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PREFACE

This‘thesis is a study of the impact of an earthen-fill dam on the
ground-water flow regime. The basic approach was to adapt and apply an
existing mathematical model to the problem of seépage from an earthen
structure. A thorough review of existing hydrologic and geohydrologic
data for the area to be modeled was completed.“The data obtained by
core drilling and well monitoring during this stﬁdy was correlated with
existing data for the area. These data were used as the boundary
parameters for the mathematical model applied to the problem.

Several of the mathematical models available for ground-water flow
problems were reviewed aﬁd one was selected and adépted to the IBM 360-50
computer for this study.

I would like to express my gratitude to Dr; Douglas C. Kent for his
diligent review and helpful suggestions in the research and writing of
this thesis. I would also like to thank Dr. Alex R. Roés and Dr. Zuhair
Al Shaieb for their editorial comments and‘suggestions.

My sincere thanks to Dr.‘Donn G. DeCoursey, Director, and to the
staff of the Southern Great Plains Research Watershed, Agricultural .
Research Service at Chickasha, Oklahoma for ;heir assistance and en-
couragement In this study. The research for this thesis wa$ a part of
the research conducted under a cooperative research agreement between
the Department of Geology at Oklahoma State University and the Southern

Great Plains Research Watershed, ARS, at Chickasha.

Special thanks go to Mr. R. William Nelson for his generosity in
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the uss and adaptation of his mathematical model for this thesis.
Thanks'alss to Mr. Edward Seely for his assistance in writing computer
progrsms used in this thesis, and to Mr. Samuel C. Bingaman who aided in
thé collection and reduction of data used in the study. A very special
thanks to Mrs; Betty i. Golden who provided secretarial assistance aﬁd
editerial insight toward tﬁe completion of this thesls and to Mr. Justin
Giddens who drafted the final figures.

Msre than any of those mentioned above, I want to thank my wife,
Mary, for her loving consideration and understanding during the several

months required for the completion of this thesis.
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CHAPTER I
INTRODUCTION
Background

This study wés done in cooperation with the Southern Great Plains
Research Watershed at Chickasha, Oklahoma. The station was established
in 1961 and since that time; has been conducting studies on the effects
of upstream land management practices on the flow regime along the main
stem of the Washita River from Anadarko to Alex, Oklahoria. The ground-
water segment of the hydrologic cycle has been under investigation to
determine its impact on the flow regime in the main stem of the Washita
River. In order to evaluate adequately the effects of groﬁnd-water flow
on the main stem, it was first necessary to determine the impact of up~

stream changes and improvements on the local ground-water flow.
Objectives

The objéctive 6f this study was to determine the impact on the
ground-water flow regime associated with an earthen-fill dam on a
typical upstream tributary of the Washita River. A mathematical model
was used to disqfibute hydrogeologic parameters in order that a more
realistic potential head response could be determined for water seeping
either under or around a dam. Using this information, the time of

travel, quantity and quality of both subsurface flow downstream and

effluent flow can be more accurately predicted.



The vélidity of ﬁﬁe mathematical model was tested by determining
how well the mathematically determined‘distfibution‘of the coefficients
of permeability and the mathematically produced piezbmetric surfaces
would compare with measured data.

The distribution of the coefficient of permeability, determined
mathematically, was coﬁpared with maps prepared using pump test §r lab-
oratory data. The piezometric surface maps developed mathematically
were compared with the measured piezometric surface. A comparison of
the mathematically predicted piezometric surface and the actual piezo-
metric surface measured both "Before" and "After" the comstruction of
the dam was alsb used to determine the validity of the predicted sub-
surface flow dbwnstream from the dam., When it &as determined that the
predicted piezometric surface reasonably described the water-level con-
ditions after dam construction, values from this surface were selected
as input to a mathematical model. The model was used to determine the
rate of subsurface flow under and around the dam‘and the downstream

distance where effluent conditions would appear as base flow.
Procedure

Site 13 on the Sugar Creek watershed of the Washita River was
selected for extensive.instrumentation. ‘The dam at Site 13 is about
1,000 feet wide and is east trending across a broad flat alluvial flood
plain. There was initially very little ehannel présent in the valley
and a shallow water table existed during wet periods. ‘The bedrock at
the edges of the valley and against\whicﬁ the dam abuts on either end
are the Rush Springs Formation (sandstone) of Permian age and the

underlying Marlow Formation (shale).



A network of scme 96 piezometers was installed at this site to .
monitor the changes in ground-water levels "Before" and "After'" the dam
was completed and filled with water.ﬂ‘The piezometers were installed
using for the most part, hand-driven, 1/2-inch steel casing. In addition,
thirty-one lnl/Zwiﬁch casings were set in holes, drilled‘using the
rotary method, to deeper depths than it was possible to hand drive the
smaller casing. The distribution of these instruments is shown in
Figure 1.

Piezometer measurements made prior to the completion of the struc-
ture and continuing through the first filling of the structure indicated
that there was hydraulic transmission from the water stored in the
reservoir to the water moving in fhe subsurface downstream from the
structure (32). Site 13 was considered an excellent location to test
out a mathematical model which could be applied to predict the impact
of these structures on ground-water flow because of a history of appar-
ent seepage from the reservoir. The topographic and physical features
of the Site 13 drainage area were also typical of many of the watersheds
where floodwater retarding structures have been buiit in:the Southern

Great Plains (5).
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CHAPTER I
DESCRIPTION OF STUDY AREA
Geographic Location

The Site 13 floodwater retarding structure is an earthen-fill dam
which is located 4 miles south and 1-1/2 miles west of the town of
Hinton, Oklahoma in Caddo County (Figure 2). The structure is built
across a tributary to Sugar Creek which is a tributary to the Washita
River. The drainage area into the structure is approximately 1,165
acres, or just under 2 square miles (25). The valley is southwest
trending and is confluent with Sugar Creek approximately 1,500 feet

dovmstream from the structure.
Economy

In the upper Sugar Creek Watershed, the economy is primarily agri—
culture. To the west of the study area is a heavily developed atea of
irrigation wells which are used to provide water for growing of peanuts
and melons (5) (30). The cultivation QCCurs in the silty to sandy allu-
vial material as well as in the shallow soil profile which has developed
on the flat surface of the upper extent of the Rush Springs sandstone.

Within the perimeter of the Site 13 study area, the primary econo-
mic activity is raising cattle. These graze on the grasslands in the

alluvial area above and below the structure. Along the east abutment
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near the watershed divide, some small graln is grown. There are two
hybrid walnut groves along the abutments on elther side and downstream
from the structure; however, these are not considered an economic enter-

prise at present.
Geology
General

There are three geologic units exposed in the Site 13 study reach
(9). Two of these units are Permian in age while the third is Quater-
nary. A geologic map of the‘upper Sugar Creek watershed by Levings was
used as a base map for this study (Figure 3). Both field work in the
Site 13 study reach area and the drill hole logs and cores obtained by
the Soil Conservation Service and the Agricultural Résearch Service were
used to describe the alluvium and bedrock as well as their hydraulic

properties.

Permian System

The Marlow Formation and the Rush Springs Formation, which together
make up the White Horse Group, are the two Permian strata that crop out
in the Site 13 study area (1). The Marlow Formation outcrops in the
study area only in badly eroded gullies and along roadsides near the
alluvium contact in the Site 13 study area. It is the older of the two
Permian strata, and can be characterized as a red brown siltstone with
lenses of very fine sandstone and gypsiferous stringers. »The Marlow
Fofmation is in contact with the alluvium generally in the subsurface of
the Site 13 study area and is of primary significance in this study be-

cause it serves as a lower boun&ary for determining the extent of

i
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ground-water seepage movement out of the Site 13 reservoir. The Marlow
Formation is overlain disconformably throughout the Site 13 study area:
by the Rush Springs Formation. The contact zone between these two for-
mations is difficult to map because it is gradational in nature and the
texture of the underlying sandy siltstone of the Marlow Formation and
overlying fine-grained sandstone of the Rush Springs Formation has simi-
lar weathering characteristics. The Rush Springs Formation is composed
of sub~angular to sub-rounded quartz grains with calcite and iron
cementing agents which are typical of the Permian strata of the area.
The Rush Springs Formation ig primarily a reddish brown to reddish
orange silty fine to medium grained cross~bedded sandstone and appears
in road cuts as erosion-resistant steep walls. Near the watershed di-
vides of the Site 13 area, the thickness of the Rush Springs Formation
is as much as 100 feet. The Rush Springs Formation thins to only a few
feet in the area of the dam site and therefore is not a significant

aquifer for an irrigation supply in the study area.

Quaternary System

The Quaternary system exposed in the Site 13 study area is made ;p
entirely of nonindurated floodbplain alluvium. These materials range in
size from clays through coarse sands, but are primarily in the clay,
silt,\and very fine sand range. Nearly 40 percent of the watershed area
of the Site 13 study area is overlain by these alluvial sediments. The
dam is built with a relatively impermeable core extending along its en-
tire length and rests upon 50 to 60 feet of silt and fine sand.
Gradational variations of the grain size of sediments within the allu-

‘vium commonly occur both vertically and horizontally.
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The thickness of the alluvium ranges from zero feet at the bedrock
contacts on either side of the valley to as much as 100 feet near the
center of the valley;_ However, most of the sediﬁents encountered at
depths below 50-52 feet were impermeable clays. The top of the clay was
used as a lower hydraulic boundary in modeling the center of the valleyf
Using the clay as a lower boundary a more or 1ess rectangular cross sec-
tion can be visualized which is approximately 1,000 feet wide and 50
feet deep. Seepage‘from the structure can be coﬁsidered to flow through

this cross section..
Topography

The land surface of the Site 13 study area is moderate to sharply
rolling with the more erosion-resistant sandstsne in the Rush Springs
Formation acting as a controlling féature which generally exhibits steep
sided gullies and canyons. A dendritic drainage pattern is character-
istic of the upper reaches of the Sugar Creek Watershed and in the Site
13 drainége area, where the topographic relief ranges from 1,395 feet on
the valley floor to 1,475 feet in the watersﬁed di;ide.

The cﬁannel that controls the flow down the Site 13 tributary
valley is very shallow and practically nonexistent in the upper reaches.
The channel downstream‘from the structure.has been modified into.a
drainage ditch by the Soil Conservation Service in order to help relievé
high water table conditions after the structure was built. A topo-

graphic map of the area with the dam in place is shown in Figure 4.
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CHAPTER III
METHODS AND PROCEDURES
Data

Continuous recorder wells and piezometers were strategically loca-
ted and drilled to varying depths to determine thé extent of transient
or vertical movement:of’ground—water flow near the dam.' The additional
plezometers were installed in groups of three on the downstream side and
on the top of the dam (Figure 5) and were used to monitor differences in
piezometric head through the structure. Water level observations since
Augus; 1973, in the piezometer banks indicate that pressure head differ=~
ences occurring at different depths near the base of the dam were less
than 2-1/2 feet and therefore, vertical flows within the system were
considered negligible. The hydrographs for the piezometer banks at Site
13 are shown in Figures 6, 7, 8, and 9. Because vertical flow was found
to be insignificant, it was possible to use a two dimensional, steady
state mathematical model to describe the flow system.

Three holes were core drilled, one below (Well No. 784) and two
above the dam {(Wells No. 774 and 783). Samples from these holes were
analyzed in the laboratory to determiﬁe both vertical and horizontal
permeabilities of the alluvial sediments on which the dam was built.

A Damco rotary drilling rig was used for thé coring. Because
unconsolidated and bedrock matérials from both the saturated and unsatu-

rated zone were to be cored, special types of coring equipment were

12
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. necessary. Mr. Bob R. Toland, driller for the Agricultural Research
Service in Bushland, Texas, was employed for this field investigation.
Similar procedures had been used during an investigation in the lower

Sugar Creek Watershed in 1970 (9).
Laboratory Procedures

A So0il Test Model K~670 high pressure permeameter was used for the
laboratory determination of the coefficient of permeability. The perme-
ameter test runs were made on the small 3/4-inch diameter, vertical and
horizontal plugs which were obtained from the larger 3-inch piston and
push tube cores. Selection of thevplugs ﬁés made on the basis of
changes in visual appearance of the material. The visual descriptions
of these‘matérials are listed in Table 1. Using this permeameter test,
both constant head and falling head permeabilities were obtained for the
material and the results of the analyses are showrn in Table 2. Values
obtained from the pe;meability tests were exﬁressed in gallons per day
per square foot. Thése values were corrected to a field temperature of
16° C. for use as field permeabilities. The cumulative distribution of
sediment size was determined for each plug sample using the visual accu-

mulation tube method (31). The resulting statistics of the sediment

distribution are also shown in Table 2.
Evaluation of Pump Test Data

Tdeally, a pump test in the field would represent a measure of the
amount of water that can travel through the subsurface material in re-
sponse to a constant pumping rate. However, it has been found in these

investigations and in other pump tests studies that well completion
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TABLE I

DESCRIPTION OF CORE SAMPLES

Data Number

Detailed Laboratory Description

Sample/Data/Depth
No.  No. (ft.)

type, size; color; other

54/774/0-.1
5B/774/.1~-1.0

40/77475.1-5.4

a 4B/774/5.4-5.9
E 4C/774/5.9-6.6

B IA[T74]7.6-7.7
& 1B/774/7.7-8.17
=] .

3A/774/11.0-12.5
10A/774/18.7-18.9
10B/774/18.9-19.8

1A/774/23.7~24.9
1B/774/23.2-23.7

8A/774/49.3-50.7

Silt and clay; black

Sand, very fine; red brown with vertical black silt streaks and
vertical rootlets; no visible crossbedding

Sand, very fine; red brown with laminated silt streak; no
visible crossbedding

Silt and clay; gray

Silt and clay; gray and buff

Sand, very fine; brown and silt; black
Sand, very fine and fine; brown

Silt and clay; black
Sand, very fine and fine; red brown with silt
Sand, very fine and fine; red brown

Sand, very fine; red brown, massive, no visible crossbedding

Sand, very fine and silt; dark gray brown; massive, no visible
crossbedding .

Sand, very fine and fine; red brown

2B/784/1.5-2.2
2A/784/1.2-1.5

2.2-2.7
9A/784/3.0~3.3
98/784/3.3-3.6
6A/784/3.6-4.5

SOUTH WELL

11A/784/60.0~60.4
11B/784/60.4-60.5
11¢/784/60.5-61.3

Sand, very fine; buff

Sand, very fine and silt; dark brown; massive, no visible
crossbedding

Sand, very fine and silt; brown

Silt; brown

Sand, very fine; red brown; with short vertical streaks of
black silt and with vertical streaks of light gray very
fine and fine sand; massive, no visible crossbedding

Clay; dark gray

Sand, fine; tan

Clay; dark gray

12A/Bedrock/38.5-38.7
12B/Bedrock/38.7-39.0

12C/Bedrock/39.0-40.0
12/D/Bedrock/40.0-40.4
12E/Bedrock/40.4~40.5

BEDROCK

Sandstone; massive, well cemented

Sandstone; with horizontal fractures filled with soft sandy
clay .

Siltstone, with sandstone; medium hard

Sandstone and sandy clay; alternating lenses

Sandstone, friable




NORTH WELL

BEDROCK

SOUTH WELL

TABLE II

ANALYSES OF CORED SAMPLES

Data Number Grain Size Distribution Permeability

% by Weight Uniformity
: of Fine Coeff. Falling Head Constant Head
Sample/Data/Depth Fraction Grain Size 60mm 24°C/16°C 24°c/16°C
Fo. = Ne. (ft.) (<.062mm) Dsq (um) 10mm (gpd/£t2) {gpd/ft2) Direction

54/774/0-.1 Not sampled (Too thin) -

5B/774/0.1-1.1 29.5 .07 1.29 2.09/1.71 1.64/1.35 Horizontal
5B/774/0.1-1.1 10.7 .105 1.88 2.82/2.31 2,56/2.10 Vertical
44/774/5.1-5.4 35.6 .069 1.5 . 14.35/11.77  9.12/7.48 Horizontal
-4A[774/5.1-5.4 . 17.1 .081 T 1,53 4.94/4.05 - 4,06/3.33 Vertical
4B/774/5.4-5.9 65.8 .05 1.54 Impermeable Impermeable Vertical
4C/774/5.9-6.6 Not sampled (Impermeable)

TA/774/7.4-7.7 Not sampled (Too thin)

7B/774/7.7-8.7 15.4 .08 1.5 2.17/1.73 2.80/2.30 Horizontal
7B/774/71.7-8.7 11.3 071 1.5 3.33/2.73 3.57/2.93 Vertical
3A/774/11.0-12.5 66.1 .04 2.09 Impermeable Impermesable Vertical
34/774/11.0-12.5 59.8 .059 1.61 Impermeable Impermeable Horizontal
10A/774/18.7-18.9 24.4 .072 1.32 3.91/3.2 5.05/4.14 Horizontal
10B/774/18.9-19.8 19.7 .08 1.47 Lost Lost . Vertical
1B/774/23.2-23.7 41.9 .067 1.29 Impermeable Impermeable Vertical
1B/774/23.2-23.7 39.6 .068 13.33 Impermeable Impermeable Horizontal
14/774/23.7-24.9 . 18.6 .078 1.4 21.06/17.27 ©15.87/13.02 Borizontal
1A/774/23.7-24.9 20.2 .079 1.44 4.67/3.83 5.79/4.74 Vertical
8A/774/49.3-50.7 12.2 .085 1.48 8.83/7.24 . 10.66/8.74 Borizontal
8A/774/49.3-50.7 : 10.9 .085 - 1.51 38.87/31.87 41.86/34.32 Vertical
12A/Bedrock/38.5-38.7 Not sampled (Too thin) .
12B/Bedrock/38.7-39.0 Not sampled (Too thin)

12E/Bedrock/40.4-40.5 Not sampled (Too thin) . )
12C/Bedrock/39.0-40.0 71.8 .04 2.04 Impermeable Impermeable Horizontal
12D/Bedrock/40.0-40.4 45,5 .066 1.64 Impermeable Impermeabie Horizontal
2A/784]2.2-2.7 ) 30.3 (wax contaminated) 43.39/35.58 33.49/27.46 Vertical
2B/784/1.5-2.2 8.3 .078 1.27 3.03/2.48 2.62/4.15 Horizontal
2B/784/1.5-2.2 15.7 .077 1.81 54.91/45.03 41.49/34.02 Vertical
2A/784/2.2-2.7 32.8 .07 1.36 18.47/15.15 61.59/50.51 Horizontal
9A/784/2.5-3.3 40.8. .06 1.4 "1.87/1.53 1.31/1.07 Horizontal
9B/784/3.3-3.6 34 .07 1.36 - WT4/.61 1.28/1.05 Horizontal
6A/784/3.6-5.0 . 17 .085 1.5 1.12/.92 .575/.472 Horizontal
6A/784/3.6-5.0 35.8 .073 1.39 .956/.984 .991/.813 Vertical
11A/784/60.0-60.4 Clay Impermeable Impermeable
11¢/784/60.5-61.4 Clay Impermeable Impermeable
11B/784/60.4-60.5 Not "sampled {Too_thin)

o
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plays a vital pért in the accuracy and acceptability of field pump test
data. In these particular tests, stainless steel well screens having
slot size 8 and 14 were used because it was known that the materials to
be tested were very fine. Actually, the openings of size 14 screens
were too large, but dﬁe to economic considerations, it was necessary to
use those screens which were used in other areas. Because the materials
in the Site 13 alluvium contained a large percentage of silt size
material and some cohesive clay materials, well completion was difficult.
The low range of permeabilities derived from the laboratory pérme-
ameter tests does cofrespond to the very low range of permeabilities
derived by the field pﬁmp testing methods used. The results of the pump
tests.are compared with thé laboratory permeabilities in Table 3. The
method used in the Site 13 study was the Jacob's modification of a non-
equilibrium method since it was not possible to maintain constant
pumping rates over long periods of time in these tests. Drawdown versus
log time curves developed from the Site 13 pump tests are shown in
Figures 10 and 11. Using these two methods of determining the coveffi-
cient of permeability, acceptable values of permeability were assigned
to the sediments at the selected pump test sites and were used as input

data to the mathematical model.
Permeability Distribution

The results of both pump test and laboratory analyses are presented
in the extensilon of the permeability versus grain size distribution en-
velope in Figure 12. A grouping of permeabilities from pump test and
laboratory anélysis of samples taken during rotary drilling operations

were done using the methods developed by Kent (7), for materials in

-
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TABLE III

SUMMARY OF PUMP TEST ANALYSES

K K
gpd/£t2 x 0.161Y = ft/day °
North Wells
| 777 13.2 _2.12 0.00200
776 11.8 1.89 0.00084
780 14.4 | 2.31 0.00018
| Average 2.10 0.00100
South Wells
789 18.9 3.04 : 0.00156
790 1.1 - 0.17 0.00024
786 1.9 0.30 0.00026
785 1.3 0.21 0.00024
Average 0.93 0.00057
Average of all observation wells, K = 1.43 ft/day
Average of all observation wells, S = 0.00076

1/ Source: R. K. Linsley, M. A. Kohler, and J. L. Paulhus, Applled
Hydrology, pp. 666, 1949,
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lower Sugar Creek Valley at the Curly Chief pump test site. The method
assigned permeability values to five ranges of grain-~size distribution.
Ranges 1 through 4 are shown in Figure 12 and range 5 is an estimated
value for sections of the drill hole where no sample was recovered. The
permeability value for the range 5 materials was 580 gallons per day per
square foot, or 77 feet per day. The materials sampled at Site 13 were
primarily silt to very fine sand and were in permeability range 1, which
ranges from 0.5 to 1.5 feet per day. A contour map of both the measured
and mathematically approximated permeabilities was superimposed over a
hand drawn flow net of the Site 13 flow system. The average permea-
bility from the contour map was assigned at the center of the individual
flow-tube element. These values were then used to compute the travel
time and discharge along the flow tubes.

The data obtained at the Site 13 pump test sites were used to extend
the permeability envelope into the very fine sand and silt ranges.

There were a total of 56 samples used in the laboratory determination of
permeabilitles at the site.

A single core sample was taken from thé Rush Springs Formation on
the west side of the valley. However, laboratory permeameter tests of
the material in this core showed the section sampled to be imperméable.
Because earlier tests in the Rush Springs Formation resulted in perme-
abilities of about 35 gallons per day per square foot, it was concluded
that the single core was not representative of the study area (1) (30).
Therefore, the higher value permeability was used for those flow tubes
that fell within the Rush Springs Formation.

An isometric diagram of the several wells at the site was made to
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better understand the permeability distribution in the area. Thié repre~-
sentation of subsurface data is shown in Figure 13. This information
was used for comparison with the computer simulated permeability distri-

bution.
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CHAPTER 1V
MATHEMATICAL MODELS
Model Selection and Adaptation

Mathematical models by Jepson (6), Knowles (8), Reddell (21),
Szalay (26), and Nelson (14) were reviewed prior to the selection of the
appropriate model for this study.

