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FOREWORD 

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

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

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

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

ABSTRACT 

Soil chromatography has been used 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 field conditions. Under such conditions the number of potential exchange sites 
is limited both by the structure of the soil matrix and by the manner in which the carrier fluid moves 
through this structure. The major limitation of the chromatographic method, however, has been its 
qualitative nature. This document represents an effort to counter this objection. A theoretical basis 
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 to 
experimental data by automatically adjusting the transport parameters, one of which is the 
distribution coefficient k4. This analysis procedure thus constitutes an integral part of the soil 
chromatographic method, by means of which mobilities of nuclides and other dissolved constituents 
in soils may be quantified. 

^ 
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I. INTRODUCTION 

In order to simulate the movement of a radionuclide through geologic formations, it is 
necessary to describe the adsorption of the radionuclide. A parameter which is frequently used for 
this purpose is the distribution coefficient kj. Thb quantity is defined simply as the ratio of the 
solid-phase concentration to the liquid-phase concentration, and in the dioilc-sonition limit it 
assumes a constanl value. Conventionally, values of kj arc obiained under equilibrium conditions 
using 'he suspension method. Determined in this manner, kj values represent the maximum 
adsorption of a nuclide and may be greater than similar values obtained under "field conditions'* 
[Prokhorov. 1962] by more than an order of magnitude. The large difference is. of course, 
attributable to insufficient exchange between solid and liquid phases in the moist soil relative to thai 
which takes place in liquid suspension. 

One method that appears to simulate environmental conditions heller than suspension k., 
measurements is soil chromatography [ Helling and Turner. I9M. and Rhodes. Bcbsco. and Pease. 
1970). This method has been proposed by the AIBS-EPA environmental chemistry task group as the 
most suitable technique for evaluating the relative mobilities of pesticides in soils. It consists 
basically in the preparation of a thin layer of soil, the transport of the dissolved constituent through 
Ihe soil by the carrier fluid, and the observation of migration profiles. Wc have modified this met nod 
experimentally for the study of radionuciidc movement patterns and have developed a computer 
model capable of extracting values of k,, from these patterns. 

Chapter II presents a brief overview of the experimental techniques. The purpose (here, 
however, is not to present an exhaustive description of such techniques but to introduce the 
remaining part of the document, which contains the principal thrust of this report. These chapters 
and appendices form a complete description of our computer model. Moisture- and mass-transport 
arc the subjects of Chapters III and IV. respectively. The optimization procedure used to adjust the 
transport parameters so as to theoretically "fit" the experimental data is briefly discussed in Chapter 
V. The next chapter. Chapter VI. describes the organization of the computer program, and Chapter 
VII demonstrates its application. A test case, a listing of the computer program, and a complete 
description of the input may he found in the appendices. 
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II. EXPERIMENTAL SOIL CHROMATOGRAPHY 

Soil thin-layer chromatography (TLQ 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 comparison 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 ehning procedure. Operating in this manner, the water flux is determined by 
the so*! property Unlike sotl-coiumn studies, excessive plugging and hydraulic short circuiting do 
nor occur and are thus eliminated as potential sources of error Because of these characteristics, the 
technique is also appropriate for evaluating the movement of radionuclides in soils and porous 
media. 

CHROMATOGRAPHIC SOIL COLUMNS 

Instead of the conventional TLC plates, we use column-layered chromatcgi*phic (CLC) plates. 
These plaus arc 20 by 20 cm with nine channels or cohim is measuring 10 mm in width anc 2 mm in 
depth. Soils are slurried with water until moderately fluid and then applied to the plates (Photo. I) 
by us'ng a spreader. Strips of blotter paper, approximarery 0.7 mm wide and S cm long, are used as 
wicks for transporting the eluting solution to the soil layered in the channels. The wicks ar* held in 
place by clamping a 20 by 20 cm conventional TLC plate on ton of the CLC plate (Photo. 2). By 
using these wicks, the soils in the CLC plates may be eluted again after drying. If wicks are not used, 
soil will usually slough off during immersion in the eluting. or feed, solution since the CLC plates 
are positioned at 68 degrees relative to the surface of the eluting solution 

GENERATION OF DISTRIBUTION PATTERNS 

The radionuclide to be considered may be introduced into the soil column either through the 
feed solution or by spotting the radionuclide directly onto the soil. In the 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 >r. the feed solution. We hfc»e used H :0,0.01 N NaHCOi. and solutions of 
Ca(COt): having varying ionic strengths. Such an eluting solution is allowed to disperse the 
radionuclide for a measured period of tine. The cniiic CLC plate is then removed from the eluting 
solution, and radionuclide patterns are determined. 

MEASUREMENT OF DISTRIBUTION PATTERNS 

In some of our earlier work autoradiography and a dissection method were used to determine 
distribution patterns. Medical X-ray film was used for the autoradiography. The film was enclosed 
in thin sheets of plastic to prevent its contamination. I was then clamped securely between the TLC 
plate and the CLC plate and exposed for periods ranging from 48 to 72 hours. Measuring the 
movement of radionuclides in this manner sufficed only in that it gave the general characteristics of 
the mobility of one radionuclide relative to another. For instance. Photo. 3 shows that "*Ru. "'I. 
*"Co. and *h"c were quite mohile compared to "'Sr, :"'Cd, *Nb. and "'Cs. There appeared to be a 
mobile and non-mobile specie 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 disserting each column it.to I.S cm increments of soil. The 
radioactivity of each increment was then cot.nted 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 radit/vhromatographic scanner (berthold Model LB 2760) equipped with a gas-flow 
detector is being used for measuring the movement of the various radionuclides (see Photo. 4). 
Because of the large selections of scanning speeds available (6000. 3000. 1500, 1200. 600, 300. 120, 
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PHOTO 5629-76 

Photo. I. The column-layered chromatographic (CLC) plate after loading w ;th soil 
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Photo. 2. A picture of the soil columns, the TLC place clamped to the CLC plate, and the 
wicks submerged in an cutting solutiun 
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A 
Phoio. 3. Radionuclide mobilities as determined by medical x-ray fi'm . 



PHOTO 5631-76 

Photo. 4. The radiochromatography scanner (top center) together with its associated recording apparatus: a multichannel 
analyzer (left) with its paper-tape punch attended hy a technician and a strip-chart recorder (right). 
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60. 30 and IS nun hr) and the time selections available for integrating the counts per channel in the 
multichannel analyzer (I2.S. 25. SO. 100. 200. 400 and 4100 sec), the resolution and sensitivity is 
much greater linn any comparable type of recording apparatus. The nmkkhannci analyzer, with its 
paper-tape puich. produces output suitable for computer analysis. For quick visual inspection, 
however, the scanner may be coupled to a itrip-chart recorder. The charts exhibited as Figs. I and 2 
arc examnfes. They show a much more rapid movement of "Sr in Funny sand than in Captina silt 
loam for the same ciuting solution. 

MOVEMENT OF THE ELUTING SOLUTION 

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

THEORY 
I . Transport equations. Fortunately the water-movement is sufficiently restricted that it nay be 
treated analytically. The boundary-initial conditions may be prescribed simply as 

0<x = 0 . 0 = 0 , and • U X U S O ) = 0 # ( I ) 

where 0 is the moisture content. Abo. the transport equation 

M 3 / 3 0 \ 4K 

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

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

0 < x < ~ . (3) 

Invoking such a condition wil l restrict applications to situations in which the wetting front is 
sufficiently well removed from the top end of the chromatographic colunr .. However, this is a very 
mild restriction and is indeed a small price to pay for the computational ctlicicncy of an analytic or. 
more precisely, a partially analytic solution. Equation (2) is notoriously difficult to solve for 
unsaturated moisture conditions due to the highly nonlinear nature of the conductivity K(0) and the 
Jiffusiviiy Q(0). and. in general, one must resort to a strictly numerical and 
computer-time-consuming treatment such as that of Reeves and Duguid [ 1975). 

Using the theory of implicit functions (Margcnau and Murphy. 1956]. as i» frequently done in 
thermodynamic analyses, the water-content variable 0 may be employed as the independent variable 
in Eq. (2). i.e. 

at d0 

Here the Itercy velocity 

dx/M 
-Ksmc (5) 

has been sc;*arately identified since it is (he coupling variable between moisture transport and mass 
transport. 
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In lenro of ihc reduced variable* 

• - i — T and « * * . (61 

Etp. (4) and (5) become 

»t*aS" 17) 

and 

Q 
W » - — - — - • « ! « IS) 

to/in 

The reduced velocity W is rebled lo ihc Itarcy velociiy by the cq-ntion 

V - ( # , - * . ) W - lysine (9) 

where KL = K(A-). Expressed in terms of variable n. ihe boundary and initial conditions become 

x ( « » l , t ) * 0 and x ( * s 0 l l * 0 ) > 0 • (10) 

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

2. General application of the Parlance method. To apply the perturbation method. Parlance | I97 lb | 
first integrates Fq. (7) as follows 

where W,(t) = W ( n = 1.1). He then reasons that since 

112) - I 
[see Ec,. (I0a)| the timc-dcrivaiivc term will be small compared to other terms in Fq. ( I I) provided <* 
is sufficiently close to unity. Thus this quantity may he represented by a lower ordered 
approximation. Fxprcssing the reduced velocity in expanded form of Fq. (11). Fq. (X) yields, for the 
n-th approximation lo dx dn. the quantity 

dx<"> O 

u tin * • r W , - J . *~rr 



|H 

as a first integral, which defines the vdcviiy [Eq. (X)): 

X I i - ( a 

dj) — 

dx<" '> 
(14) 

The second integral 

r» 0*7 

*• Ksinc + W , - I « — 
(15) 

is easily obtained by applying the boundary condition. Eq. (10a). Evaluation ol the :;mc derivative in 
these two equations is considered in Sections 3 and 5. below. 

3. First-order solution. Although Eqs. (14) and (15) arc appropriate lor general n-ih order 
approximations. Parbnge [1971a. 1971b. 1972] found thai second order was quite adequate for 
practical applications. To start the iterative scheme, it is assumed that l:q. (12) is also valid lor 
a * I. i.e. 

dx<°> 
dt = 0 il6) 

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

W<I> = W, (17) 

and 

' " • / ' * K sin € + W, 
( IX) 

Equation (17) simply says that for each water-content value a > 0. (he velocity ol advance of the 
wetting I'ont is independent of o and i.> a function of time only [W" = W'"(i)]. 

4. Temporal behavior of the end-point Darcy velocity. At this point a problem associated with W, is 
identified in Parlangc's [1971b] analysis. This quantity, the velocity at o = I or x = 0. is at this 
point an unknown function of time W t(t). However, a relation may be found for this quantity by 
extending the range of integration in Eq. (II) to n = 0: 

f da~-=W,-W 0 (19) 

where, from Eq. (X). 

W„* dx/da K sin e (20) 
o=0 
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Now. by definition [Eq. (6b)]. K(0) = 0 since a = 0 implies 6 = 0,. [Eq. (6a)]. In addition, it may be 
inferred from the initial condition [Eq. (10b)] that dx da becomes indeterminantly large as a 
approaches zero. Hence Eq. (20) gives W„ = 0. and Eq. (19) becomes 

•' dx 

,-_ P J*! 
• 'w l ^o) w l (" J i n < + w l ) , 

I / /usinc * W , \ « sin t \ 

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

*hich. when combined with Eq. (24). gives 

(21) W. * I J * — 

* J, * 
From the first-order result. Eq. (IX). one obtains 

dx"> dW, f ' 0 = - — - I ay - (22) 
di *« J . (Ksine + W,)* 

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

where 

l= I *» I d7Q(7)l(T) (23) 

Thf'*1 

(24) 

t= I d770(7)«(7) (25) 

Jf ^ TQ / , / m i n t + W, \ Ksine \ . _ 

0 K * s i n 2 c \ \ W, / KJ in f tW, / ' 

If sin < = 0. the indeterminate form may he evaluated to yield 

-7 Q(7),$in« = 0 . (26b) 
' i " o 
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Equations (26) may be inverted numerically to obtain the desired relation W,(t). Actually, this 
function should be denoted by W,"(t) since it is based on the first-order quantity x"'. However, we 
follow Pariangr in not updating this function with an approximation of higher order. Thus there is 
no reed to make such a notational distinction. As a consequence, the familiar t1 ~ dependence is 
observed for both first and second order in the horizontal-flow case. i.e. x"' ~ l'"' and x'~' — t ' \ 

5. Second-order solution. In proceeding to second order one should note that the limc derivative of 
x'" in Eqs. (14) and (IS) will introduce the troublesome quantity dW, dt. just as it did in Eq. (22). 
This quantity, howevtr. may be eliminated algebraically. Using Eq. (21) twice the following relation 
is obtained: 

w- J. * ir s J. *-̂ r 

- W , J 0 *flJ. *-*r 

(27) 

Differentiating Eq. (18) with respect to time yields 

where 

t ' dx'" 
W, - I dP = W,J(a)/J(l) (28) 

J* dt 

J* f * I d> Q

m v 2 - (29) 
J0 Ja (xsme+W,) 1 

Parlange [1971b] used Eq. (29) directly, combining it with Eqs. (28) and then with Eq. (IS) 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) becomes the sum 
of two single integrals: 

, ( a ) i / 0

 dV«n?+W,)'+ttI % 7 d W ' (30) 

The second integral, of course, vanishes when o = I. 

Combining Eq. (28) with Eqs. (14) and (IS) yields the second-order approximations 

W<2>*W, J(a)/J(l) (31) 

and 

, / . «sin « • * / , J(a)IHt) 
(32) 
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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.e. W : > = W :'(a.t). The unreduced Darcy velocity 

* " ' * < • , • # > W u , K # * u i « (33) 

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

RESULTS FOR YOLO CLAY 
Pariange's applications to one-dimensional moisture flow are of interest here. They pertain to 

capilbry- rise (Parbngc and Ayior. 1972). infiltration (Parbnge. 1971b]. and horizonaul flow 
[Parlangc. 1971a]. Our purpose here b threefold: (I) to demonstrate the solution procedure. (2) to 
compare results of our computer program with those presented in the above-mentioned papers, aid 
(3) to supplement the moisture profiles with their corresponding Darcy-velocity profiles. 

1. Soil properties. In each case the soil used is Yolo cby. Values of the conductivity and diffusrvity 
for this material are given in Phillip [I9S7] in tabubr form Here they are presented in graphical 
form as Fig. S. The only other soil properties which are required are the residual moisture content 
0.. - 0.2376 cm' cm' and the end-point moisture content 0i = 0.4950 cm' cm*, respectively. 

2. Capillary rise. The case of capilbry rise (e = 90°) is used to demonstrate the solution procedure, 
(feneration of the time curve (Fig. 6) is the initial step. In general this must be done in order to 
invert the transcendental equation. Eq. (26a). between the time t and the end-point reduced Darcy 
velocity W,. [Such a procedure b not required, however, for the special case of horizontal flow, 
where the appropriate relation. Eq. (26h). may he inverted analytically.] To produce the time curve, 
variorr. values are chosen for W,. [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 ebpsed time I arc then obtained via numerical integration of Eq. 
(26). 

Determination of positions x(o.t) and velocities W(o.t) [or equivalent^ V(o.t)] » the second 
and final step in the solution procedure. For a specified time i the corresponding end-point velocity 
W,(t) 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.t) and V" '(o.t). which is related to W '(n.i) by Eq. (9). at four different values of 'he 
ebpsed tin* for the case of capilbry rise: the agreement with Parlangc and Ayior [1972] is quite 
satisfactory. 

3. Infiltration and horizontal flow. Comparisons with Parbnge's work for « # 90°. however, 
although acceptable, arc not of the same quality. This may he seen in Fig. X for the case of 
infiltration (i = 90°) and in Fig. 9 for the case of horizontal flow (« = 0°). One possible source of 
this discrepancy is the diffusion in the region near a - I. Since there arc no experimental data 
there, extrapolation must be employed. Logarithmic cxirapobtion yields the value 
Oi = Q(o - I) - 1X5 X 10"' cm"' sec. resulting in a position profile lying above Parbnge's 
[1971a] results, as indicated in Fig. 9. If Q, i> arbitrarily reduced by a factor of 10. then the position 
profile falls beneath Parbnge's calculation for a > 0.5. Thus different extrapobtions would appear 
to account for the discrepancy between our results and that of Parbnge for a > C.j. 

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"Vo.t) agree rather well with those of Parlangc. Such a 
circumstance would appear to indicate that our logarithmic interpobtion for Q(o) and K(o) (see 
Eqs. (6) and (18)] and our adaptive Gauss quadrature (see Eq. (IX) only] are consistent with the 
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Fig. 3. Soil properties of Yolo cby. 
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Fig. 7. Water content and Darcy velocity as functions of time for capillary rise in Yolo cby. 
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numerical techniques used by Parnngc. Since F.q. (32) for \ ' differs from Eq. (IX) for \ only in 
the appearance of Ma) MI). the discrepancy would appear to he in Ihb •|uzntNy. However, increases 
in the order of the Gauss quadrature procedure used to evaluate J(a) at nodal points a [Eq (30)) 
and in the order of the l-agrangan intcrpotaiion used to evaluate ihb quantity between nodal poin's 
.«ve failed to produce significant changes in our results for x"'. 

To pace thb dbcrepancy in perspective, one must consider the iuncttor- of the water-transport 
formalism in the analysb of chromatographic results. Basically this b to provide a physics-based 
interpoblion technique lo realbtically construct the mobiure-conient and Darcy-vclocity profiles ai 
arbitrary times using a minimal number of physical observations. I uc icchiuqucs of thb chapter, we 
fed. are quite satisfactory for Ihb purpose. By using the automatic-search methods described in a 
bier chapter, measured moisture-content profiles may be synthesized lo approximately six 
parameters. These parameters may then be used to obtain both mobturc contents and Ilaicy 
velocities at the limes and positions required by the mass-transport description. The 
water-transport parameters themselves are the subject of the following section. 

PARAMETERIZATION OF SOIL PROPERTIES 
For some specialised applications of the chromatographic technique, soil moisture-flow 

properties will he obtainable from the literature just as they wer.- to.* the Yolo clay. However, the 
authors suspect thai in the most common ^tuation such proper?ics will need to be measured jointly 
with the mass-transport characteristics. 11 im section a methot' for determining the moisture-flow 
properties b suggested. 

I. Hydraulic conductivity. In contrast to the mass-transport case where the transport characteristics 
arc expressed as simple constants such as the distribution coefficient and the longitudinal 
dispersivity. functional relationships with the independent variable are involved here (sec. for 
example. Fig. 5). A frequently used formula for ihe hydraulic conductivity b that presented by 
(iardncr[l95X): 

BICrTi <34> 
Ih /h , ) - • I 

where h < 0 is the pressure head. Parameters K . h... and d characterize the soil type. From simple 
mathematical manipulations the '•ignificancc of these parameters may he determined. Values of 
conducliv iiy approach that of Ihc saturated conductiv ity K as h — 0. Also, it may he seen that at 
the critical pressure K(h.) = K. 2. In addition, the slope of the conductivity curve at h = h. is 
directly proportional to the porc-si/e distribution parameter d. Figure 10 presents curves which, 
according to Bouwcr (1964], are typical of sand. loam, and clay soils. 

2. Moisture characteristic. King |l9f>5] has shown that a wide range of water content-pressure data 
(Ihc moisture characteristic) may he fitted with an equation of the form: 

' \c.Hh(h'hi) - •Acoshx / 

where fi is defined in terms of the residual water content 0 and the saturated water content 
(porosity) 0,: 
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Fig. 10. Representative hydraulic conductivities for sand, cby, and loam soib. 
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GiHnam. cf al. 11976) found ihai parsmetcr \ could be bken as zero wilhoul seriously effecting fcs 
lo their data. i.e. 

\ciHfc<h/h,r* • • / 

Th» equation may be diikrentialed 

* J24U,l*>Hhfcf -' mkjhfl*? 
dh <cash<h/h;j' • * ) * 

and inverted 

hf#)-h.(In(*/*') • ( ( * » V - |J '*} "* (39) 

Quantity 6' is defined analogously to tha' <A 6 |F.q. (36)]: 

140) 

Parameters &,. h'... and d' have meanings similar to that of their c.Mintcrparts K,. h... and d in the 
conductivily parameterization. The water content approaches its saturated value whenever h — 0 
since d' < 0. In addition, it may be seen that at the critical pressure 0(IC) * d 5 provided 
9, « 0i 5. At this same pressure the slope is directly pmponioril lo the porc-si/c distribution 
parameter d! i.e. d0 dMh') - |d'|. Figure II presents three moisture-characteristic curves which 
might be appropriate for sand. loam, or clay soils. In truth, the curves of Fig. '. I were generated as 
rather crude His to the moisture characteristics shown by Hilkrl and van Bavcl [ 1976). The intent is 
merely to show the adaptability of F.q. (37) in different soil textures. 

3. Moisture storage and diflusivity. The gcncrali/cd moisiurc-sloragc (unction [Reeves and Duguid. 
I975J becomes 

on 

Strictly speaking, ft is the modified coefficient of compressibility of waicr. Here, however, this 
parameter will also be used empirically to characterize (he compressibility of the soil medium. The 
effer' of including (his quantity in the formulation is to give a nonzero value to the storage function 
at saturation, i.e. F(0) = 0,0'. Thus the J:ffusivity 
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Fig. 11. Representative moisture characteristics for sand. cby. and loam soils. 
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remain* (mute at h = 0 in accord with the anahsri oC Phillip | I9b*| . As was noted prcvionsH in 
connection with H j . * . the moistnrc profiles for *alcr content vahttJ. approaching saturation are 
somewhat sensitive to the difrasivity in this water content regime. Hence, smth profiles will alio be 
sensitive to the value chosen for /T. 

A final demonstration of the efficiency of the paramclcrualions in this section is presented in 
Hg. 5. A parameter starch, to be depraved in a birr chapter, was performed in order to fit 
Parlance's apdbrv-rnc rcsnlts at i = KT sec with a montnrc profile obtained from the 
Gardner-King soil-property formula* dnanoed above. CondwcthilKs and ddfnsnitks. which are 
p t n n E«|s.(.U)and |42l w in swnportMf Fqs. f 37). (3B). and (4l)asc*pfccn fnnctionsof prcssnre 
head h are converted lo fanctions of tdveed water content • « • Eos. (•). (39). and 140). The 
;<*mkm? soil properties are presented in Fkr. 5. where they may be tiimpaivd with e.\pcrwmnu8 
dau. 
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IV. MASS TRANSPORT 

THEORY 
In contrast to the water transport, where an approximate analytic solution was ppropriatc. a 

fully numerical approach is used here. Such an approach is necessary since the advcc'.vc flux. Darcy 
velocity V(x.t). is not. in general, separable in the space-time variables x and t. Also, the variety of 
initial conditions which arc contemplated preclude a penurbative treatment like that used for the 
water transport. Thus a one-dimensional Galerkin-finite-elemcnt 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 

(Symbols which arc not denned in the discussion to follow may be found in the notation. Chapter 
IX.) Variable ch. the physically measurable quantity, is the bulk concentration and includes both a 
liquid-phase component c and a solid-phase component s': 

c» = *c+ps' (2) 

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

s ' = - k d c (3) 
n 

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

Ra*c (4) 

c 

« * - * a 

where 

R d - I + — (5) 
n 

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



BLANK PAGE 

L 



34 

Adsorption is included above in 'he first and fourth terms (from the left) of Eq. (6). and the 
mechanism of dispersion is depicted mathematically by the second term of Eq. (6). Here the 
equation of Scheidcggar (Bear. 1972] 

•D=aL|VI (7) 

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

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

3T(c) = 0 (X) 

Consider a trial function of the form 

c ' ^ N i f x K (9) 
i i 

where the N arc basis functions spanning the region of interest 0 $ \ $ I., and the m quantities c 
arc expansion coefficients. In general. Eq. (X) will not be satisfied by c' and there will be a residual, 
i.e. 

The Galcrkin method, however, requires that the weighted averages of this quantity vanish: 

/ 

L 
dxNi(x)2cV) = 0 HI) 

o 

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

f dxN((x)«W 5 ) N ' ( X ) C ' ) * ° (' 2 ) 

is a matrix equation, which may he solved for the c. These coefficients may then be used in Eq. (9) 
to yield the approximate solution c' at any position x. 
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3. Discretization by the flnite-element method. In the classical Gakrkin method each ol the 
functions N, extends over the entire domain of integration. Since there is considerable overlapping ol 
the N,. each integral. Eq. (12). must be carried over its complete extent 0 ^ x v= I., and a full 
matrix is necessary to depict the coupling of the expansion constants c. Such a situation may he 
alleviated by the use of finite elements. In three-dimensional space these figures would be polyhcdra. 
and in two dimensions they would be polygons. However, for the one-dimensional space considered 
here they simply constitute segments of a straight line. Each element is spanned by basis functions 
which are nonzero only in the interior and on the boundaries of the clement. Thus each integral ol 
the form of Eq. (12) need be carried only ov*r the region of an individual element, and a sparce 
matrix results. 

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

tc{x.i)= Mx))r [A" (13) 

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

/ . 

L 
dx {Nm{N} T {rc})dx = 0 (14) 

o 

4. Numerical implementation of the flnite-element Galerkin method. To develop working equations 
from Eq. (14) requires basically the same steps as in document ORNI.-492K [IXiguwl and Reeves. 
1976]. The result is 

| rA) <c}*| fB) {c}*{ r R'}»0 (15) 

where 

[»A|»,J / <b{N}(R d*){N} T (I*) 

(17) 

£ <N} V {N}T • (N) R, ( ^ • w ) {N}T) 
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Quantities [,A] and [,B] are 2x2 matrices whereas {,R'| b a 2x1 column vector. The first term on the 
leli-tiand side of Eq. {6) contributes both to [,A] through the,term RjO and to [,B] through the term 
KAd0 dt). The second and third terms on the left-hand side of Eq. (6) contribute, after an 
integration by parts, both lo (,B) through the term 0D and to (,R'|- Quantity X in the latter is the 
mass flux 

X « - # D ^ + c V . (19) 
ox 

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

For convenience of implementation a new local variable of integration s has been chosen in Eqs. 
116) -<•»>: 

, = - 1 + 2 - ^ 1 - . (20) 
x 2 - x , 

Thus the Jacobian b a simple constant: 

rJ = ^ s U i - x . ) ' 2 (21) 

and the vector of basis functions may be written: 

{N} = V4{l*SjS}.$j = s(Xj) . (22) 

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

IrA) (rC) , • „ * , • l rB] {C} , * W A , • OR'} » 0 (23) 

where 0 < w < I. In the Crank-Nicholson centered-in-time approach a* = 1 2 , and in the 
backward-difference approximation a> = I. The Crank-Nicholson algorithm has a truncation error 
of ( X ^ f ) . but its propagation-or-crror characteristics frequently lead to oscillatory instabilities. The 
backward-difference scheme, on the other hand, has a truncation error ofOf.lt) but is quite resistant 
to oscillatory instabilities. An arbitrary <o allows an investigation to find the appropriate balance for 
the problem being considered. 

http://ofOf.lt
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The time derivative of the concentration is expressed as 

W i . w A i * « W , . * i (fC},tf At 124) 

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

M i . « A t * « t * W t * 0 - « > M i - 125) 

Substitution ol Fqs. (24) and (25) into F.q. (15) yields the following rcblionships: 

IrC| W , . A , « !,R} !,R'> (2ft) 

where 

| r C| = U | / A l * « | r B | '27, 

and 

W M U 1 / * I I w)|,B|Mx}, (2X) 

It should be understood that matrices [ 
at time I + coAt. These matrices must 
(25). 

A]. ( B|. and lR"J. and. hence. (CTand JRJ. arc evaluated 
therefore he obtained by Ihc interpolation procedure of Fq. 

6. Assembly of dements. Up to this point the (ialerkin-finitc-clcmcni formulation has been 
presented only for a typical clement r among ihc collection of finite elements which comprise the 
region of interest. The result of this analysis is F.q. (26). which is expressed in terms of the 2x2 
matrix [,C] and Ihc two 2x1 vectors JR| and { Rj It is now necessary lo sum over all m finite 
elements in order to obtain the corresponding equation for the complete system, namely 

|C| {«},•,», *,'R> - m ' f » (Yy (29) 

where 

Kl-JJlrCl 
c 

f R * * 2 i f , R t 

r 
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If there ate p nodal point* in the system, then matrix |C"| is p x p and column vectors |RJ. {R(-
and ( c | arc p x I. Thus the specialized summation, or membh. procedure mdKatcd m Fq. (30) 
converts matrices and vector> ol order two into simitar quantities ol order p. lo ilhi>irate how this 
works, it b convenieni to consider the simple iwo-dcmrnt system shown m F«\ 13. Fach dement 
contains two nodes, which arc numbered locally as indicated- By means of the basis function* of Fig. 
12. each ikmtnt contribute* both to the diagonal I I.I I and (22) malm elements and to the 
off-diafonal (1.2) and (2.1) matrix dements of all two-dimensional matrices and to the II) and |2 | 
matrix elements of all column \ectors. As shown HI I-if. 13. nc^hboring dements I and 2 contain 
node 2 (in global notation) in common, and this same node is given different local Hicntificalion 
numbers within these elements. Such a circumstance is accounted for in the asscmhk procc». which 
vields 

K"l« 

0 

itl'ii* : < " I I » 

Z < 2 . 

0 

2 < 2 : 

(3D 

and 

' . « . ^ 

R =< <Mt 

with similar expressions %r jej and JR'J. Matrix |t ' | i> tndnronal due lo ihc sequential (global) 
numbering of ihc nodes. Fquations |3I) and (32) demonstrate both the index-shilling and 
summation properties of the assembly process. 

7. Application of boundary condition*. Two types of boundary conditions arc considered here, 
namely Neumann constant-flux and i)irichlct constant-concent ration specifications. I he lormcr 
condition is imposed through column vector |R' | [sec F.qs. (IX) and (30)|. It a flux X is imposed al 
node i. then R' = X is prescribed, fine appropriate basis I unci ion N o( I q. (I3i has a \aluc ol 
unity al node i.) Conversely il there is no cxicmaik applied flux al node i. ihcn il lollow\ thai 
R' -'-- 0. 

At nodes where Dirichlcl constant-concentration hoiindarv condilN>n> arc applied, an idcniu\ 
equation is generated (or each such node and included in ihc matrices ol I q. (29). As an cxamp'»->. 
lake ihc two-clement system ol fig. 13 with the concentration at node I constrained lo the \alue ol h 
al all limes, i.e. 

c, - h and b*hfi| . (33) 

F.qualion (29) then lakes the form 

I 0 

0 

0 

0 'O 

V C V 

1? ) 

file:///ectors
file:///aluc
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in which the indngonal structure o* matrix | C | (E«|. (31)) has been taken into account, This result 
may easily he generalized to an arbitrary number of equations with one or two Dirirhlct boundary 
nodes. 

I . Solution of the assembled equations. In solving the assembled equations expressed m Eq. |29). the 
matrix [C"| is decomposed into the product of upper and lower triangular matrices using the Gauss 
technique. The lower triangular matrix is used to modify the nghl-hand side of | Y | for 
hack-substitution into the upper triangular matrix to obtain a solution. If the matrix [ ( ' ] and the 
lime step Si do not change with time, the decomposition needs to he performed only once. 

SAMPLE CALCULATIONS 

In this section the results of three sample calculations arc presented. Each of these hypothetical 
cases arc based on a chromatographic column of length I = 40 cm with boundary-initial 
conditions 

c ( x ~ 0 . t ) = l 

c ( x « L . l ) * 0 , 3 5 ) 

c f O < x < U = 0 ) = 0 

Whenever a temporally and spatially variable Itercy velocity V(x.i) is used, it is taken to he that for 
horizontal How in Yolo clay as described in the previous chapter. 

I. Numerical results. Ihc objective here is threefold. Firstly, we would like to typify the lime 
development of a concentration profile for the variable advective \clociiy. This is done in Fig. 14. 
("sing the curve clx.t = I day) as 'experimental data." a parameter search fsec next chapter) is 
made in order to dclinc an equivalent c o n " - " I Itarcy velocity subject to Ihc proviso 0 - n. 
Concentrations for this velocity arc also shown in Fig. 14 for comparison. 

Secondly, wc would like to demonstrate the effects ol both the distribution coefficient k.: and 
ihc dispersiviiy ai and to distinguish one Irom the other. Figure 15 shows concentration profiles 
cfx.O at l - I day corresponding to several different values of the dispcrsivity a i . Figure 16 exhibits 
similar curves for several different values of the distribution coefficient k.s. Obviously ihc elfects on 
fluid concent rat .on c of changing values of ai arc quite similar lo those attributable to changing 
values of k... If only fluid concentrations were measured in a chromatograph. there would he little 
hope lor distinguishing ihc two. Fortunately, however. Ihc chromatographic method measures the 
hulk concentration 

c fc = Rjflc (4) 

where 

R d « l + * * . «5) 
n 

Ihc water-content factor 0(x.l) serves lo modify the shape of the fluid concentration profile, as 
shown by ihc plots of a R,tn in f i g . 16. Nevertheless, il provides no distinction between ;ii and k.(. 
I he normalization R,, docs provide such a distinction since i l depends only on k.: | i q (5)|. As 
indicated by Ihc quoted values of R,<n in Fig. 16. this normalization can be quite large, compared lo 
the maximum fluid concentration ol unity, and quite variable, changing by over three orders of 
magnitude as k,< changes from zero lo 1000 cm gm. 

file:///clociiy


ORNL-DWG 76-20500 

X T I X 
TIME- AND SPACE-DEPENDENT DARCY VELOCITY 
EQUIVALENT CONSTANT DARCY VELOCITY 

V m 1-79*10 cm/a 
ANALYTIC CALCULAnON 

a. - 2000 cm 
10 cm*/g 

x , POSITION (cm) 

Fiy. 14. Development of concentration profile* as a lunvlion o( lime lor a variable advcclitc velocity. 



a, REDUCED WATER CONTENT 
C, FLUID CONCENTRATION 

9 9 P P ~ 
K) t> <T> CO O 

y> 

o -

o z 
o 
3 

o 

O 

/ /'I 
/ /'• / /'I X /M! 

X /' ll 
JL iM M -/ / /] 

/ <' ' 1 1 / ''I' °* X ° ' J 1 o A V/1 »< 
•/••- o - r v / " i . . - . , 

/ *~m ' A / I 
/ ro / s /±_ f 

/ 3 / - / / 
' V / ^ o n 

/ / X * / 1 j 
L . / / / A -• r- / • i i -• 

/ / / "• 8 / ' ! 

/JX 8 ^ / ? § 3 / / 

/ ^ ^ " ^ / * 
1 ^^ / •" • S"^ 1 " 1 / / M / y s / . ^*/. . ° r ~~~~^ r» 

• 3 

a 

o 

o O 
a> IS) 

- 5 . l̂ . DARCY VELOCITY (K)~9cn/sec) 

» 



ORNL-DWG 76-12079 

V / S / , ' R E 0 U C E D B U L K CONCENTRATION 
C, FLUID CONCENTRATION 
* L " 2000 cm 

* d-Ocm^g 

10 15 20 
jr, POSITION (cm) 

25 30 

Fig. 16. Effect of ihe distribution coefficient on profile development. 



45 

2. Analytical coaajaraaa. I he third ^mi final afctrcmc ot iho *cci ww •> m m i the aumcMcal ro«h% 
of Kif- (4 for ihe constant-vctncily case asamst analytical resnfcv l a ilctch hricth the amlyiK 
sobjuon process we cast E«|. f»| JMO ihc lorm 

•« 
IBC1C 

V * H V ' 9 R « «,7»» 

**V/#R* i.*?h| 

where ujaantilY • like V is assamed in be a constant. For convenience ihc asMuaptmn A ' 0 : 
The transformation 

removes Ihe first -derivative term in Fq. f 3*1 lo yield Ihc form 

MS*.) • 
The solMion of this equaimn. subject in ibc boundary-tnanl conditions of Ko,. 135). may he 
expressed I Berg and McGregor. IW6J as an expansion over ihe cipcniunctmts of tiq. tJti. rhc 
result is 

. . . /smhvfL i ) 2 ^ U L . i , \ 

where 

M - i 

— (4la> 

a 
<4lh) •\T) *" 

Results obtained from Eq. (40) arc plotted alongside ihc correspondmf numerical results in He. 14. 
The variation, about ¥'r on the average, is acceptable for the space mesh used here for which 
ox * 0.5 cm. 
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V. OPTIMIZATION 

INTRODUCTION 
In contrast to the water-transport and imss-tiansport developments of previous sections, no 

improvements or modifications have been added in this chapter to existing numeric*! procedures. 
Thus the objective here is to present these basic cone-pis which permit use of the computer program 
I -fed in Appendix B. Additional tectwkal information may be obtained from the references to be 
ci'cd. 

Thc optimization problem for chromatographic analysis is twofold. Firstly, given the 
experimentally determined water contents .)'(x.t). it is required to Find soil parameters for the 
best-fitting theoretical function 0fx,t.K,.hmd.0T..h,'..d') so that the corresponding Darcy velocities may 
be determined. Secondly, given these velocities and the experimentally determined concentrations 
ciKx.t). it is required to find mass-transport parameters for the best fitting theoretical function 
cs(x.t.kjj|.p.n). It is. of course, desirable independently to measure parameters ai. p. and n 
whenever possible in order to reduce numerical error in the determination of kd. 

The best Tit of a theoretical function ffx.t.p) is defined as that set of parameter values p (in 
vector notation) which minimizes lh..- quantity 

i= I j= I 

Symbol f may be identified with either 0 or c . and o' is the experimental error. The number of 
position variables N, will, in general, be a function of the time t, at which the measurements were 
taken, as indicated by the argument. Integer N, represents the total number of such time steps. 
Formally p may e viewed as a vector in an NP-dimcnsional parameter space with components p,. 
p- p N p . and X (p) is a hypcrsurface in an (NP + I )-dimcnsional space. The problem is to locate 
(he point p a! which X' is minimised. 

OPTIMAL SEARCH 
One of the simplest methods for minimizing X is the direct search. This technique involves 

sequential evaluation of this dependent variable and subsequent comparison with the best previously 
determined value together with a strategy for determining where the next trial will be made. One 
particular strategy characterises the pattern-seanh method [Hockc and Jeeves. 1961]. When this 
technique is generalised to the case of constrained parameters, it is called the optimal-search method 
[Wcissman and Wood. 1966]. The latter is chosen here since it permits the user to impose physical 
restrictions by specifying an allowable range for any parameter. The computer implementation used 
here is that of Wcsllry [Wcstlcy and Watts. 1970]. 

The optimal-search strategy may be explained as follows. I ially a base point p„ is chosen 
arbitrarily. Then exploration begins about this point. First the exploratory trial poin' 
p. = p.. + CiAp, is chosen where e, is a unit vector parallel to the pi axis. If a success is obtained, 
i.e. X"(pi) < (I - T,)X"(f»,.). 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 - T,)X"(p,.). then a new (rial point p_ = p., d^pi is 
chosen. If success is achieved at p_ then an exploratory move is made to p' = p_. Here and in the 
case of incrementation, whenever there is a success, the step is accelerated in preparation for the next 
exploration i.e. -\p, — AAp, where A > I is an acceleration factor. If this possibility is also 
exhausted. f !icn there is no exploratory move. i.e. p' = p.,. The ;tcp sisc is then reduced in 
prcparation lor the n.-xt exploration, i.e. Ap, — BAp, where B < I is a reduction factor. Th. next 
step is to increment, decrement, or leave unchanged parameter p- in the same manner as for 
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parameter pi. After taking each parameter, in turn, a new base point pi will most likely be obtained. 
Figure 17 presents an example for a two-dimensional parameter space. 

The next step is to lake a pattern trial move to p' = 2p( p„ followed by exploratory trial 
moves. (Trial moves are indicated as dashed lines in Fig. 17.) If this scries of moves is successful, i.e. 
X(p') < (I T.)X:(pi). then a pati<-m mo\. is made to p : = p'. It should be noted here that the 
sequence of trial moves ou'.iuicd aoovc continues even if X~(2pi p..) > (I T,)X""(pi). In 
addition, there is no acceleration or reduction of the step sues in such a trial-point exploration. 
Similar pattern moves arc taken until there is a failure. Then a return is effected to the has? point, 
say p,. from which the trial moves emanated. A hmsr-pttmi exploration then follows, in which 
step-size reductions are permitted. 

At thb point all the distinctions between a base-point exploration and a pmuem exphtmikm 
should be clarified. Basically there arc three differences. Firstly, for the former a base-point move, in 
effect, is made each time there is a successful exploratory move. For a pattern exploration, on the 
other hand, a base-point move is made only after the inclusion of exploratory moves of all 
parameters have been made, and there has been a successful comparison with the previous base 
point, rather than the origin of the exploration. Such was the case in the example of Fig. 17. where a 
base-point exploration was employed about the initial gw*s p._ Secondly, as noted earlier, stcp-si/c 
modification is allowed only during a base-point exploration. Finally, normal termination of the 
search may only follow a base-point exploration. This happens when there are failures in all 
parameters p, and all increments are less than or equrl to their lower limits, i.e. .Ap. ^ T,.p, where T P 

is a step-size tolerance factor. Pattern exploration. <»incc it occurs about a trial point rather than an 
established base point, is not deemed to be sufficiently reliable to justify cither stcp-si/c modification 
or normai termination. (Nonnormal tcrminalirn occurs whenever the prescribed maximum number 
of function evaluation^ of f(x.t.p) has been •:xcccdcd.) 

The above strategy is Mcntical to ths; of the pattern-search method. The only additional feature 
required by the optimal-scan.> strategy is to test after each incrementation (or decrementation) to 
sec whether the parameter is wi'Inn the prescribed range of allowable values. If not. then the 
parameter value is simply set equal to the nearest bound. 
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VI. COMPUTER IMPLEMENTATION 

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

WATER TRANSPORT 
For (he water-transport pro*. «*urcs the control function is performed by VIR (sec Fig. 19). 

Using input data obtained by DAT AW. routine VTR directs its supporting routines so as to obtain 
both position x(9.t) and Darcy velocity V(9.t) as functions of both lime t and the water content 
variable, which may be cither 9 or its reduced counterpart a. If desired, these results may he printed 
(PRINTW) or stored (STRW) on an auxiliary storage device. 

The quantities which determine the moisture-flow characteristics of the soil are the soil 
properties Q|9) and K(9)_ These functions may cither he read in as tabular functions or he generated 
from the Gardner and King form factors, as described in the last section of Chapter II. In the former 
case scmi-iogarilhnuc Lagrangian interpolation by routine YI.AG [Westley and Watts. 1970) is used 
in order to obtain soil properties appropriate for subsequent (iauss integration. In the latter case the 
diffusivities and conductivities are calculated directly by SPROP on such a grid. Since a given set of 
soil properties is independent of both position and lime, and since these values are required only for 
the Gauss-quadrature grid of water-content values, they arc calculated only once. 

Initially the soil prope'tics arc used to determine the lime function t(Ws) for selected \alucs ol 
t'le reduced end-point Dtrrcy velocity W,. This is done by applying the Gauss quadrature algorithm 
(subroutine GAUSS) to evaluate the integral in Fq. (111.26). By sorting (routine DSORT) the results 
into ascending order in the time variable, the tabular function is placed in a form suitable for 
interpolation. This is necessary since calculation of x(o.t) and W(n.t) require the end-point \clocity 
W,(t). as indicated by Eqs. (111.31) and (111.32). Douhk logarithmic Ijgrangian interpolation 
(YI.AG) is used for this purpose. 

Dependent variables x(o.t) and W(a.t) arc evaluated by cither the first-order formulas. Fqs. 
fill. 17) and (111.18). or the second-order formulas. Eqs. (111.31) and (111.32). as specified by the user. 
Integrals in the above-mentioned equations arc evaluated by subroutine GAUSS with the various 
integrands supplied by the function routine FUNS. The unreduced velocity V is obtained from the 
reduced velocity W through application of Eq. (111.9). In addition, when coupling with the mass 
transport is required, functions x(9.t) and V(9.t) arc transformed to the functions 9(x.i) and V(x.t) 
by WTR. and then l^grangian interpolation is performed to yield the moisture transport variables 9 
and V on the spatial grid specified by the mass-transport calculation. 

Obviously, the lagrange-interpolation and Gauss-quadrature techniques play important roles in 
the water-.ransport determination. For this reason the order parameters, which govrm the accuracy 
of each method, are separately identified ar input quantities. (Appendices C and D give a compete 
description of the input.) 

MASS TRANSPORT 
When the moisture-transport variables 0 and V are obtained, cither as results of the 

above-mentioned calculation or as input quantities, the mass-transport equation. 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.t) and its bulk counterpart c*(x.l) as 
functions of both position x and time t. Results may be printed (PRINTM) or stored (STRM). 
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The primary computations lor the mass transport are carried out in routines Q4. ASEMBI. 
BC. and SOI.Vb. Subroutine Q4 generates the linear basis turn.'ions N |Eq. |IV.22>| and the 
Jacobian J and. using kmmn lor assumed) soil-solution propertr-s. performs the integrations 
necessary to obtain clement matrices (A) and ( B). The (iauss quadrature algorithm ol order two is 
employed here. Subroutine ASEMBI. has two funciHî s. hirst. ?i applies the finite-dillcrcncc 
discretization lor the time variable to ontain matrices [ C | and | R | from (A) and [ B) as prescribed 
in Eqs. (IV.27) and (IV.2X). Secondly, it assembles these quantities \ia Eqs. (IV.30) to obtain the 
global matrices [C] and {Rj. Routine BC applies the boundary condition-, as discussed in Chapter 
IV. Theory Section 7. and SOLVE solves the resulting asymmetric banded matrix system by 
(•aussian elimination. 

Supporting calculations arc carried out in SIRE. K U V Q4I>. SHOW, and Q4R. Subroutine 
SURE identifies boundary :iodcs and elements. Routine 11 IX and Q4l>determine the mass flux at 
each node from the predetermined concentration distribution, lo determine the mass balance, 
end-point mass fluxes arc integral d over time by SHOW, and concentration distributions are 
integrated over space by Q4R. 

OPTIMIZATI' J 

The optimal.earch technique, which was described briefly in Chapter V. is implemented as 
shown in Eig. 21 Using search parameters and experimental data input through DAT AS. routine 
SEARCH produces a set of physical parameters p which minimi/c X (p). Eq. (V.I). This set of 
parameters and the corresponding best fits to the experimental data are then printed by PRINTS. 

One of the four different X evaluators. MEVAI.. MWEVAI.. MWVAI.2. or WT.VAI.. is 
chosen depending on user specifications. Eor example. WEVAI. is used whenever the experimental 
water contents W'lx.l) arc lo be fitted, whereas MWEVAI. is used whenever experimental 
concentrations ciKx.t) arc lo be optimally approximated. In the latter case it is understood that the 
water transport is lo he calculated simultaneously from known soil parameters. 

The material-transport and water-transport pr;tcedurcs here assume the role of providing 
theoretical functions lor the X cvalualors. There are necessarily, however, some linkage routines. 
Parameter linkage is accomplished by BIEEM and Bl'EEW. Subroutine BI'EEM establishes the 
correspondence between various elements of the parameter array p and the material-transport 
parameters k,,. ai. p. and n. Routine Bl FEW performs this same function for the water-transport 
parameters. Nodal-point linkage is accomplished by VI.ACi. SWPRF.P. and PSORT. Cakrilalional 
space grids must, in general, differ from experimental space grids. The former is chosen from 
considerations to achieve computation efficiency, whereas the kilter is dictated by the experimental 
techniques. This disparity is rectified by simply interpolating with Yl AG to obtain the theoretical 
functions at the experimental positions. 
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VII. ANALYSIS OF FXPERIMENTAL DATA 

Correspondence of theory and experiment is the subject ol this chapter. More precisely, the 
optimisation procedure ol Chapter V is used to automatically adjust paramci.rs ol both the 
water-transport theory 'Chapter III) and the mavs-transport theory {Chapter IV) so as to "best fit" 
the experimental data (Chapter II). One of the mass-transport parameters, namely the distribution 
coefficient k.-. is of special interest. 

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

WATER TRANSPORT 
The purpose here is to determine both the water content Olx.t) and the Darcy velocity V(\.t) 

These quantities arc necessary since they characterize the carrier fluid and thereby control the mass 
transport. To calculate the latter, a space-lime grid must he Mipcrposcd on the region of integration 
Ix.t). The spacings within this grid arc governed by convergence and stability criteria of the 
numcrtcal algorithms, and. in general, are much finer than the corresponding experimental grid. 
Thus the need lor an interpolating procedure arises. The strategy adopted here is to In thc 
cxpcrimental data Jt the selected points at which it is measured. One thereby determines 
parametrically an interpolation function which may be used ~t space-lime points other than those 
for which measurements are taken. 

Another consideration concerns the experimental observable, which i* simply the relative 
radioactivity. In the case of tritium, which is not adsorbed, this radioactivity is taken to he 
proportional to the water content. Thus the filling function must he more than a simple 
inlcrpolation function It must have sufficient theoretical Inundation that IXircy velocities may be 
extracted from it. The formal development of such a function is the subject of Chapter III. 

