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ABSTRACT 

YEH, G. ·.:. 1987 .. F.EMWATER: A Finite Element :-!ocle_l of WATER 
Flui. through Sanfrated-JJnsaturated Porous Media .- Fir_s.t 
Revision, ORNL-5567/Rl, Oak Ridge National Lahoratory, 
Oak Ridge, TN 31831_ -248 pp. 

This report pr:isents· the first revision of tl)e "l-'E~1WA7ER: A Finite 

Element Model of WATER flow through Saturated-llnsaturatc<d Porous Media 

(ORNL-5567)." The special features of the revised FEMWATER .:.re its 

flexibility and versatility in modeling as wi(le a range o_f ·teal wodd 

problems as possible. The model is designed: (1) to treat. het.Ci:(,r;ene:"'!S 

and anisotropic media consi.:iting as many geologic formation as desired, 

(2) to consid~r spatially and temporally distributed as well a•:; po i.nt 

sources/sinks, (3) to accept the prescribed initial conditi~ns or to 

obtain them by simulating steady -state version of the. · system cm:-!cr 

consideration, ..... {4) ·to deal with transient head distributed· over the 

Dirichlet boundary.- (5) to_. handle time dependent fltixes due to. press11re 

~radie~t varying along. the 'Neumann boundary, · (6) to' treat time-dependent 
. .·. . . .· . ,• 

. total fluxes (i.e. ,:- the sum of ·gravitational fluxes and pressur~·- gradie.it 

fluxes)_ · distributed over tile Cauchy . boundary,· (7) to automatically 

determine variable· boundary conditions of evaporat.ion, infiltration, or· 

seepage on the· soil-air interface, (8) to• include the off-diag~nal 

hydraulic conductivity components in the modified Richards' equations ~or 
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dealing with cases when the coordinate system does not coincide with the 

principa·1 directioris of th_c hydraulic conductivity tensor, (9) to provide 

two option., of treatini:, c!-,t~ mass matrix - consistent and lumping, (10) to 

provide three alternatives of approximating the time derivative term-

Crank-Nicolson ·central difference,. backwird difference, and mid-

di. f f_e ren·ce, (11) to give three o~tions (exact rclaxatid~. 
. _,· .~,, :;.•,...\...~ ~ 

undt!r-and ·over-· 

relaxation) for estimating the nonlinear matrix, ( 12) · to include two 

options (direct· solution wi_th Gaussian elimination met_hod and successive 

point iterations) · for solving the linearized matrix equation~, (13) to 

include both quadrilateral and triangular clements to facilitate the 

discretization_ of the region, (14) to a•.1tomatically reset time· step size 

when· boundary conditions or source/sinks change abruptly, (15) to check 

the mass balance computation over the entire regio~ for every time step, 

and - (16) to consider cases of axis-symmetrical problems. 

verified with other numerical moclels for three examples. 

\ 

X 

-
/.. 

The model is 
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1. INTRODUCTION 

To study the· ·transport of dissolved. constit'uents in a subsu,rface flow 

the·. v_el0city field, pressure ·distribution, ai1d moisture t;onterit must he· 

<Jc te rmi ne.d. Numerous moJels by finite differences and finite elements 

have been repor,ted in the U.terature fo:: simulatir1g the flow variable:~ i'i 

saturated-unsaturated porous media (Freeze 19-72 ;. Neuman et al. 1974; 

Reeves and Duguid 1975; Segal 1976; ~an Genuchten et al, 1977; ~arasirnha~ 

. and Witherspoon· 1977; · van Genucht:eri ·and Pinder 19/B;~_Yeh and Ward 1980; 

Reisenauer eta 'a'l. 1982.; Huyakorn 1986). Whi.le, the Richards' eq...:ation 

(Richards 1931) or its modified .fol"m has been the common basis for the 

development· .:>f practically· all numerical mod£,ls, - the• variation~ of these 

model· lie marnly in th.:. number of space ·dimensioil, ·. the utilization of 

n11merical inethoc,is, the treatment of initial and !:>oundary conditi.ons, and 

the consideratHfn of source/sink. 

The most common numerical, me_thods · used to ·solve thei Richards 

. ' . 
· equations are the ·finite difference methods· (FDMs) and E:1ite element 

methods (FEMs) (Forsythe and Wasow 1960; Huebner 1975; Llpidus and Fr.nder 

1982). .The, fundamental distinction between,.FEM a:nd FDM is that the former 

is based directly upon approximating the function, whereas the 1J.att; r i!i. 

based 9n approx.i!::d.ting the derivatives. Thus, -the FEM provides· spatially 

continuous s.olutions whereas the FDM yields solutions only at discrete· 
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po i nts. In addit ion , FEM h as se>veral advant ages o ve r FDM: ( 1) a bet te r 

c'.t• s cription of i rregu la r boundaries, without the n eed for specic1l 

i o r ::iu l iis, <2) llw Pase o f e r, p l. c,y in g irregular grid to pro,·iJe di ffe rent 

l t> vcls of s patial d iscret iza t ion in diffe rent r eg i o n s o f t h e a qui fe r s , (3) 

ac;ui t,0 r hc r e roi:.rneit y a nd anisotropy are eas ily ha 11d led , (4) f e w,~r node 

i; .. ;:~::s rlr<· s o~1:>L i rnc-s r e quired to represent th e a quift> r to the> same l eve l 

••":•.:r-1c,. r esulrinr. i n s av in!:',S of c omp u t at:ion.11 t ime and computer 

,, ::,.- . , r;t•. and Ui ) flux types of b ,,u ndary <:oncliL ions r<- :,ult naturally fr om 

:h:- , 0 :t <'_1·ra l fo r mu l ation. !lt:nr e t he FE'1 is 11!; f'd i 1·, r. hi s r e po rt b ecaus e it 

i~: . ,· li c•v.-d ~h ,H the FE!'-! i s :: ::e· b 0 s t me thod , e sp e ci ally when it is usec'. in 

- .-, p_1•1:- .L ion wi th po i r. :: n r hlo c: k i t<- r1t i on (Yeh , 1985 ; Ye h et al, 1985) f or 

::1,, :.,oluti o n o i" •·ac• ;:·i. x equationc. , as far as t h e Richards' equat ion is 

c onc C'r!l~d . 

::he existi n g modE,ls as sume t h a t init ial cond itions are known 

"nci :,~r.-~, ,Ee t he inputs :.o t he mod e l (F r eeze 1972; Neumann e t al 1974 ; 

Se£,ol 19/~; Re i senauer eta d l, 198 1 ) . A fe w models, howeve r, do prov ide 

:.. he Oi)t: i o n oi: ob taining the i nit i al conditions by simulating the stea dy

s rate ve r sion of the Ri cha rd s ' eq ua t ion sub ject t o ti me- invar iant bountiary 

conditions (Dugd d and Reeves 19 75 ; Yeh and \.'ard 19 80) . 

As fa r as tiounda ry co rdi tions ar e con ce rned , f.::iur types may be 

µrPsc ribed fo r t.he most gf,ne r a l c.a se s : (1) Diri ch l et, (2) ~le wna nn , ( 3 ) 

S:,~. c hy, a:1 ( 4) vari.:ibl e cond itions. For t h e Dir i c h let condit i o n s. the> 

I _, 

l / I i 
• -. 

' ---r, 
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pressure head is prescribed on the b6undary. 

normally applied to the soil:water int::t>_rfaces such as streams, _rivers, 

hikes. artificial. impoundments, and coastal lines. Fo1· the Neun,:,nn 

conditicins·, the pressure gradient is prescribed on 'the boundary. 

conditions. do not occur or may r~ot. be spc,cii:i.ed very often in real-•,..01-10·· 

pi:oblcms. They may be applied to thP botrom,·t)f the med•ia •.;here na,1.!!";il 

drainagP takc•s JYLace·. For tlw Cauchy conditions, tlw tot:il normal fL::-; ,n-, 

the. boundary due ·to pressur.e gradient· and r:ravi ty is presci:ibed. 

condj.tions .are normally ap~1l i,·d to s~.n-f.1cP water hndi,;s wi.th i.:nowr~ 

infiltr.1tion rates thiough their bottom lavers ot sediments ·or liner~ int, 

subsurface med i 'l.. On the variabie boundary, ciither Cauchy or DirichlPt ·,· 

con<li_tions p'revail depen<:ling on the cond•1ctivity of the media,. the 

availability of water such as ri'iinfal l rates, and the potential 

evapotrar.spiration. Th~se conditions .normally occur at· .the soi. l - a i :· 

interface. ?-lost of the existing large computational codes has 11ot· 

included all these four types of bounda_ry conditions. Many con!::idere<l· 

only ·two or at the most three type~. Furthe.rmore' lUOSt of these were no·t: 
. '.,i . ' 

· designed to treat boundary values that ate time-dependent either gradu.11.l:, 

or abruptly and vary ·along· the· boundary. On the treatment ot 

source/sinks, e.xisting computational codes fare much better ,since quite a 

few indeed included transien·t, point as well as •distributed sourc,:;/sid: 

(Neumann et al 19714) . 

. l 

" 
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In the real-world problems, the recharge and pumping due to rainfall 

and art ificial withdrawals are like~y to be distributed over the region of 

in tf•n' ,t and time de pe ndent. The given houndary pressure he a d are, with 

r are exception, v ary ing with time a nd along Dirichlet segments at the 

surface water bod ies whi c h inevitably have their wate r levels fluctua t ions 

alon g the soi l -wate r interfaces. Th e prescribed pressure gradient along 

Ne umP.nn boundary segments a r e i n gener.al time-dependent . The known total 

wa ter fluxes on Cauchy boundary segments are transient in nature, for 

example t h e infil tration r a te from the bottom o f sur face water bodi~s into 

subsurface media depends on the depth o f water wh ich, of course, var ies 

wi th time . Furthermore, on the air -so il interface, the rainfall is 

i n ermiLtent and its intensity is not constant with time resulting in 

tr ans ient total fluxes if the soil is c a pable of taking all the 

through fall. Thus , for fie ld appli c ations . a computationa l model must 

have th e capability t o deal with these aspects simul taneously. This 

re ~orc presents the development of such a mo de l to achieve these purposes . 

In a-Jdit i on to its versatility and flexibility to treat transient 

source/s i nks and boundary conditions and to prov ide options t o obtain 

ini tial conditions the revised F~ATER also includes s everal special 

f eatures. By including the off-diagona l hydraulic conductivity 

components , the model can then applied to anisotropic and nonuniform 

media . For an aniso t rop ic unifo rm med ium, one can irnbe d the coord!.nate 

sy s tc:" t o coincide with the principle directions of the hydraulic 

.,,.v,'-· __,,..,. . 
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conductivity tensor. However, for .Jnisotropic ;ind heterogeneous media,· 

the inclusion of off-diagonal conductivities becomes 11ecessa·ry since the 

principal directions of· the hydraulic conductivity tensor varies with 

space, prohibiting the imbedance of. a unique coo1·dinate system. 

The Richards' equation is a nonlinear one, its numerical solution 

exhibits fluct~ations in iterations for many situations. Under-relaxation 

is thus provided in 3DFEM1,,.'ATER to dump the fluctuations. For certain sets 

of system parameters such as hydraulic ret.ention and hydraulic 

conductivity, the rate of numerical convergence is very slow. Hence, 

over-relaxation technique is given as an option to speed up the 

convergence. 

In solvi.ng the linearized matrix equation to obtain the iterates, 

prac~ically .all finite element models use the direct elimination methods 

to solve the""system of algebraic equations simultaneously. When the 

region of interest requires a large number of nodes for discretization, 

the employment of direct elimination solution of the matrix equation 

becomes impractical because of excessive requirements on the CPU memory. 

For example, 8 400 x 50 node discretization :n the two-dimensional 

problems would need a CPU memory of about 8. 3 megabytes for the banded 

coefficient matrix alone. These plus other overhead CPU memory make the 

problem excessively large in terms of CPU memory requirement. To 

alleviate this problem, basic point iteration methods such as the Gauss-

/ 
/. --: , 

>-✓..,.-. \ .. "· j' 

/ 

I 
I 

I 
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Seidel, succe s s i ve under - r e laxation , and successive over-relaxation 
\. 

s<:hP r.H's are bui ! t in rhe r evised FEM',JATER computer progr am as alternat ive ., 
s::rat ..,g i.e s in ok a Ln ing the solutions. 

Whe n irr vf:u L.J r- curved boundaries are encountered, the use o f 

:; ·., a ,1~-i l:1te::-al c•] r-mP nts alone to approximate such boundar i es often r equ ire 

l' i , ' " >!:"z: ::e and ; . . : i.0,1s e ffo r t s. Hence, to facilitate the discretization of 

c 0.r. pound r c g i o !:,, with comp lex curved boundaries, both quadrilateral and 

triangu lar e1 E'-.,· :: ts are include d in the rev ised FEMIJATER. 

Fina ll y . : o r abrupt change of external conditions, small time step 

s iz e :.s n c e <lc-d t o yie ld accurate and stable solutions . Automatic 

ces £c: tting of : : ,: t Lr.ie step s iz e is built in FEMWATER to facilitate the 

computa:: ion s . : :. :.s il 1 l evia tes the troublesome external manipulations. 

/ 

/ / 
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2. MATHEMATICAL STATEMENTS 

2.1 Derivation of the Governing Equations 

The mathematical formulation of the conservation of mass and Darcy's 

law extended to three-dimensional flow have been described in detail 

elsPwhere (Bear 1972). Basing on (l) the conti.n•.ii.ty of fluid, (2) the 

continuity of solid; (!.) ::he motion of fluid (Darcy'~ law), (!,) eq\.1ation 

of the state, and (5) the law of consolidation of media, one •~.:,n derive a 

combined governing equation for the distribution of pressure hebd in the 

porous media. The derivation of this combined equation will be described 

below. 

The continuity of fluid is expressed in integral form as: 

where 

D( 

lL 
Dt f Snepf dv ~ • J n·(pfVfs) ctr+ 

V r 

t time (T), 

L' 

)/Dt materi&l derivative of ( ) with respect to time, 

effective porosity (L3;L3), n 
e 

s 

pf 

n 

vfs 

V 

degree of saturation (dimensionless), 

fluid density (M/L3), 

outward unit vector normal to the surface, 

Darcy's velocity relative to the solid matrix (L3 ), 

volume of material containing constant amount of 

I 

" 

(1) 

/ 

! 
I 

! 

, 
/: 

/ . 
1 
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solids (Fig. 1) (I)), 

q internal source/sink (L3/T/L3), 

r = surface enclosing the volume~ (Fig. 1) (L2). 

ORNL-DVVG 82-18425 

dv 

T 

Fig. l. An elemental volume containing constant amount of solids 
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By the Reynold's transport theor,~m (Owczarek, 1964), Eq. · (1) can be 

written ,., 

I 
I.I 

where 

V 
s 

r r I.I 

vel~ci~y of ihe deformable surfacer due to 
consolidation (L/T). 

(2) 

Applying the Gaussian _c.ivergence theorem to Eq. (2) and using tne fact 

that~ is arbitrary, cne can obtain the following continuity equation of 

fluid in differenti~l form: 

(3) 

The granular skeletor, of the media is considered compressible unde_r 

·pressure, bt•.t: the grains themselves · are considered incompressible. The 

continuity statement of incompressible solids but a compressibl~ skeleton 

.is: 

ILJ .Dt 
p (1-n) dv = 0 

s e . . (4) 

I.I 

1,.-here 

density of solid graifis (M/L3): 

/. \ 
. , 

I 

( .. 
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Again applying the Reynolds' transport theorem to Eq. (4), we obtain: 

I 
a(l-n )p 

e s 
d1,1 ar. + f n·[<l-n )p V Jdr - O 

· e s s (5) 

II r 

Using the Gaussian divergence theorem and the fact thar. vis arbitiary, we 

can write Eq. (5) i.n the differential form as: 

3(1-n )p 
e s 

3t + ~- [(l-n )p V] = 0 . 
(~ s s 

However, since the solid grains are incompressible, we have: 

op __ s 

at + V ·'vp -
S .5 

0 . 

Combining Eqs. (6) and (7). ~e have: 

a(l-n ) 
•,·e• 

at + 'v·[(l-n )V] - O. 
e s 

(6) 

(7) 

(8) 

_Equations (3) and (8) are derived based on the continuity law of 

fluid and solid grains, with the assumptions that the grains are 

incompressible. These two equations involve five state variables, Pf, ne, 

Vfs, V5 , and S. Up to this point, no empiricism has been introduced in 

the derivation of the governing equations (Eqs. (3) and (8)]. 

the number of· state variables exceeds the nwnber of equations. 

However, 

Thus, 

constitutive relationships must be empirically or theoretically 

established among ne, Pf, Vf 5 , V5 , and S. 

•. . /,~---_-,. 1. '•' 
~ - : "-.;:..__ ,. •. . f .. 

I 
J 

J.,. ;.
/-✓ / 

! 



I 

IL 
I 
I 

n ~,,, ... ..t. 

I 

ll 

1he first constitutive relationship is the c-:1,piric·:,l lJ:,i-,-,_.-'s 1aw 

stating that the relative Darcy's \ 1elocity Vfs is ,:,:-oportl,,;,·1l. t,_; the 

gradient of hydraulic head. The proportionally cor.,;t,:-.nt ,:, :crmcd the 

hydraulic conductivity. This empirical law, in Lie t, can he dt•rived 

theoretically from the continuity of momentu .. T: ,,,;i ~.ii , !1,, .,,:s•:i:·;,tio:1,, nf 

nPglecting the inertial forces and linearizing :~he t.rj1_•'":i,;:.;l. force 

(Polubarinova-Kochina, 1962) . The extc•ns i ort l.aw to 

anisotropic media may be written in the form of: 

- K· 'vH , ( q) 

H h + z ' (10) 

where 

H total head (L), 

h pressure head (L), 

z = pote_ntial head (L), 

K = hydraulic conductivity tensor (L/T). 

· The hydraulic conductivity tensor is a function of fl-Jid .1,,,, ,pc;dium 

properties and is defined as 

K 
pfg 

P .. , 

where 

P = i:-itrinsic permeability tensor of:.:-,,, ,r,,d,:, 
.-, 

µf = dynamic viscosity of the fluid ('.1L/T~ 1 'U/T.,. 

\· 

., 
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g - acceleration of gravity, (L/T2). 

A nev state variable h in Eqs. (9) through (11) has been introduced. 

Thus, ·,;e will need a constitutive relationship to take care of the new 

state variable h. Thus, the second constitutive relationship will be the 

-2:~; 1 ,::-:cac, thermod·;narnic equation of state. we will assume that the fluid 

·::<'n-;i.:·_.· Pf is either constant: or a _'function of the, press.ure p only, i.e., 

/lf = p(p) ' (12) 

· .... ;t:t'!r,(:; 

·,;i:h ::::e ass,L'Ti),.ion of.Eq. (12), we can r.ow relate the pressure head to 

p = the da twn pressure [ (ML/T2 ) /L2 ) , 
0. 

o the incremental pressure of the fluid. 

/ 

(13) 

The third constitutive relationship will be derived based· on the 

cr:msolidati.on law of the media to relate the solid velocity Vs to the 

pre:,sure head h Jn this paragraph. 

c·qua.::ion de,,e lopr,d by Bi.ot (1940) is: 

The three-dimensional consolidation 

.j 

I 
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where 

2 2 
(A + 2µ )Ve= Va 

s s 

.\ Lame first constant, (ML/T2_1L2), 
s 

_ µs = Lame second constant, (!1L/T2/L2), 

e = dilatation of the media, (dimensionless). 

The dilatation e anj the solid velocity Vs are defined by: 

e = V·U and V 
5 

where 

U = dis~iacement of the media (L). 

Taking the divergence of Vs, and from Eq. (15), we have: 

v-v 
s 

(15) 

(16) 

Equations (13). (14), and (16) have · implicitly established -the 

'constitutive relc>.tionship between Vs and the pressure head. h~ To 

explicitly express, this relationship, we integrate Eq. (14) to yield 

(A + 2µ )e - a+ f 
s s 

(17), 

where 

f = integration function. 

--~· .. . ... ~ .... 
- .• _ ✓ 
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The int~gration function f must satiafy th£< Laplace's equation for all 

t.ime. To sir!1plify the mat.ter further, we wiil only consider, vertical 

consolidation. Under this condition, it has been shown (VerruiJt, 1969) 

. ' . 

th:i.t the integration function f is equal to 0. It then follows from Eq. 

(17) that:: 

1 
(A + 2µ) s s . 

in which 

Ct - t.he·coefficient of consolidation of the media. 

Su--.sti ts1t:1n1:, F·qs. (13) · and (18) into Eq. (16), we obtain: 

<&-v - Q.i2. fj_g_ 
s Bt - a• at 

,.ah 
a at. 

W1\·~re "c,'. is th~ modified compressiP~lity 0~ the medi.a. 

(18) 

(19) 

(20). 

To cor~plete the final, fourth constitute relationship, we shall 

as.;,ur.-•.r, t;hat· the moisture content, 8, is a-unigue function _o·f the pressu::e 

ra•c:.d .. Th!,, function is termed the retent.fon curve in the· soil physics 

li teratu:e ::md · expressed mathel":ltically as 

{j 

·/ 

ll s - B(h) ' 
e 

(21) 

-· 

7 
. ( 
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where 0 is the moisture content. 

Equations (3), (8), (9), (13), (20), alld (21) (representing the 

continuity of fluid, the continc1ity of soi:..ds, the Darcy's law, the 

equation of state, the vertical consolida~ion uf the solid matrix, and the 

retention characteristics of the media) contain six variables Pf, ne, Vfs, 

h, Vs, and S. Hence tre number of equations is eq11al to the number of 

unknowns. The system is complete and a mathematical statement is posed. 

However, we can combine these six equations into a single one to simplify 

the problem. The simplification is demonstrated below. 

and 

Expanding Eqs. (3) and ·(8), we have; 

an ap _ 
e t as 

Spf(-a ·+ll·(nV)] +ns-+ t es e at nepf at 

an 
_g 
at 

= -ll·(n V) + ll·V 
e s s 

respectively. Neglecting the second-order term, (neVs) V(Spf), and 

substituting Eq. (23) into (22), we obtain: 

(22) 

(23) 

(24) 

·F I 
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From Eq, (12), a compressibility of the fluid, /3, is defined by: 

/3 (25) 

Rewriting Eq. (25) in the following form, 

(26). 

and using Eq, (13), we will have 

~ ;iQP- pll'Qil 
at· Pfp at - fP at (27) 

"Where 

(28) 

is the modified compressibility of water. From Eq. (21), we can define a 

specific mot·sture capacity as: 

(29) 

from which 

(30) 

. _,-, ' 
_., "' '·. 

,· \ 
,'\ .. ./' 

.,. -\' 
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Substituting Eqs. (9), (20), (21.), and (30) into (24), we obtain: 

(31) 

Expanding the third term of Eq. (31) and neglecting the second-order term 

[ (K·'vH) - ('vpf)], we finally have the following governing equation: 

in which 

F ah - "iJ·[K·(VH)] + q., at 

F.,.- a' L + /3'0 + ddhfJ 
n 

e 

2.2 Initial and Boundary Conditions 

(32) 

(33) 

To completely define the problem, Eq. (32) must be constrained by 

ini t:;.al and ---~oundary conditions .. It is assumed that an initial 

distribution o_f pressure head can be described in the region of interest, 
',' 

R: 

in R ' (34) 

where hr is the prescribed initial condition, which can be defined or 

obtained by solving the steady state version of Eq. (32). 
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The specification of boundary conditions is the most difficult and. 

intricate task. in groundwater flow modeling. From the dynamic point of 

view, a segment of boundary may be classified as . ·now- through or 

impervious. From the physical point of ·view, it may be considered as 
. . 

. soil-air interface, or soil-soil.interface, or soil-water interface. From 

the mathematical point of view, it.may.be_ treated as Dirichlet boundary on 

which the functional values are prescribe'd; or Newnann boundary on which. 

the gradients .of. the function are known,. or Cauchy boundary on which the 

total fluxes _a'r;e given. An even aiore difficult mc:thematical boundary is 

the variable conditions on which the boundary ·conditions are not a priori 

but are themselves the_ solution_ to be sought .. In other words, on the 
f"' ,. 

mathematically variable boundary, either Dirichlet or Cauchy conditions 

may prevail and change with time. As• to which condition prevails at a 

part_icular time can only be <;l.etermined in the cyclic process of solving 

the governing equations (Freeze, 1972;' Reeves and Duguid, 1975; Yeh and 

\lard, 1980). 

No matter from which point of _view, all boundary conditio_ns · must be 

eventually . transformed into mathematical equations for quantitative 

simulation. Thus, we· will specify the boundary condition . from the 

_mathematical point of view in concert · with dynamic and •. physical 

considerations . The boundary conditions imposed on any•, segment of- the. 

boundary are taken to be either Dirichlet, Neumann, Cauchy, or Variable. 

Thus, the boundary may be split into 4 parts, Bo, BN, Be, and Bv (Fig. 2), 
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a· 
D. 

Fig. 2 .. Region of interest and, its boundaries. 

denoti~g Dirichlet; Neumann, Cauchy, anc. Variable boundaries, 

respectively. The conditions imposed on the· firs-t , three types of 

boundaries are. given as follows: 

on 05) 
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on (36) 

and 

on (37) 

where (xb,zb) is the spatial coordinate on the boundary; ho, qN, and qc 

are t:he prescribed Dirichlet functional value,_ Neumann flux, and Cauchy 

flux, respectively . 

The conditions imposed on the vari.:ible-type boundary, which is 

normally the soil-air or soil-water interface, treated separately for 

precipitation and nonprecipitation periods. During precipitation periods, 

we impose 

on (38) 

or 

on (39) 

where hp is the allowEed pondi.ng depth and q, .is the throughfall of 

precipitation. Either Eq. (38) or Eq. (39) is applied to the !:loundary Bv 

when the exact boundary conditions cannot in general be predicted a prior. 

Such a case would arise at the ground surface where either Dirichlet 

(ponding) or Cauchy (infiltration) conditions could prevail. The change 

over from Dirichlet. condition specified by Eq. (38) to Cauchy condition 

specified by Eq. (39) or vice versa is determined in the cyclic process of 
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solving Eq. (32). Numerical implementation of this type of boundary 

conditions will be treated in section 3.3. 

·nuring non-precipitation period, we imposed 

on (40) 

or 

on ( 41) 

or 

on ( 42) 

where hm is the allowed minimum pressure on the air-soil interface and qe 

is the allowed maximum evaporation rate, which is the potential 

evaporation. Again, only one of Eqs. (40) through (42) is used at any 

point on the variable boundary. 

Equation~--- (32) and (35) through (42),._ constitute a general 

mathematical statement of physical problems of . flow in saturated-

unsaturated subsurface media. Analytical solutions for this general 

system do not exist. NWiierical algori tmis will have to be devised to 

solve the problem. The finite element method (FEM) rather than the finite 

difference method (FDM) will be used in this report because of its ability 

to treat compound regions with complex boundaries and its simplicity in 

handling flux-type boundary conditions, whereas the FDM has to use _regular 

grid system and to interpolate the flux-type boundary conditions. 
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. 3 .• NUMERICAL APPROXIMATIONS · 

Eqs. (32) arid (35) 'through (42) constitute_ a~ initial-boundary value 

problem .. governing the hydrol og:i.cal flow problems in subsurface systems. 

Analytical solution to_ the. system in general is· beyond __ the capability of 

present day applied mathematics. Numerical methods are the only tc.ol tl-iat· 

can be used to achie·ve a solution. A large number of ntlil!eric~l · 

approximation:5 can be used to reduc·e the partial differential eq~ti~n · 

governing the subsurface flow· to a· system of · algebr.afo. equations. The 

most : common numerical methods used to approximate.·. ,Eq. (32): are finite 

' ' 

difference m~t!1ods (FDM) and finite _element ll!e~hods . (FEM} (Forsythe arid_ 

Wasow.· ;I.960; Huebner 1975; Lapidus and Pinder-1982) ·• Many other numerical 

techniques such as the integrated finite difference · method · (IFDM) · 

.· (Nara~imhan and Witherspoon 1977; Rel~enauer et al_ 1981) or the integrated· 

compartment· method (ICM) (Yeh and. Luxmoore 1983), have been employed to 

deal with SP.~_!;,ial- cases of· the Richa.rds • eqµ~tions. Only the . finite 

differences and finite · i!lements can be applied . to" .. ,the most• generalized 

form of the transport equations. The advantage~: ot>·FEM are their inherent. 

abiiity to discretize com:,l~x boundaries, easiness. to deal ~H:h flux-type 
' " 

boundary conditions, .and flexibility to include· cross-derivative terms .. · 

The most disadvantages of FEM are the requirements of CPU time to ol:-tain 

elem.en~ matrices anci the inf~exibilitY of using :iteration\nethods to solve·. 

the. resulting .matrix equation;. On the other hand·, · the FDM offers grea.t 
' . . ' 

. . - . 

. economy because of _simple interpolation for J:he derivatives, and provides 

\ . '""--~. . 
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flexibility of solving the resulting matrix equation with various 

iteration methods. However, it suffers from the facts that the regular 

rectangular grid system has· to be used, the flux-type bo~ndary conditions 

have to be extrapolated, and the cross,derivative terms cannot be 

consistently approximated. The most severe limitations of the IFDH are 

its inability· to treat. anisotropic media and its usage of the Jccobian 

iteration method in which the rate of converge~cy is extremely slow, but 

it offers even more flexibility_ than the, FEK in discretizing t_he complex 

bounda~ies, and the physical representjtion of the method is most clearly 

understood. The !CH, while retaining the advantage of the IFDM, can deal 

with anisotr()_!)ic medic: by defining new variables but at the expense of 

having to· solve a large number of simultaneous field equations (Yeh and 

Luxmoore 1983). In addition, ICM prov1.des options of using the direct 

elimination method and iteration methods with the Gauss-Seidel or 

successive over-relaxation schemes to solve the matrix equation (Yeh and 

Luxmoore 198~t- In 1 ight of these discussi.ons .. and the facts that a great 

progress has been made in using the iteration methods to solve finite 

element equations (Yeh-1925; Yeh 1986) and "that' influence coefficient 

methods have been proposed to analytitally and thus ~conomically compute 

the element matrices (Huyakorn and Thomas 1981-1), the FEM is used in this 

report to approximate the modified Richards' equation. 

Because applications of finite e_lement methods to groundwater flow 

have been fully addressed (Pind~r and Gray 1977), the theoretical basis 
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of the method will not repeated, only the numerical procedures are 

summarized. The application of finite element methods to groundwater flow 

generally consists cf nine steps: (1) subdivide the region into a number 

of elemencs interconnected by a number of nodes, (2) define basis 

functions (interpolating functions), (3) approximate the. solution by 

linear interpolation, (4) define weighting functions,. (5) define a 

residual, (6) set: the residual · to zero to obtain a set of ordinary 

differential equations with respect to time, (7) ti:ne integration to 

derive the coefficient matrix, (8) incorporate boundary cunditions into 

coefficient matrix, and (9) solve the matrix equation. These procedures 

are addressed below. 

3.1 Finite Element Approximations in Space 

Step. 1 - The fir.:;t step is to subdivide the region into an assemblage 

of M subdomains called elements interconnected by N vertices called nodes. 

An element can .. either be quadrilateral or triangul.ar in this revised 

FEMWATER. For example, in Fig. 3, the region is divided into.69 elements 

(M ~ 69) with 59 quadrilateral elements and 10 triangular elements. These 

elements are connected by 80 nodes (N 80). 

Step 2 - According to finite element method, the solution over the 

entire region is approximated by interpolating tha values at N nodes. • 

Thus, the second step is to define the interpolating functions (basis 

functions). Let Nj(x,z) be the basis function of node point j in the 
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2 NOOE NUMBER 

@ TRIANGULAR ELEMENT 
2 QUADRILATERAL ELErv'lENT 

Fig. 3. Example discretization of a region by 80 nodes and 
69 elements (with 59 quadrilateral and 10 t:iangular 
elements) 
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two-d!-nensional space~ The basis function,_ Nj (x,z); will have a value of 

1.0 at the.nodal point j and a value·of 0.0 at all other nodal points, f, 

g, h, i, k, •, and m (Fig·. 4). Furthermore, Nj(x,z) will be given nonzero 

values only over those elelilents that have one nodal point coinciding with· 

point j and zero'values over all .other elements in the domain. 

Nb'L: · .. 
. 2 X 

z . 
N~\L: X . 

.· Fig. 4 .. 

j. 
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In the finite element methods, one normally constructs element 

matrices first; Lhen assembles them·to form the global matrix. Hence, for 

each 1 inear quadri latPral element, one has to define four bas1s functions 

for its four nodes and, ·for each 1inear triangular element, three basis 

functions for its three .. node.s. This can be done simply by equating 

clement basis functions to the corresponding global basis functions. For 

example, it can be seen from Fig. 4: 

where 

Na N. over element a 
' 3 j 

Nb = ~T over element b ... 
' 2 , 

J 

,,c 
= N. over element C "4 J ' 

~ld N over element d ·1 '. 
' J 

N; = the basis function for node 3 of el.ement a, 

·~b ~ the basi~ functio; for no~e 2 of. ei~ment b, 2 

N~ - the basis function'.for node 4 of element c, 

the basis function for node 1 of element d. 

~imilarly, we may obtain: 

a 
N

2 
= N .. 

l 
over element a , 

(43a) 

(43b) 

(43c) 

(43d) 

(tde) 

\ I 
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Nb 
1 

N 
g' 

Nb 
3 = Nk, and Nb 

4 - N h 
over element b I (43f) 

NC = Ni' 
NC - N . and NC - N over elerr.ent c . (43g) 

1 2 D 3 m 

Nd - N and Nd - N over element d . (43h) 
2 m .3 k 

Thus, - to define basis functions element-wise is equivalent to defining 

them globally and vice versa. 

For a linear· quadrilateral element e (Fig. 5), the following four 

basis -function are employed: 

N~ = (l·E)(l-~)/4, 

(44) 

N; - (l+E)(l+~)/4, N: - (l-E)(l+~)/4 , 

where NJ (j -,-1, 2, 3, or_ 4) is the basis function of. node j in terms of 

local coordinate (p,0). The transformation from the local _coordinate 

(E.~) to the global coordinate (x,z) is achieved by~ 

4 
X - L 

j-1 
and 

e . 
z.N.(E,~) 

J J 
(45) 

Figure 5 illustrates a typical el_ement in global and local coordinates. 

Note that the element is square in the local coor.dinate system regardless 

of the shape of the quadrilateral element in the global coordinate system. 
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Since the basis functions are used for. coordinate transformation, this 

element formulation is term isoparametric. 

For a linear triangular element e (Fig. 6), the three basis functions 

. . . 

for its three nodes are given by: 

Ne L 
1 - l' Ne L 

2 - 2' and !~e L 
3 - 3 I 

(46) 

whP.re N~ .< ~. ---'.'.,-'.::.,--V.:-j) is the basis function of node j .in terms of the 
J 

local coordinate (L1, L2, L3) (Fig. 6) .. The local coordinates are also 

called area coordinates. for a reason to be explained later. The global 

coordinate (x, z.,) and the area coordinate (L1, L2, L3) are related by: 

where 

.Ii~.•·- . 
. .-

-. __ .....__.__ 

., 
, ...... 

(47a) 

(47b) 

(47c) 

(47d) 

(47e) 

(47f) 
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Fig. 6. Global coordinate vs area coordinate for a typical 
triangular element. 
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and A is the area of the triangle. It i.s seen that from Eqs. (li7a) 

through ( 4 7 f) t:ha t: 

(48) 

Thus, it is clear that only two of the three area coordinates, L1, Lz, and 

L3, can be independent, just as in the original coordinate system, where 

there are only two independent coordinates, x and z. Furthermore, a 

little algebraic manipulation will reveal that the coordinates L• Lz, and 

L3 are in fact the ratios of the areas A1, A2, and A3, respectively, to 

the triangul~r area A (Fig. 6). This is why they are called area 

coordinates. 

Step 3 The third step of the flnite element method is to 

approximate the hydraulic head h by: 

h::::: h -
N 
L hj (t)Nj (x, z) , 

j-1 
(49) 

where N is· the total number of nodes in the region and Nj and hJ are the 

basis function and the amplitude of h, respectively, ~t nodal point j. It 

is interesting to note that the fundamental distinction between finite 

element methods (FEMs) and finite difference methods (FDMs) is that the 

form~r is based directly upon approximation of. the function as in Eq. 

(49), whereas the latter is based on approximation of. der.ivative 

(Hilderbrand, 1968). 
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Step 4 The fourth step of the FEM is to choose a set of weighting 

functions. We will choose the Galerkin weighting functions that are the 

set of basis functionsi i.e.: 

i - 1, 2, ... , N, (50) 

where Wi is the weighting function for nodal point i. 

Step 5 - Since ·h is only an approximate solution of Eq. (32), it 

will not satisfy the equation. 

define a residual Rr by: 

Thus, the fi.fth step of the FEM is to· 

R 2h 
F ct - V·[K·(v'H)] - q. (51) 

Step 6 - According to the principle of the FEM, we choose the 

coefficient hj 's in Eq. (49) such that the residual in Eq. (51) weighted 

by the set· of ··~~ighting functions is zero. In other words,· the sixth step 

of the FEM applied to this problem is: 

f fh 
Wi(F at - 'v·[K·(tm)] ql dR, i - 1, 2, ... , N. (52) 

R 

Substituting Eqs. (46) and (50) into Eq. (52) .and integrating by 

part, we obtain: 

,,.,.,.,,.-.,..• 
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J N1FN/:ll 
dhj J ~VN

1
) · K· (VNj) dR] h. -I Niq dR dt + J 

R R R-

- J (17}\) · I<· (17z) dR + J n·K-(VH)N. dB 
' . 1 

(53) 

R B 

i - 1, 2, •••I N 

Equation (53) writt~n in matrix form is: 

(M] {~~ l + (SJ (hl - (G) + (Ql + (BJ , (54) 

where (dh/dt)· and (h} are the column vectors containing the values of 

dh/dt and h respectively at all nodes; [HJ is the mass matrix res~lting 

lrom the storag~ term; [SJ is stiff matrix resulting from the action of 

conductivity; { G} , { Q) and ( B) are the load vectors from the gravity 

force, internal source/sink, and bour,dary conditions, respectively. The 

matrices, (1'1T' and_ [SJ, are given by 

Mij - L J NeFNe dR , (55) 
etM- a /3 

e R 
e 

J [ <VN:> ·K- cw;) sij - L dR ' (56), 
SfM 

e R 
e 

where 

R • the region of element e, 
e 

/ 
(· / 

I , , / I 
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M. the set of elements that have a loc·al side o~/3 ., e 

·. coinciding with the glob~l side i-j, 

. ' . 
the er-th local basis function of·elenient e . 

Similarly the load yectors {C), (Ql and !Bl are given by 

and 

where 

,. 

Q. = L. 
l 

ei:M 

t'•:; 

B: ,= _. 
l 

J Ne . 
a: q. dR 

e R 
e 

Be·-"tl:e length of boundary segment e, 

['' . 

N .;. the set of boundary segments that have a local node a: s.e 
'coinciding with the global node i. 

(57) 

(58) 

(59) 

It should be noted ,that in applying the weighted~resi'dual finite· element, 

method to Eq .. (32), we have used th~ set of basis functions as the set of· 

weighting functions for all terws. 

method results. 

Hence the Galerkin · fin.ice element· 

The. reduction of the partial differential equation (P.DE), · Eq. (32), 

··'-, 
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to the set of ordinary differential equations (ODE), Eq. (54), simplifies 

to the evaluation of integrals on the right hand side of Eqs. (55) through 

(59) for every element or boundary segment e to yield the element mass 

matrix [Me] and stiff matrix [S 8
) as well as the element gravity column 

vector, (Ge), source/sink column vector {Qel, and boundary column vector 

Se 
,af) 

Ge 
a 

Qe. 
a 

and 

Be 
a 

R 
e 

-r (VN:) · K· (llN;) dR ' 

R e 

J (VNe) ·K·llz dR 
a ' 

R e 

I Ne 
aq dR ' 

R e 

J Nen· [ -K· (llH)) dB , 
a 

B e 

(60) 

(61) 

(62) 

(6_3) 

(64) 

where the superscript or subscript e denote the element and a, f) ~ 1, 2, 

3, or 4 for linear quadrilateral elements or a, f) - 1, 2, or 3 for linear 

triangular elements. 
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For a quadrilateral element, Eqs. (60) through (63) are computed by 

Gaussian quadrature (Conte, 1965) because it is not easy to solve Eq. (42) 

for € and '7 in terms of x and z .. On th,e other hand, for a: triangular 

element, the transformation from the global. coordinate (x,z) to the local 

coordinate. (L1.L2,L3) is already gi.ven explicitly by Eqs. (44a) through 

(44f). This fact and the following integration identity, 

I 
R 

e 

L~mLkdR - 2A n! ml k! 
1 2 3 (m+n+k+2)! 

(65) 

make the evalua~ion of Eqs. (60) through (63) for linear triangular 

element obtatnable analytically. With the element matrices [Me] and [Se] 

and the element column vectors {Gel and (Qe) computed, the global matrices 

[!1] and [S] and the global column vectors (Gl and {Q) are then assembled 

element by element. 

Referring. to [M], one may ·recall that this is a unit matrix. 1f the 

finite difference formulation is used in spatial d.iscretization. Hence, 

by proper.scaling,· the mass matrix _cani:ie reduced to the finite-difference 

equivalent by lumping (Clough 1971). In many cases, the lumped mass 

matrix would result in better solution, in particular, if it is used in 

conjunction with the central or backward-difference time marching (Yeh and 

Ward .1980). Under such circumstances, it is preferred to the. cons:f.stent 

mass matrix (mass matrix without lumping). Therefore, options are 

provicBd for the lumping of the matrix [M]. More explicitly, (M] will be 

lumped according to: 

./ -/ 
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4 

I Mij :E ( :E NeFNe dR) if j - i 
ecM /J-1 a: /J 

e R 

(6'6a) 

e 

a:nd 

Mij- 0 if j ,f i (66b) 

3.2 Finite Difference Approximation in Time 

Step 7 - The seventh step of the F~~ is to derive a matrix equation 

by integrating Eq. (54). Fer the time integration of Eq. (54), the load 

vector [BJ will 1e ignored. This ·load v9ctor will be discussed in the 

next section on the numerical implementation of boundary conditions. An 

important advantage in finite element approximation over the finite 

difference approximation is the inherent ability to handle complex 

boundaries and obtain the normal derivatives therein. In the time 

dimension, such advantages are net evident. Thus, finite difference 

methods are typically U'3ed in the approximation of the time derivative. 

Three time-marching methods are adopted in the present water flow model. 

· In the first one, the central or Crank-Nicolson formulation may be written 

as: 

[M)((h)t+At - (h)t)/6t + ½ [S)(lhlt+At + (hit)- (G) + IQ) , (67) 

where [M], [SJ, [G), and IQ) are evaluated at t + 6t/2. 

l
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In the second method, the backward difference formulation may be 

written as: 

[M]({h}. , - {hi )/M + [S]{h} A - (G} + iQ} ' 
t+ut t t+ut (68) 

where [M], [SJ, [G), and {Q! are evaluated at t + ~t. 

ln the third optional method, the values of unknown variables are 

ilssumed to Vilry liriearly with time during the time interval, b.t. In this 

mid~difference method, the recurrence formula is written as: 

L L 
M [,Ml+ [S])l h lt+llt/2 - c.t [M]l h lt = (G} + {Q) ' (69a) 

ilnd 

(69b) 

whe.e [M], [SJ, [G}, and IQ} are evaluated at (t + b.t/2). 

Equations (67) through (69) can be written as a matrix equation 

[T] [h} (YJ ' (70) 

where [T] is the matrix, {h} is the unknown vector to be found and 

represents . the values of discretized pressure field at new time, and {Y} 

is the load vector. Take for example, Eq. (67), [T] and {Y} i:epresent the 

following: 

[T] = [M]/M + [SJ , (71a) 

and 

/ 
/ 
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{YI [M) {hit/lit + (G} + {QI (71b) 

where (hit is the vector of the , discretized pn,ssure · field at· previous 

'3,3 Numerical Implementation of Boundary Conditions· 

, Step 8 - 'The rn~ trix eqt1ation ,, Eq. ( 70), is. singular.· To, make the 

problem uniquely defined,. bot.mdarv conditions [Eqs. (}5) thro.ugh (42)] 

must be imple:mehted. Hence,, the eighth ., step of the FEM , is the 
. . 

incorporation of ~oi.mdary conditions into the matrix .eqU:ation [Eq. (70)],. 

For the , Cauchy . boundary condition given by Eq. (37), we simply 

substitute Eq. (37) into Eq. (64) to yield a boundary-element column· 

'vector { B~ )_ for a Cauchy segm~nt: 

wher.e { qe} is the Cauchy boundary, flux vector. given hy' 
C 

a· = 1 'or 2. , · 

(72) 

(73) 

This Cauchy boundary flux vector represents the normal fluxes t;hrough the 

two nodal points of the segment Be on Be, 

For the Neumann boundary condition. given by Eq. · q6), .. we substitute 
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Eq. ( 36) into Eq. ( 64) to· yi c ld a boundary-element column vector { Bg} for 

a Neumann segment: 

{qe) is the Neumann boundary flux vect.or given by: 
n 

J (N:n·K:vz 
B 

e 

dB 

which is independent of the pressure head. 

a·= 1 or 2 , 

(74) 

(75) 

The . implementation of ~•ariable-type boundary condition is more 

involved. It is normally occurs at air-soil interface. During 

precipitation period, we will assume that only seepage or infiltration can 

occur for any point on the air-soil interface. No evapotranspiration is 

allowed. If se~page happens, the Dirichlet boundary condition, Eq. (38) 

must oe imposed: On the other hand, if infiltration ·occurs, either the 

Dirichlt!·1.. boundary. condition, Eq. (38), or the Cauchy boundary c.ondition, 

.E~. {39), may be specified depending on the soil property and throughfall 

rate qp in Eq. (39). The problem is which equation, Eq. (38) or Eq. (39), 

should be prescribed for a point on the boundary. This problem is settled 

by iteration. The procedure adopted is as follows. At each iteration, we 

examine the solution at each node along the variable boundary and test 

whether the existing boundary condition is still consistent. 

Specifically, if the existing condition is Eq. (39) {Cauchy boundary 

;-
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condition),· we compute· the pressure head at 'the boundary node. If t::.he 

head is greater .than the allowed ponding depth hp in Eq. (38), two much 

water has been forced into the region through· the nod¢.·. · In other words, 

the throughfall rate is greater than. that: ·which the_ media can absorb. · To 

account for this, the·· ooundary condition is "changed to' Eq. ( 38), which in 

practice should result in infiltration at~ rate less that qp in Eq. (39) 

')r- result in ,,,,1epage. If the computed· head is less than the ponding 

depth, th~ media is·capable of absorbing all throughfall arid no change of 

boundary condition is requi.red. On thP. other hand, if the. Pxisting 

·boundary, condition is Eq. (38) (Dirichlet boundary condirLon), we compute. 

Darcy's flux at the node·. If the computed D4rcy's flux Js going. out of 

the region (seepage) or :nto thl' region (i~fi l tration)· .but· its magnitude 

is less ,than qp in Eq. (39) no cha--ig,· of bom1dary condition i,s needed, 

However, if the· computed Darcy's f],;x is directc;d into the region· 

(infiltration) with a rate greater than the throughfall rate Qp, a chahge 

of boundary conditlon to Eq. (39) is required since Eq. (38) would force· 

more water than ·available into the· region. By changing the boundary 

condition to· Eq. : ( 39), it should in practice result,_. in a rressure, head 

less · than hp,• The · iteration outl.i.,,"'d above is· discontinued when no 

change-over of boundary condition is encountered a_long the entire 

boundary. 

Similarly, during non-precipitation period, we will assume that. only 

evapotranspiration or seepage can occur and no infi1tration is· allowed. 

If seepage actually occurs at a node, _Eq; (40) (Dirichlet boundary. 

--------------~-.. -·--•,· ·~·. •'-" , .... -,..~ ,., ..... . 
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condition) must specified at the node. On the. other hand,. if 

~vapotcnnspirntion h~ppens, either Eq. (41) (Dirichlet bourdary condition) 

(lJ: .. Eq. ('i2) (Cauchy' bou11dary condidon)' may be ;mposed at the node. The 

pn.•blr,m is ,again to .dete'rmine.which of the three '"quntioris should be used 

as boundary·condi.tions·_. Iteration procedure is i1srd to solve the P.roblem. 

lf r:iP Pxistinp; b,;u:idary conditi~n is F.q. (!10), we calculate the Dacey's 

. t; Ii;-{. \..1H'n lhP: ··,-"rnput·pd [);;r,::,'s flux ·is p,oint:.· out of the region, the· 

(•;; i sli nh. bovnd;iry ,- :coi·,di tiori is consistent and . no ,_ change o~ boundary· 

.c<:;ndirion is·ri,·o•ssat·y. ',."hen ,lh· ll,frcy's f:lux is directed· 5-nt:o the region 

( n•,n.:·mher no infi ,-traLion is <J11()Wicic!), the applicatioi1 of Eq. (40) implies. 

th,' ir:fi1tralion and prohibits ev;ipotranspi_rat~on. Hence, the boundary 

n,ndi."ti,m is changPd to Eq. (l12), which, in practice would generates 

, .. :,ipotranspiration and -.·.>Uld r,--.ult in a pressure_ head lower. than the 

pond in~ depth in t:q. (M)°). I, f :lie ex isti.ng boundciry · condition .is Eq .. 

(i, 1), we computP th!~ Darcv' s flux'. Since the minimum pressure is 

presc,i-ibcd on_E~!! boum!:iry, it is unlik,:,ly that.,t;h_is compute" Darcy's flux 

will be di.rccted into !Jlf.' regi.011. Thus, when the computed . outgoing 

Darcy'.s flux is less than qe in !-;q. (42)·, the existing· boundary condition 

is consistent ·,i.nd mi ch.,111:1: on ·b(;undary condition is needed.· · When the 

computed Darcy's· flux •is greater then qe in Eq. ·(42), the applii::ation,of 

Eri. (41) impiies_the imposition of too much suction at the node. Hehce, · 

the,bounuar:y condition. is ·changed to Eq (42), which in practice should 

result in .'! pres~ure h_ead 1:reater than hm in Eq. ('~l). If the existing 

boundary condition is Eq. (/,2), we calcti!aLc pressure head at the node. 

· rr' this computPd pn;ssure tl('ad is· nOt lower than. hm in Eq. (41), _the 

'4 

I 



~-q 

····,--:-~""-.-

45 ORNL-5567/Rl 

boundary condition is consistent and no change is required. However, if 

the computed head is lower than hm in Eq. (', 1), the application of Eq. 

(42) implies two much wate~ is removed through the node yielding too low a 

pressur~ head. Hence, the boundary condi.tion is changed t.o Eq. (l~l), 

which should yield an evapotranspir.'ition rate lc-ss then qe in Eq. (42). 

This iteration process is completed only when consistent boundary 

conditions have been applied to all nodes on the variable boundary. 

During the iteration of boundary conditions on the variable boundary, 

one of the Eqs. (38) through (42) is used at a node. If either Eq. (39) 

or ( 42) is used,. ·we substitute it into Eq. ( 6l,) to yield a boundary 

ehment c'oiumn vector {B~} for a variable boundary segment: 

where (~l i.s the variable boundary flux given by: 

e. 

'lva J. e 
~ q rlB, 

a p 
B 

e 

or q - • J va 
B 

e 

Neq dB,· 
Cl e 

(76) 

a ;._ l or 2 , ( 77) 

Assembling over all· Neumann, Cauchy, and variable boundary s.egments, 

we obtain the global boundary colwnn vector (Bl as: 

(B} - (q} ' (78) 

in which 
., 

> 
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(qi = 
etN. 

ne. 

e 
lq l + n 

46 

ccN 
ve 

(79) 

where Nne, 'lee, and Nve arc the number of Neumann boundary segments, 

Cauchy boundary segment, and variable boundary see~ents with flux 

conditions impo!:ecl on thern, respr!ctively. The boundary flux {Bl given by 

Eqs. (78) and (79) should be 3d<led to rhe rir,ht hand side {Yl in Eq. (70) 

during the incorporation of boundarv conditions. 

At nodes where Dirichlet boundary conditions are applied, an identity 

,,quation is generated for each node and included in the matrices of Eq. 

(70). The detailed method of applying this type of boundary condition can 

be found else•,1here (\.iang and Connor, 1975). The Dirichlet nodes include 

the nodes on the Dirichlet boundary and the nodes on the variable boundary 

to \.'hich eithn Eq. (38), or (1,0), or (41) is applied. 

After incorporating the boundary condid.ohs described in t_his 

section, Eq. (70) becomes 

[ 1:] {h) - {R) , (80) 

.;here [CJ is the coefficient m;:itrix obtained by incorporating Dirichlet 

boundary conditions into matrix 

matrix equation, Eq. (80). ( R) 

to ( VI 
• I in Eq. ( 70) and then 

condition. 

[T] and (R) is the load vector of the 

is obtained by by adding {Bl in Eq. (78) 

modifying it with Dirichlet boundary 
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.3.4 Solution of the Matrix Equations 

St~p 9 - Equation (80) is .iri general a banded sparse ma~rix equation. 

It may be solved numerically by either direct method or iteration methods. 

In direct methods, a sequence of operation is performed only once. This 

would result in each solution except for round-off error. In this method, 

one is concerned with the efficiency and magnitude of round-off error 

associ.ated wi.th the sequence of operations. On the other hand, in an 

iterative method, one attempts to the solution by a process of successive 

approximations. This involve in making an initial guess, then improving 

the guess by som~ iterative process until an error criterion is obtained. 

Therefore, in this technique, one must be concerned with convergence, and 

the rate of convergence. The round-off errors tend to be self-corrected. 

For practical purposes, the most advantages of direct method are:· (1) 

the efficient computation when the bandwidth of the matrix [CJ is small, 

and (2) the fact that no problem of convergency is encountered when the 

matrix equation is linear or less severity in convergence than iterativ9 

methods even when the matrix equa.tion is nonlinear. The most. 

disadvantages of direct methods are the excessi've requirements on CPU 

storage and CPU time when a large number of nodes is needed for. 

discretization. On the other hand, the most advantages of iteration 

methods are efficiencies in terms of CPU storage and CPU time when large 

problems are encountered. Their most disadvantages are the requirements 

that the matrix [CJ must be well conditioned to grantee a convergent 

solution. Hence, this report provides two options to solve the matrix 
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equation so that. as 'w.ide a range of problems as possible · can be dealt 

with. One is the Gaussian direct elimin~tion method and the other is the 

successive point iteration methods. ~be former should be used when the 

size of the problems is such that the resulting bandwidth of matrix [CJ is 

not large, say no greater than 50; whereas the latter should ·be used if 

th<) b;c1ndwiclth of ti1P matrix [CJ is large. 

The matrix equation, Eq. (80). is linear only when the entire region 

c,f interest is under Si'lturatPd conditions. If part of the region is 

unsaturated,· the governing equation, Eq. (32), is nonlinear, hence Eq. 

(BO) is a nonlit1ei'lr mat.dx equation. To solve it, some type of iterative 

proredure is required. The approach taken here is to make an initial 

esti.mate of t.he unkno· ... '11 (hkl. Using this estimate, we then compute the 

coefficient matrix [C] and solve the linearized matrix equation by the 

method of linear algebra. The new estimate is now obtained by the 

weighted average of the new solution and the previous estimate: 

(81) 

where {h(k+l)) is the new estimate, {hk) is the ptevious estimate; {h) 

is the new ,:olution, and w is the iteration parameter. The procedure is 

repeated until the new solution {hl is within a tolerance error. When the 

iteration parameter is ireater than or equal to O but is less than 1, the 

iteration is under-relaxation. If w - 1, the method is the exact 

relaxation .. F0r the cases when ~, is greater than l but less than. or equal 

to 2, the iteration is termed over-relaxatlon. The under-relaxation 
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option should be used to overcome cases when nonc_onvergency or the slow 

convergent rate is due to· fluctuation rather than due to "blowup" 

computations. Over-relaxation should be used to speed up convergent rate 

when the rate of convergency decrease monotically. 

There are six options in the revised FEl{I.JATER tc. solve the finite 

element equations. These are the combination of two ways to solve a given 

linearized algebraic equations and thre(, ways of estimating the 

coefficient matrix. 

In summary, the revised FEMWATER includes 36 optional numerical 

schemes to deal with as wide a range of problems as possible. These a~e 

the combinations of: (1) two ways of treating the mass matrix (lumping and 

no-:umping); (2) three ways of approximating the ti~e derivatives (central 

diffe~ence, backward difference, and mid-difference), and (3) six wRys of 

solving the resulting matrix equation just mentioned above. 

3.5 Computation of Mass Balance 

One of the most important aspects in numerical modeling of subsurface 

flow is to check the mass balance over the whole region. The error in 

mass balance provides a crude index on the accuracy and convergence of 

numerical computations. The mass balance over a region R enclosed by the 

boundary B(x,y,z) - 0 can be obtained by integrating Eq. (32): 
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F .. I (F 
ah - q) dR V at ' (82) 

R 

and 

F = J F dB 
B n (83) 

B. 

where Fv represents the net voluinc>tric increasing rate of :water in the 

region, FB i9 the net volwnetric flow rate through the entire boundary out 

from the region, and Fn is .the outward normal flux. 

defined as: 

F = - n· K- v'H , 
n 

In fact, Fn can be 

(84) 

Having obtained the pressure head field by so::.ving Eq. (80), one can 

integrate Eqs. (82) and (83) independently. If the solution for his free 

of erroc, bne w0uld expect the sum of two integrals equal to zero .. In the 

present report, the integr~l of Eq. (84) is broken into two parts: 

F -p J F ~dR ot (85a) 
R 

and 

F J q dR 
' s (85b) 

R 

where Fp and F s represent the volumetric rates due to head change and 

ar.tificial sources, respectbely. Similarly, the integral in Eq. (84) is 

broken into six parts: 
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Fe -I 
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F 
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F dB 
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F dB 
n 

F dB 
n 

F dB 
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w·nich Fo, Fe, FN, 

Dirichlet boundary Bo, 

the part of the variable 

the part of the variable 

Fvo, 

F dB 
n 

Fvr, 
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and FL represent 

the Cauchy boundary Be, the 

boundary Bvo with flow going 

boundary Bv1 with flow going 

the unspecified boundary B-Bo·Bc-BN·Bv, 

ORNL-5567/Rl 

( 86a) · 

(86b) 

(86c) 

(86d) 

(86e) 

(86f) 

fluxes through the 

Neumann boundary BN, 

out from the region, 

into the region, and 
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For an exact solution, the sum of the net outgoing flux Fe acrdss the 

entii:ci boundary and the total vollunetric increase rate Fv should be equal 

to zero. In addition, FL should theoretically be equal to zero. However, 

in any pr.,ctical simulation, Fe plus Fv will not be equal to zero, and FL 

will be nonzero. ·Nevertheless, the mass balance computation should 

provide a means to check the numerical scheme and th<> consistency in the 

computer code. 
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4. DESCRIPTION OF THE COMPUTE!'. PROGRAM 

4.1 Purpose of 3DFEMWATER 

To refresh our memory, we will restate the governing equation ar.d 

initial and boundary conditions for which this revised FEMWATER is 

designed to solve: 

Governing Equation 

F QB.ah - V· [K K . (v'h + Vz)) + q (87) 
t s r 

where h is the 'pressure head, t is time, Rs is the saturated hydraulic 

conductivity tensor, Kr is the relative hydraulic conductivity or relative 

permeability, z is the potential head, q is the source and/or sink, and F 

is the sto,age coefficient given by: 

·p· - o.'fj_ + /3' 8 :+- d6/dh , 
n 

e 
(88) 

where & is the water capacity, ne is the effective porosity, er' is the 

modified compressibility of the media, and /3' 

compressibility of water. 

Jru,tial Conditions 

h - h
1
(x,z) in R ' 

__.:,.--;_--,-----· l 

is the modified 

(89) 
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··.where . R · is ·t:he .· regio_n of interest:. and• hi. is _ the prescribed , initial 

condition, which can be defined ~r ~btairied by s~lv{~g the steady state 

version of Eq. (87). 

Boundary tondit:ions 

birichlet: Conditions: 

• _Neumann Conditions: 

n·l\,.K ·'lh ~ q (y_ .z. ,::) 
~ r n o D· 

Cauch·y Condi t:ions: 

B 
d 

on 

-n· (K K ·Th+ K K ·7z.) = q (:,-.., ,zb,t) · s r s r _ c . o 

B 
n 

on 

,,,.,, ..... ,.· 

Variable Conditions - During Precipitation:Period: 

on 

or 

0 n · ( K K · 7h + K K · 7z ) - G ( Y.., • zb , t) s r s r ? o on 

... •, . ~ . 
-. I 

.,.· 

,B 
c. 

B . 
V 

(90) 

(91) 

(92) 

(93a) 

( 9 3b). 
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Variable Conditions - During Non-precipitation Period: 

h h (x, , z
1 

, t) 
p l) ) 

on 

on 

-n·K K ·('vh + \7z) = q (x, ,zb,t) s. r · e o on 

B 
V 

B 
v· 

B 
V 

ORNL-5567/Rl 

(93c) 

(93d) 

(93e) 

where (xb,Zb) is the spatial coordinate on the boundary; n is an ovtward 

unit vector normal to the boundary; nd, qn, and qc are the presc::-ibed 

Dirichlet functional value, Neumann flux, and Cauchy flux, respectively; 

Bd, Bn, and Be are the Dirichlet, Newnar..n, and Cauchy boundary, 

respectively; Bv is the variable boundary; hp is the allowed ponding depth 

and 9p is the throughfall of precipitation, respectiv~-Y on the variable 

boundary; ,1m is-·'the aJJ.owed minimum pressure on the variable boundary and 

Qe is the allowed maximum evaporati;:in rate on the variab.le boundary, which 

is the potential evaporation. Only one of Eqs. (93a) through (93e) is 

used at any point on the variable. boundary at any time instant. 

4.2 Program Structure 

The revised FEMWATER consists of a MA!N program, a section of BLOCK 

DATA, .and 25 subroutines. The. MAIN is utilized to specify the sizes of 

all arrays. The control and coordinate activity are p~rformed by the 
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•. 
subroudn,e ,:GW2DXZ .. Figure. 7 · shows the st~tict~lre of the prog~am. · The 

functions of these subroutine ,ar:e .. described below: 

' 
'. 

ORtsL-DVi, 87M-9568A 

PRINTT. MAIN' EiLOCi<. 
'DATA 

. U) SURF . 

STC'i~E GW2DXZ DATA IN. · READR 

i.h 

I 
SFLOW LNDGEN READN 

SPROP 

.I 03TH O.:TH 

VELT 04D BASE ·-
N ~ BCPREP 03D 

INTERP 03 

ASEMBL 04 BASE 

BC 02GF 

l 
OR 

BANSOL I 
• . PISS 

•fig. 7. Program structure of FEM"wATER 
·.,, 
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Subroutine GW2DXZ 

The subroutine GW2DXZ controls the entire sequence of operations, a 

function generally performed by the MAIN program. It is, however, 

preferable to keep a short MAIN and several subi~outines with variable 

storage allocatiori. This makes it possible to place most of the FORTRAN 

deck on a permanent file and to deal with a site-specific problem without 

making changes in array dimensions throughout all subroutines 

The subroutine GW2DXZ will pecfonn either .the steady-state 

computation alone (KSS - 0 and NTI - 0), or a transient state computation 

using the steady-state solution as the initial conditions (KSS - 0, NTI > 

0), or a transient computation using user-supplied initial conditions (KSS 

= 1, NII > 0). The flow. chart of this subroutine is given in Figure 9.' 

GW2DXZ calls to subroutine DATAIN to read and print input data; 

subroutine LNDGEN .,,to generate the needed relations_l-1Jp between node number 

and equation number when pointwise iteration solution strategies are used; 

subroutine IN_TERP to obtain sources/sinks and boundary values; subroutine 

SPROP to obtain the relative hydraulic conductivity, water capacity, and 

moisture content. from the pressure head; subroutine VELT to compute 

Darcy's velocity; subroutine BCPREP to determine if a change of boundary 

conditions is required; subro_utine ASE!!BL to assemble the element matrices 

over all elements; subroutine BC to implement the boundary conditions; 

subroutine BANSOL or Subro·itine PISS to solve the resulting matrix 

equations with dirett elimination method or poiniwise iteration methods; 
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subroutine SFLOW to calculate flux through al1 r:ypes of boundaries and 

water accumulated in the media; subroutine PRIN!'T to print out the 

results; and subroutine STORE to store the flow variables for input to a 

revised FEMWASTE or for plotting (Figure 8). 

(HlNL-DVJG Ei7M 9~(.7A 

e 
fffAD NPf~.)[J !ITITL. 

11/\0u, 18UG. ICI ING 

vrs 

DO PRElr•JITIAL OR INITIAL. cor.~;1 uT A TIOi ~s 
3Y CAL!..lt-.:G 

INTERP, SPHOP. VEL T. SFLOV✓ 

PRINT AND STOHE 11.ITIAL CO';::JITIC>NS 
BY CALUNC 

PRiNTT Ar,D STOrl[ 

F,OUHN 

STt.:\uY ST,.\ rE t..:✓ ~J'OP, 

THAr, 0;:[NT ST t, 7[ 
C')!Ji-'UT f, ! 10iJ 

THr-:,srcrn 
co~.~ PLi r A 1 iGr J 

fig. 8 Flow chart of subroutine GW2DXZ (1 of 3) 
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ASSUME VAR!AeLE BC. 
BY CALLING BCPREP 

CALL 
PISS 

POST COMPUTATIONS 
BY CALLiNG SF1.0W 

. . ·-
ORN,L- 556 7 /Rl 

PR:!';T AND STORE 
STEADY STA7E 

VARIABLES 8Y CALLING 
PR:.'ljTT A!IID STOFiE 

Fig. 8 Flow chart of subroutine Gi,.;2DXZ (2 of 3}. 
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Subroutine DATAIN 

Subroutine DATA IN reads all data input described in section 5. 3 

except the card group 1. It also prints all the input information, and 

calls subroutine SURF to identify the boundary segments and boundary nodes 

and subroutines READR and READN, respectively, to automatically generate 

.real and integer nwnbers. 

Subroutine SURF 

Subroutine SURF identifies the boundary sides, ·sequences the boundary 

nodes, and computes the directional cosine of the surface sides. The 

mapping from boundary nodes to global nodes are stored in NPB(I) (where 

NPB(I) is the global node. number oC i-th b~·undary node). The element 

number associated with the boundary ~ides are stored in NBE. The length 

and dir.:ci::ional cosines for each side are stored in DLB and. DCOSXB and 

DCOSZB, respectively. The local and global nodal number of tW'J nodes of 

each side are stored in ISB. The information containing in NPB, NBE, ISB, 

DCOSXB, ,nd DCOSZB along with the number of boundary nodes and the nwnber 

of boundary sides are returned to subroutine DATAIN for other users. 

Subroutine READR 

This subroutine is called by the subroutine DATAIN to generate real 

numbers for data sets 7, 10, 13(d), 13(e), 13(f) 0f Section 5.3. 

Automa.tic generation of r<"!gularly patterned data is built into this 

subroutine. 
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Subroutine READ:-. 

