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• Ito Î MM f » > ««•• 

\.m*mt* 

nag——»ii i« m* 

OAK RIDGE NATIONAL LABORATORY 
Oak Ridfe. TenneMee JWO 

operated by 
UNION CARBIDE CORPORATION 

forihe 
U.S. ENERGY RESEARCH AND DEVELOPMENT ADM'NTST RATION 

WSTWBUT10N OF THIS DOCUMENT IS UNUNITED 



l i t 

COM* MS 

ABSTRACT I 

I INTROIH IT ION ; 

II IHEORETK'Al DEVELOPMENT 4 

1. f-onmihiNM of tar MaafTramport Eittia*«>a» 4 
2. Spatal Integration b> ike Cnfcrfcii Fuuar-tlcwcnt Method ,* 
.V Trme Inwyalton b> the FnMCc-Prfkrtnct Method !i 
4. Nuimrical Inplraciiu'^oa 12 
5. AsacniMv of Eamcnb ifc 
6 Appuatwn of Boundary Conditio** I") 
' Solution of tke AucmMrd Equations 2o 

III COMPUTER IMPI EMENT AIION 21 

l\ RFSU IS 25 

1 lapslm and Amundaon'* £o,u titer mm t a x 25 

2 Conttmaaant Transport front a Scrpafr Pond 2* 

\ NOTATION *2 

Vi REErRtNCtA .»" 

VII APPF SOKES 

A Input and Output lor Sccpaar-Pit Moniurc Transport .*» 
B. Input and Output for Scrpaft-Pii Doohvd Cuatimirnt I rar»port 79 
'.'. LiMMf of Dnaohcd-Omtifuml Inrnport Code 15! 
I) Definition of Varabtn I'** 
E Hula Input Guide i»l 



"'• '''" "ry^s-^'if^z^'itimt. <--" J t y j r ^ m m y ^ M f ! 

BLANK PAGE 

*l ' * * » r i « * * , T « W - r T " 



i v 

I. IS I OF FKii'RFS 

Figure I The r-th Finite Element in Global and I oca! Coordinates. 

Future 2. Example Problem la) Element representation of the space using global numbering 
system, lb) Local and global numbering schemes for element matn\ ( C]. 

Figure 3. Complete and Banded Matrix ((."] tor the Example Problem. 

Figure 4. Flow Chart of Distorted-Constituent Transport Progn-m. 

Figure 5. Flow Chart tor the Tune-Iteration Loop. 

Figure 6. Plots Companng Numerical and Analytical Results. Numerical \alucs were obtained 
using the computer code described in this report, whereas analytical values were 
obtained from the formula gnen by l.apidus and Amundson 

Figure ' (a) Spatial Discretization, (hi Water Table (h=0) and Total Head IH) Configurations tor 
Moisture Transport from a Seepage ?ond to a Stream. 

Figure X Hydraulic Conductivity and Soi'.-Moisturc Characteristics ot a Hypotheticai Sand> Soil. 

Figure 9 Dispersion in HighK Permeable Sand of a Dissolved Constituent with a Distribution 
Coefficient of 100 cm grr. 

file:///alucs


ACKNOWIEIKiMENTS 

Approximate^ one man-\car »as expended on the computer model described in this repo't. 
Ihc luuntsal support came !.cm the following mo agencies: 

!nerg\ Research and Development Administration-Radioacti\it> Movement from Bunal 
(•rounds in Melton and White Oak Valleys 

National Science Eoundaiion-Research Applied to National Needs Environmental Aspects 
ol I race C ontaminants Program ( ndcr NSh Interagency Agreement No. AG-389. 

t rctiu i> also due M>. Karen flarr> tor !ier expertnc m the compuieri/ed manuscript preparation 
techniques used in this report. 



MATERIAL TRANSPORT THROUGH POROUS MEDIA: 

A FINITE-ELEMENT GALERKIN MODEL 

J. O. Duguid and M. Reoe> 

ABSTRACT 

A tvo-dimensioaal transient model lor flom ol » dt»toHcd ctHtttttuent 
through porous media ha* hc^n developed MevtianonriN tor ad\cctrtc transport. 
n>drod~nanuc dispersion, chemical adsorption, and radmactrr dcva\ arc 
mckicV-d m the mathematical tiwmubiion ?mpirmcniatiofto ot t4uadr1bicr.il lini'c 
etementv hrimear fa ta l mterpobtrxv and (iauvktan ctanma<n>n arc iwed in the 
numerical lormubtion. The fwo^rammme bngtogc hORIRW IV i% u«cd 
c\chi>nch m the compiler i"ipk mentation A Inting .»l ibt program«% lartadcd 
l"hi* matcrnl-fran*f»ort model i» complcfcH compatible »tfn our 
motrturc-fnmport model lRce*e» and Dufuid. N'5» tor predicting adtcctivc 
IXircv \eloeitie* for pon<u« meda «hich ma> he partK unsaturated 

In addition to a Jcscnptiofl ot the mathematical lormuboon. the numerical 
treatment and the computer implemcntarion result* of i»«» computet \imubtiorrt 
arc included m this document. <me is a comparison »ith a »cll-kn«»»n analytical 
treatment (lapidus and \mundson. 1952) and 1% intended a* a partial \abdation 
The other tunplaiion. a scepapt-pond problem, is a more realistic demonstration 
of the capabilities ot the computer model Complete liscmpt •»! input and output 
arc gncn in the append K<S SO that »his Mtmibtion TU> he used tor check-out 
purposes. Fhis report, thus, i* intended to he a comprchensne <t vriptutr. ot tht 
matcrial-tumpon computer model 
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I. INTRODUCTION 

The transport of a dissolved constituent by ground water is influenced by convcctiw transport, 
hydrodyramic dispersion, chemical reactions, and decay. Mathematical analysts ot the transport IN 
further coropucated by transient multidimeroioaal flow ot the earner, which •nay occur under 
saturated and unsaiurated conditions vithm the region ot merest I he basic equations governing 
the transport have been formulated tor \arious physical and chemical properties by many 
imestigaton. Brcdcnotft and Pmder (I9?3> present an excellent formulation M the nuss-transport 
equation for the saturated flow of a nonreacting. nondecay »g pore tluid. Both adsorption and dcca\ 
of the dissolved constituent are considered m the equations tor saturated transport which are 
presented by Bear (1972). Saturated steady flow was consKfrraJ by Rubin and James 1ll'.M in then 
formubtmn of the transport equation. However, to the authors' knowledge no invcstigau* has 
consorted the commnation of saturatcd-uitsaiurakcd transient iVm where both adsorption and 
decay are present in a two-dimensioiul region. An equation of this complexity is necessary, tor 
example, in the sanubtion of the long-term movement of toxic materials Irom a land-disposal site 

Mathematical description of chemical reactions that occur when dissoKcd constituents flow 
through porous media may be quite detailed Both revembk and irreversible chemical reactions may 
occur. Mtsra. Nielsen, and Biggar (1974) use first-order kinetic* to model irreversible nitrogen 
reactions wrthm the transported fluid- Lapidus and Amundson |I952) consider two special cases 
invohmg revembie adsorption reactions. In one case a chenucai-raie equation is coupled to the 
transport equation, in the other case a locat-cquilibnum assumption rs made in which the 
solid-phase concentration is a simple unear function of the kquid-phasc concentration and is 
independent of tune. Such a function, cal* 3d an adsorption isotherm, may be nonlinear 11 ai jmi 
Jurinak. 1972) and hysteretic as applied by Van Cfcnuchicn. Davidson and Wiercnga I W-ti I he 
ratter authors also consider a nonhncar chcrrucai-rate equation for the adsorption o! pesticide In 
addition to the various aspects of reversible and irreversible reactions, there may he several species 
of dissolved constituents m the solution either reacting irreversibly with each other or competing tor 
available adsorption sites in the soil matrix iRubm and James. 1973). 

The chemistry considered in this document rs not general enough to encompass all ol the 
complexities given m the previous paragraph. The reacting species m the soii solution arc assumed to 
be completely Jidepcndent so that they may be treated one at a lime by the computer code. K»r 
reversible processes local equilibrium is assumed and a linear isotherm function is employed. Finally. 
the only irreversible reaction that may he considered is one analogous to radioactive decay, i.c . the 
rate of increase (or decrease) is proportional to the total quantity of the constituent present in both 
the solid and the liquid phases. Th.se restrictions arc in agreement with the application', currently 
contemplated by the authors 

Solution of the transport equation may he obtained by analytical means under very severe 
restrictions for one-dunensional flow (Lapidus and Amundson. «952|. However, for more 
nvanrngful application of the equations in regions which approximate conditions that occur in 
nature, numerical methods of solution arc required. Several investigators have employed 
finite-difference methods for (he solution of the convective diffusion equation (Osier, ct al.. 1970) 
and of the transport equation where adsorption was considered (l-ai and Junnak. 1971 and 1972). 
However, as pointed out by BtedVhoeff (1971). these methods produce numerical dispersion of the 
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same order a» the physical dispersion lu reduce the effect ol numerical dispersion. Rubtn and 
James 11«*~»> and Pmder i W\M hase usrd (ialerirt tmiie-clcmcnt methods C hese method* appear 
to he better Mined lor numerical simulation ol transport because numericai dispersion is small and 
because multtdimensiotoii irregular regions car he treated easily (iatrrfcin finite-clement techniques 
are employed by the authors m a companion I'ocurncnt |Reevr> and Duguid. I°?5>. which treats 
tw«vdt<ncnsional water flow through saturated-urtsaturated porous media. 

Iht purpose ot developing a two-dimensional transient model m which both adsorption ;nd 
d?cay ot the distorted constituent are considered was twofold one. the model allows an investigator 
to simulate he transport ol toxic materials through sa'uraled-unsaturaied porous media to predict 
luturc concen.rations m the ground water: and. two. the model provides the io\ic-materiat 
concentration data necessary tor human-dose calculations 
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II. THEORETICAL DEVELOPMENT 

In the following sections the equations governing mass transport through porous media are 
formulated and the corresponding Galcrkin finite-element soiu>.on techniques zre developed. In the 
following formulation the fluid phase carries a dissolved constituent which is adsorbed by the solid. 
Thus, the constituent is present in both the fluid and the solid phases of the medium. The 
concentration of the dissolved constituent is assumed to be sufficiently small that c.anges in 
concentration do not affect transport *>f the fluid. The dissolved constituent in (he carrier is assumed 
to be in equilibrium with the concentration of the constituent adsorbed by the solid, and the rate of 
decay is assumed to be proportional to the concentration. 

1. Fonnufatioa of the Mass-Transport Equations. Con<inV an arbitrary material volume element of 
saturated-unsatunited porous media. The volume element is composed of fluid and solid, bcth of 
which are moving. Since the velocity of the solid phase is smaller than the velocity of the fluid, it is 
convenient to attach the coordinate system to the solid. This requires that no solid grains cross the 
surface of the volume element as it deforms. The material volunc element moves through space with 
a velocity v„ while the fluid phase flows through the surface with a bulk flux f. Thus, the term f is 
the bulk flux of the fluid relative to t'.»e solid. The total amount ol the constituent within a volume V 
at anv instant of time is 

J (0c+ps')dV (I) 
v 

where 8 is the water content, c is the concentration of the dissolved constituent in the water.pis the 
bulk density of the solid, and s' is the concentration of the constituent that us adsorbed by the solid. 
The rate of mass transport through the surface of the volume is 

i. h • f aS (2) 
s 

where n is an outward-directed unit normal to the surface. The rate of change of the amount of the 
constituent in the volume due to decay is 

* / (0c+p>')dV (3) 

where A is the decay constant. 
From Eqs. (1-3) conserva on of mass may be written as 

- f (0c + ps')dV + f n • f dS + x f (0c + ps')dV = O (4) 



where d dt is the material time derivative 

d / 3 . \ 

When Reynolds transport theorem (Maivem. 1969. p. 210-211) is applied to the first term of 
Eq. (4). the following equation is obtained: 

/ i ~Z<*c + '» > + V-(»c + ps')v s j dV + f n-f dS + */* (9c+ps')dV = 0 
v : *• Js v 

The divergence theorem is 

(6) 

ttfii-f dS =J" 7-f dV (7) 
s v 

When Eq. (?) is combined with Fq. (6). the resulting equation is 

! a 
— (0c+ps') + Vftfc+ps') v • y f •Afflc + ps') 
at 

dV = 0 (8) 

Since the integrand, in general, must be zero, conservation of mass becomes 

— (tfc+ps') + 7-(0c*ps') v, • V-f + A(0c + p*')=O (9) 
dt 

The bulk flux of the constituent and carrier relative to the solid may be divided into a diffusive flux 
ami an advective flux: 

f = f d • f, (10) 

When a concentration gradient within the individual pores is assumed, the diffusive flux is written as 

fd = 0D-7c (II) 

where D is the hydrodynamic dispersion tensor. The advectivc flux of the constituent and carrier 
may be written in tenns of the flux of the carrier as 



f. 

f , = ScV f % = cV 112) 

where Vf, is the velocity of the carrier relative to ihe solid and 0V\, = V is the Darey flux. 
Substitution of Eqs. (IC-12) into Eq. (9) yields 

— (9c*ps) • 7-(»c + ps')*, - 7-{6D- .'r> * 7-(Vc) • A(ffc • ps'i = 0 (13) 

The second term of Eq. (13) may be expressed as 

•(»c*ps')v% = 7<#c+ps) • v̂  • (tfc + ps'^-v^ (14) 

where the first term on the right-hand side of the equation is the product of two small vectors and 
will be neglected. If all of the dbplaccment of :he medium is assumed to he vertical {e.g.. vertical 
consolidation), the last term of Eq. (14) becomes 

de dh , dh 
T *v = — = ap.t — = a — 

* dt ^'* dt dt (15) 

where c = m is the dilatation of the medium, a is the coefficient of compressibility of the 
medium, p, is the density of the fluid, g is the acceleration of gravity, h is the fluid pressure 
head. and a is the modified coefficient of compressibility of the medium. A more detailed 
formulation of Eq. (15) is given by Reeves and Duguid (1975). Substitution of Eqs. (14) and 
(15) into Eq. (13) yields 

— (flc+ps') +(0c+ps')a' —- - 7-(0D-7c) + 7-(Vc) • X(0c+ps') = 0 (16) 
dt dt 

The adsorption of the constituent by the solid is assumed to occur at a rapid rate (i.e.. a fast 
exchange reaction) such that the dissolved material in the carrier is in equilibrium with the material 
adsorbed by the solid. This is expressed by the linear equation 

s' = kc <I7) 

where k is the distribution coefficient for unsaturated porous media. For unsaturated meiiia. k is 
defined as 
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quantity of adsorbed material.'mass of solid 
quantity of dissolved material, volume of fluid (18) 

where the volume of fluid is equal to the mois;ure content times the toul volume. For saturated 
media. 

quantity of adsorbed material/mass uf solid 
quantity of dissolved material'volume of fluid (19) 

where the volume of the fluid is equal to the jorosity times the toul volume. Thus, the relationship 
between the unsaturated and saturated distribution coefficients mav be written .-»s 

k = - te la)) 

and the material adsorbed by the solid is expressed as 

,-.l« (21) 

Substitution of Eq. (21) into Eq. (16) vie Ids 

— , • • 6c I • ffc • 0< o — 7-(0D- Vc) • V- (Vc) • X 0c * 0c ) - 0 (22) 
dt \ n / n ' <" x n / 

The retardation factor is defined as 

( (*d 
(23) 

This term is neasure of the delay or reurdation of the breakthrough of the dissolve*: constituent. 
Substitution oi the reurdation factor into Eq. (22) yields 

R d ^ 7- (0D-7O • VfVc» + (o'R d ^ • XR^0c = 0 (24) 

which may be expressed in the form 
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• R* r - 7 - («B-7c>* V-tVc) • / R d — • a'8R4 — • U R ^ j c = 0 t25) 

In a porous medium which is assumed to be isotropic *vith respect to dispcrsivity. the hydrodynarmc 
dispersion coefficient may be written (Bear. 1972) as 

where double indices denote summation. ©V is the Kroneckcr delta, ai is the transverse dispersiviiy. 
ai is the longitudinal dispcrsivity. a , is the molecular diffusion, r ' rs the tortuosity. V" is the 
magnitude of the Darcy velocity, and V and V are the components of the Darcy velocity. 

2. Spatial Integration by tke Gtkrfcat Fnute-Ekneat Method. The method used in the spatial 
integration of Eq. (25) is a special case of the broad category catted wcighled-rcsidual methods. 
These methods, in their classical form, approximate the solution to the differential equations and 
satisfy the boundary conditions exactly. The differcn. ial equation may be written in the general form 

U*> = 0 127) 

where L is a differential operator and 4» is the dependent \aiiabk. The wcightcd-rcMdual 
approximate solution • ' over the region V is obtained from the equation 

J W, U*KJV = 0 t2x> 

V 

The W vomprisc a set of p weighting functions, and • ' . the trial solution, has the form 

* = £ \ 0 , <29) 
• i 

where the N are triai functions, the & are unknown amplitudes of the trial solutions, and l .(*) * 0 
is the residual. The special case in which the weighting functions W; are chosen as the trial functions 
N is the Galerkin method. It* effect, the equations for the Galerkin method 

/ " N , LJ f N,0, )dV=0 j=UI>N <30) 

file:///aiiabk
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requite that the residual of the differential equation he made orthogonal to each term m the trial 
series. (In Eq. (30) t^Jcx j ranges over the values I.2....N.) As m becomes huge. • ' approaches • . 
Coefficients * ma> be obtained by integration and sote*ion of the above equations, and the 
approximate solution • ' is obtained by substituting thew coefficients into the trial solution 
summation (Finbvson. 1972). 

In the »-Kssical Gakrkin method, each of the trial solutions N. extends over the tattrc domain V 
and must satisfy all boundary conditions. Hence, the method is restricted to simply shaped, iisafty 
connected regions with homogeneous material properties. However, the power and generality of (he 
Gaterfcin method can be extended considerably by combining it with a finite-element discretization 
in which the region of integration b represented by an assembiace of subdonams. In 
two-dirccftMonal space these elements would be polygons, and in three-duncnsionaJ space they 
would be pohhedra. These subdomains arc called elements, and their corners, or connection points, 
are called nodes, in the approach, the family of trial solutions consists of subfamilies of very simple 
functions. The C sa:isfy the boundary conditions, and not the basis functions N. which arc nonzero 
on only oiic of the subdomains. The coefficients ^ become the amplitudes of the unknown function 
at the nodes. The firite-elemcni approach, in effect, b a piecewbe Galertki approximation which 
permits the application of the Galerfcm method to complex geometries and nonhomogeneottv media. 
A more detailed discussion of the Gaferkm finite-element method is given by- Hutton and Anderson 
(1971). The formulation and use of the finitc-ckment Gaferkm method in ground water transport b 
presented by Pinder (1973). 

In such a formubtion it b convenient to introduce one basb function | \ ( . \ ) ; for each element r. 
This combination weighting-trial function b. however, a column vector that has a separate Six) for 
each node i of the element. Each of these bilinear interpolation functions extends across the entire 
elemeni in a two-dimensional space. Each has a magnitude of unity at node i and a magnitude of 
zero at all other nodes. Because of the latter property, coefficients x. of the trial solution 

, • ' = r « J \ . « i - N I M - 1 - rvl11 (31) 

are identical to the concentration at each node as anticipated by the new notation for expansion of 
the coefficients 6 on the right-hand side of Eq. (31). When Cakrkm's method b applied o Eq. (25) 
in the r-th element, the equations are 

f • N - | A " < * r « . - | d t V > 0 (32) 

V 
where c = dc dt and 

A" -l^t 

B" * •;• (#6 - . » • . -V • ( Rj ~ • o9R4 — • XBt^ ) 
ffl ot 

Equation (311 combined with Eq. (32) gives 

/ • N | A" • S • » c • »" -N •' • i: • I d,V « 0 (34) 
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when the notation {.c{- hat been changed to |c ( . Equation (34) max be >«npuTieJ to 

/ l | , .V | v • | , B | . >J,V = 0 «.»->» 

where 

| ,A | = N A" X T (*»> 

and 

I dx, » dx, dx, ( 3 7 ) 

* Rj * • o » R d * • AflRj) N'T 

When Green's theorem is applied to the integral over the clement volume of the first two terms of 
Eq. (37). it follows that 

fv

 N : ( ^ a x , + a v V ' ) N T J - V = / S « . N ( « ' > . . 4 t V ' ) - N , d ' s 

(38) 

I* £;*•"'( tfD"a^tV'l N T J ' V 

and Eq. (35) may be written as 

l r * l (•••'•• l,B| { c • • - r 0 - = w (39) 

where 

l ,A| = / < N M R d t f > ; N T d r V (40) 



I I 

' * B , \ (vU * • < > ' £•*•*-*• 

* N i*< * * ° ' R - i T * W R * ) N T , d ' v 

141) 

and 

The term in square brackets in Eq. (42) is defined by Eqs. 110-12) and may be expressed as 

• r 0 =f N n - f d , S (43) 

Thus. Eq. (43) expresses the bulk flow of the dissolved constituent across the boundary of the 
dement. 

3. Time integration by the Fnite-Difliercace Method. Equation (39) is written for an arbitrary 
increment of time M: 

M l {,*'?,.«*! * l ,B| c „ w A ! • r 0 = 0 (44) 

'..» the Crank-Nicholson centered-in-time approach « = I 2. and in the backward-difference 
approximation <•> = 1. The Crank-Nichobon abjonthtp has a truncation error of CX-it"). but its 
propagation-of-crror characteristics frequently lead to oscillatory instabilities. The 
backward-difference scheme, on the other hand, has a truncation error of 0{M) but is quite resistant 
to oscillatory instabilities. An arbitrary <•> allows an mvestigatcr to find the appropriaie balance for 
the problem being considered. The time derivative of the concentration is expressed as 

and the value of this quantity at an arbitrary point in time is taken as 
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Substitution oi Eqs. (45) and (46) into Eq. (44) yields the following relationships: 

lr' I t 1 i*it = r " ' ' r™ 147) 

where 

| rC*| = | r A' | .U • «| fBP| I4X) 

and 

rR* = i | r . V | - H i i Mi un*| >-,*-, rry (49) 

It should be understood that matixrs (A) and [ B). and. hence. (X'] and {-R}. are evaluated at tune 
t-^t. 

4. Naacrica! lapfcaKStttioa For a quadrilateral element with four corner nodes, a bilinear 
polvnomai basis function for the j-th node nu> he written in terms of local normalized coordinates 
as 

\ = - ii • 
4 V"*", ' I = I I I hi (50) 

where s and r arc the local coordinate) of Che corner nodes, which are numbered I to4 progressing 
around the element in a counterclockwise direction (Fig. I)- In the local coordinate system the 
element is square regardless of the shape of the quadrilateral m global coordinates. The global 
cooidinatcs at any point within dement r are given m terms of local coordinates by the relations 

,x = N r x 

v T 
(51) 

whew | x{ and j /} arc column vectors whose elements arc the global coordinates of the nodes of 
the r-th dement. The uuantifv \\\' is the transpose of {N | which depends on the local coordinates s 
and r given m Eq. (SI> The shape function | \ | of the coordinate transformation »the same as the 
has* function; hence this element formulation is termed vnttpmamrtru. Ihc Jacoban for the 
transformation from global '.o local coordinates is expressed as 

| r J | 

b,\ bL 
*s rt» 

*hl d j / 

in at 

(52) 
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Substitution of Eq. (51) into the detcnnMant of this expfcsswa yields 

,J - D"W1 
T / d N d N.-' J - X ; d X T \ , 

(53) 

where [P] is defined as 

in 
/a s a x T a s a s T v 

tfs <tr dr ds / 
(54) 

When the expression for J N J . E v (50). is used, it may be shown that 

|P| = 

0 1 T S *T 1 *s 

1 *T 0 1 *s i 7 

S 7 1 s 0 I *7 

1 S > *z 1 - 0 

|55» 

which is a skew-symmetric matrix. Equation (55) B combined wjh the column matrix J v | to 
\ietd 

':« ' j « » * : J * 

i ' u ' / i « * •z,,r 
i n , ' " I " I 

' j . * ' | S S ' 1 4 7 

*t> • ' l ! » • / ; j f 

»56J 

and the determinant of the Jacobon ts 

r* * 7 * « * I J ' J « * i « ' u » • < * » • . ' • 2 * i j / j « ) * » « * j j / i 4 M « ' : i > » •57) 

Terms x, and A- are defined a» 

<5*> 

file:///ietd


15 

E.maiion (57) b toed for munrncal cvahation of the dctcrnwnnt of the Jacoban. The 
rwegrab of Eqs. (40) and (411 taken over the \omme of the r-th finite ciemca nay now be 
•nrtca m local coordinate* uswe the dctennmant of the Jacobean to transform the elemental 
area: 

! ,A| = / / S <««•> N * , J * * r (59) 

«.•^7 ,

1 J ,

1 (^•"••^4'•""^"'* : * i ; "' , 
(60) 

* • H ' < • * * * * * ' ** a T * M **) { s T • ' J * * 

Integration of these equations B easih carried ont using 2 x 2 Ganssan integration. A linear 
ahxbraK cqwation. Eq. 147). mans «ace \x) b a fraction of time only and the matrices [AJ. 
(.B|. and |.RJ arc emanated for the prcvions time step. 

la order to oahutc [M\ . Eq. (CO), expressions for the spatal dematrve of the 
nMcrpobtion function arc necessary. The chain rale 

^ 

av be inverted to vieM 

> = Ml 

or 

as 

at 

ft 
dr 

v J 

(61 > 

(62) 

the definition of (JJ. Eq. (52). When the top row of Eq. (62) n apphed to the basis 
taction \\\. the fonowing b oMaincd: 

ax i (b s a \ T a x a x T \ 
a,x '~J\ a» aT~ ar a* / '' 

(*3) 

file:///omme
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where the transformation equation (51) ha* been used to express / as a (unction t»t \ and r 
The term enclosed m parentheses b readily Mfcntiikd as [P] from Eq (54). Il.us. 

•n an entirety analogous way it may also be shown that 

a N . in ,v 
— : (65) 

Equations (64) and (65) are in a form suitable for numerical evaluation These equations and 
their transposed counterparts are used to evaluate the integrand of [-BJ. Eq. (60). 

5. AaeaMy of Flrarntt I p to thb point the Galcrkm-fuute-elemcnt formulation has been 
presented for the r-th element in the collection of elements which comprise a region. Within 
thb formulation only coupling between the nodes of the r-th element has been considered. 
However, in the region a node may be coupled via the several elements in which it b 
contained. The assembly process, which b a special type of summation, imbeds e-ch dement 
matrix in a larger global matrix such that the appropriate coupling b established. In order to 
understand the assembly of the elements that form a system of algebraic equations, a simple 
example will be used. The example selected b that of a two-dimensional space that is divided 
into twelve rectangular elements (Fig. 2). Iteration superscripts arc dropped for convenience 
Both global and local subscripting of the [;CJ matrix are shown in Fig. (2b). Expansion of 
matrix [iC] into a composite-matrix form b shown in Fig. 3. Assembly consists of summing 
over the expanded form of each [JC] to form the composite matrix (CJ. The complete (C"J 
matrix will be sparse and banded. The band width may be calculated from the equation 

IBAND=2(MAXDIF>I '66) 

where MAXDIF b the maximum nodal difference in any clement of (he system and IBAM) is 
the band »<dth. Thus, for the example problem the hand width b 11. For more economical 
use of computer storage, only (he band ponion need be stored. The mosi economical form of 
storage of the banded matrix b shown in (he lower portion of Figure 3. A more detailed 
discussion of the assembly of finite elements b presented by Desai and Abel (1972). 

At thb pom; it b interesting :o note that (he band width b controlled by (he global 
nodal numbering system. A reduction in computer core storage » achieved by reducing (he 
magnitude of the term MAXDIF. This reduction is obtained by numbering in the direction in 
which there arc the least nodes in a given row or column. In the example, if the nodes were 
numbered in a horizontal direction, the band width would be 13. This represents a significant 
increase in (he core storage required. 
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Equation (47) is evaluated and assembled for each dement, and the assembled system of 
algebraic equations may be written as 

K I {«.},•*, = {R} ( Q 1 M Y ) ( 6 7 . 

providing JQJ is not a tunc ;on of the ironccntrattons. 

6. Application of Boundary Condition!- Surface*, on which Neumann constant-flux conditions 
arc imposed, of course, yield conccntration-i:idepend.-nt entries in the column matrix JQI. 
These entries are evaluated by direct application of Eq. (43) to give normal flux vectors f 
followed by assembly over all boundary elements whose sides have constant-flux conditions. 
The results are 'hen subtracted from | R | to form \\\ as shown in Eq. (67). 

Neumann variable-flux conditions arc employed, however, to simulate seepage surfaces. 
The corresponding entries in JQJ are then linear functions oi the unknown concentrations. 
Such terms must therefore be incorporated into the [C] matrix in Eq. (67). Advection. t q . 
(12). is assumed to be the dominant transport mechanism at the seepage surface. In this case 
Eq. (43) becomes 

{ , 0 } = / {NJn-cVaVi ( 6 8 ) 

where the surface integral covers only those sides of element r which bound the entire system. 
(Integrals over internal element surfaces add to zero during assembly and need not be 
considered.) Expanding c using Eq. (31) yields 

WI,E| {rO (69) 

wh» 

( r E l = / {N}n-V {N} T d f S ( ? 0 ) 

Applicatioti of the time-integration algorithm. Eq. (46). yields 

{ , Q } = « | , E | \ c W , * < l w ) | r E ) { r c} , (71) 
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The term <u(.E]. alter assembly over all boundary elements r. is added to matrix [C] . whereas 
the term (1-<«)(.E]|-c|. alter a similar assembly process, is subtracted from jR}. A matrix 
equation having the same form as Eq. (67) results. 

At nodes where Dirichlet (constant) boundary conditions are encountered, an identity 
equation is generated for each such node and included in the matrices of Eq. (67). As an 
example, take a one-element system with the concentration at node I constrained to the value 
of b at ail times, i.e.. 

c, = b and b # b(il (72) 

Equation (67) then takes the form 

I 0 

0 C\; 

0 C J : 

0 C : 

0 0 | 

C43 C 4 4 

r "\ r L 

> = < 

V J 

-\ 

Y. C.,b 

Y, C,,b 

Y 4 C , b 

«73) 

J 

I his result may easily be generalized to an arbitrary number of equations with an arbitrary 
number of Dirichlet boundary nodes. 

7. Solution of the Assembled Equatiots. In solving the assembled equations expressed in Eq. 
(67) »hc matrix [C] is decomposed into the product of upper and lower triangular matrices 
using the Gauss technique. The lower niangular matrix is used to modify the right-hand side 
yi\ for back-substitution into the upper triangular matrix to obtain a solution. If the matrix 
[C] and the time step At do not change with time, the decomposition needs to be performed 
onlv once. 
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III. COMPUTER IMPLEMENTATION 

The computer program consists of the I. different subprograms shown in Fig. 4. As is 
implied by its centra! location, the routine MAIN performs the control function for the 
program. ..: it. input-output operations are coordinated with primary and support computations 
as the calculation is stepped sequentially over the time variable. 

Figure 5 is a block diagram showing how the primary computations are ordered. First, 
moisture-transport variables, pressure H. moisture content TH. and Darcy fluxes VX and VZ 
are input if these quantities have time variations: and tii.ie derivatives of H and TH arc 
determined as required by the transport Eq. (25). Then, using parameters characteristic of both 
the dissolved constituent and the soil types, dement integrals are evaluated in subroutine Q4 in 
the following manner: Each quadrilateral element b transformed to a local coordinate system 
where it becomes a square with a side length of 2. Jacobians (Eq. (53)J. Galerkin basis 
functions [Eq. (50)]. and derivatives of these functions (Eqs. (64) and (65)] arc determined: and 
a 2 X 2 Gauss quadrature is employed to yield clement matrices [.A]. Eq. (59). and (,BL Eq. 
(60). In subroutine ASEMBL. these matrices are combined in accordance with the 
time-integration algorithm. Eqs. (48) and (49). to form matrix [JC] and vector J'RJ- subscripts 
are adjusted, and a sum over all elements r b effected as required by the assembly process (see 
Chapter II. Section 5). Since the assembled matrix [C] b asymmetric, its entire band must be 
stored. 

Next, using routine BC. boundary conditions arc incorporated into the systems equations. 
Eq. (67). Neumann constant-flux conditions require only a change in the load vector p j . For 
Neumann variable-flux (seepage) and Dirichlet boundary conditions, however, it b necessary to 
modify both coefficient matrix [C] and load vector JYj as discussed in Chapter II. Section 6. 
Boundary integrals [,EJ. Eq. (70). appropriate for the seepage conditions are evaluated in Q4SP 
and assembled in BC. (The FORTRAN variable corresponding to [,E] b DFLXQ.) Finally, the 
resulting banded system. Eq. (67). t solved in routine SOLVE. Matrix [C] is decomposed into 
lower and upper triangular forms, and solutions ol the two resulting matrix equations are 
obtained by forward and backward substitution. 

Supporting calculations are carried out in subroutines SURF. FLUX. Q4D. SFLOW. 
Q4S. and Q4R. Subroutine SURF identifies boundary sides, which are then specified :n terms 
of the elements to which they belong and the nodes that subtend them. Side lengths and 
direction cosines of outwardly directed normal vectors are calculated. Subroutines FLUX and 
Q4D are used to determine flux vectors at all nodes from the predetermined concentration 
distribution. With SFLOW. Q4S. and Q4R. flows are determined in two different ways. First, 
the surface integral of Eq. (43) is evaluated for each boundary element in routine Q4S using 
two-point Gauss quadrature. Resulting element flow rates are assembled over all boundary 
elements, and trapezoidal time integration is used in SFLOW to obtain the quantity of material 
passing through the bound?ry since the last time step. These flows are classified according to 
the boundary condition on the surface from which they originate. Second, space integrals over 
concentrations are evaluated in subroutine Q4R for each element. By performing appropriate 
sums in SFLOW. quantities of material in liquid and solid phases and losses through 
radioactive decay are determined. Thus, boundary flows may be compared with internal 
changes in material content to see that a balance has been achieved. 
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Ktnalh. mput-output functions are performed akn< -a exclusively in routines D A l A I V 
P R I M T . and STORE. Variables pertaining to discretization of the geometry of ihc >>stcm and 
the smtuiation time arc read m DATAIV Other parameters relating 10 sot! and 
dtssohed-constrtuent properties, boundan-mital conditions, and numerical convergence are also 
read. These mput quantitks arc checked for consistency whenever possible and arc printed out 
to ghc a complete record of the simulation. A thorough descr; -.^n of the input for DAI AIN 
is given in Appendix I ) . Output of calculated variables occurs HI P R I M I and S I ORE 
Routine PRINT! prints flo* information, concentrations. fluxes, and distributions ot 
moisture-transport variables as 'pecified by parameter K.PR Routme STORE wntcs the same 
information, in addition to nodal-potcl dement descriptors, on an auxiliary storage dove, such 
as a magnetic tape. Its operation is controlled by variable KSTR The stored information could 
then he used, lor example, as input to a plotting program. 
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IV. RESULTS 

In this chapter, two snnulations of ideah/ed flow sysccnt* are described- The l » provide* 
a comparison with result* obtained anahucalh by tapMhts and Anwndson (T*$2». The second 
typifies a class ol problems to which oar ctinpmi model «nav be apphed. In the bttcr. a 
seepage pond, situated entirety HI the unsatimied /one above the water tabic, prolines a scarce 
of soil cnaunnutun which migrate* toward a ncarb> stream 

I. Laanfcs mad Annantaa/s Enjattriaa Cant. A frequently ened paper m the bteratare B that 
of l-apaJus and Amundson 11*52). Here the effects of longtfaddiaJ dispersion in an 
ion-cichangc cohimn are considered These authors suppose a one-d—cwuonal flow of the 
earner fkiKl at a constant pore velocity withm a medium having a undonn waur mate at 
throughout. Since there is no radioactive decay. E«|. 116) ma> be written 

where the compressibility term B neglected and the pore velocity V.. - V" 0 is used rather '.nan 
the IXarcy velocity V. Aside from notation. Fq. (?4) is identical to Lapidus and Amuncson's 
Fq. (IK For the case ol pmntwise equilibrium and linearity, we use the relation 

s = - k d c «2D 
n • 

lapidus and Amundson add an arbitrary constant to the right-hand side of Eq. (21) for 
increased generality. This is of no consequence, however, in the determination of c since s" 
enters int" Fq. ( 74) only through a time derivative term. (Bulk density p is. of course, 
ir dependent of time.) Combining Eqs. (21) and (?4) yield* 

in which R. is the retardation defined in Eq. (23). 
With constant initial-boundary conditions 

c(i. t « 0) » 0 (76) 
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the sotaiKM to E«|. «75» few 0 ^ / v * & 

A i * ; | l » « f l V** *V»i^) • «K VK/D»«k I ̂ a,q • *v'*: *»I i ~»J 

In this eqaatioa q B the sotaioa voJumc which ha> entered the ioa-cv.-Kmpr c«>hunn %MK:C 
tunc! = 0 

and the a's are constants defined bv 

a, M V f / D l M i R j * ) ,MM 

and 

»i = lR - «) (V u /D> /4 «XI» 

rrom Eqs. (78) through (Hi) I.apidus and Amundson determine the reduced concentration 
c C. as a function oi the solution volume q at depth / = 50 for seven different combinations 
of values of the parameters RjB and V„ D. Results from two of these analytical calculations, 
which they label as Curves A and E. arc reproduced in Pig. 6 along with results obtained from 
our computer simulation. In both cases the reduced concentration remains at or near zero until 
breakthrough is achieved, during which time it rises to a value approaching unity. Obviously, 
the agreement of analytical and numerical results is quite good. 
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the formula given by Lapidui and Amundaon. 
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2. Caaanamaat TraMpoft from a Seepage Paad In rh* section we c w M k i a seepage pond 
sMnalcd near a s i m n a* shown m Fa;. T a. The system a composed ol a highly penkeabir 
*aad w*h sod pruacrtKi as shown m Fie. X. A Ian ot 4.0 x 10* cm cm sec. averted 
vertically downward from (be bottom at the pa. annate* the oaly d m a e lorce lor nrnae 
coataaaaaats toward the stream smce precmiutioa r» taken to he atgligjbk. Ha* I la \ is 
substantially lower thaa the saturated lb = Ol coadactnay k cnca m Fa; K dac to ctugpag 
by tine sednacab coatamrd m the efiment rntenag tar pond 

I he resulting steady-stale water-table poMtioa. a» dctcrauaed by out moisture-transport 
code i Reese* aad Imgant. W 5 I a. 4 m below the bottom nt the pa (Faj. Tbi. I has tat 
coataauaaat a battered trom the remtneh nptdK nana*; wafcT beneath the water uble by 
the unsaturated sod-motstwe tome. The cow^hap •>! saturated and unsaturated sotf-motsinrc 
;oa>. a >«uaUon for which oar montwe-fransport model • » specifically desrgacd. is quite 
naportaat here. Water-flow patterns ma> casdy be discerned trom the compotcatial hnes ol 
Fa;- "*b. Motstare flaxes are perpcadKabv to these contours with maeaaades which are roachly 
inversely proportional to their separation*. The fame-elemeat spatial discretization is shown in 
Fa; ?*. 

Figure * shows coauauaaat concentration contours which were obtained by applying our 
disaohed-consiaucat traaspor: code tot a k_ of 100 cm gm. longrtndmal aad traiusersc 
dBpersrihies were taken from Finder's (1973) stud> ol chromnnn transport on I ong Island. 
New York: 

a t = 21 Jm l»2> 

and 

* , = 4.27m «**> 

The buffering effect of the unsaturated soil-moisture /one is apparent from the shapes of these 
contours. 

