View metadata, citation and similar papers at core.ac.uk brought to you by X{'CORE

provided by University of Kentucky

UHIVf.-U(‘:[‘EY‘

' o ' University of Kentucky
UKn OWI edg e UKnowledge

KWRRI Research Reports Kentucky Water Resources Research Institute

4-1972

Digital Computer Modeling of Limestone
Groundwater Systems

Digital Object Identifier: https://doi.org/10.13023/kwrri.rr.50

John Thrailkill
University of Kentucky

David P. Beiter
University of Kentucky

Right click to open a feedback form in a new tab to let us know how this document benefits you.

Follow this and additional works at: https://uknowledge.uky.edu/kwrri_reports

b Part of the Computer Sciences Commons, Earth Sciences Commons, and the Environmental

Sciences Commons

Repository Citation
Thrailkill, John and Beiter, David P, "Digital Computer Modeling of Limestone Groundwater Systems" (1972). KWRRI Research

Reports. 14S.
https://uknowledge.uky.edu/kwrri_reports/14S

This Report is brought to you for free and open access by the Kentucky Water Resources Research Institute at UKnowledge. It has been accepted for
inclusion in KWRRI Research Reports by an authorized administrator of UKnowledge. For more information, please contact
UKnowledge@lsv.uky.edu.


https://core.ac.uk/display/232594491?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://uknowledge.uky.edu/?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
http://uknowledge.uky.edu/?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
https://uknowledge.uky.edu?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
https://uknowledge.uky.edu/kwrri_reports?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
https://uknowledge.uky.edu/kwrri?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
https://uky.az1.qualtrics.com/jfe/form/SV_9mq8fx2GnONRfz7
https://uknowledge.uky.edu/kwrri_reports?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/142?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/153?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/167?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/167?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
https://uknowledge.uky.edu/kwrri_reports/145?utm_source=uknowledge.uky.edu%2Fkwrri_reports%2F145&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:UKnowledge@lsv.uky.edu

Research Report No. 50

DIGITAL COMPUTER MODELING OF LIMESTONE
GROUNDWATER SYSTEMS

Dr. John Thrailkiil
Principal Investigator

Graduate Student Assistant: David P. Beiter

Project Number A-030-KY (Completion Report)
Agreement Number 14-31-0001-3217 (FY 1971)
Period of Project - July, 1970 - August, 1971

University of Kentucky Water Resources Institute
Lexington, Kentucky

The work on which this report is based was supported
. in part by funds provided by the Office of Water Resources
Research, United States Department of the Interior, as
authorized under the Water Resources Research Act of
1964,

April, 1972




ABSTRACT

Because limestone groundwater flows mainly in discrete openings,
limestone aquifers are fundamentally different from aquifers in granular rocks.
A digital computer prograin which simulates flow in a limestone aquifer as a
plpe network was written and compared with the Sinkhole Plain aquifer of west-
central Kentucky. ) '

A reasonably good fit between observed parameters of the aquifer
and those calculated were obtalned under assﬁmed conditions of both laminar
and turbulent flow in the aquifer. The indicated gross permeabllity of the
aquifer’is 5600 meinzers with an assumed aquifer thickness of 100 feet. The
location and discharge of springs along the streams bounding the aﬁulfer are

predicted. )
With further refinements to the computational routines, additional

features of the aquifer can be .modelled, and more refined predictions can be

made of water budget parameters, location of flow paths, and development of

the aquifer.

KEY WORDS: limestone aquifer/ground-water basin/digital computer modelsa/
flownets. : ‘
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CHAPTER ]

INTRODUCTION

§_t£nificance of Re_search

In many areas, water found in openings in the rock (groundwater) is

a major water supply. Where the underlying rock is granular, such as the
alluvium along major streams, the study, evaluation, and production of this
groundwater is facilitated by the existence of a well-developed theory of the
granular groundwater body.

Much of Kentucky, as well as large portions of other states, is
‘underlain by limestone. Groundwater in limestone (and similar rocks) behaves
quite differently than that in granular rocks. The permeability is localized in
discrete openings, rather than in the intergrain pores of granular rocks, and.
the flow Is often turbulent. The distribution of openings is irregular, and the
openings themsel§es have been and are being enlarged by the flow of water
within them, '

Although flow assumptions borrowed from granaular rock theory

(e. B., linear relationship between head loss and flow) are widely applied (with
varying degrees of success) to limestones, it is evident that concepts and
methods which take into account the nature of the limestone aquifer need to be
developed. ‘ ‘
The importance of limestone groundwater to Kentucky may be judged
- by the following summary derived from data in Mull, et al (1971). '

' Twenty-nine of Kentucky's 120 counties obtain sofné of their public
and industrial water from limestone groundwater. Of thege, 7 derive between
10 and 50% of their supply from this source, and six obtaln'more than half their
supply from limestone. In this latter group, Hart, Russell, and Scott
counties get more than 80% of their public and industrial water supply from this-

source, and Allen county receives all of its supply from limestone groundwater,




Currently, the probabilities of cbtaining a yield sufficient for public
or industrial water supply from a well drilled in a limestone area are quite
low. An inspection of the data in Mull, et al (1971) shows only about one-
fifth of the wells listed have a yield of 100 gallons/minute or greater. Large
flows of water do exist, however, as evidenced by several springs discharging
more than 1000 gallons/ minute. It is evident that the development of a theory
of limestone groundwater which would allow the prediction of the location of
these large flows would be of cox;sider'able economic benefit. _

A better understanding of groundwater in limestone would have
benefits other than water supply. The prediction of reservoir leakage aﬁd of
pollution paths is currently a difficult matter in the absence of a well-developed

theory of limestone groundwater..

Project Objectives

The original objectives of the project (as described in the original .

proposal} were:

To develop digital computer model techniques to

- describe limestone groundwater basins in two and three
dimensions. Models will be developed for actual lime-
stone aquifer systems with boundary conditions deter-
mined by geologic and geochemical data now available
or to be acquired as part of the project. Numerical
techniques will be used to obtain solutions to the
models. Results will be made avallable on specific 7
systems to guide groundwater surface water develop-
ment and aid in pollution control. Training of one or
tow graduate students in the techniques developed will
be accomplizhed. _

Midway through the first year of the planned tvéo-year period the
project was revised by shortening it to 14 months and reducing the funds to
42% of the original amount. This necessitated a drastic limitation of the

- project objectives, as discussed in a later section of this report. .




CHAPTERII

DESCRIPTION OF PROGRAM KLAM
(KENTUCKY LIMESTONE AQUIFER MODEL)

The aquifer is approximated as a 2-dimensional quadrilateral net-
work of pipes. Each branch (pipe segment) has assigned or calculated values
of flow volume, flow resistance (permeability), and length. Each node
(junction of pipe segments) has assigned or calculated values of hea.d and flow
volume introduced from outside the system (vecharge flow). The network is
numbered as being in the first quadrant. The indexing scheme for nodes and
branches is shown in Figure 1, together with the variables and the sign

convention for flows.

4 head

node i,j+1 FX,FY,FR  flow volumes
KX,KY permeabiliTies

LX,LY ieng‘l‘i\s

KYi,j
LY

| node i,} \> node (+1,)

—

KX,y LX{ .

INDEXING SCHEME FOR NETWORK PARAMETERS
| FIGULRE |
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Geometry

1.

" The node flow error (E) at a node i8 calculated as

- + FY, . - FR__ - -
By © Py i L1 T Py T Y

where the symbols are as shown in Figure 1.

The branch flow error (E-) in the four branches associated with

the node is calcuiated as

1

i, LY, 1,]

for the branch to the right of the node and similarly for the
remaining branches. In this expression n is 1 for the laminar
flow models and 2 for the turbulent flow models.

The flow in each branch (including the recharge flow) about the

node is corrected by an amount C- calculated as

“R-(1-W) - E
cx, | = by we Bx
i)

+4

for the branch to the right of the node and similarly for the
remaining branches. R is a relaxation coefficient, W a parameter
to allow the relative influence of the two errors to be changed, and

M is the number of branches around the node.

The head at the node is calculated from the heads at adjacent nodes
and the new branch flows by averaging expressions similar to

i ) inzj_ . (Fxf.J) .
i} KX i+1, )

L3

After the above computations are performed for each node, the entire

procedure is iterated until convergence occurs.

-4-




Summary of Program

The program is written in Fortran IV and executed on an IBM 360/65
computer., When dimensioned to accommodate a 38 x 27 node network, 118K
bytes of storage were required and 100 {terations required about 8 minutes of

central processing unit time,

The program consists of a main program and 14 sub-routines.

1, MAIN - reads program parameter card, writes out parameters,
and performs iterative computations described above.

2. INl - reads data for each node on separate card.

3. IN2 - reads data for all nodes on first card and changes for
individual nodes on later cards.

4 IN3 - reads data for each node oncards punched by OUT4.
5 CAL1 - calculates KX and KY if undefined. =

6 CAL2 - counts entered value and writes messages.

1. CAL3 - assigns st#rtlng values of unspecified flows.

8 CAL4 - assigns starting values of unspecified heads.

9 OUTL - lists values after specified number of iteratlons;
10. OUTZ - lists final values in table form.

11. OUT3 - fills arrays for map output of final values.

12, OUT3A ~ lists final values in map form.

13. OUT3B - writes héading for map output.

14, QUT3C - writes error table for map output.

15, OUT4 - punches cards with final values.

In the initial stages, the program was titled LASP but this was changed to
KLAM (Kentucky Limestone Aquifer Model) during the project. A complete
listing of the program (slightly expanded for readability) will be found in the

- Appendix.




CHAPTER III
MODEL 1 - SINKHOLE PLAIN AQUIFER - LAMINAR FLOW

General

The Sinkhole Plain Aquifer was considered to be a continuous
aquifer underlying the area shown on Figure 2. Its boundaries were taken to
be the streams indicated, which are perennial and of sufficient size to be
represented as double lines on 1/24, 000 scale maps.

All of the focks of the area are nearly flat-lying, with a general
regional dip to the north of about 10 meters per kilometer., Pennsylvanian
rocks crop out near the Green and Barren rivers in the northwegit part of the
area, otherwise only rocks of Mississippian age outcrép. The Pennsylvanian
and upper Mississipplan rocks are interbedded sandstones and shales with
thin limestones in the Mississippian. The lower Mississippian rocks are
almost entirely limestones and dolomites.

North of the south-facing Chester Escarpment, which roughly
follows a line connecting the towns of Munfordville, Horse Cave, Cave City,
Park City, and Bowling Greeh, most of the area ls_ underlain by upper
Missigsipplan and Pennsylvanian rocks, with the lower Mlssisslpplan lime-

swﬁes and dolomites cropping out only in the bottom of sinkholes and valleys.
The portion of the area south of the escarpment, known as the Sinkhole Plain,

is underlain by lower Migssissipplan rocks and is a typical karst, with few
surface streams and, in many areas, a very high density of sinkholes. The
average altitude is about 220 meters (750 feet) with an average local relief
of about 20 meters (65 feet). The relief is fine-textured; a characteristic
sinkhole diameter being 100 meters (300 feet). |

The eastern part of the platean north of the Chester escarpment is
also a karst, butof a significantljr different form. The 'average altitude of the.
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plateau tops is about 260 meters (850 feet) and that of the intervening sink-
holes is 200 meters (650 feet). The local relief is thus three times that of
the Sinkhole Plain. The texture is also much coarser with an average sinkhole

diameter of about 1 km.

' Parameters

A grid with a standard node interval of 12,500 feet was established
(Figure 3). Nodes on the boundary were moved to fall on the bounding streams
and the lengths of the branches connecting these nodes to the grid were
shortened where necessary. Note that the orientation of the branch does not
affect the computations. These boundary nodes were assigned head values
taken f:jom 1/24, 000 scale topographic maps, and the recharge for these
nodes was left unspecified (Figure 3). This model represents boundary
geometry and heads prior to the construction and ﬂlling of a reservoir on the

Barren River in the southermost part of the area.

There is very little surface drainage in the area, and a rechafge‘ for '

the interior nodes was calculated assuming that all non-evapotranspired
precipitation (i. e., runoff plus infiltration) enters the aguifer as recharge.
In a study of a geologically and climatologically similar area about 120 km to
the west (Walker, 1956), the runoff varied from 3. 4 inches to 70. 7 inches per
year over a ten yeé.r period. A figure of 30 in/yr was adopted for this model.
This is equivalent to a recharge flow of 740 ft3/ min at each node.

During execution, the permeability (inverse flow resistance) of the

branches was adjusted to obtain a fit to observed heads at interior points in

the area (Figure 3). -

Results

A solution judged to be sﬁtisfactory wag obtained after 560 iterations.

The trial and error method used to determine a permeability is not very
efficient, and convergence could have been obtained in only 100 or so iterations
if the permeability had been held constant. Final values for the branch flow,

recharge flow, and head are shown on Figures 4, 5, and 6 respectively.

-8-

e e



€ Jynold

YU IR0y JO 4334 i yibuBl  (oo0s)
JPpow 1srfioe Qp PISN VeI Nosk
pou se papdIIS peM Qs

| \_.\. /\. m..mw
ocw \ / .\\\ = \\\/ ./.\\../.ﬂahv. Mn.ﬂ\\\l./ . /..\\.. / / \Alnh} S&E
Ul e \j,\/u\.\ - w@n ;
\ " r .\\ L’
Pz /uuo\\v/\\t\ ul / / .\\..\\\\..u\\ oty w‘ﬂ\\dﬁmﬁfﬁu se€
A Faﬁé <5
b6

n @

8

<

T
T ¥ INOV
. et | NIVTS ZTOHNNIS .




SINKHOLE FPLAIN
AQUIFER

MODEL | VALUES OF FLOW /N BRANCHES

_it.,_

Cedar Sink 3300 ¢

J
%)
)

3imin (Brown, 136
(Brown, 19%&

5 min (Brown, 1966
/
5/ min

@ Ml Hole 2700

@
= |

Hidden Kiver w100 7
Care -

910) °

rarlkill, ¥

@ Sink




S 3Jxunoiy

vaereoes - dbueysw .
oSN e - mm..usuuw M o O o (996s ‘umos@)  w/, i) 0OOT buids 3yt ®
wri3aads - sbieusas © (poes ‘umasg) wim id 56wy owd s ks pay ©
. wx ) (996r ‘UmDig) Wy is OOOR A PUCS/IOYUINL 0]

I T T T 1

or iy o < o

oooy

FONYHIFN JO SINTYA | TIT0W

/Qé _ _ . Y ISINOV

Nivld FTOHMHNIS

-11 -




S JHnod

Iw
J T “1
or < o
nwx
( T T ) 1
0T &t o/ 5 o
Y
-

(#96/) wBwyeng Woiy p
MU YWy LM .7
nt.onh
-

b L7 L -
Ml TIVPN

@Ry 4O fanI€A T [3 PO . -
rey Jo 2Pe, \oo.o

aQvIH 40 SINTYA | TICQOW

AT AINOV
NIvTd FTOHMNIS

-12 -




The final permeability used was 650, 000 ftsj'min (the appropriate
units are those of discharge), which was judged to provide a satisfactory fit
to the observed head at the interior points as shown in Table 1.

TABLE 1

COMPARISON OF OBSERVED AND CALCULATED HEADS
' FOR MODEL 1 (feet) '

Point Observed -~ Headinterpolated Difference
Head (Figure 3) from Figure 6 (Model 1 - observed)

1 475 465 -
2 480 500 +20
3 575 " 550 : - 25
4 435 470 | + 35
5 585 ' 565 - 20
6 435 545 ' +110 -
7 525 565 + 40
8 595 . 600 + 5 .
9 595 595 -

10 515 505 -

11 545 - 555 410

12 655 665 +10

13 585 o 580 -

14 625 ' _ 630 +5

Nine of the fourteen points were sinkholes which apparently did not
reach the water table (no water was shown in them on the topographié map)
and thus suggest only an upper lln.mlt for the head (points 1, 2, 8 through 14 in
Table 1). -

-13 -
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Assuming active flow occurs in the aquifer to a depth of 100 feet
and with the pipe spacing of 12,500 ft, each branch corresponds to a crogs-
sectional area of the aquifer of 1. 25 x 106 12, The pipe flow permeability
of 6.5 x 109 ft3/min therefore corresponds to a diffuse flow permeability of
.52 ft/min, or 5600 meinzers (1 meinzer is equivalent t0 9.3 x 1079 ft/min).
This is a relativély high permeability, zbout that of a very well sorted, med-"
ium-grained sand (Davis and DeWiest, 1968, p. 164).

Data with which to evaluate the calculated branch flows and recharge
(discharge) flows are limited. Flow estimates ln streams appearing in four
deep sinks or caves have been made, and are compared with the corresponding
branch flows in Table 2. The location of these points is shown on Figure 4.
Similarly, the calculated discharge ts compared with the observed discharge
in some large springs on the Green River (Figure 5 and Table 3).

The order-of-magnitude accordance between most observed branch
flows and discharges and those calculated as Model 1 (Tables 2 and 3) suggests
~ the model has some validity. The fact that the values calculated depended
| Ton'the node spacing may indicate that-a texture of about that used is presentin
the aqulfer. » .

A water table map of part of the area (Cushmén, 1968) based on' well
dafa is shown on Figure 6. Although large differences exist between the
_observed head and the calculated head, it is interesting to note that the. -
groundwater divide between the Green and Barren Rivers suggested by the
observed watér ta_.ble contours nearly coincides with the divide calculated- for
Model 1 (flow-line A on Figure 6).

