 11,2nnuot•u2 n.zooout:.+o~2 1) 0 !\IOIJ(If+OJ o,qoo~o~.oJ 0 0 'JIItoSH+02 

'" " ; " O,l0\1\IOE.tOi o.?.oOooEH!l ll,IUOOUt+ol O,qU~OO(tOJ o, 7<11b'!Eto2 

'" " ' " n,11l2ttHil U,t1Ji!H+Il2 o,tnnooE•nt O,JUiiOi"F tOJ o,'§?llll'fltoi!' ... " ' " n, 14\qitoto;> O,iqlq2l101 O,IOOOOEtol O,lllilOOfoOl n.~onoHt02 
11'; " ' " o,17~b0UUI ll,11qll•l(+01 0,10~00[+01 o,!tnOOIFtOi!' 0,4]"§UI!Et0l 

"" .. ' " n,IIIBilE>Il?. n,t~HoE.+02 O,I!IIIIIO[+ol o,HS'f<IF.oH 0 1 BbOO~t02 

'" " ' " o,I~BOH~l l•,i~l}OI:.+Ul O,!liOIIIlt.+nl 11,3JS11<1Eto1 0 0 1toAOOf.Hl ... I II!! ' " n,.'l "I HHI2 11,21i!'tll+02 O,!!IOtHIE+nl o,uu'f'liJ~+Ul O,IS'fl!>E+03 
I ltl '"' 

, 
" o,2<tq9'§[+0i!' u,zqq~"l+o2 O,IUOOOE+ol O,bOOOittlll 0 0 1!'f50ftOl 

'" '"" ' " o,l4q<IS~+Ul o,2~~<J5~_+u2 ll,tnooo[tnl O,toOO\II(tOJ o,'f<~t>Jn+ol 

"' '"' ' " n,i!'~O<l.,[t~2 !) 
0

i'4'1<J')f 1112 (1 0 \lii!UIIE I 0 I o),,UOlll[tQ] 0, 7'171>'5HOP 

'" 1 o•• ; " n,.'I21HOII2 '',i'l11 'F_ ... ~ 0 0 \IH!liOE+ol o.~~"""£•OJ 0 1 '5'11111,F.t02 .,. 1!1'5 ' " o,17\l1t+Ol 0,17!?1U~i' n,IOOUOE.tol 0, JOOOi!E tOJ n,~oonn£t!li!' 

'" I lib " n,'luii10ti"ll ~,'I•II'71Jlt111 O,\IIOI!O[t01 U,<I000lftn2 o,~l'§00flu2 

'" 1(01 ' " p ,lO?'I'iOl+ •P u.;>.!~511ltui' <I.I•HIOOE+ol o,suuonf•ol 0 0 ]JbOOE+02 

'" HI~ ' " n,ll4:,1Jl+07. U,?l~Sul+i•l O,I<0 1!00~•o1 U,o;;OUOO[tll] 0 0 1bP.OOtH2 

"' "' ' " n,?~'l~'§!.toll ll,i' 1lU~'if•ll;> 0,\llllOOt+ol Q,toOilOIEtll! o,IJ<~3toE•o1 
\310 I !I• ' " n,i!'•';>~q~•·l2 n,i'~~..,4~.,., O,!liMIIUt+n1 o, ''""~f •o J 0,1\<:I">Of.+<ll 

'" '" ' " n,i!'MIII~t til;> ",;>M,>~ijt +u,> n,IIHHOI!Ltn! 0,7Q<I'II<f onl o,<~llbiH+02 

'" '" ' " "•"'''liS~, p~ " ,;><1 UQ'i~ I"? <1, I IIOull~ 1111 n • "'' llU If +II\ n,7<J7to!llt9' 
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'" "' ; " n,~·~~9">l+'Ji' ~>,Z~'':j5f+u<> n,Juo,nE+r\1 0 0 b~II<JI~tOj O,"i'IP.QqF+r!i' 

"" \I q ' " n,~o·OUH+u? 1',2!IOO~t•u2 0,\I•OUI'f:+nl O,QIJI\IInf•H3 ll,"iOOIIIIf.+n2 

loiiiJf ''·~t l "~ !L q I Tl'~ 1·L"~b l'"lr>r 0~~0 VliliJ"f l 1 3~ '" ' 
,, 

n,!l''~'>~l+Ui> ~,11•'1'.>1f+o2 O,IOOOOE•nl n,ti'I'I'IEtOl 0 0 ij}')OOho2 

"" "" ' " l),l5'1.?Htn~ O,i!59~U+Oi 0 0 1110QOl+OI o,l>1i'nor tO} 11, B60~f Hl 

'" '" ' " o,25QtH•oi' O,i'~9zJEt1!l O,IPOOIIE+ol U,I>720I'~tlll 0 0 lt>~OO~t02 

"" "" ' " l',l~U~'Sloo<' O,i'UU95ltUl U,lllOOI>Etlll n,t>OIIOH_tll1 n,tl9JI>FtnJ 

'"" "" ' " n,lA.?><Ut+nl O,i'Rl~QEotoZ O,lunonl+nt 1},7'1'191\ftOJ 0,11'1511Ftol ,,,, 1 tu ' " n,i'ez~<qt+ilZ o,i'l'l~QftoZ O,I<I~QnEHll o, 19Q9~(t!ll c,9'lbl!Etoi' 

'"' '" ' " n,.?1'1~'1Et•li' n,2Bi'~-lf +nl 0,111~\IOE+ol 0 0 ?999~EtOJ o,M?&"iE+oi.' 
I'll !i? ' " o,~lU'I'>~+'Jl n,~•lQ95EHI~ 11,1 U·JOI\E tn I O,OOI)O!Et1•3 o. 5~1199£ to~ 
I 'J U '" ' " n.~~ooOE+ui! •J.~uooo~oo~ ~,lii•H•IIl+ol 0,11/II)OII~tOl n,•woonHo~ ,., '" ' " n, 1 nii:OQt o02 0 0 1U~5Gt.Q~ o,JlooooEtnt o.tt 'f11~r. ool o,aJ<;ont.+oi! 

'" '" ' " o,2S9Htt•JZ o.~s9zJE+u2 ii,IIIOOUt+nl o,to12nO~tOJ 0 0 HfiOOftO~ 

'"' '"' 
, 

" n,15'flHo•)2 o,z<;II,!Jlooi> o,!onoot+ot 'l,fi72'110ttlll O,lfi~OOf.•02 

'"' 1?7 ' " n 0 }00110lt~i <I,}OOOOE*Oo"' o,tuoi()Of.+ot 0,9000IIH0) o,ll9lt.!to1 

"" 
,,. 

' " n,1•1bQIEtU2 O,}Uq!E+Oi •I,!Unoof+ol O,I200H tiiU ll,ll'!SOE+O] 
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,, l',l1JS<t>l1 n,II05Etlll o,;>On11t on? n,J~>!Ottot 1) 0o:!COOE+O;> 
'l '" " ",IIV';f.t•>J u,IIO'SEtl>\ o,~onMti>i' 11 0 lllOOE +01 O,.?!l<lOf+O;> 

'" " "' I>, I I o<;t +II I O, I 50111: +U I n,.?•lorJi:. +n? O,j<I!>Of.tlll o,2ooof_+O;> 

" " " II ,1 t;l)nt t<) I 11 0 b 1lOOtt01 o,i'a1Jilt.+tJ2 o,1conE+01 o,l~cnt tn;> ,, 
" " o,'~"r"~-·~1 n.~~·IO~tUI o,;>uont tol? 0 0 10i!UfH1 11 0 l01~~l+>J.) 

" '>n1 " ,, .... ,., ~t • "1 ",.I 'I 11 /if + o) I 1) 0 ,.>ii(J~t+•li' 1) 0 11\<IH+I>I ·~.2/)i)~F.•~;> 

" " '" H,~~~·H_.,I>I ... ~~t"~""' >1, l "IH>f + V<' ll,1"1'~~+n1 O,IOn!ll+•l;> 

'" " o; ,, • '>•'<'"'. "" ",'>II >1 'If oil 1 
"·' 1\(\(\f. "•' ", I 11 Ullf +I' I 1 >,10nll~••l) 
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" " " '' ,il \1>~ + 0 I I', I 'il' ~E ttl I o,tlt~f.tn2 O,tnOOHI11 o,tLtlltH;> 

" "' " n, L51PIE 1 o t (l,'l'lOO!: tO\ 'J, I It~!: 1112 O,!OI!~HOI ~ .111 fit: +0;> 

"' "' '" •1, ~ ~ t1 llf_ + o 1 ",•"~0'1~ +'I I n, I II ~t +Qi' O,IOOOltOI o,tllll[+o;> 

"' ~01' 
,, ",!\'I c, ot +"I EJ 0 M IQIIEtOI u,llt~t.o2 0 0 1/IOOl+nl 0,\\IIIE+O? 

'"' In 'I ,, ... ", ':! r>O r>f til I <·,lSOt!~ont {J,c!llt 'it tl)2 U 0 101JOl+O! O,lOISF.H;> 
jl)'> ,, 

'"' H, I 'lV !\l t <J I o,')!d1Eont u,;>.onot.tu~ 0 0 )llnOftOI n,i'OOOE+O;> 

" 1111> I fl~ o.~JbJt+Ut u,IU50loo2 o,2ooolo•l2 \I,I~OOf.+OI O,c!OO!IE+O;> 
jill) Ill! ,,,, II, ~·IYH_ o<J 1 o,tn!7t:ool o,zuooto.l~ 0 0 \000~+!JI O,i?OOIIf:+O;> 
I •l! 111.1 I{J ~ n,q<>JtE+Ut ll,lO.!Uo112 o,lnont.+ul O,tnonEont O,i!OIIOE+t\2 
1 f)i' Ill J 1(15 .,,Q1b5toot p, I <II Itt u;> 11 0 i'l)i)Uf:t\12 O,!U(IO~+UI o,20onE+Q2 
I 11 J Ill~ '"" "·"~Yqtout II 0 '>•) 0 0~ + i) I o,inon!Oool II, I 0\! OE +Ill 11 0i'OOOE+Oi' 
Ill" 1 o'; I <11 u, C,(lu nt + '' 1 n,t5ool.ul o,illnOftU2 O,IOUOttnl u,i'OII~E+Oi' 
Ill"> \llb '"' ", I ">1111~ o 01 o, ij •I •J 0~ + 0 I o,lnu•H +l•i! \) 0 \P)OOt+O\ O,l~OOEHi' 

'"' '"' I""' ll,f>~110lt01 o.~~oOEoOI o,lOOO[+Ui' 0 0 \(IIIOfo(ll O,i!OQI!~tO;> 
I \11 '>10 11'' l) 

0 
~ ·I(IIJt 1<11 o.!j~•,nt ou 1 o,.?onn~tol 0 0 \!IOMoOI O,i'O(II!f_tO,? 

il n "" '" i\
0 

')IHIOt 101 o, I '>O <Ito o I O,i'Onlllon2 O,IOOOEool o,i!IIOOUO;> 
J1n \<1'1 "' o, 1 '>\lllf_ + o 1 •J,S.,JH+UI O,i'llil<llt(li' 0 0 t<•ooEou1 0,20/IOEHi' 

'"' II II "' u,<~Jt>H-+"1 •J,I oSOf oo;> o,20o'1lHi' 0 0 \00IIE+OI O,i'OI!Of_+Ol 
tin "' 11 11 n,·••~ltooJ 0,1 OHE +IIi' o,ton<~loo<' O,!OO\ltoul ll 0i'00IIf.+O.? 

OW)![ r-<rliJi' I ·'I) l ~ l!fL I II ELl OLU'"Ii l)llAIJ ~IlEA 

"' "' '" 11,91>}\l+OI ~,\Oi'~~~~<' o.z~ooE+oi' O,!!IUOE+OI 0,2000E+Oi' 

"' '" 
,, o,11b5t•OI o,IOIIE+Oi' o,i'UOOl+Ol 0,1000~+01 o,2oonHn2 

"' ... "' <I,U>'.9~~+01 0,5UOUhOI o,2ount+oi' O,HlUOf.tOI o,200ilE+Oi' ... '" '" (J,':i~Untool o,!SOOE+Ill ll,i'IIO<If.+(li' Q,IOOOE+OI o,2oooEtOi' 

"' "" '" o,!Silo~•OI 0 ,ti'IOOE. +Ill o,2ooottu2 o,tnooE.ol O,C!OoOEHi' 

"" '" '"'' Y,6'1UOE.•OI o,<~•oOEoOI 0,2UIJ0ttn2 O,I<IOOftO\ o,i'OnOE+Oi' 

"' '" "' Y,~uoottOI O,llQOOE tO! o.zooo~oo2 O,IOOOltOI 11,2 1IOOE+Oi' 

"' "' '" <i,SOOOl+lll n,tsoo~.ot o, Jooot oo~ O,!OII~EoOI o,3!JOOE+Ol 

'" '" "' o,!'>Oottol ~,5t:<J1fo\ll o,311U0E+Ol o,tuoottol II,)UOOE+Ol 

'" li'il ''" o,<~J<>HoOI lo 0 \0"iOftOi' 11,lnooEoni' U,!OoOEtOI o,lnooE+o2 

"" '" '" "·"'~'iiH.tOI P),l0JittU2 0, !UOilltlli! O,IOOr!Eto\ O,JOOI!~+Ili' 

'" p~ 1 (b <I,Y!dlEtOI 0,\II&'~E tU<' o,JoonE102 0 0 \0I!nf.oOI o,JoooEtll? 

'" '" "' ",~1b"iEoiil 0, I 'Ill t 1 •1? o,JI!oot.ui' O,lflOOEool o,10o~FtOi' 

"' "" '" 'J,q~<l~l+fl1 o,SIIo~l+OI o,3uonEoo2 0 0 \oooltot O,JOOOEtOi' 

"" "' '" .,,SOI•nt•UI o,l'>ooho! o,Jiloiilto2 0 0 1000[+01 O,)OOOE+u;l 

"' 12<> ilil o.JSno~•"l o,!l~ouF +01 o,JnootH2 (I,IOOO~•ol O,!OOOE+n;> 

"' "' '" n,IHuo~.+<l1 o,<I"IOIIt+OI O,J'!!lOl+Oi' 0,\0UOl•ul 0 0 )1\!IOf+!!,? 

"' ~I~ "' ll ,I'~ II <Jt +I! 1 o ,il'luot •Ill O, JII(IO[to,? O,IO!IOE+O\ 0 0}'JII0f402 
~I_? '" "' ~, ~ouut. '"1 ",I "inO[ 1 1' 1 r_l,~OnM.•rJl 0,\00I!ttOI o,~Ol!OH02 

'" p'l '$'1 n, I SllilE '" 1 n,St>Pl+UI 0, 1U1(H!l+Ql U,IOUOE+UI n 0 Q0!10f+Oi' 

"' I J '' '" u,~lt>HH11 u, I O';Ot o\1? o,~Uo<ltonl ll,lrhlllfHII 0 1 II 0 I)(<E +Ill 
J_\~ "' ''" <),<I o"' '~· 0 0 I u,1n!1Eonl o,qou•<t+<ll n,tUoOEHI •J,~QUOfHii' 

'" "' '" ll,'l~}lf_tQI lo,\lll'I(+Ol u,oUIJilE+nl IJ,IOOOE+fo1 0,401)1lf«l2 

'" '" '" n.~7t>">t+f!l ", Ill! It + 0 l O,"'IOOLt<Jl o,tount+ut o,qQOOH\12 

'" \}II '" t•,ll~~'li_+•Jl "• suunt 101 Q,'IUonloolZ 0,\0ilOE+Ol <J,UOOOE+O;> 
1 J:l !35 1 ~n U,SPII•nt+01 n, I '>r n £ + o I u,onnnEo112 U,lfiiHif+OI f1 1 QIJO~Et~~ 

'" ,,. 
'"' u ,I S•ou~- oil\ '!,MII[l'llo<J1 n,·l~nof+'li.' 1J, I nll~f. till U,UOQ!lf+\12 

"" '" '"' (! 0 M~ .. q~+ll\ 11 .~'l(orot + o I 0. ,, ''" .. ~ .• () 2 <l,ICOOltOI 1! 0 ijiJ(I0f+IJi' 

"' 'i 1 ~ I"IJ I) ,>HoHot +0 1 11,li'I:I'H. +0! (l 0 'I Pill <Jt +I! l O,IOIIH.+Ill u,qoonttO? 

"' "' '"" u. ~ <l" nt +Ill n • I 'iWit +'! 1 0, U I) 011 f. t 0 l <1 0 IOOOttO\ n,uoorE+II;> 

'" '" "' U,1'>11Q~.+OI II,'>I>J7~+111 IJ,II~I"IE+Ol 11,\tHIOftOI (I ,~<I(I{IEtOi' 

'" IU(I '"' II,<~Jo't+<11 n, I <1~'11_ +•12 'I, 'I •li>Ol t !1 ~ •>, j0!10~0(11 u, qonof '"" 
l "" 

1•11 ' "' U,9~Y1t0111 n,t••J1tto? ''•'"IIJilftlli.' <1,\0tlOt+OI <1 0 ~000f+O~ 

'"' !•II "" I).~~ ! ))-_." 1 f1, 1 •Ita>. ou? o.~"ll"f H•l l', I 0!1 Of '0 I 0 0 ~()U0f00C! 

'" pJ 1 u·~ ... ~'"~l0111 ", I <1 I 1 t t" ~ ,, • ~ u ""f. till u,tonotool il,QUifOE +Q2 

'"' I •I~ I~'' ''•'ll"'JI oUJ 01,'>0Uillt01 o.••Qnn~"'' U,\0(10~+01 o,ijo~oton;> 

'"' I ··1~ "' .... ~·J" "t • "1 ", 1 ~ •Ill t_ + n I ll 0 ij I) <Jill t 112 'J,!OO<It+(ll ", ij n n ~r *''-' 
'"' I.,., '" '', 1511•11 +111 " • " ., ,, Cl- ' 'l\ 0, ~ '' q •If. > n? o, 1 o o nf + 11 1 )0

0
Q(Itl0t_+fl;o ,., ('II I c> \ "' '"'"'' '"' ....... , .. ,,,_,,,[ [1·'''"''"···,? •I' 1 ll '"' t • [l 1 11, "o o" t • n<> 
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'"' S I 'l t'>•l U,<i'l"~~+'J\ n ,>~••o~E o ''' o.~~~~~E+u.? tJ,l~OOE+UI rJ,~OOOl+~<' 

"'" j I •; '" O,S<I•HitiU! ~,ISuPEt\11 u,eouut+02 o,IOliOHO\ IJ 0 biii)O[+Ui' 

''" '"' '" t>, I'>" 11~-+11\ .,,'>toJ7hot IJ 0 f>IJ 11 rl~ I IJ;! o,J ~nnE •ul tl,bOOOE+O;> 

'"' "" "' v.~J.,H+Ot n,IOS•nt~~~ 0 0 bOOPt+Oi:' 0 0 \0V!IE+IJI o,bOI!IJtt•ll 

''" '" ' '" o,1'rl1t•o• rt,tllJ1~tn2 O,r>OOOf +01 O,IOUOf+Ul U 0 hl100f+O.? 

'" '" 1 ~·~ u,1'>Jit+O\ o,tnl'ltonz 0 
0 

b 11 rtlll I!J i' U0 !(l!lOEtn1 0 0 b0DII[+il2 

'" "' 1 bll n,•11t>Stollt 0, \II I fl!: 1111 U,~O!!OtHJl O,IOUOEfO\ il,bOilOf.to;? 

"' "" "' n,~~~'Jt+U\ n, Suu•lt HII O,b<IIJilltiJ.? o,loonEool o,buon~+/12 
j';l) "' 

,,, 1>, ~nr>nt tOt P, 1 '5out, n 1 O,Dil(lll[tU.? O,IIJO\>t . .r)l IJ,bOOO!::tOi' 

"' '" '" O,l'bOFtH\ o,S<I(III[tUI !1 0 btiOOEto2 <1, I OllOlHJI O,bOO~E tui' 

"' "' ''" u,>~~u••t+ql I) 
0 

I< II(! Ut t 0 1 o,~>U•J~E+o2 O,if!OOltOI o,t>oo~~*"2 

"' '>15 "' J,t\UttOt+Ll! o,II~QII~o01 0 0 (>li1H.IE tl12 o,touo~tol \l,bOOO{tll2 

'" '" '" ''• S•J~nt • 01 n,l lunb•n O,b<)OOlt(l~ o , 1 no oE • 01 Q0b000f+Oo? 

'" '" "' u, I 'htOF.t~l o,'5~>31E.t\ll 0,1>0(111~ +02 o,tonnf:tol O,bOO~E+O<! 

'" "" 
,,. o,'Ht>JfoUI II,IU'50Eoo2 O,I)OOOEH2 0 0 I OOOEtOI O,b!IOOE+Ol' 

"" "' '" v.q~q7E+OI 1I,IO.S7EIO~ 0 0l>II011Eto2 O,!OOOEtOI o,eoonE•oz 

"' "' ' '" u,9~>!1t+OI u,toi.'ijttoi.' O,bOOOttoi.' Q,IOOOt+Ot 0 0b000f+J1,? 

"' '" 
,, 11,9 lb<;t tu 1 o,tu!l£o0} O,bU~IItooi' O,!OOOE.tOI U0l>l'Oiltto.? 

>itllll "Olli! I t.flt ~ llf"ll [lfli! llLONt; OJ'!AO ARE A 

"' "" '" O,<IS'HE+OI o,SonOEtOI 0 0 bU011EtOl O,I000l+01 0 0b000E.t0i:' 
,,~ '" '" 0, Slllll'[ +I) I u, I St•''l t 0 1 0 0 l>UOOt+Oi.' 0,11l110f+01 0 0b000E+Oi:' 

'" '" I 1'1 11, I .,;11\lf +Ill (l,!\ijl)0(•01 0 0 b000(H~ 0,\0UilftOI (1 0 b0~Q[+Oi:' 

"' "' '" IJ,B•luOt+OI li,~"OIIt+OI O,~t)oqfH2 u,!Oo~E+OI O,bOOOUOl 

"' '" '" IJ,II~(I(l~fO] o,ll'l(oOE+Ol O,bOliOf.tU~ 0 0 l~UOt.tOI U,bOOilf+Ol 

" 
,, 

•J.~Il!H 10~ O,<!~t:~9~10.? o,3b'lbE+o2 O,IOUOt+Ot Oo3f>4f>(+Oi:' 

" '" '" U,2.?2'5E.t02 O,I02'5E.+Ol Q,i:'bqi>E+O.? 0,\0IIOEtO\ o,o!b'lbE+n2 

'" '" '" O,llb1E1Ui:' o,qle~Etnt o,.?.?totoo~ O,IOOOE.tOI o,2l!OE+02 

'" "' ''" o,to~ql+02 o,9"it0toOI U0 11t>lllH>i! O,!OIIOllll\ o,t7b11E*O<' 

"" '" '" 11,\IIHE+Ol 11,91>J<'fll11 o,tllblto.? u, \OUOE+OI 11 0 132bf+Oi" 

'" .. ,,, 'l,l Q,!<l(tll(' o,HsSEout o,~IIJqt+ot o,toooEtOI o,A'I]q(tO\ 

'" '" '" O,IO!i't+U~ IJ 0q'I18EoU\ o,qQ.?flt•ot O,IOonEtOI u,qt:~zne.+ot 

'" '" ]/;II U, 10~0Etn2 O,UOOOEtOO O,OOiiOltUU u,t~OnEtOI o,ooc,oe.•oo 

' " t<'':i O,o!I~IE+U' IJ,o!<I<I'IE +Oi:' o,Ji:'Ki.'fou.! O,IOOOE.IIJI o,32'82E+n 

" " 
,,, 0. i.'o!c''>t t 112 o,I•125Etol O,lf>')blnJoZ 0,10110[101 O,lb91'tE+02 

" H '" o,tlb\l oU;> o,qlll~foot O,l.?tOliOl o,toonE,ol o,l.?tOE+Ol 
lJ " . •" O,l11ijqf+U2 o,'~'5toE.oo1 o,tlb~l:.ool o,t0116Eoot o,17,~Etlli:' 
"l " '" 0,\UlHtOl o.~ .. JZ~+<Jt O,tl2b~.t02 11 0 10UOliOI "· lli.'bt +I'<' 

" " ''" 0, \11oi'St olli' o,q7S'>hot ll,~sJql:.+ol v,IOI•OE+nl 0,8R]'11:.fOI 

" " 
,., 0, I !1 I <'E +IIi:' n,'I~7Rlo01 O,<I~~OltOI o.toootonl o,llt:l?OE+Ill 

" ,, ',, u, I 'IIIOlou;> ll
0

1l(IOilt"tllll !) 0 0!11H1ft01l o,toonEtol o,oouoltoo 

" " '' l 
'J, 1 qust +IJ) O,li.>IISftOi O,I57'H.+oJ7. 0,1001\ltOI o ,I 57 !'if+ 11<' 

" " •'" o, 1 I 1> II:.+ 0) o,~JII~hot o.i'ltOl+ui! IJ,IOOOE+Ol u,l2tOtt02 

" "' '" o.I<J~~t"'~ o,951ll~t01 u,l1l>~Eto7. O,I0011l+OI o,11t.IIE+Oi:' 

"' " '" n,tOHt•o~ o,?b;lf..vl O,ll2.,foo;> O,[O(Hift!ll o,l32bHOi:' 

" bl '" '-',1'1~'51:.+'1' ,.,~7$'Sf.out O,~A]'"ItHq 11 0 llli'Q~ 10 I u,II!IJ~Hnt 

" " ''" OJ,!Oinou;> I) 0 ~A1MI:.tll! O,Qao?QliOI O,IOioOEtill ~~~~i:'Of_+OI 

" ~·· '"' 0, I OI)Ot HI;> <I 
0 

•IOl;(lf tOll u,q<IOM+lJll O,IOUOEIOI o,oouoEtoo 

" " """ (1,11!>1~+{);> !I,~H·~~•YI o ,o!.?ttl •n2 0 0 10Uil~t01 u,22ttEtoi:' 

" "' '"' U,IOU~£+02 0, qo;1 <>E • 0 I o,P~>'~f+Oi' 0 0 ]0<l0f.t01 i1 0 \7l>11EI02 

"' " "' n,lnJ7t+U;> ,,~~>3~~oul o,1 J~l>l::+lli' O,!IIIIOftOI n,l32bf.+O.? 

" " '"' n, 11Jo!5F.•II;> "•'IJ<,'St .. l] u,~S5'~l+tl1 O,IDIIOl+OI o 0 A/IJ~ftfll 

" " ''" II, I 0\ l:?t t tJi' 11,~ ... 7~~>(1] (1,~~20f.lll1 o,IOIIII~+ot H,<l~lOE+Ol 

" '" ;>I.<; 11,\!ltd)~ .• ,, 'I,O')~nEooO n,o•lo~t""' O,IOIIOt +Ill o,nonoE+oo 

'" "' 7.Ub <I • I .,,,qt t 11;1 o,<l'i\(lf.+OI o,t1~>M_,u; o, I ounE tll1 o,l7eo~E+02 

"'' 
,,, 

""' " , I 0 57f_ o11;> U,"lt>JH•QI n,tJc't>lt•J.? O,IOI.><Itttll lJ 0 1]2bftO;> 

'" "' '"' n,tOl'iftO;> o, q1'5'5~ +"I u,A~J9ttll1 0 0 10110ftOI II,BII3qf.IOI 

'" '" ~,,q II, I II I;>~. o n;o 1•.~~111t "'' o.••Qo!<ltHit ~ 
0 

[l)!lllf Ill[ l' o U<I;>Mf 0() I 

" ... n" c>, l n .• nl, ""' o, ""•J<It onn I) • •t<l II Ul t II< H,1n<•nttlll 11, onnot toll ,., ,, ,, •I, ~ I" "If • 11 I n,lllQ~+ "'l <1, 1 nnn1 <<!i' ", I q" r,f: "'I n,litnH on;> 
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" " .>12 ').~'i7'>f:.••l! o,l<UIHOi' 0,19tl0l+~i' O,JOIIOE+O! 0 0 10011f+Oi' 

'" " '" U, ~1>'1 ~ f" + n I u,IOI~t>O~ O,JOQ(lE+Ui! ~.1000(+01 n,IOOOE+O? 

" " ;>l"l <1,~~11>~•111 ••,lllubttn.? 11,[01)0~+02 'J,IOII~i:tOI 11,1000[+0;> 

" " "' ''•"'l!Yf •Ill n,5nuott1Jl 9,LOOI)i:+Oi! O,l~OOl+Ol n,l OOGE+O.? 
l~ '" "" o,!o';7~oo> o,Y~!'>EPJI o,tYb1l+lli! O,[OOOE+Ol o 0 I Y,o,7f •ni! ,, IJ~ '" u 0 I I) Jilt_+ Oi' O,<l';t.•H:+IJ[ o,!Sn~E+ui' O,IQUOE+OI 0,1 '!inut +{12 

"' '" "' ,, , 1 n 3•1F. + 111 IJ,9tt<Pitout 0,[ 11111[+02 O,I~O!ll+Ol 0 0 10'11[+02 

" " '" 0,10]7~.+')) II,Y~l?EoOI 0,';7JlllfHII 0 0 !0UO[H)I O,S7ME+•J1 

" " "" u 0 ')1Jo7lt~11 it 0 UI!99Et\H lt,llt;>E+OI O,!OUOI:+Ol n,,Bti!ftO\ 

" . ' "' ''· '>ll3~f tilt n,oonol:.oou O,IJilnOEt!IO ~ 0 [000[+Ul o,uonnt+oo 

'" " u~ :1,!<1')7~ H;> li,Y 01JOEo01 O,[<lb'ii~t02 ll,I~UOf.tOI o,l'lt>'!iEtO;:> ,, ,, "' ~.l'l'lUto<l? o,~St>~f-+!!1 o,i5u3t+ol O,I~OOl+UI o,t5r.3E+<J? ,, 
" '" u,l<dOf.tO? o,'l't>'I~EtOI n,!Oli1EH12 U,IOUnEtOI O,IOIIIE+Oi! 

" '" '" ?,1017~.01 IJ,'l~Uftlll o,57R1Et01 O,IOU!lftOI o,5711H+OI ,,, 
" '" o,Sot>Hoot o,~l'l'l'lE.tOI u,i!1!i!Etot o,toooltol o,211i!£+OI 

'" ,,, 
'" ll,l5ti<Jt +01 o,~Jl'l(tOI o,OtUltOi' 0,\0UOf.+GI o,i!liOE+O' 

" " '" 11, Sn;\Ut oil! o,oo•J"f.oo~ a,onoot+Jo V,IOOoftOI 0 00000E+OO 

"001 Nrrr!<' I t.n£ ~ ll~L I OEU pl0"'G PIIAO A FIE• 

'"" '"' "' o,t8111Eoo;:o O,i'2JIIf.t02 0,~591JftOI 0 0 !0\IOltOI 0 08l<J9E+OI 
"I '"' "" o,211~>i'f.:oo2 n, II &II f. o Oi! o,B19'1Etl)j O,tnooloOI 0,1'1)99£+01 
'>l'l ,, ~H O,L012f+Ol' o,liiS"iE+Oi! O,~ !99EtOI O,JOOOf+OI 0,61'19£+01 
5!11 '"" "' n,'l~~'lEolll O,IOUJEt02 o,IIH'Il+ol O,IOOrJEtOI O,ll3'l'9E+OI 
<;n~ 511~ "' o,~571Etlll o,I03lEI02 o,I:IJ~'~l+ol O,IOOOftOI O,lll'I'IE+OI 
5u5 Silt> "" 0, 'li>'J'lE 0!11 o,HI!~EoOi' O,IIH'l[tlll O,IOOOE+UI ll,lll'l'l[tOI 
:.uo 'j II 1 "' ll,'ll:ll,~tfll u,IOobEooi o,lll9'1t:ool O,IOII(If.tOI 0 01:1)'19f+OI 

'"' .,,,~ ,,. !l,'l'IJ'ItoOI o 0 UII'/~Etlll 0,!\J'l'lEtOl O,lOOOf+Ol O,!:ll99f+OI 

'"' 'jj(l "' o,tdoAEont O,IOOIIEtOi' O,fll9'lftOI O,IOIIOltOI 0,8)'19£+01 

"" '" "' O,l'IUOftOl o,JoonEooi' o,8l'l'lltOI O,IOOOEtOl O,ll)'l'IE+OI 

'" '" "' II,IO<IO[tU'. o,l':iliOf.oOi' o,&nq£+ol O,IOOOftOI 0 0 6}'1'1E+OI 
51<! '" ~·o o,JS~nEtO<! 0 0lOOOEt02 O,IIJ'I'JEHI O,!OOOfoOI 0,6]'1'1£+01 

"' "" ,. ' o,o?O,JIIE+O? U,.!IJO(>ftOl O,I:IJ'I'l'EtOI O,tOOOEtOl O,fl]'l'l(tOl 

"" '" '"' 0 0 ~0011 [+01 O,JOOOftOl o,&l'19Etol 0 0 1 OUOEtOI O,fl]'19£t01 
51'; '" ~ ~ -~ o,JoooE +Ill' o,loooto02 o,6J99Eont 0,1 OOOE+OI o,eJ<~'IE+UI 

' p ~~u u,t~llltoo? ll,l<'l'lfoOl O,lb~Of.+02 0 0 1 O<IOftQI 0 0 l0110ft01 

" " '"' u,20t>i!fo01 o,llo~E+lll O,lb~Ottoli' O,IQOOE+OI O,IOIIOEtOi' 

" " ,., O,IH2E+Ol' O,IOS5Et!li! o,!b~oboi! 0 0 IQ011Et01 o,!bllnEHi! 

" "' ~117 O,IIUUQEHlt o,IOUlf+Ol o,tbAl•EH2 O,IOOOEtOI O,lbAOEHl:? 

'" " ""~ 11,~'5T1E+01 o,IU}I[ln2 o,t~>eQEoo2 o,tOOO[tOI o,t&&nEt02 

" " 
,., ~, ~l>.l'IE +Ul 11,\0J~fHi! O,ll>~lltH2 O,IIIIHJ~+OI o,lbi!Of+02 

" " "" ''•~~lbfoOt II, I 0<)!>[ +02 O,ib~OE+U2 O,IOUO~iOI o,JOI!M.+01 

" "' "' u,-Hj'lftlll u. 'l'l1llt0\ O,I'>BIIE+Ol O,IO<!Olool o,lbi!OE+O<' 

" 1 ,, 1 ,, o,t>1<!11~•ot o,IOn••tto2 0,11>~11l+02 O,!OUIIloOI o,lbiiOf+Ol 

'" "' ... ~} o, 1 O~llfoo,. 0 0 )0._!11lt0i! 0 0 lb~O~t02 O,IOllllEiQI 0 1 \t>IIOE+Ol 

"' '" "" o,IO\In~ool II, I ';nO~ tO~ 11 0 Lb811~tui! 0 ,l 0\IOlo 01 ll,lb80Et02 

"' '" "' ~,ISUOE+Ol <l,lllullf.o<l2 11 0 IOB\It+<J2 Q0 jiiiiii[Hl 0 0 \bl\n[tlll 

"' I 'J1 "' o,2'~<111E•Ol ~, ~O•JIIt:.o U~ a,lb~llt+o2 t', 1 o u llE + 11 I O,ll>l!~[+oll 

'"' '" 
,, 

11,2'100[0()~ "• j<)l)llf.t(l;> o,tt>en~Hl C0 jiiOOl+ol O,lb~<l[t!J(' 

"' "' ,. o,3•"10EO<I~ n,jO~H 0!12 o, '"~"E • o? 11 0 IO•IIIt+\l\ O,JI>IIO[OIIl 

' " '" o,l~~1E+•I~ o,.!ll~lt02 O,lbl!i)i'.+Oi' O,!OIIO{tOI O,lb80E+Ol 

•• , . ~!>f\ 11 0 l lt>?lHl.' n,llt>~E o Oi! d,ll>ll!l[+lli! o,tnooE•ol O,lbiiOf+O? ,. " "' o,tujn+"l o, I"~<;~ oul 0,1 ~IIOEtrll 0,1 0<10~ OUI O.lb~O[+Ol 

" '" '" O,'l~'l'lt+OI u,L<! 113ltOl o, lbl\ilt+«i! o,tiiiHlf on 1 o,l&llllE+Ol' 

"' ,. ,. ' ,1, '1571 ~ fO 1 11,1 0} 1 E til~ 0,1 ~~llt+tl2 0 0 llli!Ot+o1 O,lb~O[tO? ,, 
" ~t>'' v,«t>ll~ltUI O,IOI~ttO~ 0,1~RI>l•o2 0 0 I~OOt+01 O,I~>BOE•Ol 

" 
,. 

"' n,'l~l~l•O! I•, 1 HO~t tO} O,!l:>llll[ti).J' 0 0 JOl>O~+OI u,lb~OE+<J2 

'• '• ,,. U,9UJ'lt+U1 1),~41~0111\ u.t~IIOl+<J2 0,\<><IOfoQI O,lb~0£+0? 

" 100 ~"' ll,t>1•>Af ''" "• I rl II fl E I Ui' 0,11>1\0f HI~ ''• I "'-'"t+<ll O,ll>~ll[+Q(' 
l"<> ',. ,, <1, I ol·l"t I 0~ "• Jllu·•t t •li' O,lbM<It+Ui" "· l110o1f +01 O,lb~nt•Ol 

"' '" ~"" 1·, ICIJN +•I~ 11 0 I<;" fl t t I);> n,)b~nttu2 O,Jil(1~fH'I Ol 0 JO,~O[' ')~ 
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'" '" "''1 I!, 1 '5i!llt +Ill •!,iO~O~t01 O,lb811E+OC! U,IOOOEtOI o,Jb!IM.toi? 

'" !llo "' ~,.!OUIIl+lll t!, c'OHOf_t Ol u,II>BIIt+o.! O,I(IO~ttOI O,J!>IIO[+Q!' 

'" "' "' o,<'nllnEtll:> O,JIHJ<![+OC! O,lt>IIO!:.tOi! 0,1000[+01 ~,li!oi'IOEHJ<" 

'" "' '" u,JnunE+O!' 0,)00(1[102 u,te.lln£+<~1 O,IOIIOEtOI 0 0 lt>8nlHJl 
5 " '" 0,1Hfl7~tll;l o,<'!'JIIE+~ll n,luont +ol U 0 IIIOO[Hll <t,JOOIIHOI ,, 

" "' ''•~"bo>t.tU;> o,tt~.>Kt>o2 o,Jnoo~tlll O,ll'lllll[tUI O,lOOOf_+OI , 
" '" U,IIIJIE+O.? ll,L055E+Oi! 0 0 }00IH:tol o,lnoof.+UI U 0 }000f_H)! 

" "' ;117 u,o;~4o;toUt u,to~Jt+ni! O,lOi)llltr!l U,lllUU[tlll O,JOOOlOOI 

" " '" IJ,'I'57![t0! n,IUl!EoOl u,Hoo!:.+ol U,!G•IOltOI o,JOllll~.•nt 
55 ,, 

'" 0, 'h'lllftlll <!,IO!~f.tOl 0 0 }000~+01 O,IOOOEoOI u,lOOM.+OI 

" 
, ;'18oJ 0, 'lA I I>[ HI! II,IOOt>EtOi! o,JounEtot U0 10U0Eool II ,JOOOfnH 

" "' ~~~ o,<J9j9~oUI U,ij~PltOI O,}lli)O~tUI O,looofool O,lllOOI:.+Ill 

" lOS ,,, O,bTOllftOI o,l~onEool o,Snooftol ~,IOO~ftOI o,JOOOE+OI 

'"' "' ~liS ~. LUUilEtOi! o,lnnnfoOi! o,Jouofool O,IOOOftOI o,JnonE+o! 

'" ,., 
"" O,IOO(Itt!l~ O,ISOttEoOi! o,JtlooEouL 0 0 \0UOEtOI O,]llO~EHll 

'" '" '"' o,tSUtJftOl n,COU!>[oUi' o,JuuM till O,!OollltOI O.lOOOHO! 

NUUI r.nu.;o ~~~ll~· IJI!:L I UEL<' DLONG oRAD Allf A 

"' '"' '" 0, .. \IUOEtOi! 0 0i'lOO[tUi! u,lOo<~ttot 0,\~00[+01 o,}OODE+Ot 

'"' "' "' u, .. tlllOEtOl o,Juo~Loul O,JOoOf+(tl U,IUUO[tOI O,lOOO[tOI 

"' '" "' O,JOOil[+U' o 0 JOOOEt02 O,HoO~+Ol U,IOOOEtOI 0 0 l001l[t01 ,, 
'"' "' >.1,, 58~UE Hl(l 1!,\llO<IEtOl o,JnonEoo .. O,lllO!\EtOI O,JOOilftOl 

I 114 '" "" ~,lll<lOE+O? n, I O•JOI:.tlll O,!OollEtlli! 0 0 lll110[tUI 0 0 10011[+02 

"" "" '" II,IOUOE>Ol o,15ooEollo? o,tooof oul o,JoonEoul 0 0 !000£ttll 

"" "" '-".? 0 0 !'500[+0-' u,<'UoOEt02 O,HlnoEtnl 0 0 100ilfoQI o,!onn~+l12 

"" ... "' O, .. UI.IIl(Hll o,lOOilftOl Q,tOoOEtl.li! O,IOI!OfoOI O,IOOOEtO.? 

'"" "" "' o, .. nooEo02 0 ,JOOOE o02 o,tuonE+ni! O,IOOOltUI o,tOPOltOi! 

"" ''" '" 0,3oonEt01 n,JOO\llfO.? o,toooftnl O,IOI.IOEtUI o,toont+oi' 

'" 1 n3 '" U,l7l'5t.+OI 0 0 I OOOltO<!' O,I'SoOtto<' 0 0 !000ltOI o,t5onEtO<!' 
I!> s '" <I'H U,!OUOlfUi! O,IIIOOftQi! u,l5110lto? O,tOilOEtBI U,I'SOilEtu2 

'" '" '" ll•I'SUOffO? o,IOOIIEtOl t~,t5ooE+oi 0 010110l+Ot o,t50!!fto' 

'" '" '" () 0 \000foll.? o,t5ooEto.? o,!5ootoo? O,HlOOEtOI 0 0 1500fflll 

'" I 4 _1 '"" 11, i!IJOIIE+Ill O,lOOO[o02 o.uont ou? 0 0 10UOEtOI ll,l501lftll<!' 

'"' "' '"' ll 020aO[Hll' u,JoooEool n,t5oot+Ooi' O,IOU!!ltOI u,tsnnEtal 

"' "' '"' <) 0 )0Uillt02 o,.Sooot+Ol o,!5oOl+oC OolllllOEtUI o, Unnt•02 

"' I !I .. '"' 0,40~11[ tO! o,IOOOftOl O,i!U!iOloO; O,IOOO[tOI 0 ,lOOOE +01 

'"' '" 1\lU O,IOOOt+Ol o,lllOOfoO,? O,o?UOO~Hi! o,!OUOEtOI ll,2000[+0l 

"' '" 1ll5 <!,IOOO[tll<!' (). 1 o; Oil I':. +Qi! n, .. uooEool O,IOOOEtOI 0 1i!IIOOE+O? 

'" '" '"' l>,t';oOEtUl o,.!onnEtoo? O,i!OQIIE+02 o,tOUOEtOI o,i!OO!!~+Oi! 

'" l'l2 J\11 o,o?~out +01 U,~O~!IEttJ2 O,i.'IIOIIEH2 O,IOOOf tO I 0,2000E+01 '., "' ~~~~ O,i.'•IOtlltUi.' n,joouEtoo? O,lOQIIEJO~ o,!oootool O,o?OOOE+Ol 

'" '" h•9 u,Jnuo~+Oi.' o,Joo<Jt +Ill o, .. (lotlt+o~ II,IOOIIEoOI U0l0011[f!l'. ,, 
'"' H•l 0 0 blbl[t\l1 o,1 ountt01 o,o?Un1Jl+o2 0,\~00ttOI O,COOOE+U.? 

Jill '" '" O,IO<JO[tOi,l O,)OI!O[oo,? o,i!OilllltU~ U.IOUOftOI U,200fl~.tOZ 

'" '" "' 11 0 \0IIIIf.tO;t 0 0 1%0E.O? 0 0 i!O(>OE tlli.' o,JOt•o[t!ll U,,?OOQE+02 

'" "' 
.,, •l,JO,O>!EtO;> 0, .. til! I!E t 0 2 ll,.?OOill+!!i.' 0,!00</ft>)\ 0,1000[+01 

'" '"' "'' o,o?00</~+0<!' II,<'~OOltlli.' o,.?tlonEto2 ll,lllOOttOI 0 ,.?QIIOE +111 

'"' "' "' '1, i.'Ol)(!f tO" O,lOOIIEtO? O,i.'O~oE +Ol O,IUUOltUI 0,200il[t01' 

"' '" "" 0,3000[+0~ o,JIIIJ"t•ol o,.?lluO~tu.? o.tnoottol 0 0<!110nEtO' . ' \II\) '" u,l!to1~f till II,IOUO[tlli! o.~"o<>t+ll' 11,\000ltOI o.~oonEtol 

'"" lH! "" U,IUIJII(oQ;J 1) 0 101111ltili" 0 0i.'llOI!EtO.? U,I!!IIOttOI 0,,?0()1}[+02 

"" "" '" I!, I 0 II I>E + Ui.' o,ISOII~+O~ o, .. 'luof.ooi' <J 0 llloJOltOI o,i!OOQE+t>.;> 
llo "" Jo?ll n,to;uotH.I;> u,lnnoJEoOo? o,?nootooz II,IOOilttnl ll,i!OU0£tOi! 
!)(! I 'I~ "' o,Z~I!Oftll;> II, li!UM .. +Oi' O,iiiiJ'll+02 O,IOOOFoOI U 0 i!!J00~+01 

'"" J"iU "' U, .. IH!HtU-' O,HUO~+O<' o,zoool+Oi! U0 IOOO!.tHI O,i!OOIIltO~ 

"" "" "' 0,\IIUO~tll? o,.Souut .o~ n, .. IIOIIEtOo? OoiiiOO~t<ft l!,i!l)l!llft\12 ,, , 
\l'~ II,!099[.0:p n,llll11HtU2 U,I'SIIIIloOi' O,!OoOttl!l O,I';I)OftO? 

