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no specified head parameters, q-Dd=Q can be 
written in the form 

a,bl+ai,bz+...+aipbp-Qi=O, 

i=l, 2,...,m 
where 

(4.3-38) 

a@=coefficient containing AZ, Ay, and head 
differences; 

+=any parameter except a specified head 
parameter; and 

Qi=term not containing parameters in b. 

Define 

J 
ag ag .=--- 

-J abj abj ” 
(4.3-39) 

Then, by carrying out the differentiations in- 
dicated in equation 4.3-39 and comparing the 
result with equation 4.3-38 it can be seen that 

so that 

JGbj=aGbj (4.3-40) 

(4.3-41) 

If b contains all possible parameters (except 
specified head parameters) and there are no 
~OWII fluxes, then Qi=O and 

j~~J~ bj=O (4.3-42) 

or 

Jb=g . (4.3-43) 

4.3.4 Documentation of Program for 
Nonlinear Regression Solution of 
Steady-State Ground-Water Flow 
Problems 

Introduction.-This program is designed to 
obtain a nonlinear regression solution to the 

finite-difference model of steady-state ground- 
water flow given in section 4.3.1. Basic calcula- 
tion methods are given in sections 4.1 and 4.3.2. 

The program was developed using the 
Microsoft’ Fortran Compiler, Version 3.3, with 
the DOS’ 2.0 operating system on an IBM’ 
PC/XT computer with the IBM’ 8088 Math 
Coprocessor and 256 KB memory. Except for 
the OPEN statements near the beginning of the 
code, Fortran 66 was used throughout to make 
the code as machine independent as possible. 
The source code is contained in files 
INVFD.FOR and INVSUB.FOR in the 5% in. 
diskette accompanying this report. These two 
files must be linked or compiled together. 

The computer program is composed of a main 
program and eight subroutines. The main pro- 
gram controls input-output and performs all 
computations that cannot be accomplished 
more effectively with subroutines. The eight 
subroutines (D4SOLV, COEF, LSTSQ, 
PRTOT, ORDER, ARRAY, ARRAYI, HOBS) 
perform the following specialized tasks: 
D4SOLV 

COEF 

LSTSQ 

PRTOT 

ORDER 

ARRAY 

ARRAY1 

Obtains an LDU factorization solu- 
tion of the set of linear algebraic 
equations resulting from application 
of the finite difference methods, 
assuming the equations are ordered 
in an alternating diagonal fashion 
(Price and Coats, 1974). 
Computes coefficients necessary for 
the determination of sensitivities 
and heads. 
Computes the coefficients of the 
normal equations and solves the 
system of equations to determine 
the vectors of parameter changes 
and parameters. 
Prints matrices or vectors in a col- 
umn configuration. 
Computes equation numbers at grid 
points corresponding to the alter- 
nating diagonal ordering scheme. 
Reads and (or) prints l- and 
2dimensional real array variables. 
Reads and (or) prints l- and 2- 
dimensional integer array variables. 

‘Use of the trade names in this report is for identification 
purposes only and does not constitute endorsement by the 
U.S. Geological Survey. 
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HOBS Reads and prints observed heads 
and weighting values; computes 
coefficients for bilinear interpolation 
of computed heads and sensitivities 
at observation points. 

The basic flow of the program can be de- 
scribed as follows: 

A. Data are input and variables are initial- 
ized. 

B. Using coefficients generated in COEF, an 
initial solution corresponding to the initial 
parameter estimates is computed by D4SOLV. 

C. In an iterative fashion, the following four 
steps are taken until the regression technique 
converges or until the number of iterations ex- 
ceeds the maximum allowed. 

(1) Sensitivities are calculated using coef- 
ficients computed in COEF and in the main 
program. 
(2) LSTSQ is employed to form and solve 
the normal equations. 
(3) Parameters are updated in LSTSQ us- 
ing the parameter change vector generated. 
(4) Various coefficients involving the up 

B 

dated parameters are computed in COEF, 
and current estimates of head are computed 
using D4SOLV. 

D. Various statistics associated with the 
regression analysis are computed. 

Aquifer Property Zonation and Variable 
Definition.-Basic model geometry is defined by 
the finite difference grid that is constructed 
over the region to be modeled. Nodes, consisting 
of grid intersections, are numbered from the 
lower left-hand comer of the grid (columns from 
left to right and rows from bottom to top). w, 
consisting of intragrid areas bounded by four 
adjacent nodes, are numbered similarly (figure 
4.3-7). 

The finite difference grid is divided into 
aquifer property zones, which define zonal 
values for the aquifer properties T,,, T,,,,, R, 
and W. Each z0na.l value is-constant-&t& the 
zone. Variation of a property within a zone is 
accomplished by assigning cell values. The 
aquifer property at any particular cell is com- 
puted as the product of the zonal value and the 
cell value of the property. Thus, if all cell values 
for a property within a zone are given a value 
of unity, the zonal value becomes the value of 
the property for each cell within that zone. 

row’ 

, 2 3 4 5 
1 2 3 4 

CAlI 5Nlde 
Column Column 

Figure 4.3-7 

Zones are created by subdividing the grid in- 
to groups of cells having distinct combinations 
of zonal values. Cells belonging to these zones 
are accordingly assigned distinct zone numbers 
(IZN), reserving IZN=O to indicate groups of 
cells outside of the model area. 

All zonal values are either regarded as regres- 
sion parameters to be determined by the pro- 
cedure or are held constant and, thus, are not 
regarded as regression parameters to be deter- 
mined, as specified in the input. From a concep- 
tual viewpoint there is no difference between 
these two designations because zonal values 
that are held constant can be regarded as 
regression parameters having exact prior infor- 
mation. However, from a computational view- 
point it is most efficient to eliminate parameters 
being held constant from the calculations. 
Hence, these types of parameters do not appear 
in the normal equations or any of the vectors 
and matrices derived from them. To simplify 
nomenclature, in subsequent discussions the 
term regression parameter refers only to those 
regression parameters to be determined. 

Cell values for an aquifer property are input 
using rectangular blocks of cells, which are 
defined for each property for convenience of in- 
put only. These blocks need not bear any rela- 
tionship to the zones. Cell values may be 
constant or variable within each block. Cell 
values of a property are unaffected by the 
regression procedure. 

Boundary Conditions and Boundary 
Parameters.-Two types of boundary condi- 
tions may be used: specified flow and (or) speci- 
fied head. Nonzero specified-flow boundaries 
where the flow rate is known can be imposed 
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by assigning the appropriate value of the 
specified flow rate to the nodal value of variable 
WELL. Because the no-flow boundary is the 
default condition, zeros do not have to be 
assigned to WELL to simulate this condition. 
Specified-head boundaries where the head is 
known can be imposed by assigning the value 
of the known head at the boundary nodes to 
variable HC, which also describes nodal values 
of computed head. A negative one must be 
assigned to variable IN corresponding to each 
node that is to be considered a specified head 
node. Segments of the boundary that will be 
considered as either flow or head regression 
parameters must not be entered into WELL or 
HC arrays. 

Different variables are used if specified-flow 
or specified-head boundary conditions are to be 
considered as regression parameters. Variable 
QB is used to indicate the zonal value for 
discharge across groups of nodes that form a 
specified-flow segment (or zone). The specified 
volumetric flow per unit width for each cell 
boundary within a zone is the product of QB for 
that zone and a multiplier for the cell boundary. 
By restricting a flow-boundary zone to a single 
node, point recharge and discharge can be 
simulated. QB can be a regression parameter 
and, therefore, can be modified by the regres- 
sion procedure; the multiplier is unaffected. If 
the variable IP that specifies the regression 
parameter number for the boundary zone is set 
to zero, then QB is held constant, and the seg- 
ment is treated as a known-flow boundary, thus 
giving two possible ways (via WELL and via 
QB) to designate known-flow boundaries. 

Specified-head boundary nodes that are to be 
considered regression parameters are defined by 
segments composed of a sequence of nodes 
(variables ILOC and JLOC) along portions of 
the boundary. The specified heads at the first 
and last nodes in the sequence can be either dif- 
ferent regression parameters or a single regres- 
sion parameter or held constant, depending on 
the nature of the problem. Adjustments to 
heads at these nodes computed by the regres- 
sion procedure are apportioned to other nodes 
in the sequence. The proportion is the ratio of 
the distance (along the sequence of nodes) be 
tween the end node and the node of interest, to 
the distance between the two end nodes. These 

factors (PLA and PLB) are computed by the 
program for a given segment. As in the case 
with flow-boundary parameters, if the regres- 
sion parameter number is set to zero, then that 
parameter is held constant. If the parameter 
numbers at both ends of the segment are set to 
zero, then the segment is treated as a known- 
head boundary, thus giving two possible ways 
to designate known-head boundaries. A nega- 
tive one must be entered into IN for all nodes 
on the specified-head boundary, whether or not 
the boundary involves regression parameters. 

The definition of some of the more important 
variables related to aquifer properties and 
boundary conditions in the computer program 
are given below. 

variable name Ddinition 

PAR(l), PAR(B), Zonal value for transmissivity (T, 
PAR(S), PAR(4) and T ), hydraulic conductance 

(R). an~distributed recharge 05% 
respectively. 

IZN . . . . . . . . . . An integer array that indicates the 
zone number of each cell. 

CX, CY, VL, QR Cell values for x-direction transmis- 
sivity, y-direction transmissivity, 
hydraulic conductance, and distrib 
uted recharge, respectively. a 

HR . . . . . . . . . . . . . Ncdal values of head on the boumky 
of the confining had opposite the 
aquifer. 

WELL . . . . . Nodal (or point) values of known 
volumetric discharge (or recharge) 
from a well or other known-rata 
sourcx&nk phenomena. 

QBF . . . . . , , . . . , Cell-boundary multipliers for speci- 
fied flow. 

PLA, PLB . . . Arrays, which give the proportional 
distances from any point to either 
end of a segment where the speci- 
fied heads at one (or both) end(s) of 
the segment is a (or are) regression 
parameter(s). 

Numbering of Regression Parameters.-The 
three types of regression parameters (aquifer 
parameters, specified-flow parameters, and 
specified-head parameters) are numbered con- 
secutively and in any order. Also, any of the 
zonal values for aquifer properties or specified- 
flows and segment-end values for specified head 
zones can be given a single regression param- 
eter number. In this case the zonal or segment- 
end values sharing the same number must have 
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a identical regression parameter values. Any dif- 
ferences in property values must be specified by 
differences in multipliers. A common example 
is to use only one regression parameter for both 
the x- and y-direction zonal transmissivity 
values and to fix the degree of anisotropy for 
the zone by using the CX and CY arrays. As 
another example, if good estimates of the 
hydraulic gradient across cell boundaries form- 
ing a specified-flow boundary for an aquifer 
property zone were available, and if transmis- 
sivity were isotropic, then these gradient values 
could be used as multipliers so that the regres- 
sion parameter QB for the specified-flow zone 
comprising the specified-flow boundary would 
be transmissivity. Thus, the x- and y-direction 
transmissivities for the aquifer property zone 
and QB for the specified-flow zone could all be 
the same regression parameter. A high degree 
of flexibility for distributing aquifer properties 
and boundary conditions while, at the same 
time, keeping the number of regression param- 
eters to a minimum is achieved with these types 
of schemes. 

Prior Information on Regression Param- 

B 
eters.- If estimates of the regression param- 
eters and their (less than infinite) reliability are 
available from other sources (for example, 
aquifer tests), it is desirable to introduce this 
information into the regression analysis. For 
this case, initial values for the parameters are 
taken to be the prior information. The reliabili- 
ty of each estimate is represented by a standard 
deviation. Array WP is used to store these 
values for the regression parameters. However, 
only the standard deviations for the aquifer 
regression parameters are read directly into 
WP. The standard deviations for boundary 
regression parameters are read in through tem- 
porary variables (SDQB for specified-flow 
regression parameters, and SDHA and SDHB 
for specified-head regression parameters) and 
are only subsequently placed into the WP array. 

The use of prior information of known reli- 
ability requires sn estimate of the error variance 
of the heads (variable, EV) computed using or- 
dinary least squares. If the estimate differs 
substantially from the value computed by the 
analysis using prior information, the problem 
should be resolved using the latter computed 
value as the estimate of error variance. 

In some instances prior information of 
unknown reliability may be available. Use of 
this type of information is an advanced topic 
and is not covered in this report. The papers by 
Cooley (1982,1983) cover the method in detail. 
Variables RP and BP are used to input the ad- 
ditional information needed for this method. 

Solution-Only Mode.-To facilitate the 
calculation of certain statistical measures, the 
program is capable of bypassing the regression 
analysis and computing only head distributions 
for various combinations of parameter values. 
This is accomplished by specifying the solution- 
only option (variable ISO) and providing the 
various combinations of parameter values for 
which solutions are desired. 

Using the Program. -The computer code has 
been designed to be as machine independent as 
possible. Also, to minimize confusion, all arrays 
have been dimensioned explicitly. The following 
list summarizes the minimum dimensions re 
quired for the program to operate properly for 
a specific problem. If 

N is the number of node points (N,XN,,), 
if’ n IS the number of node columns, 
N is the number of node rows, 
2. e 1s the number of active (nonspecified head) 
nodes in the grid, 
N, is the number of observed heads, 
NoT is the total number of observed heads 
plus the number of parameters on which there 
is prior information, 
N, is the number of aquifer property zones in 
the model grid, 
Np is the number of regression parameters 
associated with aquifer property zones, 
iV, is the number of z&ml aquifer properties 
that are not regression parameters, 
Nhs is the number of specified-head zones (or 

j segments), 
Npp is the total number of nodes on bound- 
arres where flow is a regression parameter, 
Nhp is the total number of nodes along boun- 
daries where head is composed of one or more 
specified-head regression parameters, 
Nmh is the maximum number of nodes in any 
specified-head zone, and 
NR is the total number of regression 
parameters; 

then the array variables should be dimensioned 
as in table 4.3-l. 
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Tabla 4.3-l 0 
WELL,HR,HC.XV,ILOC.JLOC,IN .......... 
CX,CY,VL,QR,CXS,CYS,VLS,QRS,IZN ...... 
DX ........................................ 
DY,JPOS .................................. 
HCI,BK,BL,BM,BN,HO,W,KOBS .............. 
PAR,XS,KN ................................ 
IPRM ..................................... 
QBF,IBNA,IBNB ........................... 
PLA,PLB,IBHN ............................ 
CXHR,CXHL,CYHT,CYHB ................... 
IHSN ...................................... 
IBPA, IBPB ................................ 
IBZN ...................................... 
P.WP,NCBA,NCEA,NCBF,NCEF,NCBH,NCEH 
x ......................................... 
s .......................................... 
A ......................................... 
B . . . . . . . . . ..__.............._..........._. 
v ..................................... 
AU,IC ................................. . 

. 

. 
. 

. 
. . 
. . 

. 
. 
. 

. 
. 

. . 
. 
. 
. 

. 
. 
. 

