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FOREWORD

In February 1976 the Energy Research and Development Administration (ERIDA) announced a
greatly expanded waste management program for defense and commercial radicactive waste. In that
announcement, ERDA indicated that the Oak Ridge Operations Office (ORQ) of ERDA would
have lead responsibility for overall coordination of the expanded commercial geologic disposal
program and that an Office of Waste Isolation (OWD would be created within Union Carbide
Corporation-Nuclear Division (UCC-ND) with the responsibility for program management of that
activity.

The commercial geologic disposal program was named the National Waste Terminal Storage
(NWTS) program. The principal objective of the NWTS program is to provide facilities in various
deep geologic formations at multiple locations in the United States which will safely dispose of
commercial radioactive waste.

In addition to the geologic studies, the NWTS program includes a number of technical support
activities which are required to identify a waste repository site, demonstrate its feasibility, confirm its
suitability, and thoroughly analyze all aspects of the repository design proposed for the site. The
material presented in this report is related to the category of activity identified as waste/rock
interaction projects. These projects are concerned with chemical, physical-chemical, geochemical,
and radiochemical reactions and processes between emplaced radioactive waste and the surrounding
rock which might affect the design, safe operation, and long-term containment of a geologic
repository. This document discusses soil chromatography and evaluates the potential for this
analytical technique to provide useful cation exchange property data for soil and rock materials.
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QUANTITATIVE ANALYSIS OF SOIL CHROMATOGRAPHY
I. WATER AND RADIONUCLIDE TRANSPORT

M. Reeves
C. W. Francis
J. O. Duguid

ABSTRACT

Soil chromatography has been used successtully to evaluate relative mobilities of pesticides and
nuclides in soils. Its major advantage over the commonly used suspension technique is that it more
accurately simulates field conditions. Under such conditions the number of potential exchange sites
is imited both by the structure of the soil matrix and by the manaer in which the carrier fluid moves
through this structure. The major limitation of the chromatographic method, however, has been its
qualitative nature. This document represents an effort to counter this objection. A theoretical basis
1s specified for the transport both of the carrier eluting fluid and of the dissolved constituent. A
computer program based on this theory is developed which optimizes the fit of theoretical data to
experimental data by automatically adjusting the transport parameters, one of which is the
distribution coefficient kq. This analysis procedure thus constitutes an integral part of the soil
chromatographic method, by means of which mobilities of nuclides and other dissolved counstituents
in soils may be quantified.






I. INTRODUCTION

In order to simulate the movement of a radionuclide through geologic formations, it is
necessary to describe the adsorption of the radionuclide. A parameter which is frequently used for
this purpose is the distribution coefficient kqe. This quantity is defined simply as the ratio of the
solid-phase concentration to the liquid-phase. concentration, and in the dilute-solution limit it
assumes a constant value. Conventionally, values of k4 are obtained under equilibrium conditions
using the suspension method. Determined in this manner, k¢ values represent the maximum
adsorption of a nuclide and may be greater than similar values obtained under “field conditions”
[Prokhorov, 1962] by more than an order of magnitude. The large difference is, of course,
attributable to insufficient exchange between solid and liquid phases in the moist soil relative to that
which takes place in liquid suspension.

One method that appears to simulate environmental conditions better than suspension kg
reasurements is soil chromatography [Helling and Turner, 1968, and Rhodes, Belasco, and Pease,
1970]. This method has been proposed by the AIBS-EPA environmental chemistry task group as the
most suitable technique for evaluating the relative mobilities of pesticides in soils. It consists
basically in the preparation of a thin layer of soil, the transport of the dissolved constituent through
the soil by the carrier fluid, and the observation of migration profiles. We have modified this method
experimentally for the study of radionuclide movement patterns and have developed a computer
model capable of extracting values of kq from these patterns.

Chapter Il presents a brief overview of the experimental techniques. The purpose there,
however, is not to present an exhaustive description of such techniques but to introduce the
remaining part of the document, which contains the principal thrust of this report. These chapters
and appendices form a complete description of our computer model. Moisture- and mass-transport
are the subjects of Chapters 111 and 1V, respectively. The optimization procedure used to adjust the
transport parameters so as to theoretically “fit” the experimental data is briefly discussed in Chapter
V. The next chapter, Chapter V1, describes the organization of the computer program, and Chapter
Vil demonstrates its application. A test case, a listing of the computer program, and a complete
description of the input may be found in the appendices.






II. EXPERIMENTAL SOIL. CHROMATOGRAPHY

Soil thin-layer chromatography (TLC) has been successfully used to evaluate the mobility of
pesticides in soils [Helling, 1971]. The major advantage of this technique is the ease in which the
mobility of a number of pesticides can be assessed. under nearly identical conditions. The technique
is rapid and allows for the comparison of the mobility of pesticides in a large number of soils with a
minimum of expense and equipment. Ascending chromatography, using water as a solvent, is the
conventionally accepted eluting procedure. Operating in this manner, the water flux is determined by
the soil properties. Unlike soil-column studies, excessive plugging and hydraulic short circuiting do
not occur and are thus climinated as potential sources of error. Because of these characteristics, the
technique is also appropriate for evaluating the movement of radionuclides in soils and porous
media.

CHROMATOGRAPHIC SOIL COLUMNS

Instead of the conventional TLC plates, we use column-layered chromatographic (CLC) plates.
These plates are 20 by 20 ¢cm with nine channels or columns measuring 10 mm in width -and 2 mm in
depth. Soils are slurried with water until moderately fluid and then applied to the plates (Photo. 1)
by using a spreader. Strips of blotter paper, approximately 0.7 mm wide and 5 cm long, are used as
wicks for transporting the cluting solution to the soil layered in the channels. The wicks are held in
place by clamping a 20 by 20 ¢m conventional TLC plate on top of the CL.C plate (Photo. 2). By
using these wicks, the soils in the CL.C plates may be eluted again after drying. If wicks are not used,
soil will usually slough off during immersion in the eluting, or feed, solution since the CLC plates
are positioned at 68 degrees relative to the surface of the eluting solution.

GENERATION OF DISTRIBUTION PATTERNS

The radionuclide to be considered may be introduced into the soil column either through the
feed solution or by spotting the radionuclide directly onto the soil. In the Jatter case a spot
containing 10™-10" dpm is placed at 4 cm from the base of the chromatographic soil column. The
wicks are then submerged in the feed solution. We have used H;O, 0.01 N NaHCO;, and solutions of
Ca(COs); having varying ionic strengths. Such an eluting solution is allowed to disperse the
radionuclide for a measured period of time. The entire CLC plate is:then removed from the eluting
solution, and radionuclide patterns are determined.

MEASUREMENT OF DISTRIBUTION PATTERNS

In some of our earlier work autoradiography and a dissection method were used to determing
distribution patterns. Medical X-ray film was used for the autoradiography. The film was enclosed
in thin sheets of plastic to prevent its contamination. It was then clamped securely between the TLC
plate and the CLC plate and exposed for periods ranging from 48 to 72 hours. Measuring the
movement of radionuclides in this manner sufficed only in that it gave the general characteristics of
the mobility of one radionuclide relative to another. For instance, Photo. 3 shows that '“Ru, "1,
*Co, and “Tc¢ were quite mobile compared to **Sr, '"’Cd, *’Nb, and '*’Cs. There appeared to be a
mobile and non-mobile specie of '"*Ru and "'l. Autoradiography, however, is not satisfactory for
quantitatively measuring the movement of the radionuclides. Another method for obtaining
distribution patterns consisted of dissecting each column into [.5 ¢m increments of soil. The
radioactivity of cach increment was then counted separately with a Nal detector. Although this
technique was capable of quantitative measurement, it was extremely laborious and its resolution
was limited to the lengths of the soil increments.

Currently, a radiochromatographic scanner (Berthold Model LB 2760) equipped with a gas-flow
detector is being used for measuring the movement of the various radionuclides (see Photo. 4).
Because of the large selections of scanning speeds available (6000, 3000, 1500, 1200, 600, 300, 120,



PHOTO 5629-76

Photo. 1. The column-layered chromatographic (CLC) plate after loading with soil



Photo. 2. A picture of the soil columns, the TLC plate clamped to the CLC plate, and the
wicks submerged in an eluting solution
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Photo. 3. Radionuclide mobilities as determined by medical x-ray film .



PHOTO 5631-76

Photo. 4. The radiochromatographic scanner (top center) together with its associated recording apparatus: a multichannel
analyzer (left) with its paper-tape punch attended by a technician and a strip-chart recorder (right).



60, 30 and 15 mm/hr) and the time selections available for integrating the counts per channel in the
multichannel analyzer (12.5, 25, 50, 100, 200, 400 and 4800 sec), the resolution and sensitivity is
much greater than any comparable type of recording apparatus. The multichannel analyzer, with its
paper-tape punch, produces output suitable for computer analysis. For quick visual inspection,
however, the scanner may be coupled to a strip-chart recorder. The charts exhibited as Figs. | and 2
are examples. They show a much more rapid movement of **Sr in Fuquay sand than in Captina silt
loam for the same eluting solution.

MOVEMENT OF THE ELUTING SOLUTION

Profiles such as those shown in Figs. 1 and 2 are amenable to quantitative interpretation
providing the movement of the eluting solution can be understood. Observed movements of water
fronts in two types of soils are shown in Fig. 3. As would be expected, a t"*> dependence is observed
initially due to the dominance of capillary pressures over gravitational pressures. An important
deficiency in Fig. 3 is that it yields the Darcy velocity V only at the water front, where the reduced
moisture content o = 0.5. However, this velocity can vary substantially as a function of «, ranging
from a value which is sometimes in excess of the saturated conductivity K, at « = 1 to a value of
zero at « = 0. To obtain this additional information, we introduce a tracer, tritium, into the feed
solution, and then generate and measure distribution patterns as described above. These patterns are
then analyzed theoretically to obtain complete velocity profiles. The formalism used for this purpose
is examined in the next chapter, Chapter 111, and it is applied to the Fuquay soil in Chapter VII.
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HI. WATER TRANSPORT
THEORY

1. Transport equations. Fortunately the water-movement is sufficiently restricted that it may be
treated avalytically. The boundary-initial conditions may be prescribed simply as

0(x=0,t)=9, and 0(x>0,t =0)=8, (1

where 8 is the moisture content. Also, the transport equation

20_ 2 (L20N 3K ,
at dx \ 9x axs"“' @

for a chromatographic column inclined at an angle e (see Fig. 4) is one dimensional. (Symbols which
are not defined in the discussion to follow may be found in the notation, Chapter X))

In published work by Parlange [1971a, 1971b, 1972] a singular perturbation theory is used to
obtain a second-order solution to the above problem subject to only one additional condition,
namely that the column be semi-infinite, i.e.

0<x <o . 3)

Invoking such a condition will restrict applications to situations in which the wetting front is
sufficiently well removed from the top end of the chromatographic columns. However, this is a very
mild restriction and is indeed a small price to pay for the computational efficiency of an analytic or,
more precisely, a partially analytic solution. Equation (2) is notoriously difficult to solve for
unsaturated moisture conditions due to the highly nonlinear nature of the conductivity K{() and the
diffusivity Q(#), and, in general, one must resort to a strictly numerical and
computer-time-consuming treatment such as that of Reeves and Duguid {1975].

Using the theory of implicit functions [Margenau and Murphy, 1956], as is frequently done in
thermodynamic analyses, the water-content variable § may be employed as the independent variable
in Eq. (2), 1.c.

ox dV
el 4
at 3 @
Here the Darcy velocity
Q
V=- — Ksi
Y sin € (&)

has been separately identified since it is the coupling variable between moisture transport and mass
transport.
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In terms of the reduced variables

646 K(8) — K
=0 and o= X0 “Xo) (6)
01 - 60 01 haas 00 °
Eqgs. (4) and (5) become
ax _ oW .
at da @)
and
Q
W= — -~ K si .
/30 K sin € (8)
The reduced velocity W is related to the Darcy velocity by the equation
V=(0, ~0g)W-Kysine 9

where K, = K(0,). Expressed in terms of variable «, the boundary and initial conditions become
x{a=1,t)=0 and x(@=0,t=0)>0 . (10)

since position x is a single-valued function of water content.

2. General application of the Parlange method. To apply the perturbation method, Parlange [1971b]
first integrates Eq. (7) as follows:

1
f da i =W, - W (1)
5 at !

where Wi(t) = W(a = 1,t). He then reasons that since

Ix

e =0 (12)

a=]

[see Eq. (10a)] the time-derivative term will be small compared to other terms in Eq. (11) provided «
is sufficiently close to unity. Thus this quantity may be represented by a lower ordered
approximation. Expressing the reduced velocity in expanded form of Eq. (11), Eq. (8) yields, for the
n-th approximation to dx/9e«, the quantity

(n)
80X - Q (13)

da L 54n=1)
xsine+Wl—f dg
o

ot
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as a first integral, which defines the velocity [Eq. (8)]:

1 -
ax(n 1)
W =w, — f g~ . (14)
o at
The second integral
! Qdy
X(n)::f 1 ax(n_l) (]5)
o« gsinet W, j; dﬁT

is easily obtained by applying the boundary condition, Eqg. (10a). Evaluation of the time derivative in
these two equations is considered in Sections 3 and 5, below.

3. First-order solution. Although Egs. (14) and (15) are appropriate for general n-th order
approximations, Parlange [1971a, 1971b. 1972] found that second order was quite adequate tor
practical applications. To start the iterative scheme. it is assumed that Eq. (12) is also valid for
a 7 1, Le.

=0 . (16)

The first-order solutions of Eqs. (14) and (15) then become

w() =w, (17)
and
t
Q
(1) = dy —— e 18
X . .
j; Y Kk sine + W, (1€}
Equation (17) simply says that for each water-content value a > 0. the velocity of advance of the
wetting front is independent of « and is a function of time only [W'" = W'n)].

4. Temporal behavior of the end-point Darcy velocity. At this point a problem associated with W is
identified in Parlange’s [1971b] analysis. This quantity, the velocity at &« = | or x = 0, is at this
point an unknown function of time Wi(t). However, a rclation may be found for this quantity by
cxtending the range ot integration in Eq. (I1) to o = O:

! 0X
j; do =Wy W, (19)
where, from Eq. (8),
Q
= — K si 20
o axjoa |, K sin € Y (20)
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Now, by definition [Eq. (6b)], «(0) == 0 since a = 0 iruplies § = 8, [Eq. (6a)]. In addition, it may be
inferred from the initial condition [Eq. (10b)] that Jx/Jda becomes indeterminantly large as «

approaches zeto. Hence Eq. (20) gives W, = 0, and Eq. (19) becomes

1
)
Wl = f da'"i
o ot

From the first-order result, Eq. (18), one obtains

ax(l): W, ! Q

d e
ot at Yk sine + W, )?

a4

Inserting this relation into Eq. (21) and integrating the resulting equation from 0 to t yields

n=j;l daj: dy Q(y) 1(v)

where

- j‘wl aw,
w0y Wi (ksine +W,)?

1 I (K sine+W1> K sin e
= n _—
k% sin’ ¢ W, K sin g+ W,

The last line of the above equation uses the fact that W(0) is infinite.
Interchanging the order of integration in Eq. (23) yields

1
t=f dyy QM 1(7)
()]

which, when combined with Eq. (24), gives

1 .
7Q K sine + W, K sin €
t= d In in e #
j; 7xzsin2e< < W, ) Ksine+Wl>’ sine#0

It sin € = 0, the indeterminate form may be evaluated to yield

t =

1
'zwﬁj; dyy Q(7),sine=0

2n

(22)

(23)

(24)

(25)

(26a)

(26b)
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Equations (26) may be inverted numerically to obtain the desired relation W (t). Actually, this
function should be denoted by W{'(t) since it is based on the first-order quantity x'"". However. we
follow Parlange in not updating this function with an approximation of higher order. Thus there is
no need to make such a notational distinction. As a consequence, thc familidr t - dependcnce 1s
observed for both first and second order in the horizontal-flow case, i.e. x''' ~ t' “and x'” ~ '~

5. Second-order solution. In procecding to second order one should note that the time derivative of
x'" in Egs. (14) and (15) will introduce the troublesome quantity 9W,/at, just as it did in Eq. (22).
This quantity, however, may be eliminated algebraically. Using Eq. (21) twice the following relation
is obtained:

(27)
[13
ax(1) L ax(M
-, [ dﬁ-~;~/f %
0 t 0 0t
Differentiating Eq. (18) with respect to time yields
! ax(D
W, - df —— =W, Je/I(1) (28)
@ ot
where
o 1
Q
1= dy ————— . 29
./; dﬁj; AI(Ksine+W,)2 (29)

Parlange [1971b] used Eq. (29) directly, combining it with Eqgs. (28) and then with Eq. (15) to
achieve the second-order result [Eqg. (14) in the (1971b) article]. Here Eq. (29) will be simplified
before taking these final steps. By interchanging the order of integration, Eq. (29) becomes the sum
of two single ntegrals:

{
Q
Yoy = f (Ksme+W,)2+aL d’Y(f<sine+Wl)2— ) (30)

The second integral, of course, vanishes when a = 1.
Combining Eq. (28) with Egs. (14) and (15) yields the second-order approximations

w2 =W I (/I (1) (31

and

1
Q
(2)
X f W sine W, K@) o
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ln contrast to W''(t) the second-order approximation to the reduced velocity is a function of both
water content and time, i.e. W = W'(a.t). The unreduced Darcy velocity

(2) = 2) _ ;
\Y% (6l 00) w Ko sin € 33

obtained from Eq. (9), is the desired result.

RESULTS FOR YOLO CLAY

Parlange’s applications to one-dimensional moisture flow are of interest here. They pertain to
capillary rise [Parlange and Aylor, 1972}, infiltration [Parlange, 1971b], and horizonatal flow
[Parlange, 1971a]. Our purpose here is threefold: (1) to demonstrate the solution procedure, (2) to
compare results of our computer program with those presented in the above-mentioned papers, and
(3) to supplement the moisture profiles with their corresponding Darcy-velocity profiles.

1. Soil properties. In each case the soil used is Yolo clay. Values of the conductivity and diffusivity
for this material are given in Phillip [1957] in tabular form. Here they are presented in graphical
form as Fig. 5. The only other soil properties which are required are the residual moisture content
A, = 0.2376 cm’/em’ and the end-point moisture content 8, = 0.4950 cm'/em’, respectively.

2. Capillary rise. The case of capillary rise (¢ = 90°) is used to demonstrate the solution procedure.
Generation of the time curve (Fig. 6) is the initial step. In general this must be done in order to
invert the transcendental equation, Eq. (26a), between the time t and the end-point reduced Darcy
velocity Wi. [Such a procedure is not required, however, for the special case of horizontal flow,
where the appropriate relation, Eq. (26b), may be inverted analytically.] To produce the time curve,
various values are chosen for Wy. [Actually, values of the more physical quantity V;, in units of the
saturated conductivity, are required for the computer program, which converts them to W, using Eq.
(9).] Corresponding values of the elapsed time t are then obtained via numerical integration of Eq.
(26).

Determination of positions x{a,t) and velocities W(a.t) [or equivalently V(a,t)] is the second
and final step in the solution procedure. For a specified time t the corresponding end-point velocity
W (t) is obtained from Fig. 6 by interpolation. Equations (30), (31), and (32), which depend on W,
are then evaluated to obtain the second-order approximations x'“(a,t) and W"'(a,t). Figure 7
exhibits x'(a.t) and V™(a,t), which is related to W' (a.t) by Eq. (9), at four different values of the
elapsed time for the case of capillary rise; the agreement with Parlange and Aylor [1972] is quite
satisfactory.

3. Infiltration and horizontal flow. Comparisons with Parlange’s work for e # 90°, however,
although acceptable, are not of the same quality. This may be seen in Fig. 8 for the case of
infiltration (¢ = -90°) and m Fig. 9 for the case of horizontal flow (¢ = 0°). One possible source of
this discrepancy is the diffusion in the region near & = 1. Since there are no experimental data
there, extrapolation must be employed. Logarithmic extrapolation vyields the value
Q = Q@ = 1) = 1.85 X 107 cm’/sec, resulting in a position profile lying above Parlange’s
[197la] results, as indicated in Fig. 9. If Q; is arbitrarily reduced by a factor of 10, then the position
profile falls beneath Parlange’s calculation for o > (.5. Thus different extrapolations would appear
to account for the discrepancy between our results and that of Parlange for o > 0.5.

As yet, however, we do not have a comparable explanation for the region @ < 0.5. As shown in
Fig. 9, our first-order profiles for x''(a.t) agree rather well with those of Parlange. Such a
circumstance would appear to indicate that our logarithmic interpolation for Q(a) and K(a) [see
Egs. (6) and (18)] and our adaptive Gauss quadrature [see Eq. (18) only] are consistent with the
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numerical techniques used by Parlange. Since Eq. (32) for x'”' differs from Eq. (18) for x'" only in
the appearance of J(«)/J(1), the discrepancy would appear to lie in this quantity. However, increases
in the order of the Gauss quadrature procedure used to evaluate J{«) at nodal points «: [Eqg. (30)]
and in the order of the Lagrangian interpolation used to evaluate this quantity between nodal points
have failed to produce significant changes in our results for x'.

To place this discrepancy in perspective, one must consider the function of the water-transport
formalism in the analysis of chromatographic results. Basically this is to provide a physics-based
interpolation technique to realistically construct the moisture-content and Darcy-velocity profiles at
arbitrary times using a minimal number of physical observations. The techniques of this chapter, we
feel, are quite satisfactory for this purpose. By using the automatic-search methods described in a
later chapter, measured moisture-content profiles may be synthesized to approximately six
parameters. These parameters may then be used to obtain both moisture contents and Darcy
velocities at the times and positions required by the mass-transport description. The
water-transport parameters themselves are the subject of the following section.

PARAMETERIZATION OF SOIL PROPERTIES

For some specialized applications of the chromatographic technique, soil moisture-flow
properties will be obtainable from the literature just as they were for the Yolo clay. However, the
authors suspect that in the most common situation such properties will need to be measured jointly
with the mass-transport characteristics. In this section a method for determining the moisture-flow
properties is suggested.

1. Hydraulic conductivity. In contrast to the mass-transport case where the transport characteristics
are expressed as simple constants such as the distribution coefficient and the longitudinal
dispersivity, functional relationships with the independent variable are involved here (see, for
example, Fig. 5). A frequently used formula for the hydraulic conductivity is that presented by
sardner [1958]:

K,

K(h) = (h/ho)d '

(34)

where h < 0 is the pressure head. Parameters K,; h,, and d characterize the soil type. From simple
mathematical manipulations the significance of these parameters may be determined. Values of
conductivity approach that of the saturated conductivity K, as h - 0. Also, it may be seen that at
the critical pressure K(ho) = K;/2. In addition, the slope of the conductivity curve at h = h, is
directly proportional to the pore-size distribution parameter d. Figure 10 presents curves which,
according to Bouwer [1964], are typical of sand, loam, and clay soils.

2. Moisture characteristic. King [1965] has shown that a wide range of water content-pressure data
{the moisture characteristic) may be fitted with an equation of the form:

‘ cosh (h/hy)® — & cosh )
o(hy=0, [ = o), ==X (35)
cosh (h/hg)® +6 coshx

where & is defined in terms of the residual water content 6, and the saturated water content
{porosity) 81:

§=otot (36)
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Gillham, et al. [1976] found that parameter x could be taken as zero without seriously affecting fits
to their data, i.e.

-osh ( rad’
oy =9, (S Mol (7
cosh (h/hy)® +5
This equation may be differentiated
48 (2d86 /hy) (h/hg)* ! sinh (h/hg)* (38)
dh (cosh (h/hp)d +8)2 )
and inverted
4 [ l/d'
h(8) = ho(In (8/6") + [(8/5")2 — 1117 ) . (39)
Quantity & is defined analogously to that of & [Eq. (36)]:
, 0,8
¥ = (40)

Parameters @, hi, and d’ have meanings similar to that of their counterparts K,, h,, and d in the
conductivity parameterization. The water content approaches its saturated value whenever h — 0
since d’ < 0. In addition, it may be seen that at the critical pressure 6(h’) = 8,/5 provided
. << 6:/5. At this same pressure the slope is directly proportional to the pore-size distribution
parameter d; i.e. d§/dh(h}) ~ |d’|. Figure 11 presents three moisture-characteristic curves which
might be appropriate for sand, loam, or clay soils. In truth, the curves of Fig. [l were generated as
rather crude fits to the moisture characteristics shown by Hillel and van Bavel [1976]. The intent is
merely to show the adaptability of Eq. (37) to different soil textures.

3. Moisture storage and diffusivity. The generalized moisture-storage function [Reeves and Duguid,
1975] becomes

da(h)
F(h) = ~d(h£) vog - @l

Strictly speaking, 8 is the modified coefficient of compressibility of water. Here, however, this
parameter will also be used empirically to characterize the compressibility of the soil medium. The
effect of including this quantity in the formulation is to give a nonzero value to the storage function
at saturation, L.e. F(0) = #,8". Thus the diffusivity

K(h)

A= Eeny

(42)
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remains finite at h = 0 in accord with the analysis of Phillip [1969]. As was noted previously in
connection with Fig. 6, the moisture profiles for water content values approaching saturation are
somewhat sensitive to the diffusivity in this water content regime. Hence, such profiles will also be
sensitive to the value chosen for /.

A final demonstration of the efficiency of the parameterizations in this section is presented in
Fig. 5. A parameter search, to be described in a later chapter, was performed in order to fit
Parlange’s capillary-rise results at t = 10° sec with a moisture profile obtained from the
Gardner-King soil-property formulas discussed above. Conductivities and diffusivities, which are
given in Eqs. (34) and (42) with supporting Eqgs. (37), (38), and (41) as explicit functions of pressure
head h are converted to functions of reduced water content 6 via Egs. (6), (39), and (40). The
resulting soil properties are presented in Fig. 5, where they may be compared with experimental
data.
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IV. MASS TRANSPORT
THEORY

In contrast to the water transport, where an approximate analytic solution was appropriate, a
fully numerical approach is used here. Such an approach is necessary since the advective flux, Darcy
velocity V(x,t), is not, in general, separable in the space-time variables x and t. Also, the variety of
initial conditions which are contemplated preclude a perturbative treatment like that used for the
water transport. Thus a one-dimensional Galerkin-finite-element implementation similar to the
two-dimensional formulation used by Duguid and Reeves [1976] is employed.

1. Transport-equation. The mass-transport equation may be written as

dcy, a( ac> b
- — ) v (Vey+tren =0 . 1
at  ax GDax Bx( €)* A (1

(Symbols which are not defined in the discussion to follow may be found in the notation, Chapter
1X.) Variable ¢y, the physically measurable quantity, is the bulk concentration and includes both a
liquid-phase component ¢ and a solid-phase coraponent s

cp = 0c + ps’ )]

where 0 is the water conteut and p is the bulk density of the solid. If one assumes local equilibrium,
i.e. the rate of the adsorptive reaction is fast relative to the rate of transport, then s” will be a time-
and space-independent function of c¢. If, furthermore, a linear adsorption isotherm is assumed, then

s o k 3)
=—kg ¢
- Ka

{Reeves and Duguid, 1976] where n is the porosity. Quantity kq is the distribution coefficient, whose
determination is a primary object of this work. With these assumptions, the bulk concentration
becomes

oy = Ryl @)
where
k
Ry=1+ .p;li 5)

is the retardation factor, and the transport equation, Eq. (1), may be rewritten in terms of one
dependent variable:

0c) a<, 8c> 2
Ry 20 2o %Y ¢ Z(vey+AR0c=0 . 6
4750 o VP 5]ty (VO + AR4bC ©®)
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Adsorption is included above in the first and fourth terms (from the left) of Eq. (6), and the
mechanism of dispersion 1s depicted mathematically by the second termn of Eq. (6). Here the
equation of Scheideggar [Bear, 1972]

gD = a, |V (7)

relates dispersion to the magnitude of the Darcy velocity via the longitudinal dispersivity a;.
Advection by the carrier flux V appears in the third term. Radioactive decay (decay constant A) is
included in the fourth term of Eq. (6) for completeness even though it is expected to play a very
minor role in most chromatographic measurements. (A derivation of Eq. (6) may be found in the
document by Duguid and Reeves {1976].)

2. Spatial integration by the Galerkin method. The basic idea here is quite straightforward and may
be seen most transparently if Eq. (6) is rewritten in operator form:

P()=0 . (8)
Consider a trial function of the form
¢'= ENi (x) ¢ 9
i=1

where the N. are basis functions spanning the region of interest ¢ << x <X L. and the m quantities ¢,
are expansion cocfficients. In general, Eq. (8) will not be satisfied by ¢’ and there will be a residual,
Le.

L(c)#0 . (10)
The Galerkin method, however, requires that the weighted averages of this quantity vanish:

L
f dx N; (x) #(cy=0 . (1)
0

(Taking the weighting functions N, to be identical to the basis functions is the characteristic of the
Galerkin method which distinguishes it from among a broad category called weighted-residual
techniques [Finlayson, 1972].) The working equations here are found by combining Eqgs. (9) and

(11). The result
L ‘
f dei(x)$<2Nj (x)ci>=0 (12)

0 N
J

is a matrix equation, which may be solved for the c.. These coefticients may then be used in Eq. (9)
to yield the approximate solution ¢” at any position x.



35

3. Discretization by the finite-element method. In the classical Galerkin method each of the
functions N; extends over the entire domain of integration. Since there is considerable overlapping of
the N, cach integral, Eq. (12), must be carried over its complete extent 0 << x << L, and a full
matrix is necessary to depict the coupling of the expansion constants ¢ Such a situation may be
alleviated by the use of finite elements. In three-dimensional space these figures would be polvhedra,
and in two dimensions they would be polygons. However, for the one~dimensional space considered
here they simply constitute segments of a straight line. Each element is spanned by basis functions
which are nonzero only in the interior and on the boundaries of the element. Thus each integral of
the form of Eq. (12) need be carried only over the region of an individual element, and a sparce
matrix results.

To formulate the Galerkin problem for Eq. (6) in terms of finite-clement basis functions, it is
convenient to introduce the matrix function {N(x}}. This quantity is a column vector containing two
linear functions N(x) and N,(x). These quantities, which are shown in Fig. 12, permit continuity
only in the function itself across element boundaries. Hence, first derivatives, are, in general
discontinuous, and there will be unavoidably some nonconservation of mass at the nodes. By
convention, function N; is normalized to unity at node i and taken to be zero at the other node so
that the expansion constant ¢; is identical to the concentration at node 1, as anticipated in Eq. (9) by
the choice of symbols. In matrix notation this equation becomes, for the r-th finite element

€ (x, )= (NGO} {e(t)} (13)

where the superscript T denotes the transposed matrix. (The prime has been dropped from the
notation since only the approximate solution will be considered in the remainder of this work.)
Using this notation, both Galerkin integrals [Eq. (12)] for the r-th element become one matrix
equation, namely

L
f dx {(N}Z({N}T {,c}dx=0 ; (14)
0

4. Numerical implementation of the finite-element Galerkin method. To develop working equations
from Eq. (14) requires basically the same steps as in document ORNL-4928 [Duguid and Reeves,
1976]. The result is

[(A] (¢} + [rB] {c}+ {rR,} =0 (15)

where

1
[A] =] f ds {N} (Rq8) {N}T (16)
1

! 3 d
[rB] =rJ f ds | — {N} OD“‘“’{N}T
1 ax ox
(17)

2 20 A
- NPV N+ (N} R ('é'{ + xe) {N})
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and

s=1

{:R}= (N} X . (18)

8= ~1

Quantities [(A] and [;B] are 2x2 matrices whereas {TR’} is a 2x1 column vector. The first term on the
left-hand side of Eq. (6) contributes both to [,A] through the term Ry6 and to [B] through the term
Ru(26/0t). The second and third terms on the left-hand.side of Eq. (6) contribute, after an
integration by parts, both to [[B] through the term 6D and to {,R’}. Quantity X in the latter is the
mass flux

oc
=_gD—+cV . (19)
ox

Finally the fourth term in Eq. (6), the radioactive decay, gives rise only to the term in [[B] containing
AD. :

For convenience of implementation a new local variable of integration s has been chosen in Egs.

(16) — (18):

X — X3

s=-1+2 20)
X2 — Xy
Thus the Jacobian is a simple constant:
ax
J == (%~ x1)/2 Q1
ds
and the vector of basis functions may be written:
{N}=% {1+ sjs}, s; = s(x;) . (22)

5. Time integration by the finite-difference technique. In order to obtain the solution of Eq. (15) at
time t + At from that at time t, Eq. (15) is written for some intermediate time t + wAt:

[tA] {rc} trwat T [rB] {C}HwAt + {rR’} =0 (23)

where 0 < @ < 1. In the Crank-Nicholson centered-in-time approach « = 1/2, and in the
backward-difference approximation w = 1. The Crank-Nicholson algorithm has a truncation error
of O(At?), but its propagation-or-error characteristics frequently lead to oscillatory instabilities. The
backward-difference scheme, on the other hand, has a truncation error of O(At) but is quite resistant
to oscillatory instabilities. An arbitrary w allows an investigation to find the appropriate balance for
the problem being considered.
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The time derivative of the concentration is expressed as

{ré}t+U)At = ({rC}HrAt {rc}t)/A[ (24)

and the value of this quantity at the arbitrary point in time is obtained by linear interpolation:

{rchrwar = @ichirar (1 — w) {c}y - (25)

Substitution of Egs. (24) and (25) into Eqg. (15) vields the following relationships:

[Cl {rehivae = (R - R} (26)
where
[:C] = [[A]l/At+ w[,B] 27)
and
GRE=([rAl/AU— (1 — ) [[B]) {rcte : (28)

It should be understood that matrices [A], [;B], and \;R’ .and, hence, [[C] and {,R%, are evaluated
at time t + wAt. These matrices must therefore be obtained by the interpolation procedure of Eq.
(25).

6. Assembly of elements. Up to this point the Galerkin-finite-element formulation has been
presented only for a typical element r among the collection of finite elements which comprise the
region of interest. The result of this analysis is £q. (26), which is expressed in terms of the 2x2
matrix [;C] and the two 2xI vectors {,R and \R'}. It is now necessary to sum over all m finite
elements in order to obtain the corresponding equation for the complete system. namely

[C] {chirar = AR} {R’} = (Y} (29)

where

EEPNRY
(R = 2 R}
R’} = E (R}

(30)
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If there are p nodal points in the system, then matrix [C] s p x p and column vectors {R}, {R’},
and {c are p x 1. Thus the specialized summation, or assembly, procedure indicated in Eq. (30)
converts matrices and vectors of order two into similar quantities of order p. To illustrate how this
works, it is convenient to consider the simple two-element system shown in Fig. 13. Each element
contains two nodes, which are numbered locally as indicated. By means of the basis functions of Fig.
12, each element contributes both to the diagonal (1,1) and {2,2) matrix elements and to the
off-diagonal (1,2) and (2,1) matrix elements of all two-dimensional matrices and to the (1) and (2)
matrix elements of all column vectors. As shown in Fig. 13, neighboring elements 1 and 2 contain
node 2 (in global notation) in common, and this same node s given different local identification
numbers within these elements. Such a circumstance is accounted for in the assembly process. which
yields

1Chy 1Ciz 0
[C]={.1C, (1C2, +2Cy ) 2Ci2 30
0 2Cay 2Caa
and
1Ry
{R}=<,R, +,R, (32)
2Ry

with similar expressions for {c} and {R’}. Matrix [C] 1s tridiagonal due to the sequential (global)
numbering of the nodes. Equations (31) and (32) demonstrate both the index-shifting and
summation properties of the asscmbly process.

7. Application of boundary conditions. Two types of boundary conditions are considered here,
namely Neumann constant-flux and Dirichlet constant-concentration specifications. The former
condition is imposed through column vector {R} [see Egs. (18) and (30)]. If a flux X, is imposed at
node 1, then R; = X, is prescribed. (The appropriate basis function N, of Eqg. (13) has a value of
unity at node 1.) Conversely if ‘there 1s no externally applied flux at node i, thea it follows that
R = 0

At nodes where Dirichlet constant-concentration boundary conditions are applied, an identity
eyuation is generated for each such node and mcluded in the matrices of Eq. (29). As an example,
take the two-element system of Fig. 13 with the concentration at node | constrained to the value of b
at all times, i.e.

G =Db and b #b(t) . (33)

Equation (29) then takes the form
1 0 0 Cy b
0 C2 Csa C2 = Y, ~Cyyb (34)

0 Ciz Cis Ca Y;
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in which the tridiagonal structure of matrix [C] [Eq. (31)] has been taken into account. This result
may easily be generalized to an arbitrary number of equations with one or two Dirichlet boundary
nodes.

8. Solution of the assembled equations. In solving the assembled equations expressed in Eq. (29), the
matrix [C] 15 decomposed into the product of upper and lower triangular matrices using the Gauss
technique. The lower triangular matrix is used to modify the right-hand side of {Y for
back-substitution into the upper triangular matrix to obtain a solution. If the matrix {C] and the
time step At do not change with time, the decompaosition needs to be performed only once.

SAMPLE CALCULATIONS

In this section the results of three sample calculations are presented. Each of these hypothetical

cases are based on a chromatographic column of length L. = 40 ¢m with boundary-initial
conditions
cx=0,t)=1
35
x=L,1)=0 (33)

(O<x<L t=0)=0

Whenever a temporally and spatially variable Darcy velocity V(x,t) is used, it is taken to be that for
horizontal flow in Yolo clay as described in the previous chapter.

1. Numerical results. The objective herc is threefold. Firstly, we would like to typify the time
development of a concentration profile for the variable advective velocity. This is done in Fig. 14.
Using the curve c(x.t = 1 day) as “experimental data,” a parameter scarch (see next chapter) is
made in order to define an equivalent cop<tnt Darcy velocity subject to the proviso 8 = n.
Concentrations for this velocity are also shown in Fig. 14 for comparison.

Secondly, we would like to demonstrate the effects of both the distribution coefficient kg and
the dispersivity a; and to distinguish one from the other. Figure 15 shows concentration profiles
c(x,ty at t = | day corresponding to several different values of the dispersivity a;.. Figure 16 exhibits
similar curves for several different values of the distribution coefficient ka. Obviously the effects on
fluid concentration ¢ of changing values of ar are quite similar to those attributable to changing
values of kq. If only fluid concentrations were measured in a chromatograph, there would be little
hope for distinguishing the two. Fortunately, however, the chromatographic method ‘measures the
bulk concentration

Ch = RdOC (4)
where
k
Ry=1+254 (5)
n

The water-content factor 6(x,t) serves to modify the shape of the fluid concentration profile, as
shown by the plots of ¢,/ Ran in Fig. 16. Nevertheless, it provides no distinction between a;, and Ka.
The normalization Ry does provide such a distinction since it depends only on ke [Eq.(5)]. As
indicated by the quoted values of Ryn in Fig. 16, this normalization can be quite large, compared to
the maximum fluid concentration of unity, and quite variable, changing by over three orders of
magnitude as ks changes from zero to 1000 cm’/ gra.
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2. Analytical comparison. The third and final objective of this section is to test the numerical results
of Fig. 14 for the constant-velocity case against analytical results. To sketch briefly the analytic
solution process we cast Eq. (6) into the form

= VL 36
ac 1 ax2 Vax (36)
Here
2 _ .
q® =a, V/ORy4 (37a)
and
v=V/ORy (37b)

where quantity 8 like V is assumed to be a constant. For convenience the assumption X == 0 is made.
The transformation

c=et g  u=v/2q® (38)

removes the first-derivative term in Eq. (36) to yield the form

dg _ ,[9’g
at*q<ax —u g> : (39)

The solution of this equation, subject to the boundary-initial conditions of Eq. (35), may be
expressed [Berg and McGregor, 1966] as an expansion over the eigenfunctions of Eq. (39). The
result is

oo

E Ama tsmw > (40)
Wt w2 Wiy 2

=1

t"‘!ro

~ sinh u (L
t) =g H¥ sinhp (L - x)
. =e < sinhuL

where

mn
Wy, = -]j— (4 la)

2
xm=<~“£‘£> rut (41b)

Results obtained from Eq. (40) are plotted alongside the corresponding numerical results in Fig. 14,
The variation, about 5% on the average, is acceptable for the space mesh used here for which
6x = 0.5 cm.
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V. OPTIMIZATION
INTRODUCTION

In contrast to the water-transport and mass-transport developments of previous sections, no
improvements or modifications have been added in this chapter to existing numerical procedures.
Thus the objective here is to present those basic concepts which permit use of the computer program
listed in Appendix B. Additional technical mformation may be obtained from the references to be
cited.

The optimization problem for chromatographic analysis is twofold. Firstly, given the
experimentally determined water contents 0%(x,t), it is required to find soil parameters for the
best-{itting thecretical function O(x,t, K, h,,d,B85,h5,d’") so that the corresponding Darcy velocities may
be determined. Secondly, given these velocities and the experimentally determined concentrations
cr{x,t), it 18 required to find mass-transport parameters for the best fitting theoretical function
(Xt kyan,0,n). 1t is, of course, desirable independently to measure parameters ap, p, and n
whenever possible in order to reduce numerical error in the determination of kg

The best fit of a theoretical function f(x,t.p) is defined as that set of parameter values p (in
vector notation) which minimizes the quantity

Ny Nyi) ,
X*(P) :Z 2 (( f(x;. t;, py — £ (x;, ti)) [ o™ (x;, ti)> . (1
=1 3=1 0 N

Symbol { may be identified with either 8 or ¢, and ¢" is the experimental error. The number of
position variables N, will, in general, be a function of the time t; at which the measurements were
taken, as indicated by the argument. Integer N represents the total number of such time steps.
Formally p may be viewed as a vector in an Ny-dimensional parameter space with components p..
P2, s Prp, and X(p) is a hypersurface in an (N, + 1)-dimensional space. The problem is to locate
the point p at which X’ is minimized.

OPTIMAL SEARCH

One of the simplest methods for minimizing X’ is the direct search. This technique involves
sequential evaluation of this dependent variable and subsequent comparison with the best previously
determined value together with a strategy for determining where the next trial will be made. One
particular strategy characterizes the pattern-search method [Hooke and Jeeves, 1961]. When this
technigue is generalized to the case of constrained parameters, it is called the optimal-search method
[Weissman and Wood, 1966]. The latter is chosen here since it permits the user to impose physical
restrictions by specifying an allowable range for any parameter. The computer implementation used
here is that of Westley [ Westley and Watts, 1970].

The optimal-search strategy may be explained as follows. Initially a base point p, is chosen
arbitrarily. Then exploration begins about this point. First the exploratory trial point
pe = Po + € Ap; is chosen where ¢, is a unit vector parallel to the pi axis. If a success is obtained,
e, Xip) < (1 - THX'(p.), then an exploratory move is made to p’ = p., where T, is an
acceptance factor for function improvement and p’is the current estimate for the next base point pi.
If a failure is obtained, ie. X*(p) > (1 - TOUX'(p,), then a new trial point p_. = p, - ¢/Ap: is
chosen. If success is achieved at p.. then an exploratory move is made to p* = p.. Here and in the
case of incrementation, whenever there is a success, the step is accelerated in preparation for the next
exploration, i.e. Ap; — AAp; where A > 1 is an acceleration factor. If this possibility is also
exhausted, then there is no exploratory move, te. p’ = p,. The step size is then reduced in
preparation for the next exploration, i.e. Ap; — BApi where B < 1 i3 a reduction factor. The next
step is to increment, decrement, or leave unchanged parameter p, in the same manuer as for
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parameter p;. After taking each parameter, in turn, a new base point p: will most likely be obtained.
Figure 17 presents an example for a two-dimensional parameter space.

The next step is to take a pattern trial move to p’ = 2p, - p. followed by exploratory trial
moves. (Trial moves are indicated as dashed lines in Fig. 17.) If this series of moves is successful. i.e.
X:(f)’) < (1 - Tx)Xz(pl), then a pattern move is made to p; == p’. It should be noted here that the
sequence of trial moves outlined above continues even if X°2p, - p.) > (I - TOX(p1). In
addition, there is no acceleration or reduction of the step sizes in such a trial-point exploration.
Similar pattern moves are taken until there is a failure. Then a rcturn is effected to the base point,
say pi, from which the trial moves emanated. A base-point exploration then follows. in which
step-size reductions are permitted.

At this point all the distinctions between a base-point exploration and a pattern exploration
should be clarified. Basically there are three differences. Firstly, for the former a base-point move, in
effect, is made each time there is a successful exploratory move. For a pattern exploration, on the
other hand, a base-point move is made only after the inclusion of exploratory moves of all
parameters have been made. and there has been a successful comparison with the previous base
point, rather than the origin of the exploration. Such was the case in the example of Fig. 17, where a
base-point exploration was employed about the nitial guess p.. Secondly, as noted earlier, step-size
modification is allowed only during a base-point exploration. Finally, normal termination of the
search may only follow a base-point exploration. This happens when there are failures in all
parameters pi and all increments are less than or equal to their lower limits, i.e. Ap, < T,p. where T,
1s a step-size tolerance factor. Pattern exploration, since it occurs about a trial point rather than an
established base point, is not deemed to be sufficiently reliable to justify either step-size modification
or normal termination. (Nonnormal termination occurs whenever the prescribed maximum number
of function evaluations of f(x,t.p) has been exceeded.)

The above strategy is identical to that of the pattern-search method. The only additional feature
required by the optimal-search strategy is to test after each incrementation (or decrementation) to
se¢ whether the parameter is within the prescribed range of allowable values. If not. then the
parameter value is simply set equal to the nearest bound.
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VI. COMPUTER IMPLEMENTATION

The computer program is divided into three functional units pertaining to (1) the water
transport, (2) the mass transport, and (3) the automatic search procedures, all of which were
described formally in preceding chapters. Routine MAIN controls the operation of these units as
prescribed by the user (see Fig. 18). The individual units are structured as shown in Figs, 19, 20, and
21. In all, there are 34 separate subprograms, listings of which may be found in Appendix B.

WATER TRANSPORT

For the water-transport procedures the control function is performed by WTR (see Fig. 19).
Using input data obtained by DATAW, routine WTR directs its supporting routines so as to obtain
both position x(f,t) and Darcy velocity V(6,t) as functions of both time t and the water content
variable, which may be either 6 or its reduced counterpart «. If desired, these results may be printed
(PRINTW) or stored (STRW) on an auxiliary storage device.

The quantities which determine the moisture-flow characteristics of the soil are the soil
properties Q(A) and K{#). These functions may either be read in as tabular functions or be generated
from the Gardner and King form factors, as described in the last section of Chapter 1. In the former
case semi-logarithmic Lagrangian interpolation by routine YLAG [Westley and Watts, 1970] is used
in order to obtain soil properties appropriate for subsequent Gauss integration. In the latter case the
diffusivities and conductivities are calculated directly by SPROP on such a grid. Since a given set of
soil properties is independent of both position and time, and since these values are required only for
the Gauss-guadrature grid of water-content values, they are calculated only once.

Initially the soil properties are used to determine the time function (W) for selected values of
the reduced end-pomt Darcy velocity Wi, This 1s done by applying the Gauss quadrature algorithm
(subroutine GAUSS) to evaluate the integral in Eq. (111.26). By sorting (routine DSORT) the results
into ascending order in the time variable, the tabular function is placed in a form suitable for
interpolation. This is necessary since calculation of x(a,t) and W(w,t) require the end-point velocity
Wi(t), as indicated by Egs. (111.31) and (111.32). Double logarithmic Lagrangian interpolation
(YLAG) is used for this purpose.

Dependent variables x(a,t) and W(w,t) are evaluated by either the first-order formulas, Fqs.
(IT11.17) and (I11.18), or the second-order formulas, Eqs. (1H.31) and (111.32), as specified by the user.
Integrals in the above-mentioned equations are evaluated by subroutine GAUSS with the various
integrands supplied by the function routine FUNS. The unreduced velocity V is obtained from the
reduced velocity W through application of Eq. (I11.9). In addition, when coupling with the mass
transport is required, functions x(6,t) and V(6,t) are transformed to the functions 6(x,t) and V(x,t)
by WTR, and then Lagrangian interpolation is performed to vield the moisture transport variables 6
and V on the spatial grid specified by the mass-transport calculation.

Obviously, the Lagrange-interpolation and Gauss-quadrature technigues play important roles in
the water-transport determination. For this reason the order parameters, which govern the accuracy
of each method, are separately identified as input quantities. (Appendices C and 1D give a complete
description of the input.)