Figures 22 and 23 present two different radioactivity profiles for the movement ol trmated 
water in Fuquay sand corresponding to two different values of the eluting lime. (The radionuclide 
here is placed in the feed solution rather than being spotted directly onto the soil.) Parameter \alucs 
for the theoretical fits arc given in Table I. These fits are not extremely good. I here is a plateau in 
the experimental data for the lower vaiues of the position x which is not present in the theory. 
Secondly, the experimental wetting front is steeper than that of the theoretical f:(. I he problem heic 
appears to be experimental. The relatively weak beta (O.OIX VfcV) coming from II permits 
observation of only the topmost layer of soil, where evaporation, inhomogeneity. and 
two-dimensional effects arc the greatest. A different experimental technique appears to be called lor. 
Perhaps dissection followed by weighing the increments before and alter drying would he 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 Fiiquay sand and Figs. 26 and 27 pertain to ° Pu transport in the same soil. In each 
case the radionuclide is spoiled directly onto the soil. (Figures 2X and 2° show the corresponding 
initial conditions.) 

I he soil is then wetted for approximately 17 hours u*ing water as the editing solution and 
counted (o obtain the radionuclide profiles. Figure* 24 and 26 exhibit the resulting profiles. After 
drying, the soil is wetted for a second lime and counted. Figures 25 and 27 pertain to this wetting, 
again for Sr and I'll, respectively. 

file:///alucs


1ft 1 
ORNL-OWG 76-20301 

\ 
\ 

1 T ' 
IUW n | 11 

MI H A 1 _ 
» f « 1 TTHEORY 

•NH1H1I7IV1HII I E)FERI£NT 

**I 

UTT . . 
•Mti&ft^ixnflLmm 

•I ] y — i nif*n 
0 c k 11 ) i » ao 

K 

x , POSITION (cm) 

hiy. 22. H distribution in huqiwv mind ;tl l • I min. 



ORNL-DWG 76-20502 

< 

s , POSITION (om) 

Hj! IV H ttmirihuiion in lum«i\ »;intl ;ii i 4 mm. 



60 

Table I. Moisture-Transport Parameters for Fuquay Sand 

Conductivity K. 7.S7 X 10 - cm sec 
Parameters 

h. -49.9 cm 

d 1.78 

Moisture-Content ff 3.97 X 10 4 

Parameters K -23.2 cm 

d' -0.419 

0„ ft. 0.00625 

»u n 0.625 

Table 2. Mass-Traiupcrt Parameters for Fuquay Sand 

Parameter *5Sr Pu 

r 2* 1* 2* 

Mcm\'g) 25.9* 36.3 44.0 42.3* 

p(g/cm') 1.75 1.75 1.75 1.75 

ai (cm) 0.150* 0.333* 0.446* 0'2fc* 

'These numbers refer either to the first or second wetting. 
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Mass-transport parameters i Stained Irom our least-squares lilting pr«»ccdurc arc shown in 
Tabic 2. Perhaps the most striking things about the values given pel tarn t» the K determinations tor 
"' Pu. Kirsl. there is excellent agu-cment. between the two wettings. Secondlv. the magnitudes ol 
these numher> •> rather M I U I I comPb»rcu to :!»e value k - 10' em em. uhieh has appeared 
ircqucntrv in the literature. |See. tor cumf.. 1 - . I'rout. I 9 $ i . | Speculum, however. plavsan imptirtant 
role in determining Pu mobilities (Hondtclti. l->7fc| and appears to he a partial explanation ol thc 
phenomena observed here. Our suspension measure.-tent ol k- X3 cm em seems to eonlirm this 
explanation. However, it does raise another t-iicsiiitn •rgarding the dillerenee between our 
chromatographic measurement ol about 43 cm em a no »ur suspension measurement reported 
above. The btt.-r is larger than the li>rmer hv a laetor ol about tw>< I he explanation here appears to 
be t int ol red iced exchange between soil and soil solution in II* - .rhromaiographtc method relative 
;o the suspension method. 

A similar point may he nude regarding the chromatographic measurements lor ' Sr reported in 
Tabic 2. The average value ol the two distribution c<tcl I icterus reported there is k 3! cm gm. 
which is suhsb'nlia!iv lower than our suspension measurement ol k - X5 cm gm. I I re the latter 
is greater tha i the lormer by a lactor ol about three. Again the reduced excitants: in the 
chromatographic meavuremeni appears to he the reason. I'rokhorov | l * > 2 | comparet' a tlow-tvpc 
determination to a suspension determination lor the case ol "Sr. lie got 21 cm em li>r the lorptcr 
and 4°4> cm' gm lor the latter with the numbers dillcnng hv a lactor ol about 23. 

Figure 30 exhibits experimental and theoretical results lor a O.lll N l a lNCV) clutin-- solution 
Experimental!) the peak moves rather than being distorted, as was the case when water was the 
cluting agent. The theor.. however, is unable to account lor this moving peak, as nwv be seen hv 
comparing Fig. 30 with the initial condition shown in I ig. 2x I he explanation pertains to the tact 
that there arc here Iv.o competing ions. C"a and Sr Calcium ions are exchanged with Sr ions, 
forcing the latter to move to a region in which C'a concentrations are weaker. A mure general theory, 
like that ol Rubin and James 11973). is called lor here. 
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VIII. CONCLUSIONS 

This report documents our initial effort to v-aaniily soil chromatography. I xperrncntally. a 
radiochromatograpftH: scanner coupled to a multichannel analy/er is employed, these instruments 
provide the resolution, the sensitivity, and the numeric output necessary tor computer analysis of the 
chromatographic profiles. 

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

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

finally the need for two refinements is noted, (me pertains to experimental determination of 
the water transport, from a preliminary investigation it appears that a dissection method is the 
answer here. I he other pertains to theoretical assessment of competing cation;. In audition, a wider 
variety of soils, including slabs of porous rocks, is desired, future research w ill locus on these areas. 
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IX. NOTATION 

A Acceleration parameter (dimcnsionlcss). 

I A ] (2x2) matrix of integrals for r-ih finite clement (I.). 

ai Longitudinal dispcrsivity (I.). 

B Reduction parameter (dimensionievs). 

[ B ) (2x2) matrix of integrals for r-th Finite element (I. I ) . 

h Dirichkrt boundary condition for the concentration (M I ;. 

[ C'| (2x2) matrix of integrals for r-th finite clement (I. I ) . 

[CJ Assembly of all [ fC J (I. I ) . 

c Concentration ot the dissolved constituent ( M I.'). 

c' Numerical approximation t o e ( M I.'). 

c% Bulk concentration including both dissolved and adsorbed constituents (M I.'). 

c Concentration at node i (M I. >. 

| c | (2x1) vector of concentration values at nodes of r-th clement (M I.'). 

{c{ Vector of concentrations value at all nodes of the system (M I ) 

I) Hydrodynamic dispersion (I. T). 

d Pore-si/e distribution index of the (iardncr conductivity relation (dimcnsionlcss). 

d' Porc-si/c distribution index of the King moisture-characteristic function 
(dimcnsionlcss). 

F Moisture-storage function (I. '). 

I Theoretical prediction cither of water content (I.' I.') or concentration (M I.'). 

f Experimental data cither for water content (I.' I.') or concentration (M I.'). 

g Transformed concentration (M I.). 

h Pressure head (I.). 

h,. Critical-pressure parameter of the Gardner conductivity relation (I.). 

h.' Critical-pressure parameter of the King moisture-characteristic function (I.). 

I Integral encountered in the relation t(W,) (T I. ). 

J Integral .ncountercd in the second-order solution of the water-transport equation 
IT). 

,J Jacobian for transformation to local coordinates (I.). 

K Hydraulic conductivity (I. T). 

K, Saturated conductivity parameter of the (iardncr conducitvity relation (I. T). 

/ Kn K(0 = 0 „ ) ( l . T). 

i 
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k.: Saturated distribution coefficient < I M). 

I. Length of chromatographic column II.). 

L Differential operator tor mass-transport (dimcnsionlcss). 

| N } . N Rasis functions (dimcnsionlcvs). 

N Number ol cxpcnmcnial timeN fdimcnsionlcvs). 

N, Number of c\pcrinv~nlal positions (dimcnsionlcss). 

n Porosity f l . ' I.'). 

p Theoretical parameter. May represent cither moisture-transport or mass-
tran%port parameter with its associated dimension (variable dimension). 

p.p.p' V'cctor of theoretical parameters (variable dimension). 

Q DifluMvuy (|. | ) . 

q a t V 0R:. ihc effcrtive diffusivitv (I. I f 

IRf Vec'or obtained in numerical solution of mass-transport equation ( M l . I). 

|,R'l (2x1) vector ot values of the mass flux at (he boundaries of (he r-(h cfcmcn( 
(M I. ! ) . 

>R'J Vector ol mass-transport boundary flows (M I. I ) . 

Rd Retarda(ion factor (dimcnsionless). 

S length of soil column (I.). 

s Local variable of integration (dimcnsionlcss). 

v Value of sat j-th node. i.e. si - -I and s. = I (dimensionkv). 

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

If. Parameter step-si/e tolerance factor (dimcnsionlcss). 

T, X' acceptance factor (dimensionless). 

I lime (I"). 

V ftarcy velocity ( I . I ) . 

v V 0R.i. the effective velocity (I. I ) . 

W Reduced Darcy velocity (I. T). 

W " The n-lh approximation to the vclocitv solution of the water-transport equation 
( I T ) . 

W, W(o = l)(. ' . T). 

W„ Wfrr = 0) ( I . T). 

X Mass flux (M 1/' T). 

x Position coordinate (L). 
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The n-th approximation io the position solution ot the water-transport equation 
f t ) . 

{ R } | R ' } . vector obtained in the numerical solution ol the mass-transport 
equation (M I. I) 

Reduced water content idimcnwonlcvO-

Modified coefficient ol compressibility 11. ). 

Parameter increment (variable dimension). 

Time increment IT). 

{0 0.) («; -t 9.) (dimcnsionlcss)-

Angle of inciination of the chromatographic citlumn ( ). 

Moisture content ( I . ' I. >. 

Residual moisture-content parameter ( I I ) 

Initial moisture content <I.' I ). 

Boundary moisture content, equal to the porositv n in this document ( I . ' I ) 

I xpcnmcntal water content 11.' I.'). 

Reduced hydraulic conductivity ( I . I ) . 

I)cca> constant ( I ). 

I igcnvalues of translormed mass-iransport equation ( I . ). 

Transformation parameter (I ). 

(0, 0) (0: + 0) (dimensionlcss). 

Bulk density of the medium (M I. ). 

Mxpcrimcnial measurement error cither in water con;cnt (I I ) or in 
concent ration (M I.) . 

Sum of weighted squares of residuals between experimental and theoretical 
points (dime: >ionlcss). 

Parameter of the King moislurc-charactcrislic function, taken to he zero in this 
document (dimcnsionlcss). 

Time-integration parameter (dimensioniess). 

Spatial frequency for cigenfunctions of concentrations ( I . ) 
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APPENDIX A 

EXAMPLE CALCULATION: : , 7Pu IN FUQUAY SAND 
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MCMMC II I I N H U CMtUT | M l l * | . . • • » » * • • M 
• M M C f l t * M M M M M l W U h . 1.1 

IBC m i n m m i 
• . •>m-M r. •» •» - • • 
I . I * • • 

I . I 1.1 
••• •LI 
• . ISTM-M • . • n m - i t 

• • .*•» I-IJ 1. W I H I 
-I.IJIM M • k u m i t 
• . I *.* 
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n u a 11— a* taaa • M i m ai »iaaw • >.«•«• aai 

• . I7TO-I1 a.iMaa aa 
a.a a.a 
a.a a. a 
a.a a.a 
• . I W H I a . u u a aa 
a-iaaaa~ai a.a«»ia-aa 

-a. n a n aa a.aaaaa aa 
*.• a.* 

i n a u i i _ st ana • u « t a n , a m < 

. . a.sa*ia-ai 
. . . . . . B.9 
. . . . . . a.a 

a.a 
. . . . . . awsajaa-a* 

i la aamm t « f i giaaai . • • . S I I W - M 
i ta actaatia caataar pauai. . -a.j*j*a-«i 

ri»t uasat natM an sauat . *.» 

i.aaaia at) 

i a c rua TatcL rua 
a.taiaa-ai a .2UM aa 
a.a a.a 
a.a a.a 
m.m •-• a.taaaa-at • . i n w aa 

- i i i i n H i -*.Ma?a-«f 
-(L*Ttia-ai -a.nasa aa 
a.a a.a 

• I M H I I M W M I W W M t W I — W W W W t M » t M m w 

aiaiaa t u t T M M «u. »- taM • •.taaaa 92 , p i u • 

aata 
aaat tL>a. . . . a.t*7Ja-ai 

caaaiaat-i.. . . . . «.a 
i i a n n na. . . . . . . . . m.» 

CM. U . . . . . . . . 9.9 
rua. . . . . . . . . . . . . a»t*na-a) 

*t • aa M M n w u i auaaiai . -a.toia»-«« 
lacatui la aa. n t i i laaaaai laauai. . -a.»wa aa 
aanaacnt a uaaaa fuaaia aaa a u a . a.a 

i .aiaia ti» 

l a c nam tatai r u a 
a.*Ma>-a] a . i m a a* 
a.a a. a 
:» a.a 
a.a a.a 
a.iMaa-ai a. t m a aa 

i -a .auta .a i -a.aaaaa »i 
- a . * w » at -a.««M* aa 
a.a a. a 

» — — — — — — — — » — W M I I H H m i l M H > I M I B W M I t W t » — • • > • • — 

iiiiaa M I n a u si— »t tiaa • t.ataja ai »<aau • T . H U M an 

aata 
. . 'a.j»tta-M 
. . B.9 

'• turn. - a. a . . •,• 
. . -a.»a»t»-ti 

tat • aataaaw uaiaai luaatit . -a,jraaa-a» 
M • aataatat caatatr emit) . . -a.uaa»-aj 
tit a uaaaa puaaia an n u t * . a.a 

I K . nam tatai r u a 
- t . m > » - i ) a.M««a aa 
*.» 9.9 
».* a.* 
:» *.9 

-a . i w t »-*i a.s*Ma •* 
•a.ja?ta-aj - a . t m a - a t 
-a . j tTw-ai - t . i u i i at 
*.m :• 

• »»• • —>•—••• • •—»»—>»» * • »*———••»••«>»»»—»» •**•*>•••*>•• «• • « • • • • • • •> • • •«« • • • • • 
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. (KIT • k l i H t at) 

TIM ar rua m i 
cnstm-cMcatutM MM naa. . . . - u i i a - M cMnin-nii-MM rua . . . . . . . . a.s 
n a m R H - M N r u s . a.* 
MaaaicM. lassas. . . . . . . . . . . . s.8 
act r i w . -a-sitia-s* 
iscssut • a n n u l . caanaT auaaiai . - * . • » 
iaracut » u t n u i C I W H I (Satin- . -a. 
sauasra t i Lassas tucata w * H U « . a.a 

i a c rua tatai. r u a 
-a.s*sxa-aj a.)M<a M 

a.a a. a 
a.a a .a 
a.a a .a 

-a.a*ua-ai a.*Mia M 
H L I M I t - M - « . m « i at 
- * . W W > M - a . t t u s a i 

a . * a .a 

wuca aarrat r u e * i . . nas i raur. or raautraa*. aware am 

a. M M >a aa 
a.maaa at 
a. strata M 
»->niaj ax 
a.tiSMs M 
a. mass-a* 
m i m ax 
a.itssM at 
a.ja?ss8-ai 
a . i u a M ax 
9 . I I M W aa 

SI 
i . in*M at 
8.I888M SI 
s.uscaa-sx 
• . I I M M M 
s-ntasa-s* 

-a.**Maa ml 
:n—m» at 
a.r*Maa-s> 

-a-xixa* ai 
-a.stasM M 

K 
a.»MMa at 
• L I T M W at 
a»taaaia-at 
i . w i m ax 
a.aa*SM M 
S.TS7M< M 
a.a*MM ax 
•.tiaaaa at 
a.M*aaa-ai 
-a .UMM ax 
S . « I * M B M 

at 
s.s 
a.i*a*ra-ai 

ca oarrat n a - i t circrianru. rata aaa n a w n c u r i t 
t a u IT lias •m.immtm M 

I S SS I I I t • n 
1 L I M M t Bl - S . M S T M SI - 8 . I S I M B SI *.mr* M 
1 S . U I S M ai SLlSftlM M -a.sstasa M a . S * M M M 
1 a. I S » M at - S . i l M M M 8 . 1 8 1 8 * M S.SI2MS M 
m S.1USSB a i - 8 .J>18M M S . I M I M M S.SI2SM M 
s k i M M at S .XMMS M SLSttSla-SI S.SSJMS M 
» S.X ISSM ai - S . J I I V M M s.MStra at 8.SIXBM M 
T s.ijssaa ai 8.17*8 IS M B.X71IM M 8 . 8 1 8 * 8 M 
a t , n n w ai - S . I S M M M M I M M M a.saaaiB r» 
» S.XMSBB at B.SSXIM M s. • t u t * M 8.S82SSB M 

to L i m a ai B . I M 1 M M a. sat Ma M S . S « I t M M 
t i a.j jaMa ai 8.111a B* a t s-irstM at S.BJSMS M 
t i a . M t S M « i 8 . M I I M SI B . S M M B at •Ltaaiia si 
u L H l i M Bl L » I M SI SL7TSIW SI a. us * * * at 
1 * I . M M E SI 8. I t s I M 82 k l l H B 8X s. is t a n at 
I t B.MBSM SI a.tsjisa si s.i»ss>a ax a. i r u r s at 
I t > . t » M i at 8 . I I S J M Si 8. I7SBM Si s.2Bi»a at 
I I * . * • * * * » SI s. I S M S * si S.IMSSS M S . I T I U * Bt 
M S.SSTSM SI s.stsata si 8.18X188 mi * . i t * * t a at 
1» • . M K M SI a-saaaxa si B . S * S I * ai 8 . I1I81B a t 
I S S.SBBSM SI 8 .SMIJB SI * . ) * •**» at S . I M J I B at 
X I S.VMtSS SI I . I I J M SI s. taixaa ai •LTSasaa M 
11 8.SSISM SI s. treat* si B.JIS*** M S.BMS2B M 
11 a»*T2SM SI s.i i*ata si S.I1SWB M B . T M I M M 
!• S-St J I M SI s.i t*aia M 8.17 I S M M S.S1STM M 
J5 S.SWSM SI s.ts«s«* M S.JBM2S M s.M?sir M 
J» a.»issat si S . I 7 M I B M S .2J1 IM SB s.siarrs M 
27 S.SSSSSB S I - * . ISSSM M B.MS1S* aa stssaan M 
I S a.»nsM si - 8 . I S M M M s.svtsrr M S.SSSS2S M 
i r a.sMsas si -a, I M M * si 8 . M M M M S,JTtJM M 
M D m w si -S.U0SSS M S.SSMIB V> S.SS8S2T M 
J l S.7MSM SI B .12MW SI S.SMSSB-81 S .7 ISM* mm 
11 S.7SISM SI h l H I * M -S . l l tSSf M S.S«jatB M 
1 ) 8.7SIS8B SI -8. ias*M M -8.1IS1SI M SkSaaaa* M 
J« S.MJSM SI 8 . 1 2 * 8 * SI -S.ISSJSV M S . T M 1 M M 
JV 8.BISSM SI 8.728888 M -s .us i t r M S.MSSIB M 
JS S.MSSM 01 S. ISJSM SI -8 -21 IMS M s.nasr* M 
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J l I . I H W • ! a.faaa» aa -a.ats*«* m a.*a7ata 
M a.aatsaa a t • i W i H at • . M M I M I a.iaajaa 
M a»aaasaa a t -a.Ma«aa aa a.attaat aa a.s»a*aa 
•a a.«atsaa a t a . t * » s » at a.STwaa-ai •.laaaaa 
• t I L W H W a i L a t i n aa - L D M a ) aa a. vt m a 
• 2 avansaa • • • I L H M I aa - a . m a « » i t a»saaaaa 
• J a-Masaa at -a. tatiat aa •Ltiaaia aa a-Mawa 
M • . iM isa aa a.n*sa>-ai •Ltiaaaa aa •Lssatsa 
IS • • • M M 1 a.aauaa aa a.a*aia>-ai a. sanaa 
•S •Ltasssa a i a.aaaJaa «a ) . N N M I •Lsaaaaa 
• t a.ams» «a -a.ua* at aa -a-Tsnaa ai avsaaaaa 
%• a»taaasa aa a.tai«aa at -a.»aa>» at I . I M M 
« t a .uia*a at a.M*ja> aa a.JtsaTa aa avMaaaa 
M • . l i m a a i a.aama aa L > i n « aa avaasata 
SI a. mala ai -a»«a>jaa at a.aaaaaa aa L H 1 I M 
M a. twist aa •.aasaaa m -•.raaaaa aa a . s * M f a 
S* •.uaasa aa a.aaoaa aa - L M W aa a.sa ia ia 
M a.uusa ai a.*aaaa» a* -a-aaiiaa-at a.aaTaia 
SS a.OMSa aa -a.*ata» a* a.taasaa aa a . a a a i M 
M k u u i at a»aaaaaa aa a.tMaaa aa a - M t a t a 
S» a. uaasa aa a.*ma>-ai a»a«ST*a aa ausaaisa 
M a .uana aa a.jnaw aa a.s>*iaa-ai a . a t a » a 
St a. uaasa a i -a-taaaaa aa avaanaa-it a.saa«aa 
M I . I M M a* -a»siaaa» aa • L i a i a a * » a.sta«aa 
• I a . lJ?a*a aa a. m a a* aa -a.«asa*a-at a.ataiaa 
W a. Mats* aa -a. t ima m - a . a n a j a aa a.sia«aa 
• J a. •»«.-*• aa -a.taaaaa aa -aviaai«a aa a.s»aMa 
M a.M**sa aa - a . * a l l l a a t a - t a i a n n avaaaua 
aS L M I W aa a.taaaaa aa •uaaaTia-ai a.aasaw 
M a.tansa t • . M M aa a.aiTaa»-aa a.sa>a«a 
•T a.MMsa aa a .mata at • U M I M aa a.ata iaa 
M •Lisina aa -a»aaii*a aa • .aaasia aa a.«aai ia 
»• •.tsaasa tt a. s u a * aa a . s i a * » * - a i a . M I M a 
M a.tssMa aa -a.ji«aa> aa - a . n a a a a a t a.sia«aa 
I I a.tstasa aa a.aaajaa aa -a.taaaaa aa a.saj«aa 
M •Liatisa aa a.aaajaa aa -avtsaaaa aa a . v i m a 
» a.*aaasa aa a.ssia» aa -a.aaaaaa aa a . *«a* ia 
n a.wa*s* aa k U H M I -tLaaaaaa-aa a.saatsa 
t s a.tta*sa aa -a.*i*aa> aa a»iaaaaa aa a.si2«aa 
M •Ltaassa aa a.»siaaa aa a . a m a a - a t avaaassa 
11 avttatsa aa a.aaasia-at a. i *aaaa aa a.s*aisa 
»• a,narsa a* a.suaja aa a . f m « a aa a.a* ts fc 
»• a.n*a*a aa a.atuaa aa a . t a t a * i aa k t u m 
M a. nana aa a . * a * » i a - a i a - r t a w a at a.s»aisa 
• 1 a.n*a*a •* a.Taaaw aa a . n * M a - a i a.a»saia 
M L M I I W aa a.aau*a aa a . w a m - a i a.sa>«*a 
• J a.tausa aa ^L W W W 99 L I M N M I a.aaTata 
•* a.aasasa •! • . U V S 1 V - M -« .aaa> ia -a i a .saatta 
H a . a m s a n a.jaaaaa at - a . M m a - a t a . s t i « N 
as a.tMSSa aa a.Taaaaa aa -*.MM*f M a.aasaia 
• 1 a. ita»sa »t -a.aMiaa aa - a . * t u t a aa a.a istaa 
M a. itma aa -a.ata«a at - a . » M M *• a.a>«ata 
M a.*na*a aa ^•^WWW^B 99 - a . i a t«aa m auaataia 
"•J a.iama aa a.»a*sta-ai - a . a r * a i a - a i a . s * a n a 
* t auaaaasa »t a.aaa*aa aa - a . a t f * a a •• a . M i a t a 
• J ttaaaiia aa - a . * M T M CO - a . u i « i a •» a.a»«aTa 

faiar antaan. • a.tasaa ai 
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APPENDIX B 

LISTING OF THE COMPUTER PROGRAM 



99 

BLOCK DATA BAII 0 
c ami s 
c roacTiov OP BOO TUB—TO TMTTALIZE TBB coaaoa HOCKS, BAII 10 
C BAIB IS 

IBPLICIT BEAL*8(A-B,0-Z| BAII 20 
BEAL*« PBAT BAIH 25 
COBnoa/aiTAB/KPB0,KPB(l«0O) ( aAXDIP.BAXEL,aAi»F,BAZBAT # aAZBa, BAII 30 

1 BAXBTI,aBPPB BAII 3S 
COaaOB/BBTAB/ A ( 1 0 1 , . : ) , B ( 1 0 1 , 3 ) , B ( 1 0 1 ) , B ? ( 1 . H ) , B I ( 1 Q 1 ) , B B ( 1 0 1 ) . HAII «0 

1 DP(101),B1(101).BT(iait,XTaP(101),»PLX(101),BrLIP(101), PX< 100,2) I IAil «S 
1 ,PBATE(10) ,PLOI(10) ,TFLOH(10> , > , F f i A T ( 3 . S ) BA1I SO 

DATA 3AI2L,BAXIP ,BAIBAT,aAIBI ,aAXITI . i aPPB/100 , 1 0 1 , 1 , 3 , 1 0 0 0 . 5 / BAIB SS 
DAZA PBAT/4H , « U KO,«H ,«H , 4 H i a 0 d , « B ,«H , BAII 60 

i «a AL,»B ,«a ;,«aaETA,«HB ,«H , «BPOB ,»H / BAII 65 
BID BAII 70 

C 0 
C 5 
c poaciioa OP PBOCBAB— to SUOI.»TE Ttnusumi OBI-OIBBISIOIAL 10 
C HATEBIAL ABO BOISTME PXOii IB A TBIB-LAIEB CBA4IEL CaBOB»TOCBAPB. IS 
C TBS CALEBKIB-PiaiTt-EUEBEBr BETHO0 I S OSBO FOB TBE BATUXAb 20 
C TBABSPOBT, ABO TBI PABUkaGE PEBTABATITE BETBOO I S OSBD POB 25 
C TBE BOISTOBE TgABSPOBT. 30 
C 35 
C 40 
C DIBEBSIOBI8G POIBAT— «S 
C 50 
C COH(IC|/P«OBID/TITLE(8) ,BPBOB 55 
C 60 
C COaiOa/CBTAB/TIBE,TB(aAIKL,2) ,Taa(BAXEL,2) , rBB(BA«EL,2) , 65 
C 1 DTHi4AX£L,2) , fX(BAI£L,2 ) ,VXP(SAXEL,2) ,VXB(aAXE).,2) 70 
C COBBOB/CEOB/I(HAXBP),BB,(2) ,DCOSB(2) ,DCOS(2) , OSLi.CBIG, 75 
C 1 D E L a A Z , T J A Z , I P I ( B A Z B P ) , I £ f a A Z 2 L , 3 ) , a P B ( 2 ) , B P S T ( 2 j , B P T S T ( 2 ) , 80 
C 1 BBE (2) , B T S E ( 2 ) , I S B ( 2 , 2 | , I S ( 2 , 2 ) ,BBP,BEL,BHAT,ISA1D.BBC, 85 
C 1 NST,BTS1,BBEL,BTI,IBOB 90 
C CbBBOB/aifA>/KPBa,KPB(BAXBTI),aAXOIP,BAX£L,aAXBP,aAZBAT, 95 
C 1 BAXBB,BAXBTI,BBPPB 100 
C CC9BQI/nPBOP/PBOP(aAXaAI,BBPPB),TZI 105 
C COaaOB/BBTAB/ C(BAXIP,RAXBB),B(BAXBP),BP(BAZBP) , B I (BAXBP), 110 
C 1 BB(BAXIP) ,DP(BAIBP),ITaF(BAXIP) ,BPLX(BAXBP) ,BPLXP(BAIBf) , 115 
C 1 FX(BAXBL,2),PBATE(10) ,PU>B(10) ,TPLOB(1O),B,PBAT(3,BBPPS) 120 
C 125 
C CuaSOI/BUaiTC/ •OBDB1,IOBDBB, l i rP , ITHHIB,IS .>S , IZHI8 , 130 
C 1 I G S S f ( J ) 135 
C COaaOB/TrLX/TTAB|aXTTAB),riB(axrTAB>,T1TAB(aXTTAB) , 1»0 
C 1 B1TAB(8XTTAB) ,OTAB(BXTTAB) ,TTABL (BXTTAB) ,81TABi.(BXTTAB) » 1*5 
C 1 TEaP(BXTTAB),IPTTAB(BZITAB),ITTAB 150 
C COBBOB/TVTB/Z | H a l « I S i , M 155 
C CoaaOI/HPBOP/AKPAB(BXSLP),C0PAB(BXSLP),AKSB(BXSLP2) , 160 
C 1 ALPK(BXSLP2>,0(flXSLP2),-.LPD(BXSLP2),AKSAT,AKSB0,ai.PAB, 165 
C 1 IKSP,BCDPAB,BDSP 170 
C CoaaOB/XVAB/ZS0P1(aAZTHP),ZS0P2(aAZTHP),TBP(BAZTBO , 175 
C 1 ALP(BAXTHP),TS0P1 (BAXTHP),fS0P2IBAITBP)•P(BAXTdP),Q6A(BAXTBP), 180 
C 1 Ub[HAXTHP),THTSP(RAXTttF),AKGSS((BAXti!P-', **XGSS»8XGSS1) , 145 
C 1 bttSSt(BAXTHP-1)«HXCSS*aXGSS1) ,IPTTB(BAXTHP) ,BTH,JTH,BCSS 190 
C 195 
C COBHOB/SIP/IP,KPBS,BXP01,ICOIf,aSCI,IPA(BAX^Cl,BAXSBP) 2 0 0 
C COBBOB/SBP/ DELT0,CHIS0,ACC,BED,TOLSTP #TOLFilB,P0(BAXSHP), 205 
C 1 PH(BAXSHP),Pl(aAXSHP),OELP(HAISHP),PLO(aAX£BP),PBO(BAXSBP) 210 
C ConaOB/IIf/BTXL(BXTBEX)»aTX0(axraEX),arX.(BXT8BX),BTI,BXT 215 
C COBBOB/XBVZX(BXBPEX,BXTBEX) ,«X(BXBPBX,aXTBfX) , T X ( 8 X I P t I , 220 
C 1 BZTBXZ),OTZ(BXBPEX,BXTHEX),XX(BXBPEX),TI(HXTHEX; ,IBTL(BXTNEZ), 225 
C 1 XWTO(aXTBEZ) 230 
C 235 
C IHSBE BAZBN IS TBE BAXIBOH BAID BIDTB, 2«0 
C BAZEL I S THE BAXIBUH HOBBEB OP I U B I I T S , 2«5 
C BAX8AT I S THE BAXIHOB BOBBEB OP BATSBIALS, 250 
C 8AZBP I S THE BAZIHOB BDBBEB OP BOOAL POIBTS, 255 
C HAZBTI I S THE HAXIBUB BOBBKB OP TiBE IITEBTALS, 2 6 0 
C BBPPB I S TBE BAXIBUB HOBBEB OP BATEBXAL PB6FEBTIES PEB 2 6 5 
C BATEBIAL, 270 
C 2 7 5 
C BAIBTB I S THE HAZIBOH BOHB^S Of TIHE fALOES OSEO IB THE 280 
C 0ICO0PLE0 VATEB TBAISPOBT CALCOLATIOB, 2 8 5 
C HAZTHP I S THE nAZIBOB B9HBEB OP THETA POIBTS, 2 9 0 
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C BXCSS IS THEBAIIBUB SOBBBB OP 6 A OSS POUTS USED OB ALL 295 
C IBTEBfALS EXCEPT THE OBE BEABSST ALPBA = 1, 300 
C BXGSS1 IS TBE BAXIBOB BOSBBB OP CAOSS POIBtS OSEO OB TBE 305 
C IBTEBTAL BEABBST ALPHA * 1, 310 
C BXSLP IS TBB BAXIBOB BDBBBB OF SOIL PBOPSBTIES, 315 
C BXSLE2 IS 2*BCSLP. 320 
C BXTTAB IS TBE BAXIBOB BOBBEB OF BBTBIES IB TBE TIHE 325 
C TABLE* 330 
C 335 
C BAXSCI I S TBB BAXIBOB IOBBEB OP SBABCB CYCLES, 3«0 
C BAXSHP I S TBE BAXIBOB BOBBEB OF SBABCB PABABETEBS, 3*5 
C BXBPEX I S TBE BAXIBOB BOBBBB CP BXPEBIBEBTAL POIBTS. 350 
C BXTBEX I S TBE BAXIBOB BOBBEB OP EXPEBIBEBTAL TIBES. 355 
C 360 

IBPLICIT BEAL*8(A-B,0-Z) 365 
BEAL*8 SETAL,BV£fiL.SifTAL2 3 7 0 
BEAL*4 PBAT 375 
COBBOa/CTBL/BFGB,XBTB,KBI,KSTBB.ESTBB,ISflOP,ESS.EDIG,EaOBT, HOOT, 380 

1 ETSTP,KSCJT,ESBCB,EBOPP,EABL,EIC,ESTBS 385 
COBBOB/PBOBI0/TRLE(8) # BPBOB 390 
COBaOa/CBfAB/T IBE,TB(108 ,2 ) ,TBB(100 ,2 ) ,TaB( lOO,2) ,DTB(100 .2 ) , 395 

1 f I ( 1 0 0 , 2 ) , r X F ( 1 0 0 , 2 ) , f X B ( 1 0 0 . 2 ) 400 
C0BBOB/6EOB/I (101) ,BB(2) ,DC0SB(2) ,BC0S(2),D*LT,CHBG,DELBAX,TaAX, « 0 5 

1 I P I ( 1 0 1 ) . I E ( I O O , 3 ) , a P B l 2 ) , B P S T ( 2 ) , a p T S T ( 2 ) , B B B ( 2 ) . B T S E ( 2 ) , ISB ( 2 , 4 1 0 
1 2 ) ,XS(2 ,2 ) ,BBP,B£L, f lBAI , IBABD,BBC,BST,BTST.BBEL,f lTI ,BB0B 4 1 5 

COBBOB/BITAB/EPBO.KPB110001,BAXDIP,BAXEL,BAXBP,BAXaAT,BAIBB, 4 2 0 
1 BAXBTI.BaPPB 4 2 5 
COBBOB/BBfAB/ A | 1 0 1 , 2 ) , B (101 ,3 ) . B (101) ,BP{101) , f l t ( 1 0 1 ) ,BB(101) , «30 

1 D P ( I O I ) , 8 1 ( 1 0 1 ) , B T ( 1 0 1 ) , X T B P ( 1 0 1 ) ,BPLI (101) ,BPLIF(101) , FX( 100,2) «35 
I , P k ; T E ( 1 0 ) , P L 0 f l | 1 0 ) , T P B O 8 ( 1 0 ) , f l , P f l A T ( 3 , 5 ) 440 
COBBOB/CB1/ 8 1 , f l 445 
COBBOB/BBBITC/ M B D a i , B 0 B D B B , a i T P , I T B B i a , I 6 S S , I T B I B , ICSST(3) 450 
COBBOB/TBTB/T(50),Bt «55 
COflBOa/SIP/BF,EPBS,BXPOB,IC0flV,BSCI,IPA(S,20) 4 6 0 
COBBOB/SBP/ DXLT0,CHIS,ACC,BEO,TOLSTP,TOLPOB,P(20), P B ( 2 0 ) , P l ( 2 0 ) , 4 6 5 

1 DBLP(20) , P L 0 ( 2 0 ) , F B 0 A 2 0 ) 4 7 0 
EXTBBBAL BETAL,BEVAL,BM?AL,BBTAL2 4 7 5 

C «80 
C IBPOT PBOCBAB-COBTBOL PABABETEE ABD PBOBLEB XDEBTIPICATIOB. 4 8 5 
C 490 

10 BEAD 100OO,EPGB,BPBQB,(TITL8(I) , 1 * 1 , 8 ) 4 9 5 
PBIBT 10100,XPGB,BFBOB,fTITLE(I) , 1 * 1 , 8 ) 5 0 0 
EBOPP*0 SOS 
ESBCB'O S10 
IF (EP6B.CT.3) KSBC8-1 S I S 
GOTO ( 2 0 , 5 0 , 8 0 , 1 3 0 . 1 6 0 , 1 9 0 , 2 2 0 ) ,IPGB 5 2 0 

C 5 2 5 
C DREBBIBE BATEBXAL TBABSBOBT OBLT. 5 3 0 
C 5 3 5 

20 CALL BATAB 540 
30 CALL BIBL 5 4 5 

I I S E - O . S50 
CALL PIIBTB(O) 5 5 5 
IF (KSTBB.EQ.1) CAL.r. STBBI 5 6 0 
TIBE-DELT 5 6 5 
0 0 4 0 I T B - 1 . B T I 5 7 0 

CALL BTBAB 5 7 5 
CALL PBIBtB(ITB) 5 8 0 
I F (ESTBB.E0 .1 . ABD.E*B(ITB).GT.O) CALL STBBT 5 8 5 
I F (ESS.BQ.O) GO TO 10 5 9 0 
I F (TIBX.BQ.MAI) CO TO 10 5 9 5 
DSLI-0SLT*(1.»CBBG) 600 
DELI-DflIB1(DILT,DELflAX) 6 0 5 
TIBS-TIflE»DELT 6 1 0 
XF (TIBX.LT.TBAX) 6 0 TO 40 6 1 5 
0SLT-DJtLT-(TXBX-T8AX) 6 2 0 
TXBI -TBAI 6 2 5 

4 0 COBTXBOI 6 3 0 
GO TO 10 635 

C 6*0 
C CALCOLATI BATE* TBASSPOB* OBLI. 6 4 5 
c *so 

50 CALL DIBB 655 
60 CALX. PBCAL 660 

CALL BIBL 665 
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I TBI 11=1 47C 
CALL PBTTAB 67S 
IP (KBTB.BO.O) CO TO 10 630 
IF (KSTBB.EU.1) CALL ST1BI 685 
ITBII=1 490 
00 70 ITB-1.BT 695 

CALL tf IBTP (T (ITS) ) 700 
CALL »TiaE(T(ITB)) 70S 
TI8E=T(ITB) 710 
CALL HTBBl 715 
IP (HTB.E0.2) CALL BTBB2 720 
CALL PBTB1 (ITS) 725 
IP (H7B. Evl-2) CALL PBT«2(ITB) 730 
IF (ISIBH.cQ.l) CALL STBBT(T(ITB) ) 735 

70 COBTIBOE 7*0 
CO TO 10 7*5 

C 750 
C OO COUPLED CALCOLATIOB. 755 
C 760 

80 CALL 0ATA8 765 
CALL D I M 770 

90 CALL PBCAL 775 
CALL 8IBL 780 
CALL Kill 785 
CALL PBTTAB 790 
TIBE-O. 735 
CALL FBIBTB(O) 800 
IP (ESTBB.Bg.1) CALL STBBI 805 
TIBE =DELT 810 
00 120 ITa-1,BTI BIS 

FlPxfl 820 
CALL BTBAB 82S 
CALL PBIBXBflTB) 830 
IP (ESTBB.BQ.1.ABO.KPB(XTB).3T.O) CALX STBBT 835 
IP (KSS.EU.0) CO TO 10 8*0 
IP (TiaE.EO.TBAI) CO TO 10 8*5 
IP (ETSTP.BE.0) CO ID 100 850 
0ELT>0ELT*(1.«CaBGl 8SS 
CO TO 110 860 

100 IP (XIB.EQ.1) TCOMD*LT*V1*»(1. »CUBC) 865 
0ELT*TCOB/V1**(1.*CaBG) 870 

110 i)ELT*DBIBl(0BLT,DELaAI) 87S 
TXBZ -TIB E*BELT 880 
IP (TIBE.LT.THAI) CO TO 120 88S 
DELT»DELT-(TIU-TBAXJ 890 
TiaE*TBAl 895 

120 COBTIBOE 900 
CO TO 10 90S 

C 910 
C SSABCH POB BATEBIAL-TBAISPOBT fABIABLBS 01LI , 0BCO0PLXD CALCOLATIOB. 915 
C 920 

110 CALL DATAB 925 
CALL OATAS 930 
DELXO-DZLT 935 
IP (BSCI.LE.0) CO TO 150 9*0 
XP (BXPOB.LB.O) SO TO ISO 9*5 
00 1*0 ISCI»1,BSCY 9S0 

CALL SaPBEP(ISCI) 9SS 
CALL SBAaCBtaP,P,CaiS,?B,PL,ACC,BBP,TOL*TP,TOLP0l,DBLP,EPas, 960 

1 BSTAL,aXfBB,XCOB?) 96S 
1*0 COBTXBOX 970 
ISO EPGB*1 975 

KSOOT'O 980 
CALL BETAL(P,CBIS) 985 
GO TO 10 990 

C 99S 
C SEABCH POB H ATBB-TBABSPOBT VABXABLPS OBLt. 1000 
C 1005 

160 CALL OIBB 1010 
CALL OATAS 1015 
EBOPP-0 1020 
XP (BSCI.LE.0) CQ TO 100 1025 
XP (BIPOB.LB.O) 00 TO MO 1030 
DO w o i s c i - i , B S c r 1035 

CALL SBPBBP(XSCT) 10*0 

http://ESTBB.Bg
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CALL SEAftCH(li>,P,CalS,PH,PL.ACC,BED,rOLSrP,TOLFOB,DELP,KFPS. 10«5 
1 HE?AL.BXIOH,ICOIY) 1050 

170 COUTIP95 1055 
180 KPSH=2 'lOoO 

«SOUT=0 1065 
CALL HBVAL(P,CHIS) 1070 
GO TO 10 1075 

C 1080 
C SEABCU PUS SATEBIAL TBABSPOBT fABIABLES OIL*. JOOPLED CALCOLATIOB. 1085 
C 109C 

190 CALL r-ATAB 1095 
CALL DIB0 1100 
CALL PBCAL . 1 0 5 
C'LL IIIIL 1110 
CALL PBTTAS 1115 
CALi. DAT AS 1120 
DELTO=DE:.T iv-5 
IF (BXPOB.LE.0) CO TO 210 I .JO 
IF (B5CZ.LB.0) GO TO 210 1135 
DO 200 ISCI*1 ,BSCI 1140 

CfcLL SHPBEP(ISCI) 11«5 
CALL SEABCH(BP,P,CHIS,PH,PL,ACC,BED,T&LSrP,TOLPiJB.DELP,KPBS, 1150 

1 BBEfAL,BXPUB,ICOIIT) 1155 
2 ' o c o i r i a u x 1160 
210 KPGB=3 1165 

K5O0T=0 1170 
CALL flMEf A L ( P , C U S ) 1175 
GO TO 10 1180 

C 1185 
C SEAftCH FOB BOTH BATEBIAL- ABO BATEB-TBABSPniiT » A L I A S E S . COOPLED 1190 
c C A L C S L A T I O B . 1195 
c 1200 

220 CALL DATAB 1205 
CALL DIIB 1210 
CALL DATAS 1215 
CELTO'DELT 1220 
KB0FF*1 1225 
IF (HSCT.LE.0) GO TO 210 1230 
IF (BIPUB.LB.O) GO TO 2»0 1235 
W 230 I S C I ' l . k i C r 12«0 

CALL SBPBEP(ISCI) 1295 
CALL SEiBCH(BP,P,CHI5,PB,PL,^CC,BED,T0LSTP,T0LFPB,DBLP,KPBS, 1250 

1 BHTAL^rSZPOB^ICOHV) 1 2 5 5 
230 COITIBOE 1260 
210 APGB*3 126S 

SSO3T*0 1270 
CALX, BBVAL2(B,CHIS) 1275 
GO TO 10 1280 

10000 P0BHAr(2 l5 ,8A8) 1 2 8 5 
10100 POBBATf/' CALCOLATIOB.. T Y P E ' , 1 5 , ' - . P B O B L S B * , 1 5 , * . . • , 8 A 8 / ) 1290 

BID 1295 
SOBBOOTIBB BIB BTB 0 

C HTB 5 
C POBCTIOB OP SOBBOOTXBE—TO COBTBOL TIB IBTECBAIIOB OP THE HTB 10 
C BATEBIAL-PLOt SQOA1J0B, HHICH COHSlS'.tS OP ASSEB4LI, APPLXCATZOB BTB 15 
C OP BOOHBABI COBDITIQBS, ABB HAZBIX SOLOTIOB OP TBE BESOLTIBG BTB 20 
C SET OP EQOATZOBS. BTB « 5 
C BTB 30 

IBPLICIT BEAL«L (A-H,0-X) HTB 3 5 
BEAL«<t PB«T BTB 4 0 
SEAL'S KD,LABB0A BTB « 5 
C0BBOB/CIBL/EPGJ,EBTB,EfI,KSTBB,KSTHH,ISTOP,tSS,KDIG,KBO0T, ABOUT,BTB 50 

1 •TSTP,KSO0T,KSBCH,IBOlf,:>.aL,I£C,ESTBS BTB 55 
COBBOI/CJIfAB/TZBE,TH(100,2; , T B B ( 1 0 0 , 2 ) , T f l V ( 1 0 0 , 2 ) , D T B ( 1 0 0 , 2 ) , HTB 6 0 

1 f l ( 1 0 0 , 2 ) , f Z P ( ! O 0 , 2 ) , w i B ( 1 0 0 , 2 ) HTB 6 5 
COBBCB/GEOB/Z(101),BB|2*,DCOSB(2),DCOS/2),D*LI,CBl(C,DELBAr,TBAZ, HTB 7 0 

1 I P Z ( 1 0 1 ) , I B ( 1 0 0 , 3 ) , B P B ( 2 ) ,IP5Y(2) ,BPTST>(2) ,BBE(2) ,BTSE(2) , ISB(2,HTB 7 5 
1 2 ) , I S U , 2 ) , I H F , B E L , B f l A f , I 8 A B D , P B C , B S f , B T S T , * B E L , * T I , B B 0 a BTB 80 

C0BB0B/BFB0F/PB0*(1 ,5>, fZZ BTB 85 
COBICo/HlfAB/ A(101,2),8(101,3),B(101) ,Bf (101),BI(101) ,BB(101) , BTB 90 
1 DP(l01),ai(101),BTj101),ZTBP<101),BPLZ(1(M),BPLZP(101), PZ (100,2) BTB 95 
1 ,PBAIS(IO),PLOB(10),TPAOB(10j,B,PBAT(3,5) BIB 100 

COBHOI/airAB/EPB0 #EPBA1«00) ,«AZDIP,BAiBL»BAZBP,BAXBAT,HAZBH, HTB 105 
1 BAZBTI,BBPPa BTB 110 
CCUOB/U/ TB1,"»0,r>r. ,SZBBPS HTB 115 
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coaaoM/aufliTG/ aoBoai.m)BDEB,Birp. HH3iB v i&>s,r ra ia # 
I G S J ? ( 3 ) a n 120 

DIHEBSIOB ZBOB(S) ,ZBETA(5,5) BTB 125 
DATA XBOE/0.0,7.8867513«59H8136D-1.1. 

• 32»o3'iM2St*295«D-1/ 
Q68579i». 2130162S 5 G , C 0 , « . 7 STI 

RTB 
130 
135 

OATA XBEtA/5*0.0,3.66025«0378««393D- l , - 1 . 3 6 » 0 2 5 « 0 3 7 8 « ( i 3 9 D 0 , 3 * 9 . 0 ,BTB 1«0 
1 --2 . 1 0 1 3 8 3 1 2 7 3 0 6 0 2 9 D - 1 , 9 . S 2 3 6 5 5 1 1 6 9 9 1 6 1 7 O - 1 , - - 1 . 7 * 2 2 2 7 1 9 8 9 6 8 5 5 9 0 0 , BTB 1*5 
1 2 » 0 . 0 , S » 0 . 0 , 1 . 6 7 « 6 6 2 8 5 0 6 « 8 8 1 6 D - 1 , - 1 . 00OO68213O338r«00 , BTB 150 
1 2 . 3 6 « 2 6 8 6 9 6 9 3 8 7 0 « D 0 , - 2 . « 5 « 6 8 0 8 7 « 3 2 t 7 8 3 D 0 , - 7 . . 6 9 8 5 8 9 « 6 « « 9 9 7 9 0 0 ~ 2 / BTB 155 

c 
c 
c 

HTB 160 
165 
170 

c 
c 
c BTB 

160 
165 
170 

EBTBI BIBL BTI 175 
XP (aaOB.BE. 1) SO TO 10 BTI 180 
ZBOB(l)=a 
ZBETA(1,BBOB)=-1. 

