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Chapter 1 

Introducing MODRSP 

1.1 INTRODUCTION 

MODRSP is program used for calculating drawdown, velocity, storage losses and 

capture response functions for multi - aquifer ground -water flow systems. Capture is 

defined as the sum of the increase in aquifer recharge and decrease in aquifer discharge 

as a result of an applied stress from pumping [Bredehoeft et al., 19821. The capture 

phenomena treated by MODRSP are stream- aquifer leakance, reduction of 

evapotranspiration losses, leakance from adjacent aquifers, flows to and from prescribed 

head boundaries and increases or decreases in natural recharge or discharge from head 

dependent boundaries. 

The response functions are independent of the magnitude of the stresses and are 

dependent on the type of partial differential equation, the boundary and initial 

conditions and the parameters thereof, and the spatial and temporal location of stresses. 

The aquifers modeled may have irregular -shaped areal boundaries and non -homogeneous 

transmissive and storage qualities. For regional aquifers, the stresses are generally 

pumpages from wells. 

The utility of response functions arises from their capacity to be embedded in 

management models. The management models consist of a mathematical expression of 

a criterion to measure preference, and sets of constraints which act to limit the 

preferred actions. The response functions are incorporated into constraints that couple 

the hydrologic system with the management system (Maddock, 1972). 

MODRSP is a modification of MODFLOW (McDonald and Harbaugh, 1984, 

1988). MODRSP uses many of the data input structures of MODFLOW, but there are 
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major differences between the two programs. The differences are discussed in Chapters 

4 and 5. An abbreviated theoretical development is presented in Chapter 2, a more 

complete theoretical development may be found in Maddock and Lacher (1991). The 

finite difference technique discussion presented in Chapter 3 is a synopsis of that 

covered more completely in McDonald and Harbaugh (1988). Subprogram organization 

is presented in Chapter 4 with the data requirements explained in Chapter 5. Chapter 

6 contains three example applications of MODRSP. 

1.2 FEATURES 

MODRSP uses a block -centered finite difference technique to solve for response 

functions. MODRSP is modular so that the user need only specify which type of 

response functions he or she wishes to calculate. In this version of MODRSP, the user 

may choose response function - modules for drawdown, storage loss, capture from 

streams, capture from prescribed head boundaries, capture from head dependent 

boundaries, capture of evapotranspiration losses and capture from adjacent aquifers. 

MODRSP uses three MODFLOW solution modules without modification: Strongly 

Implicit Procedure (SIP), Slice- Successive Overrelaxation (SOR), and Preconditioned 

Conjugate Gradient (PCG). 

11 INSTALLATION 

The MODRSP software package comes on single high density floppy disk with 

three subdirectories: SOURCE, EXEC and EXAMPL. The SOURCE subdirectory 

contains the source codes for MODRSP, the EXEC subdirectory contains a run -time 

version of MODRSP and EXAMPL includes the input and output files of the examples 

discussed in Chapter 6. 
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The executable file, MODRSP.EXE, is intended for IBM- compatible personal 

computers use a DOS operating system. This file was compiled using Ryan- McFarland 

FORTRAN 77 compiler Version 2.45. MODRSP.EXE was compiled for 8086 based 

machines with an 8087 math co- processor. To run the program successfully, the user's 

computer should have 640K RAM memory. A hard disk, although not required, is 

recommended. 

The user may wish to recompile the source code file to take advantage of 

FORTRAN compilers that are written for the higher 80286, 80386, 80486 or i860 based 

systems. The 386 and 486 based systems have some FORTRAN compilers that, when 

linked with DOS extenders, allow the user to load MODRSP into memory above 1 

MEG. 

1.4 CONFIG.SYS MODIFICATION 

MODRSP requires that the user be able to open at least 25 files at one time. 

This exceeds the number allowed by the default DOS configuration. To override the 

default, add the the following line: 

FILES = 25 

to the CONFIG.SYS file. A note of caution: some compilers limit the number of 

external files that can be opened at any one time. The Ryan -McFarland FORTRAN 

77 compiler (Version 2.4, 1987), for example, is restricted to a maximum of 15 files 

other than the standard input, standard output and standard error. 

To improve overall performance, the Authors recommend that the user increase 

the number of disk buffers allocated by DOS at startup to at least 10. To do this, the 

user should add the line: 

BUFFERS =10 
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to the CONFIG.SYS file. 

The user should be aware of the requirements for the subroutine CLS. The 

subroutine CLS clears the screen and moves the curser to the upper left -hand corner of 

the screen. This action is performed by use of ANSI escape sequences (see DOS 

manual). Use of these sequences requires a device driver in the CONFIG.SYS file. 

DOS 3._ or higher has a device driver, ANSI.SYS, that works fine. Many of the VGA 

boards include their own device drivers for special character sets or fonts. The software 

documentation for these boards should tell the user if ANSI.SYS is included as a subset 

of their drivers. If MODRSP is to be run on a mainframe, the user should ensure that 

1) he or she may run it interactively and 2) that the escape sequence indeed activates 

the screen control. If screen control is not activated, the user should remove the CALL 

statement to CLS and recompile the program. 
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Chapter 2 

Understanding MOD RS P 

2.1 INTRODUCTION 

This chapter gives a brief overview of the theory of response functions. The 

material presented here has been, in part, abstracted from a paper by Maddock and 

Lacher (1991). For a more detailed analysis, the user should refer to this document. 

2.2 THEORY DE RESPONSE FUNCTIONS 

Consider a ground -water flow system that obeys the following assumptions or has 

the following characteristics. 

a. The region of interest is underlain by multiple hydrologically- connected aquifers 
(Figure 2.1). 

b. The flows in the aquifers are horizontal, and the flows between aquifers through 
the confining layers are assumed vertical (Figure 2.1). 

c. The saturated thickness in each of the aquifers is large in comparison with any 
drawdown that might occur within that aquifer, and hence each aquifer's 
transmissivity is independent of head. 

d. The boundaries for each aquifer may be irregular in shape. Aquifer boundaries 
need not be congruent amongst the layers. 

e. The transmissivity may be non -homogeneous and anisotropic; storativity may 
be non -homogeneous. 

f. There is no land subsidence and water is instantaneously released from storage. 
The storativity is independent of time and hydraulic head. The confining layers 
have no storage qualities. 
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g. Drawdowns are restricted such that capture varies linearly with drawdown. 

h. Water may be captured from surface sources such as rivers and streams and 

reduction in evapotranspiration. This capture occurs in the first layer only. This 

layer is referred to as the surface aquifer. 

i. Water may be captured from interchanges between aquifers across confining 

zones. 

Flows In Multiple Aquifers 
Figure 2.1 

aquifer 1 

aquifer 2 

aquifer 3 

ì\: 

\; 

aquifer M 

j. Water may be captured from boundary sources such as large bodies of surface 

waters that behave as prescribed heads, and recharge or discharge that behaves as 

head - dependent flow. 

k. Time is broken up into intervals called time periods. The time periods need not 

be of equal duration. A set of consecutive time periods within which all wells 

pump at a constant rate is referred to as a stress period (Figure 2.2). The stress 

periods may also vary in length. For a well, pumping may vary from stress period 

to stress period, but not within a stress period. The set of consecutive stress 
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periods is referred to as the design horizon. 

Time and Stress Period Structure 
Figure 2.2 

time period 

I I 

I I 

1 

stress period ni 

1 
I I 1 

design horizon 

1. Wells may be screened over multiple aquifers, but are fully penetrating within 
an aquifer. 

If the above conditions are satisfied, then the aquifer's response to an 

instantaneous unit pumping at time t = 0 of the jth well in the lth aquifer can be 

modeled as a linear system of coupled, partial differential equations. For M aquifers, 

the mth aquifer with Dm as the spatial domain and I'm as the boundary (Figure 2.3), 

the equations take the following forms. 

For the surface aquifer on domain D1, 

0 [Tl(x) OG1(x,t)l - (î) G1(x,t) - cpal(x) [ G1(x,t) -G2(,t)] 

aG1(x,t) 
at = 0 

for intermediate aquifers on Dm, m = 2, ... , M -1 and in 1, 

(1) 

V [Tm(x) OGm(x, t)] - cpan, -1M [Gm(x, t) - Gm_ i(i, t)] 

x 
aG 

't) - cpam(x) Gm(,t) - Gm + x+ t)] - Sm() át= 0 (2) 
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for the 1 th aquifer on D1, 

V [T1(x) VGt(x, t)j - cpat (x) [GO, t) -G1_1(1,0] 

8G1(ì, t) - cpai(x) [GO, t) - GI + 1(x t)] - S1(x) 8t = - b(x - x1) 8(t) 

and for the bottom aquifer on DM, 

V [TM(x) VGM(x, t)j - cpaM _1(1) [GM(x,t) - GM -0,t)] 

- SM(x) 8G at't) = 0 

The above equations have the generalized boundary and initial conditions, 

ana, 

[Tm VGmñ-cb Gm]( = 0 m=1,..., M 
m 

r,,,. 

G,(,0) = 0 

(3) 

(4) 

(5) 

m=1,..., M (6) 

The other parameter and variables are as follows: 

V is the gradient operator (ate , ay)T [L], 

Gm(x, t) is the instananeous drawdown response function for the rnth aquifer at 
point x = (x,y) at time t [L], 

Tm(x) is the non -homogeneous transmissivity tensor for the mth aquifer [L2 /t], 

cps(x) is the capture coefficient for surface sources such as rivers or reduction in 
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evapotranspiration losses [t -1], 

cp. (î) is the capture coefficient for leakage through a confining zone between the 

mth and m ,+ 1th aquifers [t -1], 

Sm(1) is the non - homogeneous storativity for the mill aquifer [0], 

"ri is the position of the jth well site in the lth aquifer [L], 

S(1 -1l) and 8(t) are Dirac delta functions [L -2] and [t -1], 

Boundary Conditions for Multi- Aquifer System 
Figure 2.3 

is the normal vector to the boundary rm for the mth aquifer, 

cb is the capture coefficient that controls the quantity and type of capture from 

the boundary of the mth aquifer [Lt -1]; on rm, 
1) if 

cbm 
= 0, there is no capture from the boundary, the boundary is a 

prescribed -flow boundary, and the natural recharge and discharge through 
boundary are not affected by pumpage , 

2) if Cbm = oo, there is a prescribed -head condition on rm and there is an 
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unlimited capture potential from the boundary, and 

3) if 
cbm 

is otherwise, 
cbm 

is a capture coefficient for induced flow from the 
boundary. The boundary condition is called a head- dependent boundary. 

MODRSP solves Equations (1) - (4) and their boundary and initial conditions, 

Equations (5) and (6), numerically for any number of well points in any of the M 

aquifers. The solutions, Gm(æ,æt ,,t), m = 1, ..., M are called instananeous drawdown 

response functions. All the other response functions are calculated from the 

instananeous drawdown response functions. 

2.2.1 Drawdown response functions 

If gl(x,t) is the instantaneous discharge (usually from a well) from the /th aquifer at 

point x at time t, and Nwl is the number of pumping well sites in the /th aquifer, then 

the drawdown in the mth aquifer at point x at time t is given by the equation, 

sm(,t) - J 
Gm(±,1 ,t-r) q1("1 .,r) dr 

1=1 j=1 0 
7 9 

The above equation holds for all & e Dm. 

(7) 

If a design horizon consists of Ne consecutive stress periods, and if the MI/ .,r) 
9 

varies from stress period to stress period, but is constant within a stress period (referred 

to as pulse pumping), then the drawdown at the kth observation point in the mth 

aquifer at the end of the nth stress period, written as s(m,k,n), is given by the 

equation, 
M Nwl n 

s(m,k,n) = E E 13d(m,k,l,J,n--a) g(1, .1,Z) 
l = 1 j=1 i=1 

(8) 

for k = 1, ..., Nom; n = 1,..., Nei and m = 1, ..., M, where No is the number of 
m 
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observation points for the mth aquifer and q(1, j, i) = q( ±1.,1 j) for the j pumping point 

in the lth aquifer and, 

ßd(m, k j,n - i) = 
J 

Gm(xk,j .,in - r) dr 
ni-1 

(9) 

The ßd(m, k,1, j, n - i) is the drawdown response function and represents the 

drawdown at the kih well in the mth aquifer at the end of the nth stress period due to 

unit pumping at the jth well in the 1th aquifer during the ith stress period (i < n). 

2.2.2 Velocity response functions 

Pumping induces drawdowns that produce new hydraulic gradients. These 

gradients, in turn, modify horizontal flows within the aquifers. For horizontal flow 

within the rnth aquifer, the velocity may be expressed, 

v,,,(x, t) = M 111 l t Krri(x) OGm(î,i ,t-T) qi(x( ., 
1=1 j=1 

dr (10) 

where Km() and 8m are the hydraulic conductivity tensor and the porosity, 

respectively, for the mth aquifer and f)s) ( ") is the initial velocity field. Therefore, for a 

discrete number of observation points in aquifers and pulse pumping, the x and y 

components of velocity are given by, 

an 

vx(m,k, 
M Nwl n 

= v0 (m, k) +E E E ßv (m, k,1, j, n- i) q(l, j, z) (11) 
a 1=1;=1 i=1 

M Nl n 
v(m,k, n) = v (m, k) + E E E &(m, k,1, j, n - i) q(l, j, i) (12) 

y 1=1j=11=1 
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for k = 1, ..., Nom; n = 1, ..., Ne; and m =1, ..., M; where ßy(m, k,1, j, n - i) and 

3(m, k,1, j, n - i) are the discrete x and y components of the function, 
v 

ßv (x, l , t- T) 
Om m 

= Km(x) OGm(,xl ,t-T 
rr, ? 

(13) 

The ß(m, k,1, j, n - i) and Pe (m, k,1, j, n - i) are the horizontal velocity 

response functions and represent the x and y components, respectively, of the velocity 

at the kth observation point in the mth aquifer at the end of the nth stress period due to 

unit pumping at the jth well in the 1th aquifer during the ith stress period. 

Domain and Subdomain for Storage Loss Calculations 
Figure 2.4 

I,n .(d,t) _ . 
. -- ---- 

mtb aquifer 

2.2.3 Storage response functions 

The storage loss, °m(dk,t), in the mth aquifer under subdomain dk, at time t due 

to pumping, is given by the integral (Figure 2.4), 
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Im(dk,t) = f Sm(1) sm(x, t) dl 
îedk 

M Nw1 t 

= E E Ji G 
o [lidkSmM 

Define the continuous function, ,ß8m(dk,uß 

-J 

(14) 

d I gi(lii,T) dr (15) 

ßsm(dk,xt, t- T) = 
f S,n() Gm(,xt-T) dÌ (16) 

îedk 

giving for a discrete number of non -overlapping subdomains and pulse pumping, 

M Nwt n 
(m, k, n) = E E E Q8(m, k, i, J, n- i) q(1, j, Z) 

1=1.i=1 in1 
(17) 

for k = 1, ..., Nd; n = 1, ..., Ne; and m = 1, ..., M; where Nd is the number of non - 

overlapping subdomains of interest. The ß5(m, k,1, j, n - i) is a storage response 

function and represent the storage loss in the rnth aquifer underlying the kth subdomain 

at the end of the nth stress period due to unit pumping from the jth well in the ¡th 

aquifer during the ith stress period. 

2.a CAPTURE 

Two principle capture sources are considered: 1) capture from interior sources, 

and 2) capture from boundary sources. The first capture is proportional to surface area 

and the second is proportional to boundary length. For both sources, capture is 

assumed to be a linear function of drawdown. 
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2.3.1 Capture from interior sources 

Examples of capture from interior sources include capture of river or stream 

waters through a streambed, capture of evapotranspiration losses, and capture of ground 

waters from adjacent aquifers hydrologically connected through confining beds. The 

first two sources of capture occur only in the surface aquifer. The third source of 

capture may occur between any two adjacent aquifers interconnected by a confining 

layer. 

Mathematically, capture from internal sources produces integrals over areal 

subdomains. For rivers or streams, the area is the river reach, the product of the length 

times the width of the river. For capture of evapotranspiration losses and capture 

through confining beds, the areas are some portion of total surface area of the surface 

aquifer (domain D1). 

2.3.1.1 Capture through streambeds 

Whenever a river is underlain by an aquifer system, there is potential for flow 

between the river and the surface aquifer through a streambed. For such flow to occur, 

there must be a head gradient between the river and the aquifer. The head gradient is 

defined in the vertical direction and the water flows only through the streambed. The 

streambed is assumed to have a vertical hydraulic conductivity, K,zi and no storage 

properties. If Hd is the river stage, h1 is the head in the aquifer under the river, h0 
i 

is 

the initial head, hb is the elevation at the bottom of the streambed and b is the 

streambed thickness (Figure 2.5a), then the vertical head gradient is is defined as 

(Hd - h1) /b and the drawdown to the bottom of the streambed is defined as 

sb = h0 - hb. The river stage, Hd, is assumed to remain unchanged by any flow 

between the river and aquifer. 
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Capture Through Streambeds 
Figure 2.5 

a 
m 
L - a o 
U 

8b drawdown 

In MODRSP, the flow between the river and the aquifer is assumed linear at all 

times. Theoretically, if h1 falls below the bottom of the streambed (the drawdown 

exceeds sb), the region between the the bottom of the streambed and the aquifer begins 

to desaturate and the flow from the river to the aquifer becomes constant (Figure 2.5b). 

This nonlinear behavior is treated externally to MODRSP. A methodology and an 

example for treating the nonlinearity using response functions is presented in Maddock 

and Lacher, 1991. 

The total quantity of flow, QrT(t), that leaks from a river or stream through the 

streambed into the aquifer is given by the integrals, 

QrT(t) = Kz) 
[Hd(x) - h0 

1 

(x)J dx + 
1 

Kz() s(, t) dx (18) b() 
Ìc5 

b(x) 
âeó 

where ô is the surface area of the river or stream for the entire domain. The first 

integral on the right -hand side of the above equation represents the base flow to and 

from the aquifer before development. The second integral represents the flow captured 

from the river through the streambed. The water captured is an effect of pumping. 
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Capture from a River Reach 
Figure 2.6 

\\\\ 
.41111 .\\ 

r 

If total river surface area, S; is segmented into Nór reaches (Figure 2.6), the 

quantity of flow, Qr(Sk,t), that is captured through the streambed of the kth reach of a 

river is given by the integral, 

Qr(Sk,t) = 
J 

îeál 

r Kz() st(x, t) dî (19) b() 

MNwtt( 

J J 

f Gi(i dl 41(xl.,Yr) dr (20) ,i,t-T) b(()) t-1j -1 p 

The continuous function, ßr(Sk,xl _,t - r), is defined as, 
7 

ßr(Sk,l ,t - r) = 
J 

()) G0411,t-r dx (21) 

îeál 

giving, for a discrete number of river reaches and pulse pumping, 

M 
N 

n 
Qr(k, n) = E E ßr(k, 1 , 7, n - i) q(1, j, i) (22) 

t=2 j=1 1=1 

for k = 1, ..., NSr and n = 1,..., Ne. The ßr(k,l,j,n i) is a stream capture response 

function and represents quantity of flow captured through the kth river reach in the nth 
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stress period due to unit pumping from the jth well in the lth aquifer during the ith 

stress period. 

2.3.1.2 Capture of evapotranspiration Iosses 

Whenever the water table lies close the ground surface, evaporation to the 

atmosphere and transpiration through plants may occur. This evapotranspiration 

produces a continual water loss to the aquifer. Evapotranspiration losses are assumed to 

vary linearly with head, h1. Theoretically, evapotranspiration is linear only between an 

"ET surface" above which evapotranspiration losses occur at a maximum constant rate, 

and an "extinction surface" below which there are no evapotranspiration losses. Let 

het( represent the ET surface, and Hd() represent the extinction surface (Figure 

2.7a), and define set(x) = h01(1) - het(x) and sd(x) = h01(x) - Hd(x) The total 

quantity of flow lost to evapotranspiration from the aquifer, QET(t), is given by the 

integrals, 

QET(t) 
= 

_ f 
¡R 

ma s(x¡¡" 3d() d - 
1 

RE (1) 
811, t) d'± (23) 

îeE d( ) etl ) âeE d ) et\ 

a 

ho 
i 

.r%% 
het Hd 

Evapotranspiration Surfaces 
Figure 2.7 

b 
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where E in the integrand is surface area of the aquifer undergoing evapotranspiration 

losses, REmax(1) 
is the rate of evapotranspiration loss per unit area at set(x) (Figure 

2.7b). The first integral on the right -hand side of the above equations represents the 

loss rate to evapotranspiration before development and the second integral represents 

the flow captured by reducing evapotranspiration. It is assumed that the 

evapotranspiration loss rate per unit area, RE (x), the maximum ET surface, het(x), 
max 

and the extinction surface, Hd(I), are the same for pre - and post -development. 

MODRSP assumes that the the evapotranspiration loss capture always remains linear, 

even if drawdowns exceed sd or fall above set. As with stream capture, the nonlinearity 

associated with evapotranspiration loss capture is treated externally to MODRSP (see 

example, Maddock and Lacher, 1991). 

If the surface area of the aquifer undergoing evapotranspiration losses is E, and if 

E is segmented into NE, non -overlapping, subdomains, the quantity of flow, QE(Ek,t), 

that is captured from evapotranspiration from the kth subdomain is given by the 

integral, 

QE(Ek,t) _ J 
REmax() 

¡¡ sl(x,t) dx sd(x) - set(I) 
îeEk 

M Nwl 
E E t=1j=1 f 

REmax(1) 
¡¡ G 

I) - Set h) 1 
t-T dl 

U îcEk 
sd( 

Define the continuous function, ßE(Ek,âI .,t - r), as, 

,ßE(Ek,xtj,t - T) = 

4¡(S¡277 

r REmax(x) 
¡ ¡¡ G î x t-T ) dx 

sd(x) - 3etlx) 1 
!? 

âaEk 

Hence, for a discrete number of subdomains and pulse pumping, 
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dr (25) 

(26) 



M Nwl n 

QE(k,n) = E E E QE(k,1, j, n - i) q(1, j, 2) 
1=i;=1 1=1 

for k=1,...,NE and n=l,...,Ne 

(27) 

The 13E(k,l, j,n - i) is an evapotranspiration -loss capture response function and 

represents the quantity of flow captured from reduced evapotranspiration from the kth 

subdomain in the nth stress period due to unit pumping from the jth well in the lth 

aquifer during the ith stress period. 

2.3.1.3 Leakance through confining beds 

If aquifers are hydraulically connected to other aquifers through confining layers, 

then drawdowns in any one of the aquifers will affect the drawdowns in all the other 

aquifers. Thus, for pumpage from a well in the lth aquifer, water will leak to (or from) 

the mth aquifer through the confining layer from (or to) the m + 1ih aquifer (Figure 

2.8). 

Leakance Through Confining Beds 
Figure 2.8 



The leakage is assumed to increase linearly with head differences across the 

confining layers. If dm is the total area of contact through a confining layer between 

the mth and m lth aquifer, then the total quantity of flow, QATm(t), that leaks 

through the confining layer is, 

QATm(t) = f 
Kx(1) 

J bm(I) 
[ho m+(æ) - hom(i)] dÌ 

îed,,s 

+ 
J x (t ) ) [sm(xa t) - Sm + 1(, t)] dl 

b m 
îedm 

(28) 

The first integral on the right -hand side of the above equation contains initial head 

values and represents the interchange of flows due to natural head differences across the 

confining layers before development. If the initial heads in the m lth aquifer are the 

same as the initial heads in the mth aquifer, the first integral vanishes. The second 

integral contains drawdowns and represents the flow captured from the m lth aquifer 

through the confining layer due to pumping. If the leakance integral is positive, water 

flows from the m -}- lth aquifer to the mth aquifer; if the leakance integral is negative, 

water flows from the mth aquifer to the m + lth aquifer. 

If the area of contact between the aquifer and the confining layer, dm, is 

segmented into 
Ndm 

non -overlapping subdomains, the quantity of flow, QA(dmk,t), that 

is leaks through the kth subdomain is given for the surface aquifer by the integral, 

J 
K(î) 

nwA(dmk't) - bm(i.) 
[s 

.-k 

- sm + 0,0] dl 

zm(x) 
[Gm , + (1 ,t-T) - Gm 1(1,il .,t-T)] di 

b =1.1=1 ñ mt ¡ ) ? 
x"edm 

k 
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Define the continuous function ßA(dmk,xl ;,t - r) as, 

ßA(dynk,xl;)t - _ 
J 

Kx(x) 
bm(x) 

[G 
m (x,l;,t-T) - G,n + 1(I,Ìl;,t-r)] dx (30) 

led mk 

giving for a discrete number of subdomains and pulse pumping, 

M Nwi n 

QA(m, k, n) =E E E ßA(rn, k, l, ?, n- z) q(1, j, 2) 
1=1 

(31) 

for k = 1, ..., Nd ; n = 1,..., Ne; and m = 1, ..., M. The ßA(m, k,l, j, n - i) is the 
m 

aquifer leakance response function and represents quantity of flow through a confining 

layer for the kth subdomain of contact between the mth and in + 1th aquifers in the nth 

stress period, due to unit pumping from the jth well in the 1th aquifer during the ith 

stress period. 

2.3.2 Capture from boundary sources 

Examples of capture from boundary sources are capture of waters from lakes or 

rivers that behave as prescribed -head boundaries and capture of increased recharge or 

decreased discharge through head -dependent boundaries. Each aquifer in the multi 

layered system may have its own, unique set of boundary conditions. Some layers 

produce captures from prescribed -head boundaries while others produce capture from 

head - dependent boundaries. 

Mathematically, capture from boundary sources produces integrals over length 

segments. If I'm is the portion of a prescribed -head or head - dependent boundary for the 
mth aquifer, then I'i can be subdivided into non -overlapping segments (e.g. Figure 2.9). 
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2.3.2.1 Capture from prescribed -head boundaries 

If I'm is the portion of the boundary of the mill aquifer that behaves as a 

prescribed -head boundary, the total quantity of flow, QHT m 
(rm,t), through the 

prescribed -head boundary is, 

JT.VhO.fm dr - TVñ dI' (32) QHT(rm,t) = 
rm rm 

The first integral on the right -hand side represents the natural inflow or outflow 

through the prescribed -head boundary before development. The second integral 

represents the flow captured from the prescribed -flow boundary by pumping. 

Segments for Prescribed -Head Boundary 
Figure 2.9 

Well 

The quantity of flow, QHm(rmk,t), captured through the Oh segment, rmk, of a 

prescribed -head boundary for the mth aquifer at time t due to pumping, is given by the 

integral (Figure 2.9), 
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Q 
mk 

(33) 

M Nw t 

= - Tm VG,n(x,Il .,t-T) hm dr dr (34) 
1-1j=1 0 J 

rmk 

where Tm is the transmissivity along the boundary. 

Define the continuous function /3H (I'mk,j,t - r) as, 
m 

NHm(r,mk,21',t - r) = - 
J 

Tm OG,,,1,(1,./',t-r) hm dr 
rmk 

(35) 

giving for a discrete number of non -overlapping segments along a prescribed -head 

boundary, and pulse pumping, 

M Nwl n 
QA(rn, k, n) =E E ßg(rn, k,1, 7, n- i) q(1, 7, Z) t-13=1 i=1 

(36) 

for k =1, ..., NHm; n = 1,..., Ne7 m = 1, ..., M; where NHm is the number of non- 

overlapping segments comprising the prescribed -head boundary for the mth aquifer. 

The ßg(m, k,1, j, r1 - i) is a prescribed -head boundary capture response function and 

represents the quantity of flow captured from the kth prescribed -head boundary segment 

of the mth aquifer in the nth stress period due to unit pumping from the jth well in the 
lth aquifer during the ith stress period. 

2.3.2.2 Capture from head -dependent flow boundaries 

If raz is the portion of the boundary of the mth aquifer that behaves as a head - 

dependent boundary, the total quantity of flow, QG7. (I';,,,t), through the boundary is, 
m 
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QGTm(rm,t) r r - J 
[dr 

G 
(rib 

m - m)] dr + J 
rm rm 

,n] dr (37) 

where lib is the head at a point outside the boundary rim (a point far enough away to 

be unaffected by pumping); da is the distance, along the normal direction, between the 

point, lb, with head Hbm and the point, 5r', on the boundary (Figure 2.10); and Tin, is 

the constant transmissivity between the two points. 

Head - Dependent Boundary 
Figure 2.10 

well 

mth aquifer 

The first integral on the right -hand side of the above equation represents the natural 

recharge or discharge through the boundary under steady -state conditions. The second 

integral represents the quantity of flow captured by either increasing the recharge or 

decreasing the discharge from the steady -state values. 

The quantity of flow, QGm(r;,ik,t), provided by the kth segment, rick, of a head. 

dependent boundary for the mth aquifer at time t due to pumping, is given by the 

integral, 
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QG m (rmk,t) = 
1 

( dG s 
mJ dr (38) 

rmk 

., 
J dG Gm(,(;,t-T) dr q!(il;,T) dr (39) r-i;_i [r,m1 

k 

Defining the continuous function ßGm(1;m k;,t - r) as, 

QGm(rmk,xl;,t - T) = J dG dr d 

rmk 

(40) 

gives for a discrete number of non -overlapping segments along a head -dependent 

boundary, and pulse pumping, 

M Nwl n 
QG(m, k, n) = E Q(m, k,1, j, n- z) q(l, j, z) 

1=1 
(41) 

for k = 1, ..., NGm; n = 1,..., Ne; m = 1, ... M; where NGm is the number of non- 

overlapping segments comprising the head -dependent boundary for the mth aquifer. 

