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ABSTRACT

Groundwater systems are often modeled on computers using a finite difference

method in two dimensions, height and length. These models do not account for water

movement in the lateral extent normal to the model. An empirical correction matrix

has been devised that will partially adjust a two-dimensional model for flow in the

third dimension. In an isotropic and homogeneous medium, the correction matrix

averages a 4.996 difference in potential values.

The correction matrix has been applied to the groundwater system from Pahute

Mesa to Yucca Flat on the Nevada Test Site, a distance of 24 kilometers. The geology

of the area is complex and contains folded and thrust faulted Paleozoic through Tertiary

rocks. Groundwater is recharged at Pahute Mesa and flows to Yucca Flat at the rate

of 64.8 acre feet/year. The maximum water flow under all of Yucca Flat and into

the Ash Meadows groundwater system is 1240 acre feet year. .
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INTRODUCTION

The purpose of this project is to better define and understand the groundwater

system from southern Pahute Mesa to Yucca Flat, Nevada. The area studied lies

entirely within the Nevada Test Site, located 90 kilometers north of Las Vegas, Nevada.

Because of the radioactive contamination of groundwater at the Nevada Test Site, it

is important to understand the regional groundwater movement.

Funding for this project came from the University of Nevada, Desert Research

Institute, Water Resources Center as a part of the Groundwater Study Project of the

Department of Energy. All computer work was done at the University of Nevada,

Reno, on a Control Data Corporation #6400.

FINITE DIFFERENCE EQUATIONS

Mathematical Basis For Finite Difference Equations

Two types of equations are useful in groundwater modeling problems. First are

continuity equations that express the conservation of mass. Second are momentum

equations, such as Darcy's Law, that define flow through a saturated isotropic porous

medium. These two types of equations are combined to yield a groundwater flow

equation that is applicable to the region studied (Huntoon, 1972).

The following is developed in the two dimensions Y, Z.

GIVEN: Continuity equation for fluid in a porous medium.

- y - ____ - apEq. 1

Where P = density of fluid (ML )
t = time

Vz = specific discharge in Z direction (LT -)
Zy = specific discharge in Y direction (LT -1

V = specific discharge in Y direction (LT)

1



AND: Darcy's Law for flow through a porous medium

(empirical).

Vs K -5 . Eq. 2

Where V = specific discharge in the s direction (LT l)

K = hydraulic conductivity of isotropic medium (LT )
= hydraulic head (L)

s = direction of flow (L)

Under isotropic conditions, Darcy's Law can be written in vector components

IVY -Ka V= V -Kz E;q. 3

Substituting the vector components of Darcy's Law into the equation of continuity

yields

a___ay + az p Eq 4
ay az at

Which is the equation governing a compressible fluid in an isotropic, heterogeneous

porous medium. If we assume that the density is constant, the hydraulic conductivity

is constant and steady state conditions prevail, then Eq. 4 reduces to

2 2a(I) a2p
-+ -= O Eq. 5

ay2 aZ2

This is the Laplace Equation for groundwater flow and is quite difficult to integrate

except for the simplest boundary condition.

To find the finite difference equation for an interior node, the second order

partial derivatives of Laplace's Equation must be replaced. For any value of (Y,Z)

the equation for qp (Y,Z) can be expanded about any point (YOZO) (Boas, 1966).
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4 (Y, Z) = ~ (Y0,Z ) +aWO 'Y0 Z) HY-Y ) + a~ ~(Y0 Z) (Z-Z )

+ 1 2 a2
,Z 0) (Y-Y0) + 2 5a- ONY0 Z0 ) (-Y 0) -Z 0)

+ a2 z (YOZO) + Rn Faq. 6

Where Y

YQ
z

zoo
(Y Z0 )

(Y oZo)
Rn

= next node in the positive direction on the Y axis

= any Y

= next node in the positive direction on the Z axis

= any Z

= point about which the series expansion is taken

= a small remainder representing the other terms in the series

See figure 1.

By use of a forward and a backward difference technique (Freeze, 1969, p. 45),
which is too extensive to present here, the second order derivatives of the Laplace
Equation are approximated by

-

a2

ay

Eq. 7

and

a2f f + f2 - 2fo2

T2 2' *Eq. 8az 2
By substituting values for the derivatives in Eq. 5 and letting R equal one nodal space,
the equation becomes

-

3



¢3 ( node 3
Figure 1

¢2 ¢00 %~~~*

node 2 R

4

(Y oZo) *1

z axis-+ node 1

Y
axis

) node 4

Where

node

node

node

node

1

2

3

4

R

= the first node along the forward distance along the Z axis used in Eq.

6

= the first node along the backward distance along the Z axis used in

Eq. 6

= the first node along the forward distance along the Y axis used in Eq.

6

= the first node along the backward distance along the Y axis used in

Eq.6

= the nodal spacing in both the Y and Z directions

WE4 O~N -4 0= 0
1

Eq. 9

which is the finite difference approximation of Laplace's Equation for any constant R.

By algebra,
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N4

v N= q0 A. 10

for any interior node in an isotropic, homogeneous medium. Or, by other notations,

Eq. 10 becomes

W(YZ) = ~(l= (Y+IZ) i+(Y-1,Z) i+-4(YIZ+1)i+VYZ1i) ) Eq. 11

Where (Y,Z) = the node where head is to be determined

i = the number of iteration

Eq. 11 is known as the Jacobi Method and is theoretically important. However, other

techniques are better suited to computer means of matrix relaxation. This paper uses

the Gauss-Seidel Method exclusively, which is about twice as fast in machine time as

the Jacobi Equation. In the Gauss-Seidel Method the heads at nodes (Y-i,Z) and (Y,Z-1)

have already been computed by iteration i+1 when node (Y,Z) is computed. The

Gauss-Seidel Method is

C(YI Z' 1 (4(Y+1,Z)i+O(Y-l,z)i+'+¢(YZ+l)i+O(Y,Z-l) i+1) Eq. 12

Boundary Conditions for Finite Difference Equations

Along the water table, ¢= h, where h = the distance above the datum - usually

mean sea leveL At depth there is an assumed impermeable basement where a$/ay = 0

and D/az 4 which is a zero flux condition. In order to position a zero flux condition

in the Y direction (at the basement) at node (Y,Z), let , (Y+1,Z) = O(Y,Z). The same

procedure is used to place an impermeable boundary along the sides of the matrix in

order to model a closed system. The equation becomes 0 (Y,Z+l) = (Y,Z) in the

positive Z direction. The location of the boundary is halfway between Z and Z+1.

Where the impermeable basement, zero flux in the Y direction, meets the side of the

matrix, zero flux in the Z direction, a special boundary condition exists. The conditions

are met in the corners of the matrix and the equation ¢(Y+1,Z+i) = * (Y,Z) applies.

The location of this boundary is halfway between Z and Z+1, and is also halfway

between Y and Y+1.
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In an isotropic heterogeneous medium, different hydraulic conductivities are used

within the matrix to model different rock types. When using computer models to solve

for the head potentials, the absolute values of hydraulic conductivity are not needed

as long as the ratios between the values are known. This does not apply to time-

dependent situations. Within any layer where K does not change, the Gauss-Seidel

Model applies. The boundary between two different hydraulic conductivities is modeled

in this paper by a harmonic mean technique which places the boundary between two

hydraulic conductivities, K1 and K 2 , between nodes (Y,Z) and (Y+1,Z) (Huntoon, 1972)

(see Figure 2).

Z axis +

(Y-1,Z-1) (Y-1,Z) (Y-1,Z+1)
o o 0

(YZ-1) (YZ) (YZ+1) Y axis
0 0 0 +

K1

K2

(Y+1,Z-1) (Y+1,Z) (Y+1,Z+1)
o 0 0

(Y+2,Z-1) (Y+2,Z) (Y+2,Z+1) Figure 2
o 0 0

To compute the head at (Y,Z) and (Y+1,Z) the harmonic mean equations are

respectively:

(yZ) = (K 1(YZ-1) (YZ-1)+K1 (YZ+1) (YZ+1)+

K1 (Y-1,Z)¢(Y-1,Z)+Ka(Y+1,Z)) /

( 1 (YtZ 1) +K (Y.Z+1) +K (Y Z) +

and
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*(Y+1,Z) = (K2 (Y+1,Z-1)"(Y+1,Z-1)+

K2 (Y+1,Z+1) O (Y+1,Z+1)+K2 (Y+2,Z) O (Y+2 Z)+Fhar

¢(YrZ)) /(K 2(Y+1,Z-1)+K 2(Y+1,Z+1)+

K2 (Y+2,Z)+Khar)

Where K1 (Y,Z) = hydraulic conductivity number 1 at point (Y,Z)

K 2 (Y+1,Z) = hydraulic conductivity number 2 at point (Y+1,Z)

Khar = Harmonic mean hydraulic conductivity which equals

(2K1) (K )

K1 + K

DEVELOPMENT OF A QUASI THREE-DIMENSIONAL CORRECTION MATRIX

The implementation of finite difference equations is best suited to computer

programs using recursive procedures. Finite difference equations are used with recursive

procedures to allow the computer solution to converge on the exact solution, represented

by the partial differential equation. The difference between the exact solution and

the computer solution (convergence criteria) is ± 0.000001 in this paper. All recursive

programs have been converged to the same tolerances.

Although groundwater hydraulics are three-dimensional, they are usually solved

by two-dimensional finite difference equations. This is done for several reasons. First,

the amount of computer memory needed to solve a three-dimensional problem is much

larger than for a two-dimensional problem, although this is less of a problem today

than when computers were first used to solve finite difference equations in the 1960's.

R.A. Freeze stated, "... . at the present time (1966), the use of three-dimensional

mathematical models should be limited to small, simple basins that can be adequately

represented by 7500 nodes. The best way to handle large, complex basins is with a

series of two-dimensional models representing vertical sections taken parallel to the

direction of dip to the water table slope" (Freeze, 1969). Today (1978) computer

memory capable of 50,000 nodes is commonplace and will cover most modeling situations.

7
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The second reason involves computer time. As the number of nodes increases,

the number of computations for a three-dimensional model increases exponentially over

the number of steps in a simpler two-dimensional model. It can be seen in Figure 3

that the extra dimension increases the number of computations at a rapid rate.

x 3

Where X = number of

nodes along a unit axis. Figure 3

x2

The machine time needed to compute the extra dimension can turn computer time

into a major expense.

Third, the number and complexity of the finite difference equations increases

significantly when a three-dimensional solution is used. The three-dimensional two-

layered model used in this paper requires a 350 percent increase in program length

over a two-dimensional two-layered model.

For the reasons noted above, the users of two-dimensional models define the

basin to be modeled as infinite in the lateral extent. In most cases this assumption

allows a simple and fast model that gives acceptable results. However, the assumption

carries with it the supposition that the flow paths of the groundwater are parallel in

the lateral extent. Under these conditions, areas of recharge or discharge cannot be

accurately represented.

The major advantage of three-dimensional models, besides the added geological

input, is that they allow water to diverge from a recharge area and to converge at

a discharge area. This gives the best possible solution to' hydraulic groundwater

problems. But how much error is introduced by the use of a two-dimensional model

that does not account for water movement in a lateral direction, and can this be

partially corrected? To examine this problem, a computer program was written to

emperically compare the results of a three-dimensional and a two-dimensional model.

8



An imaginary basin was envisioned, with a single recharge area and a single

discharge area. The water table was linear between the two areas. The values of

head chosen for the high and low areas were arbitrarily set at 20 and 10, respectively;

steady state conditions were assumed. The aquifer was assumed to be isotropic and

the coding allowed for both homogeneous and heterogeneous cases. The development

behind the computer program was first aimed at presenting the most basic case possible,

with variations of hydraulic conductivity to be added later.

The imaginary basin was modeled by a three-dimensional model called Box and

a two-dimensional model known as Mat. Both models were designed so that two

different hydraulic conductivities could be examined, an upper horizontal layer of rows

Y = 1 to 6.5, and a lower horizontal layer of rows Y = 6.5 to 12. The model Box

(see Figure 4) is a (12,21,20) matrix consisting of 5040 nodes. The model Mat (see

Figure 5) is a (12,20) matrix having 240 notes. In Figure 6 the space relationship

between Box and Mat can be seen. The shaded area is the matrix Mat, centered along

the X axis inside the matrix Box. The given water table is initialized along line R-D.

The same criteria was used in both models for depth and length of basin, position

and value of the water table, and hydraulic conductivity. Since all parameters are

the same, except that the model Box also computes head along the X axis, it can be

concluded that any difference in the results are due to water movement in the X

direction. This water movement is the expansion of water moving away from the

recharge area and the contraction of water approaching the discharge area. The

flowline divergence and convergence along the flow paths at the water table is shown

by the dotted lines in Figure 6. Homogeneous conditions were assumed and both matrices

were relaxed by computer. The results of Mat and the area of Box that corresponds

to Mat (see Figure 6) were compared. Both matrices have the same mean value of

15.0.

The range of the computed values is greater in the two-dimensional solution

(see Appendix A, Tables 2 and 3). Head values in the recharge area of Mat are too

large because there is no divergence of flow in the X direction. Similarly, in the

discharge area of Mat there is no convergence of flow in the X direction and the head

values are too small. Since the center of the two-dimensional solution lies midway

between values that are too large and those that are too small, it is the most accurate

9
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Figure 4
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1 20
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Figure 5
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(see Appendix B, Table 4). The water table values have a correction factor of zero

because the water table is the same in both models. The zero values are excluded

from all statistical analysis of the matrix.

In order to observe and correct for the differences between the two solutions,

a new matrix called Corrmat (for correction matrix) was devised. Both the three-

-

R - -_- - /
4

X/

I1

7-Z r

Y 1

12

( . . . .

1
Z

'I/ / I //
, , , , , -d

///////
,_ ., * . ,

Figure 6 Spacial Relationship of Box and Mat

dimensional and two-dimensional solutions were divided by their mean value of 15.0.

This presents each solution as a field of percentages about the mean. Since the values

of head in the two-dimensional solution had a greater range, the percentiles also had

a greater range. Then, by simply subtracting the percentiles at each node of Mat

from the corresponding node of Box, one produces a matrix (12,20) that shows the

degree of difference at each point. The Corrmat matrix can be used to correct for

flow in the X direction when applied to a two-dimensional solution of a three-dimensional

system. To use this correction method:

11



1. Relax the matrix to be corrected by finite difference means;

2. Either expand or contract the correction matrix by linear methods along the

Y and Z axis to fit the matrix to be corrected;

3. Multiply the value at each node in the correction matrix by the mean value

of head within the matrix to be corrected;

4. Add the values from step 1 to each corresponding node or group of nodes

in matrix to be corrected.