This subroutine is al,;o cal lc·cl by t.he · subroutine DATAIN to ienerat:e 

integers Data Sets (9), 12(1)(c), 12(2)(c), l3(c), 11,(c), lS(c), and 16(c) 

of Section 5.3 

This .suLrout. in.-, is c:i11,,r! 1,:, t.h,, ,·or:t I ol l in,-,· subroutine Gw2DXZ to 

pr-,process the point.c•r :,rr:1:,- t.h,;:_ is n,:,,-dr,d Lo ass(:mhlr· the elobal matrix 

in comprc,ssed form wh,:n poi.nt.;.;i.s<· so!.11tion m,-ihnds an· u'.;cd. TIH~ _poir1ter 

arr;iy automatically generatf,J in thi_'.; subroutine is the gl.obal node 

connc;cti.•:ity (stencil) CtJJJCi(J .~;). Here GtiOJC~/(J, N) is the global node 

m.:rnber of J-::h· node ccr,nc:ctc·d to t ii,, global node N. This pointer array is. 

6 .-,N,ra~eci bz,sed o:i the Plt,;n,,nt. comwctivi ty IE(!1,J). Here IE(M,J) is the 

&l0hal nude number of J-~h node of element M. 

TLis sub;~;,ulir.e is called b:r the subroutine G\.12DXZ to compute the 

functiona~ Vdlues (such AS the Dirichlet total head, element source/sink, 

poin:: source/sink, tieum.c,nn flu:-:es, Cauchy fluxes, and· rainfall) at a 

particular time for all profiles. It uses the linear interpolation of the 

tabular data. 

This subroucin,, caicul:it,·s · the v;dues of moisture content, relative 

r:::creulic cor:d 1:cr.i·1iv.-, :,ml th(: •~·,.i.,,l' capacity. ·Two optio11s are available 
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.One is to interpolate the values from the tabular input. The -other is to 
' . ' ... - . ; .. · 

compute the. value_ w_ith analytical functions-. ·When· the ana!ytical option 

is used, th~ users musL supply the fuhcti6r~l for~ . 

Subroutine VELT 

This subrouti~e~calls Q4~ 6r Q3D to e~al0ate the ~lernent matrices an~ 

the derivatives of the· tot:.;il head. It then stuns over all element matrices 

to form a matrix equation goverr)ir.g "the vc-iocity co!llponents at all nodal 

points. Subsequently, i.t. calls Subroutine 8,\.",S0L to yield the solution.· 

To save· computatioi;ial time: an option of lwnping the matrix is· included. 

'rhe velocity components can thus be scil'ved point. by point. The computed 

velocity field is · then returned to C\.l2DXZ through the argument. This 

velocity field .is. also passed to subroutine BCPREP to evaluate the Darcy 

flux across t.he seepage-infiltration-evapotranspiration surfaces. 

Subroutine Ql,D .and 03D 

Subroutine Q4D and Q3D are called by the .subroutine VELT. to compute 

the eleme~t matrices 'given by: 

Q~(I .J_) - I 
R 

e 

Ne-Ne dR. 
1. • ' 

l. J 
(94a) 

· where t-1 and N~ are _the basis functions for nodal point i and j of elemen:: 
... 

. e, re spec ti v~ ly. Subroutines Q4D abd Q3D afso evaluate the element load 

vector: 
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''-'hf'r(' 

QRX( I) = - J 
R 

e 

QRZ(I) :.a - J 
R 

e 

N~i-K K · (VN~)ll.d.R , 
1 s r J J 

N:'k·K K · ('vN~)H.dR ·-
1 s r _J J •. 

ll. ~ thf' toral head at nodal point j; 
J 

i = the unit vcct0r along the x-coordinate, 

k the unit vector along the z-ccordinate, 

K the saturated hydraulic conductivity tensor; 
s 

K - the relative hvdraulic conductivity. r 

Subroutine "-CPREP 

(94b) 

(94c) 

This subroutine is cal led by GW2DXZ to prepare the infiltration

seepage boundary conditions during rainfall period or the seepage

evaportransp-i•r,ation boundary conditions durin•g· ·non-rainfall periods. It 

decides the number of nodal points on the variable boundary· to be 

considered as Dirichlet or Cauchy points. It computes the number of 

p·oints that change boundary conditions from ponding depth (Dirichlet 

types) to infiltration (Cauchy types) or form infiltration to pondir.g 

c!epth or from minimum pressure (Dirichlet types) to infiltration during 

rain:"a1l periods. It also computes the number of points that change 

boundary conditions from potential evapotranspiration (Cauchy types) to 

minimum pressure oi fro!!\ ponding depth to potential evapot·c·anspiration or 

from minimum pressure to potential evapotransp.iradon during non-rainfall 
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periods. Upon completion, this subroutine returns the Darcy flux- -

DCYFLX, infiltration/potential cvapotranspiration rate -- FLX, the ponding 

depth nodal index -- NPCON, the flux-type nodal index -- NPFLX, the 

minimum pressure nodal index - - NPMIN, and the number of nodal points - -

NCHG that have changed boundary conditions. 

Subroutine ASEMBL 

This subroutine calls .Q4 and Q3 to evaluate theelement matrices. It 

then sums over all element matrices to form a global matrix equation 

governing the pressure head at all nodes. 

Suhrcutine 04 

This subroutine is called by the subroutine ASEMBL to compute the 

element matrix given by: 

QA(I,J) I Ne.- N~ d..ll 1· J (95a) 
R 

e 

QB(I,J) f (VNe)·K K ·('vNe) 
i s r j dR ' (95b) 

R 
e 

where F is the soil property function. Q4 is' to compute Eq, (95) for 

quadrilateral elements, while Q3 is to compute those for triangular 

ele:nent,1. 

given by: 

j 

Subroutines Ql-1 and Q3 also calculate the element load vector 
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RQ( I) ·::. J .·. ! (VN:). Ks\:. /vz) 
'R 

e 

whera q is t~e source/sink. 

Subroutl.nl, BASE 

(95::) 

This subrou:•ir,c, i,· called by ~iuliroutines Ql,D, Q4Tll, ·and Q'4 to 

evaluate the Vi"1lu.e 0f· the hnst· !unction at a. Gaussi"an point. The 

compur.a.tion is- straightfo_rwat·d. 

Subroutine BC 

This subio.iitit!e incorporar.c,s Dirichlet, Cauchy, Newnann, and variable 

boundarj· conditions. For a Dirichlet boundary condition, an· identity' 

algebraic equation is g_f:nerated for each Dirichlet nodal _point, Any other 

equation. ha·1ing · this nodal vari.:ible is modified accordingly to simplify 

the com?utation.· :'"o_r a Cauchy surface, the integration of the Sl!rface 

soutce ·· is to the load vector. Newnann surface,' · the 
. . 

int'egrations of the gradient_ flu;:es is added to. _the loa·d vector.· It then 

·: calls Q2GF to obtain· gravity fluxes. These gravity fluxes are· added to 

/· 
''\ .. 

load vector. The subroutine BC also implements the variabl_e boundary-

conditions. First,· it checks over all infiltra::icn~evapotransipration

seepage points,- :.dentifying any of them that are Dirichlet poi.nts ~- If 

there -re _Diri~hlet poi~ti; the ~ethod-oE incorp6rating Dirichlet boundary 

conditions rnent!oned abo?e is used. If a given point is not the Dirichlet 

poi:-,::, the po~:~: is• byi)assed. Seccnd, ir:: checks over all rainfall-

e~apo~~:!on-se~?age ~oin:s aga~n to see if ·any bf them is a Cauchy point~. 

., f 
\ 

";/ 

/ ,.· 

}' . 

' ' I 

• '.4 

. 

- .. r 
.. 

. . 

l! 

. 
~ . 

• 1! ~ ' . 
• C 

·1 
-~ 

i 

/ 

~ i 

' . 'I 

·1 

\ 



.. , 

I • 
I 
I • . 

• ! - , 

~ft, .• 
"'""',I / 

r- .. . 
:, c:tl'"·t 

/ 

, ' ,1· 

/ 
-,-~;-· 
\\ - ' 
.\. , 

/ \'·' ,-- ~-

·.'·, \ 
f>j \ 
I ---: 

I -

',_/// 

•. 

67 0RNL-5567/Rl -

If'it-is a Cauchy 'point' then the computed' flux by- irifilt1ation or 

potential ~vapotranspiration ·is added to the load vector. If a ,given· 
_' . . _·_ .: 

point is not a Cauchy point,. it is bypassed. Be<;a4s~ .the infiltration-

evaporation-seepage points are either Dirichlet- or Cauchy points, all 

points· are tak.en care of· in this manner. 

Subroutine 02G~ 

This subroutine is called by the subroutine BC to compute the gravit)'. 

flux through Neumann boundary given by: 

RQ.(I) 

Subroutine BANSOL 

J 
R 

e 

N~n·K i ·Vz dB ,-
1. s r 

(96) 

This subroutine is called by the subroutines VELT and G'W2DXZ to solve 

for the ~atrix equation of the type: 
•••;•.I 

' . 
[C)ix) - {y) _ (97) 

where [CJ is the coefficient matrix and {x) and {y) are two vectors. {x) 

is· the' unknown to be solved and· {yl is the known load vector. The 

computer returns· the solu.tion {y) and F.tores it in {y). The computation 

is a standard banded Gaussiari direcit elimination procedure. 

Subroutine PRINTT 

This subroutine· is used the flow ~ariables. These 
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include the fluxes throuih v~riable bo~ndarf surfaces, the pressure head, 

total h·ead, inoistu:re content; and Darcy's velocity components ___ · 

Subroutine.STORE 

This· subroutine is used ro store the flow variables on Logical Unit 

l. It is intE?ndcd for use with a subs<!quent compu'ter model, the revised 

FE~\.lASTE or for plot tin~. Tlw inform,1tic:n stored includes region.. 

geometry, subrc,gi.on data, ·,rnd .. hvclrological variables such as. pressure 

head. tota·1 ·head.: ·moisture contPnt, and Darcy's velocity_ components. 

Subroutine SFLOW, 

·This.subroutine i•; used_t_o conipute_the fluxes through various types 

of boundaries and t~e increasing rate of water content in the region of 

interest. FRXfE(7) is to store the flux through the whole ·boundary 

enclosing the region of interest. lt is given by 

FR.ATE (7) ··=-f 
B 

(\I n. + 
X X 

V n y y + . (98) 

where B is the global boundary of the region of interest; Vx, Vy, and _Vz 

are Darcy's velocity components; .c1nd nx~ riy, and nz·are .the directional 

cosines ... of-· the outward ·unit vector normal' to• the boundar·y. B. FRATE(l) 

through .FRATE(5r store the flux through Dirichlet boundary Bo, Cauchy 

boundary Be, Newnann boundary B:-;, the seepage/evapotranspiration Bs, and_ 

infiltration boundary BR, respectively, and are given by: 
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FRATE(l) r (V n + V n + V n ) dB 
J X X y y z z 
BD 

FRATE(2) I (Vxnx + V n + V n ) dB 
' )' y z z 

EC 

FRATE(3) I (V n + V n + v;:n ) dB 
:-;_ X y y z 

BN 

FRATE(4) = I (V n + V n + v.,n_) dB 
' X X y y - ,. 

BS 

FRATE(S) I <\,:nx + V n + V n ) dB y y z z 
BR 

FRATE(6), which is related to the nwn0rical loss, is 6 iven by 

FRATE(6) = FRATE(7) 
5 
Z FRATE(I) . 

l=l 

ORNL-5567/Rl 

(99a) 

(99b) 

(99c) 

(99d) 

(99c) 

(100) 

FRATE(B) and FRATE.(9) are used · to store the source/sink and 

increased rate of water withi~ the media, respectlvely: 

and 

FRATE(B) ~ - I q dR ' 

R 

FRATE(9) - J 
R 

F 3h 
Ot dR . 

I 
I 

I 

(101) 

(102) 
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. IL ti.ere· is no nun1eri_c~l error i:n ,the co~put~tion,. the following equation 

· .. should ha satisfied:,-· 

[FRATE(?). + FRATE(8Y) - (103) 

-· - . 

and FRATE(6) sh~uld be equal to zero. Equation (98) simply stat~s that 

the. negati;ve rate of w·atC'r going out fro1n- the· re-gi.on through the entire 

- . . . 
"boundary" and due to. source/sink . .is C'qual t'o the rate of w;iter accumulated 

in the region. 

· Subroutine 04TH and _93TH-

These -5ubroutines are used· to compute the contribution - of .water 

_content increasing rate from an ~lement e: 

QTHP J (o' L (j' {j + di.I_ )~h_ dR ·. ( 104 )-f-
n I- . dh ot: ' 

R 
e-·· 

e 

where a' and ~~;§re the modified compressibilitie§_ of the soil matiix and 

liquid fluid, respec:tiveiy, ne is :the effective· po'ros,ity, and I.I i._s the 

moisture conten.t- .· The computation of the. above in-tegration is 

straightforward. Q4Th is used to evaluate t:.he integration for-

quadrilateral elements and Q3TH. for. triangular elements . 
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5. USER'S MANUAL 

The followi_ng describes what one should do. about the revised FEMWATER 

co4e for each site-sp~cific applicati~ns and data input guide. 

5.1 Specifiratio~s of Array Dimensi~ns 

The subscripted vartable arrays have to be dimension~d for each site

specific problem in the MAIN program.· Eighty five (85) arrays variables 

contained between ·lines MAIN 145 and MAIN 300- in the source code in 

Appendix A sh.ould be dimensioned according to the indicated subscripts (a 

total of ·32). _The •listii1g, ar,d definitions of these. pa.rameters and their 

associated subscripts (maximum-control numbers) are_given below: 

·Arr~ys for Node Cooroinates and Elemeni Connectivity 

X(MAY .. NP), Z(MAX.1\P), IE(r1AXEL,5); 

MAX.EL 
MAX,-....P 

_X(NP) 
· Z(NP) 

IE(M.,I) 

maximum number of elements, 
= maximum number of nodes; 

x-coordinate of NP-th nodal point, 
z~coordinate of NP-th nodal point, 
global node number of the I-th no.de of the M-th element 

····_"if I is. between 1 and 4, integer to. ~nclicate the 
material .type of th~ M-t~ element if I is ~qual to 5. 

Arrays to Store the Global Mattix. Global Stencil, and Load Vector·· 

C(MAXNP,MAXBHP), LLNODE(.!BAND,MAXNP), R(MAXNP), RI(MAXNP), 
RL(MJ\X;."'iP) 

JBAND ~ maximwn number .of non-zero clements· in any. row of the 
matrix' . 

MAXBHP. maximum number of half bandwidth plus. 1. 

C(NP,l) = an array to store the asse·mbled globle matrix, 
LLNODE(I,NP) global node number of I-th node connected to node NP, 

R(NP).= an array to store the asserr.bled global load vector, 
Rl(NP) pressure·hend iterate in s~broutine PISS, 
RL(NP) a working array to contain final solution for the 

pressure hea.d in subroutine PISS, 

---------.--.-~--,-~----···-···-·•-----·····--··· . . ,, 
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Arrays for Hydrological Variables and Nonconvergent Nodes 

H(l1AXNP), HP(MAX.NP), HW(MAXNP), HT(HAXNP), 
_VX(MAXNP), VZ(MAXNP), NPCNV(MAX.':i-P), 
TH(4,MAXEL), DTP.\4,MAXEL), AKX(4,MAXEL), AKZ(4,M.A.XEL), 
AKXZ(4,MAXEL); 

H(NP) pressure head at NP-th nod~, 
HP(NP) pressure head of NP-th node at pre-,ious time, 
HW(NP) - nonlinear pressure head iterate of NP,th node, 
HT(NP) total head of NP-th node, 
VX(NP) -·x-component velocity at NP-th node, 
VZ(NP) - z-component velocity at NP-th node, 

NPCNV(NP) - nodal point of NP-th nonconvergent node, 
TH(I,M) - water content at I-th gaussian point of M-th element, 

DTH(I,M) - dTH/dH ~ water capacity of I-th gaussian point of 
M-th element, 

AKX(I,M) - xx-hydraulic conductivity at I-th Gaussian 
poirt of M-th element, 

AKZ(I,M) - zzshydraulic conduc~ivity at I-th Gaussian 
point of M-th element, 

AKXZ(I,M) xz-hydraulic cond~ctivity at I-th Gaussian 
poinc of the M-th element.· 

Arrays for Boundary Surfaces 

DLB(MAXBEL), DCOSX(MAXBEL), DCOSZ(MAX.BEL), 
NBE(MAXBEL), ISB(4,MAXBEL), NPB(MAXBNP), 
BFLX(MAXBNP), BFLXP(MAXBNP); 

MAXBEL maximum number of boundary-element sides, 
MAXBNP - maximum number of boundar-y nodal points; 

- length of the I-th.boundary element side, DLB(I) 
DCOSXE(I) 
DCOSZB(I) 

- x-directional cosine of I-th boundary element side, 

NBE(I) 

ISB(l,I) 

ISB(2,I) 

ISB(3,I) 

ISB(4,I) 

NPB(I) 
BFLX(I) 

BFLXP(I) 

) 

" '\ 

•. 

z-directional cosine of I-th bou~dary element side, 
- element number to whict the I-th boundary 

element-side belong, 
global node number of the first node of I-th 
boundary element surface, 

- global node number of the second node of I-th 
boundary element surface, 

- element NBE(I) 's local node number of the fin:t node 
of the I-th boundary element side, 

- elem~nt NBE(I)'s local node number of the second node 
of the I-th boundary element side, 

~ global node number of I-th boundary node, 
- boundary flux at I-th boundary node, 
~ boundary flux ~t previous time of I-th boundary node. 
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Arrays. for Elepient (Distributed) and Well (Point) Sources/Sinks 

SOS(MXSPR),.SOSF(MXSDP.MXSPR), TSOSF(~SDP,MXSPR); 
ISTYP(MXSEL), LES(MXS::.L), 
'\JSS(MAVPR), WSSF(M>.1IDP,MXwPR), TWSSF(MXWDP ,MXWPR), 

· IWTYP(MXWNP), NPW(MXWNP); 

: MXSEL· - maximum number qf source elements, 
.. MXSPR ~ 1uaximum number of source .profiles, 

MXSDP -·maximum number of data point.son. each well· source/sink 
profile' 

M.\.VNP - ·maximum number of well nodal. points, 
M.XWPR: • maximum nwnber of well source/sink profiles, 
MXWDP maximum riumber of data point on .e·a:ch well source/sink· 

SOS(l) 
,SOSF(l ,J) 

profile; 

value of I-th element source/sin~ proPle, 
• source/sink strength or· 1-th data polnt 'in J-th 

element source/sink. strength vs dme profile, 
time of I-th data po(nt in J-th ele•ent 
source/sink strength vs time profile, 

TSOSF(I,J) 

LES.(M) 
ISTIP(M) 

. , WSS(I) 

element number of M-th,source/sink element, 
source/sink type assigned to·M-th source/si.nk element, 
value of I-th well source/sink profile at present time, 

\JSSf(I ,J) 

TilSSF(l,J) 

NPW(N) 
IWTYP(N) 

- source/sink. strength of I-th. ,fata point in J-th 
well source/sink strength VS time profile, 

- time of I-th dnta point ln J-th well 
source/sink strength vs time profile, 
global node number of N-th source/sink well, 
source/sink ty:pe assigned to N-th sourc_e/sink well, 

Arrays for Cauchy Boundary Conditions 

. QCB(MXCPR), QCBF(MXCDP,MXCPR), TQCBF(MXCDP,MXCPR), 
ICTYP(MXCNP), ISC(2,MXCEL), NPCB(MXCNP); 

MXCNP 
MXCEL 
MXCPR 
MXCDP· 

- m~i~um number of Cauchy nodal points,, 
-maximum number of Cauchy element sides, 
- maximum nu:nber of Cauchy-flux profiles, 

maximum number of data points on each 
Cauchy-fiux profile; · 

QCB(I) 
QCBF(I,J) 

valu~ of I-th Cauchy flux proflle at the present time, 
flux of I-th data point in J-th Cauchy flux vs time 
profile, 

TQCBF(I,J).- time of i-th data,point in J-th Cauchy flux vs time 
profUe, 

ICTYP(NP) type·of Cauchy .flux vs tlme. profile ass!.gned, to NP-th 
Cauchy boundary node, 

NPCB(NP) - global node number of NP-th Ca.nchynode, 
ISC(l ,MP) Compressed Cauchy node number of the first. n·ode of 

MP-th Cauchy boundary side, 
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---.... '·-

ISC(2,MP) ~ Compressed Cauchy node number of the second node of 
MP-th Cauchy boundary side, 

Array,; for Neunvmri Boundary Conditions 

QNB(MXNPR), QNBF(HXNDP,t1XNPR), TQNBF(MXNDP,MXNPR), 
INTYP(MYjlNP), ISN(4,MXNEL), NPNB(!-O{NNP); 
DU~ (MXNEL) , DCOSX..~ (MXNEL) , DCOSZN (1-!XNEL) , MNES (rOOiEL) 

MXNNP 
· KXNEL 
MXNPR 
MXNDP 

QNB(I) 
QNBF(l,J) 

-· maximum number of. Neumann :1odal poirits, 
maximtllll numbe·r of Neumann element sides, 

- maximum ntL~ber of Neumann-flux profiles, 
- maximum number of data points on each 

Neumann-flux profile; 

valu(: of I-th Neumann flux profile at present time, 
flux of I-th data point in J-th Neumann flux vs time 
profile, 

TQNBF(I,J) - time of I-th data point in J-th Neumann flux vs time 
profile, 

·~:--- .... 

INTYP(NP) - type of Neumann flux vs time profile assigned to 
NP-th Neumann boundary node, 

NPNB(NP) global node number of NP-th Neumann node, 
ISN(l,:.-1.P) - Compressed Neumann node number of the first node 

of MP-th Neumann boundary side, 
ISN(2,HP) - Compressed Neumann node number of the second node 

cf MP- th Neumann boundary s.ide,, 
ISN(3,MP) - Element MNES(I)'s local node number of the first node 

ISN(4,HP) 

Drn(H.P) 
DCOS·XN(MP) 
DCOSZB(MP) 

MNES(MP) 

of HP-t:h Neumann boundary side, 
Element MNES(I)'s local node number of the second node 
of MP-th Neumann boundary side, 

- length of the MP-th Neumann element: side, 
x-directional cosine of M-P-th Neumann element side; 
z-directional cosine of MP-th Neumann element side, 
element nwnbei to which the MP~th Neumann 
element-side belong, 

Arrays for Variable Boundary Conditions 

DL(MXRSEL), DCOSX(HXRSEL), DCOSZ(MXRSEL), DCYFLX(MY.RSNP), 
FLX(HXRSNP), RSFLX(HXRSNP), HCON(KXRSNf'), NRSE(MXRSEL), 
IS(4,NRSEL), NPRS(KXRSNP), NPCON(MXRSNP), NPFLX(KXRSNP), 
IRFTYP(MXRSNP), TRF(MXRPAR,HX:.FPR), RF(MY.RPAR,MXRFPR), 
RFALL(MXRFPR) , HMIN (P.Jrn.SNP) , NPMIN (MXRSNP) 

MXRSEL - maximum number of rainfall-seepage element sides, 
MXRSNP maximum number of rainfall-seepage nodal point~, 
MY.RFPR maximum nlllllber C OL rainfall profiles, 
MXRPAR maximum number of data point on each rainfall profile; 
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DL(MP) 
DCOSX(MP) 
DCOSZ(MP) 

DCYFLX(NP) 
FLX(NP) 

RSFLX(NP) 
HCCN(NP) 
NRSE(MP) 

- length of the MP-th RS element side, 
~ x-directional cosine of MP-th RS element side, 

z-directional cosine of MP-th RS element &ide, 
- Darcy flux through the NP-th RS boundary node, 
- rainfall rate through the NP-th RS boundary node, 

Darcy's vel0city at the NP-th RS node, 
ponding depth allowed for the NP-th RS boundary node, 
element number to which the MP-th RS 
element-side belong, 

IS(l,MP) Compressed RS node number of the first node 
of the MP-Lh RS element side, 

IS(2,MP) - Compressed RS node number of the second node 
of the HP-th RS element side, 

IS(3,MP) - Element NRSE(MP)'s local node number of the 

IS(4,HP) 
first node of the MP-ch RS element side, 
Element NRSE(HP)'s local node number of- the 
second nod~ of the HP-th RS element side, 
global node nuri1her of the NP-th RS node, NPRS (NP) 

NPCON(NP) pondtng depth Dirichlet boundary condition indicator 
for the NP-th variable node, 

NPFLX(NP) - Cauchy boundary condition indicator for the NP-th 

IRITYP(MP) 
variable node, 
type of rainfall profile assigned to HP-th RS 

boundary side, 
TRF(I,J) - time of I-th data point on J-th rainfall vs time 

profile 
RF(I ,J) rainfall value of I-th data point on J-th rainfall vs 

time profile, 
RFALL(I) value of I-th rainfall vis time profile at present 

time, 
HMIN(NP) minimum pressure head allowed ·for the NP-th 

RS boundary node, 
NPMIN(-NP) minimum pressure head Dirichlet boundary conc!idon 

indicator for the NP-th RS boundary node, 

Arrays for Dirichlet Boundary Conditions 

HDB(MXDPR), HDBF(MXDDP,~PR), THDBF(HXDDP,MXDPR), 
IDTYP(MXDNP), NPDB(MXDNP); 

MXRDP_ - maximum number of Dirichlet nodal points, 
MXDPR maximum number of Dirichlet total head profiles, 
HXDDP - maximum number of data points on each Dirichlet profile; 

HDB(I) - value of total head at the present time of I-th total 
head vs time profile for Dirichlet boundary, 

HDBF(l,J) total head of I-th data point in J-th Dirichlet total 
head vs time profile, 

THDBF(I,J) - time of I-th data point in J-th Dirichlet total head 
VS time profile I 
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IDTYP(NP) type of IHrichlet total head vs time profile 
assigned to NP-th Dirichlet n6de, 

NPDS(~P) - global node nwnber of NP-th Dirichlet node, 

Arravs for ~'.ate-rial Propertv Array and Material' Characteristics 

PROP(~IX!-!PP>l,MAX!1AT), TllPROP(!1XSPP~!i!1AXMAT); AKPROP(MXSPPM,MAXM.AT); 
CAPROPetXSPPM, MAX.MAT), HPROP (MXSPPM, MAX.MAT) 

M.-\.X.MAT - -maximum number of material types. (medium formations), 
~:-:spp~ .- maxi.mum 1~u.'!lher _of soil parameters per material to 

PRJP(J,;) 
J l 
J - . ) 

J - J 

J - !, 

J ... 5 
J - 6 

·THPROP(J, I) 

.\}:P?.OPiJ, I) 

C'-.?ROP(J,l) 

describe soii chardctCrist:ic curvc_s, 
r:::n:i:nu:n ·m1mh~r of matnriul properties per material; 

.;. j-th materi..:.L property of :-th 'materials 
r.;odifi...:-d co~p;·r-ssihili::y of the media, 
modified. ~ompr>~s·sibil it:.v of the water, 
effective p~rbsity, • 

- :-.aturated xx. hyd1·~1•~ 11 C conduc ti vi-ty or permeability, .. s,.turated ~z-hvdril'..ilic conductivity or permeability, 

- s·ii :u.rat,'.c! xz-hvdraulic conductivity or permeability, 

~ !fo.istun, .content of J-th data point o!l the soil 
characteristic c·ur·1es for _I 0 th material, 

- Relative hydra0tic conductivity of J-th data point 
on the soil ,.:haracteristic curves for I-th material. 
~ater .capacity of J-r.h data point on the ~oil 
characteriitic curves for 1°th material, 

!iPROP(J., I). - Prc~sure head of J-th data poini on the soil 
characteristic. curves for I-th material. 

,,rra·.rs for Output ·Contrv.l and Ti.me Step Size Chanee 

KL'ff(~AXNTlJ, KDSK(MAXNTI), TDTCH(MX..~DTC) .; 

1-'.AXNTl = maximum numacr· of time steps, 
l-'.X.>-;DT:..; - maximum number of DELT changes; 

KPR(I) 1.irie print control for I-th time step, 
KDSK( I) = disk storap,e control. for I-th time step, 

TDTCH (I) - time of I-th timt~ to resl!t time step s.ize - DELTO. 

The central_ process unit (C?li) memory requirements in words for all. 

arrays can b_e compUted a.s: 
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. . . . 

.Real Storage = [ (12 + JBAND)*MAY .. NP] + (20 %\XEL) 
+. (3*MAXBEL + 2*MAXBNP) + [ (1 + 2*MXSDP)*MXSPR]. 
+ [ (1 + 2*MXWDP)*HXWPR] + [ (1 + 2*~ ... Xr::DP)*MXCPR] 
+ [ (1 + 2*MXNDP)*MXNPR + 3*MXNEL] 
+ [ (1 + 2*M .. XRPAR)*MXRFPR + 5*MXRSNP + 3*·MXRSEL] 
+_[(l +·2*MXDDP)*MXDPRj +.[(MXMPn1 + li*M..'<SPPM)*MAXMAT] ( 105) 

Integer Storage·"'.' [ (1 + JBAND)*MAXNP] ·t ('.>*:1A.XEL) + (5*~W:BEL. + 3-~r-lAXBNP) 

+ · [ (2*M..XSEL) + (2.,. 1XWNP)] + (2*MXCES , 2*M..XCNP) 

+ (5*M..'OIEL + 2*MXNNP) -+: (S*MXRSEL + 5*HXRSNP) 

+ (2*MXDNP). t (2.,,_·MAX:S:TI t MXNDTG) (106) 

The subscripts (maximum-control nui11b~;r~) .c)f the above 85 arrays should 

be specified in the BLOCK DATA in. the sot:rce program• ... One should always 

assign . correct- mirnbei:s .to . these· subsc'ri:pts. so that. the program can 

function properly .. If the program fails t:o function, ·tt is most likely 

. . . 

that either the arrays .mentioned a_\Jove are .not properly dimensioned or the 

numbers assigned in ·the BLOCK DATA -to these specification numbers of. the 

· ari:-ax_1, are not- correct,'. In· the. fol lowing, we will demonstrate .how ·to 

dimension the above 85 arrays in the. MAIN and how fo specify .the maximum.-. 

control numbers. in em· BLOCK DATA with an ex:-imp~e; 

:-·. . . .. ' ,. . .. 

Let us assume that a' region of interest _is discre_tized by 61 x 51 

nodes and 60 x 50 elements. In other words, we ace discretizing the 

region with Sl nodes ·,long the_ long1tudinal or x-direction, and _51 nodes 

along· the vert_ical -or z-direction. · Since we have a t·otal of_ 61 x 51 -. · 

3.111 nodes, the maxirin,un number. of nodes i.s MA,Y.NP =- 3111. · The· totai 

number of elements is 60 x 50 = 3,000, i.e_, !1AX1;;.l.. .. 3000_. For this simple 

di'scretization problem, the _maximwn connecting munber to any of. the 3,111 
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nodes in the· r"!gion of interest is 9, i.e .. JBAND - 9. There will be 60 

element-sides ~ach on the right and left sides and 50 element-sides each 

on the top and bottom sides of the region. Thus, there will be a tot.al of 

220 element-sides, i.e., MAXBEL - 220. Similarly, we can compute the 

boundary nodes to be 220, i.e., 11AX5NP - ·220. The half bandwidth plus 1 

i s P qua l. to 5 3 , i . e . , KAX"-=H=B.:..P---"5-=3..,_ With these maximum-control numbers 

~pecified, the arrays relateG to the global region, global bot.:ndary, and 

hydrologic variables can be dimensioned As: 

DIMENSION X('3111) ,Z(3lll) ,lE(3000,5) 
DIMENSION C(3lll, 53), LLN0DE(9, 3111) ,R(3111) ,Rl(3111) ,RL(3111) 
DIMENSION H(3111) ,HP(3111) ,Hw(3111) ,HT(3111) ,VX(3111) ,VZ(3111) 
DI!-!ENS ION NPCNV ( 3111) , TH (4, 3000) , DTH ( 4, 3000) 
DIMENSION AKX(4, 3000) ,AKZ(4, ](JOO) ,AKXZ(4, 3000) 
DJHENSJON DLB(220), DCOSXB(220), DCOSZB(220), ISB(4, 220), NBE(220) 
DIMENSION NPBB(220),BF'LX(220/,BFLXP(220) 

\Je will assume that there will be a maximum of 11 elements that have 

the. distributed sources/sinks, i. e:_., MXSEL - 11 and ·a maximum of 10 nodal 

points that""can be considered as well sources/sinks, i.e. KXWNP - 10. \.le 

will also assume. that there · wi 11 be three different distributed 

source/sink profiles and five distinguish point source/sink profiles. 

Then we will have MXSPR - 3 and MXWPR - 5. Let us further assume four 

data points are needed to describe t~~ distributed source/si~k profiles ag 

function of time and 8 data points are required to described point 

source/si~k profiles, i.e., MX~S=D=P~-~· 4~ an~ ~~~D-P ___ 8. With these 

assumptions, we can now dimension the arrays related to source/sink 

conditions: 

'·- .. --" 

.. 
'>., 
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DIMENSION SOS (3) , SOSF(4, 3), TSOSF(4, 3), ISTYP( 11), LES (11) 
DIMENSION WSS (5) , WSSF(S, 5) , TWSSF( l:l, 5), IWTYP(lO), NPW(lO) · 

To· specify arrays for. boundary conditions, •let us assume that the top 
. . 

. side is a. variable boundary,· i.e., on the air-soil interface either t_:he 

ponding or the. infiltration or the _evapotra_nspiration may take _place. On 

the left side, fluxes from the adjacent aquifer are known. On the ·right 

side, the total head is assumed .lsnown. On the bottom side, natural 

drainage is· assume·d to. occur, Le., the gradient of the pressure .head can 

be. assumed.zero. 

There ·are 51 nodes on the left face and SO-element-sides; thus t-'.XCNP. 

- s1·· and MXCEL .:, 50. It is further assumed that there two· different 

fluxes going into the region thro~gh the left face and each flux .. can be 

described· by four data· points. as fur.ct ion. o~ time,. i.e.; MXCPR - 2, and.·· 

MXCDP - 4. The Cauchy boundary condition arrays·can be dimensioned as: 

DIMENSION QCB(2) ,QCBF(4, 2), TQCBF(4 ,.2) .· 
DIMENSION NPCB(Sl),ICTYP(Sl), ISC(2,50) 

On ·the bottom side, the.I"e are 61 nfaides and 60 element sides.· . Since 

. . . ~ . 
the gradient of. _pressure h~ad on the· b•Jttom surface. is zero, there _! s only 

one Neumann flux pr_ofile _and _two. c.Jta points, .one at zero time and the 

other at infinite time, are suffic',ent to describe the constant value of 

zero. Hence, we have MXNNP ~ 61, .-MXNEL ... 60, MXNPR - J- ~ . and MXNQP 2. 
' 

and· theNewnann boundary condition EXrays can be dimensioned ·as: 

.,. 

\ 

., 
~ 
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DlMENSION QNB(l),QNBF(2,l),TQNBF(2,l) 
DIMENSION NPNB(61),INTYP(61); ISN(4,60) 

DlMENSTON Drn(60) ,DCOSXN(60) ,DC0SZN(60) ,MNES(60) 

On the top. side, there \-/ill be 61 nodes :rnd 60 element sides. Let us 

assume there are three difforent rainfall intensities that might be fall 

on the air-soil int·erface, and each rainfall intensity is a fu::iction of 

time and can bf• t'.(•sr:ribed bv i'!, rfau, pr;i.;i:..s. \.Jith these descriptions, we 

have :-!XRSNP = 6 l, ~\XP.SEL ·~ '.>0 ~l,~ii_)J_'R ___ 'J, and MXRPAR = 2t•; and the 

variable houndnry condition arrays can he specified as: 

DlMENSION RFALL(3),RF(24,3) ,TRF(24,3) 
DIXE~!SlON t•:PRS(6J.).IRFTYP(61), IS(ti.60) 
DI:-lENSICJN DL(60), fiCOSX(60), DCOSZ(60) .~;RSE(60) ,RSFLX(61) ,DCYFLX(61) 
DI'.-lr~~:s·;.JN HCON(Sl), FD:(61) ,ll'.HN(61) ,NPCON(61) ,NPFLX(61) ,NPMIN(61) 

On the ri 1;ht side. there are 51 nodes. Let us assume that each of 

these nodes have · the same values of the total head. We further assume 

that th:s total head can be describP.d by .4 data points as function of 

time. ',;e then have M.XDNP = 51, ,_,M:..:cX=D.,_P~R __ ..:1, and ""MX=D=D.:,..P--"---'-4; and the 

Dirichlet bounda~y condition arrays can be dimensioned as: 

DIMENSIQ~ HDR(l) ,HDBF(4,1) ,THDBF(4,l) 
DIMENSION IDIYP(Sl),NPDB(Sl) 

In t.his report, we have six material properties per material. iJe 

will asswne that the whole region of interest is composed of three 

different kinds of rnaceria1.s. The characteristic curves of each material 

are assumed to be desct·ibed by 57. data points. We then have MAXMAT - 3, 

W.W'l!'H§# 5\$ &51'dl@iC#t21ttl-P@i6hifitne&t¥ ·'iiki ffi * .. M 
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MXMPPM ·- · 6, and MXSPPM - 52; and th? material property arrays can be. 

. dimensioned as: 

DIMEN$ ION. PROP ( 6, 3) . 

DIMENSION THPROP(52,3),AKPROP(52,3),HPROP(52,3),CAPROP(52,3) 

, If we assume that we. will make a 5·00 time step s_imulati.on and we will· 

re-initiate -th_e change on the time step size tor· 20 · times during our 

s imulati_on, , then we. have ~!AX'.';Tl = 500 ,rn,J MXNDTC .. 20. 

as·surnpti.on, arr-ays rel.ated to time can be di.mensioned. as: 

DIMENSION KPR(500) ,KDSK(SO.O), TDTCH(20.) 

With this 

Corresponding to. the above dimension specif~cations ~ the following. 

data statements. must be made in BLOCK DATA to specify the_ maximum-control 

integers: 

DATA MAXEL,MAXNP,MAxBEL,MAXBNP,MAXHBP/3000,3111,220,220,53/ 
· DATA JBAND/9/ . 

DATA MAXNTI,MXNDTG/500,20/ 
DATA MXSEL,MXSPR,MXSDP,MJNNP,MXWPR,MXWDP/11,3,4,10,5;8/ 
DATA_MXGNP,MXGEL,MXGPR,MXCDP/51,50,2,4/ 
DATAMXNNP,MXNEL,MXNPR,MXNDP/61,60,1,2/ 
DATA MXRSEL,MXRSNP,MXRFPR,MXRPAR/60,61,3,24/ 
DATA MXDNP,MXDPR,MXDDP/51,1,4/ 
DATA.MAXMAT,MXSPPM,MXMPPM/3,52;6/ 

If we ·use· the_ point iteration method to_ solve the m_atrix equation in 
, , ' 

stead of the direct· band matrix. solver, we should· set MAXHBP equal to 

JBAND; 

. I ,· ..... , 
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5.2 Soil Function Specifications 

The revised FEliWATER . provides two options to handle the functional 

relationships of moisture content, water capacity, and relative hydraulic 

conductivity with the pressure head. One is the tabular input while the 

other is the analytic function spt:cification. If the former option is 

used, the user may ignore this sec~ion. If the latter is used, the user 

must supply three functions to compute the moisture content,: hydraulic 

conduc ti vi ty. a·nd· water capacity bn.sed on the current value of pressure 

head. The parameters needed to specify these functional forms are read 

and stored in AKPROP and THPROP arrays. One examp~e is shown in the 

subroutine SPROP between line SPRO 635 and SPRO 780 in Appendix A when KSP 

= 0. In thi~ .. example, the water content, water capacity, and relative 

hydraulic· condu.ct·ivity are given by (van Genuchten, · 1980): 

in which 

and 

6 - 6 
e - B + r 

s r 

[1 + (ah)n]rn 

dJ . . 
.,. a(n-1) [i- f(O)]m [f(O)] (0 - 0 ) 

dh s. r 

K r 
r(B-6 )/(0 .-0 )1

112 (1 - [1 - f(B)]ml
2 , 

· s · s r ' · 

f!6) - f(B -0 )/(6 - 0 )ll/m 
\ l :' S ·r • 

m - 1 - n 

where a, m, and n are,the parameters. 

(107) 

(108) 

(109) 

(110) 

(111) 

- .. 



c:, ·- _ .. ·· ,.,,. 
- ~):-

;· 

I.iii 

) 

·~ ""-, 

83 ORNL-5567/Rl 

To further demonstrate how ,,e should modify the subroutine SPROP in 

Appendix A to accommodate the material property functions that are 

different from those given by Eqs. (107) through (111), let us assume that 

the following Fermi types of functions are used to represent the 

unsaturated hydraulic properties (Yeh, 1987a): 

(112) 

(113) 

and 

(114) 

where Bs, Br,~. and ho are the parameters for computing the water content 

and wat~r. capacity; and {3, €, and bk-are the parameters for computing the 

relative hydraulic conductivity. Lines between SPRO 635 and SPRO 780 in 

the subroutine SPROP in Appendix A may be changed, for this example, to: 

C 

"\.lCR-THPROP(l ,MTYP) 
WCS-TJlPROP(2,MTYP) 
ALPHA-THPROP(3,MTYP) 
HTHETA-THPROP(4,MTYP) 
EPS=AKPROP(l,MTYP) 
BETA-AKFROP(2,MTYP) 
HSUBK-AKPROP(3 ,MTYP) 
DO 800 KG-1,NQ 

C ------- SATURATED CONDITION 
C 

IF(HNP.GT.0.0) GO TO 700 
TH(KG,M)-WCS 
DTH(KG ,M)-0 .. ODO 
AKX(KG,M)-SATKX 
AKZ(KG,M)-SATKZ 
AKXZ(KG,M)-SATKZ 
GO TO 800 

/ 
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·c 
C - - - - - - .UNSATURATED. CASE 
C 

84 

700 EXPAH-DEXP(-ALPHA*(HNP-HTHETA)) 
. TH(KG, M)-WCR+(WCS-WCR) /(LODO+EXPAH). 

C· 

DTH(KG ,M)-ALPHA* (iJCS -WCR)*EXPAH/ ( 1. ODO-+ EXPAH)*-,,,.2 
AKRLOG-EPS/( l. 0D0+DEXP( -BETA*(HNP-HSUBK))) · - EPS 

. RK-10.0DO**AKRLOG 
AKX(KG,~)-RK*SATKX 
AKZ(KG,M)--RK*SATKZ 
AKXZ(KG,M)-RK*SATKXZ 

5.3. Data Input Guide 

The input format for each data card is specified in the following. 

The number under the ru'!.e is the last column of the field. In general, an 

integer has a field of 5 and .should be right~justified. On the other 

hand, a real number has a field of 10 and can be placed anywhere within 

the field if F-specificatiop is used. If E- or D- format is used, then 

the exponential should be right-justified. 

1. TITLE. 
-><:.;.,.,.'\, one card per proble.m: ,~ 

.o-,. · FORMAT( IS, 9A8, 311) ·· 

·, 
I -., 

NPROB TITLE .IMOD IBUG ICHNG 

5 77 78 79 80 

NPROB - Problem number. 

TITLE Array (or the title of the problem: It 
may contain up to 72 characters from 
column 6 to column -7-7. 

::,,,_! 
-~ ·-..·-~ .... 
-;: " . .,,. 
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!MOD~ Integer indicating if the simulation is 
to be made, 0 = no, 1 - yes 

!BUG - Integer indicating if _the_ diagnosti~ 
output is desired? 0-- No, _1-·Yes. · 

ORNL-5567/Rl 

ICl!NG = Integer control nwnber indicating if the cyclic 
chanie of rainfall-seepage nodes is to be printed, 
-0, no - 1, yes: · 

2. BASIC INTEGER PARAMETERS 
Two cards per problem. 

Card 1 - FORMAT(16IS) 

NNP NEL Nl'.AT 

s 10 15 

NMPPM KSTR KCP 

45 so 55 

NNP = Number of 

NEL = Number of 

- NMAT - Number of 

NCM.= Number of 

NCM. NTI KSS 

20 25 30 

KGR/1.V NSTRT NITER 

60 65 70 

nodal points. 

elements. 

material types. 

elements with mabfrial 
correction; 

KSP NSPPM 

35 40 

NCYL NDTCHG 

75 80 

property 

-NT.I Number of_ time steps or .time increments. 

KSS - Steady·_ state control, 
0 steady state solution desired, 
1 = transient state or transient solutions . 

KSP = Soil property input control, 
0 analytical input, 

. 1 - Tab,1lar data input. 

NSPPM - Number of points ir.: tabular soil property functions 
or number of parameters to specify analytical soil 
functions per material. 

,· 
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KSTR Auxiliary storage 01.1:tput·control; .. 
'(j-;.. no storage, 

'. ·l .;;, .output' stored in Logical Unit J. 
',.·, . ·.• , . -· ·- ·,, ,°' 

'· ' : ·: 

KCP ~ Permeab iliuty input. 9ontrol; 
. 0 ~. input .saturated hydraulic conductivity, · 
. t ... , inpu·t saturated' permeability. .. . 
' . . ~ .. ' ~ . . . . ' ' . . ' 

. KGRAV G:~a~ity :~eim c~ntrol ;_ .· 
. 0 - no gravity. form, 

, . 1 -:- with gravity term.' 

NSTRT Number of logical records .to be read via. 
auxiliary storage ~evice for restarting 
calculation, 0 - no· restart .. 

NITER Number of iteratior,s allowed for solving 
the non-linear equation. 

NCYL - No. of cycles permitted for iterating rainfall
. seepage boundary conditions p,er time.step. 

NDTCHG No. of times' t.o reset time step size to initial 
time step s_ize. 

NOTE: NTI can be. computed by NT.I Il + l + 12 + l, ·. 
where Il largest integer not exceeding . 

Log(DELMAX/DELT)/Log(l+CHNG), 
. 12 • largest integer not exceeding 

(RTIME~DELT*( (l+CHNG)**(Ii+l)-1)/CHNG)/DEL,,,..AX, 
... ,.~TIME Real simulation_ time, · . · 

DElMAX,DELT,andCHNGere ·deffoed·fo Data Set.3. 

Card 2. - FORMAT(l6I5) ·. 

ItUMP IMID )PNTS . NPITER. IVML 

5 10 : 15 20 25 

I LUMP Is. mass lumping? 0 no, l yes. 
. . 

!MID• Is-mid-difference? 0 no, i - yes. 

_IPNTS !s pointwise iterative. method used? 
0 - No~, 1 • Ye~.: 

· .. 80. · 

NPITER - No. of iterations for pointwise · solution .. 

. .. 
. , . 
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IVML - Is velocity-solving matrix to be lumped? 
~ - No, 1 ~ yes. 

3. BASIC REAL PARAMETERS 
Two cards per problem. Use of an E~, D-, .or. another F-type field. 
specification in the input.card overrides ariy of the D10.3 field. 

Card 1 - FORMAT(8D10.3). 

DELT 

10 

CHNG DElliAX TMAX FE TOu\ TOLB RHO 

20 30 40 so 70 80 

DELT Initial time step size, (T). 

CHNG .Percentage of change in t·ime step size in 
each of the subsequent time.increment, 
(dimensionless in- ~-~cima.1 point). -· 

DEUtAX -. Maximum value of DELT, . (T). 

FE - Angle _between coordinate axes and the 
horizontal-vertical axes, (degree) 

TMAX - Maximum simulation time, (T). · 

TOLA - Steady-state convergence criteria, (L) _.. 

TOLB - .Transient-state coti~~rgence criteria, .(L). 

RHO -.;_· Density of wa~er, (M/L**3), 

Card.2 - FORMAT(SDl0.3). 

GRAV .VISC w OME OMI CYLIND 

10 20 30 40 50 60 

GRAV - Acceleration of gravity, _ (L/T*.,,.2). 
. . . 

VISC - Dynamic viscosity of water, (M/L/T). 
,. ' ' .. 

W.- Time derivative weigh\;ing factor; 

80 

0 ,.5 - Crank-Nicolson central and/or Mid- difference, 
1;0 - backward difference. 

,, 

! 
! 
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OHE - Iteration paiameter [bi solving the nonlinear 
.matrix equation; 

· · O:O _1.0 ~ under-r~laxation, 
1.0 i:O - e~ac~ rel~xation, 
1.0 2.0 over-relaxatio~; 

OMI ~ Relaxation parameter for solving the _-linearized 
matrix ~quation pointwise~· 
0.0 - 1.0 - under .rel~xatio~; 
1.0 - 1.0 - exact rela~ition, 

· 1.0: 2.0 over relaxatton. 

Cylinder coordinate? 0.0 - no, LO - yes. 

- .,·~ ___ / __ _ 

. .. - . 

4., PRINTER AND DISK STORE CONTROL AND THIES FOR .STEP SIZE RESETTING 
7he number of· card-;_ here depends -on the number· of time increr.ients. 
NT-I and the times of resetting step si.ze NDTCHG. The number of 
of cards 1s [(NTI/80+1)*2 + (NDTCHG/8+l)J. - (NTI/80+1) cards 
for ~ri~ter output control, (NTI/80+1) cards for stDrage contrDl, 
and (NDTCHG/8+1) ca·rcts for time-step-size resetting. 

Card 1. to Card [ (NTI/80+1)] - FORMAT(80Il) 

KPRO · KPR(l) KPR{2) KPR(l) KPR(NTI) 

1 2 3 80. 

KPRO - Piint~r c~nt:r~l for steady state and 
initial conditions; 
0 print nothint, 
1 - l)rint FLOW, FRATE, and TFLOW, · ·· 
2·-_print above· (1) plus pressure head·H, 
3 - print above (2) p~us Darcy_ve1ocity, 

· KPR(I) - P~inter con~r61 for J-th time step similar 
to.KPRO. 

Ca, . .-d.[(~TI/80+1)+1) to Caid·[(NTI/80+1)*2)_ FORMAT(BOil)' 

KDSKO KDSK(l) KDSK(2) 

l 2· 3 

·' ~,/ . ,. 
_,,,,// ·. /' 

. .,,. .... 

KDSK( I)_· KDSK(NTI) · 

,,,-, .. 

80 
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KDSKO - Auxiliary storagg·control for stjady.state 
_and initial conditio~; 
0 - no storage,· 
1 - . store on Logical Uni.t l. 

KDSK(I) - Auxiliary storage control for I-th time ste::i 
similar to KDSKO. 

Card [ (NTI/80+1)*2 + l] tq card ( (NTI/80+1)*2 + (NDTCHG/8+1) j 

FORMAT(8D10.3). 

TDTCH(l) TDTCH(2) 'i'DTCH(l) TDTCH(NDTCHG) 

10 20 80 

TDTCH(I) - Time when I-th step-size-resetting is needed.· 

5: ~TER!AL' PROPERTIES 
A total of NMAT cards are required for:this data se~ . 

. FORJ1AT ( 8Dl0. 3) 

PROP(l,l) PROP(2,l) PROP(6,1) 

10 20 60 80 

. PROP(l, I) PROP(2,I) PROP(6,I) 

. ------------------------
10 ,· 20. 60 80 

PROP(l,NMAT) PROP(2,NMAT) PROP(3,NMAT) 

10 20 60 8,0 

' ' 
l'ROP(l,I).:. ModifJed coeffici:ent of compres-

sib_ility of th_e medium I; (1/L). 

' /. -----
J . 
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PROP(2,I) - Modified coefficient of compres
sibility of water in medium I, (1/L). 

PROP(3, I) Effective porosity of medium I, 
(dimensionless in decimal point). 

PROP(4,I) - xx-ccmponent of the saturated 
hydraulic conducti_vl.ty tensor, (L/T) 
or satuuited permeability, (L**2). 

PROP(S,I) - zz-component of the saturated 
hydraulic conductivity tensor, (L/T) 

or saturated permeability, (L**2). 

PR.OP(6,I) - xz-component of the saturated 
hydraulic conductivity tensor, (L/T) 
o~ saturated permeability, (L**2). 

6A. ANALYTICAL SOIL PARAMETERS 
These cards are input if and only if KSP - 0. Two sets of cards 
per material -- one for moisture-content parameters and the other 
for conductivity (permeability) parameters. The number of cards 
per set is determined by the number of_parameters used to specify 
the soil properties per material, NSPPM, and by the number of 
materials, NMAT: 

FORMAT(8D10.3) 

THPROP(l,l) THPROP(2,l) ... THPROP(NSPPM,1) 

10 20 80 

TH PROP ( 1, NMAT) TH PROP ( 2, NMAT) THPROP(NSPPM, NMAT) 

10 20 80 

.~PROP(l, 1) AKPROP(2, 1) ... AK.PROP(NSPPH, 1) 

10 20 80 

. ---- ;. 
.............. 

·--~~ ... 
1 . _,.. _ _...-- - '· 
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.<KPROP ( 1, NMAT) AKPftGP ( 2. (;MAT) AKPROP(~SPPM,NMAT) 

10 :w 80 

·.THPRQP(J,I) ·~ Arialytir..al moisture-content pa:rameter-J 
of ma~eriaL I. 

AKPROP(J, I) Analytical relit{ve conducilvity parameter· 
J of ma_terial I. 

6B .- SOIL PROPERTIES rn· TABULAR _FOR."! 
These ·car:ls are· input if and only if KSP. _'NE. 0. Four sets of 
cards per material _; one each for pressure; water-cdntent, 
relative conductivity (or relative permeability); and ~ater 
capacity, respectively. The nwnber of cards' per set· is determined 
by the_ input parameters, t-:SP?M and NM,.A.T: • 

F6RMAT(8Dl0.3) 

HPROP(l,l) _HPROP(2,l) HPROP(NSPPM,l) 

10 20 80 

HPROP(l,NMAT) HPROP(2,NMAT) HPROP(NSPPM,NMAT)· 

80 

THPROP(l,l) THPR0P(2,1) THPROP(NSPPM,l) 

10 20 80 ' 

THPROP(l,NMAT) THPROP(2,NMAT) THPROP(NSPPM,NMAT) 

10 20 80. 

AKPROP(l, 1) . . AKPROP(2., 1) ... AKPROP(NSPPM, 1) 

10 20 80 

~·- • ... 
-,,_ 
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AKPROP_SI .NMt\';") .-\K!'ROP,.2.,;~/\T) ... ,\KPROPClSPPM,NMAT) ... 

·1 C; '.W 80 

lAl-'ii.OP; l. l) CAPP.0:'(2. .1.) CAPROP(NSPPM, NMAT) 

10 70 80 

CA PROP( 1, ~;'.-fAT) C:Al'P.O? 1.:., t:~iAT) CA PROP (llSPPM, NMAT) 

10 20 

~PROP(J,K) - Tabular values of pressure head of J-th 
point for r.iaterial K, (L). 

THFROP(J .r~) = Tak1lar value•s of moisture-content of 
J-th po:nt for material K, (L*"-<·3/L**3). 

80 

AKPROP(.J, K) = Tahu1 ,,r values of relative conductivity 
(or r~lative permeabiliry) of J-th point 
for material K, (Decimal point). 

CAPROP(J,K) - Tabular values of specific moisture-content 
capacity of J-th point for material J, (1/L). 

7. NODAL POINT COORDINATE 
Usually a total of 2*NNP cards ar~ required, NNP cards for the x
cotirdinate and NN~ cards for the z-coordinate. Ho~ever, if a group 
of subsequerit hades appear in regular pattern, automatic generation 
-:an be made·. 

(a) Cards for x-Coordinate 

FORMAT ( 3 I 5, SX, 4D10. 3) 

NI NSEQ xm XAD XRD. 

5 10 15 20 30 40 50 80 

NI - No~J number of the first node in the 

:.r 
I 

----__,. ~- . ·t 
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sequence. 

NSEQ subsequent nodes will be automatically 
. generated. 

NAD - Increment•o'f node number for each of the 
NSEQ subsequent nodes. 

XNI = x·- coordinate of node NI, (L) . 

XAD - Increment of x-coordinate for each of the 
NSEQ subsequent nodes, (L). 

XRD =. Percentage of the increase of the increment 
over its preceding increment, (Decimal point}; 
If XRD .EQ. 0, all in~rements XAD's are the same. 
If XRD .GT. 0, the first increment is XAD*(l+XRD), 
the second increment is XAD*(l+XRD)**2, the third 
increment is XAD*(l+XRD)**3, and so on. 

**** NOTE: A blank card must be used to signal the 
end of this data set. 

(b) Cards for z-Coordina~e 

FORMAT(3IS,5Y.,4D10.3) 

NI 

,,,,_,. 5 

NSEQ NAD ZNI ZAD ZRD 

10 15 20 30 · 40 50 

NI= Node number of the first node in the 
sequence._ 

NSEQ.:, NSEQ subsequent nodes will be automatically 
generated. 

- NAD Increment of node number for each of the 
NSEQ subsequent nodes. 

ZNI z-coordinate of node NI, (L). 

ZAD Increment ·of z-coordinate for each of the 
NSEQ subsequent nodes, ()). 

ZRD = Percentage of the increase of.the increment 
over its, preceding increment,_ (Decimal point); 

80 

If ZRD .EQ. 0, all increments ZAD's are the same. 
If ZRD .GT. ·o, the first increment is ZAD*(l+ZRD), 
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the second increment. is ZAD*(l+ZRD)**2, the third 
increment is ZAD*(l+ZRD)**3, and so on. 

**** NOTE: A blank card must be used to signal the end of 
this subdata set. 

8. ELEMENT INCTl)ENCES 
Usually a tot:al of li[L cards are nc.eded. However, if a group 
of elements appeai.: in rC'g::lar pattern, automatic generation is 
made by filling the gap bet....-een element numbers. 

FORMAT(l615) 

MI IE(Ml,1) IE(Ml,2) IE(M1 ,5) MODL NU\.Y 

5 10 15 30 35 40 80 

MI= Global elemen:: number. 

IE(M.I,l) - Global node number of the first node of 
element Ml. 

IE(MI ,2) = Global node number of the second node of 
element MI. 

E(MI,3) - Global node numb(;r of the third node of. 
element MI. 

IE(!H,4) -Global node.number of the fourth node of 
element MI. 

1E(HI,5) - Material tn:e to be applied to element MI. 

MODI. - Number of elements in the direction of most 
rapidly numbered nodes. 

NU\.Y - Number of elements in the direction of least 
rapidly numbered nodes. 

IE(MI, 1) IE(MI ,4) are numbered beginning with the lower left corner 
and progressing around the element in a counterclockwise dire.:tion. 
For a rectaneular block of elements, it is only necessary to specify 
the first element, the width MODL and the lengtl~ NU\.Y, · where MODI. and 
:;LAY are measured in elements. Figure 9 provides an example. 
The object is considered to be rectangular since it has 
width MODL - 3 on two opp0site ~ides and length NLAY - 5 on the 
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other two opposite sides. To generate definitions of elements 2 
through 15 automatically, including both ~he incidence and material 
type, only one card is necessary: 

1 l 5 6 2 .1 3 5 

5 10 15 20 25 30 35 40 80 

Although all clements of this example will be assumed to contain the 
same material type, MTYP - 1, this situation can easily be changed by 
using material-correction facility . 

ORNL- DWG 81-3 924 ESD 

24 

MODL 

t 4 
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0 

© ® 
G 10 

5 0 9 
0 

~ NL.,~:v 

ng. 9 Numbering of element incidences 
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9. MATERIAL TYPE CORRECTION 
This data. set is required only if NCM > 0. Normally, 
are required. However, i~ a group of elements appear 
pattacn, automatic generation may be made. 

NCM cards 
in regular 

F0RMAT(l+I5) 

MI . NSEQ MAD MlTYP MTYPAD 

5 10 15 20 25 80 

Ml - Global element number of the first element 
in the sequence. 

NSEQ - NSEQ subsequent elements will be generated 
automatically. 

MAD - Increment of element number for each of 
·the NSEQ subsequent elements. 

MITYP - Type of material correction for element MI. 

MTYPAD ·- In.crement of the type of material correction 
for each of the NSEQ subsequent elements. 

**** NOTE: A blank card must be used to signal the end 
of this data set; 

10. CARD INPUT FOR INITIAL OR PRE- INITIAL CONDITIONS 
NNP cards~ one card for each node, are need~d .. However, if a 
group of nodes appear in regular pattern, auto~generation is made. 

FORMAT(3I5,5X,4D10.3) 

NI NSEQ NAD HNI HAD 

5 lC 15 20 30 40 80 

NI Global node number of the first node in 
the sequence. 

NSEQ - NSEQ subsequent nodes will be generated 
automatically. 

NAD - Increment of node number for each of 
the NSEQ nodes. 

--. 

-~-
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HNI - Initial or pre-initial pr~ssure head of 
node NI, (L). 

HAD - Increment of initial or pre-initial 
head for each of the NSEQ nodes, (IJ. 

**** NOTE: A bl.:-nk· card must be uc;ed to signal the 
end of this data set. 

NOTE ON INITIAL CO~WITIONS AND- RESTARTING: The initial condition for a 
transient calculation may be obtained in three different way•: from 
card input, ~uxilia~y storage input, or st~ady-state calculation using 
a time-invariant boundary conditions that are different from· those 
for transient cbmputation. In the latter case a card input of the pre
initial conditions is required. as the zeroth order iterate of ·the s::eady 
state solution. Auxiliary storage input is necessary wheneve~ the re
starting facility is being used. That is, pressure distribution for NSTRT 
different times have been generated and written on disk or magnetic tape. 
If NSTRT > 0, these distribution wi11 be read from Logical Unit 2, and 
NSTRT-th distribution will be used as the initial condition for current 
calculation. If KSTR is bCeater than zero, the pressure values will be 
written on a different device as they are read out so that a complete 
record of the calcul3tions may be kept on one device, Logical Unit 1. If 
either the first (card input) or the last (steady-state) options are 
desired, then NSTRT - 0. 

NOTE ON AUXILIARY STORAGE UNITS: Logical Unit 1 is used to st~re output 
if KSTR > 0, and Logical Unit 2 is used for input NSTRT > 0. Proper 
identification of these two units must be made in the JCL if either. of 
the~e two options i_s used. 

NOTE ON STEADY STATE INPUT: Steady state option may be used to provide 
either the final state of a system under study or the initial conditions 
for a transient state calculation. In former case KSS - 0 and NTI - 0, 
and in the l1tter case KSS = 0 and NTI > 0. If KSS > 0, there will be 
no steady s~ate calculation. 
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11. INTEGER PARAMETERS FOR TRANSIENT SOURCE and BOUNDARY CONDITIONS 
Two cards per problem are ·required. 

FOR.MAT (1615) 

NSEL NSPR NSD-P NRSE:L NRSN NRFPR NRFAR 

5 10 15 20 2 ') 30 35 

NDPR NDDP NCEL NCPR NCDE' NNNP 

'C 
4.> 50 55 60 65 

NNPR. NNDP N\.'NP tr.IPR NwDP 

5 10 15 LO 25 

NSEL m No. of source/sink elements. 

'NSPR = No. of source/sink profiles· 

NSDP No. of~, ta points in each of the NSPR 
source,'.:c;i!1k profiles 

NRSEL = No. of rainfall-seepage element sides. 

NRSN = No. of rainfall-seepage nodes. 

NRFPR - No. of rainfall profiles,. 

NDNP 

40 

NNEL 

80 

80 

NRPAR = No. of rainfall.parameters (data_poiuts) in 
each of th(, NRFPR rainfall profile;;. 

NDNP - No. of Dirichlet nodal points, should b~ .GE. 1. 

NDPR - No, of total Dirichlet-head profiles, ~hould be .GE. 1. 

NDDP - No. of data points in each of the 1:;.,dP 
total Dirichlet-head profiles, should be .GE. 1. 

NCN? - No. of Cauchy nodal points. 

NCEL - No. of Cauchy.boL:ndary element sides. 

NCPR - No. of Cauchy-flux profiles. 

NCDP No. of data points in each of the NCPR 
Cauchy-flux profiles. 

l 
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NNNP No. of Neuamnn nodal points. 

NNEL - No. of Neumann boundary element sides. 

NNPR No. of Neuma~n tlux profiles. 

NNDP - No. of data points in each of the NNPR 
Neumann-flux profiles. 

'.I 
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N1JNP - No. of well or point source/sink nodal point:s. 

N1JPR - No. of well or point source/sink strength profiles. 

NWDP - No. of data points in each of the NiJPR profiles. 

12. DISTRIBUTED AND POINT SOURCES/SINKS 
Two groups of cards are needed: one group for distributed source/sink 
and.the other for well (point source/sink). 

·(1) Distributed Source/Sink: This group of data is needed if and 
only if NSEL .GT. 0. 

(a) Sources/sinks Profiles - Number of cards depends 

I 

!'- ... / , ........ 

on NSPR and NSDP. This sub-data set is read in NSPR-wisely. 
Each card contains four data points. 

FORMAT(8D10.3). 

First profile 

TSOSF(l,l) SOSF(l,1) 

10 20 

TSOSF(NSDP,l) 

Second profile 

TSOSF(l,2) SOSF(l,2) 

10 20 

I 

! 

TSOSF(2,l) SOSF(2,1) 

30 40 60 

SOSF(NSDP,l) 

80 

TSOSF(2,2) SOSF(2,2) 

30 40 80 

I / 
i 

--------
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TSOSF(NSDP, 2) · SOSF(NSDP ,.2) 

80 

I - th profile 

TSOSF(l,I). SOSF(l,I} TSOSF(2,l) SOSF(2,I) 

10 20 30 40 80 

TSOSF(NSDP,I) SOSF(NSDP,I) 

80 · 

NSPR-th profile 

TSOSF(l,NSPR), SOSF(l,NSPR) TSOSF(2,NSPR) sosi(2,NSPR) 

10 20 30 40 80 

TSOSF(NSDP,NSPR) SOSF(NSJ?l:',NSPR) 

TSOSF(J,l) - Time of J-th data point in I-th 
profile, (T) . · 

SOSF(J,I) - Solirce/sink value of J-th data_point 
in I-th profile, (L**3/T/L**2/L). 

80 

(b) . Global. Element Number of All Compressed Distributed .Source/Sir{k 
Elements - The number of cards require.d in this subdata set· 
depends on-NSEL. - Each card contains 16 elements. 

FORMAT(l6IS) 

MSEL(l) MSEL(2) MSEL(3) 

i 

" 

5 10 15 

MSEL(I) MSEL(NSEL) 

80 

. , 
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MSEL(I) - Global element number of I-th compressed 
distributed source/sink element. 

(c) Source Type in Each Element - Usually one card per 
element. However, automatic generation can be made. 

FORMAT(SIS) 

MI 

5 

NSEQ MAD MITYP MTYPAD 

10 15 20 25 

MI - Global element number of the first 
element in the sequence. 

NSEQ - NSEQ elements will contain the source 
types that will be automatically 
generated. 

MAD - Inc:~ernent of element nwnoer for each 
of l~e NSEQ elements. 

MITYP - Source type in element MI. 

MTYPAD - Increment ~f the source type for each 
of the NSEQ subsequent elements. 

80 

**** NOTE: A blank card must be used to signal the end 
of this data set.,,. 

(2) Well (Point) Source/sink: This group of data is needed if and 
only if •n.JNP . GT. 0 . 

(a) Well or point Source/sink Profiles - Number of cards depends 
on NWPR and NWDP. This sub-data set is read in similar to 
Data Set 12 (l)(a). 