The model selected for this study was one developed by Nelson (14)
under the auspices of the U. S. Atomic Enefgy Commission and is used to
distribute the permeabilities over an area and to develop the time of
travel for ground-water flow (10) (12) (16) (17). Nelson's steady state
flow model consists of three submodels which have the following func-
tions: STREAM is used to develop the equation of the ground-water flow
lines; GENORO is a surface-fitting routine which distributes permea-
bilify from one known point over the area being modeled by an energy
dissipating method; and STEADY calculates hydraulic potentials for con-
ditions derived from STREAM and GENORO. A flow diagram used to show the
concept and development of the adaptation of the model to the study at
Site 13 is shown in Figure 14.

STEADY is used to solve the partial differential equations
governing ground-water flow using the method of finite differences.

Both forward and backward finite differencing is done at the node

points. The Gauss-Sidel method of over relaxation for surrounding node

.29
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points 1is used to speed convergence between nodes. Successive overre~
laxation techniques are used to speed comvergence in the matrix. A
detailed description of the model STEADY along with the theoretical
development of the model and a complete description of the computer
codes by Risenaur (24) appear in the literature (14). 1In order to apply
STEADY, dinitial potential data must be input at each node and a value of
permeability must be known for each‘node; i.e., point of intersection of
a éet of equispaced grid lines which is superimposed over the area to be
modeled. The distance between nodes used in this study was 3/4 inch and
the modeling was done in the two dimensional XY plane. There were 20
columns (X) and 24 rows (Y) forming a 480-node matrix of grid points
which were superimposed over the study area.

STREAM, é second submodel, was used by Nelson to obtain‘the equa~-
tions of the stream lines for the initialvpotential conditions, and
GENORQ, a third submodel developed by Oster (19} was used by Nelson to
fit a surface to the equations generated by the submodel STREAM. The
flow net developed for this data was developed by a hand approximation
method described by Nelson (17). The flow nets used in this study are
utilitarian; i.e., equal flow volume in each element is not required.
Because STREAM was not well documented and because difficulties were
encountered in adapting GENORO to the IBM 360-50 computer, an alternate
method ﬁas used for obtaining input data for STEADY as it was adapted
for the IBM 360-50 and used in this modeling effort.

To replace STREAM, a flow net was developed manually. Ground-water
levels in the study area were plotted for February 19, 1963 before the
earthen dam was constfucted. Hydraulic potentials were contoured for
thesé data and a flow net was developed as discussed by DeWiest (3),

» Todd (29), and Walton (31).
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A method of approximating mathematically and distributing saturated
permeabilities across the region was developed to take the place of
GENORO. The method appears in Appendix A (APERM) as written for the
IBM 360~50 by Seely (27). The permeability at the center of each flow-
tube element, which is that area within the flow net bounded by two
consecutive potential contours and two consecutive streamlines, (Figure
15) is approximated. The length to width ratio of the flow-tube element
and the resultant vector, from the intersection of the streamline and
hydraulic potential contour line to the central point of each element,
is used in the digital computer program (Appendix A)’which distributes
the permeabilities. APERM requires a known permeability value in one
element of each streamtube, wheréaé GENORO requires only one known
permeability value in the entire region being modeled.

Although the manually drawn flow net and the method, APERM, used to
distribute permeability values are considered to be more of an approxi-
mation than the submodels STREAM and GENORO used by Nelson, they were
considered a valid approach to use for the preliminary evaluation of the
data from Site 13. 1In this modeling effort, the input for STEADY came ‘
from the permeability distributions.developed ﬁsing APERM, and from
boundary conditions and potential suffaces measured at the site. The
version oﬁ STEADY used has been adapted for use on the IBM 360-50 com-

puter and the program is listed in Appendix B.
Hydraulic Potential Surface Mapping

The mapping of the hydraulic potential surface in the study area

served three purposes. First, the study area was being modeled only
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ﬁithin the saturated zone; therefore, the potential measurements serve
as an upper boundary to the system (Figure 14). The second purpose was
that the predicted pﬁtential surface resulting from the effects of a dam
must be mapped based on the potential surface which existed before the
dam was constructed. The measured eqﬁipotential and flqw-tube net for
the "Before" case is shown in Figure 16. The third purﬁése was to veri-
fy the model predictions of the potential surface by developing a
measured potential surface map representing tﬁe water table after the
dam was built.

Two dates were selected for mapping the potential surface in this
study. February 19, 1963, the "Before'" case, was selected prior to any
construction of the dam invorder to give the natural conditions of the
flow regime before the manmade structure was imposed upon the ground-
water systeﬁ. The structure of Site 13 was completed in January 1964
and the "After" date used in this study was August 13, 1973. At this
time, both pump test sites had been installed and pump tests were com-

pleted at the site.
Boundary Conditions

Two different boundary conditions were considered for ground-water
flow in the area of Site 13. The first can be characterized by ground
water flowing parallel to the major axis of the valley within the allu-
vium. This boundary condition is referred to as "Concept 1" in Figure
14 and results in a series of closely spaced parallel flow tubes which
rep;esent flow toward Sugar Creek several hundred feet downstream from
the Site 13 location (Figure 17).

The data from this conceptual approach (Concept 1, Figure 14) was









37

plotted, digitized and used to develop a map of mathematically approxi-
mated permeabilities which appear in Figure 18. Thie permeability
distribution map was compared to a map of the distributi%n of permeabil~-
ities which was measured in the field by pump test methcds and by
laboratory analyses of the cored materials and is shown-in Figure 19.

The mathematically approximated permeabilities are distributed along the
flow tubes from one point of kndwn permeability. The shape of each flow
tube element, length to width ratio, determines the value of permeability
necessary!to cause the specified drop in hydraulic potential across the
element. Ueiﬁg the parallel flow conceﬁt, permeability values as much as
300 times greater than measured permeability values were genefated down
the center of the valley. Therefore, a second boundary concept of
ground-water flow was considered using the model.

The second boundary concept fqr ground-water flow was developed
assuming that ground water flows from either side of the valley and con-
verges at the major axis of the alluvium in the valley. This second or
converging flow-tube concept is also indicated in Figure 14. As»with
the first concept, a flow net essuming converging flow was developed and
digitized. A mathematically distributed permeability map (Figure 20)‘
was constructed and this mapping of permeability was again compared to
the permeability map developed from field and laboratory data (Figure 19).
The results of comparing these permeability data are shown in Figures 21
and 22.

The second or converging flow concept provided a mathematical dis-
tribution of permeability which more nearly represented field measured
permeabilities. Therefore, the converging flow Eoundary concept was

assumed to be more realistic and was subsequently used to model the
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ground-water flow at Site 13 after the structure filled with water.
Distribution matrices of the predicted and measured saturated permeabil-

ity values are presented in Figures 23 and 24, respectively.
Model Sensitivity

The accurate modeling of a ground-water flow system depends in
large part on the correct selection of thé number of control points
used. In order to determine the minimum number of points which would
adequately describe the system, a series of hydraulic potential maps was
developed which used 0, 15, and 25 fixed valued points in the interior
region of the Site 13 area. These maps are presented in Figures 25,>26,
and 27, respectively, It does not appear that i;creasing numbers of
interior fixed nodes significantly improve the output of the model. The
model run with no fixed interior points was controlled only by those
nodes which represented the lake surface and drain ditch bottom at the
toe of the dam. Because no internal node points were required to im=-

prove the output, it was decided to use that output to represent

predicted ground-water conditions after the structure filled with water.
Model Verification

The output from the model was verified by comparing the contour map
- 0f hydraulic potentials for the case without additional interior fixed
points shown in Figure 25 with the contour map of hydraulic potentials
developed from field water-level measurements after the structure filled
with water. Theldateﬂchosen was August 13, 1973, when the lake level
was at an elevation of 1408.39 feet above mean sea level. The measured

- hydraulic potentials for that date are shown in Figure 28. The map in
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Figure 29 shows the difference between predicted and mezsured hydraulic
potential surface at each observation well. Although predicted poten-
tiale varied as much as 7 feet froﬁ measured potentials at some
locations, the overall fit of the predicted potentials was within 2 feet

of the observed data.
Ground-Water Travel Time Prediction

In addition to the prediction and verification of the hydraulic po-
tential surface after the reservoir filled, the time of travel for water
moving along each flow tube was developed. The results were tested
against the time of travel for corresponding flow tubes of the measured
flow net for the "Aftef" conditions.

Because Darcian flow 1s assumed in the theoretical deveiopment of
Nelson's model, it is valid to extend that assumption to the development
of the ground-water travel times. The Darcian flow velocity can be

described as

V=g. . 1
Q . (1)
where V = velocity of flow in each element (Darcian or discharge |
velocity), ft/day;
Q = discharge, ft3/day;
A = area of each element, ft%

The Darcian velocity is converted to pore velocity in order to measure
the actual rate of chemical transport with the water in the voids them-

selves. The conversion is made by the following relation:

(2)

<
i
o | <
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where v = pore velocity, ft/day;

i

p = porosity (measured)l;
V= Darcién velocity, ft/day.

The method used in this study for developing the time of travel of
ground-water flow requires a flow net of hydraulic potential contour -
iines and stream lines for the flow system being studied.

The pore velocity can be computed using terms which are compatible

with the flow net. The formula used to describe the pore velocity using

the flow net is:

\r=_L__='.-_I§.A¢ (3)

pdre velocity of flow in each element of the flow tube,

where v
ft/day;

K = saturated permeability, ft/day;

A potential drop across each element, ft;
P = porosity for each element;

L = length across each element, ft;

At

H

time of travel across each element, days.

The equation used to détermine the time of travei along any flow
tube, between any two points A and B; i1s developed from Equation 3 and
is shown in Figure 30. The travel time is computed for the flow in each
‘flow tube.

To compute travel times along the individual flow tubes using

measured and predicted hydraulic potential data, a hydraulic potential

lsource: ~Leonard L. Myers, Use of Piezometers in Geologic Investi-
gation, U. S. Soil Conservation Society, 1963.
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contour line wés sélected to be point A or the initial point from which
travel time was computed and the drainage ditch was assumed to be point
B for each tube. The flow nets of the measured water surface elevations
(Figure 31) and of the predicted water surface elevations (Figure 32)
were use& for the computation of travel times. These two maps are the
same as those in Figures 25 and 28, but are labeled in é manner which
will facilitate the determination of travel time. The results of these
two sets of travel timé as they are related to the maps in Figures 31
and 32 are compared in Table 4. The drainage ditch is the terminal
point of travel and represents the point at which ground-water flow

emerges as base flow in the ditch.






FLOW TUBES AND

(2
13)
H
ELEMENTS FOR PREDICTED DATA
Fl




TABLE IV

COMPARISON OF TRAVEL TIME AND VELOCITY COMPUTED
FROM FLOW NETS USING PREDICTED AND
MEASURED HYDROGEOLOGIC DATA

Flow-Tube No.

1 2 3 4 5 6 7 8 9 10 11 12 13
Length (ft)

Measured 663 615 810 * 1,415 660 312 260 592 1,185 1,575 1,195 851 760
Flow Net .
_Predicted ’ .

Flow Net 690 648 505 1,211 775 397 333 975 1,755 1,695 1,250 843 632
Predict. .. ¢

Meas,. 104 105 62 86 117 127 128 165 148 108 105 99 83

Total Travel Time (days) (Pore Velocity)

Measured .

Flow Net 3,852 4,133 7,118 17,081 13,897 1,230 503 1,245 26,219 18,629 11,400 3,426 3,274
Predicted

Flow Net 6,915 4,505 2,599 11,627 9,454 3,719 4,749 17,764 31,740 32,226 14,546 15,249 7,787
Predict. as X

Meas. 180 109 36 68 68 302 944 1,426 121 173 128 445 238

Average Pore Velocity (ft/day)

Measured

Flow Net 0.17 0.15 0.11 0.08 0.05 0.25 0.52 0.48 0.05 0.08 0.10 0.25 0.23
Predicted

Flow Net 0.10 0.14. 0.19 0.10 0.08 0.11 0.07 0.05 0.06 0.05 0.09 0.06 0.08
Predict. a5 %

Meas. 58 93 172 125 160 44 13 10 120 63 90 24 35

Average Darcian Velocity (ft/day)

Measured

Flow Net 0.06 0.05 0.04 0.03 0.02 0.09 0.18 0.17 0.02 0.03 0.04 0.09 0.08
Predicted

Flow Net 0.04 0.05 0.07 0.04 0.03 '0.04 0.02 . 0.02 0.02 0.02 0.03 0.02 0.03
Predict. as %

Meas. 67 100 175 133 150 44 11 11 100 67 75 122 38

LS



CHAPTER V
RESULTS

Isochronous maps of the grognd—water travel time were developed for
the measured and predicted flow reéime, using potre vélocity, after the
structure filled with water (Figures 33 and 34). The ground-water
travel time is also presented as isochronous maps for the Darcian flow
velocity. These maps are shown in Figures 35 and 36 and show the
Dafcian o£ discharge flow rates to be about one-third of the flow rate
within the pores. The maps developed from predicted data are not ident-
ical to the map drawn from measured data. It is, however, accurate
enough, i.e., isochrone patterns are similar, to be used in making pre-
liminary estimates of the time required for water leaving the structure
to return downstream as base flow.

The ground-water discharge‘wés computed for each flow tube in the
predicted and measured flow nets uséd in the time of travel study. The
amount of flow from each tube was computed using both the pore velocity
and Darcian velocity. A summary of these data as well as the total
ground-water discﬁarge from the modeled area is presented in Table 5.
The ratio of predicted to measured flow, expressed as a percent, 1is also
given in Table 5.

This study has shbwn that a simplified version of a more sophisti-
cated mathematical model may be used to predict the area of hydrologic

impact of an earthen dam. The impact of the structure at Site 13 was
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TABLE V

GROUND-WATER DISCHARGE BELOW SITE 13

Data from the MEASURED

Data from the PREDICTED

Flow Net

Flow Net

Flow Tube No./Flow-Tube Element No. Total

1/11 - 2/11 3/11  4/10 5/9 6/7 1/7 8/7 9/9 10/10 11/11 12/11 13/11 Flow

Par. 0.064 0.025 0.016 0.022 0.194 0.077 3.360 0.430 0.135 0.033 0.018 0.031 0.050
Pore 0.181 0.071 0.045 0.064 0.555 0.220 9.600 1.230 0.384 0.095 0.052 0.088 0.142
ft. _ 260 185 180 385 140 200 50 215 140 385 180 185 260

H ft. 50 50 50 50 50 50 50 . 50 50 50 50 50 50

Qy ftalday 832 231 144 423 1,358 770 8,400 4,623 945 635 162 287 650 19,460

Flow-Tube No./Flow-Tube Element No. Total
1/11  2/11  3/10 4/10 S/10 6/8 7/6 8/8 $/10 10/10 11/11 12/11 13/11 Flow

VDar. 0.135 0.080 0.119 0.106 0.100 0.262 0.014 0.114 0.133 0.080 0.086 0.263 0.091
Veore 0.384 0.229 0.342 0.302 0.286 0.750 0.041 0.327 0.380 0.228 0.245 0.750 0.258
W ft, 200 200 20 130 440 230 140 230 440 130 25 200 200
H ft. 50 50 50 50 50 50 50 50 50 50 50 50 50

ftalday 1,350 800 119 689 2,200 .3,013 98 1,311 2,926 520 108 2,630 910 16,674
9

Ratio expressed as percent of PREDICTED:MEASURED total ground-water flow in the area modeled - 85%

€9
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shown to be limited in both the lateral and downstream directions from
the dam. The hydrologic impact at Site 13 will véry in response to lake
level conditioms. However, the hydraulic potentials predicted in this
study show that the impéct area will be limited to less than 1,000 feet
downstream from the daﬁ at lake éurface élevations near the permanent

pool elevation for the lake, which is 1,410 feet above mean sea level.



' CHAPTER VI
SUMMARY AND CONCLUSIONS

The objective of this study was to make én evaluation of the impact
of an earthen—fill dam ﬁsing a mathematical model as the principal in~
vestigatory tool. The sensitivity of the model, using varying boundary
conditions, was detefmined and presented as a series of contour maps
developed from predicted hydraulic potential data., Additional fixed‘
nodes of hydraulic potential head were shown to be insignificant in'
evaluating the impact of the structure on the ground-water flow regime,

The modeling of the impact of an earthen-fill structure on the
ground~water flow regime should be done with a method which maintains
the integrity of the hydrologic and geohydrologic characteristics of the
flow system being modeled. Two concepts of fiow were ccnsidered in this
study. The first concept, one of parallel flow tubes down the valley,
was rejected after comparing the permeability distribution derived from
that flow pattern to the distribution of permeabilities developed from
field and laboratory data. The second flow concept, that of flow con-
verging toward the center of the valley, ﬁas tested by the comparison
of permeability distributions as in the first caée. Based upon a better
correlation of the second concept with the field data, the latter was
selected for use in modeling the system.

Additional testing of the model was done by predicting the hydrau-

lic potentials after a flood~water retarding structure had filled with
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water. These wére.comparéd to measuréed values for the same lake level
conditions. The hydraulic potential surfaces in both the predicted and
measured casésvwere siﬁilér over thé study area.

A third test of the model was made by comparing the time of travel
of ground«water flow from the predicted flow net to that derived from
the measured potential data. As a result of this study, it was shown
that the area impacted by water seeping from the structure extends only
a few hundred feet downstfeam from the structure. It was also shown
that as many as 88 years are required for water to travel in the sub-
surface from the struétufé to a point in the alluvium.a few hunéred feet

downstream from the structure.
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APPENDIX A
#e e APERMER¥

#%%THIS IS THE PROGRAM ,APERMy WHICH DISTRIBUTES THE MATHEMATICALLY %%
#¥ % APPROXIMATED SATURATED PERMEABILITY ALONG EACH FLOW TUBE FKOM ONE POINT*%%
*¥#0F KNOWN PERMEABILITY VALUE, AFTER SEELYsEeHey 1973%%x%
REAL L
INTEGER ERCOD
DEFINE FILE 1(50,320,UyI1AV1)+2(98,4316+Us1AV2),43(1+3209Uy1AV3)
DIMENS ION XBUFR(80),YBUFR(80)yIPERM{49) 4PEIM(49), TITLE(20) 4X(3),
1 Y(3)4XP(3),YP(3)4DI(3) 4PRMST (79} sXEP(T9)4NC(T79)¢XS1(80)sYSL(80),
2 X52180),YS2(8G) sPERMU(S5) ,YEP(T9)
DATA XBUFRyYBUFR/160%-1000./9SXySY/2%0Q./

FILE 1 STORES STREAMLINES, FILE 2 STORES STREAMTUBES

INITIALIZE FILE 1 CN DISKy EACH LOCATION IS SET TO -1000.y EACH
LOCATION IS THEN CHECKED IN PROCESSING AND IF EQUAL TO -1000. IS
ASSUMED NOT READ INe

DO 10 I=1,50
10 WRITE (1*1) XBUFR,YBUFR
KRD=2
KPT=3
READ(KKDy»20) M:N
20 FORMAT(2I 4)
RKEAD(KRDy 30} TITLE,RFPHI,DPHI
30 FORMAT (20A4/F10639F5.2)
WRITE(3,31) TITLE
31 FORMAT ('1**% COMPUTER-AIDED APPROXIMATE METHUD TO OBTAIN PERMEABI
LLITY DISTRIBUTIGNS *x%'//t 0,20A4//)
WRITE(3532) MyNsRFPHI,DPHI
32 FORMAT (' NO OF STREAMLINES ='",13y! NO OF EQUIPOTENTIAL LINES =',
113//7' POTENTIAL INDEX LINE =% ,FB8.2,! DELTA POTENTIAL =',F5.1)

SEGMENT INPUT

40 DO 45 K=1,3 ’
READ(KRD¢35) I4JsX(J)yY(J)sXP(J)yYP(J)yDIWJ)
35 FDRMAT(2l 492F643¢2F10.44F5.3)
IF(I) 42445442
POINT READ IN IS NCT A REFERENCE POINT. CHECK INPJUT.
42 ERCOD=1 :
CALL ERROR(ERCGD)
CALL EXIT
45 CONTINUE
CALL STUPT (XY 4XPyYPyAyB:Cr Dy XPOsYPO)
IF (DI(2)) 48,48447
47 DLYP2=YP(2)-YP(l)
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DLXP2=XP(2)=-XP (1)

DLXP3=XP(3)=XP (1)

DLYP3=YP(3)-YP(1)

XR=DLXP2/DL XP 3

SY=SQRT ((DI{2)*%2~DI(3 j*¥2%XR%*%2 )/ ( DLYP 2¥%2-DLYP 3%*2%XR**2) )

IF (ABS(DLXP3)~-ABS{DLXP2)) 890,891,891
890 SX=SQRT ((DI(2)#%¥2-(SYDLYP2)*%2}/DLXP2¢%2)

G0 TO 893
891 SX-SQRT((DI(B)**Z“(SY*DLYP3)**2)/DLXP3**Z)
893 CONTINUE

WRITE(3,991) SX,SY
991 FORMAT('OSCALE CONVERSIONS IN INCHES/USERS UNIT FOR PLOTTED OUTPUT

17 =14ELl2440 "y =t ELl2.4/7)

BEGIN INPUT FOR REST OF SEGMENT

48 READ (KRD150) I9JoXToYT
50 FORMAT (2149¢2F6.3)"

THE FIRST INDEX IS USED AS AN INDICATOR. POSITIVE=NORMAL CONT INUAT ION
ZERD =END OF SE3MENT
NEGATIVE=END OF ALL INPUT

55 IF(I) 100140:60
60 READ (1'I) XBUFR,YBUFR
70 XBUFR(J)= A®XT + CxYT + XPO
YBUFR(J )= B¥XT + D*YT + YPO
I SAVE=I
80 READ(KRDy50) I4JyXT,YT
IF (I-ISAVE) 90,70,90
90 WRITE (1'ISAVE) XBUFR,YBUFR
60 TO 55
100 Ml=M-1
N1=N-1 ,
READ (KRDy110) PERMU
110 FORMAT(5A4)
WRITE (KPT,124) PERMU
124 FORMAT{*JKNOWN PERMEABILITIES IN UNITS OF ',5A4/' STREAMTUBE ELEM
1ENT PERMEABILITY*/) .
DO 150 I=1,M1
~ READ(KRD,120) J,IPERM(J),PERM(J)
120 FORMAT(2I44F12,5)
WRITEKPT 11251 Jy 1P ERM(J)sPERM(J)
125 FORMAT (* ¢ 46Xy 134%,%,12,16X,F8.2)
IF(PERM(J)) 13GC,130,140
PERMEABILITY IS ZERO
130 ERCOD=2
CALL ERROR{ERCOD)
CALL EXIT
140 IF(IPERM(J}) 145,145,150
STREAMTUBE INDEX FOR ELEMENT OF KNOWN PERMEABILITY IS ZERO OR NEGATIVE
145 ERCOD=3
CALL ERROR(ERCGD)
CALL EXIT
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CARD
109 150 CONTINUE
110 ¢
111 C MAIN PROCESSING LCGP
112 ¢
113 DO 900 I=1,M1
114 NDX=IPERM(I)
115 READ(L1'I) XS1.YS1
116 IP=1+1
117 READ(L1*IP) XS2,YS2
118 CALL WLCAL(XSlsYSLlyXSZyYS24NDXsWyL ¢ XC,sYC)
119 C=PERM(I)*W/L
120 DO 800 J=1sN1
121 NC(J)=0
122 C CHECK TO SEE IF LOCATION HAD A POINT READ IN
123 IF(XS1(J)¢1000.) 401,800,401