. . 

NpP 
Nhp Or Nmh’ whichever is larger. 

3 
N,“’ 
Npp+%S 
NR 
NRNO 
NRNOT 

NR NR 

NR+N, 
N, or 3N,, whichever is larger. 
5JJp 
‘N&I2 AL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

‘These dimensioaa am approximate. The exact sizea mqdred are calculated and printed in subroutine ORDER. N,,, in Nz+3 
or NY-M, wbicbeve~ is smaller. 

Note that array variables that have a single 
dimension (CX, CY, QBF, HO, etc.) and are 
passed to subroutines are dimensioned as unity 
within the subroutines (only the initial address 
of an array is actually passed to a subroutine). 
This unit dimension should not be changed in 
subroutines when the dimension of the variable 
is changed in the main program. A similar 
system is used for multidimensional arrays, and 
their dimensions within subroutines should not 
be changed either. To accompany any change 
in program dimensions, variable NVD must be 
set equal to the dimensions of A and the first 

dimension of X, and variable NAD must be set 
equal to the first dimension of AL. These 
variables are defined near the beginning of the 
main program. 

Input&k-The input is arranged into data 
sets, each data set being composed of one or 
more lines of logically related input data, such 
as cell-by-cell multipliers for x-direction trans- 
missivity or zone-by-zone initial parameter 
values. Each input line in a data set is a max- 
imum of 80 columns, or characters, long. The 
formats for the data applying for each line are 
given with the discussions of the data sets. 

c 
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Data Set A. 
Three title lines of user’s choice (format, 20A4). 
Data Set B. 
Problem size information: one line (format, 1615). 

Line columns Variable DdidiOIl 

l-5 ID ,..... 
6-10 JD 
11-15 NZNS 
16-20 NOBS . . 
21-25 NPAR . 

26-30 NVAR 
31-35 NWELS 
36-40 NQBZ 
41-45 NHBZ . 
46-50 NUM . . 

51-55 IPRX . 

56-60 IPO . 

61-65 IS0 . 

Number of node columns. 
Number of node rows. 
Number of aquifer property zones. 
Number of observations of head. 
Number of regression parameters associated with aquifer prop- 

erty zones. 
Total number of regression parameters. 
Number of known point flows. 
Number of specified-flow boundary zones. 
Number of specified-head boundary zones. 
Maximum number of iterations allowed for the regression 

analysis. 
Additional print sensitivities and orthogonahzesensitivities 

option. Code 1 to select the option. 
Additional printout option, 

Code 1 to select the option. _ 
Head-solutions only option. 

Code 1 to select the option. 

Data Set C. 
Special input parameters; one line (format, 8FlO.O). 

Line columns 

l-10 

11-20 

21-30 

31-40 

41-50 

Variable DdIliti0n 

DMX . . Maximum fractional change, t,+, allowed any regression 
parameter over any iteration. 

CSA . . . Cosine, co&,, of the maximum angle ahowed between the 
gradient direction and the search direction (normally set to 
0.08). 

RP . Ridge parameter for regression analysis using prior informa- 
tion of unknown reliability. Code 0.0 if not used. 

BP . . . . . Bias parameter for regression using prior information of 
unknown reliability. Code 0.0 if not used. 

EV . . . . . . . . . . Estimated error variance for problems using prior information 
of known reliability. Code 0.0 if not used. 

Data Sets D through K. 
A number of variables are input into the code by first subdividing the grid 

into rectangular regions (blocks) and then reading the variables for each block. 
Blocking can be applied to either cells or nodes, depending upon the variable 
being input. Blocking allows considerable flexibility in the input of certain 
variables and, once understood, can speed the construction of a model. Block 
and zone boundaries do not necessarily have to coincide; blocking is basical- 
ly a convenient way of assigning variable values to every node or cell in the 
grid. 

Data sets D through K represent the real (floating-point) variables sub- 
ject to blocking. These variables, in the order they must appear, are listed 
next. 
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Data& Variable TypeofVariable Df!fblition 

D DX Cell array 
E DY Cell array 
F cx Cell array 
G CY Cell array 
H VL Cell array 

. 

I 
J 
K 

:i 
HC 

Nodal array . 
Cell array . . 
Nodal array 

Distance ‘between node points in z or I direction. 
Distance between node points in y or J direction. 
MuItipIier @II value) for z&rection transmissivity. 
MuItipIier (cell value) for y-direction transmissivity. 
MuItipIier (cell value) for hydraulic conductance of confining 

bed. 
Head on ‘boundary of confining bed opposite the aquifer. 
MuItipIier (cell value) for recharge rate per unit area. 
Initial head at active node or fised head at specified-head 

node. 

Each data set D through K consists of an initial line defining the number 
of blocks (NOBL) into which the grid has been subdivided, and then a subse 
quent line or set of lines that define the blocks and the value or values of 
the variable to be input. The initial line, read with a A4, IX, 215 format, has 
the following form: 

Line columns Variable Definition 

l-4 

6-10 

11-15 

NME . , . . , . , . Array name for the variable. 
NOBL . . Number of rectangular input blocks into which the variable 

has been subdivided. 
IPRN . . Print option for fuII array. Set to 0 for print. Set to 1 for no 

output. 

The initial line directs the program to seek NOBL blocks of information 
for a particular variable. If the variable is uniform over the block, then a single 
line suffices to define the block location and the uniform value to be assigned 
to every node or cell. If the variable is nonuniform over the block, then by 
specifying a value of IVAR equal unity on this line the program can be 
directed to seek additional lines specifying values of the variable for each 
node or cell in the block. This information is input through the format 415, 
F10.0,15 as follows: 

l-5 IB . . . 
6-10 IE . . . 
11-15 JB . 
16-20 JE . . 
21-30 FACT 

31-35 IVAR 

Beginning column of the rectangular input hloch. 
Final cohmm of the rectangular input block 
Beginning row of the rectangukr input block. 
Final row of the rectangular input block 
If the array set is uniform for the entire block, FACT is the 

ceII or nodal value that is assigned to each element. If the 
array set is not uniform, each cell or nodal value on the subse 
quent data lines wiR be multiplied by FACT. 

Code 0 if the array set is uniform. Code 1 if it is not 
unifornl. 

If a value of IVAR equal to unity is specified, then the program will seek 
subsequent node or cell data sufficient to define the variable at every node 
or cell in the block. This information is input through the temporary variable 
A(I,J) with an 8FlO.O format in the following manner: 
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A(IB,JB) 
A(IB+l,JB) 

Temporary variable specifying nodal or celi values for the 
arrays in data sets D through K. Note that the information 
is read in row by row for the grid, each new row beginning 

A(IE;JB) 
l-10 A(IB,JB+l) 

A(IB+l,JB+l) 

A(IE,JB+l) 

a new line. 

Any variable that is not defined by blocking over a particular part of the 
grid will be automatically set to zero on that part. 

Data sets D and E, representing the internal spatial dimensions of the grid, 
are read in by blocking for convenience to the programmer. Because both 
the horizontal spacing DX and vertical spacing DY (as measured from the 
lower left comer of the grid) are, in reality, singly dimensioned arrays, it is 
necessary to set JB and JE equal to unity for both variables. The variable 
IE then equals ID-l in the case of DX, and JD-1 in the case of DY (IB equals 
one, of course, in both cases). Variable grid spacing can be input by specify- 
ing a value of WAR equal to unity and following this with the necessary 
array information in an 8FlO.O format. 

Note that only cell values of x- and y-direction transmissivities, hydraulic 
conductance, and recharge (data sets F, G, H, and J) are read in through the 
blocking scheme. Data set P contains the zonal values by which these cell 
values are multiplied. A typical example of usage would be to form 
transmissivity as the product of hydraulic conductivity and thickness. Data 
sets F and G would contain the variable thickness of the aquifer, and the 
variable in data set P would represent the hydraulic conductivity zone by 
zone. Their product would be the transmissivity. 

Data Set L. 
Two integer variables also are input by blocking. Both are defined below, 

as read in by a 1615 format, although only that variable associated with data 
set L is input at this location. 

Data Set Variable Type of Variable Definition 

L IZN Celi array Zone number of each cell. Each cell having a nonzero zone 
number must have CX or CY>o. 

S IN Nodal array Denotes specified head. Set to -1 at nodes where head is 
specified. including nodes in segments involving specified- 
head regression parameters, and leave as zero at ail remain- 
ing nodes. 

The initial line for these data is identical to that of the real variable case. 
The line defining blocks into which integer variables are divided is similar 
to that of the real variable case with the exception of the variable IFACT, 
as noted subsequently (format, 615): 
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Line wlumlls Variable D&llitiOll 

l-5 
6-10 
11-15 
16-20 
21-25 

26-30 

IB . . . . 
IE . . . . . . . . . . . 
JB . . . . . . . 
JE . . . . . . 
IFACT . . . 

IVAR . . . . . . . . 

Beginning column of the rectanguhu input block. 
Final cohmm of the rectanguhxr input block. 
Beginning row of the rectangular input block. 
Final row of the rectangular input block. 
If the array set is uniform for the entire block, IFACT is the 
celI or nodal value that is assigned to each grid point. If the 
array set is not uniform, each ceII or nodal value on the subse 
quent data lines wiII not be multiplied by IFACT. 
Code 0 if the array setisuniform. Code 1 if it is not uniform. 

The nonuniform integer input is identical to the real variable case, except 
that the temporary variable INT(I,J) input with format 1615 is used in place 
of A(I,J). 

Data set M. 
Observed head data; set contains NOBS lines (format 315,4FlO.O). 

l-5 N . . . . . 
6-10 IL . . . . . 
11-15 JL . . . . . 
16-25 XL . 
26-35 YL . . . . 
36-45 HO(N) 
46-55 W(N) . 

. . 

Observation number. 
. CeR column in which observation lies. 
. CeII row in which observation lies. 
. x location of observation. 

y Iocation of observation. 
Observed value of head. 
Reliability weight, w. 

Observations are numbered from 1 through NOBS but may be read in any 
order. Observation N is assumed to lie in cell (IL.JL) at z and y location (XL,YL). 
If the observation lies on a node point, it may be assigned to any adjacent cell 
bounded by the node. The origin for x and y is assumed to be node (1,l). m 
this data set if NOBS=O. 

Data Set N. 
Aquifer regression parameter numbers; set contains NZNS lines (format, 

1615). 

l-5 
6-10 

11-15 

16-20 

21-25 

I 
IPI&;.;; . : : : : 

Zone number. 
Parameter number of x-transmissivity in zone I. Code 0 if it 

is not a regression parameter. 
IPRM(2,I) . . Parameter number of y-transmissivity in zone I. Code 0 if it 

is not a regression parameter. 
IPRM(3.1) . Parameter number for hydraulic conductance in zone I. Code 

0 if it is not a regression parameter. 
IPRM(4,I) . . Parameter number for distributed recharge in zone I. Code 0 

if it is not a regression parameter. 

a 

Lines may appear in any order with respect to zone number, but there must 
be NZNS lines. Parameters may have any number from 1 through NVAR. 
Note that parameters of the same (or even different) property in different 
zones may have identical parameter numbers. Omit this data set if NPAR 
equals zero. c 
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Data Set 0. 
Standard deviations for aquifer regression parameters; one value per line 

for a total of NPAR lines (format, 15,FlO.O). 

Line columne Variable Dl3fhitiOll 

l-5 K . . . . 
6-15 WP(W 

. Aquifer parameter number. 
Standard deviation of each aquifer regression parameter. Code 

0.0 if no prior information exists for the parameter. 

m data set if NPAR equals zero. 

Data Set P. 
ZonaI aquifer property values; set contains NZNS lines (format, 15,4FlO.O). 

Line columns Variable Definitions 

1-5 I ..,.. 
6-15 PAR(l) 
16-25 PAR(P) 
26-35 PAR( 3) 
36-45 PAR( 4) 

. 

Zone number. 
ZonaI x-transmissivity value for zone I. 
Zonal y-transmissivity value for zone I. 
Zonal hydraulic conductance value for zone I. 
ZonaI distributed recharge value for zone I. 

(PAR(4)*QR has units of volumetric rate per unit area.) 

Lines may appear in any order with respect to zone number, but there must 
be NZNS lines. 

Data Set Q. 
Known point flow rates; set contains NWELS lines (format, 215,FlO.O). 

Line columns Variable D&lition 

1-5 
6-10 
11-20 

I Column location of point flow. 
J . . ..__...... Row location of point flow. 
WELL(1.J) . Total volumetric flow to or from node, negative for withdrawal 

If a point flow is located between node points, the total rate can be appor- 
tioned among the four adjacent nodes using bilinear or similar interpolation. 
The apportioned flow rates must be supplied by the user. Omit data set if 
NWELS equals zero. 

Data Set R. 
Specified boundary-flow zones and flow-zone parameters; set contains 

NQBZ lines, one line for each zone (format, 515,3FlO.O). 

l-5 IA Column location of the A end of the segment (zone). 
6-10 JA Row location of the A end of the segment (zone). 
11-15 IB . . . Column location of the B end of segment (zone). 
16-20 JB Row location of the B end of segment (zone). 
21-25 IP Regression parameter number. Set equal to zero if QB is not a regres- 

26-35 QB .._ 
36-45 SDQB 

46-55 QBM 

sion parameter. 
ZonaI flow value. 
Standard deviation for regression parameter. Code as 0.0 if no prior 

information exists on the parameter. 
Multiplier for zonal flow value. 
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Note that IA<IB and JA<JB, which define the A and B ends of the segment. 
If IA equals IB and JA equals JB, the flow is restricted to a single node. 
In this case, the product QB*QBM equals total volumetric flow into or out 
of the node. Otherwise, the product is a volumetric rate per unit cell width. 
When data set is used to model flow boundary conditions, zone must follow 
either a row or column. Regression parameters can have any numbers from 
1 to NVAR. Note that by setting IP equal to zero, a fixed specified-flow con- 
dition is simulated. Omit data set when NQBZ equals zero. 

Data Set S. 
Specified-head boundary designation; see data set L. This data set, when 

used in conjunction with data set K or T (following), can be used to construct 
specified-head boundaries. In particular, nodes designated in this data set 
by -1 are forced to take on values specified in data set K or T. In addition 
to peripheral boundary conditions, this data set, in conjunction with data 
set K or T, can be used to model other constant head conditions such as bodies 
of open water. 

Data Set T. 
This data set defines specified-head boundary parameter zones. Each zone 

is associated with a subset of the T data and the number of subsets will equal 
NHBZ. The initial line in each subset contains size and descriptive informa- 
tion about the zone and appears as follows (format, 415.2FlO.O). 

l-5 IZ . 
6-10 NN . . . 
11-15 IBPA . 

16-20 IBPB . 

21-30 SDHA 

31-40 SDHB 

. . 