Most of the observed discrepancies between Model 1 and obser-
vations of the aquifer can probably be explained by the general nature of thle
Model 1 parameters, such as recharge assumed constant both in time and
space, uniform permeability throughout the aquifer, and uniform spacing of
flow condﬁits. The very bad fit between water table contours and calculated
heads near the cente‘r of the area, for example, can probably best be explained

- 14 -




by much higher permeabilities in this area (which could be used in a refine-
ment of Model 1). It appears, however, that Model 1 provides a reasonably
good approximation of the aquifer and that the calculated parameters have

some predictive value.

TABLE 2

COMPARISON OF OBSERVED FLOWS IN THE AQUIFER AND MODEL 1
CALCULATED BRANCH FLOWS (ft3/ min)

Point Apparent ~ Observed Cbrrespondlng Model 1
(Figure 4) direction flow and branch between flow -
: : reference - nodes indicated
1 north 3300 12, 9 and 12, 10 2700
{Brown, 1966) . north
2 north 2700 12, 8andp2, 9 . 1600
(Brown, 1966) north
3 ‘ north 4700 ' 18, 9 and 18, 10 2200
(Brown, 1866) : north
4 west - 340 . 10, 8 and 11, 6 1000
(Thrailkill, 1970) . west
TABLE 3

COMPARISON OF OBSERVED AND MODEL 1 CALCULATED DISCHARGES
ON THE AQUIFER BOUNDARY (ft3/min)

Point Observed discharge Corresponding node Model 1
{Figure 5) and reference discharge
1 8000 (Brown, 1966) . 12,_ 11 4900
2 - 95 (Brown, 1966) 13, 11 4700
3 2000 (Brown, 1966) 14, 12 ‘ 3300

-15 -




CHAPTER IV

MODEL 2 - SINKHOLE PLAIN AQUIFER TURBULENT FLOW

General and Parameters

The boundaries and parameters of Model 2 are the same as Model 1
except that turbulent flow in the wholly rough region was specified by assigning
the value of 2.0 to the parameter n in steps 2 and 4 of the computational '
procedure discussed earlier. As with Model 1, the permeability was adjusted
during execution to fit observed interior heads. '

Results

A solution was obtained after 100 iterations starting with Model 1
values of variables. Head contours (.wataer table elevation) are ghown on
Figure 7, and comparisons of Model 2, Model 1, and ébserved head, branch
flows, and discharges are given in Tables 4, 5, and 6. The perméability
arrived at by the same adjustment procedure uged for Model 1 was
2 x 102 £t8/min2, or (45,000 £3/min)2.

It {s apparent that Model 2 is so similar to Model 1 that observed

aquifer flows and heads are insufficient to test their relative validity.

et i i W

-16 -
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TABLE 4

COMPARISON OF OBSERVED AND CALCULATED HEADS
FOR MODEL 2 (feet)

Point Observed Model 2 head Difference Model 1
head (Figure 3)  interpolated from (Model 2 -  difference
Figure 7 observed) (from Table 1)
1 475 445 - . -
2 480 470 - +20
3 575 520 - 55 - 25
4 435 . 480 + 45 +35
5 585 530 - 55 - 20
6 435 530 +95 +90
7 525 545 . + 20 4+ 40
8 595 585 - .- + 5
9 595 . 590 - -
10 515 | 505 - -
11 545 . 545 - +10
12 655 650 - - +10
13 585 565 - .
14 625 610 . - + 5

-18 -




TABLE 5

COMPARISON OF OBSERVED FLOWS IN THE AQUIFER AND MODEL 2
CALCULATED BRANCH FLOWS (ft3/min). SEE TABLE 2 FOR
REFERENCE FOR OBSERVED FLOW AND BRANCH COORDINATES.

Point Apparent Observed flow Model 2 Model 1

(Figure 4) direction flow flow
' : ' (from Table 2)

1 north 3300 2500 2700
: . north north

2 north 2700 1600 1600
north north

3 north 4700 2400 2200
L : ' north north

4 west 340 1700 1000
) west west

TABLE 6

COMPARISON OF OBSERVED AND MODEL 2 CALCULATED DISCHARGES

ON THE AQUIFER BOUNDARY (ft3/min). SEE TABLE 3 FOR REFERENCE"
FOR OBSERVED FLOW AND NODE COORDINATES,

Point Observed Model 2 Model 1
{Figure 5) discharge discharge discharge
{(from. Table 1)
1 8000 4200 4900
2 95 5600 ' 4700
3 2000 . . 3400 3300

-19-




CHAPTER V

MODEL 3 - NORTH-CENTRAL SINKHOLE PLAIN
AQUIFER - LAMINAR FLOW

General and Parameters

In order to investigate flow conditions using a finer grid and with
more realistic (and complex) conditions, Model 3 was constructed of the
porth-central part of the Sin}ﬁhole Plain aquifer (Figure 2). Its boundaries
were the Green River, the 600 ft. head contour from Model 1, and two Model 1
flow-1lines (B and C on Figure 6). A grid spacing of 2500 feet was used. '

Other than the finer grid spacing, the principal difference between
this model and the previous ones is that it embddies-an attempt to represent
spatially varying recharge. As outlined earlier, the principal stratigraphic
break divides the sedimentary rocks into a thick sequence of limestoneé and
dolomites, of which the Girkin Limestone is the uppermost, overlain by a
sequence of thin sandstones, shales, and limestones with the Big Clifty Sand-
stone at the base directly overlying the Girkin Limestone. The distribﬁtion of
these two sequences (Gildersleeve, 1963, 1965; Haynes, 1962, 1964a, b, 1966; .
Klemic, 1963; Richards, 1964) is shown on Figure 8. To at least a good first
approximation, no recharge enfers the aquifer in areas underlain by the uppe'r
sequence (‘Blg Ciifty Sandstone and above) due to impermeable shales at the
base of the Big Clifty Sandstone. In Model 3, the recharge of 29. 6 ft3/min
(equivalent to 30 in/year) assigned to each node was introduced at node in the
lower sequence (open circles on Figure 9) but diverted to the nearest lower
sequence node (dotted circles on Figure 9) from nodes located in the outcrop
area of the upper sequence (solid circles on Figure 9). Where two or more .

lower sequencé nodes were equi-distant from an upper sequence node; the

recharge was divided equally.
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Aquifer flow entering the model from the southeast was taken to be
ti:lat calculated in Mode] 1.

Results

After 1300 iterations, a satisfactorily convergent solution was still
not obtained for Model 3 for reasons which will be discussed below. An
approximate solution ylelded the results shown on Figure 10 and listed in
Table 7. A permeability"of 130, 000 £t3/min was used; the same as that used
for Model 1. '

" TABLE 7

COMPARISON OF OBSERVED AND MODEL 3 CALCULATED
FLOWS AND DISCHARGES (ft3/min)

Point Observed flow or discharge  Corresponding Model 3

(Figure 10) (See Figures 4 and 5 for node or branch flow or
‘reference) o discharge

1 + 2 discharge: 8000 _ 7,20 + 8,20 - 400

3 + 4 discharge: 95 ‘ 13,21 + 13,22 2400

5 discharge: 2000 - 21,23 7300

6 flow north: 3300 7,17 - 7,18 650 south

7 flow north: 2700 9,10 - 9,11 1400 south

8 flow north: 4700 36,13 - 36,14 9100 north
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CHAPTER VI
CONCLUDING SUMMARY

The results presented in this report are believed to demonstrate
the validity of the basic approach tnvestigé.ted. Models 1 and 2 of the entire

- Sinkhole Plain Aquifer show close correspondence with observed aquifer

parameters. It has been shown that Model 1, calculated for laminar flow,
and Model 2, calculated for tﬁrbulent (wholly rough) flow are sufficiently
similar to require detailed observations of the aquifer to discriminate the flow
regime in the aquifer. which confirms an earlier conclusion by the writer
(Thrajlkill, 1968). The existence of large discharges from the aquifer
(probably in the form of imderwafer springs) predicted by the models suggests
areas favorable for groundwater exploration and indicates flow paths of
groundwater poilution in the area. ' o

As stated in the introduction, the original objectives of the project
were significantly reduced in number and scale as a result of time and funding
reductions imposed on the project after its initiation. The revised objectives
vn}ere to (1) write a digital computer program to model the flow in a limestone -
aquifer, (2) use the program to construct models of a real aquifer of interest,
and (3) study the changes in an aquifer with time basedl on Its response to
currently available geochemical parameters. Objectives (1) and (2) were
accomplished, although there are many routines in the program which reguire
revision to improve their efficiency. The improvements needed in the ﬁmgram
and the accomplishment of Objective (3) were prevented by the exhaustion of
computer funds, even though a significant amount of non-project funds were also
used. It is felt that the major oﬁjecti'ves of tbe project were accomplished a.nd
that further work in this direction will provide considerable insight into the
nature of the limestone aquifer.

.- 95 -




PUBLICATIONS AND TRAINING ACCOMPLISHED

Publications
None as yei (other than progress report)

Training accomgllshed

QOne graduate student, David P. Beiter, was supported by and

contributed to the project for the academic year 1970-71. Mr. Beitei"p

research project for the Ph.D. dissertation involves a study of the kinetic

factors in the solutional enlargement of flow conduits in limestone.

Some of the results of this project are being utilized in a graduate

course in hydrogeology now being offered.
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APPENDIX

KENTUCKY LIMESTONE AQUIFER MODEL
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LOWEST STATEMENT NUMBER 1S S10

HIGHEST STATEMENT NUMBER IS 586

HIGHEST STATFMENT NUMBER IS 58% .

OTHER. NUMBERS AVAILABLE ARE 538 THRU 5473

CL=C
T LIy LT DATA FORMAT 2k kdds ks ks ks b kR Rk SRA KL LA RRE KX KK X
FIRST CARD S PARAMETER CARD:

CARD CNLUMNS

1 THRU 5 NU. OF NODES PER ROW {(IMAX) — INTEGER

6 THRY 10 ND. OF ROWS OF NODES (JMAX) - INTEGER
11 THRU 15 MAXTMUM ACCEPTABLE ERROR IN FLOW AT A NODE [(FERROR)
16 THRU 20 MAXIMUM ACCEPTABLE ERROR IN HEAD IN A BRANCH {HERROR)
21 THRU 25 TURBULENY FLOW EXPONENT {XP)

26 THRU 30 COEFFICIENT YO OVERRELAX (IF GREATER THAN 1} (ORLX)
31 THRU 35 - MAXIMUM NO. OF ITERATIONS PERMITTED (MAXIT) — INTEGER

36 A L IN THIS COLUMN READS DATA WITH SUBROUTINE IN1

37 . A 1 IN THIS COLUMN READS DATA WITH SUBROUTINE N2

38 A 1 IN THIS COLUMN READS INITIAL VALUES WITH
SUBROUTINE 1IN3 ’

1 A 1L IN THIS COLUMN CAUSES OUTPUT WITH SUBROUTINE QUT1

tﬁ AL IN THIS COLUMN CAUSES DUTPUT WITH SUBRUUTINE ouT2

. AL OIN THLS COLUMN CAUSES OUTPUT WITH SUBROUTINE OUT3

r—— e

e

— e

MAIN
MAIN
MAIN
MAIN
MAIN
MALN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

- MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

TR e e e— ————a— g

0010
0020
a030
0040
0050
0060
0070
0080
0090
0100
cl10
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0210
0280
0290
0200
0310
0320
0330
0340
0350
0360
0370
0380
0390
G400
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MAIN

“t% A 1 IN THIS COLUMN PUNCHES FINAL VALUES WITH 0410
SUBROUTINE 0UT4 MAIN 0420
MAIN 0430
C=C MAIN 0440
: MAIN 0450
51 A DIGIT (N) IN THIS COLUMN CAUSES QUTPUT WITH OUT1 MAIN 0450
EVERY 2%%N AND (2%%N)+]l [ITERATIDNS " MAIN 0470
52 MULTIPLIER (LEAVE BLANK FOR 1) OF HEAD ASSIGNED TO MAIN 0480
RECHARGE NODES IN SUBROUTINE CAL3 (MFAC) MAIN 0490
53 A 1 IN THIS CDLUMN CONTINUES EXECUTION IF NUMBER MAIN 0500
OF ENTERED VARIABLES [S NOT EQUAL TO REQUIRED NUMBER MAIN 0510
54 ' A DIGIT (QI) IN THIS COLUMN IS AMOUNT IN TENTHS MAIN 0520
: UF HEAD ERRUOR USED FOR FLOW ADJUSTMENT MAIN 0530
55 A 1 IN THIS COLUMN MAKES QI AMOUNT IN HUNUREDTHS, MAIN 0540
A 2 IN THOUSANDTHS, AND A 3 IN TEN-THOUSANDTHS ‘MAIN 0550
_ - MAIN 0560
61 THRU 69 A 1 IN THESE COLUMNS WILL CAUSE DELETION OF MAPS MAIN 0STO
WRITTEN UNDER SUBROUTINE DQUT3 AS FOLLUWS: MAIN 0580
: - : : MAIN 0590
61 MAP 1 [ENTERED HEAD - BH} MAIN 0600
62 MAP 1 (FINAL HEAD - H) MAIN 0610

63 MAP 3 LENTERED RECHARGE - BFR) MAIN 0620 :

64 MAP 4 (FINAL RECHARGE - FR) MAIN 0630

65 MAP 5 (ENTERED BRANCH FLOW - BFX AND BFY) MAIN 0640

66 MAP 6 (FINAL BRANCH FLOW - FX AND FY) MAIN 0650 !

67 MAP T (ENTERED PERMEABILITY - BKX AND BKY) MAIN 0660

68 MAP 8 (FINAL PERMEABILITY — KX AND KY) MAIN 0670
69 MAP 9 (BRANCH LENGTH - BLX AND BLY) MAIN 0680
MAIN 0690
c=¢C MAIN 0700
MAIN 0710
SEFE INPUT SUBROUTINE FOR REMAINING DATA FORMAT MAIN 0720
MAIN 0730
DECLARE COMMDN VARIABLES MAIN 0740
‘ S MAIN 0750
COMMON Hi{38,27)y BH138,27), FX(38,27)+BFX{3B427)y FY(38,27), MAIN O760
2 BFY(38427)¢ FR{38,27),BFR(38427), KX{38,27),BKX{38,27), MAIN 0770
3 _ KY{38+27)BKYL38,27),8LX{38,27),BLY{38,27), 1AL(38,27), MAIN 0780
“ Ty Js LMAX , JMAX 4 ITER,CNTERJERINF s IMAXML, JMAXML XP MAIN 0790
g&&k‘&gsﬁlncu MAIN 0800
— a MAIN oslo




oon

oo

aNake

DECLARE MAIN VARIABLES
INTEGER HEADIV, FREBR (5} ,Ql

READ PARAHETER CARD

READ (54531) IMAX,JMAX, FERROR,HERROR +XP,ORLX,MAXIT, 101,104,106,
2 102,103,105,107,MM1, MFAC, MGO,Ql,JQs1D1,1D241ID341D4,
3 I1D5,1D6,1D07,1D8,1D9
531 FORMAT (21544F5.0,15431142X,411,6X,51145X,911)
1f IMFAC.EQ.0) MFAC=1

WRITE OUT PARAMETFRS
WRITE (6,523)

523 FORMAT (*1PARAMETERS USED IN EXECUTIDON ARE:?')
WRITE (6+524) IMAX :

524 FORMAT ('0Q MAXIMUM VALUE OF T (IMAX) IS *,15)
WRITE (63525} JMAX
525 FORMAT (°*0 MAXTMUM VALUE OF J (JMAX] IS *»15)
WRITE (64526) FERROR ‘
526 FORMAT ('0 MAXIMUM ERROR IN FLOW AT ANY NODE (FERROR) IS ',G1l0O
2.3)
WRITE (64561) HERROR
561 FORMAT (0 MAXIHUM ERROR IN HEAD IN ANY BRANCH (HERROR) 1S ',6
210.3) '
WRITE {6,585} QI
585 FORMAT (*Q DlSTRIBUTIDN FACTOR FOR HEAD ADJUSTMENT {QI) IS °*,1
21)
IF (JQ.NE.O) WRITE 16,586} JQ
586 FORMAT ('0 OISTRIBUTION FACTOR (QI) MULTIPLIED BY 10%#-¢11)
WRITE (6,559} XP
559 FORMAT (*'0 FLOW EXPDNENT (Xp) I5 '4610.3)
WRITE (64527) ORLX
527 FORMAT {'0 RELAXATION COEFFICIENT (DRLX) 1S *»G10.3)
WRITE (6,528) MAXIT
528 FORMAT (*0 MAXIMUM NUMBER OF ITERATIONS PERMITTED (MAXIT) IS *
2 | : '
1251\31.50-1\ WRITE (6,571)
ALY FTOWRWMAY sy DATA BEAD Wi1TK SUHRnuTlNE IN1®)

MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN'
MAIN

MAIN
MAIN
MAIN
MAIN
MAIN

"MAIN

MAIN

MAIN

MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

MAIN

MAIN
MAIN

0820
0830

0840

0850
0860
0870

0880

0890

0900

0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010
1020

1030

1G40
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200

1210
1220
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If (104.EQ.1) HRITE (64574) " MAIN 1230

