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POREWORD

A computer code developed by Taylor and Brown (1967) was adapted to the
Lawrence Livermore Laboratory computer network to study the imp rtant
geohydrological factors associated with a nuclear waste repository in geologic
media. The study was executed under contract to the Nuclear Regulatory
Commission. To date, the author has applied the code to the simulaticn of
generic geohydrological situations, but other potential applicaticas of the

code are apparent.
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ABSTRACT

A ground-water hydrology computer code, programmed by R. L. Taylor (in Proc.
American Society of Civil Engineers, Journal of Hydraulics Division, 93(HY2), !

PP. 25-33 (1967), has been adapted to the Octopus computer system &%+ Lawrence

<o

e

Livermore Laboratory. Using an example problem, this manual details the

input, output, and execution options of the code.
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INTRODUCTION AND SUMMARY

A computer code written by R.L. Taylor (Taylor and Brown, 1967) was adapted to
study important geohydrological parameters associated with underground nuclear
waste repositories. To explore the code's capabilities, the author of this
manual developed an example problem that simulates conditions in the vicinity
of a geologic repository.

Bagically, the code calculates pressures, equipotentials, and flow vectors in

two-dimensicnal flow problems. Flow is governed by a generalized Darcy

equations
Kij
qi ="u"' 'P:J- + Fj ' {1)
where
q = the flow rate in the i direction
Rij = a symmetric, second-rank tensor that describes the local
permeability of the medium
# = the iiquid viscosity
= the liquid pressure
F = the body force term

The finite element approach is used to formulate the equations af ground-water
flow and the solution is obtained by the Rayleigh-Ritz procedure (Taylor and
Brown, 1967). Both planar and axisymmetric problems with zoned heterogéneity
and with isotropic or anisotropic materials {under conditions of saturated
steady-state flow) can be solved; both flux and pressure boundary conditions
may be considered. The code also can solve certain unconfined (lui problems

with the use of Eree surface boundaries.



PREPARATION OF THE DATA FILE

The finite element mesh must be built before the data deck is prepared. But,
because of the flexibility in this procedure and because of the large number
of avallable references on the subject (for example, finder and Gray, 1977),
we will not discuss mesh coustruction in this paper. The reader should also
note that this code can handle triangular elements. Below we present a list
of the necessary input data, formats, and an example problem to clarify the
procedure for running this code.
Identification card (20A4)
Control card (615, 3F10.0, IS)

Number of nodes (I5)

Number of elements (1I5)

Number of materials {15)

Number of free surface correction nodes (I5)

Type of problem (I5)

0 = Axisymmetric flow
1 = Plane flow

Number of flow cards {I5)

Height. for equipotential reference (F10.0)

Total available head (F10.0)

Free surface correction factor (F10.0)

Number of iterations for free surface (I5)
Material identification cards: one material per card (5X, 3F10.0)
Ttem:

Material number (5X) for user bookkeeping
Principal hydraulic conductivity 1 (F10.0)
Principal hydraulic conductivity 2 {F10.0)
Fluid weight (F10.0)

The 1 axis is measured with respect to X (or R)



Nodal cards (IS5, I2, 13, 3Pl0.0)

Item:

Node number (I5)

Control for mesh generation (I2)*
Boundary conditior (I3)*

X ordinate of node (F10.0)

Z ordinate of node (F10.0)

¥ (F10.0)

If the boundary condition is

Negative: F is the amount of fluid added at the node.
Zero: No fluid is lost or gained.

Positive: P is the pressure at the node.

Element cards (615, F10.0)

Item:

Element Number (IS)*

Node I (15)

Node J (I5)

Node K £1I5)

Node I, (I5)

Mate ial identification number (1I5)

Angle in degrees between the X-axis (or R) and the 1 direction

*Consult Tayloer and Brown (1967)



Distributed flow cards:

Item:

Node I (I5)
Node J (1I5)

one boundary per card (2I5, F10.0)

Flow rate along Loundary {F10.0)

Free surface description:

Item:

Node number {I5)

one card per free surface node (I5, F10.0)

Correction direction in degrees with respect to the X-axis (?10.0)
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EXAMPLE PROBLEM EXECUTED FROM A REMOTE TERMINAL

To complete this run of the code on the LLL system, four files are needed:

®» OWFLOW, the executable code
e UXRJ

® UXIV

® A data input file.

An example problem, taken from an earlier study by Naymik (1978), is presented

to demonstrate the creation of the data input file.

Figure 1 illustrates the finite element mesh of the example problem. Node
numbering proceeds along vertical mesh lines from :ottom left to top right;
element numbering proceeds in the same manner. The problem (illustrated by
Fig. 1) is divided into 346 elements whose shapes ar‘: prescribed by the

coordinates of 372 nodes forming the corners.