Segment or zone number. 
Number of nodes in the segment. 
Regression parameter number for A end of segment. Set equal 

to zero if head at the A end is not a regression parameter. 
Regression parameter numbsr for B end of segment. Set equal 

to zero if head at the Bend is not a regression parameter. 
Standard deviation of head at A end of segment. Code as 0.0 

if no prior information exists on the parameter. 
Standard deviation of head at B end of segment. Code as 0.0 

if no prior information exists on the parameter. 

The A and B ends are arbitrary. Segments are numbered from 1 through 
NHBZ, and regression parameters may have any number from 1 through 
NVAR. A single head change can be found for alI the intermediate specified 
head nodes by allowing IBPA to equal IBPB. 

After reading the initial line, the program then seeks NN subsequent lines 
in each subset that define the heads along the boundary segment (format, 
215,FlO.O). 

c 

1-5 ILOC . . . . Column location of node. 
6-10 JLOC . . . . Row location of node. 
11-20 v . . . . . . . . . Estimated head at node ILGC, JLOC. 

Note that any shape of head surface can be input along a boundary segment. 
Because heads at the segment ends are the only regression parameters in 
each segment, their influence is distributed to the intermediate nodes by linear 
interpolation. The linear interpolation is based upon distance from the c 
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parameter in question, with a weight of one assigned at the end node occupied 
by the parameter and zero at the node of the opposite end of the segment. 
If zeros are assigned to the head variables V at intermediate nodes in a bound- 
ary segment, then the program automatically assumes that the head surface 
along the segment is simply a straight line between the heads specified at 
the end nodes. Omit the entire data set if NHBZ equals zero. 

The following data sets are required only if the solution-only option (ISO, 
data set B) is specified. In the following description input variables are loosely 
termed parameters for convenience, but it must be realized that they are not 
actually regression parameters because no regression is performed. Also, data 
set V requires that the parameters being varied have nonzero numbers cor- 
responding to regression parameter numbers defined for the initial solution. 
Hence, the input for the initial solution must be coded as if it were to be a 
regression for these parameters although no regression will actually be 
performed. 

Data Set U. 
Additional solution specification, one line (format, 15). 

97 

l-5 N . . . . . Number of solutions mquired using alternative parameter sets. 
Code 0 if a solution is desired only for the initial set of 
parameters. 

Data Set V. 
New set of parameters;. the set contains NVAR lines (format 15,FlO.O). 

l-5 
6-15 

I ............ 
B(1) .......... 

Parameter number. 
Parameter value. 

Parameters are numbered in the same order as used for the initial solution. 
This data set is repeated N times, and the program will compute and print 
the solution corresponding to each set of parameters. 
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Output.-The following discussion gives the 
content and order of the output obtained from 
the program. It should be noted that some of 
the output is only obtained under certain speci- 
fied conditions. All output is clearly labeled. 
However, order numbers in the following discus- 
sion do not appear in the output; they are for 
convenience in listing the order of output only. 
The statistical measures cited below are de 
scribed in section 5. 

CELL (i,j), IZN >O, CX=O, AND 0 

1. 
2. 
3. 
4. 

5. 
6. 

7. 

8. 
9. 

10. 

11. 

12. 

13. 

Three title lines (data set A). 
Problem size information (data set B). 
Special input parameters (data set C). 
Array sets (data sets D through L). For 
each variable, input information (vari- 
able name, block number, IB, IE, JB, 
JE, and value of FACT or IFACT) for 
each block is listed block by block. If 
specified, this information is then fol- 
lowed by the values of all entries in the 
array. 
Observed head data (data set M). 
Aquifer regression parameter numbers 
(data set N). This input is printed only 
if NPAR is greater than zero. 
Coefficients of variation for aquifer 
regression parameters (data set 0). This 
input is printed only if NPAR is greater 
than zero. 
Zonal aquifer properties (data set P). 
Known point-flow rates (data set Q). 
This input is printed only if NWELS is 
greater than zero. 
Specified boundary-flow information 
(data set R). This input is printed only 
if NQBZ is greater than zero. 
Specified boundary-head distribution 
(data set S). This input is printed in the 
same manner as indicated under 4. 
Specified boundary-head information 
(data set T). For each segment, input in- 
formation (segment number, number of 
nodes in the segment, IBPA, IBPB, 
SDHA, and SDHB) is printed followed 
by a listing of node locations and input 
values of specified heads. This input is 
printed only if NHBZ is greater than 
zero. 
Error message. If IZN >o, CXSO, and 
CY<O occur at the same cell, then the 
following error message is printed: “AT 

14. 

15. 

16. 

17. 
18. 

19. 

20. 

21. 

22. 

23. 

CY =O.” 
Error message. If the error in 13 hap 
pens at one or more cells, then the follow- 
ing message is printed: “PROGRAM 
ABORTED BECAUSE OF CONFLICT 
BETWEEN IZN, CX, AND CY.” Ex- 
ecution then terminates. 
Error message. If an active node is 
isolated from other active nodes, then 
the following message is printed: AC- 
TIVE NODE (&j) CANNOT BE ISO- 
LATED.” Execution then terminates. 
Information on matrix solution pro- 
cedure used to compute heads. Message 
that solution is by LDU factorization is 
followed by the computed minimum re 
quired dimensions of arrays used in the 
solution. 
Initial solution for heads. 
Program branch. If the solution-only 
option is specified, then output skips 
to 35. 
Number of parameters having prior 
information. 
Sensitivity matrix g. This is printed 
only if optional print-out was selected. 

c 

Error message. If any diagonal term of 
the coefficient matrix &%l$+gu-l 
e&s2 of the normal equations is smaller 
than lo-lo, then the following mes- 
sage is printi “SENSITIVITIES FOR 
PARAMETER i EFFECTIVELY 
ZERO.” If this error occurs, the current 
weighted residuals 4 (section 5.5.1) 
are then printed. If the sensitivity print 
and orthogonalization option was 
selected, the sensitivities and ortho- 
gonalized sensitivities are also printed in 
the forms given in 33 and 34. Execution 
then terminates. 
Coefficient matrix &%lS,+gU-l&s2 
+g and the gradient vector &d - V(Y 
-~(Sb))+~~l~~(~-~(P.b)!. This yt- 
put is printed only i the optional prmt- 
out was selected. (Note: If prior informa- 
tion of unknown reliability was used, 
then the matrix and vector will be 
modified to include this information.) 
Error message. If, during solution of the 
normal equations, it becomes evident 

c 



24. 

25. 

D 

26. 

27. 

28. 

29. 

30. 

b 

REGRESSION MODELING OF GROUND-WATER FLOW 99 

that the problem is singular, then the 
following message is printed: “LEAST 
SQUARES COEFFICIENT MATRIX 
SINGULAR; SOLUTION FOR PA- 
RAMETERS NOT UNIQUE.” The 
course of action is then the s,ame as that 
given under 21. 
Iteration number, current sum of 
weighted, squared deviations of com- 
puted from observed heads, determinant 
of the current least squares coefficient 
matrix defined in 22 above, current value 
of cc, current value of p, followed by the 
current parameter vector &+1 defined 
by equation 3.3-19. 
Error message. If a parameter is more 
than one thousand times smaller in 
magnitude than initially specified, then, 
the message “PARAMETER i EFFEC- 
TIVELY ZERO” is printed. If this prob- 
lem occurs, then further iterations are 
aborted, the current solution is taken as 
the final one, and the course of action 
given in 21 is taken. 
Solution converged message and final 
number of iterations. If the solution did 
not converge in the allotted number of 
iterations, then a message to this effect 
is written instead, and output skips to 
32. 
Error message. If the coefficient matrix 
of the normal equations (see 22) is 
singular when p=O, and this status has 
not been detected because +O has been 
computed and used by the program, 
then the message given in 23 is printed. 
In this case the subsequent course of ac- 
tion is the same as in 21. 
Error variance (s2) (section 5.4.1), 
final total sum of squares (sum of 
weighted, squared deviations of com- 
puted from observed heads plus sum of 
weighted, squared deviations of com- 
puted from prior estimates of param- 
eters), and correlation coefficient (.R,) 
(section 5.4.2). 
Final parameter estimates and their 
estimated standard errors (section 
54.3). 
Estimated variance-covariance matrix, 
(sv>1X,+&&‘&s2)-1s2 (section 

5.4.3). The ordering of rows and columns 
matches that for b in 24. 

31. Correlation matrix for parameters, { ~~j} 
={ COV(b,bi)/(Var(bi)‘Var(bj))YZ} (section 
5.4.4). Again, the ordering matches that 
for b. 

32. Computed and observed heads, and 
weighted residuals, 4 (section 5.5.1). 

33. Nodal sensitivities printed parameter by 
parameter. These are printed only if the 
sensitivity print and orthogonalization 
option was selected or if the solution did 
not converge. 

34. Orthogonalized, scaled sensitivities, 9, 
with the sensitivities for the prior infor- 
mation forming the last np rows. These 
are printed only if the sensitivities in 33 
above are printed. This completes the 
output for regression solutions. 

35. New parameters (data set V), all in se 
quential order; the solution number, and 
the solution for heads. These are printed 
for all solutions when the solution-only 
option is invoked. 

Example Problem.-The following example 
problem illustrates use of most of the program 
options. As illustrated in figure 4.3-8, the 
modeled area consists of three aquifer zones 
bounded by three specified boundary-flow zones 
containing three boundary-flow regression 
parameters, a no-flow boundary, and two speci- 
fied boundary-head segments containing 
three boundary-head regression parameters. 
Initial values for the regression parameters 
are: 

Qsl’8 
f&2=0.8 
qB3=l 

pc;; 
hB3=16 
TI =4,000 
T,=‘ioo 

Ts=l,OOO 
w, =0.0001 
w,=o.ooo~ 
w3=-0.0001 
R,=O.OOl 
R,=0.0007 
R,=0.0015. 

Parameter qB1 has prior information with a 
standard deviation of 0.8 on it. Because all 
aquifer properties and boundary flows are con- 
stant within their respective zones, multipliers 
for these parameters may be assigned values of 
unity. Assume that the estimated error variance 
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Figure 4.34 

for use with the prior information ha8 a value 
of unity, t-=1.5, and CO80,=0.08. 

Locations of observed heads are indicated by 
the small open circles on figure 4.3-8. Values 
corresponding to these locations are given in 
table 4.3-2. All observations have a weight Oii 
of unity. 

Table 4.3-2 

Node- Value 

(1,l) 29.51 (10.4) 22.46 
(3,l) 26.38 WA 17.16 
(5,l) 25.16 (14,4) 15.74 
(7,l) 26.81 (16,4) 14.69 
W) 23.82 (1,5) 36.05 

ULl) 23.59 (395) 31.64 
(13,l) 16.68 (5,5) 32.91 
(15,l) 15.31 (795) 25.05 
w.4 28.27 KG) 25.47 
(4.2) 25.17 (11.5) 20.39 

(6,2) 26.94 (13.5) 14.40 
(W 23.59 (15.5) 14.37 
(102) 22.53 633 38.66 
vu) 17.89 (4,6) 34.51 
u4,2) 15.87 (6.6) 27.81 

WV3 15.98 0383) 25.98 
(1,3) 31.25 W-46) 22.16 
(3.3) 27.50 WW 15.73 
(5.3) 26.22 (14,6) 14.79 
(7*3) 25.65 ww 10.48 

(93) 24.35 
(11,3) 22.48 
(13,3) 15.85 
(15,3) 15.71 
(2.4 29.36 

41.28 
34.82 
32.00 
26.97 
25.67 

(4.4) 27.76 
(6.4) 25.51 
@A 24.43 

(1,7) 
(3,7) 
(597) 
(797) 
(9,7) 

(11,7) 
(1397) 
(15.7) 

18.12 
18.40 
11.90 

Node Value 

Heads H on the distal side of the aquitard are 
computed by first assigning constant values to 
all cells in an aquifer property zone, then com- 
puting nodal values as the average of all adja- 
cent cell values, Cell values are 25 for zone 1, 
35 for zone 2, and 15 for zone 3. 

Input data for the example problem are coded 
on figure 4.3-9 and are contained in file EX- 
PROB.DAT in the diskette accompanying this 
report. These data should be compared with the 
data input instructions given above. 

Output is given in figure 4.3-10. Sta- 
tistical measures listed are described in sec- 
tion 5. 
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EXAMPLE PROBLEM FOR DATA INPUT 

3 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
1 
4 
4 
5 
5 
1 
Y 
0 
I 
0 
1 
0 
1 
I. 
4 
1. 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 

56 9 15 0 3 2 20 1 1 0 
.08 0 0 1 

1 1000 

1 1000 

6 1 

6 1 

6 1 

3 25 
7 25 
4 30 
4 27.5 
7 30 
7 35 
7 20 
7 15 

6 

7 

1 

10 

1 
1 
2 
3 
0 0 

2000 0 
4000 0 
6000 0 
8000 0 

10000 0 
12000 0 
14000 0 

1000 1000 
3000 1000 
5000 1000 
7000 1000 
9000 1000 

11000 1000 
13000 1000 
15000 1000 

0 2000 
2000 2000 
4000 2000 
6000 2000 

29.51 1 
26.38 1 
25.16 1 
26.81 1 
23.82 1 
23.59 1 
16.68 1 
15.31 1 
28.27 1 
25.17 1 
26.94 1 
23.59 1 
22.53 1 
17.89 1 
15.87 1 
15.98 1 
31.25 1 
27.50 1 
26.22 1 
25.65 1 
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Figure 4.3-9 
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21 9 
22 11 
23 13 
24 15 
25 2 
26 4 
27 6 
28 8 
29 10 
30 12 
31 14 
32 15 
33 1 
34 3 
35 5 
36 7 
37 9 
38 11 
39 13 
40 15 
41 2 
42 4 
43 6 
44 8 
45 10 
46 12 
47 14 
48 15 
49 1 
50 3 
51 5 
52 7 
53 9 
54 11 
55 13 
56 15 

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

3 8000 2000 24.35 
3 10000 2000 22.48 
3 12000 2000 15.85 
3 14000 2000 15.71 
4 1000 3000 29.36 
4 3000 3000 27.76 
4 5000 3000 25.51 
4 7000 3000 24.43 
4 9000 3000 22.46 
4 11000 3000 17.16 
4 13000 3000 15.74 
4 15000 3000 14.69 
5 0 4000 36.05 
5 2000 4000 31.64 
5 4000 4000 32.91 
5 6000 4000 25.05 
5 8000 4000 25.47 
5 10000 4000 20.39 
5 12000 4000 14.40 
5 14000 4000 14.37 
6 1000 5000 38.66 
6 3000 5000 34.51 
6 5000 5000 27.81 
6 7000 5000 25.98 
6 9000 5000 22.16 
6 11000 5000 15.73 
6 13000 5000 14.79 
6 15000 5000 10.48 
6 0 6000 41.28 
6 2000 6000 34.82 
6 4000 6000 32.00 
6 6000 6000 26.97 
6 8000 6000 25.67 

6" 
10000 6000 18.12 
12000 6000 18.40 

6 14000 6000 11.90 
1 4 7 
2 5 8 
3 6 9 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4000 .OOl .OOOl 
400 .0007 .0005 

1000 .0015 -.OOOl 
4 10 8 .8 
7 11 .8 0 

1 4000 
2 400 
3 1000 
1 1 1 
1 4 1 
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Figure 4.3~q-continued 
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1 

Figure 4.3-9-Continued 
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C FINITE DIFFERENCE PROGRAM FOR NONLINEAR REGRESSION SOLUTION 
C OF TWO-DIMENSIONAL, STEADY-STATE, GROUND-WATER FLOW PROBLEMS 
C BY R. L. COOLEY, USGS, DENVER, COLO. 