As has heen mentioned, two computer models have hecn used to analyze the seepage-pond 
prohlem. The moisture-transport code (Recces and Duguid. 1975) was used lo obtain the Darcv 
velocities, which were output on magnetic tape. These quantities were then input into the 
contaminant-transport computer model described in this report. Appendix A contains input to 
and output from the steady-stale moisture-transport calculation, whereas Appendix B contains 
such information for the transient-state contaminant-transport calculation. 
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NOTATION 

A" Coefficient of the time derivative in the t ranspor t equa t ion 

[,Al Integral of A" over the volume of the r-th c lement 

[.A*] Coefficients of the time-derivative terms for the r-th element 

a; Longitudinal dbpersivi ty 

4-< Molecular diffusion coefficient 

a; Transverse dispersivity 

B" Coefficient of the concentra t ion in the t ransport equa t i on 

[,B] Integral of B" over the volume of the r-th e lement 

[,B1 Coefficients of the concentra t ion terms for the r - th element 

b Di r ichkt boundary condi t ion 

[C| Assembled operator matrix for all elements 

[C] Combination of [,A]and [,B] including the time-integration algorithm 

z Concentration of the dissolved constituent 

c Time derivative of the concentration 

| c | Assembled values of the unknown coefficients 

j,cj Unknown coefficients for the r-th element 

| , c | Time derivative of c 

D.D, Hydrodynamic dispersion tensor 

[,EJ Element matrix containing surface integrals appropriate for seepage boundary 
conditions 

e Dilatation of the medium 
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Bulk flux of the dissolved constituent 

Advective bulk flux 

Diffusive bulk flux 

Acceleration of gravity 

Fluid pressure head 

Determinant of [J] 

Jacobian matrix 

Hydraulic conductivity 

Unsaturated distribution coefficient 

Saturated distribution coefficient 

Differential operator 

Number of basis functions 

Basis functions 

Porosity 

Unit normal vector 

Matrix used in the numerical evaluation of the Jacobian 

Number of weighting functions W, 

Assembled values of {X)| 

Bulk flow ci' the carrier across t!*e boundary of the r-th element 

Retard '̂.ion factor 

.Assembled values of \-k\ 

Time-integration components for the r-th element 
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r Refer., to the r-th finite element 

3 Surface area of the r-th element 

s.r Local coordinates 

S,.T. Local coordinates of the nodes j = 1.2.3. and 4 

s' Solid-phase concentration of adsorbed constituent 

t Time 

V Volume of the system 

,V Volume of the r-th element 

V„ Pore velocity of the carrier relative to the solid 

V.V. Darcy Velocity of the carrier 

V Magnitude of Darcy velocity 

v. Velocity of the solid 

W, Weighting function 

x.x, Position vector 

x Lateral coordinate 

,x Global coordinate of a point within the r-th element 

x„ x, - x, 

| , x | Global coordinates of the nodes of the r-th element 

J Y | Assembled load vector containing boundary fluxes and time-integration 

components 

i. Vertical cor rdinate 

,i. Global coordinate of a point within the r-th element 

/„ 7., • t, 
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Global coordinates of the nodes of the r-th element 

Coefficient of compressibility of the medium 

Modified coefficient of compressibility of the medium 

Time increment 

Strain tensor for the medium 

Moisture content 

Radioactive decay consent 

Bulk density of the medium 

Density of the carrier fluid 

Tortuosity 

Unknown solution to the equation L(4>) = 0 

Trial solution 

Trial solution for the r-th element 

Expansion coefficients relative to the basis functions N, 

Time-integration parameter 
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APPENDIX A 

INPUT AND OUTPUT FOR SEEPAGE-PIT MOISTURE TRANSPORT 

This appendix presents input to and output from the computer program documented in 
[Reeves and Duguid. 1975]. The moisture-transport variables obtained in this calculation were 
printed on macnetk tape by subroutine STORE and then read as input for the 
dissohed-constituent-transpon determination (Appendix B). Subroutine STORE of the 
above-mentioned program has been modified to be more compatible with the 
dissolved-constituent code. An updated listing is therefore included at the last of the section on 
input. 
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INPUT 
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t 'Jm'-'r'JsS&ft 

• • rn I * I 
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t ? ' ' srr»»«- M T MorsToor rioosrorr 
«*«; S 2 8 1 0 0 0 1 W 1 1 0 0 20 5 

» 0 0 . c 5 0 * 0 0 . 0 i _ 0 . . 0 1 . 1 1 . 
M O . * 
1 
J . 

. n i l 1 . M O . * 
1 
J . c . 1 . 5 * 1 - 7 . < 0 » - 7 
- 0 9 0 . -too. - 2 0 0 . 17« - 1 5 0 . - » 2 « . - ' . 0 0 . - 0 2 . 5 
- * 0 . -«.« - 2 « . 3 2 . 5 0 . V ) . 1 0 0 . 2 0 0 0 . 

.«» . 0 ' ? . 0 * 2 5 0 * 5 . 0 5 0 . 0 < 2 5 . 0 0 . 2 3 

. 2 * . 2 7 * . 2 0 5 2 * 0 . 2 0 2 5 . 2 0 7 5 . 2 0 0 5 . 3 
. • • » - • .5«-o .ost-o . 7 0 5 - 0 . 0 9 5 - 0 . 0 5 5 - 0 . l * » - 7 . « 0 5 - 7 
. M S - 7 - 5 3 5 - - . 5 5 1 - 7 . 5 0 5 - 7 . 5 0 S - - > . 5 7 5 - 7 . 5 0 1 - 7 . S 0 5 - * 
0 . , 5 2 f - « . 1 0 5 - 3 . 2 0 5 - 3 . 5 0 0 - 3 . 1 1 5 - 2 . 1 2 1 - 2 . 1 2 5 - 2 
. 2 0 5 - 2 - 0 0 5 - 3 . * 0 S - 3 . 2 0 1 - 3 . 1 0 5 - 3 . * 0 t - * . 2 « - « 0 . 
l 0 . 0 0 . 0 
2 0 . 0 5 0 0 . COO 
• » c« 1 0 0 0 . 0 0 0 
• 0 . 0 1500.COO 
c '.o 2 0 0 0 . 0 4 0 
t ce 2200 .CCO 
^ «•.« 7 * 0 0 . 0 0 0 
0 C O 2 6 0 0 . 0 0 0 
« C O ?7« i0 .00P 

10 Co 2 * 0 0 . OCO 
I I C O 2 0 5 0 . 0 0 0 
12 0 . 0 3 0 0 0 . o o e 
13 5 0 C 0 * » © 0 . 0 
1» SOC.OOQ 500 .COO 
I S 5 O 0 . 0 » 3 1 0 0 0 . 0 0 0 
1« «oo.«e» 1500.COO 
17 w . w « 2CO0.9OO 
10 «OC.0«O 2 2 0 0 . C C O 
• 9 5 C 0 . 0 O 0 2 * 0 0 . COO 
24 5 0 0 . 0 P O 2 * 0 0 . 0 0 0 
2 1 5 6 0 . 0 9 0 2 7 5 0 . 0 0 0 
2 2 500 .OOO 2 0 0 0 . 0 0 0 
2 3 5 0 0 . 0 0 0 2 0 5 0 . 0 0 0 
2 » 5 0 0 . 0 0 0 3 0 0 0 . O O O 
2 5 • 0 0 0 . 0 0 0 0 . 0 
2 « 1 0 0 0 . 0 0 0 500 .COO 
?f 1 0 0 0 . 0 0 0 1000 .OOP 
2 0 1 0 0 0 . 0 0 0 1 ' O O . C O * 
2 0 fCOC.OOO 2 0 0 0 . 0 9 0 
3 0 •OOO.OOO 2 2 O 0 . W V I 
1 1 l O O C O ^ O 2 * 0 0 . 0 0 0 
32 1 0 0 0 . 9 O C 2 * 0 0 . W O 
3 3 f O G C . 0 0 0 2-»*o.e««» 
1 * •ooo.ooc 2 0 0 0 . 0 0 0 
1 c 1 0 0 0 . 0 0 0 2 0 5 0 . 0 0 0 
1 * I 0 0 C 0 O 0 1 OCO. 0 0 0 
r» 1 5 0 0 . 0 0 0 0 . 0 
TO I ' O C . O O * 5 0 0 . COO 
i * • 5 0 0 . 0 0 0 1 0 0 0 . 0 0 0 
•0 1 5 0 0 . 0 4 0 1 5 0 0 . 0 0 0 
• t 150C.0OC 2 0 0 0 . 0 0 0 
• 2 1 5 0 0 . 0 0 0 2 2 0 0 . 0 0 0 
• J 1 5 0 0 . 9 * 0 2 * 0 0 . 0 0 0 
• • 1 5 0 0 . 0 0 0 2 0 0 0 . 0 0 0 
• 5 1 5 0 0 . 0 0 0 2 7 5 0 . 0 0 0 
•• 1 5 0 9 . 0 0 0 2 9 0 0 . 0 0 0 
• 7 isoe.ooo 2 0 5 0 . 0 0 0 
• • 1 5 0 0 . OOO 3 0 0 0 . 0 0 0 
•« 2 0 0 0 . 0 0 0 0 . 0 
5 0 2 0 0 0 . 0 0 0 'OO.COO 
5 1 2000 .OOO 1 0 0 0 . 0 0 0 
c 2 2 0 0 C O O 0 1 5 0 0 . 0 0 0 
« 3 2 0 0 0 . 0 0 0 2 0 0 0 . 0 0 0 
<• 2 0 O C 7 0 0 2 2 0 0 . 0 0 0 
* 5 2 9 0 C 0 O 0 2 * 0 0 . 0 0 0 
«« 2 f O C W O 2 5 0 0 . 0 0 0 
« 7 2 0 0 C O C O 2 7 « « . 0 O O 
5 0 2 0 0 C 1 0 0 2 0 0 0 . 9 0 0 
« 0 2000 .OOO 2 0 * 0 . 0 0 0 
4 0 200C.O*»0 3 0 0 0 . 0 0 0 
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« 1 250".oco 0 . 0 
t l K A f a l l * A *"S0. S*fv 
' 1 25oo.ooo 1000.00 
*•• ?*CC.OOO I'oe.ooo 
*« 2500.000 2030. 000 
6 6 2590.0"0 2200. OOC 
f 7 2*90.4CQ 2*00.COO 
* 0 2500.900 2000.000 
*• 2500.940 27*0 .000 
7 0 250* .000 2*00 .000 
7 1 2*OC.900 24*0 .000 
7 2 2504.340 5000.900 
7 1 1000.000 0 . 0 
T« 1S40.444 500.000 
7 * noe.ooo 1000.000 
7 6 1000."«0 1500.000 
7 7 1"CC.040 2000.009 
7 « IOOC-.-O 2200.POO 
7 9 100C.0OI 2MW.09C 
• C 144C.0O0 2*00. OOC 
C I 1C00."*»«< 27«4.C00 
• 2 IOC".OOC 7.900.1«9C 
1 1 moc.coo 2 9 * 0 . CCC 
• • Moe.ooo 1004.000 
• * isoo.o"c 0 . 0 
et 1540.900 540.900 
• 7 1*00.040 1440.000 
»• i5oc.ooo 15C0.0C0 
• 4 l*4C.4O0 20C-0. 000 
• 0 1500.040 2240.000 
4 1 i«oo.occ 7 M 4 . 9 0 0 
9 2 1S00.900 7000.090 
• 1 150C.000 2 759. Of 0 
•• 150C.9O0 2900.000 
9 * 1500.904 2050.024 
«* 1500.0*0 1099.090 
9 7 •900 .000 0 . 0 
• 0 • 0 0 0 . " 4 0 500.COO 
• 9 •900 .000 1004.COO 

1 0 9 •cor.ooo 1«00. OOC 
1C 1 • 0 0 0 . * 0 0 2COC.040 
1C? •000 .000 2200.04" 
• 3 1 • 90«.<"»»0 7 M O . 7CC 
ie« »00«*.000 7*90.004 
n* •000 .009 2 7 * 0 . C I " 
I C * •OCT.COO 7090.990 
107 •IOC.COO 2956.OCO 
ICO •OOC.9C0 1090.000 
too •594 .«40 0 . 0 
110 •sec.ooo 540.000 
111 • * 0 0 . 9 0 0 1900.000 
1 1 2 •soc.oeo 1500.000 
1 1 1 ••oo.ooo 2040.COO 
!!• •500.900 2204.000 
1 1 * • • 0 0 . 0 0 0 :«oo.coo 
1 1 0 •500 .000 2 *00 .900 
117 • • 0 0 . 0 0 0 27*0 .000 
1 1 0 •500 .000 2940.000 
no •5CO.00O 2950.044 
120 •500 .000 1000.000 
121 *400 .090 9 . 0 
122 5400.000 • 9 0 . 0 0 0 
1 2 1 5OCO.O00 1000.000 
I 2 « 5000.000 1590.004 
• 2 * •000.444 2040.000 
• 20 5400.000 2744. OOO 
127 *00C.9»9 2*04.044 
170 5*40.940 2*00 .900 
170 •000 .900 27*0 .000 
1 ) 0 5000.000 2900.000 
111 5000.000 29*0 .000 
1 ) 2 500C.OOO 1000.000 
111 5500.000 0 . 0 
1 1 * 5500.040 500.000 
i n 5*00.000 1000.000 



116 **0C.OC0 1*00.COO 
I P S S 0 0 . 0 9 0 2090.''CO 
139 S « 9 0 . 0 9 0 2 2 C 0 . 9 0 0 
M « S* OP.990 2 « 0 0 . 9 0 0 
1«0 S S 0 0 . 0 9 0 2 ( 0 0 . 0 0 9 
1*1 SSOO.000 2 7 * 0 . 0 0 0 
1*2 SSCO.000 2 9 0 0 . 0 0 0 
1«1 5 5 0 0 . 0 0 0 2 9 * 0 . 0 0 0 
i a a SS9C.090 3 0 0 0 . 0 0 0 
las sooo.ooo o.o 
196 * 0 e 0 . 0 « 9 * 0 0 . 0 0 0 
IB 7 6 9 0 0 . 9 9 0 1 0 9 0 . 0 0 0 
iaa «;ec.»9o i«o9.coe 
199 6 7 0 0 . 9 * 0 2090-0«>(» 
150 Ww.v-ie 2 7 T 0 . 9 0 0 
151 6 0 0 0 . * " 0 2»9'»-000 
152 fOCC.90" 2 6 C 7 . 0 0 9 
15 3 4 0 0 0 . 9 3 9 2 7 * 0 . 9 0 0 
| S » S 9 9 C 9 9 0 2 9 0 9 . 0 0 9 
1S5 6 C 9 9 . 0 9 0 7«S0.OtC 
1*9 SOOO.OOO 9 0 0 0 . 0 9 0 
I S ? 6 * 0 0 . 9 0 0 0 . 0 
ISO nSOC.990 *<». COO 
159 *S0C.O«9 I0OC.OOO 
169 6S0C.990 1*90.COO 
16 1 6S«C . 9 9 9 2 0 0 0 . 0 » 9 
1«2 *S0f.OOC 2 7 0 0 . 0 9 0 
1*3 6 5 0 C . 0 9 0 2 9 9 0 . 0 0 0 
16a 959C.O00 2 * 9 0 . 0 0 9 
165 7 0 0 0 . 9 0 9 0 . 0 
166 7 9 0 0 . 9 9 9 S90 . MO 
161 7 0 0 0 . 9 9 0 1 0 9 0 . 0 9 0 
160 7C0C.900 I S M . COO 
169 ' 0 0 0 . 9 0 9 7 0 0 0 . 0 0 0 
1 7 9 7 0 0 0 . 0 0 9 2 2 0 0 . 0 0 0 
1?1 7 1 9 C . 9 9 0 2 9 9 0 . 0 0 9 
172 7 0 0 0 . 3 9 0 7*C?.0'»C 
I - *} ? S 0 0 . 9 9 0 1 . 0 
178 7 * 9 9 . 9 3 9 «e0-C19 
1~S 7S0*i .0«9 If^O.OOC 
!•»« - " 0 0 . 9 9 ) 1«9<>_CCe 
177 7S09 .C59 2 f > 9 . « " 9 
17» 7*9'!.C«9 2273 .0>X 
1-9 '•«99.;9-3 7 9 7 0 . 0 0 0 
199 7*f»0.«nc r*90.CC9 
191 9 9 0 0 . »C9 9 . 0 
192 OOOC.r*-) « J O . COO 
1 9 ) MOO.091 1 0 9 9 . 0 9 0 
19a 9 0 9 9 . 0 9 0 1*73 . COC 
l » S 9999.COO 2 9 9 0 . 0 0 0 
l » * 9 9 0 0 . "90 2 2 9 9 . 0 0 9 
1*1 9 0 0 0 . 0 9 T 7 9 9 0 . OCS 
100 9 0 0 0 . 9 9 0 2 * 9 0 . OCC 
m « 8 9 9 9 . 0 9 9 0 . 0 
190 9S00.W90 « 0 0 . COO 
1»1 9 * 0 9 . 9 0 0 1 0 9 0 . 0 0 9 
1*2 9S09 .09C 1S00 .C99 
18 7 9 S 0 C 9 0 9 2 9 9 0 . 9 0 9 
199 9 S 9 9 . 9 9 9 7 2 9 0 . 0 9 « 
19S 9 5 0 0 . 9 9 0 7*90.9"<-
199 9 S 0 0 . 9 9 0 2 * 9 0 . 9 9 * 
1»? 99«9.9<VT d.r, 
199 » 0 9 0 . « 9 n ' v i . C" 
! • • 819* ."9C l ^ * . * * * 
J11 9 9 9 3 . 9 « * 1*70.CIO 
711 •»>09.'"99 7 C 1 9 . 0 9 9 
192 «990.99<i 2 2 9 0 . SCO 
7«i 1 »004.9o<> 7 * 4 0 . 9 9 9 
299 9 9 9 0 . 9 9 * 2 * 9 0 . 0 * f 
Jf* 9 9 0 9 . 0 * 0 7 7 S 0 . 0 9 9 
2 0 * 9 9 0 9 . 0 9 9 2 9 9 4 . 0 9 9 
7 9 " 9 9 0 0 . 9 9 0 7 9 9 0 . 0 0 0 
2TH, 8 9 9 0 . 9 4 9 1 9 3 9 . 0 9 0 
7 9 9 1 * 0 9 . * 9 1 9 . 9 
211 9 5 0 9 . 9 0 1 « 9 9 . e99 
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21 t 4SO0.OOO 1000 .CCO 
2 J 2 ' 5 3 C . S 5 0 1 * 4 0 . 0 0 0 
2 1 ) 4 * 9 0 . 0 0 0 2 0 0 0 . 0 0 0 
2 1 4 OS 0 4 . 0 0 0 2 7 0 0 . 0 0 0 
2 1 * 9 S 9 0 . 0 0 0 2 * 0 0 . 0 0 0 
2 1 * 4SO0.00O 2 4 0 0 . 0 0 0 
M ' 4 * 0 4 . 0 0 0 2 7 * 0 . 0 0 0 
2 1 » 4 * 0 0 . 0 « > 7 ^ 0 0 . 0 0 0 
2 « « 4 * « C . 0 0 0 2o«o. ore 
2 7 0 4*10.C>r? 100c.oco 
2 2 1 IOOOO.OOO 0 . 0 
2 2 ? •oooc.ooo M O . 0 0 0 
7 2 1 iwao.^oo « 4 0 - C « 0 
2 7 4 »3*OC.(>nO 1 * 0 9 . COO 
22*; I 3 9 9 C 0 C C 1 4 7 4 . « 4 4 
2 7 6 1 0 0 0 0 . 0 0 3 2 1 * 9 - 4 4 4 
2 2 7 1 0 0 0 0 . 9 0 0 2 ' T O . 444 
2 2 * m o o o . 0 0 0 7 5 * 4 . 4 » 4 
2 2 * I 0 O O C V 0 7 7 1 0 . W O 
2 ' 0 •Q0OT.04C 7 M * . 4 * - 4 
2 1 1 1 0 0 0 0 . 0 0 0 2 4 1 4 . 9 4 4 
7 1 2 1 0 0 0 0 . 9 0 0 7 4 8 4 . 4 4 4 
2 1 * 10SOC.09C 1 . 0 
? ! • 10SOO.0O0 M O . 0 0 0 
7 1 * 1 9 * 0 4 . 0 4 0 0 4 0 . 0 0 0 
7 1 4 1 0 * * 0 . 9 * 4 1 M O . 0 0 0 
2 1 7 1 0 * * 4 . 0 9 0 1 4 2 0 . «»«0 
2 1 * 1 0 5 * 0 . 0 4 0 7 1 2 0 . 4 4 4 
2 1 * • 0 5 0 0 . 0 0 4 2 3 2 0 . 0 C O 
2 » 0 I O « * * . M * 2 5 7 0 . 004 
2 « l W O 0 0 0 2 7 0 0 . 0 0 0 
2 * 7 1 0 5 * 0 . 0 9 0 7 0 * 0 . 0 0 0 
2 « » HI S O * . 0 0 0 7 4 * " 0 . 9 0 0 
74 « l 9 S 0 0 . » 9 f l 7 « * 0 . 3 4 f 
? » * " " 0 9 . 9 C T 9. -» 
2 * 4 f i S O C ' - H ) • ' { . e n 
?»•» I I " 1 « . W • 1 3 . « ' ? 
? » • •nor.ro" 11*1.S JSC-
7 » « M O O S . " 9 9 l f ' 4 . 4 * * 
2*«J n,»<!".o^; 7 C 7 5 . 0 « r 
2 * 1 1 I 0 9 C . « 0 9 7 7 3 0 . 0 0 0 
2 ' 7 1 1 0 1 1 . 9 * 3 7 * * » . « 4 4 
2 * > i i ' o o . o i ? 2 * 7 0 . C O O 
25 » l t - I W . O O " 7 * < 0 . 0 0 « 
2 * * . 1 !»« •» . O'Hl 7 M 4 . 0 4 0 
2 * 4 I I 0 0 0 . 0 1 9 7 0 * 0 . 0 0 0 
2 * 7 1 1 * * 0 . 9 9 4 0 . 0 
7 * 0 I I * * * . * * ? • C O . M O 
2 * 0 I I S 4 C . 0 9 * * * 0 . 9 4 * 
J t o . 1 S * 0 . C 4 * 1 2 * 4 . • « * 
2 * 1 1 1 * * 0 . 0 4 4 1 « S 4 . * * 4 
2 * 7 1 1 5 * * . * # 9 1 9 5 4 . 4 4 * 
2 * 1 1 1 5 * 4 . 9 * * 2 e * » . * * 4 

!*• ns**.o*e 2 2 5 * . M M 
2 4 * l l « * * . * * 0 jow.«»o 
7 « * M « 4 9 . * » 9 2 * • « . • « « 
2*"» 1 1 * « 4 . « 4 4 2 « 1 4 . > 4 * 
7 « « 1 1 * 0 0 . 4 * 0 7 " » . • • • 
7 * 4 1 2 0 * 5 . •"«» 9 . 0 
2 * » ' 2 0 4 0 . M * 1 4 4 . 0 9 0 
2 * 1 i » o ^ . 9 « o T ' j . o a w 
J- '2 * 7 » * l . 9 t < » 1 1 * * . 4 « * 
2 7 1 I J O * «•.«'-<•• KOO.OOC 
7 7 4 1 2 9 * 4 . 4 4 0 • 7 M . 4 4 4 

r>* !»«.«« 1 9 5 4 . 9 * 4 
?f* f J O 0 f l » * W 2 9 7 0 . 0 4 * 
f f 1 2 9 0 0 . 0 0 * 2 2 * * . M * 
J 7 0 » 2 0 9 ^ . » * * 2 1 7 4 . 0 4 * 
2 7 0 1 2 0 * * - 0 « * 2*t:m» 
2 * 0 1 7 4 * 0 . 0 0 0 2 * 7 4 . * » 0 
m • 2 * * « . * » f *.« 
2 * i 1 2 5 4 4 . * * * *%•••••• 
7 « 1 1 2 * * 4 . 0 3 0 • • • . t o * 
*•• 1 7 * 9 0 . 0 0 0 • S * . * * * 

*•« » 2 < 0 0 . 0 0 0 M M . 4 * 4 
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2 « * i?«oo,.-.no i » 9 0 . o"f» 
2«-» 12500.000 1 (39 .999 
2*8 1250O.00O 1759.999 
2*>9 12500.000 1079.999 
290 12100. "00 2000.000 
291 12500.000 2C50.000 
292 12500-000 2100.000 
293 1300O.HO0 0 . 0 
29» 13000.00C 270.000 
2«>5 I30CO.OOO 5"»0. 000 
2«S 13000.000 B*-0. 000 
2 « ' 11000.OOO V1»0 000 
290 13*00.000 1210.000 
29« 13flO*".OOC 1300.000 
300 13000.000 1900.000 
331 13000.000 1510.000 
30 2 11000. COO I f 20 . 000 
303 13000.000 1670.000 
3 0 * 13000.000 1723.000 
305 132*0.000 0 . 0 
so* m s c . o o o 2 * 0 . O J O 
307 13250.OOO 530.000 
308 13250.000 770.000 
309 13250.000 1030.000 
310 13250.000 1120. COO 
3*1 13210. OCO 1200.009 
312 132^0.000 1330.000 
313 13250.000 1370.000 
319 13250.OOC 1950.000 
315 13250.000 1500.000 
3 1 * 132*0.000 1550.000 
317 13500.000 3 . 0 
318 1350*'.« -'>n 220.050 
119 1350O.OOO 960.000 
320 1350C.01C 700.COO 
321 13500.«00 «70.000 
322 13500.000 1010.000 
323 13500.COO 1 " .000 
32* 13*00.000 1180.000 
325 13500.000 1250.000 
326 13500.000 1300.000 
327 13500.000 1350.000 
328 13500.000 1900.100 
329 13750.000 0 . 0 
330 13750.000 200.COO 
331 13750.000 • • 0 . 0 0 0 
332 13750.000 6*0.000 
333 13750.000 830.000 
339 13750.000 910.000 
335 U750.000 1000.000 
336 13750.000 1090.000 
337 13750.000 11*0.000 
338 13750.000 1200.000 
3?9 13750.000 1250.000 
3*0 13750.000 1300.000 
39 1 19000.000 0 . 0 
3*2 UOOO.OOO 190.000 
3»3 19000.000 900.000 
399 1*000.000 "'O.COO 
3*5 1*000. COO 750.000 
3*6 1*000.000 830.000 
3*7 1*000.000 900.000 
3*8 1*000.000 980.000 
3*9 1*000.000 1050.000 
3*0 1*000.000 1120.000 
351 1*000.000 1170.000 
352 1*000.000 1220.000 
353 1*250.000 0 .0 
35* 1*250.flOu 170.000 
355 1*250.000 350.000 
356 1*250.000 5*0.000 
357 1*250.000 670.000 
35 8 1*250.000 750.000 
359 19250.000 820.000 
360 ia250.O00 900.000 
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M l W2SO.0OO WO.000 
3»J> M2SO.0O0 IO rQ.QOO 
351 1MS0.0O0 1100.000 
36« 1»?50.0«0 11SO.000 
* s wsoo.ooo o.«> 

1«t 1»«0C.OCn ISO.000 
1«7 1|<W.«M0 320.000 
1S9 WSOO.O'O «-»0. OOO 
1*9 1»so«.1«»0 r, io.000 
170 >«'or.i>oo (90 .000 
171 ! •<00.000 7*0 .000 
M2 1«S0O.O0O M O . 000 
J71 M50O.090 W O . 000 
37 » 1«S0O.OO0 M O . 000 
17< 1 aS 00.000 1013.000 
176 i tsoc.nno IOHQ.OOO 
17 7 1*750.440 0 . 0 
370 laTSO.oOO 1*0.400 
3"»9 1»7S«.0«0 270.000 
150 1*750.000 » .0 .000 
151 M I S C . OOO M O . COO 
152 1«7*0.000 610.000 
303 1*7«0.OCO 700.000 
1«k 1B750.030 760.000 
19* 1*7*0.000 M O . 000 
3 t« 1*750.000 910.00" 
107 1*750.000 9*0 .000 
198 19750.000 1010.000 
109 1S0O0.O00 0 . 0 
190 1*000.009 120.000 
*V1 1*000."00 2->u.O0O 
192 1*000.400 190.000 
39» 1SO00.O00 S20.C00 
14C 1SO0O.000 190- 000 
' •»* isooc.ooo **o.ooo 
l « 6 1S0OO.0O0 720.000 
397 ISOOO.000 500.000 
1 9 * ISOOO.000 M O . 000 
399 ISOOO.000 910.000 
900 ISOOO.000 960.000 
• 0 1 1S2S0.000 9.C 
• 0 2 IS250. 000 110.000 
• 0 3 1S250.1O0 230.000 
• 0 ' 1S2SO.OO0 370.000 
•OS 1S2S0.O00 M O . COO 
• 0 6 15250.003 550. OrtO 
• 0 7 IS250.000 610.000 
• 0 0 15250.000 600.000 
• 0 9 152*0.000 750.000 
• 10 15250.000 020.000 
• 1 1 15.50.000 070.000 
• 12 15250.000 920.000 
• 13 I550C.O00 0 . 0 
• i s issor.ono 100.000 
• I n 1 5 5 « . « 0 0 210.000 
416 15500.000 330.000 
• 17 15*00.000 M O . 000 
• 10 15500.000 500.000 
• 19 1* '00 .000 5*0.000 
• : 0 15'. 00.000 6 * 0 . COO 
•»21 1S500.«M> 710.000 
• 22 15500.000 790.000 
•23 15500.OOO 8*0.000 
• 2 * 15500.000 090.000 
•25 15750.000 0 . 0 
• 26 15750.000 100.000 
• 27 15750.000 200. 000 
• 2 0 15750.000 300.000 
• 29 15750.000 900.000 
• 30 15750.000 rTO.OOO 
• 31 I57S0.0OO 5*0.000 
• 3 2 15750.000 610.000 
• 3 ) 15750.000 690.000 
• 3 * 15750.000 75,1.000 
•35 15750.000 BOO.COO 
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• 36 1S7S0.090 *«3.0CtJ 
• 1 7 1*010.000 0 . 0 
» * • iseoo.«*o I O O . O C O 
»3« 1«OOC.O*0 200.000 
• • 0 16000.000 290.000 
• • i wooc.ooo 3*o.ooo 
• • 2 1*000.000 •50 .060 
• • ) HOOO.000 ".10. OOP 
• • • i60or.ooo *9o.eoo 
• • 5 1(000.000 CCO. 000 
• • « 1*000.900 7 ) 0 . 0 0 0 
• • 7 TS00C.9O0 ""10. OO? 
• • e i*ooo.oco oso.ooo 
• • 9 162*0.000 0 . 0 
• * 0 162S0.030 90.COO 
• S I 1C2S0.000 190.000 
• S 2 *C2S«.000 200 .000 
• * 3 162*0.000 9*0 .000 
• * • 162*0.000 M O . 000 
• 5 5 16250.000 * 9 0 . 0 M 
• * 6 1*2*0.OOO SCO. 000 
•S7 1C2SO.O<>0 CIO. 090 
•SO 1*2*0.000 704.000 
• 5 9 162*0.000 -"tO.000 
M O M2S0.0OO 800.000 
• 6 1 16S00.00C 0 . 0 
« *2 1**00.900 90 .000 
• 6 3 165CP.000 190.000 
• 6 « 1**00.000 270. 0?0 
• 6 * 16500.000 ISO. 000 
• 6 6 1**00.000 • 1 0 . 0 0 0 
• 6 7 16500.000 • 8 0 . 0 0 0 
• 6 8 16*00.000 5*0.COO 
• 6« 16500.000 600.000 
• 7? 16*00.000 660.000 
• 7 | 16SG0.Q00 710.000 
• 7 2 16S0O.O0O 760. OOC 
• 7 ] 16600.000 0 . 0 
»7» 16600.000 90 .000 
• 7 5 16600.000 180.000 
• 7 6 16600.000 270 .000 
• 7 7 16600.000 350.000 
• 7 8 16600.000 M O . 00? 
• 7 9 1*600.000 M O . 000 
• 8 0 1*600.000 520.COO 
• 9 1 1(600.090 590.000 
««2 16600.000 650.000 
• 9 3 16600.000 700.000 
• 8 * 16600.000 750. COO 
• 8 5 16700.000 0 . 0 
• 8 6 16700.000 90 .000 
• 87 16700.000 160.000 
• 8 6 16700.010 260.000 
• 8 9 1CG0.0O0 3*0 .000 
• 9 0 W O O .000 * 0 0 . 000 
k«1 16700.000 M O . 0 0 0 
• 9 2 16700.000 510.COO 
• 9 3 16700.000 570.000 
• 9 * 16700.000 6*0 'CO 
• 9 5 16700.000 C.40.000 
• 96 16700.000 7*0 .000 
• 97 1690C.000 0 . 0 
• 9 8 16800.000 90 .000 
• 9 9 16800.000 180.000 
500 16800.000 260.000 
501 16600.000 3*0 .000 
*02 16900.000 *00 .900 
503 16600.000 950 .000 
5 0 * 16800.000 900.000 
505 16900.000 SCO.000 
906 16800.000 620.000 
607 16800.000 6 7 0 . 0 0 " 
508 16800.000 720.000 
509 16900.000 0 . 0 
510 16900.000 90 .000 
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« t 1 i « 4 « * . « - e 1 M . W 
* 5 2 »*"tO*.<>~0 2 * 0 . "OP 
C 1 1 i«*oe. |wtt 1 * 0 . 0 0 0 
««• H M » . W T*O.OOO 
* 1 « H 7 0 Q . 9 9 0 • 5 0 . 0 0 9 
5 1 * 1 6 « M . 0 0 0 soo.ooo 
« 1 7 ! « • • * . « « M I 5 * 0 . COO 
S10 H V O O - I M I < 1 0 . 0 0 0 
5 1 0 IWO.AOC 6 * 0 . 9 0 4 
5 2 0 M « 0 " . » O 0 7 1 0 . W O 
S 2 I I7,1fl«. l»?0 0 . 0 
S 2 2 17COT.OOO • C . 0 0 0 
* 2 * 1 7 0 9 0 . 0 9 0 1 M . 0 0 0 
S 2 » •!70«K».»«»0 2 * 9 . 0 4 0 
<2S 1 > 0 0 9 . 0 9 0 1 * 0 . 0 0 0 
5 2 6 1 7 0 0 0 . » 9 0 3 4 0 . 9 0 4 
* 2 7 1 7 0 0 0 . 0 9 0 * ^ 0 . C O O 
* 2 * I 7 4 C 9 . 0 0 0 • 9 0 . 0 0 9 
* 2 * 1 7 C 0 0 . 0 9 0 « * 0 - CO" 
S ) 0 1 7 0 0 0 . 0 0 0 6 - 1 0 . 0 0 0 
M ! 170 D C . W 6 r 4 . 4 7 0 
S 1 2 1 * 0 0 0 . 0 0 4 - 4 0 . 9 0 * 
* 1 1 I 7 I 0 C . I W 0 0 . 0 
')» t 7 im» . i>«0 • 4 . 0 0 0 
*** 1 7 1 0 0 . 0 0 0 1 I 1 . C M 
« ) 6 17 I O C . 000 2 6 0 . 0 0 0 
* ) 7 171011.000 3 « 0 . 0 0 C 
5 ) 0 171OC.00O 3 4 0 , 0 0 0 
«)• 1 7 1 0 C . 0 0 0 • 5 0 . COO 
Sao 1 * 1 0 0 . 9 0 0 5 0 0 . 0 0 0 
5 * 1 1 7 1 0 0 . 0 0 0 5 S O . 0 0 0 
5 * 2 1 7 1 0 0 . 0 0 0 6 0 0 . 0 0 0 
«•) 1 7 1 0 0 . 0 0 0 6 5 0 . 0 0 0 
5 « * 1 7 1 0 0 . 0 0 0 7 0 0 . 0 0 0 
S«S 1 7 2 5 0 . 0 0 0 0 . 0 
5 * 6 1 7 2 5 0 . 0 0 0 0 0 . 0 0 0 
5 * 7 1 7 2 5 0 . 0 0 0 1 0 0 . 0 0 0 
5 * 0 1 7 2 5 0 . 0 0 0 2 6 0 . 0 0 0 
5 M 1 7 2 5 0 . 0 0 0 3 * 0 . 0 0 0 
5 5 0 1 7 2 5 0 . 0 0 0 3 * 0 . 0 0 0 
55 1 1 7 2 * C . 0 0 O • S O . 0 0 0 
5 5 2 1 7 2 5 0 . 0 0 0 5 0 0 . 0 0 0 
5 5 3 1 7 2 0 0 . 0 0 0 5 * 0 . C O O 
5 5 « 1 7 2 0 0 . 0 0 0 6 0 0 . 0 0 0 
sss 1 7 2 0 0 . 4 * 0 6 5 0 . 0 0 0 
5 5 6 1 7 2 0 0 . 0 0 0 7 9 0 . 0 0 0 
S * 7 1 7 » 0 0 . O « 0 0 . 0 
5 5 0 17*00.COO 9 0 . 0 0 0 
" • 1 7 * 0 0 . 0 0 0 1 0 0 . 0 0 0 
SCO 1 7 * 0 0 . 0 0 0 2 6 0 . 0 0 0 
5 6 1 1 7 * 0 0 . 0 0 0 3 * 0 . 0 0 0 
5 * 2 1 7 * 0 0 . 0 0 0 no. ooo 
5 M 1 7 * 0 0 . 0 0 0 • 5 0 . 0 0 0 
56 • 1 7 * 0 0 . 0 0 0 5 0 0 . 0 0 0 
5 6 5 1 7 3 5 0 . 0 0 0 550 .COO 
5 f 6 1 7 ) 0 0 . 0 0 0 6 0 0 . 0 0 0 
W 7 1 7 ) 0 0 . 0 0 0 6 5 0 . 0 0 0 
5 6 « 1 7 ) 0 0 . 0 0 0 7 0 0 . 0 0 0 
c « 9 1 7 * 0 0 . 0 0 0 0 . 0 
5 7 0 1 7 6 0 0 . 0 0 0 • 0 . 0 0 0 
* 7 i 1 7 6 0 0 . 0 9 0 1 0 4 . 9 0 0 
5 » 2 1 7 5 0 0 . 0 0 0 2 6 0 . 0 0 0 
5 7 3 1 7 6 0 0 . 0 0 0 3 * 0 , 0 0 0 
5 7 * 1 7 6 0 0 . 0 0 0 W O . OOP 
« 7 5 1 7 6 0 0 . 0 0 0 • 5 0 . 0 0 0 
576 1 * 5 5 0 . 4 0 0 5 9 0 . 0 0 0 
« 7 7 1 7 5 0 0 . 0 0 0 5 5 0 . 0 0 0 
« 7 » 1 7 * 5 0 . 4 4 0 6 0 0 . 0 0 0 
« 7 9 1 7 * 0 0 . 0 0 0 6 5 0 . 0 0 0 
9 0 0 1 7 * 0 0 . 0 0 0 7 0 0 . 0 0 0 
s « 1 1 7 S 0 0 . 0 O 0 0 . 0 
5 0 2 1 7 0 0 0 . 0 0 0 • 0 . 0 0 0 
5 0 3 1 7 » 0 0 . 0 * 0 1 0 0 . 0 0 0 
SO* 1 7 0 0 0 . 0 0 0 2 6 0 . 0 0 0 
5 0 5 1 7 0 0 0 . 0 0 0 3 * 0 . 0 0 0 



so 

*•* t T S S S . M * 393.wSS 
so 7 I7§C0. • • 0 •50 .000 
«»• 17«*0. 0 4 0 W W 
S " « 1000*. • 0 0 9 . 0 
<«• • I M N . • * © • 0 . 0 9 0 
5 0 1 ioooo.o«o 100.400 
« * 2 1*000. «04 2*0 .300 
C « 1 toooo . 0 4 0 7*0.090 
*•• I M W .»/*» 7*0. 30* 
S«S i«7«P 0*M »S0.000 

1 1 l i 1 * 2 1 11 12 
i ; i 1*5 1 " i s * t a t i 
1 7 * 1 * 1 1 * 1 ! < • 1«2 1 
i«r 1ST 1«« 1 H I S * 1 7 5 
I 7 « 107 2 0 0 214 10* 1 11 31 
St* 5 « « s a t «•? 57» i 
5 2 2 S7« « 0 7 - • 0 570 1 
5 2 » «•! s a * 500 502 1 
« ? 0 * 0 « «•» S«s 5 f7 1 

1 0 
« 7 * 0 

7 t 0 0 20 20 
2«» 1 . 
5 0 0 «2 3 . 
2 1 1 2 W 2 * 0 0 
5 1 5 5 * 0 M O 11 
« 1 S 5 7 0 * 0 0 0 
5 7 a 0 . 3 
S7« SO . 0 
5 7 7 100 .e 
* 7 « IS© . 0 
S » » 1*0 .e 
« » 7 2 0 1 . 0 
S05 70C . 0 
1«2 I t * 3 -a.e-« -*.•-« 
1«« 2 0 * 1 - * . l - « -o.e-« 
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STOB 0 
STOB 5 
STOB 10 
STOB 15 
STOB 20 
STOB 25 
STOB 30 
STOB 35 
STOB •0 
STOB •5 

SOBPOO?T»» STOP? (BPW0B.HAXBP,BAXEL,H,fl7,TX,VZ,Tfl,TIBE, TITLE) 
c 
C FOBCTTO* OF S9BPOBTTRE—TO STOSE PEBTIREBT QOIBTITIES OB AOXILIART 
C DEVICE FOR FUTURE BSS BT EITHER FLOTTIBG OS B AT *BIAL-TRANSPORT 
C CODES. BEAT DEVICE IS TO BE 0SE9 BBST BE SPECIFIED IT APPBOPBIATE 
C JOB-COBTFOL CARDS. 
C 
C 

IMPLICIT REALM (A-B,0-Z) 
CDftflOR/CEOH/X(595) ,Z (595) ,BB(S95) ,DCOSXB(528) .DCOSZB (528) , 

> DLB<528| ,DELT #CBB6,DBUAX.TaAX,SBFE,CSrE,aB(595),BPST{595) , 
> B B E ( 5 ? 8 ) , I S ( 5 2 8 , 5 ) , I S B ( 5 ? S , « ) ,RBP *EL,BRAT,IBABD,BBC,RST,BTI, 
> RBEL„RSTB,BST9T 

COBBOB/BPSP/Dr?»I.X(595).HCOH(595),rLX(595) ,DCOSI(528) #1COSZ(528) , 
> DL (528) ,T9? ( 2 , 2 0 ) , P F ( 2 , 2 0 ) ,RFALL(2) ,IRFTTP(595) ,RPPS(595) , 
> BPCOB(*9 e ) # PPFLX(595).BRSE(528) , I S ( 5 2 8 , » ) ,BRFPR,BRFPAR,BBSEL,BRSB 

DT'EBSIOP B(BAXBF),BT(BAXBP) ,VX(HAIEL,«) ,VZ(BAIEL,«) ,TITLE(9) , S'»JB 90 
> TB(BAXEX,«) SVuB 95 

DATA BPPSOB/-1/ STOB 100 
IP (BS?**.CT.0) GO TO 10 STOB 105 
IF (BPP*OB.?Q.(-111 BEBIBD 1 STOB 110 
IF (BPPPOB.EC.BPBOB) CO TO 10 STOB 115 
• B I T t ( l ) (TITLE ( I ) , 1 * 1 , 9 ) ,BPBOB,BBP,BEL,RTT,HAXHP STOB 120 
BBTTF(I) ( I ( * F ) ,»P*1 ,BBP) , ( I (HP) ,»P=1,RHP) ,(<IE(B,IQ),B=1,REL),IQ=STOR 125 