To examine the nature of the correction factor, two different example matrices

were computed. A "normal" case of isotropic homogeneous conditions were also

computed to see the effect in the ideal case (see Appendix B, Table 4). Two

heterogeneous cases are also presented: first, a confined situation with an upper

hydraulic conductivity of 1.0 and a lower hydraulic conductivity of 100.0 (see Appendix

B, Table 5); second, an unconfined situation of an upper hydraulic conductivity of 100.0

and a lower hydraulic conductivity of 1.0 (see Appendix B, Table 6).

The correction factor is best studied in graphic form. The data from Table 4

are contoured in Figure 7. Isotropic and homogeneous conditions are represented.

Observation of Figure 7 shows that the largest amount of correction occurs in the

upper portions along the vertical sides. The reason for this is twofold. First, the

majority of flow in an isotropic homogeneous groundwater model is near the water

table due to the high gradient. Second, the divergence in the X direction is greatest

at the recharge-discharge points. Hence the figure can be considered a map of flow

potential in the X direction. The correction is zero in the center because the flow

is parallel for all flow paths along the vertical normal to the central flow path. The

average absolute value of the correction matrix is 4.903%; the largest amount of

correction at any node is 10.160%; the standard deviation is 0.0557; and the Kurtosis

equals 1.7189.

A two-layered model produces some interesting changes in the correction matrix.

The unconfined case is represented by a model with a lower hydraulic conductivity of

1.0 and an upper hydraulic conductivity of two orders of magnitude greater, or 100.00.

Figure 8 contours the data in Appendix B, Table 5. The amount of correction is

greatest in the upper portions of the matrix and along the ends of the matrix. The

unconfined conditions induced a greater amount of flow in the X direction. This is

reasonable since one would expect that the water would spread out in the X direction

12
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rather than penetrate the more impermeable lower half. The average absolute value

of the correction matrix is 6.099%; the highest value of any node is 11.028%. These

are the largest values computed for any of the three example correction factors.

The correction matrix for the confined case is contoured in Figure 9 and the

data presented in Appendix B, Table 6. The upper hydraulic conductivity is 1.0 and

the lower hydraulic conductivity is 100.00. This induces a greater amount of flow in

the Y direction and changes the configuration of the correction matrix to a significant

extent. Virtually all of the correction is concentrated in the upper part of the matrix,

and the average values are lower than in either of the other example correction factors.

Figure 9 also shows that a correction factor is not necessarily needed in a confined

case. The average value of the correction matrix is only 1.592%; the largest absolute

value at any node is 8.217%. The computer programs used to generate the correction

matrices are listed in Appendix D.

GEOLOGY AND HYDROGEOLOGY FROM

PAHUTE MESA TO YUCCA FLAT, NEVADA TEST SITE

Introduction

To apply the newly-developed correction factor to a real-world situation, an

area of the Nevada Test Site was chosen to model (see Figure 10). A water table

map of the Nevada Test Site (Fenske and Carnahan, 1975) displays several recharge-

discharge systems. The majority of nuclear device testing takes place at Pahute Mesa

(a recharge area), Rainier Mesa (next to Pahute Mesa), and Yucca Flat (a regional

sink). Since this project is part of the continuous research of water movement at the

Test Site, it was decided to model the area between Pahute Mesa and Yucca Flat.

The lines a, b, and c between points A-A' are normal to the water table and are

representative flow paths (see Figure 11). The line b positions the model between

Pahute Mesa and Yucca Flat. Lines 1 and 1' are the outer boundaries of water flow

in the Pahute Mesa-Rainier Mesa-Yucca Flat groundwater system.

The geology in this area is known from surface studies, and from geophysical

logging of test and emplacement wells. Hydrogeologic data were taken from the well

15
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tests done at the Test Site. The Theis method was used to compute the values of

hydraulic conductivity. In many rock units there are no data because a) the water

table is below the rock unit at that well, b) the unit is not considered a major aquifer

and is sealed off with casing, or c) no wells are drilled in the rock unit. In these

areas, estimates of hydraulic conductivity were made from average values in similar

rock types taken from Linsley et al., (1975) and Davis and DeWiest (1966). Geological

and hydrogeological data are from Winograd et al., (1971) and Barnes et aL, (1963b).

In some instances there are estimates for transmissivities for units or a group of units.

Where these values were available, they were used to check the estimates made from

rock type only.

Regional Geologic Setting

The Nevada Test Site is geologically complex. The area lies within the

miogeosynclinal belt of the Cordilleran geosyncline. During the Precambrian and

Paleozoic eras, over 11,000 meters of marine sediments accumulated. The region was

subjected to two major periods of deformation. The first orogeny occurred in late

Mesozoic and resulted in folding and large scale thrust faulting of the Precambrian

and Paleozoic rocks. In late Cenozoic, the region experienced normal block-faulting,

which produced a superb example of Basin and Range topography.

The rock units found in the Pahute Mesa-Yucca Flat area range from late

Precambrian quartzites to Quaternary basalts. The composite thickness of these units

is greater than 13,000 meters (see Table 1). The Mesozoic rocks are limited to intrusive

bodies of quartz monzonite and granodiorite. Cenozoic rocks consist of tuffs and lava

flows. The total thickness of the Cenozoic in the Yucca Flat area is over 1000 meters.

In most cases these volcanics were deposited on a deeply-eroded Paleozoic surface.

Rock Units and Associated Hydraulic Conductivities

PRECAMBRIAN ROCKS

Jonnie Formation

The Jonnie Formation is widely exposed in the northern Halfpint Range northeast

of Yucca Flat. The formation was also found at depth in thrust sheets in UE15d and

Exploratory #1 drill holes near the northwest part of Yucca Flat.
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Table 1 (continued)
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The Jonnie Formation in the Halfpint Range is composed of more than 850

meters of quartzite and siltstone, with minor silty limestone and dolomite, and is

believed to be late Precambrian in age. It has not been hydraulically tested at the

Nevada Test Site; it is given an average hydraulic conductivity of 2.0 x 10 3 m day 1.

Stirling Quartzite

Stirling Quartzite, northeast of Yucca Flat, contains about 870 meters of quartzite

with minor siltstone and micaceous quartzite. Basal contact of the Stirling Quartzite

appears to be a bedding plane fault. There is probably very little loss in stratigraphic

thickness along the fault, but the underlying Jonnie Formation is locally deformed and

commonly nonconformable to the Stirling. There are no well tests of the Stirling at

depth and an average hydraulic conductivity of 4.1 x 10 4m day 1 has been assigned.

No fossils have been found in the Stirling Quartzite, but its regional stratigraphic

position indicates it is of late Precambrian age.

CAMBRIAN (?) AND CAMBRIAN ROCKS

Wood Canyon Formation

Wood Canyon contains about 715 meters of micaceous quartzite, micaceous

siltstone, and shale. All outcropping sequences in the Yucca Flat area are small and

truncated by faulting, but all parts of the stratigraphic section exposed can be fit

together fairly well. The Wood Canyon is transitional with the overlying Zabriskie

Quartzite. Hydraulic conductivity of the Wood Canyon has not been determined by
-4 -1test methods, but is given an average value of 4.1 x 10 m day . The Wood Canyon

is in part Cambrian, based on fragments of olenellid trilobites. The lower two-thrids

of the formation is designated as Cambrian(?), but may be Precambrian.

Zabriskie Quartzite

Zabriskie Quartzite consists of 50 meters of massive quartzite. In the Yucca

Flat area, the Zabriskie occurs in small faulted outcrops in the Halfpint Range. Since

no water wells penetrate the Zabriskie, an average hydraulic conductivity of 4.1 x

10 m day 1 has been assigned. The Zabriskie Quartzite is dated to Early Cambrian

age because it is underlain and overlain by rocks of known Early Cambrian.
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Carrara Formation

In the Halfpint Range, the Carrara Formation is about 600 meters of interbedded

siltstone and limestone and is Early and Middle Cambrian in age, based on fossil

evidence. The lower halft of the formation is mainly siltstone and the top half is

predominantly limestone. No wells in the Yucca Flat area reach the Carrara Formation.

Hydraulic conductivity is estimated at 5.1 x 10 m day

Bonanza King Formation

The Bonanza King Formation on the east side of Yucca Flat has a total thickness

of about 1400 meters and consists of alternating beds of dolomite and limestone. There

have been two well tests in this unit in Yucca Flat. Test well # 10 was sealed so

that only the Bonanza King Formation was tested; the test resulted in a hydraulic

conductivity of 2.26 x 10' m day 1 . A second test on Army Well # 1, which included

two upper units, the Dunderberg Shale and the Windfall Formation, resulted in a mutual
-1 -1hydraulic conductivity of 1.24 x .0 m day 1 Since the Dunderberg Shale is an

aquiclude, which would lower the hydraulic conductivity, and the Windfall Formation

has a slightly lower hydraulic conductivity than the Bonanza King, these figures are

in good agreement. The value 2.26 x 10' m day 1 from well # 10 was used to

determine the hydraulic conductivity of the Bonanza King.

Dunderberg Shale

Dunderberg Shale consists of approximately equal thicknesses of shale and

lenticular zones of limestone and shale. The Dunderberg is a non-resistant unit in the

Yucca Flat area, about 68 meters thick. Permeability is very low, making the

Dunderberg an aquiclude. A hydraulic conductivity of 1.0 x 10 4 m day was estimated

for this unit, and fossil evidence indicates a late Cambrian age.

Windfall Formation

The Windfall Formation in the Yucca Flat area is about 545 meters of limestone

and dolomite. The lower unit consists mainly of massive dolomite about 327 meters

thick. The Windfall Formation was tested for permeability by test well # 4 (Winograd,
1r10 mday11965). Results indicated a hydraulic conductivity of 2.41 x 10 1 m day- . Army Well
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# 1 also tested the Windfall and the units below, the Dunderberg Shale and the Bonanza

King Formation, and these results indicated a slightly lower hydraulic conductivity of

1.24 x 101 m day 1, but well within experimental error. Although fossil evidence is

inconclusive, the Windfall Formation is thought to be of late Cambrian age.

ORDOVICIAN ROCKS

Goodwin Limestone

Goodwin Limestone consists of more than 275 meters of light gray limestone

with minor silty limestone and is of early Ordovician age, as determined by fossil

evidence. It is the bottom-most unit of the Pogonip Group. Contact of the Goodwin

with the underlying Windfall Formation is gradational and is determined on the basis

of color. Permeability of the Goodwin has been determined from tests made on GWT-2

in Yucca Flat (Moore et al., 1963). Hydraulic conductivity of 6.56 x 10 2m day 1 was

found for the entire Pogonip Group.

Nine Mile Formation

The Nine Mile Formation is composed of 102 meters of interstratified, very thin

bedded claystone and limestone, with a ratio of claystone to limestone of about 80 to

20. It is the middle unit of the Pogonip Group. Contact with the underlying Goodwin

Limestone is gradational but can be readily mapped. Hydraulic conductivity was

determined from well tests on GWT-2 when the entire Pogonip Group was examined

(Moore et al., 1963). A value of 6.56 x 10 m day 1 was used to model this unit.

The Nine Mile is abundantly fossiliferous and is early Ordovician in age.

Antelope Valley Limestone

Antelope Valley Limestone is the uppermost formation in the Pogonip Group and

dates to middle and early Ordovician. It is about 410 meters thick at Yucca Flat and

consists of limestone with some silty limestone. Permeability of this unit was tested

in two wells. Hydraulic conductivity of the Pogonip Group is 6.56 x 10 2 m day 1 , as

determined from well # 3 (Moore et al., 1963). Well GWT-2, which only reaches the

upper Pogonip Group, has a hydraulic conductivity of 2.85 x 10 m day . The latter

value is used in the groundwater model.
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Eureka Quartzite

Eureka Quartzite consists of 107 meters of prominent white quartzite with a

middle unit of limestone. Hydraulic properties of the Eureka have not been determined

at the Nevada Test Site; an average value of 4.0 x 10 4 m day 1 is given this unit.

Fossil fauna indicated a middle Ordovician age for the Eureka Quartzite.

ORDOVICIAN, SILURIAN, AND DEVONIAN ROCKS

Undifferentiated Limestone and Dolomite

In the Rainier Mesa area there is a 640 meter sequence of undifferentiated

dolomite, and the age of the unit spans the late Ordovician, Silurian and early Devonian

periods. Most- of this sequence has not been correlated with established formations

outside of the Test Site. The unit consists of dolomite and coarsely crystalline dolomitic

limestone. There are no well tests in the Yucca Flat area involving this unit. An

average hydraulic conductivity of 1.3 x 101 m day 1 is estimated.

DEVONIAN ROCKS

Nevada Formation

The Nevada Formation in the Rainier Mesa area consists of about 610 meters

of dolomite. The unit varies from finely to coarsely crystalline, laminated to thick

bedded. Secondary white calcite fills fractures and replaces fossils. Well tests were

performed on the Nevada Formation and the overlying Devils Gate Limestone at Army

Well # 1. Hydraulic conductivity of 1.95 x 10i 2 m day 1 was found for the two units

together. Based on stratigraphic position and fossil evidence, the Nevada Formation

is thought to be of middle Devonian age.

Devils Gate Limestone

Devils Gate Limestone is 407 meters thick on the east flank of Shoshone Mesa

and is composed of limestone and dolomite. It is thought to be of late middle and

early late Devonian. Contact of Devils Gate and underlying Nevada Formation is

gradational. A well test of the Devils Gate Formation and the Nevada Formation at
-2 -1Army Well # 1 resulted in a combined hydraulic conductivity of 1.95 x 10 m day
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The model changes size in the Y direction in two steps of 500 meters each so

that a sloping water table can be accurately represented. The size of the matrix is

reduced when less than 50 percent of the area in a 500 meter square is above the

water table. The model consists of three adjoining sections: section one is a (7,22)

matrix, section two is a (6,23) matrix, and section three is a (5,3) matrix (see Plate

2).

The boundary along the left and right hand sides of the model is assumed to

be impermeable. The boundary along the bottom of the model is also impermeable,

representing impermeable basement rocks at depth, for a major part of its length.

However, under Yucca Flat, the groundwater is draining into permeable Paleozoics and

probably entering into the Ash Meadows groundwater system (Winograd et al., 1971).

To model the discharge out the bottom of the model, the head value at well GWT-2

near the right hand side of the cross section has been extended. The head value taken

from the Paleozoic aquifer (627.0 meters) is used for the entire right hand side and

along the bottom of the model under Yucca Flat.

The average hydraulic conductivity for each 500 meter square was computed by

a three step process: first, the geology within each 500 meter square was examined

and a percentage of each rock unit determined; second, the percentiles were multiplied

by the corresponding hydraulic conductivity; and third, the resulting values were totaled.

The values for each square are a composite of the hydraulic conductivities within that

square.