574 FORMAT ('0 DATA READ WITH SUBROUTINE IN2Y) MAIN 1240
1€ {104.FQ.1) WRITE (64,553) MFAC MAIN 1250

553 EQRMAT ('0 - MULTIPLIER DF %,]11,* USED WITH CAL3'} MAIN 1260
IF (106.EQ.1) WRITE (6,540) MAIN 1270

540 FORMAT (0 INITIAL VALUES ENTERED WITH SUBROUTINE IN3'} MAIN 1280
IF (102.EQ.l) WRITE (6,572) MAIN 1290

572 FORMAT {'0 OUTPUT WITH SUBROUTINE QUT1Y) MAIN 1300
IF (102.EQ.1) WRITE {6,575) MM1,MMl MAIN 1310

575 FORMAT (1*0 OUTPUT EVERY 2#%1,11,* AND (2%#%%,[1,%)+1 ITERA MAIN 1320
2TIONS") ' - ‘ . ' ' MAIN 1330

IF (103.EQ. 1) WRITE (6,573) | MAIN 1340

573 FORMAT (%0 OUTPUT WITH SUBROUTINE OUT2'} MAIN 1350
IF {I05.EQ.l) WRITE [6,557) MAIN 1360

557 FORMAT (0 OUTPUT HITH SUBRDOUTINE OUT3. THE .FOLLOWING MAPS HAV MAIN 1370
2E BEEN DELETED:') ' . _ MAIN 1380

IF {ID1.EQ.1l} WRITE (6,556) MAIN 1390

556 FORMAT (*Q MAP 1 {ENTERED HEAD — BH)') ' MAIN 1400
IF (ID2.EQ.1) WRITE (64555) _ ' MAIN 14L0

555 FORMAT ('O MAP 2 {(FINAL HEAD - H)'} MAIN 1420
IF° (ID3.EQ.1) WRITE (6,554) . MAIN 1430

554 FORMATY (*O MAP 3 (ENTERED RECHARGE - BFR) ') MAIN 1440
IF {1D4.EQ.l) WRITE (65522) ) MAIN 1450

522 FORMAT (*Q MAP 4 (FINAL RECHARGE - FR)*) MAIN 1460
IF (1DS.EQ.1) WRITE 16,521) MAIN 1470

521 FORMAY {'Q MAP 9 (ENTERED BRANCH FLOW - BFX AND BFY)') MAIN 1480
‘ IF {106.EQ.1}) WRITE (64517) MAIN L1490
517 FORMAT ('Q MAP & (FINAL BRANCH FLOW - FX AND FY)') MAIN 1500
IF {1D7.EQ.]1) WRITE (6,513) ' MAIN 1510

513 FORMAT ('0 MAP 7 (ENTERED PERMEABILITY - BKX AND BKY]'I MAIN 1520
1F {1DB.EQ.1) WRITE (64576) _ MAIN 1530

576 FORMAY ('Q MAP 8 (FINAL PERHEABILITY - KX AND KY)*) MAIN 1540
IF {1ID9.,EQ.1) HRITE (6,577) MAIN 1550

577 FORMAT ('O MAP 9 {BRANCH LENGTH ~ BLX AND BLY)') MAIN 1560
. IF (IDL.NE.L.AND.ID2.NEol AND.ID3 NELl . AND. ID4NFolAND.ID5-NE, 1. MAIN 1570
2 AND.ID6.NE.L . AND.ID7oNEs1a AND . i08. NE 1.AND.ID9.NE.1) WRITE MAIN 1580

3 16,578) MAIN 1590
578 FORMATY ('0 * © NO MAPS DELETED"') MAIN 1600

IF L10T.EQ.1) WRITE (64539) MAIN 1610
. . 533 FORWMAY (0O FINAL VALUES PUNCHED WITH SUBROUTINE QUT4") MAIN 1620

—— e . MAIN 1630
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E INITIALIZE ALL ARRAYS
TMAXMl=IMAX~-1
JMAXML = JMAX~1
DO 529 I=1, IMAX
DO 530 J=1,JMAX
Hil;Jd}=0,"

BHL1,J)=0.
FXlI'J)?O-
BFX{I,J)=0.
FY{lsJ)=0.
BFY(1,J)=0.
FR{I4J)=0.
BFR{1,J})=0.
KX(1,J)=0.
BKX{I,J)=0.
KY(I,J)=0,
BKY{(1,J4)=0.
BLX(1,J)=0.
BLY{1,J)=0.

530  CONTINUE

529 CONTINUE S '
IF (101.EQ.1) CALL 1INl
IF (I04.EQ.1) CALL IN2

TEST FOR CORRECY NUMBER OF ENTERED VALUES

CALL CALZ (MGD)

[aRaNe (algke

ASSIGN INITIAL VALUES

IF (I06,EQ.1) CALL IN3
IF (106.NE.1) CALL CAL3 (MFAC,KCHEK)

aXals]

Sk RE kR o edeksse BEGIN [TERATIONS $:kE bRk Akt SRR sk EERE R R RS E KSR ER &

1F {JQ.EQ.1) Qi=.1%*QT
1F (JQ.EQ.2) QI=.01%*Ql

IF 1JQ.EQ.3) Q1=,001#%Q1
QW= . A% QL
LT o e

——ar —— .
— e .




OO O 0o

IR alel

AfOo00 OO0

KD2=0
1TER=Q
KK=0Q -

550 ITER=ITER+1
CNYER=Q
KNYR=0Q

FEREEEEX RS0 ERELE BEGIN CALCULATIONS FOR EACH NODE #5#:440K4458s st ste

DO 511 I=1,IMAX
DD 512 J=1,JMAX

t*tt*#*ttttttitt CALCULATE KX AND KY IF UNDEFINEﬁ EERk kbbb kb kR kg kg

IF {KCHEK.EQ.l) CALL CALL

¥EXER AR EERs Rt ke k BEGIN HEAD CALCULATIONS **®idssdesdtdkarbh stk kxkaks

MFX1=1

MFYl=1

MFX2=1

MFY2=1

IF (FX{I-14J}.LT.0.) MFX}i=z=-1
AFX1=ABSI{FX{I-1,4))

IF (FYl1,J-1).1lT.0.) MFYl=-1
AFY1=ABS{FY(I,J~-1})

IF (FX{19J)sLT.0.) MFX2=-1
AFX2=ABS(FXLI,J)})

IF (FY{19J)elT,.04) MFY2=—~]
AFY2=ABS{FY(I,J))

CHECK FOR ENTEREO VALUE AND SKIP CALCULATIONS

514 IF [BH{1,J).NE.O.) GO TO 515

CALCULATE H IF [ NE 1, J NE 1, I NE IMAX, J NE JMAX, I-1 KX NE 0y, J-1

KY NE Oy KX NE Oy OR KY NE O

i¥F ll.EQ-l.DR-J.EQ.l.DR.l.EQ.lHAX-DR.J-EQ.JMAXI

GO0 TO 516

1% lKll\.J\.LT.D-DQOI.DR-KY(‘-J).LT-O-DOOI.DR-KXGI—I'Ji.LT.0-000l-

> AR S B UL NV B B =0 .000LY GO TO S16 -

———— -

MAIN
MAIN

" MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MATN

MAIN:
MAIN

MAIN
MAIN
MAIN

"MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAILIN
MALIN
MAIN
MAIN
MAIN
MAIN

" MAIN

MAIN
MAIN
MAIN

MAIN .

MAIN

MAIN
MAIN

2050

2060
2070
2080
2090
2100

2110 -

2120
2130
2140
2150

2160

2170
2180

2190.

2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420

2430

24490
2450

¢ — it
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c

C

C

516

518

519
520

2
3
4
2
3
4

552

563
S64

565

566

567

568

B i st o el L e

IF CLFX{E=14J 3 oLToloOE~TOLANDoFX{I-1¢J )eGTo—1+0E~T0)s0UR.
(FY(I  4J-1).LT.1.0E-TO.AND.FY(I 4J-1).GT.-1.0E-T0).0R.
{FX(I lJ ,.LTCIOOE_7O.AND.FX‘I !J ,.GT.-l OE 70) OR o

o ts — - ———— .

(FY(D  4J JoLT.L.0E-TOLANDLFY(I ,J ).GT.-1.0E-70)) GUTO 516

HIT» )= L{-{BLXII=1, J)*MFXL*(AFXL**XP) } /KX{I—1,J)) ¢H{I-1,4)}

+U{=IBLY (1, J-1)*MFYL®{AFYL1%%XP}) )} /KYLL,J- 1)i+HII.J-13l
UL (BLX(ToJ I*MFXZ2%{AFX2%XP))/KX{Ted J)+H{I*+1,J))
+00 (BLY(I,J i*HFYZ*IAFYZ**XP)JIKYI1.4 JI+H(1,d+1))

C SET BRANCH TERMS EQ 0 IF ALL FOUR BRANCHES NOT PRESENT

IF (1.€Q.1) GO YD 518 '
IF (KX{I-1,J}.LT7.0.0001) GD 7D 518

IF "UFX(I=19d )elTelO0E-TOLAND.FX(J-19J )eGToa~1.0E~-70) GO
GO 7O 519

AHEAD=0.0

GO 10 520

AHEAD= (—(8Lx(I- l.J)*MFXl*(AFXl**XP))IKX(I le)llel 1,4}
IF (J.EQ.1) GD TO 552

If {KY{l,J-1).LT7.0,0001) GO TO 552

IF ‘FY(I ,J'I’OLT.1-05—10.AND-FY‘l "J“l'-GT._IQOE-IO' GO
GO TO 563 : : - ' ‘ ‘
BHEAD=0.0

GO TO 564

BHEAD=" " (—IBLY(1,J=1)*MFYL*(AFYL**XP)) /KY(I4J- ll)+HlI J-1}
IF t1.EQ.IMAX.OR.KX11,4J).LY.0.0001) GO TO 565

IF UFX{]  4J DaLTL1.0E-TO.AND.FXLI 4J ).GTe~1.0E~70) GO
GO TO 566 ' ‘

CHEAD=0.0

GO TO 867 ,

CHEAD= * ( {BLX(I¢3 JEMFX2%{AFX2**XP)}/KX(1,d J)4H(I¢1,J)
IF (J.EQeJMAX.OR.KY(15J).LT.0.0001) GO TO 568 ‘ '
IF AFY(ID 430 )oLT.1.0E-TO.ANDLFY{l ,J 1.67.-1.0E-70) GO
GD TO 569 '

DHEAD=0.0

GO To 570

569 DHEAD=" 1 (BLY{1:,J )EMFY2*®{AFY2%*XP))/KY(I,J ))+H{I,J#1])

C COUNTY 'NUMBER OF BRANCHES

C

STO HEADIN=4

) /4.

TO 518

T0 552
TD 565

TO 568

MAIN
MAIN
MAIN

MAIN.

MAIN
MAIN
MAIN
MAIN
MAIN

"MAIN
‘MAIN

MAIN
MAIN
MAIN
MAIN

. MAIN

MAIN
MAIN
MAIN

MAIN.

MAIN

MAIN.

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600

2610 -

2620

2630

2640
2650
2660

2670

2680
2690
2700
2710
2720

2730 .

2740
2750
2760
27710
2180
271390
2800
2810
2820
2830
2840
2850
2860

w2
&2

Py i
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c

IF {AHEAD.EQ.0.0) HEADIV=HEADIV-1
IF (BHEAD.EQ.0.0) HEADIV=HEADIV~1
IF {CHEAD.EQ.0.0) HEADIV=HEADIV-1
1F [DHEAD.EQ.0.0} HEADIV=HEADIV- 1
IF (HEADIV.EQ.O0) GO TD 515

SUM BRANCH TERMS AND DIVIDE BY NUMBER OF BRANCHES

H{1,J)={l AHEAD+BHEAD+CHEAD+DHEAD} /HEADIV

srkeksressrersss CALCULATE ERROR IN FLOW AT NODE **#2¥teas okt sbs kst

CALCULATE FLOW ERROR AND COMPARE WITH FERROR

515 CONTINUE
IF (1.€Q.1) GO TO 534
IF (J.EQ.1) GU TO 535
ERINF=FX( 103 14FYIToJ)-FRULID-FXEI=14d)=FY LI J-1}
GO TO 536
534 IF (J.EQ.1) GO TO 537 '
ERINF=FX(T4J)#FY{T,J)=FR{I,J)-FY(1,d-1)
GO TO 536
537 ERINF=FX(1,J)+FY(I,J)~FR(1, i}
GO TO 536
535 ERINF=FX{1,J)+FY(1,J)-FRI1,J)- XU T-104)
536 ABER=ABS(ERINF)
IF (ABER.GT.FERROR} CNTER=CNTER+1

C CALCULATE HEAD ERRORS IN BRANCHES

c

MFLR=1
MFLU=1
MFLL=1
MFLD=1
AFLR=0.
AFLU=0.
AFLL=0,
AFLD=0.
CALFLR=],
CALFLU=0D.

l CALFLL =0,

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAILN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

"MAIN

MAIN
MAIN

MAIN.

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

2960

2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160

3170

3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
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! 2 *(QH#{CALFLL-FX(1~-1,4)))) MAIN 3680

CALFLD=0. | | MAIN 3280

IF (1.EQ.IMAX) GO TO 581 ° : MAIN 3290
1F CUKX T g 3 (H(T o J)-HIT+140))/BLX{14J) )l Te0.) MFLR=-1 MAIN 3300
. AFLR=ABS txx(l.J)*(Htl.Jn-H(|+1 JIH/BLXUTyd)) MAIN 3310
581 IF (J.EQ.JMAX) GO TO 582 MAIN 3320
1F COKY UL o 0D % (HIT oI} -HE T, J#1) ) /BLYLT,J)).LTa0.) MFLU=-1 MAIN 3330
AFLU=ABS - lKYll.J)*tH(l.Jl H(l.J+1)1/BLVll.J)) MAIN 3340
582 IF (1.EQ.1) GO TO 583 MAIN 3350
1F CORX A L=1 4 3D #{HUT, J)=HII-1,J))/BLXIT~1,3)).6F.0.) MELL=-1 . MAIN 3360 .-
AFLL=ABS (KX(I-L,J)*(H{T4J}-H(T-L4d))/BLXII=1,3)) MAIN- 3370
583 IF (J.EQ.1) GD 1o 584 MAIN. 3380
IF (OKY (I, J-13%(HET4J)-H{T4J-1)D/BLY(133~1)).GT.0.) MFLD=~1 MAIN 3390
AFLD=ABS (KYLI,4-1}%(H{1 ¢J)~H(I,J-1})/BLY{I,J-1}) MAIN 3400
584 IF (AFLR.NE.O.) CALFLR=(AFLR#**[{1./XP)}*MFLR . MAIN 3410
IFf (AFLU.NE.O.) CALFLU=(AFLU%*(1,/XP))*MFLU ' ' MAIN 3420
[ [AFLLJ.NE.O.) CALFLL=(AFLL*®[{1./XP)}I*MFLL MAIN 3430
If {AFLD.NE.O.) CALFLD=(AFLD**{1,/XP))*MFLD : "MAIN 3440
' : MAIN 3450
DISTRIBUTE FLOW ERROR MAIN 3460
: . MAIN 3470
DO S38 L=1;5 o - : : : MAIN 3480
538 FREBRIL)=1 - MAIN 3490
IF (1. EQ.IMAX.DR.BFXII.J).NE 0..0R, BKX(I.JI EQ.12345. ) FREBR{1)=0 MAIN - 3500 !
IF (J.EQuJMAX.OR.BFY{JyJd)eNE.O..OR. BKY(1+J).EQ.12345.} FREBR(2)=0 MAIN 3510 o
IF {1.EQ.1) GO TO 580 . MAIN 3520
IF (BFX{I<13J)NE.O..OR.BKX{I-1,J).EQ.12345.) FREBR(3}=0 MAIN 35130
580 IF (J.EQ.1l} GO TO 544 MAIN 3540
IF (BFEVUI3J0-1)NE.O..OR.BKY(1,J-1)+EQ.12345.) FREBR(4)}=0 MAIN 3550
S44 1F (BFR(I4J).NE.O.) FREBR(5)=0 MAIN 3560
IF (1.EQ.1l) FREBR{3)=0 MAIN 13570
IF (J.EQ.1) FREBR{4)=0 MAIN- 3580
TOTFRE=0. MAIN 3590
DO 545 L=1,5 - MAIN 13500
545 TOTFRE=TOTFRE+FREBRI(L) ‘ MAIN 3610
IF (TOTFRE.EQ.0.) GO TO 562 MAIN 3620
[F (FREBRILI.EQ.1) FXUI,d)=FX(1, J)—DRLX*I(QF*ERINFITOTFRE) MAIN 3630
2 +{QH* (CALFLR-FX{1,J))}) MAIN 3640
IF {FREBR{2).EQ.1) FYUI,J)=FY(1,J)-ORLX*|{QF*ERINF/TOTFRE) MAIN 3650
2 +(QH*(CALFLU-FY{(1,J)))) MAIN 3660
1F (FREBRI3I.EQ.L) FX(I-1,3)=FXtI-1,J)+0RLX*({(QF*ERINF/TOTFRE) MAIN 3670