The ,QG(m, k,1, j, n - i) is a head - dependent boundary capture response function and 

represents the quantity of flow captured from the kth head - dependent boundary segment 

of the mth aquifer in the nth stress period due to unit pumping from the jth well in the 
lth aquifer during the ith stress period. 
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Chapter 3 

Solving MODRSP 

11 INTRODUCTION 

The partial differential equations that portray the ground -water flow, Equations 

(1) - (4), result from the application of conservation of mass to an infinitesimal volume 

of porous media. For the infinitesimal volume, the sum of all flows in excess of the 

steady -state flows into and out of the volume equals the rate of change in storage inside 

the volume. When the block - centered finite difference technique is applied (Figure 3.1), 

the flow system that was originally described in terms of infinitesimals and partial 

differentials is replaced by a flow system that is described in terms of cells and linear 

algebraic relations. The conservation of mass is now stated in terms of cells: the sum of 

all flows in excess of the steady -state flow into and out of a cell is equal to the rate of 

change of storage within the cell. 

A Discretized Hypothetical Aquifer System 
(McDonald and Harbaugh, 1988) 

Figure 3.1 
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The center of each cell is called a node and its location is specified in terms of a 

row, column and layer number (i, j, k). The triple (i, j, k) refers to the node but also 

designates the cell. The width of a cell is ¿ c1, the length is Or j, and the thickness is 

Ovk. The thickness of the cell is the thickness of the layer. Aquifer parameters such as 

hydraulic conductivity and storativity are specified for each cell and are assumed 

homogeneous within the cell, but may vary from cell to cell. The drawdown response 

functions are defined in terms of nodes. 

By convention, flows into the cell (i, j, k) are considered positive and flows out 

are negative. The flows may only occur between the six adjacent cells shown in Figure 

3.2. 

Cell (i, j, k) and Indices for the Six Adjacent Cells 
(McDonald and Harbaugh, 1988) 

Figure 3.2 
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12 DISCRETE FLOW EQUATIONS 

The continuous relations represented by Equations (1) - (4) are replaced by a set 

of algebraic relations defined over the cells. If the pumping center is in the lth aquifer, 

then for the cell (i, j,1) in the surface layer, 

Q(a-á,j,1)+Q(z+á,j,1)+ 1)+Q(z,J+á,1) 

+ Qa(i, 7, 2) + QR(ti, i) + QE(i,1) 

= S(i, j, 1) 
D,QdQatj'1) 

OV(i,j,1) 

for cell (i, j, m) in an intermediate aquifer with m # 1, 

Q( i- z, j, m)+ Q (2 +2,j,m) +Q(i,j-2,m) +Q(i,j +á,m) 

+Qa(i,j,m- á) +Qa(i,j,m +2) 

= S(Z, , m) 
Oßd(Q,t i7 m) Av (i, 

m) 7, 

for cell (i, j,/) in the 1 th aquifer where the pumping center is located, 

Q(i- á,j,1) +(2(i +á,j,1) +Q(i,j -2,1) +Q(i,j +á,1) 

(42) 

(43) 

+nwa(2, +Qa(a,.7,1 +2) 

= S(i,j,1) t''j) oV(Z,j,1)+1(i,j,l) (44) 

and for the bottom aquifer, 
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Q(i-2,j,M)+(2(i+2,j,M)+Q(i,j-Z,M)+(2(i,j+z,M) 

+Qa(i,j,M -2) 

= S(a, j, M) At' 
M) 

!1V (i, j, M) (45) 

The Q(i - 2, j, k), Q(i - , j, k), Q(i, j -1,k) and Q(i, j +1,k) are the flow rates in 

excess of the steady -state flows into and out of the cell (i, j, k) from adjacent horizontal 

cells, the Qa(i, j, k -1-) and Qa(i, j, k +D are the capture of leakance from the upper and 

lower adjacent aquifers, the QR(i, j) is the capture from streams (may only be present 

in surface aquifer), QE(i, j) is the capture of evapotranspiration losses (may only be 

present in surface aquifer), S(i, j, k) and zV(i, j, k) are the storativity and volume, 

respectively, of the cell, 0ßd(í, j, At is the change in the drawdown response function 

with a finite incremental change with time, and 1(i, j,/) is the pumping center function 

that is defined to be unity in stress period one and zero in all other stress periods. Only 

one pumping center is active per simulation. 

3.2.1 Horizontal excess flow rates 

The excess horizontal flows into a cell from an adjacent cell is depicted in Figure 

3.3. There are three cases to consider: the adjacent cell is an internal cell, the adjacent 

cell is on a prescribed -head boundary and the adjacent cell is on a head dependent 

boundary. 

When the adjacent cell (i, j- 1, k) is an internal cell, the excess flow rate through 

the face with area Oczzvk is given by Darcy's law, 

Q(Z,1 - 1/2, k) = -T r(Z,1 - 1/2, k) ACZ 
d(Z, ? -1Q ) Qd(Z, ?, k} 

2 
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Flow into Cell (i, j, k) from Cell (i, j -1, k) 

(McDonald and Harbaugh, 1988) 
Figure 3.3 

Ovk 

The /3d(i, j -1,k) is the value of the drawdown response function at node (i, j -1, k), 

and ßd(i, j, k) at node (i, j, k). The Or . i is the distance between nodes (i, j- 1, k) and 
-z 

(i, j, k). Tr(i, j -1/2, k) is the transmissivity in the row direction of the cell with length 

Ar 1, width Oci and depth Ovk (Figure 3.4) and is defined as a harmonic mean 

(McDonald and Harbaugh, 1988), 

Tr(Z, j - 1/2, k) = 2 Ac= 
Tr(Z, j, k) Tr(i, j-1, k) 

Tr(i, j -1, k)Orj + T r(i, j, k)Or j-1 

Equation (46) may be simplified by combining constants Tr(i, j -1/2, k), Aci and Ar 
2 

into a single constant, Cr(i, j- 1/2, k), called hydraulic conductance, 

where, 

Q(i, j - 1/2, k) = - Cr .7 - 1/2, k) [Q -1, k) -Q .7, k)] 
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Cr(Z, 9 -1/2, k) = 
Tr(i, j -1/2, k) aci 

Or .1 
?-2 

(49) 

The other excess flow rates from internal cells, Q(i, j + 2, k), Q(i -1, j, k) and 

Q(i + Z, j, k); transmissivities, Tr(i, j -}- 2, k), Tc(i - Z, j, k), Tc(i -}- 2, j, k); and hydraulic 

conductance, Cr(i, j +1/2, k), Cc(i 2, j, k) and Cc(i -}- Z, j, k) are defined in an analogous 

fashion. 

Calculation of Transmissivity between Cells (Areal View) 
Figure 3.4 

Tr(i, j - 1/2, k) 

Ocj 

When the adjacent cell (i, j -1,k) is on a prescribed -head boundary, the excess flow rate 

through the face with area Oczwk is given by, 

Q(2, j - 1/2, k) = Cr(i, j -1/2, k) Ñd(Z, j, k) (50) 

The Q(i, j - 1/2, k) is the rate at which water is captured from the prescribed -head 

boundary. The transmissivity and distance between nodes are defined as before and the 
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excess flow rate through other faces from prescribed -head boundaries are defined in an 

analogous fashion. 

When the cell (i, j, k) is on a head - dependent boundary, it is assumed that the 

"adjacent" cell, (i, j -1,k), is out of the applied block center grid area (Figure 3.5) , and 

the excess flow rate through the face with area Acz©vk is given by, 

Head- Dependent Boundary Schematic 
Figure 3.5 

Steady-state Heed 

Q(i, j-1/2, k) 

Constant -heed 

Source 

Qd(27 ?, k) 
1 

Call 1.1k 

Boundary 

Q(Z, j - 112,k) = ghb(Z, j, k) d(a, j, k) (51) 

where Cghb(i, j, k) is the conductance between the external source and the cell (i, j, k). 

The Q(i, j -1/2, k) is the rate at which water is captured from the head - dependent 

boundary. 
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3.2.2 Capture from adjacent aquifers 

Qa(i, j, k + 2) is the flow rate of captured water to cell (i, j, k) through a confining 

layer from the adjacent cell (i, j, k + 1) of the k+lth layer (Figure 3.6) and is defined, 

Qa(i,j,k+2) = -cv(i,j,k+z) [a k+1)-ad(i,j,k)l (52) 

where Cv(i, j, k + -}) is the vertical conductance and is defined for layered aquifer 

systems as (McDonald and Harbaugh, 1988), 

Kz(Z, j, k) Aci Ari 
Cv(z, j, k (53) b(i, j, k) 

Vertical Conductance between Two Cells Separated by a Confining Unit 
Figure 3.6 

/ / WPM' Aquifer 

Cell/ Vim Unit 

Lower Aquifer 

The Kz(i, j, k) and b(i, j, k) are the vertical hydraulic conductivity and thickness, 

respectively, of the confining bed between the kth and k + lth aquifers. The bottom 

layer does not have a vertical conductance. The Qa(i, j, k -1) and associated 

Cv(i, j, k +1) can be defined in a similar fashion. 
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3.2.3 Capture from streams and rivers 

QR(i, j) is the flow rate of captured waters from a stream system located on the 

cell (i, j, l) and is defined (Figure 3.7), 

QR(Zt 7) = CR(Zt j) Qd(Zt .7t 1) (54) 

where CR(i, j) is the streambed conductance. If KRv(i, j) and bR(i, j) are the vertical 

hydraulic conductivity and the thickness, respectively, of the streambed, and if WR(i, j) 

and LR(i, j) are the stream reach width and length (Figure 3.8), respectively, on cell 

(i, j,1) then CR(i, j) is given by the equation, 

CR(i, j) _ 

River -Aquifer Interaction Schematic 
Figure 3.7 

Sbedy -stat 
Feed River Stapp 

Streaeibed 

KR (i, j) W j) j) 
bR(it j) 

-River Reach Dimensions 
Figure 3.8 

(55) 
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3.2..E Capture of evapotranspiration losses 

QE(i, j) is the flow rate of evapotranspiration losses captured at cell (i, j,1) and is 

defined, 

¡RE 
(i,j) 

¡ ( ) QE(Z, j) - het(z,.7) .?) 
d(z 1 1) 56 

where R Ern az(i,j), het(i, j) and Hd(i, j) are the maximum rate of evapotranspiration, the 

elevation where the maximum rate occurs, and the elevation of the extinction surface, 

respectively, for the cell. Equation (56) has the same mathematical form as Equation 

(54), and a constant with the units of conductance, CE(i, j), may be defined, 

giving 

R E j) 
C = Itet(2 7) áxH .7) 

(57) 

QE(Z, j) = CE(t, j) 1) (58) 

3.2.5 Finite difference approximation for time derivatives 

The finite difference approximation for the time derivative of the drawdown 

response function given by ' ßd(i, j, k) /At must be expressed in terms of specific times 

and values of ,ßd. To do this, a fourth index n is assigned to the cell designation to 

indicate change in time. The approximation for the time derivative, for the purposes of 

MODRSP, is based on a backward - difference technique and is defined for the nth time 

period, 
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ßd(1, j, k) ßd(1, j, k,n) - Qd(1, j, k,n - 1) 

At (n) t(n) - t(n - 1) 
(59) 

The t(n) is the time at which the flow equations are evaluated, t(n - 1) is the preceding 

time period. The drawdown response function values at node (i, j, k) associated with 

these times are /3d(i, j, k,n) and ,3d(i, j, k,n - 1), respectively. When the backward time 

step procedure is used, the values of ßd(i, j, k, n - 1) are known from the previous time 

step calculations. The variables on the left sides of Equations (42) -(45), Q(i f 2, j, k), 

Q(i, j f Z, k), Qa(i, j, k f 2), QR(i, j) and QE(i, j), if they are time dependent, are assigned 

the values associated with the nth time period. 

3.2.6 Combined finite difference approximation 

Introducing time indices and conductances into Equations (42) - (45) gives, 

for the surface aquifer, 

-Cc(1- z, j, 1) LQd(i - 1, j,1,n) - ,ßd(1, 1,n)] 

- Cc(1 + 2, j, 1) (Qd(i+l, j, 1,n) - Qd(z, j, 1,n)l 

- Cr(1, j 1) [ßd(1, j - 1, 1,n) -,ßd(1, j, 1,n)] 

- Cr(1, j + 2,1) (,ßd(1, j+1, 1,n) - ,ßd(1, j, 1,n)] 

- Cv(i, j, 2) [,ßd(1, j, 2,n) - ßd(1, j,1,n)] 

+ CR(1, j) ,ßd(1, j, 1,n) + CE(1, j) j, n) 

= (1,j,1) OV(1,j,1) 
ßd(1,j,(ñ)_,ßñ(i, jl),n-1) 
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for cell (i, j, m) in an intermediate aquifer with m # 1, 

- Cc(2 - 2, .7, m) [Qd(i -1, .7, m,n) - Qd(z, j, n2,71)] 

- Cc(i + z, j, m) [Qd(a+19 j, m,n) - ßd(2, .7, m,n)] 

- Cr(i, 1 m) [,ßd(i j-1 m n) - (3d(i j m n)] r(,j-$, > > > > > > 

- Cr(i, j +1, m) [ßd(2, 9+1, m,n) - ßd(2, j, m,n)] 

- Cv(i, .?, m + z) [ßd(2,1, m + 1,n) -- Qd(z .7, m,n)] 

- Cv(2, .7, m - i) [ßd(z, j, m - 1,n) -- ßd(2, j, m,n)] 

S(i, j,m) ßd(2,.7,(n) =Qn(i, 
1) 

-1) 
OV(i,j,m) 

for cell (i, j, l) in the 1 th aquifer where the pumping center is located, 

- Cc(2 - z .7,1) [ßd(i - 1, J n) - ßd(2, j, l,n)] 

- Cc(2 +1, .7, i) [ßd(2+1, .7, l,n) - 

-Cr(i,3 - 2,l) [ßd(i,J - l ,n) - ßd(1, j, l,n)] 

- Cr(2, j + 2,1) [ßd(2, j+1, l,n) - ßd(i, j,1,n)] 

- Cv(i, .7,1 + z) [ßd(2, ,7,1 + 1,n)- ßd(2, ?, l,n)] 

- Cv(2, .7,1- z) [ßd(i, ,7,1- i,n) - ßd(i, j,1,71)] 

= (i,.7,1) 
ßd(2,jttn)`ßn(z,?1),n-1) AV(i,9,1)+1(i,.7,1) 
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and for the bottom aquifer, 

- Cc(2 - á, ?, M) [1ßd(z -1, j, M,n) - Ißd(2, j, Mn) 

-C( +1, j, M) [ißd(a+l, 3, M,n) - Qd(2, j, M,n)] 

- Cr(i, j - , M) [rßd(2, j -1, M,n) - Qd(2, j, M,n)l 

- Cr(i, j + 2, M) [ißd(2, j+1, M,n) - ad(2, j, M,n)] 

- Cv(i, j, M -i) (Qd(Z, j, M -1,n) -1ßd(2, M,n)] 

j, M) d(2, j, M,n) -ß (i, j, M,n -1) 
V i, j, M) 

() 
(63) 

In the above equations, the drawdown response functions /3d(i, j, k, n - 1) at timé 

step t(n - 1) and all conductances and coefficients related to cell (i, j, k) are known. 

The drawdown response functions ßd(i, j, k, n) at the time t(n) are unknown. Starting 

with the initial condition, 

1ßd(2, j, k, 0) = 0 (64) 

for all nodes, the above system of equations is solved sequentially in time using one of 

the three solution techniques, SIP, SOR and PCG available for MODRSP for the 

solution of simultanepus linear equations. For further information regarding the 

solution techniques, the user should see McDonald and Harbaugh (1988) and Hill 

(1990). The above equations should be suitably adjusted for any cells that are on 

prescribed -head or head -dependent boundaries. 
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la VELOCITY AND STORAGE RESPONSE FUNCTIONS 

The velocity and storage response functions may be calculated for any time 

period and cell once the drawdown response functions have been calculated for that 

time period. 

3.3.1 Velocity response functions 

The s component of the velocity response function for the cell (i, j, k) is defined 

to be the velocity through the right -hand face of the cell (Figure 3.9), 

Velocity Components in the x and y Directions 
Figure 3.9 

vy 

vx(i, j, k, n 

Cell 14k 

Q(Z, j -- á k, n) 
Oc= Ovk 9(i, j, k) 

(65) 

and the y component is defined to be the velocity through the front face of the cell 

(Figure 3.9), 

vy(i, j, k, n Q(Z+ij,k,n) 
Or Av k 9(i, j, k) 
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where the Q values now include the time index. 

3.3.2 Storage response functions 

The storage response function for the cell (i, j, k) is defined, 

j, k, n) = S(i, j, k) dc= Z1r5 ßd(i, j, k, n) (67) 

and represents the water loss from storage within the cell (Figure 3.10). 

Storage Loss in Cell (i, j, k) 
Figure 3.10 

cell 1,j ,k 

Storage 
Loss Volume 

It should be noted that if steady -state drawdown response functions are to be 

determined, there is no loss in storage even though there will be drawdowns. There will 

be no storage -loss response functions. This is because when the pumping that produces 

the new steady -state drawdown configuration is shut off, the system will return to the 

original steady- state. 
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aa PUMPING CENTER AND TIME INDICES 

In the preceding discussions, the response functions have been specified by four 

indices. The first three give the row, column, and layer position of an observation node 

and the fourth gives the time period. Three additional indices are required to designate 

row, column, and layer of the pumping center producing the unit stress. Thus, for 

example, the drawdown response function would be written Od(io, jo, k0, ip, j p,kp, n) 

where the triples (io, jo, ko) and (ip, jp,kp) specify the observation and pumping center 

nodes, respectively. When response functions are recorded to disk or to printer, the 

seven indices notation is used. However not all cells or nodes are of interest to the 

MODRSP user, only a small subset. Therefore a third notation may be adopted. The 

user is actually familiar with this notation in that it was used in the Chapter 2 to 

describe the theory. With this notation, five indices are used for /3d(m, k, 1, j,n): m to 

indicate the layer of the observation point, a sequential number k to designate the 

observation point for the observation point layer, i to indicate the layer of the pumping 

well, a sequential number j to designate the pumping well for the pumping well layer, 

and n to indicate the time period. The user can move easily between the latter two 

representations by carefully ordering the sequences of observation points and pumping 

wells in the input files for RDRW and RWEL subprograms. The ordering proceeds by 

layers: all observation wells or pumping wells for layer 1 are listed first, followed by 

those for layer 2, then layer 3, and so on. 

In practice, the time index in the response function designates stress period and 

not time period unless they are the same. A stress period can be composed of many 

time periods (Figure 2.2). When response functions are recorded to disk or printer, the 

time index is for stress period. 
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Chapter 4 

Programming MODRSP 

4_1 INTRODUCTION 

The source code for MODRSP is written in standard FORTRAN 77 with a 

modular structure. The code consists of a main program and fourteen subprogram 

modules, each of which contains several subroutines. The purpose of the main program 

and subprogram modules are explained in the following sections. The subroutines are, 

for the most part, simple modifications of the subroutines of MODFLOW and the user 

is referred to the MODFLOW documentation for more complete descriptions of the 

routines. 

4.2 MAIN PROGRAM RPGM, 

The main program RPGM performs control over the execution of the entire 

program. RPGM calls the necessary subprogram modules to complete specific tasks. A 

simplified flowchart for RPGM is shown in Figure 4.1.1.1 and is verbalized as follows. 

1. Set the the length of the one -dimension X array using a PARAMETER 

statement. The array dimension is set to 30000 and may be modified if not large 

enough. 

2. Clear the screen, assign the unit numbers 35 and 36 to the basic input file and to 

the printer file, respectively, and open these files . 

3. Partition the X array into individual data arrays. 

4. Read and prepare information needed for the entire simulation. This 

information is constant throughout the simulation. 

5. Read and prepare information that may vary with each location of the unit 
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pumping source, stress period and time period: 

a. For each unit pumping location (called the active well): 

(1) Reinitialize starting drawdown values and water budgets for selected 

modules. 

(2) Read location of the unit pumpage. 

b. For each stress period: 

(1) Read in stress period time parameter information. 

(2) Record response functions for selected modules. 

c. For each time step: 

(1) Calculate time step length. 

(2) Calculate water budget for selected modules. 

(3) Print or save drawdowns if requested. 

d. For each iteration: 

(1) Formulate finite difference equations. 

(2) Solve equations and check for convergence 

6. End program. 

la SUBPROGRAM RBAS 

The subprogram RBAS performs the administrative tasks of MODRSP. These 

tasks include the application of a finite difference grid composed of cells to discretize 

space and a backward difference scheme to discretize time; specification of initial 

conditions and boundary conditions; stipulation of program options used; calculation of 

water budgets; and control of written and printed output of information and results. 
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Flowchart for MODRSP 
Figure 4.1.1.1 
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The subprogram RBAS is composed of nine subroutines: BASDF, BASAL, BASRP, 

BASIZ, BASST, BASAD, BASFM, BASOC, and BASOT and four support subroutines: 

SBASD, SBASI, SBAST, and SBASV. BASDF reads the key model parameters; 

BASAL allocates space for arrays used by RBAS; BASRP reads and initializes the 

arrays used by RBAS; BASIZ initializes both the starting heads and the water budgets 

to zero; BASST sets up time parameters; BASAD advances the time steps; BASFM 

initializes the matrices RHS and HCOF that are to be solved by one of the various 

solution techniques; BASOC provides output control for the drawdowns and water 

budgets; and BASOT sends calculated drawdowns and water budgets to output devices. 

SBASD calculates, prints and records drawdown; SBASI initializes the output control 

system; SBAST prints the simulated time; and SBASV prints the water budgets. 

AA SUBPROGRAM RBCF 

The subprogram RBCF applies block -centered finite difference methodology to 

compute flows between adjacent cells of the grid. It also computes storage gains or 

losses. The subprogram RBCF is composed of four subroutines: BCFAL, BCFRP, 

BCFFM, and BCFBD and four support subroutines: SBCFC, SBCFB, SBCFF, and 

SBCFN. BCFAL allocates space for arrays used by RBCF; BCFRP reads and 

initializes arrays used by RBCF; BCFFM adds storage components to RHS and HCOF; 

and BCFBD computes water budget terms for storage, flow from constant head 

boundaries and flow across cell walls. SBCFC computes horizontal conductances using 

the harmonic mean; SBCFB computes flows across cell walls; SBCFF computes flows 

from constant head boundaries; and SBCFN initializes and checks RBCF input data. 
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La SUBPROGRAM RWEL 

The subprogram RWEL provides information on wells or pumping centers and is 

composed of five subroutines: WELAL, WELRP, WELST, WELFM and WELBD. 

WELAL allocates array storage for RWEL; WELRP read and initializes the arrays used 

by RWEL; WELST sets the active well pumping to unity and pumping in the rest of 

the wells (inactive wells) to zero in the first stress period, and all well pumping (active 

and inactive) to zero in the other stress periods; WELFM adds the pumpage 

components to the RHS and HCOF matrices; and WELBD calculates the water budget 

terms for the wells. 

4a SUBPROGRAM RDRW 

The subprogram RDRW provides information on drawdown response functions 

at designated observation points and is composed of three subroutines: DRWAL, 

DRWRP and DRWRF. DRWAL allocates array storage for RDRW, DRWRP reads 

the drawdown observation points and initializes the drawdown response functions, and 

DRWRF prints or records the drawdown response functions to specified output devices. 

4.7 SUBPROGRAM RVEL 

The subprogram RVEL provides information on horizontal velocity response 

functions and is composed of four subroutines: VELAL, VELRP, VELBD and VELRF. 

VELAL allocates array storage for RVEL; VELRP reads in velocity observation points 

and initializes the horizontal velocity response function components; VELBD computes 

the x and y components of velocity at the interfaces between neighboring cells; and 

VELRF prints or records the drawdown response functions to specified output devices. 
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4$ SUBPROGRAM RSTO 

The subprogram RSTO provides information on storage response functions and is 

composed of three subroutines: STOAL, STORP and STORF. STOAL allocates array 

storage for RSTO; STORP reads in storage observation points and initializes the storage 

response functions; and STORF prints or records the storage response functions to 

specified output devices. 

41 SUBPROGRAM RR VI 

The subprogram RRIV handles the effects of linear leakage from river or streams 

to the simulation, calculates stream capture response functions and is composed of five 

subroutines: RIVAL, RIVRP, RIVFM, RIVBD and RIVRF. RIVAL allocates array 

storage for RRIV; RIVRP reads the location of river segment nodes and the riverbed 

conductances for these nodes; RIVFM adds the river components to the HCOF matrix; 

RIVBD calculates the water budget terms for the rivers; and RIVRF prints or records 

the stream capture response functions to specified devices. 

4.1Q SUBPROGRAM REVT 

The subprogram REVT provides the effects of linear evapotranspiration to the 

simulation, calculates evapotranspiration -loss capture response functions and is 

composed of five subroutines: EVTAL, EVTRP, EVTFM, EVTBD and EVTRF. 

EVTAL allocates array storage for REVT; EVTRP reads in the node locations where 

evapotranspiration occurs and at those nodes reads the elevation of the ET maximum 

surface, the elevation of the extinction surface, and the maximum ET rate per unit 

area; EVTFM adds the evapotranspiration components to the RHS and HCOF 

matrices; EVTBD calculates the water budget terms for evapotranspiration; and 
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EVTRF prints or records the evapotranspiration -loss capture response functions to 

specified devices. 

4.11 SUBPROGRAM BALK 

The subprogram RALK provides information on aquifer - leakance capture 

response functions and is composed of four subroutines: ALKAL, ALKRP, ALKBD and 

ALKRF. ALKAL allocates array storage for RALK; ALKRP reads in aquifer - leakance 

observation points and initializes the aquifer -leakance capture response functions; 

ALKBD calculates the water budget for aquifer leakance and computes leakance from 

the observation points; and ALKRF prints or records the aquifer -leakance capture 

response functions to specified output devices. 

4.12 SUBPROGRAM RCHB 

The subprogram RCHB provides information on prescribed -head boundary 

capture response functions and is composed of three subroutines: CHBAL, CHBRP and 

CHBRF. CHBAL allocates array storage for RCHB; CHBRP reads in prescribed -head 

boundary observation points and initializes the presribed -head boundary capture 

response functions; and CHBRF prints or records the prescribed -head boundary capture 

response functions to specified output devices. 

4.13 SUBPROGRAM RGHB 

The subprogram RGHB provides information on head -dependent boundary 

capture response functions and is composed of five subroutines: GHBAL, GHBRP, 

GHBFM, GHBBD and GHBRF. GHBAL allocates array storage for RGHB; GHBRP 

reads in head -dependent -boundary observation points and initializes the head -dependent 
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boundary capture response functions; GHBFM adds the head -dependent boundary 

components to the HCOF matrix; GHBBD calculates the water budget terms for the 

head - dependent boundary; and GHBRF prints or records the head -dependent boundary 

capture response functions to specified output devices. 

4.14 SUBPROGRAMS SIP, SOR AND PCG 

The subprograms SIP, SOR and PCG, provide strongly -implicit procedure, slice - 

successive overrelaxation, and preconditioned conjugate -gradient solvers, respectively, 

for MODRSP. The subprograms, except for some minor modifications for file opening 

procedures, are the same as their counterparts in MODFLOW. The user is referred to 

the MODFLOW (McDonald and Harbaugh, 1984, or 1988) and pre- conditioned 

conjugate gradient (Hill, 1990) documentations for subprogram information. 

4.15 SUBPROGRAM RUTL 

The subprogram RUTL provides read -and -write control to printer, disk and 

screen. RUTL consists of ten subroutines. The first eight subroutines: UBUDSV, 

UCOLNO, ULAPRS, ULAPRW, ULASAV, UIDREL, U2DINT, and U2DREL are the 

same as their counterparts in MODFLOW and the user is referred to the MODFLOW 

documentation for explanation. The last two subroutines, CLS and OPSTAT are 

unique to MODRSP. CLS clears the screen and places the cursor in the upper left -hand 

corner of the screen. OPSTAT checks the open status of a unit number and, if the unit 

number has not been used preveously, opens a file with that number as its unit number 

in either formatted or unformated mode. If the file was previously opened, OPSTAT 

states that. 
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Chapter 5 

Using MODRSP 

j SPACE REQUIREMENTS 

All arrays in MODRSP are variable dimensioned to allow the user to conserve 

computer memory. The program has a single large array X that, for this version of 

MODRSP, is dimensioned X(LENX); where LENX is assigned the value 30000 by a 

PARAMETER statement. This array is partitioned by the variable dimensioning 

process to provide storage for all other arrays. If the X array has insufficient dimension 

for an application, the program will issue an error message, calculate the required 

dimension and print out the dimension size needed to continue. The user should then 

recompile the program with a new value of LENX that either equals or exceeds the 

printed dimension size. 

5.2 INPUT INSTRUCTIONS 

MODRSP reads its input files in the manner of MODFLOW, in that each 

subprogram may provide its own input data. 

511 RBAS input file: 

The basic package (RBAS) performs those tasks that are part of MODRSP as a 

whole. Among the tasks are specification of boundaries, determination of time -step 

length, setting of initial conditions, and control of printing or writing to disk of results. 

The RBAS input file for MODRSP is similar to the Basic package input for 

MODFLOW. The first three lines are the same. The fourth line contains the variable 

IUNIT which indicates the input units for use by the various options. IUNIT differs 
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from the MODFLOW package in the locations assigned to packages. The fifth line 

contains only the variable IAPART because the starting heads are set to zero and are 

not saved. The array IBOUND is read the same, as is the line containing HNOFLO 

following the array. Since MODRSP sets the starting head values to zero, there is no 

need to read starting heads with MODRSP and the array SHEAD is not present. The 

time variables PERLEN, NSTP and TSMULT are read the same. The RBAS input file 

is assigned to unit 35 by an OPEN statement within the main program RPGM. 