" 1 "" '" 1)
0 

ji)IJO!- til;> ~.tol"l~.~~~ u • I o;.l ~~~ * •I~ o ,1 n ••nl "!I u, 1 o;o Of +I!? 
!tl'< ,,. '" ,, , 1 11 roof + o;:o I•. l <; .. •ll '"" II , l '5 II "f_ I ~li' II, I !Ill lit till O,l$111\fto;> 

'" "' '" ,, , I o;., ''f • "" (\ ... ,, "" ~ • " ,> 
ll, l ~··"·. "" 

•I, l 0 ~<If 0 <> l ,, , t '>o ''~ , o ~ 
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'" '" '" ". 2"01''. "' ll,.?olV!I!-.+11~ O,\':iOII[+v2 Q,\Ollllf+al 11 ,I "i~!l[+ll,) 

"' 
,., 

"' 0,2011')~10)~ u,~uun~t62 ll,t5o•lf.+IJ2 n,tn~nttot 1),151!0[+0? 
1 'I~ "' 'j" •1, iUVOE t<l~ u,J~ulltoo2 n,t5uol+"2 u,t!luntont 0 0 \'>IJOf.+U;> 

" !•l'i "' ", 1 '> v"t, ,,., ,,11~7EH>2 I!, I ;?1:\t.l t" ;> U,\O<I~!tnl 11 0 \i?AI!IHO;> 
J rl'; ;\I' I) '" ••,lll.Htt<l.? <l,~bll5toOI O,lllln?lH1\ 0 ,I IIi> Ill tO I l'obi>U?f+OI 

'"' J(l 1 "' u,'>~~Holll o,l?bBC..ol O,l~tqf.H\1 u,tonotool o,l&t~E+ilt 
}•17 ''" ll'l o,tt•'~t>lo~? u,l!bSbo2 o,?7i'4Eout 11 0 \ OUilt till u,o!124E+Ot 
JoJ6 JoJ<I "' V,II.,H 1"2 o,tuo1hO.!' IJ,}IJQ4Etll\ u,tonotHJI 0 0 lOOUf+U1 

'"' "" , .. J,IU•oUEoll) u,lno•Jtoo2 O,JOOOl+IJI OoiOUfl[+l/1 U0 }0UO[+Ot 

"" '" '" 0 0 \llUt![ til;> \1, l':ii>Of:.+O? o,l'IIJOf.+ut U,IOUOEtCI !1 0 lOO~F.+Ot 

'" "' "' 11, I 'it"lt .,,~ n,.!ou~~tlli! O,J•IOUl+lll v,IOU0£+01 o,l~on[+Ct 

"' '" '" I!,~O~<It oO;t n,i!'~n11Et02 O,JLIII~ltO! 0 0 !0110~.01 o,soont+OI 

"' '" "" o,tnoo)l_,,ll o,Jouot.tol O,JIIIlOl+UI 0 0 lOOObUI o,lOoO[flll 
11'1 '" _1141 •I,Jnuoto<l-' n,loonto<)l o,JOuoE.o<il u,tuuoEonl u,JOont.t01 

'"' '"' ,~ .. V,qQI\1~+01 !1,1211\ltoui! 0 0t>1tUlH!I O,!OuOE+OI 0 0 li7\U~HI! 

NUIJI ~\Jill lt·oL~ uFL l flfli! OllJNG ORAD ARt.~ 

'"' '"" '"' <', [II~ Ql 0111' 0,12!01Et<l2 O,oi!QIIE+UI o,toooEool 0 0 f11qR[+O! 
<>n~ .!ll\1 J ,,,, 11, I ~'57loO(' O,IOO<JftOl O,SOOOltUI O,IOOOEoOI O,SOOOE+Ol 
j!'f)\1 '" ,., O,IIIOOttll;> o,looof ool O,S•IOOEoul 0 0 \000ltlll U,SUOOfHI 

"" "' '"' 0, I UIIO~ + U<' n,I'5UilEt02 o,sooohol u,IOI!Ot+tll o,5000E+OI 

"' "' '"' IJ,!'500EoUi! u,2ouoEoui! u,S~OOEtOI U,IOO~EtO! O,SOOI'Et<lt 

"' "' '~ ~ U0 i!IIUOltdo? ll,i!'ouoEtOi! o,suooEt!lt U,IOOlJ~+OI O,!illOI'E+OI 

"' '" ,,, 
II,.!'IUO~+!I,) o,liiOUft()<" o,sonoEtot u,toon~tOI o.sooot:+O! 

'" "' ,,, U,!'IO!IEtO.? o,SoonEtO<' o,soootoot o,toooE•ot 0,5!IOOE+O! 

" " "' ••,25?&loO.? o,lbl:ll>(oOl o,J5!1Etul U0 100!1EtOI 0,]5}1[+01 

~=-~==~==~~·=··==·3··==·····=·······························································=······· Dill IH.Ot:K • 
Nll"S 'lilbSil I rmt A L l ~ K+i pLIJ'lt; OIU.r'! HSIJIIE AREAS • )!hill ' " o.~068tto2 0,1000~+01 0 0 1700[•\5 0 0 QO!:III[t02 • ill'>ll ' " o.ltlooEoot O,IOOOEtOI o.HI70f.·l~ 0 0 JOOOE+OI 

• t~on ! " Q
0

11'1110Eool O,IOO~E+OI O,i!liOOE•II O.t&BOE+02. 

' 111<)0 • " o.HoiiOEoUi! 11 0 \lliiOE+OI a, 7uoot-o8 0 0 \b~OE+Ol 
'5~q 111·1~ 5 " o,s~oolotll O,IOOQ[tOI o, 7 '90E•08 Q0 I!<IOOE+OI 

·=·········=···=·=··············=··················=········=····~··~·······=···············=··~~··· ~)AlA R[.ll(:~ 7 

''I'O'l 1 •Jr,e_- I I ~I; I 
1!101) I 

P14[1j 

ol,H'ononE+n2 
1 h.of ~ 

o,ouoouu~too 

•====•=•==•z=:~=2•••=•=•=•=•=•••==~•==•~==••••••••=••==•=~==•=•==••==•••••••••••••=~==•••••••••••••• 
OIJl RUJCK <l SIUTJN[O 1"4f'IJI 

'111 I~ I ,:f!~ X l'P•<i "' "' " ' <J,1i'U•I0•1Et~oi! U,OOI>OOOE+oo O,Ot101)~QftOII 

" ' u, 1.<"1'.,10>1~ o<loi! O,tHIUOOIOf•IIO 0 0 0 0 0 II I) llf + IJO 

'" ' f>,I~5VO<JE+~} O,l•O')oll1<1[oQO 0,0011001![+00 

'' " 0,1<1'5001)[+01 rl,n,J<t~OIIF.+OO O,OIIOOOOftOII 

" s n,1 ~'5Uoli1E+n} O,UoJIJ'IIIO~+Oil <i,OIJUOIInftOU 

'"" ' 0,1 <~5Uoi1J~tnl O,uOuOJ<OEoOO 0 01liJII<IOOftOO 

'"' ' 0,1 ~'!i•JO,Etol •J,U!l'HI<lllF.+OO 0 0 0(1011oiL>€+01\ 
1"2 ' ••,IQ"i~n•JFooJ IJ • 11 •I t><l<l Of. 0 0 0 11,001100\IEoOO 
I Ol ' n,l~'>~no~onJ •I,IIOUUOIIE+OII n,OOOOOOEtOO 

'"' '" ''• 1 ~'>on~F. to3 ll,III\\)UIJOi:tOO n,OIIIlOOOEtOoJ 

'"" " 11, I ij',•lol•>~ • ~l rJ,Oii')OIIOEtiiO O,Ool~UO.,foOII 

'" " n,1~S<i1l•lF•~3 •J,n•I!\IHl~f;+OO •l,UU110011€i01• 
1?11 " 'i,I4S<,,,,Eo~J h,nllll<!Or>ttO•'J IJ,OII~OoiO~tO!o 
1 !o '" '', 1 •I'>·J~"F on I ". "" ''" r ~~ ''' ~ ,,n~ol•oootonu 
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l '/f) " •• ,,~"iiiiOQ~+<•J rJ,UOUUill)ftU() (1 0 0(1001!(l[t00 
l"iO ,,, "• 1 ~'5r•n••F:•oJ tl,nfiOOOO~tijO 0,0(111\l<lll~fO() 

'"' " •l,l~">vO•IE•nJ II,OOOO()f,E+OO o,OIIIIOOOEtOI• 

"' '" ••,J~'~IIOPEonJ ll 0 0II00011~t011 0,0(1000o)[t0tl 

"' ,, 
n,l~'inOI•~•nl V 0 1)0)ij0()0I( +llO u,oonoovrooo 

'" "' oi,J~'iOOil[tOJ •I,Oil•JOOOf+OO o ,II!JOOO<IEtOO 

'.' " n,J~'5t!IIO€ +01 ~,onoooo~•oo o,nooonoEoou 

"' a n,J~'iliOOf+lll O,I)Ol\101)0~+00 <i 00U00110Eto0 

'"' " ••.1 ~so,•nE•ol v 0 •Jil1JI)(Illl+OO o,ounoouEtOO 

"' " ol, 1 ~SOI>(IfHI) O,OOIJOIIOttllO ~.ooooooEooo 

'" " ri,IQ5uoo!toJ ol 0110()0011E+OO 0 0000000(t00 

'" " n,1 Q';OonE+IIl ,o,o~oouOE+on o,uoooooEtOo 

'"' " ti,1Q')oonEool O,OI)'JOOOl+OO O,llll•lOil~ft~O 

'" " ~.!IJSvooE+~l O,OOvi!OOf+OO n,ooooooEtOO 

'"' " 'l,I45UOOf:t~l ll,llnOOIIOf+OO o.ooooooEoo(o 
'" "' 1!,1'15<1U<I[tOl .),!11101000EtOO 0 0 01101)011~+0{1 

"' " n,1'l':\oovftol Q,OO<J000£+00 0,0(10000[000 

"' " o.1~5oonl';tnl ~.00110\J!IE+OO o,IIOOOOol[+!lO 

'" n 0,145UOOf+!)] O,O{IOOOOftQO 0 0000000[t00 

"' ,. n,tqSOO'lE+~l O,O~OIIO!IftOO !I,OoOOOOftOU ,.. " 0,14'5000(t0) 1),000!100[+00 o,oonoooEtQO ,,. 
" ll, 1 4'50110[ till O,OOIJOOOf:+OO 0 0 0UOI100ft00 

"" " n,t4'i1JouF.•oJ O,POIIOO!I[+OO o,noooooEtoo 

"" '" n,t45000Et~l ~ ,OO•JI'I'IOE tOO o,OOOilQ0£+00 ... " 0,14500<l~t11} 11 0 00\JOOOE+OO o,OOOOOOftOO 

'" "" 11,1 4SOOQf+nJ O,O!lOOOOE+OO o.oooooof+Oo 

'" .. 0,1 45000[+1)1 O,O!lYII~Of+()O O,(IOOOOOEtOO 

"' ,,, o,1 ~5ooo~tnJ O,OOOIIOOE+OO 0, QOOI)I)(I£ t 0(1 

"' '" o,t~SO~OEtol O,OOOOOOftOO o.onooooEtno 

"' .. n,!qSoonE+nl ij 0 0000110E+OO n,oonoooE+no ,., 
'" 11 0 I ~SIIilll~+~j O,O~OOOOE+Oil o,OOOO!I<lltOO 

'" ., 11, 1 ~'501)0f +OJ O,OOOOOOEtOO 0,0011000[+00 

'"' " 11,1<!0VOilfttl<! 0 ,000000( +00 <) 0 0000110ft00 
jo1b .. u, uooooE+o<! o,ooonooE+oo o,oooooi/EtOO 
l ,) 1 " 0, J;?•li)IIIJf to;? (). 0000()0[ +00 O,OOOOOOftllO 

'"' '" O, J.'OUIIOftlli!' II,OOIIOOOE+OO o,ooooooEtOII 

'" " •1,1i!ll\)OOI':tOl u,\100~0<1(+1)0 Q0 00IIOOO[t00 
J1 ., " 'I,Ji'OliOil(tOi' 0 0 (100000[t00 O,OOOOOOftOO 

"' " o,JlOOOOEtOi! O,OOQOOOE+OO O,Oon()IIOftOO 

'" ,. <I. Jlll O!JIIf t 112' •1,001)11110~+00 ••.oonoooEooo 

'" " n,1<''11•nol':tol o,o0111100E•oo (!,Ov<IQOO[tOO 

"' " i),1<'1!00olfHl 11, OIJ1IOIJOf_+'lO II,Onii~OOEtOII 

'" " ') 0 \iiiUIIO[+Oi!' 1! 0 0001\0IIffOO o,O!IOOO<IEt!IO 

''''If r •·•nr ~ ~~ .. , 1;{l " ,, 
" t•, t·'I50<!0E onl <I,II01HIIIO~ tOll II,OilOOII<I[tOO 

'"' " U, t ~'>VOIIE+oJ 'J,OihJOOOf+OO 1),000000[+00 
2"9 '" •1,1~SIIO(•f+l)) d 0 olllojQIJOt+O~ 01 0 00011110[ +•Ill 

"" " n,I~Suoof+ol o,OOOOOOf+OO Q,OOIJI\00[+011 

"' 
,, o,l~'iuOIIE•nl U,OtlllllOilE+OO O,OOil<I~OftO~ 

"' "' ll,lijSIJOUftoJ ll,'lllulloi)E •oo n,1JtJr)IJ<IOEtllU 

"' "' ,.,,~5tl(lufoo3 ,1, oHIO 0 II !IE +00 1) 0 11\IIIIIQIIl+OD ,,. 
" ~.l'l'iJI>UEtOl ,,OIIUIIOOEtOO 0 0 1II)IIOIIV£+0U 

i!l'lo " 1•.1 QS110uf +llJ U,VO<JII!IIjft(IO ll,ll<HJOOO[t!l~ 
~115 "' 11,\qJJI\nftnJ <l,OilVIIOII~tOO o,oonoo•tEoou 

'"" "' n,14JJRIIf+Oj 0,0 11111lllllftOII n,Oull\)110£+011 
ss:s=•=••==~=•===~=====•=•~•=•=•=•=••••••=••••=•••••••••~••=••=•••=•=•••••::::z:::aaaa:•••••=••••••• 
IJ I ! A f_rHitfl ., 
=·~==·=··==··~===•=======~===·=·======··====··=·=·······====•====·===········=······~·=········=··=· 
••==•:zc=~===•===:z==~=====••==•=•••===~====•==•=••••z:szazz;•••••===•=••=~==••=•••===•===•=•=•••••= 
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~~~-~~···~·=········~···~·~~·········~··········=···=··~················~~=···=~=···=····~·········· INITIAL :J!SfllJ!il!ltUN IJF IOIAL SIIIESS ~!10 EFFECTIVE STRESS 
IUHL STRESS TliiAL &liiESS lN!IJAL SIRe_SS INfllAL STRESS 

truUE 1'1 ''"iTS OF LE"'f;TH {"' llNjl$ OF PRESSlJf<E IN UNJlS UF LENGTH 1'- \JNTIS Of PRUSPf_ 

··~··~···~~··············~····················~·············~······~······~·····~···~··········~···· J o,~~I>Aft02 o,iil11Et14 o,qqe,f\Et02 O,i!liiEtiQ 
q n.~~'ibhOi! o,~lt>t>E+IU o,8<15t>Etai! o,~tt>t>f+\4 
'5 o,II151:.Hj o,51111Eol~ 0 0 1115E+IIl ~,511111'+14 
b II,L;>Jq[IOJ 0,5'>q1f.+14 O,li!lqE•Oi 0

0
5bQTE+H 

1 o.tHqf:tOJ 0,7\Jbf+lq O,ll8i!E:+~3 n,t>~lo:j~+l'l 
12 u,l~5bftOl O,loo8Et14 O,J~'i7E+Oi! O,lt>O!I[+IQ 
IJ ~,1132\lt~i O,i!'IIIO[olq 0 0 bli!ll+Oi! 0 0 2~ql(+lq 
IQ n,~'li~(Hl<' 0,Qlf9Et!U O,OQ15£tllj! 0

0
4}79£+1q 

IS o,HtSEollj 0,51!1l(o!U 0 0 \li5E.Ol n,51~H+Iq 
lo n,lli~EtO! o,5'>~1E+l~ O,li!I~E+oJ n,'it>U7E+14 
17 n,LSio(tOJ 0,7TlbEtl~ u,ll~2E+05 0 0 b~?9Etlq 
;tT ~,5iJH+•l<! U,150QI:.tLQ ll 0 JZlQEtnO! 0,15<lUEtiQ 
i!i! ~,51b~EtOl o,2~Ui!Eotq o,~lt>SE+02 <t,i!~OJE+Iq 
B o,Tll!t~trJo! O,J~llE+14 o,1J!IIE+02 n,HJH+IQ 
~~ n,0711fou~ o,~'i<LbE+I<l 0,0774(+0i! 0 0 Q5tL7E+Tq 
25 n,lll'>f+H 0,5t~1Etl~ O,IIISE+OJ 0,51~1ft1U 
"" n,lo!\Of_tl\5 0,5o<LTF.ol~ n,Ti!I~E+~J c,'5t>q1F"+lq 
27 •J,t51Q£+n~ o,TilbE+LQ o,t38i!F•OJ n,e.ot"H+l4 
l~ O,?Ub9E+U.:> <J,9 .. nh1J O,l.U70E+Oi! 0 0 91>.?71'+11 
20 ••,l171>t+llo! 1l 0 Jl<:t~tltL ll 0 2T71fHi! n,tl021'tl~ 
JO n,Jq~qfiiJo! ll 0 \bOi!ftlll 0 0 .5005h~i! O,lbOJf+IQ 
JL n,o~n.oz O,i!tOTft!q O,<l711.5F+Ol n,i!ll'-~~•1• 
Jo! o,Oll>l!~+il~ O,l'lll>ft!O O,Di!b'H.+02 0 0 l0!t>F.tltl 
H o,IIO'>SEt<Jo! 0,31Si!t+IO 0 0 ~01>1>[+112 ~,H'5;>f+l<l 
,,~ n,I<I~<Jft!l.5 n,o~'i2~tl<l 0! 0 \00IIftOj O,tlb~i!f+l<l 
JS o,III'Ht<U P, .. tiiHti'l ~.1115f+O] 0,511\TF+I~ 
lb o,lll'H_toi O,S'>qHtl~ ~,li!lij(tOl o.5D~1f_tiQ 
H ~,I'H~HIIJ (I,TJ3bblll 11 0 1,SR2E•~3 n,b~2'1f+l<l 
!~ ll,W-'I<IE!do! 11,\IIHftiU 11 0 j'l'511h0l ll,I81Tf+lij 
H o,~'>5~ftill o,;>JHHtl'l (I,0~5S~+P2 ~,i!Lt<H+I'I 
Q~ IJ,Sill~tl>2 U,2JA5ftl4 II,'H;>~f•02 0 0 2.\~Htlq 
Ql o,bllllf<~ll u,~IIJH•l'l o,bLOJEtO;? O,i!ll.l'1Ftl4 
~~ n,7J~uf.+Ul n,J"Io5~•1'1 u,7J?Oft02 n,lun5~+1q 
1'3 u,~TI~foO,! l',<l•)'>~ft14 <',~1\8Ft"2 0, 11<155~+1~ 
QU ll,l~lH•"~ n,'li'>Ht14 <I,H•l.H+<lJ O,UT';7FtiU 
4'i B,lll5f+<'~ 1•,51"'/l+lrl 11,111~f«1J n,~lll7rttrr 
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"' o,lt!Q[tll} II, 5t>IJ1f t I 4 O,li!l'l[tll~ 0, <;.,a 1Ft I~ 

"' o,I')J4~ouJ n,JtJb~tiQ n,tHi'Etol O,I>~?<JUI4 

'" 0, 5o\ l•l[ HI<' o,27t2Ett14 o,'HIJI!f+Oi' 0 0 i'7t2F+14 

" o,.,HlF.+Ili n,i'945fttq O,I>H2E+n2 o,~""H+t~t 

'" ll,t.lla,>F_t Oi' n, Hl>~f.+l q O,bi:IOJE+n2 o,l!I><~F+t4 

" o,7'>1llf+lli! o,Jq~~F.ot<> o,JSn.!E+nz 0 0 }1t'IOFtl4 

" o,'IHHtll.! n,S~'IQF.t\'1 o,8Hi!E+02 o,lA<I~>f+lll 

" 1) 0 '1J711[o02 O,'l)':ii'IEttll n,'IHnEt•li' O,lll'i<![t\4 

'" 'I,II!IISEtnJ ll,i.!l'ii>Ot t I 11 o,IHSE+H fl 0 4AM[HII 

" n,l!ISF.+<ll !1,5P17Et!ll O,IIISEtrll o,5111Ht Ill 

" o•, 1.! I 4F. till o,5e~7Etlll O,t2t~EHI} 0, St>IIJE +I 4 

" ,,ISI4F.tll~ IJ,7tlb~ol~ ll,tJ8llHl O,M('t;lftlll 

" n,17toEt1'.! 0, JS~I>E tl q n, 711uE+oi! 0,3SIIIIH14 

" o,~IH.IttO.! o,l712t+tll o,llltnE+02 o,371Jf+t<~ 

" o.~i.llltftlli O,HIISftlll u,ll118i!Eto2 {1, }'1115[ I I q 

" n,II'IOlft02 11,~1<11Et1U n.~~<)lE+Ill o,~IIIH.+\<1 

" n,~~i'UtOl G,'l)IIJEtl4 o.~~lH+P2 i},4J~J(+IU 

" n,I<~~UtUl IJ,'Ibbl[t!U O,IU<ll~tll] 0, 4bl>i'E t I u 

'" ll,IUI>Ilt0.5 o.~"~~>.5Eot~ 0 0 lll'>7Etol 0 0<191,3ft1Q 

" n,IIISE+Ol 0,5tRHt14 O,ll!SFHIJ o,5!A7E+14 ,, o,1i!l4f+lll O,'hHEtiQ O,li'JIIE+Ill o,5&<~7F+I~ 

" ~.1!'d4ft0l o,l!lbEtl~ o,uantnl O,blli!9f:+l ~ 

'" n, 9S9<•f +Hi' O,<l<lblftl4 O,'l~<II>E+Ili! 0,441>1Etl~ 

" <~.9~noEtllC! O,<ltto5Eo14 o,9~1li>E+Oi! n,q&n<;Etl<~ 

'" n,IUibEtlll O,HlbEt!ll 0 0 \0!I>EtOJ O,<lllb(+lll 

" O,IOIOftilj O,<l7'l!Etl<l O,!OlUE+OJ 0,<179\ftlll 

" n,\o<IH:tOl ll,GIH,?EolQ 0 0 1047[tn] o,467l'F+I<I 

" n,!Ob7Et05 O,O'<~bSEtl~ O,IU1>1EtnJ n,~9bSF+I<1 ,, 0, I •Jfi<IF till O,SI)bS~tU O,IU~9EonJ 0,5111>bFtl<l 

" o,lllSEt<tl o,51~7Et14 o,ttiSEHJ n,5t~7Etl<l ,, n,li!I<IEtlll ll,51>~7£t14 O,l.!l'lftOl o,Sb4Htl4 

" <l,1'5J~ftOJ o,7!lMtlll o,tlfl~f+oJ O,t>Q(I<IE+I~ 

'" I!,!U'jJEtOj O,~A'IIIft\4 I!,IU'jlf.:+Ol n,QH<IH+III 

" n,t~78f_tuJ O,SU!Jft!<l u,tu'IIEtOl O,SOIJE+\4 

"" <1 0 1\I'!EtO) 0, 'il ~>H tl <1 n,!III)~+H n,51blF+HI 

"' n,T\HIE+l'J o,<;tblEt14 0,1!\0ftOl o,51blf+l4 

" n,IIIO:.EtOl o,S!A1ftl4 ~.1115E+OJ n,'5!117Ftlu ,, n,li'l<lf+Ol U,'lb47£tl4 U,l~lllftOJ o,Sb47f+ I <1 

" tl,I'>J~ftOl o,713t>~tl4 O,Ofl~EtoJ o,b4l'9fo\Q ,, ~,21.?1ttUC' u ,<ll:l?bf +13 o,t'>&~E+n2 n, 727~£+13 

" n,biP\Etll~ Q,?AJ11Etl4 O,JS~•Uf+02 0 ,I bt;! ~ t\<1 ,, r,S'>HfoOi' O,C'';I7bft14 ~,5S~IIftOi' n,i>S7bE+14 ,, 11,7.,73£+02 l! 0 J5i!OI': t I U o,Tso·~t.oz o,lSOOf+IQ .. o,qSIOF tlli' <1, 1l~2~EtiU O,«<SioF.+02 11, UQ,?IJ~ +I Q 

" n,!i15oFo<!l II,~I!At>[t1Q o,to~uEto3 o,~A!I~Et!U 

" n,<'1~1Etll~ O,<l~'lt>F.tll O,I5~~E+o~ o,7l71lF+IJ 

'"' ll,b\11\f+ll<' o,?~ltiEtiQ 0, )';i~OhQi' n, ll>"il f+ I q 

'"' <!,IU1'7~oilj n,llblltob!Q n,<;SJ7ftui:' o,l57bf+l~ 
\iii' n,1•tn5ftnJ O,bSlUft\ 11 o,7':i;H•no? U, )<;!!Of +I 4 

'" n,l ~UO'Etn3 o,AI~<'ft\4 !I,~SIIIEtl!i! o,llq;:>uF_•t~ 

I '"' n,.?~f"lf+"l u,q_s,.J(t\Q D,10SOFtn3 n,QII!I~~+I~ 

'"' n,.?tJufoill n, <19u6E •I 'l I!, I 11 '>E + ~ J o,SI~7E+111 
II! to '1,1.!14't'JJ <l,'i~>•tHolu n, Ill qf_ +OJ o, o;.,qn '' ,, 
1111 '!. 151•1f; <>3 11,1LH>£t1Q O,I3~2F.+OJ o,b~2<>Fo1~ 
jiiQ n,J'>~4ftlll o,11.7Q~.n il,\5~'iftnl o,727<~E+1l 
llo O,blii\EoiiJ O,l'll~ft\<1 u. JS~I•t+n.? n,t&<;tf+l ~ 

'" "•''"'Tfoo3 u.~~~"f•l<~ u,S5JH+n.? o,i'57Mo!U 

'" o, J 'l u'jf t 11 j O,b~)IIC•IQ ~.15lJf_+n~ 0,)5110FtiU 

"' 1\ 0 lllo)Jf +OJ ".~JQ,:f_,,,, <1, <l"o! <If !Ill <1, U•ii'<lf t I it 

"" II,~ <Jlll•l t 0 3 ", ' I" \! + t u '1,105\lt!lll n • QH~ 10~ + I '' 

'" "• ;> I J ''" '" .\ ". ~·· .. ~· ''" '', I 1 I c,f +"I U • <; J II 1' > I 'I 
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'" n,l.!l UHOJ ll,'lt>'Hlo\Q 0,12\~EHl n,5!>~7H!II 

"' u,15'U~o01i 11,11\bhlll O,!lfl~Hol O,b02'lftHI 

'" n.l~.,q~,n~ n,7~Hfol3 1! 0 \Sb!>f+Oi! o,127<~ntJ 

'"'" ll,t.llllf+~i' n,.!~<JM~otu ft,J':>SuE+Oi! o,I~S!E+\U 
Ill n,IU<•7EoOJ n,u~~r,fotq u,S5Hf.+O~ n,i"HI>f+tll 

'" 11 0 1 <~nSf t<JJ 11 0 1>5\•lltlll o,7'ii'JHQ2 O,}SOfl[+\4 

"' n,tfln,>~onS 0, ~ Jll.!f tIll 0,'15\1![+02 n,uu24fotu 

"" n,l<IOI•Eolll n,<IJ•IJlolll O,IUS!•Etal 0 0 4fli'UF.+t4 

'" n,21\o~olll 1> 0 1Jqili'Et14 n,tt!StH>l o,5tl"7Fotu 

"' n,li'I~E+UJ o,5b 11H.o\4 !1 0 \2\~E+Ol O,'ibii1Ft\4 

"' n,l':>lufonJ ~.71\t>Eotll o,tllli!E•nJ 0 0 M2•H +HI 

'" n,15b4EoU<' n,704Eoll n,t'll>"iE +()2 O, 7?f'lftlJ 
j](l n.~tntEoOi' n,2~~!\Eolu J.! 0 JS5oE+02 O,lb51E+Ill 

'" O,IUIJ1EoOJ !1, ij bill> f. o I 4 11,5537£t02 fl,257bF.t\4 

'" n,to~'H+O.l P,t>S]':>fo\11 n,75lot t~l {l,lSOOEtiO 

'" uol~l•c!EtOl o,~JI'Ic!Eo14 !) 0 <;15jOf.H.i:' !) 0 ~"<!OF tl ij 

"" !1 0 ?10~)Uf.t0J 1)
0

<;1]n]f..t!O ll,IO'iuftllJ 0 0 1111~11~+10 

"' ,,n Juf.tUl 1)
0

QQl)flft!O o,!I!SEtOl ~,51117Ft14 

"" ilolc!lllftOJ l',5t.11Htl4 0,!2!0f.HIJ ~,'!it.OHt\0 

"' !loiSHEtnl o,71lb~+l4 O,!llllftlll 0 0 /III~<;Jfth 

"" ll,15b~f.tllc! n,Ti'711Et13 u,t5~>SEtO.i:' o,727<;JE+Il 

'"" n 0 I>!U!EtO.i:' o.<'~38f..tl~ 0,)55(1F.tO.i:' 0 0 1&51~ till 

'"' :l, 1 UIIH t" J O,h~bf.tU o,S':IHEt02 ll,257bH111 '., o,to"SEtUl ~,b5J11Etlll 11 0 75l)EtOi! O,lSOOft\11 

"' O,l~lli~tOl 0 0 ~lA.i:'blll o 0 <;1'Jiuf+lli! n,llll?oftlo 

'"" n,l"nnE+•Il no~lu)E.t\Q o,!U5o1f+Ol o,llel!o~th 

'"' ~.ZilolfoOl o,QonaEo\11 O,II15EtO] o,51117f+lll '., 0 o 12111£ t II l 0 0 5f>07Etlll O,UIIIE+nl o,5&117F+Iq 

'"' u,t':iloHoJ o,P!J!>Et!O 0 0 1JA.?E+ol O,bo,?Q£+14 

'"" 1',1 SboE +'li! 0,727qftl3 0 0 15t>5EtOi! 0 0 1;?7QF+13 

"" n 0 i>ll•l~tOl 0,~8l~Et1U o,15'2ioF.toi! O,lb5tftlq 

'" n 0 IU117~tll) O,llo>ilbEtU I1,5S31ftOi! 0 0 i!SHoE+I4 

'" nol~n'HooJ 0 0 'J5JQEt111 o,752Jf+oi! n,JSOOEtlll 

"' oo,IHqif tOJ 11 0 8J82Et111 o,9S\oftOZ n,Q"i"o£t10 
15'1 nollll'l)fooJ 0,93(1.\ft!Q 0 0 !Q50EtOJ noU~80Et!U 

'" n,~tlnf•Ol o,9<Jnfl£HJI O,lll5ft!ll 0 0 'HIIH+!II 
1 !to ll o I.! 1 'If t Q l ll,Sto•IH:t!U O,lliOE-tOl o,5b07ft\Q 

"' 1•, l"d•JF till n,Pt)bt:tiO O,llii?Et!lS O,bQj!'Jf+IU 

"" n,15b~l•"<' u,7l7JIEo13 o,\Sto'lft92 o,7znF•13 

'" 0 0 1'5Si•£tlli" l' 0 1b'ilfo1Q 0 0 JS"'it F H2 !1 0 I 11'.\2£ • I II 

'" (l,'i~!7f+l)<' Oo257bftl~ o,5!>lllf+n2 o,257to~+lll 

"' n,75~'E••li O,J'i 1 10Et1~ n,75i!~E+02 o ,l'50H t to 

'" o,~SIIIft~li O,Q~.;?~~tl~ 01 0 0'>\UE+Oc! 0 0 UIIi!~E+tll 

"" n.l~~,,~+l'l 0 0 '4~AJIEt\ll 11,105HEtOS O,IIA~qft\Q 

'" o,lll~t+•H n,'51~7h\Q 0 0 l\1':iEtn1 lloS1~7E+III 

'" n,t~l~~tUl n, Sbll 1E tl a ~ 0 \C'l'lft~J II 0 "'ibO 7E +I II 

"' n. I'> I "ll t "J o,IJ.\t.Etta 'loll~;>[ tO] 0 0 M?qf+\O 

'"' no?l"iH.tlli O,HH1Ut1•1 l!o21'5~ftlll O,HIO?HIJI 

~"" •ooZI<,HonC 0 o \11\><!E + I ij 0 0 2\'i~E+~l 0 0 l110i'f+l~ 
iU.\ n 0 2l'dEtl>i lt,1U112E+1~ OoZI'S~E+IIl 0 0 IIIOU+I~ 

'"" ~o l'>t.'H +II~ 1\, 7<!7'1~ tl) n,t'lb'>£+(12 o,7i'~\IF+I) 

'"' rlollbl~.+'J2 ll,5•••2f+IJ !\,I L Ill E + 112 o,SqOlf+l} 

'"' l'o5'11Ht01 ri 0 2/HO~t\3 no'i'HIIF•OI O,i!7111f+Ll 
~II 1 11 0 'i'<IH_till U0 271loiEoll n,<;Q77E+nl o,i'7~1Hil 
~111\ "0 ~ •10 "' • '\I u,<I.I1•3Eol.? O,C'IIOIEHI <)o<;l3nH+1i? .... ~ r1 • ~" <\llf +U I Oo'nnH+lZ 11 0 21)0\loOL n,Q50H+1l 
2\Q ~.~u"IJ[tnt n,93113Et12 11 0 lUO![tO\ l\ 0 <;1]01f+\2 
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;>n~ " ol,22'1'if+o;> O,l<lUo'toOS 0,1100!1(+00 o,uoonE+oo O,OOOO(fOO O,OOOOf.+OO 

" " J,i'11~7tHJ~ o,ij[U'5E·l~& o,oono~ouo O,IJ0\!0(+00 o,ocnnEtiiO 0 0Q000E+OO 

" " O,l2V'~E+Gl 11,1'581~·0'5 o,ooonuon o,oonoE+oo o,oOo!lEtOO o,oooo~.o~ 

" '" o. H~-toE 101 o,~25~E-o'5 O,OOoOEtOO o,uaunEooo 0,001)0[t(IO 0 0 000DEtOO 

'" " o.2~rE+02 O,c'~J~E-o~ 0,00110[+01~ O,I)OilOEtOO Q 0 0000EHlO o,oOOOEtOO 
,; " IJ,.!2• n.+o;> o,ttoC!'!iE-ol o,•JOooEooo o, .. ooCIE+oo 0,00(10[+00 O,OOOt'l[tOil ,,, 

" O,i'i'UOUO;> ll, I 7R7Eoo3 !l 01JOOOE Hll o,o•JOOE+~O O,OU(IO(+OO o,oouo~ooo 

" """ l•,l20IIf+02 O,<IH~EoOJ 0 0000Uf.t00 o,ooonEooo o,ooonEt!lO 0 00000Et0fl 

'" M o,'?OH&E+O\ ll,ll~JE-ot O,Lli'I&E•II O,lll9&E+ol O,lq91>E•II 0 0 11l9&Et01 
2!1~ lllO 0,!>11 ~F+Ot o,"ll~>H-ol o,onoottoo o,oooofooo o.ooot•E+oo o,oOOOEoOO .. ~~ jll'> ll,li?119Et02 P,IJO~E+OU •O,I~SIIt•IO •0,!11511E+02 •0 0 111511E•IIl •0,!11SIIf.+02 

'"' Jr1c ~.IUll£+02 o,':.1S~E-o<' .;O,&IIO')E-12 •U 01>11U')[o(IO •O,I>IIO'IE•I.? -o ,t>lltt'lf. tan 

'"' '" II, 21 fl'<t "l2 0,!>~9bE•OI> o,ooootooo o,ooooEooo U,OOOOE+~O o,o110ntocn 

'"" '" O,i'IOUloO,? 0 0 1b5U-o5 n, ooonE •ou o,nnooEoon o.ooonE+oo O,OOOOEtO(I 
2117 '" u.~~~~E+!I2 o,J95SE-ol •O,II~10E•!I •0,~1170E+OI •O,Illl70E•tl •0 01lii70E+Ot 
Jn 1 ,, r~.2J'i11Eo0.? o,H11f-o5 o,ooooE.ao o,onooE+OO O,OIJOOE+OO O,OOO(I£+00 
20~ Jo~ U,.?J•I'ItH' o,Hb5E-11'! •O,]~Olt•l<' .. 0 0 }80)E+Oil •O,JIIoJEooll' •O,]IIOJEtOII 

'" 
,, n, I IIIII + 02 o,~t>'I~E-ol •0 0 '1~i!lllooll .. o,9~'Zilrool oo0 1'111211(•11 .. o,9A211E+OI 

,~ ,, 11, II HE oo;> o,!!loll•O'> o,ouooFoOII o,ooon~+Oil o,oonOEton o,onononn ,, 10 11,1~~bl+•!? o.l!o37E•n'!i o,nooot+oo o,l>oooE+ou 0 0 0IIQO(tll0 O,OOOII[oOO 

'" " i!,i'U'J<'E+II;:o o,8L72E-ot> O,OOOOE.oO!l o,ooo~~·oo o.oooOE+oo O,OOOOf:oOO 

" " IJ,iiiUOEtO~ o,I01H-o'!i 0 0 00~II[t01l 0,1)000[+00 O,OOOOE+OII U,OOOOEtOO 

" " ii,~IIUOf+O,? 0, I 9\ 'll•O'!i o,ooo~Eoou 0 00001!!+00 11 0 00UO[t011 O,OOOOEoO!l 

" '' 0.,211UOt+O~ n,to2t>7t-o~ O,!>OOOl+OO o,ooooE+oo o,oooor+oo 1) 0 Qil00loOO 

" " '!,liP!~[+ I'' 0,2'110f•OQ o,ooncE+ou o,uo~oE•on ~.onoi!C+OII O,OOOOE+OO 

" " o,21l11H+O' u,l'.l17l-ul o ,,.uonE too o,uoooloOO o,oooi!E+PII 0 0 (1001lf.o011 ,, 
'' u,liiUOf ol•;> U,I&ZS~ooJ o,ooooE•on o,uoooEono o,ooo~r+no o,oooot+oo 

" "' u.~uonE•o' o,I!L.?n+ol o,uouot ooo u.r~lluof.•oo 0 0 0(1(1(1[000 O,OOOO[o(IO 

" " •I • .(IIUIIE t U? o.l~~~E+i>2 •O,i'l~')i~_.QI' •11 021<1't[Hil •0 021115[•01' -o,211l'!ilto~ ,, 
" •• • .<nout•o> tl, I J~tlt•ll~ I!,O'IIlOf+OO UoOilliOE+OO o,OOOPE+OO 0,0000[+00 

" ,, " U ,i!IIU'>f. +I•' 11,1 I ijif -o•1 n,I•OooEouu o,uouoE+UO 11 0 t10illlf.+UO O,OOOI!EtOO 

"" 
,,, n,2UUI'ltO;o 0, I Ot>9C •l~'i (I,UOQIJf 001! 0 ,O•JUOE "UII U ,UO!OI'l+OO o,ooonEoon 

" ' " .l,.!•JIIHo•J:> o, J'i<llf_ .. n5 O,nOoOttOO o,oouoEonn 0,0000[000 o,oiiOOEooo 

"' "' O,lOUOf_+lii' o,3i!,':.l•US u,onooE+on o,ooonHoll 11,001)0[+DO 0 00000foOII 

"' "" II, i!ll1111t tl•~ o,T~b~E-o'i o,olunotooo o,oonotooo o,unonE+11n o,oOOI!Eooo 

"' "' !l,i''II~Of_+O~ n. ChO 'l·l>ij I1,~000l+00 O,IIOO~EtOO O,OOI!Ol+UO n,uoo~Foon 

•••·n 1 '·llf'2 h ~~A I~HI FLIJJfl FLO~ "' ~liF IJFf rJF Jlf J><r 

"' "' v,2U<Hif_t(l2 o,Lb2Sl+03 o,oooof:tll<J n,noonf ooo O,OOoOfiOO 0. 0000lt110 

"' """ ".~nont+u~ n,"L.?n+t~~ O,n!loOE+II!I o,oooof.ooo rJ,oOontooo n,oOOO~tOO 

"" '" 11,21H•I•l•u2 1•, '""If .. un O,IIU()OlOIJO o,ononl•oo ~ 0 0U00E+OO o,oOOOtoOO 

" "' o, ,>"II r( "I.:> ,, , I 5·1111- -~~~ <•.uouor Hill 0,0/)'IOf t<JO :1,noonrono o,oll,lOt•oo 
.~ <;p o ,,>un .It ..... I', I 1\ It ••1 11 u, ~·toll~ onfl o,ulll·~toon II,IIOI!O~+or n,~OOOE+OO 

~" " ". i '"' ,,, HI.:> ",.-· ~·· 1 t _,.~ 0 0 "" It nt , t• II 11 0 0 II I• 'If +II II >,O'lOOI ,on O,I)O!WfoHO 
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" " "•"~u·•t_HJ;> o,.IH<;t•I•S n,oo~of+on O,IJ!IOO~+OO O,QOO(\f_+0/1 0 0 0000[ Hll 

" " II, ;>O oiPt t 0, 1•,5l2St-ns ll,Oil('lllttOO u,oou~Etno o,ooooE+on o,ooonttno 

" 
,,, 

1>,200I'f.t02 O,l!JH•O'l O,O'IOOt +00 n,oooottoo o,oonnE+nn 0,0001\f+ll!) ',, " u,.?Hilllton~ o.c~o<lE -~~~ <J,OOQO( tOO o,nnont+oo O,OOUI!EHIO O,OIIO<J~t/111 

" " ",211 oJ 0 t .,,, n,IQIH.•nl o,ooo•ll +on n, o r•unE o on I), ()(I f) llf. I 0 0 o,onont +110 

'" " 11,21J~Ol•Ol O, lh.?SI HIS I!,OOOOlt<JO O,oonntHO O,{HIQOE+O(I O,IIOOOltllO ,,, 
"' o,t0l"llou~ 0 ,tu71t-•Jl o,ouonttnn o,uonnl•><IO ll,!IIJIIOE+Oil o,noonEtOO 

" '"' o,<!ouulon? ll ,lltl?E o ;oJ O,UO(I{I[+OII O,tH)!)(I(tllll u,ooon,:ton 0 0!lll0(lft00 

" " <! ,.'OOI•E +0(1 o,3'1SIIE·UII O,OOOOEHill 11 0 01)IIH_t00 0 0 l'OQnf.t0{1 0 0 0110/!ltOO ,, 
" IJ,20 1!0lt02 u,j9jl\~·0" o,OOOO(tl/!1 o,oou•lEtOO o,ooonE+en 0 0!Jl100lt!!O 

5'1 "" •l,l!IOOf.IU2 G,37IIS[•O~ 0,0')001-:100 o,nooot+OO o,nonouoo 0 00000f.IUO 

"" "' li,20tlf•t.t0~ o.~5'19£•0S O,OO•Jilt+HO 0 0QIIIIU[tO!I 0,1101)0[+00 0 001100[+00 

" "' U,~IIOOlt02 tl,59tBE·US o,ouooE HJ!l o,oonottoO 0 0 1l0GO[t(l~ o ,noon tOO 

" "' o,iUUOiftll~ o,III~7E .. n~ o,oOtiiiEtOO O,oOfiO(HIO o,onoor•oo o,nooot:too ,, 
'" o,lO.,o•.+•IO' •J,J7So[•Oij o,ooout+O'' U,nOOO[HlO 0,0000(+0!1 n,ooollf.tlln 

" " ". 20110[ ,,,~ o.~992E•Oij O,QOOO(fOO 0,01100[+00 0,00(,0[+00 O,llOOOftO~ 
OS ., 11,211Qn[t(J2 u,tu71E·OI O,OUP~E+OO 0 0001)11[+00 u,ooonEtoo o,ono~E+OO 

"' 0' >l,lOUIIt••JI! o,lb2o;fttJl o,unool+no O,OOIIO[+un 0 00000l+OIJ () 00I)OO[o00 

" <;o~ ll,o'llOUE+n<! O,~I22E•Ol O,OIIQM.HIO u,ooooE+OO O,IIOOOFt~O 0,0000[+00 

'" "' o,tsoot•o2 n,211'H-ol a, uoauf +oo 0 01)000[100 0,11000[+00 O,OIJOO[•OO 

" 
,, o,ISIIOt +Oil ll,o!':HilE·03 o,oooot too u,oiiOOf.tOO o,oOQOE+IIO 0 01!000EtOO 

" '" 0, !51HI[ 1112 IJ,2"l<'E•03 O,OOOilf.+OU O,oOOO[+tJO 0 001100[+00 0,0000[+00 

' ' " O.o!OOUE+u~ n,!190~"'04 o,ooooE+o!l o.ooouE+ao o,oooounn 0,0000E+ 1JO 

" " u,i?UUOt•OI! li,\9SU[•UQ o,nnooE+uo O,UOH~EtUO U,OOI)Oft(IO 0,0000(+00 
1?. " 11, 2•111nE+U' o,21q<;e: .. o•l o,nUo•lttoo o,ooooE+OO o,ooooE+OO o,oonottno 

" ',, U,2000[o<li" 0,2~QIO[•OQ O,IIOOOltUO O,OOO~EtOO O,UOO(IE+on O,OOOOEtOO 1 .. , , u,i?OOOEt02 Q 0 }b79E~o~ O,IIUOOEtOO o,ononEto~ O,UOOOE+OO O, OOO!IftOO 

" " 0, ('II') 01[ o II iJ n,!Q1H•O! o,oooaEtoo O,•JOUOf+OO o,ooonE•oo 0 00000[t0fl 

" " u,20tiOftO~ u,lblSEt03 O,OOtiO(tl!O O,OOUO[tOO u,oOII0£+00 o,ooonF.too , "' ~,,>OOO[tlliJ Q,IIIUEtO) 0 00000(+00 0,0000[+00 O,OOOO[+Ofl o,oooo~too 

" '" o,IU!HlEtU? o,~ooijE·H o,oouoE+oo o,ooooE+oO O,OOoOE+oO o,OOQO[tOO 

'" " (I,I000Et02 o,T2~n.oJ 0 000QOEtOU o,ooonEtOO 0,0000[+00 O,OOOOEtOO 

" " u ,II Hlt:oO.i' o,IIJOOE•O) o,oooo~+oo O,OOIIOEtOO 0,0000[+00 o,oonnEooo 

" " 0,1116EtO~ o,II30U•Ol o,ooooEtoo o,oonnEooO 0,00011[100 O,OOOOftOO 

"' "' l',ll!~tt02 u,Ooi!!Et02 O,OOnOEtUO 0,00110[+00 o,ooonE+Oo O,OOOOEtOO 

" 5<lb u,lll'lftOl o,oso~~.oJ o,noooEtoO O,~ll!IO[tOO 0,0000[+00 O,OOQOEHO 

"' ln9 IJ,loto;Eoo;o o,21111bf•Ol •0,32blE•12 ·O,Ubi"EtiJO ·~.32&2£•12 .o.l2b;of+OO 