The hydraulic conductivity at each node is by definition applicable only for one

nodal distance in the positive direction. At any node (Y,Z) the hydraulic conductivity

for that node extends to nodes (Y+1,Z) and (Y,Z+1). The finite difference equation

for any interior (Y,Z) node becomes:

¢(YZ) = ¼[ (Y+1,Z)K(YZ) + f(Y-l,Z)K(Y-l,Z) +

f(Y,Z+l)K(Y,Z) + f(Y,Z-l)K(YZ-l)] Eq. 13

Where K(Y,Z) = the hydraulic conductivity at node (Y,Z)

Using equation 13, the matrix representing the groundwater system between Pahute

Mesa to Yucca Flat was simulated. The model was iterated until a convergence factor

of ± 0.0001 was reached.
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MISSISSIPPIAN AND PENNSYLVANIAN ROCKS

Eleana Formation

The Eleana Formation in the Yucca Flat area is composed of more than 2350

meters of argillite, siliceous siltstone and very fine-grained quartzite, quartzite and

conglomerate, and limestone. Its age, based on stratigraphic position and fossil evidence,

is considered to be Mississippian and early Pennsylvanian. In outcropping at Rainier

Mesa, the Eleana Formation is folded and overturned. No wells at the Nevada Test

Site in the Eleana reach the water table. The average hydraulic conductivity for an

argillaceous limestone is estimated at 5.0 x 10 m day .

MESOZOIC ROCKS

Gold Meadows Stock

Gold Meadows Stock is a quartz monzonite intrusive that outcrops over an area

of 3.8 square kilometers in the northern part of Rainier Mesa. The stock consists of

an estimated 80 percent quartz monzonite, 15 percent porphyritic quartz monzonite,

and 5 percent aplite and pegmatite. Texture of the quartz monzonite is medium to

coarse-grained. Geophysical studies indicate that the stock slopes at about 45 degrees

to the southwest (Barnes et al., 1963). Hydraulic conductivity for the stock was

estimated from data on quartz monzonites of the Colorado Front Range (Davis and

Turk, 1964); a value of 4.08 x 10 4 m day 1 has been estimated for this unit. Age of

the Gold Meadows stock, determined by lead-alpha analysis of zircon, ranges from late

Jurassic to late Cretaceous.

Unnamed Conglomerate

An unnamed and discountinuous conglomerate rests on the deeply eroded Paleozoic

and Mesozoic surface. It ranges from 0 to 75 meters thick. No permeability tests

have been done on this unit, and an average value of 3.0 x 10 1 m day 1 is assumed.

TERTIARY ROCKS

Unnamed Bedded Tuff

In the southern part of Pahute Mesa, well GWT-8 encountered an unnamed bedded

turf, 61 meters thick and consisting mainly of zeolitic bedded tuft. This unit overlies
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eroded Paleozoics and Mesozoic conglomerate. Hydraulic conductivity of zeolitic tuffs

is quite low (Blankennagel and Weir, 1973), and a value of 5.0 x 10 3 m day 1 has been

estimated for this unit. Age of the unnamed bedded tuff is Miocene or younger.

Fraction Tuff

Fraction Tuff consists of about 400 meters of ash-fall tuff and tuffaceous

sandstone and is a part of the lower unit of the Indian Trail Formation. In some

areas the Fraction Tuff rests on the Paleozoic surface. Hydraulic conductivity of 5.0

x 101 m day 1 has been estimated for this unit.

Tuff of Crater Flat

The Tuff of Crater Flat consists of 275 meters of welded tuff and is part of

the Indian Trail Formation. Well GWT-8 penetrated this unit, and well tests were

performed on the Tuff of Crater Flat, the overlying Rhyolite of Split Ridge, and an

unnamed bedded air-fall tuff. Hydraulic conductivity of the Tuff of Crater Flat is

5.25 x 101 m day 1 (Winograd, 1965).

Rhyolite of Split Ridge

Rhyolite of Split Ridge ranges from 0 to 335 meters thick and consists largely

of flows and dikes of thinly flow-laminated phenocryst-poor rhyolite; some flows are

columnar and fan jointed. Rhyolite of Split Ridge interfingers with an overlying

unnamed bedded air-fall tuff. Hydraulic conductivity was determined from well tests

of GWT-8 (Winograd, 1965); a value of 3.50m day is taken from test data.

Unnamed Bedded Air-fall Tuff

The unnamed bedded air-fall tuff varies from 0 to 520 meters of zeolitic fine

to lapilli tuff and commonly underlies the Grouse Canyon Member. The unit is generally

intercalated between flow of Rhyolite of Split Ridge. Well tests at GWT-8 yield a
-1 -1hydraulic conductivity of 3.3 x 10 m day

Rhyolite Flows of Quartet Dome

The Rhyolite Flows of Quartet Dome range from 0 to 243 meters of thickly

and roughly flow-layered porphyritic rhyolite. Values for hydraulic conductivity are

estimated from similar rhyolites of Pahute Mesa, and a figure of 4.0 m day is used

in modeling this unit.
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Indian Trail Formation

In the northern and central parts of the Yucca Flat-Rainier Mesa area, the

volcanic rocks in the lower half of the Tertiary section are called the Indian Trail

Formation. The formation has a maximum thickness of 580 meters and is subdivided

into three members: an informal lower member, the Tub Spring Member (not always

present), and the Grouse Canyon Member.

Lower Member

The lower member, an informal unit, has a thickness that ranges from 43 meters

to 183 meters and contains rhyolitic tuffs, rhyolite, tuffaceous siltstone and tuffaceous

sandstone. The lithology varies from one locality to another and cannot be correlated

with assurance. In many places this unit rests on the eroded Paleozoic-Mesozoic

surface. No hydraulic tests have been performed on this unit; hydraulic conductivity

of 1.0 m day 1 is estimated.

Grouse Canyon Member-Lower Part

The lower part of the Grouse Canyon Member ranges from 43 meters to 122

meters of nonwelded bedded tuff. Contact of the Grouse Canyon Member with

underlying units is conformable in most places on Rainier Mesa. The Grouse Canyon

Member is a widespread unit that can be located over most of Yucca Flat. It is

above the water table and a hydraulic conductivity has not been assigned.

Piapi Canyon Formation

The Piapi Canyon Formation is found throughout the Yucca Flat area and rarges

in thickness from 400 to 490 meters. The lower contact of the formation is well

exposed throughout much of the northwestern part of Yucca Flat, where it is separated

by an erosional unconformity from the tuffs of the Indian Trail Formation.

Survey Butte Member

The Survey Butte Member consists of 30 to 305 meters of ash-fall tuff. Locally

this unit has been reworked by wind and water. The Survey Butte Member beds are

poorly cemented and friable, with some cross-beds and channel fillings. The lower 30

meters has been zeolitized locally. This unit is above the regional water table and

was not modeled.
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Rainier Mesa Member

Rainier Mesa is composed of tuffs which cap Rainier Mesa. It includes the

youngest ash-flow tuff exposed in the Yucca Flat area and is the most widespread

member of the Piapi Canyon Formation. The Rainier Mesa Member reaches a maximum

thickness of 200 meters and is a composite sheet of densely welded devitrified tuffs.

Well developed columnar joints and eutaxitis structures occur in the most densely

welded parts. Since this unit is above the water table in all areas where identifiable,

it is not given a hydraulic conductivity.

Indian Trail and Piapi Canyon Formations,

Undifferentiated

The bedded tuffs, nonwelded massive tuffs, and tuffaceous sedimentary rocks

that make up the lower half of the Tertiary are referred to as the Indian Trail and

Piapi Canyon Formations, undifferentiated. The unit reaches a maximum thickness of

365 meters in southeastern Yucca Flat and has a probable age of early to middle

Pliocene. In central Yucca Flat it is, in part, below the regional water table. A

hydraulic conductivity of 1.0 x 102 m day 1 is estimated for this unit.

QUATERNARY ROCK AND DEPOSITS

Alluvium and Colluvium

The major part of Yucca Flat is buried under alluvium and colluvium that ranges

from 0 to 575 meters thick. Alluvial gravels are generally the first deposits encountered

at the foot of highland. Sand and silt size particles are found in the center of Yucca

Flat. There are several identifiable horizons of sand, gravel, and cobbles. Well

developed paleosoils and desert varnish of the oldest deposits in basins next to Yucca

Flat indicate stable slope conditions in a Pleistocene or pre-Pleistocene age. All

alluvium-colluvium deposits are above the water table.

Alluvium Deposits

Alluvium deposits are found in stream valleys on Rainier Mesa and Pahute Mesa.

The deposits are thin, less than three meters, and tabular. The sands and silts are

composed of rhyolite and tuff fragments. All streams are of the ephemeral type and

above the regional water table.
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Structures

Examination of the landforms of the Yucca Flat area suggests that the structural

pattern is mainly a result of basin and range faulting. The most complex structures

are the buried Paleozoic and Precambrian rocks under Yucca Flat and Rainier Mesa.

These rocks have been folded, cut by high-angle and thrust faults, folded again, and

cut again by high-angle faults. Rocks of Tertiary age are cut by many conspicuous

high-angle faults and in places are warped into broad folds (see Plate 1).

There are four, and possibly, five major thrust faults in the Yucca Flat area.

The area of Yucca Flat studied for this paper contains two known and one inferred

thrust fault. The movement of these thrusts is to the east, with a horizontal

displacement on the order of 10 to 16 kilometers. The eastern-most thrust carried

the Eleana Plate (composed mainly of the Eleana Formation) over northeast-trending

broadly folded Paleozoics.

The next thrust fault west is the Mine Mountain Thrust Fault. This thrust

carried older Paleozoics of Devonian, Silurian and Ordovician age over younger

Paleozoics of the Eleana Plate. The Eleana Plate is highly deformed by the thrust

and contains many faults and folds, and is overturned over a large area in an inverted

syncline. The third possible thrust fault underlies Rainier Mesa and is based on the

evidence from a single drill hole, 0126-07-2. It appears that the Precambrian Jonnie

(?) Formation is thrust over Early Paleozoics. The Gold Meadows Stock intrudes this

thrust, called the Jonnie Thrust herein, and the continuation of the thrust on the

opposite side of the stock is purely speculative.

There are three large-scale normal faults in the area of the cross section. All

three are well studied and their position and magnitude of offset is reliable. The

eastern-most is the Tippinip Fault, which divides Yucca Flat structurally into an eastern

and western block. The rocks in the eastern block are largely folded Paleozoic and

Precambrian rocks. The structure in the western block consists of Tertiary volcanics

covering folded and thrust faulted Paleozoic rocks. The Tippinip Fault has a vertical

displacement of about 310 meters.

The next major normal fault to the west is the Boundary Fault, with an offset

of ca. 340 meters, which cuts through Paleozoic rocks and the front of the Eleana

Plate. The fault is traceable to the north for over 16 kilometers and to the south

for about 10 kilometers.
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The western-most major normal fault is an unnamed fault that offsets the Eleana

Plate and the Mine Mountain thrust. The fault can be traced north past Survey Butte

and to the southwest to Tongue Wash. The estimated vertical displacement is 520

m eters.

There are hundreds of mappable normal faults in the Yucca Flat-Rainier Mesa

area, and many more are covered by alluvium. Since 45 percent of the area in this

cross section is covered by alluvium and colluvium, a large number of faults with small

offsets have not been mapped. Geophysical studies have determined the depth to

bedrock in Yucca Flat, but the nature of the bedrock is unknown (Healey, 1965). The

structural position of the buried bedrock has been interpolated from other areas;

however, numerous small faults undoubtedly alter these units in an unknown manner.

To the east of Gold Meadows Stock the eroded Paleozoic surface is buried under

thousands of feet of rhyolite and bedded air-fall tuff. Faults in the Paleozoic bedrock

are also similarly present but obscured.

The largest single structure in the cross section is the Gold Meadows Stock.

The stock has been delineated by gravity studies and its general form is known (Snyder,

1977). At depth, however, the extent of the intrusive has been estimated. All geology

west of the stock, except surface geology, is speculative, because of lack of geological

data at depth. The presence of the Jonnie Thrust in this area is one of several possible

solutions. The well GWT-8 projected at the western part of the cross section is over

three kilometers to the southeast, and extension of the geology is based on a most

likely situation (Healey et al., 1963).

GROUNDWATER MODEL OF PAHUTE MESA TO YUCCA FLAT

In order to mathematically model the hydrogeology of the cross section a finite

difference computer program was written that incorporates hydraulic conductivities

and the aforementioned correction matrix. The cross section is divided into 307

sections, each of which is 500 meters square. The nodal spacing is based on the

distance between nodes (610 meters) used to calculate the water table (Carnahan and

Fenske, 1971). A nodal spacing any smaller than 500 meters cannot be justified because

of the resolution to which the water table was computed. The head values at nodes

representing the water table are taken from Fenske and Carnahan (1975).
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The correction matrix applied to the groundwater model was computed using an

upper hydraulic conductivity of 4.86 and a lower hydraulic conductivity of 1.0. These

values have the same ratio to each other as the actual values and hence give identical

results. The actual values of 0.3254 m day 1 for the upper layer and 0.0669 m day 1

for the bottom layer were not used in order to decrease computer time, and to use

a form comparable to other correction matrices computed.

The correction matrix was developed for applicability to the average recharge-

discharge system, i.e., a spring discharging at the base of a range. However, groundwater

flow at Yucca Flat flows downward into the Paleozoic aquifers. To model these special

conditions, the correction matrix was recomputed after modifying the matrices Box

and Mat to allow water to discharge out the bottom. This was done by assuming

water table conditions along the bottom of the right hand portion of the matrices.

The initialized head values for the water table are from 20.0 to 12.63 in the recharge

surface values and 12.11 to 10.0 in the discharge bottom values. The ratio of recharge

area to discharge area is the same as in the Pahute Mesa-Yucca Flat groundwater

model, or 4 to 1, respectively.

The correction matrix for the Pahute Mesa-Yucca Flat groundwater model is

shown contoured in Figure 12. The scale of the figure is the same as that of the

other correction matrices for purposes of comparison. The value of the correction

matrix applied to the Pahute Mesa-Yucca Flat area is given in Table 7. Average

value of the correction matrix is 5.889%; highest value at any node is 11.9%.

Configuration of the matrix is significantly altered by flowing the water out of the

bottom of the model. It is not symmetric because of the smaller length of the lower

discharge area. Average value of the correction matrix is 8.79% above the lower

discharge area and 3.04% below the recharge area.

