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ABSTRACT

YEH, G..T. 1982. Training Course No. 1: The implementation
of FEMWATER (ORNL-5567) computer program. Final
report. ORNL/TM-8327. Oak Ridge National Laboratory,
Oak Ridge, Tennessee.

This report documents a training course conducted for the U.S.

Nuclear Regulatory Commission (NRC) on the implementation of a.F,inite

Element M,odel of WATER flow through saturated-unsaturated porous media

(FEMWATER) - ORNL-5567. In addition to present basic program operation

(APPENDIX A-V), the course also covered the following topics:

(1) Mathematical equations and physical principles that lead to the

code development (APPENDIX A-I), (2) The finite element method

(APPENDIX A-II), (3) Finite-element derivation of FEMWATER

(APPENDIX A-III), (4) FEMWATER program structure (APPENDIX A-IV),

(5) Uniqueness and limitations of FEMWATER (APPENDIX A-VI), and

(6) Running of 4 sample problems (APPENDIX B) to demonstrate various

options that FEMWATER can handle. The purpose of the training seminar

is to enable the NRC staf f to use the model (and to be able to modify

the code if necessary) for checking information provided by a licensee,

for evaluating alternative sites and designs for burial, and for

comparing their results from other method of solution.
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INTRODUCTION

This report provides a summary and documentation of a training

course conducted for the Low-Level Waste Licensing Branch of 'the U.S.'

Nuclear Regulatory Commission (NRC) by Oak Ridge National Laboratory

| (ORNL) on August 25-27, 1981. The course was designed to assist NRC

scientists in using a Finite Element Model of WATER flow through

saturated-unsaturated porous media (FEMWATER) - ORNL-5567. Use of this

report should be in conjunction with the FEMWATER document for

assistance in using the FEMWATER code.

COURSE ODJECTIVES AND SCOPES

The main objective of the course was to-present the basic>

operational procedure of the FEMWATER program. The ultimate purpose is

to enable the NRC staff to use the code for checking information

provided by a licensee, for evaluating alternative sites and designs

for burial, and for comparing their results with other methods of

solution. To effectively achieve these objectives, a fundamental

knowledge of mathematical and physical principles that form the basis

of the program is required. Complete understanding of the function of

all subroutines in the program is also required. Thus, in addition to

basic program operation (mainly APPENDIX A-V), the course covered the

following topics:

(1) Mathematical equations and physical principles that lead to

the code development,

(2) Introduction to the finite element method in a simple way,

(3) Application of FEM to the governing equations,

_ . - . _ - _ _ . _ _ _ , _ _ _ .. _ ._ ~ _ . - _ _ _ _ _ _
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(4) FEMWATER program structure,

! (5) Uniqueness'and limitations of the' program, and

(6 ) . Running of four sample problems.

I

COURSE MATERIALS I

i,

|
Materials that were distributed to the participants are included

in the appendices of this report, except for the computer output of the

four sample problems. The outputs of these four problems are given in

the microfishe that is attached to the inside page of the back cover.

Appendix A of this report includes the class notes used in the lecture
I

presentation and some additional useful explanation. Appendix B
|

contains complete input data of four sample' problems given in the
;

training seminar. Appendix C lists the FORTRAN source program that was

convertcd to the CDC machine by Derek A. Widmayer of NRC.

CLASS EXERCISE.
,

Following the course presentation, participants were given

opportunities to actually code the input data for one of the sample
<

problems. Enthusiastic discussion took place concerning the time-step

size, computation of the number of time steps, interpreting soil

properties from the curve to data digit, and automatic generation of

data input. Interpretation of the output, which was executed on the
1

IBM machine, was thoroughly discussed with the participants.
,

4
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APPENDIX A: COURSE NOTES

A-I. FORMULATION OF GOVERNING EQUATIONS

A-II. FINITE ELEMENT METHODS (FEM)

A-III. APPLICATION OF FEM TO THE GOVERNING EQUATIONS

A-IV. FEMWATER PROGRAM STRUCTURE

A-V. FEMWATER PROGRAM REQUIREMENT AND DATA INPUT GUIDE

A-VI. UNIQUENESS AND LIMITATIONS OF FEMWATER

,
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-A-I. FORMULATION OF COVERNING EQUATIONS

; A-I.1. Introduction

i

The derivation of the governing equations for groundwater flow is
i

based on the following laws:

(1) Continuity of fluid, I

(2) Continuity of solid,

(3) Motion of fluid,

(4)' Consolidation of the medium, and

(5) Compressibility of water.
i

i These aspects will be discussed in the-next section and followed by a I
i

discussion on specification of initial and-boundary conditions. j

,

l

A-I.2. Derivation of Governing Equations
:

1. Continuity of fluid:

D +--- Jr (Sp n ) d u = - [ +n - (p V (1)
Dt f e f fs) dT .

y p

S = degree of saturation (dimensionless),

o = fluid density (M/L ),
g

n, = effective porosity (dimensionless),

n = outward unit vector to T,

$ , = fluid velocity relative to solid matrix (L/T),,

f

u = volume of the region (L ), and

T = surface enclosing the volume (L ).

,

, , . - - , , c-- ., .n., , . . - - - . . , - , , , -- -. ,,. ~ ,,.,y-. e, - -,m
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Equation (1) simply states that total rate of change of water mass

within the volume U is equal to the net mass flux through the

enclosing surface T, which may expand or contract because of

consolidation of bulk material.

Using the Reynold's transport theorem, one may rewrite Eq. (1) as

f (Sp
B n,)g V)dT+f. ..du+f. fs)df = 0n* (p Vn* (Sp n (2),8t f e s g

g p p

where V, = the velocity of the surface or the solid matrix. Because

U can be arbitrary, Eq. (2) can be written in differential form as
o

B(Sp n)
f * . .

SV)+V*(p V (3)8t f e s f fs) = 0+V-(p n ,

where V is the del operator.

2. Continuity of solid:

b fpb (1 n )du = 0 (4),Dt eg

where p is the bulk density of the medium. Equation (4) states
b

that the total amount of solid material within the material volume U

(not the spatial volume) remains constant with time. By using Reynolds

transport theorem, one can rewrite Eq. (4) into the following form:

3(1 - n }
[ du+j+n* [(1 n ) V ]dT = 0 (5)e +

.8t e sy p

_ _
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l

Using the Caussian divergence theorem and the fact that u is

arbitrary, we have-

.

1 3(1 - n )
+V*|(1 n)V]=0 (6) f*

.

at e sj ,

! |

'

3. Motion of fluid (Darcy's law):

4

i
i + m a

V = - K * VH = - K * V(h' + z) (7),

fs
;

1

O{E~mm
K= k (8).

.

f (U

}
3

1

i l

H = total head (L), j

|

h = pressure head (L),

z = potential head'(L),#

i

|=

K = hydraulic conductivity tensor (L/T), j

k = permeability tensor (L ),
,

p = viscosity of' fluid (ML- T-I), and' |
g

g = gravitational acceleration (L/T ).-
l

'

4. Consolidation of the medium:

(9)(A, + 2p,)V e = V O ,

where A, and p, = Lame constants, e = dilatation, andI

a = normal. stress = p g h.
f

,1

, . . _ , . . . _ - , . _ ,-- . . - . . . _ . _ _ . . - _ ._ . _ . . - . .
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5 Compressibility of water:

S(p - p ) = 0 8h '(10)p ep = g e ,
g

where B =8p g = modified compressibility of water andg

8 = compressibility of water.

Expanding the continuity equation of fluid, Eq. (3):

"e O BSf

g g n,S g + n,pgg+Sp +

j

+ + +

So V * (n, V,) + (n, V,) * V (Sp )-+ V * (p V ,) = 0 (11).
g g g f

The first and fourth terms can be combined to yield

Bn Bn

g[+Sp V*(n,h,)=Sog[gf+V*(n,V,)]So gf

because of Eq. (6). (12)= Sp V * V, ,g

i Substitute Eq. (12) into Eq. (11):

0
BS f +

# S # S0 Y +n OfE "e Bt f se

0 second-order term

(13)
e a f f fs) = 0(n V k* p ) + V * (p V .

g

Using the equation of fluid motion, Eq. (7), Eq. (13) becomes'

+nS # S0 9 V 9 (p K * (Vh + Vz)] (14)n,pg e f s f
.

.

'

- - - - .- - - -. . - - , - - . . _ _ . , , , , , |
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; Note: up to this. point, use has been -ade of the continuity of fluid,

continuity of solid, and motio- cf fluid and of the assumption of
,

'

neglecting second-order terms to yield Eq. (14).
1

Integration of the consolidation equation, Eq. (9), yields
;

(A, + 24,)e = 0 + f (15).

f = an integration function; it is zero if only vertical consolidation

:
is considered. Taking the derivative of Eq. (15) with respect to time,

*
we have

4

Be 1 Ba ao-- (16)8t -(A + 2p ) 8t a 8t '
s s

c mPressibility of consolidation.a=(A 2p )
s s

By definition:

1;

-3U+ +
(17)e=V+U V = - -

s 8t ,.,

i

U = displacement vector.

Hence

!
4

3(V + U) 3e ao 3h 3h-+
i- = a,3r (18) !V+y = ~ = a at = ap= ,St4 at fs at
i

n' = modified compressibility of medium (= apfg).
!<

i |

| The moisture content, 0, is by definition given as j

i |
,

|

| 0=ns (19) i
.

e i
4

$

'
1

! |
'

i
)

!
l

i i

_

.. , . . . _ . _ . _ _ . _ . . ._ . . . . _ _ . . - _ , _ _ _ . . , _ _ _ _ _ _ _ _ _ _._____I'
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j

The-specific moisture capacity is defined as;

de BS- (20) ,

- = n 3h .dh e

t

from which

de Bh BS (21)gp=n,p;.

From the equation of state for compressibility of water, Eq. (10), we

have'

4

f=o B'jf. (22)
g

Substituting Eqs. (18), (19), (21), and (22) into Eq. (14), we have the

governing equations, after neglecting the second-order term,

[K * (7h + 7z)} * 7p :g

F = V * [K * (7h + Vz)] (23),

T

,

F = --- a ' + O S ' $S . '(24)
n dh

e

A-I.3. Specification of Initial and Boundary Conditions
,

* Dynamic point of view -- A boundary segment can be impervious or

flow-through;

* Physical point of view -- A boundary segment can be a soil-soil

interface, air-soil interface, or soil-water interface;

1

I

- - _ _ . - - . - . . - . . -.- - - . - . . - - - _ - . . ~ .- ,. -.
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* Mathematical point of view -- A boundary segment'can be a

j Dirichlet (prescribed head), a Neumann (prescribed derivative,

flux), a Cauchy (prescribed total flux), or a Variable (either

Dirichlet or Cauchy).

! These complex interrelationships are shown in Fig. A-1.
:

-|

In summary:

Initial Conditions -

h = h, (x,z) in R ; (25)

!

Boundary Conditions -

(26)! h=h on B1 (Dirichlet) ,

t

s

+ =

(27)2 (Neumann)n* [K * Vhl = q nB ,

2

i

+ = =

(28)3 (Cauchy)[K * Vh + K * Vzl = q3 on Bn* ,

4 (x,z,t) on B (29a)h=h
4

i

(Variable)or

! + =
"B L(29b)[K * (Vh + Vz] = q4j -n* .

4
1

] l

I I

|| 1

1

|

1

a

a

!
I

.

1

i
I

i

. -- - -. _ . _ _ . . _ _ - . . _ _ - . - _ _ - .. - .-
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ORN L WS-15264

BOUNDARY CONDITIONS

DYNAMICS PHYSICAL MATH EMATICS

IMPERVIOUS FTc SOI L-SOI L = DIRlCHLET
(IMP)

#

NEUMANNSOI L-WATE R
CAUCHY

#
b
.a

FLOW THROUGH = SOI L-AI R r VARIABLE
(FT)

Fig. A-1. Boundary conditions from physical point of view, dynamic
;

point of view, and mathematical point of view.

!

!

|

_ ___._______ _ _ _ __ _ _ _ _ _ _ . _- - _
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A'-II. FINITE ELEMENT METHODS

A-II.1. Introduction.
|

The following are the steps of applying the finite element method

(FEM) to' differential equations:

(1) Divide the region into elements and nodes,'

(2) Define base functions for each node,

(3) Define weighting functions for cach node,

(4) Approximate the function in terms of base functions and node

values,
;

(5) Define the residual as the difference between true solution |

and approximate solution. |

l

(6) Set weighted residual to zero,
1

(7) Derive the matrix equation,

(8) Incorporate boundary conditions to the matrix equation, and

(9) Use initial conditions to advance the solution through. time.

!-

| A-II.2. A Simple Example

The steps of applying FEM to differential equations are best

explained by showing how they are applied to a simple example. The

governing equation of the simple example is

2
i' af 3g '

(t)=O1
- - - .

8t_ gx2,

The initial condition is

f=0 at t=0 (2).

.

--_ -. _ _. , __ - . _ . _ _ _ . . . - - _ _ _ . _ _ __ __.
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The boundary conditions are

f=1 at x=x (3)y

and

Of
-=f at x=x (4)
8x 4 .

Solution Procedure

Step 1 - Divide region into 3 elements and four nodes:

*1 *2 *3

2 *3 *4
x x

Step 2 - Define base functions both globally and locally:

N (x) N (x) N (x) N (x)
7 2 3 4

, i e i

e | | 8

I8 e e

! ;i -

e i . ,

1 2 3 4

N (x) N (x) (x) N (x) (x) N (*)
2 2

: ;* * , e

| |
' '

| | : | |'

1 2 1 2 1e e e
3

- ._. , .- - - -
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.

N (x), N (x), N (x), N (x) = base functions for nodes 1, 2,'3, and 4,
g 2 3 4

respectively;
,

N (x), N (x) = the-first- and second-node base function
,

for element e ;
g

2
N (x), (x) = the first- and second-node base function

for element e I2

3N (x), N (x) = the first- and second-node base function
2

for element e'.
3

,

It is seen that*

* Over element e g

Nf(x)=N(x),N(x)=N(*} *

2

* Over element e
2

2 2N (x) = N (x), N (x) = N (x) .

2 3

j. * Over element e
3

|
3(x) = N (x), N (x) = N (*} *

3 4

Step 3 - Define weighting functions:

W (x) = N (x)
g

W (x) = N (*)
2 2

Galerkin Weighting (5)

W (x) = N (x)
3 3

W (x) = N (*)
4 4

:

_ - . . - _ - - _ _ _ _ _ _ . _ , - ._ . . _ - ._ , _. , _. .
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Y

Step 4 - Approximate the solution by linear combination of base

functions:

f ~ h = f (x) N (x) + f (x) N (x) + f (x) N (*} + f (x) N (x)2 3 3 4

4 (6)E f.(x) N.(x)=
3 3 *

j=1

Step 5 - Define residual:

3)32
2

(7}R = p
3x

*

2

Step 6 - Set weighted residuals to zero:

r

x . .

J W.(x) { E 8 f } dx = 0 (8)
,

Bt 2i 3,1

i = 1, 2, 3, 4 .

Step 7 - Derive matrix' equation:

***4*4 dW.(x)
^

*4
^^

(9)*
f W.(x) Bt dx + f dx = W.(x) 3x*

dx 8x t x=x ,i

1 1 1

{ *4 dW . d N . \
[f

*4 df.|

W. N. dx d+ f A dx f.=B. (10)
i

,

dt dx dxi j j g ; j t
X

1 f g 1 /X

___
-

- _- -

__

b ).a) gg

x=x.

B. = W.(x) ax
i = 1, 2, 3, 4 (10a),

t i

x=x

,

..---.. , - _ . __m ,w ,,.1
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[a]{ }+.[b]'{f}={B} (11) .,

I I
1

where [a] = mass matrix, [b]=stiffmatrix,and{Bf= boundary i'

1

' l

' load vector, |

!

d f, - d f, df M |
3 4

*11 E **12 [*'13 E**14 E* 11'1 l'22 13 3 14 4 1
* * * * ~

*

;

I ;

l
'

: di df df di . i

*# # # * * * *
"21 22 23 2a 21 1 22 2- 23 3 24 4 2

!
!

df df- df df

* * * * * ~

"31 " 12 * "33 14 31 1 32 2 33 3 34 4 3
*

i
1
4

; C1 df, dt. df, I

0 '

'' S 1 42 4 ') '4 41 1 42 2 43 3 44 4 4
1

1

I

i

i

*4 *2 *3 *4
=j NN dx = f NN dx + f NN dx+f NN dxa 7g 72 g2 y2

*1 *1 *2 *3
4

;

I ~

0 *-O dx (16)=fNN dx+[e 0*Odx+f'3
-

,

e 11t 2

,

-

-1
a gg

;

!

4 *2 *3 - *4x

dx+f. NN dx + f NN dxNN dx = f NN) =a g2 y212 2 2
*1 *1 *2 *3

:
1

dx+f*3dx+[e=f NN 0 * O dx (17)0*N ,

e 1
2

_

1
a;. 12

1

I

i

, , - ~- , - - - -,,-,-e-,-.-.... - - - , , , . _ - - - - . . - , . - . , + . - , . . , - . , . - - , , - - - - - , , . n-
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*4 *2 *3 *4
*" ** N dx + f NN dx'

13 " 13 13 I3 73a

*1 *1 *2 *3

=j N * O dx + f 0*N dx + f 0*f32
, - (18)dx

*4 *2 *3 *4
N N dx = NN dx + f NN dx + f NN d*=a

14 74 4 4 74
*1 *1 *2 *3

3=f NI * O dx + f 0 * O dx + f 0*N dx (19),

,

4

*4 *2 *3 *4
NN dx = f NN dx+f NN dx + f NN dx-

21 "a x 2 2 2 2
1 1 2 3

Odx+f 0 * O dx (20)=j NN dx+j N *
,

-

1
8

21

*4 *2 *3 *4
NN dx = f N N dx + NN dx + f NN dx=a

22 22 22 22 32
y y 2 *3; x x x

=f NN dx+f N dx+f 0 * O dx (21),

2

-

_
_

1 2
8

*22 11

*4 *2 *3 *4
NN dx = NN dx+f NN dx+f NN dx=a

23 23 23 23 23
*1 *1 *2 *3

l=j N 0 dx + f N dx + f 0* dx (22),

2 2 e
1 2 3

-

-

2
8

12

- - - - - - - -- _- . -- __. _ . ~ .. _ _ _ , . _ , _ _ _ _ _ _ . _ , , . ,-
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4 *2 *3 *44 x

d*" d* * *+ *
24 " - 24 24 24 - 24a

1 1 2 *3-x x x

3=f NI * O dx + f N2 * O dx + f 0*N dx (23)..,

'

4 *2 *3 *4x

31 " 31 "3 1 31 31*" *+ ** *a

*1 *1 *2 *3
:

0 dx + j,=f 0*N dx + j N * O dx (24),

2

*4 *2 *3 *4
d*" d* + N ** *~a

32 32 32 32 32
x _ g 2 *3x x -

=f,O*N dx + f N N dx + f * O dx (25),

2

.

2
"21

4 *2- *3 *4x

*" d* * *+ *
33 " 33 33 33 33a

*1 *1 *2 *3

= f, O * O dx + f M *+
e 2 2 e

3
- __- -

2 3
8 a

21 gg

*4 *2 *3 *4
*" *+ *+ *

34 " 34 34 34 34a

*1 *1 *2 *3

=f 0 * O dx + f N 0dx+j N dx (27),

2 y

_

3
a

12

- . , . . - - , -- . , . - - -- ._
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*4 *2 *3 *4
NN dx = f NN dx + f NN dx+f NN dx=a

41 4 4g 4g 4
*1 *1 *2 *3

0*N dx + f 0 * O dx + f N3 , 0 dx (28)I

=[e ,

g

*4 *2 *3 *4
NN dx = f NN dx+f NN dx + f NN dx-=a42 42 42 42 42

*1 *1 *2 *3

=f 0*N dx + f 0*N
dx + f*3e lg

*4 *2 *3 *4
*" ** d* * *43 " 43 43 43 43a

x x x
- *3

'

2

=f 0 * O dx + f 0 N dx+f N N dx (30),

e e y 2
1 2

.

3
"22

*4 *2 *3 *4
=f NN dx = f NN dx + NN dx + [ NN dxag 44 44 44 44

*1 *1 *2 *3

=f 0*Odx+f 0 0dx+f N N dx (31),e e 2g 2
.

3
a

22

# a a
11 12 13 "14

a - a a a
21 22 23 24

[a] = (32),

8 8"31 32 33 "34

a 8 8
41 42 43 44,

,

- _ ..
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i

-I s | ~0~1
. a a 0

'

"11 ', 12 t

- - - . y - - - - .y .- - - - - - y - . ..

a ,a1+a2 i 21- 0a
21 22 11 1 12 i

-[a] = ----+-----F------t-----', (33)
'

| 2 2 3 1 3

, 21 22 * "11 I0 a 8 a;g
- - - ..,. . . . - -y. - - + - - ,

1t e
3 3

0 s 0 I a e 'a
t i 21 .; 22,

.

Similarily,
"'

1 | 1 1 '
b b 0 1 0

11 8 12 8

----t-----r----T----
I I ' '

b 0b 8b22 + b11 1 12 I .

21

[b] = ----t------i------t---- (34) f,

' 2 8 2 3 8 3
b b

i 21 22 + b11.1 120 t b 1

,___,...,..----t----

! 3 8 3'
0 | b : b0 i 21- 22 ;

e i , ,
,

-
x=x dN.

- 4 dN~
-f. -N d ~f . =A, (35) iB =W =N

1 1 Bx dx j 1 dx j
x,x x,x x=x

10 0
#*"*4 dN/ dN^

B =W =N M f. -N f. =0 (36) |:
,

9 dx j2 2 8x [dx j x=x =x
|

x,,
4

,

1

1

1

0
|x=x

4 dN d N,^

af -

B =W N f. -N f. =0 (37) i,

3 3 8x Jx j dx j
x,x

|

0

-

*"*4 d N ./
,

*

=f (38)
4 4 4 j f) 4,B =W =N f -N

x=x x=x x=x

i

. . _ . , . ~ . _ _ _ - - , . . ._ .- - ,__ _ _
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i

Thus,
f
*

(g3

0 *

{B}= ( ), (39)
0

d4/

f gg %
e "

1
a a 0 0yy l2 dt

i

df4

2
8 a a 021 22 23 de

( > +

df
30 a a a32 33 34 dt

dfi

4
0 0 a a43 44 de, s j

P ' r % r1>b b 0 0 f, y1 g 7

b b 0 f 021 22 23 2

$ k =I ). (40)
0 b D D 032 33 34 3

0 'O b b f f43 g 4 4
- a % J % J

|-

Step 8 - Incorporate boundary conditions into the matrix equation:

a = 0, a = 0, b = 1, b =0 -(41a).(- gg l2 yy 12

f and

d=1 (41b),.

!

,_ , . _ _ _ , - . _ . .._._s -- . , _ _ _ - . . . . - - . _ . - - - - , --
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:
1

The final matrix equation.is

r S-e

|
0 0 0 0 d f /d t -y

a a a :0 df /dt
21 22 23 2

i k+
,

0 a 8 8 d /dt
32 33 34' 3

,

0 0 a a df /dt
43 g 4>

>

% J..

m ? % (' % ;-

1 0 0 0 f 1
7

b b b 0 f 0
21 22 23 2

k =< (42).
,

.
|

O b b b 0
32 33 34 3

0 0 b b -1 f 0
g 4j q s43 44

i f

Step 9 - Solve the initial value problem, Eq. (42).. Matrix

equation, Eq. (42), can be solved by any of the six'

numerical schemes as reported in FEMWATER - ORNL-5567.

i

't

4

i

nce 7-r,.m - y,--m w-e ,e- ~. - - - - ---g.,-, y --w x---g-1- e - we.- . -- ,
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A-III. APPLICATION OF FEM TO GOVERNING EQUATION

The application of FEM to the problem of flow-through

saturated unsaturated porous media is straight foward as that presented

in Section A-II for the simple example.

The governing equation is

f=V*[K*(Vh+Vz)] (1)F .

The initial conditions is

h=h (2).y

The boundary conditions are-

h=h n the Dirichlet Boundary (3),
D

+ =

n* (K * (Vh + Vz)] = qN (4)n e eumann un ary ,

h=h or (Sa)y

on the Variable Boundary .

+ =

a (K * '. "5 * Vell = q (5b)*
q

Equations (1) through (5) have mathematically defined the problem at

hand. We may now proceed to apply the FEM to the governing equation

and the boundary conditions following the same procedures as those in
2

Section A-II.

_ . _ .
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,

Solution Procedure

Step 1 - Divide the region of interest into' N node s and M
i

'

elemer.ts. Each node is specified by its spatial
,

coordinate.

Step 2 - Define base functions both over the region of interes*.
,

and over each element. Let N. be the base' function of
J

node j. We will use a bilinear base function; i.e., N.
J

will have the value of 1.0 at the nodal point j and the

values of 0.0 at all other nodal points, f, g, h, i, k,

; 1, m, and n (Fig. A-2). Furthermore, N. will vary
J,

bilinearly over those elements that have one nodal point
.

>

coinciding with j and will have the value of 0 0 over all-

other elements (Fig. A-2). It is seen that

j over element a,

1

Na = N , N" = N., N" = N., N" = N ; (6a)
'

1 f 2 1 3 j 4 g

over element b,

=N ; (6b)N =N,N =N,N =N{,N;
_

i

over element c,
'

.

Nc=N,N =N,N =N, N? = N. ; (6c)C
.

I t 2 1 3 m 4 j.

|

over element d, i
1

d d
N = N., N =N,N =N,N =N (6d) I,

1 j 2 m 3 n 4 k |

<

! 1

I
_ _ _ _ , _ , _ , , . . _ . _ _ _ _ . . _ _ _ . _ _ _ _ , _ _ , _ _ . .___. _ _ _ ._. _
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1.0

| \
l \
| t \
l \

/ 3 \
gh/ ). -b

/ / /k
--- n-

z
!) (j/ gj

-~~

,9 g ---- m s =x

s''
Ca

'
f

I*
i

i 1.0 1.0

\si
gi i\
i\ \N
I * * s

4' \
---3 ' 4 i- 3f- - ----

2

' ' ' 'I'y/ nejN') /
= x

1 2 1 2

1.0 1.0

(
.

\, .

i \ \
/ \ s

#Nj f 4
3 , - - ----3x f---- --

= x
0

/ C
/

1 2 1 2

Fig. A-2. Definition of base functions over global region and each
element

!

- - - - = , - - . _ , -, -- -________ - __ __ _ _ - - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ -
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I

where

= base functions for nodes,f, iN ,N ,N ,N ,N;,N ,N ,N ,Nf g g

g, h, i, j, k, 1, m, and n,

!
respectively; j

N,N,N,N{=thefirst, second, third, and fourth-node basea a a

functions for element a;

N,N,N,N = the first, second, third, and fourth node base

functions for element b;

c # CN,N,N,N = the first, second, third, and fourth-node base
|

I"

functions for element c; and

dN,N,N,N = the first, second, third, and fourth node base
4

:

functions for element d.

In fact, the base function N. is given by.
J .

|

x-x z-z.. ,

over element a (7a) I*
N.(x,z) = x. E *

,

j x z.z.
J 8 J 1 I

I

|

x-x z z

N.(x,z) = x.
E over element b (7b)*

,

J x z z.
J g k j

x -x z-z.
" *

N.(x,z) = X over element c (7c)*
,

J - X- Z- Z-
m j j i

x z - zx -

over element d (7d)N.(x,z) = x" - x. J* .

j z - z.
m j k j
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i

Step -3 - Define weighting functions:

W (x,z) = N (x,z), i = 1,2,... N (8).

4 p

Step 4 - Approximate the solution by linear combination of base

functions:

NA

h=h= E h (t) N.(x,z) (9).j
j=1

Step 5 - Define residual R by

A

R =F b - V * [E * (Vh + Vz)] (10) -. ,

r at

Step 6 - Set weighted residuals to zero:

A

fW. {F b - V * [K * (Vh + Vz)] } dR = 0 ,

1 t
R

i = 1,2,... N (11).

Step 7 - Derive matrix equation:

Substituting Eq. (9) into Eq. (11) and integrating by part,

we obtain

dh.

[[ N. F N.] - dt1+[[(VN.)*E*(VN.)dR]h.1 3 31 j
-

RR
,

= - [ (VN. ) * 5 * (Vz) dR + f n * K * (Vh + Vz)N dP ..g
1

R F
-

i = 1,2,..., N (12).

!

... - _-
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Equation (12) written in matrix form is

[a] +[b]{h}={D}+{Q} (13),

where [a] = mass matrix,

[b]'= stiff matrix,*

{D}=knownloadvector,and

{Q}=boundaryload. vector.

,

a . . = f N. F N . dR = E f N. F N. dR
LJ * 3 1 3R eCM R-

e

E f N* F N* dR (14), =

ecM R,

;

in which M, is the set of elements that have a local side a - S

coinciding with the global side i j.

i

Similarly,4

b. = f (VN.) * k * ( VN . ) d R = E' f (VN.) * k * ( VN . ) ' d R ='

1 J13 R.
* 3 ecM R

e4

f (VN*) * k * (VN*g) dR (15)'E ,
,

etM, R,

D.=-f(VN.) * k * Vz dR = - E [ (VN.) * k * Vz dR =
' * * *

R em R
e

E f (VN*) * k * Vz dR (16)-
,

eEM R
e e

i

l

$ .

a

rw-- g - , , - , - - r -- .- - - w -e , m - _ ~e- ~ ,m -eme,-
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.nd

Q.-=fn*K* (Vh + Vz ) N dP_ (17).
1 gp

,

Step 8 - Incorporate boundary conditions into the matrix equation.

If Eq. (4) or (5b) is applied to a beendary node, then

Eq. (17) is integrated over the boundary segments that'.

;

have the boundary node and the results are used as

boundary load vector. On the other hand, if Eq. (3) or

(Sa) is applied to a boundary node, the integration of
!

Eq. (17) can be ignored because an identity equation will

be created for such node.
,

a

Step 9 - Solve the initial value problem, Eqs. (13) and (2).

-

3

1

T

i

(
<

!

,

d

- - . . _ _ . , - _ . . - - --. - . - - . - - _ - . - - . - - . , - - . _ -_
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|

A-IV. FEMWATER PROGRAM STRUCTURE

A-IV.1. Purpose of FEMWATER.
:.

The- source program of FEMWATER is designed mainly to solve for the~

e \

following initial and boundary value problem:

Governing Equation

,

Wz ) , gs- b z))) , [ [K {K bz ) ,3.h, , [[K {K s-sp
Bt 8x r xx 8x .xz 8z 8z r zx 8x

_

_Q (h+z )) ) (l)s
K
zz Bz

,

where h is the matric potential (pressure head); z is the gravitational

head (potential head); x and z are the Cartesian coordinates on the

vertical plane; L is the time; F is the generalized storage coef ficient,-
8 s sa function of pressure h;-K , K,s g ,adK are the four,

components of the saturated hydraulic conductivity tensor K*; and

K is the relative hydraulic conductivity, a function of pressure
; r

s
head h, resulting from expressing K = K K.

r

Initial Condition
1

h(x,z,0) = h.(x,z,t) in R (2) -

,

I

where R is the region of interest and h.(x,z,t) is the prescribed
1

initial value function, which may also be obtained by solving for h the |
-l

steady-state version of Eq. (1) under time-invariant boundary |

4

Conditions.

1

4

1

. .-. ., .-. ... - ---. - .
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Boundary Conditions

h(x,z,t) = hD *b ' *b ' D
" *

t

_3(h+z))) ,bz) , g_3_ b z)}} - n-[K {Ka bz ) + K ssss- n [K {Kx r xx 3x xz Bz z r zx 3x zz az

= q N ( *b ' *b ' ' " *N

and

on B (Sa)h(x,z,t) = h (x '*b,t) yy b

or

W z)}] - n [K {K* ** s- n [K {K* +K +
x r xx 3x xz Bz z r zx 3x

K . Mz)}] = q (x '*b,t)s on B (5b),

9 b y

D *b'*b,t) is the prescribed pressure head as a functionwhere h

of time t and spatial coordinate (g,zb) n the Dirichlet boundary

BI9N *b'*b t) is the prescribed water flux through the boundary,D

function of the time t and spatial coordinate (g,z ) n the Neumanna b

boundary B ; h (x '*b,t) and g (x '*b,t) are the prescribed pressureN y b y b

head and water flux through the boundary and both are functions of the

time and spatial coordinate (g ,z ) n the Variable-type boundaryb

B ; and n and n are the x- and z-components, respectively, of a unity

vector normal to the boundary outwardly. It should be noted that

qN(*b'*b,t) and q (x '*b,t) are positive if they are directed out fromy b

the region of interest and negative if directed into the region. Only

Eq. (Sa) or (Sb) can be applied to B at a time; they cannot bey

i
applied to B at the same time.y

. - -, .. - ._ - - _ - - _ _ _ _ _ _ _ _ _ -
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|
!
|

A-IV.2. Structure

The Finite Element Model of WATER flow through saturated-

unsaturated porous media (FEMWATER) consists of a MAIN program and
|
'

16 subroutines. These subroutines are named according to their

functions. The MAIN program is utilized to specify the dimension of
;

arrays and to assign integer parameters of the array sizes. It also

initializes the arrays. The control and coordinate activity are

performed by .the subroutine GW2DKZ. Figure A-3 shows the structure of
,

the model.

l,

Subroutine GW2DXZ
!

The subroutine GW2DXZ controls the entire saquence of operations,
I

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

preferable to keep a short MAIN and several subroutines with variable
,

storage allocation. 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 the array dimensions throughout all |
l

subroutines.

The subroutine will perform either the steady-state computation

alone (KSS = 0 and NTI = 0), or a transient computation using the

steady-state as the initial condition (KSS = 0 and NTI > 0), or the

transient computation using user-supplied initial conditions (KSS = 1

and NTI > 0). GW2DXZ calls to subroutine DATAIN for~ reading data;

subroutine SPROP for obtaining the 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

_
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ORNL-DWG 79-13054

PRINTT M AIN

SURFSTORE GW2DXZ DATAIN -

SPROP
SFLOW

BASEQ4D -

_/

BANSOL

BASE

BCPREP

BASEASEMBL 04- -

BC

BANSOL

|
Fig. A-3. FEMWATER program structure

l

t

--- --
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!

from Dirichlet to Neumann boundary condition is required or vice versa;

subroutine ASEMBL to assemble the element matrix over all elements;

subroutine BC to implement Dirichlet, Neumann, and rainfall-seepage

boundary conditions; subroutine BANSOL to solve the resulting matrix

equation; subroutine SFLOW to calculate flux through all types of

boundaries and moisture-content accumulated in the media; subroutine

PRINTT to print out the results; and subroutine STORE to store the flow

variables for input to a waste-transport model or for plotting.

Subroutine DATAIN

Subroutine DATAIN reads all data input described in Section A-IV.3 l

i

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

calls subroutine SURF to identify the surface elements and boundary

nodes.

1

Subroutine SURF I

Subroutine SURF identifies the boundary sides, sequences the
1

boundary nodes, and computes the length and directional cosines of each

side. The element numbers associated with the boundary sides are

stored in NBE; the boundary nodes are stored in NPB. The length and
I.

directional cosines for each side are stored in DLB and DCOSXB and
( |

DCOSZB, respectively. The local and global nodal numbers of two nodes

of each side are in ISB. The information is returned to the subroutine j
i

DATAIN for other users.
i

s

|

|

|
|

, - . - - r - , , , - -, y - =|
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i

i

lSubroutine SPROP

This subroutine calculates the values of moisture content,

TH(M,1Q), the hydraulic conductivity components, AKX(M,IQ) and

AKZ(M,IQ), and the water capacity, DTH(M,IQ) as functions of the

pressure head, H(NP).- Two options are available. One is to

interpolate the values from the tabular input. The other is to compute

the value with an analytical function characterized by a certain number

of parameters. The maximum number of the parameters one can input is

given by MXSPPM. When the. analytical option is used, the user must

supply the functional form. An example in the present code is given by

cards SPRO 315 to SPRO 525. Any analytical function other than the

example should be coded in lieu of the above FCnIRAN statements.

Subroutine VELT

This subroutine calls to Q4D to evaluate the element matrix. It

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

the velocity components at all nodal points. Subsequently .it calls

Subroutine BANSOL to yield the solution. The computed velocity field

is then returned to CW2DXZ through the argument. The velocity field is

then passed to Subroutine BCPREP to evaluate the Darcy flux across the

seepage rainfall surfaces.

Subroutine Q4D

Subroutine Q4D is called by the Subroutine VELT to compute the

element matrix given by
r

QQ(I,J) = f NN dR ,g
R

e

-. __ _ _ _ _
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o

where N; and N; are the base functions for nodal points i and j,
respectively. It also evaluates the element load vector given byi

BN . 3N
dRQ(I) = - / N [K ---3* $+Ki ** ** 3* $+K**] dRh h -

R
e

or

i BN BN

h$+K
--d~

RQ(I) = - / N [K --1
$+K**] dRh ,g ** * ** *j R

! e

'

where h) is the pressure head at nodal point j and K K, ,

Kzx, and K are hydraulic conductivity tensor components. The'

zz;

computation of these quantities is straightforward.
I

1

j Subroutine BASE

) This subroutine is called by Q4D, Q4TH, and Q4 to evaluate- the .
(
' value of the base function at a Gaussian . point. 'The computation is

1

s traigh t forward ,

l
1
'

i

Subroutine BANSOL

This' subroutine is called by VELT- and GW2DXZ to solve for the --

:
i matrix equation of the type

- 1;

; I

[c] {x} = {y} - |,

!

: where [C] is a matrix and {x} and {y} are two vectors.>

{x} is the unknown to be solved and {y} is the known load
i

vector. The computer returns the solution {x} and stores it in
;

{y}. The computation is a standard procedure.
I
i

i
i

+

-.ye i. ---= .--m.en. + ,- - ,y -yw-y ,-,.p-*, ---.y..,..---mwm7 w- p-- -m 9 e-*w ~--y 9~+g.m--- y yei.- g ---
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Subroutine BCPREP

This subroutine is called by GW2DXZ to prepare the

rainfall-seepage boundary conditions. It decides the number of nodal

points on the rainfall-seepage boundaries to be considered as Dirichlet

points and Neumann points. It also computes the number of points that

change boundary conditions from Dirichlet to Neumann types or from

Neumann to Dirichlet types. Upon completion, this subroutine returns

the Darcy flux--DCYFLX, rainfall flux--FLX, the ponding depth nodal

index--NPCON, the flux-type nodal index--NPFLX, and the number of nodal

points--NCHG that have changed boundary conditions.

Subroutine ASEMBL

This subroutine calls Q4 to evaluate the element matrix. It then

sums over the entire element matrix to form a matrix equation governing

the pressure head at all nodal points.

Subroutine Q4

Subroutine Q4 is called by ASEMBL to compute the element matrix

given by

QA(I,J) = f N FN dR
f

R
e

*
BN BN BN BN'

3N BN

QB(I,J) = / [3x (Kxx 3x xz 3z ) + az (Kzx 3x zz Bz )]dR+K +K
Re

where F is the soil property function and K ,K , and K are

the tensor components of the hydraulic conductivity. It also evaluates

the load vector given by

BN BN'RQ(I) = f (K +Kzz 3z ) dR ,

xz 3x
e

_ _
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Subroutine BC

This subroutine evaluates both Dirichlet and Neumann boundary

conditions. For a Dirichlet boundary condition, an identity algebraic

equation is generated for each Dirichlet nodal point. Any other' |

equation having this nodal variable is modified accordingly to simplify

the computation. For the Neumann boundary-side, the integration of the

surface source is added to the load vector. The subroutine BC also

implements the variable boundary conditions. First, it checks over all

rainfall-seepage points, identifying any cf them that are Dirichlet
i

points. If any are Dirichlet points, the method of incorporating

Dirichlet boundary conditions mentioned above is used. If a given

point is not, the point is bypassed. Second, it checks over all

rainfall-seepage points again to see if any of them are Neumann

points. If any are, the computed flux by the rainfall is added to the

load vector. If a given point is not a Neumann point, it is bypassed. ;

!

Because the rainfall-seepage points are either Dirichlet or Neumann j

j points,'all points are taken care of in this manner.

I

Subroutine PRINTT J

|
'

This subroutine is used to line print the flow variables. These
,

include the fluxes through variable boundary segments, the pressure j

head, total head, moisture head, and Darcy's velocity components.

Subroutine STORE

This subroutine is used to store the flow variables on logicalI

unit 1. It is intended for use with a subsequent computer model,
;

FEMWASTE. The information. stored includes TITLE, NPROB, NNP, NEL, NBN,'

- - - _ _ ._ _ _ _ _ _ _ - - - _ _ , _ . _ - _ _
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NBEL, NTI, NRSN, X, Z, IE, DCOSXB, DCOSZB, NBE, IS3, and TIME, H, HT,

TH, VX, VZ, NPCON, NPFLX for each desired time step.

Subroutine SFLOW

This subroutine is used to compute the fluxes through various

types of boundaries and the increasing rate of moisture content in the

region of interest. FLOW (6) is to store the flux through the whole

boundary enclosing the region of interest. It is given by

i

FLOW (6) = f (V n + V n ) dB ,
XX Z Zg

where B is the global boundary of the region of interest, V and V
X Z

are the Darcian velocity components on the boundary in the x- and

Z-direction, respectively, and n and n are the directional
g

cosines of the outward unit vector normal to the boundary B. FLOW (1)

through FLOW (4) store the flux through Dirichlet_ boundary 3 , eumann
D

boundary B , the seepage boundary B , and the rainfall infiltration
N g

boundary B , respectively, and are given by
R

FLOW (1) = f (V n + V n ) dB* * * * .
,

B
D

FLOW (2) = / (V n + V n ) dB ,

* * * *
B
N

!

FLOW (3) = f (V n + V n ) dB'
,

X X Z Z

S

I

FLOW (4) = f (V n + V n ) dB .
, XX Z Zg,

R
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4

'

FLOW (5), which is related to the numerical loss, is given by'

'
i

FLOW (5) = FLOW (6) - (FLOW (1).+ FLOW (2) + FLOW (3).+ FLOW (4)]. -); .

If there is no numerical' error'in the computation, FLOW (6) should be i'

1

{ . equal *to' FLOW (7) to be defined below and FLOW (5) should be equal t'o.
.

zero. FLOW (7) is used to store the moisture-content increasing rate

within the porous media; that is,

FLOW (7) = / F Bh-- d R ,

R

where F is the soil property function and h is the pressure head. |,

: |
l

Subroutine Q4TH

This subroutine is used to compute the contribution of-

moisture-content increasing rate from an element:
!
'

QTHP = / (de + Oa'/n + B')Bh dR*
R

e,

; where a' and B' are the modified compressibility of the soil matrix
!

and liquid fluid, respectively, n is the effective porosity, and

0 is the moisture-content. The computation of the above integration

t

is straight-forward,4

i
i

l,
i

;
I
$

4

!
1
*

i

;

i
. _ . _ _ _ _ _ . . _ _ , _ _ _ ,_ _ _ . . _ _ . . - _ . _ _ . . _ ._ _ _ , _ _ _ . _ . ,_ _ -. _. _
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A-V. FEMWATER PROGRAM REQUIREMENTS AND INPUT DATA GUIDE

The following describes the requirements for each site-specific

application and the input data guide.