IMPLICIT DOUBLE PRECISION (A-H,O-Z) 
DIMENSION TITLE(20),DX(30),DY(3O),CX(5OC),CY(5OO),VL(5OO) 

1,QR(500),WELL(500),HR(500),HC(500),HC1(70),BK(70),BL(70) 
2,BM(70),BN(70),H0(70),W(70),P~(4),QBF(50),P~(50),P~(50) 
3,C~(50),C~L(50),C~T(50),CYHB(50),AU(5,25O),AL(20,250) 
4,v(500),X(20,7a),s(20,90),XV(500),xs(4),P(20),wP(20) 
5,A(20,20),B(50) 
DIMENSION JPOS(30),IZN(500),IBZN(50),IPRM(4,2O),IBNA(5O) 

l,IBNB(5O),IBPA(lO),IBPB(lO),IBHN(50),IHSN(lOO),KOBS(7O) 
2,LN(4),NCBA(20),NCE(20),NCBF(20),NCEF(2O),NCBH(20) 
3,NCEH(20),ILOC(:500),JLOC(5OO),IN(5OO),IC(5,25O) 

COMMON/INT/NIJ,NEQ,ICR,ICRl,IBl,~l,ID,JD,IM,JM,NOBS,NQSD,NBH 
l,NVAR,NVX2,KOUNT,INDT,IPO 
COMMON/LOC/ILOC,JLOC 
COMMON/TNME/IIN,IOUT 
COMMoN/FLT/CX,CY,VL,QR,WELL,HR,HC,BK,BL,BM,BN,HO,W 
COMMON/SOLV/AU,AL 
COMMON/REG/DMX,ADMX,AP,CSA,AMP,RP,BP,YSQ 
EQUIVALENCE (TITLE(l),A(l,l),S(l,l),AU(l,l)),(HC(l),XV(l)) 

1,(CX(1>,HCI(1)),(I~oc(1),Ico) 
OPEN (5,FILE-'INVFD.DAT',STATUS-'OLD',ACCESS-'SEQUENTIAL' 

l,FORM='FORMATTED') 
OPEN (6,FILE-'INVFD.OUT',STATUS='NEW',ACCESS-TIAL' 

l,FORM='FORMATTED') 
OPEN (7,STATUS='NEW',ACCESS-'SEQUENTIAL',FORMTTED') 

C**DEFINE INPUT FILE, OUTPUT FILE, SCRATCH FILE, AND ARRAY DIMENSIONS 
IIN- 
IOUT= 
ITA= 
NVD-20 
NAD-20 

C**READ THREE TITLE LINES 
WRITE(IOUT,804) 
DO 5 I-1,3 
READ(IIN,801) (TITLE(J),J-1,20) SET A 

5 WRITE(IOUT,803) (TITLE(J),J-1,20) 
C**READ JOB SPECIFICATION DATA 

READ(IIN,800) ID,JD,NZNS,NOBS,NPAR,NVAR,NWELS,NQBZ,NHBZ,NUM,IPRX 
1,IPo,Iso SET B 
WRITE(IOUT,802) ID,JD,NZNS,NOBS,NPAR,NVAR,NwELS,NQBZ,NHBZ,NUM 

1,IPRX,IPo,Iso 
READ(IIN,820) DMX,CSA,RP,BP,EV SET C 
WRITE(IOUT,806) DMX,CSA,RP,BP,EV 

C**READ INITIAL ARRAY DATA 
IM-=ID-1 
JMJD-1 
CALL ARRAY(DX,IM,l,O) SET D 
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Program Listing-Continued 

CALL ARRAY(DY,JM,l,O) SET E 
CALL ARRAY(CX,IM,JM,O) SET F 
CALL ARRAY(CY,IM,JM,O) SET G 
CALL AREbiY(VL,IM,JM,O) SET H 
CALL ARRAY(HR,ID,JD,O) SET I 
CALL ARRAY(QR,IM,JM,O) SET J 
CALL ARRAY(HC,ID,JD,O) SET K 

C**READ GRID ZONATION 
CALL ARRAYI(IZN,IM,JM,O) SET L 

C**READ OBSERVED HEAD DATA 
IF(NOBS.LT.l) GO TO 15 
CALL HOBS(DX,DY,V(l),V(ID+l),BK,BL,BM,BN,HO,W,KOBS) SET M 

C**INITIALIZE PARAMETER NUMBERS AND STANDARD DEVIATIONS TO ZERO 
15 DO 25 I-l,NZNS 

DO 20 K-1,4 
20 IPRM(K,I)=O 
25 CONTINUE 

DO 27 I-1,NVAR 
27 UP(I)-0. 

C**READ AQUIFER PARAMETER NUMBERS 
IF(NPAR.LT.1) GO TO 35 
WRITE(IOUT,816) 
DO 30 J-l,NZNS 
READ(IIN,800) I,(IPRM(K,I),K-1,4) SET N 
WRITE(IOUT,818) I,(IPRM(K,I),K-=1,4) 

30 CONTINUE 
C**READ AQUIFER PARAMETER STANDARD DEVIATIONS c 

WRITE(IOUT,822) 
DO 32 J-1,NPAR 
READ(IIN,812) K,WP(K) SET 0 

32 WRITE(IOUT,823) K,WP(K) 
C**READ INITIAL AQUIFER PARAMETERS BY ZONE, AND LOAD THEM INTO THE 
C PARAMETER VECTOR 

35 WRITE(IOUT,810) 
M=NVAR 
DO 45 J=l,NZNS 
READ(IIN,812) I,PAR(l),PAR(2),PAR(3),PAR(4) SET P 
WRITE(IOUT,814) I,PAR(l),PAR(2),PAR(3),PAR(4) 
DO 40 K-1,4 
L==IPRM(K,I) 
IF(L.GT.0) GO TO 40 
M-M+1 
kM 
IPRM(K,I)-L 

40 B(L)-PAR(K) 
45 CONTINUE 

C**DEFINE JPOS ARRAY SUCH THAT COLUMH+JPOS(ROW)-NODE NUMBER 
JFOS(l)-0 
DO 50 J-2,JD 

50 JPOS(J)=JPOS(J-l)+ID 
C**READ POINT FLOW DATA 

NIJ-ID*JD 
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Program Us ting-Continued 

DO 55 N-1,NIJ 
55 WELL(N)=O. 

IF(NWELS.LT.1) GO TO 61 
WRITE(IOUT,824) 
DO 60 K-1,NWELS 
READ(IIN,826) I,J,TMP 
WRITE(IOUT,828) I,J,TMP 
bI+JPOS(J) 

60 WELL(L)-TMP 
C**READ AND FORM ARRAYS FOR SPECIFIED POINT OR LINE FLOWS 

61 NQSD-0 
IF(NQBZ.LT.1) GO TO 85 
WRITE(IOUT,830) 
N-O 
DO 80 J-l,NQBZ 
READ(IIN,832) IA,JA,IB,JB,IP,QB,SDQB,QBM 
WRITE(IOUT,831) IA,JA,IB,JB,IP,QB,SDQB,QBM 
M-1 
K-IA-1 
IF(JA.EQ.JB) GO TO 62 
M-ID 
K-JA-1 

62 MA=IA+JPOS(JA) 
MB-IB+JPOS(JB)-M 
IF(MB.GE.MA) GO TO 64 
IF(IP.LT.l) GO TO 63 
N-N+1 
IBNA(N)=MA 
IBNB(N)==MA 
QBF(N)-.5*QBM 
IBZN(N)-IP 
GO TO 68 

63 WELL(MA)=QB*QBM 
GO TO 80 

64 QBM=.5*QBM 
IF(IP.LT.l) GO TO 70 
DO 66 L=MA,MB,M 
N-N+1 
IBNA(N)-L 
IBNB(N)-L+M 
K-K+1 
TEMP-DX(K) 
IF(M.EQ.ID) TEMP-DY(K) 
QBF(N)==QBM*TEMP 

66 IBZN(N)-IP 
68 B(IP)=QB 

WP(IP)=SDQB 
GO TO 80 

70 TMP==QB*QBM 
DO 75 L-MA,MB,M 
K-K+1 
TEMP-DX(K) 

135 
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Program Listing-Continued 

IF(M.EQ.ID) TEMP=DY(K) 
TEMP-TMP*TEMP 
WELL(L)=WELL(L)+TEMP 

75 WELL(L+M)-WELL(L+M)+TEMP 
80 CONTINUE 

NQSD-N 
C**READ SPECIFIED BOUNDARY HEAD POSITIONS AS -1'S 

85 CALL ARRAYI(IN,ID,JD,O) 
C**READ DATA AND FORM ARRAYS FOR SPECIFIED HEADS AND PARAMETERS 

IF(NHBZ.LT.l) GO TO 110 
WRITE(IOUT,833) 
NBH-0 
DO 108 KK=l,NHBZ 
READ(IIN,834) IZ,NN,M,N,SDHA,SDHB 
WRITE(IOUT,836) IZ,NN,M,N,SDHA,SDHB 
DO 95 J-1,NN 
READ(IIN,826) ILOC(J),JLOC(J),V(J) 

95 WRITE(IOUT,840) ILOC(J),JLOC(J),V(J) 
IBPA(IZ)=M 
IBPB(IZ)-N 
IF(M.LT.l) GO TO 97 
BOO-V(l) 
WP(M)-SDHA 

97 IF(N.LT.l) GO TO 98 
B(N)-V(NN) 
WP(N)=SDHB 

98 JJLOC(1) 
K-ILOC(l)+JPOS(J) 
M==M+N 
NBHS-NBH 
IF(IN(K).LT.-1) GO TO 100 
NBH-NBH+l 
IF(M.GT.0) IN(K)--NBH-1 
IBZN(NBH+NQSD)-IZ 
IBHN(NBH)==K 
PLA(NBH)-1. 
PLB(NBH)-0. 

100 IF(NN.LT.2) GO TO 107 
DIST-0. 
DO 102 KNT-2,NN 
J==JLOC(KNT) 
L=ILOC(KNT)+JPOS(J) 
NBH=NBH+l 
IF(M.GT.0) IN(L)--NBH-1 
IBZN(NBH+NQSD)=IZ 
IBHN(NBH)-L 
JMl-JLOC(KNT-1) 
IF(J.EQ.JMl) GO TO 101 
J=MINO(J,JMl) 
DIST-DIST+DY(J) 
GO TO 102 

101 I=MINO(ILOC(KNT),ILOC(KNT-1)) 

SET S 

SET T 

SET T 
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DIST-DIST+DX(I) 
102 PLB(NBH)-DIST 

N=NBH-NN+l 
DO 106 KNT-2,NN 
J=JLOC(KNT) 
L=ILOC(KNT)+JPOS(J) 
N-N+1 
TMPA-PLB(N)/DIST 
TMPB-l.-TMPA 
TMPC-TMPA*V(NN)+TMPB*V(l) 
IF(DABS(V(KNT)).LE.O.) GO TO 104 
TMP=V(KNT)/TMPC 
TMPA=TMPA*TMP 
TMPB=TMPB*TMP 
TMPC=V(KNT) 

104 PLA(N)=TMPB 
PLB(N)=TMPA 

106 HC(L)-TMPC 
107 IF(M.LT.l) NBH-NBHS 
108 HC(K)-V(1) 

C**COMPARE CX AND CY WITH IZN FOR CONFLICT 
110 IER=O 

N-O 
DO 115 J=l,JM 
DO 115 I=l,IM 
N-N+1 
IF(IZN(N).LT.l) GO TO 115 
IF(CX(N).GT.O..OR.CY(N).GT.O.) GO TO 115 
IER-1 
WRITE(IOUT,842) 1,J 

115 CONTINUE 
IF(IER.LT.l) GO TO 120 
WRITE(IOUT,844) 
STOP 

C**TRANSFER DOMAIN GEOMETRY TO IN(M) AND COMPUTE CELL FLOW-COEFFICIENTS 
120 N=O 

DO 122 J-l,JM 
DYN-.5*DY(J) 
DO 122 I-l,IM 
N-N+1 
IF(IZN(N).LT.l) GO TO 122 
M=N+J 
IF(IN(M).GT.-1) IN(M)=1 
IF(IN(M-l).GT.-1) IN(M-l)=l 
IF(IN(M+ID-l).GT.-1) IN(M+ID-l)=l 
IF(IN(M+ID).GT.-1) IN(M+ID)=l 
CX(N)-CX(N)*DYN/DX(I) 
DXN=.5*DX(I) 
CY(N)=CY(N)*DXN/DY(J) 
AREA-DXN*DYN 
VL(N)-VL(N)*AREA 
QR(N>-QRW*~JU 

137 
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Program Listing-Continued 

122 CONTINUE 
C**SET UP D4 ORDERING 

CALL ORDER(JPOS,IN,IC) 
C**COMPUTE INITIAL SOLUTION 

CALL COEF(WELL,HR,HC,CX,CY,VL,QR,CxHR,CxHL,Cy,AL 
1,V,IZN,IBZN,IPRM,IBNA,IBNB,IN,IC,NAD) 
CALL D4SOLV(HC,AU,AL,V,IN,IC,NAD) 
WRITE(IOUT,846) 
CALL ARRAY(HC,ID,JD,l) 
IF(ISO.EQ.l) GO TO 640 

C**COMPUTE AND COUNT PRIOR INFORMATION DATA 
NPRIR-0 
DO 137 I=l,NVAR 
P(I)-B(I) 
IF(WP(I).LE.O.) GO TO 137 
WP(I)-EV/(WP(I)*WP(I)) 
NPRIR=NPRIR+l 

137 CONTINUE 
WRITE(IOUT,848) NPRIR 

C**INITIALIZE BEGINNING AND END POINT ARRAYS 
DO 148 I=l,NVAR 
NCBA(I)=O 
NCEA(I)-0 
NCBF(I)=O 
NCEF(I)=O 
NCBH(I)-0 

148 NCEH(I)-0 
C**DEFINE BEGINNING AND END POINT ARRAYS FOR AQUIFER PARAMETERS 

IF(NPAR.LT.l) GO TO 154 
N-O 
DO 152 J-l,JM 
DO 152 I-l,IM 
N-N+1 
GIZN(N) 
IF(L.LT.l) GO TO 152 
DO 150 M-1,4 
K-IPRM(M,L) 
IF(K.GT.NVAR) GO TO 150 
NCEA(K)-N 
IF(NCBA(K).LT.l) NCBA(K)=N 