124 401 IF(XS2(J)+1000.) 402+800+402 '
125 402 IF(XSL{J+1)+1000.) 403,800,403

126 403 IF(XS2(J+1)+10C0.) 404,8004404

127 404 CALL WLCAL(XSL,YSL1yX52,YS2sJyWsLs XCyYC)

128 PRMST(J)=C*L/W

129 XEP (J)=XC

130 YEP(J)=YC

131 NC(J)=1

132 800 CONTINUE

133 NFL=(I-1)%2+1

134 NF2=NF1+¢1 _

135 WRITE(2'NFl) XEPyYEP

136 WRI TE(2'NF2) PRMST,NC

137 900 CONTINUE '

158 CALL PRINT(MyN)

139 WRITE(3*1) MyN,SXsSY,TITLE)PERMU
140 CALL LINK(DGTM2)

141 END

142

143

l44 C N k%P LT O%%%
145 ( **%PLTIO PLOTS THE DIGITIZED FLOWNET INTERSECTION POINTS#®%x%
146 SUBROUTINE PLTIO(XORG,YORG)

147 DIMENS ION X(B80)2Y(80),TITLE(20),PERMU(S5)
148 C

149 € SX AND SY ARE IN INCHES PER USERS UNIT
150 C : :

151 READ(3%1) M,NysSXsSY,TITLE,PERMY

152 Ml=M-1

153 C

154 C SCREEN DATA FOR MIN AND MAX OF X AND Y
155 ¢

156 XMAX=0.0

157 XMIN=31.

158 YMAX=0.0

159 YMIN=31.

160 DO 100 I=1.M

151 READ (1'I) XsY

162 DO 90 J=1,4N
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IF (X(J)+1000.) 30,490,430
30 IF (X(J)*SX-XMAX) 40440435
35 XMAX=X(J)*SX
GO TO 60
40 IF (X{J)*SX~XMIN) 45+60,+60
45 XMIN=X(J)#*SX
60 IF(Y(J)*SY-YMAX) 80,90,65
65 YMAX=Y(J)=*SY
GO TO 90
80 IF (Y(J)*SY-YMIN) 70,90,90
70 YMIN=Y(J)*SY
90 CONTINUE
100 CONTINUE
NSW=0
IF (YMAX-YMIN-28.) 200,200,110
110 IF (XMAX-XMIN-28.} 12041204130
120 NSW=1
WRITE (3,125)
125 FORMAT(* X-Y SWITCH BECAUSE OF Y RANGE*)
GO TO 200
130 wRITE (341407
140 FORMAT(* TRUE SCALE PLOT NOT POSSIBLE®)
200 IF (YMIN) 210,220,220
210 YMIN=YMIN-1.
220 YORG=IFIX(YMIN)/SY
TF(XMIN) 230+240+240
230 XMIN=XMIN-1.
240 XORG=IFIX(XMIN)/SX
XS=SX¥2 .
YS=S§Y*2,

c THE SCALE 1S DOUBLED BECAUSE OF IBM 1/2 SCALE SUBROUTINES

CALL SCAL F(XSsYS»XORGysYORG)

< RX=1.0
RY¥=1.0
YLOC=YORG=.2
XLOC =XORG =4 2
CALL FGRID (0, XLOC, YLOC yR X, 15)
CALL FGRID{1,XLEC,YLOC,RY,15)
XT=XLOC+15.
YT=YLOC+15.
CALL FGRID(O+XLOCsYT,RXs15)
CALL FGRID(1,XT,YLOC,RY,15)
XN=11./5X
YN=16.0/SY :
CALL FCHAR(XNyYNye40y 440, 0.)
WRITE(74243) TITLE

243 FORMAT(20A4)
XN=XN+1.0/5X
YN=YN=.75/SY .
CALL FCHAR(XNsYN+¢304430,0.)
WRITE(7,244) PERMU

244 FORMAT(*PERMEABILITY UNITS OF ',5A4)
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C

CALL DATSW(10,4JTST)
GD TO (500y245)4JTST
245 DO 400 I=1+M
READ (1'1} X,Y
DO 350 J=1,N
IF (X(J)+1000.) 2504350,250
250 CALL FPLOT(l+X(J)s¥{J)])
CALL FPLOT(2¢X(J39Y(J))
CALL POINT(0) :
CALL POINT(1)
350 CONTINUE
400 CONTINJUE
500 RETURN
END

*xPRINT (M, N) e 5%
#%%xPRINT (MsN) WRITES DIGITIZED PERMEABILITY DATA ON PRINTER**#
SUBROUTINE PRINT(M,N)
DIMENSION XEP(79),YEP(79),EPERM(TY) +NC( 79)
Mi=M-1
Nl=N-1
WRITE(3,10)
10 FORMAT(*0*/)
. WRITE (3,20)
20 FORMAT('OESTIMAT ED PERMEABILITIES AND APPRIXIMATE CENTER FOR EACH
LSTREAM TUBE ELEMENT'/)
WRITE (3,21) » i
21 FORMAT('OSTREAM TUBE  CENTER CDORDINATES ESTIMATED/
1*  INDICES X oy PERMEABILITY?/)
CALL DATSW(11l,JTST)
GO TO (400525),JTST
25 DO 100 I=1,M1
NFl=(I-1)%2+]
NF2=NF1+1
READ(2'NF1l) XEP,YEP
READ(2*NF2) EPERM¢NC
DG 90 J=1,N1
IF (NC(J)=1) 90,30, 90
30 WRITE (3440) 1,J,XEP(J)4YEP(J)s EPERM(J)
40 FORMAT(' ¢ 214,3F12.4)
90 CONTINUE
100 CONTINUE
400 RETURN
END
: wkEWRPMR X%k
#x#y3PMR 1S AN ARRAY OF ROUTINES TO PLOT THE CENTER OF EACH FLOWTUBE®*%#
%#&ELEMENT,SET SIZE OF LETTERING, WRITE PLOT TITLE ,MARK FLOWNET&*&
**x] NTERSECTIONS, WRITE DISTRIBUTED SATURATED PERM AT ELEMENT CENTER***
SUBROUTINE WRPMR(XS1yYSLlyXS2,YS24XEP,YEP PRMST s NCXORG Y ORG)
DIMENSION XS1(80),¥SL(80)sXS2(80),YS2(80),XEP(T9)sYEP(T9) 4PRMST(T9
1) ,NC(79)
READ(371) MyNySX,SY
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SX AND SY ARE IN INCHES/USERS UNITS

XS AND YS ARE THE CHARACTER SIZE POR THE PERMEAQILITY VALUE.
YSA AND YSA ARE THE CHARACTER SIZE FOR THE INDEX VALUE.
XS= .04
YS$=,04
XSA®, 04
YSA= .04
A SET OF VALUES TWICE THE MORMAL CHARACTER S1ZE ARE USED,
IN THE FCHAR ARGUMENTS BECAUSE THE 10M SUBROUTINES ARE 172 SCALE.
XSDOBL=2 ,*XS
YSDBLw2.%YS
XSADB=2.¢XSA
YSADB=2 .#YSA
HlsN-1
NisN-1

WRITE TITLE +SRIDs AND PERMEABILITY UNITS

DO 800 I=),M1
READ (1°1) XS1,YS1
READ (1']l¢l) XS2,YS2
NFl=]e2-]1
NF2=NFl¢l
READ(2'NF1) XEP,YEP
READ(2'NF2) PRAST(NC
DO 700 J=1,N)
1IF (NC(J)=1) T0C,5,700
FIND MAXIMUM X DISTANCE IN STREAMTUBE ELENENT
5 CN=5.
YDFC==1,5
XC=XEP(J)
YCsYEP(J) :
IF C(INTSTIXSLCJIDNoYSLUJ)eNS2(IDeVYS2(JUD s HSsYSeCNy YOFC 4 ACVC) )
1 100,200,100
100 IF (INTSTUIXS2{J)2YS2(J) 4XS2¢J0L1) ¥YS2(J#1) ¢XS+¥S+CNe YOFCXC(YC))
1 105,200,105
105 IFCINTSTIXS2(J01)o¥S2(JeL) o XSLIJOL) 1 VYSLAJ#L Do XS YSeCNeVDFCoXCoVC))
1 110,200,110
110 TFCINTSTUXSL(J®L)oVSLEJ®L) o XSL(J)oYSLUI) o XS YSeCNeYDFCoXCoYL))
1 115,200,115
CAN WRITE PERMEABILITY
115 XN=XC-(CN)® ,5¢XS/SXK
YN=YCeYOFCeYS/SY
CALL FCHAR( XN, YNyXSOBLeYSDUL 0. )
WRITE(T7,315) PRMST(J)
315 FORMAT(F5,.0)
G0 TO 40
200 YDFC=,5
CN=5,
IFCINTSTIXSL(J)aYSLUJIDIXS2(JDeYS2(JI ) e XSA 9 YSASCN o YDFC o XC 2YC))
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1 210,400,210 . :

210 IFCINTSTUXS2(J) 9YS2(J) ¢ XS2(J+1) 1YS2(J#1)1XSAsYSAICNyYDFCyXCyYC))
1 220+4004220

220 TF(INTSTUXS2(J#1)YS2(J#L) o XSLUJ+L) s YSL(J+1)XSAsYSA+CN+YDFCyXC,YC
1)) 230+400,230 .

230 IFCINTSTUIXSL(J+L)oYSL(J+1) ¢ XSL{J) yYSL(J) 9XSAYSAYCNyYDFCsXCrYC))
1 24094009240

240 XN=XC~CN*(5%¥XSA/SX
YN=YC+YDFC*YSA/SY
CALL FCHAR(XNyYNsXSADB,YSADB0.)
WRITE (74365) 144

365 FORMAT(12,4%y?,12)

PLOT CENTER OF ELEMENT

400 CALL FPLOT(1+XEP(J),YEP(J)) .
CALL FPLOT(-2,XEP(J},YEP(J))
CALL POINT(O)
700 CONTINUE
800 CUNTINUVE
XNEW=XORG+34./SX
CALL FPLOT(1yXNEWsYORG)
RETURN
END

C kil CAL *%¥k
C %*%xWLCAL CALCULATES VECTORS OF WIDTH AND LENGTH TD THE CENTER OF EACH %%
C **%FLOWTUBE ELEMENT AND THE SATURATED PERMEABILITY IS ADJUSTED FROM THIS*%x%

SUBROUTINE WLCAL(XS1rYSLeXS52+sYS2sNDXyWsLsXC,YC)
REAL L

DIMENSION XS1(B80)+XS2(80)+YS1(80),YS2(80)
DLX1=XSL{NDX+1)=XS1 (NDX)

DLX2=XS2(NDX+1)=XS2(NDX)

DLX3=XS2 (NDX)=XS1{iNDX)

DLX4=XS2(NDX+1)=XS1 (NDX+1)

DLY 1=YS LINDX+1)-YSLINDX)

DLY2=YS2(NDX+1 )=¥S2 (NDX)

DLY3=YS2(NDX)-YSLINDX)

DLY4=YS2(NDX+1)=YS1(NDX+1)
L=(SQRT(DLX2¥¥2+DLY2%%2 ) +SQRT(DLX1*%2+DLY 1%%2) )%,5
W= SURT(DLX3*%2+4DLY3%%2) +SQRT(DLX4G**¥2+DLY4*%2)% 5
XC=(XSLINDX)+XS1(NDX+1)+XS2(NDX)+XS2(NDX+1) }*,25
YC=(YSL(NDX}+YSLINDX+1) +YS2(NDX)+YS2 (NDX+1))*.25
RETURN

END -

C ¥ XDGTM2 ¥k %
C #%¥DGTM2 CALLS SUBROUTINES WRMPR, PLTIO,AND DATSW*¥x*
DEFINE FILE 1(5043200Uy 1AV1)42(984316,U4IAV2)+3(1+3209Us1AV3)
DIMENSION XS1(80)sYSL(BO)yXS2(B0)yYS2(80)¢XEP(79)y YEP(T9)4PRMST(79
1)4NC(79)
10 CALL PLTIO(XORGyYORG)
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CALL WRPMR(XSl,YSly XS2y)YS2yXEPyYEP+ PRMST 4NC ¢ XORG +YORG)

CALL DATSW(12,JTST}
GO TO (100,410) 447ST

AN INTERSECTION OF THE DIAGONALS OF A FLOWTUBE%#x

CENT ERED WITH RESPECT TO THE ELEMENT

IF THE LINE DOES INTERSECT THE SPACE

CSY.

100 CALL EXIT

END

- *eRINTST *%%k

**%kINTST DETERMINES IF ]
*%kELEMENT IS POSSIBLE AND IF THE SATURATED PERMEABILITY CAN BE WRITTEN %%x

FUNCTION INTST(X1,YLl yX2,Y2yCSXIsCSYI1,CNyYDFCsXCyYC)
THIS SUBROUT INE TAKES THE SPACE DEFINED BY A CHARACTER STRING OF CN
CHARAZTERS CSX WIDE AND CSY HIGH»
CENTER (XCsYC) AND TESTS IF THE LINE DEFINED BY THE TWO POINTS X1l,Y1l
AND X2,Y2 INTERSECTS THE SPACE.
IT IS ASSUMED THAT THE SPACE CAN NOT BE WRITTEN INe. A VALUE OF INTST
EQUAL TO 1 IS RETURNED IN NO INTERSECTION IS FOUNDyZERO OTHERWISE.
CSX AND CSY ARE CHARACTER SIZE IN INCHES IN THE X AND Y DIRECTIONS.
CN 1S THE NJMBER OF CHARACTERS.
YOFC 1S Y DISTANCE FROM CENTER AS A MULTIPLE OF
XC AND YC ARE X AND Y COORDINATES OF THE CENTER OF THE ELEMENT.

READ (3'1) MyNsSX,SY
CSX=CSX1/SX
CSY=CSY1/SY

INTST=0

POINTS SHOULD BE ORDEKED FROM LOW TO HIGH ON Y.

10

20

25
30
40

45
50

IF (Yl-Y2) 10+10420
YA=Y2 =
XA=X2

X=X1

Y=Yl

.60 TO 25

YA=Y1

XA=X1

X=X2

Y=Y2

IF{YDFC) 40,440,330
TOP=YDFC*CSY+CSY+Y(C
BOTTM=YC

GO TO 45

TOP=Y(C
BOTTM=YC+YDFC*CSY
IF(TOP-Y) 200420050
IF(BOTTM-YA) 60,200,200

TEST FOR BOTH Y ANC YA BETWEEN TOP AND BOTTOM.

60

IF (Y-TOP) 62,70,70
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62 IF (YA-BOTTM} 210470,70

TEST FOR INTERSECTION OF LINE WITH TOP OR BOTTOM OF CHARACTER SPACE.
70 IF (XA-X) 75,71,75
71 IF (XA-(XC-(CN+1l4)/2.%CSX)) 200472,72
72 IF (XA-(XC+(CN+1.)/2.%CSX)) 2104210,200
75 B=(YA-Y )/ (XA-X)
IF (B) 80+210+80
80 A=YA-B* XA
TEST B0TTOM LINE
YT=BOTTM
XT=(YT-A)/B
IF (XT-(XC-(CN+1e)/72.*%CSX)) 100490490
INTERSECTION IS POSSIBLE
90 IF (XT=(XC+(CN+*le)/2.%CSX)) 210+210,100
INTERSECTION OCCURS IF PREVIGUS TEST IS NEGATIVE.
TEST TOP LINE
100 YT=TOP
XT=(YT-A)/B
IF(XT-(XC~(CN+1a)/24%CSX)) 200,110,110
INTERSECTION IS POSSIBLE
110 IF(XT-(XC+(CN+14)/2.%CSX)) 210,210,200
200 INTST=1
210 RETURN
END
wpBSTUPT k%
#¥%STUPT THIS SUBROUTINE IS A TRANSFORMATION WHICH RETURNS THE#®*#%
#x%COEFFICIENTS OF THE LINEAR FUNCTIONS OF THE UNIT VECTORS FROM DIGITIZED¢¢&
#%x%COORDINATES TO TO A SET OF COORDINATES IN THE ACTUAL SYSTEM MAPPED®¥*
SUBROUTINE STUPT(XyYsXPsYPsAyBsCeDyXPO4YPO)
DIMENSION X (3),Y(3)4XP(3)yYP(3)
DLX2=X(2)=-X(1)
DLX3=X(3)-X(1)
DLYZ2=Y(2)~Y(1)
DLY3=Y(3)-Y(1)
DLX2P=XP(2)=-XP(1)
DLX3P=XP(3)=-XP(1)
DLY2P=YP( 2)~-YP(1)
DLY3P=YP(3)=-YP(1)
XR=DLX2/DLX3
C=(DLX2P-DL X3P *XR)/ (DL Y2-DL Y3%XR)
A=(DLX2P-C%DLY2)/DLX2
D=(DLY2P-DLY3P*XR)/(DLY2-DLY3*XR)
B=(DLY2P~-D*DLY2)/0DLX2
XPO=XP(1l)=A*X(1)=-C*Y(1l)
YPO=YP(1)=B%X{ 1)-D*Y(1) .
A DIGITIZED POINT X,Y CAN NOW BE EXPRESSED IN ACTUAL SYSTEM COORDINATES AS
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10
15

20
25

30
40
45
50
60
65

70

20

XP=A * X ¢+ C ¥ Y + XPO
YP= B * X ¢+ D * Y + YPQ

RETURN
END

*¥2ERROR % %%

SUBROUT INE ERROR(ERCOD)

INTEGER ERCOD

IF (ERCOD-1) 30520510

WRITE (3,15)

FORMAT(® EFROR IN ERRCR CODE')

RETURN

WRITE (3,25) - »

FORMAT(* POINT READ IN IS NOT A REFERENCE POINT . CHECK INPUT. #%*)
RETURN

IF (ERCOD-2) 50140+40

WRITE (3,45)

FORMAT (* KNOWN PERMEABILITY IS ZERO. *#1)

RETURN -

IF (ERCOD-3) 7C+60,60

WRITE(3,65)

FORMAT(®* STREAMTUBE INDEX FOR ELEMENT OF KNOWN PERMEABILITY 1S ZER

10 OR NEGATIVE. #**')

RETURN
END

*%¥E XECUTE  APERM¥%x

*x%¥ALL CARDS BRACKETED WITH %*%x ARE COMMENTS AND MUST BE REMOVED FROM¥*x
*%#%THE DATA SET BEFORE THE PRODGRAM WILL EXECUTE PROPERLY**%

18

*%¥%TITLE CARD FOLLCWS**=*

*%%ERROR 1S A SUBROUTINE TO CHECK FOR ERRUORS IN THE DIGITIZED COJRDINATES#*%x*
**¥%¥0F REFERENCE POINTS AND STREAMTUBE INDE X#¥#

*¥%THE FOLLOWING IS A SAMPLE OF THE INPUT DATA USED TO CONVERT ODIGITIZED***
*¥%¥DATA TO ACTUAL SYSTEM DATA AND PLOT IT IN MAPPED FORM%%*

*¥%THE FOLLOWING CARD READS IN THE NUMBER OF STREAMLINES (FLOWTUBES+1) AND%*%
*%*%THE NUMBER OF EQUIPOTENTIAL DROPS IN THE DIGITIZED FLOWNET BEING PLOTTED¥%x%

SCS SITE 13 SUGAR CREEK WATERSHED —--A BEFORE MAP USING CONVERGING FLON--CPTZ-

C

C ®%% HIGHEST EQUIPCTENTIAL LINE AND THE DROP BETWEEN EQUIPOTENTIALS FOLLOwW*%
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*%%THE NEXT 3 DATA CARDS ARE THE REFERENCE POINTS USED TO RELATE DIGITIZED*#x%
*%%POINTS TO MAP DISTANCES IN A FLOWNET*%¥

*%*¥REFERENCE POINT NUMBERS ARE IN COLUMNS 788y COLUMNS 11THRU 14 AND 17%x%%
*%%THRU 20 CONTAIN THE DIGITIZED X&Y COORDINATES, COLUMNS 22THRU 25 ,32%&&
*%%THRU 35 AND 42 THRU4S5 CONTAIN THE DISTANCE IN INCHES FROM THE ORIGIN #*%x
*54T) THE REFERENCE POINT IN THE Xy¥y &Z DIRECTIONS RESPECTIVELY**x%
#xxCOLUMNS 61 THRU. 76 ARE FOR THE MAP TITLE AND COLUMNS 79 &80 THE SEGMENT*&&
*x%0F THE MAP BEING PLOTTED**x* :

00 01 865 969 10.0 9.0 0 SITE 13 BEFORE v 01
00 02 +861 4699 1240 9.0 «0 SITE 13 BEFORE V 01
00 03 .767 4555 13.0 8.0 «0 SITE 13 BEFORE V 01

*%%MAP SEGMENT 1%*x

*%k%EACH CARD WHICH FOLLCWS REPRESENTS ONE INTERSECTION POINT ON THE FLOWNET*x% -
*%%COLUMNS 1 THRU 4 IS THE FLOWTUBE NU.s COLUMNS 5 THRU 8 IS THE FLOWTUBE%%*
#¥¥xELEMENT NUOos COLUMNS 11THRU 14 AND COLUMNS 17 THRU 20 ARE THE DIGI TIZED®*%
k%X AND Y COORDINATES RESPECTIVELY, AND COLUMNS 61 THRU 76 AND 79 THRU 80%x*%
*%%ARE THE TITLE AND SEGMENT NUMBERS ,RESPECTIVELY*%*

*%%A BLANK CARD FCLLOWS EACH MAP SEGMENT® %%

01l 13 .023 ,266 _ SITE 13 BEFORE V 01
0l 14 .100 .187 SITE 13 BEFORE Vv 01
0L 15 .128 .147 SITE 13 BEFORE V 01
01 16 .147 .1l24 i SITE 13 BEFORE V Gl
0l 17 196 .059 SITE 13 BEFORE v 01
0l 18 .225 .012 SITE 13 BEFORE V 01
02 10 .007 .591 SITE 13 BEFORE Vv 01
02 11 027 545 SITE 13 BEFORE v 01
02 12 .047 .495 SITE 13 BEFOKE v 01
02 13 .099 369 : SITE 13 BEFORE V 01
02 14 .139 .301 SITE 13 BEFDRE V 01
02 15 174 .258 SITE 13 BEFORE V 01
02 16 4199 .204 SITE 13 BEFORE v 01
02 17 .233 -.1ll SITE 13 BEFORE V 01
03 10 .066 666 : SITE 13 BEFORE V 01
03 11 .088 .617 SITE 13 BEFORE vV Ol
03 12 .107 .583 . ' SITE 13 BEFORE V 01
03 13 4157 .496 SITE 13 BEFORE v 01
03 14 .18l .455 SITE 13 BEFORE v 0l
03 15 .237 .313 SITE 13 BEFORE V 01
03 16 42471 4259 SITE 13 BEFORE V 01
03 17 .249 .235 SITE 13 BEFORE V 01
04 10 117 .725 SITE 13 BEFORE V 01
04 11 .139 .682 . SITE 13 BEFORE V 0l
04 12 .158 .643 : SITE 13 BEFORE V 01
04 13 .200 567 . SITE 13 BEFORE V 0l
04 14 219 .527 SITE 13 BEFORE v 01
04 15 .269 .407 - SITE 13 BEFORE V 01
05 07 081 972 SITE 13 BEFORE V 01
05 08 .113 .911 SITE 13 BEFODRE V 0l
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+134
<166
«203
221
«265
276
«289
«257
«290
329
«337
«361
«403
«359
«688
«636
«590
«535
+459
«391
«353
«337
« 869
«846
823
« 764
« 137
646
«603
«524
«457
«419
347
317
«291
«961