MASS TRANSPORT

When the moisture-transport variables § and V are obtained, cither as results of the
above-mentioned calculation or as input quantities, the mass-transport equation, £q. (IV.6), is
solved numerically as depicted by Fig. 20. As indicated by its central location, subroutine MTR
performs the control function here. Using input data obtained by DATAM, routine MTR directs its
supporting routines so as to obtain fluid concentration c(x,t) and its bulk counterpart cx(x,t) as
functions of both position x and time t. Results may be printed (PRINTM) or stored (STRM).
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The primary computations for the mass transport are carried out in routines Q4, ASEMBL,
BC, and SOLVE. Subroutine Q4 generates the linear basis functions N; [Eq. (1V.22)] and the
Jacobian J and, using known (or assumed) soil-solution properties, performs the integrations
necessary to obtain element matrices [[A] and [B]. The Gauss quadrature algorithm of order two is
employed here. Subroutine ASEMBL has two functions. First, it applies the finite~difference
discretization for the time variable to obtain matrices [,C] and {XR} from [,A]and [B] as prescribed
in Egs. (1V.27) and (IV.28). Secondly, it assembles these quantities via Eqgs. (1V.30) to obtain the
global matrices [C] and {R} Routine BC applies the boundary conditions as discussed in Chapter
IV, Theory Section 7, and SOLVE solves the resulting asymmetric banded matrix system by
Gaussian elimination.

Supporting calculations are carried out in SURF, FLLUX, Q4D, SFL.LOW, and Q4R. Subroutine
SURF identifies boundary nodes and elements. Routine FLLUX and Q4D determine the mass flux at
each node from the predetermined concentration distribution. To determine the mass balance,
end-point mass fluxes are integrated over time by SFLOW, and conceatration distributions are
integrated over space by Q4R.

OPTIMIZATION

The optimal-search technique, which was described briefly in Chapter V, 1s implemented as
shown in Fig. 21. Using search parameters and experimental data input through DATAS, routine
SEARCH produces a set of physical parameters p which minimize X(p), Eq. (V.1). This set of
parameters and the corresponding best fits to the experimental data are then printed by PRINTS.

Oue of the four different X? evaluators, MEVAL, MWEVAL, MWVAL2, or WEVAL., is
chosen depending onuser specifications. For example, WEVAL is used whenever the experimental
water contents #°(x,t) are to be fitted, whercas MWEVAL is used whenever experimental
concentrations ci(x,t) are to be optimally approximated. In the latter case it is understood that the
water transport is to be caleulated simultancously from known soil parameters.

The material-transport and water-transport procedures here assume the role of providing
theoretical Tunctions for the X’ evaluators. There are necessarily, however, some linkage routines.
Parameter linkage is accomplished by BUFFM and BUFFW. Subroutine BUFFM establishes the
correspondence between various elements of the parameter array p and the material-transport
parameters Kq, a1, p, and n. Routine BUFFW performs this same function for the water-transport
parameters. Nodal-point linkage is accomplished by YLAG, SWPREP, and DSORT. Calculational
space grids must, in general, differ from experimental space grids. The former is chosen from
considerations to achieve computation efficiency, whereas the latter is dictated by the experimental
techniques. This disparity is rectified by simply interpolating with YLLAG to obtain the theoretical
functions at the experimental positions.
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VII. ANALYSIS OF EXPERIMENTAL DATA

Correspondence of theory and experiment is the subject of this chapter. More precisely, the
optimization procedure of Chapter V is used to automatically adjust parameters of both the
water-transport theory (Chapter 111) and the mass-transport theory (Chapter 1V) so as to “best fit”
the experimental data (Chapter 1{). One of the mass-transport parameters, namely the distribution
coetficient kg, is of special interest.

Before proceeding, however, certain general remarks should be made regarding the work
presented in this chapter. In the first place, it is somewhat fragmentary since it represents our first
attempt to analyze experimental data. Even so, feasibility is demonstrated by the Srand Pu analyses
presented. Finally the need for further refinement of two different aspects of our analysis, namely
the water-transport and the migration of multiple species, can be seen.

WATER TRANSPORT

The purpose here is to determine both the water content #(x,t) and the Darcy velocity V(x,t).
These quantities are necessary since they characterize the carrier fluid and thereby control the mass
transport. To calculate the latter, a space-time grid must be superposed on the region of integration
(x,t). The spacings within this grid arc governed by convergence and stability criteria of the
nomerical algorithms, and, in general, are much finer than the corresponding experimental grid.
Thus the need for an interpolating procedure: arises. The strategy adopted here is to fit the
experimental data at the selected points at which it 1s measured. One thereby determines
parametrically an interpolation function which ruay be used at space-time points other than those
for which measurements are taken.

Another consideration concerns the experimental observable, which is simply the relative
radioactivity. In the case of tritium, which is not adsorbed, this radioactivity is taken to be
proportional to the water content. Thus the fitting function ‘must be more than a simple
interpolation function. It must-have sufficient theoretical foundation that Darcy velocities may be
extracted from it. The formal development of such a function is the subject of Chapter 111.

Figures 22 and 23 present two different radioactivity profiles for the movement of tritiated
water in Fuquay sand corresponding to two different values of the eluting time. (The radionuclide
here is placed in the feed solution rather than being spotted directly onto the soil.) Parameter values
for the theoretical fits are given in Table 1. These fits are not extremely good. There is a plateau in
the experimental data for the Jower values of the position x which is not present in the theory.
Secondly, the experimental wetting front is steeper than that of the theoretical fit. The problem here
appears to be experimental. The relatively weak beta (0.018 MeV) coming from ‘H permits
observation of only the topmost layer of soil, where evaporation, inhomogeneity, and
two-dimensional effects are the greatest. A different experimental technique appears to be called for.
Perhaps dissection followed by weighing the increments before and after drying would be more
satisfactory. :

MASS TRANSPORT

The best fits obtained to date are shown in Figs. 24-26. Figures 24 and 25 pertain to “’Sr
transport in Fuquay sand and Figs. 26 and 27 pertain to ~’'Pu transport in the same soil. In each
case the radionuclide is spotted directly onto the soil. (Figures 28 and 29 show the corresponding
initial conditions.)

The soil 1s then wetted for approximately 17 hours using water as the eluting: solution and
counted to obtain the radionuclide profiles. Figures 24 and 26 exhibit the resulting profiles. After
drying, the soil is wetted for a second time and counted. Figures 25 and 27 pertain to this wetting,
again for Sr and Pu, respectively.



RELATIVE ACTIVITY

c,

ORNL-DWG 76-20501

86

12 r
u r \‘
10 ‘
} I b ‘1
9 En i
o PAAN L e THEORY
. _ ! [  EXPERMENT
\ T
6 1 - l 1‘ A}
5 B
4
3 I
2
i
0
-1
0 5 10 15 20

r , POSITION (cm)

Fig. 22. ’H distribution in Fuquay sand at t = 1 min.




¢, RELATIVE ACTIVITY

ORNL-DWG 76-20502

® —
12 \\.
\
" [
10 s
04 ‘ — | THEORY
8 L 1T [ EXPERMENT
[
?
: il

6 1l I 1N

N |
s 4— | \"L J
4 =
3
2
1
0
-1

0 .3 10 i5 20

z, POSITION (cm)

Fig. 23. °H distribution in Fuquay sand at t = 4 min.

6<



Table 1.

Conductivity
Parameters

Moisture-Content
Parameters

Table 2.

Parameter

ka (cm3 /g)
p (g/cm’)

a; (cm)

"These numbers refer either to the first or second wetting.

60

Moisture-Transport Parameters for Fuquay Sand

Bl
h

dr

6r3 00

0[, n

7.57 X 107 cm/sec
—49.9 cm

1.78

397 x 107

—23.2 cm

-0.419

0.00625

0.625

Mass-Transport Parameters for Fuquay Sand

85
Sr

259"
1.75
0.150"

36.3"
1.75
0.333"

44.0
1.75
0.446"
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Mass-transport parameters obtained from our least-squares fitting procedure are shown in
Table 2. Perhaps the most striking things about the values given pertain to the Ry determinations {or
“Pu. First, there is exceilent agreement between the two wettings. Secondly, the magnitudes of
these numbers is rather small compared to the value k, ~ 10 em’/gm, which has appeared
frequently in the literature. [See, for example, Prout, 1958.] Speciation, however, plays an important
role in determining Pu mobilities {Bondietti, 1976] and appears to be a partial explanation of the
phenomena observed here. Our suspension measurement of k, = 83 cm’/gm seems to confirm this
explanation. However, it does raise another question regarding the difference between our
chromatographic measurement of about 43 cm’/gm and our suspension measurement reported
above. The latter is larger than the former by a factor of about two, The explanation here appears to
be that of reduced exchange between soil and soil solution in the chromatographic method relative
to the suspension method.

A similar point may be made regarding the chromatographic measurements for “’Sr reported in
Table 2. The average value of the two distribution coefficients reported there is kg = 31 em’/gm,
which is substantially lower than our suspension measurement of ks = 85 ¢m’/gm. Here the latter
is greater than the former by a tactor of about three. Again the reduced exchange in the
chromatographic measurement appears to be the reason. Prokhorov [1962] compared a flow-type
determination to a suspension determination for the case of “’Sr. He got 21 cm '/ gm for the former
and 490 cm’/ gm for the latter with the numbers differing by a factor of about 23.

Figure 30 exhibits experimental and theoretical results for a 0.01 N Ca(NOs), eluting solution.
Experimentally the peak moves wather than being distorted, as was the case when water was the
eluting agent: The theory, however, 1s unable to ‘account for this moving peak, as may be seen by
comparing Fig. 30 with the initial condition shown in Fig. 28. The explanation pertains to the fact
that there are here two competing ions, Ca’ and Sr'. Calcium ions are exchanged with Sr ions,
forcing the latter to move to a region in which Ca concentrations are weaker. A more general theory,
like that of Rubin and James [1973], is called for here.
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VIII. CONCLUSIONS

This report documents our initial effort to quantify soil chromatography. Experimentally, a
radiochromatographic scanner coupled to a multichannel analyzer is employed. These instruments
provide the resolution, the sensitivity, and the numeric output necessary for computer analysis of the
chromatographic profiles.

Theoretically, the chromatographic eluting process is perceived as a coupled flow of water and a
dissolved constituent through a soil matrix. Solution procedures for solving the appropriate
transport equations are developed and implemented. The end product here is a computer code
capable of automatically analyzing the experimental data. This analysis consists in fitting the
chromatographic profiles to determine several water- and mass-transport parameters, one of which
is the distribution coefficient ka.

The merit of the chromatographic method is that it simulates field conditions more accurately
than do other techniques. This is very important for the determination of the distribution coefficient,
Our results for “’Sr and “’Pu show that the reduced exchange inherent in a flow-type situation leads
to ke values which are lower than conventional suspension measurements by factors of three and
two, respectively.

Finally the need for two refinements is noted. One pertains to experimental determination of
the water transport. From a preliminary investigation it appears that a dissection method is the
answer here. The other pertains to theoretical assessment of competing cations. In addition, a wider
variety of soils, including slabs of porous rocks, is desired. Future research will focus on these areas.
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IX. NOTATION

Acceleration parameter (dimensionless).

(2x2) matrix of integrals for r-th finite elernent (L),

Longitudinal dispersivity (L).

Reduction parameter (dimensionless).

(2x2) matrix of integrals for r-th finite element (L/T).

Dirichlet boundary condition for the conceatration (M/L%).

(2x2) matrix of integrals for r-th finite element (L/T).

Assembly of all [[C] (I./1).

Concentration of the dissolved constituent (M/L7).

Numerical approximation to ¢ (M/L").

Bulk concentration including both dissolved and adsorbed constituents (M/L").
Concentration at node i (M/L%).

(2x1) vector of concentration values at nodes of r-th element (M/L?).

Vector of concentrations value at all nodes of the system (M/L7).
Hydrodynamic dispersion (L°/T).

Pore-size distribution index of the Gardner conductivity relation (dimensionless).

Pore-size distribution index of the King moisture-characteristic function
(dimensionless).

Moisture-storage function (L').

Theoretical prediction either of water content (L’/L") or concentration (M/L).
Experimental data either for water content (L.°/ LY or concentration (M/L").
Transformed concentration (M LY).

Pressure head (L).

Critical-pressure parameter of the Gardner conductivity relation (L).
Critical-pressure parameter of the King moisture-characteristic function (L).
Integral encountered in the relation t(W,) (T7/ LZ).

Integral encountered in the second-order solution of the water-transport equation
().

Jacobian for transformation to local cocrdinates (L),

Hydraulic conductivity (I./T).

Saturated conductivity parameter of the Gardner conducitvity relation (L/T).

K(8 = 6.) (L/T).
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kg Saturated distribution coefficient (L'/ M).

L Length of chromatographic columa (L).

L Differential operator for mass-transport (dimensioniess).

{N},N. Basis functions {dimensionless).

N, Number of experimental times (dimensionless).

N, Number of experimental positions (dimensionless).

n Porosity (L'/L).

pi Theoretical parameter. May represent either moisture-transport or mass-

transport parameter with its associated dimension (variable dimension).

p.pp’ Vector of theoretical parameters (variable dimension).

Q Ditfusivity (1.7 T).

q a1 V/6R., the effective diffusivity (1.7/T).

{R} Vector obtained in numerical solution of mass-transport equation (M, L.

{rR’} (2x1) vector of values of the mass flux at the boundaries of the r-th element
(M;L°/T).

%R’} Vector of mass-transport boundary flows (M/ L/ T).

R Retardation factor (dimensionless).

S Length of soil column (L).

S Local variable of integration (dimensionless).

s; Value of s at j-th node, i.e. sy = -1 and s> == | (dimensionless).

s Solid-phase concentration of the adsorbed constituent (M/M).

T, Parameter step-size tolerance factor (dimensionless).

Ts X" acceptance factor (dimensionlcss).

t Time (T).

\% Darcy velocity (L/T).

v V/6R,. the effective velocity (L/T).

W Reduced Darcy velocity (L/T).

W The n-th approximation to the velocity solution of the water-transport equation
(L/T).

W, W(a = 1) (L/T).

Wy W(a = 0) (L/T).

X Mass flux (M/ L/ 1).

X Position coordinate (L.).
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The n-th approximation to the position solution of the water-transport equation

(L).

{R} - {R’}, vector obtained in the numerical solution of the mass-transport
equation (M/L*/T).

Reduced water content (dimensionless).

Modified coefficient of compressibility (L.™).

Parameter increment (variable dimension).

Time increment (T).

(8, - 6,)/(0, + 6, (dimensionless).

Angle of inclination of the chromatographic column (°).
Moisture content (L°/L%).

Residual moisture-content parameter (L.°/ L)

Initial moisture content (L*/L%).

Boundary moisture content, equal to the porosity n in this document (L*/L’).
Experimental water content (L°/L’).

Reduced hydraulic conductivity (L/T).

Decay constant (T).

Eigenvalues of transformed mass-transport equation (L.
Transformation parameter (1.7').

(6, - 6)/(6, + 8) (dimensionless).

Bulk density of the medium (M/L%).

. . . 3 3 .
Experimental measurement error either in water content (L.°/L.7) or in
concentration (M/L").

Sum of weighted squares of residuals between experimental and theoretical
points (dimensionless).

Parameter of the King moisture-characteristic function, taken to be zero in this
document (dimensionless).

Time-integration parameter (dimensionless).

Spatial frequency for eigenfunctions of concentrations (L™).
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APPENDIX A
EXAMPLE CALCULATION: *’Pu IN FUQUAY SAND
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INPUT






7 1 P@, FUQUAY SAND, W
101 109 1 0 150 i
- 075 0-5 360Q.
-5 a

0
1.00E5

0

81

1
-5

0.

20.

2
0.

10000000001000000006100000000010000000001000000000300000000000010000001000000000
10G0Q0000010006000007000000Q001000006000011000004000100000000010000000001000000000

0. 0. 0. 0.
1.1705 1.315 1.52% 1.735
2.785 2.995 3.205 3.415
4.465 4.675 4. 885 5.095
b. 145 6. 355 6e 565 6.775
7.825 8.035 8. 245 8.455
9.505 9.715 9.925 10.135
11. 185 11.395 11. 505 11.815
12.865 13.075 13.285 13.895
14,545 14.755 14,965 15.175
16. 225 16.435 16. 645 16.855
17.905 18.115 18, 325 18.535
19.585 19.795 20.005 20.215
21265 21.475 21. 685 21.895
-5.810 -0.810 2. 190 0.190
~1.810 3.190 11.190 36. 190
64.190 50.190 34,390 11.190
0. 190 1. 190 2. 190 3.190
-0.810 -1.810 1. 190 -2.810
~1.810 0. 190 2.190 ~-0.810
5.19¢0 2.190 1. 180 -3.810
-0.810 0-.190 0.199 2.190
0.1%0 -1.810 4. 190 3.190
-3.810 3.19%0 -0.810 1.190
0.190 0.190 1. 190 ~2.810
~0.810 1.390 -2.810 ~1.810

-5.810 -5.810 -5.8140 -5.810

1 Q.

101 0.

0 37 g 41 3 3 4 8
- 00625 671 68. .01
- 000100 -49.9 1.78
<000397 ~-23.2 -.419
10. 20. 0. 40.
90. -1 -2 -3
-8 -9 1. 2.
7. 8. 9. i0.
600, 700. 800. 900.

11 3 30 3 1 3 1 0
1.5 0. 25 1.E~10 1.E-10
43.875 1.75 0.44191 -008625
0.000397 -23.2 -0.419

1 0 1 0 0 0 0 0
1. ES0 1.E50 1.E50 1.
1.E50 ~1. ~e1
1. »5 .01 0.
-1.E50 -500. ~--45
2400,
92
1.105 1.315 1.525 1.735
2.785 2,995 3. 206 3.415
4.485 4.675 4.885 5.095
6. 145 6. 355 6.56% 6.775
7.825 8,035 B. 245 B.455
9.505 9.715 9.925 10.135
11.185 11.395 11.605 11.815
12.8865 13.075 13,2856 13.495
14,545 14.755 14.965 15.175
16.225 16.435 16.645 16.855
17.905 18.115 18. 325 18.535
19.585 19.795 20.005 20.215
-5.810 1.190 -1.810 -1.810
3. 190 1. 190 12.190 23.190
88.190 33.190 31.190 29.190
5.190 2.190 -0. 810 -0.810
-0.810 7.190 4,190 8.19%0
1.190 ~0.810 -0.810 0.1390
1.190 4.390 ~2.810 1. 190

0.

1. 94>
3.625
5. 305
6..985
8. 665
10.345
12,025
13.705
15..385
17.065
18. 745
20,425
0.
0,190
35. 190
1. 199
5.190
-1 810
1. 190
-0.810
~1.819
~0.810
0.3190
2. 190
-0.810
0.

50.
-l

3‘
200,
1000.

0.1
0.625

0
1.

0.

1, 945
3.625
5. 305
6.985
8.665
10. 345
12.025
13.705
15..385
17.065
18. 745

1. 190
42.190
8. 190
-5.810
5.1%0
1. 190
1. 190

60.
-3

300.

1.

2. 155 2. 365
3.835 4.045
5.515 5.725
7.195 7.405
8.875 9,085
10.555 10.785
12.235 12,445
13.915 14,125
15. 595 15. 805
17.275 17.485
18. 955 13.165
20.635 20.845
1.190 ~0.,810
100. 190 100. 190 1
1. 190 -0.810
0.190 0. 190
2. 190 3.190
0. 190 -0.810
1.190 -0.810
~1.810 -0.810
-0.810 -0.810
2.19%0 ~0.810
~2.810 ~2.810
-3.8130 -3.8130
1 1
70. 80.
-6 .7
5. b
400. 500.
- 75TE-4 -49.9 1.78
0
1.E50 ~1. 5.0
1.B-6 -150. -5
2. 155 2.365
3.835 4.045
5.515 5.725
7.195 7.405
8.875 9.085
10.555 10.765
12.235 12.445
13.915 14.125
15.595 15.805
17.275 17.485
18. 955 19.165
-1.810 2.190
66.190 94. 190 1
11.190 7. 190
~0.810 7.190
6. 190 -0.810
1. 190 ~0.810
5. 190 ~-2.810

2.575
4.255
5.935
7.515
9.295
10.975
12.655
14.335
16.015
17.695
19.375
21.055

9.1%0
01.190
4.190
-3.810
-1.810
-1.810
5. 190
1190
0.190
1. 190
-0.810
~5.810

2.575
4.255
5.935
7.615
9.295
10.975
12.655
14. 335
16.015
17.695
19.375

-0.810
24,190
2. 190
1-190
6. 190
7. 190
5.190
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4.190
3.190
4.190
5.190
2,175
3.705
9.936
3.960
3. 119
3.425
3.425
3.276
3.8338
3.705
3.838
3.396¢6

6.

2.190
1-190
0-190
1.190
0190
3.425
3.425
6.613
3.568
4.211
3119
3.838
3.568
3,425
3.276
3.425
3.276

-0.810
2. 190
~1a 810
5. 190
1o 190
2-95%
4,768
6.460
3.112
3.838
3.112
2-780
3. 118
3.568
2. 955
3.9648
3. 4256

~31.510
~2.810
3.190
0.190
~3.810
2.955
5.808
6.303
3.119
4.328
3.27¢
3.425
2.355
2.780
3.705
3.276
2-594

82

2. 1%0
3.1%0
0. 190
1-.1%0

3425
7e 262
4.323
2. 175
3.966
3. 425
3.825
3. 564
3.705
3.276
3.425

-1.810
-1.810
3. 190
. 190

2.955
8.760
4.662
3.119
4,090
3. 425
3.966
2,955
2.955
3.705
3.838

~0.810
1.190
1.19¢
~#.81Q

3.568

-2-810
1. 190
0.130

-3.810

3.119
11.607
3.5468
3.425
%.09¢C
.21
3.96%
2.780
3.425%
3.27%
2.59%
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CALUCULATION.. TYPE 7.. PROBLEN T.. 20, FUQUAY SAND, 1¥

YATEREAL~TRANSPORT INPUT TABLE 1.. BASIC PARANETERS

TEIME XNCREMENT. 4 = « = = & 0.7500D~01

. .
HYLTLIPLIER FOB INCREASLNG DELT.

NUMBER GF NODAL POLNTS< o o o o o o «a o = =« o « « « = « 107
NUMBER OF ELEMERTS. « & o v o =« = &« e s e -« o= s o 100
HUMBER OF LIFFERENT MATERIALS . . . e e % e e e e oaom 1
NURBER OF CORBECTLON MATERIALS. . . P I N ]
NUMDER OF TIMNE LHCHEMENTS o « o - « " s e a s e = s 150
NUMBER OF BOUNDAZY CONDITIONS » . = e 5 = e s e = o0 2
NUBBER OF SURFACE TERMS o v a o » @ 2 a « w o = e s« 0
VELOCETY INPUT CONTBOL. . . - « &« - D e s e e A o 0
AUKLLIARY STORAGE CONTROL - o« o o « e o o 2 = mon e . 4]
STEADY~STATE CONTBOLa w o = = o « = e e a e e = o8 1
TINE-STEP CONTBOL « <« « v =« 2 » » = 5 e a@ e @ = v o a 1
NUMUER OF LOWER VARIABLY SIZED ELEHENTS -« o o o« « o & « [}
NUMBER OF UPPER VARIABLY SIZED ELEMENTS u v o a o o o @ 4]
NORSETT TIME INIBGRATION INDEX. . . ° ] 3
INITIAL-CONDLTICON CONTROL » W & - “ s » o o e = 1
HESH CONTROLy +« w o « « o o » = - o e 4 e w o 2

- e o =

- o w e

. e o =

“ e e

. e o=

- ...

- e .

b e e .

L R N I I R 5= S N R S IS ]

P - 0.500000
AAXIMUM VALUE OF DELT & = = « = » = - 0.3600D0 04
MAX LGN VALUE OF TINE o « o = o » = . 0. 10000 51
TIRL~INTEGRATION PARAMETER. » + = o - 0.500000
DRIGLN OF MESH GEVERATION « . o « « . . 0.0
BAXIHUN X-VYALUE o« =« & o o o o o = » - . 20.0000
LOWER FIHST X-LfNCREMENT . . . ¢ ¢ & o o - 0.0
UPPEHR FIRST X~ LNCHENEST o = o o o - . . 0.5000
CONSTANT DARCY FELOCITY - « - + = « - . 0.0

OUIFUT CONTROL
160000000010000000001000000000100000008010000000001000000000000100600001000000000100000000010000030001
000000000108000060001000C000C010000000001300000400 1

MATERLAL-TRANSPORT INPUT TABLE 2.. MATERIAL PROPERTIBS

MAT. AO. KD RHOD AL THETAR FOR
1 0.0 0.0 0.0 0.0 0.0

MATERTAL-TRANSPORT TABLE 3.. NQDAL-POLNT DATA

NODE X
1 0.0
2 0.1165D 01
3 0.13150 01
“ 0.15250 01
5 0.1735p 21
6 0.1945p a1
7 0.2155p 01
8 0.23650 01
9 0.2575p 01
10 0.2785p 01
il 0.2995p Q1
12 0.32050 01
13 0.3415p0 01
4 0.3625D 01
15 $.3835D 01
16 0.4045D 01
17 0.62550 01

18 0.4465D 01



0.4675D
Q.4885D
0.5095D
0.5305D
0.5515D
0.5725D
0.5935D
0.6145D
0.6355D
0.6565D
0.6775D
0.6985D
0.7195D
0.7405D
0.76150
0.,7825D
0.8035D
0.8245D
0.8855D
0.8665D
0.8875D
0.9085D
0.9295D
0.9505D
0.9715D
0.9925D
0.1014D
0.1035D
0.1056D
0.10770
0.1098D
0.1119D
0.1140D
0.1161D
0.4182D
0.13203D
0.3224D
0.1245D
0.1266D
0.1287D
0.1308D
0.1329D
0.1350D
0.1371D
0.1392D
0.3413Dp
0.1434p
0. 1455D
0.1476D
0. 1497D
0.1518D
0.1539D
0. 15600
0.1581D
0.1602D
0.16213Dp
0.1644D
0. 1665D
0.1686D
0.1707p
0.1728D
0. 17480
0.1770D
0.1791D
0.1812D
0.1822p
0.1854D
0.18750D
0.1898D
0.1317D
0.1938D
0.1359D
0.1980D
0.200iD
0.2022D

a1
01
Q01

86



MATEKIAL-TBANSPORT TABLE H..

0.2043D
0.2064D
2.2085V
0.2306D
0.2327D
0.2148D
0.2164D
0.2150p

HLEMENT DATA

GLOBAL THNDICES OF BLEMENT HODES

ELEMENT

OCRNOPEWN -

WO EFEWNN

NATERIAL

M b ik ) b s kb ek e e s e ad ok e b b ) b b d ek md ke o b b e e ad ed ) e bk ok ek s

NODEZ DIFF.

ek e et ok ot o . ad sk b e el b mh D S e @l e e S el ) e el g e e ) e s aa e e k) b me e M4 2
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60 60 61 1 1
61 61 62 1 1
62 62 63 1 1
63 63 64 1 1
64 64 65 1 1
65 65 66 1 1
66 66 67 1 1
67 67 68 1 1
68 68 69 1 1
69 69 70 1 1
70 70 71 1 1
71 71 72 1 1
72 72 73 1 1
73 73 T4 1 1
74 74 75 1 1
75 75 76 1 1
16 78 71 ] 1
77 37 78 1 1
78 78 79 1 1
79 73 BO 1 1
84 a0 a1 1 1
81 81 82 i) 1
82 82 83 1 1
a3 83 84 1 1
L. 84 B85 1 1
85 85 86 1 i
85 1.3 87 1 1
a7 87 88 1 1
88 88 89 1 1
8% 89 S0 1 1
90 20 91 1 1
91 91 92 1 1
92 92 93 1 1
93 93 M 1 1
9é 9% 95 1 1
95 $5 96 1 1
26 96 97 1 1
97 97 98 1 1
98 98 99 1 1
99 39 100 1 1
100 100 101 1 1

BATTRIAL-TRAMSPORT I¥PUT TABLR 5.. BQUBDARY COEBDPXRIONS OF FOBM B=3D

anz BR
1 0.0
101 0.0

BATZR-TRANSPORT INPUT TABLE 8.. BASIC PARANETRRS

FURCTIOW TRIPB @ o @« @ « o v s = = o = o o o » « = « = o 2
NURBER OF TABULAR TIRE ¥ODES. . o « = e s aom 37
NOSRER OF TIME RGPES FPQR STAMD-ALOHE OPBRl!loln - a - - 0
NUBPER OF THETA VALUBS. - o o o o o @ = o o a = = = « & 41
BOMBZR OF CONDRCTIVITY SOIL PARAMBTRRS. « » o « o = @ 3
AUMBER OF CAPACITY OR DIFFUSIVITY SOXL PARAHETEES « s s 3
ORDER OF LEGEUHDRE-GANSS AWTEGRATION « o = = =« o « « = « 4
OADER WEAR ALTHA = 1. . . . . . - s e o o 8
NUMBER OF 20K%ZS IX IlTEﬂPOLATI!G POLYHBHIIL- - e e .o 2
AUXXLIARY SROBAGR COHTROL . 4 « ¢ ¢ o o o @« = = = = =« [}
VMRIABLE-HESH CORTROL ¢ v = « o o o ¢ o « o « o o = = = 1
ANALITIC SOLIL~PRGPRETIRS CONREOL. » « o o o o o = = 1
INIPIAL COMDITION OM WATER CONTENT THETA. « - - . 0.62500 02
BOUXDARY CONDITION ON WATER CONTBET THEFA . . . . 0.67i0D 00
IECLINAZION IN DEGBEES. - « « = o « o o = = = = « 0.6800D 02
ALPHA INCRENKYT BBAR MPHA = 1. . . 4« « « « = = - 0.10000~01

AKRAR:
0.10000080-03 -0, 499000080 02 0.1780000D2 01



CDPAR:

0. 3970000003

V1/AKSAT:
0.1600000D
0.9000000D
0.8000000D
0.7000000D
0. 200G0000D

SEABCH INPOT PABLE t..

NUMBZ&® OF SEARCH PARAMBTERS . . «
DIAGNDSTIC PRINTER CONTROL. o - -
MAXTHUN CHI-SQUARED EVALYATIONS .
BELGHT-CONTROL INTEGER.
NOMBER OF EXPERIMENTAL
PARAMET ER BOUNDS CONTROL. . «
NUMAER OF SEARCH CYCLES .
AUXELIARY STORAGE CONTEOL

02
[+23
o0
01
vl

-0.23200000

G. 20000000
0. 10CR00UD
0. 9080000D
0.8000000D
0. 700006000

02

02
1]
00
01
a3

ACCELERATION PARABETER.
REDUCTION PARAMETER .
STEP~317ZE TOLEBAECE .

CH{~-SQUARE ACCEPTAHCE FACTOR.
PARAYUETER STEP-LENGTH FRACTION

HELGHTING CONSTANT. .

SEARCH ISPUT TABLE 3..

TABLE AT TIME =0.2400D 04

-
>

OCU@NAUE N =

XX
0. 134500
0.13150D
0. 15250D
0.173500
Q4. 194500
0.21550D
Q. 238500
3. 257508
9.27850D
0. 299500
0.32050D
0.34150D
0. 36250D
0.38350p
0.40450p
0.42550D
Q. 446500
0. 467500
0.48850D
Q. 50950D
0. 530500
0.55150D
9. 572500
0.59350D
0.61850D
0.63550D
0.656850D
2. 67750D
. 69850D
1. 719500
Q. 740500
0. 76150D
0.78250p
0.80350D
0.82450D
0.84550D

01
[R]
01

01
a1
[t}]

TIME NODES

-0.4190900p 0D

0.3000300D 02
0.2000000D 00
0.1000000D0 01
0.9000000D 01
0.8000900D 03

BASIC PARAMETERS

[

.
LN I S P I

LR N Y
DR TR T

LI S T T T T Y
DR T I S T S T

EXPERIMENTAL DATA

X
-0.10078D
0.20638D
-0.313900
~0.31390D
0.206838D
~0.313900
0.37981Dp
~0. 1404 8D
0.55323D
2. 206380
0.21141D
0. 402180
0.731690
0. 114790
0. 16335D
0.21538D
0. 152950
0. 5756 1D
0.54092D
0. 506230
0. 14204p
9. 18407D
0.1245%p
0.37981p
0. 9000390
0. 3798 1D
- 0. 140480
-~ 0. 140438D
~0.10076p
-0. 14048p
0.12469D
0. 206360
-0.14048p
0. 12469D
0.726686D
0. 14204p

&9

. 40000000 02 0.500B0V0D
0. 3000000p 00  0.4000000D

02
00

0.20000000 01 0.3000000D 01

Q. 10000000 02 0.2000000D
0. 30000000 03 0. 1000000D

R

e e 3

e e e e ees 30

e e e e 3

e e e e 1

F 1

c e e 1

e e e e 0

e e« . 0.1500D 01

e+ - - 0.2500D 00

- e« . 0.1000D-03

e - - - 0.1000D-03

e - - . 0.1600p 00

« s n - 0.1000D 01
#x

01 0.0

00 0.0

00 0.0

00 0.0

00 0.0

00 0.33076D

00 0.26116D

a0 0.34177D

00 0.28221D

00 U. 26343D

01 0.346250

01 0.985620

01 0.630450

02 0.43327

0z 0.317450

02 0.24679D

02 0.336781

01 0. 760270

01 0.79671D

a1 0.83689D

01 0.177500

a1 0.15297D

01 0.18750D

a0 0.26116D

0o 0.0

%0 0.0

00 0.0

00 0.0

01 0.0

00 0.0

01 0.0

00 0.0

00 0.0

01 0.0

00 0.0

01 2.0

03
04

0.6000000D, 02
0.50000000 00
0. 40000000 Q1
0.3000000D Q3

0. 73000000 D2
A.6000000D 00
0.5000000p O1
0.4000000D 03

0.8000000D 02
0.70000000 GO
0.6000000D 01
0.5000000D 03



90

37 0. 866500 Q1 0.90009D 00 0.0
kL) 0. 883500 01 0.10735p 01 0.0
39 0.20850D 01 -0.14048p 00 0.0
40 0.92950p 01 0.10735p 01 0.0
41 0. 950500 a1t 0.20638D 00 0.0
42 0. 971500 01 -0, t40480 00 0.0
43 0.93250D 01 -0~ 14048D 00 0.0
13 0. 10935p 02 0.32951D-01 0.0
45 0. 103450 a2 0.20638D 00 0.0
46 0. 105550 02 0.20638n 00 2.0
47 Q. 107650 02 -0. 13048D 00 0.0
a8 0.10975p 02 0.12469D 01 0.0
49 0.11185p 02 0.20638D 00 0.0
50 0. 11395D 02 0.72666D0 00 0.0
5 Q- 11405 02 ~0. %97330 00 0.0
52 0.11815p 02 0.20633p 00 0.0
53 9., 12025p 02 0.20838D 00 0.0
58 0.12235Dp 02 0.900090 00 0.0
55 0.12445p 02 ~0. 487330 00 0.0
56 0. 126550 02 0.90009%D QO 6.0
57 0. 128650 Q2 0.32351-01 0.0
58 0. 130750 02 0.379810 00 0.0
59 0.13285D Q2 ~0..14048D 00 0.0
60 0. 1349%D 02 -0.31390p 00 c.0
61 0. 137050 02 0. 379810 00 0.0
62 0.13935p 02 -0.31390p 00 0.0
613 D, 34125p 02 -0. 140480 0O 0.0
64 0. 14335p Q2 -0.48733p 00 0.0
65 0. 34585D Q2 0.726660D 0C 0.0
66 Q. 14755p 02 0.20638D0 00 0.0
67 0.143650 02 0.37381D 00 0.0
68 0. 15175p 02 -0.48733D 00 0.0
69 0. 153850 02 0.553230 00 0.0
70 0. 155950 02 -0.31390p 00 0.0
71 0. 158050 02 0. 206380 00 0.0
72 0. 16015 02 0.20638p 00 0.0
73 0.16225p 02 0.55323p 00 0.0
74 Q- 16435D 02 0. 32951001 0.0
75 0. 16645D 02 -0.31390D0 00 0.0
76 0. 16355D 02 0.55323p 00 0.0
77 0.17065p Q2 0.32951p~01 0.0
78 0. 172750 02 0.55323p 00 0.0
79 Q. 37485p 02 0.20638D 00 0.0
80 0. 176950 02 0.32951D01 0.0
81 0. 17905D 02 0.72666D 00 0,0
82 0. 183150 02 0.20638p 20 0.0
83 0.18325p Q2 0.90009p 00 0.0
84 0. 1853% 02 0.323951-01 0.0
85 0. 182450 02 0.20638Dp 00 0.0
8% 0.1895%D 02 0.72666D 00 0.0
87 0. 131650 02 -0.83419D 00 0.0
a8 0. 333730 02 -0.660760n 00 0.0
8% 0. 193850 Q2 0.%0009D 00 0.0
20 0. 19795D 02 0,329515-01 0.0
91 0. 20005D 02 0.20638D 00 ]
32 0.202150 Q2 -0.66076D Q0 0.0

SBARCH I¥PUT TABLR 2.. INITIM. VALUES OF PARAMETRRS, LISETS, AND INCREBENTS

Ip P PH PL opP

1 0. 438750 02 0.100000 51 4.10800p 01 0.43875D 01
2 0. 175000 01 0.17500D 01 0.17580D 01 0.17500D 00
3 0.44791D 00 0. 10000p 51 0.10000D-01 0.441910-01
4 0.62500D-02 0.62500p-02 0.625000-02 0.62500D-02
5 0.62500D 00 0.62500D 00 0.62500D 00 0.62500p-01
6 0. 75700004 0,75700D—-04 0.75700D-04 0-75700D-05
? ~0.89900D 02 -0.49900p 02 ~0.89900D 02 ~-0.49900D 01
8 0178000 G1 0. 178000 Q4 0.17800D 01 0. 17800Dp 00
9 0,387000-03 0.397000-03 0.397000-03 0.39700D-04
10 -Q0.232800 Q2 -0.232000 02 -0.23200D 02 -0.23200p 01
11 ~0.41900D 0.0 -0~ 4132000 00 -0.41%00D 00 -0,41300D~-Q1?



A¥O N
*

DELP

0.16400000 51
0.1750000D0 Q1
0.1000000D 51
0.62500000-02
0.62500000 00
0.7570000D~04
~0.,4990000D 02
0. 17300008 01
0.33700000~03
-0.2320000D 02
~0.,4130600D 0O

1
0.3916333%0 02

ACC
1.5600

2
0.4387500D 02
0.17500000 01
0. 44393000 00
0.6250000D~-02
0.62500000 00
0.7570000D~04

~0.4990000D 42
0.1780900D 01
0.3970000D-03

~0.23200000 02

~0.4190000D 00

Q. 43875000 02

0. 17800000 01
2.43875000 01
2.0

BEGIN BXPLORATORY Loap
INCREMEKY THE I~-TH VARLABLE

F 1 0.3B383480 02 Q. 48262500 02
0. 17800000 01

ACCELERATE THE STEP SI%E

LNCR EMENT THE I-TH YARIABLE

F 3 0.3936%46D (2 d. 48262500 -02
G. 17209000 01

DECREHENT THE LI-TH VAHIABLE

R 3 0.3740409D0 02 0.48256250D 02
9. 17890000 01

DECREHENT THE L-TH VARIABLE

ACCEPT WaW POINT

AETER 4 NFUN A NEW BASE PT. -~ STA

RESULT OF PATTERN BOVE

P 0.13629755D 02 0.5265060D 02
0. 1746000D 01

BFUN= S

* 3.374040%D 02 0. 46262600 02
0. 1780000D 01

DELP 0. 6581250p Ot

0.0

BEGLA EXPLORATORY Loop
[NCREASHT THE I~TH YARIABLE

F 1 0.3619316D 02 Q. 592312350 02
0. 17800000 01

INCRAMENT THE 1~TH VARLABLE

F 3 0.35678720 02 0.5923125p0 02
0. 17800000 01

ACCERFT WEW 20INT

APTER 7 MPUN A NE® BASE PT. - S5TA

BESULT GFf PATTESN AQVE

|4

NFON=

&
DELP
BEGT
LHCR
F 1

DECR
R 1

LuCg
F 3
DECR
73

PATTERN HOUDE EXPLOBATORY FAILVRE

0437765590 02

8
0.35673720 02

02
01

0.7020000D0
G. 17800400

0.5923125D 02

0. 1780008D 01

0. 65812500 0O

Q.0

¥ EXPLORATQRY LOOP

ENMENT Tug I~TH
0.387453430 02

CHEMT THE I-TH
0.36830420 02

EBEST THE I1-TH
0.3374768D0 02

EMENT THE L-TH
C.3596435D 02

VARIABLE

0.76781250
0. 17800000

02
a1

VARIABLE

2. 63618750
G. 17800000

02
0t

VARIABLE

02
01

0.6361875D
0. 17800000

VABIABLE

02
01
BES

0.5636 18350
0. 17800000

?1

RED
G.2500

TOLST?
0. 100p-~09
PL
0. 1000000D 01
0. 17500000 01
0. 3000000D~01
0.62500000-02
0.825000uD 00
0.7576G000D~04
~0.499000uD 02
0.1780004p 01
0.39700000~03
~0.23200000 02
~0. 41949000 00

2.100

2.17500000 03 0.44193100Dp 09
0.3970080D-03 -, 23200000 02 ~

0.0 0.83133000-01
0.0 B0

0.17500000 0% 0.44719100D 00
B.39700000-03 ~0.2320000D 02
2.175¢000p 01 0.5361010p 00
0.3970000D-03 ~0.,2320000D 02
G. 17900000 01  0.3977190D 00
0.39700000~04 ~0.2320000D0 22
RY PATTERN HO¥E

2.1750000p 01  0.3535240D 00
0.3970000D-03 ~0.23200000 02

0.1750000D 01 0.3%77190D 00

TOL#UY

D~09

0.6250000D-02
0.4190000D 00
0.0
0.0

06.6250000D~-02
~0.4190000Dp 00

D.5250000D-02
~D. 4190000D 00

0.6250000p-02
~0.4190300D ©O

0.6250000D-02
~0.4190000p a0

0. 625000090~ 02

0. 3970000D~03 ~0.2320000D 02 ~-0.41%0000D 00

0.0 ~0.66286500~01
0.0 0.0
0.1750000D 04 0.3535230p 00

0.39700000-03 -0.2320000p 02
0.1750000D 01 0.28724150 00
0-39700000-03 -0.2320000D0 02
BT PATTERN MOVE

Q. 1750000D 0% 0.1767540D OO
¢-.3970000D~03 -0.2320000D 02 .

0.17500000 01 0.2872415p 00
0. 39700000-03 ~0. 23200000 02: ~

0.0 ~0.6628650D-01
0.0 0.0

0.17500000 U} 0.176764DD 00
0.3970000D-0s -0.23200000 02
0.17500000 01 Q.1767640p Q0
0.39700000~03 -0.2320000p 02
9.17500000 03 0.1104773Dp 00
0.3970000D~-03 -0.2320000p 02
0.1750000p 0% 0.2430505D 00
0.33700000-03 -0.23200000 02

TORE BASE PT.

a. 0
0.0

0. 6252000D-02
~Q. 41960000 GO

0.6250000D- 02
~0. 41200060 00

0.6250000D0-02
-0. 41900000 00

G.62500000-02
0.41900000 00
0.0
0.0

0,6250000Dp-02
~0.4190000D 00

0. 62500000-92
~0. 41900000 00

2. 6250000D~02
-0.4190000D 00

0. 62500000~ 02
~0.4190000p €U

0.62500G0D

0.0
3.62520000

0.6250080D

0.62500000

0.5250000D
0. 62500000
0.9

0.6250090D

0.6250000D

0.62500G00
0.62500000
0.0

0.62500008
0.6250000D
O.GéSODOOD

0.625008600

00

3.75700000-04

0.0

0.75700000-04

0.7570000D~04

0.75700000-04

0.7570000D--0%

0.75T0000D-04

0.0

0.7570000D~ 04

075700000~ Ca

0.75703000D-04

0.7570000D+ 08

0.0

0.75700000--0%

0.7570000D-04

0.7570000D~ 04

0.75700000-04

=~ 0. 492900000

2.0

~0. 49900000

~0.4990000D

-0.249900009

~0. 489400000

-0, 49900060

0.0

~0. 49300000

~0. 49309000

~0.423990000D

~D.4990G000D

0.0

~6. 49906060

~0. 49900000

~0.%990000D

=0, 43963000



WFOE= 12

L 0.3567872p 02 0.5923125p 02
0.4780000D 01

DELR 0.6581250D 01
0.0

BEGLY RXPLOBATORY LOOP

INCRRAENT THE I-TH VARIABLE

P 1 0.3605895D 02 0.6583250D 02
0. 173006400 01

DECRESENT THE I-TH VAREABLE

R 1 0.3549282p 02 0.52650000 02
Q. 17800000 01

DECREAEKT THB I~TH VARIABLE

INCREAENT THE I-TH VABLARLE

23 0.3515897D 02 0.5265000D 02
0. 17800000 013

ACCBLERATE THR STEP SIZR

ACCEPT ¥EW POINT

0.17500000 01

92

0.2872415D 00

0.6250000D-02

0.39700000-03 ~-0,2320000D 02 -0.4190000D 00

0.9
0.0

0. 17500000 01
0.39700000-03
0. 17500000 01
03970000003

0.17500000 0%
0.39700000-03

-0.6628650D-01
0.0

0.2872415D 00
~0.2320000D 02
0.2872415p G0
-0.2320000D 02

0.2209550D 00
~0.2320000D 02

AFSER 15 NPUN A MEW BASE PTL - START PATTERN AQVE

RBSULT OF PATTERM HOVR

4 0.35082620 02 0. 46068750 02
0. 17800000 01

NP 16

. 0.3515897D 02 0.5265000D 02

0. 17800000 01
DELP -0.98718350 0%
a0

BEGIN BXPLORATORY LOOP

INCRENENT TAE I-TH VARIABLR

r 1 0.3512234p 02 0.36196%3D 02
Q. 1780060D 01

DRCREMEMT THE I-TH VAREABLE

B 3 0.3625620Dp 02 Q. 55960820 02
0. 17800000 01

INCREMBNT THE I-TH VARLABLR

2?3 0.4202390D 02 0.8606875p 02
0. 37800000 0%

DECRBMENT THE I-~TH VARIABLE

33 0.3522319D 02 Q. 3606835p 02
Q. 17800000 03

ACCRPT HEW POINT

0.17500000 01
9.39700000-03

0.1750000p 013

0. 15866850 00
~0.23200000 02

0. 22095500 00

0.0
0.0

0.6250000D~02
~0.4190000D 00
0.6250000D-02
-0.4190000p 00

0.62500000-02
-0.4190000D 00

0.6250000D-02
-0.4190000p 00

0.562500000-02

0.39700000-03 -0.2320000D 02 -0.4190000D 00

0.0
0.0

0.17500000 01
0.39700000-03

0.17500000 03
0.39700000-03

0.17500000 01

-0.99429750-01
0.0

0. 1546635p 00
-0.2320000p 02

0.1586685p 00
-0.2320000p 02

0.55238750-01

0.0
0.0

0.62500000-02
~0. 41900000 00

0. 6250000D-02
~0.41%0000D 00

0. 6250000D-02

0.39700000~03 ~0.23200000 02 ~0.4190000D 00

0.17500000 01

0.2540983D 00

0. £250000D~ 02

0.39700000-03 -0.2320000D 02 ~0.4130000D €O

ARTER 20 MFUE A FBH BASE PT. - START PATTRES HOVE

RESULT OF PATTERN HOWYR

i 4 0.3465806D 02 0. 33487500 02
Q. 17820000 01

uroE= 21

. 0.35082620 02 0.4606885p0 02
0.17804000 01

DRLP -0.9871875D 01

0

0.