150 CONTINUE 
152 CONTINUE 

C**ORDER IBZN AND CORRESPONDING ARRAYS FOR LINE FLOW PARAMETERS 
C FROM SMALLEST TO LARGEST 

154 IF(NQSD.LT.l) GO TO 162 
DO 158 I=l,NQSD 
DO 156 J=I,NQSD 
IF(IBZN(J).GE.IBZN(I)) GO TO 156 
ITMP=IBZN(I) 
IBZN(I)-IBZN(J) 
IBZN(J)=ITMP 
ITMP-IBNA(1) 

c 
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IBNA(I)-IBNA(J) 
IBNA(J)-ITMP 
ITMP=IBNB(I) 
IBNB(I)-IBNB(J) 
IBNB(J)-ITMP 
TMP=QBF(I) 
QWIb=QBF(J) 
QBF(J)-TMP 

156 CONTINUE 
158 CONTINUE 

C**DEFINE BEGINNING AND END POINT ARRAYS FOR LINE FLOW PARAMETERS 
DO 160 I-l,NQSD 
K-IBZN(1) 
NCEF(K)-I 
IF(NCBF(K).LT.l) NCBF(K)-I 

160 CONTINUE 
C**DEFINE SEQUENCE NUMBERS, AND BEGINNING AND END POINT ARRAYS 
C FOR SPECIFIED HEAD PARAMETERS 

162 IF(NBH.LT.1) GO TO 174 
DO 164 I=l,NBH 
J-IBZN(I+NQSD) 
K=IBPA(J) 
IF(K.EQ.0) GO TO 163 
NCEH(K)-I 
IF(NCBH(K).LT.l) NCBH(K)-I 

163 K-IBPB(J) 
IF(K.EQ.0) GO TO 164 
NCEH(K)-I 
IF(NCBH(K).LT.l) NCBH(K)-I 

164 CONTINUE 
k0 
DO 172 K-1,NVAR 
IF(NCBH(K).LT.l) GO TO 172 
JB=NCBH(K) 
JE-NCEH(K) 
NCBH(K)-L+l 
DO 170 J=JB,JE 
I=IBZN(J+NQSD) 
IF(IBPA(I).EQ.K.OR.IBPB(I).EQ.K) GO TO 168 
GO TO 170 , 

168 L-L+1 
IHSN(L)=J 

170 CONTINUE 
NCEH(K)=L 

172 CONTINUE 
C**BEGIN ITERATIONS 

174 INDT-0 
ER-.Ol 
ERP-.OOl 
AMP-O. 
Nvx2=NvAR+NvAR 
KOUNT-0 
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176 KOUNT-KOUNT+l 
REWIND ITA 

C**SOLVE FOR SENSITIVITIES: 
DO 260 N-1,NVAR 
DO 178 I-1,NEQ 

178 V(I)-0. 
IF(NCBA(N).LT.l) GO TO 208 

C**ASSEMBLE R.H.S. FOR AQUIFER PARAMETERS 
LB-NCBA(N) 
LE-NCEA(N) 
DO 200 L=LB,LE 
J-IZN(L) 
IF(J.LT.l) GO TO 200 
NA==L+(L-l)/IM 
NB-NA+l 
NC-NB+ID 
ND=NA+ID 
INA-IN(NA) 
INB-IN(NB) 
INC-IN(NC) 
IND-IN(ND) 
IF(IPRM(l,J).NE.N) GO TO 180 
IF(INA.GT.0) V(INA)=V(INA)+CX(L)*(HC(NB)-HC(NA)) 
IF(INB.GT.0) V(INB)=V(INB)+CX(L)*(HC(NA)-HC(NB)) 
IF(INC.GT.0) V(INC)-V(INC)+CX(L)*(HC(ND)-HC(NC)) 
IF(IND.GT.0) V(IND)-V(IND)+CX(L)*(HC(NC)-HC(ND)) 

180 IF(IPRM(2,J).NE.N) GO TO 185 
IF(INA.GT.0) V(INA)=V(INA)+CY(L)*(HC(ND)-HC(NA)) 
IF(INB.GT.0) V(INB)-V(INB)+CY(L>*(HC(NC)-HC(NB)) 
IF(INC.GT.0) V(INC)-V(INC)+CY(L)*(HC(NB)-HC(NC)) 
IF(IND.GT.0) V(IND)-V(IND)+CY(L)*(HC(NA)-HC(ND)) 

185 IF(IPRM(3,J).NE.N) GO TO 190 
IF(INA.GT.0) V(INA)-V(INA)+VL(L)*(HR(NA)-HC(NA)) 
IF(INB.GT.0) V(INB)=V(INB)+VL(L)*(HR(NB)-HC(NB)) 
IF(INC.GT.0) V(INC)-V(INC)+VL(L)*(HR(NC)-HC(NC)) 
IF(IND.GT.0) V(IND)-V(IND)+VL(L)*(HR(ND)-HC(ND)) 

190 IF(IPRM(4,J).NE.N) GO TO 200 
IF(INA.GT.0) V(INA)-=V(INA)+QR(L) 
IF(INB.GT.0) V(INB)=V(INB)+QR(L) 
IF(INC.GT.0) V(INC)=V(,INC)+QR(L) 
IF(IND.GT.0) V(IND)-V(IND)+QR(L) 

200 CONTINUE 
C**ASSEMBLE R.H.S. FOR SPECIFIED LINE FLOW PARAMETERS 

208 IF(NCBF(N).LT.l) GO TO 212 
LB-NCBF(N) 
LE==NCEF(N) 
DO 210 L==LB,LE 
I-IBNA(L) 
J-IN(I) 
IF(J.GT.O) V(J)-V(J)+QBF(L) 
I-IBNB(L) 
J-IN(I) 

c 

c 
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IF(J.GT.0) V(J)-V(J)+QBF(L) 
210 CONTINUE 

C**ASSEMBLE R.H.S. FOR SPECIFIED HEAD PARAMETERS 
212 IF(NCBH(N).LT.l) GO TO 216 

LB-NCBH(N) 
LE=NCEH(N) 
DO 214 L-LB,LE 
K-IHSN(L) 
I-IBZN(K+NQSD) 
TMP-0. 
IF(IBPA(I).EQ.N) TMP-PLA(K) 
IF(IBPB(I).EQ.N) TMP-TMP+PLB(K) 
I=IBHN(K)+l 
IF(I.LE.NIJ) J-IN(I) 
IF(J.GT.0) V(J)==V(J)+CXHR(K)*TMP 
I-IBHN(K)-1 
IF(I.GT.0) J-IN(I) 
IF(J.GT.0) V(J)-V(J)+CXHL(K)*TMP 
I-IBHN(K)+ID 
IF(I.LE.NIJ) J-IN(I) 
IF(J.GT.0) V(J)-V(J)+CYHT(K)*TMP 
I-IBHN(K)-ID 
IF(I.GT.0) J-IN(I) 
IF(J.GT.0) V(J)-V(J)+CYHB(K)*TMP 

214 CONTINUE 
C**MODIFY R.H.S.--UPPER HALF 

216 DO 220 J-1,ICRl 
II-IC(l,J) 
DO 218 I-2,11 
LR==IC(I,J) 
V(LR)=V(LR)-AU(I,J)*V(J) 

218 CONTINUE 
220 V(J)=V(J)/AU(l,J) 

C**MODIFY R.H.S.--LOWER HALF 
JJ-NEQ-ICR 
DO 224 J-l,JJ 
JR==J+ICRl 
LR=JR 
DO 222 I-2,IBl 
LR=LR+l 
IF(AL(I,J).NE.O.) V(LR)=V(LR)-AL(I,J)*V(JR) 

222 CONTINUE 
224 V(JR)-V(JR)/AL(l,J) 

C**BACK SOLVE--LOWER HALF 
V(NEQ)-V(NEQ)/AL(l,NEQ-ICRl) 
DO 230 J-1,JJ 
KK-NEQ-J 
KL-KK-ICRl 
L==KK 
DO 226 I-2,IBl 
L-L+1 
IF(AL(I,KL).NE.O.) V(KK)-=V(KK)-AL(I,KL)*V(L) 
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226 CONTINUE 
230 CONTINUE 

C**BACK SOLVE--UPPER HALF 
DO 250 J-1,ICRl 
KK=ICR-J 
II-IC(1,KK) 
DO 240 I-2,11 
L=IC(I,KK) 
V(KK)==V(KK)-AU(I,KK)*V(L) 

240 CONTINUE 
250 CONTINUE 

WRITE(ITA) (V(I),I=l,NEQ) 
C**COMPUTE SENSITIVITIES AT OBSERVATION POINTS 

DO 255 I=l,NOBS 
K=KOBS(I) 
LN(l)-IN(K) 
LN(2)=IN(K+l) 
LN(3)-IN(K+ID) 
LN(4)-IN(K+ID+l) 
DO 253 J-1,4 
L.=-m(J) 
IF(L.GT.0) GO TO 252 
XS(J)-0. 
IF(L.GT.-2) GO TO 253 
L-=-L-l 
IZ=IBZN(L+NQSD) 
TMP-0. 
IF(IBPA(IZ).EQ.N) TMP=PLA(L) 
IF(IBPB(IZ).EQ.N) TMP=TMP+PLB(L) 
XS(J)-TMP 
GO TO 253 

252 XS(J)-V(L) 
253 CONTINUE 
255 X(N,I)-BK(I)*XS(l)+BL(I)*XS(2)+BM(I)*XS(3)+BN(I)*XS(4) 
260 CONTINUE 

IF(IPO.NE.l) GO TO 270 
WRITE(IOUT,850) 
DO 265 N=l,NOBS 
WRITE(IOUT,852) N,(X(K,N),K==l,NVAR) 

265 CONTINUE 
C**CALL LEAST SQUARES 

270 CALL LSTSQ(HC,BK,BL,BM,BN,HO,W,P,WP,X,A,B,V,KOBS,IN,~D) 
IF(INDT.GT.0) GO TO 515 

C**COMPUTE NEW SPECIFIED HEADS 
IF(NBH.LT.l) GO TO 310 
DO 300 N-1,NBH 
M=IBZN(N+NQSD) 
K=IBPA(M) 
TMPA-0. 
IF(K.GT.0) TMPA=PLA(N)*V(K) 
bIBPB(M) 
TMPB-0. 

c 

c 
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IF(L.GT.0) TMPB-PLB(N)*V(L) 
J=IBHN(N) 
HC(J)=HC(J)+TMPA+TMPB 

300 CONTINUE 
C**CHECK FOR CONVERGENCE 

310 IF(ADMX.LT.ER) GO TO 350 
C**CHECK FOR PARAMETERS GOING TO ZERO 

IND=O 
DO 335 I=l,NVAR 
IF(DABS(B(I)).GT.DABS(ERP*P(I))) GO TO 335 
WRITE(IOUT,858) I 
IND=l 

335 CONTINUE 
IF(IND.GT.0) GO TO 515 
IF(KOUNT.EQ.NUM) GO TO 340 

C**COMPUTE NEW HEADS AT GRID POINTS 
CALL COEF(WELL,HR,HC,CX,CY,VL,QR,CXHR,CXHL,CY,AL 

1,V,IZN,IBZN,IPRM,IBNA,IBNB,IN,IC,NAD) 
CALL D4SOLV(HC,AU,AL,V,IN,IC,NAD) 
GO TO 176 

340 WRITE(IOUT,860) NUM 
GO TO 515 

350 WRITE(IOUT,862) KOUNT 
C**COMPUTE FINAL ESTIMATES OF HEAD 

REWIND ITA 
DO 366 K=l,NVAR 
READ(ITA) (CX(I),I=l,NEQ) 
DO 364 J=l,NIJ 
L-IN(J) 
IF(L.GT.0) HC(J)=HC(J)+CX(L)*V(K) 

364 CONTINUE 
366 CONTINUE 

C**CORRECT A FOR MARQUARDT PARAMETER 
IF(NVAR.EQ.l) GO TO 420 
IF(AMP.LE.0.) GO TO 385 
DO 380 I=l,NVAR 
A(I,I)=l.+RP 
DO 375 J=I,NVAR 

375 A(J,I)=A(I,J) 
380 CONTINUE 

AMP=-1. 
CALL LSTSQ(HC,BK,BL,BM,BN,HO,W,P,WP,X,A,B,V,KOBS,IN,~D) 
IF(INDT.GT.0) GO TO 515 

C**COMPUTE A-INVERSE 
385 A(NVAR,NVAR)-l./A(NVAR,NVAR) 

NMl-NVAR-1 
DO 410 K=l,NMl 
KPl-K+l 
DO 395 I=KPl,NVAR 
SUM=O. 
IMl-I-1 
DO 390 J=K,IMl 
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390 SUM-SUM+A(I,J)*A(J,K) 
A(K,I)--SUM 

395 A(I,K)=-SUM*A(I,I) 
DO 405 I-l,K 
SUM-A(K,I) 
DO 400 J=KPl,NVAR 

400 SUM=SUM+A(J,K)*A(I,J) 
A(K,I)=SUM 

405 A(I,K)=A(K,I) 
410 CONTINUE 

DO 415 J-l,NVAR 
415 A(J,NVAR)-A(NVAR,J) 

GO TO 425 
420 A(l,l)-l./(l.+RP) 

C**COMPUTE TR((A-INVERSE)**2) AND A-INVERSE - RP*(A-INVERSE)**2 
425 TRACE=O. 

IF(RP.LE.O.) GO TO 448 
DO 445 N-1,NVAR 
DO 430 J-1,NVAR 

430 V(J)==A(J,N) 
SUMA-0. 
DO 440 J=N,NVAR 
SUM=0 . 
DO 435 I-1,NVAR 

435 SUM=SUM+V(I)*A(I,J) 
V(J+NVAR)-SUM 

440 A(J,N)=A(J,N)-RP*SUM 
445 TRACE-TRACE+V(N+NVAR) 

C**COMPUTE SUM OF SQUARED ERRORS 
448 YSQ-0. 

