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FOREWORD

In February 1976 the Energy Research and Development Administration (ERDA) announced a
greatly expanded wasie management program for defense and commercial radiactive waste. In that
announcement, ERDA indicated that the Oak Ridge Operations Office (ORO) of ERDA would
have icad responsibility for ovenall coordinition of the expanded commercial geologic disposal
program and that an Office of Waste lwlation (OWI) would be crepted within Union Carbide
Corporation-Nuclear Division (UCC-ND) with the responsibility for program management of that
activity.

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

In addition to the geologic studics. the NWTS program includes a number of technical suppert
activities which are required to identily a waste repository site. demonsirate its reasibility. confirm its
suitabiiity. and thoroughly amalyze all aspects of the repository design proposed for the site. The
material presented in this repont is related 1o the category of activity identified as waste rock
interaction prowcts. These projects are concerned with chemical. physica. - micai. geochemical,
and radiochemical reactions and processes between emplaced radioactive waste and the surrounding
rock which might aflect the design. safe operation. and long-term containment of a meologic
repository. This document discusses soil chromatography and evzluates the potential for this
analytical technique t¢ provide useful cation exchange property data for soil and rock matcrials.
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QUANTITATIVE ANALYSIS OF SOIL CHROMATOGR APHY
I. WATER AND RADIONUCLIDE TRANSPORT

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

ABSTRACT

Soil chromatography has been used successfully 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 ficld conditions. Under such conditions the rumber of potential exchange sites
is himited 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 cffort 1o counter this objection. A theoretical basis
is 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 te
experimental data by automatically adjusting the transport parameters. one of which is the
distribution coefficient k.. This analysis procedure thus constitules an integral pan of the soil
chromatographic method. by means of which mobilities of nuclides and other dissolved constituents
in soils may be quantified.



I. INTRODUCTION

In crder to simulate the movement of a radionuclde through geologc lormations. it s
necessary o describe the adsorption of the rmdionuclide. A parameter which is freguently used for
this purpose s the distribution cocfficeent k.. This quantity is delined simply as the ratwo of the
solid-phasc concentration to the hyuid-phase concentration. and in the diutcsolution limit it
assumes a constant value. Conventionally. values of k. are oblained under cquilibrium conditions
using *he suspension method. Determined in this manner. ki values represent the maximum
adsorption of a nuclide and may be greater than similar values obtained under “Ticld conditions™
[Prokhorov. 962] by more than an order of magnitude. The hrge difference is. of course.
atinbutable to insufflickent exchange between soiid and Injusd phases in the most soil relative to that
which takes place in liquid suspension.

One incthod that appears to simulate environmental conditions better than suspension k.
measurements is soil chromatography [Helling and Tumer, 1968, and Rbhodes. Belasco. and Pease.
1970). This method has been proposed by the AIBS-EPA cnvironmental chemistry task group as ikz
most suitable technmjue for evaluating the relative mobilities of pesticides in souls. It consists
basically in the preparation of a thin layer of soil. the transport of the dissoived constitucnt through
the soil by the carrier flusd. and the observation of migration profiles. We have modified this metnod
expennmentally for the study of radionuclide movement pattems and have developed a computer
modcl capable of extracting values of k. from these patterns.

Chapter 1} presents a bricl overview of the experimental techniques. The purpose there.
however. is not to present an cxhaustive description of such technigues but to introduce the
remaining part of the document. which contains the principal thrust of this report. These chapiers
and appendices form a complketce description of our computer model. Maisture- and mass-transport
are the subjects of Chapters I and IV. respectively. The optimization procedure used (o adjust the
transport ;:arameters so as o theoretically ~Tit”™ the experimental data is bricfly discussed in Chapier
V. The next chapter. Chapter VI, describes the organization of the computer program. and Chapter
VIl demonstrates its application. A test casc. a histing of the computer program. and a completc
description of the input may be fourd in the appendices.
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II. EXPERIMENTAL SOIL CHROMATOGRAPHY

Soil thin-layer chromatography (TLC) has been successfully used to evaluate the mobility cf
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 comparisor: of the ‘nobility 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 tnil propert.s. Unlike soil-coiumn studies, excessive plugging and hydraulic short circuiting do
not occur 2nd are thus :iminated as potential sources of errer Because of these characteristics, the
technique i3 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 chromatcgiaphic (CLC) plates.
These platus are 20 by 20 cm with nine channels or colum 1s measuring 10 mm in width anc 2 mm in
depth. Sails are slurried with water until moderately fluid and then applied to the plates (Photo. 1)
by us'ng a spreader. Strips of blotter paper, approximately 0.7 mm wide and 5 cm fong. are used as
wicks for transporting the cluting solution to the soil kyered :n the channels. The wicks ar held in
place by clamping a 20 by 20 cm conventional TLC plate on top of the CLC plate {Photo. 2). By
using these wicks, the soils in the CLC plates may be cluted agamn after drying. If wicks are not used.
soil will usually slough off during immersion in the eluting. or fecd. 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 cither through the
feed solution or by spotting the radionuclide directly onto the soil. In the latter 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 17, the feed solution. We hiave used H:0, 0.01 N NaHCO,, and solutions of
Ca(CO)): having varying ionic strengths. Such an eluting solution is allowed to disperse the
radionuclide for a measured period of time. The ¢ntirc CLC plate is then mmoved from the eluting
solution, and radionuclide patterns are determined.

MEASUREMENT OF DISTR!BUTION PATTERNS

In some of our earlier work autoradiography and a dGissection method were used to determine
distribution patterns. Medical X-ray film was used for (he autoradiography. The film was enclosed
in thin sheets of plastic to prevent its contamination. 1. was then clainped securely between the TLC
plate and the CLC plate and exposed for periods runging from 48 to 72 hours. Measuring the
movement of radionuclides in this manner sufficed onl- in that it gave the general characteristics of
the mobility of one radionuclide relative to another. For instance, Photo. 3 shows that '™Ru, '"I,
“Co. and ™Tc¢ were quite mobilc compared to "'Sr, “"’Cd, "'Nb. and '’Cs. There appeared to be a
mobhile and non-mobile tpecie of "™Ru and '"'I. 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 1.5 cm increments of soil. The
radioactivity of each 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 radivvhromatographic 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. 20,
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PHOTO 5629-76

Photo. 1. The column-layered chromatographic (CLC) plate after loading w'th soil
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Photo. 2. A picture of the soil columns. the Ti.C plate camped to the CL.C plate. and the
wicks submerged in an cluting solution

9L-L29§ CLOMd
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Photo. 3. Radionuclide mobilitics as determined by medical x-ray fi'm.



PHOTO $631-76

Photo. 4. The radiochromatographic scanner (10p center) together with its associated recording apparatus: a multichannel
analyzer (left) with its paper-tape punch attended by o technician and a strip-chart recorder (right),



60, 30 and 1S mm hr) and the time selections available for micgrating the counts per channel in the
multichannei anaiyzer (12.5, 25, 50, 100. 200, 400 and 4300 scc). the resolution and sensitivity s
much greaicr thaa any comparable type of recording apparates. The mulischamnci amalyzer. with ns
paper-tape puwh. pruduces output suitable for computer analysis. For quick visual inspection.
however. the scanner may be coupled to a strip-chan recorder. The charts exhibited as Figs. | and 2
arc cxampies. They show 2 much more rapid movement of *'Sr in Fuquay sand than ia Captina sik
loam for ihe same cluting soluton.

MOVEMENT OF THE ELUTING SOLUTION

Profiles such as those shown in Figs. | and 2 arc amenabie to quantitative interpretation
providing the movenunt of the cluting 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 obscrved
initially due 1o the dommance of capillary pressures over gravitational pressures. An waportant
deficiency in Fig. 3 is that #t yiclds the Darcy velocity V only at the water front. where the reduced
monsture content a = 0.5. However. this velocity can vary substantally as a function of a. ranging
from a value which s somectimes in excess of the saturated conductnity K. at e = | tc a value of
zero at a = 0. To obtain this additional information. we mtroduce a tracer. tritum. mto the feed
solution, and then generate and measure distribution paticrns as described above. These patterns are
then analyzed theorctically to obtain complete velocity profilkes. The formalism used for this purpose
is examined in the next chapter. Chapter 11, and it is applicd to th.c Fuguay soil m Chapter VI
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IIl. WATER TRANSPORT

THEORY

1. Transport equations. Fortunatcly the water-movement s sufficiently restricted that it may be
treated analytially. The boundary-initial conditions may be prescribed simply as

Nx=01)=0, and Nx>0.1=0)=0, )
where 8 is the moisture content. Also. the transport equation

wn %) w @

o 3 (030 oK
for a chromatographic column inclined at an angle ¢ (see Fig. 4) 1s one dimensiomal. (Symbols which
are not defined in the discussion to follcw may be found n the notation. Chapier 1X.)
In published work by Parlange [19712, 1971b, 1972] a singular perturdation theory is used to
oblain a s~cond-order solution to the above problkem subject to only onc additional condition,
namely that the column be semi-infinite. ic.

0K x<e . 3

Invoking such a condition will restrict applications to situations in which the wetting fromt is
sulficiently well removed from the top end of the chromatographic cefur:r .. However. this is a very
mild restriction and is indeed a small price to pay for the computational e.licicncy of an analytic or.
more preciscly. a partially analytic solution. Equation (2) is notoriously difficult to solve for
unsaturated moisture conditions due to the highly nonlinecar nature of the conductivity K(6) and the
Jiffusivity QU6). and. in general. one must resort o a  strictly  numcrical  and
computer-time-consuming treatment such as that of Reeves and Duguid [1975].

Using the theory of implicit functions [Margenau and Murphy. 1956). as i frequently donc in
thermodynamic analyses. the water-content variable 8 may be employed as the independent variablke
in Eq. (2). i.c.

ax v
—_—= -~ . (4)
o 20
Here the Darcy velocity
Q .
V= - -
/20 K sin e (5

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

:._.. ‘"."‘(..l
o, ™M e, “"
Egs. (4) and (5) become
i = w «a
" = '
and
W= - -RSmE . %)
The reduced velooty W is related (o the Darcy velooiiy by the oy tion
V=(0, —0g)W - Kg sime 9)

where K. = K(8.). Exprcssed in terms of varablc a. the boundary and initial conditions become
x(a=z1,0)=0 and x{(ez=0,1z0)>0 . aom

since position X is a singlc-valued function of water content.

2. General application of the Parlange method. To apply the perturbation method. Parkinge [ 1971h]
first integrates Fq. (7) as follows-

»nl o
do — =W, - W (n
.’. n

where Wi(1) = Wia = L.1). He then reasons that since

l‘ =0 ()
.,

[sce Eg,. (10a)] the time-derivative term will be small comparcd 1o other terms in Fy. (11) provided a
is sulficiently close to unity. Thus this quantity may be represented v a lower ordered
approximation. Expressing the reduced velocity in expanded form of Fy. (1), Eq. (%) vickds. for the
n-th approximation to Jx da. the quantity

(n)
o . Q

da [ n-1)
Ksine +W, -f o2
s |

(n

0



IR

as a first integral. which Jefines the velecuy [Eq. (8)):

) -
axi=-1)
W‘"=\V.—f *® = . (14)
o N
The second inicgral
' Qdy
x(-)gf - 1 ax(.—l) (|5)
o ot

is casily ochtained by applyving the boundary condition. Ey. (10a). Evaluation of ibhe fime denivative in
these two equations is considered in Sections 3 and S, below.

3. First-order solution. Although Egs. (14) and (15) arc appropriate for general n-th order
approximations. Parlange [1971a. 1971b. 1972] found that second order was quite adequate lor

practical applications. To start the iterative scheme. it is assumed that Eg. (12) is also valid for
a# l.ic

i
o

=0 . i16)

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

wi=w, (an
and
i
M=1 4 Q__ . I8
X j: 4 xsine+W, (%
Equation (17) simply says that for cach water-content value a > 0. the velocity of advance of the
werting {-ont is independent of a and i a function of timec only [W'" = W''(1)].

4. Temporal behavior of the er.d-pcint Darcy velocity. At this point a problem associated with W, is
identified in Parlange’s [1971h] analysis. This yuantity. the velocity at @ = | or x = 0, is at this
point an unknown function of time W(1). However, a rclation may he found for this quantity by
extending the range of integration in Eq. (1) ton = O:

I
ox
da—=W, - W
j; n ' (19

where, from Eq. (8).

. (20)




19

Now. by def:nition (Ey. (6b)]. x(0) = Osince a = 0 implies 8 = 6. [Eq. (6a)]. In addition. it may be
inferred from the initial condition [Eq. (10b)]) that Ox.da becomes indeterminantly large as a

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

~

! ox
W, = —
' .,, Y
From the first-order resuit. Eq. (18). one obtains

" aw, r' Q
an xn _I: B Cmerw,

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

] ]
= da Q1Y)
tj: _[d'vv b/

where

W aw
|=-f sl
w'“)w, (x sine +W,)?

I (u sin ¢ 0\Vl) X sin €
=5—73 I - —
x°sin® € v, xsine*W,

The last linc of the above eguation uses the fact that W,(0) is infinite.
Interchanging the order of integration in £q. (23) vields

]
l=f dy 7 QU (Y
(1]

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

1 - ,
- 7Q Ksine+W, X sin € _
t J; d’u’si:?—g('"( W, ) —”in”w'>, sine#0

If sin ¢ = 0, the indeterminate form may be evaluated to yicld

]
'=2_‘W’-I; &y Q(7).s5ine=0

I

(24)

(25)

(26a)

(26b)



Equations (26) may be inverted numencally to obtain the desired relation Wi(t). Actuslly. this
function should be denoted by W'''(1) since it is based on the first-order quantity x'"'. However. we
follow Parlange in not updating this lunction with an approximation of higher otdcr Thus there s
no read to make such a notational distinction. As a consequence. the famil'nr l dcpendcnct s
observed for both first and second order in the horizontal-flow case_ ie. x''' ~ t' “and x'*' ~ ¢’

$5. Second-order solution. In proceeding to second order onc should note that the time derivative of
x'" in Eqgs. (14) and (15) will introduce the troublesome quantity 3W; 2t. just as it did in Eq. (22).
This quantity. however. may be climinated algebraically. Using Eq. {21) twice the following relation
is obtained:

T M )]
R P
Y gl TR A *

an
3,“)/ Py
=W
1 f @ j: 8— YR
Differentiating Ey. (18) with respect to time yiclds
oot
W, - 8 —:=w, Ja)/U(1) 2%)
« o
where
o f 2 o
° ;  (xsine+ W)

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

(e —7 oy —Q
J(a)-J‘o d’(usinH'W,)”a_[ dT(usine#'h)’ ) (30)

The second integral, of course, vanishes when a = |.
Corbining Eq. (28) with Eqgs. (14) ana (15) yiclds the second-order appreximations

WD =w, Ja)I (1) (31)

and

1
(2) 5 Q
X .[ O oW, ey 2
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In contrast to W''(t) the second-order approximation to the reduced velocity is a function of both
water content and time. i.c. W' = W'(a.1). The unreduced Darcy velocity

vilz(p -0, )W) K sine 33

obtained from Eq. {9). is the desired result.

RESULTS FOR YOLO CLAY

Parlange’s applcations 10 onc-dimensional mossture flow are of interest here. They pertain to
capillary rise [{Parlange and Aylor. 1972]. infiltration [Parlange. 1971b). and horizonauial flow
[Pariange. 19712). Our purpose here & 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 mossture profiles with their corresponding Darcy-velocity profiles.

1. Soil properties. In cach case the soil used is Yolo clay. Values of the conductivity and diffusivity
for this material are given in Phillip [1957] im tabular form. Here they are presented in graphical
form as Fig. 5. The only other soil properties which are required are the residual mosture content
6. = 0.2376 cm’ cm’ and the end-point moisture content 8, = 0.4950 cm' cm'. respectively.

2. Capillary rise. The case of capillary rise (¢ = 90°) is used to demonstrate the sohstior procedure.
Generation of the time curve (Fig. 6) is the inital step. In general this must be done wn 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 specal case of horizontal flow.
where the appropriate relation. Eq. (26b). may be inverted analytically.] To produce the time curve,
variors values are chosen for Wi [Actually. values of the more physical quantity V. in units oi the
saturated conductivity. are required for the computer program. which converts them to W, using Eq.
(9).] Corresponding values of the clapsed time t arc then obtained via numerical integration of Eq.
(26).

Determination of positions x(a.t) and velocities W(a.l) [or equisalently V(a.l)] is the second
and final step in the solution procedure. For a specificd time i the corresponding end-point velocity
W.i(1) is obtained from Fig. 6 by interpolation. Equations (30). (31), and (32). which depend on W,
arc then evaluated to obtain the second-order approximations x“'(a.t) and W'*'(a.t). Figuie 7
exhibits x'“(a.1) and V'“'(a.1). which is related 1o W' '(a.t) by Eq. (9). at four different values of the
clapsed tirwk for the case of capillary rise; the agreement with Parlange and Aylor [1972] is yuite
satisfactory.

3. Infiltration and horizontal flow. Comparisons with Parlange’s work for ¢ # 90°. huwever.
although acceptable. are not of the same quality. This may he seen in Fig. 8 for the case of
infiltration (e = 90°) and in Fig. 9 for the case of horizontal flow (¢ = 0°). Onc possible source of
this discrepancy is the diffusion in the region near a = 1. Since there are no experimental data
there, extrapolation must he cmployed. Logarithmic  cxtrapolation yields the value
Q = Qla = 1) = 1.85 X 10" ¢cm’ sec. resulting in a position profile lying above Parlange's
[1971a] results. as indicated in Fig. 9. If Q; i» arbitrarily reduced by a factor of 10, then the position
profile falls beneath Parlange’s cakculation for @ > 0.5. Thus different extrapolations would appear
to account (or the discrepancy between our results and that of Parlange for a > C.J5.

As yet, however. we do not have a comparable explanation for the region a < 0.5. As shown in
Fig. 9. our first-order profiles for x''Ya.1) 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
Eqs. (6) and (I8)] and our adaptive Gauss quadrature [see Eq. (18) only] are consistent with the
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numerical techamues uscd by Parlange. Since Eq. (32) for X' differs from Eq. (1%) for X' only in
the appearance of Ha) N1). the discrepancy would appear to Iic in this quantity. However. increases
m the order of the Gauss yuadrature procedure used (o cvalsate Ja) at nodal ponts a. [Ey. (30))
and n the onder of the Lagrangan interpolation used to evaluaie this quantity between nodal points
xave faiked to produce significant changes in our results for X',

To place this discrepancy i perspective. one must consader the iunctior of the water-transport
formalism in the amalysis of chromatographxe results. Basically this s 1o provide a physics-based
micrpolation technigue to realntically construct the monsturccontent and Darcy velocity profiles at
arbstrary times using 3 mnimal number of phyvsacal observations. 1« technnjues of ths chapicr. we
beel. are quite satisfactory for this purpose. By using the automat-scarch methods described in a
hater chapter. measured monsturccontent profiks may be synthesixcd to approximately six
mnmcters. These parameters may then be used 1o vblain both moisture contents and Darcy
wvelocitics at the tines and positions required by the masstranspont  description.  The
wacr-transport parameters themsclves are the subgect of the followng scction.

PARAMETERIZATION OF SOIL PROPERTIES

For some specmlized appliations of the chromatographic wchamue. soil moistare-flow

propertics will be oblainabike from the litcrature just as they were 107 the Yolo clay. However. the
authors suspect that m the most common >ituation such propertics will need to be measured joimntly
with the mass-transport characieristics. 11 1his section a method for determining the moisture-flow
properiics is sugpested.
1. Hydraulic conductivity. In contrast to the mass-transport case where the transport charactenstics
are capressed as simpke constants such as the dotribution cocficxent and the longitudinal
dispersivity. functional rehationships with the independent varmble arc invohed here (see. for
cxample. Fig. 5). A frequently used formula for the hvdraulic conductivity s that presented by
Gardner (1955

K,
h) =z ———— 34
Kb = e v 1 B

where h < 0 1s the pressure head. Paramcters K. h.. and d characterize the soil type. From simple
mathcmatical manipulations the -igmficance of these paramcters may be determined. Values of
conductir ty approach that of the saturated conductnity K. as h -~ 0. Also. it may be scen that at
the critical pressure Kih.) = K. 2. In addition. the slope of the conductivity cunc at h = h.is
dircctly proportional to the pore-size distribution paramcier d. Figure 10 presents cunves which,
according to Bouwer [1964]. arc typical of sand. loam. and chsy soils.

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

15

. hhat® b«
8th) =9, (u)shl hg¥ unhx)

cosh (h'hg)® + 8 cosh y

where 8 is defined in terms of the residual water content 0, and the saturated water content
(porosity) 0;:

6= — |
] (36)
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Giltham. ct al. [1976] found that parcmetzr | could be taken as xro without serwushy Gllecting fi2s
to their data. ic.

(¥
Mh)=0,

e an
cuosh(h/hy)* +8

wsh (/g -b) )

This cyuation may be diffcrentmted

@ (2430, /hp) (Whg)* ~' simh (Why)*" 35)
& (cosh (Wh)* +8)? )

and inverted
hm-b.(h(m'n (828 - 1R} i . (39

Quantity & 1 defined analogoush to that of 6 [Fy. (36)):

-0
$ 60 140)

Paramcters 8;. h'. and d° have mcanings similar to that of their counterparts K. h.. and d in the
conductivity paramcterization. The water content approaches its saturated valuc whencver h — 0
since &’ < 0. In addition. it may be secen that at the critical pressure 8h:) =~ 0, 5 provided
8. << 8; 5. At this same pressure the slope is directly proportioral to the pore-size distribution
paramecter d? i.c. d8 dihl) ~ |d’|. Figurc |1 presents three moisturecharacterstc cunves which
might be appropriate for sand. loam. or clay soils. In truth. the curves of Fig. |1 were gencrated as
rather crude fits to the mosture characteristics shown by Hilkel and van Bavel [1976). The intent is
mercly to show the adaptability of Eq. (37) to different soil textures.

3. Moisture storage and diffusivity. The gencralized moisturc-storage (unction [Reeves and Duguid.
1975] hecomes

Hh)s%‘”uu‘y’ . 1)

Strictly speaking. £ is the modilied cocflicient of compressibility of waicr. Here. however. this
parameler will also bz used cmpirically to characterize the compressibility of the soil medium. The
effect of including this quantity in the formulation is to give a nonscro value to the storage lunction
at saturation, i.c. Fi0) = 8,8°. Thus the J:ffusivity

gﬂm
Qh) Fih)
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remaies Gmste 2t b = 0 m xcord with the amabvus of Phillp [1999] As was nowd pravsowmhy m
connccon with bg. &, the mosture profiles for aaker content values approachmg saluraton arc
somewhat semsatine to the diffusnity m this waker coatent repme. Henoe, such profiles will abo be
scasative (o the valee chosen for 7

A fmal demonstratwn of the cflicaency of the parametcrnizatons i ths secton 5 proenicd m
Fig. 5. A paramctcr scarch. o be decnied m 2 bwer chapier. was performed m onder o fu
Parlange’s apilan-foc roults at § = 19 sec with 2 montere profik obtamcd from U
Gardacr-King soi-properts  formulas discussed above. Conductnitnes and diffusn tacs. which are
pven ia Egs. (34) and (42) with supportmg Eys. (37). (38). and (3]) a5 cxplxcn functinas of pressure
head © are converied o functions of ncduced water content @ vim Egp. (6). (39). and (40). The
soxulting soil propertacs are prescaied i Fig. 5. where they may be comparad with cxpenimentat
data.
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1V. MASS TRANSPORT
THEORY

In contrast to the water transporsi. where an approximate ana'viic solution was ppropriate. a
fully numerical approach is used here. Such an apgroach is necessary since the advec’ .ve flux. Darcy
velocity V(x.t), is not. in gencral. scparable in the space-time variables x and 1. Also. the varikty of
nitial conditions which are contemplated preclude a penurbative treatment like that used for the
water transport. Thus a one-dunensional Galerkin-finitezlement 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

&, o a.:) 9
2 _ D — —~— (V) * Acp = . !
a ax(."Da ta Vet he =0 h

(Symbols which are not defined it the discussion to follow may be found in the notation, Chapter
1X.) Variable c,. the physically measurable quantity, is the bulk concentr. tion and inciudes both a
liquid-phase component ¢ and a solid-phasc component s

cp=Oceps 2)

where 8 is the water content and p is the bulk density of the solid. If onc assumes local equilibrium.
i.c. the rate of the adsorptive reaction is fast relative to the rate of transport. then s will be a time-
and spacc-independent function of c. If, furthermore, a linear adsorption isotherm is assumed. then

,_0
S-nk‘C )

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

p = Rgbc 4
where
Ry=1 +£:-! (5)

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

a9 2

R‘a: o

>y 2
(uoa‘).a‘(vc;om.oc-o . ®
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Adsorption is included above in *he first and fourth terms (from the lkeft) of Eq. (6). and the
mechanism of dispersion is depicted mathematically by the second term of Eq. (6). Here the
equation of Scheideggar [Bear. 1972]

OD=a, Vi 7

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

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

Z)=0 . X)

Consider a trial function of the form

<= 2 N (x)c; 9

where the N. are basis functions spanning the region of interest 0 < » < L, and the m quantities ¢.
are expansion cocfficients. In gencral. Ey. (8) will not be satisfied by ¢ and there will be a residual.
ic.

Z(c)#0 . (1)
The Galerkin method. however. requires that the weighted averages of this quantity vanish:
L
f dx N; (x) £X<)=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 catcgory culled weighted-residual
techniques [Finlayson. 1972].) The working cquatiors here are found by combining Eqgs. (9) and

(11). The result
L
f dx N-,(x).’l(ZNj (x)ci)=0 (12)
o n
j

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



3. Discretization by the finite-clement method. In the chissical Gakerkin methad cach ol the
functions N, extends over the entire domain of mtegraton. Since there 1s considerabk overlapping of
the N.. cach intcgral. Eq. (12). must he carried over its complete extent 0 < x < L. and a full
matnx is pecessary o depict the coupling of the expansin cnnstants c.. Such a situation may b
alleviated by the use of fnile clements. In three-dimensional space these figures would he polvhedma.
and in two dimensions they would be polyvgons. However. for the one-dimensiomal space considered
here they simply constituie segme=nts of a straight ine. Each clement s spanned by basis Tunctions
which arc nonzero only in the mterior and on the boundaries of the ekement. Thus cach integral of
the form of Eq. (12) need be carried only ovir the region of an individual ckment. and a sparce
matnx results.

To formulzte the Gakrkin prebiem for Eq. (6) in terms of finite<kement basis functions. it is
convenient to introduce the matnx function l.\u)l . This quantity 1s a column vector contaming two
lincar functions Ni(x) and N{x). These quantites. which arc shown in Fig. 12, permit continuity
only in the function itsell across chkement boundarkes. Hence. finst dernvatnes. arc. in gencral
discontinuous. and there will be unavoidably some nonconscrvation of mass at the nodes. By
convention. function N, is normalized to unity at node 1 and taken to be 7cro at the other node o
that the expansion constant ¢. is identical to the concentration at node 1. as anticipated n Eqg_ (9) by
the choice of symbols. In matrix notation this eyuation becomes. for the r-th finite clement

€ (x, 0= (Nx)T (o (3

where the superscript T denotes the transposed matnx. (The nprime has been dropped from the
notation since only the approximate solution will be consideral in the remainder of this work.)
Using this notation. both Galkrkin integrals [Ey. (12)] for the r-th ckment become one matrnix
cquation. namely

L
f dx (N}2Z2({N}T (,chdx=0 . 2]
°

4. Numerical implementation of the finite-element Galerkin method. To dcvelop working cyuations
from Eq. (14) requires basically the samc steps as i document ORNL<4928 {Duguid and Recves,
1976]. The result is

[sA) (¢} * [(B] {c}+ (,R'} =0 (15
where

]
lA) =) f ds (N} (Rg0) (N}T (6
. -1

! ) )
- —_— —_ T
(8] ,:La(h (N} 8D 5~ (N}

(an

9 o0
-5 (N} V {N}T + (N} R4 (a—l + M) (N)T)
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(R} = (N} X L . (i8)

Quantities [[A] and [B] are 2x2 matrnices whereas ‘R' 1s a 2x| column vector. The first term on the
lett-hand side of Eq. (6) contributes both to {.A] through the,term R and to [B] through the term
RAO8 Ot). The second and third terms on the lefi-hand side of Eq. (6) contribute. after an
wntegration by parts. both to [.B] through the term 8D and to {.R’}). Quantity X in the latter is the
mass flux

Xx—.Dr—xch . (19

Finally the fourth term in Eg. (6). the radioactive decay. gives rise only to the term in [B] containing
AB.

For convenience of impiementation a new focal variable of integration s has been chosen in Egs.
(16) - (18):

s= 19222 (20)
X3 — X
Thus the Jacobian is a simple constant:
M
'st;a(xz-xclz 2N
and the vector of basis functions may be written:
N} =% (1 + s3).5,=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 ime t + U

(sA) (¢} tewae® [¢B) {chvwas? (R1=0 (23)

where 0 € o € I. In the Crank-Nicholson centered-in-time approach o = 12, am in the
hackward-difference approximation @ = {. The Crank-Nicholson algorithm has a truncation error
of O{Ar°), 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 ume denvative of the concentration is expressed as

(réhounl ={ (;‘)u‘l - (,C}.VAI 24)

and the value of this quantity at the arbitrary pomt m time 5 obtained by lincar micrpolation:

{hrwar=wWichisar t (1 - W) {c}y - 2%

Substitution of Egs. (24) and (25) into Ey. (15) yiclds the following rclationships:

€l fecteoan= R RS 26)
where
1,C] = I,A) /At + w|,B] 27
and
R} =(LA}/A (1 DB (£} . (28)

It should be understood that matrices [.A]. [.B). and u} and. hence. [.C] and | R}. arc cvaluated
at time 1 + wll. These matrices must therefore be obtained by the interpolation procedure of Eq.
(25).

6. Assembly of clements. Up to this point the Galerkin-finiteckement formulation has been
presented only for a typical clement r among the colkection of finite chements which comprise the
region of interest. The result of this analysis is Foy. (26). which is expressed i terms of the 2x2
matrix [.C] and the two 2x1 vectors lRf and 'R” It is now necessary (o sum over all m finite
clements in order (o obain the corresponding cquation (or the complete system. namely

[C) (cbgenq = iR} - (R} = {Y} (29)

where

1= Y el
L4

0o Y om
[ 4

R’} = 2 (R



If there are p nodal pomts m the svstem. then matny [C] s p x p and columa vecton {R} ‘R"
and 'c‘ are px 1. Thws the speenlized summation. or assembly . procedure indwated n Fy. (30)
coaverts matroes amd vectons of order two into simibir quantitees of order p. o illustrate how ths
works. it s convenxent to consider the wmple two-ckement syvstem shomn n Fe. 13 Fach dement
contains (wo nodes. which are numbcred locally as indicated. By mcans of the bases functions of Fig.
12. cach clkmeat contributes buth o the dagonal (1.1) and (2.2) matne ckaxnts 2nd te the
off-dagonal (1.2) and (2.1) matnx ckments of all mo-dimensinal matrxes amd (o the (1) and (2)
matinx clements of all column vecton. As shown m b, 13 neghbormg ckements | and 2 contain
node 2 (m global notation) m common. and ths ame node & given different kaal ddentilication
numbers within these ckments. Such a arcumstiance n accountad for m the assembly process. which
viclds

1Coa 1Co: 0
€1 = .G GG ¢ 0y 2o 3D
0 20 FLEP J
and
1R,
‘R-=4,R, ¢ R, (3
:R:

with ssimilar expressions “or ‘;} and {R} Matnx [C] i trdiagonal due to the sequential (global)
numbcring of the nodes. Equations (3 and (32) demomstrate both the index-shilting and
summation propertics of the assembly process.

7. Application of boundary conditions. Twoe types of houndan conditions are considered here.
namcly Ncumann consant-flux and 1hrichkt constantconcentration specifxations. The tormer
condition is imposed through column vector {R'} fsce Egs. (1) and G0 1 a Nux X is imposed at
node i- then R° = X is preseribed. (The appropriate hasis lunction N of Fg. (13 has a value of
unity at nade 1) Conversely il there 1s no externaily apphed flux at node 1. then 3t follows that
R = 0

At nodes where Ihnchlet constantconcentration boundan conditions are apphed. an dentin
cquation s pencrated for cach such node and included in the matrices of Fg. (291 As an cxamp-,
take the two-clement svstem ol Fig. 13 with the carcentration at node | constramed 1o the valuc of b
at all umes. 1c.

;= h and b2 . 33
Fquation (29) then takes the form
1 0 0 <y b
0 Ci; C]j C2 = Y; c;.b )

0 Cs, Css <3 Ys
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n which 1the indiagonal structure of matnix [C] {Ey. (31)] has been 1aken mto account. This result
may casily be gencralized 1o an 2itrary number of eyuations with one or two Dinchket boundary
nodes.

8. Solwtion of the assembied equations. In solving the assembled cquations cxpressed n Eq. (129). the
matnx [(] » decomposed mte the product of upper and tower trizngular matnces using the Gauss
wehniyue. The lower triangular matrix is wsed to modify the right-hand side of {Y} for
back-substitution imo the upper trangular matnx w obtain a soluton. I the matnx [C] and the
ume step At do not change with time. the decompositaon nexds 10 be performed only once.

SAMPLE CALCULATIONS

In this section the resalts of three sampie calculations are presented. Each of these hypothetical
aws are asd on a2 chromatographic column of kngth | = 30 cm with boundarv-initial
conditions

Ax=0.1)=1
dx=L t1)=0
d0<x<L1=0)=0

(15)

Whenever a temporally and spatally vaciable Darcy velocity Vix.t) is used. it is taken to be that for
horizontal flow in Yolo clay as described in the pravious chapler.

1. Numerical results. The objctive here is threcfold. Firstly, we would like 1o typify the time
derclopment of a concentration profike for the varable advective velocity. This s done in Fig. 14
Using the cune c(x.t = | day) as “expenmental data” a paramcier scarch (sce next chapter) is
madc n order to deline an cqunaknt cor-*==t Darcy selocity subgect (o the proviso # = n.
Concentrations for this velocity are also shown n Fig. 14 for comparison.

Scondly. we would like to demonsirate the effects of buth the distribution coctlicient k. and
the dispersivity 35 and to distinguish one Irom the other. Figure 15 shows concentration profikes
cx.Datt = | day corresponding to scveral different values of the dispersivity a; . Figure 16 exhibits
similar curves for several different values of the distribution cocflicient k.. Obsviously the elfects on
fluid concentration ¢ of changing valucs of a; arc quite similar (o those attributabke o changing
salucs of k.. i only fluid concentrations were measured in a chromatograph. there would be hitke
hope lor distinguishing the two. Fortunately. however. the chromatographic method measures the
bulk concentration

[ R‘OQI 3
where
Rg=1l 9ﬁ’ . (5
n

The water-content lactor #(x.1) serves 1o modify the shape of the fluid concentration profile, as
shown by the plots of ¢ Rin in Fig. 16. Nevertheless, it provides no distinction between ay and k.
The normalization R, does provide such a distinction since it depends only on k. [Eg.(5)). As
indicated by the quoted values of R.n in Fig. 16, this normalization can be quite large. compared to
the maximum fluid concentration of unity, and quite variable. changing by over threc orders of
magnitude as k.. changes from scro to 1000 ¢cm™ gm.
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2 Amalytical comparissn. | he third ami fmal objcctine of 1ho secton 5 W 5ot the numcral ralis
of Fig. 4 for the comstanicloaiy ax azaast amahtxal roslts. To shckch brcth the arahin
solstion process we cast Ey. (6) mto the form

; = q? ::—: , .:—: . 1is)

Here
Q=3 VieR, (37a)

and
v=VIOR, i3Th)

where quantty & ke V 5 assumed 10 be 2 constant. For convenence the assumption A © 0. sadc.
The ranslormation

csftg mrvg (%
remores the first-denvative term s Ey. 136) to yeld the form

% g

afla o) om

The solution of this cywiwn. subxct o the boundan-maml conditions of Fy. (35). may be
expressed [Berg and McGiregor, 1966] as an cxpanson over the cpentunctions of Fy. (39). The
result s

L)
(B2 e i) e
.
where
lll"
T) 41h)

Results oained from Eq. (40) are plotied 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
éx = 0.3 cm.
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V. OPTIMIZATION
INTRODUCTION

In contrast to the water-transport ard inass-L.ansport developments of previous sections. no
improvements or modifications have been added in this chapter tu existing numericz! procedures.
Thus the objective here is to present these basic coneopts which permit use of the computer program
l:sted in Appendix B. Additional technizal information may be obtained from the references to be
cired.

The optimization problem for chromatographic analysis is twofold. Firstly. given the
experimentally determined water contents J'(x.t). it 1s required to find soil parameters for the
best-fitting theoretical function 8(x.t.K. h..d.B..h.d") so that the corresponding Darcy velocities may
be determined. Sccondly. given these velocities and the experimentally determined comventrations
cMx.1), it is reguired to find mass-transport parameters for the best fitting theoretical function
cx.tXk:ai.po.n). It is. of course. desirable independently to measure parameters a;. p. and n
whenever possible in order to reduce nurmerical error in the determination of k..

The best it of a theoretical function f(x.t.p) is defined as that set of parameter values p (in
vector potation) which minimizes th : gquantity

2
‘
r

X*(pr= E \( fix;. 6. p) F(x,. 'i’) [ o*(x;. li)) . 1))

A

Symbol [ may be identified with cithzr 8 or ci, and o' is the experimentai crror. The number of
position variables N, will. in gencral. be a function of the time {, at which the measurcments were
taken. as indicated by the argument. Integer N, represents the total number of such time steps.
Formally p may “c viewed as a vector in an N -dimensional paranecter space with components p;.
Pre e p.r. and X(p) is a hypersurface in an (N, + |)-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
scquential cvaluation of this dependent variable and subsequent comparison with the hest previousiy
drtermined value together with a strategy for determining where the next trial will be made. One
particular strategy characterizes the patiern-search method [Hocke and Jeeves, 1961]. When this
techniyuc is gencralized to the case of constrained parameters. it is called the oprimal-search method
[Weissman and Wood, 1966]. The latter is chosen here since it persnits the user to impasc physical
restrictions by specifying an allowable range for any paramcter. The computer implementation used
here is that of Westley [Westley and Watts, 1970].