" 6927

- 889
852
<817
<717
<682
+583
551
<488
383
«323
271
«665
0647
«623
«595
«537
«413

«857
. 795
734
.707
.619
«580
.537
«961
.879
. 773
.74l
<935
+962
.926
.991
+955
.917
. 875
.829
.184
.55
.739
+996
. 949
913
.848
* 799
.733
. 721
<700
.657
.« 635
.601
«575
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484
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649 18 14 .351 .301 SITE 13 BEFORE v 01
650 18 15 .318 .286 SITE 13 BEFORE v 01
651 18 16 .273 .249 SITE 13 BEFORE v 01
652 18 17 250 .235 SITE 13 BEFORE V 01
653 19 11 <596 .199 SITE 13 BEFORE V 01
654 19 12 539 .203 SITE 13 BEFORE v 01
655 19 13 .445 .199 SITE 13 BEFORE V 01
656 19 14 .383 .191 SITE 13 BEFORE V 01
657 19 15 .355 .185 SITE 13 BEFORE V 01
658 19 16 .296 .1l71 : SITE 13 BEFORE V 01
659 19 17 .233 .ll4 SITE 13 BEFORE vV 0l.
660 20 13 .449 .057 SITE 13 BEFORE V 01
661 20 14 407 .055 SITE 13 BEFORE V 01
662 20 15 .,373 .055 SITE 13 BEFORE Vv 01
663 20 16 +325 .C45 SITE 13 BEFORE Vv 01
664 20 17 .251 .025 . SITE 13 BEFORE Vv 01
665 20 18 .225 011 SITE 13 BEFORE v 01
666
-667 € *%%kMAP SEGMENT 2%%%
668 00 0l 275 .845 4.0 3.0 0.0 SITE 13 BEFORE V 02
669 00 02 4474 .695 5.0 5.0 3.11 SITE 13 BEFORE v 02
670 00 03 077 .558 6.0 1.0 3.89 SITE 13 BEFORE V 02
671 05 06 .057 .0l13 SITE 13 BEFORE v 02
672 06 06 164 177 SITE 13 BEFORE V 02
673 06 07 187 .l1l34 SITE 13 BEFORE Vv 02
674 06 08 217 .065 SITE 13 BEFORE v 02
675 06 09 .236 .021 SITE 13 BEFORE V 02
676 07 01 .187 .655 SITE 13 BEFORE V 02
677 07 02 ..205 .590 SITE 13 BEFORE v 02
o678 07 03 .218 .525 SITE 13 BEFORE V 02
679 07 04 .243 <447 SITE 13 BEFORE v 02
680 07 05 .2069 .35% SITE 13 BEFORE Vv 02
681 07 06 281 313 . SITE 13 BEFORE V 02
682 07 07 .300 .227 : SITE 13 BEFORE VvV 02
683 07 08 317 .169 SITE 13 BEFORE vV 02
684 07 09 .327 .1l03 SITE 13 BEFORE V 02
685 07 10 .345 .019 ' SITE 13 BEFORE V 02
686 08 0l 309 .739 SITE 13 BEFOPE vV 02
667 08 02 .327 .681 SITE 13 BEFORE V 02
688 08 03 .345 .6l11 SITE 13 BEFORE v 02
689 08 04 <367 .549 . SITE 13 BEFORE V 02
690 08 05 4385 .467 SITE 13 BEFORE V 02
691 68 06 L407 ..391 SITE 13 BEFORE V 02
692 08 07 426 .303 SITE 13 BEFORE V (02
693 08 08 .443 .213 SITE 13 BEFORE Vv 02
694 08 09 .453 .159 SITE 13 BEFORE V 02
695 09 01 .435 .817 SITE 13 BEFORE V 02
696 09 02 .451 .753 : SITE 13 BEFORE V 02
697 09 03 463 .675 SITE 13 BEFORE.V 02
698 09 04 467 4605 ) SITE 13 BEFORE V 02
699 09 05 .464 .501 SITE 13 BEFORE v 02
700 09 06 <455 405 - SITE 13 BEFORE V 02
701 09 07 .451 387 ° . SITE 13 BEFORE vV 02
v 02

702 10 01 .529 .881 SITE 13 BEFORE
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741
742
743
144
745
746
747
748
749
750
751
752
753
754
755
756
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C

C

[a¥aX xR 2l

10
10
11
11
11
12
12
12
12
12
12
12
13
13
13
13
13
13
13
13
13
14
14
14
14
14
14
14
15
15
15

%%k HE

-1

*x%xkTHE

02
03
0l
02
03
0ol
02
03
04

05

06
07
o1
02
03
04
05
06

.07

o8
09
02
03
04
05
06
07
o8
02
03
04

FT/CAY

X kTHE

02

«543 .799 SITE 13 BEFORE V 02
«525 4699 SITE 13 BEFORE Vv 02
«688 +787 SITE 13 BEFORE V 02
«619 763 SITE 13 BEFORE V 02
527 702 SITE 13 BEFORE Vv 02
«693 . .614 SITE 13 BEFORE v 02
«645 ,589 SITE 13 BEFORE V 02
«591 .543 SITE 13 BEFORE v 02
«553 4505 . SITE 13 BEFORE V' 02
«507 .452 ’ SITE 13 BEFORE v 02
465 2404 : SITE 13 BEFORE vV 02
«451 4385 SITE 13 BEFORE v 02
«738 .463 ) SITE 13 BEFORE V 02
e694 429 - SITE 13 BEFORE v 02
«659 4394 SITE 13 BEFORE v 02
613 <349 . SITE 13 BEFORE V 02
«575 4313 ) SITE 13 BEFORE Vv 02
«543 277 : SITE 13 BEFORE v 02
<507 .231 SITE 13 BEFORE V

« 467 .182 SITE 13 BEFORE V 02
«453 .159 SITE 13 BEFORE v 02
« 740 .251 SITE 13 BEFORE V 02
«698 215 SITE 13 BEFOKE Vv 02
«657 183 SITE 13 BEFORE V 02
«6l4 ola4 SITE 13 BEFORE vV 02.
«567 .103 SITE 13 BEFORE V 02
517 .063 SITE 13 BEFORE V 02
<473 .027 SITE 13 BEFORE v 02
2793 .095 SITE 13 BEFORE v 02
«763 .065 SITE 13 BEFORE v 02
«731 .035 SITE 13 BEFORE vV 02

~1 ON. THE NEXT CARD INDICATES THE END OF ALL DIGITIZED MAP SEGMENTS# %%
FOLLOWING CARD IS THE SATURATED PERMEABILITY UNITS#:%*

CARDS WHICK FOLLOW ARE THE KNOWN PERMEABILITY VALUES USED IN THE ##¥%

**¥PROGRAM APERM 4 COLUMNS 1 THRU 4 ARE THE FLONTUBE NOss COLUMNS 5 THRy%**%*
*%%8 ARE THE FLOWTUBE ELEMENT NO., AND COLUMNS 10 THRU 16 ARE THE**%
*¥%SATURATED PERMEABILITY VALUES KNOWN AT THE CENTER OF THAT ELEMENT**%

-
OCO~NGEWMHWN P

11
12
13
14
15

13

.13

13
10

(G RV ol N WU V.

=

4.02
4 .02
4.02
4.02
402
2.14
2.14
e 402
«938
2.14
4402
4.02
2028
4.02
le34
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CARD :

157 16 12 2.01

7158 17 14 2.01

759 18 14 2.01

760 19 16 1.50

76l 26 16 1.50

762

763
704 C ' *%¥APPENDIX A IS COMPLETE*¥x%



APPENDIX B

COMPUTER PROGRAM LISTING FOR STEADY
ADAPTED TO IBM 360-50

WITH CONTROL CARDS

86



[a
>
bl
(=}

VE~NowmsWwN-

80/80 LIST

000000000111111111122222222223333333333444444444455555555556666666666TTTTTTTT118
12345678901234567890123456789012345678901234567890123456789012345678901234567890

APPENDIX B

**%STEADY STATE FLOW ANALYSIS PROGRAM**%

*%%THIS PROGRAM LISTING IS AN ADAPTATION OF THE PROGRAM ' STEADY DARCIAN *%x
***TRANSPORT OF FLUIDS IN HETEROGENEOUS PARTIALLY SATURATED POROUS MEDIA®* *%%
**%FOR USE ON THE IBM 360-50 COMPUTER IN FORTRAN IV LANGUAGE***

*#*&COMMENTS USED IN THESE PROGRAMS ARE TACEN ¢+ IN PARTy FROM**%

**%STEADY DARCIAN TRANSPORT OF FLUIDS IN HETEROGENEQUS PARTIALLY*%*
**%SATURATED PDROUS MEDIAy PT2y THE COMPUTER PROGRAMy REISENAUERy AsE4 o*#%
*¥%R. W NELSONy AND €oNe KNUDSENy1963%*% .

*x*kSTEADY*% %
*%x¥STEADY CALLS SUBROUTINE CHLKL AND CHLK2 IN PROPER SEQUENCE**%x
*%xTHIS IS A SUBROUTINE REQUIRED FOR THE SYSEM TO RUN ON THE. IBM 360-50%%x%

STEADY

[N s e Kol 3] [aXaRaN ol ol NN el N aN el e N e YN aN ol o

INTEGER*2 NOsMAT

DIMENSION PHI (2000) yEK(2000) +NG(2000) +MAT (2000}

DIMENSION UKL1(15)yUK2(15)9UK3(15)¢STEK3(15) )

DIMENSION CK1(15)+CK2(15+2)9CK3(15+41)9CK4l15,2)

DIMENSION PLOP(SOI).KEY(502)nDUM(SOl),MUM(bOZ)oCODE(lS)

COMMON PHIs EKyNO

COMMON UKquKZ.UK3,STEK3'CK1yCKZvCKBoCK4

COMMON KKeIT9JJgMAXI ¢MAXKsMAXJ9IKTOT #KIJTOT ¢NBUGYNPUNyNCAS EoNSAT,
LNLyN2¢N3sNéeyN5 JNAVG yNSIZEy NAXIyLSHW, NGRAP¢L ¢ HI y JHI ¢ IHI s KHI yNOUML
2NDUMZ s NDUM3 » NDUM4 s MDUML ¢ MDUM2 ¢ MDUM3 ¢ MDU M4 ¢ K EY

COMMON IDUMP ¢ ICUTyNCUT,ICMAXJy1CMAXI , ICMAXK yMAN,INIT,NTYPE, ICOUNT,
lJAM;MHl.MHZ.MVI.MVZ.MOIoMDZvNS(IPvaKvIvNINEKoVINPHIyNCMAXJ.
2NCMAXT o NCMAXK ¢ AUM

COMMON BEEyCANGLE+DELZySANGLE+DEE+AYE+HyELENG +P1+COR1+COR2+COR3,
1COR4yCOR59CODE+ PHIMAX 9 DUML » DUM2 yOUM3 4 DUM44ODUML, DDUM2, DDUM3,
20DUM 49 DDUMS5 4 ANGLE 4 PLOP

COMMON FRACTyFKvX'DENOMloDENDMZ.DENUMB.DENCDNnAVTERH'HTERM.VTERH'
LAXTERM, OTERMsCUNIT

COMMON NDYyDIFEysSDIFEPSDIFECORR

EQUIVALENCE (PLOP+DUM)s (KEY,MUM)

EQUI VALENCE (MAT,EK)

IRSTRT=1

CALL CHLK1

CALL CHLKZ2(IRSTRT)

STOP

END

**¥RESTRTS*%

c
C *%%RESTRT INITIAL IZES ARRAYS IN PREPARATIUN FOR RESTARTING A SAVED PROBLEM**%

c RESTRT
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CARD

55 C

56 INT EGER*2 NﬂvHAT

.57 DIMENSION PHI(ZOOO).EK(ZOOO)QNO(ZOOO),HAT(ZOOO'

58 DIMENSION UKL1(15)yUK2(15) ¢+UK3(15) 4STEK3(15)

59 DIMENSION CK1(15)¢CK2(1592)9CK3(15541),CK&{15,2)

60 DIMENSION PLOP(501,vKEV(SOZ)|DUH(501""UH(SOZ,OCUDE(IS’

61 COMMON PHI EKyNO i

62 COMMON UKI,UKZ'UK30$TEK3'CK11CK2,CK30CK4

63 COMMON KK’II'JJ'"AXI'"AXK'"AXJ,IKTOT'KIJTOT’NBUG'NPUNQNCASE'NSAT'
64 lleNZvN3pN4vN5.NAVG'NSIlEoNAXIoLSH.NGRAP LoHI o JHI s IHI o KHI, NDUML,
65 2NDUM2 3 NDUM3 g NDUM49 MDUML yMDUM2, MDUM 3, MDUM4sKEY

66 COMMON IDUMP I CUTyNCUTyICMAXJ 9 ICMAX Ty ICMAXK9MANy INIT)NTYPE, ICOUNT,
67 ‘ lJAHoHHlvHHZoHVloHVZvHOIlHOZvNSKIP'JtKlIoNfNEK,NlNPHIoNCNAXJ,

68 2NCMAXT ¢ NCMAXK ¢ NUM

69 COMMON BEE,CANGLE'DELZ'SANGLEvoEEvAVEvH,ELENGvPI'CURloCURZOC0R31
70 'lCOR‘vC0R5|CODEQPHINAX,DU"1'DUHZ'DU13pDUH4100UHIQDDUNZQDDUN3p

71 - 2DDUM4 4DDUMS yANGLE 4PLOP

72 COMMON FRACT.FK:X:DENONIoDENONZ1DEN0H390€NCUN'AVTERH9HTERH.VTERH.
73 - LAXT ERMy OT ERMy CUNIT - - .

74 COMMON NDV.DIFE.SDIFE.PSDIFE'CGRR

75 . EQUIVALENCE (PLOPyDUM)y(KEY MUN) -

76 EQUIVALENCE (MAT,EK)

17 . IRSTRT=2

78 . REWIND '8

79 - READ(8) KK'IIoJJoNAXIv"AXKtHAXJvIKTOTlKIJTOT.NBUG.NPUN,NCASE,

80 _ INSATyNLyN2y N3y NoyNS59yNAVGyNSIZE ¢ NAXI oLSW9oNGRAP yL oHI ¢ JHI yIHI oKHI,
8l ~ 2NDUML ¢ NDUM2 yNDUM3 ¢ NDUM& ¢ MDUM1» MDUM2 s MDUM3 ¢ MDUM4KEY

82 READ(8) IDUMP,ICUToNCUT,ICMAXJyICMAXI » ICMAXKyMAN, INIT NTYPE,

83 1ICOUNTOJA"'"HI’"HZ'"VII"VZ'"allMOZONSKIP!JOKQI NINEKy NINPHI yNCMAXJ
84 © 29NCMAXI yNCMAXK yNUM

85 READ (8) BEE.CANGLE,DELZ.SANGLEODEEpAVE'HoELENG'Pl9CUR11CORZ|COR3
86 11C0R41C0R51CUDEOPHINAX|DUHI,DUHZ.DU13vDUH‘,DDUNlpDDUNZvDDUN3'

87 2DDUM4 ,DDUM5 yANGLE 4 PLOP

88 . READ (8) FRACTvFK'X1DENUN1.DEN0HZ,DENOH3pDENCONoAVTERH.HTERH,

89 LVTERMy AXT ERM, OTERMy CUNIT

90 READ (8) UKI'UKZQUK3vSTEK31CKvaKZ'CK3oCK4

91l .. - NDXSML=1

92 NDXLGE=1000

93 10 IF (KIJTIT-(NDXLGE+10)}) 50,50,20

94 20 READ (8) (PHI(NDXV)¢NDXV=NDXSML ¢+NDXLGE)

95 READ (8) ( EK(NDXV) yNDXV=NDXSML ¢ NDXLGE)

96 READ (8) ( NO(NDXV) ¢NDXV=NDXSML¢NDXLGE)

97 NDXSML=NDXSML +1000

98 NDXLGE=NDXLGE+1000

99 ) GO0 TO 10
100 50. READ (8) (PHI(NDXV'.NDXV*NDXSML'KIJTUT) ] o -
101 READ (8) ( EK{NDXV) ¢NDXV=NDXSML,KIJTOT) :

102 READ (8) ( NO(NDXV)  NDXV=NDXSML,KIJTOT)

103 READ (8) NDYsDIFEySDIFEPSDIFE,CORR

104 CALL CHLK2(IRSTRT)

105 : - sToP
106 END
107 C

108 C
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131
132
133
134
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140
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150
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157

158
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*##CHAIN LINK 1 #*#x

C  **%[HLK1 READS INPUT DATA AND PREPARES THE PROBLEM FOR CALCULAT ION®%#

C #%¥CHLK1 INCLUDES SUBROUTINES CUTTER AND TEST#%#
SUBROUT INE CHLKl

c STEADY DARCIAN FLOW IN SOILS

c CHAIN LINK 1 ) . ) :

C ONEsTWO9OR THREE DIMENS IONAL STEADY STATE FLOW IN SOIL PROGRAM

c UP TO 2000 NODE POINTS

C CHAIN LINK 1 READS INPUT AND PREPARES FOR ITERATIONS THRU MATRIX

c PROGRAMMER NOTE THE COORDINATE INDICES USED INTERNALLY DO NOT

C CONFORM TO USUAL MATHEMATICAL CONVENT ION.

c COORDINATE INTERNAL INDEX EXTERNAL (DOCUMENT) INDEX

C X K : I

c Y J J

c A 1 K

INTEGER*2 NO,MAT

DIMENSION PHI(ZOOO)vEK(ZOOO)1N0(2000)vMAT(2000)

DIMENSION UKL1(15)2UK2(15),UK3€15)ySTEK3(15)

DIMENSION CK1(15)4CK2(1542)+CK3 (15441 )sCK4(1542)

DIMENSION PLOP(501) yKEY(502) yDUM(50L1) yMUM(502) 4 CODE(15)

COMMON PHI,EKyNO

COMMON UKL yUK2 yUK34STEK3,CK1 9CK2,CK3yCK4

COMMON KK9IT9JdJyMAXI sMAXK MAXJs IKTOTsKIJTOT ¢NBUG s NPUNyNCASE¢NSAT,
LNLyN29N39 N4y NS s NAVGINSIZE)NAXToLSWeNGRAPyLyHI g JHI y IHI yKHI o NDUML,
2NDUM2,NDUM3 yNDUM4¢MDUML y MO UM2 y MOUM3 4 MDU M& ¢ KEY

COMMON IDUMP, ICUT,NCUT, ICMAXJyICMAXT s ICMAXKy MANyINIT,NTYPE+ICOUNT,
LJAM s MH1 4 MH2 ¢ MV1 4 MV2 ¢ MCL ¢ MO2 ¢ NSKIP¢J 9Ky ToNINEKyNINPHIJNCMAXJy
2NCMA XTI s NCMA XK ¢ NUM

COMMON BEEs CANGLE+DELZy SANGLE,DEEsAYEyHyELENG,P 1,4 COR1,+COR2,4COR3,
1COR4¢yCORS5 yCODE s PHI MAX yDUML y DUM2 4 DUM3 4 DUM4 s DDUML y DDUM2, DDUM 3,
2DDUM4,DDUM5+ ANGLE,PLOP

COMMON FRACT.FK,X,DENOMloDENOMZ'DEV0M31DENCDN'AVTERM.HTERM.VTEPM,
LAXTERM,OTERM,CUNIT

COMMON NDYyDIFEySDIFEsPSDIFE,CORR

EQUIVALENCE (PLOP+DUM)y (KEY ,MUM)

EQUIVALENCE (MAT,EK)

5001 FORMAT(* ERROR EXIT ON LOADING BY COLUMN OF CHANGE V= ',13,'TQ Y=¢
LoI345Xe%2=*,13," TO Z='413+2Xy"' CHANGES="%, 542Xy "FIRST NUMBER LOADE
2D IS ':1A4)

1 FORMAT (I5415A4)
2 FORMAT (12,E10.4)
3 FORMAT (1415)
4 FORMAT (lL4(I3,F2.0))
30 FORMAT (F5.04315)
60 FORMAT (7(14,F6.0))
70 FORMAT (7E10.4)
71 FORMAT (4E10.4,12)
300 FORMAT (513)
752 FORMAT (8F9.7)

3009 FORMAT (4(154E10.4))

c CASE IDENTIFICATION AND SWITCH SETTERS READ IN

READ(5+1) NCASE,CODE

READ(5,3) NSAT,NINPHI NINEK, NCUT'NAVG’NAXI'NPUNvNBUGoNGRAPyNDUH3
c READ-IN SOIL DATA FOR K CALCULATION ON NSAT=1
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l64
165
166
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168
169
170
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172
173
174
175

T 176
177
178
179
180
181
182
183
184
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600

640
650
655

. 675

-706

705

188 ' C

189
190
191
192
193
194
195
196
197
198

199

200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216

2000

60 TO (600420001,NSAT
READ{52) NUMyCUNIT

DO 705 M=1,NUM
READ(5,TLIUKL(M)3UK2 (M) sUK3 (M)y STEK3(M) yMEK3

READ (54 70) CKLUM) s (CK2(M3sN) ¢N=142) 4 (CK3( MyN} yN=1yMEK3) 5 (CK4 (MyN)4N=
11+2)

IF(NDUM3) 7054640, 705

CALCULATE PERMEABILITY COUPLING RATIO FOR HETEROGENEOUS SOILS
IF(M=11650+6501655

RWN=CKL (1)

CKL1(M)=CKL{M)/RWN

CK2 (My1 )=CK2(Ms1)%CK1(M)

CK2(My2) =CK2(M¢2)*CKL M)

DO 675 N=1lyMEK3

CK3(MyNJ=CK3 (MyNI*CK1 (M)

CK4(My 1) =CK4(MyLI*CKL(M) .