A-V.I. Varitble Array Dimension Specification

The subscripted variable arrays have to be dimensioned for each

site-specific problem in the main program. Fourteen (14) cards

containing the following variables should be dimensioned according Lo

the subscript in each of the arrays:

X(MAXNP),Z(MAXNP),IE(MAXEL,5) 1 card

C(MAXNP,MAXHBP),R(MAXNP),H(MAXNP),

HP(MAXNP),HW(MAXNP),HT(MAXNP),

TH (MAXZ L ,4 ) , DTH (MAXZ L ,4 ) , VX (MAXNP ) , 3 cards

VZ (MAXNP) , AKX(MAXEL,4) AKZ (MAXEL,4) ,

NPCNV(MAXNP)

DLB (MAXBEL) , DCOSXB (MAXBEL) , DCOSZ (MAXBEL) ,

BFLX(MAXBNP),BFLXP(MAXBNP),NBE(MAXBEL), 2 cards

ISB(MAXBEL,4),NPB(MAXBNP)

D L (MXRSEL) , DCOSX (MXRS EL) , DCOSZ (MXRSEL) ,

DCYFLX(!!XRSNP),FLX(MXRSNP),RSFLX(MXRSNP),

HCON (MXRSNP) ,NRS E (MXRSEL) , IS (MXRSEL,4) , 3 mds
NPRS(MXRSNP),NPCON(MXRSNP),NPFLX(MXRSNP),

IRFTYP(MXRSNP),TRF(MXRFPR,MXRPAR),

RF(MXRFPR,MXRPAR),RFALL(MXRFPR)

RP(MXSTNP),NPST(MXSTNP),BB(MAXBCN),NN(MAXBCN) 1 card

PR0P(MAXMAT,MXMPPM),THPR0P(MAXMAT,MXSPPM),

AKPROP(MAXMAT,MXSPPM),HPROP(MAXMAT,MXSPPM), 2 cards

CAPROP(MAXMAT,MXSPPM)

PMAT(3,MXMPPM),AKPAR(3,NAKPPM),THPAR(3,NTHPPM) 1 card

KPR(MAXNTI),KDSK(MAXNTI) 1 card

. .- - - - _ . ._
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where MAXNP is the maximum number of nodal points; MAXEL, the maximum

number of elements; MAXBEL, the maximum number of boundary

element-sides; MAXBNP, the maximum ' number of boundary nodal points;

MXRSEL, the maximum number of rainfall seepage element-sides; MXRSNP,

the maximum number of rainfall-seepage nodal points; MXRFPR, the

maximum number of rainfall profiles; MXRPAR, the maximum number of

rainfall parameters; MXSTNP, the maximum number of surface-term nodal

points (the maximum number of Neumann boundary points); MAXBCN, the
j

maximum number of Dirichlet boundary condition nodal-points; MAXMAT,

the maximum number of material types; MXMPPM, the maximum number of

material properties per material type; MXSPPM, the maximum number of

soil property points per material; MAXNTI, the maximum number of time

integration steps; NAKPPM, the number of parameters per material to

describe the conductivity parameter names; NTHPPM, the number of
I

parameter per material to describe the moisture content parameter ,

I

names; and MAXHBP, the maximum number of half band width plus 1- of the

global matrix. For example, the seepage pond problem is dimensioned as
,

follows:
*

l

DIMENSION X(595),Z(595),IE(528,5) MAIN 170
\

DIMENSION C(595,16) ,R(595) ,H(595) ,HP (595) ,HW(595) ,HT (595) , MAIN 180 l

MAIN 185>TH (528,4) , DTH (528,4) ,VX (595) ,VZ ( 595) ,
MAIN 190>AKX(523,4),AKZ(528,4),NPCNV(595)

DIMENSION DLB(199),DCOSXB(199),DCOSZB(199),BFLX(200),BFLXP(200), MAIN 200
MAIN 205>NBE(199),ISB(199,4),NPB(200)

;

DIMEN S ION DL (99) , DCOSX (99) ,DCOSZ (99) ,DCYFLX (100) , FLX (100) , MAIN 215

> RS F LX (100) , HCON (100) , NRSE (99) , IS (99,4) ,NPRS (100) , NPCON (100) , MAIN 220

>NPFLX(100),IRFTYP(100),TRF(3,20),RF(3,20),RFALL(3) MAIN 225

DIMENS IOW RP (30) , NPST (30) , BB (40) ,NN (40) MAIN 235

t

_. - . . _ , , _ _ _ _ ,,



. . ._ . ..

&

43 ORNL/TM-8327

DIMENSION PROP (3,5),THPROP(3,52),AKPROP(3,52),HPROP(3,52) MAIN 245

>CAPROP(3,52) ~ MAIN 250

DIMENSION PMAT(3,5),AKPAR(3,8),THPAR(3,8) MAIN 255-

4

DIMENSION KPR(250),KDSK(250) MAIN 265
-r

Corresponding to the above dimension specification cards, six data
,-

specification cards must be used to assign the control number; for
'

example:

DATA MAXEL,MAXNP,MAXHBP/528,595,16/ MAIN 335-

DATA MAXBEL,MAXBNP/199,200/ MAIN 340

DATA MXRSEL,MXRSND,MXRFPR,MXRPAR/99,100,3,20/ MAIN 345

DATA MXSTEL,MXSTNP,MAXBCN/29,30,40/ MAIN 350

DATA MAXMAT,MXSPPM,MXMPPM,NTHPPM,NAKPPM/3,52,5,8,8/ MAIN 353

DATA MAXNTI/250/ MAIN 360 *

> ,

' where MAXHBP is the maximum ' number of half band width of matrix C.

s

A-V.2. Soil Property Function Specifications
< <

The code provides two options to handle the functional

relationships of moisture-content, water-capacity, and hydraulic

conductivity.sith the pressure head. One is the tabular input while

; the other is the analytic function specification. If the.former option

is used, the user may ignore this subsection. If the latter is used,

the user must supply three functions to compute the moisture-content,
,

; hydraulic conductivity, and water capacity based 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 example is'

shown in the subroutine SPROP (Appendix A) when KSP = 0.

I.

I

m.-- . . .-. _ ._-.--_..--_-.,.,_m . _ - - _ _ . .-, . - - - . . - - , - . . . _ _ . _ _ _
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!

A-V.3. Input' Data Guide

The input format for each data card is specified in the |

i

following. The number under the drawing is the last column of each
,

1

field. In general ~,~an integer has a field length of 5 and should be ;

right-justified. On the other hand, a real number has a field length

of 10 and can be placed anywhere within the field.

1. Title

Format ( IS ,9 A8, IX,211 ) . One card per problem:

NPROB TITLE IBUG ICHNG

5 77 78 79 80
,

1

NPROB = Problem number.

TITLE (9) = Array for the title of the problem.

IBUG = Integer control number indicating if the diagnostic
output is desired: = 0, no; = 1, yes.

ICHNG = Integer control number indicating if the cyclic change |

of rainfall-seepage nodes is to be printed: = 0, no; !

= 1, yes. |

2. Basic Integer Parameters

Two cards per problem are required.

Card 1: Format (1615): ;

NNP NEL NMAT NCM NTI KSS KSP NSPPM

S 10 15 20 25 30 35 40

KSTR KCP KCRAV NSTRT MAXIT MAXCY NMPPM

45 50 55 60 65 70 75 80

- . . . _ . , , . . . ._ , . - . - . . . . - -. -. - --. -
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NNP = Number of nodal points.

NEL = Number of elements.

NMAT = Number of materials.

NCM = Number of elements with material property correction.

NTI = Number of time increments.

KSS = Steady state control; O = steady solution, 1 = transient.

KSP = Soil property control; O = analytical,1 = tabular data.'

NSPPM = Number of points in tabular soil property functions or
number of parameters to specify analytical soil functions
per material.

KSTR = Auxiliary storage output control; O = no storage,
1 = output stored in logical unit 1 (disk or tape).

KCP = Permeability input control; O = input conductivity,
1 = input permeability.

KGRAV = Gravity term control; O = no gravity, 1 = include gravity.

NSTRT = Number of logical records to be read from auxiliary
storage for restarting calculations; O = no restart.

MAXIT = Maximum number of iterations per cycle.

MAXCY = Maximum number of cycles permitted for iterating rainfall-
seepage boundary conditions per time step.

NMPPM = Number of material properties per material, = 5 for the
present.

Card 2: Format (1615):

ILUMP IMID

5 10 80

ILUMP = Mass matrix lumping control; O = no lumping, 1 = lumping.

IMID = Mid-difference integration control; O = no,

1 = mid-difference.

. . .
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3. Basic Real Parameters'

Two cards per problem. Use of an E , D , or another:F-type field
' 1

I
i

specification in the input card overrides any of the F10.0

specifications of the format.

|

|
Card 1: Format (8F10.0): i

e

DELT CHNG DELMAX TMAX FE TOLA TOLB RHO ' I

l
10 20 30 40 50 60 70 80 |

l

DELT = Time increment (T).
i

' CHNG = Multiplier for increasing time increment.

' DELMAX = Maximum value of DELT (T). j

TMAX = Value of maximum simulation time (T). I;

FE = Angle between coordinate axes and principal directions of
conductivity tensor in degrees.

TOLA = Steady-state convergence criteria (L).

TOLB = Transient-state convergence criteria (L).

RHO = Density of water (ML~).

" Card 2: Format (8F10.0):
,

GRAV VISC W

; 10 20 30

GRAV = Acceleration of gravity (LT-2),

VISC = Dynamic viscosity of water (ML~ T~ ).;

i

W = Time derivative weighting; 0.5 = Crank-Nicolson,
,

1.0 = backward.

,

J

., 3 . . , - - , , , - - . . - _ , - - . - - ,,----n ,.
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4. Printer Output and Disk Store Control: FORMAT (8011).

The number of cards here depends on the number of time increments,

NTI. The number of cards is (NTI/80 + 1)*2. (NTI/80 + 1) cards for

printer output control and (NTI/80 + 1) cards for store control:

KPRO KPR(1) KPR(2) KPR(NTI). . .

1 1 1

KDSKO KDSK(1) KDSK(2) KDSK(NTI). . .

1 2 3

KPRO = Printer control for steady state and initial
conditions; ) = print nothing, 1 = print FLOW, FRATE,
TFLOW only, 2 = print above (1) plus H, 3 = print
above (2) plus HT, 4 = print above (3) plus TH,
5 = print above (4) plus VX andJVZ.

KPR(ITM) = Printer control for transient solution similar to KPRO
as function of time index ITM.

KDSKO = Disk storage control for steady-state and initial
control; O = no storage, 1 = store on logical unit 1.

KDSK(ITM) = Disk-storage control for transient solution similar to
KDSKO as a function of time index ITM.

5 Material Properties: FORMAT (8F10.0).

A total of NMAT groups of cards, one for each of the materials:

PROP (1,1) PROP (1,2) PROP (1,NMPPM). . .

1
.

.

.

PROP (NMAT,1) PROP (NMAT,2) PROP (NMAT,NMPPM). . .

10 20

PROP (J,1) = Modified coef ficient of compressibility of media J (L~).

| PROP (J,2) = Modified coefficient of compressibility of water J (L~).

-- . - ..
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|
i- PROP (J,3) = Effective-porosity of media J.
1

POR0(J,4) = xx-component of the saturated hydraulic conductivity
2tensor (L/T) or saturated permeability tensor-(L ),

PROP (J,5) = zz-component of the saturated hydraulic conductivity
2tensor (L/T) or saturated permeability tensor (L ),

.

i 6. Analytic Soil Parameters: FORMAT (8F10.0).
I

; These carda 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 both by the number of parameters used to specify the. soili

property per material, NSPPM, and by the number of materials, NMAT:

THPROP (1,1) THPROP(1,2) THPROP(1,NSPPM). . .

:
1 -

THPROP(NMAT,1) THPROP(NMAT,2) THPROP(NMAT,NSPPM). . .

|

AKPROP(1,1) KAPROP(1,2) AKPROP(1,NSPPM) j. . . .

'

.

i. AKPROP(NMAT,1) AKPROP(NMAT,2) AKPROP(NMAT,NSPPM). . .
;

10 20
4

'

THPROP(J,1) = Analytical moisture-content parameter I of material J. i

AKPROP(J,1) = Analytical relative conductivity parameter I of*

i

material J. j

I I
i j

, 7. Soil Properties in Tabular Form: FORMAT (8F10.0).

These cards are input if and only if KSP p 0. Four sets of. cards1

i
'

per material--one each for pressure, water-content, relative !

conductivity (or relative permeability), and water capacity,

1

< I
4 4

4

I

' .1

l
_. . . _ _ . . . . - . _ . _ _ _ . _ - . _ . , _,_ . _ . . . _ ._ .- . ._. . _ . _ . ~ . -, , _ _ _ ..._. .,_.. ~, - . - . -_ -

,



.

49 ORNL/TM-8327

respectively. The number of cards per set is determined by ' input

paraineters, NSPPM and NMAT:
4

4

HPROP(1,NSPPM)~HPROP (1,1) HPROP(1,2) . . ..
i

*

.

.

HPROP (NMAT,1) HPROP(NMAT,2) IIPROP (NMAT,NSPPM). . .

10 20

THPROP(1,1) THPROP(1,2) THPROP(1,NSPPM). . .

*

.

THPROP(NMAT,1) TliPROP (NMAT,2) THPROP(NMAT,NSPPM). . .

.

AKPROP (1,NSPPM)AKPROP(1,1) AKPROP(1,2) . . . .

' *

.

AKPROP(NMAT,1) AKPROP(NMAT,2) AKPROP(NMAT,NSPPM). . .

$ CAPROP(1,1) CAPROP(1,2) CAPROP(1,NSPPM). . .

*

.

CAPROP(NMAT,1) CAPROP(NMAT,2).|... CAPROP(NMAT,NSPPM)

10 20

i' ilPROP(J,K) = Tabular values of pressure head of K-th point for
material J (L).

THPROP(J,K) = Tabular values of moisture-content of K-th point for
material J (L /g3),3

AKPROP(J,K) = Tabular values of relative conductivity (or relative
,.
' permeability) of K-th point for material J.
t

CAPROP(J,K) = Tabular values of specific moisture-content capacity
of K-th point for material J'(L-1).

i

;

r

s

~ snv- ,, -- n - , ~ + - , m - -w4 ,,~w,.n -w--, - ---,,-r- -,-r - - ,,<-a , , - -r
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8.. Nodal-Point Positions: FORMAT (IS,2F10.3).

Usually one card per node is needed, i.e., a total of NNP cards.

However, if some nodes fall on a straight line and are equidistant,

data for only the first and last points of this group are needed. 1

Intermediate nodal positions are automatically generated by linear

interpolaticn:

NJ X(NJ) Z(NJ)

5 15 25 80

:
.

NJ = Node number.-

X(NJ) = X-coordinate of node NJ (L) .

Z(NJ) = Z-coordinate of node NJ (L).

9. Element Definitions: FORMAT (16IS).
i

Usually one card per element is needed, i.e., a total of NEL cards:

MI IE(MI,1) IE(MI,5) MODL NLAY. . .

5 10 25 30 35 40 80

.

: 1

|
i

MI = Element number. 1

IE(MI,1) = Global nodal number of the first node of element MI.

IE(MI,2) = Global nodal number of the second node of element MI. )
:

IE(MI,3) = Global nodal number of the third node of element MI. '

I
IE(MI,4) = Global nodal number of the fourth node of element MI.

IE(MI,5) = Material type of element MI.,

!

,!

l

.. .- .. . - _ . -. .- . - - . . , . .-. . - . . :
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MODL = Number of elements in width.

NLAY = Number of elements in length.

IE(MI,1) to IE(MI,4) are the nodal numbers of element MI (beginning

with the lower lef t and ' progressing around the element in a

counterclockwise direction), and IE(MI,5) is the material type MTYP.

For rectangular blocks of elements--the same material having

sequentially numbered nodes--it is necessary to specify only the first

element, the width MODL, and the length NLAY, where MODL and NLAY are

measured in elements. Element numbering proceeds most rapidly along

the MODL dimension and least rapidly along the NLAY dimension (Fig. A-4

provides an example). The object is considered to be rectangular

because it has width MODL = 3 on two opposite sides and length NLAY = 5

on the other two sides. To generate definitions of elements 2 through

15 automatically, including both corner node identification and

material type, only one card is necessary:

1 1 5 6 2 1 3 5

5 10 15 20 25 30 35 40 80

Although all elements of this example will be assumed to contain the

same material, MTYP = 1, this situation can easily be changed by using

the material-correction facility.

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ . ._ - .-
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .__ _ _ _ _ _ _ . _ _. _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



- +

53 ORNL/TM-8327

i

i

10. Material Correction: FORMAT (16IS).

In many cases one card is required per material change. However,

in those cases where numbers of the affected elements range from a

lower limit of MI to an upper limt of MK with an increment MINC,

automatic correction may be used. Fields MK and MINC are. left blank if

the automatic generation facility is not used:'

MI MTYP MK MINC

5 10 15 20 80

.

.

MI = Material correction element number.

MTYP = Type of material correction element.

MK = Upper limit of automatic correction.

MINC = Element increment of automatic correction (MK = 0 and
MINC = 0 for no automatically generated correction).

i

11. Card Input for Initial or Pre-initial Conditions:

FORMAT (15,5X,F10.0).

These cards are necessary only if NSTRT = 0. In the most general

case there is one card per node, i.e., a total of NNP cards:

NJ H(NJ)

5 10 20 80

t .

*

NJ = Nodal number.

H(NJ) = Initial or pre-initial pressure head of node NJ, (L).

. . -. .- - ,__ .. - . . _ -
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.

Frequently, however, groups of neighboring nodal points NJ have

identical values H(NJ). If a gap is recognized in the input sequence

of nodal numbers, the intial pressures are assumed to be identical to

the pressure at the: lower boundary of the gap. For example, if two
1
'

neighboring cards of the form

20 0.

5 10 20 80

'
30 1.

5 10 20 80 ,

|

Iwhere encountered, nodes 21 to 29 would be assigned values of H = 0.0.

Note on initial conditions and restarting: The initial condition
i

for a transient calculation may be obtained in three different ways:

from card input, auxiliary storage input (referred to as tape input in
,

discussion to follow), or steady-state calculation using a dif ferent
|
|

set of boundary conditions than that used for transient calculation.

! in the latter case a card input of, shall we say, the pre-initial

condition is required as the zero-th order iterate of the steady-state
i

solution. Tape input is necessary whenever the restarting facility is ;

1
being used. That is, pressure distributions for NSTRT different times |

have been generated and written on a magnetic tape. If NSTRT > 0,

these distributions will be read from the tape, and the NSTRT-th

distribution will be used as the initial condition for the current

calculation. (If KSTR > 0, the pressure values will be written on a

different magnetic tape as they are being read so that a complete

, , _ , . -- -, - - - . . - - .- - , -
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record of the calculations may be kept on one tape.) If either the

first (card-input) or the last (steady-state) option is desired, then'

NSTRT = 0.

Note on auxiliary storage units: Logical unit 1 is used for

output if KSTR = 0, and logical unit 2 is used for input if

NSTRT > 0. Proper identification of these units must be made in the

job control language if either of these two options is used.
r

Note on steady-state input: The steady-state option may be used

to provide either the final state of a system under study or the

initial condition for a transient calculation. In the former case

KSS = 0 and NTI = 0, whereas in the latter KSS = 0 and NTI > 0. If

KSS = 0, there will be no steady-state calculation. Use of a

steady-state as an initial condition requires a different set of

boundary conditions than is used for the transient calculations.

| (A transient calculation using the same set of boundary conditions
!
I

would not be meaningful because no changes in the pressure'

distributions could occur.) Input Data Sets 12 to 17, described below,

define the steady-state boundary conditions. They are, of course,

necessary if and only if KSS = 0.

12. Integer Parameters for Steady-state (KSS = 0, NTI = 0) or
Transient (KSS = 1): FORMAT (1615).

One card per problem is required:
!

|
t

/ ,. L - ~~, -~

NBC NST NRFPR NRFPAR NRSEL NRSN'

_

| 5 10 15 20 25 30 80

|

|

_ _ _ -
__ - - . . .. .-
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NBC = Number of constant Dirichlet nodes.

NST = Number of elements with Neumann conditions.

NRFPR = Number of rainfall profiles.

|NRFPAR = Number of parameters in each rainfall profile.

NRSEL = Number of rainfall seepage element sides.

NRSN = Number of rainfall seepage nodes.

13. Rainfall Profiles: FORMAT (8F10.0).

These cards are necessary if and only if the number of

rainfall-seepage nodes NRSN > 0 and the number of rainfall profiles
1

NRFRP > 0. If NRSN > 0 and NRFPR = 0, a rainfall rate of zero is

assumed. The number of cards required will depend on both NRFPR and

NRFPAR, the number of parameters within each profile:

TRF(1,1) TRF(1,2) TRF(1,NRFPAR). . .

RF(1,1) RF(1,2) RF(1,NRFPAR). . .
_ _ _ .

:
. .

----- - |
TRF(NRFPR,1) TRF(NRFPR,2) TRF(NRFPR,NRFPAR). . .

_ _

RF(NRFPR,1) RF(NRFPR,2) RF(NRFPR,NRFPAR). . .

Only the linearly interpolated value of the rainfall rate RF at time

TRF = 0 will be used in the steady-state calculation. (See Data Set

19, below.)

TRF(I,J) = J-th interpolation time for rainfall profile I (T).

RF(I.J) = J-th interpolation value of rainfall for rainfall
profile I (L).
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14. Rainfall Type and Ponding Dapth: FORMAT (315,5X,2F10.0).

Card input is required here if and only if NRSN > 0. Typically

one card is required per rainfall-seepage node as follows:

NI IRFTYP(NI) NPINC HCON(NI)

5 10 15 20 30 80

*

.

However, if NPINC f 0, this information is automatically generated. If

the card immediately preceding is for node NJ, then nodes NJ + NPINC,

NJ + 2*NPINC, .... NK will be given rainfall type IRFTYP(NJ) and

puddling depth HCON(NJ), where NK is the largest integer in the above

sequence that is less than the current nodal value NI. Rainfall type

values IRFTYP(NI) > 0 are permitted. If the value is zero, then a

rainfall rate of zero is assumed for node NI. If the value is greater
,

I

i than zero, then IRFTYP(NI) serves as a pointer to e rainfall profile
!

input under Data Set 13, which is to be used to obtain the rainfall

rate at node h?.

NI = Node number of rainfall type and ponding depth.

I IRFTYP(NI) = Rainfall-type parameter used to identify the rainfall
profile to be used at node NI.

NPINC = Automatic generation increment.
t

|
HCON(NI) = Ponding depth at node NP (L).

|

l

I
<

!

1

!

{

|
- ._. __. _ _ _ . _ - _ . _ _ ._.
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15. Rainfall-Seepage Surface Element Sides: -FORMAT (1615).
4

As in the two previous input sets,-input is necessary here if and

only if rain falls on surfaces or seepage flows through surfaces, or

both, i.e., NRSN > 0. Typically, one card is required for each side

of each element on which such a boundary is to be applied:

NRSE(MP) IS(MP,1) IS(MP,2) KINC

5 10 15 20 80

*

.

NRSE(MP) = Element number of MP--the rainfall-seepage element-side.
i

IS(MP,1) = Global node number of the first nodal point of MP--the
rainfall-seepage element side.

IS(MP,2) = Global node number of the second nodal point of MP--the
rainfall-seepage element-side.

; KINC = Automatic generation indicator'for NRSE and IS.

However, if KINC > 0, automatic generation is employed in the

] following manner. Nodal point and element number increments are formed

from information on the input card immediately preceding the current

one:

NPINC = IS(MP,2) - IS(MP,1)
:

and
1

'

MINC = INPINCI - 1 ,

,

i
1

. ___ . . ._.. _ . _ _ ._ _ _ _. , _ .. _ . .._ _, __ _ . _ . _ . . _ . - _ .
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where the vertical bars denote absolute value. A sequence of element

numbers is then obtained:

M = NRSE(MP) (previous card)

| NRSE(MP+1) = M + MINC

NRSE(MP+2) = M + 2*MINC

:
.

The sequence is continued until the largest element number is

encountered that has a value less than NRSE of the current card.

J Corresponding nodal point sequences are also generated:

NI = IS(MP,1) (previous card)

IS(MP+1,1) = NI + NPINC

IS(MP+2,1) = NI + 2*NPINC

:
.

and

| NJ = IS(MP,2)

IS(MP+1,2) = NJ + NPINC

IS(MP+2,2) = NJ + 2*NPINC

:
.

16. Dirichlet Boundary Conditions: FORMAT (2I5,F10.0).

These cards are necessary if and only if NBC > 0 (and KSS = 0,

a condition either stated or implied for the last four sets of cards).

If automatic generation is not used (NPINC = 0), NBC cards are required

of the form

NN(NPP) NPINC BB(NPP)

5 10 20 80

:
.

- - - . - - - . - .-- -

_____
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NN(NPP) = Dirichlet node number.

NPINC = Automatic generation increment for NN.

BB(NPP) = Dirichlet pressure.at node NN (L).

If NPINC > 0, automatic generation proceeds in the same manner as

described for Data Set 14. That is, an algebraic sequence is built on

the nodal number NN of the card immediately preceeding, and each such

node is given boundary condition BB of that card.

17. Neumann Boundary Conditions: FORMAT (3IS,5X,2F10.0).

Cards of this type must be used if and only if NST > 0. Usually

a number of cards equal to NST must be used. However, if some of the

KINC are greater than zero, some of the NST boundary conditions will be

generated internally, and NST cards will not be necessary.

NI NJ KINC El EJ

5 10 15 20 30 40 8-

!.

:

NI = Neumann flux node number.

NJ = Neumann flux node number.

KINC = Automatic gneration indicator for NI and NJ.

EI = Dot product of flux at NI with outwardly directed unit i

vector normal to element-side (NI,NJ).

EJ = Similar to El.

If KINC > 0, then the nodal point increment is formed from NI and NJ

of the immediately preceding card:

1

i

NPINC = INJ - nil .

j
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Two sequences are formed:

4

NI + NPINC, NI + 2*NPINC . . .

NJ + NPINC, NJ + 2*NPINC . . .

Both are terminated when the largest integer is reached that is less

than both current values of NI and NJ. Corresponding nodal points for

these two sequences define a surface. Quantity EI is the dot product

of the flux of NI with an outwardly directed unit vector normal to the

element side (NI,NJ). A similar definition holds for EJ.

Note on transient-state input: Data Sets 18 to 23 which follow

are identical to Sets 12 to 17 used to define the boundary conditions

for the steady-state calculation. Most of the remarks regarding

automatic generation, sign conventions, and other input restrictions

that are pertinent there are pertinent here as well. Cards, whose

descriptions follow, are necessary only if NTI > 0. If NTI = 0,

there will be no transient calculation, and transient-state boundary

conditions are unnecessary. All variable definitions in card groups 19

through 25 below are the same as those in card groups 12 through 18.

18. Transient-State Integer Parameters (KSS=9,NTI=0): FORMAT (16IS).

One card per problem.

NBC NST NRFPR NRFPAR NRSEL NRSN d. , |
5 10 15 20 25 30 80

I

.- , _ .
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19. Rainfall Profiles: FORMAT (8F10.0).

These cards are necessary if and only if the number of rainfall

seepage nodes NRSN > 0 and the number of rainfall profiles

NRFPR > 0.

TRF(1,1) TRF(1,2) TRF(1,NRFPAR). . .

RF(1,1) RF(1,2) RF(1,NRFPAR). . .

*

.

TRF(NRFPR,1) TRF(NRFPR,2) TRF(NRFPR,NRFPAR). . .

RF(NRFPR,1) RF(NRFPR,2) RF(NRFPR,NRFPAR). . .

; This input provides the basic data for a linear interpolation from
I

which the rainfall rate RF may be obtained at any time TRF and at any
I

boundary node, as specified by pointer indices IRFTYP.

20. Rainfall Types and Ponding Depth: FORMAT (315,5X 2F10.0).
1

Card input is required here if and only if NRSN > 0.

NI IRFTYP(NI) NPINC HCON(NI)

5 10 15 20 30 80

*

.

21. Rainfall-seepage Surface Element-sides: FORMAT (1615).

Input is required if and only if NRSN > 0.

NRSE(MP) IS(MP,1) IS(MP,2) KINC

5 10 15 20 80

*

.

- -.
. . . . . _ . . . _

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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'

22. Dirichlet Boundary Conditions: FORMAT (2IS,2F10.0).

These cards are necessary if and only if NBC > 0.

NN(NPP) NPINC BB(NPP)

5 10 20 80'

:
.

23. Neumann Boundary Conditions: FORMAT (315,2F10.0).

Cards of this type must be used if and only if NST > 0.

'

NI NJ KINC EI EJ

5 10 15 20 30 40 80

*

.

|
|

!

.

I

1

|

!

i

_ _ _ . _ _ _ _ . ,
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1

A-VI. UNIQUENESS AND LIMITATIONS OF FEMWATER
,

h e uniqueness of the FEMWATER code is given below:
i

l * Treatment of Variable Boundary Conditions -

| * Three Options of Obtaining Initial Condition's

* Six Options of Solution Strategies listed in Table A.1

i

The limitations of FEMWATER lie in the availability of soil

I property function and computer storage:
!

"l * Need Two Curves for Each Material Type
a

| * Need Ia.rge Amount of Computer Storage

4

I

!

i

i

i
!
i

<

j

i

1

i

!

.

I

!

i

:
!

i

i

!

$

4

-, - - .,v-- , ,.,. .-.,,,-r-- . , , , - - - rn,-, - - , . - - -n , - - - , , .n . - -, - -, , , , - , ,, - - - - - . ,, -- ~+-
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,

Table A.I. Listing of Alternative Numerical Schemes *

Time-marching Mass matrix

Numerical Central Backward Mid- Without With
schemes difference difference difference lumping lumping

1 X X

2 X X

3 X X

4 X X
,

l

j 5 X X

6 X X

*In general, numerical scheme 1 is prefered because it has the second-
order accuracy in time. However, if oscilation occurs, numerical

scheme 2 is preferred. If both numerical schemes 1 and 2 fail,' one

should try all other alternative schemes. As a rule of thumb, a mass
lumping scheme (numerical scheme 3, 4,-or 6)' yields more stable but
less accurate results.

l

!

|
!

l'

|-
|

|
|

|

, - --- _ _ . . . , . _ ,
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APPENDIX B: COURSE PROBLEMS

B-I. A SIMPLE ONE-DIMENSIONAL PROBLEM

B-II. A SEEPAGE DRAINAGE PROBLEM

B-III. A SOLID WASTE DISPOSAL AREA PROBLEM

B-IV. A SHALLOW TRENCH BURIAL PROBLEM

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - -
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APPENDIX B: COURSE PROBLEMS

In this class note, four example problems are used to illustrate

the application of the FENWATER code to low-level waste disposals in

the shallow land system. The first example (B-I) is the study of

vertical infiltration. It is typical of column tests, lysimetric

experiments, or infiltrations by precipitation over flat horizontal

ground surface. The second example is the study of water moving from a

seepage pond into groundwater and to the stream. This typifies a class

of problems involving leaching of wastes such as uranium mill

tailings. The third (B-III) and fourth (B-IV) examples are the

investigation of near-surface disposal of solid wastes and shallow

trench burials, respectively. They are representative of dry or wet

burials above the groundwater table with surface sealing.

In addition, these four examples also show various options and ]

complete use of FEMWATER. Both one-dimensional (B-1) and
1

two-dimensional (B-II, B-III, and B-IV) problems are included. Three

options of providing initial conditions are demonstrated: transient

simulation with prescribed initial condition.(B-I), transient state

computation with intial conditions obtained by steady-state solution |
|

(B-III), and steady-state solution only (B-II and B-IV). Both j

homogeneous and complex media can be handled.- Examples B-I, B-II, and'
l
|B-IV treat the media as a single homogeneous formation while example.

B-III considers the media as composed of two different formations.

The set up of these various options will be explained in the input

data.

|
!

I
1
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B-I. A SIMPLE ONE-DIMENSIONAL PROBLEM

B-I.I. Prob 1'Em Description

A one-dimensional infiltration experiment was used to illustrate

the operation procedure of FEMWATER. The ' soil column is assumed to be

160 cm long and 5-x 5 cm in cross section. _ The column is filled with i

loam soil having an initial moisture content of 0.2 cm /cm . The

column is assumed to be infiltrated and maintained at a constant head

on its top with a slug of water. The total infiltration occurs in

17.5 h. The problem being addressed is to find out the distributions '

I of the pressure, moisture content, and flow velocity along the column

with the passage of time. The soil properties of the loam soil are .

given in Figs. B-1 and B-2. For this demonstration, a total of 8.5 h

simulation time was made. The initial condition was assumed to be the
;

input rather than obtained by steady-state solution. The boundary

conditions are: (1) a prescribed head of -14.49 ~cm is imposed on the

top and (2)'a zero flux is applied to the bottom.

For FEMWATER execution, the column is discretized by 25 elements-

and 52 nodes as shown in Fig. B-3. To minimize the bandwidth of the

coefficient matrix, the nodes are numbered to proceed most rapidly

along the direction that cont'ains the least number of nodes. A

constant time step of 0.1 h was_used resulting in a total number of

85 time steps.

,

. , __ , . _ . _ . _ _ . . _ _ _ _ _ _ _ . . . _. ___ _ _
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l
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1

ORNL-0*G 82-8427

-- 51 , 52
" 25

49 50
47 48
45 46

S
43 44

41 42
39 40'
37 38

'
35 36'
33 34 -

16 4cm
yf

15

29 30
14

27 28
13

25 26
12

23 24
it |

160 cm 21 22
10

19 20
9

17 18

8
15 16

7

13 14

6
ff 12 |

IiEt.EMENT5
NUMBER9 fg

f NODEa
NU446ER7 8

3

5 6
2

3 4

i 8cm
'

f 2
T

i,,: -Semi

Fig. B-3. Finite element discretization
for the simple one-dimensional
problem



,. .,. - . . - - .

73 ORNL/TM-8327-

B-I.2. Input Deck
.

Input data and set 'for this simple one-dimensional problem is

given in Table B.1, coded according to the instruction given in
i

Section A-V.3. Cards with a "C" on the first column are used to

explain the data immediately following. They must be removed for

execution of the program. Because the initial condition is prescribed,

KSS is set equal to 1. Eighty-five (85) time steps are desired to

yield a total simulation of 8.5 h, NTI = 85. The media is a single

homogeneous formation, thus NMAT = 1, and NCM = 0.

!

B-II. A SEEPAGE POND PROBLEM

B-II-1. Problem Description

A seepage pond near a stream is assumed to be situated entirely in

the unsaturated zone above the water table. This pond provides the
f

! source of water which drains into the aquifer. Although the rainfall

on 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. B-4 which

also outlines the surface topography and the extent of the aquifer

systems This example typifies a class of problems involving leaching

of wastes from storage lagoons. The soil properties are given in

Fig. B-5. The problem being addressed is to find the spatial

distribution of pressure head, total head, moisture content, and
;

Darcy's velocity under the steady state condition achieved by a

constant drainage rate of 1.44 cm/h. To use the FEMWATER program for

. . . . -- -, _ _ - . - - - - . .-
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Table B.1. Input data for a simple one-dimensional problem

e

DATA 987 1: TITLEC .-----.

1 eNr.91ur4SIONAL t!wut4 TION 9e w aG I C < 's F# DEcl e*N T wlTH FEMWAT*9
C
e 7474 set S1 magic I N T F r,r 0 p4EawrtrC'--.--.

m2 ?% 1 3 9 *- 1 1 24 1 0 1 3 to ? 5
0 o

C
i

* --..... Data Srv *: naste gr at paq49eTeo% l*eoro 1.0 550.0 ??400.0 0.0 3.11 3.01 1.1
0 8e. 0 0.nt? 1.0

C
* - .... SATA %Y 4! DQfNTro OijTDJT !NO nic< MTOGE CONTC9L
**1 IMI l ',1 151 151 151 151 1%I 1
%l 13
191111188111111111161111111118!!111111111111111111111111111111111111111111111111
111111
e
r - .--- Sa's se' *t sattolat opeoTottes
0.n 0.0 0.se 0. g or go a.sve 4

e
r -..---- 04T4 % r. T * 4NALYT!r Sa l t 7Apaw=TEFS Ao* NOT N F* D* 3 SINCE <SD.NE.0

e --...-- qaTA SET *: M Ot t ocomFCT!'M IN Ta'ULAC *C99
e ....... morsey2r wraq

2*9.11 242. S9 S19.14 -146.39 -l?6.9S -152.18 -143.33 -128.00
=lle.lP -104.80 -94 17 -84.79 -76.3? -69. 73 61.99 -55.71
ec.1= 4%.15 -41.l? -?A.*6 '?.e9 -27. ( 7 -20.90 -14.49

e -- ..-- vatsTUoE C C*tT E*17
0.'* n.l* 9.I' O.19 0.19 0.S 3 0.?! 3.E2
6.53 6.?4 0.2% C.56 0.97 0.?9 0.29 0.'O
0 . '.I----

L * L a '. 0 I F -5

9.12 0.33 0.14 0.3* 3.15 0.37 0.38 1
'-- fVF H V7D atfL f * co$tSUT T IVI TY*

l.07 .9 S !.91F * 7. 7 9 E -5 1. 3* E .4 S e'r.4 5.089-4 9.73F-4
1. m ar ' 3.%8e-7 8.93r.3 1. 0 ae -? 1.9aE.7 ?.29F.2 4.65: S 6.60E-2 l

c m er o 1.svr.1 1.a7e.1 e.sme.I ? . 71 r .1 5.2nr.1 7.15'-! 1.00r00 1

6.m 3.41r-4 4. 3F r = 4 4. 9 5E - 4 5.?9~-4 *.99E-4 6 .5 18 - 4 7.44E-4
a.50F-4 P.10E-4 1 618-? 1.12*-3 1. ? me .s g.yor_3 g .g ae. 3 1.qge.-
1.cor.? 2.llE ' 2 17f-1 2.60"-3 ? .GOE -3 1 4er.3 1 345 3 0 00E00

C
ma Te %et 9: N C0 41.pm! NT D"SI TI CN Se . ..--

1 0.0 0.0
S 9.6 a.n
' O.0 4.0
4 ".e 8.0
% 0. 0 18 .0
W 8.0 If.O
7 0.6 24.0
9 *.e 54.0
0 0. 0 '2.1
10 M.0 3?.0
11 0.0 40.0
!? %.0 40.0
17 3.0 ta.0
14 5.0 48.0
15 0.P 5e.0
1A 5.0 36.0
17 0.0 64.0
18 a.e ^4.0
19 0.6 '?.m
70 5.0 ? ? .0
S1 0.0 90.0
?? 5.0 90.0
P' O.0 98.0
74 S.0 49.0
** 3.0 08 7

S6 5.0 a6.0
?? 0.0 104.0
Sa * C 104.0
So 0.0 11'.9
'O *.0 112.0
'l 0.0 RPO.0
'? 5.0 120.0
3' 9.9 124.0
'4 M.o 124.0
'M 3.0 I P 4. 0
?* 5.e 129.0
'T 0.0 13?.0
?S 4.c ! ? 2. 0
'9 0.n 136.0
49 *.e !?6.0
41 0.6 140.0
42 5.0 140.0
4' O.0 144.0
44 *.0 144.0
aR 0.e 14*.O

J
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Table B.1. (continued)

as s.o 145.o
67 0.0 l * 2. 0
an e,e ts?,o

sa a.0 186.0
*0 8.9 156.0
*1 6.0 17 0. 0
'? 5.0 170.0

e
04Ta SFT Ct i t' '4' N T **FINITIONS- - - - - - - -

3 1 2 4 ? 1 1 ?"
r
c - ----- n4T4 Mrt to wateotal r OAo E C' t r*4 IS NOT RE0Jtern SINCE NC4:0- - - - - - - nata set 1It Cace f*asut roc IN!'lal 00 oc~-tNITtal C O NS I T I ON S-

1 -t**.2
sv 34 .o
99 -l?*.*
?! -180.A
'1 -106.4
'M -203.4
*7 -210.7
'o -ple.)
41 -225.1
41 -230.0
as - 2 a 2.1
a7 -?$0.9
4C 9*%.o
St -1a.0
*? -1a.4

r
Data set 12 INTF4e4 O &D a '4F T E F S FCR MTEspy=9TaTr r9 TA4NS!ENTC -------

9 n 0 1 9 1
C

DATA SET 13 4 &t NF ALL PDO*ILYS. DATA S'T 14 44tNr4LL TYPE AN) 3CNDINGC - -----

OFOTH 4*n 04T4 S l* C al Nr aLL-SerotGE tjorarC EL14ENT S!OES Art NOT
e ------- ~r,0,,. s t N e- No s..E T,
e - - - - - -

.

Otta %?T ta! 910!CHLrv n09N9acy CONotTION9- - - - - - - -

*1 0 -14.40
92 o -14.a4

04T4 sev 17 NetjwaNN A OU"3 4 E Y CON 917tDNS 40 E NCT NEE 9ED SINCE MSTs0- -------

r
Data s?T 18 T Hoou GH SATA SET 23 ADF NOT NEESFD SINCE KSSat AN) NTI>Oe - -----

r
! C rtNtaLLY A HLAN+ C409 TO END THE J0a- - - - - - -

!
I
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answering this question, the region in Fig. B-4 is discretized by

595 nodes and 528 elements as shown in Fig. B-6. For the finite

element computation, the seven nodal points on the stream-soil,

interface are designated as Dirichlet nodes (Fig. B-6). Seven nodal

points on the bottom of the seepage pond, namely nodal point nos. 152,

164, 172, 180, 188, 196, and 204, are considered as constant Neumann

flux points and are assigned a constant infiltration rate of

4.0 x 10 ' cm/s. The top sides of all elements on the sloping~

surface, except the two elements immediately to the right of the

seepage pond, are cons *dered the seepage-rainfall boundary surface. In

other words, the nodal points on this surface are either Dirichlet or

Neumann points with the infiltration rate equal to the through rainfall

rate, which is assumed zero in this case. All other boundaries are

treated as impervious.

B-II.2. Input Deck

With the above problem description, the input data for FEMWATER

can be coded according to section A-V.3 of APPENDIX A. The complete

data set is given in Table B.2. Again, cards with a "C" in column one

are used for description only and must be removed for execution. The

steady-state solution only is desired; thus KSS = 0 and NTI = 0. A

single homogeneous media is considered, hence NMAT = 1 and NCM = 0.

Also, the first three numbers on data set 3 are not used in the

computation; thus they can be anything.
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Table B.2. Input data for a seepage pond problem !

1

4' ie
1* e 04T4 SFT 1 TITLE- - - - - - -

i~
?

? 9EFP4Gr PP90. STF40Y STATT SIMULATION, w!TH F" MW 4T ER COOT

C ------ CATA SET 2!-a4Stf INTEG*p DARAM?TERS
M95 *29 1 0 0 9 I 16 1 1 1 0 20 15 5

0 6
e
e 04T4 SET 32 a4*fC D*4L D4 0 4"' TE E S |

-------

'00. .* PA400. O. O. .01 .1 1.
9e0.6 .0tw t.