The optimal-scarch strategy may be cxplained as follows. | “ially a hase point p. is chosen
arbitrarily. Then exploration begins about this point. First the exploratory rial poin:
p- = p. + eAp; is chosen where ¢; is a unit vector parallel to the p, axis. If a success is obtained,
ie. X(p) < (I - 'T‘)X:qp..). 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 p;.
If a failure is obtained. i.e. X°(p) > (I - TIX'(p.). then a new trial point p—- = p. edp: is
chosen. If success is achieved at p_. then an exploratory move is made to p° = p_. Here and in the
casc of incrementation. whenever therc is a success. the step is accelerated in preparation for the next
cxploration. i.e. Ap, ~ Alp, where A > | is an acccleration factor. If this possibility is also
cxhausted. +'ien there is no cxploratory move. ic. p° = p.. The .tep size iy then reduced in
preparation for the next exploration, i.e. Ap, — Blp, where B < | is a reduction factor. Th: next
step is to in-rement. decrement. or leave unchangcd parameter p: in the same manner as for

|

f

|
R
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parameter p;. After taking cach parameter. in turn. a new base point p; will most likely be obtained.
Figure 17 presents an exampic 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. (Tral moves are mdicated as dashed himes in Fig. 17.) If this series of moves is successful. i1e.
X'(P) < (I - T)X(p:). then a patiem mor. is made to p: = p’. It should be noted here that the
sequence of trial moves ovlinwd aJove continues even if X'2p, p) > (1 TIX(pi). In
addition. there is no accelk.ration or reduction of the step sizes in such a trial-point exploration.
Similar pattern moves are taken until there is a failure. Then a2 retum s effected to the bas: point.
say p. from which the tnai moves cmanated. A base-point exploration then follows. in wimh:
step-size reductions arz permutied.

At this point all the distinctions between a base-point exploration and a pattern exploration
should be clanified. Basically there are three differences. Firstly. for the former a base-pont move. in
cffect. is made cach time there is a successful exploratory move. For a pattern exploration. on the
other hand. 2 bascpoint move is madec only after the inclusion of exploratory moves of ail
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 casc in the example of Fig. 17. where a
basc-point exploration was employed about the initial gurss p.. Sccondly. as noted carlxr, step-size
modification is allowed only during a basc-point exploration. Finally. normal termination of the
scarch may only follow a basc-point cxploration. ~ his happens when there are failures in all
parameters p. and all increments are less than or equs | to their lower himits. ic. Ap. < Top where T,
is a step-size tolerance factor. Pattern exploration. since i occurs about a trial point rather than an
established base pwint. 1s not deemed to be suffictontly relable to justify cither step-size modilication
or normai terminativn. (Nonnormal terminatir n accurs whencver the prescribed maximum number
of function cvaluations nf {{x.t.p) has been “xceeded.)

The above strategy is i Jentical to tha: of the pattern-scarch method. The only additional feature
required by the optimal-scan™ strategy is 1o test after cach ncrementation (or decrementation) to
sec whether the paramater is wi%un the prescribed range of allowable values. If not. then the
paramcter value is simply set equal to the nearest bound.
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VI. COMPUTER IMPLEMENTATION

The computer program s divided into three functional umts pertainng to (1) the watzr
transpor, (2) the mass transport. and (3) the automatic scarch procedures. all of which were
described formally in precoding chapters. Routine MAIN controbs the operation of these units ay
prescribed by the user (see Fig. 18). The individual urits are structured as shown m Figs. 19, 20, and
21. In all. there arc 34 scparate subprograms. Iistings of which may be found m Appendix B.

WATER TRANSPORT

For the water-transport prov «'urcs the control function s performed by WTR (sce Fig. 19).
Using input data obtainad by DATAW. routine WTR dirccts its supporting routine so as to obtain
both position x(0.1) and Darcy velocity V(0.1) as functions of buoth time t and the waicr contcnt
varable, which may be cither @ or its reduced counterpart a. If desired. these results may be printed
(PRINTW) or stored (STRW) on an auxilmry storage device.

The quantitics which determine the moisture-flow  charactenistics of the soil are the sl
propertics ((0) and K(8). These functions may cither be read in as tabular functions or e generated
from the Gardner and King form factors. as described in the last section of Chapicr 11 In the foraxr
case semi-loganthmic Lagrangian imerpolation by routine YLAG [Westley and Watts. 1970) is uwd
in order to obtain soil propertics approprate for subseguent Gauss micgration. In the latter caxe the
diffusivitics and conductivities are cakculated directly by SPROP on such a grid. Since a given sct of
soil propertics i1s independent of both position and time. and since these valuces are reguired only for
the Gauss-quadrature grid of water-content values. they arc calculated only once.

Initially the soil propertics are cxed to determine the time function (W) for schected values of
t'ie reduced end-point Drrcy velocity W,. This is 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 wbular function is placed in a form suitablc for
nterpolation. This is necessary since calculation of x(a.t) and W(a.l) reyuire the end-puint selooty
Wi(t). as indicated by Egs. (111.31) and (111.32). Doubke logarithmic Lagrangian intcrpolation
(YLAG) is used for this purpose.

Dependent vanables x(a.t) and W(a.t) arc cvaluated by cither the first-onder formulas. Eqs.
(11L.17) and (H1L.IB). or the second-order formulas. Egs. (111.31) and (111.32). as specified by the uscr.
Intcgrals in the above-mentioncd cquations are evaluated by subroutine GAUSS with the various
integrands supplied by the function routine FUNS. The unreduced velocity V is obtained from the
reduced veloaity W through application of Eq. (111.9). In addition. when coupling with the mass
transport is required. functions x(6.1) and V(8.1) arc transformed to the functions 8(x.1) and V(x.1)
by WTR. and then Lagrangian interpolation is performed to yickd the moisture transport variables #
and V on the spatial grid specified by the mass-transpont cakulation.

Obviously. the Lagrange-interpolation and Gauss-quadrature techniques play important roles in
the water-.ransport determination. For this rcason the order parameters. which govem the accuracy
of cach method. are separatcly wdentified ar input guantitics. (Appendices C and D give a compicte
description of the input.)

MASS TRANSPORT

When the moisture-transport variables # and V arc obtained. cither as results of the
above-mentioned calculation or as input gquantitics. the mass-transport cquation. Eq. (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.1) and its bulk counterpart cu(x.t) as
functions of both position x and time t. Results may be printed (PRINTM) or stored (STRM).
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The pnnmany computations lor the mass transport are carrred out n routines Q4. ASEMBI.
BC. and SOLVE. Subroutine Q¥ pencrates the lincar basis tumctions N [Eq. (1V.22)] and the
Jacoban J and. usmg known (or assumed) soil-solution propertrss, performs the inteerations
nccessary to obtain ckment matrices [-A] and [-B). The Gauss yuadrature algonithm of order two is
emploved here. Subroutine ASEMBL. has two functioss. Fint. &t applies the finite-ditlerence
discretization for the time variablke to ontain matrices [.C) and { R} from [-A]and [.B] as prexeribed
in Egs. (IV.27) and (IV_28). Sccundly. it assembkes these gquantities via Egs. (1V_30) 10 obtain the
global matrices [C] and {Rg Routine BC applees the boundary conditiens as discussed in Chapier
IV. Theory Scctice 7. and SOLVE sohes the resulting asymmetric handed matrix system by
Gaussian chmination.

Supporting calculations are carried out in SUREF. FLUX. Q4D. SFLOW. and (MR. Subroutine
SURF dentifies boundarny s1odes and clements. Routine FLUX and Q41D determine the mass flux at
cach node from the predetermined concentration distnbution. To detcrmine the mass balince.
cnd-point mass fluxes are integrat-d over time by SFLOW. and voncentration distributions are
integrated over space by Q4R

OPTIMIZATIe !

The optimas-.carch technigue. which was described bricfly in Chapter V. v implemented as
shown in hig. 21, Using search paramcters and expenimental data input through DATAS. routine
SEARCH produces a sct of physial paramcters p which minimize X (p). Eyg. (V.1). This set of
parameters and the corresponding best fits 10 the experimental data are then printed by PRINTS.

Onc of the four ditferent X evaluators, MEVAL. MWEVAL. MWVAL2 or WEVAL is
chosen depending onuser specifications. For example. WEVAL is used whenever the experimental
water contents #'(x.t) arc to he fitted. whereas MWEVAL s used whenever experimental
concentrations ¢x.t) arc to be optimally approximated. In the latter case 1t 1s understood that the
water transport is to he calculated simultancously from known soil parameteis.

The materiml-transport and walcr-trinsport pracedures here assume the roke of providing
theorctical functions lor the X evaluators. There are necessarily. howeaer. some linkage routines.
Paramctcr linkage is accomplished by BUFFM and BUFFW. Subroutine BUFFEM cestabhishes the
correspondence between various clements of the parameter armay p and the matcrial-transport
parameters k. iy, p. and n. Routine BUFFW performs this same Tunction for the water-transport
paramcters. Nodal-point linkage is accomplished by YLAG. SWPREP. and DSORT. Calealational
spacc grids must. in general. differ from cxperimental space grids. The former is chosen from
considerations to achicve computation cfficiency. whercas the latter is dictated by the experimental
techniques. This disparity is rectifred by simply interpolating with YLAG 1o obtain the theoretical
functions at the experimental positions.
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VII. ANALYSIS OF FXPERIMENTAL DATA

Correspondence of theory and experiment s the subject of this chapier. More precischy . the
optimization procedure of Chapter V is wsed to avtomatialh adjust paramec.ns of buth the
water-transport theory ‘Chapter EHY and the mass-iransport theony (Chapter IV) so as to “hess ™
the expennmental data (Chapter 1. One of the mass-transport parameters. namely the distribution
cocfficient k.. is of special interest.

Before proceeding. however. certain gencral remarks should be made reganding the work
presented in thas chapter. In the first place. it s somewhat fragmentan since 5t reproxents our finst
attempt to analyvze experimental data. Even so. feasibility is demonstrated by the 1 and Pu analvses
presented. Finaliy the need for further refinement of two different aspevts of our analvsis. namely
the water-transport and the migration of multipke species. can e seen.

WATER TRANSPORT

The purpose here is to determine both the water content MX.1) and the Darcy veloity Vixat).
These gquantities are necessany since they charactenize the carrer fluid and thereby control the mass
transporl. To cakulate the latter. a space-time grd must be superposed on the region of integration
(x.1). The spacings within this grd arc governed by comergence and stabihty cniteria ol the
numcrical algonithms. and. in gencral. are much finer thar the corraponding expenmental grd.
Thus the need lor an interpolating procedure arises. The strategy adopted here is to fit the
experimental data at the sckected points at which it is measured. One thereby  determines
parametrically an interpolation function which may be used &t space-time points other than those
for which mecasurements are aken.

Another consideration concerns the oxperimental observable. which is simply the relatine
radicactivity. In the case of tritium. which is not adsorbed. this divactivity s taken o0 e
proportional to the walter content. Thus the fitting function must be more than a simpk
interpolation function. It must have suflicient theoretical foundation that Darcy velocitios may be
extracted from it. The formal development of such a function s the subject of Chapter 1L

Figures 22 and 23 present two different radioactivity profikes for the movement of tritiated
water in Fuguay sand corresponding to two different values of the cluting time. (The radionuchde
here is placed in the feed solution rather than being spotied directly onto the soil.) Parmmeter values
for the theorctical fits are given n Table 1. These fits are not extremeiy good. There is a platcau in
the cxperimental data for the lower vaiues of the position X which i not prosent in the theon.
Sccondly. the experimental wetting front is steeper than that of the theorctical Ft. The problem here
appears 1o be cxperimental. The relatively weak beta (0.018 McV) coming trom 'H permits
observation of only the topmost layer of soil, where cvaporation. mhomogeneity. and
wo-dimensional cffects arc the greatest. A different experimental technique appears to be cailled for.
Perhaps dissection followed by weighing the increments before and after drving would be more
satisfactory.

MASS TRANSPORT

The best fits obtained to date arc 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 ia the same soil. In cach
casc the radionuclide is spotted dircctly onto the soil. (Figures 28 and 29 show the corresponding
nitial conditions.)

The soil is then wetted for approximately 17 hours using water as the cluting solution and
counted to obtain the radionuclide profiles. Figures 24 and 26 exhibit the resulting profiles. After
dryving, the soil is wetted for a second time and counted. Figures 25 and 27 pertain to this wetting,
again for St and Pu. respectively.
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Table 1. Moisture-Transport Parameters for Fuquay Sand

Conductivity K. 7.57 X 10" cm, sec
Parameters
h. 499 cm
d 1.78
Moisture-Content B 397 x 10
Parameters 4 -232 cm
. -0419
8. 6. 0.00625
f0..n 0.625

Table 2. Mass-Transpcrt Parameters for Fuquay Sand

Parameter Mer py
I’ 2 I 2
ks (cm’/p) 259 2.3 440 2y
p (g/cm’) 1.75 1.75 1.75 1.7¢
ar. (cm) 0.150 0.333 0.446° 0.:2¢°

"These numbe:s refer either to the first or second wetting.
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Masstranport paramcters Otanad from our keast-squares hitting procedure are shown
Tablc 2. Perhaps the most strihing things about the values ginven pertain to the R determanations tor
T Pu. Bt there is oveelient agraement between the two wettings. Sccondhy | the magmitudes ol
thoxe numbers s rather small compurcu 10 tac valuc A - 10 cm gm. which has appeared
frequently in the lterature. [Sec. tor examp!:. Prout. 195X ] Speciation. howerer. playvs an important
rok n dercrmimng Pu mohilitics [Bondictti. 1376] and appears to be a partual cyplanation ol the
phenonmena obsenned here. Qur suspension measarcexent ol . = X3 cm gm oseemns to contirm this
explanation. Howerver. it doey e another gqueston *cgarding the dilterence between our
chromatograph:ic mcasurement of about 43 cm gm ang ur suspension mcasurement  reported
abore. The fatter is larger than the lormer by a 1actor of about s The cxplanation here appean o
be that of rediced exchange between soil and saoil solution i 1F - chromatographw method relatine
0 the suspensin methad.

A similar point may he made regarding the chromatograglac measurements lor = Sr reported in
Tablc 2. The average value of the o distribution coctlicieits reported there sk - ¥ em’ gm,
which in subtrntialiy lower than our suspension measurement of b: = 85 cm’™ pm. Hoere the Latier
is greater thaa the lormer v a lactor of about three. Agam the reduced oxchange n the
chromatograptic measuremenl appears to be the reason. Probhoroy [1962) compared a flow-1vpe
determination o a sispeasion determimation tor the case of “Sr. He got 21 cm’ gm tor the lorexer
and 490 ¢cm’ gm tor the Eatter with the numbers diflering by a tactor of about 23,

Figure 3 cxhibits expenmental and theoretwal raults tor a .01 N CatNO)) cluting solution.
Expenimentally the peak moves rather than bomng distorfed. as was the caxe when water was the
cluting agent. The theors . however. s unable to account Jor this moving peak_ as nay be seen by
comparing Fig. 30 with the mital condition shown in Fig. 2% The explanation periuns to the tact
that there are here o competing jons. Ca’™ and St Calcium jons are exchanged with Sroons.
forcing the latier to inove 1o a region in which Ca concentrations are weaker. A more general theon .
likc that of Rubie and James [1973). s called tor here.
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VIII. CONCLUSIONS

This report documents our mitial effort to guanuly soti chromatography. Fxpernentally. a
radiochromatographic scanner coupled to a multichannel analvzer s employed. These instruments
provide the rest.iution. the sensitivity. and the numeric output nevessary for computer analyais of the
chromatog-aphic profiles.

Theorzt:cally. the chromatographic cluting process is percenned as a coupled Pow of water and a
dissolved constituent  through a soil matrix. Solution procedures for solving the appropriate
transport eyuations arc developed and implemented. The end product here v 2 computer code
capable of automatically analyzing the experimental data. This analysis consists n fitting the
chromatographic profiles to determine several water- and mass-transport parametens. one of which
is the distnbution coctficient k...

The merit of the chromatographic method s that it simulates fickd conditions more accurately
than do other technigues. This is very important tor the determination of the distribution cocfhicient.
Our results for “'Srand © Pu show that the reduced exchange inherent in a How-type situation leads
to k. values which are lower than conventional suspension measurements by factors of three and
two, respectively.

Finally the need for two refinements is noted. One pertans to expenmental determination ol
the water transport. From a prehiminany investigation it appears that a dissection method s the
answer here. The other pertains to theoretical assessment of competing cations. In add:tion. a wider
varicty of soils. including slabs of porous rocks. i1s desired. Future rescarch will focus on these arcas.
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IX. NOTATION

Accekemion parameter (dimensionkess).

(2x2) matnx of mtcgrab tor r1h finite clement (1)

Longitudinal dispensivity (1)

Reduction parameter (dimensionless).

(2x2) matnix of integrals for r-th finite ckement (L T).

Dirichlet boundary condition for the concentration (M L)

(2x2) matnx of intcgrals for r-th finite clkement (1. T).

Asscmblv of all [.C} (. T).

Concentration of the dissolved constituent (M 1),

Numcrical approximation to ¢ (M 1)

Bulk concentration including both dissolved and adsorbed constituents (M 1),
Concentration at node i (M ).

(2x1) vector of concentration values at nodes of r-th ckement (M L),

Vector of concentrations value at all nodes of the system (M 1),
Hydrodynamic dispersion (1.7 T).

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

Porc-size distribution index of the King moisture-charactenstic function
(dimensionicss).

Moisture-storage function (1. ').

‘Theoretical prediction cither of water content (1" 1.') or concentration (M 1),
Experimental data cither for water content (1.7 1.°) or concentration (M L)),
Transformed concentration (M 1.°).

Pressure head (1.).

Critical-pressurc parametcer of the Gardner conductivity relation (1.).
Critical-pressure parameter of the King moisturecharacteristic function (1.).
Integral encountercd in the relation (W) (T~ L)

Integral _ncountered in the second-order solution of the water-transport equation
(7).

Jacobian for transformation to local coordinates (1.).
Hydraulic conductivity (1. T).

Saturated conductivity parameter of the Gardner conducitvity relation (1. T).

Ki#? = 8)(L T)
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Saturated distnbution cocflickent (1. M),

Length of chromatographic column (1)),

Differential operator lor mass-transport (dimensionkoas).
Basis {unctions (dimensionkos).

Number of expernimental times (dimensioniess ).

Number ol experimental positions (dimensionkos).
Porosity (1" 1)

Theoretical parameter. “slay represent cither mointure-iansport of mass-
transport parametcr with its asociated dimension (varable dimenswon).

Vector of theoretical parameters (vanable dimension).

Diffusivity (1.7 T).

a VAR, the cffective diffusivity (17 1)

Vector obtained in numernal solution of mass-transfporn cyuation (M 1 1)

2x 1) vector of values of the mass flux at the boundarics of the r-th clement
ML)

Vector of mass-tranmsport boundary flows (M 17 1),
Retardation factor (dimensionless).

Length of soil column (1),

Local variable of intcgration (dimensionkess).

Valuc of s at j-th node. ic. s; = -1 and s: = | (dimensionkess).
Sold-phasce concentration of the adsorbed constituent (M M),
Paramelcer step-size tolerance factor (dimensionless).

X" acceptance factor (dimensionless).

Time (T).

Darcy velocity (1. T).

V BR.. the effective velocity (1. T).

Revuced Darcy velocity (1. T).

The n-th approximation to the velocity solution of the waltcr-transpor! cquation
(L. ).

W(a . .
Wia = 0) (1. T).
Mass lux (M L° T).

]

n

Position coordinate (1.).
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The n-th approamation to the positon soletion of the water-tansport cquation
i)

lR' ‘R' vector obtained n the numencal solution of the mass-transport
cymnon (M [ 1)

Reduced watcer content (dimensionless).

Modified coefficient of compressibility (1. ).

Paramctcr increment (variable dimension).

Time increment (T).

H- 8) 0. + 0) tdimensionkess).

Angle of inciination of the chromatograghic column ( ).
Moisture content (1.7 1)

Rosidual mossturc-content parameter (1.7 1)

Initial mwisture content (1.7 1),

Boundan moisture content. cqual to the porosity nin this document (1.7 L),
Experimental water content (1. L)

Reduced hydraulic conductivity (1. T).

Decay constant (T 7).

Figensalues of transformed mass-transport cyuation (1. 7).
Transformation paramcter (1 ).

0. 0 (. + 0 (dimensionless).

Bulk density of the medium (M 1)

Experimental measurement crror cither in water ¢content (1.7 L)) or in
concentration (M 1.).

Sum of weighted squares of residuals between experimenial and theoretical
points (dimc: stonless).

Paramcter of the King moisture-characteristic function. taken to he 7ero in this
document (dimensionless).

Timc-integration parameter (dimernsionicess).

Spatial frequency for cigenfunctions of concentrations (1. ).
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APPENDIX A
EXAMPLE CALCULATION: *’Pu IN FUQUAY SAND
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SIDISACTLVE LOSSES (LIQOED ADO NOLIDY . 6.0 9.0
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APPENDIX B
LISTING OF THE COMPUTER PROGRAM
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BLOCK DATA
FUNCTION OF ROUTIEE--TO IBITFALIZE THE COBBON 3LOCKS.

ISPLICIT REAL®8(A-H,0-1)

REAL®S PHAT
COBOoN/8IVAR/KPRO, KPR (1900) ,AAXDKP, BAXEL,HALFF, SAXUAT,SALIBS,

1 BAXNTI,EHPPN

COBR0ON/BRVAR/ A(101,.2),B(101,3),8(101),82(191),81 (¥01) 8B (101},

SALIN
ahls
8AIN
HALE
BAIN
BALW
BALE
BALN
MAIN

1 DP(101),R1(101),BT(10) ,XTAP(101) ,PPLX(10Y) ,BPLIP(101), PX(100,2) BnA:l

1 ,PRATE(10),PLOY(10), TFLON (10? ,5,PBAT (3. 5)

DATA 3AXZL,BAXEP, HAXNAT,HAXBN, BAXNTI, BAPPA/100,101,1,3,1000,5/
DATA PEAT/&H o%H KD,8H LB ., 3HRE03, o8 oMH v

1 84 AL,%H L T,OMMHETA,8HR 84 . SHPOR 08 /

END

FUBCTION OP PBOGBAN-—TO SIBULATE IRASSIEs. OBB-DIBRNSJIONAL
HATERIAL AND BOISTUSE Fi<e IB A THIN-LAYER CEASNEL CHBOBATOGEAPH.
THE GALERKIN-PINITE-ELESERY RETHODP IS USED FPOR THE BATER:A.
TRAPSPORY, AND THE PARLABGE PERTABATIVE BETHOD IS USED Pog

THE BOISTURE TRANSPORT.

DIBENSIONING FORAAT--
CORBRCE/PROBID/TITLE(8) ,84PBOB

CORMON/CRVAR/TINZ, TH (BAKEL, 2) ,TH8 (BAXEL,2) ,FHU (BALEL,2),
1 DTH "AXZL,2),VI(BAXEL,2),VXP(BAXEL,2) ,VI8 (8AXE.,2)
CuBNON/GEOB/ L{BAXEP) , BB.(2) ,DCOSB (2) ,0COS {2) , DL, CHNG,
1 DELMAX,TSAX,IPX(B8AXDP),IE(UAXZL,3),NPN(2),8PST (2, .NPTST (2),
1 B32(2) ,¥TSE(2) ASB(2,2) IS (2,2) ,HUP,BEL,BRAT,13A%D,8BC,
1 NST,NTST,8BEL,STI, NNO0R
COMBON/HL VAR/KPRQ, KPR (BAXSTI) ,MAXDIP,HAX2L,8AXNP, BAXSAT,
1 BAIBY,BAXNTL,BHPPR

CAH0B/BPROP/PROP ( RAXBAT,BAPPE) , VII
COBBOB/88YAR/ C(BAXBP,FAXBU) R (RAXNP) ,BP (SAXSP) ,RI (BAXNP),
1 RB(NAXNP) ,DP (BAXNP), XTEP(BAXSP) , BPLX {BALNP) ,BPLIP (BAXN?),
3 FX(BAXBL,2),PRATE(10) ,PLOW (10), TPLOW (10),¥,PEAT (3, BAPPN)

CUBRGY/BUBITG/ NORDR?,MORDER,NITP, ITHAIN,IG:S,ITALN,

1 1GSSY(3)
COBRON/TPLX/TTAB(BITTAB) ,¥ 10 (BXITAB; ,V 'TAB(AXTTAB) ,

3 WITAB(RXTTAB) ,0FAB(BXTTAB) ,TTABL (AXTTAB) ,NITABL (BXTTAB),
1 TEAP(MXTTAB) ,IPTTAB(NITTAB) ,NTTAB

CUNBOB/TUTR/X (0aisTd) , T
CUSS0N/VPROP/AKPAR (RXSLP) ,CDPAR (BXSLP) ,AKSB(BISLF2) ,

1 ALPK(BXSLPZ),D{NXSLP2), .LPD(BXSLP2), AKSAT,AKSHO, N!.PAR,

1 NKSP,BCDPAR, BDSP
COBROB/XVAR/XSUPI(BAXTHP), XSUPI (MAXTHP) . THP (BAKTH: ,

1 ALP(BAXTHP) ,VSOP1 (BAXTHR) ,VSUP2 (FAXTRP) P (AAXTHP) ,QGA (SAKTHP),
Y NG (BAXTYP), THTEP (RAXTHP) , AKGSS ( (PALT P~ *¥XGSS+BIGSSY) ,
1 DGSS( (BAXTHP-1) *AXGSS+BIGSSY) , L PTTH (BAXTHP) ,BTd ,JTH,BGSS

COBROB/SIP/NP,KPRS ,AXPUS, LCONY,BSCY,IPA(MAXSCY, BAXSHP)
COBRON/SBP/ DELTO,CHISO,ACC,RED, TOLSTP,TOLPUN, PO (BAXSHP) ,

1 PH(MAXSHP),PL (BAXSHP) ,DELP (NAXSHP), PLO (SAX5EP) ,PNO (BAXSEP)
CONAON/XIV/BYXL (BXTARX),AYXU (NXTBEX), SYK (AXTHRY) , BTL, NXT
COBRUN/XB8Y/XI(AIBPEX,RITHEX) ,¥X(AXSPEX,AXTNIX) , VX (BXNPRY,

1 BITHRX),DYX (AXSPEX,BXTAEX) ,YT (BXBPRX),TX (AXTAZX;,XVTL (AXTAEX),

1 19¥TO (BATHRX)

VHERE BAXBY IS THE SAXISUM BAND ¥IDTH,
BAXRL 1S THE BAXIBUA NUABER OF ELEBENTS,
BAXBAT IS THE BAXIAOR BUBBER OF SATERIALS,
SAXNP IS THE BAXINOS NUBBER OF FODAL POINTS,
BAXIBII IS THE BAXIAUS BUNBER OF TiBR INTERBVALS,
MAPPA IS THE EAXIBUE NUABER OP BATERIAL PROGPERTIES PER
BATEBIAL,

?IIITI IS THE RAXIAUN NOHBPa OF TIAR VALURS USED I TH2
UNCOUPLED WATER TRANSPORT CALCULATION,
BAXTHP IS THE BAXIAUE BUMABER OF TWRTA POINTS,

BALlE
BAID
SALN
AL
aAln

10
15
20
25
30
¥
80

50
55
60
65
70

10
5
20
25
30
35
80
(>
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
180
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
29
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100

8IGSS IS THEBAIIBUR BSUBBER OF GAUSS POINTS USED O ALL
INTERVALS EICEPT THE OBE MEARERST ALPHA = 1,

BIGSS1 IS THE BAXIADOS BORBER OF GAOSS POINTS OSED OB THE
INTEBVAL BEARBST ALPHA = 1, .

BISLP IS TBR BAIIBUA BUBBER OF SOLL PROPSRTIES,

BXSLE2 I 2¢BASLP,

BITTABD IS THE BAXIBUS SUBBER OF ENTRIES I3 THE TIANE
TABLB,

BAXSCY IS THE BAKINUR BUBBER OF SEARCH CICLES,
BAXISHP IS THE BAXIBO® BUSBER OF SEARCE PARAAETERS,
BIBPEX IS THE BAXIAUS BUBBER CPF BXIPERINERNTAL POINTS,
BXTBEX IS THE BAKIBUB BUHBER OF EXPERINEETAL TIAES.

IAPLICIT BEAL®S(A-H,0-2)
BEAL*S BEVAL,MVEVAL,N8VaL2

REAL®R PHAY
COBBON/CTRL/KPGH,KNTR, KV, KSTRE, KSTRY, ISEOP, KSS,KDIG,KROUT, KNOUT,
1 ETSTP,KSCUT ,KSACH,KBOPP,KABL, KIC, KSTRS

COBNON/PROBI D/TSILE(S) ,NPROB
COBBON/CRVAR/TIBE, TH(100,2) ,THS(100,2) , 78R (100, 2) ,DTH (100, 2),

1 ¥x(100,2) ,YXP(100,2),VZ8{100,2)

CORBROB/GEON/X (10%) ,BB (2) ,DCOSB (2) ,DCOS (2) ,DELT,Cli8G,DELBAX ,YRAX,

1 IPX(101) ,IE{100,3),8PB§2) , BPST (2) , WPTST (2) , BB (2) , NTSE(2), ISB (2.
1 2),15(2,2),889,8EL,BBAT,IBABD ,BBC,BST, BTST, BBEL, STI, BEOR
COBSO0N/BIVAR/KPRO, KPR §1000) ,BAXDLF,BAXEL,BALNP, BAXSAT ,BAXBY,

1 BAKNTI,BEPPS

COBHON/NBVAR/ A4101,2),B§101,3),R(101) ,RR{101) ,RK {137) ,RB(10F),

1 DP(191) ,BI(101) ,RT(107) ,XTEP(101) ,BZLX(103) ,BFLIP(101), PX(100,2)
1 ,PANTE(10),PLOS§10) , TPA0W (10) ,¥, PEAT (3,5)

comson/ce i/ 81,71

COBNON/BUBITG/ BORDRY,NORDER,BITP, ITHBIN,IGSS,ITAIN, IGSSV(3)
COBROB/THTR/T (50) , BT

CORNON/SIP/NP,KPRS ,AXFUN,ICOBY,BSCY,LPA (5, 2V)

COBBON/SBR/ DELTO,CHIS,ACC,RED,TOLSTP, T0LPON,P (20), PH(20),PL(20),
1 DELP(20) ,PLO (20) , PHO §20)

EXTERBAL WEVAL,SEVAL, BEEVAL,AUVAL2

POT PROGRAB-CONTROL PARASETER AND PROBLEE IDANTIFICATION.

READ 10000,KPG8,BPROB, (TITLE(I) ,121,8)
PRINT 10100,KPCS,BPROB, ¢TITLE(I) ,I=1,8)
KBUZP=0

KSRCH=0

IP (KPGB.GT.3) KSECH=)

G0 TO (20,50,80,130,160,190,2200 ,KPGH

DETRRSINE BATRRIAL TRAASPORT ONLY.

20

CALL DATAS

30 CaALL mINL

TI88=0.
CALL PRIBTE(O)
Ir (KSTES.EQ.3) CALL STESIL
2I8E=DELY
0O 40 ITB=1,BT1
CALL BTRAD
CALL PRIBTE(ITH)
IP? (KSTRE.EQ.1. AND. KPR{ITH).G7.0) CALL STRET
I? (KSS.2Q.0) GO 7O 10
IP (2I82.EQ.TEAX) GO 70 10
DELT=DELT® (1.9CHYG)
DELY=DEIM 1 (DELT,DBLBAX)
TIAE=TINR+DELY
I? (TL83.1%7.TEAZ) GO 70 W0
DELT=DRLT- (TI8E-TRAX)
TIAE =TEAX
conarinog
G0 70 10

CALCULATE FATEIR TRASSPORT OBLY.

50
60

CALL Dia®
CALL PECAL
CALL W1lL

295
300
3os
310
315
320
325
330
335
380
385
350
355
360
365
370
375
380
385
31%0
395
800
805
810
815
820
825
830
835
880
(1%
50
55
860
65
870
875
480
885
490
895
500
505
510
515
520
525
530
535
580
585
550
555
560
565
570
575
580
505
590
595
600
605
610
615
620
625
$30
635
680
(11
650
655
660
65
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70

90

110

120

SEARCH POR BATEBIAL-TRANSPORT VARIABLES ONLY, GBCOUPLED CALCULATIOBN.

130

1
140
150

101

ITRIN=1
CALL PRTTAB
IF (X9TR.Eu.0) GO TO 10
IF (XSTRM.Eu-1) CALL STRWI
ITAIB=1
po 70 ITE=1,BT
CALL WINTP (T (ITH))
CALL #TIBE(T(ITH))
TINE=T (IT8)
CALL UTRE1
IF (KNTR.EQ.2) CALL WTIRN2
CALL PRTE1 (IT8)
IP (KNTR.EQ.2) CALL PRTH2(IT8)
IF (XSTRU.ZQ.1) CALL STRET(T(ITH))
CONTINUE
Go 10 10

COUPLED CALCULATION.

CALL DATAB

CALL DINW

CALL 2uUCAL

CALL BsINL

CALL ¥INL

CALL PARTTAB

TINE=0.

CALL PRINTE(OQ)

IF (KSTRH.RQ.1) CALL STREI

TIBE =DELT

DO 120 ITE=1,BTI
vip=¥1
CALL BIRAN
CALL PRINTB(ITH)
1P (KESTRB.EQ.1.ABD.KPR(ITH).5T7.0) CALL STARET
I? (KSS.BQ.0) GO TO 10
1?7 (TINB.EQ.TEAX) GO TO 10
IP (KTSTP.BER.0) GO TO 100
ODZLT=DELT® ( 1.4CHNG)
G0 TO 110
IF (ITB.EQ.1) TCOB=DELT®*VIi®e (1, *CHEG)
DELT=TCOB/V 10%({ 1.+CHBG)
OELT=DBIN1 (DBLT ,DELBAIX)
TIAR =TINB*DELT
IP (TIBE.LT.TBAI) GO TO 120
DELT=DBLT- (TIBE~-THAY)
TIBE=TBRAX
coRTINDE

G0 10 10

CALL DATAR
CAMLL DATAS
DELTO=DILY
IF (9SCI.LB.0) 60 20 150
Ir (8XPUB.1B.0) GO TO 180
DO 180 ISCI=1,B5CY

CALL SEPREP(ISCY)

CALL SERABCH (8P, P,CBIS,?8,PL,ACC,RED,20LS2P,TOLPUB,DBLY, RPRS,

SEVAL,RIFUD,ICOBYV)
COBTINUR
KPGlis)
KSOUT=0
CALL BEVAL(P,CAIS)
GO 70 10

SEABCH POR VWATER~-TBANSPORT VARI\BLPS ONLE.

160

CALL DINS
CALL DATAS
KRUre=0
17 (9sC1.LB.0) GO TO 180
IP (BIFUN.LR.0) GO T0 180
DO 170 13CI=1,85CY

CALL SEPREP (15CY)

576
67s
630
685
690
695
700
705
710
715
720
725
730
735
780
785
750
755
760
765
770
75
780
785
790
73s
800
805
810
815
820
825
830
835
880
88s
850
855
860
865
870
875
880
88s
890
895
900
905
10
1S
920
925
930
935
930
t L}
950
955
90
965
970
75
900
85
90
995
1000
1005
1010
101S
1020
1025
1030
1033
1080
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CALL SEARCH (MP,P,CHIS,PH,PL,ACC, RED, TOLSTP, TOLFUN,DELP, KPRS, 1085
1 VEVAL,BXFUN, EKCOBY) 1050

170 CONTINTE 1055
180 KPGA=2 1000
K50UT=0 1065

CALL WEVAL(P,CHIS) 1070

GO TO 19 1075

c 1080
C SEABRCH POR BATERIAL TEANSPORT VARIABLES OMLY, "OUOPiLED CALCULATION. 1085
c 1090
130 CALL CATAB 1095
CALL DIN# 1100

CALL PWCAL . 105

C*LL WINL 1110

CALL PRTTAS 1115

CALL DATAS 1120
DELTO=DE.LT 1155

If (A1PUS.LE.O) GO TO0 210 1.30

1P (¥SCY.LE.0) 6O TO 210 1135

DO 200 ISCY=1,MSCY 1180

CaLL SHPREP (ISCT) 1145

CALL SEARCH (BP,P,CHIS,?H,PL,ACC,BED,TGLSTR, TOLPUN . DELP, KPRS, 1150

1 BWEVAL,BXPUN,ICONY) 1155

270 CoNTINUE 1160
210 KPGB=3 1165
KSOUT=0 1170

CALL BUEVAL(P,CHIS) 1175

G0 TO 10 1180

c 1185
C SEARCH POR BOTH BATERIAL— AMD WATER-TRANSPC4T vALIAZLBS. COUPLED 1190
€ CALCLLATION. 1195
c 1200
220 CALL DATAN 1205
CALL vIBW 1210

CALL DATAS 1215
CELTO=DELT 1220
KBUPP=1 1225

IF {NSCY.LE.0) GO TO 240 1230

I? (MIPUB.LE.O0) GO TO 240 1235

Lo 230 ISCY=1,b5CY 1240

CALL SHPREP (ISCY) 1235

CALL SBLRCH (¥P,P,CHIS,PB,PL,2CC,RED,TOLSTP, TOLPUN,DELP, KPAS, 1250

1 BUVALL EXPUN,ICONY) 1255

230 CONTINOE 1260
240 APGH=3 1265
E503T=0 1270

CALL BBVAL2{PR,CHIS) 1275

GO 10 10 1280

13000 PORMAT (215,8A8) 1285
10100 PORSAT(/* CALCULATION.. TYPR',15,'.. PROBLEE®,I5.%.. ° ,8A8/) 1290
N0 1295
SUBRYOTINE STR nTR 0

c ATR 5
C PUNCTION OF SUBROUTINE--TO COWIROL TJB IFTEGRATIOR UP THE are 10
C SATERIAL-PLOS BQUAZiON, WHECH COBSES''S OF ASSESJLY, APPLICATION ATR 15
C OF BOUBDARY CONDLTIQNS, APD HATRIX SOLOTION OF THE ASSULTING aTR 20
C SET OF EQUATIOFS. AR LS
c BTR 30
IBPLICIT REALS: (A-H,0-8) ATR 35
REAL®4 PHAT BTR 40
REAL®S KD,LARBDA BTR 45
COBHON/CTRL/KPGS,KNTR,KVI, KSTRA, KSTAW, IS 20P, 8SS ,KDIG, KHOUT, KWOUT,ETR 50

1 KTSTP,KSOUT,KSACH,KBUL?,Z)NL,KNC,LSTAS sETR 5SS
CORNON/CRYAR/TINE,TH(100,2: ,TRE(300,2) ,ZA¥ (100,2) ,0PH (100,2), BTR 60

1 v1(100,2) ,YXP(300,2) ,YEB(100,2) BT 65

COBBCS/GRON/X (101) ,BB §2) ,DCOSB (2) ,DCOS (2) ,DELT,CHNG,DBLEAX,THAZ, BTR 70
1 IPX (101) ,1B(100,3) ,BPB§2) ,BPSY(2) ,HPEST(2) ,UBE (2) ,WTSE(2), ISB(2,878 715
1 2),18(4,2) ,800,0RL, 5808 ,18AND,PBC, ¥ST,BTST, WBERL,¥T I, BEOR im 80

COBBON/BPROP/PROP (1,5) ,#X1 TR 85

CONNCe/BRVAD/ A(101,2) ,8(101,3) ,R(101) ,BP(101) ,RI(100) ,2B(101), HBTR 90
1 DP(101) ,23(101),RT(101) ,ITBR(101) ,BFLE(101) ,BPLXP (101), PX(100,2)873 95

1 ,PRATE(10), PLON (10), TPRON (10) B, PEAT (3, 5) am 100
CONBON/BIVAR/KPRO, KPR §1000) ,AAZDLF, UA SBLyBAX NP, BAXEAY ,AAXBY, TR 105
1 SAXNTI,NE2P8 ETR 110
ccason/8i/ TH1,#%0,TN%,SINRPS am 115



103

€oax0¥/8UNITG/ NQRDR1,MOBDER,MITP, ITHYIN, IGSS,XTAIN, IGS5V(3) ATR 120
DIRENS 10N ZNOR(S) ,ZBETA(S,5) are 125
DATA 1008/0.0,7.3862513859481360-1,1.06357992133762823,0.0,8.7 sT: 130
T 32083912582954D-1, TR 135

DATA ZBEXA/5%0.0,3.560258037844393D-1,-1.36002580378843900, 3%7.0,8TR 180
1 -2.1013831273060290-1,9.5236551169916170-1,-1.782227198968559D0, BTR 145

1 20.0,5%0.9,1.678662850638816D- 1,-1.000068213033878D0, aTR 150

1 2.368268696938708D0,-2.854680878324783D0,-7.698589368895792D-2, HTR 155

c ATR 160
C SOC0S0S 00800050 S80000 0000080800000 0000000800000 0000800008808080000000080 TR 165
c aTeR 170
ENTRY BIBL aTR 175

1F (BBOR.PE. 1) GO TO 10 ATR 180

2808 (1) =% ATR 185
ZBETA(1,NBOR) =-1. aTe 190

10 se81=ISB(1,1) nTR 195
»e82=158(2,1) aTR 200
KEOUT=0 ETR 205
KDIG=0 ATR 210

c AT 215
C COAPUTE BABD-WIDTH VARIARLES. aTR 220
c ATR 225
INALPB=BAXDIP aTR 230
IBABD=2%IHALPBe1 ara 235
IHBP=IHALPBe1 ATR 240

IF {IBASD.LE.BAXBE) GO TO 20 TR 285

PRINT 10100, IBAND, BAXBW aTe 250

c aTR 255
C PREPAZE INITIAL VARLABLES. aTR 260
c BTR 265
20 I? (KIC.NE.O) GO TO &0 =r2 270

DO 30 BP=1,8NP a~R 275

30 R (NP)=RI(BF) nTR 280

GO TO 80 arR 285

80 DO SO MP=1,NNP ATR 290

2 (BP;=0. BT 295

50 &P (4P) =0. aTa 300

Do 70 B=1,BEL BTR 305
BTYP=1E(B,3) arTe 310

KD=PROP (ATYP,) TR 315
RBOB=PROP (BTYP, 2) sTR 320
THETAR=PROP (ATYP, V) are 325

POR=PROP (BTYP,S5) aTR 330

IP (THETAR.EQ.0) THETAR=POR/10. ar 335

uD= 1. +KP*REOB/POR BTR 340
ANORB=1./ (THET AB®RD) BTR 385

DO 60 IQ=1,2 ata 350

BP=IE (N, IQ) aTR 355

r=0.5 BTR 360

IP (BP.EZQ.NPBI) uT=1. TR 365

I? (SP.EQ.BPB2) WEP=1, aTe 370

R(NP)=R (NP) ¢ ANORBSRI (NP) *¥ T aT 375

60 CONTIBUE BTR 380

70 CONTINDS aTs 385

80 DO 90 NP=1,BNP ATR 390

90 BR(BT) =R (NP) TR 395

c ATE 800
C READ ISITIAL VELOCISIES, PRESSURES, ASD WATER CONTENTS, IP BERCESSARY.BTR 805
c BTR 810
Ir (KPGH-BQ.3) GO T0 140 ATR 815

IF (SPGB.BQ.6) 60 Y0 180 ATR 820

17 (KPGB.BQ.7) GO T0 180 ATR 825

DO 100 m=1,NBL T8 830
BTYP=1E(N,3) aTR 835
POR=PROP(ATIR,S) TR 880

DO 100 1Q=1,2 TR 885

TH(8,IQ) =FQ2 BTR 450

100 VE(B,IQ)=VLI RTR 355
110 IP (KVI.EQ.0) GO T0 160 aTR 860
IP (KSRCU.GT.1) GO TO 160 TR 865

DO 120 aI=1,WBL,8 ez 870

. #K=8IB0(8E¢3,83L) TR M7s

READ 19000, ((VI(RJ,3Q) ,30=1,2) ,BI=81,BK) aTR 480

120  cowsrINOE TR A0S

D0 130 axs1,08L,% BTk 490
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8X=HINO(NI+3,BEL)
SEAD 10000, ((Td (8J,39),J0=1,2) ,8J=RL.8K)
130  CoNTINUE
IP (SSRCH.GT.0) KSRCE=KSEBCH+1
GO TO 160

PREPARE TINE-VELOCITY TABLE IF NECESSARY.