BEGIN RXPLOBATORY LOOF

INCRENENT THE I~-TE VARIABLE

P 1 0.3722692p 02 0,2961562D 02
0. 17800900 01

DECRESENT THE I-TH VARIABLE

Rt 0.3843772p 02 Q. 83%35937D 02
0. 17800802 0%

DECERBNENRT THE I~TH VARIABLE

R 3 0.3494490p 02 2. 3988750D 02
0. 47800000 01

ACCBRT RR¥ POXNT

0.17500000 01

0.8838200p-01

0.6250000D-02

0.39700000~03 -0.2320000D0 02 ~0.4190000D 00

0.17500000 03

0.1546685D 00

0.6250000D-02

0.,39700000—03 -0.2320000Dp 02 --0.%190000D 00

2.9
0.0

Q. 17500000 01

~0. 9942975p~01

0.89382000-01

0.0

0.6250000D-02

0.39700000-03 -0.23200000 02 -0.4120000p €O

0. 17500000 03

0.8838200D-01

0. 62500000~ 02

0.39700002-03 -0.23200000 02 -0.4190Q00D 00

0. 17500000 01

0.1878118p 00

0.62500000-02

0.39700000~-03 -0.2320000D0 02 -0.4190000D 00

APTER 24 BWPUB A SBF BASR PT. — STABY PATTERN HOVE

RESULT GF PATTERY ROVE

P 0.3679156D 02 0., 32908250 02
Q. 17800000 01

BROY= 25

L4 0.349484900 02 0. 39487500 02
0-1730000D 01

DELP ~0.9871895D 01
.0

BEGIN EXPLORATOAY LOQP

IXCRBMERET THE I-TH VARLABLR

P 1 0.%873127D 02 0.2302537D 02
Q. 17800000 01

DRCREBENT THE I-TH VRRLARLE

0.1750000D 01

0. 22095500 00

0.6250000D-02

0.32700000-03 ~0.2320000D0 22 -0.41900000 00

0.175004000 01

0.1878118D 00

9.6250000D-02

0. 3970000003 -0.23200000 02 -0.4190000D0 00

0.0
0.0

0.1750000p 0%

0.9982975D0~01
9.0

0. 22095500 0O

0.0
0.0

0.6250000D-02

0.39700000~03 -0.2320000D0 02 -0.4190000D 00

0.6250000D

2.0

0. 625000800

0.6250000D

0.6250000D

0. 52500Q0D

0.6250000D

0.0

0.6250000D

0.6250080D

0.625000.0D

0.6250000D

0.6250000D

0.6250000D

0.0

0.62500008

0.62500000

0.6250000D

0.5250000D

0.62500400
0.0

0.6250000D

o0

oo

00

o0

00

00

00

0.7570000D-04

0.0

0475700000~ 04

0.75700000-04

0.7570000D-04%

0.7570000D- 08

0.75700000-0%

0.0

0.75700000-04

0.7570000D-04%

0.75700000~-04

2.7570000D-04

0.7570000D~04

0.7570000D~04

0.0

0.75700000-04

0.7570000D~ 0%

0.7570000D-04%

0.75700000-04

0.75700008--04

0.0

9.7570000D-04%

-0.4990000D

0.0

-0.4990000D

~0.4990000D

-0.4990000D

-0.4990000D

-0.4990000D

0.0

~0. 49300000

~0.4930000D

-0.4990000D

-0.4990000D

-0.4990000D

~-0.4990000D

0.0

~0.4990000D

~-0.4990000D

~0.4990000D

~0.4990000D

-0.4930000C0
0.0

~0. 4990000D

02

02

02

02

02

02

02

02

02

02

02

02

02



R 1 0.3501327p 02 0.4277312p 02
0. 17800000 01

INCREMEST THE I-TH VARIABLE

F 3 0.3655449D 02 Q. 42778120 02
Q.. 1780000D 01

DECREMENT THE I~TH VARIABLE

B 3 0.354911W 02 Q,4277882p 02
0.1780000p 01

PATTERN MODE EXPLORATORAY FALLURE

VFUN= 29

* 0. 349484900 02 0. 39487600 02
0.1780000D 01

DELP -0.9871875D0 €1

0.0
BEGIN EXPLORATORY LOOP
LNCREMENT THE K-TH VARIABLE

F 1 0.37578230 02 Q.2967582p 02
0.178004000 81

DECREMENT THE XI-TH VABRIABLE

B 1 9.3502854D 02 0.4935837p 02
0.17800000 01

REDUCE STEP SIZE

INCREMENT THE I-TH VARLASBLE

¥ 3 0.3642u56D 02 0.394%8750D 02
Q0. 17800400 01

DECREMENT THE I-TH VARLABLE

B 3 0.3665306D 02 0.39487600 02
0.1780000D0 01

REDUCE STEP SIZE

BASE 2T. EXPLORATORY MODE FAILURE

THE NUMBER OF FURCTIOK EVALUATIONS

* 0.3434430D 02 0.3948750p 02
0.1780000D 01

WATER-TRANSPORY INPOT TABLE B..

0. 17500000 01
0.39700000~03

0. 17500000 01
0.39700000~03

0. 17500000 01
0.3970000D~03

RESTORE BASE PT.

0.3750000D 01

0.3970000D-03 ~0.2320000D' 02 -

0.0
0.0

2.1750000D 01
2.3976000p-03
0. 17500000 01
0.39700000-03
0. 17500000 01
0.39700000-03
2.1750000p 01
0.39700000-03

BXCEEDED 33
0.17500001 01

93

0. 2209550D
~0,2320000D

0o
02

0. 312038480
~0.23200000

00
02

0. 12152530
=~0.2320000V0

00
02
0.14878118D 00
0.9942975D0~01
0.0

0.1878118D0
~0,23200000

00
02

0.18781180
-0, 23200000

00
02

0.2872415D
~0.23200000

co
02

0.88382000~-01
-0,2320000p 02

0.1878118p 00

0. 62500000-02
~0.4190000D 00

0.62500000-02
~0. 4190009D 00

0.6250000p~-02
-0.4193000D 00

0. 6250000D-02
0.41300000 00
0.0
0.0

0. 6250600D-02
~0.4190000D 00
0.62500000-02
-0.41300000 00
0.62500000~02
~0.4120000D 00

0. 52520000~ 02
~0.4190000Dp 00

0. 6250000002

0.3970000D-03 ~0.2320000D:02 -0.4190000D 00

BASIC PARAMETERS

0.6250000D

0.6250000p

0.62500080D

0.6250000D

g.0

0.62500000

0.6250000D

0.6250000D

0.6250000D

2.6250000D

0.75700000-06

0.75700000-04

0.7970000D~04

0.7570000D-04

0.0

0.7570000D~04

0.7570000D- 0%

0.75700000~04

0.75700000~064

3.75700000-04

~0,4990000D

~0.4990000D

~0.49900000

-0.4290000D

0.0

~0.8990000D

~0.4990000D

~0.45390000p

~0. 4939006000

~0.4990000D

THP:
0.62500060D~02 0.3100000Dp-01 0.55278040-01 ©.7907212D0-01 0.1023942D 00 0.1252404D Q0 0.1475106D 00 0.1695048D 00
0.1909231D0 00 0.2118654D 00 0.23233170 00 0.2523221D0 00 0.2718365D 00 0,2908750D 00 0.3094375D 00 0.3275240Dp OO0
0.34%1346D 00 0.3622692D 00 0.3789279D 00 0.3951106D 00 0.4308173D 00 0.426064B1D 00 0.4408029D 00 0.4550817D 00
0.4688848D 00 DL 48221150 00 0.9950625p 00 O0.5074375D 00 D0D.5193365%D 00 0.5307596D 00 0.5¢170670 00  0.5521779D 0D
0-5621731D 00 0.5716923D 00 0.5807356D 00 0.5493029D 00 0.5973942D 000G 0.6050096D Q0 Q.56321490D G0 0.6188125D 00
0.6250000D 00

ALP:
c.0 D.4000000D-01 0.79230770-01 G. 317689230 00 0.15538460 00 0.1923077D 00 Q.22845150 00 ' 0.2638462D 00
0.2934615D 00 0433230770 00 0.3653846D 00 G.3976923D 00 0.4292308D 00 0.4680000D GO 0.4900000D 00 . 0. 51923080 00
0.5676923D 00 0,5753846D 00 0.6023077D 00 0.628%6150 00 0.6538462D 00 0.6734515D 00 0.7023077D 00 © 0.7253846D 00
0.7476923D 00 0.76923080 G0 0.7900000D0 00 0.8100000D 00 0.8292308D 00 0.B476923D 00 O.B653846D 00  0.8823077D 00
0.8984615D0 00 0.9138462D0 00 0.92846315D 00 0.9%23077D 00 0.9553846D 00 0.9676923D 00 0.9792308D 00 0.9900000D 00
0. 100000600 01
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SYSTE#~FLOW TABLE 11.. AT TINE * 4.1263D 00 , (D4LT = 1.0494D 00)

FPYPE QF FLOW RATE INC. PLOW TOTAL FLOW
CONSTANT-CONCENTRATION NODE FLOW. . . o 0.57200-02 0.6575p~02 0. 4728D-0¢
CONSTANT-FLUX-NODE FLOW - . = = & « « » 0.0 0.0 -

SEEPAGE FLUX~NODE FLOW. o o = . + &« = - 0.0 0.0 0.0
NUMERICAL LOSSES. w v v o = = « =« = » « 0.0 0.0 0.0

HED FLOW. © o = « o« & o 0 « =« » = = o « Q.57200-02 0.6575D-02 0.4728D-01
INCREASE IN MATERIAL CONSENT {(LIQUID) . -Q.1369D~02 ~0.20670-02 0. 1572p-01%
INCREASE IM MATEKIAL CORRERT (SOLID}. . -0.2177D 00 -0.228%p 00 0. 1738D 01
RADIOACTAYE LOSSRS (LIQUED AND SOLID} . 9.0 0.0 0.0
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SYSTEH-FLOW TASLE 21., AT TI®E = 3.5177D 01 , (DBLT = 5.4876D 00)
TIPE 9F PLOB BATE 1¥C. FLOV¥ TOTAL Zi.Qw
COMSTAHT~CONCESTRATLION HODR FLOW. . . . 0.1215D0-02 0.8787D-02 0.1260D 00
COBSTANT-~PLOZ-¥0DE FLOW & . v o o o « o 0.0 0.0 0.0
SEEPAGE PLUX-NODE PLO%- - o - = = = « » 0.0 0.0 0.0
HUHZBICAL LOSSEBS. o« « =« o « = « » o « « 0.0 0.0 0.0
HET PLOBa o ¢ o v « o = = « = o = = » « 0.13152-02 0.87370-02 0-1360p 0Q
INCREASE IN BATBRIAL CORTEET (LIQUID) . -~-0.3440D-03 —-0.1888D-02 0.89620-02
[HCRBASE I MATEAIAL CORFENT {SQoLID). . -0.3504D-01 -0.2087D 00 0.9909Dp 00
RADXOACTIVE LOSSES (LEQUZD AWD SOLID) . 0.0 0.0 0.0

SECERR AL R ANERASEER SRR RES SRS XL AR SEH SO CRARPF O FRAT RSB REIR GRS SO SN S ERE SRR ARG SR B LR ER NS SRR BT RAT RSN A TR AR RIS RAS R KRR BT R I AR B KK

SYSTRA-PSOH TABLR 31.. AT TIME = 1.4442D 02 , (DELT = 1.6622D 01)
TIPE QF TLOR® BATE INC. FLO¥ TOTAL FLO¥W
COMSTANT~COXCENTRATION MODE FLOY. . . . 0.5936D-03 0.1028p-01 0,2226D 0Q
COUSTART~PLUI-NONB PLO¥ 0 o o o = v « = 0.0 0.0 0.0
SERPAGE PLUX-%ODRE PLOB. o . - - « « & «» 0.0 0.0 0.0
MOREBICAL LOSSESs « o o « « = s » = = « 0.0 0.0 0.0
BET PLOB. ©» o o @ o o » o =« « =« » o « = 0.5926D-03 0. 1028501 0.2226D 0Q
IBCBRASE IN NATIRIAL COFREHT (LIYUID) . -0.5278D-04 ~0.877640-03 -0.16487D~02
IECRBASE LN MATBAREAE COETRNT (SOLXP)~ - ~0.5335p-02 -0.9701D-01 —-0.1865D 0Q
RADIOACTEYE LOSSBS (LEQDED A¥D SOLID) . 0.0 0.0 0.0

CETECE IR R RO B ESISE LI ONESZRDRESEE R ST ORT D ERARKAEPSAO RS AT RS A RURARES TR TS E RO SR SN TG T XA RBE RSB RSO ER R A S ERER AR DIV A L ERARRRAREE 64

SYSTEE~FLON TABLE 41.. AT RIMB = 4.1926D 02 , (DELT = 3.8283p 01)
TIPE OF PLOY RATE INC. FLOW TOTAL FLOR
CONSEANT-COFCRBEIRATION ¥ODE FiOW. . . . ©0,1973p-03 0.9586D-02 0.3295D 00
COMZTAST-FLUI-KODE FLON o = = = ¢ = » = @q0 0.0 0.0
SEEPAGR FLUX-¥ODF FLOZ. o « « =« - = = « 0.0 0.0 0.0
FUEBRICAL LOSSES: = « o = o = = = » » o 0.0 0.0 0.0
BET FLOH. . o = v o o = n « = = = = = « 01973003 0.9586D~02 0. 32855 00
INCRBASE ¥ MATRREKAL CQBTEMT (LXQUID) . -0,1528D-04 -0.62310-03 -0.8788p-02
IBCBEASE IH MATERKAL CQUTEET (SOLID). . -0.1799p-02 ~0.68890-01 -0.9%380 0Q
RADIOACRIVE LOSSRS {LIQUZD AND SOLID) - 0.0 0.0 0.0

COELLPSERETRS AR ANE GV TESR AR EEIPERRLC O CE IR SR S REVI DA KA TN S S RH R L ERTU SRR SN A A SRS R I AN R RS AN RGN S A AT EG AR R TR R R AR E L RS AR AR RN

SYSTRA-FLORE TABLR Sl.. AT TX#2 = 9.9123D 02 , (DBLY = 7,5576D Oh)

TIFS OF rLod RATR INC. FlLo¥ TOTAL FLOW
COYSTANX-COUCENTRATION X¥BDE PLO¥. . . . -0.33712-05 -0.1067D-03 0-3545D 00
COBSTANT-FLUZ-YODE PLOW o . - = = - « . 0.0 0.0 0.0
SERPAGE PLUX-NODE FLOV: o = = o o = « = Q.0 0.0 0.0
NUNBBICAL KLOSSEBSa « = » o « o = » = = o 0.0 0.0 0.0
WET PIOB. 2 o o o =« = =« o = = = = » « » —0.3371p-05 ~0.1067D-03 0.35%26D 00
I¥CRRASE I1H AATBESZL CQUFENT (LIQUIP) . --0.37%9D-05 -0,2871Dp-03 -0.1296D-01
ENCARASE 1I¥ AATRAXAL COWERNT (S5CLID). . ~-0.42000-03 -0.3174D-01 ~0.1432Dp 01
RADXOACTIYR LOSSBS (LXQUAD AND SOLIB) . Q.0 0.0 0.0

SEDELTANNESSEENEOR AL AADE SIS JSE L ERRE L RR S EP CRDE LSRRI RIS S EIE L AXZIFEPE SR LG REER S A AR B SR EVTAAEICABAR AR U R XK EFERERTE L AR KRR F X FE XK



95

S5ISTEY-FLOW TABLE 64.. AT TYME = 2.4000D D3 L, (DELT = 4.45108 01)

TIPE OF FLOW BATE INC, FLOW TOTAL FPLOW
CONSTANT~CONCENTRATION NODE FLOW. . . . ~0.20110-04% ~0.8952p-03 0.330%Dp 00
COHSTANT~PLUX-NODE FLOW - & + & ¢ o » = ©.0 0.0 0.0
SEEPAGE PLUX-NODE FLORs 4w 2 = o o« » « » Dad 0.0 0.0
NIBEBICAL LOSSESe = = v w = = = @ o « « 0.0 0.0 0.0
NET FLOW. = o o o = = o mn » = o o » » ~Q.2011D-08 ~0.89520-03 0.33010 00
IHNCREASE (N YATERTAL CONTENT (LIQUID) .~ ~0.41950-0& -0. 1867D-04 ~0.7694D~01
INCREASE IX BATERIAL CONFENT {SDLID). . -0.4638D-03 ~(0.2064D-02 -0.1652p 01
RACDTIOQACTIVE LOSSBS (LIQUID AKD SOLID) - 0.0 R0 0.0
SEARCH GUTPUT TABLR .. FINAL VALUE OF PARRMAMETZRS, BOUNDS, AND INCRENMENTS
ir 3 PH 2L oep
1 0.39487p 02 0.10000p 51 0.10000D 01 ~0.24680p M
2 0,17500D 01 0. 375000 01 0. 175000 01 0.0
3 0.18781p 0D 0. 100000 %51 0.10000D~01 0.24857p~01
3 0.62500p-02 0.625000-02 3.625008~02 o0
5 0.62500D 00 0.62500D 00 0.625000 90 0.0
] 0.75700D-04% 0.757000~04 0.757000~04 0.0
7 ~0.49300D 02 ~0. 499000 02 ~0.4%900D 02 0.0
8 Q. 176000 01 0.378000 01 0.17300D 01 0.0
9 0.387000~03 0. 39700D-03 0.397000-03 0.0
10 ~0,23200p0 02 -0.232000 02 -0.23200b 02 0.0
1t ~0.41900D Q0 ~0.41300D 00 -0.419200D 00 0.0

SEARCH QUTPUT TABLE 2.» EXPERIMENTAL DATA AND TUEOBETICAL PIT

TABLE AT TIME =0.2400p C%

IX X x m” DYY
1 0. 139502 M2 ~0. 30076D 0% -0.18238D 0% 0.37720p 00
2 0. 133500 01 0.20633D 00 ~0.49805D 00 0.59399p 00
3 9. 152500 01 ~0.31390D 00 0. 106800 00 0. 51248D 00
4 Q. 173500 01 ~0.313900 00 0. 148700 00 0. 51248p 00
5 0.19450D 01 0. 20638p 00 0.847810~-01 0.59393p 00
5 0.215500 0 -0.31390p 00 0.80579D0-01 0. 51248p Q0
7 0. 236500 01 0. 37991p Q0 0.271100 DO 0.5613%99 0D
8 0. 257500 01 ~0.14048D 00 0.612646D 00 0.5%092p 00
9 0.27850D0 01 0.55323D 00 Q.47621D 00 0.642559 00
0 0.299500 {1 0. 206380 00 0.591360 00 0.53399p Q0
11 0. 320500 01 0. 211410 01 2.39570D .01 0.826900 Q0
12 0.341%0D 01 0.40218D ¢ 0.8356380 01 0.180730 M
i3 Q.362500 01 0. 731690 01 0.%753&0 01 0, 125940 03
14 0.38350D 019 0. 11479D Q2 0. 128820 02 0. 151920 01
15 0.404500 01 0.163350 02 0.16803D 02 0. 17749p Q1
16 0. 425500 01 0.21538D 02 0.17006D 02 0. 201300 01
17 0, 446500 01 0.152950 02 0. 140050 92 0.17232p 0%
18 0. 4687500 01 0.57561D 01 0.10280D 02 0. 11u89D 01
19 Q. 488500 01 . 5640920 01 0.59613D 01 0.11203p 01%
20 0.509500 01 0.50623p 01 0.38095D .01 0.10931Dp Q1
21 £.53050Dp 01 0.142040 01 0. 181200 01 2.7505%9 00
22 0.551509 01 0. 194070 01 0. 325450 00 0, 80852p Q0
23 0. 572500 01 0-124690 01 0. 13590D ©0 0.72030Dp Q0
24 0.59350D 01 06.37981D 00 0. 272560 00 0.61839p @0
25 0.614500 01 0.900090 00 0.286820 00 0.68781p 00
286 0.63550D Q1 0.37981p 00 0.23338D 00 0.61873p 00
27 0. 65650D 01 ~0. 14048D 00 0.324350 .00 2.5u4092D Q0
23 Q. 877500 01 ~0. 1404380 00 0.54959b 00 0.56092p 0D
29 B.H59850D 01 ~0. 100760 013 0. 683460 00 0.37720p 00
0 Q.712500 01 ~0.14088p 0O 0.45641D 00 0.54092p 00
3 L. 740500 41 0. 12469D 01 0.93658D~01 0., 730300 40
34 0.76150p 01 0.20638D0 00 -0. 139450 .00 0.99399D 00
33 Q.78250D Q1 ~0. 18048D 00 -0-.21530D 00 0.54092p 00
34 0.803500 01 0.124690 01 ~0.18025p: 00 0.730300 00
33 0.82450D 01 Q.72666D 00 ~0.12027D ¢ 0.66561D 00

E13 . 845500 01 3. 2040 01 ~0.211508p 00 8.75059p 09



37 0. 866500
38 0. 887500
39 0.90850D
40 0.92950p
41 0.95050D
42 0-.97150p
43 0.99250D
44 0. 10335Dp
45 0-10345D
46 0. 10555D
47 0. 10765p
48 0.10%750
49 0. 111850
50 0. 113950
51 Q. 11605D
52 Q0. 118150
53 0.12025p
54 0. 122350
55 0. 124450
56 0.12655D
57 0. 12865D
58 0. 13075D
59 0.13285D
60 Q. 13495D
61 0.13205D
62 0.13915D
63 0-24125D
b4 0. 14335p
65 Q. W545D
66 0. 14755D
67 Q. 14365D
68 0.15175D
69 0. 15365D
70 Q. 155950
71 0. 15805D
72 0. 18015Dp
73 0. 162250
T4 0. 16435D
75 Q. 16445D
76 0. $6855D
77 0.17065D
78 0.197275D
73 0.17485D
80 Q. 176950
81 Q0. 179050
82 0. 18115D
83 0.18325D
84 Q. 18535D
85 0. 18745D
86 Q. 18955D
87 0. 19365D
a8 0.19375D
89 Q. 19585p
90 0. 39795D
91 0.20005D
92 0.20215D

01
[+3]
91
01
01
a1
[R]
02
02
a2
02
92
Q2
02
02
02
a2
02
02
02
02
02
a2
02
02
02
02
02
02
92
02
Qa2
02
02
02
02
02
02
a2
Q2
02
02
a2
02
02
02
02
02
02
az
02
02
22
02
a2
02

AVERAGE POIMT RESIDUAL =

0.90009D 90
0.10735p 0t
-0. 14048D 00
0..10735p 01
0.20638p 00
-0.14048p 00
-0.14048D 00
0.32951Dp-01
0.20638D 00
0.20638D 00
-0.1404a0 00
0.12469D 01
0.20638D 00
0.72666D 00
-0. 487330 20
0.206383 00
0.20638D 00
0.9000%2 0©0
-0.48733D Q0
0.90009D 00
0.32951D-01
0.379810 00
-0.14048D 00
-0.313902 00
0.37981D 00
-0.31390Dp 0C
-0. 14048D 00
-0.48733p 00
0.72666D 00
0. 20638D 00
0.379810 00
-0.48733Dp Q0
0.55323 00
-0.313900 00
0.20638D 00
0.20638D B0
0.55323D 00
0.32951p~01
-0.313900 00
0.553230 00
0.329510-01
0.5%323D 00
0.20638D 00
0.32951p-01
0.72666D 00
0.20638p 00
0.90003%D 0C
0.32951D-01
0. 20638D 00
D.72666D 00
-0.8381%D 00
~0.66076D 00
0.900090 00
0.32951Dp-0?
0.20638D 00
-0.66076D 00

0.1356D 01
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~0.21564D 00
0.809730-01
0.27708D 00
0.57420p-01

=-0.17340D 00

-0,73%88D-01
0.112870 00
0.11262D 00
0.84011D-01
0.4u303d-01

-0.753580-01

-0.36002p-01
0.31527p 00
0. 47754D 00
0.20802D 00

~0.19082D 00

~0.20674D 00

-0.891260-01
0. 14252D 00
0.33600D 00
0.24579D 00
0.573100-013
0-69976D-01
0.12780D 00

-0.485270-01

-0.23443D 00

-0.16814D 00
0. 16100001
0.260710-01
0.81720D0--02
0.24486D 00
0.29657D Q0
0.51895D-01

-0.11800D 00

-0.12202D 00

-0.15029D 00

-0.20882D 00

-0.69098D-0¢
0. 308040 00
0.97914D-01%
0.13288D 00
0.17784D 00
0,101890 00
0.776895-01
0.79439D~01
0.76037D-01
0.30470D-01

-0.909510~01

-0.503299D-01

~0.208990 00

-0.39127D 00

-0.29263D 00

-0.10646D 00

=0.,279231D0-01

-0.21790D 00

-0.32141D 00

0.68781D
0.70932p
0,54092D
0.70932p
0,59399D
0.58092D
0.54092D
0.56815D
0.59399D
0.59399D
0, 540920
0.73030D
0.593590
0.66561D
0.48213D
0.59399D
0.59399D
0.68781D
0.48213D
0.68781D
0.56815D
0.61879D
0.54092D
0. 51248p
0.61879D
0. 512480
0.54092D
0.48213D
0.66561D
0.59389D
0.618%9D
0.48213D
0.64255D
0.51248D
0.59399p
0.59399D
0.64255D
0.56815D
0.51248D
0.64255D
0.56815D
0.64255D
0.5939%D
@.56815D
0.66561D
0.5939%9D
0~.68781D
0.56815p
0.59399D
0.66561D
0.41519D
0. 44987D
0.68781D
0. 568 15D
0.59399p
0.44987D
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APPENDIX B
LISTING OF THE COMPUTER PROGRAM
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BLOCK DATA
FUNCTION OF ROUTINE-~TO INITIALIZE THE COMNON BLOCKS.

IMPLICIT REAL*S{A~H,0~%)
REAL*4 PMAT
COMMON/MIVAR/KPRG, KPR {1000) ,MAXDLF, MAXEL,MAX NP, MAXHAT,NAXBY,

1 MAXNTI,NMPPN

COMMON/MRVAR/ A(101,2),B(101,3),B(101),8P (101),R1{161),RB(10Y),

1 DP{101),R81(101),RT(101) ,XTHP (101) ,BFLX (10 ,BFLIP(101), FX{100,2)
1 ,FRATE(10),FLOW{10), TFLOW (10) ,W,PHAT{3,5)

DATA HMAXEL,MAXNP,MAXMAT,MAXYBW, SAXNTI, NMPPN/100,101,1,3,%000,5/
DATA PMAT,/4H s4H KD,H4H J4H  W4HRHOB , 4H 5 44 .

1 44 AL,4H s 4H T, 4HHETA ,4HR LGl ¢ WHPOR ,UH /

END

FUNCTION OF PROGRAM-—-TO SIMULATE TEBANSIENT ONE~-DIMENSIONAL
MATEHRIAL AND SOISTURE FLOW IN A THIN-LAYER CHASNEL CHROMATOGRAPH.
THRE GALERXIN-FINITE-ELEMENY METHOD IS USED FOR THE MATERIAL
TRANSPORT, AND THE PARLANGE PERTABATIVE METHOD IS USED FOR

THE MOISTURE TRANSPORT.

DIMENSIONING FORMAT~-
CORNMUN/PROBID/TIZLE(8) ,¥PROB

COMMON/CBVAR/TINE, TH (AAREL, 2) , THE {MAXEL,2) ,TH¥ {MAXEL,2),

1 DTH (HAXEL,2) ,VX(MAXEL,2),VYXP (NALEL,2), V¥ (8AXEL, 2}
COMBON/GEOM/ X {MAXNP) ,BB,(2) ,DCOSB {2) ,DCO5{2) , DELT ,CHNG,

1 DELMAX,THMAX,IPX({MAXNP),IE(MAXEL,3},NPN{2},uPST (2),NPTST (2),
1 NBE(2) NTSE(2),I58(2,2} ,I5(2,2) ,NHP, HEL,¥NMAT,IBAND,NBC,

1 NST,NYTST,NBEL,NTI,NNOR

COMMON/MI VAR/KPRO, KPR (MAXNTL) , HAXDIF, HAXEL, HAXND, HAXHAT,

1 MAXBW,MBXNTL,NMPPM

COMHON/MPROP/PROP (MAXHAT, NMPPN) , TXI

COMMON/MEVAR/ C{MAXNP,MAXBW),R (MAXNP) ,BP {MAXNP) ,RI (MAXKP),
1 RB(MAXNP) ,DP (MAXNP) ,XTMP(MAXNP} , BFLX {MAXNP; ,BFLXP (MAXNP) ,
1 FX(MAXEL,2) ,PRATE{10) ,FLON (10),TFLOW (10) ,¥,PHAT (3, NMPPH)

COMMON/NUMITG/ NORDR1,NORDER,NITP, ITHMIN,IG3S,ITHIN,

1 IGSSV (3)

COMMON/TFLX/TTAB{MXTTAB) ,VIN(MXTTAB),VITAB{AXTTAB),

1 WITAB{MXTTAB) ,UTAB{MXTTAB) ,TTABL (AXTTAB) ,ViTABL {MXTTAB),
1 TEMP(MXTTAB) ,IPTTAB(HXTTAB) NTTAB

COMMON/TWTR/T (MAXNTN) ,NT

COMMON/WPROP /AKPAR [MXSLP) ,CDPAR(HMXSLP) (,AKSH(MISLPZ) ,

1 ALPK({MXSLP2) ,D{HXSLP2),ALPD{MX5LP2) , AKSAT,AKSNO, NKPAR,

1 NKSP,NCDPAR, NDSE
COMMON/XYAR/XSUPY{MAXTHP) , XSUP2 (MAXTHP) ,THP (BAXTHP) ,

1 ALP(MAXTHP) ,VSUPI (HAXTHP) ,VSUP2 (MAXTHP} ,F (MAXTHP) ,QGA (MAKXTHP),
1 QG {MAXTHP), THTHP {MAXTHP) , AKGSS{ (MAXTHP~ 1) *dAXGSS+HAGSST) ,
1 DGSS{{MAXTHP~1) «MXGCSS+M3XGS51) ,IPTTH (SAXTHP) ,¥TH,JTH,HGSS

COMMON/SIP/NP,KPRS , MXFUN,ICONV NSCY LPA(MAXSCY, NHAXSHP)
COMMON/SRP/ DELTO,CHIS0,ACC,RED, TOLSTP,TOLFUN,PO (MAXSHP) ,

1 PH(MAXSHP),PL {MAXSHP) ,DELP (MAKSHP),PLO {#MAXSHP) ,PHO (MAXSHP)
COMMON/XIV/MY XL (MXTHEX)  MYXU (MXTHEX) ,NYX,(MXTMEX) ,NTX, NXT
COMMON/XRV/XX{MINPEX MXTMEX) ,X{MXNPEX , KATHEX) , Y X {¥ANPEX,

1 MXTHBX),DYX {(MXNPEX, MXTMEX) ,YT {8XNPEX) ,TI {(MXTHEX), X¥TL (MXTHEX),

1 XWT0 (MXTMEX)

HHEBE MAXBW I3 THE MAXINUM BAND 9IDTH,
MAXEL IS THE MAXINUM WNUMBER OF ELEMENTS,
MAXMAT I5 THE MAXIMUM NUMBER OF MATERIALS,
MAXNP IS THE MAXINUYM NUNBER OF HODAL POINES,
MAXNTI IS THE MAXIMUM BUMBER OF T4iME LINTERYALS,
¥MPPM IS THE MAXINUM NUMBER OF MATERIAL PROPERTIES PER
MATERIAL,

MAXNTW IS THE MAXINUM NUMBER OF YTIME VALUEBS USED 1IN THE
UNCOUPLED WATER THBANSPORT CALCULATIOH,
MAXTHP IS THE MAXINUM NUMBER OF THETA POINTS,

BALN
MALN
BALR
MAIH
MALN
¥AIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
BALN
MALY
MAIN

260
265
270
275
280
285
290
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MXGSS IS THEMAXI#nUY NUMBER OF GAUSS POINTS USED ON ALL
INTERYALS EXCEPT THE ONE HEAREST ALPHA = 1,

MXGSS1 IS THE MAXINUM HUMBER OF GAUSS POINTS USED ON THE
INTERVAL NEABEST ALPHA = 1, .

MXSLP IS THE HAIINUH WUMBER OF SOIL PROPERTIES,

BXSLP2 IS 2*MESLP,

UXTTAB IS THE MAXIMUM NUMBER OF ENTRIES IN THE TIAE
TABLE,

MAXSCY IS THE MAXIHUM NUNBER OF SEARCH CYCLES,
MAXSHP 1S THE MAXIMUM NUMBER OF SEARCH PARAMETERS,
BKXNPEX IS THE HMAXIMUM NUMBER OF EXPERIMENTAL POINTS,
MXTHMEX IS THE MAXIMUM BUMBBR OF EXPERIMENTAL TIAES.

IMPLICIT REAL#*8(A-H,0-2Z)
BEAL®S AMEVAL,HYEVAL,NWVAL2

BEAL®Y PHAT
COMNON/CTBL/KPGH,KWTR,K¥ X, KSTRM, KSTAW, ISTOP, KSS,KDIG, KHOUT, KWOUT,
1 KTSTP,KSOUT ,KSRCE,KBUFF,KANL, KIC, KSTRS

COMMON/PROBL D/TITLE{8) ,HPROB
COMMON/CRVAR/TIME, TH {100,2) ,THN{100,2) ,TH¥ {100,2),DTH{100,2),
1 VXK (100,2) ,VXP {100,2) ,VX¥ {100,2)

COMMON/GEON/X (101) ,BB{2) ,DCOSB {2) ,DCOS (2) ,DELT,CHNG ,DELEAX , THAX,
1 IPX(101),IE(300,3),HPHE2), NPST (2) , MPTST (2) ,NBE {2) , ¥TSE (2), ISB(2,
1 2),15(2,2),85P,HEL, NEAT,IBAND NBC ,HST,NTST, HBEL,5TI, NHOR
COBMOB/HIVAR/KPRO, KPR §1000) ,MAXDLP,MAXEL,RALNP, MAXNAT ,BAXEW,
1 MAXNTI,NHPPM

COMMON/NRYAR/ A{101,2),B{3507,3),R{10%) ,RE{101),RL{101) ,RB(101),

1 DP(101) ,R¥(101) ,RT{i0%) ,XTHP{101) ,RFLX(10%) ,BFLIR{101), PX{100,2)
1 ,FRATF{10) ,FLOW§10) , TFEDY (10) ,¥, PAAT (3, 5)

COMHON/CH 3/ ¥1,V1

COMBON/NBXITG,/ MORDR1! NORDER,HITP, ITHAIN,I6SS,ITMLIN, IGSSV(3)
COMMON/TWTR/T (50) , NT

COMMON/SIP/NP, KPRS ,EXFU¥ , TCORY ,¥SCY,1PA {5,20)

COBKON/SRP/ DELTO,CHIS,ACC,RED,TOLSTP, TOLFUN,P(20), PH{20),PL{20),
1 DELP{20) ,PLO (20} , PHO §20)

EXTERNAL WEVAL,BEVAL,N¥EVAL,HWVAL2

PUT PBOGRAM-CONTROL PAZASKTER AND PROBLEN IDENTIFICATION.

READ 10000,KPGH,NPBOB, {(TITLER(L) ,1=1,8)
PRIHT 1G100,KPGE, ¥PROB, §TITLE(I) ,I=1,8}
KBUFF=0

KSRCH=0

IF (KPGH.GT.3) KSRCH=1}

GO TO (20,50.80,130,160,190,220) ,XPGH

DELVERBINE BATERKAL TRANSPCRT OHLY.

29
30

40

CALL DATAK
CALL MINL
PINE=0.
CALL PRINTHE(Q)
IF (KSTEM.EQ.1) CALL STREI
TIME=DELT
DO 40 ITM=1,NZI
CALL MTRAR
CALL PRINTH (ITH)
IF (KESTRMeEBEQ. 1. AND. KRR{ITHE) .GT. 0} CALL STRET
IF {KS5.EQ-0) GQ 70 10
IF (TIBE.EQ.THMAX) GO T0 10
DELT=DELT # (1. #+CHNG)
DELT=DBL# 1 (DELT, DELNAX)
TINB=TIME+DELT
IF {TIME.LT.TH3X) GO TO 40
DELT=DELT- (TASE-TNAX)
TIME =THAX
CONTLN UE
Ge 0o 10

CALCULATE WATER TEAESPORY O¥LX.

50
&0

CALL DIHE
CALL PECAL
CALL W¥WI3¥L

295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
320
395
400
405
410
B15
420
425
4320
435
440
445
450
455
460
2565
870
475
480
485
490
425
500
505
510
515
520
525
530
535
540
545
550
555
560
565
870
575
3820
585
590
595
600
605
610
615
520
£25
630
635
520
645
6590
655
660
6585
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SEARCH FOR MATERIAL-TRANSPORT YARIABLES ONLY, UNCOUPLED CALCULATION.

101

ITHIN=1
CALL PBRTTAB
IF {KWTR.By.Q) GO TO 10
IF (KSTRW.EQ.1) CALL STRWI
ITHIN=1
DO 70 ITH=1,NT
CALL WINTP (T {ITH})
CALL WTIME(T(ITM))
TIAE=T (LTH)
CALL WT2H1
IF (KNTR.EQ.2) CALL NTRN2
CALL PRTW1 (ITH)
IF (KWTR.EQ-2) CALL PRT¥2{ITN)
IF (KSTRVW.2Q.1) CALL STRWT(T(ITH})
CONTINUE
Go TO 10

COUPLED CALCULATION.

CALL DATAHM

CALL DINW

CALL PWCAL

CALL MINL

CALL WINL

CALL PRTTAB

TIME=0.

CALL PRINTNM{Q)

IF (KSTRM.EQ.1) CALL STRAI

TIME =DELT

DO 120 ITM=1,NTX
¥ip=v1
CALL HTRAN
CALL PRINTM(ITN)
IF (KSTRMuEQ.1.ANDLKPR(ITH).GT.0} CALL STRNT
IF {K5S.EQ.0) 60O TO 10
IF {TIME.EQ.TNAX) GO TO 10
IF [KTSTP.¥E.0) GO To0 100
DELT=DELT* { 1.#CHNG)
GO TO 110
If {(ITB.EQ.1) TCON=DELT*V1¥*{1.+4CHNG)
DELT=TCON/V 1%% { 1. +CHNG)
DELT=DMIN1 {DELT ,DELMAX)
TINE =TINE+DRELT
IF {TIME.LT.TNMAX) GO TO 120
DELT=DELT- (TIME~THMAX)
TIXE=TMAX
CONTINUE

GO T0 10

130 CALL DATAM

140

1

CALL DATAS
DELTO=DELYT
IF {NSCY.LE.Q) &0 10 150
IF (MXFUN.LE.D) GO TO 150
DO 140 ISCY=1,N5CY

CALL SHPREP (ISCY)

CALL SEARCH (WP, P,CHIS,PH,PL,ACC,RED,TOLSTP,TOLFUN,DELP, XKPRS,

MEVAL,NXFUN,ICONY)
CONTINUE

150 KpGH=1

KSOUT=0
CALL MEVAL(P,CHIS)
Go TO 10

SEARCH FOR WATEBR-TRANSPORT VARIABLES OMLY.

160 CALL DINW

CALL DATAS
EBUFP=0
IF {NSCY.LE.Q) £Q TO 180
IP (BXFPUN.LE.Q) GO TO 180
DO 170 1SCY=1,¥SCY

CALL SHPREP (ISCY)

670
675
580
685
690
895
700
705
710
715
720
725
730
735
740
745
750
755
780
765
770
775
780
785
790
795
800
805
810
81s
820
825
830
835
840
845
850
85s
860
865
870
875
880
885
890
895
900
905
910
915
920
925
930
935
940
945
850
955
960
965
970
975
980
38s
230
295
1000
1005
10w
101S
1020
1025
1030
1035
1040
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CALL SEARCH (NP, P,CHIS,PH,PL,ACC,RED, TOLSTP, TULFIN, DRLP, KPRS, 1045

1 SEYAL,BXFUN,ICONYV) 1050

170 CONTINUE 1055
180 KPGM=2 1060
KSOUT=0 1055

CALL WRVAL(P,CHIS) 1070

Go TO 10 1075

c 1080
C SEBARCH POR MATERIAL TRANSPORT VABIABLES ONLY, JOUPLED CALCULACION. 1085
C 1090
190 CALL DATANM 1095
CALL DINW 1100

CALL PMCAL 1105

CALL WINL 1110

CALL PRTTASB 1115

CALL DATAS 1120
DELTO=DELY 1125

IF (MIPUN.LE.0) GO Ta 210 1130

IF {NSCY.LE.O0) GO T0 210 1135

DO 200 ISCY=1,NSCY 1140

CALL SHPREP (ISCY) 1145

CALL SEARCH(WP.P,CHIS,PH,PL,ACC,RED,TOLSTP, TGULFUN,DELR, KPRS, 1150

1 MUEVAL,KEXFUN, ICONT) 1155

200 COMTINUE 1160
210 KPGH=3 1155
KSQUT=0 1170

CALL MEEVAL(F,CHIS) 1175

G0 7O 10 1180

c 1185
C SEARCH FOR BOTH MATERLAL- .Nj B4TER-ike¥SPORT vAREABLES. COUPLED 1190
C CALCULATIONY. 1195
c 1200
220 CALL DATAM 1205
CALL DINW 1210

CALL DATAS 1215
DELFO=DELT 1220
KBUFF=1 1225

I¥ (NSCY.LE.Q) GO TO 240 1230

IF (MEFUN.LE.O} GO TG 240 1235

DO 230 ISCY=1,8SC¥ 1240

CALL SHPREP {ISCY) 1245

CALL SEARCH {3F,P,CHIS, PH,PL,ACC, XD, TOLSTP, L0OLFUN, DELD, XPRS, 1250

1 MUVAL2  BXFPUNICONV) 1255

230 CONTIHOE 1260
240 KPGH=3 1265
KSQUT=0 1270

Call EEVAL2({P,CHIS) 1275

GO TO 10 1280

10000 PORMAT (215,848} 1285
10100 FOREAT (/' CALCULATION.. TY¥PE®.I15,%'.. PROGBLEH" ,IS.%.. ' ,8A8/) 1220
END 1255
SUBROUTINE STR NT&E ]

c HTR 5
C FUNCTION OP SUBROGTINE~-TO CO¥TEOL Thy LSTERAELCH OF TRE ETE 10
C NATERIAL~FLO¥ EQUAEION, SHECH CONSISTS OF ASSEaBLY, APPLICATION ETE 1%
C OF BOU¥DARY CO¥BITIONS, AND EATRIX SOLUTIOF OF THR RESULTING ATRE 20
C SET 0¥ EQUATIOHS. AT8 25
c BTE 30
IKPLICLIT REAL®*® (A~H,0-F) ATR 3%
RRAL*G DMAT 578 40
REAL®8 XD,LAMBDA HEE 45
CORROYCTRL/KPOM ENTR  K¥ I, KSTRM, KSTEW, IST0GE, £S5, KDIG, KHOUT, K¥OUT,&TR 50

1 KT5TP,KSOUT,KSRCH, KBUFF  KAFL, KIl, KSTRS 2T 55
COHBON/CRYAR/TINE, TH{100,2) ,THE{ 100, 2) ,T65{300,2) ,DTH{100,2), TR 50

1 VE{100,2) ,VEP{200,2) ,VEF{100,2) BTR 65

COSMOE,/GEOE/X (101) ,BB {2} ,DCOSB (2) ,BCOS (2) ,DELT, CHNG, DELEAY , THAX, HTE 70

1 IPX(101) ,I8{300,3) ,NE8§2) ,¥P5T(2) ,NPTSTH{2) ,¥BE {2) , ¥TSR(2) , ISB(2,MT8 75

1 2) . 1S({2,2),85P NEL, WHAT XBAND,NBC, ¥ST, BTST, NBEL, 71, HEGE MTR 80

CORHON /HPROP /FROP {1,5).,FIX nTE 35

COBEON/HBYAR/ A(101,2),B4201,3;,5(101) ,8P({101) ,BI {i01) ,BE{1G1), HT® 90

1 DP{101) ,23(101) RT{i0Y) ,XTHP(101) ,BPLE{1GY} ,PFLAF {101}, PX(100,2)nTR 35
5T

1 ,FRATE {10}, PLON {10) , TPAOE (10} ,¥ , PHAT (3, 5 5 130
COBSOE/MIVAR/EPRO, KPR § ¥000) L,BAKDIF, KAXBL  MAX 4P, MAKHMAT HAKEH, ATE 105
1 BLXNTI,¥EPPE TR 115

COBEON/BL/ THI 240,788, BIHEPS TR 115
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COMMON/NUMITG/ NORDR1, NORDER,NITP, ITHMIN, IGSS,ITHIN, IGSSV(3) uTR 120
DIMEES ION ZNOR({S) ,ZBETA(5,5) HTR 125
DATA ZNOR/0.0,7.886751345948136D~1,1.06857902130162800,0.0,4.7 NTR 130
1 32683912582954p~-1, XTR 135

BATA ZBETA/5%0.0,3.6602500378443930-1,~1.366025403784439D0, 3%0.0,MTR 140
i ~2.7013831273060290~1,9.523655116931613170~1,-1.74222719896855900, MTR 145

1 2%0.0,5%0.0,1.6746528506488160~1,-1.000066233033804D0, #re 150

1 2.364268696938704D0,-2.45668087432478300,~7.698589464499790D-2/ HTR 155
BTR 160

FEBEEREEFE RIS FEREER KGR B EC R SN EE R R R SR FE R R RSP E Rk bk ek kR e oM PR 165
#TR 170

ENTEY HINL BTR 175

IF {NNOR.¥E.3) GO TO 10 ¥TH 180
ZNDER (1) =¥ MTR 185
ZBETA {1, NNOR)=-1. MTR 190

10 MPBI=ISB{1,1) MTB 195
NPB2=158{2,1) HTR 200
RMOUT=0 MTR 205
KDIG=0 MTR 210
8TR 215

COBPUTE BAND-WIDTH VARIABLES. NTR 220
ATR 225

IHALFB=MAXDI¥ 8TR 230
IBAND=2*IHALFB+1 BTR 235
I63P=YHALFB+1 MER 240

1F {IBAND.LE.MAXB¥} GO £0 20 MTR 245
PRINT 10100, [BAND, NAXBW MTR 250
MTR 255

FREPAKE INITIAL VARIABLES. MTR 2560
STR 2865

20 1IF {KIC.MNE.D) GO TD 40 ATR 270
DO 30 HP=1,NNP aTR 275

ER R {¥P)=RI {8P) MTR 280
GG TO 80 MTR 285

45 DO S0 NP=1,MNP MTR 290
B{NPy=0., TR 295

30 RP{¥¥) =0. XTR 300
Do 70 n=1,8EL TR 3085
MPYP=IE({%,3) ATR 3140
KD=PROP(HTYE, 1) sTR 215
RHOB=PROP {MTIP, 2) KTR 320
THETAR=PROP (MTY ¥, §) aTe 325
POR=PROP (NTIE,5) 8TR 330

I¥ {THETAR.EQ.0) THETAR=POR/10. XT3 338
ED=1.+KD*RROS/POR NTR 340
ANORS= 1,/ (TEETAR*ED) BETR 345

PO 60 XQ=1,2 4TR 350
Ep=IEB{H,1IQ} MTR 355

#7=0.5 BTR 360

IF (¥P.EQ.¥PBI) ur=1%, BTR 365

I¥ {HP.EQ.NPBZ) WX=1. MTR 370

RENP)=R {NF) ¢ ANORN®RI {NP) W4T TR 375

60 CONTINUE TR 380
10 CONTINUE BTRE 385
80 DO 90 Kp=1,MNP ATR 390
90 BRP{NP) =R {¥P) MTR 395
MTR 400

READ IMITIAL VELOCIDLIES, PRESSURES, AND WATER COMTENTS, IF NERCESSARY.NMTR 405
ATR 410

IF (EPGH.EQ.3) S0 YO 149 ATR 815

IF {KPGN.EQ.6) &0 TO 140 HTR 420

I¥ {KPGH.EQ.7) GQ 10 149 HTR 825

DO 100 8=1,MEL NTR 430
NTYP=IE(M,3) NTR &3S
POR=PROP(MTIP,5) HTR 480

DO 100 1Q=1,2 NYTR 445
TH{N,IQ) =PQR HTR 450

100 YE(N,10)=VKE HTR 455
190 IF {KVI.EQ.0) 60 TO 1560 ATR 460
IF (KSRCH.GT.1) GO TO 180 8TR 465
DO 120 BI=1,REL,4% ETR 470
AX=8IND (NE+3,8EL) STR 475

READ 310000, ((¥X(AJ,JQ)} ,dQx1,2) BI=MI, KK) NTR %80

120 COMTINUE 4TR 485

DO 130 al=1,KEL,% CMTR  A%D
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MEK=HINO (MI+3, NEL)
READ 10000, ({TH (MJ,J9},J0=1,2),0J=KL,8K)
130 CONTINUE
IF (KSRCH.GT.0) KSRCH=KSRCH*+1
GO TO 160

PREPARE TIME-VELOCITY TABLE IF¥ NECESSARY.