,

r
C n4T4 %!T 4t DRfMT*R OUTOUT A ND S I SM STORE CONTROL i

-------

me
; 11

C
r 04 T4 S*T ** ueT* RIAL DAapepTIFS- - - - - - -

i 9. O. .3 .58*-7 59*-7
C
e D4T4 Sri e ANALYTIC % D it. PARAMETERS ACT N1T NFEDEO S INCE < 30.N E.0- - - - - - -

C 04T4 SFT 7: MPTL oo9orpT!*S IN T4 POL 44 FOoW-------

* - - - - - - - DQ T 5SIJR F HE43
800 0 -400 -?OO. - 1 F* . -150.- -125.- -100. -62.5

i -50.0 -37.* ~?". - 12. * 0. 90. 100. 2000.
C 40 T STUc F C ONT rNT-------

.024 .032 .042* .045 .O*0 .06PM .09 .21

. ?" .?75 .?85 .790 7925 .2975 .?995 .3
C -----~~ CTL41tvE D*QuE49tLITvaVISCOSITV/(DENSITver.R4VITY1

.10 0 5 7F- % . I t 9H E-5 .14P87F-5 .t7000?-5 .18286E-5 . 21715 F-5 .365651-5 .91430?-5

.1097?*-4 .t?tteF-4 .12M7PF-4 .12m00?-4 .12900*-4 .110295-4 .13257T-4 .13757C-4
r un t ST' Joe CONT ENT CADartTv-------

O. .M2F-4 .t0?-3 .20* ' .*0E-? .11 *-2 '.32E-2 .32E-2
'

.sor-2 .nor-? 40E-3 .20r 3 105-? 40r-4 . 2 6 * -6 - O.
C
r DAT4 SFT 9! NO94L-pqlNT 00$1TIONS )- - - - - - -

1 0.0 0.0
2 0.0 500.000

-

3 0.0 1000.000
i& 0.0 1900.000 1

* 0.0 ?000.000 1

6 0.0 P200.000 !
7 0.0 2400.000
R -0.0 2600.000
4 0.0 2750.000
to 0.0 2900.000
11 0.0 2950.000
12 0.0 '000.000,

13 500.000 0.0"
14 *00.000 500.000

} 19 *00.000 1000.000
4 17 500.000 1500.000
d 17 800.000 2000.000
4^ 18 ?00.000 2200.000

19 *00.000 P4 0 0.0 00
20 500.000 2600.00n
?! "00.000 2750.000

j 22 500.000 2900.000 )
I' 23 900.000 2950.000

24 *00.000 1000.000 |
i

P' 1000.000 00
?6 1000.000 M00.006
?7 1000.000 1000.000

| PR 1000.000 1800 000
2C 1000.000 2000.00n
'O 1000.000 2200.000
'1 1900.000 2400.000

I ?* 1000 000 ?600.0C0
i 55 1000.000 2750.000
' 'a 1000.000 2900.000
4 75 1000.000 2950.000

'e 1000.000 3000.000
?? 1*00.000 - 0.0
7e 1800.000 M00.000
'9 1800.000 1000.000

; 40 1*.00.000 1900.009
.! 41 t=00.000 2000.000

42 1900.000 2?00.000
4' 1*00.000 2400.000
44 1*00.000 2700.000
45 1*00.006 ? ?M O .0 01a

4A 1 M 00. 000 2900.000
47 1906.000 7950.000
op 1*00.000 1000.000
49 9006.000 0.0,

+ 50 S000.000 M00.000

i

f

- , - ,. . , . , n-- . . , , - - - , - , -. , , , , - ,, ,- ,. ,., -,. - --
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Tabic B.2. .(continued)
.

51- 9000.000 1000.000
*2 9000.000 1500.000
*? 2000.000 2000.000
54 P000.000 P200.000
** Pc00.000. 2400.000
*F ?n00.000 2500.000
%7 P006.000 P750.000

f *P. P000.000 2900.000
49 9000.000' 99*0.000
F0 2000.000 3000.000
ft P*00.000 0.0
F2 2500.000 500.000'

63 7800.000 1000.00
64' 2800.000 1500.000

' 65 P900.000 P000.000
FF '900.000 2200.000
87 P'00.000 2400.000
em 9*00.000 2600.000
to 2800.000 27*0.000
70 2500.000- 2900.000
71 ?"00.000 2990.000
72 .2800.000 3000.000
73 '000.000 0.0
74 ?O00.000 500.000-
75 1000.000 1000.000
76 3000.000 t*00.000
77 3000.000 2000.001
78 3000.000 P20 0.0 00
?C 1000.000 2400.000
80 3000.000 2600.000
81 .1000.000 P 75 0. 0 00
#2 2000.000 =P900.000

i P3 3000.000 P95 0.0 00
e4 3000.000 3000.000
"9 '500.000 0.0
** 1500.000 500.000
P7 7800.000 1000.000
PR '*00.000 1500.000
99 1500.000 2000.000
00 3?00.000 2?00.000
et **00.000 2400.000
CP 4%00.000 P60 0.0 00'

C' %00.000 P750.000
|
' 44 ?*00.000 9000.000

em 5900.000 2950.000
CF ?t00.000 2000.000
C7 4000.000 0.0

I Q9 4000.000 500.000
! 90 4000 000 1000.000

100 4000.000 1500.000'

tot en00.000 2000.000
10? 4000.000 2200.000 '

103' 4000.000 2400.000
104 4000.000 2e 0 0.0 00
InM 4000.000 27*0.000
107 4000.000 9900.000
107 4000.000 2 9M 0.0 00
10R 4000.000 3000.000 _

t
109 4*00.000 0.0
110 4500.000 %00.000
111 4500.000 1000.000
112 eM00.000 t*00.000
11? 4*00.000. 2000.000
114 4500.000 2200.000

,

It? 4*00.000 2400.000
| 116 4*00.000 2600.000

117 4500.000 P750.000
1

ite 4*00.000 2900.000
lin 4500.000 2950.000
190 4500.000 3000.000'

121 800f.000 0.0
( 122 5000.000, 500.000

193 9000.000 1000.000
| 124 *000.000 1500.000

1PM 5000.000 2000.000
,

l - 126 *000.000 2200.000
127 5000.000 2400.006
129 F000.000 2600.000

[ 120 *000.000 2750.000
' 110 5000.000 9900.000

l'1 *000.900 2950.000
127 5000.000 ? 00 0.0 0^
133 ?"00.000 0.0

- !?4 M500.000 500.000
135 5*00.000 1000.000
13e **00.000 1500.000

i
1

'
. - ., . _- -- , - - - - _ , . _ - . - . _ . _ - . _ _ . . . - - . . _ - - - __ . _ , _ ,
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Table B.2. '(continued )

l'? '500.000 2 00 0.0 0^ |

139 '5500.000 2200.000 '

139 5?00.000 2400.000 l

140 9500.000 2600.000
1 41 5509.000 2750.000

'

142 **00.000 2000.000
- 14? **00.000 2950.000.

144 5*00.000 3000.000 i

145 6000.000 0.0~

14A 6000.000 500.000
147 6000.000 1000.000
tem 6000 000 1500.000
140 6000.000 2000.000
l*0 #000.000 2200.000
1 51 6000.000 2400.000

7,
IMP- 6 0 00. 0n0 P 60 0.0 00

'

183 e000.000 #7*0.000
184 6000.000 2900.000

! 1*5 6000.000 2950.000
! 1*e E000.000 3010.000

157 A*00.000 0.0;

i imR A500.000 500.000
I 184 7500.000 1000.000

160 6500.000 1900.000
171 6500.000 2010.000<

l*2 *?00.000 2200.000
163 6E 00. 000 2400.000

< 184 e*00.000 2800.000 4

! 185 7000.000 0.0 !
1 166 7000.000 500.000
( If 7 7000.000 1000.000

1*R 7000.000 1500.000 |16e 7n00.000 P000.000
170 7000.000 2200.000 'I

,

1 71 7000.000 2400.000 |

1 72 7000.000 2600.000 j,

17? 7*00.000 0.04

114 7500.000 500.000
1 75 7800.006 1000.000 1

1 17e 7500.000 1500.000 l'

1 77 7500.000 2000.000
17R 7*00.000 2200.000 j

' 1 79 7M00.000 2400.000
| IPO 7*00.000 P 60 0.0 00

1 P1 2000.000 0.0
1 82 8000.000 500.000
I P3 P000.000 1000.000
IP4 P000.000 1500.000
t ** 9000.000 2000.000
1 FA 8000.000 2200.000
187 6000.000 2400.000
teR 8000.000 2600.000
I PO A300.000 0.0 1

100 e500.000 500.000 i

tot 9500.000 '1000.000 i

192 8500.000 1500.000 |

103 P500.000 2000.000
104 8500.000 2200.000 i

'

195 *M00.000 2400.000
, ICA 8?00.000 2f 0 0.0 00
' 157 9000.000 0.0

1 48 9000.000 500.000
199 9000.000 1000.000
?PO 0000.000 1500.000
Pol 9000.000 2000.000
202 9000.000 2200.000
20? 9000.000 2400.000
204 9000.000 2600.000

| 205 C O OO . 0 00 2750.000
? OA 9000.000 P900.000

.. 207 9000 000 2950.000
t POR C000.000 2000.000

209 9500.000 0.0
210 9*00.000 *00.000
211 o*00.000 1000.000
212 C500.000 1500.000
213 9?00.000 2000.000
214 0900.000 2200.000
215 9500.000 2400.000
217 9?00.000 2600.000
217 CM00.000 2750.000
218 C800.000 2900.000
219 4500.000 205 0.0 0^

i ??O 9500.000 1000.000
' 221 10000.000 0.0
1 2?2 10000.000 490.000

|

!-

'"
_ . _ _ _ _ . _ . , _ .-. . ~ . . - _ . .,- -
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1

Table B.2. '(continued )

??3 10000.000 990.006
224 10000.000 1500.000
225 10000 000 1979.990
226 10000.000 2179.999
227 10000.000 2379.999 '
P2m 10000.000 2*59.999
??9 10000.000 2739.994
710 10000.000 2289.999
231 10000.000 - 2919.990
2'? 10000.000 2989.999
293 10500.000 0.0
214 10500.000 450.000
235 10800.000 960.000

- 216 10500.000 '1450.000
237 10500.000 1920.000
??m 10*00.000 2120.999

' P34 10*00.000 2320.006
P40 10*00.000 2520.000
241.10?00.000 P700.000
242 10500.000^ 2850.000
24? 10?00.000 2900.000
P44 10*00.000 P950.000
24* tt000.000 0.0
246 11000.000 450.000
747 11000.000 910.001
P4A tt000.000 1380.000
24Q 11000.000 1909.994
?50 11000.000 20S O.0 00
2*1 11000.000 2200.000
252 11000.000 2389.999
??1 11000.000 2570.000
284 11000.000 2750.000
P*5 11000.000 2500.000
256 11000.000 28*0.000
PST 11*00.000 0.0
25m 11*00.000 400.000
259 I t * 00. 000 950.000
260 11500.000 1250.000
261 11?00.000 1659.999
2e? 1t?00.000 1859.090
26? 11500.000 2059.099
264 11*00.000 2250.006

L 27* 11500.000 24?9.999
Pe6 11500.000 2559.990i

1 2*7 11500.000 26'9.999
. Pem 11*00.000 2689.990
| 284 12000.000 0.0
l 970 12000.000 160.000

271 12000.000 750.000'

I 27? 12000.000 1800.000
273 12000.000 1500.000
574 12000.000 1700.000

' 275 12000.000 1859.990
? ?A 12000.000 20?0.000
P77 12000.000 2200.000
P7R 12000.000 2370.000
??9 12000.000 2470.000
280 SPOOO.000 2470.000
281 !??00.000 0.0
2R2 12900.300 300.000
283 12500.000 650.000
2m4 12*00.000 980.000
285 12*00.000 1330.000
2m6 33500.000 gego. coo
2*7 12?00.000 1630.909
285 12?00.000 1759.999
2P4 12500.000 1879.990
200 12500.000 2000.000
2et 12500.000 2050.000
292 12?00.000 2100.000
293 !?O90.000 0.0
204 13000.000 270.000
295 13000.000 570.000
2% 13000.000 850.000
207 13000.000 1140.000
298 13000.000 1210.000
299 13000.000 1100.000
200 13000.000 1400.000
301 13000.000 1510.000
302 !?000.000 if 20.0 00
303 13000.000 1670.000
304 13000 000 17?0.000;-
30* 11250.000 0.0

| ?O6 13250.000 250.000
307 13250.000- 5?0.000
309 13250.000 770.000.

.

4

i

-, , ,- , , < , ..r-, .- , . , , . , , . , - , , , , , ,, , , - , . _ . . , , ,.,n,m,- w - . ,,4.-- - .
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Table B.2. (continued)

304 15250.000 1030 000
-110 1??50.000 1120.000 i

'311 l'250.000 1200.000 ;
312-13250.000 1300.000 i

?t3 I??50.000 1370.000 '

?14 l'250.000 1450.000
315 13250.000 1500.001
3t6 13250.000 1550.000
?t7 1'M00.000 ' O .0 |
318 13500.000 220.006.
3to 13500.000 460.000
?20 13500.000 700.000
'21 13M00.000 950.000'
322 13500.000 1010.000
323 I??00.000 1100.000
124 13500.000 1880.000
3P5 13500.000 1250.000
3P6 13500.000 1300.000
??? 1'MOS.000 1350.000
'28 13500 000 1400.000
329 13750.000 0.0
330 13750.000 200.000
??1 19750.000 440 000
?'2 !?750.000 650.00"
3 33 13750.000 830.000'

?. ??4 I?750.000 910 000
335 19750.000 1000.000
336 11750.000 1080.000
??7 13750.000 1140.000
3'8 137MO.000 1200.000
339 I?750.000 -1250.000
240 13750.000 1300.000
?41 14000.000 0.0
347 14000.000 190.000
343 14000.000 400.000
344 14000.000 590.000
345 14000.000 750.000
?a6 140 00. 000 810.000

i ?47 14000.000 900.001 .

348 14000.000 990.000 |
349 14000.000 1050.000

.

350 14000.000 1120.000
351 14000.000 1170.000
?M2 14000.000 1220.000
3 53 14?50.000 0.0
3 *4 14280.000 170.000
3*M 14290.300 350 000
.356 14P50.000 540.000,

i 387 14280.000 670.000
' 'Ma 14250.000 750.000

?"9 14P50.000 820.000 ~
?*O 14P50.000 900.000

4 ?et 14250.000 960.000
362 14P50.000 1050.000
'f? 14P50.000 1100.000
364 -14250.000 1150.000 j

3e5 14500.000 0.0
368 14500.000 150.000
367 14500.000 3?o.003.'

?F9 14*00.010 470.000
?40 14500.009 M10.0 00

;_
??O 14*00.m00 690.000
371 14*00.000 780.000
?72 14*09.000 R10.000

,

773 14500.000 900.00m
1

374 14500.000- 9M O .0 01
375 14500.000 1030.009
??6 14*00.000 1980.000
??7 14750.000 0.0
378 14750.000 140.000 .

|??9 14750.000. 270.000 :430.100380 147,%O.00034 50,000 seo. conSag
?R2 147*0.000 610.001*

$ 3*' 14750.000 700.000
384 14750.000 -780.000'

395 147*0.000 840.000 )''87.14790.000 910.009
3a7 14750,o90 geo. con
?PM 147M0.000 1010.000,

3eo t*000.000 0.0
?c 6 t*000.000 120.001
'c1 1*000.000 250.000

,
?42.19000.000 190.006

) ?91 1*000 000 550.000
?oa 1*000.000 590 000

i

i
'

.

. . - . . .- , . .-. - - - , _ - - ... .
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Table B.2. (continued )-

395 15000.000 650.000'-
34f.1M000.000' 72 0 . 0 0n
797 1*000.000 800.000
309 19000.000 .60.000
399 15000.000 .910.000_
400 19000.000 960 001 '

401 15250.000 0.0
402 19250.000 110.000
403 l*2'0.000 230 000.
404 15250.000 370 000
405 15250.000 480.000
40e 15250.000 550.000
.407 15290.000 .610.000
tim 19250.000 F8 0.0 00

, 409 18290.000 750.000
1 410 19250.000 820.000

411 15250.000 870.000
#

- 41 2 15250.000 920.009
413 19900.000 - 0.0
414 15500.000 -100 000
419 15500.000 .210.000
416 15500.000 310 000
417 15?00.000- 440.000
41R 15500.000 500.000
419 15F00.000 560 000
4?O 15*00.000 e 4 0.0 00
421' 15900.000 710.000
422 15500.000 790.000
423 1**00.000 840.000
424 1**00.000 890.000
429 15750.000 0.0

1 426 19790.000 100.000
42' 1M750.000 200.000
428 15750.000 300.000
4 20 18790.000 400.000
430 !??90.000 470.000
43t 15790.000 ?10.000
432 18790.000 610.000
4?3 19750.000 630.000
434 1*750.000 750.000
4?M 19790.000 Pio.000
436 1*750.000 850.000
4'? tt000.000.
4'8 1E000.000

- 0.0
100.000

[ 439 16000.000 200.000
i 440 17000.000 290.000
! 4.. 17000.000 390.000
l 447 1A000.000 480.000'

44' 16000.000 510.000 >

444 16000.000 590.000
445 If000.000 6?O.000
446 16000.000 730.000
447 16009.000 780.000
een it000.000 810.000
44Q 18290.000 0.0
490 16250.000 90.000-n

4*t te?*0.000 190.000
4*2 16250.000 290.000

' 4*' 1A250.000 360.000
4*4 1e290.000 440.000
48:5 16290.000 490.000

'
,

49F 1e290.000 560.000
487 16290.003 610.000
4*P If2?0.000 700.000
480 18290.000 750.000
4e0 16250.000 800.000
451 te*09.000 0.0
4F2 17900.000 90.000
471 16*00.000 180.001
de4 16*00.000 270.000
465 16500.000 350.000
4E6 16*00.000 410.000
477 15500.000 490.000
468 16900.000 960.000
489 16?00.000 (00.001 *

470 1**00.000 650.000
471 16900.000 710.009
472 |(*00.000 760.000,

4. 4T? 16700.000 0.0
474 18700.000 90.001
475 1AA00.000 190.000
4TA IFF90.000 270.000
477 IFf00,000 350.000
4 7m t * * 0 0. 0 00 400.000
4'o 16600.000 460.000
480 16e00 000 *20.000,

4

6--cm. e + , .. . - ,- , . - - . , - ..% . ~ - . , . . . . . _ . . , - . - . , +
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Table B.2. (continued)

491 1FF00 000 590.000
4R2 16600.000 650.000
**3 Iff00.000 700.000
484 16*00.000 750.000
485 16700.000 0.0
4PF 18700.000 90.000
487 17700.000 190.000
4pm 1A700.000 ?60.000
eng gg700,000 340,000
400 1^700.000 410.007
491 18700.000 460.000
497 18700.000 510.000
493 16700.000 570.000
404 16700.000 e40.007
499 1A700.000 690.000
4C6 17700 000 740.000
ao7 17M00.000 0.0
498 leR00.000 00.000
4eo 16800.000 190.000
*00 teP00.000 260.000
501 16R00.000 340.000
562 16R00.000 400.000
502 1 * P 0 0. 0 00 450.000
=04 16a00.001 ECO.000
565 17900.000 560.000
*0e 17800.000 6?O.0 00
507 16209.000 670.000
508 18P00.000 720.000
*09 18900.000 0.0
510 17400.000 90.000
Mll 1*c00.000 190.006
512 17900.000 260.000
513 16900.000 ?40.000
914 16000.000 290.000
*t5 18900.000 450.000
M16 17000.000 500.000
M17 16900.000 950.006
*18 1*C00.000 610.000
M19 t*900.000 660.000
5?O 15900.000 710.000
521 17000.000 0.0
*?P 17000.000 90.001
5?? 17000.000 180.000
MP4 17000.000 2^0.000
*p5 17000.000 340.600
5?F 17000.000 390.001
S?7 17000.000 450.000
*?9 17000.006 E00.000
*2O 17006.000 *50.000
*'O 17000.000 F10.0 00.

5?! 17000.000 650.000
*?2 17000.000 700.000
5'? 17100.000 0.0
5'4 17100.000 90.000
"'* 17t00.000 180.000
*?A 17100.000 260.000
%S7 17100.000 340.000
*19 17100.003 390.000
"?9 17100.000 450.000
846 17100.000 900.000
541 17100.000 550.000
"4? 17100.000 600.000
543 17100.000 (70.000
*44 17100.000 700.000
M45 17250.000 0.0
See 17290.000 90.000
547 17250.000 180.000
M49 17250.000 260.000
'49 17?90.0GO 340.000
**0 17?"0.000 390.009
5*1 17290.000 450.000
**2 17?mJ.000 500.OOS
*M? 17?00.000 550.000
584 17200.000 600.000
*ms 17700.000 650.000
*M6 17?00.000 700.000
557 ?7400.000 0.0
5*A 17400.000 90.000
SMO 17400.000 190.009
560 17400.000 2f 0.0 00
Set 17400.000 ?40.000
SF? 17406.000 '90.000
*e3 17400.000 450.000
574 17400.000 M00.000
565 1735a.000 550.000
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f Table B.2. (continued)
,

Se6 1'7300.000 600.000
567 17300.000 f 5 0.0 00
568 17300.000 '700.000
560 17600.000

-

0.0
570 17e C0.000 90.000

! 971 17f00.000 180.000

| { 572 17600.000 260.000
> 573 17e00.000 340.000

,

6 574 17P00.000 390.000
5 75 17e00.000 450.000
* 7e 17550.000 500.000

' 4 77 17*00.000 550.000
578 17450.000 E 0 0. 0 00
870 17400.000 650.000
*PO 17400.000 700.000

' M P1 17P00.000 0.0
SP2 17P00.000 90.000
SP7 17P00.000 190.000'<

5Pa 17P00.000 260.000'

' 595 17000.000 140.000
5 96 17800.000 390 0004

587 17800.000 450.000
Sam 17p50.000 490.000
SP9 1m000.000 0.0
Sc0 18000.000 40.000
M91 1A000.000 150.000
542 10000.000 280.000
59? 1R000.000 ?40.001
Sca 19009.000 390.001
5c5 19000.000 450.000

r
C - D AT A MST of E Lt w" NT OEFINITinNS

! 1 13 14 ? 1 11 12
i

ts? ta5 157 159 14A 1

139 1*1 te 3 164 1*? 1

140 187 165 1 66 154 1 7 5

175 197 209 210 '19R 1 11 ?!
*16 SFO 581 SR7 5 70 1

5?2 575 SP7 593 5 76 1

5?' Set 189 590 59? 1

"?9 SP6 544 SOM 587 1

C
DATA SET t o w ATF A I AL CODGECTION i S NO T P EQUt 3 ED SINC # NC 4 = 0C - - - - - - -

i

I C
r ------- DATA S*T 11: CAon INP9T FDQ INITIAL 09 PAP-INITIAL CONDITIONS

1 O.
595 O.

I C
|

- - DATA SET 12: INTFrFD D ADa *4ETERS FOQ STE AOV-ST ATE CQ TAAN% TENT*

' ? A 0 0 2" 79
|- C

-- --- DATA SET 13 O AI NF ALL PROF IL* S APE NCT NEEOE0 SINCE NRFPR*3C,
'
t

c ------- n & T A SET 14: DATNFALL TYo E AND onNDING OEATH
244 0.
580 12 0.

3 c
DATA SET 198 RAINFALL =SE*DGAE SUCFACE ELEMENT SIDESc - - - - - - -

218 244 256 0
515 568 590 11
*t5 570 SPO O |

C
DATA SET 16: OIQtCHLE' B09N94RY CONDITION 9C -------

579 0.0
57* 50.0-
877 100.0 ,

'

576 150.0
5A9 160.0
SA? 200.0
SOM 200.0

i C
DATA SET 17 N#94 ANN A09NO40Y CO NDI TI O NSC - - - - - - -

1*2 1F4 0 -4.F-4 -4.F-4
,

Ice 904 1 - 4 . F -4 4.e-4l

C
- c ------- O A T A SET 19 T HC OU GH DATA ?3 AEF NOT NEEPEO SINCE KS$m0 A NO NT ! a0 -

r
F I N ALL Y A BL A NK CARD TO END THE JCRC -------

l

- - - - , - - - - .- _- ,_ . _ _ . __ , . _ _, . _. )
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B-III. A SOLID WASTE DISPOSAL AREA PROBLEM

B-III.1. Problem Description

A typical solid waste disposal area consists of waste trenches,

trench soil cover, a clay admixture seal, and seal soil cover. The

cross-section of such a typical solid waste disposal area (SWDA) is

shown in Fig. B-7. For this particular example, it is assumed that the

seal soil cover is about 60 cm thick, the clay admixture seal is

approximately 30 cm thick, and the trench soil cover is around 63 cm

thick. Under the seal, there are three vaste trenches, e ich about 63

cm deep and 10 m wide. A stream is about 40 m down slope from the

disposal area. The region used for this example and its surface

topograpby are also sketched in Fig. B-7. The properties of both soil

and clay admixture are given in Fig. B-8. A constant net rainfall of

25.344 mm/h (7.0 * 10 cm/s) is assumed to fall on the surface for

a duration of approximately 1.97 h. The problem is to use the FEMWATER

program to simulate the transient hydrodynamic variables within the

region in Fig. B-1 for, say, 6.13 h. The initial condition is to be

obtained by steady-state solution with a constant net rainfall of 63

cm/yr (2.0 * 10 cm/s) falling on the surface. The boundary

conditions are: (1) a variable condition is imposed on the surface,

(2) the right vertical boundary under the stream is considered a

Dirichlet beundary with hydrostatic pressure, (3) all other boundaries

are treated as impervious.

For the FEMWATER execution, the region is discretized by 532 nodes

and 486 elements 'as illustrated in Fig. B-9. Both the nodes and

elements are numbered vertically from the bottom to top column by
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1

!

ORNL-DWG 82-9798
0.5 i i i i i i i i i i i i

p O.4 - -

z
w i
F-

5 0.3 - - |
0

i

y CLAY ADMIXTURE |
D O.2 - - i

H SOIL l

9
o
2 0.1 - -

' ' ' I ' ' ' I ' ' ' I
O
10-14 10-10 10-6 10-2

CONDUCTIVITY (cm/sec)

Fig. B-8. Ilydraulic property functions used for the solid waste
disposal area problem

-- - ._ .-
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column starting with the first column on the lef t. This would yield
I

the smallest bandwidth for the coefficient matrix. The initial time
.

I
step is assumed to be 0.05 s. Each subsequent time step is increased d

by 20%. The maximum time-step size will not be greater than 5 min.
i

With this specification, 159 time steps are required for 6.13 h real '

time computation.

B-III.2. Input Deck

Input data for this solid waste disposal area is given in

Table B.3. Cards starting on column 1 with a "C" should not be part of

1

the input. They are provided to explain the data. The steady state

solution is used as initial condition of the subsequent transient-state

computation for 159 time steps; thus KSS = 0, and NTI = 159. The media
l

are composed of two different materials; hence NMAT = 2 and and

fourteen elements (elements 301, 319, 337, 355, 373, 391, 409, 302,

338, 356, 374, 392, and 410) are to be corrected with material
q

l
properties; hence NCM = 1. i

|
:

|
4

J

|
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Table B.3. Input data for a solid waste disposal area problem

C'
C - ------ c A T A SET 1: T IT LE

1000 RE S TROPE C TI VE * VALUATION OF 83ENTON t TE SE AL AT SwD4 e6 WITN SEAL 11
C

| C -- CATA SET 2 RASIC INTEGER PARAMETECS
! S32 486 2 14 159 0 1 32 1 0 1 0 30 39 5

0 0>

1 C
C CATA SET 3 2 PA9tC psAL SAR4METEAS- - - - - -

0.05 0.2 300.0 10C0000. O. 0.01 0 001 1.
9ec.6 .013 1.
C

DATA SET 4: PRINTER OUTDUT AND DISK STCDE CONTROLr -------

5*111111111111111111111111111111111111111111111115111115111111111115511111111111
11111111111111111111111111111111111151111151111111111111111111111111111111111115
11 1 1 11

1 1 1
C
C ------- OATA SET 5 unfrotAL pacoEpTIES
0. O. .341 .01389 .01389
0. O. .36 4 .000001 .000001
C
C DATA SET 6 ANALYTfC SOIL PARAMETEES ape NO T N EE DED SINCE KSA.NE.0-------

C
r ==----- OATA SET ?! SCIL F ACPERTI ES IN TABULAR FORM
C ppESSURE HEAD- - - - - -

-0.2570 04-0 1840 04-0 1? t0 04 -937. -669. -479. -342. -244.
-174. -124 -88.9 -C?.5 -45.4 -32.4 -23 1 -16.5
-11 8 -e.43 -6.02 -4.30 -3.07 -2 20 -1 57 -1.12

0. 50. 100. 500. 1000. 5000. 10000. 50000.
-0.2970 04-0 1840 04-0 1310 04 -937. -6e9. -478. -342. -244.
-174. -124 -82.9 - e 3. 5 -45.4 -32.4 -23.1 -16.5
-It.P -8.43 -6.02 -4.30 -3.07 -2 20 -1.57 -1.12

n. "O. 100. 500. 1000. 5000. 10000. 50000.
C ------- WOISTURE CCNTENT
C.160 0.180 0.203 0.?28 0.253 0.276 0.296 0.311
0.?22 0 329 0.334 0.33 7 0 33P 0.340 0.340 0.340
c.541 0 341 0.341 0.341 0.343 0.341 0.348 0 341

.34101 .34102 .34103 .34104 .34105 .34106 .34107 .34108
0.243 0.249 0.254 0.26 0 0.266 0.273 0.279 0.286
0.292 0 .299 0.30e 0.313 0.319 0.326 0.332 0.338
0.343 0 348 0 352 0.355 0 357 0.359 0.360 0.361,

! .3f401 .36402 .36403 .36404 .3e405 .36406 .36406 .36407
C - - -- D EL ATI VE HYOP AUll C CONDUCT IVI TY
0.3320-03 0 1000-02 0.2880-02 0. 77 7 0-0 2 0 .19 4D- 01 0.4290-01 0.8420-01 0 1450-00
c.222D-00 0 307D-00 0 3970-00 0.48t0-00 0.5990-00 0 .6 2 8D-0 0 0.688D-00 0. 7440-00
C.1840-00 0.8200-00 0.8490-00 0.878D-00 0.9990-00 0.9140-00 0.9280-00 0.9420-00

| C.99286 0.99353 0.99424 0.99496 0.99568 0.99640 0.99712 0.99784
'

O.19eD-06 0.4170-06 0.877D-06 0.185D-05 0.3870-05 0.8120-05 0.1700-04 0.3550-04
0.7380-04 0 1520-03 0.3130-03 0.636D-01 0.12P0-02 0.2500-02 0.4780-02 0.8870-02
0.1580-01 0.2710-01 0.4430-01 0.6890-01 0.1030-00 0.1450-00 0 1990-00 0 2620-00
C.9335 0.9427 0.9510 0.9612 0.9704 0.9797 0.9889 0.9982

0 MO I STUR E CCNT ENT cap 4 CITY-------

0.7680-04 0.1249-03 0 1920-03 0.2820-03 0.3860-03 0.4820-03 0.5470-03 0.5670-03
0.*44D-03 0.4949-03 0.4320-03 0.368D-03 0.3090-03 0.25 7n-03 0 2120-03 0.1750-03
0.144D-03 0.118D-03 0.9690-04 0.7950-04 0.6520-04 0.5390-04 0 4390-04 0.3600-04
.?70E-c4 .365E-04 .365E-04 .355E-C4 .350E-04 .3 4 5E 7 04 .340E-04 .335E-04

C.2040-04 0.294C-04 0.423D-04 0.6090 04 0.8750-04 0.t2fo-03 0 1800-03 0.2570-03
0.?650-03 0 5170-03 0.7270-03 0 1010-02 0.1393-02 0.1870-02 0.2470-02 0.3170-02
0.3930-02 0.4720-02 0.5460-02 0.611D-02 0.6620-02 0.6990-02 0.7220-02 0.7340-02
0.7340-02 0.7350-02 0.7360-02 0.7370-02 0 7380-02 0.7390-02 0.7400-02 0 7410-02

C
C ------- 04TA SET 8 NC94L-ActhT 00SITIONE,

1 0.0 0.0i

| 2 0.0 379.5000
[ 3 0.0 874.5000
t a 00 1320.0000
| 5 0.0 1716 .0000

e 0.0 2062.5000'

7 0.0 2359.5000
; 8 0.0 2E07.0000
| 9 0.0 2805.0000
| 10 0.0 2953.5000
1 11 0.0 3052.M000
I 12 0.0 3102.0000

13 00 3151.5000
14 0.0 1876.2500

i 15 0.0 3201.0000
l 16 0.0 3225.7500
1 17 0.0 3250.5000
( IR 0.0 3275.2500

19 0.0 3300.0000
20 1000.00 0.0
21 1000.00 375 1875
22 1000.00 864.5625

_- _ _ _ _ _ - _ _ _ _ _ _ - _
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Table B.3. (continued)

23 1000.00 1305.0000
24 1000.00 1696.50C0
75 1000.00 2 C39.06 25
26 1000.00 2332.6875
27 1000.00 2577.3750
28 1000.00 2773 1250
29 1000.00 2919.937M
30 1000.00 3017.8125 |
?! 1000.00 3066.7900
32 1000.00 3115.6875
33 1000.00 3140 1563
?4 1000.00 3te4.6250
35 1000.00 3189.0933
36 1000.00 3213.5625
37 1000.00 3238.0313
?8 1000.00 3262.5000
?9 2000.00 0 .0
40 2000.00 370.8750
41 2000.00 e54.6250

' 42 2000.00 1290.0000
43 2000.00 1677 0000
44 2000.00 2015.6250
45 2000.00 2305.E750
46 2000.00 2547.7500
47 2000.00 274t.2500
48 2000.00 2886 3750
49 2000.00 2983.1250
50 2000 00 3031.5000

l"1 2000.00 3079 8750
52 2000.00 3104.0625
53 2000.00 3128.2500
54 2000.00 3152.4375
55 2000.00 3576.6250
?6 2000.00 3200.R125
57 2000.00 3225.0000
58 3000.00 0.0
59 3000.00 3 e 6.56 25
60 3000.00 944.6875
et 3000.00 1275.0000
e2 3000.00 1857.5000 |
63 3000 00 1992.187M
e4 3000.00 22 79. 0e 25
65 3000.00 2918.1250
66 3000.00 2709.3750
e7 2000.00 2852.8125
ee 3000.00 2948.4375
69 2000.00 2996.2900
70 3000.00 3044.0625
11 3000.00 3067.9688
72 3000.00 3091 8750 )73 3000 00 3115.7813
74 3000.00 3139.6875
75 3000.00 3te3.5939
76 3000.00 3157.5000
77 4000.00 0.0
78 4000.00 362 2500
79 4000.00 834.7500
90 4000.00 1260.0000 |
88 4000.00 1639.0000
82 4000.00 1968.7500
P3 4000.00 2252.2500
84 4000.00 2488.5000
85 4000 00 2677.5000
e6 4000.00 2819.2900
e7 4000.00 2913.7500
Pe 4000.00 2961.0000
29 4000.00 3006.2500
SO 4000.00 3031 9750
51 4000.00 3055.5000
92 4000.00 3079.1250 |
93 4000.00 3102.7500
54 4000.00 3126.3750
95 4000.00 3150.0000
96 5000 00 0.0
97 5000.00 357.937M
98 5000.00 824.8125
99 5000.00 8245.0000
100 5000.00 1619.5000
tot 9000.00 1945.3125
102 5000.00 2225.4375
103 5000.00 2459.8750
104 5000.00 2e45.6250
105 5000.00 2785.6875
106 5000.00 2979.0625
107 5000.00 2925.7500
100 5000.00 2972.4375

|

|
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Table B.3. (continued )

109 5000.00 2995.7e13
110 5000.00 3019.8250
til 5000.00 3042.4688
112 5000.00 3065.8125
113 5000.00 3089.1561
114 5000.00 3182.5000
115 6000.00 0 .0
tie 6000.00 353.6250
117 E000.00 el4.8750
118 6000.00 1230.0000
119 2000.00 1599.0000
120 6000.00 1921.8750
121 6000.00 2198.6250
122 80CO.00 2429.2500
123 6000.00 2E13.7500
124 7000.00 2752.1250
125 6000.00 2844.'750
126 6000.00 2890.5000
127 6000.00 2936.6250
128 6000.00 2989.6875
129 6000.00 2992.7500
l'O 6000.00 3005.9125
131 8000.00 3025.8750
132 6000.00 3051.9375
133 0000.00 3075.0000
134 7000.00 0.0
!?S 7000.00 349.3125
13e 7000.00 804.9375
137 7000.00 1215.0000
138 7000.00 1570.5000
139 7000.00 1898.4375
140 7000.00 2171 8125
141 7000.00 2299.6250
142 7000.00 2581.8750
143 7000.00 2718.5625
144 7C00.00 2809.6875
145 7000.00 2855.2500
146 7000.00 2900 8125
147 7000.00 2923.5038
148 7000.00 2946 3750
149 7000.00 2969.1563
150 7000.00 2991.9375
151 7100.00 3014.7184
152 7000.00 3037.5000
153 0000.00 0.0
154 8000.00 345.0000
155 8000.00 795 0000

i

|
156 2000.00 1200.0000

' 157 8000.00 1560.0000
158 8000.00 1875.0000
159 8000.00 2145.00 00
160 8000.00 2370.0000
tel 8000.00 2550.0000
1E2 2000.00 2Ee5.0000
te3 8000.00 2775.0000
tee 8000.00 2820.0000
le5 0000.00 2865.00 00
te6 8000.00 2287.5000
167 8000.00 2910.0000
lee 8000.00 2932.5000
te9 8000.00 2955.0000
170 8000.00 2977.5000
171 8000.00 3000.0000
172 9000.00 0.0
173 9000.00 338.1000

| 174 9000.00 779.8000
l 175 9000.00 1176.0000
| 176 9000.00 1528.8000

177 9000.00 1837.5000
178 9000.00 2102.1000
179 9000.00 2322.6000

j 1PO 9000.00 2499.0000
, IP1 9000.00 2631.3000
! te2 9000.00 2719 5000

te3 9000.00 2763.6000
184 9000.00 2807.70C0
185 9000.00 2829.7500
186 9000.00 2851.8000

l IP7 9000.00 2873.8500
18e 9000.00 2 e 95 .90 00
189 9000.00 2917.9500
190 9000.00 2940.0000
191 10000.00 0.0
192 10000.00 331 2000
193 10000.00 763.2000
194 10000.00 1152 0000

-- .--
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Table B.3. (continued)

Ic5 10000.00 1497.6000
196 10000.00 1800.0000
197 10000.00 2059.2000
158 10000.00 2275.2000
199 10000.00 2448.0000
200 10000.00 2577.6000
201 10000.00 2664.0000
202 10000.00 2707 2000
2C3 10000.00 2750.4000
204 10000.00 2772.0000
205 10000.00 2793.6000
20e 10000.00 2015.2000
207 10000.00 2836.0000
208 10000.00 2858.4000
209 10000.00 2890.0000
210 11000.00 0.0
211 11000.00 324.3000
282 11000.00 747.3000
213 11000.00 1128.0000
214 110CO.00 1466.4000
215 11000.00 1762.5000
216 11000.00 2016.3000
217 11000.00 2227.8000
238 11000.00 2397.0000
219 11000.00 2523.9000
220 18000.00 2608.5000
221 11000.00 2650.8000
222 11000.00 2653 1000
223 11000.00 2714.2500
224 11000.00 2735.4000
225 11000.00 2756.5560
226 tt0CO.00 2777.70CD
227 11000.00 2798.e500
2?e 11000.00 2820.0000
229 12000.00 0.0
230 12000.00 317.4000
231 12000.00 731 4000
232 12000.00 1104.0000
233 12000.00 1435.2000
234 12000.00 1725.0000
235 12000.00 1973.4000
236 12000.00 2180.4000
237 12000.00 2346.0000
??S 12000.00 2470.2000
230 12000.00 2553.0000
240 12000.00 2*94.4000
241 12000.00 2635.8000
242 12000.00 2656.5000
243 12000.00 2677.2000
244 12000.00 2297.9000
245 12000.00 2718.6000
246 12000.00 2739.3000
247 12000.00 2760.0000
248 13C00.00 0 .0
249 t?000.00 310.5000
280 13000.00 715.5000
251 13000.00 1080.0000
282 13000.00 1404.0000
253 13000.00 1687.5000
254 130CO.00 1930.5000
285 13000.00 2133.0000
2*6 13000.00 2255.0000
257 13000.00 2416.5000
258 13000.00 2497.9000
2*S 13000.00 2538.0000
260 130CO.00 2*78.5000
2P1 13000.00 2* SS. 75 00
262 13000.00 2619.0000
2e3 13000.00 2639.2500
2P4 13000.00 26*9.5000
2e5 13000.00 2679.7500
2e6 13000.00 2700.0000
2e7 14000.00 0.0
EPe 14000.00 303.6000
269 14000.00 699.6000
270 14000.00 BC56.0000
271 14000.00 1372.8000
272 14000.00 16*0.0000
273 14000.00 1887.6000
274 14000.00 2 C85.60 00
275 14000.00 2244.0000
276 14000.00 2362 8000
277 14000.00 2442.0000
278 14000.00 2488.e009
279 14000.00 2521.2000
220 14000.00 2541 0000
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Table B.3. (continued)

2Pt 14000.00 2560.9000
2P2 14000.00 2 5 e0.60 00
2R3 14000.00 2f00.4000
2R4 14000.00 2e20.2000
2P5 14000.00 2640.0000
2f6 15000.00 0 .0
287 1*000.00 296.7000
2P8 15000.00 683.7000
2e9 15000.00 10?2 0000
290 15000.00 1241.2000
2c1 15000.00 1e12 5000
292 15000 60 8844.7000
293 15000.00 2038.2000
294 15000.00 2193.0000
24* 1*000.00 2 3 09. t 0 00
296 15000.00 2266.5000
297 15000.00 2425.2000
298 85000.00 2463.9000
249 1*000 00 2483.2500
200 1*000.00 2!02.6000
30t 15000.00 2*21 9500
302 15000.00 2541.2000
3O? 15000.00 2560.6500
?On 15000.00 2580.0000
305 16000.00 0.0
?O6 16000.00 289.8000
207 If 0CO.00 667.8000
308 te000.00 1009.0000
?09 te000 00 1310.4000
310 te000.00 1575.0000
?11 16000.00 1801 8000
312 te000.00 1990.9000
213 16000 00 2142.0000
?t4 16000.00 2255 4000
335 te000.00 2331.0000
21E 16000.00 2368.8000
?!? 16000.00 2406.6000
31e teC00.00 2425.?000
219 te000.00 2444.4000
220 16000.00 2463.3000
321 16000.00 2482.2000
322 te000.00 2*01 1000

t 323 16000 00 2520 .0000
1 324 17000.00 0 .0

225 17000.00 282.9000
376 17000.00 651.9000
327 17CCO.00 984.0000
??S 17000 00 1279.2000
229 17000.00 1837.5000t

' 330 87000 00 1758.9000
321 17000.00 1943.4000
332 17000.00 2091 0000
?33 17000.00 2201.7000
3'4 17000.00 2275.5000
335 17000.00 2312.4000
33e 17000.00 2349.3000
??7 17000.00 2367.7509
??8 17000.00 2386.2000
3 9 17000.00 2404.6500
340 17000.00 2423.1000
341 17000.00 2441.*500
342 17000.00 2460.0000
343 le000.00 0.0
244 18000.00 276.0000
?45 te000.00 e36.0000
246 18000.00 960.0000
347 58000.00 1248.0000
348 IP000.00 1500.0000
349 10000.00 1716.0000
250 18000.00 1896.0000
281 18000.00 2040.0000
252 18000.00 2149.0000
??3 le000.00 2220.0000

t

384 18000.00 2256.0000
?"5 1m000.00 2292.0000
15e 18000.00 2310.0000
357 18000.00 2328.0000
359 18000.00 2346.0000
2*9 18000.00 2364.0000
?60 1P000.00 23e2.0000
361 18000.00 2400.0000
367 19000.00 0.0
3e3 i9000.00 269.i000
164 19000.00 620.t000
275 19000.00 936.0000
2ee 19000.00 1216.8000