180 D2 150 &=1,NCL
DO 150 1Q=1,2
e=1x(8, 1)
TH(BE,IC)=THO
VI (B,1Q)=0.
150 CONTINUE
1TAIN=1

CALCULATE OATERIAL FLUX PX§8,IQ).
160 CALL PLUX(PX, VX, BP,TH,BAXEL,NAXNP)
DETERBINE BOUBDARY PLO®S.

Do 170 x=1,8
170 TrLO9 (1) =9,

DO 180 NP=1, 4P
180 BPLK (3P <Q.

CALL SPLOB(FX RP,BPLX,BFLIP,PRATE, FLOS ,TPLOV,TH, BAXEL, BAXBP)

po 190 I=1,8
PLOW (I)=0.
190 TPLOE (I)=0.
PRATE(6) =0.
FRATE(7) =0.
PRATE(8)=0,

CALCULATE BULK COBCENTRATIQBES.

DO 200 WP=i,NEP
200 2B (8P) =0.
50 220 8=1,8RL
STYIP=IZR (8,3)
KD=PBOP (ATIP,1)
REOB=PROP (BTYP, 2)
POR=PROP (RTYP,S)
RD=1. +XD* B50B/POR
DO 210 1IQ=1,2
EP=1E(N,LQ)
12=0.5
I? (SP.BQ.DPBY) ER=1.
IP (WP.BC.BPB2) WP=).
RB(NR) =RB(BP) *NTORDSTE (8 ,1Q) *R (BP)
210 CCYTINUE
220  cosTiNuR
azTURN

ark
are
BTR
aTk
are
nre
(4]
ATk
are
ATR
ar
are
arTe

are
FTR

are

arn
Are
BTR
AT
5TR
aTR
ara
aTR
ars

000008000000 00000000000050080000888000000 0000080000000 601.000000000900570

BETRI BTIRAD
PERFORA TBANSIRST-SBATE CAACULATION.

fi=g
2=1,~-0
DO 280 B=1,08RL
00 230 19=1,2
TAB (B, IQ)=78 (8,1IQ)
230 YEP (R, IQ)=VX (8,108
240 COBNTINUE

BBAD TIAR-DEPRNPEST TRLOCISIRS, IF BIQOIRED.

Ir (EPGE.RQ.3) 6Q T0 276
17 (EPSA.BQ.6) GO T0 270
Ir (KPGR.BG,7) 6Q 70 270
Ir (E7I.BB.2) 60 70 200

arTk
are
aTR
am
an
are
BTR
TR
[ 3¢
[} 4]
34 ]
am
an
ate
[}, ]
AT
arR
an
TR

895
500
50%
510
515
520
525
S52¢
535
580
585
550
555
560
c£6S
570
575
5£0
585
590
595
600
605
610
615
620
625
630
635
680
6485

ALy

-V
655
660
665
670
675
680
685
690
695
700
705
710
715
720
725
730
735
780
785
750
755
760
765
770
775
780
785%
790
795
800
805
8130
( 3 1)
820
825
830
835
880
(13
850
855
660
865
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IP (X3BCd.GT.0) GO TO 280
DO 250 B=1,MBL,4
AK=ni80 (AI+3,NEL}
READ 10000, ( {YI(8J,3Q) ,J0=1,2} ,AJ=RI,8K)
250 CONYINOE
DO 260 mI=1,5RL,%
BAK=NINO(NI+3,BEL)
READ 10000, { (TH (8J,39),JQ=1,2),8J=81,BK)
260 CONTINUE
GO TO 280

CALCULATE TISE-DEPERDEST VELOCITIES ABD UATER COETEBETS, IF REQUIRED.

270 CALL SIWTP(TIAE)
CAL". ¥WTEB2
CALL BSLIBK

ASSERBLE COEFFICIENT BATRICES A AED B AND COBSTBUCT
THE TIAE DERIVATIVE 1 AT THE PREVIOUS Ti3E BODE.

280 DO 300 B=1,MEL
DO 290 IQ=3,2
DTH (B, Iu)=!TH(N,1Q)-TUB(A, 1Q))/DELT
THY (8, 1Q) =N 1TH (8,1)) 82T HN (A,1Q)
290 VXU {8, 1Q) =B1eVX (B, Q) *N2VXP (8,1Q)
300 CONTiNUE
C2Li ASEBBL (A,B,R1,aP,VIW,THU,DTH,¥, BAXEP,BAZBY, BAXEL,KSS)

APPLY BOUNDARY CONDITIONS.

DO 310 ¥P=1,88P
310 B (¥P)=0.
CALL BC(A,B,R,RP,DP,VIW, §,BAZBP, BALIEL, BAXBY, K55)

PORB THE FIBST-DERIVATIVE TERA R1 = A ® DB/DT.

DO 330 WI=1,ENP
RB1(3I) =R(¥1)
JBL=8AXO (1,1RBP-BI¢1)
JBU=AINO (IBAND, IHBP~BIeNBP)
PO 320 JB=JBL,JBD
§J=BleJB-1IHBP
81(NI)=R1(NL)-B (NI, J%)*RP(BJ)
320 CONTINUE
330 CONTINUE

PORA BATRIX A ¢ I*DELT®*B.

1D=Z50R (SEOR) *DELT
DO 360 BI=1,NEP
JBAU=NINO (IHBP, 1-NI+NEP)
DO 380 ;BA=1,JBA0
JB=IHALPBeJBA
B (NI, JB)=A(NI,IBA) +2D%B ¥1,J8)
380 CONTINUE
KBU=8INO (BI-1,IBALPSE)
I? (KBU.LZ.1) GO TO 360
DO 350 KB=1,E80
1IA=DI-KB
JBA=KB+1
JP=IUBP-KB
BRI, JB)=A¢BIA,JBA) *2D*B (FL,JB)
350 CouTINUE
360 CONTINGE

TRIABGULARIZS SATRIX A ¢ I0DELT*D,
CALL SOLVE(1,B,8,00P,IRALPB, BAX ,BAIDYN)
DO 370 m1=t,BOP
370 R(NI)=0.
DO 430 IFOR=1,NEQR
ORTERALEE A * B, FHEAZ B CONTALSS TSR PABVIOUS ITERATE.

DO 380 BI=?,SEP

[} ] ]
aza
[} ]
[ 34
ne
an
aTa
an

870
375
880
885
890
895
900
905
910
912
920
925
930
935
90
9a5
950
955
960

970

975

$80

985

990

995
1000
1005
1010
1015
1020
1025
1030
1035
1040
1085
1050
1055
1060
1065
1070
1075
1080
1085
1090
1095
1100
1:05
1110
1115
1120
1125
1130
1325
1180
1185
1150
1155
1160
1165
1170
1175
13180
1185
1190
311935
1200
1205
1210
5..15
1220
1225
1230
1235
1280
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380 RT(NI)=0.
DO 810 =I=1, Bap
JU=B1NO0 (BEP-B1 ¢, LIPP)
DO 390 JB=1,J80
BI=uIede-1
BY(BI)=RT(: ) +A (8:,J8)*R (§J)
390 CONTI WK
KBO=RINO (NI- i, [MALEB)
IP (KBE.1T. 1) GO TO 810
DO 800 KP=1,¢BU

BJ=0I-K}
JB=KBe)
RT(DI)=RT (51) +A (§J,JB)*R (BJ)
500 COSTINGR
810 CONTINUE

FORE TUZ BEF LOAD VECTOR.

2PB=ZBETA (100R, UEOR) *DRLTY
DO 820 31=1,88P
82y R(XI)=RT(2I) -2DB*RI(8])

BACK SUBSTITUTE.

CALL SOLVE(2,8,R,5uP, INALPB, SAXBP,BAXDN)
830 COBTINUE
DO 880 NI=1,0NP
a0 R(MI)=RP({NI)*R (AI)

CALCULATE BATERIAL PLUI PX§8,.10 -

CALL PLOX(PY, VI R, TH, BAIEL,BAXNr)
DETERBINE BOUNDARY PLOYS.

CALL SPLOW (PX,R,OPLI, BPLXP,PRATE,PLO®, TPLOY, TH, BAXEL NAXDP)
CALCULATE 30LK COBCBUTRATIONS.

DO 450 ¥P=1,5KP
a50 28 (8P) =0.
DO 370 B=1Y,3BL
ITIP=IE (S, 3)
KD=PROP (8TXE,1)
RS05=PROP (ATI?, 2)
POR=PROP (STTP,S)
RD=1.+KD*RBOB/POR
DO %60 IQ=1,2
BP=IE(8,LQ)
#7=0.5
I? (9P.BQ.8PB1) FE=1.
IP (BP-BGC.BPB2) WE=1.
BB(BP) =83 (UP) +UT*ADT (R .10) *R (3 P)
%0 CONTINGE
870  ComzINUR
DO 80 BP=1,5MP
%80 RP(BP) =R (NP)
ARTUSS

10000 POREAZ (8710.0)

10100

anaaAOONn

BED
SUSROUTINE DATAS

am
ares
an
ars

POSEAT (////7128 BABDBLDIR =,IN,258 RICEEDS SAX. ALLOWABLE =,IN///) BTR

ar

DATA
DAZA
RATA

PUBCTION OF SUJBROUTEND—T0 BEAD, PRIST, AND CBECK SATERIAL-TBANSPORY DATA
VARZAPLES PRETAINIEG 20 SINSLATION TISE, SOPD-SLENENT CONFIGUBATION, DATA

BOSUDARY ISITIAL CQUDITIQNS, ABD FROPERTIES OF BOTH THE BATERIAL

BELIBG TRAVNSPORTED AND xBB POR0US NEDIA.

ISMICIT RBAL®S 4A-1,0-3)
ARAL®M PEAT

DATA
DAZA
DATA
Dagh
PAZA
DATM

COBBON/CTRL/KPGN ,ENTR,K0E, L3TRE, ESTRY, [STOP, £3S ,KDIG,KB00T, KBOUT,DATA

1 EP3CP,KSOUT,ESBCH ,EBUFF KADL,KIC,KSTRS ‘

CORNOB/CRON/E (101) ,88 (2} ,DCOSR(2) ,DCOS (2),DELY,CREG,DELRAL,TEAL, DATA

1285
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
13310
1335
1320
1325
1330
1335
1380
1385
1350
1355
1360
1365
1370
1375
1380
1385
1390
1395
1800
1805
1810
1815
1820
1825
1430
1835
W80
185
1450
1855
1860
1865
1870
1875
1880
1885
18%0
1895
1500
1505
1510
1515
1520
1525
1530
1535
1580
1585

10
15
20
2%
30
35
80
85

85
60
65
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1 IPX(101) ,IR(150,3) ,NPN(2),BPST(2) , NPTST (2),8BE(2)  ¥ISE(2), ISB(2,DATA

1 2),15i2,2) ,88P,8EL, NHAT, 1B AND ,UBC, ST, NTST, NBEL, NT, NNOR
CORRON/BIVAR/K PRO, XPR ¢1000) ,AARDIF, SAXEL ,BAL NP, SAXIAT,BAXSE,

1 BAXSTI, NEPPB
COBB0N/8PROP/PRQP (1,5) ,¥XIL

COBRON/BRVAR/ A(101,2),8(101,3) ,R(il)) ,RP(101),21I(101) ,8B(101),

DATA
DATA
DATA
DATA
DATA

1 DP(Y0T) ,RY{101),8T(101) ,XTBP(101) ,BPLE(801) ,BPLXP (101), PI(100,2)DATA

1 ,FRATE(10),rLON(10),TPLO%(10) ,8,PHAT (3, 5)
ISTOP=0

DATA
DATA

READ 11000,¥8P,BRL,NBAT, BCH, OT I, UBC, ST, KV, KSTRE,KSS,KTSTP, NELL,DATA

1 NRLI,NBOR,KIC,EBZSH
STST=0

I? (KSS-BE.0) KS5=1

IP (KSTRA.NE.0) KSTRE=1
IP (BEOR.LT.1) ENOR=1
I? (NSOR.EQ.8) ¥NOB=3
I? (MIOR.GT.5) BNOR=S

SEAD 311500, DELT, CHNG,DRLBAX,THAX, ¥,X0,ISX,0XL1,DXU),VII

IF (KSS.¥E.0) GO TQ 10
ssoR=1

u=1.

IP (NBESH.BE.1) GO 10 20
SEL=BELLeNELU

SEP=BELe1

IF (PELD.EQ.0) X0=XBX

TP (BELL.RQ.0) I0=0.

IP (DELBAX.LE.0.DO) DELEAX=1.ES0
IF (TBAX.LE.0.D0) TBAI=3.E50

PRINT 10000,0NP,NEL, BEAT,BCH,NTI ,BBC, BST,KV(, KSTRE, KSS, KISTP,

1 SELL,BELU,¥NOR KIC . KNESH

PRINT 10100,DELT,CHBG,DELBAX,TAAX,®,X0,X8Y,0XL1,DX01,VII

8EAD 17200,KPR0,(KPR(ITH),ITA=1,BTI)
PRINT 10200
PRIBT 11300,Kk280, (KPR (ITS),ITA=1,PTI)

CHECK TO BE SURR INPUT DAT4& DOBS BOT EBICEED STURAGE CAPACITI.

IP (BEP.GR.O.AND.BNP.LE.BAXEP) 3O TO 30
ISTOP=ISTOP#1

PRIBT 12800, BAXNP

IP (MEL.GR.O.AND.NEL.LE.BAIEL) GO TO 80
ISTOP:1STOP1

PRINT 12500, BAIEL

IP (WEAT.GR.O.AND.¥BAZ.LE.BAXAAT) GO TO S50
ISTOP=1STOP*1

PRINT 12900, BAXEAT

I? (FCB.GER.0.AND.BCB.LE.SAXEL) GO TO 60
ISTOP=ISTOR+1

PRINT 12600,BAXRL

IF (PTI.GR.0.AND.BTI.LE.BAXNTI) GO T0 /0
ISTOP=ISTOP*1

PAINT 12700, SAINTI

IP (WBC.GB.0.AND.BBC.LE.BAXNP) 5O T0 80
1STOP=ISTOPe 1

PRINT 13000, BALEP

IP (BST.GR.0.ABD.NST.LZ.BAXNP) GO 70 90
ISTOP=ISTOP+1

PRINT 13100,8AXSP

IP (BTST.GR.0.ABD. NTST.LE.ERXEP) GO TO 100
ISTOP=ISTOP+1

PRINT 13200,8AXSP

I? {EVI.GE.0.ABD.EVI.LE.J) GO TO 130
1STOP=ISTOR+ |

PRINT 12800

iF (IS20P.2Q0.0) ¢O TO 26

PRINT 13300, ISTOP

stop

C AEAD ABD PRINT RATEBAIAL PROPERTIRS.

C
120

130

1? (SaPPR.LB.0) GO TU 180
FRINT 10300, ((POAT (X,Jd) 91°1,3) ,d=1,08PPH)
DO 130 I=1,0EATY
2BAD 131100, 4MOPR (1, 3p , =1, 0080P0)
PRINT 11800,X, (#ROPF (X ,J) ,3=1,88P08)

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
PATA
DAZA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
Dr7:

Daad
DATA
DATA
DATA
DAPA
DATA
DATA
DATA
DATA
DATA
LAZA
DATA
DATA
DATA
DATA

70
75
80
85

95
100
105
110
115
120
125
130
-39
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290
295
300
305
a0
315
320
325
330
335
380
385
350
355
360
365
370
375
380
385
3%
395
800
305
810
815
420
825
830
835
480
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CEBZRATE BODAL-POIBT DATA, IF BRQUIPFED.

180 IF (KABSE.NE.0) GO T0 220
yp=1
L(BP)=X0 -
IF (PElL..2Q.0) GQ TO 160
sv=NELL
a=EV-1
DIAV=X0/DFLOAT (RV)
SDX=2.* (DIAV-DXL1} /DPLOAT (NVEH)
DXI=DXL1
DO 150 JV=1,.5V
[ Tod T o B
I(BP)=X(BP-1)-DIXI
DKI=DXI*SDX
150 COBTINOR
I(8®)=0.
160 1Ir¥ (NELO0.EQ.0) GO 30 180
BP=BPe1
X(BP)=X0+DX0C1
BV=BELU
VE=BV-1
DIAV=(XBX-X0) /DYLOAT(BYV)
SDI=2.* (DXIAV-DXU1) /DPLOAT (BVE)
PXI=DXU1¢SDX
DO 170 J¥=2,BYV
BP=gpe 1
X(BP)=X (BR-1)eDXI
DXI=DXI#+SDX
170 COBTINDR
X (BP)=X8X

POT GENERATED XI-VALUERS IB ASCESDIBG ORDER.
180 CALL DSORT (X ,IRX,BBP)
PRIBT GRNEERATED BODAL-POLIEE DATA.

SRINT 10800
D¢ 190 BP=1,BEP
190 PRIBT 11600,8P,X(BP)

GEBERATR ELEBSET DABA.

51P=1

ro 200 B=1,¥3L
§i=8
Bi=gIe]
I1x(8,1) =51
IR(D,2)=8J
IR(B,3)=a21P

200 CONTINOE

PRINT GENEBATED ELREENT DATA.

PRIBET 10500
[ T3 3
BAXDIF=?
Do 210 B=1,52L
210 PRIBT 11700,8,(22(A,5),1I=1,3) ,K8D
60 70 330

READ BODAL-POLET DATA PROB CARDS ABD PRINT, L7 BRQUIBED.

220 Iy (ENBSB.NB.0) &0 TO0 30
PRIBET 10800
b=}
230 BEAD 11900, BJ,I(8J)
I? (WJ-B1) 240,270,250
280 yRINT 13800, BJ
2RIBT 11600, »J,X(8J)
ISTOP=1I3T0P¢ 1
60 20 230
250 pP=8Je -1

DATA
DATA
vATA
DATA
DATA
DATA
SATA
JATA
DATA
DATA
PATA
DATA
DATA
DATA
DATA
DATA
PATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
Dara
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
OATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA

885
850
855
860
865
s70
875
880
.85
%0
895
500
505
510
515
520
525
530
535
580
535
550
535
560
565
570
575
580
585
5%0
595
600
€05
610
615
620
625
6130
635
680
(117
650
655
660
665
670
675
$80
685
690
695
700
705
710
715
720
725
730
735
7%0
785
756
755
760
765
770
775
780
785
790
793
800
805
810
5
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280
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DI=(X(BJ)~ZX(BI-1)) /D"
COSTINGE
I(BX)=X{2X-1)¢DX

PRIBT 11600,0X,2(8I)
BI=le)

Ir (BJ~5I) 280,270,260
I? (BI.LE.NBP) GO TO 230

SEAD aBD PRIST TLEBENT DATA.

ALSO COSPUTE BAIIBUE BODAL DIPPEREECE POR EACa RLEAENT.

290

300
310
320
330

380

350

360
370

380

READ WODAL-POIST DATA I3 COBPRESSED 7088, IF REQUIRED.

390

PRINBT 30500
BAXDIF=0
B =0
SEAD 13000, &Y, (IE(EI,I),.I=1,3) . HODL
BED = IABS(IR(EI,2)-IR{NI, 1))
BAXDI? = BAIO(BAD,RAXDLEF)
8 = 8J ¢ 1
Ir (axi-a)) 310,380,320
PREET 13500, Bl
PRENT 13700, uI,{IE(BX,I).I=1,3). 868D
ISTOR = ISTOP o 1
B) 330 19=1,2
TR(BJ,IQ) = IR(BJI~3,EQ) ¢ 1
IE(BJ,3) = IZ(AJ-Y,3)
2818T 11700, B3, (12 083,X),1I=3,3) ,80D
IFr (8J.lT.8I) 60 TO 300
I1? (BJ.EQ.BEL) GO TO 380
I? (BODL.LE.O) GO TO 290
LL=2
Do 370 J=1,800L
I? (BJ.EQ.31I} GO TO 360
00 350 KQ=1,2

IZ(8J,KQ) = IZ(BJ-1,KQ) ¢ LL
IL(8J,3) = IB(BI-1, N
faIwT 11700, &), (IR @J,K} ,K=1,3),80D
L = 1
83 =8J ¢+ 1
8J =BJ - 1
I (BJ.1T.BEL) GQ 70 290
COBNTINUR

BEAD 11300, (X(BP) ,bP=1,88P)
CALL DSORT (X, IPX,B08P)
PRIBT 10800
DO 800 mr=1,BmP
PRIBT 11600,3P,X(BP)

GENERATE ELEBENT DATA.

810

AT YP=1

DO 810 B=1,51L
Bi=8
BJ=Bl+1
IR(B,1)=D]
IB(B,2)=N3
IR(B,3)=n21P
COBTINUSB

PRINY GCEFESATED ELRESET DATA.

820

SODIFY BSATERIAL TYPES FOR SELECTED ELESENTS, IF BECESSARI.

830

PRIBT 10500
8¥D=1
BAXDIP= Y
DO 820 B=1,58L
PRINY 11700.8,(18(B, 1) ,I=1,3) ,8BD

IP (K2.12.0) GO 0 870
PRIST 10600
1=0

DATA
DATA
DATA
DaTh
DATA
DATA
DATA
DATA
DATA
DArA
DATA
DATA
DATA
DATA
DATA
DArA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
CATA

820
825
830
335
8s0
8485
850
855
860
865
870
875
880
85
890
895
900
905
910
9215
920
925
930
935
940
925
59
955
960
965
970
975
980
985
290
995

DATAT1000
DATA1005
DATA Y010
DATA 1015
DATA 1020
DATAT1025
DATA1030
DATA1035
DATAI080
DATA 1085
DATA3050
DATA 1055
DATA 1060
DATA 1065
SATA1070
DATAI075
DATA 1080
DATA1005
DATA 1090
DATA 1095
DATA 1100
DATA9105
DATA1110
DATA111S
DATA1120
DATA 1125
DATAI130
DATAT135
DATAIIND
DATA118S
DATA 1150
DATA$15S
DATAI16)
DATA 1165
DATAT1T70
DATA117S
DaATAYISC
DATA1185
DATA1190
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880

450
860

110

SEAD 11000, BI, BTYP,BK

IR(BK,3) = HTIP

PRINT 11809, XI,iE(81,.))

L=L ¢ 1

IP (BK.LE.AI) GO TO 860

8l = BI ¢ 1

DO 850 BJ=81,BK
IR(8J,3) = BTIP
PRIBT 11800, BJ IR (BJ,3)
L=L ¢ 1

IP (L.LT.BCR) GO TO aal

CEECK BATERIA: TIPES FOS REACH ELESRDT.

870

490

DO 480 8=1,A%%
sTIP=IE(8,3)
IP (STIP.GT.0.ABD.STYP.LE.BEAT) GO TO 88U
PRIST 18200.8
ISTOP=ISTOP*1
COSTINGL
I? (I5T0P.2Q-0) GO TO 490
PRINT 13700, ISTOP
I? (KBESE.EQ-2) GO TO 580

BEAD INITIAL COBDITIONS IS PBEE POAR.

500
510

520

530

#1=0
83=0

I? (BJ.2Q.85P) GO TO 560
READ 11900,8J, RI(¥NJ)
BI=51e1

IP (B1.G2.1) GO 20 520
IP (BJ.2Q.1) GO 70 520
PRINT 13600,8J
1ISTOP=[STOP* 1

G0 TO0 710

IP (B3.2Q.FI: GO TO 500
1P (BJ.GT.BI) €O TO 530
PRIST 13600,8J
ISTOP=1STOP 1

G0 0 710
sL(SQ) =8I (SI-1)

G0 1O 510

READ IBITIAL COSDITEONS I3 COBPRESSRED POBRA.

580

550

BEAD 11100, (XTAP(BP) ,BP=1,008P)
DO 550 si=1,88P

SI=1IPK (BI)

BI(UI)=XITAP (BJ)

IDRBZIFY BOUBDARY SQDES.

560
570

READ COFSTABT-COBCESTRATION DISICELSY CONDITIONS BA(EPP) T0 BE

CALL sosr
DO 570 s#=1,889
oR(EMm =0.
IP (88C.3Q.0) GO 70 680

APPLIED AT SODES BRE(NPF).

580

590
600

630
620

"pp=r
1P (UPP.EQ.BOC) 6O TO 610
17 (3PP.LT.¥BC) @O TO 500
PRINT 1300 ,38C
1STOP=1STORe 1
¢0 20 610
2BAD 11909,51,881
Tl i
PR (SRR =51
85 (30P) =BML
G0 70 580
paINg 10700
80 620 BPP=1,88C
PRINT 12100,80% (F0¢)4 B8 (3PP)

DATA1195
DATAIZU0
DATA 1205
DATA1210
DATA1215
DATA1220
DATA1225
DATA 1230
PATA123S
DATA1280
DATA 1285
DATA 1250
DArA 1255
DATA 1260
DATA 1265
DATA1270
DATA127S
DATA 1280
DATA 1285
PATA 1290
PATA129S
DATA 1300
DATA 1305
PATA310
PATAI3TS
PATA 1320
DATA 1325
DATA1330
DATA133S
DATA 1380
DATA 1385
DATA1350
DATA 1355
DATA 1360
DATA 1365
DATA1370
DATA137S
DATA1380
DATA 1185
DA®A13%0
DATA1)9S
DATA 1800
DATA 1805
DATAIA10
DATA IS
DATA 1820
DATAIA2S
DATA1830
DATAINIS
DATA 1880
DATA 13RS
DATA 1850
DATA 1855
DATA 1860
DATA1865
DATAINTO
DATAI87S
DATA 1830
DATAI8DS
DATA 1390
DATA 189S
DATA 1500
DATA1S05
DATAISTO
DALAIS IS
DPATAIS520
DATA1525
DATA1%30
DATA1S35
DATA 3580
DAT) 1585
DAZA 1550
DAZA1S5SS
DATA 1560
DATAISES
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< DATA1570
C APPLY DIZICHLET AOCJUDARY SPECIPICATIONS TO YHE IBITIAL COBDITIONS. DATAIS7S
< DATA 1539
DO 530 ¥PP=1,BIC DATAISAS
EP=NPE (BPP) DATA 1590

€30 BI(BP) =BB (NPP OATA1595
%80 I¥ (BST.LE.Q0) @) TO 460 DATA1600
[ JATA G VS
C READ SUBFACE-TER’s FLUX LI TO BE APPLIRD AT BOUEDARY GATAI610
C BODE %i. DATA161S5
C DATA1620
PP=0 DATA 1625

PRIET 10800 DATA1630

650 I7 (BPP.EQ.BST) GO TO 660 DATA 1635
READ 11900,51,B1 DATAI6RO
DP(8I)=tI DATAI6RS
BPP=3PPe) DATA1650

BPST (MPP) =21 DATA1655

PRINT 12100,.3I1,% DATA 1660

GO T0 650 DATA 1665

660 1P (FTIST.LE.0) €0 TO 710 DATA1670
C DATAI67S
C SEAD BUBBERS OF NODES Fo2 WBRICH SEXPAGE DATAI680
C CONDITIOSS OF TEE FIRE, PLUX = (DARCY FLEIX) *COSCEBTRATION, DATA 1685
C ABE TO BE APPLIED. DATA 1690
C DATA1695
SP1z0 DAZAI700

BPP=0 DATAI705

PRIBTY 10900 CATAI7 30

670 IF (BPP.EQ.BTST) GO TO 710 22TA17195
READ 12000,31 DATAIT720
aPI=APIe1} DATAI725
BPP=EPPe DATAI17 30

BPIST (BPP) =BL OATAI73S

DO 690 8PJ=1,BBEL DATAI780

A=BBR (BPJ) DATA178S5

BJ=Iss (aprJ, 1) DATA1750

1?7 (91i.BE.BJ) GO TO 90 DARAI7SS

ETSE (BPI)=8 DATA1T760

DCOS (8PI) =DCOSB (BPJ) DATA 1765

DO 680 J=1,2 DATAITT70

680 IS(BPI ,J3)=ISB(BRI,J) DATAITT?S
60 T0 700 DATA 1780

630 COBZINOR OATA178S
ISTOP =1STOP+1Y DATAI790

PRIBT 13%00,81 DAZAIT9S

60 10 710 DAZA1800

700 pRINY 11700,81 oA'’A 1805
G0 70 670 DAZaA1810

710 1P (ISTOP.RQ.0) GO TO 720 DATA 1SS
PRINT 13700, ISTQP DATA1820

7.9 3TURS DATA10825
10000 FOBSAT(////° BATERIAL-TSABSPORT IBPUT TABLE 1.. BASIC PABABZTERS® DATA1S30
1 //5%, DATA 1835

1° BORSER OF NOOAL POLIBTE. - . . = o ¢ « @ v = = = a o = 7,15/ ST, PATAIEN0

1° BURBES OF RLEOEBBTS. . © ¢ ¢ ¢ « e 2 « 0 0 o 0 » o = « «',I5 SI,DATAI8AS

1° BUNBER OF DIPPEREDY BATRRIALS ©= © ©. ¢ c v = «c « =« o « =',I5/ 5K,DATAI850

1° BUBBER OF CORBECTION BATERIALS. v « =« o« ¢ « ©c = o = o =*,I5/ SK,DATAI1D5S

1 DOBBDER OF TIBE IBNCRRRENIS . . . o v - ¢ ¢ o ¢ = = o o 7,15/ SK,DATA1860

7° NUBBER OF BDOURDABY COBDITIONS . . o v ¢ ¢ o o o = o o 27,15/ SK,DATE1865

1° BUBDER OF SURPACE TEBBS . . . © o v o 0 o = o o o o o 2,15/ SK,DATAIBT0

1¢ VELOCITY IBPUT COPPROL~ © « « =« ¢ - ¢« ¢ c ¢ o o o o = 7,15/ S1,DAT21875

1° AVIILIARY STOBAGE COBENOL . . = & ¢« = e ¢ «c ¢ o « = » «",I5/ SK,0AT21880

i STIID!-STI?I COI'IOL. ® & o o o 0 & o © ¢ o O o o o ."tS/ 5!,0!’)1..5

1° RIBB-STEP COBTIBOL . . ¢ ¢ ¢ ¢ ¢ o =« * & 0 o ® o o o a -..lS/ 5'.0".'.,0

1* BUSBER OF LOUWEBE VARIABLY SIZED EBLEARSTE . = - . . . - .',1I5/ S5K,00741895

1° BUNBER OF UP#ER VARIABLY SIZTED ELEBEFTS . . . . . - - .*,15/ SE,DATA1900

1° BOSSETY TIAS IETRGAATEOD INDEX. . «. « o« v o = o =« = = «*,15/ 5K,0A221905

L llﬂll&-mlﬁﬂ”l CO-NL ® o ® © ® ® @ 0 @ & o o o = -'.15/ 5!,0!’!19‘0

1° BBSTE COBTROL. 2 = = = @ « 0 0 0o 0 o = ® o ® o o o @ @ .'.IS) DATA1915

T .90 POBBAT(5X, * T18B IBCOBBEINT. . . &« ¢ ¢ ¢ 2 ¢ o ¢ 0 o« = o « =« = o, DARAI920
? 210.8/ 5%, ° BULTLIPLYRE POB IBCREASING BBLP. . « « = « o - . . *,DATAYI92S

1 210,67/ SX, ° BALINUS VALUR OP OBAT . . & = = © o « = = o - - « °,DARAI930

1 810.8/ 5%, ¢ BAKIOUS VALUR OF PIBE . . o o ¢ o o o o « = = = = *,D074193%

1 810.8/ 5K, °

TISR~-1BTRSEATION PARASETER. . » .