The head potential model for the Pahute Mesa-Yucca Flat groundwater system

is shown in Plate 2. Data for Plate 2 are listed in Table 7, Appendix B. Examination

of Plate 2 shows several interesting features: first, the left hand portion of the model

has little change in head potential, due to the concentration of relatively impermeable

quartzites and monzonites in this area. Second is the curvature of the 1200 meter

equipotential line. The upper part of the line indicates there is a small amount of

33



Data Times 100 Figure 12

( ( I I ( I t I II t



discharge (or if no discharge, an upward bulge in the water table) at that point. This

is caused by the impermeable Eleana Formation blocking the flow of groundwater and

forcing some of the water upwards. Third is the hydraulic barrier caused by the

Eleana Formation. This is clearly seen in the closely-spaced equipotential lines 1200

meters through 800 meters. Fourth, the major part of the recharge seems to be taking

place at Pahute Mesa. This is seen by the distance between the equipotential lines

and the higher head values.

In order to better interpret the model, four representative flow paths are plotted.

These lines show the path the water would most likely take. Flow lines are assumed

to always be perpendicular to equipotential lines. The volume of water flowing into

the lower Paleozoic aquifers can be computed from this model. Since the volume of

water between two flow lines is the same for each potential drop, a relatively simple

formula can be used to calculate discharge.

For the flow between any two flow lines along an equipotential line:

Q = (average gradient) (average hydraulic conductivity) (distance between flow

lines along single equipotential line) Formula 1

Using this method, the flow between each pair of flow paths along the 900

meter equipotential line was computed based on the 500 meter grid system. The flow

through channels 1, 2 and 3 is listed below.

Flow channel 1 33.2 m3 day-1

Flow channel 2 30.8 m3 day-1

Flow channel 3 149.7 m3 day

The combined flow equals 213.7 m3 day 1 or 64.8 acre feet year .

The outermost flow lines, 1 and 1' in Figure 11, show the maximum size of the

Pahute Mesa-Rainier Mesa-Yucca Flat groundwater system. The fault boundary between

Yucca Flat and the Eleana Plate can be interpolated, line f, between flow lines 1 and

1'. The area bounded by these lines (15.1Km 2) is the part of Yucca Flat where the

water from Pahute Mesa is flowing into the deep Paleozoic aquifers. Knowing the

volume of water flow per day and the area of its flow, the rate of flow is computed

at 14.1 m3 day /Km2 in this portion of Yucca Flat. If this rate is applied to all of

Yucca Flat, 295 Kmi2 , the volume of water flowing into the Ash Meadows groundwater
3 -1 -1

system is 4175 mi day , or 1240 acre feet year . This value must be considered

as the maximum possible flow under Yucca Flat because conditions for groundwater

35



recharge are best at Pahute Mesa. This figure is in fair agreement with Winograd et

al. (1971), who estimated the total discharge for all of Yucca Flat at less than 350

acre feet/year. The model computes the discharge only for the northern one-eighth

of the area in Winograd's estimate. The amount of flow between Pahute Mesa and

Yucca Flat is probably reasonably close to the actual value; however, there have been

several assumptions made: the shape of the water table, the geology, the structure,

some of the hydraulic conductivities, and the nature of the correction factor. For

these reasons, the author believes that the computed flow may be as much as ± 50%

of the actual value. The volume of water beneath Yucca Flat that flows into the

Ash Meadows groundwater system is probably less than half of the maximum value

given.
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CONCLUSIONS

Two dimensional finite difference models can be partially corrected for flow in

the lateral direction. The correction factor is greatest for unconfined cases and

averages 6.1% when the upper layer hydraulic conductivity is 100 times the lower

layer. The correction factor has the least value in a confined case. A lower layer

with a hydraulic conductivity 100 times greater than the upper layer has an average

correction of 1.6%. The correction factor for a homogeneous medium averages 4.9%.

The major part of the correction factor is concentrated in the recharge and discharge

areas. Since computations concerning 1low rates are usually computed in these areas,

the correction matrix can have a significant effect and is best applied in an unconfined

situation to models with very accurate geological and hydrogeological input data.

Groundwater flow rate into the Paleozoic rocks beneath Yucca Flat is about

14.1 m3 day 1/Km2 between Pahute Mesa and Yucca Flat. A maximum of 4175 m

day 1 of water enters the Ash Meadows groundwater system from Yucca Flat. The

area between Pahute Mesa and Yucca Flat is nearly all recharge area, with the major

part of the recharge taking place at Pahute Mesa. Further mathematical treatment

of the model would be needed to more fully understand the direction and volume of

groundwater in this area.
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Table 2

The Area of the Matrix Box Equivalent to the Matrix Mat

Y axis Z axis +

4- 1 2 3 4 5 6 7 8 9 10

1 20.00 19.47 18.95 18.42 17.89 17.37 16.84 16.32 15.79 15.26
2 17.63 17.49 17.27 17.01 16.72 16.42 16.11 15.80 15.48 15.16
3 16.70 16.65 16.53 16.38 16.20 16.00 15.79 15.57 15.34 15.11
4 16.23 16.20 16.13 16.03 15.90 15.76 15.60 15.44 15.26 15.09
5 15.94 15.93 15.88 15.81 15.71 15.60 15.48 15.35 15.21 15.07
6 15.76 15.74 15.71 15.65 15.58 15.49 15.39 15.29 15.17 15.06
7 15.63 15.62 15.59 15.54 15.48 15.41 15.33 15.24 15.15 15.05
8 15.53 15.53 15.50 15.47 15.42 15.36 15.29 15.21 15.13 15.04
9 15.47 15.46 15.44 15.41 15.37 15.32 15.25 15.19 15.11 15.04

10 15.43 15.42 15.41 15.38 15.34 15.29 15.23 15.17 15.10 15.04
11 15.41 15.40 15.38 15.36 15.32 15.27 15.22 15.16 15.10 15.03
12 15.40 15.39 15.38 15.35 15.31 15.27 15.22 15.16 15.10 15.03

Y axis Z axis --

4- 11 12 13 14 15 16 17 18 19 20

1 14.74 14.21 13.68 13.16 12.63 12.11 11.58. 11.05 10.53 10.00
2 14.84 14.52 14.20 13.89 13.58 13.28 12.99 12.73 12.51 12.37
3 14.89 14.66 14.43 14.21 14.00 13.80 13.62 13.47 13.35 13.30
4 14.91 14.74 14.56 14.40 14.24 14.10 13.97 13.87 13.80 13.77
5 14.93 14.79 14.65 14.52 14.40 14.29 14.19 14.12 14.07 14.06
6 14.94 14.83 14.71 14.61 14.51 14.42 14.35 14.29 14.26 14.24

7 14.95 14.85 14.76 14.67 14.59 14.52 14.46 14.41 14.38 14.37
8 14.96 14.87 14.79 14.71 14.64 14.58 14.53 14.50 14.47 14.47
9 14.96 14.89 14.81 14.75 14.69 14.63 14.59 14.56 14.54 14.53

10 14.97 14.90 14.93 14.77 14.71 14.66 14.62 14.60 14.58 14.57
11 14.97 14.90 14.84 14.78 14.73 14.68 14.64 14.62 14.60 14.60
12 14.97 14.90 14.84 14.78 14.73 14.69 14.65 14.62 14.61 14.60



Table 3

1.D

The Matrix Mat

Y axis Z axis-
+ 1 2 3 4 5 6 7 8 9 10

1 20.00 19.47 18.95 18.42 17.89 17.37 16.84 16.32 15.79 15.26

2 18.92 18.73 18.40 18.00 17.57 17.12 16.66 16.19 15.71 15.24

3 18.22 18.13 17.91 17.61 17.26 16.88 16.48 16.06 15.64 15.21

4 17.71 17.66 17.50 17.27 16.98 16.66 16.31 15.95 15.57 15.19

5 17.32 17.28 17.16 16.98 16.74 16.47 16.17 15.85 15.51 15.17

6 17.02 16.99 16.89 16.74 16.54 16.30 16.04 15.76 15.46 15.15

7 16.78 16.75 16.67 16.54 16.37 16.17 15.93 15.68 15.41 15.14

8 16.60 16.57 16.50 16.39 16.24 16.06 15.85 15.62 15.38 15.13

9 16.46 16.44 16.38 16.28 16.14 15.97 15.78 15.57 15.35 15.12

10 16.37 16.35 16.29 16.20 16.07 15.92 15.74 15.54 15.33 15.11

11 16.31 16.29 16.24 16.15 16.03 15.88 15.71 15.52 15-32 15.11

12 16.29 16.28 16.22 16.13 16.02 15.87 15.70 15.51 15.31 15.11

Y axis Z axis -

4- 11 12 13 14 15 16 17 18 19 20

1 14.74 14.21 13.68 13.16 12.63 12.11 11.58 11.05 10.53 10.00

2 14.76 14.29 13.81 13.34 12.88 12.43 12.00 11.60 11.27 11.08

3 14.79 14.36 13.94 13.52 13.12 12.74 12.39 12.09 11.87 11.78

4 14.81 14.43 14.05 13.69 13.34 13.02 12.73 12.50 12.34 12.29

5 14.83 14.49 14.15 13.83 13.53 13.26 13.02 12.84 12.72 12.68

6 14.85 14.54 14.24 13.96 13.70 13.46 13.26 13.11 13.01 12.98

7 14.86 14.59 14.32 14.07 13.83 13.63 13.46 13.33 13.25 13.22

8 14.87 14.62 14.38 14.15 13.94 13.76 13.61 13.50 13.43 13.40

9 14.88 14.65 14.43 14.22 14.03 13.86 13.72 13.62 13.56 13.54

10 14.89 14.67 14.46 14.26 14.08 13.93 13.80 13.71 13.65 13.63

11 14.89 14.68 14.48 14.29 14.12 13.97 13.85 13.76 13.71 13.69

12 14.89 14.69 14.49 14.30 14.13 13.98 13.87 13.78 13.72 13.71
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Table 4

Correction Matrix for an Upper and Lower Hydraulic Conductivity Equal to 1.0

4U'

Y axis Z axis +

+ 1 2 3 4 5 6 7 8 9 10

1 0 0 0 0 0 0 0 0 0 0

2 -.086 -.082 -. 075 -. 066 -.056 -. 046 -. 036 -. 026 -.016 -.005

3 -.102 -. 009 -. 092 -.082 -.071 -.059 -. 046 -. 033 -.020 -.007

4 -.009 -. 097 -. 091 -. 082 -. 072 -. 060 -. 047 -. 034 -. 021 -. 007

5 -.092 -.090 -. 085 -. 078 -.069 -. 058 -. 046 -. 033 -. 020 -. 007

6 -. 084 -.084 -. 079 -. 072 -.064 -. 054 -. 043 -. 031 -.019 -. 006

7 -. 077 -. 076 -. 072 -. 067 -. 059 -. 050 -. 040 -. 029 -. 018 -. 006

8 -. 071 -.070 -. 067 -. 062 -.055 -. 047 -. 038 -. 027 -. 017 -. 006

9 -. 066 -.065 -. 062 -.058 -.051 -. 044 -. 035 -. 026 -. 016 -.005

10 -. 063 -. 062 -. 059 -. 055 -. 049 -.042 -. 034 -. 025 -. 015 -. 005

11 -. 060 -. 060 -. 057 -. 053 -. 047 -.041 -. 033 -. 024 -. 015 -. 005

12 -. 060 -. 059 -. 056 -.052 -.047 -.040 -. 032 -. 024 -. 014 -. 005

Y axis Z axis -

4- 11 12 13 14 15 16 17 18 19 20

1 0 0 0 0 0 0 0 0 0 0

2 .005 .015 .026 .036 .046 .056 .066 .075 .082 .086

3 .007 .020 .033 .046 .059 .071 .082 .092 .099 .102

4 .007 .021 .034 .048 .060 .072 .082 .091 .097 .099

5 .007 .020 .033 .046 .058 .069 .078 .085 .090 .092

6 .006 .019 .031 .043 .054 .064 .072 .079 .083 .084

7 .006 .018 .029 .040 .050 .059 .067 .072 .076 .077
8 .006 .017 .027 .038 .047 .055 .062 .067 .070 .071

9 .005 .016 .026 .035 .044 .051 .058 .062 .065 .066
10 .005 .015 .025 .034 .042 .049 .055 .059 .062 .063

11 .005 .015 .024 .033 .041 .047 .053 .057 .060 .060

12 .005 .014 .024 .032 .040 .047 .052 .056 .059 .060



Table 5

Correction Matrix for Upper Hydraulic Conductivity Equal to 1.0 and

Lower Hydraulic Conductivity Equal to 100.0

Y axis Z axis +

4' 1 2 3 4 5 6 7 8 9 10

1 0 0 0 0 0 0 0 0 0 0

2 -. 080 -.076 -.069 -.060 -. 051 -. 042 -.033 -. 023 -. 014 -. 005

3 -. 082 -. 080 -.073 -. 065 -. 056 -. 046 -. 036 -. 026 -. 015 -. 005

4 -. 064 -.063 -. 058 -. 052 -. 045 -.037 -. 029 -. 021 -. 013 -. 004

5 -. 041 -.040 -.037 -. 034 -.029 -. 024 -. 019 -. 014 -. 008 -. 003

6 -. 016 -.015 -. 014 -. 013 -. 011 -.009 -. 007 -. 005 -. 003 -. 001

7 -.003 -. 002 -. 002 -. 002 -.002 -. 002 -.001 -. 001 -. 001 -. 000

8 -.002 -. 002 -. 002 -. 002 -.002 -. 002 -. 001 -. 001 -. 001 -. 000

9 -. 002 -. 002 -. 002 -.002 -.002 -. 001 -.001 -. 001 -. 001 -. 000

10 -. 002 -. 002 -.002 -.002 -.002 -.001 -.001 -.001 -. 001 -. 000

11 -.002 -. 002 -. 002 -.002 -. 002 -.001 -.001 -. 001 -. 000 -. 000

12 -. 002 -. 002 -.002 -.002 -.002 -.001 -. 001 -. 001 -. 000 -. 000

Y axis Z axis +

4' 11 12 13 14 15 16 17 18 19 20

1 0 0 0 0 0 0 0 0 0 0

2 .005 .014 .023 .033 .042 .051 .060 .069 .076 .080
3 .005 .015 .026 .036 .046 .056 .065 .073 .080 .082

4 .004 .013 .021 .029 .037 .045 .052 .058 .063 .064

5 .003 .008 .014 .019 .024 .029 .034 .037 .040 .041

6 .001 .003 .005 .007 .009 .011 .013 .014 .015 .016

7 .000 .001 .001 .001 .002 .002 .002 .002 .002 .003

8 .000 .001 .001 .001 .002 .002 .002 .002 .002 .002
9 .000 .001 .001 .001 .001 .002 .002 .002 .002 .002

10 .000 .001 .001 .001 .001 .002 .002 .002 .002 .002
11 .000 .000 .001 .001 .001 .002 .002 .002 .002 .002
12 .000 .000 .001 .001 .001 .002 .002 .002 .002 .002

I I I I I I I I I I I l I I I I I
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Table 6