FORMAT(8D10.3) 

First Profile 

TWSSF(l,l) WSSF(l,l) TWSSF(2,l) WSSF(2,l) 

10 20 30 40 80 
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/ 

--- TWSSF(NWDP,l) WSSF(NWDP,l) 

80 

/ 
\ Second Profile 
' 

TWSSF(l,2) WSSF(l,2) TWSSF(2,2) WSSF(2,2) 

10 20 30 40 80 

-;· 

t-,.,, - - - TWSSF(NWDP,2) WSSF(NWDP,2) 

80 

I-th Profile 

TWSSF(l,I) WSSF(l,I) TWSSF(2,I) WSSF(2,I) 

10 20 30 40 80 

TWSSF(NWDP;I) WSSF(NWDP,I' 

80 

NWPR- th Profile 

TWSSF(l,NWPR) WSSF(l,t JPr) TWSSF(2,NWPR) WSSF(2,NTJPR) 

10 20 30 40 80 

--- TWSSF(NWDP,NWPR) WSSF(l't'w'DP,NWPR) 

80 

---~ .. _ _..;,.-.~----· ...... _ 

- ..... \~· 

/ '· ;,- . .-·· 

,· >·/· \.. . .> . 
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TilSSF(J,I)-Time ofJ~th data·point in I-th well· 
· or point source/sink profile, (T)., 

WSSF(J:,I) '."" Strength of point source/sink of J-th 
data point in _I-th p~ofile, (L**3/T/L); 

(b) Global Nodal Number of Compressed WeH Source/sink Nodes -
.The number of rards required in this subdata set depends on 
N\.fNP. Each card contains 16 nodes_. 

FORMAT(l6IS) 

NPW(l). NPW(2) NPW(3) _NPW(I) NPW(NWNP) 

5 10 · 15 

• NPW(I) Global node number of I'-th compressed 
well.source/sink node. 

80 

(c) ·types of We1.l Source/sink Nodes - 'Normally one card per well 
._ node is ne_eded·, i.e. a _total of NWN-P cards. However, if the 

well nodes appe~r in regular pattern, automatic generation 
may:be made. 

FORMAT(5I5) 

'· . I 

/:. 

Ni NSEQ NIAD NITYP NITYPA 

5 10 15 20 .. 25 80 

. NI = Compresse·d well node number. of the first noce in 
a _sequence. 

NSEQ ... NSEQ sc1bs~quent well nodes ,.;,ill be generated 
automatically. 

NIAD. = Increment of compressed well node number for·. 
eacn of the NSEQ subsequent nodes. 

NITYP - Type of well/sink source profile assigned to· 
node. NI. 

NITYPA - Increment.of·NITYP-for each of the NSEQ 
subsequent nodes_: 

**** NOTE: A blank card must be used to signal the_end of 
this sub-data set. 

-· . 
,/' 
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13. RAINFALL/EVAPORATION-SEEPAGE (RES) BOUNDARY CONDITIONS 
Six groups of cards are required for this data set if and only 
if NRSEL .GT. 0. The first group is used to specify the rainfall/ 
evaporationprofile, the second group is used to read-in the global 
nodal numbers of all NRSN RES nodes, the third group is used to assign 
the type of rainfall/evaporation profi.le to each of the NRSN RES 
nodes, the fourth group is used to read-in the ponding depth for each 
of the NRSN RES nodes, the fifth group is used to read-in the allowed 
m1n1mum pressure for each of the NRSN RES nodes, and the sixth group 
is us~d to specify the NRSEL RES boundary element sides. 

(a) Rainfall/Potential Evaporation Profiles This subdata set is 
read in similar to t:hat of 12 (l)(a). 

FORMAT(8Dl0.3) 
First profile 

TRF(l,l) RF(l, 1) TRF(2,l) RF(2,l) 

10 20 30 40 80 

TRF(NRPAR,l) RF(NRPAR,l) 

80 

Second profile 

TRF(l, 2) RF(l,2) TRF(2,2) RF(2,2) 

10 20 -30 40 80 

TRF(NRPAR,2) RF(NRPAR,2) 

80 

I - th profile 

TRF(l, I) RF(l,I) TRF(2;I) RF(2, I) 

10 20 30 40 80 

..... ":., I -. / 
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TRF(NRPAR,I) RF(NRPAR, I) 

80 

NRFPR-th profile 

TRF(l,NRFPR) RF(l,NRFPR) TRF(2,NRFPR) RF(2,NRFPR) 

10 20 30 40 80 

... TRF(NRPAR,NRFPR) RF(NRPAR,NRFPR) 

80 

TRF(J,I) - Time of the J-th data point on I-th 
rainfall/evaporation-vs-time profile, (T). 

RF(J,I) - Rainfall/evaporation rate of the J-th data point 
on I-th profile, (L/T). For rainfall input 
positive value, for potential evaporation, input 
negative value. 

(b) Global nodal number of all rainfall/evaporation-seepage (RES) 
nodes - This subdata set is read in similar to that in 12 (l)(b). 

FORMAT(SI5) 

NI NSEQ NIAD NODE NODEAD 

5 10 15 20 25 80 

NI= Compressed RES nodal number 
of the first node in a sequence. 

NSEQ ~ NSEQ subsequent RES nodes 
will be generated automatically. 

NIAD ~ Increment of the compressed RES nodal number for 
each of the NSEQ subsequent nodes. 

NODE= Global nodal number of·the node NI, 

, 
L 
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/ 

NODEAD - Increment of the global nodal number for 
each of the NSEQ subsequent nodes. 

**** NOTE: A blank card must used used to signal the end 
of this subdata set. 

(c) Rainfall/evaporation type assigned to each of all RES nodes -
This subdata set is read in similar to that in 12(l)(c). 

FORMAT(515) 

NI NSEQ NIAD NITYP NTYPAD 

10 15 20 25 .5 

NI Compressed RES nodal number of 
the first node in a sequence. 

NSEQ - NSEQ subsequent nodes will- be generated 
automatically. 

80 

NIAD = Increment of the compressed RES nodal number 
for each of the NSEQ subsequent nodes. 

NITYP = Type of rainfall/evaporation profile assigned 
to node NI. 

NTYPAD - Increment of the type of rainfall/evaporation 
profile for each of the NSEQ subsequent nodes. 

**** NOTE: A blank card must be used to. signal the end 
of this subdata set. 

(d) Ponding depth - Normally, NRSN cards are needed, one for each 
of the NRSN RES nodes. However, if a group of nodes has a 
regular pattern of ponding depth, ·automati_c generation is made. 

FOR..'1AT(3I5,5X,2D10.3) 

NI 

5 

NI 

NSEQ 

NSEQ NIAD HCONNI HCONAD 

10 15 20 30 40 

Compressed RES nodal nu,~bcr of.the 

first node in a sequence. 

NSEQ subsequent nodes will be generated 

I .. ---· .. ·-- . .,-

80 

\ 
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automatically. 

NIAD ~ Increment of the compressed RES nodal number 
for each of the NSEQ subsequent nodes. 

HCONNI = Ponding depth of node NI, (L). 

HCONAD - Increment of ponding depth for each of the 
NSEQ subsequent nodes, (L). 

**** NOTE: A blank card must be used to signal the 
end of. this subdata set. 

(e) Minimum pressure head allowed in each RES nodes - This subdata 
set is read-in similar to the above subdata set. 

(f) 

FORMAT(3IS,SX,2D10.3) 

NI 

5 

NSEQ NIAD HMINNI HMINAD 

10 15 20 30 40 80 

NI~ Compressed RES nodal number of the first node 
in a sequence. 

NSEQ - NSEQ subsequent nodes will be generated 
automatically. 

NIAD - Increment of the compressed RES nodal number 
for each of the NSEQ subsequent nodes. 

HMINNI 

HMINAD 

Minimum pressure head of·node NI, (L). 

Increment of minimum. pressure head for each of 
the NSEQ subsequent nodes, (L). 

**** NOTE: A blank card must be used to signal the 
end of this subdata set. 

Specification of Rainfall/Evaporation-Seepage (RES) Sides -
Normally, NRSEL cards are required, one each for a rainfall/ 
evaporation-seepage boundary element side. However, if a group 
of rainfall/~vapci~~tion-seepage element sides appears in a 
regular pattern, automatic generation may be made. 
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FORMAT(l6IS) 

MI NSEQ M lSl IS2 MI~D MAD ISlAD IS2AD 

5 10 15 ·20 25 36 35 40 45 80. 

MI - ComprP.:Ssed RES element· iide numbel of the first 
element si:dc in a .sequence. 

. NSEQ - NSEQ subsequent RES eleme11t sides will he 
generated automatically._ 

M = Global element nwnber .to which Ml-th element-side. 
belong to. 

ISl - Compressed RES n'odal number of· the ,first· node 
of element ~ide MI. 

-:rsi - Compress(•d RES nodal numbe_r · of_ ,the second. node 
of e1Pment side MI. 

MIAD - T:icrc:men·t of MI for each of the NSEQ subsequent 
fES element. sides. 

. MAD -· Increment of M for each. of the, NSEQ subsequent 
RES element sides. 

ISlAD- Increment of ISl for each of the NSEQ subsequent 
Rts element sidP~. 

·~
0 -1S2AD .c- Increment .of IS2 for each .. :of the NSEQ subsequent. 

RES element'sides. 

**** NOTE: A Llank card must be used .to signal the end 
of.- this subdata s~t.. r:)~ · 

14. DIRICHLET BOUNDARY CONDITIONS 
Thisdata_set is required if NDNP > 0. 

(a)- DLrichlet-head Profiles - This sub'-data set -is read in similar 
t:o that in sub-data s_et 12(l)(a). 

FORMAT(8D10. 3) 
First pr•file 

THDBF(l,1> 

10 

IIDBF(l,l) HDBF(2,l) 

20 30 

HDBF(2,1.) 

40 80 

l ,, 
'\ 
.'\ 

\ 
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THDBF(NDDP,l) HDBF(NDDP,l) 

80 

Second profile 

THDBF(l,2) HDBF(l,2) THDBF(2,2) HDBF(2,2) 

10 20 30 40 80 
\ 
\ 

00' 
THDBF(NDDP,2) HDBF(NDDP,2) 

f',-.,: 
80 

tn 
0 

~;~ I-th profile 

THDBF(l, I) HDBF(l,I) THDBF(2,I) HDB.~(2, I) 

10. 20 30 40 80 

{'! y 

--- THDBF(NDDP,I) HDBF(NDDP, I)·-·' 

!.'\I 80 

a,. 

NDPR-th profile 

THDBF(l,NDPR) HDBF(l,NDPR) THDBF(2,NDPR) HDBF(2,NDPR) 

10 20 30 40 80 

. . . THDBF(NDDP, NDPR) HDBF(NDDP., NDPR) 

80 

THDBF(J, I) - Time of J - th data point in I- th 

/' I 
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Dirichlet-head profile, (T). 

HDBF(J,I) - Total head of J-th data point in I-th 
Dirichlet-head profile, (L). 

(b) Dirichlet Nodes - The number of cards in this sub-data set 
depends on NDNP. Each card contains 16 nodes. 

(c) 

FORMAT(l6 I 5) 

NPDB(l) NPDB(2) ... NPDB(I) ... NPDB(NDNP) 

s 10 

NPDB(I) = Global node number of I-th Dirichlet 
node. 

80 

Type of Dirichlet Node - Normally one card per Dirichlet node, 
i. ·e·, .'.l totRl of NDNPcards. However, if the Dirichlet nodes 
appear in ~egular pattern, ~utomatic generation may be made. 

FOR.'1AT(SI5) 

NI 

5 

NSEQ NAD NITYP NTYPAD 

10 15 20 25 

NI - Comp.ressed Dirichlet node number of 
the first node in the-~equence. 

NSEQ NSEQ subsequent Dirichlet nodes will 
be generated automaticall~: 

NAD = Increment of compressed Dirichlet 
.node number for each of the NSEQ 
nodes .. 

NITYP - Type of Dirichlet-head ptofile for 
node NI and the NSEQ subsequent nodes. 

NTYPAD = Increment of NITYP for. each of the NSEQ 
subsequent ncdes. 

*i-"** NOTE: A blank card must be used· to signal the 
end of this sub-data set. 

80 

,... ___ .. 
........... 

.. 

I 

; 
j 

J ----- .. 



I 

\ ,_ 
\: 

_,. 
111 ORNL-5567/Rl 

15. CAUCHY BOUNDARY CONDITIONS 
This data set is required if and only if NC~L .GT. 0. Four groups of 

- cards are required. One group is used ~o -::-ead Cauchy flux profiles, 
the second group is used to -::-e_ad the Cauchy boundary nodal points, 
the third group is u3ed to read the type of Cauchy flux profile 
assigned t6 each of the NCNP Cauchy nodal points. 

(a) 

0 

00 -

0 

Prescribed Cauchy-flux Profiles - This subdata-set is read in 
similar to that in 12(l)(a). 

FORMAT(8Dl0.3)· 
First profile 

TQCBF(l,l) 

10 

QCBF(l,l) 

20 

TQCBF(NCDP,1) 

Second profile 

TQCBF(l,2) QCBF(l,2) 

10 20 

TQCBF(NCDP,2) 

TQCBF(2,1) QCBF(2,l) 

30 40 80 

QCBF(NCDP,1) 

80 

TQCBF(2,2) QCBF(2,2) 

30 40 80 

QCBF(NCDP,2) 

80 

"\· ,. I - th profile 

' TQCBF(l,I) QCBF(l,I) TQCBF(2,I) QCBF(2,l) 

10 20 30 40 80 

. --•----

TQCBF(NCDP,I) QCBF(NCDP,l) 

80 
'• 

-/ 



.. 
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NCPR- th profile 

TQCBF(l,NCPR) QCBF(l,NCPR) TQCBF(2,NCPR) QCBF(2,NCPR) 

10 20 30 

... TQCBF(NCJP,~CPR) QCBF(NCDP,RCPR) 

TQCBF(J ,I) - Time of the J-th data point on I-th 
Cauchy-flux prtfile, (T). 

40 

QCBF(J ,I)= Normal Cauchy flux of the J-th data 
point on I-th profile, (L**3/T/L**2). 
QCBF is positive if directed out from 
the region, it is negative if directed 
into the region. 

80 

80 

(b) Cauchy Nodal point - The number of cards required ls (NCNP/16+1). 
Each csid contain 16 points. 

FOR.'1AT(l6I5) 

NPCB(l) NPCB(2) ... NPCB(I) ... NPCB(NCNP) 
r,·,• 

5 10 

NPCB(I) - Global nodal number of I-th compressed 
Cauchy node. 

80 

(c) Type of Cauchj flux profile assigned to Cauchy Nodes -
Normaily, one card per Cauchy node, i. e. _ total of NCNP 
cards is required. However, if a group of cards appears in 
regular pattern, automatic generation may be made. 

FORMAT(SIS) 

ta NSEQ NAD NITYP NTYPAD 

5 10 15 20 25 80 

NI - Compressed Cauchy nodal nurnber·of the first 
node in a sequence. 1 ·· 

I---- . 1· } 
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NSEQ - NSEQ subsequent Cauchy nodes will be generated 
automaticallv. 

NAD - Increment of NI for each of the NSEQ 
subsequent nodes. 

NITYP Type of Cauchy-flux profile assigned to node NI. 

NTYPAD - Increment of NITYP for each of the NS_EQ 
subsequent nodes. 

**** NOTE: A blank card is used to signal the end of this data set. 

(d) Cauchy Boundary Element Sides - Normally one card per Cauchy 
·boundary-eleme11t side, i.e .. a total of NCEL cards is required. 
However, if a grou~ of Cauchy boundary-element sides appear in 
regular pattern, automatic genetation may be made. 

FORYiAT(l6I5) 

MI NSEQ ISl IS2 MIAD ISlA~ IS2AD 

5 10 15 20 25 30 35 

MI - Compressed Cauchy element side number of 
the first element-side in a sequence. 

80 

NSEQ - NSEQ subsequent Cauchy element-sides will 
be generated automatically. 

ISl - Compressed Cauchy nodal number of the 
first node on the element-side MI. 

· IS2 = Compressed Cauchy. nodal 'number of th,, 
second node on the element side MI. 

MIAO - Increment of MI for each. of the NSEQ 
subsequent element-sides. 

ISlAD - Increment of ISl fo~ each of the NSEQ 
subsequent ele1 .. ent-sides. 

IS2AD =. 1crernent·of IS2 fo~ each of the NSEQ 
subsequent elo.men~-sides. 

*** NOTE: A blank card is used to end this data set input. 

,." ( . 
/ 
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16. NEUMANN _BOUNDARY CONDITIONS 
This data set is required !f and only if NNNP > 0. 

(a) Prescribes! Neumann Flux Profiles.: .This sub-da:ta set is read. in 
similar to that.in sub 0 data set 12(l)(a). 

FORMAT(8D10.3) 

First profile 

TQNBF(l,l) · QNBF(l,l) TQNBf'(2,l) QNBF(2,l) 

10 . 20 30 · 40 80 

. TQNBF(NNDP, l) QNBF(NND.P, l) 

80 

QNBF(l,2) QNBF(l,2) TQNBF(2, 2.) QNBF(2, .2) 

10 20 30 40 80 · 

TQNBF(NNDP,2) QNBF(NNDP ,2) 

, .... T"'I"' --------------------------

80 · 

I-th profile 

TQNBF(l, I) QNBF(l,I). TQNBF(2,l) QNBF(2,I) 

10 20 30 40 . 80 

TQNBF(l'<'NDP, I) QNBF(NNDP,I) 

80 

'-. 

··r1 ..... _,_ 
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NNPR- th profile 

TQNBF(l,NNPR) QNBF(l,NNPR) TQNBF(2,NNPR) QNBF(2,NNPR) 

· 10 20, 30 

... TQNBF(NNDP,NNPR) QNBF(NNDP,NNPR) 

TQNBF(J,l) - Time of J-th data point in I-th 
Neumann flux profile, (T). 

40 

QNBF(J, I) - Value of Neumann flux of J - th data 
point in I - th Neumann flux profile, 
(L**3/T/L**2). 

80 

80 

(b) Neumann Nodes - The number of cards needed in this sub-data 
-set depend on NNNP. Each card contains 16 nodes. 

FORMJ\T(16IS) 

NPNB(l) NPN3(2) ... NPNB(I) ... NPNB(NNNP) 

5 

NPNB(I) 

10 

global nodal point number of I-th 
Neumann node. 

80 

(c) Type of Neumann flux profile assigned to ~eumann Nodes -
Normally, one card per Neumann node, ·i. e., a total of NNNP 
cards is required. However, if a group of cards appears in 
regular pat-tern, automatic generation may be made. 

FORMAT(4.IS) 

NI 

5 

.,,_ 

NSEQ NAD NITYP NTYPAD 

10 15 20 25 

NI.,, Compressed Neumann node number of 
the first node in the sequence. 

NSEQ - NSEQ subsequent Neumann n0des will 
be applied to by Neumann flux of 
type NITYP. 

I 

80 

,.:-· 
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NAO - Incr<!ment of·compressed Neumann node 
number in each of the NSEQ nodes. 

NITYP Type of Neumann flux profile for node 
NI.and its NSEQ subsequent nodes. 

NTYPAD - Increment of NITYP for each of the NSEQ. 
subs.equent nodes. 

**** NOTE: A blank card m~st be used to signal 
the end of this sub-data set. 

(ct) Neumann Boundary Element Sides Normally one card per Net\mann:" 
boundary-element side, i.e.,, a total of NNEL cards is required. 

Howev.er, if a group of Neumann boundary-element sides appear in 
regular pattern, automatic generation may be made. 

· FORMAT( 16 IS) 

Ml NSEQ M ISl 1S2 MIAO MAD IS.lAD IS2AD 

5 

,I 

l 
.,'/ 

10 15 20 25 30 35 40 45 80 

, ' 

MI - Compressed element:--sidci number of the 
first element~side in· the sequence. 

NSEQ - NSEQ subsequent element-sides will be 
generated automatically. 

M - Global el_ement number_ to which the MI-th 

element side belong. 

ISl - Compressed Neumann noae number of the 
first node in the element-side MI. 

!S2 Compressed Neumann-node number of the 
second node in the element-side MI .. 

MIAO - Increment of MI for each of the· NS,EQ 
subsequent element sides.'· 

MAD - . Increment of -M for each of the NSEQ . , 
subsequent element sides . 

ISlAD - Increment of the first compressed 
Neumann node number of element-side MI. 

\ 
\ 

\ ' \ 
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IS2AD - Increfuent of the second compressed 
Neumann.node number of element-side MI. 

**** NOTE: A blank card must be used to signal 
the end of this sub-data set. 

If another problem is to be run, then input begins again with input 
data set 1. If termination of the job is desired, a blank card must 
be inserted at the end of the data set. 

•• •✓; 
/ . 
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6. SAMPLE PROBLEMS 

To test the consistency of the revised FEMWATER, three illustrative 

examples reported elsewhere (Yeh and Ward, 1980; Huyakorn 1986; Yeh 1987b) 

are presented. The. first two examples represent simple one- and two-

problems,. respectively (Huyakorn 1986; Yeh 1987b). The third example is 

the seepage pond· problem reported in the original FEmlATER (Yeh and Ward 

1980) . 

5.1 One-dimensional Column Problem_ 

This example is selected to represent the simulation of a one

dimensional. problem with tlie revised FEilliATER. The column. is 200 cm long 

and 50 cm wide (Fig. 10)_ The column is assumed to contain the soil with 

a saturated hydraulic conductivity of 10· cm/day, a porosity of 0.45 and a· 

field capacity of 0,1. The unsaturated characteristic hydraulic 

prop~rties of the ·soil in the column are given as: 

8 8 - . ( 8 . 8 ) ( 1 
} - -

-~ h s s r -
a 

(115) 

and 

B 8 
K r 

r (J fJ (116) 
s r 

where hb and ha a.re the parameters used to computer the water content and 

the relative hydraulic conductivity . 

------· 
.\ 

f _,,,,.; 
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VAFUABl,..E B.C . 

T 

2{J0Cn'l' 

. ZERO FLUX ZERO FLUX 

zth • O.O\ 
X 

,~socrn4 
. . . 

F(g. 10 · Problem defiriition for the one-di~~nsionai 
trai1sierit flow in a·soil _column'. 
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The initial conditions ans assumed: a pressure head of -90 cm is 

imposed on the top surface of the column, 0 cm on the bottom surface of 

the co_lumn, and. -97 cm elsewhere. The boundary conditions are given as: 

.no flux is .imposed on the left, front, right, and back surfaces of the 

column; pressure head is held at O cm on the bottom surface; and variable 

•.::ondition is used on the top surface of the column with a ponding depth of 

~era, minimum pr~ssure of -90 cm, ~nd a rainfall of 5 cm/day for the first 

ten days and. a potential evaporation of 5 cm/day for the second ten days. 

The region of interest, i. e. the whole column, will be discretized 

with 1 x 40 - 40 elements with element size= 50 x 5 cm, resu~ting in 2 x 

41 = 82 node points. A variable time step size is used. The initial time 

step size is 0.05 days and each subsequent tim€ step size is increased by 

0.2 '::imes with a maximum time step size not greater than 1.0 day. Because 

there is a abrupt change in the flux value from 5 cm/day (infiltration) to 

-5 cm/day (evaporation) imposed on the top surface at day 10, the time 

step size is automatically reset to 0.05 day or1_ tenth day. A 20 day 

simulation will be made with the revised FE"iWA'J,'ER. With the time step 

size described above, 44 time steps will b~ needed. 

The pressure head tolerance for nonlinear iteration U, 2·10- 2 cm, and 

the relaxation factors is set equal to 0.5. With the above descriptions; 

the inpu':: data can be prepared following the instruction of Section 5.3 

Data Input Guide . 

. •·.y· 
/ 

.,, 

The input dat~ is given in Table 1. 

I 
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Table 1. Input data for the one-di.mensional column problem 

1 ONE-D COLUMN 
82 40 l 0 

INFILTRATION-EVAPORATION WITH FEMWATER;L-CM, T=DAY, M=G 111 
44 1 0 4 6 1 0 1 0 50 20 3 

0 0 0 300 1 
0.05D0 0.2D0 1.0D0 20.0D0 0.0D00 

7.316D12 1.1232D2 1.0D0 0.5D0 0.5D0 
555151511151115115111155515151115111511511115 
111010100010001001000011101010001000100100001 

1.0D01 2.0000D1 l.Ob38 
0.0D0 0.0D0 0.3D0 

0.150D0 0.450D0 0.00D0 
0.000D0 0.000D0 0.00D0 

1 40 2 0. ODO 
2 40 2 5.0DO 

1 40 
2 40 

1 1 
1 1 
3 77 

81 l 

0 0 
0 0 

0.0D0 
1 1 

1 1 

1 1 

l 1 

l 0 

0.0D0 
1 2 
1 1 

2 
2 

2 
1 
1 
1 

4 

0 1 
0 0 

5.0D0 
1 81 

0.0D0 
0.0D0 

3 1 
0.0D0 

-9.70D1 
-9.00D1 

2 1 
0 
10. ODO 
l 

1 0 

1-··· 0.0D0 

1 -90.0D0 

40 1 

0.0D0 

1 1 

l . 
✓ 

2 0 

l.OD38 

0 

END OF JOB 

0.0D0 
-1.0D2 

0.0D0 
0.0D0 
0.0D0 

5.0D0 
5.0D0 

1 40 
0.0D0 
O:ODO 
0.0D0 

4 2 

5.0DO 

END 

10.0D0 

1 2 

10. OOlDO 

OF NPVB 

END OF IRTYP 
.,. .. , 

0.0D0 

0.0D0 

0 1 1 

0.0DO 

'---· 
.. 

2.0D-2 

0.0D0 

0 0 

-5.0D0 

2.0D-2 1.0D0 

THPROP 
AKPROP 

END OF X-CORD 

END OF Z-CORD 

END OF IC 
0 0 0 0 

l.OD38 

END OF HCON 

END OF HMIN 

-5.0DO 

END OF ISV(J,I) J-1,2 

END OF IDTYP 

.. , 
I , I 

I 

,. 

I 

---
I i 
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To execute the probl1:cin, the arrays in the main pt·ogram should be 

dimensioned as: 

DIMENSION X(82),Z(82),iE(40,5),Ll~ODE(9,82) 

DIMENSI0N C(82 ,l1) ,R(82) ,RL(82) ,RI(32) 

DIMENSION H(82) ,HP(82) ,H\..'(82) ,l!T(B2) ,VX(82) ,VZ(82) 

DIMENSION NPC~J(82), TH(4,40) ,DTH({,,t,O) 

DIMENSION AKX(4 ,t,O) ,AKZ(4 ,t,D) ,AKXZ(L1,t10) 

DIMENSION DLB(82) ,DCOSXB(S2) .DCOSZ3(82) .~iRE(82) ,ISB(4,82) 

DIMENSION BFLX(82) ,BFLXP(82) ,NPB(82) 

DIMENSION SOS(l),SOSF(l,l) ,TSOSF(l,1),ISTYP(l),LES(l) 

DIMENSION \.lSS(l) ,\.;'SSF(l,l) ,T\,;SSF(l,l) ,I\..'TYP(l) ,NP\.1(1) 

DIMENSION RFALL(l),RF(4,l),TRF(4,l) 

DIMENSION NPRS(2), IRFTYP(2), IS(l1, l) 

DIMENSION DL(l) ,DCOSX(l) ,DCOSZ(l) ,t-;RSE(l) ,RSFLX(2) ,DCYFLX(2) 

DIMENSION HCON(2) ,FLX(2) ,ll'1IN(2) ,NPCON(2) ,NPFLX(2) ,NPMIN(2) 

DIMENSION HDB(l),HDBF(2,l),THDBF(2,l) 

DIMENSION IDTYP(2) ,NPDB(2) 

DIMENSION QCB(l),QCBF(l,l),TQCBF(l,l) 

DIMENSION NPCB(l),ICTYP(l), ISC(2,1) 

DIMENSION QNB(l),QNBF(l,l),TQNBF(l,l) 

DIMENSION NPNB(l) ,INTYP(l), iSN(4,l) 

DIMENSION PROP(6,l) 

DIMENSION TH PROP( 4, 1) , AKPROP ( 4, 1) , H.PROP (l1, 1), CAPROP( 4, l) 

DIMENSION KPR(44) ,KDSK(44), TDTCH(3) 

Corresponding to the above dimension specification, the· following data 

statements rnt.:st be made in BLOCK DAI'A to specify the maxirnwn-control 

integers: 

DATA MA .. X[L, M,'\.X~P, MAJ{BEL, !-1AXB:,;P ,1-'.A.XHBP, MAX}lTI/40, 82, 82, 82, 4, 44/ 

DATA JB~rn/9/ 

I 
J 

. I 
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DATA MXNDTc;:/3/ 

DATA MXSEL, MXSPR, MXSDP, MX~lNP, MY.WPR, MXWDP /1, 1, 1, 1, l, l/ 

DATA MXRSEL, MYRSNP, MYRFPR; MXRPAR/1, 4, 1 /•./ 

DATA MXDNP,MXDPR,HXDDP/4,1,2/ 

DATA MXCNP,MXCEL,MXCPR,MXCDP/1,1,1,1/ 

DATA MXNNP, M..XllEI., MXNPR, MY . .NDP /1, l , l, 1 / 

DATA MAXMAT ,!1XSPPM,MX.'-IPPM./l ,l,, 6/ 

To reflecc th~ soil property function given by Eqs. (113) and ~114), 

we have to modify the Subroutine SPR0° given in Appendix A. Lines between 

SPRO 635 and SPRO 780 ·rn the Subroutine SPROP must be modified accordi.ng 

to: 

C 

\..'CR=THPROP(l ,!·ff{P) 
WCS=Tii?ROP(2 ,:ffY?) 
ll.\...\-TliPROP(3 ,:~TYP J 

HAB-THPROE'( 4, '.ff:i?) 
DO 800 KG-1, };Q 
HN?=l-!KG(KCJ 
HN?--H.KP 

C - - - - · - - SATURATED CO~iDITlON 
C 

C 

IF(HNP.GT.0) GO.TO 700· 
TH(KG,.M)=WCS 
DTH(KG,M)-0.0DO 
AKX(KG,M)=SATKX 
AKZ(KG,M)..;SATKZ 
AKXZ(KG,M)"."SATKXZ. 
GO TO 800 

C ------- UNSATURATED CASE 
C 

C 

700 TH11KG-WCS- (\JCS-WCR)*( ·H~:P-HAA)/(HAB-HAA) 
TH(KG,M)=Tll!1KG 

. RK- ( TH11KG- WCR) / ('JCS - '..lCR) 
· DTH(Kt:;,M)=-(',.,'CS-~CP.)/(HAB-H.A./~) · 

AKX(KG,M)=RK*SATY.X 
AKZ(KG,M)~RK*SATKZ 
AKXZ (KG, M)-RK*SATKXZ .· 

I ~ \ .... 

J 
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The pressu're head simulated with. the revised FF.MWATER is plotted in 

Fig .. 11.· ·As expected, during. the rainfall period, the pressure head is 
·, ' ' 

. . 
gradually built up, start_ing from the top su1:face of th<:' -column. In_ the 

subsequent evaporation pet'.iod, the pressi:.1re head is graduaily reduced. 

The minimum allowable pressure head of. -90 cm was first reached· at the top. 

surface _of the colwnn and eventually propagated into !:he soil·' column. 

These numerical n:-.·sul.ts are· almost: identical ::o that. given by · Huyakorn 

(1986) and 3DFEMWATER (Yeh 1987h). Thus, the consistency of the computer 

c~de is p~rtially ~erified. 
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6.2 Two-dimensional Drainage ~roblem. 

This example is· selected to reprrsent the simulat_ion of a two-

di mens iona 1 prob'l.em 1.-i th FEM\.'ATER, The region of interest is bounded on 

the left und ~ight by parallel dr,,ins fully .penetrating the medium, on_ the 

'. 
bottom by an in:pervi ous. <1qui fu'ge,. ,rnd on. the top. by _an air~soi 1 ihte-rface 

(Fig. 12). ·The distance hetwPen t.1..0 rains i.s 20 rii apart (Fig, 12). The 

mi?•,!i·.un is a"ss.un,ed to ha'H• a ~;,.turated hydraulic conductivity of· 0.01 

m/day, a porosity of 0.25 and .a ftclJ capacity of 0.05. The unsaturat•d 

character· ·tic :1ydr~ulic properties of the mectium are given as·: 

(j m:< .•• e. ( ti 11 r) 
A 

+ -
jh-h I B s 5 A 1· 

a 

(117). 

and 

9 a ·n 
K -( 

r 
) 

r {I e (118) 
s r 

where, ha, A, :and.B are ·the paraineters used to comput•r- the water co:ntent 

and n is the'.parameter to ~ompute the rel~tive hydraulic conductivity. 

Because of .the symmetry, the region for numerical simulation will be_ 

taken· as O < .x < 10 m and O < z < 10 m. The boundary cond'itic:-is are given· 

as:"no flux is imposed _on the'left (x = 0) and bottom (z ~ 0) sides of the 

region; pr.essure head is assumed to vai-y from zero ,at the_ water- surfa.::e (z_ 

= 2) to. 2. m at the bot.com (z - G) on the right side (x ~ 10); and .variable 

.. ~ 

. I 

··-~, 
\ , .. 
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conditi_ons are used elsewhere. Ponding aepth is assumed to be zero m on 

the \<hole varia~le boundary. Fluxes on the top side_. of the variable 

boundary are assumed equal to 6.006 m/day and on the right side above the 

water surface are equal to z~r~. A.steady state soluti6n will be sou~ht. 

A pre-initial c~ondition is set as h - 10 - z. 

"The_regi,.:i o"f i.nu,rest is dic.cretized-with 10 x 10 - 100 elements with 

element size - ·1 x_ 1 cni, ·n-sulting in 11 x 11 = 121." ncide points. The. 

pressure· head tolerance _ for nonlinear iteration is . 2 · 10· 3 m; 

relaxation factor the nonlin~ar iteration is.set ,equal to·0.5. 

The 

With the above descriptions, the input data can be"'prepared foll~wing 

the instruction of Section 5.3 Dat{l Input Guide. The input data is given 

in Table 2. 

To e.;.:.ecute the problem, the arrays in "'the main program should be 

dimensioned as: 

. ' .· . ' ·_ 

DIMENSION X(l21),Z(l21),1E(l00,9),LLNODE(9,121) 

, , DIMENSION. C(l21, 13) ,R(l21) ,RL(l21) ,RI(l21) 

DIMENSION H(l21) ,HP(l21) ,ffii(l21) ,HT(l21) ,VX.(121) ,VZ(l21) 

DIMENSION ~PCNV( 121), THV•, 100), DTH(4, 100)· 

DIMENSION AKX(4, 100) ,AKZ(4, 100) ,AKXZ(4, 100) 

DIMENSlON DLB(l~o)·,ocos:<.B(40) ,DCOSZB(40) ,NBE{40) ,lSB(l,,40) 

DIMENSION BFLX(40) ,BFLXP(40) ,NPB(40) 

DIMENSION SOS(l), SOSF(l, l), TS0SF(l ,1), ISTYP(l) ,MSEL(l) 

DIMENSION wSS(l) ,wSSF(l ,l). TWSSF(l, l) 'I\.lTYP(l) ,NPW(l) 

? 1 .• :-: ' 

. ' 
, I 

. ·.:. .... : . .. ' ' .·•,. 
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H\ 

·~ \ 

.... 
• Table 2. Input data for· two-dim~·11sional drainage problem 

/. S [Ml"JATION OF TwO-D STE:\DY [)RAINACE \.:lT!l FE!1'..:ATER, L=M,T=HR,M=KG 111 .. 121 100 l () () f) 0 5 6 l 0 l 0 50 20 1 
0 0 () 100 I 
0.05D0 0.2DO · 1. ODf, :io.ono O.ODO 2.0D-3 2.0D-3 1.0D0 

7.316Dl0 l. 1232011 1.0D0 0.5!.lO O.'.il'O 0.0D0 
'J 5 
11 

~ 

7 l.0D38 
0.00D0 0.0DO O.?ODO 11. o I no O.OJDO· 0.0D0 

i)_()'.,(ll)Q 0, 2';0[)(! l;.OODO JO.ODO /,.ODO· THPROP .,,, - . 
'•. tlO()l)Q O.OOODO 0.0000 . n. 11no· AK.PROP / 

l 10 11 0.0DO i. ()[){) 
2 1 (l 11 O.ODO l. ODO. r-,.... 3 10 11 O.ODO l . OllO 
ft. 10 . 11 O.ODO l.ODC 

-P' 5 10 11 0.0D0 l. ODO . 
\ 6 10 11 O.ODO l.ODO r (1· ... ~. ,:,,_ 7 10 11 0.0D0 l.ODO 

···-~ 6 10 11 O.ODO l.ODO ~ - °'\ il Cl.ODO 
•;.,,,,,,,I' 

9 10 l.ODO --
e-~- 10 10 11 O.ODO l. f1DO 

11 10 11 0.0D0 1. ODO ...__ 
END OF X-COORD Lfi' .- 1 10 ll 0.0D0 fl.ODO 

li.r 2 10 1.1 1.0D0 0.0D0 
/ 3 10 11 2.0DO C.0D0 

f.'E Li 10 11 3.0DO O.ODO 
5 10 11 4.0DO O.ODO 
6 10 1.1. 5.0D() O.ODO 
7 10 11. 6.0DO 0.0D0 

N· 8 10 11. 7.0DO O.ODO 
9 10 ll 8.0DO O.ODO 

~ 10 10 11 . 9 .ODO O.ODI) 
11 10 11 10.0DO 0.0D0 

·, 
END OF Z-COORD 

1 1 12 13 2 1 10 10 IE 
1 10 · 11 10.0DO 0.0D0 :~ 

2 10 11 9.0D0 0.0D0 
3 10 11 8.0D0 0.0D0 
4 10 11 7.0DO O.ODO 
5 10 11 6.0D0 0.0D0 
6 10 11 5.0DO 0.0DO 

:. 7 10 11 4.0D0 0.0D0 
8 10 ·11 3.0DO O.ODO 

• 9 10 11 2.0DO O.OD!) 

'· 

! 
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l 0 
11 

0 
0 

1 
l 2 

1.2 

1 

l 
:.1 

10 
10 

0 
0 

0.0D0 
O.ODO 

10 
7 

10 
7 

18 

18 

9 
7 

O.ODO 
111 112 

l 2 

11 
11 

0 
0 

1.8 
() 

6.0D-3 
0.01)00 
l 

l 
1 

1 

1 

).0 
100 

J 1 
]:_)() 

2 

l 
11 

2.0D() 
113 

1 
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Table 2 (Continued) 

19 
0 

l.ODO 
O.ODO 

2 

l.OD:J8 
l.OD38 

l l 
. ] 

n 
() 

O.ODCJ 

-90.f,D2 

2 
j 2 

1 
!. 

1.0DJB 

0 

F.'.lD OF JOn 

2 

0. ODO . 
O.ODO 

3 

()_(JD-3 

(). ()[)O() 

0. (JD() 

O.ODO 

10 l 
- l -J. 

2 .. ODO 

1· 
-1 

2 0 
f'.ND OF IC 

C O 0 0 

END OF NPVB 

END OF IlffYP 

END OF HCON 

END OF HMIN 

END OF ISV(J,I) J=l,4 

0 

END OF IDTYP 

\ '-~-- . . \· -. .,. __ -'-.. ... . . . I 
' ... ..:._;..~, ···--
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DIMENSION RFALL(2),RF(2.2),TRF(2,2) 

DIMENSION NPRS(l9),IRFTYP(l9), IS(4,l8) 

. , . . \ 

: ORNL- 556 7 iR 1 

DIMENSION DL(l8) ,DCOSX(l8) ,DCOSZ(lS) ,NRSE(18) ,RSFLX(l8) ,DCYFLX(l8) 

DIMENSION HCON(l9), FI..X(l9) ,IIMIN(19) ,NPCON(l9) ,NPFLX(l9) ,NPMIN(19) 

DIMENSION !ID3 (I) , HDBF( 2. l) , THDRF( 2, l) 

DI MENS !ON QCB(l), QCBF(l, l), TQCBF( l. i) 

DIMENSION NPCB(l), ICTYP(l), 1sr:c2, 1) 

DIMENSION QNB(l) .Q~iHF(l, 1 ), TQNBF( l, 1) 

DlME~SJON NPNB(l),JNTVP(l). ISN(h.l) 

DIMENSION DL~ (1) ; DCOSXN ( 1 ) . DCOSZN ( l) , M~,ES ( l) 

DIMENSION NPDB(3)', lDTYP('.i) 

DIMENSION PROP(6,l) 

DIMENSION THPROP(5,l),AKPROP(5,l),IIPROI(5,l),CAPROP(5,l) 

DIMENSION KPR(l) ,KDSK(l) ,TDTCH(l) 

Corresponding to Lhc a.bo•:e di:neP.sio1, specification, the following data 

statements must be made i.n BLOCK _DATA to specify the maximum-control 

integers: 

DATA ~!AXEL, ~L\Xl~P, ~BEL, MA .. XBNP, MAXHBP, MAXNTI/100, 121, 40, 40, 13, 1/ 

DATA JBAND/9/ 

DATA Mx.:-:DTC/1/ 

DATA MXSEL,!1XSPR,MXSDP ,xx;;~;p ,MXwPR,MX\..'DP/1, l, l; 1, ::., 1/ 

DATA MXRSEL, !·IXRS~;p, MXRFPR, MXRPAR/18, 19, 2, 2/ 

DATA MXD~;p ,}l.XDPR, MXDDP /3, 1, 2/ 

DATA MXc:-;p, !1XCEL, !1XCPR, MXCDP /1, 1, 1, 1/ 

DATA .'.'!...X..~~:p, !-IX..!;EL, MXNPR, ~lDP /1, 1, 1, 1/ 

DATA MAX.'1AT ,MXSPP~,XX.'-IPPM/1, 5, 6/ 

To reflect the soil property function given by Eqs. (117) and (118), 

we have to modify the Subroutine SPROP given in Appendix A. Linet betwe~n 
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SPRO 635. ar. . ..i SPRO 780 in the Subroutine SPROP · must be mod'ified according. 

to: 

C 

WCR-Tl!PROP(l,MTYP) 
WCS-THPROP(2,HTYP) 
HAA=THPROP(3 ,MTYP) 
THAA-.THPROP(4,MTYP) 

. THBB..,;.THPROP(5,MTYP) 
POWER-AKPROP(l,MTiP) 
DO 800.KG-l,NQ 
HNP=HKG ( KG-) 
ENP=-HNP 

C ------- SATURATED CONDITION 
C 

C 

IF(HNP.GT.0) GO TO 700 
TH(KG,M)-WCS 

. AK.X(KG,M)-SATKX 
AKZ(KG,M)-SATKZ 
AK.XZ'( KG, M) -SA TKXZ 
DTH(KG,M)~O.ODO 
GO TO 800 

c, ------- UNSATURATC:O CASE 
C 

700. THMKG=WCS+\WCS-WCR)*THAA/(THAA+(DABS(-HNP-HAA))f*THBB). 
TH(!(G,M)=THMKG 
R.K-( (THM.KG-WCR) / (WCS-WCR) )**POWER 
DNOM-THAA+(DABS(-HNP-HM))**Ti!BB 
DTH('i<:G,M)-(WCS-WCR)*THAA*(DABS(-HNP-THAA))**(THBB-l.ODO)/DNOM**2 
AK.X(KG,M)-RK*SATKX 
AKZ(KG,M)-RK*SATKZ 
AKXZ(KG,M)-RK*SATKXZ 

C 

The pressure head simulated with FEffi.i'ATER is plotted in Figure 13. 

Numerical predictions of these pressure heads are remarkedly in agreement 

with those given 3DFEIBlATER- (Yeh 1987b). This verify the one step steady 

state solution algorithm provided in the revised FEM'..iATER .. 

I ·' 
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WATER TABLE 

PRESSURE HEAD = 2m 

1 2 3 4 5 6 7 8 9. 10 
X (m) 

Simulated steady state profiles of water table and 
base pressure head for the two-dimensional drainage 
problem. 
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6.3 Seepage Pond Problem 

This example is selected to compare the simulation results by this-

revised FEMWATER with those obtainr,d by the original FEMWATER. The 

problem involved- the seep_age of water from a pond into the underlying 

media. The pond near a stream is asstmed to be situ~ted entirely in the 

unsaturated zone above· the water table (Fig. 14). This pond provides the 

source of water which drains into ·the Aquifer. Although the rainfall oh 

the soil surface also provides water sources in the form of infiltration, 

it is on the average very small compared to the continuous drainage from 

the pond. After the water reaches the water table; it flows toward a 

nearby stream. as depicted in Fig. 14, which also outlines the s·urface 

topography and the extent of the aquifer system. This.example typifies a 

class of _problems involving leaching of wastes -from storage lagoons. The 

so'_l properties are given in Fig. 15. The problem being addressed is to 

find the sp;itial distributions of pressure head, total head, moisture 

conter.t, and····-Darcy' s velocity ur.d~r steady :S.t.~te condition achieved by a. 

constant drainage rate of L44 cm/h. 

To use the FEMWATER program for answering the above question, · the 

region of interest in Fig. -14 is discr.etized by 595 nodes. and· 528" elements 

as ;hown in Fig. 16. For the finite element computatio·n, the seven nodal 

points on the stream-soil ii:u:er.face are. designated as Dirichlet nodes 

(Fig. 16). Seven nodal p6ints on the bottom of the seepage pond,· namely 

nodal points nos. 152, 164, 172, 180, 188, 196, and 204, are consid~red as 

....... 
;_ ~-- ... . .. 
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Fig. 16 Finite element discretization for the seepage pond problem. 
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constant Cauchy flux points and are assigned a constant lnfiltrat ion rate 

of 4.0 x 10- 4 
crn/s. The top side of all elerr.e11ts 0~ :::,e sloping surface, 

except. for the two elements immediately to th,, right of the seepage pond, 

are considered the seepagr·-e?apo1:ation- ra I nfal.1 bou:,,1,,c/ surface. In 

other words, the nodal points on this i:.,•·:·:ice are either Dirichlet: or 

Cau.::hy points ·,:i,:: :·f·,e irifii.rr:1t·i"11 ,·,1;;c, equal to the throughout rainfall 

rilte, which is assumed zc,r~o in this case~. Al 1 o~·-h.:·r boundaries are 

treated as impervi0t1s. 

With the abo'l0 descriptions, the input data can be prepared following 

the instruction of Section 5.3 Data Input Cuide. The input data is gl?en 

in Table 3. 

To exf,c•.ite the prob lE'.m, the arrays in the main program should be 

dimensioned as: 

DIME~SIO~ X(595),Z(595),IE(528,9),LLNODE(9,528) 

DlMENSIO~! C(595, ll•) ,R(595LRL(595) ,RI(595) 

DIMENSION H(595) ,HP(595),HW(595),~T(595),VX(595),VZ(595) 

DrnENSIO~ '.;PCN'J(595), TH(4,528),DTH(4,528) 

DIMENSION AKX.(4, 528) ,AKZ(4, 52<!) ,AKXZ(4, 528) 

DIMENSION DLB(l32) ,DCOSXB(l32) ,DCOSZB(l32),NBE(l32)ISB(4,132) 

DIMENSIQ~; BFLX(l32) ,BFLXP(l32) ,NPB(l32) 

DIMENSIO:; SCJS(l) ,SOSF(l, 1) ,TSOSF(l, 1), ISTYP(l) ,MSEL(J) 

DIMENSIO~ \.:SS ( 1), ',.,'SSF(l, 1), TwSSF(l, 1), IWTYP(l) ,NPW(l) 
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1'able 3. 1rput. data fot- ·t·lw. Sf'<'Pilf,c pnnd prob] c·m 

3 SEF.:PAC:E POND. STEADY STAT?. :-; r~wrxrrc,1;. 'iJiTJI FE!-lwATl]{-1 CODE 
595 528 1 0 0 0 l~ ~ · 1 l l O 20 

0 0 0 300 0 
300.0 
980. 6 

)) 

0.5 
0.013 

8~,,,(;0. 0 
l . () 

(j . ( ! 1 0 . l 
1.0 

11 

1' .J. 

l.OD+38 
0 . .3 

- 2(;(). -17~-. 
- 50 . 0 

_/,1)0. 

·37.S - 1;:,. '; 
- l ~; o . 
U. 'j O . 

-•100. 

l o;i_ 
.024 .032 .0425 0~5 .J~O .0625 .09 
.25 .2is .285 _:,<;r; _;,'1:J'i .1.97.s .29',s 
0.0758607 0.08%570 0.112067'.:i O.J)i;/:,f';J (J.1379°:27 0.1G3i9:'; n.7./':>8126 
0.8276264 0.9137683 0.9483156 0.96~':,l~Y 0.96~511Y U.98278/5 0.9999857 

i) . . 5 2 E - 4 . l OE - 3 . 2 (1 i•: - ~ . 5 U E - J . 11 E - 2 . 3 7.E - 2 
. 20E-2 .BOE-3 .40E-3 .20E-] . JOE-] ~40E-4 .26E-6 
l 11 1 I). ODO O. GD() 0. ODO 

0, 
, I 

61 
73 
E5 

- 97 
109 
121 
1.3 3 

15 7 
165 
173 ·. 

181 
189 
197 
209 
22}. 
233 
245 
257 
21:,9 
231 
2':I 3 
305 
317 

1.1 

ll 
11 
ll 
11 
11 
11 
11 
11 
11 

.., 
I 

'7-. 
7 
7 
7 

11 
il 
11 
11 
11 
11 
11 
11 
11 
11 
11 

1. 
l 
l 
l 
l 

' ~ 
l 
l 
1 
1 
l 
1 
1-
1 
1 
l 
1 
1 
' ' 
l 
1 
l 
l 
l 
1 
l 
1 

'•.• , .. 

\00.0DO 
] ():JI). ODO 
J 500. (J'.)0 
2 fJ(JG , 0 DO 
1 S(i(1. crnn 
30iJO t)DO 
3500,()!)() 
4COO.ODO 
t.. 500. (1[J 1) 

· :,000. ODO 
5500.0D0 
60,jO. ODO 
6500.0DO 
7000.0DO· 
7500.0DO 
800C. ODO . 

. 8500. ODO 
9000. ODO . 
9500. fJDO 

10000.0D0 
10500.0D0 
ll.000.0DO 
11500.0DO 
17.000. O!ilJ 
12500.0DO 
13000. ()[JfJ 

1:250.0D(J 
l 3 51:,0: OD,J 

(). r10() 

I\.()[;() 

(1 . (i IJO 
(;. UDO 
O.ODO 
O.GDO 
O.ODO 

. 0. UDO 
0.0D0 
0. (J[)fJ 

O.ODO 
. O.ODO 

0 ODO 
0.0D0 
0 ODO 
0.0D0 
0. ODO .. 
0.0D0 
O.ODO 
O.ODO 
0. (J[)I) 

O.ODC 
O.ODO 
O.UDO 
(). (1[)() 

()_()I)() 

(;. ()l)(J 

IJ. ODO 

O.ODO 
0.0D0 
U.ODO 
0.0D0 
C.CiDO 
O.ODO 
0.0D0 
0.0D0 
O.ODO 
0.0DO 
O.ODO 
O.ODO 
0.0D0 
0.0D0 
0.0D0 
O.ODO 
0.0D0 
0.0D0 
O.ODO 
O.ODO 
0.0D0 
O.ODO 
0. (JDO 
(). ()!)() 

0.0D0 
U.ODO 
O.ODO 
O.CIDO 

111 
2 '.i 1 

1. 0 

-6?. ') 
2000. 
.21 
.3 
0. 6896& 35 
0.99998')7 

. 32£-2 
0 . 
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.. 
~ T;,.b le 3 (Continue) 

329 11 1 13750.0D0 0.0D0 •o.ouo 
341 11 l 14000.0DO O.ODO 0. ODO .. 353 11 1 l!-1250. ODO 0.0D0 0.0D0 
365 11 1 1!15()(). ODO O. Qf)i) o.ouo 
377 11 1 lt, 750. ODO 0. ODO• 0.0D0 
339 ~ l 1 15000.0D0 0.0D0 CJ.ODO 
401 1.l. 1 1S7.50.0DO 0.0DO 0. ODO 
/~ 13 I' 

' 1 l 15500.0DO o.oi>o O.ODO 
/, 2) l l 1 15)50,0D0· O.OD.0 0.0DO 

": -, . , , , . 16000,0DO 0. OiYJ 0.0DO 
.'_/.{l I 1· : ,:, .. ''1() ODO o_o;)o. 0. ODO 
.:.'::.. ~-) ! LJ l· ;,,',(;{:) .ODO <J. ODO () n D. :J 
~~ ? 3 '. ; l.1,GuC. ODO O.ODO {)DiJ ~,, c.o 5 11. l_l".,J(){). :_;!)1', n, GDt}, tJ. < ::DO 
~97 1.1 16800,(•:· ·, 1{•l.J fJDO 

c:, 509 11 l hYCH). ( r:1) ., _ ()i)Q U.ODO 
521 11 ,] 

'.
1000. ODO t) OD:J 0 .. ODO 

,o 53] 11 1 17100.0D[) (, ,., (., [)() Q.IJDO 
545 7 l 17250:0DO :) (;[)() 0.000 

0 =: C. 'l 3 1 ,,.,,.]_ /200 ,.il[)U ,, 
~-} ~j () Ci.ODO . ) J J .. 

557 l : ;,,oo. en•.) UDO Cl.ODO 
00_. 565 () .i !7350.0i)(j ;) OD:l, 0.0DO 

566 2 l l,~ .. _H)O. \~rt•-) Q . (,:\(> I) .ODO 
•·f"'l, It.,;; I" 569 r, l l 7 &QO. (),y;, '.1. o;;.-, 1l. ODO 

t 576 0 l 17550. r;f,o C:_{j[J(; r, (;[){) 
,q- 577 0 , 

l 7:'- 1)0 . o ~f; .0 . C}[jQ ,. ODO .L 

578 0 17.,so onu 0. o;)u. lj. ODO 
f.\! '179 1· 1 l7!.f10 .. 0DO U . ~)DC\·. O.ODO .L 

581 6 i l780G.JDO ,~ 
•}, i_)[il~} () . Cl DO - Sou 0 ''"l for;O. o=)(; 0. ODO ,.' CiDO 

58':I 6 l 18000. UDO O.ODO i). ODO 
N 

1. 12 l" 0.CDD C.ODO () .ODO , I. 
0' 2 12 12 500. ODO- C.ODO ·.o GDO 

3 12 12 1000. ()[);) 0. l)!)I} ; . 0[)0 
4 12 12. 15 00 . (iiJO 0.UDO .; 000 
5 12 1 ,, 

2000.0DO O.OD0 !)'.ODO J..L 

6 12 12 2200.0D0 0 OD:) 0,0D0 
7 ] 2- 12 2400:ood O.ODO 0.0D0 
8 12 : 2 26UO.ODO O.ODO O.ODO 
9 12 it 2750.0DO 0. O!;U O,ODO 

10 12 1 • ., 
.:..,L. 290CJ.JDO O.ODCJ 0.0D0 

I 
11 12 12 2950.0D0 O,CIDO 0.0D0 

• 12 12 12 J;JOO. ODO r;_ODO O.ODO 
157 5 ~ O.ODO 0.0D0 O.ODO .. 15.8. 5 B 500.0[)() O. i)[;,) (J. ODO 
i59 5 3 1000. o::.ir., O.ODO 0.0D0 
16.0 5 8 1500.000 O.ODO. 0.,0D0 

i " 
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T,1hlc J (Conti tlucd) 

161 5 8 2000.0D0 0.0D0 0.0D0 
162 5 8 2200.0DO 0.0D0 O.ODO 

~ 

163 5 8 7.1,00. ODO O.ODO O.ODO 
164 5 8 7.600. ODO o.obo 0.0D0 
205 1 1 2750.0D0 l.",O. ODO O.ODO 
207 1 1 2950.0D0 ,'.JO. ODO 0.0D0 
209 t, l 0.0D0 500.0DO o.nno 
214 J 1 2:100.0D0 200.0DO 0.000 
? 17 l '.' .·:,O. ODO 1 •·,o, ODO 0.0D0 
?\() l >• ·',O. 0[)0 0,0. ODO O.ODO 
:).?l l O.ODO !, ~o. ODO .. 0 .ODO 

1 1 t, ~,o: ODO '> l t"l. ODO e.0DO. 
1 I\ 1 l 1 '•SO. ODO :'(10. UDO 1). ODO 

0-. V. 7 l 1 . :'JSO 0DO 180.0DO O.ODO 
22° 1 1 · V,'.0.0DO 1 ·:io. nno U.i1D0 

0 231 1 1 ?91-10. ODO '., (1 : :])~) 0. i):)();"'., 
233 l 1 0,0 l,h(). I) \1. 0 

-..,t) 235 1 960.0 :,(;0. 0 0.0 
'237 i l 197..0. 0 210.L) 0.0 

0 :'J9 1 1 n::io.o · 200.0 o .. 0 -
)lt- l l l 2700.0 l.'iO. 0 0.0 

00 2!-i"l 1 2900.0 50.0 0.0 
21, 'j 1 1 0.0 t,':;O. 0 0.0 

~n 24 7 1 1 910.J 1, "ill. 0 0.0 
249 1 1 18lfl.O 210.0 0.0 

<t:;r 251 1 1 )200 .. 0 1 •;n. () 0.0 
253 1 1 1.)/0.0 [80.0 0.0 

N 255 1. .~3GO. o· 'iO. 0 0.0 
257 1 l ,) . 0 ,,no.u 0.0 
259. 1. 1 850.0 ',00.0 0.0 
261 l 1 1660 .. u ;,,10. 0 0.0 

N 263 1 1 2060.0 l '10 .. 0. 0.0 
265 l r 2440.0 L'./"l. {) 0.0 

0-. 267 1 1 261~0. 0 so.o 0,() 
269 1 1 0.0 2•1~. 0 0.0 
271 1 1 7~0. ( 1. 350.0 0.0 
273 1 1 1500.0 200.0 0.0 
275 1 1 1860.0 160.0 0.0 
277 ~ 1 22()0,0 170.0 0.0 
279 1 1 2!,20. 0 50.0 0.0 
281 1 1 0.0 ]00.0 0.0 
283. 1 1 650:0 300.0 0.0 
285 1 1 U30.0' 160.0 0.0 

~ 287 1 1 1G40.0 120. 0 0.0 
289 1 1 1880.0 120 .. 0 0.0 
291 L 1 2050.0 r)l) . n 0. 0 
293 1 ·, 0.0 ?.70.0 i 0.0 ... 
295 1 1 570.0 280.0 (i 0 

/: 

- I 
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i_ :lf?tiTu1l . 

. , ' ·1_ (!:j(;,;q(Sj 

Ti,bfe 3 (Continued) 
1 t~~ii ~. 

297 1 1. 111,0. 0 70.0 0.0 
~i&~ ·299 1 1 ' 1300.0 100.0 0.0. 

4, 

301 1 1 1510.0 110,0 0.0 
i-,._,;:;_.,._ .... ·,._ • - • ..-..- f,;;t~t!Vi5~ 303 1 l 1670.0 50.0 0,0 

305 l 1 0.0 2'i0. 0 . 0.0 
307 1 1 530.0 2MJ.O 0.0 

- .. ,, --- ,. -4.~;<:~f.-J 309 l , 1030.0 'lO.O 0.0 
311 l 1 17.00. 0 100.0 0.0 

·-;~,;,,-~~ t!~J]i\~~ 313 1 1 13 70. 0 80,0 o:o 
3b l ' 1500.0 ~,o .o · 0, 0 l. 

317 1 l 0 .. 0 '.~20. () . o. n 
319 1 l t,60. 0 2!,(l. 0 ()_() 

321 l l 920.0 r,o. 0 0.0 .- •··--· --·1"'¼:I 323 l 1 1100. 0 RO.O 0.0 0 ~w~;.· 
325 1 l 1250.0· 50.0 0.0 
327 l 

, 
1350.0 50.0 0.0 l 

32Q 1 ·l 0.0 2(;0. 0 0.0 .. •.,. '° .. _,_J1fi1~ 331 1 1 t,40. 0 no.a 0. 0, 
?-33 l 1 . 831) '0 80.0 0.0 
335 . 1 . 1 l0U0.0 80.0 0.0 
337 1 l l 1'+0. 0 60.0 0.0 
3 3q l 1 1.250.0 5(). 0 0.0 
341 1 1 0.0 190.0 0.0 
'. 1 J4..J 1 . l 480.0 1~'0. 0 0.0. 
3!,:. 1 750.0 80,0 0.0 v 347. l ' 900.0 80.0 0.0 J 

:?..'..4 l 11)50. 0 70.0 0.0 
('\~ '1£'\,",<'~ 351 1 l Ji 70.0 :'>0.0 0.0 . ~~~;!• 

3;; 3 J 0.0 170. 0 0.0 
355 1 , ..... , l 350.0 190.0 -0.0 
357 1 l 670.0 80.0 0.0 
359 l l 820. 0 · 80.0· 0.0 

II 
361 1 1 960.0 90.0 0.0 

:·: . .'.!£.. °-"----. . I • • "'!f~- 363 l 1 llG0.0 50.0 0.0' .... -:.,~t·: 

--------- - ;;°£\ ... 365 1 , 
0.0 150.0 0.0 ; 

367 1 . 1 320.0 150.0 0.0 
369 1 1 610.0 80.0 0.0, 
371 l 1 760.0 70.0 0.0 

. 373 1 l ~00.0 80.0 0.0 
375 , . 1 , 1030.0 50.0 0.0 · i. 

377 1 1 0.0 140:0 0.0 
379 1 1 270.0 160.0 0.0 
381 l 1 560.0 . 70 .0 . 0.0 

• ,1v··.·a 383 l 1 700.0 60.0 0.0 
385 1 1 840.0 •. 70. 0 . 0.0 
337 1 1 %0.0 50.0 0.0 . 

R 389 1 1 . 0.0 120.0 0.0 

'!'.' ·,.,.":,-;. :£1~ . 

' 

:'"~-- ,-·: ~: . .,;...~~ • . l . ·. • r==< -. ~ __ __,_ 
. .._,__ 

.···--. -· ~·· ·, ~ /·-
·--......... '', --· < .. ~--

-......... : c;- - • • ' / . • ·-. 

--~~~ ~-__ -~ ~.::_~:,_: -; 
".-;--~-~ 

'":l ~~-~-- ~--=- .: ... ::.:.-. 
\ ,- . 

-· -- . ----. ~-,---
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tl 391 , . 
.1. .. - 393 1 

--:✓,-, 

1 
395 1 

1:-:~~~ 397 l 
~;~ 399 1 ~\f1 

401 1 

_.--r_ ... --- ft~ 
403 1 
/,05 1 
0

407 l 
409- 1 
{, 11 1 
!, 1 3 l 
415 l 

-1\,T· r· . -
r~;j ,st~ 417 l 

419 1 

>-~:=__--JJ 421 · 1 
423 1 

-o, r 425 l ' / ;_ ;_· ~}!: 1,27 1 

04.-·· rsf1f 429 1 

~..,.._ Jl 431 1 
433 1 
1,3 5 1 
437 l 
439 1 
41. l l 
443- 1 
445 l 
44 7 1 
449_. 1 
451. 1 . 
4c JJ 1 

~ 11 · 455 1 

·r ~ 457 1 
459 1 
461 l 
463 1 
465 1 
467 1 
469 1 
471 1 
473 l 
475 1 
477 1 
479 1 
481 1 
1,83 , 

I·. ... --~l ... 
~ 

... -• ~ . 

.- .-• -- 7
,,. . .. 

/ 

l 
1 
1 
1 
1 
1 
i 
l 
l 
1 
l 
l 
l 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 
1 
l 
1 
1 
1 .. , .. 
1 
1 
l 
1 
1 , 
.I. 

1 
. 1 

1 
1 
1 
1 
1 
1 
l 
1 
1 
1 

ll, 3 

TaLle 3 (Conlinut·d) 

250.0 
S20.0 
650.0 
800.0 
910.0 

0.0 
230.0 
t,80. 0 
610.0 
7':>0.0 
870.0 

0.0 
210.0 
1,40 '0 
.J60. 0 
710.0 
840.0 

0.0 
200.0 
,,oo. 0 
5li0. 0 
(,')0. () 
800.0 

0.0 
.200.0 
390.0 

-510. 0 
660.0 
780.0 

0.0 
1%.0 
360.0 
490.0 
630.0 
7:iO.O 

0.0 
180.0 
350.0-
480.0 
600.0 
710.0. 

0.0 
180.0 
350.0. 
460.0 
:>90.0 
700.0 

• T I 
•. :..--~---:1 ·-

lt,O. 0 
70.0 
70.0 
60 .0 
50.U 

110 .0 
l :.CJ. 0 
70.0 
70.0 
,n.o 
':,(). () 

100.0 
1 2U. 0 
60. l.l 
80 .. 0 
80.0 
50.0 

100.0 
100.0 

70.0 
70. () 
60. 0 
)0 .. 0 

100.0 
90.0 
60.0 
80.0 
70.0 
:iO.O 
90.0 
90.0 
80.0 
70.0 
70.0 
50.0 
90.0 
90.0 
60.0 
60.0 

. 60. 0 
50.0 
90.0 
90.0 
50.0 
60.0 
60.0. 
50:0 

··---.. .... 

0.0 
0.0 
0.0 
() . 0 
(). 0 
(i. O 
(). () 

0.0 
0.0 
() . () 

tl . l l 

n. o 
(l ' (J 

() () 

. [). 0 

0.0 
0.0 
0.0 
0.0 
o'.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.o 
0.0, 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

. 0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

. . /•' .- ·-·!. . .... 
,. 
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485 l. l 
487 1 l 
489 l 1 
t,91 l l 
li93 l 1 
li9 5 1 l 
497 1 ·1 
1,99 1 l 
SO! . 1 
:)f.l J 1 
~;, (j :) l 
'j!) ,I 1 l ' 
':.,(I') 1 1. 
511 l 1 
513 1 1 
51 ~' 1 l 
517 l l 
519 l 1 
:i2 l. l , l 
523 r l 
52 5 1 l 
'J27 l 
529 1 1 . 

53 l. 1 1 
533 1 1 .. -
) ;5 1 1 
537 i 1 
539 1 1 
541 l .. , .. ,1 
51, 3 l 

, 
.l. 