°,0ATA 1980
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1 P10.6/ 51, * OBREGID OF BESH GENERATION . . . . - . < . -~ . . . *,DATAIONS
Y FW0.8/ 5K, * BALIAUA I-FALIR -« o « & = o ¢ o « @ ¢ e o = o o - ",DATAIISO
1 F10.4/ 5X, * LOWRER PIBST E-InTYRARMT . ¢ . o - o ¢ «c o = « =« « *,DATAI9SS
1 P10.8/ SX, ° UPPER PIBST X-INCREAZET . . . @ « = ¢o o - = « « - *,DATAI960
1 210.8/ 5K, * CORSTABYT DARCY VBLOCITY - @« - o =« « o S o = « = = ", DATAY196S
1 E10.8) DATA1970
10200 PURBAT (//61,°00TPUT COBEROL®) DATAI975
10300 PORBAAT (////° UATBRIAL-TRABSPORT IBPUT TABLR 2.. °, DATA1980
1 "BATEAIAL PBOPERTIRS®// * BAT. BO.°*, 9(3A%)) DATAI9AS

10800 POSEAT (////° BATERIAL~TRABSPORT TABLE 3i.. BUODAL-POLET DATA®, // DATA1599

10500

1 7x,°800R°, OX

PORBAX(////° B
1 *GLOBAL IBDIC
1 6X,°BATRRIAL®

LX) DATA1995
ATESIAL~-TRASSPOST TASLE A.. RLEARST DATA' //11I, DATA2000
2S OF ELSAEST WODES®/7X, *ELEALNT®, 3X,°1°,7K,°2°, DATA2005
.6, °BODE DIFF.® ) PATA2010

10600 FORBAT(////° COPRECTIORS TO BATERIAL TTYPES FOR SELECTED ELREBEZSTS®/DATA2015
1

) DATA2020
10700 FORBAT(////° BATERIAL-TERABSPORY IBPSUT TABLE S5.. BOUBDARY °*, DATAZ2025
1 *COWITIONS OF PFORR B=30° //° BODE',7X,°80°) DATA2030

10820 PORBAT (////° BATERIAL-TRABSPORT IBPUT TABLE 6.. SUBFACE TERRS®* , DATA2035

1 ¢ PLUX=EI AT

BQDE BI®,*BODK°*,7X,°R1%/) DATA20480

10900 FORBAT(////° BATERIAL-TRABSPORT IBPUT TABLE 7.. SREPAGE-SURPACE', DATA208S

1 * I[SPORSATION®//SK//°BOPS® /) DATA2050
13000 PORAAT (1615) DATA2055
13100 PORAAT (8210.0) DATA 2060
11200 POREAT (8011) DATA2065
11300 FORAAT(10X,343i 1) DATA2070
31800 FORBAT(I8,9012.8) DATA2075
73500 FORBAT (15,2710.3) DATA2080
11604 FORAAT (I 10,2D15.8) DATA2085
11700 PORBAT(110,218,110,X15) DATA2090
311800 PORAAT (X10,321,110) DATA2095
11900 PORAAT (15,5K,210.0) DATA2100
12000 POREAT(2I5,F10.0) DATA2105
12100 rudmaAT (15,015.8) DATA2110
12200 romaafr(31%,51,2r10.0) DATA2115
12300 *ORBAT{2I5,2 (18D15.8)) DATA2120
12005 PORBAT (////338 T00 BABY BOWAL POIBTS, BAZINJS =, 15///) 0AT2125
32500 PORRAT (////308 TOO BASY ELEBEZETS, SAXIBO& = ,15///) DATA2130
12600 PORBAT(////%18 TGO SASY COBRECTIOS BATERIAL;, BAXIBUA =, 15///) DATA2135
12700 PORBAT (////364 TQO BAST TINR IBCBEARETS, BALI:IB : .5///) DATA2180
12800 PORNAT (////298 CBECE VELOCITY INPUT CONTROL///) DATA2185
129C0 PORNAT(////308 TGO BABY BATERIALS, SAXINGS =,15/,/) DATA2150
13000 FORBAT (////36B CBECK BOUNDARY COBDITIONS, BAXIBUS=,15///) DATA2155
$3%00 POREAT(////308 CERCK SURPACE TRERSS, SALISUS=,15///) DATA2160
93200 POREAT(////318 CBRCK TRABSIRST S.T., BALEB0S=,15///) DATA2165
13300 PORBAT (////28% EXECUTIOS SALTED BECAUSE OF,IS,138 PATAL RRRORS///) DATA2170
33300 PORNAT(////308 ERROR LB BODAL-POLNT CARD BO.,15///) DATA217S
13500 PORBAT(////268 EBROB i8 ELESENT CARDO BO.,I15///) DATA2180
13600 POREAT (////368 EEROR IB ISITIAL-COBDITIOR CARD 80.,15///) DATA2185
13760 PORBAT(////%58 ASSEABLY ASD SOLUTION WILE BOT BE PERFOREED,,I5, DATA2190

1 198 PATAL CABD EBROBS///) DATA2195
13800 PORBAT (////36H 22208 IS PIRST SERPAGEZ-SORPA.E CARD///) DATA2200

13900 FORBAT(." //%14 EBROB 1IN TRABSIEBT-SURPACE CARD POR BOOE, X5///) DATA2205
18000 FORBAT. ///%98 RBROB 1D FIBST B=B8 TYPR BOUBDARI-COBDITION CARD //DATA2210

1 7) DATA2215
18100 FORBAT(////334 ERROR IB PIRST SURFPACE-~-TIR28 CARD///) DATA2220
18200 PORBAT(////%04 38208 1B BATERIAL TIPE COBE P08 ELEURST , IS///) DATA2225

| - 1)) oATA2230

SUSROUTINE PLOX(FI, VI _R,TH,SAXRL EAZSP) rwr o
C PLOX S
c PLOX 10
C PUBCIIOB OF SUBROM IND—TO DETERSINE BATERIAL PLOX PI(N,KQ). rLox 1%
c PLOX 20
c FLOX 25

I8PLICIT RBAL®8 §A-5,0-3) PLOX 30

CONBOB/GROA/X(

101) , 88 §2) ,DCOS8 (2) , DCOS (2),DBLY, CBBG,DELEAY,THAX, PLOX 35

1 INK (101) ,IR(900,3),BP5.{2) ,8PST(2) ,DPTSTL2) ,UBB (2) ,8TIR(D), I3B(2,PLUX &0

1 2),18(2,2) ,3309,580,08A2,1BABD ,B0C,DSY ,NEST, BOEL,BTI, 0008 PLUX 85
CONSOR/SPROR/PROP(1,5) ,0L1 FLUX 50
DINEESION DBX (2,2) ,3Q{2) ,YI(BAISL,2) ,PE(BALSL,2) ,B(BAXEP), PLOL 55
1 TN(BALIBL,D) PLOX 60
1820M=0 PLUX 65
PO 50 2=1,0Kb rLOL 70
c rLoxs 78
C POR EACE RLEEENT 8 BREPASE VARIABLES IQ(I(Q POR QWD, rLoz 60

)

'
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WHICH DETERMINES DERIVATIVES DEX(IQ.Kkd) OF EACd OF
T8E Teo SASIS PUYCYIOES a(Iy) AT EACH NODAL POLNT KQ.

Do 10 Iv=1,2
aP=1E(H, IQ)
10 XJ(Ig) =K (8P)
CAsL 8D (DBX,XJ)

¥OR EACH NODAL POINT Ky SN OVER COSTRIBUTIONS PROB ZACH BASIS-
INTERPOLATION POMCTION M(Ig) TO OBTAIS DERIWATIVES DRI
OF THE CODCEBTRATION R(BP).

20 DO 80 Kyu=1,2
DRX=0.
DO 30 19=1,2
ue=1g(a,Ly)
30 DRI=DRI*DNX (IQ,KQ} *R(BP)

PORS THE DISPERSIVE PLUXES IB PX(B,KQ).

ATTP=IR (8,3)
AL=PROP (BTYER, 3)
AB=0.

TAD=0.

DD=AN®TAD
YIK=VK(R,KQ)
DIX=AL®VIKeDD
PX(B,KQ)*—DXX®*DRX

ADD THE ADYECTIVE PLOXPES TO PXI(B,KQ)-

FX(B,KQ) =PX (8,KQ) ¢+ VXK®R (NP)
%0 COBTINOE
50 CONTINOE
RETORS
1)
SUBROUTINE (8D (DNIX,. Q)

PONCTION OP SUBROUTINR--TO0 CONPOTE X DERIVATIVES DEX IQ.KQ)
OFf EACH BASIS POBCTION B (3Q) AT EACH NODE %7 OF Tik
ELEAENT. RaSULTS ABE 1P THE GLOBAL COORDINATE SISTIN.

IBPLICIT BEAL®8 (A-H,0-%)
DIBENSION S{2) ,DEX(2,2)¢Xu(2)
DATA S / -1.0D400, 1.00400 /

EVALUATE QUANTITILCS POR USB IN THE JACOBIAN DJ/8, BELOW, BECESSARY
FOR TRANSFORBATION FROB GLOBAL 70 LOCAL COOBDINATES.

121 = XQ(2) - XQ())
LOOP OVER BACF NODS
DO 10 KQ=13,2
LOCAL COORDINATES OR ANY GLIVEN BODE ARB ({S5,77)-
$S = 5 (KQ)
EVALUATE *JACOBIAN'.

DJ = x21%
03I = 3.0,°DJ

OSTERGINE TUR DERRIVATIVES OF EACE BASKS PUBCTION AT ¥ODE £Q.

onx (1, KQ)=-D2IX
DOIE (2, KQ)=DJI
10 coNTINDR
RRT0RD
2D
SUBROOTINE BC(A,B,R,RP,DP, VN, 0, BAZNP, BAKSL, BAXBY,KSS)

rLOY
rLOZX
PLOX
PLOX
PLOX
FLOX
PLOX
PLIX
PLOUX
PLOX

PLOX
rPLOX
rLox
PLOX
rLoX
7LO0X
riox
PLOX
PLIX
rLOX
rLOX
PLUX
PLUX
PLOX
rLUX
PLOX
PLUX
PLUX
rLUX
rLOX
PLUX
rPLUX
rLOX
PLUX
PLOX
QeD
Q8D
Q8D
Qe
QaD
Qed
Qe
Qep
24D
Q8D
Q8D
Qa0
Q8D
Qe
Qe
Q8D
QeD
QeD
Qap
Qe
QeD
asd
Qe
Q8D
QaD
Qed
Q8D
Q8D
Q8D
QaD
Qe
Q8D
QeD
Qe
Qsp
Qe
Qe
aC
BC

255
260

10
15
20
25
30
35
80
&5
50
55
60

70
75
80
85
90
95
100
105
110
115
120
125
130
135
180
s
150
155
160
165
170
175
180
0
!
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C ac 10
C PFUNCTION OF SUBROUTINE—TO APPLY COBSTANT-COBCEZETIATION .1 15
C JIBRICHLET CONDITIONS AND CONSTANT-PLUX NEUNABE SUBPACE BC 20
C BOUWDARY CONDITIOBS. BC 25
C BC 30
C BC 35
INPLECIT REAL®8 (A-id,0-%) 8C %0
BEAL®8 XD 8C as
COBBOB/GEON/X(101) ,BB(2) ,DCOSB (2), DCOS (2) ,DELY,CBNG,DELAAX,THAX, BC S0

1 IPX(101) ,IE(100,3) ,8PK(2) ,8PST(2) ,"PTST(2) ,BBE(2) ,8TSE(2), [S3(2,BC 55

1 2),15(2,2) ,%8P,8EL,SBAT,1BAND ,8BC ,05T ,¥TST, BBEL, NTI , NNOR 8C 60
DIBEESIOB A(RAXEP, ) ,3(RAXNP,1),R(BALNP) ,DP (NAXNP) ,VIE (BAXEL,2), BC 65

1 BP(BAXNP) 8C 70
IHALPB=(IBAND-1) /2 BC 75
I1dBP=1HALPBe1 BC 80

IF (WBC.EQ.0) GO TO 140 ac 'S

C BC 90
C APPLY CONSTANT-COBCENTRATION DIRICHLET BOUNDARY COBDITIONS. BC 95
c BsC 100
DO 130 wpP=1,BC BC 105

C BC 110
C BODIPY BROW BPE (EPP) OF RATRIX B(BP,IB). BC 115
c 8C 120
BI=NPE (BPP) BC 125

DO 10 IB=1,1IBAND BC 130

10 B(NI,XB)=0.0 BC 135
B(WI,IHEBP)=1.0 BC 1480

R (N1) =BB (KPP) BC 185

C BC 150

C BODIPY LOAD VECTOR R(PP) POR BOB-ZRRO BB (BPP). BC 155
c BC 160
IF (BB (83PP).E2Q.0.0) 80 TO0 S0 BC 165

DO 20 IB=1,IHALPB BC 170

BJ=BI-IB BC 175

1?7 (BJ.LT.1) GO TO0 30 BC 180

JB=1HBPe 1D BC 185

20 R(BDJ)=R(BJ)-BB(BPP) *B(BJ,JB) BC 190

30 DO 4O IB=1,1MALPB BC 195
BJ=nielB BC 200

IP (BJ.GI.NEP) GO TO 50 BC 205

JB=1HBP-1IB BC 210

80 B(BJ) =R (BJ)- BB (NPP) *B (BJ ,IB) 8C 215

[ BC 220
C ZERO COLUEN BPF (BPP) OP MATALL 8 (NP,IB). BC 225
[ B 230
50 DO 60 IB=1,I84LPB BC 235
3J=8I-1B BC 280

IP (BJ.1T.1) GO T0 70 BC 285

Jo=18BPelIB BC 250

60 B(BJ,JB)=0.0 BC 255

70 DO 80 Id~1,I1HALPD BC 260

[ RES )E D¢ BC 265

IP (8J.GT.NBP) GO TO 90 BC 270

JPD=IHBP-IB BC 275

80 B(8J,JB)=0.0 BC 280

C | 1 285
C ZRRO COLUNE BPN (SPP) OF BATRII A(BP,1IM), BC 290
[o BC 295
20 DO 100 IB=1,1IBALPD BC 309

BJ=BI-IB BC 305

I? (8J.1L2.1) GO 19 110 BC 310

Jh=IBe1 | 1 315

100 A(8J,JB)=0.0 | I 320

[ | 19 325
C 32BRO ROV EPR(BPP) QB NATHIE A(BP,IB). BC 330

[ BC 335

110 PO 120 Eb=t, 1HDP BC k11

920 A(BI,K3)=0.0 BC 385
130 COBTIBUB | 1 350

c | T 355

C HODIFY LOAD VBCTOR FOR SURFACE TERAES OF TRE PFO&R D2/DEs=C. | [ 36:
c BC 3

980 DO 950 BP=1,0BP [ 370

150 B(IP)=R(BD) *DP [(BD) ; BC 375

160 ART0RD BC 380
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8D
SUBROUTINE ASEBBL (A,B,21,8P VIR, TG DTH, S, BAXNP, AAIBN, BALEL, KSS)

PUBCTIOD OF SUBROUTINE--TO ASSESBLE THR GLOSAL COEBPPIi 1 ST BATRIIX
C(SP,IB) AND LOAD VECTOR R¢S2) PFROS THE ELENEST BATRICES A (12,J3¢C)
ABD B (IQ,JG)-

JAPLICIT REAL®S (A-H,0-Z)
BEAL®8 KD,LABBDA
COoBNOB/5E08/1(101) ,BB (2) ,DCOSB (2) ,DCOS(2) ,DRLY,CHNG ,DELBAX,THAL,

ASER
ASER

1 IPX(101) ,IR(100,3) ,8P8(2) .UPST(2) ,NPTST.(2) ,NBE(2} ,NTSE(2), ISB(2,ASEA

1 2),1IS5(2,2) ,88P,BEL,NBAT,IBAND, BBC B5T,BTST, BBEL, STI BUOR
COBRBOB/BPROR/PDOP(1,5) ,VXX

vy - |
ASEA

DIAERSIOS A (BAXEP, 1), B(:AKEP, 1), 81 (BAZEP) B2 (BAXBP) ,QA (2,25, uBi2,ASRE
1 2), VIQ(2).1u(2,VIN(RAKEL,Z) ,THN(BAXIL,2), DTH(SAXEL,2),DHQ(2), ASER

1 0TEN(2) ,T8Q(2)
LHALPB= (IBAND-1)/2
IHBP=IHALFB*)

Css=1.
Ir (KSS.EQ.0) CSS=0.

IBITIALIZE BATRICES C (BP,1B) ABD R(BP).

10 DO 40 BP=1,35P
DO 20 IB=1,IBAND
20 B(NP,1B) =0.9
D0 30 IB=1,IUBP
30 A(8P,1B):0.0
%0 COSTISUE

COBPUTE MATRICES JA{IQ,Ju) ABD QB(IQ.JQ) FOR EACH ZLEAEST A.

DO 70 B=1,BEL
BTIP=IE(N,3)
KD=PROP(ATIP, 1)
BHOB=PROP (MTIP, 2)
AL=PSOP (BTIP,3)
LABBDA=0.

POR=PROP (ATYP,S)
AB=0.
TAU=0.
DO 50 IQ=1,2
sP=IE (N,IQ)
THQ(IQ)=TUumN(8,1Q)
DTEQ(IQ) =DTH (B, I Q)
vXQ (XQ)=v1W(B5,LQ)
50 I1Q(IQ) =X (NP)
CALL Q& (vIQ,QA,QB,XQ,KD,REOB, AL,LANSDA,POR,THQ, DTHQ,DHQ,AS,
1 TA0)

ASSEBEBLE THE UPPER HALF BABD OF BATBII M (NI,BJ) ASD THE PULL BAND
O BATRIX B(BI,VJ). BRIBIKS B IS ASTIBBPCRIC DUE TO TEE ADVECTION
TERE8.

DG 60 IQ=1,2
Pi=1R(R,1Q)
DO 60 Jg=1,2
3J=1E (8,JQ)
IB=3J—-Bi+ LUBP
B(SL,IB)=B(NL,IP) *QB (10,5 Q)

IP (3J.LT.HI) 60 70 60 !
IN=BJ-Dke 1
A(SI, IB)=A (NI, IB) *QA(1Q,JQ) *CSS
60 CONTINGS
70 CoBTINUB
BRTURS
BED

ASER
ASES
ASER
ASRE
asSes
ASEA
ASES
ASES
ASES
ASEm
(% - |
ASta
ASEA
ASER
ASEn
ASES
ASES
ASEa
ASEn
ASER
ASEA
ASER
ASEm
ASEN
ASRS
ASER
ASEE
ASER
ASES
ASEE
ASES
ASEA
ASEN
ASEA
ases
ASES
ASEH
ASRS
ASTA
ASEB
ASER
ASEE
ASES
ASEB
ASES
ASES
ASES
AS%8
ASEN
ASES
ASEB
ASBS

SUBROUTING Q% (VXQ,QA,QBy XQ,KD,BEOB,AL,LASBDA,POR, TEQ,DTRQ,DEQ,AN,

1 Tau) ‘

0
q-

2UBCTION OF SUBBOUTINE--T0 SVALFATE TR BATRIXI QUADEATUSES Ql(lQ.JQ) OI
Qe

ASD QB(ZQ,JQ) OVER TEE ARSA OF OBB ELRSERT,

130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
23S
280
285
250
255
260
265
27¢
275
280
285
290
295
300
308
310
315
320
325
330
335

10
15
20
25
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ISPLICIT REAL®8 §A-H,n-%)

BEAL®S ¥ (4),uN,KD,LANBDS

|DINENSIOL 0A(2,2),28(2.2),¥XQ(2) .5 (2).V(2).XQ(2), THQ(D).OTHQ(2).
DEQ(2)

DATA P / 0.57735026918%26 /, S /7 -1.00+00, 1.0D¢00 /
8D=1.+KD*RLEOB "EQR

DD=ANST AU

LIALIZE BATRICES QA(7C,JC) AMD QB(IQ.JQ) -
DO 20 XQ=1,2
DO 10 Jg=1,2
QA(I1Q,J0Q)=0.0
0B (19,.Q)=0.0

ALOATE QUANTITIES POR USE IN SACCBIAB DJAC, SRELOW, WECESSARY

P0& TRABSFORBATION FROB GLOBAL TO LOCAL COCRDINATES.

X21 = XQ(2) - Ig(1)
DO R0 KG=1,2

OETERAINE THE LOCAL COORDIMATE SS AND EVALOATE THE JACOBIAB AT
EACH GAUSS-IWNTEGRATIOB POIBT KG.

SS = P*S5(KG)
pJ = 121

DJAC = 0.5%DJ
DJI=1, /DJ

sa = 1.0 - SS
SP = 1.0 ¢« 53

CALCOLATE VALUES OF THE BASIS PUNCIIOES B (TQ; ABP T4RBIR DPRIVATIVES
V(lg) V.R.T. X AT GAUSS PORNT - G.

v{1)=-DII
¥ (2) =bJI
§(1)=0.5¢58
8(2)=0.58SP

IPTERPOLATE WITH THE BASIS~INTEBPOLATION PUNCTLIONS N (iQ' TO OBTAILN
THE ADVECTIVE VEBLOCITY AT ZACH GAUSS IFTEGRATION POINT.

20

THK=0.

DTHK=0.

VIK=0.

DO 20 IQ=1,2
THE=THE B(EQ) *THQA(IQ)
DTHK=DTEK N (1Q) *DTHQ (1Q)
VIK=VIKeB(1Q) ' VIQ{IQ)

ACCUBULATE THE STAHS T0 BVALUATE THEE BATAIX JFTEGRALS QA (£Q,.Q)

A

0
40

re

D QB(IQ,JQ;.

AsDIACORDOTEK
PEX=DIAC® (ALSYXK+DD)
C=DJAC*RD® (DT *LANRDA®Y BK)
YIKsVXKODJAC
Do 30 1Q=3,2
DO 30 Jg=1,2
BB=B(1Q) *5(3Q)
Vi= V(10 *Y-JQ)
V=V (IQ)* 5 (JQ)
QA(IQ,dQ) *QA(1@,JQ) *A®N D
08 (£Q,9Q) =QB (1Q,JQ) *DIX $YVeCONR-TXK oY)
CONTINUB
aETURS
1)
SUBROSZINE PEANDS (ITH)

BCTZ KOk OF SUBROUTINR--T0 OUTPUT PLOES, CONCENTRATIONS, BATERIAL

PLUKES, SATER COWTRSTS, DAGCY VBLOCITIES, PRBS3URE HEADS, AND
TOTAL BBADS A4S SPECEFIED BE THE PARASETER K2R

195
200
205
210
215
220
225
230
235
280
245
250
255
260
265
270
275
28)
285
290
295
300
305
310
315
320
325
330
335
o
k11
350
355
360
365
370

10
15
20
2%
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c PRIN
c PRIN
INPLICIT REAL®S8 (A—-H,0-Z) PRIF
REAL®e PHAT PRIN
COEBOB/CTRL/KPGH,KUTR ,K¥I, LSTRE, KSTRY, ISTOP, KSS ,KDIG,KNOUT, KWOUT,PRIN

1 KTSTP,KSOUT,K5ECH,KBUPE,KANL,KIC,KSTRS PRIN
COMBON/CRYAR/TIAR, TH(100,7) ,THA( 100, 2} , T8V (300, 2) ,DTH (100,2), PRIN

1 v1(¢100,2),YXP (100,2), VEE (100,2 PRIN
C08RON/GEOB/X (101) ,BB (2) ,DCOSB (..} ,DCOS (2) ,DELY,CRNG ,DELNAX,TAAX, PRIN

1 1PX {101) ,IB{100,3) ,NPN(2) ,UPST(2) ,NPTST (2), BBE (2) ,NTSE(2), LSB(2,PRIN

1 2),15(2,2), 98P, NEL, NBAT, [BAND,BB(. ,BST , NTST, NBEL, XTI, BN0R PRIN
CGHBON/BIVAR/KPRO, XPR {1000) ,SAXOIP,BAXEL ,MAXNP, BAXAAT ,BAXBY, PRIN

1 AAXNTI,NEPPA PRIN
COBNON/HMRYAR/ A(101,2) ,B(103,3),R(101) ,RP{101),RX(101) ,RB(101), PRID

1 DP(101) ,R1{101) ,RT(101) ,XTAP(101) ,BPLE(101) ,BPLEP({101), PIX(300,2)PRIN

1 ,PRATE{10),PLON(10) ,TPLON(10) 8 ,PRAT(3,5) PRIN
KDIG=KDIG+] PRIN

Ir (XROUT.EQ.0) KBOUT=1 PRIN

I? (KPR(ITS) .EC.Q) BETO&N pRIN

IP (ITH.EQ.0) GO TO 10 PRIN

C PRI
C PRINT DIAGEOSTIC FLON INPORBATIOG. PRIN
c pRIN
PRINT 10700,KD1G,TINE,DBLY PRIN

PRINT 10607. (PRASE (I) ,FLOV (I) ,TPLON{I) ,1=1,d) PRI
KROUT=KBOUT: 1 PRIN

10 IF (KPR (ITH).EQ.1) RETGAN PaIN

C PRIN
C PRINT COBCEMTEATIOES. PRIN
c PRIN
PRINT 10000, KBOU?, TIAE,DELT PRIN

DO 20 WX=1,HNP,8 PRIN
NJBN=KI PRIN
BJBX=BINO (NI+7, NNP) PRIN

20 PRINT 10200,¥I, (R(NJ} ,UJ=BJAN ,BJINI) FaIN
K8OUT=KBOUT* 1 PRIN

PRINT 10100, KAOUT, TIBE,DELT PRIN

DO 30 NI=1,N&P,8 PRIV
BIAR=NI PRIN
BJIAZ=81INO0 (NI+7, NEP) PRIN

30 PRINT 10200, NI, (BB §8J) , NJI=5JIHN, SJAX) PRIN

IF (KPR (ITH) .EG.2) HETURN 2R1IN

c PRID
C PRINT NATERIAL PLUX. PRIN
C PRIN
K30UT=KROCT+ 1 PRIB

PRINT 10300, X800, TINR,DELT PaIN

DO 30 BI=1,MEL,8 PRIN
BE=BLIN0(NI+3,AEL) PRIN

40 PRINT 10200,4K, { (PX(8J,10Q) ,10=1,2),8J=0I, BK) PRIB

I? (KPB (ITH).EQ.3) SETURS PRIN

C PRIN
C PBINT VATER CONTENTS. 2RIz
c PaIs
KBEOUT=KHOUT* 1 PRIN

PRINT 10400, K5009,7I82,DRLT PRIN

DO 50 BX=1,8BL,4 PRIN
BE=NIN0(B1+3,8B5) PRIN

S0 PRINT 10200 ,4I, ((T8 (8J,1Q),IQ=1,2), WI=4], AK) pars

c PRIN
C PRINT DARCY VELOCITIRS. a1
c 2813
KSOUT=KNOUT+ 1 PRI

Pa1NT 10500,KHOUT, TINR,DELY PRIN

DO 60 AX=1,MRL,4 pPRLy
BE=BINO(AI+3,NRE) PRI

60 PRINT 10200,81, ((VX (83,1Q),1Q=1,2),8J=A%, §K) PRI
RETORY PRIN

10000 PORBAT (////° OUTPUT TABLR®,I8,°.. PLUID COBCENTBATIONS AT TIAR =*,PRIN
1 1PD12.8,° ,{UBLT =°,19D12.8,°)%// * pODR L',5X, ALy

1 *FLOUID COBCENTBATION AR NODERS K,141,...,147¢) PRIN
10100 POREANR(////° OUSPUT TABLR',IN,°.. BULK CONCESTRATIONS AT TIAE ¢, PRXN
1 1#012.4,' ,(DELS =¢,1PD12.8,7)¢// ¢ HODE I1°¢,5X, raxs

1 *SULK COBCENTRASION AT NODRS I,I¢1,....847'/} mis

10200 FORNAR {I7,8(1PD15.8)) PRIB

30

35

80

85

50

b3

60

65

70

75

80

85

90

95
100
105
110
115
120
125
130
135
130
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
23S
2480
245
250
255
260
265
270
275
280
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10320 PORBAI (////° OUTPCT TABLE®*,I4,*.. BATERIAL FLOUX AI TIBE =°,

1PD12.4, ' , {DELT =*, I1PDI2.8,%)*,// 631,

'PLOI-X AT BODES®/17X,°1°,18K,°2¢, 1AX

10, %0X,02° ,18K,5 1%, 14K, 2°,18X,°1° ,18X,2° ,/3X,"ELESENT" ,2X,
's SOSOPS SS PSS OOPESOSC S SSESS $0808000000800800 ....'.."sx'
'........................‘..0................'..........l.

- et b od ad

10800 FOKMATI(////° OUTPCEZ TABLE® ,14,°.. VATER COBTENTS AT TIBE =°,

1PD12.4,°* , (DELT =°,1PD12.4,%)*,// 63X,

*THETA AT BODBS*/17X,°1°,¥8K,°2°,18X," 1%, 14X,° 2°,

14X, 10 ,181,°2°,08X,° 1* ,18X,°2° 73X, "ELEBRNL® ,2X,

180000080350 0800050800000000030805080800000008080088888008¢_5]
168555500300 00000590038030UTIICEIOISINIEERISB0I0008000T)

- . el b ad

10500 PORBAT(////* OUTPUT TABLE®,I4,.. DARCY VELUCKTIES AT TIBE =°*,

1 1PD12.4,° , (DELT =*,1PDI12.8,%)*,// 63X,

1 *VEL-X AT BODES*/37X,°1°,141,°2°,18X,°1°,

T 18X,%2%,14X,*1°, 10X,%%°,08X,°1°,18X,%2°,/3X,* ELEARNT 2X,

1 1050000005030 080508800850080038800000055008000800588080007 57,
1 19800000305 000008000800000008008T3000000030000300508398007)

10600 FOBEAT (//5X,’ TYPE OF PLO#® ,35I,°RATE’,8X,°INC. PLOW®,7X,

10700 PORBAT(///*

onNnnNnaAafnn

nnn

nOoO

STOTAL PLOU*/S5X,* CORSTABT-COBCENTRATION BODE PLOM. . . .%,3¢(
B12.4,51)/5X,* CONSTAFR-FLUX-BODZ FLOVW . . - . - . . ., 3(E12.4,
5X) /5X,* SEEPAGE PLUI-BODE PLOW. . . . o « = « «',3(E12.8,51)/
SI,® MOMERICAL LOSSES. = = o & - o o = = = -',3(EV2.4,5)) /51,

" NET PLOW. + o v = = v o o 0o ~ o = = = =%,3(2V2.4,51) /5%,

* INCREASE 1IN BATERIAL CONTENT (LIQUID) .°,3(212.8,5I)/5%,

* INCREASE IN BATERIAL CONTENT {SOLID). .*,3(E12.8,5X)/5I,

* RADIOACTIVE LOSSES (LIQUID AMD SOLID) .°,3(B12.%,5X))

- e o) ad ad b b

PRIN
PRIN
PRIR
PRIN
PRIN
PRIN
PRIN
PRID
PRIN
PRIN
PRIN
PRIB
PRIN
PRIE
PRIS
PRIN
PRI
PRIB
PRIN
PRIN
PRIS
PRIN
PRIN
PRIN
PRIN
PRIB
PRIS

S0S 00O SO000ESSSIS8800200000000000000800000%00008080880PTE

1068058800038 8000000800008 8800080008 “COSONSS PSS ESSDISESS20000008SDPRIN

12ses080 7/ /0 SYSTBN-PLOW TABLZ',I4,°.. AT TIAE =°,1PD12.4,
1 ¢ ,(DELT =',1pD12.4,°%)*)

END

SUBROUTINE STRE

2RIN
PRIB
PRIB
STRa
STRA
STRR

POECTIOB OF SJIBROUTINE--TO STORE PERTINENT QUANTITIES OB AWM AUXILIARYSTRA

DEVICE POR PUTORE USE, BE.G., POR PLOTTIAG. @HAT DEVICE IS TO BE
USED aUST BE SPECIPIED BY APPROPRIATE JOB-CONTROL CARDS.

ISPLICIT REAL®8 (A-H,0-3)

REAL®Y PAAT

CONNON/PROBLD/TITLE (8) ,8PROB
CONNON/CRVAR/TIAR,TH(300,2) ,TUB (100, 2) ,THU (100,2) ,DPH(100,2) .,

1 ¥X(100,2),VXP(100,2),VI¥(100,2)

COABON/GEOR/X (101) ,BB{2) ,DCOSB (2) ,DCOS (2) ,DELT, CHNG, DELAAL, THAX,

STRE
STRN
sTna
SI88
smns
STRE
sTe
sTRA
STRN
SIna

1 IPX(101) ,IE2(1Q0,3) ,NPB,(2),BPST{2),8PT5T,(2), DL (2),WTSE(2), ISB(2,5TRA

1 2),1S(2,2),889,9EL,0842,1BABD,8BC, NST,BTST, BBEL, BTL  BNOR
CORNON/BRYAR/ A(101,2),8(101,3),R(101) ,RP(101) ,8L(101),88{101),

STRB
STER

1 DP(10%) ,R1(301) ,RE(301) ,XTBP(101) ,BPLX(101) ,BPLXP(101), PX(100,2)STRA

1 ,PRATR(10),PLO8(10),TPRON(30),¥,PHAT (3,5)
28050000000 0000000000080000020008800000000800800800888800000880090009

ZNTRY STREI

PUBCR 10000, (TITLE(I),.d=1,8)
PUBCE 10100, MNP

PUBCH 10200, (X (BP) ,NP=1,NNP)
SETUAN

SO0 0SP000008080 05008000000 00000005 000900000000 0009500 L $0002 8908800

ENTRY STAAT

PUNCE 10200,TIRB

PUNCE 10200, (& (¥P) ,BP=1, BNP)
BRYODY

10000 PORNAT (648)
10100 PORBAT (1615)
10200 PORNAY (8E10. 8)

END
SUBB0UTINE SUR?P

PUNCTION OF SUBROUTINE--T0 IDENTIPY B0UNDING NODES TiRU TRE ANRAY
I1SB (AP, 2) .

staa
STRR
st
stan
STA8
STRB
STRS
STRA
sTRs
STB8
STRE
sSTRD
STRN
STRE
STAA
SThR
szTaa
sT18
STEN
STRH
SuUR?
soRr
soary
soary
soar

405
810
85
9220
825
430
835
880
485
a50
855
860
465
870
875
480
885
490
895
500
50¢
510
515
520
525
530
535
580
585
550
555
560

10
15
20
25
30
35

85
50
55
60
€5
70
75
80
8s
90
95
100
105
110
115
120
125
130
135
18y
185
150
155
160
165
170
175
180
185

10
15
20
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IRPLICIT REAL®*8 (A-d,0-Z)
COBBON/GEOB/X (101) ,BB(2) ,DCOS3 (2) ,BCOS (2) ,DELT,CENG, DELEAX, TAAX,

soer
susr
SoRr
soRP

1 1PX(101) ,IE(100,3) ,WPR{2) ,BPST(2) . NPTST (2),BBE (2),BTSE(2), ISB(2,SURP

1 2),1S(2,2) ,¥BP,BEL,NBAY ,IPAND ,¥BC,NST ,BTST, NBEL,NTL NNOR
FINO SURFACZ NODES BY LOCATING BOMN-DUPLICATED dODES.

¥BEL=0
DO 40 8I=1,MEL
DO 30 I9=1,2
DO 20 BJI=1,BEL
IF (aJ.EQ-8I) GO TO 20

DO 10 Jg=1,2
IP (LE(BI,IQ).EQ.IE(BJ,JY)) &0 r0 30
10 COBY1NUE
20 COBTINUE
SBEL=NBEL*1

FBE(NBEL)=RI
ISB(NBEL, 1) =IE{NIy1y)
ISB (WBEL,2)=IG

30 CONTINUE

40 CONTINUE

CALCULATE DIRECTION COSINES.

DO 50 me=1,8BEL
8=BBE(AP)
¥I=IE(B,1)
3J=1E(8,2)
10=0.5%(X (NI) +X (8J))
¥P=1SB (8P, 1)
DCOSB (BP) =1.
IP (X0.GT.X(BP)) DCOSB(HP)--1.
50 COBTINUE
RETURS
END
SUBROUTINE SPLOW (PX,R,BFLX,BPLXY,PRATE,PLOV, TPLOW, TH,BAXEL, SAXEP)

PUBCTION OF SUBROUTINE--TC COBPUTE BOONDABY PLUXES, FLOW RATES,
IBCREBESTAL PLOWS OCCURBRING DURING TINE DELE, IOTAL PLOSS SINCE
TISE ZERO, ABD THE CHANGE IN BOISTURE COBTIEST FOR THE ENTIRE
SYSTEN DURING TIBE DELT.

IBPLICIT REAL®*8 (A-8,0-2)
BEAL*8 KD,LA8BDA
consoms/Gron/x(101) ,BB(2) ,DCOSB (2), DCOS (2) ,ORLT,CHNG ,DELAAX,THAX,

sorr

sorrP
soar
SURZ?
soxr
SOrP
SORr
susr
soRr
soRr
soar
soar
sorr
soR?
sorr
] 14
suar
SUR?F
Snte
SFrLO
SPLO
SPLO
sro
SrLo
srio
SrLo
SPLo
L9 44
SPLO
SIL0
SrLo

1 IPX(101) ,IR(100,3),BPBA2) ,0PST(2) ,BPTST.(2) ,WBE(2)  BTSR(2), ISB(2,5MO

1 2),1S(2,2) ,WBP,BBL, BBAT,LBAND ,8BC ,8ST,NEST, BBEL,NTI,NNOR
COBB0N/EPROP/PRGP (1,5) ,9XI

DIABNSION PX (BAXRL,2) ,BPLX (NAXNP),BPLIP(BAISP),2Q(2), RQ(2),
1 PRATE(10) ,FLON(10) ,TPLON($0) ,B (SAXNP) ,TH (BAXEL,2)

DATA QR,QD,QL/0.D0,0.D0y0. D0/

CALCULATE NODAL PLOV BATIES.

DO 10 NP=1,BIP
BPLIP(BP) =PPLX(BP)
10 BPLX (NP)=0Q.
DO 20 BP=1,8B2L
§=EBE(BP)
¥P=1S8 (AP,1)
IQgnISB (8P,2)
BPLI(SP) =PI (B,IQ) *DCOSB (EP)
20 CONTINUS

DETEABINE PLOES ALD FLOS BATES THRU TSE VARIOUS
TIPES OF BOUBDABY BODES, SWARTING NITY THE
BET PLONS TEROUGM ALL BOUSDARY 3ODAS.

s-o.
5p=0.

Sro
sro
SrLO
sno
sno
SrLo
SrLo
srLo
Sr.o
SrLo
SrLo
SPLO
SrPLO
SrLo
SrLo
srno
srLo
SrLo
Sno
SrLo
srLo
srno
srLo
srLo

210

105
110
115
120
125
130
135
180
185
130
135
160
165
170
175
100
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C

C CALCULATE THE INCBEASES 1B TUR IPTEGRATED RATEZRIAL CONTRETS POR THR
C PLUID AND TER SOLID PEASES AND DETERAINE LOSSES DUR TO RADIOACTIVE

30

COBSTANT DIRICHLET BOUNDARY BODES.

CONSTAST F2UBANE BOUBDARY NODES.

DO 30 BP=1,M8P
S=SeBFLX (8P)
SP=SPeBPLIP (BP)

PuATE(S) =S

PLOW (5)=.5® (5+5D) $DELT

PRATE(1)=0.

FLOW (1) =0.

IPF (FBC.LE.O) GO TO 50

5=0.

SP=0.

DO 40 B3PP=1,EBC
SP=DPE (BPP)
>=SeBFLX (BP)
SP=SP+BPLIP (BP)

PRATE{1)=S

FLOW (1)=_5¢% [SeSP)OVELY

50 PRATE(2)-0.

60

TRABSIENT SEERPAGE BQUBDARY NODES.

70

BUBZERICAL PLOF TUROUGH DNSPERCIPIED BOUNDARY BOORS.

PL0OW (2)=0.

IP (BST.LE.D) GO T0 7V

S=0,

SPx0.

DO 60 BPP=1,BST
BP=DPST (BPP)
S=SeBFLX (FP)
SP=SCeBPLIP (BP)

PRATE(2)=S

PLOV (2) =. 5® (S¢SP)*DELT

PRATE(3)=0.

PLOW (3)=0.

IF (FTSI.LE.0) GO TO 90

$=0.

SP=0.

DO 80 sPP=1,37ST
BP=BPTST (BPP)
S=SeBPLX (NP)
SP=SPeBPLIR (BP)

PRATE(3)=S

PLOW {3)=.5% (S¢SP) *DELT

90 S=0,

100

SP=0,

DO 100 I=1,3
S=SePRATE (I)
SP=SPsPLOY (1)

PRATE(S)=PRATE(S)-S

PLOS (8) =PLOW (5) -S@

C DECAIL.

o

uBP=QR

GOP=QD

QLP=QL

Gi=0.