UNIT CORRECT SOIL DATA IF NECESSARY

IF (CUNIT-1.)7064705,706

UKL{M)=UK1(M)%*CUNIT

UK2 {M)=UK2 (M) *CUNIT

UK3 (M) =UK3 (M) *CUNIT

CK2{My1)=CK2(M41)/CUNIT

CKé (My1)=CK4 (M L) #CUNIT #2CK 4(M, 2)

STEK3(M)=STEK3 (M)*CUNIT

CONT INUE

READ CASE INPUT

READ{(5¢3) NCMAXJ, Nanxx.NanxK.lanxJ.Ianxl.IanxK.JJ.II,KK,
LNDUML;NDUM2s NDUM4

READ(5,70)DELZ+Hy ANGLEBEE, DEE, AY Ey ELENG

READ(5y T0JPHIMAX,PL sDUML ,DUM2 ,DUMé  *

READ(5,30 )COR1yNLsN2yN3

SET-UP UNCUT DIMENSIGNS FOR PHI READ-IN

MAX J=NCMAXJ

MAX 1=NCMAX I

MAXK=NC MAXK

COMPUTE SINE AND COSINE OF ANGLE OF SYSTEM INCLINATION
CANGLE=COS { ANGLE)

DDUM4=H

- DDUMS=ELENG

c
4000

4001
2071

2070

2072
15

c
3000

GO TO (4000,4001)9NSAT

UNIT CORRECT COLUMN LENGTH
ELENG=ELENG*CUNIT

DUM1 =RWN

H=H*CUNIT

OETERMINE IF AND HOW MATRIX IS T2 BE CuUT=-UP
IF(NCMAXI=-ICMAXI) 207042071,2070

ICUT=1

GO0 TO 2072

ICUT=NCMAXI /ICMAXI+1

READ INITIAL PHIJK,MATERIAL AND CALC TYPE MATRICES
I1I=1

GO TO (7+43000921421),I11

INITIAL K IN

GO TO (3006+3001)NINEK
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3006

c
3050

c
3007

C
21

750

c
3051

C
2050

2004
2005

751
3001
3002
3003

20
4100

4111
5000

3888

11
10

SANGLE=SIN(ANGLE)

READ (54300) JBeJToIB I ToKKK

IF (KKK) 305093050, 3007

INITIAL K-WHOLE LINE

READ(5,70) (PLOP(K) yK=14MAXK)

GO TO 2050

INITIAL K=BY POINTS OF CHANGE

READ(543009) ((KEY(JJJ)PLOPLJIIII) ¢ JJJ=1KKK)
GO TO 20

MATERIAL AND CALC TYPES=-BY POINTS OF CHANGE
READ(5,300) JB4#JTI1B,1ToKKK

READ{(544) ((KEY{JJJ)yPLOP(JJJD)edJJI=14KKK)
G0 70 20

INITIAL PHIS

"GO0 TO (75093001) yNINPHI

READ(5, 3000 JB ¢ JT4IB s1 T4KKK .
IF(KKK)3051,3051,8

INITIAL PHI=-WHGLE LINE
READ(5,752) (PLOP (K) yK=1 yMAXK)
WHOLE LINE IN ROUTINE

DO 751 J=JB,JT

DO 751 I=1B,IT

DO 751 K=1,MAXK
JAM=MAXT®MAXK*® ( J=1) $MAXK# (1=1) ¢K
IF (I11-2) 200420052005

PHI{JAM) =PLOP (K)

G0 TO 751

EK( JAM)=PLOP(K )

CONTINUE

60 TO 22

WHOLE MATRIX IN ROUTINE
KIJTOT=MAXI#MAXKSEMAXJ
IF(111-2)3002, 3003, 3003
READ(5,752) (PHI(JAM) ¢ JAN=1,KIJTOT)
GO TO 2008

READ(5,70) (EK(JAM) ,JAM=1,KIJTOT)
GO TO 2009

ITITIAL PHI-BY POINTS OF CHANGE
READ(5,60) (KEY(JJJ14PLOP(JJI)sJd= 1iKKKD
POINT OF CHANGE ROUTINE
KEY(KKK+#1)=0

IF(KKK-501) 4100,5000,5000
IF(1T-501) 4111,5000,5000
IF(JT-31) 3888,5000,5000
WRITE(6+5001) JBrdT9184ITKKKsPLOP(1)
LSW=9

GO TO 2080

DO 9 J=JByJT

DO 9 I=18,IT

Jai=1-

DO 9 K=1,MAXK

IF (K=KEY(JJJ+1)) 10411410
JIi=ddgel
JAM=MAXT* MAXK® ( J=1) ¢ MAXK® ( I=1)+K



CARD
271
212
273
274
275
216
277
278
279
280
281
282
283
284

285

286
287
288
289
290
291
292
293
294
295
296
297

298 -,
299

300
301
302
303
304
305
306
307

308 -

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

Lol
et

80/80 LIST

05000000011111111112222222222333333333366664444465555555555666666666677777777778
1234567830123456T7890123456789012345678901234567890123456789012345678901234567890

12
2006
113
105
22
14
2007

2008

2012
2013
2021
2009

2010

2020
c
2022

c
2011
2023

C
2015
C

2014
400
2031
401

2030

GO TO (12,2006913+105),111
PHIC(JAM)=PLOP(JJJ)

GO T0 9 .

EK( JAM) =PLOP(JJJ)

GO T0 9 :

MAT (JAM)=PLOP (JJJ)

GO 70 9 .

NO (JAM)=PLOP.(JJJ)

CONTINUE

GET ALL OF MATRICES
IF(MAXI=1T) 14y 14,15
IF(MAXJ=JT)2007,2007415 .
SET-UP FOR NEXT MATRIX-PICK-UP PROPER MATRIX DIMENSIONS
GO TO.(2008,2009+2010,42011),111
GO TO (2012+2013) ¢NSAT

IlI=3 . .
NCUT=1

GO TQ 2022

I111=2

IF(ICUT-1)2020,2020,2021
IF(NCUT-2)2022,2020,2020

I1I=4

GO TO 2022

11I=4

GO TQ 2022

SIZE OF UNCUT MATRIX
MAXJ=NCMAXJ

MAX T=NCMAX I

MAXK=NCMA XK

GO 70 15

SIZE OF CUT MATRIX:

MAXJ=1CMAXJ

MAX I=ICMAXI
MAXK=ICMAXK

GO TO 15

SET-UP TO CUT MATRIX IF NECESSARY

1DUMP=1

IFCICUT-1)2014,2014,2023

MAX J=NCMAXJ

MAXI=NCMAXI

MA XK =NC MA XK .

SUBROUT INE CUTTER REMOVES ROWS AND COLUMNS FROM A MATRIX
CALL CUTTER . :
GO TO (2014,2015),1DUMP

ERROR EXIT-ON FAILURE IN CUTTER ROUTINE

GO TG 2080

DETERMINE IF 1,2 OR 3D MATRIX

IF(MAXJ~1) 400,400,2030

1F(MAXK~=1) 20312031 4401

NSTZE=1

GO TO 402

NSI2E=2

GO TO 402

NSIZE=3
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351

352
353
354
355
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357
358
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360
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365
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370
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378

00000
12345

c
402

c
403

c
306

(X

2080

(2N e R n i

C *=x
C *x
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SUBROUTINE TESTS FOR ILLOGICAL CALC TYPE CHOICES
CALL TEST

GO TO (306+403)y IDUMP

ERROR EXIT-ILLOGGICAL CALC TYPE CHOICE

LSW=6

GO TO 2080

PRINT INITIAL CCNDITIONS

LSW=1

IKTOT=MAX I #MAX K

KIJTOT=MAXI *MAXKEMAX J

CHAIN LINK 2 HANDLES ITERATION THRU THE MATRIX AND
CALCULATES PHI AT EACH POINT
CONTINUE
RETURN
"END
*kRTEST#**%

*SUBROUTINE TEST CHECKS CALCULATION TYPES AND TERMINATES THE PROBLEM *x%
*d ITH AN ERROR MESSAGE IF AN ILLOGICAL CHOICE IS MADE#*x
SUBROUTINE TEST

INTEGER*2 NOsMAT

DIMENS ION PHI(2000).EK(ZOOODoND(ZOOO)oNAT(ZOOO)

DIMENSION UK1(15)4UK2(15)4UK3(15)STEK3(15)

DIMENSION CK1(15)yCK2(15+2)yCK3(15+41)4CK4(15,2)

DIMENSION PLDP(501)1KEV(502)00UH(501).MUH(502)1CODE(15)

COMMON PHI yEKyNO

COMMON UK1yUK2y)UK3ySTEK3+9CK1¢CK2)CK3¢CK4

COMMON KK oIT9JJoMAXT sMAXKyMAXJy IKTOT ¢KIJTOT +NBUGyNPUNyNCASEINSAT,
INLyN2sN39N4sN5yNAVG yNSIZE s NAXI s LSWoNGRAP s LoHI g JHI 9 THI o KHI y NDUML »
2NDUM2 s NDUM3 y NDUM4y» MDUML1yMDUM2yMDUM3,MDUM4,KEY

COMMON IDUMPsICUToNCUT,ICMAXJsICMAX Iy ICMAXK¢MAN, INIT,NTYPE, ICOUNT,
1JAM MquMHZ,HVl'MVZ'MOI;MOZ-NSKIPpJ-K:IpNINEK NINPHI'NCMAXJv
2NCMAX I 9 NCMAXK 9 NUM

COMMON BEE+CANGLEDELZ,SANGLE,DEE, AVE,H.ELENG.PI.CORI,CORZ'CDR3'
1COR4%y CORS, CODE yPHIMAX, DUML, DUM2 ,DUM3 yDUM4 yDDUML 4DOUM2 » DDUM3 o
2DDUM4 +DDUMS ¢ ANGLEy PLOP

COMMON FRACT.FK;X:DENDMI1DEN0M2pDENUMB'DENCON.AVTERH'HTERH,VTERM;
LAXT ERM, OT ERMy CUNIT

COMMON NDY,DIFESDIFE+PSDIFE,CORR

EQUIVALENCE (PLOPDUM) +{ KEY 4MUM)

EQUIVALENCE (MAT,EK)

DO 600 J=1,MAXJ

DO 600 I=1,MAXI

DO 600 K=1sMAXK

JAM=MAX T« MAXK# (J=1) + MAXK® (I=1)+K

IMAG=NO(JAM)

IF(IMAG)5004500440

40 GO TO (50460470) yNSIZE

50

IFU{IMAG=4)89+89+500

60 IF (IMAG-10189 894500
70 IF(IMAG-28189+89,500

89

IF (J-1)90490,491

90 IF(K-1)100,100,101
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100 IF(I-1)102+102,103
102 GO TO (401, 402,403)4NSIZE
401 GO TO (600¢5000600+500)4IMAG
402 GO T0 (600,500,500,500,500+500,600,500,500,500) 4 IMAG
403 GO TO (6004500¢5005 500, 5004 500, 5009 5004 500,500, 500,500+5004500,500
1¢500,500¢500450045004600450045004500,500,5004500+4500), IMAG
103 IF (I-MAXI) 104+105+105
104 GO TO (4041405v406)'NS!ZE
404 GO TO 600
405 GO TO (600+500+5000500y60045000600+500,6004500) 4 IMAG
406 GO TO (60049500,500¢500, 5004 5004 500, 5004 500450049 50045004+500+500,500
14500,600+500,5CC+500,600,50045004500+600+500,5004500), IMAG
105 GO TO (407,408,409),NSIZE
407 GO TO (600+4500+500,600),IMAG
. 408 GO T0 (6004500,500,500,500:500,500+500,6004500) ¢+ IMAG
409 GO TO (6004500+50045004 500, 5004 500, 500+ 50045004 500,5004500,500,500
1+500,5004500,50045004500,500,50095004600450095009500), IMAG
101 IF(K=-MAXK)106,1C7,107
106 IF{I-1) 108,108,109
108 GO TO (500+410+411) 4NSIZE
410 GO TO (600,500,600,500, 500,500, 600,600,500,500) +1MAG
411 GO TO (600+500¢500¢5004+500,50045004500,500,50046004 500, 5004 500,500
1+500,5004500,500,500,600,50046004500,5004500,5004500) y» IMAG
109 IFf (I-MAXI)110.111,111
110 GO TO (500+412,413)4NSIZE
412 GO TO 600
413 GO TO (600950095004 5004500, 500, 6004 500450045004 600450045004500,600
1+500,6004500,600,500,600,500,600,500,600,500,600,500)¢ IMAG
111 GO TO (5004 414+415) ¢NSIZE
414 GO TO (600,500,500,600¢ 500, 5004 500, 5004 600y 600) yIMAG .
415 60 TO (6009500¢500¢5004500,45004500,500,500,500,500,500,500,500,600
1,500,500, 5004 50045009 5009500¢9500950046004+5004+56009500) +I MAG
107 IF (I-1)1124112+113
112 GO TO (500+44169417) ¢NSIZE
416 GO TO (600;5001500,5000500'500'500'600'5001500l'IMAG
417 GO TO (60045004+50045004500,500,4500,4500450045004500,500,500,500,500
155009500450045C0¢50045004500+60045004500+5004500,500) 41MAG
113 IF (I-MAXI1)114,115,115
114 GO TO (50C+418+419) ¢+NSIZE
418 GO YO (.600,500,500,5004500,600,500,600,500,600) 41 MAG
419 GO TO (6004500,50045004500+500¢500,500, 500,500y 500, 5004 500, 5004 500
1,500,500y 500,6CC¢500,5004500,4600,500,500+500,6004500), IMAG
115 GO TO (500,420,421)+NSIZE
420 GO T0 (60049500,500,50049500,5004500,5009 5009 600) IMAG
421 GO TO (60045004500,5004500,4500,500,500¢5009500+500+500,500,500,500
1:5009500950045004500+ 500450095009 50095009 50096004500) yIMAG
91 IF(J-MAXJ} 92:93,93
92 IF (K-1)200,20Cy201
200 IF (1-1)202,202,203
202 GO TO (6009500,50045004500,50045004500,60045004500,500,500,5004500
145004500, 50045004500, 600,60045004500950095009500,500) o1 MAG
203 IF(I-MAXI}204+205,205 .
204 GO TO (600,500450045004600, 500'500y5001600v500v5001500v600,500'500
1450095600+600¢500+5004600460095009 500, 6009600+500,500) »IMAG
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205 GO TO (600950095004 500,500y 5004 5004 5004 5004 5009 500,500,600,500,500
19500,50045004500+45004500+5004500+50046004600+500+¢500) IMAG

201 IF(K=-MAXK)2Cé6y 2CT,207

206 1F(1-1)208,208,209

208 GO TO (6004500+6004500+500+500+5004500+60046004600,600,5004500,500
1.500'500.500.500o500'6009600960096009500o500'500'500lolNﬂG

209 IF(I-MAX1)210,211,211

210 GO TO 600

211 GO TO (600+500+500+600+500+5000 500, 500, 5004 5004 5004 5004600,600,600
1+600+5004500+5004500+45004500450045004600,6004600,600), IMAG

207 IF(1I-1)2124212+213

212 GO TO (600450045004 5004 5004 5004 5004 5004 5004 600 5004 50045004500,500
1+500,5004500,500,500,500+500+4600+,600+500550045004500), INAG

213 IF(I-MAXI)214y215,215

. 214 GO TO (6004500,450045004500+600+500+500+500+6004 50045004 5006004500

1450045004500,60C460045004500,600,600,500,500,600,600), IMAG

215 GO TO (600,500,500, 500,500, 500+500+500+500+500¢500,50045004600,500
10500'500'500'500'500350095000500'5009500'500'600'600,9lHlG

93 IF (K-1)300,300,301

300 IF(1I-1)302,3024303

302 50 TO (600'500.500.5009500'500'5000500950005009500.500'50095000500
1450045005004 50045004 500,60095004500450045004500,500) oI MAG

303 IF(I-MAXI)304,3054305

304 GO TO (60005009500'5009500'500'5000500.500'500'500'500'500'500.500
1,5004500460045009500¢500+60095009500¢500+600+500,500) 91 MAG

305 GO TO (6004500,5004500,500,5004+5004500,5004 5004 500,500,500+ 5004500
1,50045004500,5004500,500,5004500,500,500+6004500+500) ¢ INAG

301 IF(K=MAXK)3064307,307

306 IF(1-1)308,308,4309

308 GO TO (600+500+500, 500,500,500,500,500,5004500,5004600,500,500,500
1¢5009500¢500,450045004500,600950096004500450095009500) yIMAG

309 IF(I-MAXI)3104311.311

310 GO TO (600,500,500, 500,500,500,500,600,500,5004500+600+500¢500+500
1160095009600+500+600+5004600,500¢600450046004500y 600), IMAG

311 GO TO (6004500450005004500,500950045004+5004500+500950045004500,500

1,600o50095009500950095009500.5009500950096009500o600)'INAG
307 IF(1-113124312,313
312 GO TO (600.500950015009500'500950095009500.500.500,500,5009500'500
1+500,500,50045004500, 500, 500 500y 6004500, 5004 5004500) 4 IMAG
313 IF(I-MAXI)314¢2154315
314 GO YO (600o500'50095009500;5009500v500'500,500'500,500,500.500,500
145004500+500+15001600+5004500¢500,60045004 500,500, 600) y IMAG
315 60 Y0 (6004500,5004500,50045009500,4500,500,500+500+5009500+5004500
19500+500+500+500+5009 5009 500+ 5004 5004 5009 5004 500, 600) y I MAG
600 CONTINUE
GO TO 700
500 1DUMP=2
LSW=6
700 RETURN
END

tt*CUTTR‘tt
*4x SUBROUTINE CUTTR REDUCES MATRIX SIZE BY REMOVING ROWS AND COLUMNS**=%
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SUBROUTINE CUTTER

SUBROUTINE CUTTER REMOVES ROWS AND COLUMNS FROM A MATRIX
INTEGER*2 NOy MAT

DIMENSION PHI (2000) yEK(2000)¢NO(2000)+MAT(2000)

DIMENSION UK1(15),UK2(15)4UK3(15)STEK3(15)

DIMENSION CK1(15)yCK2{(15¢2)9CK3{15+41)yCK&(152)

DIMENSION PLOP(501),KEY(502),DUM(501) ,MUM{(502]4CODE(15)

COMMON PHI, EXKy NO

COMMON UK1,UK2sUK39 STEK3,CK1,CK2,CK3,CK4

COMMON KK ¢I19JJoMAXT 4MAXKeMAXJoIKTOT+KIJTOT ¢yNBUGYNPUNyNCASE¢NSAT,
INLyN2¢N3 NG yN5 ¢y NAVGoNSIZEsNAXI s LSW9 NGRAPy LoHI ¢JHI yIHI yKHI ¢ NDUML o
2NDUM2 y NDUM3 s NDUM4 ¢ MDU ML o MDU M2 y MDUM3 y MDU M4 ¢ K EY

COMMON IDUMP,ICUTyNCUTICMAXJoICMAXI ¢ ICMAXK ¢MANs INIToNTYPE, ICOUNT,
1JAM g MHL yMH2 y MV 1o MV2yMOLlyMO2yNSCIPyJoKe I¢NINEK NINPHI yNCMAXJ,y
2NCMA XTI 5 NC MA XK 9 NUM

COMMON BEE yCANGLE+DELZ, SANGLE 4DEE(AYEyH,ELENG,P1,CORLl yCOR2,COR3
1COR4+yCOR5CODEyPHIMAXyDUM1, DUMZyDUM 34 DUM4&yDDUM]1 yODUM2,00UM3
20DUM4,DDUMS5 + ANGLE , PLOP

COMMON FRACT . FKy X9 DENOML1,yDENOM2 yDENOM3 ¢ DENCONJAVTERM¢HTERM ¢ VTERM,
1AXTERMyOTERMs CUNIT ) .

COMMON NDY,DIFE.SDIFEPSDIFE+CORR

EQUIVALENCE (PLOP+DUM)s (KEY,MUM)

EQUIVALENCE (MAT,EK)

ICOUNT=0

ICOUNT=ICOUNT ¢+1

GO TO (29394316917 418+7)2ICOUNT

-TEST 1F PROPOSED MATRIX CUT INCLUDES BOUNDARIES

NDUML =MAXK ’

NDUM2=KK

G0 10 5

NDUML=MAX

NDUM2=11

GO TO 5

NDUM1 =MAXJ

NDUM2=4 4

GO TO 5

NDUM1 =KK

NDUM2=1

GO TO 5

NDUM1=11

NDUM2=1

G0 TO 5

NOUMl=JJ -

NDUM2=1

DIFF=(FLOAT (NDUML }=FLOAT (NDUM2) )/ FLOAT( ICUT)

IDIFF=IFIX (DIFF)

XDIFF=FLOAT (IDIFF) .

IF(XDIFF=DIFF) 64146 -

ERROR EXIT-CUTTER ROUTINE-PROPOSED CUT DOES NOT INCLUDE BOUNDARY
LSW=7

LSHW=7

1buMP=2

GO TO 15

MATRIX ROWS AND COLUMNS CUT aut
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7 DO 8 M=14NCUT
JAM=0
D0 8 J=1yMAXJs ICUT
DO 8 I=1,MAXI,ICUT
KLEFT=MAXT®MAXK®( J= 1) ¢MAXK* (I=1)+1
KRIGHT =KL EFT +MAXK~1
D0 8 K=KLEFT,KRIGHT,ICUT
JAM=JAM+)
GO TO (9410)+M
9 PHI(JAM)=PHI (K)
GO TO 8
10 EK(JAM) =EK(K)
8 CONTINUE
CALCULATE CUT DIMENSIONS
MAXK=MAXKZICUT+1
MAXI=MAXI/ZICUT+1 .
MAXJ=MAXJZ ICUT +1 :
JI=JJ/ICUT+1
I11=11/71CUT+}
KK=KK/ICUT+1
CHECK CALC CUT DIMENSIONS AGAINST INPUT CUT DIMENS IONS
IF(MAXK=ICMAXK) 11s12,11
12 TF(MAXI-ICMAXI) 1141311
13 IF(MAXJ=ICMAXJ) 11,14,11
14 DELZ=DELZ#*FLOAT(ICUT)
GO TO 15 )
ERROR EXIT-CUTTER ROUTINE~CALCULATED CUT DIMENSIONS DO NOT AGREE
WITH INPUT CUT .DIMENSIONS-LSW=8
11 LSwW=8
IDUMP=2
15 RETURN
END

*3&CHAIN LINK 2%%%

*#%%CHLK2 CONTAINS SUBROUTINES STEP, KAY,FHI, INPUT. QUT, RELAXy SAVE,#**
*%% ADDRS y GMANy GNO*%*
*#*#CHLK2 HANDLES THE I TERATION THROUGH THE MATRIX AND COMPUTES THE OPT IMUM***
*%%QV ERRELAXATION FACTOR*##

SUBROUTINE CHLK2(IRSTRT)

CHAIN LINK 2 HANDLES LTERATION THRU THE MATRIX AND CALCULATES

PHI AT EACH POINT

INTEGER®2 NO,MAT

DIMENSION PHI(2000),EK(2000),NO(2000) +MAT(2000)

DIMENSION UKL (15)yUK2(1535UK3(15)sSTEK3(15)

DIMENSION CK1(15)+CK2(1592)9CK3{15941)+CK4(15,42)

DIMENS ION PLOP(501)-KEV(502l|DUM(501)oHUH(SOZ)'CODE(15l

COMMON PHI EKyNO

COMMON UK19UK2 ¢UK3 s STEK3+CK19CK29CK34CKé

COMMON KK 3 I19JJoMAX T,MAXKyMAXJy IKTIToKISTOT,NBUGsNPUN ¢NCA SE yNSAT,

LNLyN2yN3 yN4 ¢ N5 ¢NAVG ¢ NST ZE9y NAXT s LSW s NGRAPeLy HI9ySHI¢ IHE+KHEyNDUML,

2NDUM2¢NDUM3+NDUM4; MDUML ¢ MDUMZ2 yMDUM3 s MDUM4 4 KEY :

COMMON IDUMP4 ICUT 4 NCUT, ICMAXJy ICMAXTIy ICMAXK ¢MAN+INIToNTYPE yICOUNT,

LJAMgMH1 JMH2 g MV1 ¢ MV2 s MOL ¢MO2 ¢NSKIP S 9Ke1 ¢ NINEKy NINPHI s NCMAXJ,y :



CARD
595

596
597 .