> 1,») STOB 130 
RPPROB'BPROB STOB 135 

C STOB 1«0 
C ••••••••••COBBBCTIOB TO OBHL-M27********** 
C 
Z DOE TO CHANGES IB TB* RATEBIAL-TBABSPOBT CODE, DABCT VELOCITIES RAT 
C BE OS ED DIBECTLT, ABD IT IS OBBECESSAST TO COHPOTE POBE QOABTITIES 
C 

10 BBITE(I) TIBE, ( f l (BP) ,BP*1 ,BBP) , (BT(BP) ,BPs1 ,RBP)»( (TB(N,IQ) , f l*1 , STOB 185 
c •*•**••*«***•*•••*•••••*•••«•*•••*•••***••• 

> B E L ) , I 0 j * 1 , « ) , ( ( V X ( B , I < » , a * 1 , B E L ) , I Q * 1 , « ) , ( (VZ(f l , IQ),R«1,BEL), IO*STOB 190 
> 1,«J,(BPCOB(BP),BP»1,BAXBP),(BPFLI(BP) ,BP*1,HAXBP) STOB 195 
RETOBR STOB 200 
EBD STOB 205 
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T l r L " ' . . . a n S l l » , • » ? * • r»T* 
» ' I ~ I I 

1 r . C * # . y 

/ C-C 3.*CCCD OJ 
« r..- ". icoeo o% 
<• ^. * 3.1S3GO 0 . 
* «^f» J.2CCW 0 * 
* 1 . 1 7.2 2C0D 0 * 
7 ;. * 0 . 2 * 3 0 0 o* 
* ^ y 3.743C0 « • 
•t :.o 3 . 2 7 * « r ©» 

t . * .r 3 . 2 5 0 0 0 0 * 
1 1 r^f •3 .2«*00 C-» 
' i J . C 3 . 15CCP Oa 
1 1 : . ' » ; : 0 1 3 . 3 
1 . c.*-30r c^ 0.SC305 C) 
IS CJ-icr i » a . i c e * c« 
14 3.M36C- n 9 . l « 0 C 3 Oa 
17 ' .*«<>0D 3 1 ; .2cca> c* 
:- c . * 3 * 5 : " 1 3.229C9 0 * 
t* C. t ?*»0- v 0 ? C. 2 *000 0 * 
^ %* r.««3cr «• 1 3 . 2 * 9 0 9 Cfc 
. i •?-c03<». C I 3 . 2 7 * » C« 
2 * c.«*oor « ? 3.29CCC Ca 
2 ' «-.*JO*L •»? 3 . 2 * * 0 » fc* 
2 * 3.«-730C 0 1 0 .1000C 0 * 
i ' 0 . K 0 0 9 c» 3 . 0 
; • • c.w.ot 0 * 0 .«C900 S I 
* 7 o.uofr 0 * C . 1 C C 0 9 i 
i f <?. i 3»or 0 * 3.1*C0!> 0 * 
2-> c. tooar- ; * G . 2 C C » Oa 
z ^ c.»30cc 3 * " . 2 2 0 0 0 0 * 
t l c . iovr ft* 0 . 2 * 0 0 0 0 * 
i ? r . w-3 CP 0 3 3 . 2 * 0 0 9 0 * 
H 3 . 1C JO* 0 3 3.275CP 0 * 
"<•> c. moE • 7 * 0 . 2 * 0 0 0 Oa 
1* . r.ioocr "• 0.2S50P 0 * 
tt> i.noo© Os 0 . 3 0 0 0 0 6* 
»7 C . I ^ M t 0 * 0 . 0 
** 0 . l«COD ** 3.SC0C0 0 1 
1 * c. i^onr- n « « . ; c c * o« 
• 0 0 . ISO©3 0 * 0 . 1 * 0 0 0 0« 
» l c. î oo*1 0 * 3.2CCCB 0 * 
* : s. i 'ocr 9 a P . 2 2 0 0 0 0 * 
»» C. 1*303 0 * 0 . 2 * 0 0 0 0 * 
«>• 0 . 15390 Oa 0 . 2 * 0 0 0 0« 
«s 0 . 1 * 3 0 ft* 9 . 2 7 * 0 0 0 * 
-•) « . 1*090 0 * 0 . 2 * 0 0 0 0 * 
4 7 0.1V10D 9 * C . 2 * * 0 0 0 * 
»S o.isooo 0% 0 . 3 0 0 0 0 Oa 
• • * 0 . 2 9 9 0 0 0 * 9 . 0 
SO 0 . 2 9 0 0 0 0 * 9 . 5 0 0 0 0 0 ) 
*.! 0 . 2 0 3 0 ? 0 * 0 . 1 0 0 0 0 0 * 
S2 C.29900 0 « 9 . 1 * 0 0 0 0 * 
*•» f . 20000 0 * O.2CC0O 0 * 
S*. C . W 0 0 3 0 * 0 . 2 2 0 0 0 0 * 
>S r.2030J> o* 0 . 2 * 0 0 0 0 * 
se 0 . 2 0 9 0 0 { I * 3 . 2 * 0 0 0 0 * 
•>7 3.2*»30!» 0 « 0 . 2 7 * 0 0 * 
5 * C.200CC 0 * 0 . 2 * 4 0 0 0« 
«,• 0.20OOF 0 * 0 . 2 9 * 0 0 0 * 
AO 0 . 2 0 0 0 0 0 * 0.1C00B 0 * 
M «.2««voi» 0 * 0 . 0 
6 / C.2S900 0 * 0.5.00C0 0 1 
* 1 e.2*.ooe 0 « 0 . tOCOO 0 * 
6 * 0.2S0O0 0 * 0 . 1 * 0 0 0 0 * 
<»* 0.2S0OO 9 * 0.20CCO 0 * 
» 6 0 .2V>00 0 * 0 . 2 2 0 0 0 « • 
«-7 0 . 2 * 0 0 0 0 * 0 . 2 * 0 0 0 0 * 



its Hiiiiiisi. mmmi unman nuuiun mmnm mn 
tts tttttftttfs ttttvtsttfs fttmsttts stfttmt?s s?tt«x?ms t i n t 



I i 7 - ? . r * 9 0 C 0 * 3 . 2 9 9 9 9 © • 
t j s - e v e r ~ i » . 2 2 o M # • 
I I * O . * : c . 0 9 9 j * C . 2 « 0 9 * 0 » 
I . C e.«s99i» 3 * 9 . 2 « 9 « 0 » 
1 * 1 ;.s^««r 9 * O . 2 7 S 0 T » • 
»-* * . s * 9 C > s* 9 . 2 9 C 9 9 9 * 
U i a.s*jcc 0 « 9 . 2 9 S C 9 * » 
1 4 4 a.'s^o? «« 9 . 1 3 9 9 0 0 * 
l i S C . * 3 9 9 ? •»* 0 . 0 
!«.* 9 . O 9 0 B f»* 0 . 5 3 3 9 C « ] 
1»7 : . < « 9 « 3 9 * c.iccsn •» 
l « * O 9 9 0 S 0 « ft.1*100 C * 
1 - . * C . 4 - M 0 9 9 * 1 . 2 C 9 W 0 * 
! S « 0 . * 1 9 3 C 9 * 0 . 2 2 9 0 * 9 * 
l i t t . * 9 9 0 9 0 4 C . 2 W t > 0 * 
I S 2 C . f 9 9 9 9 0 * 9 . 2 * 3 0 0 0 * 
I M : . * » 5 C ? •»• a-ir^c* 0» 
I S * . c * »99r 9 * 9 . 2 9 9 0 0 — 
I S * C . * 3 9 9 9 9 * 3 . 2 9 * 0 9 c * 
I S * "s.foe-?; P « 3 . 1 C 9 C 9 « • 
I S * c.**.co» 9 * 3 . 0 
I S * a.*'««oo 9 * 9 . * 0 9 O O 9 1 
I S * a > * - 0 9 9 9 * 0 . 1 CCC0 0 * 
l » C 9 . 6 * < 9 9 9 0 * o.;*coc r» 
1 S I c.*«-99r 9 » 9 . 2 C 4 9 * t * 
1 *? c.tsooc 9 * 0 . 2 2 0 9 0 C * 
»S» t . * ' M » 9 * C . 2 4 C 0 P 0 * 
! • • 0 . *««O«B 9 * 9 . 2 * 9 0 6 0 * 
U S 0 . 7 « 9 9 ! » ^ r » 0 . 0 
• * • C . 7 M 0 5 0 4 O . S 0 O O 0 0 ) 
L 7 c.7»oor 0 * C . 1 C 0 C B 0 * 
I S * © . " , 9 0 9 » 9 * 9 . 1 * C 0 9 9 » 
1 » * C . 7 9 9 0 * 0 « 0 . 2 C C 9 P 0 « 
l"?C C.^OCOO 1 4 0 . 2 2 9 C C 0 * 
1 7 1 ? . 7 0 9 9 D 9 * C . 2 4 C C B 0 * 
172 0 . 7 5 9 9 C «•• 3 . 2 * 0 4 0 » • 
17 J C. 7*.O09 0 « 7 . 9 
| 7 » C . 7 S 0 9 9 Cfc 9 . S 0 9 0 9 0 3 
1 7 * 3 . 7 S 9 3 D 9 * O . t C C O D « • 
I 7 e S . ^ A O t •»» 9 . 1 * 9 0 0 0 * 
1 7 7 C 7 S C 9 * 9 » 0 . 2 C C O F 9 * 
1 7 * o.-^ooo 9 * 9 . 2 2 3 0 9 9 « 
l ? » 0 . 7 * 1 0 9 9 « C . 2 i T C r » 0 » 
' S O 1 . 7 * 9 0 0 0 4 0 . 2 C 9 0 0 9 « 
I I I c.eooor 0 * 9 . 0 
1 * 2 0 . « 9 0 0 6 9 * 3 . S 9 0 0 0 0 ) 
H I 9 . 9 * 0 0 0 9 » o.ieoer o» 
l e % C . M 3 9 D 0 * 0 . 1 ^ 9 0 0 0 * 
U S 3 . 9 9 3 0 S 0 * C . 2 0 3 9 B 9 » 
! •* 0 . 8 0 3 0 9 © • e.?2«oe o* 
H 7 0 . 9 0 9 9 0 0 * 9 . 2 ? « : f » 0 * 
» M o.mraoc 0 * e.?«o««. * • 
1 1 1 C.O*-O0r 0 * 0 . 3 
1 9 0 0 . M 9 9 " 3 * 0 . < 0 0 9 B 0 3 
1 4 1 o.es-jo© 9 « C.1CCCD 9 * 
1»? C.«COOD 0 * 0 . 1 * 0 0 0 * • 
I ' » i C . « « 9 0 9 0 4 0 . 2 C C 9 D * » 
I T * 9 . f t * - 9 0 D " 4 9 . 2 2 9 9 0 0 * 
1 * * . c.vtow 9 * 3 . 2 * 3 0 9 * 
l « * 9 . * * 9 0 B 0 * 0 . 2 0 0 C D 0 * 
1 4 7 C . 9 0 0 9 F 9 * 0 . 3 
l < * 6 . * 9 0 S D 9 * 9 . 5 9 9 0 0 9 3 
1 9 9 0 . 9 6 9 9 0 9 * 9 . 1 C C 9 9 9 9 
2 0 0 O . * 9 0 0 0 • • O . I * C O D 9 * 
2 4 1 c.oooor 9 9 0 . 2 0 0 9 D 9 9 
2 0 2 0 . 9 9 9 0 D 9 « 9 . 2 2 9 9 9 9 9 
M l C . 9 9 9 0 0 0 * 9 . 2 9 3 0 9 9 9 
2 3 * C .4OO0O 0 * 9 . 2 C 0 C 9 9 9 
2 0 * C . 9 9 9 9 9 9 « 9 . 2 7 S 0 9 9 * 



2 i * c.*oco» * • 0 . 2 * 0 0 9 0* 
2 i ? c.*j«ae »• •J.2«s«B •% 
£3* <_*>30» c« 3 .3C30* 'IS 
2 J * c . ^ « t 9« - . 0 
2 K c.*s<?or 3* :.scaoo «•-
2 1 1 C.»S«J 9S o. loxse 0 * 
212 c.ssooc 3 * s.iseop e* 
2 D c.ssooo 0 * 3.2COO0 o« 
2 1 * c.*s*oo <H 0.22CC9 0 * 
215 O.SSOOP OS 0 . 2 * 0 0 0 o« 
2 1 * c.«"ao3 OS e.2*oo» OS 
217 *.*S<J«8 9S 0 . 2 7 5 0 * 0« 
2 1 * c.*5oor 9« S .2 *909 0« 
2 1 * * . *509E- OS o.2*sq» o« 
22 b C . * 5 * 0 » 0 * 0.3COOB Ok 
221 o. moor <J< 0 . 0 
222 c. toooo 0< O.SPCOP 03 
2 2 J « toooc 15 o.**ooo 0 3 
22« C.1C90B OS 3 . 1 e « * » 0 * 
22 S 0 . ' 3 0 0 0 05 0 . 1 * * 0 B Os 
22* C. MOOT 0 * 3.2100P Os 
22 y C. WOOE 05 0 . 2300D 0 * 
22 • C . ' 0 0 9 0 05 C.2C*0B> o« 
2 2 * 0 . 10000 OS 0 . 2 7 9 0 V 04 
230 C. 10000 0« o.2e*o» 0 * 
231 Q.1000D 05 0.29S0O OS 
232 c . IO*«P OS 0 . 2 9 * C » 0« 
23 3 0 . 1 0 5 0 0 05 0 . 0 
2 3 * C. I050D 05 0.s*OCD 03 
23 5 c.iosoe 05 3 . * € 3 0 D 03 
23« c. w o * OS 0 . 1 MOD 0« 
237 0 . 1059D 05 0 . < * 2 0 0 0« 
23 • 0 . 10509 05 0 .21300 0« 
2 3 * 0 . 1 0 5 0 9 05 0 . 2 3 2 0 9 0 * 
2 * 0 c.iosor OS 0 . 2 5 2 0 » OS 
2 s l 0 .1050C OS 0 . 2 7 0 0 0 0 * 
2 * 2 C. 10500 OS 0 . 2 0 5 00 OS 
i s 3 0 . 10*03 OS 0 . 2 * 0 0 0 0 * 
2 * » t . K , 5 0 t 05 0 . 2 * 5 0 0 OS 
2 * 5 0 . 1 1 9 0 0 35 0 . 0 
2S« ?•. 11000 OS o.«s.oo» 03 
2 * 7 0 . 11000 05 0 .9100P 03 
2sa C.11009 OS O.I?«OP 0 * 
2 « * 0 . H 3 9 0 95 0 . 1 0 1 0 0 0 * 
250 C.MOOO 05 0.2C20D 0« 
251 0 . 1*000 05 0 . 2 2 0 0 0 OS 
25 2 C . I 1 0 t ? 05 0 . 2 3 * 0 0 0 * 
253 C. 11000 6 * 0 . 2 5 7 0 B Os 
2 5 * C . I 1000 OS 0 .27500 OS 
i 5 5 0 . 11000 05 0.2COOO 0 * 
25< c. nooo 05 0 . 2 ( 5 0 0 0 * 
257 0 . 1 1 5 0 0 05 0 . 0 
25 « 0 . 1 1 5 0 * OS o.sceeo 03 
2 5 * 0 . H 5 0 F 05 0 . 0 5 0 0 0 03 
250 0 . 1 1 5 0 0 OS 0 . 1 2 * 0 0 0 * 
2 * 1 0 . 1 1 5 0 0 05 0 . 1 MOO Os 
2 * 2 0 .1150B 05 0 . 1 HOO 0« 
» ) 0 . 1 1 5 0 0 05 0 . 2 0 * 0 0 Os 
2 * » 0 . 1 1 5 0 0 OS 0 .2250V OS 
2 * 5 0 . 1 1 5 0 0 05 0.2SS0O OS 
2 * « 0 .1150D 05 0 . 2 5 * 6 * 0 * 
2 * 7 0 . 1 1 5 0 0 05 0 . 2 * * 0 0 0 * 
24$ C. U 5 0 D 05 0 . 2 t * 0 » OS 
2 4 * 0 . 1 2 0 0 0 05 0 . 0 
2 7 0 0 . I 2 0 0 D OS 0 . 3 ( 0 0 0 03 
271 0 . 1 2 0 0 0 05 0.75COO 03 
272 f . 1 2 0 0 0 OS 0 . 1100O OS 
273 0 . 12000 OS 0 . 1 5 0 0 0 0« 
27S 0 . 1 2 0 0 0 0? 0 . 1 7 C 0 * 00 



;-»s : . « ? c ? * < • 9 . • 0 * 0 0 * • 
n* i . 1 2 7 0 5 OS 3 - 2 C 2 4 S * * 
t i t r . i 2 9 % OS C 2 2 M P 0 * 
27« ••'.uco:' r!< 0 . 2 3 - » C O 0*> 
zTt C . I 2 - 5 W • * 4 . 2 * 2 0 0 0 * 
i * * C . I 2 O 0 P OS 0 . 2 « 7 C 9 0 * 
2 * 1 C . « S f l f «< C O 
l * i •>. ' 2 S 0 ? o« 0 . 1 0 4 9 9 0 ) 
i+1 c . i i S O * e* • J - « r e O B 0 1 
2» + C. 1 ? c 0 t OS e.**oco o) 
2 * S 0 . 1 2 * 0 * r^ 0 . 1 H O P 0 * 
;** ? . 1 7 ^ 0 0 >s 0 . 1 * 9 0 C 0 « 
z*y C . 1 2 S 9 ? o* C . l t « B 0 * 
2-f S . I 2 S 0 S 3 S 0 . 1 7 * 0 0 0 * 
i - » * C . 12S0P OS 0 - 1 C 3 C B 0 * 
<»<. C . t 2 S C D OS 0 . 2 0 0 C G 0 * 
2 ^ 1 C . i 2 * 0 » 0 * 0 . 7 0 « 0 t 0 * 
2 * 2 0 . I 2SOB OS 8 . 2 I C O O 0 * 
2 * » C. 1*»0I> 0 * o.e 
i « * C . l l O O t O S 1 . 2 7 0 0 0 0 1 
29 S C U M ? 0 * 0 . S 7 O 0 B C I 
2 * * C . I K 0 0 O S O . O S 0 3 0 0 1 
2 * 7 o.uooc 0 * 0 . 1 1 * 0 0 0 * 
2 * « o.uoor OS 0 . 1 2 1 0 0 0 * 
2 9 •» C . I I 9 0 9 rf' 0 . 1 3 0 0 D 0 * 
iOi, 6. H O O D «* 0 . 1 * 0 0 0 0 « 
K 1 0 . 1 1 9 0 0 OS 0 . 1 * 1 0 0 OS 
1 0 2 0 . 1 3 9 0 D •»s 0 . 1 C 2 C D 0 « 
10 1 C . 1 1 0 0 C OS 0 . 1 f 7 e » 0 » 
116 0 . I 1 0 C G O S 0 . 1 7 2 0 0 0 * 
1>S 0 - 1 1 2 S 0 0 * 9 . 0 
» C * C . I 1 2 S D OS ? - 2 c 0 C 0 0 3 
1 0 7 C . I 1 2 ' D OS G.S2CQD 0 3 
m 0 . I 1 2 S D OS 0 . 7 7 3 0 0 0 1 
»a9 0 . 1 ' » 2 C 0 cs O . t C l G D 0 * 
J l O o.ii'sr 0 * 0 . 1 I 2 C C 0 * 
i n 9 . 1 1 2 * 3 n « 0 . 1 2 0 0 D 0 « 
112 O . I 1 2 5 D OS 0 . 1 1 3 0 0 0 « 
H i 0 . 1 1 2 * 0 OS 0 . 1 1 7 C 9 0» 
J l . c . m s c os O . I » S C » 0 * 
I I S 0 . I 1 2 S 0 0 * 0 . 1 C C 0 D 0 « 
J I 6 0 . I 1 2 S 0 OS 3 . 1 ' S O D 0 * 
1 1 7 0 . O S OP OS 0 . 0 
1 1 9 0 . 1 1 5 0 9 OS 0 . 2 2 0 0 0 0 1 
1 1 9 0 . I 1 S O D o* 0 . * F Q C D 0 3 
1 2 0 0 . 1 1 * 0 0 OS 0.~>C0O0 0 3 
1 2 1 0 . 11*OC OS 0 . 9 2 0 0 D 0 3 
J22 0 . U S O ? OS 0 . 1 0 1 0 0 0 * 
1 2 ) C . l l ' O O 0 * 0 . 1 1 C C P 0 * 
1 2 « O . t l S O O OS 0 . 1 1 0 0 0 0 * 
1 2 s 0 . 11SOD c« " . 1 2 S 0 D C * 
1 2 * 0 . I 3 S 0 D OS 0 . 1 1 0 0 0 0 « 
127 C . l i S O C OS 0 . 1 » C C P 0 * 
12 » 0 . 1 1 S 0 D OS 0 . 1 * 0 0 0 0 * 
129 o. ins© OS 0 . 0 
1 1 0 0 . H 7 S 0 OS 0 . 2 0 0 0 0 0 3 
1 1 1 0 . U 7 S P OS 3 . » * 0 f l D 0 3 
112 o. m s o OS O . t S O C O 0 3 
1 1 ) 0 . 1 1 7 S D 0 * O .OICOD 0 3 
} ) • 0 . I 1 7 S O OS 0 . 9 1000 0 3 
U S 0 . I 1 7 S O OS O . 1 O 0 0 D 0 * 
l i b 9 . 1 1 7 S D OS 0 . 1 M O D 0 « 
1 1 1 0 . 1 1 7 S D OS O . I M C D 0 * 
1 ) 1 0 . 117SI» OS 0 . 1 2 G O O 0 « 
3 1 9 C . 1 1 7 S P . OS 0 . I 2 S 0 P 0 * 
1 * 0 0 . 1 1 7 « 0 OS 0 . 1 1 0 0 0 0 9 
I I I 0 . W 0 0 O OS 0 . 0 
3 » 2 0 . t » O 0 D OS 0 . 1 9 0 0 0 0 3 
3 « 1 C . 1 * 0 0 0 os 0 . 9 0 C O D 0 3 
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3«» 0 . 1 * 0 0 0 
1»5 0.1«00!> 
3«6 o.i*aoo 
3*7 0 .1«00D 
3*8 0.1»30!> 
3»9 3 . 1*000 
350 0.1»00D 
351 0 . 1*000 
352 0 . 1 * 0 0 0 
353 0 . 1 * 2 5 0 
35» 0 . 1 * 2 5 0 
355 0 .1«25D 
356 0 . 1 * 2 e L 
357 0 .1«25D 
358 0 . 1 * 2 5 0 
359 0 . 1 * 2 5 0 
J 6 0 0 . 1*250 
361 0 . 1 * 2 5 9 
362 0 . 1*250 
363 0 . 1 * 2 5 0 
36* 0 . I * 2 5 D 
365 0 . 1 * 5 0 0 
366 0 . 1 * 5 0 0 
367 0 . t * 5 0 D 
368 0 .1 *50D 
369 0 . 1 * 5 0 0 
370 0 . 1»50t 
371 0. 1*500 
372 0 . 1 * 5 0 0 
373 0 . 1*500 
37 • 0 . 1 * 5 0 0 
375 0 . 1*500 
376 0 . 1 * 5 0 0 
; * 7 0 . 1 * 7 5 0 
37 « 0 . 1 * 7 5 0 
379 0 . 1*750 
380 0 . 1 * 7 5 0 
381 0 . 1 * 7 5 0 
382 0 . 1 * 7 5 0 
383 0 . 1 * 7 5 0 
3 8 * 0 . 1 * 7 5 0 
385 0 . 1*750 
386 0 . 1 * 7 5 0 
387 0 . 1 * 7 5 0 
388 0 . 1*750 
389 0 .1500P 
390 0 .15000 
391 C.15000 
392 0 .15000 
393 0 . 15000 
390 0 .15000 
395 0 .1500D 
396 0 . 1500P 
397 0 . 1 5 0 0 0 
398 0 .15000 
399 0.1500D 
000 0 . 15000 
401 0 . 1 5 2 5 0 
• 0 2 0 .15250 
• 0 3 0 . 1 5 2 5 0 
• 0 * 0 . 15250 
«05 0 . 1 5 2 5 0 
• 0 6 0 .15250 
• 0 7 0 . 1 5 2 5 0 
• 0 8 0 . 1 5 2 5 0 
•«09 0 . 1 5 2 5 0 
.10 0 .1525D 

• 11 0 . 1 5 2 5 0 
• 12 0 .15250 

OS 0.5-9000 03 
05 0 . 7 5 0 0 0 03 
05 0.B300D 03 
05 0 . 9 0 0 0 0 03 
05 0 .98000 03 
05 0 . 1 0 5 0 0 0 * 
35 0 . 1 1 2 0 0 0 * 
05 0 .1170D C 
05 0 . 1 2 2 0 0 0 * 
05 0 . 0 
05 0 . 1700D 03 
05 0 . 3 5 0 0 0 03 
05 0 . 5 * 0 0 0 03 
05 0 . 6 7 0 0 0 03 
05 0 .75000 03 
05 0 . 0 2 0 0 0 03 
05 0.9CC0O 03 
05 0 . 9 6 0 0 0 03 
05 0 .1050D 0* 
05 0 . 1 1 0 0 0 0 * 
05 0 . 1 1 5 0 0 0* 
05 0 . 0 
05 0 .1500D 03 
05 0 . 3 2 0 0 0 03 
05 0 .*7C0D 03 
05 0 . 6 1 0 0 0 03 
05 0 . 6 9000 03 
05 0 .7600D 03 
05 0.8100T 03 
0« 0 .9000D 03 
05 0.9BOOD 03 
05 0 . 1 0 3 0 0 0 * 
05 0.1C80D 0 * 
05 0 . 0 
05 0 . 1 * 0 0 0 03 
05 0 .2700D 03 
05 0 . *300D 03 
05 0 . 5 6 0 0 0 03 
05 0.6335S 03 
05 0 . 7 0 0 0 0 03 
05 0 .76000 03 
05 0.8MC0D 03 
05 O.JlOOb 03 
05 0 . 9 6 0 0 0 03 
05 0 .10100 0 * 
05 0 . 0 
05 0 .12000 03 
OS 0 . 2 5 0 0 0 03 
05 0.3900D 03 
05 0 . 5 7 0 0 0 03 
0«! 0 .5900D 03 
05 0 . 6 5 0 0 0 03 
05 0 .72000 03 
05 0 .8000D 03 
05 0.860CD 03 
05 0 .9100D 03 
05 0 .96000 03 
05 0 . 0 
05 0 .11000 03 
05 0 .2300D 03 
05 0 .37000 03 
05 0 . * 8 0 0 D 03 
05 0 . 5 5 0 0 0 03 
05 0 . 6 1 0 0 0 03 
05 0.6800O 03 
05 0 . 7 5 0 0 0 03 
05 0 .82000 03 
05 0 . 8 7 0 0 0 03 
05 0 .92000 03 



• 1 3 0 . 
»!• 0 . 
415 0 . 
• 16 0 . 
• 17 0 . 
• 16 0 . 
• 19 0 . 
• 2 0 0 . 
• 2 1 0 . 
• 2 2 0 . 
• 2 3 0 . 
42« 0 . 
42 5 0 . 
• 2 6 0 . 
• 2 7 0 . 
• 2 8 0 . 
• 2 9 0 . 
• 30 0 . 
• 3 1 0 . 
• 32 0 . 
• 3 3 0 . 
• 3 « 0 . 
435 0 . 
• 3 6 0 . 
• 3 7 0 . 
• 3 8 0 . 
• 3 9 0 . 
• • 0 0 . 
• • 1 0 . 
• • 2 c. 
• « 3 0 . 
••• 0 . 
• * S p. 
W i c. 
•«.7 0 . 
M S 0 . 
fc»9 0 . 
• 5 0 0 . 
• 51 0 . 
• 5 2 0 . 
• 5 2 0 . 
• 5 « 0 . 
• 5 5 0 . 
• 5 6 0 . 
• 5 7 0 . 
458 0 . 
• 5 9 0 . 
• 6 0 0 . 
• 6 1 0 . 
• 6 2 0 . 
• 6 3 0 . 
« 6 * 0 . 
• 6 5 0 . 
• 6 6 0 . 
• 6 7 0 . 
468 0 . 
• 6 9 0 . 
• 7 0 0 . 
• 7 1 0 . 
• 7 2 0 . 
• 7 3 0 . 
• 7 * 0 . 
• 7 5 0 . 
• 7 6 0 . 
• 7 7 0 . 
• 7 8 0 . 
• 7 9 0 . 
• 8 0 0 . 
• 8 1 0 . 

15500 05 
15500 05 
»550D 05 
15«0» 05 
1550D 05 
15509 05 
15500 05 
15500 05 
15500 05 
15500 05 
15500 05 
15500 05 
1575D 05 
15750 05 
15750 05 
15750 05 
1575D 05 
15750 05 
15750 05 
15750 05 
15750 05 
15 750 05 
1575D 05 
15750 05 
16001 05 
15000 05 
'(6000 05 
16000 05 
16000 05 
I600D 05 
16000 05 
WOOD 05 
1600D 95 
1600K 05 
16000 05 
«600D 0 C 

16250 05 
1625P 05 
16250 05 
1625D 05 
16250 05 
1625D 05 
16250 05 
1625B 05 
16250 05 
16250 05 
1625D 05 
16250 05 
I650D C5 
16500 05 
16S0D 05 
16500 05 
16S0D 05 
1650D 05 
16500 05 
1*500 05 
16500 05 
16500 05 
16500 05 
1650D 05 
16600 05 
1(600 05 
16600 05 
16600 05 
16600 05 
16600 95 
16600 05 
16600 05 
16600 P5 

0.10000 03 
0.21000 03 
0.33C0O 03 
O.**000 03 
0.50009 03 
C.56000 03 
0.6«C«D 03 
0.71000 03 
0.79009 03 
0.0*000 03 
0.8900O 03 
0.0 
0 . 1 0 0 0 * 03 
0 . 2 0 0 4 0 0 3 
0.3COOB 03 
O.*0000 03 
0 .47080 03 
0 .5*000 0 3 
0 .6*000 03 
0 .09000 03 
0 .75000 03 
0 . 8 0 0 0 0 0 3 
0 .05000 03 
0 . 0 
0 .10000 03 
0 .20000 03 
0 .29000 03 
0 .39000 03 
0.8510S 03 
0 . 5 1 0 0 0 03 
0 .59000 03 
0 .6 6000 03 
0.730OB 03 
0 .78000 03 
0 .8 300D 03 
0 . 0 
0 .90000 02 
0 .19000 03 
0 .28000 03 
0 .36000 03 
0.**00B 03 
O.*9000 03 
0 .56000 03 
0 .61000 03 
0 .70000 03 
0 .75000 03 
0 .80000 03 
0 .0 
0 .90000 02 
0 .18000 03 
0.27C0O 03 
0 .35000 03 
0.4100D 0? 
0 .68000 03 
0.5*COD 03 
0 .60000 03 
0.6600ft 03 
0 .71000 03 
0.760CD 03 
0 . 0 
0.9C00D 02 
0.1800!) 03 
0 .27000 03 
0 .35000 03 
0 .80000 03 
0 .«6000 03 
0 .52000 03 
0 .59000 03 
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IIHT I I I U « . . O l i m 9*Tt 
a n - i »»icts or n a m oooxs 

i a m 1 2 3 • 
i 1 13 i t 2 
2 2 I t i « 3 
3 3 1« i t t 
fc • 16 17 5 
5 % 17 10 6 
6 6 10 19 7 
7 7 19 2C 0 
• 0 20 2 1 9 
9 9 21 22 19 

10 10 22 23 11 
11 11 23 2 t 12 
12 13 25 26 I t 
13 I t 26 2 1 15 
1 * 15 27 20 16 
15 16 20 29 17 
1« 17 29 30 10 
17 10 30 3 1 19 
I t 19 31 32 20 
14 20 32 33 21 
2 0 21 33 3 t 22 
2 1 27. 3* 3? 23 
22 2 i 15 36 2 t 
2 3 2« 17 3 ( 26 
2« 26 10 39 27 
25 27 39 to 20 
26 20 • 0 t l 29 
27 29 • 1 02 30 
20 30 • 2 t 3 31 
£5 31 • 3 t t 32 
30 32 •* ts 33 
3 1 33 • 5 « 6 3* 
32 3 * • 6 • 7 35 
33 35 • 7 t « 36 
3 * 37 • 9 50 30 
3> 30 50 5 1 39 
3 * 39 5 1 5 : to 
37 • 0 52 53 t l 
30 • 1 53 5 t t 2 
39 • 2 5 t 5« 03 
• 0 • 3 55 56 t t 
• 1 •• 56 57 t 5 
• 2 • 5 57 50 t * 
• 3 • 6 50 5 9 t 7 
. i » • 7 59 60 M 
• S • 9 6 1 62 SO 
« 4 59 6 2 6 3 51 
• 7 51 63 6 t 52 
» 0 52 6 * 6 * 53 
• 9 «3 65 6C St 
5 0 5» 66 67 ss 5 1 5* 67 6 ( 56 
52 56 60 49 57 
53 57 69 70 50 
S» SB 70 7 1 59 
5 5 * 9 71 72 60 
56 6 1 73 7 1 42 
57 62 70 7« 63 
50 63 75 76 4 t 
5 9 66 76 77 45 
6 0 65 77 70 46 
6 t 66 70 79 47 
6 2 67 79 00 40 
6 3 60 00 01 49 
6« 69 8 1 02 70 
65 70 02 03 71 
66 71 03 0« 72 
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• 7 73 »« 96 7* 
6 8 7 * 84 87 75 
6 9 75 87 at 76 
10 76 88 8 9 77 
7 1 77 89 9C 76 
7 2 78 90 9 1 79 
7 3 79 9 1 92 80 
7 * 80 92 9 3 81 
7 5 81 93 9 * 82 
7 * 82 9 * 95 S3 
7 7 83 95 96 8* 
7 * 85 97 96 86 
f » 6C 98 9 9 67 
• 0 87 99 100 68 
a i 88 100 101 89 
4 2 89 191 102 90 
• 3 90 102 103 91 
• • 91 103 1 0 * 92 
8 5 92 10* 105 93 
86 93 105 106 9 * 
• 7 9 * 106 107 95 
86 95 107 108 96 
• 9 97 109 11C 96 
»0 98 110 111 99 
9 1 99 111 112 100 
92 100 112 113 101 
93 101 113 118 102 
9» 102 111 115 103 
95 103 115 116 10* 
9ft 106 116 117 105 
9 7 105 117 l i t 106 
9 * 106 118 119 107 
99 107 119 12C 108 

100 109 121 122 110 
101 11C 122 123 111 
102 11". 123 128 112 
1G3 112 12* 1 2 * 113 
10« 113 125 126 1 1 * 
105 1 1 * 126 127 115 
106 115 127 128 116 
107 116 128 129 117 
100 117 129 130 118 
109 118 130 131 119 
110 119 131 132 120 
111 121 133 138 122 
112 122 13 * 135 123 
113 123 135 136 12* 
1 1 * 1 2 * 136 137 125 
115 12« 137 138 126 
116 126 138 139 127 
117 127 139 1*0 128 
118 128 1*0 1*1 129 
119 129 1*1 1*2 130 
120 130 1*2 1*3 131 
121 131 1*3 1 8 * 132 
122 133 1*5 1*6 13* 
123 13* 1*6 1*7 135 
12* 135 187 1*8 136 
125 136 188 1*9 137 
126 137 189 ISO 138 
127 138 150 151 139 
12ft 139 151 152 1«0 
129 1*0 152 153 H I 
130 1*1 153 1 5 * 1*2 
131 162 158 155 1*3 
t » ; 19 3 155 156 1»% 
133 1*5 157 158 1*6 
13* 1ft6 158 159 1*7 
135 117 159 16C 1*8 
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m 1*8 16G 161 1*9 1 13 
1 ) 7 1*9 161 162 150 1 13 
138 ISO 162 163 151 1 13 
134 151 163 1 6 * 152 1 13 
1*0 157 165 16 C 158 1 9 
1*1 158 166 167 159 1 9 
1*2 159 167 M l 160 1 9 
1*3 16 C 168 169 161 1 9 
I k * 161 169 170 162 1 9 
i t s 1*2 170 171 163 1 9 
1*6 163 171 572 16* 1 9 
1«7 ' « ? 173 1 7 * 166 ' 9 
1*6 166 1 7 * 175 167 1 9 
1*9 167 175 176 168 1 9 
ISO 168 176 177 169 1 9 
151 169 177 178 170 1 9 
152 170 178 179 171 1 9 
153 171 179 180 172 1 9 
I S * 173 181 162 17* 1 9 
155 17 * 182 163 175 1 9 
156 175 183 1 8 * 176 1 9 
157 176 18 * 165 177 1 9 
I S * 177 185 186 178 1 9 
159 178 186 187 179 1 9 
160 179 167 188 ISO 1 9 
161 181 189 190 182 1 9 
162 182 190 191 163 1 9 
163 183 191 192 18* t 9 
16* 18 * 192 193 185 1 1 9 
165 18 * 193 1 9 * 186 1 9 
166 186 1*« 195 167 1 9 
167 187 195 19« 188 1 9 
160 189 197 198 190 1 9 
169 190 198 199 191 1 9 
170 191 199 200 192 9 
171 192 200 201 1*3 1 9 
172 193 201 202 19* 1 9 
173 19* 202 203 195 1 9 
1 7 * 195 203 2 0 * 196 1 9 
175 197 209 210 198 1 13 
176 198 210 211 199 1 13 
177 199 211 212 200 i :z 
ITS 200 212 213 201 1 13 
179 201 213 2 1 * 202 1 13 
180 202 2 1 * 215 203 1 13 
181 203 215 216 20* 1 13 
182 2 0 * 216 217 205 1 13 
183 2CS 217 218 206 1 13 
1 8 * 206 218 219 207 1 13 
185 207 219 220 208 1 13 
186 209 221 222 210 1 13 
187 210 222 223 211 1 13 
168 211 223 2 2 * 212 1 13 
189 212 5 2 * 22? 213 1 13 
no 213 225 226 2 1 * 1 13 
491 2 1 * 226 227 215 1 13 
192 215 227 228 216 1 13 
19 3 216 228 229 217 1 13 
1 9 * 217 229 230 216 1 13 
195 218 230 231 219 1 13 
196 219 231 232 220 1 13 
197 221 233 238 222 1 13 
198 2 * 2 2 3 * 235 223 1 13 
199 ;.23 235 23 ( 22* 1 13 
200 2 2 * 236 237 225 1 13 
201 225 237 238 226 1 13 
202 226 216 * 3 9 227 1 13 
203 227 239 28 C 226 1 13 
2 0 * 228 2 * 0 2 * 1 229 1 13 
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a* 2 2 * 2«1 292 230 
2 0 * 230 2 * 2 293 231 
207 231 2 * ) 299 2 ) 2 
200 233 2 *5 296 23* 
2 9 * 2 3 * 2*4 297 235 
210 2 ) 5 297 29» 236 
2«1 236 2 * 0 295 237 
2«2 237 2«9 250 230 
211 230 250 251 239 
2 « * 239 251 252 290 
21S 2*0 252 253 291 
2 1 * 2 « i 253 259 292 
217 2 *2 259 2 5 e 2*3 
210 2 * 3 255 256 2*9 
2 1 * 2 *5 257 2 5 t 296 
220 2*6 250 259 2»7 
221 2 * 7 259 260 290 
222 2 * 0 250 261 299 
2 2 ) 2 * 9 261 262 250 
2 2 * 250 262 2 6 ) 251 
2 2 * 2 5 1 263 269 252 
22* 252 2 6 * 265 2S3 
221 2 5 ) 2«5 266 25* 
at 2 5 * 266 267 255 
229 255 267 26 f 256 
230 257 269 270 250 
2 ) 1 2 5 1 270 271 259 
232 25« 271 272 260 
233 260 272 2 7 ) 261 
2 3 * 261 273 279 262 
235 262 279 275 263 
2 ) * 2 6 ) 275 2 7 * 26* 
237 2 6 * 276 277 26? 
2 3 * 265 2"»7 270 266 
239 26 C 270 279 267 
2 * 0 267 r»9 200 260 
2 * 1 269 201 202 270 
2 * 2 210 2 * 2 213 27 ! 
2 * 3 271 203 209 272 
2 * * 272 20» 205 273 
2 * 5 2 7 ) 205 2 9 * 27* 
2 * 0 2 7 * 2*6 207 275 
2 * 7 275 207 200 276 
2 * 0 276 2 M 209 277 
2 * 9 277 209 290 270 
250 270 290 2 9 1 279 
23 1 ?79 291 292 290 
252 2 * 1 2 9 ) 299 «02 
253 202 299 295 203 
2 5 * 203 295 296 20* 
255 2 0 * 296 297 205 
2 5 * 205 297 290 206 
257 206 290 299 207 
250 207 299 M O 2 M 
259 2 M 300 301 209 
260 209 301 302 290 
2 * 1 290 302 303 291 
262 291 303 309 292 
263 293 305 306 2 9 * 
2 6 * 2 9 * 306 307 ?*5 
265 29« 307 30 S 296 
266 296 ioe 309 297 
267 297 309 31C 290 
260 290 110 311 299 
269 299 311 312 300 
270 300 312 313 301 
271 301 313 319 J02 
272 302 319 31« 303 
273 303 315 31C 309 