Qp=0,

QL=0,

DO 120 B=1,00L
BTIP=1R(8,3)
KD=PBOP (BTIP,1)
REOD=PROP (BTIR, 2)
LABRDDA=O,
POR=P 0P (BTIP,5)
00 110 IQ=1,2

120

SrLo
SPLO
ssLo
SPLL
SPLO
SPLO
SrLo
srLo
srLo
SrLD
SrLo
srLo
S7L0
SrLo

rLO
SPLO
SrLo
srLo
srio
SrLo
SrLo
SrLo
S7i0
SPLO
srLo
SrLO
SrLO
sr.o
SrLo
SrLo
sPLO
SPLO
SPLO
SrLO
sSrLo
SPLO
SrLo
srLo
SrLo
srLo
srL0
SrLO
sSrLo
SrLo
sr.o
SrLo
SrLo
3P0
SrLo
SPLO
SrLo
SrLo
SrLo
SrLo
s$r.o
Srwo
srLo
SfLo
SrLo
SPLO

185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
380
385
350
355
360
365
370
375
380
385
390
395
800
805
810
815
820
825
830
835
880
(1 1]
850
855
360
865
870
875
880
485
890
895
500
505
510
515
S20
525
530
53%
580
585
550
555
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wP=1E(n, 1y)
IQ(1u) =X (MR}
110 RQ (1Y) =R (BP) *TH (8, Iy"
CALL yoR(8Q,uan,XQ)
JB=yiegdn
uDB=BHOB*KD*yRN/POR
QD=yuDeQDA
QLR=QRA+QD
wL=0Le LARBDASQLN
120 COBTINUE
PLOVM (6) =QR-QRP
FRATE(6)=PLOW (b) /DELT
PLOW {7) =d D~QDP
PEATE(7)=PLOW {7) /DELT
PRATZ(8)=.5¢ (QL+QLP)
FLOW (8) =DELTSPRATE (8)
D0 130 1=1,8

130 TPLOW(I)=TPLOB (I) *FLQV(I)
RETURS
END
SUBROUTINE QW2 (RQ,QBH,XQ)

PJIBCTION OF SOUBROUTINE--TO EVALUATE THE CONCENIRATLON

OVER THE LENGTH OPF OBE ELESEST.

IBPLICIT REAL®8 (A-H,0-3)
REAL®8 ¥{(2)

DIAENSION RQ{2),S5(2) .02
DATA P / 0.577350269189626 /,

EVALUATE QUANTITIES POR USE IN THE JACOBIAE DJAC, BELON, WECESSARY
POR TRANSTOBRBATIOB PROB GLOBAL TO LOCAL COORDINATES.

127 = XQ(2) - XQ¢V)
qas=0.
DO 20 KG=1,2

DETERBINE LOCAL CCQROIBATES SS OP GAUSS—-INTEGRATION POINT KG.

S5 = P®S(KG)
EVALGATE THE JACOBIAN DJAC

bpJ = x21
DJAC = 0.5%DJ

CALCULATE VALURS OF THE BDASIS~INTIRPOLATION PUBCTIONS B(IQ).

58 = 1.0 - s§
SP = 1.0 » S5
E(1)=0.5%Sn
B(2)=0.5¢5pP

INTRRPOLATRE TO O0DTALS THE CONCESTRATION RQP AT THE GAULZS POINT KG.

agpP=0,
DO 10 1Q=1%,2
10 RCP=RQR+RQ(1Q) *¥ (4Q)

ACCUBULATE TER SOA T7 EVALUATE THME IBTEGLAL QRE,

QRB=QRB+E QP*DJAC
20 CONTINUZ
RETORS
2D

SUBROOUTIBE SOLVE(KKK,C,R, NNP,IUALPB,UAXNPR,HAIBN)

PUBCTIGH OF SUBROUTINE--30 SOLVE THE BATRII RQUATION CI = 2,
IT IS ASSOUSED THAT THE ARBAY C (NP, IB)SOLV
CONTAINS THE FULL BAND OF 4N ASYANETRIC HATRIL

RRTORBING TEER SOLUTION I 1IN B.

S /7 -1.0D+00, 1.00+00 /

SPLO

SPLO
SPLO
SPLO
SPLO
SrPLO
SPLO
SrLO
SPLO
SPLO
SPLO
SPLO
SPLO
SPLY
SPLO
SPLO
SPLO
SrLO
srLo
28
an
Q4R
T
gt
Qe
a6R
ase
2
QB
Qs
Qe
Qan
Qs
QeR
o
Qan
o
Qe
an
Qer
Qs
as
Qun
QR
Qsa
Qs
QaR
a8e
o
J80
Qar
asn
o
Qs
Qs
Qe
Qan
Qs
283
Qe
Qe
Q8
Qs
Qe
Qer
o
SoLy
SOLY
SoLY
soLv

SOLV
SOLY
SOLY

560
565
570
575
580
585
590
595
600
605
610
615
620
525
630
635
680
685
650
655

10
15
20

30
35
40
[
50
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
180
145
150
155
160
16>
170
175
180
182
1%0
195
200
205
210
215
220
225
230

10
15
20
25
30
35
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IRPLICIT REAL®S (A-E,0-I)
JIAZNSION C (BAXNP,BAXBY) ,R (BAXNP)
INBP=IHALPB+ 1

IF KKK = 1, THEN TRIANGOULABIZE THE BABD SATRIX C(NP,IB), BUT
IP KKE = 2, THES SIBPL: SCAVE UITH TUR AIGET-HAND SIDE R (¥P)

IP (KKK.EQ.2) GO TO 50
PRIANGOLARIZE BATRIX C(BP,1B;.

BU=BBP-1IHALPB
DO 20 B1=1,30
PIVOTI=1,. /C (B1,1HBP)
BJ-NIe1
IP=13BP
BE=NIeIMALPB
DO 10 EL=NJ, BK
IB=1B-1
L=-C (KL ,1B) *PIY¥QATI
C(BL, 1B} =A
Je=1Be¢ 1
KB=IBe IHALFD
LB=1INBP-1IB
DO 0 BB=JB.KE
B8=LBeBB
10 C(BL,BB; =C(NL,HB) *A°C (NI, NB)
20 CONTINUE
BR=N0e1
=pEp-1
SK=DBEP
DO 80 BI=BR,NU
PIVOTI=1_. /C (81,IHBP)
BJ=N1e1
I=108P
DO 30 EL=NJ,BK
IB=1IB-1
A=-C(BL,IB) *P1IVOTL
C(sL,IB)=A
Ja=1Be)
KB=IBe INALPB
LB=IHBP-IB
DO 30 ma=JB,KB
BB=LBeRB
30 C(BL,BB)=C(BL, EB) *A®C (BI, BD)
40 cosripue
RETURN

BUDIPY LOAD VECTOR R(BP).

50 BO=RBPe1
IBAND=2*LMALPBe )
DO 70 §i=2,IHBP
I=10BP-N1Ie1
=3
s08=0.0
-0 60 JB=1B,INALPB
SUS~SOReC (DL ,uB) *8 (¥J)
60 BI=BJe1
70 R(PI)=R(NI1)+SOR
I=)
L= 1ABR+}
DO 90 BI=NL,NNP
3J=PI-IHL 2¢)
308=0.0
D0 80 JB=15,1I8AMLP8
$UB=SOR+C (NI ,JI8) *B (NJ)
80 Bi= e}
90 B(BI)=R{NI) +308

BACEK SOLVE.
S¢UBT) =R (NBP) /C(URBE,IHBP)

b0 110 18=2,INDP
¥i=30-13

N0

L)

SOLY
SOLY
SOLY

SOLY
SOLY
SOLY
SOLY
SOLY
SOLY
SOLY
SOLVY
SOoLY
SOLV
SOLY
SOLY
SOLY
SOLY
SulLy
SOLYV

SOLY
SoLY
SOLY
SOLY
SOLY
SOLY
soLv
SOLY
SOLY
SOLY
SOLY
SOLYV
SOLY
SOLY
SOLY
SOLY
SoLY
SOLY
SOLY
SOLY
SOLV
SOLY
SoLY
SOLV
SOLY
SOLY
SOLY
SoLY
SOLY
SOLYV
SOLY
SOLY
SOLY
SoLV
SOLY
saLv
SOLY
SOLY
SOLY
SOLY
SOLY
SV
SOLY
SOLV
SOLY
SOoLY
SoLY
SOoLY
+0LY
SOLY
SoLY
SoLY
SOLY
SoLY

180
185
190
195
200
205
2%
215
220
225
230
235
280
28”5
250
255
260
265
270
275
280
285
290
295
3oo
305
310
315
320
32%
330
335
380
38
350
355
360
365
370
3715
350
385
3%
395
800
805
810
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C
C
o

o
<
C

123

=81 SOLY
BEb=1HALFBoLB SOLY
SUA=0.0 SOLY

po 100 Ja=BL,A3 soLy
BJ=3Js1 SOLY

190 SUB=SURC (RX,JB)*8 (3J) SaLv
110 2(81) =(R(BI)-508) /C (81, IHBP) SOLY
BE=IBAND SOLY

DO 130 IB=BL,BEP SOLY
BI=NO-"3 soLY

BJ=BI SOLY
s08=0.0 SOLY

DO 126G JB=BL,BB SOLY
BJzaJs1 soLy

120 SUR=SOUBC (81 ,J3) *R (BJ) S0LY
130 R(SI)=(R(BI)~-SOE) /< (BL,IHBP} SOLY
BETURS SOLY

EBD SOLV
SUBROUTIBE WTR m
1

e

FUSCTIOS OF SUBROUTINEZ—TO DETERAISE OBE-DINEBSIOBAL HOISTURE TRABSPOUTR
USIBG THE ABALYTIC HETHOD OF PARLANGE. ¥R
e

TR

IBPLICIT BEAL®S (A-4,0-2) VT
BEAL®S PHAT vra
CORBON/CTRL/KPGE,KUTR KNI, KSTRA, ESTRY, FSTOP, K55 ,K IG, KAOUT, KWOUT,UTR

1 KTSTP,KSOUT, KSBCH,KBGPE, KABL, KIC,ESTARS TR
COBBOB/CRYAR/TIBR,Z¥{100,2) ,I88 (100,2) ,THE (100,2) ,DTH (100,2), T2

1 ¥X(100,2},YIP(100,2) ,V&¥(100,2) "

CORBOB/GEOB/L(101) ,BB (2 ,0COSB (2) ,0C6S (2) ,DELT,CHEG,DELEAK,THAL, UTR
1 IPX(101) ,IE(100,3),8PB(2) ,BPST(2) ,EPTST:(2),BBE (2),0TSE(2), ISB (2,018

P 2),15(2,2), 98P, 0L, BBAT,IBABD ,BBC 557 ,0TST, UBEL,PTI, B802 sTR
COBSSOB/BIVAR/KPRO, KPR $1000) ,AAXDIP BAXEL,B8+L8P, BAXRAT RALBY, TR
1 BAXNTI, BBPPPE e

CORROB/HRYAR/ A(101,2),8(101,3),3(101) ,8P(131) ,RI(101) ,8B(101), TR
1 DP(101) ,RI(101) ,8T(101) ,XTEP(1G1) ,BFLI(101) ,BPLIP(100), PX(100,2) ¥TR

1 ,PRATE(10) ,PLON§10) ,ZPLOR (10) .8, PBAT (3,5) in
COBSO¥/81/ TB81,TH0,THB,SIBEPS TR
COBBOB/CR1/ ¥1,¥) e
COBSOB/BUBITG/ BORDRY,BORDER, BITP, ITSAIS, 1G5S,ITALS, IGSSY(3) "
COBBOB/TPLI/TTAB(50) ,¥1B (50),¥ ITAB (50) , U 1TA3 (50) ,UTAB (50) , e

1 TTABL(50),¥ ITABL{50) , TRAP (50) ,I PTTAB{50) ,NTTAD ”e
COAROS/WRPROP/AKPAR(S0) ,COPAR(50) , AKSE (25) , ALPK (25),D (25), ALPD (25)5TR

1 . AKSAT,AKSBO, BKPAR, BESP,BCDPAR, BDSP e
CORBOB/IVAR/ISURI (50) ,XSOP2 (50) ,THP (50) ,ALP(50) ,¥SUPI (50), VIR
1 ¥sSOP2(50) P (50),QGA{50) . QG (50) ., TRTHP(50) , AKGSS (212), DGSS(212), UIR
1 1PTTH (50),818,JTH,BGSS m
EITZANAL TLPUN,T9PUS,TIZ0N,TOPOUS,GPUN,GAPON,GSPUB,G2PUB iR
DATA 18D1/0/,128K/0.025/ "R

TR
...,..................................................................',.
ol

EBTRY 0IBL (37
K¥O0T=0 imn
BTUPsNTE¢ ) VIR
PTAA=NTE-1 "
VIR

CALCULATE TABULAR PUSCTION OF REDUCED VELOCITY BITAB VS. TI8E TTA3. OTR
"m

Irp=3 TR
DO 70 I1T=1,BTTAD e
DO 10 I=1,3 m

1GSSY (1) =0 rTa

10 CONTIBOR m
¥I=BITAB(IT) i
10I=(AKSATOS1IBRPS-AR: HO) /(THBODT) IR

17 (I8XI.1L7.738I) GO 20 &) mn

I? (SINEPS.EQ.0.N0) &0 TO &0 m

TL=0. "

10=0. ”m

TI=0. T
SRDERP=3ORDEB m

DO 20 ITH=1,NEEA m

815
820
825
830
835
[ T 1]
885
850
455
860
65
870
ars

120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
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(2 X e Xg)

N ann

30

S0
60

70

JId=1ITHe]
1P (ITB.EQ.STRE) FRORP=3CRDE1
CALL GAUSS{ALP(ITH) ,ALP(JTE) ,TLA . TLPUS,BRDRP)
CALL GASSS(ALP (ITE),ALP (JTN) ,TuA ,TQFUS,SR0RP)
CALL GAUSSALP(ITE) ,ALP (JTH) ,TIA,TEFPUN,SRDR?)
TL=TLeTLA
T.FIQ*TQA
SI=TITIA
COoNTINOR

Ir (10.LT.TL) w0 TO 30

PRI BT 10000, VIE(IY)

G0 T0 80

TIAB(IT) =TL-Ty

OTAB(IT)=TTAB(LT) *VISAB(IT) W ITAB(IT) *TH4*TL ¢+TUB*TI

G0 10 70
IF (IZP.BR.1) GG T &0
1rP=0
T0=0.
1655=0
SRDRP= BORDER
90 50 ITS=1,8TEn
JTR=ITBe )
I? (LE8.EQ. STES) ZRDRP=NORDE1
CALL GAUSSEALP(ITE) ,ALP (JTH) ,TO0A,TOFSS ,FRORP)
TO=170+702
ConTIaUE
HI=1. /81
TTAB (17)=.5%011°01 1 o20
UTAB(IT)=TTAB(IT) *VITAB (IT) +. SCTERS W H TV
CONTIBUR

PUT TADULAR ARSAYS i¥ ASCEEDIBG OROEAR.

90

120

130

150

CALL DSORT(TTAS,IPTTAD,STTAD)

DO 80 IT=1,BTTAS
IP=IPTTAD (IT)
TERP (IT)=012AB (iF)
COBT1BUR

DO 90 IT=1,3TTAB
SITAB(IT)=TEE® (IT)
COBTINUSR

DO 100 IT=1,8TTAS
IP=XPTTAS (IT)
TRAP (IT) =V ITAB(IP)
COBTINGE

DO 110 IT=1,BTTAB
VITAB(IT) =TESP(LIT)
CONTIS0R

DO 120 IT=1,BTTAS
IP=IPTTAD (I1)
TERP(IT)=VIB (AP)
COBTINUR

DO 130 TT=1,FYTAB
Y18 (IT)=TEAP (5T)
COSTINGR

DO 180 IT=1,5TTAB
IP=1PTTAB (IT)
TEAP(17) =STAB(IP)
COBTINOR

D0 150 IT=1,FTTAS
GIAB(IT)=TESR(IT)
COFTINGE

PREPABE TABULAR ABBAT POR 4A06-LOG INTERPOLATION.

DO 160 I=1,87TTAB
TIABL(I)=DLOGC(TTAB (L))
DITABL (1) =DL0B (§12A041) ;
COBTINGR

RRT0RN

TR

me
TR
| b ¢ ]
mm
”a
| }{ ]
i
TR
e
IR
L} ¢
"
”me
”e
"
”e
| ¢ ]
”"e
”a
| } 4 ]
L b ]
L} 4 ]
Ly {4
”mm
”e
|} { ]
L}
[ 34 ]
”e
"’

0009000000060 89 009000000000 00000000 80008000000 000080008080080090900008308

ilnl sINTP(T)

285
290
295
300
305
310
315
320
325
330
335
3%0
3a%
350
355
360
365
370
275
- 30
385
390
39
800
805
810
815
820
825
830
835
880
883
850
855
860
865
870
875
880
8085
890
895
500
505
510
515
520
525
530
535
580
585
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
680
(1}
650
653
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C GIVES T VALUEZ, IPTESPOLATE TO PISD €1 VALUR.

[sNaXel

170

(o

IF (T.LT.TTAB{1)) PRIBT 10100,T, TTAB (1)
IF (T-GI.TTAB(ETEAB)) PRINT 10230,T,TTAM(NTIAN
TP=DLOG(T)

91P=YLAG (TP, TTASL, W ITABL [ BD1,01T2,ITRIR, UTLAB,IEX)
#1=DRXP (B19)

VI=TEB®H 1-AKSBO

RETURW

SO0 COPIVOD OO0 O00000 5005000000000 0000005000900 00000000000000080808¢

ESTRY NTIER(T)
po 170 I=1,3
165S¥(1)=0
COBTINOER
ERDRP=BORDER
IP (SIBEPS.2Q.0.D0) GO TU 19C
TL=J.
Tu=0.
T1=0.
DO 180 ITH=1,STRAE
JTU=KTH1
IF (ITE.ZJ).STEE) BEDEE=NORDA1L

C BRECALCULATE T.

(o

200

ANA NAN

210

220
c

C 0000800000 0000020000050000000000000 000000009008 000000000009000900090

C

CALL GAOSS (ALP (ITd} . ALP (JTR),TLA,TLPUS, BiDRP)
CALL GASSS([ALP(17 4] ALP(JTH) ,T0A,TQPUN, BiaDRP)
CALL GANSS(ALP(XTH) ,ALP(JTN),TIA, TIPQE, B4DRP)
TL=TLeTLA

TQ=TQ*TYA

TI=TI+TIA

COBTINOR

TE=TL-TQ

83l=1./M
9o 200 1TR=1,0T88
JTE=ITH+1
IF (1Ti.RQ.NTER) BROAP=20ROR]
CALL GAUSS (ALP(ITE) ALP (JTR),TOA,TOFUS,BADAP)
TO=T0+T0A
COBTINUX
T=.59811°81[°T0
RET )RS

0000 PP000 00050 S0P OOPSOOPIDIOPOES 00 S0 POBO L0500 0000000050000 0008000

savar sTRs

CALCULATE FIRST-ORDER POSITIONS AND VELOCITIBS.

1655=0
SRORP= SORDER
1SUP 1 {BTH)=0.0
VSOP1 (STH) =V
90 210 ITB=1,8T88
JER= I
I? (I18.5Q.FTNE) SaDiIP=S0RDRY

CALL GAUSS(ALP(LTH),»LP (JTH) ,XS0P)(ITH) ,«FUB,BRDRP)

CORTIN0E
DO 220 ITH=1,3TH8
ITu=31R-118
JTe=1T701
ASSPI(ITE) =RSOP I (JTH) +ISOP) (1TH)
VSOPI(ITd)="1
COBT140E
BETOR”

ESTRY BTRN2

Lk ¢ ]
’"e
T

iTR
e
(B ¢
iTe
[ 2

TR
[ B¢ |
[ 2o
TR

| b 4
TR

| b ¢ |
TR

TR

TR
mm
ta
e
e
L2t
"M
1 )7 ]
1 44
"mm
”e
[ 24
(2]
L ] ]
L 21
L &1}
L b1
[ 24 ]
mm
Lbd ]
s
m
L 21 ]
L b ]
[} ]

660
665
670
675
680
685
690
695
700
705
710
715
720
712%
730
735
780
7S
750
755
760
765
170
775
780
785
790
795
800
a0s
810
815
820
025
830
835
880
885
850
855
860
865
870
875
290
885
90
95
900
905
910
15
920
925
930
935
90
95
950
953
960
265
”70
75
980
985
990
95
1000
1005
1010
1015
1020
1025
1030
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SRTERALNE CORRECTICE FRACTIOR P.

QGA(1) =0. 0
1655=0
BRDaPr=30ADER
DO 230 ITE=1,5THE
JEIH=1TH+)
IF (ATL.EQ.ETER) BPEDEP=HORDRI
CALL GAUSS (ALP(ITH) ,ALP (JTH),DQ,GAFUN,SRURP)
JGA (JTH)=GGA UITE) *DQ
230 cosTisuE
1e55=0
SRPRP=30RDER
06 (STH) =0.
DO 280 ITH=)1,NTHS
JTE=ITHe T
IFf (1TE.RQ.NTIER) BRDEP=BORLE!
CALL GAUSS (ALP (ITH) ,ALP (JTH),2G(ITH),GSPUN, B DAP)
280 COBTINUR
DO 250 ITB=1,NTHA
I174=BTR-1TB
JYR=ITHNe)
UG (1TH) =Q6 (JTH) *Q6 (ITH)
250 COBTINUR
DEI= 1. /QCA(RTR)
r{1)=0.
DO 260 1TE=2,BTH
PLITHR) = (QGA (ITH) oALPLITH) QG (ITH)) *DM
260 CORTIBOR

CALCBLATE SECOND-ORDER POSATIOSS AND VELOCITIRS.

1655=0
ITEAI B=1
BRDAP=EORDES
ISOP2 (NTH)=0.0
SUP2 (3TR}=¥1
DO 270 ITE=1,FIRE
JTR=ITHe1
I? (ITH.RQ.FTRE} BRDRP=BORDAE1
CALL GAGSS (ALP (ITH) ,ALP (JTE),XSUP2 (ITH) ,c2FUN,BRDAP)
270 COBTINUR
DO 280 1TB=1,5TNa
ITH=E1E-17D
JTB=ITRe
ISOP2 (LTH) =ISOP2 (JTH) +XSUP2 (I118)
VYSOP2 (ITN) =TSO B1oF (dTH)-AKSHO
280 CONTIRUR
axTORN

TR
e
e
TR

uTR

[ b ¢

TR
mm
TR
e
e
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m
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T
un
TR
yIa
mm
[ B 4]
m
m
| 54 ]
TR
"

CS0000000000 000 00000000000000000000000005 030000000000 080888000088088¢72

ESZRY ESLIBK
OETERAIPE LIBKAGE VARIABLES 7I ABD TH.

CALL DSORZT (13002,192%1,5T8)
DO 290 F=1,818
IFE=1P%TE (BP)
TEZEP (BPL)=VSEP2 (BP)
290 CouTISNE
I8XI=XS002 (FT8)
Vas-TETEP (§28)
IX8&1p=1
DO 310 Ep=1,m8P
1P (X(PP) .L2.X8X) GO T0 300
ITEP(BP)=VEN
G0 T0 310
30 ITBP(BP) =YLAG(X (BP) ,E30P2, TSR  IND 1, DITP 12015, 0T8,1RX)
310 coFrings
00 320 =1,I8%
Do 320 1Q=1,2
ar=IR(8,1Q.
VE(9,1Q)=TX8P (BP)

L b ]
ure
"m
e
te
L b ]

1035
1080
1085
1050
1055
1060
1065
1079
1975
1080
1085
1090
1095
1100
1105
1110
1115
1120
1125
1130
1135
1180
1185
1150
1155
1160
1165
1170
1175
1180
1185
1190
1195
1200
1205
1210
215
1220
1229
1230
1235
1280
1285
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1330
1315
1320
1325
13%
1335
1350
1385
1350
1355
1360
1365
1370
1375
1380
1385
13%0
1395
1500
1505


http://%7bXTB.XQ.aTBB

-
N
'~

320 COBTINDE
LU 330 EP=1,BTH
BPI=LPTTH (NE)
CHTAP (NPL)=THP (NP)
330 COBTINGE
THBE=THTBP (STH)
xznIs=1
DO 350 3P=1,EBP
IP (X(BP).L1.28X) GO TO 380
XTAP (B P) =THERE
GO TO 350
380 LTHP (BP)=YLAG {X (BP) ,KSGP2,THI BP,IND1, NIT, IXALN,¥TH, 1 RX)
350 costinoe
Do 360 B=1,NEL
DO 360 I10=1,2
#P=1E(H, IQ)
TH(B,1Q)=XTEP (NP)
360 costinoe
RETORE

30000 PORAAT(®* NOTICE: A NUBERICAL ERROR OCCURRED IF THE TABULAR *

1 °TIAE CALCULATIOP FOR ¥ =°,E}2.0%)

10100 PORBAT(® BOTICE: THE TIME'RL.%,

1 ¢ IS LESS THAN THE LEAST TABULAR TALURCEI2.8)

10200 POASAT(® BOTICE: THE TIEME'EI12.%,

nnNnaAnNNHNnN

annNn Noan

3} ¢ IS GREATER TBAN THL GREATEST TAECLAR FALUE’El12.4)
EED
3UBBCUTINE DATAB

FUBCTION OPF SUBAQUTIBE—TO READ, PRIBT, AND CHEZCK WATER-TRANSPORT

TR
TR
TR
[ b . ]
are
I
TR
iTeR
TR
TR
2re
"
iITh
TR
R
TR
e
TR
iTe
I
ITR
TR
e
TR
TR
L e
DATA
DATA
DATA
DATA

VABIABLES PERTAINING TO SOIL PaOPERTIES, BOUNDARI-INITIAL COSDITIOES,DATA

NODAL POSITONS IFN 20TH TIBE ASD WATER COBTENTS, AND HISCELLANEOUS
OTHER LEFORBATIOBN.

IaPLICIT REARL®*8(A-8,0-2)

DATA
DATA
DATA
DATA
DATA

CoBBOB/CYRL/KPGH, KBTR KV, KSTBN, KSTRE, ISTOP, KSS,KDIG,KADUT, KWOUT,DATA

1 KTSTP,ASOUT ,KSACR,KBOPP,KANL, KIC,KSTRS
COBBON/RPROP/PROP (3,5).. VI

cosmos/21/ TH1,TH0,T8B,5INEPS

COBBON/BUBITG/ BORDR1,BORDER,WITP, ITHRIN, ICSS,ITALN, IGSSV(3)
COBPOB/TPLE/TZAR(S0) V1B (50) ,VITAB(50) ,BITAB (50) ,UTAD (S50) ,

1 TTABL(50) ,W1TABL(50) ,TREP (50) ,IPTTAB(50) ,BLTAD
COBEON/TETR/ T (50) , BT

DATA
DAZA
DATA
DATA
DATA
DATA
DATA

COSB0B/WPROP/AKPAS (50) ,COPAR(50) , AKSH (25) ,ALPK (25) ,D (25) , ALPD (25) DATA

1 ,AESAT AKSHO,BNERAR,BEKSP,BCDPAR, BDSP

COBROB/XT AR/ XSUPI(50) ,A80P2 {S0) ,TH? (50) ,ALP(50) , V53U {5)),
1 ¥SOP2 (50),P (50),QCA (509 ,Q6G (S50), THTAP (50) ,AKGSS (232), DGSS (212),
1 IP2TB(50) ,N2H,JT8 0G5S

ZITRREAL DUNPON

DISRNSIOB NOADRA§2)

DATA PI/3.1815926536D0/

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

S8080000S000 0000000000000 0000000000 000000000008 0800800088000800000000DAT)

ENTR: DImw
170 OF BOB~ARBAY INTEGER ANRD RRAL PARABBTEARS.

BBAD 10000,KWT8, NTTAS,BY,NTH, BAPAR, BCOPAB, BOBDRA (1) ,NORDRA(2),
3 nITP,KSTAV, KBBSH, KANL
I? (KSTBE.BR.0) KSTR¥=1
DO 26 I=1,.2
IP (SORDRA(I).LT.2) 60 TO 10
17 (BO3DRA(I).17.15) GO Y0 20
IP (NORDRA(I).BQ.16) GO TO 20
SOBDRA (£) =16
G0 %0 20
10 BORDRA (I) =2
20 CONT 1INUS
BORDER=BORDRA ()
SORDRI=NORDRA (2)
IP (KPGE.BE. 2) KSTR=2
PRINY IOJOO,ll!l,lf?ll,ll,l!l,llrll,ICD’AI,IOIDII,IOIDII,I!Tl,
1 KSTRY ,K8BSH,KABL

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA

1410
1815
1820
1825
1830
1835
1880
1845
1850
1855
1860
1865
1876
1875
1880
1835
1890
1895
1500
1505
1510
1515
1520
1525
1530
1535

19
15
20
25
30
as
80
a5
S0
55
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
25
220
225
230
235
280
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BREAD 10400, THO,TH1,EPS,DALPI
PRIBT 10500, THO,TH1,EPS,DALPI
TEB=TH1-THD

DTEI1=TEB*DALPT
SINZPS=DSIN(EPS*(PI/180.D0);
Ir (EPS.EQ.0.D0) SINEPS=0.D0

I/70 OF SOIL PROPERRTIZS.

2EAD 10800, (AKVAR(I) . I=1,BKPAR)

PRINT 10600, (AKPAR(I).E=1,BKPAR)
BEAD 10800, (CDPAR(I),I=1,BCDPAR)
PRINT 10700, (COPAR(I).i=1,BCDPAR)

I/70 OF TABULAR END-POILNT DARCY VELOCITIES IS UMITS OF SATORATED

COBDUCTIVITY.

READ 10800, (VIB(I),I=1,¥TTAB)
PRINT 10800, (VIN(I),k=1,8TTAB)

COSDITIOBAL I/0 OF THE TIBE VALUES.

30 IF (KPGE.BE.2) GO TO 80
IF (KNTB.EQ.0) GO TO %0
BEAR 10800, (T(I),I=1,0T)
PRIST 10100, (T(N),K=1,N%)

40 serURE

DATA
DATA
DATA
DATA
DATA
DALA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

SRS 065500000850 00000000000000008008000800 800800800008 8008808808880000DIATA

ENTRY PUCAL

PBELIBIBANKT VAT®QR-TRABSPORR CALCULATIONS.

GEBERATION OF THE HATER COBTENTS.

BTHE=NTH- 1
THB=TR1-THO
DTHI=THRSDALP1
IF (KABL.2Q.0) DUNSY=SPROPI(DUBHY)
1P (XABL. BE.0) DUREY=SPANLI (DUSAY)
DTH= (TH1-THO) /DPLOAT (BTEBE)
TP (1) =780
THP (BTR)=TH1
I? (KBBSH.BR.0) GO TO 60
DO SO I=2,8TAB
TEP (L) =THP (I-1) +DTH
50 COBTINUER
GO 70 80
60 BY¥=BTHE
Va=RY-1
DTEAV=DTE
SDTi=2.% (DTHAV~DTH 1) /DPLOAT (NVB)
DIUI=DTH}
po 70 Jv=1,0V8
IV=RTR-JY
THR (IV)=THP (3Vs1)~DTRI
DTRI=DTHI+SDTH
70 COBTINUS
TEP (1) =TRO
80 DO 90 I=1,sTH
ALP (I) = (TUP (1) - 3¥0) /THD
90 CONTINUE

CALCULATION OF TADULAR VELOCITILES.
00 100 I=1,8TTAB
190 VITAB(I) =V 1B (I) *AKSAZ
DO 1910 I=1,021A8 :
110 BITAB ()= (VITAD (1) +AKSBO)/THD
PREPABATION OF TER GAUSS GRID OF SOIL PROPRRTIS.

1633=0

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

285
250
255
260
285
270
275
280
285
290
295
oo
305
310
315
320
32%
330
335
380
k113
350
355
360
365
370
375
380
385
390
395
800
805
810
815
820
825
830
&35
830
885
850
35S
860
8§65
870
875
580
8§85
890
895
500
505
510
515
520
525
530
535
580
585
550
555
560
565
570
575
580
585
590
595
600
605
610
615
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SRDRP=BUADER
DO 120 ITH=1,UTHA
JTd=ITa*1
IP (LTH.EQ.NTEA) »3DAP=30ORDR]
CALL GAUSS(RL? (ITH) ,ALP (JTH), DUNAY, DUAPUS, BRDR?)
120 COUTIBUE
5635=1655
1F (KPGA.EQ.S) GO TO 130
Ir (EPGH.2Y.7) GO T0 3130
1P (KSRCH.BE.O) 2BIBT 16200

C
C OUT2UT OF THE WATER CONTEBLS.

c
PRI#T 10930, (THP(K) ,I=1,¥T8)
PRINT 11000, (ALP(I),I=°,BTH)
130 uETURN

C
10000 PORAAT (1615)
10100 PORBAT(/®° T:°/i{Rk15.2))

DATA
DATA
DATA
DATA
DAT"
JATA
DAL
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

30200 FOREAT (////° VATER-TRABSPORT INPOT TABLE 8.. BASIC PABABETERS®) DATA
10300 PORBAT(////° WATER-TRABSPORT IBPUT TABLE 8.. BASIC PARAAETERS®// DAIA
.

151, PATA
IPUBCTION TYPS « - - © = - o o o = o = o @ o o o o « = =*,I5/ 51,° DATA
1SUBBER OF TABULAL TIHE HODES. = v « = = o « = « = « « «*,05/ 5X,* DATA
1SUSBER OF TIAE BODES FOR STABD-ALOBE OPERATION. . . . .°,15/ SK,° DATA
1BUBBRR OF TARTA VALUBS. -« v« « « « « « « o o« = o « = « o°,15/ SX,° DATA
1S0ABER Of COSDOCTIVITY SOIL PARABETERS. = o - « =« « - «*,I5/ 5X,° DATA
18088ER OF CAPACITY OB OIPPUSIVITY SOii PARAGKTERS . . .°,I5/ SX,° DATA
10RDER OF LEGENBRE-GAUS: INTEGEATION . . = - = « « - « -*,I5/ 51,° DATA
10BDER BEAR ALPHA = 1. o 2« v 2« o o = o « = o = o = o o «*,15/ 51, DATA
180ABER OF POLINYS IB INTRRPOLATING POLYNBIAL. - - - « -°,1I5/ S5K,° DATA
TAUXILIARY STORAGE CONTBOL = . = - ¢« « « o = = = = « = «*,15/ SX,* DATA
IVARIABLE-BESB COBTBOL - = v v v o o « o = = = o « =« o =*,15/ SK,* DA
STABALYITIC SOLL-PBOPERTIES COSTROL. - ¢« « v« « v = « o « «%,15) DATA

10800 PORBAT (8710.0) DATA

10500 FOREAT(5X * INITIAL COBDITION OB VATER COFT:.BT THETA. . - . . *, DATA
§ B10.8/ 54, ' BOBEDARY COBDITION OF SATER COSTEST THETA . . . . °,DAVA
1 B10.8/ SX, * IBCLIBATION ID DESREBS. . v v v v v o« = = = =« =« « *,DATA
3 E10.8/ SX, * ALPHA ISCREBEBT BEAR ALPEA = J. . . « = « « « = - *,DATA
1 EZ10.%) DATA

10600 POREAT {/* AKPAR:"/( 8K15.7)) DATA

310700 POREAT(/° CDPAR:°/(8R15.7)) DATA

710800 PORBAT(/® VI/AKSAT:*/ §8215.7)) DATA

10900 POREAT (/* TAP:°/(8R15.7)) DATA

11000 PORSAT(/® ALRP:°/{BR15.7)) DATA

131100 PORNAT (20AW) paTa

11200 PORBAT (140, 20A8) DATA
EBD DAPA
SUBZOUTIBE D3ORT (IPT,IPT,BPT) p3oR

C DSOR

c DSOR

C PUBCTIOB OF SUBROUBIBR-——TO TRABSPORE ARRAY XPT IBTO ASCREDING psoR

C ORDEZER ABD OPTALD TBEE PRERUTATIVE TRABSFORBATION IPI. psor

c £sos

[ psoR
IBPLICIT REAL®S (A-4,0-3) DSOR
DIEEESIOB XPT(1).IPT()) psos
DO 10 I=1,8P7T piom

10 192 (1) =1 psoz
L=BP? psos

20 L=L/2 psor
I? (L.3Q.0) BETUSW (3]
K=3pPT-L Dsos
J=1 DSos

30 1=J psos

80 IL=l+L 'Dsom
IF (XPT(I).LR.IPPR(IL)) 60 TO SO ' DSOR
TRUP=1PT(I)  PSOR
ITZAP=XPT (1) DSOR
XPT(I)=IPT (IL) ' DSOR
IPT(X)=IPT(IL) psor
IPT({IL)=TREP psos
IPT(IL) =1TBRP 'pSOR
IsI-L osoR
I? [1.GB.1) GO 20 &0

620
625
30
&35
68l
685
650
65%
660
665
670
75
680
85
690
95
700
705
710
715

725
730
735
%9
75
750
755
760
765
770
775
789
785
790
795
800
805
810
815
820
825
830
835
L 1 1
ass
850
855

10
15
2
25
30
1S
0
L}

55
60
65
J0
5
80
85
%0
9
100
105
110
115
120
125
130
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50 J=Jel DsSOR
1F (J.GT.K) GO T3 29 Dsok

Go 10 30 DSOR
END 3508
PUNCSION 3PROP (DUNAY) SPRO
SPRO

SPRO

PUNCTION OF WOUTINZ--INTERPOLATION TO DETEREINE 30[H S PRO
CONDUCTIVITY AMG DIPPUSYIVITY. SPRO
SPRO

SPRO

IAPLICIT RPAL®S (A~k,0-Z) SPRO
ccanos/BI/ TH1,T&S,THB, SINEPS SPRO
CONYON/BUBITG/ ¥QRDR1,NORDER, NITP, ITHAIN,IGSS,ITALN, IGSSV(3) SPRO
COR7ON/UPROP/AKPAR (S0) ,CDPAR (50) ,AKSH(25) ,A.PK (25) ,D(25,, ALED(25) SPRO

1 , \KSAT,AKSNO, BKPAR,YKSF,BCDPAR, BDSP SPRO
COBBON/1VAR/ XSUPY (50) ,XSUP2Z (50), THP (5¢), ALP (50) ,VSUP1 (50), SPRO

1 VSUP2 (50}, P (50),0GA (504 ,QG (50), THTER (50) ,AKGSS (212), DGSS(212), SPRO

1 IPTTHISO0) ,BTH,JTH,NGSS SPRO
DATA ALPO,J.0D0/,alP1/3.D0/,XND1/0/ SPRO
SPRO
......‘...‘...........‘........................‘...‘.'......‘........sp.o
SPRO

ENTRY SPROPI {DUAKY) SPRO
SPRO

SECT108 SPROPI IBITAALIZES THE SOKL-PROPERTY ARRAYS. SPRO
SPRO

BKSP=BKPAR/2 SPRO
NOSP =BCDPAR/2 S PRO
SPRO

EXTRACT CONDUCTIVITY VARIABLES FPROM INPUT ARRAT AXPA%. SPRO
SPRO

J=0 SPRO

DO 10 I=1,NKPAR,2 SPRO
Jaje1 SPRO
THE=AKPAR (1) SPRO

ALPK (J)=(THT-THL) /THD SPRO
AXK=AKPAR(I¢1) SPRO

AKS ¥ (J) =DLOG (AK) SPRO

10 CONTILUR SPRO
SPRO

INTERPOLATE YO PIND AKSNO AT ALP = O. SPRO
SPRO

IK8IN=1 SPRO
AK=YLAG(ALPO,ALPK, AKSS,IND1,BITP,IKNIN ,NKSP, IBX) SPRO
AKO=DEXP (AK) SPRO
AKSNO=AKO®SLIIRPS SPRO
IKEIB=1 SPRO
AK=YLAG (ALP1,0LPK,AKSN,LND1,01TP, IKALN ,NESP, IRX) SPRO
AKSAT=DERIP {AK) SPRO
SPRO

EXTRAC? DIPPUSAVITY VARIABLES FPROB INPGT ARRAY CDPAR. SPRO
SPRD

J=0 SPRO

DO 20 I=1,NCDPAR,2 220
JaJe1 SPNO
THT=CDPAR (I) SPRO

ALPD (J) * (THT-THO) /7288 SpRo

D(J) =DLOG (CDRAB (k+ 1)) SPRO

20 CoNTINDE SPRO
AETURS SPRO
SPRO

GO0 000000000 000 080000000800 98000%000800885000008000500020080889%. 008599 SPRO
SPRO

BETRY AKFON(ALPG) SPRO
5PRO

INTEAPOLATE TO DETBREINE (OSNUCELVITY AT ARBITLART ALPG. S280
SPRO

IKAL.1=1 SPRO
AKSILAG (ALPG,ALPK, AXSB,L8D1,BIZP, IKNIN,"KSP, IRX) SPRO
AK=DEXP (AK) SPRO

S P20

DETERNINE REDUCRD CONDUCRINITY-SINE VARIABLA. sSPRO
SPRO

AKPUD= (AK-AKU) *SLEBPSyTHD SPeo

135

140
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290
295
300
3065
310
315
320
325
330
33
340
345
350
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BETURS

SPRO
SPRO

S0P S008SEESSSEP V000 0SSP PPOSSLISIONIIINNIN S ISEES ISV 0088800885 DR)

ENTRY DPUN(ALPG)
INTERPOLATE TO DETERMINE DIFPUSIVITY AT RERBLTRARY ALPG.