598
599
600
601
602
603
604
605
606
607

608 -

" 609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
- 629
630
631

632

633

634

635
636
637
638
639
640
641
642
643

646

645
646
647
648

00000

98

80/80 LIST
0000111111111122222222223333333333444444446455555555556666666666TTTTTTTTITS

12345678901234567890123456789012345678901234567890123456789012345678901234567890

C TH
C VA

209
401

1000
1001
1003
2090
2091

© 2094

C

7000
1004
¢

(N o]

2016

63

760

17
2017

2NCMAXI » NCMAXK y NUN

COMMON BEE ) CANGLEsDELZ ¢ SANGL E4DEE ¢AYE sH +ELENG yP1,CORL yCOR2 4 COR3
1COR4, CORS +CODE 1PHINAX \DUML , DUN2 sDUN3 » DU M4 DDUN1, DDUM2, DDUN3,
2DDUM 45 DDUMS s ANGLE +PLOP

COMMON FRACT » FKy Xy DENOM 1, DENOM 2, DENOM 3¢ DENCON  AVTERMy HTERM o VTERM »
LAXTERM,OTERM,CUNIT

COMMON NOY (DIFEySDIFE +PSDIFE ,CORR
E FOLLOWING COMMON IS USED TO COMMUNICATE BETWEEN STEP AND CHLK2.
LUES ARE DEFINED IN STEP AND ASSUMED TO BE THE SAME WHEN STEP 1S RECALLED.
COMMON ISIGN,KSIGN,NBT,NMID,NEND

EQUIVALENCE (PLOPyDUM )y (KEY,MUN ).

EQUIVALENCE (MAT,EK)

FORMAT (I1)

“FORMAT '(3HOL=13+3H Y=13,3H Z=I3,3H X=13,23H TERMS OF THE EQUATION
1_5€12.4/13H DENOMINATORS 3E12.4,9H CONSTANT E12.4/715)

FORMAT (1544 )

FORMAT(1415)

FORMAT(F5.0+315)

FORMAT (215)

FORMAT(TELL.6)

FORMAT (7E10.4)

SUBROUTINE OUT HANDLES ALL PRINTOUT=-WELL NEARLY

G0 TO (7000,7001)4IRSTRT

1F (LSW=6) 1004¢2,2

CALL OUT

INITIALIZE

LSW=2

NOY=0

L=1

H1=0.

CALCULATE INITIAL K GN NSAT=1

G0 TO(2016,2017) 4NSAT

ADDRS SUBROUT INE MERGES MATERIAL AND TYPE OF CALC MATRIX INTO
ONE SET OF MEMORY LOCATIONS

CALL ADDRS

D0 17 J=1,MAXJ

DO 17 I=1,MAX]

DO 17 K=1,MAXK

JAM=IKT OT#* (J=1 ) +MAXK® (I=1} +K

SUBROUTINE GMAN PICKS UP MATERIAL MATRIX FROM MERGED MATRIX
CALL GMAN(MAN:NO,JAM)

FRACT=(PHI ( JAM)=-BEE*CANGLE*DELZ*FLOAT (1~-1)+DEE*SANGLE*DELZ *FLDAT(K
1-1) - CAVE*H/ELENG ) )*ELENG

SUBROUT INE KAY COMPUTES K A FUNCTION OF FRACT-(PHI)

CALL KAY

EK(JAM)=FK

CONT INUE

CORR=COR1

NSKIP=1

HTERN=0 .

VTERM=0.

OTERM=0.

AXTERM=0 ¢

DUM3=0.
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CARD
649 C ROUTINE TO SELECT TYPE OF STEPPING
650 - ITF(KK=1)2030,2030, 2031

651 2030 IF(11-112032,2032,2033
652 2032 NTYPE=2

653 GO TO 31

654 2033 IF(11-MAX1)203442035,2035
655 2034 NTYPE=3

656 G0 TO 31
657 2035 NTYPE=4
658 G0 T0 31

659 2031 IF(KK-MAXK)2036y2037,2037
660 2036 IF(11-112038,2038,42039
661 2038 NTYPE=9 :

662 © 60 T0 31 .

663 2039 IF(11-MAX1)204C+2041,2041
664 2040 NTYPE=]

665 GO TO 31
666 2041 NTYPE=S
667 GO 10 31

668 2037 IF(11-1)2042+2042+2043
669 2042 NTYPE=8 .

670 © 60 TO 31

671 2043 IF(I1-MAXI)2044+2045,2045
672 2044 NTYPE=7

673 G0 T0 31

674 2045 NTYPE=6

675 C ITERATION THRU MATRIX FROM THIS POINT
676 31 PSDIFE=SDIFE

6717 SDIFE=0.

678 DO 15 JPLANE=1,MAXJ

679 C ROUTINE TO PICK=UP PROPER I,K MATRIX
680 IF(JPLANE=1) 1,1,3

681 1 J=JJ ’

682 60 TO 4

683 3 IF(J4I=J1645,+5

684 5 J=J-1

685 IF(J=1)Te414

686 7 J=JJ+l

687 GO TO 4

688 6 J=J¢l

689 4 INIT=1

630 ) 1COUNT=1

691 MDUM1=IKTOT*(J=~1)

692 DO 151P=1,MAX]

693 D0 15KP=] ¢ MAXK .
694 C SUBROUTINE STEP SETS-UP STEPPING THRU MATRIX AND INDICES OF
695 C SURROUNDING PO INTS
- 696 CALL STEP

697 I=( JAM-MDUM1 ) /MAXK+1

698 K= JAM-MOUML -MAXK®([=~1)

699 1F(K) 6000,6000,600

700 6000 K=MAXK .

701 1=1-1 :

702 6001 INIT=INIT
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[ NSKIP CONTROLS SKIPPING OF A POINT ON TYPE OF CALC=1.
GO TO(44y15),NSKIP
44 BEFORE=PHI(JAM)
IF(NDUM3) 2021,314,2021 ‘
C SUBROUT INE FHI COMPUTES TERMS OF PHI EQUATION S

314 CALL FHI
PHI(JAM )=AVTERM+HTERM+VTERM+OTERM+AXTERM
[ OVER-RELAXATION CORRECT ION

PHIIJAM)=BEFORE+(PHI(JAN)-BEFORE)*CORR
GO TO (202192022} 4yNSAT
c CALCULATE K IF NSAT=1
C SUBROUTINE GMAN PICKS UP MATERIAL MATRIX FROM MERGED MATRIX
2021 CALL GMAN (MAN,NOyJAM)
FRACT=(PHI(JAM )-BEE*CANGLE*DEL L#FLDAT(I~]1)+DEE*SANGLE*DELZ*FLOAT(K
1-1)-({AYE*H/ELENG) }*ELENG

[ SUBROUT INE KAY COMPUTES K A FUNCTION OF FRACT=(PHI)
CALL KAY
EK{JAM) =FK o

2022 GO TO (83,483484)yNBUG

C TERMWI SE DEBUG PRINTOUT

84 WRITE(6+401)LsJe14K, AVTERM,HTERHyVTERH,OTERH'AXTERNpDENOHlvDENOHZo
LDENOM3 s DENCONy JANyMHL, MH2, NV 1, MV2, MO 1y MO2
[ FIND HIGHEST DIFFERENCE POINT IN ITERATION
83 DIFE=ABS((PHI(JAN)}=-BEFQRE)/CORR)
SDIFE=SDIFE+DIFE
IF(HI-DIFE) 464+ 5C04+504
46 HI=DIFE
IHI=I
KHI=K
JHI=J )
c TEST PHI-AGAINST INPUT VALUE ]
504 IF(ABS(PHI(JAM))-ABS(PHIMAX)) 15,301,301
C ERROR EXIT-CALCULATED PHI BIGGER THAN INPUT MAX VALUE~L SW=9
301 LSW=9
GO TO 2
15 CONTINUE
DUM3=SDIFE/FLOAT(KI JTOT)
DEBUG PRINTOUT
SUBROUT INE OUT HANDLES ALL PRINTOUT-WELL NEARLY
71 CALL OuT
THE USER SHOULC CODE A TEST FOR EXCESSIVE TIME HERE. IT COULD BE
A SENSE SWITCH TEST OR A TEST BASED ON ELAPSED TIME. 1IS1 SHOULD
BE SET TO 1 IF TIME HAS BEEN EXCEEDED, 2 OTHERWISE. IF ND TEST
IS DESIRED THE OPTION WILL BE IGNORED IF IS1 IS ALWAYS SET TO 2.
I181=2
70 GO TO (202,250)41S51
NEED TO ITERATE AGAIN
250 IF(HI=PL)19+19+20
C NO MORE ITERATION
19 LSwW=3
C PUNCH PHI AND K MATRIX IF ODESIRED
GO TO (2,2093)yNPUN .
2093 WRITE(7,2090) NCASE,KIJTOT
WRITE(T7,2091) (PHI(JAM) ,JAM=]1,KIJTOT)

O0OOe OO0

o
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CARD
757 GO TO (209242) 9yNSAT
758 2092 WRITE(T,2094) (EK(JAM)4JAM=1,KIJTOT)
759 C END OF. CASE PRINTOUT~-LSW=3
760 C SUBROUTINE OUT HANDLES ALL PRINTOUT-WELL .NEARLY
761 2 CALL Qut
762 5000 STOP
763 C ITERATE AGAIN
T64 C RE~INITIALIZE
165 20 HI=0. ’
766 DUM3=0,
767 L=L+1
768 4000 LSHW=2
769 C SET UP OVER=-RELAXATION CORRECTION
770 IF (L-N1} 28428,22
771 . 22 CALL RELAX(NSAT'SDIFE'PSDIFEvCORR'NDY)
772 34 COR1=CORR .
173 35 N1=Nl+N2 '
174 G0 TO 31
775 28 IF(L-N3)31,31,230
776 C GO TO SAVE ROUT INE-ITERATION LIMIT EXCEEDED
177 30 LSW=4%
778 GO TO 602 .
779 C GO TO SAVE ROUTINE-TIME RUN QUT
780 202 LSW=5
781 C PRINT BEFORE SAVE
© 782 602 CALL OuT
783 C SAVE ROUTINE
784 600 CALL SAVE
785 STOP
786 C START=-UP AFTER SAVE
787 7001 READ (54209 ) NCHG
788 IF(NCHG) 504504210
789 210 READ(54 1000} CODE
790 READ(5,1001} NAVG-NPUN.NBUG'NGRAP'VDUMI-NDUHZ-NDUM&
791 READ(592094) PHIMAX,PLlyDUML s DUMG
792 READ(5, 1003) CORL1+NLsN2yN3
793 50 WRITE(644100) NCASE
194 4100 FORMAT(*1CASE NO.'915,* RESTARTED AFTER BEING SAVED!')
795 ) IF (LSW-4) 4000,4000y250
7196 END
197 C
798 C
799 C *%SADDRS ** &

300 C #¥*¥ADDRS MERGES THE INTEGER SYMBULS FOR THE CALCULATION AND SOIL TYPE®*x
801 C *#*#INTO A SINGLE COMPUTER WORD*%*¥

302 SUBROUTINE ADDRS

803 INTEGER®2 NO,MAT )

804 DIMENSION PHI(2000),EK(2000),NO(2000)+MAT(2000)

805 DIMENSION UKL(L15)UK2(i5)4UK3(L5)9STEK3 (15}

806 DIMENSION CK1{15)sCK2(1542) 4CK3(15441) +CK&(15,2)

807 DIMENSION PLOP(SOI)-KEY(SOZ)9DUN(501):HUN(502)-CODE(15)
808 COMMON PHI 4 EKNO

809 COMMON UK1-UKZ.UKB,STEK3.CK1-CK2-CK3vCK4

810 COMMON KK L1y JJ9MAXT s MAXKyMAX Jo IKTOT » KI1JTOT s NBUGy NPUNy NCASE(NSAT,
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"LNLoN29s N3+ No yNS ¢NAVG yNSIZEoNAXT o LSW s NGRAPy Lo HIoJHIy I HIoKHI, NDUML,
2NDUM 29 NDUM3 ¢ NDUM4 s MDUML o MDUM2 s MDUM3 s MDU M4 ¢KEY

COMMON. IDUMP» ICUT ¢NCUT o ICMAXJI 9 TCMAXT ¢ ICMAXK yMAN ¢ INI Ty NTYPE o ICOUNT o
LIAM o HHL ¢MH2 ¢ MV]1 ¢ #V2 ¢ MCL 1 MO2 yNSKIP ¢Sy Ko I ¢ NINEKoNINPHI o NCMAXJ ¢
2NCMAXT ) NCMAXK » NUM ]

COMMON BEEy CANGLEyDELZySANGLE¢DEE9AYEsHoELENGP L+CORL+COR2,COR3,
1COR4&¢CORS ¢C ODE o PHIMAX 9 DUML ¢ DUM2 4OUM3 , DUM ¢ DDUML ¢ DDUMN2, DOUM3,
20DUM4¢DDUMS ¢ ANGLEsPLOP
COMMON FR‘C"FK'X'DENU“I'DEND"Z'DENO"a.DENCON.‘V'ER"[“TER"’vTER”'
LAXTERM; OTERM,CUNIT

COMMON NDY,DIFE,SOIFE+PSDIFE,CORR

EQUIVALENCE - (PLOPoDUM )+ (KEY (MUM)

EQUIVALENCE (MAT4EK)

C THIS SUBROUT INE MERGES MATERIAL MATRIX,MAT, AND TYPE OF CALC MATRIX,
C. NOy INTO ONE MATRIX

DO 10 I=1,KI1JTOT

10 NO(I)=NO(ID)+NAT(I)%100
RETURN
END

C s SFH] s%%
c tt#FHl CALCULATES THE TERMS OF THE EQUATION FOR THE POTENT IAL *ss

SUBROUT INE FHI

INTEGER®2 NO¢ MAT
DIMENSION PHI(2000) 4EK(2000) ¢NO(2000) ¢ MAT (2000)

DIMENS JON UKL (15)eUK2(15)sUK3(15),STEK3(15)

DIMENSION CKL(15)¢CK2(15¢2)9CK3(15:41)yCK4(15,2)

DIMENSION PLOP(501) +KEY(502) ,0UM(501) yMUM(502) ,CODE(15)

COMMON PHI, EKs NO

COMMON UK1yUK2 ¢UK3 ¢STEK3 ¢CK19CK2yCK39CKé

COMMON KKy 1Ty JJeMAX] ¢MAXK ¢MAXSy IKTOT oKI JTOT ¢NBUG ¢ NPUNe NCASE¢NS AT 4
LNL¢N2oN3yNeyNSyNAVGoNS IZEsNAXToLSWoNGRAP Lo HI ¢ JHE o I HI 4 KHE o NDUML
2NDUM2 yNDUN3 s ND UM% ¢MDUML o MDUM2 ¢ MDUM3 o MDU M4 o KEY .

COMMON IDUMP, ICUT NCUT ¢ ICMAXJ o ICMAXT ¢ ICMAXKy MAN, INIToNTYPE, ICOUNT,
LJAMy MHL ¢MH2 ¢ MVL ¢ #V2 ¢ MCL s MO2 ¢y NSKIPyJ o Ko I o NINEK o N INPHI)NCHMAXS
2NCMA XT 9 NCMA XK o NUM

~ COMMON BEEoCANGLE-DELZ'SANGLE.DEE'AVE'H ELENG.PI'CDRI'CORZQCOR3.
ly0R4100R5'CODE.PHI”AX.DUHI DUM2 s DUM3 ¢ DUM4 ¢ ODUM]L , DDUM2; DDUM3
2DDUM4 ¢ DDUMS + ANGLE 4 PLOP

COMMON FRACT ¢ FKoXyDENOMLyDENOM24DENOM3 DENCON ¢AVTERM o HTERM ¢VTERM,
LAXTERMyOTERMoCUNIT

COMMON NDV.DlFEoSDlFE.PSDlFEoCURR

EQUIVALENCE (PLOPoDUM) (KEY MUM)

EQUIVALENCE (MAT,EK)

C SUBROUT INE FHI COMPUTES TERMS OF PHI EQUATION
c THIS VERSION OF FHI WILL HANDLE ONLY EQUAL GRID SPACING

GO TO(1,2)4NAVG

1 DENOM1=EK(JAM)
JENOM2=EK( JAM)
DENOM3=EK({ JAM)
GO 70 3

C AVG K IN DENOMINATOR

2 GO TO(11o12+13),NSIZE .
13 DENOM3=(EK(MO2)¢EK(MOL) }%,5
12 DENOM2=(EK(MHL)+EK(MH2) )5 .5
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11 DENOML=(EK(MV1)¢EK(MV2))*.5
3 GO TO (44596)¢NSIZE
c 1-D
4 AVTERM (PHI(MVL)+PHI(MV2)) /2,
DENCON=8.
GO T0 7
c 2-D
5 AVFERM—(PHI(MHI)GPHI(HHZ)fPHI(MVl)*PHI(NVZ)3/4.
DENCON=16.
GO TO (859) JNAXI
C AXISYMMETRICAL
9 AXTERH*(PHI(MHZ)-PHI(MHl))/(B *(FLOAT (K)+DUM2=-1. l)
GO TO 8
c 3=-D
6 AVTERM=(PHI (MHL)+PHI (MHZ2)#PHI (MVL)+PHI(MV2)+PHI(HOL1)+PHI(MO2))/6.
DENCON=24. *
OTERM=((EK(MO2)-EK(MOL)} ) *(PHI(MO2)-PHI(MO1) ) )/( DENCON*DENOM3)
8 HTERM=((EK(MH2)= EK(MHL))*(PHI(MH2)=PHI (MHL }) )/ {DENCON*DENOM2)
T VTERM=((EK(MV2]- EK(HVI))*(PHI(MVZ)-PHI(NVI)))I(DENCON#DENONI)

RETURN
END
C
C .
[ *kkSTEPrkk
C #%%STEP CONTROLS THE ORIGIN ANDAND THE STEPPING THROUGH THE MATRIX®#x
SUBROUT INE STEP
INTEGER#2 NO,MAT
OIMENSION PHI(2000) +EK(2000),NDO(2000) ¢MAT(2000)
DIMENSION UKL(15)sUK2(15}5UK3(15),STEK3(15)
DIMENSION CKL(U15)+CK2(1542)9¢CK3(15+41)4CK4(15,2)
DIMENS1ON PLOP(501).KEY(502)'DUN(5011.NUH(SOZ).COOE(lS)
COMMON PHI»EKyNO -
COMMON UK14UK2 yUK3 9 STEK34CK1 ¢CK29CK3yCKé
GCOMMON KK.II.JJvHAXl.MAXK.MAXJ'IKTOT.KIJTOT.NBUG'NPUN'NCASE'NSAT,
LNLyN29yN39 N4 ¢sN5 ) NAVGINSIZEsNAXT+LSWaNGRAPs LyHI g JHIy IHIyKHI yNDUML,
SNDUMZ2 yNDUM3 y ND UM4 ¢ MD.UML ¢ MD UMZ y MDUM3 o MDU M4 4KEY
COMMON IDUMPy ICUTyNCUT ICMAXJ 9 ICMAXI, ICMAXK yMAN INIToNTYPE,ICOUNT,
lJAM.MHl'MHZ'MVIvHVZ'MOIoHOZ'NSKIPvJoK,IoNINEK'NlNPHl.NCMAXJo
2NCMA XT 9 NCMA XK 9 NUM
COMMON BEEy CANGLE'DELZy SANGLEyDEEyAYEyHELENG, Pl.CORl,CORZ.CORB.
1COR4+CORS ¢C ODE y PHIMAX ¢ DUML 9 DUM2 9 DUM3 ¢ DU M4 » DDUML » DDUM2+ DDUM3,
20DUM4 4 DDUMS 9 ANGLE, PLOP
COMMON FRACT s FKyXyDENOM1yDENOM2, DENOM3y DENCON yAVTERM HTERM s VTERM,
LAXTERM,OTERMyCUNIT
COMMON NDY, DIFEy SDIFE+PSDIFE »CORR
C THE FOLLOWING COMMON IS USED TO CIOMMUNICATE BETWEEN STEP AND CHLK2,
C VALUES ARE DEFINED IN STEP AND ASSUMED TO BE THE SAHE HHEN STEP IS RECALLED.
COMMON ISIGNsKSIGNsNBT+NMID,NEND
EQUIVALENCE (PLCPyDUM) ¢ (KEY yMUM)
EQUIVALENCE (MAT,EK)
C SUBROUT INE STEP. SETS~UP STEPPIMG THRU MATRIX AND FINDS SURROUNDING
c POINTS

NSKIP=1
9 GO TO (104+11) INIT
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919 10 GO TO (12413¢14915¢169174 18,19, 20)4NTYPE
920 C INITIALIZE STARTING COORDINATES DEPENDING ON TYPE OF STEPPING
921 12 111=11
922 KKK=KK
923 60 10 (21o22v23o24)'1COUNT
924 13 11I=11-1
925 KKK=KK~-1
926 GO TO 24
927 l¢ III=11
928 KKK=KK~-1
929 GO TO (22+24) +ICOUNT
930 15 IlI=11
931 KKK=zKK-1
932 GO TOo 22
933 . 16 III=11
‘934 KKK=KK .
935 G0 TO (ZchZ)oICOUNT :
936 17 III=11I
937 . KKK=KK
938 GD 1O 21
939 18 I1I=11
940 KKK=KK
941 GD TO (21, Z3I.ICOUNT
942 19 I1I=11-1
943 KKK=KK
944 GO TO 23
945 20 III=1I-1
946 KKK =KK
947 G0 TO (23;26],1COUNT
948 C STEPPING DOWN=-LEFT -COMPUTE LINITS
949 21 '1S5IGN==1 -
950 KSIGN==-1
951 NBT=MDUML +KKK
952 NMID=MDUML OHAXK#(III'IIOKKK
953 NEND=MDUM1+1
954 GO TO 25
955 C STEPPING DOWN-RIGHT~COMPUTE LIMITS
956 22 ISIGN==-1 ' :
957 KSIGN=+1
958 NB8T=MDUML1 +KKK+1
959 NMID=MDUM1 © #MAXK*(III- IIOKKKOI
960 NEND=MD UM] + MAXK
961 GO TO 25
962 C STEPPING UP~LEFT - ~COMPUTE LIMITS
963 23 ISIGN=+1 .
964 KSIGN=-1
965 NBT =MDUML +MAXK® (MAX I~ 1 ) #KKK
© 966 " NMID=MDUM1 +MAXK*ITI+#KKK
957 NEND=MDUM1 +MAXK*(MAXI=-1)¢1
968 GO TO 25
969 C STEPPING UP-RIGHT -COMPUTE LIMITS
970 24 ISIGN=+]1 -
971 KSIGNs¢+l

972 .~ NBT=MDUM1 " #MAXK®( MAXI=1)+KKK+1 -
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 NMID=MDUML . +MAXK®(III)KKK¢1
_ NEND=IKTOT*J
25 JAMSNMID
INIT=2
G0 TO 26 -
c COMPUTE AND TEST PHI INDEX
11 JAM=JAM#1S IGNSMAXK
IF(ISIGN® (JAM=NBT )26 426427
27 NBT=NBT+KSIGN
NMI D=NM ID+KS IGN
JAM=NMID
IF(KSIGN*(NBT~NEND) ) 26426928
28 ICOUNTSICOUNT#1
INIT=1
. 60 TO 9 .
c ROUTINE TO FIND SURRGUNDING POINTS .
c SIX NORMAL SURRCUNDING POINTS
26 MHl=JAM-1
MH2=JAM+1
MV 1= JAM=MAXK
MV 2= J AM $MAXK
MOl =JAM-1KTOT
MD2=JAN+IKTOT
c SPECIAL CASES ON SURROUNDING POINTS
GO TO (2005201 4NSAT
200 CALL GNO(IMAGE yNO+JAM)
G0 TO 202
201 IMAGESNO(JAM) -
202 GO TO (100s101,102) 4NSIZE
1-0 .