2T M S 317 310 306 
275 306 310 11? 307 
276 307 319 320 300 
277 399 320 321 3 * 9 
270 9*9 321 322 310 
119 310 322 323 311 
2 * 0 311 123 32a 312 
2 * 1 312 3 2 * 12« 313 
2 t 2 3 1 ) 325 326 3 M 
2 * 1 3 1 * 326 327 3 IS 
2 * » 31S 327 320 316 
249 317 329 33C 310 
2 * 6 310 330 331 319 
217 319 331 332 320 
2 * 0 32C 332 331 121 
2 * 9 321 333 3 3 * 322 
2 9 * 322 3 3 * 33 * 323 
2 9 1 323 135 3 3 * 129 
2 * 2 3 2 * 116 117 325 
293 325 117 130 326 
2»» 3 2 * 331 339 327 
2 * 5 327 339 3« e 120 
296 329 1 * 1 392 330 
2 * 7 330 3 *2 3 *3 331 
290 331 3 *3 3 9 * 332 
299 332 3 U 395 133 
3 0 * 333 1*5 3*6 319 
M l 3 3 * 3«6 197 315 
392 335 3 * 7 3 *9 136 
3 * 3 336 3 M 399 337 
3 0 * 337 3 *9 150 310 
30S 3 3 * 150 151 339 
306 339 351 352 390 
307 3 *1 353 359 392 
300 3*2 3 5 * 3S« 393 
3 0 * 3*3 35S 356 3 9 * 
310 ) • • 356 157 395 
i l l 3 * c 157 351 396 
312 3 9 * 150 359 397 
213 3 *7 159 360 390 
3 1 * 3 * 9 360 361 399 
315 3*9 361 362 350 
3 ' 6 350 362 363 351 
317 351 363 369 352 
* * • 353 365 366 359 
3 ) 9 3 5 * 366 367 355 
320 355 367 369 356 
321 356 360 369 357 
322 357 3 6 * 470 350 
323 350 370 371 359 
3 2 * 359 371 372 360 
325 360 372 373 361 
326 361 373 37» 362 
327 362 3 7 * 375 363 
320 3C3 375 376 369 
329 365 377 371 366 
330 366 370 379 367 
331 367 379 300 360 
332 366 300 301 369 
333 369 301 302 370 
3 3 * 370 302 303 371 
335 371 393 300 372 
336 372 3 9 * 3 0 * 373 
337 373 305 306 379 
330 37« 3 N 307 375 
339 375 307 300 376 
3 * 0 377 309 390 370 
3 * 1 370 390 391 379 
3 * 2 379 391 392 300 

I 

I 
i 
i 



3»3 3 M 3*2 393 381 
*•» 381 39? 39 • 182 
M S 382 3 9 * 395 383 
M i 381 3*5 3 9 * 38* 
3«7 38 * 3*6 397 385 
*•• 3*5 1*7 398 386 
) 4 t 386 3*8 395 381 
350 387 3*9 • 8 0 388 
351 389 • 0 1 • 8 2 398 
352 398 • 0 2 • 8 3 391 
353 391 • 0 3 • 0 « 392 
35« 3*2 •* • • 0 5 393 
355 393 • • 5 • 0 « 3*» 
3 5 * 3 9 * • 0 * • 8 7 395 
357 3*« • 0 7 • 0 8 396 
358 196 * * 8 • • 9 397 
359 397 • 0 9 • i c 395 
3 *0 398 • 70 • i i 349 
361 399 • f f • 12 • 8 0 
3*2 M l • 13 • !• • 0 2 
3 * 3 M 2 • » • • 15 • 0 3 
34 * • 6 3 • 15 • 16 • 0 * 
3 * 1 *C« • M • 1 7 • 0 5 
3 « * • 0 5 • r» • 18 • 0 * 
347 •Of • IS • I S • 0 7 
368 • 0 7 • 19 • 2 0 • 0 8 
3 *9 • 0 0 • 20 • 2 1 • 0 9 
3 7 M • 0 9 • 21 • 2 2 • 10 
371 • 10 • 2 2 • 2 3 • 11 
372 • 11 • 2 3 • 2 « • 1 2 
373 • 13 • 2 5 • 2 6 • !« 
37 • «1« • 26 • 2 7 • 15 
375 • 15 • 2 7 • 2 8 • 16 
376 • 16 • 28 • 2 9 • 17 
377 • 17 • 2 9 »3C • 1 8 
3 7 * • 18 • 30 • 3 1 • 19 
379 • 19 • 31 • 3 2 • 2 0 
3 *0 • 2 0 • 32 • 3 3 • 2 1 
39 1 • 2 1 • 33 • 3< • 2 2 
3 *2 • 2 2 »3« • 3 5 « 2 i 
3 * 3 • 2 3 • 3 5 • 3 6 • 2 * 
36 » • 2 5 • 37 • 3 8 • 2 6 
385 • 2 6 • 38 • 3 9 • 2 7 
3«« • 2 7 • 39 • • 0 • 2 6 
387 • 2 8 • • 0 • • 1 • 2 9 
388 • 2 9 • • 1 • • 2 • 3 0 
389 • 30 • • 2 • • 3 • 3 1 
390 • 31 • • 3 • • • • 3 2 
391 • 3 2 • • • • • 5 • 3 3 
392 • 3 3 • • 5 • • ( • 3 « 
393 •3» • • 6 • • 7 • 3 5 
3 9 * • 35 • • 7 • • 8 • 3 6 
395 • 3 7 • • 9 • 5 0 • 3 6 
396 • 3 8 •5C • 5 1 • 3 9 
397 • 3 9 • 5 1 • 5 2 • • 0 
398 • • 0 • 5 2 • 5 3 M l 
399 • • 1 • 5 3 • 5 * • • 2 
• 0 0 ««2 • 5 * • 5 5 • • 3 
• 0 1 • • 3 • < 5 • 5 6 ••• 
«02 ••• • 5 6 • 5 7 • • 5 
• 0 3 M 5 • 5 7 • 5 8 • • 6 
•0<> • • 6 • 5 8 • 5 9 • • 7 
405 • • 7 • 5 9 • 6 0 • • 8 
406 • • 9 • 6 1 • 6 2 • 5 0 
• 0 7 •^0 M 2 • 6 3 • 5 1 
«oe • 5 1 • 6 3 • 6 « • 5 2 
• 0 9 • 5 2 • M • 6 5 • 5 3 
• 10 • 5 3 • 6 5 • 6 6 • 5 * 
• 11 • 5 » • 6 6 • 6 7 • 5 5 



• 12 • 5 5 M 7 M f • 5 6 
• 1 3 • 5 5 • * • M l • 5 7 
* 1 » • 5 7 %*9 • 'a • 5 * 
• IS • 5 8 • 7 * »71 • 5 9 
• 1 * • 5 9 m • 7 2 M O 
• 17 • 6 1 • 7 3 • 7 « M 2 
• IS • 6 2 • 7 « • 7 5 M 3 
• 19 • 6 1 • 7 5 • 7 6 M a 
• 2 0 M « • 7 6 • 7 7 M 5 
• 2 1 M i • T 7 • 7 f M 6 
• 2 2 • 6 6 • 7 8 • 7 9 M 7 
• 2 3 • 6 7 • • » * Me M 8 
• 2 « • 6 8 M O M l M 9 
• 2 5 • 6 9 %«1 M 2 • 7 0 
• 2 6 • 7 0 M 2 M 3 • 7 1 
• 2 7 • 7 1 • • 3 • 9 * • 7 2 
• 2 a • 7 3 M 5 M 6 • 7 * 
• 2 9 • 7 « • • 6 M 7 • 7 5 
••10 • 7 5 M 7 M 8 • 7 6 
• 11 • 7 6 M 6 M 9 • 7? 
• i 2 • 7 7 • • 9 • 9 0 • 7 0 
• 3 3 • 7 0 • 9 0 • 9 1 • 7 9 
* 3 « • 7 9 • 9 1 • 9 2 M O 
• 15 K*Q • < 2 • 9 3 M l 
• 16 M l • 9 3 • 9 « M l 
• 3 7 M 2 • M • 9 5 M 3 
• 3k M l • • 5 • 9 6 M « 
• 3 0 M 5 • 9 7 • 9 ( • 8 6 
««0 M C • 9 8 • 9 9 M 7 
W l • 8 7 M 9 SOO • M 
• 1 2 M C 500 5 0 ' M 9 
W 3 M 9 1 0 1 5 0 ; • 9 0 
• • • • 9 0 502 5 0 1 • 9 1 
• • 5 • 9 1 1 0 3 50 • M 2 
• « 6 • 9 2 5 0 * 505 M 3 
• « 7 • 9 1 505 5C6 • 9 * 
• • 0 • 9 « 506 5 0 7 • 9 5 
• • 9 • 9 5 507 5 0 * • 9 6 
•SO • 9 7 509 510 • 9 8 
• 5 1 • 9 * 5 1 0 5 1 1 • 9 9 
• 5 2 • 9 9 511 512 500 
• 5 3 500 5 1 2 513 501 
• 5 * 501 513 51« 502 
• 5 5 502 51« 515 503 
• 5 6 503 515 516 5 0 * 
• 5 7 50« 516 517 505 
• 5 8 505 517 518 506 
• 5 9 506 ^18 51S 507 
• 6 0 507 519 520 598 
• 6 1 509 5 2 1 522 510 
• 6 2 5 1 0 522 52 > 511 
• 6 3 M i l 1 2 1 5 2 * 512 
4 6 * 512 52« 525 513 
• 6 1 513 525 52 C 51» 
• 6 6 51« 526 527 515 
• 6 7 515 527 528 516 
• 6 8 516 528 529 517 
• 6 9 517 1 2 9 530 518 
• 7 0 518 530 5 3 1 519 
• 7 1 519 131 532 520 
• 7 2 521 533 5 3 * 522 
• 7 3 522 53» 535 5JJ 
• 7 « 533 535 536 5 2 * 
• 7 5 5 2 * 536 5 3 7 525 
• 7 6 525 537 538 526 
• 7 7 526 538 5 5 1 527 
• 7 8 527 539 5 * 0 528 
• 7 9 528 580 581 529 
• 8 0 529 5 8 1 5 * 2 530 

• 

L 



• 5 * 
*»« 
» » l 
•SI 

* * 7 
»*• 
**5-
S i t 
SOI 
5*2 
S u i 
5 0 * 
S05 
SO* 
5 * 7 
sot 
so* 
5 » 0 
5 1 1 
S 1 2 

su 
5 « * 
« I 5 
5 1 6 
S i ? 
S I S 
S I * 
S 2 0 
5 2 1 
5 2 2 
5 2 3 
52a 
5 2 5 
5 2 a 
S27 
5 2 4 

« 1 4 
5 1 * 
' 1 * 
S i * 
51« 
S i * 
C J T 
5 1 4 
e l « 
S«0 
«•» 
5*2 
« * 3 
5*5 
« a f 
S a ^ 
s«* 
S » * 
c<« 
5 5 1 
" 2 
5 5 1 
5 5 * 
S « 
5*7 
5 5 * 
r<* 
5eT 
5 * I 
5 « 2 
5 « 3 
5 € a 
5*5 
S«a 
5*7 
5 « * 
5 7 0 
5-»1 
5 7 2 
5"»* 
5 7 a 

5 7 5 
5 « l 
5 « 2 
5 8 3 
5fl« 
«SS 
5*6 

5 * 2 
5 « 1 
5 * 5 
5 * 4 
5 « 7 
5 4 4 
« ! • * 
5 5 « 
5 * 1 
5 5 2 
•=53 
5 5 a 
*««• 
5 5 7 
« « 4 
5 « * 
«*« 
5 * 1 
5 « 2 
5 * 3 
5 « « 
5 * 5 
5 « € 
5 4 7 
««* 
57fl 
5 7 1 
5"»2 
5 7 1 
5"»* 
5 7 5 
5 7 * 
5 7 7 
5 7 0 
S T * 
5 * 1 
5 9 2 
5 * 3 
5 M 
5 4 5 
5 M 
5 0 7 
5 M 
5 * 0 
5 * 1 
5 * 2 
* * 3 
5 * a 

5 * 3 
5«c 
S a € 
5 * 7 
5 M 
5 » * 
5 5 C 
t5" 
5 5 2 
5 5 3 
5 5 a 
5 5 5 
* 5 * 
5 5 8 
s«;< 
5 4 4 
5 * 1 
5 * 2 
5 * 1 
S 4 a 
5 4 5 
S 4 « 
« 4 7 
5 4 * 
«7C 
5 7 1 
K 7 2 
5 7 1 
5 7 * 
5 7 5 
5 7 « 
5 7 7 
5 7 1 
5 7 * 

sec 
542 
SO J 
50 • 
54* 
sot 
5 4 7 
Me 
5*C 
5 9 1 
5 * 2 
5 * 1 
5 * a 
5 * 5 

5 J I 
5 3 2 
5 1 * 
5 1 5 
S 3 * 
S 3 7 
5 3 0 
S 3 * 
5 * 0 
5*1 
5*2 
5 * 1 
5 * * 
5 * 4 
S « 7 
S M 
S a » 
5 5 0 
5 5 1 
SS2 
5 5 1 
5 5 * 
5 5 5 
5 5 4 
5 5 0 
5 5 * 
5 4 4 
5 4 1 
5 4 2 
5 4 3 
5 4 * 
5 4 5 
5 4 4 
5 4 7 
5 4 4 
5 7 0 
5 7 1 
5 7 2 
5 7 1 
5 7 * 
5 7 5 
5 7 4 
5 4 2 
S43 
5 4 * 
5 4 5 
5 4 4 
5 4 7 



» K T rttLt ?.. smn-s r t t r i .e . m o u r n s 
iHiO or raiNir common » 
i n n or smr*ct mm « 
sostr? c? 9 U » * M X vooruss o 
vviaca ©* »ax»rau. n > o n i s e 
* « • • » or riT9*iLL-s»9tcz a a n t s - - 29 
» 3 B K « or •arvrau-stafrsz ODCCS. . . . n 

n r r r n n . s ' 2 . . e a i w a u a x s r u i m o a a » N O K I K 
• JOE T W » i o n 

2:« 0 0.0 
25* 0 0.0 
2*0 9 O.C 
2*0 S 0.0 
2*2 0 0.0 
K% 9 0.0 
)!« 0 0.0 
lit 4 0.0 
9«o o e.0 
» * 0 CO 
Kn 0 0.0 
i>6 e 0.0 
»*0 0 0.0 
«)0 0 C.0 
* I2 C 0.0 
•2* 0 0.0 
*3* •?- o.e 
M0 0 0.0 
**Q 9 0.0 
*?2 0 0.0 
*•• 0 0.0 
*»« 9 0.C 
S00 0 0.0 
$20 0 0.0 
932 0 0.0 
$*• 0 0.0 
55* 0 3.0 
s*a o o.o 
500 0 CO 



; o 

» m I»M.» i i . . a*ivriu.~sr!MCE s*ar«c£ imtoamumm 
a a m »OBE 1 » » » f 2 

21« 2»% 2S4 
2 2 * 2S« 2 * 0 
i i O 2 * » 2*0 
2S I 2«C 2 * 2 
2»2 2«2 M * 
2 7 1 W * l l « 
2»» 114 120 
2*S 121 M « 
»J* H C i<2 
117 1*2 !«• 
12 « H » T H 
1 1 * 17 * V I * 
ISO 10 f • 0 4 
M l we • 12 
172 • «2 • 7 * 
M l • 2 * • W 
»•• • 1 « • M 
* 0 S *• • • * 0 
• 1 * M C • 7 2 
• 2 7 • 7 2 • • • 
• 1 * M » ••« 
•*» •*« so* 
«%0 «•»• <2« 
*# • ' .^0 * 1 2 
• 4 2 S I 2 S*» 
• • 1 *•• SS4 
SO* s«* S f t 
S I S s«t sto 
S I 5 $ • » » •KM 

» r 0 T ikii,t • - , STSIOT-STITE t O f l D U t COI0ITIOU OF POM « » » t 
•O0£ Bt 
S7? 9 . 3 

3.SCOOP 02 
0 . 1 0 0 0 0 0 1 
O.ISOOE 0 1 
0 . 1 6 0 0 0 0 1 
0 . 2 0 0 0 0 31 

59S 0 .2000D " 1 

tIPOT TABLE « . . STEtOT-STtTE SUf tCE ?E»BS E«EJ IT BOOK B I , E*EJ t T BODE «J 
M I «J E I EJ 

IS2 16* - » . r t O O D - 0 * -• .OOOOD-O* 
14» 172 - • . 0 0 0 0 0 - 0 * - • . 0 0 0 0 0 - 0 * 
172 190 - • . 0 0 0 0 0 - 0 * - • . 0 0 0 0 0 - 0 * 
150 IBS - • . 0 0 0 0 0 - 0 * - • • 0 O 0 O C - 8 * 
186 m - • . 0 0 0 0 0 - 0 * - • . 0 0 0 0 0 - 0 * 
19* 2-1* - • . 0 0 0 0 0 - 0 * - • . 0 0 0 0 D - 0 * 
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0 0 0 9 0 0 C * 0 O 0 0 O 0 0 0 O 0 o 0 0 O 0 O 0 0 0 O 0 0 0 0 0 0 0 0 o 0 o 
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m i l Of ITIMTIW » M U H t » 3 

0 . 0 (OUT • 1.00000 0J| 

i r * I I T I O I HtSIBMi ovrmto* 
i 0.2*2*6 0» 0 . 0 
2 0.»02*0 02 0.*2**6 01 
% 0.210*0 01 0.20416 02 
« t . l W M I 0. 17026 00 
« 0.26210-02 C.«2«**-02 
* 0.21**6 0* 0 .0 
T O.I**«6 01 0.11**6 02 
• 0.TTI16 02 ». ) • * •» 02 
* 0.00220 01 0.00100-11 

10 0.22*70 00 0. 1*120-1.1 
>1 0.21746-01 0.*1246-01 
12 0.2***0-02 0.21216-0) 
1} 0.21120 0» 0.0 
I I I 0.41146 01 0. 11*26 02 
1 * 0.1*120 0 ! C.*«T10 02 
1 * 0.1*0*6 01 0.14TT0 01 
IT 0.4***6 02 C.174*6 00 
I * 0.«0**0 01 0. * * t *6-01 
1 * 0.4*1*6 00 0.1*0*0-02 
20 0.1*220-01 0.41**0-01 
21 0.10*26-01 Q.*M*6-0* 
22 0.1*1*6-02 0. 14710 0* 
2 ) 0.20**6 O* 0 . 0 
2» 0.41010 01 0.H4120 02 
2* O.»0216 01 O.OOIO 02 
21 0.20*46 01 0. 141*6 02 
27 0.»1M6 02 0.20MB 00 
20 0.»*«t>6 01 0.41MB-0I 
»» • , *07t» 00 «. 110*6-02 
SO 0 111*6-01 0.112*6-02 
11 0.1*416-01 0. 200*0 • 01 
12 0.10*06-01 0. 12416-01 
11 0.61116-01 C.110*6-0* 
1 * 0.20426 0* 0 . 0 
1 * 0.4*100 01 e m u 02 11 0.«0M0 01 0.M0I6 02 
IT 0.21206 41 (.02016 01 
11 0.1**20 02 0. 1**0* 02 
1 * 0.00*4* 01 0.«*H0 01 
»0 0.11416 01 0. M«*» 90 
« l 0.212*6 00 0.«4T*6 00 
o 0.424*6-01 0. M l 10-62 
»J 0.1**76-0 2 0.1M06-01 

W>. 606-COI*. •oois 
44* 
44* 
1*1 
2** 

0 
4*1 
411 !** 
21* 
214 

2 
0 

41* 
41* 
14 1 
12* 
2*1 
240 

10 
« 
1 
0 

410 
41* 
1*4 
1*0 
2** 
270 
• * 

211 
* 
1 
6 

471 
4*7 
«32 
11* 
1«* 
274 
2*4 
240 

1* 
0 

TTM OF rUI* 61TI 
: o * m * T - M t 3 s * * t - * o * i n m o.2*oto oo 
C06Sfk*T-n«1-*06l ?10» -0.101*6 01 
sitrtw o.*»o«o oo 
• *Z« rU l -0.174*6-01 
• • • m e n . toasts o. i*226 oo 
MIT VIO* 0.20*46 00 
I K I I M I M tOLMlTClC M t l * CQItMT. . 0 .0 

•tiimi-siittet IOMI nou 
-0.124*6-01 -0.441*6-0* - 0 , l»«»»-*l 0 . *M16*0* 
•0.17216-01 0.»14*6-01 O.lOl' l -OI 0.10*06 00 

O.74WO-0I 0.1*776-01 C. 1*076-01 0.1*206-01 
0.10H6-01 0.1*7*6-02 0.21*16-02 0.0**16-01 

r u n IRC. 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.14410-01 
0.141*6 00 
0. 10016-01 
0.1**20-01 

i » tu no* 
0.0 
0.6 
0.0 
0.0 
0.0 
0.0 
0.10020 t* 

O.tt0*0-01 0.14*10-01 0.11**0-02 
0.112*6 00 0.10106 00 O.l l l tO-OI 
O.t*«70-02 0.11**0-01 0.24410-01 



77 

o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o o 
a a a o a u a o u a a o o a u a a u o a u a a u a a u o a a o a u o a u o a 

sssss 0 0 » © 0 » ^ « O t f t * n i « t « « n f e t s r * _ —|*»o,£«rw«OP»-0»<*«»i«D 

© o o o o © o © o o o o © o o o o < 

r>«*<#^^o«i 

o o o - > o o o o o o o o o o o 
B B B » B B B O B O B » B B B 

o o o o o o o < 
O O B O O O B l 

l o o o o o o o o o o o e o o 
l o o o B O B B a o a a o a a 

• i • i • i i i i i • • • • i i i • 

a o 
o o o o o o o o o o c - o o o o o o o o o o o o o o o e o o o o o o o o w o o 
a a a a a a a a a a o a a a a a a a a a a a a a a a a a a a o a a a a a a o 

?£g$£S?S??25g2S5SS2S» is* 

• • • • 

5 

iil2lIflfIIIIIIslSslsslis?S5fsiI§lilll 
• > • > i i • • • I I I I I I I I I I I I I • • • 

o o o o o o o o o o o o o o o o o 
• a a a a a a a a a a a a a a a a o 

o o o o e e c 
a a a a aa< 

I 0 O O O O O O O O O O O 
• a a a o a a a o a a a a 

pO>oo»©o*oo*o«»*>ar»»»w»»f»«i«»«»»»^i»»»<»~«<«»»»^>* 

— II I I • • • II i » I I I I I I I I I • • I I • 

«i o o o o u u o o w o o o o o o o o o o o o o o o e o o e e o o o e w e o o o 

O B O -
S C O 

t>5 
I I I I I I • • • • < • 

« o o o o o o o o e o o o o o o e o o o o o e o o o o o o o e o o e e o o o e M M t - c a a e a a a a a e e a a B a a a a a a a o a a a a a a a a a a a a a a a a e 

41 I I I I I 
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APPENDIX B 

INPUT AND OUTPUT FOR SEEPAGE-PIT DISSOLVED-CONSTITUENT TRANSPORT 
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INPUT 



I 

*r 

BLANK PAGE 

Oil 
tM 

m 
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CP. . . . i . Trn.2. roaait (i5,*a«)« . . . 
tj^i SEEPAGE-PIT DtssoifEV-cassTiTinr TI»»SKXT 

CP. . . . 2. BASIC l i m n m u m i s . POMIT |i«i*> . . . 

**s *2i t o >M T o so i i i 

CP. . . . 3. N S I C tsai »iikarrns. poaaaT CBPIO.O) . . . 

1M. .3 525»900. 630720009. 1 . 

CP. . . . «. PRIWTZB oa.Tor toa-.iot,. POBBBT (SOID . . . 

511 I 1 2 1 
1 2 1 1 
1 1 2 ? 
1 2 1 1 2 

CP. . . . S. SATEBtaL PBDPEBTIES. FOaRAT (8MC.0) . . . 

100. 1."»5 2130. * 2 7 . 0 . . 3 0 . 
0 . 

CP. . . . a. aooat-poiBT ABB ELEBER DEPIRITIOBS Pton 
AOITLIABT STORAGE. 

CP. . . . io . I«POT poa IBITIAL COBDXTIOBS. POBHAT (is.sx.pio.O) 

i o . 
595 0 . 

CP. . . . i i . m'TcBLR COBCEBTRATIOB-TTPE BOORLART 
COBDTTIOBS. POJBAT (2is,2Pio.ot . . . 

152 0 1 . 
ie« c i . 
2 0 * 8 1 . 

CP. . . . 13. sern*GE sot fact ELERCBTS. PORRUT f i6ii» 

18* 208 220 0 
515 5« J 580 1 
5 15 s?« 580 0 
Sl« 578 579 0 
511 577 578 0 
512 576 5'7 0 
522 57« 588 0 
522 587 588 0 
5 28 M l 595 0 

coBHLirr caros ate TO BE DELETED PBOR DATA SET. TBET *RE IBCIODED BERE as a 
CROSS lEfSIIBCE TO aPPCBDIS C. 
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OUTPUT 
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O N O O 
oo 

II 
I 

I 
o u 

oo 

ii 
II 1! 
Hi 

if::! Ill 

S'-SSsS-c-g--g "S 111 
Ss :£ ' ! ! }£&: IS;: : i l l 
5 S . t g S u C 5 ? 8 ? . S S E 5 gg? 
" £ 5 £ ? S S j . - S « f . k e » - ggg 
SJ„£5>rSS2 0SS.~SSS ggg 

S2!SSSSSSS5§:SSE; S*« 

si 

• o 

II? 

• I • 
J O 
« • H O -s 
» • 
a. (. 



"-•••"•'•'•'-•"-S 

iiiiiiiiii§fHiiiii'5!*"""?"^" 
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-*r **.IT10!» M 9 ,70000 01 
S« l 0 . " 9 0 S 9« 0 . 0 
s«« 1.1T090 c« C.*«0<»0 02 
M l C. » '000 0" 0 . tOOtrO Of 
S*% t . 1 7 0 0 0 es 0 .24000 C I 
« . * * o. coot OS 9 . 1 * 0 0 0 0 1 
V I * 0. 17009 OS 9 . 1 * 0 0 0 0 1 
M * c.ITOOO 0« o.vsooo oi 
S4» c. «T*«O 0« 9 . * * 000 0 1 
* » • 3. 10000 PS 0 . 0 
s*c J.I0OOP ft« C.00009 02 
* • « • j . »«««e c« O.MOOd 0 1 
s«2 i.toooo *« 1 .2 *309 01 
S « i :. i»oce 0* 4 . H 0 0 0 01 
« . * • * . 1*00!» f>« " . 1 * 1 0 0 0 1 
s«s «v. t * o * * f » ->.«SMO 01 
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• P O T T * B L * « . . r L » * » * T p » ? » 
«.o; »L T 1 5 I C »S OP F t M E B T MOOES 

£ L E I I ! » T 1 2 3 •* i i t a m aooE DIPP 
1 1 13 16 f \ 13 
J .* i n t « 3 1 13 
1 3 i«; 1 * 4 1 13 
» • 16 17 5 1 13 
4 c 17 I P 6 1 13 
• 6 i » 19 7 13 
7 7 19 2 0 6 1 13 
« « 20 2 1 9 1 13 
9 9 2 1 2 2 1 0 1 U 

10 10 22 2 3 11 13 
1 1 11 23 2 9 M 13 
1 2 n ?5 26 1 * 13 
13 I k >* 2 7 i s 13 
i » i s ?7 2« 16 1 1 ) 
I 1 i f 28 2 9 17 13 
16 17 2 * ' 0 I d 13 
17 19 30 31 19 13 
18 I O 31 32 2 0 13 
1 9 2C 12 3 3 2 1 1 13 
2 0 2 1 33 34 22 13 
2 1 2 2 39 3« 2 3 13 
2 2 23 35 1 6 29 13 
2 ) 2 C 17 39 26 13 
2 « 2 6 3 * 39 2 ^ 1 ' 3 
2 5 27 39 • 0 2 8 11 
2 6 2 a • 0 • i 2 9 13 
2 7 29 • 1 « 2 3 0 • 3 
2 « i « • 2 • 3 3 1 1 13 
2 9 3 1 • 2 • 9 3 2 13 
3 0 3 2 »» 9 5 33 13 
11 33 9 * •6 39 1 13 
•2 3 « 6 6 6 7 35 r u 
13 3 s • 7 • • 3 6 13 

: • ) • 3 7 • 9 5 0 3a 1 13 
3 5 ?3 * C * 1 33 > 13 
3ft ; o « l « 2 »: 1 1 i 
J 7 »C c 2 S3 » i »3 
J 8 *'. « 3 5 6 » 2 t ' 3 
3 9 »? s« ** • 3 I 13 
4 0 » 1 ««; «« »« ' 13 
» 1 •• < c t l »« 1 13 
• 2 • < S7 5 9 4 6 > «3 
• 3 M l S « 9 6 7 1 13 
4 * • " S9 6 0 •a 1 13 
• 5 • 9 1 1 6 2 5 0 1 13 
*fe «c 1 2 6 3 5 1 1 13 
• 7 « 1 « 3 6 9 < 2 1 11 
4 « 5 2 6% 6 5 5 3 1 13 
• 9 « 3 6 « 6 * 5 9 1 i ; 
SG 5 9 6 6 6 7 5 5 1 13 
S i 55 « 7 6 9 5 6 1 13 
5 2 5 6 6 9 6 9 5 7 1 13 
S 3 « 7 6 9 7 0 5 « 1 13 
5 9 5 9 "»0 7 1 5 9 1 13 
5 5 S9 7 1 7 2 6 0 1 13 

s* 6 1 7 3 7 9 6 2 1 13 
5 7 6 2 7 6 7« 6 3 1 13 

sa 6 3 7 } "•6 6 4 1 13 
5 9 * • If 7 7 6 5 1 13 
6 0 6< • » - » 76 6 6 1 11 
6 1 * f- 7 8 7 9 * 7 1 13 
6 2 * 7 7"} • 0 6 9 1 13 
6 1 ' 9 90 0 1 ' , 9 1 13 
6 * * ' 9 1 9 2 7 0 1 13 
AS 7 0 « 2 33 7 1 1 13 
6 6 " 1 9 3 9 4 7 2 1 13 
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67 
S6 
*,* 
70 
71 
72 
73 
7* 
75 
7* 
77 
76 
79 
ao 
8 1 
62 
U3 
o» 
85 
8 6 
4 7 
3 8 
09 
9 0 
9 1 
* 2 
3 3 
4 « 
9 " 
St 
9 7 
9 8 
9 9 

1 0 0 
1 0 1 
1 4 2 
14 3 
1 0 « 
1 0 5 
106 
107 
158 
1 0 9 
1 1 0 
1 1 1 
1 1 2 
• 1 3 
1 ' « 

• 16 
*. . 7 
l i f t 
1 1 9 
1 2 0 
1 2 1 
1 2 2 
1 2 3 
1 2 * 
I i 5 
1 2 * 
127 
128 
1 2 9 
1 3 0 
1 J 1 
1 3 2 
1 3 3 
U » 
135 

7 } 

7-
"'6 
77 
m 
7«-
8 0 
8 1 
8 ? 
8 3 
85 
86 
8 7 
8 8 
69 
9C 
9 1 
9 2 
« 3 
9 * 
«5 
9 7 
9 8 
9 9 

1 0 0 
1 0 1 
' 0 ? 
1 0 3 
10» 
1 0 * 
*06 
107 
1 0 9 
1 1 0 
1 1 1 
1 1 2 
' 1 3 
l i t 
n « 
1 1 * 
i l"» 
118 
»19 
1 2 1 
• 2 2 
1 2 1 
>2* 
1 2 * 
126 
• ; • » 

128 
1 2 9 
U O 
H i 
1 3 3 
13« 
1 3 5 
' 3 6 
1 - 7 
13t 
139 
UO 
III 
1*2 
1»3 
U « 
• • 6 
1 1 1 

as 
» 6 
8 7 
9 8 
8 9 
» 0 
9 1 
9 2 
9 3 
9 9 
95 
9 7 
9 8 
9 9 

100 
1 0 1 
102 

• 0 3 
1 0 * 
105 
1 0 * 
1 0 " 
109 
11C 
1 1 1 
' 1 2 
• 13 
tl» 
115 
i'« 
117 
118 
119 
121 
122 
12? 
12» 
125 
12* 
127 
12S 
1?9 
170 
M l 
• 3 3 
' 3 * 
U « 
136 
1 3 7 
' » 3 
• 39 
U O 
1 9 1 
1 * 2 
1 9 3 
1 8 5 
1 9 6 
197 
1 « « 
1 9 9 

no 
. 51 
i ' 2 
• 53 
15* 
• <5 
l r 7 
158 
1 5 9 

8 « 
8 7 
9 9 
89 
9 0 
9 1 
9 2 
9 3 
9 9 
95 
9 6 
9 8 
99 

100 
131 
' 3 2 
' 0 3 
109 
1 0 * 
• 06 
• 0 7 
• 0 « 
1 1 0 
1 I « 
H 2 
113 
1 1 * 
115 
!»'. 
I ' > 
119 
U 9 
• 2 0 
122 
»23 
1 2 * 
125 
126 
127 
«2» 
1 2 9 
130 
1»1 
132 
1 3 * 
1 3 * 
13« 
13"» 
1 3 5 
I i 9 
19V 
1 * 1 
1 * 2 
1 * 3 
1 « * 
1 *« 
• 87 
• *v 
1*9 
150 
lcl 
152 
i«i 
15* 
K« 
156 
158 
159 
160 

7 * 
7 5 
7 6 
7 7 
7 8 
7 9 
8 0 
8 1 
• 2 
9 3 
8 * 
8 6 
8 7 
8 6 
8 9 
9 0 
9 1 
9 2 
V3 
9 * 
95 
9 6 
9 8 
9 9 

100 
101 
102 
103 
1 0 * 
105 
106 
107 
108 
110 
111 
112 
113 
11« 
H c 

116 
117 
I I P 
1 1 ) 
123 
122 
123 
1 2 * 
' 2 5 
. 2 6 
127 
128 
129 
1 3 0 
1 3 1 
132 
• 3 * 
1J5 
136 
137 
138 
1 3 9 
l * i 
1 * 1 
1*2 
1 *3 
1 * 9 
f * « 
1 * 7 
1 * 8 
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136 u « 1 * 0 1 6 1 199 1 
1 3 7 1«o 1 * 1 1 6 2 ISO 1 
1 3 8 ISC 1 6 2 163 1S1 1 
1 3 9 l « l 1 * 3 1 6 * 1S2 1 
1 * 0 I S 7 1 6 5 1 6 * 1S8 1 
1 6 1 l < 8 1 6 4 1 6 . I S * 1 
l « 2 I S * 1 6 7 168 1 6 0 1 
1 * 3 16C 1 6 0 1 6 * 1 : 1 i 

!•• 1 * ' 1 6 * 1 7 0 162 1 
1 » 5 1 * 2 1 7 0 1 7 1 1*3 1 
lt»6 H » n 1 ' 2 164 1 
1 * 7 1 * * i"»3 1 7 * 166 • 
1 4 8 1 * * %"•» I ' S 167 i 
t*i 1 * 7 « 7 * 1 7 * 169 1 
I S C 16« 176 |-»7 1 6 * 1 
1 S 1 I f ? 17"» 1 7 * 170 1 
1 S 2 H O ' • • 8 1 7 * 171 1 
1 * 3 1 7 1 1 7 « 1 * 0 172 1 
I S * I"*? 1 * 1 1 8 2 1 7 * 1 
I S S 1 7 * 1 * 2 183 I 7 S 1 
I S o P S 1 * 3 1 9 * 176 1 
I S 7 1 7 * i n * 1 8 « 177 1 
I S A f i 18? 186 174 I 
I S * 178 »•* 1 9 7 1 7 * 1 
1 * 0 1 ' * i8"» 199 1 8 0 
1 4 1 :ci i « * 1 * 0 1C2 1 
1 * 2 i * ? !•*• 1 * 1 193 1 
' • 3 U 3 1 * 1 1 *2 1 8 * 1 
1 6 9 !•• 1 * 2 193 185 1 
16 S '#« » * 3 !*• 186 1 
I M ia« 1 * 4 1 * 5 187 1 
1 ( 7 107 i * S l « I M 1 
1 6 8 1 0 * 1 * 7 1 * 8 1 *0 1 
1 6 * 1 9 0 1 * 8 1 9 * 1 *1 1 
1 7 0 « « l »•* 2 0 5 192 1 
1 7 1 1 » 2 2i\* 2 0 1 1*3 1 
I 7 i l « ? yii 2 0 2 19» 1 
1 7 1 1 9 » « " 2 2 0 3 19S » 
1 7 k n c 2 0 3 2*5 » 1*6 ' 
I7« l 1«7 2 1 * 2 1 0 1 * * 1 
I 7 » 199 ?1«! 2 « 1 1 *9 1 
1 7 7 •*^ 2 n 2 « 2 2 0 0 1 
1 7 6 2C0 2 1 2 2 1 3 2 0 1 i 
1 7 9 < 0 1 2 1 3 2 ' * 2 « 1 
1 9 0 :c7 2 1 * 2 1 S 2 0 3 i 
l i t 20 3 2 1 - 2 1 6 2 0 * 1 
1 4 2 2 0 « 2 ' « 2 » i JOS 1 
• • 3 20 « 2 1 7 2 M 2 0 6 i 
1 9 * 2 0 6 2 » 8 2 1 * : 5 7 i 
1 8 S 2C7 2 1 * ?20 2 0 0 I 
1 4 * 2 0 * 2 7 1 2 2 2 2 1 0 i 
1 * 7 2 1 0 2 2 2 2 2 3 2 1 1 i 
1 9 6 2 1 1 2 2 3 2 2 * 2 1 2 1 
1 0 9 2 1 2 2 2 * 2 2 S 2 1 1 1 
1 9 0 2 1 3 2 2 5 2 2 6 2 » i 
1 * 1 2 1 * 2 2 « 2 2 7 2 1 5 I 
1 * 2 2 ! « 2 2 7 2 2 8 2 1 * 1 
1 9 3 2 1 * 2 2 * i2^ 2 1 7 1 

!»• 2 1 7 2 2 * 2 3 0 2 1 8 i 
U S 2 1 8 2 1 3 2 3 1 2 1 * i 
1 9 6 2 i « 2 3 1 2 3 2 2 2 0 1 
1 * 7 2 2 1 2 3 3 2 3 * 2 2 2 1 
* * S 2 2 2 2 ' * 2 3 * 2 2 3 i 
1 * 9 2 2 3 2 1 « t i * Zfr I 
2 3 0 2 2 * 2 3 4 2 1 7 22S i 
2 0 1 2 2 * 2 3 7 2 3 8 226 I 
2 0 2 2 2 6 2 3 8 2 1 « 227 1 
2 0 3 227 2 3 * 2 * 0 228 1 
2 0 * 228 2 * 0 2 * 1 2 2 * 1 

1J 
11 
i: 
13 
9 * 
9 
9 
4 
9 
9 * 
9 
9 » 
9 
9 
9 ^ 
9 
9 
9 
9 
9 
9 
9 
it 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 » 
9 
13 
13 
13 
11 
11 
13 
13 
13 
13 
11 
13 
11 
11 
13 
13 
13 
13 
11 
1) 
11 
11 
11 
11 
11 
II 
11 
11 
13 
13 
13 