140 DO 150 M=1,NEL
DO 150 19=1,2
¥P=IE (M, 10)
TH{¥,IQ)=THO
VX (E,IQ)=0.
150 CONTINUE
ITELH=1

CALCULATE MATEBIAL FPLUX FX§M,IQ).
160 CALL FLUX{PX,VX,RBP,TH,HAXEL ,MAXNP)
DETERMIBE BOUMNDABY FiLOWS.

DO 170 I=1,8
170 TFLOW (I)=0.

DO 180 NP=3, MNP
180 BFLX (NP} =0.

CALL SFLOW (FX,89,BFLY,BFLYXP FRATE, FLO¥ ,TFLON,TH, MAXEL, AL XN P)

DO 190 I=1,8

FLO% (I)=0.

190 TPLO# (I)=0.

FRATE(5)=0.

FRATELT)=0C.

FRATE{8)=0.

CALCULATE BULK COMNCENTRATIQNS.

DO 200 EP=1, §HP
200 RB (NP} =0.
DO 220 M=1,¥EL
MTIP=IE (M,3)
KD=PRG P (4T¥P, 1)
RHOB=PBOP {HTYP, 2)
POR=PROP (NTIP,5)
RD=1, +KD*BHOB/POR
DO 210 IQ=1,2
EP=IE (M,LQ)
€7=0.5
IP (¥P.BQ-HPB1} ¥r=1.
IP (¥P.RC.¥PB2) ¥F=1i.
RB(NP) =RB(EP) +HT¢RD*TH {4,10Q) *2 (B F)
210 COHTIRUS
220 COBTINUE
RETURN

MTR
HTR
MTR
HTR
MTR
MTR
NTR
MTR
MTR
MIR
MTR
MTR
MTR
HTR
MTR
MTR
M Tk
HTR
ATR
MTR
HTR
RTR
HIR
uIR
#TR
HTH
Ta
HTR
HTR
MNTR
RiR
HTR
ATR
T2
NTR
aTi
ATE
MTR
MR
NTR
n7TR
#Ts
BYE
ATR
ATIR
8TR
HTR
BTg
HYg
HTR
ATR
HTR
NTR
ETR
HTR

FEREEREEEEFEEERRELEREBERANEEAS B A ST BT L0 RS SEPPRE SR E A LT T KR CLE TG S E P 24N TR

EHTRY MTRAN
PERFORE TRAUSIERTI-SEATE CMRCHLATIOR.

21=8
¥2=1.-9
DO 280 g=1,3Ek
DO 230 x19¢=1,2
THE (8, Q) =TH {(8,IQ)
230 VXP (8, IQ)=VX {8,310}
240 COBTINUE

READ TIEE~DEPEMPEYEY VELOCIYIES, IF RBQUI2ED.

IF {KPGN.EQ.3) S0 TO 27¢
IF (KPGE.BQ.&) GG 70 276
I# (KPGE.EQ.7) 50 TO 270
IF (XVi.KE.2) GO TQ 280

NTR
MTR
MTR
85TIR
BIR
MTR
BeR
HER
BTR
TR
ATR
BETR
BTR
ATR
nTE
TR
ATR
are
LY ¢

495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
€15
620
625
630
635
£80
645
50
555
560
665
570
675
£80
685
690
635
7400
7065
710
715
120
725
730
735
740
745
750
755
780
785
770
775
780
785
730
795
800
805
810
815
820
825
8390
835
8390
845
8590
855
850
865
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IF (KSRCH.GT.0) GO To 280 MTR B70

DO 250 #=1,NEL,4 MTR 875
HK=MINO (HI+3,KEL) NTR 880

READ 10000, (§VX{8J,3Q) ,JQ=1,2) ,HI=KI, HK) MTR 885

250 CONTINDE MTR 890
DO 260 Mi=1,NEL,4 HTR 895
MK=MINO{MI+3,NEL) NTR 900

#EAD 10000, { (P4 (8J,3Q) ,J0=1,2), RI=4T, NK) ATR 905

260 CONTINUE TR 910
GO TG 280 MTR 915

c HTR 920
C CALCULATE TIME-DEPEWDENT VELOCITIES AND WATER CONTENTS, IF BEQUIRED. MTR 925
c TR 930
270 CALL WINTP({TIME) TR 935
CALL WTRN2 TR 940

CALL MWLIBNK TR 345

c NTBR 950
C ASSEMBLE COEFPICIENT MATRICES A AND B AND CONSTRUCT MT® 955
C THE TIME DERIVATIVE 2% AT THE PREVIOUS TISE NODE. KTR 960
c TR 965
280 DO 300 #=1,NEL NTE 970
DO 290 IQ=1,2 ura 975

DTH {M,IQ)={TH{M,IQ)~THN{M,IQ)) /DELT MTR 980

THY (M, IQ)=W1*TH (B, IQ) +U2*THN (M, L1Q) TR 985

290 VXM (M, 1Q) =W1#VX (M, IQ) +¥2%VXP {8,1Q) NTR 990
300 CONTINDE MTR 995
CALL ASEMBL{A,B,R1,RP,VIN,THW,DIH,¥, SAXHNP, MAXBW, MAXEL,KSS) STR 1000

c HTE 1005
C APPLY BOUNDARY CONDITIONS. MTR 1010
c uTR 1015
DO 310 NP=1,NNP ATR 1020

310 R{NP}=0. MTR 1025
CALL BC{A,B,R,RP,DP,Vi¥,#,MAXNP, BA XKL, KAXBY, K55} ATR 1030

c ATE 1035
C ¥OEM THE FIRST-DERIVATIVE TERM BR1 = A * DR/DT. MTR 1040
c NTR 1045
DO 330 HI=1,HNP ATR 1050
R1{NI) =R{NI) MTR 1055

JBL=HA X0 (1,IHBP-HI+1} NTR 1060

JBU=MINO {IBAND, IHBP-NI+HNP) ETR 1065

DO 320 JB=JBL,JBY HTR 1070
¥3=NI¢IB~IHBP MTR 1075

RV {NX)=R1(NL)~B (NI,JB)*RP (NJ) MTR 1080

320 CONTIRUE ETR 1085
330 CONTIHUE TR 1090

c NTR 3095
C PORN MATRIX A ¢ Z*DELT*B. MTR 1100
c ATR 1105
ZD=2 ¥OR (MHOR) * DELT TR 1119

DO 360 NI=1, MNP NTR 1115
JBAU=NINO (IHBP, 1~HI+N¥P) ATR 1120

DO 340 JBA=1,JBAU NTR 1125
JB=IHALFB#JIBA ETE 1130
B{¥I,dB)=A(NX,JBA} +2D*B{¥I,IB) TR 1135

340 CONTINUE TR 1140
KBU=XING {NI-1,IHALFB) TR 1185

IF (XBU.LT.1) GO TC 260 1Tz 1150

DO 350 KB=1,KBU ATR 1155
NIA=RI-KD NTR 1160

JBA=KB+1 ATR 1165

Jg=1HBP-KB BT8R 1170
B{NI,J8)=A¢{NIA,JBA)+LD*B (K1, JB) TR 1175

350 CONTINUE ATR 1180
360 CONTINUE KTR 1185

c BTR 1190
C TRIANGULARIZE MATRIX A & Z&DELT*3. TR 1195
c ETR 1200
CALL 5OLYE{1,8,R, N¥P,IHALFD ,NAXEP,NAXBY) ETR 1205

DO 370 HI=1,BNP TR 1210

370 BR(¥I)=0. PR 1245
DO 430 IMOR=1,NNQR 5TR 1220

c TR 1225
C DETERMINE A * R, WHERE B CONTAINS THE PREVIOUS ITERATE. sTR 1230
c TR 1235

DO 388 ¥I=1,ENP ATR 1240
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380 RT(NI}=0.

DO 410 NI=1,MHP
JBU=MINO (KNP~NI+1, IHBR}
DO 390 JB=1,JBU
NJ=NI+JB-1
BT (NI)=RT {NI) +A (NI,JB)*R {¥.J)

390 CONTI NUE

KBU=8INO (NI-3,LHALFB)
IP {(KBU.LT. 1) GO ¥0 410
DO 400 K8=1,XBU

NJ=NI-KB

JB=KB#+1

BT (HI)=&T {NI) *+A {NJ,JB)*R (NJ)
400 CONTINUR
430 CONTINUE

FGBRM THE NEB LOAD VECTOR.

ZDB=ZBETA (INOR, KNOR) #DELT
DO 420 NI=1,NNP

420 R(NI)=RT(NI)-ZDB%RI{NI)

BACK SUBSTITUTE.

CALL SOLVE({(2,B,R,NN¥P, LHALFB,HAXH¥P, 42X BH}

430 CONTINUE

DD 440 NI=1,HNP

440 R{NI)=RP (NI} +B(NI)

CALCULATE MATERIAL FLUX FX68,IQ).

CALL FLUX(FX,VX,R,TH,S8AXEL,BAXHE)
DETERMINE BOUNDARY FLOWS.

CALL SFLOW{FX,R,BFLI,DFLEP,FRATE,FLO¥, TPLOW, TH, SAXEL NAXKNP)
CALCULATE BULK COMCBETRATIONS.

DO 450 NP=1,H¥P

45¢ RB (¥P) =0.

po 470 M=1,HEL
MTYP=1E(N,3)
KD=PROP (HTYP,1)
RHOB=PEOP (ATYP, 2)
POB=PROP (HTYP,5)
BD=1. +KD*RHQOB/POR
DO 460 1Q=1,2
EP=1E (¥,10)
BI=0.5
IP (¥P.EQ.NPB1) ®r=1.
IF (¥P.EC.MPB2) H¥=1.
BB {NP)=RB{UP) +HTSRD*TH (N,1Q) *& (¥}

460 COETINUE
470 CONTINUE

DO 480 ¥P=1,HBP

480 RP{¥P) =R (¥P)

RETURH

10000 PORMAT (8F10.0)

10100 FPORMAT{////328 BANDWIDTH =,I4, 25H EXCEEDS HiX. ALLOWARLE =,14///)

O aAnan 0

E¥D
SUBBOUTINE DATASN

FUMCTIOH QF SUBROGUTINE-—£0 READ, PRIFY, AND CHEECK MATERIAL-TRANSPORT
VARIABLES PERTAISLEG T0 SIMULATION TIHE, ¥YODE~BLENENRT CONRFIGUBATION,

BOUEDARY IMITIAL CQEDITIONS, ABD PROPERTIES OF 30OTHY THE HATERIAL
BEING TRA¥SPORTED A¥ND THR POROUS KEDIA.

IRPLECIT RBAL®E §A~-H.0-F)
REAL®G PHAT

4TR
HIR
MTR
NTE
MTR
HTR
NTR
ura
HTR
HIR
MTR
BTR
BIR
HIR
MTE
MTR
TR
MTR
NTR
MTR
MTR
HTR
BIR
BIR
BTR
¥TR
nra
NTR
BTR
BITR
RIR
4TR
EIR
MTR
MTR
MTR
MTR
HIR
ATR
HTR
TR
MTR
ATE
NTR
NTR
HTIR
ATR
8TR
ATR
5¥8
NTR
878
ATR
BTR
7R
B3R
M72
BTR
Bura
¥7R
HIB
DATA
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA
DATA
DaATR

CONBOM/CTRL/KPGE K ETE KL, KESTRE, KSTRE, 15702, KSS,EDIG, L8007, E200UT.DATH

1 KTSER KSOUT ,KSRCH , KBUPE KANL,EEC KSTRS

COBBQN/GEOR/X (101) ,BB{2) ,DCASE {2) , DCOS {2),DELT, CHEG, DELRAX, THAX,

DATA
DATH

1245
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
13135
1340
1345
1350
1355
13560
1365
1370
1375
1380
1385
1390
1395
1400
1405
1410
1815
1420
1425
1230
1435
1440
1445
1450
1455
1460
1565
1470
1275
1430
1485
14920
1835
1500
1505
1510
1515
1520
1528
1530
1535
1540
1545

S
10
15
20
25
30
35
48
L3
%@
35
60
&5
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1 IPX{101) ,XE(300,3) ,NPN{2) ,HPST(2),HPTST (2),NBE(2),NTSE (2), ISB{(2,DATA 70

1 2),15{2,2) NNP,HEL,NMAT ,IBAHD ,NBC, NST ,¥TST, NBEL, ¥T1,HN0R DATA TS5
COMMON/MLVAR/KPRO, KPR {1000) ,8AXDIF  MAXEL MAX NP, BAXHAT ,HAXBH, DATA BO
1 MAKNTI, HAPPH DATA 85
COMMON/MPROP/PRAP {1,5) ,¥&LL DATA 90

COMMON/MBYAR/ A{101,2),8{101,3),R{101) ,8P{101} ,BI(101),88(101), DATA 95
1 DP{101),B1(iI01) ,RT (101} ,XTHP (101} , BFLX (901} ,BPLXP {107), FX(100,2)DATA 100

1 ,FRATE(10), FLOW {10) , TFLO% {10) ,¥ ,PHAT (3, 5 DATA 105
ISTOP=0 DATA 110
BEAD 11000 ,NN¥P,8EL,NNAT, HCH, NTI, BBC, NST, KVI, KSTRN,KSS, KTSTP, MELL,DATA 115

1 NELU,NNOR,KIC,ENESH DATA 120
NTST=0 DATA 125

IF {KSS.NE.0) KSS=1 DATA 130

IF (KSTRA.NE.0) KSTAN=1 DATA 135

IF (NNOE.LT.1) ¥NOR=1} DATA 140

IF {NBOR.EQ. %) NNO®=3 DATA 145

IF {NHOR.GT.5) HNOR=5 DATA 150
READ 11100, DELT,CHYG,DELMAX,THAX, ¥, X0, XML, 2XLY,DXU1, VXY DATA 155

IF (KS5.KE.0) GO TG 10 DATA 160
NNOR=1 DATA 185
¥=1. DATA 170

30 IF {KHESH.¥E.1) GO TO 20 DATA 175
VEL=MELL+NELU DATA 180
NNP=NEL+1 DATA 185

IF (HELU.EQ.0) X0=¥NX DATA 190

IF {MNEBELL.EQuO} X0=0. DATA 195

20 IF {DELMAX.LE.0.00) DELSAX=1.E50 DATA 200
IF {THAX.LE.0.DO} TMAX=4.ES50 DATA 205
PRINT 10000, NUP, NEL MEAT, HCH, BT  BBC, ¥ST KV, KSTRY,KS5, KTSTP, DATA 210

i NBLL,HBLU,NNOR,EKIC,KMESH DATA 215
PRINT 10100,DELT,CHENG,DELMAX,THAX,¥,X0,X8X, 3XL1,DX01, VXL DAYA 220
READ 11200,KPRO, (KPR{ITM),ITH=1,871) DATA 225
PRINT 10200 DATA 230
PRINT 11300,KPR0, (KPR {ITH4) ,1TH=1,¥TL) DATA 235

C DATA 280
¢ CHECK TO BE SURE INPUT DATA DOES ¥OT EXCEED STORAGE CAPACITY. DATA 245
o DATA 250
IF (WHP.GEB.O.AND.NNP.LE.MAXNP} GO TO 30 DATA 255
ISTOP=ISTOP+1 DATA 260
PRINT 12400, #AX¥P DATA 265

30 IF (NEL.GE.O.AND.¥EL.LE<NAXEL) GO TO 40 DATR 270
ISTOP=IST0P+1 DATA 275
PRINT 12500, HMAXEL DATA 280

40 IF (NEAT.GE.O.AND.HNNMAT.LE.BAXSAT) GO TO 50 DAYA 285
I5TOP=ISTOP+1 PATA 290
PRINT 12900, MAXMAT DATA 295

50 IF (NCN.GE.D.AND HCH.LE.MAXEL) GO TO 60 DATA 300
LSTOP=1STOP+1 DATA 305
PRINT 12600,HMAXEL DATA 310

60 IF {¥TI.GE.O.AND.NTI.LB.MAXNTI} GO TO 70 DATR 215
I5T0P=ISTOP+ Y DATA 320
PRINT 12700, BAXNTI DATA 325

T0 IF {MBCuGE.O.RAMDLNBC.LE.MAXHEP} GO TO 80 DATA 330
ISTOP=I5F0P+1 DATA 335
PRINT 13000, MAXNP DATA 340

802 IF (N5TwGE.0.AND.¥ST.LE.AAXEP) GO TO 930 DATA 385
ISTOP=15TOP+ 1} DATA 350
PRINT 13100, MAXEP DATA 355

30 IZ (NESTeGE.Q.AND. ¥TST.LE.HAXEP} GO TO 100 DATA 360
ISTOP=ISTOPRe ) DATA 365
PRINY 13200,8AXNP DATA 370

300 IF {EVI.GE.O.AKD.KYI.LE.3} GO TD 130 DATA 375
ISTOP=1530P+ 1 DAYTA 380
PRIET 123800 DaATA 385

130 IF {ISTOP.EQ.0) GO T 120 DATA 390
PRINY 13300, ISTOP DATA 335
sSTOP DATA %00

b RATA 405
T READ AND PRIFY MATERIAL PROPERTIES. DAYA 410
T DATA %15
124 I¥® (BSPPH.LE.C)} GO TO 180 DATA #20
PRIENT 10300, {{PBAT {1, J) sX=1,3) od=1,808PPN) PATA 825

DO 130 Ix1,BNAY DATA %30
REBAD 11900, (PROP {1 ,3) ,3= 1, N08PPH) DATA 435

320 FREET 134800,3, (PROP {L,J) »d= 1, ¥EPPY) DAYE 840
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GENERATE NODAL-POINT DATA, IF BEQUIRED.

140 IF {KMESH.NE.O0) GO T¢ 220
NP=1
X (¥P)=X0
1F (NELL.EQ.0) GO TO 160
NV=NELL
NVE=NV-1
DXAV=X0/DFLOAT (NV)
SDX=2. * (DXAV-DXL1) /DFLOAT (KVN)
DXI=DXL1
DO 150 JV=1,NY
NR=NP# 1
X (NP) =X (NP-1)-DXI
DXI=DXI+SDX
150 CONTINUE
X(NP) =0.
160 IF (NELU.EQ.0) GO 20 180
NP=NP+1
X (NP)=X0+DXU1
NY=NELU
NVM=NV=-1
DXAV={XMX~X0} /DFLOAT {§V}
SDE=2. % (DXAV-DXU1) /DPLOAT (NVH)
DXI=DXU1+SDX
DO 170 JV=2,HV
NP=NP+1
L (NP} =X (NP-1) ¢DXI
DXI=DXI+SDX
170 CONTINUE
X {(NP) =XMX

PUT GENERATED X~-VALUES IN ASCEEDING ORDER.
180 CALL DSORT (X ,IRX,NNF)
PBINT GENERATED NODAL-POINT DATA.

PRINT 10400
DO 190 NP=1,NNP
190 PRINT 11600,HP,X (¥P)

GENERATE ELEMENT DATA.

MTIP=1

DO 200 B=1,NEL
HI=N
NJI=HI+1
IE(N,1)=NL
IE(M,2)=RJ
IE{K,3)=NTYP

200 CONTINUE

PBINT GENERATED ELENMEET DATA.

PRINT 10500
MED=1
MAXDIF=1
Do 210 M=1%,NEL
210 PRINT 11700,M, (IB(H,L),X=1,3) ,AED
60 TO 430

BEAD NODAL-PQINT DATA FRON CARDS AND PRINT, IF REQUIBED.

220 IF (KKESH.NE.C0) 60 To 380
PRINT 10400
NI=1
230 READ 11900, ¥J,X{NJ)
IF (MJ-¥I) 240,270,250
240 PRIBT 13400, ¥J
PRINT 11600, NJ, X (¥J}
ISTOP=1STOP+1
GO TO 230
250 DF=NJ¢1-¥I

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATRA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZTA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA
DATA

445
450
455
460
465
470
475
480
485
890
495
500
505
510
515
520
525
530

540
545
550
555
560
565
570
575
580
585
5%0
595
600
605
6190
615
620
625
630
635
640
645
650
55
660
665
670
675
680
685
690
695
700
705
710
715
720
125

735
740
785
750
755
760
765
770
775
780
785
790
795
800
805
810
815
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DX={X{NJ)~X(NI-1)) /DF DATA 820

260 CONTINUE DATA 825
X{NI)=X (NI-1)+DX DATA 830

270 PRINT 11600,NI,X{NI) DATA 835
BI=NI+1 DATA 880

IF (NJ~NI) 280,270,260 DATA 845

280 IF (¥1.LE-NNP) GO TO 230 DATA 850

c DATA 855
C READ AND PRINT ELEMENT DATA. DATA 860
c DATA B&5
C ALSO COMPUTE MAXIMUM NODAL DIFFERENCE FOR BACH ELEMENT. DATA 870
c DATA 875
PRINT 10500 DATA 880
MAXDIF=0 DATA 885

nJ = 0 DATA 890

290 READ 11000, MI, (IE{MI,I),i=1,3),H0DL DATA 895
MND = IABS(IE(M1,2)-IE{MI, 1)) DATA 900
MAXDIF = MAXO{M¥D,MAXDIF) DATA 905

300 83 = MJ + 1 DATA 970
1F (MI-MJ) 310,340,320 DATA 915

310 PRINT 13500, MI DATA 920
PRINT 11700, MI,{I{E(MIL,I),I=1,3), 88D DATA 925

ISTOP = ISTOP + 1 DATA 930

320 DO 330 IQ=1,2 DATA 935
330 IE(BJ,IQ) = IE{MJ-1,IQ) + 1 DATA 940
1E(Md,3) = IE(MJd-1,3) DATA 945

340 PRINT 11700, MJ,(IE{MJ,d),I=1,3) ,MND DATA 950
IF (MJ.LT.MI) GO TO 300 DATA 955

IF (MJ.EQ.NEL) GO TO 380 DATA 960

IF (MODL.LE.Q) GO TO 290 DATA 965

LL=2 DATA 970

DO 3706 J=1,40DL DATA 975

IF (MJ.EQ.HI) GO TO 360 DATA 980

DO 350 KQ=1,2 DATA 985

350 IE(MJ,KQ) = IE(MJ~1,KQ) + LL DATA 990
IE(#J,3) = IB{NI-1,3) DATA 995

PRINT 11700, MJ, (iE (MJ,K),K=1,3),H48D DATA1000

360 LL = 1 " DATA100S
370 N = MNJ + ) DATAIO01O
N = MJ -~ 1 DATA1015

IF {8J.LT.MEL) GQ TO 290 DATA1020

380 CONTINUR DATA1025

c DATA1030
C READ NODAL-POINT DATA IN CONPRESSED PORN, I¥ REQUIRED. DATA1035
c DATA1040
390 READ 11100, (X (¥P),NP=1,NNP) DATA1045
CALL DSORT(X,IRX,HNP) DATA1050

PRINT 10400 DATAI055

DO 400 Ep=1,NHP DATA1060

400 PRINT 1160Q0,MP,X {NP) DATA1065

[ DATAIOT70
€ GENERATE ELEMENT DATA. DATA1075
C DATAI080
MTYP=1 DATA 1085

DO 410 M=1,NBL DATA1090

HI=n DATA 1095

NI=NI+1 DATA1100
IE(M,1)=NI DATA1105
IE(M4,2)=NJ DATA1110
IE(N,3)=MTYP DATA1115

410 CONTINUE DATA1120

c DATA1125
€ PRINT GENERATED ELEMENT DATA. DATA3130
[ DATA1135
PRINT 10500 DATA1140

MED=1 DATAYI14%
HAXDIF=1 DATA1150

DO 420 %=1,MEL DATAI155

420 PRINT 11700,M, (IE(M,1),I=1,3) ,HND DATA1160

c DATA 1165
C MODIFY MATERIAL TYPES FOR SELECTED ELEMENTS, IF NECESSARY. DATA1170D
c ‘ DATA1175
430 IP (¥CM.LE.0) GO TO 470 DATA1180
PRINT 10600 DATA1185

1=0 DATA1190
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440 READ 11000, MI HTYP,NK
IE{MI,3) = MTYP
PRINT 11800, MI IE (MI,3)
L =L+ 1
IF (MK.LE.HKI} GO TO 460
MI = MI + 1
DO 450 MJI=MI MK
IE(nJ;3) = ATYP
PRINT 11800, MJ,IB{&F,3)
450 L= L +1
460 IF (L.LT. NCM) GO TG 440

CHECK MATERIAL TYPES FOR EACH RLEMENT.

470 DO 480 M=1,NEL
MTYP=IZ(M,3)
IF (MTYP.GT.0.AND.NTYP. LE.HMAT} GO TO 48¢
PRINT 14200,H
ISTOP=ISTGP+1
480 CONTINUE
IF (ISTOP.EQ-0) GO TD 490
PRINY 13700, ISTGP
490 IF (KMESH.EQ.2) GO TO 540

READ INITIAL COMDITEIONS I¥ FREE FORN.

NI=0
HJ=0
500 IF (NJ.EQ.NEP) GO TO 56&
READ 11900,NJ, RI{NJ)
510 ¥I=NI+1
IF (¥I.G%.1) GO 20 520
IF (HJ.BQ.1) GO TO 520
PRINT 13600,HJ
ISTOR=15TQP+1
GO 1O 710
520 IF (BJ.EQ.¥L) GO TO 500
IF (BJ.GT.NI) GO TQ 530
PRINT 13600,
I5T0P=1ISTOP+ 1
GQ TO 710
530 BI(NI)=RI(NI-1)
GO TO 510

READ INITIAL CO¥DITEONMS I¥ CONPRESSED FORM.

540 READ 31100, (XTEP {¥P),ND=1, NUE)
DO S50 HI=1,¥NP
NJ=IPX (NI)
550 RI{NI) =ITAP {#J)

IDENTIFY BOUMWDARY #QDES.

564 CALL SURF
DO 570 ¥p=1, NEP
570 pR{¥R) =0,
IF (MBC.BQ.D0) GC TO 640

READ CONSTAET-CONCENTRATION DIRICHLET COEDRITIONS BB {(MPP) TG BE
APRPLIED AT WODES BRI (NPP).

NPE=0

580 IF (¥PP.EQ.¥RC) 6O TO 630
IF (WPP.LT.HEC) G0 TO 580
PRINT 13000, ¥BC
ISTGP=1STOP+ 1
G0 TO 610

590 READ 11900,3%,BBL

6500 MPP=HPPel
¥PY (NPP} <
BB (¥PP)=BBI
G0 TO 580

$10 PRINT 10700
PO 620 EPR=1,HBC

£20 PRINT 12100,8B24 {EPP)% BB {FPP)

DATA3195
DATA 1200
DATA1205
DATA1210
DATA1215
DATA1220
DATA1225
DATA1230
DATA1235
DATA1240
DATA 1245
DATA1250
DATA1255
DATA 1260
DATA 1265
DATA1270
DATA 1275
DATA 1280
DATA 1285
DATA 1290
DATA 1295
DATA 3200
DATA1305
DATA1310
DATA3315
DATA1320
DATA 1325
DATA1330
DATA1335
DATA1340
DATA 1345
DATA 1350
DATA 1355
DATA 1360
DATA1365
DATAI370
DATAI375
DATA 1380
DATA1385
DATA 1390
DATA1395
DATA1400
DATA 1405
DATAISZ10
DATAI41S
DATA 1820
DATA1%25
DATA1430
DATA 1435
DATA 1440
DATAIGUS
DATA 1450
DATA 1455
DATAIU60
DATAT465
DATA 1470
DATAI&TS
DATA 3420
DATAI8S
DATA 1430
DATA 1695
DATA 1500
DATA 1505
DATAI510
DATATS1S
PATE 1520
DATRI525
DATA1530
DATA 1535
DATAI540
DATA 1585
DPATAISS50
DATA1555
DATA 1560
DATA 1565
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c
¢ APPLY DIRICHLET BO: — , DATA1570
¢ DIRICHLET BOUNDARY SPECIFICATIONS TO THE IBITIAL CONDETIONS.  DATA1575
DO 630 NpP=1,¥BC DATA 1580
NP=NPN (NEP) DATA1585
630 BI (BP)=BB (NP} DAT A 1590
640 IF {NST.LE.D) GO TQ 660 DATA1595
c DATA 1600
C READ SURFACE-T DATA1605
C EaD SUs ERM FLUX EI YO BE APPLIED AT BOUNDARY DATA1810
c DATA1615
WP P=0 DATA1620
PRINT 10800 DATA1625
650 IF (NPP.EQ.NST) GO TO 660 DATA1530
READ 11900,81,EL DATA 1635
DP(NI) = DATA1540
NRP=NPP+ 1 DATA 1645
NPST {NPP) =NI DATA 1650
PRINT 12100,KX,EX DATA1655
GO TO 650 DATA1660
660 IF (NIST.LE.O0) GO T0 710 DATA 1665
c DATA1670
C #EAD NUMBERS OF WODES FOR WHICH SEEPAGE DATA1675
C CONDITIONS OF THE = DATA168B0
C a5 70 8% Appirgm. FLOX = {DARCY FLUX) *CONCENTBATION, DATA1685
c DATA1690
MPI=0 DATA1695
NPP=0 DATA1700
PRINT 10900 DATA1705
670 IF (NPR.EQ.WTST) GO TO 710 DATA1710
READ 12000,¥X DATA1715
MPI=MPI¢1 DATA1720
NPP=HPP+1 DATA1725
NPTST (BPP) =NI DATA 1730
DO 690 MPJ=1,HBEL DATA1735
H=NBE (MPJ) DATA1740
NJ=IS5B {MPJ, 1) DATAIT74S
iF {(NI1.NE.HJ), GO TO 830 DATA1750
HTSE (MPI)=H DATA1755
DCOS (B PI) =DCOSB (NPJ) DATA1760
580 pe §3° plty 3:::33?3
S${MPI,J)=ISB

co 10 200" (i8I DATAIT7S
690 CONTINUE DATA1780
ISTOP =LSTOP+1 DATA1785
PRINT 13900,¥I DATA1790
GG TO 710 DATA1795
700 PRINT 11700,MI DATA 3800
Go To 676 DATA1805
710 IF {ISTOP.EQ.Q) GO TO 720 DATA1810
PRINT 13700, ISTQP DATA1815
o120 EETURK DAEA1820
0000 FORNAT . - ATA1825
; //5:,(//// MATERIAL-TRANSPORT INPUT TABLE 1.. BASIC PARAMETERS® DATA1830
1* NUMBER OF NODAL POLNTS. . . . DATA1835
1¢ HUMBER OF ELEMBETS. = o o o o o oo omomomommem o -*,15/ 5X,DATA1840
$* NUABER OF DIFFBRENT NATERIALS - o o o w v o o o 2w o - 1,15/ SK,DATA1845
1+ NUBBER OF COBBECTION MARBRERES. - o o o L L I Il Ve SEoataisss
1s NDNSER OF iNE CECHERENFS L Ll Tl anisce
1t JUMBER OF BOUNDARY CONDITIONS scmmss e e e - I3/ 0K, 0MTA106
1* HUNBER OF SURPACE TERMS = = » o o o v o o o o o o o 4 -*.I5/ 5X,DATA18565
3% VELOCITY INPUT CONTROL. - o o o o o momom oo om oo -'«15/ SX,DATA1870
1¢ AUXILIARY STORAGE COBEROL o v - o - = o o o o« o = o v -*,I5/ 5K,DATA1875
14 STEADY-STATE CONTROLe o o o o o o o o o o o o omo .%,15/ 5X,DATA1880
1% TIME-STEP CONTROL . - SloTrmreeme s -::ig; g:.::r;1eas
19 WUMBER OF LOWER VARIABLY S LENENTE o o . . LTt +DATA 1890
' SUNBER OF GPPER VARIABLY siigg iEmmmre L L Iaiy ihamiess
1* SORSETT TIAE INTRGRATION INDEX. . s e e = e e e 0 X3/ 5K, DATA1900
1% INITIAL-COMDITION COMZROL . soeomomie e = e e e o 15/ 5X,DATA1905
1% MESH CONTROL. « o o = o R m s e e ',15/ SX,DATA1910
10990 FORMAT(SX, * TEINE INCREMENT. o = o o o o v o o o o o e o *e15) DATA1915
1 B10.6, 5K, * MULTIPLIBR POR INCREASING DELE. SRR 44
1 F10.6/ 5%, * NAXIADA JVALUE OF DELT . . sste e e e 50ATAI90
; i:g.:/ gx. * NAKINUS YALOE OF TINE - - o o o o o o m o n o on .'g:;::;gg

S b4 L] e » . ® o D % @ .
/ 5%, * TIAE-INTEGRATION PARABEYER. « « « « « v « v o o = *,DATAI940
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1 F10.6/ 5%, ° ORXGIN OF MESH GENERATIOH
1 F10.4/ 5X, ¢ BAXIMUM X-VALUE o « - «
1 F10.4/ 5%, ' LOYER FIRST I-INCREMENT .
i F10.4/ 5X, ® UPPEB FIRST X~INCREMENT .
1 P10.4/ 5K, ' COKSTANT DARCY VELOCITY .
1 E10.4)

10200 FORMAT (//6X, YOUTPUT CONTROLY)

10300 FORMAT (////' MATERIAL-TRANSPORT INPUT
1 *MATERIAL PROPERTIES'// ' HAT. #O.*Y,

10400 FORMAT (////% MATERIAL-TRANSPORT TABLE
1 7%,°HODEY, 8i,9X")

10500 FORMAT(////' MAPERIAL-TRANSPORT TABLE
1 'GLOBAL INDICES OF ELENENT NODES'/7X,
1 6X,MATERLIRL?,6X, 'NODE DIFF." )

10600 FORBAT(////"

$ 9

LI )

4. .. ELEMENT DATA®
'ELEMENT?,

s 08 b e 3
v

8 b e B
L]
[ ]
3
L]
e & 8 &
L]
2 8 & 8 3
4 2 3 8 3

TABLE 2.. ',
2{334))
3on

NODAL~POLNT DATA®, //

/7114,
X, %1 ,7x,°2°,

+DATAT945
«DATARI1950
+DATA1955
+DATATI6C
+DATA1965
DATA 1970
DATA1975
DATAIS80
DATA 1985
DATA1990
DATA1995
DATA 2000
DATA 2005
DATAZ2010

COHRECTIONS TO MATERIAL TYPES FOR SELECTED ELEMENTS®/DATAZ2015

1) DATA2020
10700 FORMAT{////' BATERIAL-TRANSPORT INPUT TABLE S.. BOUNDARY ', DATA2025

1 *CONDITIONS OF FORM BR=8B* //' WODE',7X,%BB!) DATA 2030
10800 FORMAT (////% MATERIAL-TRANSPORT INPUT TABLE 6.. SURFACE TERKSY' , DATA2035

1 * FLUX=EI AT BQDE KI',*NODE®,7X,*EL/) DATA2040
10900 PORMAT(////* MATERIAL-TRANSPORT INPUT TABLE 7.. SEEPAGE-SURFACRY, DATA2045

1 * INFORAATIQN!'//5X//7'NKODE®/) DATA2050
131000 FORMAT (1615) DATA2055
14100 FORMAT {8F10.0) DATA2060
11200 FORMAT (801I1) DATA2065
11300 FORMAT (10X¥,10111) DATAZ2070
11400 FORMAT (I8,9D12.4) DATA2075
11500 PORHAT (I5,2F10.3) DATA2080
11600 FORMAT (I 10,2D15.4) DATAZ085
11700 FORMAT(X10,2%8,I10,115) DATA 2090
11800 FORMAT (110,32X,110) DATA209S
11900 FORMAT (15,5X,F10.0) DATAZ2100
12000 FORMAT (215,F10.0) DATA 2105
12100 FORNAT (I5,D15.4) DATA2110
12200 PORMAT (315,5X,2F10.0) DATA2115
12300 FORMAT {2I5,2(1PD15.4)) DATA2120
12400 FORMAT (////33H TRO MANY HODAL POINTS, MARKIMUR =, LI5///) DATA2125
12500 FORMAT (////3QH TOO MAMY ELEMENTS, MAXINUE = LI5///) DATAZ130
12600 PORMAT(////%1H TQU MANY CORRECTION HATEREALS, HMAXIAUB =, I5///) DATAZ2135
12700 FOBHAT (////36H TQO MANY TIME IHCREMENTS, MAXINUN =,15///7) DATA21UD
12800 PORKAT (////7298 CHECE VELOCLTY INPUT COXTROL///) DATA2145
12900 FORMAT(////30H TQO HMANY MATERIALS, HAXINEH =,15///) DATA 2150
13000 FORMAT (////36H CBECK BOUMDARY CONDITIGNS, MAXIKUA=,I5///) DATA2155
13100 FORMAT {////30H CHECK SURFACE TERHS, MAXIEUN=,I5///) DATA2160
13200 PORMAT(////31H CHECK TRANSIENT S.T., MAYENON=,15///) DATA2165
13300 FORMAT (////28H EXECUTION HALTED BECAUSE OF,15,13H FATAL ERRORBS///) DATA2170
13400 FOBMAT (////30H BREOR IN NODAL~POINT CARD EO.,I5///) DATA2175
13500 FORMAT{////26H EBRQR IN ELEMENT CABD NO.,IS///) DATAZ180
13600 FORMAT (////36H EEROR IN INITIAL-CONDITIOE CARD NO.,XS5///) DATAZ185
13700 FORMAT (////45H ASSEHRBLY AND SOLUTICM ¥ILE NOT BE PBERFORAED,,L5, DATAZ190

1 19H FATAL CARD ERRQRS///) DATA2195
13800 FOBMAT {////36H ERROR IN PIRST SEEPAGE-SURFACE CARD///) DATA2200
13300 FORSAT(////%1H BRROR IN¥ TRANSIENT-SURFACE CABD FOR MNODE,I5///) DATAZ205
14000 FORMAT({////¢9H EHBROR IN PIRST R=BB TYPE BOUNDARY-CONDITIOHN CARD //DATA 2210

1 /) DATA2215
14100 FORBAT(////33H EBRBOR I8 FIRST SURFPACEB~TERE CARD///) DATAZ220
14200 PORMAT{(////40H BRROR INM HATERIAL TYPE CODE POR ELENENT ,15///) DATA2225

END DATA2230

SUBROUTINE PLUX{FX,YX R, TH,HAXEL ,BAXNP) FLUZ 0
c FLOX 5
c FLUX 10
C FUNCTION OF SUBROUGZINE-—TOQ DETEBREINE HATEBIAL FLUX FX{N,KQ). FLUX 15
c PLUY 20
c FLUX 25

IMPLICIT RBAL®8 $A-H,0-2) FLOX 30

COHBNOM/GRON/X{101) ,BB §2) ,DCOSB {2) , DCOS (2) , DELT, CHNG,DELHAX,THAX, FLBX 235

1 IPL{101) ,IE (100,3) NPH{2) ,WPST(2) ,NPTST{2) ,NBE(2) ,HTSE(2), ISB(2,FLUX 40

1 2),I5{2,2) ;NUP NEL HHAT,IBAND ,¥BC ,NST NTST, BBEL,NTI, ¥HOR FLOBEX 85

COMNON/MPROR/PROP {1,5) ,#X1 FLUX 590

DIMENSION DHX (2,2) ,XQ 42} ,VX (BAXEL,2) ,FX{#AXEL,2) ;B {BAXED), FLBL 55

1 TH(BAXEL,2) FLUX 60

ISTOR=0 FLEX 65

PO 50 E=1%,MEL FLUX 70
c FLUX 75
C FOR BACH ELENENT ¥ PREPABE VARIABLES XQ{IQ) FOR Q4D, FLUX 80
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NHICH DETERMINES DERIVATIVES DEX({IQ,KQ) OF EACH OF
THE TWO BASIS FUNCTIONS N (IQ) AT EACH NODAL POLNT KQ.

DO 10 Ip=1,2
HP=IE(M, ID)
10 KQ{IQ) =X {NP)
CALL QUD{(DNX,XQ)

POR EACH NODAL POINT KQ SUM OVER COMTRIBUTIONS FROM EACH BASIS~-
INTERPOLATION PUNCTION M ({IQ) TO OBTAIM DERIVWATLYES DaX
OF THE COHCERTRATION R{NP).

20 DO 40 KQ=1,2
DRX=Da
D0 30 IQ=1,2
NP=1E (#, 1Q)
30 DRYX=DRX+DHX (IQ, KQ) *B {¥P)

FOBH THE DISPEBSIVE FLUXES IN PXI(M,KQ).

MTYP=LE (§,3)
AL=PROP (MTYP,3)
AM=0.

TAU=0.

DD=ANSTAD

VXK=VX {M,KQ)
DXX=AL*VIK#DD
PX(M,KQ) =DXX*DRX

ADD THE ADVECTIVE FLUXES To FX(M,KQ).

FL(M,KQ) =FX (M, KQ) +VXK*R (NP)
40 CONTINUE
50 CONTINUE
RETU BN
END
SUBROUTINE Q4D (DX ,XQ)

FONCTIOHN OF SUBBOUTILNE~~TO COMPUTE X DBERIVATIVES DEX(IQ.KQ)
OF EACH BASIS FUNCTIION N(IQ) AT EACH RODE XQ OF THE
ELEMENY. RESULTS ARE IN THE GLOBAL COOBRDINATE SYSTEN.

INPLICIT REAL*8 ¢A-H,0-2)
DINENSION S(2) ,DNX {2,2)+XQ(2)
DATA § / ~1.0D+00, 1.0D#00

EVALUATE QUANTITIES FOR USE€ IN THBE JACOBIAN DJ/8B, BELOW, HBCESSARY
FOR TRANSFORNATION FROM GLOBAL TO LOCAL COOBDINATES.

X211 = XQ{2) ~ X0{1)
LOOP OVER EACH NODR
DO 10 Kg=1,2
LO0CAL COOEDINATES OB ANY GIVEHN NODE ARE {SS,TT).
55 = S{KQ)
EVALUATE *JACOBIAN®.

DJ = X21
DIX = 1.0/DJ

DETERMINE THE DERIVATIVES OF EACH BASKS FUNCTION AT ¥ODE KQ.

DRY{1,KQ)=-DJI
DNX (2,KQ}=DJI
0 CONTINUE
RETOURN
END
SUBROUTINE BC{A,B,R,BP PP, VXV, W MAXNP, BAKEL, MAXBY,KSS)

PLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLUX
FLOX
FLUX
FLOX
FLUX
PLOX
FLUX
PLUX
PLOX
FLUX

© FLOX

FLOX
FLUX
FLUX
FLOX
FLUX
FLUX
FLUX
FLUX
FLOX
FLUX
FLOX
FLUX
FLUX
PLUX
FLUX
FLUX
PLUX
FLUX
Qup
Q4D
QRD
Q4D
Q&D
Q8D
Q4D
Q&D
gun
Q4D
Q4D
Q4p
Q4D
Q4p
Q4p
Qap
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4D
Q4p
QuD
Q4p
Q4p
Q8D
Q4D
Q4D
QUD
Q4D
Qb
Q%D
Q4p
Q4D
QuD
BC
BC

85

30

95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260

10
15
20
25
30
35
40
45
50
55
60
65
70
5
890
85
80
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
0

5
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FUNCTION OF SUBBROUTINE--TO APPLY CONSTANT~CONCENYRATIGN
DIRICHLET CONDITIONS AND CONSTANT-FLOX NEUMAENE SURPACE

B8OUMNDARY COSDITIONS.

INPLICIT REAL*B (A—H,0-2)
REAL*8 KD

COHHON/GEOM/X {101) ,BB {2} ,DCOSB {2}, DCOS (2) ,DELT, UHNG,DELEAY , T HAL,

1 IPX(101) ,IE{100,3),NBN{2) ,NPST{2) ,HPTST(2),ERE{2) ,KTSE (),
1 2),15(2,2) ,NNP,NEL,NNAT,LBAND,NBC ,RST ,BTSY, HREL, NT1,NNOR

IsB(2,

DIMENSION A(MAXNP, %), B(HALEE, 1), R(AAYNP) ,DP (HALHP) , VXd (NAXEL,?),

1 BP(BAXNP)
IBRALFB={IBAND~1) /2
IHBP=IHALFB+1
IF (NBC-EQ.0})} GO 7O 140

APPLY CONSTANI-CONCENTRATION DIRICHLETY GOUNDARY CONDITIONS.

D 130 ¥PP=1,NBRC
MODIFY ROY NPN(MPP) OF MATRIX B{NP,1DB).

NI=HFN (NPP)

PO 30 IB=1,1BAND
10 R{NI,IB}=0,0

B(NX,IHBP)=1.0

B(NL)=BB{NPP)

HCDIFY LOAD VECIOR B{¥P) FOR NOM-ZERD BB (¥PP).

IF (BB (MPP}.EQ.0.0) &G Tu 50
DO 20 IB=1,IHAL¥B
¥.J= 81~ LB
IF (NJ.LT.1) GO T8 30
Jo=IHRPe I

20 R{NJ)=R (¥J) - BB (HPP) *B (N}, B}
20 DO 40 IB=1,IHALFB
NJ=KI+IR
IF (HJ.G%.MNP} GO TU 50
JB=IHBP-1B
40 R{HJI) =R (8J) - BB (NPP) *B (NJ ,JB)

ZERQ COLUXN NPN (MPP)} OF HAXELX B(NP,IB).

50 DO 60 IB=1,IHAL¥B
BI=¥I-1B
IF (¥J.LT.1) GO To 70
JB=IHBP¢IS

50 B{NJ,3B) =0.0

70 DO BC IB=1,IHALFR
BJ=HIeLB
IF (Nd.GT.HEP) GO TO 90
JB=IHBP~IB

a0 B{NJ,IB} =00

ZERO COLUNY NPH (MPR) OF HAREIZ A(NP,ID),

30 DO 100 IB=1,IHALFR
EJ=¥I~-IB
IF (M3.LT.1) GO TB 110
JBR=IB&]

100 AU, J8) =00

ZERQ ROF NPM (NPF) OF HATHIE 3 (P, IB}.
110 B2 120 Ep=1,3H89

120 MBI KB} =00
130 CONTINUE

HORPIPY LOAD VECTUR FOR SUBFACE TERES OF THE Fo&8 DRADES{.

140 DO 150 #P=1,¥EE
150 R{UPI=RIKP) ¢DR{HD)
160 RRTIURE

285
238
285
300
a5
310
315
320
3Z5
330
335
ng
345
3SH
355
360
3563
370
375
k)



nNnoaoagannn

[eRaRy!