Correction Matrix for Upper Hydraulic Conductivity Equal to 100.0 and
Lower Hydraulic Conductivity Equal to 1.0

-J

Y axis Z axis -

1 2 3 4 5 6 7 8 9 10

1 0 0 0 0 0 0 0 0 0 0
2 -. 086 -.082 -. 075 -. 066 -.056 -. 046 -. 036 -. 026 -. 015 -. 005
3 -. 106 -.103 -.096 -.086 -.074 -.062 -. 048 -.035 -.021 -.007
4 -.110 -.108 -.101 -.092 -.080 -.067 -. 053 -.038 -.023 -.007
5 -.110 -.108 -. 102 -. 093 -.082 -.069 -. 055 -.039 -. 024 -. 008
6 -. 109 -.108 -.102 -.093 -.082 -. 070 -. 056 -. 040 -. 025 -. 008
7 -.105 -.103 -.098 -.090 -.080 -.067 -. 054 -. 039 -. 024 -. 008
8 -. 097 -.096 -.091 -.084 -.075 -.064 -. 051 -. 037 -. 023 -. 007
9 -. 091 -.090 -. 086 -. 079 -.071 -. 060 -. 048 -. 035 -.022 -. 007

10 -.087 -.085 -.082 -. 076 -.068 -.058 -. 046 -. 034 -.021 -. 007
11 -. 084 -.083 -.079 -.074 -.066 -.057 -. 046 -. 034 -. 021 -. 006
12 -. 083 -.082 -.078 -.073 -.065 -.056 -. 045 -. 033 -. 020 -.006

Y axis Z axis -

11 12 13 14 15 16 17 18 19 20

1 0 0 0 0 0 0 0 0 0 0
2 .005 .015 .026 .036 .046 .057 .066 .075 .083 .086
3 .007 .021 .035 .048 .062 .074 .086 .096 .103 .106
4 .007 .023 .038 .053 .067 .080 .092 .101 .108 .110
5 .008 .024 .038 .055 .069 .082 .093 .102 .108 .110
6 .008 .025 .040 .056 .070 .082 .093 .103 .108 .109
7 .008 .024 .039 .054 .067 .080 .090 .098 .103 .105
8 .008 .023 .037 .051 .064 .075 .084 .091 .096 .097
9 .008 .022 .036 .048 .060 .071 .070 .086 .090 .091

10 .007 .021 .034 .046 .058 .068 .076 .082 .085 .087
11 .007 .021 .034 .046 .057 .066 .074 .079 .083 .084
12 .007 .020 .033 .045 .056 .065 .073 .078 .082 .083
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Table 7

Corrected Head Distribution in the Pahute Mesa-Yucca Flat Groundwater Model,

Data in Meters

Y axis Z axis +

4' 1 2 3 4 5 6 7 8 9 10

1 1445. 1440. 1439. 1430. 1421. 1419. 1415. 1412. 1408. 1405.

2 1345. 1344. 1345. 1343. 1341. 1339. 1336. 1339. 1338. 1339.

3 1336. 1336. 1336. 1333. 1331. 1328. 1325. 1328. 1327. 1328.

4 1341. 1342. 1342. 1337. 1334. 1333. 1329. 1331. 1329. 1329.

5 1350. 1350. 1350. 1347. 1344. 1343. 1340. 1342. 1339. 1338.

6 1360. 1359. 1358. 1357. 1355. 1355. 1352. 1353. 1349. 1346.

7 1365. 1365. 1364. 1362. 1360. 1360. 1357. 1357. 1354. 1350.

Y axis Z axis +

4' 11 12 13 14 15 16 17 18 19 20

1 1400. 1395. 1380. 1370. 1360. 1355. 1340. 1330. 1325. 1320.

2 1342. 1337. 1335. 1325. 1321. 1317. 1308. 1311. 1289. 1278.

3 1328. 1320. 1324. 1313. 1311. 1306. 1297. 1297. 1279. 1270.

4 1329. 1320. 1323. 1312. 1310. 1304. 1294. 1293. 1276. 1270.

5 1337. 1327. 1329. 1318. 1314. 1308. 1297. 1294. 1278. 1273.

6 1344. 1335. 1335. 1324. 1320. 1313. 1302. 1298. 1282. 1277.

7 1348. 1339. 1339. 1328. 1323. 1315. 1304. 1301. 1285. 1279.

Y axis Z axis -

4' 21 22 23 24 25 26 27 28 29 30

1
2
3
4
5
6
7

1300.
1272.
1252.
1253.
1257.
1263.
1265.

1280.

1268.

1252.

1251.

1255.

1252.

1252.

1260.

1256.

1257.

1249.

1254.

1230.

1245.
1245.
1245.
1242.
1245.
1131.

1221.

1245.

1247.

1249.

1244.

1082.

1200.

1226.
1230.
1235.
1138.
1007.

1180.

1214.
1224.
1220.
1073.
943.

1160.
1202.
1215.
1110.
986.
853.

1140.
1184.
1184.
1028.
904.
766.

1120.

1179.

1068.
926.
844.
771.



Table 7 (cont'd)

y axis
4+

Z axis -*

31 32 33 34 35 36 37 38 39 40

1
2
3
4
5
6

Y axis

110 0.
1147.

966.
755.
759.
763.

1075.
1021.

897.
763.
768.
769.

1050.
903.
843.
766.
769.
769.

43

1020.
847.
778.
770.
771.
766.

44

1000.
809 .
780.
774.
772.
759.

45

975.
720.
697.
683.
670.
661.

46

950.
737.
703.
680.
658.
627.

47

920.
748.
708.
678.
654.
627.

900.
745.
708.
677.
652.
627.

870.
737.
705.

676.
651.
627.

Z axis +

41 42 48

en
CO 1

2
3
4
5
6

840.
718.
696.
673.
650.
627.

820.
711.
690.
669.
648.
627.

800.
719.
684.
667.
648.
627.

780.
716.
687.
669.
648.
627.

765.
725.
695.
673.
650.
627.

755.
707.
679.
654.
627.

740.
704.
682.
659.
627.

720.
704.
686.
660.
627.
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APPENDEi D

Computer Model Programs
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PROGqAM THESIS(INPUTTAPE1=INPUTOUTPUTTAPE2=OUTPUTPUNCH.TAPE3=P
XUNCH)

RERL BOX(12,21.20),MAT(i2,208,ACCUM(240)
REAL MATCOR(t12,20).BOXCOR(iZ2,Z0
REAL ACCU9 (20),ACCUMM(20).CORRFT(20),CORRMAT(l2201v ,KURT
REAL LOt ERK
REAL CORRPO40(12,48),CORRFLP(7,48)

C* THIS PRCGRAM COMPUTES THE VALUES OF HEAD USING A THREE DIMENSIONAL* 4

C* AND A TWO DIMENSIONAL FINITE DIFFERENCE ALGCRITHEM. THEN THE
C' DIFFERENCE BETWEEN THE TWO SOLUTIONS IS STATISTICALY ANALYZED 4

C*F AND A CORRECTION FACTOR IS GENERATED 4

C BOX= THE THREE DEMENSIONAL MATRIX
C MAr=TH' TlO DEMENSOINAL MATRIX
C UPPEqK=THF HYDRAULIC CONDUCTIVITY FOR THE UPPER PART OF BOTH BOX
C ANE MAT
C LOWE9K=THE HYDRAULIC CONDUCTIVITY FOR THE LOWER PART OF BOTH BOX
C ANE MAT
C HARMEAN= THE HYDRAULIC CONDUCTIVITY FOR THE SPACE BETWEEN THE
C NODES IN THE UPPER HALF AND THE NODES IN THE LOWER HALF
C OF THE MATRIX
C CORRMAT=THE CORRECTION FACTOR
C CORRMOD=THE CORRECTION FACTOR ALTERED TO FIT THE SIZE OF THE
C GROUND WATER MOCEL OF PAHUTE MESA TO YUCCA FLAT
C CONMdX=THE MAXIMUM AMOUNT OF CHANGE AT CONVERGENCE
C CONMIN=tHE MINIMUN AMOUNT OF CHANGE AT CONVERGENCE
C THE FOLLOWING SECTION IS SETUP

00 3 I-1,12
DO 3 J=1,21
DO 3 K=1,20

3 60X(IJK)=15.0
BOX(1,11,1)=20.0
BOX(12,11 j20)=10.0
DO 6 K^11'4



6 EOX'( 1,iiK+1)= (20. 0-(0. 5263i5789*K) I
00 7 K1'5,18

7 BOX(12, ilvK+i)(20.O-(0.526315789IK))
UPPERKK=4. 864
LOWEQK=1. C
HARMEAN=(2. 0+UPPERK*LOWERK)/(LOWERK+UPPERK)
DENU= ( (t. C*UPPERK) *HARMEAN)
OENL=( (5.'0*LOWERK I+HARMEANI
CONMAX=0. COOD0005
CONMIN= -0. 0000005
00 9g' LLL=1,500
XXBCX (F, 11, 10)

C THE FOLLOWING SECTION PERFORHES THE FINITE CIFFERENCE CALCULATIONS
C THE FCLLOWING SECTICN COMPUTES THE CORNERS

ul BOX~llXil=( (BOX(2,191)IP2.0++{80X(1,2,i)+2. 0)+(80X(1s1,21*2.Q))/6.
w XO

SO)Cl1,21.1)=((f3OX(2vwal.)*2.01+(BOX(1,20,1)*2.0)+(BOX11,21X21*2.0)
X ) /6. 5

X) /6.1

X2.6) )/6.0BOXll21l20)= ((8OX(2l21,0)*2..0)+(BOX{192,2.1) 2,0)+IBOX{1*2z1.Z}92

X2.0) )/60e0Xft2,21s1}=((8OX{11,i,Lv)420+Z.ti.2,)2*0{BX1101+.)+(BO0X(1i2)*21.0)
XZ~) /6*0

X2.* )) /6.0
BO0C112,21,20)=( {BOX(11.m21,p2U)*.0)+ tBOX(12,Z20,20}4Z2 0)+ (80Xl12.21.

X19)12. 0)) /6. 0
C THE FOLLOWING SECTICN COMPUTES THE I EDGES

DO 21 I=2,11
IFfI .EQ.6) GO TO 22
IF( I.EC.7) GO TO 23
BOXI, ,1,1=t /OX61,21)*2,0)+3BOX(I ,1,2)*2.0)+BOXt1+1,,l)+BOX(I-I

X, 1, 11 I / 601

I I I I i I I I I I I l I I I I I I 1
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13OX{13-I., 1, 1l t( OX{13-lp2,i)*2.D)+ (BOX(13-191,92)*2 0)+ BOX(13-r+i.
Xi PI)+B0X(13-I-1,1.91) )/6.,
BOX (I,,120)= ((BOX(I.2v,20)2.0)+(8OX(I.119) l2.0+ BOX(I+Ii.20)+BOX

X(I-1, 1,20))/6.O
ROX(13-I,1,2a)=((BOX 13-I,2,20 42.0 )+(BOX(i3-Iit,19)42.0)+BOX(13-I
X+i,1,20)+eOX(13-I-1,I,20))/6.0
BOX( I,21,2)= I)( NOX (I20,p)'2.0)+(BOX(I,2i,2) *2.0)+BOX(I+1,2ii)+ BOX

XC1-1.21.1) )/6*0
Box113-r,2i,1|=((BOXf13-I,p20,1{+2.0)+(BOX(13-I,21,2)*2.01+B0Xs13-I

X+1,2i ,1)+BOX (13-I-1,21,1)) /6.0
POX(I,2i,20)=((BOX(I,20,20O*2.0)+(BOX(I2,21i9)#2.0)+BOXI+19.21.20)

X+BOX(1-1,21,20))/6. a
BOX( 13-1I211,20)= ((BOX(I3-I920v20)*2.0)+fl3OX (3-192it 19)*2eD) +BOX( 1
x3-rIt1,?i,20)+OX(13-I-i,2i.20))/6.0
GO TC 21

22 8OX(C,1,1)=((BOX(6,2,i)4 2.04 UPPERK) +(BOX(6,i,2)'2.0*UPPERK) +BOX(7
X,1,gi)HARP'EAN)+(BOXt5,1,1a+UPEK/(5*D*UPat50UPERK)+HARMEAN)
ROXt(3,1,20)=((tOX(692,20)O2.04UPPERK)+(BOX(6,1,i9)*2.0*UPPERK)+(BO
XX(7.1,20)*HARMEAN)+(BOX(5,i,20)'UPPERK))/((5.0 UPPERK)+HARMEAN)
13OX(6,21,I1)=((BOX(6,20,1)$Z290$UPPERK) +(B80XI(6,2192)*2 .C$UPPERK)+ lBO

XX(7,9211) HARMEAN)+(BOX(5.21,1)lJUPPERK))/(( X5.UPPERK)+HARMEAN)

P.OX(5 .21.20)= ((BOX(6,20,w20)*2.0*UPPERK) tBOXt6921,19)*2.0*UPPERK} +
X(3OX(7,21,20)*t4ARMEAN)+(BOX(5,21,20) 4UPPERK))/((5*0*UPPERK)+HARMEA
XN)
GO TC 21

23 r3Ot(?,1,1)=ccROx(7,2,U#2.0.LowERK)+(BoXtzwi,2)#2.O$~owERK),(6oX(8

BOX(7,v tt=t((BOX(7,2,2O)*2.C*LOWERK)+(BOX(7,v,19)*2.O*LOWERK)+ (BO
XXt8,I,20vsLOWERK)+(BOX(6,1,20)*H ARM EA/)(5,05.*L LOOERK)+HAREEANN
QIOX(7.o21il)=((BOXt7,20,1|^*2.0+LOWERK)+(80Xt7,21,o2)*2.0*LOWERK)+(B0

XX(8,21,i)*LOWERK)+(BOX(6,21,91'HARMEANI)X/(5.0*LOWERK)+HARMEAN)
8OX(7,2i,2O)=((BOX(7,2O,2O)*2.0*LOWERK)+(BOX(7,21,19)'2.0oLOWERK)+

X(BOX(8,21,20)#LOWERK)+(8OX(6,21,2fl)*HARMEAN))/((5.0*LOWERK)+HARMEA
XN)

21 CONTIMtE
C THE FCLLOWING SECTICN COMPUTES THE J EDGES



DO 24 J=2,20
3OXC1,J,2gU)-(BOX(2,J,20)*2.0)+(BOX(iJ.19)42.0)+BOX(liJ+1.2)+BOX

X (,J-1.20))/6.0
BOX(1,22-J,20)-((BOX(2,22-J,20b+2.0)+(BOX(1,22-J,19i*2.U)+BOX(1.22
X-J1i,20)+eOX(1,22-J-i,20))/6.0
IF(J.EC.11) GO TO 15
BOXC(iJ,1)=A(ROX(2,Ji)#2.0)+(BOX(1,J,2)*2.0)+BOX(CJ+ii)+BOX~1.J