BTB 
BTB 

185 
190 

10 B P 8 1 = I S B ( 1 , 1 ) 
• P B 2 - I S 8 ( 2 , 1 ) 
EBOUT=0 
KDIS*0 

BTB 
BTB 
BTB 
BTB 

195 
200 
2 0 5 
2 1 0 

c HTB 2 1 5 
c COBP0TE BABD-HXDTB fABIARLES. STB 2 2 0 
c BTB 2 2 5 

IMALPB^BAXDIP 
iBABD=2*IBALPB«1 
IB8P*IBALPB*1 

BTB 
BTB 
BTB 

2 3 0 
2 3 5 
2 1 0 

XP {IBABD.LE.BAXBa) GO TO 20 BTB 2 * 5 
PBIBT 10100,IBABO,BAXBa BIB 2 5 0 

c BTB 2 5 5 
c PBEPAiiE i a i t l A L f ABXABL&S. BTB 2 6 0 
c BTB 2 6 5 

20 

30 

IP 
00 

GO 

( K I C . B E . 0 ) GO TO « 0 
30 B P - I , B B P 
B(BP) = BI(fl?) 
TO 80 

art 
a r t 
M l 
BTI 

2 7 0 
2 7 5 
2 8 0 
2 8 5 

«0 

SO 

6 0 
70 

DO 

DO 

50 BP=J,BBP 
8 (BPj = 0 . 
4 P ( » P ) * 0 . 
70 »>1,BBL 
HTIP»IE(B ,3 ) 
Kt)=PBOP(BTIP,1) 
BB3B~PB0P(BIIP,2) 
TBETAB*FBOP(BTYP,«) 
P0B~PB0F(BTIP,5) 
XP (THETAB. EQ.O) THETAB*POB/10. 
ID*1.»KP*BBOB/POB 
AB0BB*1./(THETAB*ID) 
DO 6 0 1 0 - 1 , 2 

aP*IE(B,IOJ 
BT»0.S 
XP (BP.EQ.BPBt) B T - 1 . 
I P (BP.Bg.BPB2) B » » 1 . 
fl(BP)*B(BP)»AaOBB«BI(BP)«BT 
coa t iaoE 

COBTIBPf 

BTB 
a n 
BTB 
a n 
BTB 
BTB 
a n 
BTB 
a n 
a n 
BTB 
a n 
a n 
BTB 
a n 
a n 
BTB 
i n 
a n 
BTI 

2 9 0 
2 9 5 
300 
3 0 5 
3 1 0 
3 1 5 
3 2 0 
3 2 5 
3 3 0 
3 3 5 
3«0 
3 « 5 
350 
3 5 5 
3 6 0 
3 6 5 
3 7 0 
3 7 5 
3 8 0 
185 

80 
90 

DO 9 0 a p * i , a a p 
B P ( B n « B ( B P ) 

a n 
BTI 

3 9 0 
3 9 5 

c BTt • 0 0 
c BEAD tl lTXAL TELOCIMES, PBESSOBES, ABD fAT<I C0B7EBTS, IP BECESSABT . a n • 0 5 
c 

100 

IP 
IP 
IP 
DO 

(KPGB EQ.3) GO TO 1«0 
(EPGB.EQ.6) GO TO 1«0 
(KPGI. EQ.7) fiQ TO 1«0 
100 0 - 1 , BEX 
B t I P * I E < B , 3 ) 
P0B*PBOP(ITIP,5) 
0 0 100 1 0 * 1 , 2 

T B ( B , i a ) - P 0 3 
T I ( B , I Q ) - f I X 

BTI 
i n 
i n 
BTI 
a n 
a n 
BTI 
a n 
BTI 
a n 

• 10 
• 15 
• 2 0 
• 2 5 
• 30 
• 3 5 
• • 0 
M S 
• 5 0 
• 5 5 

110 IP 
XP 
00 

(EfX.BQ.O) 60 TO 160 
(ISBCU.GT. 1) 6 0 TO MO 
120 a i * 1 , B E l , « 
I I - I I B 0 ( B I « 3 , B 3 X ) 

• n 
BTI 
• n 
• n 

• 6 0 
• 6 5 
• 7 0 
• 75 

BIA0 1 0 0 0 0 , ( ( ? I ( B J , J « ) , j g - 1 , 2 ) , B J - B I , B E ) BTI • t o 
120 

00 
COBTIBOE 
130 1 1 - 1 , 1 1 1 , 1 

a n 
BTB 

• 8 5 
• 9 0 
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BK=aiB0(81*3,BEL) BT* *9S 
IBAO 1 0 0 0 0 , U T a < B J , J 8 ) . J g = 1 , 2 > , a j « B I . B K ) BTB 5 0 0 

130 COBTXBOK BT3 5 0 5 
IP USBCB.GT.O) KSBCB-K£BCB*1 BTB 5 1 0 
CO TO 160 BTB 5 1 5 

C RTB 5 2 0 
C PBXPABX TIBE-VELOCITY TABLC IP BBCBSSABT. BTB 5 2 5 
C BTB 5 2 0 
C BTB 5 3 5 

1*0 DO 150 B-1,BEL BTB 5*0 
DO 150 1 0 * 1 , 2 BTB 5*5 

B P = l E ( B , t Q | BTB 550 
T B ( B . i g ) - T B O BTB 5 5 5 
TX(B,XQ)-Q. BTB 5 6 0 

150 COBTXBOE BTB ? 6 5 
ITBIB=1 BTB WO 

C BTR 575 
C CALCULATE D.ATEBIAL PLOI PXtf l , IOJ. BTB 5 6 0 
C BTB 5 8 5 

160 CALL PLOX(PX,fX,BP,TH,aAXEL.BAXBP) BTB 590 
C BTB 595 
C DBTEftSIBE BOOBOIBI PL08S. BTB 6 0 0 
C BTB 60S 

DO 170 1 * 1 . 8 BTB 6 1 0 
170 T P L 0 S ( I ) - 9 . BTB 6 1 5 

DO 180 Ut'i.'tt BTB 6 2 0 
180 BPLX{BP>'0~ BTB 6 2 5 

CALL SPLOB(PX,BP vBFLX,BPLXP,PBATE,PLOB,IPLOB #TB,RAXEL,BAIBP) BTB 6 3 0 
DO 190 1 - 1 , 8 BTB 6 3 5 

P L O B ( I ) « 0 . BTB 6 * 0 
190 T P L O B ( I ) - 0 . BTB 6 * 5 

PBATX(6) -0 . BTB i 3 0 
P B A T E ( 7 ) - 0 . BTB 6 5 5 
PBATE(8) -0 . BTB 6 6 0 

C BTB 6 6 5 
C CALCULATE BOLK COBCEBTBATIQBS. BTB 6 7 0 
C BTB 6 7 5 

DO 200 B P - i , B B P BTB 6 8 0 
2 0 0 B B ( B P ) - 0 . BTB 6 8 5 

DO 220 B-1 ,BEL BTB 6 9 0 
B T I P - I X ( a , 3 ) BTB 6 9 5 
KD*PB0P(BTIP,1) BTB 7 0 0 
BB0B«PB0P(BTTP,2) BTB 7 0 5 
P0B-PB0P(BTIF,5 ) BTB 7 1 0 
aD-1.»KD*aaOB/POB BTB 7 1 5 
DO 2 1 0 I Q - 1 , . 2 BTB 7 2 0 

BP-IE(B,XOJ BTB 7 2 5 
• t«0 .5 BTB 730 
IP (BP.S0-BPB1) B S - 1 . BTB 735 
IP IBP.IC.BPB2) B»»1. BTB 7*0 
BB(sp) -aafBP)*aT*ao«Ta(B, ia )«B(BP) BTB 7*5 

210 CC1TIMB BTB 750 
220 COBTIBOB BTB 755 

IROBB BTB 760 
c a n 765 
C BTB 7 7 5 

BBTBI BTBAB BTB 7 8 0 
C BTB 7 8 5 
C PEBPOBB IBABSIX.f-ST.ATI CAACOLATIOB. BTB 7 9 0 
c a n 795 

•1-B BTB BOO 
•2» i . -» a n $05 
DO 2*0 B-1,B BL BTB 810 

DO 230 10-1,2 a n BIS 
TH ( l ( 101-TB (B,ZOJ i n 620 

2J0 TiP(a, io)-rx(B,igf a n t2S 
2«o coatiaoB a n 630 

c a n »35 
C BEAD TXBI-DEPBaaiBT fSLOCZTIBS, IF BZQBIBBB.. Btl ••<> 
c a n •%* 

ir ( ipaa.M.3) aa to 27« a n tso If (IPSI.IQ.*) 0Q TO 274 BTB §55 IP (KPCB.S0,7) M TO 270 an 960 IP (HUBS.2) 00 TO 2B0 8TB US 
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c 
c 
c 

IP (KSBCrf.CT.O) SO TO 2*0 
00 250 a=l ,BSL,« 

• s -a iao(Hi«3 ,aBL) 
BEAD 10000,((VI(BJ.JQ) „ Jtf=1 .2} .BJ=Bl,BK) 

250 COBTIBDE 
00 260 BI=1,aSL,« 

BK=BiaO(ai»3,BEL| 
BEAD 10000, ( (TB(aj ,J t i ) , JQc1 ,2 ) .aJ~BI ,M) 

260 COM t HOB 
CO TO 280 

CALCOLATE TIBE-DEPEBDEBT VELOCITIES ABD BATES COBTZBTS, IP BEaOIBED. 

C 
C 
c 
c 

c 
c 
c 

c 
c 
c 

2 7 0 CALL HIBTP(TIBE) 
CAL'. BTBB2 
CALL SBLIIK 

ASSEBBLE COEPPICXEBT BATBICES A ABO B ABD COBSrBOCT 
THE TI8E DEBIVATI?E B1 AT (BE PBEVIOOS TISE BODE. 

280 00 J00 8=1,BEL 
OO 2 9 0 IQ=' i , 2 

DTH(B,I\1) = JTH(B.IQ)-TBB(B. IQ)) /DELT 
TBB ( B . i g ) = B 1 * T H | B « l g ) •B2*THB (B,IOJ 

2 9 0 V X B ( B , I 0 ) = B 1 « T X ( B > i a ) » H 2 « V X P ( B # l a ) 
300 COBTxBOS 

CXi.i. ASEaBL(A,B,B1. iP ,VXB,TBB,DIH,a ,aAXaf ,BAXB8,BAIEL,KSS) 

APPLI BOOBOABI COBDXTXOBS. 
DO 310 BP=<1,BBP 

310 B(BP)~0. 
CALL BC(A,B,B,BP,DP,TXB.B,BAXBP,aAXEL,BAIBB,ESS) 

POBB THE PIBST-OXBIfATIVE TUB B1 = A • DB/BT. 

DO 330 BI~1,BBP 
B1(BX)*B(BI) 
JBL>aAI0(1,IBBP-BI*1« 
JB0=BH0 (IBMD,IHBP-BI»BBP) 
00 320 JB*J8X,,JB0 

BJ*BI»JB-IBBP 
B1 (BI) 'B1 (Bl ) -B (BI,Jt)«BP(BJ) 

320 COBTIBOE 
330 COBTIBOE 

C 
C 
c 

FOBB BATBXX A • Z*DBLT*B. 

lD=IBOI(BiOB)«DELT 
DO 360 BI«1,BaP 

JBA0*BIB0 (IBB* , 1-BI*BBP) 
00 3«0 >BA-1,JBA0 

JB*IHALPB»JBA 
B(BI,JB)*.A<ai #JBA}»ZD*B;«I,JB) 

3»0 COBTIBOE 
KB0«BXI0(BI-1#IBALPB) 
IP (UO.LT. 1) GO TO 160 
DO 350 BB*1,BB0 

aiA-BI-KB 
JBA-XBM 
J8-IBBP-KB 
B(BI,JB)-AfBIA,JB4)»ZD*B(BI,JB) 

350 COBTIBOE 
360 COITIBOE 

C 
C 
C 

c 
c 
c 

TBIABCOUaiXX BATBXI A • Z»DXLT*B. 

CALL S0LVB<1#>/B,aaP,IMr.PB,BAX ,BAXB8) 
00 370 BI«1,BIP 

370 B ( a i ) - 0 . 
00 »30 II0B-1,aBQB 

OETtaaiBE A • a , i n n i COBTAIBS T I E PBBVIOOS i t u u i . 

DO 380 BI>:,BBP 

BTB 870 
BTB $75 
an 880 
•TB 885 
BTB 890 
an 895 
BTB 900 
BTB 905 
BTB 910 
BTB 915 
BTB 920 
•TB 925 
BTB 930 
BTB 935 
BTB 9«0 
BTB 9*5 
•TB 950 
BTB 955 
•TB 960 
BTB 965 
aTB 970 
•TB 975 
•TB 980 
BTB 985 
BTB 990 
•TB 995 
•TB 1000 
BTB 1005 
BTB 1010 
BTB 1015 
•TB 1020 
9 TB 1025 
BTB 1030 
BTB 1035 
•TB 10*0 
BTB 10«5 
•TB 1050 
BTB 1055 
• TB 1060 
BTB 1065 
•TB 1070 
•TB 1075 
• TB 1080 
•TB 1085 
BTB 1090 
•n 1095 BTB 1100 
• TB i;o5 
•TB 1110 
•TB 1115 
• TB 1120 
•TB 1125 
•TB 1130 
BTI 11*5 
*>H 11*0 
•TB 11«5 
•n 1150 BTB 1155 
BTB 1160 
•Tl 1165 
BTB 1170 
•a 1175 •TB 1180 
•n 1185 •St 1190 
•TB 1194 
BTB 1200 
•TB 1205 
BTB 1210 
BTB K 15 
If* 1220 
BIB 1225 
• IB 12 JO 
BTB 1235 
•TB 1280 
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3«0 BT(BI)*0. 
00 «10 BI*1,B8P 

J M ~ 8 I B O ( B B P - B I » 1 . i : i * P } 
DO 390 J B O , J B O 

BJ<BX*Je-1 
BT(BI) «BT (. :j »A (BZ.J8I »B (BJ) 

RTB 
BTB 
9TB 
• TB 
•TB 
8TB 

12*5 
1250 
1255 
1260 
1265 
1270 

390 COBTXB08 
KB0*8IB0(BI - '»,IBALPB) 
XP {KBC.LT. 1) GO TO «10 
DO «00 KE*1,FBU 

BJ*BI-K8 
JB*KB»1 
BT (BI ) **T (BI) »A |BJ ,JB) *B (BJ) 

BTB 
•TB 
SITS 
BTk 
•TB 
•TB 
RTB 

1275 
1280 
1285 
1290 
1295 
1300 
1305 

«00 COBTIBSB •TB 1310 
•10 COBTIBUE •TB 1315 

C BTB 1320 
C POBB TIE BKB LOAD TBCTOB. •TB 1325 
C 

ZDB'ZBETA (IBOB, HOB) *DELT 
DO «20 i i l ' I . B B P 

•TB 
BTB 
• TB 

1330 
1335 
13*0 

«2u B(BI)=BT(BX)-Z0B«B1(BIJ BTB 13*5 
C BTB 13S0 
C BACK SOBSTITDTE. BTB 1355 
C 

CALL SOLfE(2 ,B , l ,BBP,IBALrB,BAXBP, 8 AX 88) 
8TB 
BTB 

1360 
136S 

• 3 0 COBTIBOE 
OO * « 0 H ' l . B B P 

• I t 
•T8 

1370 
1375 

• • 0 A ( B I ) - B P ( B I ) * B ( B I ) 8TB 1380 
c •TB 13SS 
C CALCULATE BATEBIAL PLOX PXA«,I0J- BTB 1390 
C 

CALL PLUX(PI,TX,B,TH,BAXBL,BAX>r) 
•TB 
BTB 

1395 
1*00 

c BTB 1*05 
C DETE8BIBE B00BDA8I PLONS. 3TB 1*10 
C BTB 1*15 

CALL SPLOB(PX,A,BrLX #BPLXP #PBATX,PLO« .TPIOB. TO, 8 AX EL rBAXBP) 8TB 1«20 
c BTB 1«2S 
Z CALCULATE AULA COBC88TBATIOBS. BTB 1*30 
C 

OO « S 0 BP-1 .BBP 
• TB 
BTB 

1«35 
•««0 

•SO B B ( B P ) - 0 . 
OO « 7 0 8 - 1 , 1 8 1 . 

• T I P * I B ( I , 3 ) 
KD-PBOP(BTTf,1) 
aao8-paoP(8TiP # 2) 
POB*PBOP(BTIP,S) 
BB*1.»K8*Ba0B/P0B 
DO «60 IQ-1 ,2 

BP-XS(B,IJ» 
BT-0.5 
IP (BP.8fl.BPB1) BT-1-
XP (BP.8fi.BP82) 8*»1. 

BTk 
BTB 
BTB 
BTB 
BTB 
• TB 
•TB 
BT8 
FT8 
ata 
BTB 
a m 

1**5 
1*50 
1*55 
1*60 
1*65 
1*70 
1«7S 
1*80 
1*85 
1*90 
IMS 
1500 

BB(8P)*8 ipP) •ST*8B*f 8 (8 ,10) *B (BP) BTB 1505 
•40 coBTiaaa BTB 1510 
•70 COBTIB08 

oo «ao a p - i , a n p 
8TB 
BTB 

ISIS 
1520 

•SO tP(IP)-B(BP) 
88T08B 

BTB 
BTB 

1525 
1S30 

10080 PO8BAT(IP10.0) BTB 1535 
10100 POBBAT(////128 8A80BXOTB - , I « , 2 S 8 tICXEDS 8AX. ALLOCABLE « , ! • / / / ) 8TB 15«0 

8BD 
SBMOOTlaa DATAS 

BTB 
DATA 

15*5 
0 

c DATA 5 
c DATA 10 
c p a a c t i o a or SOABOOTXBB— t o aaxo , M I B T . ABP caaca •ATE8IAL-T8ABSPOIT DATA IS 
C fAAXAfLBS PX8TAI8UB t o SI88LATIOB TI88 . B08B-8L8BBBT COBPIOOBATIOB, RATA 20 
C B08BBABI XBITXAX CQBD7TIQBB, ABO PIOPEBTIBS 0f> BOT8 TIE BAT88IAL DATA 25 
c B i i a o TBABSpoaraD ABO *aa roaoos B I D I A . BATA 30 
c DATA 35 
c 

I8PLXCIT BSAL«0 AA-B,0~S) 
B8AL** P8AT 

DATA 
DATA 
DATA 

• 0 
• 5 
SO 

coaaoB/cf • x / ( r « a , a 8 t a # w x « U T B B , asTB* .tatop, xss ,BDie ,«BO0T # BBOOT ,DATA 55 
1 i a t s r r , K S o a t # c s a c a f u a p r , K A a L # x x c « 8 s « 8 s DATA 80 
c o a a o a / « a « a / i ( i 8 * > #aa«2* , D C O S S ( 2 ) ,BCOS ( 2 ) , o u t , Caa«,D8LBAX, TAAX, DATA 65 

http://BP.8fl.BPB1
http://BP.8fi.BP82
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c 
c 
c 

1 IPX (101) , 1 8 ( 1 0 0 , 3 ) , » P B ( 2 > , B P S T ( 2 ) . I P T S T ( 2 ) , B B E ( 2 ) . » , T S E ( 2 ) . 
1 2 ) , I S t 2 , 2 ) , B B P , B E L , a a A X . I B A B D , B B C , B S T , a T S T , BBEL,BTI,BBOB 

COBaOa/aiVAB/KPB0,SPB(1OO0},BAlDir,SAXEL,,3AiBP,aAX3AT,RAI3I. 
1 BAXBTI.IBPPB 

COaaOB/BPBOP/PBQP(1.5) ,«XI 
COBBOB/BBTAB/ A ( 1 0 1 , 2 ) , S ( 1 0 1 # 3 ) , B ( i C I ) , B P ( 1 J 1 ) , d l ( 1 0 1 ) , B B ( 1 0 

1 D P ( 1 0 1 ) , B 1 ( 1 O 1 ) . B T ( 1 0 1 | , I T B P ( 1 0 1 ) , B P L I ( l 0 1 ) , B P L X P ( 1 0 1 ) , PX ( 
1 ,PBATK(10) .PLON(10) ,TPLOB(10) , I , P B A T ( 3 , S ) 

ISTOP*0 
BEAD IIOOO.iBP.IEL.IHAT.BCB.BTI , B B C . i S T . M I . K S T E B . l S S . K T S T P , 

1 BSLH,BaOB,KIC,UZSB 
BTST*0 
IP (KSS.BE.0) KSS=1 
IP (KSTBB.BE.0) KSTBB*1 
IP (BBOB.LT. I) BBOB=1 
IP (BBOB.Eg.4) IBOB>3 
IP (BBOB.CT.S) BBOft*5 
BEAD 1 1 1 0 0 , DELT,CBBC,DEUAX,TBAI,a,I0,XaX,i>XL1,DXU1,fXI 
IP (KSS .BE.0 ) CO TO 10 
BBOB=I 

10 IP (KBESH.BX.1) SO TJ 20 
BELxBELL'BELO 
BBP*BEL»1 
IP (BELB.EQ.O) XQ=XBI 
IT (BELL. Eg. 0) 1 0 = 0 . 

20 IP (DBLaAI.LE.0.DO) DELflAI=1.E50 
IP (TBAX.LE.0.D0) TBAX-J.E50 
PBIBT 10000 ,BBP,BEL, iaAT, lCB,BTI ,BBC,BST,KW.KSTBB,KSS , KTST 

1 BBLL,BELO,BBOB,KIC,KBES0 
PBIBT 1 0 1 0 0 , DELT,CHBG,DELBAI,TaAI,B, 1 0 , Xat,DXL1,DX01,VXI 
BEAD 1 1 2 0 0 , K P B 0 , ( K P B ( I T B ) , I T a = 1 , B T E ) 
PBIBT 10200 
PBIBT 1 1 3 0 0 , K P B 0 , ( K P B ( I * « , I T B - 1 , BTI) 

CHECK TO BE SOBE IBPOT DATA DOBS BOT EXCEED STOBACE CAPACITY. 

IP (BIP.UE.O.ABD.BBP.LE.BAIIP) 5 0 TO 3 0 
IST0P-IST0P»1 
PBIBT 1 2 * 0 0 , BAXBP 

30 IP (BEL.CE.O.ABD.BEL.LE.BAXEL) SO TO « 0 
ISTOP*IST0P*1 
PBXBT 1 2 5 0 0 , aAXEL 

«0 I P (BBAT.6E.0.ABD.BaAT.X,B.BAXBAT) CO TO SO 
ISTOP-ISTOPO 
PBIBT 1 2 9 0 0 , BAXBAT 

SO IP (BCa.«E.O.ABD.BCa.LE.BAXBLj CO TO 6 0 
IST0P*IST0P»1 
PBIBT 12600,BAXXL 

60 IP (BTX.SE.O.ABD.BTI.LB.BAIBTII CO TO 10 
ISTOP*ISTOP»1 
P i l B T 1 2 7 0 0 , IAXBTI 

70 IP (BBC.CE.O.ABO.BBC.LE.BAXBP) SO TO 8 0 
ISTOP>IST0P*1 
PBIBT 1 3 0 0 0 , BAMP 

80 IP (BST.GE.O.ABD.BST.LE.BAXBP) SO TO 9 0 
1 S T 0 P - I S T 0 P O 
PBIBT 13100,BAXBP 

90 IP (BXST.GS.0 .A8O.BTSf . l f .EAXBP) CO TO 100 
ISTOP*ISTOP«1 
PBIBT 13200,BAXBP 

100 I P (EVI .CE.O.ABD.KfI .LE.3 ) CO TO 110 
ISTOP-ISTOP»1 
PBIBT 1 2 8 0 0 

110 IP t IStOP.ZQ.O) CO TO ! 2 0 
PBIBT 1 3 3 0 0 , ISTOP 
STOP 

BEAD ABD PBIBT BATEBIAL PBOPEITIES. 

120 IP (BBPPB.LX.O) CO TO 1*0 
PBIBT 10300, ((PBAT<I,J) ,1*1,3) ,,1-1,BBPPB) 
DO 130 1-1,BEAT 

BBAD 11100,<PBOPa«J*,X»aBPPB) 
130 PBIBT 11«Q0,I,(PB0P(I,J),J-1,BBPPB) 

ISB(2,0ATA 70 
9 ATA 75 
DATA 80 
DATA 85 
DATA 90 

1), DATA 95 
100,2)DATA 100 

DATA 105 
DATA 110 

SELL,BATA 115 
DATA 120 
DATA 125 
DATA 130 
DATA •JS 
DATA 1«0 
DATA 1«5 
DATA 150 
DATA 1SS 
DATA 160 
DATA 165 
DATA 170 
DATA 175 
DATA 180 
DATA 185 
DATA 190 
DATA 195 
DATA 200 
DATA 205 

P, DATA 210 
DATA 215 
DATA 220 
DATA 225 
DATA 230 
DATA 235 
DATA 2*0 
DATA 2*5 
DATA 250 
DATA 255 
DATA 260 
DATA 265 
DATA 270 
DATA 275 
DATA 280 
DATA 285 
DATA 290 
DATA 295 
DATA 300 
DATA 305 
DATA 310 
DATA 315 
DATA 320 
DATA 325 
DATA 330 
DATA 33S 
DATA 3«0 
DATA 3«5 
DATA 350 
DATA 355 
DATA 360 
D»~ 365 
D..A 370 
DATA 375 
DATA 380 
DATA 385 
DATA 390 
DATA 3*5 
DATA •00 
DATA 405 
DATA 410 
DATA • IS 
CAS A •?0 
DATA •25 
DATA • 30 
DATA •35 
DATA ••0 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

CXBBBATE BOOAL-POIBT U T I , IF UOOIIZO. 

1«« IP (UBSB.BS.0) SO TO UO 

X(BP)*XO 
IP (BSLi_8Q.O) CQ TO IM 
•T'lILL 
BVB*BV-1 
DXAf*X0/DPLOAT(IT) 
SOX'2. • (OXAf-DXM! /DPLOAT (BTB) 
Oil'DILI 
DO ISO Jf«1 ,BT 

B*~BP*1 
I(BF)*X(BP-1)-DXI 
DII'DII»SDI 

150 COBTIB9B 
X(B»)*0. 

1 6 0 IT ( U L O . E Q . 0 ) CO 1 0 I M 
BP*BF*I 
I(BP)-X0*DI01 
BT-BELO 
BTB-BT-1 
DXAT-(XBX-X0)/DPLOAT(BT| 
SDI-2. • (DXAT-DI01)/DPLOAT(BTB) 
0X1*0X01»SDE 
00 170 J f * 2 , B t 

BP-BP*1 
X(BP)*I(BP-1)»DXI 
DXI*DII»SDI 

170 COBTXBOZ 
X(BP)*XBX 

POT 6BBEBATSD X-TAUES IB ASCBBDIB6 OBDBB. 

ISO CALL DSOBT(X,IftX,BBP) 

MIBT SEB SEATED BODAL-POIBff DATA, 

*»*IBT 10*00 
DO 190 BP«1,BBP 

1 9 0 PBIBT 1 1 6 0 0 , B F , I ( B F ) 

6EBEBATS BLBBBBT DAM. 

B";IP»I 
TA 200 8*1,BEL 

BI-B 
EJ-BI*1 
IE(B,1)«EI 
IS(B,2)*B.J 
I8(1,3)*BTYP 

200 COBTIBOB 
PBIBT SBBXBAtBB BLBBBBT DATA. 

PBXBT 10500 
Bi?«l 
BAXDIF-1 
00 210 B*1,BBL 

210 PUBT 11700 ,8 , ( 1 2 ( 1 , 1 ) , 1 - 1 , 3) , 810 
60 TO 430 

BEAD BODAL-POXBI DATA PBOB CABDS ABB PBIBT, I ? BBQOIBXD. 

220 IP (IB1SB.BS.0) » » MO 
PBXBT 10900 
BI-1 

2J0 BBAP 11900, BJ,I |BJ) 
IP (BJ-BI) 2*0 ,270 ,250 

2«0 PBIBT 13«00, BJ 
PBIBT 11*00, *J ,X(IJ) 
UT0P»IST0P*1 
00 TO 230 

250 »f»BJ»t~U 

DATA ««S 
DATA *50 
iiAT* *SS 
DATA •iO 
DATA »65 
DATA «70 
DATA »75 
DATA «80 
DATA «B5 
DATA «90 
DATA »9S 
DATA 500 
DATA 505 
DATA 510 
DATA SIS 
DATA 520 
OATA 525 
DATA 530 
DATA 535 
OATA S«0 
DATA 545 
DATA 550 
DATA 555 
DATA 540 
DATA 565 
DATA 570 
DATA 575 
DATA 5BO 
OATA 585 
DATA 590 
DATA 595 
DATA 600 
DATA 605 
DATA 610 
DATA 615 
DATA 620 
DATA 625 
DA?A 630 
DATA 635 
DATA 6*0 
DATA 6«5 
OATA 650 
DATA 655 
DATA 660 
DATA 665 
OATA 670 
DATA 67S 
DATA 680 
DATA 685 
OATA 690 
OATA 695 
OATA 700 
DATA 705 
OATA 710 
OATA 715 
DATA 720 
DATA 725 
OATA 730 
DATA 735 
DATA 7*0 
DATA 7«5 
DATA 750 
OATA 755 
DATA 760 
OATA 765 
DATA 770 
DATA 775 
DATA 780 
DATA 705 
DATA 790 
DATA 795 
OATA 800 
DATA 805 
DATA 810 
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c 
c 
c 
c 
c 

D I = ( I ( B J ) - X ( B I - 1 ) f / « > * 
260 COrriSQE 

Z ( B X i = X ; S I - 1 ; + 9 I 
270 P i n t i i t > o o , i i , i t a i ) 

B I * B I O 
IF ( B J - S I ) 2 8 0 , 2 7 0 , 2 6 0 

2«0 IF ( I I . L B . I I P ) CO TO 2 3 0 

HEAD AID M I R TLEBEBT DATA. 

ALSO COBP0TE BAXIBOI BOD AX. DIFPEBESCE FOB EACa ELEBEBT. 

PBIBT 10S00 
BAXDIF*0 
tU « 0 

290 BEAD 1 1 0 0 0 , B t , (IE ( B I , I ) , 1 * 1 , 3 ) , B O O L 
U O * I A B S ( I E ( B I , 2 j - I E ( a i , 1 ) ) 
BAXOIF = BAIO(BBD,BAIDIF) 

300 U = BJ • 1 
IF (BI-HJ) 3 1 0 , 3 * 0 , 3 2 0 

310 PBIBT 1 3 5 0 0 , BX 
PBIBT 1 1 7 0 0 , B I . < I E ( U , I ) . I * 1 # 3 ) . B B D 
ISTOP * I STOP • 1 

320 M 330 1 0 * 1 , 2 
330 JE(BJ.KOJ ~ l E ( B J - 1 , I f i ) • 1 

I E ( B J , 3 } * I E ( B J - 1 , 3 ) 
3«0 PBIBT 1 1 7 0 0 , B J . ( I X - : B J , X ) , I * 1 , 3 | ,BBB 

IF ( B J . L T . B I ) 6 0 TO 3 0 0 
IF (SJ.EQ.BEL) CO TO 3B0 
IF (BOOL. IX . 0) CO TO 2 9 0 
LL=2 
DO 3?0 J=1 ,B0DL 

I F ( B J . K d . 3 I ) CO TO 360 
00 3SO 1 0 * 1 , ? 

I E ( U , E 0 J * IE(SJ-1 ,K0J • L i 
I E ( B J , 3 ) * I B | B J - 1 , 3 | 
PBIBT 1 1 7 0 0 , B J , ( I E 0 U , K * , E ' 1 , 3 ) , B B D 
LL * 1 
SJ * BJ • 1 

BJ = 1J - 1 
IF ( U . L T . BEL) CO TO 2 9 0 

3B0 COBTIBOS 

350 

360 
370 

C 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

BEAD BOOAL-POIBT OATA IB COBPBBSSSO FOBB. IV BBQOIBED. 

390 BEAD 1 1 1 0 0 , (X ( B P ) # b P * 1 , B B P ) 
CALL DSOBT(I,IPX,BBP) 
PBIBT 1 0 * 0 0 
00 *00 BP*1,BBP 

• 0 0 PBIBT 1 1 6 Q 0 , B P , I ( B * ) 

SEBEBATX ELEBEBT DATA. 

HTIP-1 
00 «10 B-1,BEL 

BI-B 
B J - B I O 
I B ( B , 1 ) - I I 
I K ( B , 2 ) - I J 
I X ( B , 3 ) * B T I P 

• 1 0 COBTIBOB 

PBXBT CEB SEATED EXIBBBBT DATA. 

FBIIT 1 0 5 0 0 
BID-1 
BAX0ZF-1 
DO *20 B>1,BSL 

• 2 0 PBIBT 1 1 7 0 0 . B , ( I E ( B , i ) , I « l , 3 ) ,BBD 

BOOIFT BATtBIAL T I P I S FOB SELECTED ELEBEITS* ZF BICESSABT. 

• 3 0 IP (BCB.LE.0) CO TO « 7 0 
FBIBT 1 0 6 0 0 
L-0 

OATA 8 2 0 
DATA 8 2 5 
OATA 8 3 0 
uATA S3S 
OATA 8«0 
OATA 8*5 
OATA 8S0 
OATA 8SS 
OATA 8 6 0 
DATA 8 6 5 
DATA 8 7 0 
DATA 87S 
OATA 8 8 0 
DATA 88S 
DATA 8 9 0 
DATA 8 9 5 
DATA 9 0 0 
DATA 90S 
DATA 9 1 0 
DATA 9 1 5 
DATA 9 2 0 
DATA 9 2 5 
DATA 9 3 0 
DATA 9 3 5 
OATA 9*0 
OATA 9*5 
DATA 9$J 
DATA 9 5 5 
DATA 9 6 0 
DATA 9 6 5 
DATA 9 7 0 
DATA 9 7 5 
DATA 9 8 0 
DATA 98S 
DATA 9 9 0 
DATA 9 9 5 
DATA1000 
OATA1005 
DATA1010 
DATA1015 
DATA1020 
DATA1025 
DATA1030 
DATA103S 
OATA10*0 
DATA10*5 
DATA1050 
DATA1055 
DATA1060 
DATA1065 
5ATA1070 
DATA107S 
DATA 1080 
DATA1085 
OATA1090 
DATA1095 
DATA1100 
DATA1105 
OATA1110 
DATA1115 
DATA1120 
DATA 1 1 2 5 
DATA1130 
DATA1135 
DATA11*0 
DATA11*5 
DATA1150 
DATA1155 
DATA1160 
DATA1165 
DATA1170 
0ATA1175 
DATA1180 
DATA1185 

http://BJ.Kd.3I


no 

c 
c 
c 

c 
c 
c 

• • 0 BEAD 11000, BI.BTIP,BC 
I t ( S I . J) = BTIP 
H I « T 11900. Sl.lClU.it 
L - L • 1 
IP (BK.LE.BI) CO TO 980 
BI * BI • 1 
DO »50 BJ*ai,BK 

IE(BJ,3) - BTIP 
PBIBT 11800 . BJ,IE(BJ,3) 

•SO L - L • 1 
•80 IP (L.LT.BCB) CO TO 94C 

CBXCE BATEBIAi- TTFES FOB EACB XLBBXBT. 

•70 00 *S0 B-1,BSL 
BTIP-IE(B,3) 
IP (•TTP.CT.a.iM.BTIP-LC.aaaT) CO TO 
PBIBT 1*200,8 
ISTOP*ISTOP»1 

•80 COBTIBBC 
IP (ISTOP.EQ.0) CO TO MO 
M U t 13700, ISTOP 

• •0 I P (EBESB.EQ.2) co TO S«O 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

BEAD IBITIAL COBOIIIOBS IB PBEX POBB. 

BI-0 
BJ'O 

500 IP (BJ.E0.BBP) CO TO 5*0. 
BEJU> 11900,8.1,81(8.1) 

510 a i * a i » i 
IP (BI.CT.1) CO TO 520 
IP (BJ.EQ. 1) CO TO 520 
PBIBT 1 MOO. B J 
ISTOf*ISTOP*1 
CO TO 710 

520 IP ( B J . t Q . H ; CO TO 500 
IP (BJ.CT.BI) CO TO S30 
PBIBT 13*00,BJ 
ISTOP-ISTOP*1 
CO TO 710 

530 8 1 ( 8 1 ) - 8 1 (BI-1) 
CO TO 510 

BEAD IBITIAL CDBOITIOBS IB COBPBESSBB POBB. 

5*0 BEAD 11100,(XTaP(BP),BP-1,BBP) 
DO 550 81-1,BBP 

BJ-IPI(BI) 
550 BX(BI)-XH»(BJ) 

IOEBTIPf BOOBDABI BODES. 

540 CELL SOBP 
DO 570 8P-1,BB» 

570 0P(BP)-0 . 
It (BBC.80.0) CO TO *80 

BEAD COBSTABT-COBCBBTBATIOB DIBICBLET COBBIU08S BB(BPP) TO BE 
APPUED AT BODES MB(B»P). 

BPP-P 
5B0 IP (8PP.EQ.BBC) CO TO MO 

I f (8PP.LT.BBC) 00 TO 5*0 
PBIBT 130C:,BBC 
ISTOP-ISTOP* 1 
CO TO *10 

590 BBAO 11903,81,BBI 
MO BPP-BPPO 

BPB(BPP)-BI 
BB(BPP)-BBI 
CO TO 580 

810 PBIBf 10700 
DO 820 BPP-1,BBC 

820 PBIBT 12100,BfB(8PP)*M(8PP) 

DATA1195 
DATA12VW 
DATA1205 
DATA1210 
DATA1215 
DATA1220 
DATA1225 
DATA 1230 
DATA1235 
DATA12«0 
DATA1295 
DATA1250 
DATA1255 
DATA 1280 
DATA12*5 
DATA1270 
DATA 1275 
DATA1280 
DATA1285 
DATA1290 
DATA1295 
DATA1300 
DATA1305 
DATA1310 
DATA1315 
DATA1320 
DATA1325 
DATA1330 
0ATA133S 
DATA1380 
DATA1395 
DATA1350 
DATA1355 
DATA1380 
DATA1385 
DATA1370 
DATA1375 
DATA1380 
DATA1385 
DATA1390 
DATA1395 
DATA1800 
DATA1«05 
DATA1810 
DATA1«15 
DATA 1920 
DATA1825 
DATA1*30 
DATA 1935 
DATA 1 MO 
DATA1995 
DATA1*50 
DATA1*55 
DATA1980 
DATA1885 
DATA1970 
DATA147S 
DATA1480 
DATA1985 
DATA 1990 
DATA1995 
DATA1S00 
DATA1505 
DATA1S10 
DATA1515 
DATA1520 
DATA1525 
DATA 1'; 30 
DATA1535 
DATA1590 
DATA .595 
DATAI5S0 
DATA1555 
DATA 1580 
DATA1*85 

http://Sl.lClU.it


I I I 

C DATA1570 
C APPLI DIBICMLET BO»DABT ^PECIPICATIOBS TO TIE IBITlAL CO80ITI3BS. 0ATA1S7S 
C DATA tSJO 

DO 630 > P P = 1 , B K DATA11»5 
• P»BPB(BPP| DATA1590 

• 3 0 BItBPj=BB(BPP' 0ATA1595 
MO I P (BST.LE.O) CO TO 6 6 0 OATA1600 

C DATA1tw5 
C BEAD SOBPACE-TEB'J PLBX LI TO BE APPLIED AT BOO! DAB I DATA1610 
C BODE S i . 0ATAI61S 
C DATA1620 

BPP=0 DATA1625 
PBIBT 10*00 DATA1630 

6 5 0 IP (BPP.EQ.BST) CO TO 6 6 0 0ATA 1635 
BEAD 1 1 9 0 0 , 0 1 . B I DATA1640 
DP ( I I } * EI DATA16«S 
•PP>BPP*1 DATA1650 
BPST fBPP) =81 DATA 1 6 5 5 
PBIBT 1 2 1 0 0 . B I . E I DATA1660 
CO TO 650 DATA 1665 

6 6 0 IP (BTST.LE.O) CO TO 710 DATA 1 6 7 0 
C DATA1675 
C BEAD BBBBEBS OP BOOBS POB BBICB SEEPACE DATA1680 
C C0B01TI0BS OP TBE IQBB, PLOX « (DABCT PLBX)•COBCSBTBATIOB. DATA16B5 
C ABE TO BE APPLIED. DATA1690 
C DATA1695 

BPI»0 DATA1700 
BPP*0 DATA17 06 
PBIBT 10900 CATA1710 

6 7 0 I P (BPP.EQ.BTST) GO TO 7 1 0 9ATA1715 
BEAD 1 2 0 0 0 , 1 1 DATA1720 
B P I ' B P I * ! BATA1725 
BPP»BPP«1 DATA1730 
BPTST(BPP)»BI DATA1735 
DO 6 9 0 BPJ=I,BBZL DATA17B0 

B*BBE(BPJ1 DATA17*5 
B J * I S B ( B P J , 1 ) DATA 17 50 
IP (BI.BE.BJ) CO TO 690 DATA 1755 
•TSE(SPI)'B DATA1760 
DCOS(BPI)*DCOSB{BPJ) DATA 1 7 6 5 
DO 6 0 0 J - 1 , 2 DATA1770 

6 0 0 I S ( H P I , J ) * I S B ( a B J , J ) DATA1775 
CO TO 700 DATA1780 

6 9 0 COBTIBOE DATA17B5 
ISTOP *ISTOP»1 DATA1790 
PBIBT 1 3 9 0 0 , B I 0ATA1795 
CO TO 710 DAIA1800 

7 0 0 PBIBT 1 1 7 0 0 , 8 1 DA'.'A1*05 
CO TO 670 DA/A1S10 

7 1 0 IP (ISTOP.EQ.O) CO TO 7X0 DATA 1815 
PBIBT 1 3 7 0 0 , ISTOP DATA1020 

7»u BBTOBB DATA1825 
iOOOO P O B 8 A T ( / / / / • BATSBIAL-TBAISPOBT IBPBT TABLE 1 . . BASIC PABABJTEBS* DATA1830 

1 / / 5 I , 0ATA1B35 
1* BOBBEB OP BOOAL POIBTC ' , 1 5 / 5 l . » A T A l 8 « 0 
1* I0BBEB o r SLEBSBTS. ' , 1 5 / 5 l ,DATA18«5 
1* BOBBU Or DIPPBBEBT BATEBIALS . . . . . . . . . . . . . ' , 1 5 / 5I ,DATA1050 
1* BOBBU Of COBBBCTIOB BATEBIALS. . . . . . . . . . . . . ' , 1 5 / 5X,DATA1855 
1* BOBBEB Or TIBS IBCBXBCBTS ' , 1 5 / 51,DATA 1860 
1 ' BOBBEB o r BOOBOABT C08DITIOFS . . . . . . . . . . . . . ' , 1 5 / 5X,DATl1865 
1 ' BOBBU Or SOBPACE T H I S ' , 1 5 / 5I ,DATA1870 
1* TELOCITT IBPOT C O R a O * . ' , 1 5 / 5I ,DATA1875 
1* A1XILIABI STOBACB COBVBOL . ' , 1 5 / 51,DATA 1880 
1* STBADI-STATX COBTBOL ' , 1 5 / 5X,DATA18B5 
1* TIBB-STEP COBTBOL > # I 5 / 51,DATA 1890 
1* BOBBU OP LOBU IABIASLI S E Z D ELEUBTB ' . 1 5 / 5S.0ATA1895 
! • BOBBBB o r 0 F * U TUIAftLI SIZED SLBSEBTS ' , 1 5 / 5 I , D A T A 1 9 0 0 
1* BOaSETT TIBB IBTBCBATtOB I B » B . . . . -> . ' , 1 5 / 5X,DATA 1905 
1* IBXrXAL-COBDUXOB COBVBOL . ' , 1 5 / 5X ,DAtAl«10 
1* U&Z. COBTBOL ' , 1 5 ) DATA 1915 

T . 0 0 POBIAT(5 l , ' TIBS IBCBMBBT. •', DATA 1920 
t 1 1 0 . * / 5 1 , • BBLTIPL'M POB IICBBASIIC BBLt. *,DATA1925 
1 P 1 0 . 6 / 5 1 , • BAXXBU tALOB OP DBLT ' , D A T A J 9 M 
1 B 1 0 . « / 5 1 , • BAUWB f l U I Of TIBS . . . . *,!> ATA 1935 
1 E 1 0 . * / 5 1 , • TXBI-IBTBMATIOB PABABETBB. * , 0 B t i 1 9 « 0 
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1 r i O . * / ) J , • OBIGIB OP BESS GElEBATIOB . . . . . . . . . . . . * r » « T A 1 9 « S 
» ? } < * . « / 3 1 , * BAXIBita X-TALOi . . . . . . . . . . . . . . . . . *,DATA19S0 
1 F 1 0 . * / S I . • LOBES FIBST X-It.r 7EBEBT . . . . . . . . . . . . . *,DATA1955 
1 F 1 0 . * / S I , • OPPEI PIBST X-IBCBEBEBT . . . . . . . . . . . . . *,DATA19*0 
1 F I O . * / S I , • COBSTAIT SABCI IELOCITT . . . . . . . . . . . . . *,DATA19*S 
1 E10.«) DATA1970 

10200 PUBSAT(//6X,'O0TP0T COSTBOL*) 0ATA197S 
10300 POBBAT ( / / / / ' BATSBIAL-TBABSPOST IB POT TABU 2 . . * . DATA19B0 

1 *BATXBXAL PBOPEBTIES*// * BAT. B O . * , 9 ( 3 A « ) ) DATA19MS 
10*00 F O B B A T ( / / / / • BATESIAL-TBABSPOBT TABLE 3 . . BUDAL-POIBT DATA*. / / DATA1*90 

1 7X,«BODE*, B I , * I * ) OATA199S 
10S00 r O A B A T ( / / / / • BAIBBIAL-TBABSPOBT TABLE • . . ELBBEBT DATA' / / 1 1 1 , DATA2000 

1 'GLOBAL IBDICES OP ELBBEBT BODES' /7x . * E U U B T * , 3 X , * 1 * , 7 I , * 2 * , DATA200S 
1 tX,*BATEBIAX,*,*X, 'BODE OIPP.* } BATA2010 

1 0 M 0 F O B B A T ( / / / / • COBBECTIOBS TO BATEBIAL TYPES FOB SELECTED ELEBEBTS«/DATA201S 

BOOBDABT 

SBBPACE TEIBS* 

1 ) 
10700 P O B B A T I / / / / ' BAISBIAL-TBABSPOST IBPBT TABLE S . 

1 'COBDITIOBS OP POBB B*SB* / / • BODE",71,*BB«) 
10130 P O B B A T ( / / / / * BATE8IAL-TBABSP0BT IBPBT TABLE * . 

1 * PLOI'EI AT BODE B I * , « B 3 D E * , 7 l , « E X * / ) 
10900 POBBATC// / /* BATEBIAL-TBABSPOBT IBPBT TABLE 7 . 