Therefore unit 35 is reserved and should not be used to designate an IUNIT input unit. 

FOR EACH SIMULATION: 

Line 1: HEADNG(32) 
format: 20A4 

Line 2: HEADNG (continued) 
format: 12A4 

Line 3: NLAY NROW NCOL NPER ITMUNI 
format: I10 I10 I10 I10 I10 

Line 4: IUNIT(24) 
format: 24I3 

UNIT# 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

RBCF RWEL RDRW RVEL RSTO RRIV REVT BALK RCHB RGHB SIP SOR PCG OPC 

Line 5: IAPART 
format: I10 

Array: IBOUND(NCOL,NROW) 
Reader: U2DINT 

Data: HNOFLO 
format: F10.0 

FOR EACH STRESS PERIOD: 

Data: PERLEN NSTP TSMULT 
format: F10.0 I10 F10.0 
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EXPLANATION OF INPUT VARIABLES: 

HEADING- title printed on the printout; up to 128 characters long 
with 80 on first line and 48 on second. Include both lines 
even if they are blank. 

NLAY - - -- number of model layers. 

NROW - - -- number of rows in grid area. 

NCOL - - -- number of columns in grid area. 

NPER - - -- number of stress periods in simulation. 

ITMUNI -- time unit of model data (must be consistent throughout input!!) 

0 - undefined 
1 - seconds 
2 - minutes 

3 - hours 
4 - days 
5 - years 

IUNIT - -- 24- element table of unit numbers containing data for all major 
program options. The following units are currently defined: 

IUNIT 1 MAJOR OPTION NAME 

1 Block- centered flow package 
2 Well package 
3 Drawdown response function package 
4 Velocity response function package 
5 Storage response function package 
6 River capture package 
7 Evapotranspiration capture package 
8 Aquifer leakage package 
9 Prescribed- head - boundary capture package 

10 Head -dependent- boundary capture package 
11 SIP solution package 
12 SOR solution package 
13 PCG solution package 
14 Output Control package 

If IUNIT = 0, major option is not used. DO NOT USE NEGATIVE 
VALUES FOR IUNIT. 

If IUNIT > 0, the corresponding major option is being used and data 
for that option will be read from that unit number. 
IUNIT values should be integers between 10 and 99 (to 
avoid confusion with pre- defined unit numbers). 
Although it is not required, each major option should be 
assigned its own unit number for clarity. 

NOTES: UNIT 35 is reserved for RBAS Package Input; 
UNIT 2¢ is reserved for program output. 
UNIT 1 and UNIT ¢ should be avoided as some compilers use these 
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as defaults for screen read and write. 

IAPART -- indicates whether BUFF array is separate from RHS array or if 
they will share the same memory space. 

If IAPART = 0, BUFF and RHS arrays share same space. Use this option 
to conserve space unless some other package explicitly 
states otherwise. 

If IAPART 00, BUFF and RHS arrays occupy different space. 

IBOUND -- boundary array. 

If IBOUND (I,J,K) < 0, that cell has a prescribed head. 

If IBOUND (I,J,K) = 0, that cell is inactive. 

If IBOUND (I,J,K) > 0, that cell has variable head. 

HNOFLO -- value of head to be assigned to all inactive cells (IBOUND = 0). 
Even if no inactive cells are used, a value for HNOFLO must be 
provided in input [L]. 

PERLEN -- length of stress period; specified for each stress period [t]. 

NSTP - - -- number of time steps in a stress period. 

TSMULT -- time step multiplier for length of successive time steps. The 
length of the first time step DELT(1) is related to PERLEN, NSTP, 
and TSMULT by: 

DELT(1) = PERLEN(1- TSMULT) /(1- TSMULTNSTP) 

5.2.2 RBCF input file: 

The block- centered flow package (RBCF) calculates terms of the finite- difference 

equations that represent the flow from cell -to -cell and flow into and out of storage. 

Because MODRSP is a linear model, the transmissivity and storage coefficient 

distributions for each layer are independent of drawdown. Therefore the MODFLOW 

variable LAYCON, which would be zero for all layers, is not a variable in MODRSP. 

The arrays TRPY, DELR, DELC, SC, CC, and CV, are read in the same manner as in 

MODFLOW. Because of the linear model assumption, these are the only arrays read 
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by the RBCF package in MODRSP. 

FOR EACH SIMULATION: 

Line 1: ISS IBCFCB 
format: I10 I10 

Array: TRPY(NLAY) 
Reader: U1DREL 

Array: DELR(NCOL) 

Reader: UIDREL 

Array: DELC(NROV) 
Reader: U1DREL 

For the following variables, all of the arrays for layer 1 are read first, then all of the 

arrays for layer 2, etc. 

ALL SIMULATIONS FOR EACH LAYER: 

IF SIMULATION IS TRANSIENT: 

Array: SC(NCOL,NROW) 
Reader: U2DREL 

STEADY -STATE OR TRANSIENT 

Array: CC(NCOL,NROW) 
Reader: U2DREL 

IF NOT BOTTOM LAYER: 

Array: CV(NCOL,NROW) 
Reader: U2DREL 

EXPLANATION OF INPUT VARIABLES 

steady -state flag 

If Iaa 00, simulation is steady- state. 

If ISS ==0, simulation is transient. 
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IBCFCB -- cell -by -cell flow flag and unit number. 

If IBCFCB > 0, cell -by -cell flow terms will be recorded on that unit 
number whenever ICBCFL is set in Output Control. 
Cell -by -cell terms saved include storage, prescribed 
head, and internal flows. 

If IBCFCB = 0, no c.b.c. flow terms are printed or recorded. 

If IBCFCB < 0, prescribed -head c.b.c. flow terms will be printed but 
not saved on disk. Other c.b.c. flow terms are 
neither printed nor recorded. 

TRPY - - -- one -dimensional array containing an anisotropy factor for each 
layer. Read one value for each . layer; set layer value to 1.0 if 

isotropic. 

DELL - - -- cell width along rows [L]. (y- direction in grid) 

DELÇ - - -- cell width along columns [L]. (x- direction in grid) 

ac storage coefficient [0]. Read only for transient simulations 

C transmissivity along rows. This is multiplied by TRPY to obtain 
transmissivity along columns [L2 /t]. 

CV hydraulic conductivity divided by thickness. Read only if current 
layer is not the bottom layer [1 /t]. 

513 RWEL input file: 

The well package (RWEL) adds terms representing flows to wells to the finite - 

difference equation. The RWEL input for MODRSP is different from that of 

MODFLOW. It is not necessary to read pumping values in MODRSP, just the 

locations of pumping wells. The location does not vary over the simulation period, so 

location values are read only once and there is no need for the MODFLOW variable 

ITMP. The signal variable IWELCB is the same as in MODFLOW. In MODRSP, the 

well package must be called. 
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FOR EACH SIMULATION: 

Line 1 NPMPW IWELCB 
format: I10 I10 

FOR EACH PUMPING WELL: 

Data: LAYER ROW COLUMN 
format: I10 I10 I10 

EXPLANATION OF INPUT VARIABLES 

NPMPV -- number of pumping wells. 

IWELCB-- flag and unit number for well cell -by -cell flow terms. 

If IWELCB > 0, c.b.c. flow terms are written to that unit number 
whenever ICBCFL is set in Output Control. 

If IWELCB = 0, c.b.c. flow terms are not printed or recorded. 

If IWELCB < 0, c.b.c. flow terms are printed when ICBCFL is set. 

THE FOLLOWING THREE DATA SETS ARE READ FOR EACH PUMPING WELL: 

LAYER - -- layer number of pumping well. 

ROW row number of pumping well. 

COLUMN column number of pumping well. 

5.2.E RDRW input file: 

The drawdown package (RDRW) calculates drawdown response functions at 

observation points due to pumping at wells specified in RWEL, and writes them to 

either a formatted or an unformatted file. The input file provides the number of 

drawdown observation points and the unit number for writing the response functions to 

disk storage. RDRW provides the nodal location of all drawdown observation points. 

RDRW is unique to MODRSP and is only to be called if drawdown response functions 
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are to be printed or stored on disk. 

FOR EACH SIMULATION: 

Line 1: NDRWW IDRWRP 
format: I10 I10 

FOR EACH DRAWDOWN OBSERVATION POINT 

Data: LAYER ROW COLUMN 
format: I10 I10 I10 

EXPLANATION OF INPUT VARIABLES 

NPMPW -- number of drawdown observation points. 

IDRWRP -- flag and unit number for drawdown response functions. 

If IDRWRP > 0, 

If IDRWRP = 0, 

If IDRWRP < 0, 

drawdown response functions are written to that unit 
number in a formatted file. 
drawdown response functions are not recorded on disk. 

drawdown response functions are recorded to that unit 
number in an unformatted file. 

THE FOLLOWING THREE DATA SETS ARE READ FOR EACH OBSERVATION POINT: 

LAYER - -- layer number of the drawdown observation point. 

ROW row number of the drawdown observation point. 

COLUMN column number of the drawdown observation point. 

5.25 RVEL input file: 

The velocity package (RVEL) calculates velocity response functions at 

observation points due to pumping at wells specified in RWEL, and writes them to 

either a formatted or an unformatted file. The input file provides the number of 

velocity observation points and the unit number for writing the response functions to 

disk storage. For each layer, the spatial distribution of porosity and saturated thickness 
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are read. The file also provides the nodal location of all velocity observation points. 

RVEL is unique to. MODRSP and is only to be called if velocity response functions are 

to be calculated and printed or stored on disk. 

FOR EACH SIMULATION: 

Line 1: NVELW IVELRP 
format: I10 I10 

FOR EACH LAYER 

Array: POR 
Reader: U2DREL 

Array: STHK 
Reader: U2DREL 

FOR EACH VELOCITY OBSERVATION POINT 

Data: LAYER ROW COLUMN 
format: I10 I10 I10 

EXPLANATION OF INPUT VARIABLES 

NVELW -- number of velocity observation points. 

IVELRP -- flag and unit number for velocity response functions. 

If IVELRP > 0, velocity response functions are written to that unit 
number in a formatted file. 

If IVELRP = 0, velocity response functions are not recorded on disk. 

If IVELRP < 0, velocity response functions are written to that unit 
number in an unformatted file. 

P porosity distribution for each aquifer layer; two- dimensional 
real array [0]. 

STHK - -- saturated thickness distribution for each aquifer layer; 
two -dimensional, real array [L]. 

THE FOLLOWING THREE DATA SETS ARE READ FOR EACH VELOCITY OBSERVATION POINT: 

LAYER layer number of the velocity observation point. 
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row number of the velocity observation point. 

COLUMN column number of the velocity observation point. 

5.26 RSTO input file: 

The storage package (RSTO) calculates storage response functions at observation 

points due to pumping at wells specified in RWEL, and writes them to either a 

formatted or an unformatted file. The input file provides the number of storage 

observation points and the unit number for writing the response functions to disk 

storage. STO provides the nodal locations of all storage observation points. RSTO is 

unique to MODRSP and is only to be called if storage response functions are to be 

calculated and printed or stored on disk. Storage response functions will not be 

calculated for steady state. An error message is generated and program execution is 

terminated if the storage package is called for steady -state flow conditions. 

FOR EACH SIMULATION: 

Line 1: NSTOW ISTORP 
format: I10 I10 

FOR EACH STORAGE OBSERVATION POINT: 

Data: LAYER ROW COLUMN 
format: I10 I10 I10 

EXPLANATION OF INPUT VARIABLES 

NSTOW -- number of storage observation points. 

ISTORP -- flag and unit number for storage response functions. 

If ISTORP > 0, storage response functions are written to that unit 
number in a formatted file. 

If ISTORP = 0, storage response functions are not recorded on disk. 
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If ISTORP < 0, storage response functions are recorded to that unit 

number in an unformatted file. 

THE FOLLOWING THREE DATA SETS ARE READ FOR EACH OBSERVATION POINT: 

LAYER - -- layer number of the storage observation point. 

ROE row number of the storage observation point. 

COLUMN column number of the storage observation point. 

5.2.7 RRIV input file: 

The river package (RRIV) adds terms representing flow to rivers to the finite - 

difference equations, calculates river capture response functions at river segments and 

writes the response functions to either a formatted or an unformatted file. The principal 

difference between the RRIV input and the MODFLOW river package input is that 

RRIV does not require the stage height and the head at the bottom of the streambed 

for the river segments; only the streambed conductance is required. The input file 

provides the number of river segments and the unit number for writing the response 

functions to disk storage. The variable NRIVER in line 1 represents the actual number 

of river reaches rather than the maximum number permitted. River reach locations are 

read only once. 

FOR EACH SIMULATION: 

Line 1: NRIVER IRIVCB IRIVRP 
format: I10 I10 I10 

FOR EACH RIVER REACH: 

Data: LAYER ROW COLUMN COND 
format: I10 I10 I10 F10.0 

EXPLANATION OF INPUT VARIABLES 

NRIVER -- number of river reaches in model area (one reach per cell). 
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IRIVCB -- flag and unit number for river cell -by -cell flow terms. 

If IRIVCB > 0, c.b.c. flow terms are written to that unit number 
whenever ICBCFL is set in Output Control. 

If IRIVCB = 0, c.b.c. flow terms are not printed or recorded to disk. 

If IRIVCB < 0, c.b.c. flow terms are printed whenever ICBCFL is set. 

IRIVRP -- flag and unit number for river response functions. 

If IRIVRP > 0, response functions are written to that unit number 
in a formatted file. 

If IRIVRP = 0, response functions are not recorded to disk. 

If IRIVRP < 0, response functions are written to that unit number 
in an unformatted file. 

LAYER - -- aquifer layer containing river reach (layer 1). 

ROW row number in model grid containing river reach. 

COLUMN column number in model grid containing river reach. 

COND conductance of river -bed material. NOTE: this value must be 
calculated by the user! The following explanation describes 
the calculation: 

RCOND = KLW/M 

where, K = hydraulic conductivity of river -bed material [L /t] 

L = length of river reach [L] 

W = width of river reach [L] 

M = thickness of river -bed [L] 

RCOND = river -bed conductance [L2 /t] 

5.8 REVT input file: 

The evapotranspiration package (REVT) adds terms representing 

evapotranspiration to the finite- difference equations, calculates evapotranspiration 
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capture response functions and writes the response functions to either a formatted or an 

unformatted file. The REVT input for MODRSP is also quite different from the 

evapotranspiration package input for MODFLOW. In MODFLOW, the variables 

SURF, EVTR, and, EXDP are read as separate arrays dimensioned over the entire grid 

system. In MODRSP, these variables, along with their nodal locations, are read in a 

single array and are read only once. This array is dimensioned as to the number of 

nodes undergoing evapotranspiration. It is assumed that the evapotranspiration 

variables before and after development have the same values. 

There is another important difference between the evapotranspiration package 

inputs for MODRSP and MODFLOW. In MODFLOW, the variable EXDP is defined 

as the distance from the elevation of the ET surface to the elevation of the extinction 

surface. In MODRSP, EXPD is defined as being the elevation head of the extinction 

depth. 

FOR EACH SIMULATION: 

Line 1: NEVTN IEVTCB IEVTRP 
format: I10 I10 I10 

FOR EACH EVAPOTRANSPIRATION NODE: 

Data: LAYER ROW COLUMN SURF EXDP EVTR 
format: I10 I10 I10 F10.0 F10.0 G10.0 

EXPLANATION OF INPUT VARIABLES 

NEVTN - -- number of evapotranspiration nodes in model area. 

IEVTCB -- flag and unit number for evapotranspiration cell -by -cell flow 
terms. 

If IEVTCB > 0, c.b.c. flow terms are written to that unit number 
whenever ICBCFL is set in Output Control. 

If IEVTCB = 0, c.b.c. flow terms are not printed or recorded on disk. 
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If IEVTCB < 0, c.b.c. flow terms are printed whenever ICBCFL is set. 

IEVTRP -- flag and unit number for evapotranspiration response functions. 

If IEVTRP > 0, response functions are written to that unit number in 
a formatted file. 

If IEVTRP = 0, response functions are not recorded on disk. 

If IEVTRP < 0, response functions are written to that unit number in 
an unformatted file. 

LAYER - -- aquifer layer containing evapotranspiration node (layer 1 only). 

row number of evapotranspiration node. 

COLUMN column number of evapotranspiration node. 

SURF evapotranspiration surface elevation head [L]. 

EXDP - - -- evapotranspiration extinction depth elevation head [L]. 

EVTR maximum evapotranspiration rate per unit area for that node [L /t]. 

519 BALK input file: 

The aquifer leakance package (RALK) calculates leakance response functions at 

observation points due to pumping at wells specified in RWEL, and writes them to 

either a formatted or an unformatted file. The input file provides the number of 

leakance observation points and the unit number for writing the response functions to 

disk storage. RALK provides the nodal locations of all leakance observation points. 

RALK is unique to MODRSP. 

FOR EACH SIMULATION: 

Line 1: NALKW IALKRP 
format: I10 I10 

FOR EACH LEAKANCE OBSERVATION POINT: 

Data: LAYER ROW COLUMN 
format: I10 I10 I10 
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EXPLANATION OF INPUT VARIABLES 

NALKW -- number of leakance observation points. 

IALKRP -- flag and unit number for leakance response functions. 

If IALKRP > 0, leakance response functions are written to that unit 
in a formatted file. 

If IALKRP = 0, leakance response functions are not recorded on disk. 

If IALKRP < 0, leakance response functions are recorded to that unit 
number in an unformatted file. 

THE FOLLOWING THREE DATA SETS ARE READ FOR EACH OBSERVATION POINT: 

LAYER--- layer number of leakance observation point. 

ROW row number of the leakance observation point. 

COLUMN column number of the prescribed -head- boundary observation point. 

5.2.10 RCHB input file: 

The prescribed- head - boundary package (RCHB) calculates prescribed -head 

boundary capture response functions at observation points due to pumping at wells 

specified in RWEL, and writes them to either a formatted or an unformatted file. The 

input file provides the number of prescribed -head boundary observation points and the 

unit number for writing the response functions to disk storage. RCHB provides the 

nodal locations of all prescribed- head -boundary observation points. RCHB is unique to 

MODRSP. 

FOR EACH SIMULATION: 

Line 1: NCHN ICHBRP 
format: I10 I10 

FOR EACH PRESCRIBED -HEAD BOUNDARY OBSERVATION POINT: 

Data: LAYER ROW COLUMN 
format: I10 I10 I10 
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EXPLANATION OF INPUT VARIABLES 

NCHN -- number of prescribed -head boundary observation points. 

ICHBRP -- flag and unit number for prescribed -head boundary response 
functions. 

If ICHBRP > 0, prescribed -head boundary response functions are 
written to that unit number in a formatted file. 

If ICHBRP = 0, prescribed -head boundary response functions are not 
recorded on disk. 

If ICHBRP < 0, prescribed -head boundary response functions are 
recorded to that unit number in an unformatted file. 

THE FOLLOWING THREE DATA SETS ARE READ FOR EACH OBSERVATION POINT: 

LAYER - -- layer number of the prescribed -head boundary observation point. 

ROW row number of the prescribed -head boundary observation point. 

COLUMN column number of the prescribed -head boundary observation point. 

5.211 RGHB input file: 

The head - dependent boundary package (RGHB) adds terms representing head - 

dependent boundaries to the finite- difference equations, calculates head- dependent 

boundary capture response functions and writes the response functions to either a 

formatted or an unformatted file. RGHB input differs from the MODFLOW head - 

dependent boundary package by the presence of the variable IGHBRP in line 1 and by 

the absence of the boundary head values in the nodal location data. The variable 

NGHBN in line 1 represents the actual number of head -dependent boundary nodes 

rather than the maximum number permitted. The head - dependent boundary locations 

are read only once. 
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FOR EACH SIMULATION: 

Line 1: NGHBN IGHBCB IGHBRP 
format: I10 I10 I10 

FOR EACH HEAD- DEPENDENT BOUNDARY NODE: 

Data: LAYER ROW COLUMN COND. 
format: I10 I10 I10 F10.0 

EXPLANATION OF INPUT VARIABLES 

NGHBN--- number of head -dependent boundary nodes. 

IGHBCB -- flag and unit number for general head cell -by -cell flow terms. 

If IGHBCB > 0, c.b.c. flow terms will be written to that unit number 
whenever ICBCFL is set in Output Control. 

If IGHBCB = 0, c.b.c. flow terms are neither printed nor recorded 
on disk. 

If IGHBCB < 0, c.b.c. flow terms are printed when ICBCFL is set. 

IGHBRP -- flag and unit number for head- dependent boundary response 
functions. 

If IGHBRP > 0, response functions are written to that unit number in 
a formatted file. 

If IGHBRP = 0, response functions are not recorded on disk. 

If IGHBRP < 0, response functions are written to that unit number in 
an unformatted file. 

LAYER - -- layer of aquifer containing head - dependent boundary (layer 1). 

row number of head -dependent boundary node. 

COLUMN column number of head -dependent boundary node. 

COND. - hydraulic conductance of the interface between the aquifer cell 
and the general head boundary [L2 /t]. 

NOTE: this value must be calculated by the user prior to running 
MODRSP. A brief description of the calculation follows: 

Q = COND(Ho - HA) 

therefore, COND = a 
(H.-11A) 
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where Q = pumping rate [L3 /t] 
Ho = initial (steady- state) head in boundary node [L] 
HA = head at some location away from aquifer [L] 

5.212 SIP input file: 

The strongly implicit procedure (SIP) package input to MODRSP is the same as 

that for MODFLOW. The variable inputs are included here for completeness. For 

further description of the SIP solution process and variables, the user should consult the 

MODFLOW manual (McDonald and Harbaugh, 1984, 1988). 

FOR EACH SIMULATION: 

Line 1: MXITER NPARM 
format: I10 I10 

Line 2: ACCL HCLOSE IPCALC WSEED IPRSIP 
format: F10.0 F10.0 I10 F10.0 I10 

EXPLANATION OF INPUT VARIABLES 

MXITER -- maximum number of iterations in time step in an attempt to solve 
the system of finite -difference equations (suggested value: 50). 

NPARM--- number of iteration parameters to use (suggested value: 5). 

ACCL - - -- acceleration parameter. Must be positive (suggested value: 1). 

HCLOSE -- head change criterion for convergence. Iteration stops when the 
maximum absolute value of head change from all nodes is within 
( <) HCLOSE. 

IPCALC -- flag for source of iteration parameter. 

If IPCALC = 0, seed is entered by user. 

If IPCALC = 1, seed is calculated at the start of the program from 
problem parameter. 

WSEED - -- seed for calculating iteration parameters. Read only if IPCALC =O. 
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IPRSIP -- printout interval for SIP. If IPRSIP is set to zero, the program 
automatically changes it to 999. This value specifies the 
frequency at which the maximum head change (positive or negative) 
for each iteration is printed. This printout occurs whenever the 
time step is an even multiple of IPRSIP and at the end of each 
stress period, regardless of the IPRSIP value. 

5.2.13 SOR input file: 

The slice- successive overrelaxation (SOR) package input to MODRSP is the 

same as that for MODFLOW. The variable inputs are included here for completeness. 

For further description of the SOR solution process and variables, the user should 

consult the MODFLOW manual (McDonald and Harbaugh, 1984, 1988). 

FOR EACH SIMULATION: 

Line 1: MXITER 
format: I10 

Line 2: ACCL HCLOSE IPRSOR 
format: F10.0 F10.0 I10 

EXPLANATION OF INPUT VARIABLES 

MXITER -- maximum number of iterations in time step in an attempt to solve 
the system of finite -difference equations (suggested value: 100). 

ACCL - - -- acceleration parameter, usually between 1.0 and 2.0. 

HCLOSE -- head change criterion for convergence. Iteration stops when the 
maximum absolute value of head change from all nodes is within 
( <) HCLOSE. 

IPRSOR -- printout interval for SOR. If IPRSOR is set to zero, the program 
automatically changes it to 999. This value specifies the 
frequency at which the maximum head change (positive or negative) 
for each iteration is printed. This printout occurs whenever the 
time step is an even multiple of IPRSOR and at,the end of each 
stress period, regardless of the IPRSOR value. 
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5.2.14 PCG input file: 

The Preconditioned Conjugate Gradient (PCG) package input to MODRSP is 

the same as that for MODFLOW. The variable inputs are included here for 

completeness. For further description of the PCG solution process and variables, the 

user should consult the PCG manual (Hill, 1990). 

FOR EACH SIMULATION: 

Line 1: MXITER ITERI NPCOND 
format: I10 I10 I10 

Line 2: HCLOSE RCLOSE RELAX NBPOL IPRPCG MUTPCG 
format: F10.0 F10.0 F10.0 I10 I10 I10 

EXPLANATION OF INPUT VARIABLES 

MXITER -- maximum number of calls to the solution routine. For MODRSP, the 
value of MXITER should be 1, unless more than 50 inner iterations 
are required (then a value as high as 10 maybe required). 

ITER1--- maximum number of inner iterations (suggested value:30). 

NPCOND -- matrix preconditioning flag. The following options are available, 

NPCOND PRECONDITIONING METHOD 

1 Modified Incomplete Cholesky (for scalar computers) 

2 Polynomial (for vector computers) 

HCLOSE -- head change criterion for convergence [L]. Iteration stops when 
the maximum absolute value of head change from all nodes is within 
(<) HCLOSE and the criterion for RCLOSE is satisfied (see below). 
HCLOSE is usually set to 0.001. 

RCLOSE-- residual criterion for convergence [L3 /t]. Iteration stops when 
the maximum absolute value of the residual at all nodes during an 
iteration is within ( <) RCLOSE. RCLOSE is usually set to HCLOSE. 

RELAX - -- relaxation parameter used with NPCOND = 1. RELAX usually takes the 
value 1.0. 
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NBPOL - -- relaxation parameter used with NPCOND = 2. NBPOL indicates whether 

the upper bound on the maximum eigenvalue is 2.0, or whether the 
estimate will be calculated. NBPOL = 2 is used to specify the 

value as 2.0; for any other value of NBPOL, the estimate is 
calculated. 

IPRPCG -- printout interval for PCG. If IPRPCG is set to zero, the program 
automatically changes it to 999. This value specifies the 

frequency at which the maximum head change and residual (positive 
or negative) each iteration is printed. This printout occurs 
whenever the time step is an even multiple of IPRPCG and at the 
end of each stress period, regardless of the IPRPCG value. 

MUTPCG -- solver print control flag. If MUTPCG = 0, all solver output is 

printed. If MUTPCG = 1, the number of iterations is printed, but 

the lists of extreme head changes and residuals is suppressed. If 

MUTPCG = 2 (or greater), all printing is suppressed. 

5115 OPC input file: 

The output control package (OPC) sets up the printing and the writing -to -disk 

formats. OPC for MODRSP differs from that of MODFLOW because there is no need 

to print or write to disk head values. . Therefore the OPC input file includes only 

printing and writing -to -disk information for drawdowns. The user should also be aware 

that the OPC input file, although read every time period as in MODFLOW, is only 

read for the first pumping well. All other wells will have the same printing and writing 

sequence. 

FOR EACH SIMULATION: 

Line 1: IDDNFM IDDNUN 
format: I10 I10 

FOR EACH TIME STEP OF THE FIRST WELL (ALL OTHER WELLS REPEAT): 

Data: INCODE IHDDFL IBUDFL ICBCFL 
format: I10 I10 I10 I10 

Data: IOFLG (number of records varies from 0 to NLAY 
format: 2I10 depending on the value on INCODE) 
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EXPLANATION OF INPUT VARIABLES 

IDDNFM-- print format code for drawdowns. If code number is positive, each 
row of data is printed completely before starting the next row 
(wrap format). A negative format code results in a strip format: 
only that number of columns that will fit across one line are 
printed in a strip. The model uses as many strips as necessary 
to print the entire model width. The absolute value of the 
format code specifies the print format as follows: 

0_ 10G11.4) 7- 20F5.0 
11G10.3) 8- 20F5.1 
9G13.6 9 20F5.2 

3- 15F7.1 10 - 20F5.3 
4- 15F7.3 11 - 20F5.4 
5- 15F7.3 12 - 10G11.4) 
6- 15F7.4 

IDDNUN -- unit number on which drawdowns will be recorded if they are saved 
on disk. 

INCODE -- drawdown output code. This determines how many IOFLG records are 
read. 

If INCODE < 0, the same layer -by -layer specifications are used as 
in the previous time step. IOFLG is not read. 

If INCODE = O, all layers are treated the same way. Read only one 
record for data item 3. 

If INCODE > 0, read one IOFLG record for each layer. 

IHDDFL -- drawdown output flag. 

If IHDDFL = 0, drawdowns are not printed or saved on disk. 

If IHDDFL 00, drawdowns are printed or saved according to IOFLG. 

IBUDFL - budget print flag. 

If IBUDFL = 0, overall volumetric budget is not printed. 

If IBUDFL 00, volumetric budget is printed. 

ICBCFL -- cell -by -cell flow term flag. 

If ICBCFL = O, cell -by -cell flow terms are not printed or saved. 

If ICBCFL 00, cell -by -cell flow terms are printed or recorded on 
disk according to IOFLG. 

IOFLG--- two- dimensional drawdown save /print flag array. One line for each 
layer or otherwise as specified by IHDDFL. First value on each 
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line indicates whether or not drawdowns will be printed. A zero 

means drawdowns will not be printed, a non -zero value indicates 
that the drawdowns for that layer will be printed. The second 
value on the line tells whether or not the drawdowns will be saved 
(0 = not saved, any other value = saved). 