2C«; 22- 2 * 1 2 * 2 23C 1 
2 3 * ? i c 2 * 2 2 » ) 2 3 1 1 
2 3 7 2 * 1 2 * 3 2 * * 2 ) 2 1 
2 * 1 2 3 ) 265 2 * 6 2 ) 9 1 
2 0 * 2 ) 6 2 * 6 267 2 ) 5 1 
2 1 0 2 ) c 2 * 7 2 * 6 2 3 6 1 
2 1 1 236 2*? 2*«* 2 3 ' 1 
2 1 2 2 3 7 2 * « 2«C i ) * 1 
2 1 3 2 3 * ) W 2 * 1 2 ) » 1 
2 1 * 2 3« 2 * 1 2«? 2 9 ? 1 
2 1 5 2-f~ 2 < 2 2 C » 2 - 1 i 
2 1 * i * 1 2 1 ? 2 C » 2 * 2 i 
2 1 7 2»? 2 ' * 25 5 2 » > i 
i i * :»' K C 2 ^ 2 * » 1 
2 1 9 2 * « ">57 259 2 * 6 1 
22C 2»« ?ca 2V? 2 9 7 1 
2 2 1 2»? 2 l » 26C 2 * 4 1 
* 2 2 2 » » 2 * 0 2 6 1 2 * 9 ? 
22 3 2» ' . 2 * 1 2 6 2 2 5 0 1 
2 2 * 2 < « 2 * 2 2 * 3 2 5 1 1 
2i* 2 " 2 * 3 26 • 2 5 2 ' 
21* 2 r 2 2 * * 2 6 * 2 5 3 1 
2 2 7 2 * ' 2 * " 2 6 6 2 5 * 1 
2 2 « 2 C » 2 * * 2 * 7 2 5 5 1 
2 2 9 2 5 5 2 * 7 2 6 * 2 5 6 1 
2 1 0 2 * 7 2 * 9 2 7 0 2 5 8 1 
i l l 2 5 * 2 7 3 2 7 1 ? 5 9 1 
2 ) 2 2 « 9 2 7 1 2 7 2 2 6 0 1 
2 1 3 2 6 0 2 7 J 27 3 2 6 1 1 
2 3 * 2 * 1 2 ? 3 2 7* 2 6 2 i 
» ) 5 2*2 2 ? * 2"»'. 2 6 3 i 
2 3 * 2 * 3 2 7 ' 27« 2 6 * 1 
23? ? * • 2"f 27"- 2 6 * i 
2 ) 6 2 « e 2 77 2 7 6 2 * * 1 
2 3 * r** ?"P 27? 26? ' 
2*C 2 * 7 2 ^ 2 8 0 i*si 1 
2 * 1 ? * * 2 8 1 2 * 2 2 7 0 1 
2 * 2 27C 2 9 2 2 9 ' 2 7 1 1 
2 - 1 r?» 2 » 3 2 9 » 2 7 2 1 
2 * » 2 7 2 2 M 2 9 * 2 7 3 I 
2 * « 2~3 2 * 5 2 8 6 2 7 « 1 
2 » * 2 7 * ? 1 * 2 8 7 2 7 * 1 
2 * 1 ?"»« 2 * 7 2«e 2 7 6 1 
2 « « 2 7 ' 2 " * 2 9 9 2 7 7 1 
2 * * 777 •>«s 2 9 " 2 7 8 1 
2 « 2 ? * " • 0 2 9 1 2 7 9 1 
2 5 1 2 7 9 2 9 1 2 9 2 2 9 0 < 
2S2 2 8 1 2 * 3 2 9 6 2 8 2 1 
2 5 ) 2 * 2 2 * 6 2 9 5 2 8 ) i 
2 5 * 2 0 1 2** 2 9 * 2 * 9 1 
2 5 5 2 M 2 9 « 2 9 7 2 8 5 1 
2 5 * 2 8 c 2 « 7 2 9 9 2 8 6 1 
2 5 7 2 9 6 2 * 0 2 9 9 287 1 
2 5 s 2 § 7 2 9 * 3 0 0 288 1 
2 5 * 2 8 * »"C 1 0 1 2 « J i 
2SG 28<3 i n 3 0 2 2%: i 
2 6 1 2 a t 7 " 2 3 0 ' 2 9 1 i 
2 6 2 2 * 1 7 0 ) 3 7 9 292 l 
2 6 3 2 9 * ) « 5 1 0 6 2 9 * i 
2 6 * 2 « « )«W 1C7 295 « 
2 6 5 2 * « »<»7 1<W 2 9 6 1 
2 6 6 2 9 * 7 » 9 30<» 2 9 7 1 
2 6 7 2 * 7 1 0 * 3 1 0 2 9 8 1 
2 5 4 2 9 8 ' < " 1 1 1 2 9 9 1 
2 6 * 2 9 9 ) M ) 1 2 300 1 
2 7 0 »C0 3 1 2 J 1 ) ) 0 1 1 
2 7 1 3 0 1 ) » 3 ) 1 « 3 0 2 • 
2 72 3 0 2 3 1 * 3 1 5 * * 1 1 
2 7 3 1 0 3 3 1 5 3 1 « 309 1 

13 
13 
1) 
13 
l) 
13 
i) 
13 
'3 
1) 
13 
13 
13 
1) 
1) 
13 
«i 
l) 
1) 
1) 
13 
1) 
ii 
13 
1) 
1) 

'3 
15 
>) 
1» 
I) 
11 
1) ') 
; • * 

U 
i) 
i) 
i) 
i) 
i) 
i) 
i) 
ij 
1) 
1) 
i) 
i) 
i) 
1) 
i) 
ii 
13 
i) 
11 
i) 
i) 
13 
1) 
13 
13 
>) 
1) D 
1) 
1) 
13 
1) 



98 

2 7 * 30« 3 1 7 3 1 8 106 1 
2 7 5 3 0 6 318 3 1 9 307 1 
2 7 6 3 0 7 3 1 9 * 2 0 JO* ' 
2 7 7 3 " 8 3 2 0 3 2 1 1 J 9 1 
2 7 8 3 0 9 121 122 3 1 0 1 
2 ^ 4 3 1 0 172 1 ? 1 J U ' 
ZiC 3 ' 1 323 12» 312 1 
23 1 3 1 2 1 7 * 125 113 1 
23 2 3 1 3 12* 1 2 ' 1 1 . 1 
2 d ) 3 1 - 1?6 1 2 ' 115 ' 
2 1 * 3 1 * 1 2 7 3 2 9 316 1 
2 4 5 3 1 7 1 2 9 113 316 1 
2 8 4 ne 1 'C 1 3 1 319 1 
2 8 7 3 1 0 1 1 1 1 1 2 320 1 
2 8 8 32C 1 3 2 1 3 3 321 1 
2 8 9 3 2 1 1 1 3 1 1 * 3 2 2 1 
29C 3 2 2 1 1 * 1 3 « 1 2 1 1 
2 9 1 3 2 3 1 1 5 136 3 2 * 1 
2 ) 2 3 2 » 3 3 6 3 3 7 125 1 
25 3 3 2 5 1 1 7 3 39 126 • 
2 9 * 3 2 ' 3 1 8 3 3 9 3 < 7 1 
2 9 5 3 2 7 1 1 9 1 * 0 328 1 
2 9 6 3 2 9 1 9 1 3 * 2 1 1 0 1 
M 7 3 3 0 3 * 2 3 9 3 1 1 1 1 
2 9 • 3 3 1 3 * 3 3 « * 3 1 2 1 
2 9 9 3 1 2 3 » * ? 9 5 1 1 1 1 
M O 3 3 3 3 * 5 3 9 6 339 1 
3 0 1 3 3 9 3 * 6 1 * 7 115 1 
3 0 2 3 3 * 3 * 7 1 * 9 336 1 
3 0 3 1 3 6 1 * 9 !•« 3 3 7 1 
30 » 3"»7 1 *9 3«C 338 1 
105 3 3 8 3 e C 1 5 1 339 1 
106 3 3 « I 1 ! 3 * 2 3 * 0 1 
3 0 7 1 * 1 1<3 1 5 s 3 * 2 1 
30 8 3 * 2 I 1 * 15< 1 * 3 1 
3 0 9 1 * 3 3«i« 156 3»» 1 
110 3 » « 1 c « 3 5 i 3*«; 1 
» M 1 * « z-~> 1 * 9 3 * * r 
3 1 2 3 * « 158 3 5 9 3 * / 1 
3 1 3 I * " * 159 3 6 0 3 * * 1 
3 1 4 3 9 8 1 * 0 3 6 1 3 * 9 1 
3 1 5 3 * 9 I f 1 3 6 2 3 5 0 1 
3 1 * l c 0 3 6 2 3 * 3 3 5 1 1 
117 3«; i 363 3 6 9 3 5 2 1 
3 1 8 3 e 3 365 3 « 6 3 5 * 1 
3 1 9 3 l » 1«« 3 6 1 355 1 
3 2 0 1 ? « 3«7 1 6 8 156 1 
3 2 1 3 5 * 3 6 9 3 6 * 357 1 
3 2 2 3 5 7 3 6 9 3 7 0 358 1 
323 3 5 8 3 7 0 3 7 1 1 5 9 1 
3 2 * 3 5 9 3 7 1 3 7 2 1 6 0 1 
3 2 5 3 6 0 3 7 2 37 3 1 6 1 1 
326 3 * 1 373 1 7 9 362 1 
3 2 7 3 f ? 37» l-»5 363 1 
3 2 8 3 f i 17« m 1 6 * 1 
3 2 9 3 6 ? 117 1"»8 36o 1 
3 30 3 « « 1 7 8 1 7 9 367 1 
3 3 1 16 7 T»9 190 368 1 
332 3 * 8 1»0 1 8 1 3 6 9 1 
3 3 3 1 * 9 391 1 9 2 3 7 0 1 
3 3 * 17C 1 9 2 1 8 1 3 7 1 1 
3 3 5 37 1 V 3 1 9 9 3^2 1 
336 1 7 2 3 M 185 373 1 
3 1 7 3 7 1 1»5 1 8 6 1 7 * 1 
3 3 8 3 7 9 396 1 8 7 1 7 } 1 
3 3 9 3 7 5 3 *7 188 176 1 
3 » 0 1 7 7 189 190 1 7 8 1 
1 * 1 1 7 9 190 191 3 7 9 1 
3 * 2 1 7 9 1 9 1 3 9 2 3 8 0 1 
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13 
13 n 
11 
11 
13 
11 
i» 
13 
11 
II 
13 
11 
II n 
11 
13 
13 
11 
'i 
ti 
11 
11 
13 
13 
13 
13 
U 
13 
13 
13 
1] 
11 
13 
13 
H 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
11 
IJ 
11 
11 
11 
11 
11 
11 
•1 
U 
11 
11 
11 
11 
11 
11 
11 



3 * J 3 8 0 3 « 2 3 9 1 3 0 1 
!•• .3*1 393 3',« 162 
345 38? 3<>9 J 9 5 30 i 
146 38 3 3«< 3 9 ' 3 6 * 
1 * 7 3H» »»« >97 3 8 * 
14 i 3 V 3 * 7 3 9 9 3 8 * 
U « 3 6 * 3«9 j 9 « 387 
3SG 3 * 7 3<>9 » 0 " 389 
J 5 1 }••» fc'l * 3 2 390 
112 } « n • ' 2 • 73 191 
i V » 3 9 1 •:03 • 0 * 392 
35» 39? • r« • «! c 193 
1 « 3 « 3 • 0 5 • 0 6 3«» 
} < 6 39b • 0 6 • 0 7 395 
3 5 7 3 9 * • 0 7 • 0 9 196 
« 8 * 9 « •Of • 0 9 137 
1 5 9 19-* •0« • 10 198 
H C 3«>» • 1C • 1 1 399 
?61 1 1 ) • 11 • ' 2 • 0 0 
3 * 2 • 0 1 • 13 • i » • 0 2 
36 3 • 0 2 • 1« • 15 • 0 3 
)«* • 0 3 • 15 • '.6 • 0 * 
3«S • 0 * • 16 • 17 • 0 5 
3 * 4 » 0 « • 17 • 1 0 • 0 6 
1 6 7 •oc • 18 • »9 • 0 7 
3«a • 0 7 • 19 • 2 0 • 0 0 
1 *9 » 0 8 • 2C • 2 1 • J9 
1T0 9 0 9 • 21 • 22 • 10 
3 7 1 . 1 0 • 22 k 2 3 • I t 
172 a l l • 2» • 2« • U 
1 7 i a n »?« • 26 • U 
i l * • 1 * • 2 * • 27 • 35 
375 « l c • ?7 • 2 8 • 16 
3 7 * » 1 * • 28 » 2 9 • 17 
»77 • 1 - • 29 • 30 • 18 
3 7 B • 19 • 30 • 31 • 19 
378 • «9 • 31 • 32 • 2 0 
340 • Jf • 32 • 33 • 2 1 
3 9 1 • 2 * • 33 • 3« • 2 2 
392 • 2 2 • 3« • 3 r • 2 3 
3»» • 2 3 • 35 • 36 • 2 * 
)»• • 2 5 • 37 • 3 8 • 2 6 
3 * 5 • 26 • 30 • 3 * • 2 7 
3 3 * • 2 7 • 39 • • 0 4 2 8 
387 • 2)1 • • 0 < « 1 • 2 9 
3 4 0 • 2 9 • « 1 • • 2 • 3 0 
3 8 9 • 3 0 • • 2 •at • 3 1 
3 9 0 • 3 1 • • 3 ••• • 12 
3 9 1 • 32 • •• • « 5 • 13 
3 9 2 • 3 3 • • 5 • • 6 • 3 * 
1 9 1 • 3« • 96 H..7 • 35 
3 9 k • 3*. • • 7 • • 6 • 36 
3 9 5 • 3 " • •« • 5 0 • 38 
316 • 3 B • « 0 • 5 1 • 3 9 
3 ) 7 a 3« • 5 1 • 5 2 • • 0 
3 9 B • • 0 • <2 • 5 3 • • 1 
399 u a l • « 3 • 5 a • • 2 
• 0 0 • • 2 • 5« • 5 5 • • 1 
• 0 1 vd 3 • «i5 • 5 6 ••• 
• 0 2 • • • • 5 6 » 5 7 • • 5 
4 0 1 • »< • 5 7 • 5 8 M 6 
• 0 « ••* • 5 8 • 5 9 • • 7 
• 0 5 • • 7 • 5 9 • 6 0 • • 8 
• 0 6 • • 9 • 6 1 « « 2 • 5 0 
• 0 7 • 5 0 • 6 2 • 6 « • 5 1 
•ce • « 1 • 6 3 • 6 « • 5 2 
• 0 9 • 5 2 • 6 * • 6 5 • 5 1 
• 10 • S 3 • 6 5 • 6 6 • 5 « 
• 11 * 5 « • 6 6 • 6 7 * 5 5 



412 
413 
l l u 
4 1 5 
4 l n 
..17 
418 
4i<; 
420 
- 2 1 
422 
423 
424 
• 25 
• 26 
427 
•US 
»2;> 
4 ) 0 
431 
• 32 
»33 
430 
435 
436 
437 
438 
439 
U4 0 
44 1 
44 2 
443 
444 
4 4 5 
446 
447 
44 d 

4 5 0 
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SJSTEH-rtOH TABLE 9 . . AT T INE * U.S216D 08 . (BELT » 5 . 2 1 6 0 0 06) 
TYPE Or FLON RATE INC. PLOW TOTAL PLON 
CONSTANT-CONCENTRATION NODE P ION. . . . - 0 . 1 5 1 7 D 01 -C.79B3D 07 -0.«">71D 09 
CONSTANT-PM1X-NODF PLOD 0 . 0 0 .0 0 . 0 
SEEPAGE FLUX-NOPE FLON 0 . 3 7 2 0 0 - 0 1 0 .1922P 06 0 .M3IKD 07 
NUMERICAL LOSSES 0 . KtOOP 00 0 . 7 1 2 1 0 06 O.R5«3D 07 
MET FLOW - 0 . 1 3 H 0 D 0 1 - 0 . W 9 D 07 - 0 . 9 3 N 2 D 09 
INCREASE I N MATERIAL CONTENT (LIQUID) . 0 . 3 0 U 1 D - 0 ? 0 .15«8D 05 0 . 1BB9D 07 
INCREASE IN MATERIAL CONTENT ( S O L I D ) . . 0 . 1 7 7 9 0 0 1 0 .9322D 07 0 . M 0 2 D 10 
RADIOACTIVE LOSSES (L IQUID AND SOLID) . 0 . 0 0 . 0 0 . 0 

SYSTEN-PLON TABLE 1 0 . . AT T INE » * . 5 7 « 8 D 08 , (DELT • 5 . 2 5 6 0 D 06) 
TYPE OP PLON RATE INC. PLOW TOTAL PLOW 
CONSTANT-CONCENTRATION NODE PLON. . . . - 0 . 1<4«8D 0 1 - 0 . 7 6 1 8 D 07 - 0 . 1 1 0 J D 10 
CONSTANT-ttUX-NOD* r iON 0 . 0 0 . 0 0 . 0 
SEEPAGE FLOX-NODB PLOW 0 . 6 6 32D-01 0.3UU1D 06 0 . 9 f 8 « D 07 
NUMERICAL LOSS3S 0 . 159«0 00 0 .8362D 06 0 .2U39D 08 
NET PLON - 0 . I 2 2 2 D 0 1 -0 .6M18D 0 / - 0 . 1 0 6 9 0 10 
INCREASE I N MATERIAL CONTENT (L IQUID) . 0 . 2 8 S 2 D - 0 ? 0.1U99D 05 0 .219SD 07 
INCREASE I N MATERIAL CONTENT ( S O L I D ) . . 0 . 1 6 6 3 0 0 1 C.fl7»3D 07 0 .12B2D 10 
RADIOACTTVE LOSSES (L IQUID AND SOLID) . 0 . 0 0 .0 0 . 0 

SYSTEM-PLOW TABLP 1 1 . . AT T INE • 6 .100HD 08 , (0ELT * 5.2"i»i0D 06) 
TYPE OP PLON PATE INC. PLON TOTAL PLON 
CONSTANT-CONCENTRATION NODE PLOW. . . . - 0 . 1«20D 01 - 0 . 7 9 7 3 D 07 - 0 . 1 1 7 8 0 10 
CONSTANT-PLOK-NO0E PION 0 , 0 0 .0 0 . 0 
SEEPAGE PLl'X-NODP FLOW 0 . 8 3 5 U D - 0 1 O.U3U3D 06 0 . I 3 6 2 U 08 
NUMERICAL LOSSES 0.1S51D 00 C.8667D 06 0 . 3 2 9 3 D 08 
NET PLON - 0 . 1172D 0 1 - 0 . 6 1 7 2 D 07 - 0 . 1 1 3 2 D 10 
INCREASE I N MATERIAL CONTENT (L IQUID) . 0 . 2 7 6 * 0 - 0 2 0 . 1lt5Mn 05 0 . 2 3 9 5 D 07 
INCREASE I N MATERIAL CONTENT ( S O L I D ) . . 0 .16 I I P 0 1 0,flU79p 07 0 . 1 1 6 8 0 10 
RA0IOACTTTE LOSSES (L IQUID AND SOLID) . 0 . 0 0 .0 0 . 0 
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- •* 13 

"••»•» - " M " ! = i M * ? 1 - ? ? ( * • ! > A > i l ~ *23 

m n . i a =»»»?*{s»ic» »B2«rs?p,:;i **'» 
« M ( 1 , ' J U t l « I I ( S , I Q l » « 2 « * I ? ( " . r ~ J *. » c 

?;•" C'»f T I l , »* -t t = 

: **' 
- *T* 

r i l l S T ( r , * . ? » , : * . * < • , V i a , • . 9 1 I f P , 9 I I * t . r U 9 . , I $ 5 ) ««•» 
- r«i»»?»t»»Tzr r «?»i t **: 

- , t * 
*»i» S " ~ - T ? ( ? , T . * . * * » , ; * » : . » » . • n * ' » . " I T ? * ) *2? 

»2S 
- :»•"•»«.»-» •«r-»:»L -I.TI rn«.t-;i **r rii»,r;i • » 
r ** 

n i l ffii*{?T,»r,Ti,ti»».rs."itst.»%n»» »»s 

> * T , » T » »** 
«*> 

- »»-«r »i»r»»i»s «r c-r»»r»T : I « ST»P »** 
r «*-

C»L: » » n r p « , i u » , « i i F , s i H L . ; » i r , » , n , n . n . » : , T : » s , t r i , l* r 

:• ffSTt.»<3.n cm. sto«»c»fto«.«i»?.^iijt,j.ri^?,rTriE.rt.rz. »•* 
> *,*r.?«,»i . fxi »:s* 

r *<ws 
r F*r?»»» »•»• »BIT -r»» srsp nw 
r H K 

*•» f"T«».<rr.r»iTi so f> ie » J « 

:*•> ; > r t ? | s i ( t « | IJVS 

r̂* ^ i(" iW? 
2tr *»-rr "•*:*., : » n , •«n« « * ' 

lO^-! r>M»Tf«rH.0 | I » > 
nn<> «r .»f t i?r / / / / lS*t»tte» I f fStoCITT I i m »T EICT»«T. I« / / / J I0*» 
ijkig »nr« i» ( / / / / »w M f s n a r * *, i»,2*a rrcwos e i t . «U.<J»«SI? *.t**//) >a*s 
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»» t j -»-*t-»- i i ) »w» fnt. >0S »»9T*. 

» >C->5-»»T*| , >-"^l f 2«1, JVi I* 2«1 . 3L I >i4 1 ,:FLT. CW., »*J.«»X,?-1I. 
> »?*r«.«M,«?r?(5«si,»rTsri5»*i.»j»f*.:»i . • T S » I 5 2 » J . I » I ' » 2 « . 5 ) . 
> T 5 « » * ? » . » » . i s ( t ; * . « i . • • p . « ? i . » « i ? . i s » » 3 , » r c . » r r , * r s T , * T r , « ! ! i . 

-r»* «•« / •? I. /»«•>• i ?.->i 

-» (»«•-». «?_n c t - M 
?»»> n - r - , r»LT.'-»'»<:.9SL»»i,?iti,B 
;T l - n - H . ! ' . * . " ! 9aS*I*1 .»5* 

?»t»~ i- '>'»:'; ,»«a,«»i.»ii»T»«c".*ri ,»?c.«sr,TTsr,*»i.csTi,»ss.»n.T, 
> r « « c . - n " » i . * " » i , * 

f » r ' i i ; c . » * * ; . {r»»frT«i . I T » » I . » ? I I 

?»-•* > w . i ? * c . »r»i( i?»».rr"*i .» , ?xi 

; r»?ct -r> »* s w » I»»WT 9 » T I aors » r n e r » 9 sr>-»icr ?»»ICTTT 
I? f»WF-:C.f . l»9.«W.Lr.*IW»» CO TO W 
TVTOf «? V759* 1 
M ' t r '71C0. • u « r 

I ' T» »«'»t.5» ,.t .**3 .«?!..^*."»I»IJ COT" 2? 

»?T«T •?*??, " i T i 

- » : * " '?».'- . • * ! •»? 
, - -» f«-» .»:» . ' - . l«5 .«C». lJ .» lI»U CC TO »3 

• • T I T <> c i ; ,«?»i7i 
*•> :r **•• •? . ' ;» -<• . •«-«T:-1 .»-»»X»TT» « TO *<S 

*»T»~ I?*'*!, »II«TT 
r « -» f*»C.C«.9.»»».««:.I.E.S*X»H CO t o V 

rsrof-»Tsrr»»» i 

' » T» f»S- . e j .3 .M9.»5T. l ! -"»X*H «> TO 7} 
I«.>P-I«TOf»1 
m » T DO*o,mxir 

"* T» nrrsT.CE.J.»«!.»T$T.LE."»X«H 50 TO *0 
TST^P»ISTOP» » 

*" rr f t i f f r t ' i - i » . 2 i «»•>*<« 

* ' r« r i ^ T ^ . j a . j ) » TO IOJ 
» : » • H J M , i s ? i » 

C •*»!> »*H F»T*T •ITSFTH MPPS»TI»S 

IOI r" ( * * • » » . K . O I <w» ro 12a 
»«T*T 1*209, f f P " » T ( i , j ) , r « i , j ) , j « i , » » r n i ) 

n o r*r»r - I ) O « , I . ( W O K I , J I , J « I , « » M > 
»J0 Tf (*T T .L2.0) CO TO MO 

r »»»e <too*i-pQTTT *»& n n n r o m PVOH » « i t r » » T srotase »»a F * I » T . 

r*T» ; 
n»T» c 

t » T » 1C 
v * T * t5 
0 » T i 2C 
3 * T * 2 : 
9 t T » ) 0 
9 » T * )S 
? » ? ! »? 
?»T» *« :»r» < •« 
: i r » ^s 
r»r* * 5 
3 » T * A* 
C»T» ~ j 
9 # T * 7*" 
9 * T » rs 
3»T» •« 
t » T » * 0 
94T» *< 
9 1 T 1 IO« 
5 1 T * 10^ 
3 I T » 113 
5 I T » 1 1 * 
0 * T t 120 
9 I T « 1 » 
»»T» 1 M 
0 I T » 11« 
3 1 T 1 1*9 
9»T» l * S 
9 1 - * f-1 
sir* i c * 
9»T» I f 3 
D»T» 1 * c 

3 1 T * • " 3 
3»T« ITS 
S I T * ««? 
3*T» 1»S 
3 I T 1 190 
2»T» 1 « 
!«»T» 200 
0»T» 2 3 * 
C«T» 210 
M T a 21S 
O i T * 220 
0 *T» 2 K 
9 I T » 2 M 
9 I T k 2 ) 5 
S I T 1 2 * 1 
3 *T» 2»« 
B I T * 250 
D«T» 255 
D»T» 2«J 
rit» 2*5 
B I T * 270 
D l T * 275 
0»T» 290 
0»T» 205 
0 * T 1 2 * 1 
• » T » 2 * 5 
M T t 100 
• » T » ) 0 5 
M f i ) 1 0 
M T t ) I 5 
B»T» ) 2 0 
M T > ) 2 5 
0 » T | ) » 
0»TA ) ) 5 
91T» 1*0 
O i T * 1»5 
O I T * ) 5 0 
0»T» ) 5 5 
0»T1. ^ * 0 
D«t* ) « 5 
9»T» ) 7 0 
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r* *?C»--S»PT 

»Mi»(i) (r»ri.» ,>(Ti , : = i.<>i .PPPOSB.KAP.IIEL.JITTB 
• ^ n f i , ( T ( « P I , « ? 3 I , « W P I , (Z(»p> ,»?- i , » !»n ,cn c c i , iQ> .* '= i .»Ei - ) . 

«"? T!IT t r i o : 
»v> ) 30 BP-1 , "IP 

H I ? • • « * '1 -on ,< l? ,X(»p) ,Z(»P) 
PPT'*' if»n.J 
•»%?»TP= r 

i r i « . s i = ' 

DO ittC IQ=1»3 
rc> - ro » » 
00 1»0 JQ=I<21,» 

*o = r»BS{iB(»,ra>-IB (B.Jan 
B»9 = !UI0(FD,BR9) 

I4fi BAXOIP » B»IO<AD,»AIDIPJ 
F*»«T 11*30, • , (7S(B,I1 . l = l . * ) , F » P 

m - r i""o 

= »*r> i fPAt-p 'VBT D»T» PROH 3ASDS ASD PP1PT, I ? 3EQ0IPW) 

» : = i 
t ' l P*«D »1tO0, !M,X(»J) .Z(RJ> 

T» (B.T-BI) 1 8 0 , 2 10 ,190 
"10 PSIBT 1 «3G7, t j 

PPI*? H 5 0 3 . BJ,X(1U) ,Z (»J ) 

CO TO I'O 
io-j o » = j j » i - i r 

D I = ( X f l l J ) - X ( I I I - l ) 1 / P P 
PZ= ( i (MJI -z ( » i - i ) > / D P 

.00 CO»TI«0» 
H u l l = X ( » T - 1 1 0 I 
Z(«I |*Z(I»T-1|»DZ 

210 ?»TBT 11500, BI .X(BI) , Z ( » I ) 
ST=BT* ' 
: • {W-1T1 2 2 3 , 2 10 ,230 

221 If f«tr.L?.*!5FI "O T" 170 

T » P ' L J B ' i T OPTA f»n« CAP05 »»D PSIPT, IP "EQUESTED 

»LSO ?OPPT"» BAXTBHB WDAL LlPfEBWC' ?08 EACR ELZIKilT 

PSIBT 10AC0 
BAXPIP*'1 

•J = n 
230 P»AD i r a o o , B T , | I E f P l » I ) . 1 * 1 . 5 ) , M D L , P L A T 

BPD = 0 
y 2o0 13=1 , 3 

IQ1 = IQ • 1 
or 2«0 J3»rof ,e 

»P = T»3S«TP ( « 1 . 1 0 ) - " « " . J < H ) 
Duo > ntxo (»c, B»OI 

2"0 BAXPIP » B* lO(«D,BAIDin 
2*0 "J « »J • 1 

IP (PT-BJ) 2 * 0 . 2 9 0 , 7 7 0 
2«0 PSTBT M » 0 0 , BT 

PRTP» 1 U 0 0 , «T, (TF(BI , I ) , 1 = 1 , *>} .BUD 
IS70P = ISTOP • 1 

270 ''O 2»o r i = i , a 
2P0 T»(B.1,IQ) = I P ( B J - I . i a ) • 1 

z'.C'j,") ' r » ' ( B J - i , S ) 
290 P'TUT 11*00 , BJ, (T»(BJ . I ) , 1 = 1 ,51 ,B»0 

T» (BJ. LT.Br) nr f 240 
TP (BJ.»Q.IIEL1 0 0 TO 330 
TP (PODL.LE.Oj GO TO 230 
PO 320 T*I ,KUT 

Ll = 2 
DO 12C J« l .BODL 

DATA 17« 
PAT* ! ( ! > . • 

DAT -. 385 
DATA 190 

Q=OATA 395 
DAYA too 
DATA 4 0 5 
DATA » 1 0 
DATA • 15 
OUT* • 20 
9 *T» • 2 * 
DATA » 3 0 
DATA i 3 5 
DATA >«C 
OATA » » 5 
D«T» « S J 
DATA »55 
DAC* « 6 0 
D i r t • 65 
DPT* » 7 0 
DATA 4 7 5 
DATA • 8 0 
DATA »«5 
DATA » 9 -
DATA • 9 5 
OATi 5 0 0 
DATA 5 0 5 
c«rs 5 1 0 
DATA 5 1 5 
DATA 5 2 0 
DATA 5 2 5 
DATA 5 30 
DAT* 575 
DATA 5 « 0 
DATA 5a5 
DATA 5 5 3 
DATA 5 5 5 
DATA 560 
DATA 5-55 
OUT* 5 7 0 
DATA 5 7 5 
OAT* 5 8 0 
D t T t 585 
D»T» 5 9 0 
D»T» 595 
OUT* 6 0 0 
o m 6 0 5 
D » T i 6 1 0 
0»T» 6 1 5 
OUT* « 2 0 
D»T» S25 
E*T« 5 30 
0 » T * 6 35 
0»T» 6 « 0 
D»T» S»5 
0»T» 650 
D i f « 6 5 5 
C»T» 6 6 0 
DAT* 6 65 
D»T» 6 7 0 
DATA 675 
DATk 6 8 0 
DATA 685 
DATA 6 9 0 
DATA 695 
DATA 700 
DATA 705 
DATA 7 1 0 
DATA 715 
DATA 7 2 0 
DAT* 725 
o m 7 30 
OAT* 7 35 
DATA 7U0 
DAT* 7<l« 



' » ( N . P Q . R I ) GO TO 310 D1T» 750 
D« 303 KQ«1.* 5 i ? i 755 

IPC T * ( U , K 9 t * I E ( R J - l , K O | • IL 9»T» »S0 
I ? ( P J . 5 ) » T ? < » J - t . 5 ) 3»TI 7 t 5 
PPT»T 1150C, • J , | I » ( S J , J ) ,B=1.5 i ."WD D»T» 770 

1»0 t l = t 0»T» 77^ 
32C « j = *J . 1 P»TI 7«0 

• J = PJ - t 01TI 785 
I» IPJ.LT.RS1) r.O TC 210 0»T» 7*0 

l i n «-»>«-:'im DiT» 7*5 
D»T1 800 

r •fOD'PT »»»»KT»L TTPK POt SELECTED EL»«E»TS. I? RECSSSaPT B»T» 805 
C 01T» 8 tO 

IP C»CP..LF.01 C TO 170 0»T» 815 
PSIP- 1C500 0IT» 82C 
L*0 D»T1 82% 

1*1 P»»D 10*90, • T.PTTP.BR.RH D»T» 81G 
TPjP.,') » HTTP 0»T» 815 
PPTBT 11700 . " I . IP ( P I , 5 ) 0»T% 8»0 
L * L • 1 OtT» 8»5 
IP (RP.LP.RI) GO TO 3*0 OAT* 850 
IP (BIWC.LE.OJ HIWC » t 0»T» 855 
• I * • * • BT» D»T» 860 
on i * o * J * H I , R K , R I B t i n 8*5 

t » | P J , M ' BTTP 0»T» 870 
nzw* < r « , W . I E J R J . 5 ) 0»T» 875 

1*0 t = i • 1 D»T» 880 
1*0 IP , l .LT.*CH) 50 TO 1*0 D»T» 885 

Z DlTt 890 
Z CHFCP. * i ? » P I » L TTPES PC» EACR ELERTRT M M 895 

D1T1 900 
170 PO >P0 * c l , R t L D»T» 905 

R T T P = I » ( P . 5 | p a r i 910 
:•» {BTTP-GT.O.»RD.BTTP.L;.RRaTl CO TO <80 0»T» 915 
PPIB? 1«100.R D»T1 920 
ISTOP«ISTOP»1 0»T» 925 

1»0 C^BTTBOB D»T» 910 
IP (I3TOP.EQ.0) • » TO 190 0»T» 915 
PBTBT 11670,ISTOP D»T» 9«0 

: DaT» 9»5 
C PB»D IPITTIt C0RDITIOR5 0»T» 950 
Z 0»T» 955 

190 BT»0 OlTl 960 
RJ*0 DBTA 985 

• 00 " (PJ.EQ.BRP) GO TO »»0 D»T» 970 
• » » 9 t t « 0 0 , B J , P P ( » J ) D1T» 975 

» ' 0 SI*»T»t D»T» 980 
IP (PI .G? . 1) W TO «20 0»T» 985 
IP f u J . P S - ' l s o TO » 2 0 D1T1 990 
PPIBT 11500.BJ DAT* 995 
ISTOP«IS?OP» 1 DtTklOOO 
GO TT P20 D1T11005 

• 2 0 IP (BJ.PQ.BI) GO TO «00 OITklOtO 
I? (PJ.GT.RI) GO TO «3C D»T»1015 
PHIPT H 5 0 0 , RJ DATA 1920 
ISTOP«I5?OP»1 DAM102S 
GO TP 820 D»T»1010 

• 10 P P ( » I I ' P P ( R T - t ) DATA1015 
GO TO • 10 OITI1080 

C DATA10RS 
C TOEBTIPT BO0B*HPT ELEBEBTS ABD COBPOTE DIPECTIOB COSIBES OP DATA 1050 
C BOOPDART SIDES DATA 1055 
r omioto 

»»0 CALL SOPP 0»T»1065 
DO «50 BP«1,BBP DATA1070 

»'>0 DP(RP)*0. DATA1C75 
IP (PPC.E3.0) GO TO 550 DATA 1080 

c o a t a 1 0 8 5 
C BE*D COBSTAaT-CORCfBTPATIOR DIBICRLR COBDITtOBS SB(BPP) TO BB DATA1090 
C IPPLTED »T BODES BPP(PPP) DATA 1095 
C DATA MOO 

BPP'O B»T»1105 
• KO TP (PPP.EQ.BBC) GO TO 520 0»T»11(0 

IP (»»P.LT.B5C1 GO TO «70 D»T» 1115 
Pi»I»T 12«00,WP Daft 1120 



158 

T?TP«- = - S T ? P * 1 
C.r> 7 0 c 2C 

a~0 B?1L> M ° 0 0 , * I , i P I i C , BBI 
I f (JIPTWC.GT.OJ CO TO « 9 0 

• P» ( * P ! > | ° « I 
n p / i i c c , « 3 P I 

GO r r s f O 
» 9 0 I f ( W r o . G T . O ) CC TO 5 0 0 

I S T O P = T S T O P * 1 

P3TST l » 0 0 
e 0 0 »J = »«»I ( * P P ) » » P I » 

3 P J * F 9 { S P P 1 
» K = » I - 1 
DO 5 1 0 » P * * J , » K , » P T * 

»FP*1IFP»1 
» ? » (SPP)*<IP 

•=10 8 8 < ! I P P J » S B J 
GO rr »«o 

1 2 0 P">T»T 1 1 6 0 0 
&"> C 3 C « P P = 1 , * B 

5 3 " F3THT 1 2 1 0 0 , I F * ( » P P 1 , 3 B ( i P P -

APPL7 DTPICHLET BOOM APT S P f C U I C A T I O B S T 3 THE I M T T A L COTOITIOBS 

r< *»n » P P * I , W 
R P = ! I P * f « P P ) 

< 0 0 F P { » » 1 * 9 P ( S f P » 
5 5 0 I f ( H S T . L E . 0 ) GO TO « 5 0 

9»AD S 0 F F A C E - T E E S PLOIES EI M D EJ TO BE APPLIED »T B00»DA8T 
* O D f S HI %nt fjr V ' S P E C T I T E L I 

SPP*0 
PP»0 
P U S * 1 0 7 0 0 

5«o rf (PP. EQ.KSTI GO re «ic 
PEAD W O O . H I . M . K I I C . E I . f J 
TP i r T w r . K T . o t n o TO 5 8 0 

5 7 Q >ip=fp»1 
0 X * X ( < m - X ( * J ) 
! > Z « Z ( « T ) - I < » J » 
? L = n S 0 ° T (DX« * , » D Z « D Z ) 
D P ( 1 I ) = r P { H I ) » £ I « ? L / ? . 0 » E J » E L / 6 . 0 
D P ( * J ) » 9 P ( » J ) * E I * » L / 6 . 0 * E J » E L / 3 . 0 
S ? P - l i » P » 1 
!«PST(I">P) » » I 
H P P = » P P » 1 
UPS"; ( « P P ) = » J 
EK*SJ 
? P r » T 1 2 2 0 0 , H I , » J , E I , E J 
GO TO ^ 5 0 

5 8 0 I f ( B P . G T . O ) GO TO 5 9 0 
I S 7 0 P = T S T O P » 1 
PPTKT 1B00O 

1 9 0 * P T » C s T A P S ( » J - m > 
» P H I » = « 1 X 0 ( * P S T ( 4 P F ) , » P S f ( K O P - D I 
» P B A T M I I 1 0 < » I , * J ) - 1 
DO fOO * I C = ! I P H I » , » P I U X , ! 1 P I » 

* l " » r » ! i P m 
P P T t T 1 2 2 0 0 , U K . ! « L , E K , e i C 
« P = * P O 
DX = Z ( 1 I K ) - X ( I I L ) 

»L DSQ»T<DX»DX»DZ»DZ) 
D P ( * F ) = D P t * H • « « • E L / 2 . 0 
0 P ( » L ) = D P (»L) • E K ' E l / 2 . 0 
» P P = * P P » 1 
UPSTf l lPP) »*K 
* P P » * P P » 1 
SPST ( N P P ) * * L 

*no cnnTinor 
GO TO 5"»0 

« i o HPPP»X«IIPP 
* S T 1 = 0 

DATAl 
O l t H 
DATAl 
DATA! 
9ATA1 
3ATA1 
!>ATA 1 
DATA ! 
DATA i 
DATAl 
OATA1 
DATAl 
'•ATA i 
B i T A l 
DATAl 
DATAl 
DATAl 
OATA1 
D»T»1 
DATAl 
OATH 
OATH 
oarai 
O A T H 
DAT.'. 
OATH 
DATAl 
DATA1 
DATAl 
DATAl 
DATA 1 
DATAl 
DATAl 
OATA1 
DATAl 
DATAl 
DATA 1 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
omi 
DATAl 
DATA 1 

D».1A 1 
DATA1 
DATAl 
DATAl 
DATAl 
DATAl 
DATA I 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATAl 
DATA1 
DATAl 
DATA) 
DATAl 
DATA1 
DATAl 
DATAl 
DATA' 
DATAl 
DATAl 
DATA 1 
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6 2 0 
* 3 0 

f»C 

no 6>o « P » T . ? . » » • • • » 
TF ( B S T B . F 0 . 9 | <3P TO 6 3 0 
DO *2P BPPJ'I.BSTB 

TF (BP5T(B»PI) . ; g . B P S T ( B P P I ) l SO TO 6»0 
OBTIBOE 

»STB«BST»»1 
BPSTfBSTBi-»PST(BP»r» 
COBTTBOE 

*«0 IF (BTST.'.E.OI CO TO 820 

C PEBD B1R8EBS OF ElEHEBTS kKC SI9ES TO BHItH Si'etC* 
C COBDITIOBS OF THE FOBR. H M * (DIPCT PLM) •COBCEBTl*»TTOB. 
C »BE 'O B* * P F U E 3 

R?T«0 
6 6 0 IP (BPT.EQ.BTST) CO TO 710 

BB»0 109OO,BI ,ZS1 ,TS2 .Bl« 
IP (BTBC.CT.O) GO TO 680 

670 BPI«BPT»1 
BTSt fHPI) *BI 
X S t H P I , l ) « I S 1 
I S t P P . . ? > * I S 2 
CO TO * « 0 

680 TF (RPI.GT.0) --0 TO 690 
IS?OP«ISTOP*1 
ppirr ir»oo 

f 9 0 B P t B C - T S ( R H , 2 ) - I S m H , 1 | 
BI»C*I*BS(B'IHC>-1 
BJ**TSE{BPil »RIB 
HB«RI-1 
DO 700 B'HJ.RK.BIB 

RPJ'RFI 
RPI«RPT»1 
B1SE(RPI)«R 
I S ( R P I , I ) « I 5 ( R H , 2 ) 

7 0 0 I 5 ( H F I . 2 ) ' I S < R P I . 1|*BPIR 
GO TO 6"»0 

T,C PBIBT 10800 
» 1 2 0 P.P«1»BTS** 

«.BT5»(RP) 
720 PPTBT 1160O,H,TS(RP,1 | , I S ( H P , 2 ) 

BTSTB-0 
DC 7"»0 BP«1,B?ST 

BI«IS<R?,1) 
IF (BTSTB.EQ.01 GO TO 7 » 0 
00 "MO »PP»1,BTSTB 

TF (BPTST(BPP) .EQ.BI1 CO TO 7 5 0 
730 COBTIBOE 
''BO B?STB«BTSTB*1 

BPTSf(BTSTB)-9I 
7«i0 Rj«T5(BP,2) 

DO 760 BPP*1, BTSTB 
IF (»PTST(»PP) .EQ.BJ) CO TO 7 7 0 

76 G COBTIRBE 
BT5TB» BTSTB* 1 
BPTST<BTSTB)»»J 

770 COBTTBOE 

Z DFTERBIBF DIRECTIOB COS IRES OCOSI(RP) BBS DCOS2(BP) FOB TB» 
C SEEPRGE SIDES 

DO » ' 0 RM'I .BTST 
BI=BTSE(RPI) 
DO 800 BPJ»1,B«EL 

RJ*BBE(RPJ) 
I P (RJ.BE.RI) GO T3 8 0 0 
TF ( I 5 B H P J , 1) . E Q . I S ( B P I , 1 ) . » B D . I S B ( B P J , 2 ) . E 0 . I S ( B P I , 2 ) ) 

> TO 7 8 0 
IF ( I S 8 ( R P J , 1 ) . E Q . I S ( H P I , 2 ) . A B D . I S B (BPJ,2) .e<2. t S ( B P I , U 1 

> TO 7 » 0 
SO TO BOO 

780 DO 730 J « 1 , B 
790 I S < B P I , J ) - I S B ( R P J , J ) 

0L<BPH»DLB(BPJ) 
DCOSX(IIPI) -DCOSIBJRPJ) 

DITR1500 
car* nis 
oaraisis 
D1TBI515 
B*Ta1520 
D4TB1S25 
D i T t l S W 
D l T B l i H 
D»TB15»0 
0*T»1*»5 
OlTfc <55C 
D»T»1555 
DIT*. 15(0 
D»T*1S65 
D«TB 1S70 
D1TB1575 
BIT!1580 
DITB 1585 
;*TB'590 
BIT* 1595 
DITR 1609 
DITB1605 
DITR 1610 
DITR1615 
ORTR 1620 
DRTR1625 
DRTR1630 
DITRK35 
D*T» 16*0 
DRTR16*5 
DRTR1650 
DRTR1655 
D*T*!660 
DRTA1665 
DtT»16'0 
DIT*1675 
DRTR16B0 
DRTR1685 
011*1690 
DRT*1695 
DRT*1700 
DRTM705 
DRTR1710 
DIT1I7 15 
DRT*1720 
DBTt 1725 
DRW1730 
DRTR1735 
D»T»17«0 
D*T»17»5 
D»T»1750 
DRTU755 
DBTH1760 
DRTIU765 
D»T»1770 
0RTR177S 
DRTI1780 
DBT»'785 
DRTR1790 
DBT»1795 
D»T»1800 
&RTR1805 
DRT* 18 10 
D*T«!SI5 
D A T » 1 8 2 0 
D»-»1825 

CO DRT*^830 
D»T»1835 

6 0 DRTM8BO 
DRTMBB5 
D»T»1«50 
0RTA1855 
DRTR1360 
DRT*1865 
DRTR 1870 
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BOSX(RFt | 4COSZC (BFJ1 
CO -to BIB 

M O r w t n r 
TSTOp.»TS?OP»l 
FB»*' 11800.BT 

82* I F irsrur.tQ.1'} ••» TO « J C 
P » I B T »?«oo . r s r c r 

i j o n c r o » > i T ( K i o : i » r T I B L E I . . B I S I C P I B * B E T ! » S / / s i . 
> O B BBBBEB O* B04U. FOIFTS . 1 5 / 5 1 . 
> BOB BBBBFB OF ELFRSBTS . ! « / « I . 
> « O B BBKBEB OP OTFF—»«BT M t n ' i i s . i s / s i , 
> BOB BW»BEB OF O B I MOB BITEBIU.S 1 5 / S I , 
> kOS BVBBFB OF T U T iBCKBESTS . I 1 / S I , 
> SIP BWSBBB CF B08BBBB' O B DITIOBS . I S / S I , 
> BOS I < n t 9 OF SBBFkCt T U B S , 1 5 / S i , 
> BOB BWFBEB OF SEEMCt S3BFICE TEBRS . . . . . I S / S I , 
> BOB * n 0 C I M I1FBT COBTBOL , 1 5 / S I , 
> «0B 1BT1LI1PT STOHtif. COBTBOt , 1 5 / S I , 
> «0B STOBT-STBTt COBTBOt , 1 5 / S I , 
> »0B TIFF IBCBFBEBT , F 1 0 . 6 / 5 1 , 
> BOB B01.TIFIIEP FO* IBCBEkSIBC M I T , F 1 0 . 6 / 5 1 , 
> BOB BlII' iBB ?»L0E OF OELt , £ 1 0 . * / 5 1 , 
•> »0B H I I U P f l l O E 0 * t l « D 1 0 . B / 5 1 , 
> BOB TIR?-IBTFS8BTT0B FllkBrTEB ,F 19.61 

1 ) 1 3 0 F O » « l T f / / H . 1 « B 0 0 T F 0 T COBTBOt) 
132C0 POPRBTf36B.IB*BT T M U 2 . . 91TEBI11 FBOBEBTIES// » • B»T. 