X-1 1))/6.c
BOXC(1,22-J.1)=((BOX(2,22-J.i)*2.0)+(BOX(1,22-J,2)#2.0)+BOX(1.22-J,

Xii)+BOX(i,22-J-1,1))/6.0
15 BOX(12.JI)=((BOX(i.J.i)*2.0)+(BOX(i2,J,2)*2.0O+BOX(12,JIii)4BOX

X(12,J-1,Ivr/6.0
3OK(12,22-Jvi)=C(l0XC11,22-J.1i)2.0)+(BOX(12,22-J,2)42.0)+BOX(12.2

X2-J+1,1)+BOX(12, 22-J-1,1))/6.0
Ln IF(J.EQ.11) GO TO 24
Ln BOX(12,22-J,20)=((BOX(1i,22-J,2f)*2.0)+(BOX(12,22-Jl19)2.O)+BOX(I

X2,22-J+I.20)+ROX(i2,22-J-1,20))/6.0
8OX(12,J,20)=((BOX(iiJ,20)*2.0)+(BOXC12,J,19)g2.0)+BOX(i2.J*i.20)

X+eOX(12,J-l,20))/6.0
24 CONTINUE

C THE FCLLOWING SECTICN COMPUTES THE K EDGES
DO 25 K=16vi9

25 EO)(I, I, ')= ((BOX(2,11,K)*2.0)+BOX(1,12,K)+BOX(i,10,K)+BOX (lsi.K+
Xl)+4BCX(l9 ItK-1) )/6.0

00 27 K=2,?i

BOX(i.lvK)=((BOXl2tlK)102.0)+(BOX(1,2.,K)42.03f+BOX(lvlK+l)+BOXliii
XsK-1)/6.*0
BOX(191921-K)=((BOX(2,1,21-K)*2.0)+(BOX(192921-K)*2.0)+BOX(1.1.~21-

XK+i)+8OX(1,i,21-K-i))/6.0
BCX(t,2i,K)=((BOXC2,2i,K)4 2.0)+(BOX(1i20,K)Z2.0)+BOX(1,21,K+I)+BOX

X (,21,K-1 ))/6.O
BOX(1,2i.2i-K)=((BOX(2,21.21-K)*2.0)+(BOX(1.2O,21-K)*2.0)+BOXll,21

Xz2-K+I)+EOX(1,21,2L-K-1))/6.0
BOX(i2,1,IK)=((BOXI1,iL,K)*2.O)+(BOX(i2,2,KR*2.0)+BOX(12,i,K+I)+BOX

X ( 12,1, K-1 )) /6. 0
BOX(l2,1,t2l-K)=I(BOXtll,1,v21-K)'*2.0)+(BOX{12,2,#21-K)42.0)+BOXtl2,1
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X,2i-1<+i)+80X(1291921-K-1))/6.0
BOX(12,21,2i-K)=((BOX(ilj,2j,2-K)*2.0)+(BOX(j2.20,2i-K)'2.0+40X(j

X2,21.21-K+l)+BOX (1221,21-K-1))/6.0
27 BOK(12.21,K)=((BOX(Iii2i.K)2.O)+(BOX(1i2,20.K)2.O)+BOX (2.21.K+I)

X+BOX (12,21,K-1)) /6.0
C THE FCLLOWING SECTION COMPUTES THE IJ SIDES

00 3r 1=,9i
DO 30 J=2,20
IF(I.EO.6) GO TO 28
IF(I.EQ.7) GO TO 29
BOxX(r.Jsl)=(lBOX(IPJ,p2)*2.)+BOXlI+l.Jwli)+BOX(I-lsJutl)+BOX(I,,J+ilpl
X)+EIOXXIvJ-i.1))/6.0
BOX(13-I,22-JZO)=((BOX(i3-I,22-J,2)'2.0)+BOX(13-I+1,22-J.l)+BOX(13
X-I-1922-Joi)+BOX(i3-Ip22-J+lit )+nox {3-Iip22-J-1*1))/6*0
BOX(IPJ.,20)=((BOXl1,J.Plg)*2.0)+BOX(I+Il,J,2D)+BOX(I-lJp20)+(30X(,J

X~li2a 4EOX tl J-1.20) Z/6. 0
aox zt3-1922-J920)=((BOX(13-I.22-J,1g)*2.0}+EOX~i3-I1+122-J*20)+BOX

X(13-T-1.22-J.20)+BOX(13-I,22-J+1i20)+BOX(13-I,22-J-i,20))/6.0
GO TC 30

28 EOX(9Jl1)=((BoX(69J,2)*2.O*uPPERK)+(BOX(7,Jli)*HARMEAN)+(BOX(5 ,J.
Xl)*UFPEFKY+tBOX(6,J+,1,)#UPPERK)+(BOX(6,J-1,j)*UPPERK))/((5o0*UPPE
XRK) 0-ARMEAN)
BOX (7,22-Jl)=((BOX(7,22-J,2) 2.0*LOWERK)+(BOX(8.22-J,1)*LOWERK)+C

XPO)((6,t22-Jtl)*HARMEAN)+(BOX(7922-J+l,pl)*LOWERK)+(BOX(7922-J-lul)*L
XOWBRK))/((5.O0LOWERK)+t1ARMEAN)
BOX(.J,20)=(CBOX(6,Ji9)'2.0*UPPERK)+(BOX(7,J.20)+HARMEAN)+(BOX(5
XJ'20)4UPPERK)+(tOX(6,J+1,20)'UPPERK)+(BOX(6,J-1,2O)*UPPERK))/(S5.
XO#UPPERK) +HARMEAN)

BOX ?,22-J,20)=(tROX(7,22-Ji 9 +)*2.0 0LOWERK)+(BOX(8 ,22-J,20)4LOWERK
X)+CRnX(6, 22-J,21O)HARHEAN)+(BOX(7,22-J+i, 20)LOWERK)+(BOX(7. 22-J-i
X,2t1)SLOWERK))/((5.0#LOWERK)4HARMEAN)
GO TC 30

29 BOX (7.jJ ,1Y=( (BOX (7,J,2)42. 0LOWERK) +(80X( 8,J i)LOWERK) +BOX(6,J I
X) HARMEON)+(BOX(7,J+,1t)#LOWERK)+(BOX(7,J-1,i)$LOWERK))X((5.0#LOWE
XRK) 4H AMEAN)

BOX({6922-J, i)=( (BQX( 6,22-JI, 2} *2.*U PPERK) t 80X( 7,9Z2-J,1 )*HARMEANI +



X eox (5. 22-J,1)*UPPERK)+ BOX(6,22-J+it I)UPPERK) +4(OX (6,22-J-i.1I)U
XPPERK))/((5.*0UPPERK)+HARMEAN)

F3OX(7,J,20b=((BOX(7,Ji9)42.O0LOWERK)+(BOX(8,J,20)*LOhERK)+(BOX(6.
XJ, Z0 2OI'RMEAN)+ (BOX (7,J+i, 20) LOWERK) +( BOX( 7,J-1, 20) LOWERK) )/( (5.
XO4LOWERK) +HARMEAN)
BOX(E,22-J,20)=((BOX(6,22-J,i9)*2.,0UPPERK)+(BOX(7,22-J,20)'HARHEA

XNI+(FOX(S,22-J,20)*UPPERK)+(BOX(6,22-J+1, 20)4'UPPERK)+(BOX(6.22-J-i
X,20 )UFPERK))/( (5.0UPPERK)+HARMEAN)

30 CONTINUE
C THE FOLLOWING SECTIGN COMPUTES THE IK SIDES

DO 3 I=2,1i
00 33 K=2,i9
IF(I.EO.61 GO TO 31
IF(I.EQ.7) GO TO 32

,, Box rvtKO(X ,iK=BOX I2,K}+2.0)+BOX(I+.l.K)+BOX(I-iliK)+BOX(tIl.K+i
- x} + rX)4OX(,viK-1))/6.o0

BOX(1 3-1,21, 21-K)=( {B0X(13-I,2o,21-K) +2.0)+ EOX(13-I+1,21,921-K)+80X
X(13-I-1,21,91-K)+BOX(13-I,2i,21-K+i)*BOX(13-I,21,21-K-1))/6*0

ROX(13-Iii1,-K)=((BOX(13-l,2,2i-K)P2.0)+BOX(13-1+1,1,21-K)+BOX(13
X-I-ilvl?i-K)+L'OX(13-I,1v21-K+i)+BOX(13-I,1,21-K-1))/6.0

BOXII,21,#K)=((BOX(I,20,KI*2.U)1+B0XSI+1,21,K)+B0XSI-1,2i,K)+BOX(I,2

Xl.K+l)+8)OX(I,21,K-1))/6.0
GO TO 3?

31 Ri3OX (S,i,Klzs (BOX(6,2,K)*2.0*UPPERK)+(BOX(7,1,K)*HARMEAN)+(BOX(5ii,
XK) 4 UFPERKI+(BOX(6,1,KtKI) 4 UPPERK)+(BOX(6,1,K-i) UPPERK))/((5.,OUPPE
XR9)4+HARMEAN)

BOX(7,1,21-K)=((BOX(7,,2i-K)#2.f0LOWERK)+(BOX(8,i,2i-K)*LOWERK)+(
XROX(6,1,21-K)*IHARMEAN)+(BOX(7,1,2i-K-i) LOWERK) + (BOX (7, l,21-K-i) L
XOWERKI )/( (5. 04LOWERK)+HARMEAN)

BOXr'.2l,K)=((BOX(6,20,K)#2.0UPPERK)+(BOX(7,2iK)*HARMEAN)+(BOX(5
X, 21,<K)*UPPERK).+.(8OX(6,21,K+1)*UPPERK)+(BOX(6,21 ,K-I)UPPERK))/((5.
XOUPPER) +HARMEAN)
BOX(7,2i,21-K)=((BOX(7,20,21-K) 2.0 LOWERK)+(BOX(8,21,21-K) +OWERK

X)4+(BO X(6.2Zi,21-K) HARMEAN)+(BOX(7,2i, 21-K+l)*LOWERK)+(BOXCT,21.2i-
)K-1)' LCIERK) ) / ( (5. OLOWERK) +HARMEAN)

GO TO 33
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32 13OX(7w,K)=( (BOX(7,2qK)*2.0LOWERK) +(BOX(81,iK)*LOWERK) 4+(0Xt(691K
X,4IARME&Nr4(8X (7dz1,K+L) 4LOWERK)+(BOX(7,ioK-±ILOWERK))/((5.4OLOWE
XRK)I+HAFtEAN)
BOK(6.i,2i-K)=((BOX(6,2. 21-K)42*0.UPPERK)+(BOX(7.i,2i-K)#HARMEAN)+

X(BOX(trbl,21-K)*UPPERK)+(BOX(691921-K+1}4UPPERK)+IsOXt6,P1B21-K-114U
XPFERK))/((5.oOUPPERK)+HARMEAN)
EOX(7 2±,K)=((BOXt7.20,K)"2e0+LOWERK)+IBOXt8,21vK)*LOWERK)+(BOX(6.

X21.-K)*HAR1IEAN)+ tBOX(7,21,K+1i)LOHERK)+CBOX(7921,K-i) LOWERK))/( (5.
X0Lt.OWER () *HARMEAN)
BOX(5;21,21-K)=((30X(6,20921-KI42.8lUPPERK)+(BOX(772192i-K)KHARMEA

XN)+( eOX(592192i-K)4UPPERK)+tBOXt6.2i.2l-K+1)*UPPERK)+(BOX(6o21.2i-
XK-1)'UPPERK))/(l5.O*UPPERK)+HARMEAN)

33 CONTINUE
C THE FCLLOWING SECTION COMPUTES THE JK SIDES

DO 3A J=2,20
n DO 36 K-2,19

IF(J.EC.11.ANO.KoLT.16)GO TO 36
B0X(I,wJ,PK)=( BOX(2,J*K)*2o0)+BOXtleJ+lbK)+BOX(l§J-lwK)+BOX~iRJPK+i

X)+EO:'iYlvJK-1))/6.0
36 CONTINLE

DO 35 K=2,19
00 35 J=2,20
IF(J.EC.11.ANDsK.GT.15) GO TO 35
00X(12,JoK)=t(O0X(1t.J,K)2.O0+BOX(12,J+IK)+BOX(12,J-iK)+BOX(12*

XJK+t)+EOX( 129JK-1))/6.0
35 CONTTNUE

C THE FOLLOWING SECTION COMPUTES THE FINITE DIFFERENCE FOR THE
C INTERICR CF BOX

DO 39 K=2,19
DO 39 J=2,20
DO 39 I=29it
IF(I.EC.6) GO TO 37
IF(I.EQ.7) GO TO 37
BOX(IsJK)=(BOX(l+lJK)+BOX(I-1,J.K)+BOX(IJ+tK)+BOXIJ-iKI+BO
XX(rJgk+1)+80X(IDJK-1))/6.0
BOXK(3-I.22-J,21-K)=tBOX(13-I+i,22-J,21-K)+BOX(13-I-1i22-J.21-K)+B



XOX(13-1.22-J+1,2i-K)+eoX(i3-I,22-J-i,21-K)+EOX(i3-I,22-J,21-K+±)4B
XOX(13-I,22-J,21-K-1)j/6. O

GO TO 39
37 BoX(vJ9K ) 3BOX (7,J,K)*HARM4EAN I +((BOX(5. J. K) +BOXI6,J+i ,K) +B0Xl6.J

X-1,K)+4OX (6, J,K+i)+BOX(6,JK-t) )+UPPERK) )/OENU
BOX(7,22-J,2i-K)=((BOX(6,22-J,2l-K)*HARMEAN)+((BOX(8,22-J,2i-K) 480

XX(7,22-J+1,21-K)+8EX(7,22-J-i,21-K)BOX(7?,22-J,21-K+I)+BOX(7.,22-J,
X2i-K-1i )'LOWERK) )/DENL

39 CONTINUE
C THE FCLLOWING SECTIGN IS A CONVERGENCE TEST AND A WRITE

XX=BCXL6,1i, lu)-XX
IF(XX.LT.CONMAX.AND.XX.GT.CONMIN) WRITE(2v501 LLL

50 FORMAT(iH ,49H THE NUMBER OF ITERATIONS AT CONVERGENCE EQUALS .I3
X)

IF4XX.LT.CONMAX.AND.XX.GT.CONMIN) GO TO 88
U1 99 CONTINUE
ko C THY FOLLOWING SECTION IS BOX-li WRITE

88 WRTTE(2,51)
51 FCRMAT(1H-,34H THE AREA OF BOX EQUIVALENT TC MAT)

Do 42 I=li?
42 WRIT;(2,52) (BOX(I,1l,K),K=1,20)
52 FCRHMT(1H ,20(lX,F5.2))