-_ _
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Table B.3. (continued)

367 19000.00 14f 2.50 00
368 19000.00 1673 1000
369 19000.00 1848.6000
270 19000.00 1989.0000
371 19000.00 2094.3000
372 19000.00 2te4.9000
373 19000.00 2199. FO CO
374 890CO.00 2234.7000
375 19000.00 2252.?500
376 19000.00 2269.8000
377 89000.00 2287.3500
378 19000.00 2304.9000
379 19000.00 2322.4500
280 19000.00 2340.0000
3et 20000.00 00
3P2 20000.00 262.2000
383 20000.00 604.2000
3P4 20000.00 912.0000
3E5 20000.00 1185.6000
386 20000.00 1425.0000
387 20000.00 1630.2000
388 20000.00 1808.2000
389 20000.00 1938.0000
390 20000.00 2040.6000
398 20000.00 2109.0000
392 50000.00 2143.2000
39? 20000.00 2177.4000
394 20000 00 2194.5000
395 20000.00 2211.6000
396 20000.00 2228.7000
397 20000.00 2245.8000
398 20000.00 2262.9000
?99 20000.00 2280.0000
400 S1000.00 0.0
401 21000.00 255.3000
402 2l000.00 588 .3000
403 21000.00 888.00C0
404 21000.00 1154.4000
405 21000.00 1387.9000
406 21000.00 1587.3000
407 21000.00 1753.M000
408 21000.00 1887.0003
409 21000.00 1986.9000
410 21000.00 2053.5000
4tt 21000.00 2086.8000
412 21000.00 2120 1000
413 21000.00 2136.7500
414 21000.00 2153.4000
41" 28000.C0 2170.0900
4le 21000.00 2186.7000 4

417 21000.00 2203.3500 )
418 21000.00 2220.0000
419 22000.00 0 .0
420 22000.00 249.4000
421 22000.00 572.4000
422 22000.00 864.0000
423 22000.00 1123.2000
424 22000.00 1350.0000
425 22000.00 1544.4000
426 22000.00 1706.4000
427 22000.00 te36.0000 i

i428 22000.00 1933.2000
470 22000.00 1998.0000 !
470 22000.00 2030.4000 1

451 22000.00 2062.8000 |

4?? 27000.00 2 C 79. 00 00
433 22300.00 2099.2000
4?4 22000.00 2111.4000
4?5 22000.00 2127.E000
4?6 22000.00 2143.P000
4'? 22000.03 2170.0000
4'e 23000.00 n.0
4?9 23000.00 241.5000
440 23C00.00 556.5000
441 93C00.CO R40.0000
442 23000.00 109?.0006
443 2300n.00 1312.5000
444 ?3000.00 1501 5000
445 23000.00 1659.0000
44e 23000.00 1785.0000
447 P3000.00 1879.5000
44* 23000 00 1942.5006
440 23000.00 1974.0000
4*O 23000.00 2005.5000
4*1 ?'000.00 2021.2506
452 23000.00 2037.0003

_ _
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Table B.3. (continued )

4*? P2000.00 ?C52 7500
4*4 ??000.00 20*R.4000
4** P3000.00 S084.?500
49e ??00n.0C 2!00.0000
4*7 24000.00 0 .0
4*8 74000.00 210.4?75t

' **C 74000.00 804.8125
4to P4000.00 7(M .00 C0
est 24000.C0 994.5006
4E2 24000.00 119S.3125
4F3 74000.00 42t7.437"
484 24000.00 1*lo e780
485 P4000.00 te25.FP*O
APP 24000.00 1'11.6875
ef 7 P4000.00 17 f 0.06 29
efe 24000.00 1797.7500.
4f9 24000.00 1826.4278
470 24000.00 1940.7*1?
471 94000.00 1885.1280
47? 24000.00 t ee9.4e e*
472 74000.00 te93.*125
474 P4000.00 te99.t*e?
47% 24000.00 1912 .80 0n
4'6 P5000.00 0.0
477 P*000.00 tem.3780
47e .P*000.00 457.1250
479 25003.00 690.0001
APO ?"C00.00 897.0000

r

481 ??O00.00 1075.12505

4PP P9 000.no 12?3.1780
4*3 28000.00 12e2.7?00
SP4 2fC00.00 14ee.2500
4e5 2!000.00 !?43.e7*0
**6 ?5000.00 1895.6250
4*7 ??000.00 t e 21. 50 00
ese 25000.00 1647.3780
4P9 25000.00 tee 0.1125
4c0 P'000.00 te73.2500
461 2*000.00 16 86.1e 75
492 2?000.00 1799.12?0
4C? ?"000.00 1712.0625

- 4C4 25000.00 17 25.0 0 C0
| 4C5 2e000.00 0 .0
' 406 P8000.00 176.m t 29

4C7 26000.00 407.4375
4Ce 28000.00 el5.0003
49% Pf 000.00 799.*000

i "c0 26000.00 400.9375
*05 2e000.00 1070.? t 2M
*0P 78000.00 1214.9250
fa' ?P000.00 130^.e750
*04 2f000.00 !?75.062M *

50M 2e000.00 1422.l*7M
*0f 260C0.00 1445.2500
807 Pe000.00 1468.3125
*0m 2s000.00 1479.**38
809 ?P000.00 8491.1780
fl0 2F000.00 t*0P.90e?
*11 PE000.00 1514.4375
512 Pe000 00 1528.9ee?
*13 2F000.00 1837.?000
*14 27000.00 0.0
a t? 27000.00 485.2800
*1e ??000.00 ?*7.7500
*17 27000.00 540.0000
*te P7000.00 702.0000
* 19 27000.00 e43.7900
*PO '70e0.00 Se'.95CO
*Pt 27000.00 10e6.9000
"?? 27000.00 1147.M006
*P3 27000.00 l208.2*00
*P4 27000.00 1248.7500
*15 '7000.00 12e9.0004
*P6 27000.00 12eo.2503
*27 27000 00 1299.37"O
528 P7000.00 1309.5000
*29 *7000.00 I?t9.f250
*:0 27000.00 !??9.7500
8'1 27000.00 !?14.P750
832 27000.00 1?50.0000

?
C ------- DET4 SET 01 FL*4*h? 0FFINITICNS

1 1 20 ?! S 1 14 27

c
n474 SFT tot w4 T* 414L CoorECTION4* -------

201 2 409 19

- .__ - _ _ _ _ _ _ - - _ _ _ _ _ . _ _ _
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i

Table B.3. (continued) |

202 2 410 19
C
e ==----- DAT4 SET 11: C42n INDUT fop INI TI AL OR ##F-INITIAL COhDITIONS II 0.

*'2 0.
r
r Data SET 12; INTFGFe caea gETERS FOR STE40Y-STATE C4 TRAN$ TENT-------

19 0 1 3 28 27
C
C CAT 4 SET 13: AAINFaLL PROFILES- - - - - - -

i

0.0 999999.0 1000000.0 lP.0E-06 2.0F-06 00 t

C |
r - - - - - - - DATA 587 14 p al N F aLL T vo E thO OCNDING OFATH

19 1 0 00
513 1 19 0.0

C
C ---- DATA SET 15 D a !NF aLL-SFFoG a F SUAFAC* ELEgFNT SIDES

18 19 39 - O
ees 494 513 18

r
*r ------- 0 4 T a SET 16! DIRfCPLFT RnUNDADY CCNOITICNS

*t4 1350.0
515 1894.75
Ste 992.2"
*17 810.0
*18 648.0
*t9 50C.?5
??O 394.75
*P1 283.5
*22 202.5
52' 141.79
*?4 101 25
*?S 81.0
526 60.75
*P7 50.629
*Pe 40.5
529 30.375
"'O 20.25
*?! 10 125
*1? 00

C
C DATA SET 17 N*UM A NN S CUN O a A Y COAmtTIONS AR* NOT NEEDEO SINCE NST=0-------

r
C ------- DaT4 SFT tP! TRAK 91Eh1 STATF INTFGEQ oap4W7TERS

19 0 1 5 26 27
C
C CATA SET 391 PAINFALL EQDFILFS-------

0.0 1097.70C 7097.705 999999.0 1000000 0
7.08-04 7.0F-04 1.0 0.0 0.0

C
r - --- --- 0 4 T A SET 20! CalkF4LL TYDE 4NO PCNCING DE ATH

19 1 0 0.0
511 1 19 0.0

r
C DATA SET 21: P 4 I NF ALL-SEE D &G E SupFACE EL E4 EN T STOES-------

18 19 38 0
468 4C4 *13 19

C
C 04Ta SET 22 D I E ICHL' T POUNO A A Y COND I T IONS- - - - - - -

814 1380.0
515 1194.75
Ste 992.25
at? P10.0
Ste 648.0
*19 50e.25
570 384.79
521 223.5
*22 202.5
523 141.75
824 101.?5
*PM et.0
5?6 EC.75
"?7 * 0.( 29
!?B 40.%
529 30.375
*20 20 25
''t 10 12"
522 6.0

r
C rata SFT '3 NFO4a hN POUN0 a pv CON 7tTIONS ADE NOT NEEDEO SINCE NSTs0-------

C
C ------- r t N AL L Y A CL4NK CacD TC END TNF JCB
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B-IV. A SHALLOW TRENCH BURIAL PROBLEM

B-IV.I. Problem Description

Low-level . wastes are normally buried in trenches and are covered
|

L with the natural soil after filling. On the ground surface, artificial

materials, such as asphalt or bentonite, may or may not be _used for

sealing purposes. A typical cross-section through the trench and its

associated surface seep are shown in Fig. B-10. The trench is 3.2 m

wide (only half of the width is shown because of symmetry) and 5.75 m

deep, with only the lower 2.35 m filled with radioactive wastes. The

! transporting fluid enters the soil material (weathered shale) in the

form of infiltrating precipitation, travels horizontally as well as

vertically toward the water table, and eventually emanates at.the

downslope seep and at the stream as depicted in Fig. B-10. Disposal of

| solid coal wastes, chemicals, and sanitary wastes in landfills

_ resembles this type of practice. For this sample problem, it is
|

I

assumed that only the steady-state hydrodynamic variables will be
,

desired as functions of space under the condition of averaged net

rainfall being applied on the surface. To properly address this

problem soil properties must be given, which are plotted in

Fig. B-11. To apply FEMWATER, the region of interest is discretized

into 533 nodes and 480 elements as in Fig. B-12. An averaged net

rainfall rate of 77.6 cm/yr is assumed. The boundary conditions for

the FEMWATER computations are specified as follows: (a) variable

boundary conditions are imposed on the ground surface, (b) Dirichlet

boundary conditions with zero head are implied on that portion of the

-. _.
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ground surface down slope from the seep, and (c) Neumann zero-flux

boundary conditions are used for all other boundaries of the region of

interest.

B-IV.2. Input Deck

Following the intructions given in Section A-V.3 of APPENDIX A,

one should be able to prepare an input deck similar to the one given in

Table B.4. It should be noted that the first four numbers on Card Data

Set 3 can be anything because only the steady-state solution is

desired. Because only the steady state solution is sought, NTI = 0 and

KSS = 0. A single homogeneous material is considered; thus NMAT = 1

and NCM = 0. Again, the comment cards are for explanation and must be

removed for execution.

1

I
i

f
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Table B.4. Input data for a shallow trench burial problem

|

C 1

C ------- CaTA SET 11 TITLE
i4 SHALLCu TRENCH SUnt4L w&T*C FLOW STEADY ST ATE SI MUL 4T t DN - FE4w4TER i

r
C ------ 04T4 9ET 21 94 SIC INTEGr# PApAMETERS

?33 4PO 1 0 0 0 t 16 1 0 1 0 100 7 5
0 0

C
C = -- DATA SET 12 P49tC GEat m404wETECS '

I'00. .9 21600.0 267840C.0 0. .01 .1 1.
9 p f.6 .013 1.
C
C ------- DATA SET 4! PEINT*p CUTDUT AND OtSK STCDE CONTROL
ms
11
C

OaTa SET st MaTFot4L A50p*RTIFSC -------

0. O. .3 1 01E-4 1 01F-4
C

DaT4 SETf 4N AlvT IC 90!L p a p 4 *E T F OS 4Ar NnT N EF0FD S INCE KSp.NE.0C -------

r
04Ta 9ET 't S CT L DCOpERTIES IN TAAUL4p F On 4r -------

C ------- opF55UoF HEAD
-Peo. O -400. -200. -1 79 -150. -1 29 . -100. -62 5
-f0.0 -17.5 -25. -12.* 0. 90. 100. 2000.

" NO t 9TU AF CONTFN T-------

.024 .032 .0425 .045 .050 .0625 .09 .25

.?* .275 .?R* .250 .2925 .2975 .2995 .3
C ------- AFlaftvF HY0040Ltr CCNOOCTtv!TV
c.01* 0.018 0 103 0.t90 0.2PO 0.420 0.500 0.98
1.0 1.01 1 01 1.01 1 01 1.01 1.01 1 01

C mot 9TH9E CCNTFNT C4DaCITY '-------

O. .52E-4 .10E-3 50?-3 .50E-3 .!!E-2 .32E-2 .32E-2 i

.20F-2 .80E-1 .a0E-3 . 2 0E -3 .10E-3 .40E-4 .26E-6 0. I

r '

DATA SET 91 NCO AL- Ac t hT POSI T ICN SC -------

1 0.0 700.000
2 0.0 697.200
1 0.0 794.400
4 0.0 e91 601 |
M* O.0 998.800

'

e 0.0 1086.000
7 0.0 1183.200
e 0.0 124C.400
9 0.0 1377.E00
le 0.0 1474.800
11 00 1572 000
12 0.0 1644.000
13 0.0 i f 8 0.0 C0
14 80.000 *92.700
19 80.000 690.00? l
te 80.000 787.306 '

|17 80.000 E8 4.6 09
18 80.000 988.9t?
19 80.000 1079.216
20 80.000 1176.519
21 80.000 1273.922
22 80.000 1371.12*
23 80.000 146F.42A
24 80.000 156E.732
25 A0.000 1637.e09
26 80.0 1e73.846
27 150.000 56*.400
7m 160.000 682.806
70 160 000 78 0.? t 1
30 te0.000 877.619
31 160 000 975.02*
32 160.000 1072.432
33 lec.000 1169.839
14 LAO.000 126 7. 2 a 4
?S 160.000 1364.659
?6 160.000 1462.057
?? 150 000 1559.46'
?e 160.000 1638.616
39 160.0 1867.69?
40 285 000 *F3.954
41 289.000 67t.561
42 285.000 769 129
4' 285.000 566.696
44 2M".000 064.264
4* 2ms.rSo 1061.931
4e 285.000 1159.399
47 2RM.000 12? e.9f ?
4e 299.000 1354.434
49 2RS.000 1452 101
*O 285.000 1549.669

. - . _ . - _ _ _ _ - . ,., _ _ - _ - -
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Table B.4. (continued)

*l 289.000 te21.941
s2 285.0 te5e.077
"? 40.000 562.5e=
44 410.000 660.316
55 410.000 758.049
'6 410.000 899.773
a? 410.000 953.5C2

' *e 410.000 10=t.231
' 89 410.000 114P.05a

70 410.000 1246.689
et 450.000 1344.417
62 410.00? 1442.145
e3 410.000 1839.874
84 480.000 tet2.2eA
E9 410.0 1848.4e2
e6 *?9.000 951.181
e7 T35.000 649.071
em ?39 000 746.961
E9 5?9.000 e44.891
70 *'9.000 942.741
75 53*.000 1040.e30
72 ?39.000 113 e.5 20
73 5'5.000 123e.410
'4 F39.000 1334.300
?* 539.000 1432.190
76 535.000 1530.080
77 ??S.CCO 1602.591
79 53*.0 1638.e46

; 79 e60.000 519.779
1 20 e60.000 637.82E
'

81 e60.000 735.677
29 660.000 83 3.9 2m
23 e60.000 931 979
e4 e60.000 1030.030
85 e80.000 ll2e.081
ee ee0.000 122e.13?
P7 e 6 0.000 1324 1e'
Pe ee0.000 8422 234
e9 ee0.000 1520.269
CO 860.000 1892.916
91 F80.0 1629 231
92 900.000 *17.875
93 900.000 616.235.

94 900.000 714.594!
1 95 900.000 el2 956

Se C00.000 911.317
i 97 900.000 100 9. e 7 7
| c8 900.000 110 8.0 3g
| 99 900.000 120 e .39m
' 100 000.000 1304.759

101 900.000 140?.110
102 900.000 1501. 4 e0
IC3 000.000 3*?4 339
104 900.0 1610.769
10* 1t40.000 495.979
106 3140.000 894.645
107 1140.000 eos.335
10m 1840.000 791.984
109 1140.000 e90.659
110 1140.000 949.329
Ill ll40.0CC 1087.999
112 1140.00n 1186.669
tt? 1840.C00 1268.33*
114 1840.000 1384.004
115 1140.000 1482.674
tle 1140.000 4855.76'
117 1140.0 t*02 30m
119 1390.000 474.07*
119 13MO.000 *F3.054
820 13m0.000 672.034
121 1380.000 771.01'
t22 1'80.000 669.99'
122 12MO.000 G6 8.9 72
124 1390.000 1067.get
125 1380.000 1866.9?!
52P 1390.000 126?.910
127 13MO.000 1364.P90
128 1380.000 1463.869
829 33MO.000 I?37.1??
130 1340.0 1573.846
131 te20.000 452 175
132 1620.000 551.4e4
I?? If20.000 F90.793
1'4 1620.000 750.042
!?* te20.000 849.3?O
!?6 16?O.000 94e.619

-
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Table B.4. (continued)

137 8720 000 1047.909
iI?P 1e20.000 1147.197 I

l'9 1670.000 1246.496
140 te20.000 1345.775
141 1620.000 1445.0e4
142 1670.000 1518.611
143 IE20.0 1555.389
144 1M60.000 430.279
145 IP60.000 *2 9. P 7?
lee 1P60.000 E29.4 72
147 18f0.000 729.070
See I PA 0. 000 828.668
140 1860 000 928.267
190 1M60.000 1027.865
151 IPAO.000 1827.4e3
15? IP60.000 1227.062
193 1Peo.000 1326.660
854 IP60.000 1426.258
15* tee 0.000 1500.029
156 te60.0 1516.921
t*7 Pt00.000 408.379
159 2l00.000 508.283
t*9 2100.000 608 191
IFO 2l00.000 708.099
le t 2100.000 808.009
te? 2100.000 C07.914
tel 2100.000 1007.8??
164 ?t00.000 1107.730
f f *, ?100.000 1207.637
t#f P100.000 1307.?4%
167 P100.000 1407.45'
178 2l00.000 ( 4R t .4 50
1 F_9 P100.0 15te.462
170 234n.000 386.479
471 E340.000 486.e92
17? 2740.000 5M6.909
!?? P340.006 C 8 7.12 7
174 2340.000 787.344
17% 2340.000 587.561
17e S'40.000 987.778
177 2340 000 1097.49*
178 ??40.000 I ta m .213
170 ??40.000 12M8.430
180 P340.000 I?P8.648
let 2340.000 1462.883
182 P340 000 1500.000
RP3 P580.C00 364.979
te4 2*80.000 461.509
IPS 2*90.000 558.44?
126 2580.000 655.378
187 2580.000 75 2.3 t ?
IPm 2580.000 844.246

1

189 2590.000 947. t MO
190 ?*80.000 1043.114

1191 ?580.000 1840.049
1192 2580 000 123e.983
|19' 2580.000 1333.917

194 2580.000 1405.720 J

195 2*90.000 1441.E22
'

19e ?710.000 25?.7t'
197 9710 000 447.R68

1198 2710.000 , 543.024 1
199 2710.000 e38.lP0
200 2710.000 733.?36

|201 ?710.000 82R.492 1

202 2710.000 923.e48
203 P710.000 1018.804
204 P7tc.000 1813.960
209 ?710.000 1209.115
20f 2710.000 1304.271
207 2710.000. 1374.757
20P 2710.000 1410.000
209 2e35.000 348.306
210 2P15.000 426.914
211 2P35.0C1 512.521
212 283?.000 '90.t29
213 2 P3 9.000 f83.736
214 2835.000 76 9 .? 4?
21? 2e35.CCO 854.951
2 t6 2e35 000 G40.559
217 9F'5.000 102e.166
2tP Se39.000 1111 773
219 2e35.000 1807.381
270 Pe15.000 12e0.794
221 PP35.0C0 1292.?00
272 2960.000 329.900
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Table B.4. (continued )

223 ?460.000 405.959
224 7940.000 4R2.0tm
225 2960.000 "5R.077
22e 2960.000 e34 13e
227 2 96 C . 0 00 710.19?
22e 29en.000 786.?*4
2?9 2960.000 Se 2.311
2?O 2960.000 938.37?
231 2960.000 1014.431
2?2 29e0.000 1090.490
2*3 2960.000 1146.830
254 796C.000 1875.000
2'5 9080.000 314.950
236 3080.000 394.281
237 3090.000 469.612

44.943- 238 '080.000
e"2 0. 2 7.239 3090.000

240 3080.000 eof.60*
241 3080.000 770.936
242 ?080.000 846.267
243 3080.000 921.598
244 ?OPO.000 99 e . 9 29
245 ?O60.000 1072.260
246 3080.000 1128.061
247 3080.000 1855.962
248 3280.0C0 300.700
289 32MO.000 3'4.918
280 3280.000 448.936
281 3290.000 523.0"3

,

l 252 3280.000 997.171
2*3 32RC.000 671.289
294 3280.000 745.407
255 3290.000 219.*24
2*e 32MO.000 993.64?
2*7 ??90.000 967.760
258 3280.000 104 t .8 79
2*9 3290.000 1096.780
2eo 3289.000 1t?4.231
Pet 1490.0C0 292 450
282 '480.000 255.355
263 1490.000 42R.259
2e4 3480.000 501.164
2e? 3480.000 574.069i

! 266 3490.000 e46.97'
2e7 34MO.000 7t9.877
2e8 3490.000 792.782
2e9 34RO.000 865.686
270 3480.000 938.591

l 271 3480.000 1011 495
l 272 '480.000 1065.498

213 34MO.000 1092.500
274 3e80.000 264.200
275 3e90.000 335.m48
277 3e9C.000 407.582
277 7e80.000 479.274
2?P 3e8n.000 590.9t*
279 680.000 622.6*6
2eo 3e80.000 694.347
Pet 3 e 8 0. 0 00 76 E .0 39
2P2 3690.000 P17.730
283 '6mC.000 909.421
284 3fMO.000 981.112
2*5 ?e80.000 1034.?t7
Pee 3e80.000 1060.769
2e7 3P40.000 249.600
2** 3e40.000 320.321
229 3e40.000 391.04l
210 3e40.000 461.76?
241 3840.000 53 2.4 e ?
292 3*40.000 603 203
293 3240.000 e73.924
294 3e40.000 74 4.e 44
245 3 e 4 0. 0 00 8t?.365
246 3e40.000 SP6.08A
297 3P40.000 956.806
299 3240.000 1009.192
799 ?840.000 103!.3e5
30C 4000.000 23*.000
301 4000.000 30 4 .7 "O
302 4000 000 374.500
303 4000.000 444.250
?"4 4000.000 514.000
?05 4000.000 583 750
?06 400C.000 e5 3.5 00
307 4000 000 723.280
30P 4000.000 793 006

____
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Table B.4. (continued)

?C9 4000.000 962.750
210 4000.000 932.500
311 4000.000 98 4. t e 7
312 4000.000 1010.000
?t3 4175.000 18A.6e7
314 - 4175.000 294.317
315 4175.000 321.96'
116 4175.000 389.617
317 4175.000 457.2e7
?tR 4175.000 524.917
319 4175.000 592.527
320 4175.000 660.217
321 4175.000 727.867
322 4175.000 795.517
??3 4179.000 a63.167
324 4375.000 913.27P
325 4175.000 938 333
326 4350.00u 13e.333
327 4350.000 203.881
328 4190.000 269.43'
329 4350.000 334.983
?'O 4390.000 400.533
??1 4250.0C0 46e .0 83
332 4390.000 *11.633
3?? 4350.000 897 183
3?4 4350.000 e62.73'
? ?S 4350.000 72R.283
336 4350.000 793.833
??7 4150.000 842.389
33P 4350.0 e64.667
339 4*29.000 90.000
340 452".000 153.480
3 41 4525.000 216.900
342 4525.000 280.350
343 4525.000 343.R00
344 4525.000 407.250
34* 452*.000 470 700
34e 4*25 000 534 150
347 4525 000 597.600
348 4525.000 661.050
349 4525.000 724.500
350 4525 000 771.500
?51 4525 000 795.000
352 4E65.000 78.357
383 4*A9.060 135 120
384 4665.000 191 852
??5 4665.000 248.48%
356 4e65.000 305 318
3*7 4865.000 362 050
3*8 4e6*.000 418.78?
359 4665.000 4FS.516 |
3f0 4664.000 512 249
381 4665.000 S8 8.9 P 1
362 4e65.100 e45.714

,3e3 of65.000 e87.73M
384 46e5.000 708.750 J

;|3 6 t' 4808.000 66.774
3ee 4805.000 tie.790
3A7 4909.000 16e.905
?6e 4205.000 216 920
369 4205.000 266 835
3 70 4e05.000 316.e51
??1 4809.000 36e.e66
??? 4805.000 416.R81
??3 4e08.000 466.897
? ?4 4e05.000 516.912
??S 4205.000 566.927
??A 4e05.000 603 976
377 4e05 000 e22.*03
37 4945.000 s5.iei |
379 4945.000 9R.4*9
3PO 4945.000 141.757
3Pt 4 C4 5. 0 00 195 085
382 4045 000 2?e.3?3
393 4945.000 271.e S t
3P4 4945.000 314.949
3e5 4945.000 358.247
3Pe 4945.000 401.549
397 4945.000 444.843
388 4945.000 498.141
2P9 4945.000 *20.214
390 4945.000 53E.251
391 *0Mm.000 43.549
392 8095.000 80.129
393 5089 000 116.719
394 5085.000 153 290

I

!
I
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Table B.4. (continued)

?cM - 5089.000 1M9.R71
396 5085.000 226.4*2
297 508?.000 2e3.03?4

?98 5085.000 299.613
?90 *0P5.000 216.194
400 *08*.000 372.774
401 9089.000 409.3*5
402 ?085.000 436.452
403 5059.000 450.000
404 *190.000 34.839
405 5190.000 68.9e?
406 5190.000 103.095
407 *190.000 137.2t?
409 9190.000 171.337
409 5190.000 20?.461
410 5190.000 239.5e6
411 5190.000 273.710
412 5190.000 307.839
413 5190.000 341.959
414 5190.000 376.0P4
4t5 9890.000 401.368
416 5190.000 414.006
417 5245.000 26.129
418 5295.000 97.797
419 5295.000 89.4e*
490 5?95.000 121.134
421 829".000 15 2. R O?
422 5295.000 184.471
453 5?95.000 216.129
424 *29*.000 247.809
425 Y295.000 279.476
426 5295.000 311 14*
457 $?95.000 342.et?
428 5295.000 366.271
429 ??95.000 378.000
430 *400.000 17.419
431 5400.000 46.632
432 ?400.000 79.844
4?? 5400.000 105.056
434 5400.000 134.268
4?? ?400.000 if3.488
435 "400.000 192 693
417 5400.000 221 909
43P ?400.000 251.117
430 9400.000 290.??0
446 5400.000 309.547
441 *400.000 331.191
442 *400.000 342.000
443 5509.000 8.710
444 5"O9.000 35.4ee
445 *E05.000 62.22?
446 **05.000 8 8.9 7R
447 5505.000 115.734
44e 5505.000 142.490
449 5*05 000 leo.248
4*0 5505.000 196.003
481 ?509 000 222 759

I 4*2 ?505.000 249.515
4*3 550*.C00 276.271
454 950*.000 296.090
4** 5?09.000 206.000
4?e *etc.000 0.0
487 5610.000 24.300
4?8 5610.000 48.600
1?9 56t0.000 72.900

| 4eo 8610.000 97.200
I

461 5610.000 121.500
| 4f2 9e10.000 145.800

483 *e10.000 170.100
464 5610.000 194.400

, 465 *e 10. 0 00 218.700
l 466 5610.000 243.000
' 4A7 *fl0.000 261.000

ee8 **t0.000 270.000,

4e9 '715.000 0.0l

470 5719.000 24.100
471 5715.000 48.600
472 5715 000 72.900

l 473 8715.000 97.200
l 474 57tM.000 121.500
| 475 ?715.000 145.800

47e ??ta.000 l ' O .100
! 477 5715.000 194.400

478 87t?.000 219.900
[

479 ??tS.000 243.000
480 5719 000 261 000t

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table B.4. (continued)

i
Jet 5715.000 270.030 '

4t? 5880.000 0.0
4 *3 SPm0.000 24.300

14 24 3880.000 48.600 '

4e5 8690.000 72.900
486 588 000 97.200
487 * m e n . ? .J 621.500
4et 9880.069 a4t .800
AP9 5890.000 170 101
4G0 Se80.000 194.400 1

498 9880 000 fa m.700 )
set apSO.c00 243.000
493 SP80.000 298 006
4C4 5880.000 270.0 00
455 6t?O.000 0 .0
4Ce el30.000 24.300
497 6t30.000 48.600
498 f t 30. 0 00 72.90e
4%9 #130.000 97.200
*00 6130.000 121 900
*01 el30.000 145.800
*02 6830.000 170.100
50? 6130.000 194.400
*04 el30.000 218.700
509 F130.000 243.000
506 6130.300 261 000
507 et30.0 270.000
509 6480.000 0.0 )509 6480.000 24.300 '

580 F480.000 48.600
881 e480.000 72.900 j*t2 F480.000 97.200
*t3 6480.000 121.500
594 6460.000 145.800
*15 6480.000 170.100
*to 6480.000 194.400
887 e480.000 218.703
518 e480.000 243.000
*19 6480.000 261.000
*SO F480.000 270.000
*21 e#30.000 0.0 I
"22 F830.000 24.300
823 ee30 000 48.600
524 6830.000 72.900
525 6830.000 97.200
*2A 6810.000 121.500
527 6830.000 145.800
*28 fe30.000 170.l00
*29 6830.000 194.400
5?O 6830.000 218.700
*31 em30.000 243.000
"32 fe30.000 261 000
"33 F830 000 270.000

C
C 04T4 %ET 91 *LE4*hT OFFINITICNS- - - - - - -

t t 14 15 2 1 12 40
C
C D4TA SET t o M AT*p f 4L C CERECT I ON IS NOT RE0utpED SINCE NC N s0-------

e
r -.----- DATA SFT lit CAOO INnUT FOR INITIAL OR D9E-INITTEL CONDITIONS

1 0.
573 0.0

C
C ------- Data SET 12t INTEG*4 p OAMETEFS FOn %TF40Y-STATT 04 TRANSIENT

23 0 1 2 24 2* O
C
C DATA SET R33 UAthFALL POCFILES- -----

0.0 2e 7P4 00.0
S.4er-6 2 46E-6

e
04T4 SET 14! '04thF4LL Tyor aND DONDING DCPTMC - - - - - - -

91 1 0 0.
403 1 13 0.0

t
c -.----- neTa SrT ggt R4tNFaLL-5EtoaGE S brF ACE ELF ME N T SIDE

e4 91 104 0
?to ?90 403 t

C
C ------- 0 6 T a S F T 16? Of#tCHLET 90t'NO 4 9 V CONOTTIONS

4C3 0 0.0
**1 13 0.0
*2t 0 270.0
*f2 0 245.7
*23 0 221.4
*24 0 157 1

_
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Table B.4. (continued) ,

,

'

- 9, O t?2.n
ers O see.s,

|.
527 0 126.2-
520 0 94.9

' .??9 0 79.6
??O O 91.3
Sit 0 27.0

| "32 C 9.0
C

CATA SET t7 NEtN4h4 ROUNO4ev CCNotTt0NS enF NOT NEEDEO SINCE NSTm0C -------

C' DATA S*T 18 T Hp O'J CH OAT 4 SET 23 ace NOT NFFDED $1NCE KS9so 4NO NT!=0 *

C -------

r
F I N att. Y 4 PLANE CARS TC END THE JORC - - - - - -

i

+ . j

!

!

,

f

f,

i

I

!
!

e: |'

+i

h

4

I

f

I

,

h

I'

'
s

(
- '

,

>

J

J

, . ~- _ _ _ . . _ _ _ , - - . . - - . . . . - . ....-.- - . . - .. - -. .,- - . , .-- . , . . . . . , . - . _ _ , . . . . . - . . _ . _ - , . , , , . -.
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APPENDIX C: LIST OF FORTRAN SOURCE PROGRAM
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1
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C MATN 005
C *e********.***.*****ee**********=**....** .*********.*****. MAIN nio
C * * MATN 851 5
C * FtMnA1Fk * MATN 020
C * * Main 025
C *****eae*****aeeeeee****e*eA&4694*ee***$**44***A*eeee***eee M&TN O30
C MATN 035
(, MATN 0 J 'l
C I H i s cua'Jil T P M Cla1E 19 rt'N T A T NE n TN 1F FaitLoal%I, R E P'W i t *AIN 04i

;C YFH, Li , I, A N!e O. S, nAbn, 14MO, " FEM 9AI FR t A c!NTTF-FiFaFNi MithEl *ATN (150
| (, ils nATFH FLtin | H Wt itlGM R A lllW A TF D='lN 5 A Il8M A T F D PitWlHIS M r h T A" , (,hl=45b7, MAIN OSS

(, il A ts P I ll(,F N A l ltlN A L L AHOW A TilR Y , (J A M WIDGF, IN 37Q40 Main 000
C CoC
C IMis VF HbluN OF THF rFMnATER Conf TS Mith T F IF O Tte llDF D A T F stN CDr CDC

C FuniWMFNI, NFW lik C H A Nf:En STATFMFNTS F tJR IH{$ PllWPHSF AWF WARkFn CDC
C Mf C n C M F ril N N { N(, [N fill UMN 75, CDC
C MATN 0o%

.C A SLIGHTLY uPDATFn VFWRTilN IS CelNTATNEO TN1 MATN 070
C YFM, G, 1 A NI) W. F, STHAND, 1961, "FFCaAlFW 'IS F P ' S M ANII At l'F A MSIN 015
C FINITE ELEMENT CIIMPilTFu cline F eik S IMilL A T ING a A TF w ri ow TMal:Ucs MATN si n o
(, u low AIF O=uNb A 1UR A IEr POWUUS MFDIA," UHNL / T M-7 516, iAn WTonF MAIN OMS

'C N A l lilN A L L A MilP A li'W y , t.Ax WranF, TN, 47M30 *AATN 040
C MAIN n9%
C FUW ANY UllF S i ll'N, DlFA9E CilN T ACT DW, G, f, YFM AT fe1%) 574-7/MS MAIN 100
C MATN 105
C AnnlTIONAL WFFFWFNTES TSt MATN 110
C WEFVFb, M. AND J, Dlintl T D , 1 Q75, " n A TFR M'lVF MF NT T HullHGH S A lllW A TF n- MATN 115
C UNS A IUP A lt h PUWillf S M F f1 T A t A GALFWkie FINITE FLFMFNT MainF ", MATN 1/0
C tlWNL 4427, LI A k W i n r-F N A IIljN AL L AHilWA T 81M Y , 8 8& k W ! i1G 5 , M&TN 125
C TFNNED5LF $7M30 MAIN 130
;( MAIN 135
(C MATN 140
C ------- MAIN PRilGRAM MAIN 145
C MATN 150

WRL8GH AM F F M w A T ( T NDOT , HU T P'lT , T A PE 5 s I NPUI , T A PF e= Hit T Pili, T A DF 1, T A PE / ) CDC
C CDC

IMWsILil wh At (A.m.d=/) CDC
C MAIN 105

o!MFNSIUN x(5Q5),7(E44),IFf9PM,91 MATN 170
L MAIN 175

nIMFN5!UN L(50%,P1),R(So51,H(595),HPtsoS1,HW(50%),HT(EQ%), MAIN Ind
i IH($dM,4),OIM(EPM,41,Vx(505),V2(945), MAIN 105
% AAX(SPM,4),AMZ(Sdb,41,NPCNV(505) MAIN 190

C MATN 195
o!MFNSIUN DLH f 100), nCMS x H f 140),0COS2H (104 ), HFl y f Pou l, RFt x D f dOO ), MAIN 200
% NHF(100),ISH(loQ,4),NPH(200) MATN POS

C MAIN d10
nIMEN5IuN DL ( o 9 ) , nr nS ir ( o o ) ,0C nh 2 ( o w l , nr Y F L x ( 10 01,8'l r ( 10 0 ) , MATN d1%
> RSFLX(100),MCUS(100)eNdSE(44),TSf44,41,NJ HS(100),NDCON(1001, MATN ddu
> NPFL4(100),IHFTYP(100) CnC

$ MAIN d50
6 MATN 235

OTMFNSIUN HP(40),NP4T(30), MH(4ft),NN(40) MATN 340
6 MAIN d45

n i M E N S illN PWilP ( 3,9 ) , T HPWilP ( $ , Sp l , A k PHe lp ( 3, SP ) , HDPOP ( 3, SP 1, MAIN d50
> CAPHUP(3,5/1 MAIN d55

6 MATN de0
OTMFNSIUN KPR(5001,wC94(5001 MATN )75

6 MAIN 200
CilMMUN /GFilM/ S N F F , f' S r E , N N P , N F I , T 4 A N r, MATN #95
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CilMMUN /CNTWL/ NTT,MAXCY,MAXIT,NSThi,KSTR,KPRO,KD9KO,NSS,KSP MAIN 500
CIIMMUN /TtlTLNS/ TnLA,TULH MAIN 105-
CllMMUN /PARAM/ DFL T , CHNG,0E LM A X , TM A X ,1)FL T O MATN 110
COMMUN /HRSND/ NHFL,NRN,NRSFL,NHSN,NRFPR,NHFPAR MATN 315
CUMMUN /MCST/ NPC,NST,NSTN MAIN 140
CllMMUN /MTL/ NMAT,NMPPM,NSPPM MATN 125
CUMMUN /ljPT/ TLUMP,TMfD MAIN 130

C MAIN 335
OAlA MAXEL,MAXNP,MAyHRP /52M,595,21/ MATN 340
l) A T A MAXHEL,MAXRNP /199,200/ MATN 1445
UAIA MAHSEL,MXHSNP /99,100/ CHC
l>AIA MX8 TEL ,MXSTNP,M A XHCN /29,30,40/ MAIN $55
UATA MAXMAT,MXSPPM,MXMPPM /$,52,5/ CDC
l>ATA MAXNII /500/ MAIN 305

C MATN 455
C ------- INIilATF ARP AYS FOR NIID AL PilTNIS MATN 040
C MATN 445

Oil 100 NPs1,MAXNP MafN 450
X(NP)s0,0 MAIN 455
Z(NP)s0,0 MATN 400
H(NP)to,0 MAIN 405
H(NP)*0,0 MATN 070
HP(NP):0,0 MATN 475
HH(NPito,0 MATN 460
HT(NM120,0 MATN 4M5
VX(NP):0,0 MAIN 490
v2(NPla0,0 MATN 495
Dil 100 IMz1,MAXHRP MAIN 500

100 C(NP,lH)zo,0 MATN 905
C MAIN 910
C MATN 915'
C ------- INITIATE ARRAYS FllR ELEMENTS MATN 920
C MAIN %d@

011 150 MPat ,M AXF L MATN %30
00 i do IlJz t , % MATN 93%

1/0 I E ( M P , IlJ ) z u MATN 9 4 fDi
C mATN %4b

148 140 1931,0 MATN % $ @'
TN(MPeI4)s0,0 MAIN %59

140 131 M ( M M ,10 ) 3 0,0 M&TN %b@,
C MAIN 90@!