1 * IBFOBBATIOi*//5Jt/ /*DOPS*/J 
11000 POBBAl( l*IS) 
11100 FOBBAI(8F10.0) 
11200 FOBBAT(SOII) 
11300 POBBAT( 1 0 1 , • * : * ! ) 
11*00 rOBBAT(XB r 9012.«) 
11500 FOBBAT(IS ,2F10 .3 ) 
1160b POBBAI U 1 0 , 2 0 1 5 . * ) 
1 1 7 0 0 P O a B A T ( I 1 0 , 2 I S , I I 0 . I 1 S ) 
11000 FOABAT ( 1 1 0 . 3 2 1 , 1 1 0 ) 
1 1 9 0 0 POBBAI(I5 , !>X,P10 .0 ) 
12000 POBf lAT(2 l5 ,F10 .0 ) 
12100 ruiSAT ( 1 5 , 0 1 5 . * ) 
12200 P O S B A I ( 3 X C , , S I , 2 P 1 0 . 0 ) 
12300 • 0 B B A T i 2 I S , 2 ( 1 P D l S . « ) ) 
12*00 P O B B A T ( / / / / 3 3 B TOO BAIT BOifAL POIBTS, BAIIHJB ' , I S / / / ) 
12500 P 0 B B A T ( / / / / 3 Q B TOO BABI ELEBEBTS, SAXIBM « . 1 5 / / / ) 
1 2 * 0 0 P O B B A T ( / / / / • I B TOO BABT COBBECTIOB HATEBIALi, BAXIBOB * , I S / / / ) 
12700 POBBAT ( / / / / 3 * B TQO BABI TXBE IBCBEBEBTS, BAII'OB A 5 / / / ) 
12*00 P O B B A I ( / / / / 2 9 B CBECB TELOCITI IIPOT COBTBOL///) 
129C0 P O B B A T ( / / / / 3 0 B TOO BABI BATEBIALS, IAXIBBB * , I 5 / / / ) 
13000 F O B B A T ( / / / / 3 * B CBECK BOBBOAIT CDBDITIOBS, B A X I B O B * , 1 5 / / / ) 
13100 P O B B A T ( / / / / 3 0 B CBXCI S B B P A C E T U B S , B A U a O S - , 1 5 / / / ) 
1 3 2 0 0 P O B B A T ( / / / / 3 I B CBECK TBABSIEBT S . T . , B A I I B O B - , 1 5 / / / ) 

DATA2020 
DATA2025 
DATA 20 30 
0ATA203S 
DATA20*0 

SEEPAGE-S0BPACEa, OATA20«5 
OATA20S0 
DATA20SS 
DATA2060 
DATA20*S 
DATA2070 
DATA207S 
0ATA2OS0 
DATA20BS 
DATA2090 
DATA2095 
DATA2100 
DATA2105 
DATA2110 
DATA2115 
DATA2120 
DATA2125 
DATA2130 
DATA213S 
0ATA2140 
DATA2195 
DATA2150 
DATA215S 
DATA21*0 
DATA216S 

1 3 3 0 0 POBBAT( / / / / 2BB EXCCOTIOB SALTED BBCAOSS O P , l 5 , 1 3 B FATAL EBBOIS/ / / ) 0ATA2170 
1 3 * 0 0 FOBBAT( / / / /3OB EBBOB IB BODAL-POXBT CASD B O . , 1 5 / / / ) DATA2175 
1 3 5 0 0 P 0 I B A T ( / / / / 2 * B ESSOB IB ELEBEBT CABD B O . , 1 5 / / / ) DATA2180 
13*00 P O B B A T ( / / / / 3 * B EBBOB IB IDITIAl-COBDITIOB CAOD B O . , 1 5 / / / ) DATA21S5 
1 3 7 0 0 FOBS A T ( / / / / « 5 B ASSEBBLI ABO SOLOTIOB BILS, BOT BE PEBFOBBBD.,15, DATA2190 

1 19B FATAL CABD EBBOBS// / ) 0ATA219S 
13S00 P O B B A T ( / / / / 3 * H EBBOB IB FIBST SEEPACE-SOBFA.E CABD/ / / ) DATA2200 
1 3 9 0 0 POBBAI ( . " / / B I B EBBOB IB TBABSIEBT-SOBP ACS CABD POB BODE, 1 5 / / / ) DATA2205 
1*000 POBBAT / / / » 9 S EBBOB IB PIBST B-BB TYPE SOOSDASI-COBDITIOB C U D / /DATA2210 

1 / ) DATA22IS 
1*100 P O B S A T ( / / / / 3 3 B EBBOB IB PXBST SOEPACE-KBB C A B D / / / ) 0ATA2220 
1*200 F O B B A T ( / / / / * 0 B SSSOB IB BATKBIAL TIPS COSE FOB BLEBBIT , 1 5 / / / ) DATA2225 

SBD 0ATA2230 
S0BBO0TXBB PLOX(PX,fX,B,TB,BAXEL,BAXBP) 

C 
c 
c 
C 
c 

POBCTIOB OP SBBBOI»»IBB— TO DETEBBIBE BATEBIAL PLBI PX(B,KQ). 

PLBX 
PLOX 
FLOX 
PUX 
P U X 
PLOX 
PUX 
P U X 

c 
c 

IBPLICIT BBAL*S 1 A - B , 0 - 1 ) 
COBBOB/6EOVX(I01) ,BB|2# ,DCOSB(2) # BCOS (2) ,DSLT,CaBG,DILBAI,TBAI, 

1 I P X ( 1 0 1 ) , I B ( 1 0 0 , 3 ) , B P B , ( 2 ) , a P S T ( 2 ) , a P T S T 4 2 ) , I B B ( 2 ) , a T S E ( 2 ) , ISB(2 ,FL0X 
1 2 ) , I S ( 2 , 2 ) , B B P , B E L , B B A T , I B A B D , B B C , B S T , B « S T , B B E L . f T I , a a O B PUX 
C O I B O I / B P B O » / P B O P ( 1 , S ) , B I I F U X 
DXBJSSXOB DOI ( 2 , 2 ) , 1 0 ( 2 f , T I ( B A I B L , 2 ) , P I ( O A I S L , 2 ) , B ( S A I I P ) . P U X 

1 TB(SAXSL,2) PUX 
xstot-o riat 
DO 5 0 E - 1 , I B » P U X 

PLOX 
POB EACS SLSSSBT B SBEPABE fABIABUS 10 (IQ) POB Q*D, PLOX 

0 
5 
10 
15 
20 
25 
30 
35 
•0 
•5 
50 
55 
60 
65 
70 
75 
SO 
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c 

c 

c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

HHICH OETBBHIBES DEBlVATlTES DBX(Ig,KO) OF EACd OP 
T a t ISO SASIS PSSCTIOBS » < i g ) AT BACH BOOAL POIHT KQ. 

DO 10 l g = 1 , 2 

10 X J ( I 0 ) = X ( I P ) 
CA*l w«D(0BX,XQ) 

POB BACH 100AL POIBI Kg S'j» OTEB COBTBIBOTIOIS PBOB ikCH BASIS-
IBTEBPOLATIOB FOBCTIOB B ( i g ) TO OBTAIB DBBIBATITBS OBX 
OP THE COBCEBTBATIOB B ( B F ) . 

20 DO «0 K g * 1 , 2 
DAI=0. 
00 JO l g = 1 , 2 

H P = I E ( a , I g ) 
30 OBI= 0 1 1 * 0 1 1 < i g ( K g } • ! ( I P ) 

FOBB THE OISPBBSITE FLOIES IB F X ( B , E 0 ) . 

BTTP=IE(B,3) 
AL=PB0P(BTTP,3) 
48=0 . 
TAO-0. 
DD=AB*TA0 
fX£=fX(H,Eg) 
DII«AL*¥IK*DD 
FX(B,KQ) *-DXI*D*X 

ADO THB ADVECTITE PLOXFo TO P X ( B , E 3 ) . 

FXfB,Kg)=PXlB,Bg)*¥XK«H(BP) 
• 0 COBTIBDE 
50 COITIBOB 

BETOBB 
EBD 
S08BO0TIBE U«D(DBI, .Q) 

FOBCTIOB OF S0BBO0TKHX--TO COBPOTE X DEBItlTITES OBX IQ.EQ) 
OP BACB BASIS FOBCTIOB B(X«) AT BACH BODE ».•} OF TfcB 
ELEHEBT. BtSOLTS ABE IB THE GLOBAL COOB0I1.TB S I S 7 4 B . 

IHPLICIT BEAL*8 (A-H,0-X) 
0X8BHSI0H S ( 2 ) , M I ( 2 , 2) «Za(2 ) 
DATA S / - 1 . 0 0 * 0 0 , 1 . 0 0 * 0 0 / 

ETALOATE QOABTITIZS FOB OS* IB TBE JACOBIAB D J / 8 # BELOW, BECESSABT 
FOB TBABSFOBBATIOB PBOB CL0BAL TO LOCAL C0O8DIBATES. 

1 2 1 - I Q ( 2 ) - 1 0 ( 1 ) 

LOOP OTBB BACf> BOOB 

DO 10 Eg»1,2 

LOCAL COOBDIBATES OP ABT 6IBEB BODE ABS fSS»TT) . 

SS * S (EQ) 

ETALOATE 'JACOBIAB*. 

OJ « X21 
M I • 1 .0 /DJ 

0ETEB8IBB THB OBBIfATIfBS OP EACH BASKS POBCTIOB AT BODE EQ. 

D S I ( 1 , E g » — D J I 
DBX(2,Kg)»DJI 

10 COBTIBOB 
BETOBB 
BBD 
S0BBOOT1BE B C ( A , B , B , B P , B P , f I B , B , B A X B P , BABEL, BAIBH,KSS) 

FLOZ AS 
PLOX 90 
FLOX 95 
FLOX 100 
FLOX 105 
FLOX 110 
PLOX 115 
PUX 120 
FLOX 125 
PLOX 130 
PLOX 135 
FLOX 180 
FLOX 1B5 
FLOX 150 
FLOX 155 
PLOX 1*0 
FLOX 165 
FLOX 170 
PLOX 175 
PLOX 180 
PLOX 185 
PLOX 190 
FLOX 195 
FLOX 200 
PLOX 205 
FLOX 210 
FLOX 215 
FLOX 220 
FLOX 225 
PLOX 230 
PLOX 235 
PLOX 2«0 
PLOX 295 
FLOX 250 
PLOX 255 
PLOX 280 
Q«D 0 
g«D 5 
Q*D 10 
Q«D 15 
g«D 20 
Q«D 25 
Q«D 30 
Q«D 35 
2»D «0 
0*0 *5 
Q«D 50 
Q«D 55 
Q«D 80 
Q«3 85 
Q»D 70 
g«D 75 
Q*D 80 
Q«D 85 
g«D 90 
Q«D 95 
Q«D 100 
Q«D 105 
0«D 110 
g«D 115 
g«D 120 
g«o 125 
g«D 130 
0«D 135 
g*D 1*0 
g«o 1*5 
g«o 150 
fi«D 155 
g«D 180 
g«D 165 
g«o 170 
QBD 175 
g*D 180 
BC 0 
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c 
C FOBCTIOB OF S0BBO0TIIE—TO APPlt COBSTABT-COBCIBTBAIIOB 
C DIBICBLBT COBDXTIOBS ABD COBSTABT-FLDX BEOBABB SBBPACE 
C BOOBDABX COBDITIOBS. 
C 
C 

IBPLXCIT BEAL*8 (A-B.O-X) 
BEAL*8 KD 
COaBOI/uEOB/I ( 101) . B B ( 2 ) ,OC0SB (2) , DCOS (2) .Di l l .CBBG.DELB AX .THAI. 

1 IPX (101) # I E ( 1 0 0 , 3 ) ,BFB(2) ,BPST(2) , ifPTST(2) , 8 8 1 ( 2 ) # BTSE(2) , lSa{2,BC 
1 2 ) , I S ( 2 , 2 ) , B I P # B E L , B B A T , I B A B D , I B C # BST ( BTST,BBEL,BTI,aBOB 

OIBBBSIOB A(BAIBF, 1) , a(BAXBP, 1 ) , B(BA{BF) ,DP (BAXBP) , f IB (BAXEL,2) . 
1 BP(BAXBP) 

IBALPB*(IBABD-1) /2 
IBBP*IHALPB«1 
I F (BBC. EQ. 0 ) GO TO 1<*0 

C 
C APPLI COBSTABT-COBCEBTBATIOB DIBICBLBT BOOBDABI COBDITIOBS. 
C 

DO 1J0 BPP=1,IBC 
C 
C BODXFI BOB B?B(BPP} OP BATBIX B f B P , I B ) . 
C 

BI*BFB(BPP) 
DO 10 IB~1,IBABD 

10 B ( B I , I 8 ) * 0 . 0 
B ( I I , I H B P ) = 1 . 0 
B ( I I ) * B B ( B P P ) 

C 
C BODXFT LOAD IECTOB B(BP) FOB BOB-ZBBO BB(BPF). 
C 

I F (BB(BFP).EQ. 0 . 0 ) SO TO SO 
DO 2 0 IB*1,IBALPB 

•J=BI-XB 
I F (BJ .LT.1 ) GO TO 3 0 
JB=IHBF*IB 

20 B ( B J ) ' B ( B J ) - B B ( B P F ) « B ( B J , J B ) 
30 OO « 0 IB~1,IBALFB 

BJ*BI*IB 
I P (BJ.GT.BBP) GO TO SO 
J B = I 8 B P - I B 

«0 B ( B J ) * 8 ( B . J | - B B ( B P P ) « B ( B J , J B ) 
C 
C ZEBO COUBB BPB (BPF) OP BATBIX tf(BP,XB). 
C 

SO DO 6 0 IB*1,I8ALPB 
BJ*B1-IB 
I P (BJ .LT. 1) GO TO 7 0 
JB»IHBP«XB 

BO B(BJ,JB)-0.0 
70 DO 8 0 IB"1,IBALPB 

BJ*BX»IB 
IP (BJ.GT.BBP) GO TO 90 
JB-IHBF-XB 

• 0 B ( B J , J B ) * 0 . 0 
C 
C ZEBO COUBB BPB (BFP> OF BAffBII A ( B P , I B ) , 
C 

90 DO 100 IB-1 ,IBALFB 
B J - B I - I B 
I F (BJ .LT.1 ) GO M 110 
J B - I B O 

100 A ( I J , J B ) - 0 . 0 
C 
C SBBO BOB BPB(BPP) 08 BATFIX A ( I P , I B ) . 
C 

110 DO 120 KM1,JBBP 
120 A ( B I , I B ) « 0 . 0 
1 J 0 COBTIB08 

C 
C BODXFT LOAD FBCfOB FOB SOBFACI TF.8BS OP TBB FOBB DB/DB-C 
C 

1«0 DO ISO SP«1,BBP 
ISO 8 ( B P ) - B ( B f ) * P P ( B P ) 
1*0 UfOIB 

BC 10 
BC IS 
BC 20 
BC 2S 
BC 30 
BC 3S 
BC «0 
BC «s BC so BC 55 
BC 60 
BC 65 
BC 70 
BC 7S 
BC 80 
BC S 
BC 90 
BC 9S 
BC 100 
BC 105 
BC 110 
BC IIS 
BC 120 
BC 12S 
BC 130 
BC 135 
BC 1*0 
BC IBS 
BC 150 
BC 15S 
BC 160 
BC 16S 
BC 170 
BC 17S 
BC 180 
BC 185 
BC 190 
BC 195 
BC 200 
BC 20S 
BC 210 
BC 21S 
BC 220 
BC 22S 
BC 230 
BC 235 
BC 2*0 
BC 2«S 
BC 2S0 
BC 2SS 
BC 260 
BC 265 
BC 270 
BC 275 
BC 280 
BC 28S 
BC 290 
BC 29S 
BC 309 
BC 30S 
BC 310 
BC 315 
BC 320 
BC 325 
BC 330 
BC 335 
BC 3B0 
BC 3*5 
BC 350 
BC 355 
BC 3*0 
BC 365 
BC 370 
BC 375 
BC 380 
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c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

£ • 0 
SUBBOUTIBE ASEaBL(A,B,ai ,BP,fXB,TBK,Dri! ,a ,BAXBF,HAZBB,aAZEL # KSS) 

roacrion or SOBBOOTIBE— TO ASS EBB U TUB GLOBAL coernci ST BATBIZ 
C(BP.IB) ABO LOAD tECTOI BAB?> r t o a T a e ELEaEBT BATBICES $k{l\l.J<l} 
AID g B ( l g . J O ) . 

BC 
ASE.1 
ASEa 
ASEB 
ASEB 
ASES 
ASEB 
ASEB 
ASE9 
Asaa 
AS EH 

XBPL1CIT BEAX*8 ( A - B , 0 - X ) 
BEAL*B KD.LABBDA 
C0BaOB/GEOa/Z(101) # BB(2 | ,OC0Sa(21 ,0CO£(2) ,BaLT,CBBC # DELaAX,TaAZ r ASEB 

1 I P X ( I O I ) , 1 8 ( 1 0 0 , 3 ) , B P B 4 2 ) , B P S T ( 2 | , B P T S T 4 2 ) , B B C ( 2 ) , B T S E ( 2 ) , I S B ( 2 , A S U 
1 2 ) , I S ( 2 , 2 ) , B B P < a E L , B a A T , I B A * 0 , B B C . a S T , B T S T , B B E L . B T I . B a O B * S H 

C0BaOB/BPBOP/PBOP(1,S),TXI ASEa 
DIBBBSIOB A ( a A X B r , 1 ) , B ( b A I B P , 1 ) , B 1 ( a A X I P ) , a ? ( a A X B P ) , 0 A ( 2 , 2 j , wBi2,ASEfl 

1 2 ) . VZ0(2),Xg(2)»TX*CBMXEL,2) . T B B ( a A I I L , 2 ) , BTB (BAXEL.2) »DB3(2) , ASEB 
i orag(2| # TBQ(2} ASEB 

XBALPB=(IBABD-1)/2 ASEB 
XBBP~IBALFB*1 ASEB 
css=i . Asxa 
XP (ESS. EU-0) CSS=0- ASEB 

ASEB 
INITIALIZE BATBICES C ( B P , I 8 ) ABD B ( B P ) . ASEa 

ASEB 
10 DO « 0 BP=1,XBP ASEB 

DO 2 0 IB=1,IBABD ASEB 
20 B ( B P , I 8 ) ~ 0 . 3 »SEB 

DO 30 I B = 1 , I B B P ASEB 
JO A ( I P . I B ) =0.0 ASEB 
40 COBTIBOE ASEB 

ASEB 
COBPUTE BATaiCES 0 A ( i e , J U ) ABD OB(IO,JQ) POB EACB ELEHEBT B . ASER 

ASE8 
OO 7 0 8=I .BEL ASE8 

a T I P * I E ( B , 3 ) ASZ8 
KD*PBOP(BTIP,1) ASEB 
IBOB*PBOP(BTZP #2) ASEB 
AL*PBOP(BIIP,3) ASE8 
LABBDA-0. ASEB 
POB*PBOP(BTXP,5) ASE8 
AB*0. ASEa 
TA0*0. ASEB 
DO SO I Q - 1 , 2 ASE8 

BP-IE(B,IG) ASEB 
Tttg(IO)=TB«(B,la) ASEB 
DTBg(IQ)"DTtl(B,IQ| ASIB 
*xg(XO) x *xB(B,ia) A SEE 

50 IQ(ig)*X(BP) ASEB 
CALL 8»(TZa,0A,ttB,Z0,XD,i»OB. AL,LAflSDA,NB,TBQ, DTBO.DBO.Aa, ASER 

1 TAU) ASEB 
ASEB 

ASSXULE TBI OPPIB BALP BABP OP BAT BIZ A(II,BJ) ABO TBK POLL BtBD A SEE 
OP aATBIZ B(BI ,BJ) . BATBXX B IS ASfaafrBIC DOE TO TBE ADTECTZOB ASBB 
Tiaa. A S M 

ASM 
Dfc 60 1 0 * 1 . 2 ASXB 

BI*IB(B,XQ) ASIB 
DO 60 JO-1,2 ASM 

BJ-IE(B,J0) ASM 
IB*BJ-ai»IHBP ASH 
B(BI > IB) 'B(BI , IB)*gB( lg > Ja) ASM 
IP (BJ.LT.BI) SO TO 60 
IB»1J-BI»1 
A(BZ,XB)-A(BI,IB) •QA(IQ,J0J *CSS 

60 coBTiaax 
70 COBTIBUB 

BEIUBB 
MD 

ASBB 
ASH 
ASM 
ASBB 
ASH 
A S H 
ASH 

S0MO0TIBI Q«(»Za,gA,0B»*0,«D#MOB,AL,UBBDA.POa # TB0,DTBO,DBg,Aa,Q« 
1 TAD) B« 

0* 
0« 

roBCTioa or SOBBOOTIBI—TO *V ALB ATE TM BATBU OOAMATOBIS qkUQ,jQ) a* 
AID ai(xa«Ja> orxa TBB ABBA OP oai BLMBBT. g« 

JSS o s 
10 
IS 
20 
2S 
30 
3S 
•0 
«s 
so 
SS 
60 
6S 
70 
75 
80 
as 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
1«0 
1*5 
ISO 
155 
160 
165 
170 
175 
183 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
2B0 
2*5 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
0 
5 
10 
15 
20 
25 
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IBPLICIT BEAL«8 | A - H , 0 - £ ) 
SEAL'S B(4),BB,U,A>AHBD» 
DIBBBSIOL Q A < 2 , 2 ) , 0 B ( 2 . 2 ) , T I Q ( 2 ) . S ( 2 ) . T ( 2 ) , < Q ( 2 ) , TBQ (2) ,DTHQ (2) , 

1 DHQ(2) 
DATA P / 0 . 5 7 7 3 5 0 2 6 9 1 8 1 6 2 6 / , S / - 1 . 0 » « 0 0 , 1 . 0 o « 0 0 / 
BD~1.«KD«BKOB'E0B 
D3=VI»TAU 

C 
C I B I V I A L I Z E BATB1CES Q A C i . J C ) AHD QB(XQ,JOJ . 
C 

00 tO 10=1,2 
DO 10 J U - I > 2 

0 M I Q , J Q ) = 0 - 0 
10 UB(IU.v'Q)=0.0 

C 
C BTALOATE UOABTITIES FOB DSC IB JACCBXAB DJAC, dXLOH, BECESSABT 
C FOB TBABSPOBBATIOH FBOB GLOBAL TO LOCAL COCBDIBATES. 
C 

X21 * XQ(2) - Xfc(1) 
DO 40 KG*1,2 

C 
C OETEBBXBK TBE LOCAL COOBOIBATE SS ABD EfALOATE TBE JACOBXAB AT 
C EACB GA0SS-IBTE6BATIOB FOUR KG. 
C 

SS « P«S(KG) 
OJ = X21 
DJAC - 0.5»DJ 
D J I - 1 . / D J 
SB * 1-0 - SS 
SP « 1.0 • SS 

C 
C CALCULATE TALUES OF TBB BASIS MBCriOBS B (*0) ABP »:iBIB DFBXVATITES 
C f ( l g ) B . B . T . X AT GAUSS POXBT . G. 
C 

f (1 )=-D-U 
1 (2) »D J I 
B (1 ) -0 .5 *SR 
B(2 ) *0 .5«SP 

C 
C IBIKBPOLATB BX*H TBB BASIS-IBTEBP0LAT1OB PUBCTIOBS B(I2> TO OBTAIB 
C THE ADTBCTITE TBLOCITI AT BACH GAOSS irTBGHATIOB POIBT. 
C 

THK-0. 
DTHK-0. 
fXK*0. 
DO 2 0 I Q - 1 , 2 

TBI'THI»B(IQ) *TB0,(IQ) 
DTBK»DTIK»B(IQ)•D*BQ(10) 

20 rXK-fXK»B(IQ) < VI |Mlg) 
C 
C ACCBBOLATB THB S^BS 7 0 CVA&OATB TBS BATAIX 1BTEGBALS QA(IQ,t1Q) 
C ABD Q B ( I « , J 0 j . 
C 

A-DJAC«BD*TBC 
M I - B J A C * (AL*fXK*DD) 
C-DJAC*8D* (DTBS*LABB»A*THB| 
TIK«fXK*DJ AC-
DO 30 1 0 - 1 , 2 

DO 30 4 0 - 1 , 2 
BB>B(IOJ«B(JQ) 
T t - f | I 0 J * f 'JQ) 
fB>V<IOJ»B(jg) 
QA(ig ,JQ) -QAtI« ,JO)*A*BB 

>0 0B(I0«JQ)-0B(I« ,J0)*DIX*TT*C*BB-TIC*TA 
4 0 COBtlBOB 

BBTOBB 
BIO 
SOBBOSfIBB PBXBM(ITB) 

C 
c 
C rVBCXXOB OP S0B«OBTXBB—TO OUTPUT PLOBS, COSCEITBATIOBS, BATEBIAL 
C PLOIBS, BAT IB COBTUTS, OABCI VBLOCITISS, PHBSSOBB HEADS, ABD 
C TOTAL HEAPS AS SPBCXPIID U TBI PABABBTBB KfB. 

Q« 30 
Q« 35 
Q* 40 
a* 45 
o« 50 
0» 55 
Q4 40 
Q4 65 
a» 70 
o« 75 
•?• 80 
QB 85 
Q« 90 
0* 95 
Q4 10T 
a* 105 
0» 110 
Q4 11'J 
o» 120 
o« 125 
Q4 130 
o* 135 
Q4 140 
o« 145 
a* 150 
o« 155 
Q4 160 
o» 165 
OB 170 
0» 175 
a» 180 
Q4 185 
Q« 190 
a** 195 
Q» 200 
QB 205 
a* 2*0 
o« 215 
Q« 220 
04 225 
Qtt 230 
Q4 235 
04 240 
Q« 245 
Q« 250 
0« 255 
0* 260 
QB 265 
Q4 270 
QB 275 
0« 2£? 
Q* 285 
Q* 290 
04 295 
04 300 
0» 305 
QB 310 
0* 315 
04 J20 
Q« 325 
0* 330 
0« 335 
Q« 340 
Q« 345 
Q« 350 
0« 355 
0» 360 
a« 365 
a* 370 
PHIB 0 
PBIH 5 
PBIH 10 
PHIS 15 
PBIH 20 
PRIB 25 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
r 

c 
c 
c 

IB PL IC IT BEAL»8 (A-H,0~Z) 
BEAL«<» PBAT 
C0BBO«/CTBL/KPCa,KHTB,KBI.KSTBa,KSTBB,ISTOP,KSS,KDIG,KBO0T, K800T, 

1 KTSTP,KSOOT,K3BCB,KBDPP,KABL.KIC,ESTBS 
COaaOR/CRVAB/TIRB.Tti(100,?) ,THH(100.2J .TAB ( 1 0 0 . 2) ,OTB ( 1 0 0 , 2) , 

1 V X ( 1 0 0 , 2 ) , f X P ( 1 0 0 , 2 ) . T C B ( 1 0 0 . 2 » 
COBBON/GEOB/X (101) , B B ( 2 | ,DC0S8 (.:; ,DCOS(2) ,02LT,CBBS.OELBAX,TaAX, 

1 I P X ( 1 0 1 ) , I £ { 1 0 0 , 3 ) , B P B ( 2 ) . B P S T ( 2 J ,BPTST(2) , BBE (2) ,BTSE(2 ) , XSB(2 , 
1 2 ) , IS{2 ,2 ) ,BBP.BEL,BBAI , IBAB0 .BBr . ,BST,BrST,BBEL,BTI ,BBOB 

C0BBOK/alVAB/KPB0,KPB(1000),aAXDIP,BAXEL,BAXBP,BAXBAT.BAXBB, 
1 BAXBTI,BBPPB 

COBBOB/BBTAB/ A ( JO 1 ,2) , B ( 1 0 1 , 3 ) , » (101) , B P ( 1 0 1) , 8 1 (101) , B B ( 1 0 1 ) , 
1 OP(IOI) , B 1 ( 1 0 1 ) , B T ( 1 0 1 | , X T a P ( 1 0 1 ) ,BPLX(101 | , B P L X P ( 1 0 1 ) , F I ( 1 0 0 , 2 ) 
1 ,PBATE(10) # rLOB(lO) ,TPLOB(10) , B , P B A T ( 3 , 5 ) 

KbIG=KDIG»1 
IP (KBOUT.EQ.0) KBO0T=1 
IP (KPB(ITB).EC-O) BETOBB 
IP (ITB.EQ.O) GO TO 10 

PBIBT OIAGBOSTXC PWB iBPOBBATIOfi. 

P8IBT 10700,IDIG,TIBE.DBLT 
PBIBT 1O60r. ( F B A 1 E ( I ) , P L 0 B ( I ) , T P L 0 B ( I ) , 1 = 1 , 4 ) 
KBOOT=KBO0Tx1 

10 IP <KPB(ITB).EQ.1) BETOBB 

PBIBT COBCEBT&A.TIOBS. 

PBIBT 10000,KBOOT,TIBE.OELT 
DO 20 B Z - 1 , B B P , 8 

BJBB^kl 
BJBX=BIB0(BI«7,BBP) 

20 PBIBT 10200,RI,(B(BJ|,iJ=BJBB,BJ8X) 
ABOUT*KBOOT*1 
PBIBt lO100,KBO0T,TIBB,DELT 
DO 30 BI>1,B«P,8 

BJBMBI 
BJSI=BIB0 (BI*7,BRP) 

JO PBIBT 1 0 2 0 0 , B I , ( B B » B J ) , B J = i J B B , » J a X ) 
IP ( X P B ( I T B ) . E 0 - 2 ) BETOBB 

PBIRT BATSBIAI. PLUI. 

KBOUT'KBODT*1 
PBIBT 1 0 3 0 0 , IBOOT,TIBE,DEI.T 
00 * 0 1 1 * 1 , B E L , * 

BK*BIR0(ai*3,BEL) 
*»0 PBIBT 1 0 2 0 0 , B I , i ( P I ( a j , I O ) , I Q > 1 , 2 ) , B J - B I , B B ) 

IP (EPS ( I T S ) . E Q . 3 ) BETOBB 

PBXB7 BATE* COBTBBTS. 

IBOOT'KBOOT*1 
PBIBT 10*00,KB00*,TIBB,BELT 
DO 50 B I ' 1 , B E L , « 

B K ' B I I 0 ( B I * 3 , I E M 
SO PBIBT 1 0 2 0 0 , 8 1 , <(TB (BJ,IQ) , I Q - 1 , 2 ) , S J - B I , SB) 

PBIBT OABCX TBLOCIt l tS . 

KBOUT*KaODT«1 
PBIBT 1 0 5 0 0 , MOOT, TIBB,BEIT 
DO 60 U " 1 , B 1 L , « 

BE>BIB0(III*3,BII.) 
6 0 PBIBT 1 0 2 0 0 , « I , ( ( f X ( a j , I Q ) , I Q » 1 , 2 ) , B J - B I , B E J 

BXTOBB 
10000 P O B B A T ( / / / / • OOTPOT T A B L E * , 1 * , * . . N . 0 I D COBCXBTBATIOBS AT T i l l » • , 

I 1 P D 1 2 . * , * , ( 611 .1 » « , 1 # B 1 2 . * , » ) V / ' BOB! I ' , 5 X , 
1 'PUJID COBCEITBATIOB U BODES 1 , 1 * 1 , . . . , 1 * 7 * / ) 

10100 POBB AT ( / / / / * OOTPOT T A B L E * , 1 * , * . . BOLE COBCBBTBATIOBS AT T i l l « * , 
1 1 P D 1 2 . * , ' , ( B U S - M B O U . % , • ) * / / * I O H I ' . S I , 
1 'BOLE COBCEBTBBflOB AT BODES 1 , 1 * 1 , . . . , B > 7 * / ) 

10200 roBBAt J I 7 , 8 ( 1 P 0 1 S . « ) > 

PBIB 30 
PBIB 35 
PBII • 0 
PBIB • 5 
PBIB 50 
PBIB 55 
PBIB 60 
PBIB 65 
PBIB 70 
PBIB 75 
PBIB 80 
PBIB 85 
PBIB 90 
PBII 95 
PBIB 100 
PBIB 1 0 5 
PBIB 110 
PBIB 115 
PBIB 120 
PBIB 125 
? 8 I > IJO 
PBIB 135 
PBIB 1*0 
PBIB 1«5 
PBIB 150 
PBIB 155 
p a n 160 
PI IB 165 
PBIB 170 
PBIB 175 
PBIB 180 
PBIB 185 
PBIB 190 
PBIB 195 
P U B 200 
PBIB 2 0 5 
P I I B 2 1 0 
P U B 21S 
PBIB 220 
P U B 2 2 5 
P U B 230 
P U B 2 3 5 
P U B 2 * 0 
P U B 2*5 
P U B 2 5 0 
P U B 2 5 5 
PBZB 2 6 0 
P U B 2 6 5 
P U B 2 7 0 
PBIB 275 
P U B 2 8 0 
P U B 2 8 5 
P U B 2 9 0 
P U B 2 9 5 
P U B 300 
PBIB 305 
P U B 3 1 0 
P U B 3 1 5 
P U B 320 
P U B 32S 
P U B 330 
P U B 3 3 5 
P U B 3*0 
P U B 3*5 
P U B 350 
P U 1 J i S 
P U B 360 
P U B 365 
P U B 3 7 0 
P U B 375 
P U B 3 8 0 
P U B 3 8 5 
P U B 3 9 0 
P U B 39S 
P U B «00 
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10330 r u B B A I ( / / / / • O0TP0T TABLE*, l<», • - . BATERIAL PLOX KI TIBE = • , PBXB « 0 5 
1 1PD12 .4 ,« ,(DELT = ' . 1 P D 1 2 . • * , * ) • . / / « X , PRIB BIO 
1 *FLOX-I AT B O D E S V 1 7 l , « 1 ' , H U , » 2 ' . l « X PBIR • ' 5 
1 • t ' , H I , « 2 ' . I I I , " 1 , , l « E , ' 2 « , l » I , M » , 1 * X . « 2 « . / J X #

, E l . E B B B T , , 2 X . PBIB ».>0 
I • • • • • • • • • • • • • • • • • • • » • • • • • * • • • • • * • • • • * , • • • • • • • • • • • • • • • * • • • > S I # P S I I % 2 5 
! • « • • • • • • • • • • • • • • • • • • • • • • • » • • « • • • « • • • • • • • • • « • « • • • • • • • • • • • • ) p B I a »JO 

10«00 F O U B A I ( / / / / • O0TPO1 T A B L E * , I » , « - - BATES COBTERTS AT TIBE = • , PBIB «3S 
1 1 P D 1 2 . « . ' , (DELI * ' . 1 P 0 1 2 . « I , ' ) ' , / / 6 3 1 , PBIB « « 0 
1 'TBETA AT B O 0 B S ' / 1 7 l , » | « , 1 « , ' 2 « , 1BX, • 1 * . 1<*X#* 2 * , PBIB *»5 
1 1 M . » 1 * , 1 « X # * 2 * , 1 « X , * 1 * , 1 « X , ' 2 * / 3 X , a E L E B E B r ( . 2 X , P B I B « 5 0 
1 < * • • • • • • * • • • • • • • • • • • « • • • • • • • • • • • • • • • • « • • • • • • • • • • • • * • • • • • . r S l P B I B 4 5 5 
I • • • • • • • • • • • • • • • • • • • • • • • • • » • • • • • • • • » * • • • • • • • • • « • • * • • • • • • • • ) p t i B »60 

10500 FOBHAT(/ / / /« OOTPUT T A B L E * , ! « , • . . DABCT VELOCITIES AT TIBE = ' , PBIB » 6 5 
1 1 P 0 1 2 . i t , ' , (DEII = ' , 1 P 0 1 2 . « , ' ) • , / / 6 3 1 , PBIB 470 
1 'VEL-X AT B O D E S V 1 7 X , ' l « , 1 « » I , , 2 , . l « > X « , 1 « , PBIB <»7S 
1 1 * J X , ' 2 ' , 1 * t X , « l » , 1 l l X , ' i * , l » J X , ' l « , 1 B I , « 2 « # / J X , , E L E B E B T , , 2 X , PBIB « 8 0 
1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ^ • • • • • • • • • • • • * « « « « « t # 5 X # p t i « i ,e5 

10*00 F0BBAT( / /5K, ' TTPE OP P L O « » , 3 5 1 , ' B A T E * , 8 X , ' I B C . PL0H«,7X, PBIB *9S 
1 'TOTAL P L O B ' / S * , ' COBSXABT-COBCEBTBATIOB BODE PLOB. . . - » , 3 ( PBIB 500 
1 E 1 2 . t t . 5 X J / S l , * COBSTABa-PLOX-BODE PLOB * , 3 ( E 1 2 - » , PBIB 505 
1 SX)/SX«* SEEPAGE PLOX-BOOE PLOH. . . . . . . . . • , 3 ( E 1 2 . 4 , S X ) / PBIB 5 1 0 
1 5 X , • B0BE8ICAL LOSSES. . . . . . . . . . . . ' , 3 ( E I 2 . « , S I ) / 5 I , PBIB 5 1 5 
1 • BET PLOB » # 3 ( E 1 2 . < i , S l ) / 5 X , PBIB 5 2 0 
1 • IBCBEASE IB BATEBXAL COBTEBT (LIQOIO) . ' , 3 (El 2 . « , 5 l ) / 5 X , PBIB 5 2 5 
1 • IBCBEASE IB BATEBIAL COBTEBT (SOLID). . ' , 3 ( E 1 2 . « , 5 X ) / 5 X , PBIB 5 3 0 
1 • RADIOACTIVE LOSSES (LIQUID ABD SOLID) . • , 3 { E 1 2 . <tt 5X) ) PBIB 5 3 5 

1O700 POBBAT(// /« • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • P B I B S»0 
^ • • • • • • • • • * « « • « • • • • • • • • • • • • • • * • • • • • • - • • • • • • • • • • • • • • • • • • • • • • • • • • • • • p u g 5»s 
) « » . » M I / / / I STSTBB-FLCB T A B L E ' , I » , ' . . AT TIBE = ' , 1 P D 1 2 . * J , PBIB 5 5 0 
1 • .(BELT = * , 1 P 0 1 2 . < * . * ) • ) PBIB 5 5 5 

EBD PBIB 5 6 0 
SDBBOOTIBE STBB STBB 0 

C STB8 5 
C STBB 10 
C P08CTIOB OP S3BBO0TIBE—TO STOBE PEBTIBBBT QOABTITIES OB AB AOXILIABTSTBB 15 
C DEVICE POB PUT08E OSE, E.G. POB PLOTTING. BBAT DEVICE IS TO BE STBB 20 
C USED BUST BE SPECIFIED BI APPBOPRIATE JOB-COBTBOL CARDS. STBB 2 5 
C STBB 30 
C STBB 35 

IBPLICIT RBAL*8 ( A - H , 0 - 2 ) STBB « 0 
BEAL*» PBAT STBB « 5 
C0BB0B/PB0BiD/TITLE(8) ,aPB0B STBB 50 
COBBOB/CBVAB/TIBB,TB(100,2) ,THB(100,2) , T B B ( 1 0 0 , 2 ) , D T B ( 1 0 0 . 2 ) , STBB 5 5 

1 V X ( 1 0 0 , 2 ) , V X P ( 1 0 0 , 2 ) , V X B { 1 0 0 , 2 ) STBB 60 
COBBOB/6£OB/X(10l) ,BB(2 | ,DCaSB(2) ,DCOS(2) ,DSLT,CBIG,DELRAI,TBAX, STBB 6 5 

1 I P I ( I O I ) , I E ( 1 Q 0 , 3 ) , » P B , ( 2 ) , B P S T ( 2 ) , » P T S T , ( 2 ) , B B E ( 2 ) , B T S E { 2 ) , ISB(2,STBB 7 0 
1 2 ) , IS(2 .2) ,BBP,BEL,BBAT,IBABD,BBC,BST,BTST,BBEL,»TI ,RBOB STBB 7 5 
COBBOB/BBVAB/ A ( 1 0 1 , 2 ) , B ( 1 0 1 , 3 ) , B ( 1 0 1 ) , 8 P ( 1 0 1) , 8 1 ( 1 0 1 ) ,RB{ 101) , StBB 80 

1 D P ( 1 O 1 ) , B 1 ( 1 O 1 ) , B T ( 1 O 1 ) , I T 0 P ( 1 O 1 ) ,BPLI(101) ,BPLXP(101) , PX ( 1 0 0 , 2 ) STBB 85 
1 , P B A T E ( 1 0 ) , r L 0 8 ( 1 0 ) , T P M B ( I O ) , B , P B A T ( 3 , S ) STBB 9 0 

C STBB 95 
c • • • • • • * • * • • • • • • • • • • • • • • • « ! • » • • • • * • • • • • • , • • • * • • • • • • • • • • • • • * • • • • • • • • • • • S f H 100 
C STBB 105 

BBTBI STBBI STBB 110 
POBCB 1 0 0 0 0 , ( T l t L E ( I ) , < * 1 , 8 ) STBB 115 
PGBCB 10100 ,BBP STBB 120 
POBCB 1 0 2 0 0 , (X(BP) ,BP»1 r BRP) STBB 1 2 5 
BETOBI STBB 130 

C STBB 1J5 
C • • • • • • • • • • • • • • • • • • • * • • • • • • > • • • • • • • » • • • • • • • • • • • • • • • • • • • « . • • • • • - • • * • • • • STBB 1«if 
C STBB 1«5 

EBTBI STBBT STBB 150 
POBCB 10200 ,TIBE STBB 1SS 
POBCB 1 0 2 0 0 , ( B ( » P ) , B P - 1 , I B P ) STBB 160 
BSTOtl STBB 165 

I0O00 POBBAT(8A8) STBB 170 
1O100 rOBBAT(16I5) S i l l 175 
10200 POUAT(8B10 . *) STBB 180 

1BD STBB 185 
SOMOOTIBS soar soar o 

c soar s 
c soar io 
C POBCTIOB OP SOBBOOTIBE—TO IDBBTIPI BOOBDIBC BODES TBRO TBt ABB AT S«P 15 c ISB(BP,2). soar 20 

http://1P012.it,'
http://E12.tt.5XJ/Sl,*
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c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

IBPLIC1T BEAL*8 (A-U.O-Z) 
COBROB/GEOB/X (101) . UB (2) .DC0S3 (2) .OCOS (2) ,DbLT,CtfBa,DELflAX,TAAX, 

1 I P Z ( 1 0 1 j , I E ( 1 0 0 , 3 ) ,BFfc(2) , IPST(2) . IPTST (2) , BBE (2) , BTSE (2) , ISB (2 
1 2 J . I S (2 ,2 ) ,BBF.aEL,BaAr , IPABO,aBC,BST,BTST,BBEL,aTI ,aBOB 

FIBi) SUBPACE BODES BX LOCATIBG BOB-DUPLICATED BODES. 

BBEL=0 
DO HO BI=1,BEL 

DO 3 0 I U = 1 , 2 
DO 20 BJ=1,BEL 

IF (BJ .EQ.BI ) GO TO 20 
DO 10 J U = 1 . 2 

IP ( l E ( B I , I Q ) . E g . I E ( B J , J v J | ) 6 0 fO 30 
10 COBtlBOE 
20 COBTIBOB 

BBEL=BBEL»1 
BBE(BBEL)=BI 
ISB(BBEL, 1 ) = I E t B I , I ^ ) 
ISU(BBEL,2) = i g 

30 COBTIBOE 
40 COBTIBOE 

CALCULATE DIBBCIION COSIBES. 

DO 5 0 BP=1,IBEL 
S=BBF.(BP) 
B I = I E ( B , 1 ) 
B J = I E ( B . 2 ) 
X 0 = 0 . 5 * ( Z ( B I ) « Z ( B J ) ) 
BP=ISB(BP,1) 
DCOSB(BP)=1. 
IP (XO.CT.Z(BP)) DCOSB(BP)—1. 

JO COBTIBOE 
BETUBB 
EBD 
SUBBOUTIBE SPLOB(PX,B,BPll,BPLXl!',PBATE,PL0H,TPLOB,TH,BAXEL,RAXaP) 

FUBCTIOB OP SOBBOOTIBE—TO COB POT E BOOBDABT FLUXES, PLOB BATES, 
IBCBEBEBTAL PLOBS OCCOBBXBC OOBIBC TIBE DELS, tJTAL PLOBS SIBCE 
TIBE ZEBO, ABO TBE CHABCB CB HOIST0BE COB T U T FOB TBE EBTIBE 
SISTEB DOBIBC TIBE OEXT. 

IBPLICIT EBAL«8 ( A - B , 0 ~ 2 ) 
BEAL*8 KD.LASBM 
COBBOB/CEOB/Z(10I) ,BB(2»,DCOSB(2) , DCOS(2),DELT,CHBG,DELBAX>TSAX, 

1 I P I ( I O I ) , I S ( 1 0 0 # 3 ) , B P B 4 2 ) , B P S T ( 2 ) , « P T S T . ( 2 ) , B B E ( 2 ) , B T S « < 2 ) , I S B ( 2 
1 2 ) , IS (2 ,2 ) ,BBP,BEL,Bf lA« , IBABD,BBC,BST,BVST,aBEL,BTI ,BBOa 

C0BBOB/BPBOP/PB0P(1.5) ,BXI 
DIBBBSIOB P I ( B A U L , 2 ) , B P L Z ( B A X B P ) , B P L X P ( a A X a P ) , X Q ( 2 ) , BQ(2) , 

1 PBATE(IO) ,PLOB(IO) ,TPU>W(10) ,a(BAIBP) ,TB(BAZEL,2) 
DATA Q B , Q D , g L / 0 . 0 0 , 0 . 0 0 * 0 . D O / 

CALCULATE BODAL PLOH BATES. 

DO 10 BP-1,BBP 
BPLIP(BP)*BPLX(BP) 

10 BPLX(BP)*0. 
DO 20 BP-1,BBEL 

B-BBE(BP) 
»P»ISB(BP,1) 
IO"ISB(BP,2) 
BFLI (B P) > PX (B, I g) »OCOSB (BP) 

20 COBTIBOE 

DITEIBIBK PLOBS AID PLOB BATES TUBO THE TABIOOS 
TTPE5 OP BOOBDABT BODES, SBABTIB6 BITB TBI 
BET PLOWS TBBOOSB ALL BOOBCABT BOD.CS. 

S-0. 
SP»0. 

SDBP 25 
soar 30 
SDBF 35 
SOBP «0 
,SDBP •S 
SOBP 50 
SOBP 55 
SOBP 60 
SUBP 65 
SUBP 70 
SUBP 75 
SOBP BO 
SUBP 85 
SOBP 90 
SOBP 95 
SOBP 100 
SOBP 105 
soap 110 
SOBP 115 
SOBP 120 
SUBP 125 
soap 130 
S11P 135 
soap 140 
SOEF 1«5 
SOBP 150 
SUBP 155 
SUBP 160 
SOBP 165 
SOBP 170 
SOBP 175 
SOBP 180 
SOBP 185 
SOBP 190 
SOBP 195 
SOBP 200 
SOBP 205 
S«Sr 210 
SPLO 0 
SPLO 5 
SPLO 10 
SPLO 15 
SPLO 20 
SPLO 25 
SPLO 30 
SPLO 35 
SPLO «0 
SPLO 45 
SPLO 50 
SPLO 55 
,SPLO 60 
SPLO 65 
SPLO 70 
SPLO 75 
SPLO 80 
SPLO 85 
SPLO 90 
SPLO 95 
SPLO 100 
sr..o 105 
SPLO 110 
SPLO 115 
SPLO 120 
SPLO 12S 
SPLO 130 
SPLO 135 
SPLO 1«0 
SPLO t«5 
SPLO 150 
SPLO 155 
SPLO 160 
SPLO 165 
SPLO 170 
SPLO 175 
SPLO 180 



120 

c 
c 
c 

c 
c 
c 

c 
c 
c 

DO JO BP^I.MBP 
S=S»BFLX(Bri 

JO SP=SF*BPLXP{BF) 
P«ATEfS)=S 
PLOB | 5 ) = . S* (S»SP) *DELT 

COBSTABT DIBICHLET BOOBDABT BODES. 

PBATE(1)zO. 
P L 0 B ( 1 ) = 0 . 
IP (EBC.LE.0) CO TO SO 
S = 0 . 
S P = 0 . 
DO « 0 IPP=1 , IBC 

BP=BPB(BPP) 
5~S*BPLX(BP) 

40 SP=SF»BFLXF(BF) 
FBATE(1) -S 
1LOB <1) =- 5« IS* St) •11ELT 

COBSTABT BEDBABE BOOBDABT BODES. 

SO P g A T E ( 2 ) ' 0 . 
PU»B (2) = 0 . 
IF (BST.LE.0 ) CO TO 7t> 
s*o. 
S P * 0 . 
DO 6 0 BFP~1,BST 

Bf*BPST|BPP) 
S ~ S * B F L I ( I P ) 

t»0 SF=S!?*BPLIP(BP) 
PBATfc(2)=S 
PLOBC2)*-5»(S»SP)*D£L? 

TBABSIEBT SEEPA6E BOOBDABI BODES. 

70 P B » T E ( 3 ) = 0 . 
PLOB(J}>0. 
XP (BTST.LE.0) SO TO 90 
S»0. 
S P * 0 . 
DO 8 0 BPP*1,BTST 

BF-aPTST(BPF) 
S«S»BPLX(BF) 

80 SP*SP*BPLXF{BF) 
PBATE(3)*S 
PLOB(J)* .S«(S»SP)«DELT 

BOBBBICAL PLOB TBBOOCH OBStBCIPIED BODBDABT BOOES. 

90 S - 0 . 
S P « 0 . 
DO 100 1 * 1 , 3 

S*S»FBATS(I) 
100 SP>SP«PLOB(I) 

PBATB(«)« PBATE(S) - S 
PLOB(«)-PLOB(S)-SP 

C 
c 
c 
c 
c 

CALCULATE THE XBCBEASES IB THE IBTECBATED BATESIAL COBTEBTS POB THE 
PLOXD ABD TBE SOLID PBASES ABD DETEBRIBE LOSSES DOE TO BAD10ACTITE 
DECAI. 