> 3»»l l 
BO. * l 

BIT* 1875 
!>»« IBM 
DBTHSBS 
MT11890 
DBT1189S 
M T H B M 
D»T«1935 
CtTHBIO 
D»T1H»5 
MTBIB2C 
3k Tt 1925 
DBTklBM 
DITklBIS 
ukTk19«0 
M H T H 1 
DkTk1950 
DkTkIB5S 
31T1-960 
D»T* 19*5 
MT11970 
DHL 1475 
C1T1 IBM 
DkTk19SS 
01TB IBM 
01T1199S 
BBT120M 
DkTI20«5 
BkT120lv 
MT1201S 

13100 P0M»T(?»B1TPP0T TkBH 3 . . BODBL POIBT MT1 / / 7X,BBBODE, l t . 1 1 1 , BBTB2B2S 
> 1BI .1BI) DITI2025 

10*00 POBBk?(3BR1IBFBT TkBLE • - . E LIBERT 0 . T 1 / / I I I , 0 » « 2 0 K 
> I IBCIOUL TR0ICF5 0 / ELEBEBT BOBES/TI. 7SELEBZBT, 3 X . I B 1 . 7 j . I B 2 , DkT«2035 
> 7 X , 1 1 1 , 7 1 , 1 M , * I . B » B » T T i I » l . l S I , 10B9GOI OIFF. 1 DI*»20BO 

1 0 ' 3 0 FO»B»T(/ /52F COFBFCTIOBS TO BkTEBIM. TTFES FOB SELECT'O EIEBFBTS/) OM»23BS 
1-630 FO»BIT(*kaiIBF0T TkBLE 5 . . BOBBDUT COBDTTIOBS OF FOBB, SB B - B B / / 9kT'20S0 

> *B B O 0 E , 7 I , 2 B i B / ) 0hT»i3SS 
13700 F0»S»TO2B1IBP0T TiBLt 6 . . S8BFBCE TEB8S , 20B E«SI »T BODE B I , E*DkT12vM 

> 13BTJ IT BOO* B J / / l I , 2 S B X , 1 X . 2 B B J , t I , 2 a : i , l 3 X , 2 ! I U / ) 0kTk206S 
13000 FOBRlT(BBaiIBF8T TIBLE 7 . . SEEFICT-SOBFICt IBFOBB«TIOB//SX 01T1207O 

> 1BBEI.FBFWT BOOE 1.2I.6BBO0E 21 9BTI2075 
1rt933 FT»BBkT(16T5) D1T120M 
11000 FO*B1T(SF10.0 | 01TI20B5 
11100 FOIR*T(8CI1) D1TB20M 
11200 FOFB»»f10I .101T1) DkTk2095 
11100 FPM>TfT8,9D12.B» 0kTk21M 
lltt.'O FOFBIT(IS ,2F1C.3 l PBTB2I05 
11S00 POiB»T(TI0 ,2D15 .B) D1T12I10 
11«00 P O B P k T l T 1 0 , » I 8 . I 1 0 , T 1 5 ) 0ITB2115 
11700 FOBBIT ( 1 1 0 , 3 2 1 , 1 1 0 ) D»T»2120 
11900 FOBB»T(TS,5X,P10.0) D»T»2125 
11900 F O » H » T ( 2 l S , F i a . ? l DkTk21X> 
12000 FO»«»T(T5.015.B1 OITA2135 
12100 FOBBkT(3TS,5 l ,2P10.0> P»T»21»0 
12200 FOBRk?(2T« .2 (1PDl« .« ) ) J»T»21B5 
12300 F O I f l » T ( / / / / 3 3 F TOO BkBT BODkL FOIBTS, BlIIHOB < , I S / / / 1 UT121S0 
12B00 FT»FB»T(/ / / /30B TOO R1BT ElEBIBTS, RIXIBBB » , I S / / / > t » T l 2 l 5 S 
12S00 FOFB»Tf / / / /B1B TOO BkBT ZOBBECTIOB BBTEII\LS, RHIBON » , I S / / / ) M 7 » 2 1 6 0 
12600 FOBBIT ( / / / / 3 6 R TOO RkBT TIB* IBCBEREBTS, U I I B 0 B ' . I S / / / ) 0»T*216S 
12703 FOFB»T( / / / / 29H CBtCI FE10CITT IBFBT COBTBOL///) 0»T»21 .J 
I2B00 F O B B » T f / / / / 3 0 B TOO B»BT BkTEBIkLS, BkXTBBR « , I S / / / ) 0»T»2175 
12900 "OBB»T ( / / / / 3 « B CHECF BOBBOBBT COB0ITIDBS, H » I I f : i ; B « , I S / / / ) 0 » T » 2 U 0 
13000 ? O B F » T ( / / / / 3 0 B CBtCB S0IF1CE TEFIB, B » I I B C B « , I S / / / ) 0»T»2185 
13100 F 1 » B » T < / / / / 3 1 H CBECB TBIBSIEBT S . T . , BAIT BOB*. I S / / / ) 0»T»2I90 
13200 F O B B » , ' ( / / / / 2 8 F EXECDTIOB fllLTED BECIOSE 0 F . I S . 1 3 B r » T » l E I I O B S / / / ) D»T»219S 
13300 FOBB»T( / / / / 30H EfBOB IB BO91L-F0IBT CBI0 B O . , 1 5 / / / ) 01T»2200 
13«00 F O B B » T ( / / / / 2 6 B E9BOB IB ELEBEBT C»BD B O . , I S / / / ) PIT*2205 
13S00 F O B B » T f / / / / 1 6 B EBBOK IB IBITIIL'OBOITIOB C»B0 B O . , I S / / / ) DIT&22I0 
13630 FOB B»* ( / / / / » S B ISSCTBLY 1B0 SOtOTTOB B I U BOT BE FEB FOBBED,, 1 5 , 0»T»221S 

> 19B P«7»L C«BD EFBOBS///) OUT*2220 
13700 F O B B » T { / / / / 3 8 B B1BOF IB FIBST TB»BSIEBT-SO»F»CE C » » 0 / / / ) D1T1222S 
13800 FOBBkT( / / / / ««B EBBOB IB T«»BSItrT-SOBF»Ct ODD FO<t S L I B E B T . I S / / / ) D»T»2230 
13900 FOBB»T( / / / /B9B EFBOB m FIBST »«8B TTFE »O0B0»BT-COB0ITIOB C»B0 / / 0 I T » 2 2 3 S 

> / ) D*T»22*0 
1BOO0 FOBBIT J / / / / 3 3 B EBBOB I » FIBST S0BF»CE-TE»B C U D / / / ) D»?»22»S 

http://3X.IB1.7j.IB2


161 

-•;« •->• » « r ( / / / / • ca E P P P P l a a a r e a i u . T T P E COOP POP ELEBEBT . 1 5 / / / ) 
n o 

D1T12250 
»K»225S 

S I 8 P ^ O T T » E ? i 7 i f P T . » z . » i . » z , « , T e . a a x « . , p * i a P ) 

•"mcTT^* •>? s"»p? 
P I I S , * Q » -

.BTTWF--TO lETEMIaE U T I I t U PLOI P I ( B . X « »*D 

I M P L I C I T B E * I M t * - « r o - i s 
c a i a ^ a / C P ^ S / I f ^ S ] ,Z{5*;» . 9 9 ( 5 9 < J . D v O S i e j ' ; 2 8 ) , 0 C O 5 I ( « 2 8 J . 

> 9CjSrs»« r 2'» , O C O S z r 2 B | . 0 L B ( 5 2 « ) , 0 L ( S 2 9 J . D E I * , C « * S , P ! L * » X . T P » I . 
> 9 P B ( « 4 * | , * P S T { 5 « 5 ) # » r T S r f 5 9 5 ) . B B E < « 2 8 j . P T i I | 5 2 6 l . IE { 5 2 8 . 5 ) . 
> T S B f ' Z B . a i . T i f ^ B . a i . B T P . a E l . B B i T . I B l B S . a B C . S S T . a T S T . B T I . B B E I . , 
> «ST*.«?5T« 

<->a»« ,W/BTL/PPO?|2.«) 
9 T * s a s i o » 9 a z ( a , * i . D B Z I « , M . I Q » » ) . * Q < » > . » « ( » U E L . . « » . » Z ( P I X E L . * ) , 

> P K P a r r x . a i , P Z ( a a x E U * S . B t f l a i B P ) . T a f a » x E L , * ) 
r s r o P » " 

50 SC P«1,BEL 

PAP E»CB PXPPPBT n PPPMPE TkBItBLES XQ(IO) »BO ZQ(I3) POP. Q«0, 
B B I C H 9r* ;» i ! iBP s O P P T T » T I » E 5 D B I ( T C « Q ) aao s a z n o . a a i OP P»CH O P 
rap •*••»? a » s r s »u»cTTeas *(Zit »? u c a » o o » i P C I B T %Q 

or- n r o * i , » 
• p = : » j p . T a > 
i C f i 3 ) = T ( a » » 

' " iO(IOI*Zf*P» 
C » L I Q S 9 ( D B X , D B Z # I B F * , X Q , Z Q ) 
I P f » p p » . c r . o . O ) c o ro 20 
ISTOP=TSTOP»1 
PPTBT 1COCO,1 

pop r » c s aoo»L P O I P T BQ S » P OPEB coara iBtrrToas PBO» E K H B » S I S -
ra*papot»TTra p o a c r r o a B<IQI T O O B T U B D E * I » » T I » P S D S I » » C D P . 
C P THE c o a c E B T i a r i o a a r a n 

2<" 00 a e * Q « I , « 
s n > o . 
3PZ*0. 
OO 10 TO=1,» 

P P * T P ( H . T < B 
D B I O B X » ! > M U 0 . I I 9 > • « ( » ? » 

"? D a z = D a z » 3 a z ( i o , i t a i » P ( a ? i 

••!»«• TP? D'SPEPSTPS PLOXES IP PIf!l,KO) *BD P2(«.ITQ| 

* T T P * I F | « , 5 ) 
»L*PBnpf*TTP,3) 
» -»paoP(STTP,a j 
»"«PBOP(*TTP.8| 
T»0*P»PP{PTTP,9) 
D9M9». . .7 
» x a = » x | a , P Q ) 

PP*I>SO*T(»n»PIK»PZX«PZ*l 
»«»!./»» 
DTX» (» l » » I K * f l « * l T s f Z K * f ZB) •»KI»I>0 
0ZZ« (A l*fZK*«ZK»IT*fXK*fIR)*TBI»!>t> 
o « « ( » t - » T i • f i a » f z a « » a i 
PI(« ,BQ) • - (DII*OBI»DIZ»DBZ| 
P^(B,rO»*- fMZ»DBZ»DIZ«DPI) 

»00 THE »*»*CTT»E PVJTPS TO PI(B,K0) «BD PZ(H,K9) »HO 1SS4JE 
BEGIT-,T*L» PLOI »T THE SOWDIIT DOE TJ COPPPESSIBILTTT OP THE 
n rt» IFIP 

PT (P.PO) »P* (B. KQ) •»X«»R(»P) 
PZfl.KO) *PZ(B, «Q) ' l i f t <PP) 

PL"! 0 
FLGX 5 
Pinx w PLOX 15 
PLOI 20 
PIOX 25 
PlOX 30 
PLOX J5 
PlOX • 0 
PLOI • 5 
PLOX 50 
FUJI 55 
PIOX 60 
FUJI 65 
PLOX 70 
PLOI 75 
PLOX BO 
FLOI 85 
PLOX 90 
PLOX 45 
PLOX 100 
PLOX 105 
PIOX 110 
PLOX 115 
PLOX 120 
PLOI 125 
PLOZ l » 
PLOX 115 
PLOI HO 
PLOX 1B5 
PLOX 150 
PLOX 155 
PLOX 160 
PLOX 1*5 
PLOX 170 
PLOX 175 
PLOX 18f 
PLOI 185 
PLOX 140 
PLOX 195 
FLO* 200 
PLJX 205 
P'.OX 210 
PLOX 215 
PLOX 220 
PIOX 225 
PLOX 230 
PIOX 235 
PLOX 2*0 
PIOX 2»5 
PLOX 250 
PvOX 255 
PIOX 760 
PLOX 265 
PLOI 270 
PLOX 275 
PLOX 280 
PLOI 285 
PLOI 290 
PLOX 295 
PLOI 300 
PLOX 305 
PLOX 3*0 
PLOX 315 
PLOX 320 
PLOI 325 
PLOI 330 
PLOI 335 
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» 0 COHTIH0T 
c o cor?TaoB 

TF (TSTOP.ST.O) STOP 
»ETOFB 

13000 FOBHAT(/ / / /5I ,17H IBEX OF ELEaEBT . I 5 , 1 * H 
EHD 

IS SEGATIfE / / / I 

FLOI 3»0 
n o i 1»* 
FLOX ISO 
FL1X i5S 
PLM 1*0 
FLOI 3*5 

S0BBO0TTBE 0*9(DHT,DBI.»IEa,IQ.ZOJ 

C FOBCTIOH 0 « SOBWSTTSr -TO COflPOTE X AHD Z DEPIBATIVBS DBI(I3,SQ) 
c XTO oazfio.BQ: "~ e»ca BASIS FCBCTTOB B(io) AT* ?xcd JODE KQ OF THE 
Z BLEH»rr. BPSOLTS ABE IB TBS CLOBXL COOBDISAT* S1STES. 

HPLICT* BBXL«8 (A-B.O-Z) 
DIHSBSTOB S t « ) , T ( « ) , M X ( » . « ) , D « X i 4 , « ) , i a ( M . Z U ( * i 
PATA S / - 1 . 0 6 * 0 0 . 1 . 0 0 * 0 0 . 1 . 0 0 * 0 0 . - 1 . 0 0 * 0 0 / , T / - 1 . 0 0 * 0 0 . -

> 1 .0P»0O, 1 . 0 0 * 0 0 . 1 .00*00 / 

C BTALOATE OnXBTITTES FOB OSE IB THE JACOBIA* D J / 3 . BELOii, BECESSAIT 
C FOR TRXHSFORHiriOW FIOH CLOBXL TO LOCAL C0OBDIBAT2S 

H 2 » 1 0 ( 1 ) - XQ(2J 
X13 « XQ(1) - IQP) 
X23 * I Q ( 2 | - IQ(3» 
I U « XQ{1| - IQ(*» 
X2» ' 1 0 ( 2 ) - IQ(«) 
X1% - XQ(3) - XQ(«) 
?13 > 10(11 - ZQ(3) 
72* * ZQ(2t - 7Q(*> 
Z3« = ZO(3) - ZQ(*t 
Z«2 * * 0 ( ' l " 7 0 ( 2 ) 
723 * 70(21 " W (3) 
71* * TQ(1) - ZQ(«) 
M»» = T13«Z2* - I 2 « « Z U 

r LOOP DFEP EACH BODE 

PO 10 FQ«1,« 

c 
c 

LOCAL COOK01 KITES OF XBT GI c 
c 

SS « S ( M » 
TT » T(XQ) 

C EFALOATE •JACOBIAH" 
C 

OJ • APEA • SS»(X3*»Z12-I12»Z3*) • TT* (X23»Z 1*-I1*»Z23) 

r DBTBPHIBE THT OEt l f »TTTES OF BXCH BASIS FOHCTTOH AT BODE KQ 

DB7(1,XQ) = (-X2»*I3i«3S*X23«TT»/OJ 
0B2(2.KQ) =(»X13-X3B*SS-XU*TT)/OJ 
BaZf3 ,KQ)*(»X2*-X12*SS*IU*TT) /DJ 
OBI {« , XQ) » (-X 13*X 12«SS -X 2 3*TT) /OJ 
OBX(I.XO) »(*Z2»-Z3B»SS-Z23*TT»/OJ 
r M ( ? , ' Q ) » ( -? 13*Z3**-SS*Z1**TT)/DJ 
OFT ( 3 , XOJ - (-Z 2«*7 12»SS-Z 1*«TT) /DJ 
DFX(*,KQ) «(*7 13-Z12»SS*Z23*TT)/OJ 

10 CflB'Tao* 
FETOPB 
FFO 

5*3 0 
o»o 5 
3»D 10 
0*0 15 
Q«D 20 
Q*0 25 
0*0 30 
Q*D 3S 
Q«D *0 
0*0 *5 
Q«P 50 
0*0 55 
(JfcD 60 
3*0 45 
0*0 70 
0 - 0 75 
0»D 80 
o«o S5 
0»D 90 
gug 95 
0*0 100 
Q«S 105 
0*0 110 
Q«D 115 
Q*D v20 
0*0 125 
Q»D 130 
QoO 135 
0*0 1*0 
0*0 U 5 
Q«D 150 
0*0 155 
0*0 HO 
0«D 165 
0»D 170 
QUO 175 
0*0 180 
0«D 185 
QUI} 190 
0*0 195 
0*0 200 
Q«D 205 
Q«D 210 
Q«D 215 
0*0 220 
0*0 225 
0*0 230 
0*0 235 
0*0 2*0 
0*0 2*5 
0*0 250 
Q*0 255 
0*0 260 
0*0 265 
Q»D 270 
Q»D 275 

5(TB*0n*TBE 6 C ( C , p , P F , 0 P . V X V . T Z a , B , B A X * P , H A I l L , B A X B H , K S S ) 

P U H C i r B OF s n B P O 0 T I » E - - T O A P U T COHSTABT-COHCEITRATIOH OIBICHLET 

BC 0 
BC 5 
BC 10 
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CV>»OTTT?»? I«9 BOTH rcmsWT two TtMSIHT «£«••*• SPBPtC* 
Bf>PW9»»T rn»»*I?!0<!S. 

r^-ircr* »»IL-» u -* .o -n 
•»*L»I» *p 
C3«"?»/cr3"/1(«•M .- (S?5j .BSf*>**).DCOSIB|52B| ,0COSI(52«l , 

> 3LOS1P»'2»1 ,DCQ«r c 2<|.aLB(S2«| .01 (^2«| .BUT. C I K . t l L H I . T S U , 
> •P*(5««l.»PSTf5«5).BPTSP{5»5j.M£(«2»l , - T S P 0 2 t | .IP «S28.5l . 
> ISP( t 2« .» ) . IS (S?9 .« l .««P,RL.aaBT,IIHO.aBC.BST.arSt.ari,BB*L, 
> •STB.WTSTB 
!>i«p»STr»f ' ( « n r , n n * ) . i i u n p i . D P i a n P i . m i u i ' i , * ) , 

> rZBfP»ltt.») ,«3 f2».»ia!«l ,»Z3f»|.DPLI0 C2.21 ,IQ («| ,Z0;«l . 
> BPIMI-P) 

IPltP3-(T9»aO-l) / ? 
lti»P»Ta»l?»» i 
IP |»PC.t3-0) CO TO KM 

z »»»i f co«sT»rr-co-cr«?p»TiM B I P I C B X I ? BOBaottr coBBiTieas 

oo «o i p p i i . y a 

<Z «0DTPT »0B »P»(BPPl OP I t t l l l C(IP.IB) 

•T«-P»(BPP) 
DO 1« IB* 1,19**0 

'C C(9T.IB)»">.0 
C(»I #TBBP)*1.0 
»{»r)*B8(«PP» 

c 
r IODTPT LOID rtcTOP • (»•) PO« aoa-t»ao BBIBPPI 

IP (BB(BPP).PQ.O.OI V> TO 50 
DO 20 IB'I.IBBLPB 

»J»1I-IB 
I* (BJ.LT. 1) CO TO 30 
JP«IBBP»IB 

20 BfBJ)-B(BJ)-M(BPP) -C(BJ,JB) 
10 DO »0 IB«1,IR»LPB 

*J«BI»IB 
I * (W.GT. BBPJ CO TO SO 
J8»I«BP-IB 

»0 *f«J)*B{BJ1-»(8PP) «C(BJ,JB) 

Z IZf* CO'-WIB *PB(*PP| OP U T t l l C(BP.IB) 

<0 W> «.» IB-1,I-»LP» 
«J«iI-IB 
IP IBJ.LT. ') CO TO 70 
JB'IBBP*IB 

*C C(IJ,JB)«', .0 
70 00 80 IB-l.lHklPB 

aj«Bi*re 
I P (BJ.cT.Biip) co ro «o 
JB-ISBP-IB 

«0 C(»J ,JB| -0 .0 
tO CCBTIB0S 

100 IP (BTST.Li.O) CO TO 1*0 

c turn SPP»*C» TCT-S T» B I T I I Z CCBP.IB) 
c 

B1»» 
B2*1.-» 
IP (PSS.BE.O) CO TO liO 
Bl» l . 
W2«0. 

n o on 130 B P ' I . B T S T 
ft*BTSE(RP) 
a f * i s ( n p . M 
aj«Tsmp.2) 
r.<XM«is(HP.i) 
K0(2)«IS(HP #«) 
DO 120 1 0 - 1 , • 

BP-»«(- ,I0) 
XO(tO)-I(WH 

BC i s 
BC 20 
BC 25 
BC M 
BC JS 
BC •* K *s BC so BC 55 
BC U 
BC « BC 73 
3C 7S 
BC 90 
BC a* 
BC 90 
BC n 9C •00 
BC I K 
BC 110 
BC 115 
BC 120 
BC I K 
BC 130 
BC 135 
BC 1*0 
BC 1»S 
BC ISO 
BC I5S 
BC ICO 
PC i t s 
BC 170 
BC 175 
BC 100 
BC WS 
BC 1W 
BC WS 
BC 2C0 
BC 205 
BC 210 
BC 215 
BC 220 
BC 225 
BC 230 
BC 215 
BC 2«0 
BC 2»S 
BC 250 
BC 255 
BC 260 
BC 26* 
BC 270 
BC 275 
BC 2 ( 0 
BC 285 
BC 290 
BC 295 
BC 100 
BC 305 
BC »10 
BC J1S 
BC 320 
BC 32S 
BC 330 
BC 33S 
BC 3*0 
BC 3*5 
•C 350 
BC 3S5 
PC 360 
BC 165 
sc 370 
BC ITS 
BC 380 
BC 385 
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9 ^ 1 7 V 

BC 395 
fir aoo 
BC »os 
BC *IO 
•C • IS 
BC • 20 
BC • 25 
BC • 30 
BC • 15 
BC • M 
BC • • 5 
BC • SO 
BC «ss 
•C •so 
BC »«s 
BC • 70 
BC 475 
BC • SO 
BC • 85 
9C •ae 
BC . 9 5 
BC SOO 
BC ^os 
BC S10 

to< rat s t n t i 
» l Q ( i o i » W a ' ( a . IQ> 
* t o u 3 > . « a | « . l o i 

12C COBTTBBE 
c m o * s . p P H o , r a . a t ( s P > . x : " s i ( B P i , D r ' - s i ( P P ) . x a , z a . f i o . T H J . 

» »•»•) 
IB-T9SP 
JB»IPBP»(BJ-»T> 
c»x .rn<c in .TBi •BI»BPLBQ(I,II 
C r * t . J S | « c n , J B | * a l « D P L X C ( f . 2 1 
l < » T ) « J { » T ) - " 2 » f » n . I 0 ( 1 . 1 ) « B F ( » I > * D P L I G ( 1 , 2 ) * a P ( « J ) ) 
JP'TBBP 
TB«IBBP*(BT-BJ1 
C { W . J B ) « C ( a j . J B » * a l « 3 P t X 0 ( 2 . 3 
c r * j , r B ) « c ( B j , i m » a - ' 0 P L X 0 ( 2 , i ) 
P f B J 1 * B { B J « - « 2 ' ( l > P U Q ( 2 , t ) -B»(BIJ • 3PTXC (2.Z1 »1P HJ1 ) 

" 0 COBTTnE 
1»0 I * (BST.LE.O) CO TO l i t 

•OOIPT 19»B tECTO* Pn* SBBPtCt TEBaS OP TBE P r i a DI/9B*C 

BO i s c a r > i , * « p 
i^o P « » P I « P < » P > •»>»#•?) 
•«9 9 r r » s » 

!»B 

SBBPTOTTBE « S * 9 B L ( C . B . I ? . P I B . V i a . T P a , 3 8 , 3 T B . B . B I I B ? . M I B B . B t l E l , 
> »S3| 

r 
r »-wcrroB o p S I B w w - T I E - - T O assEBBiE ? • ; CLOBX. C O E P P I C I E B T i t i r u x 
C C(*P , IB) »at) L04D TECTOB B(BP) PB*1 TBE ELEP--.T PXTBTCES -J* <IQ. JQ) 
C »»D CB(I?,JC) -

IMPLICIT BEIL'8 ( t - a . O - Z ) 
• ? 4 l « P KD.UBBDa 
O"PD»/CE0a/X(S»St ,Z(S9S) , 0 8 (59*1 ,DCOSXB(S28) , DC0SI(528| , 

> DCOS*B{S28> ,DCOSZ(S2r),DLB{S28) ,DL (S28) .DELT.CBK.DELBlX.TaU, 
> B P e r * M . B P S T | S 9 S ) . B f T S ? l 5 9 S ) , B » E < 5 2 8 ) .B?S»CS28» . I E ( S 2 8 . 5 ) . 
> I S B ( * 2 8 . « ) , 1 5 ( 5 2 8 , * ) ,BBP.fCl,BHBT,IBftBD,BBC,»S?,aTST,BTI,*BEL, 
> »S?W,BTST» 

C09aOB/BTL/PBOP ( 2 , ° ) 
O H E B S T O * c(a*XBP,M XB») , » ( M I P P ) . » ? ( • » I » P ) , g » { » , » ) , 0 » ( » , » ) , 

> »ICC>) . » I 0 ( » ) . X 0 ( » ) .ZJ{*» , f I » ( 8 » I » L , » ) , I Z I ( M i a , l | , T B i ( B * X E t . , « ) , » S E 8 
> D B ( P i n P ) , D T B ( B a I E L , « ) , O B Q ( « ) ,DTH^(«) rTHC{») 

I R * L P B * ( I 3 k « D - M / 2 
T*BP«TBaLFB*1 
K i T I » 1 . / D E I , T 
• i«a 
a2«i.-a 
I * (PSS .P ' .O) CO TO 10 

CELTT»P. 

• 2 * 0 . 

Z IIITIXLI7E BXTBICES C(BP.IB) IBB I (BP | 

10 00 20 »P» I .P IP 
P ( B P ) « 0 . 
C 20 TB>1,TBaWD 

20 C ( i P , I B ) » 0 . 0 
Z CO-Pfl»E »»T»ICSS Q»(rO,JQ) »BD gB(TQ.JQ) POP E»CH ELBBEPT • 

PO SO ft*1,BEL 
BTTP*TE(B,S) 
PD«PPO?(BTTP. 1) 
BBOB*PtOP(BTTP,2) 
»L»PP0?(-TTP,3) 
»T«PPOP(BTTP,») 

aSEfl 0 
aSE- 5 
aSEB 10 
1SBB IS 
aSBB 20 
XSEB 25 
IS EX V> 
»SEH IS 
aSEB • 0 
ISEB •s 
»SEH so 
aSEB 55 
XSEB 40 
aSEB 65 
aSB* 70 
• SER 75 
aSEB 8C 
aSEB 65 
»SE« 90 
»SEB 95 
IS SB 100 
aSIB 10S 
»SE8 110 
• s n 115 
• SEN 120 
aSsB 125 
• SEN 130 
aSEB 135 
»SEft 1«0 
1SEB U S 
ISES 150 
XSER 155 
XSIB 160 
USER 165 
»SSH 170 
»SER 175 
»SSR 180 
USER 185 
aSEB 190 
•SEB 195 
aSEH 200 
aSER 205 
tstn 210 
»SER 215 
USER 220 
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10 
•00 

LH»P*»» «P»OP (STTP, 5) 
po»»»toP(r-rTP,*) 
»LP«pponaTTp,>) 
a f - p p o K a t T p . a ) 
* i - ( . -»aop i r r rp .« ) 
DO 10 I 9 « 1 , « 

«P>IE|a ,TQ) 
»-*0(iO)»oa (a*) 
r««Q{IiI»«TB»(*),I3l 
"TPO'TOIOTUPMO) 
»TS( 15 J » » » • » " . 10) 
T t o ( r o i « » z a - a , I O I 

ZQ(ia>»i(»n 
c a n o«tvi}.Tzg,oa,3B,aaza.iQ.-Q.ro.PIPB. U . . » T , U 

C?».}.B«Q . A L P , I S , M a ) 

C ASSTTOLP C » | t 9 . J O ) A9D 0 B ( I 3 , J 0 ) I<T0 TBE GLOBAL HAT*II 
c C(*P,IPI • a i n » I/BELT aao POPS TBE LOAD **croa 
= ?*»P) « (A/DS-T - I2*IO*BP. a-raiz c i s BSTOHETPIC BOE 

C THE »0aECTTOa TE»«. 

DO »0 IJ« 1,9 
a i - i » ( f ? , i o ) 
DO «0 J 0 - 1 , * 

BJ*IE |a ,JO) 
QA(IQ,J0t *<» H O . JO) ODEITI 
B(a-:).p»»i)»<o»(iO,JO)-a2o<}B(iQ,joii*jp(aj) 
IB*BJ-BI»IHBP 
C ( a i , t a » *-rc a i . i s i *0A( IG.J9) » B I » O B HO, JO) 

• o corrta- t» 
c o cn»?TB-r» 

•o?0P« 
F«3 

1S-M 225 
A S M 2 » 
asea J H 
asea i«o 
asia -2«s 
• S B 250 
asia 255 
asia 2*0 
ASEB 265 
asta 27o 
liSCB 275 
asea 200 
asia 2B5 
asaa 2*0 

U M . P O I . T B O , asaa 2*5 
assa 3«e 
asta 3«5 
asea 3 to 
ASM 315 

TO asea a 20 
as ia 325 
asea 330 
asia 335 
ASM 3*0 
asea J * S 
asea 350 
ASB! 35^ 
tsia 360 
isza 365 
ASEB 370 
asia 37*> 
isea 3 W 
as EM 3K 
aste 390 

soBfc-rria* Q»(»"C."7Q,QA,OB.A»E4,I<),Z(},-;D.B-K>-#AL,AT.LA-IBDA, FOB. 
> THQ,t!TflO,OaQ,"iL*-.**),T10) 

paacriof 3P SOBPOOTT.BO.-TO E*IHJAT» Tap U T P I I QOADBATORES OMK.JQ) 
*BD 3B(TQ,JO) o»»§ TR: atea op OBF. ELM Err. 

laptici-* tEiLog »*-fi,o-Z) 
» m » » • ( • ) , < > , K O , U B B D 4 
DIBEBSTOB <J.<».«).OB<*,«> .tio<«> . « 0 < » > . S ( » ) . T ( » ) . B < » ) ,»(•>,ig<«), 

> ZQ(«),TRQ(«),DTRO(«),DaO(«) 
DATA P / 0 .577350269U9626 / . S / - 1 . 0 0 * 0 0 , t . 0 0 * 0 0 , 1 .00*00 , -

> f.OD*00 / , T / - 1 . 0 0 * 0 0 , - 1 . 0 0 * 0 0 , 1 .00*00 , 1.00*00 / 
RD«1.*ICI»oii||0B/I»0» 
oo-»aor»o 

I»TTI-LI7E F - T ' I C ' S QA(I0,J0> ABD QB(IQ,J0) 

00 TO IO>1,« 
DO to j q * i , a 

OA ( 1 0 , J O ) - 0 . 0 
10 QB(TQ,JO)*0.0 

r»»ir»TP QOMTITIES poa ose ta JACOBIA* DJAC, BEIOB, aecessaiT 
POP T»»PSPpt(l»TIO» PIOH CIOB1L TO LOCAL COORDIBATES 

X»2 at 1(3(1) - 1 0 ( 2 ) 
I t 3 at IQ(«) - 1 0 ( 3 ) 
123 * 1 0 ( 2 ) - »Q(3) 
X1« at «0(« ) - » 0 ( » ) 
X2« * » 0 ( 2 ) - « 0 ( » ) 
X3» at I 0 ( 3 t - X0(») 
Z13 * 20(1 ) - IQ(J ) 
7.29 * Z0(2t - ZQ(») 
H " * TOO) - 2Q(») 

o» 0 
0« 5 
0 * 10 
0» 15 
Q« 20 
0« 25 
0» 30 
0» 35 
0* 90 
0« 95 
0» 50 
0« 55 
09 60 
o» 65 
09 70 
0» 75 
0* 80 
09 15 
Q9 90 
0» 95 
09 100 
09 105 
0« 110 
09 115 
09 120 
09 125 
09 130 
0» 135 
09 190 
09 195 
09 ISO 
09 155 
09 160 
09 165 
09 170 
09 175 

http://iQ.-Q.ro
http://sobpoott.bo.-to
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SB m 1 . 0 - ss 
SP 9 1 .0 • ss 
TB s 1 . 9 - TT 
TP m 1 . 0 • Tl 

a: - -y«*i - ZQUI a» i»o 
?23 « Tl (2» - ZQ{3) Q* 185 
ii* « z o o - :ot») Q" i»o 
»•»» - I ' J » 2 2 » - X2B*Z13 0 « 195 
M »C «r.«i » o * -200 

C « • 2 « 
c c r r r i R T i E n » LOC«L C O O B A I B A T E S ( s s , r — , * » D ETALBATE T B E J A C O B I A S AT O « 2 i o 
C EACB SAOSS- irr tClATirB POI1I KG 0> 215 
- <?« 220 

SS « P « S ( ( 6 ) QB 225 
T"! « P*T(KC) Q« 2J0 
DJ » AIE1 • SS»»I3B«I12-X12»I3«) • TT» ( I 2 3 » I I « - I 1 « « Z 2 3 ) QB 235 
OJAC • D J / 8 . 0 QB 2*0 
D J I - 1 . / B J QB ?»5 

QB 250 
QB 255 
Q* 260 
0 * 265 

C OB 270 
C CALCULATE TALOES Or TB» BASIS POBCTIOBS B(IQ? ABD T3SIR DSBIfATITES QB 275 
r »(IQ1 ABO 0{TQ1 B . B . T . I ABO t » SESPtCTHELI. AT GAO~S POUT AC QB 280 
C Q» 285 

0 ( H s ( - T 2 » » X J » « S 5 » X 2 3 « T T l » 0 J I QB 290 
a ( 2 l « ( » I 1 3 - X 3 » » S S - X 1 « « T T ) » 0 J I OB 295 
0 ( 3 ) • ( • X 2 « - H 2 « S S » X U « T T | » B J I 0 * MO 
0(B)«<-X13<I12»SS-I23»TT)»DJI QB 305 
»(1)«(»X2B-X3»«SS-I23»TTJ«DCI Q* J10 
» ( 2 » » ( - 5 13*-3««SS»I1B»TT)*'>JI QB 315 
» (3 ) « ( - : > B » Z 1 2 » S S - l 1 « » T T ) » 0 J I Q» 320 
T(B)»(»Zi2-Z12»SS»Z23»TTJ«DJT 0« 325 
B(1>*0.2*»SK»TS Q» 330 
B ( 2 ) « 0 . 2 5 » S P - T S 0« 335 
B ( 3 ) « 0 . 2 5 » S P » « P Q» 3B0 
B ( » ! « 0 . 2 5 » S « « T P QB 3*5 

C Q« 350 
C IBTESPOIAT* BTTB TIE BASIJ-I'TEBPOLATIOB POBCTIOBS B(IQ) TO OBIAIB Q» 355 
Z TBP ADfPC*T»» BEIOCTTT A.' EA-B GAUSS IBTEGBATIOB POIBT QB 360 
C 04 365 

r n n « o . QB 370 
THK»0. Q« 375 
TTHinO. QB 380 
?IK=n. QB 385 
VZK.O. Q» 390 
DC 2 0 I Q » 1 , » QB 395 

0BK=0BH»B{TQ{«DHQ(IQ) QB BOO 
T H » = T H K * B ( I Q ) » T H Q ( I Q ) Q« «05 
DTBK«DTKX*B(IQJ»0THQ(IQ1 QB BIO 
TXK=»IIC»»{TQ)»fXQ(IQ) Q« »15 

20 »7MfZK*B(IQ)»»2Q<IC» Q° "20 
»MDSQaT(TXK»»IR>»Z*»»ZX) Q« »25 
BBT-l . / f lT Q« "30 

C Q» »35 
C ACCOBOUTE TBS SOBS TO ETALOATE TBE RATBIX IBTEGJULS QA (IQ,JQ) QB »*0 
C ABD QB(IQ.JQ) QB B»5 
C Q» B50 

A«DJAC»«D«THK QB B55 
OXX«03AC» U A V * » X » * * X X » A T » » Z X * » I X ) » B T I » O 0 ) QB »60 
D7Z-0J»C»((»L*TZIC»TZK»»T»fIX»»XA)»TKr»0«) QB BS5 
0I7»0JAC»(AL-AT)»»XK«TZX»fKI QB B70 
C=0.T»C»BO»(0?Hf»TH(i:«ALP»OHX»LAH8DA*THHl QB «7'> 
f ! X = »IX»DJA QB B80 
f Z X * m « D J A QB B85 
PO 3 0 I Q = 1 , » QB B90 

DO 30 J Q « 1 , B QB B95 
RB«B(IQ)«B(JQ) QB 500 
UtJ»O(IQj«0(JQ) QB 505 
»¥«B»IQ)»»»JQ) Q» 510 
» » * » ( I Q ) » B ( J 0 ) Q» 515 
0B«0(IQ1*B(JQ) Q» 520 
0?«0(IQ1*T<JQ> Q» 525 
¥ 0 « » ( I Q ) « 0 ( J Q ) Q» 530 
QA(IQ,JQ)»QA<ig,JQ)*A»BB QB 535 

30 QB(IQ,JQ)»Q8(IQ,JQ) •0XI*»f*0XZ»(T0*Of)»OZZ»0n*:»BB -<TIK*Q» 5»0 
> fB*»ZK*0B) I1' 5»5 

• 0 COBTIBOB QB 55f, 
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•rrop* 0* 
0" 5*0 

SI»S»POTT»» P 'T*-?(«BP,IB»»D.B»I»P. !1aI»I . .DELT.R,FX,FZ. f I ,TZ, T I M 
> *Fl,!lPF.BOOT.«DTG,FB»T!,PI.OB,TPLOB.H.B?.TB) 

FOPCIOB 0» SWBO0TIBE--TO 30TP0T P10BS. COBCFBTRaTIOBS, FtTEBIU, 
FLUXES. BBTP* CCBTEBTS. DBBCF BH.OCITIES, PPBSSOPE B!*SS, » I 0 
T«T»t SF»t>S »S SPECIFIED Bt TBE PIPMZTSB E"P. 