Ipnre=?

DP=YLAG( LPG,AL?D,D,INDY NITP,IDBIN ,BDSP,IEL)
DFUN=DEXP (DF)

KETU NS

E¥D

FOSCTION SPANL (DUABY)

FUNCTION OF ROUTINE--ANALITIC GEMERATION OF COMDUCTIVITY
FO# A GARDEER PORR FACTOR ABD OP WATER CONTENI OR CAPACITY
PROA A HODIFIED KING FOBHN PACTOR. DIFPPUSIVITY IS THEN THE
SATIO OF CONDICTLIVITY TO CAPACITY.

IBPLICIT BEAL®8 (A-H,0-3)
cossns/BL/ TH1,IHO0 ,THB,SINEPS

SPRO
S PRO
SPRO
SPRO
SPRO
SPRO
S PRO
SPRO
SPRO
SPRO
SPAS
SPAN
SPAB
SPAN
SPAS
SPAN
SPAN
SPAB
SPAN
SPAN
SPAS

COBBON/UPROP/AKPAR (50) ,CDPAR {50) ,AKSH({25) ,ALPK(25) ,0(25), ALPD(25)SPASB

1 ,AKSAT,AKSHC,MKRAR, NKSP, NCDPAR, NDSP
COBBOB/XVAR/XSUPY {50) ,XSUR2 (50) , THP (50) , ALP{50) , YSUP1({50),

1 ¥sUP2(50),P (50),QGA(50) ,QG (50) , THTHP(50) ,ALGSS (212) , DGSS(212),
1 1PTTH(50) ,NTH,JTH,HGSS

TUETA (ALP)=THB3%ALP+THO

GPP! d) = (THI-TH) /(TH1eTH)

INVERSE OF KING WATER-CONTENT PORA FPACTOR.
HE (GP) =HO® (DLOG ( (G/GP) +DSQRT ( (G/GP) *92-1.))) **BL
wAZDBER CONDUCTIVITY POkS FACTOR.

AKP (H) =AKS/ | (H/7HC) *SAN+1.)

SxzAN
SPAN
SPAN
SPAN
SPAS
SPAS
SPAB
SPAS
SPAB
SPAN
SPAB
SPAB
SPAB
SPAN
SPAB

P08 808N S2000080 000008000000 05000008 0000000000080 58000000000000:900008SPAN

ENTRY SPABLI (DUAAY)
22CTION SPROPI IBITIALIZES THE SOILL-PROPERTY ARRAIS.
EXTRACT CONDUCTIVITY PARABEIERS PROB INPUT ABRAY AKPAR.

BKSP=3
AKS=AKPAR (1)
HC=AKPAR(2)
AN=AKPAR (3)

EXTRACT WATER CONTERT VARIADBLES FROB INPUT ARRAY COPAR.

¥DSP=3
CC=CDPAR (1)
HO=CDPAR (2)
B=CPPAR(3)
Bl21./B

G=GPP (THO)
CB22.9B*G*?H 1/HO

PIBD AKSHO AT ALP=0.

AKO=0,
AKSHO=0
AKSAT=AKS
RETURS

SECTIONS AKFUN, THPUN, AND DPUD DEPERSINE THE COBDUCTIVITI, OR
WATER CONTENT, OB DIFFUSIVLTY POR A SPBCIZLRD ZEDUCED VATER CONTENT
ALPG.

SPAS
SPAN
SPAS
S PAN
SPAS
SPAN
SPAS
SPAS
SPAS
SPAS
SPAS
SPAS
SPAS
SPAB
SPAN
SPAl
SPAR
SPAN
SPAB
SPAS
SPAD
SPAB
SPAN
SPAS
SPAB
SPAN
SPAD
SPAS
SPAN
SPAD
SPAN
SPAB
SPAB

00 000905000080 800800000008080000008008800000000008 000008000008 080008000895PAS

355
360
365
370
375
380
385
390
395
800
805
480
815

10
15

25

30

35

80

50

55

60

65

70

75

a0

85

90

95
100
105
110
115
120
125
130
135
140
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
245
250
255
260
265
270
275
280
285
290
295
300
305
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SPAD

ENTRY AKAML (ALPG) SPAR
SPAB

DETERHBIBE COSDUCTIVITY AT ARBITRARY ALPG. SPAD
SPAN

IF (ALPs.NE.1.) GO T0 10 SPAB
AK=AKS SPAB
GO 10 20 SPAN

10 TH=TARTA (ALPG) SPAB
GPzGPP (TH) SPAB
H=HP (GP) SPAD
AK=AKP (H) SPAD
SPAN

DETERBLINE REDUCED CONDUCTINITY~SIBE VARIABLE. SPAD
SPAD

20 AKABL= (AK-AKOQ) *SINEPS/THD SPAR
BETURN SPAR
SPAN

SO0 033500500050 0080080000000000000500880800050880800000880808508302085PA0
SPAN

ENTRY DANL(ALPG) SPAD
SPAD

CALCULATE DIFPFPUSIVITY AT ARBITRARY ALPG. SPAD
SPAD

IF (MLPG.JB. ).) GO T0 30 SPAB
TH=TH1 SPAB
AK=AKS SPAD
C=CCetTH SPAD

GO TO a0 SPAB

30 TH=THETA(ALPG) SPAB
GP=GPF (TH) SPAB
B=4r (¢P) SPAD
Ax=p 4P (H) SPAR
XzH/H0 SPAD
IB=Kesp SPAR
IB1=1B/X SPAD
C=CPeXB1*DSIAH (XB) / (DCOSH (XB) ¢G) **2eCC*TH SPAD

40 DABL=AK/C SPAD
EETORN SPAB
SPAB
............................................‘.......‘................s’.'
SPAD

BETRY HABL (ALPG) SPAD
SPAD

CALCULATE THE PRESSURE HBAD AT ARBITRARY ALJG. SPAl
SPAl

Ir (aLPG.82.1.) GO Yo 50 SPAN
B=0. SPAS

GO0 TO 60 SPAD

50 TA=THETA (ALPG) SPAB
GP=GPF (TH) SPAR
H=EP (CP) SPAR

60 HADL=8 SPAD
RETURD SPAS
SPAD

0906090000080 0000 09 (2121 [ GE S S05000 0000080000 4000080008088888808SPAN
SPAD

SPal

CALCULATE THRE BATER CAPACIZY AT ARBITRARY ALPC. SPAlB
SPRa

BUTRY CANL (ALPG) SZAN

IF (ALPG.BB.1.) GO T0 70 SPAD
Ti=THY SPAd
C=CCeril SPAS

G0 T0 80 SPAD

70 TH=TERZA (ALPG) SPAS
CP=GRP (TH) SPAD
d=BF (6P) SPAD
I=8/00 SPas
IBsxeep SPAD
Isi=18/% SPAS
C=CHOIB1¢DSINE (XD) / (DOOSE(XB) 4C) *¢2eCCOTS SPAD

80 CAsL=C SPAS
AE20RK SPAD
20 SPAS

3170
315
320
325
330
33
380
3a5
350
355
360
365
370
375
380
385
390
39
800
805
810
815
820
825
830
835
a80
885
850
855
860
865
870
875
880
485
890
895
500
505
510
515
520
525
530
5135
580
585
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
680
685
650
€35
60
665
670
675
680
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PUBCTION PONS (ALPG)

PURPUSE OF ROUTINE--TO PROVIDE A COLLECTION OF PUBCTIOBS TO BE USED
I8 THE PARLABGE-TYEE WATER-TRANSPORT CALCULATION.

I8PLICIT REAL®3 (A-H,0-3)

COo8B08/CTRL/KPGH ,KNTR  KV] KSTRE, KSTRW, ISTOP, KSS,KDIG,KB00T, KWOUT,

1 KTSTP,KSOUT ,KSBCH,KBOPP,KANL,KIC,ESTRS

CORROB/CRY/ ®1, V1

COMNOS/SUSITG/ WORDR1,BORDER,B TP, ITHAIN,IG:S,ITHIN, IGSSY (J)
CONROM/TPLX/TTAB(50) ,V18{50),v1rAB(SQ) ,WITAS (50) ,UTAB (S0),

1 TTABL (50) ,N1TABL(50) ,TBBE {50) ,1 PTTAB(50) ,BLTAb
CORAON/IVAR/XSUPI(50) ,1I50P2(50) , TP (50) ,ALP(50) ,¥SU™1(50) ,

1 ¥50P2(50) ,P (50) ,uGA (50) ,Q6 (50), THTBP (50) ,AKLESS (212) , DGSS (212),
1 LPTYH (50) .8 TH,JPH,BGSS

DATA LIND1/0/

S5 080000000000 80008000000000080008 0005088800800 088008808800000888088880

ENTRY TLPOUB(ALPG)
EVALOATE LOGARITHB-TYPE TISE INTEGRAND.

IGSSV (1)=IGSSV (1) +1
1655=1GSSY (1)
AKSE=AKGS S (IGSS)
D=DGSS {IGSS)
P1=ALPG*D/ (AKSHSALSH)
PF2=DLOG { (AK5H+N1) /W)
TLIUB=P1e P2

RETORN

PGS
POES
PUBS
rUSS
PUNS
PUBS
PURS
PURS
PORS
roRsS
PUBS
rFOES
POES
PUES
PONS
ross
PURS
PORS
PUBS
PUBS
| {1 1
PONS
PUBS
41 A
1 41 13
PUBS
roEs
411 19
| 41 M
PONS
ross
PONS
1 1] 14
rOES

G080 S0S0600 000000000000 00800000 S00S0000000S 0000088080888 0009000880PUSS

ESTBY TQPUSN (ALPG)
DETERRINE QUOTIRST-TYPE TINE ISTEGRAND,

IGSSV(2) =1GSSV () 1
1655=IGSS¥(2)
AKSE=AKES S(1GSS)
D=DGSS (IGSS)
P1=ALPG*D/AKSH
P2=1./(AKSEN1}
TQrUNsPisp2

RETURN

POBS
ross
rONS
rUNS
PUNS
ross
ross
ross
roEs
1 4 13
rPUssS
ross
ross
russ

S00500058030000 000000000005 000000000000300000800006000080880000078008P0)S

BETRY TORUN(ALPQ
EVALUAZE THEE TISE INTEGRAL POR SINEPS=0.

I6S85=1G6SS*l

D=DGSS (IGSS)
F0P0D=ALPG*D
ARTORD

ross
1 4] H
ross
ross
russ
ress
ross
rons
PUNS
rPoss

0086835080 00000000830000000500000000 000000909000 00000900000500800000808P55S

ENTRY TIPOB(ALPQ)
DETRBEINE ISTEGRAND ARISLING FROA (SPINLTR VELOCITY LIBIYZ.

IGSSV(I)=1G88V (I) )
1633=1683V (3)
AKSB=AKGSS (1GSS)
D=DESS (IG8S)
LiFIB=ALRP G D/AKSE
astoan

ross
r88S
ross
L L)
rUSS
russ
7088
ress
rrEs
141
2088
ross

00000000 00000008800000009000000009 0099050000008 000008 00008000900008 78538

rms

10
15
20
25
30

80

85

50

55

0

65

70

75

80

85

90

95
100
105
110
3115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
260
205
2%0
295
300
30%
310
315
320
32%
330
335

385
3%0
355
8 114

e
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ERTRY GPUB(ALPG) russ
russ

DETERELINE PUSITION INTEGZASD POR PIRST-ORDER CALCULATION. PUBS
PUNS

1655=1G55+1 russ
AKSB=AKGSS (IGSS) russ
P=DGSS (1GSS) [ 411 £
GPON=D/ (AKSB+#1) PONS
azToas PUBS
rons

GO0 0000000 D 00O OSSPV 000000 S00C SO 00800 G0 G000 0800 0880 (22 1 124411 k9
PUBS

EITRY GAPUS (ALEG) rONS
roBS

CALCULATE IBTEGRAND OF PI&ST PUBCTION USEID B CORRECTION PRACTION P. FUNS
PUNS

1655=1655+1 ronS
AKSB=AKGSS (1G5S) PUBS
D=DGSS (IGSS) rOsS
GAPUB=D®ALRPG/ (AKSE +8 1) *02 PuBS
BETGRE rONS
ross

OO0 000000 COSIOOCOOSOCOOOOOSOBS OO OO 00OO SO S SIOS ........‘...‘..‘......'U'S
russ

ESTRY GSPUB (ALPG) rUSS
runs

CALCOLATE INTEGRAND OF SECOBD PUBCTION USED IN CORRECTIOS PRACTION P.PONS
PSS

1655=1GSS+1 rosSs
AKSE=AKGSS(IGSS) ross
9=DGSS (1GSS) PoNS
GSPUB=D/{AKSBeU 1) ®¢2 rass
RETURS POBS
ross

6005660506000 0000008096 08000000000 000808000006000600000500800000000008P(0S
rows

ENTRY G2PUN (ALPG) POBS
?OBS

EVALUATE POSITION INTRGRAND POR SECOND-ORDES CALCILATION. ross
PUSS

IGSS=I655¢1 rUNS
AKSB=AKGSS (1GSS) ross
D=DGSS { 1GSS) ?UBS
PP=YLAG (ALPG,ALP,?,1BD1, BITP, ITHRI4, BTN, IRX) roNS
G27UB=D/ (AKSH+¥14PP) rONS

P T PoUSS
POBS

COS SO SIS OO S0 6008000008008 80P0000 000000080005 0008800005008080800080P(0ES
rOSS

ENTRY DUNPOB (ALPG) roRS
rUSS

COBSTRUCT GAUSS GRID OF SOLL PBOPRRTIES. roES
ross

165521655+ ross

IF (KABL.BQ.0) AKGSS(IGSS)=AKPON (ALPG) ross

I? (KANL.UR.0) AKGSS(IGSS)=ALANL (ALPG) PONS

I? (KANL.2Q.0) DGSS(IGSS)=DPUS (ALFG) rusEs

IP (EABL.UR.0} DGSS(IGSS)=DANL{ALPG) PUSS
DUNFUR=1. rOBS
azTuas 208s
E8D russ
SUBBOUTINE PRAINTY PRIS
171

PRIS

PUSCTIION OF SUBROUTINE—TO OUIPOT SATER-TBANSPORY VARIABLES, I.B. A PRID
TABLE OF THE ERED-FOENT VELOCITI AS A FURCTISE OF TINE AND TABLRS OF PRID

POSITIONS ASD VELOCITIES AS FUBCTIONS OF WATIR COETRST. PR1S
PRI

PRIN

IBPLACIT BBAL®S i2-3,0-2) 1N
CONBON/CTRL/KPGR ,KUTR KVI KSTRA, ESTRY, [SHOP, k33 ,KDIG,KBOUTY, KNOUT,PRIN

1 K73%P,K3007 ,KSHCH, KBSPP KANL,KIC,KSTRS PRIB
COBBOB/TPLI/T2AD(50) , 910 (50) ,V1ZAD (50) .8 ITAB (50) ,02AB (50) , Az

1 TTABL (50) ,BITABL(50) , TRAP (50) ,LPRTAD (509 ,STTAD rais

COBROB/TITR/E (50) , B2 PEID

375
380
395
3%0
395
800
805
810
815
820
825
830
835
880
885
+50
855
860
865
879
875
880
485
890
895
500
505
510
515
220
525
530
535
580
585
550
555
560
565
570
575
580
585
590
595
600
605
610
615
620
625
630
635
680
685
650
655
660
665
670
675

10
15
20
25
30
35
80
1 2]
$0
55
£
63
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COBEON/XVAR/ISUPY (50) ,XSUP2(50),THP (50),ALP(50) , VSUP1(50), PRIN

1 VSUP2{50) ,F 150),0GA {50} ,uG ({50) , THTAP (S0} , AL GSS (Z12), DGSS(212), PRIN

1 1PTTH(50) ,8TH,JTH,NGSS PRIN

c PRI N
c PRIN
C .........................................“............“............Pul
c PRIN
EBTRY PRTTAB PRLN

c PRID
C PRIST VELOCITY-TINE INTERPOLATIOS TABLE. PRIN
c PRLS
KVOUT=KUOOT+ 1 PRIN

PRINT 10100, KNOOY PRIW

PRINT 10000 PRIN

DO 10 ITB=1,STTAB PRIB

PRIST 10600,TTAB {ITH) ,UITAB (ITH) ,VITAB(ITH),V 18 (ITH) ,UTAB (ITK) -RID

10 couTINUR PRIN
RETURD PRID

c PRIN
C .......“.................0...............................‘..........Pu'
c PaIm
ESTRY PRTH1 (1IT8) PRIN

c eRID
C PRIST PIRST-ORDER PQSITION ABD VELOCITY VAREABLES. PRID
c PRIN
K¥OUT=KUQOT+ 1 PRIN
TIAE=T (IT8) PRIN

PRINT 10200, K400T, TISE PRIN

DO 20 ITH~:.NTH,8 PRIB
JIBAB=1TH PRID
JTdax=8I80 ITUe7,HTH) PRIl

PRINT 10700,I%4, (XSUP1(JTH) ,JTH=JTHBN,JTdAX) PRIN

20 coETINUR PRIN
K¥OUT=K§O0T+ 1 PRID

PRINT 10300, KWOUT,TIBE Pl

DO 30 ITH=1,MTH,8 PRIN
JTHAR=1TH PaIn
JTEBI=RINO (ITHe 7, BTH) PRIN

PRINT 10700,ITH, (VSUR1 (JTH) ,JTH=JT Y884 JTHAX) PRIN

" CONTINOE PRIm
RETURN RIS

ENTRY PATE2(ITH) PRIN

c Pars
C PRINT SECOBD-OBDER POSITION ASD VELOCITY VARIASLES. PREB
c PRIS
KHOUT=KBGOT+ ) PRIB
TIAE=T (1T78) PRIN

PRINT 10400, KWOUT,TIBE Purs

PO 80 ITH=1,874,8 PRLS
JTuEB=178 PRIS
JTURX=BINO (LTU+T,¥TH) rmis

PBIST 306700,ITH, (XS0P2(JTR) ,JTU=JTHAN,JNIAT) PRIl

40 CONTINOE s
K#O0T=KF00T¢ 1 Pa1B

PRINT 10500, K§OUS, TINE pazs

DO 50 ITu=1,P7H,8 PRLE
JTHES=ITH PRID
JTUAX=RINO (LT8+7,0TH) PAIN

PRIST 107Q0,ITH, (VSOP2(JTH) ,JTE=ITERN,JTHAX) PRIB

50 COFTINUS PRIN
SETURS PRIS

10000 PORBAT (/T92,°T2A0°,730,°U1TAD',209,°VIT40°,267,°Vi/AKSAT?, 786, PRI
1 *02ABY) PRIB
10100 PORBAT(////° NATER-TRABSPORT OUTPUT TABLE®,id,'.. BED-POINT °, [I7¢]
1 *QUANTITIBS VS. TIAB?) razn
10200 FORBAT (////° UATER-TRAUSPORT OOTPST TABLS °,14,°.. PIRST-?, razs
1 *O8DER POSISIONS AT TIAE =*,1PD12.8//° BOOE 1°',5K,°POSITIONS ¢, PRID

1 AT TUETA BODES 1,I,...,1¢79/) s
10300 FOBEAT (////° SATER-TRARSPORT OUPPUT TABLE®,IN,’.. FPIRST-Y, PRIS
1 '0ORDER VRLOCITIES AT TEBR =*,1PD312.8// * BODE I°,5%, ez

1 *VEBLOCIZTIRS AT THETA B0DRS I,1¢V,.0e,107%)) raxs
10800 FOREAT(////° BASER-TRANSPORT OUYPUT TABLE',IN,'.. SBCOND-*, mis
1 '0BDER POSITIONS AT TIES =¢,1PD12.4//' 5003 t',sx,'!osttlo-s ' s

1 9AY TAETA BODBS I,1¢1,0..,16797) mis
10500 FOBBAT(////* SATEA-TRARSPORY OUZPUT TABLE',IS,'.. SECOSD-’, razs

t t

70

15

L1y

85

90

95
100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
3as
330
335
kL 1)
38
350
355
360
365
370
375
360
385
3%
395
800
805
810
(3}
420
425
830
435
"o
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1 *OdDER VELOCITIES AT TIBE =*,1PP12.%3//° BOWE I°,5I, PRIN

1 *YSLOCITIES AT PHETA NODES I, I¢1,...,I+7%/) PRID
10600 PFORAAT (S (8X,X15.7)) PRI
10700 PUBAAT (I7,8:1PD15.4)) PBRIN
E¥D PEIN
SUBBRGUTINE STAN STRY

c sTav
c STRE
C PUBCTION OF SUBROUTINE—TC STOSE PERTIBEST BATZR-TRASSPORT (3, 1]
C QUANTITIES OB AN AUXILLARY DEVICE. STRE
c STy
c STy
18PLICIT REAL*S(A-8,0-2) sTRy
CORSON/PROBID/TITLE(8) ,NPROB SIR®
COBBOB/CRVAR/TINE,TH(100,2) ,THA(100,2) ,TU¥(100,2) ,DFH(100,2) , L34

1 ¥X(100,2),VIP(100,2) ,YEW(100, 2) stas
CONBOB/TPLI/TTAE({50) ,V14{50),VITAD(50) ,WITAS(50) ,UTAB(50), sTas

1 TTABL(50) ,@1TABL(50) ,TE8P (50) ,IPTTAB(50) ,BLTAB STV
COBEOB/TWTR/T (50) , BT sTeN
CONBON/XVAR/XSOPY (50) ,XSUP2 (50), THP (50) ,ALP(50) ,VSUP1(50) , L3¢ 1]

1 ¥SUPZ(50) ,P{50) ,QGA(50) ,QG {50) ,THTHP (50) ,AKGSS (212), DG5S (212), STAW

1 IPTTH (50) ,UTH,JTH,BGSS STRN
C STRE
[ of ...0.‘....“........t...“............‘.....“.......................st..
c stas
ENTRY STRBI s

PUNCE 10000, (TITLE(I) ,X=1,8) ST

208CH 10100,87 stan

s0NCH 10100, 918 £3 1)

PUBCH 10200, {(ALP(I),I=1,8TH) stas

PUBCH 1020C . (THR(I) ,I=1,8TH) sms
RETORS sy

C STRE
C 00““00””“"““0”00‘"0"”““””000‘”0000000““"”'“”“5“'
c (34 1]
ENTRY STRST STaY

PINCH 10200,TISE £34 1]

PUNCH 30290, {(XSUP2 (i) ,1=1,BTH) stan
PUNCH 10200, (YSUP2 (I) ,X=1,8T8H) STRN
RETUARS (341
10000 PORBAT (848) £3 . 1
30300 PORSAT (1615) st
10200 PORBAT (8R10.8) STRE
END STRE
SUBROUTINE DATAS DATA
c DATA
c DATA
C PUNECTION OF SUBROUTINR—TO READ AND PRINT QUASTITIES PERTALNING TO DATA
C THE PARBABETER SEARCH. THESE IBCLUDE COSTROL PABASETERS, IBITIAL DATA
C VALOES OF THE SEARCH PARABRTYRRS, THEIR ALLOWED BANGES, AND THE DaTA
C BRIPERINEETAL DATA. DATA
c DATA
C DATA
ISPLICIT BBAL®*S §A-H,0~2; DITA
COBROB/CTRL/YPGH, ENTR, KVI, KSTRE, KSTRY, ISTOP, KSS,EDIG,KNO0T, KWOUT,DATA
1 KTSTP,KS00T,.KSBCH,KBUPP, KANL,KIC,KSTRS DATA
CORROR/TVER/ 2 (50) B2 DATA
COBNOB/XXV/RYXL(S) ,BYZU(S) ,B8X (5) , WK, IXX DATS
COEBOB/XRY/XXK (100, 5) ,UX$300,5) ,T2(100,5) PTX (100,5) , IT (100) ,TX (5) DATA

1 JIUIL(S) ,RUT0 (S) LATA
COBEOB/SIP/0P,KPRS ,BXPUN, LCONY , DSCY,IPA(S,20) DAL}
CONBOS/SRS/ DEL20,CRIS,ACC,RED,TOLSTP,TOLFUN,P(20), PN (20),PL(20),DATA
1 DELP(20) ,PLO(20) , PBO (20) DATA
DATA PO/%1.DSO/ DATA
c DATA
C LBPUT AGD ODTPUT BON-ARBAY INTEGER AND RBAL PARABRTEARS. DATA
c DATA
RBAD 30000,00,KP8S,81FUA ,KNT,BTL ,KBND, BSCY ,KSTRS DAZA
IP (BSCY.1B.0) ESCY=} DATA

IV (KST2S.BE.Q) KSTRS=1 DATA
PA1BT 10200,0P,K0BS,B1FUB KVT FTL,KBND ,BECY, KSTAS DAZA

2BAD 10190,AGC,PRD,T0LSTP, TOLFON,RDP,COY DAZA

PRIST 10300,5CC,83D,T0L52P,T0LIVSE, BDP,COR DATA

C PATA
C BEAD ABD PBIFT IBITIAL PAANETEAS P AND THRER LINXTS P8 ABD PL. DATA

885
450
855
860
865

10
15
20
25
30
35
80
85
50
55
60
&5
70
75
80
85
90
b b
100
105
110
115
120
125
130
135
10
15
150
155
160
165
170
175
180
185
190

10
(1)
20
?5
10
35
80
L1
S¢
55
6C
65
70
75
80
85
20
9%
100
105
110
115
120
125
*30
135
180
85
150



AANON

10
20

30

30

5

60

READ 10160, (P(IP) ,I1R=1,3P)
IF (9SCY.LE.0) GO TO 20

Do 1

isCr=1,8sCY

RZAD 10000, (1PA(ISCY,IP) . IP=1,8®)
SOBTIBUL

I1r (KB

#D. 2¢.J) GO TO 30

READ 10100, (EN(IP) ,Id=1,BP)
READ 10100, (PL(IP) ,IP=1,BP)

GG TO
20 30
PL(
Pd(

50
iP=1,82
12 =-P0
IP)=P0

CONTIBOE

00 60
PLY
PHo
DEL

1P=1,80

(IP)=PL (LP)
(IP)=PR (IP)
P(IP)=RDP*P(IP)

CONTINDE

I8PUT ZXPERIBRNTAL DATA. BCTE THAT YXI = THX
IB THE WATRB-TRAUSPORT CASE AWD THAT IX = RX
IB THE BATERIAL-TRAENSPORT €ASE.

70
80

READ 107100, (TX(IZB) ,ITB=1,N1])
IP (KPCE.BL.S) GO TO 80

ST=BTX
Do 70

ira=1,87

T(ITH) =TI (ITB)
READ 10000, (NYX {ITH) , IT8=1,NTI)

DO Y0
arx
81X

PRIBT

BIT=0

DO 230
Bl=

ITAa=1,8TX
LILTB) =1
DiAT8)=DYX [ TB)
10600

ITB=1,07X
»IxX (IT8)

BXi=EXe,

D 316100, (XX (IX,1TH),IX=1,BX)

READ 30100, (YX(IX,Ii18),1X=],81)

ir
1 4 4

1P (XSTO(ITE).LE.XVIL(ITH)) ITO(ITE)=XI(BI, ITH)

(KUT.GR.2) BEAD 0100, (GYX(IX, ITH) ,II=1,5I}
(X9T.GR.3) READ .0100,INTL(ITH),I9T0(LTH)

C
C CALCULATE STATISTICAL ¥RIGHTS.

C

100

110

120
130

140

150
160

ir
00

GO

GO

iy
[} o
bo

(K92.62.0) GO TO 110
100 IX=1,8X
PYL(IX,1TH) =0.

IF(IX(IX,TPA).GCT.0.0C} DYX (IX,ITH)=DSYRY(IX(IX,ITH))

#T=0.
I (DIX(IX,LITH) .B8.0.D0) §T=1./DYX(1X,(T8)e*e2
SI(IX,ITR)=0T

10 190

(K92.GT.1) GO TO 130

120 IX=1,8X

PIX (IX, LT&) =CUTYX (I1X,IT8)

#7=0.

IP (DYX(1X,1T7).BP. 7. D0) §C=1./DYX{&X,ITH} **2
VI(II,178)=VT

10 190

180 IX=1,81

¥T=0.

I? (DYX(IX,K25).92.0.D0) Wr=1./DYB({I5,ITH)®*2
9X(I1,1T8)=02

(597.3Q.2) GO 70 190

0

150 II=1,BX

8X=aX¢1

IP (SX(1X,I78) .G IFTL(ITH)) GO 10 160
oX(1X,178)=0.

cHeTINGR

RYIL(ITE)=8X

BX=
Do

X
170 JI=1,8X

DATA
SATA
JATA
JATA
DATA
DPATA
DATA
DATA
OATA
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
JATA
DATA
DATA
DAYA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATL
DATA
DATA
DAZA
DATA
DATA
DATA
DATA
DATA
DATA
I XA
DATA
DATA
DASA
DATA
DATA
DATA
DATA
DATA

15%
160
165
170
175

185
190
195
200
205
210
215
220
225

235
280
285
250
255
269
265
270
275
280
285
290
295
300
305
310
31*
320
32%
330
335
380
385
350
35S
360
345
370
375
380
385
>90
392
3%
398
800
802
805
810
815
820
822
88
826
830
a3s
838
880
882
(133
850
855
460
65
870
875
980
(¥ 13
890
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IX=3x1-JX DATA

EX=n1-1 DATA

IF (XX (IX,ITH).LE.XNTU(ITH)) GO TO 18 DATA

X (IX,ITH)=0. DATA

170 COSTIBNE DATA
9 BYIO (I1TH) =8X JATA
BXT=BIT+SIXV(ITH)-BYKL(ITH) *+} DATA

190 PRIBT 10700,7TX(ITH) 0ATA
c DATA
C NOBBMALIZX EIPERIBENEAL POIBTS. Dara
(4 DATA
SXL=BYIL (I18) DATA
8X0=BYIO(ITH) DATA

508=0. DATA

D0 200 IX=BXLi,BX0 DATA

200 SOR=SOUR*YI(IX, ITH) DATA
A9=100./508 DATA
ABS=ANSAN DATA

DO 270 1X=1,BX DATA
YE(IX,ITH)=ABOYX (IX,ITH) DATA

DYX (IX,ITR)=AB*DYX (LK ITH) DATA

210 9X (1K, ITH)=0X(IX, 1TH) /A8S DATA

c DATA
C OUTPUT RIPERIEBESTAL DATA, IBCLUDIDS WEIGETS. DATA
(= DATA
DO 220 1X=1,8X DATA
SX{IX,ITB)=DABS §9X{1X,IT8)) DATA

220 PRIBT 30500,IX,XX$IK,IT8) , YX(IX, ITH),#X(1X,ITH) DATA
230 COSTINOR DATA
Ir ¢K¥T.EQ.3) GO TO 250 DATA
’ir=0 DATA

DO 280 ITB=1,BTX DATA

280 WET=BITeBYIX (ITE) DATA
250 RRTURS DATA
c DATA
C (222 J1 2413 22224222273 /17 ] S99 8S SO OO S088 008000800080 8800 SO SSOIDATA
C DATA
EETRY SEPREP {1S5CY) DATA

C DATA
C PREPARE ABD PRIDT STEP SIZIES DELP AFND PARASETER BOUSDS PN APD PL. DATA
C DARA
DO 260 1P=1,NP DATA

260 DELP (IP)=RDPOP (1 P) OATA
DO 270 IP=1,HP DATA
PE(IP)=PEO(IP) DATA
PL(XP)=PLO (XP) DATA

IF (EPA(XSCY,IP).BE.0) GO T0 270 DATA
PRIP)»P{IP) DATA
PLIP)=P(IP) DATA

27¢ COoFTIN R DATA
DO 200 IP=1,0P DATA

IF (PL(IP).LA.PR(ID)) €O TO 200 DPATA
TEF=PR(IP) DATA
PR(IP)=PL(LP) DATA
PL(IP)~THD DATA

280 COosSTINGE DAEA
PRIBT 10800 DATA

D0 290 IP=%, NP DATA

296 PRIFY 10500,XP,R(IP) o PR(IP) ,PL{1IP) ,DELP{LP) DARA
AETORS DATA

10000 FoREm AT (1615) DaATA
10100 POREAT (8210.0) DATA
10200 PORBAT(////° SEARCH 1IFNGT TABLE 1.. BASIC PABARSTERS'//51, DATA
1° JOBBER OF SEBABCE PABMIBYERS . ©. . ¢ ¢ o« = o o o o« « «',IS/5X DATA

1° DIAGBOSTIC PRIDYTRR COBTRBOL. = . « ¢ « @ v © = o « o « «?,IS/ST DATA

1° SAXIBUG CBI-SQUARED WVALOATIONS . = ¢« o o o « « « ¢ « +',I5/52 DATA

7° SBIGET-COBTROL INTEGEE. . ¢ - - v ¢ ¢ o o o v o » o =» -',15/5! DATA

1° 398088 OF n’m.u'“ TIBE DODBS ©. « o ¢ 2 o ¢ ¢ o « .."sﬁ‘ DATA

1° PABARETER BOSEDS CONTROL. - ¢ « « = ¢ @ o o ¢ o = o « =',I5/5X DATA

1°* BUGBBER OF SBABCOE CICLBS ¢ = ¢ « ¢ « ¢« =0 ~r 0 0 o o o «',15/5X DATA

1° ADKILIARY STOBAGR COBBOOL . «. ¢ c o =« 0 0 0 0 ¢ « o » ',19) DARA
90300 FOBBAZ(SX, * ACCELEBATION PABABEBYEL . . o =« = s ¢ o o o o o « ', DATA
9 210.8/58 ° BEDUCTEOS PABABEYER . ¢ ¢ « o 0 o o s = ca o s o « ', DATA

3 RBI0.8/5% ° SEBP-3X28 TOLEBBABCE ¢ o ¢ « ¢ 06 o ¢ o o 0 ¢ o ¢« < ', DATA

9 B10.8/5% * CEI~-SQUAPZ ACCRITANCE PACTORs ¢ ¢ « o o o = =« = = ', DATA

895
500
505
510
515
520
525
530
535
580
585
550
555
560
565
570
575
580
585
590
595
600
60S
(]
&15
620
625
630
635
6480
685
650
655
660
665
670
675
680
85
690
695
700
705
710
715
720
725
730
735
780
785
750
755
760
765
770
775
700
705
790
795
000
005
010
15
020
025
030
035
080
(L}
030
055
060
0635
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1 Z10.4/5X * PARMAZTER STEP-LENGTN PRACTION. . - « « = . . . . ", DArA

1 210.8/5X ¢ WZIGHTING COMSTANT. = - « v = « = « = = = « = = = *. DATA

1 210.3) DATA
10860 PUSBAT (////° SEARCE IBDPGT TABLE i-. °, parta
1 *ISITIAL VALOEPS OF PARAAETERS, LIBITS, AND IBCAEAENTS®//T9,°IP°, DATA
1125,°P°,T65,°PR", 165, *PL°,185,°DP") DATA
10500 PORBAT(11G,8E20.5) OATA
10600 FOSAAT(////° SEARCH IBPOT TABLE 3.. EXPREINZBTRL DATA') DATA
10790 PORBAT(/SI® TABLE AT TI&Z =°,E10.8//T9,°0X', T25,°KI°,T85,°T1°, DATA
1 T68,°01°) DATA

ESD DATA
SUBROUTINE PRINTS (ITB) PRIS

c PRIS
c Pain
C PUBCTION OF SUBROUTINE—TO OCTPUT RESULTS OF PaBARETER SEARCH PRIS
C IBCLUDING PABARBTER VALUES ASD A TABLE OF CORRZSPOBDIBG EIPERIAENTAL PRIS
C ABD THEOBETICAL VARIABLES. pals
c Pl
c RIS
IAPLICIT REAL®8 (A-8,0-Z) PRIS
REAL®S PEAT rPaLm
COBSOS/CYRL/KPGE,KUTR, KVi, KSTRE, KSTRE, ISTOP, KSS,KJIG,KBOUT, KNOUT,PRIS

1 KTSTP,KSOUT ,KSECH, KDOPR,KABL, KIC, KSTRS PRID
COnBOS/GEOR/X (101) ,BB (2) ,DCOSS (2) ,0COS (2) ,DELT,CHIG ,DELIAX,THAL, PRIS

1 IPX(101) ,1E(100,3) ,8P842) ,BPST(2) ,BPTST.(2) ,BBE (2} . BTSE (2), 158 (2,PRlE
12),15(2,2),889, 0L, BBAY, I BASD,B5C, BST, BTST, BBEL, STI,BBOR PRIS
CO3MON/BRVAR/ A(101,2) ,8(101,3) ,8(101) .82 (101) ,BX (201} ,8B(107), PRIB

1 DP(101) ,R1{101) ,RT(107) ,XTBP(101) ,BPLE (101} ,2PLEP (101), PX (100,2)PRIB

1 . PRATE(10),PLOB{10),TPLON (10) ,¥,PAAT (3,5) PRIB
COBS08/XIV/BYIL(S) ,BYXU(S) . 8T (5) , FTX, BIT PaiLs
COBS0N/IRY/XIK(100,5),8K(100,5) ,T1X (100, 5) , DY (100,5), YT (100),1X (5)PRIB

1 ,I8TL(5) . IBTU (5) PRIS
CoBA0N/SIP/BP,KPRS ,BXPUS, ICOBY ,BSCY,IPA(S,20) IS
CORSON/SRP/ DELTO, CHIS,ACC,BLD,TOLSTP, TOLPOS, P (20), PH(20),PL(20),PRIB