UBP-OB 
6DP>QD 
OLP-QL 
C l - O . 
QD-0. 
Q L - 0 . 
DO 120 H-1,BEL 

HTTP-IB ( 8 , 3 ) 
ID-PBOP(BTIP,1) 
BaOB-PBOP(BTTP,2) 
LAHBDA-0. 
POB-P'OF(BTIF,5) 
DO 110 I Q - 1 , 2 

SFLO IBS 
SPLO 190 
SFLO 195 
SPLO 200 
SPLO 20S 
SPLO >10 
SPLO 21S 
SPLO 220 
SPLO 22S 
SPLO 230 
SPLO 23S 
SPLO 2«0 
SPLO 2*S 
SPLO 250 
SPLO 255 
SPLO 260 
SPLO 265 
srio 270 
SPLO ??S 
SPLO 280 
SPLO 285 
SPLO 290 
SPLO 295 
SPLO 300 
SPLO 305 
SPLO 310 
SPLO 31S 
SPLO 320 
SPLO 325 
SPLO 330 
SPLO 335 
SPLO 3«0 
SPLO 3«5 
SPLO 350 
SPLO 35S 
SPLO 360 
SPLO 365 
SPLO 370 
SPLO 375 
SPLO 380 
SPLO 385 
SPLO 390 
SPLO 395 
SPLO BOO 
SPLO BOS 
SPLO • 10 
SPLO • IS 
SPLO «20 
SPLO •25 
SPLO • 30 
SPLO •35 
SPLO ••0 
SPLO ••5 
SPLO •50 
SPLO •55 
SPLO •60 
SPLO •65 
SPLO •70 
SPLO • 75 
SPLO •80 
SPLO •85 
SPLO •90 
SPLO •95 
SPLO soo SPLO SOS 
SPLO 510 
SPLO S15 
SPLO S20 
SPLO 525 
SPLO S30 
SPLO S3S 
SPLO 5*0 
SPLO SBS 
SPLO 550 
SPLO 5S5 
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•p=iK(a, iw) 
ZQ(I«)=X(BP) 

110 Bv)(IQJ=B(BP) *TI(<a,itf> 
CALL \i*liMQ.u*ll.lQ) 

^DS=BHOB*KD«UBH/POB 
^D=W0»Q0B 
tlLH=QBH*ttD8 
WL=QL*LABBDA«OLH 

120 COBTIB0E 
PLOU(6)=gB-jB? 
PBATE(6)=FLOB(6)/DELT 
rLO«(7)=JD-mJP 
PBATE{7) = PL0B(7)/DELT 
FBATEf8)=-5» (gi*vJLP) 
FLOB(8)=DELT*PBAT£(8) 
DO 130 1 = 1 , 8 

1J0 TrLOB(I)=TPLOB(I)»FLQB{I) 
BETUBB 
EBD 
SUBBOUTIBE Q«B(BU,QBB,I0.) 

C 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

P3BCTI0B o r SOBBOOTIBB—TO EVALUATE THE COiCBBfBATiO« IBT&GBAL 
OVEB THE LEBGTH OF OBE ELEflEBT. 

IBPLICIT SEAL'S (A-B.O-X) 
BEAL*8 B(2) 
DIJEBSIOB B 0 ( 2 ) , S ( 2 ) , X ( M 2 ) 
DATA P / 0.577350269189626 /, S / - 1 . 0 0 * 0 0 , 1.00*00 / 

ETALOATB QOABTITIBS FOB USt IB THE JACOBXAB DJAC, BELOB, BECESSABI 
POB TBABSPOBBATIOB PBOB GLOBAL TO LOCAL COOBDIBATE*. 

121 * XQ(2) - XQfl ) 
QBB*0. 
DO 20 KG=1,2 

OETBBBIBB LOCAL COQBOIBATES SS OP GAUSS-IBTEGBATIOB POIBT KG. 

SS = P*S(KG) 

EVALUATE TBE JACOBIAB DJAC 

OJ « X21 
OJAC = 0.5«DJ 

CALCULATE VALUES OP TBE BASIS-IiTIiPOLATIOB PUBCTIOBS B(IQ) . 

SB - 1 .0 - SS 
SP * 1 .0 * SS 
i(i)*o.s*sa 
B ( 2 ) - 0 . 5 « S P 

IBTXBPOLATE TO 03TAXB TBE COBCBBTBATXOB BflP AT TBB GAUZ5 POIBT KG. 

BQP-0. 
DO 10 I Q ~ 1 , 2 

10 BCP-BQ«»BQ|IQ)*B(IQ) 

ACCOBULATX T B t SOB TO EVALBATE TBB IBTBCLAL QBB. 

QBB*QBB«BQP*DJAC 
20 COBTIBOB 

BETOBB 
BBD 
SOBBOUTXBE SOLVB<EKK,C,B #BBF,IBALrB,IAIBF,BAXBB) 

PUBCTIbSi OP SUBBOOTXBX—TO SOLVE TBB BATBIX BQUATIOB CI « B, 
BBT0BBIB6 TBB SO10YXOB I IB B. IT IS ASSUB10 IBAT TBB ABBAT C ( S P , I B ) 
COBTAIBS TBB PULL BABB OP IB ASVBBBTBIC BATBXX. 

SFLO 560 
SFLO 565 
sno 570 
SFLO 575 
SFLO 580 
SFLO 585 
SFLO 590 
SFLO 595 
SFLO 600 
SFLO 605 
SFLO 610 
SFLO 615 
SFLO 620 
SPLO 625 
SFLO 630 
SFLO 635 
SFLO 6*0 
SFLO 6«5 
SFLO 650 
SFLO 655 
a«a 0 
Q«B 5 
QBB 10 
QBB 15 
Q«B 20 
C*B 25 
Q«B 30 
a*a 35 
a«a • 0 
Q«B «Z 
QBB 50 
a« 55 
Q«B 60 
QBB 65 
a«a 70 
QBB 75 
Q«B 80 
QBB 85 
QBB 90 
a»t 95 
QBB 100 
Q«B 105 
a« 110 
Q«B 115 
Q«B 120 
Q«B 125 
QBB 130 
QBB 135 
Q«B 100 
Q«B 1«5 
JBB 150 
Q«B 155 
a«a 160 
Q«B 165 
Q«B 170 
Q M 175 
QBB 180 
QBB is: Q«B 190 
3«S 195 
QBB 200 
a« 205 
0»i 210 
QBB 215 
QBB 220 
0«B 225 
Q»B 2J0 
SOLV 0 
SOLV 5 
SOLV 10 
SOLV IS 
SOLV 20 
SOLV 25 
SOLV 30 
SOLV 35 



i/2 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

IBPLICIT BEAL*8(A-tt ,0-X| 
dlBEBSIOB C(BAXBP,aAXBt|.B(BAXBP| 
IHBP*IHAIPB»1 

IP KKK = 1 , THBB IBXABfOLABIZE THE BABO .1ATBIX C ( B P , i B ) , BOT 
I P r t E = 2. TBBB SIBPLl SC6.TB I C B TUB AIGST-tUBD SIOE B(BP) 

IP (KKK.EQ.2) CO TO SO 

tBIABCOLABlZE BATBIX C f B P . I B j . 

BO*BBP-IBALPB 
DO 2 0 B I = 1 , E 0 

P I f O T I * 1 . / C ( B I . I B B P ) 
BJ=MI*1 
IB*I3BP 
BK*BI»IHALPB 
OO 10 BL~BJ,BK 

I B = I B - 1 
t — C (ML,IB) •PIFOTI 
C(BL.IB)*A 
J M I B » 1 
KB*IB»IBALPB 
LB*IBBP-IB 
0 0 10 BB*JB,Ifi 

BS>LB*BB 
10 C(BL,BBJ=C(BL,BB) »A*C(BI,BB) 
20 COBTIBOE 

BB*B0*1 
•D*BBP-1 
BK«BBP 
00 « 0 BI*BB,BO 

P i t 0 T I = 1 . / C ( B I , I H B P ) 
• J = B I » 1 
IB-IH8P 
0 0 30 BL*BJ,BK 

If t*IB-1 
A*-C(BL,IB) •PITOM 
C(BL, IB)*A 
J S * I B » 1 
KB-IB»IBALPB 
LB*IHBP-IB 
00 3 0 a»*JB,K8 

BB*LB»M 
30 C ( B L , B B ) * C ( B l , B B ) » A « C ( B I , a B ) 
• 0 COBTUOB 

BETOBB 

BOOiri LOAD IBCTOB B ( B P ) . 

SO BO-BBPO 
IBABD>2«IHALPB*I 
DO 7 0 B I - 2 , I B B P 

IB-IHBP-BI»1 
BJ>1 
SOB-0 .0 
. 0 6 0 JB-IB,IHALPB 

SOI*SQB»C ( B I , J B ) ** ( 8 J) 
BO B J - B J O 
70 B(BI)*B(BI)»SOB 

I B - 1 
B L * I » P * 1 
DO 9 0 BI-BL,BBP 

B J - I X - I B L J H 
S 0 B - 0 . 0 
0 0 BO JB-IB,XBU.PB 

S0B-S0B»C(BI ,JB) •* (BJ) 
8 0 BJ*BJ*1 
90 B ( B I ) - B ( B X ) * S 0 B 

BBCI SOLfB. 

a ( B B P ) - B ( B B P ) / C ( B B P , I B B r ) 
DO 110 I B - 2 , I B B P 

B I - B O - I B 

SOL? «0 
SOLI •s SOLf so SOL* ss SOLI 60 
SOlf 65 
SOLf 70 
SOLT 75 
SOLf 80 
SOLf 85 
SOLf 90 
SOLf 95 
SOLf 100 
SOLf 105 
SOLf 110 
SOLf IIS 
SOLf 120 
SOLf 125 
SuLf 130 
SOLf 135 
SOLf 1«0 
SOLf 1«5 
SOLf ISO 
SOLf 155 
SOLf 160 
SOLf 165 
SOLf 170 
SOLf 175 
SOLf 180 
SOLf 185 
SOLf 190 
SOLf 195 
SOLf 200 
SOLf 205 
SOLf 210 
SOLf 215 
SOLf 220 
SOLf 225 
SOLf 230 
SOLf 235 
SOLf 260 
SOLf 2*5 
SOLf 250 
SOLf 255 
SOLf 260 
SOLf 265 
SOLf 270 
SOLf 275 
SOLf 280 
SOLf 285 
SOLf 290 
SOLf 295 
SOlf 300 
SOLf 305 
SOLf 310 
SOLf 315 
SOlf 320 
SOLf 325 
SOLf 330 
SOLf 335 
SOLf 360 
SOLf 365 
SOLf 350 
SOLf 355 
SOlf 360 
SOLf 365 
SOLf 370 
SOLf 375 
SOLf 380 
JOLT 385 
SOLf 390 
SOLT 395 
SOLT •00 
SOlf •05 
SOLT • 10 
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*J=BI SOLV *1S 
Bb=IBALPB»IB SOLV 4 2 3 
SUH*0.0 SOL? »2S 
DO 100 JB=BL,aa SOLV « 3 0 

BJ=BJ*1 SOLV « 3 S 
140 S 0 B = S 0 a * C ( B I , J B ) * B ( B J ) SOLV « « 0 
110 B ( B I ) = ( B ( B I ) - S O B ) / C ( B I , I l i B P ) SOLV ««S 

H&=IBABD SOLV »S3 
DO 1J0 IB=BL,BBP SOLV 4 5 5 

BI=BB-*3 SOLV « 6 0 
BJ=BI SOLV «6S 
S0B=0.0 SOLV «70 
DO 12C JB*BL,OB SOLV « 7 5 

BJ*BJ»I SOLV «ac 
12U S 0 B = S 0 B * C ( B I , J 3 ) * B ( B J ) SOLV «8S 
130 B(BI) = ( B ( B I ) - S 0 e ) / C ( B I , I H B P > SOLV « 9 0 

BETOBB SOLV «9S 
EBD SOLV S00 
S0BBOUTIBE BTI BTB 0 

C 8TB S 
C BTB 10 
C P0BCTIOB OP S0BBO0TIBE—TO DETEBBIBE OBE-DIBEfc>IOBAL BOIStiJBE TBABSPOBTB IS 
C O S I K TBE ABALITIC SEtMOD OP PABLAJCE. BTB 20 
C BTB 25 
C BTB 30 

IBPLICIT BEAL*8 (A-a ,0 -ZJ ITB 35 
BEAL*« PBAT BTB «0 
COBSOB/CTaL/KPGB,AaTB,UI,KSTBB.BSTBB, rSTOP,XSS,K?IC,CBOOT, KBOOT.BTB «S 

1 KTSTP,KSOOT,KSBCB,KBGPff',SABL,UC,KSTBS BTB 50 
C O a a O B / C B V A B / T l B B , T 8 ( 1 0 0 , 2 ) , T 8 8 ( 1 0 0 . 2 ) , T B B ( 1 0 0 , 2 ) , D T B ( 1 0 0 , 2 ) , 8TB SS 

1 V X ( 1 0 0 , 2 ) , V X P ( 1 0 0 , 2 ) , V C B ( 1 0 0 , 2 ) BTB 6 0 
COaaOB/GEOa/X(101) ,BB(2 | ,DCOSB{2t,DCfrS(2| ,D£LT,CBBS,DELSAX,TBAX, BTB 6 5 

1 I P I ( 1 0 1 ) , I E ( 1 0 0 , 3 ) , B P B ( 2 ) , B P S T ( 2 ) , B P T S T : ( 2 ) , 8 B E ( 2 ) , B T S E ( 2 ) , I SB ( 2 . BTB 7 0 
i 2 ) , IS(2 .2 ) ,BBP,BEL,BBAT,XBABD,BBC,aST,BTST,aBEL,BTI ,BBOa BTB 75 
COaaOa/8IVAB/KPB0,KPB(1000),BAXDIP,BAXEL,BAXBP,BAXBAT,BAXB8, BTB 8 0 

1 BAXBTI,BBPPP 8TB 8 5 
COBBOB/BBVAB/ A ( 1 0 1 , 2 ) , B ( 1 0 1 , 3 ) , a ( 1 0 1 ) ,BP(7>1) , B I ( 1 0 1 ) , 1 3 ( 1 0 1 ) , BIB 90 

1 D P ( 1 0 1 ) , 8 1 ( 1 0 1 ) . B T ( 1 0 1 i , X T E P ( 1 G 1 ) ,BPLX(101) , B P L X P ( I 0 1 ) , PI ( 1 0 0 , 2 ) ITB 9 5 
1 , P B A T E ( 1 0 ) , P L 0 B ( 1 O ) , I P & O B ( 1 0 ) , 8 , P B A T ( 3 , S ) BTB 100 

COBBOB/BI/ TB1,TB0,TBB,SIBEPS 9TB 106 
COBBOB/CB1/ 8 1 , V I BTB 110 
COBBOB/BOBITC/ BOaOB1,BOBDEB,BITP,IT8Bia v I&>S,ITHia, ICSSV(3) 8TB I I S 
COBB0B/TPLX/TTAB|S0),V1B (SO) ,V1TAB(SO) ,B1TA3(SO) ,0TAB(5O) , BIB 120 

1 TIABL(SO),8 1TABL(SO) ,TXBP(S0) , IPTTAB(S0) ,BITAB BTB 12S 
CO8BOB/BPBOP/A*PAB(50) ,C0PAB(S0) , AKSB (25) , AkPK ( 2 5 ) , D (25) , ALPO (25) BTB 130 

1 ,AKSAT,AESBO,BKPAB,BKSP,BCDPAB,BDSP BTB 135 
COBBOB/XVAB/XSOP)(^| , X 5 U P 2 ( S O ) , T B P ( 5 0 ) , A L P ( S 0 ) , V S 0 P 1 ( S O ) , BTB 1«0 

1 TSOP2(SO) ,P(50) ,gCA(SO| ,QC(SO) ,TBTBP(50) ,U6SS(212) , DCSS(212), 8TB 1*5 
I 1PTTB(S0) ,BTB,JTB,BCSS BTB ISO 

EXTEBBAL TLPOB,TUP0B,TIPOI,T0POB,CPUB,6AP0B,6SPUB,C2PUB BTB 15S 
DATA l B D 1 / 0 / , T E B I / 0 . 0 2 5 / BTB 160 

C BTB 16S 

C 9Zm 175 
EBTBT BIBL BTB 180 
K8O0T*0 ITB IBS 
BTBP«BTB»1 BTB 190 
BTaa-BTb-1 BTB 19S 

C BTB 200 
C CALCULATE TABOLAB POBCTIOB OP BEDOCED VELOCITT B1TAB VS. TIBE TTA3. BTB 2 0 5 
C BTB 2 1 0 

IPP«1 BTB 2 IS 
DO 7 0 IT-1,BTTAB 8TB 2 2 0 

DO 10 1 * 1 , 3 BTB 2 2 S 
I 6 S S V ( I ) * 0 BTB 230 

10 COBTIBOB BTB 2 3 5 
Bf*B1TAB(IT) BTB 2 * 0 
IBI«(AESAT»PIBEPS~AAiB0)/(TBB*B:} BTB 2 * 5 
I P ( Z B X . L l . T X a i ) 6 0 TO *0 ITB 2 S 0 
It (SIBEPS.EQ.O.QO) SO TO *0 BTB 2SS 
TL*0. BTB 2 6 0 
TQ-0. 8TB 2 6 5 
T I - 0 . 8TB 2 7 0 
BBDBP-BOBDXB ITB 2 7 S 
DO 20 I T B « 1 , B t a a BTB »80 

http://ZBX.Ll.TXai
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JIB*ITB*1 
I P (ITB.EQ.8TBS) BBBBP=BCB0B1 
CALL CABSStALP(ITB),ALP(JTB) ,TLA,TLP08,BBaBP) 
CALL CA8SS(ALP(ITS).ALP(JTB) .TOA,TQP08,BBOBP) 
CALL GABSStALP(ITa).ALP(JTB) ,TIA#TXPOa#BBaBP| 
TL*TL«TLA 
T.pIQ»TQA 
TI*TI»TIA 

20 COITIBBC 
IF (TQ.LT.TL) GO TO JO 
PBIBT 1 0 0 0 0 , TIB (IT) 
CO TO « 0 

30 TTAB(IT)-TL-Ti) 
gTAB(IT)*TTABfIT)«T1S-AB(IT)-«1TAB(IT)*TW*TL*TaS*TI 
GO TO 7 0 

%0 IP ( I P P . B B . 1 ) GO Ti 4 0 
IPP~0 
T 0 > 0 . 
ICSS~0 
8BBBP*BOBDBB 
BO SO ITS*1,BTB9 

JTB*ITB«1 
I P fITB. EO- BTBB) BB»BP*BOBBB1 
CALL GABSSfALP(ITB),ALP(JTB) ,T0A , T 0 P M , r B 9 B P ) 
T0*T0*T0A 

5 0 COMTIBOB 
AO B 1 I * U / 8 1 

T T A B ( I T ) - . S * « 1 I * B 1 I * * 0 
OTAB(IT) <TTAB|IT) «Y1TAB (IT) *. S«TBB*aH«T<) 

7 0 COBTIBBB 
C 
C POT TABBLAB ABBATS I B ASCEBBIB6 OBOBB. 
C 

CALL DSOBT(TTABvIPTTAB,«TTAB) 
00 80 IT~1,8TTAB 

IP*IPTTAB(IT) 
TBBP(IT) 'B1TAB(IP) 

8 0 COBTIBOS 
00 9 0 IT*1,BTTAB 

B IT A B (IT) -TEA* (IT) 
9 0 COBTUOB 

DO 100 IT»1,BTTAB 
IP-IPTTAB(IT) 
TBBP(IT)*f ITAB(IP) 

100 COBTIBBB 
00 110 IT*1,BTTAB 

TITAB(IT) -TBBP(IT) 
110 COBTIBBB 

DO 120 XT-1,BTTAB 
IP-IPTTAB(XT) 
TBBP(IT)*T1B(IF) 

120 COBTIBBB 
DO 130 TT«1,BTTAB 

TIB (IT)*TSUP (XT) 
UO CO8TIB0B 

DO 180 XT-1,BTTAB 
IP-IPTTAB(IT) 
T M P ( I T ) « 8 T A 8 ( I P ) 

1*0 COBTIBOB 
DO 150 IT-I ,BTTA» 

OTAB(IT)-TXBP(IT) 
ISO COBTXBOB 

C 
C PBBPABB TA80LAB A8BAT POB AOG-LOG IBTBBPOLATIM. 
C 

DO 1*0 I-1 ,BTTAB 
TTABL(I)-0LOC(TTAB(I>) 
tITABL a ) - » M » (BITABjtfX) } 

HO COBTIBBB 
BBTOBB 

C 
c • • • • • • • • • • • • • • • • •#• • • • • •#* • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • 
C 

SBTBI BXBTP(f) 

•TB 285 
•TB 290 
•TB 295 
•TB 300 
•TB 30$ 
•TB 310 
•TB 315 
•TB 320 
•TB 325 
•TB 330 
•TB 335 
•TB 3«0 
•TB 3«5 
•TB 350 
•TB 355 
•TB 340 
•TB 3*5 
•TB 370 
•TB »75 
•TB JO 
•TB 3B5 
•TB 390 
•TB 395 
•TB •00 
BTB •05 
•TB • 10 
•TB • 15 
•TB •20 
•TB •25 
•TB • 30 
•TB • 35 
•TB ««0 
8TB • •5 
•TB • SO 
•TB •55 
•TB •40 
•TB •45 
•TB •70 
BTB •75 
BTB •BO 
•TB •85 
•TB •90 
BTB •95 
•TB 500 
•TB 505 
•TB 510 
•TB 5 IS 
an 520 
•TB 525 
•TB 530 
8TB 535 
BTB 580 
BTB 5«5 
BTB 550 
•TB 555 
BTB 540 
BTB 545 
•TB 570 
•TB 575 
•TB 5B0 
•TB 585 
BTB 590 
•TB 595 
•TB 400 
BTB 405 
•TB 410 
BTB 415 
• TB 420 
•TS 425 
8TB 430 
BTB 435 

•••••••TB 4«0 
BTB 485 
•TB 450 
8TB 455 
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C - H E * T fAUIE, IBTEBPOLATE TO PHD B1 VALOE. BTB 6 * 0 
C BTB 6 6 5 

IP ( T . L T . T T A B i l ) ) PBIBT 10100 ,1 ,TTAB(1) BTB 6 7 0 
IP (T.CT.TTAB(BTTAO)) PSIST 1 0 2 J 0 . T , TT ABJBTTABt STB 6 7 5 
TP*DLOC(T) BTB 6 8 0 
• 1 ? = T L A C ( T P , r r A B L , B I T A B L , i B 0 l , B I T ? , I T B I B , r r f A a , I E X ) 8TB 6 8 5 
a l*DEIP(81P) STB 6 9 0 
vixraa*ai-AKsao ara 695 
BETOBB 8TB 700 

C BTB 70S 
c • • • • • • • * • • • • • • • • • • • • • • • • * • • • • • • • • • • • • » • • • • • • • • • • • • • • • • • • • • • • • • • • » • • • a t a 7 i o 
C 8TB 715 

EBTBI BTIBBfT) 8TB 720 
OO 170 1*1,3 8TB 725 

I6SSV(I)*0 8TB 730 
170 COBTIBDC BTB 735 

BBPBP*BOBMB *TB 7*0 
IP (SIBEPS-EQ.0.80) SO TO 190 8TB 7«5 
TL*0. 8TB 7SO 
TWO. 8TB 755 
TI*0. 8TB 740 
DO 100 IT8*1,BTaa 8TB 765 

JTU=ITB*1 8TB 770 
I P (iTB.ea.BTaa) aapop-BOBoai BTB 775 

C 8TB 780 
C BECALCOLATE T. 8TB 785 
C 8TB 790 

CALL £AOSS(ALP(IT«) ALP(JTl) ,TLA,TLP0B,8dDBP) 8TB 7 9 5 
CALL eABSSfALPfi::*) ALP(JTB),TQA,TfiP8a„B*BBP) 8TB 0 0 0 
CALL 6AHSS(ALP(ITa) ,ALP(JTB) ,TIA,T iroa ,8«OBP) 8TB 0 0 5 
TL*TL*TLA STB 0 1 0 
TQ-TQ'TdA ' t t 0 1 5 
TI»TI»TIA 8TB 8 2 0 

ISO COBTIBDB 8TB 8 2 5 
TB=TL-TO 8TB 0 3 0 
T*T8 STB 0 3 5 
BETOBB STB 8%0 

1 9 0 T 0 » 0 . 8TB 0 * 5 
I6SS*0 STB 0 5 0 
a i l * 1 . / 8 1 8TB 8 5 5 
00 2 0 0 ITE*1,STB8 BTB 8 6 0 

JTB*ITB»1 BTB 8 6 5 
IP (ITB.Eg.BTBB) BB0BP>8OB8B1 BTB 870 
CALL CA8SS(ALt(XTB),ALP(JlB),T0A,T0POB,SBBBP) STB 075 
TO*TO»TOA BTB 880 

200 COBTIBOK STB 005 
TB«.S«B1I*B1I*T0 STB 890 
Bxriaa BTB 895 

C STB 900 
C • • • • • • • • • • • • • • • • • • • • • • • • • * # • » • • • » • • • • » • • • • • # • • • • • • • • • • • • • • • • • • • • • • • • 0TB 905 
C STB 910 

EBTBT BTB81 8TB 915 
C BTa 920 
C CALCBLATE PIBST-OBMB POSITIOBS ABO VELOCITIES. BIB 925 
C 8TB 930 

ICSS-0 BTB 935 
IB0BP>IOBDEB STB 9«0 
IS8»1(STB)«0.0 STB 9*5 
VS0P1(BTB)-V1 8TB 950 
BO 210 ITB-1,8TBB STB 955 

JfB*ITa»1 8TB 960 
IP (IlB.EO.BTBa) BBB>IP>80B001 BTB 965 
CALL fiAOSSf ALP (2TBJ,»;lf(JTBJ,ZS0P1 (ITS),.POS,BOOB?) STB 970 

210 COBTIBOB STB 975 
00 220 ITB-1,BTM 8TB 900 

I t t -S tB- ITB STB 905 
JT8-ITBO «TB 990 
XSBP1(ITS)-IS8P1(JTBf•IS0P1(ITS) STB 995 
VSQP1(Ift)*V1 ItB 1000 

220 COBT140X STB 1005 
BETOB* m fO 10 

c s n i o i 5 
C • • • • • • • • • • • • • • • • • • • • • ^ • • • • • • • • • • • • • • • • • • • • • ^ • • • • • • • • • • • • • • • • • • • • • • • * STB 1020 
C STB 1025 

EBTBT STBB2 STB 1030 

http://ITB.Eg.BTBB
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c 
c 
c 

OKTEBBiaK COCUCT1CB rUCTCOB P. 

O C A ( 1 ) < O . O 
ICSS*0 
•BDAP-aOBDBB 
oo 2JO ira-i,BTaa 

J l f l - X T B O 
i r (XTB.BO.BTBB) ••»•?=B0BDB1 
CALL 6A8SS(ALP{ITB) ,ALP (JTB) , D Q , C l F O a , U i ) B P ) 
tlCA (JTK)'QCA U t B ) »DQ 

2 JO COATUOE 
I S S S * 0 
•AMr>IOAOKA 
0 6 ( S T B ) ~ 0 . 
DO 2*0 iTB<i,araa 

JTB~ITS*1 
XT (XTB.BQ.BTBB) BaMP^BOBbAI 
CALL 6 A 0 S S ( A L P C I T B ) , A L r ( j r H j , 3 « ( I T B ) , C S P I I 8 , a ? M P ) 

2*0 COBTIBOK 
DO 2 5 0 I T M I . B T B B 

IT3*BTB-ITB 
J T M I T B O 
0 « ( I T B ) * 0 « (JTB) »0fi(ITS) 

2 5 0 CO8TI80E 
M I * 1./OCA (8TB) 
Mi)«o. 
0 0 2 M XTB~2,BTa 

P (XTB|» U)6A fXTB) •ALPJITB) •Oe(ITtt ) ) • D M 
2 * 0 COBTIBBB C 

c 
c 

:«LCBLATX SICOBO-OBDEit POSITIONS ABO VELOCirXBS. 

icss*o 
rraaiMi 
BBDBI^BOBDEB 
XS0P2(BTB)*O.0 
fSQP2(BTB>*?1 
DO 2 7 0 ITB-1 # BTBB 

JTS-XTB*! 
i r {XTB.XQ.aTBB) BBDBP*BOBDB1 
CALL 6 A 8 S S ( A L P ( I T H ) , A L P ( J T B ) , I S 0 P 2 ( I T a ) # » 2 P D I , a a D B P ) 

2 7 0 COBTXB9S 
DO 2 0 0 I T B * 1 , B T M 

ITB-BTB-ITB 
JTB-ITB»1 
IS0P2 (XTB)-XS0P2 (JTBf «XS0P2 | ITB) 
9S0P2fXTB)"IX4B*81*PfCTB)-AKSBO 

2 8 0 CO8TKB0B 
BXTOAB 

C 
c 
c 

c 
c 
c 

KBTBX MLIBK 

0 B T U 8 I B 8 LXBKA6B fABXABLBS fX ABD TB. 

CALL 0SOBT(XSOP2«IPTTB,«Ta) 
DO 2 * 0 B t « 1 , B T B 

i B > i f f f l { f n 
I B t B P ( B P I ) * f S 8 f 2 ( • P ) 

2 9 0 COBTIBBX 
I8X-XS8P2(BTB) 
fBB-TBTBP(BTB) 
ixaiB-t 
DO 310 Br>1,8Bf 

ir (i(ap).LT.xai) c o n JM 
X T 8 P ( B P ) - f a B 
0 0 TO 3 1 0 

300 I T a P ( B r ) - r L A 6 ( I < 8 P ) , f S 0 P 2 , T B T f l P , I I D l , B X T P , H U B , B T a , I 8 X ) 
310 coma as 

DO 3 2 0 B-1 ,BSL 
DO 320 1 0 - 1 , 2 

B P - I X ( B , I « l 
f I<B,IQ)-XTBP<BP) 

BTB 103S 
•TB 10«0 
BTB 10*5 
BTB 1050 
BTB 1055 
BTB 10*0 
•TB 10*5 
m 1070 
BTB 1075 
BT3 1080 
BTA 1085 
BTA 1090 
BTB 1095 
BTB 1100 
BTB 1105 
•TB 1110 
BTB 1115 
•TB 1120 
8TB 1125 
•TB 1130 
•TB 1135 
BTB 11*0 
•TB 11*5 
NTB 1150 
•TB 1155 
BTB 11*0 
8TB 11*5 
BTB 1170 
BTB 1175 
BTB 11S0 
BTB 1185 
BTB 1190 
BTB 1195 
•TB 1200 
BTB 1205 
BTB 1210 
•TB 1215 
BTB 1220 
BIB 1225 
•TB 1230 
•TB 1235 
BIB 12*0 
8TB 12*5 
•TB 1250 
8TB 1255 
8TB 12*0 
BTB 12*5 
8TB 1270 
•TB 1275 
8TB 12S0 
8TB 1285 

•TB 1295 
•TB 1300 
•TB 1305 
8TB 1310 
BTB 1315 
BTB 1320 
•TB 1325 
8TB m s 
BTB 1)35 
BTB 13*0 
8TB ' .3*5 
an 13S0 
BTB 1355 
TTB 13*0 
8TB 13*5 
«TB 1370 
8TB 1375 
BTB 13B0 
8TB 1385 
tn 1390 
8TB 1395 
an 1*00 
an 1«05 

http://%7bXTB.XQ.aTBB
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320 COBTIBOE «T8 1410 
DO 330 BP=1,BTH ITS IBIS 

BPL=IPTTB(BP) ITS 1«20 
rSTBP(BPI)=TBP(BP) ITB 1*25 

3J0 COBTIBDE a r t 1*30 
TMBB^TBTRP(BTB) ITB 1«3S 
I IBIB=1 BTB 1*«0 
DO 3S0 SP=1,BBF ITB 1B*5 

I P ( I ( B P ) . L T . X B Z ) CO TO 3*0 ITB 1«S0 
XTBP(BP)*TBBB I T S 1«SS 
CO TO 350 2TB 1B60 

3«0 ITBP(BP) = TLACtX(BP) ,« :S0P2 ,TBrBP,IBD1,BIT? , I ia iB ,BTH,IEX) BTB 1B6S 
3S0 COBTIB0E BTfc 1B7C 

DO 360 V I.BEL I T » 1B7S 
DO 360 1(1=1,2 BT8 1«80 

B P * I E ( B , 1 0 ) I T S 1*«S 
TH(B > IQ)=XTBP(BP) BTB 1B90 

360 COBTIBBE STB 1*95 
BETOBB I T S 1S00 

10000 POBBAT(* BOTICE: A B0BE81CAL EBBOB OCC0B8ED IB TBE TABBLAB * BTB 1S0S 
1 ' T I B S CALCOLATIOB FOB *1B * * , E < 2 . « ) ITB 1 5 1 0 

10100 POSSATC BOTICE: TBE TIBE<E12.« , BTB I S I S 
1 • I S LESS TBAB TBE LEAST T ABB LIS ?AL0E*E12.«) fTB 1 5 2 0 

10200 rOBBATC BOTICE: TBE T U E * E 1 2 . « , ITB 1 5 2 5 
I • I S 6BEATEB TBAB TBE CBEATEST TAMIL At «AUI E» E12- » ) BTB 1530 

EBD BTB 1 5 3 5 
auBBOOTIBE DATAB DATA 0 

C DATA 5 
C DATA 10 
C PDBCIIOB OP SOBEOOTiBE—TO BEAD, PBIBT, ABD CB4CE BATEB-TBABSPOBT DATA 15 
C TABIABLES PEBTAIBIBC TO SOIL PBOPBTIES, BOOBDABI-IBITIAL COBDITIOES.DATA 20 
C BODAL POSITOBS IB BjTB TIBS ABD BAtEB COBTEBTS, ABD BISCELLABEOOS DATA 25 
C OTBEB IBP0B8ATI0B. DATA 30 
C DATA 35 
C DATA «U 

IBPLICIT BEAL*8(A-B,0-Zt DATA %S 
C08aOB/CTBL/XPCB,KBTB,EVI,XSTBB, ESTBB, ISTOP, ESS,KDIC,KBDOT, KBOOT,DATA SO 

1 ETSTP,KSO0T,ISacB,XBOr*,XABL,UC,KSTBS DATA 5 5 
COBBOB/BPBOP/PBOP(1,S),VII DATA 60 
COBBOB/2I/ TH1,TB0,TBB,SIBEPS DATA 6 5 
C0BB0B/B0BIT6/ BOBDB1,BOIDEB,BITP,ITHBI8 # ICSS,ITRIB, ICSST(3) DATA 70 
COBPOB/TPLX/TTA8(50 ) ,T1B(S0) ,V1IAB(S0) ,B1TAB(5O) ,0TA8(S0) , DATA 75 

1 TTABM50) ,B1TA8L(S0) ,TBBP(S0) , IPTTAB(SO),BTTAB DATA 8 0 
COB8OB/TBTB/T(50)«BT DATA 8 5 
COaaOB/BPBOP/AKPAB (50) ,CDPAB(50| , AKSB(25) ,ALPE(2Sf , 0 ( 2 5 ) , ALPD(2S)DATA 9 0 

1 ,AESAT,AKSBO,BXVAB,BES»,BCDPAB, BDSP DATA 95 
COBBOB/XfAB/XSDP1(50), I S OP 2 ( 5 0 ) , T B P ( S O ) , A L P ( 5 0 ) , V S 0 P 1 ( 5 0 ) , DATA 100 

1 V S O F 2 ( S 0 ) v P ( S 0 ) , Q C A ( 5 0 | # Q C ( S O ) , T B T B P ( S 0 ) , A E C S S ( 2 1 2 ) , D C S S ( 2 1 2 ) , DATA 105 
1 IPTTB(SO),BTB,JTB,BCSS DATA 110 

EXTEBBAL DOBFOB DATA 1 1 5 
DIBEBS10B BOIDBA(2) DATA 120 
DATA P I / 3 . 1 « 1 S 9 2 6 S 3 6 D 0 / DATA 1 2 5 

C DATA 130 
C • • • • • • • • • • • • • • • • • • • • • • • • • « » • • * • • • • • • • • • • • • • • • ^ • • • • • • • • • • • • • * . * « « * * * * 0 A r A 135 
C DATA 1*0 

EBTBi DIBB DATA IBS 
C DATA ISO 
C I / O o r BOB-ABBAX I IT ECU ABD BEAL PABABBTBBS. DATA 155 
C DATA 160 

BEAD 1 0 0 0 0 , KBTB,B?TAB,BZ,ITM,BtPAI,BC0PAB>BOBDBA(1),BORDBt(2), DATA 1 6 5 
1 B I T ? , ESTBB, MESH, BAIL DATA 170 

IP ( E S T B B . 8 8 . 0 ) ESTBB*1 DATA 175 
DO 2 0 1 * 1 , 2 DATA 180 

IP (BOBD8A(I) .LT.2) SO TO 10 DATA 1 8 5 
I P (BOEDBA(I) .LT. 15) CO TO 20 DATA 190 
I P (BOBDBA(I).EQ. 16) CO TO 20 DATA 195 
B 0 B D B A ( i ) - 1 6 DATA 2 0 0 
CO TO 20 DATA 205 

10 BOBDBA(I)-2 DATA 2 1 0 
20 COBTIBBS DATA 3 »5 

BOBDBB-BOBDBA(I) DATA 2 2 0 
BOBOBI"BOBDBA(2) DATA 2 2 5 
IP ( I P C S . I E . 2) IBTB-2 DATA 2 JO 
PBIBT 10J00 r BBTB / BTTA8,BT,fTB,BKPAB,BCDPAB,BOBDEB,BO8DB1,IITP, DATA 2 J 5 

1 ESTBB ,E8ESB,IA8L DATA 2 * 0 
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BEAD 1 0 4 0 0 , TB0,TH1,EPS,DALP1 DATA 2*5 
PBIBT 1 0 5 0 0 , TB0,TH1,EPS,DALP1 DATA 2 5 0 
THB=TB1-TB0 DATA 2SS 
DT81~T8B«DALP1 OATA 2 6 0 
S I B £ P S = D S I B ( E P S * ( P I / 1 8 0 . D O ) ) DATA 2 o 3 
I F ( E P S . B g . 0 . 0 0 ) SIBEPS*0.D0 DATA 270 

C DATA 27S 
C I / O OF SOIL PBOPUTI2S . DATA 2 8 0 
C DATA 2BS 

BEAD 1 0 * 0 0 , (AKV4B(I) , I*1 ,BKPAI) DATA 2 9 0 
PBIBT 1 0 * 0 0 , (AKFAB(I) ,t>1,BKPAB) DATA 29$ 
BEAD 1 0 * 0 0 , (CDPAB(I) , 1 = 1 , BCBPAB) DATA 300 
PBIBT 1 0 7 0 0 . (CDPAB(I),I=1,BCDPAB) DATA 305 

C DATA 310 
C I / O OF TABOLAB EBD-POIBT OABCT fELOCITIES IB OaiTS OF SATOBATEO DATA 315 
C COBDOCTIVITI. 3ATA 320 
C DATA 32S 

BEAD 10400, (f 1B(I).I-1,BTTAB| DATA 330 
PBIBT 10800, (f1B(I),I=1#BTTAB) DATA 335 

C DATA 3«0 
C COBOITIOBAL I / O OF TBE TIBE VALUES. DATA 3*5 
C DATA 350 

30 IF (KP6B.BE.2) 60 TO *0 DATA 355 
IF (KBTB.EQ.0) GO TO «0 DATA 3*0 
•EAC 10*00,(T(I1,I = 1.BT) DATA 365 
PBIBT 10100,(T(L),1*1,BT) DATA 370 

«0 BETOBB DATA 375 
C DATA 380 
C ••••••••••••••••••••••••••••••••••••••••• « M M M M M « « » M * M M D U > 385 
C DATA 390 

EBTBI PBCAL DATA 395 
C DATA BOO 
C PBELIBIBAKI BAT?«-TBABSPOBt CALCULATIOBS. DATA *05 
C DATA «10 
C DATA « 1 5 
C 6EBEBATIOB OF TIE BATES COBTEBTS. DATA «20 
C DATA « 2 5 

BTB»*BTI-1 DATA BIO 
THB*TI1-TI0 DATA « 3 5 
DTBI~TBB«DALP1 DATA «*0 
IF (BABL.5Q.0) P 0 I I I * S P l O P I ( D 0 U T ) DATA « « 5 
I F (KAIL. I E . 0) DOIII*SFAILI(DOMI) DATA * 5 0 
DTB>(IB1-TB0)/0FLOAT(ITM) DATA «55 
T H P ( 1 ) * T I 0 DATA «60 
THP(ITI)*TI1 DATA «65 
i r ( K I B S I . B E . 0 ) 60 TO 60 DATA * 7 0 
DO 50 1 * 2 , I T I I DATA * 7 5 

T I F ( I ) * T 8 P ( I - 1 ) * P T 8 DATA « 8 0 
50 COBTIBOE DATA *85 

CO TO 80 DATA *90 
6 0 B?*ITBI DATA «95 

BVI-IV-1 DATA 500 
DTIAV*DTI DATA 505 
SDTtf*2.*(DTIAT-DTBl)/DFLOAT(BVI) DATA 510 
DIBI-DTNI DATA 515 
DO 7 0 J V * 1 , I V I OATA 520 

I T * I T I - J V DATA 5 2 5 
T H P ( I V ) - T I F < I V » 1 ) - D T I I DATA 5 3 0 
DTII*Df l I»SDT8 DATA 535 

7 0 COBTIBOE DATA 5*0 
H F ( 1 ) * I I 0 DATA 5B5 

80 DO 90 1*1,BTB DATA 550 
ALP (I)* (TIP (I) -180) /TIB DATA 555 

90 COBTIBOB DATA 560 
C DATA 565 
C CALCOLATIOB OF TABOLAI VELOCITIES. DATA 570 
C DATA 575 

0 0 100 I*1 , ITTAB OATA 580 
100 V1TAB(X)*V1l(I )*AK5Af DATA 5 8 5 

DO 110 1 * 1 , I f f A I DATA 590 
110 l 1 T A I ( I ) - f V 1 T A B ( I ) » A C S I 0 ) / T 8 B DATA 595 

C DATA 6 0 0 
C PBBPABATIOB OF T i l 6ADSS 611D OF SOIL PBOPMTI.S . DATA 6 0 5 
C 

ICSS-0 
DATA 610 
DATA 615 
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HBOBP^BOBOEi DATA 620 
00 120 ITH*1,BTHH DATA 625 

JTd=ITH»1 OATA 630 
IT ( iTH.eg .aTBB) kBMP=BOBoai DATA * 3 S 
CALL GAOSS(tL?(ITH) ,ALP (JTH) ,M!UT,DURPC«, iaDB?) OAT' 6«ft 

120 COBTIBOE DATA 6«S 
H i i i = I G S S DATA 6 5 0 
IF (KPCB.EO.S) CO TO 130 DATA 6 5 5 
IT (CPGO.EvJ.7) CO TO 1 JO DATA 6 6 0 
I F (KSBCH. HE.O) a i l I T 1G200 OATA 6 6 5 

C DATA 6 7 0 
C OUTPOT OF THE HATEB COBTEBCS. DATA 675 
C DATA * » 0 

PBI«? ij^oo, (THP(i) ,i=i.rra) DATA »SS 
PBIBT 11000, (ALP(l) ,I=»,BTH) DATA 690 

130 HETOBB OATA 695 
C DATA 700 
10000 P0BHAX(16IS) DATA 7 0 S 
10100 POBBAT(/ ( T l ' / J S E I S . ? ) ) DATA 7 1 0 
10200 FOBBAT ( / / / / • BATEB-TBABSPOBT IBPOT T A B U 8 . . BASIC PABABETUS*) DATA 71S 
10300 P O B B A T ( / / / / ' •ATB1-T1ABSPOBT IBPOT TABU 8 . . BASIC PABABETEBS*// DATA 7 2 0 

1SX, • DATA 7 2 5 
IPOBCTIOa TIPS . . . . . . . . . . . . . . . . . . . . -',15/ 5X,» DATA 730 
1B0BBEB Of TABOLA* TIDE BOOES. '.IS/ 5X,» DATA 73S 
laoaan or TIBE BOOES FOB STABD-ALOBE OPEBATLOB. . . . . ' . i s / Sx,« DATA 7*O 
IBOBBEB OF TBtTA VALOES. . . . . . . . . . . . . . . . . ' . 1 5 / SX,« DATA 7 « S 
1B0SBEB Or COSDOCTIVITI SOIL PABABXTEBS. _ • , 1 5 / 5X,« DATA 7 5 0 
IBOBBBB OF CAPACITI OB DIFPOSIVITI SOIL PABUkTEBS . . . ' , 1 5 / SX,» DATA 7 5 5 
lOBDEB OF LECUOBE-CA0S> IBTEGBAFIOB . . . . . . . . . . ' . 1 5 / 5 1 , • DATA 7 6 0 
lOBDEB BEAB ALPHA = 1 . . . . . . . . . . . . . ' . 1 5 / 5X,« OATA 7 6 5 
1 BOSSES OP POUTS IB IBTEBPOLATIBC POLTBQSIAb. . . . . . ' , 1 5 / 5X,< DATA 7 7 0 
1AOXLLIABI STOBACE COBTBOL . . . . . . . . . ' , 1 5 / 5X,» DATA 7 7 5 
1TABIABLE-BCSB COBTBOL • , 1 5 / 5 1 , • |>*IA 7B0 
1ABALITIC SOIl-FBOFEBTIES COBTBOL. . . . . . . . . . . . ' , 1 5 ) DATA 7 8 5 

10*00 POBBAT(8F10.0) DATA 790 
10500 FOBBAT(5X • I I ITIAL COBOITIOB OB BATEB COBTfcHT THETA. . . . . * , DATA 7 9 5 

i E 1 0 . 0 / 5 X , ' 80BSDAXI COBDITIOa OB HATES COHTEBT TBETA . . . . «,DATA 8 0 0 
1 E 1 0 . « / 5 1 , • IBCLIBATIOB IB DE3BEES. . . . . . . . . . . . . . •.DATA 8 0 5 
1 £ 1 0 . « / 5 1 , • ALPHA IBCBEBEBT BEAB ALP8A = 1 . . . . . . . . . . *,DATA 8 1 0 
1 E 1 0 . « ) DATA 8 1 5 

10600 POBBAT(/' A X P A 8 : ' / ( 8 E 1 S . 7 ) ) DATA 8 2 0 
10700 roBBAT(/ ' C D ? A B : ' / ( 8 E 1 S , 7 ) ) DATA 8 2 5 
10B00 POBBAT(/• V l / » I S A T i V » » * 1 5 . 7 ) ) OATA 8 3 0 
10900 POBBAT(/• T B P : ' / ( 8 E 1 5 . 7 } ) OATA 8 3 5 
11000 FOBBAT</• J U . P : ' / ( 8 E 1 5 . 7 | ) DATA 8«C 
11100 POiBATtfOAB) DATA 8 « 5 
11200 rOBBAT(1BO,20A«) OATA 8 5 0 

XBD DATA 8 5 5 
SOBBOOTIBX DSOBT(IPT,IPT,BFT) DSOB 0 

C DSOB 5 
C DSOB 10 
C FOBCTIOB Of S0BBO0TXBS—TO TBABSFOBB ABBAI XPT IBTO ASCEBDIBS DSOB 15 
C OBDEB ABD OPTAIB TBB PBEBOTATITE TBABSrOBBATIOB I P T . DSOB 2C 
C CSOB 2 5 
C DSOB ?0 

1BPLIC1T BEAL*8 ( A - B , 0 - ? ) DSOB 35 
01BESSIOB X P T ( 1 ) , I P T ( 1 ) DSOB 40 
DO 10 1*1,BPT DiOB «S 

10 I P T ( I ) « I DSOB SO 
L*«PT OSOB SS 

20 L - L / 2 DSOB 6 0 
I P ( l . I f l . 0 ) BETOn DSOB 6 5 
K-BPT-L DSOB 7 0 
J - 1 DSOB 75 

30 I - J DSOB 8 0 
4 0 IL*I»L DSOB 85 

IF ( I P T ( I ) . L B . I P T ( I L ) ) SO TO 5 0 DSOB 9 0 
TXBP'XFT(I) DSOB 9 5 
ITBBP-IPT(I ) OSOB 100 
XPT(I)*XPt(XM DSOB 1 0 5 
I F T ( I ) - I P T ( I L ) OSOB 110 
XPT(IL)'TEBP DSOB 1 1 5 
IPT(XL)«ITMP DSOB 120 
I - I - L DSOl 12S 
IF I I . C I . 1 ) 60 TO BO DSOB 1J0 
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50 J*J*1 OSOB 135 
IF (J.GT.K) CO TO 20 OSOB 140 
GO TO 30 OSOB 1*5 
EKD DSOB ISO 
FOBCiION SPBOP(J)UBBX) SPBO 0 

C SPBO S 
C SPBO 10 
C PUBCTIOB OP iOUTIR£--IMTEBPOLATION TO DETEBMIIlif 90TH SPBO IS 
C COB00CTIVITI ABC OIPPOST.fITt. SPBO 2 0 
C SPBO 2 5 
C SPBO 30 

IBPLICIT BRAL»8(A-H,0-Z) SPBO 35 
CCHBON/BI/ TH1,TBu,TUB,SIKEPS SPBO 40 
COaaOi/BUBITG/ *OBDB1,»OBDEB,mrP. I T B S I « , I G i S . I T H I « » I G S S f ( 3 ) SPBO 4 5 
COB'JOB/UPBOP/AKPA8(50),CDPAB(50) ,AKSN(25) ,Ai.PK (25) , D(2Sj , ALPD(2S) SPB3 SO 

1 #tISAT,AKSBO,BKPAB,KKSP,aCDPAB fBDSP SPBO SS 
COBBOS/ iVAB/XSOPI(50) ,XS0P2(50) ,TBP(50) ,ALP(SO) . ¥ S 0 P 1 ( 5 0 ) , SPBO 6 0 

1 VSUP2 (SO) , P (SO) , t fGAiS0j # gG(5i») ,THTl!P( 50) , AiCGSS (212) . O G S S ( 2 1 2 ) , SPBO 6 5 
1 IPTTHfSO).BTB.JTU.NGSS SPBO 7 0 

DATA A i . P O / J . O D O / # A L P 1 / 1 . D O / , I B D 1 / 0 / SPBO 75 
C SPBO 80 
C * • • • • • * « • • * • • • • • • » * • • » • • * « • • • • • • * • • • » • • * • • » • • • » • * • • • » • • • • • • • • • • • • • • • • s p j o BS 
C SPBO 9 0 

EBTBI SPBOPJ(DOBAI) SPBO 9 5 
C SPBO 100 
C SECTION SPBOPI INITIALIZES THE SOIL-PBOPEBTT ArfBAIS. SPBO 1 0 5 
C SPBO 110 

BKSPzRKPAB/2 SPBO I I S 
• DSP =»CDPAB/2 SPBO 120 

C SPBO 125 
C EXTRACT COBDOCTIVITT VARIABLES PBOH IBPUT ARBAl AKPA*. SPBO 130 
C SPBO 13S 

J - 0 SPBO 1 4 0 
DO 10 I = 1 , » K P A 2 , 2 SPBO 1«S 

J * J * 1 SPBO ISO 
THT=AKPAB(I) SPBO 1SS 
ALPK(J) = (THT-THC)/THB SPBO 160 
AK=AKPAB(I»1) SPBO 16S 
AKSB(J>*DLOG(AK) SPBO 170 

10 COBTIf.OB SPBO 175 
C SPBO 180 
C IBTBRPOLATB TO PIBD AKSaO AT ALP = 0. SPBO IbS 
C SPBO 190 

IK8IB»1 SPBO 1 9 5 
AK*Ii.AC(ALP0,ALPK,A(<>a,IBD1,aiTP,IKaia,NKSP # IEX) SPBO 2 0 0 
AKO*DEXP(AK) SPBO 2 0 5 
AKSaO»AX0»S12BPS SPBO 2 1 0 
IKBIM1 SPBO 2 I S 
AA»ILAG(AlP1 ,* tPX,AK:;a .€«D1 ,« i rP , I « a i B ,BA SP , IBX) SPIO 2 2 0 
AKSAT~DEXP(AE) SPBO 2 2 5 

C SPBO 2 3 0 
C EXTBACT D X P P O S A T I T I TABIABi.ES PBOB IBP3T ABBA7 CDPAB. SPBO 2 1 5 
C SPBO 2*0 

J*0 SPBO 2 4 5 
DO 20 I*1,BCDPAB,2 5?BO 2 5 0 

J * J * 1 SPBO 2 5 5 
THT-CDPAB(I) SPBO 2 6 0 
»LPD(J)»(THT-THO)/tBB SPBO 2 6 S 
D(J)*DL06 (CDPAB ( I » 1 ) ) SPBO 2 7 0 

2 0 COBTIIOE SPBO 2 7 5 
BETOM SPBO 2 8 0 

C SPBO 2 8 S 
C • • • • • • # « * * • * • * • • • • • • • • * • * * » • • • • • « • « * * • • • • • • » • • • • • • • • • • » « « • • * * • • • « * » SPBO 2 9 0 
C SPBO 29S 

BBTBT AXfOB(ALPG) SPBO 3 0 0 
C SPBO 3 0 5 
C INTERPOLATE TO DXTIBIIBE l C « 0 0 C T I U T r A? ARBITriAir ALP6. SPBO 3 1 0 
C SPBO 3 1 5 

I K B I f - 1 SPIO 3 2 0 
A K - I L A 6 ( A L P 6 , A l P J , A K S a , t a D 1 , B I T P , I K B I » ( « ( S P # I U ) SPIO 3 2 5 
AI>DEIP(AK) SPBO 3 3 0 

C SPIO 3 3 5 
C D B T U U B E BBD0C1D COMDOCTIf ITT-SIBE VARIABLE. SPIO 3 0 0 
C SPIO 3 9 5 

A«P0B- (AI -A«0)»3I«BPS/TB8 SPBO 3 5 0 
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BBTUBB 
C 
C 
c 
c 
c 
c 

EBTBI DPUB(ALPG) 

IBTEBPOLATE TO OETEBHIHE DXFFUSITlTT AT ABBITBABI ALPG. 