< 00

anaaaa

HNnan

115

END BC
SUBHOUTINE ASENMBL{A,B,R1,RP, VIV, THW DT H, ¥, MAXNP, HAXBY ,MAXEL,K KSS) ASEBA
ASEY
ASENM
FUXNCTION OF SUBBOUTINE--TO ASSENMBLE THE GLOBAL COEFFICIENT MATRIX ASEM
C{NP,IB) AND LOAD VECTOR R§NP) FROM THE ELEXENT MATRICES QA (IQ,JQ) ASEN
AND QB(IQ,JQ). ASEM
ASEH
ASEN
IRPLICIT HEAL*8 {A-H,0-Z) A SEHM
REAL*8 KD,LAMBDA ASEN

COMMON/GEOB/X(103) ,BB{2) ,DCO5B{2),DCOS {2} ,DELY, CHNG ,DELNAX,THAX, ASEA
1 IPX{101) ,IB{100,3) NPH{2) ,BPST{2)  NPTST(2),KEBE(2) ,NTSE{2), ISB{2,ASEH
1 2) ,IS(2,2) , MNP, NEL, NHAT , IBAND,HBC N5T ,NTST, NBEL, NTI,NNOR “ASEHM
COMNON/MPROR/PBOP {V,5) ,VXI ASER
DIMENSIONR A{MAXHP,1),B{MAXHEP, 1), B1(BAXNP) B2 (HAXYP) ,QA{2,2), QB(2,ASEHM
1 2), VXQ(2) ,XQ{2) , VXW{BAXEL,2) ,THU{MAXELy2), DTH{MWAXEL,2),DHQ(2), ASEN

3 DTHQ{2) ,THQ {2) ASEN
LHALFB= (IBAND-1} /2 ASEN
LHBP=1HALFB+1 ASEN
Css=1i. ASER
IF (KSS5.EQ.0) C55=0. ASEN

ASER
INITIALIZE MATRICES C(NP,IB) AND B{NP). ASEN
A SEM
10 DO 40 NP=1,HNP ASEN
DO 20 IB=1,IBAND ASEH
20 B{NP,IB)=0.0 ASEN
DO 30 18=1,IHBP ASENM
30 A(NP,IB)=0.0 ASEN
40 CONTINUE ASEN
ASEN
COMPUTE MATHRICES QA{XIQ,JQ) AED 0B(IQ,JQ} FOR EACH ELEKENT n. ASEN
ASEM
DO 70 &=1,NEL ASEY
MTYP=1E{N,3) LSEM
KD=PROP(MTYIP, 1) ASEN
RHOB=PROP {MTIP, 2) ASEM
AL=PROP (NTYP,3) kKSEM
LAMBDA=0. ASEN
POR=PROP{MTIP,5) ASEN
aN=0. ASEN
TAU=0. ASER
DO 50 1g=1,2 ASEN
¥P=IE (N,1Q) ASEN
THQ {IQ)=THW {8,1Q)} ASEN
DTHQ{IQ) =DTH (N, L ASEN
VIQ(IQ)=VXW {M,1IQ) ASEN
50 XQ{1IQ) =X (¥P) ASEM
CALL QU (¥XQ,QA,(08,XQ,KD,BHOB, AL, LA BDA,POR,THQ, DTHQ, DHQ,AH, ASEN
1 TAU) ASEN
ASEN
ASSEMBLE THE UPPRR HALF BAND OF MATRIX A(NI,NJ) AND THE POLL BA¥D ASEN
OF MATRIX B(NI,NJ). MATRIX B I5 ASYMMETRIC DUE TO THE ADYECTION A SEN
TEHEN. ASEN
ASEN
DO 60 1Q=1,2 ASEM
¥i=1IE(M,IQ} ASEN
PO 60 Jg=1i,2 ASEN
NI=1E (N,JQ) ASEN
LB=8J-NE+ IHBP ASEN
BN, IB)=B{NL,LB) +QB{IQ., I ASEN
I¥ (BJ.LT.HNI) &0 TO 60 ASEN
I18=HI-NZ+ 1 ASEN
A{NI,LLIB)=A{NX,LB) +QA{IQ,JQ) *CSS ASER
&0 CONTINUE ASEN
78 COETINUE ASEN
RETURE ASEN
END ASEN
SUBBOUTINE Q& {¥X(U,QA, Q84 XQ,KD,RBH0B, AL, LAEBDA ,POR, THQ,DTHQ,DHQ,AH, QR
1 TAD) BT
Q4
Q8

FUNCTION OF SUBROUIINE--TO0 EVALUATE THE HATRIX QUADRATURES QA (IQ,JQ) Q2R
A¥D QB({IQ.,JQ) OVER THE ARBA OF OBE ELEBEENY. Q8

185
g

5
10
15

175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
316
315
320
325
330
335
0

5
10
15
20
25
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IBPLICIT REAL*8 ¢A—H,0-2)

REAL*S H({4),NN,KD,LANMBDA

DIHEN§ION QA {2.2) ,QB(2,2),VXQ(2) ,5(2),¥(2),XQ(2), THQ(2) ,DTHQ(2),
1 DHQ(2)

DATA P / 0.577350269183626 /, S / -1.0D¢00, 1.0D+00 /
8D=1.+KD*RHOB/ECR

DD=AN%T AU

INITIALIZE WATRICES QA(Ig,JQ) AND QB(IQ,JQ) .
DO 10 10=1,2
Do 10 J0=1,2
QA(IQ,J0Q)=0.0
10 QB (IQ,J0)=0.0

EVALUATE QUANTITIES FOR USE IN JACOBIAN DJAC, 3ELOW, NECESSARY
¥OR TRANSFOBRMATION FRCM GLOBAL TO LOCAL COORDINATES.

X21 = XQ(2) -~ XQ(1)
DO 40 KG=1,2

DETERMINE THE LOCAL COORDINATE S5 AND EVALUATE THE JACOBIAN AT
EACH GAUSS—INTEGRATION POLINT KG.

SS = P*S{KG)

DJ = x21
DJAC = Q.5%DJ
DJI=1./DJ

SH = 1.0 - S5
SP = 1.0 + S3

CALCULATE VALUES OF THE BASIS FUNCTIONS N (IQ) AND THEIR DERIVATIVES
V{iQ) W.R.T. X AT GAUSS POINT KG.

V(1) =-DJE
v (2) =DJx
B(1)=0.5%5M
N (2)=0.5%SP

INTERPOLATE WITH THE BASIS~INTERPOLATION PUNCTLONS N({IQ) TO OBTAIN
THE ADVECTIVE VELOCITY AT EACH GAUSS INTEGRATICN POINT.

THE=0.

DTHK=0a.

VIK=0.

PO 20 1Q9=1,2
THRK=THE+ R{XQ) *THQ{IQ)
DTHK=DTHE+¥ {IQ) *DITHQ (L))

20 VIK=VXK# R (EQ) *VIQ(IQ)

ACCUKULATE THE SUHS TO EVALUATE THE MATRIX ANTEGRALS QA({IQ,JQ)
AND QB{1Q,JQ).

A=DJIAC*RD*THE
DXX=DJAC* {AL*YXK+DD)
C=DJAC*RD* {DTHX ¢ LAMBD 3 *T HK)
VXK=VXK#DJIAC
DO 30 IQ=1,2
DO 30 Jg=1,2
NE=¥{IQ) *N(JQ)
VV=V{LQ} *V {JQ)

FE=V{IQ)*N{JQ)
QA (I1Q,dQ) =QA(IQ,JQ) +A&NY
30 QB (1Q,JQ) =QB {1Q,JQ) +DXX ¥V LA HE~VXK*VH
40 COMTLNUE
BETURM
EED

SUBROGUTINE PRINIHE (ITH)

FEECTIOE QOF SUBRGOTINE--TO OUTPUT FLOWS, CONCESTRATIONS, BATERIAL
FLUXES, WATER CONTENTS, DARCY VBLOCZITIES, PRESSUEE HEADS, AED
TOTAL HEADS AS SPECIFIED BY THE PABANETER K¥R.

30
35
40
45
50
55
60
65
70
75
80
85
9¢

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175§
180
185
190
195
200
205
210
215

225
230
235
280
245
2590
255
260
255
270
275
280
285
2%0
295
300
305
310
215
320
325
330
335
340
345
350
355
360
365
379

10
15
20
25
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C PRIK 30

c PRIN 35

IKPLICIT REAL*8 (A~H,0-2) PRIN 40

REAL*4 PMAT PRIN 45
COMMON/CTRL/KPGH, KWTR ,K¥ I, KSTRM, KSTAW, LSTOP, K5S,KDIG,KMOUT, KWOUT,PRIN 50

1 KTSTP,KSOUT,KSRCH, KBUPF,KANL, KIC,KSTRS PRIN 55

. COMMON/CRVAR/TIMR, TH{100,2) ,THN(100,2) ,TaW (100, 2),DTH (100,2), PRIN 60
1 VX(100,2),VXP (100,2), VXV (100, 2) PRIE 65

COMMON/GECH/X(101) ,8B{2) ,DCOSB (2) ,0COS {2) ,DELT,CHNG,DELMAX,THAX, PRIN 70
1 IPX(101) ,IE(100,3) ,NPN(2) NPST{2) , NPTST{2), NBE {2) ,NTSE(2), ISB{2,PRIN 75

. 1 2),15(2,2),NNP,NEL, NHAT, IBAND,4BC, 85T, 8TST, ¥BEL, NTI,NNOR PRIN 80
COMMON/MIVAR/KPRO, KPR {1000) ,MAXDIP , MAXEL ,MAX NP, MAXMAT ,MAXBYW, PRIN 85
1 MAXNTI NMPPM PRIN 90

COMBON/MRVAR/ A(101,2),B(101,3),B(101),89(1013,81(101),85(101), PRIN 95
1 DP(101),81(101) ,RT(107) ,XTHP{101) ,BFLX (101) ,BFLXP{101), FX(300,2)PRIN 100

1 ,FPRATE(10),PLAN{10) , TFLOW{10) ,i ,PNAT(3,5) PRIN 105
KDIG=KDIG+1 PRIN 110

IF (KMOUT.EQ.D) KNOUT=1 PRIN 115

IF (KPR (ITHM).E(.Q) RETURN PRIN 120

IF (ITM.EQ.0) GO To 10 PRIN 125

c PRIN 130
€ PRINT DIAGNOSTIC PLOW INFGRMATIOH. PRIN 135
c PRIN 140
PRINT 10700,KDIG,TIME,DBLT PRIE 145

PRINT 10600, (FRARE (I) ,FLOW (I} ,TPLONW (L) ,I=1,4d) PRI¥ 150
KMOUT=KMOUT + 1 : PRIN 155

10 IF (KPR (ITM).EQ.1) RETORN PRIN 160

c PRIN 165
C PRINT CONCENTRATIONS. PRIN 170
c PRIN 175
PRINT 10000, KMOUT, TIMNE,DELY PRIN 180

DO 20 HBI=1,NNP,8 PRIN 185
NJMN=¥I PRIN 190
NIMX=MINQO (NI+7,NNP) PRIN 195

20 PRINT 20200,NI, {R{NJ} ,NI=NINN,NINX) PRIN 200
KMOUT=KNOUT+ 1 PRIN 205

PRINT 10100, KNOUT, TINE,DELT PRIN 210

PO 30 NI=1,NHP,8 PRIN 215
NIMN=NI PRIN 220
NJMI=HINO (HI+7,HNP) PRIN 225

30 PRINT 10200, NI, {#B $NJ) , NI=HINN, HINX) PRIN 230

IF (KPR (ITK).EG.2) RETURN PEIN 235

c PRIN 240
C PRINT MATERIAL FLUX. PRIN 245
c PRIN 250
KBOUT=KMOUT+ 1 PRIN 255

PRINT 10300, KMOUT, TINE,DELT PRIN 260

DO 40 MI=1,NEL,4 PRIN 265
MK=MINO (MI+3,REL) PRIN 270

49 PRINT 10200,MX, ((FX{8J,1Q),X0=1,2),NI=81, AK) PRIN 275

IF (KPR (ITM).EQ.3) BETURN PRIN 280

c PRIN 285
C PRINT WATER CONTENTS. PRIN 290
c PRIF 295
KMOUT=KNOUT+? PRIN 300

PRINT 10400, KNOUD, TINE,DELT PRIN 305

Do 50 AI=1,NEL,4 PRIN 310
HE=NINO(NMI+3,NEL) PRIN 315

50 PRINT 10200,MI, {(TH{#8J,XQ),10=1,2), MI=8I, 4K) PRIN 320

o PRIN 325
C PRINT DARCY VELOCITIES. PRIN 330
c PRIE 335
KSOUT=KNQUT+1 PRIN 340

PRINT 10500, KMOUT, TINE,DELY PRIN 345

DO 60 ANI=1,NBL,4 PRIN 350
MK=BINO{NI+3,¥EL) PRI¥ 355

60 PRINT 10200,8L, {(VX{8J,IQ),10=1,2),HI=A1, 8K) PRIN 360
RETURN PRIB 365

10000 FORMAT {////* OUTPUT TABLE’,I#,%.. PLUID CONCENTRATIONS AT TIAE =*,PRIN 370
1 1PD12.4,* ,(DEL? =%, 1@D12.4,%) *// * MODE I',5X, PRI¥ 375

1 YFLULID CONCENTRATION AT NODES I,I+1,e..1+7/) PRIN 380
10100 FOBMAT(////' ODTPUT TABLE',I&,'.. BULK CONCENTRATIONS AT TINE =¢, PRIN 385
1 IPD12.4," , {(DELT =1,1PD12.4,°)*// ¢ BODE I°,5X, PRIN 390

1 YBULK CONCENTRARION AT MNODES I, I+1,ee..247/) PRIN 395

10200 PORMAT {(I7,8(1PD15.4)) PRIN 4QD



10300 FORMAL {////*

1 1PD12.4,"

1
1
1
1

OUTPUT TABLE',Id,*..
. (DELT =1,12D312.4,%)",// 63X,
YPLUX~X AT NODES*'/17X,%1%,14X,%2%, 14X

A0, 14K, 20 18X, 0 10, K, 920,108,017, 14X 020 /3K, *ELENENT? 2K,
't#t!##****&&#‘*ﬁ&****#***tt*$$$t$$*#$¢?$$&&$$$*&*tk##*&“,Sx'
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MATEBIAL FLUX

AT

Tid

=9
v

[}

CHERFEAREEE CERIFE R FREFTEATR FERERT G EF TR ERREERE TR & &3 )

10400 FOBAAT{////*

1 1PD12-4,°

1

T 14X, 19 ,108X,929,34%,* 17 ,14X,52" /73X, "ELEKENT
VhREEERERRT F F SRR TR D RECR KA RF R KR OR KX FRBIRKEC B R RN KRR EF K §)

1
1

OUTIPUT TABLE® ,14,%'..
¢ (DELT =9,1PD12.4,%)?*,// 63X,

‘THETA AT HODEBS'/17K, %1%, 04X,12¢,14%,%31,14X,° 2",

02X,

¥ATER CONTENTS AT TIHE =¢,

PREFEEHREER IR BA RS LA TR LR TFEEFE DI R RREEE RS RFREEAFETCRER KL )

10500 FOURMAT{////'
1 1PD12.4,* ,
*YEL-X AT HODES' /17X, 1%, 14X,%2%,14%,*1°,
JUX " 20, 14X, 019, 10X, 420 14,91 14X, '2*, /3X, "ELEMENT?, 2X,

1
1

OUTPUT TABLE' ,I#,%..
1IPpiz. U, ),/ 63X,

{DELT ="',

DARCY VELOCITLIES AT TIAE =°%,

10600 FORMAT (//5X,*

10700 FORRAT{///*

1 l$$#####*t*iﬁ&*‘*tt**#*&&$*$*$$$t&**###&*ﬁ&t#ﬁ&&**t&&*ttl'Sx,
1 '!*3**#‘**&$$&3*#*&&3*&&$&**‘@***##t*$$$ﬁ*##$$#t&$ttt*&t‘}
TYPE OF FLO%*,35X,YRATE!,BX, [NC. PLOW®,7X,
*TOTAL PLOM® /5%, ¢ CONSTABT-CONCENTRATIOR NODE PLOW. . . .%,3(
E12.4,5X) /5X,° CONSTANG~FLUX-HODE FLOW = = « o« = « « =',3(E12.4,
5%y /5K,' SEEFPAGE FLUZ-MODE PLOW. o = = = =« « « «',3(B12.4,5X)/
5X, % MUMERICAL LOSSESa v o = = o o = o « = «"T,3(E12.4,5%)/5%X,
' NPT PLOWa < = = = o o = = o o = « o » «",3({E12.4,5%) /5%,

¢ INCREASE IN MATEREAL CONTENT {(LIQUID) .',3(E12.4,5X)/5X,

* [HCREASE IN MATERTAL CONTENT [SOLID). .',3(EV12.4,5X)/5X,

* RADIDACTIVE LOSSES {LIQUiD AND SOLIR .°,3(E12.4,5X))

- « w3 @

P P N N T gy

PHRAN
PRIN
PRIN
PRIN
PRIN
PRIA
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
PRIN
2RI A
PEIN
PRIV
PRIN
PRIN
PRIN
FRIN
PEIN
PRIN
PRIN
PRIA

FEEFFEFEE BRI RE R KRR EZT RO EEERFE RER AR B EVETE B A S SRR SR EPRIN

12845424 FEREFF VL ORKE ST FE S LU R R R 2R E B LK R AR EFER XIS A DL TR XS LK KERFRELEEEDPRTN

1%st8e8t s 470 SYSTRE~FLOE P4BLEY,IN,'.. AT TI&E =4,1PD12.4, PRIN

1 * (DELT =%,1PD12.4,") ") PRIN

END PRIN
SUBROUTINE STRE STRA

C STaA
c STRM
C FUNCTION OF SUBROUTEIKE-~TQ STORE PERTIHENT DUANTITIES ON AN AUXILIARYSTRH
C DEVICE FOR PUIURE USE, E-G. FOR PLOTTING. WHAT DEVICE IS TO B8E STRH
C USED MUST BE SPECIFIED BY APPBOPRIATE JOB-CODETROL CARDPS- STRA
c STRH
c STRY
IAPLICIT REAL®S (A—H,0-3) STRY
BEAL*4 PMAT STRA
COMMON/PROBID/TITLE(8) ,¥PROB STRA
COXHDN/CRYAR/TINE,TH{100,2),THR{100,2) ,THY{100,2),DTH{100,2), STRA

1 VX{10D,2) ,VKP {100,2) ,¥K¥{100,2) STRY
CORAON/GEON/X (101) ,BB{2) ,DCOSB {2} ,DCOS (2) , DELT, CHNG, DELEAX,THAX, STEH

1 IPX{101) ,TE(1Q0,3) ,NPN,(2) ,HPST{2) (NPIST(2) , HBE (2) ,¥TSE(2) s ISB(2,STHA

1 2),15{2,2) ¢ NNP,¥EL, NHAT,LBAND,¥BC HST,¥TST, NBEL, HTT,HHOR STRY
CONBON /JMRVARS A(101,2),B{101,3),58{101) ,RP{101) ,RI{10%) ,RB{101),  STRM

1 DP{101),R1(10%) ,RE{101) ,XTHP (101) ,BPLX(101) ,BPLXP (101}, FX(100,2)STRA

1 FRATE{10),PLO¥{10} , TPROU (10) ,€,PHAT (3,5} STRA

c STRH
[ FREBARIOL TR EEEE ARG F R EREFFFL K AR R ST DR EEEE KX IRER 2L E LA EE R bR IS FoE L STEY
C STRA
ENTEY STRAMI STRH

PUNCH 10000, (TITLE{L} ,&=1,8} sTad

PUNCH 20100, NNP STRA

PUNCH 10200, (X (¥P) ,HF=1, BND} STRA
HETURY STRH

c STRA
C PESEESRBEEEETEE AL ST IRT R OEEL R EEFRE R AL TR FELTEHE SRR B S b s br T sk sy STRY
C STRA
ENTRY STRMT STRAU

PUECH 10200, TIHE STRY

FUSCH 10200, (B (NP}, ¥P=1, HHP) STRA
BETHRH STRH

10000 POREAT (8A8) STRA
10100 PORAAT {1615) 5TRA
10200 FOREAT {8E10.4) STRY
E¥D STRH
SUBBOUTINE SURF SURF

C SURP
c suap
C FUHCTION OF SUBROUTINE--TO IDK¥PIFY BOUNDINE HOGDBES THRU THE ARBAY SURP
C I5B(ED,2) . SURP

405
410
%15
420
425
430
435
240
445
450
455
460
465
470
475
480
485
490
495
500
50%
510
515

130
135
140
145
150

160
165
170
175
180
185

10
15
20
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IMPLICIT REAL¥8 (A-H,0-1)

COMHMON/GEOM/X (101) ,BB {2} ,DCO5B (2) ,DCOS {2) , DALY, CHNG ,DELMAX ,THAX,

1 IPX(101) ,XE(10Q,3} ,9PN(2) ,NPST(2) ,NPTST (2),8BE (2),8TSE(2), ISB(2,
1 23,15 (2,2) ,NNP NEL,NHAY,IBAND ,HBC,NST,NTST, NBEL, NTL, NNOR

FIND SURFACE NODES BY LOCATING NON-DUPLICATED NODES.

NBEL=0
DG 40 BI=1,NEL
DO 30 I=1,2
DO 20 MJI=1,HEL
IF (MJ-EQ.HI) GO TO 20
po 10 Jg=1,2
iF (LE (MI,IQ).EQ.IE(MJ,JQ}) 60 T0 30
10 CONTINUE
20 CONTINUE
WBEL=NBEL#+1
NBE (NBEL)=MI
ISB{NBEL, 1) =IE{MIyIQ)
I5B (NBEL,2}=1Q
30 CONTINUE
80 CONTINUE

CALCULATE DIRECTION COSINES.

DO 50 NP=1,HBEL
H=NBE(MP)
NI=1E(H,1)
¥J=IE(M,2)
X0=0.5%({X {(§I) +X {NJ})
NP=1I5B (MP,1)
DCOSB(MP) =1.
IF (X0.6T-X{NP)) DCOSB({MDP)=-1.

50 CONTINUE

RETU RN

END

SUBROUTINE SFLOW(FX,R,BFLX,BFLX?,FRATE, FLOV, TPLOW,TH,NAXEL, NAXER)

FUBCTION OF SUBBOUTINE--TO COMPUTE BOUNDARY FLUXES, FLOW RATES,
INCREBENTAL FLOWS QCCURRING DURING TINME DELE, TOTAL FLO§S SINCE
TiME ZERO, AND THE CHANGE IN BOISTURE CONTENT FOR THE BNTIHRE
SYSTEM DURING TIME DELT.

IMPLICIT REAL¢8 {A-H,0-2)

BREAL*8 XD,LANBDA
COMBON/GEON/X{301) ,BB(2) ,DCOSB {2),DCOS {2) ,PELT,CHNG ,DELNAX, T HAX,

1 IPX(101) ,IE{100Q,3), 8PHL2) ,NPST{2) ,NPTST {2 ,NBE(2) ,KTSE(2), ISB{(2,
1 2),15{(2,2) ,¥8P, HEL, NMAY,IBAND ,NBC ,NST  HIST, BEL, NTI,NHOR
COHMON/NPROP/PROGP(1,5) ,FXI

DIME¥SION FX (MAXBL,2) ,BPLX{MAXNP) ,BFLXP{MAXNP) ,XQ(2), RQL2).,

1 FRATE(1D) ,ZLOW({10) ,TPLON{10} ,E {MAXNP) ,TH(BAXEL,2)

DATA QR,QD,QL/0.D0,0.D040.D0/

CALCULATE NODAL PLOW BRATES.

DO 10 HP=1,NNP
BFLXP{N¥P) =BFLX{NP)
10 BFLX (¥P}=Q.
PO 20 MP=1,NBEL
A=HBE{NP)
NP=I15B (MP,1}
IQ=1SB(NP,2)
BFLX (NP) =PX {4, IQ) *DCOSB {MP)
20 CONTINUB

DETERMLINE FLOUS AND FLOV RATES THRD THE VARIOUS
TYPES OF BOUNDARY NODES, SRARTING #ITH THE
NET FLOWS THROUGH ALL BOUSDARY NODES.

5=0.
S5p=0.

155
160
165
170
175
180
185

150
155
16¢
165
170
175
180
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DD 30 NP=1,NNP SFLO 185
S=S+BFLY (NP} SPLO 190

30 5P=SP+BFLXP (NP) SFLO 195
FRATE(S5) =S SFLG 200

FLOW (5) = 5% {S+5P) *DELT SFLD 205

C SFLD 210
C CONSTAST DIRICHLET BOUNDARY NODES. SFLO 215
C SFLO 220
FRATE(1)=0. SFLO 225

FLOW (1) =0. SFLO 230

IF (NBC.LE.0)} GO T0 50 SFLO 235

$=0. SFLO 240

$P=0. SFLO 245

DO 40 NPP=1,HNBC SFLO 250
NP=HNEN (NP P} SFLO 255

S=S+BFLYX (NP} SFLO 260

40 SP=S2+BFLXP {NP) SFLO 265
FRATE(1)=5 SFLO 270

FLOW {1)=.5% (S+SP) #*DELT SFLO 275

C SFLO 280
C CONSTANT NEUMANY BOUNDARY NODES. SFLO 285
C SFLO 290
50 FBATE(2)=0. SFLO 295
FLOW (2) =0. SFLD 300

IF (NST.LE.0) GO TG 70 SFLO 305

$=0. SFLG 310

$P=0. SFLO 315

DO 60 NPP=1,NST SFLO 320
NP=NPST (NPP) SFLO 325

S=S+BFLX (#P) SFLO 330

60 SP=5P¢ BFLXP (NP} SFLO 335
PRATE{2)=5S SFLO 340

FLOW (2} =. 5% {S¢SP) «DELT SFLG 345

c SFLO 350
¢ TRANSIENT SEEPAGE BQUNDARY NODES. SFLO 355
c SFLO 360
70 FRATE{3)=0. SFLO 365
FLOW {3} =0. SFLG 370

IF (HTST.LE.0) 60 TO 90 SFLO 375

$=0. SFLO 380

SP=0. SFLG 385

DO BO %PP=1, BTST SFLO 390
¥P=NPT ST (NPP) SFLO 395

$=5¢BFLX (¥P) SFLO 400

80 SP=5P+BFLXF (NP) SFLO 405
FRATE(3)=S SFLG 410

FLOW (3) =. 5% (S¢+SP) *DELT SFLO 415

c SFLO 420
C MNUMERICAL PLOW THROUGH UNSPECIFIED BOUNDARY NODES. SPLO 425
C SFLD 430
90 s=0. SFLO 835
SP=0. SFLO 440

Do 100 1I=1,3 SFLO 445
S=3¢FRATB (X) SFLO 450

100 SP=SP+FLO¥ {I) SPLO 455
FRATE({4)=FRATE{5) -5 SFLO 460

FLOU (4)=FLOW {5} -SP SFLO 465

c SFLO 470

C CALCULATE THE IHCREASES L¥ THE INTEGRATED NHATERIAL CONTENTS FOR THE SFLO 475
C FLUID AND THE SOLID PHASES AND DETERMINE LOSSES DUE 70O RADIOACTIVE SFLD 480

C DECAY. SFLG 485
C SFLO 4920
QRP=QR SFLO 495
CDP=QD SFLO 500
QLP=QL SFLG 505

QR=0. SFLG 510

QD=0. SFLD 515

QL=0. SFLO 520

DO 120 E=17,HEL SFLO 525
NTYIF=1E(&,3) $FLO 530

KD=PROP (HTYP,1) SFLO 535
RHOB=PROP (MTYP, 2) SFLO 540
LAEBDA=0, SFLO 545

BOR~=PROP (BTIP,5) SFLO 55D

DO 110 1IQ=1,2 SFLO 555
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NP=1E (M, IQ) SFLO 560

XQ{IC) =X {(NP) SFLO 565

110 RY (IQ) =R (NP) *TH {N, LQ) SFLO 570
CALL QUE (BQ,0BM,XQ) SFLO 575

Q=R+ QAN 3FLO 580
QDH#=RHOB*KD*QRN/PON SFLO 585
QD=(D+QDM SFLO 590
QLE=QRM+Q DM SFLO 595

UL=QL+ LAMBD A%QLH SFLO 600

120 CONTINUE SFLO 605
FLOW {6) =QR~QRP SFLO 510

FRATE (6) =FLOW (6) /DELT SFLO 615

FLOW {7)=QD~QDP SPLO 620
FRATE(7)=2LOW (7) /DELT SFLO 625

FRATE {8) =. 5% {QL+QLE) SFLO 630

FLOW {B) =DELT*FRATE (8) SFLO 635

DO 130 I=1,8 SFLO 640

130 TPLOW{I)=TFLOW {1} +FLGW (L) SFLO 645
RETURN SFLO 650

END SPLO 655
SUBROUTINE QUR (BQ, QRM,XQ) Q4R 0

c QuR 5
c QUR 10
C PUNCTION OF SUBROUTINE--TO EVALUATE THE CONCENTRATION INTEGRAL Q4R 15
C OVER THE LENGTH OF OME ELEMENT. Q4g 20
c QurR 25
C QuR 30
ISPLICIT BEAL*8 (A~H,0-%) QR 35
REAL¥8 N(2) Qur 4o
DIMEBSTION RQ{2).S(2),%0{2) Q4R 45

DATA P / 0.577350269189626 /, 5 / —1.0D+00, 1.0D+00 / QUR 50

c QurR 55
C EVALUATE QUANTITIES FOR USE IN THE JACOBIAN DJAC, BELOW, NECESSARY Q4B 60
C FOR TRANSFORMATION FROM GLDBAL TO LOCAL COORDISATES. Q48 65
c Qur 70
121 = X0{2) - XQ{1) Qur 15
QRM=0. Q4R 80

DO 20 K6=1,2 Qur 85

c Q¥R 90
€ DETERMIME LOCAL COQRDINATES SS OF GAUSS~INTEGRATION POINT KG. Qur 95
C Q4R 100
55 = P*35{KG) Q4B 105

c Qur 110
C EVALUATE THE JACOBIAN DJAC Q48 115
C Q4R 120
DJ = X21 Q4R 125

DJIAC = 0.5%DJ Q4B 130

c Qur 135
C CALCOLATE VALUES OF THE BASIS-INTERPOLATION PUNCTIONS ¥(IQ). Q4R 140
¢ Q#R 145
S = 1.0 - S§ par 150

SP = 1.0 + S§ Q4R 155
¥({1)=0.5%SN Q4R 160
N(2)=0.5%Sp Q4R 185

C Q4R 170
€ INTERPOLATE TO OBTAEN THE CONCENTRATION RQP AT THE GADSS POINT XKG. Q4R 175
c Q4R 180
RQP=0. Qur  18%

DO 10 IQ=1,2 Qur 190

10 RQP=RQR+RQEIQ) *¥ {1Q) Q4R 195

c Q4R 200
€ ACCUMULATE THE SUM T0 EVALUATE THE INTEGRAL QBN. Q4R 205
c Q4R 210
QRS=QRM+RQP2DJAC Qur 215

10 CONTINUE QuR 220
RETURN Q%R 225

BED QuE 230
SUBRQUTINE SQLVE{KKK,C,R,NNP,IBALPB,MAXNP, M4 XBY) SOLY O

c SOLY 5
c 50LY 10
T FPUSCTION OF SUBROUTINE--T0 SOLVE THE MATRIX EQUATION CX = R, SOLY 15
€ RETURNISG THE SOLUYION X IN¥ B. IT IS ASSUNED THAT THE ARRAY C(HP,IB)SOLY 20
C CONTAINS THE PULL BAND OF AN ASYNNETRIC MATRIX. S0LV 25
c SOLY 30
c SOLY 35
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IMPLICIT REAL*8 (A-H,0-Z}
DIMENSION C(MAXNP,MAXBH) ,R (MAXNP)
IHBP=IHALFB+1

IF KKK
LF KKK

oW

IF (KKK.EQ.2) GO TO S0
TRIANGOLARLIZE MATRIX C{NP,IB}a

NU=NNP-IHALFB
DO 20 NI=1,N0
PIVOTI=1. /C (NI,IHBP)
NJ=¥NI+)
IB=XIHBP
MK=NI¢IHALFB
DD 10 NL=NJ,¥K
IB=1IB~1
a=~C {NL,IB) *PIVQTIL
C{NL,IB)=A
JB=1IB#+1
KB=IBe¢IHALFB
LB=IHBP-1IB
DO 10 ¥B=JB,KB
HB=LB+MB
10 C{HNL,MB) =C (NL,8B) +A*C (¥ 1,NB)
20 CONTINUE
NR=MNU*1
NU=NNP—1
NK=NNP
DO 40 NI=NR,NU
PIVOTI=1, /C (NI, IHBP)
NI=NI+1
IB=1HBP
DO 30 NL=NJ MK
I8=1p-1
A=-C(NL, IB) #*PIVOTL
C(NL,IB)=A
JB=1IB+1
KB=IB+I1HALFB
LB=I4BP-1IB
DO 30 ¥B=JB,KB
NB=LDB+MB
30 C{NL,MB)=C{NL,HB) ¢A*C (N1, NB)
40 CONTINOE
RETURN

MODIFY LOAD VECTOR B{NP) .

50 NO=NHE#1
IBAND=2¢IHALFBe1
DO 70 HI=2,IHBP
IB=IHBP-NI#+1
NJ=1
SUK=0.0
DO 60 JB=IB,IHALFB
SUR=SUN+C (NI ,JB) *& {§.J)
60 NI=NI ¢ 1
70 R{¥I)=R{NI} +3UH
IB=1
NL=IHBP+1
DO 90 HI=NL,HHP
N3=NI-IHBP¢1
SUN=0.0
DO 80 JB=IB,LHALFB
SUN=SUN+C {NT,IB) *R {§J}
80 HI=HJ+ 1
90 R{NI)=B (BI) +S0K

BACK SOLVE.
BIUNP) =B (MMP} /C(NHP IHRBF)

Do 110 1IB=2,IHBP
¥I=MU~-IB

1, THEN TRIANGULABRIZE THE BAND MATE8IX C(NP,LiB),
2, THEY SIMPLY SC&VE WITH THE RIGHIT-HAND SIDE R (NP)

BUT

SQLV
SOLV
SOLV
SOLY
SOLY
SOLYV
SOLV
SOLV
SOLY
SOLY
SQLY
SQLYV
SOLY
SOLV
SQLV
SQLV
SOLV
SOLV
SOLV
SQLV
SOLY
SOLV
SoLY
SQLY
SOLV
SOLV
SOLV
SaLV
SOLV
SOLV
SOLV
SOLV
SOLV
SOLV
SOLY
SOLY
SOLY
SOLV
SQLV
SOLV
SQLY
SOLYV
SOLY
SoLV
SOLY
SQLY
SOLY
SOLYV
SQLY
SOLY
SOLV
SOLV
SOLY
SOLV
SOLY
SOLY
SOLY
SOLV
SOLV
SOLV
S0LY
SOLV
SCLY
SOLV
SOLY
SCOLV
SOLV
SOLV
SOLY
SOLV
SBLV
SO0LY
SOLV
S0LY
SOLV

40

45

50

55

60

65

70

75

80

85

90

95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
230
235
3460
305
310
315
320
325
330
335
340
345
350
355
360
345
370
375
380
385
330
395
800
405
430
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NJ=NT SGLY
BB=IHALFB+IB 50LY
SUM=0. 0 SOLV

Do 100 JB=NL,M8 SOLY

NJ= NJ#+ 1 SOLY
106 SUM=SUMC (NI,JB)*& (NJ) SOLY
110 R{NL) ={B{NL)-SUMN) /< (NI, LIHBP) 50LY
MB=1BAND SOLY

DO 130 IB=NL,NNP SOLY
HI=NU~1B S0LY

NI=NI 50LY
SUM=0.0 50LY

5O 120 JB=NL,MB SQLY
HJ=HI+1 SOLV

120 SUN=SUMeC {§I ,JB) *R (NJ} SaLy
130 R{NI)= (R (NI)~-SUM)/C (NL,IHBP) 50LY
BETU RN SOLY
SOLY

SUBBOUTINE WTR ¥TR
878

4 TR

FUNCPION OF SUBROUTINE~-TO DETERMINE ONE-DIMENSLONAL HMOISTURE TRANSPOWTR
USING THE ANALYTIC METHOD OF PARSLANGE. VIR
TR

TR

INPLICIT REAL*8 (A~H,0~Z) wIR
HEAL*4 PHAT VTR
CONMON/CTRL/KPGH, K¥TR,K¥ X, RSTRY, KSTRY, ISTOP, K55,KD 15, KADUT, XWOUT,¥TR

1 KTSTP,KSOUT,KSHCH, KBUPE,KAHL, KIC, KSTRS TR
CONMON /CRVAR/TINE, TH(100,2),PHN {100,2) ,T4# (100,2} ,DTH{100,2), 9TR

1 ¥X{100,2),VXP(100,2) , VXN {100,2) ; WTR
COMMOR/GEON/X {$0%) ,BB (2} ,DCOSB {2} ,DCOS (2§ ,DELT,CHNG , DELHAX, THAX, ¥TE

1 IPX(101) ,IE{100,3),8PN{2) ,NPST (2} ,NPTSTH2),NBE (2} ,HTSE (2}, ISB{2,¥TR

1 2),15{2,2),8NP,HEL, HNAT,IBAND ,NBC ,N5T, NTST, ¥BEL, NT1,NNOR 472
COMMON/MIVAR/KPRO, KPR §1000) ,MAXDIF, ¥AXEL, MAXNP, MAXMAT, MAKBY, TR

1 MAXNTI,NHPPA YR
COMMON/NRYAR, A{101,2),B{103,3),R{101) ,RP{10Y) ,RE{10%) ,BB(101), HTR

1 DP(101) ,BI{T0T),BT(10Y ,XTP{101) ,BFLX{107) ,BFLXP(103), FX{100,2) TR

1 ,PRATE{10) ,FLOW{I10) ,TFLOW {10) ,¥,PHAT (3,5} WTR
COMBON/BI/ TH1,THO,THB,SINEPS WTR
CONNON/CHY, W1,V1 TR
COMMON/NUMITG,/ NORDR1,NOBDER,NITP, ITHNIN, IGSS,ITHIN, IGS55V{3) WTR
CONNON/TFLY/TTAB$50) , V18 (50),7V 1TAB (50) ,W1TAB {50) , UTAB {50}, ¥R

1 TTABL {30) ,¥ 1TABL (50) , TEMP (50) ,IPTTAB (50) ,NTTAB TR
COMMON/¥PROP/AKPAR{50) ,CDPRAR(50) , AKSH {25) , ALPE {25) , D {25}, ALPD (25)WTR

1 , AKSAT,AKSNO, NKPAR, NKSP,NCDPAR, ¥DSP WIR
CONMON/XVAR/XSUPT (50) ,XSUP2(50) , THP (50) ,ALP(50) , V5UP1(50), TR

1 VSEP2{50) ,F{50),0G6A{50) ,0G(50), THTMP{50), AKGSS {232}, DGSS{212), ¥TR

1 1PTTH(50),NTH,JTH,NGSS TR
EXTERNAL TLFPUN,TQFUN, TIFUN,TOFON ,GFUH, GAFUN,GSFUN,G2FUN ¥TR
DATA IHD1/0/,TEZHX/0.025/ TR
TR
#**3#‘**t##tt*#&*#*’t***####*t*t't‘**#"t**#@t###*#*"###*tt’###tt***tﬂf&
¥TR

ENTBRY ¥INL WER
K¥OQUT=0 TR
NTHP=NTH#1 ¥TR
NTHM=HPH~ 1 TR
R

CALCULATE TABULAR PUNCTION OF REDUCED VELOCITY WITAB ¥5. TINE TTAB. ¥TR
uTR

IFP=1 TR

DO 7D IT=1,NTTAB 4TR
po %0 1=1,3 ¥TR
IG5SV({I) =0 TR

12 CONTIHUR TR
$I=R1TAB(IT) TR

ZME= (AKSAT*SISEPS~AKSEO) / {THB *¥ 1) BT

IF (Z#X.LT.T3HX) GO 2O 40 ¥TR

IP {SINEPS5.EQ.0.D0) 6O T 40 TR

150, ¥TR

TQ=0. ¥7T2

TI=0. NIR
¥EDRP=HORDEE 1R

DO 20 ITH=1,NFHH IR

415
420
425
430
435
440
445
450
455
B60
465
478
475
480
485
430
495
500

10
L)
20

3o
15
40
45
50
55
60
85
70
75
80O
85
90

100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
115
180
185
320
135
200
205
210
215
220
225
230
235
240
245
250
258
260
265
270
275
280



s N ol gl

aonn

O anon

20

30

L1y

30
60

70

124

JTH=ITH+1
IP (ITH.EQ.NTHM) NRDRP=NORDR1
CALL GAUSS(ALP(ITH),ALP(JTH) ,TLA,TLFUN, NRDRP)
CALL GAUSS{ALP (ITH},ALP (JTH) ,TOA,TQFUN,SRDRP)
CALL GAUSSEALP(ITH) ,ALP(JTH) ,TIA,TLPUN ,NRDRP)
TL=TL+TLA
TA=TQ+TQA
TI=TI+TIA
CONTINUE
IF (TQ.LT.TL) GO TO 30
PRINT 10000, VIN(IT)
GO TO 40
TTAB{IT)=TL~TQ
UTAB (IT)=TTAB{IT) *V1GAB (IT) - 1TAB (IT) *THB*TL +T4B*TI
Go TO 70
IF (IFP.NE.1) GO TO &0
IPP=0
T0=0.
IGSS=0
NRDBP=NORDER
DO 50 ITH=1,NTHM
JTH=ITH+1
I? (XTH-EQ.NTHM) MRDRP=NORDR1
CALL GAUSSE(ALP{ITH) ,ALP(JTH) ,TOA ,TOPUN,NBDRP}
TO=TO0+T0A
CONTINUE
H1I=1. /¥ 1
TTAB(IT)=.5¢R11*R1 122D
UTAB(IT)=TTAB{IT)*VITAB (LT) +. S*THB* W 1T *T0
CONTINUE

PUT TABULAR ABBAYS IN ASCENDING ORDER.

80

90

100

110

120

130

140

150

CALL DSOBT(TTAB,IPTTAB,NTTARB)

DO

Do

Do

Do

Do

Do

po

DO

80 IT=1,NTTAB
IP=IPTTAB {IT)

TENP (IT)=¥1TAB {IP)
CONTINUE

90 IT=1,NTTAB
W1TAB({IT)=TENP (IT)
CONTINOE

100 IT=1,NTTAB
IP=IPTTAB (IT)
TEMP (IT) =¥ 1TAB(LP)
CONTINUE

110 IT=1,NTTAB
VITAB (LT) =TENP (IT)
CONTIKUB

120 IT=1,NTTAB
IP=IPTTAB(IT)
TEMP (LT)=V 14 (IP)
CONTINUE

130 IT=1,KTTAB
V1§ (IT)=TEMP (ET)
CONTINUE

140 IT=1,NTTAB
LIP=IPTTAB {IT)
TEXP(LT)=UTAB({IP)
CONTINUE

150 IT=1, NTTAB
UTAB{IT)=TENE(IT)
CONTINDE

PREPARE TABULAR AREBAY FOF 20G-LOG INTERPOLATION.