DO 450 N-1,NOBS 
K=KOBS(N) 
HCI(N)-BK(N)*HC(K)+BL(N)*HC(K+1)+BM(N)*HC(K+ID)+BN(N)*HC(K+ID+l) 

450 YSQ-YSQ+(HO(N)-HCI(N))*W(N)*(HO(N)-HCI(N)) 
DO 455 I-1,NVAR 

455 YSQ-YSQ+(P(I)-B(I))*WP(I)*(P(I)-B(1)) 
C**COMPUTE ERROR VARIANCE 

TEMP-NPRIR-NVAR 
OBS-NOBS 
VAR=YSQ/(OBS+TEMP+RP*RP*TRACE) 

C**COMPUTE CORRELATION COEFFICIENT 
SUM&-O. 
SUMB=O. 
SUMC-0 . 
SUMD-0. 
SUM-O. 
DO 460 N-l,NOBS 
TMP=W(N)**.S 
W(N)=TMP 
TEMP=TMP*HO(N) 
TMP-TMP*HCI(N) 
SUMA=SUMA+TEMP 

c 

c 
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SUMB-SUMB+TMP 
SUMC-SUMC+TEMP*TEMP 
SUMD-SUMD+TMP*TMP 
SUM=SUM+TEMP*TMP 

460 CONTINUE 
R-(OBS*SvM-SvMA*SvMB)/((OBS*SUMC-S~*SU~)*(OBS*SU~D-SUMB~SUMB)) 

1**.5 
C**PRINT ERROR VARIANCE, ESTIMATED SUM OF SQUARED ERRORS, AND 
C CORRELATION COEFFICIENT 

WRITE(IOUT,864) VAR,YSQ,R 
C**COMPUTE VARIANCE-COVARIANCE MATRIX 

DO 463 J-1,NVAR 
TEMP-V(J+NVXP) 
DO 462 I==J,NVAR 
A(I,J)-VAR*A(I,J)/(V(I+NVX2)*TEMP) 

462 A(J,I)=A(I,J) 
463 V(J)-A(J,J)**.5 

C**PRINT PARAMETERS AND STANDARD ERRORS 
WRITE(IOUT,870) 
DO 480 J=l,NVAR 

480 WRITE(IOUT,856) J,B(J),V(J) 
C**PRINT VARIANCE-COVARIANCE MATRIX 

490 WRITE(IOUT,874) 
CALL PRTOT(A,NVAR,NVD,O) 

C+*COMPUTE AND PRINT CORRELATION MATRIX 
DO 510 J-l,NVAR 
TEMP=V(J) 
DO 500 I-J,NVAR 
A(I,J)-A(I,J)/(V(I)*TEMP) 

500 A(J,I)-A(I,J) 
510 CONTINUE 

WRITE(IOUT,876) 
CALL PRTOT(A,NVAR,NVD,O) 

C**PRINT COMPUTED AND OBSERVED HEADS, AND COMPUTE AND PRINT RESIDUALS 
GO TO 518 

515 DO 516 N-1,NOBS 
K-KOBS(N) 
HCI(N)-BK(N)*HC(K)+BL(N)*HC(K+l)+BM(N)*HC(K+ID)+BN(N)*HC(K+ID+l) 

516 W(N)-W(N)**.5 
518 WRITE(IOUT,878) 

DO 520 N-1,NOBS 
RES-W(N)*(HCI(N)-HO(N)) 
WRITE(IOUT,880) N,HCI(N),HO(N),RES 

520 CONTINUE 
C**PRINT HYDRAULIC HEADS FOR EACH NODE 

WRITE(IOUT,881) 
CALL ARRAY(HC,ID,JD,l) 

C**PRINT SENSITIVITIES FOR EACH NODE 
IF(IPRX.LT.l.AND.KOUNT.LT.NUM) STOP 
WRITE(IOUT,882) 
REWIND ITA 
DO 530 KK==l.NVAR 
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READ(ITA) (CX(I),I-1,NEQ) 
WRITE(IOUT,884) KK 
DO 525 N-1,NIJ 
L-IN(N) 
IF(L.GT.0) GO TO 523 
XV(N)-0. 
IF(L.GT.-2) GO TO 525 
k-L-1 
IZ-IBZN(L+NQSD) 
TMP-0. 
IF(IBPA(IZ).EQ.KK) TMP=PLA(L) 
IF(IBPB(IZ).EQ.KK) TMP-TMP+PLB(L) 
XV(N)-TMP 
GO TO 525 

523 XV(N)-CX(L) 
525 CONTINUE 
530 CALL ARRAY(XV,ID,JD,l) 

IF(NVAR.LT.2) STOP 
C**SCALE AND ORTHOGONALIZE COLUMNS OF SENSITIVITY MATRIX, X: 
C**SCALE X AND AUGMENT X TO INCLUDE PRIOR 

DO 535 N=l,NOBS 
DO 535 K=l,NVAR 

535 S(K,N)=X(K,N)*W(N)/V(K+NVX2) 
IF(NPRIR.LT.1) GO TO 539 
N==NOBS 
DO 538 I=l,NVAR 
IF(WP(I).LT.l.E-10) GO TO 538 
N-N+1 
DO 537 J-1,NVAEt 

537 S(J,N)-0. 
S(I,N)=WP(I)**.5/V(I+NVX2) 

538 CONTINUE 
C**ORTHOGONALIZE S 

539 NTMP=NOBS+NPRIR 
DO 540 I-1,NTMP 

540 CY(I)=S(l,I) 
DO 600 N-2,NVAR 
NMl-N- 1 
SUM-O. 
DO 550 I-1,NTMP 
sUMdJM+cY(I)*cY(I) 
S(NMl,I)-CY(1) 

550 CONTINUE 
IF(SUM.LT.l.E-20) GO TO 610 
V(NMl)-l./SUM 
DO 570 J-1,NMl 
SUM-O. 
DO 560 K-l,NTMP 

560 SUM=SUM+V(J)*S(J,K)*S(N,K) 
570 CX(J)-SUM 

DO 590 K==l,NTMP 
SUM=0 . 

c 

c 



REGRESSIONMODELINGOFGROUND-WATERFLOW 147 

Program Listing-Continued 

DO 580 I-1,NMl 
580 SUM=SUM+S(I,K)*CX(I) 
590 CY(K)=S(N,K)-SUM 
600 CONTINUE 

C**PRINT ORTHOGONALIZED S 
610 WRITE(IOUT,886) 

K-l 
k8 
DO 630 M-l,NVAR,8 
IF(L.GT.NVAR) bNVAR 
WRITE(IOUT,888) (I,I=K,L) 
DO 620 J=l,NTMP 
S(NVAR,J)-CY(J) 
WRITE(IOUT,890) J,(S(I,J),I-K,L) 

620 CONTINUE 
WRITE(IOUT,890) 
K-K+8 
L-L+8 

630 CONTINUE 
STOP 

C**READ. PRINT. AND EXECUTE FOR ALTERNATE SOLUTIONS 
640 

D 
670 

680 
685 

RiAD(IIN;800) N 
IF(N.LT.l) STOP 
DO 690 KNT-l,N 
WRITE(IOUT,891) KNT 
DO 670 kl,NVAR 
READ(IIN,812) 1,PR 
V(I)-PR-B(1) 
B(I)-PR 
WRITE(IOUT,892) 
CALL PRTOT(B,NVAR,O,l) 
IF(NBH.LT.1) GO TO 685 
DO 680 N=l,NBH 
M=IBZN(N+NQSD) 
K=IBPA(M) 
TMPA-0. 
IF(K.GT.0) TMPA=PLA(N)*V(K) 
kIBPB(M) 
TMPB=O. 
IF(L.GT.0) TMPB-PLB(N)*V(L) 
J-IBHN(N) 
HC(J)-HC(J)+TMPA+TMPB 
CALL COEF(WELL,HR,HC,CX,CY,VL,QR,CXHR,CXHL,CY,AL 

1,V,IZN,IBZN,IPRM,IBNA,IBNB,IN,IC,NAD) 
CALL D4SOLV(HC,AU,AL,V,IN,IC,NAD) 
WRITE(IOUT,898) 
CALL ARRAY(HC,ID,JD,l) 

690 CONTINUE 
STOP 

C 
800 FORMAT (1615) 
801 FORMAT (20A4) 

SET U 

SET V 
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802 FORMAT (56HONUMBER OF COLUMNS (ID) _____--___-_-____------------- 
$-,I5 
$/56H NUMBER OF ROWS (JD) -_-______----__-_---------------- -, 15 
$/56H NUMBER OF AQUIFER ZONES (NZNS) ________------__------ = ,I5 
$/56H NUMBER OF OBSERVATIONS (NOBS) _______________________ -,I5 
$156~ NUMBER OF AQUIFER PARAMETERS (NPAR) e---m------------ = ,I5 
$156~ TOTAL NUMBER OF PARAMETERS (NEAR) ________--_------__ =, 15 
$/56H NUMBER OF KNOWN POINT FLOWS (NWELS) --__------------- =, 15 
$/56H NUMBER OF SPECIFIED FLOW ZONES' (NQBZ) _______________ -,I5 
$/56~ NUMBER OF SPECIFIED HEAD ZONES' (NHBZ) --------------- =,I5 
$156~ MAXIMUM NUMBER OF ITERATIONS (NI~M) --___------------- E ,I5 
$/56H SENSITIVITY PRINT AND ORTHOGONALIZATION OPTION (IPRX) =,I5 
$/56H ADDITIONAL PRINTOUT OPTION (IPO) _________---_____-__ =,I5 
$/56H SOLUTION ONLY OPTION (ISO) -________------_---------- =,15) 

803 FORMAT (1H ,2OA4) 
804 FORMAT (1Hl) 
806 FORMAT (50H MAXIMUM ALLOWABLE PARAMETER CORRECTION (DMX) - = 

$,G11.5 
$/50H SEARCH DIRECTION ADJUSTMENT PARAMETER (CSA) -- = ,G11.5 
$/50H RIDGE PARAMETER FOR REGRESSION (RP) -_____---_ = ,G11.5 
$/50H BIAS PARAMETER FOR REGRESSION (BP) ----------- = ,G11.5 
$/50H ESTIMATED ERROR VARIANCE (EV) __--_____------_ = ,G11.5) 

810 FORMAT (lHo,l2X,34HINITIAL AQUIFER PARAMETERS BY ZONE/6H ZONE 
1,5X,5HTRANX,8X,5HTRANYANY,8X,5HVLEAK,8X,5HQDIST) 

812 FORMAT (15,4FlO.O) 
814 FORMAT (1H ,14,2X,4(2X,G11.5)) 
816 FORMAT (lHO,llX,25HAQUIFER PARAMETER NUMBERS/lH ,5X,4HZONE,4X 

1,5HTRANX,3X,5HTRANY,3X,5HVLEAK,3X,5HQDIST) 
818 FORMAT (1H ,818) 
820 FORMAT (8FlO.O) 
822 FORMAT (lH0,4X,lgHSTANDARD DEVIATIONS/lH ,3X,22HFOR AQUIFER PARAME 

lTERS/lH ,6X,4HPAR.,6X,4HSTD./lH ,7X,3HN0.,6X,4HDEV.) 
823 FORMAT (1H ,5X,I4,4X,G11.5) 
824 FORMAT (lHO,12X,llHPOINT FLOWS/lH ,7X,lHI,7X,lHJ,4X,9HVOL. RATE) 
826 FORMAT (215,FlO.O) 
828 FORMAT (1H ,218,4X,G11.5) 
830 FORMAT (lH0,22X,27HINITIAL SPECIFIED FLOW DATA/lH ,6X,9HNODE N0.S 

1,7X,4HPAR.,6X,4HFLOW,lOX,4HSTD./lH ,19H IA JA IB JB,4X 
~,~HNO.,~X,~HPARAMETER,~X,~HDEV.,~X,~OHMLJLTIPLIER) 

831 FORMAT (1H ,4(1X,I3,lX),2X,I3,3X,3(2X,Gll.5)) 
832 FORMAT (515,3FlO.O) 
833 FORMAT (lHo,18X,27HINITIAL SPECIFIED HEAD DATA) 
834 FORMAT (415,2FlO.O) 
836 FORMAT (lH0,22H NO. OF NODES IN ZONE,I4,3H = ,13/1H 

1,20H PAR. NO. HEAD A - ,13,12X,18HPAR. NO. HEAD B - ,13/1H 
2,21H STD. DEV. HEAD A - ,G11.5,22H STD. DEV. HEAD B - ,G11.5 
3/1H ,20X,22HINITIAL VALUES OF HEAD/lH ,21X,lHI,5X,lHJ,8X,4HHEAD) 

840 FORMAT (1H ,19X,2(13,3X),2X,G11.5) 
842 FORMAT (9HOAT CELL ,lH(,I3,1H,,I3,lH),23H, IZN>O, CX-0, AND CY=O) 
844 FORMAT (60HOPROGRAM ABORTED BECAUSE OF CONFLICT BETWEEN IZN, CX, A 

1ND CY) 
846 FORMAT (18H0 INITIAL SOLUTION) 

c 

c 
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848 FORMAT (46HON0. OF PARAMETERS HAVING PRIOR INFORMATION - ,14) 
850 FORMAT (lH0,3X,55HOBSERVATION NUMBER AND SENSITIVITIES FOR EACH PA 

1RAMETER) 
852 FORMAT (1H ,lX,I4,7(1X,G11.5)/(1H ,(5X,7(1X,G11.5)))) 
856 FORMAT (1H ,lX,I4,3X,4(G11.5,4X)) 
858 FORMAT (11HOPARAMETER ,13,17H EFFECTIVELY ZERO) 
860 FORMAT (//32HOSOLUTION FAILED TO CONVERGE IN ,13,11H ITERATIONS) 
862 FORMAT (//23HOSOLUTION CONVERGED IN ,13,11H ITERATIONS) 
864 FORMAT (18HOERROR VARIANCE - ,G11.5/35H ESTIMATED SUM OF SQUARED E 

1RRORS - ,G11.5/27HeCORRELATION COEFFICIENT = ,G11.5) 
870 FORMAT (lH0,5X,24HESTIMATED PARAMETER DATA/lH ,6H PAR. 

l/lH ,6H N0.,5X,4HPAR.,9X,9HSTD. DEV.) 
874 FORMAT (28H0 VARIANCE-COVARIANCE MATRIX) 
876 FORMAT (20H0 CORRELATION MATRIX) 
878 FORMAT (lH0,21X,14HHEAD RESIDUALS/lH ,7H OBS.,5X,9HPREDICTED 

1,7X,8HOBSERVED,8X,8HWEIGHTED/lH ,4X,3HN0.,7X,5HVALUE,lOX 
2,5HVALUE,lOX,8HRESIDUAL) 

880 FORMAT (1H ,2X,I4,1X,3(5X,G11.5)) 
881 FORMAT (33H0 FINAL COMPUTED NODAL HEAD ARRAY) 
882 FORMAT (26H0 NODAL SENSITIVITY ARRAYS) 
884 FORMAT (19HO PARAMETER NUMBER ,IS) 
886 FORMAT (lH0,3X,44HSCALED AND ORTHOGONALIZED SENSITIVITY MATRIX 

l/lH ,49H OBSERVATION NUMBER AND VALUES FOR EACH PARAMETER) 
888 FORMAT (7H OBS.,13X,14HPARAMETER NOS./lH ,3X,3HNO.,4X,8(?3,9X)) 
890 FORMAT (1H ,lX,I4,8(1X,G11.5)) 
891 FORMAT (24HOADDITIONAL SOLUTION NO.,I5) 
892 FORMAT (lH0,30X,14HNEW PARAMETERS/lH ,3(4X,3HN0.,8X,5HVALUE,4X)) 
898 FORMAT (16H0 COMPUTED HEADS) 