5.216 RUTL input files: 

The utility package (RUTL) inputs for MODRSP are the same as for 

MODFLOW. The variable inputs are included here for completeness. For further 

description of the RUTL package and variables, the user should consult the 

MODFLOW manual (McDonald and Harbaugh, 1984, 1989). As with MODFLOW, 

each one- (U1DREL) or two - dimensional (U2DINT, U2DREL) array reader reads one 

array- control record. The array and its control record are read from the input unit 

number specified for the major option that is requesting the array. For example, the 

BASIC package uses U2DINT to read the boundary array, IBOUND. The input unit 

for the BASIC package is contained on IUNIT(35), and thus, the IBOUND array is read 

from this input unit. 

FOR REAL ARRAY READER (U2DREL or U1DREL): 

Line 1: LOCAT CNSTNT FMTIN IPRN 
format: I10 F10.0 A20 I10 

FOR INTEGER ARRAY READER (U2DINT): 

Line 1: LOCAT ICONST FMTIN IPRN 
format: I10 I10 A20 I10 

EXPLANATION OF INPUT VARIABLES 

LOCAT- indicates the location of the data which will be put in the array. 

If LOCAT < 0, the sign is reversed to give the unit number from which 
an unformatted record will be read. 
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If LOCAT = 0, every element in the array will be set equal to the 

value CNSTNT (or ICONST). 

If LOCAT > 0, it is the unit number from which data values will be 
read in the format specified in the third field of the 
array -control record ( FMTIN). 

CNSTNT/ICONST- a constant. Its use depends on the value of LOCAT. 

If LOCAT = 0, every element in the array is set equal to 

CNSTNT /ICONST. 

If LOCAT 00, and if CNSTNT /ICONST 00, every element in the array is 
multiplied by CNSTNT /ICONST. 

FMTIN- format of records containing the array values -- read only for 
positive values of LOCAT. The format must be enclosed in 
parentheses (eg, (15F5.0) for real data or (10I2) for integer). 

IPRN- flag for printing array that is read and code for format that 
should be used. Read only if LOCAT 0 O. The format codes are 
different for each of the three array -input modules. 

If IPRN > 12, IPRN is set to O. 

If IPRN < 0, the array will not be printed. 

Otherwise, the value of IPRN signals the use of the formats as 
shown in the table below: 

IPRN U2DREL 2U DINT UIDREL 

0 10G11.4 10I11 10G12.5 
1 11G10.3 60I1 
2 9G13.6 40I2 
3 15F7.1 30I3 
4 15F7.2 25I4 
5 15F7.3 20I5 
6 15F7.4 
7 20F5.0 
8 20F5.1 
9 20F5.2 

10 20F5.3 
11 20F5.4 
12 10G11.4 
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La RUNNING MODRSP 

MODRSP is run interactively. Simply type the name MODRSP after the 

command prompt, the screen will clear, the title MODRSP will appear, and the user 

will be asked to supply the names of the various modules input and output file names. 

An example of a partial screen is shown in Figure 5.1. 

Example Screen for Input and Output Files Name Reading 
Figure 5.1 

MODRSP 

MAIN OUTPUT FILE (ODF) ON UNIT 36 ASSIGN TO FORMATTED FILE: tst7.out 
BAS ON UNIT 35 ASSIGN TO FORMATTED FILE: 7bas 
BCF ON UNIT 2 ASSIGN TO FORMATTED FILE: 7bcf 
WEL ON UNIT 3 ASSIGN TO FORMATTED FILE: 7wel 
DRW ON UNIT 4 ASSIGN TO FORMATTED FILE: 7drw 

DRAWDOWN RF ON UNIT 51 ASSIGN TO FORMATTED FILE:,drw7.rf 
VEL ON UNIT 7 ASSIGN TO FORMATTED FILE: 7vel 

VELOCITY RF ON UNIT 52 ASSIGN TO FORMATTED FILE: vel7.rf 
STO ON UNIT 8 ASSIGN TO FORMATTED FILE: 7sto 

STORAGE RF ON UNIT 53 ASSIGN TO FORMATTED FILE: sto7.rf 
RIV ON UNIT 9 ASSIGN TO FORMATTED FILE: 7riv 

RIVER CAPTURE RF ON UNIT 54 ASSIGN TO FORMATTED FILE: riv7.rf 
EVT ON UNIT 10 ASSIGN TO FORMATTED FILE: 7evt 

ET CAPTURE RP ON UNIT 55 ASSIGN TO FORMATTED PILE: evt7.rf 
ALK ON UNIT 16 ASSIGN TO FORMATTED PILE: 7alk 

ALK CAPTURE RF ON UNIT 56 ASSIGN TO FORMATTED FILE: alk7.rf 
CHB ON UNIT 11 ASSIGN TO FORMATTED FILE: 7chb 

CHB CAPTURE RF ON UNIT 57 ASSIGN TO FORMATTED FILE: chb7.rf 
GHB ON UNIT 12 ASSIGN TO FORMATTED FILE: 7ghb 

GHB CAPTURE RF ON UNIT 58 ASSIGN TO FORMATTED FILE: ghb7.rf 
PCG ON UNIT 13 ASSIGN TO FORMATTED PILE: pcg 

In the example, 7bas, 7bcf, 7wel, 7drw, 7vel, 7sto, 7riv, 7evt, 7alk, 7chb, 7ghb, 

and pcg are the input file names for the modules RBAS, RBCF, RWEL, RDRW, 

RVEL, RSTO, RRIV, REVT, RALK, RCHB, RGHB, and PCG, respectively; while 

tst7.out is the general output file and drw7.rf, vel7.rf, sto7.rf, riv7.rf, evt7.rf, alk7.rf, 

chb7.rf, and ghb7.rf are output files for drawdown, velocity, river capture, 

evapotranspiration loss capture, adjacent aquifer leakage capture, prescribed -head 

boundary capture, and head - dependent boundary capture response functions. Also 

written to the screen are the unit numbers assigned to the files. The assignment of unit 

numbers for the BAS input file and the main output file (units 35 and 36) occurs in the 
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main program. Unit numbers for the RBCF, RWEL, RDRW, RVEL, RSTO, RRIV, 

REVT, RALK, RCHB, RGHB and PCG input files (units 2, 3, 4, 7, 8, 9, 10, 16, 11, 12 

and 13) are assigned in the RBAS module and unit numbers for the response function 

output files are designated in the various modules (units 51, 52, 53, 54, 55, 56, 57, 58). 
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Chapter 6 

Running MODRSP 

6.1 INTRODUCTION 

The purpose of this chapter is to familiarize the user with MODRSP, its input 

and output structures and some of its capabilities. Three example problems are 

presented, and all are applications of MODRSP to the hypothetical basin shown in 

Figure 6.1 and presented below. 

12 HYPOTHETICAL BASIN 

The basin extends over a 200 square mile area, and is bounded to the north and 

south by mountain ranges that act as no -flow boundaries. There is a large lake to the 

northwest that behaves as a prescribed -head boundary and is the source of a river that 

transects the basin from west to east. The basin and river discharges to the east. 

Heavy riparian growths flourish along the river before development. 
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Figure 6.1 
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The basin is underlain by a multi- aquifer system consisting of an upper alluvial 

aquifer, a regional aquifer and a confining layer that separates the two (Figure 6.2). 

The areal boundaries of the two aquifers coincide. The upper alluvial aquifer is 

unconfined, however, the saturated thickness of the alluvial aquifer is large enough that 

the transmissivity maybe treated as being independent of head. The regional aquifer is, 

and remains, a confined aquifer. The base of the alluvial aquifer is at 3500 feet and is 

uniform throughout the basin. The confining zone between the alluvial and regional 

aquifers is 10 feet thick with a vertical hydraulic conductivity of 0.001 feet /day. 

Cross -Section of Hypothetical Basin 
Figure 6.2 
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Regione' Aquifer 

The transmissivity distributions for the alluvial and regional aquifers are shown 

in Figure 6.3 and Figure 6.4, respectively. The specific yield for the alluvial aquifer is 

0.01 and the storage coefficient for the regional aquifer is 0.0001. 

The river carries 10 feet of water at all times, has a 30 foot bed -thickness with 

hydraulic conductivity of 0.1134 feet /day and has a uniform width of 100 feet 

throughout the region. The river length is segmented into 25 reaches (Figure 6.5), each 
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with an area of 100 feet by 1 mile. The head level at the lake and head waters of the 

river is 3800 feet, and the river drops through 70 feet of head as it meanders to the 

outflow where the head is 3730 feet. The average stage for each reach is given in Table 

6.1. 

Transmissivity Distribution for 
the Alluvial Aquifer (ft2 /sec) 

Figure 6.3 
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River Reaches 
Figure 6.5 
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Transmissivity Distribution for 
the Regional Aquifer (ft2 /sec) 

Figure 6.4 
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River Reach Locations 
Table 6.1 

.-. t nliß 

Reach Row Column Stage Reach Row Column Stage 

1 2 2 3796 13 3 li 3762 
2 2 3 3793 14 3 12 3759 
3 2 4 3789 15 3 13 3756 
4 3 4 3788 16 3 14 3752 
5 4 . 4 3787 17 3 15 3748 
6 4 5 3785 18 3 16 3747 
7 4 6 3783 19 4 16 3746 

3745 
3744 
3741 
3737 
3734 
3730 

8 4 7 3778 20 5 16 
9 4 8 3774 21 6 16 

10 4 9 3770 22 6 17 
11 4 10 3767 23 6 18 
12 4 11 3763 24 6 19 

25 6 20 

The riparian habitat that bounds portions of the river has a maximum 

evapotranspiration -loss rate of 9.65 x 10 - 9 ft3 /ft2 -sec at the maximum 

evapotranspiration surface shown in Figure 6.6 and given in Table 6.2. The extinction 

surface is 50 feet below the maximum evapotranspiration surface. 
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Segmentation of the Maximum ET Surface Head Values for the Maximum ET Surface 
Figure 6.6 Table 6.2 
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§a EXAMPLE 1. 

/1. .-.. i Mle 

Segment ltov Col non E7 
Surface 

Segment Roy Coltina Et 
Surface 

1 3 2 3793 18 5 15 3748 
2 3 S 3788 10 8 15 3747 
3 4 3 3782 20 7 15 3747 
4 5 3 3777 21 7 18 3744 
5 5 4 3776 22 7 17 3741 
6 5 5 3775 23 7 18 3738 
7 5 6 3772 24 7 19 3734 
8 5 7 3770 25 2 11 3757 
0 5 8 3767 26 2 12 3755 

10 5 9 3764 27 2 13 3734 
11 5 10 3761 28 2 14 3752 
12 5 11 3758 29 2 15 3730 
13 5 12 3756 30 2 16 3748 
14 4 12 3750 31 2 17 3747 
15 4 13 3754 32 3 17 3747 
18 4 14 3751 33 4 17 3745 
17 4 15 3749 34 5 17 3743 

Safe -yield development is to occur in the central region of the hypothetical basin 

where 7 wells are introduced: 5 pumping from the alluvial aquifer and 2 pumping from 

the regional aquifer. The locations of the 7 wells are shown in Figure 6.7. Each well is 

expected to pump such that a new steady -state configuration is formed. Water will be 

captured from the lake, the stream, evapotranspiration losses and basin outflow to 

balance the pumping from the 7 wells and to establish a safe yield. As with the steady 

state, the lake boundary is treated as a prescribed -head boundary. The response 

function for capture from basin outflow is determined by converting the prescribed- flow 

boundary to the east to a head -dependent boundary. Find the drawdown, river 

leakance capture, ET -loss capture, constant -head boundary, and head -dependent 

boundary response functions. 

To calculate these response functions, ten input files are created: 1BAS for the 

basic subprogram RBAS, 1BCF for the block -centered -flow subprogram RBCF, 1WEL 

for the well subprogram RWEL, 1DRW for the drawdown subprogram RDRW, 1RIV 

for the river subprogram RRN, 1EVT for the evapotranspiration subprogram REVT, 
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1CHB for the prescribed -head boundary subprogram RCHB, 1GHB for the head - 

dependent boundary subprogram, PCG for the preconditioned conjugate -gradient 

subprogram, and 10PC for the output control subprogram ROPC. 

2 

3 
4 

3 

6 

7 

0 

9 

10 

1 

12 

The 1BAS file is: 

Areal Location of Wells for Example 1 

Figure 6.7 

1 2 3+ 5 a 7 9 a 10 11 t2 13 N IS 10 17 19 19 20 

/^i,z zazA -: _ î 

ET Mos 
z `. I ie1tN 

RSP TEST PROBLEM 1, 2 LAYERS,STEADY STATE,RIV,ET,GHB,7 WELLS,PCG;CALCULATES CHB, 
DRW,RIV,ET,GHB RESP FNCTS 

2 
2 

3 4 
0 

35 

0 0 7 
12 

8 0 

1(20I2) 

9 
20 
10 0 0 

1 

11 
1 

12 

3 
-1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 
-1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 

35 1(20I2) 3 
2 2 2 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
2 2 2 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
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0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 0 0 0 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 

0 0 0 0 0 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 

999. 
31536000. 1 1. 

Even for steady state, it is necessary to specify a time step length. 

(The 1BCF file is: 

1 

0 
0 
0 

2 

-1 

1. 

5280. 
5280. 

1.(10F7.5) 
.10000 .10000 .10000 .10000 .10000 .00000 .00000 .00000 .00000 .00000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 
.10000 .10000 .10000 .10000 .10000 .00000 .00000 .00000 .00000 .00000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 
.10000 .10000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 
.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 
.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 
.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 
.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 
.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 
.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 
.00000 .00000 .00000 .00000 .00000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 
.00000 .00000 .00000 .00000 .00000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 
.00000 .00000 .00000 .00000 .00000 .20000 .20000 .20000 .20000 .20000 
.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 

0 1.157E-09 
2 1.(10F7.5) 

.20000 .20000 .20000 .20000 .20000 .00000 .00000 .00000 .00000 .00000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.20000 .20000 .20000 .20000 .20000 .00000 .00000 .00000 .00000 .00000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.20000 .20000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 
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.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .00000 .00000 .00000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .00000 .00000 .00000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 

.00000 .00000 .00000 .00000 .00000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000.00000 

Because all layers are assumed to have head -independent transmissivity, it is not 

necessary in MODRSP to specify layer type as in MODFLOW. 

The 1WEL file is: 

7 -1 

1 10 10 

1 8 10 

1 7 11 

1 6 13 

1 7 14 

2 8 10 

2 7 11 

It is not necessary to specify pumping in MODRSP. 

The 1DRW file is: 

7 51 

1 10 10 

1 8 10 

1 7 11 

1 6 13 

1 7 14 

2 8 10 

2 7 11 

For this example, the location of pumping wells and drawdown observation wells are the 

same. 
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'The 1RIV file is:j 

25 -1 54 

1 2 2 .0231 

1 2 3 .0231 

1 2 4 .0231 

1 3 4 .0231 

1 4 4 .0231 

1 4 5 .0231 

1 4 6 .0231 

1 4 7 .0231 

1 4 8 .0231 

1 4 9 .0231 

1 4 10 .0231 

1 4 11 .0231 

1 3 11 .0231 

1 3 12 .0231 

1 3 13 .0231 

1 3 14 .0231 

1 3 15 .0231 

1 3 16 .0231 

1 4 16 .0231 

1 5 16 .0231 

1 6 16 .0231 

1 6 17 .0231 

1 6 18 .0231 

1 6 19 .0231 

1 6 20 .0231 

It is not necessary to specify river stage or the elevation of the bottom of the riverbed 

with MODRSP. 

'The lEVT file is:I 

34 -1 55 
1 3 2 3793. 3743. 9.65E-9 

1 3 3 3788. 3738. 9.65E-9 

1 4 3 3782. 3732. 9.65E-9 
1 5 3 3777. 3727. 9.65E-9 
1 5 4 3776. 3726. 9.65E-9 

1 5 5 3775. 3725. 9.65E-9 

1 5 6 3772. 3722. 9.65E-9 

1 5 7 3770. 3720. 9.65E-9 

1 5 8 3767. 3717. 9.65E-9 

1 5 9 3764. 3714. 9.65E-9 

1 5 10 3761. 3711. 9.65E-9 
1 5 11 3758. 3708. 9.65E-9 
1 5 12 3756. 3706. 9.65E-9 
1 4 12 3756. 3706. 9.65E-9 
1 4 13 3754. 3704. 9.65E-9 
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The 1GHB file is:J 

1 4 14 3751. 3701. 9.65E-9 
1 4 15 3749. 3699. 9.65E-9 
1 5 15 3748. 3698. 9.65E-9 
1 6 15 3747. 3697. 9.65E-9 
1 7 15 3747. 3697. 9.65E-9 
1 7 16 3744. 3694. 9.65E-9 
1 7 17 3741. 3691. 9.65E-9 
1 7 18 3738. 3688. 9.65E-9 
1 7 19 3734. 3684. 9.65E-9 
1 2 11 3757. 3707. 9.65E-9 
1 2 12 3755. 3705. 9.65E-9 
1 2 13 3754. 3704. 9.65E-9 
1 2 14 3752. 3702. 9.65E-9 
1 2 15 3750. 3700. 9.65E-9 
1 2 16 3748. 3698. 9.65E-9 
1 2 17 3747. 3697. 9.65E-9 
1 3 17 3747. 3697. 9.65E-9 
1 4 17 3745. 3695. 9.65E-9 
1 5 17 3743. 3693. 9.65E-9 

Evapotranspiration may occur only from the first layer with MODRSP. 

The 1CHB file is: 

3 -1 57 
1 1 1 

1 2 1 

1 3 1 

This subprogram should be called and this data read only if the user wishes to print or 

store the prescribed -head boundary response functions. Prescribed -head boundaries may 

be present and this subprogram not called. 

6 -1 58 
1 5 20 0.0381262 
1 6 20 0.0353006 
1 7 20 0.0305887 
1 8 20 0.0319189 
1 9 20 0.0324476 
1 10 20 0.0326535 

It is not necessary to read in the boundary head with MODRSP. 
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IThe PCG file is:) 

10 99 
0.0001 0.0001 

1 

1.0 2 1 

The PCG data file is unchanged from that of MODFLOW. 

The 1OPC file is: 

12 
o 
1 

o 
1 

0 

The ROPC input data file for MODRSP has fewer flags than its counterpart in 

MODFLOW because only drawdowns are stored or printed. 

Figure 6.8 shows the computer screen after all the various input and output file 

names have been entered for the example. For this example, the general output file, 

and the drawdown, stream capture, evapotranspiration -loss capture, prescribed -head 

boundary capture and head - dependent boundary capture response function files are 

called tstl.out, drwl.rf, rivl.rf, evtl.rf, chbl.rf and ghbl.rf, respectively. 

Example 1 Input and Output File Name Screen 
Figure 6.8 

MODRSP 

MAIN OUTPUT FILE (ODF) ON UNIT 36 ASSIGN TO FORMATTED FILE: tstl.out 
BAS ON UNIT 35 ASSIGN TO FORMATTED FILE: ibas 
BCF ON UNIT 2 ASSIGN TO FORMATTED FILE: lbcf 
WEL ON UNIT 3 ASSIGN TO FORMATTED FILE: iwel 
DRW ON UNIT 4 ASSIGN TO FORMATTED FILE: ldrw 

DRAWDOWN RF ON UNIT 51 ASSIGN TO FORMATTED FILE: drwi.rf 
RIV ON UNIT 7 ASSIGN TO FORMATTED FILE: iriv 

RIVER CAPTURE RF ON UNIT 54 ASSIGN TO FORMATTED FILE: rivi.rf 
EVT ON UNIT 8 ASSIGN TO FORMATTED FILE: levt 

ET CAPTURE RF ON UNIT 55 ASSIGN TO FORMATTED FILE: evtl.rf 
CHB ON UNIT 9 ASSIGN TO FORMATTED FILE: lchb 

CHB CAPTURE RF ON UNIT 57 ASSIGN TO FORMATTED FILE: chbl.rf 
GHB ON UNIT 10 ASSIGN TO FORMATTED FILE: lghb 

GHB CAPTURE RF ON UNIT 58 ASSIGN TO FORMATTED FILE: ghbl.rf 
PCG ON 
BOUNDARY ARRAY ON 

UNIT 
UNIT 

11 
35 

ASSIGN TO FORMATTED FILE: pcg 

BOUNDARY ARRAY ON UNIT 35 
OPC ON UNIT 12 ASSIGN TO FORMATTED FILE: lopc 
ROW TRANSMISSIVITY ON UNIT 2 
ROW TRANSMISSIVITY ON UNIT 2 
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Because of its length, the tstl.out is not printed in this documentation but is 

included in the EXAMPL subdirectory on the MODRSP software floppy. The response 

function files are also quite long and are included in the EXAMPL subdirectory, 

however, two of them, drwl.rf and chbl.rf, are shown here as follows. 

The drawdown response function file, drwl.rf, is: 

DRAWDOWN RESPONSE FUNCTIONS 

OBVW 
WELL 

# k i j 

PUMP 
WELL 

# k i j 

TIME 
INDEX Qd [t/1] 

1 1 10 10 1 1 10 10 1 .3599101E+01 
2 1 8 10 1 1 10 10 1 .1881252E+01 
3 1 7 11 1 1 10 10 1 .1552694E+01 
4 1 6 13 1 1 10 10 1 .1270200E+01, 
5 1 7 14 1 1 10 10 1 .1287765E+01 
6 2 8 10 1 1 10 10 1 .1608712E+01 
7 2 7 11 1 1 10 10 1 .1465143E+01 
1 1 10 10 2 1 8 10 1 .1881254E+01 
2 1 8 10 2 1 8 10 1 .3290896E+01 
3 1 7 11 2 1 8 10 1 .1811360E+01 
4 1 6 13 2 1 8 10 1 .1306470E+01 
5 1 7 14 2 1 8 10 1 .1273926E+01 
6 2 8 10 2 1 8 10 1 .1597013E+01 
7 2 7 11 2 1 8 10 1 .1463803E+01 
1 1 10 10 3 1 7 11 1 .1552698E+01 
2 1 8 10 3 1 7 11 1 .1811362E+01 
3 1 7 11 3 1 7 11 1 .2804882E+01 
4 1 6 13 3 1 7 11 1 .1454788E+01 
5 1 7 14 3 1 7 11 1 .1351996E+01 
6 2 8 10 3 1 7 11 1 .1431078E+01 
7 2 7 11 3 1 7 11 1 .1446892E+01 
1 1 10 10 4 1 6 13 1 .1270199E+01 
2 1 8 10 4 1 6 13 1 .1306473E+01 
3 1 7 11 4 1 6 13 1 .1454781E+01 
4 1 6 13 4 1 6 13 1 .2567113E+01 
5 1 7 14 4 1 6 13 1 .1572476E+01 
6 2 8 10 4 .1 6 13 1 .1219108E+01 
7 2 7 11 4 1 6 13 1 .1258731E+01 
1 1 10 10 5 1 7 14 1 .1287763E+01 
2 1 8 10 5 1 7 14 1 .1273924E+01 
3 1 7 11 5 1 7 14 1 .1351987E+01 
4 1 6 13 5 1 7 14 1 .1572478E+01 
5 1 '7 14 5 1 7 14 1 .2572866E+01 
6 2 8 10 5 1 7 14 1 .1206011E+01 
7 2 7 11 5 1 7 14 1 .1232135E+01 
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1 1 10 10 6 2 8 10 1 .1608705E+01 
2 1 8 10 6 2 8 10 1 .1597013E+01 
3 1 7 11 6 2 8 10 1 .1431079E+01 
4 1 6 13 6 2 8 10 1 .1219109E+01 
5 1 7 14 6 2 8 10 1 .1206015E+01 
6 2 8 10 6 2 8 10 1 .2894830E+01 
7 2 7 11 6 2 8 10 1 .1822199E+01 
1 1 10 10 7 2 7 11 1 .1465151E+01 
2 1 8 10 7 2 7 11 1 .1463807E+01 
3 1 7 11 7 2 7 11 1 .1446888E+01 
4 1 6 13 7 2 7 11 1 .1258733E+01 
5 1 7 14 7 2 7 11 1 .1232138E+01 
6 2 8 10 7 2 7 11 1 .1822198E+01 
7 2 7 11 7 2 7 11 1 .2776381E+01 

The prescribed -head boundary capture response function file, chbl.rf, is: 

CONSTANT -HEAD BOUNDARY CAPTURE RESPONSE FUNCTIONS 

CNST 
HEAD 

# k i j 

PUMP 
WELL 
# k i j 

TIME 
INDEX fiH [0] 

1 1 1 1 1 1 10 10 1 .4030645E-01 
2 1 2 1. 1 1 10 10 1 .4028162E-01 
3 1 3 1 1 1 10 10 1 .4418340E-01 
1 1 1 1 2 1 8 10 1 .4008639E-01 
2 1 2 1 2 1 8 10 1 .4004375E-01 
3 1 3 1 2 1 8 10 1 .4389320E-01 
1 1 1 1 3 1 7 11 1 .3681071E-01 
2 1 2 1 3 1 7 11 1 .3674432E-01 
3 1 3 1 3 1 7 11 1 .4022747E-01 
1 1 1 1 4 1 6 13 1 .3148832E-01 
2 1 2 1 4 1 6 13 1 .3141446E-01 
3 1 3 1 4 1 6 13 1 .3436030E-01 
1 1 1 1 5 1 7 14 1 .3026715E-01 
2 1 2 1 5 1 7 14 1 .3020234E-01 
3 1 3 1 5 1 7 14 1 .3304506E-01 
1 1 1 1 6 2 8 10 1 .4197608E-01 
2 1 2 1 6 2 8 10 1 .4191137E-01 
3 1 3 1 6 2 8 10 1 .4589547E-01 
1 1 1 1 7 2 7 11 1 .3922264E-01 
2 1 2 1 7 2 7 11 1 .3913342E-01 
3 1 3 1 7 2 7 11 1 .4280319E-01 

In the above response function output, the seven indices notation is used; three 

for the observation point (layer, row, column), three for the pumping well (layer, row, 

column) and one for time. For clarity in reference to Chapter 2, it is helpful to re -index 
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the response functions. The new indices are by layer and a point number (layer, point 

#). For each pumping well or observation point in a layer (k, i, j), a unique consecutive 

number (k, m) is assigned. Thus, for example, for the pumping wells and the drawdown 

observation points: 

and for the prescribed -head boundary points: 

(1, 1, 1) 4-+ (1,1) 

(1, 2, 1) 4-0 (1,2) 
(1, 3, 1) H (1,3) 

Under the new indexing, the drawdown response functions are: 

DRAWDOWN RESPONSE FUNCTIONS 

MK 
OBSW 
WELL 

L 

PUMP 
WELL 

J 

TIME 
INDEX 
N -I +1 Qd 

1 1 1 1 1 .3599101E+01 
1 2 1 1 1 .1881252E+01 
1 3 1 1 1 .1552694E+01 
1 4 1 1 1 .1270200E+01 
1 5 1 1 1 .1287765E+01 
2 1 1 1 1 .1608712E+01 
2 2 1 1 1 .1465143E+01 
1 1 1 2 1 .1881254E+01 
1 2 1 2 1 .3290896E+01 
1 3 1 2 1 .1811360E+01 
1 4 1 2 1 .1306470E+01 
1 5 1 2 1 .1273926E+01 
2 1 1 2 1 .1597013E+01 
2 2 1 2 1 .1463803E+01 
1 1 1 3 1 .1552698E+01 
1 2 1 3 1 .1811362E+01 
1 3 1 3 1 .2804882E+01 
1 4 1 3 1 .1454788E+01 

6-13 



1 5 1 3 1 .1351996E+01 

2 1 1 3 1 .1431078E+01 

2 2 1 3 1 .1446892E+01 

i 1 1 4 1 .1270199E+01 

1 2 1 4 1 .1306473E+01 

1 3 1 4 1 .1454781E+01 

1 4 1 4 1 .2567113E+01 

1 5 1 4 1 .1572476E+01 

2 1 1 4 1 .1219108E+01 

2 2 1 4 1 .1258731E+01 

1 1 1 5 1 .1287763E+01 

1 2 1 5 1 .1273924E+01 

1 3 1 5 1 .1351987E+01 

1 4 1 5 1 .1572478E+01 
1 5 1 5 1 .2572866E+01 

2 1 1 5 1 .1206011E+01 
2 2 1 5 1 .1232135E+01 

1 1 2 1 1 .1608705E+01 
1 2 2 1 1 .1597013E+01 

1 3 2 1 1 .1431079E+01 
I. 4 2 1 1 .1219109E+01 

1 5 2 1 1 .1206015E+01 
2 1 2 1 1 .2894830E+01 
2 2 2 1 1 .1822199E+01 
1 1 2 2 1 .1465151E+01 
1 2 2 2 1 .1463807E+01 
1 3 2 2 1 .1446888E+01 
1 4 2 2 1 .1258733E+01 
1 5 2 2 1 .1232138E+01 
2 1 2 2 1 .1822198E+01 
2 2 2 2 1 .2776381E+01 

and the prescribed -head boundary capture response functions are: 

CONSTANT- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS 

CNST 
HEAD MK L 

PUMP 
WELL 

J 

TIME 
INDEX 
N -I +1 ,Qg 

1 1 1 1 1 .4030645E-01 
1 2 1 1 1 .4028162E-01 
1 3 1 1 1 .4418340E-01 
1 1 1 2 1 ..4008639E-01 

i 2 1 2 1 .4004375E-01 

1 3 1 2 1 .4389320E-01 
1 1 1 3 1 .3681071E-01 
1 2 1 3 1 .3674432E-01 
1 3 1 3 1 .4022747E-01 
1 1 1 4 1 .3148832E-01 
1 2 1 4 1 .3141446E-01 
1 3 1 4 1 .3436030E-01 
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1 1 1 5 1 .3026715E-01 
1 2 1 5 1 .3020234E-01 
1 3 1 5 1 .3304506E-01 
1 1 2 1 1 .4197608E-01 
1 2 2 1 1 .4191137E-01 
1 3 2 1 1 .4589547E-01 
1 1 2 2 1 .3922264E-01 
1 2 2 2 1 .3913342E-01. 