160

Do

160 I=1,8TTAB
TTABL({I)=DLOGL(TTAB {1}}
F1TABL {I)=DLOG {§1TABALI))
CONTINUE

BRETURE

WTR
TR
WTR
WTR
NTR
VIR
WTR
WIR
$TR
¥TR
WIR
WTR
WTR
4IR
WIR
WTR
WTR
WIR
WTR
iTR
TR
WTR
¥ TR
4TR
7R
TR
4TR
¥TR
4IR
¥TR
TR
¥TR
NTR
WTR
WTR
HTR
¥TR
VIR
W TR
TR
TR
¥TR
WTR
VTR
WTR
TR
IR
IR
IR
TR
¥IR
TR
¥IR
IR
TR
VTR
§TR
Tz
¥TR
VIR
TR
WIR
TR
TR
WIR
TR
Wik
VIR
TR
¥TR
IR

SEESEERER SR KER R SR S AR R QAR AP EE R R SR 2EGE TR EE SR EE CRE N AR AR LR SR ER KGR ERYEPR

ENTRY WINTP(Y)

HIR®
TR
¥IR

285
290
2%5
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
#1315
420
325
430
435
440
445
450
455
460
465
470
475
480
485
490
495
500
505
51¢
515
520
525
530
535
530
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
680
645
650
655
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¢ GIVEN T VALUE, INTERPOLATE TO FIND Wi VALUE. WIR 660
c VIR 665
IF {T.LT.TTAB(1)) PRINT 10100,T,TTAB(1) ¥TR 670

IF {T.GT.TTAB(NTTAB)) PRINT 10200,7T, TTAB,(NTTAB) ¥TR 675
TP=DLOG(T) TR 680
WI1P=YLAG (TP, TTABL,W1TABL,IND1,NITP,ITHIN ,NTEAB,LEX) 4T’ 685
W1=DEXP (¥1P) ¥TR 690
V1=THB*W1-AKSNO TR 695
RETURN TR 700

c WTR 705
C AR RN RS ERKE R R E AR R FERERE S KRR R TR BE R TR SR R kR R R kK E Wk E N k& TR 7140
c WTR 715
ENTRY WTIMEB(T) WTR 720

po 170 1=1,3 TR 725
168SV(I) =0 RTR 730

170 CONTINUE ¥ra 735
¥RDRP=NORDER TR 740

IF (SINEPS.EQ.0.D0) GO ¥o 190 TR 745

TL=0. ¥r3 750

TQ=0. #TR 755

TI=0. TR 760

DO 180 ITH=1,NTHA TR 765
JTH=LTH+1 TR 770

IF (ITH.EQ.NTHM) NBDRDP=NORDR] W 775

¢ TR 780
C RECALCULATE T. WTR 785
¢ WTR 790
CALL GAUSS {ALP (ITH) ,ALP (JTH),TLA,TLFUN,NZDEP) ¥TR 795

CALL GAUSS{ALP{ITH) ,ALP (JTH) ,TQA,TQPUN,NRDRP) WTR 800

CALL GAUSS (ALP {ITH) ,ALP (JTH),PIA,TIFUHN,N&DRP) TR 305
TL=TL+TLA ¥TR 810
TO=TQ+TQA ¥TR 815
TI=TI¢TIA WTR 820

180 CONTINUE ¥TR 825
TH=TL~TQ WTR 830

T=T¥ ¥TR 835
BETURN Wr2 840

190 T0=0. NTR  B45
1655=0 ~ 4TR 850
WiI=1. /41 © dTR 855

DO 200 ITH=1,NTHN ¥IR 860
JTH=ITH+1 iTR 865

IF (ITH.EQ. NTHNM) NRDEP=NORDR1 TR 870

CALL GAUSS {ALP {ITH} ,ALP (JTH),TOA,TOFUN,NRDEP) TR 875
TO=T0+TOA . ¥TR 88O

200 CONTINUE ¥TR 885
TWH=. 5% 1I*U11%*T0 WTR 890

RETU RN TR 895

¢ TR 900
C FREEESREB 6 C XK IEK KK SR AE R R R E KRR SRR I Rk KX XX RK O R E SRR R AR S SR SR kTR kb hR® JTR 905
c TR 910
ENTRY WTRN1 4R 915

c ¥ra 920
¢ CALCULATE FIRST-ORDER POSITIONS AND VELOCITIES. TR 925
c TR 930
1655=0 TR 935
SRDRP=HNORDER WTR 940
XSUR1{NTH) =0.0 TR 945

VSUR1 (BTH)=V1 ¥rR 950

DO 210 XITH=1,NTHA ¥TR 955
JTH=ITH+1 TR 960

IF (ITH.EQ.NTHN) NRDRP=NORDR1 TR 965

CALL GADSS{ALP {iTH) ,ALP (JTH),XSUP1{ITH) ,cPUN,NRDRP) TR 970

210 CONTINUE ¥TR 975
DO 220 LITB=1,NTHM TR 980
ITH=NTH~ITB ¥TR 985
JTH=ITH+1 T8 990
XSUPY{ITH) =XSUP 1 (JEH} +XSUP1 (ITH) ¥TR 995
YSUPY{ITH)=V1 TR 1000

220 CONTINUE ¥TR 1005
RETURN TR 1010

c TR 1015
C *‘#.**‘tt‘““#‘#*‘t*j*#tt'*i#‘t*#‘#‘t‘t‘“’0”t"‘*“tt‘*tt*#*.ﬁ‘t‘ TR 1020
c ¥TR 1025

ENTRY ¥TRNZ2 TR 1030
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c TR 1035
C DETERMINE CORRECTICH FHACTLON F. 4TR 1040
c TR 1045
QGA{1) =0.0 WTR 1050
1GSS=0 ¥TR 1055
NRDRP=NORDER TR 1060

DG 230 ITH=1,NTHH WTR 1065
JTH=LTH+1 WTR 1070

IF (ITH.EQ.NTHS) NEDHP=NORDRI TR 1075

CALL GAUSS (ALP {ITH) ,ALP {JTH),DQ,GAFUN,NRORP) WIR 1080

QGA (JTH)=QGA (ITH) +DQ WTR 1085

230 CONTINUE WTZ 1090
1655=0 WIR 1095
¥RDEP=NORDER WTR 1100

QG (NTH) =0. gT8 1105

DO 240 ITH=1,NTHH WTR 1110
JTH=ITH+1 ¥TR 1115

IP (ITH.EQ.NTHH) NRDRP=NG&DR1 TR 1120

CALL GAUSS (ALP (ITH} ,ALP (JTH),QG({ITH),GSFUN, RDRP) TR 1125

240 CONTINUE WTR 1130
DO 250 ITB=1,NTHN TR 1135
ITH=NTH~ITB ¥TR 1140
JTH=XTH+1 TR 1145

QG (ITH) =QG (JTH) +QG (XI2H) WTR 1150

250 CONTIBUE WTE 1155
DNI=1./QGA (NTH) 4TR 1160

F (1) =0. TR 1165

DO 260 ITH=2,NTH TR 1170
F{ITHj = {QGA (ITH) *ALP(ITH) *QG (IT#4) ) *DNL TR 1175

269 CONTINUE UTR 1180

c TR 1185
€ CALCULATE SECOND-ORDER POSITIONS AND VELOCITLES. TR 119C
c TR 1195
1655=0 TR 1200
ITHHLE=1 TR 1205
NRDRP=NORDER ¥TR 1210
ISUP2(NTH)=0.0 TR 1215

VSUP2 (NTH) =¥ 1 TR 1220

DO 270 ITH=1,NTHM ETR 31225
JTH=ITH+1 WTR 1230

IF (ITH.EQ.HNTHM) HEDRP=HORDR1 WTR 1235

CALL GAUSS {ALP (XTH) ,ALP (JTH),XSUP2 (ITH) , 2FUN ,NRDEP) WTR 1240

270 CONTINUE TR 1245
DO 280 ITB=1,NTHN VTR 1250

ITH=H TH-ITB W?R 1255
JTE=ITH#1 TR 1260

XSUP2 {ITH)=%SUP2 (JTH) +XSUP2 (ITH) IR 1265

VSUP2 {ITH)=THB*H1%F (TH) ~AKSNO TR 1270

280 CONTINUE WTR 1275
RETURN WTR 1280

C TR 1285
C FRESEEL LB GRS EE SR DR SR LT SRR KON R QA SRR TN R SERR RIS L LR R L RR ST T E SR T EEATTD 1290
c ¥TR 1295
ENTRY HWLINK TR 1300

c ¥TR 1305
C PDETERNINR LINKAGE YARIABLES VX AND TH. ¥TR 1390
c ETR 1315
CALL DSORT {X5UB2, LPTTH,NTH) ¥TR 1320

PO 290 ¥P=1,HTH ¥T8 1325
WEL=IPTTH (NP) WTR 1330

THTMP (NPL)=VSHP2 (HP) WER 1335

290 CONTINUE TR 1340
X8Y=XSUP2 (MTH) TR 1345
VH¥=THTEP (HTH) T8 1350
IXBIN=1 TR 135%

DO 310 NP=1,BuP TR 1360

IP (X{¥P).LT.XKX) S0 TO 300 TR 1365

XTHP (D)= VHE VTR 1370

GO 1o 310 TR 1375

300 XTHP(4P) =YLAG(K {N?) ,XSUP2,THTEP , T 5D 1, ¥IZP , LXAIH, ¥TH , L RY) TR 1330
310 CONTINUE TR 1385
DO 320 E=1,¥EL 4TR 1390

DO 320 I0=1,2 ¥TR 13%5
¥P=XKE{8,1Q). TR 1409

VE(B,IQ)=XT8P (BP) TR 1405
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320 COBTINUE WTR
DO 330 NP=1,HNTH LS
NPI=IPTTH {NP) WIR

THIMP {(NPL)=THP (KP) VTR

330 CONTINUE iTR
THMN=THTMP {NTH) WTR
IAMIN=1 ¥ TR

DO 350 NP=1,NNP ¥TR

IF (X(NP).LT.ZMX) &0 TO 340 4TR

XTHP (ND) =THMN TR

GO TO 350 VTR

340 XTHP {NP)=YLAG ¢ {§P) ,KSUP2,THI MP, IND 1, NITP, IXAIN ,NTH, IEX) TR
350 CONTINUE WTR
DO 360 B=1,NEL WTR

DO 360 IQ=1,2 ¥TR
NP=1E{N,IQ) CHTR
TH(M,IQ)=XTHP (NP) WTR

360 CONTINUE WTR
RETURN HTR

10000 FORMAT(®' NOTICE:z A NUMERICAL ERROR OCCURRED IN THE TABULAR * WTR
1 SPINE CALCULATION FOR WI¥ =%,E12.4) TR
10400 FORMAT (v NOTICE: THE TIME'E¥2.4, TR
1 ¢ IS LESS THAN EHE LEAST TABULAR VALUEYE12. &) IR
10200 FORMAT (* HOTICE: THE TINE'E12.4, TR
1 ¢ IS GREATER THAN THE GREATEST TABULAR FALUE'E12.8) €T

END VTR
SUBBOUTINE DATAN DATA

c DATA
c , DATA
C FPUNCTION OF SUBROUTINE~~TO READ, PRINT, AND CHiECK WATER-TRANSPORT DATA
C VYARIABLES PERTAINING TO SOLL PROPERTIES, BOUNDARY~INITIAL CONDITIONS,DATA
C NODAL POSITONS IN BOTH TIME AND WATER CONTENTS, AND MISCELLABEOUS DATA
C OTHER INFORMATION. DATA
c  pATA
c DATA
IBPLICIT REAL*8{A-H,0-2} DATA
COMMON/CTRL/KPGM,KSTR,KVI, KSTRM, KSTRW, ISTOP, KSS,KDIG,KMDUT, KWOUZT,DATA

1 KTSTP,KSOUT ,KSBCH,KBUFF,KANL,KIC,KSTRS DATA
COMNOS /MPROP/PROP {1,5),,VKI DATA
COMMON/BI/ TH1,THO ,THB,SINEPS DATA
COMBON/NUMITG/ NORDR1,NORDER,NITP, ITHMIN,IGSS,ITMIN, IGSSV(3) DATA
COMMON/TPLX/TTAB{S0) ,VIN{50),VITAB(50) ,41TAB (50) ,UTAB (50), DATA

1 TTABL{50),¥1TABL{50) ,TENP(50) ,IPTTAB{50) ,NTTAB DATA
COMMON/THTR/T (50) , BT DATA
COBMON/WPROP/AKPAR (50) ,CDPAR (50) , AKS¥ {25) ,ALPK (25} ,D {25} , ALED (25) DATA
1 ,AKSAT,AESNO, BKPAR,NKSP,NCDPAR, DS P DATA
COMRON/XYAR/XSUPH {50} ,X8UP2(50) ,THP (50) ,ALP(50) , YSUPY (50), DATA
1 YSUP2 (50) F (50) ,QGA (509 ,QG (50}, THTHP {50) ,AKG5S (212), DGSS {212), DATA

1 IPTTH(50) ,NTH,J)TH ,NGSS DATS
EXTERNAL DUNFUN DATA
DIMENSION NORDRA{2) DATA

DATA PI/3.1415926536D0/ DATA

c DATA
c EXBERE SRR R RERKE SR SRR SRR BB EE L R KA RS R KRR R E SRR ENE €k Xk kS SREERSHATA
c DATA
ENTBY DINW DATA

c DATA
€ I/0 OF NON-ARRAY INTEGER AND REAL PARAMETERS. DATA
c DATA
READ 10000,K¥TR,HTTAB,RE,¥TH, NKPAR,NCDPAR, BORDRA {1) ,HORDRA({2), DATA

1 NITP,KSTHW,KMESH, KANL DATA

IF (KSTRY¥.HE.0) KSTR¥=1 DATA

DO 20 I=1,2 DATA
IF (HOBDRA{I).LT.2) &0 TO 10 DATA

IP (NORDRA(I).LT-15) 60 TO 20 DATA

I¥ (SOBDRA{I)-EQ.16) GO TO 20 DATA

NORDRA (I) =16 DATA

GO TO 20 DATA
10 HORDRA (X) =2 DATA
20 CONTINUE DATA
HORDER=NORDRA (1) DATA
BORDR1=HORDRA {2) DATA
IF (KPGN.NE.2) K¥TR=2 DATA

PRINT 10300,KWTR,ETTAB,NT, NTH, NKPAR, NCDPAR NORDER, NORDRY  XITP, DAZTA
1 KSTRV ,KNESH,XANL DATA
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READ 10400, THO,TH?,EPS,DALP1 DATA
PRINT 10500, THO,TH1,EPS,DALPI DATR
THB=TH 1-THO DATA
DTHI1=THB*DALPI DATA
SINEPS=DSIN (EPS*(PI,/180.DD)) DATA

IF (EPS.EQ.0.D0) SINEPS=0.D0 DATA
DATA

1/0 OF SOIL PROPERTIES. DATA
DATA

READ 10400, (AKPAR (I},I=1,NKPAR) DATA
PRINT 10600, (AKPAR(I),d=1,BKPAR) DATA
READ 10400, (CDPAR({I),I=1,NCDPAR) DATA
PRINT 10700, (CDPAR(I),IX=1,NCDPAR) DATA
DATA

I/0 OF TABULAR END-POLNT DARCY VELOCITIES I¥ UNITS OF SATOURATED DATA
CONDUCTIVITY. DATA
DATA

READ 10400, (VIN(I),I=1,NITAB) DATA
PRINT 10800, (VIN{I),I=1,NTTAB) DATA
DATA

CONDITIONAL I/0 OF THE TIME VALUES. DATA
DATA

30 IF (KPGM.HNE.2) GO TO 40 DATA
IF {KWTH.EQ.0) GO TGO 40 DATA
READ 10400, (T (1),I=1,HT) DATA
PRINT 10300, (T(X), L=1,ND) DATA

40 BETURN DATA
DATA

AEEXEEREXE RN SR PR R R BRE ERREREARRFEE AR AR R A RS SFRECRE KRG FREE R AT SR SR XKLL REFRDATA
DATA

ENTRY PWCAL DATA
DATA

PRELIMINARY WATER-TRANSPOBE CALCULATIONS. DATA
DATA

DATR

GENERATION OF THE EATER CONTEHNTS. DATA
DATA

NTHM=NTH- 1 DATA
THB=TH1-THO DATA
DTHI=THB*DALP1 DATA

IF (KANL.EQ.0) DUNNY=5PBOPI(DUMHY) DATA

IF (KA¥L. 5E.O0) DUMNY=SPANLI (DUNMY) DATA
DTH= (THi~-THO) /DFLOAT { NTHY) DATA
THP (1) =THO DATA
THP {¥TH)=TH1 DATA

IF (KMESB.NE.O) GO TO 60 BATA

DO 50 I=2,HTHA DATA
THP (1) =THP {I-1) «DTH DATA

50 CONTINUE DATA
GO TO 80 DATA

60 NV=NTHH DATA
NYM=HV~1 DATA
DTHAV=DTH DATA
SDPH<2.% (DTHAV~-DTH1) /DFLOAT (BVH) DATA
DTHI=DTH1T DATA

DO 70 J¥=1,M¥H DATA
IV=BTH~JV DATA

THP (I¥)=THP (EV+1)-DTHI DATA
DTHI=DEHI+SDTH DATA

70 CONTINUE DATA
THR {1) =THO DATA

80 DO 90 I=1,NTH DATA
ALP {I) = {THP (I) - ¥HO) /THB DATA

30 COBTINUE DATA
DATA

CALCULATION OF TABULAR YELODCITIES. DATA
DATA

DO 100 I=1,NTTAB DATA
100 VITAB(I) =Y 15 (L) *AKSAT BATA
PO 110 I=1,KTTAB DATA
110 RITAB (I)={YI1TAB (I) +AKSHO) /THB DATA
DATA

PREPABATION OF THR GAUSS GRID OF SOIL PROPERTISS. DATA
DATA

IGSS=0 DATA

245
250
255
260
265
270
275
2806
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
1560
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
bas5
450
455
460
465
470
475
480
485
420
495
500
505
5190
515
520
525
530
53%
540
585
550
%55
560
565
570

580
585
590
595
690
€05
610
615
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NADRP=NORDER DATA 620

DD 120 ITH=1,NTHH BATA 625
JTA=ITH+1 DATA 630

IF {ITH.EQ.HTHM) NEDRP=NORDR1 DATA 635

CALL GAUSS(ALP(ITH) ,ALP(JTH),DUMMY, DUMFUN , NRDRP) DATA 640

120 CONTINUE DATA 645
NGS5=1GSS DATA 650

IF {KPGM.EQ.%5) GO TO 130 DATA 655

IF (KPGH.EQ.7) GG TO 130 DATA 660

IF (KSBCH.NE.Q) BRINT 10200 DATA 665

C DATA 670
C QUT2UT OF THE WATER CONTENTS. DATA 675
C DATA 680
PRINT 10900, (THP(I) ,I=1, NTH) DATA 685

PRINT 11000, {ALP({I),i=31,NTH) DATA 590

130 RETURN DATA 695

C DATA 700
10000 FORMATL {(161I95) DATA 705
10100 FORMAT(/* T:*/(8E15.7}) DATA 710
10200 FORMAT {////' WATER-TRANSPORT INPUT TABLE B8.. BASIC PARAMETERSY) DATA 715
10300 FORMAT(////®' WATER-TRANSPORT INPUT TABLE B.. BASIC PABAMETERS*// DATA 720
15%, t DATR 725
1FUNCTION TYPE w w o« « s o o v v = » @ 2 o~ o v = =«',I5/ 5%, DATA 730
TNUMBER OF TABULAR TIME lODES. « o o u = @ o = e o o «',I5/ 5%, DATA 735
1NUMBER OF TIME NODES FOR STAND~ALONE OPERATLON. - = = ="', I5/ 5%X,% DATA 740
TNUMBER OF THETA VALUESe « « o« o = o = o = & = =~ « « « «%,I5/ 5X," DATA 745
INUMBER OF COMDUCTIVITY SOIL PARANETERS. o« . . o « » ' I5/ 5%,° DATA 750
1NUMBER OF CAPACITY OR DIFFUSIVITY SOIL FARAHETERS - o «%,I5/ 5%, DATR 755
10RDER OF LEGENDRE-GAUSS INTEGRATION . - w & <o = » <« - ', I5/ 5X,% DATA 760
TOBDER NEAR ALPHA = 1o 4 4w o 4 4 w v o o o o = o = « «» «¥,1I5/7 54,* DATA 765
1NUMBER OF POINTS IN¥ INTERPOLATING POLYNOHIAL. . . » o «?',1I5/ 5X,* DATA 770
TAUXILIARY STORAGE CONTBOL w - =& o o o « o« o 2 = = o = 7,15/ 5X,* DATA 775
IVARIABLE-MESH COHTROL 2 o o « = v o = « « o o » = » « 9,15/ 5X, DATA 780
TANALYTIC SOLL-PROPERTIES CONTBOLas o 2 o = ® o » « = o «7,1I5) DATA 785
10400 FORMAT (8F10.0) DATA 790

10500 FORMAT (5X * INITIAL CONDITION ON WATER CONTZNT THETA. - -« « - ', DATA 795
1 B10.4/ 5%, ¢ BOUNDARY CONDITION ON WATER COMTENT THETA . . . . 9,DATA 800
1 E10.4/ 5X, ' INCLINATION IN DEFBEES. « e v o o = o = uw o o « « ",DATA 805
1 E10. 47 5X, * ALPHA IBCREMENT NEAR ALPHA = . o . & = - « « « - *,DATA 810

i B10.4) DATA 815
10600 FORMAT {/* AKPAR:°/( 8E15.7)) DATA 820
10700 FOBMAT(/* CDPAR:z'/{8E15.7)) DATA 825
10800 FPORMAT(/* V1/AKSAT:*/§8E15.7)) DATA 830
10900 FORMAT {/* THP:'/(BE15.7}) DATA 835
11000 FORBAT(/° ALP:"/{BE15.7}) DATA 840
11100 FORMAT (20A4) DATA 845
11200 FORMAT {1H0,20A4) DATA 850

END DATA 855
SUBROUTINE DSOBRT{XPT,IFR,NPT) DSOR 0

[ DSOR 5
C DSOR 10
C FUNCTION OF SUBROURINE~~TO TRANSPORM ARRBAY XPT INTO ASCEMNDING Dsog 1S
C OBDER AND OBTAIN THE PRENUTATIVE TRANSFOBRNATION IPT. DSCR 20
Cc DSOR 25
C DSOR 30
IMPLICIT REAL#*8 (A—H,0-2Z) psor 35
DINENSION XPT{1),IPT{1) DSOR 40

DO 10 I=1,NPT DSOR 45

10 IPT(I) =1 ‘DSOR 50
L=NPT DSOR 55

20 L=L/2 D30R 60

IF {L.EQ.D) RETURN DSOR 65
K=NP2-L DsOR 70

J=1 DSOR 75

30 1=J DSOR 80

40 IL=I+L DsSOR 85

IF (XPT{I).LE.XPR{XL)) €0 TO 50 DSOR 90
TEUP=XPT (I} D3OR 95
ITERHP=1IPT (I) DSOR 100
XPT{I)=XPT(IL) DSOR 105
IPT{I)=IPT(1IL) DSOR 110
XPT{IL)=TENP DSOR 115

IPT (1L) =1TEMP DSOR 120

I=I1~-L DSOR 125

IF {I.GB.1) GO 70 40 DSOR 130
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50 J=J41
IF {J.G6GT.K) GO TG 20
GO TO 30
END
PUNCTION SPROP (DUMMY)

FUNCTION OF ROUTINE-~INTERPOLATION TO DETERHINZ BOTH
CONDUCTIVITY AND DIFFUSIVITY.

IMPLICIT REAL*8 (A-H,0-Z)
COBMON/BL/ TH1,THO,THB,SINEFS

COMMON/NUMITG/ NQRDR1,NORDER,NITP, ITHAIN,IGSS,ITMIN, IGSSV(3)
COMMON/WPROP/AKPAR {50} ,CDPAR{50) ,AKSN (25) ,AuPK(25),D(25), ALPD(25)
1 , AKSAT,AKSNO, NKPAR,NKSP,NCDPAR, NDSP
COMMON/KVAR/X5UP1 {50) ,XSUP2 (50), THP {50}, ALP (50) ,¥SUP1(50),

1 VSUB2{50),F (50),0QGA(50) ,QG {50),THTHP (50) ,AKGSS (212), DGS5{212),

1 IPTTH{50) ,NTH,JTH,NGSS

DATA ALPO/0.0DO/,ALP1/1.D0/,IND1/0/

DSOR
DSOR
DSOR®
DSOR
S PRO
S PRO
SERD
S PRO
SPRO
SPRO
S PRO
SPRO
SPRO
SPRO
SPRO
SPRO
SPRG
SPRO
S PRO
SPRO
SPRO

REEFEETFEE LN EF SE TR T ERR R R G RFFREE R KGR AR EF RPN R R T e G A Rk ek p b hkkh & & &g PR

ENTRY SPROPI (DUBAY)
SECTION SPROPI INITIALIZES THE SOLL-PROPERTY ARRAYS.

NKSP=HNKPAR/2
NDSP =NCDPAR/2

EXTHRACT CONDOUCTIVITY VABRIABLES FEOM INPUT ARRAY AKPAR.

J=0

DO 10 I=1,8KPAR,2
J=J&1
THI=AKPAR (1)
ALPK{J)=(THT-THO) /THB
AK=BKPAR(I+¢1)
AKSH {J)=DLOG (AK)

10 CONTINUE

LNTERPQLATE TO FIND AKSNO AT ALP = Q.

IKRIN=1

AK=YLAG[ALPO ,ALPK,AKSH,IND1, NITP,IKHIY ,HXSP, IEX}
AEO=DEXP (AK)

AKSHO=RKQ*®SINEPS

IKMIE=1
AK=YLAG{ALP1,ALPK, AKSN,XNDV, NITP, IENIN HESP, LEX)
AKSAT=DEXP {AK)

EEXTRACT DIFFUSIVITY VABIABZES FROM JHPUT ARRAY CDPAB.

J=0
pe 20 I=1,NCDPAR,2Z
J=Jel
THT=CDPAR {1}
ALPD {J)=(THT-THO) /RHB
D(J) =DLOG (CDPAR {1+ 1))
20 CONTINUE
RETURY

G ERSEERREE SR FE S EE R R R BFEEEREE R XS EF T FF L XE XL F RF L E BB E R R S G EREER
ENTRY AKFUM{ALEPG)
IKTERPOLATE TO DETERNIME CONDUCTIVITY AT ARBATHARY ALPG.
IKBI¥=1
AK=YLAG (ALPG,ALPE, AKSN,ZND1,HETP, IKKIN  NKSP, TEX)
AK=DBLF {AX)
DETRBSLI¥E HEDUCED CONDUCTINITY-SINE VABIABLE.

AKFUN= {(AK-3K0) SIHEPS/THB

SPBRO
S PRO
SPRO
SPRO
S PRG
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
S PRO
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
SPRO
S FRO
SPRO
SPRO
S PRO
SPRO
S PRO
S PRO
SPRO
S PRO
S PRD
SPRO
S PRO
SPRO
SPRO
S PRO
SPRC
SPROC
SPRO
SPRO
S PRO
SPRO
SPRO
S PRO
SPRO
SBPRO
SPRO
SPAG
S PRO
SPRO
SPRO
S PRO
SPRO
SPRG
SPRG

135

170
175
189
185
190
135
200
205
210
215
220
225
230
235
280
245
250
255
260
265
270
275
280
285
230
235
3900
305
310
315
320
325
330
335
340
385
350
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RETURN

SPRO
SPRO

$****i##t*#**i*t##t*t**t***‘##*tt#*********ﬁ##**tti*#tt#*it#***tt*t#tspgo

ENTRY DFUN(ALPG)
INTERPOLATE TO DETERMINE DIFFUSIVITY AT ARBITBABY ALPG.

IDMIN=1

DP=YLAG {ALPG,ALPD, D, IND1,NITP, IDMI¥ ,NDSP,LEX)
DFUN=DEXP {DF)

RETURN

END

FUNCTION SPANL (DUHMY)

FUNCTION OF ROUTINE-~ANALYZIC GENERATION QF COSDUCTIVITY
FROM A GARDNER FORHM FACTOR AND OF WATER CONTENT OR CAPACITY
FROH & MODIFIED KING FORM PACTOR. DIFFUSIVITY (S THE¥ THE
RATIC OFf CONDUCTIVITY TO CAPACITY.

IMPLICIT REAL*8({A~H,0-2)
COoMMON/B1/ TH1,THO ,THB,SI¥EPS

SPRO
S PRO
SPRO
S PRO
SPRO
SPRO
SPRO
SPRO
SPRO
5 PRO
SPAY
SPAR
SPAN
SPAN
SPAN
SPAN
SPAH
SPAN
SPAN
S PANM
SPAN

COHHOH/U?ROP/AKPAH(SOJ,EDPAR(BO),AKSN(ZS),ALPK(ZS),D(ZS), ALPD {25} SPAX

1 ,AKSAT,AKSNO,NKPAR,NKSP, NCDPAR, NDSP
COMMON/XVAR/XSOP1{50) ., XSUP2 {50) , THP (50) , 4LP (50} ,¥5UP1{50),

1 ¥SUP2(50) ,F (50) ,QGA(50) ,QG (50) , THTHP{50) ,AEGSS (212}, DGSS{212).
1 IPTTH{S0) ,NTH,JTH, HGSS

THETA (ALP}=THB*ALP+THO

GPP{TH) ={ THI=TH) /(TH1+TH)

INVERSE OF KING WATER-CONTENT PORM FACTOR.
HE (GP) =HO* {DLOG{ {6 /GP) +DSQRT {(G/6GP) **2-1.))) **BI
GAADNEE CONDUCTIVITY FORN FACTOR.

AKF {H) =AKS/{ (H/HC) **Aal ¢1.)

S PAY
SPAN
SPAY
SPAN
SPAN
S PAR
SPAN
SPAX
S PAN
SPAN
SPAE
S PA¥
SPAY
SPAN
SPAY

tt##t*##t#t**##i##*#***t#‘**‘#‘*t#*‘#t‘#***“tt**Q***##*tt#t*#t*##*t#sp)n

ENTRY SPANLI (DUMMY)
SECTION SPROPI INITIALIZES THE SOIL-PROPERTY ARRAYS.
EXTRACT CONDUCTIVITY PARANETERS FBOM INPUT ABRAY AKPAS&.

NK5P=3

AKS=AKPAR (1)
HC=AKPAR({2)
AY=AKPAR{3)

EXTRACT ¥ATER CONTENT VARIABLES FRON INPUT ARRAY CDPiR.

BDSP=3
CC=CDPAR{1)
HO=CDPAR{2)
B=CDPAR(3)
BI=1./8B

6=GPF (THO)
CN=2.*B*G*TH 1/H0

FIND AKSNO AT ALP=0.,

AKO=0.
AKSNO=0
ARKSAT=2AKS
RETURHN

SECTIQNS AKFUN, THPUN, A¥D DFUN DEFERMINE THE CONDUCTIVITY, OR
YATER CONTENT, OR DIFFUSIVLEZY FOR A SPECIFIED REDUCED ¥ATER CONTENT
ALPG.

SPAN
SPAN
S PAN
S PAN
SPAY
SPANM
SPAN
SPAR
SPAY
SPA¥
SPAN
SPAN
SPAY
SPAN
SPAN
SPAR
S PAR
SPAN
SPAN
SPAN
SPAR
SPAN
SPAN
SPAR
SPAE
SPAN
SPAS
SPAX
SPAY
SPAN
S5 PAR
5 PAN
SPAN

*#tt##*t*t#‘#*t#*!ttt#t#**!‘t‘ttt#‘t#t".t#ttt#t*‘t#&*t‘tt‘ttttt‘ttttska

160
165
170
175
180
185
130
135
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
298
300
305
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EMTRY AKANL{ALPG)
DETERMINE CONDUCTIVITY AT ARBITRARY ALPG.

IF (ALPG.H#E.1.) GO TO 10
AK=AKS
G0 TO 20
10 TH=THETA (ALPG)
GP=GPP (TH)
H=HF {GP)
AK=AKF (H)

DETERMINE REDUCED CONDUCTIHITY-SIKE VARIABLE.

20 AKANL= (AK—-AKQ) #*SINEPS/THB
RETUBN

SPAN
SPAN
SPAN
S PAH
SPAN
SPAN
SPAN
SPAN
SPAN
SPAN
SPAN
SPAN
SPAN
SPAY
SPAN
SPAR
S PAN
SPAH

FEEEEERFERE ERIFE SXREEK RXA KK EEE R XD ER AR FG KDL XK XK G ERE L RARF EEOE FEAXEESDAN

ENTRY DANL(ALPG)
CALCULATE DIFFUSIVITY AT ARBITRARY ALPG.

IF (ALPG.¥E.1.) GO TO 30
TH=TH1
AK=AKS
C=CCHTH
GO TG 40

30 TH=THETA{ALPH)
GP=GPF {TH)
H=HF {GP)
AK=AKF {H)
Y=H/HO
IB=X#%3
XB1=¥B/X

C=CH*XB1*DSLHH {XB} / {DCOSH (XB) +G) *#2¢CC*TH

40 DANL=RK/C
BETURN

SPAK
SPAN
S PAN
SPAH
SPAY
SPAE
SPAN
S PAN
S PAN
Spay
S PAN
SPAN
SPAH
S PAN
SPAN
SPAN
SPAN
SPAN
SPRN
SPAY
SPAH

EREEREEFERREEEE SRS LS ORE S E TR EXREAE LEE R KN LSRR EE SR T AR K R A RE LK KSR E LT DAY

ENTRY HANL(ALPG)

CALCULATE THE PRESSURE HEAD AT ARBITRARY ALPG.

IF (ALPG.¥E.1.) GO TO 50
H=0.
GO TO 60
50 TH=THETH {ALPG)
GP=GPF (TH)
H=8F {(GP)
60 HABL=Y
BETO RN

SPAN
SPAN
SPaE
SPAR
S PAY
SPAE
SPAR
SPAY
SPAHE
SPAN
SPAY
SPA¥
SPAE
SPAR

SREFESEEREREEER EPEEBX TR KL ERREEE R KL LR TR RE X R R REE B RE LS SR SR SRR SR K2 ERG DAY

CALCULATE THR WATER CAPACIFTY AT ARBITRARY ALPG.

ENTRY CANL (ALPG}
IF (ALPG.KE.1.) GO TO 79
TH=TH1
C=CC*TH
GO TO 80
70 TH=THETL (AL2G)
GP=GPF (TH)
H=HF (G P)
I=H/HO
iB=X%%5
IB1=XB/X

C=CH*XBI1*DSINH (XB) / (DCOBH{XB) +G) *¢2+CCHTH

80 CABL=C
BETURE
EED

SPAH
SPAK
SPAHE
SPAN
SPAN
SPAN
SPAE
SPAR
SPAR
SPAE
SPAB
SPAE
SPaB
SPAR
SPAR
SPAR
SPRY
SPas
3PAE

310
315
320
325
330
33s
340

350
355
350
365
370
375
380
385
390
395
400
405
410
4195
420
425
430
435
440
ays
450
455
460
u6s
470
478
480
485
430
485
500
505
510
515
520
525
530
535
540
S45
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
530
635
540
6435
650
$55
6569
665
670
675
680
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FUBCTION FONS (ALPG) FUNS
FUNS

FUNS

PURPOSE OF BOUTINE--TO PROVIDE A COLLECTION OF FUNCTIONS TO BE USED FUNS
IN THE PARLANGE~TYFE WATER-TRANSPORT CALCULATION. FUNS
FUNS

PUNS

INPLICIT BEAL*S (A-H,0-Z) FUNS
COMMON/CTRL/KPGM ,KWTR ,KVI,KSTRN, KSTRW, ISTOP, KSS,KDIG,ES0UT, KV¥OUT,PUNS

1 KTSTP,KSOUT,KSBCH, KBUFF,KANL, KIC,KSTRS FOuS
CORMON/CU1/ H1,V1 FUNS
COMMON/NUMITG/ NORDR1,NOBDER,NITP, ITHMIN,IGSS,ITMIN, IGSSV(3) PONS
COMMON/TFLX/TTAB{50) , V38 {50),V1TAB(50) ,#1TAB {50) ,UTAB (50}, FUNS

1 TTABL (50) ,¥1TABL(50) ,TEMP (50) ,IPTTAB{50) ,NTITAaB FONS
COBMON/XVAR/XSUP1{50) ,X5UP2(50) , THP (50) ,ALP{50) ,VSUPI (50}, FONS

1 ¥YSUP2 (50) ,F (50),06A(50) ,Q6 (50), THTHP (50) ,AK6S5 (212), DGSS {212), FOUNS

1 IPTTH (50) ,NTH,JPH,HGSS FUNS
DATA IND1/0/ FUNS
FUNS

EERFEEREERERRERE RE R ER AR R SR EE AR ECE R R K KRR E R RNk ke R Rk Rk kO kK &k FONS
PUNS

ENTRY TLFUN (ALPG) PUNS
FUNS

EVALUATE LOGARITHM~TYPE TIME INTEGRAND. FU¥S
PUONS

IGSSV(1)=IGSSV (1)+1 PUNS
1655=IGSSV{1) FUNS
AKSH=AKGSS5(IGSS) PUNS
D=DGSS (IGSS) FUNS
F1=ALPG*D/ (AKSN*AKSN) FUNS
F2=DLOG { (AKSN+ W1} /W1) FORS
TLFUN=F1*F2 PUNS
RETORM PUNS
FUNS
*ttt*t#t##*i#*tttl#****‘q*#*t*t#**#*‘t**ttt'*&##‘*tﬁtttt**tt*itt##*#*ru]s
PUNS

ENTRY TQFUN (ALBG) FOES
PUNS

DETERMINE QUOTIENT-TYPE TIME INTEGRAMND. PUNS
FUNS

IGSSV(2)=IGSSV{2) +1 FONS
I1655=1655V{2) FUNS
AKSN=AKGS 5{LG5S) FONS
D=DGSS (16585) ‘PUNS
FPI1=ALPG*D/AKSN FUSS
F2=1./{AKSH+¥1) PUNS
TQFUN=F 1%F2 PUNS
RETURN FUMS
FONS

FEA XD SE R R AR RS RE S KR X R E N S FE R RSB L EF VR KA S X S SRR SRR AR K kE Sk hr kk kR ek FUNS
rFUNS

ENTRY TOFUN(ALPG) PUNS
FUls

EVALUATE THE TIME INTEGRAL FOR SINEPS=0. FUNS
PUNS

IGSS=I6SSe1 FONS
D=DGS5 (IGSS) PUNS
TOPUN=ALPGD PUNS
RETURN FUNS
rous
ﬁtt###**#ltt*#t‘#t(‘*‘**‘.’*.‘Ott‘tI““‘#‘Q*“C'**t##*#“‘.t.*“'*"rgns
FONS

ENTRY TIFUMN(ALPG) PUNS
FUES

DETERMINE INTEGRAND ARISING PRON I¥FINITE VELOCITY LEMIT. FUNS
ruNs

IGSSV{3)=LGSSV {3)+1 FUNS
I655=1GSSV(3) PUNS
AKSHN=AKGSS (LG55) PUNS
D=DGSS5 (IGSS) PONS
TIFUN=ALPG*D/AKSH PUNS
RETURN rUNS
FUAS

FHEREERSE S SRS SRS S EE S LR D IF R AL E SR LE RS SR SR PSSR SEE SR T X RS SEEB LS 2SS S 2P PYS
7RES

185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
3os
310
315
320
325
330
335
380
345
350
355
360
365
370
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ENTHY GFUN{ALPG) FUNS
PU¥S

DETERAINE POSITION XINTEGRAND POR FIRST-ORDER CALCULATION. FUNS
FUNS

1G55=1G55+1 FONS
AKSN=AKGSS {1GSS) PUNS
D=DGSS (IGSS) FUNS
GFUN=D/ {(AKSN+@1) PUNS
RETU BY FUSS
FONS

$REVEKEFESLEL T EKRE FRELEF CRE R R B SR LT FE ST E LR ERFERT FREK AR T HE K AT R ST R R K EEXP NS
FUNS

ENTRY GAFUN (ALEG) FUNS
FUHS

CALCULATE INTEGRAED OF FIRSBT FUNCTION USED IN CORRECTION FRACTION F. FUNS
FUNS

IGS5=1GSS+1 FUNS
AKSH=AKGSS (L6SS) FUNS
D=DGSS {IGSS) FUNS
GAFUN=D®*ALDG/ (AKSH +U 1) 262 FUNS
RETURN FUNS
FUNS

FERBEESEFEERE XA XK EEF XA PR KR FE RS E G R RE EERTER KR BR BT IX S R FEF R TR ER EF R E E X LFHFES
FOU¥S

ENTEY GSFUN (ALPG) FUNS
FUNS

CALCOLATE INTEGRAND OF SECOND FUNCTION USED IS CORRBCTION FRACTION F.FUNS
FUES

IGSS=IGSS¢ 1 FUNS
AKSH=AEGSS(IGSS) FUNS
D=DGSS {I5SS) FUHS
GSFU¥=D/ (AKSHe¥ 1) #%2 FUNS
RETURY FUSS
FUKS

AL EEELEE R RETSE LR EAGRAGRLBERRAREF S AL XF G SR AFFERS R EE R REF R ES LR R FFE KR EEXPTHS
FUNS

ENTRY G2FUH (ALPG) FUXS
FUNS

EVALUATE POSITION INTEGRA¥D POR SECOND-QRDER CALCULATION. FUNS
FPUES

I1GSS*L53541 FUES
AKSH=AKGSS {IGSS) FUNS
D=0G3S (£GSS) FUNS
FP=YLAG {ALPG ,ALP, F,I4D1, NIT@, ITHHIMN, ¥TH, IBX) FUNS
G2FUN=D/ (AKSH+H18FE) FUUS
RETURY FUNS
FUNS

ERELEXREFEF IV DS SEFETLELETHERERET R EF LS A S RE SR ER T L EF XL FGCRK FF I B SR THEEP NS
FUHS

ENTRY DUMFUE (ALPE) FUNS
FUHS

COESTRUCY GAUSS GRID OF 50Z1L PROPERTIRS. PUES
FUES

165S8=1535 ¢1 FPUES

IF {KA¥L.EQ.0) AKGS5S{IGSS)=AKFUN (ALEG) FUES

iF {KA¥L.¥E.0) MKGSS{iGSS)=AEAY¥L (ALPG) FUNS

IF {KANL.EQ.0) DESS(IGSS)=DFUN (ALPG) PUES

IF {KB¥L.ME.O0) DGSS{IGSS)=DANL(ALPG) FUS
DUBFOE=1. PUES
EETURK FUES
XD FUES
SUBROUTINE PRINTE PRIH
PRIY

PRIE

FUHECTIOYE 07 SEBROUTINE~~TO0 OUTPOTY GATSR-TEBANSPOEX VABIABLES, I.R. A PRBIX
TABLE OF THE EWD-PORET VELDCITY AS A FUHCTISE OF TIHEE AED TABLES QOF PRIN

POSITIONS A¥D VEBLOCITIES AS PUWCTIONS OF 9ATER COETE4T. PRIE
PRIN

BRI®

IEPLICIT? SEAL®D $A—H,0-2) PRIE
COEBOS /CTRL/KPGE, ERTE K¥X,KSTRE, £STRA, ISFOR, K55 ,KDLG, KHOUT, EWOUT, PRI

1 KTSEP,KSOUT ,KSRCK, KBUFY  XANL, KIC, XSTES PRIE
COBAON/TPLE/TTAB{50) , 793 {50) .7 1TAB {50) ,¥ §TAD (50) ,UFPABR (50), PRI

1 TTABL(50) W ITABL{50) ,TEEP (50) ,IPTTRB{50) ,UTEAD PRIV

COSHOB/FETR/T (50} , AT PRIE

375
380
385
390
395

405
410

520
425
430
435
449
445
450
455
480

470
475
480
L85
490
495
500
505
510
515
520
525
530
535
540
a45
550
555
560
565
570
575
580
585
590
595
600
505
610
515
£20
625
520
635
640
645
£50
655
660
665
670
575

10
£5
20
Z5
30
35
40
45
50
55
80
53
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COMMON/XVAR/XSUP (50) ,X50UP2(50) ,THP (50),ALP(50) , VSUP1 {50), PRIN

1 YSUP2(50) ,F{50},Q06A{50) ,QG(50),THTHP (50) , AKGSS (212), DGSS(212), PRIH

1 IPTTH{50)  NTH,JTH,¥GSS PRIN

c PRIN
c PRIN
C FEEEEREREA B FEREEER K FRE SR E AR U EEERE AR Kk kR R bk bk ks khk Rk kkF & ke FekEEEPRIN
c PRIN
ENTRY PRTTAB PRIN

C PRIN
C PHINT VELOCITY-TISE INTEHPOLATION TABLE. PRIN
C PRIN
KVOUT=KWOUT+ 1 PRIN

PRINT 10100,KHCUT PRIN

PRINT 10000 PRI

DO 10 ITM=1,NTTAB PRIN

PRINT 10600,TTAB (ITH) ,W1TAB (ITH) ,VITAB{ITH), V14 {ITH},UTAB (ITH) PRIN

10 CO¥TINUE PRIN
RETURN PRIN

c PRIX
c BER RSB RAR R UE R K E R AR R R C R R AR AR AR kS R RN RS KRR SR K& &Rk ko kg A EEEEEEPRTN
c PRIN
ENTRY PRTNI {ITH) PRIN

C , PRIN
C PRINT FISST-ORDER PQSIYION AHD VELOCITY VARKABLES, PRI
c pRIN
KMOUT=Kd0UuT+ 1 PRIN
TIME=T (ITM) PRIN

PRINT 10200, KNOUT, TINE PRIN

DO 20 ITH=1,NTH,8 PRIN
JTHAN=ITH PRIN
JTHNX=MINO (ITH+7,HTH PRIN

PRINT 10700,L%H, (XSUPI(JTH) ,JTH=JIJTHHEN,IJTHHX) PRIN

20 CUONTINUE PRIN

KN OQUT=KHOUT+1 PRIN

PRINT 10300, KVOUT, TIAE PRIN

DO 30 ITH=1,HTH,B PRIN
JTHEN=ITH PRIN
JTHEX=MIHO (ITH+ 7, BTH) PRIN

PRIST 10700,ITH, {YSURY (JTH) ,IJTH=JTHNN,ITHAX) PRIN

30 CONTINOUE PRIN
RETURY PRIN

ENTRY PRTH#2 (ITH) PRIN

c PBIY
C PRINT SECOND-ORDER POSITION AND VELOCITY VARIABLES. PRIN
c PRYH
EHOUT=K$0UT+ 1 PRIN
TINE=T (ITH) PRIN

PRINT 10400, XW0UT,TLIAR PRIN

DO 40 ITH=1,H8TH,8 PRIN
JTHEE=XTH PRIN
JTHHX=MINO (LTH+7,HTH} PRIN

PRINT 10700, ITH, (XSUR2{JTH} ,JTH=ITHRN,ITHAI; PRIN

40 CONTINUE PRIN
ANOGT=KWOUT+1 PRIN

PRINT 10500, K4OUE, TIAE pPRIN

DO 50 ITH=1,NTH,8 PRIN
JTHNE= ITH PRIN
JTHEX=MINO (LTH+7,NTH) PRIN

PRIHNT 107Q0,XTH, (VSUP2 (JTH) ,JTH=ITHNN, JTHNX) PRIN

50 CONTINUE PRIN
RETURN PRIN

10000 PORMAT (,T12,*TTAB®,730,WI1TAB?,T49,9VITABY, T67,°Yi/AKSATY, T88, PRIN
1 fUTABY) PRIN
10100 FORMAT(////" WATER~TRANSPORT OUTPUT TABLE®,l4,°.. BND-POINT 7, PRIN
1 $QUANTITIES VS. TIMEW) PRIN
10200 FORNAT {////' UATER-TRANSPORT OUTPUT TABLE *,I4,'.. FPIRST-*, PRIN
1 'ORDER POSITIONS AT TIME =°,1PD12.4//%' MODE I® ,SX,?POSITIONS ', PRIF

1 9AT THETA NODES I,l,u..,L¢71/) ‘ PRIN
10300 FORHAT {////' WATRR-TRANSPORT OUTPUT TABLE®,L4,'.. PIBST~Y, PRILS
1 “ORDER VELOCITIES AT TAME =*,1PDI12.%// * NODE I',5X, PRIN

1 *VELOCITIES AT THETA NODES I,1¢1,eue,1¢7%) PRIS
10800 FORMAT{////' NATRR~TRANSPORT OUTYPUT TABLE?,i4,'.. SECOED-*, PRIN
1 *ORDER POSITIONS AT TIME =°,1PD$2.4//* MODE I1*,5X,9POSITIONS ' PRIS

1 *AT THETA BODBS I,I¢1%1,ia..,1#7%/) PRIN
10500 FORSAT{////° WATER—-TRANSPORT OUTPUT TABLE',I4,".. SECOED-*, PRIY

70

75

80

8%

90

35
100
105
110
115
120
125
130
135
40
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
3155
360
365
370
375
380
3895
390
395
800
405
410
815
420
425
4830
435
440
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1 *OADER VELOCITIES AT TIHE =¢,1PD12.4//% NODE I4,5X, PRI W

1 *YELDCITIES AT THETA NODES I,1+1,ue..,I+7'/) PRIN
10600 FORNAT {5 (4X,E15.7)) PRIY
10700 FORMATZ (17,8(1PD15.4)) PRIH
END PRIN
SUBROUTINE STRW STRW

c STRY
c STRW
C FUNCTION OF SUBROUTENE--TO STOHE PERTINENT WATZR-TRANSPORT STRW
C QUANTEITIES ON AN AUXILLARY DEVICE. STRW
C STRW
C STRE
IMPLICIT REAL*8 (A-H,0-2) STRE
COMBON/PBROBID/TITLE(8) ,NPROB STR¥
COMMON/CRVAR/TLIBE, TH(100,2) ,THN{100,2) ,THW(100,2) ,DTH({100,2), STRHN

1 ¥X{100,2) ,¥KP (100,2) ,VK¥ (100, 2) STRE
COMHON/TFLE/TTAR{50) ,VIN{50),V1TAB(50) ,W1TAs(50) ,UTAB(50), STRW

1 TTABL{50) ,N1TABL{50) ,TEAP (50) ,[PTTARB(50) ,NITAB STRYU
COMMON/TWTR/T {50) , NT STa¥
CONMON/XVAR/XSUP1 (50) ,XSUP2 (50), THP {50}, ALP(50 ,VSUP1{50), STRW

1 VSUP2{50) ,F(50) ,QGA(50) ,QG(50) , THTKP (50) ,AKGSS {212) , DGSS(212), STRV

1 IBTTH(50) ,8TH,JFH,NGSS STRW

c STRY
C ek RS T AR RS SR KE KT F A AR R RS R RN AR EE AR IE O RBEER FRE S REE ISR LR K R F R EESTRN
C STRE
ENTBY STR¥®I STRY

PUNCH 30000, (TITLE(I) ,I=1,8) STRU

PUNCH 10100,NT SIRW
PUNCH 10100,8TH STRW

PUNCH 10200, (ALP{I),I=1,NTH) STRY

PUNCH 10200, {(THP(I) ,I=1, NTH) STRW

RETU RN STRE

¢ STRY
C BESEFFEREXIREREE REEELE KR KL O RE PRI LR RECE RS RFEFEX FEE R RLE R ERR XX FEFEXX T RS TRY
c STRE
ENTRY STRW¥Y STRY

PUNCH 10200, TYIKE STRY

PUNCH 10200, {XSUP2 (I) ,I=1, ¥TH) STRE

PUNCH 10200, (VSUP2 (I) ,E=1,NTH) STR¥
RETURN STRV

10000 PORMAT (8A8) STRE
10100 FORHAT (16I5) STRH
10200 FGRMAT {BE10.4) STRE
END STRE
SUBROUTINE DATAS DATA

C DATA
C DATA
C FUNCRIOH OF SOUBRGUTINE-—TG READ AND PRINT QUANTITIES PERTALNING TO  DATA
C THE PARAMETER SEARCH. THESE INCLUDE CONTROL PARANETERS, INITIAL DAZA
C VALUES OF THE SEARCH PARAMETERS, THEIR ALLOWED RANGES, AND THE DATA
C EXPERIMENTAML. DATA. DATA
c DATA
C DATA
INPLICIT REAL*8 §A~H,0~7) DATA
COMMON/CTRL/KPGE KNTR,KVI, KSTRH, KSTRW, ISTCP, KSS,KDIG, KMOUT, KHQUT,DATA

1 KISTP,KSOUT ,ESBCH, KBUFF KANL,KIC, ESTRS DATA
CONNON/THER/T {50) ,NT DATA
COBNOB/XIV/MYXL(5) ,HYZU(5) (HYX (5) , ¥TK, HXE DATA
COEMON/RBRV/XX (100, 5) ,¥X6100,5) . YX(100,5) »DYK{100,5), YT {100) ,TX(5) DATA

1 JXUTL{S) ,XWTT (5) DATA
COMBON/SIR/RP,KPRS ,NXFUE, [CONYV,NSCY, IPA(5,20) DATA
CONMON/S8P/ DELTO,CHIS,ACC,RED,TOLSTP, TOLFUN,P(20), PH{20),PL(20),DATA

1 DELP{20) ,PLO{20),RPB0 (29) DATA

DATA PO/1.DS0/ DATA

c DATA
C IHPUT AND OUTPUT HON~-ARRAY IFTEGER ARD REAL PARANETBARS. DATA
C DATA
READ 10000,¥P,KPRS, SXFUN,KWT,¥7% ,EBND, BSCY KSTES DATA

IF (%SCY. LE.Q) BSC¥=1 DATA

IF (KSTRS.HBE.0) KSTRS=1 DATA

PRINT 10200, MP,KPRS,NLIPUN,K¥T,NTX ,KBED ,HECY, KSTRS DATA

READ 10800 ,ACC, BRD,TOLST P, TOLFUN,RDP, CHT DATA

PRINT 10300,3CC.RED,TOLSTP, TOLFUK,RDP, CEY DATA

I DATA
C E£EAD A¥D PRINT ZMITIAL PARAMETRRS P AND THEAR LISIETS PE AED PL. DATA

445

90

100
105
110
115
320
125
130
135
140
145
150
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c DATA 155
READ 10100, (P{IP},IPF=1,4P) DATA 160

IF (¥SCY.LE.0Q) GO TO 20 DATA 165

po 10 IsCY=1,NSCY DATA 170

READ. 10000, (IPA (ISCY,IP),IP=1,HP) DATA 175

10 CONTINUE DATA 180

20 IF {KBND.EQ.0) GO T3 30 DATA 185
BEAD 10100, { EH (IP) ,IP=1, NP) ‘DATA 190

READ 10100, {PL (IP) ,IP=1,NP) DATA 195

GO TO 50 DATA 200

30 DO 40 IP=1,NP DATA 205
PL{IP) ==PD DATA 210
PH{IP)=PO DATA 215

40 CONTINUE DATA 220

50 DO 60 IP=1,NP DATA 225
?L0 (IP)=PL{LP) DATA 230

PHO {IP)=PH (IP) DAYA 235
DELP{IP)=RDP*P {IP) DATA 240

60 CONTINUE DATA 245

c DATA 250
C IBPUT EXPERIMENTAL DATA. NOTE THAT YX = THX DATA 255
C I¥ THE JATER-TRANSPORT CASE AND THAT ¥X = BK DATA 250
C IN THE MATERIAL-TRANSPORT CASE. DATA 265
c DATA 270
READ 10100, {TX {ITH),ITH=1,NTX) DATA 275