'"' " IJ,i?U00E•02 0,295bl·OI 0,31410[•11 O,B~~ftOI n,naor·ll o, Hll~£+01 

" ! n•J O,o!!IUI1[t0l U,'l~b'l~oOI 0,0000[+110 0 00000[+00 o,ooooE+oo 0 01JOOO[t•JO 
I 011 '"' o,.!ouot.u~ o,.!U3F.t02 0,0000[+00 O,O~OOf+OO o,oonn[ton O,OOODftOO 
l"l '"' u,i?gonE•u~ o,i?HlftOl o,nl)o~E••JO 0,0000(+00 ~.onooEtoo 0,0000[+00 
Ill~ 1 n5 II,ZUUU( 1112 o,<'l7JF.to2 ~.<'1111E•2S 0,21l•H•Il 0 1 2IOH'•2o; o,it07E-n 
1-1~ I"~ "•~nunto~2 !i,iHlttOl ·o.2to7f.•<>' -o.~1o1E-n ~.,,lton•ls .o,llll1E·IJ 
10~ '"' O,i?IJOOf +IJ2 Oo \II'J~[tll.i' o.oooOE+oo o,oooo~+oo o,onont+on O,OOOO[tOO 
IllS '"' n,~IJ•JO~o02 ,1 .~7<~n .. ot •<l,llnSt•ll •U,}IU5f.+OI •0,3IO'i£•11 .n,3tO"iEoOI 
I P~ ln1 u.~nouf.oo> o,tlo7EtnO O,OIII)()[tO!I O,oOOO[tOO o,o!loOE+On O,OOUO[t0/1 
\ I) I ''" <J,~OOOloU~ IJ,Ib26l+O] O,tJOQII[+OII o,ooonE•oo 11,0000[+110 0,0000[+00 

'" 
~ 1 ,, u,I•IUt!EtO~ <l,.!'lbSt-u~ •o,JlJIIE•I<' •ll 1 }2)11f.t00 •0 0$2\IIE•ll •0 032311ftOO 

j\U '"' 0 
0 

.?1)011[ trp n.2~SbE~os o,noooE+no o,oooo~+OO Q,OIIOO[OOO o,onoottOO 

'"' \Ill u,2nOut+n> n.~7~5£tol '1.5l~2[•tl'l 0,51"2E•OJ O,S~b~f ... !l'l 11,5Jb2f.t01 
1\"1 "' (J,20QOf tO,) !l,i!H IF.•U2 O,UIII!Of.tiHI 11,000/lftOO ~.oo~~l+o~ 11 00IIOO[t00 

'"lfll '''))1~ AREA T ~At, flUID FLO~ "' I<A fE ,., DFIITI~f 

'" '" ll,i!OIJII!;+O> ~.2Hift02 II,IJOoJOl tOll O,niiUOftOil o,ooonE+on 0,0000[+00 

'" '" ''• l•I•Hl[ o q~ o.d1JE•ol o,llu1E•2S O,l!OH"n O,.i'lllff:•o!o; o,.i'tnn.n 

'" "' a, <'<IU nt • "" o,.>J11E+O.i' •o.~lllH.•i'; •U 02\07t•l3 .. o,2tn7E•2'; .. n,<'t07t•l3 

'" "' U 0 211•'~[•01 IJ,I~9~t+Oi 0,11'1~\)[10)0 ll,OIJOO[t!IO O,OO,lOE+OO O,OOOOEtOO 

"' "" O,i<I•J!lE+il? o,nun~ot ~o,Jio5E•II •0 0]111S[tOI •0,31tl<;~·l' .o,}IOSEtOI 

"" '" "• 211110l~~" .,,llo7ttn•l Q,·l"QO[tOO O,OOIIOltOO 0 00\lOOf:+Hn o,onoolton 

'" 5 ( l ·•. ""''"f t•l;> ~.II41Jf+110 u, .. uonf.t,IO o,oouo~oon II,UOIIflf.tlln 0,0000[+(10 
~I\ '" "• ~IIUI•f Hli' ~.'•~1~r-u~ ~n. ~R<;t-1 •I ~ ""·~-"'>l>ft~ll ~~.u~o; .. ~_~li' .. o,q~5b~tnn 
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'" I" ,"o,}H••Ilf••J~ o,lf>~ij~.,,<; O,OOI>OfH,•l o.u~no~+OO o,nnooE+oo lo 0 ~000l+00 II' "" n,l>IQIIE+Oil' o,1!1~E+OI o,IIOQ1t•oq n,I\O~~EtOl o,~o~u£•11'1 o,Anaaro1n 

"" I" oJ, J OliO!)~+ Oil' o. Jssq~·oz o.~ooot+no r.,onooEooO ll,QOI!OftllO u,Of'lOOEHln 
IO!l I>< l•,lllUilf+O' o,l<;Sn+ol o,ouonE+on u,ouuo~ ooo o,ooont+on O,OOOOEHIO 

"' I" O,l•lUOf_ o!l.? o,HS1E+02 o,llbll•25 0 0}l!>lE•Il U,lii>IE•i'S o,lH:dE·Il 
In "' O,}UOOHO:> n,J5<;'1ton2 •O,llf>IE•l~ ·ll,llbit•ll •U,llb!E•2t; -o.JtoH-n 
I;>~ I» O,}IIUoEou.? 0,211U?Ef02 o,noooEooo 11 0 0II<I~Eo00 O,Oilr.OE+OO u,ooonE.on 
In "' IJ,}O\IOftOl O,ij[21E•O\ •O,ij"57E•11 •0, 'lb51E+OI •o,af><;1E•I! .. o,Q&51f.:+Ot 
l>o I?' 0,}01l0t+02 Q,l'lt>lttOO 0,(>00foE+OO O,OOIIOfoOO o,ooooE+IJO n ,noonEooo 
"' "' O,l•HJOEt02 n,P~St+OII O,OOOUE+O~ o,oouo£~110 o,oo~nt+o~ O,~OOOEtOO 

'" '" IJ,~~OOfool o,~7lnE-02 .. n,b~7SE•t<' •11,&~7SEooO •O,M75E•I<' -o,b17Sf:ooo 

'" 1,. (I 0 ~I)UOf +\11 u,~qi1E·o'5 O,ilOOOE+oO o,nooof.ooo O,QOOOE+OO o,ononEooo , ... ~ llll u,Qnout,u;:o o,9qQ!Eoo1 o,I07.?E••)" o,tnTnto~ O,IU7U:•oll o,lOHEto~ 

I ''' 
Ill o,quooto<ll o,~7q5E+1!2 o,ooooEtQO i1 0 0000[o00 a,ooooE+no O,OOOOE.UO 

Ill l<i 0 .~OOOE tOil o,~rqstoo~ o,oooor.ono O,OOOOEtOO o,OOOOE+OO O,OOOOE+IH) 

"' I" II, QOUOf: tO<' o,~J~SEtO.? o,~<'I'H•<'5 O,Ql1'5E•IJ o.~l!S£•25 o,~?l'!'if·tJ 
Ill I'" O,~UOO~tOl <J,~7Q5[tOl •O,Q2J'5l•l5 •II,Q.?1'5E·l1 •O,Qi!j'5E•i!'5 .. o,Q2t5E .. t1 

"" 115 O,QOIIOI:.+\1.? (1 0 J1'1bE•Ol o,OOOOE+on o.oonoE+nll 0 1 0II00f:+!l~ O,OOOO[tOO 
II> I" 0,41000[.01 o.~~QSf•O\ •o,eloq.;.,, •0 11>j!OQ(oQ1 •Ooblo9E•ll •O,bi!OQEtOI 
1]0 "' 0 1'lllOIIEtOiP o,lbt'5EtOO o,ooooEtoo o,ooooEHO o,ooME+OII O,OilllOftOO 
Ill "' o,~OOOEtO~ O,lJ90EtOO o,ouooE+oo O,OOOHtlO 0,00{)(1[+00 O,OOOOE+OO 

"' '" 0 0 ~\IOII[t(lp o,'57JIIf•Ol •O,bii75E•tl •0,1>~75E+JD •IJ,bii75E•ll ,.1J,bij75(t00 

"' q9 o,~ooottol 0,~9\1(•05 o,onooE+oo 0,0000(+1)0 o,onooE+nn o,OOOOEtOO 
11' 1~11 o,~OOOEtOl o,\1119\E+OI u,t07t'E•n8 O,IU1i!E+')II 0,\07C'E•IIII o,I01i!fo(lll 
I~ I' 1•1 0,~\IOO(tUl O,Q1~'iEt02 O,oOoOE+~O O,OOOO{tHO o,ooonE+M 0 10000ftOO 
I'll '"' o,1000l+OiP o,~7<~5Etoit o,oooot•oo 0,00\IO(OI)(l O,UCODE+OO o,OOOilE+OO 
l'i 101 () 0 ~000ft0l o,HQSE+Ol 0,4l!'5E•i!'3 o,~.?t5E·tl 0 0 Qlt5E•i!5 o,~lt5E•Il ,., 

'"" U,QOUOftOl 0,474'11iEtOl •O,Ql15E•i!'5 •O,ql1'5E•'13 •0,4.!t'5E•i!5 .. o,4lt5E·13 
I" '"' 0. ~1)(10[+02 o,JJIJbEo~l O,OOOOE+OO 0 0 0000[t00 o,ooonE+oo O,OOOOEtO!I 

'"' l~b <l,~OOOEtOl o,':i~'I5E•OI •0 0&lO"E•ll •O,blO~EtOI •0 ,blO'~E•I I •0 ,b2U9E tO I 
I Oo I 'I 7 o),qQOOl+OiP O,i!bt5E+00 o,oOoOEtOO 0,(1000(+00 u,oooOE+no o,OOOO[tOO 

'"' '" O,QQO!I[tOl o,l180EtOO o,nOI!Ht<lO o,ooonEtoo 0 00DOOE+OO D,OOOOEtOO 
21~ "" (),bOoOEt~l o,l!'i'I'SE·Ol •0 017tJE•t2 •0,97!JEtl10 •0,97\H•ll .. o.'171lf+OO 
) I 'I I g~ II,&OUUEtOiP o,1J&7E .. o5 o,o~oOEtoo O,OOOOEtOO o,onnoE+on O,OOOO[tOO ... "" ~,bOOOf +01 o,t4.?QEool o.tbo'IE•oR 0 1 1b0Q(t(l4 O,lbo'IF.•Oft 0 ,I bOq[+OQ 
15•) I <I O,bD00[+0.1' o,111~Eto2 o,ooooEtoo o,noooEtc'o o,oooOEtOO O,OOOD[tOO 
lSI I" u,bOOO[tO.? u.7tt11Et02 O,OOOOE+O<l u,onooEHO u,ooontton Q 0 ~000[t00 IS. I" U,bOOO(+U.? o,lll•Eooi! o,tt1i!2E•25 O,bHi'E•I1 o 0b3i!lE•2S o,&li!.?E•Il 

"' 1'5~ O,bOOOEto2 Oo7!111Et0l •o,&ll.?E•rs •OobJUE•Il •O,b3i!?E•i!'5 .. o,bli!lE•tl 

"" "' O,b~IJn[tOl o.5a9'5E+Ol o,ooooEt•IQ o,onooE+r·O o,onoorouo o,ooonE.oo 
ISS ,.. o,bOOIIEtO.? 0,6l4lf•OI •o,'IJIQ£ .. 1! •0,9)1U[tt•1 .. o,nt~E-11 •Oo'HI4Et0\ 
I" "' u,&<)~OEtu.? o,J'l2Utoo o,ono~E too o,o~uo~tOI) 0,(10!1(1[+0{) O,IIUOOEtOO 
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'" "' u,qnuoE+oz o,~74'SltOZ -o, rs, n-o& oo0 0ZIH]E•02 •O,i!i!O&E•OII •0,115011£·02 

"' '" o,qoooEtOi!' o,HGbEtOZ oo0 0 ZI88E•Oq •0,120]£•01 •O,~bJbE•O? •OollUftOO 

'" I'" o.~oooE+o~ o,saosr.ol .. n,J680E•oz •O,IIi!G4E+OI •O,ZIOb£•05 •0 0!oi!l0Et01 

"' '" O,~flOOI:.tOl O,i!lilt~EtOO •O,lU\8E•u7 •O,SS5i!!E .. oa •O,iZB£•10 •0,070GE•Oil 

'" '" U,~OUOE+Ol u,i!H&EtUO •O,I li!U•ll •D 0S70'!IE•08 •0,37&18[•14 •O,IIIIE•07 

'" ]1 ~ u,qU\IO(HI2 o,~7loE .. oz •0 0 l<lb7E•a1 •0,111475[+00 •O,ZIGU•Ob •0 1111475£+00 

"' "' u,oounE+Ol o,~<lfltE.o'J 0 0 74G!E•01 O,i!!ii50E•05 o,UbOE•II o,~&GIJ£ .. o5 
ll' ' .. c,~UOUEtOl Q,<lii<IIEtOI 01 li!l4E+OO O,IOb1Et04 0,)50i!!(•01 0,!050[t(IG ... I" O,~U!IOEtOl 0 I H~5EtOZ o,9H~E·ui! o,JO'JaE+oi!! O,i!050[•0G O,fi045Et0l 

'" "' u,oOQOEtOl n,~745EtOi! O,I&S<IE•ol 0 0011<1[+00 O,bO<IOF.•Ob 0 01HIIlt01 
10< I ol 0 0400QE+Ol Q,H45E+Ol O,J4Q4E•05 0,1150[•01 o,l-fiOE•o7 O,IIJDfiE•OI 
!II J I'" O,i~OO~E+Ol o,o7o5tool 0,~48i!E•O'!i O,t&~OE•OI O,Zi!!t7E•07 0,&~36E•OI 

"" I •5 0, 40UOt +Oi! o,J1<1~>E+Oi!' 0,7HOE-Oii O,i!iiiJE+OO o,i!bHE•Ofl o, H78EtOO 

"' I'" U, ~OIJOE tO~ o,saost .. ot •o,t6&&E•Oi!' •0 0 1i1lO<IEtOI •O,l\Ob£•05 •0 0fi2111EtOI ... "' 0, iiO<IOl+Oi!! o,i!bi4E+oo ooQ,I0t8E•o7 .o,nsn-oo •O,ZZ7][•10 .. o,I!70~E•OII ,., .,. 0 0 110Uill:.•fl~ o,BhEooo •o,lll'>E·ll .. o,sto5E•08 •O,J7&11E•IO •11,1111[·07 ,. "' u,touoOEto~ o,!l5<15E .. oi!! •0 0i!!<I50E•Ol •0,<171i'EtOD •0 0 li!GIIE•Ofl .. o,<l71i!Eton 

'" '"' 0 0 b00•1Et<li! n,tHoE .. os o,lltot-ue o,Jfi55E•05 O,i!0711£•11 o,72U£.o'i ,., 
"" O,fiOOUEoOl o,t4i!~E.ui! O,qJ98EtOO O,t'l8nEtQG 0,5i!b0f•01 o,t5!il£to~ 

"" '" ll,t>tlOIIEtOl o,71t'lEtOi! O,IJ<I"l•OI o,q~oo7Eooz 0,)0]5E•04 0,8151£+01 

"' "' o ... ou~•-•o:P o,71!BEtOi! o,Ji!u~E·oJ O,lOOGEtOI D0 '14711E•O& 0,2141Et01 

"' '" O,bOUI>Eonz o,7ttl'tEtOl o,ah7E·oG o,t!~o<~E+IIO O,I087E•O& n,ll07EtOO 

"' I" o,ooooe: oUi! n,711llEoOl O,S~tllf•Ol o.I"I5Eo~t o,tes~E·os O,S~?lEtOI 
150 '" O,O~IHif. tU,l' O,'ifl""i~tOZ o,t417E•OI o,~llfi~Etol o,ll17E•n4 0,141't&EtOZ 
ISS I'" 0 0 bUU0hO? o,lllqle: .. ot •O,i!!6l<IE•Ol .. u,<IJilEtOI •n,li5~E·o5 •O,QHUtlll 
\'50 '" O,oUU!II:.+OO? o,lGi!IEtOU •O,I5i!!7E•07 oo0 0 50.i!1E•OG .. o,J4t11E•tll •Oo HIO~E-OJ 

'" ;,; II,Ot)\)Df. on<' (!,)5bU[ oUO •O,Ib88E•JI .. o.s'J57E·oll •0.5!>5.i!l .. l~ .. o,lbb7E•07 

"' "' O,b01111~100? o,B515E .. ol •n,i!150E•oJ .. o,o7t?E+OO .. o,li!"JE•Ofl .o,<JliZEtOO 

"' '" ~,bUUIIf_oUl u,7h~~-.us •0,7bb~E .. JI -o,i!5i!4E•07 •Oot11lE•IJ .o,sn4~E-n7 

'" I'" Q,bUU<I[fiJl O,i!hOt•O~ 0,"b1i'E•OII 0,15~5£·0~ U,I040E•IO 0,3006£·011 
t b<' '" lt 0 biiO~l+0~ tJ,l91bl·O~ •O,II51E•08 ooU 0 JIIU<If·05 •0,2'5'11[•11 .o, 74Gi!E.o5 

'" I" ll,b.,ll0tt02 o,5172E .. 04 •U 0 1i!!bJE•UII .. u.~t5qf,.o5 •O,i!'~l 7E•II •O,I'<JOI'If .. P'i 

'" "' 11, ~tlUitt on;> u,~5~1E•Ol .. o,I1Q~f.•07 •0,57Q?t•04 .. o,l<Jq~o£•10 .. o,tt04f•03 

'11!1'11 ·~Llilol ~~~E• TH6fl Fl.LIIO fLO II HG II•H ,, r>FJITIM[ 

"' "" ll,bOO~EtU;t O,I~OJf,.Oi!! -~.J6otE•ot •0, U'iH•Ol •0,6~~4[•10 •0,252H•OJ 

"" '" !J,bllt)IIE+II~ o,BI~E .. ol •O,~i!70E•07 -0,272JE .. oJ •U,I~Sol'E•OG ,.o,5UfiiE•Ol 
I"' '" •!

0
b0011toll;t o,7&<!lE•01 •U,I6i!!ijl•u'l .. o,IIOO"i~•O& •O,iiOIIlE•I<! •(l,li?OUE•0'5 

'"' "' u.t>OUott~l O, ~'!<!OfoOO •o.JSUU•IJ ~o,o;o<~sr-to •o,S17bE•1b .o, I S<'bl-UCJ 

"' "" O,bllo•)E+~;> U, )"ibUE tflO •O,U1to1E•Uo •O,ll>!"iE•Il •O,lloi''H•I!I .. o,t.Sb<IE-li! 

" 
,. 0,1/I~'>Etn? o,l O«llt. .. n'l O,JOI>OI:tOO o, ooooE oon Q 0 0000E+Ufl o,ononE.on ,, ,, o • .>~>~tof.tU) o, 1 l"<'E·o~ o,noonE+OU O,OOIIOftOO o.o•IOI)~+on O,OOOOf.tOO ,. '" •I, i ,> 1 nt ol> ~ •I,IS!H .. n~ n,u'lnrlf_tQtl 1>,00ll11f_t(lll U,I>OO<ItttiO n,nnonfonn 

'" '" 'J,li<>HOIJ) o,l~~·H .. o~ l) 0 1)1)U'J' !i\\1 l!,ao.>!'~ tOO 11,unon~ • .,~ 0,()0t)Of,(l0 
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IH '" tl,\lo/l>f.+Ol •l,l~'ll>l•Oij 0 0 0\tO(lftoO O,~llOllE+OO o,ooo~f.+OQ 0 0 OOOOf tOll 

'' '" ", ~~~l~f.tU1 u,~HiiE•O'> o,llOOilf.tUil u,onuot ooo o,onooE•oo O,!lOO!IEtoO 

" '" •J, 01~(0[t0\ n,s~·tH. .. (I'S o,oo•,oEtoo u,onoot+OO O,CIOOIIE+OO o.noonfooo 

" ., I•,U<II!IlttQ/1 0 0 iiOOI'Et0'1 O,JOOQ(t(IO U,OilllOf•OO ~,IHlOilEtOO o,ooOOEtOil 
j " o,Jil~n ,o, ~,\l'.qJE•!I'i O,OIIOIJ[t')(l o,oonnt•OO o,ooonE+on o,noon£ooo 

" 
,. 

''•"~""t:+oil i!,lqui>E•OS n,OOi)OhOO O,UIIIIllE+OO O,OOIII'IE+OO o,u<~nnEtfln 

" H o,Uitlltoil i.!,HSlE•U'i o,OOI!Il[t(10 0 0 00~(1[+01l O,OOOQ(tO!l o,oooottoo 

" .. o,t1~>11t+o? o,J'S11E•tl'!i o,ouooE1110 O,OODOE+OO o,ooone.+on O,fiOOOEtOO 
'; " u,11c!H+111 o,J11~£-o'l O,!)OioOEtoO n,oonnEtOO 0,0000[+00 ~,OOOO[tOO 

" " o,I!IIJ9l+nt o ,~'!i911E ·n'i o,ooooE+uo o,noooEtoo O,OOOO(tOO 0 001100Et00 

" " U,4'1c!llft01 o, H1>9E~o'!i o,oouoEtOI' 0,00()0[t00 o,onoo~+OO O,!lOOOEtOO 

" "" V,OIII)!lf+OO O,UOOIIftOO o,ooouE+on n,onoOE•OO O,OOOI!E+OO 0 0 0000(t!>!l 

" " u,1'i15Et0? O,t>'!i!>H•OI> O,QOQOEtoO o,oouoEooO 0 000011£+00 O,OOOQEtOO 

" " 1f 0 o/i!JOE+O~ o ,lil'i'iE..o'!i o,ouonE+oo o,oouoE+on O,OO!IOEHID O,OOOO~tOO 

" 
,, 0 .171>8~ t(lil n,I5JlE.o'i n,oouoEooo o,nouoEtOO 0,0000[.00 o,ooone.oon 

"' " O,IJo/'>E+Oil o,znen~o'!i O,OOOOEtOO O,OOUOEtOO 0,0000[+00 O,OOOOEtO!I 

" " o,>liiUbo.tl o,ih<1E·o5 o,nOoOEtOO O,DOUOEoOtl O,OOOOEtOO n,OOOOEtOO 

" 
,, 

n.~~.!OEt01 u,i!lloi!Of.~O'!i o,ouooEoou O,OOOII[oOO o,OOOOE+OO Q 000011Et00 

" '" n.ooonEooo Q 0 11QO~Et00 O,OOOOEtnO O,OOOOf.tOO O,OOOOE+O~ O,OllOOftOO 

" " o,l211l•o? o,IIT14£ .. oe. •o,i!'fi>TE•I~ •U,'fh-'IE•IIi> •0,~9]4[•2l .o,2'1JOE•l'!i 

" "' ti,l1tollf.tO.? ~.~loi!'>~•OI> o,oooohoo O,OOUn[tOO 0 000011[+!10 O,OOOOftOO 

"' " u,ll.!t>E.tol 11.1os~E~os o,ooonf+oo 0 0 0000[+00 O,OOOOEtOO O,OOOOEtOO 

" " o,1181~Eon1 O,l'5l~f•OS o,ooonEooo v,ooooEoon 0,0000£+00 o,ouonE oull 

" " 0,4~c!O~tO\ o,t7lot.o'i o,ooonE+oo 0 00000[100 o,ooonr•no O,OOOOftOO 

" '" 0 0 !1QOU~t00 O,UOf!O[!OO o,ooooE+~o U,OI'Ii.!OE+OO O,OOOOE•OO 0 0 0000f.t00 ,, 
'" 0,11DSfoDl o,ll~<'E•Oh •o,J79?E•Iq •\loloi!~~E•\'5 .. o,U70E•i!l .. o I J711t>E•\5 

"" '" o,tJo/e.Eooil O,II11'511E .. oe. o,ooooE.a? O,OOOO[tOO O,OOt'll'lf+OO 0, OOOO[tOO 

" '" o,~AHEtOI 0 0 115!£.,0'5 n,OOOOEtllO o,oonoEooo O,OOl'IOEtOO O,OOOOEtOO 

'" "' O,II~.!OEtlll !1,l'!iliof'E•O~ o,OOQOEtuO o,onooEtoO 0 00000£+00 O,OOOOEtOO 

'" " ll,OOUOEttiO 0,00'10[+00 o,oonoE•un 0,(1000[+00 0 00000Et00 o,ooooe.oon 

" 
,, 

!1 0 10U(I£+0i! o,SI>IIi>E•OS O,IIOCI>E•!II 0 0 \JiqE•tl n,llli!E"18 o,39i11f•lil 

" " 1J, I 'hi liE •oil u,7HH:•O'i •U,SIHE•lb •0 0 !10~E•I2 •U,17lt>E•I8 •0 0'i09H•I2 

'" " O,IUUOEtOi! 0 0 IIS7[,.0G o,ooooEooo O,OOOOEtOO o,onooE+oo O,OOOOEtOO 

" " U,IOOO[+Qi' O,l>'5lii[•Oil o,ooooE+oo 0,0001\f+OO O,OOIIOF.+OO O,OOOO[tOO 

" " v, 1 uoot •oil u,l1>~1E·Ol o,27biE•17 0,9089E·I4 0,9'j'!;IIE•l0 o,lfl17l•ll 

" 
,, 

O,l~toHoo~ o, ~n~E-o'!i o,S4o11E•ull O,t1tiOE•~Q O,ll80E•IO 0,3HCIE•O~ 

" " O,I'SU~ftOi' 0 0 10b0[•011 •o,S7i!ilf•oe .o,teeae..oo •0 0 \l'!i~E•IO •O,l111f•OQ . ., 
" o,IO'liEtllil o,ton£~nq •O,qO&Jf.,lll •O,IUQE .. Il •O,tii9E•I8 •O,l8qlf•ll 

" " u.sr.d~F.:tol o,2e.8'iE•O'l o,q&tG£•1'5 O,Ji!3!E•II o,lJSH:•\1 0 09900E•II 

" " '•,21\n,o' O,li>O~If•O~ o,J5~1E•Il O,l!tobf•O~ O,tiii\E•1'5 o,J571t:•OCI 

" • j •J,~'IVOE+OO 0,11000[+0~ o,uoooE•oo O,OOOOf+OO o,oonot+on 0,0000[+00 ,,, 
" I• .I <ltoi~ •111 ~.~11111f.:tOI •11,7~a4t.oi! •0 0 l~'51lt0i! .. o,l6oH .. oo .o,4117F'tOt' 

" " ., , 1 '5u H +•12 o,t~2bEtU2 •o,~S&~E+oo •O,I'508f.t0~ •0,~71lU•Ol .o,lqiiEtO~ ,, 
" <J,!•I~Ittlll O,IHI>t::•OQ •O,~IIJ~E•n8 •0 0 JIItolf•UG •O,q71>7E•II •ll,i!"'IIO[•OII 

" " 0,51<11[+01 o,27':13E-111 •o,<IJO~E•<J'I .u, Jl\lio?f·o)'S •0,2lto7E•I1 .u,e.lio8f>E•O'! 

'' " .. ,,!Jilltill O,b1<IH•04 o,IIJee.~.~ue U0l71>1E•OII O,J'JIIIr.•IO 0,572U•OII 
H~ "' U,211H.+OI' 1!,3~t'lf•01 o,tl71~·u2 0,3~55E+t'11 o,t Joto£ .. 0'5 o,J852EHI , "' <1 0 VIJ!IUt t~~ ri,OIIOOttOIJ O,OO~OU<lO 0 0 0IJI'IHt•IO O,OOII!'IEtOII o,oooo~oon 

>jp/)1 "''"i! AHlA h<HI 'LUJI! FLU~ UJ; tUTE on OFIITIMF 

'"' ".i<l\ o),IIJ9'l~tUI O,J•Hilolt03 O,UIJJOE•t'!i 0, I '=i~OE•l I o,JO'i<>E•P o,2n1'£~Jo 
S•ot Snl o,~)'I-,E+Ot Q,S~oto~+01 u,nolt•l~ O,i!I>OIE•l!! 0,!>8511£•11> O,oi!CI2lE•09 

"' S•oJ "•"1"~E.tf/l ll,f~~'>t.oO) o.s~tlt•tJ O,PI'SE•~~ o, ~ 111[•1 'i O,I.:!IJE·O~ ..,, 1 '!;"'' "·"J~'~~on1 o,J<~<ibf+(l] O,lO!I<IE•I.:! O,IOI1E•ll~ u,i!l'!iOE•IO 0 011l41E•08 .... ~ '" "•"3<19Eto1 Q,l~Obl+VJ o,1~!1'il•tt O,'i41:11f•O~ o,totlf•tl O,l~8b[•07 

'"' '!i<)b •J.II]9~E+I/1 ~.Hobt.OO] u,18~J~·I1 O,oi!'S9~E•07 0 0 QI<~7t•ll o,ti!2lE~o& 

'"' 5<1 1 o,~!~~E10t " 014<)bEtOl o,Jii!'!iE~JU 0,\ Uoi!9(•11f> O,l4lllf"11 O,qi.JIE•Oiio 

"' '"' O,IIJ~~Etl/1 o,J4n'>tooJ O,IH~IIE•I C1 0 0 i!l'.bO[•OI> U,li!I>H~Ii! o,9t>l7t•Ot> 
'!i<l1 5' ,, ol,'fl'l9f,>ll\ n,J~O"tt03 (l,.!7~:~tt.·1~ u.~n<Jtf•n7 0,77oi!<IE•J1 O,<!.:!T~~ .. Ob 
51.) "' (o,~j·l~f +'11 n.,P.!5f ohl •ll,\2 1 ~t-11~ •O,J<I"It,f •U" •U 0 41>;>U•Il ~o,t,ttJ~.n-; 

"' "' "'•"'~'~f+dl u 0 11'>~t-~2 •0,1Ji!<l~·\lo •0,~114E.•ll •O .toll~ 1 1':•1 q ~o,t~t-4~·12 
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"' "' 0,113'10[+01 o,t15H•OO? o,o•IOOl+0\1 o,oooot+oo O,OOoOEtOO 0 0 0000f+00 

"' ,. U,t!H·Jtollt O,ll'>~E·O~ O,UOOOE tOll o,oounE+OO O,OOOO[tllO 0 0 UOOO[oOO 

"' ~·~ u, M ''I~[ O!l! ol, I 1 'l<'E•OC! O,•J"OOE+oO o,oounE+oo o,ooooE+on 0,0{)00Eooo 

'" 
,,. 

(I ,II l·l~f +II 1 n,lt'Ht•02 •O,'>~Qq~•t'J •O,i!ISitE•L'I •U,30~'iE•i!l •0,8~80[-1'5 

' '' (1 0 )b~Ott02 O,l>~l<'Et03 o,9S'i~E·t'5 o,li"~E-11 0 ,I <'1 I E•l~> 0,357lE•tn 

" 
,, 

o,tt>~nloo~ •l,t>~I2EtOJ O,!S6H.•IJ O,'i2u~E·LO O,llb5E•IS o,t~ozst-o~ 

" " O,II>IIIIEoO~ Ol,oii12Eo0] O,I07t>E•t2 1) 0]'541f.•UQ 0,62~SE•I"i O,i.'IHH-011 

" . ' o,t!>~Oloo~ n,t>~12Eoo3 O,D6QH.•12 u,217'1E•OII 0 0 4'~211E"l'~ o,IJObE.-o7 

'" " •J,II>~IiE+\•1 11 0 t>~I2EoOJ 0,37114E•II o,t2~t.f-o7 o,ZtiiH·n O,bii<I<Jf.n7 

" "' I!,H>~OtoO<' n,b~li'to03 o.z~onE•tn O,b5t!"iE•07 o,9!IO<!E•11 o,28'1H .. oi!t 

'' " I!, l OM llF. +11;> O,bl!l<'EttiJ 0,9~JIIE•IO O,}ZHE•Ui!t ~.~OIC'E•ti? 0 0 118H•~! 

" " o, I ... ~ 11£ t ll<' '),o~Ji'~oUJ o,~so;ot•<l" o,t5•JoE·o5 0 015JH•II o,qs.;o~~-o! 

" '"' n, I bllnl+Oi' u,5~~9too5 O,I551E·n~ o,o'J.,n-o5 ~,HOlE• II O,IISOl•O<I 

"' '" u, t t.llot, !+?. o,li'"<'EoOQ o,t7lt.E•t<' O,'HISE•(l9 a,70SOE•t5 O,i'07'1E•O!I 

"' '" o,ll>~llfoO~ O,lo?<llEoon •O,H'l'l~-li!t .. ll,IO'ilE·t2 •11 0 8i'IIJ[•j9 •O,l<l<l,lf•12 

'" "' "• 1 "~~~~ ou:> 0,12<1i'tt00 O,l5.i!5t•t7 o,~Jnl·t<~ O,llHH:•i'O O,l<~70f,.l] 

"' I !1/ 0,11>~0[011~ U,l.i!<llUOO •O,t>l.;oltC·I'I .o,.i!oq•H•t!l •0,<~1 IH•21 •O,t21JE•t<~ 

"' "' U,Jb~OftO? o,tz<~ll+OO •n,.?~!IE•ti!t •ti,1'1J~E•i3 •O,t25r.t•lll •O,Jb8H·ti' 

"' '" 1!, I b~UE +II) O,t;><12E+OU •U,5ll8tE•12 •U,t'IJ~[·Ol'l •O,I'I"'IE•I4 •0,580b[•ll" 

' " o,tbllOt+02 u,otllb(•OI O,IJ57E•Z<I O,<l<lt>I'IE•.i!l o,11<~5E•.i!i!t O,SI41>E•i!'O 

" " 11,1 ~>Wf+Ol o,!>lllbf.•OI o,oonoE+uo O,I!OOOE+OO O,OOOIIF+OO O,OOOOE•OO 

'" " u,t..,Huf+O> O,blllbE•OI o,onao~+oo o,nouoE+OO O,OOOOE+UO 0 0 0000f+00 

" .. O,!MIOft~l;t o, b tlli!tt •(It 0,19ZtoE•i9 O,t>,'li!E•Ib o,t'lt>"E•21 O,SIIO]E .. I'!i .. ,, '1, lbii<H_tl\;> 0 0 t>III"E•UI U,IU79E•18 o,~"7ol•l'!i 0 0 !0SI'IE•20 O,lll!E•III 

'" " U,lbiiOEttl:> '1,blll"'E:-OI o,<:Juu5E•t8 u,;>'lb"if•IU 0,5'5i!t5E•20 o,li!t41E•!3 

" '" !>•i"IIUf.tO;> O,t>ti!H•UI o,SI!IE•11 0 0 tfot1Jf•ll U,.i!733E•I9 o,80t.OE•ll 

" "' (!,I i!tlllll10i' o,t>t~bE-ol o,!111E•l~ o.Sfllll•JI 0,59b4E•P o.I1SIIE•10 

"' '""' U,!b!'IOE+V? o,H1JE-ol ~.<'lSi!tE•U8 U,'I07ll•U!i O,I>I<;U•II <l,llli4E•Oq 

'"" '" (1, lt>~l!l+Oi!' O,IOI>ZEoOO O,tO<;IIE•ll o,:sq.,~E·O" 0,45S1E-t"i 0,!34Uf.(lll 

'" '" <J,Ib!'OEtO;> o,Ht><HoQn •O,!St>IE•ti! •O,''ill~E-011 •0 0 ]114~E·IS •0,1017[•0!1 

'" "" U,!b~OF+Oi O,!Ob<'E•no (1,8b'l5f•t<~ U,2114t.E•!O 0, l '131 E•l i!t o,.,i!tiiSE•\0 
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APPENDIX C 

TRUST PROGRAM FLOW-CHART 



VARIOUS 
PARAM[T(RS 

PRELIMINARY 
PROCESS INC 
0~ DATA 

• PRINT SUMMARY 
OF INPUT DATA 
PRINT ERROR 
11'£SSAGES 

DHIN£ INITIAL SIAl[ OF SYSTEM 

• COMPUTE TOTAL STRESSES AND 
f_FF(CTIV[ STRESS FOR EACH 

• ESTIMATE VOID RATIO. VOlUML 
OF SOliDS SATURATION AND 
FlUID DENSITY FOR EACH NODE 

• COMPUTE ~\'ISS OF FLUID 
CONTAirt:D IN EACH NODE 

• COMPUTE STABLE TIM[· 
SHP ISL IM 1 FOR EACH 
NODE 

I Sfl LOWER IS MALL' AND 
UPPER SOUNDS IOELTOr 
FOR TIME ·SitP IDELT I 

• Sfl KCYC 0 

1 Sfl DEll I X w·l2 

SUBROUTINE 
THERM 

IY ICON' 
AND FLUI~ MASS CAPACITY 
rCAP I fOR EACH NODE 

• COMPUTE IF NEEDED, VCl.UMI 
STRAINS AND VERTICAl Ol'i 
PlACEMENlS 

• SUBROUTINE 

THERM 

c. 1 



liRA~ I 

• COMPUTE EXPLICIT INT[R~AL FlUXES 
rDfll 

• COMPLrllASSOCIAIEO [Xf'tiCIT 
CHANGES IN POW/TIM fOR ALL ~OD(', 

_j 

'" NODES WIT~ >-'oOc_ ___ 
1 SOURCE 

e ({;1'.\PlfT[ txPtiCIILY A}}Q(­
IAT£0 CHA~Gl IN POT[~11AL 

~-~~~s ~CROS\- -~ 
11 EXllRNAL CO~NlCTIO~\i 
\.e SU6ROU11Nl I 
1 SUR[ _ _) __ =::::::r::_-

COMPUTl flUXES fOR AlllXl!RML 
CONNECTIONS 

e COMP\Jl[ lXllRNAL CONDUCT ANU I 
fiRAN) I 

• COMPUll EXPLICIT [Xll HNAL Fl UXI <, 
I Of) I 

e COMPLfll A\\OCIAT/0 IXPIIlll 
CHANGES lOt POT[>,'TIA! 

• SUBROUTINE 
SUR( 
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~;, '" < IIMPLICIT> '/''!£ ____ _ 
~QOI\ I 

m 
l-ou i"aRATivl SOlUTION roR 1 

! All I ,,\PLI Cl 1 NODI I AND 
ALLIXPLICIT NOD{\ 
CO~MCTlDW IMPliCIT 
~OOl~ ANO [OMPLII{ fiNAL 
C~ANGI IN POTlNTIAl 10~ 
All IH!'>l NODI\ 

I•APPLY CORRECT I~ TO ALL I 
I~TIRNAL AND EX'T[RNAL I 
fLUX[ I IWOlVI'IG IMPLIUT 

! ~00! I 

'•If IOIRll\ ITlRATIO~ 
I fAll LRI PRI~l MTI'.AGl 

1•\UBROLIIN( 

-?:;" 
/ 1i~~~~TlP :rc'o'C----

, "' "-,, R[f'(A][Q I 

•REOuCl Tl~'t lllP BY 
••Alf II PO'.~IBII OR 
fl).[, fOR 1i RMI~AIIO'. 

• IL8ROC~INl 

TALLY 

•RICALT"•IAH II ~HOED-----, 
I \IA91< 11',11 '>HPfORlAC•I 

'.001 

•RICi).lllfY If MIDlD 
APP"l·PHIATl nPliCIT \001' 
AI I~'Pillll NODI\ 

10111'>11 II ~!!OED UPP!R A\0 
LOI'<i ~ ~Ol~D\ fOR ~ 1 

•DLTIR',II'.I ~1 IOR.~(Xl Ill.~ 

Ill P 

•OtTIR~'I\1 11~\l IN"T!GRATIO~ 
FArlU~If(JRI)Q~) > L0 

'• Dill RMINl l '>1 IMATlO I~~~ 
OIRIIAII\1 rnOP\I>fi)R •Ll 
~UOI I 

•CAlf Ul~TI '<\lihl 11101 
hiATi~l·l ~ALA.\1'1 
•JIJA',ll I II\ 

!•< HII ~ I" Rill RIA I QR I ~DI~r. 
· Pkogtl hi 

I
• '>U8kOilll ~~ 

TAil Y 

' ) 
.// ~:INIC1l~ 

' 'Ill 01 n · 

(vi\ 
!•I'RI>,I'T lOlA\ Tlh~ Tlhll 

.. ~ 

1 \III'MIOIPOTINTIAII ~LlO~ 
I IIIIIOfiiNTINTI A~ AND 
i OIIIIR QIIAI{IIIII\ 

,.\II~RIJI~I~ I -w-,-,-
1-----_j 
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APPENDIX D 

TRUST PROGRAM LISTING 



CCUtHJJ:.CK AGJ:.N 
CCC AIH<AHi FOtl ~OUkCI':~ 

CU~lMON/ A(.~.N/lH'I> (jO()), fGOOO) ,t; ( ]OIJ), ..;G ( JOO) ,G1'( 12, 10), L1'AI.I<;( t 0), 
S NUOG( 10) ,NO,i.G( 10) ,SI,UG( 12, JO) ,"JVI!k(,( 12, 10) 

CCOI'Illi:.CK Akl:.A 
CCC AllHAl::. t'OH CO.~Plll'ING CUNI<IJC1At.CI:. 

CUM~UN/AH~A/AREA(bOO),U~Ll{bUO},Ul:.L2(b0U),Nt!li(&00},~UX2(bUO) 

CCC l:.fw AkEA 

CCUI'IIli:.CI\ ASUHt:S 
CCC AHKAYo:> t'Ut< bOUNOAk¥ CUtHlll'1UJ1S 

COM-"illN/ ASUHl!:S/rJfS ( :l(\}, foi(IU::>( 20 l, THMHi (:.!I!) 