The complete data input file for the example problem is found in Appendix A.
The first line is the problem identification. The second line is the control
line. 1t indicates 372 nodes, 346 elements, 14 different materials, the lack
of free suyrface correction nodes, a planar solution, the lack of distributed
flow conditions, a zero reference for eguipotentials, the total available head
of 1204.71m (greatest head assigned to a node as a boundary condition), a zero
free surface correcticn factor, and two iterations. Only one iteration is
required for a steady-rate solution that does not involve a free surface; two

iterations were used as a check.



10 NODE 6 NODE 12 NODE 372
ELEMENT § it ELEMENT 246
NODE § NODE 11
ELEMENT 4 1
NODE 4 NODE 10
i
5 ELEMENT 3 9 3 -
NODE 3 NODE 81 /% —————
ELEMENT 2 ?
NODE 2 NODE 8
ELEMENT 1 [
0 NODE 1 NODE 7
€ + 02 0 E+03 5 10 15 20 25
FIG. 1. Finite element mesh of example problem.
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Lines 3 through 16 are the 14 material identificatioa lines. Each material
having different principal hydraulic conductivities is assigned an integer
(startiug with 1 and ending with the total number of materials). The nodal

} 4 information is presented on lines 17 through 288 in the format described
earlier. The hydraulic head is determined with reference to z = 0, where z is
the vertical ccordinate. The horizontal coordinate is x. The lowest nodes in
the mesh have z-values = 0. The nodes farthest to the left have x-values =

0. The element informatiom is in lines 389 through 734. Element corners are
defined by node numbers starting in the lower left corner and proceed
counterclockwise around the element (for example, in Fig. 1, element 1 i¢
defined by nodes 1,7,8, and 2).

T following TTY interactions are uSed to execute the controllee:

; User: GWFIOW/ t v
' TTY: ENTER-INPUT DATA DISK FILE NAME
User: Name of input file
TTY: ENTER - # OF LEVELS, MAP GRID OPT, XMIN, XMAX, ZMAX
User*: a, b, ¢, 4, e
TTY: ALL DONE

The output files are HSPO, JATVBODD8O, and VELCIT. The HSPQ from the example
problem is presented in Appendix B. In HSPO, thc input is printed out (in
Appendix B the node and element information was omitted), followed by
pressures, and potential values at each node. The final printed data are the
*The number of levels (a) refers to the number of equipotential and
equipressure lines desired in the plot file that are generated by the UXSCLYB
graphics package. The map grid options (b) are: 1 (which plots the full
problem as in Fig. 1) or 0 (which plots only the part of the prohlem between
XMIN (c) and XMAX (d)). The ZMAX (e) is the largest Z-value used in the :esh:
ZMAX =1000 in Fig. 1. The example problem required 0,2 minutes of computer

time.



flow rates per unit area, calculated at each element center. The horizontal

flow rate {Ql) and the vertical flow rate (Q2) are components of the vector, '
total Q and direction. The file VELOUT contains flow rates interpolated from
the element centers to the nodes.

.
UTER -

The UATVB0DDB0 file can be used with UXTV and UXRJ (Blair, 1977). The Eile
contains plots of

® egual potential contours with nodes

® equal potential contours without nodes

® pressure contours with nodes

® pressure conizurs without anodes

e the finite element mesh.

The graphics from the example problem are presented in Appendix C. 1In the

example problem

® Number (#) of levels = 25

® Map grid option (OPT) =1

® XN =0
® XMAX = 28942.5
e ZMAX = 1000.

For further information, contact T. G. Naymik or G. D. Mendez at Lawrence

Livermore Laboratory.
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' APPENDIX A:
INPUT FOR EXAMPLE PROBLEM

This appendix contains all input data for the example problem discussed in the
preceding text. The problem demonstrates the utility of a ground-water
hydrology code that was originally programmed by R. L. Taylor (1967) .
ENAMPLE PROBLEM FOR USER’S MANUAL
372,346,14,0,1,0,0.,1204.71,0., 2,

131.5,3, 15,
2.315, .0315
Q0

000000000
f-Satafafeiafiufai i,

.8000..0.,1159, 71
. 8000. 200, ,95%. 71
25000400 .0,

1,0,1,
2.0,1,
3,0.1,
4,051,
5,001,
6,01,
7,0,1,
8, '
9.0,0,
10,06
11,001
12,0,1
13,001
14,0,1
1%,0,0
16.0.0 00
17.0,0,9000.,600. ,
18,0, 1,9000, .800, , 299,71
1970, 1,9000. . 1000" , 99,71
20.0.1.9500..0.,1157.21
21.0.1.2500..200. , >
22.0.0,a500. . 400 |
22.0,0,9500. 450, 0
224,0,0,9500. ,500. .0
25.0'0,9500, 550,10
26,0,0,9300.,600.,0
27.0,1,98500.,800.,297.21
26.0,1.8500.,,1000" ,97.2)
29,0,1,9800..0.,1155.7]
3¢0.0,1,980Q.,200.,35%. 71
31,0, 0, 9600, ,400.
32,0,0,9800..440..0
33,0,0,9800.,475.,0
34.0.0,9800. .500. .0
35.0,0,9800.,525. .0