GO0

A

IF (FREBR{4).EQ.1) FYUI,J-1)=FY(1,J=1)40RLX*{LQF*ERINF/TOTFRE) MAIN 3690

2 +(QH* (CALFLD-FY(1,J-1))1)) MAIN 3700

IF {(FREBR{5).EQ. 11 FRI{1,J)=FR(I, JI*IURLX#(ERINF/TUTFREI) © MAIN 3710

' MAIN 3720

CALCULATE HEAD ERRORS AND COMPARE WITH MERROR MAIN 3730

: _ MAIN 3740

HEDERX=0. _ _ MAIN 3750

HEDERY=0, . MAIN 3760

IF (1.EQ.IMAX) GO TO 547 MAIN 3770

IF (KX(I¢J).LT.0.0001) GO TO 547 MAIN 3780

HEDERX=IlBtX(l.J)*HFXZt(AFXZ**XPl)IKXlIcJ)l—HII-Jl+HII+l J) MAIN 3790

547 IF (J.EQ.JMAX) GO TO S46 MAIN 3800

IF (KY{1,J).LT.0.0001) GO TO 546 ' : MAIN 3810

HEDERY= (lBLY(l'JI*MFYZ*IAFYZ**KPI)IKYIluJ!I —H{L,J) +HLI,J+1) MAIN 3820

546 CONTINUE MAIN 13830

ABERX=ABS{HEDERX) ' MAIN 3840

ABERY=ABS{HEDERY) . MAIN 3850

IF {ABERX.GT .HERROR) KNTR= KNTR+1 MAIN 3880

IF (ABERY.GT.HERROR) KNTR=KNTR+1 MAIN 3870

IF (KK.EQ.1) CALL OUT3C (KNTRyHEDERX¢HEDERY) ' MAIN 3880

562 IF (I102.EQ.1) CALL OUTLl (MML,HEDERX,HEDERY,KNTR} . : MAIN 3890

551 CONTINUE _ MAIN 3900
512 CONTINUE _ . . MAIN 3910 )
511 CONTINUE - - ' - _ MAIN 3920 =
’ ' , MAIN 3930 '

wkrekrkrktreriik TEST FOR NEXT ITERATION %¥tkdkkkdsek itttk kbid MAIN 3940

‘ - : MAIN 3950

IF {ID3.EQul.ANDC{ITERLEQ.MAXIT~1.0R(CNTER.EQ.O0.AND.KNTR.EQ.0))) MAIN 3960

2 CALL 0UT2 (KD2) MAIN 3970

IF {107.€EQ.1.AND. (lTER EQ.MAXIT.OR.{(CNTER.EQ.0. AND.KNTR.EQ.0))) MAIN 3980

2 CALL QOUT4 o MAIN 3990

1F {105.EQ.1) GO TO 558 MAIN 4000

IF LITER.GE_MAXIT) GO TO 548 ' MAIN 4010

IF {(CNTER.EQ.O. AND.KNTR £Q.0) GO 1O 549 MAIN 4020

GO TO 550 MAIN 4030 °

548 WRITE {6,532) ITER,MAXIT ' MAIN 4040

532 FORMAT ('OEXECUTION TERMINATED - NUMBER OF I1TERATIONS ('.15.'1 EQU MAIN 4050

2ALS MAXIMUM SPECIFIED t'.ls.')') MAIN 4060

RETURN - MAIN 4070

5449 WR1TE (6,533) FERRORsHERROR ¢ ITER MAIN 4080

533 FORMATY LOEXRECUTION COMPLETED — ALL FLOW ERRORS BELOW MAXIMUM {',G MAIN 4090

—— e
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- 212.5,%) AND ALL HEAD ERRORS BELDH MAXTMUM l'.Glz 5¢") — 415, ITE
3R."

RETURN

558 CONTINUE
IF {CNTER.EQ.O0.AND.KNTR.EQ.O0) GU TO 510
IF (ITER.EQ.MAXIT~1) GO TD 510
IF ({ITER.EQ. MAXIT) GO TO 579
GO TO 550

310 CALL QUT3B (KK,FERROR, HERRUR.HAXIT.KNTR)
IF (KK.EQ.1) GO TD 550

579 CUNTINUE
IF t105.EQ.1) CALL OUT3 (ID1,102,1D3,1D04,ID5,1D06,107,1D8,1D9}
RETURN -
END
SUBROUTINE IN1

R R A R 2 2l T T L L T T T T Trua
FEEEREERRREEELNE SUBROUTINE INL *EddnEs ek bk s kb sr ok hahkdr b S xRas s
FEEARRRRKRE AR I RERRE R AR SR RE AR AR R E AR KA R R RN RS R G LR X Rk ko

STATEMENT NUMBERS USED ARE 401,405,407,408,409,500,509,510
EEEREERREEARRREEDATA FORMAT 620 kE AR e kXSS REERERRARERRARKEE R R KK KR
DATA CARDS ARE NODE CARDS -

CAN BE IN ANY ORDER BUT MUST BE DNE FOR EACH I AND J IN RECTANGULAR
ARRAY, ANY BLANK DR ZERD PUNCHED FIELDS WILL BE CONSIDERED
UNKNOWNS. ENTERED ZERC'S MUST BE PUNCHED 12345 IN LAST 5 COLUMNS
OR 12345. IN ANY PART OF FIELD. TOTAL NUMBER OF SPECIFIED HEAD,
FLOWs AND PERMEABILITY VALUES MUST = (3*#IMAX®JMAX)~-IMAX-JMAX.

BLANK DR ZERO IN LENGTH F!éLDS WILL BE CONSIDERED UNIT LENGTH,
OTHERWISE PUNCH NUMBER. ZERO {12345} LENGTHS NOT PERMITTED.

c=C
CARD COLUMNS

L THRU 5 NODE NUMBER IN ROW (1) - INTEGER
6 THRU 10  ROW NUMBER (J4) - INTEGER

ca—— = Y rrrr—— e v— g ————

.rﬁnnnn
|
!
|
|
|

MAIN

MAIN -

MAIN
MAIN
MAIN
MAIN
MAIN

MAIN -

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
I'N1
INL
IN1

~ IN1

IN1

INL1 .

INL
IN1.
INL .
IN1
INL
INL
INL
IN1
INL
IN1
IN1
INL
IN1
INL
IN1
IN1

"INl

IN1
INL
INT.
INL

4100
4110
4120
4130
4140
4150
4160
4170
4180

4190

4200
4210
4220
4230
0010
0020
0030
0040
0050
0060
0070
0080
0090

. 0LO0

oL10
0120
0130
0140
o150
0160
o170
0180
0190
0200
0210
0220

0230

0240
0250
0260
0270

-39 -~
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11 THRU 20  HEAD AT NODE (BH(1,4)) | IN1 0280

o
C 21 THRU 30 FLOW IN +X DIRECTION FROM NODE (BFX(1,4)) ~INL 0290
c 31 THRU 40 FLOW IN #Y DIRECTION FROM NODE (BFY{(I,J)) INL 0300
o 4l THRU 50  RECHARGE FLOW INTO NODE (BFR{I,J)) ' INL 0310
c 51 THRU 60 PERMEABILITY IN +X DIRECTION FROM NODE (BKX(!.J)) INL 0320
C 61 THRYU 70  PERMEABILITY IN +Y DIRECTION FROM NODE (BKY{1,J)) IN1 0330 -
C TL THRU 75  LENGTH IN X DIRECTION FROM NODE (BLX([¢J)) INL 0340
C 76 THRU 80 LENGTH IN +Y DIRECTION FROM NODE (BLY[L+J)) IN1 0350
¢ ' IN1 0360
C DECLARE COMMON VARIABLES ' ' ' INL 0370
c - : | R « INL ° 0380
COMMDN  HI(38,27), BHI38,27), FX({38,271,BFX(38,27)s FY{38,27), INL 0390
2 BFY(38427)y FR(38,27)+BFR(38,27), KX(38,27),BKX[38,27), INL 0400
3 KY(38427)yBKY(38,27),BLX(38,27),8LY138,27), 1A(38,27), INL 0410 -
4 IeJdeTMAX s JMAXITER, CNTER¢ER INF o IMAXM] 3 JMAXM] 4 XP IN1 . 0420
REAL KX,KY ‘INL 0430
INTEGER CNTER « INL 0440
C - INL 0450
C READ NODE CARDS INl - 0460
C . IN1 0470
NODMAX=IMAX®JMAX : C : INL 0480
DO 500 L=1,NODMAX ' INL 0490
500 READ {5,401) I,J4BH{I,J) BFX([.J}.BFY(I.J),BFRII'Jl'BKXl!-JI. INl 0500
2 aKvtI,Ja.BLx(I.Jl.BLY(I 3 : IN1 0510
401 FORMAT (215,6F10.0,2F5.0) INL 0520
C ‘ _ IN} 0530
C CORRECY LENGTH VALUES IN1 0540
C ' , INL 0550
: D0 405 1=1,1IMAX : . INL 0560
00 409 J=1,JMAX ‘ : INL 0570
CIF (BLX(I,J).EQ.0.) BLX(I,4J)=1, : INL 0580
IF {BLY(1,J).EQ.0.) BLY(1,J)=1, INL 0590
409 CONTINUE _ "INL 0600
* 405 CONTINUE : INL 0610
C . _ INL 0620
C WRITE OUY ENTERED DATA INL 0630
C S ' INL 0640
WRITE(6,408) INL 0650
408 FORMATI'1 : I J 8H BFX BAFY INL 0660
2 BFR BKX BKY BLX .BLY*//) INL 0670

l D0 509 1=1y 1MAX | . . . IN1 0680
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DO 510 J=1,JMAX
WRITE(6,407) I4JeBHULJ)oBFXTIsJ) oBFYIL,J)¢BFRUIJI4BKX{T,J},
2 BKY{ Ly J)sBLX{TJ}4BLY{I,J)

407 FORMAT {' 5 12Xs1545X, 15¢3X,8F10.3)
510 CONTINUE

509 CONTINUE

TEST  FOR CORRECT NUMBER OF ENTERED VALUES
CALL CAL2

ASSIGN INITIAL VALUES

CALL CAL3 (MFAC,KCHEK)
RETURN

END

SUBROUTINE INZ2

EXEEEREEEREEE SRR R R R XR R E R FR R E AR R AR R LR E LR EA AR TR IR KR

rrkkkeenkskikess SUBROUTINE IN2 SEEXEEEXLTEEEERE RAREREEFRKE AL LR KR KRKK
R T T T T Ty T P A LT T R R L 2 1

HIGHEST STATEMENT NUMBER 1S 116
ke RkRttkit. DATA FORMAT # kiRt ak ik k kX Re Rk b RghrbRRkEkrkkis
FIRST DATA CARD (AFTER PARAMETER CARD) IS GENERAL TO LOAD ALL ARRAYS.
ENTER VALUES IN THREE OF FLRST SIX FOR CORRECT NUMBER OF ENTERED
VALUES. BLANK DR ZERO CONSIDERED UNKNOWNs 12345.0 FOR ZERD, DECIMAL
POINT TO RIGHT OF LAST POSITION UNLESS PUNCHED, ZERO BLX AND BLY
NUT PERMITTED.

CARD COLUMNS

"1 THRU 10 HEAD {(BH)

11 20 FLOW IN BRANCH TO RIGHT, POSITIVE IF TO RIGHT (BFX)
21 30 FLOW IN BRANCH ABOVE, POSITIVE IF UP (BFY)

31 40 RECHARGE FLOW, POSITIVE IF INTO SYSTEM (BFR)

41 50 PERMEABILITY IN BRANCH TO RIGHT (BKX)

51 860 PERMEABILITY IN BRANCH ABOVE {(BKY)

6l T0 LENGTH OF BRANCH TO RIGHT (BLX)

INL
IN1
INL
IN1
IN1
INI

IN1 -

INL
IN1
IN1
IN1

- IN1
CINL

IN1
IN1
INL
IN2

IN2

IN2
IN2
INZ
IN2

IN2

IN2
INZ
INZ

INZ

IN2
IN2
INZ

IN2

IN2

IN2

IN2
IN2
IN2
IN2
IN2
IN2
IN2
INZ

0690
0700
0710
07120
07130
0740
0750
0760
0770
0780
0790
0800
0810
0820
0830
0840
0010
0020
0030

0040

0050
0060
0070

0080

0090
0100
o110
0120
0130
0140
0150
0160
0110
0180
0190

0200

0210
0220
0230
0240
0250

- 4] -




[ale

OO0 alaleNelalelslalalsialslislolsEalelaNalaliaNeNeNelelel

T1 80

Cc=C

LENGTH OF BRANCH ABQVE (BLY)

REMAINING DATA CARDS ARE CHANGE CARDS WITH FOUR NODES PER CARD

CARD COLUMNS

1

21
41
61
2 THRU 5
22 25
42 45
62 65
6126046,066
7 THRU 10
27 30
&7 50
67 T0
C=C
11 THRU 20
31 40
51 - 60
T _BO

DIGIT INDICATING VARIABLE:
1 FOR BH 5 FOR BKX
2 FOR BFX . & FDR BKY
3 FOR BFY T FOR BLX
4 FOR BFR 8 FOR BLY
0 TO SIGNAL END OF DATA

NODE NUMBER IN ROW {I) - INTEGER

BLANK

ROW NUMBER {J) = INTEGER

VALUE OF VARIABLE

DECLARE COMMON VARIABLES v

COMMON HI38,27), BHI38,27), FXI38,+27)+8FX(38,27), FY(38,27),
2 BEY(38,27),y FR{38,271+BFR(38,27), KXU38,27) 4BKX138,27),

3 KYAIB 2T 4BRY(IB,2T)4BLXUBB+27) 4BLY (384270

e

T1AL38.,27),

IN2
INZ
IN2
IN2Z
INZ2
IN2
INZ
IN2
IN2
IN2

IN2 -

IN2
IN2Z
IN2Z
IN2

‘TN2

IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2

"IN2

IN2

- IN2

IN2Z
IN2
IN2

INZ

IN2
IN2
IN2
IN2
IN2
INZ

0260
0270
0280
0290
03040
0310
0320
0330
0340
0350
0360
0370

0380

0390
0400
0410
0420
0430
0440

- 0450

0460

0470

0480
0490
0500
0510
0520
0530
0540
0550
0560
0570

0580

0590
0600
0610
0620
0630
0640
0650
0660

- 42 -




a4 l.J.IMAX'JMAK,ITER.CNTElR,ERINF,lMAXHi'JHAXchXP : IN2 0670

REAL KX,KY , INZ ° 0680
INTEGER CNTER - ‘ ' ' IN2 0690
C ' o IN2 0700
C DECLARE IN2 VARIABLES - ' I1N2 0710
c . ' IN2 0720
REAL 1G1l+16G241G3,164,1G541G6,1G7,1G8 _ IN2 0730
C - . IN2 0740
C READ GENERAL DATA CARD o IN2 0750
C ‘ I : IN2 0760 -
_READ (5,108) 161,1G2,16341G4,165,1G6+1G7,1G8 IN2 © 0770
108 FORMAT (8F10.0) IN2 - 0780 .
DO 109 I=1,IMAX T IN2 0790
DO 110 J=1,JMAX , IN2 0800
BH{I,J}=1G] , . , IN2 0810
BFRIT,J)=1G4 , N2 0820
110 CONTINUE . IN2 0830
109 CONTINUE : o " IN2 0840
DO 111 I=1,IMAXML . IN2 0850
DO 112 J=1,JMAX , IN2 0860
BFX{I,J)=1G2 IN2 0870
- BKX{I+J)=1G5 ' : ‘ IN2 0880
BLX(1,J4)=1G7 ‘ IN2 0890
112 CONTINUE ' IN2 ° 0900
111 CONTINUE IN2 0910
00 113 I=1, IMAX : ' - IN2 0920
DO 114 J=1,JMAXM1 IN2 0930
BFY(IL;J)=1IG3 : ' _ IN2 0940
BKY(1,J)=1G6 IN2 0950
ALY{I,4)=1GB IN2 0960
114 CONTINUE IN2 0970
113 CONTINUE IN2 ' 0980
c . . IN2 0990
C READ CHANGE DATA CARDS ' IN2 1000
C S _ IN2 1010 .
116 READ (55,1000 IV0411,J1,V01,IV2,12,02,V25IV3,13,d3,V3,IVésl4,J%,Ve IN2 1020
100 FORMAT (4(11e14y1Xe14,F10.0)} IN2 1030
' I=11 ‘ : ' ‘ IN2 1040
J=J1- : , IN2 1050
1F (1V1.EQ.0) GO YO 115 - IN2 1060

1F LIVILEQLLY BHIT,J)=2vl IN2 1070

- 43 -
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IF {1V1.£Q.2) BFX(1,J)=Vl . : IN2 1080