150 C LIN I I Ntik MATN %70j
C MATN 97@
C MAIN 960|
C MATN %6%
C ------- INIIIATF ARRAYS FilR HiluND A R Y FLEMFNIS MAIN 990;
C MATN %4%

nli Pop MPat,MAXHFL MAIN 600
l)LM(MPIs0.0 MATN 60%
DCilb 4 H ( MM i ro ,0 MATN ml0
DLilSIM I MP 1 =0. 0 MAIN 61T
NMb(MP)s0 MAIN m/G
00 PUU I 'J a t , 4 MAIN bd7

15M t MP , ilJ ) s 0 MAIN m30
/00 CllN T INUE MAIN bli

C MAIN n4C
C MAIN 649
C -==---- INIIIATF ARRAYS FilH HilllNl1 A R Y Nill) Al_ Pili N T S MATN 658|
C MATN 65%

nli d50 N P z t , M A Jt R N P MAIN nel

|
'

_
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MFLX(NP)OO 0 MATN MD5
MFLXP(NP)s0,0 MAIN 870

d50 NPHfNP)xu MAIN h75
'C MATN neo

nis 300 MPat,MrHSFl MATN es M S

DL(MW)so,0 MAIN 640
DCi tS x ( MP ) zo ,0 MATN 695
oCilSZ(MPIso,0 MAIN 700
NRSF(MPiz0 MATN 705

| DL) 300 IlJz t , a MAIN 710
I S I M P , I lJ ) s 0 MATN 715

l 500 CisNTINilt MAIN 7d0
.C MAIN 7d5
C MATN 730
C +-=-=== INIIIATF ANPAYS F81R RAINFALL-3EEPAr,F HiltlNO AD Y NnnAL POJNTA MAIN 735

'C MATN 740
uti 350 NPat,MxRSNP MaTN 745

OCYFLX(NP)30,0 MATN 750
FLX(NP)s0,0 MAIN 755
HSFLx(NPlz0,0 MATN 700
HCUN(NW):0,0 MAIN 765
NPHS(NP)s0 MATN 770
NPCUN(NPIs0 MATN 775;

! NPFLA(NP)s0 MAIN 760
350 1RFTYP(NP)so MAIN 765

C MAIN 790
C MAIN M40
C ------- INITIA1F. ARP A Y S FilR SilRF ACE TtHM PilT N T FLijY MAIN A45

'C MATN M50
till 400 NPzt,MxSTNA MATN 855

NPST(NW)30 MATN 800
suo *P(NP)s0,0 MAIN M65

$ MATN A70
6 MATN M75
g -- ---- INITIATb ARPAYS FilR DTRTCHLFNT HilljNn A R Y CilNnJTIONS MATN 860
6 MATN 865

oli 510 NPaleMAXHCN MATN A90
HH(NP)so,0 MATN M95

,

! 510 NN(NP)so MAIN 000
@ MAIN Q05
@ MATN Q10
@ ----=== INIIIATF ARPAYS FHH MATFRIAl. PHilPFPTTES MATN Q15
$ MAIN 9d0
| nil 650 Izt,MAXMAT MATN 025
| 01) oto J:1,MXMPPM MAIN 430
; elo PWitP(1,J)so,0 MATN Q35
$ MAIN Q40

DU 030 Jal,MzSQPM MAIN 045
i T MP WilP ( 1, J ) 3 0,0 MATN Q50
' A K PR11P ( I , J ) s o ,0 MAIN Q55

HPHetP(I,J)30,0 MATN 000
030 C APHilP (I, J):0,0 MATN 065

$ MAIN 070
c50 C UN T I Nile MATN 475

MAIN QMO
MATN10d5

PASS IHE PROGRAM TU GWPnXZ MAIN 1030**--===

MATN1035
CALL Gw/DxZ(X,Z,IF, C,R,H,po,Hw,MT,TH,nTP,VX,VZ,AkX,AkZ,NPCNV, MAIN 1040

> DLH, DCUS X H , DCUS ZR, RFL X , HFL X P , NHF , I SH , NPR , O L ,0('nS V , n CilS Z , MAIN 1045

_ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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> DC Y F L X , rt X , RSFL X , HCON, NRSF , I S, NPRS, NPCilN, NPFL X , T AF T YP, CDC
> WP,NPSI, HH,NN, PROP, THPRilP, AK PPnP, HPWilP, C APRiiP, KPR,KnSK, CDC j

> MAXEL,MAXNP,MAXHRP, MAXHFL,MAXHNP, MXPSkL,MXRSNP, MXRTFL,MXSTNP, CnC
> MAXHCN, MAMMAT,MXSPPM, MAXNTI) CnC

C MATN10MO
S illP MATN1065
END MAIN 1090
SUbRUUTINF Gw?DXZfX,Z,IE, C,R,H,HP,HW,HT,THe NTH,VX,VZ,AkX,AkZ, nW2n 005'

) NPCNV, DLH e nCilS X H ,0COS ZH, HFL X , HrL XP, NHF e l SH , NPR, nl,nCDSX, Gw2D 010
> DCIISZ ,0C Y FL X , FL X , R AFL X , HCilN, NRSF , I S , NPRS , NPCllN , NPFI X , I RF T YP , CDC
> RP,NPSI, HH,NN, PRnP, THPHflP, AKPpnP , HPWilP e C APRaip, KPR,KnSK, Cnc
) MAXEleMAXNP,MAXHRP, MAXHEL,MAXHNP, MXWSFL,MXWSNP, MXSTF t ,MXSTNP, CnC
> MAXHCN, MAXMAT,MXSPPM, MAXNTI) Cnc

C nw2n 04S,
IMPLICTT RFAL f A = H ,(l= Z 1 CnC
WFAL PMAT,THPAR,AwPAR,SilHHD CDC

C GW2n 000
DIMENSION li1LFfD) nw?n nos
t)f ME NSIUN X(MAXNP),7(MAXNP),IF(MAXhL,5) Gw2n 070

C nWPn 075
DIMENSTUN C(MAXNP,MAXHHP),R(MAXNPiaH(MAXNP)pHP(MAYNP1,HWfMAXNP), GW2n OMO
> HI(MAXNP1,1HfMAXFL,41, NTH (MAXEL,4),VXfMAXNP1,V7(MAXNP1, Gh20 OM5
> A K A ( M A x t L ,4 ) , A N Z ( M A X rt ,41, NPCf.V ( M A X NP ) nW2n 400'

C nw2n owS;
DIMENSIUN DLH ( M A XRF I ) ,0CllSXH ( M A XRFL ) , nCilS ZH ( M A X RFI ) , HFL X f M A XHNP 1, GW2D 100I

> HFLXP(MAXHNP),NHF(MAXHFL),TSH(MAXHEL,41,NPH(MAYRNPi nW2n 105
C GW2n 110,

DiMFNSillN DL ( M APSFL i n nCilS X ( MXRSEI 1, nCOSZ f MXWSEL 1, nC YFI X (M XR9NP ), GW2n 115
% F L X (MX WSNP), HSFL X f M XRSNP1, HCllN (M XRSNP1, NRSF (M XPSFL 1, T S f M X RSFl ,41,Gw20 1d0|
) NPWb(MXH5NP),NPCnNfMXRSNP),NPFIXfMXRSNPi,IRFTYP(MXPSNP) CnC |

C nw2n 155'
OIMENSION RP(MXSTNP),NPST(MXSTNP1,HHfMAXHCN),NNfMAXRCN) nn2n 140

C CWPn 145
u l ME NS illN PWUP ( M A x M 8 T e 51, THPRilP f M A A M A T , M X SPPM1, CDC

i AK PkilP ( M A XM A T , M X 9 PPM ), HPRilP (M A X M A I , M X HPPM ), C A PPilD f M A x M Al , M V SPPM1 nw?n 155.
c nwan 100)

D iME NSitlN KPR(MAXNTT),KDSK(MAXNTT1 Gw?n 1M0;
C Cnc i

DiMFNSjuN T HF ( 3,20 ) , RF ( 3, d O ) , HF A( t. ( 3 ) CnC j
I) ! M F N S i tlN F R A T F f t oi,F Lila (10), TF Litw ( 101 Cnc
DIMENSIUN PMAT(3,5),AKPAR(3,Mi,THP8R(i,HI,$11HHDf8,31 CnC j

C nw2n 1M5|
COMMilN / bE llM / SNFF,CSFE,NNP,NFL , T H ann GW2n 190,
CljMMUN /CNTWL/ NTT,MAXCY,MAXIT,NSTRT,KSTW,KPRO,WDMKO,kSS,KSP nW2n 195i
CilMMljN /TiliLNS/ TntA,TULH nw2n 700
CllMMUN /PARAM/ DEL T , CHNG, nF L M A X , T M A X , nF L 10 nWdn 205
CllMMllN /HWSND/ NHF L ,NRN,NWSk L , NHSN, NWFPW, NRFP AP nw?n P10:
CtJMMijN /HCST/ NPC,NAT,NSTN nwdn d15'
ClJMMl1N / MIL / NMAT,NMPPM,NSPPM nW2n 720
CllMMilN /tJP (/ [ L tlM P , T M f D nw?n Pd5

C Gw?n PSO
C Cnc

DAiA PMA1/4H ,4H Al P,4H ,4H H,4HF T AP,4H ,4H , CDC
> 4H PliR,4H ,UH e4H MX ,UH e4H e4H k7 ,4H / inL

DATA THPAW/4H ,4H TH1,4H ,4H ,4H THP,4H 4H CnC,

i 4H HO ,4H , II H e4H A 1, t4 H ,4H ,4H AP,4H ,4H , CnC
% 4H N1,4H ,OH ,4H Rd,4H ,4H ,4H C,4M / CnC

C CnC
041A AKPAw/4H ,4H H1,4H ,4w ,4- HP,4H ,1H*4H / CnC

C CDC
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OAIA SUMHO/4HINPit,4WT IN,4HITTAe4HL C!!,4HNDTT,4WInNS,704H Cnc
M* CnC> 4HSTEAe4HOV-3,4HTATE,4H INT,4HTIAL,4H CON,4H0iTIe4 HUNS ,

> 4H Cnc
C CnC

.C Coc
C ....... {NJl}&TE ARPAYS FOR HAINFALL T NFil4M A T ION CnC

'C Cnc
oil 8; ist,S CDC

WFALL(1)30,0 Cnc
00 5 J: 1,/0 CnC

THFiI,Jizp,0 CDC

S HF(1,Jiao.3 CDC
,C COC

C Cnc
C ------- INiilATF AHkAYS FnR FLisa T H W flill.H V AWititJS T Y P F at OF M flu N D A P T F S COC

C CDC
01) M [31,10 Cnf

FHATE(1)s0,0 CDC
FLUw(1)so,0 CDC

M IFLum(1130,0 COC

C CnC

.C Gw2n 735
iC PRl!HLEH InhNilFTCATitlN AND DESCHTAliuN Gw2n 740
!C Gwdn 745

to WFAD 1 0000,NPWtik, ( T I T L E ( T 1, I s i ,01, I Hilu , I C H NG Gw20 dSO
IF ( NPHilH.L F ,01 Gn Til 270 Gw?D PSS
PRINT 1010 0, NPHf1H , ( T I TL F ( i ) , T a l , o ) Gw2n 7o0

C Gw2n PoS
C HFAD A N[J PHINT INPlli ll A T A GW2n 270
C GW2n 775

nou1=0 GW2n 780
nSSs1 GW2n 365

,C Gw20 240
'C GW2n POS

CALL DA1AIN(x,2,fF, H,HT,TH,Vx,V7, OLH,0CUSXH,0COS7H.NWF, GW2n 400
% T58,NPH, O L , ()C f IS x , t)C t lS Z , H CilN , N r, S t , i S , N F P S , N DCON,NPFl. x e I R F T Y A , GW2n 305
) IWF,wF, WP,NPhi, HA,NN, PROP,THPPUP,AwPRilP,HPPno,CApPUP, Cnc
) M A x tl., M A INP, M A x HFL , M A XHNu, Mx RbFI , M XHSNW, MXSi NP, CnC

I ) MAxHCN, MAXMAT,MySDPM, MAXNTT, PMAT,AxPAW,THPAP KAP,KnSK, CnCs

> IS1UP, MAxnIF,*,TT*E.TTTLF,NPROR, 1) CnC
|C GWdn 540

nO]G=NSTHT GW2n 545
IF (ISluP,GI,n) Gn Til 270 GW2n 550

|C GW2n %5
6 CUMWUIF BANU-niUTH VAWTAHLFS GW2n 5o0
@ Ga2n lo5
| ] H AL F HsM A EDIF Gadn 370

IMANDz2*INALFH+1 GW2n 175
| IHHP:!HALFH+1 Gw2n its 0
! |F (IHHP.Gl MAXHHP) GO fil 2 tio Gwdn 565
$ GW2n 590
$ WWFWAHF INiilAL VAWIAHIES G W 211 495

$ Gw20 000
CALL SPWUP(IL, H , T H ,1) T H , A K X , A K Z , P WUP , T HPRilP , A K P QilP , H P PilP , GW2n 405

| > CAPRDP, M A xEL , M A xNP, MAXMAT, MxSDPM, NFL,KSP1 Gw2n 410
3 GW2n 415

CALL VEL T t x, /,IF, C.H,HT,VX,V2,Axx,AK2, MAXFt,MAXNP,MAXHHP) Gw20 420
5 GW2n 425

nFLitw=-1 GW2n 430
E Gw2n 435

__ _
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CALL S FLlln ( X ,2, T E , TH,VX,VZ, nLH,nCUSXH,0COSZH,HFIX,HFLXP,iSH, GW2n 440
i NHF,NPH, NPRS, NPST,NN, F R A TF , FLOW, T FLilW, M AYND,M A X FL , GW2n 445
i MAXHEL,MAXHNP, MXHRNP, MXSTNP,MAxHCN,KFLnW,DFIT,DTH,H,HP, GW2n 450
) PHilP,MAXMAI) Cnc

C GW2D 4eo
C GW2n no5
C PHINT TNITIAL VARIAHl,FS GW2n 470
C GW2n 475

KDIAl>*O GW2n 460
C GW2n 4M5

CALL PRINiifVx,VZ,H,HT,TH, NPH,HFLX, NPWS,RSFLx,NPCnN,NPFLX, Gw2n 490
> FR Al t e F LiiW, TFLOW, MAXNP,MAXFL, MAXHNP,MXWSNP, NNP,NFl, NHN,NPSN, GW2n 495
> TIME,1)ELT,SUHHD(l,1),IHAND,KPHO,KUUT,kDTAG,-1) GW2n 900

C GW2n 905
| F ( k S T H . F tJ 1 .AND, KSS.FU.1 . ann, NSTHT.FQ.0 .AND. KnSKO.EU.11 Gw2D 910

> CALL SluPE(X,Z,IF, H,HT,TH,VX,VZ,DLH,0COSXHencnS7H,NHE,ISR,NPH, GW2n 915
> T I TL E , I I MF , M A XNP , M A XFL, M A XHND, M A xHEL , NPWilB, NNP , NFL , NHN, NHE l , N T T , GW2n 9du
> NPCUN,NPFLx,MXPSNP,NPSN, NSTRT1 GW2n 525

C GW2n 530
IF (KSS.NF.0) 60 Til 130 GW2n 935'

C Gw2n 540
C PFWFUNM SIFAnY-STATF CALCULATIllN GW2n 945
C GW2n 950

IF (NHSN.EU 0) Gli in lo GW2n 955
C GW2n Soo

nli 20 NPPz1,NRSN GW2n 965
NPCllN ( NPP ) zNP R S ( N PP ) GW2n 970

20 NPFLX(NPP)so GW2n 975
C GW2n 960

NCMGz-1 GW2n 965
CALL HCPRFPflEe H,vX,VZ, nL,nCUSX,DCUS7,0CYFLX, FLY,PSFLX, GW2n 940

> HCllN,NRSE,IS,NPRS,NPCON,NPFLX,TPFTYP,TRF,RF,RFAll, M A X Fl. , M A X NP , GW2n 995
i MXWSEL,MxHSNP, TTMF,NCHG1 CDC

C GW2n 605
30 011 40 NP=1,NNP GW2n blO
40 HP(NP)=H(NP) Gw2n 615

C GW2D 620
N{T50 GW2n M25
nnIG=Kn}G+1 GW2n A30
| F ( I HilG . NF . 0 ) PRINT 10400,KnIG,TTML,nFIT GW2n 635

C Gw2n nun
C GW2n 645
C ITERAIIUN LiitiP llN THF SEFPAGF= RAINFALL HUUNnARY CONDTTTf1NS HFGTNR GW2D 650
C Gw20 655

nti 100 ICYz1,MARCY GW2n 660
C nu 90 NPst,NNP GW2n 609
C 50 HINP):HP(NPi Gw2n 670
C GW2n n75
C 1 TF N A T IllN (lfilP llN THF NilN-L INF AR F ulJ A 1 IllN HFGINS GW2D 660
C GW2n 8M5

IF ( I hug.NE .01 PHTNT 10401 Gwdn n90
0U Mu li=1,MAXTl GW2n nWS

NIT *NTT+1 Gwdn 700
C Gwdn 705
C F V A ltlA lt Suit PROPF R T IFS FilR PWF VilillR ITEWATF GW2n 710
C Gw20 715

CALL SPRLIP ( T E , 4,TH,IITH,AKX,AKZ, PWilP , T HPPilP , A k PWilP , HPROP , GW2n 720
> C A P R('P , MAXEL,MAXNP, MAXMAT, MYSPPM, NFL,K9P1 GW2n 7/5

C Gwdn 730
C ASSEMBLE SIFADY-STATF Cl]FFFICTFNT MATRICES A, H, AMD C. AND C(INSTPilCTGwdn 735
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C Lilau VELiuk W GwPn 740
C Gwdn 745

CALI ASF MPL ( X ,2, IF , C,R,H,HP,THenTH,AKX,AWZ, P Ri tP , GwPn 750
> MAXNP,MAXFL,MAXHHP, MAXMAT, KSS,W,nFIT1 GW2n 755

C GWPn 7eo
C APPLY STEAnY-STATE HOUNDARY CONnITillNS GwPn 705
C Gwan 770

CALL HC(C,R. FL X , HCilN, NPCllN, NPF L x , HP,NPST,PH,NN, GW2n 775
> MAXNP,MAYHRP, MXWSNP,MXSINP,MAXHCN, VS9) GWPn 750

C GwPn 765
;L I W T A NL,UL A N I ZF STEAnf= STATE C MATRIA GW2n 790
!C Gw2n 795

CALL M A N Sill. ( 1, C , R N NP , I M H P , M A A N P , M A ( H H P 1 G*dn 800
C Gw2n 805
C H ACn-SilHS I I TUT E FtJP S TF AnY-S T A TE Sul if f iljN GWPn M10
C GwPn M15

CALL HANSOL(/,C,H,NNP,IHHP,MAXNP,MAXHHP) GWPn M20
C Gw2n uds
C HHTAIN M A A [ MllM RELATTVF DEVIATIUN FPOM PRFVTiltlS ITFRATF GW2n M30
C Gw2n a35

NPP=0 GWPn M40
wns.1, GWPn aus
WESz-1 Gw2n MSO
DI) 6 () NPat,NNP Gw2n 855

WESNPz AHS(W(NP) H(NP)) CnC
WESzAMAX1(PES,HESNP) CnC
IF (H(NP),NE.O llo) RnsAFAXI(Wn, AHSfRF9NP/P(NP))) CnC
IF ( RE RN A ,1 E . TilL A ) Gil Til 60 GW2n M75
NPPzNPP+1 GW2n H6O
NPCNV(NPP)sNP GWPn HMS

60 CUNITNllF GW2n M90
|C GW2n H95
'C UPnAiE PHESSURE dITH CilRRENT I TE R A TF GW2n 900
;C GW2n 905

NNCVNsNPP GWPn old'

DU 70 NPal,NNP GW2n 015
70 H(NPizR(NPi GW2n odo

C GW2n o25
C ESC APE FHilM I T EN A T illN I llOP IF THF MAXIMUM RE S illll AL TR GW2n 030
C SUF F ICIEN TL Y SMALL GwPn 035
C GW2n 940 -

IF(THUG.NF,0) PRINT 10200,NTT,RES,WD,NNCVN GW2n 045
IF (II.Fu,1) GO Til M0 GWPn oSO
IF i HE S.L T , Till A 1 GU Til 90 Gw2n oS5

MU CUNTINUF GWPn ob0
PRINT 10210, TCY,TT,MAXIT GwPn oes

C GW2n o70
;C END ljF I T E R A T IllN LOllP ON THE NilNO=LTNEAR F fJU A T ION GW2n o75
'C GW2n oMO
C GW2n EMS
C PW1NT NUNCUNVERGING NunES GWPn 990

.C GWPn o95
IF(IHUG Fu 0) Gil TG 90 GW2n1000
PRINT 10500 GWPn1005
PRINI 10600,fNPCNVfNPP),NPPal,NNCVN) GW2n1010

@ GW2n1015
G GW2n1020
($ PRINT HAINFALL=SFEPAGE H. C. CHANGE T NFtJRM A T I(IN GWPn1025
6 GW2n1030

90 IF(ICHNG.EU,0) GO TU 95 GW2n1035
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IF(NR$N.EU.0) Gil TO c5 GW2D1n40
PRINI 10407 GW2n1045
DU 94 IRSNal,NPSN GW2D1050

NPsNPRSIIPSN) GW201055'

PRINT 10403,IPSN,NP,NPCON(IPbN),HCUN(IPSN1,NPFLX(IPSN), GW2n1000.
3 FLX(IRSN)enCYFLX(IRSN) GW2D1005

94 CUNTTNup GW2D1070
C GW2nto75
C C at CtJL ATF FLilW RATFS GW2n10MO
C GW2ntoMS

95 CALL SPRilP ( I F , H,TH,DTH,AKX,AKZ, PWiP,THPROP,AkPWilP , HP RnP , GW201n90i
> CAPWUP, MAXFL,MAXNP, MAXMAT, MXSPAM, NFL,kSP) GW201095

C GW201100
CALL VFLi(X,2,TF, C,H,HT,VX,V7,AKX,AM2, M AXFl e MAXNP,MAXHRP1 GW201105-

C GW201110
IF (NH5N Eu,0) t,n T O 110 GW2D1115.

C GW2n1120
CALL HCPHEPCTF, H,VX,V2, DL , DCOS X ,0CilS Z ,0C YFI X , f i. X , RSF L X , GW2011ds~

> HCUNa NHSE , I S, NPP S , NPCON, NPFLX , IRF TYP, TRF , RF, RF Al. l , MAXFI, GW2D1130
i MAXNP, MXRSFL MXRRNP, 1TMF,NCHGi GW201i35

IF ( N C H G , E fJ , n ) Gn TO 110 GW2n1140
100 CUNTINuE GW201145

WWINT 10010, TCY,TT,MAXCY,MAXTT GW201150
C GW20115%
C LNn ilF I TE H A T IllN Lot |P nN THE SEEPAGF-RAINFALL H llllN D A D Y CONDITInNR GW201100
C GW2n11oS
C GW2n1170

110 A FLilW a- 1 GW201175
CALL SF LilW ( X ,2, T E , TH,VX,V7, nLH,0CilSXH,0CUS2H,HFIX,HFLXp,Iss, GW2011MO

) NHE,NPH, NPHS, NPST,NN, FR A TF , FLlin, T FL llW, M A Y N P , M A )f F L , GW2D11M5
) MAXHFt,MAXHNP, MXHSNA, MXSTNP,MAXHCN,KFLnW,DFlT,DTH,H,HP, GW2n1190
) PHilP,MAXMAT) CDC

C GW2n1700
ull 120 Ist,6 GW2nidOS,

F L iln ( I 13 0, GW2D1710
120 IFLUW(ilso, GW2n1715

FWATE(71su, GW201720
F L il> ( 71 s u , GW2n172D

C GW2n1730
C GW2n123b
C PWINI biEAnY-STATE VARIAHLF5 GW2n1740
C GW2n174D

CALL PN1NTi(VX,VZ,H,HT,TH, NPH,HFlX, NkRS,NSFLX,NPCnN,NPFLX, G W 2 n 175 tD
) FN A T F ,F Lild e IF LOW, MAXNP,MAXFL, MAXHNP,MXHSNP, NNP,NFl, NHN,NPSN, GW20175%
> T IME , DF L T , SURHD ( l ,7 ) , IH AND, k PHO , ktluT a k D T AG,01 GW2nldb@

C GW2ntde%
IF(NSTH,bu,1 ,AND, WDSKO.EU,1) CALL S illRF ( X , Z , T F , GW201770

) H,HI,TH,VX,VZ,DLR,nCnSxH,DCllSZH,NHE,ISH,NPH,TITLF,TTME,MAXNP, GW201270
> M A XEl. , M A X HNP, M A XRFl , NPROH , NNP, NFL , NHN, NPEL , N T T , NPrt|N, NPFL Y , GW20176@
> MXWSNP,NWSN, NSTRTi GW2ntdM@
IF (NII,Fu,01 GIl Til 10 GW20179@

C GW2D179%
L WEAD T H ANSIF N1 NtlUNDARY COND I T IllNS GW201300
C GW2n130%

CALL HAIAIN(X,2,IF, H,HT,TH,VX,V7, DLH,0COSXH,0COS7H,NRF, G W 20151 tD
> [SH,NDH, nL ,0cf14 X ,000SZ , HCllN, NRSE , I S , NPRS , NPCON, NPFI X , T WF T YP, GWan111%
) THF,WF, WP,NPSI, HR,NN, PRelP, T HPPUP , Aw PR(IP , HPROP , C APPIIP, CnC
i MAXEL,MAXNP,MAXHFL,MAXHNP,MXRSFI,MXHSNP,MXSTNP, CDC
> MAXHCN, MAxMAT,MXSAPM, MAXNTT, PMAT,AMPAR,THPAP, KPW,KDSK, CnC
i ISTUP, MAXnIF,W,TTME TITLE,NPRilH, di CnC

_ _ _ _
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C Gw2n1350
ASSs1 Gw2n1 W5

C Gw2n1Too
L PF W F ilR M IWANSTENT-STATF C ALCilL A T itlN Gw2n13o5
C Gw2n1470

150 IF (NRSN,Fu,Q) (. | | TO 100 Gw2n1375
IF (NSTkl,GT,0) Gn TU 150 Gw201360

C Ga201385
nu 140 NPP31,NRSN GW2n1340

NPCtJN(NPP):NPRS(NPP) Gw2n1495
140 NPFLE(NPP1:0 Gw2n1400

|C Gw2nla05
150 NCHG=-1 Gw2n1410

C Gw201415
CALL HCPHFP(IE, H,VM,VZ, nl e llCUS X ,l3CliSZ ,0C YFL X , FL Y , PSFL * , Gw2nta20

, M A XF L ,M A XNP, Gw2n1425> HCON,NRSE,TS,NPPS,NPCUN,NPFLX,IRFTYP,TRF,RF,RFAL|
> MARSEL,MxkSNP, TIMF,NCMG) CnC

C Gw2nta35
le0 iTMFaiIMF+DELT Gw2n1440

alsw Gw2nic45
w2st,=w Gw201450
nFLt'a=1 Gw2nic55

,C Gw2n t a ct)
! C Gw2ntuos
C HEGIN THE IIME=MARCHTNG LililP Gw2nic70
C Gw2nta75

011 250 I[Mst,NTT Gw2014MO
C Gw2nic65

00 170 NPz1,NNP Gw2nin90
170 HP(NPlzH(NP1 Gw2nin95

C Gw2n1900
NIT =0 Gw2n1905
ADIG=Al: IG+1 Gw2n1910
IF(T8uG,NE,0) PRTNT 10400,knTG, TIME,nFLT Gw2n1915

L C
Gw2n1%20

-C BEGIN THE T T ER Al fl1N LUnP UN THE SEFPAGE=RATNFALL HnHNDARY C LINn T T T UN S GW2n19d5
L Gw201930

Dll 250 ICYsi,MAXCY GW2n1935
IF(THUG,NF,0) PRINT 10401 Gw201540

C Gw2n1945
00 180 NPst,NNP Gw2n1550

IMO Hw(NP):HP(NP) Gw201955
C Gw2n19eo

'C H F. G I N THE ITERATTUN LiinP UN THF N(IN.L INE AR F OU A T illN Gw201%b5
iC Gw2n1970

00 #10 ffst,MAXTT GW201975
NIi= NIT +1 Gw2n1960

|C Gw2n19e5
'C EVALUAIL Sull PRelPFRTIFS Fair PREVIOUS ITERATE Gw2n1940
C Gw2n1995
C CALL SDRnPfIF,Hw,TH,n;4, AKX,AkZ, PRflP, THPROP , AM PRilP, Gw2n1600

CALL SPRnPrIF,H, TH, NTH,AKX,AKZ, PRllP, THDRnP , Ak PRilP, Gw2n1605
> HPRilP, C APDUP, M A X F L , M A XNP, M A XM A T , MXSPPM,NEL,KSP) Gw2 nth 10

C GW2n1615
'C ASSEMBLE CUFFFICTENT MATRICES A, H, AND C, AND CONSTDUCT LOAN Gw201620
C V F C- l uH R Gw2n16d5
C Gw2n1630

CALL ASEMHI(X,2,TE, C,R,w,HP,TH, NTH,AKY,AK7, P RilP , Gw2n1635
> MAXNP,MAXFL,MAXHHP, MAXMAT, K S S , w , n F l. T ) Gw2n1640

C Gw2nte45
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C APPLY HUUNnARY CilNnITIONS GW2n1650
C nW2n1855,

CALL HC(C,P, FLX,HCON,NPCUN,NPFLX, HP,NPST, RR,NN, GW2016b0
i MAXNP,MAXHHP, MxRSNP,MXSTNP,MAXHCN, KaS) GW201h05

C GW2nin10
C IR}ANGULARIZE C MATRTX GW2n1675
C nW201660,

CALL H A NS(ll (1, C , R, NNP, IHRP , M A X NP , M A X HRP ) GW2nthM5
C GW2n1890,
C HACK-SUBSTITUTE GW2n1695|
C GW2n1700,

C ALL H ANSill ( 7, C , R, NNQ, IHRP, M A xNP , M AXHHP) GW2n1705
L GW2n17104
C UH1AIN MAXIMUM HELATTVF nEVIATTUN FROM PRFVTIJUS ITFRATF G W 2111715
C nW2n1720

NPPz0 GW2017d5
Rus=1 GW2n1730-
RESa=1 GW201735
till 100 NPat,NNP GW2n1740

RESNPs AHS(R(NP)=H(NP1) Cnt
HESsAMAX1fRES,RFSNP) CnC
IF (H(NP).NE.O.n01 RnsAMAX1(RD, AHSfRFSNP/H(NP))) CnC
IF ( R F SNP .L E . T(IL H ) Gli Tis 100 nW2n1700:
NPPzNPP+1 GW2n1705
NPCNVfNPP1sNP GW2n1770'

190 CilN T I NUF nW201775
C GW2n1780

NNCVNsNPP GW2n17654
C nW2n1790)
C UPDATE PRESSURE WITH CilRREN T ITERATF GW2n1795
C GW2n1800

Dil 200 NPsi,NNP GW201H05
HfNP)sRfNP) GW201810

200 HW(NP)sW1*H(NP)+WP*HP(NP) GW201H15
C GW2n1820.
C ESCAPE FROM I T E R A T illN L UllP IF THE '4 A x ] MilM RESinuAL IS GW2ntMd5|
C SUFFICIENTLY SMALL GW2n1830i
C GW2nta35|

I F ( I Hiji. , NF . 0 ) PRINT 10dOO,NTT, PES,RD,NNCVN GW2n184D|
IF (IT.En.1. ann.TTM.EU.1) GU ill 210 GW201845
1F ( NE S.L T . TIILH) Gil TI) 220 GW2n1R50 !

210 CUNITNUE GW2n1M55|
PRINT 10710, ITM,TCY,TT,MAXTT nW2n18o0!

C GW2nixos
C FNn INE ITERATIUN t ilDP UN THE NilN=LTNkAR F UU A T filN GW2n1M70'
C GW2n1875,

IF(IMUG.ED.0) Gil TO 270 GW2n1 A60;
C nW201865
(, PRIN1 NUNCUNVENGING NunE3 GW2ntd90
C GW2n1995,

PRlNT 10500 GW2ntuou:
PRINT 10h00,(NPCNV(NPP),NPPal,NNrVN) GW2n100%

C GW2n1010
C PRINT RAINFALL =SEEPAnE Hi10NDARY CUNn T T IflN CHANGF TNFORMATION GW2n1Q15
C GW2n1Qd0

220 IF ( I CHNG.E 4.01 nu Til 22% GW2n1025
IF(NRSN.EO.0) GO T(i 225 GW2n1Q30|
PRINT 10402 GW201035
1)U 224 TRSNat,NPSN G W2 n 104 0|

NPzNPRS(IRSN) nW201Q45
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PHINT 104 01, T R SN, NP, NPCliN ( I RSN ) , HCilN f f ASN ) , NPFL X ( I A SN) , GW2n1050
> FLx(IESN),0CfFL*fiRMN) Gw2n1455

224 Clf Ni t NllF Gw2ntoon
C Ga2n19o5
C C AL CUL A TE F Lalw HATFS Gw201070
C Gw201075

225 CALL SPRUPffE, H,TH, lith,AKX,AKZ, PRIIP, T HPPIIP, A M PRDP, HPRitP , Gw2010MO
> CAPRilP,MAYEL,MAXNP,MAXMAT, MXMPPM,NFL,KSP) GW2n14M5

C GwPnto40
CALL VELifX,2,IF, C,H,HT,Vx,V2,AkX,AK2, MAXFl,MAXNP,MAXHHP) Gwdn1045

|C G42n2000
IF (NWbN,F4,01 GU iti 240 Gw2n2005

C Gw2n2010
CALL HCPRFPfiF, H,VX,VZ, ol e llCtiS X ,0CUS Z ,0C YFL X , F L x , Q SFL Y , GW702015

> MCllN e NR SF , T S, NPR S, NPCUN, NPFL X , IPF T Y P, T 4F , PF , PF ate _ , MAxFL, Gd2n20du
> MAANP, MxRSEl,MXWSNP, TIMF,NrHGi Gw2n2025

IF (NCHG,Fu,01 GU Tel 240 GW202030
230 CtlN I I NUF GW2n?q35

PRINT 10M10. IT*,tCY,TT,MAXCY,MAxTT Gd2n2040
L Ga2n2045
C ENn THE I T EN A T IllN [ ljitP UN THF SEFPAGF= RAINFALL BilUNDARY CONOTTTUNS Gw2n2050
C Gw202o55

Gw2nPnoo,C
240 IF(IMIn Eu,0) Gil Til P45 Gw2n2nos

00 743 I:1,NNP GW202070
HP(I) GW2n2075244 M(I):2,000*H(I) =

C
GW2npos0

DL) 24u I:1,NpC Gh2n2n85
NI:NN(i) GW2n2040

244 M(NI1*Hbff) GW2n2095
'C Gw202100

245 CALL SFlun(X,2,IF, TM,VX,VZ, HLM,0CUSXH,0CUS7H,HFIY,RFLXP,TSH, GW2H2105
i NBF,NPH, NPRS, NPST,NN, F R A T F , F Lt tw , T FLild , MAYNA,MAxFL, Gw2n2110
% MAxMFL,MAXHNP, MxRSND, MXSTNP,MaxNCN,KFLnw,nFlT, NTH,H,HP, GW202115
> PRLIP , M A X M A I ) CnC

C Gw2n2125
C Hw1NT VARIAMLES AT FACH TIME STFP Gw2n2130
C Gw2n2135

CALL PRINIT(Vx,VZ,H,HT,TH, NPH,dFLX, NPRS,RSFLX,NPCON,NPFLX, GW2n2140
5 F R A T E , F LiiW , T F LOW , MAXNP,MAXEL, MAXHNP,MxWSNP, NNE , N F i. , N4N,NDSN, GW702145

| > TIME,0EL1,SUHHD(1,1),IRAND,KPWfiTM),KsiUT,KHIAG,ITM1 Gw2n2150

|L Gw2n2155
IF(KSTW.Eu,1 ,AAD,AnSk(ITM).E4,1) C ALL STilRF f X ,7, T E ,H, H T, TH, Vx, vZ, Gd2n?1 oo

| > ULH,0CUSXM,DCOS7H,NHE,ISH,NPH,lITLF, TIME,MAYNP,MAYEL,MAXHNP, GW2n2105
| > MAxHEL,NPRuH,NNA,NEL,NHN,NHEL,NTI, NPCilN,NPFLY,MXPSNP,NASN, Gd202170

> NMINT) Gd202175
iC GW2np160

!C PRFPAHF FUM NEXT TTMF STFP Ga2n21M5
Gw202190

|L
' IF (ilME.GT.TMaxi GU Til 10 Gw2n2145

DELianELla(1,+CHNG) GWPn2700
DELI: AMIN 1(DFLT,nELHAX) COC

! TIMEsTIME+nELT Gw202210
,

250 CUNTINilE Gw2nP>l5
|C Gw2n2720
C ENn UF IIME= MARCHING LnUP GW2n2725

Gd202d30.L
C Gw2n2735

GU TU 10 GW2n2240
260 PRINT 10300,IHHP,MAXH8P Gd2n2245
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|
C GW2n2750'

270 REluRN GW2n2755|
C GW2n2260
10000 FORMAL (IS,9AB,1X,7It) GW202705
10100 FORMAL (/HH1PROHLEM,T5 3M., ,9AM/) GW2n2770
10200 6URMAT(%x,Il0,3x,F12,4,1X,E12,4,19X,1101 GW202275!
10300 FURMAl(///26H H AL F-4 A NDW IOT H=PLijs-i.lNE s e T 4, GW2n2280'

> PSH EXCEEDS MAk, ALLOWABLE s,I4) GW2n27BS'
10400 F i j R M A I ( 1 H 1, 5 2 H * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * G W 2 n 2 2 9 0 |

> e2He*************************************************************GW202795
> SH*****///;7H nfAGNOSTIC TAHl.F,T4,12H,. AT TIMF s,1PF12,4, GW2n2400
> 9H , ( t)E L T = 1PF32,4,1H)) GW202305

10401 FilRMAl(///30H TAHLE OF ITERATTVE PARAMFTFRS// bY, GW2n2310|
> 9HITFRATIUN,7X,HHRFSTDtJAL,6X,9HDFVIATTilNebx, GW2n2115i
i 19HNil, NilN=CtlNV , Niin E S ) GW2n2320

10402 FURMAl(//44H TAkLF DF RAINFALL-SFFPAGE H. C. INFORMATitlN,/ hX, GW2n23d5;
) M7HIRSN NPRS(IRSN) NPCllN(IPSN1 HCllN (NPR A ) NPFL X( TP AN) GW2n2330:
> FLX(NPRS) nCYFLXfNPPS)) GW202335,

10405 FORMAT (1H ,Il0,T13,715,E11,4,I15,F13,3,E15,3) GW2n2340!
10500 FURMAI(//sOH TAkLF nF NON=CONVFRGTNG NiinF S) GW202345|
10000 FURMAl(/f;X,20I51) GW2n2350,
10/10 FORMAi(lHO,' WARNING: NijN=CONVERGFN(.E UCCUR nURING STFAnv STATF SilLCW2n2 3SS |

t u T IllN AT',13,' -TH rYCLE'/1H s'TT E ',73,' ,GT, MAXTT a ',TT1 GW2n2360
10010 FURMAT(lHO,'AHSDLilTFLY WARNING! STEAUY STATF Sul llT ION IS NG'/1H , GW20210%

> ' ICY a ',Is,' IT s 8,13,' MAXCY a ',13,' MAYIT a 8,T3) GW202370:
tutto FtJRMAl(1HO,'WARNINGt NtJN=CtJNVFRGFNCE ticCUR AT',TS,' =TH TIMF ATFP'GW202375|

),13,' -TH CYCLE'/1H s'IT a ',13,8 ,GT, MAX 1T s ',T31 GW2n2460 1
10010 F URM A l f l HO, ' AHSDLIJT F L Y WARNING! TRANSIFNT SilltJTTilN TS NG AT ',IS, GW2n21M5l

> ' -TH TIME STEP'/1H ,' ICY a ',13,8 IT s 8,I%,8 MAXrY a ',73, GW2n2390
) ' max!T a ',ill GW2n2395

kND GW2n2400
5UbRUUTINE DATATN(X,Z,IE, H,HT,TH,VX,V2, DL H,0 CnS X H, nr tlSZ R, NHF , NATA 005

> ISH,NPH, nL,0CilS x ,0Ct)SZ , HCilN, NRSE , IS, NPRS, NPCnN,NPFIX,IPFTYp, NATA 010
> TRF,RF, RP,NPST, HH,NN, PRilP, T HPRUP, Ax PRilP, HPRnP,C APRelP, CnC
> MAxEL,MAxNP,MAXBFL,MAXHNP,MXRSEt,MXRSNP,MXSTNP, CnC
> MAxHCN, MAXMAT,MXSDPM, MAXNTT, PMAT,AWPAR,THPAR, KPR,KnSK, CnC
> ISTUP, M A XnIF , W, T IME , T T TLF , NPRilR, IPASS) CnC

C NATA 045
C NATA n50
C FilNCTIttN (JF SUHRl!UTINE-=TO RFAO, PRINT, ann CHFCK VARIAHLFS DATA c55
C PERTAINING Til SIMlltATION TTME, GFUMFTRY liF THF SYSTEM, TTS Snti NATA 060
C PRilPF R T I F d e MUUNnAPY-INITIAL CilNnITTONS FOR Ht)TH STFAnY-STATE ann DATA coS
C TRANSIENT CASES, ann NilMFRTCAL CONVFRGENCF CRITFRTA, NATA 070
C NATA 07S
C NATA 060
C NATA OMS

IMPLICII WEAL (A.H,0-Z1 CnC
HFAL PMAT,THPAR,AkPAR CnC

C NATA 10@
HIMFN5[tlN TITLE (Q) DATA 10@
UIMENSIUN X(MAxNP),7(MAXNP),IE(MAMEL,5) DATA 11@

C DATA 11%
UIMhNS]llN H(MAXNP1,HT(MAXNP1,TH(MAXEL,41,VX(MAXNPi,VZfMAXNP) NATA 120

C NATA 1d%
n i M E N b illN nLH(M A XREI ),0CtJSXH(M A XHEL ),0CilSZB(M A XRFI ),NkE f M A XHFl 1, DATA 130

> ISH(MAxHFL,4),NPR(MAXHNP) DATA 13%
C NATA 14@

o !ME NS illN DL (MXPSFL 1,nCilS X (MXWSEL ), nCUSZ (MXRSEt i , HCnN r M x RSNP1, DATA 14%
> NRSE(MARSFL),IS(wXPSFL,4),NPRS(MXRSNP1,NPCilN(MYR9NP), DATA 150
> NPFLXfMXRSNP1,TRFTYP(MXRMNP) CnC
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C NATA 105
o!MENSION HP(MXSTNPi,NPSTfMXSTNP),BH(MAXHCN),NNfMAXRCN) NATA-170
U IMb N5ItJN PHilP(MAXMAT,3),THPRDP(MAXMAT,MXSPPM), CnC
> AKPHHP(MAXMAT,MXSPPM1,HPWUP(MAXMAI,MXMPPM),CAPPflP(MAXMAT,MYSAPM) NATA 160

C NATA 1M5
ulMFNb!8)N PPR(MAXNTT),KnSk(MAXNTT) n&TA 195

L rnC
0iMFN3!UN THF f 3, PO ) , PF ( 3,70 ) CnC
OIMFNMlUN PMAT(1,51,AMPAR(3,8),THPAH($,M) CnC

C NATA A00
| CljMMUN / fiF ilM / SNFF,rSFE,NNP,NFL,THAND NATA 705

COMMUN /CNTHL/ NTT,MAXCY,MAXIT,NRTNT,KSTW,KPRO,WDSKO,kSS,KSP n&TA 210
CllMMUN /1HILNS/ int A , TelLB NATA 215
CUMMUN /PARAM/ nF L T , CHNr4, nF t.M A X , T M A X , nF L 10 NATA 220
CijMMUN /MWSNI)/ NHFL,NHN,NRSFL,NR$N,NRFPP,NRFPAR DATA dd5
CllMMUN /MCST/ NPC,NRT,NSTN DATA 230
CilMMUN / MIL / NMAT,NMPPM,N8 PPM NATA 735
COMMUN /tlPT/ ILUMP,7MTU NATA dG0

L DATA d45
IF ( n S S ,F. u , 0 ) 60 T il 505 NATA d50
ISioPz0 NATA 255

iC NATA JoO
WEAD IdOUU,NNP,NFL,NMAT,NCM,NTI,kSS,KSP,NSPPM,K4TP,WCP,kGWAV, OATA 7o5

( ) NSTRT,MArIT,MAXCY,NMPPM NATA 270
HFAO 12000, ILUPP,TMin NATA 775
HEAD 12600, nFLT,CHNG,DFLMAX,TMAX,FF,TULA,TOLM,PHn,CPay,VISr,W DATA DMO
HELIUzpELI NATA 365
NFAD 12100,KPRO,twPP(TTM),TTMzl,NTI) NATA duo
N F AI) 12100, KnSWO,(knSK(ITM),TTMst,NTT) NATA 795

C NATA 300
I F ( IM AX ,L F ,0,0 ) TMAYzt,UEso NATA 305

!C NATA 410
WWIN1'10000, NNP,NFL,NMAT,NCM,NTT,kSJ,KSP,NSPPM,kSTR,kCP,KGRAV, DATA 315

% NS1HI,MAXII,MAXCY DATA 320
PWINT 10001, TLtiMP,TMfD NATA TdS
PRINT 10100, DEL 1,CHNG,DFLMAX,TMAX,FE,TULA,TULM,PHn,CPay,yISC,W NATA 330
WWINT 10200 NATA 435
PWlNT 1ddOO,KPRD,fKPRfITM),TTMal,NTI) NATA 140
PRINT 10d01 NATA 345
PRINI 12200, KnSK0,fknSk(TTM),IFMal,NTT1 NATA 450

|C NATA DS
91s3,1u154205 n&TA Too
FF3FE*PI/160, DATA To5
$NFE SIN (FE) CnCi

! CSFEz CUS(FE) Cnc
| IF ( Kl4H A V , E U ,0 ) SNFFs0, NATA 460

IF (KGR A V , E fJ ,0 ) CAFFs0, NATA 365
lC nata 490
|C NATA 495
!C NFAn AND PH[NT MATFRiAl PROPEPTIFS DATA 400
,C DATA 405
| 70 IF (NMPPM,LE,0) Gn TU 90 DATA 410

IF (NMAI.LE,01 GO in ou NATA 415
t' PHIN) 10300,((PMA1(T,J), Tat,3),Jzt,NMPPMI DATA 4d0