IF {KPGM.NE.5) GO TO 80 DATA 280
NT=NTX DATA 285

DO 70 ITH=1,NT DATA 290

70 T (LTH) =TX {ITH) DATA 295

80 BEAD 10000, (NYX({ITH),IT#=1,NTX) DATA 300

DG 90 ITM=1,NTX DATA 305

MYXL (ITH) =1 DATA 310

90 AYXU (ITH)=NYX [ITH) DATA 315
PRINT 10600 DATA 320

NXT=0 DATA 1325

DO 230 ITH=1,ATX DATA 330
NX=NYX (ITH) DATA 335

NXi=HY+1 DATA 340

READ 10100, (XX (IX,ITM),IX=1,¥K) DATA 345

READ 10100, (YX{IX,ITH),IX=1,4X} DATA 350

IF (KWT.GE.2) READ 10100, (DYX{IX,ITH),IX=1,8X) DATA 355

IF {KWT.GE.3) RBAD 10100,X¥WTL (ITN),X¥TU(iTH) DATA 360

LF {X4TU{ITM).LE.XVIL{ITH)) XWTU(ITH)=XX(NX,ITH) DATA 365

c DATA 370
C CALCULATE STATISTICAL WEIGHTS. 'DATA 375
c DATA 380
IF {KdT.GT.0) GO 0 110 DATA 385

DO 100 IX=1,8X DATA 390

DYX {(IX,ITH)=0. DATA 392
IF(YX(IX,IPM).G6T.0.D0) DYX (IX,ITH)=DSQRT{YX(IX,ITH}} DATA 39%

#T=0. DATA 398
IP{DYX{I¥,ITH) .¥E.0.DO) WT=1./DYX(IX,iTH)**2 "DALA 400

100 FX(IX,ITM)=HT DATA 402
GO TO 190 DATA 405

110 IF (KNT.GT.1) GO TO 130 DATA 410
DO 120 I¥=1,BX DATA 415

DYX (IX, IT#)=CH¥T*YX (IX,ITHN) DATA 420

§T=0. DAYA %22

IF {(DYX{IX,ITH}.NE.0-DO) ¥P=1./DYX(IX,LTN) **2 DATA 424

120 WX (IX,ITH)=¥T DATA 426
G0 70 190 DATA 430

130 DO 140 IX=1,3X DAYA 835
¥T=0. DATA 438
IF(DYX{IX,LTH).NE.0.DO) WT=1./DYX{IX,LTH)**2 DATA 460

140 ¥X{IX,T2H)=¥T DATA 842
IF (KNT.EQ.2) GO TO 190 DATA #45

MX=0 ; DATA 850

DO 150 IX=1.MX DATA 455

HX=HX+1 DATA 460

IP (XX{IX,ITH) .GELEWTL(ITH)} GO 70 160 ‘DATA 465
PX{IX,ITH)=0. DATA 470

150 CONTINGE DATA 475
160 MYXL (ITN)=#X DATA 480
NX=KX1 DATA 485

DG 3170 JX=1,8X DATA %90
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IX=¥¥1-J% DATA

MX=HX-1 DATA

IF (KX {IX,ITM).LE. X4TD (ITH)) GO T0 180 DATA

WX (IX,ITH)=0. DATA

170 CONTINUE DATA
180 MYXU (ITH) =X DATA
NXT=NKT+HYXU(ITH)~-HYKL{ITH) +1 DATA

190 PRINT 10700,TX{ITH) DATA

c DATA
C MNORHMALIZE EXPERIMENTAL POINTS. DATA
c DATA
MXL=MYXL (ITH) DATA
MXU=HYXU(ITE) DATA

SUN=0. DATA

DO 200 IX=MXL,AXU DATA

200 SUM=SUNYX{IX,TTH} DATA
A¥=100./SUN DATA
ANS=AN®AN DATA

DO 210 IX=1,NX DATA
YX(IX,ITH)=AN*YX(IX,ITH) DATA

DYX (IX,TTM)=AN*DYX (IX,ITH) DATA

210 WX (IX,ITK)=¥X(IX,ITH) /ANS DATA

C DATA
C OUTPUT KXPEEIMENTAL DATA, INCLUDING WEIGHTS. DATA
c DATA
DO 220 IX=1,NX DATA

WX (IX,ITH)=DABS (WK (IX,ITH}) DATA

220 PRINT 10500,IX,XX§KX,ITH),YX (XX, ITH} , X (IX,LTH) DATA
230 CONTINUE DATA
IF {KNT.EQ.3) GO 70 250 DATA

NXT=0 DATA

DO 240 ITH=1,NTX DATA

240 MXT=NXT+NYY (ITH) DATA
250 RETURN DATA

c DATA
C t*#t*txt##t“#34‘###*#1‘#*##&#*#*#*#&1‘#3###&#ttt##‘tt#*$ﬁ$$$*$#*tt***t#vtpArA
c DATA
ENTRY SHPREP (ISCY) DATA

c DAT2
C PREPARE AND PRINT SBEP SIZES DELP AND PABAMETER BOUNDS PH AND PL. DATA
c DATA
DO 260 IP=1,NP DATA

260 DELP (IP)=RDP*P {1P) DATA
DO 270 IP=1,NP DATA
PH{IP)=PHO (IP) DATA
PL(IP)=PLO (IP) DATA

IF (IPA{ISCY,IP).NE.O) GO TD 270 DATA

PH{IP) =P (IP) DATA
PL(IP)=P{IP) DATA

270 CONTINUE DATA
DO 280 IP=1,HP DATA

IF (PL(IP).LE.PH(IB)) 60 TO 280 DATA

THP=PE (IP) DATA
PH{LIP)=PL{IP) DATA
PL(IP)=TAP DATA

280 CONTINUE DATA
PRINT 10400 DATA

DO 290 IP=1,HP DATA

290 PRINT 10500,IP,P (IP)yPH (IP} ,PL{LIP),DELP (LD} DATA
RETURY DATA

10000 FORMAT (16I5) DATA
10300 POREAT {8F10. 0} DATA
10200 PORMAT{////' SEARCH INPOT TABLE 1.. BASIC PARANETRES'//5X, DATR
1% NOSBER OF SEABCH PARANETERS « « © o = o o = = = « = « -%,I5/5% DATA

1% DIAGNOSTIC PRIBTER COMTHOL: 2 - o « « m» o o = o« o = « =%,05/5K DATA

10 HAXINUE CHI-SQUARED EWALUATIONS v - o o v o = = « o « «*,I5/55 DATA

1% PEIGHT-CONTROL INTEGER. - o v « o © o« m = = o o = o « =9,15/5% DATA

1% NUMBER OF EXPBRINENTAL TINE HODES . v % o v » o = = « «%,I5/50 DATA

1% PABAMETER BOUNDS CONTBOL. v « = = = o m o o « = » = = ~V,I5/5% DaTA

1" BUBBER OF SRABGH CYCLES - « o v = v « % = » o o » = » «',05/5Y DA%A

1° AUXILIAZY STORAGE CONERBOL » o« o v o « @ 0.0 » o = = « =,I5) DATA
10300 FOBMAT({5X, * ACCRLEBRATION PARAUETER. « « = o v o o o = o o = o DATA
1 BE10.4/5X * REDUCTION PARANETER « v« « « v o o = « = = o o = DATA

1 Bi0.4/5K ° STEP-SIZE TOLERANCE « - « o« = o = o = « o » o = DAT

1 E10.4/5K ¢ CHI-SQUARE ACCEPTANCSE FACTOR. o » o « o o DATA

435
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
545
650
655
660
665
670
675
680
585
620
695
700
705
710
715
720
725
730
735
T40
745
750
755
700
7e5
770
775
789
785
790
795
809
805
810
815
8290
825
g29
823
240
843
830
255
869
865
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1 £10.4/5%X ' PARAMETER STEP-LENGTH FRACTIOM« o+ © w o » = = » - ', DATA

1 E10.4/5X * WEIGHTING CONSTANT. v v « = « = = « o« = o =« = = « *, DATA

1 E10.4) DATA
10400 FORMAT (////' SEARCH INPUT TABLE 2.. 9, DATA
1 YINITIAL VALUES OF PARBAMETERS, LIMITS, AND INCREMENTS®//T9,fIP', HATA

1 ©25,%P*,T45,PHY, 165, 'PLY ,T85,7 DP ) DATA
10500 FORMAT{I10,4E20.5) DATA
10600 FOEMAT (////' SEARCH IKPUT TABLE 3.. EXPERIMENTAL DATA®) DATA
10700 PORMAT {/5X® TABLE AT TIHE =*,E10.4//T9,°LX*, T25, XX",T45,7YX?,  DATA
1 T64,t NKY) ; DATA

END DATA
SUBROUTINE PRINTS (ITM) PRIN

c PRIN
c PRIN
C FUNCTION OF SUBROUTINE-~-TO OUTPUT RESULTS OF PaBAMETER SEARCH PEIN
C [MCLUDING PARAMETER YALUES AND A TABLE OF CORRESPONDING EXPRRIMENTAL PRIN
C AND THEORETICAL YARIABLES. PRIN
C PRIN
c PRI
IMPLICIT REAL*3 (A-H,0-Z) PRIN
REAL®4 PMAT PRIN
COMMON/CTRL/KPGM,KWTR,KVI, KSTRH, KSTR¥, ISTOP, K55 ,KD16, KNOUT, KWOUT,PRIN

1 KTSTP,KSOUT ,KSRCH,KBUFF,KANL, KIC, KSTRS PRIV
CONMON/GEOM/X {101) ,BB {2} ,DCOSB {2) ,DCOS (2) ,DELT,CHNG ,DELUAX,T HAX, - PRIN

1 IPX{101) ,IE(100,3) ,NPN{2) ,NPST{2) ,NPTST:(2), HBE (2} ,¥TSE(2}, ISB(2,PRIN

1 2),I5(2,2),84P,NEL, NNAT , I BAND,NBC, HST, HTST, ¥BEL, NTI, NNOR PRIN
COMMON/MRVARY A{101,2) ,B{101,3),8{101) ,BP {101} ,RX(101) ,BB(101),  PRIN

1 DP(101) ,R1(101) ,BRT({101) ,XTHP{101),BFLX(109) ,BFLIP {101}, FX{100,2)PRIN

1 LERATE {10) ,FLOW{10),TFLO¥ (10} ,W,PHAT (3,5) PRIN
COMBON /XIV/KYXL(5) ,MYXU(5) ,NYK (5} , NTX, NXT PRIy
COBMON/XRV/XX{100,5) ,¥X(100,5) ,1X {100, 5) ,DYX {100,5), YT (100} ,1TX {5} PRIN

1 L XNTL {5) , XUTH (5) PRIN
COMBON/SIP/HP, KPRS, MXFUN, ICONV MSCY,IPA(5,20) PRIN
COBMOM/SRP/ DELTO, CHIS,ACC,RED,TOLSTP, TOLFUM,P {203, PH(20),PL{20),PRIN

1 DELP{20},PLO {20}, PH0 {20) PBIE
KSQUT=KS0UT+ 1 PRIN

PRINT 10100, K5007 PRIN

c . PRIN
C PRINT FINAL PARAMETER VALUES. PRIN
c PRI
DO 10 IB=1,NP PRIN

10 PRINT 10200,1P,P{IP),PH(IP) ,PL(IP},DELP(LiP) PRIY

c PRIS
¢ OUTPUT EXPERIMENTAL AND THRORETICAL PROFILES. PRIN
c PRIV
KSOUZ=KSOUT+1 PRIN

PRINT 10300, KSOUT PRIN
NX=NYX (LTH) PRIN

PRINT 10400, TX {ITH) PRIN

DO 20 IX=1,NX PRIY

20 PRINT 30200 ,IK,XX{LIX,ITN),¥X(IX,ITH), YT (LX), DIX{IX,ITH) PRIN

IF (ITH.NE.NTX) 60 To 30 PRIY

c PRIN
C OUTPUT CHI/(NODAL POINT). PRIN
¢ PRIN
BES=CHIS/DFLOAT (NIT) PRIN
HES=DSQRT (RES) PRIN

PRINT 10500,BES pPRIN

30 BETURN PRIN
10000 FPORNAT{I5,5X,B10.4) PRIN
10100 FORNAT {////% SEARCH OUTPUT TABLE *,I#, PRIN
{1 .. FINAL YALUE OF PARAMETERS, BOUNDS, AMD LNCREKENTS®//T9,9LP¢, PRIN

1 225,°PY,T45,"PHY ,T65, ‘§L1 ,T85,2DP?) PRI
10200 FORMAT (£10,4820.5) PRLY
10300 FORMAT(////% SEARCH OUTPUT TABLE',I&, pPRIN
1 *.. EXPERINENTAL DATA A¥D THEORETICAL PIT?) PRIN
10400 FORRAT {/5X* TABLE AT TIME =*,E10.4//79,%LX*, T25,°XK*,T45,"¥YX*, PRIH
1 765,7YT% T84, *DYX?) PRIN
10500 FORMAT {/5X° AVERAGE POLNT RESIDUAL =", EVR 4) PRIN
END PRIN
SUBROUTINE STRS{(ITH) STES

c STRS
I STRS
C FUNCTION OF SUBROUTINE-~TO STORE NOSNALIZED EXPERINESTAL STRS
€ ANKD THRORETICAL PROFILES AE OBTALNED POR THE EXPERIMENTAL SRS

870
875
830
885
830
393

155
160
165
170
175
80
185
390
195
200
205
210
215
220
225%
230
235
249
245
250
255
260
265
270
275
280
285
290

10
15

20
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C SPACE GRID SO THAT SUCH QUANTITIES MAY BE PLOTTED. STRS
C STRS
c STRS
INPLICIT BEAL%8 §a—H,0-Z) STRS
REAL®4 PMAT STRS
COMMON/PROBID/TITLE (8) ,NPROB STBS
COMMOKN/CTRL/KPGM ,KNTB ,KVI,KSTRN, KSTR¥, ISTOP, KS$,KDLG,KMOUT, KWOUT,STRS

1 KTSTP,KSOUT,KSRCH,KBUPF,KANL, KIC,KSTRS STRS
COMMON/GEON/X (101) ,BB{2) ,DCOSB {2}, DCOS (2),DELT,CHNG,DELMAX, THAX, STRS

1 IPX (101) ,IE(100,3),NPN(2) ,NPST (2),NPTST(2),NBE(2) ,NTSE(2), LSB(2,STRS

1 2),1S(2,2),88P,NEL,NMAT,LBAND ,NBC,NSP,NTST, ¥BEL,NTI,NNOR STRS
CONMON/MRVAR/ A(101,2),8(101,3),R(101) ,RP (101),RL (101),RB (101),  STRS

1 DP(101),R1{101),RT (101} ,XTHP (101) ,BFLX(101) ,BFLXP(101), FX(100,2?) STRS

1 ,FRATE (10) ,FLOR{30), TF&OW(30) ,¥,PHAT(3,5) STRS
COMMON/XIV/MYXL (5) ,MYXU §5) ,NYX{5) , NTX, NXT STRS
COMMON/XRV/X X (100,5),9X(100,5) ,¥X(100,5) ,DYX (100,5), YT (100) ,TX{5) STRS

1 LXNTL{5) ,XNTU(5) STRS

IF (ITH.GT.1) GO TQ 10 STRS

PUNCH 10000, {TLITLE (I),I=1,8) STRS

PUNCH 10100, NTX STRS

IF (KPGM.EQe.2) NNP=0 STRS

PUNCH 10100, (XYX(1),I=1,8TK) NKP STES

10 PUNCHE 10200, TX (ITH) STRS
NX=NYX (XTN) STRS

PUNCH 10200, (XX (IX,ITH),IX=1,8X) STRS

PUBCH 10200, (YT{IX),LX=1,8X) STRS

PUNCH 10200, (YX{IX,ITH#),IX=1,4X) STRS

PUNCH 10200, (DYX{IX,ITM} ,IX=1,HX) STRS

IF (KPGM. NE. 2) PUNCH 30200, (X(NP),¥P=1,NEP) STRS

IF (KPGHM.NE.2) PUNCH 10200, {RB(NP),NP=1,KHP) STRS

RETU RN STRS

10000 FORMAT {8A8) STAS
10160 FORMAT (16I5) STRS
10200 FORMAT (8E30. 4) STRS
END STRS
SUBROUTINE AEKVAL{P,CHIS) MEVA

c NEVA
C FUNCTION OF SUBROUTINE--TO EVALUATE CHI-SQUARED FOR THE HEVA
C HATERIAL-TRANSPQRT CASE. BEVA
c MEYA
C HEYA
IMPLICIT REAL*8 ¢A-H,0-2) MEVA
REAL*4 PMAT MEVA
COMMON/CTRL/KPGN,KWTR,K¥ I, KSTHN, KSTRW, ISTOP, £S5 ,KDIG,KNOUT, KWOUT,EEVA

1 KTSTP,KSOUT,KSRCH,KBUPE,KANL,KIC,KSTRS MEVA
COMMON/CBRVAR/TIME, TH{100,2) ,THN{100,2) ,THW (100,2) ,DTH{100,2), HEVA

1 ¥X(100,2) ,VEP(100,2) ,VEN{100,2) MEVA
COMNON/GEOM/X (101) ,BB {2} ,DCOSB {2) ,DCOS (2) ,DELT, CHNG,DELNAX,THAX, MEVA

1 IPX (101) ,IB(100,3) ,HPH 2} ,NPST(2) ,¥PTST){2) , NBE {2) ,NTSE(2) , ISB(2,HEVA

1 2),15{2,2) ,N¥E,HEL, NAAT , L BAND, ¥ BC, HST ,NTST, NBEL, HTL, NNOR MEVA
COMMOK/MPROP/PRQP {1,5) ,¥ 11 MEVA
COMMON/BRVAR/ A(101,2) ,B(101,3),8{101) ,RP(101) ,RL(101) ,RB(301), NEVA

1 DP{101) ,B1(101) BT (101) ,XTHP(101) ,BFLX {101} ,BFLYP {301}, FX(100,2)45Va

1 ,FRATE(10), FLOW §10), TFA0¥ (10) ,4,PHAT (3, 5) MEVA
COMMON /XIV/BYXL{5) ,MYXUES5) ,NYX(5) , HTX, NXT MEVA
COMMOR/XRY/XX(104,5) ,¥X{3100,5) ,YX {100, 5) » DYX (100,5}, YT (100),TK (5) 4EVA

1 ,ANTL {5) ,XNTD (5) MEVA
COMNON/SRP/ DELTO, CHISO0,ACC RED, TOLSTP,TOLFUN,PO (20), PH (20), MEVA

1 PL({20) ,DELE{20),PLO {20) ,PHD {20) NEVA
DIMENSION P (1) MEVA

DATA IND1/0/ NEVA

c HEVA
C COBRELATE SEARCH PARAMETERS ¥ITH PHYSICAL PARASETERS. KEVA
c HEYA
CALL BUFPM{P) MEVA
CHIS=0. MEVA

c HEVA
C TIHE SEQUENCE CALCULATION. EEVA
c NEVA
TINE=0. BEYA

CALL MIWL NEVA

IF¥ (KPGN.LE.3) CALL PRINTH(0) NEVA
DELT=DELTO HEVA
TINE=DELTO NE¥A

IT8=1 BEVA

155
1649
165
170
175
180
185
199
195

10
15
20
25
30
a5
40
45
50
55
50
65
70
75
80
85
30
95
100
105
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
1285
180
195
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ITX=1
10 IF (TIME.GE. TX(ITX)) GO TO 20

GENERATE RESULTS FOR INTERMEDIATE STEPS.

CALL MTRAN

IF (KPGM.LE.3) CALL PRINTM (ITH)
DELT=DELT* (1. +CHNG)

DELT=DMIN1 (DELT,DELMAX)
TIME=TIME+DELT

ITA=1T8+1

GO TO 10

CALCULAYTE CONCENTRAITON PROFILE AT TINE STEP FOR WHICH EXPERIMENTAL
DATA IS GIVEN.

20 DELTP=DELT
DELT=DELT— (TIMNE-TX (ITX)}
TIME=TX {ITX)
CALL MTRAN
IF (KPGM.LE.3) CALL PRINTH(ITH)
NX=NYX (ITX)
IXMIN=1
SUN=0.
MXL=HMYXL {ITX)
MXU=MYX 0T {ITX)
DO 30 IX=1,NX
YT {I1£)=YLAG (XX (IX,ITX),X,BB,L%D1,2, IXMIN, X, IEX)
IF (IX.LT.HXL) GO T0 30
IF (IX.GT.HXU) GO TO 30
SOM=SUNM+YT (LX)
30 CONTINUE

HORMALIZE THEOBRETICAL POINTS.

AN=100./50%
DO 40 IX=1,NX
YT {IX) =AN*YT(IX)

COLLECT CHI-SQUARED.

CHIS=CHIS+WY{LX , ITX)* (YT (IX)-YX {IX, ITK))**2
40 CONTINUE

CHISO=CHIS

IF {KPGNM.GT.3) GO TO 50

CALL PRINTS(ITX)

IF [KSTRS.EQ.1) CALL STRS{ITX)
50 IF (ITX.GE.N¥TI) GO TO 60

ITX=ITX#+1

DELT=DELTP

TINE=TISE+DELT

ITH=1TN+}

GO TO 10
60 RETURH

END

SUBROQUTINE MWEVAL(P,CHIS)

FUNCTION OF SUBROUTINE--TO0 GENERATE BATERIAL TRANSPORT PROFLILES
SUBJECT TO COUPLED BOISTURE NOVENENT AND TO CALCULATE CHI-
SQUARED FOR THE PARAMETER SEARCH.

INPLICIT REAL*8 (A~H,0-Z)
REAL*4 PNAT

MEVA
MEVA
MEVA
MEVA
REVA
KEVA
MEVA
MEYA
MEVA
MEVA
KEVA
MEVA
MEVA
MEVA
KEVA
MEVA
MEVA
MEVA
MEVA
MEVA
MEVA
MEVA
MEVA
KEVA
MEVA
MEVA
HEVA
MEVA
MEVA
MEVA
MEVA
MEVA
NEVA
MEVA
MEVA
MEYA
MEVA
MEVA
MEVA
NEYA
MEVA
NEVA
MEVA
HEYA
MEVA
NEVA
HEVA
BEVA
NEVA
NEVA
NEVA
HEYA
MEVA
BEVA
HEVA
KEBY
HUEV
HEERY
HUBY
NUEY
HYEY
KUEY
NWEV
HYEY
MUEY

COMNOB/CTRL/KPGE ,KWTR (KNI, KSTRYM, KSTRY, ISTOP, K55 ,KDIG,KN0UT, KROUT, RWEY

1 KT5TP,KSOUT,KSRCH,KBUPF,KANL,KIC,KSTRS
CONNOB/CRVAR/TIMNE, TH {100,2) ,THN{100,2) ,Tad {100, 2) ,DTH (100, 2),

1 VX (100,2) ,VXP (100,2),VE8{100,2)

CONNON/GEON/X (101) ,BB (2§ ,DCOSB {2) ,DCOS {2) ,DELT,CHYG ,DELNAX, THAX,

MWEY
HNEBY
NUEY
NYEY

1 1PX(101) ,IE{100,3),NPR(2) , UPST (2} , HPTST(2) ,¥BE (2) ,NT58(2), ISB(2,HNEY

1 2),15(2,2),N8P,HEL, HNAR, IBAND ,MBC,¥5T , MTST, ¥BEL, T L, NNOR
COMNON/MPROP/PRAP {1,5) WXL
COMBON/SRYAR/ A(101,2),8(101,3),R{101) ,8P{101) , R (101} ,28(101),

NERY
MEERY
sSWBY

1 DP(101) ,R1(301),RT(101) ,XTHP (101) ,BFLI(101) ,BFLXB(101), PX{100,2) NUEY

200
205
210
215
220
225
230
235
240
245
250
255
2560
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
3435
350
355
380
365
370
375
380
385
390
395
400
405
410
415
420
425
%30
&35
440
445
450
455
260
365
470

10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
9
95
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1 ,PRATE(10) ,PLOW (10}, TFROW (10) ,¥,PHAT (3, 5)
COMMON/CR1/ W1,V
COMMON/XIV/BYXL(5) ,9YXU(5) , NYX (5), NTX, NXT

MWEV
MWEY
MWEV

COMMON/XRV/XX (100,5),¥X(200,5) ,¥X(100,5) ,D¥X (100,5), YT{100) ,TX(5) M¥EV

1 XWTL{S) ,XWTU{5)

COMMON/SRP/ DELTO0,CHIS0,ACC,RED, TOLSTP,TOLFUN,P0{20), PH(20),
1 PL(20),DELP {20),PL0 (20} ,PHO (20)

DIMENSION P{1)

DATA IND1/0/

CORRELATE SEABCH PARAMETERS WITH PHYSICAL PARAKETERS.

CALL BUFFHN(P)
CHIS=0.

TIME SEQUENCE CALCULATION.

TINE=0.
CALL MiINL
IF (KPGM. LE.3) CALL PRINTH({0)
DELT=DELTO
TI#E~DELTO
Ira=1
ITX=1
10 vip=v1
IFP (TIHE.GE.TX{iBX}) GO TO #0
IF (TIME.GT.THAX) GO TO 80

GEMERATE RESULTS FOR INTERMEDIME STEPS.

CALL ATRAN
IF (KPGHM.LE.3) CALL PRINTH(ITH)
IP (KTSTP.BE.D) GO 70 20
DELT=DELT* (1. +CHHG)
GO. TO 30

20 IF (ITM.EQ.1) TCON=DELTAVi*&{1_.+CHNG)
DELT=TCOH/Vi** (1. + CHNG)

30 DELT=DHIN1(DELT,DRLMAX)
TIME=TIME+DELT
ITH=ITH+]
GO TO 10

CALCULATE CONCEMNTRATIION PROPILE Al TINE STEP FOR WHICH EXPERINENTAL
DATA IS GIVEN.

40 DELTP=DELT
DELT=DELT - {f IME~TX (KTX)}
TINE=TX (I TX)
CALL MTEA¥
IF (EPGH.LE.3) CALL PRINTH (LT}
HX=NTL(ITY)
IXAIN=1
SuUN=0.
MXL=MYXL {ITX}
MXO=MYXD(ITX)
DO 50 L¥=1,¥X
YT{IX) =YLAG {¥X (IX,17K),X,RB,L¥D1, 2, IXNIN, ¥X, IEX)
IF (IX.LT.BXL} GO TO 50
IF (IX.GT.HXU) G0 TO S0
SUN=S08+ 1T (LX)
50 CONTINUE

NORHALIZE THEORKETICAL POINMZS.

A¥=100. /508
DO 60 IXE=1,8%
YT (LX) =AN*IT{IX)

COLLECT CHI-SQUARED.

CHIS=CHIS+¥X{LX ITXj® (YT (IX)-¥X (IX, XTE))##2
50 CONTINUR
CHISO=CHIS
IP (EPGN.G6T.3) GO 20 70
CALL PRINTS{ITX)

MUEY
MWEV
4WEV
HWEV
MWEY
MWEV
HWEV
MWEY
MWEV
HWEY
MWEY
MEEV
BEEY
BREV
HWEY
MUWEV
MEEV
MWEV
MEEV
UWEV
MWEV
MUWEV
HYRY
MUEY
MIEY
MHBEY
HEBY
MEEV
MEEY
MEEY
HYEY
MERY
ME¥EY
NWEY
MEEV
KEEY
HHUEV
HEEV
HEEY
YdHEY
MAEY
MUEY
MEEY
MHEV
HY¥EY
MARY
MABY
HWEV
MAEV
NAEV
BUEY
BHEY
MdBV
MEEY
HURBRY
BYEV
HAEV
MAEY
HARY
BURY
MAEV
HUEY
MHEY
HHEBV
Y4BV
HUEV
H¥EY
BURY
HeEy
BURY
HIEY

100
10S
110
115
120
125
130
135
140
145
150
155
160
165
170
175
180
185
13¢
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
350
395
400
05
510
215
420
%25
330
43%
4400
s
450
455
A60
465
470
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IF (K5TRS.EQw1) CALL STRS(ITX) M¥EY

70 iF (ITX.GE.NTX) GO TO 990 NWEY
ITX=I1TX+1 MEEY
BELT=DELTP MUEY
TIME=TIME+DELT MEEV
ITH=ITH+1 MYEV

GO FO 10 MWEV

80 PRINT 10000 MWEY

90 RETUBRN NWEY
16000 FORMAT{(////' MAXINUM TIME EXCEEDED?) MHEY
END MWEY
SUBROUTINE MWVALZ (P,CHIS) nWYA

c MWVA
c nuva
¢ FUNCTIOH OF SUBROUZINE--TO GENERATE MATERIAA TRANSPORT PROF [LES UV A
C SYUBJECT TO COUPLED MOISTURE MOVEMENT AND TO CALCULATE CHI- HWYA
€ S5QUARED FOR THE PARAMETER SEARCH, WHICH INCLUDES BOTH MATERIAL~ HEYA
C AMND WATEZ-TRANSPORT PARAMETERS. MEYA
c MWVA
C MRV A
™ NEVR
c MEYA
INPLICIT REAL*8 (A-H,G-Z) MUY
REAL*4 PMAT MEYA
COMNOB/CTRL/KPGM,RWER,KVI, KSTRY, KSTRH, ISTOP, KSS,KDIG,KNOUT, KWOUT,M¥YVa

1 KP5TP,K50UT,KSECH, KBUF¥,KANL, KIC, KSTRS HWTR
COMMON/CRYAR/TIME, TH{100,2),THA(100,2) ,Ta¥ (400,2) ,DTH{100,2}, MUYA

1 ¥X{100,2),VXP(100,2) ,VX&(100,2) NUYA
CONMOX/GEOM/X (101) ,BB {2) ,DCOSB (2}, DCOS (2) ,DELT, CKNG,DELMAX, THAX, HWVA

1 IPX{10%) ,IE{100,3) ,NPN(2) ,NPST(2) ,NPT5Ti{2) ,NBE (2) ,NTSE(2), ISB{2,H¥¥A

1 2),IS(2,2),84P,NEL, NMAT ,IBAND ,NBC, NST , NTST, NBEL, 4TI, ¥NOR K¥YA
COMMON/MPRGP/PROP (1,5) ,¥XI MWV
COMMON/MRYAR/ A{101,2),B(101,3),B(101) ,8P{103) ,RI (101} ,BB(101), MBVA

1 DP(101),81(101) ,RT{101) ,XTNP{101) ,BPLX(104) ,BPLYP (101), FX(100,2)NuvA

1 ,FRATE(10), FLOW §10) , TFROW (10) ,¥ ,PMAT (3,5) HEvA
COMMOB/CH 1/ B1,V1 HUVA
COMMON/XIV/MYXL{5) ,HYXU{5) , HYX (5) , NTX, NXT NUYA
COMMON/XRV/XX{100,5) , WX (100,5) ,YX(100,5) yDTL (100,5), YT {100) ,TX (5) H¥¥A

1 LXNTL(5) ,XHTU (5) MUY A
COMMON/SRP/ DELTO,CHIS04ACC,RED, TOLSTP,TOLFUN,PO{20), PH{20), nEva

1 PL{20) ,DELP §20),PL0O(20) ,PHO (20) HEYA
DIMENSION P(1) HUVA

DATA IND1,/0/ HUYA

C MEYA
C CORRELATE SEARCH PARAMETERS WITH PHYSICAL PARAMETERS. MVYA
c MNYA
CALL BUFFM(P) MEYA

CALL BUFFY(P) MWYA

c MEVA
€ SET UP SOLL PROPERTIBS. N¥YA
C 1117
CALL PNCAL nuvA

CALL WIAL HEVA
CHIS=0. MHYA

c HEVA
C TIME SEQUENCE CALCULATION. nEVA
c MUTVA
TINE=0, HEVA

CALL NINL KUY

IP {KPGH.LE.3} CALL PRINTH (D) MUYA
DELT=DELTO NEYA
TIME=DELTO HEvA

irN=1 HEVA

ITX=1 neva

10 Vip=¥1 H¥VA

IF {(TINE.GE.TX(ITX}) GO TO 40 HNVA

iF (TIME.GT.TMAX), GO TO 80 n¥YA

c NEVA
€ GENERATE BESULTS FQR INTERMEDIATE STEPS. MEVA
C NAVA
CALL ATERAN HEva

IF {KPGN.LE.3) CALL PRINTH (ITN) MBYA

IF (KTSTP.NE.0) €0 TO 20 A¥YA
DELT=DELT ¢ (1. +CHNG) HEVA

GO TO 30 HEYA

475

285
290
295
300
305
310
ER )
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20 IF (ITM.EQ.1) ViE=V1
DELT= (1. # (1. +CHEG) * {V1B/V1-1.} ) #DELT
30 DELT=DMIN1(DELT,DELMAX)
TIME=TIME+DELT
ITA=ITH+1
GO TG 10

CALCULATE CONCENTRATION PROFILE AT TIKE STEP FUR WHICH EXPERIMEWNTAL

DATA IS GIVEN.

40 DELTP=DELT
DELT=DELT- {TIME-TX {ITX)}
TIME=TX {ITX)
CALL MTRAN
IF (KPGH.LE.3) CALL PRIMTH{ITH)
NX=NYX{ITX)
IXHIN=1
SUB=0.
MXL=MYXL{ITX)
KXU=NYXDO (ITX)
DO 50 IX=1,HX
YT {IX)=YLAG (XX (IX,ITX),X,88,IND1,2, IXMIN, HX, LEX)
IF (IX.lT.MXL) GO TO 50
IF (IX.GT-MXU) GO TO 50
SUM=SUM¢YT (IX)
50 COSTINUE

NOZMALIZE THEORETICAL POINTS.

AN=100./5UM
DO 60 IX=1,NX
YT(IX)=AN*YT {IX)

COLLECT CEBI-SQUARED.

CHIS=CHIS+WX {IX,ITi)® (YT (IX)-YX (XX, ITK})#**2
60 COBTINUE
CHIS0=CHIS
IF (KPGM.GT.3) GO TO 70
CALL PRINTS (ITX)
IF (KSTHS5.EQ.1) CALL STRS {ITX)
70 IF (ITK.GE.NTX) GO TO 99
ITI=ITA+1
DELT=DELT P
TIKHE=TIME+DELT
ITE=ITH+1
GO TO 10
80 PRINT 10000
90 RETURN

10000 FORBHAT(////% HAXINUN TIME EXCEEDED')

aonnNnaonn

naonNoa

END
SUBROUTINE BUFFMP)

FUNCTION OF SUBROUTIME~--TC MAKE THE CORRESPONDBECE
BETWEEN THE ABRBITRARY PARAMETERS OF ARRAY P

ABD THE PHYSICAL MATERIML-TBANSPORI PARAMETERS.
THIS BOUTINE ¥AY BE MODIFIED BY THE USER.

ISPLICIT BEAL*8 (A—H,0-%)

DIXENSION P (1)
CONHOB/NIVAR/KPRO, KPR {1000} ,HAXDIF, BAXEL, AAL NP, BAXNAT, HAXBY,
1 BAXNTI,NMPPH

COMRON/BL/ TH1,THO ,THR,BINEPRS

COBEON/NPROP/PROP (1,5) KL

BREAL*8 KD,LANBDA

ATYP=1

PROPERYIES ARE P(I), RROP(&) = KD, BHOB, ALy
THETAB, AND POR.

DO 10 IP=1,88PRN
PROP (UXT2,IP}=P {IP),
10 CONTISUR

MEVA
MAVA
HWVA
MEVA
MUVA
MUVA
HEVA
MWVA
MWYA
MHVA
nWVA
KRVA
HAVA
HEVA
MWVA
MUVA
MWVA
MEUVA
MWVA
MHVA
HWVA
NHVA
MWVA
HUVA
HUVA
MEVA
BHVA
MUVA
MEVA
NWVA
HNWVA
MWVA
MuVA
HEVA
M¥YA
MWEVA
BEVA
LR ALY
META
MEYA
MEYA
LUAEY
MEVA
MEV3
HEYA
BAUVA
MEYA
MHAVA
AR
MUV A
NHEY A
BUF?
BUFF
BUFF
DUFF
BUFF
BUFF
BOFP
BUFF
BUFF
BUFP
BO¥F
BUFF
b b 3 4
BUFF
BOFP
BUFF
BUEP
BUFF
BUFF
BOFF
BUZF
BUFP
BUFF
BUFP

320
325
330
340
345
350
355
360
355
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
Bys
450
455
460
465
470
475
480
485
430
485
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570

100
105
110
115
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RETURN BUFF 120

END BUFF 125
SUBROUTINE WEVAL{P,CHIS) YEVA 0

(] WEVA 5
c WEVA 10
C FUNCTION OF SUBROUTINE--TO EVALUATE CHI-SQUARED FOR THE ¥EYA 15
C WATEB~TRANSPORT CASE. ¥EVA 20
c WEYA 25
(o WEVA 30
IMPLICIT REAL*8 (A-H,0-Z) WEYA 35
COMMON/CTRL/KPGM,KWTR,KYX, KSTRH, KSTRW, ISTOP, KSS ,KDIG,KMNOUT, KWOUT,WEVA 40

1 KTSTP,KSOUT,KSRCH,KBUFF, KANL, KIC,KSTRS NEVA 45
COMMON/NUMITG/ HORDR1,NOBRDER,NITP, ITHMIN,IGSS,ITHIN, IGSSV(3) ¥EVA 50
COMMON/THTR/T{50) 4NT WEVA 55
COMMOR/XIV/MYXL(5) ,BYXU(5) ,¥YX {5), NTX, NXT ¥EVA 560
COMMON/XRV/KX (100,5) ,9X,{100,5) ,YX{100,5) ,DY%{100,5), YT{100) ,TX(5) 4EVA 65

1 ,XHTL(5) ,AWTU(5) WEVA 70
COMHON/XVAR/XSUP1({50) ,XSUP2{50) ,THP(50) ,ALP (50) ,V5UP1({50), NEVA 75

1 VSUP2(50),F {5D),0GA{50),Q6 (50}, THTMP{50) ,ALGS5{212), D6S5{212), WEVA 80

1 IPTTH{5V) ,8TH,JZH,NGSS WEVA 85
COMMON/SRP/ DELTQ,CHISO,ACC,RED, TOLSTP,TOLFUN,PO(20), PH{20), WEVA 90

1 PL{20) ,DELP {20) ,PLO {20} ,PHO(20) 4E¥YR: 95
DINMENSION P(1) WEVA 100

c VEVA 105
C CORBELATE SEABCH PARAMETERS WITH PHYSICAL PARAMETERS. WEVA 110
C YEYA 115
CALL BUFF¥{P) YEYA 120

c . ¥EVA 125
€ SET UP SOIL PROPERTIES. NEVA 130
e WEVA 135
CALL PHCAL WEVA 140

C ; UEVA 145
C TIME SEQUENCE CALCULATION, AND COLLECT CHI~SQUARED. WEVA 150
[ WEVA 155
CHIS=0. SEVA 160

CALL WINL WEVR 165
ITHIN=1 WEVA 170

DO 20 ITA=1,NTX WEVA 175
NX=¥YX (ITH) ¥EVA 180

TIME=TX (ITH) WEVA 185

CALL WINTP (TIME) YEVA 190

CALL NTIME (TCAL) 4EVA 195

CALL WTRH2 ¥EVA 200

CALL SWPREP (ITH) ¥EVA 205

DO 10 XIX=1,MX ¥EVA 210
CHIS=CHIS+MNX {IX ITN) * (YT (LX) ~YX{IX,ITN})**2 YEVA 215

10 CONTINUE ¥EVA 220
CHISO=CHIS WEVA 225

IF {KPGM.GT.3) GO TO 20 WEYA 230

CALL PRINTS (ITH) WEVA 235

IF {KSTRS.EQ.1) CALL ST&S (ITM) WEVA 240

20 CONTINUB HEVA 245
RETURY WEYR 250

END J¥EYA 255
SUBROUTINE SHPREP(1TH) SEPR 0

c SHPR 5
c SWPR 10
C FUNCTION OF SUBROUTINE-—TO PREPARE THE WATER COMTENT FOR CONPARISON SWPR 15
C WITH EXPERIMENTAL DATA. supg 20
C S¥PR 25
c sSWPR 30
IMPLICIT REAL®8 (A~H,0-2%} s¥pg 35
COMMON/BLI/ TH1,THO,THB,SINEPS S¥PR &0
COMBDN/NUNITG/ NOGRDR1,MORDER, BITP, ITHMIM,IGSS,ITHIN, IGSSV{3) SYPR 45
COMMON/WPROP/AKPAR {50),,CDPAR (50) ,AKSN (25) ALPK{25),D(25), ALPD{25)suWpk 50

1 (AKSAT,AKSNO, ¥KPAR,¥KSP,NCDPAR, NDSP - SUPR 55
CONMON/XIV/NYXL (5} ,MYXOL{S) ,NYX {5) , BTX, NI S¥PR 60
CONBON/XRY/XX{100,5) ,¥X{100,5) ,YX(100,5) ,DYL{100,5), YT {100) ,TX (5)SWPR 65

1 LX8TL{5) ,XHTU (5} . SEPR 70
CONMON/XVAR/ XSUPS (50) ,XBUP2 (50),THP(50) ,ALP(50) ,VSUP1(50) , SWPR 75

1 VSUP2(50) ,P{50),QGA(50) ,Q6{50) ,THTHP (50) ,AKGSS {212), DGSS5{212), suWPR 80

1 IPTTH{50) ,NTH,JBH , HGSS SWPR 85

DATA 18D1/0/ S¥PR 90

c ) SiPR 9?5

C SOAT THE THEORETICAL POSITION~GRID VALUES INTO ASCENDING ORDERS. S4pR 100
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NX=NYX (ITH)
CALL DSORT(XSUP2,IPTTH,NTH)

QRDER WATER-CONTENT VALUES CORRESPONDINGLY.

DO 10 ITH=1,HTH
JPH=IPTTH {ITH)
THTHP {JTH) =THP (ITH}

10 CONTIKUE

INTERPOLATE ON THE BXPERIMENTAL POSITIOR GRID.

SUM=0.
MIL=MYXL (ITH)
MXU=MYXU {ITH)
AMX=XSUL2 (NTH)
THHY=THTHP (NTH)
IXHIN=1
DO 49 IX=1,NX
X=X {IX,ITH)
IF (X.LT.XMX} GO TG 20
PHT=THMN
G TO 30

20 THT=TLAG(X,XSUP2, THENP, I¥D1 ,HITP, [IXMIN NTH,IEX)

30 YT(IX) =THT-THO
IF (IX.LT.H#XL) GO TO 40
IF {IX.GT.MXU) GO TO &0
SUR=SUK+YT(IX).

40 CONTIHUE

NORNMALIZE THEOBRETICAL POIXTS.

AN=100. /508
DO 50 Ii+=3,NX
50 YT (LX) =AN*YT (IX)
RBTUGN
END
SUBRCUTINE BUFFU §F)

FUNCTION OF SUBRGUTINE——TO MAKE THE COBRESPONDENCE
BETWEEN THE MRBITRARY PARAMETERS OF ARBRAY P AN

THE PHYSICAL WATER-TRAHSPORT PARAMEBTERS. THIS AOUTINE

MUST BB WODIFIED BY THE USER 50 AS TO MATCH HIS
SPECIPICATION DF THB PHYSICAL PARANETERS IN SPR0P.

INPLICIT EEAL*8 (A-H,0~-Z)
DINENSION P{1)

COMMON/CTRL/KPGH,KWTR KVI, KSTRH, KSTRW, ISTOP, KSS ,KDIG, KHOUT,

1 KTSTP ,KSOUT ,KSECH , KBUFF,KAML,KIC,KSTRS

COMMON/MIVAR/KPRQ, KPR £1600) ,MAXDIF , HAXEL,MAX ¥P, NAXHAT ,MAXEN,

1 BALNTI, WHPPA
COBEON/MPBOR/PROP {1,5) ,VXI
COMEON/BL/ TH1,THO,THB,8INEPS

KMOUT,

SWPER
SWPR
SWPR
supg
SWPR
SWPR
SHPR
SWPR
SHPR
SWPR
SHPR
S4YPR
SHPR
SHPR
SupR
S¥PR
SWPR
SHPR
SHPR
SWPR
SEpg
SHPR
SYPER
SWER
SWPR
SWPR
SEPR
S¥PR
SE¥PR
SHPR
sSgpa
S¥pPR
SHPR
S¥PR
SEPR
SHPR
S¥PR
SUPR
BUF¥
BUFF
BUFF
BUFF
BUFF
BUFF
BUFP
BUFF
BUFF
BUFF
B UFF
BUFF
BUFF
BUFF
BUFF
BUEF
BUF?
BUFF

COBNOB/UPROR/AKPAR (50) ,GDPAR(50) , AKSH {25) , ALPK {25) , D (25), ALED (25) BUFP

1 JAKSAT  AKSND, YEPAR,¥ESP,NCDPAR, NDSP
IPP=0

IF KBUFPY IS HON—~ZERBQ, THRM THE WYATER-TEASSPORT PARARBETERS FOLLOE THE

NEPPH HATESLAL-TRANSPORT QUAMTITIES.

IF (EBUFPP.¥E.D) IPP=REPPH

po 10 11,3
IPP=IPP+¢1
AKPAR(LIP) =P {XRP)
IP3=IPP¢3
CDPAR (IP) =P {IP3)

10 COBZTINUE

I¥ (EBUFYF.¥2.0) GO TO 20

IP=ip3et

THO=P (IF)

Ip=1pel

THEI=P (IP}

BUFF
BUEFF
BUFF
BUFF
BUFP
BUFF
BURF
BUFF
BUFF
BUZF
BOFE
BOFF
BUFF
BOFF
BUFY
RUFF
BUFF
BOFY

105

150
155
160
165
170
175
1390
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BETURN

MIYP=1

THO=PROP (NTYIP,U)

TH1=PROP (MTYP,S5)

RETURH

END

DOUBLE PRECISION FUNCTION YLAG (XI,X,Y,IND1,d?,IMIN,INAY,IEX)

PROGRAM AUTHOBS A. A, BROOKS AND E.C. LONG,
COHNPUTING TECHNOLOGY CENTER, UNION CABBIDE CORP., NUCLEAR DIV.,
QAK RIDGE, TENN.

10

20

30

40

50

60
70

80

90
100
110

120
130

FUBCTION OF SUBROUTINE--TO KINIMIZE TFE POUNCTION HEREIN DEZNOTED AS F

BY

LAGRANGIAN INTEBPOLATION

X1 IS INTEPOLATED ENTRY INTO X-ARRAY

N IS THE OBDER OF LAGRANGRAY IETERPOLATION

Y IS ABBAY FROM WHICH YRAG IS OBTAINED BY INTERPOLATIOR
IND IS THE MIN-I POR X(1).GT.XI

I¥ LIND=0,X~ARBRAY WILL BE SEARCHED

ININ IS MIN INDEX FOR SEARCH OF X~ARRAY

IMAX IS MAX INDEX OF X-AND Y-ABRAYS

EXTRAPOLATION CAN OCCURyIEX=-1 OR +1

DIMEBSION X(1) .¥¢1)
DOUBLE PBECISXION P,D,S, XD,%1I,X, Y, YLAG
I8D=IND1
¥=N1
IEX=0
IF (N.LE.IMAX) 6O TO 10
B=INAX
IEX=N
IF {IND.6T.0) GO %O 40
PO 20 3 = IMIN,IMAX
IF (XI-X{J)) 30,130,20
CONTINUE
IEX=1
GO TO 70
IND=J
ININ = 4
I¥ (IND.GT.1) GO TO S50
IEX=~1
INL=IND- (B+1) /2
IF {(INL.GT.0) GO TO 60
INL=1
INU=INL+N~1
IF (INU.LE.INMAX) GD TO 80
INL=IMAX~N+1
INU=1MAX
5=0.
P=1.
DO 110 JI=INL,ING
P=pP¥ (XI~-X {J)}
D=1
DO 100 X=INL,INU
I?P (E.NE.J) GO 20 90
XD=XL
G0 TO 100
XD=X{J)
D=D* (XD-X (X))
S=S+Y (J}/D
YLAG=5%p
RETURY
YLAG=Y {J)
ININ = J+¢1
GO TO 120
END

SUBROUTXNE SEARBRCH({NP,?,FB,PH,PL,ACC, RED,XOLST?, TOLFUN,DELP,XPRS,

1 BVAL,NXFPUB,ICORY)

VARYING THE PARAMETERS P VWITHIF¥ THE ALLOWNED RANGE (PL,PH).