IF {IV1.EQ.3) BFY{1,J)=V1 _ INZ 1090
IF (IV1.EQe4) BFRIL,4)=V1 : - IN2 1100
IF (IV01.EQ.5) BKX{1,4)=V1 ' - ' IN2 1110
IF {IV01.EQ.6) BKY(1,J43=Vl IN2 1120
IF {IV1.EQ.T7) BLX{1,4)=V1 IN2 1130
IF (IV1.EQ.8) BLYlI,J)=V] ‘ IN2 1140
I=12 ' - - InN2 1150
J=J42- ' © . IN2 1160
IF (IV2,EQ.0) GO TO 115 INZ2 1170
IF (IV2.EQe.l) BH({I,J)=V2 IN2 1180
IF (IV2.EQ.2) BFX{1,J0)=V2 _ ' IN2 1190
IF (IV2.EQ.3) BFYll,J)=V2 : : IN2 1200
1F (IV2,.EQ.4) BFR{I,J)=V2 : IN2 1210
IF (IV2.EQ.5) BKXUI,Jd)=V2 : IN2 ~ 1220
IF (IV2.EQ.6) BKY(I,J)=V2 : IN2 1230
IF (IV2.EQ.7) BLX(I,J}=V2 _ IN2 1240
IF {IV2.EQ.8) BLY(I4d)=V2 IN2 1250
I=13 : : : ' IN2 1260
J=J3 * o ‘ ' IN2 1270
IF (IV3.EQ.0) GO YO 115 : : IN2 1280
IF (IV3.EQ.l) BH{I,J)=V3 ' _ IN2 1290
IF (IV3.EQ.2) BFX(I,J)=V3 ' . IN2 1300 !
IF (IV3.EQ.3) BFY(1,J)=V3 . ' IN2 1310
IF (IV3.EQ.4) BFR{I,J)=V3 ' IN2 - 1320
IF (IV3.EQ.5) BKX{I,J}=V3 ' IN2 1330
IF (IV3.EQ.6) BKY(I,J)=V3 : IN2 1340
IF (IV3.EQ.7) BLX{I,J)=V3 , : IN2 1350
IF (IV3.EQ.8) BLY(I,J4)}=V3 ' IN2 1360
1=14 - e INZ2° 1370
J=J4& : - o - : IN2 1380
IF {IV4.EQ.0) GO TO 115 IN2 1390
IF {IV4.EQ.1) BH(I.J)=V& : IN2 1400
IF (IV4.EQ.2) BFX{I,J)=V4 IN2 1410
IF (IV4.EQ.3) BFY{I.J)=V4 IN2 1420
IF (1V4.EQa4) BFRIIJ)=V4 : IN2 1430
IF (IV4.EQ.5) BKX(l,d)=V4 IN2 1440
IF (IV4.EQ.6) BKYII,J)=V4 IN2 1450
IF (IV4.EQ.T) BLX(1,J)=V4 IN2 1460
IF (IV4.EQ.8) BLYLI,J)=V4 IN2 1470

G40 YO 116 IN2 L1480

———




C
C
C
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(R alel

WRITE QOUT ENTERED DATA

115 WRITE (6,101} : ‘
101 FORMAT (*1DATA ENTERED USING SUBROUTINE IN2°')
WRITE (6,102} '
102 FORMAT "0'!14Xl'l.qui.J.tgxl.BH.taxt.BFx.'axi'BFY.'TX|.BFR'.BX'
2 "YBKX? 3 BXy'BKY" yBX,*BLX?,8X,'BLY")
DO 103 I=1,IMAX ’ o
WRITE {6,104)
104 FORMAT (* )
DO 105 J=1,JMAX
WRITE (6,107} lepBHlI.JI.BFXlI,JlgBFY(I'Jl.BFRI[,J]yBKX(I'JI;
2 ' BRKY(I4J)eBLXUL,J),BLY(1,J)
LO7 FORMAT (' *,12X415)5Xs15+43Xy8(610.3,1X))

105 CONTINUE

103 CONTINUE
RETURN
END "
SUBROUTINE IN3

EXRAREEEREEEREER KRR R AR E AR R A RR S USRI AR AR SR RS E R KRR R AR R ERE R AR Rk

SRRXEEXERIREREEE SUBROUTINE IN3 SRRk ek dh ek ek hbb bk R s SRR bk AR £ L
EEXRREERREERE R AR R RRE R AR AR TR KRR SRR AR AR AR AR A KRSk Rk kK&

HIGHEST STATEMENT NUMBER IS 104
DECLARE COMMON VARIABLES

COMMON"  HI(38,27), BHI38,27)y FXI3B,27)+BFX{38,27), FY{38,27),
2 BFY{38,2T)s FRI38,2T)sBFRI3IB,27)y KX(38,27),BKX(38,27),
3 ' KY(3842T7),BKY(38,27),BLX(38,27)4BLY(38,27), IA(38,27},
& Tody IMAXy JMAX, ITERyCNTER ERINF, IMAXML, JMAXML , XP

REAL KX,KY ' :

INTEGER CNTER

READ INITIAL VALUES FROM CARDS

-READ (5,100) NCARD
100 FORMAT (110)
DO 101 N=1,NCARD

IN2
IN2
IN2
IN2
IN2
INZ
IN2

IN2

IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2
IN2

TN2

IN3
IN3
IN3

- IN3

IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
N3
IN3
N3
IN3
IN3
IN3
IN3
IN3

1490
1500
‘1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
0010

. 0020

0030
0040

. 0050

0060
0070
0080
0090
0100
o110
0120
0130
0140
0130
0160

0170

0180
0190 -
0200
0210
0220




C
C
C

alelalsNaNalaRale

READ (5,102} LedoHUToJ) o FXET 9 d} o FYLT3J) oFRUT9J) 9 KXTT4d )y KY{ T, d)
102 FORMAT (215+6E10.3)
101 CONTINUE '

ASSIGN ENTERED VALUES IF DEFINED (TO PERMIT CHANGES )

DO 103 I=1,1MAX
DO 104 J=1,JMAX ' ‘
IF (BH (1,J).NE.O o) H {I14J)=BH {([,J)
1F (BH (1,3).EQa12345,) H (I,J4)=0.
1F (BFX(14J).NELO o) FX{I4J)=BFXIL1,J)
IF (BFX(I4J).EQ.12345.) FX{1,J)=20.
IF (BFY{14J).NE.O o) FY{14J)=BFY({1,4)
IF (BFY(I,J).EQ.12345.) FY(1,3)=0. .
IF (BFR11,J}.NE.O «) FR{I,J)=BFR{1,4)
If (BFRU14J).EQ.22345.) FR{I,J)=0.
IF (BKXt1,J).NELOD o) KXIIoJ}=BKX(I,J)
IF (BKX{YyJ)aEQel12345.) KXII,4)0=0.
IF {(BKY{I¢J)NE.O o) KY{1,4)=BKY[I,J)
IF (BRKY(I,J).EQ.12345.) KY(I,4)=0.

104 CONTINUE

103 CONTINUE

' RETURN -
£ND
SUBROUTINE CALL

EEAEERERERRR R AR EERERRRRERE RS AR R R KRR B SR EE R RAKERER SR RS R R AR AR SRR KE Rk kK
ErxbrkpkrikkdkEr SUBROUTINE CALL ¥ *5 ¥k RkkkhkrhRk ittt ihhkbbrbbkEts
FERERREERERR R ECR TR LR R R R R AR R TR R KRR AR R kR A SR e R k&

HIGHEST STATEMENT NUMBER IS 101
DECLARE COMMON VARIABLES

COMMON  Hi38,27), BH(38,27), FX{38:,27)4BFX{38+27)s FY(38,27),
2 BFY{38;27)y FRI38927)+BFRI38+2T)y KX(38;27)4BKXI38,27},
3 KY{38+27)+,BKY{38,27),8LX{38:27),BLY138,27), 1A138,27),
4 1o Jy IMAX y JMAX ITER,CNTER, ER INF s IMAXM1 » JMAXM1 4 XP

REAL KX.KY ' ’ ' o o

INTEGER CNTER

IF L1.EQ.IMAR.OR.BEX(I, JI.NE.O.)} GO TQ 100

IN3
IN3

. IN3

IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3
IN3

IN3

IN3
IN3
IN3
IN3
IN3
IN3
IN3
catLl
CALL
CALL
CALL
CAL1
CAL1
CALL
CALL
CAL]

CALL

CALl
CALl
CALL
CAL1
CALL
CaLl
CAL]

0230
0240
0250
0260
0270
0280

0290

0300
0310
0320
0330

0340

03390
0360

0370
0380

0390
0400
0410
0420
0430
0440
0450
0460
0010
0020
0030
0040
0050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
060
o170
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HDIF=H{IsJ)-H{1+]1,J)
IF (HDIF.LT.0.00001.AND.HDIF.GT.~0.00001) HDIF=1.

IF (FXU14J)alTola0E-T0.ANDFX(1,J).6To~1.06-70) GO TO 100
AFX2=ABS{FXLI,J}) '
KXUT5J)=ABS{{BLXL{I,J)*(AFX2%%XP)) /HDIF)

100 IF (J.EQ.JMAX.OR.BKY(1,J).NELO)} GO TO 101
HDIF=H{I+J)-HL14J+1)
IF {(HDIF.LT+0.00001.AND.HDIF .GT.~0.00001) HDIF=1,
1F (FY{I1+d)elT41.0E-T0.ANDFY(1,4J).GTa-1.0E-70) GO TO 101
AFY2=ABST{FY(1,J)) _
KY{14J)=ABS{{BLY(I,J)*{AFY2%%XP) ) /HDIF)

101 RETURN )
END
SUBROUTINE CAL2 (MGOD)

tt#ttttttt#*#tt##ttt#ttttttt#itttttttit*tttttt#t##tttttt*tt*ttt*#tgtt*
EREKEFEERAREEEEE SUBROUTINE CALZ ¥Rk as gk ehssehb etk te kb hsreg st
b At R e A R R L L P Tttt Ll T Ty Ty

HIGHEST STATEMENT NUMBER IS 115
OTHER NUMBER AVAILABLE IS 106

DECLARE COMMON VARIABLES

COMMON  HU38,27); BH(38,27), FX{38,27)4BFX{38,27), FY(38,27),

2 BFY{38,27), FR138,27),BFR(38,27), KX{38,27),BKX(38,27),
3 KY{38,27),0KY(38427),BLX(38,27),BLY(38,27), 1A(3B427),
4 ' Loy IMAX  JMAX s ITER,CNTER¢ERINF, IMAXML, JMAXML ¢ XP

REAL KX KY :

INTEGER CNTER
COUNT ENTERED VALUES

KQUNT=0 .

DO 100 I=1.,1MAX

DO 101 J=1,JMAX -

TF {BHUI+J).NE.O) KOUNT=KOUNT+1
IF (BFR{I,J).NE.0.) KOUNT=KOUNT+1

101 CONTINUE

100 CUNTINUE
DO 102 1=1,1MAXM]L

CaLl
CAL1
CALlL
CALl
CALL
Cail
CALl
CALL
CALL
CALL
CAL]
CAL1
caLl
CAL2
CALZ
CAL2
CAL2
CALZ2

"CAL2

CAL2
CAL2
CaL2
CAL2

caLz
- CAL2

CAL2
CALZ2
CALZ
CAL2
CAL2
CALZ
CAL2Z

- CAL2
- CAL2

CAL2
CAL2
CAL2
CAL2
CAL2
CAL2
CAL2

0180
0190
0200
G210
0220
0230
0240

" 0250

0260
0270
0280
0290
0300
0010
0020
0030
0040
0050
0060
0070

0080

0090
0100
0110

0120
0130
0140.

0150
0160
0170
0180
0190
0200
0z10
0220
0230
0240
0250
0260
0270
0280
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DO 103 J=1,JMAX . CALZ2 0290

IF (BFX({I,J)}.NE.O.) KOUNT=KOUNT+1 ' : CALZ2 0300
IF (BKX{14J).NE.O,.) KOUNT=KDUNT+1 CAL2 0310
103 CONTINUE ' CAL2 0320
102 CONTINUE _ ' ) ' CAL2 0330
DO 104 1=1, 1MAX ‘ : ' CALZ 0340
DO 105 J=1,JMAXML ' : CALZ 0350
IF (BFY(I,J).NE.Q.) KOUNT=KOUNT+1 _ CAL2 0360
IF (BKY{1,0).NE.O.) KOUNT=KOUNT+L CALZ2 0370
105 CONTINUE CALZ. 0380
104 CONTINUE ' \ : ' CALZ - 0390
C _ . o : CAL2 0400
C MAKE TESTS CAL2 0410
C ) \ CAL2 0420
KBV=(3*IMAX*JMAX )-IMAX-JMAX , " CAL2 0430
KDIF= IABSIKBV—KOUNT) , ‘ ‘ CALZ 0440
KK1=0D _ : CALZ 0450
IF (KBV.GT.KDUNT}) KKl=l ' CALZ 0460
[F (KBV.LT.KDUNT) KKl=2 : CAL2 0470
C : ' CAL2 0480
C WRITE MESSAGES CALZ2 0490
C ' ' CAL2 0500
: WRITE (64107) o ‘ ‘ CAL2 0510
107 FORMAT (']1DATA CHECKED USING .SUBROUTINE CAL2'} CAL2 0520
IF (KK1.EQ.0) GO TO 108 CAL2 0530
IF [KK1.EQ.1l) GO 7O 109 - : CAL2Z 0540
GO TO 110 : o CAL2 0550
108 WRITE {65111) KOUNT,KBV CALZ 0560
111 FORMAT ('O NUMBER QOF ENTERED VALUES (*,15,') EQUALS REQUIRED N CAL2 0570
2UMBER (*y15,°%)" : " CAL2 0580
RETURN ‘CALZ 0590
109 CONTINUE , : : CALZ 0600
IF (MGD.EQ.1) GO TD 114 CALZ 0610
WRITE (6,112) KOUNT,KBV,KDIF ' ' CAL2. 0620
112 FORMAT ‘{90 EXECUTION TERMINATED - NUMBER OF ENTERED VALUES (°, CAL2 0630
2154*) 1S LESS THAN REQUIRED NUMBER (',15,') BY *,15) CALZ 0640
CALL EXIT CAL2 0650
110 CONTINUE" Co ' : CAL2 06680
‘ 1F (MGD.EQ.1) GO TO 114 ' - T CALZ 0670
WRITE (6,113) KOUNT ,KBV ,KDIF CALZ 0680

13 FORMAT L0 EXECUTION TERMINATED — NUMBER OF ENTERED VALUES (', CALZ 0690

LA




cra - oA N0

Oom

215,9) EXCEEDS REQUIRED NUMBER {*,15,') BY *,I5}
CALL EXIT
114 CONTINUE

WRITE {6,115} KOUNT,KBV

115 FORMAT (t0 NUMBER OF ENTERED VALUES (*,15,') NOT EQUAL TO REQU
Z1RED NUMBER (*,15,') — EXECUTION CONTINUES*®)
RETURN - o ' :
END

SUBROUT INE CAL3 {MFAC,KCHEK)
**tt#*tt***t***‘#####**#t***#**#*t*#‘t*t**##*tt;*ttt**t*tt###*t#**#***
AR RREELRREAEE SUBROUTINE CAL3 * A ERR et E RS aReEr bt b phs ke kL
#**#t#*****##**#*‘#**##t*ttt#tt##*t****##t*#****#**t*#t#*#*#t*‘#*tt#t#
HIGHEST STATEMENT NUMBER IS 137

DECLARE ‘COMMON VARJABLES

COMMON H(38,27)y BH(38,2T), FX{38,27),BFX(38,27); FY(38,27),

2 BFY(38427)¢ FR{384+27),BFRI38,27), KX(38,27),BKX(38,27),
3 KY{38327),BKY(38,27),BLX138,27),BLY{38,2T), 1A(38,27),
4 Ivedoe lMAX'JHAXngER'CNTER ERINF,IMAXML, JMAXML 4 XP

REAL KX,KY

INTEGER CNTER

SUM AND CUUNT SPECIFIED NON~ZERO BH

SU"H=0.
NUMH=0
D0 100 I=],IMAX
00 101 J=1,JMAX
IF (BH{1,J).EQ.12345..0R.BH{1,J).EQ.0.) GO TO 103
SUMH=SUMH+BHLT,J)
NUMH=NUMH+1 )
103 CONTINUE
101 CONTINUE
100 CONTINUE

SUM AND COUNT SPECIFIED K AND SUM L

SUMK=0.,

CAL2

CAL2

CAL2
CALZ2
CAL2
CAL2
CAL2
CALZ
CAL3
CAL3
CAL3

CAL3

CAL3
CAL3
CAL3
CALD
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3

CAL3

- CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL]
CAL3
CAL3
CAL3
CAL3
CAL3

QT00
o710

07120

0730
0740
0750
0760
0770
0010
0020

" 0030

0040
0050
0060
00710
ooso
0090

.0100
~ 0110

0120
0130
0140
o150

0160

0170
0180
0190
0200
0210
06220

. 0230

0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
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106
105
104

109
108
107

NUMK=0

SUML=Q.

NUML= [ 2% IMAX®JMAX) - IMAX-JMAX

DO 104 I=1,1MAXM1

00 105 J=1,JdMAX

IF {BKX(I[,J)}.EQ.12345..0R. BKXl14J).EQ.0.} GO TO 106
SUMK=SUMK#+BKX(I,44)

NUMK=NUMK +1

SUML=SUML+BLX(1,J)

CONTINUE

CONTINUE

DO 107 f=1,1MAX

DO 108 J=1, IMAXML

IF (BKY{14J).EQ.12345..0R.BKY{I,4J).EQ.0.) GD 0 109
SUMK=SUMK+BKY(I,J)

NUMK=NUMK +1

SUML=SUML+BLY(1,J)

CONT INUE

CONTINUE

CALCULATE BFR BALANCE

110
102

SUMFR=0.

DO 102 I=1,IMAX

0D 110 J=1,JMAX

IF (BFR(I,J).NE.12345,..AND.BFR{I,J) .NE. O.I SUMFR=SUMFR+BFRL1,+J)
CONTINUE

CONTINUE

COUNT UNSPECIFIED BFR EXCLUDING THOSE WITH INAPPROPRIATE HEAD

IF (NUMH.EQ.0) NUMH=1

HEADAV= SUHHINUHH

NUMFR=0

DO 111 I=1,IMAX

DO 112 J=1,JMAX

IF (SUMFR.LE.O.) GO TO 113

IF (BFR{L[;J).NE.O.} GO TO 114

IF (BHI1,J).EQ.12345.,.AND.HEADAV.GE.0.) NUMFR=NUMFR+1]

IF (BHI1,J) NE.OL.AND.BHIT,J).NE.12345, .AND.BH{I2J).LE.HEADAV)
2 NUMFR=NUMFR+1

CAL3
CaL3
CAL3
CaL3

CAL3 .

CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CALY
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CaL3
CAL?
CAL3

-CAL3

0340
0350
0360
0370
0380
0390
0400
0410
0420
0430

‘0440

0450
0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0570
0580
0590
0600
0610
0620
0630
0640
0650
0660
0670
0680
0690
0700
0710
0720
0730
0740




GO
113 IF
1F
IF
2

T0 114
(BFR{I4J).NE.0O.) GO TO 114
(BH(1+J).€EQ.12345,.AND.HEADAV L E.0.) NUMFR=NUMFR+1

(BH{T4J)eNE.O.oANDBHIL,J).NE. 12345, .AND. BH(1,J).GE. HEADAV)
NUMFR=NUMFR+1

114 CONTINUE
112 CONTINUE
111 CONTINUE

DISTRIBUTE FR TO BALANCE ’

1F

{NUMFR.EQ.0) NUMFR=1

FRBAL=SUMFR/NUMFR

Do
DO
IF

115 I=1,1MAX
116 J=1,JMAX
(BFRUI,J).EQ.0.) GO VO 137

FRUT4J)=BFR{1,J)

IF
GO
137 IF
183
IF
2
GO
117 IF
IF
2

{BFRUIyJ)}.EQa12345.) FRII,4)=0.

TO 118

(SUMFR.LE.O0.)} GO TO 117
(BH{1,+J).EQ.12345..AND.HEADAV.GE.0.} FR{I,J)=-FRBAL
(BH(I,+J).NE.O..AND, BHII J).NE. 12345, .AND.BH{1,J). LE HEADAV)
FRII;J)=~FRBAL

T0 118° ) '

{BH{1,J).EQ.12345, ,AND.HEADAV.LE.O.) FRII.J)=—FRBAL

{BHUT 4J) cNELOLAND.BHIT 4J) .NE. 12345..AND.BH(I J) .GELHEADAV)
FRU{I,J)=—FRBAL

118 CONTINUE
116 CONTYINUE
115 CONTINUE

ASSIGN

‘1F

INITIAL VALUES OF H

{NUMK.EQ.0) NUMK=1

KAVER=SUMK/ NUMK
LENGAV=SUML/ NUML

IF

(KAVER.EQ.0.) KAVER=1.

RATIO=LENGAV/KAVER

1F
DO

(RATIO.EQ.0.) RATID=1.
119 1=1,IMAX

DO 120 4=1,JMAX

CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
calL3
CAL3
CAL3

CaL3

CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
caLl

CAL3

CAL]

CAL3 .

CAL3
CAL3

CAL3.

CAL3
CAL3
CAL3
CAL3
CAL3
caL3
CAL3
CAL3

CALY

CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3

0750
0760
0770

Q180

0790
0800
0810
0820
0830
0840

0850

0860
0870
0880
0890
0900
0910
0920
0930
0940
0950
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

1130

1140
1150
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IF (BHU1,0).NE.O.) HII,J)=BH(T,J) CAL3 1160

IF (BH(I,J)uEQ.0..AND.BFRII,J)eNEeQo o AND.BFR(TsJ)NE.12345. ) CAL3 1170
2 HUl4J)=HEADAV+{MFAC*RATIO*BFR{1,J)}) ' CAL3 1180
IF (BH(1,J).EQ.0«.AND.FR{I4J).NE.OQ.) _CAL3 1190
2 HUT 4 J)=HEADAV+(MFAC*RATIO*FRI1,J)) CAL3 1200
120 CONTINUE A CAL3 1210
119 CONTINUE - ‘ _ ‘ C CAL3 1220
CALL CAL4 - - : CAL3 1230
DO 121 1=1,1IMAX : : CAL3 1240
DO 122 J3=1,JMAX CAL3 1250
AP H{1+J).EQ.12345.) H{1,J)=0. ' CAL3 1260
122 CONTINUE ' CAL3 1270
121 CONTINUE - e ‘ CAL3 1280
. , o : _ CAL3 1290
ASSIGN INITIAL VALUES OF FXs FY, KX, AND KY , CaL3 1300
S CAL3 1310
KCHEK=0" CAL3 1320
DD 129 I=1,IMAXM1 ' CAL3 1330
DO 130 J=1,JMAX CAL3 1340
FX{I14J3)=BFX{I;J) _ * CAL3 1350
IF (BPFX{l4J)<EQ.12345.) FX(I,J)=0. _ CAL3 1360
IF (BKX{(I,J)}.NE.O.) GO TO 135 CAL3 1370
KX(1yJ)=KAVER CAL3 1380 |
KCHEK=1 : _ CAL3 1390
GO To 131 - CAL3 1400 '
135 KX{IoJ)=BKX(1¢Jd) CAL3 1410
IF (BKX(1+J).EQ.12345.) KX(1y4J)=0. ' : CAL3 1420
131 CONTINUE CAL3 1430
130 CONTINUE _ ‘ CAL3 1440
129 CONTINUE CAL3 1450
DO 132 1=1,1MAX ‘ . ‘ CAL3 1460
DO 133 J=14JMAXM] ‘ : CAL3 1470
FY(I;J)=BFY{I,J} : CAL3 14B0O
IF (BFY(1,J).EQe12345,) FY{1,4)=0. : ' CAL3 1490
IF {(BKY{I,J).NE.O0.) GO TO 136 CAL3 1500
KY(1,J)=KAVER - » CAL3 1510
KCHEK=} - CAL3 1520
GD TO 134 - \ CAL3 1530
‘136 KYU1,3)=BKY(1,J) CAL3 1540
IF LBKVII,+3).EQ.12345.) KY{1,J)=0. CAL3 1550

Y34 CONTINUE CAL3 1560




[aNeNa!

OO0 00

AO0

133 CONTINUE
132 CONTINUE

WRITE OUT ASSIGNED VALUES

WRITE 16,123) MFAC

123 FORMAT (*1INITIAL VALUES CALCULATED USING SUBRQUTINE CAL3 WITH HEA

20 MULTIPLIER OF *,11)
WRITE (6,124)
124 FORHAT l'D'.l#X.'I'.?X.'J'.lOK. 'lzx.'FX',lZX.'FY'.lZX.'FR"IZX.
2 YRXY 12X, 'KY )
DO 125 1=1,1MAX
WRITE (6;126)
126 FORMAT (* *)
D0 127 J=1;JMAX
WRITE 16-128) lsJ,HII,JIgFXIl.Jl.FYlI,JJ,FR(I.Jl.KXII.JI.KY(l.Jl
128 FURMﬂT l' .121.15.5)( 1513XO6‘61003"*X)) '
127 CONTINUE
125 CONTINUE
RETURN -
END
SUBROUTINE CAL4

FERXLEEX R KRR RE R E R AR RS AR R A SRR RS R RSB AR R R RS R AR KRR R AR R R R SRR R AR SR K

*rkrekdhkkxkkers SUBROUTINE CAL4 SERFEERRERERE AR RS F TR R e hE R Rk ek bk

ERREEEEREREREEEB KR KA REREEERRARBAKER R EF R AT SAS S ARR AR RS SRR RE AL R EE A E XK
HIGHEST'STATEHENT'NUMBER lS 115
DECLARE CDHHON VAR!ABLES

COMMON HI3B.2710 BHI38.27). FX{38,27),BFX(38, 27]' FY(38,27),
2 ‘BFY138,27)y FR(38,27),BFRI38,27}, KX(38,27) 4BKX(38,2T),
3 ‘KYISB,ZT!,BKV(3B,27)'BLXl38127)vBLYI3BaZTlo 1A(38,27),
4 TeJeIMAX, JMAXy ITER,CNTER,ER INF, IMAXML ; IMAXML o XP -

REAL KX,KY

lNTEGER CNTER

SET 1A EQ 1 FDR NODES WITH ASSIGNED VALUES OF H

DO 100 1=1,1MAX

CALD
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3

CAL3

CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3
CAL3

. CAL3.

CAL3
CAL3
CALS
CALG
CAL%

CALG

CAL%

CAL4

CAL4
CAL4
CAL4
CALG
CALS
CAL4
CAL4

- CAL4

CAL%
CAL4
CAL4
CAL4
CAL%4
CAL%

1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
L1760
1770

0010 -

0020
0030
0040

0050 .

0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
0180
0190

0200
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102
101
100

SET

109
108

SET

111
110
SEY

DO 101 J=1,JMAX

1A(1.,3)=0

IF (H{1,J).EQ.0.) GO TO 102
1A{1,3)=1

CONTINUE

CONT INUE

CONTINUE

NLIM=IMAX+JMAX-2

00 103 1=1,IMAX"

DO 104 J=1,JMAX

IF (TA{I,J).NE.1) GO TO 105
DO 106 N=1,NLIM

DO 107 M=1,N

THIRD QUADRANY

IF (I-M.LV¥.1) GO TO 108

TF (J-NeM.LT.1) GO TO 108

IF {1A{I-M,J-N+M) .EQ.0} GO TO 109
IF (TA(I-M,J-N¢M).LE.N#1) GO TO 108
HIT =M, J-NeM) =H{ 1 4 J)

TA{ 1My J-NtM)= N+1

CONT!NUE '

FOURTH QUADRANT

IF {1-N#M.LT.1) GO TO 110

IF (J+M,.GT.JMAX)} GO TO 110

IF (IA{I-N#+MJ#M) . EQ.O0) GO TO 111
IF (BAUI-N+M,J#M) LE.N¢+1) GO TO 110
H{T-N+My J+ M) =H(] 4 J)
IAll—Nfu.Jin—Nfl

CONTINUE '

FIRSYT QUADRANT

IF (I+M.GT.IMAX) GO TO 112

IF (J#N-M.GT.JMAX) GO TO 112

IF (TA(I+M,J#N~-M).EQ.Q0) GO TO 113
IF (TACT+M, J4N-M)LEN+1) GO TD 112

T3 WAL #M, 36N~y =H{T1 ,0)

CAL4
CAL4
CAL4
CAL4
CALS
CALS
CAL4
CAL4
CALY
CAL4

CALA

CAL4
CAL4
CAL4
CAL4
CAL4
CAL4
CAL%
CAL4
CAL4
CAL4S
CAL4
CaL4
CAL%
CAL4
CAL%
CAL4
CALG
CAL4
CAL%
CAL%

"CAL%

CALA
CALS

CAL4

CAL4
CAL4
CALS
CAL4
CAL4
CALS

0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310

- 0320

0330

0340

0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
0510
0520
0530

0540 .

0550
0560
0stO0
0580
0590
0600
o610
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 TALE4M, JEN-M}=N+1
112 CONTINUE

SET SECOND QUADRANT 

IF (I+N-M.GT.IMAX)} GO TO 114
IF {J-M.LT.1) GO TD 114
IF (TA(I+N-M,;J-M).EQ.0)} GO TO 115
IF llAllfN—H'J-H] LE. N+1l G0 TD 114
115 HTT #N=-M,J- Mi=Hi1l,4}
TA(I+N-M,J-M)=N+]
114 CONTINUE
LO7T CONTINUE
106 CONTINUE
105 CONTINUE
104 CONTINUE
103 CONTINUE
RETURN
END
SUBRDUTINE OUT1 (MML,HEDERX, HEDERY,KNTR}

e b A a2 2 L L R bl A PRS2 S 2 L iRt It I oIS 2P I2 2 SIIR ALY YT

SEEE R AR REEREE SUBROUTINE DUTL #5655k btyRat kst Sk thekhnkht e bk
AR R I I IR R T RS L L L L T B L R p g PP P urp AP,

HIGHEST STATEMENT NUMBER IS 106
DECLARE COMMON VARIABLES

COMMON H{38,27), BHI(38427)y FX{38,27),6FX(38,27), FY(38,27),
2 BFY{38,27), FR{38,27),BFRE38,27), KX{(38,27}) +BKX(38,27),
3 KY(38427)BKY{38427),+BLX{38,27),BLY(38,27), 1A(38,27)},
4 LeJsIMAX y JMAX, ITER,CNTER JERINF , TMAXM1 y JMAXML 4 XP

REAL KX,KY

INTEGER CNTER

WRITE HEADING FOR PRELIMINARY VALUES

IF (1TER.EQ.1.AND.I1.EQ.1.AND.J.EQ.1} GO TO 100
GO TO 104
100 WRITE (64,106)

CAL4
CALS

CAL4

CAL4
CAL%S
CAL4

CALSL

CALS
CALS
CAL4
CAL4

CALSY
CALG

CAL4
CAL4
CAL4
CALG
CAL%

CAL4

ouTl1

guTtl

ouTl
ouT1
ouTl
ouTl
outl1

- ouT1

ouTl
ouT1l
outl
aoT1
ouTl
ourTl
ouTl
ouT1
ouTl
0uTl
ouTtl
ouTl
ouTt
ouTl

0620
0630
0640
0650

0660

0670
0680
0690
0700

0710

0720
0130
0740
0150
0760
0770
0780
0790
0800

0010

0020
0030
0040
0050

- 0080

0070
ooso
0090
0100
0110
0120
0130

- 0140

0150
0160
0170
0180
0190
02900
0210
0220
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106 FORMAT (*10UTPUT WITH SUBROUTINE DUTI'I
WRITE (6,102}

102 FORMAT{'OITERATION 1 J H - FX EY
-2 FR KX KY ERINF FEC HEDERX HEDERY
3 HEC*//)
CHECK FOR WRITE
104 IF (IVTER.EQel<AND.1.EQel.AND.J.EQ.1) MK120
I1F (ITER.EQeleANDel.EQel -AND.J.EQ.L) MP1=2%%MM1]
IF (IVER.EQ.1.0R.ITER.EQ.2) GO TO 101
IF (ITER.EQ.MK1.OR.ITER.EQ.MK1+1) GO TO 101
RETURN' - _
WRITE VALUES AT NDDE
101 WRITE (69103) ITERy IoJaHEI o) s FXUTs3)sFYIIsJ0sFRIT,J),KXITpd)s
2 KY(14J) ¢ERINF,CNTERy HEDERX, HEDERY s KNTR
103 FORMAT (* ¢, 2%, 15+5Xe15¢5Xs15,3X4T7610.341X31341X926G10.3,1X,13)
IF (1.NE.IMAX.OR.J.NE.JMAX) GO TO 105
IF llTER.EQ.HKl+ll MK1=MK1+MP1
105 RETURMN ' '
END
SUBROUTINE OUT2 {x02)
t##t#tt#ttt#tttttttttttttttttt##tt*ttt**t*#*t##*tt#‘ttt*tt*#*ttt*t#t**
kR kg kERkyE SUBROUTINE 0OUuT2 **t#t**###ttttttt#tttt#*tttt#ttt#tt#t
*#t##t#tttt###*#?tt#*ttt#t##ttt#t*t*tttt###*tt#*#t*t*#t*t#ttt*tttt#tt#
HIGHEST STATEMENT NUMBER IS 122
DECLARE COMMON VARIABLES

COMMON -~ H(38,27), BH{38,27), FXIBB.ZT):BFXI38 27)| FYl3B:ZTls
2 - BFY(38;27)s FRI{38,27)+8FRL38;27)y KX(38427):BKX(38427),
3 KYl38|ZTl.BKY(38,ZTI'BLX(BB 27),8LY(38,27), 1AL138,27),
4 : l:JvIHAX'JHAX.lTER.CNTER ERINF, IMAXML 5 JMAXMYL 4 XP

REAL KX4KY = =

INTEGER CNTER

1F {(KO2,.EQ.1) GO TO 121
wO2=1

ouTl
OuT1
ouTl
ouT1
ouT1
ouT1
ouT1
ouT1
ouTl
ouT1
oUT1
ouTl
ouTl1
ouTL
ouTl
ouTl
ouT1

ourtlL

auTl
ouTi
ouTl
ouTl
ouT1
out2
our2

outT2

ouT2
ouT2
our2
ouT2
ouT2
out2
ouT2
out2
ouT2
QuTt2
ouTt2
ouT2
ouT2
out2
ouT2

0230
0240
0250
0260
0270

0280

0290
0300
0310
0320

0330

0340
0350
0360
0370
0380
03390
0400
0410
0420
0430
0440
0450
0010
0020
0030

0040

2050
0060
0070
0080
0090
0100
0110
0120
0130
0140
0150
0160
0170
o180
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WRITE (6,120)
120 FORMAT {'10UTPUT WITH SUBROUT!NE QuTt2*})
WRITE (6,100) '
100 FORMAT (*p FINAL VALUES LISTED BELOW. ENTERED VALUE OF 12345 M

ZEANS"ZERO: ENTVERED VALUE OF ZERD MEANS ND VALUE (VALUE TO BE SOLVE
30 FOR)' )

WRITE (6,122) '
122 FORMAT {0 IF TERMINATION DUE TO ITERATION COUNT, VALUES LISTE

2D ARE FOR NEXT TO LAST ITERATION'I
103 FORMAY (* v}

WRITE (6,101}

101 FORMAT I'O I J ENTERED HEAD FINAL HEAD ENTE
2RED RECHARGE FINAL RECHARGE ')
WRITE (6,;106) '
106 FORMATY ({°*° _ ‘ -
2FLOW INTO NODE IS POSITIVE) ') '