DO MD I=1,NMAT NATA 425
HEAD 1d300,(PROPfI,J),Jzt,NMPPM) n&TA 430

60 PRINT 12500,i,(PDUP(I,J),Jal,NMPPM) DATA a35
40 IF ( k S P , E lJ ,1 ) GO TU 120 NATA 440

C NATA a45
C NATA aSO

- . . _ _ _ _ _ _ _ _



130
1

C StJTL PRUPENTIES AHF TU HF REPRFSENTFD HY ANALYTIC FtJNCT10NS NATA 455
L DATA 460
C OATA 465
C HEAH AND PHINT MilISTilHF=CtjNTFNT PARAMETERS DATA 470
C DATA 47%

[F (NSPPM.Eu.0) GO TU 200 NATA ~MO4
PRINT 10500,((THPARfI,J), int,3),Jul,NSPPM) nata 4M5
00 100 ist,NMAT NATA avo,

WEAD 12300, fTHPROP(I,J),Ja!,NSPPM) nata 495|
PRINT 12700, I,fTHPROP(I,J),Ja1,NSPPM) 0ATA 900-

100 CUNTINUE DATA 905
C NATA 910
C kEAD AND PWINT CllNDUCTTVTTI PARAMETFRS DATA 514i
C NATA 9201

PHINT 10o00,((AkPAHfI,J), Tat,3),Jul,NSPPM) DATA 525l
UU 110 Ist,NMAT n,ATA 930 1

NEAD 12300, (AwPPUP(I,J),Jsl,NSPPM) NATA 535i
PHINT 12700, I, ( A KPRilP (I, J ), Jz t , NSPPM ) DATA 540

110 CUNTINuE r,ATA 545|
Gil IU 200 NATA 550

120 IF (NSPPM.Eu,0) Go 70 200 NATA 955.
C NATA 900'
C StJTL PWUPENTTES ARF Til HF GIVEN TN TAHULAP FilRM NATA EOS
C NATA 9TO
C NATA 575|
C READ PRESSURES DATA %MO
C NATA %M5i

00 130 Ist,NMAT NATA 990|,
"

READ 1/300, fHPRDPfI,J),Jzt,NSPPM) NATA 995'
I50 CUNTINtJE DATA 600

C n&TA 605
C HEAD WATER CllN T E N T S DATA 610
C DATA el5

011 140 Izt,NMAT NATA 620
NhAn 12300, (THPWUP(I,J),JaleNSPPM) NATA e2%

140 CONTINUE NATA e30
C l) A T A 6 3@|
C REAn CUNnUCTIVITIES OR PFRME AH TL T T TF S DATA 640|
C NATA 64%

00 150 Ist,NHAT NATA h 5 @'
WEAD 12300, ( AKPPilP (I,J), Jz t , NSPPM ) DATA 65D

l50 C UN T I Nile NATA 600!
C NATA 60%
C NEAU HA1EH CAPACITTFS DATA 670'
C -DATA n1@

nu 100 131,NMAT NATA 6M@
REAn 12300, (CAPROP(I,J),Jal,NSPPMI nAIA 6MD

loo CUN T I Nile NATA 690
PRINT 10400 NATA 69%
1)ll 170 Iz1,NMAT DATA 700

PRINT 12o00, T , ( HPHiiP (I, J 1, T MPRnP C I , J ) , A K PHilP f T , J i , C APWHP f I, J ) , NATA 70@
) J=1,NSPPM) NATA 710

170 CUNTINllE DATA 71%
IF (KCP,bu,0) (,0 Til 200 I)ATA 72@.

C NATA 72%
C CljNVE H T F HilM PERMEAHTLTTY TU CONnUCTTVITY IF NFCESSAPY DATA 73@'
C NATA 73%

00 190 ]al,NMAT NATA 740i
PKCF =RHil*GR AV / V ISC DATA 74%
WHilP I I ,41 zPHOP ( T ,41 *P K C F 0ATA 7 5 0,

__ -
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PHilPt 1 ,5)cDR OP rT ,5)o0KrF nata 755
Oli 160 Jat,NSPAM 04iA 7o0

AWPRjP(I,J)*""CF 0ATA 705160 AAPWUP(I,J) i

190 CUNTINilE DATA 770
L DATA 175
C R E A I) A NI) WWINI Ntil) Al DilI N T D A T A n&TA 760
C NATA 15%

duo Nist nata 790
210 wean 1/M00, NJ,*(NJ),2(NJ) n&TA 795

(F (NJ-NI) 220,750,230 NATA 800
220 WWINT 15100, NJ NATA A05

WRINI 12900, N J , A f N ,1 ) , Z ( N.I ) DATA 410
[ S TOP s i SislP + 1 nata MIS
6t] Tu d10 NATA Mdo

d40 UFaNJ+1-N1 NATA Md5
Ota(A(NJ)-X(NI-1))/nF NATA M30
oZs(Z(NJ)-Z(NI-1)1/nF GATA 8$5

240 CONIINUE 7414 R40
A(NT)sX(NT-1)+1)r NATA M45
/(NI)sl(Ni-1)+D7 NATA MSO

250 N!sNI+1 DATA M55
IF (NJ-NI) 200,250,240 nata Ae4

800 IF (NI Li,NNP) (;U 10 710 DATA MO5
WWINT 10700 NATA M70
nLINE30 DATA M75

C DATA MMO
Oli 805 NIsi,NNP,4 n&TA Md5

NJMNaN1 DATA M90
NJMasMIN0(NI+3,NNP1 DATA M95
PHINT 12000,fNJ,M(NJ),2(NJ),NJzNJMN,NJMX1 DATA 000
KLINEzKLINF+1 DATA 005

265 | F ( MUD ( K L I NE ,5 0 ) , F lJ ,0 ) PRINT 10700 DATA Q10
INPIAHzh OATA Q15

C DATA Q20
C NATA 025
C WEAO AND PWIN1 FLEMENT DATA l)ATA 030
@ NATA 435
@ AL SU COMPuiE MaxfMUM NnOAL OTFFEWENCe FilR EACH ELFMENT 1)ATA 040
$ DATA Q45

wRINT 10M00 nata 050
%LINE20 NATA 055
MAADIF z O DATA 900
MJ =0 NATA 005

270 WFAO 12000, M 1, ( T F f M I ,1 ) , I s t ,5 ) , MilDL , NI A Y DATA Q10
MTYW:fE(MT,5) OATA 973
MNO z O n&TA 060
ott /Mn I tJ : 1,3 OATA QoS

i tJ 1 = 10 + 1 DATA 490
ou DMO J tJ: T01,4 NATA 995

Nu s I A H 6 f T F ("I , I'J)-I F ( M I , JO ) ) OATA1000
MND = MAXn(ND,MND) DAIA1005

260 MAAnIF = mar 0(Nn,MA*nTF1 OATA1n10
290 MJ = MJ + 1- DATA 1015

IF (MI MJ) 500,330,110 NATA 10eo
300 WRINI 15d00, Mi NATA 1085

Hw!NT t3000, MI,(TEfMI,1),I:1,5),MNO HATA1060
IsillP ISTilP + 1 OATA1035

110 Uli 320 lu=1,n DATA 1040
320 IELMJ,Jul = TF(MJ-1,Iu) + 1 NATA 1045

|F(MJ,5) ItfMJ-1,%) NATA 1050
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330 PRINT 130n0, MJ , ( T F ( MJ ,1 ) , Iol .51, MND DATA 1oS5
IF (MJ.LT.MI) GD its 200 NATA 10eo
IF (MJ.Eu,NFL) Gli in 170 DATA 1065
IF ( MilnL , L E ,0 ) Gil fra 270 NATA 1070
011 300 1st,NLAY NATA 1075

LLs2 DATA 1060
00 360 Jst,Moni NATA 1065

IF (MJ Fu,MT) GO fil 350 n&TA1090
nt) 340 Kust,4 DATal005

340 IE(MJ,KQ1 : T E ( M.1- 1, K U ) 6 LL DATA 1100
T E ( MJ ,51 s T F ( M.f = 1,5 ) DATA 1105!
PRINT 15000, MJ CIE(MJ,K),Kat,5),MND nAlal110
KLINEsKLINF+1 NATA 1115
I F ( Miln ( K L I NF ,9 01, E G ,0 ) PHINT 10800 DATA 11do

350 LL 3 1 DATA 1125
500 MJ s MJ + 1 NATA 1130

MJ s MJ - 1 DATA 1155
IF (MJ,Li,NEL) G() in 770 DATA 1140

370 CilNTINUE NATA 1144
L DATA 1150
C MonlFY MAIENIAL ifPFS FOP SELECTEn FiEMENTS IF NECFS9ARY DATA 1155-
C DATA 1160

IF (NCM.LE,0) GO Til 410 DATA 1105i
PRINT 10400 DATA 1170
Ls0 NATA 1175i

3MO HEAD 1d000, MI,MTyP,MK,MINC NATA 1160
IE(MI,5) : MTYP DATA 1165
PRINT 15100, MI,IF(MI,5) DATA 11GO
L a L + 1 DATA 1195'
IF ( M K , L F. . M I ) L;O ill 400 DATA 1700
IF (MINC.lE,01 MTNC z 1 DATA 1705:
Mi z MI + MINC OATald10
l)l) 390 MJzMI,MK,MTNC NATA 1715-

Ih(MJ,5) : MTYP nATAlddu
PHINI 13100, M ,1, T E ( M J , 5 ) DATA 17d5

390 L =L + 1 DATA 1730'
400 IF (L.LI.NLM) G O Til 3H0 l)ATA1735:
ulo CilN11NUE DATA 1740

Ull 420 Mal,NFL DATA 1745
M1YPsIF(M,5) DATA 1250|
IF (MlYP,GT,0,AND,MiYP LE NMAT1 liti Til 420 DATA 1755,
PHINI 1%900,M nA7A1?o0I
15 f tJP= 181 tlP + 1 DATA 1705

4do CUNilNLIE DATA 1770!
I F ( I S itJP ,F O ,01 Gil T li 430 D AT A1775|
WRINT 15000, T S TilP OATA1760;
SillW DATA 17M@

C DATAld40
C HFAn INiilAL CtlNOT1TilNR NATA 179@
C NATA 1400,,

430 IIMFs0,000 DATA 130@!
IF (NSTWI,EW,0) Gil TU 450 D A T A 1310,
HEWIND 1 n& Tall 1%
hen]ND P DATA 112d
WFAD(di (1:UM , T = 1,0 ) , I nUM, NP T , NF 7, NHN , NMEL , I nUM , NP AN DATA 132%
IF (K5TR Eu,1) wRTTr(1) ( T I T L F ( T ) , Is t , u ) , NPRllR, NN A, NFl , NRN, NRFL , DATA 1430

) Nil,NHSN D A T A 156%|
RF AI)(d) (K(NP),NPzt,NPT),(Z(NP),NPst,NPT),(tTE(M,TO),Ms1,NFT1, iqs NATA 1340

> 1,4 ) , ( nL M ( M ) , M z 1, N A El. ) , ( DCiss x H ( M ) , M a l , N N EL 1, DATA 134t!
> (UCl>32M(M),Mz1,NAFI),(NHF(M),Mz1,NMEL1,((TSHfM,IO),M=1,NRFI1,TQs DATA 1550

i.
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> 1,4),(NPH(NP),NPol,NHN) DATA 1355
[F ( k S I W , F tJ ,1 ) WRTIF(1) (ifNP),NPal,NNP),(Z(NP),NPal,NNP), ((TE(M, DATA 1400

> l u ) , Ma l , NE L 1, { fJz 1,4 ) , (OL H ( M) , Ma j , NHE L ) , f nCilS X R f M ) , Ma i , NHE L 1, NATA 1465
> (DCuslH(M),Mai,NRE] ),(NHF(M),Mst,NMEL1,((ISH(M,10),Mst,NMEl), iqs DATA 1T70
> 1,4),(NPH(NP),NPat,NRN) NATA 1375
Ull 440 IIMal,NSTRT DATA 1460

REAOld) TIME,(H(NP),NPz1,NPT),fMT(NP),NPsi,NAT),ffTHfM,10), Mal, DATA 13M5
> Nti),Iuzt,41,(VX(NP),NPal,NPT),(VZ(NP),NPsi,NPT), NATAL %90
> (NFCONfNP),NPz1,NHSN),(NPFLX(NP),NPal,NPSN) DATA 1195

IF (*hTH,Eu,n) 1,0 Til 440 NATA 1400
WR(TF(1) ITMF,(HfNP),NPal,NNP),(HT(NP),NPz1,NNP),((TH(M,701,Ms DAT&1405

> 1, NE L 1, I us t ,4 ) , f V X (NP ) , NPa l , NNP 1, f V Z ( NP ) , NP= 1, NNP ) , DATA 1410
') (NPCI)N ( NP ), NP a l , N ASN) , (NPFL K (NP ), NPa l , NWSN) DATA 1415

440 CON T I NilF NATA 14do
Gil TU 500 DATA 14d5

450 N[ z O DATA 1430
NJ z O DATA 1435

460 IF (NJ,Eu,NNP) Gil in 900 DATA 1440
MFAD 1360ts, NJ, H f NJ) DATA 144%

470 N[ z N1 + 1 DATA 1450
IF (NI,GT.11 Gil in 4HO DATA 1455
|F (NJ,Fu,1) Gu in 480 DATA 14eo
PRINT 15300,NJ DATA 14o5

,

ISTUPzIdiuP+1 DATA 1470'

GU IU 500 DATA 1475
4MU IF (NJ,Eu,NJ) GD Til 460 DATA 1460

IF (NJ,GT.NI) GO TU 400 DATA 1465
PRINT 15300,NJ DATA 14QO
I S T OP z I S TilP + 1 DATA 1495
Gil TU 500 DATA 1500

. 490 N(NI):H(NI-1) DATA 1905
l Gil TU 470 DATA 1910
C DATA 1915
$ luFNIIFY HuuNDARY FLFMFNTS AND CllMPil T E DTWECTION COSTNFS flF DATAl%d4
4 HullN D A R Y STDFS DATA 1525
6 DATA 1930

500 CALL SUHF(x,2,IF, DIH,0CUSxM,DCHSZb,NHF,TSH,NPR, DATA 1535
> MAXNP,MAXEL, MAxREl,MAXHNP) (2ATA1540
IF(KSS,Eu,1) Gli Tn 905 DATA 1945
NRSNz0 DATA 1950

G DATA 155S
@ HEAD SihADY S T A T F 11Q TRANSIFNT P AH AME TF RS DATAlsoo
G DATA 1965

|
$0% RFAO 12000,NHC,NST,NRFPR,NRFPAR,NRSEL,NRSN DATA 1970

$ DATA 1975
I [NPTAHzINPTAH+1 DATA 1960

IF(nSS,Eu,0 .AND, IPASS.Eu,1) PRTNT 11000, TNPTAR,NHC,NST, DATA 1965
,

> NRFPR,NRFPAR,NPSFL,NRSN DATA 1990!

IF(nSS Eu,0 .AND, IPASS Eu,d) PWTNT 11300, INPTAR,NRC,NSI, DATA 1995
> NRFPR,NRFPAR,NASFL,NRSN DATAln00

I F ( n S S , E lJ ,1 ) PRTNT 11300, INP T AH, NMC, NS T , NRFPW, NRFP A P, NRSEL , MLSN DATA 160$
3 DATAin10
y DATA 1615
5 RFAO AND PRINT STEADY STATF llR TRANSTkNT RAINFALL-SEFPAGF I NF(IRM A T , DATA 16d0

DATA 162S
570 IF (NRSN,Eu,0) Gil in 800 DATA 1630

DATA 1635
STF ADY biATE LIR TRANSIFNT RATNFALL PROFILFS DATA 1640

DATAle45
IF (NRFPR,bu,0) Gn 70 SQO DATAle50

__ _
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INPIAHOINPTAH+1 DATAltSS
IF(kSS.EU,0 .AND, I P A S S E'J .1 ) PRTNT 11400, INPTAH NATA 16eo
IF(kSS.EW,0 . A Nn , I P A S S . E tJ . P ) PRTNT.11410, TNPTAR DATA 1605
|F(MSS Eu,1) PWTNT 11410,TNPTAH NATA 1670
011 SMO Ist,NHFPP DATA 167%

HEAD 12300,(TRF(T,J),Jul,NRFPAR) DATA 1660
WEAN 12300,(RF(I,J),Jat,NRFPAR) DATA 166%
PRINT 1150(1,i nATAln90'
nu SMO Jsl,NPFPAR DATA 1695

SMO PHINT 12400,(TRF(I,J),PF(T,J)1 nata 1700
C NATA 1705
C SIFAnY STAit (IR THANSIFNT HATNFALL TYPES ann PilNnING DFPTH DATA 1710|
C DATA 1715

590 CONTINtJE NATA 1720-
NPP50 NATA 1725

010 [F (NPP.Eu,NRSN) Gl1 Til 670 NATA 1730
[F (NPP.L1,NRSN) Gli TO o20 NATA 173%
PRINT 14H00,NWSN DATA 1740
| S illP= I S Ti tP + 1 NATA 1745-
t;ll IU 670 DATA 1750

e2o HFAn 13400,NI,IlYP,NPINC,HCONI DATA 1755
IF (NPINC,GI,0) GO TU 640 NATA 1760

030 NPPENPP+1 NATA 170S
NPHS(NPP)zN{ DATA 1770:
IRFlYP(NPP)sITYP NATA 1775)
nCUN(NPP)3HCljNI NATA 1760
GU TU elo nAIA17e5

340 IF (NPP GT,0) GO Til 690 NATA 1790
1 S illP E I S lilP + 1 NATA 1795:
PW{N1 1 5 S(60 HATA1M00

OSO NJzNPHS(NPP1 NATA 1MOS1
JTYP=lHFiYP(NPP) NATA 1M10'
MCUNJ z HCljN ( N P P ) DATA 1 MIS
NJaNJ+NPINC DATA 1Ad0
Nk3NI.1 NATA 1M/S
nil 600 NPzNJ,Nk,NPINC nATAIM30I

NPP3NPP+1 DATA 1835
NPHS(NPP13NP HATAIM40
1RFTYP(NPPizJTYP O AT AI M45'

000 HLUN(NPP1sHCON.! OATA1M501
4481 TU e50 nAIA1 MSS

070 CtJN T I NUF n Al A 1400'
INFTAHz1NPTAH+1 DATA 1MoS1
| F ( k S S , F lJ , 0 .AND, I P A S S . E lJ ,1 ) PRTNT 11nOO, TNWTAH HATAIM70I
IF(KSS.EU,0 , ann, J P A S S ,ElJ , / 1 PWTNI 11n10, TNP1AH 0 A1 A1H 75)
I F ( K S S . E lJ ,1 ) PRINT 11510, INPIAH DATA 1MMO
nil 660 NPP=1,NR$N D AT AI MMSI

NP:NWHS(NPP) DATA 1H90'
eMO PHIN) 13SI)O , NP , I PF T Y P ( NPP ) , HCON ( NPP ) nata 149%

C n AT A t o00'
C STFAnY SIAIF llH TRANSIFNT WATNFALL-SFEPAGF FLFMENT SilPF ACE INFnWMAT, NATA 1904
C nATAlo10'

MPIso NATA 1917
e40 IF (MPI,bu,NRSF1i Gn TU 740 DATAlodO|

NEAD 12000,MI,ISI,T92,KTNr DATA 1QdQ
IF (kINC.GT,0) Gil in 710 D A T A 19 3tD

700 MPl=MPl+1 NATA 193%
NHSE(MPI}=M{ n A T A 19 4 tD|
|S(MPT,1)=IS1 UATA144%
ISlMPI,P): ISP H A T A 14%(Dj

|

l

l
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Gil IU o00 DATA 1055
110 IF (MPI.GT,0) GO Tat 770 DATalcou

I S itiP z I b filP + 1 DAla1005
PRINI 1%o00 DATA 1070

120 NPINCafS(MP[,71-TstMPT,1) NATA 1075
MINCalAHS(NPINC)-1 DATA 10eo
MINCzMax0(MINC,1) NATA 10M5
MJaNHbE(MPI1+MINC NATA 1490
MnzM1-1 NATA 199i
OU 730 MzwJ,Mn,MINC NATA 2000

| MPJzMPI NATA 2005
MPIzMWJ+1 NATA 2010
NHSE(MPI):M NATA 2015
IS(MPI,11siSfMAJ,11+NPTNC DATA?odo

730 lb(MPI,21sTSfMPJ,71+NPTNC DATA 2025
Gil 10 700 DATA 2030

100 CtJN T INUE DATA?n35
INPTAHz!NPTAH+1 NATA 2040
IF("S5.Fu.0 .AND. IPASS.E4.11 PRTN1 11700, INPTAH DATA 2045
[ F ( M S S , & iJ ,0 ,AND, IPASS.F4.2) PWINI 11710, INWTA4 OATAP050
I F ( K S S , t tJ ,1 ) PPTNT 11710, INPTAH nATAPO55
ou 750 MPzt,NRSFL DATA 20eo

M=NWSE(MP) NATA 2005
l 150 PRINI 13000,M,TSfMD,1),IS(MP,P) DATA 2070
C DATA?075
C DE TEWMINE D I REC T TilN CllSINES F(IW STFAnY STATE tlk TPANSIFNT DATA 20MO.
C W A ln5 AL L-SEE P AGE SUWFAFES DATAdon5
C I)ATA2040

011 740 MPlzl,NHSFI nATAP095
MI=NWSF(MPT) DATA 2100
DU 7MO MPJul,NHEl 1)ATA2105

MJzNHE(MPJ) nATAP110
IF (MJ,NE,MT) Gil TU 7H0 DATA 2115
IF ( I SH f MPJ ,11.Fu , I S ( MP I,1 ) A Nt), T SH ( MPJ ,7 ) .F 4. T S ( MP T ,7 ) i I;U NATA 2120

i IU 760 DATAPld5
IF ( I SM ( M P J ,11, FtJ , I S ( MP T , d ) , A NI), T SW ( M PJ ,71, F lJ . T S ( M P T , t i i nis DATA 2130

i IU 760 NATA 2135
till lu 7MO NATA 2140

100 Ull 770 Jat,0 DATA 2145
770 TSfMPI,JizTSH(MPJ,J) t)ATA2150<

'

OLCMPI)sDLHfMDJi nATAP155
DCU8x(MPI)anCDSxBfMAJ) DATA 21ou
tCUSZ(MPII:ntnS7H(MPJ) DATA?loS
bu Its 740 NATA /170

| 1MO CUNIINUE DATA 7175
I S TUPa l s it:P + 1 NATA 2160
PPINT 14000,MI I)ATA2155

190 CUNTINUE nATAP140
690 Oll M10 NPz1,MxSlNP DATA?t95

i 510 WP(NP)t0 DATAP700
IF (NHC.tu,0) GD 10 000 DATA 2705

|C DATA 2710
|C WEAD ST E Al)f STATF DR TPANSTENT HilUNDARY CisNnITIONS UF THF FitWM HzHH DATA 2/15
C DATA 2?d0

| NDPz0 I) AT A2225
| Mdu IF (NPP,Fu,NHC) GD T il 8H0 DATA 2d30

|F (NPP.LT,NHC) Gil TI) 840 NATA 2235
PRINT 14300,NHC DATA 2d40
| S illP = I S illP + 1 DATA 2745
GU IU HMO DATA 2750
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830 HFAD 13500,NI,NPINC,HHI DATAP755 l

IF (NPINC.GT.0) GH TU 850 DATA 2760
640 NPPsNPP+1 DATA 27051

NN(NPP)sN1 DATA 2?70
MH(NPP)sHHI DATA 2775
Gil IU Mdu DATA 2760 I

G50 IF (NPP.GT.01.GO Tll BhD DATA 2765
I S illP z I S TilP + 1 DATAP790
PRINT 15400 DATA 2795I

600 NJzNN(NPP)+NPINr DATA 2300
HHJsHH(NPP) DATAdl05
NKsNI-1 DATA 2110
UU 870 NPsNJ,NK,NPINC DATA 2115I

NPPsNPP+1 DATAP1dul
NN(NPP)sNP DATA 24d5|

870 MH(NPP)sHHJ DATA 2530
Gil TU 840 DATAP335|

680 CUN11NUE DATAP340,
[NPinHsINPTAH+1 DATAP345'
IF(KSS.FW.0 .AND. I P A S S . E IJ .1 ) PRTNT 11100, TNPTAH DATA 2tSui
I F (M SS.EtJ 0 .AND, IPASS.E4.P) PRTNT 11110, TNPTAR DATAP455
|F(kSS.Eu.1) PRINT 11110, INPTAH DATA 2ibO)
00 M90 NPPal,NHC DATA 2405!

M90 PRINT 13200,NN(NPP),HH(NPP) DATAPl70
900 [F (NST.LF.0) GO iti 1000 DATA 2575'

C DATA 74M0|
C kEAO STEADY STATF OR TRANSTENT SUPFACE=TEkM POTNT 1:LilX F S DATA 2565)
C DATAPT901

NPPuo DATA 2195
MP30 DATA 2400j
INPIANzINPTAH+1 DATA 2405
IF(kSS.EtJ.0 .AND, IPASS.E4.1) PRTNT 11P00, TNPTAR DATA?410
|F(kSS.EU.0 .AND, IPASS.E4.2) PRTNI 11P10, TNPTAH DATA 2415
|F(kSS.Eu.1) PRINT 11710, INPTAH DATA 24d0

910 |F (MP.EU.NST) GO TO 960 DATA 2425
NEAD 13400,NI,NJ,KINC,EI,FJ DATA 2430
IF (kINC.I.T.0) Gil Tn 930 DATA 2435

920 MPzMP+1 DATA 2440
IJXsX(N])=X(NJ) DATA 2445
oZsl(NI)=l(NJ) DATAP450
Els SUN I ( DX *D X + DZ *l>7 ) CDC
PHINT 13500,NT,NJ,F7,FJ DATAPaun
IF(MP.GT.1) Go Til 971 DATA 2405
NPPsNPP+1 DATA 2470
NPST(NPPisN1 DATA 2415
NIIzNPP DATAP4MO
NPPsNPF+1 DATAP4M5
NPSI(NPP)sNJ DATAP490
NJJzNPP DATAP495
Go TU 9/8 nATAP900

921 Olj 92d ]=1,NPP DATA 2505
IJsNPST(l) DATA 2910
I F ( IJ .F tJ.N [ 1 GO Til 923 DATAP915

9Pd CUN I I Nile DATAP920
NPPsNPP+1 DATAP925
NPSl(NPPl=NI DATAP930
NIIsNPP DATA 2535i

tiU IU 9P4 DATAP540
9/$ NilsI DATA 294%
9d4 t)ll 925 Ja1,NPP DATAP950

. . _ _ - -
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DATA 2555TJaNPhi(J)
IF(IJ Fu,NJ) Go Til 426 DATAPROO

DATAd965926 CUNTINt1E
I) A T A2% 7 0NPPzNPP&1
1) A I A 29 75NPSI(NPP)sNJ
DATA 2960NJJ3NPP
DATA 29MSi;ti lu Q?M
DATA 259092o NJJsJ'

l)ATA2595VdH WP(Nill sHP(NI T ) + E i *FL /3,0+F J *FL /6,0
HP(NJJ)sHP(NJJ)+FT*FL/0,0+FJAFL/1,0 l>ATA2600

DATA 2605tKsFJ
DATAdhlOt,l1 lu 410
DATA 2615940 IF (MP GT,0) GU TD 040
DATA 2ndoi S 10Pz I S iilP + 1
DATAdod5PRINT 15700
DATA 2630940 NP 1 N(,= ] A H S ( NJ-N T )

NPMINzMAXO(NPST(NPP),NPST(NPP-11) DATA 2635
NPMAA=MINO(NI,NJ)-1 DATA 2n40
-OU 950 NKzNPMTN,NPMAX,NPINC DATA 2645

DATA 2650NL*NK+NPINC
MPsMP+1 DATA?h55
DX = X ( NK ).X ( NL ) DATA 26n0
DZ=2 ( NK )-Z (NL 1 DATA 2605

F L= SiJR T ( O x * D X+ D7 * DZ ) CDC
PRINT 13500,NK,NI,FK,EK DATA 2675
I F ( M P , G 1,1 ) GO TO 041 DATA 2660

NPPzNPP+1 DATA 2665
NPST(NPP)sNK DATA 2640
NKk=NPP DATA 2695
NPP=NPP+1 DATA 2700
NPST(NPPl=NI DATA 2705

DATA 2710NLLsNPP
DATA 2715GU Ill Q4M

941 Dil Gud kai,NPP DATA 2720
KLENPST(k) DATA 27d5

l IF ( k L ,tiJ ,Nk i Gli Til qui DATA 2730

942 CONIINUF DATA 2735
NPP=NPP+1 DATA 2740

,

| NPST(NPP)ENK DATA 2745
NKK=NPP DATA 2750'

f tl it) Q44 DATA 2755

944 NKKsK DATA 27ed
l 944 110 445 Lal,NPP DATA 2705
! KL=NPST(L) DATA 27TO

I F ( K L .E fJ .NL 1 GU Its que DATA 2775

945 CUNIINUF DATA 2760
NPPENPP+1 DATA 2765

NPST(NPP)=NL DATA 2790
NLL=NPP DATA 2745
Gil itj u4M DATA 2800

:

940 NLt zL DATA 2M05
94H RP(NKK)=HP(NNKi+FK*EL/2.0 DATA 2Rio

| PP(NLL izRP( NL L )+Fk *Et /2,0 DATAPR15

950 CUN11NUE DATA 2820
til l IU 9/0 DATA 28d5

| 900 NSIN=NPP DATA 2d30

.C DATA 2835

.C APPLY S T t AI)Y STATE IIW TRANSIENT DIRTCHLFT H(lilN11 A R Y CONDTTinNS Til DaiAPH40
C INT II AL CUNDITIUNS DATA 2M45

C DATAPRSO
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1000 IF (NHC.hu.0) GO TO 1020 NATA 2455|00 1010 NPPal,NHC DATA 2Mo0|
NPzNN(NPP) NATA 2MoS'

1010 H(NP)sHH(NPP) DATA 2870
1020 [F (ISTUP.Eu,0) GO TU 1030 NATA 2M75

PRINI 15800, ISTilP DATA 2850
C DATA 2HMS'

1050 CUNTINUE DATA 2M90'
C DATA 2395,

PRINT 20000, NHN,(NPHfI),Ist,NHN) DATA 20001
PRINT 21000, NHFL,(NhECI),Is1,NHFl.) NATA 2005
IF(NH3N,NE,0) PRINT 22000, NRSN,fNPHS(T),Ist,NRSN) ' NATA 2910 !IF(NRSEL,NE,0) PRTNT 73000, NRSEL , (NRSF (11, Iz1, NP9Fl. ) NATA 20151
IF(NSI,NE,0) PRTNT 70000, NST,NSTN,(NPST(T),Iz!,NRTN) DATA 2920
IF(NBC,Nt,01 PWTNT 77000, NHC,(NN(I),Ist,NHC) DATA 2025

C DATA 2030
WEIUHN DATA 2435

C NATA 2940
C DATA 2005
10000 FilHMAT(35HOINPllT TARLF 1, HASIC PAHAMFTERS // 9X, DATA 2450

) 40H NUMHER OF Niin Al PUINTS, ,,I5/ 9x, NATA 2055, , , , , , ,
) 40H NUMNER UF FLEMFNTS, ,,TS/ RX, DATA 2ono, , , , , , , , ,

i 40H NUMHER UF DIFFFRFNT MATERIALS ,,T5/ EX, DATA 2905', , , ,

> 40H NUMHER UF CllRRF C T ION MATEHTALS. ,,T5/ EX, NATA 2070i. . ,

) 40H NUMHFH UF TIME INCREMENTS ,,75/ Ex, NATA 2075|, , , , , ,

) 40H STEADY-STATE I.C. CONTROL ,,IS/ MX, DATA 2Q60,, , , , , ,

) 40H 6LII L-P HUPE R T Y cDNTRUL ,,15/ MX, DATA 2QM5, , , , , , , ,

) 40H NUMHLH UF SiiTL P AR AMFIFRS ,,I5/ EX, DATA 2090
NATA 2095)|

, , , , , ,

> 40H AUKILIARY STORAGF C ON T Hllt. ,,T5/ EX,, , , , , ,

) 40H CUNDUCTIVITY-PFRMEAHILITY CllN T Hill ,,TS/ MX, NATA 3000, ,

> 40H GRAVITY CUNTPut ,,IS/ EX, DATA 3005, , , , , , , , , , ,
) 40H RESTAHT PARAMFTER ,,75/ MX, NATA 5010, , , , , , , , , ,

> 40H MAAIMUM TTFRATTUNS PER CYCLF. ,,TS/ MX, NATA 3015, , , ,

) 40H MAXIMUM CYCLFS PFH TIME STEP, ,,I51 NATA 3020, , , ,

10001 FijHMAT(1H ,4X, DATA 30d5,
) 40H LU9 PING INDICATOR, ILUMP, ,,T5/ 9X, DATA 3030I, , , , , ,

) 40H IIME-DTFFERENCF TNDICATUR, TMIn . .,I51 DATA 3035i. . .

10100 FUHMAl(5X,40H TIMF TNCREMENT, .' ,,F10 o/ 9x, DATA 3040, , , , , , , , , ,

> 40H MULIIPLIFR FilR INCREASTNG nFLI, ,,F10,A/ sr, NATA 3045, , ,

) 40H MAXIMUM V AL UF 11F DELT ,,1PF10,4/ Sz, n&TA3050|, , , , , , , ,

) 40H MAXIMUM V AlllF OF TIMF ,,1PF10,4/ 5X, hATA3055|, , , , , , , ,

> 40H DEGHFES tlF PRIN-AXTS INCLINATION, ,,0P,F10,n/ SX, NATA 3000j, ,

i 40H STEADY-STATF inLFRANCF, ,,F10,6/ SX, DATA 3005!, , , , , , ,

) 40H TRANSIENT STATF TULERANCF ,,,,,,,,,,,,,,F16,6/ SY, n&TA3070I
) 40H DENSITY llF nATFR, ,,F10.h/ 5X, DATA 3075:, , , , , , , , , ,

) 40H ACCEL ER A11DN liF GRAVITY ,,F10,T/ SN, DATA 30M0|, , , , , , ,

) 40H VISCIISITY OF nATER, ,,F10,8/ ;Y, DATA 30MS{, , , , , , , , ,

> 40H IIME-INTFGPATIf1N PARAMFTEH, ,,F10,6) 04TA3090', , , , ,

10200 FoHMAlf//hA,14HOUTPilT CON T Rill ) n A T A 3 r)45
10/01 FUHMAT(//hXe14HnIRK UllTPUT CilN T HifL ) NATA 3100 i

10500 FURMAI(soH11NPUT TAALF 2,, MATERTAL PH PERTTFS// oH MAT, Nil, , of DATA 5105!
) 3AG)) DATA 3110

10400 F t 1H M A l ( 5 3 H 1 1 N D LI T TARLF 5,, Silit -PRUPF WT IF S IN TFopnl A T TilN V Al llF S / / NATA 3115'
> 4H MAT. Nil, , Q X , H HP PE S SilR F ,13 r ,16 HMlli S illR E CLIN T F N T ,4 X , NATA 31/0|
) 25HCalNnUCT IV T T Y /pF DMF AHil ] T Y,oX,14HM AT ER CAPACTTY) NATA 31d5

10500 GijHMAT(44H11NPUT TARLF 4., MiliS TURE-CilN T F N T PARAMFTFPR// NATA 3130;
) CH MAT, NU,,M(3A41) DATA 3135

10000 E UHM A T ( 4 0H11NPLIT TAALF 4, CilNhu TIVITY PARAMFTFR9// OH MAT, Nil , NATA 3140 1r
) 2(3A4)) DATA 3145

10100 FtJHM A l f idH11NPUT T AHL F 5, Niln Al PslI N I t) A T A / / 2 X , DATA 3150

I
_
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> 4 HNUDF ,10 X ,1 H x ,10 X , l H2,4 x ,4HNlinF ,10 x ,1 H X ,10 X ,1 H2,4 W , UHNtIDF e NATA 3155
> 10x,1Hx,10x,1H7,4X,4HNiinF,10x,1Hz,10x,1H7/ DATA 3160
> /7He**************************,3X,27He**************************, NATA 5105
>$x,77 Hen *************************,3x,27He************************* NATA 3170
>*/) NATA 3175

10MUO FUMMAl(29H11NPUT TAHLF o., FLEMFNT DATA // 11x, NATA 31MO
> 51 Hbl UH At INDIrFS nF ELEMFNi NiinF b /7 x ,7 HEL F ME N T ,3 X ,1 H 1,7 x ,1 HP , DATA 3155
> 7A,1H3,7x,1H4,6X,MHMATERTAL,4X,10HNiinF DIFF ) OATA3140

10900 FUNMAl (04F CilPPFr I TONS Til MATFRIAL TfwFS AND ClAASFS FilR SFlFCTEnnATA3145
> ELFMFNib) D A T A 3 dual

,11000 k ilW M A l ( 1 H 1, ' I N Plli TAHLE',f3,' STFADY-STATE H. C, PAWA MF T F WS ' / /5 4, DATA 3dO5
> 40H NUMHFR UF RiluNn AWY CllNDI T IONS ,,TS/ EX, DATA 3dl0'

, , , ,

> 40H NUMHFR UF SilWFACF TERMb ,,I5/ %X, DATA 3715, , , , , , ,

) 40H NUMHFR llF PAINFAIL PWilFTLFS ,,I5/ EX, NATA 3ddu, , , , ,

> 40H NUMHER UF PATNFALL PAPAMFTFRS ,,IS/ 9X, NATA 3dd5, , , ,

> 4UM NUMMER UF PATNFALL-SFEPAGE FL E ME NT S ,,75/ %X, DATA 3d30,

> 40H NUMHFH llF PATNFALL-SFFPAGF NilDL S , ,,151 DATA 3d35, ,

11100 F UNM A I ( 1 H1, ' I NPitT TABLE',T3,' STFAnY-SIATF H, r, UF ', NATA 3740
> 9HFUHM H:HH//oH NiinF ,7 X ,2 HH H ) nATAld45

11110 FilHM A I ( I H 1, ' I NPlli TAHIE',f3,' TRANSTFNT H, C, OF FnRM HzHH'// NATA 3d50
> oH NUnh,7X,dHHH1 NATA 3J55

11200 FUNMAI(IH1,'INPllT TAHLE',T3,8 STFAnY-STATF SilWF Art TFRMS', NATA 3 don
> 33H F=El Al NiinE NT, E=EJ AT NiinF NJ//HX,2HNI,AX,2HNJ,10X,dHFT, DATA 3dO5
> 13x edHEJ/1 NATA 3770

'11210 F ilHM A T ( 1 H 1, ' I NPUT TAHIE',T3,' TRANSIFNT SURFACF TEDMR', DATA 3d75
> 33H F=EI AI NiinF NT, E=E.1 AT Nt ID F NJ// SH NT,54 NJ,6x,dHFI, DATA 3 DMO

> Idx edHEJ/) NATA 3dd5
11300 F ilRM A I ( 1 H 1, ' I N PU T TABLE',T3,' IWANSIFN1 H,C, AADAMFTFRS'//5r, DATA 3790

> 40H NUMMER UF HilllNn A R Y CUND I T IllN 9 ,,TS/ EX, NATA 3)Q5, , , ,

> 40H NUMMtH OF SURFACF TERMS ,,IS/ %x, NATA 3300, , , , , , ,

> 40H NUMHF R llF PATNFALL PRilF I L E S ,,15/ EX, NATA 3%U5, , , , ,

> quH NilMH F W UF WATNFAlL PARAMFTERS ,,T5/ Rx, NATA 3510, , , ,

> 40M NilMHF W tlF DA T NF Al. L-S F E P A C.E F l_ E M E N T S ,,T5/ Ex, NATA 3115,

> 40H NUMHER liF RAINFALL-SFEPAGE NilDE S , ,,TS) NATA 35du, ,

jll400 F UMM A l ( 1 H1, ' ] NPlli TAHLE',13,' STF AnY-ST A TF R A TNFall nA1A') NATA 33d5
'11410 F URM A I ( I H 1, ' I NPili TAHLE',13,' TWANSIFNi RAINFAIL NATA') DATA 3330
11500 F ijkM A l ( /HH PRilF T L F , T 5 /M x ,4H T I ME ,11 x ,4 HW A T E ) NATA 3335
,11000 FilW M A l l l H 1, ' I N PliT TAHLE',13,' STFADY STATF kATNFALL n I S T R i ullT illN nAl&3440
I >AND PilNnING'//Ok,4HNUDE,6X,4HTYPF,5x,5HnFPTH) NATA 3445
!01010 FilHM A I ( 1 H 1, ' I N PU T T A st E ' ,13, ' TRANSIFNT WAINFAIL DTSTPTHUTTUN ANnnATA3350

> PUNDING'//ex,4WNODF,eX,4HTYPE,5x,5HDEPTH1 NATA 3555'

|0 1 7 0 0 E URM A I ( I H 1, ' I NPit T TAHLE',13,' STFAnY-STA TE RATNFAll-SEEPtGF SURFAnATA3%on
>CF T NF UWM A T IUN ' / /5 X ,7HEL EME N T ,2 x , nHNilDF 1,2 X ,6 H Nlin E P1 NATA 3305

!01110 F ilH M A I ( 1 H 1, ' I N P LIT TAHLE',T3,8 TPANSIENT RAINFALL.-SFFPAGE SilPF ACE DATA 3370
> l N FllH M A l lllN ' / / 5) ,7 H F L F M E N T , P X , bH NilD E 1,2 x , h MNilDF d) DATA 3375

|02000 EUHMAl(1cI51 DATA 3360
|02100 FURMAi(Moll) DATA 3465
'02200 FURMAT(10x,101It) NATA 34WO
;0d300 FUNMAT(MF10,0) DATA 3595
0d400 FURMAI(d(IPE15,41) DATA 3400
$2500 FURMAl(IM,194F12,4) DATA 3405
92000 FUHMAI(1P,IM,F10,0,3EP5,4/(dX,4Fp5,4)1 NATA 3410
04100 FURMAI(IM,4E12,4/(8M,9E12,41) NATA 3415
04600 FijHM A T ( IS, dF 10,3) DATA 34d6
92900 E llH M A T ( I H ,1 W ,15,2 F 11,3,3 X , I S , P E 11,3,3 x ,15,2 F 11,3,3 X , T 5, PF 11,31 DATA 34d5
'3000 F UNM A T ( 11 (i,4 I H ,110, T 13 ) NATA 34309

3100 >URMAl(Ilo,32x,110,Tdx,Ilo) NATA 3435
3d00 FilHMAl(15,1PE15,41 NATA 3440
3300 FijHM A i ( d I S ,2F 10,0 ) n,ATA3445
3400 FURMAI(3IS,5X,2F10,0) nAIA3450
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'

13500 FURMAT(2Il0,2(1PE15.41) DATA 3455
13000 FURMAi(IS,5x,F10,0) DATA 34eo!
10300 FUNMAT(////37H CHECK HOUNDARY CilND I T IUN S , MAXIMllM a,75///) DATA 3405
14600 FORMAT (////43H TUO MANY RAINFALL-SEEPAGE NODES, MAXTMUM s,15///) DATA 3470
14900 FURMAT(////34H FRROR TN SURFACE CARD FilR ELEMENT,75///) DATA 3475
15000 FORMAT (////2HH FXECllTf0N HALTED RECAUSF OF,I5,15H FATAL FRRnRS///) DATA 3460
15100 FORMAL (////30H FRRUP IN NUDAL-POINT CARD NU.,I5///) DATA 3465'
15200 FURMAi(////2OH FRROR IN ELEMENT CAND NO.,15///) DATA 3490!
15300 FORMAi(////5bH ERRUR TN INITI AL-CONDIT TilN CARD NO.,T5///) DATA 3495,
15400 FURMAT(////49H FRRUP TN FIRST HsRR TYPF HUUNDARY-cONDTTTON CAPD // DATA 3500|

> /) DATA 3505
1 15500 FURMAI(////46H FRRUR IN FIRST RATNFALL-TYPE-PUNDING-DEPTH CARD ///) DATA 3510;
*

15000 FURMAT(////45H FRRUR TN FIRST RATNFALL-SEEPAGE FLFMFNT CARD ///) DATA 3515l
15700 FURMAT(////33H FRROR IN FIRST-SURFACE = TERM CARD ///) DATA 35201i

15600 FORMAT (////45H ASSEMBLY AND SI)LtJT TUN WTLL NOT RF PERFnRMED,,IM, DATA 3525
i ) 19H FATAL CARD FRRORS///) DATA 3530
1 15900 FORMAT (////40H FRRUP IN MATERIAL TYPE CUDE FOR FLFMFNT,15///) DATA 3535'

J0000 FUHMAT(1H1,5X,'CHFCK ALL ROUNDARY NUDAl AND ELEMFNT TNFORMATTnN8// DATA 3540
) /5X,'TUTAL NUMRER OF HOUNDARY NODES s',I5/5X, DATA 3545'
> 'THEY ARE LISTED HFL0dt'/(5X,10TS)) DATA 3550'

; 21000 FURM A T (1 HO ,41, ' Tilt AL NUMBER OF HOllND AR Y FLEMENTS s',T5/5X, DATA 3555
> 'THEY ARE LISTED HFLOWt'/(5X,10TS)) DATA 35coi

22000 FURMAT(1HO,4X,' TOTAL NUMBER UF WATNFALL-SEEPAGE BOUNDARY NUDES s', DATA 3565|
> f5/5X,'lHEY AHF LISTED HELOWe'/(5A,10TS)) DATA 3570

sDATA3575;23000 FURMAT(1MO,4X,'TUTAl NUMHER UF RAINFALL-SEEPAGE RnUNDARY ELFMFNT
> ',IS/5X,'THbY ARF LISTED HELilw t ' / ( 5 X ,10 t S ) ) DATA 3560j

db000 FURMAT(1HO,4X,'TUTAl NUMHFR OF SURFACE TERM HOUNDARY ELEMENTS s', DATA 35651
> 15/5X,'TUTAL NUMRER OF SURFACE TFRM HiltlND A R Y NnDFS s',T5/5X, DATA 3590i
> 'THEY ARE LISTFD HFLind t ' / (5X,10 T 5)) DATA 3595|

27000 FURMAT(1HO,4X,'TUTAI NUMMER UF DIRICHLFT NUDES s',I5/5X, DATA 3600|
) 'IHEY AHF LISTFD HFLOwe'/(5X,10T5)) DATA 3605

END DATA 3610
SUHWUUTINF SURF (X,Z,IF, DLH,DCUSXR,0CUSZH,NHF,ISR,NPH, SURF 005
> MAXNP,MAXEL, MAXREl,MAXRNP) SURF 010

C SURF 015
C SURF 020!
C FUNCTIUN UF SUBROUTINE--Tu IDENTIFY ROUNUTNG SIDES THHnUGH THE APRAY SURF Od5f
C ISH(MP,4), TU CALCllLATF THEIR LENGTHS DLH(MP), AND Tn nFTERMINF THE SURF 0301
C UIWECIION CUSINES DCOSX(MP) AND DCOSZ(MP) UF THE UUTW ARDL Y DTRFCTED SURF 035!
C UNil NURMAL VECTOR FnR EACH HutJNDARY ELEMFNT NHF(MP), SURF 040',

C SURF 045
C SURF 050;

IMPLICIT HEAL (A-H,U-Z) CDC
C SURF 000.