C THE FOLLOWING SECTION PRINTS THE TOP AND BOTTOM SURFACES OF BOX
WRIrT ( 2 ,53)

53 FCRMAT(1H-,31H THE TOP SURFACE OF BOX EQUALS )
WRrTE (2,52) ((BOX (,J.,K) ,K1,20) ,J=1,21)
WRrTE 42,54)

54 FCRMAT(IH-,34H THE BOTTOM SURFACE OF BOX EQUALS )
WRPTE(2,52)U BOX(i2,JK),K=i.20),J=I,21)

C* THIS PRIGRAM SOLVES THE PARTIAL DIFFERENTIAL EQUATION FOR POTENTIAL #

C* AS A IWC DEMENSIONAL FINITE DIFFERENCE ALGCRITHM

C THE FOLLOWING SECTION IS SETUP
OU= ( (3*.UtPPERK)+HARMEAN)
DL- ((3. OLU'OWERKl +HARMEAN)

I i i II4
f
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00 103 I=1,12
DO 103 K=,20

103 MAT( I,K)=15.0
MAT (,1)=Z0. 0
MAT ( 12, 20)= 10.0
DO 1iq K=1,14

109 MAr(1K.41)=l20.O-(O.5263157894K))
00 110 K=15,i18

111 MAP(i2IK+i)=(20.0-(0.526315789*K)I
C THE FCLLOWING SECTICN IS THE FINITE-DIFERENCE SEQUENCE FOR MAT

00 1e9 LLL=1,500
XX=YAT (5,9)

C THE FOLLOWING SECTICN COMPUTES THE CORNERS
MAT(12,1) =( IMAT (11.l)*2.0) 4 MAT (12. 2)*2*0} ) /4.0
MAT (i,2 01 = t MA (2.o20)*2oO+3t(MAT {1,i9)42 .0 }) /4.0

C THE FOLLOWING SECTICN COMPUTES THE SIDES
o C FRONT

DO 106 I=2,tl
IFCI.EG.6) GO TO 107
IF(I.EO.7) GO TO 108
MAT(T,1)=((MAT(II,2)*2.0IM+AT(I+1,1)+MAT(I-1ii))/4.0
MAT( 13-lI 1i= ( MAT(tl3-I, 2)*2. )+MAT( 13-Iulol )+MAT({13-I-ii) ) /4.0

C RACK
MlAT(T,20)=(lMAT(II1g)42.01smAT(I+19201+MAT(I-1,20))/4.0
MArT(13-IZ2e)=((MAT(13-I1g9)*2.0)+MAT(13-I+1,p2D)+MAT(13-I-1so20}1/4.

X0
GO TC 106

107 MAT(6,1)=((MAT(692)s2.O0UPPERKI+(MAT(5!,1) UPPERK)+(MAT(7,1) HARMEA
XN) ) / rU

MAT(F20)=((MAT(6,19)42.0$UPPERK)+(MAT(5,20)1UPPERK)+(MAT(7.20)#HA
XRMEAN) ) /OU

GO TC 106
108 MAr(,Z1 )= (MAT(7,2)*2.0*LOWERK)+(MAT(6, i), ARMEAN)+(MATc(8,1#)LOWER

XK) 11/[L
MAr(7,20)=(UMAT(7,19i)2.0*LOWERK)+(MAT(8,20)$LOWERK)+(MAT(6.20)*HA

XRMEAN) ) /DL



106 CONTINUE
C THE FOLLOWING SECTICN COMPUTES THE BOTTOM

DO 112 K=?,15
12 MAT1(12,.K)=((MAT(l1,K)2.O0)+MAT(i2,K+i)+MAT12,<K-i))/J4.0

DO 113 K=i6 .19
113 MAT(tK)=(PMAT(2,vK)2.0)+MAT(iK+l)4MAT(i,K-1))/4.0

0 ilts k=2,19
00 115 I=2,11
IF(I.EC.6) GO TO 116
IF(I.EC.7) GO TO 117
MAT (t,K)= (MAT(I+iK)4MAT(I-1,K)+MAT(I,K+i)+MAT(II.K-1))/4.0
MAT S13-I. 21-K)={ MAT{i3-I+1v21-K)+MATl13-I- ,p21-K) +MAT{13-I.p21-K+1)

X+MAT (13-I,21-K-i ) /4s0
116 MAT(r,K)=((MAT(6,K-i)*UPPERK)+(MAT(6,K+I)*UPPERK)+CMAT(5,K)*UPPERK

X)+(MAT(7,K) HARMEAN))/DU
MAT(7,21-K)=(CtMAT(7 ,21-K-i)LOWERK)*(MAT(7,21-K+i)*LObWERK)+(MAT(8,

X21-K)'LCWPRK)+(MAT(6,2t-K)*HARMEAN) )/OL
GO TO 115

117 MAT(7,KI= ((MAT(7,K-1)*LOWERK)+(MAT(7,K+1)*LCWERK)+(MATc8,K) 4 LOwERK
X)+tMAT 16,K)*HARMEAN))/OL

MAT(6,21-K)=(CMAT(6,21-K-1)UPPERK)+(MAT(6,21-K+i)*UPPERK)+f(AT(5,
X21-K) UPPERK)+(MAT(7,21-K)*HARMEAN))/DU

115 CONTINUE
XX:MrT (%T5, )-XX
IF(XX.LT.CONMAX.ANO.XX.GT.CONMIN) WRITE(2,150) LLL

150 FCRMATC1H-,56H THE NUMBER OF ITERATIONS IN MAT AT CONVERGENCE EQUA
XLS ,I6)

IF(XX.LT.VONMAX.ANO.XX.GT.CONNIN) GO TO 188
199 CONTINUE

C THE fCLLOWING SECTION IS MAT WRITE
188 WRrTE.(2,151)
151 FCRMAT(IH-,22H THE MATRIX MAT EQUALS)

00 124 I=1,12
124 WRrTFt(2, 152 (HAT(I,K),K=i,201
152 FaRMAT (tH ,20(lX,F5.2))

i i I 1 I I I II I
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crk

C* THE FOLLOWING SECTICN COMPUTES A CORRECTION FACTOR TO BE USED TO *
C* SIMULATE THE THREE DEMENSIONAL FINITE DIFFERENCE ALGORITHUM WITH
C* A TWO DEMENSIONAL FINITE DIFFERENCE ALGORITHUM PLUS THE
C* CCRRcCTION FACTOR CALLED CORRFT
C 4 + * # # #4s4 # # 4 # 4 4 $

C ACCUMB=THE ACCUMULATOR FOR CALCULATIONS ON BOX
C ACCUPM=THE ACCUMULATOR FOR CALCULATIONS ON PAT

00 213 K=i,20
ACCUYP(K)=0.0

203 ACCUMM(K)=0.0
DO 2n% I=1,12
DO 206 K=1,20
MATCOR(IK)=MAT(IK)/15.0
BOXCOR(I, K)=BXo(I,±I1 ,K)/i5s0

206 CORRMAT(I,K)=BOXCOR(IK)-MATCOR(I.K)
WRrT T (2,250)

25C FCRMAT(i'-.,i5H SECTION NUM8ERiOX,l2H BOX AVERAGE,1OX,12H MAT AVER
XAGEv,1OX,26H AVERAGE CORRECTION FACTOR)

OO 21" K=1,20
CORRFT 0K=0O. 0
OO 2' 2 I=1,12
CORRFT (K) =CORRFT (K) +CORRMAT(IK)
ACCUM1 (K) =BOX (I, 11,K) ACCUM8(K)

212 ACCUt-M K(x)=MAT II,K)+ACCUMH(K)
ACCUmFR(K)=ACCUM83(K) /12.0
ACCUPM (K): ACCUMM (K) /12.0
CORRFT (K) =CORRFT (K) /12.0

209 WRIT7(29251) K,ACCUMS(K),ACCUMM(Kl)CORRFT(K)
251 FORMAT(IH ,6XI2.23XFT.4,16XF7.4, 2iXF7.5)

WRITE (2,252)
252 FCRMBT(IH-,22h THE CORRECTION MATRIX)

DO 2'.8 I=1,l1
00 218 K=1.20,5

218 WR.ITE'(2.253)CORRMAT(IK), I,.KCORRMAT(IKK+i) ,IK+iCORRMAT(tr.K+2) .I
XK442,CORRMAT(IK+3),IIK+3,CORRMAT(IK+4),IK+4

253 FCRMAT(tH ,i(Fi10.7,iXI3,1XI3,3X))



WRITE (2,252)
O0 221 I=1,12

221 WRrTE(2,254)(CORRMAT(IK),K=1,20)
254 FCRMAT(1H ,20(iXF5.31)

C* THE FOLLOWING SECTION COMPARES THE THREE DEMENSIONALY DERIVED
C* SOLUTICN WITH THE TWO OIMENSIONALY DERIVED MAT AND PERFORM A
C* NUMEER CF STATISTICAL TESTS ON THE DIFFERENCE BETWEEN THEM

C THE FCLLOWING SECTICN SETS THE LIMITS TO WHICH THE PROGRAM WILL
C FUNCTION NUM=THE NUMBER OF OBSERVATIONS,

NUM= 20O
XNUM=220. 0

SUM=C0.0
WRrTE(29,350)

350 FORMAT IIH-,64H THE STATISTICAL RESULTS OF THE ENTIRE CORRECTION MA
XTRIX EQUALS )

C THE FOLLOWING SECTION CALCULATES AVERAGE
DO 3 3 I=1,1Z2
DO 393 K=1,20

303 SUM=SUH+CORRHATtIvK)
XBAR SUM/XNUM
WRITc(29352) XBAR

352 FORMAT(1H 9371- THE AVERAGE VALUE OF CORRMAT EQUALS ,F12.9)
DO 316 I=2,12
DO 306 X=1920
Ix-IX*1

306 ACCUM(I))=CORRMAT(IK)-XBAR
K=D
GO TC 399

388 K=K+i
WRIlTE (2q3S1) K

!51 FCRMAT(iH-934H THE STATISTICAL RESULT OF COLUMN 9.1298H EQUALS I
DO 318 1=2,1Z

318 SUM=-UM+CORRMAT(IK)

1 4 I t l I I I I ( I l l I t { l l i
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XBXR=SUM/XN L'i
WRIITE(2,352) XBAR
DO 321 I=2, 12

'21 ACCUi(I)=CORRMAT (I,K)-XBAR
399 CONTINUE

SUM=o . o
DO 30q 9=1,NUM

!09 SUM=SUM+(ACCUM(I)**2*0)
C THE FOLLOWING SECTION CALCULATES VARIANCE

VAR=SUM/( XNUM-i)
WRIITE(2,353) VAR

353 FORMAT(tH .32H THE VARIENCE OF CORRMAT EQUALS DFi2.9)
C THE FOLLOWING SECTION CALCULATES STANDARD DEVIATION

ST0EV='AR**0.5
WRIT1£t2,354 ) STOEV

354 FORMAT(IH ,42H THE STANDARD DEVIATION OF CORRMAT EQUALS oFi2.9)
SUM=Q.o

C THE FOLLOWING SECTICN CALCULATES SKEW
DO 312 I=1,NUM

312 SUM=SUM4(ACCUMtI)$ 4 3)
SKEW=SUt/t(XNUM-1i3 (STOEV**3.0))
HRrTE(2,3!5) SKEW

355 FCRMAT(IH .29H THE SKEW OF CORRMAT EQUALS ,F12.9)
C THE FOLLOWING SECTION CALCULATES KURTOSIS

SUM= 0.0
00 315 I=1,NUM

315 SUM=SUMt+(ACCUM(I)**4. 0)
KURT=SUMt((XNUM-I)*(STOEV**4.0))
WRITE(22,356) KURT

356 FORMAT(iH ,32h- THE KURTOSIS OF CORRMAT EQUALS ,Fi2.9)
I X-n
NUM=12
XNUM=11 .0
IFIK.LT.2O) GO TO 388

C4SS$44 MSSFS+MSr44+ S+++MS$SS+SM~S+SI~SM~

C* THE FOLLOWING PROGRAM ADJUSTS THE CORRECTION MATRIX TO FIT THE



Cal MODEL CF THE PAHUTE MESA - YUCCA FLAT GROUNU WATER SYSTEM

DO 403 I=2ti2
L=U
00 40! K=1,48vi2
L=L+i
C0RRH0D(II)=CORRHAT(I,L)
CORRMD (IK+i=CORRMAT(IL)
CORR"00IrK+2)=(CORRMAT(I,L)*0.4166)+(CORRNAT(t,L+4i30.5833)
L=L+l
CORHRDM(IK+3)=CORRMAT(I,L)
CORRMOC(r,K+4b=LCORRHAT(I,L)*0.8i66)+(CORRMAT(I,L+iI '0.1833)
L=L +
CORRMCCt(IK+5)=CORRMAT(IL)
CORRMOJ(IK+6)=CORRMAT(I,L)

ch CORRMOD(I,K.7)=(CORRMAT(I,L)*0.2166)+(CORRMAT(ILsi +0.78331
ul L=LL+1

CORRIOCD(I,K+8)=CORRMAT(IvL)
CORRMODfIvKI9)=(CORRNAT (IL)3D.6166)+(CORRMAT(l,L+11)0.3833)
L=L+1
CORRMOD(Ivt10)=CORRMAT(IL)

403 CORRO0(IvIK+l)=CORRMAT(IL)
00 416 K=1,22
CORRPCD(2,K)=(CORRMOD(2,K)+(CORRMOD(3,K)'O.8333))
CORRMO(3,tK)O=(CORRMOD(3,K'f0.1666)+CORRMOD(4,K)+(CORRNOD(5.K)'U.6

X666))
CORRM-CD(4,K)=((CORRMOD(5,K)'0. 3333)+CORRIO X(6,1K+(CORRHOD(7,K)'0.5

XI)
CORRMO0(5,K)=(CCORRtOD(7,KK 4 0.5).CORRMtO0(8,K)+(CORRMOD(9,KIu0*3333
X))
CORRMOD(6,KI=((CORRMOD(9,K)*0.6666)+CORRMOO (10K)+(CORRHOD(11.K)'O
X. 166',))

406 CORR4 00(7,K)=((CORRMOD(12,9KIO.8333)+CORR0MD(12.K))
00 439 K=23,36
CORRMOD(3,K)=(CORRMOD(2,K)+CORREOD(3,K)+(CORRMOD(4,K).0.2))
CORRP00(4.K=((CORRMOO(4,KI'.8I)+CORRMOD(5,K)+(CORRtOD(6,K)#0.4))