OPTINAL~SEASCH METHQD OF WEISSMAN AND 900D (1966) IS USBD.

PHOGRAN AUTHOR G. #. VESTLEY
COBPUTING TECHNOLOGY CENTER, UNION CARBIDE CORP., MUCLEAR DIV.,

THE
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C OAK RIDGE, TENN. SEAR 50
c SEAR 55
C SEAR 60
REAL*8 P(1),PL{1),PH(1),DELP(1},BP(20) ,ACC,2ED, TOLSTF, TOLFUN,FB, SEAR 65

1 FP,FBP,STOR,TEHP, PAT,EVAL SEAR 7T0
INTEGER*4 RVS (20) SEAR 75

IF (KPRS.GT.0) PRINT 10600, NP,HXFUN, ACC,RED,TOLSTP,TOLFUN, SEAR 80

1 (PH{I),P(I) JPL(X) ,X=1,0P) SEAR 85
ICORY = 0 SEAR 90
IEXP=0 SEARE 95

DO 10 I=1,NP SEAR 100

IP (P{I)-GT.PH(I)) P{X) = PH(I) SEAR 105

IFP (P(I)-1T7.PL{IX)) P{I) = PL(I) SEAR 110

IF {PH(I).BC.PL{I)) DELP(I) = 0.DO SEAR 115

10 BP(I)=P(I) SEAR 120
NFUN=1 SEAR 125

CALL EVAL(P,FB) SEAR 130

FP=FR SEAR 135
FBP=FB SEAR 140

20 MNPAL=O SEAR 145

IF (NFUW.GE. BXFUM) GO TO 220 SEAR 150

IF {KPBS.GT.0) PRINT 11000, NFUN SEAR 155

I¥ (KPBS.GT.0) PRINT 107006,FBP,(BP(I), I=1,NP) SEAR 160

IF (KPRS5.GT.0) PRINT 11700, (DELP{I),I=1,HP) SEAR 165

C SEAR 170
C START THE EXPLORATORY LOCP. IF IEXP = 1, THEN IT FOLLOWS A SEAR 175
C PATTERN MOVE. IF IT¥ IS5 O, THEN IT FOLLOWS & BASE POIHT. SEAR 180
C SEAR 185
IF {KPRS.GT.1) PRIET 30000 SEAR 190

DO 120 I1I=1,NP SEAR 195
R¥S(I) = 0 SEAR 200

1?7 (DELP{I).EQ.D.0D0} GO TO 110 SEAR 205

STOR = P({I) SEAR 210

I SEAR 215
C INCREMENT THE I—~TH VARIBLE BY ITS CURRENT STEP AED CHECK FOR SEAR 220
C ANY RAMGE LIMITATIONS. CHECK THE FUNCTION ¥ALUE AT THIS SEAR 225
C W§EY¥ POILNT AGAINST FP FOR IMPROVEMENT. SEAR 230
C SEAR 235
P{I)=P(I) + DELB(I) SEAR 240

IFP (P(I).GT.PH{I).0B.P{I).LT.PL{I)) GO TO 40 SEAR 245

IF (KP&S.GT.1) PRINT 10100 SEAR 250
NFPUB=NPUN + 1 SEAR 255

CALL EVAL(P,FB) SEAR 260

IF (KPRS.GT.1) PRINT 10800, L, FB, (P(J),J=1,0P) SEAR 265

IF (PB.GE.FP~TOLFUN#DABS (FP)) GO TO 40 SEAR 270

IF (IEXP.NE.Q) GO TO 30 SEAR 275

iF (KPRS.GT.1) PRINT 10200 SEAR 280
DELP{I)=DELP (L) *ACC SEAR 285

30 FP=EB SEAR 290
GO TG 120 SEAR 295

40 P{I) = STGR ~ DELP L) SEAR 100

C SEAR 305
C DECREMENT THE I-TH VARIBLE AFTER A FAILURE OF THE LINCREMENT SEAR 310
C PROCEDURE TO GIVE ANY ISPROVEMENT. PROCEED AS ABOVE. SEAR 315
C SEAR 320
IFP (P(I)-GT.PH({I).OR.P{I).LT.PL(I)) GO TU 60 SEAR 325

IF (KPRS-GT.1) PRINT 10300 SEAR 330
NFPUN=NFUN + 1 SEAR 335

CALL EVAL(P,FB) SEAR 380

I?P (KPBS.GT.1). PRINT 10900, I, FB,(P{J) ,J=1,NP} SEAR 345

IP {FB.GE.FP—TOLPUNSDARS(PP)) GO TO 69 SEAR 350

IP (IEXP. ¥E.Q} GO R0 SO SEAR 355

IF (KEPES.GT.1) PRINT 10300 SEAR 360

DELP(I) = DELP(I) % ACC SEABR 36%

50 BVS(I) = 1 SEAR 370

c SEAR 375
C THE REVEBSE STEP YIELDED A¥ IMPROVEMENT, SO T¥Y THIS DIBECTION SEAR 1380
C FPIBRST 0N THE MEXT PASS. SEAR 385
¢ SEAR 390
GO To 30 ) SEAR 395

60 P(I) = STOR SEAR 400

IP (IBXP.EQ-1 GO TO 120 SEAR 405

c SEAR 410
C VARIBLE XHCRBEMENTING AMD DECREMENTI¥G FAILED TO YIELD ANY IE~ SEABR 415
C PBOVENENT. REDUCE BHE STBP SIZE AND TEST AGAINST SEAR 420
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ABS {P(I)) ® TOLSTP TO SEE LF THE DELP IS AT IT5 MININUM,

iF (KPRS.GT.3) BRINT 10400
DELP (I)=DELP (I} *8ED
TEMP=DABS {P {I) /DELB (L)} *TOLSI P
IF (1.DO-TEMP) 70,80, 100
70 DELP (1) =DBLP (I) *TEMP
80 PEMP=1.D-10 /DABS {DELP {I))
IF (1.D0.GE.TEMP) GO TO 110
90 DELP (L) =DELP (1) *TENP
G0 TO 110
100 TEMP=1.D- 10 /DABS (DELP (I))
IF (1.DO-TEMP) 90,110,120
110 ANFAL=MBFAL +
120 CONTINUE
IF {{FBP-FP) .LE.TOLFUN*DABS{FBP)) GO TO 150

iF THE FUNCTION VALUE AT THE MNEW POINT IS LESS THAN THE PUNCTION
YALUE AT THE OLD POINT {BASE POINT) MINUS TOLFUN * ABS{(OLD
POINT) ACCEPT AS A BETTER POINT. IF NOT, 60 TO STATEMENT 140

IF {KPRS.GT.0) PRINT 10500
IF (KPRS.GT.2) BRINT 11200, NFUNM
DG 130 I=1,NP
IF [BYS5{I).EQ.D) GO TO 130
DELP{I) = =-DE&P{I)
130 CONTINUE
FUP=FP
DG 140 I=1,NP
PAT=BP (I)
BP (I} =P (1)
P(I) = 2.D0 ¢ BP(I} =~ PAT
P{I)=DMAX1 (P {I) ,PL{I})
140 P{I)=DMINI(P(I) ,PH(L})
NFUN=NFUN + 1
CALL EVAL (P, PP)

PERFORM THE PATTEBN MQVE AS 2. « NEW POINT -~ OLD POINT AND
USE THE FUNCTION VALUE AT THIS POINT AS THE VALUE OF FP.

IF (KPRS.GT.2) PRINT 11300, FP,(P{(I),I=1,NP)
IEXP=1
GO TO 20

150 IF (IEXP.EQ.1) GO TO 170

BASE POINT EXPLORATORY MODE FAILURE .

IP (MN¥AL.GE.NP) GO TO 190
IF (KPRS.GT.2) PRINT 11500
DO 160 I=1,NP
IF (RVS{I).EQ-U) GO TO 160
DELP{I) = ~DELP {I)
160 CONTINUE
6o TO 20
170 IRXP = 0

PATTERN NODE EXPLOBATORY FAILURE. RESTORE DLD BASE POINT AND
REVERT TO BASE MODE EXPLOBATION.

FP = FBP
DO 180 I=1,8P
180 P{I} = BP (1)
IF (KPH5.6T.2) PRINT 11600
G0 TO 20
190 IF (FP.LE.FBP) €0 TO 218

THE PROGEAM ASSUMES THAY IX HAS FOUND A LOCAL HININUX SINCE
EACH VARIBLE HAS REACHED IXS MINIBUN STEP SIZE.

FP=FBP
DO 200 I=1,MP
200 P{1)=BP({I)
2310 IF (XPRS.GT.0) PRINT 112400, PP, {P(1),I=1,8P)
B = FP
iF (KPRS.6T.Q) PRANT 114000, NPOM

SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
S5EAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEARR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEBAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR

425
430
435
440
445
450
455
460
465
470
475
480
4385
290
495
500
505
510
515
520
525
530
535
540
545
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
640
645
650
655
660
665
670
675
680
685
5%0
695
700
705
710
715
720
725
730
735
780
745
750
155
760
765
770
775
7890
785
790
795



GO TO 240

ICONV = 1

IF (KPRS.GT.D0)

IF (KPRS. GT.0)

FB = FBP

DO 230 I=1,NP
P(I) = BP{I)

220

230

ONE

oOnnOnon

240
10000
10100
10200
10300
10400
10560
10800

RETURN
PORMAT {®
FORKAT {*
FORMAT (°
FORMAT {*
FORMAT {?
FOREAT {*

1 11X, 'PH', 17X,
10700 FORMAT (* *
10800 FORHAT{*
10900 PORMAT {°
11000 FORMAT (°
11100 PORMAT (¢
1 7DI5.7/(*
11200 FORMAT (' AFTER?,IS5, ¢
11300 FORMAT (¢
1t ©17%,7D15-7))
FORMAT (¢
FORMAT{®
FORNAT {°
FORMAT {?
END

R,

HPUN= *,I5)

11400
11500
11600
11700

BASE PT.

PRINT 11400,
PRINT 10700, FBP, {BP (), I=1,KB)

IF THE NUMBER OF FUNCTIONS EVALUATIONS
OF THE BEST POINTS5 IS5 RETURNED.

*D15.7,2X,7015.7/ (*
F', 12,D15.7,
12,015.7,

EESULT OF PATTERM BOGVES/® P
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NFUN

BEGIN EXPLOBATORY LOOP®)
INCREMENT THZ I-THB VARIABLE®)
ACCRLERATE THE STEP SIZEY)
DECREMEMT THE ¥~TH VARIABLE')
REDUCE STEP SIZEY)
ACCEPT NEW POINT?)
POBMAT{(////¢ 2X,'NP* 5%, NFUN®,
1 7X,*TOLFUN /1B ,I3,5X,L4,

161,

2%,7D15.7/ (°

2%,7D15.7/ (* *,18

THE QPTIHUK VYALUE HAS BEEW FOUND
'17%,7D15.7))

NFUN A NEW BASE PT. - START PATTERN MGQVE?Y)
*,D15.7,2X,71D15.7/ {

THE NUMBER OF FUNCTION EVALUATIONS
EXPLORATORY MODE PAILURE?)
PATTEBN MODE EXPLORBATORY FAILURE RAZSTORE BASE PT.Y)
DELP®,16X,7D15.7/(1H ,19X,7015.7))

SUBROUTINE GAUSS {A,B,RBGAUSS,¥,M)

noannn

IMPLICIT REAL*S(A-H,0-%)
DIMENSION WT (63) ,4%(63),MBET {15)

DIBENSION WT)(33),WT2(30),%%%{33),222(30)
EQUIVALEBNCE (WT(1) ,971{1)), (WE(38) ,¥T2(1))
EQUIVALERCE (22{1) ,2213{(3)), (3% (34} ,222 (1))

QOnNnOnn

GADSS~LEGENDRE ARSCISSAS.

M SHOULD BE IN (2,16) EXCBRT #=15.
Y{%) IS FUBCTION SUBRGUTIHE FOB THE INTEGRA¥D.

13X,F7.4,4X, #1.4,4%,D10.3,3X,
*pe 16X, 2P0/ (#X,D15.7,3X,D15.7,3X,015. 7))
', 17%,TD15. 7))

1, 18X, 7D15.7))

ON BETURN FB HOLDS THE BEST FUNCTION VALUE AND P THE BEST POINT.

#AS EXCEEDED THEHN

"ACC® ,84,'RED® ,8X,TOLSTP?,
P10.3/

X, 7D15.7))

tye o x v, DISLT 2%,

EXCEEDED ', 15)

PUBCTIOHN OF SUBBOUTINE-—TO INTEGRATE PUNCTION Y FPROM A TO B USING
AN H-TH ORDER GAOSS~LEGEMDRE ALGORITHE.

DATA ZZ1 / -577350269188630400, .77459666924148D¢Q0,

1 .00C00000000000D+00,
1 .%0617984593866D+00,
1 .93246951420315p+00,
1 .9249107912342760+ 00,
1 .000000000000000400,
1 .525532409%1833D+00,
1 .83603310732664D+00,
1 .00000000000000D2G0,
1 .679409568293020+00,
1 .97822865814606D+00,
1 .51909612%20681D+00/

-86113621159405D+040,
-53846931210568D+049,
-£6120938646626D+00,
-74153118559%39D+00,
-26028385649754D+00,
- 18343464249565D+09,
-B51337143270059D+00,
-97330652851717D+00,
-%$33395394 12925D+00,
-88706259976810D+00,

«33398104358485D+0G,
«00000000000000D+020,
- 23851918608320D+00,
-805845151377400+00,
«7966664T7741363D+00,
+9683160239507632D+00,
«32425322340321D+00,
«865063366688980+00,
- 14887433838163D¢ 00,
«730152605574 05D+ 00,

DATA %32 / «26%54315595234D+00, .00000000000000D+00,

1 9215606302486 72D+ 00,
1 .58731795428662D+00,
1 .%2861830567185%9D+00,
1 .568234933%45034Dp200,
1 .000600000000000+00,
1 .827201315069760200,
1 .319112368927839p+ 00,

.§0611725637C67D+02,
-36783149899818D 408,
.2175983992223a80400,
.%4889275103685D+00,
.¥8628380869681D+00,
.587292908811680+03,
-30805498870734D+¢08,

.759902670419430D+ 00,
. 12523340851147D+00,
~B80157803073331D2 00,
.23045831595513D¢ 00,
-92643488366357D+00,
.5152486263581504 00,
-98240093499965D+00,

SEAR
SEAR
S EAR
SEAR
SEAR
SFAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
SEAR
SEAR
SEAR
SEAR
S EAR
SEAR
GAUS
GAUS
GADS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GAUS
GALS
GAUS
GAUS
GAUS
GAUS
GAUS
GADS
GAUS
GAGS
GADS
GAUs
GAUS
GAUS
GAUS
GATS
GAUS
GAUS
GABS
GAUS
GAUS
GAUS
GAUS
GATGS
GAES

800
805
810
815
820
825
830
835
840
845
850
ass
860
865
870
875
880
885
890
895
900
305
910
915
920
925
930
935
940
945
550
955
960
955
270

140
15
159
155
160
165
170
175
180
185



151

1 .394457502307323D+00, .86563120238783D+00, .75540440835500D+00, GAUS 190
1 .61787624440264D+00, .45801677765723D+00, . 281560355077926D+00, GAUS 195

1 .95012509837637D~01, GAUS 200

c GAUS 205
C GAUSS-LEGENDRE ¥WEIGHTS. GAUS 210
C GAUS 215
DATA WT1 / . 10000000000000D+D1, .55555555555556D+00, GAUS 220

1 .33488888858889D+00, .34785484513745D+00, .65214515686255D+00,  GAUS 225

1 .23692683505619D+00, .47862867049937D+00, .55888358888889D0+00,  GAUS 230

1 .171324492379170+00, .36076157304814D+00, .46791393457269D+00, GAUS 235

1 ,312948496616887D+00, .27970539148928D+00, .38183005050512D+00, GAUS 240

1 .417959183673470+00, .10122853629038D+00, .22238103445337D+00,  GAUS 245

1 .31370664587789D+00, .36268378337836D+00, .81274388361574D-01,  GAUS 250

1 .18064816069486D¢00, .26061069640294D+00, . 31236707704000D400, GAUS 255

1 .33023935500126D+00, .66671344308688D~01, . 14995134915058D+00,  GAUS 260

1 .21908636251598D+00, .269266719310000+00, .29552422471475D+00,  GAUS 265

1 .55668567116174D-01, .12558036946490D+00, .18629021092773D+00,  GAUS 270

1 .23319376459198D+00/ GAUS 275

DATA WT2 / .26280454451025D+00, .272925086777900+00, GAUS 280

1 .471753363865120-01, .106939325995320+00, . 16007832854335D+00, GAUS 285
1.20316742672307D+00, .23349253653835D+00, .24914704581380D400,  GAUS 290

1 .40484004765316D-01, .92121499837728D-01, - 13887351021879D+00,  GAUS 295

1 .17814598076194D¢D0, .20781604753689D+00, .22628318026290D+00, GAUS 300

1 .23255155323087D+00, .35119460331752D~01, .801580871597600-01,  GAUS 305

1 .12151857068790D+00, .15720316715819D+00, - 18553839747794D+00, GAUS 310

1 .205198463721300400, .21526385346316D+00, . 27152459411754D-07, GADS 315

1 .62253523938648D~01, .95158511682493D-01, .12462897125553D+00, GAUS 320

1 .14959598881658D+00, .16915651939500D400, . 18260341504492D+00,  GAUS 325

1 . 18945061045507D+00,/ GAUS 330

c GAUS 335
€ POINTER TABLE. GAUS 340
c GAHS 345
DATA mPT/ 0, 1, 3, 5, By 11, 15, 19, 24, 29, 35, &i, 48, 55, 55 / GAUS 350
AB=(B~A)%.5 GAUS 355

ABH= (B+A) *.5 GAUS 360

np=n GAUS 365
MPTO=MPT (MP-1) GAUS 370

G=0. GAUS 375

J=1 GAUS 380

10 Np=J GAUS 385
D=AB GAUS 390

IP (NP+3P.LE.HP) GO TG 20 GAUS 395
EP=MpP~-5p+1 GAUS 400

D=~D GAUS 405

20 NP=MPTO+NP GAUS 410
$=WT (NP)*AB GAUS 415

Z=2% (NP) *D+ABK GAUS 420

30 G=1{2) «¥+G GAUS 825
J=d+1 GAUS 430

IF (J.LE.MP) GO TO 10 GAOS 435
RGADUSS=6 GAUS 440

RETU RN GAUS 445

END GAUS 4530

.......................................
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APPENDIX C
DEFINITION OF INPUT PARAMETERS
Parameters are listed below by input data-set numbers in the order of their

occurrence in the “Data Input Guide.” Such an ordering scheme facilitates easy
cross-referencing between Appendices Cand D.






I. KPGM

NPROB

TITLE()

2. NNP

NEL

NMAT

NCM

NTI

NBC

NST

KVl

KSTRM

KSS

KTSTP

NELL

NELU
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The program option parameter. If its value is three or less, then a simple
one-shot calculation is performed with no optimization. If KPGM = 1, then
only the mass transport is determined. If KPGM = 2, then only the water
transport is  obtained. If, however, KPGM = 3, then a coupled
(mass-and-water) transport calculation.is performed. For values greater than
three, parameter optimization 1s performed. For KPGM = 4, only the mass
transport is considered. For KPGM = 5, only the water transport is
considered. For KPGM = 6 coupled transport is considered, but only the
mass-transport parameters may be varied in the optimization, or automatic
search, process. The option KPGM = 7 is identical to the KPGM = 6
option with only one exception, namely that an automatic search of both
mass- and water-transport occurs.

A problem identification number.

An array containing the title of the problem.

Number of nodal points.

Number of elements. This parameter is overridden and set to
NELL + NELU if either of the latter is nonzero.

Number of diftferent types of soils comprising system.

Number of correction materials.

Number of time increments.

Number of Dirichlet boundary conditions.

Number of Neumann boundary conditions (surface terms).

Velocity input control parameter.

Control parameter for storage of mass~transport on auxiliary storage. If
KSTRM = 0, there is no storage, but if it does not equal 0, there is storage
on logical unit 1 via subroutine STRM. (See Appendix B for a listing of this

routine.)

Steady-state control. If KSS = 0, the steady-state solution is obtained. If
KSS = 1, transient-state solutions are obtained.

Time-step control. Via this parameter the time step is varied aither
exponentially, KTSTP = 0, or as a power law of the end-point Darcy
velocity VI, KTSTP 5 0.

Number of elements for which x < X0.

Number of elements for which x > XO0.



NNOR

KIC

KMESH

DELT
CHNG
DEILMAX
TMAX

W

X0

XMX
DXL1
DXU1

VXI

KPRO

KPR(ITM)

PROP(LJ)

NJ

X(NJ)
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Time integration parameter. If NNOR = 1, then integration proceeds as
described in Chapter 1V, Section 5. Otherwise Norsett integration
O(At**(NNOR++1)) is used. Acceptable values are NNOR = 1,2, 3, and 5.

Initial-condition control. If KIC # 0, then the initial conditions are bulk
concentrations. Otherwise they are fluid concentrations.

Mesh control parameter. If KMESH = 0, then a free-form input is used
with partial automatic generation. It KMESH = 1. then complete automatic
generation is specified. If KMESH = 2, then there is no automatic
generation, and a compressed-form format is used.

Initial time increment ... T.

Parameter used for changing the time increment ... (dimensionless).
Maximum value of DELT ... T.

Maximum value of the time ... T.

Time-integration parameter ... (dimensionless).

Variable-mesh parameter. Position about which variable mesh is
concentrated ... L.

Variable-mesh parameter. Length of chromatographic column ... L.
Variable-mesh parameter. X~increment immediately below point X0 ... L.
Variable-mesh parameter. X-increment immediately above point X0 ... L.
Space- and time-independent Darcy velocity ... L/ T.

Printer control for stcady-state and initial conditions. 1f KPRO = 0, there 1s
no output. if KPRO = 1, only integrated flow variables pertaining to the
material balance are printed. If KPR(O = 2. then both bulk and fluid
concentrations are output. If KPRO == 3, material fluxes and those variables
mentioned previously are printed. Finally, if KPRO = 4, then water
contents and Darcy velocities are also output.

Printer control similar to KPRO used to control time-dependent output.
Material property J for soil type 1. In terms of the formal names given in the
chapter on notation, PROP(1.1) = ks, PROP(1,2) = p, PROP(L3) = ai,
PROP(1.4) = 60,, and PROP(1,5) = n ... (variable dimensions).

Nodal-point number.

X-~coordinate of node NJ ... L..



I1.

12.

14.

15.

16.

17.

MI

IE(MLT)

MI,MK

MTYP

NJ

RINJ)

NI

BBI

NI

El

VX(MLIQ)

TH(MLIQ)

KWTR

NTTAB
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See definitions for item 6.
Element number.
Element definition array. Entries IE(M1,1) and 1E(M1.2) are numbers of the

two nodes which subtend element MI, whereas IE(ML3) ideatifies the
material type.

Element numbers.

Material-type index.

Nodal number.

Fluid or bulk concentration ¢ or cn ... M/L**3,

See definitions for item 10.

Nodal number.

Fluid concentration of boundary node N1 ... M/L**3,

Nodal number.

Material flux at boundary node. If the direction is along the positive X axis,

then it has a positive value, otherwise it is negative ... M/L**2/T.

Darcy velocity at node 1Q of element MI ... L/T.

Water content at node IQ of element ML ... L¥*3/1**3.

See item 12.

See item 13.

Water-transport control parameter. This parameter is operative only if
KPGM = 2. If KWTR = 0, then only the tabular function t(W)) is
obtained. If KWTR = I, then, additionally, the first-order calculations for
x'"V and V" are determined.

Number of evaluations of the tabular function t(W)).



20.

21.

NT

NTH

NKPAR

NCPAR

NORDER

NORDERI

NITP

KSTRW

KMESH

KANL

THO

THI

EPS

DALPI

AKPAR

CDPAR
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The number of simulation times to be considered.

The number of values of 8 to be used.

Number of conductivity parameters to be input.

Number of capacity parameters to be input.

Order parameter for the Gauss quadrature algorithm when applied to the
interval (8, 1, 6),1 << NTH. NORDER is the number of integration points to
be inserted into each interval.

Same as NORDER except that it is applied to the interval (6, ., 0,
i = NTH. Typically the diffusivity is a strongly varying function of water
content in this region, and a higher-ordered Gauss integration scheme must

be used.

Number of lagrange interpolation points to be used in all water-transport
calculations requiring interpolation.

Control parameter for storage of water-transport output on auxiliary
storage. If KSTRW = 0, there is no storage, but if it does not equal 0, there
is storage on logical unit 2 via subroutine STRW. (See Appendix B for a
listing of this routine.)

Mesh control parameter. If KMESH = 0, then a uniformly spaced
water-content grid is used. If KMESH £ 0, then a variable grid 1s specified.
Typically one desires to concentrate the mesh near the largest water content
where o(NTH) = L. The next lower value is then

a(NTH-1) = 1 — DALPI, where the latter is an input quantity.

Analytic soil-properties control. If KANL = 0, then tabular soil properties
are used. I[f KANI3 0, then Gardner and King analytic properties are used.
Initial and residual moisture content ... L**3/[.**3,

Boundary moisture content and porosity ... 1.*¥*3/L**3.

Angle of inclination e ... (degrees).

Variable-mesh increment between o = | and its nearest neighbor ...
(dimensionless).

Conductivity parameters ... (variable dimensions).

Diffusivity parameters ... (variable dimensions).



22.

23.

VIN

NP

KPRS

MXFUN

KWT

NTX

KBND

NSCY

KSTRS

ACC

RED

TOLSTP

TOLFUN

RDP

CWT
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End-point Darcy velocity Vi in units of the saturated conductivity ...
(dimensionless).

The simulation time ... T.

Number of search parameters.

Output flag. If KPRS = 0, there is no intermediate scarch output. If
KPRS = 1, base points and current step sizes are printed. If KPRS = 2
then there is output as for KPRS = 1 plus exploratory search mformation.
It KPRS = 3, then there is output as for KPRS = 2 plus pattern search
information.

Maximum number of function evaluations allowed in searching for the
. -
maximum of the X surface.

Control parameters for adjusting statistical weights. If KWT = 0, thea the
experimental error is taken to be the square root of the experimental value.
If KWT = 1, a percentage error (CWT) is taken. For KWT = 2
experimental errors are nput. For KWT = 3, the statistical weights
obtained from the experimental errors are set to zero for all XX <7 XWT.

Nuruber of times for which experimental data are input.

If KBND = 0, all parameter ranges are unbounded. It KBND # 0, then
upper and lower bounds are input for each search parameter.

Number of search cycles.
Control parameter for storage of optimized profiles on auxiliary storage

(tape or disk). If KSTRS = 0, there is no storage on punched cards via
subroutine STRS. (Sce Appendix B for a listing of this routine.)

Acceleration parameter for the step size, i.e. Apinew) = ACCT*Api(old).
ACC = 1.2 is typical ... (dimensionless).

Reduction parameter for the step size, i.e. Api(new) = RED*Ap(old).
RED = 0.1 is typical ... {dimensionless).

Step-size tolerance. Generally, the scarch is terminated whenever
[Api/pi| < TOLSTP for all parameters i. TOLSTP = 0.001 is typical ...

(dimensionless).

Tolerance in the function X°. Generally, the search is terminated whenever
the |AX?/X?| < TOLFUN. TOLFUN = 0.00! is typical ... (dimensionless).

Step-size parameter. Initially the search step sizes are taken to be
Api = RDP*p; for all parameters 1 ... (dimensionless).

Statistical weight parameter ... (dimensionless).



26.

27.

28.

29.

30.

31.

34.

P(IP)

IPA(ISCY,IP)

PH(IP)

PL(IP)

I'X(ITM)

NYX(ITM)

XX(I1X,ITM)

YX(IXITM)

DYX(IX.ITM)

XWTL(ITM)

XWTUITM)

" The notation IP = I(1)5 means that [P = 1,2, ..., 5.
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Starting values for parameter search. The meaning of this array depends on
the program option. If KPGM = 4, then P contains only the mass-transport
quantities Kq, p. a1, 0., and n, in that order. for IP = (5.7 If KPGM == 5,
then P contains only the water-transport variables K.. h,.d. 8" h/. d’, 8, = 6,
and 0, = 6;in that order, for [P = I(1)8. Option KPGM = 6 requires only
the mass-transport input just as for KPGM = 4, Option KPGM = 7,
however, requires input appropriate for both mass and water transport. Thus
P(IP) contains quantities kq, p, a; . 6,, and n for [P = 1(1)5 and quantities k..
ho, d, B, hl, and d’ for IP = 6(1)l1 ... (variable dimensions).

Search parameter indices. A search is carried out on parameter 1P on search
cycle ISCY only if IPA(ISCY.IP) 7~ 0.

Upper bounds for parameter P(IP). These parameters are operative only if
KBND # 0 ... (variable dimensions).

Lower bounds for parameters P(1P). These parameters are operative only if
KBND # 0 ... (vanable dimensions).

Experimental times ... T.

Number of points in experimental water-content;concentration profile at
time 1'TM.

Experimental X-coordinate of point IX at time 1TM ... L.

Experimental water-content; concentration value at point [X and time [TM
... (variable dimensions).

Experimental error in the water-content/concentration measurement at
position 1X and time ITM ... (vanable dimensions).

The statistical weight is set to zero for all XX > XWTL .. L,

Similarly the statistical weight 1s set to zero for all XX > XWTU ... L.
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APPENDIX D
DATA INPUT GUIDE
This appendix and Appendix C both pertain to the data input. Here the

input data organization and format are prescribed. Appendix C gives a definition
of each input parameter.
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1. Problem identification. One card per problem.

List: KPGM,NPROB(TITLE(1),I=1,1,8)
Format: 215,8A8

Mass-transport input. The following set of data should be included only if mass-transport is
specified above. Specifically, only if KPGM = 1,34,6, or 7 should card sequences 2 ~ 19 appear.

2. Mass-transport integer control parameters. One card per problem.

List: NNP,NEL,NMAT NCMNTILNBC,NST KVEKSTRM,KSS, KTSTP NELL,
NELUNNORKIC KMESH
Format: 1615

Note on Darcy velocities and water contents. Five quantities must be considered whenever an
uncoupled calculation (KPGM = 1, or 4} is performed. They are KVI, the control integer listed
above, the input velocity parameters VXI and VX(M,1Q), and porosity n = PROP(L.5) and water
content TH(M,IQ). If KVI = 0, then the Darcy velocity and water content are taken to be the
spatial and temporal constant VXI (card-set 3) and n (card-set 5), respectively. If KVI1 = 1, then one
spatially dependent array VX(M,1Q) (card-set 12) and one spatially dependent array TH((M,1Q)
(card-set 13) are used for all time steps. Finally, if KVI = 2, time dependence is allowed, as well as
space dependence, so that arrays VX(M,I1Q) and TH(M,IQ) are input for each time step (card-sets 14
and 15).

Note on variable time mesh. By appropriately specifying control parameter KTSTP, the time step
may be varied either exponentially

DELT = DELT*(1.+CHNG), KTSTP = 0
or as a power law function of the endpoint Darcy velocity V1
DELT ~ L./VI**(1+CHNG), KTSTP # 0

The initial value of time step DELT and the value of parameter CHNG appear in card-set 3. 1f an
uncoupled calculation is called for by the value of KPGM, then only the former equation is used,
regardless of the value of KTSTP.

Note on space mesh. Three different options are available here through control parameter KMESH.
If KMESH = 0, then nodal positions are input in free form via card-set 6 and elements are defined
via card-set 8. If KMESH = 2, then all nodal positions are prescribed by card-set 7. These positions
may be in random order since they are subsequently reordered and numbered in terms of ascending
values. Element definitions are generated internally and initial conditions are input (card-set 11) in
the same order as their corresponding positions. If KMESH = 1, then both nodal positions and
elements are generated automatically with the finer mesh concentrated about the point x = XO.
Here integers NELL and NELU (above) and real quantities XO, XMX, DXL 1, and DXUI (card-set
3) are operative. Their meanings are apparent from the figure below.

DXL DXUH

e
—t

=
e
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Note on initial conditions. 1f KIC = 0, then R = ¢, the fluid concentration, in card-set 9. If,
however, KIC # 0, then R = c¢;. the bulk concentration in card-sct 9.

3. Mass-transport real control parameters. Two cards per problem.

[ist: DELT,CHNG.DELMAX. TMAX, W. X0, XMX . DXI[.I1.DXUI.VXI
Format: §F10.0

Note on time parameter W. If NNOR == |, then W has a dual role of determining both the accuracy
[O(AL). at most] and the intermediate time t, = t + wAt for which time-dependent coefficients are
evaluated. If, however, NNOR > . then Norsett integration [Norsett, 1974] is used. which is
accurate to O(At**(NNOR+1)). In the latter case parameter W determines only the intermediate

time.

Note on units. The computer code itself functions independently of the chosen system of units.
However, consistency of units is required for the input. and dimensions (length. mass, and;or time)
are indicated in Appendix C as an aid for the user.

4. Printer output control. The number of cards here depends on the number of time increments
NTH

List: KPRO(KPR{D,I=1.NTD

Format: 8011

5. Material properties. A total of NMA'T cards. one for each material.

List: (PROP(LJ)J=1.5), = I{1)NMAT
Format: 81+10.0

6. Free-form nodal-point positions. These cards are necessary whenever KMESH = 0. Usually
one card per node is needed, a total of NNP cards.

List: NJ.X(NJ)
Format: I15.5X.F10.0

However. some automatic generation may be emploved in the following manner. If some of the
nodes are equidistant, data for only the first and last points of the group are needed. Intermediate
nodal positions are generated by linear interpolation.

7. Compressed-form nodal positions. These cards are used whenever KMESH = 2. Thereis no
automatic gencration of mesh points here. The number of cards depends on the value of NNP.

List: (X(NJ),NJ=I.NNP)
Format: 8F10.0
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8. Element definitions. These cards are necessary whenever KMESH = 0. Usually one card per
elernent is needed, a total of NEL cards. .

List: MIL(IE(MLI),I=1,3), MODL
Format: 1615

However, the last parameter of the above list is used to generate clement definitions automatically
for a group of MODIL elements containing sequentially numbered nodes. In such a casc Ml
designates the first number of the group of elements. Field MODL is left blank whenever the
automatic generation feature is not used.

9. Material correction. Cards are required here only if NCM > 0. In many cases one card is
required per material change, a total of NCM cards.

List: MILMTYP. MK
Format: 1615

However, in those cases where numbers of the atfected elements range from a lower limit Ml to an
upper limit MK, automatic correction may be used. Field MK is left blank if the automatic
correction facility is not used.

10. Free-form mass-transport initial conditions. Cardsare required here whenever KMESH # 2.
In the most general case there is one card per node, a total of NNP cards.

List: NJ,R(NJ)
Format: 15,5X,F10.0

Frequently, however, groups of neighboring nodal points NJ have identical values R(NJ). If a gap is

recognized in the input sequence of nodal numbers, the initial concentrations are assumed to be
identical to the concentration at the lower boundary of the gap.

11. Compressed-form mass-transport initial conditions. Cards are required here only if
KMESH = 2. The number of cards depends upon the value of NNP.

List: (R(NJ),NJ=I.NNP)
Here the order is assumed to correspond to that of the mesh points of card-set 7.
12. Dirichlet concentration-type boundary conditions. These cardsare necessary only if NBC > 0.
Parameter NBC is the number of required cards.

List: NILBBI
Format: 15,5X,F10.0
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13. Neumann flux-type boundary conditions. Cards of this type must be used if and only if
NST > 0 The value of parameter NST 1s the number of required cards.

List: NILEI
Format: 15.5X.F10.0

14.  Darcy velocities at time t = 0. These cards are necessary if and only if the velocity control
KVI > 0. The number of cards depends on the number of elements NEL.

List: ((VX{MJ JQ).JQ=1.2), MJ=MI.MK)
where MK=min{MIH+3 NEL) and MI=1{(4)NEL
Format: 8§F10.0

It should be noted that the velocity input below, like the water-content input below, 1s ordered by
elements.

15. Water contents at time t = 0. These cards are necessary whenever the Darcy-velocity cards are
necessary, namely when KVI > 0. The number of cards depends on the value of NEL.

List: ((TH(MJ, JQ),JQ=1.2),MJ=MI ,MK)
where MK = min(MIH3,NEL) and MI = 1(4)NEL
Format: 8F10.0

N . . .
16. Darcy velocities for times t > 0. Cards of this type must be used only whenever KVI = 2. The
number of cards depends on the value of NEL.

List: (VX(MJ.JQ),JQ=1.2), MJ=MI,MK)
where MK = min(MH-3,NEL) and MI = [(4)NEL
Format: 8F10.0

Note. Whenever KVI = 2, card sequences of the form of sequences 14 and 15 below must appear
for each time to be used in the simulation.

17.  Water contents for timest > 0. Cards of this type must be used only whenever KV1 == 2. The
number of cards depends on the value of NEL.

List: ((TH(MJ,JQ),JQ=1,2),MJ=MI,MK}
wher¢e MK = min (MI+3,NEL) and MI = [(4)NEL
Format: 8F10.0

Moisture-transport input. The following set of data should be included only if a moisture-transport
calculation is indicated by card 1. Specifically, only if KPGM = 2.3,5,6, or 7, should card sequences
18 - 23 appear.
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18.  Moisture-transport integer control parameters. One card per problem.

List:  KWTR,NTTAB,NT,NTH,NKPAR,NCDPAR NORDER,NORDERI,NITP,
KSTRW KMESH KANL
Format: 1615

Note on soil properties. Input parameters NKPAR, NCDPAR, and KANL (above),and AKPAR(D
and CDPAR(I) (below) all pertain to soil properties and are interrelated. If, for cxample,
KANL = 0, then array AKPAR contains the NKPAR entries 61, Ky, 6, Ks. ... and array CDPAR
contains the NCDPAR entries 0%, Q, 65, Q», ... . Here K is the conductivity, Q is the diffusivity, and
0 and 8" are water content values, where 8; is not necessarily equal to #,. If, on the other hand,
KANL # 0, then array AKPAR contains the parameters Ks, hg, and d, in that order, and CDPAR
contains the parameters £, hp, and d’. Thus, in this case NKPAR = 3 and NCDPAR = 3.

Note on variable water-content mesh. Frequently a uniform distributed set of NTH water contents 6
{or «) will be sufficient. Here KMESH = 0. However, whenever computer time is a problem, it is
desirable to concentrate the mesh in the most active region near « = 1. This may be done by
specifying KMESH 5 0 and supplving the first increment DALPI (below). The resulting mesh will
begin anyn = |, antu- = 1 — DALPI. The remaining points will then be distributed in accordance
with an algebraic progression of increment values.

19. Moisture-transport real control parameters. One card per problem.

List: THO, THLEPS,DAILPI

Format: 8+10.0
20. Conductivity parameters. If KANL # 0 (see note above), one card is sufficient. Otherwise the
number of cards is determined by NKPAR.

List: (AKPAR(D,[=1,NKPAR)

Format: 8F10.0
21. Diffusivity parameters. If KANL 5 0 (see note above), one card is sutficient. Otherwise the
number of cards is determined by NCDPAR.

List: (CDPAR(I), =1, NCDPAR)
Format: 8F10.0

22. End-point Darcy velocities. The number of cards depends on the value of NTTAB.

List: (VIN(I),I=1,NTTAB)
Format: 8F10.0
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23. Simulation times. This sequence of cards is used if and only if KPGM = 2. The number of
cards is a function of parameter NT.

List: (T(I),I=1,NT)
Format: 8F10.0

Optimization input. The following set of data should be included only if an optimization, or
parameter search, is indicated by card 1. Specifically, only if KPGM > 3, should card sequences
24 — 35 appear.

24. Search integer control variables. One card per problem.

List: NP, KPRS MXFUN KWT NTX KBND NSCY ,KSTRS
Format: 1615

Note on statistical weights. Variables KWT (above) and CWT, YX, DYX, XWTL, and XWTU
experimental error in a given measurement YX is taken to be VYX and the weight, WX = 1/YX
[see Eq. (5.1)]. is internally generated. [f KWT == 1, then CWT is the relative error, the experimental
error is CWT*Y X, and again the statistical weight, WX = [/ (CWT*Y X)**2_ is internally generated.
H KWT = 2, then the experimental error is read into array DYX(IX.ITM) as a function of both
position index IX and time index ITM. These values are then converted to statistical weights in
accordance with the relation WX = 1/DYX**2 If KWT = 3, then WX is set to zero for all
XX < WXTL and for all XX > XWTU.

Note on parameter constrainis. If KBND # 0, then incquality constraints must be input in the form
of an upper bound PH(IP) and a lower bound PL(IP) for each parameter IP.

Note on search cycles. In order to guard against unrealistic parameter values, it is sometimes
desirable to search on the parameters sequentially. This may be done by setting NSCY equal to the
desired number of search cycles and identifying the parameter groupings through the IPA array
below.
25. Search real control variables. One card per problem.
List: ACC,RED,TOLSTP. TOLFUN,RDP,CWT
Format: 8F10.0
26. Initial parameter values. The number of cards depends on the number of parameters NP.
List: (P(IP),IP=1.NP)
Format: 8F10.0
27. Search-parameter identifiers. The number of cards depends on the nuraber of parameters NP.

List: (IPA(ISCY.IP),IP=[ ,NP), ISCY==I , NSCY
Format: 1615
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28.  Upper bounds. If KBND # 0, then the following card sequence miust be present. The number
of cards depends on the number of parameters NP.

List: (PH(IP),1P=1,NP)

Format: 8F10.0
29. Lower bounds. If KBND # 0, then the following card sequence must appear. The number of
cards depends on the number of parameters NP.

List: (PL(IP),IP=1,NP)

Format: 8F10.0
30. Experimental time measurements. The number of cards depends on variable NTX.

List: (TX(ITM),1TM=1,NTX)

Format: 8F10.0
31.  Number of water-content/ concentration profiles. The nurber of cards depends on variable
NTX.

List: (NYX(ITM),ITM=1,NTX)
Note on input of experimental profile measurements. The following three card sequences are nested
within a loop over the time index ITM=1{1)NTX.
32. Position variables for time ITM. The number of cards depends on the value of the index
NX = NYX{UTM).

List: (XXX, ITM),IX=] NX)

Format: 8F10.0
33. Concentration/ water-content variables for time ITM. The number of cards depends on the
value of the index NX = NYX{(ITM).

List: (YX(IX.ITM),IX=1,NX)

Format: 8F10.0
34. Experimental errors for time ITM. This sequence of cards should appear only if KWT > 2.

The number of cards depends on the value of the index NX = NYX(ITM).

List: (DYX(IX,ITM),IX=1,NX)
Format: 8F10.0
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35. Modification of statistical weights for time ITM. This sequence of cards should appear only if
KWT = 3. One card per value of ITM.

List: XWTLOTM) XWTU(ITM)
Format: 8+10.0



75.

76.
77.
78.

79-83.
84.

&5.

86.

87.
88.

89.
90.
91.
92.
93.
94.

96.
97.

98.
99.
100.

101-367.

172

G. H. Daly, Chief, ERDA Waste Management Branch, Division of Waste Management,
Production and Reprocessing, U.S. Energy Rescarch and Development Administration,
Washington, D.C. 20545

G. D. DeBuchananne, U.S. Geological Survey, Mail Stop 410, Reston, VA 22092
R. A. Degju, Atlanta Richfield Hanford Company, P.O. Box 250, Richland, WA 99352

J. Diechoner, ERDA Waste Management Branch, Division of Waste Management,
Production and Reprocessing, U.S. Energy Research and Development Administration,
Washington, D.C. 20545

Division of Waste Management, ERDA-ORO, Oak Ridge, TN 37830

A. M. Friedman, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, L
60439

E. O. Frind, Department of Earth Sciences, University of Waterloo, Waterloo, Ontario,
CANADA

W. C. Luth, U.S. Energy Research and Development Administration, Washington, D.C.
20545

G. L. Meyer, U.S. EPA, 9520 Beach Mill Road, Great Falls, VA 22066

I. W. Marine, E. 1. duPont de Nemours & Company, Savannah River Laboratory, Aiken,
SC 29801

Q. 1. Oztunali, Dames and Moore, 20 Haarlem Avenue, White Plains, NY 10603

J. Y. Parlange, The Connecticut Agricultural Experiment Station, New Haven, CT 06504
G. F. Pinder, Princeton University, Civil Engineering Department, Princeton, NJ 08540

Research and Technical Support Division, Oak Ridge Operations, Oak Ridge, TN 37830
J. N. Rogers, Division 8321, Sandia Laboratories, P.O. Box 969, Livermore, CA 94550

D. M. Roy, Pennsylvania State University, Materials Research lLaboratory, University
Park, PA 16802

D. L. Schreiber, U.S. Nuclear Regulatory Commission, Hydrologic Engineering Section,
DSE, NRR (P-328), Washington, D.C. 20555

R. J. Serne, Battelle Pacific Northwest Laboratory, P.O. Box 999, Richland, WA 99352

J. G. Steger, ERDA Waste Management Branch, Division of Waste Management,
Production and Reprocessing, U.S. Energy Research and: Development Administration,
Washington, D.C. 20545

D. B. Stewart, U.S. Geological Survey, National Center, Reston, VA 22092
W. D. Weart, Sandia Laboratories, P.O. Box 5800, Albuquerque, NM 871{S

P. A. Witherspoon, University of California, Lawrence Berkeley Laboratory, Berkeley,
California 94720

Given distribution as showa in TID-4500 under category UC-70, Nuclcar Waste
Management

+ U.S, GOVERNMENT PRINTING OFFICE: 1977-748-189/309



64,

65.
66.

67.

68.

69.

70.

71

72.

73.
74.

171

ORNL-5337
Dist. Category UC-70

INTERNAL DISTRIBUTION

S. 1. Auerbach 32.
J. O Blomeke 33.
A. A. Brooks 34,
G. D. Brunton 3s.
H P. Carter 36.

. C. Claiborne 37.
R L. Dole 38-51.
J. O. Duguid 52.
C. W. Francis 53.
R. F. Hibbs 54,
D. D. Huff 55-56.
D. G. Jacobs 57.
G. H. Jenks 58.
J. S. Johnson, Jr. 59-61.
N. M. Larson 62.
R. S. Lowrie 63.

W. C. McClain
R. D. McCulloch
S. K. Penny
A. Pfuderer
H. Postma
A. S. Quist
M. Reeves
E. G. Struxness
T. Tamura
P. R. Vanstrum
Central Rescarch Library
CSD Library
Document Reference Section
Laboratory Records
Laboratory Records — Record Copy
ORNL Patent Office

EXTERNAL DISTRIBUTION

R. L. Anderden, University of Maryland Hospital, 3926 New Cut Road, Ellicott City.

MD 21043

R. D. Anderson, Sandia Laboratories, Division 5444, Albuquerque, NM 87115

K. E. Apt, University of California, Los Alamos Scientific Laboratory, P.O. Box 1663,

Los Alamos, NM 87545

G. E. Barr, Sandia Laboratories, Nuclear Waste Technology Division. Albuquerque, NM

87115

W. P. Bishop, U.S. Nuclear Regulatory Commission, Washington, D.C. 20545

R. G. Bradley, Deputy Director, ERDA Waste Management and Materials Production,
Division of Waste Management, Production and Reprocessing, U.S. Energy Research
and Development Administration, Washington. D.C. 20545

J. D. Bredehoeft, Deputy Assistant Chief for Research, U.S. Geological Survey, Water

Resources Division, Mail Stop 413, Reston, VA 22092

H. C. Brockelsby, U.S. Energy Research and Development Administration, Oak Ridge

Operations, Oak Ridge, TN 37830

J. A. Cherry, Associate Professor, Departinent of Earth Scicnces, University of Waterloo,

Waterloo, Ontario, CANADA

R. B. Codell, U.S. Nuclear Regulatory Commission, Washington, D.C. 20545

P. Colombo, Brookhaven National Laboratory, Upton, NY 11973