DO 102 I=1,EMAX
WRITE (6,103)
DO 104 J=1,JMAX
WRITE {6,105) l.J.BH(l;J).H(I-Jl:BFR(I J14FRULL D
105 FORMAT (' ¢,215,4620.8)
104 CONVINUE
102 CONTINUE
" WRITE (6,107)

107 FORMAT (*O0 I .4 ENTERED FLOW IN FINAL FLOW IN ENTE
*  2RED FLOW IN FINAL FLOW IN I

WRITE (6,108)
108 FORMAT (- ' BRANCH T0 RIGHT BRANCH TO RIGHT . BR
© 2ANCH ABOVE BRANCH ABOVE ')

WRITE (5,109)
109 FORMAT {(° ' (FLOW TO RIGHT IS POSITIVE)

2 (FLOW UP IS POSITIVE) ')
DO 110 I=1,1MAX :
WRITE (6,103)
DD 111 J=1,JMAX
WRITE (64105) 1934BFXIT4J)oFXUIsJ)sBFYL1T2J)¢FY(I,3)
111 CONTINUE

110 CONTINUE

WRITE (6y112)

112 FORMAT ('0 1 J ENTERED PERM. IN FINAL PERM, IN ENTE
2RED PERM. 1IN FINAL PERM, IN ')

ouT2
ouT2
ouT2
our2
DUT2
ouT2
QuTt2
our2
our2
pur2
our2
ouT2
ouTt2
ourz
ouT2
ouT2
ouT2

our2

ouTt2
our2

oute2 .

ouT2
ouT2

outz:

our2
ouT2
ouT2
ouT2
ouT2
ouT2

. ouT2

ouT2
ouT2
auT2
out2
ouT2
DuT2
ouT2
out2
ouUT 2

ouT2

0190
0200

0210

0220
0230
0240
0250
0260

0210

0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450

0460

0470
0480
0490
0500
0510
0520
0530
0540
0550

0560

0510
0580

0590
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WRITE (6,108} ' 0uUTZ2 0600

DO 113 I=1l,IMAX _ OUT2 0610
WRITE {6,103) outT2 0620

DD 114 J=1,JMAX : _ puUTZ2 0630
WRITE {6,105) Lo doBKXET o) oKXTT 3 0)oBKY{I,J) (KY(T1,J]} ouUT2 0640

114 CONTINUE : . ‘ : DUTZ2 0650
113 CONTINUE o : \ C oUT2 0660
WRITE {6,115) ' ' ' ogutT2 0670

115 FORMAT {*0 I J  ENTERED LENGTH OF ENTERED LENGVTH OF *) QUT2 0680
WRITE (64116} ' guTZ2 0690

116 FORMAT ' (* : BRANCH TO RIGHT BRANCH ABOVE o gut2 0700
DO 117 I=1,IMAX outrZ2 0710
WRITE (645103) ' ‘ _ ouT2 0720

DO 118 J=1,JMAX : Lo _ . ourz 0730
WRITE (64119) 14Jd,BLX{T+J)4BLY(],4) , ouT2 0740

119 FORMAT (* *,215,2G20.8) out2 0750
118 CONTINUE ouT2 0760
117 CONTINUE ‘ _ aut2 07170
121 RETURN T out2 0780
END ) , ‘ OUtT2 4190
SUBROUTINE 0OUT3 {ID1,iD2,ID3,ID4,IDS,1D6,1D7,1D8,1D9) ouT3 0010

o T out3d 0020
FAXUR VSRR SE AR SRR R R AR R AR AR Rk SRR SRR R ek E R RR R R EERE R A ERR R R AR EE ouT3 0030
FEREEEER RS XEEE SUBROUTINE OQUT3 #5240 k¥ 2 RX SRS RERBEEERE SRR RS F QuUT32 0040
SERESREEER R AR R KA EREE AR R R R R R AR R AR R R R A E SRk AR SRR SRR E R kR R X ouT3 0050
‘ ouT3 Qo060

HIGHEST STATEMENT NUMBER IS 134 ' : OurT3 0070
' outT3 0080

DECLARE COMMOM VARIABLES T : . ouT3 0090
- “ outT3 0100

COMMON H{38+2T)y BH138927)y FX{3B+27)+BFX(38,27),y FY(38,27), ouT3 0110

2 - BFY(38,27), FRI38,27)+BFR{38,27), KX{38,27) +BKX{38.+27), ouT3 0120

3 KY(3842T7)2BKY(38,2T7)+BLX{38,27),8LY(38,27), [A(38+27), QutT3 0130

4 TeJdoeIMAX  JMAX s ITER,CNTER+ERINF ¢ IMAXMLy JMAXML ¢ XP DUT3 0140
REAL KX.KY outT3 0150
INTEGER CNTER : . OuUT3 0160

: ouT3 0170

DECLARE OUT3 VARIABLES ' OuT3 0180
: . ouT3 0190

DIMENSION Al4,16) _ QuT3 0200

ouY3d 0210




noo

C INITIALIZE outT3 0220
c DUT3 0230
MAP=1 : : 0UT3 0240
ISHEET=1 ' _ - guT3 0250
JSHEET=1 : ' : OUT3 0260
M=} : : outT3a 0270
L=8 ' : OuT3 0280
LN=9 _ QuUT3 " 0290
. ‘ : _ : oUT3 0300
SET ARRAY TO ZERO . ouT3 0310
o _ : OUT3 0320
107 CONTINUE : OUT3 0330
DO 101 M1=1,4 . OUT3 0340
DO 102 N=1,16 . - _ ouUT3 03%0
AlM1,N}=0. . . ouT3 0360
102 CONTINUE _ ouT3 0370
101 CONTINUE . OUT3 0380
100 CONTINUE A _ _QuT3 0390
C - _ : : OUT3 0400
C SET VARIABLES FOR SHEEY ‘ _ OUT3 0410
c B . OUT3 0420
LMI7=L-7 : . OUT3 0430 :
LPL1=2L#] ‘ o : OUT3 0440
MPL1%M+1 _ QuUT3  04%0 v
MPL 2=M4 2 _ "~ OUT3 0460 '
MPL3=M+3 ‘ ' auT3 0470
MPL4=M+4 ' 0UT3 (0480
C : ‘ OUT3 0490
C TRANSFER ACCORDING TO MAP - ' oUT3. 0500
c ‘ , ouUT3 0510
IF (MAP.EQ.2) GO YO 110 ' 0uUT3 0520
IF (MAP.EQ.3) GO TO 111 - QUT3 0530
IF [MAP.EQ.4) GO TO 112 ' OUT3 0540
IF {(MAP.EQ.5) GO TO 113 . : : - QUT3 0550
1F (MAP.EQ.5) GO TO 114 OUT3 0560
IF (MAP.EQ.T) GO TD 115 - QUT3 0570
IF (MAP.EQ.8) GU TO 116 ‘ 0ouTr3 0580
IF {MAP.EQ.9) GO TO 117 ouUT3 0590
C ) 0oUT3 0600
C FILL ARRAY FOR MAP 1 AND WRITE OoUT3 0610
C ' OUT3 0620
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C

104
103

IF (ID1.EQ.1) GO TO 108

DO 103 L1=LMIT,L

N=IABS(LL-LN)

M2=0

DO 104 M1=M,MPL3

M2=M2+1 |
IF (M1.GT.IMAX.OR.LL.GT.JMAX} GO TO 104
A(M2,N)=BH(ML,L1}

CONT INUE :

CONTINUE

GO TO 118

FILL ARRAY FOR MAP 2 AND WRITE

110

120
119

IF (ID2.EQ.1} GO TO 108
DO 119 L1=LMIT,L
N=1ABS{L1-LN]

M2=0 '

DO 120 M1=M; MPL3
M2=M2+1

If (ML.GT.IMAX. OR.LI.GT.JMAX) GO TO 120

A(M2:N)=H(ML,LL)
CONTINUE
CONTINUE

GO YO i18

FILL ARRAY FOR MAP 3 AND WRITE

111

122
121

IF (ID3.EQ.1l) GO TO 108
DO 121 L1=LMIT,L
N-IABSlLl—LNl

M2=0"

DO'122 Mi=M, HPLB
M2=M2+1

IP {ML.GT.IMAX. OR.LI GT.JMAX) GO TO 122
AtM2,N)= BFRIHl.Lll

CONT INUE"

CONTINUE

GO 7O '118

€ FILL ARRAY FOR MAP 4 AND WRITE

ouT3
ouT3
DuT3
ouT3
ouT3
ouT3
ouT3
oUT3
ouT3
ouT3
ouT3

ouT3

ouT3
ouT3
out3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3

ouT3

ouUT3
ouT3
ouT3
ouT3
ouT3
ouT3
oUT3

ouTt3

ouT3
ouT3
DUT3
ouT3
ouT3
0UT3
ouT3
ouT3
0UT3

0630
0640
065%0
0660
0670
0680
0690
0700
oT1i0
0720
0730
0740

0750
0760 -

0770
0780
0790
0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
0900
09to
0920
0930
0940
0950

0960 .

0970

- 0980

0990

‘1000

1010
1020
1030
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112

124
123

If (1D4.EQ.1) GO TO 108
DO 123 Li=LMIT,L
N=FABS(L1-LN)

M2=0

DO 124 M1=M,MPL3
M2=M2+]

IF {M1.GT.IMAX.OR.L1.GT.JMAX) GO TO 124

AlM2yN)=FR{ML,L1}
CONTINUE
CONTINUE
GO 10 118

FILL ARRAY FOR MAP 5 AND WRITE

113

126
125

IF (1ID5.EQ.1) GO TO 108
DO 125 L1=LMIT,L

N= lABS(Ll-LN!

M2=0

00 126 Ml=M,MPL3
M2=M2+1

IF (M1.GT.IMAX.OR.L1.GT.JMAX) GO TO 126
A{M2,N)=BFY{M]1,L1)
AIM2,N+B)=BFXI{ML,L1)
CONTINUE

CONTINUE

GD TO ‘118

FILL ARRAY FOR MAP &6 AND WRITE

11%

IF {1D6.EQ.1) GO TO 108

DO 127 L1=LMI7,L

N=TABS{L1~-LN}

M2=0

DO 128 HI-H'HPL3

M2=M2+1’

IF (M1.GT.IMAX.OR.L1.GT.JMAX) GO TO 128
ATM2,N)}=FY([M1,L1)

ALMZ2yN+8)=FXI{MLl,L1)

128 CONTINUE
127 CONTINUE

ouT3
ouT3

oura

ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT?3
ouT3
outT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
aurt3
ouT3
durs
ouT3
ouT3
ouT3

our3

ouT3
ouTr3
our3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
outv3

- ouT3

ourT3
ouT3

1040
1050
1060
1070
1080
1090
1100
1110
1120

1130

1140

1180
1160

1170
1180
1190
1200
1210

1220
1230

1240
1250
1260
1270

1280
1290

1300
1310
1320
1330
1340

1350

1360
1370
1380
1390
1400
1410
1420
1430
1440
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GO TO 118

FILL ARRAY FOR MAP 7 AND WRITE

115 IF (ID7.EQ.1) GO TO 108

130
129

DO 129 L1=LMI7,L
N=TABS(L1- LNl

M2=0

DO 130 MLl=M;MPL3
M2=M2+1

IF (ML.GT.IMAX.DR.L1.GT.JMAX) GO TO 130
A{M2iN)=BKY{Ml,L1)
A{M2:N+8)=BKX{ML,L1)
CONT INUE

CONTINUE

GO TOD 118

FILL ARRAY FOR MAP B AND WRITE

116

132
131

1¥ {1D8.EQ.1) GO YO 108

DO 131 L1=LMI1T,L

N=TABS(L1- LNI

M2=0

DO 132 M1=M,MPL3

M2=M2+1 = : '
IF (M1.GT.IMAX.OR.L1.GT.JMAX) GO YO 132
A(M2,N)=KY{M]1,11)
A(HZ,N*BI=KXIH1.L1}

CONTINUE

CONTENUE

GO To 118

FILL ARRAY FOR MAP 9 AND WRITE

117

IF (109.EQ.1) GO TO 108

DO 133 L1=LMIT,L

N“lABSlLl-LNl

M2=0

DO 134 M1l=M,MPL3

M2=MZ+1 .

IF IML.GT.IMAX.DOR.LL.GT.IMNAX) GO TD 134

ouTt3
ouT3
ouT?3

" ouUT3

ouT3
ouT3
ouT3
ouT3
ouT3
ouTr3
auT3
ouT3
ouT3
ouT3
ouT3

ouT3d’

ouT3

outr3.

ouTt3
ouT3
auT3
ouTt3
ouT3

. QuT3

QuT3

outT3"

out3
ouT3
ouT3
OouTt3
out3
ouT3
ouT3
ouTt3
ouT3
ouT3
ouT3
ourt3
ouT3
ouT3
our3

1450
1460
1470
1480

1490

is00
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1530
1640
1650
18660
1670
1680
1690
L700

1710

1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
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A(M2,N)=BLY(MLl,L1)
A{M2,N+8)=8LX{(ML,L1)
134 CONTINUE
133 CONTINUE -
GO 70 118

INCREMENT JSHEET

105 CONTINUE '
IF (L.GT.JMAX} GO TO 106
L=L+8
JSHEET=JSHEET+1
ULN={_N+8
GO 7O 107

INCREMENT ISHEET

106 CONTINUE
L=8
JSHEET=]1 .
LN=9
IF (M+4.GT.IMAX) GD TO 108
M=M+4
ISHEET=ISHEET+1
60 TO 107

INCREMENTY MaPp

108 CONTINUE
IF (MAP.EQ.9) GO TO 109

ISHEET=]
JSHEET=1
M=l

L=8

LN=9
MAP=MAP+]1

GO TO 107
TRANSFER POINT FOR WRITE

118 CALL OUT3A CMAP s My L ¢ MPLLMPL2,MPL3 LML T, ISHEET, JSHEET ,MPL%4,LPLL1,A)

ouT3
QuT3
ouT3

QuT3 .

ouUT3
oUT3
ouT3
ouT3
ouT3

ouT3

ouT3
auT3
ouT3
ouT3
ouT3
ouT3
ouT3
out3
ouT3
ouT3
ouT3
ouT3

ourT3

ouUT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
ouT3
0uT3
ouT3
OuT3
ouT3
ouT3
ouT3
DUT3
ouT3

1860
1870
‘1880

1890.

1900
1910
1920
1930
1940

1950

1960
1970
1980
1990
2000
2010
2020
2030
2040
2050

. 2060
2070

2080

. 2090

2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
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GO YO 105

109 RETURN
END
SUBROUTINE OUT3A (MAP+M erHPLI'HPLZ.HPL3oLHIT'lSHEET:JSHEET, "
2 MPL4¢LPLL,A) :

tt::ttttstttt#*ttt:tttytttttttttttttttétttttttttttttttattttttttitt*ttt
e aexkehntsdess SUBROUTINE QUT3A SRSk itk arsdnseaehbihbhEss
tttt#tttt*#t#tttt*ttt#tttt##ttttttttt#tt#tttttttt#tttttt#ttttt*ttttttt

HIGHEST STATEMENT NUMBER IS 135
OTHER NUMBERS AVAILABLE' ARE 125 THRU 130

DECL!RE COHHON VARIABLES

COMMON  H(38,27), BH13B,27). FX(38,27). BFX(3B;27I. Fy(38,27),
2 BFY{(38,27), FRU38,27)yBFR{38,27)y KX138,27) 4BKX13B,271),
3 KY{38:27),BKYI138,27),BLXI38,27),BLY(38+27)+ 1AL38+27),
4 ToJseIMAX,JMAX , ITER,CNTER JERINF o IMAXML 5 JMAXMY 4 XP

REAL KXsKY ‘ '

INTEGER CNTER

DECLARE QUY3A VARIABLES
DIMENSION Ai{4,16)
WRITE MAPS
WRITE (6,131) :
131 FORMAT {(*1¢,/7/7117777)
IF {MAPeFEQe5.0RcMAP.EQe6DR.MAPLEQ.7.OR MAPEQ.B.0R.MAP.EQ.T)
2 GO 10124 .