CCC J:.r.U ASUtn:.s 

CCOMili:.Cil EJLAHt: 
CCC Ht:AL VAHlAbLt:.S 

CUMI'ION 

• 
$ 

' ' $ 

' ' 

AUA'fA ( 2), Al.lll, At'LUlli( Ill), At' A Ttl, bt:'f, tit: 'I' A, hl:.TIIl, Hf'klMI:., CAP!o1::i, 
C A t'.S_, C Af-T, CIHI:O'l', [!A~ ,IJ t (,1 , [JJ:.Ll S, Ut:L'f Sh, Ot:X, J•l•<!NG, l•t.UP, 
OPI'I AXS ,OPRt.:i, IJPS I MA )(, flkAU 1 1)k AOS, l.JJI I Ot., r"AV (j, I:.C, t:Ll', t.Sl'IH::.S:,, 
E:i'CHJN ,t:X, H:x, fLI:.X, f'LIJJI.J, f loll X, fi,UXS, rLK, ~-ok, t"ORD, D', 
GtH MU, GU., G~:IJ S, Gf:Uf.l, GMASS, lJ0/111:., (;X, 1101'1 ~, hX , t'CliNl., f'H I hS, 
f'HIONE, PUNS, f'.SJ VAl<~, f'S11, I'.Sl:.!, IW, 1</IOt., SAVG, SCALI::, SJ,.l', 
SE.'rD, S!::T 1, S!oiAl,f,, .SUMTI M, TAU .. tiiJCK ,1 Hlt., 'J'lEkO, V J SC, ~OI.MS, 

VULS, .. M.; 

CI.:OMI!I::Ct-. llLAt<t 
CCC AkkAYI:.O VAillAill,t:S 

CO~oMON 

' $ 
$ 

$ 

' ' 

CAP( ~00) ,CON ( j!)()), CUNT( l UIJ 1 b), l>lll'Sl (JOU), Df ( ]00), IJn ( t.OO) 1 

O~Sl(lUli),Ut'SIS(li!U),l.()UU),~J(bUO),~l(l1J,~2(12),f3(11), 

1Tt.MS(l~),LTA8K(b),NAM~(24),hA~t:S(24J,~~WriL(I~), 
NOOt:( ]IJIJ), !WOMAT(JUU), NOO llbl!U), NlllJ:l( bOO), JjlJJlMA 'f( 300), 
IIITYPl(JOO),N)(I(10),NX2(10),PC(llJO),PCH(l00) 0 PHl()UO), 
~1'1/J(JOO),PSJ(JOOl,kHO(lOO),S(JOOJ,SI.l~(JOO),TUTSTHS(lOOJ, 
IHA~(6UO),V0L(l00J,w(J00),~(3UOl,llP(JuO) 