II.PtlCTT BEtL*8 (k-ft ,0-ZI 
DINFBSIOB B<IMX«?) ,PX( l l t IEI . .« ) . rZ(K*XEL,*) .*Z(BaXSI . ,* ) , »Z(«aIEL 

> • ) , F « k T E ( 1 0 } , F L O « ( 1 0 ) , f f l O I ( 1 0 | ,B(NatBP) , FT(H»IIP1 ,TB(flaIEL,4) 
IF (RPB.EQ.OJ REfOBB 
TF (BOVT.EQ.0) CO TO 10 

0 PBIST DlaCBOSTIC FtOB IBPOBHITIOB 
r 

FDTG«»PTC»1 
PBIBT 10*00,BPK.TIFE.DELT 
PFTFT 1«>«00, (F^»TE(I) .ELO»(I) ,TFlJOt(I ) , I « 1 , 8 ) 

10 IF (FPP.EQ. ' ) BETOPB 

C PPTBT CO»t"EPTB»TIOBS 

fO^T^KriTt* 1 
PBTB? 10000,BOOT,TIBE.DEIT,:B»*D 
T>0 20 «T«1.BBP,8 

BJHB T 
• J M ' M B O (BI»7,BBP) 

20 F P U ? 1 0 1 0 0 , f I . (P(BJ) ,BJ'BJBB,BJ8Z) 
IF (FPF.EO.2) BETO»B 

C PRIBT H»TFB1»L FLOX 

BOUT-BOOT * 1 
PHTBT 1020O,BOOT»TI"E.DELT,IB»BC 
r> 30 *)»1,BEL 

•«t PFIBT 10100 , (1 , ( F X ( « , I 0 ) , I Q - 1 , « I , (FZ((«,I0) , I 0 - 1 , » » 
IF (FfB.FO.3) BFTOFB 

C P R i r - B»TF.R COBTFBTS 
C 

BO0T*BOflT*1 
PBIBT 1 0 3 0 0 , BOOT, TIRE,DElT,IBaBD 
DO "0 P»1,BEL 

»0 PKIBT 10100,B, (TB( f l , IQ) , IQ«1,« ) 

C PBIBT D»RCT TELOCITIES 

B00T«KO0T»1 
PBIBT 13*00,BOOT,TIBE,DElT,IBaBD 
DO 50 B » 1 , B E l 

•SO PBIBT 10100 ,B , (TX(B , IQ) , I Q - : , » ) , { » Z ( B , l g i . I Q ' 1 . M 
IF (BPB.EO.B) BETOPB 

C PBIBT PPES*HPE R»»0S 

BP0T«BO0T»1 
PRIBT 10700,BOOT ,TTBB,DBLT,IB»BD 
00 60 » I » 1 , B B P , 8 

BJBB*BT 
BJ"I««IB0(BI*7,BBP> 

at FPTBT 1 0 1 0 0 , 4 1 , {K{S.I(,»J*SJKf;,1JS«} 

T PBIBT TOTUt BEIOS 

BOOT«Ff>OT»1 
PBIWT 1 0 8 0 0 , BOOT,»TSC,UBi.r,:f«BD 

0 
5 

10 
15 
20 
25 
30 
K 
40 

-) 
S5 
60 
6% 
70 
I* 
80 
85 
90 
95 

PBIB 
•BIB 
PBIB 
PBIB 
PBIB 
PBTB 
PBIB 
PBIB 
PBIB 
PBIB 
PFIB 
PBIB 
PRIB 
PBTB 
PBIB 
PBIB 
PBIB 
PfIB 
PBIB 
PBIB 
PS IB 100 
PBIB 105 
PBIB 110 
P U B IIS 
PBIB 120 
PBIB 125 
PBIB 130 
PS IB 135 
PPIB 1«0 
PBIB U S 
PRIB 150 
PBIB 155 
PBIB 160 
PBIB 165 
PBIB 170 
PBIB 175 
PtIB 180 
PUB 185 
PRIB 190 
PBIB 195 
PBIB 200 
PBIB 20S 
PBIB 210 
PBIB 215 
PBIB 220 
PBIB 225 
PBIB 230 
PBIB 235 
PRIB 2*0 
PRIB 2*5 
PiilB 250 
PPIB 255 
PPIB 260 
PRIB 265 
PBIB 270 
PBIB 275 
PBIB 280 
PBIB 285 
PBIB 290 
PBIB 295 
PBIB 300 
PRIB 305 
PRIB 313 
PBIB 315 
PPIB 320 
PBIB 325 
PRIB 330 
PRIB 335 
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OO "»P BT«1,BBP.B 
BJ»»-*I 
B J H I v « o (» i» 7 , awn 

"") p p a * ' o i c o . a r . ( " T ( B J I , a j > B j R B , a j R D 

1JT-C n P " « T { l 1 B l ; j T ? ' T T T » B L E . t » . 2 7 3 . . COBCTBTBITIOHS IT MHE «, 
> 1P012 .S .9R ,(D»LT * . 1 P D 1 2 . » . 1 " ; S ) , (31BP BTCTB * , I « . 1 B > / / 
> ""s t o n » I , 5 X , I * B C O H C E H T B I T T C » I T a o n s s i . i * t . . . . » l » " » / i 

n o ? r > » " » ? ( T T . 8 ( i ? 9 i 5 . » n 
13?r0 • " J « r M ? « 1 0 5 T W T T » B L E . I » . 2 6 a . . **TEBI1L H O I IT TIRE » . 1*012. 

> 3F . (DFI.7 » . t P 0 1 2 . « , 15R) . (81B9 SIDT3 « , I » , 1 H | / / l i x . 
> 1 « B H » M IT «ODZS.»5I, l5BPL0X-Z IT BODES/171, IHI. I»X, U 2 , tax 
> 1 H 3 , I » T . 1 H » , 1 « I , 1 H : , t a x . 1 S 2 » t » I . 1 H 3 , 1 a x , 1B»./3I,7HXLEHEBT. 2 1 . 
> S r B * * * * * * • • • • • • « • • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • , * t , 
> • ^ • • • • • • • « • • • • • • « . • • • • • • » • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ) 

133D1 »O3RI»(13R1O3TP0T T I B L S . I * . 2 7 « - . MITEB COBTEfTr IT TIRE *. 
> 1PD12.B.9H .(DELT ' . I F D U . * . 15H).(BIHD aiCTH * . I » , I B ) / / 3 7 x , 
> " ;RB01>ES/I7X, tHt . 'aX, lH2 . t»I .1H3 . iaX.1H»/3I ,7HEL£I l iaT , 2X. 
> 5 5 K > » * * » • • • • • • • " • • • • • • • • • • • • • • • - • • • • • • • • • • • • • • • • • • • • • • • t 

10»00 POBHlT(13Ht30TPOT VIBIE.I a , 2 9 H . . OIPCT fELOCITIES »T TIRE » , 
> 1PD»2.« 9H . (DEIT > . 1 * 0 1 2 . « . I 5 R ) , (BIRD WIDTH « , I « . 1 B ) / / J2X, 
> 1»HTBL-I IT BODES,««X, 1«SVE1,-I AT BODES/ I7X, IB I . I M , IH2. 1«X, 1H 
> t a x , IHa, 1 S I , IB 1 , t a t , 1B2, t a x , I B 3 , i ax , l f l « . / 3X ,7HIXBaEBT, 2 1 . 
> ^ i l > . l . M H » M » « . , . > » « > M t M . « » M U » M > » , ; | , 
> <S £ • • • • • • • * * • * • • • • • • • » • « • • • • • • • • • * • • • * • • • • • • « • • • • • * • • • « • • • } 

10 eCC • 0 « » T f / / , ; I , 1 3 H TTPT " FL0B»35l ,8!tBITE.8X.9HIBC. FL0B.7I , 
> lOHTCTIL F I 0 » / 5 I , « C H CDBSTIBT-C1BCSHTBITI0B BODE ? i 0 8 . . . , 3 ( 
> ? t 2 . a , 5X) /5X.80H COBSTIHT-PLOI-HODE PlOB . 3 ( E I 2 . 
> ^X>/*I ,»0 l ! SEEPIb'r: PLOI-BODE PLOB , } ( E I 2 . « , 5 I ) 
> 5X.&3H B7HEBICIL LOSSES * (El 2 . « , 5 1 ) / 5 I , 
> «0H H7T FLOB , 3 ( E f " , } X ) / 5 I . 
> BOH IHCSEISE IB HITEBI&L COBTEBT (LIPOID) . , 3 t e 2 . C . 5 I ) / 5 T . 
> »0H TBCPFISE IB HKTBHIiL COBTEBT (SOLID). . . 3 ( E » ? . » , 5 X ) / 5 X . 
> »0H PI.MOirTItE LOSSES ,'LIQOID MD SOLIP) . . 3 l E 1 2 . » . 5 I ) ) 

10*00 FOBH«T(// /53H • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • * • • • » • • • • • 
> 6 2 H " « * » » » « » » " » » » « » « « « » « « » » » * « » » » » » » » » « » » » » « « » » « « » » * » * » » 
> 5 H « * » » « / / / 1 8 H STSTEB-PLOB T 1 9 L E . I f t . 1 2 B . . IT TIBE « , 1 P D 1 2 . « . 
> <». .{PELT * , 1 P C I 2 . « , 1 H ) ) 

1 ] ' ; 0 POBfla?()3H1O0TPOT T1BLE,I« .27H. . PBESSBRE HEIOS IT TIRE » , 
> 1PD12.B.9H „(DELT - , i P 0 1 2 . a , 15H) , ( B U D BIDTB « , i a , I B ) / / 
> 7H O P E I,5I.3<iBPPESSOBE HEID OP BODES I , I * 1 . . . . , I » 7 / | 

136C0 »OSH»7(13H1O0TP0T TIBLE.I* . 2 » B . . TOTIL HEIDS IT TIHE = , 1PD12.B, 
> ?H ,{P*LT = , IPD12 .« ,15H) . (BIBD BIDTH = , I « . 1 R ) / / 7H BODS I , 5 X , 
> t lRfpTIL HPID ">« BODES I , I* 1. - . . , I » 7 / | 

»BD 

PPIB 1*3 
PBII 1*5 

i r * 

PBIB 155 
paia 360 
PEIB 365 
pa IB 370 
PUB" 375 
PBIB 3 M 

l . P t I B 385 
PBIB 390 
PBIB 395 
PBIB • 00 
PBIB • 05 
PBIB 110 
PBIB -.15 
PBIB • 20 
PBIB 825 
PBIB « 3 0 
PBIfc • 35 
P U B i l W 

3.PBIB • «5 
PBIB • 50 
PBIB • 55 
PBIB • 60 
PtXB • 6 5 
PBIB • 70 

a.paia • 75 
/ PtXB • 6 0 

P U B M 5 
PPIB • 90 
P U B • 95 
PRI» 500 
P8IB 505 

• •PPIB 510 
520 

PBIB 525 
PPIB 530 
PBIB 5 35 
PBIB 5*0 
PPI* 5»5 
fSTB 550 
PBIB 555 
PR IB 560 
PBIB 565 

S T J B S O O ' T B ; STORE (BPBOB.HIXif P.84IEL.P,TIHE,TITLE,PX.PZ.H,HI,TH.TX, 
> »Z) 

C 

~ PuBCTIOB f>P .OBP05TIBE--TO STOBE PEBTIBEBT QOIHTITIES OB IOIILIIRT 
c DEVTC; ry pomps SSE, E.G. FOR PLOTTIBG. BHIT DE?ICE :S TO BE 
C OSED HOST BE SPECIFIED 81 IPPHOPBIITE J09-C0HTR0L CISOS. 

IHPLICIT BE»L»8 ( l - f l .O-Z) 
COHH0B/CEOR/X(595),2(595).BB(595),0COSXB(*;2e),OCOSI(529) . 

> DCCSZE(528| .DCOSZ ( 5 2 8 ) , DLB(528) .0L ( 5 2 8 ) , OELT.CHBS.DELRIX, THAI, 
Bra ,595) , B P S T ( 5 9 5 J . HPrsr (595) ,»BE{528» , B T S E ( 5 2 S ) . I E (528 ,5 ) , 

> '.-.*, ( 5 2 8 . « ) , I S J 5 2 8 , » ) , B B P , » E l , B ! 1 » T , I 8 a B D , B B C , B S T , B T S T , B T I , B 8 E L , 
> BSTB.BTSTB 

DTBEHSIOB B(HIXBP) ,TITLE(9) ,PX(RIXEL,«) .FZ(fllXEL.ft) .N(RIXBP) , 
> HT(B»XBP) ,TH(B»XEl.») ,TX(IUXEL,») ,TZ(RIXEL,«) 

DITI BPPP0B/ -1 / 
IF (BPPPOB.EQ- (- 1)) BEBIBD 2 
I f (•PPPOB.EQ.BPBOB) GO TO 10 
HRIT»!(2J (TITLE(I) , I » 1 , 9 ) .BPBOB.BBP.BBL.BTI 
BBITFJ2) ( I (BP) ,BP«1,BBP) , ( Z ( » P ) ,HP»t,BBP) , ( ( IE(B , IQ) ,H« I.BEL) , 

> I Q * ' . a t 
HPPBOB»BPROB 

10 BBITf(2) TIHE, (B(BP) .BP^'.BBP) . ( ( P X ( H . I O ) , H « 1 , BEL) , ! > ! , • ) , 

STOB 
STOB 
STOB 
STOB 
STOB 
STOB 
STCB 
STOP 
STOB 
STOB 
STOB 
STOB 
STOR 
STOH 
STOB 
STOB 
STOB 
STOB 
STOB 
STOB 
STOR 
STOB 
STOB 
STOB 
STOB 

0 
5 

10 
15 
20 
25 
30 
35 
»r 
•S 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 

100 
105 
110 
115 
120 
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> ( | P ^ » « . I } » . I » » « , W L 1 . I 3 » 1 . « I , ( B ( « P ) .»?= t . » » P ) . ( R T ( B P ) . * ? - I . M ? ) . STOI 125 
> ( ( T R f l . I O l . ^ l . B ' i i - I C « « . « ; . J S ' S t S . I i i , X = » , » I l ) , I Q = 1,-M. ( {»Z<« , STOI J ! ' 
> I 0 ) . * = l . » E l ) . I O * 1 . « ) STOI 1 3 i 

»rrrpi STOB i«o 
S 5 ST08 l »5 

SUBPfPTTSE Snp» 

T F0HCTIO1 o» S1P1MJTH*--T0 OCTTTPT SO080IIG SIDES TSltJ THE H I M 
T I S ? I » P . k ) . C»LC9L*Tf TREII LEIGTBS OLB (SP) , »•!> TO DETBIBIBE TBE 
r p i=FCTm» m s i P F S B C O S I ( S P ) » I O DCOSZCSPJ of T B E ooTntPBLT B I I B C T E D 
c ^ T : * O P R » I TECTOS POP E»CH aot>»o»pr BLEHBBT K E ( R P ) . 

t S P L I C T 1E»L*8 (a -R ,0 -Z | 
OPRr»/GEnB/X(S95) ,2 (59*1 .88(^9":) .DCOSI-'C;28),BCOSICJiej , 

> 9COSTS(S29) ,DCOSZC-2e) ,Dr .3(523) ,Dt(528) ,9ELT,CmG.DELRIX,rn*X, 
> » » » ( * 9 ' : | , *?S?e«9«: i .BPT5T(S95)»»B»(*28) ,»TS» f 2 8 ) , I E ( 5 2 8 , 5 ) , 
> T S B ( C ? » , » ) , T S ( * 2 « , « ) , M P , S S t , . » H 4 T , I 8 » » D , ! l B C , » S T . » T S T , t T I , » B E l . , 
> »s"r*,vrsT» 

r 'TUD SOpr»CE SIOBS BY LOCaTTBG ».0<1-I>OPLIC»TED SIDES 

r . j » 0 « T « ' , ! i n . 
t* 10 1 0 * 1 , 8 

IOI*IQ*I 
I F ( I Q . F Q . » ) i Q i » t 
!>* 20 "J=I,»EL 

IP (W.EQ.RIl 33 TO 20 
00 10 J Q « I , C 

J0«*JQ»1 
IP (JQ.EQ.9) JQ1«1 
TP (IE (11,101 . B Q . I E ( I U , J O ) . » B D . I E ( R I , I Q I ) . E Q . IE(RJ, 

> JQMJ GO TO JO 
I» (T«!(FI,IQ| . EQ.IE(RI,JQ.1) , k « B . I Z ( R I , i a i ) .EQ.IE( i lJ , 

> JQ1 ) V\ TO 30 
10 CORTHM 
20 COBTIKIE 

MEL*»BFL»1 
•BE(»Bn. )«*T 
TSB(»BEL,1)=IF(HI,I<}) 
T S B ( * B E L , 2 ) * l F ( H I , t Q l ) 
TSB(»BEL.H«ig 
IS8(»BEL.»)»IQ1 

JO C ^ I T T f B E 
BO C0STTIM1E 

C C»LCOL»?P SIOE LPBGTRS 1 1 0 O I I E C T I O R C O S H E S 

00 70 RP«1,»BEL 
fl>3BE(RP| 
» I«ISB(RP,1 ) 
P J - I S B ( 8 P , 2 | 
M - I ( 8 I ) - I ( W ) 
D Z « Z ( B H - t ( « 4 J 
DIP (RP) »DSQRT (Of»OX«OZ»OH 
DCOST8f^P)«b»BS(0JJ/DL3(RP) 
DCCSZB fflP)*D»BS (CI)/DLB (RP) 
OC 50 KQ«1,» 

» f - T E ( f l , k g i 
I f (ITQ.EE.ISB(BP,3) . a * D . K Q . I E . I S B ( R P , « ) ) GO TO 6 0 

so com»oE 
60 »R0*1 . 

»FT»1. 
TP (OX.>B.0 .00 ) »«0«DZ/DI 
IP (07.RB.O.DO) »»I-DI/DZ 
TO-I(PI) • » ! ! • ( Z ( » K ) - Z ( « ) ) 
Z1-7 (»I) • »R0» (I (UK) -X (81) ) 
IF (Z(«K) .CT.ZO) PCOSZB(RP|«-DCOSZB(RP) 

SC8P 0 
• s o i * 5 
SOPF 10 
S C ( P IS 
SOIP 2 0 
S O I P 2T> 
S O I P JO 
SOIP 35 
SOIF • 0 
SOIP • 5 
S O I P 5 0 
SOIF 55 
S O I P 6 0 
SOIP 6 5 
SOIF -»o 
S O I F 75 
SOIP 9 0 
SOIP 85 
S O I P 9 0 
SOIP 9 5 
S 3 I P 100 
S08F 195 
SOIP 110 
S O I F 115 
S08F 120 
S O I F 125 
S O I F 130 
S01P 135 
S O I F :»o 
S O I F 185 
SOIP 150 
SOIP 155 
SOSP 160 
S O I P 165 
SOPP 170 
SOIP 175 
SOBP 180 
S O I F 185 
SOIP 190 
S O I P !•* 
SOPF 2 0 0 
SOIP 205 
SOIF 210 
S O I F 215 
S S t F 220 
SOIP ?25 
5 3 P P 230 
SOIP 235 
S O I P 2 * 0 
S O t f 285 
SOIP 2 5 0 
S O I P 255 
S O I F 260 
S O I f 245 
soir 270 
S O I P 275 
SOIP 2 8 0 
S O I f 2 8 5 
STOP 290 
S O I f 295 
S O t f 300 
S O I f J05 
SOPf 310 
S O I f 315 
S O I f 320 



IF ( I ( B ( i . 6 T . I 0 ) DCOSIB(BP)' 
7 0 COBTTBOE 

BETOBB 
EBD 

-OCOSTB(HP) SOBF »2*i 
S59P 3 JO 
soap lis 
soap i«s 

SOSSOHTTBE SFLOS (PI , FZ.», BFLX, BPLIP, ? » » ? » . PLOB, TFLOB.TB, » « I » L , 
> " i X B f . f l . T Z ) 

FO»CTTOB JF sacaoOTIBE—TO COBPCTE COBBOkKT FLUXES, PLOB M I E S , 
IB<.."»EBT»l FLOBS OCCOPtlBG DBBIBG TIRE 9ELT, TOTIL FLOBS SIBCE 
TIRE ZSF.">, XBO TBE CBMCE IB SOI STB IE COBTWT FOB TBB EBTIBB 
STSTEP D"BTBC TIRE 5ELT. 

IRPLICIT RE1L*8 
rtki*t> KD.URBDa 
COHBeR/f;EOM/I(59 

> BCOS75(52B) ,DCO 
> BPB(- ,BPST(5 
> ISB(S_ B ) , T S ( 5 
> BSTB.BTS1B 

COR«OB/RTL/PROP( 
DIBEBSIOB PX(H*Z 

> ZQ(«) , P 0 ( » » , M 
> » X Q ( U ) . f Z Q ( » ) . f 

0fT» Q » , Q D , 3 L / 0 . 

(I-R.O-Z) 

5) , 2 f595" . B B ( 5 9 5 ) , B C : V i B ( S 2 8 ) ,DCOSI(528) , 
SZ(52S).oLB(528).DL(52S),DELT.CBBG,DEI.H*X,THU, 
9 5 ) . BPTST (595) ,BB£(52S) .BTSE fS28) , I ! ( 5 2 8 . 5 ) , 
2 8 , « ) . B B P , B E L , B B i T , I B » B 0 , B i C , B S T # « T S T , m , i B E L , 

2.9) 
EL, t t ) , rZ(B»XEL,C' ,*rLI (Rax iP) .BPUP(HaXRP) . XQ(«) 
»?F(I0) P L O I f 1 Q ) , ? P L O B ( 1 0 ) , * ( R a i * P ) , ? a ( R a I E L , « ) . 
I ( H < i e L , 3 ) . f Z ( B l X E L , « ) , ( g ( 2 ) > D F L X 9 ( 2 ) 
30,«'i.DO,O.PO/ 

CXLC1L»TE H09»l PLOB S» TES 

9C 

10 
DO 

20 

30 

' 0 »P«1,B>lp 
PPLXP(BP) «B»LX(Bf) 
BPLX(BP>*0. 
3P BP*1,BoEL 
S--»«"(HP) 
BT=ISB(BP,1> 
BJ»ISB(RP,2) 
X0(1)«ISB(RP, 1) 
KC(2)*ISB<RP,«) 
RTT»*IE(B,Si 
» l«P80t (BTTP,J ) 
»T*PRO?(BT" P,») 
»PsPPO«>(!l*i.-TP,m 
?»a=p»op(R7rp, < ») 
DO ?1 TQ* 1 ,4 

B » « I F ( R , I J ) 
X<3(13) »X(BP) 
2Q(I0:«Z(BP) 
*Q(IQ)*R(BP) 
f I Q ( I O ) - T X ( H , i a ) 
» Z C ( I 0 ) - » 2 ( B , I 3 ) 
COBTIBO* 

CAI L OSS ( DPLJr Q, BQ, DLB (IP) , DCOSX8 (RP) , DCOSZB (RP) , » Q . XQ, ZQ, f I Q , 
»7.Q,»L.»T,«PE»,»R,Ta0) 

SFLX(EI) »BFLX (BI) •OPLXO(') 
BFLX(BJ)«BPLI(BJ) *DPIIQ(2) 
C0BTT«"» 

C DET!»BIi«F »LOBS XBD PlOB S»TES THBO THE WRIOOS 
Z TTVfS OF SOOBDUPT BODES, ST.RTIBG »ITR TRE 
C B ' T FLOBS 'BROOCH HtL BOOBPBBT BODES 

5 = 0 . 
SP»0. 
DO af ap«1,PBP 

S*S»BPIX(B?) 
UO Sf *S< ,*SPLIP(BP) 

f ? ' T F ( M - S 
FLOW (S) * . 5» (S»SP) »DELT 

Z CO»ST*BT ">TprC8LET BDOBOART BODES 

0 
s 

10 
15 
20 
2 * 
10 
15 
• 0 
«S 
VC 
*S 
60 
65 
Tfc 
75 
80 
<5 
90 
95 

SFLO 
SPLO 
SFLO 
SPLO 
SFLO 
SPLO 
SPLO 
SFLO 
SPLO 
SFLO 
SFLO 
SFLO 
SPLO 
SPLO 
SPLO 
SFLO 
SPLO 
SPLO 

,SPLO 
SPLO 
SFLO 100 
SFLO 105 
SPLO IK) 
SPLO 115 
SPLO 120 
SPLO 125 
SPLO «30 
SFJ.O 115 
5 . . t o i»c 
SFLO U S 
SFLO 150 
SFLO 155 
5PIO ISO 
SPtO 165 
SFLO 170 
SFLO U 5 
SFLO 180 
SPLO 185 
SPLO 180 
SPLO 195 
SPLO 200 
SPLO 205 
SPIO 210 
SPLO 215 
SPIO 220 
SFLO 225 
SP17 210 
SfLO 2 IS 
SPLO 2*0 
SPLO 2«5 
SPLO 250 
SPI1 255 
SPLO 260 
SFiO 265 
SPtO 270 
SPIO 275 
SPLO 240 
SFLO 285 
SPLO 290 
SPIO 295 
SPLO 300 
SPLO 305 
SPLO 310 
5PLO 315 
SPLO 320 
SPLO 325 
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• l lT f (1 )»0 . 
7LO«|13 =C 
t» <*BC.LC.O) CO T> 60 
s«o. 
SP«O. 
90 «o a»p»i ,as 

s»s»sr i i<»?! 
*o SP«SP>BM.IP(BP) 

P P » T » M » » S 
»l.r»ail)*.1»|S«SPl«DELr 

r cnasraar W»OMBB loniMrT B3ozs 

*i) r t l T K 2 ) » 0 . 
•LOBf2)«0. 
T» (BST.IS.O) CO TO 90 
S*0. 
SP»0. 
oo -»c « F P « I , B S T B 

BP«BPS?(BP*3 
s«s*srt f c a t 

TO sp*sp«»PLiP(ar? 
P*«TE(7»"S 

»LO» (2) «.s« es*sp) »Detr 

: T M B I W s i m c r aooaotaT BOOK 
•Q P»»T»f*>»3. 

H.o«(3j*0. 
TP {"Ttr-L*."! GO TO too 

SP»«). 
on 9c B P P « I , BTSTB 

»p*arrsT(appi 
S » S » » P H ( » P ) 

9 0 S P « S » » B H . I P ( » M 
P*»T»0»«S 
PL5a»u». , ;»(s»spj«citT 

c anpfPici i r i o t r a n a c a oasPECtPieo n o a o t t T l o o t s 

too s«o. 
sp«o. 
00 UC t>1,3 

110 SV^SP*PL0B(T) 
PM?r(9t«PHT»<M-S 

n.o»(«i«rto« («i|-sp 

z rucoLATc r a ; TBCPMSPS ia rnt rar?eat?eD u t m i t coat ta t s rot t n 
C P10TD »B» TF» SOtID PMSCS I»D DBTeaaiBt. LOSS(3 001 TO MOIOICTXVI 
c O«C»T 

0»P«O» 
goP'QO 
QtP-Qt 
o»»o. 
00"0. 
0 l"0 . 
oo 130 H-i,aei 

BTTP-Vtpi.S) 
«0-»*OP|aTT», 1) 
»«08«ptc>(imp.2) 
L»(H0»«PtOP(tTTP,M 
PO»-PtOKBTTP.M 
DO 120 IQ«1,9 to (io) -ten 

Z0ft0)*t(ap; 
•20 »0<T0> •»<»?) *Ti(9,13) 

c a n . o « « ( i g , Q H i , » m , i o , i < r 
pp«ot*3ta 
QDff*«flOB*KD*QM/T01 

SPIO 3 30 
SPtO 33? 
s n o 3»o 
s r i o 395 
SPLO 350 
SPtO 355 
SPtO 3*0 
SPLO 365 
s n o "3̂ 0 
SPIO 375 
s n o 3»o 
s n o i n 
SFlfl 340 
s n o 3*5 
s n o «oo 
s n o »05 
SPLO 910 
SPV> »I5 
S 1 0 »20 
SPtO 925 
S.'LO «30 
s n o «3S 
SPLO 990 
s n o »95 
SP»C »so 
.>PLO 955 
s n o 9M 
s n o 9*5 
SPLO 970 
S n o 975 
SPLO 9*0 
SPLO 905 
sn.o «*o 
SPLO 995 
SPLO 5*0 
SPLO 505 
SPLO 510 
SPLO 515 
SPLO « » 
SPLO 525 
SPLO 53C 
SPLO 535 
SPLO 590 
SPLO 595 
SPLO 550 
SPtO 555 
SPLO 540 
SPLC 5*5 
SPtO 570 
SPtO 5*5 
SPIO 5M 
SPLO 505 
SPtO 5*0 
SPtO 505 
SPIO MO 
SPtO «©5 
SPIO 610 
SPtO «15 
SPLO 620 
SPtO «25 
SPIO 630 
SPLO 635 
SPIO 690 
SPtO 695 
SPIO 650 
SPl-3 *55 
SPtO C60 
SPIO 6*5 
SPIO 670 
SPtO 675 
SPtO 600 
SPIO 605 
SPtO 690 
SPIO 695 
SPtO 700 
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QL<QL»(.*HBDa*OLH 
i?0 COB~TBO» 

n.3«(«)=o«-3Br 
r»»r»(<; «FIOM(6J /OELT 
now D «QO-ODP 
m a r s (7) »EU>t(7j /PEXT 
p«»Tr(ai«.«»(OL»0LH 
rL3«(S)«0ELT*PiafE(S) 
DO iaa T « I , » 

i«e T r t o a ( i M T r L o a ( H » f i o « ( i ) 
Er?o*» 

SELO 
SKLO 
S»L3 
SFLO 
S?LO 
SFLO 
SELO 
SELO 
SELO 
SFLO 
SELO 
SELO 
SELO 
SELO 

705 
710 
715 
7 20 
725 
7 JO 
715 
7»0 
'•5 
750 
755 
760 
765 
770 

S-J"BD0TT«F 3»S(f»*T.«0.*3.0L.PCOSIC,DCOrzO,BO,IC.ZQ.tlO,»ia.U..»T, 

FOBCTTOa nE S0BEOOTIBE--TO E»atOaTE THE n i U l - U I TBTICBaL 
aioBG TEE soosoaar LTBE EITEBOIBG EBOB SIDE LQ TO aooe SQ. 

I-PlICr* §E»l»8 <a-*,0-Z| 
»EaL»a »(») 
DI«BST0« S(«.») ,T««,«| ,0{a« , f <«),DELXQ(2).KQ(2),IQ(a),SSa(2). 

> rr»(2) , i t f («) ,ZQ(») , f iQ(«) , T Z Q ( « ) 
OaTa S/0 .DO, - .«7735O0,0 .D0. -1 .DO, . *7735D0,O.DT. 1 . 0 0 , 0 . 0 0 , COO, 

> 1 . 0 0 , 0 . 0 0 , - . 5 7 7 1 5 0 0 , - I . 3 0 , 0 . 0 0 , . 5 7 7 3 5 0 0 , 0 . 0 0 / , T /0 .DO, - 1 .00,0 .0 
> - . « 7 7 1 5 0 0 , - 1 . D O , n . D O , - . 5 7 7 3 5 0 0 , 0 . 0 0 , 0 . D O , . 5 7 7 3 5 0 0 , 0 . 0 0 , 1 . 0 0 , 
> .57735D3,O.DC.1.DO,0.DO/ 

po-a»»rao 

H T - T a i T 7 ' BODai CO^P îEBTS OE LIBE IBT£GB»L 

T>0 10 TO*1,2 
n D»LTQ(T3)*0. 

FflL1»?P 0Ta«?:TTES EO» OSE IB THE jaCQBIa* OJaC, BELW. BSCESSatT 
EO? TEa«Eo»nario« *»o* GioBai ?•? LOCAL cDo»Di»aT£s 

: ' 2 TOfM - »0 (2 l 
i n *0(»> - » 0 O ) 
T23 TO (21 - *0<M 
x ia * 0 ( M - io<»> 
12* »0(2) - « ( • ) 
n« 10(31 - XQ<») 
Z13 Z0(») - Z0 (M 
T2» Z0<2) - ZvJ») 
Z3a Z 0 ( * - Z O O 
Z12 Z O O Z0(?) 
123 Z0(2 \ - Z0U> 
Zl» Z0(1) - ZQ<«) 
»?Tl • T13«Z2» - X2»»Z13 

DETEBBT«E LOCHt COO»DI»aT»S OE Ga5SS-JBT!G»»?I0B POIBYS KG 

LO'EOC) 
«0«*Q<2> 
s sa ( i ) * s (L0 ,B0) 
TTa(1 ) -T ( tO ,BJ) 
SS%(2)»S(49,L0) 
TTaf21»T(BQ,tO) 
DO 30 HO 1,2 

SS « SSa(fG) 

TT » ?Ta«ao 

E M K U T E THE jacoBiaa ojac 
DJ « a*Ea • SS*<XJ»«Z12-I12»ZM| • '.T»(X23»I1«-I1««Z23) 
D.TT « 1,/DJ 

Q«S G 
0 « 5 
0«S 10 
0«S 15 
Q»S 20 
d«S 25 
oas 30 
fiJS 35 
oas •0 
Q«S •5 
o«s 50 
0«S 55 
o«s «C 

0,0»S 65 
oas 70 
gas 75 
oas 80 
gas 95 
gas 90 
oas 95 
o«s 100 
Q«S 105 
oas 110 
0»S 115 
gas 120 
o«s 125 
gas 130 
0*S 135 
9«S 1*0 
0»S 1a5 
gas 150 
0«S 155 
0«S 160 
o*s 165 
gas 170 
o«s 175 
Q«S 180 
Q«S 185 
0»S 190 
Q«S 195 
o«s 200 
o»s 205 
o«s 210 
o»s 215 
o»s 220 
o«s 225 
o«s 230 
Qas 2 35 
gas 2ao 
0»5 2»5 
0»S 250 
Oas 255 
0«S 260 
0«S 265 
oas 270 
Oas 275 
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M I C * .12*»0J Q*S 200 
: o»s 205 
r ' x i r i r t u T * »»L9»s o» TBT Basis f aac r ioas a { t o tao TBtia o n i r x m e s o«s 2*0 
r » » » D o » . « . T . t m e t , B B s p w r m a t , » f TBE exoss P O I B T ac o»s 2»5 

0»S 100 
S» « 1.0 - SS Q « 105 
si» » i .o • ss oas 310 
"*• * 1.0 - TT QAS 315 
TP « 1.0 • TT 0*S 320 
«<M«<-X2«»X1«»SS»I23«TT)»5JI 0»S 325 
0«2l«(* I I1 -X3«»SS-X1««TT)»OJl Q»S 330 
0»H«(» l5a-»12»S5»11«»?TI *DJ I 0«5 315 
« ( * > M - X 1 3 » I 1 2 * S S - I 2 3 » T ' * ) » M I 0*S 3*0 
»(1)»«»«B-X3B«SS-X23»TTI«DJI Q»S 3»5 
»(2)« ( -X13»X3«»SS»t la«Tt t»DJI Q«S 350 
f f1|«(-22B»X12*SS-Xla»TT>«DJI 0»S 355 
f ( • | « ( * Z 1 3 - X I 2 « S S * U 3 « m * D J I 0«S 3 » 
B(M«0-25»S!1*TB QA3 3«5 
»(21«0.25«SP»TS OAS 370 
<M3t«0.2«*SP»TP 0*S 375 
B(A)*0.25»S«»TP OAS 300 

- 0«S 3«5 
r T B T ? » P O I » ? B » I » H roacrtoas • « « . » P C » . »•» o « Q ) T3 D B T X I B Q « S 3«O 
r t u n e s OF 9»»rr » K . O C T * I E S txgp xao t t Q P , c o t c t w r x m o i t o r . »BD OAS 3 » 
r S»XBTE«T* DVX XB") D M t T TIE GXBSS IBT?Ct»TTOt POtat (C QAJ «00 
c gas 005 

v x * « i . 0«s «io 
t t a » o . 0»s a w 
BOB*"- Q«S « M 
DBX*9. 0«S »25 
DPZ*0. OAS »J0 
on 20 I Q » I , A 0»S «35 

f n « T i K » v x o ( i O ) * a ( i O ) Q " * *o 
tZB»WZX*«ZCI?Q)*B(IO) 0*5 "«5 
aop*ior»aQfio»*a(iai OAS *5o 
Dfx«Dax*a( i<n**Q(iOI 0*s »55 

?u D*t«DBX*O(I0)*R0(T3) QA5 A60 
r gas »65 
r EtxtnxTE r a t a o w a t n » x » T TRK GXOSS P O I B T ABD a r c a m . t T e t « e OAS A7O 
c rrr»r;»xt SOB OAS a75 

QBS aao 
tr«BSO»T(»ia»»Tir»»ix«fZxi QAS a»5 
t r T » » . / t a OAS a»o 
t>TT»(»L*tIX»aiX^XT»tZX«tZK»»tH»DD 0*S A*<5 
!)2Z»(»L«»tX»TXa»»T»fIX»tIB>»f«I*DD OAS 500 
DTZ» ( X L - X T ) • ? t a » f » a » t a i oas 505 
m « - ( O X X » » I * D X T » O « I » » X « » B O * oas 510 
»Tir«-(WT-B»Z»DIT«DBI1 »fZr»BOP 0»5 ! H 
Paf»FT«*DC.15I0*Bt«»0C3SX0 Q«S 520 
c f t r o ( i ) ' P i L x o ( i ) * a a o i * n i a Q*s 525 
D n i o ( 2 ) > D r L X Q ( 2 i * i ( a a ) * n n c oas 530 

10 Cf»BTTB0B Q»S 535 
DO «0 TO*1,2 0a$ 5AO 

• 0 DPtX0(IO1«.5»Cl»DPlX0(iai OAS 5a5 
B9T0BB OaS 550 
WD OBS S55 

SBBBOBfTBE QA3»(DmO,K9, 3L. DCOSIJ, DCOStQ, fQ,CQ,TTQ,ttO, »1E») OASP 0 
r OASP 5 
C OASP 10 
c ropmoB or sm poor tar--TO I'XLOATI TBF sstpxee-puix iarxoaxts oasp is 
C XLOBG TH» BOOlDntf L t « IXTCIOIBC tMm BOOK t 0 TO DOOf RQ. 0*SP 20 
c oas* n 
c OASP 30 

IBPIICTT I U l « l (X-B,0-X> QBSP W 
* E « I * B B J » ) oasp ao 
DiacasmB s ( a , t ) , T ( a ( a | , o ( a i , T ( a ) , D P L X O < 2 , 2 ) , x o < 2 ) , s s « ( 2 ) , T T » ( 2 I . Q » S P »5 

>*<><»» ,10»»1 , » n o ( a i , » n o ( a » , t f o « a » , f t O » » ) Q«SP 50 
D i n 5 / 0 . 0 0 , - . 5 7 7 3 % o o , 0 . 0 0 , - 1 . D O , . 5 7 7 3 5 0 0 , 0 . 0 0 , 1 .00 ,0 .90 , 0 . 0 0 , 0»SP 55 

> I . DO, 0 . 0 0 , - . 5 7 7 1 5 0 0 , - 1 . 0 0 , 0 . DO, . 5 7 7 3 5 * 0 , 0 . DO/, T / 0 . OC, -1 .00 ,0 .00 ,0»SP SO 
> - . 5 7 7 3 5 0 0 , - 1 . 0 0 , 0 . 0 0 , - . 5 7 7 7 5 0 0 , 0 . D 0 , 0 . 0 0 , . 5 7 7 3 5 0 0 , 0 . 0 0 , 1 . 0 0 , 0«S» 45 



1 - J 

> . 5771500 ,0 . BO. 1.DO.0.DO/ 

HITTM.TT* I 3 M I COBPOBEBTS OT U R IBTECBU. 