C 
C 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

I0HIB=1 
1>F=ILAG( LPG,AL?D, O.IROI.HITP,IOBIB.BOSP.IEX) 
DFUB-OEXP(OP) 
BETOBB 
EKD 
FORCTIUR SPABL(DOHHT) 

FOBCTIOB OF BOUTIBE--ABALITXC GEREBATIOR OP COBDUCTIflTT 
FBOB A CABDBEB FOBB FACTOB ABO OP MATES COBTEBr OB CAPACITI 
FBOB A HOOIPIED KIBG FOBB PACTOB. 9IPP0SIVXTI IS TBEB THE 
BATXO Of COBDOCTIfITT TO CAPACITY. 

IBPLICIT BEAL*8(A~H,0-Z* 
COflSOR/BI/ TH1,IH0,TH8,SIBEPS 
COBBOR/BPROP/AKPA*(50).CDPAB(SO) ,AKSH(25) ,AbPK(2S) , 0 ( 2 5 ) . ALPD(2S) 

1 ,AKSAT,AKSBC,aiaAB,aiS?,BCDPAB,aDSP 
COBBOB/XVAB/XS0P1(SO),XSOP2(50) ,THP(50) ,ALP(SO) , T S 0 P 1 ( 5 0 ) . 

1 V S O P 2 ( S O ) , F ( 5 0 ) # a G A ( 5 O | # Q G ( S 0 ) , T H T a P < 5 O ) < A * G S S ( 2 1 2 ) , DGSS (2 12) , 
1 IPTTH(SO).HTH.JTB.BGSS 

TBETA(ALP)=THB»ALP'THO 
GPPI d)=(TB1-TH)/(TH1»TH) 

IRVEBSE OF KIBG HATEB-CORTERT POBB FACTOB. 

HF(GP)=H0»(DLOG((G/GP)•OSQBT((G/GP)**2-1. ) ) ) »*BI 

UA4DREB COBDOCTIflTI FOBB PACTOB. 

AKP(B)-AKS/ i (U/BC)«*AB»1 . ) 

SPBO 
SPBO 
SPBO 
SPBO 
SPBO 
SPBO 
SPBO 
SPBO 
SPBO 
SPBO 
S.'BO 
SPBO 
SPBO 
SPAB 
SPAB 
SPAB 
SPAR 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAR 
SPAB 
SrAR 
SPAB 
SPAB 
SPAR 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAR 
SPAB 
SPAB 
SPAB 
SPAB 

ERTBI SPABLI(DUBBT) 

iZCTIOB SPBOPI IBITIALIZES THE SOIL-PBOPSBTT ABB4IS. 

EIZBACt COBDUCTIVITI PABABEIEBS PB3B XBPUT ABB* I AKPAB. 

RXSP'i 
AKS*AKPAB(1) 
HC-AKPAB(2) 
AH=AKPAB(3) 

EITBACT RATBB COBIZBt VARIABLES PBOB IBPOT ABBAT CDPAB. 

BDSP*3 
CC-CDPAB(I) 
H0=CDPAB(2) 
B-C0PAB(3) 
B I ~ 1 . / B 
G*GPP(TH0) 
CB*2.«B*G»TH1/H0 

PIBD ARSHO AT ALP*0. 

AKO'O* 
AKSRO»0 
AKSAT*AKS 
BETOBB 

SECTXOBS ABPOR, THPUB, ABD DPOB DEPEBBIBB TBI COBDUCTIfITT, OB 
RATEB COBTBBT, OB filfPOSIfXTI FOB A SPSCIPI1D BIDOCZO HATBB COBTBBT 
ALPG. 

SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
•SPAB 

355 
36J 
365 
370 
375 
380 
385 
390 
395 
BOO 
405 
4*0 
«1S 
0 
5 
10 
15 
20 
25 
30 
35 
40 
«-:. 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 mo 
145 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
290 
295 
300 
305 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 

EBTEI AKABL(ALPG) 

02TEBBIBE COBDOCTIflTI AT ABBITBABI ALPG. 

I P (Ai .Pw.IB. 1.) GO TO 10 
AX'AKS 
GO TO 2 0 

10 TH=TBETA(ALPG) 
GP'GPP(TH) 
B=HP(GP) 
AK*AKP(H) 

DETEBB1BE BEDOCED COIDUCTLf ITY-SIIE fABIABLE. 

20 AKABL=(AK-AK 0)»SIBEPS/TUB 
BETUBB 

E I T I I DABL(ALPG) 

CALCULATE DIPPOSIf lTI AT ABBITBABT ALPG. 

IF (ALPG.BS. ) . ) CO tO 39 
TB*TH1 
AK=AKS 
C*CC»TB 
GO TO * 0 

JO TH-THETA(ALFG) 
CP»CPP(TH) 
B=BP(GP) 
A<*AAP(B) 
i * a / H 0 
XB=X**B 
IB1=IB/X 
C*CB*KB1*DSIBHLXB)/tDCOSB(XB)*G)"2*CC*TH 

00 DABL*AK/C 
BSTOBB 

BBTBI BABL(ALPG) 

CALCULATE THE PIESSOBE UBAB AT ABBXTBABI A U G . 

IT (ALPG. f 2 . 1 . ) GO TO 50 
H»0. 
GO TO 6 0 

50 TH*TBBTA<ALPC) 
GP*GPP(TH) 
BMP (GP) 

6 0 BABL'H 
BITBBB 

CALCULATE THE BAT SB CAPACITY AT AMXTBABT AtPG. 

SBTBf CUL(ALPG) 
I P ( A L P G . B S . 1 . ) GO TO 70 
TB«TB1 
OCC*TB 
GO TO 8 0 

7 0 TB-TBXTA(AI,PC) 
GP>SPP<TU) 
i l -Bf (6P) 
X-B/BO 
XB*X**S 
I B 1 - X S / I 
C-CB*XBl*0SIBB(XB)/(BaOSB<XB)«C>"2*CC*TB 

• 0 CA«L"C 
•ITOBB 
no 

SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPBB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 

SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 

»SPAB 
SPAB 
SPAB 
SPBB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 
SPBB 
SPAB 
SPAB 
SPAB 
SPAB 
SPAB 

SPAB 
SPBB 
SPAB 
SPAB 
S?AB 
SPAB 
SPAB 
SPAB 
SPBB 
SPAB 
SPAB 
SPAB 
SPBB 
SPAB 
SPBB 
SPAB 
SPAB 
SPBB 
SPAB 

3 1 0 
3 1 5 
320 
3 2 5 
3 3 0 
3 3 5 
3 * 0 
3 * 5 
350 
355 
360 
3 6 5 
3 7 0 
3 7 5 
3 8 0 
3 8 5 
3 9 0 
395 
• 00 
•05 
• 10 
• 15 
•20 
•25 
• 30 
• 35 
• •0 
• •5 
• 50 
•55 
• 60 
• 65 
•70 
• 75 
• 80 
•85 
• 90 
•95 
500 
505 
510 
515 
520 
525 
530 
535 
5*0 
S«5 
550 
555 
560 
565 
570 
575 
580 
S8S 
S90 
595 
600 
605 
610 
615 
620 
625 
630 
635 
6«0 
6«5 
650 
•55 
660 
665 
*70 
675 
680 
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c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

ruacTioi p o a s ( A u e ) 

P01 POSE OF BOOTHE—TO PBOBIDE A C3LLECTIOB OP POBCTIOBS TO BB OSBD 
IB THE PABLAKE-TIEE BATEB-TBABSPOBT CALCOLATXOB. 

IBPLXCIT BEAL*8(A-H,0-Zi 
COaaOB/CTBXyKPea #KBTB >ETX,KSTBB.ESIBH >ISTOP >KSS,KOIC >KBOOT v MOOT 

1 KTSTP,KSO0T,KSBCH.KBOrr,KABl,KIC,KSTBS 
COBBOB/CB1/ 8 1 . f l 
coaaoa/aoBXTc/ BOBDBI,BOBOEB,B T P , I T H B I B # I C : » S , I T B X » . I G S S T ( 3 ) 
COBBOM/TPLX/TTABfSO) ,T1B(S0) , f irAB(SO) ,B1TAd (SO) ,0TAB(S0) , 

1 TTABL(SO),B1TABL(S0)#TBBP(S0) ,IPTTAB(50) .BETAS 
COaaOB/I»AB/IS0PI(S0),ISOP2(SO),TBP(S0),ALP(50) »»SU?1(S0), 

1 VS0P2(S0).P(50),gGA(S0|,OG(SO),TBTHP(S0t,&*:GSS(212), DCSS(212), 
1 IPTYH(SO)<BTB,JTB #KSS 

DATA XBD1/0/ 

KBTBI TLFOB(ALPG) 

EVALUATE L06ABITBB-TTPE TUB IBTECBABD. 

XGSSf ( 1 ) * I G S S t ( l ) * 1 
XCSS*IGSSV(1) 
AESMAKGSS(IGSS) 
0 * 0 6 5 5 ( 1 6 5 5 ) 
P1-ALfG*D/(AKSB*AESB) 
P2~DLOG((AK5B»B1)/B1) 
TLF0B=F1*F2 
BETOBB 

ESTBY TQP0B(JUPC) 

OETEBBXBE tfUOTIBBT-TTPE T U B IBTEGBABD. 

IGSSV(2)~ICSSV(2) • 1 
XGSS-IGSSV (2) 
AKSI'AKGSS(XCSS) 
D*DGSS(ICSS) 
F1*ILPC«D/AESI 
F 2 * 1 . / ( A E S B * a i ) 
TQrOMPI*P2 
BBTOBB 

poas 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 

.FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 

C 
C 
c 

BBTBI TOFOB(AIP<) 

EVALOATE TIB TUB IBTE6BAL FOB SIBEPS*0. 

XGSS-IGSS*1 
O-DGSS(IGSS) 
TOPOB-ALPGO 
BBTOBB 

BBTBT TIFOR(Al*£) 

O R U I I I I IBTE6BABJ) ABISXBG FBOB IBFXIITE VSLOCITI LXBIT. 

IGSSr(3) « IGSS?13) •1 
IGSS- ICSSf(3) 
AKSMAKaSS(XGSS) 
D-DGSS(XGSS) 
t£f9B-U?6*S/AKSS 
BJTOBB 

FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 

»FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FOBS 
FIBS 
FOBS 
FOBS 
FOBS 
FOBS 

FOBS 
FOBS 
FOBS 
PSIS 
FOBS 
FOBS 
FOBS 
FOBS 
FFJS 
F M S 
FIBS 
FOBS 

»FBBS 
FOBS 

0 
5 
10 
IS 
20 
25 
30 
35 
«0 
«s 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
12S 
130 
135 
1«0 
1«5 
ISO 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
2«0 
2*5 
250 
2SS 
260 
265 
270 
275 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
330 
335 
3«0 
3BS 
350 
3SS 
3*0 
36S 
370 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 

EBTBI crOa(ALPC) 

DETSBUBB POSXTIOB UTEGJAAO POB PIBST-OB0BB CALCOLAZIOB. 

ICSS=ICSS*1 
AESM-AE6SS(ICSS) 
B~OGSS(IGSS) 
GPOB*D/(AESB*ai) 
8ET0U 

POBS 
roas 
POBS 
POBS 
poas 
FOBS 
POBS 
POBS 
POBS 
POBS 

375 
360 
3*5 
390 
395 
•00 
•05 
410 
• 15 
• 20 
•25 
• 30 
• 35 
• «0 
««5 
5.50 
• 55 
• 60 
• 65 
• 71 
• 75 
• 80 
•»5 
•90 
•95 
SOO 
SOS 
S10 
SIS 
S20 
525 
S30 
535 
s«o 
5 * 5 
5 5 0 
5 5 5 
560 
565 
S70 
5 7 5 
5 8 0 
585 
5 9 0 
595 
600 
60S 
610 
615 
620 
625 
630 
63S 
600 
60S 
650 
6SS 
660 
6 6 5 
670 
6 7 5 

0 
5 

10 
IS 
20 
25 
JO 
35 
BO 
« 5 
SO 
ss 

65 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

EBTBT GAPOB(ALPC) 

:ALC0LATE IBTEGBABD OP PIBST POBCTIOB OSXO I I COBBECTIOB PBACTIOB P. 

IGSJ*IGSS»1 
ACSB*AEGSS(IGSS) 
D*DSSS(IGSS) 
GAFOB=D*ALPG/(AESB*B1) **2 
BETbBB 

POBS 
POBS 
POBS 
POBS 
poas 
POBS 
POBS 
PO.'S 
POtS 
POBS 
POBS 

EBTBI GSPOB(ALPG) 

CALCULATE XBTEGBABO OP SECOBO POBCTIOB OSEO IB COBBBCTIOB PBACTIOB P. 

IGSS-IGSS*1 
AKSB>AEGSS(IGSS) 
d=DGSS(IGSS) 
GSPO a* o / ( AES a* a i) • «2 
BETOBB 

EBTBT G2P0B(ALPG) 

EfALOATE POSITXOB XBTEGBABB POB SECOBD-OBDEB CALC3LATIOB. 

ICSS*ICSS»1 
AESB'AEGSS(IGSS) 
D=OGSS(XGSS) 
PP*ILAG<ALPG,ALP,P,IBD1 v BITP,ITBBIi l ,BTa,IU) 
G2rOB-0/(AKSB»B1*PP) 
BSYOMB 

BBTBI DOBPOB(ALPG) 

COBSTBOCT CAOSS GIXO OP SOXL PBOPEBTIES. 

IGSS«ICSS»1 
IT (XABL.XQ.0) AKGSS(IGSS)'AEPOa(ALPG) 
XP (EABL.BS.0) AEGSS(IGSS)-ACABL(ALPG) 
IP (BAIL. Eft. 0) B6SS(IGSS)*DPOB(ALFG) 
IP (EABL.BE.0) D6SS(IGSS)"DABL(ALPC) 
ooiroa-i. 
SECT IS 
BBS 
SOBBOOTIBS PBIBTB 

POaCTIOB o r S O B B O O T I B B — T O OBTPOT aATBB-TBAaSPOaT fABIABi.ES, X . B . A 
TABLE OP TIE BBO-MSBT TBL9CXTI AS A PDBCTIBII OP TIBS ABD TABLES OP 
POSXTXOBS ABD fELOCXTIES AS POBCIIOBS Or BATt* COBIBBT. 

IBPLXCIT » A L « B | * - l , 0 - Z « 
COBIOB/CTBL/EfOB^EBTB , E f X, ESTBB, ESTBB, X S M r , ESS , EBIC, IBOOT, 

1 XTSXP,KSOOT,ES*CI,EMPV,IAn>,UC,ESTBS 
COUOB/TPLVTTA 1 ( 5 0 ) , f M ( 5 0 ) , f ITASJSO) ,»ITAB(SO) ,BTAB(SB) , 

1 TTABL(50) # B1TABL(S0) , « • * (SO) ,IPTTAB(SOf ,BTTA8 
COUOB/TBTB/T ( S O ) , BT 

roBS 
poas 
poas 
roas 
POBS 
POBS 
POBS 
POBS 
POBS 
POBS 
POBS 
FOBS 
poas 
poas 
POBS 
POBS 
POBS 
POBS 
POBS 
POBS 
POBS 
FOBS 
POBS 
POBS 
POBS 
POBS 
roajs 
PIES 
POBS 
POBS 
PBBS 
POBS 
POBS 
PUBS 
FOBS 
FOBS 
FOBS 
POBS 
P U B 
PBXB 
PBIB 
P U B 
P U B 
P U B 
P U B 
P U B 
P U B 

EBOOT,PUB 
P U B 
P U B 
P U B 
P U B 
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c 
c 

c 
c 
c 

C O B H O I / X f i l / X S U P t ( S O ) , X S O P 2 ( 5 0 ) , T H P ( 5 0 ) , A L P ( 5 0 ) , T S O P 1 ( S O ) , 
1 f S 0 P 2 { S O ) , P | 5 O ) . 0 G * { 5 O » . O G ( S 0 ) , T t t T B P l S O ) , 4 i C S S l 2 1 2 ) . O C S S { 2 1 2 ) , 
1 lPTTa(SO),BTH,JTH.BGSS 

EBTBT PBTTAB 

P B I B T rBLocxrr-Tiae IBTEBPOIATIOB TABLE. 

KHOUT=KUOOT*1 
p a n t i o i o o , M O O T 
p i l a r IOOOO 
DO 10 ITB*1,BTTAft 

P B I B T 1 0 6 O 0 . T T A B ( I T B » .mT»8( iTa) , f i T » B ( i r a ) » f i a ( i t a i , O T A B ( I T B ) 
IO c o a t i a o i 

BET0BB 

P B I B 
PBZB 
PBIB 
PBIB 
PBIB 

•PBIB 
PBIB 
PBIB 
PBIB 
PBIB IIS 
PBIB 120 
PBIB 
PBIB 
PBIB 
PBIB 180 
/•BIB 1*5 
PBIB 
PBIB 
PUB 160 

•PBIB 165 
PBIB 170 
PBIB 175 

70 
75 
8C 
s s 
90 
95 

100 
105 
110 

125 
130 
?35 

150 
155 

C 
C 
c 

c 
c 
c 

EBTBT PBTB1(ITS) 

PBIBT PIBST-OBDBB FQSITIOB ABB TBLOCITT VABtABLBS. 

KWO0T=KBO0T»1 
TIBE=T(ITB) 
PBIBT 1 0 2 0 0 . B«O0T,TIBE 
DO ^0 ITH^:.-BTB,8 

JTBBMITB 
JTdBX=BiaO.ITB»7,BTB| 
PBIBT 10700 , I«H, ( ISUP1(JTHJ ,JTH=JTHBB.JTdaX) 

20 COBTZBOB 
KH0UT=K8O0T*1 
PBIBT 10300 .MOOT,TIBE 
DO 30 ITB=1 ,BTB,8 

JTBBB'ITH 
JTHBX*BIBO (ITH»7,BTHJ 
PBIBT 1 0 7 0 0 , I T H , { » S O F 1 (JIB) ,JIB*J1HBB»JTUBI) 
COBTIBOE 

BETOBB 
EBTBI PBTB2(ITB) 

PBIBT SECOBD-OBPEB POSITIOB ABD fELOCITI TABIABLES. 

MO0T-KBO0T+1 
TIBE*T(ITB) 
PBIBT 10400 , (BOOT,TIBS 
DO *0 ITM*1,BTB,8 

JTBBMITB 
JTBBX»BIBO(ITH»7,BT8t 
PBIBT 10700 , ITH, ( ISOP2tJTB) ,JTB*JTBBB v JTaaX| 

80 COBTXBOE 
(BO0T*I8O0T»1 
PBIBT 10500,«BOOT,TIBB 
DO 5 0 I T B - 1 , B T B , 8 

JTBBB-ITB 
JTBBX"BIB0(Z.TB*7,BTB| 
PBIBT 1 0 7 0 0 , 1 T B , ( T S 0 P 2 ( J T B ) ,JTB-JTBBB,JTBBX) 

50 COBTIBOE 
BXTUEB 

10000 rOBaAT( /TI2 ,*TTAB«,T30 ,*B1TAB*,T89 ,»T1TAB*,X»7 ,* 
1 *DTAB*) 

10100 F O B B A T ( / / / / • BATEB-TBABBPOBT OOTFBT T A B L E * , 1 8 , * . 
1 '0OABTXTIIS » S . TXBE*) 

10200 POBBAT ( / / / / • 8ATB1-TBABSPOBT OOTPST TABU *,A*,» 
1 *OBDEB POSItlOBS AT TUB » » , 1 P D l 2 . * / / » BOOB I* , 
1 'AT TBBTA IOBES I , I , . . . , I « 7 ' / ) 

10300 fOBB AT ( / / / / • BATBB-TBABBPOBT OOftBT TABU* , 1 8 , * . 
1 •OBOEI TEfcOCItlSS At H I E - * , 1 P B 1 2 . B / / • BOOB I 
1 •TSLOCITIS5 AT TBBTA BODES I , I » 1 , . . „ I » 7 ' / | 

10800 FOBBAT(////• BAtBB-TBAESPOBT OSTPBt TABLE*,!*,' 
1 • OBDEB P08XTX0BS AT f lSE - • , 1 F 8 1 2 . B / / * BOOB X* , 
1 *AT TBETA BOOBS I , I » 1 , b . . , I * 7 * / > 

10500 fOBBAT(////• SATtt-TBABSFOBT 0BTF8T TABU* , 1 9 , * 

f l /AISAT', T88, 

. SBB-POZBT *, 

. . FZBST-*, 
5X,*FOSITX08S • , 

. FIBST-*, 
*,SX. 

. SBCOBO-*, 
51,'POSITIOBS 

. SBCOBO-*, 

180 
185 
190 

PBIB 
PBXB 
PBXB 
PBXB 195 
PBZB 200 
PBXB 205 
PBXB 210 
PBZB 215 
PBXB 220 
PBIB 225 
PBXB 230 
PBIB 235 
PBIB 280 
PBZB 2«5 
PBIB 250 
PBXB 255 
PBIB 260 
PBXB 265 
FBXB 270 
PBXB 275 
FBXB 280 
PBXB 285 
PBXB 290 
PBXB 295 
PBZB 300 
PBXB 305 
PBXB 310 
PBXB 315 
FBXB 320 
FBXB 325 
FBXB 330 
FBXB 335 
FBXB 3*0 
PBXB 385 
PBZB 350 
FtZB 355 
FBXB 360 
FBZB 365 
FBXB 370 
FBXB 375 
FBXB 380 
FBXB 38$ 
FBXB 390 
PSJB 395 
PBIB 800 
FBXB 805 
FBXB 810 
FBXB 815 
FEXB 820 
FBXB 825 
FEXB 830 
FBXB 835 
FEXB 880 
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PBX a M S 
PBIB «so paia *55 
paia • 60 
PSIB «ts 
STBB 0 
STBB s STBB 10 
STBB IS 
STBB 20 
STBB 25 
STBB 30 
STBB JS 
STBB • 0 
STBB «s STBB so STBB 55 
STBB ( 0 
STBB AS 
STBB 70 
STBB 7S 
STBB BO 
STBB as 

1 'OBDEB TELOCITIES AT T«X =• . 1PP12-"»//' BOtfE I ' . 5 1 , 
1 'fSLOCXTIES AT TBETA BODES 1 , 1 * 1 , . . . , I * 7 * / ) 

10600 roaaAT(S(»X,I15.7)) 
10700 p u a a A t ( i 7 . a ; i P 0 i s . 4 ) ) 

eao 
SOBBOBTIBE STBB 

c 
c 
c roacTxoa or SOBBOOTXBE—TO STOBE FEBTIBEBT BATKB-TBABSFOBT 
c UOABTITIES oa AB AOXILLABI DETICE. 
c 
c 

laPLIClT UAA*8(A-H.O-Z) 
COBBOB/FBOBID/TITLE(a) ,BPBOB 
COBaOB/CBfAB/TIfiE,TB( 100,2) ,THB(100,2) ,TBB(I00,2) ,DTB(100,2) , 

1 VX(100 ,2) ,TIF(100 .2) ,TI8{100 .2) 
COaaOB/TrLX/TTAE(S0),V1a|S0),TirAB(S0),B1TA«(S0),UTAB(S0), 

1 TTABL(S0).B1TABL(S0) ,TEBF(SO) ,IPTTAB(S0) ,BCTAB 
coaaoa/TBTB/T(SO),BT 
coaaoa/xtAB/xsopi(Soj,XSOP2(SO),THP(SO),ALF(SO) ,?supi(SO), 

1 rSOP2(SO),P(50).eGA(SO»,06(50) ,TBTHP(SO),A«GSS ( 2 1 2 ) , DCSS (2 12) , STBB 
1 IPTTB(SO).BTB.JTH.BGSS 

C 
C • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • S T B B 90 
C STBB 95 

EBTBI STBBI STBB 100 
POBCB 10000, (TITLE(I),1*1,8) STBB 105 
POBCB 10100,BT SIBf 110 
POBCB 10100,BIB STBB 115 
POBCB 10200,(AIP(I) ,1=1. iTH) STBB 120 
POBCB 1020C (TBF(X),I*1,BTB) STBB 125 
BETOU STBB 130 

C STBB 135 
C • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • S T B B 1«0 
C STBB U S 

SBTBX STBBT STBB ISO 
POBCB 10200,TIBX STBB 1SS 
POBCB 10200, <XS0P2(i) . 1 * 1 , BTB) STBB HO 
POBCB 10200, (TS0P2(I),I*1,BTB) STBB IAS 
BETOBB STBB 170 

10000 POBBAT(BAB) STBB 175 
10100 rOBBAT(ltlS) STBB 180 
10200 POBBAT(8X10.«) STBB 185 

EBD STBB 190 
SOBBOOTIBE OATAS DATA 0 

C DATA 5 
C DATA 10 
C POBCTXOB OP SBBBO0TI8B—TO BEAD ABO PBIBT QBABTITIES PSBTAIBIB6 TO DATA IS 
C TBX PABABBTXB SEABC8. THESE IBCLODS COBTBOX FABABETEBS, I8ITXAL DATA 20 
C VALOBS OP TBZ SBABCB PABABBTBBS, THEIB ALL08ED BAB6ES, ABD THE DATA 25 
C XXPEBIBEBTAL DATA. DATA 30 
C DATA 35 
C DATA «0 

IBPLICIT B8Al*8 AA-B,0-2j DATA AS 
COBBOB/CTBL/VF6B,KBTB,KfI,KSTBB,ESTBB,ISTOP,KSS,KDI6,KBO0T, XBOOT.OATA SO 

1 KTSTP,KSO0T,KSBCB,KB0rP,KABL(KIC,ESTBS DATA 55 
coaaow/rwn/nso) ,»r DATA t o 
c o a a o B / x i f / a i i L ( 5 ) , B I X O 4 S ) , B I X ( S ) , BTX,axr DAT» AS 
COEBOB/XaV/XI(lO0,S),BXtlOO,S),11(100,5)•DTI(100,S) , TT(tOO),TX(S) DATA 70 

1 ,IBTL(S),X8T0(S) LATA 75 
COaE0B/5ZP/BP,KFBS,aXr0a,ICOBV,BSCT,IPA(S,2<)) DA1J 80 
COBBOB/SBP/ 0ELT0,CBIS,aCC,BEO,TOLSTP,TOU'0a,P(20), PB(20) ,FL(20) ,DATA 85 

1 DELF(20),PLO(20),FBO(20) DATA ?0 
DATA P0/1-D50/ DATA 95 

C DATA 100 
C IBPOT ABD OOTPBT BOB-ABBAT XBTXCBB ABB BE AX PABABBTXBS. DATA 10S 
C DATA 110 

BBAD 10000,88,KPBS.BXFOB,IBT,BTI,KBBD,B5Cr,ESTBS BATA 115 
IF ( 8 S C I . U . 0 ) BSCX-1 BATA 120 
IP (KSTBS.BI.O) KSTBS-1 DATA 125 
PBIBT 10200,BP,KPBS,BXPBB,KBT,BTI,KBBB,BBrT,KSTBS BATA Vs9 
BBAD 10100,ACC,8B0,TO£Srp,TOLrOB,aDP,CBT DATA 135 
PBIBT 1O3O0,ACC,afO,TO&BTP,TOlF8B,BBP,C8B BATA 1«0 

C BATA IBS 
C BBAB ABD PBIBT IBITIAL P A. 4BBT BBS P ABB TBMB LXBITS PB ABD PL. BATA ISO 
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C DATA 1SS 
BEAD 1 0 1 0 0 , (P(IP» , I P = 1 , B F ) SATA 140 
IP (BSCI.LE.O) 00 TO 20 DATA IfcS 
OO 10 ISCY*1,aSCI 3ATA 170 

BEAD 1 0 0 0 0 , U F A ( I S C I . I P ) . I ? = 1 . B ? ) DATA 17S 
io coaTiaoE DATA IOO 
10 IF (KBID.EU.0) CO TO 30 DATA IBS 

BEA9 10100,(tB(IP),I?O,BF) DATA 190 
BEAO 1 0 1 0 0 , ( P L ( I P ) , I P = 1 . B P ) OATA 1*5 
CO TO SO OATA 200 

3 0 OO « 0 1 P = 1 , 1 ? OATA 20S 
PL(IP) =-P0 OATA 2 1 0 
Ptf(IP)*PO DATA 21S 

« 0 COBTIBOE DATA 2 2 0 
SO OO 6 0 IP=1 ,BP OATA 22S 

PLU(IF) = PL(LP) OATA 230 
PHO(IP)*PB(IP) OATA 23S 
DELP(IP)*BDP«P(IP) DATA 2 4 0 

6 0 COBTiaOE DATA 2«S 
C DATA 2SO 
C IBPOT ZXPEBIBEBTAL DATA. BOTE THAT IX = TBI DATA 2SS 
C I B TSE BAtEa-TBABSPOBT CASE ABD TBAT IX = BE DATA 2 6 0 
C IB THE BATEBIAL-TBABSPOBT CASE. DATA 26S 
C DATA 270 

BEAD 10100,(TX(IM),ITB°1,BTX) OATA 275 
IP (KPCB.BE.S) CO TO 80 DATA 2*0 
BT*BTX DATA 2B5 
DO 7 0 ITS=1,BT DATA 2 9 0 

7 0 T(ITB) «TI(ITB) DATA 29S 
0 0 BEAD 1 0 0 0 0 , ( B I X ( I T B ) , I T B * 1 , B T I ) DATA 300 

DO 9 0 ITB=1,BTX DATA 30S 
a i X L f ( T S ) * 1 DATA 310 

9 0 a i X O U T B I ' S I X i l T B ) DATA 3 1 c 

PBIBT 1 0 6 0 0 DATA 3 2 0 
• I T - 0 DATA 32S 
DO 2 3 0 ITBO,BTX DATA 330 

• I ' l T X (ITB) OATA 33S 
•X1*BX»i DATA 3*0 
BEAD 1 0 1 0 0 , ( X X ( I X # I T a ) , I X ~ 1 , B X ) OATA 3 4 5 
BEAD 1 0 1 0 0 , ( T X ( 1 1 , 1 T B ) , 1 1 * 1 , B I ) DATA 3S0 
IP (KBT.6E.2 l BEAD 0 1 0 0 , ( D T I ( I X , I T f l ) , I X = 1 , B I ) DATA 355 
I P (KBT.6E.3) BEAD . 0 1 0 0 , I « T L ( I T B ) ,XBTO(ITS) DATA 3 6 0 
I P ( X B T O ( I T B ) . L E . i r n , ( I T B ) | XBTO(ITB)-XX(BI,ITB) DATA 3 « 5 

C DATA 3 7 0 
C CALCULATE STATISTICAL VEICBTS. DATA 37S 
C DATA 380 

IP (K8T.CT.0) GO TO 110 DATA 385 
00 100 11*1,BX DATA -90 

DIX(IX,ITB)*0. DATA 392 
IP(II(IX,l*B).CT.O.0C) DIX(IX,ITB)>DSdBT(IX(IX,irB»| OATA 39* 
BT*0. DATA 398 
XP(DTX(IX,ITB).BE.O.DO) BT*1./DII(II,ITB)»»2 DATA 400 

100 BI<IX,ITB)-BT DATA 402 
CO TO 190 DATA 405 

110 IP (MT.GT. 1) CO TO 130 OATA 410 
DO 120 11*1,BX DATA 415 

DTX(IX,IT«)*CHT*YX(II,ITS) DATA 620 
BT*0. DATA 822 
IP(DII(IX,IT<I).IC^. DO) •r-1./DTI(U,ITB}*«2 DATA <U« 

120 HI(IX,ITB)*BT DATA 426 
CO TO 190 DATA «30 

130 OO 140 II*1,BX DATA 435 
BT*0. DATA «38 
IP(DII(IX,KTB).BE.0.DO) BT-1./DII(XX,ITB)"2 DATA 440 

140 BZ(IX,ITB)*BT DATA 442 
IP (HT.tQ.2) SO TO 190 DATA 445 
HX»O r Jk 4*0 
DO ISO IX*1,BX DATA *55 

BI*BI»1 DATA 460 
IP (XI(II,ITB).CBbXaTX(ITa|) CO TO 160 DATA 465 
•I(II,ITB)*0. DATA 470 

ISO COBTHOB DATA *7S 
160 B T I L ( I T B ) - a i DATA 8 8 0 

BX-BX1 DATA 885 
DO 170 J I - 1 , B X DATA 8 9 0 

http://KBT.6E.2l
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IX*BX1-JX 
BX'BI-1 
IP (IX(IX,ITB).LE.HT0(ITa)) SO TO 180 
•X(IX,ITB)*0. 

170 COBTIBBE 
109 arxg U T B ) « B I 

BXT*BXT»aTXa>(XTa)-BTElfITB) »1 
190 PBIBT 10700,TX(ITI) 

C 
c 
c 

BOBBALIZX u r n u u u i POIBTS. 
SIL'BXIL(ITB) 
BXO'BIIO(ITB) 
SBB*0. 
go 200 i x * a i L , a i o 

200 S M * S O B * I X | I X , I T B ) 
A8*100./SUB 
ABS*U*AB 
DO 210 IX~1,aX 

IX(IX,ITI)*AB«IXfII,ITS) 
DTI (IX,ITB|*AB*DTX|IX,ITB) 

210 a x ( i x , x T a j * a x ( i x , i T B } / A a s 
c 
c 
c 

00TPBT BXP8BIBBBTAX, DATA, IBCLBDIBS 8EICBTS. 

DO 220 11*1,BX 
BX(II,ITS)~DABS|ai(IX,ITB) ) 

220 PBIBT 10SdO,IX,IXftIX,ITB),TI{II,ITa),HXfIX,ITB) 
2 JO coaTiaoc 

XP iKIT.XQ.3) CO TO 2SO 
axT-o 
DO 2*0 ITM1.BTX 

2«0 BXT"BIT»BII(ITB) 
250 BXTOBI 

C 
c 
c 
c 
c 
c 

•• • • • • • • • • • • • • • • • • • • • • • • • • • • • •a****••• • • • • •« 
BITBT SBPBBP(ISCI) 

PBBPABB ABO PBIBT STEP SXZBS DELP ABD PABABBTEB BOO!OS PB AID PL. 

DO 2*0 IP*1,BP 
2*0 DELP(IP)-BDP*P(XP) 

DO 270 XP*1,BP 
pa(ip)>rao(XP) 
PL(IP)-PLOIIP) 
XT (IPA(ZSCT,IP).BE.O) CO TO 270 
ra<iP)*pf iP) 
PL(IP)»P(IP) 

27C COITXBOE 
DO 280 IP-1.BP 

IP (PL<IP).LB»PB(IB)» CO TO 280 
TBP-PB(IP) 
PB(IP)»PL(IP) 
PL (i r> "tap 

280 COBTIBB8 
PBIBT 10400 
DO 290 IP-1,BP 

2»C PBIBT 10SOO,XP,*(IP),PB(IP|,PL(IPl,DEfcP(iP) 
BXTBBB 

loooo poaatf(ifexs) 
10100 PDBBAT(8P10.0) 
10200 POBBAt(• / / / ' SEABCB IBPBT TABLB 1 . . BASIC PABAaKBaSV/SI 

i * aaaon or sxaaca PABAaarBas 
1* BXASBOStXC PBXBTBB COBTBOL. 
1* BAXIB8B CBI-SOOABBD BBALBATIOaS . . . . 
i* BBISBT-COBTBOX, laraoaa. 
i* MBBBB or uranaaatAA TXBE BODES . . -. 
i* PABABBTXB aoaaas coaraoi. . . 
i * aaaaaa or SBAJOB CTCUS -. 
1* xanUABff ST04A6B COaSBOL 

•OJOO roaaATfSi, • ACCBLBBATIAB PABABSTEB. 
1 X10.4/SI • BSBfCTXOB PABAaBTBB . . . . . 
1 I 1 0 . » / S I • STBT-SISE taUBABCE 
i xio.«/si • CBI-SQBAPZ *ccarrABCB PACTOB. 

DATA 
DATA 
0AT1 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
0ATA 
DATA 
DATA 
DATA 
DATA 
DATA 
0ATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

.15/51 

.15/51 
,15/51 
.15/51 
,15/51 
,15/51 
,I5/5X 
,15) 

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 
OATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 

•95 
500 
505 
510 
515 
520 
525 
530 
535 
5*0 
5«5 
550 
555 
5*0 
5*5 
570 
575 
580 
585 
590 
595 
*00 
*05 
*10 
*15 
*20 
625 
630 
*35 
**0 
*«5 
*50 
*55 
**0 
6*5 
*70 
675 
680 
685 
690 
695 
700 
705 
710 
715 
720 
725 
730 
735 
7«0 
7*5 
750 
755 
760 
765 
770 
775 
780 
785 
790 
795 
800 
805 
810 
815 
820 
825 
838 
835 
8«0 
8«5 
850 
ass 
8*0 
8*5 
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1 2 1 4 . 4 / 5 X • PABA9ZTEB STEP-LEaCTB PBACTIOB. . . . ' . DATA 87il 
1 E 1 0 . « / 5 l • BZICBTIBC COBSTABT. - . . - . . . . - . - . - . . • . DATA 875 
1 110.*) BATA 8 8 0 

10*00 P O S B A T { / / / / • SEABCB IBP8T TABLE i — ' . DATA 8 8 5 
1 ' IBITIAL fALOES OP PABABETEBS, LIBITS . ABO I B C B E a E B T S » / / T 9 , ' I P * . DATA 8 9 0 
1 r ^ . ' P ' . T ^ . ' P B ' . T f c S . ' P L ' . T S ' j . ' D P M DATA 8 9 5 

10500 POft8AT(I1C # «E20.5) 0ATA 9 0 0 
1 0 * 0 0 roSS AT ( / / / / • SEABCB I SPOT TABLE 3 . . EXPEBZWBTAL 0ATA-) DATA 9 0 5 
1 0 7 0 0 POBBATf/5X* TABLE AT TIBE = • , Z % 0 . * / / T 9 . ' i r , T 2 5 . • I X • , T » 5 , « I I ' , DATA 9 1 0 

1 T 6 « . ' B Z « ) DATA 9 1 5 
EBD DATA 9 2 0 
SBBBOOTIBE PBIBTS(ITB) PBIB 0 

C PBIB 5 
C P U B 10 
C POBCTIOB OP SBBBOOTIBE—TO OPT POT BESBLTS OP P*BABETEB SEABCB PBIB 15 
C IBCLODIBS PABABBTEB fALOES ABD A TABLE OP COBB2SPOBDIBC EXPEBIBEBTAL PBIB 20 
C ABD TBEOBETICAL fABIABLEf. PBIB 25 
C PBIB 30 
C PBIB 35 

IBPLICIT BEAL*8{A-B,0-Z | PBIB «0 
HEAL** PBAT PBIB « 5 
COaaOB/CTBL/KP6B,KBT8,EfI,ESTBB,KSTBB # ISIOP,KSS # KDIC t f KaO0T, (BOOT,PBIB 50 

1 KTSTP,KSOQT,ISaCS,BBOFP,KABL,KIC,ESTBS PBIB 5 5 
COaaOB/aEOB/Xf 101) # BBf2t,DCOSBf2),OCOS(2) > DKLT,CBBG # DELaAX,TBAX, PBIB 6 0 

1 IPX(IOI) , I E ( 1 0 0 , J ) , B P B t 4 , B P S T ( 2 ) , B P T S T . ( 2 ) , a B E ( 2 ) , B T S E ( 2 ) , 1*3 ( 2 , P U B 6 5 
1 2 ) , I S ( 2 . 2 ) , B B P v B E L , B B A T , I B A B D # B B C , B S T , a T S T . a B E L , B T I # a B O B PBIB 7 0 

COaaOB/BBTAB/ A(10 1,2) , 8 ( 1 0 1 , 3 1 , 8 ( 1 0 1 ) , B P ( U 1 ) , B I (*.*1) , B B ( 1 0 1) , PBIB 75 
1 D P ( 1 0 1 ) , B 1 ( 1 0 1 ) , B T ( 1 0 1 | , X 7 B P ( 1 0 1 ) , B P L I ( 1 0 1 ) , 8 P L X P ( 1 0 1 ) , PX ( 1 0 0 , 2 ) PBIB 8 0 
1 .PBATE(10) ,PLOB{1O) # TPXOB(10) V B , P B A T ( 3 , 5 | PBIB 85 

COSaOB/ZIf/BTZL(S) , B T X 0 ( S ) # B I X ( 5 ) , B T X , B X T PBIB 90 
COaaOB/XBT/XX(100 ,5 ) ,BX(100 ,5 ) , I I ( 1 0 0 , 5 ) , 0 T X ( 1 0 0 , 5 ) , IT ( 1 0 0 ) , T I (5) P U B 9 5 

1 , X B T L ( 5 ) , I B T 0 ( 5 ) PBIB 100 
0>BaOB/SIP/BP,Kpas ,aXPOB,ICOBT,BSCT,IPA(5 ,20) PBIB 105 
COBaOB/SBP/ DELT0,CUS,ACC,BU> # TOLSTP,TOLP0a,P(20) , P H ( 2 0 ) , P L ( 2 0 ) , P B I B 110 

1 0 E L P ( 2 0 ) , P L O ( 2 O ) , P B 0 ( 2 0 ) PBIB 115 
KSO0T*ISOBT*1 P i l l 120 
PBIBT 10100,KSO0T PBIB 125 

C PBIB 110 
C PBIBT PIBAL PABASETEB TALOCS. PBIB 135 
C PBIB 1*0 

DO 10 I P ~ 1 , B P PBIB 1*5 
10 PBIBT M 2 n C , I P , P ( I P ) . P I ( I P ) , P L ( I P ) , O E L P ( I P ) PBIB 150 

C PBIB 1 5 5 
C OOPPOT EZPEBIBE8TAL ABD TBCOBETICAL PBOPILES. P8IB 160 
C PBIB 165 

KSOOT'KSOOTO PBIB 170 
PBIBT 10300,KSOOT PBIB 175 
• i » B I I ( I T B ) PBIB 180 
PBIBT 1 0 4 0 0 , T I ( I T B ) PBIB 1 8 5 
DO 2 0 I Z - 1 , B X PBIB 190 20 PBIBT 10200,iz,zi(iz,rra),ii(ii,iTa),rr(iz),Dix(iz,iTB) PBIB 195 
IP (ITB.BE.BTZ) CO TO 30 PBIB 2 0 0 

C PBXB 2 0 5 
C OUTPUT CBI/(BODAL POIBT). PBIB 2 1 0 
C P U B 2 1 5 

B2S*CBIS/DPLOAT(BIT) P U B 220 
B2S-DSgBT(BKS) PBIB 2 2 5 
PBIBT 1 0 5 0 0 , B E S PBIB 2 3 0 

30 BETOBB PBIB 2 3 5 
10000 P 0 B H A T ( I S , 5 I , E 1 0 . « ) PBIB 2 « 0 
10100 fOBB AT ( / / / / • SBABCB OBTfOT TABU ' , ! • , PBIB 2 * 5 

1 • - . PIBAL fALOE or P A B A U T t t S , BO08OS, ABD I B C B B B E B T S , / / T 9 , , i P « , P » i » 250 
1 T 2 5 , , P , . T « 5 , » i B » , T 6 5 , « # > l , , T 8 S » ' » r * ) PBIB 255 

10200 POM AT ( 1 1 0 , 4 8 2 0 . 5 ) PBIB 260 
10300 POBBAT ( / / / / • SEABCB OOTfOT TABU* , 1 8 , PBIB 2 6 5 

1 • . . ZIPKBIBBBTAL DATA «BD TBEOBZTICAL PCX*) P8IB 2 7 0 
10*00 P 0 M A T ( / 5 I * TABLE AT TXflB « ' , E 1 0 . « / / T 9 , ' L Z » , T 2 5 , « I I » , T « 5 , » T I » , P U B 2 7 5 

1 T 6 S , ' T T * , T 8 « , * O I Z * ) PBIB 280 
1 0 5 0 0 POBBAT(/5Z» AfEBACE POIBT BESIDOAL * ' , B 1 2 . « ) PBIB 2 8 5 

EBD T U B 2 9 0 
S0BBO0TIBE STBSUTB) STBS 0 

C STBS S 
C STBS 10 
C POBCfflOB OP SOBBOOTIBf—TO STOBB BOBBALIXXD BIPEUBEBTAl STBS IS 
C ABD TBftOBBTICAL PBOPILBS AS OBTUBID POB TIB UPEBIBEBTAL STBS 2 0 
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C SPACE CBIO SO THAT SBCB UOABTITIES SAX BE PLOTTED. STBS 25 
C STBS 30 
C STBS 35 

IBTLXCIT BEAL«8 | A - B , 0 - * ) STBS «0 
BEAL*« PBAT STBS «5 
COaaOB/PBOBIB/TITLE(8),aPBOB STBS 50 
COaaoa/CTaX/KP6B,KBTB.KVI,KSTBB,KSTBB.IST9P,KSS.KD£C.KBOOT, IIOOT.STBS 55 

1 KTSTP.ESOaT.KSBCa.XBOPf'.IABL.KIC.KSTBS STBS 60 
COaaOB/6EOe/X(101) ,BB(2#,BCOSB(2) ,BCOS(2) ,B«LT.CBaC,DELaAX,TBAX, STBS 6 5 

1 I K ( 1 C 1 ) , I E ( 1 0 0 . 3 ) , B P B ( 2 ) . B P S T ( 2 ) , B P T S T . ( 2 ) , B 8 E ( 2 ) . a T S E ( 2 ) , ISB(2 ,STBS 70 
1 2 ) , IS (2 ,2 ) .aBP,BEL,BaAT,IBABD,BBC,aST,BTST,BBEl . ,BTI ,BfeOB STBS 75 
coaaoa/aavAB/ A ( i o i , 2 ) , * ( i o i , 3 ) , a ( i o i ) , a ? ( i i > i ) , a i ( i o i ) . B B ( i o i ) , STBS BO 

1 BC(fO:) .Bl(101).BT(101| .ZTaP(101).BPLZ(101).BPLZP(101). n ( 100,2) STBS BS 
1 ,FBATE(1i)),PLOB(10),TP&OB(I0),H,PaAT(3.5) STBS 90 
c o a a o a / n v / a x z i ( 5 ) .axza A5), arz ( 5 ) , arz , azx STBS 9S 
c o a a o a / Z B T / z x ( i o o . 5 ) , B X 4 1 0 0 , S ) , T I C 1 0 0 , 5 ) , 0 1 1 ( 1 0 0 , 5 ) . I T ( l o o t , T Z ( 5 ) STBS 100 
1 ,X8TL(S),XBT0(S) STBS 105 
IP (ITB.CT.1) CO TO 10 STBS 110 
PBBCa 10000, (TITLE (I).1*1,B) STBS IIS 
poaca IOIOO, BTZ STBS 120 
IP (KPCB.E0.2) BBP*0 STBS 12S 
POBCB 1 0 1 0 0 , ( B T X ( I ) . I * l . R X ) , I B P STBS 130 

10 PBBCB 1 0 2 0 0 , T I ( I T B ) STBS 13S 
•Z<BIZ(ITB) STBS 1*0 
poacB 1 C 2 0 0 , ( i i ( i i , i T a ) , i i ' i , i z ) S T B S 1*5 
PBBCB 1 0 2 0 0 , ( T T ( I I ) , 1 1 * 1 , I I ) STBS 150 
POBCB 1 0 2 0 0 , f T Z ( I Z . I T B ) » I Z * 1,BE) STBS 155 
POBCB 1 0 2 0 0 , ( O t Z ( I I . I T B ) , I Z ' l , B Z ) STBS 160 
i r (KPCa.BE.2) POBCB 1 0 1 0 0 , ( I ( B P ) , B P = 1 , I B F ) STBS 165 
IP (KPCB.BE. 2 ) POBCB 1 0 2 0 0 , (BB(BP) , B P * 1.BBP) STBS »?U 
BBTUBB STBS 175 

10000 POBBAT(BA8: STBS 180 
10100 POBBAT(16IS) STBS 185 
10200 POBB AT ( 8 1 1 0 . 4 ) STBS 190 

EBO STBS 195 
SOBBOOTIBE flBTAL(P,CBIS« BETA 0 

C BETA 5 
C PUBCTIOB OP SOBBOOUBC— TO ETALUATE CBI-SQOABE<> POK THE BETA 10 
C BATEBIAL-TBABSPOBT CASE. BETA 15 
C BETA 20 
C BETA 25 

IBPLICIT BEAL*8 | A - B , 0 - » BETA 30 
BEAL*« P8AT BETA 35 
COaaOB/CTat/EPCa.KBTB.Bri.KSTBBwtSTBB, ISTOP,aSS,K0IC,KBO0T, ItOOT.BETA BO 

1 KTSTP,KSO0T,KSBCa,KBBP#,KABL,EIC,KSTBS BETA «5 
C O a a O B / C B T A B / T I B E , T B ( 1 0 0 . 2 ) , T B B ( 1 0 0 , 2 ) , T B 8 ( 1 0 0 , 2 ) , D T B ( 1 0 0 , 2 ) , BETA SO 

1 T X ( 1 0 0 , 2 ) , T X ? ( 1 0 0 , 2 ) , T S B ( t O O , 2 ) BETA 55 
COBBOB/GEOB/Z (101) ,BB(2» ,DCOSB ( 2 ) , 0 C 0 S (2) ,D*LT,CB<IC,DELaAX,TBAX, BETA 60 

1 Z P Z ( 1 0 1 ) , Z E ( 1 0 0 , 3 ) , B * B f t 2 ) , B P S T ( 2 ) , B P T S T ) ( 2 ) , B B S ( 2 ) , ! l T S S ( 2 ) , ISB(2,8ETA 6 5 
1 2 ) , IS (2 ,2 ) ,BB> ,BSL,BBAf«IBABD,BIC,BST,BTST,BBEL,BTI ,BBOB BETA 70 
C 0 a B 0 B / B P B 0 P / P B Q P ( 1 , 5 } , « Z I BETA 75 
COBBOB/BBTAB/ A( 1 0 1 , 2 ) , 8 ( 1 0 1 , 3 ) , 1 ( 1 0 1 ) , B P ( 1 0 1 ) , B I (101) , B B ( 1 0 1 ) , BETA 80 

1 0 P ( 1 0 1 ) , 8 1 ( 1 0 1 ) , B T ( 1 0 1 | , X T a P ( 1 0 1 ) , B P L X ( l 0 1 ) , B P L Z P ( t 0 1 ) , PI {ICO, 2) BETA 8 5 
1 , P B A T E ( 1 0 ) , P L 0 B | 1 0 ) , T P & O B ( 1 0 ) J B , p a A T ( 3 , 5 ) BETA 90 

COBBOB/ZIT/BTZL(S) ,BXX0»5) ,BTZ(5) , BTZ, BZT BETA 9 5 
C O a a O B / U T / Z X ( 1 0 0 , 5 ) , B X 4 1 0 0 , 5 ) , I X ( 1 0 0 , 5 ) » D X Z ( 1 0 0 , 5 ) , I T ( 1 0 0 ) ,TZ (5)BETA 100 

1 ,XBTL(5) ,ZBTO(S) BETA 105 
COBBOB/SBP/ DELTO,CBIS0»ACC,BED,TOLSTP,TOLrUB,P0(20), P8 ( 2 0 ) , BETA 110 

1 P L ( 2 0 ) , D B L P ( 2 0 ) , P L 0 ( 2 0 ) ,PB0(2O) BETA 115 
o i a x a s i o a P(1) BETA 120 
DATA I B D 1 / 0 / BETA 125 

C BETA 130 
C COBBBLATE SBABCB PABABXTIBS BITS PBISICAL PABABBTBBS. BETA 135 
C BETA 1*0 

CALL BOrPB(P) BETA 1«5 
CHIS«0. BETA 150 

C BETA 155 
c Tiax SBQOSBCI CALCOLATIOB. BETA 160 
C BETA 165 

TXBE-O. BETA 170 
CALL UBL BETA 175 
I P ( i r e a . L B . 3 ) CALL PBIBTB(O) BETA 180 
DSLT-DSLTO 
TI88-DELT0 
ira-i 

BETA 185 
BETA 190 
BETA 195 
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c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

111=1 

10 IF ( T I 8 E . G E . T I ( I T I ) ) CO TO 20 

G4BEBATE BBSBLTS FOB IBTEUEOIATE S T E i S . 