CCC t.NP HLAIH 

CCOI'IJJECK bLINK 
CCC IN'ft.GI:.M: VARIAIJI,E::S 

NU;:,f't:C, NH A 'f, to f'(,l/lll, N ODI:..S, NUCIJil , N OSCUN, NOI•BS, JHJG~;-., IJ 11', 
hVA~C,NVAHG,N~Ak~,N~Akii,IIIVAfiT,Nl 

~~~OCK,KCYC,~UAIA,K~,~S~CS,KSYH,K~Jf,LAU~L,LTAU,LXK, 
MAA, !!Ill, f.IUU~, N A lJD ,IOADG, N AlJ:i, NAIJSII, II Aflt , N All:.!, t•CHt:CI\., CWLJMS, 
N 001, NPiWk, NSAV ~, N S~.U, NSTUI', N U'f .S, KS J'IJA lA 

CCC t:Nll tH.INil 
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CCU110.ECK BLl.SC 
CCC TU11-'IH~Ait'i VAI,U~:S wr If,H.GUl VAIHAIJJ,r.:S 

CU/011'\IIN A 1, DX, 1 I, J ,.JJ ,hK, K 1,1\2, L ,ld ,1,2, LJ, L4, ;H,i), li I, N2, 
S P1,P2,1-'l,P4,PS,TX,Xl,~2,Xl 

CC( t.NU liLlSC 

CCll"'Dt:CI\ Ctll 
CCC AlWAY:, fUH UII;IHIP:. PAHA,11:.'H.H UH 

CtJIHo\fl;./CHJ/CIU ( 12, 10}, Cl11 VAHP( 1 ~ 1 10 J ,Ctll VAlHi ( 12,10), &LIJCHlll2, 10), 
S Chi~lU(l~,lOJ,],TAijCHI(IU),~VAHChJ 

ccc et.rJ cur 

CCOI'IIli:.CI\ CUt<VE 
CCC VAHll<t>loi:.S fUR P.Sl • S ANI> PSI - CloNl; CliKVI:.S 

CCC t:I;U CURY~ 

CCOMUI:.Ct. !1 
CCC I.H,UCJ<. Sllj,:S 

ClJM~UM/H/ril,H2,HJ,M4 1 HS,Mb,W7,H~,k~,MID,hli,MI~,~lJ 

CCC I:.Nll M 

CClJMUt.CK r;MJNI 
CCC fUNC'flUN IIMlo;J 

CCIJi.Wt:CK iHll>ll1 
CCC VAHIAbLt:S ~UK UJNI:.NSlUNI,I:.S.S l'AHHANI:.f~K~ lU, 1-'U 

CWHWt~ II•Oill MIIIOUI 1'1, t.llflTill )IJ(J), PLUMP 1 UOVI:.HII, ><I j{J()), ·r],lli'!P, Af' 

CCC t.>'IU t.UU!I'I 

CClli<IOt.Ct. UNSAT 
CCL AtWAYI> fll~ IINSAlUkAH:n f"L!I" 

ClJH~OIJ/tWbAt /CAt'M l JOIJ) ,CK ( t>), !P~ rll( Jflll} ,l."l I\ til;( l b), L."fAIHH, ( t>), 
$ ~0Uk~~,t'SJMIUC(tOD,bJ,PSI~AHC(10U,LJ,PSlVAR~(IUD,6J, 
S I.TAtH: (6), Pt. (b), CUN'l'IJ (I 00, 6), CllNTIO ( l 00, 6), SLliLP( lOU, U), 
S SLUCw(100,bl,Sll(10U,~J,&~(IOO,bl,SLUK(lUU,&l 

CCC IONP UNSA'f 
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CCUMI.li:.CK S'fhAlN 
CCC VAIUALll.ES ~·uR Sl"MAlN (.'Ur-1!-'IJTA'fLlJN 

CCC 

CUt::CII. 
c 
CCC 
CCC 
CCC 
c 
c 
c 
c 
c 
c 
c 
c 
C· 
c 
c 
c 
c 
rcc 
CCC 
CCC 
CCC 
CCC 
CCC 

c••••• 

COMM(u•/ iiTnA 1 N/ ~SOLi 1.1 ( J 00) , UU, VOL ( 3 0 0) 

t:NLJ Sli~AI1• 

"fHIJS'f 
PRUGR AM 'I kUST ( lN PUT, Ulll'PU'l", P UI;CH= 1 0 1 , "SA Pt:4) 

TkU:iT IS A MUOIFICA'fiON m' PkUG!lA.-1 TRI.JMPo 1"11~; F!JLLUWlNG PkUGkAM 
IS bASED !.HI THE TRUI<IP MAS'J"Ek F"URTf!AN l.lST AS 01' 51:o!O/t>9 
VEkSION 5/20/69. 
P.EVt:l.U.I-'EP IU ARTHUR L. EDWARDS, LA\riHENCI:: HAIHA'l'JON LA~OkA'l"UMI', 
P.O. tiOX 1101:1, LJVI':RMURI::, CALH"UkiHA, L•437, HL,flG '1'102, IH<I 115, 
PHONE 447•1100 ~Xlt::NSIUN 71196, 

ADAPTED TO STANDARD ~'OHTkAIII ANO SCOPE upt:kA'fJNG S~STEH tl~ 

TUM LASS£"t"I::R, UI\IJ~. OF CAl.IF., DEPT. Of' CIVLL ENG, 472 PAWlS HAl,L,H 
Kli:kll.li:LEY, CALlf. 94 720, PHON~~ ( 41 ~) bU-5525. 

Rt:nst;o 6173 IU II.NDREW L. AI,LEN, LAiHtt::NCE RII.DlA"flON LABOttA'J"OiH, 
J:H.HI\~L~:~, CAt,IFORNlA, 94120, BLDG. SOH, HN. lOlA, 
PHONE (41~) B41•274D, ~Xt, 5222. 

TRIJS'f SOLVES FUR THANSIENT f"LUlJ) FI..OIM JN SA"Ji.Jkll.1'l::U•UNSAl'UHATt:::O, 
IIIJI,'fliJlMEIIISlOJIIAL PIIRUIJS Mt:UIA BY CONSlOI::klNG kEl.t:::ASI:: or fl.UIO t'kUMH 
STUHAGt: OUF. TU UI!:FORMATION AJW DRAlNA!;f:. TRUS'I' MODH'ICA,TlllNS 
WIHTTUI b¥ l',N,NAHASIMilAN,Uk:PARTHENT m· CIVIL ENGIN~;~RltlG, 
UNI~t::HSlTr OF CALlf'ORNIA,Bl::HKt::LL::"I",9472D. PHONt::: (41~)b42•5525 

rcc IN 'l'Hl.S Vt:IHHON 'lH~ MAIN ftJNCTHlN UF CALLIIOG VAkHJUS SUb RUUTINt;S 
CCC IS ASSIGNI::O TO TH~ OHIGltlAL TkliMP SUIIIWUTlNt: ltt:AllT, OIIHCil HII.S 
CCC Dl:Eil HEDt:~IGNATEIJ II.S PHOGHAM 'l'llUST 
CCC 
CCC IN TillS Vt.RSIUN THE fULLOWII>iG SUBkll1'UHit:S AkE A~AlLAt>Lt: 
CCC • , • , .1.HERI4, f I NJ\ , GI::N, SUR 1::, SPt::CII., 1· ALL~, PATCH, Ht:n:R ( St:::l::ll.l , St:t:K 2, 
CC<: AOfll'l'lONAuL~, THE ~'OLLO\rillNG NI::W SUHHOTUJNI:.S HAVE BEEN AUOI::U ••• 
CCC H¥St,lNTI::k,.SLUI'E,M.0R'l'IIAN II.~W LIN~; 

c 
CfUUHfl.ANGUAGi': J./j S'fANDAI<D CDC fOR'J"RAN 1'1, 
c 
Cf"H*'*STII.Tt:M~Ln'S i'IOST LJKI::L¥ l<t:l.lliiRlNG CIIANGt:S ~'Ok O"fHt:k UlAI,t:Cl'S, •• 
cnnnu FIJHTRII.N JJ S"fATE/>II::NTS PIHNT AND PUNCH, 
Cf*HHU ENCODI::IIIh:COJ)t; STATEMI':NT.S, 
Cnnnu I.WLTlPLE ASSIGNMENT STA'fi!:MENTS (A=B=C:O,J, 
C-tffffft* 1~ ~tAT~i'IENTS OF TlPE /LF(WORU .~u. bH•SPLltl ••• I, 
C'*'*'*'* AlO fORMAT, 
CfUH•n AND DO-LOOP PAfiAMI':".fl::llS USED UU'l'Sli.Jf; m· 1"HE LUIJP, 
c 
C****'***S¥bTt::M SUhRUUTlljt::ii Rlft:iU:NCt:U •• , 
Cfff***'* Si::CUND, HOUR, DATI::, 
c 

I~PLICJ1 l<t:II.Lf8 (A•H,U·I) 
CUf.H\UN I A SSUI<ES/I)io" /j ( 20) , N II OS ( 20) , TR A riS ( :.?0 l 
CUkMON I~CHCUMIIAl(J),IA2(J),I<A(b) 

CCAI,L BLINII. 
INCLUIIt: 'OLlNK,INC' 

CCALL !H,JbC 
INCLUOt: "I:IJ,JbC.INC' 

CCALL HLII.k~: 

l~CLUUt: "bLANl.INC" 
CCA!.L hLAR¥ 

lNCLli(JI:: "IILAR¥.1NC' 
CCALL NCJOIM 

It<C!,li!JE 'tHmiH,lNC" 
CCALL S1"1<AIN 
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INCLUU£ ':iTitAJN,ltiC' 
CCALL M 

lNCLUUt: 'M.INC' 
c 
CCC Aki-<AY t'Oii; COidJUC'fAtlCt:::i 
CCC 

CCC 

c 

COMMON /AKEA/AREA(bOO),l.>ELI(bOOJ,IJJ::Ll(bOO),NOXl(t>OOJ,NOX:i(bOO) 

COI.U•UN /NUIH'AP I NOX~, NiJXSb 
DIMlNSION t-IUXSCo!OJ,NUXSbl2U) 
lNTEG~H AbLUCK(lSJ 

C Ul~ENSIUN K~lTMSG(~lJ,K•It~DC(llJ,NOUHMY(l~) 
OlM~NSJ!JN KW11LOC(ll),NDUHMY(15) 
CHIII\AC11::R•tO l\k<!l'fMSG(91) 

c 

CCC 

l:CC 
CCC 
ere 
CCC 

EUU 1 VALI::NCI:: { NOU MM Y , NUSPEC) 
BYTE TIMJ::fL(14),FlLNAH{l4l 

DATA kl, M2, MJ, M4, M5, Mb, M7, Mij, M~, MIO, Mll, M12 
SIO,lO,t,loO,b00,20,20,I00,100,0,0,0/ 

JlATA tOt 1 TLOC/V, 4, IJ, 15, 1 !t, O!b, )5, )9, 41J, I)U, 74, bl, 91/ 
IJATA KWlTM!>G/'PI<UBI,EM TJ','ME '5014TUI','' REACHJ::ll ','TIMAX,, , 
l'A PORl PHI::','SSUI<E EXCJ::','EUED PSIMA','X + O,OOtt','PSlVARY,, •, 
2'A PURE PNE','SSUI<£ ~AS ','LESS THAN ','PSIMIN • O',',OOt•PSIVA', 
l'Wt., ','S'f~A[)'t STA','TE CIUTt:HI','A 1-it:Ht: SAT','JSFIEU., , 
4'1tN UNSPt:Cl','fiEII MATt:R~,'JAI. NOOE •,~Ok I)OUIWAR',•y NOllE WAS', 
5'HEft:IU::O •,~TU,, ~,'w2 PUNCitt:o•,• IN COL 6•',•7 Uf DATA', 
b'I'J>jO CAHD O','R •Cttt:CII: C','ARO Pkt:CED','ED PRUbLI::M',' NAME CAHO•, 
7',, ','THE NUMk~;R',' Of TUtE S','ll::f'S HEACH','EU MCYC,, ~, 
b'l't:ll:: I<UMbEH'," Of St:ClliiiD','S o~· t;~,APS~,·~:D iotACHINE",' TIME USEIJ', 
q• SINCE 'I'll£',' START OF ','THII:i TflU!:iT',' J(JI) HI::ACH','EO MSlC., ', 
!'NO MATt:RIA','L LIST (~L','OCK 2) OH ',"~80£ LIST ','{bLOCK 4) •, 
!'WAS SI'ECIF",'IED OR CAR','RJED {JVI::H ",'FI<OM THt: l'','HI::CEOlt.G P', 
2'1WHLUI,, ','ITUtATIH.: ','SCHEMI:: FOH',' PRlSSUHI:: ','HEAD CHANG', 
l • £0:. ltl CON~~; •, 't:CTt:O Sl-'~X', 'IAL t>ODt.S ','fAILED TU ', 'CUNVLHGt: I', 
4"N l;ll) lti::HA',''fJUNS HY U','SI:: Of A Tl','Mt: sn.:t- ','=2•SMALL.,', 
5"Tl1E NOMilt:u•,• Of ITlM::i ",'IN A DA'IA ",'~LUCK I::XC£",'t:Ot:D nt£ M', 
b"AliMUM SlZ','~. ','THt: ~t:NGTH",' OF A TAbL','E fUH A TI', 
7"MI:: 011 PHI':S','SUHI:: UtPI::N',"PANT INPUT',' UUUHJTY ','I::XCEEUI::() 'f', 
B'HI:: MAXIMUM',' SIZt:,, '/ 

CHUHUJN1TIAL1Zt: 0A1'1:; ANU t:LAPSI::O TIM£, 
CCC 

CCC 

CALL UAl't:(llAY) 
CAf,L SI::CU~II('fZ~NU) 

~HINT 5B4~, TZEkU 

cn••n••.s'fAii.T 
CCC 
C211 u 
211U 

c 
6001 

N~HUb = NSAVl = 0 
NPfHJti=O 
tl::iAVI::=O 

WHlll (o,t)'t:Nf~H IWPUT fiLl NA~~· 
kEAU (5 1 60Ull FJLNAM 
ru.r.AII(l4)=o 
1'/ll:: AtiO~l .S1'A'ft:Mt:NI Tiofo.t-s Cflltl:: Uf JUI'.bLO.tl-lJI' ~·11..~tiAMIC;> 

~'Ui'fo\AT (l4AlJ 
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OIHITI:: (b,._)~liOl'l!.k WAMI:: fUk UUTt'OT t'U,t:~ 

HEAIJ (5,&0011 THII::fL 
TlMlf'L(14};0 
OPI::N (UN.[ '.1':4, NAMt:=·r I Nl::fL, T ~ t'J::= ~ NI:.W ~ , fliHH= ~ t·OHM A 'I''J'~l) ~} 
UPEN (UN I T=l, l-IAMI:.=f ILNI\M, T~ P~=~OLD~, fUkM: ~i''URMA1"i"l::l1~, kt:AlJliNL'!' l 

CCC 
CCC lNITIALJZJ:: VOLUME CriANGl 
CCC 

DO 2114 N = l,JOO 
2114 DELVOL(N) " U. 

NUUJM = 0 
CCC 
CCC S1'AHT HEilt: fUH E:ACII AUDll"lONAL PHUULEM JN A ~TACii Of UA'IJi. Ot:CKS. 
CCC 
2115 NPHUB = NPROO ? 1 
CCC 
CCC lNI'riiiLl:t.t: CON'fkllL PAHAMI::TEHS. 
CCC 
C !BLOCK = KMI1' = NSTOP=Now=NCUt:CK=O 

KCYC = -1 
J IH.OCI\ = 0 
UH't' = 0 
N.STIH' = 0 
NO~ = 0 
NCII!!:CJ<. = 0 
DO 'l120 N = 1,15 

2120 NEWUL(N} = 0 
c 
c--------Ht:AU IN CONTHOL CAI<DS AND PHOULI:.M NAME CAIIII. 
c 
11~~ ~EAO(I,SH'/Sl NAME 
c 
f'{.C 

CCC Jl>NUHI:: 11' H' 1Ht:l<t. lS NO ._ IN COL. 1. 
CCC 

n;c 

lf'(NAkt:O).t:Y.IU*) GO TO :HJU 
PHHff 51175, ra.u: 
GU "1'0 21:.!5 

CCC CUI::CK FUH *SI-'L.ll' CAIW. 
CCC 

c 

~lJO IF(NA~t(2J,EU.4~SPLI) GO TO 4b00 
h'(IOA~!o:(l).ttE.<\ftCIH::C) GCJ TU 21J5 
NCHt.CII = 1 
~0 TU 4!12~ 

C-·- ---- -CUt;T IN U E 
c 
21J!) CUNTlNUt:: 

CALL S~CUNn(t:LT) 

t.LT = t::LT - T:t:F:RII 
PNINT 5~30, TI~E, DAY, NPI<UU, NAME 
!It: AD ( 1, ~920 J wrAPE 

P~l~T ~913, NIAPE 
5'J7J fU~HA'f(44tl 'fAI'E UA1'A WU,J, 1:1~ llol<lll'EN AT INH.HVAI.S llf' ,J~,llH lH:H 

lATlUN.S) 

CCC 

Pkl!o"f 5114b, t:L'J' 
CALL 1·INE 

CCC CON1'1WL CAIHlYOVt~R Of PATA r!<UM t'l<t::Ct.Ult~G 1-'k<lllil.l!:~. 

CCC 
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2200 If(f'oAfolt:(20) .t.L::, 1H4!) t;(} l'O 22ll~ 

CCC 
CCC Ht:kt., USE llATA A!W lNlT, COo-IU, HWM 
t..CC 

""" • 2 
PklNl' 511':1~ 

GO '" 2230 
2205 U'(NUIL::(2U) • ,, t:. IHJ) Go TO :.!210 

CCC 
CCC Htt>t;, USt: UA'fA AND fiNU COl~ D. ~·kilM 

CCC 
IHl~ = J 
(i0 1'0 2215 

2210 IF(NAME(20) ,li£, 1H4J GU ru 2220 
CCC 

l'kt:Ct:lllNt; i'kUIIL•l" • 

P1u:u.Uitll.i PitObt.to:M, 

CCC llt:H~, USt: DATA AND fiNAl, CUNU, I'IWI4 I'Ht:Ct:Ul!IG PkllbLt.M, W/ Ul.D l'AU,Ii 
CCC 

NU~ = 4 
TAll = SUM'l'lM 

221~ PHINT 5':10U, TAU 
GO 1"0 2230 

CCC 
CCC l.:f~{J ltLL CUUN'i'L::kS WUlll NO I>A'I'A IS CARkllU llVt:k riWH LAST PlhltiLt:M, 
CCC 

2220 PklNT ~~40 
(ltl 2225 N = 1,15 

222~ NDUM~~(N) = 0 
CC(' 
CCC SAvt; INll'iAL NUMlit:k u~· IH:MS lN t.ACH bi..UCII.. 
CCC 
~210 UU 22J5 N = 1,14 
2235 llt.MS(N} = NUUMHr(HJ 

(CC 
CCC TlST CAHHrUVt:k, 
CCC 

lf(N(IW ,EI..l, 0) <;O 'I'U 2245 

CCC 
CCC CAHk~UVt:H, 

CCC 

c 

lf(~AMt:S(l) .~a. lH*l GU TU 2l40 
PklNT 5960 
GO lO 2220 

2~40 PhlNT 593~, NAM~S 
CAI,L 'l'ALL~ 

NOW = 0 

C 1'HL~~. 2 CUt~TI!lUES Ak~ fRI.III 'fHt: COI'.I'Ul'i':O GU1'U, B~LOw, 

c 

c 

2290 CUNl'lNU!o.: 
2Jl!) CON'tiNUE 
224~ CAI.L Ll1H: 

C•••-··--Ht:AD Ju I)LUCt< NUMUt:H CAkiJS, 
c 
22~0 kt:AU(1,51!b0) AOATA, ll:ILOCK, MOUE, AtU,UCI\ 

c<:r 
CCC Tt.Sf CULUfo\N.S b-7 UI,ANr\ Uk lt:HUo 
CCC 

IHlhL<lCI\ .NE, 0) (i() 10 2~5~ 
CCC 
rc~ l'OLUMNS ~-ao. 
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CCC 
~~lNT ~870, AULUCK 
GO TO 2:.!!)0 

:.!2!15 PklNT 506!), AiJA1'A, lULOCK, HULit:, AULUCI\: 
CCC 
CCC Chi':CK t'OR llATA \,NO CARD. 
CCC 

lt'(lBLUCK .VJ'. 0) GU l'U 2J20 
CCC 
CCC NU DATA J::r.IJ CA~D, CtH.:CK FU~ AUO/IHJUlfY. 
CCC 

N = 0 
H'(MUUE .NI':. ltlA) GO '10 2200 

CCC 
CCC UATA ADOS TO UArA ALRJ::ADY kt:AO lN. 
CCC 

rJ = 1 
PRINT !:>b!:IO 
GO TO 22b5 

22Dil H'OWLoE .NE. liHll GO 'l'U 22b!:l 
CCC 
CCC UATA MUlHt'IJ::S 011 AUllS 1'0 UA-rA ALRJ::AlH ki::AD lN. 
CCC 

c 

N = -1 
i'klNT !:oll!:o5 

2265 NOUI:: = N 
IF(HOUE .KU. 0) lTEMS(IULUCK) = 0 
NblbL(lULOCK) = Nt:~l:lJ,(li:!LOCK) -t I 

C----w---t;U Tll SliiHWUl'lN~;s ·ru lli:.All IN BLOCK l'l'KHS. 
c 

l275 t;O T0(2310,22110,1.Jl0,22:JO, (.2!1!),2JU5,2J0!) 1 2lll5,:.010,231o),lbLOCK 
CCC 
CCC 
CCC 
22110 

.CCC 
CCC 
CCC 
2211~ 

CCC 
'ccc 
CCC 
2~95 

CCC 
CCC 
CCC 
2Jlt5 

CCC 
CCC 
CCC 
2HO 

c 

ULUCK 2 OR 4 

CAJ,J, !tH.:ItM 
CO 'l'U 2245 

l:lLUCK '. 
('ALL Glo:N 
oo ro :.!2 'i ~ 

tlLUCK 5, 

CALL riNK 
GIJ ru 2245 

t:ILUCK b 0" 

CALL l:iOI<L 
GO 10 2245 

llLOCK 1, j 

(ALL TALLY 
GO TO 2245 

7, 

O< ' 

Cw-------LOM~ ftt::kt: U"U:Il Al•l• UA'I'A ANU IH11'A J:.NlJ CAR() HA'o't: bi':EN kEAlJ lr.. 
C'-------•liHTIALll:t: ~t:!-'lll<t. FIRtiT THII': ~TLP. 
c 
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d~O CALL (,ltj~ 

CALL, LIN~ 

CCC 
CCC 
CCC 

2J25 
CCC 
CCC 
CCC 

CCC 

[}() 2125 
NAM~SIN) 

N = 1,24 
= NAME(N) 

CALL ~~~t:Uto(l(L::LTJ 

t:L'f = ~LT ~ TZ~ItU 

PRlNl' 584b, t:LT 

CCC SUMMAI<LZ~ l~PU'f UA'I'A, 
CCC 

CCC 
CCC CH~t:K f'UH HLSSJNG llLUCK 2 Ok 4, 
CCC 

c 

lf(KWlT ,L::O. Wl GO TU 4500 
CALL 5PL::CK 

C--~-----HICk~ML::N'l' C'iCI,t; CCIUNTEH, DO NJ::X1 TII41:: Sl'EP. 
c 
4lUU KC'{C ~ KC'iC t 1 
CCC 
CCC GU 'W 5UbH0UT1N~S TO liO 'l:lM~ STEP CALCULAl'lU!oS AN<l WKin: OIJT DATA,H 
CCC 
C--------1\~'l'UkN fll:.ill Af'f~k A TIME SH.:P 15 IH::Jt:CTI:.U, 
c 

4205 CALL 1't\t:kM 
Jf(NO..;t:N ,tU:. 0) CAl,L Gt.rl 
[~(NUCON .N£, OJ CALL fiNK 
Jf(NUbCUN 0 NE, 0) CALL SlfH~ 

lf(NU5PL::C .Nt:. 01 CALL SPJ::CK 
lf(NST0Pl4600,421U 1 45UO 

4210 CALL "fALLX-
C IHC'iC=NTC¥CH 
C IFOil'C'{C,Nl::.Nl'Al'E)GU TU 4211 

IHMUUli\C'iC, 1-~TAPI::) ,Nt:. 0) GO '1'0 4211 
C.: NTCYC=u 

JSt:u=l 
CAL~ h0~J::KA(O,IA1,12J 
IIA(tl=!iUMTll'!. 
RA{2):1Jt:Lf 
WH1TEC4,59l~J(RA(ll,I=l,2) 
I::.f:U=lSi::IH-1 
lC=O 
[10 700 1~1, NUO"~ 

IC=lCtl 
llA(lCJ=PHI(l) 
IF(iC.LT.o} GO Ttl lOU 
~llltf{4,597~l(HA{N),N:l,bJ,LSt:~ 

Js~:IJ=lSt:Ut I 
CAI,L MUH:I\A(0 11A1,l:t) 
lC=O 

700 C.:ON'rHHit: 
lf{ ~OH NOUJ::S, b l. tll:.. 0) rriHTt: ( -1, ~':17:!} (ItA (N), N=l, !:>) ,lSt:l.l 

~W1~ t'UHMAf (1Pbt:l2.~,1l,l~) 

IS~rl=l 
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c 

CALL, IW~~f(A(O,IA1,12J 

lC=O 
PO 800 l=I,NOCON 
lC=lCi-1 
1Al(JC)zNUX1(1) 
lA 2 ( IC) =NUA2 (J) 
HAUCJcDFI(l} 
H'(lC.t.l'.ll GO TOIIOO 
~RlT~ (4,~980)(1AI(~),lA2(K),kAlK),K:J,J),lS~U 

l5E!;I=I:i~Ch1 
CALL HOV~~A(O,JA1,12) 
IC=O 

1100 CONTINUI!: 
59110 ~·ORMAT!)(2I~,lPt:12oSl,9X,I5) 

H'( IIOD( HOCDH ,3) .NE. OJ WRitE ( 4 ,S'HIU) ( lAlli'\), IA2 (II\ J ,kA U'\ J, 1'\=1, J), ibl!.ll 
15t~bl=1 . 
CALL ~OV~KA(U,lA1,12) 
IC=O 
110 IOUO l=t,NO:iCOH 
IC:ICtl 
lA 1 UC) =IIOXS (l ) 
lA2(1C):NOXStl(l) 
RA(IC):DfS(l) 
lf(IC.LT.l) GU TO 1000 
WHITE (4,59110J(IA1(KJ,IA2(KJ,RA(I'\l,~=t,J),lS~U 
JSt:Q:JS~IHI 

CALL ~OV~KA(O,IA1,12J 
JC=D 

101)0 COIHINU~ 
IF(MO~(NOCON,JJ.N~.O)~klTt:(4,5~110)(1AI(I'\l,IA2(1'\) 1 kA(I'\l,K=t,lJ,lStU 

li!Htt:(4,102ll 
lO"ll fOilMAT(' END ur t•lLE 4') 
4.211 CONTlNU£ 

IF(KWIT) 4205,4J00,4215 
421~ l~((KWIT • 5J*(KWIT • 9) .EU. 0) GO TU 4500 
-1.220 NSTOP ;;: 1 

GO 1'0 4200 

C•••--··-l'l::.sr f'l1il PklltiLt;;M Pki!:PtWCt.:SSING ONL~. 
c 

c 

4Ju0 lF(IICtiECI'\,Lt:.o) GO ·ru 4400 
Kwt·r ::: t. 
lOll Til 4220 

C··-·-··-COME HI!.Ht;; 
c 

AT t:riiJ UF PttiltH.t:ll, 

4500 t..CYC = KCYC • 1 
N ::: KWifLUC(KWil) 
~Wli = K-ITLOC(K~IT i" 1) • N 
PHINT briij5, (KWlT~SG(N i" ~), K ~ l,K~IT) 
l'!llNT !J~6l,KWIT,NSTIIP 1 KCYC,N 

!J\Ib1 
CCC 
CCC 
CCI: 

FORMAT (11,17HK~IT,NSTOP,~CIC,N, 415) 

Go ro 2115 
c 
C·------·COI'It: UEIH:: ~HI!./1 A /fSPLIT/ CAt<.O HAS Ut:EN Ht:AU IN Ft<O,; UA1'A UU:t:.U 
c 

4bU\) CA.Ll. SECUNI)(t:I..T) 
C1Jh111HJI!. 
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CCC 

t:L'C = fVC • 'IZ~RO 
~ti!NT 584b, ELT 
~!liNT 5955 

CLOSt: ( UtU '1"=4) 
!il'lJP 

CCC trW m· Ht:Afi'f, S'fltP PkOCESSlNti. 
CCC 

51125 fO~HAT(/lOX,lOHENUEU PR0~,115,5X,bHKCYC o:,llb,5X,~H~lJMT1H o:,t:lj,5JH 
5830 FUHMA1(1H1,9X,17H'fHU::il OUTPUl' UA'l'A,!lX,12tll'IWGkAM LIATA,2(:.!l(,A10), 

1 20X,9rlDA1A OEC~,115//lOX,A1,17A4,A2,Al,4A2) 
511~0 t'UkMAl(IIOX,4:.!UNO DATA CAHRY•OVEH rtWM l'FH.t:t::OING l'HllllLI::M,) 
51145 i''UtlMAT(50tU ELAPSED TIM!:: llt:FOitt: Sl'AH1' Ut' 1·~us·r Jllll :., 

1 lr7.3,9U St:CUNUS.) 
51146 fllltMAl'(/10X,40Ht:t..APSEO TlMt: SINCE STAI<T Ui'' liWI)'f JOb : ,tn,l, 

$ 9H SECONDS.) 
51150 i''OHMA1(HIX,J4HDATA ADDS TU LIATA ALki::A[JY lti::AU IN,) 
5tl55 i''ORMA108X,46HOATA IWDU'lES Ok ADlJS 1'0 UA'l'A At.Ht:AIH kE.'AU IN,) 
51lb0 FOHMAl(Al,A2,112,1A1,15A4) 
51165 fORMAT(tOX,5HOATA ,Al,A2,1Il,1~1,14X,1SA~l 
Sl:l70 FOI<MA1'08X,l5A4) 

~l:l75 FORMAT(1A1,17A4,A2,1A1,4A~l 
5111:10 F'OkMA'l:<1UX,I~A4) 

~6115 t'Ot<MAl'(llOX,'27HH~ASUN ~'OH ~NOING l'I<UbLt:M •//IOX,1JA1U,IIOX,3A10) 
511'15 t'ORio\Al'{/,lOX,JbHIHI..t, USE IJATA AND INITIAl, CONDITIONS, 

1 4111 FROM PRECEDING PIWULEM WITH NAME, DATE ••• ) 
~9()0 fOHMAHI,tOX,46HIIIILL USe: DATA ANU t'INAI.o CONDIUUNS, IIIItH l'AU :::, 

1 t::1J.!;,43H r!HJM PRt:CIWING l'HDI:!Lt:M WITH NAME, I)AT.E •••) 
~9:.!0 FUHMAT(ll;l) 
~'135 FOkMAt(lOX,IA1,17A4,A2,1A1,4A2l 
5955 FORHA1'(/Ir)X,t7HEND Of' THUST JUil,) 
5'1t>O HlRMA'1'(l'2U U*UUfUNO DATA 15 Hi 1>\t:MOkY,J 

n.11 
SUIIkUUTINt: MDVEKA(K,JA,N) 
OIMICNSIUIO lA(l) 
DO 100 l=l,N 

100 IA(IJ:::K 
ur:rURN 
I!:N II 
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CUt;CI\ THUl/4 
SUfHIOUTlllll:. THt.:fl:M 

HIPI.ICH ki::ALHI IA•H,U•Zl 
c 
Cffffffff~~kSION ~/~0/b~o 

C********REVISEO l/7lo 
c 
CfnU:fffTHU<M IS A Ht.:UUlfl:t:D SU!:iiWllTINE. 
CCALL 1'1 

lNCLUUE "M 0 INC' 
DIMENSIU~ A~AT(10l,AV(10l,CC(10l,CS(lO),t;~(10l,CD~Z(10), 

$ ~Z(10),MAT(10l,SS(10) 

CCALL NODIM 
li.C-LUIJE '"NLHJIK.li<C' 

CCALL llLINK • 
INCLIJOE 'bLlNK.INC" 

CCAI..L ALISC 
INCLUDE "~:iLISC 0 1NC' 

CCAI.L BLAKE 
lNCLUIJE "l:iLAHt.:.lNC' 

l:CALL tiLo\H't 
lNCLUIJt: 'liLAK'I.lNC' 

CCALL AIICA 
INCLUIJt.; "AHEA.INC' 

C:CALL IJJOSAT 
JNCJ,UDE 'UNSAT.INC" 

CCALL CHI 
INCLUDE 'CHI.INC" 

CCALL AGt:N 
INCLUUE 'AGI:.H.INC" 

CCALL STtiAIN 
lNCLUIJE "Sl'HAIN. INC • 

CCAJ.L CUHVt: 
INCLUUE "CUHVt:,INC" 

CCALL NJoiiNl 

c 

lNCLUilE 'NMIN1 0 lHC" 
lF(KCrC) ~000,]100,4200 

:.!DuO H"(IBI,IJCK .t:a. 2) Gil TD 21.:i~ 

lH II> LOCK .Ell. 4) GU TO 22'1~ 

CCC INPUT UATA J:iLUCK 
c '· MATt:RlAL l'kOPC:I<'f't LIST. 

c 
4!1.:i5 LAB~:t. = 1 

l~(MUO~.~a.u) NVAkK : ~VAkC 

lF(MOOE.Nt:.OJGO TO 21JD 
JIVAkK = 0 
NVAHC = 0 
NMA1' : 0 
lliiAkCHl : 0 

: N~AT : NVAkCHI : 0 

21 1b CUNl'[NIH:: 

c 

Al'Al'H = ( 411 
N = Nlo!AT-

~140 KEAD(l,~~UU)Al,Nt,I,I,L~,LJ,L4,Pl,l'~,PJ,P4,P~ 
H'(A1.Nt:.4fl.iYSTJ GfJ 1'0 2150 
HtAII(1,5790lAPATil,THlCK,kU,Xf,llUVlkH 

lf' (Xf .n.l. O.l XF'=l. 
'J'HICK = l'IIICK f SCAI,~ 

PtclN'f 5H~ 
PWlllT 5"/<JO 
!'HI NT !:> I<J7 
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PJHrH' ~79b 
PklNT 5799,APAfH,TIIlCK,kU,XY,~U~~kH 
CALL LIN~ 

2145 kEA0{1,58UOlAl,Wl,L1,L2,Ll,L4,P1,P1,Pl,P4,P~ 
c 

2150 lF"(Al,I::Q,~IICIIl }GO l'U 2190 
lf(NI,EQ,ol GO TU 2270 
IF"(MOUE ,r,;t:, 0) GO TO 2170 
CALL ~~EK1(N, Nl, HAT, NMAT, K) 
JF(K .EQ, OJ GO TO 2lb5 
lF(LTA~C(NJ ,NE, 0) NVARC = NVANC - 1 
lf(LTAHK{N) ,NE, 0) NVANK = NVAHK - I 

21t~ IT£MS(2) = NMlNI(lT~MS(2l) 
GO 1"0 2175 

(2170 N : NMAt : N • 1 
2170 N=N•I 

~~ 15 lf(N ,GT, M2) CALL MOHTHAN(N 1 NMAT,M2} 
AIIAT(N) = AI 
MA'l(N) : Nl 
L'rA!JC(Nl = Ll 
LlAHSC (10 = L2 
L1'AHI\{N) = L) 
Ll'AbSK(N) : L4 
AV(rO = A!:lS(PlJ 
1::2.(N) = P2 
PZ(N} = Pl 
CONT(l,fO = P4 
SS(N) = PS 
J,TAHCIU(N) = 0 
lf(SS(NJ,tQ,O,) GO TO 21ti0 
PRINT SuOS,AMAT(N),MAt(N),N,LTA~C(N),LfA!:lK(N),CU~I(l,N),~S{N} 
GO 'JO 21115 

21~0 P~lNT S~tO,AMAt(N),«AT(N),N,LTA!:lC(NJ,LTA!:lSC(NJ,L1'AbK(Nl,LTAHSK(N),T 

SAV(N l,~~(N) ,PZ{N) ,CON'I( 1 ,rn 
c:cc 
(CC lhPUT PAIIA/IIE1'l:;R fOR Ol::fOkMATlUN UF SI!U, SKE!,ETON 
CCC 
C-----WHI::N SS > 0) BOTti CONDUCTIVITY AN!J SPECli'JC i;;1'DHAGt ii!LL bE MAOI:: 
C----- CONSH.N1 
~lij5 l~{SS(N),NI::.O,U) ~0 TU 2140 

NVAHC = NVAkC • I 
lf(AV(N),c;T,O,O) CUNSTI : EZ(N) • AV(N) 4 PZ(N) 

C t~(N) = CS(N) = CC(N) = 0,0 
CII(N) : 0,0 
CS{lo) = 0,0 
CC(N} = 0,0 
lf(AV(N),GT,O,O,ANU,CUNT(l,~).GT,O.O) ~U TU ~~20 

CCC 
CCC: t. - l,OG P CIJIIV~: DATA 
CCC 

kt.AU(l,57tiDJCS(NJ,CC(N),I::Z(NJ,PZCNJ,CK(~),E~(NJ,CU~~~N) 

CC(NJ ~ AB5(CC(NlJ 
CS(N) = ABS(CS(~J) 
CON.S'll : ~Z(N) t AV(Nl f PZ{N) 
CON51'2 : t.Z(I~) t CC(I~) l' [J(,IlGlil(Pl.(N)) 

~ltiD YUkMAT(JI::tll,j) 
PlllNT 51H5,CS(~),CC(NJ,I::Z(N),PZ(N),CIIl~),lKlN),CONZ(N) 

57ti5 fOkMAI(l01,~4H C:~ CC ~z PZ 
$ Cll ~K CONZ ,/,~X,71::12,4) 

Ji{CK(N),G1,0,U)NVARK : NVARK t 1 
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CCC 
CCC 
CCC 
CCC 
CCC 
CCC 
CCC 

2190 

CCC 
c 

~191 

CCC 

TABULATt: CHI AS A fUNCTilll\l Uf' SATUKATliJN UK Ab A FIJNC'I' tul'l Of 
Ht:AO. LtA.BCIII lti (il<t:At~:H 1'HA.~ :t.:t,HO 11" Ctll l::i A fU,~C'fiUN I!F 
SATURATION AND L'l'AHCill IS l.~:s:; 1'1UN :t.:r.tH.l IF Clll IS A fUNClllJN 
llt" Pkt:SSli«E HEAO 

U.S( CUL.S 1 TO 3 nJH 1'11!'.' WUkU Clll A«U CUI,S b TO 1 U I0UH Ll'AbClU 
COI'iTII'lUE 
lf(NI.LT.U) GU Ttl 2:lUO 
CHI IS 'rAbUl,AH.ll AS A fUNC'rlUii m' SAI'UI<A'f!U;J 

I.TAbCHl(N) : LTAb: Nl 
L'fAtlCHIOO = N1 
LTAB = 1111 

U(I,!Ab.G'J'.I) GO 'CO :.!191 
L'JAUCHI(N) = 0 
GO ·ru 2140 
NVAkCHl = HWARCHl + 1 
KEAll(1,~ijl5J(CHl(J,N),CH1VAHS(J,N),J:l,LTAbl 

l>ETI':RMitH: Ct!lHR~ COkk£SPONOltiG TO CHI 
00 2195 J ::: l,L'fAU 
S~I = CHlYAkS(J,NJ 
MAX = LTAiiC(N) 
lt'(MAX.Gt.IOO) GO TO 2210 
H (APATH.t::U.4Hjjt:T ) GO TO 2192 
CALL tNTEk(SO(l,NJ) 
CH1VAHP(J,NJ=PSIVAkC(MlO,N)+(1./l&LOCO(MlU+l,h)+l.O•l2)l•lS~I-SD( 

$MJP,N)l 
GO tO 2195 

2192 CALL KNTEk(SWl1,Nll 
CHIVAH~(J,N) = PSl~AkC(MIU,Nl+(l.I(SLUCW(MlDt1,N)tl,U-1:l)J*(.SET-tiW~ 

$(MID,Nl) 
GO 'fO 21'::1~ 

:.!210 CllN'fJNlJ£ 
SET : CHlYAk~(J,N) 

Xl =: ALPIIA(N) 
X2 = 1,/t:lA(rO 
.\3 = SROO 
lf{SET.LE.Xll GO ro 2194 
Jr(SET.G£ •• 99999999999) Gu TO 2211 

~193 K4 = ((l.•SH(N))/(SET•SH(Nl)J-1. 
Xt = (Xlfll4)UX2 
CHI~AHP(J,N) : -X4 
GU 1'0 2195 

:.!194 CHJYAHS(J,N) = Xl * 1.01 
SKI = CHl~AHS(J,N) 
GO TO 2193 

:.!211 CHIVAHP(J,N) = O. 
11~5 CONTINUE 

GO 1'0 220~ 
2200 LTAii = -LtA~ 

lf(LTAB,G'J'.ll GO 'J:U 2201 
J,TABClll(N) = U 
GO 1'0 :.!140 

:.!201 N~ARCHI : NVAHCHl + 1 
k£AU(1,5ijJSJ(CHI(J,Iil,CHl~AH~lJ,N),,J:J,LTAUJ 

CCC ll!O:H.:kMlNL t'ltl~AKS CIHIIH!:SPUI~Uli~G '1'0 CHI 
DO :l2U3 J =: 1,LTAB 
SET = CHI~AkP{J,N) 
lf(HAX.GE.tOOJ Gil TU 2:.!1~ 
CAI.l, UHft<U'SJU!fC(I,N)) 
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H'(APA'l'll,i:,(J,4tHI~~'I' ) GU nl 2:tU.l 
CHIVAHS(J,NJ = SD{MJU,J)tS/,tiC!•(hiDil 1 Jl*(~~'I'·PS:VAHCIM1U,JJJ 
t>O to 2203 

1201 CHlVAkS(J,N) = SW(MIU,J) + SJ,UC~(MIU+t,J)f{5~:T-PSIVAHC(MID 1 J)) 
GO TO 220J 

l215 COitTINU!:: 

211b 
2203 
2205 

SEl = CHIVAHP(J,N) 
XI = ALPHA(N) 
X2 = lTA(Ij) 
XJ = Sl<(tO 
11-'(SE'l',G!::,O,} 
CUH<AkSIJ,Ii) = 

GU TO 

" . 221 b 
(J,•XJJt(Xl/{Xlt{AbSIS!::I)l*'k2l) 

Go ·ro noJ 
CHJVAHS(J,NJ ; 1. 
CONTlNUt'; 
00220bJ= 2,LTAB 

={CtliVAf<I'!J,NJ CHllo'.II.l(J,NI 
220b cornitJliE 

CHIMID(I 1 N} = CII{VAHP(l,N) 
CALL SLOP~(CHIVAHPll,Nl,Cill(I,Nl,bLOCHl(l,~J) 
SLOCHl(l,Nl = SLUCH1(2,N) 
CHJMJU(LTAbtl,Nl = CHlYAk~(LTA~,N) 
SLOCHI(LTAb+1,Nl = O. 
PRINT 5900 

~900 f0kMA'l'C40X, 
S ~11\'!'ABULAUU/'j Uf CHI ~I'J'tl PHE~.SUH!:: Ht.AO ANIJ SAfUilATlUN 1 /,4~X, 
$ 44H Cl!l PI~ESSUI(£ H!::AO SATUHATIU!<,/) 

PklNf 5910,(CHl(J,N),CHJVAkP(J,N),CHIVAHS(J,N),J=l,L1'A8) 
~910 fOR~AT(45X,l~15,4J 

PHHiT 5920 
5~>20 f0fiMA1 { 40!1, 

S 42tlTAiiULAT10N ut· DCtli/Dt>SI ~ITH PklSSUHt: Hl'.AU,/,1t:.X, 
S 291l DCHI/UPSI Pil£S<iUfl!:: II!::A!J I) 
JJ = L'fAfl t 1 
PRINT 59]0,{SL0Ctll{J,N),CHIMIU{J,N),J=I,JJ) 

~'HU I'"UlHIA1'(4aA,2U5.4) 
GO 10 .214U 

:.!:.120 If"(AI'ATI!.t.0.41i !;!l TU 22~0 

fALL hY.::iT 
GU HI 2HO 

l:CC 
Cl:C CALCULAn: SLOPf:S FUH CotHIUCTIVI1'Y 1'AtlLI:: !l'll<c:J< ~'LOI·t fllGIUN IS AI,WAY.::il' 
CCC TO k~"A1N .<;A1'1JRA1't.U 
CCC 
c 
22~U /.TAU = JA~S(LTAbK(~)) 

lf{LTAB .~T. 1] GO TO 2255 
LTAbK(N] :: 0 
GO 'Ill <!1411 

2255 NV~kK = ~VAilK t I 
LAtl~l. = 1 

c 
ktAU ll,5bl5J(CO~l(J,Nl,P.::ilVAK~(J,N),J=I,!.TAo) 
CALL ::OLOPI:: ( PSlVAHI\ II, rn, CON'f( I, td, SLOt\( 1,/1 J I 
l'kl NT !llliiU 1 (CO/IT ( J, N) ,SLUK {J, N), P.::il VA lit'. ( J, N) ,J=I, L'IAtJ) 
lf(LTA6 .GT. H9) K!l'11 = 12 
PkiN1' !lbtll,N 

~!lUI fUkMAT(lUA,12Hfffl* LTAbK(,JJ,l5H) ~X~I::£US 1AbL~ J,i~Gltl M~) 

GO 1!1 2140 
221U ~~.~~!~(4) = N~~~L(~J t 1UUO 

kl1'Ut.:l• 
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t 
C CONPLt:1'U> tH.UCK 2. 
c 
CCC 
CCC lNPUl LJATA 1lLllCK 
CCC 

•• :; 0 

•• rwu~: LJSl' • 

221!> 
c a (fo\UOC: .~;o, 0) I'IULlt.S : 

lf(~Uli£ ,t:O, OJ ~OSPC:C : 
l~(lo'l[ll!E .t:ll, OJ iWUt:S :fl 

IWSPI::C :: 0 
0 

N :: NOUt.S 

c 
Kuvt:z = o 

12110 IU.Al! ( 1, !:>U20 )N 1, I'!St:U, /jAlJU, 1'1:.1, 1\,::, 1 OLUNG, U~ l !lt:, (J~A!J, l'2, t-1 
c 

en~~ 

2;.!~:, 

:.!lOU 
c 

lf(Nl .f~. 0) GU TU 2310 
OLlJt.(; = liLOiiG4SCALE 
0~100: = OrtlliE*SCAL~; 
LlHAIJ : DttAU 1<S('ALI:; 
Pl : Plt-!JCAI,t:; 
1-'2 : P2*SCAL~. 
AOP = 0,0 
H (UHAO ,GE, 0.) GU TU 22t!!> 
AIJ!l :: -(IIHAU t UI<AUS) 

lli<AO = UHAlJS 
H (lotUIII:: .GE, 0) GO 'fU 22~5 
CAI,L 5t.t:I\I(N 0 Nl, NOLl~, NUO~S, KJ 
Jf(K4NT¥PE(r.) .NE, 0) NllSPEC : IMSI'I:.C - 1 
11'tkK(4) :: NMlN1(1lE~S(4)) 
(;() 1() 2300 

N : NUOC:S :; N t 1 
li=Ut 1 
NUI,t:.S :: N 
H0.1 .GJ'. M4) CALL MUh'i'ltAtHN 1NilOE5,M4) 

hUUkArlN) :: /<IDXMAt(N) :: N2 
/lOimA'f(N) = N2 
lllJ.HIAl(li) :: N2 

NUDt:(rn = •H 
NTYPt;lN) : (J 

JF(KCWEZ.t.'.l.OJGU fU :.!JO~ 
Z{N) = Z(N-1) t 1'2 
GU TU 230tt 

no~ zon "' 1-1 
;.>l(Jij t:ON'rli;U£ 

CCC 

I'Hl 00 : PIIJllNE 
l'SI(I<) = l'lll{N) - :0::{10 
t;(N) = t;OtH:: 
PC[!\1) = f'C•J,·,~­

lf'(SStN2).J~t..U.U) CU Til 2H7 

CCC INltlALJ.Zr: Pki':CU,SULIUAI'lllfo PIIESJUI<E AND SA'IUIH\'J'IUN i'A'i'll 
CCC 

l~(A~A'I'Il.~~.4HURI ) ~U TU :.!JlU 
lt'Al'HlN) = 1 
llPSlS [NJ ::: -1. 
GO 1'U 2JJ7 

lHU H (APA'1'H.M:.4HlOIL;T )GO 'flJ :.1:.11~ 

IP~l'fi[N) "' 2 
l>PSIS[N) ::: 1. 
(;[J 1'U 2317 

2318 li•AlH(N) = 0 
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2317 
c 

CONTlt;Ut. 
URADS = lli-<AD = UHAU t AI!U 

llkAU=I.lRAOtAI.llJ 
l.lRAIJS:::[HlAU 

VllL(N) ::: ljj,.Q/ot4:1JLU11li4:!JWIULf.VttALl'4-tl:>'ti'l 
lf(VOL(N) .~£. 0,) GO TU 2115 

2J1S 

VOL(N) ::: 1,0-24 
N'UP£(N) = 2 
GO TO 231~ 

lf(~S ,£0, 0) GU TU :.!320 
N'l H'£00 = J 

211~ NOSP~C = :j[)SP£C + 1 
2320 HOHJI,(L, 57) ,£0, OJ PklNT 5<125 

L ::: L + J 
PHI NT SU 30, NOI.l£ (N), N, IWIJM lt.T ( N), N'ftPj,. ( 1'1), [IL!JI~li, OW ll.lt:, l.li!AU, VOL( If), 

$Z (N) 

:.!J2S 

H3U 
2JJS 

c 

H'(NSt.O.Lt.,O) Gil ·ru 'J32S 
NS£y ::: iiiSt:il - 1 

" " •1 • t;AIJU 
KDIJt:Z " 1 
1;0 TO 2285 
tiODfZ " 0 
GO TU 22110 
uu 2HS ' " 5, 12 
N£WI)L(N) • NbtiiL(IO • 1000 
N£10BL(1) " Nt:WbL(l) • 1000 
NEWbJ,( 1) " N£WbL(7) - 1000 
RETUIHI 

C CU!-H'[,t.Tt.D dLOUo; 4. H~;·rutw TU H!:;AHT, 
c 
JIOlJ lULUCI\ :: 'l 

CAL/, k~:Ft:H(NOO!o\1\'I, NUXI-IA'l', NOUt:S, HAT, NKA'J'l 
CCC 
CCC CALC. NOUt. MASSES, C.IIPAC1'1'1t:S, COriOUCTlVll'I£:>. 
CCC 
CCC 
CCC COMI'U"J't: 'Il.l'l:>TH:>(N), Tl151'k.S(N) l.S 'Eli£ 'Hl'IAL Sl'llfS:> lN Mt:n;H.S OF 
CCC !iATUl, TfllS CALCliLATlON ASSUMES lHAI' PlilOk l'll TIM!'.. TZI::t<U, 
CCC Ttl~: Si'.S'n:l'l OIIA.S .SA'fiJflATJ::I.l UPTO tHJ:: Till' 
ClC 

I~(NAHJ::~(~O),Nt:.lH ) GO FO J12U 
CUL l,IJlE 
l'kiiH ~"lbO 
00 Jl:.!l N ::: l 1 NODJ.;:S 
~UHU~~ :: IHICK • Z(U) 
l'STk.SlN = IHJIIOt;joj ' 1<0 
llli:Ll"PSI ::: lWIHJ£tl - PSI(N) 

D~LII'Sl::(UMINI(~UHO~N, OELfi'SlJ)•(HD-1.) 
C Jf(D~LTP.Sl,GT •• 5.IS!kSlN)Il£LIPSI::: 0, 

H" (Uii:L'fi'Sl .l,t:, 0,) nEL1"PS1=0, 
'[UTSTP.S(N) ::;: l'S"l'['(SHI • Ut:L1'1'!il 

Jl:.n CUIIIThUE 
Jl20 CUIHIUO£ 

CALL Lhl:: 
CCC 
CCC CUIIPIJ1'£ I,UHI't:D (lUA1'11'1J::.S fLlk lliKt:NSIUNLt.:>.S 'llMt: AIH> l!lo'll::i<SlUNLE:.iS 
CCC I'H£S&IH-:I'. 
CCC 

Jf(IIUUIM,LI::,O)G(J flJ 2440 
TLOMt' ::: CON f( 1, I l'HillJL·~~.I'./{ 'J lSCf.5S( 1 
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Pt. II MP = 2. fl. 141 S':l:tb!l fHHU~ f1.,;t,;l::/ ( l.hlV ~:H H fV l ~C j 
PLUMP: PLUMP f CONT(1,1} 

2440 CONTII<U~ 
J115 00 3125 N = l,NOU~S 

ZIP(N} = 0.0 

CCC 

NNU : NOOHAT(NJ 
itOOkt:r=N 
J = NOIHIA'f(N) 
Xl : ~PRl~EfPSI(N) 

HHO(N) = HHUZ ' EXP(Xll 
IHSS(NND).Nt:.O.OJ GO Tll ob!IO 

CCC CALCULATE l:.t'f'ECTIVE S'fHt:SS, VUlD kATlll 
CCC 
C CHIOA~H = CHIAT : 1. 

CHIAT=l. 
CHIDASH=l. 

lf(P&l(~l.GE.O.l GO TO 3110 
C Jf(PSl(N).LT.O.JCHIOASH=CHIAT=O. 

lf(PSI(N).LT.O.)CHIDASH:O. 
IF< PSI ( N l .LT .o • )CHI AT:O. 

CCC Jo.:VALUA'fl': CHI AT PSI(N) 
SET : PSI(N) 
MAX = IABS(LTAtlCHl(J)J 
CALL ~NTEH(CHIVARP(I,J)J 
lFCSET.GE.CHIVAHP(~AX,J))HlU : MAX 
CHIAT = CHI(~ID,J) • SLOCtti(HID•l,J)f(St;I•CHJVAR~(~ID,JJ) 

CHIAT := OHINl(t.DTO,CIUATl 
CtliAT := 0MAXl(CUIAT,.0001DtO) 

Jl16 t:ST~ESS : TOTSTRS{NJ - CHIAT f PSl(Nl 
Pt : 'fOTSTRS(N)*HHOZfGt:~: 

P2 = I::Sl'Rt.SSfHHUZfGt:t: 
PRlNT 5705,111001:: (ill l, TOTSTl<S l N), Pl, i>STRI::SS, Pl 

!l7b~ rORHAT(10X,I5,5X,Ell.4,7X,I::1).4,SX,E13.4,7X,1::13.4J 
IF(LTABChl(Jl,Ell,O.OR.St:T.GE.O.Ol t;O 'fU 3117 

CCC CALCUI.A'fE. CHIDASH := CHI T PSI f DCUI/01'51 
MAX = IA6S(LTARCH1{J)) 
CALL I::Nf~H(CHJMIOti,Jl) 
UCHIOP = SLUCHJ(HIU,JJ•C<SET•CHIHJU(MIO,J))/(CUIHlU(MlD•l,J)• 

$CH1HlD(HIO,JJ))f(aLOCIII(Ml0•1,J)•SLOCIII(MlO,Jl) 
CIUUASH = C1HAT • St:T • DCHIDP 
CtiiUASH : 0MlN1(1.D•O,CHitlA5H) 
CHWASH = DMAXI (CIUDASH,O.OtO) 

J111 COHTIIJUE 
lF(AV(Jl.I::~.O.l Gll TU 6500 
CONSTI = t.Z(J) • AV(J) ' PZ(JJ 

C---·- COHPUTI:: VOID HAl'lfl USING AV 
~(NJ : •AV(JJ ' HHO(N) f ~1':1:: ' I::STHI::SS • CU~STl 
PC(N} : ESTRt:SSfRHO(NJfGI:.E 
GO TO 0550 

oSOO lF{PC(NJ.GT.O.J GO TO OSlO 
0505 PC(Nl = ES'l'RESS f HHO(Il) f Gl::~ 

PC II ( N) = t:STH~SS 
1::(10 = •CC(J)fOJ.O,ilO(PC(Nll t CONS'f2 
.H : CC(J) 
GO 1'U 0550 

6510 PCit(N) = PClN)/{HIIU(~)fG~I::] 
IF(t::S'l'IH:S.'i.G.:.PCU(N)) GO T(J b~(l) 

~C : t:l.(J) - CC(Jlfui,(JGlfJ{PC(rO/t'l.(JJl 
CONST = I::C • CS(JlfULOGlO(PC(N)) 

I< llOIJf' X =t< H(J ( 1<1 J 
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t>t:ELJ=Gu: 
1!;(10 = ~CS(J)fDLOGlO(t:S'i'Hl':SSfktiUill'Ht>t:t::LJ) t Cllh.ST 
X1 = CS(J) 

0550 CONflNU£ 
CCC 

VSULlD(N) = VOL(N)/(1, t KlN)) 
VOL(N) = VSOLlD(N)f(l,tt::(N}) 

CCC CALCULAn: Ot::HJYAT!Vt: Of' ~Ol11 HATIU II!TH Ht:Si'tX'J' 'fO Pbl 
JF(AV(JJ,t:U.O,O) GO TO 6~ij0 

DNDP = AV(J)fRHO(NJ•G£E 
GO l'U 0590 

b5jj0 X2 : 1,/(2,J025850994H.S'fkt:.SS) 
DNIH' = X1U2 

CCC CHt:CI\ t'OR SATURA't!ON 
6590 IF(i'Sl(N) ,Gt:,O,Q,OH,N1'YP£{N) ,t:!.I,2JGO 1'0 &000 

C----- EVALUATE SATURATI014 ANIJ SPECIFIC f'HllS'J'Ukt: CAPACl'U ~y CALLING 
CCC SUbkOU'llNt: HYST 

CALL HYSTt 
GO TO b610 

0000 CAPM(H) : 0, 
S(N) ::: 1, 

6610 CON'UNUE 
lf'(S(h),Gt:.l.JCH!DASH : lo 
CAPT' ::: EtNl'S(N)$kHO(i0U2ftl£TAfGU: 

$ tS(N)fRHU(N)fCHlllASHfDNili' 
$ tE(N)$fii\O(N)fCAPM(N} 

CAi'{N) = VSOLIO(N)fCAPT 
l~(N,Nt:,tb6,0R,N,NI::,Ib7} GO 10 66ijO 
PRINT 9998 

~~!Ill fOHMAT ( I OX, H HN, CAP ,1::, S, RHO, CHI ()ASH, llNOP, C A I'M, V .SOL 10} 
PklNT 577~, N,CAP(N),£(~),S(N),kHU(N),CHIDA5H,DNDP,CAPHtN),VSUL1U( 

"' GO TO 6080 
bb50 CONTlttUI:: 

Ir'UoAM~S(JO) ,Nt:,• 'ltiU 1'0 bt>80 
CAP'l'=::>S(NNUJ 
CAP(~)=VOL(~l*CAPf 

bbijO If(CAP(NJ,LE.O,}CAP(N) = 1.~-36 
CCC 
CCC CALCULATE W(ll) 
CCC 

U(SS(f~HO),~O.O,O) GO l'O 66!10 
W(N) = CAP(N) f PSI(N) 
GO TO 0715 

bb90 ~(N) h VSOLIU(NlfE(NJ•StN)fHHU{NJ 
CCC 
CCC t:VALUA'l'E CUI•llUCTIVlU 
CCC 
C~---- CtltCii, TO St:t: H CUtWUCTIVlTY - t:n·ECT1VI:: :HRt:SS UH 
C·--·· C0t.IOUCT1V1r't~VUID HA'rlU RELA:rlUN IS 'l'U ~1:: USED 

r.100 lHCI'i(NNDJ.Nt:,O,) GO TO 67~0 
IF<APATU.t:0,4H ) Gfl TO b710 

C-·---· lVALUAH CUNUUC'l'lVITY ~y CALLING SUMHUUTINt: HYSf 
lfCLTA6K(NNU),G~.10U) GU TU 67110 
l~(PSI(N),GE,O,) GU TU b710 
CAI.L HYST:l 
GO TO MOO 

to710 IF(LTABII:(NNO},G'f,l) GU 'HJ b120 
o715 CON(N) : CONT(t,N~PJ 

GO ·ro bijOQ 
CCC 
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CCC t'LOW HLGifJN 1::0 .SAl'lJilAT~l!, 1\ l.S 'JAJJULAl'~U A:. A fliNCTlflll m 
CCC U'f"i:.CTH~ S'!Ki:.SS 
CCC 

6120 C(JNfit•UE 

CCC 
CCC 
CCC 
CCC 
CCC 

b75U 

61110 

biiOO 
l12S 

CCC 
CCC 
CCC 

lf (L.TAEit\(I•NP),(jl::,lUO) GU 'fll b'/1:10 
~l:.t = ESTHt:SS 
MAX::~lAEIS{LtABK(NNU)) 

CALL t:Nl't:I<(I-'.SlVAilK(I,Iii'Wll 
CON{N) ; CONt(MlU,NNU) • SLUK(MlO~I,NNO)'(.S~t-PSl~AHK(kiU,~NU)l 

GO TO bSOO 

'CHL flJLLUWlNG CAIU.lS 
tltf t: Vt:kSUS l.UG 
TAbULATt:O VAI,UJ:;S Ot' 

CONl'li'IUE 

COUI,U 13~ USt:U LA'n:H H' 11' l.S UI::SlKt:U l'U USt:: 
ll l<t:LATION f0k THI!: SAl'UHA1'EU ZONE ANU THt: 

K V~R<iU:> P:>I IN 'fH~: IIIIISA'Cllt!An:o Zuro~ 

lf{PSl(H),GE,O.O) GU TU 67b0 
H'(LTABKt<"<ND},Gt:.IOOJ GU 'fO biiUIJ 
CONS! ; LtdtiNU) • {Ct<.(HN0)/2.3025115U\l])'llLOI.J(CUN;';{I/NIJ)) 
~~ ; ((t:(N)-CUN::OTJ/Ct<.(NNU))'2,J025ij509J 
COtHN) ::1 !i:XP(X1) 
GU TO biiOO 
IF(PSHN),Ll',O,) GU tO biiOO 
CON(~) = CUNT(I,NNU) 
lf!CO~(NJ,L~.O.) CONCH) = 1,00•24 
COt.'{INU~ 

CALL LINt: 

~·lt<v lJll'f ANU Wlll'l'~ 'f(J'fAL NOU~::;, VOLUME, CAl' Ut' J::ACil MAl'I::IUAL 

PHJN'l' 51170 
C CAl'S = t'LIJ1D = VULS ::1 0, 

CAP:> = 0, 
FLUID ::1 0, 
VUL:l = 0, 

00 )1]~ K = !,NMAf 
C V0Lk6 = CAPM::; = ~loiS = 0,0 

~OLMS = O. 
CAI?MS = 0, 
lOt-IS ; "· NOUHS ; 0 

no l1 JO ' ; 1,tHIUI::S 
Jf(I<OiiMA'l'(N) ,NE. " GO TO 
flUOMS ; tJI)!lMS • I 