V> 10 J Q * I , 2 
PO 10 1 9 * 1 . 2 

' 0 T>»1IQ|TQ,J91'<)-

EviLoiTS o « r i r r s ro* o s » n THE j i c o e u w D J » C . B S L O B . R C E S S M T 
r o e T > » « s r o t u r i o * rwos GLOBAL TO LOCAL COOBOIBATES 

112 * 10(1) - »0(2) 
113 « 10(11 - XQ(31 
123 « 19(2) - X0(3) 
I l » « 10(1) - xo(»i 
X2« « XO(2) - I 0 ( » ) 
X3* « 10(J) - X0(«J 
113 « XQ(1) - to (31 
X2* - 2C(2) - X0(«) 
X3» « XQ(3) - IQ (« ) 
112 • TQ»:) - XQ(2) 
123 « X0(2) - 10(3) 
XI*. * XQ( I ) - Z0(») 
l t d « X13«X2« - X2««X«3 

c orr»t(iT»r LOC*« . COOWIBATES 

L0»rQp) 
*0*K0(2) 
S S M ' ) » S ( 1 0 , SO) 
rr»(t i«T(to. SO) 
SSA (2)>S(4Q. LO) 
T T » | 2 j » * f < 0 , 
DO *0 K O I , 2 

W) 

SS » SSI (KG) 
. TT » TTl(XS) 

c rTiLoarr THE JACOSIAB PJ»<* 
c 

OJ « 1BEA • SS»(X3»»X12-X12»I3*) • ?T»(X2 3»I1*-I1*»X2 3> 
0J1 - l . / D J 
DJAC * . 1 2 5 » D J 

CALCULATE TILDES o r THE BUSTS »0BCTIOBS 1 ( 1 0 ) ABO TBEIB DCTTVATItES 
f 119 0 B . P . T . t »»C Z, PSSPECTIPELT, AT THE MOSS POIBT KS 

5" « 
SP « 
TP » 
TP « 
0 ( 1 ) 
0 ( 2 ) 
O ( ' ) 
0 ( » ) 
» ( 1 ) 
» ( 2 ) 
»(11 
»(•) 
P C ) 
» ( 2 ) 
• o» 
»(»! 

1.0 - SS 
i . o • s s 
r.o - rr 
i . o • rr 

* ' - I 2 ^ X 3 » « S S 
»(* I13-X3»«SS 
«(*X2«-X12*SS 
«(-X13- I12«SS 
M»X2»-»3»*SS 
« ( -X13 ' I3»*SS 
«(-X2»»H2«SS 
« ( * X 1 > X 1 2 « S S 
»0.2'y«Sll«TH 
"0 *5»SP«TP. 
«0.V«»Sr*TP 
»0.25»SB»T» 

• X23«TT) 
-I1»«TT) 
• I ! • • • » ) 
-X23«TT) 

X2l»TT) 
•X1»»TT) 

XU«TT) 
•X2)»?T) 

•OJI 
•DJI 
•DJI 
•DJI 
•OJI 
•OJI 
•DJI 
•DJI 

73 
75 
M 
• 5 
90 
95 

170 
175 
1*0 

TPTEPPOIATE IITH POP^nOBS P ( I 0 I . * ( r 0 ) , 1ID O(IO) TO OBTAIB 
TALOES w OAACT T B L O C T T I E S TXQP KID T X « P 

f i r«o. 
»nr«o. 
Of 21 I 0 « 1 , « 

VXr*TXK«TXC(IQ)*l(IQ) 
2" »Xr*»ZK»TZ0(I9)»»(tQI 

PfALOATE TO* BODHAL 0»"CT TELOCITT AT TBI GAOSS POINT ABO ACCOBOLATE 
T P T i»TEi;p»t s e n s 

0*SP 
3*SP 
0«SP 
0*SP 
0«SP 
0»SP 
0»SP. 100 
a*sp to5 
O*SP n o 
0*SP 115 
0*SP 120 
Q«SP 125 
0»SP 130 
3 » S ? ; i 5 
0«SP 1*3 
Q»SP 1*5 
0*SP 150 
0*S? 1«5 
0%SP 1*0 
0«SP 1*5 
Q«SP 
0«SP 
0»SP 
0«SP IS5 
0«SP 190 
QBSP 195 
Q«SP 230 
Q«SP 205 
Q*SP 210 
0*SP 215 
0«SP 220 
Q«SP 225 
0«SP 230 
0«SP 235 

• S ? 2»0 
0«SP 2*5 
Q*S? 250 
Q«SP 255 
Q>SP 260 
0*SP 265 
0»SP 270 
0«SP 275 
0*SP 280 
0*SP 2S5 
Q«SP 290 
Q»SP 295 
0»SP 30C 
0>SP 305 
0«SP 310 
Q«SP 315 
0«SP 320 
QBSP 325 
0«SP 330 
0«SP 335 
0*SP 3*0 
0*SP 1*5 
0»SP 350 
0*SP 355 
Q*SP 360 
0*SP 3*5 
Q»S? ) 7 0 
0«SP 375 
0*SP 3SC 
0«SP 3B5 
Q*SP 390 
0«SP 395 
0*SP *00 
a»sp «o5 
3»SP « I 0 
Q«SP ««5 
0«SP «20 
0»SP «25 
0«SP »30 
0»SP *35 
0«SP »«0 
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• o 

«-> 

»air»»iir->»cosXQ*»z«»cc3SZ0 
no 10 -1Q»'.2 

a4*KQ<J9l 
so 30 rg-1 .2 

tQ»-tQ(I(-* 
DPiiofTC.-toi «ortiQ fio.JQi *a (ta» *»aa»a cnoi 

co»na-jE 
PO «0 JC-1.2 

00 «<i T0^1,2 
-»mo(io.JJi-'-5*'DL*9n.io(io.JO> 

E«I9 

s«sr »5o 
0«SP »55 
0*SP «60 
0»SP »65 
Q»SP «T0 
0«sp «7s 
0«SP • 80 
O»SP »as 
0»S» «»0 
Q»SP »«»•> 
Q«SP 509 

S**BPO«TTT»!* 3*»(1Q,0»R,UE«,IQ,ZQ) 

roBCTioa or soBf*o«Tr»E—TO EtaioiTE TBE co-icEaTt»Tioa i rr s sB ia 
O-/ET» TBF »»!» ->r oaf ELEBEBT. 

IBPircTT >E*t*8 (1-B.O-ZI 

omasioa ao(«i.S(a) ,t(«i ,ao(*» .»<•) 
0»TB P / *»."77J*S02S«>l'm2« / , 5 / - 1 . 0 0 * 0 0 , 1.00*00, 1 . 0 0 * 0 0 , -

> 1.0D*0«» / , T / - 1 . 0 0 * 0 0 , - I .C0*00 , 1 .00*00 , 1.00*00 / 

rvatOlTT QOIBTTTTES MP OSS IB t*t JICOBIIP L HC, BELOW, BECESSIBT 
r ip Ta»«sr«r-<i?ioa rton SLOBAL TO LOC»I COOPDI*.?ES 

112 -
I D * 
I?* » 
I1« * 
I2« * 
! ? • * 
• m « 
22» « 
Z1» « 
Z12 » 
Z23 « 
Z ia « 
»r»» 
0»B«0 
DO 20 

•oc i 
TQ(2> 
XQOl 
X<3(2) 
10(31 
Z0(M 
ZQ (21 
Z0(3| 
Z0(H 
Z0(2» 
«0 (11 

10(2) 
10(3) 
XQfM 
10 («) 
X0(«1 
10 (»l 
20(3) 
zow 
Z0(«) 
ZO(2) 
Z0(3) 
Z0(») I13»Z2» - X2«*X13 

( 0 1 , 1 

c DETEa-nae Lr.t»i COOBOTIUTES (SS,TT> or c»oss - i»Tica»r ioa poiat ac 

s s • p * s ( a o 
TT » P*?(Xf*) 

: rraLoiTr **»E J i coe iaa OJ»C 
c 

N » a m • S5« (X3a»Z12-f12»Z3a) • TT»(I23«>ZU-IIB«»23) 
W»C « .«2"i»0J 

C r»LC0t»T» »»L0ES or TBf BaSIS-IBTEBPOi.aTTOB rOBCTtOBS B(Tgi 
f 

SB « 1.0 - SS 
SP • 1.0 » S*J 
TB » 1.0 - TT 
TP • 1.« • TT 
B(1)«0.2*i«>5B«VB 
a(2)«o.25«s , :*Ta 
B(D»0.2*^»iP«TP 
B(»)»0.ri«?»»TP 

c 
: lartapoLkTE TO o t m t a t a t c o a c s B t t i n o a »or a t TBI caoss POIBT as 

10 

aor«o. 
DO 10 i g - i , a 

<OP*«or**0(iQt*a(io) 

««B 0 
0«B 5 
0»» 10 
0»B IS 
o»a 20 
Q»» 25 
0*8 30 
Q«B J5 
o»a »0 
a«» •5 
o*a $0 
o«a 55 
o»a M> 
Q«t as 
0«B TO 
o«a n 
o*a ao 
0«« ft 
-**• <0 
o*a »S 
QM too 
o«t IBS 
0«B 110 
o«a 115 
<*•* 120 
0»» 125 
o»a 1J0 
0*1 135 
0*1 MO 
*>•» 1»5 
Q«» 150 
0«a 155 
Q M 160 
0*»» 1*5 
o«« no 
QB» 175 
o«a 160 
Q«B 1(5 
0«a HO 
0*B 1*5 
O M 200 
o*a 205 
0 « 210 
Q»B 215 
()•» 220 
0*» 225 
g»a 230 
Q«S 235 
Q«a 2«0 
0 * 1 2«5 
<>•» 250 
0«a a 55 
0«* 240 
0«a 265 
« « t 2*»0 
Qat 275 
oaa 2«0 
Q«i 2*5 
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C 1CC0R01»*» TH» S09 TO **XL(MTE THE ISTECBIL JB"! 
C 

Q»!"*<2B!l»BGP,D,n 
20 CMTTBOE 

B»TO*» 
»VD 

Q«B M S 
Q»B 300 
0«B 305 
0«B 313 
0«B 315 
Q«B 120 

SOBBOOTTBE SOLVE (XXX . C . B , taP, tH»LPB,MXRP,a*IBa) 

C PBBCTIOB OP SOBBOPTIBE—TO TOlfE THE HaTBIX EQOttlOB Cf » P . 
c PETOBBIBC n t SOLVTTOS X n a. IT IS *SS«RED TRXT THE t iaai 
C CO*T»I«S THE PBLL BIRD OP IB .'STHHETBIC 9ATIXX. 

UPLTCIT BElL*9<k-R,0'Zt 
DIREBSI7R C ( M X * P , S i I W ) , S ( R l X B P ) 
THBP=IB»LPB*1 

C IP XXX = 1 , TBEB TPIXRGOLUIZE TBE BXBD HATBIX C(»P.IS» . B«T 
C IP KKK = 2 . T82B STRPLT SOLVE VITH THE BIGRT-BaBD SIDE B(BPJ 

IP (XXX.EQ.2) CO TO SO 

: TBIaKOLIBTZE RITBIX C(HP.IB) 
C 

RD'BBP'IHaLPS 
00 20 BT«1.B0 

P I * 0 T I - 1 . / C ( 1 I , I H B P ) 
BJ«BT*1 
IB>IRBP 
BP«VI»IR1LPB 
DO TO BL>HJ.BK 

IB«IB-1 
»« -C(Bt , IB»»PI fOTI 
C{BL,IB»«« 
JB»I8»I 
KB»:«*IR»LPB 
i.S«IBBP-\B 
00 10 HB*JS,KB 

H8*LB>R8 
<0 C(Bl, l . , B|*C<Bi. ,RBt*X*C<BI,»B) 
20 COBTIBOE 

BB«B0*1 
HO'BBS-1 
BK>BBP 
0 0 »0 8T*BB,VD 

P I V 0 f I « 1 . / C ( B I , I R B P ) 
BJ»Bt»1 
IB-IUBP 
DO 30 BL'BJ.BX 

I » « I B - 1 
»«-C(Bt , IBj»PIVOTI 
C ( B l , I B ) «X 
J»«IB»1 
X*«IB*IH»LPB 
L«'IHBP-tB 
DO 30 HB«JB,KB 

BB«LB*4B 
30 C(BL,RB)«C(BL,HS)*««C(*: ,B8) 
• 0 COBTIB3E 

BETOM 

XOCIPT LOXD *ECTOB 1(BP) 

5 0 B0«*BP*1 
IB»»D«2»IR»LPB»» 
DO 70 BI«2,IRBP 

IB»IB»P-»I»1 
BJ-1 

SOL* 0 
S O U 5 
SOL* 10 
S O L * 15 

(BP,XB)SOLV 20 
SOL* Y> 
SOLV 30 
SOL* 35 
SOL* M 
SOL* • 5 
SOL* 50 
SOLV 55 
SOL* to 
SOL* 65 
SOLV 70 
SOL* 75 
SOL* 80 
SOLV 8«. 
SOL* 90 
SOL* 45 
SOL* 100 
SOL* l « 
SOL* no 
STLP 115 
.iOLV 120 
SOL* 125 
SOLV 130 
SOLV 135 
SOLV 1«0 
SOLV 1»5 
iOLV 150 
SOLV 155 
SOLV ICO 
SOLV 165 
SOLV 170 
SOL* 175 
SOL* 180 
SOL* 185 
SOL* 140 
SOL* 195 
SOL* 200 
SOL* 205 
SOL* 210 
SOL* 215 
SOL* 220 
SOL* 225 
SOL* 230 
SOL* 2 n 
SOL* 2«0 
SOL* 2 * 5 
SOL* 250 
SOL* 255 
SOL* 2«A 
SOL* 265 
S O I * 270 
S O I * 275 
SOL* 280 
SOL* 285 
SOL* 290 
SOL* 295 
SOL* 300 
SOL* 305 
SOL* 310 



re *o J S * I B . I M L F B 
s«p>soe*c(ai.JBi *i(Bj) 

*0 iJ«»J*1 
" »f»T) «?(II|»S31I 

I B ' I 
«L«IB."»«t 
oo * o !T«BL.aap 

a j » a i - i B B P * ' 

DC 80 JB*IB,IBaLPB 
s«a*saa*c(ai WBI *B(aj) 

so ***a.i»i 

<>0 »f»n«B(«I)*SBH 

B»CB SOL»» 

»(wan *» (awi /c {*»?, ia»»j 
DO 110 TM2.IBBP 

• i * * o - r s 
BJ*»T 
*?*!»!L»B*TP 
S<W*C.O 
DO IOC JB**L."B 

I.T**J. | 
ioo s«p*SQR»c(aT,JB)*irBj) 
110 Pf*T|«(*(BT)-SOII)/C(ai,IBBP) 

*P«IBMD 
oo 130 i B ' n . a a p 

BIMO-TB 

SOH«0.0 
DO 120 JB'BL.HS 

BJ-BJO 
120 SO* »S0 S«C ( I I ,JB) • ! ( • , » ) 
130 9(aT)'(B(ii)-som/c(Bi,taari 

P»T0»* 

SOL* 315 
SOL* 120 
S O I * 325 
S O t f 3 ) 0 
SOL* 335 
S O t * 1*0 
s o t * J • * 
SOL* 350 
S C L * J55 
SOL* 3«0 
SOL* 1«5 
SOL* JTC 
SOL* ) K 
SOL* 3S0 
S O I * 385 
S O I * 3W> 
SOL* 3»S 
SOL* »00 
S ^ l * »95 
sot* »io 
SOL* » ! 5 
SOL* »20 
SOL* «25 
SOL* «30 
SOL* * 3 S 
SOL* ««0 
SOL* »«5 
SOL* » * » 
SOL* • *"> 
SOL* »»0 
SOL* *6*< 
SOL* • 7 0 
SOL* »75 
SOL* M O 
SOL* * 8 5 
SOL* » * > 
SOL* • « 
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APPENDIX D 

DEFINITION OF VARIABLES 



BLANK PAGE 

t * ^ ' r f W W 1 " » » , ! ; 8 a * O T , P R , * C T * r 
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\L 

ALP 

AM 

AMO. AMI 

AREA 

AT 

BB<NPP) 

BBI. BBJ 

BFLX(NP) 

BFLXP(NP) 

C(NP.IB) 

CHNG 

DCOSX(MP) 

DCOSXB(MP) 

DD 

DCOSZ(MP) 

DCOSZB(MP) 

DELMAX 

Longitudinal disperseity of the material within an element. 

Modified coefficient of compressibility ...I ••<-!). 

Molecular diffusi\ ity .1**2 T. 

In SL'RF. >ariabies used to establish the signs <.>• the direction 
cosines. 

Diagnostic element variable. .1**2. 

Transverse dispersivity of the material within an element-

Array for storing the constant material concentrations for 

Dirichlet boundary conditions. .VI l.**3. 

Variables used in automatic generation of constant-concentration 
Dirichlet boundary conditions BB...M I.**}. 

Normal boundary flux attributable to node NP...M L T. 

Same as BFLX but for previous time step.. M I. T. 

Assembled matrix W*B+A DE1.T where B is "the spatial 
operator matrix and A contains the coefficients associated with 
the time-derivative terms...L**2 T. 

Multiplier for increasing the time increment 

Direction cosine of outwardly directed surface normal (with 
respect to the x-axis) for seepage surface as a function of the 
boundary element. 

Same as DCOSX(MP). but for all bounding surfaces. 

Effective molecubr diffusivity AM'TAU. .1 **2 T. 

Direction cosine of outwardly directed surface norma! (with 
respect to the z-axis) for seepage surface as 3 function of the 
boundary element 

Same as DC'OSZ(MP). but for all bounding surfaces. 

Ma;.imum value of DELT...T. 
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DEI.T 

DEI II 

DF 

DFTXI 

DH.XJ 

DFLXQdQJQi 

DH(\P) 

DHK 

DHQUQ) 

DJ 

DJI 

DI.(MP) 

Dl.B(MP) 

DNX(IQJQ) 

DNZ(IQ.JO) 

DP(\P) 

Time increment...T. 

I DEI.T..T**(-I). 

Difference in nodal numbers to be used in automatic generation 
of nodal coordinates. 

Surface integral over product of normal flux and basis function 
NHQ) for an element.M T L. 

Surface integral over product of normal tlux aru. basis function 
N(JQ) for an element....VI T I.. 

Matrix containing surface integrals for an element side used in 
seepage boundary conditions. .M T I.. 

Time derivative cf the pressure head.L T. 

Time derivative of the p.essure head at Gauss-integration point 
KG...* I. 

Time dcrivati'-e of the pressure head at node IQ of an 
element...I. T 

Jacohian times X... .**2. 

I DJ...l.**<-2). 

length of seepage ;>oundary side of element ViP.L. 

length of *r.y boundary side t f element MP...L. 

Derivative of b-.sis function N(1Q) with respect to X at position 
JQ...1.**(-I). 

Derivative rf basis function N(IQ) with respect to Z at position 
.IQ I.*»(-!). 

Array tor storage of constant Neumann boundary 
conditions...M I. T. 

DRX Derivative of concentration R with respect to X... VI I.**} I 
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DRZ 

DTH(M.IQ) 

DX 

DXX 

DZZ 

DZ 

DZZ 

EI. EJ. EK 

EL 

FLOW(I) 

FNK 

FNM. FNNJ 

EP.ATE(I) 

FX(M.IQ) 

FXK 

Derivative of concentration R with respect to 7...M '..•*'< 1 . 

Time derivative of moisture content...!.** 3 L**3 I. 

Incremental distance in X-direct ion... I.. 

XX-component of the dispersion tensor...L**2 I. 

XZ-component of the dispersion tensor...I.**2 1. 

Incremental distance in Z-direction...I.. 

ZZ-component of rhe dispersion tensor...L**2 T. 

Normal 'luxes to be used ior Hux-lype Neumann boundary 
conditions...M L**2 T. 

Length of an element side vhere flux-type boundary condition is 
applied...L. 

Flows across the system boundary during time Dfcl.T through 
nodes having constant Dirichlet conditions (1=1). through nodes 
having constant Neumann conditions t'I=2). by seepage «1=3J, due 
to numerical losses i!=4). and through all boundary nod.-s (1=5). 
Flow (6) is the net change in adsorbed material occurring during 
time DEI.T. Fl.OW(7) is the net change in dissolved materia! 
occurring during time DELT, and FLOW(8) is the net material 
loss via radioactive decay in the same time interval...M I.. 

Normal flux at Gauss point KG used in surface 
integratior...M l.**2 T. 

Components of the material flux normal to the boundary surface 
at nodes NJ and NJ. respectively...M !.**2 T . 

Flow rates at a given time corresponding to Fl.OW(I)...M L "i. 

X-component of material flux...M 1**2 T. 

X-component of material flux at Gauss-integr.'iion point KG 
along the boundary side of an element...L**2 T. 

FZ(M.IQ) Z-component of material flux...M L**2 T. 
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KZK Z-componeni of the material flux at Ciauss-intcgraties. paint KCi 

along the boundary si«le of an element. M 1**2 I. 

H(NF> Pressure head at current time step...I.. 

HPlNP) Pressure head at next previous urn.- >iep...l . 

HUNP) Total head .1.. 

IB. JB. etc. Indices ranging o\er the band uidth ol the coefficient matrix 

1BAND Band \ndth of assembled coefficient matrix. 

IE<M.IQ) Element identification array. The entry in IQ=5 identities thc 

matcrial type for element nt M. 

IHAI.I'B (.IBAND-I, 2. 

I HBP IH.M.FB * 1. 

INC Increment in nodal number to be used in automatic genera;..>n 
of boundary conditions. 

IQ. JQ. etc. Local node or basis function identifier having \alucs of 1. 2. ?. 
or 4. 

IQ1 lO * l a local node index 

IS(MP.I) Surface identification array for seepage elcmc.its. Values |=| and 
2 denote global node numbers of the surface side, and 1=3 ar.d 4 
denote the corresponding local node numbcrs. 

1SB( V1P.I) Same as lS(MP.l) but for all boundary elements. 

ISTOP InJc.-: used to count data errors. 

ISI. i:s2 (ilobal node numbers defining an clement side on uh'Ci". seepage 

boundary conditions are to be applied. 

I I'M Index for simulation time. 

JQI J A -i I. a local node index 

KI) Distribution a cfficicn' of an element .1 **3 M. 

file:///ndth
file:///alucs
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KDIG Diagnostic output table counter 

K V identifier of the lour Gauss integration points within -rath 
element. 

KINC incrementation control used for automatic generation of 
boundary conditions. 

KKK In SOLVE, index desî rv.ting function be performed. 
Parameter KfK for triangulai L/ation and KKK for backward 
substitutipn. 

KOIT 

KPR(ITM) 

Output table counter. 

Printer control for transient probi-ms similar to KPRO as a 
function of the time under ITVI L'sed to output desired 
information for iach time increment. 

KPRO 

KSS 

KSTR 

KVI 

Printer control for stezdy state and initial cond'tions. If 
KPRO = 0. only the flow variables FLOW. FRATE. and 
TFLOW are output. IF KPRO = I. then concentration variables 
arc printed. If KPRO = 2. material fluxes and those variables 
mentioned previously are printed. If KPRO = 3. then water 
.ontents and Darcy velocities are also output. Finally, if 
KPRO > 3. all of tlv variables mentioned previously plus 
pressure heads and total heads are output. 

Steady state control. If KSS = 0. the steady-state solution is 
obtained. If KSS = I. the transient solution is obtained. 

Control parameter for storage of output on auxiliary storage 
(tape or disk). If KSTR = 0. there is no borage, but if it does 
not equal 0. '.here is storage on logical unit 2. 

Darcy velocity input control. If KVI - 0. there is no input and 
the velocities are set equal to 0. If KVI = I. time independent 
velocities are input If KVI = 2. time dependent velocities are 
..iput for each time step. For KVI < 0 card input is used, and 
for KVI > 0 auxiliary storage (tap? or disk, logical unit I) is 
used. In the laaer cise nodal positions and element definitions 
are also read from the magnetic tape. 

LAMBDA Radioactive decay constant...T**(-l). 
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I I 

M. Ml. MJ. MK 

MAXBW 

MAX IMF 

MAXEl 

MAXM.U 

MAXNP 

MAXNTI 

MINC 

MND 

MODI. 

MP. MPI. MP J 

MiVP 

N(IQ) 

NBC 

NBE(MP| 

NBEl. 

NCM 

ND 

NEI. 

MAY 

Nodal number increment to be used in automatic generation of 
elements. 

Element number 

Maximum value of 'BAND 

Maximum nodal difference for all elements. 

Maximum number of elements. 

Maximum number of materiab. 

Maximum number of nodal points. 

Maximum number of tune increments. 

Increment in element number. 

Maximum nodal diffe ence for a given element. 

Number of elements per lave;'. 

Compressed element index. 

Material type. 

Basis vector for node IQ. 

Number of constant Dirichlet boundary- conditions-

Array of bound? .y element numbers. 

Number of boundary elements. 

Number of elements with corrected material properties. 

Nodal difference. 

Number of elements. 

Number of layers of elements in regular part of grid. 
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NMAT 

NMPt'M 

NN 

NNP 

NP. Nl. NJ. etc. 

NP1XC 

NPMIN. NPMAX 

NPN(NPP) 

NPP. NPPI. N'PPJ 

NPPMAX 

NPPROB 

NPROB 

NPROBM 

NPSTfNPP) 

NPTST(NPP) 

NST 

NSTN 

Number of different raaterials-

Number of material properties per material. 

N(IQ)*N<JQ< 

Number of nodal points. 

Nodal-point number. 

Nodal-point increment used in automatic feneration of 
boundary conditions. 

Integer variables used in automate gencratkv of Ncwaara 
boundary conditions. 

Array for storing the node nurchen where constant Dirichlct 
boundary conditions occur. 

Compressed nodal-point index. 

Number of nodal indices in unpacked array NPST. 

Output contrt 1 integer. 

Problem numbec. 

Dummy variable read from magnetic tape generated by 
moisture-transport code. 

Nodal points at which constant-flux N -nann boundary 
conditions are applied 

Absolut? node index as a function of compressed index for 
seepage brundary nodes. 

Number of element sides on which flux-type Neumann boundary 
conditions arc appl-ed. 

Number of nodes at which flux-type boundary conditions arc 
applied. 

NTI Number of time increments. 
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\ | I M 

MSrlMPi 

MSI 

\ I M \ 

M 

N\ 

•» 

PIXOII 

P M \ I 

POR 

P R O P l M n i M i 

OVIOJQI 

OHllOJOi 

Ol> 

ODM 

OOP 

VI 

Ql M 

Ql V 

Itemim \auaak read Irom mafnctK tape pcncraied b> 
mottturc-fraKsport code 

rtctarnu nanny sccpapr surface* 

Number of dement* hanA* <eepafc surface* 

Number ol sccpap h »jndarv node* 

NtKJrMtJOi I •••-!• 

NllQr» ViJOi i -•«-! > 

0 5""??502M. position parameter lor i»o-p»int («au%* quadrature 

1 PIXOI where PIVOI i* 4 Japoaal clement •>! matrix ( hew* 
tued in the matrix reduction I I **? 

Ibta arra> lot storm* the name* <W material properties *»« the 
M»:1 %\*tcm 

PiKOMtv »l an clement 

Material propertx I lor soil npc M tVP 

•\ matn\ tor element M ..l."-2 

B matrix tor element M. I **2 I . 

total adsorbed material at current time %lcp M I 

Adsorbed imtcful within clement M M I 

lolal adsorbed matcrul at next pre\iou* time >lcp M I . 

foul material lo»i m radioactnc dcca> at current time 
t icp .M I . 

iotal of matcral in soUd phase and material in liquid phase 
within clement M . M I 

lolal nutcrul lost h> radioacinc decay at next prelum* time 
step M I 

file:///auaak


i n 

OR 

y*M 

<JRP 

RtXPi 

Rl> 

RH<« 

RPlXP) 

RgtHji 

Rgp 

NM 

NP 

M M 

m y i " 

IAI 

IMOWdt 

iHtM.igi 

PIR 

iHPiM. ig) 

I H ( * i y > 

loul material >n «»fcri*«a at current time %tcp M I 

Malcrul in tohtlMMi m dement *• M I 

total material « *» knux. a! nc\i proiou* time «tcr M • 

I «a«l sector l M 1*1 . -tml concentration \cvt«»« \ l I • • ' 

! V retardation factor. I -M>*RtfOft 

Hall <Jrn%tl> of Ihr tofad •njfef.ji «<h« an clement \ l I • • * 

ConccntratMn rctor to.- nr%t proiou* time »tcp \ l I • • ' 

I onccnf ration \cvt»»t lor nr%t proiou% lunr «cp \ | I • • * 

t'onccntratioa at a <iau%»micf ration point M I •* "• 

I tval \-coonliiuto 

\ jfKihlc I AN incU Hi definition «»l ha»i» t unci torn 

\ .<tu!>lc I • V v u<cd in definition ot ha»t» function* 

\rra\ ot U«cal \-coordinate* of < au»-Mttc|rration pom:* to he 
u«ni tn howndan integration 

V arohk u«ed m matrix reduction 

I ocal /-coordinate* 

lortuotm 

lout f-i the guantttir* M OVVil) mrt all time tacremran M I 

Momu'c content at the imk* of each clement for current time 
Mcp I • « I " .1 

Moivturc content of (iauw-mtcfrxtion point M» I ••» | ••.* 

Mortturc content lor ncit nrc*mti» time »fcp I • • ' I • " 

MotMure content at interpolation time (or an clement I •*.» I."•.». 

file:///-coonliiuto


IM 

I f l *4 \ IKP» M«H>IU(C coMca* at the mterpobled tunc !.••* 1 " V 

I I M i lotal tunc i>l MmabtMm I 

i IM I M \atuc t*t lane \arnMc stored on au\iiar> Uorapr i 

U N I lit Vra> • u t:tlc ol the pr»Mem 

i I I 1 1 Mil» l*umm>-v*ruNc arra> read tram magnetic Upc generated h\ 

mortiurr-transport cjdc 

I M \ aruMc I I I . im.d m del mitm? «>t havrs tuncttoftN 

I M * V Maumum value ol MtnualMtn time I 

I I * V ariaMe I * 11 . UNCIJ in definition »l ha»t» lunciwn» 

I I Xiktit V t t t nt local /-coordinate* <>l (•aus>-mlcpatkW points to he 
u«cd in houndan integration 

I UUi IVmatnr ol interpolation function with ropect to / at the 
<MU»-inicpration point* I #*s-l» 

I \ I <l<J»*\i.K>» t ••»-!» 

I I i i i y r t u y i i ••!-:> 

i \ i i iy»* \ iJy i • ••«-2i 

\«IV» Hematite i>l interpolation function with ropect to \ at the 

(iau*%-inlef ration point* I **«•! i 

^ k l>arcv %ekvit> at nodal point KQ I I 

\ k l I \ k I I 

W ViK)r*VJ<J»...|. ,N-ll 

W \ l . W Y I Component* of the l>arc> \ekKii> nomul to the »urfacc node* 
\ l and \ J . re*pecti*eK I I 

M VH0r i - l JQl . . . l , # l -2 i . 

file:///atuc
file:///arnMc
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YXlM.IQl 

VXK. VZR 

VXPtM.IQl 

VXQllOl 

VXWlM.IQ) 

VZ(M.IQ) 

VZPlM.IQ) 

VZQllQl 

VZWiM.IQ) 

V.. Wl. W2 

X(NP). ZfNPl 

XO. ZO 

XI.. XI3. etc. 

XQflQl 

ZI2. ZI3. etc. 

ZQ<IQ) 

V«tQ»»V«JQ)...l"t-2) 

X-component of the Uttrcy \elocit> at the nodes of each clement 
lor the current time step...1. T 

!>arcy \elocii> components at Gauss integration point KQ...I. I 

\-component of the Ilarcy velocity lor the next previous time 
step...I. T. 

X-component of the Darcy velocity at the interpolated time >tep 
for an element...!. T. 

X-componeni of the l>arcy velocity at the interpolated 
time ..I. T 

Z-component of the Darcy velocity at the nodes of each ekmem 
for the current time step...I T. 

Z-component of the Oarcy velocity for the next previous time 
step...I. T. 

Z-componcnt of the Darey velocity of the interpolated time tor 
an element..1. T. 

Z-component of the Darcy velocity at the interpolated 
time. I. T. 

Time-integration parameters. 

X- and Z-coordinate* of node XP...I.. 

Fake coordinates used to determine the signs of >::*> direction 
cosines...!.. 

Quantities XIJ ~ X(l) - X(J) I. 

X-coordinate* of the nodes of a quadrilateral element I.. 

Quantities ZIJ = Z(l> - Z(J)...!.. 

Z-coordinates of the nodes of a quadrilateral element...!.. 
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DATA INPUT GUIDE 
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I Tak Format (15.9A*) One card per prob'tin 

77 

2. **** rrml parmmrurv Fonnat |lfrl5» One cs.«<* per problem 

T J KM KTI 
J L 

VST ' VIST Vfl . KSTI KSS 

5 1 0 15 20 25 X» 35 40 45 SO 55 

3. AIM rewl pmwrten: horns! (XHO.Oi T»o card* per problem I v »l jn ! I>- .-: 
another F-t>pe <kkf *pecifkation m ihc input «ard o\emde> JIH I*I the Mo it 
4pecifkat»>(& of the formal 

DELT ;n*x tn , 
10 20 30 40 50 

4 Printer output ctmtrat. l-ornat (SOU; I be number of card* here depend* on the number 
of time mcrerntnts M l . 

m i sura) ; nr(2), . . jmt(ftTi) 

5. Material properties. Formal iXFIO.0) A lolal ol NMAI card*, onr iv each rruter_'.. 

W » ( 1 . D Fiord,2) j nopCi.Mmi) 

P10P(1C«IT,1) PH>P(MHilT 

10 
^2)J. . . j 

20 

ri0F(Mlr\T,lM»FH) I 
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In the variable PROPtlJi. I is the material t>rx and I is the specific material propem. 
For example. PROPtl.!i t» M*l». PROPlUi t» RHOBil). PROPtlJ) » Al lh. 
PROPlMt r. Altl». PRUPll^i A I.AMBDAili. PROPtl.6» * PORil). and 
PROPll.NMPPMi i* Al Ptli »NMPPM=7 B currcnth prescribed h> a data statement in 
routine MAIN i 

\i*ial-p,>mt pmit*mv Format i!5.2I-IOJi These canb are neces&arx rf and onh if 
kM u I sualK one card per nude » needed- u . a total of \ X P cards. Howeser. if 
Mime nodes tall un a straight boe and are etiwdBtant. data for o«K the first and last 
points <>t thr* group are needed Inicrmediaic nodal positions are automaUcalh generated 
fn bRear mtcrpoUtion 

•*J X13J) Z(U) 
' 5 15 25 

fJrmrm ttrtmni»>n\ Format ilM5i [hese cards arc usualh necessarv d and onh n 
KV| - u I sualh not card per clement is needed, i.e.. a totil <»l NH cards. 

j MI i l £ (Hl , l ) . . . IE(K,5) MODL MM 
5 10 25 30 35 40 

If-lMI.I» - HiMI.-fi arc the nodal numbers «>l clement Ml (beginning with the lower left 
and progrcssmg a ound the element in a counterclockwise direction), and IFlMI.5> » the 
•natenat t>pc MIYP For rectangular MOCK* ol elements basing the same material tvpe 
and seuuentalh numbered nodes, it i% onh nrcessan. to specif> the first element, the 
w*Jth ot the region MOD*. . and the length of the region MAY. where MOIM and 
XI A^ arc measured m elements Hcmcm numbering pr«iceeds most rapidly along the 
MOM dimension and least raptdK along the VI AY dnncnsion. Figure CI pro\*ljs an 
cv-<nplc I he object is c«»nsjdcrcd to he rectangular since it has width MODI - * on tw.> 
opposite sides and length M AY -• 5 on the other two sales To generate definitions oi 
elements 2 through 15 automaticalh. including both corner node identification and 
material t>pe. onh one tv»«-d is necessars 

! 1 ! i ! ' ' 
•. I 1 5 ' 6 2 ' 1 , 3 5 

1 • ; i 11 - i i i 

5 10 15 20 25 30 35 40 
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Fi|- C.I. Automatic yeratioo of dement numbers. Element numbers are 
ended to distinguish them from nodal nttmben-

8. Sodul-point and element definitions fnim auxiliary storage: If KM > 0. this information will 
be obtained from auxiliary storage (magnetic tape, for example). Two unformatted REAI> 
statemrnts are used for this purpose: 

READ(lMTITLEM|l>J=l.9)\PROBM.NNP.\EL.NTIM 
READflMX(NP).NP=I.N>PUZ(NP).NP=I.NNPU(IE/M.IQ).M=I.NEI.).K?=4» 

Sole on auxiliary storage units: Logical unit I is used for input if KV| > 0. and logical 
unit 2 is used for output if KSTR = 0. Proper identification of these units must be made 
in the job control language if either of these two options is used. 

9. Material correction: Format (1615). Cards are required here only if NCM > 0. In many 
cases one card is required per material change. However, in those cases wherr numbers of 
the affected tkments range from a lower limit of Ml to an upper limit of MK with an 
increment MINC. automatic correction ma* be used. Fields MK and MINC are left blank 
if the automatic-generation facility is not used. 

MI HTTP IK rUMC 

5 10 15 20 
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10 Input far initial mndnumv Formal M5.5X.I 10.0) In the mosi general case there is one 
card per node, i.e.. a total ot NNp cards 

H(MJ) 

5 10 20 

Frequently, however, groups ot neighboring nodal points \ J have identical values Rt \ J ( 
it a gap is recognized in the input sequence of nodal numbers, the initial concentrations 
?re assumed to be identical to 'he concentration at the lower boundar> ot the gap. I-or 
example, it two neighboring cards ot the torm 

20 i 
10 20 

^ < r ^ 
5 iO 20 

were encountered. nodes ?l-2v would he assigned values R ~ 0 

II IhruhU-t it>mituri.tum-i\p« frounJan umdiiums. Formal (2I5.2PIO.O). These cards are 
necessary it and only it NBC' > 0. It automatic generation is not used (NPINC - 0). 
\B( cards are required «\ the form: 

HPK(NPP) NPIMC BB(MPP) 

10 20 

li NPINC > 0. automatic generation proceeds in the same manner as described for Data 
Set 10. I hat is. an algebraic sequence is built on the nodal number NN of the card 
immediately preceding, and each such node is given boundary condition BB of that card. 
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12. Seumcm flux-type bouniLry conditions: Format (3I5.5X.!'.FT0.0). Cards of this type 
must be ured if and only if NST > 0. I'sually a number ot cards equal to NSl must be 
•tied. However, if some of the K.INC are greater than zero, some boundary conditions wili 
be cenerated intemallv. and NSl cards will not be necessary 

s. yi—r 
J2<&. NI I NJ , KIMC i > ^ i EI j EJ 

5 10" 15 20 30 40 

If KINC > 0. then the nodal-point increment is formed from V and NJ of the 
-immediately preceding card: 

NTINC = N J - N I 

Two sequences are formed: 

Ni + NPINC. M + 2»NPINC ... 
NJ + NPiNC. NJ + 2»NPINC ... 

Both are terminated when the largest integer is reached that is less than both current values of 
NT and NJ. Corresponding nodal points for these two sequences define a surface. Quantity El 
is the dot product of the flux at NI with an outwardly directed unit vector normal to the 
clement side (NI.NJ). A similar definition holas for EJ. 

13. Seepage surface elements: Format (1615). Input is necessary here if and only if NTS! > 
0. Typically, one card is required for each side of each element on which such a boundary 
condition is to be applied. 

NTSE(MP) I IS(MP,1) IS(MP,2) 
I 

KINC 

10 IS 20 

However, if KINC > 0, automatic generation is employed in the following manner. 
Nodal-point-number and clement-number increments are formed from information on the 
input card immediately preceding the current one: 

NPINC = IS(MP,2)- IS(MP.I) 
M1NC= NPIN" - I 
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where the vertical bars denote absolute value. A sequence of clement numbers is then 
obtained: 

M = NRSE(MP) (previous card) 
NRSE(MP+I) = M + MINC 
NRSE<MP+2) = M + 2«M1XC 

The sequence is continued until the largest element number is encountered that has a 
value less than NTSE of the current card. Corresponding nodal point sequences are abo 
generated: 

M = IS(MP.I) (previous card) 
IS(MP-rl.l)= M + NPINC 
IS(MP+2.I) = M + 2»NPINC 

NJ = IS(MP.2) 
IS(VP+I.2) = NJ + NPINC 
IS(MP+2.2) = NJ + 2*NPINC 

14. Card itpui of pressure heads at lime 1 = 0: Format (UFIO.O). If KVI < 0. NNP values of 
H must appear as follows: 

H(l) H(2) . . . !H(8) 
± 10 20 70 80 

H(NNP) 
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15. Card input of water contents at this time t = 0: Format (8F10.0). !f KVI < 0. NEL cards 
are required: 

TH(1,1) TH(1,2) I TH(1,3) 
I ! 

TH(1,4) 

j TH(NEL.l) jTH(NEL,2) TB(NEL,3) | 7H(NEL,4) | 

10 20 30 40 

16. Card input of Darcy velocities a: time t = 0: Format <8FiO.O). If KVi < 0. NEI. cards 
are required: 

VX(1,1> . . . VX(1,4) VZ(1,1) |V2(1,4) 

VX(NEL.l) 
10 

|VX(NEL,4) VZ(NEL,1) 

30 40 50 

VZ(NEL,4) 

70 80 

17. Input of moisture-transport variables from auxiliary storage at time r = 0: If KVI > 0, an 
unformatted READ statement is used. 

READ(I)TIMEM.(H(NP).NP=I.NNP).(HT(NP)NP=I.NNP). 
((TH(M,IQ).M=I.NEL).IQ=l,4KlVX(M.IQ).M=l,NEL). 

IQ=1.4).(VZ(M.IQ),M=I.NEL),IQ=4) 

18. Card L\pui of moisture transport variables for times t > 0: When KVI = -I, a 
*teady-state moisture transport is assumed and no update is required for t > 0. If. 
however, KVI = -2, transient moisture transport is assumed, and three sets of cards like 
those shown in paragraphs 14, 15. and 16 are required for each time step. 

19. Input of moisture-transport variables from auxiliary storage for times i > 0: When 
KVI = I. a steady-state moisture transport is assumed and no update is required for 
t > 0. If. however, KVI = 2. transient moisture transport is assumed, and 
moisture-transport variables are read from auxiliary storage by the unformatted READ 
statement of Data Set 17. 