1 3 2 2 1 .4280319E-01 

This indexing is compatible with the index notation of Chapter 2. The time 

index is written N -I + 1 instead of N -I because many FORTRAN compilers do not 

allow zero indices. For steady state the value is only one. This notation also reduces 

the dimensioning for any programming applications. 

6.4 EXAMPLE 2 

Whenever pumping drops the aquifer water levels under the stream system 

below the bottom of the streambed, desaturation occurs and the rate of capture from 

the stream to the aquifer becomes constant. Similarly, when the water levels under an 

evapotranspiration zone drop below the extinction depth, no further waters are captured 

from evapotranspiration losses. In both of these cases, the linear model based on 

response functions over -estimates the capture and under -estimates the drawdowns. 

Because these are non -linear but piecewise linear capture processes, the non -linearities 

associated with the capture may be treated by introducing additional source and sink 

terms into the surface layer (Maddock and Lacher, 1991). These sources or sinks act as 

artificial wells whose pumping rates are functions of the amount by which drawdowns 

exceed the linear capture ranges. The response functions for the artificial wells, when 

multiplied by the appropriate pumpage, provide correction terms for non -linear capture. 

Three high capacity production wells (labeled 1, 2 and 3 in Figure 6.9) are 

completed within the the ground -water system presented in Section 6.2.1, and are 
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pumped for two stress periods. The pumping is so great from the wells that the ground- 

water level drops below the streambed in the river at three locations (labeled 4, 5 and 6 

in Figure 6.9) and drops below the extinction depth at two locations (labeled 7 and 8 in 

Figure 6.9). Find the drawdown, river leakance capture, ET -loss capture, constant -head 

boundary, and head -dependent boundary response functions. For the example, there 

will be a total of eight pumping wells: two production, three artificial river, and two 

ET. 

2 

3 

4 

5 

6 

7 

8 

9 

l8 

11 

12 

Areal Location of Wells for Example 2 
Figure 6.9 

1 2 3 4 5 6 7 8 9 18 11 12 13 14 15 16 t7 18 19 28 

, -T4 ET Area 

WI/////! 

.. 1 mile 

-or 

To calculate the response functions, ten input files are created: 2BAS for the 

basic subprogram RBAS, 2BCF for the block- centered -flow subprogram RBCF, 2WEL 

for the well subprogram RWEL, 2DRW for the drawdown subprogram RDRW, 2RW 

for the river subprogram RRW, 2EVT for the evapotranspiration subprogram REVT, 

2CHB for the prescribed -head boundary subprogram RCHB, 2GHB for the head - 

dependent boundary subprogram, PCG for the preconditioned conjugate- gradient 

subprogram, and 2OPC for the output control subprogram ROPC. 
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(The 2BAS file is:J 

The 2BCF file is:f 

RSP TEST PROB 2, 2 LAYERS,TRANSIENT STATE-2TP,RIVER,ET,GHB,3P-3R-2ET WELLS,PCG. 
CALS. CHB,DRW,RIV,GHB,AND EVT RSP FNCT 

2 

2 3 4 
0 

35 

0 0 7 

12 

8 0 

1(20I2) 

20 

9 10 0 0 11 

2 1 

12 

3 

-1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 

-1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 0 0 

-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 

35 1(20I2) 3 

2 2 2 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
2 2 2 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 0 0 0 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 

0 0 0 0 0 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 
999. 

31536000. 1 1. 

31536000. 1 1. 

Except for the extra time step and title, 2BAS is equivalent to IBAS. 

0 -1 

0 i. 

0 5280. 
0 5280. 

0 .01 

2 1.(10F7.5) 
.10000 .10000 .10000 .10000 .10000 .00000 .00000 .00000 .00000 .00000 
.30000 .30000 .30000 .30000 .35000 .35000 :35000 .35000 .00000 .00000 
.10000 .10000 .10000 .10000 .10000 .00000 .00000 .00000 .00000 .00000 
.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 
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.10000 .10000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 

.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .00000 .00000 

.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 

.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 

.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 

.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 

.00000 .00000 .10000 .10000 .10000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000 .40000 .40000 

.00000 .00000 .00000 .00000 .00000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .35000 .35000 .35000 .35000.40000 .40000 

.00000 .00000 .00000 .00000 .00000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 

.00000 .00000 .00000 .00000 .00000 .20000 .20000 .20000 .20000 .20000 

.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 
0 1.157E-09 
0 .0001 
2 1.(10F7.5) 

.20000 .20000 .20000 .20000 .20000 .00000 .00000 .00000 .00000 .00000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.20000 .20000 .20000 .20000 .20000 .00000 .00000 .00000 .00000 .00000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.20000 .20000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .00000 .00000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .20000 .20000 .20000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .00000 .00000 .00000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .40000 .40000 .40000 .40000 .40000 .40000 

.00000 .00000 .00000 .00000 .00000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 

.00000 .00000 .00000 .00000 .00000 .30000 .30000 .30000 .30000 .30000 

.30000 .30000 .30000 .30000 .00000 .00000 .00000 .00000 .00000 .00000 

The RBCF file now includes the storage properties of the two aquifers. 
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The 2WEL file is: 

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

The first three wells in the data set are production wells, the second three are artificial 

river wells, and the last two are artificial ET wells. The last two wells are duplicates of 

the first two, and need not have been included. They were included here to maintain 

the symmetry property of the response function output. 

The 2DRW file is: 

8 51 
1 5 10 
1 5 9 
2 6 10 
1 4 8 
1 4 9 
1 4 10 
1 5 9 
1 5 10 

The observation wells for drawdowns are the same as the pumping wells (production, 

river artificial and ET artificial) 

The 2RIV, 2EVT, 2CHB, 2GHB, and PCG files are the same as the 1R1V, 

1EVT, 1CHB, 1GHB, and PCG files for Example 1. 

The 2OPC file is: 

12 
0 
1 

-1 

o 
1 

o 
1 0 0 

The user should be aware that output control commands are required for each time 
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period, not stress period. In this example, the time and stress periods are equivalent. 

Thus, if a simulation has three time periods within each of two stress periods, six 

output control commands must be present. 

Figure 6.10 shows the computer screen after all the various input and output file 

names have been entered for the example. For this example, the general output file, 

and the drawdown, stream capture, evapotranspiration -loss capture, prescribed -head 

boundary capture and head -dependent boundary capture response function files are 

called tst2.out, drw2.rf, riv2.rf, evt2.rf, chb2.rf and ghb2.rf, respectively. 

As with Example 1, because of its length, the tst2.out is not printed in this 

documentation but is included in the EXAMPL subdirectory on the MODRSP software 

floppy. The response function files are also extremely long and are included in the 

EXAMPL subdirectory. Only one of them, chb2.rf, is shown here as an example. 

Example 2 Input and Output File Name Screen 
Figure 6.10 

MODRSP 

MAIN OUTPUT FILE (ODF) ON UNIT 36 ASSIGN TO FORMATTED FILE: tst2.out 
BAS ON UNIT 35 ASSIGN TO FORMATTED FILE: 2bas 
BCF ON UNIT 2 ASSIGN TO FORMATTED FILE: 2bcf 
WEL ON UNIT 3 ASSIGN TO FORMATTED FILE: 2we1 
DRW ON UNIT 4 ASSIGN TO FORMATTED FILE: 2drw 

DRAWDOWN RF ON UNIT 51 ASSIGN TO FORMATTED FILE: drw2.rf 
RIV ON UNIT 7 ASSIGN TO FORMATTED FILE: 2riv 

RIVER CAPTURE RF ON UNIT 54 ASSIGN TO FORMATTED FILE: riv2.rf 
EVT ON UNIT 8 ASSIGN TO FORMATTED FILE: 2evt 

ET CAPTURE RF ON UNIT 55 ASSIGN TO FORMATTED FILE: evt2.rf 
CHB ON UNIT 9 ASSIGN TO FORMATTED FILE: 2chb 

CHB CAPTURE RF ON UNIT 57 ASSIGN TO FORMATTED FILE: chb2.rf 
GHB ON UNIT 10 ASSIGN TO FORMATTED FILE: 2ghb 

GHB CAPTURE RF ON UNIT 58 ASSIGN TO FORMATTED FILE: ghb2.rf 
PCG ON UNIT 11 ASSIGN TO FORMATTED FILE: pcg 
BOUNDARY ARRAY ON UNIT 35 
BOUNDARY ARRAY ON UNIT 35 
OPC ON UNIT 12 ASSIGN TO FORMATTED FILE: 2opc 
ROW TRANSMISSIVITY ON UNIT 2 
ROW TRANSMISSIVITY ON UNIT 2 

The prescribed -head boundary capture response function file, chb2.rf, is: 
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CONSTANT -HEAD BOUNDARY CAPTURE RESPONSE FUNCTIONS 

CNST 
HEAD 

# K I J 

PUMP 
WELL 
# K I J 

TIME 
INDEX ,ßH [O] 

1 1 1 1 1 1 5 10 1 .1172761E-01 
2 1 2 1 1 1 5 10 1 .1177278E-01 
3 1 3 1 1 1 5 10 1 .1288519E-01 
1 1 1 1 1 1 5 10 2 .9062395E-02 
2 1 2 1 1 1 5 10 2 .9025595E-02 
3 1 3 1 1 1 5 10 2 .9867066E-02 
1 1 1 1 2 1 5 9 1 .1436789E-01 
2 1 2 1 2 1 5 9 1 .1443218E-01 
3 1 3 1 2 1 5 9 1 .1581602E-01 
1 1 1 1 2 1 5 9 2 .1013628E-01 
2 1 2 1 2 1 5 9 2 .1008580E-01 
3 1 3 1 2 1 5 9 2 .1102375E-01 
1 1 1 1 3 2 6 10 1 .1536173E-01 
2 1 2 1 3 2 6 10 1 .1540674E-01 
3 1 3 1 3 2 6 10 1 .1682536E-01 
1 1 1 1 3 2 6 10 2 .9783024E-02 
2 1 2 1 3 2 6 10 2 .9728304E-02 
3 1 3 1 3 2 6 10 2 .1063181E-01 
1 1 1 1 4 1 4 8 1 .1802951E-01 
2 1 2 1 4 1 4 8 1 .1808113E-01 
3 1 3 1 4 1 4 8 1 .1977241E-01 
1 1 1 1 4 1 4 8 2 .1101288E-01 
2 1 2 1 4 1 4 8 2 .1092047E-01 
3 1 3 1 4 1 4 8 2 .1189684E-01 
1 1 1 1 5 1 4 9 1 .1446051E-01 
2 1 2 1 5 1 4 9 1 .1449559E-01 
3 1 3 1 5 1 4 9 1 .1583362E-01 
1 1 1 1 5 1 4 9 2 .9770032E-02 
2 1 2 1 5 1 4 9 2 .9704792E-02 
3 1 3 1 5 1 4 9 2 .1058458E-01 
1 1 1 1 6 1 4 10 1 .1147826E-01 
2 1 2 1 6 1 4 10 1 .1150640E-01 
3 1 3 1 6 1 4 10 1 .1256521E-01 
1 1 1 1 6 1 4 10 2 .8611703E-02 
2 1 2 1 6 1 4 10 2 .8567336E-02 
3 1 3 1 6 1 4 10 2 .9353073E-02 
1 1 1 1 7 1 5 9 1 .1436789E-01 
2 1 2 1 7 1 5 9 1 .1443218E-01 
3 1 3 1 7 1 5 9 1 .1581602E-01 
1 1 1 1 7 1 5 9 2 .1013628E-01 
2 1 2 1 7 1 5 9 2 .1008580E-01 
3 1 3 1 7 1 5 9 2 .1102375E-01 
1 1 1 1 8 1 5 10 1 .1172761E-01 
2 1 2 1 8 1 5 10 1 .1177278E-01 
3 1 3 1 8 1 5 10 1 .1288519E-01 
1 1 1 1 8 1 5 10 2 .9062395E-02 
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2 1 2 1 8 1 5 10 2 .9025595E -02 
3 1 3 1 8 1 5 10 2 .9867066E -02 

Two final notes for this example: 

1. MODRSP does not distinguish between real wells and artificial wells, 

2. MODRSP does not determine which river reaches or evapotranspiration 

regions go non -linear, that must be determined externally to MODRSP. 

IA EXAMPLE 3 

Ground -water contamination has occurred near the western boundary of the 

hypothetical basin. To control the spread of the contamination, 4 pumping centers are 

proposed (Figure 6.11). Pumping from these centers are such that the velocities at 7 

observation points (Figure 6.11) are at user specified values. Find velocity response 

functions for the 4 pumping center at the seven observation points. These response 

functions may be embedded in a management model to determine optimal pumping 

quantities to produce desired velocity fields (Colarullo et al, 1984). 

2 

3 

4 

5 

a 

7 

8 

9 

18 

11 

t2 

Areal Location of Wells for Example 3 
Figure 6.11 

t 2 34 5 0 7 8 9 18 Il 12 13 14 15 18 17 18 19 28 
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'The 3BAS file is: l 

Some additional ground -water information is required to calculate velocity 

response functions: the porosity and saturated thickness distributions for each layer are 

needed. For simplicity, each layer is assumed to have uniform porosity. The porosities 

are 0.2 and 0.1 for layers 1 and 2, respectively. Layer 2 has a uniform saturated 

thickness of 100 feet (Figure 6.2). Layer 1 has a saturated thickness distribution that is 

the difference between the steady state head in layer 1 and the top of the confining 

layer at 3500 feet elevation. 

To calculate the velocity response functions, nine input files are created: 3BAS 

for the basic subprogram RBAS, 3BCF for the block- centered -flow subprogram RBCF, 

3WEL for the well subprogram RWEL, 3VEL for the velocity subprogram RVEL, 3RIV 

for the river subprogram RRIV, 3EVT for the evapotranspiration subprogram REVT, 

3GHB for the head -dependent boundary subprogram RGHB, PCG for the 

preconditioned conjugate -gradient subprogram, and 3OPC for the output control 

subprogram ROPC. Note that it is necessary for the user to supply data inputs for the 

RRIV, REVT, and RGHB subprograms even though no response functions for these 

subprograms are desired. That is because these subprograms provide other tasks than 

just calculation of response functions. Note, however, that no input data is required for 

the RCHB subprogram even though there is a prescribed head boundary present. The 

subprogram RCHB only records the prescribed head capture response functions. The 

actual capture flows from the prescribed head boundaries are calculated in the RBCF 

subprogram. 

RSP TEST PROB 3, 
WELLS, PCG . CALS. 

2 

2 3 0 4 0 

0 

35 
-1 1 1 1 1 0 0 0 

2 LAYERS ,TRANSIENT STATE-2TP, RIVER, ET, GLIB ,4P-70b 
VEL RSP FNCT 
12 20 2 1 

7 8 0 0 10 0 0 11 12 

1(20I2) 
0 0 1 1 1 1 1 1 1 1 0 0 
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'The 3VEL file is: I 

-1 1 1 1 1 0000 0 1 1 1 1 1 1 1 1 0 0 
-1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 
0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 

35 1(20I2) 3 
2 2 2 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
2 2 2 2 2 0 0 0 0 0 2 2 2 2 2 2 2 2 0 0 
2 2. 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 0 0 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
0 0 0 0 0 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 
0 0 0 0 0 2 2 2 2 2 2 2 2 2 0 0 0 0 0 0 

999. 
31536000. 1 1. 
31536000. 1 1. 

Except for the title and unit numbers, 3BAS is equivalent to 2BAS. 

The 3WEL file is: 

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

These are the only wells that are pumped in the example. 

7 51 
0 .20 
4 1.(10F6.0) 

300. 294. 290. 287. 285. 0. 0. 0. o. o. 
256. 255. 253. 252. 250. 249. 248. 247. 0. o. 
300. 295. 291. 287. 284. 0. 0. 0. o. o. 
257. 255. 254. 252. 250. 248. 247. 247. o. o. 
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300. 293. 288. 286. 281. 276. 273. 270. 266. 263. 
259. 257. 254. 252. 249. 248. 247. 246. 0. 0. 

0. 0. 282. 283. 281. 277. 274. 270. 267. 263. 
260. 256. 254. 251. 249. 247. 245. 244. 0. 0. 

0. 0. 277. 276. 275. 272. 270. 267. 264. 261. 
258. 256. 253. 250. 248. 246. 243. 240. 235. 230. 

0. 0. 273. 272. 271. 269. 267. 265. 262. 260. 
257. 255. 252. 250. 247. 245. 242. 238. 234. 230. 

0. 0. 270. 270. 268. 267. 265. 263. 261. 259. 
256. 254. 252. 250. 247. 244. 241. 238. 234. 230. 

0. 0. 269. 268. 266. 265. 263. 262. 260. 258. 
256. 254. 252. 249. 247. 244. 241. 238. 234. 230. 

0. 0. 268. 267. 265. 263. 262. 261. 259. 257. 
255. 254. 252. 249. 247. 244. 241. 238. 234. 230. 

0. 0. 0. 0. 0. 262. 261. 260. 258. 257. 
255. 254. 252. 250. 247. 244. 241. 238. 234. 230. 

0. 0. 0. 0. 0. 261. 260. 259. 258. 257. 
255. 254. 253. 252. 0. 0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 260. 260. 259. 258. 256. 
255. 254. 253. 252. 0. 0. 0. 0. 0. 0. 

0 

0 
.10 

100.0 
1 11 6 
1 10 7 
2 9 8 
1 8 8 
1 7 8 
1 6 7 
1 5 6 

The additional hydrologic information on porosity and saturated thickness is introduced 

here. The pumped wells are not included as observation points because velocity 

information is not required at the pumped wells. 

The 3BCF, 311IV, 3EVT, 3GHB, PCG and 3OPC files are the same as the 

2BCF, 2RIV, 2EVT, 2GHB, PCG and 2OPC files for Example 2. 

Figure 6.12 shows the computer screen after all the various input and output file 

names have been entered for the example. For this example, the general output file, 

and the velocity file are called tst3.out, and vel3.rf, respectively. 
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Example 3 Input and Output File Name Screen 
Figure 6.12 

MODRSP 

MAIN OUTPUT FILE (ODF) ON UNIT 36 ASSIGN TO FORMATTED FILE: tst3.out 
BAS ON UNIT 35 ASSIGN TO FORMATTED FILE: 3bas 
BCF ON UNIT 2 ASSIGN TO FORMATTED FILE: 3bcf 
WEL ON UNIT 3 ASSIGN TO FORMATTED FILE: 3we1 
VEL ON UNIT 4 ASSIGN TO FORMATTED FILE: 3vel 

VELOCITY RF ON UNIT 51 ASSIGN TO FORMATTED FILE: vel3.rf 
RIV ON UNIT 7 ASSIGN TO FORMATTED FILE: 3riv 
EVT ON UNIT 8 ASSIGN TO FORMATTED FILE: 3evt 
GHB ON UNIT 10 ASSIGN TO FORMATTED FILE: 3ghb 
PCG ON UNIT 11 ASSIGN TO FORMATTED FILE: pcg 
BOUNDARY ARRAY ON UNIT 35 
BOUNDARY ARRAY ON UNIT 35 
OPC ON UNIT 12 ASSIGN TO FORMATTED FILE: 3opc 
ROW TRANSMISSIVITY ON UNIT 2 

ROW TRANSMISSIVITY ON UNIT 2 
SATURATED THICKNESS ON UNIT 4 

As with Examples 1 and 2, because of its length, the tst3.out is not printed in 

this documentation but is included in the EXAMPL subdirectory on the MODRSP 

software floppy. As seen in Figure 6.12, only one response function file was stored to 

disk: the velocity response function file, vel3.rf. 

The velocity response function file, vel3.rf, is: 

VELOCITY RESPONSE FUNCTIONS 

OBSV 
POINT 

# K I J 

PUMP 
WELL 

# K I 

TIME 
J INDEX Qvx [1/1] Qtly [1/1] 

1 1 11 6 1 1 7 5 1 -.2690721E-07 -.3202227E-07 
2 1 10 7 1 1 7 5 1 -.6095680E-07 -.5097616E-07 
3 2 9 8 1 1 7 5 1 -.4192615E-06 -.1556580E-06 
4 1 8 8 1 1 7 5 1 -.1020626E-06 -.3756180E-07 
5 1 7 8 1 1 7 5 1 -.1149601E-06 -.1293838E-07 
6 1 6 7 1 1 7 5 1 -.1413549E-06 .9191254E-07 
7 1 5 6 1 1 7 5 1 -.9164837E-07 .2299043E-06 
1 1 11 6 1 1 7 5 2 -.8683067E-08 -.5757391E-08 
2 1 10 7 1 1 7 5 2 -.1818682E-07 -.7935748E-08 
3 2 9 8 1 1 7 5 2 -.1097314E-06 .1911713E-08 
4 1 8 8 1 1 7 5 2 -.2644859E-07 .1346098E-09 
5 1 7 8 1 1 7 5 2 -.2690991E-07 .7092898E-08 
6 1 6 7 1 1 7 5 2 -.2557078E-07 .2067522E-07 
7 1 5 6 1 1 7 5 2 -.1522389E-07 .4025542E-07 
1 1 11 6 2 1 8 5 1 -.4522750E-07 -.4998964E-07 
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2 1 10 7 2 1 8 5 1 -.9700166E-07 -.7185748E-07 

3 2 9 8 2 1 8 5 1 -.5038756E-06 -.1085972E-06 
4 1 8 8 2 1 8 5 1 -.1221900E-06 -.1403778E-07 
5 1 7 8 2 1 8 5 1 -.1039554E-06 .4157138E-07 
6 1 6 7 2 1 8 5 1 -.9426243E-07 .1218219E-06 
7 1 5 6 2 1 8 5 1 -.4722611E-07 .1602169E-06 
1 1 11 6 2 1 8 5 2 -.1139545E-07 -.6854398E-08 
2 1 10 7 2 1 8 5 2 -.2314404E-07 -.8360589E-08 
3 2 9 8 2 1 8 5 2 -.1214135E-06 .1571061E-07 
4 1 8 8 2 1 8 5 2 -.2925723E-07 .5553562E-08 
5 1 7 8 2 1 8 5 2 -.2677042E-07 .1495604E-07 
6 1 6 7 2 1 8 5 2 -.2201762E-07 .2882942E-07 
7 1 5 6 2 1 8 5 2 -.1093122E-07 .4186042E-07 
1 1 11 6 3 2 9 5 1 -.3390251E-07 -.2225166E-07 
2 1 10 7 3 2 9 5 1 -.6575498E-07 -.2542783E-07 
3 2 9 8 3 2 9 5 1 -.9932768E-06 -.1812610E-06 
4 1 8 8 3 2 9 5 1 -.6978787E-07 .1825505E-07 
5 1 7 8 3 2 9 5 1 -.6041177E-07 .3630866E-07 
6 1 6 7 3 2 9 5 1 -.4810145E-07 .6189121E-07 
7 1 5 6 3 2 9 5 1 -.2526964E-07 .8002928E-07 
1 1 11 6 3 2 9 5 2 -.7152419E-08 -.1055250E-08 
2 1 10 7 3 2 9 5 2 -.1393494E-07 .2079506E-09 
3 2 9 8 3 2 9 5 2 -.7745635E-07 .3234448E-07 
4 1 8 8 3 2 9 5 2 -.1710009E-07 .9097803E-08 
5 1 7 8 3 2 9 5 2 -.1562058E-07 .1378999E-07 
6 1 6 7 3 2 9 5 2 -.1160773E-07 .2060028E-07 
7 1 5 6 3 2 9 5 2 -.5029566E-08 .2872532E-07 
1 1 11 6 4 1 8 6 1 -.5335431E-07 -.6600149E-07 
2 1 10 7 4 1 8 6 1 -.1247640E-06 -.1040186E-06 
3 2 9 8 4 1 8 6 1 -.4861748E-06 -.7563796E-07 
4 1 8 8 4 1 8 6 1 -.1898763E-06 -.4412459E-07 
5 1 7 8 4 1 8 6 1 -.1436409E-06 .8554333E-07 
6 1 6 7 4 1 8 6 1 -.1057956E-06 .2142966E-06 
7 1 5 6 4 1 8 6 1 -.2851451E-07 .2001534E-06 
1 1 11 6 4 1 8 6 2 -.1023821E-07 -.5041008E-08 
2 1 10 7 4 1 8 6 2' -.2108360E-07 -.5945286E-08 
3 2 9 8 4 1 8 6 2 -.9961613E-07 .3250096E-07 
4 1 8 8 4 1 8 6 2 -.2823365E-07 .6983527E-08 
5 1 7 8 4 1 8 6 2 -.2486092E-07 .1810689E-07 
6 1 6 7 4 1 8 6 2 -.1698151E-07 .3189459E-07 
7 1 5 6 4 1 8 6 2 -.4754090E-08 .4038231E-07 

For an areal view of the aquifer system, a negative ß indicates a flow from right -to- 

left in the horizontal direction and a negative ß indicates a flow from bottom -to-top in 

the vertical direction. 
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SOURCE CODE LISTINGS 

PROGRAM MODRSP 
************************************************************************ 
* PURPOSE: CALCULATES RESPONSE FUNCTIONS FOR MULTI-LAYERED * 
* LINEAR AQUIFERS {CONFINED OR UNCONFINED WITH TRANSMISSIVITY * 
* INDEPENDENT OF DRAWDOWN) USING SIP, PCG OR SOR SOLUTION * 
* TECHNIQUES. * 
* 
* 
* 
* 
* 
* 

MODIFIED FROM MODFLOW BY: 
THOMAS MADDOCK III AND 
LAUREL LACHER 
DEPARTMENT OF HYDROLOGY AND WATER RESOURCES 
TUCSON, ARIZONA 85721 

* 
* 
* 
* 
* 
* 

************************************************************************ 
* MODIFIED FROM MODFLOW VERSION 1116 28DEC1983 MAINl * 
************************************************************************ 
* SPECIFICATIONS: * 
************************************************************************ 
c 

c 

c 

c 

PARAMETER{LENX=30000) 

COMMON X{LENX) 
DIMENSION VBVL(4,20),IUNIT(24) 
CHARACTER•4 VBNM(4,20),IDF(6),0DF(6),HEADNG(32) 
DOUBLE PRECISION DUMMY,HNOFLO 
EQUIVALENCE (DUMMY,X(l)) 

DATA IOF(1),IDF(2),IDF(3),IDF(4),IDF(5),IDF(6) 
1 /'BAS',' ',' ',' ',' ',' '/ 

DATA ODF(1),0DF(2),0DF(3),0DF(4),0DF(5),0DF(6) 
2 /'MAIN''' OUT'' 'PUT '''FILE''' (OD' ''F) 'I 

************************************************************************ 
c 
C1------CLEAR SCREEN ASSIGN BASIC INPUT UNIT AND PRINTER UNIT. 
c 
C-SVS A SVS FORTRAN STATEMENT TO INCREASE NUMBER OF FILES THAT CAN 
C-SVS OPENED AT ONE TIME. COMMENT OUT IF NOT USING SVS FORTRAN. 
c 

NFERR=NFILESOP{50) 
c 
C-DOS CLEARS THE SCREEN AND MOVES CURSOR TO UPPER LEFT-HAND CORNER. 
C-DOS REQUIRES AN ANSI.SYS TYPE DRIVER IN CONFIG.SYS FILE. COMMENT 
C-DOS OUT FOR NON DOS SYSTEMS. 
c 

CALL CLS 
c 

WRITE(•,9999) 
9999 FORMAT(30X,'MODRSP'/) 
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INBAS=35 
IOUT=36 

C 

C2 OPEN INPUT AND OUTPUT FILES 
C 

CALL OPSTAT(1,0DF,IOUT) 
CALL 0PSTAT(1,IDF,INBAS) 

C 

C3 DEFINE PROBLEM DIMENSIONS 
C 

CALL BASDF(ISUM,HEADNG,NPER,ITMUNI,TOTIM,NCOL,NROW,NLAY, 
1 NODES,INBAS,IOUT,IUNIT) 

C 

C3 ALLOCATE SPACE.IN "X" ARRAY. 
C 

CALL BASAL(ISUM,LENX,LCHNEW,LCHOLD,LCIBOU,LCCR,LCCC,LCCV, 
1 LCHCOF,LCRHS,LCDELR,LCDELC,LCSTRT,LCBUFF,LCIOFL,LCPERL, 
2 LCNSTP,LCTSMU,INBAS,ISTRT,NCOL,NROW,NLAY,NPER,IOUT) 
IF(IUNIT(1).GT.0) CALL BCFAL(ISUM,LENX,LCSC,LCTRPY,LCSTRG, 

1 IUNIT(1),ISS,NCOL,NROW,NLAY,IOUT,IBCFCB) 
IF(IUNIT(2).GT.0) CALL WELAL(ISUM,LENX,LCPMPW,NPMPW,NPER,IUNIT(2), 

1 IOUT,IWELCB) 
IF(IUNIT(3).GT.0) CALL DRWAL(ISUM,LENX,LCDRWW,LCBETD,NPMPW,NDRWW, 

1 NPER,IUNIT(3),IOUT,IDRWRP) 
IF(IUNIT(4).GT.0) CALL VELAL(ISUM,LENX,LCSTHK,LCVELW,LCPOR,LCVX, 

1 LCVY,LCBETVX,LCBETVY,NPER,NPMPW,NVELW,NCOL,NROW, 
2 NLAY,IUNIT(4),IOUT,IVELRP) 
IF(IUNIT(5).GT.0) CALL STOAL(ISUM,LENX,LCSTOW,LCBETS,NPMPW,NSTOW, 