VULMS ; VOLM<J • VOL (10 
CAPioi.S ; (;APioiS • CAPPO 

"' ; WMS • 'oi(Nl 
J1 JU CUN'III>III:: 

CAPS ; CAl'S • CAP PIS 
VOLS ; VUI..S • VULMS 
H,UID ; FLIJJU • OII>IS 

JIJU 

If( CA!'MS, t;T ,0, )PIHtl'f ~ij75, AMAT (K), MAT( K), /'JIHJMS, WI.MS ,CAPMS, WM:, 
Jll~ CONrlr;Ur,; 

PHINT S&~O,NIJUE:>,VU!,S,CAPS,fLUIU 
4200 fOHU = fOH f UELT 

lf(KWlt.Ll,O,OR,NOOI,LL.U.UH,KCYC,Lt,I,UH, 
& (KCYC .N£. 1 ,ANU, KUA'fA .LT, 0)) GO lU 4JUU 

CCC 
CCC nt.o, WIU'J'I:: TU'fAI. CAPACl'l"t, fLUID CUt;TLN1' Of t;ACtl Mll'l't.:KIIIL 
CCC 

PklNT ~!111::, 
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DO 4215 ~ = l,N~At 
C CAPMS = ~MS = 0, 

CAPMS = 00, 
IIHS = 0, 

UO 4210 N = t,NOU~~ 
If(~OUMAT(N) ,Nt:, K) GO 1'0 4110 
CAPMS = CAPkS • CA~(N) 
WMS = WMS • II(N) 

4110 COWlli<U~ 

lF'(CAHoiS ,LI'.., O,J GO TO <1:.!15 
PkJNT ~8~5,AMAT(K),MAT(KJ,CAPMS,WMS 

4:.11~ CONTiroUL.; 
CALL LINE 

CCC 
CCC WHIT!:: OIJ't LIATA fllW NUUI::S UN i'klNTOUT C)CL~S. 
CCC 

JF(~Wil ,Lt:, 0 ,ANU, (KCYC ,LT, 1 ,ON, (KCYC ,N~. 1 ,ANU, (KUATA 
1 ,Lt;,U,UR,NVAHC•NVARK+NVAHI1,Lt::,l1)))) GU ·ro 4JOO 

CCC 
CCC I'IIH'l'E UU'f i'IWPii:HTit:S m· I::ACtt NODI::, 
CCC 

PHJNT ~d40 

UU 4240 N = I,NUVt::S 
IF(MOJI(N, ~71 ,t:O, ll PNIWf 5114~ 

PHINT SUSU, NUOI::(NJ, NOXMAT(N), NTIPt::(N) 1 
1VOL(NJ,HI1U(~J,CAP(NJ,CON(Nl,ZIP(N},SL1M(N),~(N),S(Nl 1 PC(Nl 

4240 CUI'!TINUI:: 

CCC 
CCC 

CALl.. LINt: 

CCC IIH'flALlZ~ fl,lJ.iU COtn't:NT, CUANGt.S IN PSI ANU t'LUK 
CCC 
CCC 
4300 IJO 4302 ll = l,NO])I::S 
C Ur(NJ = OP~l(Nl = ZIP(N) = 0,0 

nnNl = o. 
OPSI(Id = 0, 
ZlP(IO = 0, 

NI'IU = llOUMAT(N) 
In::>s~NIH.I),Lt::,O,O) GO TO H02 
~(N) ~ CAP(Nl ' PSI(NJ 

<\JO:l CIJNIJf'lll~ 

lf(~C~C.~~.UJ R~TUR~ 

CCC 
CCC t 1110 Nt:,j IWI.li:: CAPACl'fJt:.:> ANO f'I..UJl; CUNH:N'l Wtt[,;ll AV Utf t: • LUG P 
CCC CURVt: IS US~ll 

rcc 
Jf(~WJT,Lt,O,OR,NO~.Lt:,O.Otf,KCYC,LT.l,UH. 

$ (KC~C.N~.l.A~D.KUATA,L~.O)) GU TO 4304 
lHKS1'01 .. fA,LE,U)GO 1'0 430<1 
.JJ : II.CYC • 1 
PtflNT 5770,JJ 
PHII;T ~771 

PtflNT 5'172 
PHJI;'f 5HJ 

'1.304 DU 4Htl N :: l 11WfJt.:i 
NIW = NUIJMIIT{N) 
lHllH!J::t ::: N 
Xt = PSl(N)'~PkJHE 
HHUtN) = MHllL ' ~XP(Xl) 
I!J::Tio = 0'1(;1) 
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CC<.: 
CCC 
CCC 
c 

/~05 

lf(SS(~NUJ,W~.U.U) GU TO lb~(, 

~VALUAT~ ~(N) AT ~Sl(Nl 

CHIAT = CHIUASH = 1, 
CHIDASH : 1, 

CHiAT : 1. 
IFCPSJ(NJ.G~.V.J GU TU 7~05 

I~(PSl(NJ.LT.O,)CI!IDASH = O. 
!f(LTAUCHI(NNO).t:O,OJ GU l"U 7~05 

St~T : PSI(N) 
MAX : IA~S(LTAUCHI(NND)J 
CAl,j, EN'ft:H(CHJVAHP(t,tlNO)) 
If(St:t.Gt:.CHJVAHP(MAA,NN[J))MIU =MAX 
CltlAT : CHI(MJU,NNU] + SI,OCttl(~JUtl,N~U)4(S~1-Cttl~AHP(MlD,N~D]) 
~STHJN : TOTS1HS(N) • CHlATfi'SI(N) 
U"(AV(NtoU) .t;y,O,O)GU TU 7520 
C0ttS'l"1 : l::ZOINIJ) t AV(NN{.J) * I•Z(Nt.O) 
~(N) : •AV(NNDl*(!::STHIN4HHU(N)4Gt:~ltCONSTl 

GO TO Ho40 
l5l0 Jf(~STHIN,LT,PCH(N))GU TU 7530 

PCri(t.) : I:.S'!Iart 
PCCNJ = PCH(NJ4HitU(NJ4Gt:;~ 
t:(N) : •CC(NNOl4ULOGlU(PC(N)) t CUNST2 
GO fO 7540 

7~JO EC = •CC(NNUHULUGlOtPC(N) )+CUilS"l'2 
CONST : t:C + CS(NtW)"t-Dl.UGlO(PC(N)J 
£(N) : •CS(NIW)4Ut,UG10(J::S'fl<lNfRHO(N)fGt.t::) t CUN:i'l' 

7540 CO"l'fJNUt:: 
CCC 
CCC CALCULA".fl:: NJ::W ~OLUM£ ANU CIJAIH.a; 1tr ~OLU~£ 
CCC 

15o0 CIJNtfNUt. 

CCC 

Ifli(,S10A'1'A.bi:;.O)GU TO 4JO~ 

nLOVuf, : ~UL(IO 

VUb{N) = ~SULID(N)4(1. t l(N)) 
lJV(]L = Ul,uVtll, • ~IJL(N) 

ut:t,VOL(tO = Ut.LVOL(NJ + l>~Uf, 

J::PSINC!l = UVULIULUVIJL 

CCC Sl'I<A'n. IS S"fllAIN RAT~ I::XPI<t;SSJ::U Jll Pi::HL"l::Wr PJ::H UNIT l'lkl:: 
CCC 

S't'RAH. = 1UV.fJ::PSINCk/Oi::LTS 
HO~ ("U~1'1Nlli:: 

1::1 : .UHU 4 IJPPSI(Nl 
SJ::T = PSl(NJ t I:.X 

4JIU HJ::T = CAP(~] 
COLO = CAPk(NJ 
CAPS = CAPS - CAP(W) 
XI = SJ::T f HPklMf: 
RIJOMJ::AN : IHIOZ.fi:.XP(Xl) 
IH.:i£T.GLO,)GU TO 7b0U 

C CHJAT = CHIUASH : 1. 
CtHOAStl = 1. 

CHIIIT = 1. 
H'(SE'.C,LT.O.)CiiiOAStr "' O. 
l~(LTAUCIIl(NIJU).E~,O.UH,S~T.Gt..O,O) GU TU 1~70 

MAX : IABS(LfA~CIII(NND)) 

CALl, t.Nft:IHCHHAI<P(t,NN!I)) 
Cll I A 1' = Cl\1 ( Mll.l, rliHl} tSI,OCid (til lH 1 ,NoW) f ( :><::f-CIIl VAHP ( 1111•, N1~1>)) 
CHlAf = PkiNt(l,~t~,CiliATJ 
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CCC CAi,CUl.A'fl CHIDA~U ::: CUJ -t i'l.df.IJCHl/LJI':il 
~lAX ::: lAU~(L"fA~CHl(NND)) 

CAt.L ltl'££tt (CiliMIU(t,Nt<DJJ 
IJCIIHH-' ::: .';I..OCUl (111U,NND)-t{ {S~.'f-CIJIMJU{MIU,I,II(J)) /I CillMiiJ(~IJl.Jt I, 

SN~lll-CHUII [J{ Mlfl, fWD)))' (,':;[,OCH1 ( MJ UtI, N1W) -~I.IJC/1 J I k I II, Nro!l>)) 
CHIUA:>fl = CJUAT t :>t:T•UCHli.JI> 
CHIDA~H = IJMINl(I,UtO,CillOASJIJ 

/~"/0 CUhTl!IUI:. 
7UOO I:.STIH~Sb : Tlll'bl'IUi(N) - CH!A'I''St::l' 

IF(AV(NNU),t;Q,O.O)GO TO "/6~0 

CONSTJ ::: tZ(NNO) t A~(NNL) * PZ(NilU) 
~:A VG = •AV ( IHllJ J 't::S'J'HESS tiHJUMt: AtHGft.-tCUN.S '11 
PC(NJ = t:~TiH::SSfl<llll(N)fGU; 
GO TO 1b41J 

/b;!O lf(t:S'Jit~;SS,L1',1'CII(N))(;U TIJ 7t>JIJ 
DHHU:~ ll:::t< HUMEAN 
Gl::t:IJ=GU.: 

t::DVG : •CC(t.t.UJ*IILU(.,10(1::S'l'l<i:..SS*IHHlUMNf.GI:.t::ll) -t CUI.~dl. 

K1 = CC (t>NfJ) 
(.;0 'f{J 7t>40 

lb30 t:C = •CC{rtNOJfOLOGlO(PC(N)) t CUN~l~ 

COriS'I = t:C -t C~(Nhll)fDI,Ot;lU(PC(NIJ 

lb40 
CCC 
CCC 

lb!!O 

/oll5 

'/b~O 

/b~~ 

f. A VG "' •CS (I< N fl) * D LUG I 0 ( ~.~1 WC:.:l S* D RliUHN*Gt.t::ll) tCt.Jrj S'J 
XI .:: CS(NIW) 
CONTI NUt: 

CAI,CULA'H .. PSl-Dt:t<JWATIVt: llF f>l.liWSITY' 
Jf(AV(~ND),t;Q,O,O) GO TO 7bbU 
Dt.lH'::: AV(NI·JD)•tHHJ"t:AN*I>f .. t. 
Gll ·ru lob~ 

l2=1,/(2.JOl.~U~09~~~4·ESTtt~SS) 

l>IJlH' .:: XI*X2 
li•(St.1.•>t:,O,O,Ok.N'fH't:{N),t:ll.2) GU 1'U '/lo~O 

CAiolo HYS'f 3 
GU TU 'lbCI!> 
SI\VG: 1. 
CAJJI'I(N) : 0,0 
COWfli<Ut. 
Ir(SAVG,G~.l.)CillllASII: 1. 
CAt>J· :; t:,Vl,<~"SAVt>-t-kiHl/II~;A,H'l-t-llt:TAHiU. 

S tSAVtjf.HiiUM"-ANf.CIIIPASht'lHHJP 
S H:AVGf.IHlUI'It:AiHCAf>/II{N) 

CAl'(N) : V~ULill(N)t'CAJJT 

lf(t<SII>AfA,L~;.U)GU Til 170Li 
a· (II Ill T ,l.o'l, 0, OR •• ~U~; ,(,t; ,0 ,Oil, KCrt:, L'l' ,l,Uii, 

S (KCYC,NI::.l,A~D.KilATA.Lt,!l)) (.;U TU 7100 
lf(~8i;(N-t1J,~~l.Ku,O) PHI1lf ~711 
JF(MOD(N-tlJ,~b).t:U.U] ~kJNf 5772 
1f(k0U(N-tll,!>8J,LU,U) l'klhf 5713 
f'td lj'J ~ 1·10, ,IJO[Jf (II) ,l}Vul.., ViJL {N) ,tlt.:!,VIIL ( N) ,l:.l'::il riC I< ,Sl'IIATt.: ,CIIl A 'l , 

SCH I DA~JI, ~:S'l'lt Ill 
GO 'HJ "1700 C----- CAL.Cli[,Aft. CAPAC I I'Y Wht.U bS lil 'ftlt. IIJI'UT Pllt<A~\•.1'~-H 

lb~O W(N)~CAP(~)ff'Sl{~) 

71UO l~(CAP(NJ,LI:..U,) CAP(~) : l,<IU-3b 
!f(:;S(NriDJ .r,.,:,Q, l \;O l!! 1401.! 

4J4U CAP~ = CAPS t CAf'(lj) 
~tT~ = Arlb(b~TW-~[N))/~"1~ 
H~l ~ )Uil.OfAo~(Ut.t•CAP(~))/!>t.T 

lF(COI.!J,J,t..O.U) GtJ ill 4411(1 
UPSI~~X = !lMAXl(DPSlkAX,l!~.t•P~lVAH)j 
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Ul'.S lM11A : {>1~4.( 1 ( UP.SlMAX, hf'J'\01) 
CCC 
CCC t'ltll> ut:o~ r•Ui!£ CONI.IUCl'lVJ'CJJ:..S 
CCC 

HUO H"(!WCLIN'NVAfli\,Lt:.U) GU TU 4J411 
1:11:.1 = CUN(N) 
NNU = NUBMA"f(t.l) 
lHLTAI!K(NNUJ.GI:.,lOU,ANil,.Sto.'f,Lt:,O,) GO 'J"U 4J411 
HAK = L'l"Al!K(HNO) 
H'(HAX,GE.U) GO TO 4405 

H02 HAlt = •HAl 
St:r = SUHTlH t FUHB 

~40~ Jf(CK(NHO),G'J",O,J GU tO 71~0 
lf{LTAdK(NNU),G€,100) GO Tll 434~ 
IFC.St:T,GE.O.) GO TO 7110 
lf{APIITH,I',!J,4H J GO TU 771U 
CALJ, UYS"f4 
GO TO "11:101.1 

1110 L'JAU = !A~S(ioTAtlr<(NNO)) 
lfCLTAB,LI'.,I) GO TU 4348 

CCC 
CCC FLOW t<E.;IUN IS SATIJH.ATt:D, K lS 'I'AI.IULATI::U AS A fUNC'J'lUN Ul'" 
CCC t.:Fft:CT.lH STkt:.SS 
CCC 

CALL L•:h'tEtHPSlVAkKCl,tlND)J 
CU~(N) : COUT(MlO,~NOJ + SLUK(HlUtl,NhU)*(SET•PSlVAki\(MlU,NhU)) 
GO TO 71100 

17~0 IF(SET,GE,O,) c;o TO 71b0 
CALL ti¥5'1'4 
GO 1'0 7800 

"17 oO CON ST = t.:ll (UNO) • ( CK (t; ljJ))!..!, j 0:.!~11~0!:13) 'HI LOG ( CUN Z ( NIW) ) 
XI :::: ((t:A~(;•t;OilS1')/CK(Nlll1))*2,J02~11S09J 

CON(NI = t;Xl'(XIl 
/1:100 lf{CO~(N).LE,O,) CUN(N) = I.D-24 

b~T:::: lOO,O*AbS(b~T-CON(Nll/b~T 

UPSl~Al :::: UMAll(UPSl~AX,b~T*PSlVAkY) 
414!:1 CUNTlNUI:: 

In K~lf ,L'J". 0 .ON, NOW ,LI::,O ,Oit ,1\CYC ,L'l ,l,Oil. 
S ( KCYC:, rii-.:,I.Ai'W, KDA"tA ,LT, 0 J JIH.TUkN 

CCC 
CCC 1Ut: f"(JLLOioii<G CAkUS AH~ ~'OH tiCtlln·MAN•GUJSUN ('llt;SOLlDATlUN NIUULEML 
CCC 

VL.U.ST=O,O 
00 4349 N = I,NOilf.:S 

4J49 VLOtiT=VLO~T t O~LVOL(N) 

PRINT 4J60,VLOST 
4Jb0 fURMA'l'(1oX,4b~IT0'1"AL VULUHt: CtlANG&: Uvt:R t:NUHE ~-LOfi HI:.GlOt-1 : 

$t: 12.5) 
CALL LINE 
Ill:. fUktl 

CCC 
CCC CUMl'Lt:l't:U Tti~HM2, k~TU/Ih TO Ht:AIII", 
CCC 
~7b0 ~-OHMA1(10X,!)/Hl/-ll'rJAL lHI:>"fkHHJ'I'lUN 01-" l'OTAL ti1'kl::ti.S AIW t.:H't:C'I"Ht.: .SU 

S"fkESS,I,"llX, 
S 12JtTOTAL S'fiH:.S.S 'IUTAL S1"1U:SS LIH"l'IAL Sl'kt:S.::i IN11'U 
$1AL STR£SS,I,lOX, 
$ 9111 MJDE JN UNUS Of loi-.:NG'fil JN UtH1'S UF Pkt.:SSUkE iN lJNl'l"l:> UH 
$t' Ll:.hGTH HI UNITS m· t•Ht.:SSkt:) 

~710 fOHMA"I(IU.\,:lllH(;t;llMt:TklCAL UArA AT lilt: UW Ut' CYCLI:.,I~,IJ 

~771 ffJIHo!AT(lOX,IUbtl NLIUE 'o'llL CUA1~G~ VOj,VIH: AT t:l/HULA"J'l~l': l!;CfHI 
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:,;l'lt:ti'£AJ.., lNCHki'.:N'l'A[, 
lJUIHNG t.rW 

ChI Ct.lli>A~Il 

~772 tOHkAl(lUX,IObH 
:,;~~T~IC. TlH~ RAil 

5113 t'U~MAf(IUX,IObH 'fH\~: .STt:~ Ttl-It: 
:,;RAIN Ot STRAlN 

5775 ~UR~A1(10X,l5,5X,d~11.4) 
~7Y0 fURMAT(A4,6X,4ElO.J) 
~19~ f'OtiMAf(<loU,~fLOifl l!t:I,;IUh PKIH'I'.:tiTit:.S") 

.S1'11fSS l 
YOJ,u.~~: 

IN UNl'fS ) 
l'HAo~~~~ 

HI::AO ) 

!iHo t'OR~A'f( 2tiX, ~SAtllltAl'lUil •, bA, "flllCII.Io~SO:.", 5X, "ltt:L Ot:N •) 

\IIILUI:l 

5791 f011HAI(4JI(,"OF fl,Ow l<t:GlUN Ut- SA'tUHAl't:U",bK,~Xt'~,lOX,~(.IUWt.MH"l 

5l'Jd FOk~AT(o5X,"bOIL") 

5799 fURhAT(llX,AJ,4t.l5.4) 
51100 t'UIIkAt(A4,1X,515,5£10.ll 
51105 f'IJHMAT(I,IOX,bllt! fOAf'lt. MAtL INUI:.X LTAth.: [,"J'Atlti C(J/HIUCflnT't 

~C STOt<AGt: ,1, IOX,A4,416,1t:l5.4) 
5!:l1U fllfiMA1'(10X,104il AKAT HA'l'l, INDt:X L'lAill: LTA!i.:;C LTAUii Ll'AI::ISii 

:,; AW ~l PZ CONI1UCTJWltl,I,IOX,A4, 
$116,17,lb,I7,4t:t4.4,//l 

51115 fORMAT (111:.10.3) 
51120 ~Ok~AI(515,SX,5~10.3) 
5~25 fU~MAf(/1,12X,22HUOOE t~U~X 1-IATL NTri•t:,4X,5HULU~G,lOX,SHU~IO~, 

$lOX, 411D~Au, 11 X, btiVliLUM.t:, 11 X,lllZ) 
51:lJO fUNMAf(IOX,416,5~14 0 5) 
5HO t'OkMAHlOX,b9Ui-10/JI:: DAU, CHf;t:K '.CUTAL CU~UUCTAo'tCES (ZIP) AND 'UME 

iCONSl'AWlS (SLIMJ.,/,15X,I:ll:lHLAI:IGI:: Ulff't.tit:hCt:S b!:Twt~t::N NOOJ::S MAY tit: 
2UUt: TU POUk LONING, AtiD MAY ~kOOUt:.E POOH HI!:SUI.'tS.) 

~H45 ~'UHHAT(/,bX,12lH NOD~: MA'f/, NTYPt:: VOLU/o!E RHO CAPACil'Y 
$ C'JNDtJC'riYITY 'tli' SLIM 'J'itETA ~Al'III-(Al'lliN 

HC J 
)1150 f'URMArCSX,315,9Et2.4J 
511':15 HJRMA'!'(//IIJA,JO!I NODPI NUUP2 INUEX Ni>iWP PkUI') 
51:100 f0kMA'f(7I~l} 

51:165 fUHMAT(IOX,4lb,2X,Abl 
SlllU t'OkMAl'(//,1UX,I6HMAT£RIAI, :iO!oiMAH~,I, 

S12X,5:.!HNA,H: MA'J'J, NUDES TOT VOL 'fU'I' CAP 1'01' t'LUID) 
':11:175 fOHMAT(lOX,A4,21b,JF.IJ.5) 
51:1~0 fOkMA'J'(/liX ,llHCUNOUC'fl Y l't'Y, 5X, 5HSL0t-t;, 7X., 7ttt'Sl VAHii/1 ~~, Jt::l5 .b) 
~l:le5 fOIH4A1(10X,llllMATt:HIAL UATA,//,12X,10HrJAMI:: I<IATL,!>A',7H'fOT CAl', 

:,;'IX,9t!l'Ul n.UIO) 
~ri~O fURMAI(I,lOX.,l2HS'tSl~M 1UTAL,lb,J~1J.5) 

~ij~5 f0HMA1(10X,A4,16,~~15.5) 

!i'JO~ •o~I'IA'l'(/l\o!Xlo5HCAI-'ACITY SLOP!:: ~t.oi-:IH,y SLUPt. 

' 
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CUl!;K 

CCC 
CCC 

CCC 
CCC 
CCC 
CCC 
CCC 
CCALL 

CCALI, 

CCALL 

CCALL 

CCALL 

CCALL 

CCALL 

CCALL 

c 

CCC 

CCC 

HYST 
SUEIHOUTlN~ HtS1' 

IMPLICJ't' REAL:fti lA~H,U•ZJ 

•• VI::RSJON UCTObE:It JO,t97l 

SUUtWUTJNt: HYST IS ~'Uit t:VAJ,UA'UNG SA'l'UHATION AtW t't:IH\t:AtHLITt 
WHt:N PRI::SSURE HEAD, PSI, IS Lfo.:SS THAN ZEIW (UIWSATUHATI::D ZUNI::), 
~DTtt :iUUkATIOii AND t'ERM~:AIHLI'J'Y HAVE HYSTEfl~'flC KELATIONSIHP Wllllli 
N~~GATIV~ PRESSURE HEAD 

SLIIH< 
INCLIWE '~LJNK.INC" 
SLISC 
INCL\HlE 'tlJ,ISC,INC" 
BLAilE 
I NCLUI!I:: ·~LARI::,INC' 

ULAtH 
I NCLIIlJI:. 'bLAkt,INC' 
UNSAT 
lNCLUUI:: "UNSAT,INC' 
CURVt: 
INCLUUE 'CUI\VI::,INC' 

' JNCLUUE 'M,lNC' 
STRAIN 
INCLUDE 'S'fHAlN.lNC' 

IHHt:NSlON DC( 1,10) ,PC:i{l, IUJ ,L.JK(1,10) ,UKL11'1l1) ,DKS(l, 10) ,IH'LHH 1l ,u 
S ~PLIMK(IJ,DSLIMll),SCAN(l,lO),SKAN(I,tUJ,SKOfl::(l), 

S ilLOKU(lllO,lO) ,SLOKW( 100,10), aC( 1, IOJ ,oJCS( 1, 10), lrK(l, IOJ, 
$ WKLlM(l),WI\S(l,lO),WPLlM(l),~f~IM~(l),~SLl~(l) 

IrCKC~CJ2lOO,llU0,4100 

<:CC So\'lUIIAT!UI• J.NO ~t.IHH .. AI:III.lTl V!::liSllt> PSI 
CCC 

:.1100 Ill = IH~Af 
f'CC 'fJ.bLIC Of SA'l'UkA'I'JUtl VJ::HSU:; i'SJ 

L'i'Ail : LTAilC(/'1) 
U'(LTAI::I.G.,;,tOU) GO 'fO 1400 
Jf{L'I'Ail,GE,2l GO TO 2110 

CCC THIS HATUHAL iHLI, o\LtriAY~ kt:MAIII SATUitAtt.U 
Ll'AI::ICI/11) = 0 
GU TO 2250 

2110 LAB!::L "' 1 
ki::AU(l, 5U00)(PSlVAHC(J,N),J;l,LTA~) 

HEAD(l, ~llOO)(SW(J,N),SD(J,Nl,U=l,LTAil) 

CC<: COMPUtE SLOPES FOH Wl::'fTING ANU DRY lNG COHVt:S 
PHIIw'r 51l20 
lf{LTA~.Lt:,M'J) GO 'J.'U 5822 
PklN'f ~~21 1 N 

~821 FUM~A1(1UX,l2~'·''' LTAI!C(,I3,2~H) ~XCI::~U5 1AU~t: L~NGTH M~) 
~82.1 COIH11<0E 

CALL SLUI't.(PSIVAHC(l,Nl,S~(l,Nl,SLUCW(I,N)) 

CALL SLUPI::(PSIVARC(l,~l,SU(l,~l,SLUCD(1,Nll 
Pk1NT 5~1~,(J,PSlVARC(J 1 N),SW(J,~),SU(J 1 N),J:t,LfA~) 

CCC St.'f lll' St't:ClflC MUJS'IUiiJ:; Cllt'f'ln 'IArH.F. 
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21 JO 

c 

CCC 
CCC 
CCC 

~ll5b 
58!i7 

CCC 
CCC 
CCC 
CCC 
CCC 
CCC 

UU 21JO .;=2,L'fAd 
PSIHlOC(J,N) = (PSI~A~C(J,N)t~Sl~AHC(J•t,Nl)/2, 
CONTI NUt. 
PSJ~IUC(l,N) = PSl~ARC(I,N) 
SLOCWCI,N) = SLOCw(2,N) 
.SLUCO(I,h) ~ SLOCU(2 1 NJ 
PSlMlDC(l.TAIHI,N) • PSIYAkC(LTAti,NJ 

SJ,OCii{L'lAiHI,N) • SLOCD(LTAI:Itl,t¥) : 0, 
SLOCW(LIAtltl,NJ a 0, 
SI,OCI.I(LTAtlt1,NJ = 0, 

t'k!NT !idJS 
JJ :: LTAtl "t 1 
PRJ NT 5ti4U, (J, f'SHtJUC(J, N), SLOCW (J ,N J, SLUCJJ(.J, N l ,J=I ,JJ) 

SCANNING CUR~t: UA'fA t'Ok SATUI<ATJON TAbLt; 

LU.b :: LTAbSC(IO 
Jf(LTAb,G~.2J GO TO ~150 
(;U. TO 2250 
R~AO(t, 5d00)(0CCJ,Nl,OCS(J,N),WC(J,N),wCS{J,N),J::t,LTAb) 
DO 2i5!i J:: l,LTAb 
SCAN(J,N) = (liCS(J,NJ w UCS(J,NJ)/(WC(J,Nl • UC(J,N)) 
l'llN'tlNUt: . 
PRINT !itl50 
t'HlNT SBSS,(J,SCAN(J,N),DC(J,N),DCSlJ,N),WC(J,NJ,~CS(J,N),J::l,LIAUL 

$) ' -

lf CLTAU,Lt:,M~) GO TU 5tl57 
PHh'C 5\lSo,N 
fORMA'f( 1 OX ,1 :.!liUU LTAUSC (, J], ~Sri) t:XCt.ElHi 'l'AI:!Lt: Lt:NG'I'H 1'!9 J 
CU!/1'1NUt: 

pt;Hr4EA!!JLI1'¥ • PSI TAULt: 
t"UR P.SJ Lt:SS fHAN :l.~k(), Pt.KM~A!!llol"fY JS A fUI;CtiUN Ut' f'U~E WATt.k 
PHESSIIfiE (P.Sl), t'OH PSI LARGt:K TtJAN Zt:~O, PEk/1\t:AtJILIT~ S/IUUloO Ill:: 
1'AbULATIW AS A t"UNCTJON m- 1-.:fFt:CTlVt: StkES.:; llt:Al! 

2250 LTAb ~ LTAUK(N) 
Jf(LT~U.G~.~J GU 10 22b0 
L'fAbi\(N) '= 0 
GO 'lU ~500 

~lbU IF(CK(N),t:U,O.UJ~VAKK:: NVA~~ t 1 
REAU(I, ~I:IOO)(PSIVAKK(J,N),J=t,LTA!!) 

R~AU(l, ~~liUJ(CO~I~(J,N),CONTU(J,NJ,J=t,LTAHJ 
I~(PSIVARK(l,NJ.Lt.O,Q) Gll TU 22/0 
PIUNT ~l:lbO 

~210 DU 229~ J = l,LTA~ 
lf(PSl~ARK(J,NJ,J,t,O,J GO TO 2~95 

Jf(CONIW(J,~).L£,0 0 )CUNTW(J,N):: CUUTO(J,U) 
l~(CONTU(J,N).LE.O.)CUNTU(J,N) ~ CUNT~(J,N) 

:.!295 CONTlNUt: 
CALL SLOPE(PSIVAHKll,N),CtiNtlol(l,N),SLUKW(I,N)) 
CA(,L l>loiJPI'.: {PSI VAKK ( 1,10, CflN'trJ( 1 1 t1), SLUM>( 1, r; J J 
SLOKw(I,NJ = SLUK~(2,NJ 
SLOKU{t,NJ = S(,IJKU(2,tor) 
t'HINT ~&bS . 
PKINT 51:1/U 1 {J,PSI~AHK{J,N),CU~'I'w{J,~),SLU~w(J,Nl,CU~JU(,l,~J, 

ISLOKD(J,N),J::1,LTA~J 
Jf{LTAH.LE,/119) GO JU ~ijla 

I'IIINT !lij'/1 0 /.1 
51:171 ~-UI<i-\Artl0J.,l2Ht••""' L"fAIJK(,1J,25U) Ul(;Lr.liS 'IAlJl,i:; l,t.l•ld"rl ll'i) 
~812 Ctii•IHJU~: 
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CCC 
C l;li!..N ('51 1.5 .GT.O., t':ilVAkK 1./k:IW'f!..:i t:Fn:C'I1Vt: S'l'kl.-:1).5 

flO 2'.l'Jb J::l,t<fAb 

S2<JO 
CCC 
CCC 

CUhT(J,Nl=CONTU(J,~) 

SLOK(J,N):SLOKII(J,N) 
COIHINUI'.: 
Pt.I!MEA1HL1T~ SCANNING CUI!VI:: !lArA 

LTA~: LTABSK{Nl 
l~(LT~B.Gt:.2) GO TO 2340 
GO 'lO :.!500 

'.ll4U I!EAU(l, 5~U0)(DK(J,Nl,I.IKSCJ,NJ,WK{J,Nl,wKS(J,N),J:1,LTA~) 

DO 2350 J = l,L'fAH 
SKAN(J,Nl : (~KS(J,N)•OKS(J,N)l/(WKCJ,N) • DK(J,N)l 

;l)50 CONTINUt: 
t'I!INTC 5801 
H' ILIAB.LE.)19) GO TO 560"/ 
l~(£TAH.Gf.MY)KWlT : 12 
PkiNT 5ti6b,/'ll 

~tibb FURHA'l"(10X,12HUU LTAEISK(,ll,25H) EXCI::i:DS 1"A~{,t: Li:NGl'd M9) 
5l:ib7 CUt<'fltJUf:: 

GO TO 2500 
2400 LTAtiK(N):lOO 

llYARI\=NYARK1-l 
PRIIOT 5700 

~·100 1'0RMA1 (1,10X,82Hl'A/l.AMI':'ft:kS FOk t::XPRESSlNG SATURATI0/11 AND Pt.kMt:AI:llN 
lLlTY AS fUhCUON Of PH.t;SSUIH. HEAD ) 

PRINt 5720 
5120 FORMAT (/,20X,b91i A ~ 

$ ~TA Ht;S!DUAL,4X,I:IHAll<l::tlfkY,/, 
$ I ~I., I Uf!l:iA l UH.A "fl ON, ~X, !;iH ~ Al.iJt./) 
k~AU(I, 5715JPt,P2,Pl,P4,PS,PO,P7 

57~5 YOHMAf(7El0,3) 
A(rj):;l'i 
il(N):P2 
CONT(l,NJ::PJ 
ALPUA(N)::P4 
~.1A(Nl=1'5 
&R(N):Pb 
PSIAIH.(NJ := P7 
PH.I~t 573U,Pl,P2,Pl,P4,PS,Pb,P7 

57JU FO~MAf(20X,7E12,4) 
2500 H.l::lUHN 

I':N'!H.Y ltYSTl 
CCC 

SAT CONO 

CCC t.NTEI< AT I::NTR'i IIYS'rt nJR ~-~ALUAT.ING SATUNA'UON ~HEii KC'tC : 0 
CCC 

J100 /l : 1\iUllRI::f 
J :: r•UOMAT(IO 
SET : Pl:il(N) 
lF (L1'ABC(JJ,GL.l00) GO TO H5U 
lfiiPATri(N).G!..,l) GO TU ]200 
MAX : LfAiiC(J) 
CALL ~NTEH.(PI:iiVAkC(l,J}) 

II : JPATH(N) 
GO TO ()1)0,3140),11 

JlJO S(N) : SU(MlO,Jl + SLOC~(Ml~tl,Jl'(HI::T·PSIYAkC(/IIlU,J)) 
GU TO HOO 

Jl40 S(N) : S~(MlU,J) + l:iLOC~(MlUtl,J) ' (St::T•PS!VAHC(Mlb,J)) 
1.>0 TU JJUO 

CCC 
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CCC: 
CCC 
CCC 
CCC 

1200 

CCC 

S'fAIH llj,;Kt. lrflli::N THt: !NTJAI, CUHOl'UONS Of 'l'tH: :'I<Udl,t:/4 AKf .$UCH 
l'HE PUH v~· SA"tUHA'UIIN lS IJlt'fEI<i::hT IN IJH'H:t<~:Nl' t'AtU':i Of Ttlt: 
t'L0\11 Ht:GHlN 

HCii'A'fH(N}.Gt.JJ GU TO J2"l0 
S(NJ : U$LIM(N) + (t'SI(N)-OPLlM(N)JtCAt'M(N) 
GU TO J400 
S(N} : ~SLIM(N) + (PSI(Nl - ~PL!M(N))'CAPM(N) 

GO l'll 3400 

CCC CALCULA'n: IIUTJAL SPt:ClfJC kCJlSTURt. CAt'AClTY 
CCC 

3lUU MAX = LrA8C(J) + 1 
CALL t.NTt:K(PSlMIOCil,J)} 
II : 1PATH(N) . 
GO TO (HtO,H20),1l 

l"t!Al'H 

J31U CAPM(Nj = SLOCO(MlO,J) + ({SET•PSIMlOC(MJU,J)J/(PSlMIOC(MlU+l,J)• 
$PSIMIIJC(MliJ,J)l)'(SLUCU(MI0+1,J)•SLUCU(MlU,Jl) 

GO TO HOO • 
JllO CAPMINJ : :;LUC~(NJO,J) + ((S~T-PSJMlDC(MlO,J))/(P51MlOC(Ml0+1,JJ­

$PSIMIUC(MlD,J})}'(SLUCW(Ml0+1,J)•SLOC~lMIU,J)) 
c;o 'l'O l4oo · 

Jl!:IO Xl:ALPiiA(J) 
li'(SEl".GE.P.:iiAIR{J)) GO l'U 3390 
SEt:A6S(Sf::Tl 
SET = Sti;'t • AtiS(PSIAli<{J)) 
X2=t:TA(J) 
S(N):.$1<(Jl+(1.•SR(J))t(XI/(X1+SETt•Xl)l 
X3 : (1.•SI<(J))'X1'X2t(SETt•lX2•1)) 
CAPM(N):XJ/((XI+S£T••X2)tt4) 
CON(N) : CONT(l,JJ•IA(Jl/IA(J)+S~T''8(Jl)l 

GO l'U J4UU 
JJYO S(tO = I. 

CAI'M(f'll :a O. 
CUN(N) : CUNI(l,J) 

HUU l<t:TUkl< 
!::N1k~ HJ'bi2 

CCC 
CCC t.NTI::I< AI UJ'.:i'f2 t"UH t:'JALUATING PRESSliRI:: UI::PI::~ri.l-NT CONUUC"J'JVITY ~HENH 

CCC KCYC : 0 
CCC 

N : NUDI<U-
J = NOUMAI(N) 
lf(LTA~K(J).LE.t) RETURN 
IHJPATH(N).GE.ll GO TO 3000 
.:iET = P:i1{Nl 
MAX = LfArli'..(J) 
CAL[.. t.tJTt:k{PSIVAI<K( I,J}) 
ll :: li'A'tH(N) 
GO TU (J!:I30,3540l,II 

35 JO CUij (10 :: CON'I'U(lHU, J) +S[..Uj\.1) ( Mll.lt l,J) t (SI::T-PSIVAkt\ (Mil) ,J)) 

GO TO 4000 
JS4U CUN(N) : CUNIW(MIU,J) + SLUKW(MJU•l,JJ•CSEI•PblVAI<~(MlU,J)) 

\00 'CO 4000 
ibUO lf(li'A'CiiOO.Ii't.l) GU "1'0 Jb40 

CO~(N) : UKLIM(N) + lPSIIN) • UPLJMji.(NJJ••SKUPI::lN) 
GO TO 4000 

Jo~O CUN(N) : ~KLlM(N) + (I'Sl(Nl•WI'LIMK(N))'SKOP!::{N) 
4000 IH:TUI;N 

CCC 
CCC 
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CI.:C ~N"fl:H A'f HYST3 fllH EVALUATING 1-'kt:.S::.Uill:. JII:.Pi,;NllAoH .SATliHA'I'lUJ~ Ao'HJ 
CCC Si'~CinC MOISTUTkl: CAPACilY lilll:.1l KnC 15 t.k.I:.Al'J::R THAN 0 

CCC 
J::NTHY UYST3 

CCC CHECK fUR PATH Ht:Vt:HSAL 
4200 N = NUOHEt' 

CCC 
CCC 
CCC 

4220 

4230 
CCC 
CCC 
CCC 
CCC 
CCC 

4240 

J : NUDMA10;) 
If (LlA~C(J),Gt:,lOOJ GU 1'11 4b50 
lF(LTAHSC{J),t:U.O)GU TO 4400 
lf((Ok'SISOO/(IHJPS1(N)+1,1.!•24)),GI::,O) GU 'l'U 4.400 

PA'fll uAS HI:.IJ~HSI:::O 

lf(li'ATII(N) • 3) 4~J0,422U,4125 
lPA'fll(N) : 4 
GU TO 4500 
JPATIIOO : J 
GO TU 4500 
If(lPATHOj) ,Gt.l) GO TO 4300 

t~t:IJI::IH>I::I.! PATti 51'AH1'S fkOM OHi' lNG CUR~E. 
1'tH; SCAtHHNG CURH.: ANil ITS INTERSI::CTIONS 
lil::'fl'ING CUHIJI:.S 

OPLIM(N) = P.Sl(NJ 
St:'fl : SE!.' 
SET = PSHNJ 
MAX : LTAUC(J) 
CALL I::NTEH(PSliJAHC(l,J)) 

COMI-Ul't: 1'111:: Slo!.Ji'l:: ot' 
wl'l'H THt: DHHNG AIHI 

DSLIH(N) : Sll(MIO,J) 9 SLOCD(~lUtl,J)t(SI:.T•I'SIIJAHC(HlO,JJ) 
MU = LfAj:jli((Jl 
CALL tNTEH(I.!C(l,J)J 
CAPM{~l = SCAN(~J~,J) t ((S~T·OC(~JU,JJJ/(OC(MAI,Jl•UC(MJII,JJJJ• 

$(5CAN(MAX,J)·SCAN(MIU,J)l 
~PLIM{N] = WC(MlU,Jl t ((SET•UC(MlU,Jll/(UC(MAX,Jl • UC(HID,JJil' 

$(WC(HAX,J) • "C(HlU,J)) 
SI:.T = 'OIP!dM(H) 
MAl!. = LfAIIC(J) 
CALL t:NTfH(I'SJIJARC(l,J)) 
~SLlH(U) = 6~(MlU,J) t SLOC~{MlUtl,J) f {S~t-PSJVAkC(MlU,J)) 
SE'I' = St:'f l 
1PATH{N):3 
J>HlN'J' ':liiiiO,I;UUt.(ll) ,Dk'LIM{NJ ,CAPM(NJ 

~IIIIU t'UHMA1'(10ll.,4ihiOOt:,l5,17HhAS Hj,;IJI::H::it:U 1-'A'l'H, 7!Hlk'J,tM =,~15,4,biiCAI-'"' =L 
$,t.15,4,91tlPATri = 3) 

GO 1'0 4500 
CCC 
CCC ltt.IJt'Hof>t;U PAJ:H S'fAkl'S Fltllk 11-I:.TTJNG CUHVL', CUMI'U'fl:: SLUI'I:. fllk 
CCC SCANN1NG CUHVE AfiU IT;;> JNTt::HSEC'l'lONS W!TH wt't"tlt;<O ANU U!<'tlllG CUH~I:.H 
CCC 

43UO WI-'LlM(N) : PSJ(Nl 
sEn = st:r 
SE'I = Pl>l (tj) 
MAX : l,lAI:IC{U) 
CALL MH'I::k(PSliJAHC(l,J)) 
wSLlM(M) :: 8W(~1U,J) t SLUCw(MJ(ltl,J] ' (SI::I·l'SJVAt!C(MlU,J)) 
MAX= L'lAHSC(J) 
CALL ~HfEk(WC(J,JJJ 
CAPri(lll = SCA~(~(U,Jlt((b~T-WC(~JU,J))/(WC(~AX,J)•WC{HlU,JJlJ+ 
S(~CAN(MAX,JJ·SCAN(~JU,JJl 

llPLIMl~) : OC(Mill,J) t ((5~T-wC{MlU,J)J/(~ClMA.,J)·~~{M1li,J)))t 
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S(IJC(MAX,J)•UC(MIIl,J)) 
SI::T :: OPLIM(NJ 
MAX :: (,'fAtiC(J) 
CALL ~.N'fi::Jl(PSIVAf<C(l,J)J 

St.T :: SI::Tl 
lPATH(Nl :: 4 
l'IU llT !:111115, NODt:( N l, Wl'LII'I (N), CAPMOd 

!11;1115 ~'UHMAl'(lOX,4HNOUI::,I5,1711HAS HI::Vt.KSt:I.J PA'1"11,7tiiH'LIM ::,t:l!:l,4,bHCAt'M =L 
s,I::15.4,~HIPATH :: 4) 

CCC 
CCC 
CCC 

4400 

44J5 

<14/':1 

CCC 

GU TO 4!>00 

PATil HAS NO't Ht::VI::I\tit:U 

lf(lPATHt~l.G~.l) GO TO 4500 
MAX :: L'rAtiC(J) 
CALL LNTI::k(PtiiVAHCtl,J)) 
ll :: lPATti(N) 
Gil ·ru <HJ!:l,44b5J,ll 
SAVG:: SD(MIO,J)tSLOCU(MlOtl,JJf{St:T•PSIVAHC(MlO,J)) 
H'(PSHIO,Gt:,PSlVAHC(MlDti,J)) GO TO 4445 
S(N) : SD(MIU,J)tSLUCU(MlUtl,Jlf(PSJ(NJ•PSIVARC(~IO,J)) 
GO 10 4b00 . 
lHI'SlVAUC(MIU'Il,JJ,Gt:.O.) GO ·ro 44~!:1 

S[~) : tiO(MlUtl,J) t SLOCOtM1Ut2,JJf(PSI(N)•PfilVAHC(MlDtl,Jl) 
GO TO "bOO 
S(N):t. 

GO '1'0 4b00 
SAVG :: S~(MJO,JJ t SLOC•(MIUtl,J)f(St:T•t'SlVAHCtMID,J)l 
lfll'Sl(N),J,T,PSIVAHC(MlO,J)) GO fO 447!:1 
S(N) :: 5W(MIU,J)tSLOCN(MlU+1 1J)f(PSl(NJ•PSiVAkC(MlU,J)) 
t;D TO 4b00 
S(Nl = S~(kiU,JJ t SLUC~(~ID,Jl f (1'51(~) • PSlVAHC(MlO,J)) 
bU 'lO 4b11U 

Cl:C PlliN'f IS Ul~ 'I'M.: :>CAIINl/;G CUlfvt:: 
CCC 
i~OII l~(lPAllllhl,Gf,J) GO fO 4~!:10 

IHt;~]'.G~:.IoPLIMCNJ) Gl.l '1'0 4':1:.!0 
~AVG = U~~IM(~) t CAPM(~)f(S~T-UPLlH(NJ) 

S(N)~ DSLlM(NJ t CAPM(N) ' (PSl(N)•UPLlk(N)) 
GO l'U 4'1011 

CCC 1\I:::I.Cilt.ll UN (;I<OSSUJ ~~·r•tJNt; CUkVI:: 
1Sl0 IPAfH(Nl = 2 

GU 1'0 44UO 
4~50 lt(bt:T,Lt,DPLIH(NJ) GU TlJ 4':110 

SAVG = ~SLIM(NJ+CA~M(II)*(bJ::T-~SLlM{N)) 
S(N) : WSLlM(~) t CAPM(N)*(PSI(N)·~SLIM~N)) 

Gll TO 4700 
CCC 
CCC Rt:.ACIIlCU Ok CHOS:.!;D URYlN!.> CUHVJ:: 
CCC 
~510 li'Alti(N) = 

(;I) TO HUO 

CCC 
CCC CALCUl,ATt: ~l't:Clt'IC M!Jltil'Ukt: CII.PACITY ~HI::I1 r'lllN'J' IS liN Ul'Ht:k 
CCC '1'111': IJkYJtJi.J Clli<Vi': UH 'fHJ:: Wt-:'l't'lllb CUHVt: 

"biiO li'(II'ATH(N),r;l:;,j) G<l TU 47<lU 
MAX = l,l'Atl((J) t I 
CALL tN'f~H(PSl~IDC(l,JJl 

li : ll'A'JH(N) 
Gil IU (~bJ~,4o~OJ,ll 
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40J~ CAPM(Nl ; SLUCO{~IU,J) + {{S~T-PSlMlUCl~JU,J))/(~SlMlUC(MIU+I,J)• 
$~~1MJUC(MJO,J)))*(~LUCO(MIP+l,J)•SLOCD(Ml0,J)) 
IF(0AbS(SLOCDIM10+1,J)),L1,1.0-24)CAP~{N) = 0, 
<;u ·ru 470o 

4b~U CAPM(N) ~ SLUC~(MlU,J) + ((5~1-PSlMIDC(MJU,J))/(PSlMlUC{MlU+l,J)• 
$PS lM IUC ( MlO,J l) l * (SLUCW{ Mi 0+1, J l•SLOCIW t MliJ ,J) J 
l~(UAbS{SLDC~(MiD+l,J)J,LT.1.0•24lCAPM(Nl = 0, 
GO TO 4100 

4b~/J CONTINUE 
Jll =ALl'IIA ( Jl 
SETl=AtiS(PSl (N)) 
lf(SI::Tl,£.t::,AUS(PSIAIIHJlll t;U TU 405~ 
X2=ETA(J) 
S(N) =·SIHJ) + (1, "SR(J)l*<Xl!pt + S.t::TtUX2ll 
GO TO 4bb0 

4b:O~ S(/0 :;: 1, 
4bo0 CUN"i'll~Ut: 

IF(SE1,GE,PSIA1H(Jl) GO TU 4bb5 
St::T=AbS(SET) 
SAVG ~ SR(J} t (1 ... SR{J))f(Xl/(Xl t SJ::TffA2)) 
ll = (1,•SR(J))fXl*X2f(S.t::t••<J2--)) 
CAPM(N) = Xl/({XltSI::TffX2l**2l 
CON(N) = CUNl(l,Jl*(A(J)/(A(J)tSI::T**b(J)l) 
GO TO 4&10 

4bbtl SAVG = 1, 
CAPM(td = 0, 
CutJ(Nl :;; CO~T(l,J) 

4b7U CONllhUE 

'i;7()!J IH:TUIU• 
CCC 
CCC 
CCC t:NTI::H ld' UYST4 ~"OH CUI'Ii'U"f!NG PkJ::t;SUitl:: Ut:Pt:Nl1ANT CUNL!UCTU!'l'Y 
CCC JIHfN KC'tC Hi Gki::ATEit l'HAN 0 
CCC 

CCC 
CCC L"UECI\ t"lJk PATU kt:Vt:HSAL 
CCC 

N :;; NUIHtU" 
J = IIUD!o~ATCN) 
IHL'fAUSI<(J),t;i.I,UJ GU 'l'll ~000 

lf{(0~S1S(N)/(UOPSI(Nltl,0•24)),Gt:,OJ GO TO ~000 

CCC 
CCC PATH liAS kt:vt:nst:o 
CCC 

lf(S.t::T.LT,O,O) GO TU 4810 
If(lPATH(N),t:O.ll lPATH(h) :;; 2 
lf(lPATH(N),t:U.ll IPATH(N) = 1 
GU."fU 511~ 

4HIO l~(IPATU{~))4SJ0,4~20,492S 

t92U IPATri(N) ·= 4 
GU I'll ~lOU 

482~ l~AtH(N) ; ] 
GO ·ru 51oo 

tHJO IF(lPATrtllll.Gt.tJ GU ru 4YOO 
CL"C 
CCC HLVt:Ht;~;u VA'I't! S'l'AHTS ~·kuM [lkYWG CUI<Vr.:, ClJ,'IPU'I"t: Sl,UP£ ur t;CANNliH.i 
l:CC CUHvt. A.-JD h'ft:HSI':C'riUNS O<lttl UH'tli;G A~D li~.1'"1'l/;G CUH~i:> 
CCC 

4H4U ltPLlMft{~) = PSI(N) 
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CCC 
Ct;C 
CCC 
CCC 
CCC 

4\liJO 

CCC 

s~:-r1 = S1:.1· 
SI:.:T = P.:il 00 
MAX = LTAUK(.J} 
CALL I:.NlEM(~SIVAMK(l,J)J 

DKLlH(N) = CONTD(HlD,J)tSLOKU(HlUtl,JJ•lPS!(Nl•~Sl~AM~(HlU,J)) 
MAX : LTAbSK{J) 
CALL I::N"II::k(DK(1,J)J 

SKOPKlU) = SKAN{MlO,J) t ({PSl(N)-UK(MlU,J)J/(UK(MAX,JJ•UK(HIU,J))H 
$lf(SKAN(HAX,JJ·SKAN(HlD,J)) 
WPLlH~(N) = WK(HIU,J)t((PSJ(N)•DK(HlU,J)}/(UK(MAX,J)-UK(klD,J))). 

$(~1\lMAX,Jl•WKlMID,J)) 
MAX = L'tABKlJJ 
CALL I:.NT.I':k(PSlVAf<t\{l,JlJ 
1'11\.LlM (tO=CONT~ ( Mli.J,J )tSI,UKW ( MWt 1 ,J) -1- ( 111-'LIMK l 10 •PSI VAkK OllD ,J)) 
11-'ATH(IO = 3 
SE.T = SE"Il 

H!::VI:.IH:il£:1.> 1-A"fH STAKES t"kUM 
{H SCAt<rHNG CllHVt: AND I'l"S 
THI:. SM11NG CUMV~S 

WPLIMK(N) = PSI(N) 
::OI:.'fl = :>ET 
S£T = PSI (tO 
HAX = VIAl!K on 
CALL I:.NTI:.k(PSJVAMK{l,J)] 

lOI:.T"l'ItH> CUI(VI::, CUHPIJ'ft: .S(,IJP( 
IHTUiSt:CTIUNS Willi 1HI:. Wl:.'fTING '"" 

WKJ,JM(N) = CONTifi(MJD,J)tSLU~lO(MIUtl,J).(PSl{NJ•PSlVAHK(HlD,J)) 
MAX = Ll"AilSK(J) 
CALL I::Nl~M{WK{l,J)j 

SKOP~{h) = SKAN(MlD,J) t ((PSJ(N)-~K{NJU,~))/f~K(~AX,~J-WK(MlU,J))H 

S)'(~KANlMAX,J) • SKAN{NlU,J)) 
!o!AX : LTA~K(J) 

CALL I:.NTt:tl(P:)UAHKtl,J)) 
U~LlM(N) = CONfD(MJU,J) t SLU~U(HlDt1 1 Jl'lP~l4Nl•PSIVAHK(MlU,J)) 
IPA"J/l{IO = 4 
St.T = Sl::fl 
Gu lU 5100 

CCC:.: PAtH tJA::i HO"I kl::~r:kSt:U 

rcc 
~ouu 1¥(bt:T,Gt:.O.O) GU 10 ~17~ 

lf{lPATil(N),!l~.J) GO TO 5100 
MAX : LtAt!I\(.Jj 
CALL ~Nft:H{PSIVAkK(l,J)J 
11 : IPATH{t.) 
GO TO {~OJ5,5040l,ll 

SUJ~ CUhl~) ~ CUNTU(RlU,JJtSLUKU(MlDtl,JJ•(SET-~Sl~A~K(MlO,J)) 

GO TO 5200 
~040 CUN(N} = CU"T~(~ID,J) t SLOKW{MIDti,JJ'(S~T-PSIVAkK(~lU,J)) 

GO "fO 5200 
CCC 
rcc 
~IOU 

CCC 
::0120 

!'OINT J:) UN 1·11~; SCA/jljJN<;i CUkVt: 
H" (lPA"lli(N).G"f.lJ GU 'tO !:d~U 

lf{S~l.Gt:,hPLIMK(Nl) GO Tll ~110 
CUI<(N) = lli\LIMUO t SK0Pt:(NHtSI::T•DPt,HIK{t0) 
GU IU 5200 . 
Mt:ACIIt:O Uk CkU~St:D Wt:TTING CUkVt: 
lPAlH(N) = 2 
co 'IO ~uuu 

~150 Jf(S~"f.Ll.UPLI~K{N}) GU Til ~170 
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CON{Nl = ~K~lK(N) • SKOP~(NI'(~E1·~~LlMK(N)) 
GO TO ~200 -

CCC H~ACHEO OK CHUSSEO OHYING CUHW~ 
5170 IPATH(N) = 1 

GO TO 5001.l 
~115 ESTR~SS = (THIC~ l(Nll•~D • SET 

Sl-1'1 = SI!:T. 
SET = ESTHt:SS 
MAX = LTAiiK(J) 
CA~~ ENTEK(PSIIIAHK(l,J)) 
11 = lPATH(N) 
GO 10 (~Jijd,~JijS),ll 

~I YO CON(N) ·= CONTU(MIO,Jl • bLOKD(MlD•l,J) ' (bET•PSIIIAkK(MlJl,J)) 
GO 1'0 ~1'::10 

5111!> CON(N) = CUN1'loi(HIU,J) • SI,OKW(MlDH,J) ' (S~T-1-'.SlVAKK(Mill,J)) 
!>190 sr:·r = s~::n · 
SijOO f0H~A1(YEIU.l) 
51120 ~'ORMA1(//,-II!X,221t SATUkATION TABLE //, 

S12X,411H PHESSUHE HEAD WETTING CUHYE OkYlNG CU~YE,/ 1 
S43X,~H(Pijl),YX,7H( SW ),IIX,7H( SO ),//) 

!>1125 fOKMAT(JOX,l5,lE15.4) 
511J!:> f'OkMA'1'(//,42X,32HSPECH'IC IWISTUHt. CAPACITY HIIU:,I/ 1 

~J4X,4tHi PHESSURE HEAIJ WETTJIOG CUHIIE UHYJNG CURVE!, 
S43X,SH(PS1l,IIX,7H(SLOCW)BX,7H(SLUCU)//J 

~ijtO fUH~A1(JOX,l5,1PE1~.4,2Dl5.4l 
~1150 ~'OkMA1'(//,40X,Jbl\ SA'fURATlO~ SCANNING CUitW~ DA'i'A /1, 

S211X,67JiSLUI>J.. PSl,DRi'lhG S,JH<¥lr.G P:il,W~l''UNG .Stl 
$,1t!eTTJNG I, 
S~ll,'ll,fiiiH(SCA,/0 CUHVt; (llC) CUkYE (JlCS) ClJRVt:PICJ CUkH 
SVEOiCSJ //J 

!>~~!:> f0RMAT(15X,l5,5~15,4) 

!>llbO f0kMAHJOii.,S(lH*I,421tTJJlS JHdEKIAl. WILL ALwA'tS REMAIN SI\1'UKA'fJW) 
~ljt>S HII<MA1' ( 46J(, 18HPt;I!Mt::AIHLl '1':1 'fAbLE I, 

SliiX,IIOH PSlYARK CU~TIIl .SLOK.O CON'i'h 
SO SLOII.Il ,/) 

51110 YURMAT(15X,15,1PE15,4,2D15,4,2t.15.41 
~lit> 1 t·OkkA ·J{ II , 1 OX , 32JIPt:kMEAB 11,1 1' 't s.;ANN J NG CUii V t: OA 'I' A ,I , 

$211X,I>'IIiSLi1Pt: PSI,l.iRYING S,UI<U/-IG I'SI,WE'i'TltjG .SH 
S,loi::1TING/ 1 

;>211X,611H(SKAJn CUkVI::(lll\1 CUHVE (OKS) CUkVL(WK) CUI<.VH 
st; (WKSJ//J 

5200 kr.''lUKll 
CCC I:.Nil 01- IHS't 

t:UII 
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Cllt.CK ntH• 
SUUkOUtliH; fltiK 

IMPLICIT H~ALfH (A•H,U-ZJ 
c 
C•'*''***V~kSlUN ~/20/69, 

c•••*''''"~~~~~o b/71. 
c 
CtHfHUi'JNK lS A llt:IJUIIHW SUIJiWUTIN~ i''Uk tlt.:A'J' CUNDUC!lU'> PIW13L~M~. 
Cnff+fH·A loUfl\hC:H u~· PkllbLt:MS INVtiLVJNU fLUII, CHI:':MlCAI, RI::AC'l'IUN, Ht.AT 
CHU+U+Uto:loEkA't'Hjfj, CON~l::C'fiVt: AND HAUlA'fiVI:: THANSPOIO', t:1'C,, MAY lit: 
CUHUU::i\H,VI::IJ ~jHJCH OU NOT Rt:l<OlkE ntoK, 
CCAid• iiLINK 

CCALL 

CCALL 

C..:' ALL 

CCALL 

CCALL 

CCALL 

c 

CCC 
t:CC 
CCC 
~000 

c 

c 

lNCLUPto: 'ULlNK.INC' 
BLISC 
lNCJ,UUI': 'dLlSC.liiC' 
BLARt 
ltH:LUUt: 'ULAHt:.lNC' 
l:lLAkY 
lNCLIIUI:: 'dLAHY,JtH;' 
AHEA 
I!ICLUIH:: 'AIH:.A,lNC' 

' lNCLUDt: 'M,JNC' 
NMJIO 

lNCLUOt: . NMJNl,lNC' 

lf(~CYCJ 2000,11U0,4~00 

lN~Ul DATA bLOCK ~. JNII::RNAL CONNI::CTlON LIST 

L = 0 
U' (HOI.! I:: ,1::1.1. 0) N= tlUCUI>=O 

l r· ( Mlll!E, t:U, 0) llOCOr. =U 
lt'(MOllE.EY.OJN=O 
N = IWCOtl 

~100 k~Aii(l,~~U5lNI,~l,ll~t:U,NAU1,NA02,UZ,P1,~2,0LUNL,UkAU 

c 
Jf(Ul .~Y. 0) H~TUHN 

Pt ·= PltSCALr; 
~2 = ~2t:SCAI,£ 
UI.IING : D!..1JtJt;t~CALI:i: 

UHAU : ukAOfSCALE 
lt"{Nl .L~. 0) GU TU ~105 

NZ : IO+HIZ 
NAIH = NAillHJZ 
NAil2 = NAU2*11Z 

<!1U5 CU:<TUOUE 
2120 lol!ll = o.o 

H'{UkAI.l,GI::,O.) (;ll 'I'U 21:l!l 
AIJU = •(llHAU t URAUS) 
IJHAtl =. 0HADS 

~l2!l lf(HOU~ .~t:. U) GO TU 21J!l 
C/oi,L ~~~K~lN, Nl, N~, NOXI, NUX~, NUCU1j, ~~ 

lli::M~(!l) = NM1NI(ITI::M~(5)) 
Gtl "Ill 2140 

CilJ5 0 : NUCUN : N t 1 
21J!l N=Nt-1 

IOIJCOU::.N 
J.l41) 

c 
Jf(N .Gl, M!l) CALL ~UH!HANlN,NUClJN,~!l) 

t<lilJI(tl) = rHJX 1 (t<) = Nl 
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fi(J0l l/0 :;: I'll 
NUXl(N) :;: Nl 

N002(N) :;: N{U:2(N) : U2 
NOIJ20H = N2 
NUX2(NJ = N2 
Of;L1(N) = PI 
DI!.L2(N) = P2 

lli<A[J : DilAU.S = OHAU T AlHl 
IJkAIJ : I.HUD t ADD 
OHAIJ~= OHAU 

Ak~:A(Ii) = GI:.UMfD!..ONGfDkAU•fi\.S~M 
Jt'lMliiHL,:)1J .t:u. Ul PRih'l' !;ll!O 
L = L + 1 
PkiHT 58DU,NOU1(N),N002(N),N,DEL1(N),Ut:L2(NJ,OLUNG,D~AU,Akt:A(Nl 
H"(llSJ::Q -~LE:. OJ GO TO 2100 
NbEO = N.St:GI - 1 
Nl : lol t HAOI 
N2 : N2 T NAll2 
t>O TU :.!12~ 

c 
C COMPLJ::'J't:l) IU .. OCK a • 
c 
JlOO lilLOCti. = 5 

CALL llEf't:R(NODl, I'WXl, NUCUN, 110Pt:, NUUt:S) 
CAI.L llt:f'EH(NUD2, NOX2, NUCON, 11ULlt:, II!JUES) 
H (t\'oHT oNE. 0) REl'UHN 

CCC 
CCC INITIALIZt: FLUX. 
CCC 

00 ]102 N : l,NOCUN 
C 3102 UFl(NJ = fl.lNJ : 0.0 

OFI<Nl=O.O 
t"l(N)=O.O ]102 

CCC 
CCC 
CCC 

CALCULATE CONDUCl'ANCt: Of' lNTt.liNAL CONNECTlUN~. 

00 HU5 N = l,!WUCOfl 
Nl "'HOUl(N) 
N2 "' N!JU2(N) 
XI a GUYMU f AHEA(N) 
X2 ~ CON(Nl)fC0~(N2)fkHO(Nil'kHO(N2)/(CON(NI)fHHU(Nl)fDt:L2(N) t 

SCON(N2)fRHIJ(N2JfDt:LI(NJ) 
Xl ~(UEL2tN)•~HO(NI) t Ut:LI(N).HHU(N2)1/(Ut:L2(N) T UtLI(N)) 
I~AN(~) ~ XI f X2 f Xl . 

JIO!) CONTINUE 
GO l'U ~210 

CCC 
CCC ~·HI!) "l'U'fAL t'LUlD t"LIJX ACHOS5 t:ACil lNTI!:IWAJ, CllNNI::Ci"lUN 
CCC 
4200 DC 4205 ~ = l,NUCUN 
4205 ri(N) = rr(N) + DFl(N) 

4210 H"(N[)w .J,t;. 0 .OH. KCYC .L1'. 1 .uk. ~KC~C .NI::. 1 oANIJ. KllA'IA .Lt:. 
$ 0)) GO Tl.l 4JUO 

CCC 
CCC Wklrt: UUT O't<liPt.kTit:::; llt" t:AC11 lNTI::kNAL CtiNNI::C"I"JliN. 
CCC 

1-'I<INT 51120 
'l'X : UMAXJ(SUMTI~ • TAU, J.U-12) 

lf(lo.nc ;t.f. 1l ·rx=t.U·l2 
U[) 4220 N :;: loNUCUil 
lt(MUU{~, 57) .t:u. ll PH1N1 5~2a 

D.35 



t'X ;:: fl(N)/TJl 
llt'IX = Ot'l(NJ/Ot:LT:; 
PRINT bij]U,NOXl(NJ,NUl2(N),AH~A{N),iHANlNJ,fl{N),fX,U~'I(N),Ofll 

4HU CON'l'ltHit: 
CAI.L t,IN~ 

CCC 