CALL BTBAB 
IP (KPGB.LE.3) CALL PBUTB(ITB) 
DELI*DELT*(1-*CBRG) 
DELT'DBIBl (DSLT.DELBAX) 
TIBE=TIBE*DELT 
ITB=ITB»1 
GO TO 10 

CALCULATE COBCEBTBAXTOB PBOPILE AT TIRE STEP PUB BHICB EXPEBIBEBTAL 
OATA 15 GITEB. 

2 0 DELTP=DELT 
DELt*DELT- (TIHE-TI (ITX) ) 
TIBE*TX(ITX) 
CALL BTBAB 
IF (XPCB.LE.3) CALL PBUTB(ITB) 
BX=BIX(ITI) 
1X8X8*1 
SOB'O. 
BXL*BIXL(ITX) 
exo^aiio(iTi) 
DO 3 0 1 1 = 1 , B X 

I T ( I I ) « I L A 6 ( I I ( I I , I T I ) , I , B B , I B 0 1 , 2 , I X 8 I B . B X . I B I ) 
IP (IX.LT.BXL) GO TO 30 
IP i i X . S T . a X O ) CO TO 30 
SOR*SOB*IT(I.X) 

30 COBTIBOX 

BOBBALIU TBEOBBTICAL POIBTS. 

A l = 1 0 0 . / S 0 f l 
00 tO IX=1,BX 

I T ( I X ) = A B « I T ( I X ) 

COLLECT CBI-SQOABBD. 

Cf l IS«CBIS»BI(XX,XT^)*fTT(XX)-TX(ZX,IT8) )««2 
4 0 COBTIBOE 

CBISO'CBIS 
IP (KPCB.CT.3) CO TO 50 
CALL PBXBTS(ITX) 
IP (KSTBS.EQ.1) CALL S t t S ( I T X ) 

5 0 IP (ITX.6B.BTX) CO TO 60 
ITX*ITX»1 
DXLT*DELTP 
TIBB*TXBX«DELT 
I T B - I T B O 
GO TO 10 

6 0 BEI0BB 
KID 
SUBBOOTIBB BBXfAX>(P,CNX6) 

BETA 200 
BETA 2 0 5 
BETA 2 1 0 
BETA 2 1 5 
BETA 220 
BETA 2 2 5 
BETA 2 3 0 
BETA 2 3 5 
BETA 2 4 0 
BETA 2 4 5 
BETA 250 
BETA 2 5 5 
BETA 2 6 0 
BETA 2 6 5 
BETA 270 
BETA 2 7 5 
BETA 2 8 0 
BETA 2 8 5 
BETA 2*0 
BETA 2 9 5 
BETA 300 
BETA 305 
BETA 3 1 0 
BETA 3 1 5 
BETA 3 2 0 
BETA 3 2 5 
BETA 3 3 0 
BETA 3 3 5 
BETA 340 
BETA 34S 
BETA 3 5 0 
BEVA 3 5 5 
B5FA 3 6 0 
BETA 3 6 5 
BETA 370 
BETA 3 7 5 
BETA 3 8 0 
BETA 3 8 5 
BETA 3 9 0 
BETA 3 9 5 
BETA 4 0 0 
BBTA BOS 
BETA 1 1 0 
BBTA M S 
BETA 4 2 0 
BETA 4 2 5 
BBTA 4 3 0 
BBTA 4 3 5 
BETA MO 
BBTA 4 4 5 
BBTA BSO 
BBTA 4 5 5 
BBTA 4 6 0 
BETA 4 6 5 
BBTA 4 7 0 
BBBT 0 
B BET S 
BBBT 10 
BBBT IS 
BBBT 20 
BBBT 2 5 
BBBT 30 
BBBT 35 

IBPLICXT BBAL«8 ( A - B , 0 - X ) BBET 40 
BEAL*« PBAT BBBT 4 5 
COBBOa/CTBL/BP6a,KITB,U'I,KSTBa,BSTBB,XSTOP,ESS,BOI6,iaO0T / (BOOT, B BET SO 

1 KTSTP,ISO0T,XSBCB,KB0PP,IA8A,,EIC,KSTBS BBBT 5 5 
COBBOB/CBTAB/TUB / TB(IOa,2) ,TBB(100 ,2 ) , T 8 B ( 1 0 0 , 2 ) , O T B ( 1 0 0 , 2 ) , BBBT 6 0 

1 TX ( 1 0 0 , 2 ) , T I P ( 1 0 0 , 2 ) , T C B ( 1 0 0 , 2 ) B3BT 65 
COBaOB/6BOB/X(101) ,BB(2) ,0COSB(2) ,DCOS(2) ,0BLT,CBB6,OBLBAX,TBAI, BBBT 70 

1 IPX (101) , 1 8 ( 1 0 0 , 3 ) , B P * ( 2 ) , B P S f ( 2 ) , B P T S T , ( 2 ) , B B B ( 2 ) , B T S B ( 2 ) , ISB(2 ,8BBT 7 5 
1 2 ) , X S ( 2 , 2 ) , B B P , B B L , B a a C , I B A B B , B B C , B S T , B T S T , B B B X , B T I , a a o a BBBT 8 0 
COBaoa/BPBOP/PBQP(1,S),«XX BBBT BS 
COBBOB/BBfAB/ A | l 0 1 , 2 ) , 8 ( 1 0 1 , 3 ) , 8 ( 1 0 1 ) , 8 1 ( 1 0 1} , 8 1 (101) , 8 8 ( 1 0 1 ) , BBRT 9 0 

1 D P ( I O I ) . 8 1 ( 1 0 1 ) , B T ( 1 0 1 J , I T B P ( 1 < > 1 ) , B P L I ( 1 0 1 | , B P L I P ( 1 0 1 ) , PX( 1 0 0 , 2 ) BBBT 9 5 

POBCTIOB OP S0BBO0TI8B--SO 6EBEBATE BATEBIA1 TBABSPOBT PBOPXLBS 
SUBJECT TO COOPLBD BOISTOBB BOTBBBBT ABO TO CALCULATE CBI-
SaUABBO POB TBB PABABRBB BBABCH. 
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1 .MATE (10) , r L O B ( 1 0 ) . T F l O « ( 1 0 ) , T , P B A T ( 3 , S ) BBBf 100 
coaaoi/cai/ B I . I I HIST IOS 
COBHOB/ZIT/aTXL(S) . 8 1 X 0 ( 5 ) . 8 X 1 ( 5 } . BTX, BIT HBET 110 
COBHOfc/XBf/IX ( 1 0 0 . 5 ) . B I 4 1 0 0 . 5 ) . I I ( 1 0 0 , 5 ) , D H < 1 0 0 , 5 ) . TT(IOO) .TZ(5) BBET I I S 

1 , I U T L ( S ) , I B T O ( S ) BB(T 120 
COBBOB/SBP/ DELT0,CHIS0,ACC,BE0,TOLSTP,TOLP0B,P0(20), PB(20), BBBT 12S 
1 PL(20),0ELP(20).PL0(20|.PB0(20) BBET 130 
OIBEBSIOB P(1) BBET 135 
DATA IBUt/0/ BBET 140 

C HBET 1*S 
C COBBELATE SEABCH PABABETE1S BITS PflTSICAL PABABETEBS. BBET ISO 
C BBBT 1SS 

CALL BOPPB(P) HBBT 160 
CHIS»0. BBET 165 

C BBET 1 7 0 
C TIBE SEOOBBCE CALCOLATIOB. HBET 175 
C BBBT 180 

TIBE=0. BBET 1 8 5 
CALL BIBL BBET 190 
IP (KPCH.LE-3) CALL PBIBTB(O) BBET 195 
DELZ-OELTO C.BET 2 0 0 
TIBE~DELTO BBET 2 0 5 
ltB*1 BBET 2 1 0 
IZX*1 BBET 2 1 5 

10 T1P*T1 BBET 220 
I P ( T I B E . 6 B . T I ( I I I ) ) CO TO *0 BBET 2 2 5 
I P (TIflE.6I.TBAX) 60 TO 8 0 BBET 2 3 0 

C BBST 2 3 5 
C 6ZBEBATE BESOLTS POB XBTEUEDIATE STEPS. BBBT 2 4 0 
C BBET 2 * 5 

CALL BTBAB BBET 2 5 0 
IP (KP6B.LE.3) CALL PBIBTB(ITB) a BET 2 5 5 
IP (KTSTP.BE.O) CO TO 20 HBET 2 6 0 
DELT»DELT*(1.*CBB6) BBET 2 6 5 
CO TO 30 BBET 2 7 0 

20 IP (ITH.EQ.1) TC0B=DELT»T1**(1.»CBBC) BBET 2 7 5 
0BLT»TC01/T1»*(1.»CBBC) BBET 280 

20 DBLT»DBIB1(DELT,DELBAX) BBET 2 8 5 
TIBE~TIBE*DBLT BBET 2 9 0 
ITB*ITB»1 BBET 2 9 5 
CO TO 10 aBET 3 0 0 

C BBET 3 0 5 
C CALCOLATE C0BCEB7KATII0B PBOPILE AT TIBE STEP POB BBICB EXPEBIBEBTAL BBET 3 1 0 
C DATA IS 6 I T S E . BBET 3 1 5 
C aBET 320 

«0 DELTP-OELT BBET 3 2 5 
OBIT-DELE-(TIHE-TX(ITX)| BBET 3 3 0 
TIBE'TX(ITX) BBET 3 3 5 
CALL 8TBAB BBET 3 * 0 
IP (XPCR.LE.3> CALL PBIBTB(ITB) BBBT 3*5 
BX«BIX(ITX) BBET 3 5 0 
IXHIB-1 BBET 3S5 
SOB-O. BBET 360 
BIL-BIXL(ITI) BBET 3 6 5 
BID-BIIO(ITX) BBET 3 7 0 
DO SO I X - 1 . B Z BBET 3 7 5 

T T ( I X ) - ! I A 6 ( X X ( I X , I T X ) , I , B B , I B , 3 1 , 2 , I I B I B . I I . I E I ) a BET 3 8 0 
I P ( I I . L T . I U J 6 0 TO SO BBET 3 8 5 
IP ( I I . 6 T . a a O ) 6 0 TO SO BBBT 3 9 0 
SOa-SOB»IT(II ) HBET 3 9 5 

50 COBTIBOE BBET * 0 0 
C BBET * 0 5 
C BOBBALIZB TBBOBETICAL POIBTS. BBET * 1 0 
C BBET « 1 5 

A B - 1 0 0 . / S 0 B BBE» * 2 0 
DO 6 0 I X - 1 . B X BBET « 2 5 

T T ( I Z ) - A B * 2 T ( I I ) BBET * 3 0 
C BBBT * 3 5 
C COLLECT CBI-SQOAABO. BBIT * » 0 
C BBIT BBS 

C U S - C B I S » B I ( K I , I T l ) B ( r T | I I ) - r X ( I I , I T E ) ) « « 2 IBBT * 5 0 
6 0 COBTIBBB BBET * 5 5 

CBIJO-CBia B U T B60 
I f ( C P 6 B . 6 T . 3 ) 0 0 TO 70 BBIT * 6 5 
CALL P B I B I S ( I T I ) BBIT * 7 0 

http://TIflE.6I.TBAX
http://II.6T.aaO
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I f ( K ^ T i S . E J . J ) CALL i T l S ( l T I ) BUT %75 
70 i r (ITX.GE.BTX) CO TO 90 H B « «S0 

ITX=ITX*1 BBET M S 
UELT'SELTP 9BET * 9 0 
T1BE>T1BE»DELT HBET « 9 S 
ITB=ITB»1 9 BET S00 
GO TO 10 HBBf SOS 

Si} PBIBT m o 0 0 HB2f S10 
90 BETOBB P i l l S I S 

10000 F 0 B 1 A T ( / / / / • BAXIflOB TIBE EXCEEDED*) SIET S20 
EBD 9IET S2S 
SOMOOTIBE BHTAL2(P,CBIS) BETA 0 

C BBTA S 
C HBTA 10 
C riiBCTIOB OP SOBIOOTIBE—TO GEBEBATE BATEBIAA. TBABSPOBT PBOriLES 8BTA IS 
C SUBJECT TO COOPLED BOISTOBC BOfEBE8T ABD TO CALCOLATE CBI- BBIA 20 
C S^OAAED FOB TBE PABABETEB SEABCB, iHICH IBCLBOES BOTH BATBBIAL- BilTA 2 5 
C ABO BATEB-TBABSPOBT PABABETEBS. BBTA 30 
C BITA 3S 
C BITA «0 
C BBTA 45 
C BBTA SO 

IBPLICZT BEAL*d »A-H,0-X} BBTA SS 
BEAL*« PBAT BBTA 6 0 
C0aBOB/CTaiyiPGB # KBTB,ETI # KSTBB,KSTBa # X5T0P,ESS,KD£G,EB0BT, KBOOT,BBTA * S 

1 KTSTP.KSOOT,KSaCH,KB0P*,IABL,EIC,KSTES BBTA 7 0 
C O B S O H / C 8 T A a / T I S E . T H ( 1 0 0 , 2 ) , T B B ( 1 0 0 , 2 ) , T a B ( S 0 0 , 2 ) , D T B ( 1 0 0 , 2 ) , BIT A 7S 

1 T X ( 1 0 Q , 2 ) , V X H 1 0 0 , 2 ) , T I B ( 1 0 O , 2 ) BB7A BO 
COBBOB/GEOB/X(101),BB(2i ,DCOSB(2) ,OCOS(2) .DELT.CBBC.DEIBAI,TBiX, BETA BS 

1 I P X ( 1 0 1 ) , I E ( 1 0 0 , 3 ) , B P B ( 2 ) , B P S * ( 2 ) . B P T S T - C 2 ) , B B C ( 2 ) , a T S E ( 2 ) , ISB(2,BBTA 9 0 
I 2 ) , I S ( 2 , 2 ) , I B P , B E L , B B X T , i a A a O , B B C , B S T , a T S T , a B E L . a T I , B B O B BBTA 9 5 

C0BB0B/HPBOP/PB0P(1,S) ,BXI B8TA 100 
COaaOB/BBTAB/ A ( 1 0 1 , 2 ) , B ( 1 0 ; , 3 l , B | 1 0 1 ) , B P ( 1 J I ) , B I (101) ,KB(10 1) , HITA 105 

1 D P ( I O I ) , 8 1 ( 1 0 1 ) . 8 T < 1 0 1 » , I T R P ( I O I ) , B P L X ( 1 0 1 ) , S P L I P ( 1 0 1 ) . P I ( 1 0 0 , 2 ) B B T A 1 1 0 
1 , r B A T E ( 1 0 ) , P L O B | 1 0 ) , T P A O B ( 1 0 ) , B , P B A T ( 3 , 5 ) BIT A I I S 

CORBOB/Cai/ B1,T1 BITA 120 
C08aOB/XIT/BIIL(5) , B I X D { 5 ) , B I X ( 5 ) , B T X , 8 X T BIT A 1 2 5 
C 0 B a O B / X a f / X X ( 1 0 0 , S ) , H X ( 1 0 0 , S ) , T X ( 1 0 0 , S ) , D T X ( 1 0 0 , 5 ) , TT(IOO) ,TX (S) BBTA HO 

1 ,XBTL(S) ,X8T0(S} HV'.A i i 3 
COBBOB/SBP/ DELTJ,CBIS0 9 ACC.BCD,TOLSTP,TOLPUB,P0(20), P B ( 2 0 ) , BBTA 1«0 

1 P L ( 2 O ) , D E L P ( 2 0 ) , F L 0 ( 2 O ) , P B 0 ( 2 O ) BIT A 1»5 
OIBEBSIOB P ( D BBTA 150 
DATA 1 1 0 1 / 0 / 9BTA 155 

C B8TA 1*0 
C COBBELATE SEABCB PABABETEBS BITB PBISICAL PABABETEBS. BITA U S 
C BETA 1 7 0 

CALL BOfPB(P) BITA 175 
CALL BOPPB(P) BBTA 180 

C B8TA 1 8 5 
C SET OP SOIL PBOPEBTIES. HBTA 190 
C B IT A 195 

CALL PBCAL BITA 2 0 0 
CALL BIBL BITA 2 0 5 
CHIS-O. BITA 2 1 0 

C BBTA 2 1 5 
C I IBE SEQUENCE CALCOLATIOB. BBTA 2 2 0 
C BITA 2 2 5 

TIBE*0 . HBTA 2 3 0 
CALL 8IBL BITA 2 3 5 
IF (KPCB.LB-3) CALL PBIBTB (0) HBTA 240 
DELT-PELTO BBTA 2 « 5 
TIBt-DELTO BITA 2 5 0 
ITB«1 BITA 2 5 5 
I T I - 1 BBTA 2*0 

10 T1P-T1 BITA 2 6 5 
IP ( T l a S . G E . t I ( * T I ) ) GO TO «0 BIT A 270 
IP (TiaB.GT.TBAI) GO TO 80 a IT A 2 7 5 

C BITA 280 
C 6SBBBATB IISOLTS POB 1ITEBBEDIATE STEPS. BBTA 2 6 5 
C BITA 290 

CALL 81BAB 8818 2 9 5 
IP (EPGB. LB. 3) CALL P B U T B ( I T 8 ) 88TA 300 
IP (ETSTP.BE.O) GO TO 20 BITA 105 
DELT-DSLT*(1.*CBBG) BITA 3 1 0 
CO TO 30 HITA 3 1 5 

http://TiaB.GT.TBAI
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c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

20 IP (ITB.EC.. 1) Tle=T1 
D E L T M 1 - » ( 1 - • C H B 3 ) » ( 1 1 J / T 1 - 1 . ) ) » D E L T 

JO BELT^OHIH t (OELT,D£LBAX) 
TIBE~TIRB»DBLT 
ITB=IIH»1 
SO TO 10 

CALCULATE COBCBBTBATICI P H S t ' l E AT TIEE STEP Pur BHICH EIPEHIHEBTAl 
OATA IS Gl fEB. 

• 0 DELTP*DBLT 
CELT*!>ELT-(n<E-TX ( I T I ) ) 
TIRB'TX(ITX) 
CALL BTBAB 
IP (KPGB.LE.3) CALL PBIkTR ITH) 
BX=BXX(ITX) 
IXBIB-1 
S0B=0. 
HXL=HIXL(ITX) 
BXU=BTXO(ITI) 
DO 5 0 IX*1,BX 

XT(IX)=ILAS ( X X ( I X , I T X ) . I . B B . I B D 1 , 2 . H U H , I I , I E K ) 
I P (IX.LT.BXL) GO TO SO 
I P (IX.6T.BXU) GO 1 0 SO 
SOB-SUB*IT(IX) 

SO COHTIHDE 

MOBBALIZE THBOBETICAL POUTS. 

A 11=100./SOB 
DO 6 0 11=1,111 

IT(IX)^a i i«TT(IX) 

COLLECT CBI-SQCABBD. 

C C S = C a i S » B X ( I I , I T I ) » ( r T ( I X ) - I X ( I X , I T A ) ) » « 2 
60 COBTIBOB 

CatSO'CUIS 
I ? ( IPCB.GT.3) CO TO 70 
CALL PBIBTS(ITX) 
IP (K.«TBS.EQ.1) CALL STBS (ITX) 

70 IP (ITX.GE.BTX) GO TO 90 
ITI*ITX*1 
OSLT'DKLTP 
TIBE*TJBE»DBLT 
ITB*ITB*1 
GO TO 10 

00 PBIBT 10000 
90 BEIOBH 

10000 P O i B A T ( / / / / • BAIIBOH TIBE EXCEEDED') 
EBD 
SOBBOOTXBB BOPPatP) 

C 
C 
C 
c 
c 
0 
c 
c 

POBCTIOB Or S0BBO0T1BE—TO BAKE TBB COBBBSPOBDBBCE 
BBTMXEB TBI ABBITUBI PftBAHTEBS OP ABBAT P 
1 1 0 TBB PHfSICAi, BATEBIAL-TBAISPOBr P IB ABET IBS. 
THIS BOBTIBE BAT ?B BQDIPUD BI TBB OSBB. 

IBPLICIT BBAL*S ( A - B , 0 - Z ) 
DIBBBSIOI P ( 1 ) 
COBHOB/BITA3/KPB0,IPB(1000),flAIDIP,BAIBL,BJlIBP,aAIBAT,BAIBH, 

1 BAlJTIsBBPPB 
CKBBOB/BZ/ TH1,XH0,IBB,SIBEPS 
CJBBC*/BPiOP/PB0jP ( 1 , 5 ) , f I I 
8EAL*8 2J,LABBDA 
HTIP-1 

C 
C 
c 
C 

PROPBBTIXS APE P(I), BtOP(f) 
TBETAB, ABD FOB. 

DO 10 IP-1,BOPM 
*-BOP(BTIP,IP)-P(I ). 

10 COI7IB0E 

- BO, RB08, AL, 

HHT\ 320 
BBTA 325 
HHTA 330 
HBTA 335 
BBV* 3«0 
Bit A 3»S 
HHTA 350 
HH»A 355 
(1HTA 360 
HHTA 365 
HBTA 270 
HHTA 375 
HHTA 380 
BHfA 385 
RWf A 390 
BBTA 395 
HHTA • 00 
RITA •05 
HBTA • 10 
HHTA • 15 
HHTA • 20 
BBTA • 25 
HHTA • 30 
HHTA • 35 
BBTA 4»0 
BBTA • •5 
HRTA •50 
HHTA 455 
HBTA •60 
BHTA • 65 
BHTA • 70 
BBTA •75 
BHTA • 80 
HHTA • 85 
BHTA • 90 
3HTA 495 
BHTA 500 
BHTA 505 
BHTA 510 
BBTA 515 
BBTA 520 
BHTA 525 
BBTA 530 
BlfA 535 
HBTA 5«0 
BHTA 545 
RHTA 550 
HHTA 55S 
HHTA 560 
HHTA 565 
HBTA 570 
BOPP 0 
BUfP 5 
BOPP 10 
BOPP 15 
BOPP 20 
BOPP 25 
BOPP 30 
BOPP 35 
BOPP 40 
BOPP 45 
BOPP 50 
BOPP 55 
BOPP 60 
BOP/ 65 
BOPP 70 
20PP 75 
BOPP 80 
BOPP 85 
BOPP 90 
BOPP 95 
BOPP 100 
BOPP 105 
BOPP 110 
BOPP 115 
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c 
c 
c 
c 
c 
c 

BETUBH 
EDO 
SOBBOUTIHE H EY AL ( P . C H I S ) 

C 
I 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

FUBCTIOH OP SUBBOUTIBE-
HATBi-TBABSPOBT CASE. 

-TO EVALUATE CHI-S«jOABEt> POB tdR 

BOPP 
BOPP 
• ETA 
MET A 
•ETA 
HETA 
• ETA 
•ETA 
• ETA 

IMPLICIT BEAL«8 (A-H.O-Z) BETA 
a>aBOB/CTBL/KPGB,KHTB,KTI,KSTBB,ESTBB,ISrop,ESS,KDIG,(HOOT, ABOUT,HETA 

1 KTSTP,KSOOT,KSBCa,RBOPP,KABL,KIC,KSTBS HETA 
COflflOB/iOIITG/ BOBDB1,B08DEB,aiTP, I T H H I I , I & S S , I T B I I , IGSST(J) BETA 
COBSOH/THTB/T(50),BT BETA 
COBBOB/IIT/BIXL(5) ,HI 10.(5) , BIX (5) , BTX, i l l BETA 
COaaON/XBT/XX(100 ,5) ,BX^100 ,5) , I X ( 1 0 0 , 5) , 0 1 1 ( 1 0 0 , 5 ) , YT(IOO) ,TX(5) BETA 

1 ,XH7L(5) ,XHT0(5) HETA 
COBBOB/ITAB/XS0Pl(50) ,XSCP2(50) , T B P ( 5 0 ) , A L P ( 5 0 ) , T S 0 P 1 ( 5 0 ) , BETA 

1 T S U P 2 < 5 0 ) , P ( 5 0 ) , O . G A ( 5 0 t , & G ( 5 0 ) , T B T B P ( 5 0 ) , A * G S S ( 2 1 2 ) , D G S S ( 2 1 2 ) , BE.* 
1 I P T T B ( 5 0 ) , B I B , J 1 H , B G 5 S 

C08B0B/SBP/ DELT0,CHIS0,ACC,BED,TOLSTP,TOLPUB,?0(2C), PH (20) , 
1 P L ( 2 0 ) , 0 E L P ( 2 0 ) , P L O ( 2 0 ) , P H 0 ( 2 0 ) 

OIBEBSIOB P(1) 

COBBELATE SEABCB PABABETEBS HITH PBISICAL PABABETEBS. 

CALL BITPPB(P) 

SET OP SOIL PBOPEBTIES. 

CALL PHCAL 

r i a E SEgOEBCE CALCOLATIOB, ABO COLLECT CHI-SQUABED. 

CHIS=0. 
CALL HIBL 
ITHIH=1 
0 0 20 ITB*1,BTX 

I X - B I I ( I T ! ) 
TIBE=TX(ITB) 
CALL BIBTF(TIflS) 
CALL HTXE iTCAt) 
CALL HTBB2 
CALL SBPBEP(ITR) 
00 10 I X = 1 , K I 

CHIS=*CHIS*«I ( I I , . ITS) * (IT ( I I) 
10 C0BTIB3E 

CaiSO»CHIS 
I P (KPGB.GT.3) GO TO 20 
CALL PBIBTS(ITH) 
IP (KSTBS.EQ.l) CALL STtfS(ITB) 

20 COBTIBDS 
BETOBB 
EBO 
SOdBOOTINE SHPBBP(ITB) 

I X ( I X , I T B ) ) * * 2 

POBCTIOB OP SOBBOOTIBE— 
BITB EXPB1IBEBTAL DATA. 

TO PBEPABE TBB VATEB COBTEBT POB COBPABISOB 

• ETA 
• ETA 
•ETA 
BETA 
•ETA 
•ETA 
• ETA 
HETA 
•ETA 
HETA 
•ZTA 
LET A 
HETA 
•ETA 
HETA 
• ETA 
•ETA 
• ETA 
HETA 
BBTA 
HETA 
•ETA 
•ETA 
BBTA 
HETA 
•ETA 
• KTA 
HBTA 
•ETA 
HETA 
•ETA 
•BTA 
BETA 
HI:TA 
BETA 
SBPB 
SBPB 
SBPB 
SBPB 
SBPI 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 

IMPLICIT S E A L ' S ( A - B , 0 - Z | 
COBBOB/BI/ TH1,?H0,IBB,SXBEPS 
COHBOB/BOBIIG/ B0BDB1.BOBDEB,HITP, ITUBIB,IGSS,ITBIB, IGSST(3) 
COBBOI/Hi-BOP/AXPAB (50) ,COPAB(50> ,AKSB(25) ,ALPB(25) , 0 ( 2 5 ) , ALPD(25)SBPB 

1 ,AISAT,AKSB0,BKPAB,BISP,BCDPA8,BDSP SBPB 
COBBOB/XI T / 8 I I L (5. , 811045) , BE I (5) , BTX , BIT SBPB 
C 0 B 8 0 B / X B T / X 1 ( 1 0 0 , 5 ) , 8 1 ( 1 0 0 , 5 ) , 1 1 ( 1 0 0 , 5 ) , D I X ( 1 0 0 , 5 ) , 1 1 ( 1 0 0 ) , T X ( 5 ) S H P B 

1 ,XBTL(5) ,XH10(5) S8PB 
C O a B O B / X T A B / X S 0 P 1 ( 5 0 ) , I B 0 P 2 ( 5 0 ) , T B P ( 5 0 ) , A L P ( 5 0 ) , T S 0 P i r j O ) , S8P8 

I TS0P2(50) , P ( S G ) , Q C A ( S 0 | , a C ( 5 0 ) , T B T B P ( 5 0 ) , A A C S S ( 2 1 2 ) , D G S S ( 2 1 2 ) , SBPB 
! IPTTB(50) ,BIB ,J1B ,BGSS SHPB 

DATA I B C 1 / 0 / SBPB 
SHPB 

SOBT TBB THC08BTICAL POSIMOB-CBID TALOIS I B M ASCEBDIBG OBDIBS. SBPB 

120 
125 

0 
5 

10 
15 
ZO 
25 
30 
35 
«0 
«5 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
125 
130 
135 
i«o 
Iu5 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
200 
245 
250 
25S 

0 
5 

10 
15 
20 
25 
30 
35 
80 
«5 
50 
55 
60 
65 
70 
75 
80 
ss 
90 
95 

100 
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c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

• I*BTX(ITH) 
CALL DS0BT(XSUP2,IP?TH,BTH) 

OBDEB HATEi-COUTEHT VALOES COBBESPDBDIftiLI. 

DO 10 !TB*1,BTii 
JTH=IPTTH(ITH) 
THTBP(JTH) -7^ ( I T l ) 

10 COBTIBOE 

IBTKBPOLATE OB THE EXPEBIBSBTAL POSITIOB GBIO. 

SUB-0. 
BXL*aXXL(ITB) 
BI0*BYX0(ITB) 
XBX-XS0P2(BTB) 
TH9B>TBTBP(BTB) 
I I B I B x l 
DO <*0 1 1 * 1 , 1 1 

X * I I ( I X . I T B ) 
I P ( I . L T . I B X ) GO 70 2 0 
TBT*THHH 
GO TO 3 0 
THT = ILAG(I , IS0P2 ,THTaP, I I ID1 ,a lTP , I IBIH. IXH,IEX) 
IT(IX) =THT-TH0 
IP ( IX .LT.BIL) GO TO 40 
I P (II.GT.HXO) GO TO HO 
S0S*SUf l»tT( I l } 
COBTIBOE 

20 
30 

HO 

BOBBALIZE TBEOBETICAL POIBTS. 

AB*100. /SOB 
DO 50 1 1 = 1 , 1 1 

50 I T ( I I ) ~ A B * f T ( I I ) 
BBTOBB 
EBD 
SUBBOOTIBE BUPPHtP) 

PUBCTIOB OP SUBBOOTIIB—TO S U E THE COBBFSPOBDiBCL 
BKTBEBB TBE ABBITBASI PABABJETEBS OP ABBAf P Alu 
THE PBTSICAL BATES-TBABSPOBT PABABBIEBS. THIS BCSTIBE 
BOST B3 BODIPIJ D BI THE OSER SO AS TO HATCH BIS 
SPECIPICATIOB 0? THB PHYSICAL PABABETBBS IB SPiOP. 

SBPB 
SBPB 
SBPB 
SHPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
CBPB 
SBPB 
SBPB 
SBPB 
SHPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
SBPB 
sara 
SBPB 
SHPB 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 
BOPP 

IBPLICIT SEAL*8 (A-U,0-») 
OIBtBSIOB P(1) 
COaaOfl/CT*L/KPGB,KBta,KPI,ISTBB,KSTBB,ISr0P,KSS,KDIG,KBO0T, KBO0T,B0PP 

1 KTSTP,KSO0X,KSBCH,KB0PP,EAHL vKIC,ISTBS BOPP 
COHflOB/aiVAB/IPaa,KPBt1000),flAXDIP,BAIEL,flAIHP,BAIBAT,f!AIBH, BOPP 

1 BAXBTI.BBPPB BOPP 
C0HHOB/BPB0P/PBOP(1,5) ,PII BOPP 
C O U O B / B I / TB1,TH0,THB,SIB«PS BOPP 
COBBOB/BPBOP/AIPAB(50),CDPAB(SO),AKSB(25), A L P K ( 2 5 ) , D ( 2 5 ) , ALPD(25)BOPP 

1 ,AKSAT,A<SBO,BKPAa,BISf,BCDFAB,IDSP BOPP 
I P P - 0 BOPP 

BOPP 
I P IB3PP I S BOB-ZEBO, TBBB THB BATtB-TIABSPOBT PABABBTEBS POLLOI TBB BOPP 
BBPPB BAtBBIAL-TBABSPOBT OOABTITIBS. BOrP 

BOPP 
I P (KBOPP.BB.O) IPP-BBPPO BOPP 
BO 10 I P - 1 , 3 BOPP 

I P P - I P P O BOPP 
AKPAB(IP)-P(IBF) BOPP 
I P J - I P P O BBPP 
C D P A B ( I P ) - P ( I # 3 ) BOPP 

10 COBTIBBB BOPP 
IP (IBOPP.BB.O) 60 TO 20 BOPP 
IP-IP3»1 BBPP 
TBO-P(IP) BOPP 
IP-IP»1 BOPP 
TBI-P(IP) BOPP 

105 
110 
115 
120 
125 
130 
135 
140 
1t»5 
150 
155 
160 
165 
170 
175 
180 
185 
190 
195 
200 
205 
210 
215 
220 
225 
230 
235 
2«0 
2«5 
250 
255 
260 
265 
270 
275 
280 
285 
290 
0 
5 
10 
15 
20 
25 
30 
35 
10 
«5 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
UO 
IBS 
150 
15S 
H O 
165 
170 
175 
180 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

BETUBB 
^0 BTTP=1 

TH0=PB0P(BTIP,«) 
TB:*PBOP(BTTP,S) 
BETUBB 
EBD 
DOUBLE P8KCISI0B POBCIE0B ILAG ( I I . X . T . I B J H . B l . 1 M B . I B A X , I E X ) 

PBOGBAB AOTBOBS A. A. BBOOBS ABO E - C . LCBG, 
=OI!PUTiaC TECBBOLOGX CEBTEB, DBIOB CABBIOI COBP., BOCLEAB D I ¥ . » 
OAK BIDGE, TEBB. 

UGB.BCIAB IBTEBCOZAXIOB 
I I I S IBTEPOLATBO EBTBI IB TO X-ABBAT 
B I S TBE OBDEB OP LAtiBABCBAI IBTKBPOLATIOB 
I I S ABBAI PBOB 8BICB IA.AG IS OBTAIBED BI IBTEBPOLATIOB 
IBO IS THE B I B - I POB X ( i ) . G T . X I 
IP IBD=0,X-ABBAT BILL BB SEABCKBO 
IBIB I S BIB IBOEX POB SIABCH OP X-ABBAI 
IBAX IS BAX IBCBX OP Z-AB0 I-ABBATS 
EITBAPOLATIOB CAB OCCOt,IEI=-1 OB »1 

C 
c 
c 
c 
c 
c 
c 
c 

Diasasioa i ( i ) , 1 (1 ) 
JOUBLE PBECISIOB ? , D , S . X D , I I , X.I . T U G 
1BD-IBD1 
**B1 
I E I - d 
IP ( B . LB. IBAX) U> TO 10 
•-IBAX 
I EX* 8 

10 IP (IBD.CX.O) CO TO « 0 
00 2 0 J * I B I B , M U X 

I P ( X I - X ( J ) ) 3 0 , 1 3 0 , 2 0 
2 0 COBTIBOB 

IEX-1 
GO TO 70 

3 0 IB&sJ 
IBIB = J 

« 0 i r ( I B 0 . G T . 1 ) GO TO 50 
IEX*-1 

SO I B L * I B D - { B + 1 ) / 2 
IP ( IBL.GT.0 ) GO TO 6 0 
IBL-1 

6 3 IBU-IBL»B-1 
IP {IBO. LE. IBAX) CO TO 8 0 

7 0 IBL*I4AX-B»1 
IB0*IBAX 

8 0 S*0 . 
P=1 . 
DO 110 J*IBL,IBO 

P « P » ( X I - I ( J ) ) 
D * 1 . 
DO 100 I * I B L , I B 0 

IP (K.BE.J) GO TO 90 
XD-II 
GO TO 100 

9 0 I D - X ( J ) 
100 D > 0 « ( X O - I ( D ) 
110 S * S * I ( J ) / D 

XLAG~S*P 
120 BBTOBB 
130 ILAG-I(J) 

IBZB - J * 1 
GO TO 120 
EBD 
S0BBOOXI8B SEABCB(ir ,P ,PB,PB,Pl ,ACC,BID,t > OLSTP,TOLP0B,DELP,«PBS, 

1 STAL.BIPOB.XCOBt) 

PBBCTIOB OP SaBBOOTIBB—TO BIBIBZZI T»B POBCXIOB IBBBIB DBBOTED AS P 
BI fABTIBG TBX PABABBTBBS P BITBII TBI ALLOBED BAIGX ( P L , M ) . TBX 
OPTIBAL-SEABCB BSTBQ0 Of 8 S Z S S U 8 ABP BOOD , (19**) I S OSBD. 

PBOGBA8 At'TBOB 6 . « • BBSfLBI 
COBPOTIBG TBCBBOLOGX CXB1XB, OIIOI CABBXOI OOBP., BOCLSU D I T . , 

BOPP IBS 
80 PP 190 
BOPP 195 
BOPP 200 
BOPP 20S 
BOPP 210 
TLAG 0 
TLAG S 
I LAG 10 
TLAG IS 
TLAG 20 
I LAG 2 5 
TLAG 30 
I LAG 35 
TLAG 40 
TLAG • 5 
TLAG SO 
TLAG 55 
I LAG 6 0 
TLAG 6 5 
TLAG 7 0 
TLAG 75 
TLAG 8 0 
TLAG 8 5 
TLAG 9 0 
TUG 9 5 
TLAG 100 
TLAG 105 
TUG 110 
I LAG 115 
TLAG 120 
TUG 125 
TUG 130 
TLAG 135 
TUG IBO 
TUG IBS 
I LAG ISO 
TUG 1SS 
TUG 160 
TLAG 165 
TLAG 170 
I U G 175 
T U G 180 
I U G 185 
TLAG • 90 
I LAG 19S 
TUG 200 
TLAG 205 
TUG 210 
TLAG 2 1 5 
TLAG 2 2 0 
TUG 2 2 5 
TLAG 2 3 0 
TLAG 2 3 5 
TUG 2B0 
I LAS 2«S 
I LAG 2S0 
XUG 2SS 
ILAG 2 6 0 
T U G 265 
TUG 270 
TUG 275 
TLAC 280 
TUG 285 
T U G 290 
SBAB 0 
SBAB 5 
SBAB 10 
SXAB IS 
SXAB 20 
SBAB 2 5 
SXAB 30 
SXAB 35 
SXA8 «0 
SBAB • 5 
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c 
c 
c 

c 
c 

c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

OAK BIOGE, TEBB. 

BEAL*8 P ( 1 ) , P L ( 1 ) , P 3 ( ? ) , D E L P ( 1 ) , B P ( 2 0 ) , A C C , * E D . T O L S T P , TOLPUH.PB, 
1 PP,PBP.STOB,TEBP,PAT,K?*L 

IBTEGEB** BTS(20) 
I P (KPBS.GT.O) PBIBT 1 0 4 0 0 , HP.BZPOB, ACC,BED,TOLS?P,T0LPUii, 

1 ( P H ( 1 ) . P ( I ) . P L ( I J , I = 1 , I P } 
ICOBT ' 0 
IEXP=0 
3 0 10 1 * 1 , B P 

I P ( P ( I ) . G T . P B ( I ) ) P4I) ^ PH(I) 
I P ( P ( t ) . L T . P L ( I ) ) PiU = P L ( I ) 
I P { P f l ( I ) . B C . P L ( I ) J OELP(I) = O.DO 

10 BP(I ) = P ( I ) 
BfOB=1 
CALL ETAL(P,PB) 
PP*PB 
PBP=PB 

20 BBPAL=0 
IP (HP0B.GB.BXPOB) CO TO 2 2 0 
IP (LPBS.GT.O) PBIBT 1 1 4 0 0 , BPOB 
I P ;KPBS.6T.O) PBIBT 1 0 7 0 0 , P B P , { B P ( I 1 , I = 1 , B P ) 
IP (KPBS.GT.O) PBIBT 1 1 7 0 0 , iOELP(I) , 1 = 1 , B P ) 

SJtdT TBE EXPLOIATOBT LOOP. I P I E I P = 1 , T U B IT POLLOfS A 
TATTEBB BCTB. I P IT IS 0 , THE! IT POLLOBS A BASE POIBT. 

IP (KPBS.GT. 1) PBIBT 10000 
DO 120 I ~ 1 , B P 

B f S f l ) = 0 
IP ( D E L P ( I I - K Q . 0 . 0 0 0 ) CO TO 1 1 0 
STOB = P f l ) 

IBCBBBBBT THE I-TH fABIBLE BT ITS COBBEBT SCEP U O CHECK POB 
ABI BABGE LIBITATIOBS. CHECK TBE POBCTIOB TALUE AT THIS 
H2H POIBT AGAIBST t? POB IBPIOfEBEBT. 

P ( I ) * P ( I ) • OELP(I) 
I P ( P ( I ) . G T . P B ( I ) . O B . P ( I ) . L T . P L ( I ) ) GO TO «0 
I P (KPBS.CT. 1) PBIBT 10100 
BP0B*BP0B • 1 
CALL ETAL(P,PB) 
I P (KPBS.GT. 1) tll*1 1 0 8 0 0 , I . PB, ( P ( J ) , J » 1 , B P ) 
IP (PB.GE.PP-TOLPUH*l)ABS(PP)) GO TO «0 
IP (IEXP.BB.O) GO TO 30 
I P (KPBS.GT.1) PaiBT 10200 
OELP ( I ) *DBLP (I) «ACC 

JO PP-PB 
GO TO 120 

00 P ( I ) - STOB - DELPAI) 

DECBEBEBT THE I - T B TABIBLE APTEB A PAILOBE OP TBB IBCBEBEBT 
PBOCEDBIB TO C U E AIT IflfBQTSBBBT. PBOCEXD AS ABOTE. 

I P ( P ( I ) . C T . P B ( I ) . O B » P ( I ) . L T . P L ( I ) ) GO TU 6 0 
I P (KPBS.GT.1) PBIBT 1P300 
BPOB-BPUB • 1 
CALL ETAL(P,PB) 
I P (KPBS.GT.1) PBIBT 1 0 9 0 0 , I , P B , ( P ( J ) , J * 1 , B P ) 
I P (PB.CE.PP-fOLP0B»0ABS(PP)) GO TO 6 0 
IP ( IEXP.BE.0) GO 1 0 5 0 
I P (KPBS.GT.1) PBIBT 10300 
BXLP(I) - OELP(I) » ACC 

S3 BTS(I) - 1 

THE BETEBSB STEP IIELDED AB XBPBOfEBEBT, SO TBI THIS DIBBCTIOa 
PIBST OB TBE BEIT PASS. 