1 DELP(20) ,PLO (20), PHO (20) PRIS
KSQOT=KS0UTs 1 prn

PRIST 10100, KSOOT PRIS

c PRIS
C PRIBT PINAL PARASETER VALDSS. pars
c pais
Do 10 IP=1,8P rRIS

10 PRINT W2°C,IP, P(IP),Pu (IP) ,PL(IP), DRLP (IP) PRID

c RIS
C OUPPUT RIPERISENTAL ABD TERORETICAL PROPILES. PRIB
c a1
KSOUT=KSOUT+1 RIS

PRIST 10300, KSOUT raIs
§i=BYX(ITH) PRIN

PRIST 10800, 1X (It8) RIS

DO 20 IZ=1,81 PRIn

20 PRIST 30200,IX,KX(KX,ITS),YX(IX,IT8), IT (1K), DIX (IX, ITH) PRIS

IP (ITE.BL.BTI) GO 10 30 PRIs

c PRIN
C OUTPUT CHI/(FODAL FOINT). PRIS
c PRIS
2252CUIS/DILOAT (BXT) paxs
825=DSQRT (883) PRIB

PRIBT 10500,BRS PRIS

30 asTURS PRIN
10000 PORBAT(IS,SX,R10.8) PRIS
10100 FORMAT (////* SBARCE OUTPUT TABLE °*,IW, ea1n
1 ‘.. PINAL VALOE OF PABANZTERS, BOUNDS, AFD EBCBEEEBTS®//T9,°.P°, PIis

1 225,97 ,I85,°PH® 765, *8L° ,285,° DP*) re1s
10200 FOABAT (I110,4820.5) rin
10300 PORBAT (////° SBARCE OUTRUT TABLE',IW, 818
1 °.. EIPEBISRNTAL DATA 48D TREORETICAL PEY?) rare
10800 PORMAT (/SI® TABLE AT TIAE =°,£10.8//T9,°LI°, 125,°KI°,785,°YI°, PRIA
1 765,°1T°,T88,°D11°) rals
10500 FORNAT(/5I* AVEBAGE POINT BESIDOAL =',RI2. %) RIS
3D ! g 14
SUBROUZISE STBS (ITH) sras

c STRS
c STas
C PFONCTION OF SUBROUTISE—TO STOAR BORSALIZED RIPRAISESTAL s18s
C ARD THBOREBTICAL PROPILES AS OSTAINED FOR TEE BAPERINRSTAL sms

870
875
880
885
890
895
900
WS
910
215
29

10
15
20
25
30
35
80
L 3
50
55
60
65
70
75
80
85
90

100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290

10
15
20
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C SPACE GBID SO TMAT SUCEH QUASTITIES HAY BE PLOTTED- SRS
(< STES
(< SIAS
IBPLICIT BREAL®D §A-U4,0-3) STRS
REAL®S PEAT STES
CoNNOR/PROBID/IITLE(S) . HPROB STRS
COUNOB/CIRL/KPGH KBTE  KVI, KSTRE ,KSTRY, ISTOP, KSS,KDIG KROUY, EKWOUT,STRS
1 KTSTP,KSOST  KSBCE ,KBOPY KABL,KIC, KSTRS STRS

10000
10100
10200

c ru
C AA

co

ann

TI

nan

COBBOB/GROR/X (101) ,BB(2) ,DCASE (2), PCOS (2) ,PELT,CHNG, DELAAI, TRAX, STBS
1 IPX (1C1) ,IR(100,3),8PB (2) ,BPST (2) ,BPTST(2) ,BBE(2) ,0TSE(2), ISB(2,STRS
1 2)e15(2,2) ,08P,BEL,BEAT IBAED ,NEC ,BSY BIST,BBEL,NTI, HBOR STES

COBROR/RNAVAR/ A(101,2) ,8(101,2),0(101) ,22(101).21(107),RB(101), STRS
1 DP(1G23),R1(101),RT(100) . XTEP(101) ,BPLI(10]) ,BPLIP(101), FX(100,2)STRS

1 ,PRATE (10) ,PLON(10) , TPROR( 10) ,¥ ,PAAT(3,5) sTas
COBS08/XI V/BYIL (S) ,8YXE §5) , BT (S) , BTX, HXT sTas
COREOB/XRV/1X(100,5),UK(100,5) , Y1 (100, 5),BYx (100,5), IT(100) ,TX(5) STRS

1 ,X6TL(S) ,IBTO(S) STES
IP (ITR.GT.1) GO TO 10 sTes
POBECR 10000, (TITLE (I),I=1,8) STRS
PONCE 10100, ¥TX STRS
I? (EPGB.EQ.2) BEP=0 STRS
PGBCE 10100, (SYX(I),I=1, FTX) ,BBP STes
PUBCE 10200, TX(IT8) ST8S
BX=NYX (ITH) ST8S
PUBCE 16200, (XX (1X,ITB)+11=1,0X) STES
POBCS 10200, (YT (IX) ,IX=1,8X) STas
PUBCE 10200, (YX(IX,ITB)4IX=1,8K) sTas
PUBCE 10200, (DYX{XX,ITH) ,IX=1,01X) sTas
IF (KPGA. BE.2) PUBCE 10200, (X(BP),BP=1,38P) STas
IP (EPGE.BE.2) PUNCE 10200, (88 (NP) ,BP=1,88P) sms
aZTURS sTas
FORRAT (82 8; STRS
FOBAAT (1615) STRS
PORBAT (8210. 8) STas
£80 STRS
SUBROUTINE NEVAL(P,CBLS) azZva

AKVA

FCTION OF SUBROUTINZ-——TO EVALUATE CHI-SQUARED FOR THE aszva

TEAIAL-TBANSPORT CASE. aEzva

BEVA
aEva
ISPLICIT SEAL®S gA-H,0-2) szvna
BEAL®S PEAT axva
CONS08/CTRL/KPCH,KUTR, KV I, KSTRE, KSTRY, ISTOP, &S5 ,KDIG,KEOUT, KSOUT,BEVA

1 KTST?,KS00T,KSDCH,KDOPY, KABL,KIC, KSTRS AEVA
COBB08/CRVAR/TISR, T¥(100,2) ,THE (100,2) ,THE (100,2) ,DTH(100,2) , agva

1 v2(100,2) ,V19(100,2) ,VEN(100,2) agva

COBEOB/GROB/X (101) , BB (2) ,DCOSB (2) , DCOS (2) ,D3LT,CHIG, DELEAT, THAX, AEVA
1 IPK(10%) ,IE(100,3),8.862) ,0PST(2) ,BPTST{2) ,B88 (2) ,¥752§2), ISB(2,BEVA
12),15(2,2) ,088, 584, BRAT,IBAND,BOC, BST, FTST, BOEL, BTL, NNOR azva
COREOB/BPROP/PROP (1,5) ,#XI azva
COBNOB/BRYAR/ A(101,2),8(101,3) ,2(301) ,RP(101) ,B1(101) ,28(101), 8EVA
1 DP(101) ,81(101),02(103) ,XTBP(101) ,BFLI (101) ,BPLEP (301), FX{1CO,2)RRVA

1 ,FRATE(10),FLON §10), TPA08 (10) ,N ,PEAT (3,5) ”tva
CONEOB/XIV/BYIL(S) ,8YX0¢§5) ,BYI(S), FTX, BIY ARVA
COMBON/XRV/1X(100,5) ,BX{100,5) ,TX (100, S), DIXK (100,5), IT{100) ,TX (5)BEVA

1 ,I6TL (5), K020 (5) EEVA
COBBOB/SRP/ DELTO,CEISO,ACC,RED, TOLSTP,TOLPUN, PO (20) , PR (20), BEVA

1 PL(20) ,DBLR(20), P50 (20) ,PuO (20) sEZVa
DISRESION P (1) AEVA
DATA 18D1/0/ BEVA

agvA

BRELATE SEARCS PARANETERS FITH PHISICAL PARASETRSS. szva

BRVA
CALL B0FFE(P) BEVA
CHIS=0. BRVA

BEVA
B2 SEQUESCR CALCULATION. NEVA

AEvaA
TINR=0. BRVA
CALL BINL ARVA
1P (EPGE.LE.3) CALL PRINTE (0) sEVA
DELT=DBLETO ‘ BEVA
2I89=DELT0 ssvA

bed R BEVA

180
185
150
155
160
165
79
175
180
185
190
195

10
15
20
25
30
35
a0
a5
50
S5
60
5
70
75
80
85
30
95
100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
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1ITx=1
10 I7 (TIBE.GE.TX(ITI}}) GO TO 20

GEBERATZ RESULTS POR ISTERARDIATE STESS.

CALL ATaAN

I? (XPGH.LE.3J) CALL PRINTA(ITH)
DELT=DELT® (1.+CBNG)

DEZLT=DBIN? (DELY,DELRAX)
TIBE=TINE+*DELT

ITB=ITH+]

G0 TO 10

CALCULATE COBCENTBAITCE PROPILE AT TIAE STEP PuR VHICH EIPERIAESBTAL

DATA IS5 GIVEN.

20 DELTP=DELT
DELT=DELT- (TIAE-TX(ITX))
TIBE=TX (ITX)
CALL ATRAR
IF (KPGHE.LE.3) CALL PRINTR{ITE)
#X=BIX (ITX)
1I8KN=1
SuUA=0.
RIL=NYXL(ITX)
EIU=AYXO(ITX)
Do 30 IX=1,BX

YT(IX)=YLAG (XX (IX,ITX), X ,B88,18D1,2, IX8I5, X, IRX)

Ir (IX.LT.BIL) GO TO 30
IP {iZ.GT.810) GO TO 30
508=S0R*IT (1X)

30 COSTINUE

SORBALLZE THERORERTICAL POIRTS.
AB=100. /508
DO 40 IX=1,8K
IT(1I) =AB®YT(IX)

COLLECT CHI-SQUABRED.

CHISsCHIS*WI(EX IT.)S(YT(IX)-YX(IX,1ITR))®e2

40 COBTIDOE
CUI50=CHIS
I? (KPGA.GT.3) GO T0 50
CALL PBIBTS(ITI)
I? (KSTRS.RQ.1) CALL STRS{ITX)
50 Ir (ITX.GER.BTI) GO TO 60
ITI=ITX+1
DELT=DELTP
TIAR=TINE+DELY
ITE=1TE+1
G0 TO 10
60 RETURS
END
SUBROUTINE RUBVAL(P,CHIS)

PUONCTIOS OF SOUBROUTIND-—20 GENERATE BATERIAL TRANSPORT PROPFILES
SUBJECT TO COUPLED ROISTUAZR HOVESENT AND TO CALCULATER CHI-

SQUARED POR THE PARASITER BEARCH.

INPLICIT REAL®8 (A-W,0-3)
REAL®s PHAT

BEVA
HEVA
AEvVA
BEVA
nEvA
BEVA
BHEVA
NEVA
.34/
HEVA
NEVA
BEVA
BEVA
AEVA
BEVA
BEVA
BEVA
BEVA
NEVA
HEVA
HEVA
BAEVA
HEVA
HEVA
ARV
BEVA
3RVA
BEVA
BEVA
HEVA
BEVA
HEVA
144
BEYA
HEVA
BEVA
BEVA
HEVA
BEVA
ARVA
HEVA
HERVA
BEVA
SEVA
BEVA
ARVA
BEVA
BEVA
BEVA
BEVA
BEVA
REVA
ARVA
agvn
EEVA
aesy
sSeRY
SURY
(1] 4}
BURY
amy
(1) 1)
[ ] )4}
augy
neRy

CONSON/CTBL/KPGCE KSTR , KNI, KSTRA, KSTRY, ISTOP, KSS,KDIG,KA00T, KNOOT,NERY

1 KT5TP,KSOUT ,KSBCH ,KBUPP KANL,KLC,KSTRS
CONBON/CRVAR/TIAR,TE(30Q,2) ,78H(100,2) ,289 (100,2) ,078(100,2) .,

1 ¥X(100,2),%%X?(100,2) ,Y8¥(100,2)

CONSON/GRON/X (101) ,B8 (2) ,DCOSB (2) ,DCOS (2) ,08LY,CHEG ,DELEAX,THAX,

1 1PX(101) ,IB(100,3),0PR(2) ,BPST(2) ,BP2ST(2) ,00B(2) ,BDTSE(2), ISB(2,MWURYV

12),18(2,2) ,58P,0EL,BEAR,IBABD ,NBC ,BST,HTST, UDRL, N1, HBOR

CORBOB/BRROP/FRQP (1,5) ,#XX

CONSON/SRVAR/ A(101,2),8(101,3),8(101) ,82(101),R1(101),28(101),

ansy
(1))
(1.1

1 DP(101),R1(100),B2(107) ,X2BP (101) ,BPLE(101) ,BPLEP(101), PX(100,2) NURY

200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
250
295
300
305
310
315
320
325
33
335
380
385
350
355
360
365
370
375
380
385
390
395
800
805
510
815
820
825
830
835
480
885
450
455
860
465
870

10
15
20
25
30
3
80
L}
50
55
60
(3]
70
7%
80
85
90
b -
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1 PRATE(10) ,PLON({10) ,TPR0W (10) ,¥,PHAT(3,5)
CONNOB/CRY/ ¥1,V1Y
COBROB/XIV/BYXL([S) ,8YXU(S) ,BYX (5), ITX, XT

aey
BERY
aeey

conBos/XRV/XX (140,5) ,9X(100,5) ,TX (100,5) ,DYX(100,5), YT(100) ,TX(5) HOEY

1 LXUTL(S) ,X9TU(S

COBBON/SRP/ DELTO,CHISO,ACC,RED, TOLSTP,TOLPUY, PO (20), PH (20),
1 PL(20),DELP (20),PLO (20} ,PHO (20)

DISZESION P(1)

DATA LNVLY/0/

CORMELATE SEARCH PABABETESS VITH PHYSICAL PARABETERS.

CALL BUPPH(P)
CHisS=0.

TIEE SEQUEBBCE CALCULATION.

TIAR=0.
CALL BMIBL
IP (KPGA.LE-3) CALL PRINTA(0)
DELT=DELTO
TISE=DELTO
Ire=1
IrX=1
10 vip=v1
IP (TINE.GE.TIX(I®X)) GO TO %0
17 (TIABR.GT.THAI) GO TO 80

GENERATE RESULTS POR IFTERSEDIATE STEPS.

CALL ETRAD
IP (XPGA.LE.3) CALL PRISTE(ITH)
Ir (KTSTP.MNR.0) GO TO 20
DELT=DELT* (1. +CENG)
G0 10 30

20 IF (ITR.EQ.1) TCQE=DELYPVI®s(1_.+CHIG)
DELT=TCOB/V1®# (1. +CHEG)

30 DELT=DAIS! (DBLT,DELBAX)
TISR=TINR+DRLY
ITe=1T8+1
GO 10 10

CALCULATE COBCEFTRATIION PROPILE AP TINE STEP POR WHICH EXPERIBENTAL
DATA IS GIVEN.

40 DELTP=DBLT
DELT=DELY - (TI8Z-TX (ITX))
TIBR=TX (I1X)
CALL 3THAD
IP (KPGA.LR.2; CALL PRINTE(ITH)
SX=B1X(ITX)
IXEIn=1
SUB=0,
BIL=8YIL (ITX)
BXU=8YX0(ITX)
DO 50 £X=1,8X
Y2(LX)=ILAG (XX (IX,1T7X),X,RB,L8D1,2, IXNLN, BX, IRX)
IP (IX.17.8%) GO TO SO
I? (IX.6T7.810) GO T0 SO
SOB=SON YT (1X)
50 CONTINUS

NORBALIZR TREORETICAL POINTS.

AB=100. /308
DO 60 IZ=1,8X
T2 (XI) sABOTT(IX)

COLLECTY CRI-SQUARBD.

CRIS=CHIS*WI (LI, I2X)® (I2(1X)~-1X (1X,I28))s92
60 couzinee
CHISO=CNIS
Ir (kPGR.G61.3) OO TO 70
CALL PRINTS(ITI)

3RV
.1]4)
BEEY
BORY
.1 )4
BiRy
aney
BURY
L1}44
8EEY
asey
neev
.14/
avey
BUERY
.14/
LEEY
114
adev
L1 4
augy
.14/
L1 ) 4}
L1} 4]
39RV
L1 4)
BRURY
114/
sy
114}
3URY
sy
113
L1 4}
L1114
(1) 3
38Ry
BERY
[ 114}
L1 14
L1 }4)
sy
BERV
.1 ) 4}
BEEY
114}
.1} 3
sEgy
nugy
9By
sugv
BEEY
augy
angy
augy
apey
1 114}
angy
[ 114}
v
(1) 4
[ 1) 3}
[ 1) 4]
(] )3
LY })
1 1) 1}
angy
[ 1) 4]
angy
(1) })
aasy

100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
380
385
350
355
360
365
370
375
380
385
3%
395
800
805
810
815
820
825
830
835
(1 1]
(1}
850
455
860
865
870
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IF (K5TiS.22.1) CALL STRS(ITX)
70 If (ITX.GE.BTI) GO TO 90
ITI=ITX+1
DELI=DRLTP
TIAR=TIBE+DELT
ITA=ITHe1
GO 10 10
80 PRIBT 17000
20 BETOR

19000 POBYAT(////° RAXIAUA TIRE EXCEEJIED®)

nANANErRONN

(e Mgl e AhN

AMO

nhn

E5D
SUB20UTINE HUVAL2 (P,CHIS)

PUNCTION OF SUBROUTINE--TO GEPRRATE BATERIAS TRABSPORT PROFILES

SUBJECT TO COUPLED BROISTOBZ BOVIRRIT ABD TO CALCOLATE CBI-

SQUABED POR THE PARABETIRR SEABCH, JHICH INCLODES BOTH MATERIAL-

ASD BATER-TRANSPOBRT PARAAZTRRS.

ISPLICIT REAL®*8 (A-R,0-Z})
REAL®S PAAT

114
1114}
Aasey
14/
sILY
LY 14
RERY
any
Y
{14}
L1144
ASvA
26VA
nsva
BUVA
suvA
BIVA
BEVA
nEva
SSVA
HEVA
8EVA
s8VA
BUVA

COSS0N/CTRL/KP:8,KE¥TR,KV1, KSTRB, KSTRE, ISTOP, KSS,KDIG, KEOST, KWOUT,B9VA

1 KTSTP,KSOUT ,KSBRCH,KBUPR,KANL, KIC,KSTRS

COBBOB/CRVAR/TINE, TH({100,2) ,THB(100,2) ,22%9(100,2) ,DT0(100,2),

1 vX{100,2) ,VIE (100,2) ,9I8 {109, 2)

COABON/GEOB/X (101) ,BB (2) ,DCOSB (2) ,DCOS (2) ,DELY,CANG ,DRLBRAK,TAIX,

BWA
SEVA
ANiA
BEVA

¥ IPL(101),1IR(300,3),0PB{2) ,BP57(2) ,PPIST(2) ,BBE(2) ,UTSE(2), ISB(2,B8VA

¥ 2),IS(2,2) ,98P,BEL,¥B1T,13A00,88C, BST, WTST, SBEL, STI, BN0R

COBNOB/RPROP/PROP {1,5) ,FIIL

COBBON/NBYAR/ A([101,2) ,B(10:, ) R(10]) ,BP(¥J1) ,RI(101) ,kB(101),

BEVA
REVA
BSVA

1 DP(101),R3(101) ,&T(101) ,XTRP(101) ,BPLX(101) ,BPLIP(101), PX(100,2)89VA

1 ,PRATE(10),PLOB§10),TPAOY (10} ,¥ ,PEAT(3,5)
cossoms/CRl/ HY, VY
COo8308/X1V/BIXL (5) ,BYXU(5) ,¥YX (5) ,¥TX, BXT

BEVA
89VA
BBVA

COBSOB/Ia¥/1X{100,5) ,¥X{100,5) ,YX({100,5) ,DI%{100,5), YT (100),TX(5) ASIA

1 LINTL(S) ,X8T0(5)

COBROB/58P/ DELT),CHIS04ACC,RED, TOLSTP,TOLFUN,PO(20), PH{20),

1 PL(20),DELP §20),PLO(20) ,PHO (20)
DIBENSION P(1)
DATA 1BD1/0/

COBRBELATE SEABRCH PASABETERS FITH PHISICAL PABANETERS.

CALL BOPFra(P)
CALL BOPFUN (P)

SET UP SOIL PROPRARTIES.

CALL PECAL
CALL PIDL
CHIS=0.

TIBE SEQUBICE CALCULATION.

TI8E=0,
CALL BINL
I? (KPGE.LLE 3) CALL PRINTE (0)
DELT=DELTO
TIaZ=DELYO
ir8=1
ITX=1
10 Vipav¥1
I? (TIBE.GR.TX(.TX)) GO TO 80
I? (TI8R.6T.THAL) GO TO 80

GEPBRATE RESULTS POR INTRABEDIATE STBRPS.

CALL HETERAS

I? (KPGE.LER.3) CALL PRINZA(ITH)
I? (KTSTP.BB.0) 60 TO 20
DELE=DRLT® (1. 0CHNG)

GO T0 30

BV.a
BRYA
asva
(.1 1]
14/
asva
[ 1 1]
asva
ATA
BEVA
[.11) 3
REVA
2%VA
[ 11/}
BEVA
[ 11/
BEVA
[.11)
nsvA
AEVA
Asva
AUVA
neva
AYvA
A
[ 1]
1 1]
.11/
2%Va
[ 147}
AEVA
ava
asva
[ 11]Y
asva
L 11} Y
(147 Y

7S
e

285
390
(113
500
505

180
185

165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
28%
290
295
300
308
310
315
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20 kP (ITH.EGC.1) YiR=V¥1
DELT= (1.4 (1. +CHES) * (V13/¥1-1.) ) *DELT
30 GELT=DNINT (DELT,DELAAX)
TIBE=TIAEDELT
ITE=ITH+1
GO T0 10

CALCU’.ATE COBCENTRATICS POGR™LE AT TIZE STEP POF WHICH BXPERINESTAL
DATA IS GIVESN.

40 DELTP=DELT
GELT=DELT-(TI<E-TX (ITX))
TINE=TX (ITX)

CALL ATRAN

IP (KPGH.LE.3) CALL PRIATH 'ITH)

BX=NYX{ITX)

1xaip=1

SuB=0.

BIL=8YXL (ITX)

AXU=RYXU(ITX)

DO S50 IX=1,8X
YT(IX)=YLAG (XX (IX, ITX) ,X,RB,INDY,2, XXQIN, BX, LBX)
1P (IX.LT.HIL) GO TO 50
I? (IX.GT.AXU) GO TO S0
SUR=SUReTT (IX)

50 COBTINUE

BOBHALIZE THRORETICAL POI3TS.

A¥N=100. /508
DO 60 IX=1,MX
IT(IN}=A&*IT (XX)

COLLECT CHI-SQUARED.

C (S=CHISeRX (IX,ITX)® (YT (IX)-TX(LX,ITA)}®*2

60 CONTINUE

CHUSO=CHIS

17 (KPGB.GT.3) GO 10 70

CALL PRINTS(ITI)

IP (KSTRS.EZQ.1) CALL STRS (ITX)
70 IP (ITX.GE.NTI) GO TO 90

ITI=ITX+]

DBLT=DELTP

TINE=TIAE¢DELT

ITB=ITA+1

GO T0 10
80 PRINT 10000
90 BETURN

10000 PCRBAT(////° BAXINOH TIRE RICEEDED')

anNnNOAOON

nOaQn

END
SUBROUTINE BUPPSP)

PONCTION OF SOUBROUTINE-—TO MAKE THE CORRESPONDENCE
BETWERN THE ARBITARY PiZABERTERS OF ARRAY P

AND THE PHISICAL BATERIAL-TRANSPORT PARAMETEAS.
THIS ROUTINE EAY PR AQDIPIED BY THE USER.

IBPLICIT BBAL®8 (A-B,0-3)

DIEENSION P(1)
CONNON/BIVAR/KPRO, KPR (1000) ,SAXDIP,BAXEL, BAL NP, BAISAT, BAXBS,
1 BALITI,NAPPA

CHRKOB/BI/ THI,THO ,28B,5INEPS

COBSCY/BPAOP/PRQP (1,5) 011

REAL®8 XU,LANBDA

ATYP=1

PROPERTIES APER P(I), DROP(L) = KD, BHOB, AL,
THEBTAR, AND POR.

DO 10 IP=1,88PP8
¥BOR (BTIP,IP)=P (I ).
10 COXTINUB

BUVA
HEVA
BUVA
HEvA
auva
HEVA
BUVA
nuva
HUVA
HUVA
nmRva
HUVA
auva
HUVA
HUVA
HEVA
HUVA
HRYA
nRvaA
HUVA
nuvA
ARvA
RUVA
nEvA
BEVA
BU¥TA
neva
BUVA
BUYA
nuva
HUVA
aNvA
nRvA
HUVA
AuEvA
JRTA
HRVA
BWVA
HYVA
HWTA
BuvA
neva
nEva
s¥TL
JEVA
B9VA
ruvaA
HEVA
BRVA
RNVA
BEVA
:111 4 4
sure
BorPF
pore
sorr
sorr
sorr
. 11] ¢ 4
sury
aorr
aore
Bore
sorre
Borr
sore
orr
sorry
Bure
sorr
BOPP
porr
sorpe
aore
aare

320
325
330
335
380
385
350
355
360
365
270
375
380
385
3%0
395
800
805
810
815
820
825
430
835
380
(133
850
455
460
465
870
875
4380
485
890
895
500
505
510
515
520
525
530
535
580
545
550
555
560
565
570

10
15
20
25
30
35
80
85
50
55
60
65
70
75
80
a5
90
95
100
105
110
115
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RET
END
SuB

PUNCTION OF SUBROUTINE--TO EVALUATE CHI-SJUARED POR TdE

WATER-

Ixp

COHHON/CTRL/KPGH, KUTR , KV, KSTRN, KSTRW, ISTOP, KSS,KDIG,KAOTT,

145

URN

20UTINE WEVAL (P,CHIS)

TRLESPORT CASE

LICIT REAL*8 (A-H,0-2)

1 KT5TP,KSOUT  KSRCH ,KBUPP,KANL, KIC,KSTRS

COBEON/NUNITG/ WORDR1,NORDER,NITP, ITHAIN,IG5S,ITHIN, IGSSV(3)

con

SON/TUTR/T(50) , 0T

COBEON/TLV/BYIL(5) ,AYXU;{5) ,KYX (5), NTX, NIT
COKHON/XRV/1X (100,5) ,9X,{100,5) ,YX(100,5) ,DYL (100,5) , YT(103) ,TI(S) WEVA
1 ,XWTL(S) ,XNTD (5)

CORBON,/X7TAR/XISUPY(50) ,XISCP2(50) ,TAP(50) ,ALP(50),¥30P1(50),
1 ¥SUP2¢50) ,P {50),QGA (50) ,QG (50) , THTAP (50) ,AKGSS {212) , DGSS(212),

1 IPTTH(S0) ,MTH,JTH, NGSS

COBBON/SRP/ DELTO,CHISO, ACC,RED, TOLSTP,TOLPUN PO (2C) , PH (20),

1 PL(20),DELP (20),PL0O (20) ,PBHO (20)
DIABNSION P(1)

COZRELATE SEARCH PARABETEARS VITH PHISICAL PABARETERS.

CALL BUPPU(P)

SET UP SOIL PROPERTIES.

CALL PUCAL

TIAE SEQUENCE CALCOLATIONS, AND COLLEIT CHI-SQUARED.

CHIS=0.
CALL WINL
1T8IN=1

DO

10

20

20 ITA=1,871

NX=NIX (ITY)

TIAB-TX (ITH)

CALL WINTI (TI4E)

CALL ¥TIE .{TCAL)

CALL WTRNZ

CALL SOPREP (ITK)

DO 10 IX=1,aX
CHIS=CHIS+WI (IX,.128) % (IT(IX)-TX(IX,ITH))**2
CONTINTE

CHISO=CHIS

IP (KPGR.GT.3) GO TO 20

CALL PRIN?TS (ITH)

I? (KSTRS.EQ.1) CALL ST4S(ITH)

CONTINUE

RETURS
EMD
SUBROUTINE SWPREP(ITH)

PUBCTION OF SUBROUTINE—TO PREPARE THE WATER CONTENT FOR CORPARLISON

BITH BXPERIBENTAL DATA.

I72LICIT REAL®8 (A-H,0-3)
conson/8l/ TH1,2H0,THB,SINERS

CONROB/NUBITG/ BORDR1,NORDER, NITP, ITHRIN, ICSS,ITHIN, IGSSY(3)

surp
sore
HEVA
VEVA
WEVA
WEVA
JEVA
WEVA
WEVA
WEVA

ANOUT,VEVA

WEVA
HEVA
WEVA
WEVA

WEVA
UERVA
¥Ewa
WEVA
HEZVA
YEVA
FEYA
UEVA
11473
WEVA
WEVA
WEVA
WEVA
S2VA
LEVA
WEVA
WEVA
VEVA
WEVA
VEVA
WEVA
WEBYA
UEVA
WEVA
WEZVA
§EVA
VEVA
UEVA
VEVA
VEVA
)37
WEVA
WEVYA
SEVA
1] 47
VEVA
WLVA
BEVA
SUPk
sups
sure
SUPR
seps
sirs
SUPR
SEPR
SUPR
sem

COBNOB/¥¥BOP/AKPAR (50) ,CDPAR 50) ,AKSN (25) ,AkPK (25) ,D(25) , ALPD(25) SEPR
1 ,AKSAT,AKSHO, BEPAR,NESP,NCDPAR, NDSP

COBBOB/XIV/BYXL (S, ,B1X045) ,BYX(S), FTX, MIT
COBROB/IRV/XX(100,5) , ¥X(100,5) ,YX(100,5) »D1X (100,5) , IT (100) ,2X(5)SUPR
1 ,X8TL(5) ,X¥RU (5)

COREON/IVAR/XSUPY {50) ,X80P2 (50) ,THP(50) ,ALP(50) , VS0P 1{1d) ,
1 VSOPZ{50) ,2(50),QGA(50) ,Q6G (50) , TRTBP (50) ,AKGSS (212), DGSS(212),

1 IPTTH (50) ,BTA,JPH,NGCSS
DATA IMC1/0/

SOBT THE THBOBRBTICAL ROSITEON-GRID VALURS INTO ASCENDIBG ORDEBRS.

L1 14
sSePR
sUpra
s
sor
sore
sem

120
125
0

S
10
15
=0
25
30
35
40
85
50
55
60
65
70
75
80
BS
90
95
100
105
110
115
120
125
130
135
149
145
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
0

5
10
15
20
25
30
k1
80
85
50
55
60
65
70
75
80
85
9
9
100
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AI=NIX(1TA)
CALL DSORT(XSUP2,IP TH,NTH)

JURDER #ATER-COMNTENT VALUES CORRESPIBDINGLY.

10

DO 10 1TH=1,BTE
JTH=1PTTH (ITH)
THTBP (JTH) =5uz (1T1)
CORTINOE

LMTERPCLATE OB THE ZXPERIBENTAL POSITION GRID.

20
30

40

SuA=0.

BIL=AYIL(ITR)

BXO=BYXO(ITB)

IBX=XSUR2 (BTH)

THYN=THIGP (BTH)

1X81IN=)

DO 40 IX=1,8X
I=XX(IX,ITE)
I? (X.LT-XIAX) GO 72 20
THT=TH AN
GO 15 30
TUT=YLAG(X,XS0P2,THTEP, IND) ,NITP,IXNIN ITH,IEX)
YZ(IX) =THT-THO
IP (IX.1T.BXIL) GU TO %0
IF (IX.GT-BX0O) GO TO &0
SON=SUB+YT (LX)
CONTIBUE

NORBALIZE THEROBETICAL POINTS.

50

AD=100./508
DO 50 1X=1,8X
YT (IX) =ABSYT (LX)
BRETURE
END
SUBBOUTINE BUPPW ¢P)

PUBCTION OF SUBBOUTISR—70 S2XE THE CORBRFSPONDZNCI
BRETUERY THE ARBITRASY PABABETERS GF a#RAY P A

THE PHYSICAL WATEL-TRANSPORT PARABETERS. THIS AGUTINE
BUST 88 BODIPI'D BY THE USER SO AS TO HNATCH BI5
SPECIFPICATION G? THB PHYSICAL PARASETERS IN SPiOP.

I? KBJIPF IS NOB-1IRBO, THRN THR FATRR-TRANSPORT PASASETERS FOLLOW THER

KBPLACIT REAL®8 (A-H,0-2Z)
DIBENSION P(1)

SUPR
SuPR
sSupPR
SUPR
SWPR
sape
s¥PR
SUPR
SUPR
supPR
SWPR
sepR
SWPR
SHUPR
SWPR
Sipe
suer
SHPR
TEre
SEPR
suee
SUPR
SUPR
SEPR
SuPrR
SuPR
S¥PR
SUPR
S PR
SUPR
SUPR
SWPR
sSupPk
SUPR
suee
sera
SUPR
SWPR
Bore
Borr
sure
sure
Borr
Borr
sorr
1114 4
sorr
Borr
aorr
sore

COBNON/CTRL/KPGA,KWTR KVI, KSTRE, KSTRY, ISTOP, KSS,KDIG,ERO0T, KWOUT,BUPP

) KTSTP,KSODY KSRCH,KBUPP KABL, KIC,KSTRS
CONBON/BIVAR/KPRQ, KPR §1000) ,SAXDIF ,BAXEL ,BAXBP, SAXBAT ,NAXBW,
1 BAIBTI.BEPPE

CONBON/BPROP/PROP (1,5) ,¥X1

coss0R/81/ TH1,THO,THB,B1IBRPS

aore
sorre
sorr
sorr
Bory

COBRBOB/UPROP/AKPAR (50) ,CDPAR(50) ,AKSE (25) ,ALPK {25),D (25), ALPD (25)BCFF

1 JAKSAT,AKSNO,NKPAR,UKSP,UCDPAR,BDSP
1pP=0

BEPPE EATEBAIAL-TRABSPORT QUANTITIRS.

IP (KBUFP.DE.0) XPP=BEPP3

00 10 IM=1,3
IPP=IPPR+Y
AKPAR(ZP) =P (XBP)
IP3=IPPe3
CDPAR (1P) =P (1P3)
coneInNes

AP (KBOFF.NE.0) GO TO 20

IP=IP3et

TRO=P(IF)

IPsIPet

tat=P(1P)

sorr
aore
sore
sore
sorre
sarr
1 1144
sorr
sorp
aorr
sorr
sorr
sorr
sorr
aure
sorr
sorr
aore

105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
230
245
250
255
260
265
270
275
280
285
290

100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
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RETURR

aTrP=1

THO=PROP(BTIP,4)

TH= PROP (ATIP,S)

RETURS

EBD

DOUBLE PRECISION PUBCIION YLAG (X1, X, Y, 1NDI.#V,ININ,IBAX,TEX)

PROGBAB AUTBOBRS A. A. BROOKS AND E.C. LCES,
CORPUTING TECHMNOLOGY CENTER, UBZOS CARBIDE COBP., BUCLEAR DIV.,
OAK RIDGE, TEUN.

10

20

30
a0

50

63
70

90
100
110

120
130

POSCTION OF SJBPROUTIINE--TO MINIBXIE T"B FOUBCTION NEBEIN DRBOTED AS P

) 4

LAGR.FGIAN INTERPOLATION

I0 1S ISTRPOLATED ENTRY INTO K-ARRAY

¥ IS THE ORDER QF LAGRANGRAN INTERPOLATION

T IS ARRAY ?ROB WHICH YARAG IS OBTAINED BY I4TERPOLATION
IsD IS THE BIB-I POR X (d).GT.XI

IF IND=0,X-ARBAY WILL BE SEARCEED

18IB IS BI¥ IBDEX POR SEARCH OF X-ARRAY

ISAX IS BAX INCEK OF K-ABD Y-ARRAYS

EITRAPOLATION CAN OCCOR, IEXI=-1 OR +1

DIBEBSION I(1),X{1)
JOUBLE PRECISION P,D,S,XD,II,X,1,TLAG
18D=E8D1
=01
IEY=)
I? (N.LE.IBAX) GO 70 10
s=18AX
I1ZX=N
I? (IND.GT.0) GO TO 80
DO 20 J = IBIN,IAAX
1? (XI-X(J)) 30,130,20
CONTINUE
IZX=1
Go 10 70
18D=J
e = J
Ir (IBD.GT.1) GG TO 50
I2x=-1
IBL=I8D- {Bs1)/2
1P (IFL.GT.0) GO TO 60
INL=1
INU=INLsB-1
1F {IBU.LE.IBAI) GO TO 80
INL=1dAX~-Ne1
1BU=ImAX
5=0.
P=1.
DO 110 J=E¥L, I
P=p* (X1~ {J))
D.'.
DO 100 I=IBL,IND
I? (L.¥E.J) GO TO 90
xD=XI
G0 70 100
X=X (J)
D=D* (XD-X (X))
S=SeY (3)/D
TLAGaS®p
REYURD
TLAG=T (J)
IBIB = Je1
G0 20 120
L0

SUBROUTINE SEARCA (B ,P,PB, PH,PL,ACC,BED,Q0LSTP,20LPUN,DELP,KPRS,

1 BVAL,NXPON,ICORY)

VARTABG TUB PABABETERS P WITHIN TEE ALLOEED RANGE (PL,P8).

OPTISAL~-SEARCE BETHQOD OF WSISSAAV AWD ¥OOD .(19%6) IS USED.

PROGRAR AJTHOR 6. 8. VESELEY
COBPUTIBG TBCHNOLOGY CEBTRR, USION CARBIDE CORP., BUCLEAR DIV.,

TuR

sorr
Borr
sorr
BOFF
surr
aore
YLAG
TLAG
YLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
YLAG
TLAG
TLAG
TLAG
TLAG

TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
ILAG
YLAG
TLAG
TLAG
TLAG
TLAG
TLAG
TLAG
ILAG
TLAG
TEAG
TLAG
TLAG
TLAG
YLAG
TLAG
TLAG
TLAG
TLAG
TLAG
ILAG
TLAG
TLAG
TLAG
TEAG
1LAG
TLAG
TLAG
TLAG
TLAG
YLAG
TLAG
TLAG
SEAR
SEAR
SEAR
SBAB
SEAB
SEAB
SEAR
SEAB
SEAR
SBAR

185
190
195
200
205
210

10
15
20
25
30
kL)
40
85
50
55
60

70
75
80
85
90

100
105
110
115
120
125
130
135
180
185

155
160
165
170
175
180
185
90
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
205
290

10
13
20
25
30
3
80
L 1)
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OAK RIDGE, TENN.