. 36,0, 0,9800.,560..0
37.0.0,9600.,600.
38.0,1,9800.,800.,295.71
39,0, 1,96800.,1000" 8571
39,9,1,10008,0. 11547
41,0,1,10000.,20b.,954. 71
42,0,0,10000. 400, |
43.0.,0.10000.,450. .0
44.0.0,10000..475. 0

11
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APPENDIX B:
PRINTED OUTPUT FROM THE EXAMPLE PROBLEM (HIGH SPEED FILE)
This appendix contains computer generated output from an example problem in
ground-water hydrology. The problem was solved with a computer code

origimally prepared by R. L. Taylor (1967) and later modified Eor use at

Lawrence Livermore Laboratory.

1EXAMPLE PROBLEM FOR USER’S MANUAL

0 NUMBER OF WODAL POINTS------ 372 ;
© NUMBER OF ELEMENTS---------- 346 i
0 NUMBER @F DIFF. MATERIALS--- 14
0 REFERENCE FOR EOUI. LINES--- 0.
O AVAILABLE HEAD--------=-=-- -- 1.2047€E+03
0 CORRECTION FACTOR----~==---- 0.
0 PLANE FLOW PROBLEM 3
OMATERIAL ®°  PERMEABILITIES ?i
MATERIAL: K1 K2 RO :
) 81, 50000000 3. 15000000 1.00000000
2 0. 31500000 0. 03150000 1. 00000000
3 0.00315000 0.000315G0 1. 00000000
4 0.00315000 0.000315 1.00000000
5 ©. 00000630 0.00000630 1.00000000
6 1.13400000 1. 13400000 1.00000000
7 0. 00000630 ©. 00000630 1. 00000000
8 31500.00000000 31500. 00000000 1.00000000
9 0. 00315000 0.00331500 1.00000000
10 2. 29900000 2.2990000; 1.00000000
11 0.00315000 0.00031500 1. 00090000 :
12 0.00315000 0.00031500 1.00000000
13 1890.00000000 1550.00000000 1.00000000
14 0.00001510 0.00001510 1.0a000000
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114 6.27143E+0
18 S, 99712E+0:
16 $.93962E+0:
17 %.881B6E+0z2
18 8. 8243BE+0:
18 5.65771E+
20 S, 40898E+0;
21 4.21156E+0
22 2.91210E+0
23 9.12100E+01
24 1.14971E+02
25 9.49710E+0Q
26 7. ABABIE+O
27 6.67408E+0
28 6.26872E+0
29 S.99712E+0
g0 5.93962E+0
131 S.88186E+0:
132 8.82436E+02
33 $.65513E+02
34 5.40255€+02
a9 4.89739E+02
36 2.89710E+02
37 8.97100E+01
39 7.14822E+03
39 9. 48220E+02
140 7.47018E+02
141 6.66742E+02
4z 6.26604E+02
43 5.99712E+02
a4 $.93962E+02
4% 5.8818%E+02
46 5.82435£+02
a7 S.652%58E£+02
48 $.89619E+02
49 4.88338E+02
S0 2.88220E+02
51 8.822Q00E+01
S2 1.14821€+403
83 9. A821DE+02
S4 7.47008E+02
5% 6. 66738E+02
56 6. 26B02E+02
157 5.99712E+02
158 5.93962E+02
59 5.88185E+02
60 5.82435E+02
61 S.65256E+02
62 $.39615E+02
63 4,868329E+02
64 2.88210E+02
135 8. 82100E+01
68 1.14671E+03
67 9.46710E+02
68 7.45540E+02
69 6.66070E+02
70 6.26334E+02
71 5.99711E+02
72 S.93961E+02
173 5.88185E+02
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$.82433E+32 3, 05330E-0

3.63008E+02 9,04789E-0
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1EXAMPLE PRUBLEM FOR USER’S MANUAL
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APPENDIX C:

EXAMPLE PROBLEM GRAPHICS

This appendix contains computer-generated graphic displays of output from an
example problem in ground-water hydrology described in the preceding text.

The problem was solved with a computer code originally prepared by R.L. Taylor
(1967) and later modified for use at Lawrence Livermore Laboratory.
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FIG. C-1. BEqual potential contour with nodes.

FIG. C-2. Equal potential contour without nodes.
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