GO TO 30 
60 P ( I ) - STOB 

IP ( X U P . B Q . 1 ) GO TO 120 

VABIBLB XBCBBUVTIBB ABD MCBXBEITIBG PAILED TO HELD ABT I B -
PBOTUEBT. I IDBCt M B STEP SIX* ABO TEST ASAXBST 

SEAB SO 
SEAB 5 5 
SEAB 6 0 
SEAB 6 5 
SEAB 7 0 
SEAB 7 5 
SEAB 8 0 
SEAB 8 5 
SEAB 9 0 
SEAB 9 5 
SEAB 100 
SEAB 105 
SEAB 1 1 0 
SEAB 115 
SEAB 120 
SEAB 1 2 5 
SEAB 130 
SEAB 1 3 5 
SEAB 1*0 
SEAB 1*5 
SEAB ISO 
SEAB 1 5 5 
SEAB 160 
SEAB 1 6 5 
SEAB 170 
SEAB 175 
SEAB 180 
SEAB 1 8 5 
SEAB 190 
SEAB 1 9 5 
SEAB 2 0 0 
SEAB 2 0 5 
SEAB 2 1 0 
SEAB 2 1 5 
SEAB 2 2 0 
SEAB 2 2 5 
SEAB 2 3 0 
SEAB 2 3 5 
SEAB 2 « 0 
SEAB 2 * 5 
SEAB 2 5 0 
SEAB 2 5 5 
SEAB 2 6 0 
SEAB 2 6 S 
SEAB 2 7 0 
SEAB 2 7 5 
SEAB 2 8 0 
SEAB 2 8 5 
SEAB 2 9 0 
SBAB 2 9 5 
SEAB 3 0 0 
SEAB 3 0 5 
SEAB 3 1 0 
SEAB 3 1 5 
SBAB 3 2 0 
SEAB 3 2 5 
SEAB 3 3 0 
SEAB 3 J 5 
SEAB 3 8 0 
SEAB 3 8 5 
SEAB 3 5 0 
SEAB 3 5 5 
SEAS 3 6 0 
SEAB 3 6 5 
SEAB 3 7 0 
SBAB 3 7 5 
SEAB 3 8 0 
SBAB 3 8 5 
SBAB 3 9 0 
SBAB 3 9 5 
SBAB • 0 0 
SEAR 4 0 5 
SBAB 4 1 0 
SBAB M S 
SBAB • 2 0 
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A d S ( P ( I ) ) • TOLSTP TO SEE IF THE DELP I S AT I T j BIHIBUB. 

I F (KPBS.GT. 1) PBIHT 10400 
DELP ( I ) =DELP (I) »BED 
IESP=DABS(P(I ) /DELP(I) )*TOLSrP 
IF (1-DO-TEHP) 7 0 , 8 0 , 1 0 0 

7 0 DELF(I)=DELP(I)*TEaP 
dO rEHP=1.D-10/DABS(DELP(I) ) 

I F (1.DO.GE.TEBP) GO TO 110 
9 J DBLP(I)=DELP(I) *TEBP 

uO TO 110 
100 TEHF=1.D-10/DABS(DELP(I)} 

IF (I.DO-TEBP) 9 0 , 1 1 0 , 1 2 0 
110 BHFAi^HBFAL • 1 
120 COHTIBOE 

IF ((PBF-Pr).LE.TOLP0B«DABS(PBP) ) GOTO ISO 
C 
c 
c 
c 
c 

I F THE FOBCTIOH VALUE AT THE BEH POIKT I S LESS TBAB THE POBCTIOB 
VU.0E AT THE OLD POIBT (BASE POIBT) BIBOS ffOLPOB • ABS {OLD 
POIBT) ACCEPT AS A BETTEB P O U T . IF BOT, 6 0 TO STATEBEBT 1«0 

IF (KPBS.UT.O) PBIBT 10600 
IF (KPBS. ' iT.2) BBIHT 112l»3, HFOB 
00 130 1 = 1 , I P 

I F ( B V S ( I ) . E Q . O ) GO TO 130 
D if LP ( I . = -OELP(I) 

l iO COBTIBJE 
P»P*FP 
DO 140 t » 1 , B P 

PAI=dP(I ) 
3 P ( I | = P ( I ) 
? { I ) - 2 . 0 0 • BP(I ) - PAT 
P(I)*DBAI1 (P(I),PL(I)) 

1«0 P(I)=DBIB1(P(I) ,PH(I|) 
HPUH'BPOB * 1 
CALL ETAL(P,FP) 

C 
c 
c 
c 

c 
c 
c 

PEdFOBB THE PATTEBB BQVE AS 2 . • BEB POIBT - OLD POIBT ABO 
USE THE POBCTIOB VALOE AT THIS POIBT AS TBE ?ALOE OF FP. 

IF (KPBS.GT.2) PBIBT 1 1 3 0 0 , F P , ( P ( I ) , 1 = 1 , B P ) 
IEXP-1 
GO TO 20 

150 IF fIEXP.EO-1) GO TO 170 

BASE POIBT *XFL0BAT0BI BODE PAILDBB . 

IF (BBPAL..GE.aP) GO TO 190 
I F (KPBS.CT.2) PBIBT 11600 
0 0 160 1 = 1 , B P 

I F ( B V S I I ) . E g . O ) GO TO 160 
OELP(I) ' -DELP ( I ) 

160 COBTIBOB 
GO TO 20 

170 IEXP » 0 
C 
c 
c 
c 

BBSTOBE OLD BASE POIBT ABO 

C 
c 
c 
c 

PAITEBB BODE EXPLOBATOBT FAXLOBE. 
BETEBT TO BASE BODE EXPLOBATIOE. 

FP - FBP 
DO 180 1 - 1 , B P 

180 P ( I ) * B P ( I ) 
IF (BFBS.GT..2) PBIBT 11800 
GO TO 20 

190 I F (PF.LE.PBP) CO TO 2 1 0 

THE PIOGBAB ASSOIES THAT IT HAS FOOBD A LOCAL BIBUOB SIBCE 
EACH VABIBLE BAS BEACHED US BIBIBOB STEP S U B . 

FP-FBP 
DO 2 0 0 I - 1 , B P 

200 P U ) - B F ( I ) 
210 IF (EPBS.GT.0) 

PB • FP 
IP (Ktis.at.oi 

PBIBT 1 1 1 0 0 , F P , ( P ( I ) , I - U B P ) 

PBIHT 1 1 0 0 0 , BFOB 

SEAB 4 2 5 
SEAB 4 3 0 
SEAB 4 3 5 
SEAB 440 
SBAB 4 4 5 
SEAB 4 5 0 
SEAB 4 5 5 
SEAB 4 6 0 
SEAB 1 6 5 
SEAB • 7 0 
SEAB 4 7 5 
SEAB 4 8 0 
SEAB • 85 
SEAB • 9 0 
SEAB • 9 5 
SEAB 500 
SEAB SOS 
SEAB 5 1 0 
SEAB 5 1 5 
SEAB 5 2 0 
SEAB 5 2 5 
SEAB 5 3 0 
SEAt 5 3 5 
SEAB 5 4 0 
SEAB 5 4 5 
SEAB 5 5 0 
SI At 5 5 5 
SEAB 5 6 0 
SEAB 5 6 S 
SEAB 5 7 0 
SEAt 5 7 5 
SEAI 5 8 0 
SEAB 5 8 5 
SEAB 5 9 0 
SEAR 5 9 5 
SEAB 6 0 0 
SEAI 6 0 5 
SEAI 6 1 0 
SEAB 6 1 5 
SEAI 6 2 0 
SEAB 6 2 5 
SEAI 630 
SEAI 6 3 5 
SEAt 6 4 0 
SEAI 6 4 5 
SEAI 6 5 0 
SEAt 6 5 5 
SEAB 6 6 0 
SEAB 6 6 5 
SEAB 6 7 0 
SBAI 6 7 S 
SEAI 6 8 0 
SEAI 6 8 5 
SEAB 6 9 0 
SEAI 6 9 5 
SEAI 7 0 0 
SBAI 7 0 S 
SEAI 7 1 0 
SEAI 7 1 5 
SEAI 7 2 0 
SEAI 7 2 5 
SEAB 7 3 0 
SEAI 7 3 5 
SEAI 7*0 
SEAI 7 4 5 
SBAI 7S© 
SEkl 7 5 5 
S U B 7 6 0 
SBAI 7 6 S 
iEAB 7 7 0 
I'BAI 7 7 5 
S k M 7 1 0 
SEA? 7 1 5 
SIAI 7 9 0 
SBAI 7 9 5 

http://Ktis.at.oi
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c 
c 
c 
c 
c 
c 

SO TO 2*3 
220 ICOHf = 1 

IP (KPBS. GT. 0) PBIBT 1 1 * 0 0 . BP09 
I P (KPBS.GT. 0) PBIBT 1 0 7 0 0 , PdP, (BP (I) , I - l , B ? ) 
Pt» = PBP 
DO HO 1^1,HP 

230 P | I ) = BP(I) 

OB BZTOBI PB HOLDS THE BEST F0BCTI3I fALOE ABD P TdE BEST POIBT. 

IP THE BOBBEB Of POBCTIOBS EfALOATIOHS BAS EXCEEDED THEB 
OBE OP THE BEST POIBTS IS BETOBBED. 

240 BETUBB 
1OO00 P0B4ATC 
10100 POBBATC 

PO BO AT (• 
POBBATC 

10200 
10300 

BEG IB EXPLOBATOBI LOOP*) 
tBCBEBEBT THE I-TH fABIABLE') 
..CC EL IB ATE THE STEP SIZE*) 
DECBEHEST TBE l - T B TABIABLE*) 
BEOOCE STEP SIZE*) 

1OS00 POBBAIC ACCEPT BEB POIBT*) 
10*00 P O B B A T ( / / / / , 2 X , ' B P » # 5 X , » B f O B » . 16X. 'ACC*,8X,*BED*,8I ,*TOLSTP«, 

1 7X ,«T0LP0B' /1B , I 3 , S X , I 4 , 1 3 X , P 7 . « . « X , P 7 . 4 , « I , 0 1 0 . 3 , 3 X » D 1 0 . 3 / 
1 1 1 I , * P H « , 1 7 X , • ? * , 1 6 1 , • P L * / ( * X . 0 1 5 . 7 , 3 X , 0 1 5 . 7 . 3 X . D 1 5 . 7 ) ) 

• * D 1 5 - 7 , 2 1 , 7 0 1 5 - 7 / |« • , 1 7 1 , 7 0 1 5 . 7 ) ) 
P * , 1 2 , 0 1 5 . 7 , 2 1 . 7 0 1 5 . 7 / (« • , 1 8 1 , 7 0 1 5 . 7 ) ) 
H», I 2 . 0 1 5 . 7 . 2 X , 7 D 1 5 . 7 / ( • • , 1 8 1 . 7 0 1 5 . 7 ) ) 
BP0B= » , I 5 ) 

11100 POBBAT(* THE OPTIBOB fAt.DE HAS BEEB POOBO • / * • • , 0 1 5 . 7 , 2 1 , 
1 7 D 1 S . 7 / C * 1 7 X , 7 D 1 S . 7 ) ) 

11200 POBBAT(* APTEB*,I5 , • 8*0» A 84B BASE PT. - STABT PATTEBB BOfE'J 
11300 POBBAT(* BESOLT OP FATTER* BOfE*/* P ' , 0 1 5 . 7 , 2 1 . 7 0 1 5 . 7 / ( 

i • * 1 7 X , 7 0 1 5 . 7 ) ) 
11*00 POBBATC THE BOBBEB OP POBCTIOB EfALUATIOBS EXCEEDED • , 15) 

BASE PT. EIPLOBATOBI BODE PAIL09E*) 
PATTE2B BODE EXPLOBATOBI PAILUBE BBSTOBE BASE PT.*) 
D E i , - * , 1 6 X , 7 D 1 5 . 7 / ( l H , 1 9 X , 7 D 1 5 . 7 ) ) 

1 0 * 0 0 P O i B A ' C 

1O700 POBBATC 
1 0 8 0 0 FOBHATC 
10900 POBBATC 
11000 POBBATC 

11500 FOBSAT(• 
11600 POBBATC 
11700 POIBAT(• 

EB1) 
SOJBOUTIBE GA0SS(A,e,BGADSS,f,fl) 

C 
c 
C 
C 
c 
c 

c 
c 
c 
c 
c 
c 

ZUBCTIOB OP S0BBO0TIBE—TO IBTEGBATE POBCTIOB I PtOH A TO B O S I K 
AH fl-TH OBDIB GAOSS-LECBBDCE AlAOBITHB. 

IBPLICIT BEAL*8(A-H,0-Z1 
OIUBSIOB H T ( 6 3 ) , Z 2 ( 6 3 ) , a P ~ ( 1 5 ) 
01BEBSIOB B T 1 ( 3 3 ) , B T 2 ( 3 0 ) , Z Z 1 ( 3 3 ) , 2 2 2 ( 3 0 ) 
EtfUIfAlEBCE ( B T ( l ) , B T 1 ( 1 ) ) , ( f f T ( 3 « ) , H T 2 ( 1 ) ) 
ZO.0XTALBBCE ( 2 2 ( 1 ) , Z Z 1 ( J ) ) , ( Z Z ( 3 0 ) , 2 2 2 ( 1 ) ) 

8 SHOULD BE IB ( 2 , 1 6 ) EXCEPT 1 - 1 5 . 

til) IS POBCTIOB SOBBOOTIBI rOB THE IBTEGBABD. 

GAOSS-LBGEBOBE ABSCISSAS. 

DATA ZZ1 / . 577350269199630*00 , .77*S966692«1«ao*00 , 1 .000000000000000*00 , 
1 . 9061790*5938660*00 , 
1 . 9 3 2 * 6 9 5 1 * 2 0 3 1 5 0 * 0 0 , . 661209386*66260*00 , . 238619186083200*00 , 
1 - 9 * 9 1 0 7 9 1 2 3 * 2 7 * 0 * 0 0 , . 7 *1531185599390*00 , . 9 0 5 8 * 5 1 5 1 3 7 7 * 0 0 * 0 0 , 
1 .000000000000000*00 , . 9 6 0 2 8 9 8 5 6 * 9 7 5 * 0 * 0 0 , 
1 . 525532*09916330*00 , . 1 8 3 * 3 * 6 * 2 * 9 5 6 5 0 * 0 0 , 
1 -8360311073266*0*00 , . 6 1 3 3 7 1 * 3 2 7 0 0 5 9 0 * 0 0 , 
1 -000000000000000*00 , .973906528517170*00 , 
1 . 6 7 9 * 0 9 5 * 8 2 9 9 0 2 0 * 0 0 , 
1 . 9782286581*6060*00 , 
1 .519096129206810*00 / 
DATA ZZ2 / . 2695431559523*0 *00 , .OOOOtCMMOOOOOB+OO, 

1 . 9 8 1 5 6 0 6 3 * 2 * 6 7 2 0 * 0 0 , . 9 0 * 1 ' 7 2 5 6 3 7 0 * 7 0 * 0 9 , . 7 6 9 9 0 2 6 7 ' 1 9 * 3 0 0 * 0 0 , 
. 58731795*286620*00 , .367431*98998180*00 
. 9 8 * 1 8 3 0 5 * 7 1 8 5 9 0 * 0 0 , 
.6*23*9339*40340*00, 
. 000000000000000*00 , . M 6 2 8 3 8 9 9 6 9 6 8 1 0 * 9 8 , . 9 2 8 * 3 * 8 8 3 6 6 3 5 7 0 * 0 0 , 

68729290*811680*00 , . 5 1 5 2 « M 3 6 3 5 8 l 5 * * 0 0 , 

.861136311599050*09, . 3 3 9 9 8 1 0 * 3 5 8 * 8 6 0 * 0 0 , 

. 538*69313105630*00 , . 000000000000000*00 , 

. 796666*77*13630*00 , 

.968160239507630*00, 

. 3 2 * 2 5 3 * 2 3 * 0 3 8 1 0 * 0 0 , 

.865063366688980*00, 
83339539*129250*00, . 1 * 8 8 7 * 3 3 6 9 8 1 6 3 0 * 0 0 , 
•87062599768100*00 , . 7 3 0 1 5 2 0 0 5 5 7 * 0 5 0 * 0 0 , 

. 1 2 5 2 3 3 * 0 8 5 1 1 9 7 0 * 0 0 , 
.917598399222980*00, .801579090733310*00 , 
. • * 8 « 9 2 7 5 1 0 3 6 4 5 0 * 0 0 , . 2 3 0 * 5 9 3 . 5 9 5 5 1 3 0 * 0 0 , 

.927201315069760*00, 

.319112368927890*00, . 1 0 8 0 5 * 9 * 8 7 0 7 3 * 0 * 0 8 , . 9 9 9 * 0 0 9 3 * 9 9 1 6 5 0 * 0 0 , 

SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SrAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAS 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEA8 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
SEAB 
CAOS 
GADS 
GAOS 
CAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
0A9S 
GAOS 
GAOS 
GABS 
GAOS 
GAOS 
GAOS 
GAOS 
GAOS 
OAOS 
GABS 
OAOS 
0A9S 

800 
805 
810 
815 
820 
825 
830 
835 
8*0 
8*5 
850 
855 
860 
865 
870 
875 
980 
885 
890 
895 
900 
905 
910 
915 
920 
925 
930 
935 
9*0 
9*5 
950 
955 
960 
965 
970 
975 
980 

0 
5 
10 
15 
23 
25 
30 
35 
•0 
•5 
50 
55 
60 
6? 
70 
75 
80 
85 
90 
95 
100 
105 
110 
115 
120 
125 
130 
135 
1*0 
1*5 
150 
155 
160 
165 
170 
175 
180 
185 

http://fAt.DE
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1 .44«:>75O23373£3O»00, . 8 6 5 6 3 1 2 i t 3 8 7 8 3 0 * 0 0 , .755-t04«083SSOO0»Da, 
1 .b1787b2*4«02640*J3 , .*5801<>77765723D*00. . 281b03S50773260*0O, 
1 . * 5012S09837637O-01 / 

GAO:>S-I.EG£B0a£ BEIGHTS. 

a i n 9Ti / . 100000000000000*01. .55S3S5SS55i556o*oo, 
1 . <Wtt8ea86888889D«00, . 3V>85Jia«S137«SD*ao, . 6 5 2 1 * 5 1 5 * 8 6 2 5 5 0 * 0 0 , 
1 . 23 *926835056190*00 , .»7B»28673«9937D*00, . 5 * * 8 3 8 8 8 8 8 8 8 8 9 0 * 0 0 , 
1 . 17132*492379170*00 , . 3607615730481*0*00 , . * 6 7 9 ' 3 9 3 4 5 7 2 6 9 D * 0 0 , 

. 129 *84966168870*00 , .279705391483240*00 , .381830050505120*00 , 

. «17959183673*70*00 , -101228536290380*00. .222381034453 3 7 0 * 0 0 , 

. 3 1 3 7 0 * 6 * 5 8 7 7 8 9 0 * 0 0 , .362683783378360*00, . 8 1 2 7 * 3 8 8 3 6 1 5 7 * 0 - 0 1 , 

. 1 8 0 * * 8 1 6 0 6 9 * 8 6 0 * 0 0 , . 2606106964029*0*00 , . 3123470770*0000*00 , 

.330239355001260*00 , . 6 6 6 7 1 3 * 4 3 0 8 6 8 8 0 - 0 1 , . 1 4 9 * 5 1 3 * 9 1 5 3 5 8 0 * 0 0 . 

.21>366362515980*00 , .269266719310000*00 , .29552«22«71«75D»00. 

. 5 5 6 6 8 5 6 7 1 1 6 1 7 * 0 - 0 1 , . 12558036946*900*00 , .186290210927730*00 , 
1 .2331937645919-90*00/ 
OATA BT2 / . 2628045*4510250*00 , - 272925086777900*3i i . 

1 .«7175336386512O-01 , .106939325995320*00 . . 1 6 0 0 7 8 3 2 8 5 * 3 3 5 0 * 0 0 . 
1 . 203167*26723070*00 . . 2 3 3 * 9 2 5 3 * 5 3 8 3 5 0 * 0 0 . -2*91«70*5813*0O*OO. 
1 . 4 0 4 8 4 0 0 * 7 6 5 3 1 6 0 - 0 1 , . 9 2 1 2 1 * 9 9 8 3 7 7 2 8 0 - 0 1 . . 138873510219790*00 , 

2078160*7536890*00 , .226283180262900*00, 
35119*603317520 -01 , . 8 0 1 5 8 0 8 7 1 5 9 7 6 0 0 - 0 1 . 

.121518570687900*00 , .157203167158190*00 , . 1 8 5 5 3 8 3 9 7 * 7 7 9 * 0 * 0 0 , 

. 205198*63721300*00 , . 215263853*63160*00 , . 2 7 1 5 2 * 5 9 C 1 7 5 * 0 - 0 1 , 

. 62zS3S239386«EO-01, .95158511*>82«9JO-01, . 12 *628971255530*00 , 
1 .149595988816580*00 , .169156519395000*03 , .182»03«150**920*OO. 
1 . 1S9»50610*55070*00 / 

1781459807619*0*00, 
.232551553230870*00 , 

POIBTH TABLE. 

DATA BPT/ 0 , 
A&=(B-A)* .5 
ABB= (B«A) » . 5 
BP=fl 
BPT0=BPT(BF-1) 
G=0. 
J = 1 

10 »P=J 
D=AB 
IF ( I F * I P . L E . 8 P ) GC TO 20 
9P=BP-BP*1 
D=-D 

20 •P=BPT0»BP 
H-HI(BF)*AB 
Z=ZZ(BF)*D*A8B 

30 G--I(Z) • •»G 
J=J*1 
IF (J .LE.BP) GO TO 10 
8GA0SS-G 
BETOBB 
EIO 

1 , 3 , 5 , 8 . 1 1 , 15, 19 , 2 * , 2 9 , 3 5 , * 1 , » 8 , 5 5 , 55 / 

GAOS 190 
GADS 195 
GAOS 200 
SA3S 205 
GAOS 210 
GA0S 215 
GAOS 220 
GAOS 225 
GAOS 230 
GA3S 235 
GA0S 2*0 
GAOS 2*5 
GAOS 250 
GAOS 255 
GAOS 260 
GAOS 265 
GAOS 270 
GAOS 275 
GAOS 280 
GABS 285 
GAOS 290 
GAOS 295 
GAOS 300 
GABS 305 
GAOS 310 
GABS 315 
GAOS 320 
GAOS 325 
GAOS 330 
GAOS 335 
GAOS 3*0 
SABS 3*5 
GAOS 350 
GAOS 355 
GABS 360 
GAOS 36S 
GAOS 370 
SAOS 375 
GAOS 380 
GAOS 385 
GAOS 390 
GAOS 395 
GAOS 400 
GAOS 405 
GAOS 410 
GAOS 415 
GAOS 420 
GAOS * 2 5 
GAOS 430 
GAOS «35 
GABS 440 
GAOS ««5 
GAOS *50 
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APPENDIX C 

DEFINITION OF INPIjT PARAMETERS 

Parameters arc listed hclow b> input data-set numhers in the order ol their 
occurrence in the "Data Input Guide." Such an ordering scheme laeiUlalcs eas> 
cross-referencing between Appendices C" and I). 
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I. kl'CiM Ihc program option parameter. It its \aiuc is three or less, then a simple 
onc-shot calculation ;s perl.-rmcJ with no optimization I; kl'CiM I. then 
on!\ the mass transport IN detcrnii .-d. It kl'CiM 2. then i>rl> the water 
transport is obtained ll. how \CT. kl'CiM 3. then a coupled 
<mass-and-wa!cri transport calculation is performed, lor .aiucs greater tnan 
three, parameter ontimi/atn>n is perto'med. l or kl'CiM 4. onh the mass 
transport is considered, l or kl'CiM 5. oni> the water transport is 
considered, l or kl'CiM 6 coupled transport is considered, nut onh the 
mass-transport parameters mav be varied i-. the optimization, or autorruitic 
search, process. Ihc optio. kl'CiM ~" is identical to the kl'CiM - 6 
option with oni\ one exception. narreK that an automatic search ot both 
mass- and water-transport occurs. 

NI'ROB A problem identilication number. 

1111 1(1) An arra> containing the title ol the problem 

2 NNI' Number ot nodal points. 

M l Number ol ek-Dents. Ibis parameter is overridden and set to 

N i l I • Nl I I il either ol the latter is non/cro. 

NM \ l Number ol different t>pes of soils comprising: sWcm 

NC'M Number ol correction materials. 

N 11 Number ol time increments. 

NBC Number ot Dinchlet bounJar\ conditions. 

NSI Number ol Neumann boundap. conditions (surface ierrist. 

kVI VelociH inpi't control parameter 
kSIKM Control parameter lor storage of mass-transport on atixiharx storage ll 

kSI RM (I. there is no storage, hut it it does not cvjwal 0. there is storage 
on logical unit 1 Ma subroutine S I R VI. (See Appendix Htor.i listing ol this 
routine ) 

kSS Slcadv-state control It KSS (I. the ste.idx-state solution is oitained It 
KSS I. transient-state solutions are obtained 

k l S I I ' lime-step e-'ntr i| Vi;i this parameter tin time step is \aried either 
c >ponennall\. KISJI' 0. or as a powei law ol the end-point Darcv 
wlociu VI. k IS 11' ' 0. 

NT I I Number ol elements lor which x • \t) 

NM 1 Number ol element • lor which x \ 0 

file:///aiuc
file:///aried
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N N O R Time integration parameter. If N N O R = I. then integration proceeds as 
described in Chapter IV. Section 5. Otherwise Norsctt integration 
O U t ^ f N N O R - I Misused . Acceptable values are N N O R - 1 . 1 3 . and 5. 

KIC Initial-condition control. If KIC ^ 0 . then the initial conditions are bulk 
concentrations. Otherwise they are fluid concentrations. 

KMESH Mesh control parameter. If K M E S H ~- 0. then a tree-form input is used 
with partial automatic generation. If K M E S H = I. then complete automatic 
gencratH>'1 is specified. If K M E S H = 2. then there is n«> automat'v 
generation, and a compressed-form format is used. 

DEl .T Initial time increment ... T. 

C'HNG Parameter used for changir_ the time increment ... (dimcnsionlcss) 

D E I . M A X Maximum value of DEl .T ... I 

T M A X Maximum value of the time ... T. 

W Time-integration parameter ... (dimcnsionlcss). 

XO Variablc-mesh parameter. Position about which variable mesh is 

concentrated ... I.. 

X M X Variable-mesh parameter, l ength of chromatographic column ... I.. 

DXI.I Variablc-mesh parameter. X-increment immediately below point XO ... I 

D X l ' l Variable-mesh parameter. X-incrcment immediately above pom! XO ... I 

VXI Space- and time-independent Darcy velocity ... I T. 

KPRO Printer control for steady-state and initial conditions. It KPRO 0. there is 
no output. If KPRO = I. only integrated flow variables pertaining to the 
material balance are printed. If KPRO = 2. then both bulk and fluid 
concentrations are output. If KPRO = 3. material fluxes and those variables 
mentioned previously are printed. Finally, if KPRO ; - 4 . then water 
contents and Darcy velocities arc also output. 

KPRtl I'M) Printer control similar to KPRO used to control time-dependent output 

PROP! I ..I) Material property .1 for soil type I. In terms of the formal names given in the 
chanter on notation. PROP(I . I ) - k ; . PROPM.2) p . PROPM.3) a , . 
PROPM.4) = «.. and PROPM.5) = n ... (variable dimensions). 

N.I Nodal-point number. 

X(N.I) X-coordinate of node N.I ... I 
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See definitions tor item f». 

.V MI [-'lenient number 

IFlMl.I) Flcmcnt definition arrav. I ntries ll-j MI.lt and 1F<ML2) are number-* ot the 
two nodes which subtend dement Ml. wheeas IF(MI.3) identifies the 
material t>pc. 

9. MI.MK Flement numbers. 

MI'YP Material-type index. 

10. NJ Nodal number. 

R(NJ> Fluid or bulk contet 

11. See definitions for item 10. 

12. Nl Nodal number. 

BBI Fluid concentration of boundary node Nl ... M 1**3 

13. Nl Nodal number. 

F.I Material flux at boundary node. If the direction is along the positive X axis, 
then it has a positive value, otherwise it is negative ... M 1**2 1. 

14. YX(Ml.lQ) Darey velocity at node IQ of element Ml ... I I. 

15. TH(MI.IQ) Water content at node IQ ol element Ml ... I **3 I **3 

16. See item 12. 

17. See item 13. 

18. KWTR Water-transport control parameter. Ihis parameter is operative onlv if 
KI'GM = 2. If KW1R 0. then only the tabular function t (W) is 
obtained. If KWTR = I. then, additionally, the first-order calculations for 
x and V are determined. 

NT TAB Number of evaluations of the tabula*- function t|W ;). 

http://MI.lt
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NT 

NTH 

NKPAR 

NCPAR 

NORDER 

NORDERI 

NITP 

KSTRW 

KMESH 

KANL 

The number of simulation times to be considered. 

The number of values of 6 to be used. 

Number of conductivity parameters to be input. 

Number ~f capacity parameters to be input. 

Order narameter for the Gauss quadrature algorithm when applied to the 
interval (0, ,. 0). i < NTH. NORDER is the number of integration points to 
be inserted into each interval. 

Same as NORDER except that it is applied to the interval (0 ,. 0). 
i = NTH. Typically the diffusivity is a strongly varying lunction of water 
content in this region, and a higher-ordered Gauss integration scheme must 
be used. 

Number of I.agrangc interpolation points to he used in ail water-transport 
calculations requiring interpolation. 

Control parameter for storage of watcr-transpol output on auxiliary 
storage. If KSTRW = 0. there is no storage, but if it docs not equal 0. there 
is storage on logical unit 2 via subroutine STRW. (Sec 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 is specified 
Typically one desires to concentrate the mesh near the largest water content 
where o(NTH) = I. The next lower value is then 
a(NTH-l) = I - JALPI. where the latter is an input quantity. 

Anaiytic soil-properties control. If KANI. = 0. then tabular soil properties 
are used. If K ANLv* 0. then Gardner and King analytic properties are used. 

19. TH0 

THI 

EPS 

DALPI 

Initial and residual moisture content ... L**3 L**3. 

Boundary moisture content and porosity ... L**3 l.**3. 

Angle of inclination t ... (degrees). 

Variablc-mcsh increment between n = I and its nearest neighbor 
(dimensionlcss). 

20. AkPAR Conductivity parameters ... (variable dimensions). 

21. CDPAR Diffusivity parameters ... (variable dimensions). 
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VIN ind-point Darcy velocity V. in un:!s ol the saturated conductivity 
(dimcnsionlcss). 

I I he simulation time ... I. 

NP Number ol search parameters. 

KPRS Output (Tat- II KPRS = 0. there is no in:crmcdiaic search output. If 
KPRS = I. base points and current step sizes arc printed. If KPRS = 2. 
then there is output as lor KPRS = I plus exploratory search information. 
It KPRS - 3. then there is output as for KPRS = 2 plus pattern search 
inlormation. 

MXHN Maximum number of function evaluations allowed in searching for the 
maximum ol the X" surface. 

K\V| Control parameter* lor adjusting statistical weights. If KWT -- t). then the 
experimental error is taken to he the square root of the experimental value. 
II KWI = I. a percentage error (CWT) is taken For K * l -- 2 
experimental errors are input. For K>VI r- 3. the statistical weights 
obtained Irom the experimental errors arc set to /cr^ for all XX '' XWI. 

NI X Number ol times lor which experimental data arc input. 

KBNI) II KBNI) -- 0. all parameter ranges are unbounded II KBNI) * I), then 
upper and lower bounds are input lor each search parameter. 

YSCY Number ol search cycles. 

KS • KS Control parameter lor storage of optimized profiles on auxiliary storage 
(tape or disk). It KSIRS ~ I). there is no storage on punched cards via 
subroutine SIRS. (Sec Appendix B for a listing ol this routine.) 

ACC Acceleration parameter for the step si/e. i.e. J^plncw) ACC*^p(old). 
ACC •- 1.2 is typical ... (dimcnsionicss). 

RID Reduction parameter lor the step size. i.e. Apt new) Rf: Dip lo id) . 
RF.I) 0.1 is typical ... (dimcnsionlcss). 

lOI.S'FP Step-size tolerance, Generally, the search is terminated whenever 
-\p p - IOI.SIP for all parameters i IOI.SIP 0.001 is typical ... 

(dimcnsionlcss). 

lOI.H'N tolerance in the function X . Generally, the search i\ terminated whenever 
the; .IX X ; ' I O I H N I O I H N 0001 is typical ... (dimcnsionlcssI 

RDP Siep-si/e parameter. Initially the search step M/CS are taken to he 
Ap RI)l'*p lor all parameters i ... (dimcnsionlcss) 

CW I Statistical weight parameter ... (dimcnsionlcss). 
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26. P(IP) Starting values for parameter search. The meaning ot this ^rray depends on 
the program option. If KPCiM = 4. then P contains only the mass-transport 
quantities k... p. ai «.. and n. in that order, tor IP ~ III (5. II KPCiM = 5. 
then P contains only the water-transport var-ables K.. h... d. fi' h". d'. 0 ~ W 
and 0. = 0, in that order, for IP ~ l(l)X. Option KPCiM = 6 requires .>nly 
the mass-transport input just as lor KPCiM - 4. Option KPCiM = 7. 
however, requires input appropriate for both mass and water transport. Thus 
P(IP) contains quantities k,:. p. a i . «.. and n lor IP = If I )5 and quantities k . 
h... d. (i\ h.'. and d' for IP = 6( I )l I ... (variable dimensions). 

27. IPA(ISCY.IP) Search parameter indices. A search is carried out on parameter IP on search 
cycle ISCY onlv if IPA(ISCY.IP) * 0. 

2X. PH( IP) Upper bounds for parameter P(IP). These parameters are operative only it 
KBNI) ^ 0 ... (variable dimensions). 

29. PI.(IP) Lower bounds for parameters P(IP). These parameters are operative only if 
KBND ^ 0 ... (variable dimensions). 

30. TX(ITM) Experimental times ... T. 

31. NYX(ITM) Number of joints in experimental water-content concentration profile at 
time IT M. 

32. XX(IX. ITM) Experimental X-coordinate of point IX at time ITM ... I . 

33. YX(IX.ITM) Experimental w.:ter-content concentration value at point IX and time I 'I'M 
... (variaH" dimensions). 

34. I)YX(IX.HM) Experimental error in the witer-contcnt concentration measurement at 
po. ition IX and time IIM ... (variable dimensions). 

K. XW"FT.(ITM> The statistical weight is set to zero for all XX > XW II. ... I.. 

XWITJ(ITM) Similarly the statistical weight is set to zero for all XX > XWTT ... I. 

The notation II' - 1(1)5 means that IP I. 2 5. 
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APPENDIX D 

DATA INPUT GUIDE 

This appendix and Appendix C both pertain to the data input. Here the 
input data organization and format are prescribed. Appendix C gives a definition 
of each input parameter. 
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1. Problem identification. One card per problem. 

List: KPGM.NPROB.(TiTLE(l).l=l.l.8) 
Format: 2I5.8A8 

Mass-transport input. The following set of data should be included only if mass-transport is 
specified above. Specifically, only if KPGM = 1.3.4.6. or 7 should card sequences 2 - 1 9 appear. 

2. Mass-transport integer control parameters. One card per problem. 

List: NNP.NEL.XMAT.NCM.NTI.NBC.NST.KVI.KSTRM.KSS.KTSTPNELL. 
NELU.NNOR.K IC.K MESH 

Format: 1615 

Note on Darcy velocities and water contents. Five quantities must be considered whenever an 
uncoupled calculation (KPGM = I. or 4) is performed. They arc KVT. the control integer listed 
above, the input velocity parameters VXI and VX(M.IQ). and porosity n = PROP(l.5)and water 
content TH(M.IQ). If KVI = 0, then the Darcy velocity and water content are taken to he the 
spatial and temporal constant VXI (card-set 3)and n (card-set 5). respectively. If KV'I = I. then one 
spatially dependent array VX(M.IQ) (card-set 12) and one spatially dependent array TH(fM.IQ) 
(card-set 13) are used for all time steps. Finally, if KVI = 2. time dependence is allowed, as well as 
space dependence, so that arrays VX( M.IQ) and TH( M.IQ) arc input for each time step (card-sets 14 
and 15). 

Sole on variable lime mesh. By appropriately specifying control parameter KTSTP. the time step 
may be varied either exponentially 

DELT = DELT*(I.+CHNG). KTSTP = 0 

or as a power law function of the endpomt Darcy velocity VI 

DELT ~ I. VI»»(I.+CHNG). KTSTP # 0 

The initial value of time step DEI.T and t*ie value of parameter CHNG appear in card-set 3. If an 
uncoupled calculation is called for by the value of KPGM. then only the former equation is used, 
regardless of the value of KTSTP. 

Sole on space mesh. Three different options are available here through control parameter KMESH. 
If KMESH = 0. then nodal positions arc input in free form via card-set 6 and elements are defined 
via card-set 8. If KMESH = 2. then all nodal positions are prescribed by card-set 7. These positions 
may be in rardom order since they are subsequently reordered and numbered in terms of ascending 
values. Elerr.nt definitions are generated internally and initial conditions are input (card-set II) in 
the same order as their corresponding positions. If KMESH = I. then both nodal positions and 
elements are generated automatically with the finer mesh concentrated about the point x = XO. 
Here integers NELL and NELU (above)and real quantities XO. XMX. DXLI.and DXUI (card-set 
3) are operative. Their meanings arc apparent from the figure below. 

DXLI-A ^DXUI V 
I 1 1 r-j 1 1 1 1 1 1 
0 XO XMX 
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Sole on initial conditions. || KIC = 0. then R = c. the fluid concentration, in card-set 9. If. 
however. KIC ^ 0. 'hen R = c*. the bulk concentration in card-set 9. 

3. Mass-transport real control parameters. Two cards per problem. 

list: DEIT.CHMi .DEI .MAX.TMAX.W.XO.XMX.DXI . I .nXl I .VXI 
Format: XHO.O 

Sole on time parameter W. |f NNOR = I. then Whasa dual role of determining both the accuracy 
[OtJit ?. at most J and the intermediate time t„ = i + uAt 'or which time-dependent coefficients a re 
evaluated. If. however. NNOR > I. then Norsctt integration [Norsctt. 1974] is used, which is 
accurate to OtAt'NNNOR^I)). In the latter case parameter W determines onlv the intermediate 
time. 

Sole on units. The computer code itself functions independently of the chosen system of units. 
However, consistency of units is required for the input, and dimensions (length, mass, and or time) 
arc indicated in Appendix C as an aid for the user. 

4. Printer output control. The number of cards here depends on the number of time increments 
N i l . 

List: KPRO.(KPR(l).l=i.NTI> 
Formal: KOI I 

5. Material properties. A total of NMA I cards, one for each material. 

List: <PROP(I.J)..NI.5). I= I ( I )NMAT 
Format: XFT0 0 

6. Free-form nodal-point positions. These cards are necessary whenever K M F.S If ~- 0.1 sually 
one card per node is needed, a total of >"->P cards. 

List: NJ.X(NJ) 
Formal: I5.5X.FTO.O 

However, some automatic generation may be employed in the following manner. If some of the 
nodes arc equidistant, data for only the first and last points of the group arc needed. Intermediate 
nodal positions arc generated by linear interpolation. 

7. Compressed-form nodal positions. These cards arc used whenever KMFSH = 2. There is no 
automatic generation of mesh points here. The number of cards depends on the value of \ N P . 

List: (X(\'J>.NJ=I.NNP) 
Format: RFIO.O 
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8. Element definitions- These cards are necessary whenever KMESH = 0. I sually one card per 
element is needed, a total of NEL cards. 

list: Ml . ( IElMI . I ) . l=U) .MODL 
Format: 1615 

However, the last parameter of the above list is used to generate element definitions automatically 
for a group of MODL elements containing sequentially numbered nodes. In such a case Ml 
designates the first number of the group of elcmen's. Field MODL is left blank whenever the 
automatic generation feature is not used. 

9. Material correction. Cards are required here only if NCM > 0. 'i many cases one card is 
required per material change, a total of NCM cards. 

List: MI.MTYP.MK 
Format: 1615 

However, in those cases where numbers of the affected elements range from a lower limit Ml to an 
upper limit MK. automatic correction may be used. Field MK is left blank if the automatic 
correction facility is not used. 

10. Free-form mass-transport initial conditions. Cardsare required here whenever KMESH # 2. 
In the n> Ht general case there is one card per node, a total of NNP cards. 

list: NJ.R(NJ) 
Format. I5.5X.FIO.O 

Frequently, however, groups of neighboring nodal points NJ have identical values R(NJ). If a gap is 
recognized in the input sequence of nodal numbers, the initial concentrations arc assumed to be 
identical to the concentration at the lower boundary of the gap. 

11. Compressed-form mass-transport initial conditions. Cards arc required here only if 
KMF.SH = 2. The number of cards depends upon (he value of NNP. 

List::iR(NJ).NJ=l. NNP) 

Here the order is assumed 'o correspond to that of the mesh points of card-set 7. 

12. Dirichlet concentration-type boundary conditions. Thc.sccardsarcncccssaryonlyifNBC > 0. 
Parameter NBC is the number of required cards. 

list: NT.BBI 
Format: I5.5X.FIO.O 
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13. Neumann flux-type boundary conditions. Cards of this type must be used if and only if 
NST > 0 The value of parameter NST is the number of required cards. 

List: NI.EI 
Format: I5.5X.FI0.0 

14. Darcy velocities at time t = 0. These cards are necessary if and only if the velocity control 
KVI > 0. The number of cards depends on the number of elements NEL. 

List: ((VX(MJJQ)JQ=I.2). MJ=MI.MK) 
where MK=min(MI+3.NEL) and MI=I(4)NEL 

Format: 8FI0.0 

It should be noted that the velocity input below, 'ike the water-content input below, is ordered by 
elements. 

15. Water contents at t imet = O.ThcsecardsareiiccessarywhcncvcrtheDarcy-velocitycardsarc 
necessary, namely when KVT > 0. The number of cards depends on the value of NEL. 

List: <(TH(MJJQUQ=I.2>.MJ=MI.MK) 
where MK = min(MI+3.SEI.) and Ml = l(4)NEL 

Format: 8FI0.0 

16. Darcy velocities for tiniest > O.Cards>>t i:-s type must be used onlv whenever KVI = 2. The 
number of cards depends on the value of NEL. 

List:«VX(MJ,JQ)JQ=l.2).MJ=MI,MK) 
where MK = min(MI+3.NEL) and MI = l(4)NEL 

Formal: 8FI0.0 

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 type must be used only whenever K VI = 2. The 
number of cards depends on the value of NEL. 

List:((TH(MJ,JQUQ=l.2).MJ=MI.MK) 
where MK = min (MI+3.NEL) and MI = l(4)NEL 

Format: 8FI0.0 

Moisture-transport input. The following set of data should be included only if a moisture-transport 
calculation is indicated by card I. Specifically, only if KPGM = 2,3.5.6, or 7. should card sequences 
1 8 - 2 3 appear. 



18. Moisture-transport integer control parameter*. One card per problem. 

List: KVkTR.NTrAB.NT.NTH.NKPAR.NCDPAR.\ORI)ER.NORI)ERI.MIP. 
KSTRW.KMESH.K/ NL 

Formal: 1615 

Note on soil properties. Input parameters NKPAR. NCDPAR. and K A M (above J.and AKPAR(I) 
and CDPAR(I) (below) all pertain to »til properties and arc interrelated. If. for example. 
K A M . - 0. then array AKPAR contains the NKPAR entries 9-. K,. 0.. K . ... and array CDPAR 
contains the NCDPAR entries 01. Q,. 0'. Q_- tJ -re K is the conductivity. Q is the diffusivity. and 
8 and 0' arc water content values, where 0. is not rwwari ly equal to Of. If. on the other hand. 
KANL * 0. then array AKPAR contains the paramc .:* Ks. h... and d. in that order, and CDPAR 
contains the parameters p. h.V and d*. Thus, in this c* NKPAR = 3 and NCDPAR - 3. 

Note on variable watrr-tronteni mesh. Frcqucntl) a uniform distributed set of S r H water contents 0 
(or a) »ill be sufficient. Here KMESH = 0. However, whenever compuicr time is a problem, it is 
dcsirabl: to concentrate the mesh in the most active region near a - I. This may be done by 
specifying KMESH * 0 and supplying the first increment DAI.PI (below). The resulting mesh will 
begin asm - I. AMH- I = I - DAI.PI . 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. 

ListTHO.THI.EPS.DAI.PI 
Format: 8FT0.0 

20. Conductivity parameters. If K A M . * 0 (see note above), one card is sufficient. Otherwise the 
number of cards is determined by NKPAR. 

List: (AKPAR(I).I=I.NKPAR) 
Format: 8FT0.0 

21. Diffusivity parameters. If K A M . * 0 (sec note above), one card is sufficient. Otherwise the 
number of cards is determined by NCDPAR. 

List: (CDPAR(I).I=I.NCDPAR) 
Format: 8FT0.0 

22. End-point Darcy velocities. The number of cards depends on the value of NTTAB. 

List:(VIN(l).l=I.NTTAB) 
Format: 8F 10.0 
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23. Sunuhtion times. Thb sequence or cards b used if and only if RPGM = 2. The number of 
cards b a function of parameter NT. 

Lbt : (T( l ) . l= I .NT) 
Format: 8HG.0 

Optimization input. The following set of data should be included only if an optimization, or 
parameter search, b indicated by card I. Specifically, only if RPGM > 3. should card sequences 
24 - 35 appear. 

24. Search integer control variables. One card per problem. 

List: SP.KPRS.MXFUN.KWT.NTX.KBND.NSCY.KSTRS 
Format: 1615 

Note on statistical weights. Variables KWT (above) and CWT. YX. DYX. XWTL. and XWTL 
(below) arc interrelated in the following manner: If the control integer K.WT = 0. then the 
experimental error in a given measurement YX b uken to be v YX and the weight. WX = I YX 
[see Eq. (5.1)]. b internally generated. If KWT = I. then CWT b the relative error, the experimental 
error b CWT'YX. and again the statistical weight. WX = I (CWT»YX)»»2. is internally generated. 
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 arc then converted to statistical weights in 
accordance with the relation WX = I DYX»*2. If KWT = 3. then WX b set to zero for all 
XX < WXTL and for all XX > XWTU. 

Sole on parameter constraints. If KBND * 0. then inequality constraints must be input in the form 
of an upper hound PH(IP) and a lower bound PL(IP) for each parameter IP. 

Sole on search cycles. In order to guard against unrealistic parameter values, it is sometimes 
desirable to search on the parameters sequentially. This may he done bv setting NSC'Y equal to the 
desired number of search cycles and identifying the parameter groupings through the IPA array 
below. 

25. Search real contro l variables. One card per problem. 

List: ACC.RED.TOI.STP.TOI.FUN.RDP.CWT 
Format: 8FI0.0 

26. Ini t ia l parameter values. The number of cards depends on the number of parameters NP. 

List:(P(lP).IP=I.NP) 
Format: 8FI0.0 

27. Search-parameter identifiers. The number of cards depends on the number of parameters N P. 

i.ist:(IPA(ISCY.IP).IP=|.NP). ISCY=I NSCY 
Format: 1615 
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28. Upper bounds. If KBND * 0. then the following card sequence must he present, ihc number 
of cards depends on the number of parameters NP. 

list:(PHHP).IP=I.Ni-) 
Format: XFTO.O 

29. Lower bounds. If KBND # 0. then the following card sequence must appear. The number of 
cards depends on the number of parameters NP. 

I.ist:(PUIP).IP=I.NP) 
Format: 8H0.0 

30. Experimental time measurements. The number of cards depends on variable M X 

list: (TX(ITM). ITM=I.NTX) 
Formal: XI-" 10.0 

31. Number of water-content/concentration profiles. I he number ol cardsdependson variable 
NTX. 

l.ist:<NYX(iTM).ITM=I.NiX) 

Note on input oj experimental profile measurements. I he following three ca rd sequences a re nested 
within a loop over the time index IT M=I(I)NTX. 

32. Position variables for time ITM. The number of cards depends on the value of the index 
NX = NYX(ITM). 

l.ist:(XX(«X.ITM).IX=I.NX) 
Format: XFTO.O 

33. Concentration/water-content variables fortime ITM. i he number of cards depends on the 
value of the index NX = NYX(ITM). 

list:(YXHX,ITM).IX=I.NX) 
Format: XFTO.O 

34. Experimental errors for time ITM. This sequence of cards should appear only if KWI 5? 2. 
The number o cards depends on the value of the index NX = NYX(HM). 

l . iM:( i )YX(IX. iTM). IX=I .NX) 
Format: XFTO.O 
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35. Modification of Statistical weights for time I T M . This sequence of cards should appear only if 
KWT = 3. One card per value of ITM. 

List: XWTL( iTM).XWTU(ITM) 
Format: 8FIO.0 

J 