REAL®8 P(1),PL(1),Pi(7)DELP(i),BP(20) ,ACC,4ED, TOLSTP, TOLPUN,PB,

1 PP, PBP, STOR,TEAP, PAT K7AL
IBTEGER®S RVS (20)

IP (KPBS.GT.0) PRINT 10600, NP, BXFUN, ACC,RED,TOLSZP,TOLPUN,

1 (PH(1),P(I),PL(N) ,I=1,0P)
ICoNY = 0
IRXP=0
20 10 I=1,8P
IP (P(I).GT.PE(I)) P{I) = PH(I)
IP (PLV).LT.PL(I)) P{I) = PL(L)
IP {PH (I)-EC.PL(X)) DELP(I) = 0.DO
10 BP(I)=P(I)
#7UE=1
CALL EVAL(P,PB)
re=FB
PBP=r8
20 ABPAL=0
IP (SPUS.GE.BXPUN) GO TO 220
IP (LPRS.GT.0) PRLINT 11000, BPUN
IP [KPRS.GT.0) PRINT 10700,PBP,(BP(I),I=1,8P)
I? (KPRS-GT.0) PRENT 31700, (DRELP(I).I=1,8F)

ST)JY TBRE RIPLOBATORY LOOP. 1P IEIP = 1, THES IT POLLOYS A
TATTERB B VE. IF 1T S O, THRS IT POLLOWS 4 BASE POINT.

I? (KPRS.GT. 1) PRINT 10000

DO 120 I=1,MP
B¥S(L) = 0
IP (DBLP(I)-M.0.0D0) <O TO 130
STOR = P{i)

ISCREEEET THE L—TH VASIBLE BY ITS CURRENT SEEP ARD CHECK POR
ABY BANGE LIBITATIOCES. CHRCK THE PUBCTIOF VALUR AT THIS
NEW POINT AGAINST FP POR INPROVEAENT.

PUI)=P(I) * DELP(I)
IP (P(I).GT.PH(I).OR.P(I).L1.PL(I)) GO TO 80
1P (XPRS.GT.1) PRINT 10100
SPUB=BPUS ¢ 1
CALL EVAL (P,DPD)
AP (KPRS.GT.1) PRIBT 10800, L, PB, (P (s),J=1,0P)
IP (PB.GE.PP-TOLPUNSDABS (PP)) GO TO 80
AP (IEIP.§E.0) GO TO 30
IP (KPRS.GT.1) PRINT 10200
DELP (L) =DELP {[) *ACC
30 rP=rB
GO 19 120
%0 P(I) = STQR - DELP §I)

DECBEAENT THE I-T8 VARIBLE AFPTER A PAILURE OF THE IsCREBRN¥?
PROCEDURE TO GIVE AFY IBPROVESENT. PROCEERD AS ABOVE.

1P (P{2).CT.PR(I).OBP(I).LT.PL(I)) GG TV 60
IF (KPRS.GT.1) PBIFT 10300
BFUB=NPUS ¢ 1
CALL EVAL(P,PFD)
IP (KPBS.GT.1). PRINT 10900, I, PB, (P(J),J=1,8P)
IF (PB.GRE.PP-TOLPUNSDABS (FP)) GO TO 60
IFf (IRIP.NER.0) GO 30 50
IP (KPRS.GT.1) PRINT 10300
DRLP(I) = DELP(I) * ACC
59 8vsS (1) = 1

TUE SEVERSE STEP YIRLDED AN ISPROVEARET, SO TRI TRIS DIRECrION

FIRST OF THER WRIT PASS,

G0 T0 30
60 P{I) = ST0B
Ir (IRXP.2Q.1) GO TO %20

YARIDLE IBCARSXYTING AND DECRENENTING PAILED T0 IXBLD AFNY 18-
PROVEARNT. 1RBDUCE SUBR STRP SIZE AFD TEST AGALNSY

SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR

SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR

SEAR
SEAR
SEAR
SEAR
SEAB
SEAR
SBAR
SEAB
SEAR
SEAB
SEAR
SEAR
SEAR
SEAR
SEAR
SEAB
SEAR
SEAR
SEAR
SEAR
SEAR
SEAS
SEA8
SEAB

50

55

60

65

70

75

80

as

90

9%
100
105
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
185
190
195
200
205
210
215
220
225
230
235
280
285
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
3135
380
385
350
355
360
365
370
375
380
385
39%0
395
800
805
310
815
820
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ABS (P(I)) ® TOLSTP TO SEE Ir THE DELP IS AT IT5 AIsiaus,

17 (KPRS.GT.3) PRINT 10400
DELP(I)=DELP(I) *RED
TENP=DABS (P (I) /DELP (L)) STOLSIP
Ir (1.00-TERP) 70,80,100
70 DRLP(I)=DELP(I) tTEBP
39 TENP=1.D-10/D04BS (DELP(I))
I? (1.DU.GE.TEAP) GO TO 110
99 DELP? (I) =DELP (I) *TEAP
0 TO 110
109 TEAP=1.0-10/DABS (DELR (1)}
Ir (1.p0-TERP) 90,110,120
110 BEFAL=HEFAL ¢+
120 CONTINUE
IF ((PBF-PF) .LE.TUOLPUNSDABS(PBP)) GO TO 350

1r THE PUNCTION VALUE AT THE WEN POIET IS LESS THAN THE PUNCTION

VALOE AT THE OLD POINT (BASE POLNT) BIRUS @OLPUM * ABS (OLD
POINT) ACCEPT AS A BETTER POINT. [IF BOT, 60 ro STATEREST 130

IP (KPBS.GT.0) PRINT 30500
IP (KPRS.5T.2) PRINT 11200, SPON
Do 130 I=1,WP
I? (RVS(i).EQ.0) GO TO 130
DELP(L, = ~DELP(I)
130 continie
PBP=PP
DO 180 I=1,8P
PAT=2P (I)
3P(I)=P(I)
P(I) = 2.D0 ¢ BP(I) - PAT
P(L)=DBALY (P (I) ,PL (1))
120 P(I)=DRINI (P (1) ,PH(I))
NPUN=BPON + 1
CALL EVAL (P,PP)

PEiFORE THE PATTEND BAQVE AS 2. * NEW POINT ~ OLD POINT AMD
USE THE POBCTION VALUE AT THIS POINT AS THE VALUEL OF PP.

IP (KPRS.GT.2) PRINT 13300, PP,(P(I),I=1,8P)
IRXP=}
GO TO 20

150 IF (IBXP.EQ-1) GO 70 170

BASE POINT 2XPLOBRATORY BODE PAILUARE .

IP (SNPAL.GE.NP) GO TO 190
IP (KPRS.CT.2) PFRINT 11600
DO 160 I=3,BP
IP (RVS({I).EQ.0) GO TO 160
DERLP(I) = ~DELP{I)
160 CcoNTINoOR
GO TO 20
170 18XP = O

PATTERN RODE RIPLORATORY PALLORE. ARRSTORE OLD BASE POINT AND
SEVEST TO 84SE 30DE EXPLORATIOMR

PP = PBP
DO 180 I=1,BP
180 2I) = BP (L)
IP (KPRS.GT.2) RRINT 11600
GO 70 20
190 IP (FP.LE.PBP) GO 70 210

THE PROGRAN ASSUBES THAT If HAS POUDD A LOCAL NININOR SINCE
BACKH VARIBLE HAS REACHERD 123 SININUS STEP SKIR.

PP=PBP
DO 200 I=1,8pP

200 PUI)=BP (1) |

290 1P (EPRS.GY.0) PRIFT 11400, PP, (P(1),I=1,0M
m == ‘
I? (EPRS.GT.0) PAINT 11000, sPTY

t t

SEAB

SEAR
SEAR
SEAR
SEAR
SEAR

SEAB
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SFAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SERAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEABR
SRAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SEBAR
SEAR
SEAR
SBAB
SEAR
SEAR
SBAR
SEAR
SEAR
SBAR
SEAR
SEAR
SEAR
SBAR
SEAR
SCAR
SEiR
STLAR
SEAR
SEAR
CEAR
SeAR
SEAY
SEAS
SEAR

425
830
435
8a0
85
850
455
460
465
a70
875
880
ags
890
89S
500
505
510
515
520
525
530
535
580
585
550
555
560
365
570
575
580
585
590
595
600
605
610
615
620
625
630
635
680
685
650
655
660
665
670
675
680
685
690
695
700
705
710
715
720
7125
730
7135
780
745
750
755
760
765
770
775
780
785
7%0
795
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220

230
C
(o
(o
(o
C

C

240
10000
10100
10200
10300
10800
10500
10600

10790
108090
10990
11000
13100

13200 PORAAT(*
13300 ZORMAT(® RESULT OF PATTERN BOVE'/* P

11800
11500
11630
11700

nonnaonn

nohonNnnNo

GO TO 240
ICONY = 1

150

IF (KP8S.GT.0) PRINT 1100, SFOY
1P (KPRS.GT.C) PRIBT 10700, P3P, (BP (I), I=1,82)

ro = PBP
DO 230 I-=1,¥P
P(I) = BP{I)

sETURN

PORNAT(* BEGIS EXIPLOBATORY LOOP')
POREAT(* LBCRESENT THE I-TH VARILABLE')
FOBSAT (* .CCELERATE THE STEP SIZE®)
PORBAT (* DECREARNT THE I-TR VARIABLE')
FOREA” {* REDUCE STEP SIZE')

POBHEAT (*° ACCEPT NEW POINT')

PORAAT (////¢ 2K "BP*® ,SX, °BFUB*,
1 7x,*TOLPUN’/1H ,I3,5K,4%,

0B 22TURZ PB BOLDS THE BESTY FUBCTION VALUE AND P TdE BEST POINT.

IF THE NUNBER OF PUBCTIOBS BVALUATIONS SAS EXCLEDED THEN
ONE OF TdE BEST POINTS (S BETURBED.

16X, *ACC®,8(,°RED®,8I,'TOLSTP®,
13X,P0.8,4K, ¥7.4,8X,D10.3,3X, D30.3/

1 1IX,'PH" 17X, °P°,16X,°PL"/(8X,D05.7,3%,P15.7,3X,015.7))

8 SHOULD BE 1§ (2,16)
¥Y{Z) IS PUBCTION SUBRQOTINR rOR THUE IFSTEGRABD.

- od = ab oh wb @b o0 b o

- wh ed o eb @b o

POBBAT(* *
FORBAT (*
POREAT (*
FORBAT (*
PORAAT(*
1D15.7/(*
AFTER' IS,

Re,
BPUN= °*,1I5)

. '17x,7D15.7))
FOREAT(*
PORBAT(*
PORBAT (*
PORMAT (*
EBD

BASE PT.

*D15.7,2K,
p*, £2,D15.7,
12,015.7,

15-7/ (°
2K,7D15.7/ (*
21,7015.7/ (*

THE OFTIAUS VALUE HAS BEER POUND °/°* ¢
*171,7D15.7))
* BPUN A 32V BASE PT. - START PATTERN HOVE')
*,D15.7,21,7015.7/ {

SU3ROUTIBE GAUSS (A,B,RGADSS,1,H)

IBPLICIT RBAL®8(A-8,0-2)

DISEBSION WT (63) ,23(63),8P  (15)

DIBESSIOB ¥T1(33),WT2(30),331(33),222(30)
EQUITALRECE (V¥T(1) ,8T1(3)), (¥T(3N) ,VT2(1))
EQUIVALEECE (2Z{1),221(3)), (2% (3%),222(1))

GAUSS-LEGRUDRE ABSCISSAS.

EXCERT B=15.

*,171,7015.7))
*,18X,7D15. 7))
*,181,7D15.7))

¢ , D15.7,2x,

THE BDUBBER OF PUNCTION EVALUATIONS EICERDED °,IS)
EXIPLOBATORY RODE PAILURE’")
PAYTE2S NODE EIPLORATORY FPAILUBE RZSTOSE BASE PT.*)
DEL-*,16X,701S.7/(% ,19Xx,70%85.7))

SVNCTIOB OPF SYBROUTINE—TO INTEGRATE PUNCTION Y FROB A TO B USINC
A B-TH ORDRR GAUSS-LEGENDRE ALCORITHA.

DATA 221 / .57735026918963D+00, .7785966692%188D400,

- 00000000000000D+00,
«906179085930660+00,
«93286951820315D+00,
-9489107912382726D+ 00,
«00000000000000D+00,
- 5255328 09916330400,
«83603310732668D+00,
+000000000000000+00,
- 679809560829902D+00,
«97822865818606D+00,
+319096129206810+00/

«86113631159a05p+00,
-5$53886933) 105680400,
-66320938686626D400,
-781531185599390000,
-96028985699754D+00,
- 186383868249565D+00,
«$1337183270059D+00,
«97390652851717D+00,
9533395398 129250 ¢00,
«88706259976810D+00,

«339981043585860+00,
« 000000000000000+00,
-238619186083200+ 00,
- 80588515137780D+ 00,
» 79666687 M 13630400,
- 968160239507630+00,
«3282538238038100 00,
.865063366688980400,
- 180878338901630+00,
730152005578 950020,

DATA 212 / .26954315595234D¢00, .0000Lb3700000000+00,

«98156063828672D¢ 00,
- 587317954286620+00,
«98818305873059D+00,
- 6823493394 80340400,
+00000000000000D+00,
«82720131506976D¢00,
«3191123689278%0¢ 00,

«0041%725637087D¢00,
«36783189899818D+06
«01759839922298D+00,
-88889275303645D0000,
-98628300069681D¢00,
« 587292906 811680900,
- 10805498870734D+000,

76990267 190300+ 00,
- $2523380851187D¢00,
.801578090733310+ 00,
« 2308583 .595513D0 00,
«92083808366337D000,
+315208636350150¢ 00,
«989500938991650000,

SEAB
SEAR
SEAR
SEAR
SEAR
SEAR
SEAR
SFAR
SEAB
SEAR
SEAR
SEAR
SEAR
SEAN
SEAR
SEAR
SEAB
SEAR
SEAB
SEAR
SEAR
SEAR
SKAR
SEAR
SEAR
SEAR
SEAR
SEZAR
SEAR
SEAR

800
805
810
815
820
825
830
835
8a0
885
850
855
860
865
870
875
980
885
890
895
900
90sS
910
915
920
925
930
935
9a0
985
950
955
960
965
970
975
980

10
15
29
25
30
35
a0
[ 1

55
60
<
70
75
80
85
90
t H
100
108
110
115
120
125
130
135
180
185
150
155
160
165
170
175
180
11 )
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<
C

C

NNt

1 - 24837502307223D¢00, .8365631.0238733D0¢20, .755404308355000¢20,
1 0173762408 0268D¢23, .85301077765723D30, .283023550773260+00,
1 .3501250908376370-91/

GAUSS-LESEBDRE BEIGHTS.

DATA 3T1 ,/ . 10J00C0300003UD+01, .5555555555>5560+09,
-d0888086888809D+30, -34785385137a5D+30, .65218515886255D+00,
« 23092683505615D¢00, -87802867389937D+90, .50085938883080089D+00,
- 17132839237917D+00, .36076157304014D+400, .86797393457269D+00,
- 129388966163870¢00, .27970539138323D+00, .3813833050505320+00,
-81795918367307D+00, -101228536290380+00, .222368103385337D+0C,
«31370064587789D0+400, .J36268378337836D+00, .81278338361573D0-01,
- 13008816069886D¢00, .263613696402980+00, .312i8707704000D+00,
«33023935503126D+03, -666713338308688D-01, .13985138915358D+00,
«215386362515980+00, .26926671331000D+00, .295528228718750+00,
-55668567116173D-01, .12558036946890D+00, .186292210927730+00,
«23319376459195D¢00/

DATL T2 / .26280456451025D900, .27292508677790D+00,
-871753363865120-01, .206939325995320+00, . 16007332858335D+00,
< 20316782672307D+00, -23389253053835D+00, .289187085813800+00,
- 304840987653160-01, .92121499837728D-01, .138873510219790+00,
- 17814598076198D400, .20781603753689D+00, .726283180262900+00,
- 23255155323007Dp+00, .351198603317520-01, .801580871597600-01,
-121518570607500+00, .157203167158190+00, . 1855383978779%D+00,
- 205193863721300+00, -21526385386316D+00, .27152859551754D-01,
- 822535239306%€6D-01, .951585110823930-01, .128020371255530+00,
- 14959598881658D+00, .16915651939500D0+G), .18200381508492D+00,
- 1894506 10855070+00/

-ed O oy wd W oy wd b e e

- el ot e wd b b s e

POLNTER TABLE.

DATA BET/ 0, 1, 3, 5, 8 11, 15, 19, za, 29, 35, a1, a8, 55, 55
AB=(B~A)*.5
ABA= (BeA) *.5
aP=n
BPTO=BPT(AP-1)
G=9.
J=1
10 BP=J
D=AB
LP (NPe3P.LE.BP) GC TO 20
IP=ap-NPe )
D=-D
20 BP=BPTOeNpP
=T (BP)* AP
I=3IZ(BP)*DeADY
30 G=Y(Z) WG
J=Je1
IP (J.LR.BP) GO TO 10
RGAUSS=6
BETURD
EBD

190
195
200
205
210
215
220
225
230
235
280
2485
250
255
260
265
270
275
280
285
290
295
300
305
310
315
320
325
330
335
3a0
338
350
355
360
365
370
375
380
i8S
390
395
800
80S
310
815
820
825
430
835
430
[ 11
850
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APPENDIX C
DEFINITION OF INPUT PARAMETERS
Paramecters arc listed below by anput data-set numbcers in the order ol their

occurrence it the “Data Input Guide.” Such an ordering scheme facilitates casy
cross-referencing betwesa Appendices C and D).



NPGM

N\NPROR

I keeh

NP

N

NI

NCM

N

NBU

NS

KVI

KSTRM

KSS

KISIP

NEL

ML

lhe program option parameter. It its vaiue s ihrer or koss, then a simple
vune-shot alcslation s pertermed with ao optimization. 11 KPGM 1. then
only the mass transport o determ ad. It KPGM - 20 then oniy the water
tansport v obtained. B, how ser. KPGM - 30 then a coupled
(nass-and-water) transport calculation is pertormed. For salues greater tnan
three. parameter ontimization is pertormad. For KPGM 4 only the mass
transport s comsdered. For KPGM - 50 only the water transport s
comsdercd. For KPGM - 6 coupiad transport is consudered. but enly the
mass-transport parameters may be varied 17 the optimization. or automatic
scarch. process. The optio.. KPGM = 7 1y wdential o the KPGM = 6
option with oniv one cxception. namely that an automatic ~scarcn ot both
mass- and water-transport occurs.

A problem deptitication number.

An array containing the tiiie ot the problem.

Numbcr ot nodal points,

Number  of  ciements. This parameter v overnidden and st 10
NEETD - NFIL U at athier ot the latter is nonzero.

Number of difterent tvpes of soils comprising sy stem.

Number of correction materials.

Sumber of ume iIncrements.

Number of Dirichlet boundary conditions.

Number of Neumann boundarn conditions (surkice ferms.

Veloaty ipet control parameter.

Control parameter for sMorage of mss-transport on auvhian storage. It
KRSTRM 00 there s no storage. but it st does not cqual O there is storage
on logical umit | yva subroutine STRYM isee Appendiy B tora Iisting of this

routinge. )

Steady state controll It KSS 00 the steady~tate sofution s ootained. Tt
KSS L transient-state solations are obtned

Fime-step contool Vi this paramicter the time step s vaned cither
coponeniallv. RISTP 00 or as a power law ol the end-point Darey
velocity VECKISTP 72 0,

Number of clements tor which v - X,

Number ot clements tor which x - X0,


file:///aiuc
file:///aried

NNOR

KIC

KMESH

DELT
CHNG
DELMAX
T™MAX

W

X0

XMX
DXI1
DXUI

VXI

KPRE

KPR(ITM)

PROPLL)

NJ

X(ND

Time integration parameter. If NNOR = [ then integration proceeds as
described 1in Chapter IV, Secuon 5. Otherwise Norsett  integration
O(At**(NNOR=1)) 1s used. Acceptable values are NNOR = 1.2 3 and 5.

Iniial-condition control. If KIC # 0. then the imtai conditions are bulk
concentrations. Otherwise thev are fluidd concentrations.

Mesh control parameter. It KMESH = 0. then a free-form input s used
with partial auzomatic generation. If KMESH = [_then complete automatic
gencration is specified. If KMESH = 2. then there » no astomatry
gencration. and a compressed-form formai is used.

Initial tsime increment .. T.

Parameter used for changir. the time increment . (dimensionfess).
Maximum vaiue of DELT . T.

Maximem vaiue of the ime ... T.

Time-integration paramcter ... (dimensionfess).

Variable-mesh  paramcter.  Position  about  which ariable  mesh i
concentrated ... 1.

Varable-mesh parameter. [ ength of chromatographic column ... [
Variable-mesh paramcter. X-increment immediately beiow point X0 1.
Variable-mesh paramcter. X-increnient im:nediately above point X0 . [
Space- and time-independent Darcy veloaty . L T,

Printer control for steadv-state and initial conditions. If KPRO - 0, thereis
no outpui. I KPRO = I, only integrated flow variables pertining to the
material halance are printed. If KPRO = 2. then both bulk and fluid
concentrations are output. It KPRO = 3 material fluxes and those variables
mentioned previously are prnted. Finallv. if KPRO =- 4. then water
contents and Darcy velocities are also output.

Printer control similar to KPRO used to control ume-dependent output.
Matcrial property J for soil tvpe I In terms of the formal names given in the
chapter on notation. PROP(L1) = k.. PROP(1.2) = p. PROP(LY) = a,.
PROP(LA = A..and PROP(LS) = n .. (variable dimensions).

Nadal-point number.

X-coordinate of node NI . 1.



10.

14

18.

Ml

IECMLD

MIMK

MIYP

NJ

R(ND)

hY

BBI

Nt

VNOMLIQ)

THIMLIQ)

KWITR

NTTAB

157
Sce detimtions tor item 6.
tiement number.
Element definition array . Entries ITE(MLD) and TE(ML2) are numbers ot the

two nodes which subtend clement ML whereas TE(MLY) dentfies the
material t pe.

Element numbers.

Matenal-tvpe index.

Nodal number.

Fluid or bulk concentration ¢ or ¢- ... M [.#*3.

Sce definitions tor item 10,

Nodal number.

Fluid concentration of boundary node N . M [#*}

Nodal number.

Material flux at boundasy node. If the direction is along the positive X axis,

then it has a positive value. otherwise it is negative ... M 1222 1.

Darey velocity at node 1Q of clement MI 1 T,

Water content at node 1Q of element ML . [ **3 [ *#*}

Sce item 12,

Sce item 13,

Water-transport control parameter. This parameter s operative only if
KPGM = 2. KWTR = 0, then only the tabular function t(W,) s
obtained. If KWTR = 1. then, additionally. the first-order calculations tor
X and V' are determined.

Number of evaluations of the tabular function UW ).
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19.

21

NT
NTH
NKPAR
NCPAR

NORDER

NORDERI

NITP

KSTRW

KMESH

KANL

THO
THI
EPS

DALPI

ARPAR

CDPAR

[T

The number of simulation times lo be considered.

Tbe number of values of 8 to be used.

Number of conductivity parameters to be nput.

Number ~¢ capacity parameters to be input.

Order parameter for the Gauss quadrature algorithm when apolied to the
interval (8, ,.8.). i <~ NTH. NORDER is the number of intcgration points to
be inserted into cach interval.

Same as NORDER except that it is applied to the interval (0. ;. 8).
i = NTH. Typically the diffusiviiy is a strongly varymg tunction of water

content in this region. and a higher-ordered Gauss inteyration scheme must
be used.

Number of lLagrange interpolation points to be uscd in ail water-transport
calculaticns requiring interpolation.

Control paramecter for storage of water-transpot outpul on auxiliary
storage. If KSTRW = 0, there is no storage. but if it does not cqual 0, there
is storage on logical unit 2 via subroutitc STRW. (Sce 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 1o concentrate the mesh near the largest water content
where a(NTH) = 1. The next lower value is then

a(NTH-1) = 1 - DALPI. where the latter is an input quantity.

Anaivtic soil-properties control. If KANL = 0. then tabular soil properties
are used. If KANL# 0. then Gardner and King analytic properties are used.
Initial and residual moisture content ... L**3 L.**13,

Boundary moisture content and porosity ... L.**3 1**3.

Angle of inclination ¢ ... (degrees).

Variablc-mesh increment between o = | and its ncarest ncighbor ...
(dimensionless).

Conductivity parameters ... (variable dimensions).

Diffusivity parameters ... (variable dimensions).



”

VIN

\P

KPRS

MXEUN

KW

NIX

KBND

NSCY

KNTRS

ACC

RED

101.ST1P

TOLFI'N

RDP

Wi

15

End-paint Darey reloaty V. o un’s of the saturated conductinity
idimensronless).

The simulat:on ime ... 1.

Number of search parameters.

Output flag. It KPRS = 0. there 15 ns micrmedmte scarch output. If
KPRS = |. basxe pomnts and current step swzes are printed. If KPRS = 2,
then there is output as for KPRS = [ plus explonatony scarch mformation.
it KPRS = 3. then there 15 output as for KPRS = 2 plus pattern scarch
information.

Maximum number of function cvaluations allowed in scarching for the
maximum of the X surface.

Control parameters for adjusting statistial weights. I KW7T = 0, then the
expenimental crror 1s taken to be the squarc root of the expenmental valuc.
It KWT = [ a percentage cerror (CWT) s taken. For KWI .- 2
experimental errors are weput. For KWI = 3 the statistial  wcights
obtained tfrom the cxperimental crrors are set to scre forall XX - XWT.

Numbcer of times tor which experimental data are mpurt.

it KBNI> = 0. all prrameter ranges are unbounded. 1f KBND # 0. then
upper and lower bounds are input lor cach scarch parmmeter.

Number of scarch cycles.
Control paramcter for storage of optimized profiles on auxilian sorage

flape or disk). It KSTRS = 0. there 1s no storage on punched cards via
subroutine STRS. (Sce Appendix B for a hisung of this routine)

Acceleration parameter for the step size. ic. Ipinew) ACC* Aptoldy.
ACC = 1.2 tvpical . (dimensioniess).

Reduction paramceter for the slep size, te. dpinew) RED*3piold).
RED = 0.1 s tvpical .. (dimensionless),

Step-size tolerance. Generalls. the  scarch v terminated  whenever
1Ap p: -7 TOLSTP for all paramceters 1. TOLSTP 0.001 s tvpical

{dimcensionfess).

lolerance in the function X . Generaliv. the scarch is termimated whenever
the ;AN X ¢ - TOLFUN. FOLEUN - 0.001 o typical .. (dimensionless).

Step-size parameter. Imtially  the scarch sep sizes are taken o he
Ap RDP*p for all parameters 1 tdimensionless).

Statistical weight parameter . (dimensioniess).



26.

27.

32

i

4.

P(P)

IPA(ISCY.IP)
FH(IP)
PL(IP)

TX(1TM)

NYX(ITM)

XX(IX.ITM)

YX(IX.ITM)
DYX(IX.ITM)

XWTL(ITM)Y

XWTUITM)

The notation IV

Stareing salues for paranieter search. The meaning of this crray depends on
the prograzi option. If KPGM = 4, then P contairs onlyv the mass-transport

quantities k.. p. a; #.. and n. in tat order. tor 1P -

HDS. IWKPGM = 5,

then P contains only the water-transport varables K h. d. g h>_ d. 0. = 8.
and 6. = 6, in that order. tor [P = I(D¥. Option KPGM = 6 requires onh
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 k.., p. ar. #-.. and n tor II” = 1(1)5 and quantities k .
h..d. 8. h.and d" for IP = 6(1)I] __ (variable dimensions).

Search parameter indices. A search i carried out on parameter [P on scarch

cycle ISCY only if IPA(ISCY.IP) # 0.

Upper bounds for parameter P(IP). These parameters are operative only if

KBND # 0 . (vanable dimensions).

Lower bounds for parameters P(IP). These parameters are operative only 1l

KBND # 0 .. (vaniable dimensions).

Experimental times ... T.

Number of points in experimental water-content conceatration profile at
time ITM.

Experimental X-coordinate of point IX at tme 1TM 1.

Experimental weter-content concentration value at point IX and tme FI'M

(variabl> dimensions).

Experimental error in the water-content concentration measurcment at
po.ition IX and time I'TM __ (variable dimensions).

The statistical weight is set to zero for all XX 2 XWIT L

Similarly the statistical weight is set to zero for all XX = XWTU L

(15 means that 1P =

2

o dea seea Wy
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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 cach input parameter.
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1. Problem identification. Onc card per problem.

List: KPGM.NPROBTITLE()).1=1.1.5)
Format: 215 8A%

Mass-transport input. The following sct of data should be included only if mass-transport is
specified above. Specifially. only if KPGM = 1.3.4.6. or 7 should card sequences 2 - 19 appear.

2. Mass-trarsport integer control parameters. Onc card per problem.

List:  NNP.NELNMAT.NCMNTINBCNSTKVIKSTRMKSS.KTSTP NELL.
NELU.NNORKIC.KMESH
Format: 1615

Note on Darcy velccities and water contents. Five quantities must be considercd whenesver an
uncoupled calculation (KPGM = 1. or 4) is performed. They are KV the control nteger histed
above. the mnput velocity parameters VXI and VX(M.1Q). and porosity n = PROP(LS) and water
content TH(M.IQ). If KVI = 0. then the Darcy velocity and water content are taken to he the
spatial and temporal constant VXI (card-set 3jand n (card-sct 5). respectively. If KVI = 1. then one
spatially dependent array VX(M,IQ) (card-sct 12) and onc spatially dependent array THUUM.IQ)
(card-set 13) are used for all time steps. Finally, if KV1 = 2, ume dependence 1s allowed. as well as
space dependence, so that arrays VX(M.1Q) and TH(M.IQ) arc input for cach time step (card-sets 14
and 15).

Note on variable time mesh. By appropriately specifying control parameter KTSTP, the time step
may be varied cither exponentially

DELT = DELT*(1.+CHNG). KTSTP = 0
or as a power law function of the endpuint Darcy velocity VI
DELT ~ L. VI**(1.+CHNG). KTSTP # 0

The initial value of time step DELT and the value of parameter CHNG appear in card-sct 3. If an
uncoupled calculation is called for by the valie of KPGM. then only the former cquation 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 ip frec 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 rai'dom order since they are subsequenily reordered and numbered in terms of ascending
values. Elerr .nt definitions are generated intemally and initial conditions are input (card-set §1) in
the same order as their corresponding pusitions. If KMESH = 1. then both nodal positions and
clements 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 figurc helow.
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Note on initial condizions. If K1C = 0. then R = c. the fluid concentration. in card-set 9. If.
however. KIC # 0. then R = ¢.. the bulk concentration in card-set 9.

3. Mass-transport real control parameters. Two cards per problem.

List: DELT.CHNG.DEIMAX_ TMAX W X0 XMX.DXLI.DXULVXI
Format: 8F10.0

Note on nnme parameter W_)f NNOR = |_then W has a dual role of determining both the accuracy
{2 at most] and the intermediate time . = { + @At for which time-dependent coefficients are
cvaluated. If. however. NNOR - 1. then Norsctt integration [Norsett, 1974] is used. which 1s
accurate to MA**(NNOR+1). In the latter case parameter W determines only the intermediate
ume.

Note on units. The computer code itsclf functions independently of the chosen system of units.
Howcver. consisiency of units is required for the inpat. and dimensions (length. mass. and or ime)
arc indiated in Appendix C as an and for the uscr.

4. Printer output control. The number of cards here depends on the number of time increments
NTL

List: XPROAKPR().I=i.NTH
Format: 801!

5. Material properties. A total of NMAT cards. one for cach material.

List: (PROPULI)I=1S). I=HHHNMAT
Format: 8F10.0

6. Free-form nodal-point positions. These cards are necessary whenever KMESH = 0. Usually
onc card per node is needed. a total of MNP cards.

List: NLX(ND)
Format: 15.5X.F10.0

However. some automatic gencration may be emploved in the following manner. If some of the
nodes are cquidistant. data for only the first and last points of the group are nceded. Intermediate
nodal positions arc generated by lincar interpolation.

7. Compressed-form nodal positions. These cards arc used whenever KMESH = 2. Fhere is no
automalic gencration of mesh points here. The number of cards depends on the valuc of NNP.

List: (X(NJ)L.NJ=I.NNP)
Format: 8FI10.0
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8. Element definitions. These cards are necessary whenever KMESH = 0. Usually one card per
clement is neceded. a total of NEL cards.

List: MI(IEIMLD I=1.3).MODL
Format: 1615

However. the last parameter of the above list is used to generate element definitions automatically
for a group of MODL clements containing sequentially numbered nodes. In such a case M)
designates the first number of the group of elements. Field MODL s left blank whenever the
automatic generation feature is not used.

9. Matenal correction. Cards arc required here only if NCM > 0. 2 many cases onc card is
reymired per material change. a total of NCM cards.

List: MIMTYP MK
Format: 1615

However. in those cases where numbers of the affected elements range from a lower limit Ml to an
upper himit MK. automatic correction may be used. Fiekd MK is left blank if the automatic
correction facihty is not used.

10. Free-form mass-transportinitial conditions. Cards are required here whenever KMESH # 2.
In the m: st general case there 1s one card per node. a total of NNP cards.

List: NJ.R(N))
Format: 15.5X.F10.0

Freguently. however, groups of neighboring nodal points NJ have wdentical values R(NJ). If agap s
recognized in the input sequence of nodal numbers. the imitial concentrations are assumed to be
identical to the concentration at the lower boundary of the gap.

11. Compressed-form mass-transport initial conditions. Cards arc reguired here only if
KMESH = 2 The number of cards depends upon the value of NNP.

List: {R(NJ).NJ=L.NNP)

Here the order is assumed to correspond to that of the mesh points of card-sct 7.

12. Dirichlet concentration-type boundary conditions. Thesc cards are necessary only if NBC > 0.
Parameter NBC is the number of required cards.

List: NI.BBI
Format: I15.5X.FI10.0
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[3. Neumann flux-type boundary conditions. Cards of this type must be used if and only if
NST > 0 The value of parameter NST is the number of required cards.

List: NLEI
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 clements NEL.

List: ((VX(MJ JQ)JQ=1.2). MJ=MI MK)
where MK=min{MI+3.NEL) and MI=I(4)NEL
Format: 8F10.0

It should be noted that the velocity input below. 'ike the water-content input below. is ordered by
clements.

15. Watercontents at time « = 0. These cards are necessary whenever the Darcy-velocity cardsare
necessary. namely when KVI > 0. The number of cards depends on the value of NEL.

List: (TH(MJJQ)JQ=1.2).MJ=MI.MK)
where MK = min(MI+3.NEL) and M1 = I(4)NEL
Format: 8F10.0

16. Darcy velocities for tities t > 0. Cards o1 :3:s 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).MIJ=MI MK)
where MK = min(MI+3 ,NEL)and M1 = I(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 times t > 0. Cards of this t=pe must be used only whenever KVI = 2. The
number of cards depends on the value of NEL.

List: ((TH(MJ,JQ)JQ=1.2).MJ=MI.MK)
where MK = min (MI+3.NEL) and MI = [(4)NEL
Format: 8F10.0

Moisture-transpoit input. The following set of data should be included only if a moisturc-transport
calculation is indicated by card |. 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. Onc card per probkem.

List: KWTR.NTTABNT.NTHNKPARNCDPARNORDER NORDERINIIP,
KSTRW. KMESH K-/ NL
Format: 1615

Note on soil properties. input paramei-rs NKPAR. NCDPAR. and KANL. (above).and AKPAR(])
and CDPAR(]) (below) all pertain to ynil preperties and are interrclated. If. for cxampke.
KAXNL = 0. then array AKPAR contains the NKPAR entries 9;. K. 0. K. ... and array CDPAR
contains the NCDPAR sntnies 7, Q.. 62, Q.. ... . Hre K i3 the conductivity. Q s the diffusivnty. and
0 and 8" are water content values. where 8. s not recc.sanly equal to 8. I, on the other hand.
KANL £ 0. then array AKPAR contains the parame .35 Ks. ha. and d. in that order. and CDPAR
contains the parameters 8. hi. and d°. Thus. in this c..« NKPAR = 3 and NCDPAR = 3.

Note on variable water-content mesh. Frequently a uniformdistributed sct of N TH water contents 8
(or a) will be suffickent. Here KMESH = 0. However. whenever computcr time 1s a problem. it is
desirabl: 1o concentrate the mesh in the most active region near a = |. This mayv be donc by
specifying KMESH # 0 and supplying the first increment DALPI (below). The resulting mesh will
begin anin = 1. asius = | - 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.TH1.EPS.DALPI!

Forinat: §F10.0
20. Conductivity para.aeters. If KANL # 0 (see noic above). one card is sufficient. Otherwise the
rumber of cards is determined by NKPAR.

List: (AKPAR(D.I=1.NKPAR)

Format: 8F10.0
21. Diffusivity parameters. If KANL # 0 (sce note above). one card is sufficicnt. Otherwise the
number of cards is determined by NCDPAR.

List: {CDPAR(1).I=1.NCDPAR)
Format: 8F10.0

22. End-point Darcy velocities. Tie number of cards depends on the value of NTTAB.

List: (VIN(1).I=1.NTTAB)
Format: 8F10.0
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23. Simaulation 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(1).1=1.NT)
Format: 8F16.0

Optimization input. The following sct of data should be included only if an optimization. or
parameter search. is indicated by card 1. Specifically. oaly if KPGM > 3. should card sequences
24 - 35 appear.

24. Scarch integer control variables. Onc 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
(below) are interrelated in the following manner: If the control intcger KWT = 0. then the
experimental error in a2 given measurement YX is taken to be 'YX and the weght. WX = | YX
[see Eq. (5.1)]. is interally gencrated. If KWT = 1. then CWT is the relative error. the experimental
crror is CWT*YX. and agan the statistical weight, WX = | (CWT*YX)**2, is inicmally gencrated.
If 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 st to sero for all
XX < WXTL and forall XX > XWTU.

Note on parameier consiraints. 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 cach paramcter 1P.

Note on search cycles. In order 10 guard against unrealistic paramcter values. it is sometimes
desirable to secarch on the parameters seque. . tially. This may be done by setting NSCY cyual to the
desired number of warch cycles and identifying the paramcter 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 .:a:rds depends on the number of parameters NP,

List: (IPA(ISCY.IP).IP=I.NP), ISCY=I NSCY
Format: 1615



28. Upper bounds. 1i KBND # 0. then the following card sequence must be present. The number
of cards depends on the number of pararacters \P.

List (PHUP)LIP=INDY)

Format: ¥F10.0
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)LIP=I.NP)

Format: $F10.0
30. Expenmental time measurements. The number of cards depends on variabk NTX.

List: (TX(TMLITM=I.NTX)

Format: §+10.0
31. Number of water-content, concentration profiles. 'hc nuinber of cards depends on variable
NTX.

List: (NYX(ITMLITM=1.NTX)
Note on input of experimental profile measurements. The following three card scquences are nested
within a loop over the time index ITM=I(1)NTX.
32. Position variables for time ITM. The number of cards depends on the value of the index
NX = NYX(ITM).

List: (XX(IXUITMLIX=I.NX)

Format: 8F10.0
33. Concentration/ water-content variables for time ITM. 1he number of cards depends on the

value of the index NX = NYX(ITM).

st (YXOX ITMLIX=1.NX)
Format: 8F10.0

"

34. Experimental errors for time ITM. This sequence of cards should appear only if KWT =2
The number o 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. Mocification of statistical weights for time ITM. This s:quence of cards should appear only if
KWT = 3. One cacd per value of ITM.

List: XWTLUIITM) XWTIW(ITM)
Format: 8F10.0