WRITE NODE MAPS

WRITE FIRSY LINE

IF (MAP.EQ.1) WRITE (65100) M,MPL3,LMIT7,L
100 FORMAT (* *,6X,%ENTERED HEAD AT NODES (BH) - 1 FROM *,12,* TO *,12
2¢" — J FROM *,12,' TO ",12,23X,'MAP 1°')
1F LMAP.EQ.2) WRITE (641110 M, MPL3,LMIT,L

ouT3
ouT3
ouT3
0T3A
DY3A
0T34
0T3A
0T3A
0T3A
0T3A
0T3A
0T3A
0T3A
0T34
0T3A
0T3A
OT3A
0T3A

.0T73A

oT3A

‘OT3A

DY 3A
OT3A
OY3A
OT3A
0T34
0T3A
at3A
OT3A
OT3A
OT3A
OT3A
0T3A
OY3A
0T3A
OT3A
OT3A
OT3A
OV3A
0T3A
OT3A

2270
2280
2290
0010
0020
0030
0040
0050
Q060
0070
0080
0090

0100

0110
0120
0i30

. 0140

0150
0160
0170

. 0180

0190
0200

0210

0220
0230

0240

0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
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111 FURMAT (* *,8X,° FINAL HEAD AT NODES (H) - I FROM ',12,' TO '.!2.
2- J FROM *,12,' TO tv12,26Xy *MAP 21)
IF {MAP,EQ.3) WRITE {64112) M, MPLI,LMIT,L

112 FORMAT (* %,6X, '"ENTERED RECHARGE AT NODES (BFR)} — I FRDM *,12,' TO

2 %5123 - J FROM *;12,' 'TO Y212,18Xy*MAP 3¢
IF (MAP, EQ.#i WRITE (6+113) M MPL3,LMIT7,L
113 FORMAT (* 7",6X,*'FINAL RECHARGE AT NODES (FR) - 1 FROM 'oIZ' TO *,
212" -~ J FROM * 124" TO *412,21X, *MAP 4')

HRITE SECOND LINE

WRITE 16,1011 ISHEEToJSHEET
101 FORMAT (* 9,85X,*SHEET ",12,'-',12)

WRITE THIRD LINE

IF (MAP.EQ.1) WRITE {6,102}
102 FORMAT €* *,11X,'(12345 INDICATES HEAD SPECIFIED AS ZERO, ZERO IND
21CATES NO MEAD SPECIFIED)*)
TF (MAP.EQ.2) WRITE (6,103)
1F (MAP.EQ.3) WRITE (6:114)

114 FORMAT (* *,]11X,*£12345 INDICATES ZEROD SPEC!FIED. ZERO 1S UNSPECIF

21ED, FLOW OUT IS NEGAVIVE}')
IF {MAP.EQ.4) WRITE (6,115)
115 FORMAT (* 9,11X,"(FLOW DUT OF SYSTEM IS NEGATIVE)")

WRITE HEADINGS" -

WRITE (6+103)
103 FORMAT (* *) -
WRITE" |6'10ﬁl HQHPLIQHPLZ'HPL3|NPL4

104 FORMAT ' (° .6X.'J='.4X.'l- 1l2|17x’12'l7xt12|lTX|IZ'lTX’IZl
WRITE (6,103} -
HRITE 16'1051 LPL1,LPLL

105 FORMAT (* *,8X, lztﬂx"*'.le"*'|18x""ulaX1'*"le"* ",12)
WRITE (6,106) '

106 FORMAT (¢ *)°

WRITE DATA

0O 109 N=1.8

0T3A
0T3A
OT3A
OoT3a
0T3A
0V3A
0T3a
073A
0T3A
0OT3A
0OT3A
0T3A
OT3A
at3A
avT3A
aT73A
0T3A

"0T3A:

073A
GT3A
0T3A
0OT3A

0v73a -
- 073A

0T3A
0T3A
0OT3A
aT3A
0T3A
0T3A
0T34
OT3A

- DT3A

aT3a
073A
OT3A
0Y3A
073a
OT3A

OT3A
0OT3A

0390
0400
0410
0420
0430
0440

- 0450

0460
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560
0370

0580 |

0390
0600

0610

0620

. 0630

0640
0650
0660
0670
0680
0690
0700
0710
0T20
0730
0740
0750
0760
0170
0780
0790
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IN=TABS(L+1-N)
WRITE (65107)
107 FORMAY (* *516Xy*1* 418X 1% 918Ky "1 918X, 1")
WRITE (65103)
WRITE (6:108) INyA{LoN)sAL24N)sAL3oNIoAL4IND,IN
108 FORMAT (' *46X912,* ('4Gl4uTy?) ~ (*4614aTs®) = (*4G14.7,') - (*,6
214.7+') =1;8X,** '+12) -
WRITE 16;,106) :
109 CONTINUE _
WRITE (64110) M,MPL1,MPL2,MPL3,MPL4

L10 FORMAY (% %, 15X, 12,17X 0240 7Xe12:107%s12:17X,12)
RETURN : '

BRANCH MAPS
WRITE FIRST LINE

124 IF (MAP.EQ.5) WRITE {64116) MyMPL3,LN17,L
116 FORMAT (* *,6X, ENTERED FLOW IN BRANCHES (BFX AND BFY) -~ I FRDN Yy
2124°TO *9124" = J FROM *412," TO *+12411Xs MAP 5°)
IfF (MAP.EQ.H) WRITE [64117) MyMPLI,LMIT,L
L17 FORMAT (* *,6X,"FINAL FLOW IN BRANCHES (FX AND FY) - 1 FROM *,12,°
2 TO "412,* - J FROM *,]2,' TO *,12,18X, *MAP 6')
IF (MAP.EQ.T) WRITE (6,118) M;MPL3,LMIT7,L '
118 FORMAT (* %;6X,*ENTERED PERMEABILITY IN BRANCHES (BKX AND BKY) — I
2 FROM *4125" TO *,12,' = J FROM *;12,* TO '.lZ.BX,'HAP AR D
IF (MAP.EQ.B) WRITE (6,119) HoHPLB.LHlT.L '
119 FORMAT (* ¢,6X,*FINAL PERMEABILITY [N BRANCHES (KX AND KXY} - I FRO
2M° T2, TO *312,% - J FROM *,12," TO- "IZgTX.'HAP 8')
IF (MAPLEQ.9)"WRITE (64120) M;MPL3,LMIT,L
120 FORMAT (* *46X,*LENGTH (ENTERED) OF BRANCHES (BLX AND BLY) ~ [ FRO
2M Y512, TO ",12," — J FROM %, 12," TO "412:7Xy"MAP 97)

WRITE SECOND LINE-
NR[TE (6;101) ISHEET,JSHEET
HRITE THIRD LINE

IF {MAP.EQ.S) WRITE l6.121l S
121 FORMAT (% *L,11X%X,*112345 1S O SPECIFIEDs O IS UNSPECIFIED, FLOW DOW

OT3A

0v13A
0T3A
OT3A
QT3A
aT3A
0T3A
0T3A
0T3A
0T3A

aT3A

OT3A
OT3A
0T3A
0T3A
OT3A
GT3A
0T3A
0T3A
DT3A
OT3A
OT3A
OT3A
OT3A
DT3A
0T3A
0T3A
OT3A
0T3A
OT3A
0T3A

‘0T3A

av3a
0T3A

OT3A .

DT3A
0T3A
OT3A
OT3A
073A
OT3A

0800
0810
0820
0830
0840
0850
0860
0870
0880
0890
0900

. 0910

0920

0930

0940
0980
0960
0970
0980
0990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

1130

1140

1180

1160
1170
1180
1190
1200
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2N OR TO LEFT IS NEGATIVE}')
TF(MAP. EQ-&) WRITE (6,122)
122 FORMAT {* *,11X5*{FLOW DOWN OR TG LEFT IS NEGATIVE)')
IF {MAP. EQ.T! WRITE (64123) ~
123 FORMAY (' *,11X,"{123451S ZERO. SPECIFIED,‘ZERBUIS UNSPECIFIED) '}
' IF (HAP EQ-B DR MAP £Q.9) HRITE (6,103) ‘ ' '

HRITE HEADINGS

WRITE. (6,103;
WRITE "(6,1041 My MPL1,MPL2,MPL3,MPL4
WRITE (67,1033 ~ °
WRITE ibilOS)‘LPLl'LPLl
WRITE (631323 °
132 FORMAT (¢ 't}

HRITE DATA I
DD 133 N:lgﬂ
IN=TABS{L#I=N) "
WRITE t64134) A(k;N)sA!Z:Ni:A(3:NlrAl#:Nl

134 FBRHAT l'“ .9!,'(',61& ?.'l {°5GL4aTs%) . {'+sGlas7,y') . (*4Gl4.7

FARB RS
 WRITE (6,103} '
WRIFE {63135) IN,A(I,N*BI.A!E'N+839A(3'N*3),A(4vN*83 y IN
135 FORMAT (' *;6X;12,8X2 "% (';G14 7"} * (',Gl#-?y') & (’o514 TV} *
2("614 70'3 ¥ "123
" WRTTE  (&9132) - -
133 CONTINUE: o
T WRITE (6!110) M HPLI’MPLZ’HPL3’HPL4
RETURN -
END ’ S
SUBRDUTINE DUT3B iKK FERRGR,HERRGR,MAXIT KNTR)

.a e

###***#1##*##****###*tt#*#*#*#**tttt*t##*t**#****##3**#*#*#**#t#t*####‘
FRFAREEFLEREEEE® SUBROUTINE OUT3B TRkt hhh o ehk e bt kbhrd Sk ek kil |

***************#*#*#*#***t**##**#**#**#**#***#t#****#**#***t**##****#*

i

HIGHEST;STATEMENT NUMBER " 1S5 112

DECLARE COMMON VARIABLES

OT3A
OT3A
OT3A
0T3A
gr3a
OT3A
0T3A
DT3A
0T3A
0T34
0T3A

-0T3A

0T34
aT3A
GT34
QT3A
0T34
OT3A
aT3A
073A
0T34

.0T3A

aT34
aT34
0T34
0T34
OT3A
gr3a
0T3A
OT3A
aT3A
0T34

D738

0738
0138
0738
OT38
REL
0738
0738
0738

1210
1220
1230
1240
1250
12460
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410

1420

1430
1440
1450

1460

1470
1480
1490
1500
1510
1520
0010
Q020
0030
0040
00s0
0060
0070
0080
0090
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COMMON H{38,27), BHI38,27), FX{38,27) BFX(BB.ZTJ. Fy(38,27),

2 BFY(38,27), FR(3B'27”BFR‘33'27,! KX{38,27) sBKX{38,27),
3 KY(3B!27'|BKY(3B|ZT’tBLK{3B|27,'BLYf3B|27l' IA{38427),
4 l'J'IMAXpJMAX,ITER|CNTER ER!NF;[NAXM[.JHAXHI,XP

REAL KX,KY

INTEGER CNTER
WRITE HEADINGS

KK=KK+1 ‘
IF {KK.NE.1) GO TO 112
WRIYE (6,100)
100 FORMATY t* l'oI/IIIIIIII
WRITE (6, lOll
101 FORMAT (' ¢,aX,'OUTPUT HITH SUBRDUTINE ouT3)
WRITE (6,102}
102 FORMAT (*-*)
ITPLI=ITER+]
IF (CNTER.NE.0.OR.KNTR.NE.O} GU TO0 107
WRITE (6, 1031 FERROR

103 FORMAT (* *,11X,°ALL FLOW ERRURS LESS THAN VALUE SPECIFIED {',G10. "

23+") AND ALL HEAD ERRORS LESS THAN?)
WRITE (64104) HERROR;ITPL1 -

104 FORMAT (° *,11X,*VALUE SPECIFIED (*,610.3,%). VALUES OF THESE ERRO

2RS FOR FOLLOWING ITERATION (%,12,%) ARE')
WRITE {(6,105)
105 FORMAT (* *,11X,*LISTED BELOW."*)
GO TO 106 '
107 CONTINUE
‘ WRITYE 16.1081 FERROR
108 FORMAT (* *,11X,°*SOME FLOW ERRORS EXCEEDED VALUE SPECIFIED (*,G10.
23,%); AND/OR SOME HEAD ERRDRS'I
WRITE {63109) HERROR
109 FORMAT (' *,11X,*EXCEEDED VALUE SPECIFIED ('-610.3g'l "ON ITERATION
2 PRECEODING MAXIMUM® SPECIFIED. VALUES?')
WRITE (6.110! MAXIT
110 FORMAT (* *,11X,?0F THESE ERRORS FOR THE MAXIMUM SPECIFIED ITERATI
20N 1%, 15;') ARE LISTED BELOW')
106 WRITE (64,102}
WRITE t6,111)

aT3s
0oT3B
0oT38
oT3s
0oT38
oT3s
or3s
orT3s
0oT38
0T38

- 0738

0Tv38
or3s
oT3as
0T38
0r38
ot3B

0738

0rv3B
0738
orv3s
orT3e
0T138

. 0738

0t138
0OT3B
or13B
0738
DT3B
0T38

0738

0ov3s8

0738

0T73B
0738

0738

4138
0738
0T38
0738
0T38

3130
0110
0120
0130
0140
0itso

. 0160

0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290

0300

03t0

. 0320

0330

0340

0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490
0500
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111 FORMAY (* ',11X,'ENTERED AND FINAL VALUES OF VARIABLES FOLLOW THE
ZERROR LISTING')
112 RETURN
END

SUBROUTINE OUT3C (KNTR,HEDERX,HEDERY)

t#t#*##*t#*##t#*tt##t###*#t**t‘*ttttttt#ttt#tt#*tt*t##**t**t*#t#****#t

EEEEE AR RkEEk SUBROUTINE OUT3IC S5ERESEetssstbhdbrsbd e rrhknbek ootk
M g L L P I

HIGHEST STATEMENT NUMBER IS 111

DECLARE 'COMMON VARIABLES

C OMMON H{38,27)y BHI38,27)y FX{38,27)+BFX138,27), FY(38,27),
2 BFY(38,27)y FRU38+27),BFR138,27), KX(38,27) {BKX(38,27),
3 ' KY{3B42T)9BKY(38+27),BLX(38,27)+BLY(38,27), 1A(38,27),
4 TeJs IMAX s JMAX,ITER,CNTER, ERlNF'lMAXMl.JHAXNerP

REAL KX,KY

"INTEGER  CNTER -

WRITE HEADING ON FIRST SHEET

IF (1.EQ.1.AND.J.EQ.1) LPK=1
IF {(1.EQ.l1.AND.J.EQ.1) LPLIM=2
IF {I.NEJLl.OR.J.NE.1) GO TO 100
WRITE {6,101}
101 FORMAT (*0*)
WRITE (6,102)
102 FORMATY (* ' *)
100 1F (LPK.NE.LPLIM) GO TO 103
; WRITE (6,104) '
104 FORMAT (°*1*,//77/77717)
103 1IF t1.EQ:1.AND.J.EQ.1) GO TO 111
' 1F (LPK.EQ.LPLIM) GU TD 111
GO 7O 105
111 LPK=1
LPLIM=38
1IF (1.€Q.1.AND.J.EQ.1) LPLIM=28
WRITE (64106)
106 FORMAT L* *,40X,'CUM. FLOW® ;36Xs*CUMe HEAD' )

—-

¥ e

- —

0T38
0T38
0t38
o738
0T3C
03 5c 1
av3C
ov3cC
ar3c
073C
oT3C
oT3c
0T3C
0T3cC
0T3C
oT3cC
0T73C

- or3c

0T3C
0T3C
aT13C
073C
arvic
oT3C

- 073C

0T3C
ar3c
otTac
0T13C
0T3C
0713C
oT3C
0T3C

- 0T3C

0713C
073C
or3c
073C
0T3C
073C
0T3ac

0510

0520

0530
0540
oolo
0020
003q

- 0040

0090
0060
0070
0080
0090
0100
0110
o120
oiL30
0140
0150
0160

or70 -

o180
0190

- 0200
0210 .
0220

0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
03%0
0360
0370
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WRITE (6,107)

107 FORMAT (° '15X.'l'.6X.'J',9X,'FLDH'.4X-‘£RRDRS GT*7Xy'X BRANCH®,
28X, 'Y BRANCH ERRORS GT*)

WRITE (6,108) . ’
IOBzFORMAII;;T.;32X.'ERROR'oSXv'LlM[T'.ax"HEAD ERROR? ,6X, 'HEAD ERROR.
‘ WRITE (6,102)

105 IF {J.NE.L) GD TO 109

WRITE (6,4102)

LPK=LPK+] '

109 WRITE (6, 1101 I JfERINFlCN‘ER HEDERx,HEDERY.KNTR

110 FORMAT (' PrlaX e 1245X91294X3614eT732Xs1337Xs6Ll4eT92Xs614.T+5X,13)
LPK=LPK+] ‘

RETURN
END
-SUBROUTINE OUT4

REAFERR R Ak RbRE SUBROUTINE DUTL #ESESRRES SRS R kRS Ehhk kR ks K kh Rk Kk
e R L L T R P T P e Iy
AESBERE R KRS SRR KRR RERERAE IR EE AR R R AR SRR KRS RS E R AR R SRR SR AL EEREL KA

HIGHEST STATEMENT NUMBER IS 103
DECLARE COMMON VARIABLES

COMMON H{38,27), BH(38,27), FXIB&;ZTItBFKlBB:ZTl. FY(38,27).,
2 BFYL38,27);, FR(38,27)+BFR{38,2T7)¢ KX{38,27),BKX{38,27),
3 KY[3842T)sBKY{38,27),BLX(38,2T)sBLY(38,27), IA{38+27);
4 Teds TMAX JMAX, ITER, CNTER;ER[NF'IMAXHI JMAXML , XP '

REAL KXsKY'

INYEGER CNTER

PUNCH CARDS

NCARD=IMAX* JMAX

WRITE (7.,100) NCARD
100 FORMAT (I10)

D0 101 1=1,IMAX

DO 102 J=1,0MAX

WRITE (7¢103) 1oJdsHUToJ)WFXOL2J)sFYUL4J) FRULIDIGKXIT I3 ,KYLIsJ)
103 FORMAY (215,6E10.3)

avic
073C
073C

. 0T3C

073C
0T3C
DT3C
0Tac
oT3C
0T3¢
0T3C
DT3C
0T3¢
0T3C

- 0T3C
ouT4.

ouUT4
DUT4

ouT4 -

auT4
ouT4S
ouT4
ouT4
DuUT4
ouT4

ouT4

ouT4
OuUT4
ouTA
DUT4
ouT4

ouT4

ouUT4
ouT4
ouT4
OUT4
ouT4
ouT4
ouT4
ouT4
ouT4

0380
0390
0400
0410
0420

0430

0440
0450
0460
0470
0480
0490
0500
0510
0520
0010
0020
0030
0040
0050
0060

0070

00890
0090
0100
0110
0120
o130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
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