545 1 1 
547 1 1 
549 1 1 
551 l 1 
553 l 1 
555 - 1 1 
557 1 i 
559 1 1 
561 1 , 

563 1 1. 
565 1 l 
567 . 1 l 
51S9 1 1 
571 1 l 
573 1 1. 
575 1 1 
577 l 1 

_,,./ 

/ ,;--, - _; 

------

l 1,1, 

.. T:ible 3 (Continued) 

0.0 90.0 0.0 
180:0 80.0 0.0 
·v. o. o CO.U 0.0 
l1.6(). 0 S(i. n 0.0 
570.0 . ]!-). 0 0.0 
(,90. 0 so.(; ') . (J 

()_() '10 ' (j 0.0 
lflO.O ~(j . () (). ()-

Y,0.0 r, O . (J () . 0 
/4 )0. (J 110 '.,· . (j. 0 
5·,,o_ :J 11.:i , (; n.o 
(,/()_(} :)u. 0 u. () 

0.0 r,t). f} {J: 0 
l 80. (). ~:._,. n 0.0 
3.'.0. 0 50. () 0.0 
1,5(). 0 =)(). 0 0.0 
550.0 60,(J 0.0 
660.0 50.0 0.0 

0.0 . , C)(). 1) 0.0 
180.0 SO.O 0.0 
340 .·o 'JO.O 0.0 
1,:-0.0 'iO. 0 0.0 
~-50.0 50.0 0.0 
6:>0.n so.o 0.0 

(). 0 ')0,0 0.0 
180.0 80.0 0 .. 0 
340.0 50.0 0.0 
4:)0. 0 · 50.0 o:o 
550.U 50.0 ,,0.0 
6'JO.O 50.0 0.0 

0.0 90.0 0.0. 
180.0 80. 0 •. 0.0 
31,0 .0 .50.0. 0.0 
450.G 50.0 0.0 
550.0 50.0 0.0 
650.0 50.0 0.0 

0.0 90.0 0.0 
180.0 _80. 0 0.0 
340.0 50.0 0. 0. 
1,so. o · 50.0 0.0 
550.0 50. 0 . 0.0 
650.0 •. 50. 0 0. 0 · 

0.0 90, () 0.0 
180.0 ilr) o 0.0 
31,0. G :,O. 0 0.0 
450:0 50.0 0.0 
5:iO, 0. 5(1. 6 . 0, Ci 
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579 
581 
58t, 
586 
588 
589 
592 
594 

133 
IN 
140 
175 
Sl6 
)22 

52) 
S28 

1 

0 
1 

0.0 
1 

i 

1 

1 

1 

0.0 
579 

1 

o.c 
152 

1 

l. 

l 
2 l 
1. l 
l 1 
0 J 
2 l 
1 I 

1 1.3 l!, 
l r, 5 h7 l '1S 
l 5 1 ·. 163 ]f,,', 

157 I 65 · 166 
l ci 7 209 :no 
'.d,9 581 SP.2 
'.J 1) 587 588 
581 589 5"0 
586 '.)Q4 ::- t) ~) 

5q4 l 

l 2 :HJ 

2 0 
0.0 

29 1 232 

29 l . l 

29 l 

29 1 

28 207 . 1 

650.000 
578 577 576 

6 1 1 

-4.0D-4 
16~- 172 180 

6 1 1 

5 1 2 

lt, 5. · ORNL-556 7 /Rl 

T:ib l,, J (Conti.nued) · 

650.0 ~0.0 0.0 · 
O.ODO 90.0DO O.ODO 

2f,O. ODO 8\). ODO O.ODO 
:i90.0DO 60.0D0 ( 1 . ODO 
,,90. ODO . O.ODO 0 . 0 [)() 

o.ono Q(). (11)() O.ODO 
760.0DO 80.0iJO () . (11)\) / 
J<lQ.01)0 (,O.ODO ;; . :ino 

) l l I 2 
1 ;,b 1 
l '.<' l 
] ',8 1 ~) 

l<l8 1 11 Jl. 
'.,','\) 1 
576 1 
:182 1 
587 1 

0.0 0.0 

\ () 1 ') / 1 2 7 6 1 2 0 0 
) 

l.01)9 0.0 
12 

END 'OF NPRS 
0 

END OF IRFTYP 
0.0 0 " . ,) 

END OF HCON 
-15000.0 0.0 

END OF HMIN 
2 1 11 1 r 

END OF RS ELEMENTS 
l.OD9 650.000 

588 587 595 
0 

.. END OF ID'ffP 
1.0D9 -4.0D-4 

188 196 204 
0 

END OF ICTYP 
1 1 1 

END OF ISC 
END OF .JOB 
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DIM.ENS ION RFALL( l), RF(2, l) . TRF(2, 1) 

. DIMENSION NrRs (30), IRFTYP(30), IS(/,. 29) 

DIMEKSION DL(29) ,DCOSX(29) ,DCOSZ(29) ,NRSE(29) ,RSFLX(30) ,DCYFI.X(30) 

DlMENS rm: llCO!i (30) , FLX 00) , !!MIN ( rn), NPCON (30) , NPFLX( 30). NPMIN (30) 

DIMENSION !IDB (l) , !lDBF( 2, l) , THDRFU, l) 

DIMENSION NPDB(7),1DTYP(7) 

DI MENS ION QCB ( 1 i , QCBF( 2, 1) , T<~CB F ( 2. 1 ) 

DIME'.\SION r.;pcp,(]), ICTYP(7). ISC(')·,6) 

• lME~SION Q~KflJ,Q~BF(l,lJ,TQ~BF(l,l) 

DJMENSIO~ t-;i''.if\ll).i~T'1P(l), 1S~:(':>,l) 

DIMENSION D1~(1!,DCOSXN(l),~(OSZN(l),M~ES(l) 

DIMH~S!Ot/ PRO!'i6, l) 

DIME~SION THPROP(l6,l),AKPROP(16,l),HPROP(l6,l),CAPROP(l6,l) 

DI~E~;s1m; Y.PR/ 1) ,l(DSK(l). TDTCH(l) 

t:orrespondinr., t.0 the abo-.•e dimensio11 specification, the following data 

!;tatements must h€ made in !',LOCK DATA to specify· the maximum-control 

integers: 

DATA :1,;~:~:L, M,\X~iP, :1AXBEL, ~I.AZ BNP, MAXHBP, !1AX.'·Hl/528, 595,132,132, 14, 1/ 

DATA JB~-/0/9/ 

DATA MXNDTC/1,/ 

DATA MXSEL,!'-!XSPR,MX~ DP .. MXWNP,MXWPR,MXW:>P/1, l, l, l, l, 1/ 
. . 

DATA MA;;,SEL.~•t:,:.,"{sNP ,MXRFPR,1-ti:RPAR/29, 30, 1, 2/. 

DATA MXD~:p, MX~PR, M.XDDP /7, 1, 2/ 

DATA MXC:;F ,'tZCEL,MXCPR,!-D'.CDP/7 ,6, 1,2/ 

. DATA ~;~;p. ·:xsEL, !1XNPR, MY~'iDP /1, 1, 1, 1/ 

DATA MAX!1AT, '.O'.SPPM, MY~"l.PPM/1, 16, 6/ 

Figures 17a-c sho•;., the Darcy velocity plot and .the distiibutlon of 

p,esstire head and total h0act, as sl.mulated by the revised FEMWATER. The 

simulation is almost identical to that obtained by the original .FEMWATER. 

This· verify the ievised algoilthm of FEM~ATER. 
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(11) VELOCITY VECTOR PLOT _, 

0~ 

cit\ ll 

(b) DISTRIBUTION OF PRESSURE HEAD 

a-500 cm 

0 0 •• .;.., 

0 0 cm 
• 1000 cm 
+ 1500 CITI 

(cl DISTRIBUTION OF TOTAL HEAD 
a 2000 cm 
0 1200 cm 
• 800 cm 

~ 
::~· 

: ''----
'------------~----~-..:.__-' 

Fig. 17 Flow variables of seepage pond as simulated by the 
. revised FEM\.:ATER, (a) Darcy's velocity pl.ot, 

(b) distribution of pressure head, and (c) 
distribution of total head. 
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C 
C 
C. 
C 

. **************************************'*****""'*************** 

C 

* 
*' 
* 

FEMWATER * 
* 
* 

C **********************·k*il".':*··':**:"'*"k***'k>'-c****-l:**************** 
c: 
t 
C THIS COMPDTER'CODE I~ CONTAINED iN THE FOLIDWi~G REPORT: 
C YEH, c·. T., 1987. "FEM1..JATER: A F1NITE ELE~!ENT MC'DEL 01- \./ATER FLOW 
C THROUGH SATURATED-UNSATURATED POROUS l1EDIA - FIEST RE\1ISION, ", 
C 0RNL-5567/Rl, OAK RIDGE NATLO~lAL L<\BORATORY. OAK RIDC.E, _TN 37831 
C 

C FOR ANY QUESTION, PLEASE CONTACT DK. G. T. YEH AT •:615) 571,-7285 
C 

C ***************************** 

. COM. 005 
COM. 010 
COM 015 

· COM 020 
COM 025 

. COM 030 . 
COM 035 
COM 040 
CQM 045 
COM 050 
COM 055 
COM 060 
CO!-! 065 
COM 070 
COM 075 

* COM 080 
C * * * COM 085 
C * DEFINITION OF VARIABLES * * CO.!-i 090 
C * -;, * COM 095 

~ ***************************** * COM 100 
C * * COM 105 
C * MAXEL . - MAXIMUM"NO. OF ELE~tENTS * COM 110 
C * MAXNP - MAXIMUM NO. OF NODES * COM 115 
C.: * MAXBEL - MAXI!1UM NO. OF BOUNLARY ELEMENTS * COM . 120 
C * MAXBNP. - MAXIMUM NO. OF BOUNDARY NODAL POINTS * COM 125 
C * MAXHBP = MAXIMUM NO. OF HALF BA.'\D \.JIDTH * COM 130 
C * MAXNTI - MAXII-HJH NO. OF TIME STEPS * COM 135 
C * MXNDTC - MAXIMUM NO. OF DELT CHANGES * COM 1.40. 
G * * COM 145 
C * *COM. 150 
C k NNP = NO. OF NODAL POINTS * COM 155 
C * NEL - NO. of··ELEMENTS * COM 150 
C * NBN - NO. OF ~OUNDARY N,ODES * COM 165 
C 
C 

* NBEL' - NO. OF BCJ~lNDARY ELEMENT-SIDES * COM 170. 
* IBAND - NO. OF BAND WIDTH * COM 175 

C * KGRAV - GRAVITY TERM C0NTROL, 0 ~ NOT INCLUDED, 1 = INCLUDED * COM 180 
C * NTI - NO. OF TIME INCR:.MENTS * COM 185 
C * NDTCHG - NO. OF DELT CHANGES *COM. 190 
C * * COM. 195. 
C * NCYL - NO. OF CYCLES FOR ITERATING RAINFALLcSEEPAGE * COM 200 
C * NITER = NO. OF ITERATIONS ALLOWED FOR SO~VING NONLINEAR EQATIONS * COM 205 
C * NSTRT - No·. OF RESTART_ RECORD FILES * COM 210 . 
C * KSTR , - STORE CONTROL INTEGER *- COM 215 
C * KPRO - LINE'-PRINTING CONTROL FOR INITIAL TIME * COM , 220 
C * KDSKO - DISK STORE CONTROL INTEGER, * COM 225 
C * KSS - STEADY STATE SOLUTION CONTROL * COM 230 
C *. 0 ~ STEADY STATE SOLUTION IS WANTED EITHER AS.FINAL * COM 235 
C * SOLUTION OR AS INITIAL CONDIITJON OF TRANSIENT STATE * COM 240 
C * · . SOLUTION * COM 245 
C * 1 = ONLY TRA."lSIENT SOLUTION IS .NEEDED * COM. 250 

. .... --~-... ~•· \ 
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C * KSP 
C * 
C * 

. C * KCP 
C * 
C * 
c·* 

158 

= INDICATING IF SOIL CHARACTERISTICS ARE TO BE COMPUTED BY * COM . 
INTERPOLATING THE TABLE OR BY ANALYTI.CAL FUNCTION, * COM 
0 "' COMPUTED ANALYTICALLY, l = INTERPOLATING_ THE TABLE * COM 

= SOIL PERMEi,BILITY INPUT CONTROL . * COM 
0 = INPUT !::ATURATED HYDRAULIC CONDUCTIVITY TO ARRAY PROP* COM 
1 =;e.· gpur SATURATED PERMEABILITY TO ARRAY PROP(!, 3), . . * COM 

* COM 
C * DELT = TIME SETP SIZE * COM 

255 
260 
265 
270 
275 
230 
285 
290 
295 
300 
305 
310 
315 

G_ * GP.NG = PERCENTAGE GL.\.i."IGE OF TIME STEP SIZE 
C * DEL'-!AX = MAXIMUM TIME STEP SIZE ALLO\JED _. 
C * TMAX = MAXIMUM SIMUL-\TION TIME. ALLO\JED 
C * DELTO = INITIAL TIME STEP SIZE 
C * TOLA TOTLER.A..\"CE FOR lTERATn;c STEADY STATE SOLUTION 

· C * TOLB TOLERANCE FOR .ITERATING TRfu""lSIENT _SOLUTION OF PRESSURE 
C * \,l TIXE INTEGRATION PAR,\HETF.RS 

C * _ 0. 5 = CRANK-NICOLSON CENTRAL DIFFERENCE _ 

C * 1.0 = BACKwARD DIFFERENCE (COMPLETE IMPLICIT SCHEME) 
C * OXE - ITERATION PARAMETER . . 

C_ * 0. () TO 1. 0 = UNDER RELAXATION 

C * 1. 0 TO 2. 0 = OVER-REL\XATION 
C * TIME - TIME SINCE THE BEGINNING 

C * 

* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 

,320 
325 
330-

* COM 335 
* COM 340 
* COM 345 
* GOii 350 
* COM 355 
* COM 360 

C * CSFE COSINE OF THE A..~GLE OF THE X-COORDINATE \.lITH.HORIZONTAL * COM 365 
C * SNFE = sr~;E OF .THE ANGLE OF THE X-COOkDINATE WITH THE HOROZONTAL* G')M 370 
C * 
C * M.XSPR· 
C * MXSDP 
C * NSPR 
.c * NSDP 
C * -MX\J~;p 
C * Nw'NP 
C * MXWPR 
C *.MXwDP 
C * N"t,;PR 
C * N'wDP 
C * 

= !1AX1MUM NO .. OF SOt:RCE PROFILES 
MAXIMU!-1. NO. OF DATA POI!;Ts ON EACH SOURCE PROFILE 

= NO. OF SOURCE PROFILE 
= NO. OF DATA POINTS ON EACH OF THE SOURCE PROFILES 
- MAXI/1VM NO. OF wELL NODAL POINTS 

= }.;o. O_F wELL NODA::. POINTS 
= MAXIMUi1 .. NO. OF \,,'ELL SOt:RCE PROFILES 

* COM 375 
* COM 380 
*COM. 385 
* COM 390 
* COM 395 
* COM 400 
* COM 405 
* COM- 410 . .' 

= MA.'UMU!-1. NO. OF DATA POINT IN EACH \JELL SOURCE- PROFILE * COM 415 
- NO. OF -\./ELL· SOURCE/SINK 

0

PROFI LES * COM. 420 
= NO. OF DATA POINT IN EACH OF THE i.ELL SOURCE/SINK PROFILE* COM • 425 

* COM 430 
C * MXRSEL -MAXIMUM NO. OF RAINFALL-SEEPAGE ELEMENT SIDES * COM 435 
C * MXRSNP ~ MAXIMUM NO. OF RAINI-'ALL SEEPAGE NODAL POINTS - * COM 440. 
C * MXRFPR ~ MAXIMUM-NO. OF RAINFALL PROFILES * COM 445 
C * MXRPAR - MAXIMUM NO. OF RAINFALL PARA.."IETERS ON EACH PROFILE. * COM 450 
C * NRSEL_ .. NO. OF RAINFALL~SEEPAGE ELEMENT SIDES * COM 455 · 
C. * NRSN NO. OF RAINFALL SEEPAGE NODES * COM 460 . 
C * NRFPR . ~W. OF RAI!'--lFALL PROFILE * COM 465 

- C * KRFPAR = NO. OF RAINFALL PARA..'!ETERS (DATA POINTS) ON EACH PROFILE * COM 470 
C * * COM 475 
C * MXD)';'P - !-1.J..XIMUM NO. OF DIRICHLET NODAL POI~ns * COM 480 
C * M.XDPR = MAXI!1t.:M .NO. OF D1R1CHLET TOTAL .HEAD PROFILES * COM 485 
C * MXiJDP = !11\Xl~M ~O. OF DATA POIKTS O~l EACH DIRICHLET PROFILE * COM 490 
C * NDNP = NO. OF DIRICELET ~;ODAL Port;rs · * COM 495 
C * NDPR · = NO. OF DIRICHLET TOTAL HEAD PROFILES * COM 500 

/{ /" ·1··_-~ 
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C * NDDP' ... NO. OF·. DIRICHLET DATA POINTS ON EACH DIRICHLET PROFILE 
C * 
C * MXCNP . - ·MAXIl:UM NO. OF· CAUCHYNODAL. POINTS 

. C * MXCEL ~ MAXIMUM NO: OF CAUCHY ELEMENT SIDES 
C * MXCPR - MA.XIMUM NO. OF CAUCHY FLUX PROFILES 
c·* MXCDP - MAXIMUM NO. OF CAUCHY DATA POINTS ON EACH.PRC'FILE 
C * NCNP - NO. OF CAUCHY NODAL POINTS. 
C ·k NCEL 

G * NGPR 
C * NCDP 

C * 

NO. OF. CAUCHY ELEMENT SIDES 
NO. OF GAUCY FLUX PROFILES 

- NO. OF CAUCY FLUX DATA. POINTS ON EACH PROFILE 

·C * MX.~NP · - nAXIMUM NO. OF NEUMANN tK1DAL POlN.TS 
C * MXNEL 
C * MXNPR 
C * MXNDP 
C * NNNP 
C * NNEL 
C * NNPR 
C * NNDP 
C * 
C * 

- MAXIMUM No. OF NEU!-1..A..NN ELEMENT SIDES 
- MAXIMUM NO. OF NEUMANN-FLUX PROFILES 
- . MAXIMUM NO .. OF NEUMANN- FLUX DATA POINTS ON EACH PROFILE 
- NO, OF NEUMANN NODAL POINTS 

NO .. OF NEUMANN ELEMENT SIDES 
- NO. OF. NEUMA..•m-FLUX PROFILES 
- NO. OF NEUHANN°FLUX DATA POINTS ON EACH PROFILE 

C * MAXMAT - MAXIMUM NO. 
C * MXSPPM ~ MAXIMUM NO. 
C * MAXIMUM NO. 
C * MXMPPM - MAXIMUM NO. 

OF MATERIAL TYPES (MEDIUM FORMATIONS)· 
OF SOIL PAR.~'1ETERS PER MATERIAL, I. E. THE 
OF DATA POINTS ON SOIL CHARACTERISTIC CURVES 
OF MATERIAL PROPERTIES PER MATERIAL 

C * 
- NO: OF MATERIAL TYPE.S THAT FORM THE REGION OF INTEREST 

NO. OF MATERIAL PROPERTIES PER MATERIAL 
· - NO. OF SOIL PARAMETERS PER MATERIAL _ 

* COM 505 
*COM. 510 
* COM 515 
* COM 520 
* COM 525 
* COM. 530 
* COM 535 
* COM 540 · 
* COM 545 
* COM 550 
* COM 555 
* COM ~60 
* COM 
* COM 
* COM 
* CUM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* C_OM 

C * NM.AT 
C * NMPPM 
C * NSPPM 

C * 
C * !LUMP 

mm 
IPNTS 

* COM· 
---LUMPING CONTROL, 0-NO LUMPING, i-LUMP!NG * COM 

565. · 
570 
575 
580 
585 
590 
595 
600 
605 
610 
615 
620 
625 
630 
635 
640' 
645 
650 
655 
660 
665 
670 
675 
680, 
685'' 

C* 
C .. * 
C * 
C * 
C ·* 
C * 
C * 
C * 
C * 
C * 
C * 
C * 
C *" 
C * 
C * 
C * 
C * 

- MID-DIFFERENCE CONTROL, 0-NOT MID-DIFFERENCING, l=YES ·*COM 
- IS POINTWISE ITERATION SOLUTION METHOD USED? 0-NO; 1-YES * COM 

FRATE(I) - FLOW RATE THROUGH I-TH TYPE BOUNDARY SEGME~T 
I 1 - DIRICHLET BOUNDARY 
I - 2 - NEUMA.."IN BOUNDARY 
i - 3. - CAUCHY BOUNDARY 
I - 4 - SEEPAGE BOUNDARY 
I 5 INFILTRATION BOUNDARY. 
I - q - NUMERICAL LOSS 
I - 7 - ENTIRE BOUNDARY 

· I 8 - ARTIFICIAL SOt!RCE INTO THE REGION .· 
I 9 - INCREASE IN THE \.'HOLE REGION OF INTEREST 

FLOW(I) - A."{OUNT OF FLO\..' THROUGH 1-TH TYPE BOTJ~DARY IN THE SETP 
TFLOW(I) - ACCUMULATED A.'fOUNT OF FL0\.1' THROUGH I -TH TYPE BOl'~DARY 
NOTE: POSITIVE VALUES MEA."I OUT FROM THE REGION, ~EGATIVE \'ALUES 

* COM 
* COM 
* COM 
* COM 
* COM 
* COM 
* COM 

• '690 
695 
700 

* COM 705 
* COM 710.· 
* COM 715 
* COM 720 
* COM 725 
* COM. 730 
* COM 73? 

C * HEAN INTO THE·REGION. 
* COM .740 

. * COM· 745 
* COM. 750 C * 

/ 
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-C.* X(N) '"X:COCJRDlNATE 0F.N-Tll_ NODAi. l'0INT, (L): X(MAXNP) 
C * 7.(N) Z-C00R!HNATE .OF N-TH NO!Ji\l. POINT, (L): X(HAXNP) 
C * I EO( I) _ t:WP.!1L NOllF. t-;UMP,ER OF THE 1°TH NODE .OF M-TH ELEMENT IF 
C * - l IS BET1-i'EEN l -AND r. 
C ·k.J!::(M."1 ) INTEC;ER TO n;Dtct,in: Tl!E!-iATERIAL TYPE OFM-TH ELEMENT. 
C ->\· NOTE: IE IS DIMENSIO~lED IEU1AXEL,5) 
C *. 

*-COM 
* COM-

* COM 
* COM 

-* COM 
'* COM. 
* COM 

755 .· 
760 -
765 -

C ·k C(N.1) -. A}; ,\KP..AY TO STORE T!IF.: ASSEMBLED Ci.OBA!. MATR1X * COM 

770 
775 
780 
785 
790 

C ·k Sl!()t:LD 'BE DTHF.~:sro:·.i-:n AS r;(MAX,iP,MAXJIBP) * COM 795 
800 
805 
810 

C ,l- Ll.N()Di:::( l ,N) ,., i;IJJRi\l. :;ont: NUMBER OF THE I-Tit COMPRESSED LOWER-LEIT*. COM 
C * :;nn1-:. TO Tm: N-Tl! (;IJ)½i\l. :-;OD~: * COM 
C * R(:/) - l'Hl•:ssrnE HF..-\D 1.11,\!) OF t,-TII i:oDF: ·cm P.RESSl.iRE HEAD SOLUTION * COM 
C * 
C * H(N) 

C * HP(N) 

FP.0:-1 S!.'f'.RDi.'TJ'.;E p,_:;~;soi.. {f.): f((!1;,x::r) 

PRESSrRE.l!EAD ATS-TI! :::uDE. (!.).: ll(M1\:{~;p) 

!'!'.ESSUIU: l!Ei,D OF N-Tli ~;ODE AT· PREVIOUS TIME STEP, (L) 
C * '.~H0UI.D Bl•: 0 l ME'.,S I ONE!i i,S l!P (:-1:\Xt;I-') 
C * HW(N) ~ !TF.RATE PRESSURE HEAD rw '.;-rn NiJDE. (L): ·!-IW(MAXNP) 
C * IIT(t,1) - TOTAi. HEAD OF N-TI! NODE , (V: HT(MAXNP) 
C * VX(~:) ~:-co~!WJENT VELOCITY AT :;. r!f NOD[, (L/T)'} VX(MAXNP) 

- C * VZ(~;) ~ 7.-C0'.11'0:-iENT '.'~:~_ncrr,··AT ~;·TH ~lODF., (1./T): VZ(MAXNP) 
C * NPCNV(~:) ',"'' NODA!. POT~n OF N-TH !iO'.,cm:VERGENt' NODE: NPCNV(MAXNP) 

* COM · 815 
* COM 820 
* COM 825 
* COM 830 
* COM. 835 
* COM 840 
* COM 845 
* COM 850 
·k COM 855. -·-

C * * COM 860 
C * Tli(l.M) =0 MOIS1TRE CCHffE~ff AT i-T.' ~•ODE OF M-TH ELEMENT * COM 865 
C * SHrJU.D i\E Dl:-lf.~;s10~d-:D AS TH(4,MAXEL) * COM 870 
C * DTH(I .'.1) - DTH/Df1 - 1,.;ATF.R CAPACITY OF I-TH NODE OF M0 TH ELEMENT * COM 875 
C * ( 1 /U . Sllul'LD BF. D l~E~:s ICn;ED ,\S DTH ( 4, MAXEL) * COM 880 
C * AKX(I .~) XX-CO~PO~F.~:T OF THE Sr\Tl.:RATED HYDRAULIC CONDUCTIVITY AT* 'coM 885 
C * i-TH ~;om-: rjr '.1-TH SLF.~E~T. (L/T): AYJ{(4,HAXEi.) * COM 890 
C * AY..2(1 .~) - 22-CO~PO'.~E~;T CF THE SATl%\TED HYDRAULIC CONDUCTIVITY AT* COM · 895 
C * 1-TH ~:ODE OF '.1-T!l EU·:~E~:T, (L/T): AKZ(4,MAXEL) * COM 900 
C * A.KXZ(I .xr,;; XZ-CO~PO~,E~T OF THE SA:t.:RATED HYDRAULIC CONDUCTIVITY * COM 905 
C * A1' I-TH ~,ODt OF ~-Tf! ELE~ENT, (L/T): AKXZ(4,MAXEL) * COM 910 
C * * COM 915 
C * * COM 920 
C * DLB(I) - Lt::crnoFl-TH BOt::;DARY ELE.;'-!ENT SIDE,. (L):_DLB(MAXBEL) * COM 925 
C * DCOSXB(I) - X-D!RF.CT10r--AL COS!SE OF I-TH BOUNDARY ELE!-!ENT SIDE * COM 930 
C * Si!OLUi :'•_?. Dl~E'.,S10~:ED AS DCCSXB(MAXBEL) * COM 935 
C * DCOSZB(!,I 2-DIREr:nm:AL COSINE OF I-TH BOUNDARY ELEMENT SIDE * COM 940 
C * S!!•)L"Lu BE DDH:~;:;10:-.ED _AS DCOSZB(MAXBEL). * COM 945 
C* BFLX(I) - BOL'~m.:..RY FLUXATl-THBOt:~DARY NODE, (L**3/T/L) .* COM 950 
C * SHu::;.l) BE Dl~E~:s ro~:rn ;is BFLX(~BNP) _ * co!-l 955 
c * EFLXP (I) - Bor•:nARY FLUX AT PREV r Ot:S Tl!-!E OF I -TH BOt.:NDARY NOCE * COM. .960 
C * S01:LD BE DI!-IE~;s IOSED AS BFLXP(!-iAXB'.~P) * COM 965 

· C * ~BE(I).;. ELE.!-IE:;i· ~,U:BER OF I-TH. BOt:~DARY ELEMENT SIDE -* COM 970 
C * SHOT_;[.') Bf. DT'.1F.:-;sro~;rn _AS ~:BS(:1AXBF._L) -* COM 975 

C * ISB(l, !) - GLOBAL KODAL !·,t"MBF.R OF THE FIRST ~ODE OF I-TH B0l1NDARY * COM 980 
C * SIDE * COM 985 
C * ISB(2,l) 
C* 

\ 

GLOBAL 1:oDAL ~l:MBER OF THE SECo::D NODE OF I-TH BOUNDARY* COM 
S lDF. * COM 

--.---:.. __ _ t.: 
--- .. 

990 
995 
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C * ISB(3,i) = ELEMENT NBE(l)'S LOCAL NODAL NUMBER OF THE FIRST NODE * COM 1000 
C * OF I-TH BOUNDARY SIDE * COM 1005 
C * ISB(4;I) - ELEMENT NBE(I)'S LOCAL NODAL NUMBER OF THE SECOND NODE* COM 1010 
C * OF I-TH BOUNDARY SIDE * COM 1015 
C * NPB(I) = GLOBAL NODE. NUMBER OF I~TH BOUNDARY NODE * COM 1020 
C * * COM 1025" 
C * * COM 1030 
C * SOS(I) ~ SOURCE STRENGTH OF I-TH I-TH SOURCE PROFILE, * COM 1035 

. C .* ((L*>l-3/T)/L**3): SOS(M:XSPR). * COM 1040 
C * 50Sf(I,J) - SOURCE STRENGTH OF T~TII DATA POINT.IN J~TH SOURCE VS * COM 1045 
C * .TIME PROFll~E. (L**3/T/L*''·3): S\)SF(MXSDP,MXSPR).· * COM 1050 
C * TSOSF(I ,J) = TIME OF I-Tl! DATA POINT IN J-TH SOURCE VS TIME -I· COM 1055 
C * PROFILE, (T): TSOSF(MXSDP,MXSPR) * COM 1060 
C ·1r LES(MP) - GLOB_AL E_LEMENT !','UMBER CJF MP-TH SOURCE ELEMENT * COM 1065 
C * ISTYP(MP) - TYPE OF SOURCE PRDFILE ASSIGNED TO MP-TH ELEMENT * COM 1070 
C * * COM 1075 
C * NPW(NI) = GLOBAL NODE NUMBER OF NI-TH \-'ELL NODE * COM 1080 
C * IWTYP(NI) - TYPE OF WELL SOURCE/SINK PROFILE ASSIGNED TO -TH WELL * COM 1085 
C * WSS(l) - VALUE OF I-TH WELL SOURCE/SINK AT PRESENT TIME, (L**2/T) " ,COM 1090 
C *·wSSF(J,I) - WELL SOURCE/SINK F1JNCTION OF J-TH DATA POINT OF I-TH * COM 1095 
C * ... PROFILE; (L**3/T/L). * COM 1100 
C * Ti-lSSF(J,I)· = TIME OF J-TII DATA POI~T OF I-TH WELL SOURCE/SINK * COM 1105 
C * PROFILE, (T) * COM 1110 
C * * COM 1115 
C * * COM 1120 
C * DL(MP) - LENGTH OF MP-TH RS BOUNDARY ELEMENT SIDE,' (L) * COM 1125 
C * SHOULD BE DIMENSIONED AS DL(MXRSF.L) * COM 1130 
C * DCOSX(MP) - DIRECTIONAL COSINE WITH X~AXIS OF MP-TH.RS SIDE * COM 1135 
C .* SHOULD BE DIMENSIONED AS DCOSX(MXRSEL) , * COM 1140 
C * DCOSZ(MP) - DIRECTIONAL COSINE WITH Z-AXIS OF MP-TH RS SIDE * COM 1145 · 
C * ·"'''SHO!.!LD BE DIMENSIONED AS DCOSZ(MXRSES) · * COM 1150 
C * DCYFL..X(NP) - DARCY FLID( THROUGH NP-TH RS NODE * COM 1155 
C * (L**3/T/L-IN-Y-DIRECTION) * COM U60 

. C '* FLX(NP) - RAINFALL RATE THROUGH NP-TH RS NODE * COM 1165 
C * (L**3/T/L-IN-Y-DIRECTION) * COM 1170 
C * RSFLX(~P) - DARCY VELOCIIT AT NP-TH RS NODE * COM 1175 
C * . . (L/T),. SHOULD BE DIMENSIONED AS RSFLX(MXRSNP) ·* COM 1180 
C * HCON(NP) - PONDING DEPTH ALLOWED FOR THE NP-TH NODE OF RAINFALL/ * COM UBS 
C * EVAPORATION SEEPAGE NODES, (L):· HCON(MXRSNP) * COM 1190· 

· C * HMIN(NP) - MINIMUM PRESSURE HEAD ALLOWED FOR THE NP-TH RAINFALL/ · * COM 1195 
C ~ EVAPORATION SEEPAGE NODES, . (L): HMIN(MXRSNP) * COM 1200 
C * NRSE(I) - l::LEMENT J:',j'lJMBER TO ',lHICH I-TH RS BOl!NDARY * COM 1205. 
C *. SIDE BELCNG, SHOULD BE DIMENSIONED AS NRSE(MXRSEL) _ * COM 1210 

·. C * IS(l,I) •• COMPRESSED RAINFALL/EVAPORATION-SEEPAGE.NODAL NUMBER OF* COM 1215 
C * THE'FIRST NODE OF 1-TH RS SIDE .* COM 1220 
C * IS(2,I) - COMPRESSED RAINFALL/EVAPORATION-SEEPAGE NODAL NUMBER OF* COM 1225 
C * THE SECOND NODE.OF I-TH RS SIDE. * COM 1230 
C * IS(3,I) - ELEMENT NRSE(I)'S LOCAL NODAL NUMBER OF THE.FIRST NODE * COM 1235 
C * OF I-TH RAINFALL/EVAPORATION-SEEPAGE SlDE * COM 1240 
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C * IS (4, I) ELEMENT NRSE(I) 'S.· LOCAL NODAL l'HJMBER OF THE SECOND NODE * COM 1245 
. C * OF I-TH RAINFALL/EVAPORATION-SEEPAGE SIDE * COM 12,0 
C. * NOTE:. nIS" SHOULD BE DIMENSIONED AS IS(4 ,MXRSEL) * COii 1255 

, . C * NPRS(NP) = GLOBAL NODAL POINT NUMBER OF NP-TH RS-NODE * COM 1260 
. C * SHOULD BE DIMENSIONED AS NPRS(MXRSNP) * COM 1265 

C * NPCON(NP) - PONDING DEPTH DIRICHLET BOUNDARY CONDITION INDICATOR * COM 1270 
, C * FOR THE NP-TH RS NODE, 0 = THIS NP-TH NODE IS NOT A * COM 1275 

C * PONDING. DEPTH DIRICHLET !~ODE, GLOBAL NODE NUMBER OF * COM 1280 
C * NP-TH RS NODE= THIS NP,-TH RS NODE IS A PONDING DEPTH* COM 128:r 
C * DIRICHLET NODf. * COM 1290 
C * NPMIN(NP) MINIMUMPRESSURE HEAD DIRICHLET BOUNDARY CONDITION * COM 1295 
C * INDICATOR FOR THE NP-TH RS NODE, 0 - /iP.TH RS NODE IS * .COM 1300 
C * NOT A MINIMUM PRESSUR:..: lli:.Au Dl'Q.ICHLET NODE, GLOBAL * COM 1305 

C * NODE NUMBER OF NP-TH RS !lODE - THIS ~1P-TH RS NODE IS * COM 1310 
C * PRESCRIBE MINIMUM PRESSURE HEAD DIRICHLET NODE * COM 1315 
C * NPFI..X(NP) - NEUMANN BOUNDARY CONDITION INDICATOR FOR THE NP-TH * GOH 1320.· 
G * NODE OF RAINFALL(+)/EVAPORATION( • )-SEEPA.CE NODE, 0 * GOH 1325 
G * THIS NP-TH RS NODE IS NOT A NEUMANN NODE FOR THE * COM 1330 
C * 
C * 

TIHE STEP, GLOBAL NOl1E NUMBER •)F NP-TH RS NODE - THIS * COM 
NP-TH RS NODE IS A NEUMANN NODE * COM 

C * IRSTYP(N,R) - TYPE OF RAINFALL PROFILE ASSIGNED TO NP-TH NODE OF * GOH 
G * THE RAINFALL- SEEPAGE NODES * COM 
C * Tfff(I,J) - TIME OF I-TH DATA POINT ON J-TH RAINFALL-VS-TIME * COM 
C * PROFILE, (T): TRF(MXRPAR,MXRFPR) * COM 

.C * RF(I,J) - RAINFALL QF I-TH DATA POINT ON J-TH RAJNFALL-VS-TIME · * COM 
C * PROFILE, (L/T): RF(M.XRPAR,MXRFPR) * COM 
C * RFALL(I) - VALUE. OF RAINFALL AT THE PRESENT TIME OF I-TH PROFILE * COM 
C * * COM 

i33'.l 
1340 
1345 
1350 
1355 
1360 
1365 
1370 
1375 
1380 · 

C * * GOH 1385 
C * HDB(I) - VALUE OF. TOTAL HEAD AT THE PRESENT TIME OF I-TH TOTAL * COM 1390 
C * .. _J;IEAD VS TIME PROFTLE FOR DIRICHE~T, BOUt1DARY, * COM 1395 
C * . SHOULD BE DH-m;srot:w AS HDB(MXDPR) . * COM 1400 
C * HDBF(I,J) -.·'J'OTAL HEAD OF I-TH DATA POINT IN J.-.TH DIRICHLET TOTAL* COM 1405 · 
C * HEAD VS TIME PROFILE, (L): HDBF(MXDDP,MXDPR) * COM 1410 
C * THDBF(I,J) - TIME OF I-TH DATA POINT IN J-TH DIRICHLET TOTAL HEAD* COM 1415 
C * . VS TIME PROFILE, (T): THDBF(MXDDP,MXDPR) . * COM 1420 
C * * COM 1425 
C * NPDB(NP) - GLOBAL NODAL POINT NUMBER OF NP-TH DIRICHLET BOUNDARY·.* COM 143.0 
C * NODE : NPDB(MXDNP) * COM 1435 
C * IDTYP(NP) = TYPE.OF DIRICHLET TOTAL HEAD VS TIME PROFILE TO BE * COM 1440 
C * ASSIGNED TO.NP-TH DIRICHLET NODE: IDTYP(MXDNP) * COM 1445-
C * * COM 1450 
C * * COM 1455 
C * QCB(I) - VALUE OF FLliX AT THE PRESENT TIME OF I-TH CAUCHY FLUX.VS* COM i460 
C * TI.'1E PROFILE FOR CAUCHY BQl;~;DARY, ( (L**3/T)/L**2) * Cv/'.i 1465 
C * QCB(~{XCPR) * COM 1470 
C * QCBE(I,J) - FLL"X OF !-TH DATA POI!'.T IN J-TH CACCHY FLUX VS TIME * COM 1475 
C * PROFILE: FOR CAi..'.CHY·BOt.:SDARY, ((L**3/T)/L**2) * GOH 1480 
C * QCBFC1XCDP,MXCPR) * COM 1485 
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C * TQCBF(I,J) - TIME OF I-TH DATA POINT IN J-TH CAUCHY FLUX VS TIME * COM 1490 
C * . PROFILE FOR CAUCHY BOUNDARY, (T) * COM 1495 
C * TQCBF(M,"'{CDP ,HXCPR) * GOH 1500 
C * * COM 1505 
C * NPCB(NP) GLOBAL NG1AL POINT NUMBER OF NP-TH CAUCHY BOUNDARY NODE* COM 1510 
C * NPCB(VtXCNP) * COM 1515 
C * ICTYP(NP) - TYPE OF CAYCHY FLUX VS TIME PROFILE TO BE ASSIGNED TO* COM 1520 
C * NP-TH CAUCHY NODE: ICTYP(HXCNP) * COM 1525 
C * * COM 1530 
C.* ISC(l,I) 
C * 

COMPRESSED CAUCHY NODAL NUMBER OF THE FIRST NODE OF 
I-TH CAYCHY BOUNDARY SIDE 

* COM 1535 
* COM 1540 

C * ISC(2,I) - COMPRESSED CAUCHY NODAL NUMBER OF THE SECOND NODE OF * COM 1545 
C * I-TH CAYCHY BOUNDARY SIDE. * COM 1550 
C ******-A· NOTE: "!SC" SHOULD BE DIMENSIONED AS 1SC(2 ,MXCEL) · * COM 1555 
C * * COM 1560 
C * * COM 1565 
C * QNB(I) - VALUE OF FLUX AT THE PRESENT TIME OF I-TH NEUMANN FLUX VS* COM 1570 
C * TIME P~OFILE FOR NEUMANN BOUNDARY, ((L**3/T)/L**2) * COM 1575 
C * QNB(MXNPR) * COM 1580 
C * QNBF(I,J) ~ FLUX OF I-TH DATA POINT IN J-TH NEUMANN FLUX VS TIME * COM 1585 
C * .. PROFILE FOR NEUMANN BOUNDARY, ((L**3/T)/L**2) * COM 1590 
C * QNBF(MXNDP ,MXNPR) * COM 1595 
C * TQNBF(I,J) - TIME OF I-TH DATA POINT IN J-.TH NEUMANN FLUX VS TIME* COM 1600 
C ·,'. PROFILE FOR NEUMANN BOUNDARY, (T) * COM 1605 
C * TQNBF(MXNDP,M..XNPR) * COM 1610 
C * * COM 1615 
C * NPNB(NP) - GLOBAL NODAL POINT NUMBER OF NP-TH NEUMANN BOUNDARY * COM 1620 
C * NODE: NPNB(MXNNP) * COM 1625 
C * INTYP(NP) - TYPE OF NEUMANN FLUX VS TIME PROFILE TO EE ASSIGNED TO* COM 1630 
C * NP-TH NEUMANN NODE: INTYP(HXNNP) * COM 1635 
C * * COM 1640 
C * ISN(l,I) - COMPRESSED NEUMANN NODAL NUMBER OF THE FIRST NODE OF * COM 1645 
C * I-TH NEUMANN BOUNDARY SIDE· * COM 1650 
C * ISN(2, I) = COMPRESSED NEUHA."'-'N NODAL NUMBER OF THE SECOND NODE OF * COM 1655 
C * I-TH NEUMANN BOUNDARY SIDE * COM 1660 
C * ISN(3,I) - ELEMENT MNES(I)'S LOCAL NODAL NUMBER OF THE FIRST NODE* COM 1665 
C * OF I-TH NEUMANN BOUNDARY SIDE * COM 1670 
C * ISN(4,I) - ELEMENT MNES(I)'S LOCAL NODAL NUMBER OF THE SECOND NODE* COM 1675 
C * OF I-Tn NEUMANN BOUNDARY SIDE * COM 1680 
C ******* NOTE: "!SN" SHOULD BE DIMENSIONED AS ISN(4,MXNEL) * COM 1685 
C * +. COM 1690 
C * DLN(MP) - LENGTH OF MP-TH NEUMANN BOUNDARY ELEMENT SIDE, (L) * COM:· 1695 
C * SHOULD BE DIMENSIONED AS DLN (t·L'iliEL) * COM °I 700 
C * DCOSXN(MP) - DIRECTIONAL COSINE WITH X-AXIS OF MP-TH NEUMANN * _COM 1705 
C * ELEMENT SIDE, SHOULD BE DIMENSIONED AS DCOSXN(MXNEL) * COM 1710 
C * DCOSZN(MP) - DIRECTIONAL COSINE WITH Z-AXIS OF MP-TH NEUMANN * COM 1715 
C * ELEMENT SIDE, SHOULD BE DIMENSIONED AS DCOSZN(MXNEL) * COM 1720 
C * MNES(I) = ELEMENT NUMBER TO WH1CH I-TH NEUMPJ~N BOUNDARY ELL"l.ENT * COM 1725 
C * SIDE BELONG, SHOULD BE DIMENSIONED AS MNES(MXNEL) * COM 1730 
C * * COM 1735 
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C * * COM.1740 
C * PROP(J,I) - J-TH l-1.ATERIAL PROPERTY OF I-TH MATERIALS * COM 1745 
C * J - 1 - MUDIFIED COMPRESSIBILITY OF THE MEDIUM, (1/L) * COM 1750 
C * J - 2 - MODIFIED COMPRESS.IBILITY OF WATER, (1/L) * COM 1755 
C * J - 3 - EFFECTIVE POROSITY, (.IN DECIMALS) * COM 1760 
C * J - I.J - SATURATED X-COMPONENT HYDRAULIC CONDUCTIVITY * COM 1765 
C * J - 5 - SATURATED Z-COMPONENT HYDRAULIC CONDUCTIVITY * COM 1770 
C * J - 6 - SATURATED XZ-COMPONENT HYDRAULUC CONDUCTIVITY* COM 1775 
C ******* NOTE: "PROP" SHOULD BE DIMENSIONED AS PROP(MXMPPM,MAXMAT) * COH 1780 
C * * tOM 1785 
C * * COM 1790 
C * THPROP(J, I) - MOISTU~E CONTENT OF J-TH DATA POINT ON SOIL * COM 1795 
C * CHARACTERISTIC CURVE FOR I-TH MATERIAL * COM 1800 
C * AKPROP(J, I) - RELATIVE HYDRAULIC CONDUCTIVITY OF J-TH DATA POINT * COM 1805 
(' * SOIL CHARACTERISTIC CURVE FOR I-TH MATERIAL * COM 1810 
C * CAPROP(J,l) - WATER CAPACITY OF J-TH DATA POINT ON SOIL * COM 1815 
C * CHARACTERISTIC CURVE FOR I-TH MATERIAL * COM 1820 
C ******* NOTE: " "TliPRO?, AKPROP, AND CAPROP" SHOULD BE DIMENSIONED * COM 1825 
C ******* AS (MXSPPM,MAXMAT) * COM 1830 
C * * COM 1835 
C * * COM 1840 
C * KPR(l) = f.'iNE PRINT CONTROL FOR. I-TH TIME STEP, SIMILAR TO KPRO * COM 1845 
C * KDSK( I) = DlSK STORAGE CONTROL FOR I-TH TIME STEP Sil"llAR TO KDSKO* COM 1850 
C ******* NOTE: BOTH KPR AND KDSK" SHOULD BE DIMENSIONED AS ('1AXNTI) * COM 1855 
C * TDTCH(l) = TIME OF I-TH TIME TO RESET TIME STEP SIZE - DELTO, (T) * COM 1860 

C * 
C * 
C * 

SHOULD BE DIMENSIONED AS TDTCH(MXNDTC) 

,, .· ,.. \ 
·/· \ 

\ ,, \ 

* COM. 1865 
* COM 1870 
* COH 1875 
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C 
C ------- MAIN PROGRAM OF FEMWATER 
C 

MAIN 005 
MAIN 010 
MAIN 015 . 
MAIN 020 
MAIN 025 
MAIN 030 
MAIN 035 
11.f\IN 040 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

IMPLICIT REAL*B(A-H,0-Z) 

COMMON /SGEOM/ MAXEL,MAXNP,MAXBEL,MAXBNP,MAXHBP;MAXNTI,MXNDTC 
COMMON /CPIS/ JBAND 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBAND,KGRAV,NTI,NDTCHG 

MAIN 045 
COMMON /CINTE/ NCYL,NITER,NSTRT,KSTR,KPR0,KDSKO,K3S,KSP,NPITER MAIN 050 
COMMON /CREAL/DELT,CHNG,DELMAX,TMAX,DELTO,TOLA,TOLB,W,OME,OMI,TIMK"iAIN 055. 
COMMON /COORD/ CSFE,SNFE,CYLIND MAIN 060 

COM..'-10N /CSOS/ MXSEL, l1XSPR, ML>DP, NSEL, NSPR, NSDP 
COMMON /CWSS/ MXWNP, MXWPR, MXWDP, N\-iNP, NWPR, NlJDP 

. MAIN 065 
MAIN 070 
MAIN 075 
MAIN 080 

COMMON /RSBC/ MXRSEL,l1XRSNP,MXRFPR,MXRPAR,NRSEL,NRSN,NRFPR,NRFPAR MAIN 085 
.COMMON /CDBC/ MXDNP, MXDPR, MXDDP, NDNP, NDPR, ND!)P MAIN 090 
COMMON /CCBC/ W~CNP, MXCEL, MXCPR,MXCDP, NCNP ,NCEL, NCPR,NCDP MAIN 095 
COMMON /CNBC/ MXNNP,MXNEL,MXNPR,M.XNDP,NNNP,NNEL,NNPR,NNDP MAIN 100 

COMMON /SMTL/ MAXMAT,MXSPPM,MXMPPM 
C°.MMON ICMTL/ NMAT,NMPPM,NSPPH. 

C011HON /OPT/ ILUMP,IMID,IPNTS,IVML 

COMMON /CFLOW/ FRATE(lO),FLOW(lO),TFLOW(lO) 

DIMENSION X(3111) ,Z(3111), IE(3000, 5) ,LLNODE(9, 3111) 

DIMENSION C(3111,53) ,R(3111),RL(3111),RI(3111) 
DIMENSION .H(3111) ,HP(3111) ,HW(3111) ,HT(3111), VX(3111) ,VZ(3111) 
DIMENSION NPCNV(3111), TH(4,3000),DTH(4,3000) 
DIMENSION AKX(4,3000),AKZ(4,3000),AKXZ(4.3000) 

DIMENSION DLB(220),DCOSXB(220),DCOSZB(220),NBE(220),ISB(4,220) 
DIMENSION BFLX(220),BFLXP(220),NPB(220) 

DIMENSION SOS ( 3) , SOSF( 4, 3), TSOSF( 4 ,.3) , ISTYP( 11), LES (11) 
DIMENSION WSS ( 5) , WSSF( 8, 5), TWSSF(8, 5), HITYP( 10), NPW(lO) 

HAIN 105 
MAIN 110 
MAIN 115 
MAIN 120 
MAIN 125 
MAIN 130 
MAlN 135 
MAIN 140 
MAIN 145 
MAIN 150 
MAIN 155 
MAIN 160. 
MAIN 165 
MAIN 170 -
MAIN 175 -
MAIN 180. 
MAIN 185 
MAIN 190 
MAIN .195 
MAIN 200 
MAIN 205 

DIMENSION RFALL(3),RF(24,3),TRF(24,3) MAIN 210 
DIMENSION NPRS(61),IRFTYP(61), IS(4,60) MAIN 215 
DIMENSION DL(60),DCOSX(60),DCOSZ(60),NRSE(60),RSFLX(61),DCYFLX(6l)MAIN 220 
DIMENSION HCON(61) ,FLX(Cl) ,HHIN(61) ,NPCON(61) ,NPFLX(61) ,NPMIN(61) MAIN 225 

DIMENSION HDB(l),HDBF(4,1),tHDBF(4,l) 
DIMENSION NPDB(Sl),IDTYr(Sl) 

MAIN 230 
MAIN 235 
MAIN 240 

/ . 
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C 

C 

C 

C 

C 
C 

DIMENSION QCB(2),QCBF(4,2),TQCBF(4,2) 
DIMENSION NPCB(51),ICITP(51), ISC(2,50) 

DIMENSION QNB(l),QNBF(2,l),TQNBF(2,l) 
DIMENSION NPNB(61)., INITP(61), ISN(L1 ,60) 
DIMENSION DLN(60),DCOSXN(60),DCOSZN(60),MNES(60) 

DIMENSION PROP(6,3) 
DIMENSION THPROP(52,3),AKPROP(52,3),HPROP(52,3),CAPROP(52,3) 

DIMENSION KPR(500) ,KDSK(500),TDTCH(20) 

C ------- PASS THE PROGRAM TO GW2DXZ 
C 

MAIN 245 
MAIN 250 
MAIN 255 
HAIN 260 
MAIN 265 
MAIN 270 
MAIN 275 
MAIN 280 
MAIN 285 
MAIN 290 
t~IN 295 
MAIN 300 
MAIN 305 
MAIN 310 
MAIN 315 
MAIN 320 
MAIN 325 
MAIN 330 
MAIN 335 
MAIN 340 
MAIN 345 
MAIN 350 
MAIN 355 
HAIN 360. 
MAIN 365 
MAIN 370 
MAIN 375 

C 

C 

C 

C 

'J.• 
_1 '\ 

j ... 

CALL G",J2DXZ(X·, Z, IE, C, R,H, HP, HW, HT, TH, DTH, VX ;VZ ,AKX,AKZ, 
1 AKXZ,NPCNV, DLB,DCOSXB,DC05ZB,BFLX,BFLXP,NBE,ISB,NPB, 
2 SOS,SOSF,TSOSF,LES,ISITP, DL,DCOSX,DCOSZ,NRSE,DCYFLX,RSFLX,HCON, 
3 NPCON,NPFLX, RFALL,RF,TRF,FLX,NPRS,IRFTYP,IS, HDB,HDBF,THDBF, 
4 NPDB,IDn'P, QCB,QCBF,TQCBF,NPCB,ICITP,ISC, QNB,QNBF,TQNBF, 
5 NPNB, INTYP, ISN, DLN, DCOSXN, DCOSZN, M.'-;ES, 
6 PROP, HPROP: AK PROP, TH PROP, CAPROP, KPR, KDSK, TDTCH, HMIN, t,?MIN, 
7 NP\,i, Ii.TIP, WSS, T",JSSF, IJSSF, RL. RI, LL'lODE) 

STOP 
E~rn 

BWCK DATA 

IMPLICIT REAL*8(A-H,O-Z) 

BLOC 005 
BLOC 010 
BLOC 015 
BLOC 020 

COMs.'iON /SGEOM/ !-!AXEL, MAXNP, MAXBEL, MAXBNP, MAXHBP, MAXNTI, MXNDTC BLOC 02 5 
COMMON /CPIS/ JBAND BLOC 030 
COMMON /CSOS/ MXSEL,l1XSPR,MXSDP,NSEL,%PR,NSDP BLOC 035 
COM..'iON /C\..'SS/ MXWNP, MXWPR ;MXWDP, N' .. 'NP, Ni.'PR, NWDP BLOC 040 · 
COM.'10N /RSBC/ MXRSEL,MXRSNP,MXRFPR,MXRPAR,NRSEL,NRSN,NRFPR,NRFPAR T,LOC 045 
COM..'iON /CDBC/ MXDNP, MXDPR, MXDDP, NDNP, NDPR, NDDP BLOC 050 
COMMON /CCBC/ MXCNP,MXCEL,!iXCPR,MXCDP,NCNP,NCEL,NCPR,NCDP BLOC 055 
COMMON /CNBC/ Mx.~NP, MXNEL, MXNPR, MXNDP, NNNP, NNEL, NNPR, NNDP BLOC 060 
COMMON /SKTL/ MAX..'IAT,MXSPPM,MXMPPM BLOG 065 

DATA MAXEL, MAX.>-;P, MAXBEL, M/v:B~;p, AAXHBP, MAXNTI/528, 595,199,200, 18, 
> 500/ 

DATA JBASD/9/ 
DATA MXi."WTC/20/ 

f _./ 
/ 

BLOC070 
BLOC 075 
BLOC 080 
BLOC 085 
BLOC 090 
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C 

C 

C 

C 

C 

C 

C 

C 

C 
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DATA MXSEL,MXSPR,MXSDP ,MXWNP ,l1XWPR,l'iXWDP/12, 2, 4, 10, 6 ,4/ 
DATA HXRSEL,MXRSNP,MXRFPR,MXRPAR/99,100,3,20/ 

.. DATA MXDNP ,MXDPR,MXDDP/40, 2 ,4/ 
DATA MXCNP ,MXCEI..,MXCPR,M..XCDP/30, 29, 2 ,4/ 
DATA MXNNP,MXNEL,MXNPR,MXNDP/50,49,2,4/ 
DATA l1AXMAT, M1l.SPPM, MXMPPI-V:,, 52, 6/ 

END 

SUBROUTINE GW2DXZ(X,Z,IE, C,R,H,HP,HW,HT,TH,DTH,VX,VZ,AKX,AKZ, 
1 AKXZ,NPCNV, DLB.DCOSXB,DCOSZB,BFLX,BFLXP,NBE,IS&,NPB, 
2 SOS,SOSF,TSOSF,LES,ISTYP, DL,DCOSX,DCOSZ,NRSE,DCYFLX,RSFLX,HCON, 
3 NPCON,NPFLX, RFALL,RF,TRF,FLX,NPRS,IRFTYP,IS, HDB,HDBF,THDBF, 
4 NPDB,IDTYP, QCB,QCBF,TQCBF,NPCB,ICTYP,ISC, QNB,QNBF,TQNBF, 
5 NPNB,INTYP,ISN,DLN,DCOSXN,DCOSZN,MNES, 
6 PROP,HPROP,AKPROP,THPROP,CAPROP, KPR,KDSK,TDTCH; HMIN,NPMIN, 
7 NPW, !i,,TTYP ,_wss, TWSSF, WSSF, RL, RI, LLNODE) 

IMP.LICIT REAL*8(A-H,O-Z) 
REAL*4 SUBHD 

COMMON /SGEOM/ MAXEL,MAXNP,MAXBEL,MAXBNP,MAxHBP,MAXNTI,MXNDTC 
COMMON /CPIS/ JBAND 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBAND,KGRAV,NTI,NDTCHG 

BLOC 095 
BLOC 100 
BLOC 105 

. BLOC 110 
. BLOC 115 

BLOC 120 
BLOC 125 
BLOC 130 

GW2D 005 
GW2D 010 
GW2D 015 
GW2D 020 
GW2D 025 
GW2D 030 
GW2D 035 
GW2D 040 
GW2D 045 
GW2D 050 
GW2D 055 
GW2D J60 
GW2D 065 
GW2D 070 
GW2D 075 
GW2D 080 . . 

COMMON /CINTE/ NCYL, NITER, NSTRT, KSTR, KPRO, '.~DSKO, KSS, KSP, NPITER GIJ2D 085 
COMMON /C8-EAL/DELT,CHNG,DEL'IAX,TMAX,DELT0,TOLA,TOLB,W,OME,OMI,TIMEGW2D .090 
COMMON /COORD/ CSFE,SNFE,CYLIND .. GW2D 095 

COMMON /CSOS/ MXSEL,MXSPR,MXSDP,NSEL,NSPR,NSDP 
COMMON /CWSS/· MXw'NP,MXWPR,MXWDP,NWNP,NWPR,NWDP 

GW2D 100 
GW2D 105 
GW2D 110 
GW2D 115 

COMMON /RSBC/ MXRSEL,MXRSNP,MXRFPR,MXRPAR,NRSEL,NRSN,NRFPR,NRFPAR GW2D 120 

COMMON /CDBC/ MXDNP,MXDPR,MXDDP,NDNP,NDPR,NDDP 
COMMON /CCBC/ MXCNP,MXCEL,MXCPR,MXCDP,NCNP,NCEL,NCPR,NCDP 
COMMON /CNBC/ MXNNP,M..'<NEL,MXNPR,MXNDP,NNNP,NNEL,NNPR,NNDP 

COMMON /SMTL/ MAXMAT,MXSPPM,MXMPPM 

COMMON. /OPT/ I LUMP; HUD, IPNTS, IVML 

COMMON /CFLOW/ FRATE(lO), FLOW(lO), TFLOW(lO) 

DIMENSION X(MAXNP),Z(MAXNP),IE(MAXEL,5) 

_, 
/ 

\ 

.-

GW2D 125 
GW2D 130 
Gw2D 135 
GW2D 140 
GW2D 145 
cw20·1so 
GW2D 155 
GW2D lGO 
GW2D 165 
GW2D 170 
GW2D 175 
GW2D 180. 
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C. 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

DIMENSION C(MAXNP,MAXHBP),R('-IAXNP),H(MAXNP),Hf'(MAXNP),HW(MAXNP), 
1 HT(MAXNP),TH(4,MAXEL),DTH(4,MAXEL),VX(MAXNP),VZ(MAXNP), 
2 AKX(4,MAXEL) ,AKZ(4,M\XEL) ,AKXZ(/•,MA..XEL), NPCNV(~IAXNP) 

DIH!-:NSION RL(MAXNP), RI(HAXNP), LLNODE(JBMW,MAXNP) 

GW2D 185 
GW2D 190 
GW2D 195 
GW2D 200 
GW2D 205 
GW2D 210 

DIMENSION DLB(MAXBEL),DCOSXB(MAXBEL),DCOSZB(MAXBELJ,BFLX(MAXBNP), GW2D 215 
> BFLXP(MAXBNP),NBE(MAXBEL),ISB(4,MAXBEL),NPB(MAXBNP) GW2D 220 

DIMENSION 
DIMENSION 
DIMENSION 
DIMENSION 

SOS(l1XSPR), SOSF(MXSDP ,MXSPR), TSOSF(M.1CSDP ,!-'.XSPR) 
LES(MXSEL), ISTYP(MXSEL) 
NP\J(MXWNP), IWTYP(MXw'NP) _ . 
WSS (M..XWPR) , WSSF(MXWDP, 11XWPR), rvJSSF(MXWDP, MXWPR} 

DIMENSION DL(MXRSEi.).DCOSX(MXRSEL),DCOSZ(MXRSEL),NRSE(MXRSEL) 
DIMENSION DCYFLX(MXRSNP) ,RSFLX(M..XRSNP) ,HCON(MXRSNP) 
DIMENSION NPCON(MXRSNP) ,NPFLX(MXRSNP) . 
DIMENSI_ON RFALL(MXRF.PR), RF(MXRPAR ,MXRFPR), TRF(M..XRPAR ,MXRFPR) 
DIMENSION FLX(MXR~-NP) . NPRS (MXRSNP), IRFTYP(MXRSNP), IS ( 4 ,MXRSEL) 
DIMENSION HMIN(MXRSNP) ,NPMIN(MXRSNP) . . 

DIMENSION HDB(NXDPR), HDBF(MXDDP ,MXDPR), THDBF(MXDDP ,MXDPR). 
InMENSION ~PDB(MXDNP),IDTYP(MXDNP) 

DIMENSIONQCB(MXCPR),QCBF(MXCDP,MXCPR),TQCBF(MXCDP,MXCPR) 
DIMENSipN NPCB(MXCNP),ICTYP(MXCNP), ISC(2,MXCEL) 

DIMENSION QNB(MXNPR),QNBF(MXNDP,MXNPR),TQNBF(MXNDP,MXNPR) 
DIMENSION NPNB(MXNNP), INTYP(MXNNP), ISN(4,MXNEL) 
DIMENSION DLN(MXNEL) ,DCOSXN(MXNEL) ,DCOSZN(MXNEL) ,MNES(MXNEL) 

DIMENSION PROP(MXMPPM,MAX.'tAT) 
. DIMENSIOtLTHPROP(MXSPPM, MA.X.'--!AT) ,AKPROP(MXSPPM,MAXMAT), 
1 H?ROP(MXSPPM,MAXMAT),CAPROP(MXSPPM,MAXMATf 

DIMENSION. KPR(MAXNTI), KDSK(MAXNTI), TDTCH(MXNDTC) 

DIMENSION TITLE(9). 
DIMENSION SUBHD(B,3) 

DATA SUBHD/4HINPU,4HT IN;4HITIA;l~HL C0,4HNDIT,4HIONS,2*4ii · 
> 4HSTEA,4HDY sS ,4HTATE, 4H INI ,4HTIAL, 4H CON, 4HDITL4HONS , 8* 
> 4H / 

GW2D 225 
GW2D 230 
G1J2D 235 
GIJ2D 240 
G:W2D 245 
G\J2D 250 
GW2D 255· 

Gw2D 260 
GW2D 265 
GW2D 270 
GW2D 275 
GW2D 280 
GW2D 285 
GW2D 290 
GW2D 295 
GW2D 300 
Q.12D 305 
Gi.12D 310 
GW2D 315 
G\i2D 320 
Q.121) 325 
GW2D 330 
GW2D 335 
GW2D 340 
GW2D 345 
GiJ2D 350 
GW2D. 355 
GW2D.360 

C ******* DATA SET 1: PROBLEM IDENTIFICATION AND DESCRIPTION 

GW2D 365 
GW2D 370 
GW2D 375 
GW2D 380 
Q.12D 385 
GW2D 390 
GW2D 395 
GW2D 400 
GW2D 405 
GW2D 410 
G',,12D 415 
Gw2D 420 
G'.J2D 425 
GW2D 430 
GW2D 435 · 

C 

C 

C 

100 READ 10, NPROB,(TITLE(I),I-1,9),IMOD,IBUG,ICHNG 

IF (NPROB.LE~O~ GO TO 990 

PRINT 1000; NPROB,{TITLE(I),I-1,9),IMOD,IBQG,ICH~G 
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C 

C ------- READ AND PRINT INPUT· DATA BY CALLING DATAIN 
C 

C 

C 

C 

C 

KOUT-0 

CALL DATAIN(TITLE,NPROB, 
1 KPR,KDSK,TDTCH, PROP, HPROP,THPROP,AKPROP,CAPROP, X,Z,IE, 
2 H·, HT, TH, VX, VZ, DLB, DCOS).{B, DCOSZB, NBE, ISB, NPB·, 
3 RF ,Tiff ;NPR,S, IRITYP, IS, NRSZ, DL, DCOSX, DCOSZ ,HCON ,NPCON ,NPFLX, 
4 HDBF, THDBF ,NPDB, IDTY?, QCBT', TQCRF ,NPCB, ICTYP, ISC, 
5 QNBF,TQNBF,NPNB,INTYP,ISN,~ES,DLN,DCOSXN,DCOSW, MAXDIF,ISTOP, 

. 6 HMIN,NPMIN, NPW,IWTYP,WSSF,TI1SSF, LES,ISTYP,SOSF,TSOSF) 

IF ( I PNTS . EQ. 1) CALL LNDGEN (LI.NODE, IE, i1AX,t,.P, MAX EL, NNP, NEL) 

KDIG=NSTRT 
IF (ISTOP.GT.0) GO TO 990 

C ------- COMPUTE BAND-WIDTH VARIABLES 
C 

C 

IHALFB=MAXDIF 
IBAND-2*IHALFB+l 
IHBP-IHALFB+l 
IF (IHBP.GT.MAXHBP .AND. IPNTS.EQ.0) GO TO 910 

C ------- PREPARE INITIAL OR PRE-INITIAL VARIABLES 
C 

IF(NDNP.NE.O) CALL HlTERP(HDB,THDBF,HDBF,TIME, 
1 .MXDPR,MXDDP,NDPR,NDDP) 

lF(NCNP. NE. 0) CALL INTERP(QCB, TQCBF ,QCBF ;TIME.; 
1 MXCPR,MXCDP,NCPR,NCDP) 

IF(NNNP.NE.0) CALL INTERP(QNB,TQNBF,QNBF,TIME, 
1 MXNPR,MXNDP,NNPR,NNDP) 

C 

IF(NSEL.NE.0) CALL INTERP(SOS,TSOSF,SOSF,TIME,MXSPR,MXSDP, 
1 NSPR,NSDP) 

IF(NWNP, NE. 0) CALL INTERP(WSS ;TI1SSF, WSSF, TIME,MXWPR,MXWDP., 
1 N1NPR,NWDP) 

C 

C ------- PUT DIRICHLET BOUNDARY.VALUES.TO INITIAL CONDITIONS 
C 

C 

DO 130 I=l,NDNP 
NP=NPDB(I) 
I TYP~ IDTYP (I) 
H(NP)=HDB( ITYP) - (Z(NP)*CSFE+X(NP) -A·SNFE)*DFLOAT(KGRAV) 

130 CONTINUE 

CALL. SPROP(IE,H,TH,DTH,AKX,AKZ,AKXZ, PROP,THPROP,AKPROP,HPROP, 
> CAPROP, MAXEL,MAXNP, NEL, KSP) . ' 

C 

CALL VELT ( X, Z, IE, C, H , HT, VX, VZ, AKX, AKZ, AKXZ, MA..XEL, 1-4.A.XNP, MAXRBP) 

,; 

GW2D 440 
GW2D 445 
GW2D 4,'.:;0 
GW2D 455 •. 
GW2D 460 
GW2D 465 
GW2D 470 
GW2D 475 
GW2D 480 
GW2D 485 
GW2D 490 
GW21) 495 
G\J2D 500 
GW2D 505 
Gt-72D 510 

GW2D 515 
GW2D 520 
GW2D 525 
GW2D 530 
GW2D 535 
GW2D 540 . 
GW2D 545 
GW2D 550 
GW2D 555 
G\J2D 560 
GW2D 565 
GW2D 570 
GW2D 575 
GW2D 580 

. GW2D 585 
GW2D 590 
GW2D 595 
GW2D 600 
GW2D 605 
GW2D 610 ·. 
GW2D 615 
GW2D 620 
GW2D 625 
GW2D 630· 
GW2D 635 
GW2D 640 
GW2D 645 
GW2D 650 
GW2D 655. 
GW2D 66o· 
GW2D b65 

. GW2D 670 
GW2D 675 
GW2D 680 . 
GW2D 685 
Q.12D 690 . 
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C 

C 

C 

KFLOW--1 

GALL SFLOW(X,Z,IE, H,HP,VX,VZ,TH,DTH, 
1 DLB,DCOSXB,DGOSZB,BFLX,BFLXP,ISB,NBE,NPB, LES,SOS,ISTYP, 
2 NPRS, ~'PDB, NPCB, NPNB, PROP, DELT, KFLOW, NPW, WSS, IWTYP) 

DO 140 I-1,9 
IF(I.EQ.9) GO TO 140 
FLOW(I)=O.O 
TFLOW(I )=0. 0 

140 CONTINUE 
FLOW(9)=0.0 

C ------- PRINT INITIAL OR PRE-INITIAL VARIABLES 
C 

C 

C 

C 

CALL PRINTT(VX,VZ,H,HT,TH, NPB,BFLX, NPRS,RSFLX,NPCCN,NPFLX, 
1 SUBHb(l,l), TIME,DELT,KPRO,KOUT,KDIAG,-1, NP11IN) 

CALL STORE(X,Z,IE,H.H!,TH,VX,VZ,DLB,DCOSXB,DCOSZB,NBE,ISB,NPB, 
1 NPCON, NPFLX, TI TL£, TIME, NPROB, NSTRT, NPMIN) 

IF(IMOD.EQ.O) RETURN 

IF(KSTR.EQ.l .AND. KSS.EQ.l .A.ND. NSTRT.EQ.0 .AND. KDSKO.EQ.l) 
> CALL STORE(X,Z,IE, H,IIT,TH,VX,VZ,DLB,DCOSXB,DCOSZB,NBE,ISB,NPB, 
1 NPCON,NPFLX, TITLE, TIME, NPROB,NSTRT,NPMIN) 

C 

IF (KSS.NE.O) GO TO 500 
C 

C ------- PERFORM STEADY-STATE CALCULATION 
C 

C 

C 

C 

C 

IF (NRSN.EQ.O) GO TO 170 

DO 150 NPP=l,NRSN 
NPCON(NPP)=NPRS(NPP) 
NP!1IN(NPP)=0 

15'.J NPFLX(NPP)=O 

NCHG=-1 
CALL BCPREP(IE, H,VX,VZ, DL,DCOSX,DCOSZ,DCYFLX,FLX,RSFLX, 

> HCON, IS, NPRS, NPCQt;, NPFLX, IRFTYP, TRF ,RF, RF ALL. TIME, NCHG, 
2 l-L~IN,NPMIN,X,Z) 

170 DO 180 NP=l,NNP 
180 HP(NP)-H(SP) 

KDIG=KDIG+l 
IF(IBUG.SE.0) PRIST 10400,KDIG,Tl~E.DELT 

j ··.,------.. 
... 