CCC t'JtllJ N~w CUNllUC'fANC~S llf lWl'l:.llljAL CUNNLCTJOtHo, 
CCC 
~Jud lf(NVAKK,Lt:,O) (00 'l'll 4400 

OU 4310 N ;:: l,NllCUtO 
Nl ;:: riUUl(N) 
N:l ;:: fiUU2{N) 
K1 ;:: tWUMA'I'{Nl) 
K2 ;:: NUDMAT(!o2) 

4JOb XI ;:: GtHMU ' AN~A(tt) 

4110 
CCC 
CCC 
CCC 
4400 

CCC 
ere 
tee 
c 
c 
CCC 
CCC 

c 

4404 

X2 ;:: HHO(NlJ f (,8fCUN(Nl)t,1•CUN(N2)) 
XJ;:: (UU,J(NJ*RH0(N2J t Ot.L2(N)'Ktlll(tUJ)/(Ut:LltN) t Ut:L2(N)) 
THAN(tll = XI * X:l f XJ 
CONTINUE 

f'ltW i'HEtiSUilt: Hl::o\ll CHANG!:::) lN NODES UUI:: TU t'LUlO t'LUW 

DO 44Ub N = l,NUCUN 
Nl :::: IWDl(N) 

Zl~lNlJ = ZlP(Nll t IRAN(N) 
t12 = NOD2(N) 
Zli'{t12) = ZIP(~1) t THAN(tl) 

fUH A VI::H'I'ICAL. St:£PAGI:: fACt: MAKE t:XTEHI'IAL SUHi"ACE U.Pt:I<MI::AbLI:. IF 
'1'111:: Jfjft:/UOK NODLi: Ut:Vt:LOPS SUCTION. THE rOLLOIIUNG STAl't:MENT 
ASSUMt.S l'r1A'f Tlt~ ZI::HO VOLUME NOPE "T 'fHE lX'l'EHNAL SUIH'ACt: JS GIVEN 

A 14t:llAl'BE IOEN"flt'ICA'UUN NUMBEH, IN HLOCK S PUt;CH A ZEHU 
VUI,Ut<lt: NllUE FIHST IN COLUMN I TO ~ 

H'(t.OXI(N),L'f,O,ANU,PHJ(Nt).G'f,PtlllN:l)J <>U TU 4404 
l~(NUXI(N),LT,O)NTYPL(NIJ::::2 
Ufl(N) = Ft:X = DELTfTRAN(NJ'((Z(N:l)•Z{Nl)} t (FSilN2)•PSI(Nllll 
r~X=D~Lff1RAN(NJ•((Z(N1J•Z(Ni)j+(PSl(N2J•PSl(N1))J 

OFI(Nl=i"t:A 
Uf(Nl) = Of{Nll t ft:X 
Urlt~2) = Ut(N1) • fEl 
O~Sl(~IJ = OPSI(Nl) + FEX/CAP(Nl) 
O~Sl(N:l) = UPSI(N:l) ft:X/CAP(N2) 
GU 11J 440b 
tiUP~:(IHl=O 

P.Sl(tU J:=O.O 
4405 COIHIIlUE 

Ht:'fURN 
CCC 
CCC COKPLI:.'J'I::ll flNr., kl::'fUIW 'l'U llt:Ak'f, 
CCC 
5~00 f(lkMAT{lU~,ll~,llb,ll),7Ll2.4) 

b8U5 FUilKAT(1lb,lll,11,4£10,J) 
b8l0 I'UI<MAT[// 11lll.,b9th1UUI tliJO:.! lNUI::X Ut;Ll IH:L2 lJLUt..tG 

$ UHAU AHt:A) 
~b:.!ll n.JitMA'J(l0)(,5.HIINTt:"i~Al. CUNr<t:C'i'lOf< I>ATA, CHt:CI\ CUt.UUC'J'AIICk:::> CTHAN)t' 

1, ,I, 15.11., >141\LAHGE IHf·n.:Ht •H:tc.S l:>t;l'IOI::t.U ClltH..ti:.CTJONS MA~ tit.: ll\1(:. '1'0 PltOf 
2H ~U~ING, ANU kAI PllUllUC~ PUUH H~SU~t.S.J 

btl:.!~ ~·l!iiMA'1'(/,J01,to1H NllUl ~<1!1!1 AHt;A 1'f!Atl t'LUJV t'~' 

sLm~ AVG t!AH: ,nn un unru:-.t:J 

b8JO fUkMATilJX,llto,tK,J€12,~) 
I:: NO 
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COI::CK '->t:N 

c 
c 
c 
c 
CCALL 

CCALL 

CCALL 

LCALL 

CCALL 

CLALL 

c 

CCC 

SUIHHIU'l' !Nt: Gt.N 
IMPLICIT HI::AL4~ (A-H,U-~J 

t<~:VlS~iJ b/7 j 0 

kU'!M.O Ulll, 

!:>LINK 
l•~CLllllt: 'IILINK,l/IIC" 
IILISC 
lNCLIJUt 'IIL!SC.INC' 
bLAilt 
INCI.U(.It; 'llLARt:,INC' 
J:>LAH Y 
110CLL1Uc; 'ULAk~.INC' 
AGEN 
INCLUOt. 'l<l;c;N,!IIC' 

' INCI,UIJI:: 'H,lNC' 
NMINI 
lUCLUI.JI:: 'Nfoi!Nl,lNC' 

CtT io~PU'I llATA !>LUCK 1:1, 1WfUtN,Ur VAIHAbLI:: t'LUlD G£Nt:HA"tlUN LIS! 
CCC 

:.!OUU l.ABEL = 1 
C lt(MUDE ,tO, OJ NOGI::N: NVAHG: 0 

lf(fo\OU£ ,lU, 0) NVAHG = 0 
H"(/IIU!;t; .t:lol, 0) NOGEN = 0 

N : NUGt:N 
c 
~IOU k£AUC1, ~1:11~) NJ, hSEu, NADG, Ll, trt{Jl, t'2(J), J: t,Jl 

c 

c 

Jt(NI .~~. 0) H~TUHN 
L'JIIb = IAU.5(LI) 
IHLTAb ,Nt;, OJ tj(J TU 210~ 

lf(~~lll .~Y, 0,) f2{1) = 1,0•24 
c.;u 1U 212~ 

:l105 H'(LTAU ,LT, 4) GU TU 2115 
lt(LTAU ,GT, MQ) K~lT = 12 

~110 NEAl)( I, ~!IOU) (fl(Jl, f2(J), J : 4,LTAIIJ 
c 

2115 CALL SLUP~(f2,f1,f]) 
2125 lt'(,.,OIJt; ,Gt:, 0) (,0 TU 21JO 

CALL .St:~ll.l(N, Nl, NUXG, NUGt.N, 10 
lTt:~S{ij) = NM1Nl(IT£MS(d)) 
GO TO 21JS 

C 2130 N : ~OG~N : N T 1 
21JO N=~+l 

NOG~N=N 

HJ!) lf(N ,GT, foil!} CALL MUH'J'IIAN{N,NUC,;~t~,MII) 

C NOlJtj{N) : NOXG(Nl : Nl 
NUIJC.{tO=N1 
NO.(G(!j):Nl 

C G(N) : Lf(l,N) : ~1{1) 

f;(ll} : F1(1) 
GHJ,[ojJ:f'l(ll 

TVAkG(1,N) : ~2{1) 

LTAbG(N) = 1,1 
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Inl>t .ron;. -tl Gu 'I'll 114~ 
Pk1N'I' !lt125 
uu '10 214b 

2H~ lf(L.AU(,;I.. ,E:u, 0) {;u 'fO 21!lU 
214h LAii~L ; 0 

Pkltll' ~tl:.tO 

JlbO PRI~T ~~~0~, Nl, N, Ll, fl(l}, f2l1J 
HlLTil.h, 1..1::, 1) GU 'rtl :.!160 
~VAHU ; ~VAHG i 1 
l\1' " 2 
Uli :ll~b J::::.!,LtAU 
G'l(J,rn " i'l(JJ 
fVAI!~(J,N) :::: f2(J) 

SLU~{J,N) :::: fl(J) 
2\bb CUNT!NUt~ 

PHI NT blllU, (Gt(J, N), SLUGlJ, N), TVAkG{J, H), J=2, (,TAU) 
CCC 
CCC 'J'l::ST l'HilUUGH wJ'j'H CAIW, 
CCC 

( 

2lb0 l~(NS~Y .L~. 0) UU TO 2100 
N::il':!i ; NSt:U • 1 
Nt:::Nt•NAOG 
GO TO 212b 

C CUf\PL(,;'fUl !!LUCK II, 
c 

JlOU lt(NVAHG.L~.O) UU IU JIOS 
lt!LUCI\ ::: II 
CALL Ht:n,k(I>OOG, NUX!;, NOGI::N, NOLl!::, NOU~SJ 

!105 lf(~~IT ,NC:, 0) H~TllHH 

UU Jll II N ::: 1, NUOt:S 
C fG(N) ::: utG(NJ ::: 0,0 

~·Gun = o.o 
Ufl.>(h) ::: 0,0 

J! 10 L{HH'!Nlll:. 
4200 If (K~ll,LT,O) GO TU 41~~ 

tiYY l~(NVAHG.LI::,O) ~U 1'0 4300 
CCC 
CCC ntw TU'l'AL t'LliiU Gt:Nt:RA11l)N IN EACH NUt.lE 
CCC 

HOI 

CCt~ 

iJO 42U1 
I"G( u l ::: 
H(KCYC 

fl ::: 1, NUlit:N 
H;lN) i UFGUl) 
,LT, I ,01'1, NOJj ,(,1.', 1) GO TU 4lUO 

CCC t'lllN'l' NDOI:. Cit:Nlo:llATlUN UA'fA If HEUUlRI::O, 
CCC 

PlllN'l 5tlb~ 

tX ::: UMAXI(~U~TlM • lAU, 1,0·1~) 

li"(KC~C .LE. 1} tX=I,U•12 
I'L\JXS ::: 0,0 
llO 4202 tJ ::: 1 ,NUGt:N 
t'X ::: tG(N}/'CX 
I"LUX5 ~ t~UXS t FG(N) 
PHI~T blllU, NUXb(~), G(Nl, tG(N), fX 

4201 CUNllNUt; 

CCC 

PH}Wf *• 'KCYC:' ,t..t:'~C, 'bUM'l'll'l:', :,UI'l1'1M, 'TAU:::• ,·tAU, •:rx:::• ,'fX, 
t ··~•••tftt•fHU~ Gt:N ~202' 

tJI, ::: H,UXb/'U 
PHIN1 btllb, I"LUXb, YX 
CALL ldfll" 
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.CCC f!NIJ tJt:fj ~·LlJ!LJ \;t:rH:.RA'fJO!o kAl~~S 

CCC 
42UJ H'(NVAR!i,J,I::,O) t;u 'Hl 4JOIJ 

UU 42~~ N :::: l,NUG~N 

NNO = NUill>OO 
MAX = LTA~G(N) 
lf(MAXJ 4204,42Jb,42Ub 

4lU<l MAX = ·Mil)( 
.SJ:.. 'l' = SU/111' I H ;. fllkll 
GO l'U 4210 

420~ .SE:'f:::: I'.Sl(tWO) ;. llPPSI(tlf<lJl 'f ~'UHf! 

4210 b~T = G(NNO) 
CAJ,L ~NffH(tVAHG(I,N)) 
G(NNU) = G't("'lU,NJtSLilG(IHIJ+l ,N)*(.SI::'f•'l'VAkG{MlD,ltl l 
tl£1:::: 1UU,04AbS((I:It.'f•(j(Nil(J))/(I:It:TU,Ol!•J:.!)) 
UVSIMAX = DHAX1(DPSIMAX,I:I~1'P$lVAkYl 
Gll '1'0 H!l!l 

4lJ!l SET= D,bYJl47lijlfVAkG(l,N) 
SSTo:SE:l' 

t:X = J:..XPI~M!Nl(oO,LJ+U, •lJMl~l(bO,l!+U, l:iST•SUMTl~))) 

St:'Hl: DMAXl(-bU,LJ+O, UM1Nl(SST•DEL1, bO,O+Oll 
H'(OAtlS(St:TDj ,1;1', 1,(1-5) (.;0 'fll 4240 
51:..1 = E:X*(l, ,!l*SI::TJ)J 
GO 'l'U 4245 

n4U .St:'l' = t:H (I, I:.XP ( •.St:'riJ)) I (S.Sl'4iJI:.LT) 
42~5 lf(St:I .L~. 1,D-24l SET= 0, 

(.;(~NO) = .Sl:..1*~T(l,N) 
4.!~!l CllllTlNUJ:.. 
CCC 
CCC ntou i'tU:S::iUHI:: 111::AO CIHoNG~.S l!U~: TO lNTi.kUA(, n,UJD GO:Nt::l<Al'HHI 
CCC 

430U 00 4305 N = l,NUOE:~ 
uX = lli::LT*G(N) 
G~A.SS = UX * J<HU(N) 
UfG(NJ = UFb{Nl + LJX 
UPS1(f•) = UPSJI~l + ~~A5SICAi'l~J 

ilU!> CONTlHIJt: 
kl'.'fUhN 

CCC 
C!.:C CUMi'LI'.'ft.U Gt::N, l!t::TUNN TO ht::AHl' 
CCC 
~~UU fUHMAf (llJ:..lO.J) 
bijUb fUHMA1(10X,Jl6,1Elll,b,15X,lt::l~,6) 
5~10 fUHMAI(llX,Jt:15,b) 
bHJ5 fUH~Al (4l!l,bt:1U,J) 
5H<IO rOIU\A'l (I I 12X, 10HN0ll(.; lNIJt::.t LTAilG, IIX, 2HGT ,1:.! it., 5tHiLUPJ:.., 11 X, 5tiTVAHU) 
~H:.!5 rONMAI(/JOA,05Ht'ULLUklllNG NUU~: liAS G(Nl = G'Hl,Nl*t:XP(•O,b!<HS*SUMT 

Sl~/'n'AI<G(l,NJ)) 

5Ut>!> F'UkMAI(lOX,SH NUUG,4X,IltH;I::N I<A'I"0:,5X,11HTU'£AL ~LUlU,]X,IlHAVG HA'J'I::J 
~1:17U ~-Okt-IA-rtlOA,ll!l,J£1J.4) 

~lnS ~'UHJ.IA1'(/1UX,12HSYS'i'EH TllTAL,6X,21:.1J,4) 

'"" 
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CUt:CK SUIH:. 
SUIJIWUTlNt: SUitt: 

lhPLICIT RI::ALf.ij (A•II,U•ZJ 
c 
Cf*'-'****'vi::t!SlUN 512llb9, 
C**''''**H~VISt;u b/71, 
c 
C**'''***SUkl:: IS AN UP1'JUNA\, SUIJIHJUTlrlt:, If JiU'I' NI::~IJI::IJ, SI::T Mb : 117 : OS 
CUUf.Uf.(SI::E USt::H:i MANUAL, fUll Ml'.:'friU!JS Ot' OtHA.ltdNG VAI(l!JIJS 'f'i~I:.S Of 
CfUfUHk!OUNUAH'i CON!JI1'JONS trjJ]'HOU'f USI!>IG iNI"liT OATil. llLUCKS C> Ult LJ 
c 

CUMMOk I NUIJ'f API NOX :i, IHJXSb 
CCALL <!LINK 

INCLUUt: 'liLlriK,INC" 
CCALL bLISC 

I NCLU\;1:: 'iiLlSC,rr~c· 

CCALL BLAk"-
lNCl,l!UI:: 'IJLAHt:,INC' 

CCALL BLA.fO 
lt;CLUUE 'l:ll,AH'i,INC' 

CCALL ' JNCLUUI:: '.'l,ltlC' 
CCALL A::.UIU:::. 

l~CLUUt: 'ASUHt:S.INC" 
Ul.'IMHilON AHI::AS ( 20}, t"lH 20), fS ( 20), HSUkt:{20), HSUHT( 12, :OW), 

S L'fAI:\11 (;lU), L,T AbT{ 20), NOIHH 20), NUUS8 ( 20) ,NUX5{2U), 
S NUXSB (20), SI,Otl( 12,20), SLO'l'( 12,20), 'UMEH( 12,20), 
$ TVAkrl(12,2U),DfB{20l 
lilMfNbiUN PSIIJ(20),PS1HS(2U),PHIIJ~l2,2U),Zii{20} 

CCALL toiMHll 

c 
INCJ,UIJ!-: 'NMJtll.lNC' 

lf(~C~Cl 2UUU,JIOU,4~00 
lOOU I~(JUJ,UC~ ... u. 71 GU TU 2lUO 

lf(I~LUCK ,NI::. 6) k~TU~N 
u:c 
CCC lroi--U1' lli\'.I'A ULUCI\ b, t:XH:tii'IAI, tlliJ11"-).11UN LJS'i' 
CCC 
C LAU~J. ~ L : U 

LAb!£1, : 0 
,, : 0 

C H' ( Ml"IUI::, t:U, 0} N: lh.lSCUN :fOV AIHl= ll 
HUmllt::,llt::,O)C;U TU 2010 
N = 0 
hUSCIJt. = il 
NVI\Rii : U 

~010 CUtll'lNUt: 
N = NUSCUI\o 

c 
2100 k~AI!(l,5Hl~J,N1,N2,~~"-U,NAUS,NAUSU,L1,UI.UNG,DHAU,NX1 

c 
1f(N1 ,t:U, 0) R~TUHU 

ULUNG : DLUhGtSCAI,£ 
UkAl.l : LHUII*SCALI:: 
AOU = 0,0 
lHUilALI ,t;t.. 0,) GlJ TU 2111~ 

AOU = R(l.JHAP ... IJRAOS) 
DHA!' : DkADS 

4!10~ CAl.\, i'Al'Crl(N.I(l, fHJM:, IIX, LXX) 
Ll'l\~ : IAUS(Ll) 
lf(I,TAk ,GT, 1) GU TU 2121' 
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C LTAa : Ll : 0 
LTAIJ = 0 
Ll = 0 
GO TO 2135 

2121J tiVAktl : NVARH i" I T NSI::U 
IHL1'Ail ,GT, M'JJ KWIT = 1:.! 

c 
212~ ~I::AD{l, 5800) {fi{J), f2(Jl, J : t,LTAIJ) 

c: 
CALL .SLOPI::(f'2,Fl,fJ) 

21J:i H'OIOliE ,GE. 0) GO TO 21!JS 
CALL Si£1i:"'-2(N, Nl, N:.!, NOXS, NOXSH, tlUSCON, II) 
IF(~ .Ea. OJ ~0 TO 2150 
l~'(LTAbH(N) ,N£. 0 } NVAkH : hVAkll • 1 

~150 IT~MS(b)-: NMINI(lii::MS(b)) 
GO TO 2lb0 

C:.!l55 N : I•OSCON : N T 1 
2155 N : N T 1 

NUSCUN=N 
2lbQ lt'(N .Gt'. Kb) CALL MUHTIIAN(N,ItUSl:UN,Kb) 

C WJOS(NJ • tWXS(N} = !U 
rwnsoo = r.t 
NOXS(N) = Nl 

C NOUSH(NJ = NOXS6(N) = N2 
NOOSIJ(N) = N2 
WUXSIJ(N) = N2 

C HSURT(I,N) 01 IISUHI::(N) : HX 
HSlltii::(N) : tU 
HSUHT(I,N) = fiX 
LTA11H(N) : Lt 

C OHAD = UMAUS : DRAO T AUO 
UfiAII : UftAU T ADO 
OkAIIS=UHAO 
AIU:IIS(N) = G~O"'.fDLUN<aUHAIJf.ft.SlM 
H(LAt!t;L ,EV. II) GO TO 21'/0 
LASI::L = 0 
(j(l 10 21'/"j 

:.!110 lt(K011(L 1 51) ,NE. Ol GO 10 2160 
21'/5 PHHtT 5820 
:tliiO 1-'k lNT 582~, 1H, N2, N, Ll 1 Dl..fiNIO ,IIHAI), tiX, AHEAS ( 1.1) 

lo = L T 1 

Llll~ 

H (L\'AS .t:u. OJ (;CI tO 21~0 
1<.1'. = I 
II(J 2111~ J=t,LTAU 
HSUkT(J,NJ = ft(J) 
TVARII{J,N) : F2(J) 
SLUH(J,N) = Fl(JJ 
CONTlhUI:. . 
LAI-lt:l, = 1 

CCC 
CCC 
CCC 

21'lU 

PRINT ~~JO,(HSUHT(J 0 N),SLUH(J,N) 0 !VAHH~J,N),J:t,LlAh) 

c 

Tt:ST 1'HIWUGU ill'fH CAkU, 

lF(NSI:.Q .L~~. 0) GO Tll :ttUO 
riSt:U =. NJ;ii::V • 1 
IH : Nl T NAUS 
N2 = 1<2 T NADSIJ 
GU '!'U 21J!> 

C CU!4PLI:.'J'UJ tHoUCh t>, 
c 
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CCC 
CCC INPUT OA'l'A f!LOCII 7, ~XT~IilfAI. 1-'Ufl::hl'lAI, {f!OUtoDAN~ riOIJi.) LIST 
CCC 

2200 LAEILL = 1 
C IFIMUOE,~O,O}NOOB~ = NVAHI : U 

lf(MOIJE,EU,OHWUBS = 0 
If(MOUI::,~U.O)NVART = 0 
N = NUOUS 

c 
2~0~ N~AD(l, SUl~lNl,LJ,Pl,lfi(Jl,r2(Jl,J=l,Jl 

c 
lf(NI .~:Q, OJ GlJ l'U 22toS 
1H11U!Jt:,Gt:,O) GO TO 2215 
CA~L ~Et:Kt(N, Nl, NUOU 1 NUOUS, II) 
lf(KfLTAbT(N) ,N~, 0) NVA~T : NVA~T • 1 
ltt:MS(1) = NM1Nl(l!~MS(7)) 
~;u ·ro 22:i!u 

C221S U = NODUS : N t 1 
2:os N=tOtl 

NUUbS:N 
22:i!O lf<N .G·t·. 1!.7) CALL MUHTHAtHN,NOUlHi,l'\'1) 

0{1 2230 J = l,l 
fi(J) = fi(J) * ~CALE 
PHIU(J,Nl = fl{J) 

22JU TJHEU{J,Nl = F2(Jl 
NOill:lOd = Nl 
Zit(N) : 1'1 

tU(N) = ZU(N) * SCALE 
C PSldiNJ = PSlbS{N) = r111J • Zb(N) 

PSI b {II J=n ( ll•ZU ( N) 
P.SlllS(Nl=~S.lt!{Nl 

C ~1AEI1<N) = LTAb = lAdS(Lll 
LTAIH'(N} = lAtH:i(LlJ 
LTAU = lAUS(Lil 
lf(LTAU ,LT. IOU) Gu !0 223~ 
!.TAu = :.! 
::iLUTO,Nl = 0.0 
l~(tlN[U(l,Nl .Lt:, 0,) IJ~~~(l,U} : 1,1::24 

:l2JS lHLAl>C:L ,Lt::. U) Gll '1'0 224.0 . 
J,AkU, = 0 
PklNl' ~114ii 

2240 PkiN'l' ~ij4S,Nt,N,L1AI!,~II(N),tl(l),TJM~d(1,~) 
H"{L'l'lltl ,G'J, ll GO TO 2245 . 
L1A!:li(N) = 0 
GO 1'0 4'21J~ 

24'4~ NVART = NVAkT + 1 

c 

c 

lf(LTAb .l.>T, 4) GLI TO 22~0 

LAIII::L = 1 

U~U H'(LTA8'J'(N) ,Gt:. 100) GU 1'0 22!:10 
CALL SLOP~(TlM~II(l,NJ,PH111(1,N),SLU1(l,Nl) 
f'kiNT ~1150, ( PHlll (J, N J, SLUT ( J, N l, 'f 1Mt:!3 (J,") ,J=2, L'I'Atl J 

22!:10 SL01(1,Nl = .SLUT(~,Nl 
lt'(J.'fAb ,GT, K'J) K~IT = 12 
Jt'(LTAbf(N) ,Gt:, 100) PklNC 511110 
btl Til 220:, 

22&~ ~lWULC6) = N~WIIL(o) + IOUU 
IH:1'UkN 

c 
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C ClliH'I·~n:u iiLOCK 7. 
c 
llllO lllLUCK = o 

CCC 
CCC 
CCC 

c 

JlU:.! 
CCC 
c.cc 
CCC 

]10!1 
CCC 
CCC 
CCC 

CALl, Ht:n.:N(NOOS, NOXS, NUSCilli, tWill:, tWO!!:.:>) 
CALL ~~:FE:N( tWllSS, Nll!ISil, r.IUSCUN, Nllllll, NULH':;) 
!f(KWll ,Nt:, OJ Rt:IUHN 

JNitlAI..IZt: f'LLJX, 

DO 310~ N = t,NOSCUN 
fS(N) = llfS(r.IJ = 0,0 

t'SINJ = o,o 
Of'S(N) : 0,0 
Nt.D = .NODSti(N) 
~'II(NNU) = 0,0 

ChANG!:: NTrPE 'fO t, UNLl:SS ALLH::.ALH ';!, 

UU JIO!) fj :;: l,IWSCUN 
/;1 = NOUS(tll 
N2 : tH'H'C:Od) 
1HN2 ,t:Q, 21 GO 'fO 310!) 
lf'(N2 ,I::U, 0) NUSPI::C :;: NUI:il't:C + 1 
NTY .. ~:OHJ = 1 
Ct!Nl'hUl: 

CALC l.UNUUCTANCt.: Elt:'l'i'lt:t:N SUW~"AC!:: ANU IWUNUAIU NOUt.:.S, 

UO 3110 N: t,NOSCUN 
HSUNE(N) :;: IISURT(l,NJ 
Nl : I~OOS(NJ 

NO! = NOOStl(NJ 
n:.cN~l = o.o 
lkANS(NJ : kH!tZ•ARl:AS(Nl'ltSURt.:(NJ 

3110 CON'I'ltWI:: 
4~00 lf{KWIT ,LT, 0) GU TU 4JOO 

CCC 
CCC t'lf'<IJ 'i'lll'AL HUll! ~'LUX ACtW.3S I::ACH t.:X'!'t:llNAL CUNNt:CTIUN 
CCC 

U(l 4201 111=1 ,tW.SCON 
lll:t=IWUSI:HN) 
lifti(H:tJ=D 

4:£01 CUNTltlU£ 
UU 40!05 f~: 1 1 !'/0SCUfll 
UX = IJf'I;(N) 
fS(Nl = f.S(N) + OX 
N2 : l'OUOMl(N) 
l!~· tl ( H2) =I)~' j; ( N 2 J + LJX 

1:.10:. ~·b{N2) = t'tl(k:.!) + OX 
lf(~C~C ,LT. 1 .Ok, NOW ,LT, 1) GO TO 4300 
~tdrn 5k1DS 
TX = DMAXl(SUMTlM • TAU, 1,0•12) 

lf'(~CH.: ,l.t:, 1l TX=I,li-12 
t'LUXS = 0,0 
Of'bX=U 
SOf!l=o 
00 4210 Ill = I,NOU~~ 
rx = tbCr-.J/'i'X 
fLUXS = ~'LUXS + fti(N) 
PHII:IS = ZI:I(N) + PSilHtO 
Uf'liX=IJJo'tll J<) /Ot:Ll'::; 
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SlH'h=Sllt'll t llfB ( N J 
PklNT !i!rJU, NOJHl( N), 1-'HlUS,~ lH N), n:, t.WillN), D~'u)l 

4:.110 CUIITINUE 
n; = FLUXSI'!X 
Sot· b X=SI.lf"t~/Ut.:L T:i 
l'klNT 58"/!i, fi,UXS, FX ,l;lJfb, Sllt"!U. 
CAI.L Ll~t.: 

IHKUC .LT. 1 .OR. CKC"i'C .Nt:. 1 ,AI~U. r.oAl"A .Ll·. Ill Gu "J'U 4lUU 
PklNT ~610 
UU 42:1~ to =l,NUSCU/4 
t'.( ::: f"S(tl)I"IX 
lf(MUlJ(N, 57) .t:u. ll l'~INT ~d~5 
Ot"SX ::: UfS(N)/D£L.l"S 
PkiNT 56bti,IWXS(N), Ml)(Sb ( N), Akt:AS (II) ,JlSUttt:( ii), TR II. tHo (h), f':i(N), f)(, 

$UfS(N) ,UfliX 
4:.!2!i CUNTJNU£ 

CAI,L LIN£ 
CCC 
CCC t"l!IU t.EW uOUNUAJ!Y NllUl Pkl:.SSUkl Ht:AIJS 
CCC 

4300 lf(NVAHT .Lt:. 0) GU 10 4400 
UO 43JS N = l,NUUUS 
MAX ::: L"l"AUT(to) 
lf(MAX .t.:u. 0) Gll "fU 4H!i 
hi!:T = l'Slii(N) 
St:T = SUM'l' I M t U£LT 
lf(MAX ,1,1. 100) GO Ttl 430!i 
l'Slh(~) = SlN(b,2dllllSJl•(S~T+Tl~~ll(2,NlJ/TlMEb(l,N)J 
l'Sl~(NJ = (PHlB(l,N)-Zb(N))t(PHlll(2,N)-Zil(NJ)*PSlll(NJ 
GO tli 4JJ1 

4JU5 CALl, l:.t1T£lt('UMEB(l,t!l) 
YSlB(~l ::: (PHIB(HlD,Ml-Zil(NJ)tSLUT(Hl~+I,Nl4(S£I•liH~d(HlD,N)) 

4JJl PSIBS(N) ::: li£T + FOR*(PSl~(N) • B~T) 

IJPSIMAX = llMA lt1 ( lll'SIMAX, DABS( PSlU (tj) -Bt:T l) 
4JJ5 CUIHlNUt: 
CCC 
CCC t" llW NI::W ::jUkf"ACt: I'LUID 1"1-:ANbfh:R CUt:fi'JClt:tUS 
CCC 

4'10U JHtoVAHti ,l,t:, 0) (.iU 'J'U 4!itHl 
UU 14J~ N = l,NUSCOH 
M.U = LfAUH(N) 
lf(HAX) t4t!2,44JS,44US 

H02 MAX "' ·HAl( 

4405 

4410 

443!:> 
CCC 
CCC 
CCC 

St:"f : SUMT J H t ~"OIW 

e>o ·ro 4410 
tH : t<OOS(N) 
N2 = /;UOSD(Nl 
St:T = O,S*(PSlbS(W2)+~SJ(Nl)+UUPSl(Hl)•fUNU) 
BET = HSUH£(N) . 
CALL t:NTt::K{"fVAHH(l,NJ} 
HbUHE(NJ = IISUHT(HlU,~) + SLUd(HID t l,NJ*(St:T - TVAkH(HlD,Nl) 
Bt:T = 100 • O*llAUS( Bt:T•USUilUN)) I ( OAUS(ill:.'ft 1 • OU•l2)) 
UPSIHAX ::: UMA:U(DPSIMAX,IJETH•SIVAflY) 
CONllhUI' 

4500 lt"(NVANH.L~,OJ GU TO 4b0U 
UO 4~10 N = t,NOSCON 
lf(L1'AiiH(NJ,t:f.I,UJ GO TO 4510 
N 1 ::: ljULJS (tO 
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Pt;ll:::: PSl<tHJ t- flHW • IH,!>SI(fH) 
Ill :::: IWI>:>IHN) 
1'512 :::: PSIBS(N"ll 
TRANS(N) :::: A~~AS(N) ' HSUk~(~) ' kiiUZ 

~10 CON1'1NUt: 
:cc 
CCC FINO 1-'0fi:.I011AL CHANGES IN SUHfACI:: 1/0IJ~::> 

CCC 
4.600 lJO 4.60~ N :::: l,NUSCUN 

Nl :::: NODS(NJ 
ZIP(Nl) ::::'ZIP(Nl) t- TRAU::>{N) 
N2 :::: NOIJSI:I{N) 

C Dl :::: UfS(N) :::: TRANS(Nl'l(ZI:Illl2J•Z(io1)Jt-(PSitlS(N~l-PSl(NI)l)'U~L1 

Ul::::tRANS(N)4((Zb(N~l·Z(~l)l+(P~l~S(N2J~PSJ(Nllll*~~LT 
lH'blNJ::::ux 

llf(/111} :::: UHNl) t- IJX 
UPSl{/111) :::: UP5l(N1) t DX/CAP(UlJ 

4ob0!;> Cl'WTINUI:': 
Rt:l'UHil 

C(;C 
CCC CUMPLI:.Tt:ll SUIH., Rt::~'URN l'O HI::AkT, 
CCC 
~800 fORMA1(~t::lO,J) 

581(1 rUilMII1'(10.'.:,24HI::XTUHIAL ClitiNI::CTlUN UATAJ 
S81S f0RMA1(blS,2fiU,J,IOAil 
5820 t"URMA1(/,lOX,&':IHNOUS NOUS!! lNUt::l L'CAtltl 

$ HSUHt: AREAS) 
5825 fOR~ATl8X,4lb,"ll,41::12,4) 

ULOtiG UHAD 

S8JU f0RHAT{/,l9X,5HHSUHT,tOX,SHSLUPE,lUX,SHTVAKH 1 /,{l5X,J~l5,b)) 
~HJS rOHMAt(liS,71::10,3) 
~H41) fiJRMII.l(// 1 12X,401iiWLll:l l/H!t:X L1'AI:I1' 

$OPt:, 'Sil, 5H'[ li'll::IJ) 
~HiS f0RMA1(1UX,31&,2~15,6,1bX,l~1S,b) 

bHS<I ~URMA1(2~J,J~Ib,6) 
58'>5 ~'UHMA1'(1 1 lUX, J'lll ~ULJS NllllSI:I 

$fLOW fl.Uoi AVG HAT!:: .~HI 

bUbO fUk~Af(101l,2lb,lt:l~.4) 

,. 

ii~UIU: 

lll'ti/'J'IHi::) 

PHlt>,lOX, 511SLL 

bll b~i ~'UH/ol A 'J' ( 1 OX, 1 U IHIUUND Ak i' tWill:: Dll 'J' A, I , 11 X, 4H!.U!lb 1 4 X, 91H'fJl'l::t~·t· 1 AL, 41i, 
$1 Otlt'LU I D ~'LOtoi, lX, ~HA ~(.; HAT~, bX, JHut·l:l, 91, 81lUFI:I/l'HII::l 

bU/0 Hlk/oiAH101i,llb,5E.:IJ,4) 
bUlb fU~MA1(/1UI,12HSi'Sl'~M TUTAL,bll,41::1J,4J 
b~~U ~UHMA1{//lbX,64H1'U = 11::~~U[l) t 1t:H~b(2)'5l~(2,*P14(SUIIT1H + l1Mlb6 

$(2))/'liMt:ll(l))) 
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C.:UI::CK SHCK 
SltlliHHJ'rlNI:: I>P£.(')1. 

lMPLlClt ki::AL~~ (A-H,tl-ll 
c 
C••***'*"VtHS!UN 5127/09, 
Ct•t$$ff .. I>Pi:.CI\ IS ' HI::VlllHEI.J I>I.JillllJUT 1NI::, 
CCALL bLl~K 

INCLlJUI:: 'llLlNK,lNC' 
CCALL bLISC 

INCLUI.JI:: '1:1Ll.SC.lNC' 
CI;ALL OLAIH; 

JNCLUUt.: 'tH,AHt::,lrH.:' 
CCALL bLAI< Y 

I NCI,UI.Jt: 'jjLAHY ,INC' 
CCIILL Af!EA 

lNCJ,IJl•t.: 'Aki::A,IllC' 
CCAI,L A.Sllkt:::. 

1NCLIJIJI:: 'A.SUHt:S,lNC' 
CCALL • 

lNCJ.UI.JC: 'H,JNC' 
IJllllt:Pi:..lUIO ~:kHUKOUUl, t.HIHIKX(JUO) 

c 
H CKCH.: ,\>1::, 0) GO TU 42lJ0 

C NU1X = NU!SUM : NUf.S = 0 
Nu·rx=u 
NUTSUM=u 
NUTI>=O 

CCC 
CCC SU LHl11' m· tll) UN NliHtil::k u~· l'It:KA'flONS. 
CCC 

NUTHAll. : ~U 

CCC 
CCC Jt.ll'lALI:tt: CUIHH.:CTlOJ>S 'fll PHI::S::OUkt: H~:AU CHA,.Gt:S IN NlJUI::S 
CCC 

UU JlOU ~ = l,~OUES 
j)bU t.:HHUHX(N) : 0,0 

CCC 
t'I.:C St:l' ACCt.Lt:KATlUI~ f'AC'WH AI~U Cut•Vt:H\it.fll(l:: ~AC'rtlH, 

CCC 
.$PI:.t.I.J = 0,2 
UH<.S = ~.u-5 
Hl:.l'UkN 

4l~IJ lf(NOw ,Lt:, 0) GU fU 420~ 
c 
C &TAHT ~Ek~ lf(KCYC .G~. U ,ANU. NO~ .~r. 0). 
c 

NClC ,. KC~C ~ 1 
NUTAVG : wUrSUM/MAAU(l, ~CICJ 

PklNT ~tllU, NCYC, NU'I;iU/ol, NU'fAVG, NU'I'll., H.;H 
4205 lf(~~Jf .~r. 0) k~TUkN 

CCC 
CCC 1Nl'l'IALlZC: C!lkKI::CTlUJl FAt:'J'lJHS, 
CCC 

DO 4210 N ,. l,NUUI::S 
t::ki<OIHtl) "' 0,0 
Ir(r.TYPt:(N),Nt:.U) t:Hi\UHX(U) = Dt::l.Tfi.I!IP::Ol(NJ 

4:.11U CUil'JHWI:. 

CCC 
CCC CIILC (;UkHt.Ct'lOii f'ACt'UkS ~Uk ~Pt::CJAL NllUI:.S, CUllr.T ::OI't:C-IlPt:C CO!'W, 

t:CC 
t.NUC"- = U 
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42:.10 

4:.!"2~ 

4:.00 
CCC 
CCC 
CCC 

4JUU 
c 

lf(rjOCtJN .l.T, 1) (;U 'I'll 41.HI 
lllJ 4.;.!2~ N : t ,tiUCUU 
XI = 'l'kANlN) 
H2 :: N002(N) 
Nl :: NOIJl(N) 
lf{~Oil(N),LT,U,Arlll,Nt~~~(Nl),tl~,:.!) Go IU ~~2~ 

lf(~T~P£(~1) .N~, 0) GO TO 421~ 
l~(NT~P~(~~).~~.O) ~ltk0H(tl2) :: ~kkONlNl) ~ 11 * lJ~~IlNl) 
GO TU 422~ 

lflNTYPElN2) ,Nt:, OJ GO 'f(J 4220 
tRkUHlNl):: tHHOR(tlll ~ XlfU~5l(Nl) 

GU 10 422~ 
KkROR(~I) :: ~HHOH(Nll t 11f~kHUHI(N2) 

tRHUH(N2l :: EHHON(~2) t llf~HHUHI(Nll 

J<.NOC~ :: t\rWCK t 1 
ClJH'fiNIJt 
LONTINUt 

NU"IS :: 0 
Sl ;; !::.SUM = 

ESUk:O,U 
51.:::0,0 

'·' 
usu"' =- t.U-12 
H'O<.IWCKfi\OC,Gt",ll ~~ = t>PU:o 
t>2::S1tl. 
>;t =- t-2 • ~·o11u 

UO 4HO N :;; l,i'IUUt:S 
lr(NTV~E(i'l) .EO. 0) GU TU 4310 
EX :: tHHdk(N) t Slf~lP{N)fEHkUki(NJ 
OPSllNl = {CAP(N)fUPSI(NltfOkUft~)/{CAP(N)t~'OkUfS2*ZlP(N)) 
£HR0kX(N) = U~Sl(H) • EKHUHI(U) 
~S~M .::: tSU~ t CAP(W)fllABS(EHHOHX(Nl) 
HSUM : HSU~ t CAP(N) 
t:HRIJH(N) :: O,U 

4Jill C0/'111'IP<U~ 

CCC 
CCC CAPArl'n m· ::ii'EClAI.. NUUt:.::;. 
n:c 

~SUM=hSUMfl'blVAHr 

' CCC "AXHWH CHjl.NGb lN ~LUlU C\lN'ft:tl1' 
c 
CCC 
CCC S1AWf l'l'tf<AtfiH; lf Tflf:.rlt AKI:. SP~C-SI't:C CUtHI.t:C'IIUNS, ANU 
CCC RU,A"JJVE CHANGE lN ~·LUlU CON"ff:.t<1" IS GH~Al'r<f! 'CHAri trlk~ 

CCC 
H"(t"SUH,Ll',l::kHbfiiSUM.Uk,KtJUCI\.Lt.,UJ GU '1'0 4~1~ 

CCC 
CCC LUU~ STAH1S llf:.Ht.. 1NCHI::Mf:.N1 CrCLf:. CUUN1f:.H. 
CCC 
4-IOU riUt"S .:: IW'I'S T 1 
c 
C CA(,( CllHHf:.CflUI~S ~'Ok cil'f:.C1AL f,OL•t:s, 
c 

lfli\IWCI<. .1,(:;, U) GO IU •Hlll 
Dl! '-141)~ N : l,u(J({Hj 

Nl :;; oWOl (10 
N2 ::: rHJI!llN) 
h (N"J.'~Pf:.(i'll)4NTh't'(rli) .t.ll. :)) o,"U f(. ~4U~ 
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C!.:C 
CCC tiOTH foiU~'f !H. Sl't::CIAL, 
CCC 

t::IIHOH(NI) :: fkHUH(~l) • THAN(U)fi':kHUHAlN2} 
t::HkUHIN2} = KHHUH(~2) • TKAN(U)ft:HHUkX(~tJ 

4.40~ CUNTJNUt: 
4410 CUN'l'Ii/Uii: 

CCC 
CCC CUIIRt:CT P::.I CIIAHr.:t:::, lll Sl't.ClAL t~UUt:S 

CCC 
C 4~110 t:SUM :: t:folii.X :: 0,0 
~!:100 ESUM :: 0,0 

EMAX:O,U 
Ull 4~05 N :: l,NOUt:S 
H'(N'I"YPE(II) ,EU. OJ GO l'U 4505 
t:~HUH~(N) :: (EHHUHA(N)fSlf~IP(N)tt.HKUH(k))/(S2flll'(N).(AP(N)/fUHU)S 

UPSl(NJ :: D~Sll~J • t:HRURX(NJ 
t:X :: UAUS{lHHUHX{N)) 
i':SU!<I :: t:SUM t CAP(N)ft:X 
lf(NT'tf'E(Id ,t;f:. ;n 1::1<\AX :: OMAXl(t:MAK, r.;IJ 
t:k!Wk {lj) :: o. 

4:,05 CIJNI'lNIJt: 
CCC 
CCC STliP lTt:R.Al'lt.G Afl'tk. IIIJ'IHAX C~CL~;s, 

Ct:C 

c 

lf{NlJl'S .LT, NU'fMAX) t..O TU 4510 
IIIUTS :: 0 
Ill'S I MAX :: I.JMAXl( UPS! MAX, 2 o "PSH AlH) 
PHlNT 5tl00 ,KCYC 
H (OELT ,G'l', 2,tSMALLJ GU TU 4515 

C lit:HA1lUN fAILUH£, 
c 

CCC 

Koill' = 10 
PklN'I !>00!> 
kt:'i'UfW 

CCC S'fUP l<ft::t<ATlNG l;f!t':N 1-!t:LATI~~ t:HI\01< IN H~AT Llll'l'lnn• Lf1AU~t:S - t.llk~,S 

CLC 
4510 lF(~;SUH,Gl',£1l.R.St:HtiUK,DH,tMAX,(.lT,lO,Of:t:Hk.:iH•SlWAiU) ~U 'fU 440U 
4~1~ NUTSO~ :: NUl~UM + riOTS 

NIITX = MAXO(NUTX, NUTS) 
lli:'SIM IIX = (li\AX l ([.IP.Sli'IAX, 0. O:.!~D+U-f:ti,UAT ~ NU'fS l •PSI V AIH) 

CCC 
CCC CUkiHCC'I' lt.Tt;Ht<AL fLUXI::.S ANI> FINO CUHRI:X'J'IUN t'AC1'0H!:> t'Ofl kEG NUIJt;S,S 
CCC 

H'(I10CUN,LT.1) t_;U 'J'U 4t>:l0 
DO H>lO N :: t,NOCDil 
li2 = I'<UIJl(N) 
Nl "' 1<001 (N) 
IFINUXl(N].LT.O.ANO,NfYP£(1\il),Ut..~) GO TU 4bl0 
IY(U'fWPE(!ol) .N£. 0) GU TO 4b00 
lf(NTYV~(N~) ,£U. 0) GU 1U 4blU 
t:kkUH{Nl) ~ £i<HUH(NI) t 1HAN(N)f(UPSl(N2}-UPtillUIIJ 
Gu TU 4b0!> 

~DUO lf(hT~P£(1'<2).t0.0Jt:RkUH(N2)=~:1tkUH{N2)tTHAN{N)•(IIP~!(Nl)•UPSl(N~J) 

·lbll) fi,U = fUI<fJ .. TkANltU t: {!ll'::.l(U:.!)•lli-'SilNl)) 
llfl(t<) = 0~1(11) t ~LI::X 

llHNlJ:: U~(Nl) t fLt..X 
Dfft;2l = tJf(oi:.!J rLr:x 

•lb10 COIHlNU£ 
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CCC CAt.CULA·tt, CUtli<~Cn;u vu.:::.::IIJtlt. llt:AU CriAol(,t;::, lt• H~G NUUt:s 
CCC CUNNECTLU TO ~P~C1~L NOOE~ 

CCC 
4t.LO UO 4bJU N "' 1 ,NUDt::S 

IH NTtP!.: { N) .~Y. 0 )[.>f>Sl (ll) =llP~l ( tJ) tfUHUH.kHUI< ( N) /CAP( N) 
lf(NOUE(~).LT,O,ANlJ,~TYP~(~).t.u.O) PP5l(N):O,~I 

4tdU CUt.!TIIJUE 
lHitO.SCON ,LT. 1) KI!:TllliN 

CCC 
CCC CUkkE:(;'f rLUX Of EX'ft.:HI'<AL CUNNt.C'J IUI~.S 
CCC 

OU 4040 N : l,NOSCON 
Nl ;;; NOLJS(tl) 
lHNTHt:(tHJ.NE,:o GU '1'0 4b'iU 
fLEX ;;; rtlkDf1'HAtHi ( N) fUPSI ( N 1 l 
llf(NIJ = Of(Nl) fLEX 
Ut'S(III) = Of'S(N) • fLt;X 

'ib4U CONTlt•Ut: 
Ht:l'UliU 

CCC 
CCC CUII.PLt.'ft::ll SPECI\, kt:TUkN 1'lJ hi!:AWl. 
CCC 

51100 ~-URMAH/1\JX,bllKCWC :,Jb,5X,il4llMASS ~ALANCI!: 1'1'UlA'l'lUN f'AlLt:D TO CUN~ 
lVt:IHiE, l'tllS filA~ tit: CAUSJW tiY A CONtJEC'n:O St:klt:S,I,tOX,97ttOf IWUESS 
'J. Wl Til 'J.'IMI!: ClHJSTANtS MilCH SMALLt:R '.l'tJAN L!~Ll'. WILL l"IIY 'fU kl:l't:AT Cl:> 
HCLI:. 1111TH SMALLEk t.>t:L'J'.) 

~ilU~ t'OHMAJ'(/1UK,J1:1UCAN NUT kt:LIUCt: LIJ::Ll', ~ILL t:tjl/ 
51110 ~'UHMAl'(/ 1 10X,bHI(CYC :,lb,24H, I'fJ::IotATlO/jS ... 

$ 11H; AVt:RAGt: :,lb,tlH, MAXIMUM =,lb,ilH. 
t:t.LI 
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CLJH.:K 'fALL~ 

.SUtii<UUTHn; TALLt 
lM~LIClT I<~ALfd ~A-II,U•ZJ 

c 
\ff~ffff~V~k.SIUN ~/20/69, 

Cfffff~f·I<~VIS~U J/7J, 
c 
Cf~~*ffffTALL~ IS A l<l:.tlUll<l::ll SUIJIWUTIN~, 

c 
CCALL bLINK 

Jt<l:LUU~ ~HLH<&<..,lNC~ 

l:CALL llLlSC 
INCLUU~ 'lli,JSC,!NC' 

Cl:ALL IJLAkt.: 
I,_CLUUt: 'tH.AMt:,HlC' 

n.:ALL HLAk1 
H.CLUU~ 'llLAMY,JN(' 

(CALL fliOl!lM 
INCLUUI:: 'NOI>lM,JNC' 

CCALI. A(.;fN 
lNCLUU~ 'A(.;I:.N,lNC' 

CCALL • 
JNCLUUI:: 'M,J/K' 
DJ f>U.N;;.lUN f' ( JOO) ,H{ ]{HJ) ,NU'ft.( lOU) 1 NUXt;( JOO), N'l ~PI::S( ]00) 
UlM~NSlUN NUUMMY(1~J . . 
t:WJIVALt:NCI:: ( rOUUMM~, NOSi'I::CJ 

(CALL NHINI 

c 

:lUOO 
n.:c 
CCC 
cc;c 
CCC 
:lOU~ 

CCC 

lNCLUUt 'NMINl,lNC' 

lt'(KC~C) l0U0,3100,4~00 

lf'(lhLOCKJ :l400,2005,:l2UO 

STAI>'t Ht.:k~ M'T!::H PkUliLI::M NAHt.: CAIW HAS );II::I::N l<t:AU IN ll!{'tH 2, 
ole H• CUI.Uio!N 72, fUI< SAVIN(.; UAl'A t't!UM PI<ECI::Ol<oj(..; VI'OIILt'H, 

PI<JNt 595o,(l,I~:l,YJ 
Nll' = tWUI!.S 

CCC t'lrW UUT It" NOlo~ 'l'YPI:.:S ANU I'Ul WILL tiE JN1'1'1AI. IJit t'INAL 

J, OR 

CCC VALUI::S f'IH.IH PHI:.:t.:t.:LIJN(.; PHUtJLt:H (NAKt.:{lb) = 2, Ull j 0~ 4, I<I::SP,).'l' 
CCC 

li'(NO" ,Nt:, :l) GO 'TU 210!1 
UIJ 1100 ~ : l,NUOI::S 
lHNHPt.:{lt) ,t;!l. N'I'¥1'1::S(N)J 1;U 1'U 2100 
NtYPE(N) = N1¥PES(N) 
IWSt>I::C = NOSP~.C • I 

2100 CON1'hUI:.: 

CCC 
CCI.: 
CCC 
210~ 

2110 

aoo 

CCC 

kl:.TI.li<N 

CtiAtHII:.: lNT.I::kNAl, dLOCI'i 9 'fU t'INAL 1'111 Ut Pt<t.:VlUU.S PIWlll.l::/4 

L!U 2110 
l-'1'111 (,.) 
CONl'Jt.UI:.: 
Hr:'l'UI<t• 

N : l,NUlli:.:.S 
= Plll(NJ 

lf{liJLUCI( ,J::!l, !IJ tiU TO Bl/0 
lF<IliLOCI\,£.~.1U)titJ Tll 2',lbl> 
lf'(IHLtJCK.t.:U.JJ GO 'fU 23!10 
1t"(l6LDCK.NE.I) G!l TU 4700 

CCC S'i'All'J' Ht;l<t: At"J'I::Il 't'lll:: Ul,OCK "U"Ul::i\ (At<O Hlk JJLUCII 1 }t) HI::All 11•• 
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CCC 
CCC ltli'Ul DATA II),UCI\ 1. CAioCULATlUrl CUN'l'IHJLS, LIMITS, AtiD CUI'II.d'Ah'I'.S• 
CCC 

CCC 

CCC 

CCC 

ki::ALJ(I,:,I:Io~) lPtclWf, NUfol, IWATA, IO:::iPI::Co KCYC, M.St:C, NI'UNCtl, NL!lJl', 
$ 1\.S'.CDA'fA,l'li'I~.P,::.CALI:: 

NUMX ;: NUM 
KlJA'rAX :o 1\.0A'tA 
IF(SCALt: .Lt:. O.Ol SCAL~ ~ 1.0 
f'~jltt'l ~11':10, IPI<IIIot, NUM, IWATA, KSI"t:C, MC1C, MSEC, NPUNCtl, NOll'f, 

$ l'Ifiii:.P, SCALI:: 

Ht:AO( I, ~1:110H-U,I.II:.L'fO,.:>KALL, I'IH VAIH, TAU ,1'1 MAX, I'S I MIN, pi;J.MAX 

IW = fo!AXO( I, KO) 
KS1M ; 1 -t II.U/l 

f'l=J.l41~':121 

GI!:UM=l. 
If (KU .t:Q, :o Gt:UK=:HPI 
H' (KD .t:u. l) I.>E.OM:4Hl 

l~((ll~LfU • l.D•lO)•toELTO • lol!12J .~T. o.o) UELTU = 1.~1~ 
C • :>MALT ~ SMALL = DMAii(SKALL, 1.0-12) 

SMALL = lJHAXI(SMALL, 1,0•12) 
SMALT=.SMALL 
1HPSJMAX,GT.PSHllN) GU l'U 221~ 
PSIMAX = 1.E12 
I"&IMIN = •PI'IIMAX 

:.!:.!25 H'(PSJVAKY.Lt:.U,) PSlVAk'l': MlN(5.ll-t0,.005DtO•(l-'SIMAX•PSlMIN)) 
XI = PSIVAtcY•O.OOl 
I'SlMlr.. = PSJMIN "' Kl 
P.SlKAX = P.SlKAX -t XI 
1-'HINT ~1:1 '1~, Kll ,O~L'fU,SMALL, PSI VAIU, TAU, 'UMAX, P~lMlN ,I'SlMAX 
PtlliH ~l:ll:lO,IW,K::>Yil,c:.;f,:U/4 

c 
c 

c 

I< t.I'IP ( 1 , ~1:11 0 li'H 1 UN£, GUN£, riUIH:, PCullt.: 
PJ\l0NI'. : PHlUN~; 'J ::>CAL~ 

Pk I hl' ~Ill~, Pill UNE, UONE, HUiH;, l'CO~t.: 
kt::TORt. 

C CWH'Lt:TIW tlLOCII 1, Ht~'!'UHN l'U Ill!: AWl', 
c 
CCC 
CCC .S'tAH'I' tt~Rt: A~'TEH l'llt: dLUCK til/Milt:H CAI<D t'UH bLOCK 9 lS Rt:AU lN, 
c:cc 
CCC HIPUT DIITA tiLOCI\ ':1, lNlTlAlo CUNUJ.TJUN~ lolS'I', 
CCC 

1JOO L = 0 
1~(~001!: .~u. OJ Nit = o 
N ; NIT 

CC(; 
:.!JU~ HI!:A»(J,~I:lJ':I)Nl,NSt:U,NADU,PHJX,G~,PCX 
~l:lJY fUkMAr(JI5,~X,)~I2.0) 

CCC 
lt'trH .t:U, 0) Ht:TUil.N 
!I'{LXA,I!:U.l)PIIlll = PH}xt::>CAt,l!: 

1J10 lfOIUI!~ .GI::, OJ GU TU 231~ 

CALL SU:KUN, Nl, NU)lt;, NJJ.', l<l 
J'f~MS(':I) = hMJNJ(JlEHS(':IJJ 
GU TU :.!Ylu 

C~J15 N = r..lT = h -t 1 
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2J1~ 

:.!HU 
c 

CCC 

li.=:Nt-1 
NJ'f::N 
lY(N .GT. M4) CALL MUHTHAN(~ 1 ~1T.~4) 
N01~{N) :: N!l~~(~) : Nl 
.• ou:on = tH 
NOT~(N) : Nl 

~PHI (i.j) : ~HlX 

GG(N) : GX 
t'C(N} : PC~ 

lHMUli(L, 57) 0 t;l,l 0 0) ~IHNl' ~114~ 
L : L .t 1 
PHINT 5b~O,Nl,N,PHIK,GX,PCX 

CCC l'I!:S'l' 1HHUUGtl "JTH t.:AIH>. 
CCC 

H"{NSU.l .LE:. 0) GO l'U 2305 
NS!::fJ = NSt.O • 1 
NI=Nit-NADO 
Go ·ru 231u 

CCC 
C!.:C 
CCC 
CCC 

2J5U 

S'IAHT t1t:Rt: Af'IEH i;LUCJC. NUMlit:H CAHIJ FOH l!L.UCK 3 HAS ht:t::N !ti::AU IN. 
FLUlD ~HUl'I::HTU:S 

5'/90 
kl::hiJ(l,51~0)(AfLUlO(IKJ,lK=1,1U),VlSC,l!LTA,HHUZ,GI::t:: 

fUHMAH I OAI, 41::1 o .l) 
G1n'MU ::i: Gl::t:/HSC 
ilPHJMt. "' l!t:l'A • HHUZ • Gl::l:: 
PHI NT 5795, ( AfLUltl ( U.) ,U.z:l, I 0), V JSC, bl::l'A ,I'HtOZ,Gt:~,GtiYMU ,IU'IHME 
t'UHMA1'(/ 110X,HH 't'LUID WlSOSUl 8t:TA. HHO 

sz Gtt: G/VlSCOSlTY bETA. PHlMI:: ,IIUX,l0Al,6t:15.5) 
Nt.Wbi,(~J : Nl::~bL(2J t- 1000 
Ht:l'UfH• 

c 
C CUMI'Lt:n:u !!LUCK J. Rt:TUHN TO TkUST 
c 

en: 
CCC Ht:AD IN l!LUCK 1U. OATA ~·ow lHMEtiSloJNLt:;S:> VAK1Atii,ES 
en: 
~:.!00 l'HlNl' 5715 
:.!2o~ k~AU(t,5lBUJ~l,~H~Q,NADU,X1,X2,XJ,U~LX,UI::L.t,U~LZ 
~lijU f~kMA11Jl5 1 5X,o~IO.J) 

l~'(NJ.~Q.U) H~fOkN 
~210 ~1J0IM = NUUIM t- 1 

N;t "' ld 

CALL kt:ft:H(NJ,Nl,l,NUUE,NOOt:ti) 
~liS YUk~Al'(l,lOX,57HHUUIIJ INUt:;X X W 

ii It, I) 
riUO'l'D(NllUIM) : H2 
H{Nl) "' SfJHT(XI''2 t- X2.'2 t- XJ••2J 
lf(~OU(NOU)Mt-13,5a).t::Y.U)P~INI 5775 
l'Hl NT ~71:1!1 1 NOU'!U(NOOl M) 1 NOlliM 1 Xl,X:l, Xl 1 fl (N:.! J 

~IU5 fUHMAf(1UX,2Ib,4t:;1J.4) . 

(.'(.:C 

H'(NSUl.L~·.o)GO l'U 2:.!11~ 

NSt:;O "' rHit.O - 1 

" ' ~ 
,,, • NAllU 

XI ~ XI • Ul::loX 
X2 ~ " • [Jt:;LY 

" ~ " • 01::1.<:: 
J;r.J 'l'rl :.!:.!1\1 
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CC.::(' COMPl.t.Tt:U HLOCK 10 
CCC 
CCC ::O'fAit'f lli::lli:: At'TI::It TrH; llA'l'A i::tW CAHU IS Ht::Al! Jt.. 
CCC SUMMAtlll.t. Jt.PUT llA'I'A, AI<U INI1'IALIZI:. Ptcltlk W 'J'lkt: ~>U.l' :tt.HO. 
cc 
2~00 Pkl~l ~9~0,(1,1=2,9) 

PHINt 59KS,(Ni::~bL(l),I=2,Y) 
PRINl' ~97S 
PHJNT ~955 1 M2,~J,M4,M~,Mb,M7,MH 1 M~ 
PRINT 5~bS,(J1~MS(IJ,I=2,9l 
Pkl~T 5~7U,(NOU~MYtll,J=2,~J 

NTAHLt. = ~YAHCt~VAHKtNYAHII+hYAHTtkYAk~ 
Pkl.T 5~4S,NVAHC,NVAHK,NVAHII 1 JIVAHf,NVAHG,~TAbLt. 
PklNT !:1930, M!l 
H'(tHIA'fot'NUI.IL.S .t;t.. 1) GU 'IU 2410 

c 
C Mll:iSlhG tH,llCII. 1 IJH 4. Hi::'flHO'j TO III:.AIH. 
c 

PklNT SIJU~, ltMA'l', NUUI::S 
K~ll' = 9 
llETUHtl 

2~10 l~(~UH .~~. 0) GO tO 241!:1 
lhLUCI\. = 1 
CALL kt::fi::H(NUM, NU1U, 1, NOUt., JWLll::;:i) 

l41S IFINJ'l' .LI:.. 0) ~U TO 242!:1 
II:<LUCK = 9 
CALL kU'I::H(NOTE, NUXt.:, Nl'f, NOLft:, NOUt.S) 
Ji'(K\IIlT .Nt::. OJ GO TU 2500 

c 
C A;:iSIGtl lNll'lAI, CUIOOITIOrl::i TO IWUf::i. 
c 

UU 2420 N = l,NI'l' 
HIW = NU'i't:(N) 
~INNP) = GG(N) 

HlU i>Sl(!Holl) : i'PIIlOIJ • ZilH;{J) 
CCt.: 
CCC ~1:.'1' lll> lNH:ANAL ilLUCK ':1 wdlH !fH'UAL CU!Hllt'HliiS u~· '!'IUS i'kUbLI::H. 
CCC 
242~ UU 24JO rl: l,NOUt.:S 

NU'I't:(t<J "' N 
NOX~{~) = NUUt.(N) 
P~rll(t<) = P~I(NJ t Z(N) 

CCC 
CCC 
CCC 
c 

TUJS CAIW ioilJUJ,lJ ttA.Vt': '!U IH:. CUNUI::C'I't::ll LAl'l:.H If Nt:l::!ll:.U 

24.10 
c 

t'I>C(N) = t>COIJ 
Gt.(lJJ = G(/1) 
NT~Pl:.S(N) = NTYPI:.{N) 

C HAKI:. ALL NUUI::S St'I::CIAL It' 1\SPt:C IS PUS.I.T.I.Vt., 
c 

H'll\.3t'EC .Lt:. OJ GU 1'l.l 25UO 
DU 243!:1 N = 1,NOOt.:5 
lt'(Nl'YPt::(Nl .NE. OJ GO ~U 24lb 
Wl'tl>l:~(N) :o ~ 

NUSI'I:;C = IIOSr'EC t 1 
243~ CONTINlltc:: 
CCC 
CCC lNI11AL1Zt.: bt:fUkt:: fiMSf fiMI:. lNCHt.:Ml:.NT 
CCC 

:.'500 NUGEN = 0 
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"" :.!at to " • 1, .~uu~::; 
c t' ( N) • H(N) • "." HN) • 0,0 

!t(N) • "·" lt((,(t0.t:.>J,\)) GO fU :.1~1!:1 

NUG:tN • t.llGEN ' 1 
:.!~Ito CUt•TINUi 

NOGI::N • NUIOI::Il ' NVilfH.i 
c~c 

CCC CAI,CUf,A'l'l:: ~'!'tlHo\1.1:: iii::OUlfHO~H:IoTS fUW l'AiiAIH:'J'I::H-1\UJUSTUJ AIUlA'lS. 
CCC 
Cl'C LU'1' UU'f, 6/1J, USr;~uL LHH.t AS ClJJH'lL~.~·rt/'11:: llUH:C'Cl'oit:.S, 
CCC 

CCC 
CCC lNJTli\I,L:U; lll::t"Uiii': I'IIIS'f 'Cl~l:: o'i1'1::1' (1\CH: = u, Ut:l,T = I,UIJ-11), 
CCC 

SIIH'IJM = TAU 
t'UK :;: lo 
Ut:Ll = l,uD-12 
HlliU = HJIH!JlL'l' 

C Ut.LT.S = UPSh1AI :: 0, 
lll'l:iiMAX : 0, 

i.JU,TS = U, 
~(J 1'0 411:.!0 

CCI.: 
C:CC ::0'1'11/iT Hl:.l-n .. ilt THI:: I::NU Ut 'fiiH.: :;n:i' Zl::llU {OI::Ll' = l,Oo-1:.!), 
CCC 

JIDIJ lt(I\~JT ,GT, U) HETUHU 
C 1\GliUU : ~F : MS : MSS :;: NPHINT : 0 

1\(iOUU..:::U 
14t':O 
14S=U 
MSS=O 
til'iUNT=U 

C U~LTG : UP61M~I : GI::NS :;: 0, 
I.Jt.l,'fG:U, 

CCC 

llf'SlMAli.:O, 
t;k tlS=U, 

f~A1'G :; l,U 
ltti\C'J:"C,L~.l) IJPSIMAX = 0.0 
KIJA'IA = III.IATAX 
OU.I'I-4.4. = UI'IAX1{1,0•10, Ot;L'I'U) 
~~~ ; o.~~~~Y9YY~l~ 