1 NPER,ISS,IUNIT(5),IOUT,IST0RP) 
IF(IUNIT(6).GT..0) CALL RIVAL(ISUM,LENX,LCRIVR,LCBETR,NRIVER, 

1 NPMPW,NPER,IUNIT(6),I0UT,IRIVCB,IRIVRP) 
IF(IUNIT(7).GT.0) CALL EVTAL(ISUM,LENX,LCETDAT,LCBETE,NEVTN, 

1 NPMPW,NPER,IUNIT(7),IOUT,IEVTCB,IEVTRP) 
IF(IUNIT(8).GT.0) CALL ALKAL(ISUM,LENX,LCBETA,LCALK,LCQZ,IUNIT(8), 

1 NALKW,NPMPW,NPER,NCOL,NROW,NLAY,IOUT,IALKRP) 
IF(IUNIT(9).GT.0) CALL CHBAL(ISUM,LENX,LCBETH,LCCHN,IUNIT(9),NCHN, 

1 NPMPW,NPER,IOUT,ICHBCB,ICHBRP) 
IF(IUNIT(10).GT.0) CALL GHBAL(ISUM,LENX,LCGHBS,LCBETG,NGHBN,NP114PW, 

1 NPER,IUNIT(10),IOUT,IGHBCB,IGHBRP) 
IF(IUNIT(11).GT.0) CALL SIPAL(ISUM,LENX,LCEL,LCFL,LCGL,LCV, 

1 LCHDCG,LCLRCH,LCW,MXITER,NPARM;NCOL,NROW,NLAY,IUNIT(11),IOUT) 
IF(IUNIT(12).GT.0) CALL SORAL(ISUM,LENX,LCA,LCRES,LCHDCG,LCLRCH, 

1 LCIEQP,MXITER,NCOL,NLAY,NSLICE,MBW,IUNIT(12),I0UT) 
IF(IUNIT(13).GT.0) CALL PCGAL(ISUM,LENX,LCV,LCSS,LCP,LCCD, 

1 LCHCHG,LCLHCH,LCRCHG,LCLRCH,MXITER,ITERI,NCOL,NROW,NLAY, 
2 IUNIT(13),IOUT,NPCOND) 

C 

C4 IF THE "X" ARRAY IS NOT BIG ENOUGH THEN STOP. 
C 

IF(ISUM- 1.GT.LENX) STOP 
C 

C5 READ AND PREPARE INFORMATION FOR ENTIRE SIMULATION. 
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CALL BASRP(X(LCIBOU),X(LCHNEW),X(LCSTRT),X(LCHOLD),INBAS, 
1 NCOL,NROW,NLAY,NODES,VBVL,X(LCIOFL),IUNIT(14),IDDNFM, 
2 IDDNUN,IOUT,HNOFLO,NPER,X(LCPERL),X(LCNSTP),X(LCTSMU)) 
IF(IUNIT(1).GT.0) CALL BCFRP(X(LCIBOU),X(LCHNEW),X(LCSC), 

1 X(LCCR),X(LCCC),X(LCCV),X(LCDELR),X(LCDELC),X(LCTRPY), 
2 IUNIT(1),ISS,NCOL,NROW,NLAY,NODES,IOUT) 
IF(IUNIT(2).GT.0) CALL WELRP(X(LCPMPW),NPMPW,IUNIT(2),IOUT) 
IF(IUNIT(3).GT.0) CALL DRWRP(X(LCDRWW),NDRWW,IUNIT(3),IOUT) 
IF(IUNIT(4).GT.0) CALL VELRP(X(LCSTHK),X(LCVELW),X(LCPOR),NVELW, 

1 NCOL,NROW,NLAY,NODES,IUNIT(4),IOUT) 
IF(IUNIT(5).GT.0) CALL STORP(X(LCSTOW),NSTOW,IUNIT(5),IOUT) 
IF(IUNIT(6).GT.0) CALL RIVRP(X(LCRIVR),NRIVER,IUNIT(6),IDUT) 
IF(IUNIT(7).GT.0) CALL EVTRP(X(LCETDAT),NEVTN,X(LCDELC), 

1 X(LCDELR),NROW,NCOL,IUNIT(7),IOUT) 
IF(IUNIT(8).GT.0) CALL ALKRP(X(LCALK),IUNIT(8),NALKW,IOUT) 
IF(IUNIT(9).GT.0) CALL CHBRP(X(LCCHN),X(LCIBOU),IUNIT(9),NLAY, 

1 NROW,NCOL,NCHN,IOUT) 
IF(IUNIT(10).GT.0) CALL GHBRP(X(LCGHBS),NGHBN,IUNIT(10),IOUT) 
IF(IUNIT(11).GT.0) CALL SIPRP(NPARM,MXITER,ACCL,HCLOSE,X(LCW), 

1 IUNIT(11),IPCALC,IPRSIP,IOUT) 
IF(IUNIT(12).GT.0) CALL SORRP(MXITER,ACCL,HCLOSE,IUNIT(12), 

1 IPRSOR,IOUT) 
IF(IUNIT(13).GT.0) CALL PCGRP(MXITER,ITER1,HCLOSE,RCLOSE, 

1 NPCOND,NBPOL,RELAX,IPRPCG,IUNIT(13),IOUT,MUTPCG, 
2 NITER) 

C 

C6 MAIN SIMULATION --START WELLS 
C 

DO 400 IWEL=1,NPMPW 
IIWEL=IWEL 

C 

C7 REINITIALIZE HEADS AND BUDGETS 
C 

CALL BASIZ (X(LCHNEW),X(LCHOLD),X(LCIBOU ),VBVL,HNOFLO,TOTIM,NODES) 
C 

C8 SIMULATE EACH STRESS PERIOD. 
C 

DO 300 KPER=1,NPER 
KKPER=KPER 

C 

C8A READ STRESS PERIOD INFORMATION. 
C 

CALL BASST(X(LCNSTP),DELT,X(LCPERL),X(LCTSMU),TSMU,NST,PERTIM, 
1 KKPER,NPER,INBAS,IOUT) 
IF(IUNIT(2).GT.0) CALL WELST(X(LCPMPW),NPMPW,IIWEL,KKPER,IOUT) 

C 

C8B SIMULATE EACH TIME STEP. 
C 

DO 200 KSTP=I,NST 
KKSTP=KSTP 

C 
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C8B1 -- CALCULATE TIME STEP LENGTH. SET HOLD =HNEW. 

C 
CALL BASAD( DELT ,TSMU,TOTIM,PERTIM,X(LCHNEW), 

1 X(LCHOLD),KKSTP,NCOL,NROW,NLAY) 
C 

C8C2 - - -- ITERATIVELY FORMULATE AND SOLVE THE EQUATIONS. 

C 
DO 100 KITER=1,MXITER 
KKITER=KITER 

C 
C8C2A--- FORMULATE THE FINITE DIFFERENCE EQUATIONS. 
C 

CALL BASFM(X(LCHCOF),X(LCRHS),NODES) 
IF(IUNIT(1).GT.0) CALL BCFFM(X(LCHCOF),X(LCRHS),X(LCHOLD), 

1 X(LCSC),DELT,ISS,NCOL,NROW,NLAY) 
IF(IUNIT(2).GT.0) CALL WELFM(NPMPW,IIWEL,X(LCRHS),X(LCPMPW.), 

1 NCOL,NROW,NLAY) 
IF(IUNIT(6).GT.0) CALL RIVFM(NRIVER,X(LCRIVR),X(LCHCOF), 

1 X(LCIBOU),NCOL,NROW,NLAY) 
IF(IUNIT(7).GT.0) CALL EVTFM(NEVTN,X(LCETDAT),X(LCHCOF),X(LCRHS), 

1 X(LCIBOU),NCOL,NROW,NLAY) 
IF(IUNIT(10).GT.0) CALL GHBFM(NGHBN,X(LCGHBS),X(LCHCOF),X(LCIBOU), 

1 NCOL,NROW,NLAY) 

C 
C8C2B -- -MAKE ONE CUT AT AN APPROXIMATE SOLUTION. 
C 

IF(IUNIT(11).GT.0) CALL SIPAP(X(LCHNEW),X(LCIBOU),X(LCCR),X(LCCC); 
1 X(LCCV),X(LCHCOF),X(LCRHS),X(LCEL),X(LCFL),X(LCGL),X(LCV), 
2 X(LCW),X(LCHDCG),X(LCLRCH),NPARM,KKITER,HCLOSE,ACCL,ICNVG, 
3 KKSTP,KKPER,IPCALC,IPRSIP,MXITER,NST,NCOL,NROW,NLAY, 
4 NODES,IOUT) 
IF(IUNIT(12).GT.0) CALL SORAP(X(LCHNEW),X(LCIBOU),X(LCCR), 

1 X(LCCC),X(LCCV),X(LCHCOF),X(LCRHS),X(LCA),X(LCRES),X(LCIEQP), 
2 X(LCHDCG),X(LCLRCH),KKITER,HCLOSE,ACCL,ICNVG,KKSTP,KKPER, 
3 IPRSOR,MXITER,NSTP,NCOL,NROW,NLAY,NSLICE,MBW,IOUT) 
IF(IUNIT(13).GT.0) CALL PCGAP(X(LCHNEW),X(LCIBOU),X(LCCR), 

1 X(LCCC),X(LCCV),X(LCHCOF),X(LCRHS),X(LCV),X(LCSS),X(LCP), 
2 X(LCCD),X(LCHCHG),X(LCLHCH),X(LCRCHG),X(LCLRCH),KKITER, 
3 NITER,HCLOSE,RCLOSE,ICNVG,KKSTP,KKPER,IPRPCG,MXITER,ITER1, 
4 NPCOND,NBPOL,NSTP,NCOL,NROW,NLAY,NODES,RELAX,IOUT,MUTPCG) 

C 

C8C2C - --IF CONVERGENCE CRITERION HAS BEEN MET STOP ITERATING. 
C 

IF(ICNVG.EQ.1) GO TO 110 
100 CONTINUE 

KITER=MXITER 
KKITER=KITER 

110 CONTINUE 
C 
C8C3---- DETERMINE WHICH OUTPUT IS NEEDED FOR FIRST WELL, ALL OTHER WELLS 
C8C3 - -- -WILL USE SAME OUTPUT. 
C 
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IF (IIWEL.EQ.1) THEN 

CALL BASOC(NST,KKSTP,KKPER,ICNVG,X(LCIOFL),NLAY, 
1 IBUDFL,ICBCFL,IHDDFL,IUNIT(14),IOUT) 
ENDIF 

C 

C8C4 - - -- CALCULATE BUDGET TERMS. SAVE CELL -BY -CELL FLOW TERMS. 

C 

MSUM=1 
IF(IUNIT(1).GT.0) CALL BCFBD(VBNM,VBVL,MSUM,X(LCHNEW), 

1 X(LCIBOU),X(LCHOLD),X(LCSC),X(LCCR),X(LCCC),X(LCCV), 
2 X(LCBETH),X(LCCHN),X(LCSTRG),DELT,ISS,NCOL,NROW,NLAY, 
3 KKSTP,KKPER,NST,NPER,NCHN,IIWEL,NPMPW,IBCFCB, 
4 ICBCFL,ICHBRP,X(LCBUFF),IOUT) 
IF(IUNIT(2).GT.0) CALL WELBD(IIWEL,NPMPW,VBNM,VBVL,MSUM, 

1 X(LCPMPW),X(LCIBOU),DELT,NCOL,NROW,NLAY,KKSTP,KKPER,IWELCB, 
2 ICBCFL,X(LCBUFF),IOUT) 
IF(IUNIT(4).GT.0) CALL VELBD(X(LCHNEW),X(LCIBOU),X(LCCR), 

1 X(LCCC),X(LCDELC),X(LCDELR),X(LCSTHK),X(LCPOR), 
2 X(LCVX),X(LCVY),NCOL,NROW,NLAY) 
IF(IUNIT(6).GT.0) CALL RIVBD(NRIVER,X(LCRIVR),X(LCIBOU), 

1 X(LCHNEW),X(LCBETR),IIWEL,NST,NPER,NPMPW,NCOL,NROW,NLAY,DELT, 
2 VBVL,VBNM,MSUM,KKSTP,KKPER,IRIVCB,ICBCFL,IRIVRP,X(LCBUFF), 
3 IDUT) 

IF(IUNIT(7).GT.0) CALL EVTBD(NEVTN,X(LCETDAT),X(LCIBOU), 
1 X(LCHNEW),X(LCBETE),IIWEL,NST,NPER,NPMPW,NCOL,NROW,NLAY,DELT, 
2 VBVL,VBNM,MSUM,KKSTP,KKPER,IEVTCB,ICBCFL,IEVTRP,X(LCBUFF), 
3 IOUT) 

IF(IUNIT(8).GT.0) CALL ALKBD(X(LCHNEW),X(LCIBOU),X(LCCV),X(LCQZ), 
1 NCOL,NROW,NLAY) 
IF(IUNIT(10).GT.0) CALL GHBBD(NGHBN,X(LCGHBS),X(LCIBOU), 

1 X(LCHNEW),X(LCBETG),IIWEL,NST,NPER,NPMPW,NCOL,NROW,NLAY,DELT, 
2 VBVL,VBNM,MSUM,KKSTP,KKPER,IGHBCB,ICBCFL,IGHBRP,X(LCBUFF), 
3 IOUT) 

C 

C8C5 -- -PRINT AND OR SAVE HEADS AND DRAWDOWNS. PRINT OVERALL BUDGET. 
C 

CALL BASOT(X(LCHNEW),X(LCSTRT),X(LCBUFF),X(LCIOFL), 
1 MSUM,X(LCIBOU),VBNM,VBVL,KKSTP,KKPER,DELT, 
2 PERTIM,TOTIM,ITMUNI,NCOL,NROW,NLAY,ICNVG, 
3 IHDDFL,IBUDFL,IDDNFM,IDDNUN,IOUT) 

C 

C8C6 - - --IF ITERATION FAILED TO CONVERGE THEN STOP. 
C 

IF(ICNVG.EQ.0) STOP 
200 CONTINUE 

C 

C9 RECORD RESPONSE FUNCTIONS 
C 

IF(IUNIT(3).GT.0) CALL DRWRF (X(LCHNEW),X(LCBETD),X(LCPMPW), 
1 X(LCDRWW),IIWEL,NPMPW, NDRWW,KPER,NPER,NLAY,NROW,NCOL, 
2 IOUT,IDRWRP) 
IF(IUNIT(4).GT.0) CALL VELRF (X(LCVX),X(LCVY),X(LCBETVX), 
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C 

1 X(LCBETVY),X(LCPMPW),X(LCVELW),IIWEL,NPMPW,NVELW, 
2 KKPER,NPER,NLAY,NROW,NCOL,IOUT,IVELRP) 
IF(IUNIT(5).GT.0) CALL STORF(X(LCSTRG),X(LCBETS),X(LCPMPW), 

1 X(LCSTOW),IIWEL,NPMPW,NSTOW,KPER,NPER, 
1 NLAY,NROW,NCOL,IOUT,ISTORP) 
IF(IUNIT(6).GT.0) CALL RIVRF(X(LCBETR),X(LCPMPW),X(LCRIVR), 

1 IIWEL,NRIVER,NPMPW,KKPER,NPER,IOUT,IRIVRP) 
IF(IUNIT(7).GT.0) CALL EVTRF(X(LCBETE),X(LCPMPW),X(LCETDAT), 

1 IIWEL,NEVTN,NPMPW,KKPER,NPER,IOUT,IEVTRP) 
IF(IUNIT(8).GT.0) CALL ALKRF(X(LCQZ),X(LCBETA),X(LCPMPW),X(LCALK), 

1 IIWEL,NPMPW,NALKW,KPER,NPER,NLAY,NROW,NCOL,IOUT,IALKRP) 
IF(IUNIT(9).GT.0) CALL CHBRF(X(LCBETH),X(LCCHN),X(LCPMPW),IIWEL, 

1 NCHN,NPMPW,KPER,NPER,ICHBRP) 
IF(IUNIT(10).GT.0) CALL GHBRF(X(LCBETG),X(LCPMPW),X(LCGHBS), 

1 IIWEL,NGHBN,NPMPW,KKPER,NPER,IOUT,IGHBRP) 

300 CONTINUE 
400 CONTINUE 

C 

C10 END PROGRAM 
STOP 

C 
END 
SUBROUTINE BASDF(ISUM, HEADNG, NPER ,ITMUNI,TOTIM,NCOL,NROW,NLAY, 

1 NODES,INBAS,IOUT,IUNIT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* DEFINE KEY MODEL PARAMETERS 
* MODFLOW MODIFICATION 7/15/90 

* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

CHARACTER *4 HEADNG(32) 
DIMENSION IUNIT(24) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl PRINT THE NAME OF THE PROGRAM. 
C 

WRITE(IOUT,1) 
1 FORMAT(20X,'MODRSP -- RESPONSE FUNCTION CALCULATIONS' /) 

C 

C2 READ AND PRINT A HEADING. 
C 

READ(INBAS,2) HEADNG 
2 FORMAT(20A4) 
WRITE(IOUT,3) HEADNG 

3 FORMAT(32A4) 
C 

C3 READ NUMBER OF LAYERS,ROWS,COLUMNS,STRESS PERIODS AND 
C3 UNITS OF TIME CODE 
C 
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READ(INBAS,4) NLAY,NROW,NCOL,NPER,ITMUNI 
4 FORMAT(8I10) 

C 

C4 PRINT # OF LAYERS, ROWS, COLUMNS, STRESS PERIODS, AND NUMBER OF 
C4 PUMPING WELLS. 
C 

WRITE(IOUT,5) NLAY,NROW,NCOL,NPER 
5 FORMAT( /' CONTROL VARIABLES' 
1 //' NUMBER OF LAYERS:',T30,I5 
2 /' NUMBER OF ROWS:',T30,I5 
3 /' NUMBER OF COLUMNS:',T30,I5 
4 /' NUMBER OF STRESS PERIODS:',T30,I5 /) 

C 

C5 SELECT AND PRINT A MESSAGE SHOWING TIME UNITS. 
C 

IF(ITMUNI.LT.O .OR. ITMUNI.GT.5) ITMUNI =O 
GO TO (10,20,30,40,50),ITMUNI 
WRITE(IOUT,9) 

9 FORMAT(1X,'MODEL TIME UNITS ARE UNDEFINED') 
GO TO 100 

10 WRITE(IOUT,11) 
11 FORMAT(1X,'MODEL TIME UNIT IS SECONDS') 

GO TO 100 
20 WRITE(IOUT,21) 
21 FORMAT(1X,'MODEL TIME UNIT IS MINUTES') 

GO TO 100 

30 WRITE(IOUT,31) 
31 FORMAT(1X,'MODEL TIME UNIT IS HOURS') 

GO TO 100 
40 WRITE(IOUT,41) 
41 FORMAT(1X,'MODEL TIME UNIT IS DAYS') 

GO TO 100 

50 WRITE(IOUT,51) 
51 FORMAT(1X,'MODEL TIME UNIT IS YEARS') 

C 

C6 READ It PRINT INPUT UNIT NUMBERS (IUNIT) FOR MAJOR OPTIONS. 
C 

100 READ(INBAS,101) IUNIT 
101 FORMAT(24I3) 

WRITE(IOUT,102) (I,I= 1,24),IUNIT 
102 FORMAT( /,'I /0 UNITS:' /1X,'ELEMENT OF IUNIT:',24I3, 

1 /1X,' I/O UNIT:',24I3) 
C 

C7 INITIALIZE COUNTER STORAGE ARRAY COUNTER 
C7 AND CALCULATE NUMBER OF CELLS. 
C 

ISUM =1 
NODES= NCOL *NROW *NLAY 

C 
C8 RETURN 
C 

RETURN 
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END 
SUBROUTINE BASAL(ISUM,LENX, LCHNEW, LCHOLD,LCIBOU,LCCR,LCCC,LCCV, 

1 LCHCOF,LCRHS, LCDELR, LCDELC, LCSTRT ,LCBUFF,LCIOFL,LCPERL,LCNSTP, 
2 LCTSMU, INBAS, ISTRT,NCOL,NROW,NLAY,NPER,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE SPACE FOR BASIC MODEL ARRAYS * 

* MODFLOW MODIFICATION 7/15/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS:NONE 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl PRINT A MESSAGE IDENTIFYING THE PACKAGE. 
C 

WRITE(IOUT,1)INBAS 
1 FORMAT( /,'BAS -- BASIC MODEL MODULE, MODIFIED, 7/15/90', 
2//' INPUT READ FROM UNIT',I3) 

C 

C2 READ & PRINT FLAG IAPART (RHS & BUFFER SHARE SPACE ?) 
C 

READ(INBAS,2) IAPART 
2 FORMAT(2I10) 

IF(IAPART.EQ.0) WRITE(IOUT,3) 
3 FORMAT(1X,'ARRAYS RHS AND BUFF WILL SHARE MEMORY.') 
ISTRT =1 
WRITE(IOUT,4) 

4 FORMAT(1X,'STARTING HEADS ARE SAVED') 
C 

C3------ STORE,IN ISOLD, LOCATION OF FIRST UNALLOCATED SPACE IN X. 
C 

ISOLD=ISUM 
NRCL=NROW*NCOL*NLAY 

C 
C4 ALLOCATE SPACE FOR ARRAYS. 
C 

LCHNEW=ISUM 
ISUM=ISUM+2*NRCL 
LCHOLD=ISUM 
ISUM=ISUM+NRCL 
LCIBOU=ISUM 
ISUM=ISUM+NRCL 
LCCR=ISUM 
ISUM=ISUM+NRCL 
LCCC=ISUM 
ISUM=ISUM+NRCL 
LCCV=ISUM 
ISUM=ISUM+NROW*NCOL*(NLAY-1) 
LCHCOF=ISUM 
ISUM=ISUM+NRCL 
LCRHS=ISUM 
ISUM=ISUM+NRCL 
LCDELR=ISUM 
ISUM=ISUM+NCOL 
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LCDELC=ISUM 
ISUM-ISUM+NROW 
LCIOFL=ISUM 
ISUM=ISUM+NLAY*2 

C 

C5 IF BUFFER AND RHS SHARE SPACE THEN LCBUFF = LCRHS. 
C 

LCBUFF=LCRHS 
IF(IAPART.EQ.0) GO TO 50 
LCBUFF=ISUM 
ISUM=ISUM+NRCL 

C 

C6 ALLOCATE SPACE FOR STARTING HEADS AND TIMES. 
C 

50 LCSTRT=ISUM 
ISUM=ISUM+NRCL 
LCPERL=ISUM 
ISUM=ISUM+NPER 
LCNSTP=ISUM 
ISUM=ISUM+NPER 
LCTSMU=ISUM 
ISUM=ISUM+NPER 

C 
ISP=ISUM-ISOLD 

C 

C7 PRINT AMOUNT OF SPACE USED. 
C 

WRITE(IOUT,6) ISP 
6 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY BAS') 

ISUM1= ISUM -1 
WRITE(IQUT,7) ISUM1,LENX 

7 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,8) 

8 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *' 
C 

C8 RETURN 
C 

RETURN 
END 
SUBROUTINE BASRP (IBOUND,HNEW,STRT,HOLD,INBAS, 

1 NCOL, NROW ,NLAY,NODES,VBVL,IOFLG,INOC, 
2 IDDNFM, IDDNUN ,IOUT,HNOFLO,NPER,PERLEN,NSTP, 
3 TSMULT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ AND INITIALIZE BASIC MODEL ARRAYS * 
* MODFLOW MODIFICATION 7/15/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION HNEW,HNOFLO 
C 
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C 

DIMENSION HNEW(NODES),IBOUND( NODES),STRT(NODES),HOLD(NODES), 
1 VBVL(4,20),IOFLG(NLAY,2), 
2 PERLEN (NPER),NSTP(NPER),TSMULT(NPER) 

CHARACTER *4 ANAME(6) 

DATA ANAME(1),ANAME(2),ANAME(3),ANAME(4),ANAME(5),ANAME(6) 
1 /'BOUN','DARY',' ARR','AY ',' ',' '/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl CALCULATE # OF CELLS IN A LAYER. 

C 
NCR= NCOL *NROW 

C 

C2 READ BOUNDARY ARRAY(IBOUND) ONE LAYER AT A TIME. 
C 

DO 100 K= 1,NLAY 
LOC= 1 +(K -1) *NCR 
CALL U2DINT(IBOUND( LOC ),ANAME,NROW,NCOL,K,INBAS,IOUT) 

100 CONTINUE 
C 

C3 READ AND PRINT HEAD VALUE TO BE PRINTED FOR NO -FLOW CELLS. 
C 

READ(INBAS,2) TMP 
2 FORMAT(F10.0) 
HNOFLO =TMP 
WRITE(IOUT,3) TMP 

3 FORMAT( /,'AQUIFER HEAD WILL BE SET TO ',1PG11.5, 
1 ' AT ALL NO -FLOW NODES (IBOUND =O).') 

C 

C4 SET STARTING HEADS TO ZERO. 
C 

DO 300 N= 1,NODES 
HOLD(N) =0.0 

300 CONTINUE 
WRITE(IOUT,4) 

4 FORMAT( //' STARTING HEADS ARE SET TO ZERO' /1X,30(' -')) 
C 

C5 COPY INITIAL HEADS FROM HOLD TO HNEW. 
C 

DO 400 I=1,NODES 
HNEW(I)=HOLD(I) 
IF(IBOUND(I).EQ.0) HNEW(I)=HNOFLO 

400 CONTINUE 
C 

C6 SAVE INITIAL HEADS. 
C 

DO 500 I=1,NODES 
STRT(I)=HOLD(I) 

500 CONTINUE 
C 
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C7 
C 

INITIALIZE VOLUMETRIC BUDGET ACCUMULATORS TO ZERO. 

DO 600 I=1,20 
DO 600 J=1,4 
VBVL(J,I)=0. 

600 CONTINUE 
C 

C8 SET UP OUTPUT CONTROL. 
C 

C 
C9 READ IN STRESS PERIOD PARAMETERS 

CALL SBASI( NLAY ,IOFLG,INOC,IOUT,IDDNFM,IDDNUN) 

C 
DO 700 I= 1,NPER 
READ (INBAS,2001) PERLEN(I),NSTP(I),TSMULT(I) 

2001 FORMAT(F10.0,I10,F10.0) 
700 CONTINUE 

C 

C10 RETURN 
C 
1000 RETURN 

END 
SUBROUTINE BASIZ( HNEW, HOLD, IBOUND,VBVL,HNOFLO,TOTIM,NODES) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* INITIALIZE HEADS AND WATER BUDGET * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION HNEW,HNOFLO 

DIMENSION HNEW( NODES), IBOUND (NODES),HOLD(NODES),VBVL(4,20) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl SET STARTING HEADS TO ZERO. 
C 

DO 300 N= 1,NODES 
HOLD(N) =0.0 

300 CONTINUE 
C 

C2 COPY INITIAL HEADS FROM HOLD TO HNEW. 
C 

DO 400 I= 1,NODES 
HNEW(I)=HOLD(I) 
IF(IBOUND(I).EQ.0) HNEW(I)= HNOFLO 

400 CONTINUE 
C 

C3 INITIALIZE VOLUMETRIC BUDGET ACCUMULATORS TO ZERO. 
C 

590 DO 600 I=1,20 
DO 600 J=1,4 
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VBVL(J,I) =0. 
600 CONTINUE 

C 
C4 INITIALIZE TOTAL TIME 
C 

C 

C5 RETURN 
C 

TOTIM=0.0 

RETURN 
END 
SUBROUTINE BASST(NSTP,DELT, PERLEN ,TSMULT,TSMU,NST,PERTIM,KPER, 

i NPER,INBAS,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SETUP TIME PARAMETERS FOR NEW TIME PERIOD * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION NSTP( NPER),PERLEN(NPER),TSMULT(NPER) 
C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl CALCULATE THE LENGTH OF THE FIRST TIME STEP. 
C 

C2 ASSUME TIME STEP MULTIPLIER IS EQUAL TO ONE. 
C 

PERL=PERLEN(KPER) 
NST =NSTP(KPER) 
TSMU=TSMULT(KPER) 

C 

DELT = PERL /FLOAT(NST) 
C 
C2A IF TIME STEP MULTIPLIER IS NOT ONE THEN CALCULATE FIRST 
C2A TERM OF GEOMETRIC PROGRESSION. 
C 

IF(TSMU.NE.i.) DELT = PERL *(1. -TSMU) /(1. -TSMU* *NST) 
C 

C3 PRINT TIMING INFORMATION. 
C 

WRITE (IOUT,2) KPER,PERL,NST,TSMU,DELT 
2 FORMAT( / / /,' STRESS PERIOD NO.',I4,', LENGTH = ',G15.7/1X,46(' -') 
1 / /1X,'NUMBER OF TIME STEPS =',I6 
2 /1X,'MULTIPLIER FOR DELT = ',F10.3 
3 /1X,'INITIAL TIME STEP SIZE = ',G15.7) 

C 

C4 INITIALIZE PERTIM (ELAPSED TIME WITHIN STRESS PERIOD). 
C 

PERTIM=O. 
C 

C5 RETURN 
C 
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RETURN 
END 
SUBROUTINE BASAD( DELT, TSMULT ,TOTIM,PERTIM,HNEW,HOLD,KSTP, 

1 NCOL,NROW,NLAY) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ADVANCE TO NEXT TIME STEP * 

* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DOUBLE PRECISION HNEW 

DIMENSION HNEW(NCOL,NROW,NLAY), HOLD(NCOL,NROW,NLAY) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl IF NOT FIRST TIME STEP THEN CALCULATE TIME STEP LENGTH. 
C 

IF(KSTP.NE.1) DELT=TSMULT*DELT 
C 

C2 ACCUMULATE ELAPSED TIME IN SIMULATION(TOTIM) AND IN THIS 
C2 STRESS PERIOD(PERTIM). 
C 

TOTIM=TOTIM+DELT 
PERTIM=PERTIM+DELT 

C 

C3 COPY HNEW TO HOLD. 
C 

DO 10 K=1,NLAY 
DO 10 I=1,NROW 
DO 10 J=1,NCOL 

10 HOLD(J,I,K)-HNEW(J,I,K) 
C 
C4 RETURN 
C 

RETURN 
END 
SUBROUTINE BASFM(HCOF,RHS,NODES) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SET HCOF= RHS =0. 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION HCOF(NODES),RHS(NODES) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl FOR EACH CELL INITIALIZE HCOF AND RHS ACCUMULATORS. 
C 

DO 100 I=1,NODES 
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HCOF(I) =0. 
RHS(I) =0. 