', 

\, 

\ 

GW2D 695 
GW2D 700 
GW2D 705 
GW2D 710 
GW2D 715 
GW2D 720 
GW2D 725 
GW2::) 730 
GW2D 735 
GW2D 740 
GW2D 745 
GW2D 750 
GW2D 755 
G\.12D 760 
G\.12D 765 
G\-12D 770 
GW2D 775 
GW2D 780 
GW2D 785 
GW2D 790 
GW2D 795 
GW2D 800 
GW2D 805 
GW2D 810 
GW2D 815 
GW2D 820 
GW2D 825 
GW2D 830 
GW2D 835 
GW2D 840 
GW2D 845 . 
GW2D 850 
GW2D 855 
GW2D 860 
GW2D 865 
GW2D 870 
GW2D 875 
GW2D 880 
GW2D 885 
GW2D 890 
GW2D 895 
GW2D 900 
GW2D 905 
GW2D 910 
GW2D 915 
GW2D 920 
G\.l2D 925 
GW2D 930 
GW2D 935 
GW2D 940 

,. 
\ 
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C 

C - - - - - - - ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDt.RY CONDITIONS BEGINS 
C 

C 

C 

DO 390 ICY=l,NCYL 

DO 210 NP=l,NNP 
HW(NP)=OME*H(NP)+(l.ODO-OME)*HP(NP) 
IF(IPNTS.EQ.l} Rl(NP)-HW(NP) 

210 CONTINUE 

C - - - - - - - ITERATION LOOP ON THE Notl-LINEAR EQUATION BEGINS 
C 

IF(IBUG.NE.0) PRINT 10401, ICY 
C 
C ------- PUT DIRICHLET BOUNDARY VALUES OF THE VARIABLE BOUNDARY 
C ------- INTO H, RI, AND HW 
C 

C 

C 

220 

230 
240 

IF(NRSEL.EQ.O) GO 
DO 230 NPP-1,NRSN 
Nl-NPMIN (NPP) 
IF(Nl.EQ.O) GO TO 220 
H(NI)=HMIN(NPP) 
RI(NI)-HNIN(NPP) 
HW(NI )=HMIN (NPP) 
GO TO 230 
NI-NPCON(NPP) 
IF(NI. EQ. 0) GO TO 230 
H(NI)~HCON(NPP) 
RI(Nl)=HCON(NPP) 
HW(NI)-HCON(NPP) 
CONTHHJE 
CONTINUE 

DO 350 IT=l,NITER. 

C ------- EVALUATE SOIL PROPERTIES FOR PREVIOUS ITERATE 
C 

CALLSPROP(IE,HW,TH,DTH,AKX,AKZ,AKXZ, PROP,THPROP,AKPROP, 
> .. HPROP,CAPROP, MAXEL,MAXNP, NEL,KSP) 

C 
C ------- ASSEMBLE GLOBAL MATRIX 
C 

CALL ASEM3L(X,Z,IE, C,R,HW,HP,TH,DTH,AKX,AKZ,AKXZ, PROP, 
> MAXNP ,MAXEL,11,;..X!rnr' MAX.MAT ,MXMPPM, KSS 'w' DELT' sos' LES' ISTYP' 
3 WSS, NPW, IWTYP, LI.NODE) . 

C 
C ------- APPLY STEADY-STATE BOUNDARY CONDITIONS 
C 

CALL BC ( C, R, X, Z, IE, LI.NODE, A'.ZX, AfZ, AKXZ, FLX, HCON, NPCON, NPFLX, 
1 HDB, IDTYP, NPDB, QCB, ICTYP, NPCi,, ISC, QNB, INTYP, t;p~;B, 1SN, 
2 DLN,DCOSXN,DCOSZN,MNES, KSS, HMI~,NPMIN) 

GW2D 945 
GW2D 950 
GW2D 955 
GW2D 960 
GilZD 965 
GW2D 970 
GW2D 975 
GW2D 980 
GW2D 985 
GW2D 990 
GW2D 995 
GW2D1000 
GW2Dl0')5 
.GW2Dl010 
GW2D1015 
GW2D1020 
GW2Dl025 
GW2D1030 
GW2D1035 
GW2D1040 
GW2Dl045 
GW2Dl050 
GW2Dl055 
G\.,12Dl060 
GW2D}0&5 
GW2Dl070 
GW2Dl075 
GW2Dl080 
GW2D'.085 
GW2Dl090 
G\.12Dl095 
GW2Dll00 
GW2Dll05 
G\./2D1110 
GW2D1115. 
GW2Dll20 
GIJ2D1125 
GW2Dll30 
GW2Dll35 
GW2Dll40 
GW2Dll45 
GW2Dll50 
GW2Dll55 
GW2Dll60 
GW2D1165 
Gw2n1170 
GW2D1175 
GW2Dll80 
G\.12D1185 
G\.12D1190 
G\./2D1195 

,, 
I ... . . ·• .. ih , :v 
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C 

C 

C 

,. 
IF(IPNTS.EQ.l) GO ~O 250 

CALL BANSOL(l ,C,R,NNP, IHBP,?-!AX~:1',MAX!ll)P) 
CALL BANSOL(2,C,R,NNP,IHBP,MAXNP,MAX!!BP) 
CO TO 300 

GW2D1'200 
GW2D1205 
GW2D1210 
GW2D1215 
GW2D1220 
GWLDl225 
CW2D1230 

250 C,\LL PISS ( R, RL, RI, C, OMI, TOLA, LL'iODE, NNP, t,PITER, MAXNP, MAXHBP, IBUG, GW2D1235 
l l) GW2D1240 

C 

C - - - - · · - OBTAIN M1'XlMCM RELATJVE DEVIATION FROM PREVIOUS ITERATE 
C 

C 

C 

30ll cmaINUE 
~;Pl'~O 
K~'•-1.0l\O 
R!::S=-1.0DO 
DO 320 NP=l, N~;p 
RESNP=DABS(R .. (Nl')-H(KP)) 
RF.S~OMAXl(RES,RESNI') 
l F(H(:~P). ,;r:. 0. noo) RD=DMAXl(RD, DABS (RESNP/H(NP))) 
lF(RESNP . LE. TOLA) GO TO 320 
NPl'=NPP+l 
~;PCN'J (~;pp) ~N_I'.. 

320 CONTINUE 

C ------- UPOATE PRESSURE WITH Cl"RRENT ITERA1i:. 
C 

DO 330 NP=l ,t:i-;p 
H (NP) =OME*R. (NP)+ ( l. ODO -O~lE) -.::1rc-:P) 
IF(IPNTS.EQ.l) Rl(NP)-H(NI') 
H\.l ( NP) =H.( NP L= 

330 COHINUE 
C 

C ------- ESCAPE FROM ITF:RATIW LOUP IF 1HE ~\XIMUM RESIDUAL IS 
C ------- SUFFICIENTLY SMALL 
C 

C 

C 

IF(IBUG.NE.0) PRINT 10200, IT,RES,RD,NNCVN 
IF(IT.EQ.l) GO TO 350 
IF(RES.LT.IOLA) GO TO 360 

350 CONTINUE 

C - - - - - - - END OF ITERATION LOOP ON THE NON-LI~:EAR EQUATIO~l 
C 

C 
PRINT 10210, ICY, IT,NITER,RES,RD,!'>NCVN 

C - - - - - - - PRINT ~:o~co~,"'JERGE~; I :;c ~:ODES. 
C 

IF(IB~G.EQ.0) GO TO 3h0 

•. 

-<. r .... ...,__ 
' -.... 
t 
l 

·4.t._·. ., .. ·:· 
_:-' "--..:. ..... 

/. 
., J 

-.>,1,,_• .. 

------= 

\ 

GW2D1245 
GW2D1250 
GW2Dl255 
GW2D1260 
GW2D1265 
G\.l2D1270 
Ci-12D1275 
CW2D1280 
Gw2D1285 
GW2D1290 
GW2D1295 
GW2D1300 
GW2D1305 
GW2D1310 
GW2D1315 
GW2D1320 
GW2D1325 
Gl.2D1330 
GW2D1335 
GW2D1340 
GW2D1345 
GW2D1350 
GW2D1355 
GW2D1360 
GW201365 
GW2D1370 
GW2D1375 
GW2D1380 
CW2D1385 
GW2D1390 
GW2ul395 
GW2D1400 
GW2D1405 
GW2D1410 
GW2D1415 
GW2D1420 
GW2D1425 

. GW2D1430 
GW2D1435 
GW2Dl440 
Gw2D1445 
Gw2D1450 
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C 

C 

PRINT· 10500 · · 
PRINT l0q0O, (HPCZ...'V (NPP), NPP-1; NNCVN) 

360 IF(ICHNG.EQ.O) GO TO 380 
IF(NRSN.EQ.0) GO T.O 380 

··c -~-----·- PRINT RAINFALL-SEEPAGE B_. c.' CHANGE INFORMATION 
·c 

C 

PRINT 10402; ICY 
DO 370:I-l,NRSN 
NP-NPRS(I). · : 
PRINT 10403°; I. NP, NPCON (I). HCON (I), NPMIN (I) , HMlN( I) , NPFLX( I) . 

1 FLX(I) ,DCYFLX(I) . . 
370 CONTINUE 

C ·----:-- CALCUU,TE DARCY'S VELOCITY 
C 

380. CALL SPROP (IE, H ,TH, DTH, AKX, AKZ, AKXZ, PROP, THl'ROP, AK°PROP, 
> HPROP,CAPROP, MAXEL,MAXNP, NEL,KSP) 

GW2D1455 
GW2Dl460 
GW2D1465 
GW2D1470 
GW2Dl475 

. GW2D1480 
GW2D1485 
GW2Dl490 
GW2Dl495 
GW2Dl500 
GW2D1505 
GW2Dl510 
GW2Dl515 
·c'-12D1520 
GW2D1525 
GW2IH530 
GW2D1535 
GW2D1540 
GW2D1545 

C 

C· 

CALL VELT(X, Z, IE, C, H, HT, VX, VZ ,AKX,AKZ ,AKXZ, MAXEL,MAX:.~P ,MAXHBP) 
GU2D1550 
GW2D1555 
GW2Dl560 .. -.... 

IF(NRSN .EQ~ 0) GO TO 440 
C 
C ------- PREPARE BOUNDARY CONDITIONS ON THE VARIABLE-TYPE BOUNDARY 
C - - - - - - - ·NEXT CYCLE COMPUTATIONS. 
C 

C 

C 

CALL BCPREP(IE, H,VX,VZ, DL,DCOSX,DCOSZ, DCYFLX,FLX,RSFLX, 
> HCON,IS,NPRS,NPCON,NPFLX,IRFTYP,TRF,RF,RFALL, T!ME,NCIIG, 
2 HMIN,NPMIN,X,Z) . 

IF(NGHG.EQ.O) GO TO 440 

· 390 CO~TINUE 
--~. 

G\.J2Dl565 
GW2D1570 

FOR GW2D1575 
GW2Dl580 
CW2D1585 
GW2D1590 
GW2D1595 
GW2D1600 
GW2D1605 
G\i2D1610 
GW2Dl615 
GW2D1620 
GW2Dl625 

C .,: ______ END OF ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS _G\.1201630 
C 

C 

PRINT 10610, ICY,IT,NCYL,NITER,RES,RD,NNCVN 
440 IF(NNCVN.EQ.O)GO T0.445 ... 

PRINT.10610, ICY,It,NCYL,NITER,RES,RD,NNCVN. 

C ------- COMPUTE FLUXES THROUGH ALL TYPES OF BOUNDARIES. 
C 

C 

445 KFLOW-0 . . 

CALL· SFLOW(X, Z, rn, .· H, HP ,VX, 'JZ;TH, DTH,. . 
1 DLB,DCOSXB.DCOSZB,BFLX,BFLXP,ISB,NBE,NPB, ,LES,SOS,ISTYP, 
2 NPRS,NPDB,NPCB,NPNi',, PROP; DELT, KFLOW,_ NPW,WSS,IWTYP). 

DO 450 I-1,9 
IF(I.EQ.9) GO TO 450 

. /\:; .· 

,··,,. ... 
I •, a ·, 

"' I ' 

GW2D1635 
GW2D1640 .· 
GW2D1645 
GW2D1650 
GW2D1655 
GW2D1660 
Gl-12D1665 . 
GW2Dl670 
GW2Dl675 
G1J2Dl68_0 
GW2D1685 
GW2Dl690 
G\.12D1695 · 
GW2D1700 

( 
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C 

FLOW(I)-0.0 
TFLOW (I) ;,,O. 0 

. 450 CONTINUE 
. 'FLOW ( 9) =0. 0 

C ······- PP.INT STEADY-STATE VARIABLES 
C 

C 

C 

C 

C 

·cALL PRINTT(VX 'vz. H 'HT' TH. :;rB. lffLX. NPRS 'RSFLX. NPCON' NPFLX. 
l SUBHDO, 2), Tl:-IE, DELT. KPRO, KOUT, KDJ AG, 0, NPM IN) 

IF(KSTR.EQ.l .Al'-0. KDSl-'.O.EQ.l) CALI. STORE(X.Z,lE, 
>' H. HT·, TH, vx. \lZ, DLH. IJCOSXB I DCOSZE, SBE, 1 SB 

1 
~;pg, NPCON, NPFL.X, 

> TITLE. TI~E. ~PROB.~STRT, SP:11NJ 

If (~TI.EQ.O) CO TO 100 

C • - •• - • : PERFOR.'1 TRA~;s IE:;T- ST.:..TE c;,l.Ct.:l..l, nm; 
C 

.c 

C 

C 

C-

C 

C 

~00 rr (S?S~.EQ.0)· GO TO 550 
:F ,~sr~T.GT.Oj C0 TO 520 ,,, , .. 

DO 510 ~PP-1 .~RS~ 
~FCO~l~PPJ•SPRSC~PP) 
~;?~IS (~;pp) -0 

.::.10 :;PfD:(~;?P)~() 

~50 !!~E-TI~[tUELT 

·,.:Z=l. -~ 
. KF_! .. C/,:-1 
TFL0\."(9)=0.0 · 

. IDELT~O 

DO 890 !T~-~-~TI 
I T:-1 IT:1-: T:1 

:;CHG--: 

CALL BC??.E.?(: E. H. \ 1:,:. \'Z. DL, DC0Si: .tcosz. DCYFLX, FLX ,RSFLX'. 
::, HCW' Is' :;nis. :~?co:;' :;pr1.x. I RfT'iP 'TRF. P.F' RFALL, TIM£' ~;cue' 
2 H:1I~, ~;?~r~; ~ x, z; 

C · • · · · · · PRE?ARE TR;..ssu:::r BQl;~;n_:..f<'1' cc,:;nrrro:;s ASD SOt:RCE FOR ms 
c· 

I 
\. 

. \ -.. 
· . .;.. / , .. 

. • . 

\ · - \ 
...~, , 
" .. 
•": . 

G\./2D1705 
Gt.J2D1710 
G\./2D1715; . 
G\./2D1720 

. G\./2D1725 
G\,/2D1730 
GW2D1735 
GW2D1740 
G\./2D1745 
GW2D1750 
Gt.J2D1755 
G\./2D1760 
GIJ2Dl765 
GIJ2D1770 
G\.12D1775 
G\.12D1780 
G\./201785 
GW2Dl790 
GI.J2D1795 
GIJZ.01800 
GW2Di80:> 
GW2D18l0 .. 
G\./2D1815 
GW2D1820 
G\.l2D1825 
G\./2D1830 
GW2D1835 
GW2D1840 
GW2Dl845. 
G\./2D1850 · 
G\./2D1855 
G\.12D1B60 ·· 
G\./2D1865 
GIJ2Dl870 I .. 
G\./2D1875 I G\./2D1880 I 

G\.12D1885 ~-

GW2D1890 
i 
I 

G\./2D1895 l 
'· 

·GW2D1900 l 
G\./2D1905 ! 

' 
GW2D1910 i. 

GW2IH915 1· 
G\./201920 ! 
GW2D1925 i-
G\./201930 
G\.12D1935 

·srEP G\./2D1940 
GW2D1945 

'-----~: ii. 

i ' 
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C 

C 

C 

C 

lf(NDNP.NE. 0) CALL INTERP(l!DB, TIIDBF, HDBF, TIME., 
1 MXDPR,MXDDP.NDl'R,tmor) 

IF(NCNP. NE. 0) .. CALL INTERP(QCR, TQCBF ,QCBF, TIME, 
l . MXCPR,MXCDP,NCPR,NCDP) 

IF(NNNP.NE.0) CALL INTERP(QNB,TQNBF,QNBF,TIME, 
1 l1XNPR,MXNDP,NNPR;NtrnP) 

IF(NSEL.NE.0) CALL INTERP(SOS,TSOSF,SOSF,TIME,MXSPR,MXSDP; 
1 · NSPR, NSDP.·) 

IF(N\./NP. NE. 0) CALL INTERP(WS_S, TWSSF, WSS F, TIME, MXIJPR, 11::WDP, 
1 N1JPR;NWDP) .. 

DO 570 NP-1_.NNP 
R(NP)-H(NP) 
HP(NP)-H(NP) 

S70 °CONTINUE 

KDIG=KDIG+l . 
IF(IBUG:NE.O .AND. KPR(ITM).NE.0) PRINT 10400, KDIG,TI:1E,DELT 

C - - - - - - - BEGIN ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS (,.,•,-:c •• 

C 
DO 690 ICY~l.NCYL 

. lF(IBUG.NE.0 .AND. KPR(ITM).NE.O) PRINT 10401, ICY 
C 

DO 580 NP=l,NNP 
H(NP)-OME*R(NP)+(l.0D0-0ME)*H(NP) 
IF(IPNTS.EQ. l) Rl(NP),,;,H(NP) . 
HIJ (NP)-\Jl * ( OME*H (NP)+ ( 1, 0D0-0ME )*HP.(NP)) +W'2*HP(NP) 

580 CONTINUE . 
C 
C -------

..,·. 
BEGIN ITERATION LOOP ON THE NON- LINEAR EQUATION 

C 
C 
C.-------

PUT DIRICHLET BOUNDARY VALUES OF THE VARIABLE BOUNDARY 
INJO H ,. RI, A."iD HW . 

C 
IF(NRSEI..EQ:0) GO_ TO 595 
DO 590. NPP-1,NRSN 
NI.;.NPMIN (NPP) 
IF(NI.E~;O) GO TO 585 
H(Nl).;.HMIN (NPP) 
Rl(NI)-HMIN(NPP) .. 
HW(Nr)-HMIN ( NPP) 
GO TO 590 . 

585 NI-NPCON(NPP) 
IF(NI.EQ.0) GO Tb 590 
H(NI)=HCON(NPP) 
RI(NI)-HCON(NPP) 

. HW(NI)-HCON(NPP) · 
590 CONtiNUE' 

. ·'\ 

- . -:---:.:. _...,. ,· 

_.,,... .. 

,• .... 
./ 

GW2D1950 
GW2Dl955 
GW2Dl960 
GW2Dl965 
GW2D1970 
GW2D1975 
GW2D1980 
GW2Dl985 
GW2D1990 
GIJ2Dl995 
G\J2D2000 
GW2D2005 
G\J2D2010 
GW2D2015 
G\.12D2020 
GW2D2025 
GW2D2030 
GW2D2035 
GW2D2040 
GIJ2D2045 
GW2D2050 
GIJ2D20SS· · 
GW2D2060 
GW2D2065 
GW2D2070 
GW2D2075 
GW2D2080. 
GW2D2085 
GW2D2090 
GW2D2095 
GW2D2100 

. GW2D2105 . 
GIJ2D2110 
G\J2D2115 
G\J2D212o· 
Gi.'2D2125 

'GW2D2130 .. 
. GW2D2135 

G\./2D2140 
GW2D2145 
G',.;;".D2150 
G~:2D2155. 
Gl.2D2160 
Gl.'2D2165 
GW2D2170 
G\./202175 
G\J2D21SO 
GW2D2185 
GW2D:Z190 
G\J2DL195' 
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r 

C 

595 CONT!tWE 

·· Dd.nSO JT·-1 .NlTER 

.C -·-····- EVALUATE SOIL PRC1PEP.TIES FOR PREVIOUS ITERATE 
C 

C 

CALL SPROP(lE. li\,.TH.DT!i, ,\KX,AKZ,:\KXZ, PROP, Tlll'ROP, 
f\.Kl'ROP, Hl'ROI', CAPROi' . .:-lA>:EL, HAXNP ,' NEL. KSP) 

C · - - · · · - ASSEMBLE ca.OP,AL ~\TR IX. 
C 

CALL ·\SEKBLC:-:. :'..IE. C. R, !!l.. HI'. TH, DTH ,,\l{X,AKZ,AKXZ, ·PROP, 
> ~-lAXN}:?,MA:•:E!..~t-\XHB.P. M:\X~t1\1 .. >!X~1PP!1. ~~SS.W·.DELT: SOS,LES,.IST"iP, 

C 

C - - · · - · - APPLY BCWNDA!{Y CONDITIONS TO ~lODiFY THE GLOBAL MATRIX 0 .AND 
C -- - - · - - THE :.OAD VECTOR R. 

.C 

C 

C 

CALI. BC(C.R, X,Z, 1E,LU;ODF.. AK.X.AKZ,AKXZ, Fl.X-,HCON,NPCON,NPFLX, 
!fI)B. IDTYI', NPDB, QCB. ICTYP, NPCB, I SC, QNB, INTYP, NPNB, ISN, 

2 DL.'!. Dc:c',s~N; n,coS ZN. M~~Es ~ Kss, ll'{lN. NP!-1IN) 

[F(1PNTS.EQ.1) CO TO S<i6 

CALL BAN SCH.( l. C, R, ~;:,.;p, JHBP, ~:.-·-:;-:~;p, MAXHBP) 
CALL Bi\SSOL( 2, C: i<. 1;:;p. I !!BI'. vL;X'.\P, ~tAXHBP) · 
GO TO 600 

C : . . . . . . . ·.· . 

5% CALL PISS i.R, RL, RI, C. OMI, TOLB. LL.:.ODE, N:--IP, NPITER, MAXNP, MAXHBP, !BUG, 
l KPR( IT~1)) 

C 

C - - • - - - - OBT.-\lN ~t,\Xl'.1lJM RELATIVE DE\'I:\TION'-·FROM PREVIOUS. ITERATE 
C 

· 600 CONTit.'1.;E 

NPP=:0 
RD=c-1.0DO 
RES~-1.0iJO 
DO 620 NP=l,}i~:p 
RESNP=DABS(R(NP)-H(NP)) 
RES=DHAXl (RES .RESNP) 

IF(H(NP J --~E. 0 .ODO) RD,:_DHAXi (irn, DABS (RESNP/H(NP))) 
IF(REs:;p . LE. TOLB) GO TO 620 . 

. C 

C 

NPP=!\PP+l 
NPCNV(NPl')"NP 

620 CONTI~,H -

C •• - - - - - UPDATE PRE'ssURE \.'ITH Ct:RP.::::.-T ITERATE 
C 

A 
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GW2D2200 
GW2D2205 
G\J2D2210 
GW2D2215 
GW2D2220 
G\J2D2225 
G\J2D2230 
GW2D2235 
G\J2D2240 
GW2D2245 
GW2D2250 
GW2D2255 
GW2D2260 
GW2D2265 
GW2D2270 
GW2D2275 
GW2D2280 
GW2D2285 

. GW2D2290 
GW2D2295 
GW2D2300 
GW2D2305 
GW2D2310 
GW2D2315 
Gl,,,12D2320 . 
GW2D2325 
GW2L'2330 
GW2D2335 . 
GW2D2340 
G\J2D2345 
GW2D2350 
GW2D2355 
GW2D2360 
GW2D2365 
GW2D2370. 
GW2D2375 
GW2D2380 
GW2D2385. 
GW2D2390 
GW2D2395 
GW2D2400 
GW2D2405 
GW2D2410 
GW2D2415 
GW2D2420 
GW2D2425 
GW2D2430 

· G\.12D2435 
G\.12D2440. · 
GW2D244S· 
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DO 630 Nl'=l,NNP 
H(NP)=OME*R(NP)+(l.0D0-OME)*ll(NP) 
IF(IPNTS.EQ.l) RI(NP)=ll(NP) 
HW(NP)=Wl*H(NP)+\./2*HP(NP) 

630 CONTINUE 
C 

C ------- ESCAPE FROM ITERATION LOOP IF THE MAXIMUM RESIDlJ.I\L IS 
C - - - - - - - SUFFICIENTLY SMALL. 
C 

C 

C 

IF(IBUG.NE.0 .AND. KPR(ITM) .NE.0) PRI~iT 10100, IT,RES,RD,NNCVN 
IF(IT.EQ.l .ASD. ITM.EQ.l) GO TO 6SO 
IF(RES.LT.TOLB) CO TO 660 

6 50 CONTIN1JE 

C ------- END THE ITERATION LOOP 0~; THE t,o:;-LJNEAR EQUATION 
C 

C 

C 

PRINT 10710, ITM,ICY,IT,NITER,RES,RD,NNCVN. 

IF(IBUG.EQ.0 .OR. KPR(ITM).EQ.O) GO TO 660 

C ------- PRINT ~ONCONVERGING NODES 
C 

PRINT 10500 
PRINT 10600, (NPCNV(NPP) ,NPP=l.~mcVN) 

C 

C 

660 IF(ICHNG.EQ.0 .OR. KPR(ITM).EQ.0) GO TO 680 
IF(~RSN.EQ.0) GO TO 680 

C - - 0 
- • - - PRINT RAINFALL-SEEPAGE BOUNDARY CONDITION CHANGE INFORHATION 

C 

C 

PRINT 10492, ICY 
DO 670 l=l,NRSN 
NP=NPRS(I) 
PRINT 10403, I, NP, NPCON (I), HCON (I), NPMIN (I), HMIN(I) ,.NPFLX(l.:), 

1 FLX(I) ,DCYFLX(I) 
670 CONTH·HJE 

C ------- CALCULATE DARCY'S VELOCITY 
C 

C 

C 

C 

680 CALL SPROP (IE, H, TH, DTH, AKX, AKZ, AKXZ, PROP, THPROP, Af~PROP; 
> HPROP,CAPR0P, MAXEL,MAXNP, NEL,KSP) 

CALL \':.:...T(X, Z, IE, C, H, HT, VX, VZ, AK){, AKZ, AY~XZ, MA..XEL, MAXNP ,MAX.HBP) 

IF(NRSN.EQ,0) GO TO 710 

CALL BCPREP(IE,H,vx,vz,· DL,DCOSX,DCOSZ, DCYFLX,FLX,RSFLX, 
> HCON, IS, NPRS ,NPCON, NPFLX, IRFTYP ,TRF, RF, RFALL, TIME, NCHG, 
2 HMIN,NPMIN,X,Z) 

GW2D2450 
GW2D24.55 
G\./2D2460 
GW2D2465 
GW2D2470 
GW2D2475 
G\J2D2480, 
GW2D2L185 
GW2D2490 
GW2D2/i95 
G\./2D2500 
GW2D2505 
G\.12D2510 
GW2D2515 
GW2D2520 
CW2D2525 
GW2D2530 
G'W2D2535 
GW2D2540 
GW2D2545 
GW2D2550 
GW2D2555 
GW2D2560 
GW2D2565 
GW2D2570 
Gw2D2575 
GW2D2580 
GW2D2585 
GW2D2590 
GW2D2595 
GW2D2600 
GW2D2605 
GW2D2610 
GW2D2615 
GW2D2620 
GW2D2625 
GW2D2630 
G\.12D2635 
GW2D2640 
GW2D2545 
G\.12D2650 
GW2D2655 
GW2D26G0 
GW2D2665 
GW2D2670 
GW2D2675 
GW2D2680 
GW2D2685 
GW2D2690 
G\J2D2695 
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C 

C 

C 

lF(NCHG.EQ.O) GO TO 710 

690 CONTINUE 

C - - - - - - - END ITERATION LOOP ON SEEPAGE-RAINFALL BOUNDARY CONDITIONS 
C 

C 

C 

C 

C 

PRINT 10810, ITM,ICY,IT,NCYL,NITER,RES,RD,NNCVN 
710 IF(NNCVN.EQ.0) GO TO 715 

PRINT 10810, ITM,ICY,IT,NCYL,NITER,RES,RD,NNCVN 

715 IF(IMID. EQ. (J) GO TO 7L,O 

DO 720 I=l,NNP 
720 H(I)-2 .ODO*H(I) -HP( r) 

DO 730 1=1,NDNP 
NP-NPDB(l) 
ITYP= IDTYP (I) 

730 H(NP)=HDB(ITYP)-(Z(NP)*CSFE+X(NP)*SNFE)*DFLOAT(KGRAV) 

C ·---··- COMPUTE FLUXES THROUGH ALL TYPES OF BOUNDARIES 
C 

C 

740 CALL SFLOW(X,Z,IE, i!,HP,VX,VZ,TH,DTH, 
1 DLB,DCOSXB,DCOSZB,BFLX,BFLXP,ISB,NBE,NPB, LES,SOS,ISTYP, 
2 NPRS,NPDB,NPCB,NPNB, PROP, DELT, KFLOU, NPW,WSS,IWTYP) 

C ------- PRINT VARIABLES AT EACH TIME STEP 
C 

CALL PRINTT(VX,VZ,H,HT,TH, NPB,BFLX, NPRS,RSFI..X,NPCON,NPFLX, 
l SUBHD(l,3), TIME,DELT, KPR(ITM),KOUT,KDIAG,ITMITM, NP!iIN) 

G\./2D2700 
GW2D2705 
G\.12D2710 
GW2D2715 
GW2D2720 
GW2D2725 
GW2D2730 
GW2D2735 
GW2D2740 
GW2D27L,5 
G\.12D2750 
G\./2D2755 
GW2D2760 
GW2D2765 
GW2D2 770 
GW2D2775 
GIJ2D2780 
GW2D2785 
GW2D2790 
GW2D2795 
GW2D2800 
GW2D2805 
G\J2D2810 
GW2D2815 
GW2D2820 
GW2D2825 
GW2D2830 
GW2D2835 · 
G\J2D2840 
GW2D2845 
GW2D2850 

C GW2D2855 
IF(KST-R. EQ. l .AND. KDSK( ITM). EQ .1) CALL ST,ORE(X, Z, IE, H ,HT, TH, VX, VZ,GW2D2860 ·· 

> DLB,DCOSXB,DCOSZB,NBE,ISB,NPB,NPCON,NPFLX, TITLE·, GW2D2865 
> TIME, NPROB,NSTRT, NPi1IN) GW2D2870 

C 
C ··-·--- PREPARE FOR NEXT TIME STEP 
C 

IF(TIME.GT.TMAX) GO TO 100 
bELT-DELT*(l.ODO+CH!'JG) 
DELT-D!1IN1 (DELI, DEU-!A ... Xj 

IF(IDELT.EQ.0) GO TO 880 
lF(TIME. EQ. TDTCH ( IDE LT)) DELT-DELTO 

880 TIME-TIME+DELT 
IF(TIH~.LT.TDTCH(IDELT+l)) GO TO 890 
IDELT-IDELT+l 
TIME-TIME-DELT 
DELT-TDTCH ( IDE LT) -Tl:-!E 
IF(DELT.LE.0.0) DELT-DELTO. 
TIME=TIME+DEL:' 

890 CO:--lTINt:E 

---... - ~ ,, \ . .... ~ ~-
'. ~~ ~, -- -~,.- ' . ... - -

· .... ·~"'-.-.-~, -. ~ ·.·· .-· _,..J"\ 
. ..__ .. -'\,·.- _;,,>"""· . . '· 

GW2D2875 
GW2D2880 
GW2b2885 
GW2D2890 
GW2D2895 
GW2D2900 
GW2D2905 
GW2D2910 
GW2D2915 
GW2D2920 
GW2D2925 
GW2D2930 
GW2D2935 
GW2D2940 
GW2D2945 
GW2t,2950 
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·c 
C - - - - - - - END OF TIME-MARCHI:lG I.UOl' 
C 

GW2D2955 
GW2D2960 
GW2D2965 
G\.12D2970 

C 

910 
C 

990 
C 

10 
1000 

10'.'00 
Ill \()() 

GO TO 100 

PRINT 10300,iHf'.I'.MAXllP,P 

RETl;RN 

FORMAT(I5, 9A8, Il, 2T l) 
FORMT(/81!1 PROB LEX, Vi: 3H.. . 9A8. Tl. ?l 1/) 
FORMAT ( SX, 11 (). 3X, E 17 . L, , 3X. E 12 . t, ; l SX, I l O) 

FCJRMAT(///7611 !IA!.F-BANDWIDT!l-PLUS-O:-:E =.I!,. 
> 2:-1! F.XCFEDS .MAX. 1\LLO\.:AI\I.r: -~.:i·1) 

· GW2D2975 
GW2D2980 
G1J2D2985 
GW2D2990 
GW2D2995 
G\.12D3000 
GW2D3005 
GW2D3010 
(;W2D30l5 
GW7D3020 

1 o:,uu FORMAT ( lii l . '-i<*****'**"k***·-/dy.*:};·.l;-/,.·H·*H-*·k********************-!•:*****' . GW2D307 5 
1 '******w***************************************k***************' ,GW2DJOJQ 
2- '**'~**'///' DIAGNOSTIC TAHU~'.!!•.· .. ,\T Tl~IE ,-'.lPDl2.I,, GW2D3035 
3' .(DELT ~'.ll'Dl2.f,,')') GW2D30,,0 

10401 FORMAT(//Ydl TABLE OF ITER,\TIVE PAR:\~·1ETERS FOR,13,9H-TH CYCLE//6X,GW2D3045 
> 9HlTERAT10N. 7X, 8l!RESIDUAL, 6X, 9HDEVI:\TION. 6X, GW2D3050 
> }QHNO. NON-CONV .. NOD~S) GW2D3055 

101,02 FORMAT(//53!! TARLt OF RAlNFALL/EVAPOR.-\TlON-SEEf:AGE B. C. uSED FOR,GW2D3060 
1 r3,9H-TH CYCLE//6X,()8!l 1 NPRS NPCON HCON t-.P~\lN l!~!I:;cw2D3065 
l NPFL.\ FUi. DC'iFLX FRm PREVJOCS CYCLE) CW2D"3070 

101.03 FORMAT(lH ,18,I6,I7,Di2.t,,I7,D12.t.,,I7,2D12.4) G\.i2D3075 
10500 FORMAT(//30H TABU\ OF NON-CONVERGING NODES) GW2D3080 
10600 FOR.'1AT(/(5X,2015)) GW2D3085 · 
10210 FORMAT(lHO. 'WARING: NON-CONVc:RGENCE OCCUR DURING STEADY STATE SOU"GW2D3090 

lTlON AT';I3,' -TH CYCLE'/lH ,'IT= ',13,' .GT. :-'i.AXIT'"' ',13, Gw2D3095 
1

' RES ··',1>12.5,'. RD ='.Dl2.4,', N~;cvN =',I<',) GW2D3100. 
10610 FOR.'1AT(ll!O, 'ABSOLt;TELY \..'AR.'-;1NG: STEADY STATE SOLL'T10N IS NG'/lH , G\..'2D3105 

> 'ICY - ',13,' IT= ',IJ,' MAXCY - ',13,' MAXIT - ',13, G\..72D3110 
> , RES~' ,D12.4. I I RD=' ,Dl2.4,, 1 ~~CV~~' ,14) G~2D3115 

10710 FOR.'1AT(lHO, '\./ARNING: ~;Q\'-CONVERCE:-.CE OCCUR AT' ,IS.' -TH TIME STEP'GW2D3120 
>,13,' -TH CYCLE'/lH ,'IT - ',13,' .GT. !-1AXIT = ',I3,2Dl2.4,IS). GW2D3125 

10810 FORMAT(lHO. 'ABSOLUTELY \.:ARNING: TRA:;SIENT SOLUTION rs NG AT ',IS, Gl.2D3130 
>' -TH TIME STEP'/lH ,'ICY - ',13,' IT - ',13,' MAXCY, .• ',13, GW2D3135 
>' MAXIT - ',B,', RES--',D12.4,;, RD =',D'i"2.4,', NNcw: =',14)Gw2D3140 

END G\./2D3145 
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C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

_i 

SUBROL:TI NF. DAT:\ IS ( TI Tl.E, ~;PROB, 
1 KPR.KDSK,TDTCH, PROP, HPRO!',THPROP,AKPROP,CAPROP, X,Z,IE, 

2 H,l!T,T!!;VX,\'Z, Dl.B,DCOSXf\,DCOSZH,NBE, ISB,NPB, 

·~ RF, TRF, NPRS. 1 RFTYP, 1 S, NRS E, DL. DCOSX, DC~SZ ,.HCON, NPCON, NPFD: ! 
1, llDBF. T!IDBF. :; PDn. IDTYP, QCf\ F, TQCBF, !\PCB, I CTYP, 1 SC, 

s Q'.\tlF. TQNBF. :-;p:;s, TNTYP' ISN ,M'.:F.s 'DlS. DCOSXN. DC0SZN' MAXDIF' I STOP' 
G !L'I I ~l, NPM IN·, '.;p.._,-. I '..:T'1P ,\./SS F, T\..!SS F,LES, I STYP, SOS F, TSOS F) 

IMPLICIT REAL*8(A-H,O-Z) 
REAL*!, P'.1AT, TilPAR. AKi'AR 

COMMO~i /SG!·'.0'.1/ M:\XEL. '.-\AXNP, MAX BEL, ~1:\XilNP, MAXHBP, MAXNTl, MXNDTC 
,_'.O'.-t'lO'l /C:CE0'.-1/ ,;:-;p. ~;EL, ~;B'l, NBEL, I B,\'.~D. KCR,\V, NTI, NDTCHG 

DATA 005 
DATA 010 
DATA 015 
DATA 020 
DATA 025 
DATA 030 
DATA 035 
DATA 040 
DATA 045 
DATA 050 
DATA 055 
DATA 060 
DATA 065 
DATA 070 
DATA 075 

l'.0:1~·10'.'i /Cl\TE/ :-;cYL.::ITrn,:-;sTRT,f:S-rR,Kl'!W,f:DSK0.KSS,KSP,~;plTf.R DATA 080 

CO~'ION /CRE,\L,'DELT. CH~;c;, D!·:L'1AX, TMAX, DEL TO, TOLA, TOI.H, W, 0ME. OM!, TI MEDA TA 085 
· C0~'10'.\ /CO•JRD/ CSFE.s:;n:,cyu~;!) DATA 090 

CO~l'lON /CSOS/ ~\XSEL.~!XSPR,MXSDP,NSEL,~;spR,NSDP. 
CO'.-'t.'10'.i /C!,,;'SS/ '.1XwNP. MX\.."PR, MXWDP. ~~~~p, N'.-'PR, N\JDP 

DATA 095 
DATA 10(, 
DATA 105 
DATA ll0 

CO~'.~m,.; /RSBC; '.-'.XRSEI.,,:1XRSt;P,MXRrPR,l'-LXRPAR,NRSEL,NRSN,KRFPR,NRFPAR DATA ll5 

C0!1.'1Q~; /CDBC/ ~txo:;p, MXDPR, MXDDP, NDNP, NDPR, NDDP 

co~~-w~; /CCRC/ ~fXCNP, '.-,XCSL' MXCPR.. :-1.XCDP 'NCNP. NCEL' NCPR' NCDP 

C0~t'lO'.\ ;c:sc/ ~..:-:SNP. :-1.:\..\EL' :-1.:~\PR 'MXNDP 'NNNP 'NNEL, NNPR' KNDP . 

CO~t'lON /SMTL/ ~-:,.X.'1.:,.T. MXSPPM, !-4.xl1°PM 
CO~f.'10:.; /CMTL/ N1"':0.T.~::1PP~i.NSPPM 

co~ .. L~O~~ /OPT/ !L[~P.I!1ID,IP!';TS;IV~L 

D!ME~;s1O~· TITLE(9) 

DIMENSION KPR(~,_w;n) ,KDSK(~l.\.XSTI). TDTCH(MX.'mTC) 

DI!-IENSlO~~ PROP (MX.'1PP~l. MAX.'{AT) 

DIMENSION H?ROP(MXSPPM,!1..\.X.'1AT) ,THPROP(MXSPPM,MA.'21AT) 

DiME!\SION AK?ROP(MXSPPM, MAY-'1AT) , CAPR0P (MXSPPM, XAX.'1AT) 

DIMENSION Xr~_:._~iP) ,ZC1AX.'<P), IE(~l."1..XEL, 5) 

DI~Ess:::o:; H('.-'A":..-.P) ,HT(!{AX.\'P). TH(!. ,MAXEL) '\IX(!1AX.'\P) 'VZ(~1A.X.\'P) 

DP!ENSIW DLB(~,AXBEL), DC0SXB(~<\XBEL), DC0SZB(MAXBEL), NBE(~t.\XBEL), 
> ISB(4,KAXBEL) .~;PB(!",AXB~P) 

DI!-IE~SIO!',' LES(~XSEL), ISTYP(!-IXSEL) 
DIMEN$ ION SOSF( XXSDP, ~LXSPR) , TSOSFC1XSDP, !-l.XSPR) 
Dl!-IE!\S IO:-. ~,Pl,: (~J{\,l!\F) , I l.'TYP (~L'{\;NP) 

·' / 
I 

/ \ I ',.____, 

DATA 120 
DATA 125 
DATA 130 
DATA 135 
DATA 140 
DATA 145 
DATA 150 
DATA 155 
DATA 160 
DATA 165 
DATA 170 
DATA 175 
DATA 180 
DATA 185 
DATA 190 
DATA 195 
DATA 200 
DATA 205 
DATA 210 
DATA 215 
DATA 220 
DATA 225 
DATA 230 
DATA 235 
DATA 240 
DATA 245 
DA·:•:\ 250 
DATA 255 

\ 
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C 

C 

C 

C 

C 

C 

·C 

C 

C 

C 

181 ORNL-5567/Rl 

DIMENSION WSSF(MXWDP,MXWPR),TWSSF(MXWDP,MXWPR) DATA 260. 

DIMENSION DL(MXRSEL),DCOSX(MXRSEL);DCOSZ(MXRSEL),HCON(MXRSNP), 
> NRSE(MXRSEL), IS(4,MXRSEL) ,NPRS(~1XRSNP) ,NFCON(MXRSNP), 

DATA 265 
DATA 270 
DATA 275 

> NPFLX (MXRSNP) , IRFTYP (MXRSNP), TRF(MXRPAR, M..XRFPR), 
> RF(MXRPAR,HXRFPR) 

DIMENSION HMIN(!·LXRSNP), NPMIN(MXRSNP) 

DIMENSION HDBF(i1XDD.O, MXDPR) , THDBF(M..XDDP, MXDPR) 
DIMENSION.NPDB(!1XDNP),IDTYP(MXDNP) 

DI~!ENSION QCBF(M.XCDP ,MXCPR), TQCBF(MXCDP ,MXCPR) 
DIMENSION NPCB(M..XCNP), ICTYP(MXCNP), ISC(2 ,M.XCEL) 

DIMENS.LON QNBF(MXNDP, M..X.t'<PR), TQJ:,;BF(MXNDP, M.XNPR) 
DIMENSION NPNB(MXNNP), INTYP(MXNNP), ISN(4 ,MXNEL) 
DIMENSION DLN (M.X.NEL), DCOSXN (MX.C'lEL) , DCOSZN (MXNEL) ,M,~ES (MXNEL) 

DIMENSION PMAT(3,6) ,AKPAR(3,8),THPAR(3,8) 

DATA P._-1.T/4H 
> !,H POR,4H 
>XZ/P,4HSXZ / 

DATATHPAR/4H 
> 4H HO ,4H 
>4H Rl,4H 

DATA AKPAR/4H 

ISTOP.:0 · 

,4H ALP,4H ,4H 
,4H K,4HSX/P,4HSX 

,4H TH1,4H ,4H 
,4H ,4H Al,4H 

,4H ,4H R2,4H 

,4H Bl,4H ,4H 

B,4HETAP,4H ,4H 
,4H K,4~SZ/P,4HSZ 

,4H TH2,4H ,4H 
,4H ,4H A2,4H 

,4H ,4H C,4H 

,4H 

,4H 
I 

,4H B2 ,4H ,l8*4H 

DATA 280 
DATA 285 
DATA 290 
DATA 295 
DATA 300 
DATA 305 
DATA 310 
DATA 315 
DATA 320 
DATA 325 
DATA 330 
DATA 335 
DATA 340 
DATA 345 
DATA 350 
DATA 355 
D~TA 360 

KS,4HlJ,1.TA 365 
DATA 370 
DATA 375 
DATA 380 
DATA 385 
DATA 390 
DATA 395 

C **-H*** DATA SET.,2: BASIC INTEGER PARAMETERS 
C 

/ DATA 400 
DATA 405 
DATA 410 
DATA 415 
DATA 420 
DATA 425 
DATA 430 
DATA 435 

C 

READ 10, NNP,NEL,NMAT,NCM,NTI,KSS,KSP,NSPPM,NMPPM,KSTR,KCP,KGRAV, 
1 NSTRT,NITER,NCYL,NDTCHG 

IF(NDTCHG.LE.O) NDTCHG-1 
READ 10, IU!'.1P, !MID, IPNTS, NPITER, IV~lL 
.PRINI 1000, NNP,NEL,NMAT,NCM,NTI,KSS,KSP,NSPPM,NMPPM,KSTR,KCP, 

1 KGRAV,NSTRT,NITER,NCYL,NDTCHG,NPITER 
PRINT 1050, ILUMP,IMID,IPNTS,IVML 

C *******DATASET 3: BASIC REAL PARAMETERS 
C 

C 

READ 20, DELT,CHNG,DEL"iAX,TMAX,FE,TOL~,TOLB,RHO,GRAV,VISC,W, 
1 OME,OMI,CYLIND 

DELTO=DELT 
IF(TMX. LE. 0. 0) TMAX=l. 0038 

'· '· '·- . --..._ 

'· 

DATA 440 
DATA 445 
DATA 450 
DATA L155 
DATA 460 
DATA 465 
DATA 470 
DATA 475 
DATA 480 
DATA 485 
DATA 490 
DATA 495 
DATA 500 
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C 

C 

PRINT uoo;' DELT,Cl!~,G' DEL'1AX. WAX, FE' mu;' TOLB ,RJ!O.G?.,\V 'VISC 'w; 
1 OME,OMI,CYLIND 

C. ******* DATA ,SET 4: LINE PRINT .cm:TR0L AND DISK STORE CO~.TR0L 
C 

·C 

c 

C 

C: 

READ 30, KPR0, (KPR(ITM.) ,ITM=l .'.':TI)_ 
READ 30,. KDSKOr(KDSK(lTM).ITM.=1,NTf) 
READ 20, ( TDTCH (I) , I= 1 , NDTCiiG) 

1-'RINT 1200. 
PRINT 1210, KPRO,(KPR(ITM.),ITM~l.NTI) 
PRINT 1300 
!'Rl:-.T .-1210. KDSKO. (KDSK( IT~l). ITM.=i, t·trr) ·. 
!>Rii\T 1350; · · (TDTC!l( I.1, I=l ,::[)TC!!l;) 

.Pl=3.141S926~ 
FE7 FE*PI /18(;. ODO 
CSFE=DC0S(FE) 
SNFE=DSIS{FE) 

IF(FE.EQ:0.0) G~FE= 1 .0DO 
IF(FE.EQ.0.0) SNFE=O.O 

. C ******* DATA SET 5: MATERIAL PROPERTIES 
C 

C 

PRINT 1400, ((PM.AT(.I,J),l=l,3),Js=l,NMPPM) 
DO 1:0b l=l ,S'.1AT 
READ 20,. (PROP(J,!),J=lY1PP'.-!) 

100 PRl~T 1410, l,{P~O?(J,I),J=l.NM.~PM.) 

C ·******* DATA SET 6: SOIL PROPERTIE_S 
C 

IF (KSP''.'E°Q. l) GO TO 120 
C 

C. - - - - - - - ~OIL PROPERTIES ARE TO BE REPRESENTED BY A."-ALYT'!!C FUNCTIONS·. 
·c 
C - · - - - • - READ A..>.;-D PRIST · PA.'<A.'1ETERS REQU!RED TO COMPUTE ~O!STURE · 
C 

c, 

IF (SSPP~.EQ.0} GO TO 200 . 
PRIST 1500, ((THPAH.{I,J) .• I-1;3),J=l,8) 
DO 105 I=l, ~;:1AT 
READ. 20, (THPROP(J,I),J=l,t;sppM) 

· PRI~;T 1510, I, (THPROP(J ,I) ,J=l.~;sPPM) 
105 co~;n~i:E 

C ------- READ ~;D ?RIST PA.q,A.'IETERS REQCIRED TO cr)~?r:TE RE'..:.-\TIVE 
C ------- HYDP~A.CLIC co~;nccnv1TY. 
C 

?RIST 1600, ((AKP,'-~t{(l,J),1=1,3.),J-l,8) 
DO 110 1.:.1.~;!.1,\T 

.-\,-. - .,_,. --·-•--•--A -•· ~--•--__.-~. '-• ,.__ • ,,·-•.· .. •·- -.',- .,.. ----
. .,,.. .~·· 

: . 
\ 

DATA 505 
DATA 510 
DATA 515 
DATA 520 
DATA 525 
DATA 530 
DATA 535 · 
DATA 540 
DATA 5/i 5 
DATA 550 
DATA 555 
DATA 560 
DATA 565 
DATA 570 
DATA 5 75 · 
DATA 580 
DATA 585 
DATA 590 
DATA 59'.> 
DATA 600 
DATA 605 

· DATA 610 
DATA 615 
DATA 620 
DATA 625 
DATA 630 
DATA 635 
DATA 640 
D~TA 645 
DATA 650 
DATA· 655 
DATA 660 

·DATA 665 
DATA 6 7ff 
DATA 6 7,5 . 
DATA &ao· 
DATA 685 .• 
DATA 690 
DATA 695, 
DATA 700 
DATA 705 ,• 

. DATA 710 
DATA. 715 
DATA 720 
DATA 725 . 
DATA 730 
DATA 735 
DATA Jt• O 
DATA 745 
DATA 750 
DATA 7.55 

--- -........ 
:--.... 
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READ 20, (/\.KPROP(J, I) ,J. ; , NS PPM) 
PRINT 1510, I, (AKPROP(J, I) ,J=l ,NSl'PM) 

110 CONTL'. .. \i 
GO TO 17~ 

120 IF (NSPPM.EQ.0) GO TO 200 
C 

C ------- SOIL l''~OPE,~·;·,Fs Al{£ TO BE G:VEN TN TABlJLAR FORM 
C 
C ------- PRESSURE 
C 

C 

DO 130 T=l.NMAT 
READ 20, (l!PkOf·'(J, I) ,J•0 1 .~:S?P!1.l 

l J(l CONTINUE 

C - - - - 0 - ·_ \..'ATl::R CONTENT 

C 

DO 1.40 I=l, NMAT 
r-~Ei\D 20, (THPROP(J, I) ,Je,l, N.SPP'.1) 

140 CONTINUE 
C 

C - - - - - - - RELATIVE HYDRAULIC CONDUCT l VlTY 
C 

DO 150 I=l.NM:AT 
READ 20, (AKPROP(J, I) ,J=l, :;SPF:!) 

Jc?O CONTINUE 
C 
C ------- WATER CAPACITY 
C 

C 

DO 160 T= 1 . NM:\T 
READ 20, (CAPROP(J, 1) ,J=l.-NSPPM) 

160 CONTINUE 

ORNL-5567/Rl 

DATA 760 
DATA 765 
DATA 770 
DATA 775 
DATA 780 
DATA 785 
DATA 790 
DATA 795 
DATA 800 
DATA 805 
DATA 810 
DATA 815 
DATA 820 
DATA 825 
DATA 830 
DATA 835 
DATA 840 
DATA 3,::.5 
DATA 850 
DATA 855 
DATA 860 
DATA 865 
D,,TA 870 
DATA 87':,
DATA 880 
DATA 885 
DATA 890 
DATA_895 
DATA 900 
DATA ':105 
DATA 910 
DATA 915 
DATA 920 

·DATA 925 
DO 170 _I=lrNMAT 
PRINT 1700 
PRINT 1710, I, (HPROP(J, I) ,THPROf'.(J .1) ,AKPROP(J, I). ,CAPROP(J, I; :J=l., DATA 930 

DATA 935 
DATA 9t,O 

lNSPPM) 
170 CONTINUE 

C 

C 
175 IF (KCP.EQ.0) GO TO 200 

DATA 945 
DATA 9:>0 
DATA 9':15 

C ------- CONVERT FROM SATURATED PER.'-IEABILITY TO SATURATED CQ~;DtJCTIVIT'i DATA 960 
C 

DO 190 l=l,NMAT 
PKCF=RHO*GRAV /VI SC 
PROP(4,I)-PROP(h,I)*PKCF 
PROP(5,I)-PROP(5,I)*PKCF 
PROP(6,l)=PROP(6,I)*PKCF 

190 CONTINUE 
C 

C ******* DATA SET 7: NODE COORDINATES 

---~-.-·~--'·---··-· .··--·- ·····-----·-

--

/ 

DATA 96:i 
DATA 970 
DATA 9 75 
DATA nu 
DATA 981 
DATA 990 
ll:\TA 99':i 
DAT Al OC,O 
DATA1005 

,, --
-----,-~-·-__ .:... -1•--~~:---

·:t~ 
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C 

C ------- READ NOD\L POINT COORDINATES 
C 

C 

200 CONTINUE 
CALL READR(X,MAXNP,NNl') 
CALL Rfa\DR(Z,MAXt-.P,NNP) 

18!, 

C ----,--· PRINT NUDAL POINT COORDINATES 
C. 

C 

LINE=O 
DO 265 Nl'~l.NNP.4 
N.1MN=-NP 
NJMX=MINU(NP+3,NNP) 
LINE=L1NE+l 
I F(:10D( LI"NC:-1. 50). EQ. 0) rRr~;T. 7100 _·_ 
PRl'.':T :.>110. · (~U. X('.':J). i'.(t;:1). '.\J,,~;;,~1:.; .~;J~IX l 

'.!6':i CONTINUE 

C **.***** DATA SET 8: ELEMEKT DATA 
C 
C .. - - - - - READ ELEMENT INDICES AND co:-\PrTE t1A..XTm,M NODAL DIFFERENCE 
C · - - - - - - EACH ELEME~iT 
C 

C 

C 

C 

~L\XDIF = 0 , • 
MJ - 0 

270 READ 10. MI, (TECH. 1). 1=1. 5) /-!ODL; NLl.Y 
MTYP=lE(Ml,5) 

~80 

MND = 0 

NQ=4 
~;Ql=3 
IEM4=1E(Ml: 4) 
IF(! EM,,. EQ. 0) NQ=3 
IF( I EMI,. EQ. {l)"~iQ1=2 

Db 280. JQ~l; NQl 
IQl,,,;IQfl ·. 
DO 280 JQ=IQl, NQ 
ND=IABS(IE(~t1. lQ)-IE(Ml ,JQ)) 
MND=l-l.\XO (ND, :-IND). 
MAXDIF=MAXO(ND,MAXDIF) 
CONTINUE 

290 MJ = MJ + l 
·c-

C· 

C 

IF (Ml-MJ) 300,330,310 

300 PRINT 3000, Ml 
!STOP - ISTOP + 1 

- ··, .. _,__ ---· ·---,-._· 

. , 
_, r .~·. ~- •c 

; 

DATA1010 
DATA1015 
DATA1020 
DATA1025 
DATA1030 

·DATA1035 
DATA1040 
DATA1045 
DATAlOSO 
DATA1055 
DATA1060 
DATA1065 
DATA1070 
DATA1075 
DATA1080 
DATA1085 
DATA1090 
DATA1095 
DAT Al 10,) 
DATA1105 

FOR DATAlilO 
DATA1115 
DATA1120 
DATA1125 
DATA1130 
DATA1135 
DATA1140 
DATA1145 
DATAllSO 

. DATA1155 
DATA1160 
DATA1165 
DATAll 70 
DATA1175 
DATA1180 
DATA1185 
DATA1190 

' - : 

DATA1195. 
DATA::.200 
.DATA1205 
DATA1210 
DATA1215 
DATA1220 
DATA1225 
DATA1230 
DATA1235' 
DATA12t,O 
DATA1245· 
DATA1250 
DATA1255 

--
. ·'.'-· -~

--/. . . . ...-
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C 

C 

C 

C 

C 

310 DO 320 IQ~l,NQ 
320 IE(MJ',IQ)=Ii(MJ-1,IQ) + 1. 

IE (:1J . 5) = IE (MJ · 1, 5) 

330 IF (MJ.LT Mlj GO TO 290 
IF (MJ.EQ.NEL) GO TO 37n 
IF (MODL.lE.D: ca TG 270 

DO 3 6 0 I= l , N LA\" 
LL=2 
DO 360 J=l,MODL 
IF(MJ.EQ.MI) GO TO 350 

DO 340 KQ= 1, NQ 
31.Q IE(MJ,KQ)=IE(MJ-1,KQ) + LL 

IE(MJ,S)=IE(MJ-1,5) 

350 LL=l 
360 MJ=M.J + 1 

MJ=MJ-1 
IF (MJ,LT.NEL) GO TO 270 

3 70 CONTI1''1JE 

THALFB=MAXDI ;." 
IBAND=2*IHALFB+l 
IHBP=I!:!AUB+l 
PRINT 3150, liL\LFB, lBAND, IHBP 

C 

. 185 

C *******DATASET 9: ~TERIAL CORRECTIONS 
C 

IF (NCM.LE.O) GO TO 410 
CALL READN (t E (1, 5) , MAX EL, NC:-!) 

C 

ORNL_-5567 /Rl 

DATA1260 
·DATA1265 

. DATA1270 
DATA1275 
DATA1280. 

. DATA1285. 
· DATA1290 

DATA1295 
. DHA1300 

DATA1305 
DATA1310 

. DATA1315. 
DATA1320 
DATA1325 
DATJ\1330 
DATA1335 

DATA1340 
DATA1345 
DATA1350 
DATA1355 
DATA1360 
DATA1365 
DATA1370 
DATA1375 
DATA1380 

C - - - - - • - PRINT EJ.,EMENT INCIDENCE AND MATERIAL TYPES .FOR EACH ELEMENT 

. DATA1385 
DATA1390 
DATA1395 
DATA1400 
DATA1405 
DATA1410 
DATA1415 
DATA1420 
DATA1425 
DATA1430 
DATA1435 
DATA1440 
DATA1445 
DATA1450 
DATA1455 
DATA1460 . 
DATA1465 
DATA1470 
DATA1475 
DATA1480 
DATA1485 
DATA1490 
DATA1495 
DATA1500 

·. 410 LINF=O .· 

C 

DO 415 NI=l,NEL,3 
NJMN=NI 
NJMX~MINO(NI+2, ,\/EL) 
LINE=LI~ff ~ 1 
IF(MOD(LlNE-1,50).EQ.O) PRINT 2700 
PRINT 3100, (NJ, (IE (NJ, K) , K=l, 5) , NJ=NJMN, NJMX~ 

415 CONTI N'1J E 

C --·-··- CHF.CK IF MATERIAL TiPE FOR EA.CH ELEMENT IS CORRECT 
·c 

DO !120 M=l, NEL 
MTYP=IE(M,5) 
IF(MTYP.CT.O .AND. 
PRINT 4200, H 
ISTOP~ISTOP+l 

'\ :P.\ •· \! -:: 

\ 
., 

I r 
' , 

\ ; 
I· ... _ 

,;/ 

MTYP. LE. Nl-'.AT) GO TO 420 

J ..... i - i 

/ "- / ,., 

~-
! / 

:. .. .. 
r'\, 

-l' 

'-- ·' ·:' 

. DATA1505 
DATA1510 
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·c 
.. : IF(ISrnP.'r::c/o) GO TO 
. ·.PRINT 4'.300 ·IS.TOP<·. 
: ···STOP i . • . . 

C 
: C·**;****''DATA SET 10;. . ,· DATA15t,5 .. 

C 

';. 430 ·,rrnE...:ci'. ODO 
DATA1550 · . 
DATA1555 . 
DATA1560. 
DATAl 565 . 
DATA1570 

~ ' . ., . . 

C 
c .- - -- -~ - READ 'iNITIALi.GONDITI0NS 
c-· ·.c_:•: 

"',.,;: ·. 

. C .. - -· C ._ ·- - - READ TN!TIAL OR PRE- HdTIAL co~nn·1m;s \IL". LOG1.(;AL UN1T 2 
IF NSTRT :CT.. 0 

DATAf575' 
DATAl'.>80 
DATAl 585 . 

C 

C 

C 

C 

C· 

REWIND i 
REWIND 2 

DATA1590 · 
DATA1595. 

··. DATA1600 

DA1'Al605 . 
. . . . ·.•. D,iTA1610 

READ ( 2) . ( DUM, l= L 9) i1Dt:M, NPT. r;ET ·. NBN, NBEL ,.lDUM, NRSN ·. DATA16 l 5 
.. IF (KSTR. EQ: l) '...;1UTEU). (Tl Tl.E(l) ,I=l ,9} ,NPROB, NNP, NEL,NBN ,NBEL; · DATA1620 
> NTI ,NRSN DATA1625 

DATA1630. 
READ (2 ) .. (X(NP), NP= 1. NPT), ( Z (NP) , NP;,,l, NPT) , (( TE (M, IQ):, M=l )JET), IQ= DATA1635 

. > l,4),(DLB(M),M=l,f;B£L),(DC0SXB(M),M00 l,t.;BEL), . DATA1640 
· > .(DCOSZB (M) , !1= 1, NBEL) , u;sE (M), M~l, NBEL), ( (ISB(IQ, :•i), IQ;;,l ,!, ) ,}1',;;l, DATA1645 

> t;BEL),(NPB(t,P),NP=l,t,BN) .. . DATA1650 

IF(KSTR. EQ.l) WRITE(l) (X(~;) .N=l .N~lP), (Z(~;) ,N=l ,NNP), ( (IE(;1, IQ), 
· > M~l.NEL),1Q=l~4),(DLB(M),~=l,N3EL) ,(DC0SXB(M),M=l,NBEL), 

~S (0C0SZ~(M),M=l.NBEL).~NBE(M).M~l.NBEL) ,l(ISB(lQ,M),IQ=l;4i,M=l, 
. > NBEL), (NPB(N.);.,N=l,NBN) 

DO 440 - ITM=l, NSTRT . . · . . -
:'/.READ(2)' TIME, (H(N) ,Naa:1.~;PT)' (IIT(N{);~l.t;;PT) '((TH(,:rQ,M) 'IQ.,;i.4); 
, >• M=l,NET}i(VX(N)',N=l·;NPT), (VZ(N) ;N=l ;NPT), (NPCQti(N):N~liNRSN), 
> (NPFLX(N). N=i 'NRSN)': (NP!-!IN (~~);.N~l. l'-RSN) . ' . . . 

DATA1655 
DATA16b0 

. DATA1665 
DATAlt'.:70 
DATA1675 

. DATA1680 
DATA1685 .·.··•· 

DATAI.690 
. • DATA1695 
: DATA1700 ·· 

. DATAl 705 :. 
lf(KSTR:EQ.O).GO TO. 440. .. . . . . . . DATA17l0 

. w'RITE(l) TI:1E ,/(H(N},N=l ;t;~\P): (HT(N)',N=l•,N.:-;P), ( (Tll(IQ ,M) ,IQ=°l ,4)DATA1715 -
>, M=l, NEL) , (VX(N) , N;,,.l, Nt:P) ; (VZ (N) , N=l, N~ff) , (!·1PCON(N), ~-l-; NNP), . DATA! 720 
> (NPFLX e,) , N=l, NRS~/), U;P!-fIN (!-.) , N=l, ~;RSN J · DATA! 725 

440 CONTINUE .· . '· . DATAl 730 . . . , 

· ·_GO TO 500 DATAl 735. 
· C • · · ·. . DATA1740 .·.· 
c· -.'-"~~-.- ,ff.AD I_NIIIAL OR:·PRE-INITIAL CONDITIONS VIA•CARDS IF NSTRT:.EQ:.0DATA1745 
C: 
. ,. 450 CALL READR(H,lli~P,SNP)·,. · 

. ·· DATAl750. 
.DATAl755 ·. 

,, 
·., 

ii .... 
,. 
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C 

C ------- IDENTIFY BOUNDARY ELEMENTS AND COMPUTE DIRECTIONAL :os-::NES 
C ------- OF ALL BOUNDARY ELEMENT SIDES 
C 

500 CALL SURF(X,Z,IE, DLB,DCOSXB,DCOSZB,NBE,ISB,NPB, 
> MAX.,_"iP ,1-W:EL, MAXBEL, ~AX.BNP) 

C 

C *******DATASET 11: TRANSIENT INTEGER PARAMETERS 
C 

DAT•\l/(;1) 
0;\T,\l;i;S 
DATA17"/0 
DATA1.775 
D!\1All80 
Dr,L,l./8:.. 

[)A'!'/,17°0 
DATAl795 
DAT!\1.300 

READ 10, NSEL, NSPR, NSDP, NRSEL, NRSN, NP.FPR, NRFPAR, NDNP, NDPR, NDDP, DATA l80'i 
1 NCNP.NCEL,NCPR,NCDP, NNNP,NNEL,NNPR,NNDP, N1...TNP,N1-/PR,NWDP DA1Al81() 

PRINT 5100, NSEL,NSPR;NSDP,NRSEL,NRSN,NRFPR,NP.FPAR DATAlSLi 
PRINT 5150, NDNP.NDPR.NDDP,NCNP,NCEL,NCPR,NCDP.NNNP,NNEL,NN!:'R,NNDPDATA,S7.0 
PRINT 5155, Nw'NP,NwPR,Ni..'DP DAlAU<2.'.) 