C : ’
© 100 GO TO (103+131+1C5,106) 4 IMAGE
c

.2=D
101 GO TO (103,131+105:1069107,1084111,112,.115,116) ¢ IMAGE
c 3-D . ~ s
102 GO TO (1034131,105+ 1069107+ 108y 109y 1100 1119 112,113,1144115,116,
1117,118,119,1204121 41224123 4124¢125,126¢127912841299130), INAGE
103 NSKIP=2 _ ' , S
GO TO 131
105. MV1=MV2
60 TO 131
106 MV2=MVl
30 TO 131
107 MH1=MH2
. 60 TO 131
108 MH2=MH1
60 TO 131
109 MOL=MO2
60 T0 131
110 ‘MOz =MOL
60 TO 131
111 Mvi=Mv2
MHL =MH2
60 TO 131
112 MV1=MV2
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CARD
1027 MH2=MH1
1028 60 TO 131
1029 113 MV1=MV2
1030 MO1=MO2
1031 60 TO 131
1032, 114 MV1=MV2
1033 MO2=MO1
1034 60 TO 131
1035 115 MV2=MVl
1036 HH1=MH2
1037 GO TO 131
1038 116 MV2=MV1
1039 | MH2 =MH 1
1040 GO TO 131
1041 117 Mv2=MV1
1042 MO1 =H02 .
1043 G0 TO 131 :
1044 118 MV2aNVl
1045 MO2=MO1 : :
1046 GO TO 131 ) : :
1047 119 MHL=MH2
1048 MO1=MO2
1649 G0 TO 131
1050 120 MH1=MH2
1051 MO2=MOL
1052 G0 TO 131
1053 121 MH2=MH1
1054 MOl=M02
1055 G0 TO 131
1056 122 MH2=MH1
1057 M2 =MO1
1058 50 TO 131
1059 123 MV1=MV2 -
1060 MHL=MH2
1061 MO1=MO2
1062 ‘60 To 131
1063 124 MVi=MV2
1064 - MH1=MH2
1065 ~ MO2=MO1
1066 GO TO 131
1067 125 MV1=MV2
1068 MH2 =MH1
1069 MOL=N02
1070 60 TO 131
1071 126 MV1=MV2
1072 MH2 =MH 1
1073 MO2=MO1
1074 G0 T0 131
1075 127 MV2=MVl
1076 MH1=MH2
1077 MOL =MO2
1078 G0 TO 131

1079 128 MvV2=MV1
1080 MH1 =MH2
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CaRD
1081 MO2=M0O1
1082 60 T0 131
~'1083 129 Mv2=MV]
1084 . MH2=MHL1
1085 MO1=M02
1086 GO TO 131
1087 130 MV2=MV]
-1088 MH2=MH1
1089 M02 =M01
1090 131 RETURN
1091 END
1092. C
1093 C o .
1094 C CEEKAYRSS
1095 C ‘#*KAY COHPUTES CAPILLARY CONDUCTIVITY AS A FUNCTION OF CAPILLARY PRESS¢s&
1096 SUBROUTINE KAY
1097 INTEGER*2 NOyMAT
1098 DIMENSION PHI (2000}, EK(2000),ND(2000)+NAT(2000)
1099 DIMENSION UKL(15)sUK2(15)4UK3(15) ¢STEK3(15) -
1100 DIMENSION CK1(15)9CK2(15¢2)+CK3(15541)+CK4(15,2)
1101 DIMENSION PLOP(501) +KEY (502 ), DUM(501),MUM(502),CODE(15)
1102 COMMON PHIJEK4¢NO
‘1103 COMMON UKI,UKZvUK3vSTEK3'CK110K2!CK31CK4
1104 COMMON KK'II'JJ'NAXIvHAXK'NAXJ'IKTOT'K!JTOTvNBJG.NPUNoNCASE.NSAT'
1106 - INLyN2¢N3¢N49N5 ¢NAVG ¢NSTZE yNAXI ¢y LSWoNGRAP oL o HT ¢ JHI s THI o KHI o NDUML o
1106 2NDUM2 ¢ NDUM3 ¢ NDUM4Gy MDUML 9 MDUM2, MDUM3 yMDUM4KEY
1107 COMMON TOUMP,ICUToNCUT s ICMAXJ9»ICMAX 19 ICMAXK 9 MANy INIToNTYPEy ICOUNT,
1108 lJAM'MHIoHHZQNVlvHVZ'NOIQHOZoNSK!P'JvK'l'NINEKQNINPHIQNCNAXJQ
1109 2NCMAX] ¢ NCMAXK 9 NUM
1110 COMMON . BEE'CANGLE'DELZ'SANGLEQDEEQAVE.H ELENG,P1yCORL yCOR2y COR 3,
1111 ICORQ'CDRS'CODE'PHIHAXvDUHI'DUMZvDUN3QDUNQ!DDUNXoDDUHZ'DDUMSQ
1112 , 2D0DUM4 9 DDUMS5 ¢ ANGLEy PLOP
1113 COMMON FRACT'FK.X.DENOMI.DENDMZ.DEN0M3.DENCON.AVTERN'HTERM,VTERM.
1114 LAXT ERMy OT ERMy CUNIT.
~1Lk15 COMMON NDY'DIFEsSDIFE.PSD!FE!CD&R
1116 EQUIVALENCE (PLOP+DUM) o (KEY  MUM)
1117 EQUIVALENCE (MAT+EK)
1118 ¢ SUBROUTINE 'KAY CCMPUTES K A FUNCTION OF FRACT-(PHI)
1119 10 IF(UKL{MAN)}-FRACT)21,22,22
1120 21 FK=CK1l (MAN)
1121 . GO TO 20
1122 = 22 IF(UK2(MAN)- FRACT)23124'24
“1123 23 FK=CK2(MANy 1 )*FRACT+CK2 (MAN,2)
1124 60 TO 20
1125 24 [F(UK3(MAN)-FRACT)25+26+26
1126 25 M=( (FRACT~-UK2 (MAN))/STEK3(MAN))+l.
1127 FK=CK3(MANs M)+ (CKI({ MAN: M+ 1) =CK3(MAN+M) ) * ((FRACT~
1128 LISTEK3 (MAN) *FLOAT(M~1)¢UK2(MAN) ) ) /STEK3(MAN))
1129 - 60 T0 20 '
1130 . 26 FK=CK4(NAN'1)/(ABS(FRACT)**CK‘(NAN.Z))
1131 20 RETURN-
1132 END
1133 ¢

1134 C
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CARD
1135 ¢ *BIJUTHsS
1136 C *¥50UT WRITES QUT ALL MESSAGES AND OUTPUT OF THE PROBLEN"‘
1137 SUBRQUTINE 0OUT
1138 INTEGER®2 NO,MAT
1139 DIMENSION PHI(2000) EK(2000) 4NO(2000) ¢MAT(2000)
" 1160 DIMENSION UKL(15),UK2(15),UK3(15),STEK3(15)
1141 DIMENSION CKLl{15)9CK2(1542)9CK3(15941),CK4(1502)
1142 DIMENSION PLOP(501) +KEY(502) yDUM(501) ¢MUM(502) yCOOE(15)
1143 COMMON PHIsEKyNO
ll44 COMMON UKLlsUK2+UK39STEK3 4CK1,CK2,CK3yCK4
1145 COMMON KK ¢ITyJJeMAXI yMAXK o MAXJyIKTOT ¢KIJTOT ¢NBUGNPUNs NCAS E¢NSAT,
1146 ~ 1Nl NZ.N3-NQ-NS,NAVGoNSIlEoNAxI.LSH.NGRAP-L.HI.JHI.IHI.KHI.NDUNI.
1147 2NDUM2 y NDUM3 s ND UM4 s MDUML ¢ MDUM2 o MDU M3  MDU Mé K EY
" 1148 - CDMMON IDUMPICUToNCUT»JCMAXJoICMAX]I ¢ ICMAXKsMAN,INIT,NTYPE, ICOUNT,
1149 . LJAM g MHL ¢ MH2 ¢ MV 1, MV2 ,MOLyMO2,NSK IPy JoKvlvNINEK.NINPHI.NC"‘XJ'
1150 2NCMAXI o NCMAXK 9 NUM
1151 ’ COMMON BEE!CANGLEvDELZoSANGLE.DEE.AVE'H'ELENvalccoaloCORZoCOR3v
il52 1COR4% yCOR5 ¢ CODE s PHIMAX s DUMLy DUMZ ¢+ DUY 3+ DJM4+DDUML yDDUM2,00UM 3,
1153 2DDUM4,DDUM5 4 ANGLE yPLOP
115¢ COMMON FRACT, FKe X9DENOML, DENONZ1DEN0“3'DENCON'AVTER“.HTERH.VTERHp
1155 LAXTERM, OTERM4CUNIT
1156 COMMON NDY.DIFE)SDIFE+PSDIFE+CORR
1157 EQUIVALENCE (PLOP+DUM)s (KEY)MUY)
1158 EQUIVALENCE (MAT,EK)
1159 ¢ SUBROUTINE OUT HANDLES ALL PRINTOUT-WELL NEARLY
3160 "DIMENSION KROW(14)

l1le6l 101 FORMAT (19HL1INITIAL CONDITIONS) .

1162 102 FORMAT (22HLITERATION IS COMPLETE)

1163 103 FORMAT (l17HLEASE IS COMPLETE)

1164 104 FORMAT (SBHINUNBER OF ITERATIONS HAS EXCEEDED THE LIMIT-PROGRAM SA
1165 1VED)

1166 105 FORMAT (34HLTIME LIMIT EXCEEDED-PROGRAM SAVED)

1167 106 FORMAT (° *1ERROR EXIT-AN ILLOGICAL CHOICE OF CALCULATION TYPE HAS
1168 1BEEN MADE-CHECK INPUT DATA')

1169 ° 107 FORMAT (59HlERRCR EXIT-PROPOSED MATRIX CUT DOES NOT INCLUDE BOUNDA
1170 1RIES)

1171 108 FORMAT (90HLERFOR EXIT-CALCULATED CUT MATRIX DINENSIONS DG NOT AGR
Sl1re 1EE WITH INPUT CUT MATRIX DIMENSIONS)

1173 109 FORMAT ( *1ERROR EXIT-A CALCULATED PIEZOMETRIC HEAD VALUE HAS EXCEED
1174 LED THE INPUT LIMIT')

1175 301 FORMAT (1HO, 8HCASE N0.15v2Xv15A4)

1176 322 FORMAT (17H PIEZOMETRIC HEAD)

1177 66 FORMAT(20H SOIL IDENTIFICATIGN)

1178 206 FORMAT (37H TYPE OF PIEZOMETRIC HEAD CALCULATION)

1179 324 FORMAT (32H RELATIVE CAPILLARY CONDUCTIVITY)

1180 325 FORMAT (30H MOISTURE CONTENT DISTRIBUTION)

1181 2000 FORMAT(3HOY=13)

1182 306 FORMAT(3HOZ=13)

1183 600 FORMAT(540 1418)

il84 3006 FORMAT (1HO,1I12,9111)

1185 14 FORMAT(LH+,+F1l6.5,10FL0.5/(F17.5,10F10. 5))

1186 68 FORMAT(LlH+I110,2714/(11142714))

1187 3011 FORMAT(1H+¢5X¢ 1PLOELl«4/(6Xy1PLOELL, 4))

1188 4011 FORMAT(1H+s5Xy1Pl0ELll.4) .
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4000 FUORMAT(1HO)
4001 FORMAT(1H }
1010 FORMAT (1H1)
115 FJRMAT(45HO0THE NUMBER OF ITERATIONS IN THIS CASE EQUALSIS)
7¢ FOIMAT (11HOITERATION=913,15H 41 DIFFERENCE=, Elle4¢3H Y=,13,3H 1
1=413,3H X=,13,22H AVERAGE DIFFERENCE=)Ell «4+17H O-RELAX. COR.=

21ELle4)
GU TO (192934445969 7:8,9)5LSW
C INITIAL ZONDITICNS PRINTED OUT-LSWw=1
1 WRITE(6,101)
53 TO 15
9 ITERATION PRINTCUT~LSW=2
C NBJ G= 1-NOTHING
c NBUG=2-HI DIFFERENCE AND POINT AND AVDIFE
C NBUS3=3-A30VE PLUS PHI AND K
2 GO TL (100+10930),NBUG
30 WRITE(6,102)
60 TO 15
C ENO UF CASE PRINTQUT-LSW=3
3 WRITE(64+103)
50 T4 15
C SAVE~TOO MANY ITERATIONS -LSW=4
4 WrlTe(64104)
GU TO 31
C SAVE-EXCEEDED TIME LIMITV~LSW=5
5 WRITE(6,105)
31 60 TO (15+15+100),NBUG
C E<ROR EXIT-ILLOGICAL TYPE OF CALC CHOICE-LSH=6
6 WRITE(64106)
G0 10 15
C ERROR EXI T-CUTTER ROUTINE-PROPOSED CUT DOES NOT INCLUDE BOUNDARY
C LSW=7
7 WRITE(6,+107)
S0 10 15
C ERROR EXIT-CUTTER ROUTINE-CALCULATED cUT DIHENSIONS DO NOT AGREE
[ WiTh INPJT CUT DIMENSIONS~-LSW=8
8 WRITE(6,108)
GU TO 15
C ZRROR EXI T=CALCULATED PHI BIGGER THAN INPUT MAK VALUE-LSW=9
Y WRITE(64109)
C CASE ND. AND CASE IDENT PRINTED QUT

15 WRTTE(6+301) NCASE,CODE
o 0 (169199189194 19910916416419)9LSK
" iNrUT PRINTOUT
Le LALL INPUT
WRITE(6,1010)
IF (LSW-6119,19,100
18 30 TO (19,20) +NGRAP
¢ NON GRAPHICAL PHI MATRIX PRINTOUT
19 WRITE(6,322)
DO 2041 J=1+MAXJ
WRITE(6,2000) J
M4l I=1,MAXI
IREV=MAXI¢+1-1
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CAKD

1243 WRITE(6+306) IREV

i2es DO 211 K=1,MAXK

1245 JAM=IKTOT#(J-1)+MAXK*(IREV-1)+K
1246 211 DUM(K)=PHI(JAM)

1241 41 WRITE(6+14) (DUMIK) ¢K=1,MAXK)
1248 2041 WRITE(644000) .

1245 - GO TO (2247034 7031703703, 22,100y 1005 25)+LSW -
1250 2z GO TO (100041050) yNSAT

1251 ¢ MATERIAL MATRIX PRINTOUT

1252 1000 WRITE(6466)

1253 DO 2213 J=l,MAXJ

1254 WRITE(6,2000) J

1255 DO 213 I=1,MAXI

1256 © IREV=MAXI+1-1

1257 WRITE(6,300) IREV

1258 DG 212 K=1,MAXK

1259 JAA=IKTOT*{ J= L ) +MAXK* (IREV-1) K

1260 212 MUM(K )=MAT {JAM )
1261 213 WRITE(0,s68) (MUM(K]) yK=1 ¢MAXK)
1202 2213 WRITE(641010)

1203 C TYPE OF CALC MATRIX PRINTOUT
1264 1001 WRITE(6,2006)

12¢5 DO 2207 J=1,MAMY

1266 WRITE(6,2000) J

L1267 D0 207 1=1,MAXI

1268 IREV=MAXI +1-1

1269 WRITE(64306) IREV

i270 DO 208 K=1,MAXK

1271 JAM= IKTOT #(J- 1 }+MAXK*{ IREV~ 1) K

1272 . 206 MUM(K)=NG(JAM)
1273 207 WRITE(6,68) (MUM(K) +K=1MAXK}
1274 2207 WRITE(6,1010)

1275 GO TO 100 .
1276 € GRAPHICAL PHI AND K MATRIX PRINTOU
1277 20 NPR=1

1276 3013 GO TO(3000,3001) ¢NPR
1279 3000 NCOL=14

1280 60 To 3002

1281 3001 NCOL=10

1262 3002 LL=NCOL

1283 514 IF(LL-MAXK) 5115124513
1284 511 LL=LL+NCOL

1285 - GO TO 514

L2866 512 LINE=MAXK/NCOL
1207 GO TO 503

1248 513 LINE=MAXK/NCOL +1

1209 503 60 TO (3503,3003) yNPR
1290 3503 WRITE(6,322)

1291 GO TO 3004

1292 3003 WRITE(6,324)

1293 3004 D0 2011 J=1,MAXJ

1294 WRITE(6,2060) J

1295 515 DU 11 LL=1,LINE

1296 Kiz (LL~1)%NCOL +1
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1513
1314
1315
1316
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1318
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1322
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1325

1326
1327
1328
1329
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1333
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00000000011111111112222222222333333333344444444445555555555666666666677777777775
1234567890123456789012345678901234567890123456T7890123456789012345678901234567890

516

517
518

610
61l
3005
618

. 519

3007

3008
526

3009

3010

i1
2011

3012

703
1050
1051

1952
1052

202
309
2309
70¢
24

IFCLL-LINE) 51€45174517

K2=K1+NCOL=-1

GO TO 518

K2=MAXK

DO 610 K=KlsK2

K3=K-(LL-1)*NCOL

KROW (K3 )=K

GO TO (6114+3005)4NPR

WRITE(6,600) (KROW(K) sK=14K3)

GO TO 618

WRI TE(6+3006) (KROW(K) yK=14+K3)

D0 11 I=1,MAXI

IREV=MAXI+1-1

WRITE(64+306). IREV

DO 526 K=K1l,K2 :
JAM=IKT OT* (J=1 ) +MAXK* (IREV=1)+K N
K3=K=-{LL-1)*NCOL

GO TO (3007,3008)sNPR

DUM{K3)=PHI (JAM)

GO TO 526

DUM(K3 )=EK(JAM)

CONTINUE

GO TO (3009,301G)yNPR
WRITE(6+14) (DUM(K) 4K=14K3)
WRITE(644000) .
WRITE(6+4001) :

60 TO 11

WRITE(6+4011) (DUM(K) 4K=14K3)
WRITE(6+4000)

WRITE(644000)

WRITE(6+4001)

CONTINVE

WRITE(6+1010)

60 TOU (3012,702)4NPR

NPR=2 . )

30 TO (3013,702) 4NSAT

GO TO (1050,702),NSAT

NON GRAPHICAL K MATRIX PRINTOUT
IF(NDUM3) 1052, 1C514 1052
WRITE(6,324)

30 TO 1053

WRITE(6,325)

DO 2303 J=l.MAXJ

wRkI TE(6,2000) J

DU 309 I=1,MAXI

IREV=MAXI+l~-I

WRITE(64306) IREV

DO 202 K=1lyMAXK

JAM=IKT OT* (J=1 ) +MAXK#* (IREV~1)+K
DUM(K )=EK(JAM) :
WRITE(6+,3011) (DUM(K)sK=1yMAXK)
WKITE(6,+1010) - .
GU TO (10014109 249249124910C15100+4100,4100) 4LSW
GO Tu (25,100,1C0)4NBUG
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C NO OF ITERATIONS PRINTED OUT
25 WRITE(6,115) L
GU TO 100
C HI DIFFERENCE AND POINT PRINTED OUT
10 WRITE(6972) LoHI ¢JHIyIHI sKHI »DUM3 yCORL
100 RETURN
END
(9
C .
c *%k INPUT ¥ %
C *%%XINPUT HANDLES THE PRINTOUT FOR THE INPUT DATA GIVEN TO THE PROBL EM%%x

SUBROUT INE INPUT

INTEGER¥*2 NOyMAT

DIMENSION PHI(2000) 9EK(2000) 4NO(2000) yMAT (2000)

DIMENSION UKL(15),UK2(15),UK3(15),STEK3(15)

DIMENSION CKL(15) 4CK2(1592)2CK3(15941)9CK4€1592)

DIMENSION PLOP(501) yKEY(502) yDUM{ 501) sMUM(502) ,CODE{L5)

COMMON PHIi 4 EKyNO

COMMON UK1,UK2 yUK3 9 STEK3 yCK1,CK2yCK3,yCK4 -

COMMON KKoIloJJgMAXIyMAXK yMAXS IKTDToKI JTOT ¢NBUG 9 NPUNyNCASEyNSATy
INLyN2yN3yNa 9y N5 s NAVGoNSIZEs NAXToLSWoNGRAPy L9y HI g JHIy THI yKHI y NDUML
2NDUM 24 NDUM3 s ND UM% s MDUML s MOUM2 4 MDUM3 » MDU M4 ¢KEY

COMMON TDUMP, ICUT ¢yNCUT» ICMAXJy ICMAXT 4 ICMAXK ¢MAN 9 INI TS NTYPE yICOUNT,
LJAM s MHL ¢MH2 ¢MV1 g NV2 y MCL ¢ MO2 ¢ NSKIPyJ Ko Iy NINEK N INPHI: NCMAXJ »
2NCHA XT o NCMA XK ¢ NUM

COMMON BEEy CANGLEyDELZ,SANGLEyDEEyAYEyH, ELENGgPl.CURl,CORZ,CDR3.
1COR4yCORS yC ODE ¢ PHI MAX yDUML y DUM2 o DUM3'DUNQQDDUH1'DDUHZQDDUH3'
2DDUM44DOUMS5 y ANGLE yPLOP

COMMON FRACT’FK'X'DENUHloDENOHZvDEVOH3vDENCUN.AVTERMvHTERMoVTERHo
LAXTERMyOTERMyCUNIT.