DIMENSION X(MAXNP),7(MAXNP),IECMAXEL,5) SURF 065
DIMENSION DLB(MAXREl1,0CUSXH(MAXRFL),0CUSZR(MAXREl),NRE(MAXRFI), SURF 070
> ISH(MAxBEL,4),NPR(MAXHNP) SURF 075

C SURF OMO
COMMUN / GEOM / SNFE,CSFE,NNP,NEL,TRAND SURF 065
CUMMUN /HHSNU/ NHFL,NRN,NRSEL,NRSN,NRFPR,NRFPAR S tJ R F 090

i
C SURF 095
C FIND SUHFACE SIDES BY IUCATING NUNDljPLICATED SIDFS StJRF 100
C SURF 105

NHELs0 SURF 110
NANs0 StJRF 115
DU 40 Mist,NEL SURF Idu

DU 30 Iust,4 SURF 1 d5'
101:IW+1 SUHF 130-
IF (14,F4,4) Tulst SURF 135,
DU 20 MJai,NEl SURF 140
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TF (MJ.FC.MI) C 0 Til 20 SilR F 145
0U 10 Juot,4 SURF 150

JutzJo+1 SURF 155
TF (JQ,F0,41 .JU1:1 SURF 100
IF ( I F ("I , IC ) . E 4. I F ( MJ , J u ) , A ND . T E ( M T ,7 01 ) .Eu , I E ( M.f , SURF 105

> JUI)) nu TI) 50 SURF 170
IF (IF(MI,I4).E4.IECMJ,Jul).AND.IE(MI,IC11.FD.IF(MJ, SURF 175

> JU)) Gn TU 30 AURF 160

10 CONTINUF SURF 155
20 CONTINUE SURF 190

SURF 195
C

l NIz!E(MI,70) SURF 700
NJziE(MT,ful) SURF 205
NMELzNHEL+1 SURF 210
NHE(NHEL)MT SURF 715
ISH(NMEL,1) NT SURF 220

SURF 72513H(NMEL,2)zN.1
ISHINREL,3)sIO SURF 230
ISHtNHEL,41sIQ1 SURF 235
[F(NHEL,GT,1) GO TU 25 SURF 740
NHNzNMN+1 SilRF 245
NPHfNHNisNI SURF 750
NHN=NRN+1 SURF.755

( SURF 200NPB(NHN)sNJ
25 Ull 26 Ist,NRN SURF 7e5

IJzNPH(I) SURF 770
IF(IJ.EQ,NT) Gli T(1 27 SilRF 275

do CUNTINUE SURF 7M0
NHNzNHN+1 SURF 2M5

NPMINHNisNI SURF 200
27 Du dM Jal,NRN SURF 295

IJzNPHfJ) SURF 300
T F ( I J . E tJ . N.7 ) Gt) TO 20 SilR F 505

2M CONTINUE SURF 110
NNNzNHN+1 SURF 315
NPH(NHN):NJ SURF 120

do Cl)N T I NU E SURF 325
30 CONTINUE SURF 330

|

! 40 CUNTINUE SURF 335
|C SURF 340

|C C AL CUL A TE SIDE LENGTMS AND DIRFCTION CUSINES SURF 345
|C SURF 350
| 00 70 MPal,NBEL SURF 355
! M=NHE(MP) SURF 300

NIzISH(MP,1) SURF 305
| NJaISHlMP,2) SURF 370
|C DXzX(NI)=X(NJ) SURF 475
!C DZ3Z(N])=Z(NJ) SURF 360

OX=XfNJ)=X(NT) SURF 365
; DZ3ZlNJ)=Z(NT) SURF 390

| DLH(MP): SQRT(DX*DX+DZ*DZ) CDC
:C SURF 400

HEIAz ATAN2(DZ,Dx) CDC

DCUSXH(MP): SIN (RETA) CDC
DCUSZHtMP) = CllS f BET A) CDC

|
! 70 CUNTINilE SURF 420

NETURN SilRF 425
END SURF 430
buBROUTINE VELI (X,Z,IE, C,H,HT,VX,VZ,AKX,AKZ, MAXFL,MAXNP,MAXHHP) VFLT 005

.C VELT 010
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C FUNC(IUN UF SUHNOUTINE TO COMPUTE DARCY VELOCITY VX AND VZ VELT 015
C VFLT 020

IMPLICIT REAL (A-H,U-Z)
CDC

C VELT 030OIMENSIUN X(MAXNP),7(MAXNP),IE(MAWEL,5) VFLT 035
DTHENSION C(MAXNP,MAXHBP),H(MAXNP),HT(MAXNP),VX(MAXNP),VZ(MAXNP1, VFLT 040

> AKX(MAXEL,4),AkZ(MAXEL,4) VELT 045
C VELT 050

OIMENSIUN uu(4,4),Ru(4),XQ(4),Zu(4),HTD(41,AKXOf4),AKZQ(4) VELT 055
C VELT 000

COMMUN / GEUM / SNFE,CSFE,NNP,NEL,TRAND VFLT nos
C VELT 070lHALFHa(IHAND=1)/P VELT 075

IHHPsIHALFH+1 VEL T 080
C VELT 065
C INITIAZE THE DARCY VELOCTTY VX(NA) AND VZ(NP) VELT nuo
C VELT 095

00 100 NPal,NNP VFLT 100
VX(NPIso.O VFLT 105

100 VZ(NPlao.O VFLT 110
C VELT 115
C CALCULATE THE TUTAL HEAD HT(NP) VFLT 120
C VFLT 1d5

00 105 NPal,NNP VFLT 130
105 HT(NPlzH(NP)-X(NP)wSNFE+Z(NP)*CSFE VELT 135

C VELT 140
C CUMWUTE DANCY VELurITIFS BY APPLYING FINITE ELEMENT METHOD TO DARCY VFLT 145
C tuuATIONS, }Xlst F(JR COMPUTING VX, TXZs2 FOR CUMPilTTNn VZ, VFLT 150
C VFLT 155
C VELT 10000 300 IXZst,2 VFLT 105
C VFLT 170
C INITIALIZE MATRIX C(NP,IR) VFLT 175
C VFLT 180

OU 110 NPat,NNP VELT 165
00 110 IHat,IHHP VFLT 190

110 C(NP,IH)so,0 VELT 195
C VFLT 200
C CUMPUTE THE ELEMENT MATRIX uu(Iu,Ju) AND Ru(TO) VFLT 705
C VELT 210

00 180 Mal,NEL VFLT 215
C VFLT dd0

00 120 Iust,4 VFLT 225
NPsIE(M,Iu) VELT R30
Xu(Iu)3X(NP) VFLT 735
lu(IU):Z(NP) VFLT 740
HiU(luisHT(NP) VELT P45
AKXu(lulzAKX(M,14) VFLT d50

120 AKlu(lu)3AKZ(M,101 VFLT 755
C VFLT 200

CALL 044(uu,RU,x0,Zu,4KXu,AKZu,HTu,SNFF C rg ,. r) VEL T 705
C VFLT 770
C VELT 775
C AsSEMHLE uu(Tu,Ju) INTn THE GLilBAL MATRIX C(NP,IH) AND VELT de0
C FURM IHE LUAh VECTOR VX(NP) (JR VZ(NP) VFLT PM5
C VFLT 790

011 140 10: 1,4 VELT #95
Nisit(M,Iu) VFLT 300
OU 130 Just,4 VFLT 305
NJu1E(M,Jul VFLT 410
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IF(NJ.LT.NI) GO TO 130 VELT 315
[RcNJ-NI+1 VELT 340
C(NI,IH)sC(NI,IR)+00(70,J0) VFLT 125

130 CUN11NUE VELT 330
C YELT 335

IF(IXZ.Eu.21 GU TO 139 VELT 340
vX(NIlsVXfNI)+RQ(TO) VFLT 345

| GU TU 140 VELT 350
135 VZ(NI)sVl(NT)+RQ(Tui VFLT 155
140 CONTINUE VELT 300

C VELT 365
IMO CON 11NUE VFLT 170

,C VELT 375
JC S t il. V E THE MATRIX EQUATTON CXsH VELT 380
C VFLT 385

IF(IXl.EU 2) GU in 700 VFLT 390
CALL HANSUL(1,C,Vx,NNP,IHHP,MAXNP,MAXHHP) VELT 195
CALL HANSUL(2,C,Vx,NNP,IHHP,MAXNP,MAXHHP) VELT 400
GU TU 300 VFLT 405

200 CALL HANSilL(1,C,V7,NNP,IHHP,MAXNP,MAXHHP) VELT 410
CALL MANSUL(2,C,V7,NNP,IHHP,MAXNP,MAXHHP) VELT 415

300 CUNTINUE VELT_Udo
|C VELT 425

NFTURN VFLT 430
END VELT 435
SUHHtluTINE 440(QQ,Rn,Xu,Z4,AKXQ,AKZu,Hiu,SNFE,CSFF,TND) 04D 005

'C 040 010
C 04D n15
C FUNCiIUN UF SUHHtIUTINE-TO EVALUATE THE MATRTX QUADRATURF UVER THF 000 020

|C ARF A UF UNE ELEMENT, THESE INTEGRALS ARISE T H R(luGH THF 000 025
'C APPLICAlIUN tlF THE GALFRkIN INTEGRATTUN SCHEME 04D 030
'C 040 035
C 000 040

IMPLICIT REAL (A-H,0=2) CDC
NEAL N(4) CDC

lc 000 055
OIMENSION (JU ( 4,4 ) , RQ ( 4 ) , X4 ( 4 ) , Z4 ( 4 ) , H Tu ( 4 ) , A K XQ f 4 ) , A K 20 ( 4 ) 04D 000
DIMENSION S(4),T(4),DNX(41,0NZ(4) 040 005
OIMENSIUN PJ A'- t P,7 ) , DNSS ( 4 ) , DNT T ( 4 ) 040 070

IC 040 075
DATA P / 0,5773502601R9626 /, S / ~1.0D+00, 1.0n+n0, 1.0D+00,- 04n oso

i 1,0D+00 /, T / -1.00+00,-1.00+00, 1.0n+00, 1.0n+00 / 44D 085
'C 04D 090
(C INIIIALIZE MATRICES QQfIQ,JU) AND R Q ( I tJ ) 04D 095
:C 04D 100

nu 100 Iust,4 040 105
HU(IU):U.0 04D 110
oil 100 Just,4 040 115

| 100 uu(IO,Juls0.0 040 120
g 04n 125

$ 04D 130
$ SUMMATION OF THE INTEGRAND llVER THE GAUSSTAN Pili N T S 000 135

% Q40 140

$ 000 145
; 00 400 KG=1,4 040 150
G 000 155
3 0FTERMINE LUCAL CUORDINATE (SS,TT) nr 000 too

3 GAtlSS-INTEGRATION PUINT KG Q4D 165
3 000 170

SSzP*S(KG) 040 175

. _ _ _ _ - . _________ - ________-__
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iTcPoT(MG) Os0 too
C 040 165'
C C AL CUL ATE VALUES OF THF RASIS FUNCTIONS N(TO) AND THFIR nERIVATIVES Q40 190 1

C UNX(fu) AND DNZ(IQ) WITH RESPECT Til X AND Z, RESPECTTVFIY, AT 000 195
C THE GAUSS PUINT KG 04D 200
C 04D 205

CALL BASE (N,DNSS,DNTT,SS,TT) 04D 210l
C 04D 215 i

UU 11 1s1,2 04D 220|
00 11 Jz1 2 040 2d5

11 PJAHfI,Jizo,0 000 230
00 12 Ist,4 000 235

iPJAH(1,1):PJAR(1,1)+ZQ(I)*DNTTf!) 040 2401
PJAH(1,2):PJARC1,2)=Zu(I)*DNSS(I) Q40 245,
PJAHf2,1)sPJAR(2,1)=XQ(I)*DNTT(Il 000 250

12 PJAHf2,2):PJAR(2,2)+XQ(I)*DNSS(I) 000 255
DJACsPJAHl2,2)*PJAH(1,1)-PJAH(1,21*PJAH(2,1) Q40 200
DJACIst,0/DJAC 000 205
DU 13 1: 1,2 040 270

00 13 Js1,2 Q4D 775
15 PJAB(I,J):PJABfI,J)*DJACI 04D 260'

DU 14 1 1,4 000 765,
DNXfI)sDNSS(I)*PJAH(1,1)+0NTT(11*PJAB(1,21 Q40 P90'

14 DNZ(I)aDNSS(I1*PJAH(2,11+DNiI(I)ePJAB(2,2) 04D 295
C 000 300!

AKAK=0.0 04D 305
A kik so ,0 040 310|

C 040 315,
C ACCUMULATE THE SUMS TU OMTAIN THE MATRIX TNTEGRALS UD(TO,J0) 040 320)
C ANO R u ( IlJ ) Q40 3d5
C 000 330'

00 150 lust,4 04D 335
AKXK=AKXK+AKXu(TO)*N(TU) 04D T40

150 AKZK=AK2K+AKZu(TO)*N(IU) QGD $45
00 300 Ius1,4 000 350
DU 300 Just,4 04D 355|
UU ( l u, JtJ ) =uu t t u , JQ ) + N (IU ) * N ( Illl * DJ A C Q40 500i
!F(IND,EU 21 GU TO 200 Q40 TOS:
Ru(IU)sHU(Iu)=AkXk*N(IU)*(HTu(JO)*DNX(J0)1*DJAC 000 370I
GU IU 300 04D 375I

200 40(IU)=Ru(I4)=AKZK*N(I4)*(HiQ(J4)*DN2(JQ))*DJAC Q40 360;
300 CONTINUE 04D 465I
400 CONTINUE 000 390I

HFIURN Q40 195)
END Q4D 400
MUHROUTINE SPRUP(TE, H, T H, OT H, A K X , A K Z , PROP, THPRnP , A k PPflP, HPPI)P, SPRai005i> CAPRUP, MAXFL,MAXNP, MAXMAT, MxSPPM, NFlekSP) SPRfl n10:

C SPRD 01S
C SPRn 020\
C FUNCTIUN UF SUHROUTINE--TU CALCULATF bijIL PRilPFR T IFS, T,F, THF SPRO 02Si
C WATER CUNTENIS TH(M,TU), WATER CAPACTIIES DTH(M,ID), AND SPHO 030 1

C PRINCIPAL V AL UES OF THF CONDilCTIVITY IENSIR AKX(M,7Qi AND Ak2(M,TU), SPRO 03S|
C SPRn 040'
C SPWil 04%|

[MPLICIT REAL (A=H,0-Z) CDC
C SPRn OSS|

OIMENSION TE(MANFt,9),H(MAXNP),TH(MAXEI,4),DTH(MAYEL,4), SPPil 000;
i AKX(MAXEL,4),AkZ(MAXFL,41 SPRn 005

C SPRii 070
DIMENSIUN PWilP (M A M M A T ,5), THPROP (M A A M A T , M X SPPM) , CDC |

!
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5 4KPWilP ( M A XM A T , MX SPPM), HPRilP (M A X M A T , M X SPPM) , SPRn NMO
i ;APdilP(MAXMAT,MXSPPM) SPRO 065

C SPRO 090
CilMMUN / MIL / NMAT,NMPPM,NSPPM SPR11 (195

C SPRO 100
C SPRn 105
C SPRil 110
C -------- TH, DTH/DH, AKWe AND AKZ APF U8TATNED HY T AHI F SPRn 115
C SPRO 120

IF(KSP.EU,0) Gli in A0 SPRO 125
i

UU 70 Mal,NEL SPRn 130
l MTYP=IE(M,5) SPRO 135

SAIKXzPRUP(MTYP,a) SPRn 140
S A i Klz PHilP (M T Y P ,9 ) SPHO 145
DU 00 lual,4 SPRn 150

N P z I E ( M , I rJ ) SPRil 155
HNPzH(NP) SPRil 160
IF fHNP.GT,HPPUP(MTYP,11) u n Til to sprit 105

JLzt SPRin 170
Jus? SPRil 175
Azo, SPRO 160
Gil ill 50 SPRO 165

10 IF fMNP.LT,HPRUP(MTYP,NSPPM)) Gil Til 20 SPRii 190

JLzNSPPM SPRi1 195
JUzl SPRn 200
Azo, SPRO 705
Gil 10 50 SPRf1 210

20 00 30 Jud,NSPPM SPRn 215
JuzJ SPRn 220
IF ( H P R(IP ( M T Y P , J 1, G T , HNP ) GD 111 40 SPRn 725

30 CUNTINUF SPRll 230
40 JLsJU-1 SPhn 235

As(HNP=HPRUP(MTYP,JL))/(HPRnP(MTYP,JU)-HPROP(MTYP,JL)1 SPRO P40
50 i H ( M . If,J ) g T H P R O P ( M T Y P , J L ) + A * ( T H P RiiP f M T Y P , J il) - T H P PilP ( M 1 Y P , J L 1 1 S P R f1 745

DTH(Me10)ECAPROP(MTYP,JL)+A*(CAPHOP(MTYP,.iui=CAPROP(MTYP,JL)SPRn 250
l > 1 SPRO 755

USKF C Iz AK PRilP(MT YP, JL 1 + A * ( A K PR[lP (M T YP, JU)- AKPRelP (MT YP, Ji )) SPRO 200
A K X ( M , IIJ ) sS A Tk x *USK F C T SPRn Po5

i A K Z ( M, ILJ ) sS A T w 2 *USKFC T SPRn 770
( 60 CUNTINUE SPRn 775
| 70 CUNTINUE SPRn d60
l RETURN SPRil 785
|C SPRn 790
'C -----== TH, DiH/DH, AKX, AND AkZ ARE nbTATNED BY ANALYTTCAL FORM SPRn 795
C ------- THE READER MUST SllPPLY THF FilNC T IllN AL FilR M OF FKX, FK2, AND SPRn 300
C ------- FTH HELUW SPRO 105
@ SPRO 310

MO OU 95 Mst,NEL SPRf1 315
MTYPzIE(M,5) SPRn 320

i SAIKXzPRUP(MTYP,0) SPRO 325
| S A I K lz PRilP ( M1 Y P,5 ) SPRn 330
|@ SPRn 335

------- HCRs T HP RilP ( M T Y P ,1 ) s 0,0 65, 0,050 FUR T Wil S AMPI E M A TFRIJ Al S SPRn 340@
!@ ------- WCS=THPRUP(MTYP,2) 0 , 5 6 tJ , 0,301 Fi)R T Wil SAMPIr MATERIAL 9 SPRO 34%

RNziHPRilP(MTYP,T) 1,092217, 1,546937 F(IR Twn SAMPl.E MATFRTALS SPRn 350|@ -------

$ =------ ALPHzTHPRilP(MTYP,4) 0,109, 0,002166 FilR T Wil SAMPIE MATERTALS SPRn 355
'

@ SPRO 300
WC Ra l HPRtJP ( M T Y P,1 ) SPRn los
HCSsTHPRUP(MTYP,7) SPRn 370
RNzTHPRUP(MTYP,3) SPRO 375
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1

ALPHoTHPRUP(MTYP,41 SPRI) 380
RMot,ODO-1,0DU/RN SPRO TMS '
DU 00 10: 1,4 SPRt1 390

NPsIE(M,IO) SPR11 395 '
HNPsH(NP) SPRI) 400
HNPz-HNP SPRn 405

C SPRin 410I
C SPRn 415 i
C ------- SAIURATED CONDITION SPWio ado |
C SPRO 425

IF(HNP.GT,0,01 GU Til MS SPR11 430
TH(M,IuisWCS SPRil 435 4

U T H f M , I fJ ) s 0,0 D 0 SPRn 440l
AM X ( M, IlJ) sS A T k X SPRn 045|
A K Z (M, I tJ) sS A T k 2 SPRII c50 '
Gil IU 00 SPRi1 455

C SPRO 400
C - ----- UNSATURATFD CASF SPRn 405
C SPRO 470

M5 THM!uzWCR+(WCS-WCR)/(1,000+(ALPH*HNP)**RNi**RM SPRi1 475
TH(M,IulsTHMin SPRO a60
RWLz(IHMID-WCR)/(WCS-NCR) SPRil 485 4

TERMz(1,0=RWC**(1,0/RM)1**RM SPRn 490
RKs StJR i ( R w r ) * ( 1,0- T E R M ) * ( 1,- T F R M ) CDC
A K X ( M , I tJ ) s S A T k X * R K SPRn 500|
AK Z I M, IfJ)sS A Tk Z *RK SPRO 90% )
DTH(M,lu)sAlPH*(RN-1,0)* TERM *RHC**(1,0/RMi SPRil 5101

C SPRf1 915 ,
90 CUNIINUE SPPn 520
95 CONTINUE SPRO R25 i

HETURN SPRO 530
END SPRil 53%
dUHROUTINE HCPPFP(IF, H,VX,VZ, H1,0CtlSX,DCUSZ,DrYFLX,FLX,RSFLY, RCPR 005

i hcl 1N,NRSE,lS,NPRS,NPCON,NPFLX,iRFTYP,TRF,RF,RFALI, MAXFl,MAXNP, HCPR 010
> MARSEL,MARSNP, T I M F , N C H f; ) RCPR 015

C RCPR 020
C RCPR Od5
C FUNCiIUN UF FUHRiluTTNE--TU PREPARF HiluND ARY CUNDTTTi1NS FOR THF HCPR 0 50
C RAINFALL-SFEJAGE NODFS, IF THE PRESSURE H(NP) HECnMFS GREATER THAN RCPR 435,

( THF PUDDLING DEPIH HCUN(NP), THEN THE RAINFALL HATF TS GREATER RCPR 040
C IHAN THAT WFICH CAN RF ARSilRHE D HY THE StJ T L AND EITHFR INW ARD FLilX HCPR 04%
C CtJN T INUES A1 A RFOUCED RATE IIH SEFPAGE, ilOTwARD FL ilX , MFCINS, RCPW 050
C IN EIINER EVENT THF RijllNDARY CONDITTON IS CH ANGEn Til THF RCPR 455
C CONSTANT P U Ditt I N G DEPTH HCUN(NP), ON THF OTHFW HAND, SHnut D THF RCPR 000
C I N T E R IllR DARCY FLUX nCYFLX(NP) HFCilMF GREATFR THAN CAN RF MAINTATNED RCPR 00%
C HY THE EXTERNAL F LilX , A CHANGF in A FLilX HiluNDARY f(JNO T T TilN IS RCPR 070
C EFFECIED. RCPW 075
C RCPR OMO
C RCPR OMS
C HCPR 090

IMPLICII REAL ( A -H ,II- 2 ) Cnc
C RCPR 100

DIMENSION IE(MAMEL,5),H(MAXNP),VX(MAXNP),VZ(MAXNPi RCPR 105
C RCPR 110

p l ME NSIllN DL ( M X RSFli ,0CllS x ( MXRSEl 1,0CilSZ ( M X RSEL 1, nC YFL X ( M X R 9NP ) , RCPR 115
> FLX(MXWSNP),RSFLx(MXRSNP),HCilN(MXRSNPi,NRSF(MXRSFli, RCPR 120
> I S ( M X R SE l. ,4 ) , NPR S ( M X RSNP 1, NPCtlN ( M X RSNP ) , NPF L X ( M X Q SNP ) , RCPR 125
) IRFlYP(MXRSNP) CDC
O{MFNSltlN TRF ( 3,70 ), RF ( 3,70), RF Al L ( 3) CDC

C RCPR 135
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CllMMUN / GF (IM / SNF F , C SFE , NNP , N F.L , T R A ND HCPW 140
CilMMUN /HHSNil/ NHEL,NHN,NRSEL,NWSN,NRFPR,NRFPAR RCPR 145

C HCPW 150
C CALCULATE THF WAINFALL RFALL(Il FWilM EACH PWilF IL E RCPW 155

RCPR 160C

|F (NHFWH.E4.0) GO TU 40 HCPW 105
ull 30 Is!,NRFPR RCPW 110

DU 20 Jzd,NRFPAR RCPR 175
IF i T WF ( I , J-11.L E . T T MF . A NI), T I ME .L E . T R F f I , .1) 1 CI TD 10 HCPW 180

i GU TU 20 RCPW 165
10 WFALL(11skFf1,J-l1+(TTMF-TPF(I,J-11)*tRFfT,1)-RF(I,J-1)i/ HCPR 190

) (IHF(1,J).TRF(I,J-1)) RCPR 195
GU TU 30 RCPW 700

do CON 1INUE RCPW 705
50 CUNiINilE RCPR 210

-C RCPR 715
.C ukIERMINE IMF NURMAL RAINFALLS FLX(NP) AND l)ARCY FlUYE9 DCYFLX(NA) RCPR Pdo
C FUW FACH HAINFALL-SFEPAGF NilD AL PilINT HCPW 725
C HCPR 730

40 011 50 NPal,NRSN RCPW 735

FLX(NPlzu. RCPR 740
50 DCYFLX(NPlz0 RCPR 745

00 70 MWa1,NRSEL HCPR 750
M=NRbE(MP) RCPR 755
NIsIS(MP,1) HCPR 700
NJz!b(MP,2) RCPW 765
DU op Is!,NRSN RCPR 270

IJzNPHSff) RCPR 775
IF(IJ.NE.NT1 GU TO oO RCPR 280
NIIsf RCPR 785
bil lll oP HCPR 790

ou CilNIINUE R (' P R 295
og (>u os Jzt,NRSN RCPR 500

IJzNPRS(J) RCPR 305
IF(1J.NF.NJ) n u Til e5 HCPR 110
NJJzJ HCPR 415
Gti Til 07 PCPW 320

e5 CUNIINUE RCPR 325
67 CUNTINUE RCPR 330

NIlYPz]RFTYP(NTI1 RCPR 335
NJTYPzIRFTYP(NJJ) HCPR 340
HFNIs0 RCPW 345
WFNJzo. RCPW 350
IF (NITYP.GT.01 PFNIzRFALL(NITYPI RCPR 355

| IF (NJ1YP.GT.0) PFNJzRFALL(NJTYP) HCPR 300
|C RCPR ToS
LC tin i a l d RAINFALL HATFS DFNI AND RFNJ AT PI)T N T S NI AND N.! Ni]RM AL Til HCPR 370

|C THE SIDL SUHIENUFD HY THFSE Plif NTS RCPR 375
iC HCPW 360

MiYPaIE(M,5) RCPR 3M5'

PRUJ =-DCliS x ( MP ) * SNF E +DCilS Z (MP ) * C SF E RCPR 390
NFNIz=HFNI*PPilJ RCPR 595
WF NJz-NF NJ aPPilJ RCPR 400

'C HCPR 405
'C CALCULATE RAINFALL FLUX PASSTNG T H RfillG H STDF (NI,NJ) AND DTVIDF TT RCPW 410
L INIU idu PARTS FLX(NT) AND FLX(NJ). PERFitRM A SIMTLAR OPFRATinN Til RCPR 415
C UHIATN DARLY FLUXES DCYFLX(NT) AND DCYFLX(NJ) RCPR 420
C HCPR 425

FLX(NII):FLX(NTIi+RFNIeDI.(MP)/3.0+RFNJ*DL(MP)/6.0 RCPR 430
FLX(NJJ)sFLX(NJJi+RFNI*Dt.(MP1/6.0+RFNJeDL(MP1/3.0 RCPR 435
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C RCPR 440
1

C CUMPUTE THE FLUX THRitunH PUINT NI tlSTNG THE WHilLE RiluNnARY LFNGTW RCPR 445|
C AND THE FLUX THRtluGH POINT NJ USING THE WHilLE HilllNn A P Y STDF LFNGTH RCPR 450
C RCPR 455

FNis(VX(NI)*DCnsw(MP)+VZ(NT)*DCUSZ(MP1)*nt(MP) RCPR 4o0
F NJ z ( V x (NJ ) * DCnS X (MP) + v2 (N.I) *DCUSZ f MP ) 1 *nL (MP) RCPR 465

C RCPW 470;
C ofSTWlHUTE T HE AHOVE Fl uxES Til T Wil FNO PilT NT S IlF THE SinF HCPR 4752
C RCPP 460,
C RCPR UH5

UCYFLA(NIIIzDCYFIX(NII)+FNI/3,0+FNJ/6,0 RCPR 490;
DC YF L x ( NJJ ) sDC YF I X ( NJJ ) + FN.1/ 4,0 +F N I / 6,0 RCPR 495I

C HCPR 900
70 CUNTINUE HCPW 905

C RCPR 910
C CHANGE Til FLUX tlR CllNSTANT-HEAD CllNO T I IUNS, AS NFCFSMARY, AND Ril HCPW MIS
C INDICATE IN IHE ARPAYS NPFLXfNPP) ann NPCilN(NPP) HCPR 520
C RCPR 925

IF (NCHG,NE ,(-1 )) Gri Til 80 RCPR 530
NCHG=0 HCPR %$5
WETURN gCpH 540

MO NCHGan HCPR 545,
oil 100 NPP=1,NRSN RCPR 5501

C RCPR 555i
C CMFCK IF THE CHANGING FROM R AINF ALL-FLijX (NFUMANN) CnNn T T TIIN in RCPW 900;
C PilNOING (DINICHLFT) CllND T T IllN IS NECFSSARY HCPR 965,
C HCPR 970

NPzNPFLXfNPP) RCPW 575,
IF ( N P . EiJ ,0 ) Gn TU 40 HCPR 960|
IF (HCtJN(NPP),GF ,H(NP)) Gil Tt) 100 HCPW 965
NPCljN(NPP)=NPFtXfNPP) RCPR 990;
NPFLX(NPP)=0 HCPR 995
NCHGENCHG+1 HCPW 800
GU | |1 1 00 RCPW n05'

C HCPW n10)
C CHFCK IF THE CHANGING FRilH PilNDING (nINICHLFT) CllNDITTON Til HCPW 615'
C HA]NFALL-Flux (NFlJM ANN) CUNit T T ION TS NECESSAWY HCPW n/0
C HCPW bt5

90 NP=NPCtlN(NPP) HCPR 630
IF(FLA(NPP),1F,DrYFLx(NPP)1 Gll II) 100 RCPR n3D
NPFL X ( NPW ) =NPCIIN f NDP1 HCPW 840'
NPLUN(NPW)=0 RCPW 64%
NLHGENCHGt1 HCPW 650

100 CUNTINUF RCPR 65@)
HETURN HCPR bbCI
END RCPW 60%
SUHHUuTINF ASEMkL(X,2,IF, C,R,H,HP,TH,oTH,AKX, Awl, P r 81P , ASFM 00%

) MAXNP,MAXEL,MAkHRP, MAXMAT, KSS,w,DFtT) ASFM 016
C ASFM 01%
C ASFM odo
C FUNCIIllN OF St|HHiluT I NF -- TO ASSEMHLE THE TOTAL CilE F F T r i k N T MATPTX ASFM Od%
C C(NP,IH) AND Lil A D VFCinR R(NP) F WilM THE EtFMENT MATWTCFS QAf[u,J0), ASFM 050|
C to H f i tJ , J u l , AND Ru(TN), ASFM 03%
C ASFM oud
C ASFM 04%

'IMPLICII WEAL ( A-H e tJ-2 ) CDC
C ASFM 05-

DIMFNSIUN X(MAXNP),7(MAXNP),IE(MAMEL,5) ASEM O b t'
o l ME NSIljN C(MAANP,MAXHHP),R(MAXNP),H(MAKNP)eHPfMAYNP), ASFM Ob

% | H(M AXh L e 4 ),IllH(M A YEl e 4 ), AK X (M A XFL,4 ), Ak 2 (M A xF i , n) ASFM 07q
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01MiNSIUN PHllP(>A* MAT,5) CDC

C ASEM 950
u l MF NS IllN W A ( 4,4 ) ,lJH ( 4,4 ) , Ru ( 4 ) , T Mu ( 41, D T Hu ( 4 ) , A K Y u ( 41, A k lO f 41, ASEM OM5

> Xu(u),/u(4),IEM(4) ASFM 090
'C ASEM 095

CUMMilN / GE tJM / SNFE,f*SFE,NNP,NEL,TRAND ASFM 100
CllMMUN /uGPAH/ Al P, RE T AP , P(JW , SINF F , CUSk F ASFM 105
CitMMLIN /tjP i / ILilMP, T M f D ASEM 110

:C ASFM 115
MINFEzSNFE ASEM 120
CllSF E zC SF E ASFM 125
[H AL F Hz ( IH AN1)=11/7 ASFM 130
IHbPsIHALFH+1 ASFM 135

C ASEM 140
UELTIzt,/oELI ASEM 145
plan ASEM 150
n2: 1.-n ASEM 155
IF (KSS,G1,n) GO Til to ASEM 100
OELTIzQ, ASFM 105
n131, ASFM 170
adz0, ASFM 175

,C ASEM IMO
I C INIII AL IZE MA1HICFS C(NP,IH1 AND R(NA) ASEM 1M5
'C ASEM 190

10 till /U NPsi,NNP ASFM 145
W(NP)=0,() ASFM 700
Dil 20 IHal,IHHP ASEM 705

; 20 C(NP,lH)so,0 ASEM 710
'C ASEM /15
,C diANl IU ASSE MHL F DVFR Al L ELEMFNTS ASEM ddu
C ASFM dd5

01) 60 Mst,NFL ASEM 730
C ASFM 735
C CU"WUlt MATHICES ua(Tu,Ju), UH(Iu,Ju), AND Wu(ful rHP FIFMFNT M ASEM 740

ASFM 745;C
MTYPsiE(M,5) ASEM 750'

A L P z R HilP ( M T Y P ,1 ) ASFM d55
MF i APzPRilP(MT YP,d) ASFM 200
PilH = P WilP ( M T Y P ,1) ASFM 765

i l)U 30 fuzl,4 ASEM 270
NP=IE(M,ID) ASEM 775
IEM(Iu)NP ASEM 760

7

Xu(lu) x(NP) ASEM 7MS
,

| Zu(fula/(NP) ASEM 790
TMutlu)=TH(M,Tul ASFM 745
DTHutluiz0THfM,Iu) ASEM 100
Anxu(Iu)sAKr(M,TU) ASFM 105

|

| 30 A%2u(luizAK7(M,Tui ASEM 110
@ ASEM 315

C A L L 4 4 ( U A , UR , P u , T Hu ,0 T HIJ , A k X u , A K ZlJ , X N , lu ) ASEM Tdo'

@ ASEM 3d5
ASEM 130

ASSEMBLE U A ( i tJ, Ju ) AND U H ( IlJ , J u l INTO THE Tilt Al. MATRTX ASEM 335
S C(NW,IH) z H + A /l)F L I AND FtJRM THE I.HAD V F C TilR R(NP), ASEM 340
$' SINCE C IS SYMMETHTC, ONI. Y THE ilPPER HALF RAND IS RTORFD ASEM 145
5 ASEM 150

I F ( I M I O E ld ,1 ) f13 TO 51 ASFM T55
40 DU So Just,4 ASEM T00

NI=IEM(Iul ASEM 305
N ( N } ) sR ( N T ) .Ro t i tJ i ASEM 370
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00 50 Jual,4 ASEM 375
NJsIEM(JQ) ASEM 3eo
GA(IO,JuisOA(IG,JU)*0ELTT ASEM 365
W(NIlsR(NI)+(UA(10,JQ)=W2muB(IQ,JQ))*HP(NJ) ASEM 390
IF (NJ.LT NI) GU Til 50 ASFM 195
IHsNJ.NI+1 ASEM 400
C(NI,IR)aC(NI,IH)+uA(IO,JU)+M1*QHCIO,J0) ASEM 405;

50 CUNTINUE ASEM 410'
GU TU 60 ASEM 415 1

C ASEM 420|
51 DU 53 10:1,4 ASEM 425;

1NIsIEM(IU) ASEM 430
R(NT)sRfNT).RQ(Iu) ASEM 435:
00 52 Just,4 ASEM 440'

NJsIEM(JQ) ASEM 445
UA(IU,JQ):P,0Do*QA(IQ,JQ)*0ELTI ASEM 450
R(NIlsR(NI) + QA(IO,Ju)*HP(NJ) ASEM 455
IF(NJ L T,NT) GU TU 52 ASEM 460
IBsNJ-NI+1 ASEM 4o5
C ( NI, I R ) sC (NI, I H ) +0 A (IfJ, JU ) +0R ( 7 0, JU) ASEM 470

52 CUNTINUE ASEM 475
53 CUNTINUE ASEM 460;
60 CUNTINUE ASEM 465:

NETURN ASEM 490;
END ASEM 495I
SUBRUUTINE u4(UA,OB,RO,THQ,nTHU,AKXU,AK20,Xu,ZQ) Q4 005:

C 04 010'
C 04 015
C FUNCTION UF SUHRUUTINE--TU EVALUATE THE MATRIX QUADRATURFS UVER THF Q4 020]
C ARFA UF UNE ELEMENT OF WATER CUNTENT AND CUMPRFSSIRTIITY QA(iQ,JO) Q4 025;
C AND UF CUNDUCTIVITY QB(IO,JU) AND Ru(Iu), THE tATTFR ARTSING FROM THEQ4 030
C GRAVIlY TERM IN THE MUTSTURE-FLOW EQUATION, THFSE TNTEGRALS ARTSF 04 035
C THRUUGH APPLICATION OF THE GALERKIN INTEGRATION SCHEME, Q4 040
C 04 04%
C 04 050;

IMPLICIT WEAL (A-H,n-Z) Cnc !