100 CONTINUE 
C 

C2 RETURN 
C 

RETURN 
END 
SUBROUTINE BASOC( NSTP ,KSTP,KPER,ICNVG,IOFLG,NLAY, 

1 IBUDFL,ICBCFL,IHDDFL,INOC,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* OUTPUT CONTROLLER FOR HEAD, DRAWDOWN, AND BUDGET * 
* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION IOFLG(NLAY,2) 
C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

Cl TEST UNIT NUMBER (INOC (INOC= IUNIT(12))) TO SEE IF 
Cl OUTPUT CONTROL IS ACTIVE. 
C 

IF(INOC.NE.0)GO TO 500 
C 

C2-- - - --IF OUTPUT CONTROL IS INACTIVE THEN SET DEFAULTS AND RETURN. 
C 

IHDDFL=0 
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)IHDDFL=1 
IBUDFL=0 
IF(ICNVG.EQ.O .OR. KSTP.EQ.NSTP)IBUDFL=1 
ICBCFL=0 
IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP)ICBCFL=1 
GO TO 1000 

C 

C3 READ AND PRINT OUTPUT FLAGS AND CODE FOR DEFINING IOFLG. 
C 

500 READ(INOC,1) INCODE,IHDDFL,IBUDFL,ICBCFL 
1 FORMAT(4I10) 
WRITE(IOUT,3) IHDDFL,IBUDFL,ICBCFL 

3 FORMAT( /,' DRAWDOWN PRINTOUT FLAG =',I2, 
1 /,'TOTAL BUDGET PRINTOUT FLAG =',I2, 
2 /,'CELL -BY -CELL FLOW TERM FLAG =',I2) 

C 

C4 DECODE INCODE TO DETERMINE HOW TO SET FLAGS IN IOFLG. 
C 

IF(INCODE) 100,200,300 
C 

C5 USE IOFLG FROM LAST TIME STEP. 
C 

100 WRITE(IOUT,101) 
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101 FORMAT(1H ,'REUSING PREVIOUS VALUES OF IOFLG') 

GO TO 600 
C 

C6 READ IOFLG FOR LAYER 1 AND ASSIGN SAME TO ALL LAYERS 
C 

200 READ(INOC,201) (IOFLG(1,M),M =1,2) 
201 FORMAT(4I10) 

DO 210 K= 1,NLAY 
IOFLG(K,1) =IOFLG(1,1) 

IOFLG(K,2)= IOFLG(1,2) 
210 CONTINUE 

WRITE(IOUT,211) (IOFLG(1,M),M =1,2) 
211 FORMAT( /,'OUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:'/ 

1 1X,'DRAWDOWN DRAWDOWN'/ 
2 1X,'PRINTOUT SAVE'/ 
3 1X,18('- ') /1X,I5,I10) 
GO TO 600 

C 

C7 READ IOFLG IN ENTIRETY 
C 

300 READ(INOC,301) ((IOFLG(K,I),I= 1,2),K= 1,NLAY) 
301 FORMAT(2I10) 

WRITE(IOUT,302) 
302 FORMAT( /,'OUTPUT FLAGS FOR EACH LAYER:'/ 

1 1X,' DRAWDOWN DRAWDOWN'/ 
2 1X,'LAYER PRINTOUT SAVE'/ 
3 1X,25(' -')) 
WRITE(IOUT,303) (K,(IOFLG(K,I),I= 1,2),K= 1,NLAY) 

303 FORMAT(1X,I4,I10) 
C 

C8 THE LAST STEP IN A STRESS PERIOD AND STEPS WHERE ITERATIVE 
C8 PROCEDURE FAILED TO CONVERGE GET A VOLUMETRIC BUDGET. 
C 

600 IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP) IBUDFL=1 
C 

C9 RETURN 
C 

1000 RETURN 
END 
SUBROUTINE BASOT( HNEW, STRT ,BUFF,IOFLG,MSUM,IBOUND,VBNM, 

1 VBVL, KSTP, KPER, DELT, PERTIM, TOTIM ,ITMUNI,NCOL,NROW,NLAY,ICNVG, 
2 IHDDFL ,IBUDFL,IDDNFM,IDDNUN,IOUT) 

* OUTPUT TIME, VOLUMETRIC BUDGET, HEAD, AND DRAWDOWN 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

C 

C 

DOUBLE PRECISION HNEW 

DIMENSION HNEW(NCOL,NROW ,NLAY),STRT(NCOL,NROW,NLAY), 
1 VBVL(1),IOFLG(NLAY,2), 
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C 

2 IBOUND(NCOL,NROW,NLAY),BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 VBNM(1) 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

C 
Cl CLEAR PRINTOUT FLAG (IPFLG) 

C 
IPFLG=O 

C 
C2 IF ITERATIVE PROCEDURE FAILED TO CONVERGE PRINT MESSAGE 
C 

IF(ICNVG.EQ.0) WRITE(IOUT,1) KSTP,KPER 
1 FORMAT( /,10X,' * ** *FAILED TO CONVERGE IN TIME STEP',I3, 
1 ' OF STRESS PERIOD',I3,' * * * *') 

C 

C3 IF DRAWDOWN FLAG (IHDDFL) IS SET WRITE DRAWDOWN IN ACCORDANCE 
C3 WITH FLAGS IN IOFLG. 
C 

C 

IF(IHDDFL.EQ.0) GO TO 100 

CALL SBASD(HNEW, BUFF, IOFLG ,KSTP,KPER,NCOL,NROW,NLAY,IOUT, 
1 IDDNFM, IDDNUN, STRT,IBOUND,IPFLG,PERTIM,TOTIM) 

C 

C4 PRINT TOTAL BUDGET IF REQUESTED 
C 

100 IF(IBUDFL.EQ.0) GO TO 120 

CALL SBASV(MSUM,VBNM,VBVL,KSTP,KPER,IOUT) 
IPFLG=1 

C 

C5 END PRINTOUT WITH TIME SUMMARY AND FORM FEED IF ANY PRINTOUT 
C5 WILL BE PRODUCED. 
C 

120 IF(IPFLG.EQ.0) RETURN 
CALL SBAST( KSTP, KPER ,DELT,PERTIM,TOTIM,ITMUNI,IOUT) 
WRITE(IOUT,101) 

101 FORMAT( / //) 
C 

C6 RETURN 
C 

RETURN 
END 
SUBROUTINE SBASD( HNEW, BUFF,IOFLG,KSTP,KPER,NCOL,NROW, 

1 NLAY,IOUT, IDDNFM ,IDDNUN,STRT,IBOUND,IPFLG, 
2 PERTIM,TOTIM) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* CALCULATE PRINT AND RECORD DRAWDOWNS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION HNEW 
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C 

C 

DIMENSION HNEW(NCOL,NR0W,NLAY),IOFLG(NLAY,2), 
1 BUFF(NCOL,NROW,NLAY),STRT(NCOL,NROW,NLAY), 
2 IBOUND(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(4) 

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /'DRAW','DOWN',' 
1 ' >/ 

7 

C 

************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** ** 
C 
Cl FOR EACH LAYER CALCULATE DRAWDOWN IF PRINT OR RECORD 
Cl IS REQUESTED 
C 

DO 59 K=1,NLAY 
C 

C2 IS DRAWDOWN NEEDED FROM THIS LAYER? 
C 

IF(IOFLG(K,1).EQ.O .AND. IOFLG(K,2).EQ.0) GO TO 59 
C 

C3 CALCULATE DRAWDOWN FOR THE LAYER. 
C 

53 DO 58 I=1,NROW 
DO 58 J=1,NCOL 
HSING=HNEW(J,I,K) 
BUFF(J,I,K)=HSING 
IF(IBOUND(J,I,K).NE.0) BUFF(J,I,K)=STRT(J,I,K)-HSING 

58 CONTINUE 
59 CONTINUE 

C 
C4 FOR EACH LAYER: DETERMINE IF DRAWDOWN SHOULD BE PRINTED. 
C4 IF SO THEN CALL ULAPRS OR ULAPRW TO PRINT DRAWDOWN. 
C 

DO 69 K=1,NLAY 
IF(IOFLG(K,1).EQ.0) GO TO 69 
IF(IDDNFM.LT.0) CALL ULAPRS(BUFF(1,1,K),TEXT,KSTP,KPER, 

1 NCOL,NROW,K,-IDDNFM,IOUT) 
IF(IDDNFM.GE.0) CALL ULAPRW(BUFF(1,1,K),TEXT,KSTP,KPER, 

1 NCOL,NROW,K,IDDNFM,IOUT) 
IPFLG=1 

69 CONTINUE 
C 

C5 FOR EACH LAYER: DETERMINE IF DRAWDOWN SHOULD BE RECORDED. 
C5 IF SO THEN CALL ULASAV TO RECORD DRAWDOWN. 
C 

IFIRST=1 
IF(IDDNUN.LE.0) GO TO 80 
DO 79 K=1,NLAY 
IF(IOFLG(K,2).LE.0) GO TO 79 
IF(IFIRST.EQ.1) WRITE(IOUT,74) IDDNUN,KSTP,KPER 

74 FORMAT(/,'DRAWDOWN WILL BE SAVED ON UNIT',I3, 
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1 ' AT END OF TIME STEP',I3,', STRESS PERIOD',I3) 
IFIRST =O 
CALL ULASAV(BUFF(1,1,K), TEXT( 1),KSTP,KPER,PERTIM,TOTIM,NCOL, 

1 NROW,K,IDDNUN) 
79 CONTINUE 

C 
C6 RETURN 
C 

80 RETURN 
END 
SUBROUTINE SBASI( NLAY ,IOFLG,INOC,IOUT,IDDNFM,IDDNUN) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SET UP OUTPUT CONTROL 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

CHARACTER *4 OPC(6),HDS(6),DRW(6) 
DIMENSION IOFLG(NLAY,2) 

DATA OPC(1),OPC(2),OPC(3),OPC(4),OPC(5),OPC(6) 
1 /'OPC ),a > >> >,> >,> >/ 

DATA DRW(1),DRW(2),DRW(3),DRW(4),DRW(5),DRW(6) 
1 /'DRAW','DOWN','S ',' ',' ',' '/ 

C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl TEST UNIT NUMBER FROM IUNIT (INOC) TO SEE IF OUTPUT 
Cl CONTROL IS ACTIVE. 
C 

IF(INOC.LE.0) GO TO 600 
CALL OPSTAT(1,OPC,INOC) 

C 

C2 READ AND PRINT FORMATS FOR PRINTING AND UNIT NUMBERS FOR 
C2 RECORDING HEADS AND DRAWDOWN. THEN RETURN. 
C 

500 READ (INOC,1) IDDNFM,IDDNUN 
1 FORMAT (4I10) 
IF(IDDNUN.GT.0) CALL OPSTAT(1,DRW,- IDDNUN) 
WRITE (IOUT,3) IDDNFM 

3 FORMAT ( /,' DRAWDOWN PRINT FORMAT IS FORMAT NUMBER',I4) 
WRITE (IOUT,4)IDDNUN 

4 FORMAT ( /,' DRAWDOWNS WILL BE SAVED ON UNIT',I3) 
WRITE(IOUT,561) 

561 FORMAT( /,'OUTPUT CONTROL IS SPECIFIED EVERY TIME STEP') 
GO TO 1000 

C 

C3 OUTPUT CONTROL IS INACTIVE. PRINT A MESSAGE LISTING DEFAULTS. 
C 

600 WRITE(IOUT,641) 
641 FORMAT( /,'DEFAULT OUTPUT CONTROL -- THE FOLLOWING OUTPUT', 

1 ' COMES AT THE END OF EACH STRESS PERIOD:') 
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WRITE(IOUT,642) 
642 FORMAT(1X,'TOTAL VOLUMETRIC BUDGET') 

WRITE(IOUT,644) 
644 FORMAT(1X,'DRAWDOWN') 

C 
C4 SET THE FORMAT CODES EQUAL TO THE DEFAULT FORMAT. 
C 

IDDNFM=O 
C 

C5 SET DEFAULT FLAGS IN IOFLG SO THAT DRAWDOWN IS 
C5 PRINTED FOR EVERY LAYER. 
C 

670 DO 680 K=1,NLAY 
IOFLG(K,1)=1 
IOFLG(K,2)=0 

680 CONTINUE 
GO TO 1000 

C 

C6 RETURN 
C 
1000 RETURN 

END 
. 

SUBROUTINE SBAST( KSTP, KPER ,DELT,PERTIM,TOTIM,ITMUNI,IOUT) 

* PRINT SIMULATION TIME * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: NONE * 

C 

WRITE(IOUT,199) KSTP,KPER 
199 FORMAT( /, / / /10X,'TIME SUMMARY AT END OF TIME STEP',I3, 

1 ' IN STRESS PERIOD',I3) 
C 

Cl USE TIME UNIT INDICATOR TO GET FACTOR TO CONVERT TO SECONDS. 
C 

CNV=0. 
IF(ITMUNI.EQ.1) CNV=1. 
IF(ITMUNI.EQ.2) CNV=60. 
IF(ITMUNI.EQ.3) CNV=3600. 
IF(ITMUNI.EQ.4) CNV=86400. 
IF(ITMUNI.EQ.5) CNV=31557600. 

C 

C2 IF FACTOR =0 THEN TIME UNITS ARE NON- STANDARD. 
C 

IF(CNV.NE.0.) GO TO 100 
C 

C2A PRINT TIMES IN NON- STANDARD TIME UNITS. 
C 

WRITE(IOUT,301) DELT,PERTIM,TOTIM 
301 FORMAT(21X,' TIME STEP LENGTH = ',G15.6/ 

1 21X,' STRESS PERIOD TIME = ',G15.6/ 
2 21X,'TOTAL SIMULATION TIME = ',G15.6) 
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C 

C2B RETURN 
C 

RETURN 
C 

C3 CALCULATE LENGTH OF TIME STEP & ELAPSED TIMES IN SECONDS. 
C 

100 DELSEC=CNV*DELT 
TOTSEC=CNV*TOTIM 
PERSEC=CNV*PERTIM 

C 

C4 CALCULATE TIMES IN MINUTES,HOURS,DAYS AND YEARS. 
C 

DELMN=DELSEC/60. 
DELHR=DELMN/60. 
DELDY=DELHR/24. 
DELYR=DELDY/365.25 
TOTMN=TOTSEC/60. 
TOTHR=TOTMN/60. 
TOTDY=TOTHR/24. 
TOTYR=TOTDY/365.25 
PERMN=PERSEC/60. 
PERHR=PERMN/60. 
PERDY=PERHR/24. 
PERYR=PERDY/365.25 

C 

C5 PRINT TIME STEP LENGTH AND ELAPSED TIMES IN ALL TIME UNITS. 
C 

WRITE(IOUT,200) 
200 FORMAT(27X,' SECONDS MINUTES HOURS',10X, 

1 'DAYS YEARS' /27X,75(' -')) 
WRITE (IOUT,201) DELSEC,DELMN,DELHR,DELDY,DELYR 

201 FORMAT(1X,' TIME STEP LENGTH',5X,5G15.6) 
WRITE(IOUT,202) PERSEC,PERMN,PERHR,PERDY,PERYR 

202 FORMAT(1X,' STRESS PERIOD TIME',5X,5G15.6) 
WRITE(IOUT,203) TOTSEC,TOTMN,TOTHR,TOTDY,TOTYR 

203 FORMAT(1X,'TOTAL SIMULATION TIME',5X,5G15.6) 
C 

C6 RETURN 
C 

RETURN 
END 
SUBROUTINE SBASV (MSUM,VBNM,VBVL,KSTP,KPER,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* PRINT VOLUMETRIC BUDGET * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DIMENSION VBVL(4,20) 

CHARACTER *4 VBNM(4,20) 
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C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl DETERMINE NUMBER OF INDIVIDUAL BUDGET ENTRIES. 
C 

MSUM1= MSUM -1 
IF(MSUM1.LE.0) RETURN 

C 
C2 CLEAR RATE AND VOLUME ACCUMULATORS. 
C 

TOTRIN=O. 
TOTROT=0. 
TOTVIN=O. 
TOTVOT=0. 

C 

C3 ADD RATES AND VOLUMES (IN AND OUT) TO ACCUMULATORS. 
C 

DO 100 L=1,MSUM1 
TOTRIN=TOTRIN+VBVL(3,L) 
TOTROT=TOTROT+VBVL(4,L) 
TOTVIN=TOTVIN+VBVL(1,L) 
TOTVOT=TOTVOT+VBVL(2,L) 

100 CONTINUE 
C 

C4 PRINT TIME STEP NUMBER AND STRESS PERIOD NUMBER. 
C 

WRITE(IOUT,260) KSTP,KPER 
WRITE(IOUT,265) 

C 

C5 PRINT INDIVIDUAL INFLOW RATES AND VOLUMES AND THEIR TOTALS. 
C 

DO 200 L=1,MSUM1 
WRITE(IOUT,275) (VBNM(I,L),I=1,4),VBVL(1,L),(VBNM(I,L),I=1,4) 
1,VBVL(3,L) 

200 CONTINUE 
WRITE(IOUT,286) TOTVIN,TOTRIN 

C 

C6 PRINT INDIVIDUAL OUTFLOW RATES AND VOLUMES AND THEIR TOTALS. 
C 

WRITE(IOUT,287) 
DO 250 L=1,MSUM1 
WRITE(IOUT,275) (VBNM(I,L),I=1,4),VBVL(2,L),(VBNM(I,L),I=1,4) 

1,VBVL(4,L) 
250 CONTINUE 

WRITE(IOUT,298) TOTVOT,TOTROT 
C 

C7 CALCULATE THE DIFFERENCE BETWEEN INFLOW AND OUTFLOW. 
C 
C7A CALCULATE DIFFERENCE BETWEEN RATE IN AND RATE OUT. 
C 

DIFFR=TOTRIN-TOTROT 
C 
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C7B CALCULATE PERCENT DIFFERENCE BETWEEN RATE IN AND RATE OUT. 
C 

PDIFFR=100.*DIFFR/((TOTRIN+TOTROT)/2) 
C 

C7C CALCULATE DIFFERENCE BETWEEN VOLUME IN AND VOLUME OUT. 
C 

DIFFV=TOTVIN-TOTVOT 
C 

C7D GET PERCENT DIFFERENCE BETWEEN VOLUME IN AND VOLUME OUT. 
C 

PDIFFV=100.*DIFFV/((TOTVIN+TOTVOT)/2) 
C 

C8 PRINT DIFFERENCES AND PERCENT DIFFERENCES BETWEEN INPUT 
C8 AND OUTPUT RATES AND VOLUMES. 
C 

WRITE(IOUT,299) DIFFV,DIFFR 
WRITE(IOUT,300) PDIFFV,PDIFFR 

C 

C9 RETURN 
C 

RETURN 
C 

C - -- FORMATS 
C 

260 FORMAT( /, / / /30X,'VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF' 
1,' TIME STEP',I3,' IN STRESS PERIOD',I3 /30X,77(' -')) 

265 FORMAT( /,19X,' CUMULATIVE VOLUMES',6X,'L * *3',37X 
1,'RATES FOR THIS TIME STEP',6X,'L * *3 /T' /20X,18(' -'),47X,24(' -') 
2 / /26X,'IN:',68X,'IN:' /26X,' - -- ',68X,' - --') 

275 FORMAT(1X,18X,4A4,' = ',G14.5,39X,4A4,' = ',G14.5) 
286 FORMAT( /,26X,'TOTAL IN = ',G14.5,47X,'TOTAL IN =' 

1,G14.5) 
287 FORMAT( /,24X,'OUT:',67X,'OUT:' /25X,4(' -'),67X,4(' -')) 
298 FORMAT( /,25X,'TOTAL OUT = ',G14.5,46X,'TOTAL OUT =' 

1,G14.5) 
299 FORMAT( /,26X,'IN - OUT = ',G14.5,47X,'IN - OUT = ',G14.5) 
300 FORMAT( /,15X,'PERCENT DISCREPANCY = ',F20.2 

1,30X,'PERCENT DISCREPANCY = ',F20.2,///) 
C 

END 
SUBROUTINE BCFAL( ISUM, LENX, LCSC, LCTRPY,LCSTRG,IN,ISS,NCOL,NROW, 

1 NLAY,IOUT,IBCFCB) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR BLOCK- CENTERED FLOW PACKAGE 
* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

CHARACTER *4 BCF(6),CBC(6) 

DATA BCF(1), BCF (2),BCF(3),BCF(4),BCF(5),BCF(6) 
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1 /'BCF >a' ),> >,> >,> >/ 

DATA CBC(1),CBC(2),CBC(3),CBC(4),CBC(5),CBC(6) 
1 /' ',' CE','LL-B','Y-CE','LL F','LOWS'/ 

C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

C 

C1-- - -READ IN BCF FILE NAME IF NOT ON UNIT INBAS 
C 

CALL OPSTAT(1,BCF,IN) 
C 

C2 IDENTIFY PACKAGE 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'BCF -- BLOCK- CENTERED FLOW MODULE, MODIFIED', 
1', 7/15/90'//' INPUT READ FROM UNIT',I3) 

C 

C3 READ AND PRINT ISS (STEADY -STATE FLAG) AND IBCFCB (FLAG FOR 
C3 PRINTING OR UNIT# FOR RECORDING CELL -BY -CELL FLOW TERMS) 
C 

READ(IN,2) ISS,IBCFCB 
2 FORMAT(4I10) 

IF(ISS.EQ.0) WRITE(IOUT,3) 
3 FORMAT(1X,'TRANSIENT SIMULATION') 
IF(ISS.NE.0) WRITE(IOUT,4) 

4 FORMAT(1X,'STEADY-STATE SIMULATION') 
C 

C4 OPEN CELL -BY -CELL FILE IF REQUIRED 
C 

IF(IBCFCB.GT.0) THEN 
WRITE(IOUT,9) IBCFCB 
FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE RECORDED ON UNIT',I3) 
CALL OPSTAT(1,CBC,- IBCFCB) 

ENDIF 
C 

C5 DETERMINE IF CONSTANT HEAD FLOWS ARE PRINTED WHEN IBCBFL IS ON 
C 

IF(IBCFCB.LT.0) WRITE(IOUT,88) 
88 FORMAT(1X,'CONSTANT HEAD CELL -BY -CELL FLOWS WILL BE PRINTED WHEN I 

1CBBFL FLAG IS ON') 
IF(IBCFCB.EQ.0) WRITE(IOUT,89) 

89 FORMAT(1X,'NO CELL -BY -CELL FLOWS ARE PRINTED') 
C 

C6 COMPUTE DIMENSIONS FOR ARRAYS. 
C 

50 NRC=NROW*NCOL 
ISIZ=NRC*NLAY 

C 

C7 ALLOCATE SPACE FOR ARRAYS. IF RUN IS TRANSIENT(ISS =O) 
C7 THEN SPACE MUST BE ALLOCATED FOR STORAGE. 
C 

ISOLD=ISUM 
LCSC=ISUM 
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IF(ISS.Eß.0) ISUM=ISUM+ISIZ 
LCTRPY=ISUM 
ISUM=ISUM+NLAY 
LCSTRG=ISUM 
ISUM=ISUM+NCOL*NROW*NLAY 

C 

C10 PRINT THE AMOUNT OF SPACE USED BY THE BCF PACKAGE. 
C 

ISP= ISUM -ISOLD 
WRITE(IOUT,101) ISP 

101 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY BCF') 
ISUM1= ISUM -1 
WRITE(IOUT,102) ISUM1,LENX 

102 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,103) 

103 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C11 RETURN 
C 

RETURN 
END 
SUBROUTINE BCFRP(IBOUND, HNEW, SC, CR,CC,CV,DELR,DELC,TRPY,IN,ISS, 

1 NCOL,NROW,NLAY,NODES,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ AND INITIALIZE DATA FOR BLOCK- CENTERED FLOW PACKAGE 
* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

C 

C 

DOUBLE PRECISION HNEW 

DIMENSION HNEW( NODES) ,SC(NODES),CR(NODES),CC(NODES), 
1 CV (NODES),DELR(NCOL),DELC(NROW), 
1 TRPY(NLAY),IBOUND(NODES) 

CHARACTER *4 ANAME(6,6) 

DATA ANAME(1,1),ANAME(2,1) 
1 ANAME(6,1) /'STOR','AGE 
DATA ANAME(1,2),ANAME(2,2) 

1 ANAME(6,2) /'ROW ','TRAN 
DATA ANAME(1,3),ANAME(2,3) 

1 ANAME(6,3) /'VERT',' HYD 
DATA ANAME(1,4),ANAME(2,4) 

i ANAME(6,4) /'COLU','MN -T 
DATA ANAME(1,5),ANAME(2,5) 

1 ANAME(6,5) /'DELR',' 
DATA ANAME(1,6),ANAME(2,6) 

1 ANAME(6,6) /'DELC',' 

,ANAME(3,1),ANAME(4,1),ANAME(5,1), 
','COEF','FICI','ENT ',' '/ 

,ANAME(3,2),ANAME(4,2),ANAME(5,2), 
','SMIS','SIVI','TY ',' '/ 

,ANAME(3,3),ANAME(4,3),ANAME(5,3), 
CON','D /T','HICK','NESS'/ 

,ANAME(3,4),ANAME(4,4),ANAME(5,4), 
AN','ISOT','ROPY'/ 

,ANAME(3,5),ANAME(4,5),ANAME(5,5), 
> > > > > > > > 

> > > 

>/ 

,ANAME(3,6),ANAME(4,6),ANAME(5,6), 
> > > 

e 

> > 

> 

> > 

> 

> >/ 

C 

************************************************************************ 
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C 

Cl CALCULATE NUMBER OF NODES IN A LAYER AND READ TRPY,DELR,DELC 

C 

NIJ=NCOL*NROW 
C 

C 

C2 
C 

C 

C 

C2A 
C 

C 

C2B 
C 

C 

C2C 
C2C-- -- READ AS HYCOND /THICKNESS -- CONVERTED TO CONDUCTANCE LATER 
C 

CALL UIDREL (TRPY,ANAME(1,4),NLAY,IN,IOUT) 
CALL UIDREL (DELR,ANAME(1,5),NCOL,IN,IOUT) 
CALL UIDREL (DELC,ANAME(1,6),NROW,IN,IOUT) 

READ ALL PARAMETERS FOR EACH LAYER 

DO 200 K =1,NLAY 

LOC= 1 +(K -1) *NIJ 

READ PRIMARY STORAGE COEFFICIENT INTO ARRAY SC IF TRANSIENT 

IF(ISS.EQ.0)CALL U2DREL( SC( LOC), ANAME(1,1),NROW,NCOL,K,IN,IOUT) 

READ TRANSMISSIVITY INTO ARRAY CC 

CALL U2DREL( CC( LOC), ANAME(1,2),NROW,NCOL,K,IN,IOUT) 

READ VERTICAL HYCOND /THICK INTO ARRAY CV IF NOT BOTTOM LAYER 

C 

IF(K.NE.NLAY) THEN 
CALL U2DREL(CV( LOC), ANAME(1,3),NROW,NCOL,K,IN,IOUT) 

ENDIF 

200 CONTINUE 
C 

C3 PREPARE AND CHECK BCF DATA 
C 

CALL SBCFN(HNEW,IBOUND,SC,CR,CC,CV,TRPY,DELR,DELC,ISS, 
1 NCOL,NROW,NLAY,IOUT) 

C 

C4 RETURN 
C 

RETURN 
END 
SUBROUTINE BCFFM(HCOF,RHS, HOLD ,SC,DELT,ISS,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ADD STORAGE TO HCOF AND RHS * 

* MODFLOW MODIFICATION 7/15/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

************************************************************************ 
C 

C 

DIMENSION HCOF( NCOL, NROW,NLAY),RHS(NCOL,NROW,NLAY), 
1 HOLD( NCOL ,NROW,NLAY),SC(NCOL,NROW,NLAY) 
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***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl FOR EACH LAYER: IF T VARIES CALCULATE HORIZONTAL CONDUCTANCES 
C 
C2 IF THE SIMULATION IS TRANSIENT ADD STORAGE TO HCOF AND RHS 
C 

IF(ISS.NE.0) GO TO 200 
TLED =1. /DELT 
DO 140 K= 1,NLAY 
DO 140 I= 1,NROW 
DO 140 J= 1,NCOL 
RHO= SC(J,I,K) *TLED 
HCOF(J,I,K) =HCOF(J,I,K) -RHO 
RHS( J, I,K)= RHS(J,I,K)- RHO *HOLD(J,I,K) 

140 CONTINUE 
200 CONTINUE 

C 

C3 RETURN 
C 

RETURN 
END 
SUBROUTINE BCFBD(VBNM,VBVL,MSUM, HNEW, IBOUND,HOLD,SC,CR,CC,CV,BETH, 

1 CHN ,STRG,DELT,ISS,NCOL,NROW,NLAY ,KSTP,KPER,NSTP,NPER,NCHN,IW, 
2 NPMPW, IBCFCB,ICBCFL,ICHBRP,BUFF,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COMPUTE BUDGET FLOW TERMS FOR BCF -- STORAGE, CONSTANT HEAD, AND * 

* FLOW ACROSS CELL WALLS * 

* MODFLOW MODIFICATION 7/15/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

C 

C 

DOUBLE PRECISION HNEW 

DIMENSION HNEW(NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY), 
1 HOLD(NCOL,NROW,NLAY), SC(NCOL,NROW,NLAY), 
2 CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY), 
3 CV(NCOL,NROW,NLAY), VBVL (4,20),BUFF(NCOL,NROW,NLAY), 
4 STRG(NCOL,NROW,NLAY), BETH (NCHN,NPMPW,NPER),CHN(3,NCHN) 

CHARACTER *4 TEXT(4),VBNM(4,20) 

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /'STOR','AGE ',' 1 > >/ 

C 
************************************************************************ 
C 
Cl INITIALIZE BUDGET ACCUMULATORS 
C 

STOIN =0. 
STOUT =0. 