C 

C *******DATASET 12: SOURCE DATA 
C 

IF(NSEL.LE.0) GO TO 550 
PRINT 5300 
DO 510 l=l,NSPR 
READ 20·, (TSOSF(J,I),SOSF(J,I),J=l,NSDP) 
PRINT 5500, . I 
PRINT 5510, (TSOSF(J,I),SOSF(J,I),J=l,NSDP) 

510 CONTINUE 
C 

C ------- READ SOUR.CE ELEMENT AND TYPE ASSIGNED TO EACH SOURCE ELEMENT 
C 

READ(5,10) (LES(l),I-1,NSEL) 
CALL READN(ISTYP,MXSEL,NSEL) 

D.'ITA1835 
DATAlSl,G 

DATA18.'iC.l 
DATA1.8:,5 
DATAlt1h!.' 
DATAlR6S 
DA.T:': lc.:'O 
DAT,\l .S '.' S 
DATA181:!0 
DATAl88:1 
DATA1890 
DATA 1895 
DATAl 9(1!i 

C DATA190~ 
C ------- PRINT GLOBAL ELEMENT NUMBER AND '.'ROFILE TYPE OF SOURCE ELEMENTDATA1Q~O 
C DATAl~lS 

WRITE(6,5600) 
DO 530 l=l,NSEL,5 
NJMN-f 
NJM..X=MINO ( 1+4, NSEL) 
WRITE ( 6, 5650) (J, LES (J), ISTYP (J) , J=NJMN, NJMX) 

530 CONTINUE 
C 

C - - - - - - - READ AND !,.,"RITE \.lELL SOURCE/SINK PROFILES 
C 

C 

550 IF(NWNP.EQ.O) GO TO 600 
PRINT 5700 
DO 570 I=l,N\.lPR 
READ 20, (TWSSF(J,I),\.lSSF(J,I),J=l,NwDP) 
PRINT 5 710, I 
PRINT 5510, (T\.lSSF(J,I),iJSSF(J,I),J=l,NWDP) 

5 70 CO/\"TINUE 

C ------- READ \.lELL SOURCE/SINK NODES A.'W TYPE OF PROFILES ASSIG~ED TO 
F.:ACII OF NWNP !,ODES. C 

Di·.T.-\ ~- G 2 t) 
DATAl92:'i 
DATA1'.l30 
DAT:C.~ G3e; 
DATA19t,O 
DATA1945 
DATA1950 
DATA195'.J 
DATA1960 
lJAT!,l %5 
DATAJ:G"/0 

DATA1975 
D:.-:.·Al980 
D:.'~ ,.. 1 (! :1. 5 
l)ATA]990 
D.:-.T~\1995 
DAT?.7000 
DATr\200'.;i" 
D.AT?.2010 

I 

/ 

/ 
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C 

READ 10, (NPW(I), I=l ,NWN!-') 
CALL READN ( IWTYP, MX\./NP, NWNP) 

C 

· 188 

C ----~-- l'RINT GLOBAL WELL NODE NU~BERS. ASD PROFILE TYPE OF WELL NODE 
r; 

C 

PRIHT 5800 
DO 'J90 l=l,NWNP,S 
NJ!-IN-l 
NJMX=MINO(I+4,~WNF) 

PR1NT SHSO, (J ,Nf'W(J), IWTYP(J) .J-·NJMN.NJ!'1X) · 
',·,r: 1:0NTJ'.,UE 

,,n,.J l~T,RSEL.EQ.0) CO TO 700 

l'!·'.T'.'-!T 6000 

C ------- RE:\D AND i-JRITE RAINFALL (+)/F.VAPORATION (-) PROFILES 

C 

!'RI:--:T 6100 
IlO 610 I-(NRF!'R 

READ 20. (T,~F(J. I), RF(J, I) .J 00 l .~;RFPAR) 
!'R u;T 6 1 '.J J . I 
PR INT 551!', (TRF(J, I), RF(J, I) ,J=l ,NRFPAR) 

filO CONTI~;UE 

C - - - - - - - READ M<D WRITE GLOBAL :--ODAL NUMBER OF RS NODES 
C 

C 

Cr.LL READN ( ~lPRS , MXRSNP, NRSN) 
PRINT 620Q,~(NPRS(I) ,I-1,NRSN) 

C - - - - - - - READ RAINFALL/EVAPORATION TYPE ASSIGNED TO ;:.,;_rn RS NODE 
C 

CALL READN(IRFTYP,MXRSNP,NRSN) 
C 

C - - - - - - - READ PONDING DEPTH AND MINIMUM HEAD FOR EACH OF ALL RS NODES 
C 

CALL READR(HCON,MXRSNP,NRSN) 
CALL READR (!-!MIN, MXRSNP, NRSN) 

C 

C ------- PRINT GLOBAL NODAL NUMBER, RAINFALL/EVAPORATION TYPE, PONDING 
C ------- DEPTH, AND MINIMUM PRESS!.:KE HEAD FOR ALL RS NODES 
C 

LINE=O · 
DO 620 I=l,NRSN,3 
LINE-LINE+l 
IF(MOD(LINE-1,50).EQ.O) PRINT 6220 
NJMN=I 
NJMX-MINO(I+2,NRSN) 

,. 

✓-,· 

DATA2015 
DATA2020 
DATA2025 
DATA2030 
DATA2035 I DATA2040 
DATA20i,j 

~ DATA20SO i 
DATA2055 ti :- ' 
DATA2060 ['i ,,, s 

r,). -· ' 

DATA2065 ~ -

DATA2070 I DATA2075 .. 
DATA2080 :} 

DATA2085 ~ 
ij 

DATA2090 ~ 
DATA2095 tij 
DATA2100 1~ , .. 
DATA2105 f.j 
DATA2110 Ea 

~ DATA2li5 t,:11 

DATA2i20 trl H 
DATA2125 ,i DATA2l.30 ~ 
DATA2135 tf 
DATA2140 rr DATA2145 
DATA2150 r,]j 
DATA2155 "1! 
DATA2160 ~ I DATA2165 ! 

I DATA2170 . 

DATA2175 . 

DATA2180 1. DATA2185 . 
DATA2190 fl ,J 
DATA2195 ;~ 

DATA2200 !I DATA2205 
DATA2210 I ~-
DATA2215 ; .F 

' DATA2220 
DATA2225 i DATA2230 ~ 

DATA2235 

r 
DATA2240 

S! 
DATA2245 :ij 
DATA2250 l 
DATA2255 

I DATA2260 ic ,. 

DATA2265 ., 
? 

"' f 

[;'3 

w 
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189 ORNL-5567/P.l 

C 

PRINT 62 50, (J , NPRS (J) , IRTTYP(J) , HCON (J), HHIN (J) , J=NJl1N, NJMX) 
620 CONTINUE 

C ------c READ RAINFALL/EVAPORATION-SEEPAGE (RS) ELEMENT SIDES 
C 

C 

C 

!-IPI=O 
630 READ 10, Ml,NSEQ,M,IS1,IS2.MIAD,MAD,IS1AD,IS2AD 

IF(Ml .EQ.O) GO TO 640 
~U••MI+NSEQ 
DO 635 MP=Ml, MJ 
1-Ml+(MP-Ml)*MIAD 
\RSE(I)=M+(MP-MI)*MAD 
lS(l,I)-ISl+(MP-Ml)*lSlAD 
1S(2,I)=ISL+(MP-MI)*1S2AD 
MPT=MPI+l 

63':> CO!'<TiNUE 
GO 'CO 630 

640 IF(MPI.EQ.NRSEL) GO TO 650 
PRINT 6500 
STOP 

6 ':>O CO'.HINUE 

C ------- PRINT THE READ-IN RS ELEMENT SIDES 
C 

C 

LINE,,O 
DO 660 MP=l,NRSEL,5 

LINE=LWE+l 
IF(MOD(LINE-1,50).EQ.0) PRINT 6600 

NJMN=MP 
NJ!1X=MINO (MP+4, NRSEL) 
PRINT 6650·, (J ,NRSE(J), IS(l ,J), IS(2,J) ,J=NJMN,NJMX) 

660 CONTINUE 

C - ·- - - - - - COMPUTE LENGTH AND DIRECTIONAL COSINES OF ALL RAINFALL/ 
EVAPORATION-SEEPAGE ELEMENT SIDES C 

C 
DO 690 MPI=l,NRSEL 
MI=NRSE(MPI) 
DO 680 MPJ=l,NBEL 
MJ=NBE(MPJ) 
IF(MJ.NE.MI) GO TO 680 
I=IS ( 1, MPI) 
NI=NPRS(I) 
J=IS(2,HPI) 
NJ=NPRS(J) 
NIB=ISB(l,MPJ) 
NJ B= IS B ( 2 , MPJ ) 
IF(NIB.EQ.NI .AND. NJB.EQ.NJ) GO TO 670 
IF(NIB.EQ.t1J .AND. NJB.EQ.NI) GO TO 665 

DATA2?70 
DATP227:i 
DAT/\2280 
fl:I :A?.28:> 
DA--::.',27.~l() 
DA'l'A2295 
n:- ··:,2100 
Pr\•i .·~? )r)S 

: 1;\ ..t A~:·, 1 n 
l),,,·.:,7~15 
DATA7-3?0 
DAE.d2S 
",:,1.'t,2130 
!},\:.,2315 
Di-.'~'A2. 340 
D,,1:•:,<· 345 
nr,, ?.\7150 

DATA2%0 
DATA2365 
DATA2370 
D!\.TA.2 ·3 7 5 
DA;AZ380 
DATA238'., 

DATA::390 
D,\: :\2.19 5 
DA":',\'.'.l,00 
D/>1'A2405 
DATA2410 
DAF:!;l'.i 
Di'."~A2420 
DATA2li25 
DATA24"30 
DAT,l.2435 
DATA.2440 
D,\"I',\2445 
DATA2450. 
DATA2455 ·. 
DATA246() 
DATA2465 
DATA2L.70 
DATA2475 
DAT/ :1!~80 
DATA2!i85 
D,~."1'1\ 24 90 
DATA2495 
DA'_~·A::500 
DAiJ\2505 
llATA2510 
DATl\2515 

:i 

I
'----
. 

' 
. 

I 



I 

J 

C 

(.tJ TO (,80 

r.J,:, rsn ,'1Pf'i".r 

[S 1? ,'1I'i :,=I 
r, ; '! DC 6 7 ': .L: - 3 . ', 
11 7 ) I s 1~. r .1 . ~-1 P 1 -' _._. r s ?. ( .i .J . M t1, i > 

DU'1Pi j-Lll.5('.1f'.J J 

IJcnsxr~1t 1 I ,._,nl~os:-:e.t~1PJ J 

:)COSZ<~P i) ~fJ'::oSZBr MPJ J 
Vl T') f.';() 

~:.r~•~\=~1~:C1(~·n·,.: \t-Jsf~i---) 

_.-'77 

PRit;T t/1:: 1
~
1

• i_'J,\PRS(J).(l.S(I,J),I=l,4),DL(J).,DCOSX(J),DCOSZ(J),J= 

C - - - . - - - ?r.AD x~:b PRI!,T TOT:\!. DIRICHLET HEAD PROFILES 
C 

7UO IF(~D~P.EQ.0) GO TO 800 
FR I~;T 7000 

DO 710 I"0 l. f;DPR 

READ 20, ITHDBF(J,I),HDBF(J,I),J=l,~:DDP) 
PRI~,T 7100, I 

PRI~;T SSHJ, (THDBF(J,I),HDBF(J,I),J=l,/JDDP) 
71D CO'.,T1N1;E 

C - - - - - - - READ GLOBAL NODAL NCMBER OF ALL DIRICHLET ~ODES AND THE TYPE 
C OF TOTAL HE . .l..f) PROFILE ,;ssrc;~:rn TO EACH OF THEM 
C 

C 

REr.0 }fJ, (::?DB!l).1=1,'.:D~;p) 

CALL READ': ( l DTiP, .MXDt:P, !:D::p) 

DATA2'J20 
D/\TA2'.J25 
DAT/12530 
DATA2'J35 
DATA2':>l,O 
D/ITA2545 
DAT/175.50 
DATA2 5 '; 5 
DATA2'.l60 
DATA2565 
DATA2570 
DATA2575 
DATA.2580 
DATA2585 
DATA2590 
DATA2'i95 
DATA2600 
DATA2605 
DATA2610 
DATA2615 
DATA2620 
DATi-\2625 
DATA2630 
DATA.2635 
DATA26t,Q 

DATA2645 
DATA2650 
DATA2655 
DATA2660 
DATA2665 
DATA2670 
DATA2675 
DATA2680 
DATA2685 

. DATA2690 
DATA2695 
DATA2iOO 
DATA2705 
DATA2710 
DATA2715 
DATA2720 
DATA2725 
DATA2730 
DATA2735· 
DATA2740 
DATA2745 

,•· · · - - · · - - t'!U~:T GLOBAL ~;(JD,\L i:;;:-rnrns A\D PROFILE TYPE OF DIRICllLET NODESDATA2755 
C 

DATA2750 

..-·- - ">.(.,. / _.,,,.-- ./ /' 
/ _/', ,·" ~- ........ _.,........ 

---· --.-~ . 

~-----' 
;. 

DATA2760 
DATA2765 

f._ 

I 
I 
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DO 720 l=l,NDNP,5 
LlNE=LlNEtl _ 
IF(MOD(LINE-1,50).EQ.0) PRn;r ;2/){J 

NJ MN-I 
NJMX=M lNO ( I +t, , };[)NP) . . . 
PRINT 7250, (J ,t:PDB(J), IDTYP(J) ,J-<::·'.~,.'.,JHZ) 

720 CONTINUE 
C 

C ******* DATA SET 15·: C,\UCHY BOL:NDARY, CONDITIONS 
c· 
C · - - - - - - READ AND PR INT. CAUCHY FLUX PRO FI J;l::S 
C 

C 

800 IF(NCNP.EQ.0) GO.TO 900 
PRINT 8000 
DO 8.10 l=l,NC!'R 
READ 20, (TQCBF(J, I) ,QCBF(J, I) ,J= l. :;rnn 
PRINT 8100, 1 ·. 

PRINT 5510, (TQCBF(J,I),QCBF(J,.l),J=l;'.;coP) 
810 CONTINUE 

C · - - - - - - READ ~I::OBAL NODAL' !'<"'UMBER OF ALL CAUCHY .~,ODES AND TYPE OF 
C . - - - - - - CAUCHY FUJX PROFILE ASSIGNED TO EACH or THEM 
c. 

READ 10, (NPCB(I), l=l,NCNP) 
C 

CALL READN ( I CTYP, MXCNP, NCNP.) 

DATf\2/70 
DATA277') 
DATA2780 
DAV.2785 
Dt\Tt\2190 
DATA27<l5 
D!,TA2800 
DATA2805 · 
L•ATA2810. 
DAT.A.2815 
DATA2820 
DATA2825 
DATA2830 
DATA2835 
DATA2840 
DATA2845 
DATA2850 
DATA2855 . 
DATA2860 
DATA2865 
DATA2870 
DATA2875 .. 
DATA2880 
l.lATA288:i 
DATA2890 
DATA2S95 . 

C DATA2900 
C - - - - - - - PRINT GLOBAL. NODAL NUMBER A.~D PROFILE TYPE OF ALL CAt:'CHY NODF.SDATA2905 
C DATA1910 

LINE~() DATA2915 
DO 820 r.::'l;"NCNP, 5 · - DATA2920 
LINE=LINE+l. DATA2925 
IF(MOD(LINE-1,50).EQ.O) ~RINI 8200 : DATA2930 
NJ MN-I DATA2935 
NJMX-MINO(I+4, NCNP) DATA2940 
PRINT -7 2 50, (J, NPCB (J) , ICTYP (J) , J-NJMN ;NJMX) DATA2 945 · 

820 CONTINUE . . . DATA2950 
C 
C ·_ - - - ~ 0 - READ CAUCHY BOUNDARY ELEMENT SIDES 
C 

DATA2955 
DATA2960 
DATA2965 
DATA2970 
DATA2975 
DATA2980 

MPI- 0 
830 READ 10, MI,NSEQ,ISi,IS2)HAD,ISlAD,IS2AD 

IF(MI.EQ.0) GO TO 840 . 
MJ-MI+NSEQ 
DO 835 MP=MI,MJ 
I=MI+(MP-HI)*MIAD 
!SC ( 1 ;r )~IS l+ (MP-HI )*ISl!-.D 
ISC(2,I)=IS2+{MP-Mij*IS2AD 
MPI-MPI+l 

835 CONTINUE 

.... , ,_, 
-... . '\. 

. C.\TA2985 
DATA2990 
DAT.A.2995 

·DATA3000 
DATA3OO5 

. DATA3010 
DATA301:i 

',, 
i ·, .. 

--
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C 

C 

_.,r--•. 

L;O TO 830 
~-=r~ !F(MPI.EQ.NCEL) GO TO 850 

i'R!NT 8300 
STOP 

f .'O :'.O!\TINUE 

192 

( · - - - PRINT THE READ- IN CAUCHY BOUNDARY ELE.XENT SIDES 
C 

LINE=O 
10 S90 MP-1,NCEL,5 
:,r ;;[=LINE+ 1 
I~t~OD(LINE-1,50).EQ.O) PRI~T 8900 
:;jMN-MP 
·u:-LX=MlNO(MP+4, NCEL) 
i'RlNT 8950, (J, ISC(l,J) ,ISC(2,J) ,J=NJM~,NJ~1X) 

s'.,() cmiTINUE 

- ; • 0 ,-,·,*-1<· DATA SET 16: NEUMANN BOUNDARY CONDITIONS 

C 
C 

READ AND rRINT NEUMANN FLUX PROFILES 

nf;f, IF(NNNP.EQ.0) GO TO 999 
PRINT 9000 
DO 910 1-1,NNPR 
READ 20, (TQNBF(J,I),QNBF(J,I),J=l,NNDP) 
PRIN7 9100, I 
PRINT 5510, (TQNBF(J, I) ,QNBF(J, I) ,J-1, NNDP) 

910 CONTI1'.1JE 
c 
C - · - • - - - READ G'i:0BAL NODAL NUMBER OF ALL NEUMANN. NODES AND TYPE OF 
C • · - · - - - NEUMA.t•m FLUX PROFILE ASSIGNED TO EACH OF THEM 
C 

C 

READ 10, (NPNB (I) , I-1, NNNP) 
CALL READN(INTYP,M.X.NNP,NNNP) 

C - - · · - · · PR:':NT GLOBAL NODAL NUMBERS AND PROFILE TYPES OF NEUMA~N NODES 

LINE-0 
DO 920 I~l;NNNP,5 
LINE-LINE+l 
IF(MOD(LINE-1,50),EQ.0) PRINT 9200 
NJM.~-I 
NJMX-MINO (I +4, NNNP) 
PRINT 7250, (J ,NPNB(J), INTYF ~J) ,J=NJMN, NJMX) 

91.0 CONTINUE 
C 

C · - - - - - · READ NEUMA!',N 30UNDARY ELEMENT SIDES 
C 

MPI-0 

.1 

. j--

DATA3020 
DATA3025 
DATA3030 
DATA3035 
DATA3040 
DATA3045 
DATA3050 
DATA3055 
DATA3060 
DATA3065 
DATA3C70 
DATA3075 
DATA3080 
DATA3085 
DATA3090 
DATA3095 
DATA3100 
DATA3105 
DATA3110 
DATA3115 
DATA3120 
DATA3125 
DATA3130 
DA'.'!\3135 
DATA3140 
DATA3145 
DATA3150 
DATA3155 
DATA3160 
DATA3165 
DATA3170 
DATA3175 
DATA3180 
DATA3185 
DATA3190 
DATA3195 
DATA3200 
DATA3205 
DATA3210 
DATA3215 
DATA3220 
DATA3225 
DATA3230 
DATA3235 
DATA3240 
DATA3245 
DATA3250 
DATA3.255 
DATA3260 
DATA3265 

· .. 
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19.3 

930 READ 10, Ml ,NSEQ,M, 1S1, 1S? ,MIAD,MAD, ISlAD, IS2AD 
IF(MI.EQ.0) GO TO 940 
MJ=MI+NSEQ 
DO 935 MP=MI,MJ 
)=MI+(MP-MI)*MIAD 
MNES(I)=M+(MP-MI)*MAD 
ISN(l.1)=JSl+(MP-Ml)*lS1AD 
ISN(2,I)=IS2+(MP-MI)*IS2AD 
Ml'I=MPI+l 

935 CONTINUE 
GO TO 930 

940 IF(MPI.EQ.NNEL) GO TO 950 
PRINT 9300 
STOP 

950 CONTINUE 

C ------- PRINT THE READ-IN NEUMANN BOUNDARY ELEMENT SIDES 
C 

C 

LINE=O 
DO 960 MP=l, NNEL, 5 
LINE=LINE+l 
IF(MOD(LINE-1,50).EQ.0) PRINT 9600 
NJM..~=MP 
NJMX=MINO (MP+4, NNEL) 
PRINT 9650, (J,MNES(J),ISN(l,J),ISN(2,J),J=NJM..N,NJMX) 

960 CONTIN1.1E 

C ------- COMPUTE LENGTH AND DIRECTIONAL COSINE~ OF ALL NEUMANN 
C ------- BOUNDARY ELEMENT SIDES 
C 

C 

DO 990 MPI~l,NNEL 
MI-MNES(MPI) 
DO 980 MPJ-1,NBEL 
MJ=NBE(MPJ) 
IF(MJ .NE.MI) GO TO 980 · 
I-ISN(l,MPI) 
NI-NPNB(I) 
J=ISN(2,MPI) 
NJ=NPNB(J) 
NIB=ISB (1, MPJ) 
NJB=ISB(2,MPJ) 
IF(NIB.EQ.NI .AND. NJB.EQ.NJ) GO TO 970 
IF(NIB.EQ.NJ .AND. NJB.EQ.NI) GO TO 965 
GO TO 980 

965 ISN(l,MPI)~J 
ISN(2,MPI)=I 

970 DO 975 JJ=3,4 
975 ISN(JJ,MPI)=ISB(JJ,MPJ) 

G &Y?iH 

ORNL- 556 7 /~'.l 

DATA3270 
DATA3275 
DATA3280 
DATA3285 
DATA3290 
DATA3295 
DATA3300 
DATA3305 
DATA3310 
DATA3315 
DATA3320 
DATA3325 
DATA3330 
DATA3335 
DATA3340 
DATA3345 
DATA3350 
DATA3355 
DATA3360 
DATA3365 
DATA3370 
DATA3375 
DATA3380 
DATA3385 
DATA3390 
DATA3395 
DATA3400 
DATA3405 
DATA3410 
DATA3415 
DATA3420 
DATA3425 
DATA3430 
DATA3435 
DATA3440 
DATA3445 
DATA3450 
DATA3455 
DATA3460 

.DATA3465 
DATA3470 
DATA3475 
DATA3480 
DATA3485 
DATA3L,90 
DATA3495 
DATA3500 
DATA3505 
DATA3510 
DATA:3515 

l 
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DLN (MPI )-DLB (MPJ) 
. DCOSXN(l1PI )=!1COSX!3(MPJ) -

DCOSZN(MPI)~DCOSZB(MPJ) 
GO TO 990 

~,sn CONT!t.1JE. 

PRINT 9800, MPI,I,J,NI,NJ,MI . 
:,rj(J CONTINUE 

C .. 

- · · · · · - - PRINT THE COMPUTED NEUMANN BOUND1iliY ELEMENT SIDE INFOR!1ATION 

C 

,. 
·-

LINE-0 
DO 995 HP-1.NNEL,2 
LI ~:E-LINE+ 1 
IF(MO~(LINE-1,50).EQ.O) PRlNT 9900 
NJH.N~MP 
~;.;:~.X--MINO (MP+ 1, NNEL). _· . · · 
PRINT 6950, (J,MNES(J),(ISN(I,J),T=l,4),DI.ll(J),DCOSXN(J), 

; D~OSZN(J),J~NJMN,NJMX) 
4'.';, CONTINUE . 

'.'/'J', CONTit..1JE 

~ i FOmiAT(l6I5) 
.- _. FOR.'1AT(8D10. 3) 
::; COR.'1.:\T(80I1) 
_-.:~ fOR.'1AT(3I5,5X,4Dl0.3) 

1:YfY FOR.HAT(40HQ':·· _ **** BAISC INTEGER 
' 1-.0H ~1.JM.BER Of NODAL POI~TS. . . ·. 
2 '•DH -Nt'MBER ·· OF ELEMENTS. . . . . . 

PARAMETERS"****//SX, 
· .. , IS/ s_x, 

~ 40H Nt;KBER OF DIFFERENT MATERIALS 
'- ;.OH NUMBER OF CORRECTION MATERIALS .. 
J 40H t~t .. 'MBER OF TIME r:-;cREMEns 

. r:, 40H STEADY - STATE I. C. CONTROL 
7 40H SOii..-PROPER.TY CONTROL ... 
·a 40H ~1JMBER OF SOIL PARAMETERS 
9 40H NUMBER OF MATERIAL PROPERTIES 
;._ 40H At'XILIARY STORAGE CONTROL 
B 40!! CO!'iDl:CTIVITY-PER.'-!EABILITY CONTROL 
,:; 40H GRAVITY CONTROL ; 
0 40H RESTART PARAMETER 
E 40H SO. OF ITERATIONS PER CYCLE· . 
F 40H NO. Ot CYtLES PER TIME STEP : 
G ·40H. NO. OF TiMES TO R£~ET TIME STEP SIZE 
d .40H NO. OF POINTilISE I""ERATIO~S. ALLO;,,.ED 

. ,IS/ SX, 
• I IS/ SJ<:, 
.,)S/SX, 
. ,IS//SX, 
. , IS/ SX, · 

. . , IS/ SX, . 
; , IS/ .SX, 
. , IS//SX, 
. ,IS/ SX, 
.,15/SX, 
.,15/SX, 
.,15//SX,· 
. ,IS/ SX, 
. ,IS/ SX, 

. . , I 5/ SX, 
, ISi)· 

DATA 1570 
DATA35?~ 
DATA3530 
DATA3535 
DATA3540 
DATA3545 
DATA~SSO 
DA_TA3555 
DATA'3560 ·-.,· 

DATA3565 
DATA3570 .-::-- -

DATA3575 
DATA3580 
DATA1585 
DATA3590 
DATA3595 
DATA3600 
DATA3605 
DATA3610 
DATA3615 
DATA3620 
DATA3625. 
DATA3630 
DATA3635 
DATA3640 
DATA.3645 
DATA36:i0 
DATAJ65S 
DATA3660 
DATA3665. 
DATA3670 
DATA367S· 
DATA3680· 
DATA3685 
DATA3690 
DATA3695 
DATA3700 
DATA3705 
DATA3710 
DATA3715 
DATA3720 · . 
DATA3725 
DATA3 730 · 
DATA3735 
DATA3740 
DATA3745 

· DATA3750 . 
DATA3755 
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1050 FORMAT(1H0,4X, 
1 40H LUMPING INDICATOR, TLUMP. . . . . ,IS/ SX, 
2 40H TIME-DIFFERENCE INDICATOR, INID . ,IS/ SX, 
3 40H rs POINTWISE ITERATI0N SOLUTION USED? ,15/ sx, 
4 40H IS VELOCITY-SOLVING MATRIX LC:1PED? . ,15//) 

1100 FORMAT(5X,40H TIME INCREMENT ............. ,El5.6/ SX, 
1 40H MULTIPLIER FOR INCREASING DELT. . ,ElS.6/ SX, 
2 40H MAXIMUl1 VALUE OF DELT . . . . . . . ,El5.6/ SX, 
3 liOH MAXIMUM VALUE OF TIME . . . . . . . ,E15.6//5X, 
t,. 40H DEGREES OF PRIN-AXIS INCLINATION. . ,El5.6/ SX, 
5 t .. OH STEADY-STATE TOLERA.NCE. . .,£15.6/ 5X, 
6 40H TRA.t"lS1ENT-STA.TE 'fOLERANCE . ,El5.6//5X, 
7 40H DENSIT\' OF WATER. . . . .,ElS.6/ SX, 
8 40H ACCELERATION OF GRAVITY . . ,EIS.6/ SX, 
9 40H VISCOSITY OF WATER. . . . . ,ElS.6//SX, 
A 40H TIME- INTEGRATION PARAMETER. . , El 5. 6/ 5X, 
B 40H ITERATION PARAMETER FOR NONLINEAR EQ. ,E15.6/ SX, 
C 40H RELAXATION PARAMETER FOR POINTWISE SOL. ,El5.6/ SX, 
D 40H CYLINDER COORDINATOR PARAMETER .... ,£15.6//) 

1200 FORYiAT(//6X, 14HOUTPUT CONTROL) 
::.210 FORHAT(l.OX, 5012) 
1300 FORMAT(//6X,19HDISK OUTPUT CONTROL) 
1350 FORMAT(::.H0,6X,'TIME OF CHANGING DELT'/{lOX,8D12.4)) 
1400 FORM.AT(36Hl ·H** MATERIAL PROPERTIES***''// 9H !'-'.AT. NO., 9( 

> 3A4)) 
1410 FORMAT(I8,9Dl2.4) 
1500 FORMAT(44Hl INPUT TABLE 3A. MOISTURE-CONTENT PARAf!ETERS// 

> 9H MAT. NO. ,8(3A4)) 
1510 FORJ1AT(I8,9Dl2.4/(8X,9Dl2.4)) 

DATA3760 
DATA3765 
DATA3770 
DATA377S 
DATA3780 
DATA3785 
DATA3790 
DATA3795 
DATA3800 
DATA3805 
DATA3810 
DATA3815 
DATA3820 
DATA3825 
DATA3830 
DATA3835 
DATA3840 
DATA3845 
DATA3850 
DATA3855 
DATA3860 
DATA3865 
DATA3870 
DATA3875 
DATA3880 
DATA3885 
DATA3890 
DATA3895 
DATA3900 

1600 FCR11AT(40Hl **** CONDUCTIVITY 
> 2(3A4)) 

PARAMETERS****// 9H MAT. NO., DATA3905 
DATA3910 

1700 FORMAT(S3Hl **** SOIL PROPERTYINTF.RPOLATION VALUES**** 
> 9H MAT. N0.,9X,8HPRESSURE,13X,16H..'10ISTURE CONTENT,4X, 
> 25H RELA7IVE CONDUCTIVITY , 6X, l4HWATER CAPACITY) .. 

1710 FORMAT(I8,Dl9.4,3D25.4/(2X,4D25.4)) 
2100 FOR!1AT(38Hl **** NODAL COORDINATE DATA****// 

> 4HNODE, lOX, lH.X, lOX, lHZ, 4X, 4HNODE, lOX, lH.X, lOX, lHZ, 4X, 4HNODE, 
> 10X,1H.X,10X,1HZ,4X,4HNODE,10X,1HX,10X,1HZ/ 

// DATA3915 
DATA3920 
DATA3925 
DATA3930 
DATA393:, 
DATA3940 
:)ATA3%5 

> 27H***************************,3X,27H***************************,DATA3950 
>3X,27H***************************,3X,27H**************************DATA3955 
>*/) DATA3960 

2110 FORMAT(lH ,IS,2D11.3,3X,I5,2Dll.3,3X,I5,2Dll.3,3X,I5,2Dll.3) DATA3965 
2700 FORHAT(62Hl **** ELEMENT DATA: GLOBAL I~JDICES OF. ELE'.1ENT ~~ODF.:SDAIA3970 

1 **** /3(5X,SH ELM,SH NODl,SH NOD2,5H NOD3,SH NOD4,SH ~IYP)/ DATA3975 
2 3(5X,5H ---,SH ----,SH ----,SH - 0 --,SH ----,SH----)) DATA3980 

3000 FORMAT(////26H ERROR IN ELEMENT CARD NO. ,IS///) . DATA3985 
3100 FORMAT(3(5X,6I5)) DATA3990 
3150 FORMAT(lHO/SX,31H *** MATRIX BAJ<D SIZE: lH}.FLB =,13,lOH IB~,D =,DATA399S 

1 13, lOH IHBP - , I3, 6H ***) DA1A4000 
4200 FOR.MAT(////~OH ERROR IN MATERIAL TYPE CODE FOR ELE'.-IE'.\T,15///) DATAc.0(j5 

I 
I 
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. !dOO FOR!1AT(////28H EXECUTION HALTED BECAUSE OF, 15, 13H FATAL 
5100 FORMAT('l ->.·*-~* TRANSIENT INTEGERS****'// SX, 

> 40H NO. OF SOURCE ELEMENT . . . ,IS/ SX, 
1 40H NO. OF SOURCE PROFILES. . . . . . . .. , IS/ SX, 
2 40H NO. OF DATA POINTS FOR EACH SOURCE PROF_, IS/ SX, 
3 t,OH NO. OF R..'.INFALL SEEPAGE ELEMENTS-DES .,15/ SX, 
4 t,OH NO. OF RAINFALL SEEPAGE NODES . . . . , 15/ SX, 

ERRORS///)DATA4010 
DATt>.4015 
DATA4020 
DATA4025 
DATA4030 
DATA4035 
DATA4040 

5 40H NO. OF RAlNFALL PROFILES. . . ,15/ SX, 
6 40H NO. OF DATA POINTS hJR EACI! RAH/FALL . , IS/) 

5150 FORMAT(lH /SX, 
l 40H NO. OF DIRICHLET NODAL POINTS ..... ,IS/ 5.X, 
2 t,OH NO. OF DIRICHLET HEAD PROFILES .... , 15/ SX, 
3 40H NO. OF DATA POINTS FOP. DIRICHLST PROF .. , I'.l/ SX, 
4 40H NO. OF CAUCHY NODAL POINTS ...... · ,15/ SX, 
S 4011 NO. OF CAUCHY ELEMENT SIDES ...... ,IS/ SX, 
6 40H NO. OF CAUCHY FLUX PROF'ILES .,IS/ SX, 
7 40H NO. OF DATA POINT FOR CAUCHY PROFILES .,IS/ SX, 
8 40H NO. OF NEUM.ANN NODAL POINTS ...... ,I.S/ SX, 
9 40H NO. OF NEUMANN ELEMENT SIDES ...... ,IS/ s:x;· 
A 40H NO. OF NEUMANN FLUX PROFILES ..... ,15/ SX, 
B 40H NO. OF DATA POINTS FOR NEUMANN PROFILE , IS/) 

5155 FORMAT(lH /SX, 
> 40H &o. OF WELL SOURCE/SINK NODES ...... ,15/ SX, 
> 40H NO. OF WELL SOURCE/SI~;K PROFILES ... ,IS/ SX, 
> 40H NO. OF DATA POINTS IN wELL PROFILE .. ,IS/) 

5300 fORMAT(lH1/5X,27H *** SOURCE INFORMATION***) 
550(1 FORMAT(lHO/SX, 12H PROFILE NO., 12, / 5(4X,4HTIME, 6X, 6HSOURCE, :ZX)/ 

> 5(4X,4H----,6X,6H------,2X)) 
5510 FCP.:--fAT(lH ,5(2Dll.3)) 

' DATA40t.5 
DATA4050 
DATA4055 
DATA4060 
DATA4065 
DATA4070 
DATA4075 
DATA4080 
DATA4085 
DATA4090 
DATA4095 
DATA4100 
DATA4105 
DATA4110 
DATA4115 
DATA4120 
DATA4125 
DATA4130 
DATA4135 
DATA4140 
DATA4145 
DATA4150 

5600 FOR.MAT(lHO//SX,' G:.OBAL ELEMENT NUMBER AND PROFILE TYPE OF 
1 SOURCE'/ /SX, 5 (' MP LES STYP ' ) ) 

5650 FORMAT(lH ,4X,5(3I5,5X)) 

ELEMENTDATA4155 
DATA4160 
DATA41G5 

5700 FOR.'iAT(lH0///5X, 37H *** \..lELL SOURCE/SINK INFORMATION *-x·*) 
5710 FORMAT(lH0/5X,12H PROFILE NO. ,.12/ 4(4X,4HTIME,6X,6HSOURCE,2X)/ 

l 4(4X,4H----,6X,6H ---:-,2X)) 
5800 FORMAT(lHO//iOX,6SH GLOBAL NODAL NUMBER AND PROFILE TYPE OF \..lELL 

lOUCE/SINK NODES //5X,5(5H I,SH NP\..1,SH WTYP,SX)) 
5850 FOR.MAT(lH ,4X,5(3IS,5X)) 
6000 FORMAT(1Hl/5X,46H **** RAINFALL-SEEPAGE BOUNDARY CONDITIONS***) 
6100 FORMAT(lHO///lOX,25H --- RAINFALL PROFILE---) 
6150 FORMAT(lH0/5X,12HPROFILE N0.,12,/ 5(4X,4HTIME,'6X,6H RAINS,2X)/ 

> 5(4X,4H---- ,6X,6H------ ,2X)) . 
6200 FORMAT(lH0/10X,32H --- LIST OF RS-NODAL POINTS ---//(lOX,2015)) 
6220 FORMAT(lHO/lOX,40H --- RAINFALL TYPE A.t'<D PONDING DEPTH ---//SX, 

1 3(5H I,SH NPRS,5H RTYP,llH HCON(I) ,llH HMIN(I) .2X)/) 
6250 FORMA~(lH ,4X,3(3I5,Dll.3,Dll.3,2X)) 
6500 FORMAT(lHO, lOX, 61H *** ERROR. IN READI~JG RAINEL.L~SEEPAGE ELEMENT 

lSIDE STOP ***) 
6600 FO!UiAT(lHO//lOX,SOH --- RAINFALL-SEEPAGE ELEMENT SI'iE DATA ---

1 //Si,S(SH MP,SH ~.SH CNPl,SH CNP2,2X)j 

DATA4170 
DATA4175 
DATM180 

SDATA4185 
DATA4190 
DATA4195 
DATA4200 
DATA4205 
DATA4210 
DATA4215 
DATA4220 
DATA4225 
DATA4230 
DATA4235 
DATA4240 
DATA4245 
DATA4250 
DATA4255 

-·I 
i 

'I 

I 
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6650 FORMAT(lH ,4X,5(4I5,2X)) DATA4260 
6800 FORMAT(l!IO,SX,15,611-1-TH RS SIOE IS NOT ONE OF THE BOUNDARY SIDES; DATA4265 

. 1 I,J,NI,NJ,MI =,515) DATA4270 
6900 fORMAT( 1111//lOX, 59H *** COMPUTED RAINFALL SEEPAGE ELtHENT ·Slpi;: INFDATA4275 

lORMATION ***//5X,2(SH MP,5!-1 M,St! NPi,SH tfP2;JH LL,3HL2::11HDATA4280 
2 DL(MP) , llH DCOSX(MP) , UH DCOSZ(MP) , lX)) ,,. . DATA4285 

6950 FORMAT(lH ,4X,2(1;I5,2I3,3t..:..L3,1X)) DATA4290 
7000 FORMAT(lHl/SX, 40H **** DIRICHLET BOUNDARY CONDITIONS ****) . DATA4295 
7100 FORMAT(ll!Oisx,121-1 PROFILE N0 .. 12,/ 4(4X,4H'fIME,6X,6H HEAD ,.2X)/ DATA4300 

> 4(4X,4H--~-,6X,6H ---- ,2X)) DATA4305 
7200 FORMAT( lHO//lOX, 65H GLOBAL NODAL l:IUMBER .AND PROFILE TYPE OF DIRICHDATA4310 

1.LET BOUNDARY NODES//5X,5(5H I.SH NPDB,SH DTYP,5X)) DATA4315 
]2j0 FOPJ1AT(iH ,4X,5(3I5,5X)). DATA4320 
8000 FORMAT(l!!l/SX, 38H **** CAUCHY ~OU_NDARY CONDI'f!ONS ****) DATA4325 
8100 FORMAT(lH0/5X,12H PROFILE N0.,12/ l;(l,X,l1HTIME,6X.,6H.FLUX ,2X)/ .DATA4330 

> 4(4X,4H----,6X,6H ---- ,2X)) . DATA4335 
8200 FORMAT(lHO//lOX,62H GLOBAL NODAL NUMBER AND PROFILE TYPE,OF CAUCHYDATA4340 

1 BOUNDARY NODES//SX,S(SH l,5H NPCB,SH CTYP;SX)/) DATA4l45 
8_300 FORMAT(/// 38H ERJWR·IN READING CAUCHY ELEMENT SIDE//) DATA4350 
8900 FORMAT(lHO/IJOX,26H CAuCHY EU:MENT SIDE DATA //SX, DATA4355 

1 5(5H MP,5,H CNPl,SH CNP2,SX)) " DATA4360 
.8950 FORMAT(lH ,4X,5(3IS,5X)) DATA4365 
9000 FORMAT(1Hl/SX,38H.**** NEUMANN BOUNDARY CONDITIONS****> DATA4370 
9100 FORMAT(lH0/5X,12H PROFILE N0.,12/ 4(4X,4HTIME,6X,6H FLUX ,2X)/ DATA4375 

> 4(4X,4H---- ,6X,6H ---- ,2X)) DATA4380 
. 9200 FORMAT(lH0//10X,63H GLOBAL NODAL NUMBER AND PROFILE TYPE OF NEUMANDATA4385 -

lN_BOUNDARY NODES//SX,S(SH I,SH NPNB,SH NTYP,SX)) DATA4390 
9300 FORMAT(/// 38H ERROR IN READING NEUMA~N ELEMENT SIPE//) DATA4395 

· 9600 FORMAT(lHO//lOX,27H NEUMANN ELEMENT S,DE DATA //SX, DATA4400 
. 1 5 ( SH MP, SH.~ . M, SH CNPl, SH CNP2, 2X)) . DATA4405 

9650 FORMAT(lH ,4Y.,5(4IS,2X)) DATA4410 

C 

C 

9800-FORMAT(lHO,SX,IS,65H-.TH NEUMANN SIDE IS NOT ONE OF-THE BOUNDARY SIDATA4415 
lDES; I;J,NI,NJ,MI -,515) DATA4420 

9900 FORMA1'(1Hl//10X,SOH *** COMPUTED NEUMANN ELEMENT SIPE INFORMATION DATA4425 
l~**//:SX,2(5H MP,SH M,SH CNPl,SH CNP2,3H Ll,3HL2,11H DL(MP)DATA4430. 
2 ,UH, DCOS".ili(MP) ,UH DCOSZM(MP); lX)) .. DATA4435 

END · DATA4_440 

SUBROUTINE SURF(X,Z,IE, DLB,DCOSXB,DCOSZB,NBE,ISB,NPB, 
> MAXNP,MAXEL, MAXBEL,MAXBNP) 

IMPLICIT REAL*8(A-H,O-Z) 

COM.'-!ON /CGEOM/ NNP, NEL, NBN, NBEL, IBAND, KGRA V, NTI · 

. DIMENSJON X(MA.XNP j 0Z(MAXNP.)., IE(MAXEL, 5) 

-

.. SURF 005 
SURF 010 
SURF 015 
SURF 020 
SURF 025 
SURF 030 
SURI:' 035 

, SURF 040 



• 

C\i.· 

b * IA fts fi?5iAR@±f..J/ 

ORNL-5567/Rl 198 

C 

DIMENSION DLB(MAXBEL), DCOSXB(MAXP..EL:), DCOSZB(MA~BEL), NBE(MAXBEL), 
> ISB(4,MAXBEL) ,NPB(t1AYBNP) 

C - - - - - - - FIND SUR FACE SIDES BY LOCA TT NG NONDL!PLI CA TED SIDES 
C 

C 

NBEL=O 
NBN=O 
DO 390 MI=l,NEL 
NQ=4 
IEM4=IE(MI ,4) 
IF(IEM4.EQ.O) NQ=3 
DO 380 IQ-1, ~:Q 
IQl=lQ+l 
IF(IQ .EQ .NQ) IQl-1 

DO 19C' M.J=l,NEL 
IF(MJ.EQ.MI) GO 1D 190 
MQ=4 
IEM4=IE(MJ,4) 
IF ( I EM4 . EQ . 0) ·MQ- 3 
DO 180 JQ=l,MQ 
JQl=JQ+l 
IF(JQ.EQ.MQ) JQl=l 
IF(IE(MI. IQ). EQ. IE(M.J ,JQ) .A~m. IE(Ml, IQl). EQ. IE(MJ ,JQl)) er) TO 380 
IF(lEfMT,IQ).F0;.TE(MT,JQl)./-.. ',D.IE(Ml,IQl).EQ.IE(MJ,JQ)) CO TO 380 

l SO CONT1NuE 
190 C0NT11"1JE 

~*******A Rour;DARY S[lJE t~S BEE~ FOUND. 
C 

C 

C 

NI-IE(MI,IQ) 
NJ=IE(MI, IQl) 
'.-JBEL-NBEL+l 
NBE(NREL)='U 
ISB(l, NBEL)=NI 
IS!'.(2 ,NBEL)=:'1 
ISB(3,NBEL)=IQ 

· ISB(l,, t,BEL1=1Ql 

IF(NBSL.~T.l) GO TO 200 

NBN=NB~;+ 1 
NPB(NBN)=~;l 

• NBN-NBN+l 
NPB(NBN)-NJ 

200 DO 210 I-1,NBN 
IJ-~;PB(I) 
IF(IJ.EQ.NI) GO TO ~so 

· 210 CONTil\lJE 

SURF 045 
SURF 05(1 
SURF 05'i 
SURF 060 
SURF 065 
su;u· 070 
SURF 075 
SURF 080 
SURF oas 
SURF 0°0 
SURF 095 
SURF 100 
SURF 105 
SURF 110 
SURF 115 
SURF 120 
SURF 125 
SURF 130 
SURF 135 
SURF ll,O 
SURr-' l/,5 
SURF 150 
SURF 155 
SURF 160 
SURF 165 
S~JRF 170 
SURF 175 
SURF 180 
SURF 185 
SUP.F 190 
SURF 195 
SURF 200 
SURF 205 
SURF 210 
SURF 215 
SURF 220 
SURF 225 
SURF 230 
SURF 23:' 
SURF 240 
SURF 245 
SURF 250 
SURF 255 

. SIJRF 26G 
SURF 265 
s1:RF 270 
SURF 7.7 5 
SIJP.F ?80 
SIJ?.f' 285 
SURF /91) 



• 

... 

,~
p 

. >--z. 

I 
/ 

I 

·'>-._ 

I 

---. 

C 

C 

C 

C 

NBN~•NBN+l 
NPB(NFiN)=NI 

250 DO 260 J~. NB~ 
LJ=NPB(J) 
IF( I J. EQ. NJ) GC· ':'O :"iC 

260 CONTINUE 
NBN=NRN1l 
NPB(NBN)•7 NJ 

290 CONTINUE 

380 CONTHHJE 
390 CONTINUE 
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SURF 295 
SURF 300 
SURF 305 
SURF 310 
SURF 315 
SURF 320 
SURF 325 
SURF 330 
SURF 335 
SURF 340 
SURF 345 
SURF 350 
SURF 355 
SURF 360 
SURF 365 

C ------- CALCULATE SIDE LENGTH AND DlRECfION COSINES 
C 

SURF 
SURF 

370 
375 

C 

DO 490 MP=l,NBEL 
NI=ISB(l,MP) 
NJ-ISB(2,MP) 
DX=X(NJ)-X(NI) 
DZ=Z(NJ)·Z(NI) 
DI..B(MP)=DSQRT(DX*DX+DZ*DZ.) 

BETA-DATAN2(DZ,DX) 
DCOSXB(MP)=DSIN(BETA) 
DCOSZB(MP)=·DCOS(BETA) 

SURF 380 
SURF 385 
SURF 390 
SURF 395 
SURF 400 
SURF 405 
SURF 410 
SURF 415 
SURF 420 
SURF 425 

490 CONTINUE SURF 430 
C SURF 435 
C -.· - - - - · PRINT BOUNDARY SIDE INFORMATION 
C 

SURF 440 
SURF 445 

LINE-0 ·. SURF 450 
. DO 695 MP=l,NBEL,2 SURF 455 

LiNE=LINE+l SURF 460 
IF(MOD(LINE-1,50) .EQ.O) PRINT 6900 SURF 465 
NJMN-MP SURF 4 70 
NJMx-MINO (MP+l, NBEL) SURF 4 7 5 
PRINT 6950, (J, NBE(J),(lSB(I,J),I=l,4),DLB(J),DCOSiB(JJ,DCOSZB(J)SURF 480 

l,J=NJMN,NJMX) SURF 485 
695 CONTINUE SURF 490 

C SURF 495 
6900 FORMAT(1Hl//10X,51H *** COHPUE!) BOUNDARY ELEMENT SIDE IN~'ORMATIONSURF 500 

1 ***//5X,2(5H HP,5H H,SH NP1,5H NP2,3H Ll,3K L2,lll! DLB(MSURF 505 
2F) , llH CCOSXB(HP). 1111 DCOSZB(MP), lX)) SURF 510 

6950 FORMAT(lH ,4X,2(,d5,2I3,3Dll.3,1X)) SlJR.F '.:JlS 
C 

. . ti 
•• ~ \ ' I 

.i '. ' . 
1 

RETURN 
END 

I 
. -:- ,: /·~--; I . . j 

~ _ __.,..---..... 

SURF :-,70 
Sl!lff '.>2 '.:> 

::;U!iF '.>30 

--·-,,,/ 
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C 

C 

C 

.c 

C 

SUBROUTINE LNDGEN( LUWDE, IE ,MAYu1'lP ,MAX EL, NNP, NEL) 

IMPLICIT REAL*8 (A-H, 0-Z) 

COMMON /CPIS/ JBAND 

. DIMENS J.ON LI..NODE(JBAND, MAXNP), I E(MAXEL, 5) 

DO 490 NP=l,NNP• 

DO 110 l=l,JBAND 
. ·uo LLNODE(l ,NP)=O 

C 

C 

NLNOD=O. 
KOUNT=O 

DO 390M=l,NEL 
IEMl=IE(M,l) 
IEM2=1E(M,2) 
IEM3=IE(M,3) 
IEM4=1E(M,4). 
NQ=4 
I F(IEM4 .'EQ. 0) NQ=3 

Time 005 
LNDG 010 
I..NDG 015 
LNDG 020 
umc .025 
LNDG 030 
LNDG 035 
I..NDG 040 
LNDG Ot,5 
LNDG 050 
LNDG 055 
LNDG 060 
LNDG 065 
T..NDG 070 
L'IDG 075 
UWG 080 
LNDG 085 
LNDG 090 
LNDG 095 
LNDG 100 
LNDG 105 
LNDG llO 
LNDG ll5 

'. umc 120 
IFCIEM4.EQ.O) GO TO 210 LNDG 125 . 

. c LNDG130-
c ~ - -- -- - FOR THE CASE OF QUADRIL\TERAL ELEMENT. LNDG 135 
C · ·· LN~l~ 

. IF(IEMl.NE.NP .AND. IEM2.NE.NP .ANfi. IEM3.NE.NP .AND. IEM4.NE.NP) LNDG 145 
l GO TO 390 LNDG 150 

GO TO 220 LNDG 155 
C 

C ------- FOR'THE CASE OF TRIANGULAR ELEMENT 
C 

210 IF(IEM1.NE.NP .AND. IEM2.NE.NP .AND. IEM3.NE.NP) GO TO 390, 
C 

C · - ~ • • ~ - - MERGE THE QUADRILATERAL AND TRIANGULAR ELEMENT BRANCH 
C 

220 DO 290.1Q-l,NQ_. 
Nl=IE(M, IQ) . 

C 

C ******* COMPRESS THE NODE TO 1 TO JBAND 
C 

c· 

· NLNOD=NL'WD• l 
IF(NLNOD.GT.l) GO TO 230 

C ~---~- THE FIRST NODE IS ENCOC~TERSD 
C 

KOUNTccKOUNT+l 
. LL'lODE(KOU~rr. NP)=Nl 

GO TO 2.90 -

'; 

"·· 

LNDG 160 
LNDG '16-5, .. 
LNDG _ 170. 
LNDG 175 
LNDG 180 
l.NDG 185 
L'IDG 190 < . 

··: LNDG 195. 
LNDG 200 
LNDG .205 
LNDG 210 
LNDG 215 
LNDG• 220 
L'IDG 225 
rnDG 230 
LNDG 235 
WDG 240 
L"-DG 245 
LNDG 250 
LNDG 255 
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C 

C ------- IF NLNllD IS GREATER THAN 1, WE HAVE TO CHECK IF NI IS THE 
C ------- ~iODE ALREADY COMPRESSED? IF YES, SKIP. IF NOT INCREASE THE 
C ------- KG:.'.:!'. 
G 

C 

230 DO 21.0 J,;,l,KOlJNT 
NJ=LLNODE(J. ~lP, 
IF(NI.EQ.ilj) ,;(1 ·;-0 290 

240 CONTINUE 

C ------- THE.NODE NI HA:.i :\.JT BEEN COMPRESS.ED YET .. HENCE COMPRESS IT. 
C 

C 

C 

C 

C 

C 

C 

~:omh'=KOUNT+l. 
LLNODE(KOUNT,NP)=NI 

290 CONTINUE 

390 CONTINUE 

IF(KOUNT.LE.JBAND) GO TO {~90 
KONT=KOUNT-1 
J BND=J BA.'m: 1 

· WR.ITE(6,1000) NP,KONT,JBND 
S'.[OP 

490 CONTINUE 

LINE=O 
DO 590·NP=l,NNP,2 
NJM..N;.,NP 

. NJMX=MINO(NP+l,NNP) 

. LINE=LINE+l . 

IF(MOD(LINE:1,50).EQ.0) PRINT 5000 
PRINT 510.0, (NJ, ( LL'-!ODE (I, NJ) , I=l, JBAND) , NJ-=NJMN, NJMX) 

590 CONTINUE . . . . . . 

1000 FORMAT(lHO//SX,' ****',15,'-TH NODE HAS',!3, 
. 1 'NODES SURROUNDING IT, WHICH IS MORE THAN.JBAND -

2 ' STOP ***') 
=' ,13, 

LNDG 260 
LNDG 265 
LNDG 270 
LNDG 275 
LNDG 280 
LNDG 285 
LNDG 290 
LNDG 295 
LNDG.300 
LNDG 305 
LNDG :no 
LNDG 315 
LNDG 320 
LNDG 325 
lliDG 330 
LNDG 335 
LNDG 340 
LNDG 345 
LNDG 350 
LNDG 355 
LNDG 360 
LNDG 365 
LNDG. 370 
LNDG 375 
Ll>JDG J80 
LNDG 385 
lliDG 390~ 
lliDG 395 
LNDG 400 
lliDG 405 
LNDG 4.10 
LNDG 415 
LNJG 420 
lliDG 425 
l.N:)G 430 
LNDG 435 
LNDG 440 
LNDG 445 
LNDG 450 

5000 FORMAT(1Hl/SX,47H ** GENERATED SURROUNDING NODES OF ALL NODES.**,/LNDG455 
1 2(2X,5H NP,SH l;SH 2,SH 3,SH 4,SH 5,SH 6,SH LNDG.460 
2 7,SH 8,SH 9,SH. 10,SH 11)/ 2(2X,5H - 0 ,SH -,SH -LNDG 465 
3,SH -,SH -,SH -,SH -;SH -,SH s,SH -,SH UJDG470 

, 4 SH _:)//). 
·.sl00 FORMAT(lH ,2(2X,12IS)) 

LNDG 475 
LNDG 480 

· LNDG !• 85 
LNDG 490 
lliDG !• 95 

C 
RETURN 
END 

--./ 

. " 

"' 

fi . 

~ 
.. ~ . 
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C 

C 

C 

SUBROUTINE VELT (X·, Z, IE, C, H, !IT, VX, V.Z ,,AKX, AKZ, AKXZ, 
> MAXEL,MAXNP,MAXHBP) 

IMPLICIT REAL*8(A-l(O-Z) 

COMMON /CGEOM/ NNP ,NEL,NBN ,NBEL, IBAND, KGRAV, NTI 
COMMON /COORD/'CSFE,SNFE,CYLIND 
COMMON /OPT/ !LUMP, IMID, IPNTS, IVML 

DIMENSION X(MAXNP) ,Z(MAXNP), IE(MAXEL, S) . 

VELT 005 
VELT 010 
VELT 015 
VELT 020 
VELT 025 
VELT 030 
VELT 035 
VELT 040 
VELT 045 
VELT 050 

DIMENSION C (MAX.NP, MAXHBP) , H (MAXNP), HT(MAXNP) , VX(MAXNP) , VZ(MAXNP), 
> AKX(4 ,MAXEL) ,AKZ((i ;MAXEL) ,AKXZ(4 ,MAXEL) 

VELT 055 

C 

DIMENSION QB(4,L,) ,QRX(I,) ,QRZ(l,) ,XQ(/1) ,ZQ(L,) ,HTQ(4), 

C 

C. 

> AKXG ( 4) , AKZG ( 4) , MXZG (L,) 

IHALFB=(lBAND-1)/2 
IHBP=IHALF!H 1 
AGRAV=DFLOAT(KGRAV) 

C ------- INITIATE THE DARCY VELOCITY VX(NP) AND VZ(NP) 
(' 

C 
C 
C 

DO 100 Nr..:r.NNP 
VX(NP)-0.0 

100 VZCNP)=O.O 

- - - CALCUL.ATE 'THE TOTAL HEA!) HT(NP) 

DO 105 NP-1 ,"!-,;NP . . 
105 HT(NP)=H(NP) +AGRAV*(X(NP)*SNFE+Z(NP)*CSFE). 

C 

C - - - - - - - INIT~ATE MATRIX C(NP, 1B). 
,c 

C 

. IF(IP~JTS.EQ.l .OR. IVML.EQ.l) GO TO 150 
DO 110 NP=l ,NNP 
DO 110 1B~l,IHBP 

110 C(NP,IB)=O'.O 
·co TO 190 

1~0 DO 155 NP-1,NNP 
1 S 5 C (NP , 1) =D . 0 
190 CONTINUE 

C ------- ASSEMBLE GLOBAL MATRIX AND LOAD VECTOR. 
C 

C 

DO 290 :-1=1,Nc-L 
~,Q=4 
I E.'l4- IE ( M ,t,) 
IF(IEM4.EQ.O) NQ=3 

DQ 210 IQ= 1 , ::q 
,'.<P=IEU1 ,1Q) 

·' 
.J 

' ,· 

VELT 060 
VELT065 
VEI..T 070 
VELT 075 

. VELT 080 
VELT 085 

. VELT 090 
VELT 095 
VELT 100 
VELT 105 . 
VELT llO 
VELT llS 
VELT 120 
VELT 125 
VELT 130 
VELT 135 
VELT 140 

. VELT 145 
VELT 150 
VELT 155 
VELT 160 
VELT 165 
VELT 170. 
VELT 175 
VELT 180. 
VELT 185 
VELT 190 

.VELT 195 
VELT 200 
VELT 205 
VELT 210 
VELT 215 
VELT 220 , 
VELT 225 
VELT 230 
VELT 235 
VELT 240 
VELT 245 

·. VELT 250, 
VELT 255 

,/ 

', 
' 

I -
; ,, 

i$l, 

I 
I 
~~--;· r: , 
I r 

I ' I 
·1 

' -~t. 
' ~ 

$,. -~-

'f..;' -

'\ 

Ill 
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C 

C 

C 

C 

C 

C 

C 

C 

C 

XQ(IQ)=X(NP) 
ZQ(IQ)~Z(NF) 

210 HTQ(IQ)-HT(NP) 

DO 215 KG=l,NQ 
AKXG(KG)=AKX(KG,M) 
AKXZG(KG>-AKXZ(KG ,M) -

215 AKZG(KG)=A.'<Z(KG,M) 

203 

IF(NQ.EQ.3) CALL Q3D(QB,QRX,QRZ,XQ,ZQ,AKXG,AKZG,AKXZG,HTQ) 
IF(NQ. EQ. 4) CALL Q4D(QB, QRX, QRZ, XQ, ZQ, AKXG, AKZG, AY-XZG, HTQ) 

DO 280 IQ=l,NQ 
NI=IE(M, IQ) 
DO 240 JQ-1,NQ 
NJ-IE (M, JQ) 

IF(IPNTS.EQ.l .OR. IVML.EQ.l) GO TO 230 

IF(NJ.LT.NI) GO TO 240 
IB-NJ-NI+l 
C(NI, IB)=C(NI, IB)+QB(IQ,JQ) 
GO TO 240 

230 C(NI,l)=C(Nl,l)+QB(IQ,JQ) 
240 CONTINUE 

VX(NI)=VX(NI)+QRX(IQ) 
VZ(NI)-VZ(Nl)+QRZ(IQ) 

280 CONTINUE 

290 CONTINUE 

C ------- SOLVE THE MATRIX EQUATION CX=B 
C 

C 

C 

C 

C 

IF(IPNTS.EQ.l .OR. IVMLEQ.l) GO TO 360 

CALL BANSOL(l,C,VX,NNP,IHBP,MAXNP,MAXHBP) 
CALL BANSOL(2,C,VX,NNP,IHBP,~P,MAXHBP) 
CALL BANSOL(2,C,VZ,NNP,IHBP,MAXNP,MAXHBP) 
GO TO 390 

360 DO 370 NP=l,NNP 
VX(NP)=VX(NP)/C(NP,l) 

370 VZ(NP)-VZ(NP)/C(NP,l) 

390 CONTINUE 

RETURN 
END 

/ I 
/ 

ORNL-5567/Rl 

VELT 260 
VELT 265 
VELT 270 
VELT 275 
VELT 280 
VELT 285 
VELT 290 
VELT 295 
VELT 300 
VELT 305 
VELT 310 
VELT 315 
VELT 320 
VELT 3~5 
VELT 330 
VELT 335 
VELT 340 
VELT 345 
VELT 350 
VELT 3'.:>5 
VELT 360 
VELT 365 
VELT 370 
VELT 3 7"i 
VELT 380 
VELT 385 
VELT 390 
VELT 395 
VELT 400 
VELT 405 
VELT 410 
VELT 415 
VELT 420 
VELT 425 
VELT 430 
VELT 435 
VELT 440 
VELT 445 
VF.LT 450 
VELT 455 
VELT 460 
VELT 465 
VELT 470 
VELT Li75 
VELT 480 
VELi 485 
VELT t,90 
VELT L,95 
VELT 500 
VELT 505 

t:· 
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C 

C 

C 

r: 

C 

C 

SUBROUTINE Ql,D(QB, QRX ,[JRZ, XQ, ZQ, ,\Y.:XG, AKZG, AKXZG, IITQ) 

IMPLICIT REAL*8(A-H,O-Z) 
REAL*8 N(I,) 

COM.MON /COORD/ CSFE.SNFE,CYLIND 

DJ~1ENSION QB(4 ,4) ,QRX(l,) ,QRZ(I,) ,XQ(l,) ,ZQ(4) ,IITQ(/4), 
> A~:..XG.//,) , Ar'.ZG ( 4) ,I,i-:.,XZG ( 4) 

DIMENSION S(I,) ,T(f,) ,DNX(t,) ,DNZ(4) 
!)!'.1ENSION PJABU,2) ,DNSS(I,) ,DNTT(/+.) 

nATA P / 0.57735026918Y626 /, S / -1.0D+00, l:0D+00, l.0D+00,-
1.0D • OO /. ·c / -l.OD+00,-1..0D~(JO, 1.0DtOO, l.fJlHOO/ 

· · P,IT1ATE MATRICES QB(lQ,JQ) :\ND ORX( IQ) & QRZ(IQ) 

· · !)0 l flf '. T Q= l , t, . 

QRX( !0)=0.0 
qRZ( 10)=0. (; 
DO l 00 JQFl, 4 

:tlO i)B(IQ,.IQ),:o.u 

C · · - - - - - SCMMAT10'.i ,)F T!!E I'.·:TEGPN;D OVER THE GAUSSIAN POINTS 
C 

DO :,r,r; · KG= l , 1, 

r: 
C ------· [;E;E~::·ll'.'-i!·: UJACA.L COORDI~;:\TE (SS,TT) OF GAUSSIAN POINT KG 
C 

C 

.;s--r+sc,:c) 
TT,. !'·kT ( KC:},·· 

.. 
c_ - - - . - - - CALCULATE. VALUES OF BASIS. FUNCTI.O~S N(IQ) A.'m THEIR 

·C ------- DERIVATIVES D~,X(IQ) AND D~•ZOQ) W.R.T. X AND .. Z. RESPECTIVELY 
~-·-----AT THE GAUSSIA~ POIST KG. 
C 

C 

C 

(' 

CALL BASEU;,DN'SS,D'.;TT,SS,TT) 

DO 210 I=l,2 
DO 210 J=l, 2 

210 PJAB(l,J)=O.O 

DO 2 20 I= l , ,, 

PJAB( 1, 1 )"PJAB( 1, l)+ZQ( I )*DNTT( I) 
PJAB(l,2)=PJABC1,2) 0 ZQ(I)*D~S~(I) 
?JAR(2,l)=PJAB(2,l)-XQ(I)*D~TT(I) 
P J/,B ( 2. 2) = PJ AB (2. 2) +XQ (I) *D~:ss ( I) 

)?O CO~TI'.',UE 

DJ AC=PJ AB ( 2, 2) ·kp JAB (1, I) · P JAB ( l, 2) ·kp JAB ( 2, l) 

-~ . 

... 
I 

Q4D 005 
Q4D, 010 
Ql,D 015 
Q4D 020 
Q4D 025 

. Ql+D 030 
Qt,D 035 
Q4D 040 
QL1D 045 • 
Q4D 050 
Ql1D 055 
Q4D 060 
Q4D 065 
Q4D 070 
Ql1D 075 / 
Q4D 080 ( 
Q4D 085 
Q4D 090 
Q4D 095 
Q4D 100 
Q4D 105 
Q4D. 110. 
Ql1D. ll5 
Q4D 120 
Ql+D 125 
Q4D 130 
Q4D 135 
Q4D 140 
Q4D 145 
Q4D 150 
Q4D 155 
Q4D 160 
Q4D•·. 165 
Q4D 170 .· 
Ql,D 175 
Q4D 180 · 
Q4D 185 .. 
Ql4D 190' 
Q4D 195 
Q4D 200 
Ql4D 205 . 
Q4D 210 
Q4D 215 
Ql,D 220 
Q4D 225 
Ql1D. 230 
Ql,D 235 
Q4D 240 
Ql,D .• 245 
Q4D 250 · 
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C 

C 

C 

C 
C 
C 
C 

C 

C 

C 

C 

C 
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DJACI=l.ODO/DJAC Q4D 
Q4D 

DO 230 I=l,2 Q4D 
· DO 230 J=l,2 Q4D 

PJAB(I,J)=PJAB(I,J)*DJACI Q4D 
230 CONTINUE Q4D 

Q4D 
DO 260 I=l ,4 Q4D 
DNX(I)-DNSS(I)*PJAB(l,l)+DNTT(l)*PJAB(l,2) Q4D 
DNZ(I)=DNSS(l)*PJAB(2,l)+DNTT(I)*PJAB(2,2) Q4D 

260 CONTINUE Q4D 
Q4D 

R=O.O Q4D 
DO 270 I=l ,4 Q4D 
R=R+XQ (I) *N (I) Q4D 

270 CONTINUE Q4D 
Q4D 

AKXK=AKXG(KG) Q4D 
AKZK=AKZG(KG) Q4D 
AKXZK=AKXZG(KG) Q4D 
RR=l.ODO .. Q4D 
IF(CYLIND:NE.0.0) RR-R Q4D 

Q4D 
------- ACCUMULATE THE SUMS TO OBTAIN THE MATRIX INTEGRALS QB(IQ,JQ) Q4D 
------- AND QRX(IQ) & QRZ(IQ) Q4D 

Q4D 
DO 390 IQ=l. ,4 (:4D 
DO 390 JQ=l, 4 Q4D 
QB(IQ,JQ)=QB(IQ,JQ)+ N(IQ)*N(JQ)*DJAC*RR Q4D 
QRX( IQ)=QRX ( IQ) -N ( IQ) -A·HTQ(JQ)* (AKXK*DNX(JQ)+AKXZK*DNZ(JQ) )*DJAC*RRQ4D 

390 

490 

QRZ( IQ) =QR?:.( IQ) -N ( IQ) >~HTQ (JQ) * (AKXZK*DNX(JQ)+AKZK*DNZ(JQ) )*DJAC*RRQ4D 
CONTINUE 

CONTINUE 

RETURN 
END 

SUBROUTINE Q3D(QB,QRX,QRZ,XQ,ZQ,AKXG,AKZG,AKXZG,HQ) 

IMPLICIT REAL*8(A-H,O-Z) 

CO~l'·ION /COORD/ CSFE, SNFE, CYLIND 

.. 
1 
L 
l 

Q/1D 
Q4D 
Q4D 
Q4D 
Q4D 
Q4D 

Q3D. 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 

255 
260 
265 
270 
27C. 
280 
285 
290 
295 
300 
305 
310 
315 
320 
325 
33li 
335 
340 
345 . I 

350 I 

' 

355 
360 
365 

I 370 
375 
380 

I 385 
390 
395 
l100 
405 
410 
415 
420 
425 
430 
435 

005 
010 
015 
020 
025 .i1 

030 •Sl , 
·! •• , 
t· 

•✓ 

, -· 
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C 

.C 

,-· 
'-, 

DIMENSION QB(4,4) ,QRX(Li) ,QRZ(4) ,XQ(4) ,ZQ(4) ,HQ(4), 
> AKXG ( 4) , AKZG ( 4) , AKXZG ( 4 ) 

DIMENSION A(3),B(j).C(3) 
DATA OSIX/0.1666666666666667DO/ 
DATA OTWLVE/8.83333333333333330-l/ 

DO 110 IQ=l,4 
QRX(IQ)=0.0 
QRZ(IQ)=0.0. 