END 
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Program Listing-Continued 
SUBROUTINE ARRAY(A,IND,JND,IT) 
IMPLICIT DOUBLE PRECISION (A-H,O-2) 
DIMENSION A(IND,JND) 
COMMON/TNME/IIN,IOUT 

C**IF IT=O, LOAD 1 AND 2 DIMENSIONAL ARRAYS 
C**IF IT=l, PRINT 2 DIMENSIONAL ARRAYS 

IF(IT.EQ.1) GO TO 55 
DO 5 J=l,JND 
DO 5 I=l,IND 

5 A(I,J)=O. 
READ(IIN,65) NME,NOBL,IPRN 
WRITE(IOUT,75) NME 
DO 50 K=l,NOBL 
READ(IIN,70) IB,IE,JB,JE,FACT,IVAR 
WRITE(IOUT,80) K,IB,IE,JB,JE,FACT 
IF(IVAR.GT.0) GO TO 20 
DO 10 J=JB,JE 
DO 10 I=IB,IE 

10 A(I,J)=FACT 
GO TO 50 

20 DO 40 J=JB,JE 
READ(IIN,90) (A(I,J),I=IB,IE) 
DO 40 I=IB,IE 

40 A(I,J)=A(I,J)*FACT 
50 CONTINUE 

IF(IPRN.GT.O) RETURN 
WRITE(IOUT,lOO) NME 

55 DO 60 K=l,IND,lO 
IlO=K+9 
IF(IlO.GT.IND) IlO=IND 
WRITE(IOUT,llO) (I,I=K,IlO) 
WRITE(IOUT,105) 
DO 60 J=l,JND 
JR=JND-J+l 

60 WRITE(IOUT,120) JR,(A(I,JR),I=K,IlO) 
RETURN 

C 
65 FORMAT (A4,1X,215) 
70 FORMAT (415,F10.0,315) 
75 FORMAT (lHO,A4) 
80 FORMAT (1H ,13,2X,5HIB = ,15,2X,5HIE = ,15,2X,5HJB = ,15,2X 

1,5HJE = ,15,2X,7HFACT = ,G11.5) 
90 FORMAT (8F10.0) 

100 FORMAT (lHO,lX,A4,6H ARRAY) 
105 FORMAT (1H ) 
110 FORMAT (lH0,10(9X,I3)) 
120 FORMAT (1H ,13,1X,lO(lX,G11.5)) 

END 
SUBROUTINE ARRAYI(INT,IND,JND,IT) 
DIMENSION INT(IND,JND) 
COMMON/TNME/IIN,IOUT 

C**IF IT=O, LOAD 1 AND 2 DIMENSIONAL INTEGER ARRAYS 
C**IF IT=.l, PRINT 2 DIMENSIONAL INTEGER ARRAYS 

c 

c 
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IF(IT.EQ.l) GO TO 45 
DO 5 J=l,JND 
DO 5 I=l,IND 

5 INT(I,J)=O 
READ(IIN,55) NME,NOBL,IPRN 
WRITE(IOUT,65) NME 
DO 40 K=l,NOBL 
READ(IIN,60) IB,IE,JB,JE,IFACT,IVAR 
WRITE(IOUT,70) K,IB,IE,JB,JE,IFACT 
IF(IVAR.GT.0) GO TO 20 
DO 10 J=JB,JE 
DO 10 I=IB,IE 

10 INT(I,J)=IFACT 
GO TO 40 

20 DO 30 J=JB,JE 
READ(IIN,60) (INT(I,J),I=IB,IE) 

30 CONTINUE 
40 CONTINUE 

IF(IPRN.GT.O) RETURN 
WRITE(IOUT,80) NME 

45 DO 50 K=l,IND,30 
130=K+29 
IF(I30.GT.IND) I30=IND 
WRITE(IOUT,90) (I,I=K,I30) 
WRITE(IOUT,lOO) 
DO 50 J=l,JND 
JR=JND-J+l 

50 WRITE(IOUT,llO) JR,(INT(I,JR),I=K,I30) 
RETURN 

C 
55 FORMAT (A4,1X,2I5) 
60 FORMAT (1615) 
65 FORMAT (lHO,A4) 
70 FORMAT (1H ,13,2X,5HIB = ,15,2X,5HIE = ,15,2X,5HJB = ,15,2X 

1,5HJE = ,15,2X,8HIFACT = ,15) 
80 FORMAT (lHO,lX,A4,6H ARRAY) 
90 FORMAT (lH0,3X,30(1X,I3)) 

100 FORMAT (1H ) 
110 FORMAT (1H ,31(I3,1X)) 

END 
SUBROUTINE ORDER(JPOS,IN,IC) 
DIMENSION JPOS(l),IN(l),IC(5,1) 
COMMON/INT/NIJ,NEQ,ICR,ICRl,IBl,LH1,ID,JD,IM,JM,NOBS,NQSD,NBH 

1,NVAR,NVX2,KOUNT,INDT,IPO 
COMMON/TNME/IIN,IOUT 

C**COMPUTE EQUATION NUMBERS FOR D4 ORDERING: 
NXP=ID+JD-1 
K=O 

C**ORDER--LEFT TO RIGHT, BOTTOM TO TOP 
DO 20 I=l,NXP,2 
DO 20 J=l,JD 
IK=I-J+l 
IF(IK.LT.l.OR.IK.GT.ID) GO TO 20 
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Program Listing-Continued 

N=IK+JPOS(J) 
IF(IN(N).LT.l) GO TO 20 
K=K+l 
IN(N)=K 

20 CONTINUE 
ICR=K+l 
DO 30 1=2,NXP,2 
DO 30 J=l,JD 
IK=I-J+l 
IF(IK.LT.l.OR.IK.GT.ID) GO TO 30 
N=IK+JPOS(J) 
IF(IN(N).LT.l) GO TO 30 
K=K+l 
IN(N)=K 

30 CONTINUE 
C**COMPUTE BAND WIDTH AND DETERMINE CONNECTING EQUATION NUMBERS: 

MNo=9999 
Mxo=o 
N=O 
IND=O 
DO 80 J=l,JD 
DO 80 I=l,ID 
N=N+l 
JR=IN(N) 
IF(JR.LT.l.OR.JR.GE.ICR) GO TO 80 
IU=l 

C**BELOW 
IF((J-l).LT.l.OR.IN(N-ID).LT.l) GO TO 40 
1u=1u+1 
IC(IU,JR)=IN(N-ID) 
MM=IN(N-ID)-JR 
Mxo=MAxo(MM,mo) 
MNO=MINO(MM,MNO) 

C**LEFT 
40 IF((I-l).LT.l.OR.IN(N-l).LT.l) GO TO 50 

1u=1u+1 
IC(IU,JR)=IN(N-1) 
MM=IN(N-l)-JR 
MNO=MINO(MM,MNO) 
Mxo=MAxo (MM,MxO) 

C**RIGHT 
50 IF((I+l).GT.ID.OR.IN(N+l).LT.1) GO TO 60 

1u=1u+1 
IC(IU,JR)=IN(N+l) 
MM=IN(N+l)-JR 
Mx0=MAx0(MM,Mx0) 
MNO=MINO(MM,MNO) 

C**ABOVE 
60 IF((J+l).GT.JD.OR.IN(N+ID).LT.l) GO TO 70 

1u=1u+1 
IC(IU,JR)=IN(N+ID) 
MM=IN(N+ID)-JR 
Mxo=MAxo (MM,M.xO) 

c 

c 
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B 

B 

Progmm Listing-Continued 

MNO=MINO(MM,MNO) 
70 IC(l,JR)=IU 

IF(IU.GT.l) GO TO 80 
WRITE(IOUT,llO) 1,J 
IND-1 

80 CONTINUE 
IF(IND.GT.0) STOP 
NEQ=K 
ICRl=ICR-1 
IBl=MXO-MNO+l 
LHl=NEQ-ICRl 
WRITE(IOUT,90) 
WRITE(IOUT,lOO) ICRl,IBl,LHl,ICRl,NEQ 
RETURN 

90 FORMAT (51HOSOLUTION BY LDU FACTORIZATION ASSUMING D4 ORDERING) 
100 FORMAT (65H MIN'IMUM DIMENSIONS FOR ARRAYS USED BY THIS METHOD ARE 

1AS FOLLOWS/lH ,12H AU: 5 BY,I5/1H ,4H AL:,I5,3H BY,I5/1H 
2,12H IC: 5 BY,I5/1H ,4H V:,I5) 

110 FORMAT (lHO,13HACTIVE NODE (,13,1H,,I3,20H) CANNOT BE ISOLATED) 
END 
SUBROUTINE COEF(WELL,HR,HC,CX,CY,VL,QR,CXHR,CXHL,CYHT,CYHB,QBF 

1,B,AU,AL,V,IZN,IBZN,IPRM,IBNA,IBNB,IN,IC,NAD) 
IMPLICIT DOUBLE PRECISION (A-H,O-Z) 
DIMENSION WELL(1),HR(1),HC(1),CX(1),CY(l),VL(l),QR(l),CXHR(l) 

l,CXHL(1>,CYHT(1),CYHB(l),QBF(1),B(1),AU(5,l),AL(N~,l),V(l) 
DIMENSION IZN(1),IBZN(l),IP~(4,1),IBNA(1),IBNB(1),IN(l),IC(5,l) 
COMMON/INT/NIJ,NEQ,ICR,ICRl,IB1,LH1,ID,JD,IM,JM,NOBS,NQSD,NBH 

1,NVAR,NVX2,KOUNT,INDT,IPO 
C**INITIALIZE ARRAYS 

DO 10 J=l,ICRl 
DO 10 1=1,5 

10 AU(I,J)=O. 
DO 20 J=l,LHl 
DO 20 I=l,IBl 

20 AL(I,J)=O. 
DO 40 I=l,NIJ 
N=IN(I) 
IF(N.GT.0) V(N)=WELL(I) 

40 CONTINUE 
IF(NBH.LT.1) GO TO 45 
DO 42 I=l,NBH 
CXHR(I)=O. 
CXHL(I)=O. 
CYHT(I)=O. 

42 CYHB(I)=O. 
C**CALCULATE V FOR SPECIFIED FLOW PARAMETERS 

45 IF(NQSD.LT.l) GO TO 52 
DO 50 I=l,NQSD 
IZ=IBZN(I) 
TMP=B(IZ)*QBF(I) 
INA=IBNA(I) 
L=IN(INA) 
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IF(L.GT.O) V(L)=V(L)+TMF 
INB=IBNB(I) 
L=IN(INB) 
IF(L.GT.O) V(L)=V(L)+TMP 

50 CONTINUE 
C**BEGIN MAIN LOOP 

52 N=O 
DO 150 J=l,JM 
DO 150 I=l,IM 
N=N+l 
M=IZN(N) 
IF(M.LT.1) GO TO 150 
LTX=IPRM(l,M) 
LTY=IPRM(2,M) 
LVL=IPRM(3,M) 
LQD=IPRM(4,M) 
NB=N+J 
NA=NB-1 
NC=NB+ID 
ND=NA+ID 
INA=IN(NA) 
INB=IN(NB) 
INC=IN(NC) 
IND=IN(ND) 
CXT=B(LTX)*CX(N) 
CYT=B(LTY)*CY(N) 
VLT=B(LVL)*VL(N) 
QRT=B(LQD)*QR(N) 
E=CXT+CYT+VLT 

C**CALCULATE AU, AL, V, AND COEFFICIENT ARRAYS FOR SPECIFIED HEAD 
C PARAMETERS 

K=-INA- 
IF(K) 60,75,53 

53 CXHR(K)=CXHR(K)+CXT 
CYHT(K)=CYHT(K)+CYT 
GO TO 75 

60 IF(INA.GE.ICR) GO TO 65 
AU(l,INA)=AU(l,INA)+E 
AU(4,INA)=AU(4,INA)-CXT 
AU(5,INA)=AU(5,INA)-CYT 
GO TO 70 

65 AL(l,INA-ICRl)=AL(l,INA-ICRl)+E 
70 V(INA)=V(INA)+QRT+VLT*(HR(NA)-HC(NA))+CXT*(HC(NB)-HC(NA)) 

~+CYT*(HC(ND)-HC(NA)) 
75 K=-INB-1 

IF(K) 85,100,77 
77 CXHL(K)=CXHL(K)+CXT 

CYHT(K)=CYHT(K)+CYT 
GO TO 100 

85 IF(INB.GE.ICR) GO TO 90 
AU(l,INB)=AU(l,INB)+E 
AU(3,INB)=AU(3,INB)-CXT 
AU(5,INB)=AU(5,INB)-CYT 

a 

c 
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Program Listing-Continued 

GO TO 95 
90 AL(1,INB-ICR1)=AL(1,INB-ICR1)+E 
95 V(INB)=V(INB)+qRT+VLT*(HR(NB)-HC(NB))+CXT*(HC(NA)-HC(NB)) 

l+CYT*(HC(NC)-HC(NB)) 
100 K=-INC-1 

IF(K) 110,125,102 
102 CXHL(K)=CXHL(K)+CXT 

CYHB(K)=CYHB(K)+CYT 
GO TO 125 

110 IF(INC.GE.ICR) GO TO 115 
AU(l,INC)=AU(l,INC)+E 
AU(2,INC)=AU(2,INC)-CYT 
AU(3,INC)=AU(3,INC)-CXT 
GO TO 120 

115 AL(l,INC-ICRl)=AL(l,INC-ICRl)+E 
120 V(INC)=V(INC)+QRT+~T*(HR(NC)-HC(NC))+CXT*(HC(~)-HC(NC)) 

~+CYT*(HC(NB)-HC(NC)) 
125 K=-IND-1 

IF(K) 135,150,127 
127 CXHR(K)=CXHR(K)+CXT 

CYHB(K)=CYHB(K)+CYT 
GO TO 150 

135 IF(IND.GE.ICR) GO TO 140 

B 

AU(l,IND)=AU(l,IND)+E 
AU(2,IND)=AU(2,IND)-CYT 
AU(4,IND)=AU(4,IND)-CXT 
GO TO 145 

140 AL(l,IND-ICRl)=AL(l,IND-ICRl)+E 
145 V(IND)=V(IND)+QRT+VLT*(HR(ND)-HC(ND))+CXT*(HC(NC)-HC(M))) 

l+CYT*(HC(NA)-HC(ND)) 
150 CONTINUE 

C**COMFWXS AU 
N=O 
DO 190 J=l,JD 
DO 190 I=l,ID 
N=N+l 
K-IN(N) 
IF(K.LT.l.OR.K.GT.ICRl.OR.IC(l,K).EQ.5) GO TO 190 
IU-1 
IF((J-l).LT.l.OR.IN(N-ID).LT.l) GO TO 160 
IU=IU+l 
AU(IU,K)=AU(2,K) 