I I I ( I l I I I
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CORRMOD(5,K)=((CORRmaOO(6,K)*l.6)+CORRMOD(7,K)+(CORRMOD(8,K) 0.6))
CORRMOD(6,K)=((CORRMOD(8,K)4 0.4)+CORRIOO(q,K)+(CORRMOD(j0,K)*0.8))

40a? CORR100C(7.K)=((CORRO4(iO0,K)*0.2)+CORRM O(iiK) +CORRMOD (i2.K))
00 412 K-37.45
TEMPCNE=(CORRMOO(iK)+CORRMOD(2,K)+(CORRMOD(3,K)*0.75))
TEMPT hO=( (CORRIOD(3,K) 0 .25) +CORRMOD(4. K)+CCRRMOD(5,vK)+ (CORRHOD(6,

XK)'.0 .5))
CORR-100(309)=TEMPONE
CORRM00 (4.K)=TEMPTWO
CORRMOC t(5,K)= ((CORRMOD(6(6,K)'0.5)+CORRMOD(7, K) +CORRM0D(8 .K)+ (CORRMO

XO(09.K) *0.25))
412 CORRMOD (6.K)=((CORRMOD(09,K)*0.75)+CORRMOD(C10K)+CORRMOD(iI.K))

00 413 K=46,47
TEMPCNE=(CORRMOO(iK)+CORRMOD(2,K)+CGRRMOO(3,K)+(CORRMOD(4.K)#fl.66

X66)')'(3.0/il.0)
TEMPTO=((CORRMOD(4,K)#0.3333)+CORRMOD(5,K) +CORRMOD(6,K)+CORRM00(7

XK)+(CCRRMoO(8,K)*0.3333))#(3.0/lI.O)
TEMPTHR=( (CORRMOO(8.K)'0.6666)+CORR MOD(09,K)+CORRMOD (10,K)+CORRMOD

X(t11,())(3.0/11.0)
CORRMOD (4,K) =TEMPONE
CORRM0(5,K)=TEMPTHO

413 CORRMOO(6,K)=TEMPTHR
DO 423 I=2.7
DO 423 K=1,22

423 CORRMO0(IK=CORRMOC(IK)*(6.0/11i.)
DO 4?7 1=3,7
00 427 K=23,36

427 CORRMOD(tIK)=CORRMOD(IK)'(5./Ol1.0)
DO 410 I=3,6
DO 430 K=37,45

430 CORRMCO(I.K)=CORR0OD(IK)#(4.0/1i.0)
WRITE(2,450)

450 FCRMAT(1H-,63H THE FIRST PART OF THE CORRECTION MATRIX FOR THE PAM
X-YUC P.CDEL )
00 415 I=2,7

415 WRITE (2,4'5) (CORRMOD(IvK),K=i,1.)



451 FCRMAT(iH o1i(iXF5.3))
WRIT (2,456)

456 FC2MAT(iH-95H )
00 416 1=2,7

416 WRITE(2,4Eli (CORRMOC(IK).K=12,22)
WRIT' (2 ,45Z)

452 FORMATT(1H-964H THE SECOND PART OF THE CORRECTION MATRIX FOR THE PA
XH-VUC ICOEL )

00 418 I=3,7
418 WRITE (2,451) (CORRMOC(I, K).K=23,33)

WRrTE (2I456)
DC 419 I=3t7

419 WRDTE (2I454) (CORRMOC(IK),K=34,45)
454 FCRM0T(1H ,12(iXF5.3))

WRITE (2,453)
a453 FCRMAT(1H-,63H THE THIRD PAiT OF THE CORRECTION MATRIX FOR THE PAN

X-YUC MODEL )
DO 421 I=4,7

421 WRITF (2455)(CORRMOC(IK),K=46,48)
455 fCRMAT(IH ,3(iXF5.3))

00 440 K=1,22
440 WRrTE13.459) (CORRtO(IK),I=2.7)
459 FCRMA T(iH ,6(F7.4,3X))

DO 442 K=23,45
442 WRIT (3,t457) (CORRMOCt(IK).I=3,7)
457 FORMtAT(lH ,5tF7.4,3X))

DO 445 '=46,48
445 WRrTE (3,458) (CORRMOIJ(IK),I=4,7)
458 FCRHAT(IH ,4(F7.4,3X))

£I I 1. 1 I
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PROGRAM PAHYUC(INPUTTAPEI=INPUTOUTPUTTAPE2=OUTPUT)
REAL HYOCON(7,48),CORRMAT(7,48),PYKOO(7,48)
REAL LOWERK
REAL PYCORR(7,48)
DO 1 I= 1,7
00 1 K=1.,48

1 PYM0!J(IK)=10i2.5
00 3 K-1,22

3 READ(195,01(HYOCON(1,K)vIi1.7)
50 FCRMAT(7(F10.6))

00 6 K='e3.45
6 READ(t1,51(HYDCON(IK),I=2,7)

51 FC`RMl'T(F(Fl0.6))
DO 9 K=46,48

9 READ(1,52)(HYDCON(IvK),I=3,7)
CY% 52 FGRMATl5tFl0*6 ))
o o00 12 K=t.22

12 READ(11'F3) (CORRMAT(I,K),I=2,7)
53 FQRMrT(IX ,6(F7.4,3X))

00 1, K=23,45
15 READ(1,q4U(CORRMAT(IK) ,I=3,7)
54 FORMAT(1X,5(F7.'4,3X))

DO 11 K=46,48
18 READ(1,55t(CORRMAT(IK),I=4,77)
55 F0RMATT(1Xv4(F7.4,3X))

DO 21 K=1i22,6
21 READ(i,%).(PYMODt1.L),L=KK+5)
56 FCRM'T(6(F4.G,2X))

DO 2-; K=23,45,6
24 READ(i,57) tPYMOD(2,L) ,L=KqK+5)
57 FCQ'AT(6(F4.o0,2X))

READ( 1,58) (PYMOD(3,L),L=46,48)
58 FCRMfTIt(F4.e0Q2X))

C THE FCLLONING SECTION COMPUTES THE FINITE DIFFERENCE EQUATIONS
DO 99 LL=L1,10000
XX=PvtMOD(4, 24)



C THE FCLLOWING SECTION COMPUTES THE CORNERS
pymon (7,1)=((PYMO0(7,2)42.a0HYOCONN(7ii)+(PY1OO(6,i) 2.o#HYOCON(6.

Xi)1) X)/( (HYCCON (79i)*2.01}+ (HYOCON(6ip1}*2* 0 )
C THE FOLLOWING SECTICN COMPUTES THE SIDES

00 30 I=2,6
30 PYM0O0Iet1=((PY4OC(I,2)*2.g#HYDCON(I,1))+(PYMODtI.l4i)*HYDCON(I+l.

Xi))+(PYrOr(I-i,1) 4 HYOCON(Iwi)s/,((HYOCONcIi)2.a0)+HYDCONcI+1,i)+HI
XYOCON(II,))

00 33 I=4.6
33 PYMOOdI,#e)= ((PYMOD(I,47)*2.*0*YOCON(I,47)) +(PYHOD(I+1,48)HYDCON(

XI+i,4R))+(PYMOO(I-1,48)*HYDCON(1I48)))/c(HYOCON(I,47)2.20),HYDCONc
XI+1i,48) 4I+tllCON (1.48))

00 36 K=2,36
36 PYttOE(7 ,K)=UPYMOD(6,K) 4 2. 0HHYDCON(6,K))+(PYMOO(7,K(+I)HYDCON(?.K)

X)+(PYMOC(7,K-i)#HYDCON(7,K-1)))/((HYDCON(6,K)*2.0)+HYDCcGN(7IK-i).H
oXYDCON(7,K))

DO 37 1K=37,48
37 PYMOC(71,K )=627.0

00 3 1=2,6
DO 39 K-2Z22

39 PYOEC(I.K)=(CPYM0D(I+1,K)*HYDCON(IK))+(PYMOO(I-lKi#KHYDCON(I-tiK)
X(+ PYMO(IK +I)*HY0CON(IK)+4(PYMOO(IIK-1i)+HYDCON(IK-1))),(HYDCON
X(I,K).HYDCON(I-1,K)+HYDCON(IK)+HYOCON(IK- 1))
00 4? I=3,6
00 4? K=23,45

42 PYM00(1,K)=:((PYMOD(I+1,K) HYDCON(IK))+(PYMOD(I-sIC,)HYDCON(I-±l.K)
X)+(PYMCt(IK+i) 4 HYDCON(IK))+(PYMOO(IK-1)*HYDCON(IK-±)))/(HYOCON
X(IiK'+HYDCON(I-1,K)V.HYDCON(I.lK)+HYDCON(I, K-1))

D0 45 I-4,6
DO 45 K-46,47

45 PYMOD ItI <= t tPYMOO(I+1,K)*H"YDCON (I .K) )+ lPYMOD(tl-1.K )*HYDCON {I-1,K)
X) +(PYMCD (IK+1)*HYDCON (I,K) ) +(PYMOD tI.K-i) HYDCON tI, K-1 )) ) /(HYDCON
X(IiK)* kYDCON(I-l,K).HYDCONtIK)+HYDCONCI,K-1))

XX-PYMOD(L4,24)-XX
IFIXX.LTr C. 0001. AND-XX.GT.-0. 0001)W RITE (2,59) LLL

59 FORMAT(IH-,58H THE NUMBER OF ITERATIONS IN PYMOD AT CONVERGENCE EQ

( i I I I I I I I I I i I I I l I
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XUALS , 16)
IF(XX.LT. C.COOi.ANO.XX.GT.-0.0001) GO TO 88

99 CCNTINUF
88 wRrTE(2,160)

160 FCRMAT(IM-970H THE HEAD DISTRIBUTION hITHIN THE PAHUTE MESA-YUCCA
XFLAT MODEL EQUALS )

WRIT' 1(2,61)
61 FCRMAT(1H-,12H SECTION ONE)

00 48 T=1.7
48 lRITF (2.62) (PYMOO(IK) ,K=1,22)
62 FORM£T(1H .22(F5.0))

WRDTE (2,63)
63 F0RMAT(1H-,i2H SECTION TWO)

DO 40 1=2,7
49 W~rTE(2,64)(PYMOO(IK), K=23.45)
64 FCRfrtT(tH ,23(F5.0))

WRITE (2 ,6 )
65 FCRMAT(JH-,14H SECTION THREE)

00 73 1=397
73 WRITE (2,66) (PYMOD(IK).K=46,48)
66 FCRMAT(IH ,3(F5.0))

WRUTT (2,67)
67 FORMIT(1M-,610H THE HYDRAULIC CONDUCTIVITY VALUES USED IN THE PAH-Y

XUC MODEL)
WRrTE (2,61)
O0 76 K=1,22

76 WRDTE(2,61I)(HYDCON(I.K),I=1.7)
68 FORMIT(1M ,7(F10.695XI)

WRITE 2,63)
00 7q K=23.45

79 WRrT' (2,66) (HYDCON(IIK) ,I=2.7)
69 FCRMAT(1H ,6(Fl0.6,5X))

WRITE (2,65)
00 61 K=46,48

81. wRrT1(2,70) (HYOCON(I,K),I=3,97)
70 FCRMAT(IH ,5(Fi0.6,5X))



WRITE t2 ,150)
150 FCRMAT(IH-,23H THE CORRECTION MATRIX I

WRITE (2,1)
00 iO3 K=1,22

103 WRITE(2,69)(CORRMAT(IK)*I=2,7)
WRITE (2,63)
DO 106 k=23,45

106 WRITE(2.70)(CORRMAT(IK),I=3.7)
WRDTE (2,65)
00 1t9 k=46*48

109 WRDJTE(2112)(CORRMAT(I.K).I=4.7)
112 FCRM8T(iH v4(F10.6,5X))

PYSU= 0.0
DO 84 I=1,7
00 84 K=1,22

84 PYSUM=PYSLM+PYMOD(I.K)
00 85 I=2.7
DO 8' K=23,45

85 PYSUP=PYSUM+PYMOOC(IK)
0O 8' 1=3.7
DO 86 K-46,48

86 PYSUP=PYSUM+PYMOD(I, K)
AVEPY=PYSUM/3C7. 0
WRITE (2v153) AVEPY

153 FCRMAT(iH-,47H THE AVERAGE VALUE OF THE PAH-YUC MODEL EQUALS vF8.2
X)
00 87 I=Z.7
DO 87 K=1,22

87 PYCORR(I,K)=PYMOD(I,K)+(CORRMAT(I.K)*AVEPY)
DO 8q I=3.7
00 89 K=2336

89 PYCORR(IK)=PYMOO(I,K)+(CORRMAT(IK)*AVEPY)
DO 94 1=3,6
DO 94 K=3?,45

94 PYCORRtIK)=PYMOD(IK)+(CORRHAT(I.K)*AVEPY)
00 91 1=4.6

I I I I i i I I I ( ~ ~I I I ( Ii I I I



f ( r I r r r r I II I, I I

00 90 K=4E,41
90 PYCO;R(I.K)=PYHMO(IK)+(CORRMAT(I.K)*AVEPY)

W RI T E(2 ,1 54)
154 FCRMAT(l H-,80,h THE CORRECTED HEAD DISTRIBUTION IN THE PAHUTE MESA-

XYUCCJ FLAT GROUNDWATER MODEL)
WRITF (2,61)
DO 9' 1=1,7

91 WRrTE(2,62)(PYCORR(IK)hK=i,22)
WRrTE(2.63)
DO 92 I=2Z7

92 WRrTE(2,64) (PYCORR(IK),K=23,45)
WRrTE (2,65)
DO 93 I=3,7

93 WRITE(2.66)(PYCORR(IK) K=46,48)
UPPEXK=C.C
LOWERK=0.
DO 2C0 K-1,22
UPPEPK=UPPERK+HYOCON(IK)+HYDCON(2, K)+HYDCON(3. K)+ CYDCON (4,K)/2.0
X)

200 LOWERK=LOWERK4(HYOCON(4,K)/2.O)+HYDCON(5,K)+HYDCON(6,K)+HYDCON(7,K
X)
00 210 K=23,45
UPPERK=UPPERK+HYOCON(2,K)+HYDCON(3,K)+HYDCON(4,K)

210 LCWE;K=LOWERK+HYBCON(5,K)+HYDCON(6,K)4+1YDCON(7,K)
DO 220 R=46,48
UPPEqK=UPPERK+HYDCON (3,K) +HYDCON (4, K) +(HYDCON(5,K)/2*0)

220 LOWE'K=LOWERK+(HYDCON(5,K)/2.0)+HYDCON(6,K)+HYDCON(7,K)
UPPERK=UPPERK/153.5
LOWERK=LOWERK/153. 5
WR.T'T(2,230) UPPERKLOWERK

230 FORMAT(IH-,14H UPPERK EQUALSFt0.6,20X,14H LOWERK EQUALSF10.6)
STOP
END
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