GU 'lU 4:.!10 

CCC S'I'AI<'J' H~ln. wh~N KC~C "' 1 IHl Mlltil::, TAI.l,r k!::SUlo'l'S m LALCULA'J"lUNS, 
CLC 
1.~00 lf"liiCYC.L!::,l)IJPSlMAX ; 0.0 

I~CK~lT .~t. OJ ~U TU 4110 
c K~IT "' uu~ ; o 

K"l'J;O 
NU~;O 

CCC 
CCC ~lNl> MAXI~U~ STAHL~ 'l'lMt ST~~. 

CCC 
lf(I!~Ll~X .G~. BIG ,UN. ({KCYC • 11'(1- ~lABL!::) ,Gt, 0 ,AND, 

$ KS~~C .LT. 0)) GU ru 4l3S 
4~10 U£L1Ma: l,S~l~ 

Nki::G = If 
UlJ ~2:10 10 =: t ,Nl/1)1'.$ 
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CCI.: 

Sl.lM(Io) = l.P:H 
lFIZl~{~J .GT. 0.01 SLlM(N) ~ UMAX1(1.U·~4, CA~l~)/~JPI~J) 
lrt'-nPt:IIO .11r.:. OJ lill nl 4:.210 

CCC StUP ZEIW VUloU"t: Nlllll:: llllTH N'JYP£ St:l' '.I'll ;l;I:.KU 1hS1'AI'i'.'I'.LNl' 44ll4 Ut' 
Ct:C SIJUIIUUTINt: t INK 
CCC 

lf(IWIJI::(NJ.LT.U) GlJ '1'0 4:.!1() 
Nllt:l> = Nllt:G t 1 
DI:.I.TMX = IUN(Ut:LTMJI., SLJM(IlJ) 
CONTINUE: 4:.!'20 

CCC 
CCC 
CCC 
ccr 

SI:.T MAXiMUM Tiki:: sn:l' T(J 2/J Ul' :;'1'AillL1"1'Y J..Hil'r, 01< 1!1:.1/ru, 
wHlCHlYKri lS S~ALLt:H, auT NO SMALLEH TriAN 1.00•10. 

UI:.Ll'MX = Ufo4Alll(l>t:L'l'Mlr.fobbbbbbbbbb7PtO, 1.11~10) 

H {Lt:LTMll .L'f. l>b:L1'U) WJ TIJ 41:l5 
OI::Ll'MX : Ul::loTO 
uu 10 423~ 

t:CC 
CCC CltANc.>t: NOUt:.:. 'tu .Sl-'t:Cli<L NUUI:.S H" Nt::Ct:S.So\R't 'fl) 1NCttUSt: Ut:Ll'MX. 
CCC 

44!:.1~ lft(MSHIKt::t,; .Eo. ll .ott. KSPt<.:C .lot'. 0) Gll 'I'U 42J5 
Ntws = o 
X1 = l.ti*UELTMll 
ll{) ii:.!)O If : l,tHlOI::S 
lf(Nl'tPt:{ll).NE.O.OI<.IloLT.SloiMlN))GO TU 42JO 

CCC 
CCC SKIP 2.t:IW YULUMt; 111UUI:: WlTU NnPI:. St::T TO 2.1::1<0 lli SrA'l't:I<U::N·t' 44U4 
CCC u~· SUtii<OU1'HJE ntH( 
CCC 

H (riUI.>t.:(N) .LT.O) till 'W 42JU 
tjTYPE(Nj = 4 
NUSP~:C = NU.SPEC ~ 

Nt:111S = 1 
PRINT 58UO, hCYC, ~IJ~I:.(N) 

nJO CUNflNlJE 
CCt: 
CCC iii:.CALCllLA'J'I'.: llt;t,'fHJ( lt" Aln NUDI::~ 1\I:.CLASI:ilt'JI:,U. 
n:~.: 

lf(N~~S.~U.O) GO 1U 42l~ 
C l'iGfJliU := r-ll:i = 0 

kS = U 
l'i(.;lllJU = U 
(;() l'll 4210 

CCC 
CCt.: kt::STOI<E SMALL TU SMAL'J, lf .SMAI,L liAS IJt.CI<t.A!l£11 lit<.:Lil" SHALT. 
CCC 
42J~ l:i~ALL = llMAil(SMALL, ~MALT) 

CCC 
CCC CALC SMALL lF NU'I' ki::AD IN, UI:.L'I'.,JI IHJ'f 1.1::12, llkl::l,; NUT- 1/4 NUlli::S.T 
Cl.'C 

en: 

H (SHALL .GJ::. Llt:LHIX) .SMAl,L = lli::Ll'MX*,~9~l!9'J'J':I 
H (bHi*SXAL'f .LI::. 1 •• ANI!, !;Oi.lt:S .L~;. 4HIHJ::(; .ANU. Ut.L'fM.\ .Lt:. t11G'1' 

S } SHAloL := lli::LTHX•.ol 

CCC t"lNll LARtit..Sl 'lt:HPJ::kA'fUitt.: CHAN{;!:., t:ACLUlllNc.> <:•V t;Ullt.S lf' 1\l:YC U Uk 
CCC 

4JOt! I!Pki:..S : l.Oll•24 
IH.I 4J1U N = l,I;UUf.S 

CCC 
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CC-.: CkLCUI,AH: MAXl."'Ui'l 1-'III'.:.:O:>UK~~ tH.AU CHAkl.it. j.t;NUHHll> :.:t.l-!0 VULtllolt. NuUt.S 
CCI.: 

H" ( 1-ll'Y t'i ( il), Nl:., 2 ,01<, t<OUI:.( to), Gl' ,U ,LJH ,1'\C~C ,(;.[ .1 Htl'i:t:::.=IJMAX 1 { lll'kt:S, 
SUABS<I.iPSJ!.tOJl 

4JIO CON1111Ut: 
Dt:L'fSS : UI::LT<; 
Ut.L'IS = Dt::!.'f 
HAT2 ::: HA'H; 
ltATl = PSJYAI<Y/IJPUt:S 

(Cl' ALLQ\oj :tO pi::H Ct:ln' YAHIA'J'lUtl IN NUiOLlNLAH PHlll't:Hl'JLS 
en: 

OPSIMAX = IJPSIMAX/10, 
Dl'kl:.llXX=DPIUCS 

ltATlU = P:;iiYAliUUMAXl (lH>SHIAX,IH'ICt:SXJIJ 
KA'l'IU::i : HAUU 

CCC 
CCC kl:.l't.A'J' CYCJ,r; IF' MAX Tt.Mt' CtiANG£ io!UKI:. '!HAN DUUBLt. 'fliAHY. 
en: 

J~(RAllU ,GI •• ~01 ,UR, U~LT ,LT, l,Ot•::.MALLJ GO TU 4J1~ 
PK I Nl' ~~'JU, KCYC, IJPKI::S,lJl'SlMAX ,lJt.LT ,SUMl'lM 
1\1\lll' = w} 

KliUUU :::: 0 
Hll< = 1,0 
GU '10 4.J2U 

CCC 
CCC lNCKI:.!OI::I'il' PhUI:lLEM l'IIH.:, GUUU CYCLI:. t:UUNH.;IC UN ACCt:Pn:u l'IMt. S'fi'.PS,'C 
CCC 
4Jl~ 1\l.iOUi.J ::: KGllUD + 

SlHil'l/-1 :.: SUI'ItlM + IJt.l,l' 
ll~L fG = IH.L1 S 
llATG = llA'fl 
IIP~AX.:. : uPSli'IAX 

4J20 UPSIMA~ : 0,11 
CCC 
Cet: ll.:.t: 1 Pl::k\.'t:tlT 01' CALUJLAft:ll 'UMt SH.:P, H ALL NUUt:S AtU: Sl't:CIAL. 
CCC 

CCC.: 

lf{~C~C .~1. U) GU TO 43~~ 

lf(Nk~G .Lt. 0) lllTlU: ~AllU*,Ul 
,;u HJ 4 J J:> 

CCC CtiAr.l,t. Ut:J.'l TU MAI\t. N~:XT JlP.:.II'IAX CLllSI::K 'l'LJ hSIVAHY 
CCC 
CCC 
43i~ lf(kAtlU .~T. 1.) GU TO 43JU 

kATliJ = UMAXl(kATlU*KATIO, .~OtO) 

CU TU 4J3~ 

~JJO kAilU : l'llN(lHAtJU + l,D+Ul*.~DtO, 2,Ut0) 
4JJ:. i.J~LT : Ut:L1.::i*HAIIO 

CCC 
CCC Kl.U' 1'1..!1:: Sl't.i• IN kAN..:;t; t'ICUI'I SKAJ,L 10 UI::L'l'fo\X Uk llt::I,\'U, 
CCC 

H (LlU.d' ,Gl, .SMAL,J,J GU 'Ill 'IIJ40 
IJt:LT = SI'IAI·L 
ro1F = Jolf + 1 
(;(! 'JU HOU 

4J4U lf(/•I::L'l' ,LI::. DI::J,TIIX) l.tl 'ILl 4400 
[II::Ll' : [Jj,J,'fi1X 
~·ss = ~~s.:. .. 1 
'IS = io\S + I 

C<;c 
CCC Kt.'fUJJt, Al•u ltt:I"I::Ar kt;,Jl:C'l't.l> "l'll~t. ~'11:.1';,, 
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cr.::c 
4400 t'UIH.l « fU~•ut:lo'f 

lt(~klt ,LT, 0) ~EtUHN 

CCC 
CCC AUJUOS'l' Ot:LT IN ~jAiiGE .SMALL 'i'O Lli:.L'l'IU 'J'U !;~,"£ UI::SIHI::I.l i>HlkTUU'I' tlJIIt:li'f 
CCC 

UUIMt:P ,LE:. O,U) GU TO 44.:.!~ 

1'1MS « Tlfllio;(• • IJMUillS\JMTlH, 'UMt.:Pl 
CCC 
CCC AlJJUb'l' OLLT tn fAI.:'t'Uk l:li::1'Wt;t:N UJ AND J/:.! 'fO GL1' E'tUNTUU'f '£11-H:. 
CCC 

Tl M ,.. T 1 J11 S+T J M I:: I>' ~·LUA T ( l NT( 1, Ut U+ Co!,IHU I l, O'tll •IJ~L T-tl JIIS) /'ri MU') ) 
PIX = fLOAT(INT('I.'J/1/Ut:LT 't .5) l 
Vl::LT = TIH/PlX 

CCC 
CCt.: H" U~LT UU'J.SIIH:: BOUt;LJS, AUJU.ST TlJ IH:XT 1Nlt:;GLk Fl'l' TO Tift, 
CCC 

Jr(DELI ,LT. SHALL) UI::LT : TlM/LJMAXl(Plll • l,UtO, l,U+O) 
H'(Dt:LT ,..;T, OELTMXJ Ut:l>f = TIM/(i>lX + 1,) 
DU.l' = UMI>Xl (Ut:L1', .SI'IALL) 

CCC 
CCC 
CCC 

t'Uil LASt I'I!'IL .STEP, AUJU.S'f lJELT SU t'INAI. tlME lb t:UUAJ.. 1'0 TIMAll, 

44:.!5 lf(~IMAX oUT, 
6 VELT = 'l'lMAX 

CCC 

0, ,AND, 
• .SUMTIM 

TlMAX • SUM'l'JM 
't 1.0•12 

.U'l', Ut:L1') 

CCC fJNLl kA'l'lU Ul" t:S'l'UIATJ::U TlH~ lli:.'IUVA'l'IVt: 1'0 l'ki':S[,.'NT VALUJ::, 
en: 

KAI>'J "' 1.0 
It (t\GDUU oLC:, 1) GU 'l'IJ 4440 

CCC 
Ct:(; USt: UUAUilfiTJC t:::X'IItAI'ULATlUN I"UK 11-CHt:A::ilNG MAXlHUM Sl,Ui't:::, 
CCC t.JIPON!'U'l'lAL l"lllt OECHJ::ASJNG KAKIMUM ::ll.llPl::, 
CC.:(.; 

::lLUhS = ltil1'1'0k:l.l'.S/(KA1'2'Ut:LTS5) 
llDI::LT = (l)~'L1' 1' UU .. rSJ/(O~'Ll'-5 ..- Llt.'loTS.SJ 
l~(.SLUi>b - 1,) 4~3U 1 4~40,44J~ 

44JO kA.S1' = 1. t RlH;L'C "< 1. t>I,OI':>J 
GIJ l'O 44,10 

44]~ KASt : SLUPS••t·HPk:Ll'J t 1,00·14 
LCC 
CCC 
1410 YUK = U~AXl(U,~lDotU, OHAX1(1,UU1'0, HA~r)/(l.OlJtU 1' HASf)) 

rrt~s~"c- 11 4500,4442,444~ 
4442 fUH = 1. 

GU l'U 4!lllU 
444S r:uk = o.~ 
CCC 
CCC Ur. t;Ol!ll CYCI.I::S, ntHl NE• 'ft::MPI:.RA'JUHJ::S, HEAT CUN'tEIHS, t'LUXt:S, 
CU.: ALSO ~·lttU MAXIMUM ANU loi]NJMUH 'l'Uil't:t<l\.'fUI<t:S lN li'tSTt:H. 
CCC 

4Sd0 l'SlMihl : 1.01::~ 

l'bUtiiX1 = •l'.::il"'lNI 
GS ::: O. 
FUkU : fUIUUt:LT 
OU 4~1!) N : I,NULl~S 

l'Sl(N) = I'.SJ(N) ,_ ilP::ll(hl 
PHil~) = l'.::il(Jil 't ~(N) 

l'blMAX1 = U~AX1(PSIMAX1,l'Sl(N)) 
PSl~lN1 « ~lN(PSlM!~l,l'SI[~)J 

H(NJ = HtNJ t UPSl(W).CAi>[M) 
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~(NJ = ~(lj) + OP5lt~l'CAP(N) 
U~X ::: HA.SHl.lPI:ilOniot:LTS 
F{N) ::: ~(Nl + Uf(N) 
H'(I<UPt:Od.t:u,:.!,IIH,NUOt:(td,LT,OJ GO 'l'U 4~1!1 
It'(N'UPt:(,j) , EU, 0 ,OR, .KCYC ,GT, ll lOU l"U 4~0') 
or;X = OJ::li/(I}ELTI:i/SI.IM(N) + 1,) 

4!105 U'(O~X•UUPSI(Nl,LT,U,)DJ::X "' t,OU•:.!4"UEX 
UUPbl(N) : Uf,)( 

4'll'l CUN'l'IWUE 
<:cc 
CCC CUMPUU Tl.ll'AL HlJJU Gt:Nt:HATIUN 
CCC 

GS : O,o 
lf(NUGt:N ,I::U. 0) r,u 'I'U 452'l 
UU.4520 N = l,NU~t:N 

4'l:.!O GS = GS + G(N) 4 NHU(N) 
\it:NS = G~NS + GSH}I::Ltl:i 

CCC 
CCC n.ST I'Sl•LIIHT Cfll'l"EKIA FOK t:NUlNG I'I<UULt.M 

4~:.!') CUtjTlNUI:: 
CCC 

4bOO IY(PSIHINl,Gt:,PSl~lN) GO TU 4bU5 
KWl'r : J 

4b05 lHPI:iJMAXl,Lt:,PSlMAX) GO l"U 4taUb 
1'\~lT : 2 
GU 'l'U 471V 

CCC 
C:C.:C 'n.::;t UPPEH PHUULI::M TlHJ:: LIMl'I CHlTt:HlON t'!JR t:NUJtlG PIWULt:M, 
L'CC 

1bUb lftii~AX ,t:U. 0, ,OH, IIMAX .~T. SUHTIM ,ANU, SUM1'IM .GI::o 0,) 
& GO 1'0 4bl0 

IOH'f : 1 
..;o ·ru 471\l 

CCC 
CtC.: '1'1:-SI' ~l't:Al!Y S'lAl't: CH!'ri::HlA fUr; I::NUlNG PHUIJUt:H. 
c.:c 

4bl0 IYCKSPJ::C .~t. 0 .~H. {UE~tMI ,U'f. MiN(UlG, U~LTOJ 

1 .ANO. Ot:LTIU .• GT. Ol::bl') ,OH, 1\ATIUS ,t.T, l,l:.l 
2 ,UN, KCtC.: .~'!', 10 .UI~. 1\GUUD .L'f. j) bll 'J'U 4b<!U 
/o.~JT = ol 
GIJ '1'0 4/1U 

CCC 
CCC 'l'l·:::;·r Llt-11'1' •m NUMtJI::H m· 1'111~ ::il'I:.P:i Ckl'J'~I\lll'i t'UN ~.NU!NG l'NOUUt;M, 
CCC 

4blU lf{MC~C .~U. 0 ,Ok, MCIC.: ,GT, 1\CIC ,ANU, /o.CIC ,G~. V) ~U TU 4b4U 
1\.011 'f = ., 
(;u to 4"110 

CCC 
CCC 'l~S'I' ~.AOJl/11~ 'l'H\t.: LlMlf CIH'rt.:HlUI·I HlH t.f~[JIIH> 1'1\UIHoi::M, 
CCC 

4b40 
4b4l 

IY(HS~C) 4b4'l 04700,4b42 
lfiMUl!CI'\ctC, 2000/riiJIJ~SJ 

cALt. St:cUNlJ(i::L'l'l 
,Nt:, 0) ~U TO 4100 

' c 
' 

~L'f = fo.:l,'f • llt.:HU 
1\St:C::; = lN'f{U.'f) 

K::.t:c.:s:::o 
H'{t\SI:.C.:i ,L'I', MSf') GU 10 4'100 

<lb4~ Klll'f = ll 
Go ·ro 4/lu 

47110 lf{/o.~i'l') 4Hl0,41Ul,4710 
4JIJ2 IfthC)C .ut:. 11 t;u ru 471~ 
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lf(IJM~P ,!.~, U.)~IJ TU 4/U~ 

CCC 
CCC t1Nl1 UUI I~ A ~HINTUUt 1~ ~tUlllklU HY ti~~P, HUMII~ WALUl6, 
CCC 

lt'{,bbb6bb6DbDbbo7*U~LT ,LI, MlN(tiM~P • 1JM5, ll~~)) ~U TU 41U~ 

NUll "' :l 
GO 'I'U 4 11:.! 

CCC 
CCC FIUU UUT u· A PkhHUU'l' 1.S kt:OUlkt:U ll't lPt!lN"I', KCYC VALUt:S. 
CCC 
41U~ lf{iPklNl .~U. U) ~0 IU 4H10 

IF{MUll(KCiC, lPitiJol'l') ,GT, OJ t;U Ttl 41:111) 
CCC 
CCC 
CCC 
4HO 
.n 1 ~ 
c 

CALCtJLA'n: OVl::kALL ll~A·r llALANCJ:: l.IUANTl'fiJ::5, llllkl'J'J:: UU1' SU~~AkY, 

NUW = l 
NPklNT "' NPkiWT t 1 

FLUIU "' FLUX "' fLX "' V, 
f-i.Ul)}:U, 
t'LUX = u. 
n.x =o. 

lltl 411~ 11 = 1 ,NUO~ti 
fLUX : f~Ul t f(~J 

fLX : ~Ll t CAP(Nl*Ptil(N) 
4115 fLUlU : fLUlU + ~(M) 

P;:dAO : t'LX/CAPS 
f>.SU.I:. = (;t;NS/CAP.S 
~:ilE.If = f'LUX/CAPS 

C I") : fi,UX/U~AXI (6UM1'IM•'IAU, 1,()·1:.!) 
'J'Jr..l = UMAXIt.SUi'l'rlM•TI•U 1 1,11•121 
lf(~CYC ,Ll::, UJ TXt:t,D·t~ 

f' X = ~·LuX/'0 1 
t'LX = ~'A/CAl'S 
~KilH ~1!~0, NPKPI;, t.AMI:: 
CAI,L LJIIl:: 
~HINT ~~~~, ~~KINT, ~CYC, Mf, ~SS, KWII, li~LI"X, bHAioL, 

;; 1-'H 1 V Al'l ~ , VPI~ t:b 1 UPfo\A XS, IHII'::; 
t'kHI'f ~I:IJU ,<.UM'l' I It, UI::L'i'.S, t J,l])l;, i'Slt:h, t X 1 ~-J,X, PblAU ,CAPS 1 fLlJII>, l>.S, 

$l;J:.Nb,PS1Lt. 
CALL LJNC 
l~'(Af.LJ:.,U,)~U ru ~~~~ 

To~· = TLUMP•SUM11~/lf''2 
~Hlr<T ~IIH ,'I'!Jt' 

~~.H t'Uki1A'I(IOX 151HUf =,~X,t:12,4i) 

4'111:1 CUWl'JrW~ 

CCC 

lf(KWlt ,Ll, UJ GU TU 472U 
KUJiTA = 1 
PHINT bl!l!b 1 ~LUlO,~'LUJr.. 

G1J 1'U 47:.!:> 

CCL WHIIJ:. UUT PUlt:~IIAL OAfA tUK N0Ul:.S 
n.:c 

41lU lfl~CrC ,L~, I ,UH, KIJAlA .~J:.. U) GU TlJ 41~~ 
PH I ;n' ~d'J~, ( I><QIJ~ ( N J, 1-'111 t 1. J, r1~ l, /-.(J!Jt;:/.1) 
CAL,[_, LHH. 
!f(NlllJ!i'l,Ll,O)liU 'I'll •H~4 

Ull 4]~j N = t,JIUl•iM 
J : NIJLJfU(JO 

J'!J = ILUI'lP~bUMT!M/(H(JJt•21 

PO " PLUMP • Pbl(J) 
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'1'/21 i>lo!lh'f 511~7,t<UDt.{Jl,l'U,I"I> 

511~6 ffii!MAiliOI,211H NUl>~ ll• 
~8~7 f0k~AT(tOK,l5,l~14.JJ 
•l"/2>1 CUilTINLi~ 

CALL Ltr.t: 
c;o ru 48UU 

4'1:.!5 f'IH!O'J' 5':110 
uU 4715 N ~ l,NOUt:~ 

H'(MfHJ{NHl,5&l .EO. U) f'IHfi'J' 5':110 

1'1!/) 

i>~INT 5':ll~,hUUt:{N),~{Nl,i>Sl{N),f'Hl{N),UPtil(NJ,OUi>Sl{N),GlhJ,W(N), 

$H(N),f(N) . 
D~~lS(~J = U~Sl(Nl 

4135 CUNl'lNUC: 

' 

CALL LINt. 
lf' (NUIHM.Lt:.OJ GO l'U 4"/5u 
Pktt.T 58':11> 
UU 47~0 N = l,NUUIM 
J = NUI>l'O(N) 
'fli = lLUeli' f .$Ufo\'fH!/(Io:{J)ft-2) 
PU = PLUMP f PSI(J) 
P~lNt 5tl~l,I!UUE(J),TU,PU 

4/4U CoNTINUE 
CALl, LINt: 

4750 C!JN1INUE 

Cnnunt.N'LHY POINT ~'Oil PRODUCING A f'UtH.:HIW CAHU UECK Of 1'Ht: F'JNAL 
CHflftfU(_'O!liH'IIONS lJf 'I'll~ PROBLt:M, ~'UH LATI:.H li:;E IN A DATA Ui::CI!.. 
c 

c 

c 

oi<!IUU H (llYIU'.LJ::,U) l>U TU 41110 
lHt.i>UNCH.Ell.O) GU t'U 4610 

C PUNCH t lt'IAL CONlll'flUNS W ~LOCK !I FUHI<IAT. 
c 

4tl05 
c 
c 
l:CC 
f:CC 
CCC 

1tHU 

tee 

UPU• ( Utd T=:o!, !lAHti;="tu:STAk'f, t' lL', 1'¥Pt:=• r~t:\ir') 
~Hit~(2,5~b0) (NAM~(l),lzJ,b) 
WkJ.'l't:(2,5tiJ5) SUKTUt,NI.JIJ£5 
DO 4tl05 Jj=l,NULJ~.:; 
~Rlt~(:l,51!55) NUlJ~(~),P~l~N),~(~) 

CU<H ltWt: • 

U'OJU,; .G'l·. U ,Uk. NllM .Lt.. 0} GO 1'11 41115 
Phi NT ~9~5, NUMX, Z ( !Wi'l), PSJ ~!'lUll) 1 PH1 ( NUM), lltJPtil ( NUM), SIHUJM 

CCC SL'l' 'fHit. OJ::HHA'l'JV£.:; ·ru Zt:IHJ ~U"OI<t. t:~CL~ ~t:Hll, ANU t:Yt:l<~ C~CLt:, 

CCt.: H' Ht.OUlnt::D b~ lNPU'f IJA'fA, 
CCC 
4~15 Jrtuuur .t.~. OJ H~TUH•I 

H:lU DO 41:1:.!5 N = 1,!WIJI!:S 
lHli'Sl(N) ::.: 0, 

48:.!5 Ct'ltHlloUt 
Hi::1'UI!N 

CCt; 
CCC CU/~1-'L~:ftU 1AI,L¥, Ht.l'lii<N 1'll hli:Akl', 
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~~10~ ~·oKIIA'J'(//lOJ.,2~11Jrot'Ul' t:~kU~:, i-\Al't:,dAl•l> = ,l~,lUU, lllillt . .:>"' ,l~,IH,)l 

~~10 ¥0~HAt (0~10,]) 

~Ill~ nJkMA1'(//,12X,41tl i'Hlll~t. !;OIIt: HUNt: i'CUUt.,/,lUX,4L 
$t.12,4). 

'>1120 ~·uHMA'l'(1111,~X,I7ti'lkUS'l' Ulll'I'Ul' lJA'J'A,t><JX,'JIIUATA tH;C;..,JJ~/1 

$ lOX,lA1 1 17A4 1 A'~,lA1,4A:.!) 
:ill:.!~ fOkMATUIOX,J<JHf'IONTOUT CYCLl. 14t' litiS KP!Il' UU>I'MX,IX, 

1 ~Ji6MALl., bX 1 7111>SI ~ AH.'i 1 iiX 1 ~illH'Ht:S,I!X, t>Hl,li'~IAXti 1 !IX, -lii1HJ1 S ,I, 
2 1UX,~l6,~~1J,S,I~J 

'>IIJO fURMAT(/ 1 lUX,11711 TUfA!, 'l'IMt: 1'1Mto: STU' FLUID tLIHI t'tilf 
1 fHUI'I ~'LU! f'LUX HA'l't: l'td llATt:,I,IIA,ot:l">.S,t/ 
;ooX,II':tH AV(.; PSI FLU!D CAI'AClT'i fLUID CUNH.l'I'J' t.;t:N HATt: 
3 fLUlO Gt:N t'~I fkUM Gt:N ,I,~X,bt:1~.5) 

'>IHS fiJKMAt{2JHtH,UCK <J PHI,liG AT 'flME,1UX,lt:12,'>,17111<11111t>l::k Uf NO!JIO:S :,Lo 
SJSJ 

'>1141 t·URIIA1'(1X) 
'>1145 t'OHkAl ( // 1 12X, lOtt~UH: IN()~;X, 1 OX, 4hf'PH! ,1 (JJi, :.!tH;,;, 1 OA, :.!tlr-CJ 
!lH~U fOH~ATi10X,2I~,4X,JE1S.&) 
'>11~5 ~OHMAT(I~,1~X,1Pl~12.~) 
'>tloO roHMAl(lH ft,1DX,1Al,~A4J 
'>tlb~ f~HHAT(~!~,5X,2~10,J) 
~ii1Q ruHMA1(IS,5X,7ElO,JJ 
~11/5 ~·oH~A'l'(//,11X,92H IW Vt.VW .SHALL 1-'.:.lVAk't 'f'J" 

$AU . llMAX 1-'SIHlN P~1HAI 1 /,10X,I~,1~Jj,b) 
'>11110 fUI<MA'f{// 1 lOX,18H J\1) Kb'i'M (.;I::OH,/ 1 10X,21~,t:ll,,) 
'>IIY5 fOHHAt(lOX,1JHfl~AL fLIIlV =,1~15,5,12HflNAL fLO~ =,11:.15,SJ 
5H'JO t'OHMA1(//10X,4t1Hlt'HIN'I." NOM IWATA KSi'I::C MCYC HSiC NPIJtlCii ldlU"l', 

S lX, 5Jl1"UH,I', iiX, ~HSCALt;/ 1 OX, tllb, 21::1 J, ~~ 
511~5 fuiiMAl'(/l,lOX,<Jlll NUDii Pill tWut: PHI NUIJI:. 

S t'IU IHJOii I:'Hl NUIJii ~Hl,l,(lUA,1b,1Pt::l4,5, 

$lo ,1Pt; 14,5, lo, 1 t'l-:1-t ,5, lb, U'J::14, 5 ,lb, 1Pt.l4. '> J) 
'>'JUO FUkMAl{/12X,'Jlii~OI}t: Tl::l'lf' 111/t" A OA Dl' 

$llA . 111/1' b VI! OIHI) 
5':105 tnHHA'!'(10X,ll6,3X, 1t:1J,4J 
'>':It U t"UHI'!Al'( I ,12X, 4HNOIJI::, 5X ,1 H~, 1 JX, ]llk'l:il ,1 UX 1 JHPIU, 9X, 4ttllJI'.Sl,llll, 

$'>1\Uu~::.&,11X,1H~,12X,IH~,12X,lllli,12X,1Hfl 
~'JI'> t"UHMA'l (5X,Io,JX,•H:.1),4) 
'>~Ju HJHMAl(/,lbX,lliiMAXI'WH ALLUwEl) "fAULt: Ll:NG"l'lt 1S,I<i,ll1,) 
':1':1-15 f'UHMA"f{//,JOX,bH'l"AULt:ti,lOX,lbH CAf'lol COin' ll.$UR'I Pillt; (.j'}" 'IU'fALl" 

$,/,:lbll;olt>J 
'>':1'>0 t"UIHIAl'(//lOX,Hh.:.U~MAHl Uf l~t'lll' LlA1'A,t, 

$1UX,I2H~LDCK NU~U~H,4ll,blb) 

':1~5'> t"tl~hA1'(10K,llHMAXII'IUM SIZt:,U.,IHb) 
'l'Jt>O fllHMA1"(1U~,12HIIIlTlU till!.t-:,4X,illb) 
'>~bS ftJHMA1(101 1 15HtJ~MUUlfl~U .Sl~£,1X 1 6lo) 
'>'J-10 t'UHHAl'(lOli,JOHfiNAL l:il~t:,OX,IIlbl 
':1':115 t"UHMAl'(IUX,t:lHITt:ll NAMt: ,.U, 

$4dli 14AT fLUID NUU£ NUUl JHll.l.S NUIJ.Stl NOI)(.i NU'ft:) 
'l'JUO ~'IJHMA'I(/ll>X,12HUTtii£R TOTAI • .S,4X,12HNUSPt:C ltUt~fN,/, 

$1t.>X,2l!i) 
':19~'> ~UIIMAT (10X,13HTIMl:S Rt:AO IN,JX,ij(JX,lJ)) 
5'J<JO ~·oRMAT(lUX,l"HHilLL 1-lt:l-'t:Al" CYCLC:,lb,lJII lJPHl:ti "'• 

$ll!lO,J;12H UPSl~All :,t~lU,J,<JH Ot:LT :,J~lO,l,lUH SUM'l"IM :,J~lf 
$11,3) 

'>':1':15 tUHHA1"(1X,2(5Htf.ff),4H~UUt:,lb,20H)!., PSl, I'Hl, UD~.Sl : 1 4t:12,4, 
$1,,111Af l"lMt:,~l2,4l 

t:ltll 
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t:ur;..:r,. l'A'J'LII 
.;iUbi<l.JU"i' !lot. PA'l'i.:U { l'IAX, Ult><t; 0 POU'!, LUA) 

IMPLICit HtALf~ {A-Il,LI-~) 
c 
Cfff•++ft~~.H51tl~ ~/20/bY, 

C~*f**'**HKVIS~~ 2111. 
c 
c 
c 
c 
c 

PAI'CH S'fUt<t:S 
UTiit:HwiS~. 

CALI..t:ll 1:\Y: 

CU1o~: loi i'llU'l H' •Ull. (Ut<l'Ali'O~ rHI L>fClMAI, i'IJll•l, 
C01l~i:.H15 Iii()( 111 t"l,UA'Jlt<G Pl!ltiT /.Nli STIH<i:.~ lN PVU'I, 
suur: 

UIMt.t<SJU~ NAX(lu),HC(J) 
c 

lil.J llUU Nr; 1,10 
lf(NXX(~CJ .t:u, 111,) Gil ttl 21Ub 

21UU CUNTINUE 
PUIJ1 = CUNi:. 
LtlX = 0 
t<r;l'UHI• 

21U~ i:.NCUlJL{lll,bhOb,JIC) IIAl 
lli:.CUUi:.(IO,~diU 0 HC) PUUt 
/,rlX = i 
t<i:. ·rur:.t• 

5HU~ fut<.MA'r(IUAI) 
5<JIU ft)HMA'f{t::JU. j) 

(;jjl) 

CiJf:CI\ HU'i:.H 
5l1UkUUTINt Hf:~t~lL15t, Ll~fl, MAXt:, LlStH, MAH) 

l~PLICit Ht:ALf~ (A-H,U-~J 

c 
C•****''*~t:HSIU~ b/20/b9, 
Cff,fffffkE~JSt:U 2/lJ. 
c 
C********M~~~k JS A k~OUlk~D 5Ubk!JU1li~K. 

c 
C t<Eri:.k 15 U~~O rUH CkU;3S-t<<:ft:kl:.o'IC1Nt; IWU<:, MATLH£AJ., H<:AC'J"AN'l NtiS, 
C t'lhUS J ~Uk IOHlCH L!SfX(N) = l,lbTklJJ, MAK~h j,lSt{~J : J, 
c 

UlMI:.l~blUN Ll51{1J, LlSTH(I), LJSlXlll 
c 
CCAI.l, IJI.!NK 

llll'LUJJ~; 'bi•INI\,Ir1C' 
CCALL ULl.SC 

JNCLIJJJI:. 'di.ISC,lNC' 
CCALL ULAI<i' 

lkCLUue 'uLAkt:,lNC' 
CCALl, llLAtll 

JNCLU~e 'dLAHI.lNC' 
lf((MAH * ~AX~:) .Li:., 0 ,UH, IH:.IOIJL{JhLUCI\.) .Lt.. 0 ,UH, JIJI,IJCI\. ,1,~. 

$ 0 ) t<U'UHN 
N 1 = 1 
l~(l~I.UCh ,N<:, 1 ,ANU, hl~dL(lllLUCK) ,LT, 100U) 

$ HI = MINO{I + lli:.MS(l~LOCK), MAl~) 

UU Jl20 N = ~l,MAXE 
J = Mi.H 
1111 J!Ub L = 1 0MAH 
lflLlbTl(N) ,LU, LISTN(JJ) GU til Jlib 

JIU~J=J•i 
lf(lUI,UCK ,KU, ~ ,ANU, LISTX(NJ ,lU, U) t;U ttl JI~O 
Pt<.i.n' btiOU, N, ll:lJ,UC;., LlS'O.(N) 
K>il'f = ~ 
t;u Hl H20 

Jilb Llbl(N) : J 
)l~ll Cu!H']i,Ul:: 

Ju:·I'IJH!I 
c 
C UHI ut lil::~t.l'l, l~t:'fUkN TU CALL~;!(, 

c 
bUUU ~·ukMAll/lo\,J{5H*****),~IiEHHUH 1N,Il5,1/!i~'ll! lTt:M It< tlLOCK,llJ, 

~40it IIMi:.IIS 'JO UNSI>t:ClfH.D MA'fL OJ> NOHt: NU,Ib,tH.) 
~tW 

D. 62 



CU~CK S~~;n 

SUUHOUTIN~ S~t:Kl(l<, 11£M, NHI, ~AX~, ~} 

c 
Ci-tffftll'fVI::k.Slllli ~/:.!U/b'::t, 

CffftfftfkeVlStU 2/7J, 
c 
Cftffffffb£t:K1 l.S A k~UD1K~Il 5UUkl!IIT1N~, 

c 
C .Sl.EKI J:i USt;u ~·ut< t'HHllNG UA'rA l:lLIJCK Jl'l.M::i ToJ U~; AL'i'I:.K£1.1, 
C .SIC£1\t LUUr\5 nlk Nl JN AkkAl tH.>l, ::;~;1'.S N 'llJ SUbSCkli''r (Jf NtH lf 
C Nl l.S i'UUIW, O'l'h~HIOJSf .SU'S N l'{J AkkA~ SlZK I'LUS 1, 
c 

IJJ~t:N~;>lON IHJl (I) 
c 
CC.:AJ,i, tH,li1K 

l~CLUIJK 'tlLI~K.I~C' 

CCAL1. ULlSC 
l I>CLUHl. 'n[,j SC, 1 N C' 

CCALL Ui.AHI:: 
lUCLUUI:. 'uLAHt:,JNC' 

(.;CALL ULAIU 
lNCLUUl. 'HLAKY,iNC' 
JF(r~AJ(l. .Lt:, 0) GO 'fU ll\J~ 

J : MAlt: 
UO :.!100 L : l,MAXK 
H'(NUtlJ) ,1::(1, l'ft:M) (;U 'I'U lllO 

:.!lOU J = J .; 1 
C21U~ N : MAJ(t: = MAlt: t 1 
21US MAXI:.=MAXt:tl 

tl=MA.(~; 

K = 0 
Pkl~1 ~bUU, 11£M, lULUCk 
kt:'E!JilN 

:.!11U N = J 
K = 1 
l<l::'f'Uilil 

~1100 fUilMAl(IX,J(:,rLfftf•J,!)Hl'lt:M ,U.:.,JJII NU'f FUlJ;\IIJ, 1\/llli:.LJ 'l'U t:NU Uf UL;:. 
i>UC(I., li4,lll,) 

I!.Ll!J 
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cuu:l\ &t ~-" 'l 
.SIIUI<ULJ'l'lllt. .SEEI\2(N, IHCo~l, IU.M:.!.- NIH, Nl>:l, MI<Al:., td 

c 
c••••••••v~k.SJUN 5/20/b~. 
CtfffffttklVlbE0 J/7J, 
c 
Ctffffftf.S~lK:l lb A HEuUIN~U SU!>NUUTIN~, 
c 
C St:t:K:l l:i USI:.U t'UH nNL1li1G UA'fA bLU!;K UHI.:. 1'0 1>1:. AL'l'I'.:Lit;U, 
C S\,.1'..1<2 f,UUK.S t'UI< 1-'All< (If NUMul::!I.S Nl, N2 Ito 1-'AJN llf AkHAH; 1~1>1, NH:l,.S 
C.: St:1'S 1-o. '1'0 &UilSCklP'l' Ut' lllll, Nll2 Ir' t'UUND, U'lUt:HWISl:. ::>t:'J'S I~ 'l'U 
C AMkAl ::>1~1'.. PLUS t, 
c 

Uj~l:.NbiUU Nl:llll], NIJ:l{l) 
CC.:ALL liLlNK 

I~CLUUI'.. "~LlNK.l~C" 
CCALL Lll,lSC 

ll~ CI,IH•l:. "J;(, l SC ,1 NC" 
l:CALL I:ILArll 

l~CLUUt: "t>LAkt:.lkC" 
CUlL\. l:li.Aill 

lNCLUUt: 't>LAkY.INC" 
ll'{kAAI:. ,Lt:. 0) GU TU :llu~ 

J : MA~t: 

UU :llUO L = l,MAXt: 
lflol~l(Jl ,I:.U, llt:Ml ,ANU, NU:l(~J .t:u, lTt:M:l) GU lU 2110 

LlUO J ::: J - 1 
C.tlU5 N : MAXI:: : kAAt: t 1 
2111~ ... ~x~=llAl~tl 

N=r•u-.xt: 
K = lJ 
1-'klNT ~UUU, II~Ml, l'f~M:l, lULUCK 
l<t:TI/~t; 

2111! ~ = J 
)'( : I 
kl::l'Ukll 

~HOU fURKA1{ll,J(~Hf4f4f),~HlT~M5,21b,JJII NUT fUUNU, AUU~O 10 ~NO U~ UL5 
SUC~<-, li4,1H.J 
~·•l! 

0.64 



Cl.li::CK l::~l£.11 

c 
c 

SUbi!OU'fJUI:. I:.NTI:.Hl~t;Cl') 

lMPLlCli H~ALf~ (A•H,u·t) 

I.:CALL bLhil 
hiCLUIJI:. • bLl~!K. iljC • 

CCALL tiLlSC 
lNCLUIIE "liLl.SC.lNC' 

CCAI.L tiLARt: 
lNCLUIJI:: 'bLAkio:.lNC" 

CI.:ALL bLARY 
l tjCLUI.lk: • bLAH Y .INC" 

C I:>Ul:HWUTlNI:: 1U f'ltW lNLit:X Of AN t;Lt.Mt:IH l/11 AN Uklit.:RI:.U H;CHJI<. 
c 

c 
IJIHI:.NtiiUN Vt.CI(lJ 

Mlo\i : 1 
MIO : (MlN • MAX)/~ 

JY(~El - ~I::C1(MlD)J ~,4,3 
J. MAX : Mll.l 

IY(MAJ • 2) 4,1,1 
J lo\JN : Jo\liJ 

IY(MAA • MIN .~t:. l) ~0 TU 1 
4 Rt:T!IRII 

'"" 
Cui::CK ::iLl!l'l:. 

CCALL 

CCALL 

CCALL 

CCALL 

( 

~UbHOU'UNt. 51,oll't:;('H,\12,~JJ 

IMPLICH l<t:ALfti (A•!I,tJ•lJ 

ULINI\ 
INCLI.liJI:. "l:lLI11K.JNC" 
l:lldSC 
INCj,UUt: "\:ILJSC.INC" 
bLAkl:. 
lNCLUIIt: "l:lLAIH:.lNC" 
l:lLAHY 
JI;CLUUI:: "dLAt<Y.JNC" 
UJMt;NSJUII v 1 ( 1J, ~'H 1J, 0(1) 

[iU 1 J = 2,LIA!:l 
IJTX = (~I(J) - ft(J • l)J t l.U-12 
~J(Jl = (~2(J)- \ll(J • 1))/UTX 
lf(UTA .,t:. U.J K~lT = 12 
CONTliWt; 
~Hl, ,.. ~Hll 
t<l:."tURN 
EIW 

CL'bCt' LJM. 
Sllb~UUTINt. L1W~ 

PklNT 1 
~~~.'fllkl'l 
fUkM A 'J' { 1 OJ( , 1 0 ( 1 Utf::::.:::::::::::::: :::.) ) 

t'.IW 
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CLot:CK IH.Un:HAN 

CCALL 

CL:ALI.. 

CI.:ALI.. 

CCAI.L 

c 

~UU~UUtl~~ ~U~IHA~llo, Hhl, ~~liUIJ 

tJ!.lNK 
lliC:LlJU!o: 'dL1111\.Hol.:' 
~~.I~C 

INCLU£.11:: "dl.l.5C.1NC' 
~I.AH!o: 

liiCLUUI:. "uLAkt:.ltiC" 
til. AllY 
lNCLUUI:: 'bLAH~.li<C" 

Kllrl'l' = 11 
II=,.,SU~l 

MAT=I4SUu1 
PklNT 1, 11 1 lULOr.:K 
HE l'liiHI 

1 fUkMA1(J2H fftfffffffffffMOH" lHAN ALLUW"U,ll~,I~Hli~MS IN bLUI.:K, 
$ 114) 

t:N!l 
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