DO 110 °JQ=l, 4 

QB(IQ,JQ)=0.0. 
l JC CONTWUE 

::l=XQ(l) 
X2=XQ(2). 
\'. ~\,::( 3,) 

7.1 ~-ZQ ( 1). 

'7.><·-!{i'.) 
::'.3"'ZQ,,n 

All)=X2*Z3 X3*Z2 
A(2)=X3*Zl - :,.'.J"-23 
A(3)=Xl*Z2 - X2*Zl 

R=(Xl+X2+XJ)/3.UDO 
RR=l .OCJ 
:.F(CYLV./D.NE.0.0) RR=R 

~~EA2=DABS(A(l)+A(2)+A(3)) 
ARE.'\"A:-~EA2/2. ODO*RR. 

' . ' 

B ~ 1 ·.1 =, Z2 - Z3) /AREA2 
B(2)=(Z3-Zl)/AREA2 
B (3) .,;( Zl - 22 )/AREA2 
C( i) = (X3 -X2) / AR.EA2 
C( 2 )=(Xl-X3 )/AREA2 
(,3)=(X2-Xl)/AREA2 

AOSIX,.;AREA*OSIX 
AOTWLV=AREA*OT\.JLVE 
QB(l,l)=AOSIX 
QB ( 1, 2) =AOT\..'LV 
Q!', ( 1, 3 )=AOT'..:I.V 
QB(2, l)=AOT\.:LV. ,, 

QB(2,2)=AOSIX 
qsr2,3)=AOTwLV 
Qi'>( 3, 1) =AO;'i-.'LV 
r~g ( 3, 2) =A0T\..'Lv 

Oi::1(3,3;=A0S1X 

'· .1 
), 

. I 

Q3D 035 
Q3D 01~0 
Q3D 045 
Q3D 0'.>0 
Q3D 055 
Q3D 060 
Q3D '065 
Q3D 070 
Q3D 075 
Q3D 080 

· Q3D 085 
Q3D 090 
Q3D 095 
Q3D 100 
Q3D 105 
Q3D 110 
Q3D . 115 
Q3D 120 
Q3D 125 
Q3D 130 
Q3D 135 
Q3D 140 
Q3D 145 
Q3D 150 
Q3D 155 
Q3D 160 
Q3D 165 
Q3D 170 
Q3D 175 
Q3D. 180 
Q3D 185 
Q3D. 190 

- Q3D 195 . 
.Q3D 200 
Q3D 205 

·q30 ao 
. Q3D. •. 215 
.Q3D 220 
Q3D · 225 
Q3D ?.30 
Q3D .:_35 
Q3D 240 
Q3D ·245 
Q3D 250 
Q3D 255 
Q3D 260 

· Q3D 265 
Q3D 270 
Q3D 275 
Q3D 280 

. - \ 
I . 

. -- .... ! ·-:--:;-. 
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C 

C 

C 

c· 

C 

C 

C 

C 

C 
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DHDX=O.O 
DHDZ=O.O 
DO 200 IQ~l,3 
DHDX=DHDX+HQ(IQ)*B(IQ) · 

200 DHDZ=DHDZ+HQ(IQ)*C(iQ) 
. . 

QRX(l)=-AREA*DHDX*(AKXG(l)*OSIX+(AKXG(2)+AKXG(3))*0TWLVE) -
1 AREA*DHDZ* (AKXZG (1) *OSIX+(AKXZC: ( 2) +AKXZG ( 3) Y*OTwLVE) 
QRX(2).;·AREA*DHDX*((AK,XG(l)+AKXG(3))-xOTWLVE+AKXG(2)*0SIX) -

l AREA*DHDZ*((AKXZG(l)+AKXZG(3))*0TWLVE+AKXZG(2)*0SIX) 
QRX ( 3) =·ARE,'\ *DHDX* ( ( AKXG ( l) +AKXG ( 2) ) *OTWLV E +AKXG.( 3) *OS IX) -

. 1 AR,EA*DHDZ*( (AKXZG ( 1) +AKXZG (2)) *OTWLVE+A'<XZG ( 3) *OSIX) 

.QRZ(l)=-ARE/\*DHDZ*(AKZG(l)*OSIX+(AKZG(2)+AKZG(3))*0TWLVE) 
. l AREA*DHDX*(AKXZG(l) *OS IX+(Af',XZG ( 2 )+AKXZG (3) )*OTWLVE). 
. QRZ( 2 )=-AREA*DHDZ* ( (AKZG ( 1) +AKZG ( 3)) *OTWLVE+AKZG (2 )*OSIX) 
1 AREA*DHDX*( (AKXZG (1 )+AKXZG( 3) )*OTWLVE+AKXZG( 2) *OSIX) 
QRZ(3)=-AREA*DHDZ*((AKZG(l)+AKZG(2))*0TWLVE+AKZG(3)*0SIX) 

1 AREA*DHDX*( (AKXZG ( 1 )+AKXZG(2) )*OT\.ILVE+AlOCZG ( 3 )>rOSlX) -

RETURN 
END 

SUBROUTINE SPROP (IE, H, TH, DTH, AKX, AKZ, AKXZ, PROP, THPROP, AKPROP, 
> HPROP,CAPROP 1 MAXEL,MAXNP, NEL,KSP) 

IMPLICIT REAL*8(A-H,O-Z) 
REAL*8 N(4) 

~OMMbN /SMTL/ ~T ,MXSPPM,MX.~PPM 
.. COMMON /CMTL/ NMAT,NMPPM,NSPPM 

DIMENSION IE(MAXEL, 5) ,H(MAXNP), TH(4,MAXEL), DTH(.4, MAXEL), 
> AlOC(4,MAXEL) ,AKZ(4,MAXEL) ,AKXZ(4,MAX.EL) 

DIMENSION PROP(MX.MPPM,MAXMAT) 
DIMENSION THPROP(MXSPPM,MAXMAT),AKPROP(MXSPPM,MAXMAT), 

1 HPROP(MXSPPM, MAXMAT), CAPROP(!1XSPPM ,MAXMAT) 

. DIME~SION HQ(4), S(4),j(4)i HKG(4) 

DATA P / o:sn350269189626 /, S / :1.00+00, 1.0D+OO, .1.0D+OO, -
> 1. OD+OO /, T / -1: 0D+OO ,., 1 .. 0D+OO, 1: 0D+OO, 1.0D+OO / 

·~· . . . 
I .. ·,, • .-

·.,· I:.··,· .. ~...__. 

• ...• , 
f" 

I 

I :-.;.-. 
. ..~~ .. 

\ .. 
. I. 

/ 

Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
QJD 

· Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 
Q3D 

SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 

· SPRO 
·· SPRO 

SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 
SPRO 

.I 

··285 
290 
295 
300 
305 
:.no 
315 
320 
325 
330 
335 
vio· 
345 
350 
355 
360 
36) 
.370 
3 7 S 
380 
385. 
390 .. 

005 
010 
015 
020· 
025 
030 
035 
040. ... 
Qt,5: 
050 
055 
060 
065 
070 
075 
080 
085 
090 
095 
100 

: ..... 
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C 

C - - - - - - - - TH, DTH/DH, AKX, PJ-m AKZ ARE OBTAINED BY TABLE 
C 

C 

C 

C 

DO 900 M~l,NEL 
~,Q=4 
IEM4-IE(M,4) 
IF(ILM4.EQ.O) NQ=3 

DO 110 IQ=l, NQ 
NP-IE(M, IQ) 

110 HQ(IQ)-H(NP) 

1F(NQ EQ. 3) GO TO 160' 

SPRO 105 
SPRO 110 
SPRO 115 
SPR0 120 
SPRO 125 
SPRO 130 
SPRO 135 
SPRO ll• Q 

SPRO 145 
SPRO 150 
SPRO 155 
SPRO 160 
SPRO 165 
SPRO 170 

C ------- EVALUATE PRESSURE AT FOUR GAtJSSIAN POINTS FOR QUADRILATERAL SPRO 175 
C ------- ELEMENT. SPRO 180 
C 

C 

r -~ 

C 

DO 150 KG=l ,NQ 
SS=P*S(KG) 
TT-P*T(KG) 
SM=l.0D0-SS 
SP=l.ODO+SS 
TM=l.0D0-TT 
;·P=LODO+TT 

~; ( 1 )-0. 2 SDO*SH*TM 
~(2)-0.25D0*SP*TM 
N(3)=0.25DO*SP*TP 
N(4)-0.25D0*SM*TP 

HKG(KG)-0.0 
DO 120 IQ-1,NQ 

120 HKG (KG)-HKG (KG)+HQ ( IQ) *N (IQ) 
150 CONTINUE 

·co ro 1so 

C ------- EVALUATE PRESSURE AT NODES FOR TRIANGULAR ELEMENT. 
C 

(" 

C 

C 

160 DO 170 IQ-1,NQ 
170 HKG(IQ)-HQ(IQ) 

180 MTYP-IE(M,5) 
SATKX=PROP(4,MTYP) 
SATKZ-PROP(5,MTYP) 
SATKXZ-PROP(6,MTYP) 

IF(KSP.EQ.0) GO TO 600 

C - - - - - - - TH, DTH/DH, AKX, AKZ, ASD AKXZ ARE OBTAINED BY TABLE 
C 

. r 
., 

SPRO 185 
SPRO 190 
SPRO 195 
SPRO 200 
SPRO 205 
SPRO 210 
SPRO 215 
SPRO 220 
SPRO 225 
SPRO 230 
SPRO 235 
SPRO 240 
SPRO 245 
SPRO 250 
SPRO 255 
SPRO 260 
SPRO 265. 
SPRO 270 
SPRO 275 
SPRO 280 
SPRO 285 
SFRO 290 
SPRO 295 
SPRO 300 
SPRO 305 
SPRO 310 
SPRO 315. 
SPRO 320 
SPRO 325 
SPRO 330 
SPRO 335 
SPRO 340 
SPRO 345 
SPRO 350 
SPRO 355 

' \ 
\ . 
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C 

DO 500 KG-1,NQ 
HNP,.;HKG(KG) 
IF(HNP.GT.HPROP(l,MTYP)) GO TO 200 

C -·- ~ - - ~ - FOR CASE, WHEN PRESSURE IS LESS THAN MINIMUM TABULET VALUE .. 
C 

C 

C 

JL=l 
JU=2 
.A=0.0 
GO .. TO 400 · 

200 IF(HNP.LT.HPROP(NSPPM,MTYP)) GO TO 250 

C ------- FOR CASE WHEN PRESSURE IS GT THAN MAXIMUM TABULET VALUE. 
C 

C 

JL=NSPPM 
JU=l 
A=O.O 
GO TO 400 

C ------- FOR CASE WHEN PRESSURE LIES BETWEEN TABULET VALUES. ,. ·( 

C 

C 

C 

250 DO 300 J~2,NSPPM 
JU=J 
IF(HPROP(J,MTYP).GT.HNP) GO TO 350 

300 CON.TINUE 
350 JL-JU-1 

A-(HNP-HPROP(JL,MTYP))/(HPROP(JU,MTYP)-HPROP(JL,MTYP)) 

C ------- THREE CASES,,MERGE !:!ERE. 
C 

C 

C 

C 

C 

400 .TH(KG,M)-THPROP(JL,MTYP)+A*(THPROP(JU,MTYP)-THPROP(JL,MTYP)) 
DTH(KG,M)-CAPROP(JL,MTYP)+A*(CAPROP(JU,MTYP)-CAPROP(JL,MTYP)) 
USKFCT-AKPROP(JL,MTYP)+A*(AKPRciP(JU,MTYP)-AKPROP(JL,MTlP)) 
AKX(KG,M)-SATKX*USKFCT 
AKZ(KG,M)~SATKZ*USKFCT 
AKXZ(KG,M)-SATKXZ*USKFCT 

500 CONTINUE 

. GO TO 900 

6oo·coNTINUE 

C ------- TH, DTH/DH, AKX,.AKZ, AND AKXZ ARE OBTAINED ANALYTICALLY. 
C - - - - - - - THE READER MUST SUPPLY THE FUNCTIONAL FORM OF FKX, FKZ, A..~D 
C ------- FTH BELOW 
C 

·' ·• 

. SPRO 360 
·. SPRO 365 

SPRO 370 
SPRO 375 
SPRO 380 
SPRO 385 · 
SPRO 390 
SPRO 395 
SPRO 400 
SPRO 405 
SPRO 410 
SPRO 415 
SPRO 420 
SPRO 425 
SPRO 430 
SPRO 435 
SPRO 440 
SPRO 445 
SPRO 450 
SPRO 455 
SPRO 460 
SPRO 465 
SPRO 470 
SPRO 475 
SPRO 480. 
SPRO 485 
SPRO 490 
SPR0·495 
SPRO 500 
SPRO 505 
SPRO 510 
SPRO 515 
SPRO 520 
SPRO 525 
SPRO 530 
SPRO 535 
SPRO 540 
SPRO 545 

. SPRO 550 
SPRO 555 
SPRO 560 
SPRO 565 
SPRO 570 
SPRO 575 
S~RO 580 
SPRO 585 
SPRO 590 
SPRO 595 
SPRO 60,P. 
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C ------- THE FOLLOWING IS JUST AN EXAMPLE. SPRO 615 
C ------- WCR= THPROP(MTYP, 1)=0. 065, 0. 050 FOR TWO SAMPLE MAT.ERUALS SPRO 00 
C ------- WCS=THPROP(MTYP,2).:.0.364, 0.341 FOR TWO SAMPLE MATER:!:ALS SPRO 615 

/" C - - - - - · ·. RN=THPROP(MTYP, 3 )-1. 092217, L546937 FOR TWO SAMPLE MATERIALS SPRO 620 
C ·------ ALPH=THPROP(MTYP,4)-0.109, 0.002166 FOR TWO SAMPLE MATERIALS SPRO 625 
C SPRO 630 

WCR-THPROP(l,MTYP) SPRO 635 
WCS=THPROP ( 2 , MTYP) SPRO 640 
RN-THPROP(3,ttTYP) SPRO 645 
ALPH=THPROP(4,MTYP) SPRO 650 
RM-1.0D0-l.ODO/RN SPRCl 655 
DO 800 KG=l,NQ SPRO 660 

HNP~HK~(KG) SPRO 665 
HNP--HNP SPRO 670 

tn C SPRO 675 
C ------- SATURATED CONDITION SPRO 680 

I - ~ C SPRO 685 -- IF(HNP.GT.0.0) GO TC 700 SPRO 690 
,,,0 TH(KG,M)=WCS SPRO 695 

DTH(KG,M)=O.ODO SPRO 700 
f''"'i. AKX(KG;!1)=SATKX SPRO 705 ',..-• ...,.1' 

AKZ(KG,M)=SATKZ SPRO 710 
~ AKXZ(KG,M)=SATKXZ SPRO 715 
' GO TO 800 SPRO 720 U1 C SPRO 725 

C ------- UNSATURATED CASE SPRO 730 
C SPRO 735 

~i,/ 
700 THMKG=WCR+(WCS-WCR)/(1.0DO+(ALPH*HNP)**RN)**RM SPRO 740 

TH(_KG,M)=THMKG ~PRO 745 , ... 
RWC-(THMKG-WCR)/(WCS-WCR) SPRO 750 
TERM-(l:0D0-RWC**(l.0D0/RM))**R.'1 SPRO 755 

N RK=DSQR'I'(RWC)*(l.0D0-TERM)*(l.0D0-TERM) SPRO 760 
·AKX(KG,M)=SATKX*RK SPRO 765 

Ci' AKZ(KG,M)=SATKZ*RK SPRO 770 
AKXZ(KG,M)-SATI<XZ*RK SPRO 775 
DTH(KG,M)-ALPH*(RN-1.0DO)*TERM*RWC**(l.0D0/RM)*(WCS-WCR) SPRO 780 

C SPRO 785 
800 CONTINUE SPRO 790 
900 CONTINUE SPRO 795 _; RETliRN SPRO 800 / 

END SPRO 805 

~--··-
·-- / 
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SUBROUTINE BCPREP(IE, H,VX,VZ, DL,DCOSX,DCOSZ,DCYFLX,FLX,RSFLX, 
> HCON,IS,NPRS,NPCON,NPFLX,IRFTYP,TRF,RF,RFALL, TIME,NCHG, 
2 HMIN,NPMIN,X,Z) 

IMPLICIT REAL*8 (A-H,0-2) 

BCPR 005 
BCPR 010 
BCPR 015 
BC?R 020 
BCPR b:!5 
BCPR 030 

COMMON /SGEOM/ MAXEL,MAXNP,MAXBEL,MAXBNP,MAXHBP,MAXNTI BCPR 035 
COMMON /CGEOM/ NNP' NEL' NBN' NBEL' !BAND. KGR.t\ V 'NTI BCPR or~o 
COMMON /RSBC/ MXRSEL,MXRSNP,MXRFPR,MXRPAR,NRSEL,NRSN,NRFPR,NRFPAR BCPR 045 
COMMON /COORD/ C'ffE, SNFE, CYLIND BGPR 050 

BGPR 055 
DIMENSION IE(MAXEL, S) ,H(HAX.1'-H'), VX(MAXNP), VZ(MAXNP) BCPR 060 

BCPR 065 
DIMENSION DL(MXRSEL),DCOSX(MXRSEL),DCOSZ(MXRSEL),DCYFLX(MXRSNP), BCPR 070 

> FLX(MXRSNP),RSFLX(MXRSNP),HCON(MXRSNP) ,IS(4,~L'<RSEL),NPRS(MXRSNP),BCPR 075 
> NPCON(MXRSNP),NPFL'C(MXRSNP),IRFTYP(MXRSNP),TRF(MXRPAR,MXRFPR), BCPR 080 
> RF(MXRPAR,MXRFPR) ,RFALL(MXRFPR) 3CPR 085 

DIMENSION HMIN(MXRSNP) ,NPMIN(MXRSNP) BCPR 090 
DIMENSION X(MAXNP),Z(MAXNP) BCPR 095 

C - - - - - - - CALCUL<\TE THE RAINFALL RFALL( I) FROM EACH PROFILE 
C 

BGPR 100 
BCPR 105 
BCPR 110 
BCPR ll5 
BCPR 120 
BCPR 125 
BCPR 130 
BCPR 135 
BCPR 140 
BCPR 145 
BCPR 150 
BCPR 155 

C 
G 
C 
C 

C 

IF (NRFPR.EQ.O) GO TO 200 
~O 160 I-1,NRFPR 

DO 140 '•2,NRFPAR 
IF(l~F(J-1,1).LE.TIME .AND. TIME.LE.TRF(J,l)) GO TO 120 
GO TO 140 

120 RFJMl-RF(J -1, I) 
TRFJMl-TRF(J-1,I) 
RFJ-RF(J', I) 
TRFJ-TRF(J, I) 
ABC=RFJ -RFJMl 
ABCD-TRFJ-TRFJMl 
RFALL(I)=RFJMl+(TIME-TRFJMl)*ABC/ABCD 
GO TO 160 

140 CONTINUE 
RFALL(I)-0.0 

160 CONTINUE 

--------
--------

200 DO 

210 

DETERMINE NORMAL RAINFALLS FLX(I) AND DARCY FLUXES DCYFLX(I) 
FOR EACH RAINFALL-SEEPAGE NODAL POINT. 

210 NP-1,NRSN 
FLX(NP)-0. 
DCYFLX(NP)-0. 

DO 290 MP-1,NRSEL 

·/ 

I-IS(l,MP) 
J-IS(2,MP) 
NI=NPRS(I) 

.BCPR 160 
BCPR 165. 
BCPR 170 
BCPR 175 
BCPR 180 
BCPR 185 
BCPR 190 
BCPR 195 
BCPR 200 
BCPR 205 
BCPR 210 
BCPR 215 
BCPR 220 
BCPR 225 
BCPR 230 
BCPR 235 
BCPR 240 
BCPR 245 
BCPR 250 
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C 

C 

C 

NJ=N?RS(J) 

R=(X(NI)+X •'.NJ)) /2. ODO 
RR=l. ODO . 
IF(CYLIND.NE.0.0) RR=R 

ITYP-IRFTYP ( I) 
JTYP=IRITYP(J) 

· RFNI=O. 
RFNJ=O. 
IF(I1YP.GT.0) RFNI~RFALL(ITYP) 
IF(JTYP.GT.0) RFNJ=RFALL(JTYP) 

BCPR 255 
BCPR 260 
BCPR 265 
BCPR 270 
BCPR 
BCPR 
BCPR 
BCPR 
BCPR 
BCPR 
BC.PR 
BCPR 
BCPR 

C -------

C 
C 

OBTAiil RAINFALL RATES RFNI AND RFNJ AT POINTS NI AND NJ NORMALBCPR 
TO THE SIDE SUBTENDED BY THESf P6INT3 BCPR 

275 
280 
285 
290 
295 
30G 
305 
310 
315 
320 
325 
130 
335 
340 
345 

PROJ- DCOSX(MP)*SNFE+DCOSZ(MP)*CSFE 
KFNI=-RFNI*PROJ*DL(MF)*RR 
RFNJ=-RFNJ*PROJ*DL(MP)*RR 

BCPR 
BCPR 
BCPR 
BCPR 

C 

C ------
C ------

C -------

BCPR 350 
CALCULATE RAINFALL FLUX PASSING THROUGH SIDE (NI,NJ) AND BCPR 355 
DIVIDE IT INTO TWO PARTS FLX(I) AND FLX(J). PERFORM A SllULARbCPR 360 
OPERATION TO OBTAIN DARCY FLUXES DCYFLX(I) AND DCYFLX(J). BCPR 365 

C 

C 

. FLX(I)-FLX(l)+RFNI/3.0DO+RFNJ/6.0DO 
FLX(J )-FLX(J )+RFr,J/6. ODO+RFNJ /3. OD'.) 

C ------- CCJ~~PUTE THE F":..UXES THROl,-.;H POINTS NI AND NJ USING THE 
C ------- WHOLB Bn~Nr,ARY LENGTH. 
C 

C 

FNI=(VX(NI)*DCOSX(MP)+V2(NI)*DCOSZ(MP))*DL(MP)*RR 
FNJ= (VX(lU )*DCOSX(MP)+VZ (NJ )*DCOSZ(MP) .)*DL(MP)*RR ·. 

C ---- 0 -- DISTRIBUTE THE ABOVE FLUXES TO T~O END POINTS OF THE SIDE 
C 

C 

C 
290 

DCYFLX(I )=DCYFLX( I) +FNI/3. ODO+FNJ /6. ODO 
DCYFLX(J)=DCYFLX(J)TFNJ/3.0DO+FNI/6.0DO 

CONTINUE 

C ------- CHANGE TO FLUX OR HEAD CONDITiONS, AS NECESSARY; AND SO 
INDICA'i'E IN THE ARRAYS NPFLX(NPP) AND NPCON(NPP). C 

C 

C 

C 

IF (NCHG.NE.(-1)) GO TO 300 
NCHG=O 
RETURN 

300 NCHG=O 

DO 390 NPP-1,NRSN 

BCPR 370 
BCPR 375 
BCPR 380 
BCPR 385 
BCPR 390 
BCPR 395 
BCPR 400 
BCPR 405 
BCPR 410 
BCPR 415 
BCPR 420 
BCPR 425 
BCPR 430 
BCPR 435 
BCPR 440 
BCPR li45 
BCPR 450 
BCPR 455 
BCPR 460 
BCPR 465 
BCPR 470 
BCPR 475 
BCPR 480 
BCPR 485 
BCPR 490 
BCPR 495 
BCPR 500 

/ I 
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C 

C 

DCYNNP=DCYFLX(NPP) 
FLXNNP=FLX(NPP) 
HCONNP-HCON(NPP) 
HMINNP-HMIN (NPP) 

IF(FLXNNP.GT.0.0) GO TO 350 

BCPR 505 
BCPR 510 
BGPR 515 
BCPR 520 
BCPR 525 
BCPR 530 
BCPR 535 

C BCPR 54Q 
C **** RAINFALL(INFILTRATION)-SEEPAGE CONDITIONS PREVAIL DURING RAINFALLBCPR 545 
C BCPR 550 
C BCPR 555 
C ------- CHECK IF THE CHANGE FROM RAINFALL-FLUX (NEUMANN) CONDlTION TO BCPR 560 
C ------- PONDING (DIRICHLET) CONDIT!ON IS NECESSARY? BCPR 565 
C BCPR 570 

NP-NPFLX(NPP) BGPR 575 
IF (NP.EQ.O) GO TO 310 BCPR 580 

IF(HCONNP.GE.H(NP)) GO TO 390 BCPR 585 
NPCON (NPP )-NPFLX(NPP) BCPR 590 
NPFLX(t:PP)-0 BCPR 595 
NCHG-NCHG+l BCPR 600 

. GO TO 390 BCPR 605 
C 
C ------- CHECK IF THE CHANGE FROM PONDING (DIRICHLET) GONI'iTION TO 

RAINFALL-FLUX (NEUMANN) CONDITIO"i IS NECESSARY? C -------
C 

C 

310 NP=NPCON(NPP) 
IF(NP.EQ.O) GO TO 320 
IF(FLXNNP.LE.DCYNNP) GO TO 390 

NPFLX(NPf)-NPCON(NPP) 
NPCON(NPP)-0 
NCHG-NCHG+l 

GO TO 390 

C ------- CHANGE MINIMUM PRESSURE CONDIT.ION TO RAINFALL-FLUX CONDITION 
C ------- SINCE A MINIMUM PRESSURE COND:TION IS NOT LIKELY TO BE 
C ------- DURING RAINFALL PERIOD 

C 

320 NP-NPMIN(NPP) 
IF(NP.EQ.0) GO TO 390 
NPFLX(NPP)-NPMIN(NPP) 
NP!-IIN(NPP)-0 
NCHG-NCHG+l 
GO TO 390 

BCPP. 610 
BCPR 615 
BCPR 620 
BCPR 625. 
BCPR 630 
BCPR 635 
BCPR 640 
BCPR 645 
BCPR 650 
BCPR 655 
BCPR 660 
BCPR 665· 
BCPR 670 
BGPR 675 
BCPR 680 
BCPR 685 
BCPR 690 
BCPR 695· 
BCPR 700 
BGPR 705 
BCPR 710 
BCPR 715 

C **** EVAPORATION-SEEPAGE CONDITIONS 
C 

PREVAIL DURING NON-RAINFALL PERIODBCPR 720 

C 

C ------- CHECK IF THE CHANGE FROM EVAPORATION-FLUX CONDITION TO 
C ------- MINIMUM PRESSURE "EAD CONDITION IS NECESSARY? 
C 

.350 NP-NPFLX(NPP) 

. .,-
_., · \ 

,'( 
. • ./ l 

.... -: 
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/ ' '·. 

BCPR 725 
BCPR 730 
BCPR 735 
BCPR 740 
BCPR 745 
BCPR 750 

I 
!· 

/ 
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C 

IF(NP.EQ.O) GO TO 360 
IF(HMINNP.LE.H(NP)) GO TO 390 
NPMIN(NPP)=NPFLX(NPP) 
NPFLX(NPP)=O 
NCHG=NCHG+l 
GO TO 390 . 

214 

C ------- CHECK IF THE CHANGE FROM PONDING CONDITION TO 
C ------- CONDITION IS NECESSARY? 
C 

C 

360 NP-NPCON(NPP) 
IF(NP.EQ.O) GO TO 370 

·1F(DCYNNP.GE.O.O) GO TO 390 
NPFLX(NPP)-NPCON(NPP) 
NPCON(NPP)=O 
NCHG-NCHG+l 
GO TO 390 

BCPR 755 
BCPR 760 
BCPR 765 
BCPR 770 
BCPR 775 
£CPR 780 
BCPR 785 

EVAPORATION-FLUXBCPR 790 
BCPR 795 
BCPR 800 
BCPR 805 
BCPR 810 
BCPR 815 
BCPR 820 
BCPR 825 
BCPR 830 
BCPR 835 
BCPR 840 

C ------- CHECK IF THE CHANGE FROM MINIMUM PRESSURE HEAD CONDITION TO BCPR 845 
C ------- EVAPORATION-FLUX CONDITION IS NECESSARY? BCPR 850 
C 

370 NP-NPMIN(NPP) 
IF(NP.EQ.0) GO TO 390 

C IF(DCYNNP.LT.0.0) GO TO 380 
IF(DCi1mP. LT. :LXNNP) GO TO 390 
NPFLX(NPP)=NPMIN(NPP) 
NPMIN(NPP)=O 
NCHG-NCHG+l 

C GO TO 390 
C 

C 380 PRINT 1000, NPP 
C STOP 
C 

390 CONTINUE 
C 

ClOOO FORMAT('l **** ~ARNING DURING NON-RAINFALL PERIOD' ,I3, 
C 1 '-TH RS NODE USING MINIMUM HEAD CONDITION RESULTS IN DARCY. ' 
C 2 'FLUX INTO THE REGION'/lX,'THIS SHOULD NOT HAPPEN. HENCE', 
C 3 'EITHER MINIMUM HEAD IS NOT SMALL ENOUGH OR THE INTERIOR' 
C 4 'NODE PRESSURE IS TO SMALL: STOP') 
C 

RETURN 
END 

'· . , I 
---

BCPR 855 
BCPR 860 
BCPR 865 
BCPR 870 
BCPR 875 
BCPR 880 
BCPR 885 
BGPR 890 
BCPR 895 
BCPR 900 
BCPR 905 
BCPR 910 
BCPR 915 
BGPR 920 
BCPR 925 
BCPR 930 
BCPR 935 . 
BCPR 940 
BCPR 945 
BCPR 950 
BCPR 955 
BCPl 960 
BCPR 965 

i. 
I 

f 

,. 
/ 
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C 

C 

C 

C 

C 

C 

C 

C 

SUBROUTINE ASEMBL(X,Z,IE, C,R,HW,HP,TH,DTH,AKX,AKZ,AKXZ,PROP, 
> MAXNP,MAXEL,MAXHBP, MAXMAT,MXMPPM, KSS,W,DELT, SOS,LES,ISTYP, 
3 WSS,NPQ,IWTYP,LLNODE) 

IMPLICIT REAL*8(A-H,O-Z) 

COMMON /CPIS/ JBAND 
COMMON /CSOS/ MXSEL,HXSPR,MXSDP,NSEL,NSPR,NSDP 
COMMON /CWSS/ MXWNP ,MX}7PR ,MXWDP, NWNP, NWPR, NWDP 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBA.ND,KGRAV,NTI 
COMMON /COORD/ CSFE,SNFE,CYLIND 
COMMON /0 PT/ I LUMP , Il1 ID , I PNTS , I VML 

DIMENSION X(MAXNP), Z(MAXNP), IE.(MAXEL, 5) 
DIMENSION C (MAXNP, MAXHBP), R(MAXNP) , HP(MAXNP), HW(MAXNP), 

> TH(4,MAXEL),DTI-!(4,.MAXEL) ,AKX(4,MAXEL),AKZ(4,MAXEL),AKXZ(4,MAXEL) 
DIMENSION LLNODE(JBAND ,MA.XNP) 
DIMENSION PROP(MXMPPM,MAXMAT) 
DIMENSION SOS(MXSPR), LES(MXSEL),ISTYP(MXSEL) 
DIM.ENSION WSS(MXWPR), NPW(MXWNP),IWTYP(MXWNP) 

DIMENSION QA(4,4) ,QB(4,4) ,RQ(4), THG(4) ,DTHG(4) ,AKXG(4) ,AKZG(4), 
> AKXZG ( 4) , XQ-(4) , ZQ ( 4) , I EM ( 4) .. 

DATA 1'WOPI/6.283185307DO/ 

AGRAV-DFLOAT(KGRAV) 
IHALFB-(IBAi~D-1)/2 
IHBP-IHALFB+l 

DELTI-1. /DELT 
Wi=W 
W2-1. -W 
IF (KSS.GT.O) GO TO 100 
DELTI-0. 
Wl-1'. 
w2-o. 

G ------- INITIATE MATRICES C(NP,IB) AND R(NP) 
C 

100 IF(IPNTS.EQ.l) GO TO 140 
DO llO NP=l ,NNP 
R(NP)=O.O 
DO 110 IB-1,IHBP 

. C(NP,IB)=O.O 
llO CONTINUE 

GO TO 190 
140 DO 145 NP=l,NNP 

R(NP)=O.O 
DO 145 I=l,JBAND 

I 
/ 

I 

ASEM 005 
ASEM 010 
ASEM 015 
ASEM 020 
ASEM 025 
ASEM 030 
ASEH 035 
ASEM 040 
ASEM 045 
ASEM 050 

·AsEM 055 
ASEM 060 

. ASL'1 065 
ASEM 070 
ASEM 075 
ASE..11 080 
ASEM 085 
ASEM 090 
ASE.."1 095 
/,SEM 100 
ASEM 105 
ASEM 110 
ASEM 115 
ASEM 120 
ASE.M 125 
ASEM 130 
ASEM 135 
ASEM 140 
ASE.Ii 145 
ASEM 150 
ASEM 155 
ASEM 160 
ASEM 165 
ASEM 170 
ASEM 175 
ASEM 180 
ASEM: 185 
ASEM 190 
ASEM 195 
ASEM 2'JO 
ASEM 205 
ASEM 210 
ASEM 215 
ASEM 220 
ASEM 225 
ASEM 230 
ASEM 235 
ASEM 240 
ASEI--1. 24_5 
ASEM 250 
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C 

C (NP , I) =0 . 0 
145 CONTINUE 
190 CONTINUE 

216 

C ------- START TO ASSEMBLE OVER ALL ELEMENTS 
C 

C 

C 

DO 690 M=l,NEL 

NQ=4 
IF.M4=1E(M,4) 
IF ( I EMl1 . EQ . 0) NQ~ 3 

C --·---- COMPUTE MATRICES QA(IQ,JQ), QB(IQ,JQ), AND RQ(IQ) FOR EACH M 
C 

C 

C 

C 

MTYP-IE(M,5) 
ALP-PROP(l,MTYP) 
BETAP-PROP(2,MTYP) 
POR.,;PROP(3 ,MTYP) 

DO 210 IQ=l,NQ 
NP~IE(M,IQ) 
IEM(IQ)=NP 
XQ(IQ)-X(NP) 
ZQ(IQ)=Z(NP) 

210 CONTINUE 

DO 220 KG=l,NQ 
THG(KG)-TH(KG,M) 
DTHG(KG)-DTH(KG,M) 
AKXG(KG)=AKX(KG,M) 
AKZG(KG)-AKZ(KG,H) 
AKXZG(KG)-AKXZ(KG,M) 

220 CONTHIUE 

WSOSM-0.0 
IF(NSEL.LE.0) GO TO 250 
DO 230 I-1,NSEL 
MP-LES(!) 
IF(MP.EQ.M) GO TO 240 

2 30 CONTINUE 
GO TO 250 

240 ITYP-ISTYP(I) 
WSOSM-SOS(ITYP) 

250 CONTINUE 

ASEM 255 
ASEH 260 
ASEM 265 
ASEM 270 
ASEM 275 
ASEM 280 
ASEM 285 
ASEM 290 
ASEM 295 
ASEM 300 
ASEM 305 
ASEM 310 
ASL"i 315 
ASEH 320 
ASEM 325 
ASEM 330 
ASEH 335 
ASEM 340 
ASE.M 345 
ASEM 350 
ASEM 355 
ASEM 360 
ASEM. 365 
ASEM 370 
ASEM 375 
ASF.M 380 
ASEM 385 
ASEN. 390 
ASEM 395 
ASEM 400 
ASEM 405 
ASEM 410 
ASEM 415 
ASEM 420 
ASEM 425 
ASEM 430 
ASEM 435 
ASEM 440 
ASEM 445 
ASEM 450 
ASEM 455 
ASEM 460 
ASEM 465 
ASEM 470 

C ASEM 475 
IF(NQ.EQ.3) CALL Q3(QA,QB,RQ,THG,DTHG,AKXG,AKZG,AKXZG,XQ,ZQ,WSOSM,ASLM 480 

> ALP,BETAP,POR,AGRAV) ASEM 485_ 
IF(NQ.EQ.4) CALL Q4(QA,QB,RQ,THG,DTHG,AKXG,AKZG,AKXZG,XQ,ZQ,WSOSM,ASEM 490 

> ALP,BETAP,POR,AGRAV) ASEM 495 
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. \ 
' i 

./ 

:_l_~-tx, 
l 
~t 
~ii~-- ✓ 
~i;j 

i
('.{~i 

i+ I:·:-,·', 6h•~i 

ii {'~,;. 
!~~ 

\ 

\ 



'\ 

I 

. t:') 

--

,,,-: --
- . :;.;;. 

I 

·0' ,' 

-
----:-" 

~. , -.. 

f 

217 ORNL-5567/Rl 

C 
C ------- ASS~~LE QA(IQ,JQ) AND QB(IQ,JQ) INTO THE GLOBAL MATRIX· 

G(NP,IB) - B + A/DELT AND FORM THE GLOBAL LOAD VECTOR R(NP). 
SINCE C IS SYMMETRIC, ONLY THE UPPER HALF BAND IS STORED. 

C 
C -------
G 

IF(IMID.EQ.l) GO TO 400 
G 

G ------- FOR THE GASES OF NON MID-DIFFERENCES 
G 

C 

G 

G 

G 

G 

G 

C 

DO 390 IQ=l,NQ 
.NI=IEM ( IQ) 
R(NI)=R(NI)-RQ(IQ) 
DO 340 JQ-1,NQ 
NJ-IEM(JQ) 
QA(IQ,JQ).,,qA(IQ,JQ)*DELTI 
R(NI)-R(NI)+(QA(IQ,JQ)-W2*QB(IQ,JQ))*HP(NJ) 

IF(IPNTS.EQ.l) GO TO 320 

IF(NJ.LT.NI) GO TO 340 
IB-NJ-NI+l 
G(NI,IB)=C(NI,IB)+QA(IQ,JQ)+Wl*QB(IQ,JQ) 
GO TO 340 

320 DO 325 I=l,JBAND 
LNODE=LLNODE(l,NI) 
IF.(NJ.EQ.LNODE) GO TO 330 

325 CONTINUE 

WRITE(6,1000) NI,M,JQ 
STOP 

330 C(NI,I)=C(NI,I)+QA(IQ,JQ)+Wl*QB(IQ,JQ) 

340 CONTINUE. 
390 CONTINUE . 

GO TO 690 

G ------- FOR THE CASES OF MID-DIFFERENCES 
C 

G 

C 

400 DO 490 IQ=l,NQ 
NI=IEM(IQ) 
R(NI)=R(Nl)-RQ(IQ) 
DO 440 JQ-1,NQ 
NJ-IEM(JQ) 
QA(IQ,JQ)=2.0DO*QA(IQ,JQ)*DELTI 
R(NI)=R(NI)+QA(IQ,JQ)*HP(NJ) 

IF(IPNTS.EQ.l) GO TO 420 

,/ ·;'/ 

ASEM 500 
ASEM 505 
ASEM 510 
ASEM 515 
ASEM 520 
ASEM 525 
ASEM 530 
ASEM 535 
ASEM 540 
ASE!1 545 
ASEM 550 
ASEM 555 
ASEM 560 
ASEM 565 
ASEM 570 
ASEM 575 
ASEM 580 
ASEM 585 
ASEM 590 
ASEM 595 
ASEM 600 
ASEH 605 
ASEM 610 
ASEM 615 
ASEM 620 
ASEM 625 
ASEM 630 
ASEM 635 
ASEM 640 
ASEM 645 
ASEM 650 
ASEM 655 
ASEM 660 
ASEM 665 
ASEM 670 
ASEM 675 
ASEM 680. 
ASEM 685 
ASEM 690 
ASEM 695 
ASEM 700 
ASEM 705 
ASEM 710 
ASEM 715 
ASEM 720 
ASEM 725 
ASEM 730 
ASEM 735 
ASEM 740 
ASEM 745 
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C 

C 

C 

C 

C 

C 

IF(NJ.LT.NI) GO TO 440 
IB••NJ -NI t-1 
C(N1, IB)=C(NI, IB)+QA( IQ ,JQ)+QB(IQ ,JQ~ 
GO TO 440 

420 DO 425 l=l,JBAND 
L~ODE-LUlODE(I ,NI) 
IF(NJ.EQ.LNODE) GO 70 430 

425 CONTINUE. 

1JRITE(6,1000) NI,M,JQ 
STOP 

430 C(NI, 1)-C(NI, I )+QA(IQ,JQ)+QB(IQ ,JQ) 

440 CONTINUE 
490 CONTINUE 

690 CONTIN'TE 

ASEM" 750 
ASEH 755 
ASEM 760 
ASEM 765 
ASEM 770 
ASEM 775 
ASEM 780 
ASEM 785 
ASEM 790 
ASEM 795 
ASEM 800 
ASEM 805 

C ------s INCORPORATE WELL SOURCE/SINK 
C 

ASEM 810 
ASEM815 
ASEM 820 
ASE.I'-! 825 
ASEM 830 
ASEM 835 
ASEM 840 
ASEM 845 
ASEM 850 
ASEM 855 
ASEM 860 
ASEM 865 
ASEM 870 

790 
C 

IF(NWNP.EQ.0) GO TO 910 
DO 790 l=l,NWNP 
NI~NPW (I) 
ITYP=IWTYP(I) 
R(NI)-R(NI)+WSS(ITYP)/TWOPI**CYLIND 
CONTINUE 

910 CONTINUE 
C 

ASEM 875 
ASEM 880 
ASEM 885 
ASF..M 890 
ASEM 895 
ASEH 900 

C 

C 

C 

1000 FOR.'1AT(1Hl./5X, '*** wAR.NING: NONE 
lN' ,I3,/5X, '*** IS CORRESPONDING 
2' -TH NODE; STOP ****') 

RETURN 
END 

OF THE LOWER-LEFT NODE IN EQUATIOASEM 905 
TO ',I5,'-TH ELF4"iENT-S',I2, ASEM 910 

ASEM 915 · 
ASEM 920 
ASEM 925 
ASEM 930 

SUBROUTINE Q4(QA,QB,RQ,THG,DTHG,AKXG,AKZG,AKXZG,XQ,ZQ,WSOSH, Q4 005 
> ALP,BETAP,POR,AGRAV) 

IMPLICIT REAL*B (A-H,0-Z) 
REAL*8 N(4) 

COM.'-ION /COORD/ CS FE, S~ffE, CYLI ND 
COM.'-ION /OPT/ ILGMP,IMID,IP~iTS,IVML 

\ 

f 
.,/' 

Q4 010 
Q4 015 
Q4 020 
Q4 025 
Q4 030 
Q4 035 
Qli 040 

. ' ,,., 
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I 
I· 

/. 
'_.,:, 

C 

DIMENSION QA(4, 4) ,QB(4, 4), RQ(4), THG (4). DTHG(4) ,AKXG(4) ,AKZG(4), 
> AKXZG(4), XQ(4) , ZQ(4) .. 

DIMENSION S(4),T(4),DNX(4),DNZ(4) 
DIMENSION PJAB(2,2),DNSS(4),DNTT(4) 

C . 

C 

DATA P / 0.577350269189626 /, S / -1.0D+OO, 1:on+oo, !..OD+OO,
> l.OD+OO /, T / -l.OD+00,-1.0D+OO, l.OD+OO, l.OD+OO / 

C ------- INITIATE MATRICES QA, QB, AND RQ 
C 

C 

C 

DO 110 IQ-1, 4 
. RQ(IQ)=O.O 

DO llO JQ=l ,4 
QA(IQ ,JQ)-0. 0 
QB(IQ,JQ)=0.0 

110 C_ONTINUE 

DO 490 KG=l,4 

C ----;._ DETERMINE LOACAL COORDINATE (SS,TT) OF GAUSSIAN POINT KG 
C 

SS=P*S(KG) 
TT=P~T(KG) 

C 

C ------- CALCULATE VALUES Gf BASIS FUNCTIONS N(IQ) AND THEIR 
C ------- DERIVATIVES DNX(IQ) AND DNZ(IQ) \.1.R.T. X AND Z, RESPECTIVELY 
C ------- AT THE GAUSSIAN POINT KG. 
C 

C 

C 

CALL BASE(N, DNSS·, DNTT, SS, TT) 

DO 210 I=l,L 
DO ?10 J=l,2 

210 PJAB(l.~)-0.0 

DO 220 1-1,4 
PJAB( 1, 1 )-.PJAB( 1, 1) +ZQ( I )*DNTT(I) 
PJAB(l,2)-PJAB(l,2)-ZQ(I)*!)NSS(l) 
PJAB(2, 1 )-PJAB( 2, 1) ~XQ(I )*DNTT (I) 
PJAB(i,2)-PJAB(2,2)+XQ(-I)*bNSS(I) 

· 220 CONTINUE . 
C 

C 

C 

DJAC-PJAB(2,2)*PJAB(l,1)-PJAB(l,2)*PJAB(2,l) 
DJACI-1.0D0/DJAC. 

DO 230 I=l,2 
Db 2.30 J=l,2 
PJAB(I,J)=PJAB(I,j)*DjACI 

230 CONTINUE 

Q4 . 045 
Q4 050 
Q4 055 
Q4 060 
Q4 065 

'Q4 070 
Q4 075 
Q4 080 
Q4 085 
Q4 090 
Q4 095 
Q4 . 100 
Q4 105 
Q4 no· 
Q4 ll5 
Q4 120 
Q4 125 
Q4 130 
Q4 135 
Q4 140 
Q4 145 
Q4 150 
Q4 155 
Q4 160 
Q4 165 
Q4 170 
Q4 175 
Q4 180 
Q4 185 
QLi 190 
Q4 195 
Q4 200 
Q4 205 
Q4. 210 
'Q4 215 
Q4 220 
Q4 . 225 
Q4 230 
Q4 235 

.·Q~ '240 
Q4 245 

. Q4 -· 250 
Q4 255 
Q4 260 
Qlt 265 
Q4 270 
Q4 275 
Q4 280 
Q4 ?85 
Q4 29'0 
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C 

C 

C 

DO 260 I=l,4 
DNX(I)=DNSS(I)*PJAB(L,l)+DNTTtI)*PJAR(l,2) 
DNZ(I)=DNSS(I)*PJAB(2,l)+DNTT(I)*PJAB(2,2) 

260 CONTINUE 

R=O.O 
DO 270 I=l,4 
R=R+XQ(I)*N(l)' 

270 cm;nNUE 
RR=l. ODO 

· IF(CYLIND.NE.0.0) RR=R 

A.KXOP=AK.XG (KG) 
AKXZQP=AKXZG(KG) 
AKZQP=AKZG(KG) 
THQP=THG(KG) 
DTHQP=DTHG(KG) 

C ------- ACCUMULA.TE THE SUMS TO OBTAIN THE M,\TRIX INTEGRALS QQ(IQ,JQ) 
AND RQ(IQ) C 

C 

C 

C 

C 

C 

FHP=ALP:~THQP /POR+BETAP*THQP+CTHQP 
FHP-FHP*DJAC*RR 
AKXQ P=AKXQ P*DJ A C0<RR 
AKXZQP=AKXZQP*DJAC*RR 
AKZQP=AKZQP*DJAC*RR 
IJSOSK=\;soSM*DJ AC*RR 

DO 390 IQ=l, 4 

RQ ( IQ)=RQ ( IQ) +AGRAV* ( DNX( IQ) *(AiC'{QP*SNFE+AKXZQP*CSFE) + 
1 DNZ(IQ)*(AKXZQP*SNFE+AKZQP*CSFE)) - WSOSK*N(IQ) 

DO 390 JQ=:!.,'4 · .. ' 
QA(IQ,JQ)=QA(IQ,JQ) + FHP*N(IQ)*N(JQ) 
QB( IQ, JQ)=QB(IQ, JQ) + DNX(IQ)*(AKXQP*DNX(JQ)+AKXZQP*DNZ(JQ)) + 

1 .DNZ(IQ)*(AKXZQP*DNX(JQ)+AKZQP*DNZ(JQ)) 
390 CONTit-<"UE 

490 CONTINUE 

IF(ILUMP.NE.O) GO TO 600 

C ------- IF MASS MATRIX IS NOT TO BE LUMPED , RETURN 
C 

RETURN 
C 

C - - - - - - - FOR THE CA~ES h1ffK THE MASS P.ATRIX IS TO BE LUMPED 
C 

600 CONTHHJE 
DO 6 9 0 I= 1 ,t, 
SUM=0.0 

·'·/. 
I 
' 
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I 
~t; 
:?i.~ 

Q4 295 {~t-
Q4 300 ~'I Q4 305 

r Q4 310 ~.~ 

Q4 315 ?~~: 
Q4 320 :~; ... · Q4 325 
Q4 330 (:',-:::rr·' 

Q4 335 I Q4 340 
Q4 345 
Q4 350 
Q4 355 
Q4 36C 
Q4 365 
Q4 370 
Q4 375 
04 380 
Q4 385 
Q4 390 
Q4 395 
Q4 400 
Q4 405 
Q4 410 
Q4 415 
Q4 420 
Q4 425 
Q4 430 
Q4 435 
Q4 440 
Q4 445 
Q4 450 
Q4 455 
Q4 460 
Q4 465 
Q4 470 
Q4 475 
Q4 480 
Q4 485 
Q4 490 
Q4 495 
Q4 500 
Ql1 sos 
Q,'.; 510 
Q4 515 
Q4 520 
Q4 525 
Q4 530 
Q4 535 
Q4 540 
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C 

C 

C 

C 

C 

DO 640 J-1,4 
SUM-SUM+QA(I,J) 

640 QA(I,J)-0.0 

QA(I,I)=SUM 
690 CONTINUE 

RETURN 
END 

221 

SUBROUTINE ~ASE(N,DNSS,DNTT,SS,TT) 

IMPLICIT REAL*8 (A-H,0-Z) 
REAL*8 N(4) 

DIMENSION DNSS(4),DNTT(4) 

SM=l.0D0-SS 
SP=l.ODO+SS 
TM-1. ODO-TT 
TP-1.0DO+TT 
N(l)-0.25D0*SM*TM 
N(2)-0.25D0*SP*TM 
N(3)-0.25DO*SP*TP 
N(4)-0.25D0*SM*TP 
DNSS(l)--0.25D0*TM 
DNSS(2)-0.25D0*T~ 
DNSS(3)-0.25DO*TP 
nNSS(4)--0.25D0*TP 
DNTT(l)--0.25D0*SM 
DNTT(2)--0.25D0*SP 
DNTT(3)=0.25D0*SP 
DNTT(~)=0.25D0*SM 
RETURN 
END 

l 
,,, 

·/ 
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Q4 545· 
Q4 550 
Q4 555 
Q4 560 
Q4 565 
Q4 570 
Q4 575 
Q4 580 
Q4 · 585 

BASE 005 
BASE 010 
BASE 015 
~A.SE 020 
BASE 025 
BASE 030 
BASE 035 
BASE 040 
BASE· 045 
BASE 050 
BASE 055 
BASE 060 
BASE 065 
BASE 070 
BASE 075 
BASE 080 
BASE 085 
BASE 090 
BASE 095 
BASE 100 
BASE 105 
BASE 110 
BASE 115 
BASE 120 
BASE 125 
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SUBROUTINE Q3(QA,QB,P..Q,THG,DTHG,AKXG,AKZG,AKXZG,XQ,ZQ,WSOSH, Q3 005 1 ALP,BETAP,POR,AGRAV) 

Q3 010 C 
Q3 015 IMPLICIT REAL*8(A-H,O-Z) Q3 020 C 

. Q3 025 COMMON /COORD/ CSFE,SNFE,CYLI:-0 Q3 030 cmL"!ON /OPT/ IL!.;'MP,IMID,IP~1TS,IVHL Q3 035 C 
Q3 · 01~0 

DIMENSION QA(4,t-) ,QB(4 ,4) ,RQ(4) ,AKXG(4) ,AKZG(4) ,AKXZG(4), Q3 045 > XQ(4),ZQ(4),THG(4),DTHG(4) Q3 050 DIMENSION A(3),B(3),C(3) Q3 055 C 
Q3 060 C DATA OSIX/0.16~~666666666667D0/ Q3 065 ' , C DATA orwLVE/0.8333333333333333D-l/ Q3 070 

DATA OTHRTY/0.3333333333333333D-l/ Q3 075 u',,.. DATA OSIXTY/0.1666666666666667D-l/ Q3 080 C 
Q3 085 ~r,;- DO 110 IQ=l,4 
Q3 . 090 

RQ(IQ)-0.0 
Q3 095 .... ,, D0 110 JQ=l, 4 
Q3 100 QA(IQ ,JQ)=O .0 
Q3 105 0 QB(IQ,JQ)=O.O 
Q3 110 110 CONTINUE 
Q3 115 00 C 
Q3 120 Xl=XQ(l) 
Q3 125 tn X2=XQ(2) 
Q3 130 X3=XQ(3) 
Q3 135 ""-· Zl=ZQ(l) 
Q3 140 

1),,d 

Z2=ZQ(2) 
·QJ 145 N Z3=iQOl 
Q3 150 C 
Q3 155 - A(l )=X2*Z3 X3*Z2 Q3 160 A(2)=X3*Zl - Xl*Z3 Q3 165 N A(3)-Xl*Z2 - X2*Zl Q3 170 C 
Q3 175 0-- R=(Xl+X2+X1)/3.0DO 
Q3 180 RR=l. ODO 
Q3 1_85 IF(CYLIND.SE.0.0) RR=R Q3 190 c 
Q3 195 AREA2=DABS(A(l)+A(2)~A(3)) 
Q3 200 AREA=1'-llEA2/2. _ODO*P..R Q3 205 C 
Q3 210 B(l)=(Z2-Z3)/AREA2 · 
Q3 215 B(2)=(Z3-Zl)/AP.EA2 
Q3 220 ,,. 

B(3) = ( Zl-22; /AREA2 
Q3 225 C ( 1 )=(X3-X2:, /AF.EA2 
Q3 230 C ( 2 ) = c:-,: l - ;,: 3 ) / fJ~. EA 2 

. Q3 235 
C( 3) = 0-,2 -Xl J/A?.EA2 

Q3 240 C 
Q3 245 Fl- ALP*THG(l)/POR+BETAP*THG(l) + DTHG(l) Q3 250 

·.-- ·' ,,1 
I 
' 

I 
I 

I 

.I 
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I 
./ 
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F2= ALP*THG(2)/POR+BETAP*THG(2) + DTHG(2) Q3 255 
F3- ALP*THG(3)/POR+BETAP*THG(3) + DTHG(3) Q3 260 

C Q3 265 
QA(l,1)-AREA*(Fl*O.lDO + F2*0THRTY + F3*0THRTY) Q3 270 
QA(l, 2)-AREA*(Fl*OTHRTY + F2*0THRTY + F3*0SIXTY) Q3 275 
QA(l,3)-AREA*(Fl*OTHRTY + F2*0SIXTY + F3*0THRTY) Q3 280 
QA(2,l)=AREA*(Fl*OTHRTY + F2*0THRTY + F3*0SIXTY) Q3 785 
QA(2,2)=AREA*(F:!.*OTHRTY + F2*0.1DO + F3*0THRTY) Q3 290 
QA(2,3)-AREA*(Fl*OSIXTY + F2*0THRTY + F3*0THRTY) Q3 295 
QA(3,1)-AREA*(Fl*OTHRTY + F2*0SIXTY + F3*0THRTY) Q3 300 
QA(3, 2)=AREA*(Fl*OSIXTY + F2*0THRTY + F3*0THRTY) Q3 305 
QA(3,3)-AREA*(Fl*OTHRTY + F2*0THRTY + F3*0.1D0) Q3 310 

C Q3 315 
AREAD-AREA/3.0DO Q3 320 

('~ AKXQS-AKXG(l)+AKXG(2)+AKXG(3) Q3 325 
AKZQS-AKZG(l)+AKZG(2)+AKZG(3) Q3 330 

f,i') AKXZQS=AKXZG(l)+AKXZG(2)+AKXZG(3) Q3 335 
C Q3 340 

·.._o DO 210 IQ-1,3 Q3 345 
DO 210 JQ=l, 3 Q3 350 

t c, QB(IQ,JQ;=AREAD*(B(IQ)*B(JQ)*AKXQS+C(IQ)*C(JQ)*AKZQS + Q3 355 ' I 1 (B(IQ)*C(JQ)+B(JQ)*C(IQ))*AKXZQS) Q3 360 
ro 210 CONTINUE Q3 365 

C Q3 370 ...... BICOEF=((AKXG(l)+AKXG(2)+AK.XG(3))*SNFE + Q3 375 L, 

1 (AKXZG(l)+AY-XZG(2)+AlZXZG(3))*CSFE)*AGRAV Q3 380 n:r"::,,. 
CICOEF=((AKXZG(l)+AY~XZG(2)+AKXZG(3))*SNFE + Q3 385 ~--~1 

1 (AKZG(l)+AKZG(2)+AKZG(3))*CSFE)*AGRAV Q3 390 
N DO 310 IQ-1,3 Q3 395 

RQ(IQ)=AREAD*(B(IQ)*BICOEF+C(IQ)*CICOEF-WSOSM) Q3 400 
310 CONTINUE Q3 405 

C Q3 410 1.'!i IF(ILUMP. EQ. 0) RETURN Q3 415 
C Q3 420 

~ C ----~-- FOR THE CASE~ WHEN THE MASS MATRIX IS TO BE LUMPED · Q3 425 
C Q3 430 

DO 690 I=l,3 Q3 435 
SUM-0.0 Q3 440 
DO 640 J=l,3 Q3 445 
SUM-SUM+QA(l,J) Q3 450 

640 QA (I , J )-0 . 0 Q3 455 
QA(I,I)-SUM Q3 460 

690 CONTINUE Q3 465 
C Q3 470 

RETURN Q3 475 
END Q3 480 

·, 
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c· 

C 

cc 

C 

C 

C 

C 

C 

C 

SUBROUTINE BC(C,R, X,Z,IE,I.RN,AKX,AKZ,AKXZ, FLX,HCON,NPCON,NPFLX, BC 005 
010 
015 
020 
025 
030 

1 HDB, IDTYP, NPDB, QCB, ICTYP, NPCB, ISC, QNB, INTYP, NPNB, !SN, BC 
2 DLll,DCOSXN,DCOSZN,MNES, KSS, HMIN,NPMIN) BC 

IMPLICIT REAL*8(A-H;O-Z) · 
BC 
BC 
BC 

COMMON /SGEOM/ MAXEL;MAXNP.,MAXBEL, MAXBNP ,MAXHBP ,MAXNTI BC 035 
COMMON /CPIS/ JBAND BG ·. 040. 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBA.ND,KGRAV,N'J.'.I BC 045 
C0M.'-ION /RSBC/ MXRSEL,MXRSNP,MXRFPR:l•IJ{RPAR,NRSEL,NRSN,NRFPR,NRFPAR BG . 050 
Cm!.'-ION /CDBC/ !'-1.XDNP,MXDPR,MXDDP,NDNP,~;DPR,NDDP . BC 055 
C0~f.f0N /CCBC/ MXCNP, MXCEL, ~XCPR, !'-1.XCDP, NCNP; t,CEL, NCPR, NCDP BC 060 
COMMON /CNBC/ MXNNP,MXSEL,MXNPR,M..XNDP,NNNP,NNEL,NNPR,NNDP BC 065 
C0M."!0N /C00RD/ .CSFE,SNFE,CYLIND BC· 070 
COMMON /OPT/ iLUMP, IMID, I PNTS, IVML . . BC . 075 

DI~IENSION C(MAXNP,M,vcHBP) ,R(MAXNP) 
DIMENSION X(MAXNP) ,Z(M.A,XNP), IE(MAXEL, 5), LRN(JBAND,MAXNP) 
DIMENSION AKX(4,MAXEL),AKZ(4,MAXEL),A¥.XZ(4,MAXEL) 
DIMENSION FLX(t:1,XRSNP) ,HCON(MXRSNP) ,NPCON(MXRSNP) ,NPFLX(MXRSNP) 
DIMENSION HMIN(MXRSNP) ,NPM1N(MXRSNP) 

DIMENSION HDB(MXDPR),IDTYP(MXDNP),NPuB(MXDNP) 
DIMENSION QCB(!-iXCPR),ICTYP(MXCNP),NP~B(MXCNP),ISC(2,MXCEL) 

DIMENSION QNB(MXNPR), INTYP(MXNNP) ,NPNB(MXNNP), ISN.(4,1"'.XNEL) 
DlMENS ION DL~ (MXNEL) , DCOSXN (MX_'iEL), DCOSZN (MXNEL), 11NES (MXNE'i.) 

DIMENSION RQ ( 2) , XQ( 4 )., ZQ( 4) , KQ(2) 
DIMENSIGN.AKXG.(,4) ,AKZG(4) ,AKXZG(4) 

.. AGRAV:=DFLOAT (KGRJ\V). 

IHALFB=(IBAND-1)/2· 
IHBP= HIALFB+ 1 

BC 080 
BC 085 
BC 090 
P.C 095 
BC 100. 

. BC · 105 
BC 110 
BC 115 

. BC - 120 
BC . · 125 

BG 130 
BC 135 
BC .140 
BC 145 
BC 150 

· "BC 155 

BC 160 .•· 
BC .. 165 .. 
BC .. 170 · 
BC .175 · 
BC 180 

' C ******* APPLY GAUCH': BOUNDARY CONDITIONS. BC 185 
C 

C 

,··~ 

250 IF(NCNP.LE.0) GO TO 300 
DO 260 :-!P= l . !,CEL 

I 

·I=ISC(l,:-1?) 
NI-NPCBO j 
J=ISC(2 ,MP}. 
NJ=NPCB(J) 

;;_;i=( (X(NI)+X(NJ) )/2. ODO) 
. IF(CYLI'.;9.EQ.0,0) RR=l.0D0 

DX=X(NI)-X(NJ) 
. DZ~Z(NI}-Z(NJ)·· 

BC 190 
BC 195 
BC 200 
BC 205 
BC. 210 
BC. 215 
B_C 220 
BC 225 
.BC 230 
BC 235 
BC 240 
BC 245 
BC 250 

. 
. i~' 

' \ I 



0 

0 

~-... 
/ 

C 

I .::-~-~--/_---. •·. 

EL-RR*DSQRT(DX*DX+DZ*DZ) 
ITYPI=ICTYP(I) 
ITYPJ=ICiYP(J) 

225 

R(NI) =R(NI) - EL* (QCB (ITYPI) /3. ODO+QCB ( ITYPJ) /6. ODO) 
R(NJ )=R(NJ) -.EL*(QCB (ITYPI) /6. ODO+QCB( ITYPJ) /3. ODO) 

260 CONTINU£ 

C ****·!<** APPLY VAR.IABLE (RAINFALL-SEEPAGE) BOUNDARY CONDITIONS 
C 

300 IF(NRSN.EQ.O) GO TO 500 
C 

C -------- DIRICHLET PART OF VARIABLE BOUNDARY COtl'.)ITIONS 
C 

C 

C 
C 
C 

C 

C 
C 
C 

C 
C 

IF(IPNTS.EQ.l) GO TO 400 

DO 390 NPP=l,NRSN 

MODIFY LOAD VECTOR FOR NON-ZERO HCml 

NI=NPCON(NPP) 
IF(NI.NE.O) GO TO 305 
Nl=NP11IN (NPP) 

. IF(NI.NE:O) GO TO 310 
GO TO 390 

305 BB=HCON(NPP) 
GO TO 315 

:no BB=HMIN(t'jPP) 

315 IF(BP.EQ.0.0) GO TO 340 
DO 320 IB=l,IHALFB 
NJ=Nl-IB ...... 
IF(NJ.LT,l) GO TO 325 
JB=IB+l · 

320 R(NJ)=R(NJ)-BB*G(NJ,JB) 
325 DO 330 IB=l,IHALFB 

NJ=NI+IB. 
IF(NJ. GT. NNP) GO TO 34·_, 
JB=IB+l 

330 R(NJ)=R(NJ)-BB*C(NI,JB) 
340 R(NI)=BB 

ZERO COLUMN NPCON(NPP) 

DO 350 I5=1,IHALFB 
NJ=Nl-IB 
IF(NJ.LT.l) GO TO 360 
JB=IB+l 

350 C(NJ,JB)=O.O 

MODIFY RO\.J NPCON(NPP) 

_ORNL-5567/Rl 

BC 255 
BC 260 
BC 265 
BC 270 
BC 27"i 
BC 280 
BC 285 
BC 290 
BC 295 
BC 300 
BC 305 
BC 310 
BC 315 
BC 320 
BC 325 
BC 330 
BC 335 
BC 340 
BC 345 
BC 350 
BC 355 
BC 360 
BC 365 
BC 370 
BC 375 
BC 380 
BC 385 
BC 390 
BC 395 
BC 400 
BC 405 
BC 410 
BC 415 
BC 420 
BC 425 
BC 430 
BC 435 
BC 440 
BC 445 
BC 450 
BC 455 
BC 460 
BC 465 
BC 470 
BC 475 
BC 480 
BC 485 
BC 490 
BC 495 
BC 500 
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C 

C 

C 

C 

. 360 DO 3 70_ KB;=l, HlBP . 
370 C(NI,KB)=0.0 

C(NI, l)=l. ODO 
390 CONTH,'UE 

GO TO. l,.50 

l,00 DO 41.0 NPP,;.,,i, NRSN 
NI=NPCON(NPP) 
TF(Nl.~E.Q) GO TO 405 
NI~KPHIN(NPP). 
IF(NI.~E.O) GO TO 410 
GO TO 4t,0 

:.05 BB=H.CON(NPP) 
GO TO 415 

410 BB=H!11N(NPP) 

415 R(N·I)"."BB 
DO .430 r:e.l ,JBA.c"JD 
cnn, I l=0. o 
LNOf\E=LRN ( I ,·NI) ~~ .. ·i 

IF c u;oDE. E;Q. NI) 
430 COKTINUE 
440 cm:TINUE 

CUH,I)=LODO 

226 

C ---··--- CAUCHY PART OF VAR.IABLE BOUNDARY CONDITIONS 
C 

C 

450 DO 490 NPP=l,NRSN 
NP=NPFLX(NPP) 
IF (NP.EQ.0) Ji.Q TO .',90 
R (NP) =RU;p) - FLX (NPI') 

490 CONTI~;uE 

-- . 