HEAL N(4) CnC j

C Q4 Co5i
CUMMUN /U4 PAR / alp,RETAP,puR,SNFE,LSFE 04 070|
CUMMUN /UPT/ ILUMP,TMID 04 0 7%|

C 04 neo;
O!MENSIUN U A ( 4,4 ) , O R ( 4,4 ) , RIJ ( 4 ) , T H U ( 4 ) , D T H U ( 4 ) , A K )f 4 ( 4 ) , A K 2 0 ( 4 ) , Q4 0 h%|

) XU(41,2U(0) Q4 09 0|
OIMENSION S(4),T(4),DNX(4),0NZ(4) Q4 0 9 %'

DIMENSION PJAH(2,P),DNSS(4),DNTT(4) Q4 100
C 04 10%

UATA P / o,57735026018962e /, S / -1,0n+00, 1,0n+00, 1,00+00,- 04 110
> 1,0D+00 /, T / -1,0D+00,-1,00+00, 1,on+00, 1,0n+00 / 04 11%

C 04 120
C INIIIALIlE MATRICES QA, 08, ann RQ 04 1d%
C 04 13@

00 10 Iust,4 04 13%
R U ( I ld i z 0 , 04 14@
DU 10 Just,4 Q4 14%

U H ( I U , J tJ ) s 0,0 04 150
10 UA(lueJ4)s0,0 Q4 15%

C 04 tod
00 40 KGa1,4 04 10%

C 04 17c
C DETERMINE LUCAL CUORDINATES (SS,TT) tiF GAUSS =INTEcoATInN POINT k f: Q4 175

1
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C 04 1no

SS o PoS(KG) Q4 165
TT = P*T(KG) Q4 190

C 04 195

C CAIculATE VALUFS OF THF RASIS FUNCTTilNS N(TG) AND THFTP DEPTVATIVES 04 700

C ONX AND DNl W,W,T X AND 7, RFSPECTTVELY, AT THF G Alls 9 PDTNT KG Q4 205
C 04 >10

CALL HASE(N,DNSS,DNTT,SS,TT) Q4 715
C Q4 720

,C 44 725
DU 11 !=1,2 04 730

l DU 11 J=1,2 04 735
11 PJAH(I,Ji=0.0 04 740

0U Id 121,4 Q4 745
PJAH(1,1)=PJAR(1,1)+24(T)*DNTT(T) Q4 d50
PJ AH (1,2 ) =PJ AR (1,2 ) =2fJ C T ) *DNSS C I) 04 755
PJAH(d,1)=PJAH(d,1)=XQ(I)*DNTT(!) 04 200

12 PJAHf2,P)=PJAH(ded)+XO(T)*DNSS(f) Q4 de5
DJAC=PJAH(2,2)*P,fAR(1,1)=PJAH(t,2)*PJAH(?,1) Q4 770

DJACI: 1.u/DJAC 04 775
0U 15 I=1,7 04 260

DU 13 J: 1,2 04 765
13 PJAH(I,J)=PJABCI,Ji*l)JACT Q4 290

ou 14 1=1,4 04 795
ONXII1=oNSS(11*PJAH(1,1)+DNTT(11*PJAB(1,21 Q4 300

to ONZ(I)=DNSSffi*PJAH(2,11+DNTT(I) PJAR(2,2) Q4 505
C Q4 310

AKXuP=0, Q4 315
AhluP=n, Q4 sto
I NtJP = 0, Q4 525
DTHUP=0, 04 330

:C 04 535

iC ACCUMULAIE THE SUHs TU EVALUATE THE MATRIX TNTEGRAIS QA(TO,JQ), Q4 340
C WHfIQ,JU), AND RQ(TU) Q4 545

!C 04 350
00 20 fu=1,4 04 355

A K X tJ P = A K X Q P + A k X Q ( I Q ) * N ( f (J ) Q4 300
AK ZWP= Ak 2DP + Ak 2fJ(IU) *N( T U) Q4 Toi

I MUP = I HQP 4 T HQ f ifJ ) * N (14) Q4 110
70 D I HUP =D T HOP + 0 T HIJ (IU ) * N ( T N ) 04 375

F HP= A L P * l H4P / POR + H F T A P * T HIJP + D T HUP 04 360
AKXUP=AKXQD*DJAC 04 565
AKilJP= AKluP*DJ AC Q4 190
FHP=FHP*DJAC Q4 195
DU 30 Tu=1,4 04 000

Ru ( l tJ):RQ ( IO) =DNX (IQ) * AK XIJP * SNF E+0N2 (IUl * A v 70P *CSF F 04 405
DU 50 Ju=1,4 Q4 410

N A ( I tJ , J 01 :0 A ( I IJ , J u l + F H P * N ( I O ) * N ( J U ) Q4 415
W H ( I 4, J 0 ) =Q H ( IlJ , J U ) + DN X ( T u ) * A x X Q P *l)N X (,101 + Q4 420

> D N 7 ( I tJ ) * A K 2 tJP * DN 2 ( J tJ ) 04 4d5
50 CUNTTNUE Q4 430
40 CONIINUE Q4 435

IF(ILUMP,NF,0) Gt) in 50 Q4 440
,C 44 445

NETURN 04 450
50 CONTINUE Q4 455

00 52 I: 1,4 Q4 400
SUM =0,0 Q4 465
nu 5d J: 1,4 Q4 470

SUH= SUM +0A(T,.1) Q4 475
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51 UA(1,J)co,0 g4 400
UA(I,1)sSUM 04 4H5

52 CONTINUE 04 490
NETURN 04 495
END 04 500
SUBROUTINE HASEfN,DNSS,0NTT,SS,TT) RASE 005

C RASF 010
C FUNCTION UF THE SURROUTINE=TI) COMPUTE THE VALUES OF RASIS FUNCTIONS HASE 015
C BASF 020

1
C RASF 025 |

IMPLICII REAL (A=H,0=Z) CDC
NEAL N(4) CDC I

C BASE 0401
DIMENSION DNSS(0),DNTT(4) RASF 045

C RASF 050
SMs1,0=SS BASE 055
SPs1,0+SS HASF 060
iMs1,0=il BASE 065
IPal.0+1T RASF 070
N(1)s0,25*SM*TM RASF 075
N(2)mo 25*SP*TM RASF 080
N(3)so 25*SP*TP RASE 085

1N(4)=0,25*SM*TP RASF 090'
DNSS(1)s=0,25aTM RASF 095
DNSS(21so.25*TM RASF 1001
DNSS(3)s0,25*TP RASE 105,
DNSS(4)s=0,25*TP RASF 110
DNTI(1)s=0,25*SM RASE 115!
DNTT(2)s=0,25*SP RASF 120)
ONIT(31s0.25*SP RASF 125|
UNTT(4)so.25*SM HASE 130
NETURN RASE 135
END RASF 140
3UHROUTINE HCfC,R, F L X , H C11 N , N P CI) N , N P F L X , RP,NPST, HR,NN, RC 005

i MAXNP,MAXHHP, MXRSNP,Mx8TNP,MAXRCN, KSS) RC 010:
C RC 015|
C HC 020|,

C FUNCTION UF SUBRUUTINE==TO APPLY HilTH CUNSTANT AND TTME=VARYfNr. RC 025i
C (NAINFALL-SEEPAGE) FtUX-TYPE NEUMANN AND PRESSURE = TYPE DTRICHLFT HC 030|
C HUUNDARY CUNU I l li)N S , RC 035|
C HC 040i

. C RC 045|
| IMPLICli HEAL (A H,1)=Z) CDC !

C RC 055'
DIMENSION C(MAXNP,MAXHBP),R(MAXNP) RC 060:
DIMENSIUN FLX(MXRSNP),HCONfMXHSNP),NPCON(MXRSNPi,NPF|X(MXR$NPi RC 065:
DIMENSIUN RP(MXSTNP1,NPST(HXSTNP),HH(MAXHCN),NNfMAXHCN) HC 070

C RC 075
! CUMMUN / GEUM / SNFE,CSFE,NNP,NEL,IMAND RC Goo

CUMMUN /HWSND/ NREL,NRN,NRSEL,NRSN,NRFPR,NRFPAR R3 065,

COMMUN /HCST/ NPC NST,NSTN RC 090
C RC 095'

; IHALFHz(IBAND=11/2 RC 100
IHNP=IHALFH+1 BC 105

l IF (NHC.EU,0) GO TU 00 BC 110
C RC 115.
C APPLY CUNSIANT DIRICHLFT HI)UNDARY COND I T i(INS RC 120!
C RC 125|

00 80 NPPsi,NMC RC 130|
C HC 135:

|
. _ - _ _ _ _ - . . - . _ . . . . ..
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C MUntFY LUAU VECTOR FOR NON-ZERil HR R$ 140

C RC 145
NIsNN(NPP) RC 150
IF (HH(NPP).FQ.0.0) GO Til 40 RC 155
DU t o IBat ,IH AL FR RC 100

NJsNI-IH RC 165
IF (NJ.LT.11 nu TI) 70 RC 170

l JHsIH+1 RC 175
10 R(NJ)sR(NJ).RR(NPP)*C(NJ,JR) RC 160
20 DU 30 IHal,IHALFR RC- 1H5

NJsNI+IH RC 190
,

IF (NJ.GT.NNP) GU Til 40 RC 195l

JHsIB+1 RC 200
30 R94J)sR(NJ)-HR(NPP)*C(NI,JH1 RC 705
40 R(NI)sHH(NPP) RC 710

C RC 715
C ZERU CULUMN NN H3 220
C RC 725

DU 50 IRat,IHALFR RC 230
NJsNI=IH RC 735
IF (NJ.LT.11 GO TI) 60 RC 740
JHsIH+1 RC 745

50 C(NJ,JB)so.0 RC 750
C RC 755
C MODIFY RUN NN HC 200
C RC 2b5

60 DU 70 KHal,IHHP HC 270
70 C(NI,KR)so,0 RC .275

C(NI,11s1.0 RC 760
Ho CUNTINilE RC 765

C RC 290
|

|C Mun[FY LUAO V E C TilR FOR CONSTANT SURFACE TFRMS IIF THE FORM DR/DNaC RC 795
C RC 300

90 IF (NST.tu.0) GO TO 110 RC 305
|

00 100 NPPat,NSTN RC 310
NP=NPSl(NPP) RC 115

100 R(NP)sR(NP)-RP(NPP1 RC 320
110 IF (NRSN.EU.0) GI) Tn 210 HC 325

C RC 330
|C APPLY DIRICHLET TIME-VARTABLE (RAINFALL-SFEPAGE) CnNDITTONS RC 335
C RC 340

00 190 NPPs1,NRSN RC 345
C RC 350

,C MunlFY LUA0 VECIUR FOR NilN-ZFRI) HCON RC 355
'C RC 300

NIsNPCUN(NPP) RC 305
IF (NI.Eu.0) Gn TU 190 RC 370
IF (HCllN(NI) FQ.0.0) GI) TU 150 RC 375
DU 120 IHal,IHALFB RC 360

NJ:NI-IH BC 365
IF (NJ.LT.11 GO TO 130 RC 390
JHsIH+1 RC 395

120 R(NJ):R(NJ)-HCUN(NPP)*C(NJ,JH) RC 400
130 DU 140 IHs1,IHALFR RC 405

NJzNI+1H RC 410
IF (NJ.GT.NNP) G O TI) 150 RC 415
JHsIB+1 RC 420

140 R(NJ):R(NJ)-HCUN(NPP)dC(NI,JH) RC 425
150 R(NI)sHCUNfNPP) RC 430

@ RC 435

_ .-. __ _ _ _ _ _ - - _ _ - _ _
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C ZENU CtLUMN NPCUN. RC 440
i

C RC n45
DU 100 IHat,iHALFH HC c50

NJsNI=IH HC 455
IF (NJ.L1,t) nt) Til 170 HC con
JHalH+1 RC coS

100 C(NJ,JH1:0,0 HC 470'
C HC a 75 '
C Milh l F Y RUN NPCilN RC GMO
C RC 085

170 DU 1R0 KHat,IHRP RC 090

IMO C(NI,KHizo,0 RC 495
C(NI,1)st,0 HC 900 1

190 CUNTINUE RC 905 '

C RC 510
C APPLY Nk ilM ANN TIME =VARTARLE (RAINFALL =SEEPAGF) CilNnfTIDNS RC 515
C RC 9d0

l)U 200 NPPat,NRSN RC %d5
NPzNPFL X f NPP) RC 550
IF (NP.E4.0) Gn TU 200 RC 53%
H(NP)sW(NPl=FLX(NPP) RC 540

200 CUNTTNtfE HC 54%|
210 MEluRN RC 550

ENU RC 95%i
SUHkUUTINE HANSOLfkkK,C,R,NNP,IMPD,MAENP,MAXHHP) RANS 40%1

C RANS 0101
C F UNC i l tlN UF SUKHilUT INE =-TU StiL VE THF MATRTX EuuATinN CY s R, HANS 01%
C WE I UWN I N t; THE StJLilTION X IN W, IT TS ASSilMFD THAT THF ARRAY RANS 020
C C(NP,IH) CUNIAINS DNLY IHE UPPFW H AL F BAND IJF A SYMMFTWTC MATRTX, RANS Od5
C HANS 0$0
C RANS 635

IMPLICII NEAL ( A = H ,ll= Z ) CDC
UIMEN5}tlN C(MAXNP,MAXHHP),R(MAXNP) HANS 04S,

C HANS 050
JHALFHalNHP=1 RANS 055|
NNPtsNNP=1 RANS no0j

C RANS 005)
C IF KKK = 1, INEN Tki ANntJL ARIIE THF RAND MATRIX C(NP,TH1, RllT HANS 070j
C (F KKK z d, IHFN SIMPL Y Sill V F WITH THE NFw RIGHT=HANn STDE R(NP) HANS 07S|
C RANS OM0|

[F (KKK,tN,2) 14D Til 50 HANS OM5)
C RANS n901
C T H1 ANGill AR I ZF MATWTX C RANS 095|
C RANS 10 0 |

NusNNP=INALFH RANS 10 % '
01) 20 N i s t , Nll RANS 110;

NJsNf=1 RANS 11S-
P I Vtil I s 1, / C ( N T , I i MANS 1d0
00 20 tHz2,IHHP RANS 125'

AzC(Ni,LH)*PTVUTI HANS 130|
NKsNJ+LH HANS 13S
JHz0 HANS 140
Ott to KHaLH,TWHD HANS 14S

JHsJH+1 sANs 159
C(NK,JR)sCfNK,JH)=A*C(NT,KH) CDC

10 CUNIINUE Cnt
i

C(NieLHisA CDC
20 CUN T T Nt'E CDC

NLsNU+1 R A N .4 10k
Oil 40 N1=NL,NNP1 HANS 1 7 @'

|
)
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HANS 175NJEN!=1 HANS IMOMHzNNP-NJ 4ANS 185Pivullst,/C(NT,1) HANS 190Du 40 LHz2,MP
HANS 195AECfNI,LH)*PTVtjTI
HANS #00NKENJ+LH HANS 705JHzU RANS 710l)tj 30 KHzlH,MR
HANS dl5JHzJH+1

C(NK,JAizCfNK,JH)=A*C(N1,KH) CllC
,

CnC
| 30 CllNTINUF

CDCC(NI,LHizA
CnC

40 CONTINUF HANS #34NETURN RANS 235
L RANS d40
C Milf t | F Y Lil AU VECTilR R RANS d45
C HANS 75050 NUzNNP-INALFH RANS DSSs)U 60 N I s t , Nil

RANS 760NJzNI*1
RANS 70$AzH(N11 HANS 770N(NI)sA/C(NI,11
HANS 27%11U 00 LHz2,IPHP
HANS doONKsNJ+LH
HANS d65

e0 R(Nk)zR(Nk)=CfNT,LHi*A
RANS 790NLzNU+1
HANS d45l)l j 70 NIzNL,NNP1
HANS 300NJzNI-1 HANS 305MHzNNP-NJ
HANS 11 0AzH(NI)
RANS TISR(NI)sA/C(NI,11
HANS 3d0DU 70 LHz2,MP

NK3NJ+LH RANS 3d5

70 R(NK)sNfNk) CfNT,LH)*A RANS 530
HANS 335

|C RANS 340'C HACK-5ULVE
RANS 145

C
W(NNPlzR(NNP)/CfNNP,11 HANS 450
Uli HQ IHz1,IHALFH RANS 355

| NIzNNP-IH RANS 300,

i NJzNI=1 HANS 405
RANS 470MHalH+1

DU 60 kHz2,MR HANS 375
NKzNJ+KH RANS 4MO

| 60 N(NI)zR(NI)*CfNT,KH)*H(NK) RANS %d5
UU 00 IH=IHHP,NNPl HANS 590

NIzNNP-IH RANS 345
NJzNI-1 HANS 400
l)ll 90 KHz2,IHHP RAN9 405

NKsNJ+KH HANS 410
40 WINI)sR(NT)-C(NT,K8)*R(NK) RANS 415

HEIUHN HANS 4d0
ENU RANS Gd5
dUHROUTINE 8 FLOW (X,7,TE, TH,VX,V7, DL H,0CllSXH, DrilSZR, HFt X , HFL XP, SFLil 005

) IbH,NHE,NPH, NPRS, NPST,NN, FR AT E ,FillW, T FLnw , MAXNP,MAXF1, SFlfl 010
i MAXbFL,MAXHNP, MxRSNP, MXSTNP,MAXHCN,KFLnw,DFlT,DTH,H,HP, SFL11 015
) PHUP,MAXMAT) CDC

C SFi n 0/5
C SFLl1 030

iC FUNCTION UF S U H WilllT I N E -- iti CllMPt TE HilllNi> A R Y F L tl X E S , Flow RATES, SFLII OSS

.-_ ___
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l

C INCHEMEi4T AL FLOWS OCCURRING DURING TIME DFLT, T(IT AI FLnWS SINCF SFLI) 040
'

C TIME ZERU, AND THE CHANGE IN MUISTUpE CUNTENT FOR THF_FNTIRF SFLil 045 j
C SYSIEM UURING TIME DELT, SFlo 050 '
C SFLn 055 '
C SFLi1 000

[MPLICII NEAL (A H,U-Z) CDC
C SFLO 070 1DIMENSION X(MAXNP),2(MAXNP),IE(MAXEL,5) SFLil 075i

OIMENSION TH(MAXEL,4),VX(MAXNP),VZ(MAXNP) SFLis 080 1

UIMENSION DTHfMAXFL,4),H(MAXNP),HP(MAXNP) SFLl1 065
DIMENSION DLB (M A XREL ) ,0CUSXH C M A XRFL), DCilSZB(M A XRFI l e HFLX (M AX BNP), SFLii ovo

) BFLXP(MAXBNP),NBF(MAXBEL),ISB(MAXBEL,4),NPHfMAXHNP) SFLn 095|DIMENSION NPRS(MXRSNP), NAST(MXSTNP),NNfMAXRCN) SFLn 100iOIMENSION PNUP(MAXMAT,5) CDC
110)DIMENSIUN FRATE(10),FLUW(10),TFLilWC10) SFLU

C SFLn 115;DIMENSION XU(4),2Q(c),THU(4) SFLI) 1d0
C SFLO 125

COMMUN /GEllM/ SNFE,CSFE,NNP,NEL,IRAND SFLil 130 i

COMMUN /HRSND/ NREL,NRN,NRSEL,NRSN,NRFPR,NRFPAR SFLn 135 l

COMMUN /HCST/ NRC,NST,NSTN SFLO 140
C ISFLf) 145
C SFLD 150

KKFLOWs0 SFLn 155
C SFLO 100
C CALCULATE NUDAL FLOW RATFS SFLil 105 |
C SFLn 170i

UU 10 NPz1,NHN SFLn 175
HFLXP(NPisHFLX(NP) SFLn too

10 HFLX(NP)a0, SFLO 165
C SFLO !90DU 30 MPz1,NBEL SFLn 195

MzNHE(MP) SFLil 700
NIzISH(MP,1) SFLn 705
NJz!SH(MP,2) SFLIl 210
00 20 Ist,NHN SFLn 715 1

IJzNPH(I) SFLII P20 |
IF(IJ,NE,NI) GO TU 20 S F Lil 725
NIIzI SFLII P30
GU TU 22 SFLn 735

20 CUNTINUE SFLO 740
22 Du 25 Jst,NHN S F L rl 745

IJsNPH(J) SFL11 750
IF(IJ NE.NJ) GU TU 25 SFLn P55
NJJzJ SFLt) 200
Gtl IU 27 SFlo 7e5

25 Ct]NTINUE SFLH 770
27 CUNTINUE SFLil 175

C SFL l1 DMO
C COMPUTE THE FLUX THRnUGH PUINT NI USING THE WHllLE R(lllND AR Y LdNGTH SF Lil 765
C AND THE FLUX T H R t1U G H PnINT NJ llSING THE WHilLE BullNnARY STDE LENGTH SFLl1 790
C SFLn a95

FNIs(VX(NI)*DCnSXHfMP)+VZ(NI)*0CUSZH(MP))*l)LR(MP1 SFLl1 300
FNJg(VA(NJ)*pCOSYH(MP)+VZ(NJ)*DCUSZH(MP1)*DLR(MP) SFLil 505

C SFLis 310
C U!STRIHUit THE AHLIVE FiUXES Til T wil END POT NT S (IF THF SinF SFLn 315
C SFLil 120

kFLX(NII):HFLX(NTI)+FNI/3,0+FNJ/0,0 SFln 325
HF L X (NJJ ) sHFL X ( N.1J ) + F NJ / 5,0 + FN T /o ,0 SFL11 330

C SFLn 335
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SFLil 140
50 CUNTINUE

IF (KFLOW.Eu,0) Gn TU en SFLil 345
SFLO 350UU 40 NPal,NHN
SFLn 45540 HFLXP(NP)sHFLX(NP) SFLO 30000 50 Ist,6
SFLO 46550 TFLUW(I)so,

IF (KFLUW.Eu,(-1)) TFLOW(7130, SFLil 170
LF (KFLOW.EO,(-1)) OTHao, SFLO 475

IFCKFLUW EU.(-1)) KMFLOWa=1 SFLn 460
SFLn 365KFLOWs0 SFL t1 190-

C

C UETERMINE FLOWS AND FLnw R ATFS THHiluGH THF VARIOUS SF LII T95,

'

C TYPES UF BUUNDARY NUDES, STARTING WITH THF SFlei n00
C NET FLilWS TMHUUGH ALL A u ll N D A R Y NI1D E S , SFLO 405

SFLn c10
C SFLn 41560 SUMS 0, SFLI) adoSUMPso,

SFLl1 42500 70 NPst,NBN
SFLO c30SUMsSUM+HFLXfNP)

70 SUMPaduMP+HFlXP(NP) SFLl1 435
SFLli c40FRATE(o)sSUM
SFLO 445FLUW(e)s,5*(SUM +SUME)*DELT
SFLn 450|C

C CONSTANT UINICHLFT BOUNDARY NOUES SFLn a55
SFLO 400'C SFL0 465FRATE(1)*0,
SFLii c70FLUW(1)s0,

IF (NHC.LE,0) GO TU 90 SFLII 475
SFLO adoSUMS 0,
SFLl1 485SUMPz0,
SFLn a9000 80 NPPst,NHC
SFLn o95NPENN(NPP)
SFLt1 500DU 75 Ist,NHN
SFLO 905IJsNPH(I)

IF(IJ NE.NP) GU TO 75 SFLil 510
SFLI 515NII=I
SFLO 920GU TU 7e
SFLil sd5

! 75 CUNTINUE SFLO 530
i 7e CUNTINUE
| SUMsSUM+HFLXfNTI) S F L81 535

| 80 SUMP = SUMP +HFlXP(NII) SFLO 540
SF LII 545*

FRATE(1)sSUM
| FLUN(113,5*(SUM + SUMP)*DELT SFLn 550

SFLO 555l C l

'C CUNSTANT NEUMANN BOUNDARY NUDES SFLn 500
SFLO 905<C SFLil 57090 FRATE(21su,
SFLf1 575FLUW(21s0,

IF (NST,LE,0) GO TU 110 SFLf1 560
SFLil 565

j SUMS 0,
SFLO 990SUMPz0,

DU 100 NPPz1,NSTN SFLO 995
NP NPST(NPP) SFLO 600

SFLn 605DU 95 Ist,NRN

| IJzNPH(I) SFLO 610
! IF(IJ,NE.NP) GU TO 95 SFLn 615

SFLn 620Nils! SFLn e25GU TU 96
95 CUNTINUE SFLn 630

SFLn 63599 CONTINUE

_ _ _
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SUMcSUM+HFLXfNTI) SFLt1 640 |100 SUMPsSUMP+HFLXP(NIT) SFLf1 645 :FRATE(2)sSUM SFLt1 650
FLUM(2)s 5*(SUM +Si!MD)*DELT SFLil 655.~,

S FL 11 600
C RAINFALL-SEEPAGE HOUNDARY NunFS SFLn 605'
C lSFtn n70

110 FRATE(3)so, SFLn 675 l
FLUa(3)s0, SFLn 660FRATE(4)so, SFLn n85
FLUwl4)so. SFLI) 690
SUMSan, SFLil 695SUMSPz0, SFLil 700|
SUMRso. SFLn 705j,SUMPPao, SFLil 710
IF (NHSN LE,0) Gli in 140 SFLn 715iUU 130 NPPat,NRSN SFLII 7d0

NPzNPRS(NPP) SFLil 7d5
DI) 115 Ist,NRN SFLis 730!IJsNPH(I) SFLII 735 |

IF(IJ,NF,NP1 n u Tl! 115 SFLO 740
NIIs1 SFLn 74%'
t,U TU 116 SFLil 750

115 CONTINUE SFlo 755
lib CUNTINUE SFLn 700HFl A Aa,5 * (HF1 X(NT I)+HFL XP(NI T )) SFL'i 705 '

IF (HFl X A.L T ,0,00) Gli Til 170 SFLil 770'
SUMSzSUMS+HFLXfNTI) SFLil 775
SUMSPsSUMSP+HFLXA SFLI) 760
Gil TU 130 SFLII 76%

120 SUMHabuMW+HFLX(NTI) SFLI) 790
SUMRPzSUMRP+HFlXA SFLti 745

130 CUNTINilE SFLf! HOO
FRATE(31aSUMS SFLil 805
FLUN(3)=SUMSP*DFLT SFLn M10
FRATE(alzSUMR SFLil MIS
FLUW(4)zSUMRPanFLT SFL(1 H20

C SFLI) H25
C NUMERICAL FLild THROUGH tlNSPECIFIED HiluNI) A P Y NiinE S SFLfl H30
C SFLf t 835

140 SUMz0, SFLil M40
SUMP =0,

'

SFLil M4S
00 150 !=1,o SFLn H50

SUMzSUM+FRATF(T) SFLn H55
150 SUMP SUMP +FLOdfI) SFLII 800

F R A I E ( 51 sF H A T E ( 6 ) .SilM SFLil HoS
F Litw(51sFLilW(o) SUMP SFLil 870

L SFLil H75
C F I N A l. L Y , CAL (.ULATE THE INCREASF IN THE INTEGRATFn WATEP CilN T F N T SFLf1 M60
C SFill 865

tJ I H P :tJ T H S F L11 M90
w!Mzo, SFLn H95
uti 170 Mal,NEL SFLil o00

MTYPzIE(M,5) SFin QOS
ALPzPHilP(MTYP,1) SFL il Q10
HE I APsPHilP f MT YP,7 ) SFL11 015
PUHzPRitP ( M T Y P,1) SFLil 420

C SFLO QdS
D u 1 o u ItJu l ,o SFLII Q30

NW 1F(M,ID) SFLn 055
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Au(Julax(NP) SFLil 040
lufTulsZ(NP) SFLil 445
T Hu l j tJ) 3 IH (M, TU) SFLil 450
I F ( * K F Lfin , GF , n ) THIJ ( IrJ) 3 ( U T H ( H, f u i + VHtJ ( I 4 ) * A t A /DilW +HF T 40 ) * SFLD QS5

% (H(NP)-HP(NP)) SFlil 960

to0 CUNIINUE SFLII QoS
C SFLil 070

CALL u4TH(UTHM,THu,xu,2W) SFLH 075
C SFi t' 950

W 1 H s u i H + tJ T H M SFLf8 QM5
i 170 CUN I I Nt'E SFi H 090

FLUw(71suTH SFL11 045
I F ( K K F L lia , L I ,0 ) FLOhf7130,0 SFLH1nUO
FRATE(7)aFLUwf7)/nFIT SFintnu5
nn 1Mo Ist,7 SFlllin10

IMO T F LUn ( 1 ) sl FLOW ( Ii + FLilw f I ) S Fl a ti n 15
ME1UPN SF Lill od o
END SFL lli nd5
dilBWUtJIINF IJ 4 T H ( lJ T H M , T H 4, x (J , Z 4 ) 94TH 005

C 04TH nio
-C F UNC T IllN UF StJHHilUTINE--TU EVALUAlF THE W A T F R-CilNTFNT TNTFGWAL 04TH 015
C tlVF H THE AWEA llF llNE El EHENT, u4TH odo

,C 00Tw nd5
IMPLICII HEAL ( 4 -H ,Il-21 Cnc
NFAL N(u) CnC

'C acTH 040
n!MENSIUN THU(4),Sf4),T(4),xu(4),Zu(4) 04TH n45
DTMENSIUN PJAH(?,d),0NSS(4),DNTT(4) 04TH 050

C 04TH n55
OATA P / 0,5773507601M9626 /, S / -1,0D+00, 1,0n+n0, 1,0n+00,- 04TH neo
i 1,00+00 /, T / -1,nn+00,=1,,00+00, 1,00+00, 1,0n+no / 04TH 005

C 04TH n701

UTHMan, 04TH 075
ou 20 KGzt,4 04TH 060

C 04TH no5
:C DEIERM}Nt LUCAL CllDROTNATES (SS,TT) ilF (; A USS-I N T F GD A T If1N PilINT Kn 04TH 090
'C 04TH n45

SS s P*S(kG) 04TH 100
11 = P*T(KG) 04TH 105

C 04TH 110
C CALCULATE VALUES LIF THF R ASIS-TNTERPnL A T illN FUNCITnN9 N(TO) 04TH 115
C 04TH 120

LALL HASE(N,DNSS,DNTT,SS,TT) 04TH id5
C 04TH 130

DU 11 131,2 04TH 135
Otl 11 Jat,P 04TH 140

11 PJAH(I,J)so,0 00TH 145
DU 12 131,4 Q4TH 150

PJAH(1,1):PJAA(1,1)+24(f)*nNTT(T) 04TH 155
PJ AH (1, d ):PJ AR (1,2) ZIJ(I) *nNSS ( T 1 00TH 100
PJ A H ( 2,1 ) PJ A R ( 2,1 ) = XIJ ( T ) * DN I T C I ) 04TH 105

1d PJ A H ( 2, d ) P.1 A H ( d ,2 ) + XIJ ( I ) * D NS S ( I ) Q4TH 170
DJACsPJAHCP,?)*P,fAH(1,1)=PJA4(1,d)*PJAH(2,11 44TH 175

,C 04TH 1e0
$ IN T ERPill A T E TI) UMTAIN THF wATFR CUNTFNT T HtJ P AT THF CAllSS POINT RG 04TH 165
3 00TH 190

IHuPau, 04TH 145
DU to itJs l , 4 Q4TH 200

10 T HuPs IHuP 4 THu f IfJ ) * N (IO) 04TH 705
3 00TH 710



160

C ACCUMULATE THE SUM TO FVALUATE THE INTEGRAL 04TH #15 i
C Q4TH d20 l

U T HMalJ T HM + THQP * DJ A C 04TH dd5
20 CUNTINUE 041H 230

WETURN Q4TH 735
END Q 4.T H d40
5UHkUUTINF PRINTTtVx,V2,H,HT,TH, NPH,HFLX, NPRS, R RFI X , NPCilN, NPFl x , PRIN 005'

) FRATE,FLOWelFLOW, MAxNP,MAXFL, MAAHNP,MxRSNP, NNP,NFL, N8N,NPSN, PRIN 010 i
> TIME, HELI,SUHHD,THAND, KPR,KOUT,KDIAG,IIIM) PRIN 015

C PRIN Odo '
C PRTN 025
C FUNCTION UF SUHRiluTINE==TU OUTPUT FLnWS, PRFSSURE HEADS, TnTAL PRIN 030i
C HEAUS, WATER CUNTENTS, AND DARCY VEll1C I T I F S AS SPFf'IFIFD RY PRIN 035 )
C PARAMETEN KPR, PRIN 0401
C oRIN 045
C ppTN 050

IMPLICII WEAL (A H,U*Z) CDC
WFAL SUHHD CDC

C PRIN 005
OIMENSIUN Vx(MAXNP),VZ(MAXNP),H(MAXNP),HT(MAXNP),THfMAXFI,4) PRIN 070'
O!MENSIUN NPHfMAXRNP),HFLX(MAXHNP),NPRS(MXRSNP),RRFIX(HXRSNP), POIN 075

> NPCUN(MXHSNP),NPFLM(MXRSNP) PRTN OMO
DIMENSIUN F R A T E ( 10 ) , FL tJW C 10 ) , T F LOW ( 10 ) PRIN 065
OTMENSIt.IN SUHHD(Mi PRTN 090,

C pWTN 095i
C PRiu 100|
C PRTN 105|

IF (KOIAG.NE,0) (;D T () 10 PRIN 110'
KDIAbsl PRIN 115
Gli TU 30 PRTN 1d0|

C PRIN 125
C PRINT DIAGNUSTIC FLllW T NFORM A T IllN PRTN 130
C PRIN 135

10 K l11 A G = K O I A G + 1 PRTN 140
KOIA=KUIAG=1 PRTN 145-
IF(KPH.Eu,0) RETURN PRIN 150
PHINT 10e00 e KDI A , T IME,uELT,I T T M, f FR A TE r T ), FLllW f f ), TF1 OW (I1, T a t ,7) PRIN 155.
IF (NHSN.Eu,0) Gil in 30 PRTN 160
Oil 20 NPPat,NRSN PRIN 105

NPzNPRS(NPP) PRIN 170
DU 15 131,NHN PRIN 175

IJzNPH(i) PRTN 150
IF(IJ,NF,NP) n u Til 15 PRIN 165
NKKal PRIN 140
GU IU 20 PRTN 195

15 CUNIINUF PRIN 700
20 HSFLX(NPP) HELx(NKK) PRTN 705

PRIN1 10/00 PRIN 210
MHINI 10100,(RSFLX(NPP),NPPal,NHSN) PRIN dl5
WWINT 10101,(NPCilN(NPP),NDP=1,NRSN) PRIN dd0
PWINI 10102, (NPFLXfNPP),NPPal,NPSN) PWTN 3d5

30 IF (KPR.EN.11 RFTURN PRIN J30
C PWTN d3D
C PRINI PRES 5URE HFADS PWTN d40
C PRIN d4%

niluizKUUT+1 PRTN d50
KLINFa=1 PRIN d5@
PRIN1 10d00,KuuT, TIME,DELT,THAND,fiIM,(SUHHO(I),Is),M1 PRIN 700
UU 40 NIz1,NNP,8 PRIN 709

NJMNzNI PRIN 770

__ _ _ _
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NJMXcFIN0(NI+7,NNPi PRIN >75
KLINE0mLINE+1 PRIN Poo
IF(MUDfMLINE,50),E4.0 .AND, KLTNE.GF,1) PRINT 10200, KiiUT , T T MF , PRIN Jo5

> DELT,IHAND,ITIM,fSoHHD(I), Tut,H) PRIN d90
40 PRINT 1 0 0 0 0 , N I , ( H ( N J ) , N J z N.J M N , N J M X ) PWTN P95

IF (KPR Eu,2) RFTURN PRTN 100
C PRJN 405

'C PwlNT IUTAL MEAL'S PPIN 110
,C APIN 115

KUUTzKUUT+1 PRIN 320
nLINL2=1 PRIN 5d5,

l PRINT 10300,Kl:UT, TIME,UELT,IHANO,IIIMefSURHD(i),f=1,H) PRIN T30
00 50 Nist,NNP,8 PRIN 135

NJMNaNT PRTN T40
NJMxzMIN0(NI+7,NNP) PRIN $45
MLINEsnLINF+1 PPIN 350
TF(MuutKLINE 50) E4.0 .AND, KLINE.4F.1) PRTNT 1010 0, k flO T ,1 T MF , PRIN TSS

> UELi,IHAND,ITIM,fSUHHD(I),fzt,d) PRIN 400
50 PRINI 10000,NI,(HTfNJ),N.lsNJMN,NJMK) PRTN 405

IF(KPR,Eu,31 RETURN PRIN T70
C PRIN 375
C PW|NT WATER CONTFNTS PRIN 160

!C PWIN iM5
KUUlsKUUl+1 PRTN 490
nLINL==l ppIN 395
PRINI 10400,KilUT, TIME DELT,IHANO,TIIM,(SUHHn(T1,Tal,8) PRTN 400
00 60 Mal,NFL,2 PRIN 405

NJMN=M PRIN 410
'

NJMAsMINO(M+1,NFl) PRIN 415
KLINEs>LINF+1 PRTN 0d0
IF(MUD (KLINE,50).Eu,0 .AND, KtTNE GF.1) PRINT 10400,wnUT,TTME, PRIN nd5

's DELT,IMANo,ITIM,fSUHsD(I), Int,8) PRIN 030
60 PRINT 10103, (MJ,(TH(MJ,IQ),IO 1,4),MJzNJMN,NJMX) PRIN 435

IF (KPR,Eu,4) RFTURN PRIN 440
|C PRIN 445
$ PRTNT DAHLf VELUCITIES PRIN 450
$ PRIN 455

KUUI=KUUT+1 PRIN 4o0
KLINEzel pRIN 465

l PRINI 10SOO,KilVT , TIME, DEL T, T R AND, T TIM, f SUHHD( T ), Isl, H) PRIN 470
uu 70 NWzi,NNP,4 PRIN 475

|

KLINEEKLINE+1 PWIN 060r

| IF(MUDfKLINE,50).Eu,0 ,AND, KLINE GF.1) PRINT 10E00,kOUT,TTMF, PRIN 465
! > UEL I, IM ANU, I T IM, (SilHHD(I), T z t , M) PRIN 490

NJMNaNW PRIN 095
NJMXsMIN0(NP+3,NNP) PRIN 500

70 PRINT 11000, (NJ,VX(NJ),VZ(NJ),NJENJMN,NJMX) PRIN 905
HETURN PRIN 910

3 PRIN 915
00000 FURMAT(17,e(lPE15,4)) PRIN 520
90100 FURMAT(IP,HE15,4) PRIN 825
00101 FURMAf(lHO,8VALUFS flF NPCUNe/(gitq)) pRIN 830
$0102 FURMAI(IMO,'VALUFS OF NPFLXe/(gItq)) ppyy g35
00105 FURMAT(1H ,2(IX,17,7X,1PE12,4,lPF12,4,tPF12,4,1PF12,4,2X,1) PRTN 540
00200 FUNMAI(13H10UTPUT TAHLE,I4,27H., PRESSURE HFADS AT TTME 3, PRIN 845

> IPF12,4,QH ,fDELT r,1PE17,4,15H),(HANn WIDTH s,14,1H),6H TT s, PRIN 550
> 15//tX,8A4/lx,7H NODF I,5X,3bHPRESSURF HEAD (IF NODFS I,I+1,,,,T+7PRIN 955
> /) PRIN 500

)0300 FURMATfl3H10UTPitT TAHLE,14,74H., TUTAL HFADS AT TTMF z, 1PE12,4, PRIN 905
> 9H ,(DELT s,1PF12,4,15H),(HAND WTUTH z,I4,1H),6H TT a,I5//1Y,HA4PRIN 570
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) /1X,7H NilDE I,5X,33HTUTAL HEAD llF NODFS I,I+1,...,1+7/1 PRIN 975'
10400 FURMAl(13H10GTPUT TAHlE,I4,27H., WATER CONTFNTS AT TIME G, PRIN 960,

> 1PF1d,4,QH ef0FLT z,1PF12,4,15H),(HAND WIDTH z,Ia,1Hi,6H TT s, PRIN 965
> 15//1X,HA4/30X,5HNr:0FS/2(17X,1H1,11X,1H2,11X,1H3,11X,1H4,6X)/ PRIN 990
> 2(3X,7HELEMFNT,2x, PRIN 995
> 4cHa**************: t*****************************,7Xi/1 PRTN 600

10500 FURMAT(13H10UTPUT TABLE,I4,29H., DARCY VELUCTTIFS AT TIMF z, PRIN 605)
> IPEld,4,4H ,(DELT z,1PF17.4,15H),(HANO WIDTH z,14,1H1,6H TT z, PRIN 610 1
> 15//1X,6A4/2X,UHNUDE,9x,PHVX,9X,2HVZ,4X,4HNUOF,9Y,PHVX,9X,PHVZ, PRIN 615I
> 4X,4HNUDE,9X,2HVX,ox,2HVZ,4X,4HNOUE,9x,2HVX,9X,2HV7/ PRIN 620
> 27H***************************,3X,27He**************************,PRIN 625
>$X,27He**************************,3X,27H**************************PRIN 630;
>*/) PRIN 6551

10000 FORMAL (lH1,32H TARLF OF SYSTEM-Flilw PARAMETFHS,PX,7HTAHLEt eI4, PRIN 640!
> IdH., AT TIMF z,1PF17,4,9H ,(DEIT a 1PE12,4,1H),6H TTIMz,10//5X, PRIN 645
> 13H TYPE tlF FLUW,39X,4HRATE,HX,9HINC, FLilW,7X,10HTOTAL FLOW /9X PRIN 650
> 40H LONSTANT=PPFSSURF=NunE FLOW ,,1(F17,4,5X1/5X PRIN 655, , , , ,

> 40H CUNSIANT-FLUr-NUDE FLUM ,,3(F17,4,9X)/5X PRIN 660, , , , , , ,

> 40H MEEPAGE ,,3(917,4,5X)/5X PRTN bo5, , , , , , , , , , , , , , ,

> 40H HAINFALL, ,,5(F17,4,9X)/5X PRIN 6701, , , , , , , , , , , , , ,

> 40H NUMERICAL L ilS SF S , ,,3(F17,4,EX)/5X PRTN 675, , , , , , , , , ,

> 40H NET FLUW, ,,1(F 17,4,5X 1/5X PRIN 660, , , , , , , , , , , , , , i

) 40H INCHEASE IN Vtil UME TRIC WATER CONTFNT, ,,3fF17,4,5X11 PRIN h65'
10700 FUHMAi(/d4H HAjNFALI-SEEPAGE NUDAL F LilW S ) PRIN 690|
11000 FORMAT (lH,1P,T5,2F11.1,3X,IS,2E11,3,3X,I5,2F11,1,3X,T5,2E11,31 PRIN 695|

END PRIN 700
SubHUUTINF STilHF(X,7,IE,H,HT,TH,V*,VZ,DLH,DCOSXR,0CHS7H,NRE,TSH, STOR 005

> NPh,IITLF, TIME,MAXNP,MAXEL,MAXHNP,MAXHEL,NPPOR,NNP,NFL,NHN,NREL, STriR 010
) Nil, NPC11N, NPF L X , M W R SNP, NRSN, NSTHT) S TilR n15

C STUR odoi
L STOR od5;
C F UNC T il!N UF buMROUTINE--TU STilRE PERTINENT QUANTITTFS DN AUXILTARY STOR n30
L OEVICE FUH Future USF RY EITHER PLiiTTING |lR MATERTAL-IPANSPURT S TilR n35
C CunbS. WHAT DEVICF TS To HE USED Mils T HE SPECTFTFD AY APPRUPRTATE STUR 040
C JUH-CllNIHUL CARDS, STOR 04b
C STilR 050,

IMPLICII HEAL (A-H,0-Z) CDC
'

C S TiiR n o 0!
UIMENSIUN liTLEfoi S illR no%
ofMENSION X(MAXNP),7(MAXNP),IFCMAXEL,5) STOR 07%
UIMENS]UN H(MAxNP),H1(MAXNP),VX(MAXNP),VZ(MAXNP),THfMAXFL,41 STOR 079
UIMFNSluN DLB(MAXREI1,0CUSXH(MAXRFL),0CilSZH(MAXREIleNRE(MAXHEl1, S TiiR 0 6 @'

> ISH(MAxHFL,4),NPR(MAXBNP) STilR 06%
U I ME NS illN NPCilN( M W RRNP) , N AF L X (MX PSNP) STOR OR@

C S T t1R 09%
UAIA NPPNilH /* 1/ STOP 10@

C strip 10%
IF (NSTHi,GT,0) GU TO 10 STUR 11@
IF ( N P P NtlH , E u , ( -11 ) RFHINO 1 S TilR 11%
IF (NPPNUN.EU NPROH1 GU Til to STilR Id@
nRITE(1) ( T I TL E f I), T al e 91, NPH11H, NNP, NEL , NRN, NHFI , NT T , NRSN STilR idt
WPITE(1) (X(NP),NPst,NNP),(Z(NP),NPal,NNP),((IEfM.IQ1, Mal,NFli,10=STilR 130

> 1,4), (DLHfM), Mal,NHEt.),(OCUSXHtM1,M 1,NHFL),rDrO9ZR(M), Mal, S TilR 13T
> NBbL1,(NHE(M),Mz1,NHFL),((ISH(M,Tu),M=1,NRFL),Tu=1,41, STOR 14i
> (NPb(NP),NPzt,NHN) STOR 141
NPPHUHzNPWUM STUR 1 58

C STriR 157
10 nWiiE(11 TIME,(H(NPi,NPzt,NNP),(HT(NPI,NPal,NNP1,f(THfM,IQ),M=1, S TilR t o(,

i NLL),]uzi,u),(VX(NA),NP=1,NNP),fVl(NP),NPz1,NNP), S TilR tot
> (NPLUN(NP),NP21,NR9N1,(NPFLX(NPi,NPal,NRSN) STUR 17f
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STOW 175
NETUNN STilR 160
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