COMMON NOY,DIFE,SDIFEsPSDIFECORK

EQUIVALENCE  (PLOP,yDUM )y (KEY+MUM )

EQUIVALENCE (MAT,EK) )

} WRITE(6,100) . )
100 FORMAT (25HOINPUT DATA FOR THIS CASE)
GO TO (142, 3)sNSIZE
1 WRITE(6,50) :
50 FORMAT (31HOTHIS IS A ONE DIMENSIONAL CASE)
GO TO 4 ) ) ’
2 GO TO (5,6} +NAX]
5 WRITE(6451) .
1 FORMAT. (31HOTHIS IS A TWO DIMENSIONAL CASE)
GO TO 4
6 WRITE(6452) .
2 FORMAT (31HOTHIS IS AN AXISYMMETRICAL CASE)
G0 TO 4 ‘
3 WRITE(6,53) .
3 FORMAT (33HOTHIS IS A THREE DIMENSIONAL CASE) -
4 GO TO (7,8) 9yNSAT -
7 WRITE(6+54)
4 FORMAT (34HDUNSATURATED SOIL CDNDITIONS EXIST)
WRITE(69112)
112 FORMAT( 26HO SOIL TYPE IDENTIFICATIDN)
. WRITE(6,455)
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- 1405
1406
1407
1408
1409
1410
i4ll
lel2
l4l13
1414
1415
1416
1417
" 1418

T 1419

1420
1421
1422
1423
l424
1425
1426
1427
1428
1429
1430
1431
1432

1433

l434

113

80/80 LIST

00000030011111111112222222222333333333344444646445555555555666666666611111i11778
12365678901234507890123456709012345678901234567090123456709018345610901234567990

55
-1
57
8
58
S
200
62

10
59

11
60

12
201
115
116
117
118

1435

1436
1437

1438

1439
1440
144l
1442
1443
l444
1445
l446
1447
L1448
1445
1450
1451
1452
1453
1454
1455
1456
1457
1458

119
120
6l
i3
63
14
o4

15
126

129
150

151

FORMAT (47H SOIL NUMBER PERMEABILITY COUPLING RATIO)
WRITE(6956) (MyCKLIM) sM=1,NUM)

FORMAT. (1129 E28.4)

WRITE(6457) CUNIT

FORMAT (40H. THE CAPILLARY PRESSURES ARE SCALED BY Ell.4 )
60 103

WRITE(61+58)

FORMAT (32HOSATURATED SGIL CONDITIONS EXISV)

WRITE(6+200) DUML

FORMAT (394 SATURATED PERMEABILITY FOR SOIL NOo.l » Elle4)
ARITE(6462)

FORMAT(22HODESCRIPTION OF MATRIX)

GO TO (109119119119 llsllell)ICUT

WRITE(6¢59) NCMAXJy NCMAXI,NCMAXK

FORMAT(28H MATRIX DIMENSIONS ARE Y= I3,4H s lSvQH X= 133
G3 TO 12

WRITE(6,50) NCMAXJ.NCMAXI.NCMAXK.lCHAXJ'lCHAXl TCMA XK
FORMAT(37H MATRIX DIMENSIONS ARE CUT FROM Y= [3,4H I= ]3,46H X=
1I3+7H TO Y* [3,4H 2= 13,4H X= 13)

WRITE(6,201) JJsIIsKK

FORMAT (53H THE COORDINATES OF THE POINTV.OUF DISTURBANCE ARE ¥= I3

lo4H 2= I3,3H X=I3)

WRITE(6,4115)

FORMAT ( 30HOPARAMETERS DESCRIBING PROBLEM)

WRITE(6.116) DELZ

FORMAT(33H OISTANCE BETWEEN NODE POINTS IS El2.4)
ARITE(6,117) DDUMS

FORMAT (18H COLUMN LENGTH IS El244)

WRITE( 6,118} DOUM4

FORMAT (39H VERT ICAL TRANSLATION OF THE ORIGIN IS El2.4) -
WRITE(6,119) ANGLE

FORMAT(39H - ANGLE OF INCLINATION OF THE SVSTEH IS El2ee)
WRITE(6,4120) BEE,DEE,AYE

FORMAT(47H COEFF. OF THE CAPlLLARY PRESSUFE EQUAT ION . ARE 3El2.4)
WRITE(6s61)

FORMAT (36HOPIEZCMETRIC HEAD CALCULATION NETHODI

GO TU (13+14) 4NAVG

ARITE(6463)

FORMAT ( 8lH RELATIVE CAPILLARY CONDUCTIVITY VALUES USED IN THE. D
LENJMINATOR ARE NOT AVERAGED)

GO TO 15

WKITE(64+64)

FORMAT ( 77H RELATIVE CAPILLARY CDNDUCTIV!TY VALUES USED IN THE D

1ENOMINATOR ARE AVERAGED)

WRI TE(64128)

FORMAT (27HO OVERKELAXATION CORRECTION)

WRITE(6+129)

FORMAT ( ¢ USED THROUGH ITERATION - FACTOR® )
WRITE(6,4130) N1,CORL

FORMAT (I17416Xy Elle4)

WRITE(6,131) N2,N3

FORMAT (46H OVERRELAXATION FACTOR RECALCULATED EVERY o1318H I
LTERATION UP TO +13,16H ITERATIONS MAX.)

WRITE(64202)
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R aXal o}

aCo e

202
126

FORMAT ( LTHOPROGRAM CONTROL S)
WRITE(64126) Pl
FORMAT(SLH 1F THE Hl. DIFF, BETWEEN ITERATIONS: IS LESS THAN El

X2.4921HyTHE CASE 1S COMPLETE)

65

66
68
67

i

2Z

26
25
29
23
a7
32
34

L2
TH
MA

%Xk

TH

WRITE(6165) PHIMAX

FORMAT(49H IF A CALCULATED PIEZOMETRIC HEAD VALUE EXCEEDS Elle
Le2lHeAN ERROR EXIT OCCURS)

WRITE(6466)

FORMAT { 19HODUMMY INPUT VALUES):

WRITE(6468)

FORMAT (34H INTEGERS FLOAT ING VALUES)
WRITE(6+6T7) NDUM1l,DUML

FORMAT (112/E2044)

WRITE(6,6T7) NDUMZ,DUM2

WRITE(6:6T) NDUM4,DUM4

RCTURN v'
END :

‘.‘RELAX#“

#RELAX CALCULATES THE OVERRELAXATION FACTOR AT SPECIFIED INTERVALSs ¢+
SUBROUTINE RELAX(NSAT.SDIFE-PSDIFE.CGRRuNUV)

QM=SDIFE/PSDIFE

FLAMSQ= (QM+CORR=1¢)*%2/ (QM*CORR**2)

IF (1. - FLAMSQ) 26425,25

FLAMS Q=~FLAMSQ

NOY=NDY+1

CORR=2. /(1.+SQRT(1.-FLAMSQ))

IFINSAT=1)29+294 34

IF(1-NDY)27 423423

IF(FLAMSQ) 27,427,432

COFR=0.65+CORR*Q.175

GO TU 34

CORR= 1. +{CORR=1,1%,15

RETURN

END

*EEGMAN*S &

%GMAN RETRIEVES THE INTEGER DES IGNAT ION FOR THE SOIL FROM MEMDRY®se
1S SUBROUTINE PICKS UP THE MATERIAL MATKIX FROM THE MERGED MATRIX.
N IS THE SOIL NUMBER

SUBRUUTINE GMANCMAN ¢ND; JAM)

INTEGER*2 NOJMAT

DIMENSION NOI(1)

MAN=NO( JAM) 7100

RETURN .

END

*EEGNOEN %

®GNJ RETRIEVES THE INTEGER DESIGNATION OF THE CALCULATION TYPE‘**

1S SUBROUTINE RETURNS CALCULATION TYPE FROM THE HERGED MATRIX
SUBROUT INE GND(INAGEoNocJAM)

INTEGER*2 NOyMAT

DIMENSION NO(1)

IMAGE=NO(JAM)=-NO(JAM) /100%100
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¥
Ak

RETURN
END

*UHG AV X%k
*SAVE STORES DATA FROM FINAL ITERATION WHEN ITERATION LIMIT IS *%x%
*EXCEEDED AND THIS DATA SERVES AS INITIAL VALUES IN A RESTART OF THE**x%

*dxMODE Lk

SUBROUTINE SAVE

INTEGER*2 NO,MAT

DIMENSION PHI(2000) ;EK(2000})sNO(2000),MAT (:2000)

DIMENSION UKL1{(15),UK2(15) yUK3(15) ySTEK3 (15)

DIMENSIOUN CKL1(15)4CK2(15,2),CK3(15941),CK4(1542)

DIMENSION PLOP(501) +KEY(502),DUM{501),MUM(502),CODE(15)

COMMON PHIsEK,NO

COMMON UK1,UK243UK3,STEK39CK1yCK2yCK3,CK &

COMMON KKyII 9JJsMAXT sMAXK  MAXJy IKTOT oKIJTOT yNBUGsNPUNyNCASESNSAT,
INLyN2yN3y N4y NSyNAVGyNSIZEsNAXI 9 LSWeNGRAP L yHI s JHI s IHI 9 KHI o NDUM1 ,
2NDUM2 s NDUM3 s NDUM4 yMDUML o MDU M2 y MDUM3 4 MOU M4, K EY

COMMON IDUMP,ICUT4NCUTsICMAXJyICMAX]I 3 ICMAXK sMAN, INITyNTYPEys ICOUNT,
1JAMy MHL 9 MH2 s MV 1y MV2 ¢ MOLsMO2yNSKIP 9 J s Ko I yNINEKsNINPHI ¢yNCMAXJ s
2NCMA XI o NC MAXK s AUM

COMMON BEEsCANGLEDELZ ySANGLEDEE,AYE,H,ELENGyP1,CURL y COR2yCOR3,
1COR4,COR5yCODEyPHIMAXs DUM1, DUM2, DU4 3, DUM4+sDDUM1,0DUM24DDUM3y
2D0DUM4,DDUM5 yANGLE 4 PLOP

COMMON FRACT,FKvXvDENGMlvDENOMZ9DEN0M31DENCONvAVTERM,HTERM,VTERM,
LAXTERM, OT ERMy CUNIT

COMMON NDY,DIFEySDIFE+PSDIFE,CORR

EQUIVALENCE ¢PLOP,DUM)y (KEY+MUM)

EQUIVALENCE (MAT,EK)

REWIND 8 - .

WRITE(8) KKeyIIlgJIJIMAXIyMAXK ¢yMAXJyIKTOT,KIJTOT NBUG+ NPUNyNCASE,
INSATyNLyN2y N3 N4 ¢N5 ¢4 NAVGINSIZE¢ NAXI s LSWsNGRAPsL ¢ HIs JHI» IHI4KHI,
2NDUM1sNDUM2 4NDUM3 ¢y NDUM4 yMD UM] s MDUMZ ¢ MDU M3 ¢+ MDUMS + KEY

WRITE(8) IDUMP,ICUT NCUT,ICMAXJ ICMAXIy ICMAXKyMAN,INITyNTYPE,
lICOUNTyJAM'MHlvPHZ,MVlyMVd1M01'M021NSKIP1J1K1IvNINEKrNINPHI'NCHAXJ
2: NCMAXI s NCMAXK s NUM

" WRITE (8) BEE,CANGLEsDELZySANGLEsDZEsAYE+HsELENGsP1+COR1,COR2,COR3

1o
20

50

12COR4+CORS5+yCODE,PHI MAX,DUML ,DUM2 s DUM3 ,DUM4, DDUML 4 DDUM2y DDIM3,
2DDUM4, DDUM5y ANGLE,PLOP

WRITE (8} FRACT,FKvX’DbNUMlvDENOMZ DENOM34DENCON, AVTERMs HTERM»
LVTERM,AXTERM,O0TERM,CUNIT

WRITE(8) UKLl,UK2,UK3sSTEK3+CK1yCK2,CK3yCK4

NDXSML=1

NDXLGE=1000

IF (KIJTOT~(NDXLGE+10))} 50950420

WRITE(B) (PHI (NDXV} yNDXV=NDXSML yNDXLGE)

ARITE(8) ( EK(NDXV) yNDXV=NDXSML yNDXLGE)

WRITE(8) ( NO(NDXV),NOXV=NDXSMLNDXLGE)

NDXSML=NDXSML+ 1000

NDXL GE=NDXL GE+1G00

GO TO 10 - .

WRITE(8) (PHI(NDXV) yNDXV=NDXSML ,KIJTOT)

WRITE(8) ( EK{NDXV},NDXV=NDXSML,KIJTOT)
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c

%
C
c
c

c
C

WRITE(8) ( NOCNDXV),NDXV=NDXSML,KIJTOT)
~WNRITE(8) NDY,DIFEsSOIFE+PSDIFEsCORR
RETURN .

END

*%%¥A SAMPLE INPUT SET FOR THE NELSON MODEL FOLLOWS *%x
*x%DETAILED EXPLANATION OF INPUT CARD TYPES AND THE OPTIONS AVAILABLE ARE#*#%%
*%%xFQUND IN "STEADY DARCIAN TRANSPORT OF FLUIDS IN HETEROGENEOUS PARTIALLY®*&
*x&SATURATED POROUS MEDIA, PART 2, THE COMPUTER PROGRAM", REISENAUERyA.E.q*%x%
*¥%ET ALys AEC RED REPORT HW-72335 PT24PP.19-3311963.%%% :

| §

#%%ALL CARDS WHICH ARE BRACKETED BY #%% ARE CbHMENT CARDS AND MUST BE*#%
*%%REMOVED FROM THE DATA SET BEFéRE THE PROGRAM WILL EXECUTE PROPERLY¥*¥*

i
*%%THE FOLLOWING CARDS ARE THE INPUT DATA AND CONTROL CARDS *%x
*%%FOR EXECUTING A 2- DIMENSIDNAL STEADY STATE GROUNDWATER FLOW *¢¢
#%%PROBLEM AT 'SCS SITE 13 USING THE ADAPTATION OF THE NELSON MODEL **x*
*%%x [STED ABOVE*#*x

1

*%%¥CARD TYPE 1 FULLOWS %%*
2 SATURATED FLOW PROBLEM- SITE 13 AFTER 00P {(JWN)
#%¥%CARD TYPE 2 FOLLOWS*%x )
2 1 1 1 2 1 2 . 2 1
*#%¥CARD TYPE 6 FOLLOWSH*%x : .
1 24 20 1 24 20 1 4 13
*%x%CARD TYPE 7 FOLLOWS *%%

161.87E+00 0. OE+00 0. 0E+00 0.0E+00 1.0E+00 1.0E+004209.4E+00

*%¥CARD TYPE 8 FOLLOWS*#*¥*
4,40E+02 1.0E-03
%% ARD TYPE 9 FOLLOWS##*x

1.25 20 30 200

*%%xPIcZOMETRIC HEAD LOADED BY ROW INPUT OPTION ABOVE A BASE DATUM OF 1000% ¥
*%%FEET ABOVE MEAN SEA LEVEL**¥* .
w*%%A SERIES OF ALTERNATING CARD TYPES 10 AND 16 FOLLOWx**

1 1 1 1 5
1 389. 6 388. 7 392. 8 392. 9 39%.

1 1 2 3 3
1 395. 3 394. 6 390. 9 139%6.

1 1 4 4 4
1 395. 6 390. 71 388. 9 396,
1 1 5 5 4

1 396. 6 389. 11 398. 12 400.
11 6 7 5 )
1 39e. 6 394, 7 390. 8 392, 12 -400.
1 1 8 9 6 : :
1 402. 3 400, 7 395, 9 394. 10 396.. 16 408
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CARD P

1621 1 11010 4

1622 1 402. 4 398, 13 406, 18 4lz.

1623 1 11111 5

1624 1 402. 4 398. B8 408.4 12 406. 18 412,

1625 1 11215 4. .

1626 1 4060 4 404. 7T 408.4 13 410,

1627 1 116 16 4 :

1628 1 408, 6 410. 8 408.4 12 4l4.

1629 1 117 19 6 ‘ | :

1630 1 408. 6 410s 7 408, 10 410. 12 4l4. 13 412,
1631 1 12021 2 ' =

1632. 1 4l4. 13 418, ‘

1633 1 12224 6
1634 1 420. 7 418. 9 420. 1l 4l6. 12 418. 13 420.

1635 (. #%¥%SATURATED PERMEABILITIES IN FT</DAY ARE READ IN BY ROW INPUT OPTION#«#
1636 C #%xA SERIES OF ALTERNATING CARD TYPES 10 AND 14 FOLLOW®***
1637 1 1 1 1 6

1638 1l 5.00E+00 6 1.00E+00 T *1.50E+00 10 2.00E+00
1639 1l  4.00E+00 12 8.00€E+00 . :

1640 11 2 2 1T ; ; , . )

1641 1l 5.00E+00 5 4.00E+00 6 1.50E+00 7 1.00E+00

1642 10 1.50E¢00 11 2.,00E+00 12 8.00E+00
1643 1 1 3 3 8 .
5.00E+00 2 4.00E+00 3 2.00E+00 5 3,00E+00

1644 1
1645 7 2. 00E+00 8 1.006#00 11 :i3.00E+00 12 6.00E+00
1646 1 1 4 412 ' : » '

1647 1 4.00E+0D 2 3.,00E400 5 5.00E+00 6 3.00E+00
1648 7 2.00E+00 g 1.006400 9 2.00E#Q0 10 4.00E+00
1649 11 8.00E+00 12 3,00E+00 13 2,006400 16 4. 00E+00
1650 1 1 5 511 : , :

1651 1 5.006+00 = 2 4.00E+00 4 5.00E400 = 5 4.00E+00
1652 7. 2.00E400 - 8 1.00E#00 9 2,00E+00 10 8.00E+00
1653 11 4.00E+00 12 2.00E+00° 16 4.00E+00

1654 11 6 6 17 , : .

1655 1 5.00E+00 3 4.,00E+00 5 1.10E+01 6 3.00E+00
1656 7 1.50E+00 8 1.00E+00 9 2.,00E+00 .

1657 1 1 7 7 6

1658 : 1l 5.00E+00 2 4+00E+00 5 9.00E+00 6 2.00E+00
1659 7 1.00E+00 14 1.50£+00 '

1660 1L 1 8 8 7 .

1661 1l 4.00E+00 5 3.00E+00 6 1.50E+00 ° 7 1.00E+00
1662 i3 2. 00E+00 16 3.00E+00 19 4.00E+00

1663 1 1 9 9 5

1664 1 4.00E+00 4 5.00E+00 5 2.00E+00 8 1.00E+00
1665 18 2.00E+00

1606 L 110 10 7

1667 1l 5.00E+00 4 4%.00E+00 5 2.00€+00 6 5.00E+00
1668 7 2.00E+00 8 1,00E+00 19 2.00E+00 .

1669 1 111 11 7

1670 1 5.00E+00 3 4.00E+00 6 5,00E+00 7 2.00E+00
1671 10 1.00E+00 16 1.50E+00 19 2.00E+00

Le72 1 11212 7 - . )

1673 1 5.00E+00 3 4.00E+00 5 5,00E+00 7 2.00E+00
1674 10 1. 00E+00 15 1.50E+00 18 2.00E+00
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CARD.
1675 1 11313 7
1676 1 5.00E+00 3 4.00E+00 5 5.00E+00 6 2.00E+00
1677 9 1« 00E+00 15 1.50E+00 18 2.00E+00
1678 1 114 14 7

1679 1 5.00E+00 3 4.00E+00 5 5.00E+00 6 2.00E+00
1680 9 1.00E+00 14 1.50E400 17 2.00E+00 .

1681 1 11515 6 _

1682 1 5.00E+00 4 4.50E+00 5 2.00E+00 9 1.00E+00
1683 14 1.50E+00 16 2.00E+00 :

1684 1 11617 5 : .

1685 1 5.00E+00 5 4.00E+00 6 2.00E+00 9  1.00E+00
1686 14 2.00E+00 :

1687 1 118 19 4

1688 1 5.00E+00 .5 4.00E+00 6 2.00E#00 15 4.00E+00
1689 .1 12023 7 ' : ; ’
1650 1 5.00E+00 5. 4,00E+00 6 2.00E+00 32 6.00E+00
1691 13 4. 00E+00 14 2.00E+00 15 4.00E+00

1692 1 12424 3

1693 1 5.00E+00 10 4.00E+00 13 6.00E+00

1694 C ***CALCULATION TYPES ARE READ IN BY ROW INPUT: OPTION¥**
1695 € *%¥¥A SERIES OF CARD TYPES 10 AND 15 FOLLOW*®%
1656 1 1 1.1 1

1697 1l1l. )

1698 1 1 2 2 8

1699 11. 37. 42. 7Tl. 82. 103. 112. 121.

1700 1L 1 3 3 9 i

1701 1l 27. 32. 42. 52, 171. 82. 128, 131,

1702 1 1 4 410

1703 11. 29. 32. 62. 71. 82. 92. 102. 137, 151.
1704 L 1 5 5 8 . :
1705 = 1ll. 42. 71+ 82. 112. 122. 1l48. 151,

1706 1l 1 6 610

1707 ll. 35. 42+ 7Tl. 82. 122. 132. 145. 157. 16l.
1708 1L 1.7 1710 . ’ .
1709 11, 27.  32. 8l. 92. 122. 132. 153. 198. 20l
1710 l1 1 8 8 9 . .
1711 11. 25. 32. 72. 82. 9l. 102. 196+ 201.

1712 1 1 9 910 ’

1713 1lle 29. 32. 42. 12. 82. 101. 112. 196. 201.
1714 1 1101011 .

1715 1l 39. 42. 62. 82. 10l. ll2. 132. 142. 196. 201.
1716 1 11 11 9

1717 1le 45. 52. 8le 122. 152. l62. 196. 201.

1718 1l 11212 8

1719 lle 37« 42. 52. 7l. 132. 1910 201.

1720 1l 113 1310

1721 11. 35. 42. 52+ 7l. 132. 142. 152. 1810 201.

1722 1 114 14 9

1723 11. 49, 52. 7le. 132. 142, 152. 166. 171,
1724 1 11515 17

1725 ll. 49. 52. 8le. 132. 1610 171.

1726 1 11le 16 9 .

1727 "ile 59. b62. 8l. 122. 132. 142. 1510 171.
1728 L 11717 8
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CARD

1729 1. 62. 72. 82. 112. 146. 1510 16l.

1730 1 118 18 7 .

1731 11« 65. 72. 102, 112. l46. 151.

1732 1 11919 7

1733 1le 65. 72. 10z. 112. l46. 151,

1734 1 12020 7

1735 11. 57. 62 172. B82. l46. 151.

1736 1 12121 8 .

1737 lle 55. 62+ 102¢ 112« 132. 146. 151,

1738 1 12222 9

1739 1le 59. 64 72. 82. 1l12. 122. l46. 151.

1740 1 123 23 8

1741 lle 72. 84. 92. 112, 122+ 146. 151,

1742 1 124 24 1

1743 | 11+ .

1744 .

1745
1746 C . *&kkAPPENDIX B IS COMPLETE%%x
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