. C ******* APPLY NEUMANN BOUNDARY CONDITim~s 
C 

C 

500 IF(NNNP.EQ.0) GO TO 600 
D0:530 HP•l,NNEL 

I=ISN(l ,HP) 
NT,,;NP!rn(l) 
J=ISN(2.~1P) 
NJ=~;p~;B(J) 

C - - - - - - - - HOD I FY U)AD VECTOR DUE TO t;rn:-wm FLUX: 
c· 

C 

RR=( (X r~;I) +X (NJ) )/2. ODO) 
IF(CYLU,Q·.EQ.0:0) RR=l.ODO 

ElfaRR*DL:;'(~J?). 
rTYPI=I~,T'iP.( 1) 
ITYPJ"."U;TYP(J) 

.,-
/· 

/ _.,,, ... 

.. _., .. ;:· -,~ '.,., ,, : I 

BC 505 
BC· 
BC 
BC 
BC 
BC. 
BC 
BC 

·BG 

BC,: 
BC 
BC 
BC 
BC 
BC 
BC 

. BC 
BC 
BC· 
BC 
BC 
BC 
BC 
BC 
BC 
BG 
BC 
BC 

BC 
BC 
BC 
BC 
BC._· 
BC 
BC 
BC 

BC 
BC 
BC 
BC 

BC· 
BC 

510 
515 
520 

.525 
530 
535 .. 
540 
545 
550 
555· 
560 
565 
570 
575 
580 
585 
590 
~95 
600 
60J 
610 
615 
620. 
625 .. 
6~0 
635 
640 
645 
650 
655 

· 660· 
665 
670 
675 
680 
685 
690 - . 
695 
700 
705 
710 

BC 715 
B·c no 
BC 725 
BC · 730 
BC 735 
BC .740 
BC. 745 
BC 750 



-~ 

C 

227 

R(NI)=R (NI) -EL*(QNB (ITYPI) /3 ._ ODO+QNB ( ITYPJ) /6. ODO) 
R(NJ)=R(NJ)-EL*(QNB(ITYPI)/6.0DO+QNB(ITYPJ)/3.0D0) 

C -------- MODIFY GRAVITY FLUX DUE TO GRAVITY TERH 
C 

C 

C 

C 

C 

C 

C 

M=MNES(HP) 
NQ=4 
IEWi=IE(M,4) 
IF(lEM4.EQ.O) NQ-3 

KQ(1)=ISN(3,MP) 
KQ(2)=1SN(Li,MP) 

DO 520 IQ-1,NQ 
NP=IE(M, IQ) 
XQ(IQ)=X(NP~ 
ZQ(IQ)-Z(NP) 

520 CONTINUE 

DO 525 KG=l,NQ 
AKX,(KG)=AKX(KG,M) 
AKZG(KG)=AKZ(KG, '.1) 
AKXZG (KG) =AK.XZ ( KG , 11) 

525 CONTINUE 

CALL Q2GF(RQ,KQ,EL,DCO<;XN(MP),DCOSZN(MP),XQ,ZQ, 
1 AKXG,AKZG,AKXZG,CSFE,SNFE,AGRAV) 

R(Nl)=R(NI)+RQ(l) 
R(NJ)~R(NJ)+RQ(2) 

530 CONTI!\'UE 
600 IF(NDNP.LE~O) GO TO 900 

C ******* APPLY DIRICHLET BOUNDARY CONDITIONS 
C 

C 

IF(IPNTS.EQ.l) GO TO 200 
DO 190 NPP=l,NDNP 

ORNl.-5567/Rl 

BC 755 
BC 760 
BC 765 
BC 776 
BC 775 
BC 780 
BC 785 
BC 790 
BC 795 
BC 800 
BC 805 
BC 810 
BC 815 
BC 820 
BC 825 
BC 830 
BC 835 
BC 840 
BC 845 
BC ·350 
EC 855 
BC 860 
BC 865 
BC 870 
BC 875 
BC 880 
BC 88:i 
BC 890 
BC 895 
BC 900 
BC 905 
BC 910 

.BC 915 
BC 920 
BC 925 
BC 930 
BC 9J5 

C -------- MODIFY LOAC VECTOR FOR NON-ZERO DIRICHLET BOUNDARY VALUES 
BC 940 
BC 945 

C 

C 

NI=NPDB(NPP) 
ITYP=IDTYP(NPP) 
BB=HDB(ITYP)-(Z(NI)*CSFE+X(NI)*SNFE)*AGRAV 

IF(BB.EQ.0.0) GO TO 140 
DO 110 IB~l,IHALFB 
NJ-NI - IB 
IF(NJ.LT.1) GO TO 120 
JB=IB+l 
R(NJ)=R(NJ) - BB*C(NJ,JB) 

./'.-. 
.- r ·7 

--- -- . __ 

BC 950 
BC 955 
BC 960 
BC 965 
BC 970 
BC 975 
BC 980 
BC 985 
BC 990 
BC 995 
BC 1000 

-

\ 

/ 

'-
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C 

C 

110 CONTHHJE 
120 DO 130_IB=l,IHALFB 

NJ=Nl+IB 
IF(NJ.G~.NNP) GO TO 160 
JB=IB+l 
R(NJ)=R(NJ)-BB*C(NI,JB) 

130 CONTINUE 

11,0 R(Nl)=BB 

C -------- ZERO COLUMN NPDB(NPP) 
C 

C 

DO 150 TB= 1, 1Hr\LFB 
~;J=Nl-113 
ff(NJ.LT.l) GO TO 160 
JB-•IB+l 
C(N-.!,JB)=O.O 

150 CONTINUE 

C -------- MODIFY ROW NPDB(NPP) 
C 

C 

160 DO 170 KB=l_.IHBP 
C( :; I . KB) =0 . 0 

1 70 co:~rn;uE 
C (!\I • 1) = 1 . ODO 

190 CO:ffTNllE 
GO TO 900 

200 DO 220 NPP=l,SDNP 
~;l=NPDB~NPP) 

. ITYP=IDTYP(NPP) 

228 · 

BB=HDB(ITY-P.)- (Z(Nl)*CSFE+X(!'-lI)*SNFE)*AGRAV 
R(Nl)=BB 

.C 

C 

DO 210 l=l,JBAND 
C(Nl,I)-0.0 
U,ODE=LP-~ (I. NI) 
IF(L"ODE.EQ.NI) C(NI,I)=l.ODO 

210 CONTINUE 
220 CIJNTH,1JE 

900 CONTI~--UE 

; 

RETUR.~ 
END 

BC 1005 
BC 1010 
BC 1015 
BC 1020 -
BC 1025 
BC 1030 
BC 1035 
BC 1040 
BC 1045 
BC 1050 
BC 1055 
BC 1060 
BC 1065 
BC 1070 
BC 1075 
BC 1080 
BC 1085 
BC 1090 
BC 1095 
BC 1100 
BC 1105 
BC 1110 
BC 1115 
BC 1120 
BC 1125 
BC 1130 
BC 1135 
BC 1140 
BC 1145 
BC 1150 
BC 1155 
BC 1160 
BC 1165 
BC 1170 
BC 1175 
BC 1180 
BC 1185 
BC 1190 
BC 1195 
BC 1200 
BC 1205 
BC 1210 
BC 1215 
BC 1220 

t - --., 
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C 

C 

C 

C 

SUBROUTINE Q2GF(RQ,KQ,DL,DCOSX,DCOSZ;XQ,ZQ,AKXG,AKZG,AKXZG, 
1 CSFE,SNFE,AGRAV) 

IMPLICIT REAL*8 (A-H,0-Z) 

DIMENSION .RQ(2) ,XQ(4) ,ZQ(4) ,KQ(2) 
DIMENSION AKXG ( 4) , AKZG ( 4) , AKXZG ( '•) 

DATA OTHRD/0.3333333333333333DO/ 
DATA OSIX/0.1666666~666666~7DO/ 

C - - - - - - - INITIALIZE NODAL COMPONENTS OF LINE INTEGRAL. . 
C 

C 

C 

DO 110 JQ=l, 2 

llO RQ(JQ)=O. 0 

I=KQ(l) 
J=KQ(2) 

VNl:=(DCOSX*(CSFE*AKXZG(I) + SNFE*AKXG(I)) + DCOSZ*(CSFE*AKZG(I)+ 
1 SNFE*AKXZG(I)))*AGRAV 
VN2=(DCOSX*(CSFE*AKXZG(J) + SNFE*AKXG(J)) + DCOSZ*(CSFE*AKZG(J)+ 

l SNFF.,,._·.K.Xzc (J)) )*AGRAV 
C 

C - - - - - - - - - CONTR TBUTION FROM VNl 
C 

RQ(l)=RQ(l) + DL*VNl*OTHRD 
RQ(2)=RQ(2·) + DL*VNl*OSIX 

C 

C -- 0 -a--- CONTRIBUTION FROM VN2 
C 

C. 

C 

C 

RQ (1) =RQ ( 1) +····oL*VN2*0S IX 
RQ(2)~RQ(2) + DL*VN2*0THRD 

RETURN 
END 

SUBROUTINE BANSOL(KKK,C,R,NNP,IHBP,MAXNP,MAX.HBP) 

IMPLICIT REAL*8(A-H,o~z) 
DIMENSION C(M:AY.NP,MAX.HBP),R(:-tAXNP) 
IHALFB-IHBP-1 
NNPl=NNP-1 

C. IF KKK - 1, .THEN TRIA.'.GULARIZE THE BA.~D MATRIX C(NP,IB), BUT 

Q2GF 005 
Q2GF 010 
Q2GF 015 
Q2GF 020 
Q2GF 025 
Q2GF 030 · 
Q2GF 035 
Q2GF 040 
Q2GF 045 
Q2GF 050 
Q2GF 055 
Q2GF 060 
Q2GF 065 
Q2GF 070 
Q2GF 075 
Q2GF 080 
Q2GF 085 
Q2GF 090 
Q2GF 095 
Q2GF 100 
Q2GF 105 
Q2GF liO 
Q2GF 115 
Q2GF 120 
Q2GF 125 
Q2GF ·130 
Q2GF 135 
Q2GF 140 
Q2GF 145 
Q2GF 150 
Q2GF i:ss 
Q2GF 160 
Q2GF 165 
Q2GF no. 
Q2GF 175 
Q2GF 180 

BANS 005 
BANS 010 
BANS 015 · 
BANS 020 
BANS 025 
BANS 030 
BANS 035 

· BANS 040 

\, 

/ 
,/• _,,.. 
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C IF KKK= 2,_ THEN SIMPLY SOLVE WITH THE NEW' RIGHT~HAND SIDE R(NP) ·c 
IF (KKK.EQ.2) GO.TO 50 

C TRIANGULARIZE MATRIX C 
C 

C 

NU=NNP- IHA.LFB 
· DO 20 NI=cl, i,·u 

NJ=NI_-1 
PIVOTI=l.0D0/C(NI;l) 
DO 20 LB=2.IHBP . 

A=C(Nl,LB)*PIVOTi. 
NK=Nj+LB 

. JB=O . 
DO 10 KB~LB, IIIBP 

. JB=JB+l 
10 C(NK,JB)=C(NK,JB)-A~C(NI,KB) 
20 C(NI,LB)=A 

NL=NU+l . 
DQ _40 tH,,,NL,NNPl 

NJ=Nl-1 
MB=N.NP-NJ 
Pl-VOTI=l .0D0/C(Nl, 1) 
oo'i.o LB=2,MB 
• A-C(Nl,LB)*PIVOTI 

NK=NJ+LB· 
JB=O 
DO 30 KB"."LB, MB . 

. JB=JB+l 
30 C(NK,JB)=C(NK,JB)-A*C(NI,KB) 
40 C (NI, 1:!n=A 

RETURN 

C MODIFY LOAD VECTOR R 
·c 

50 1';1J=NNP- IHALFB 
DO 60 NI~l,NU 

NJ=NI-1 
·A=R(NI) 
R(NI)=A/C(NI,l) 
DO 60 LB=2,IHBP -· 

. NK=NJ+lB. 
60. R(!\K)=R(::,;K)-C(~H,LB)*A 

. NL=t--.1J+l 
DO 70 NI=NL,NNPl. 
.. NJ~NI-,1 

. A-R(NI) _ 
. R(Nl)=A/C<NI,1) 

DO 70 LB=t. ,:18 

' ,:". 

. ~ ··~,,- .. --· ,,_. 

BANS 045. 
BANS 050 
BANS 055 

· BANS 060 
BANS 065 
BANS 070 
BANS 075 
BANS 080 
BANS 085 
BANS 090 
BANS '095. 
BANS 100 
BANS 105 
BANS 110 
BANS 115 
BANS 120 
BANS 125 
BANS 130 

· BANS 135 
BANS 11.0 

·. BANS 145 
BANS 150 
BANS 155 
BANS 160 
BANS 165 
BANS 170 
BANS 175 
BANS 180 
BANS 185 
BANS 190 
BANS 195 
BANS 200 
BANS 205 
BANS 210 
BANS 215 
BANS 220 
BANS 225 
BANS 230· 
BANS .. 235 
BANS 240 
BANS 245 
BANS 250 
BAJJS . 255 
BANS 260 
BA."JS 265 
BA."JS 270 
BANS 275 
BA.NS 280 
BANS 285 
BA..'IS 290 
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C 
C 
C 

C 

C 

C 

C 

NK=NJ+LB 
70 R(NK)=R(Nt<J-C(NI, LB)*A 

BACK-SOLVE 

80 

90 

R(NNP)=R(NNP)/C(NNP,l) 
DO 80 IB~l,IHALFB 

Nl=NNP-IB 
NJ=NI-1 
MB=IB+l 

· DO 80 KB=2,HB 
NK=NJ+KB 
R(NI)-R(Nl)-C(NI,KB)*R(NK) 

DO 90 IB=IHBP,NNPl 
NI=NKP- IB 
NJ=NI-1 
DO 90 KB=2,IHBP 

NK=NJ+KB 
R(NI)=R(NI)-C(NI,KB)*R(NK) 

RETURN 
END 

SUBROUTINE PISS(R,RL,RI,C,OMI,EPS,LRN,NNP,NITER,MAXNP,MAXBW,IBUG, 
1 KTIM) 

IMPLICIT REAL*8(A-H,O-Z). 

COMMON /CPIS/--JBAND 

DIMENSION R(MAX.,lllP) ,C(MAXNP,MAXBW) 
DIMENSION RL(MAXNP) , RI (MAXNP), I.RN (J BAND, 11AXNP) 

C ------- STORE THE LOAD VECTOR IN TEMPORARY STORAGE RL(MAXNP), 
C 

C 

DO 190 NP=l,NNP 
190 RL(NP)=R(NP) 

C ******* NOW R(MAXNP) IS FREE AND CAN BE USED TO STORE THSSOLUTION, 
C 

C ------- PRINT ITERATION INFORMATION IF DESIRED. 
C 

C 

C 

IF(IBUG.NE.0 .AND. KTIM,NE.O) PRINT 1000 

DO 2~0 IT=l,NITER 

C ------- FOR EACH ITERATION, PUT THE LOAD VECTOR gTQ R(MAXNP). 

I / 
;- --

I . 

BANS 295 
BANS 300 
BANS 305 
BANS 310 
BANS 315 
BANS 320 
BANS 325 
BANS 330 
BANS 335 
BANS 340 
BANS 345 
BANS 350 
BANS 355 
BANS 360 
BANS 365 
BANS 370 
BANS 'PS 
BANS 380 
BANS 385 
BANS 390 
liANS 395 

PISS 005 
PISS 010 
PISS 015 
PISS 020 
PISS 025 
PISS 030 
PISS 035 
PISS 040 
PISS 045 
PISS 050 
PISS 055 
PISS 060 
PISS 065 
PISS 070 
PISS 075 
PISS 080 
PISS 085 
PISS 090 
PISS 095 
PISS 100 
PISS 105 
PISS 110 
PISS 115 
PISS 120 

/ I 
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c 

C 

DO 210 NP=l,NNP 
210 _R(N'?)ciRI~(NP) . 

232 

C - - - - - - - THE MATRIX C :a L + I + .l1. 1 \,l}~ERE L · IS THE LO.WER TRIANGULAR 
C ------- MATRIX AND U JS THE UPPER TRIANGULAR MATRIX AND I TS THE 

PI_SS 
PISS 
PISS 
PISS 

--"•'"•", 

PISS 125 
PISS 130 . 

135 · 
140 
145 
150 
155 
160 
165 

C ------- DIAGONAL MATRIX. PISS 
C ------- NOW ADD U.RI TO THE .RIGHI.!-lAND SIDE, \,JHERE RI IS TliE PREVIOUS P~SS 
C ---·---- ITERATE. 
C 

C 

.220 

DO 230 NP=l.NNP 
DO 220 I=l,JBAND 
L':ODE.-,l.RN ( I . NP) 
IF(l,NODE. r.Q.O) GO TO 220 
IF(LNODE .LE. NP) GO TO 220 
R(NP)=R(NP) °C(NP, I)*Rl (LNODE) 
CONTHHJE · 

230 CONTINUE 

· C - - - - - -· - START TO ~OMPUTE NE1-l ITERATE WITH POINTWISE. ITEAATIONS .. 
C 

.C 

DO 2 50_ NP=l ~ NNP 
DO 240 I=l ,JBAND 
L"IODE,,,;l.RN (I. NP) 

'IF(UWDE.EQ:O) GO TO 2'!,Q 

'IF(UIODE.GE.NP) GO TO 240 
R(t:P)=R(NP)-C(NP, I)*R(L'WDE) 

240 ,CONTINliE 
DO 245 I=l,JBA.ND 
UWDE=l.RN(I ,NP) 
IF(L'WDE.NE.NPf GO 10·245 

· R(~P) =OM,I* (R(NP) /C (NP, I)) 
2'.5 CONTINUE 
250 CONTH.'UE 

+ (l.ODO~OMI)*RI(NPY~ 

C· ------- CHECK IFA CONVERGENT SOLUTION IS OBTAINED? 
C 

C 

NNCVN=O 
RE-LERR=-1: ODO 
ABSERR=-1.0DO 
DO 260.NP~l.NNP 
ABSDI~=DABS(R(NP)-~!(NP)) 

. ABSERR=DMAXl(ABSERR,ABSDIF) . . . 
I F(RI (NP). NE. 0. ODO) RELERR=DMAXl (RELE'.{R, DABS (ABSDI F/RI(NP)) ). 
IF(ABSERR :LE. EPS). to TO 260 
NNCVN=NNCVN+l 

260 CONTINUE 

C ------- UPDATE THE ITERATE. 
C 

., .. I/" 

. .PISS 
PISS 170-
PISS 175 
PISS 180 
PISS 185 
PISS 190 
PISS_l95 
PlSS 200 
PISS 205 
PISS 210 
PISS 215 
PI.SS 220 
PISS 225 
PISS 230 
PISS 235 
PISS 240 
PISS 245 

·PISS 250 
.PISS. 255 
PISS .260 
PISS 265 
PISS 270 
PISS 275 
PISS 280 
PISS 285 . 
Prss·290· 
PISS 295 
PISS 300 
PISS 305 
PISS 310 
PISS 315 
PISS 320 
PlSS 325 
PISS 330 
PISS 335 
PISS 340 
PISS· 345 

·prss 350 
PISS 355 
PISS 360 
PISS 365 

.·. PISS 370 
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C 

270 DO 280 NP=l,NNP 
230 .RI(NP)=R(NP) 

C ------- PRINT ITERATION INFORMATION IF DESIRED. 
C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

IF(IBUG.NE.O .A~ID, KTIM.NE.0) PRINT llbO, IT,ABSERR,RELERR,NNCVN 

IF(IT.EQ.l) GO TO 290 
IF(ABSERR .LE. EPS) r;o TO 990 

290 CONTINUE 

PRINT 2000, IT,NITER.ASSERR,RELERR,NNCVN 

990 CONTINUE 

1000 FORMAT(1H0/75X, SH .JT, 12H · ABS ERR , 12H REL ERR , 
· 1 13H NO. OF NODES/75X,SH --,12H --- --- ,12H 

2 13H --- -- ---~,} 
1100 FORMAT(75X,I5,2D12.4,5X,IS) 
2000 FORMAT( lHO/,?qX, 43H : : : WARNING: NO CONVERGENCE IN PISS AFTER , . 

l I4,llH ITERATIONS/75X,9H NPITER =,I4,11H ABSERR =,D12.4/75X, 
2 llH RELERR =,Dl2.4,llH NNCVN =,14) 

RETTJRN 
END 

SUBROUTINE SFLOW(X,Z,IE,H,HP,VX,VZ,TH,DTH: 
1 DLB,DCOSXB,DCOSZB,BFLX,BFLXP,ISB;NBE,NPB; LES,SOS,ISTYP, 
2 NPRS, NPDB, NPCB, NPNB, PROP, DELT, KFLOW, NPW, WSS. ,TWTYP) 

. IMPLICIT REAL*8(A-H,O-Z) 

COMMON /SGEOM/ MAXEL,MAXNP,MAXBEL,MAXBNP,MAXHBP,MAXNTI 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBAND,KGRAV,NTI 

COMMON /CSOS/ MXSEL,MX3?R,MXSDP,NSEL,NSPR,NSDP 
COMMON /CWSS/ MXWNP I MXWPR' MXWDP I t..'WNP I NWPR I NWDP 

riss 375 
PISS 380 
PISS 385 
PISS 390 
PISS 395 
PISS 400 
PISS 405 
PISS 410 
PISS ,~1s 
PISS 420 
PISS t,25 
PISS 430 
PISS 435 
PISS 440 
PISS 445 

· PISS 450 
PISS 455 
PISS 460 
PISS 465 
PISS 470 

. PISS 475 
PISS 480 
PISS 485 
PISS 490 
PISS 495 
PISS 500 

SFLO 005 
SFLO 010 
SFLO 015 
SFLO 020 
SFLO 025 
SFLO 030 . 
SFLO 035 
SFLO 040 
SFLO 045 
SFLO 050 
SFLO 055 
SFLO 060 

COMMON /RSBC/ MXRSEL,MXRSNP,MXRFPR,MXRPAR,NRSEL,NRSN,NRFPR,NRFPAR SFLO 065 

C 

. COMMON /CDBC/ MXDNP,MXDPR,MXDDP,NDNP,NDPR,NDDP 
COMMON /CCBC/ MXCNP 'M):ca' MXCPR' MXCDP' NCNP 'NCEL' NCPR' NCDP 
COM.MON /CNBC/ MXNNP ,MXNEL,MX...~PR,MXNDP, NNNP, NNEL,NNPR,NNDP 

f.OMMON /COORD/ CSFE,SNFE,CYLIND 

. / .. ;'_·_·, .. \ . . --- ·-
,., 
I 

SFLO 070 
SFLO 075 
SFLO 080 
SFLO 085 
SFLO 090 
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C 

C 

C 

C 

C 

C. 

C 

C 

C 

C 

C 

' ' ' 

COMMON /SMTL/ MAXMAT,MXSPPM,M.X;~PPM 

COMMON /CiLOW/~J_E(lO), FLOW(lO) ,TFLOW(lO) 

-----------~. 
DIMENSION X(MAX..1-~P), Z(MAXNP) , IE(Y,AXEL, 5) 

DIMENSION H(MAXNP), HP(MAXNP), VX(MAX.NP), VZ(MAX1~P) 
DIMENSION TH(4,MAXEL),DTH(4,MAXEL) 

DIMENSION DLB(MAXBEL),DCOSXB(MAXBEL),DCOSZB(MAXBEL),BFLX(MAXBNP), 
> BfLXP(MAXBNP),NBE(MAXBEL) ,ISB(4,MAXBEL),NPB(MAXBNP) 

DIMENSION SGS (X.XSPR). LES (i1XSEL), ISTYP(MXSEL) 
DIMENSION WSS(!1XWPR) ,NPW(MXWNP), Il.r!:'P(MX,;,,'NP) 

DIMENSION NPRS·(MXRSNP) ,NPDB(MXD,NP) ,NPCB(MXCNP) ,NPNB(MXNNP) 

DIMENSION PROP(MXMPPM,MAXMAT) 

DIMENSION XQ(4), ZQ(4), DHQ(4), THG(4) 

DATA TIIOPI/6.28'3185307DO/ 
DATA QSOS/0.0DO/ 

DO llO NP=l ,NBN 
BFLXP (NP) ··BFLX (NP) 

llO BFLX(NP)=O.O 

C ******* CALCULATE VOLUMETRIC FLOW RATE PER UNITY-LENGTH FOR ALL 
C ******* BOUNDARY NODES 
C 

DO 170 MP-1,NBEL 
M=NBE(MP) . 
NI-ISB (l ,MP) · 
N.J-1SB(2 ,MP) 

. RR-( (X (NI) +X (NJ)) /2. ODO) 

IF(CYLIND. EQ. 0. 0) RR=l.0D0 
DO 120 I-1, NBN . 
IJ=NPB(l) . 
IF(IJ.NE.NI) GO TO 120 
NII""I . 
GO TO 130 

120 CONTINUE 
i30 DO 140 J-1,NBN 

IJ 00NPB(J) 
If(1J:NE.NJ) GO TO 140 
NJJ-J 
GO TO 150 

140 .CONTI~'UE 
150 CONTINUE 

~· 
\ 

'\ 

\ 
'· 

. /· ·. i . 
I 

/ 

SFLO 095 
SFLO 100 
SFLO 105. 
SFLO llO 
SFLO 115 
SFI.O 120 . 
SFLO 125 
SFLO 130 
SFLO 135 
SFLO 140 
SFLO 145 
SFLO 150 
SFLO 155 
SFLO 160 
SFLO 165 
SFLO 170 
SFLO 175 
SFLO 180 
SFLO 185 
SFLO 190 
SFLO 195 
SFLO 200 
SFLO 205 
SFLO 210 
SFLO 215 
SFLO 220 
SFLO 225 
SFLO 230 
SFLO 235 
SFLO 240 
~FLO 245 , 

SFLO. 250 
SFLO 255 
SFLO 260 
SFLO 265 

. SFLO 270 
SFLO 275 
SFLG 280 
SFLO 285 
SFLO 290 
SFLO 295 
SFLO. 300 
SFLO 305 
SFLO 310 
SFLO 315, 
SFLO 320 
SFLO 325 

. SFLO 330 
SFLO 335 · . 

SFLO 340 

' '\, 
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C 

C ------- COMPUTE THE CONTRIBUTION OF SIDE (NT,NJ) 'i'O THE TOTAL fIJjX 
C ------- THROUGH POINTS NI AND NJ, RESPECTIVELY. 
C 

C 

FNI-(VX(NI)*DCOSXB(MP)+VZ(Nl)*bCOSZB(MP))*DLB(MP)*RR 
FNJ=(VX(NJ)*DCOSXB(MP)+VZ(NJ)*DCOSZB(MP))*DLB(MP)*RR 

C ------- DISTRIBUTE THE ABOVE FLUXES TO TO'J E:m PO"!~TS OF THE SiDE 
C 

BFLX(NI I)=BFLX (NI I)+FNI/3. ODO r FNJ /6. ODO 
BFLX (NJJ )=BFLX (NJJ) +FNJ ,13. OOO+FNI/6. OD(l 

C 

C 

C 

C 

170 CONTINUE. 

IF (KFLOW. GT. 0) GO TO 200 
DO 180 NP=l,NBN 

180 BFI..XP(NP)=lffLX(NP) 

DO 190 I=l,9 
190 TFLOW(I)-=0.0 

C ******* DETER.MH;E TOTAL FLOWS AND TOTAL FLOW RATt:S THROUGH '.'AR: OUS 
C ******* TYPES OF BOUNDARIES, STARTE~G WITH THE NET FLO;,./S THROCGii THF. 
C ******* ENTIRE BOUNDARY. 
C 

C 

·. C 

200 SUM=O. 
SUMP=O. 
DO 210 NP=l,NBN 
SUM=SUM+BFLX(NP) 

210 SUMP;_.SUMP+BFLXP(NP) 

FRATE(7)=SUM 
FLOW( 7)""·0 '. 5D0* ( SUM+SUMP)*DELT 

C ******* THE DIRICHLET BOUNDARY 
C 

FRATE(l)=O. 
FLOW(l)=O. 
IF(NDNP.LE.O). GO TO 400 
SUM=O .. 
SUMP=O. 
DO 330 NPP=l,NDNf 
NP=NPDB(NPP) 

DO 310 T=l.KBN 
IJ=NPB(I) 

. IF(IJ:NE.NP) GO TO 3iO 
NII=l 
GO TO 320 

310 CO~TI~~UE 
320 CONTU,lJE 

•, .. 

SFLO 345 
S FLO 350 
SFLO 355 
SFLO 360 
SFLO 365 
SFLO 370 
SFLO 375 
SFLO 380 
SFLO 385 
SFLO 390 
SFLO 395 
SFLO 400·. 
Sr'LO 405 
SFLO 410 
SFLO 415 
SFLO 1,20 
SFLO 425 
SFLO t,30 

.-
/ 

SFLO ,.35 
SFLO 1 .. 40 
SFLO 445 
S.'LO 450 
SFLO 1.,55 
SFLO 460 
SFLO 465-
SFLO 470 
SFLO 475 
SFLO 480 
SFLO 485 
Sl-~LO 490 
SFi..O 495 
SFLO 500 
SFLO 505 

' 
SFLO _510 \ 
SFLO 515 
SFLO 520 
SFLO 525 
SFL.O 530. 
SFLO 535 
SFLO 540 
SFLO 51,5 
SFLO 550 
SFLO 555 
SFLCi 560 
SFLO 565 
SFLO 570 
SFLO 575 
SFLO ':>SO 
SFLO .585 
SFLO 590 



' . 
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SUM=SUM+BFLXCH I) 
SUMP=SUMP+BfL'<P (NI I) 

330 COHINUE 
FRATE(l)=SUM 
FL01,,'(l)=0.5DO*(SVM+SUMP)*DELT 

C 
C ****->:** THE CAUCHY BOUNDARY -C 

.!100 FR1\TE(2)=0.0 
Fl .'JW ( 2 ) =0 . 0 
?F(:--JCNP.LE,O) GO TO 500 
Sl:M=O. 0 
Sl'.!11'=0. 0 

DO 1,30 NPP=l ,NCNP · 
~;P=NPCB(N"PP) 
DO l1l0· l=l ,NBN 

C,! IJ=NPB(I) 
1F(IJ .NF..NP) GO TO ,J}() 

r-... NII=I 
GO TO 420 

0 ,', 10 CONTHa;E 
L,20 CONTil,l'E . 

ro SUM--Sl1M+ BFL{ (NII) 

lj') 430 
SVMP=SL'~P~ flFL'<P(NI I) 

CONTINUE 

'":::Yr 
FRATE( 2)='SUM 
FLOl./(2)=0.SDO*(SUH+SUMP)*DELT 

r· ,, 
N C ******* 'THE NEUMANN BOUNDARY 

C 

500 FRATE(3)=0. 

N 
Fi,01.J ( 3) =0 . 

··IF(NNNP.LE.0) GO TO 600 

.,O' 
SU~=O .. 
SUMP=O. 
DO 530 NPP= 1, N:·1NP 

NP=NPNB(NPP) 
DO 510 I=l,t-BN 
IJ=NPB(I) . r .. ,;_ 
IF(lJ. NE. ~lP) GO TO 510 
NII=I 
GO TO 520 

510 COKTINUE 
520 CONTit-.1JE 

Sl'M=SUM+BFLX(NI I) 
SUMP=SU½P+BFLXP(:'ill) 

530 CONTINl:E 
FRATE (3) =SU:-! 
FLOl,,' ( 3) =0. S-D0·k ( SUM+SUMP) *DELT 

C 

.. 

I 
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SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 

. SFLO 
SFLO 
SFLO 
SFLO 
SFLO 

.. SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 

-SFLO 
SFLO 
SFLO 
SFLO 
SFL0 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLG 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 
SFLO 

595 
600 
605 
610 
615 
620 
625 
630 
635 
640 
645 
650 
655 
660 
665 
670 
675 
680 
685 
690 
695 
700 
705 
710 
715 
720 
725 
730 
735 
740. 
745 
750 
755 
760 
765 
770 
775 
/tlO 
785 
790 
795 
800· 
805 
810 
&15 
820 
825 
830 

,835 
840 

--/ ., ',, 
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C ******* THE RAINFALL-SEEPAGE BOUNDARY 
C 

600 FRATE(4)=0. 

610 
620. 

630 

640 

FLOW(4)=0. 
FRATE(S)=O. 
FLOW(5)=0. 
IF(NRSN.LE.O) GO TO 700 
Si.JMS~O. 
SUMSP=O. 
S'JMR=O. 
SUMRP=O. 
DO 640 NPP=i,NRSN 

NP-NPRS(NPP) 
DO_ 610 l=l,NBN 

IJ=NPB (I) _ 

IF(IJ.r~E.NP) GO TO 610 
NII=l 
GO TO 620 
CONTINUE 

CONTINUE 
BFLXA=BFD:.(NII) 
IF (BFUll\..LT.O.DO) _GO TO 630 
SUMS=SUMS+BFLX (NII-) 
SUMSP=SUMSP+BFLXP(NII) 
GO TO 640 
SUM...R.=SUM.R+BFD:.(NI I) 
SUMRP=Su~lRP+BFLXP(NII) 
CONTINUE 

FRATE(4)=SUMS 
FLOW(4)-0.5DO*(SUMS+SUMSP)*DELT 

- FRATE(S)-SUMR .. _ ... 
FLOW(5)=0.5D0*(SUMR+SUMRP)*DELT 

SF'!.G /l;,5 

Si-'1.0 850 · 
sno sss 
SF!.O ~;;:,o 
SF-LO S(,5 
SFLO 870 
SFLO 875 
SFLO 680 
SFLO 8::5 
S FLO b':10 
SFLO 8:l5 
SFUJ O~jQ 

Sf!D 905 
SFLO 910 
SFLO 9i.5 
SFLO 9:'0 
SFLO 925 
SF'LD 9 -:0 
sno 935 
SFLO 91,0 
SFLO 945 
Shu 950 . 
srr.o 9ss 
SFLO 960 
SFLO 96:, 
SFLO 970 
SFLO 'J ,'S 
SFLO _gso 
SFLO 985 
SFLO 99C 
SFLO 9'}5 
SFLOlO•O 

·c SFLOlOOS 
C ******* THE UNSPECIFIED BOUNDARY, I. E.-BOUNDARY WITH ZERO TOTAL FLUX. SFL01010 

_ C SFL01015 

C 

700 SUM,,;.O. 
SUMP~O. 
DO 710 I=l, S . 
suM.:..suM+FRATE(I) 

710 SUMP~SUMP+FLOW(I) 
FRATE(6)=FRATE(7)-SUM 
FLOW(6)=FLOW(7)-SUMP 

- -
G ******* CALCUI.ATE THE INCREASE IN THE WATER CONTENT AND THE SOURCE 
C 

QSOSP=QSOS 
QSOS=0.0 
QTH=O. 
DO 830 M,;.l,NEL 
NQ=4. -

SFL01G20 
SFLOlr/25 
SF"L01030 -
SFL0i035 
SFL011.i40·, 
SFL.01045 
SFLQ1050 
SJ.-'L.01(155 
SFL01060 -
S.F'L01065 
SFL01070 
SFLOl0/5 
SfLOl!Ji:\0 
SFl.01085 

. SFLC>l OCJO-
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C 

IEM4= IE(!-!; 4) 
IF(lE.'.14.EQ.O) NQ•=3 
11TYP=IE(l1, 5) 

ALP=PROP(l .MTYP) 
SETAP=PROP(2,MTYP) 
POR=PR0?(3,MTYP) 

SOURCE=O.O 
lF(KSEL.iE.0.0) GO TO 805· 
DO 802 I=) ,!lSEL 

· HP=LES (I) 

IF(MP:EQ.!1) GO TO 80!~ 
8()'.l CONTI~J'JE 

GO TCJ 805 
. 804 ITYP=1STYP{I) 

SOURCE=SOS ( ITYP) 
805 CONT!~UE 

C-

C 

C 

DO 810 IQ=l J;Q 
NP=TE(M. IQ) 
XQ( IQ),~X(rP) 
ZQ(lQ)=Z(NP) 
D:{Q( IQ)=HU;P) -HP(!l:P) 

IF(KFLO'.J. LE. 0) DHQ( IQ)"~l. ODO 
810 CONTD!UE 

DO g21j KG.=l. ~;r~ 
THI.; (KG )e=TH •:KG, M). 

·_ I?(KFLO\.J. GT. 0) THG \KG)=DTH (KG, !1)+ALP*THG (KG) /POR+BETAP*THG (KG) 
s ;,o r:!'.)~;n ::u£ 

! F1S(;:. EQ i3) CALL. Q3TH (QT!-!!'!, DHQ. XQ, ZQ, THC, QSOSM, SOURCE) 
.I F_(t,Q. F.Q.:..) .CALL Q4TH.(QTH!1, Dl!Q ,XQ, ZQ, THG, QSOSM, SOURCE) 

(' . . 

QSOS".'-Q_SOS -QSOSM 
Qrn,-,qTH+0Tll'·f 

8 30 CJNTI:-WE 
c· 

-:n·u;, ... ~iP.EQ.O) GO. TO 850 

ITYP=_l\..'EP( I) _ 

.840 QSOS-QSOS-~SS{ITYP)/T\..'OPI**CYLIND. 

C 

c.c 

. I?(:{fLO;J.GT.O, GO TO cSO 
QSCS!'~QSOS 

880 FR..:-.TE( 8)=QSOS. 
. fi...i)'.~(8)=0 SDC*(QSOS+(iSOSP)*DELT 

FL::)'..:(9)=QB 

.;-

SFL01095 
SFLOll 00 

· SFLOl 105 . 
SFLOll 10 
SFL01115 
SFL01120 
SFLOl 125 
SFLOllJO 
SFLOJ lJ 5 
SFLOl 11.0 
·sF1,0111.s 
SFLOl.150 
SFLC1155 
SFL01160 

. SFLOl 165 
SFLOll 70 
SFLOll 75 
SFL01180 
SFL01185 
SFL01190 
SFLOl.195 
SFL01200. 
SFL01205· 
SFL01210 
S i;-1_.o l2 l 5 
SFL01220 

· SFL01225 
SFL01230 
SFL01235 
SFL01240 

· SFL01245 
SFJ.,.01250 
SFL01255 

.. SFL01260 
. SFL01265 
SFL012 70 
SFL01275 
SFL01280 

·SFL01285 
·. SFLOi290 
.SFL01295 
SFL01300 
SFL01305 

. SFL01310 

SFL01315 
SFL01320 
SFL01325 

. SFLC1330_ 
SFLQl-335· . 

. SFL01340 

. . I 

·: ,_.-' 
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C 

C 

C 

C 

C 

C 

C 

FRATE(9)=FLOW(9)/DELT. 
lF(KFLOW. LE. 0) FRATE(9)=- (FRATE( 7)+?1tf\TE(8)) 

DO 910 I=l,9 

910 TFLOW(I)=TFLO\./(I)+FLO\..'( ,) 

RETURN 
Et-:D 

SUBROUTINE Q4TH(QTHM, DHQ, XQ, ZQ, '('HG, QSOSM, SOURCE) 

IMPLICIT REAL*8· (A-H,O-Z) 
~F.r\L*B N(4) 

COMMON /COORD/ CSFE, SNFE. CYLIND 

DIMENSION Ti!G(4), S(4), TU•), XQ(4), Zt,i 1 ,, j, l:!iQ(I+) 

DIMENSION PJAB(2,2),DNSS(4),DNTT(4) 

DATA P / 0.577350269189626 /. S /-1.flfH'JfJ, l.OD+0.0,l.OD+OO,-
. > 1.0D+OO /,·T / -l.OD·t00,-1.0D+OO, I OD+OO, l.ODtOO / 

QSOSM=O.O 
QTHM=O. 
DO 490 KG=l,4 

C ------- DETER.MINE LOACAL COCRDINATt (SS,TTi UF GAUSSIAN POINT KG 
C 

C 

. SS=P*S(KG) 
TT=P*T(KG) 

C ------- CALCULATE VALUES OF BASIS FUNCTIONS N(IQ). 
C 

C 

C 

CALL BASE(N,DNSS,DNTT,SS,TT) 

DO 210 I=l,2 
· DO 210 J=l ,2 

210 PJAB(I,J)~O.O 

DO 220 I=l,4 
PJAB(l,l)=PJAB(l,l)+ZQ(l)*DNTT(l) 
PJAB(l,2)=PJAB(l,2)-ZQ(I)*D~S5(1) 
PJAB(2,l)=PJAB(2,l)-XQ(l)*DSTT(l) 

SFL01345 
SFL01350 
SFL01355 
SFL01360 

SFL01365 
SFL01370 
SFL013 75 
SFL01380 

•)!,TH 005 
.;,,TH 010 
Q'.TH 01 <; LJ 

Ql,TH 020 
Q4TH 025 
Q4TH 030 
Q4TH 035 
Q4Tll Ot,O 
Q4'J'H 0t.5 
Ql,TH 050 
Qf+TH 055 
Q4TH 060 
Q4TH 065 
Q4TH 070 
Ql,TH 015 
Q4TII 080 
Q4TH 085 
Qh'.J;H 090 
Q.'.iTH 095 
Q4TH 100 
,Q4TH 105 
1)4TH 110 
'-/+TH 115 
QliTH 120 
Q<+TH 125 
q',TH 130 
Qi•TH 135 
C/,1H 140 
()_l;TH 145 
Q4TH l'.;0 

. Q4TH 155 
. Qt,TII t60 

Q!,TH 165 
Q4TH 170 
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C 

C 

r· 

PJAB(2,2)=PJAB(2,2)+XQ(I)*DNSS(I) 
220 CONTINUE 

DJAC-PJAB (2, 2 )*PJAB ( 1, 1) - PJAB (l ·, 2 )*PJAB( 2, i) 

- - - - - - - INTERPOLATE TO OBTAIN w'ATER CONTE:ff AT THE GAUSS IA.~ POINT KG 

DHQP-0.0 
R-0.0 · 
:JO 390 IQ-1, 4 
:,HQP-DHQP+DHQ ( IQ) *N (IQ) 
>,R,-:-XQ (IQ) *NI, IQ) 

'3 , ,_ ,:oNTI Nl.: :' 

THQP-OHQP*THG(KG) 
RR= 1, o~o 
l F(CYLnm. NE. 0. 0) RR=R 

L · · · - - - - ACCUMULATE THE SUM TO EVALUATE Tl-iE INTEGRAL 

C 

C 

C 

C 

'· 

QSOS.M=GSOSM+SOURCE*DJAC*RR 
QTHH=QTH}f+ THQ P*DJ AC*RR 

L, e;CI CONTINUE 

i:<.ETURN 
END 

SlJBROUTINE Q3TH(QTH}1, DHQ, XQ, ZQ, THC, QSOSM, SOURCE) 

COMMON /COORD/ CSFE,SNFE,CYLIND 

DIMENSION XQ(4),ZQt4),DHQ(4),THG(4) 
DIMENSION A(3),STRGE(3) 

DATA OSIX/0.1666666666666667D0/ 
DATA OTIJLVE/0.8333333333333333D-l/ 

Xl-XQ(l) 
X2-XQ(2) 
X3-XQ(3) 
Zi=ZQ(l) 
Z2-ZQ(2) 
Z3-ZQ(3) 

Q4TH 175. 
Q4TH 180 
Q4'!.'H 185 
Q4TH 190 
Q4TH 195 
Q4TH 200 
Q4Ti-l. 205 
Q4TH 210 
Q4TH 215 
Q4TH 220 
Q4TH 225 
Q4TH 230 
Q4TH 235 
Q4TH 240 
Q',TH 245 
Q4TH 250 
Q4TH 255 
Q4TH 260 
QI.TH 265 
Q4TH 270 
Q4TH 275 
Q4TH no 
Q4TH 285 
Q4TH 290 
QiiTH 295 
Q4TH 300 

Q3TH 005 
Q3TH 010 
Q3TH 015 
Q3TH 020 
Q3TH 025 
Q3TH 030 
Q3TH 035 
Q3TH 040 
Q3TH 045 
Q3TH 050 
Q3TH 055 
Q3'TH 060 
Q3TH 065 
Q3TH 070 
Q3TH 075 
Q3TH 080 
Q3TH 085 
Q3TH 09.0 

ti 

I'"] 

lti 

I 



0 

o-.· ---- ., 

>--- I 

---

.... ) 

L 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 
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A(l)-X2*Z3 - X3*Z2 
A(2)~X3*Zl - Xl*Z3 
A(3)-Xl*Z2 - X2*Zl 

R-(Xl+X2+X3)/3.0DO 
RR-1.0DO 
IF(CYLIND.NE.0.0) RR~R 

AREA2-DABS(A(l)+A(2)+A(3)) 
AREA-ARL~2/2.0DO*RR 

DO 320 IQ=l,3 
STRGE (IQ) =TIIG (IQ) 

320 CONTINUE 

QTil11~STRGE ( l) *(DHQ (: ) *OS IX+ ( D!-1Q( 2) +DHQ ( 3)) *OTilLVE) *AREA + 
1 STRGE( 2) * ( DHQ( 2 )*OS IX+ ( DHQ (3) +DliQ( 1)) *OT\JLVE) *AREA + 
2 STRGE(3)*(DHQ(3)*0SIX+(DHQ(l)+DllQ(2))*0Ti-JLVE)*AREA 

QSOSM--SOURCE*AREA 

RETURN 
END 

SUBROUTINE PRINTT(VX,VZ,H,HT,TH, NPB,BFLX,NPRS,RSFLX,NPCON,NPFLX, 
1 SUBHD, TIME,DELT, KPR,KOUT,KDIAG,ITIM, NPMIN) 

IMPLICIT REAL*B(h-H,0-2) 
REAL*4 SUBHD 

Q3Tll 095 
Q3T}{ 100 
Q3TH 105 
Q3Tll 110 
Q3TH 115 

.Q3TH 120 
Q3TH 125 
Q3TH 130 
Q3TH 135 
Q3TII 140 
Q3TH 145 
Q3TH 150 
Q3TH 155 
Q3TH 160 
Q3TH 165 
Q3TH 170 
Q3TH 175 
Q3TH 180 
Q3TH 185 
Q3TH 190 
Q3TH 195 
Q3TH 200 
Q3TH 205 

PRIN 005 
PRIN 010 
PRIN 015 
PRIN 020 
PRIN 025 
PRIN 030 

COMMON /SGEOM/ MAXEL,MAXNP,MAXBEL,MAXBNP,MAXHBP,MAXNTI PRHI 03'l 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBAND,KGRAV,NTI PRIN 040 
COMMON /RSBC/ MXRSEL,MXRSNP,MXRFPR,MXRPAR,NR.SEL,NRSN,NRFPR,NRFPAR PRIN 045 

COMMON /CFLOw/ FRATE(lO),FLOW(lO),TFLOW(lO) 

DIMENSION VX(MAXNP) ,VZ(MAX...~P) ,H(MAXNP) ,HT(!iAX...~P) ,TH(4,MAXFL) 
DI!iENSION NPB(?-',AXBNP), BFLX(MAXBNP) ,NPRS(MXRSNP) ,RSFLX(MXRSNP), 

> NPCON(M.XRSKP),NPFLX(MXRSNP), NPMIN(MXRSNP) 

DIMENSION SUBHD(8) 

IF(KPR.EQ.0) RETIJRN 

PRIN 050 

C -----·- PRINT DIAGNOSTIC FLOW INFOR.'1ATION 

PRIN 055 
PRW 060 
PRIN 065 
PRIN 070 
PRIN 075 
PRIN 080 
PRIN 085 
FRIN 090 
PRU, 095 
PRI~ 100 
PRIN 105 
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C 

C 

;-
PRIN. ll0 

ilO KD!AG~•V.fHAG+l < PR1N 115 
·. KOIA;·,KOIAG-1 . ·. · . . ·· ; . . . . . i'RlN 120 

PRINT 1000, KDl,,.'T!:-!E,DELT;ITI:1.,(FRATE(I),FLOW(I),TFLOW(I),I,~l,9) PRIN 125 
IF u;Psti.ES\J)) co TO l:,O l'RIN 130 

. DO 17.0 ~:Pl'=l. r:?.s~; PRIN 135 

1· 1 :.;: · 
i .... · 

1 -~ { J 

SP-NPRS(N?P) PRIN 140 
liO ll:i F-l;~;w; PRIN lt,5 

I J<,'!'il! I) PRJN 150 
: 1· : I j . : ; E. t: P l c;r; TO 11 _') PR I tl 15 :> 
:;yy.~r PRlN. 160 
ccj T(i · 1 :~o 
t:r/~T r ~;UI·. 

r~s r--1~A: /\Pp .1 ... f1,F!_.x r ~;rv 1 

i'R 1ST l ](1() 

PH.It~T 1 J fc,, (RSF1-.:;<UPP/.~~PP--"'-l .~it1 s~:} 
Fl-n~:-r 112c1. e1rcm:n;rr,-.~;;,p~1.t:Rs::i 
PRJ~;r .112--5, (~~-p~11~:r~;PP) .::r1 ?-"'1 .~-:P.'.·;·:i/ 
l'RJt;T 1130, U:PFL.l:(~JPPJ·.~;l'P-0 l .~:RSN) 

PR IN 165 
PRIN 170 
PRIN 175 
l'RIN 180 
l'R Itl 185 
PRIN 190 

l -io If o:PR. E(). l) RE1TR:, 

C -------.: f'R1:;T PRESSL:RE 
C 

PRIN 195 
PRIN 200 
PRIN 20:> 
PRIN 210 
PRIN 21:> 
PRJt~ 220 
FR 1N 275 
PRIN 230 
PRJN 235 
PRIN 240 .• 
PRIN 245 

fJtj 21() ~~1-1.1~:~;P,,a 
:u:-1::.,:;r 

·, .. , . ( - r ·• r '... • . ' I •. ., C ,F,~J:J.:. ,,c_-.J, )•1! .~.t..-. JJ 

~;EL-r.·r::,;..;,;o., ITl!1, rstgH!)(I) .·r-.1·,8) 
21(; PH~:;T 2100, SI. (H·t~:.J J ,~:-J.e2~;J~1!: ,::J:~X) 

!_t:' r •·;,;;, ~er•·.;' ·"1---r:'(1•; . 
. ,_t., " .•. .J.. LI " .. ~"-

C 
-,~ ~ _:_':. - _: - - !'D.,\-~.,-1:, ~.:--1~"." .• • •• r.· . , . ~-- .. ., -- 'HF.i~Ls 
C 

r: 

. Y.OUT=t:nL"T+ l 

·Ll ~;i:= 1j· 

rr:~~r)Dr::_-:.~:~:-1.·~:.t.;; .r:r!_,_0) PRI~;J -';fjQ_O, r:01.:T,·~1;1E, 
> DEL~·, I/~t-.~::) .. 1:: 1~1, ( S!~?..::_D.f !.} , I,-,,1. H). 

~ 10· r~?._ I~~.T-·.2 J. t;;i. · ~-: ~ )_l HT r :: 1 ::, ~: J ..... ~.: J~~-~;·, ~;_J~~z). 
: !" ( :''. !':? .. ~fJ . -~ ) ? . .F.~:'~P-~'~ 

~~ .. ·- .. , . ·-· ' 
· '! .{ .,'•·- l -., t ~· ·, ! • .. 

.··-7·_•:~-.. -.:". 
... . .. 

. . . 
/ .. 

· PRHI 250 
PRlN 2ss 
PRIN 260. 
PRlN 265 
PRIN 270 
!'!UN 275 
PRIN 280 
PRIN 285 
PRIN 290 

. PRW. 295 
PRIN 300. ·· · 
PRIN 305 · 
PRIN 310 
PRIN 315 
PRlN 320, 

. PRIN 325 
. PR IN 3 30 
PR IN 335 · 
PR Pi 3t,O 
PION 34 5 
PRIN 350 
PRIN 355 
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C 

.LINE=O · 
DO 410 11=1, NEL,2 
LINE-LINE+l 
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IF(MOD(LINE-1,50).EQ.O) PRINT 4000, KOUT,TIHE, 
>· DELT, IBAND, ITIM, (SUBHD(I), I-1, 8) 

NJMN-i-1 
NJMX-MDIO(M+l, NEL) 

410 PRINT 4100, . fMJ, (TH(IQ, MJ) , IQ-1, 4) , MJ-NJMN, NJMX) 
IF (KPR.EQ.4) RETURN 

ORNL-5567/Rl 

PRIN 360 
PRIN 365 
PRIN 370 
PRIN 375 
PRIN 380 
PRIN 385 
PRIN 390 
PRIN 395 
PRIN 400 
PRIN 405 

C ------- PRINT DARCY VELOCITIES 
C 

PRIN L•lO 
PRIN 415 

510 
C 

KGUT-KOUT+l 
LINE=0 
DO 510 NP-1,NNP,4 
LINE-LINE+l 

IF(MOD(LINE-1,50).EQ.0) .PRINT 5000,. KOUT,TIME, 
> DELT, IBAND, ITIM, (SUBHD( I), l=l, 8) 

NJMN-NP 
NJMX-MINO (NP+3, NNP) 
PRINT 5100, (NJ, VX(NJ), VZ(NJ), NJ=NJMN, NJMX) 

PRIN 420 
PRIN 425 
PRIN 430 
PRIN 435 
PRIN 440 
PRIN 445 
PRIN 450 
PRIN 455 
PRIN 460 
PRIN 465 

RETUR.."i PRIN 470 

C PRIN 475 
1000 FORMAT(lHl,' TABLE OF SYSTEM-FLOW PARA.'1ETERS',2X,'TABLE: ',14, PRIN 480 

>' .. AT TIME =',1PD12.li,' ,(DELT =',1PD12.4,')',' ITIM-',Iii//5X, PRIN 1.85 
>' TYPE OF FLOW' ,35X,'RATE(L**3/T/L)' ,3X,'INC. FLOW(L**3/L)' ,4X, PRIN 490 
> 'TOTAL FL01,,l(L**3/L) '/5X, PRIN L,95 

1 40H 1. FLO\.i' THROUGH DIRICHLET NODES.. .,3(E12.4,10X)/5X, PRIN 500 
2 40H 2. FLOW THROUGH CAUCHY NODES . . . ,3(El2.4,10X)/5X, PRIN 505 
3 40H 3. FLOW THROUGH ~EUMA.'m NODES. .,3(El2.4,10X)/5X, PRIN 510 
; 40H 4. FLQi'L THROUGH SEEPAGE NODES . . . , 1 (El2. 4, lOX) /5X, PRIN 515 
5 40H 5. FLOW THROUGH .INFILTRATION NODES . ,3(El2.4,10X);5X, PRIN 520 
6 40H 6. FLOW THROUGH UNSPECIFIED NODES . ,3(El2.4,10X:,;sx, PRIN 525 
7 40H 7. N~T FLO'.J THROUGH ENTIRE BOUNDARY .,3(El2.4,10X)/5X, PRIN 530 
8 t,OH 8. ARTIFICIAL SOURCES/SINKS . . . . ,3(El2;;4,10X)/5X, PRIN 535 
9 40H 9. INCREASE IN wATER CONTENT ..... ,3(E12.4,10X)/5X, PRIN 540 
A ' *** NOTE: ( +) = OUT FRO~, ( - ) - INTO THE REGION. '//) PRIN 545 

1100 FORMAT(/50H RAINFALL-SEEPAGE NODAL FLOWS ( ( (L**3/T)/L**2). L).) PRIN 55CJ 
1110 FORMAT(8Dl5.4) PRIN 555 
1120 FOR.~~T(lH0,16H VALUES OF NPCON/(8115)) PRIN 560 
1125 FOR."1i\T(lHO,l6H VALUES OF NPMIN/(8115)) PRIN 565 
1130 FORM.>\T(lHO, 16H VALUES OF NPFLX/(8115)) PRIN 570 
2000 FOR.~A.T(13HlOUTPUT TABLE,!4,30H .. PRESSURE HEADS(L) AT T!~E -, PRIN 575 

> 1PD12.4,9H ,(DFLT -,1PD12.4,15H),(BAND WIDTH -,I4,1H),6H IT PRIN 580 
> 15//1X,8A4/1X,7H NODE I,5X,40HPRESSURE HEAD (L) OF NODES I,I+l, .. PRIN 585 
>,1+7 /) PR!N 590 

2100 FOi't'1AT(I7,8(1PD15.4)) PRIN 595 

..... --~ -,.,,,., - -· __ .,,. 
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3000 FORMAT( 13HlOUTPUT TABi...E, It~, 26H. TOTAL HEADS (L) AT TIME =; 1PD12. 4, PRIN 600 
> 9H ,(DELT -,1PD12.4,15H),(BAND WIDTH ~,I4,1H),6H IT =,15//1X,8A4PRIN 605 
> /1X,7H NODE I,5X,37HTOTAL HEAD (L) OF NODES I,I+l .... ;1+7/) PRIN 610 

4000 FCRMAT( UHlOUTPUT TABLE, It~, 36H. WATER CONTENT(LH3/L**3) AT TIME >=PRIN 615 
>,1PD12.4,9H ,(DELT =,1P.Dl2.4,15H),(BAND WIDTH =,I4,1H),6H IT PRIN 620 
2 15//1X,8A4/30X;l6H GAUSSIAN POINTS,40X,i6H GAUSSIAN POINTS/ PRIN 625 
3 2(17X,1Hl,llX,lH2,llX,lH3,llX, lH4,6X)/2(3X,7HELEMENT,2X, PRIN 630 
> 46H*********************·*************************, 2X)/) PRIN 635 

4100 FORMAT(lH , 2 (lX, 17, 2X, 1PD12. 4, 1PD12. 4, 1PD12 .t~, 1PD12 .4, 2X)) PRIN 640 

C 

C 

C 

5000 FORMAT(l3HlOUTPUT TABLE,I4,35H .. DARCY VE:.OCITIES (L/T) AT TIME =,PRTN 64~ 
> 1PD12.4;9H ;(DELT =,1I'Dl2.4,15H),(BAND WIDTH =;14,lH),6!1 IT=, PRIN 650 
> I 5//lX, 8A4/2X, 4HNODE, 9X, 2HVX, 9X, 2HVZ, 4X, 4HNODE, 9X, 2HVX, 9.>;., 2HVZ, PiUN 655 
> 4X,4HNODE,9X,2HVX,9X,2HVZ,4X,l.'1lNODE,9X,2HVX.9X,2l!VZ/ PR.IN 660 
> 2 7 H****.***********************, 3X, 2 7H******·*,.·:*********i·*********, PRIN · 66 5 
>3X, 27H***********************·****, 3X, 2_7H*****'H*******************PRIN 6 70 
>*/) PRIN 675 

5100 FORMAT(lH ,I5,2Dll.3,3X,I5,2Dll.3,3X,I5,2Dll . .3,3X,I5,2Dll.3) PRIN 680 
END PRIN 685 

SUBROUTINE STORE(X,Z,IE,H,HT,TH,VX,VZ,DLB,DCOSXB,DCOSZB,NBE,ISB, 
1 NPB,NPCON,NPFLX, TITLE, TIME, NPROB,NSTRT, NPMIN) 

IMPLICIT REAL*8(A-H,O-Z) 

STOR 005 
STOR 010 
STOR 015 
STOR 020 · 
STOR 025 

COM."!ON /SGEOH/ MAXEL,HAXNP,MAXBEL,MAXBNP,MAXHBP,MAXNTI STOR 030 
COMMON /CGEOM/ NNP,NEL,NBN,NBEL,IBAND,KGRA.V,NTI STOR 035. 
COM.'iON /RSBC/-, MXRSEL,MXRSNP, MXRFPR ,MXRPAR,NRS~l,,NRSN ,NRFPR,NRFPAR STOR 040 . 

DIMEN~ION TITLE(9) 
DIMENSION X(MAXNP) ,Z(MAXNP)·, IE(MAXEL, 5) . 
DIMENSION H(MAXNP) ;HT(MAXNP.) ,VX(MAXNP) ,VZ(MA.XNP) ,TH(4,MAXEL) 
DIMENSION DLB(MAXBEL),DCOSXB(MAXBEL),DCOSZB(MAXBEL),NBE(MAXBEL), 

> ISB(4,MA.XBEL) ,NPB(MAXBNP) 
DIMENSION NPCON(MXRSNP'),NPFLX(MXRSNP),NPMIN(MXRSNP) 

c· 

C 
DATA NPPR0!'/-1/ 

STOR 045· 
STOROSO 
STOR 055 
STO.R 060 
STOR 065 

·sTOR 010 
STOR 0.75 
STOR 080 

· STOR 085 
STOR 090 
STOR 095 
STOR 100 
STOR 105 
STOR 110 
STOR 115 · 
STOR 120 
STOR 125> 
STOR 130 

IF (NSTRT,GT.0) GO TO 110 
· IF (NPPROB.EQ.(-1)) REWIND i 
IF (NPPROB.EQ.NPROB) GO TO 110 

· WRITE( 1) (TITLE(I), I-1, 9), NPROB, NNP, NEL, NBN ,NBEL; NTI, NRSN 
WRITE ( 1) (X(N) , N=l, NNP) , ( Z (N) , N=l, NNP) , (( IE (H, I) , H=l, NEL) , I=l, 4) , 

1 (DLB(M),M-1,NBEL),(DCOSXB(~),M-l,NBEL),(DCOSZB(H);H~l,NBEL), 
2 (NBE(M),H-1,NBEL),((ISB(I,M),I•l,4),M=l,NBEL),(NPB(N},N=l,NBN) 

NPPROB-NPROB 

·..c.. .... · 
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C STOR 135 
RETURN STOR 140 

C . . . . - . STOR 145 .· 

C 

C 

C 

-C 

C 

C 

C 

110 WRITE( 1) TIME, (H(N), N=l, NNP) , (HT(N), N=l, NNP), ((TH( I, M), 1=1,4), M=l, S1'0R 150 
1 NEL), (VX(N) ,N=i,NNP), (VZ(N),N=l,NNP), (NPCON(N) ,N=l,!'ii{SN), STOR 155 
2 (NPFLX(N) ,N-1,NRSN), (NPMIN(N) ,N=l,NRSN) STOR 160 

RETURN STOR 165 
END STOR 170 

SUBROUTINE INTERP(FALL,TRF,RF,HME,MX!'R;MXDP,NPR,NDP) 

IMPLICIT REAL*B(A-H,0-Z) 

DIMENSION FALL(MXPR),TRF(MXDP,MXPR),RF(MXDP,MXPR). 
. . . . 

·no 160 I=l,NPR 
DO 140 J=2, NDP .. 
IF(TRF(J -1, I). LE. TIME . A..'W. TIME. LE. TRF(J, I)) GiJ TO· 120 
GO TO 140 

120 Rf_;"M =RF(J -1, I) 
TRF.JMl=TRF(J-1,I) 
RFJ=P-F(J, I). 

140 

160 

TRFJ=TRF(J, I) 
ABC=RFJ-RFJMl 
ABCD;,.TRFJ -TRFJMl 

FALL( I )·~RFJMl+ (TIME-TRFJMl)*ABC/ABCD 
GO TO 160 
CONTINl!E · 
FALL(I)=0.0 
CONT;INUE 

RETURN 
END 

SUBROUTINE READR(F,MA..XNOD,NNP) 

IMPLICIT REAL*B(A:.H,0-Z) 

.DIMENSION F(MAY .... ~OD) 

NODES=O 
150 READ 40, NI, NSEQ, NAD, FNI, FAD, FRD .· 

i I \. 

'-· -· '·. 
{ 
)·· 

INTE 003 
INTE 010 · 
INTE 015. 
INTE 020 
INTE 025 
INTE 030 · 
INTE 035 
INTE 040 
INTE 045 
INTE 050 
INTE 055 
INTE 060 
INTE 065 
INTE 070 
INTE 075 
INTE 080 
INTE 085. 
INTE 090 
INTE 095 
INTE 100-
iNTE 105 
INTE llO 
INTE ll5. · 

.INTE 120 

REDR 005 
REDR 010 
REDR 015 
REDR 020 
REDR 025 
REDR. 030 
REDR 035. 

REDR 040 

I. 

,. 
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C 

C 

C 

C 

IF(Nl.EQ.O) 'co TO 170 
NJ-NI+NSEQ .. 
DO 160 N~NI,NJ 

NODES=NODES+l 
l=NI+(N-Nl)*NAD 

IF(FRD.NE:0.0) GO TO 155 
F(I)=F'NI+FAD*DFLOAT(N,NI) 

GO TO 160 
155 Il=I-NAD 

IF(N. EQ. Nl) F( I )=FNI 
IF(N.EQ.NI) DINC-1.0DO .· 
IF(N.GT.NI) DINC=DlNC*(l.ODO+FRD) 
IF(N. GT. NI) F( l),,.F(ll)+FAD·xDINC 

160 CONTINUE 
GO TO 150 

170 IF(NODES.EQ.NNP) GO TO 180 
PRINT 1100 
STOP 

180 IF(NNP.LF..MAXNOD) GO TO 190 
PRINT 1200. 
STOP 

190 CONTINUE ,.,., 

40 FOR.'1AT(3T5, 5X,l,D10. 3) 
1100 FORM.AT(lHl/lH ,64H *** ERROR IN EXECUTING READR SINCE NODES .NE. 

> Nt/P: STOP **·k) 

1200 FOR.'1AT(1Hl/1H , 46H *** NNP . GT. MAX.NOD IN EXECUTING READR: STOP) 

110 

120. 

. RETURN 
END 

SUBROUTINE READN ( INDTYP, MXTYP, NTYPE). 

IMPLICIT .REAL*8(A-H,O-Z) 

DIMENSION INDTYP(MXTYP) 

NTYPES=O 
READ-30,NI,NSEQ,NAD,NITYP,NTYPAD 
IF(Nl.EQ.O) GO TO 130 
NJ=NI+NSEQ 
DO 120 NuNI,NJ 
l"':NI+(N-Nl)*l\'AD 
INuTYP ( l}-NITYP + (N-NI)*NTYPAO 
NTYPES-NTYPES+l 
cdtaI~lJE 

. GO TO 110 

------~-:------;-,c-i----:---.,,......--:---,--,,·•···•-•-,·.--·- .. 

'· 

REDR-045 
RF.DR 050 · 
REDR 055 
REDR 060 
RF.DR 065 
REDR 070 
REDR 075 . 
REDR 080 
REDR 085 
RF.DR 090 
REDR 095 
REDR 100 
REDR 105 
REDR 110 
REDR 115 
REDR 120 
REDR 125 
REDR 130 
REDR 135 
REDR 140 
REDR 145 
REDR 150 
REDR 155 
REDR 160 
REDR 165 
REDR 170 
REDR 175 
REDR 180 
REDR 185 
REDR 190 

REDN 005 
REDN 010 
REDN 015 
REON 020 
REON 025 
REDN 030 
REDN 035 
REDN. 040 
REDN 045 
REDN 050 
REDN 055 
REDN 060 
REDN 065 
REON 070 
REON 075 . 
REDN 080 
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C 

no. IF(NTYPES:EQ:NTYPE) corn 140 
PRINT 1100 
STOP 

140' IF(NTYPE.LE.MXTYP) GO TO 150 
PRINT.1200 
STOP 

150 CONTINUE . 

30 :FORMAT(5IS) 
1100 FORMAT(lHl/lH ,64H *·A-* ERROR IN EXECUTING READN SINCE NTYPES .NE. 

> NTYJ?E: STOP***). 
'1200 FOR11AT(1Hl/1H ·;t~6H **·Ir NTYPE .GT. MXTYP IN EXECUTING READN: STOP) 
C 

RETURN 
END 

REDN 085 . 
REDN 090 
REDN 095 
REDN 100 
REDN 105 
REDN 110. 
REDN 115 
REON 120 
REDN 125 
REON- 130 
REDN 135 
REON 140 
REDN 145 
REDN 150 
REDN 155 
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