160 IF((I-l).LT.l.OR.IN(N-l).LT.l) GO TO 170 
1u=1u+1 
AU(IU,K)=AU(3,K) 

170 IF((I+1).GT.ID.OR.IN(N+1).LT.1) GO TO 180 
1u=1u+1 
AU(IU,K)=AU(4,K) 

180 IF((J+l).GT.JD.OR.IN(N+ID).LT.l) GO TO 190 
1u=1u+1 
AU(IU,K)=AU(5,K) 

190 CONTINUE 
RETURN 
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END 
SUBROUTINE D4SOLV(HC,AU,AL,V,IN,IC,NAD) 
IMPLICIT DOUBLE PRECISION (A-~,0,-2) 
DIMENSION HC(l),AU(5,1),AL(NAD,l),V(l) 
DIMENSION IN(l),IC(5,1) 
COMMON/INT/NIJ,NEQ,ICR,ICR1,IBl,LHl,ID,JD,~,~,NOBS,NQSD,NBH 

1,NVAR,NVX2,KOUNT,INDT,IPO 
C**DECOMPOSE TO FILL AL 

DO 280 J=l,ICRl 
II=IC(l,J) 
DO 270 1=2,11 
LR=IC(I,J) 
L=LR-ICRl 
C=AU(I,J)/AU(l,J) 
DO 260 K=I,II 
KL=IC(K,J)-LR+l 
AL(KL,L)=AL(KL,L)-C*AU(K,J) ,,,, 

260 CONTINUE 
AU(I,J)=C 
V(LR)=V(LR)-C*V(J) 

270 CONTINUE 
280 V(J)=V(J)/AU(l,J) 

C**DECOMPOSE AL 
JJ=NEQ-ICR 
DO 310 J=l,JJ 
JR=J+ICRl 
L=J 
DO 300 I-2,IBl 
L=L+l 
IF(AL(I,J).EQ.o.) GO TO 300 
LR=L+ICRl 
C=AL(I,J)/AL(l,J) 
KL=o 
DO 290 K=I,IBl 
KL=KL+l 
IF(AL(K,J).NE.o.) AL(KL,L)=AL(KL,L)-C*AL(K,J) 

290 CONTINUE 
AL(I,J)=C 
v(LR)=v(LR)-REV 

300 CONTINUE 
310 V(JR)=V(JR)/AL(l,J) 

C**BACK SOLVE--LOWER HALF 
V(NEQ)=V(NEQ)/AL(l,NEQ-ICRl) 
DO 330 J=l,JJ 
K=NEQ-J 
KL=K-ICRl 
L=K 
DO 320 1=2,IBl 
L=L+l 
IF(AL(I,KL).NE.O.) V(K)=V(K)-AL(I,KL>*V(L) 

320 CONTINUE 
330 CONTINUE 

C**BACK SOLVE--UPPER HALF 
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DO 350 J=l,ICRl 
K=ICR-J 
II=IC(l,K) 
DO 340 1=2,11 ..t 

L=IC(I,K) 
V(K)=V(K)-AU(I,K)*V(L) 

340 CONTINUE 
350 CONTINUE 

C**COMPUTE HC+DELTHC 
DO 360 N=l,NIJ 
L=IN(N) 
IF(L.LT.l) GO TO 360 
HC(N)=HC(N)+V(L) 

360 CONTINUE 
RETURN 
END 
SUBROUTINE LSTSQ(HC,BK,BL,BM,BN,HO,W,P,WP,X,C,B,V,KOBS,IN,N~) 
IMPLICIT DOUBLE PRECISION (A-H,O-Z) 
DIMENSION HC(1),BK(1),BL(1),BM(1),BN(1),HO(1),W(l),P(l),~(l) 

l,X(NVD,l),C(NVD,l),B(l),V(3) 
DIMENSION KOBS(l),IN(l) 
COMMON/INT/NIJ,NEQ,ICR,ICR1,IB1,LHl,ID,JD,IM,JM,NOBS,NQSD,NBH 

l,NVAR,NVX2,KOUNT,INDT,IPO 
COMMON/TNME/IIN,IOUT 
COMMON/REG/DMX,ADMX,AP,CSA,AMP,RP,BP,YSQ 

C**CHECK FOR NONZERO MARQUARDT PARAMETER 
NMl=NVAR-1 
IF(AMP.LT.- .5) GO TO 105 

C**INITIALIZE 
DO 20 J=l,NVAR 
DO 10 I=l,NVAR 

10 C(I,J)=O. 
20 V(J)=O. 

YSQ=O. 
C**FORM COEFFICIENT MATRIX AND R.H.S. VECTOR 

DO 70 N=l,NOBS 
K=KOBS(N) 
TEMP=HO(N)-BK(N)*HC(K)-BL(N)*HC(K+l)-BM(N)*HC(K+ID)-BN(N) 

l*HC(K+ID+l) 
DO 60 J=l,NVAR 
TMP=W(N)*X(J,N)' 
DO 50 I=J,NVAR 

50 C(I,J)=X(I,N)*TMP+C(I,J) 
60 V(J)=TMP*TEMP+V(J) 

YSQ=YSQ+TEMP*W(N)*TEMP 
70 CONTINUE 

IF(NVAR.EQ.l) GO TO 190 
DO 80 I=l,NVAR 
TEMP=C(I,I)+WP(I) 
IF(TEMP.GT.l.E-10) GO TO 78 
WRITE(IOUT,260) I 
INDT=l 
GO TO 80 
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78 C(I,I)=TEMP**.S 
80 CONTINUE 

IF(INDT.GT.0) RETURN 
DO 100 J=l,NMl 
Tl%P=C(J,J) 
JPl=Jfl 
DO 90 I=JPl,NVAR 
C(I,J)=C(I,J)/(C(I,I)*TEMP) 

90 C(J,I)=C(I,J) 
V(J)=(V(J)+WP(J)*(P(J)-B(J)))/TEMP+RP*T~*(BP*P(J)-B(J)) 
V(J+NVAR)=V(J) 
V(J+NVXZ)=TEMP 

100 C(J,J)=l.+RP+AMP 
TEMP=C(NVAR,NVAR) 
V(NVAR)=(V(NVAR)+WP(NVAP.)*(P(NVAR)-B(NVAR)))/TEMP 

l+RP*TEMP*(BP*P(NVAR)-B(NVAR)) 
V(NVX2)=V(NVAR) 
V(NVAR+NVX2)=TEMP 
C(NVAR,NVAR)=l.+RP+AMp 
IF(IPO.NE.1) GO TO 105 
WRITE(IOUT,250) 
CALL PRTOT(C,NVAR,NVD,O) 
WRITE(IOUT,255) 
WRITE(IOUT,230) (V(I),I=l,NVAR) 

C**SOLVE FOR V USING LDU FACTORIZATION: 
C**DECOMPOSITION AND FORWARD SUBSTITUTION 

105 DET=l. 
DO 140 K=l,NMl 
pIv=c(~,K) 
DET=DET*PIV 
IF(DABS(PIV).GT.l.E-10) GO TO 110 
WRITE(IOUT,210) 
INDT=l 
RETURN 

110 PIV=l./PIV 
KPl=K+l 
DO 130 J=KPl,NVAR 
TMP=C(J,K)*PIV 
DO 120 I=J,NVAR 

120 C(I,J)=C(I,J>-TMP*C(I,K) 
130 V(J)=V(J)-TMP*V(K) 

C(K,K)=PIV 
140 CONTINUE 

DET=DET*C(NVAR,NVAR) 
IF(DABS(C(NVAR,NVAR)).GT.l.E-10) GO TO 150 
WRITE(IOUT,210) 
INDT=l 
RETURN 

150 IF(AMP.LT.-.5) RETURN 
C**BACK SUBSTITUTION 

v(Nv~)=v(NvAR)/c(NvAR,NVAR) 
I=NVAR 

160 1=1-1 

a 

c 
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IF(I.LT.l) GO TO 175 
1p1=1+1 
suM=o. 
DO 170 J=IPl,NVAR 

170 SUM=SUM+C(J,I)*V(J) 
V(I>=(V(I)-sUM)*c(I,I) 
GO TO 160 

C**CHECK SOLUTION AND ADD MARQUARDT PARAMETER IF NEEDED 
175 

176 

178 
180 

TMPA=O. 
TMPB=O. 
TMPC=O. 
DO 176 I=l,NVAR 
TMPA=TMPA+V(I)*V(I) 
TMPB=TMPB+V(I+NVAR)*V(I+NVAR) 
TMPC=TMPC+V(I)*V(I+NVAR) 
IF(TMPC.GT.CSA*DSQRT(TMPA*TMPB)) GO TO 200 
AMP=1.5*AMP+.oo1 
IF(AMP.GT.l.) GO TO 200 
DO 180 I=l,NVAR 
V(I)=V(I+NVAR) 
C(I,I)=l.+RP+AMP 
DO 178 J=I,NVAR 
C(J,I)=C(I,J) 
CONTINUE 
GO TO 105 

C**SOLUTION WHEN NVAR=l 
190 TEMP=C(l,l)+WP(l) 

IF(TEMP.GT.l.E-10) GO TO 195 
I=1 
WRITE(IOUT,260) I 
INDT=l 
RETURN 

195 V(3)=TEMP**.5 
V(2)=(V(1)+WP(1)*(P(l)-B(1)))/V(3)+RP*V(3)*(BP*P(l)-B(l)) 
C(l,l)=l.+RP 
DET=C(l,l) 
V(l)=V(2)/DET 
IF(IPO.NE.l) GO TO 200 
WRITE(IOUT,250) 
CALL PRTOT(C,l,NVD,O) 
WRITE(IOUT,255) 
WRITE(IOUT,230) V(1) 

C**COMPUTE AND PRINT PARAMETERS 
200 

201 
202 

B 203 

ADMX=O. 
DO 203 J=l,NVAR 
V(J)=V(J)/V(J+NVX2) 
TMPA=l. 
IF(B(J)) 201,202,201 
TMPA=B(J) 
TMF=DABS(V(J)/TMPA) 
IF(TMP.GT.ADMK) ADMK=TMP 
CONTINUE 
AP=l. 
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Program Listing-Continued 

IF(ADMX.GT.DMX) AP=DMX/ADMX 
DO 204 J=l,NVAR 
V(J)=AP*V(J) 

204 B(J)=V(J)+B(J) 
WRITE(IOUT,220) KOUNT,YSQ,DET,AMP,AP 
w~1~~(1ouT,230) (B(J),J=~,NVAR) 
RETURN 

C 
210 FORMAT (42HOLEAST SQUARES COEFFICIENT MATRIX SINGULAR 

1/35H SOLUTION FOR PARAMETERS NOT UNIQUE) 
220 FORMAT (lHo,14HITERATION NO. ,13/1H ,6HYSQ = ,G11.5,2X 

1,9HDET(C) = ,G11.5,2X,6HAMF = ,G11.5,2X,5HAP = ,G11.5 
2/1H ,21HREGRESSION PARAMETERS) 

230 FORMAT ((1H ,8(G11.5,2X))) 
250 FORMAT (29Ho SCALED LEAST SQUARES MATRIX) 
255 FORMAT (24H0 SCALED GRADIENT VECTOR) 
260 FORMAT (29HoSENSITIVITIES FOR PARAMETER ,14,17H EFFECTIVELY ZERO) 

END 
SUBROUTINE PRTOT(C,NO,NOD,IT) 
IMPLICIT DOUBLE PRECISION (A-H,O-Z) 
DIMENSION C(1) 
COMMON/TNME/IIN,IOUT 

C**IF IT=O, PRINT SYMMETRIC MATRIX DIVIDED VERTICALLY INTO TEN-COLUMN 
C BLOCKS 
C**IF IT-l, PRINT VECTOR IN THREE COLUMNS 

IF(IT.EQ.l) GO TO 25 
DO 20 L=l,NO,lO 
JlO=L+9 
IF(JlO.GT.NO) JlO=NO 
NRITE(IOUT,~~) (J,J=L,J~~) 
WRITE(IOUT,50) 
K=-NOD 
DO 10 I=l,NO 
K=K+NOD 

10 WRITE (IOUT,40) I,(C(J+K),J=L,Jlo) 
WRITE(IOUT,60) 

20 CONTINUE 
RETURN 

25 NR=N0/3 
IF((3*NR).NE.N0) NR=NR+l 
DO 26 K=l,NR 

26 WRITE(IOUT,80) (L,C(L),L=K,NO,NR) 
RETURN 

C 
30 FORMAT (lH0,8X,I3,9(9X,I3)) 
40 FORMAT (1H ,13,10(1X,G11.5) 
50 FORMAT (1H ) 
60 FORMAT (1Ho) 
80 FORMAT (1H ,3X,3(13,7X,G11.5,3X)) 

END 

c 

c 
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Program Listing-Continued 

SUBROUTINE HOBS(DX,DY,X,Y,BK,BL,BM,BN,HO,W,KOBS) 
IMPLICIT DOUBLE PRECISION (A-H,O-Z) 
DIMENSION DX(l),DY(1),X(1),Y(1),BK(1),BL(1),BM(l),BN(l),HO(l) 

l,W(l) 
DIMENSION KOBS(1) 
COMMON/INT/NIJ,NEQ,ICR,ICRl,IBl,LH1,ID,JD,IM,JM,NOBS,NQSD,NBH 

1,NVAR,NVX2,KOUNT,INDT,IPO 
COMMON/TNME/IIN,IOUT 

C**COMPUTE X-LOCATIONS OF NODE POINTS 
X(1)=0. 
DO 10 1=2,ID 

10 X(1)=X(1-l)+DX(I-1) 
C**COMPUTE Y-LOCATIONS OF NODE POINTS 

Y(l)=O. 
DO 20 J=2,JD 

20 Y(J)=Y(J-l)+DY(J-1) 
WRITE(IOUT,40) 
DO 30 I=l,NOBS 

C**READ OBSERVED HEAD DATA 
READ(IIN,50) N,IL,JL,XL,YL,HO(N),W(N) 
WRITE(IOUT,60) N,IL,JL,XL,YL,HO(N),W(N) 

C**COMPUTE LOCATION OF FIRST NODE IN CELL (IL,JL) 
K=IL+IM*(JL-1) 
KOBS(N)=K+(K-l)/IM 

C**COMPUTE WEIGHTS FOR BILINEAR INTERPOLATION 
AREA=DX(IL)*DY(JL) 
BK(N)=(X(IL+l)-XL)*(Y(JL+l)-YL)/AREA 
BL(N)=(XL-X(IL))*(Y(JL+l)-YL)/AREA 
BM(N)=(x(IL+l)-XL)*(YL-Y(JL))/AREA 

30 BN(N)=(XL-X(IL))*(YL-Y(JL))/AREA 
C 

40 FORMAT (lH0,25X,L8HOBSERVED HEAD DATA/lH ,6H OBS.,2X,9HCELL LOC. 
1,3X,6HX LOC.,7X,6HY LOC.,8X,4HOBS.,8X,6HWEIGHT/lH ,6H N0.,4X 
2,1HI,5X,lHJ,30X,4HHEAD) 

50 FORMAT (315,4FlO.O) 
60 FORMAT (1H ,lX,3(14,2X),4(G11.5,2X)) 

RETURN 
END 

161 
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