C 

C2 IF CELL -BY -CELL FLOWS ARE NEEDED THEN SET FLAG IBD. 
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C 

IBD=O 
IF(ICBCFL.NE.0 .AND. IBCFCB.GT.0) IBD=1 

C 

C3 IF STEADY STATE THEN SKIP ALL STORAGE CALCULATIONS 
C 

IF(ISS.NE.0) GO TO 305 
C 

C4 IF CELL -BY -CELL FLOWS ARE NEEDED (IBD IS SET) CLEAR BUFFER 
C 

IF(IBD.EQ.0) GO TO 220 
DO 210 K=1,NLAY 
DO 210 I=1,NROW 
DO 210 J=1,NCOL 
BUFF(J,I,K)=0. 

210 CONTINUE 
C 

C5 RUN THROUGH EVERY CELL IN THE GRID 
C 

220 D0 300 K-1,NLAY 
DO 300 I=1,NROW 
DO 300 J=1,NCOL 

C 

C6 CALCULATE FLOW FROM STORAGE (VARIABLE HEAD CELLS ONLY) 
C 

IF(IBOUND(J,I,K).LE.0) GOTO 300 
HSING = HNEW(J,I,K) 

C 

C6A---- STORAGE FACTOR 
C 

285 STC=SC(J,I,K) 
STRG(J,I,K)=STC*HOLD(J,I,K) - STC*HSING 

C 

C7 STORE CELL -BY -CELL FLOW IN BUFFER AND ADD TO ACCUMULATORS 
C 

C 

288 IF(IBD.EQ.1) BUFF(J,I,K)=STRG(J,I,K)/DELT 
IF(STRG(J,I,K)) 292,300,294 

292 STOUT=STOUT-STRG(J,I,K) 
GO TO 300 

294 STOIN=STOIN+STRG(J,I,K) 

300 CONTINUE 
C 

C8 IF IBD FLAG IS SET RECORD THE CONTENTS OF THE BUFFER 
C 

IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT, 
1 IBCFCB,BUFF,NCOL,NROW,NLAY,IOUT) 

C 

C9 ADD TOTAL RATES AND VOLUMES TO VBVL & PUT TITLES IN VBNM 
C 

305 VBVL(1,MSUM)=VBVL(1,MSUM)+STOIN 
VBVL(2,MSUM)=VBVL(2,MSUM)+STOUT 
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VBVL(3,MSUM)=STOIN/DELT 
VBVL(4,MSUM)=STOUT/DELT 
VBNM(1,MSUM)=TEXT(1) 
VBNM(2,MSUM)=TEXT(2) 
VBNM(3,MSUM)=TEXT(3) 
VBNM(4,MSUM)=TEXT(4) 
MSUM=MSUM+1 

C 

C10 CALCULATE FLOW FROM CONSTANT HEAD NODES 
C 

C . 

C11 
C11 
C 

CALL SBCFF(VBNM,VBVL,MSUM,HNEW,IBOUND,CR,CC,CV,BETH,CHN, 
1 DELT,NCOL,NROW,NLAY,KSTP,KPER,NCHN,NPMPW,NPER,NSTP, 
2 IW,IBD,IBCFCB,ICBCFL,ICHBRP,BUFF,IOUT) 

CALCULATE AND SAVE FLOW ACROSS CELL BOUNDARIES IF C -B -C 
FLOW TERMS ARE REQUESTED. 

IF(IBD.NE.0) CALL SBCFB(HNEW,IBOUND,CR,CC,CV,NCOL,NROW,NLAY, 
1 KSTP,KPER,IBCFCB,BUFF,IOUT) 

C 
C12---- RETURN 
C 

RETURN 
END 
SUBROUTINE SBCFC( CR, CC, TRPY ,DELR,DELC,K,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COMPUTE BRANCH CONDUCTANCE USING HARMONIC MEAN OF BLOCK * 

* CONDUCTANCES -- BLOCK TRANSMISSIVITY IS IN CC UPON ENTRY * 

* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY) 
2 , TRPY(NLAY), DELR(NCOL), DELC(NROW) 

C 
************************************************************************ 
C 

YX=TRPY(K)*2. 
C 
Cl FOR EACH CELL CALCULATE BRANCH CONDUCTANCES FROM THAT CELL 
Cl TO THE ONE ON THE RIGHT AND THE IN FRONT. 
C 

DO 40 I=1,NROW 
DO 40 J=1,NCOL 
T1=CC(J,I,K) 

C 

C2 IF T =0 THEN SET CONDUCTANCE EQUAL TO O. GO ON TO NEXT CELL. 
C 

IF(T1.NE.0.) GO TO 10 
CR(J,I,K)=0. 
GO TO 40 
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C 

C3 IF THIS IS NOT THE LAST COLUMN(RIGHTMOST) THEN CALCULATE 
C3 BRANCH CONDUCTANCE IN THE ROW DIRECTION (CR) TO THE RIGHT. 
C 

10 IF(J.EQ.NCOL) GO TO 30 
T2=CC(J+1,I,K) 
CR(J,I,K)=2.*T2*T1*DELC(I)/(T1*DELR(J+1)+T2*DELR(J)) 

C 

C4 IF THIS IS NOT THE LAST ROW(FRONTMOST) THEN CALCULATE 
C4 BRANCH CONDUCTANCE IN THE COLUMN DIRECTION (CC) TO THE FRONT. 
C 

30 IF(I.EQ.NROW) GO TO 40 
T2=CC(J,I+1,K) 
CC(J,I,K)=YX*T2*T1*DELR(J)/(T1*DELC(I+1)+T2*DELC(I)) 

40 CONTINUE 
C 

C5 RETURN 
C 

RETURN 
END 
SUBROUTINE SBCFB( HNEW, IBOUND,CR,CC,CV,NCOL,NROW,NLAY, 

1 KSTP,KPER,IBCFCB,BUFF,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COMPUTE FLOW ACROSS EACH CELL WALL * 

* MODFLOW MODIFICATION 7/15/90 * 

* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION HNEW,HD 

DIMENSION HNEW(NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY), 
1 CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY), 
2 CV(NCOL,NROW,NLAY), BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(12) 

DATA TEXT(1),TEXT(2),TEXT(3), TEXT (4),TEXT(5),TEXT(6),TEXT(7), 
1 TEXT(8), TEXT (9),TEXT(10),TEXT(11),TEXT(12) 
2 /'FLOW',' RIG','HT F','ACE ', 

2 'FLOW',' FRO','NT F','ACE ','FLOW',' LOW','ER F','ACE '/ 

C 
*********************************************************************** 
C 

NCM1=NCOL-i 
IF(NCM1.LT.1) GO TO 405 

C 
Cl CLEAR THE BUFFER 
C 

DO 310 K=1,NLAY 
DO 310 I=1,NROW 
DO 310 J=1,NCOL 
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BUFF(J,I,K) =0. 
310 CONTINUE 

C 

C2 FOR EACH CELL CALCULATE FLOW THRU RIGHT FACE & STORE IN BUFFER 
C 

DO 400 K=1,NLAY 
DO 400 I=1,NROW 
DO 400 J=1,NCM1 
IF((IBOUND(J,I,K).LE.0) .AND. (IBOUND(J+1,I,K).LE.0)) GO TO 400 
HDIFF=HNEW(J,I,K)-HNEW(J+1,I,K) 
BUFF(J,I,K)=HDIFF*CR(J,I,K) 

400 CONTINUE 
C 

C3 RECORD CONTENTS OF BUFFER 
C 

CALL UBUDSV(KSTP,KPER,TEXT(1), IBCFCB, BUFF,NCOL,NROW,NLAY,IOUT) 
C 

C4 CLEAR THE BUFFER 
C 

405 NRM1=NROW-1 
IF(NRM1.LT.1) GO TO 505 
DO 410 K=1,NLAY 
DO 410 I-1,NROW 
DO 410 J=1,NCOL 
BUFF(J,I,K)=0. 

410 CONTINUE 
C 
C5 FOR EACH CELL CALCULATE FLOW THRU FRONT FACE & STORE IN BUFFER 
C 

DO 500 K=1,NLAY 
DO 500 I=1,NRM1 
DO 500 J=1,NCOL 
IF((IBOUND(J,I,K).LE.0) .AND. (IBOUND(J,I+1,K).LE.0)) GO TO 500 
HDIFF=HNEW(J,I,K)-HNEW(J,I+1,K) 
BUFF(J,I,K)=HDIFF*CC(J,I,K) 

500 CONTINUE 
C 
C6 RECORD CONTENTS OF BUFFER. 
C 

CALL UBUDSV(KSTP,KPER,TEXT(5),IBCFCB,BUFF,NCOL,NROW,NLAY,IOUT) 
505 NLM1=NLAY-1 

IF(NLM1.LT.1) GO TO 1000 
C 
C7 CLEAR THE BUFFER 
C 

DO 510 K=1,NLAY 
DO 510 I=1,NROW 
DO 510 J=1,NCOL 
BUFF(J,I,K)-0. 

510 CONTINUE 
C 

C8 FOR EACH CELL CALCULATE FLOW THRU LOWER FACE & STORE IN BUFFER 
840 



DO 600 K=1,NLM1 
DO 600 I=1,NROW 
DO 600 J=1,NCOL 
IF((IBOUND(J,I,K).LE.0) .AND. (IBOUND(J,I,K+1).LE.0)) GO TO 600 
HD=HNEW(J,I,K+1) 

580 HDIFF=HNEW(J,I,K)-HD 
BUFF(J,I,K)=HDIFF*CV(J,I,K) 

600 CONTINUE 
C 

C9 RECORD CONTENTS OF BUFFER. 
C 

C 

C10 RETURN 

CALL UBUDSV(KSTP,KPER,TEXT(9), IBCFCB, BUFF,NCOL,NROW,NLAY,IOUT) 

C 

1000 RETURN 
END 
SUBROUTINE SBCFF(VBNM, VBVL, MSUM ,HNEW,IBOUND,CR,CC,CV,BETH,CHN, 

1 DELT,NCOL,NROW, NLAY, KSTP ,KPER,NCHN,NPMPW,NPER,NSTP,IW, 
2 IBD, IBCFCB,ICBCFL,ICHBRP,BUFF,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COMPUTE FLOW FROM CONSTANT HEAD NODES * 

* MODFLOW MODIFICATION 7/15/90 * 

*****************************.************ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION HNEW,HD 
C 

DIMENSION HNEW(NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY), 
1 CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY), 
2 CV(NCOL,NROW,NLAY), VBVL (4,20),BUFF(NCOL,NROW,NLAY), 
3 BETH (NCHN,NPMPW,NPER),CHN(3,NCHN) 

C 
CHARACTER *4 TEXT(4),VBNM(4,20) 

C 
DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) ¡'CONS','TANT',' HEA','D 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl CLEAR BUDGET ACCUMULATORS 
C 

CHIN =O. 
CHOUT =0. 

C 

C2 CLEAR BUFFER IF CELL -BY -CELL FLOW TERM FLAG(IBD) IS SET 
C 

IF(IBD.EQ.0) GO TO 8 
DO 5 K=1,NLAY 
DO 5 I=1,NROW 
DO 5 J=1,NCOL 

8-31 



BUFF(J,I,K) =0. 
5 CONTINUE 

C 

C3 FOR EACH CELL IF IT IS CONSTANT HEAD COMPUTE FLOW ACROSS 6 
C3 FACES. 
C 

C 8 ICHN=O 
8 DO 200 K=1,NLAY 

DO 200 I=1,NROW 
DO 200 J=1,NCOL 

C 

C4 IF CELL IS NOT CONSTANT HEAD SKIP IT & GO ON TO NEXT CELL. 
C 

IF (IBOUND(J,I,K).GE.0)GO TO 200 
C 

C5 CLEAR FIELDS FOR SIX FLOW RATES. 
C 

X1=0. 
X2=0. 
X3=0. 
X4=0. 
X5=0. 
X6=0. 

C 

C6 FOR EACH FACE OF THE CELL CALCULATE FLOW THROUGH THAT FACE 
C6 OUT OF THE CONSTANT HEAD CELL AND INTO THE FLOW DOMAIN. 
C6 COMMENTS 7 -11 APPEAR ONLY IN THE SECTION HEADED BY COMMENT 6A 
C6 BUT THEY APPLY IN A SIMILAR MANNER TO THE SECTIONS HEADED 
C6 BY COMMENTS 6B -6F. 
C 

C6A - - -- CALCULATE FLOW THROUGH THE LEFT FACE 
C 

C7 IF THERE IS NOT A VARIABLE HEAD CELL ON THE OTHER SIDE OF THIS 
C7 FACE THEN GO ON TO THE NEXT FACE. 
C 

IF(J.EQ.1) GO TO 30 
IF(IBOUND(J-1,I,K).LE.0)GO TO 30 
HDIFF=HNEW(J,I,K)-HNEW(J-1,I,K) 

C 
C8 CALCULATE FLOW THROUGH THIS FACE INTO THE ADJACENT CELL. 
C 

X1=HDIFF*CR(J-1,I,K) 
C 

C9 TEST TO SEE IF FLOW IS POSITIVE OR NEGATIVE 
C 

IF (X1) 10,30,20 
C 

C10 - - --IF NEGATIVE ADD TO CHOUT(FLOW OUT OF DOMAIN TO CONSTANT HEAD). 
C 

10 CHOUT=CHOUT-X1 
GO TO 30 

C 
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C11 - - --IF POSITIVE ADD TO CHIN(FLOW INTO DOMAIN FROM CONSTANT HEAD). 
C 

20 CHIN= CHIN +X1 
C 

C11B--- CALCULATE FLOW THROUGH THE RIGHT FACE 
C 

30 IF(J.EQ.NCOL) GO TO 60 
IF(IBOUND(J+1,I,K).LE.0) GO TO 60 
HDIFF=HNEW(J,I,K)-HNEW(J+1,I,K) 
X2=HDIFF*CR(J,I,K) 
IF(X2)40,60,50 

40 CHOUT=CHOUT-X2 
GO TO 60 

50 CHIN=CHIN+X2 
C 

C11C - -- CALCULATE FLOW THROUGH THE BACK FACE. 
C 

60 IF(I.EQ.1) GO TO 90 
IF (IBOUND(J,I-1,K).LE.0) GO TO 90 
HDIFF=HNEW(J,I,K)-HNEW(J,I-1,K) 
X3=HDIFF*CC(J,I-1,K) 
IF(X3) 70,90,80 

70 CHOUT=CHOUT-X3 
GO TO 90 

80 CHIN=CHIN+X3 
C 

C11D - -- CALCULATE FLOW THROUGH THE FRONT FACE. 
C 

90 IF(I.EQ.NROW) GO TO 120 
IF(IBOUND(J,I +1,K).LE.0) GO TO 120 
HDIFF= HNEW(J,I,K)- HNEW(J,I +1,K) 
X4= HDIFF *CC(J,I,K) 
IF (X4) 100,120,110 

100 CHOUT = CHOUT -X4 
GO TO 120 

110 CHIN = CHIN +X4 
C 

C11E - -- CALCULATE FLOW THROUGH THE UPPER FACE 
C 

120 IF(K.EQ.1) GO TO 150 
IF (IBOUND(J,I,K-1).LE.0) GO TO 150 
HD=HNEW(J,I,K) 
HDIFF=HD-HNEW(J,I,K-1) 
X5=HDIFF*CV(J,I,K-1) 
IF(X5) 130,150,140 

130 CHOUT=CHOUT-X5 
GO TO 150 

140 CHIN=CHIN+X5 
C 

C11F - -- CALCULATE FLOW THROUGH THE LOWER FACE. 
C 

150 IF(K.EQ.NLAY) GO TO 180 
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IF(IBOUND(J,I,K+1).LE.0) GO TO 180 
HD=HNEW(J,I,K+1) 
HDIFF=HNEW(J,I,K)-HD 
X6=HDIFF*CV(J,I,K) 
IF(X6) 160,180,170 

160 CHOUT=CHOUT-X6 
GO TO 180 

170 CHIN=CHIN+X6 
C 
C12 SUM UP FLOWS THROUGH SIX SIDES OF CONSTANT HEAD CELL. 
C 

180 RATE=X1+X2+X3+X4+X5+X6 
IF(ICHBRP.NE.O.AND.KSTP.EQ.NSTP) THEN 

DO 190 KT=1,NCHN 
KK=CHN(1,KT) 
II=CHN(2,KT) 
JJ=CHN(3,KT) 
IF(K.EQ.KK.AND.I.EQ.II.AND.J.EQ.JJ) BETH(KT,IW,KPER)=RATE 

190 CONTINUE 
ENDIF 

C 
C13 
C 

PRINT THE INDIVIDUAL RATES IF REQUESTED(IBCFCB <O). 

IF(IBCFCB.LT.O.AND.ICBCFL.NE.0) 
1 KPER,KSTP,K,I,J,RATE 

900 FORMAT( /,4A4,' PERIOD',I3,' 
1 ' ROW',I4,' COL',I4,' 

C 
C14 - - --IF CELL -BY -CELL FLAG SET STORE 
C 

C 

IF(IBD.EQ.1) BUFF(J,I,K)=RATE 

200 CONTINUE 

WRITE(IOUT,900) (TEXT(N),N=1,4 

STEP',I3,' LAYER',I3, 
RATE ',G15.7) 

SUM OF FLOWS FOR CELL IN BUFFER 

C 

C15 - - --IF CELL -BY -CELL FLAG SET THEN RECORD CONTENTS OF BUFFER 
C 

IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT(1), 
1 IBCFCB ,BUFF,NCOL,NROW,NLAY,IOUT) 

C 
C16-- - -SAVE TOTAL CONSTANT HEAD FLOWS AND VOLUMES IN VBVL TABLE 
C16- - - -FOR INCLUSION IN BUDGET. PUT LABELS IN VBNM TABLE. 
C 

VBVL(1,MSUM)=VBVL(1,MSUM)+CHIN*DELT 
VBVL(2,MSUM)=VBVL(2,MSUM)+CHOUT*DELT 
VBVL(3,MSUM)=CHIN 
VBVL(4,MSUM)=CHOUT 

C 

C17----SETUP VOLUMETRIC BUDGET NAMES 
C 

VBNM(1,MSUM)=TEXT(1) 
VBNM(2,MSUM)=TEXT(2) 
VBNM(3,MSUM)=TEXT(3) 
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C 

VBNM(4,MSUM)=TEXT(4) 

MSUM=MSUM+1 
C 

C18---- RETURN 
C 

RETURN 
END 
SUBROUTINE SBCFN(HNEW,IBOUND ,SC,CR,CC,CV,TRPY,DELR,DELC, 

1 ISS,NCOL,NROW,NLAY,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* INITIALIZE AND CHECK BCF DATA * 

* MODFLOW MODIFICATION 7/15/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DOUBLE PRECISION HNEW,HCNV 

DIMENSION HNEW(NCOL,NROW,NLAY),IBOUND(NCOL,NROW,NLAY) 
1 ,SC(NCOL,NROW,NLAY),CR(NCOL,NROW,NLAY) 
2 ,CC(NCOL,NROW,NLAY),CV(NCOL,NROW,NLAY) 
3 ,TRPY(NLAY),DELR(NCOL),DELC(NROW) 

C 
************************************************************************ 
C 
Cl IF IBOUND=O, SET CV=O., CC=0. 
C 

DO 30 K=1,NLAY 
DO 30 I=1,NROW 
DO 30 J=1,NCOL 
IF(IBOUND(J,I,K).NE.0) GO TO 30 
IF(K.NE.NLAY) CV(J,I,K)=0. 
IF(K.NE.1) CV(J,I,K-1)=0. 
CC(J,I,K)=0. 

30 CONTINUE 
C 

C2 INSURE THAT EACH ACTIVE CELL HAS AT LEAST ONE NON -ZERO 
C2 TRANSMISSIVE PARAMETER. IF NOT, CONVERT CELL TO NOFLOW. 
C 

HCNV=888.88 
DO 60 K=1,NLAY 

C 

C2A TRANSMISSIVITY OR CV MUST BE NONZERO 
C 

DO 54 I=1,NROW 
DO 54 J=1,NCOL 
IF(IBOUND(J,I,K).EQ.0) GO TO 54 
IF(CC(J,I,K).NE.0.) GO TO 54 
IF(K.EQ.NLAY) GO TO 51 
IF(CV(J,I,K).NE.O.) GO TO 54 

51 IF(K.EQ.1) GO TO 53 
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IF(CV(J,I,K- 1).NE.0.) GO TO 54 
53 IBOUND(J,I,K) =0 

HNEW(J,I,K) =HCNV 
WRITE(IOUT,52) K,I,J 

52 FORMAT(1X,'NODE (LAYER,ROW,COL)',3I4, 
1 ' ELIMINATED BECAUSE ALL CONDUCTANCES TO NODE ARE 0') 

54 CONTINUE 
60 CONTINUE 

C 
C3 CALCULATE HOR. CONDUCTANCE(CR AND CC) FOR CONSTANT T LAYERS 
C 

DO 65 K= 1,NLAY 
CALL SBCFC( CR, CC, TRPY ,DELR,DELC,K,NCOL,NROW,NLAY) 

65 CONTINUE 
C 

C4 MULTIPLY VERTICAL LEAKANCE BY AREA TO MAKE CONDUCTANCE 
C 

IF(NLAY.E14.1) GO TO 69 
K1=NLAY-1 
DO 68 K=1,K1 

DO 68 I=1,NROW 
DO 68 J=1,NCOL 
CV(J,I,K)=CV(J,I,K)*DELR(J)*DELC(I) 

68 CONTINUE 
C 

C5 IF TRANSIENT MULTIPLY PRIMARY STORAGE FACTOR BY DELR & 
C5 DELC TO GET PRIMARY STORAGE CAPACITY(SC1). 
C 

69 IF(ISS.NE.0) GO TO 100 
KT=0 
DO 70 K=1,NLAY 
DO 70 I=1,NROW 
DO 70 J=1,NCOL 
SC(J,I,K)=SC(J,I,K)*DELR(J)*DELC(I) 

70 CONTINUE 
C 
C6 RETURN 
C 

100 RETURN 
END 
SUBROUTINE WELAL( ISUM, LENX, LCPMPW ,NPMPW,NPER,IN,IOUT,IWELCB) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR WELL PACKAGE 
* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

* SPECIFICATIONS: 

C 

C 

CHARACTER*4 WEL(6),CBC(6) 

DATA WEL(1),WEL(2),WEL(3),WEL(4),WEL(5),WEL(6) 
1 /'WEL ',' 7?1 ),f 1,7 7,7 1/ 
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DATA CBC(1),CBC(2),CBC(3),CBC(4),CBC(5),CBC(6) 
1 /' WEL','L CE','LL-B','Y-CE','LL F','LOWS'/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

C 

Cl OPEN WELL FILE 
C 

CALL OPSTAT(1,WEL,IN) 
C 

C2 IDENTIFY MODULE 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'WEL -- WELL MODULE, MODIFIED, 2/5/91', 
2//' INPUT READ FROM UNIT',I3) 

C 

C3 READ IN NUMBER OF PUMPING WELLS AND IWELCB FLAG FOR CELL -BY -CELL 
C3 FLOW TERMS 
C 

READ(IN,2) NPMPW,IWELCB 
2 FORMAT(5I10) 

C 

C4 OPEN CELL -BY -CELL FILE IF REQUIRED 
C 

IF(IWELCB.GT.0) THEN 
CALL OPSTAT(1,CBC,- IWELCB) 
WRITE(IOUT,9) IWELCB 

9 FORMAT( /,' CELL -BY -CELL FLOWS WILL BE RECORDED ON UNIT',I3) 
ENDIF 
IF(IWELCB.LT.0) WRITE(IOUT,8) 

8 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE PRINTED WHEN ICBCFL FLAG IS 
10N') 

C 

C6 START ALLOCATION FOR PMPW IN X ARRAY. 
C 

60 ISOLD=ISUM 
LCPMPW=ISUM 
ISUM=ISUM+4*NPMPW 

C 

C7 PRINT NUMBER OF SPACES IN X ARRAY USED BY WELL PACKAGE. 
C 

ISP= ISUM -ISOLD 
WRITE(IOUT,10) ISP 

10 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED FOR WELLS') 
ISUM1= ISUM -1 
WRITE(IOUT,5) ISUM1,LENX 

5 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
C 

C8 IF THERE ISN'T ENOUGH SPACE IN THE X ARRAY THEN PRINT 
C8 A WARNING MESSAGE. 
C 

IF(ISUM1.GT.LENX) WRITE(IOUT,6) 
6 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
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C 

C9 RETURN 
C 

RETURN 
END 
SUBROUTINE WELRP(PMPW,NPMPW,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* VERSION 1 ** 6/2/91 
* THIS SUBROUTINE READS PUMPING, DRAWDOWN OBSERVATION POINTS, * 

* STORAGE OBSERVATION POINTS, INITIALIZES THE DRAWDOWN AND STORAGE * 

* RESPONSE FUNCTIONS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION PMPW(4,NPMPW) 
C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C1- - - -SET STRESS RATE Q FOR PUMPING WELL 
C 

Q=-1.0 
C 

C2-- - -READ AND WRITE LOCATION OF PUMPING WELLS 
C 

WRITE(IOUT,2000) NPMPW 
2000 FORMAT( / / /,1X,'NUMBER OF PUMPING WELLS: ',I5) 

WRITE(IOUT,2010) 
2010 FORMAT( /1X,'LAYER ROW COL WELL NO.'/ 

1,1X,31(' -')) 
DO 10 II= 1,NPMPW 
READ(IN,1000) K,I,J 

1000 FORMAT(3I10) 
WRITE(IOUT,2020) K,I,J,II 

2020 FORMAT(1X,I3,I8,I7,I8) 
PMPW(1,II) =K 
PMPW(2,II) =I 
PMPW(3,II) =J 
PMPW(4,II) =Q 

10 CONTINUE 
C 

C3---- RETURN 
C 

RETURN 
END 
SUBROUTINE WELST(PMPW,NPMPW,IW,KT,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* THIS SUBROUTINE SETS ACTIVE WELL PUMPAGE TO 1.0 AND INACTIVE WELL * 

* PUMPAGE TO ZERO IN FIRST STRESS PERIOD AND ALL WELL PUMPAGE TO * 
* ZERO IN OTHER TIME PERIODS 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATION 
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************************************************************************ 
C 

DIMENSION PMPW(4,NPMPW) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl IF FIRST TIME PERIOD, PRINT ACTIVE WELL LOCATION 
C 

IF(KT.EQ.1) THEN 
K=PMPW(1,IW) 
I=PMPW(2,IW) 
J=PMPW(3,IW) 
WRITE(IOUT,1000) IW 

1000 FORMAT(/1X,'ACTIVE WELL ',I3,/1X,15('-'), 
1 //1X,'LAYER ROW COL',/) 

WRITE(IOUT,1010) K,I,J 
1010 FORMAT(1X,I3,I8,I7) 

ENDIF 
C 
C2 IF NOT FIRST TIME PERIOD, SET PUMPING TO ZERO 
C2 LOCATION 
C 

C 
C3 RETURN 
C 

IF(KT.NE.1) PMPW(4,IW)=0.0 

RETURN 
END 
SUBROUTINE WELFM( NPMPW ,IW,RHS,PMPW,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* THIS SUBROUTINE ADDS Q TO RHS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS * 

C 

DIMENSION RHS (NCOL,NROW,NLAY),PMPW(4,NPMPW) 
C 
************************************************************************ 
C 

IR=PMPW(2,IW) 
IC=PMPW(3,IW) 
IL=PMPW(1,IW) 
Q=PMPW(4,IW) 

C 
Cl ADD Q TO RHS 
C 

RHS(IC,IR,IL)=RHS(IC,IR,IL)-Q 
C 
Cl RETURN 
C 

RETURN 
END 
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SUBROUTINE WELBD(IW,NPMPW,VBNM,VBVL,MSUM,PMPW,IBOUND,DELT, 
1 NCOL,NROW,NLAY,KSTP,KPER,IWELCB,ICBCFL,BUFF,IWRIT) 

************************************************************************ 
* CALCULATE VOLUMETRIC BUDGET FOR WELLS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DIMENSION VBVL(4,MSUM),PMPW(4,NPMPW), 
1 IBOUND(NCOL, NROW,NLAY),BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(4),VBNM(4,MSUM) 

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) 
1 /'WELL','S ',' ',' '/ 

C 
************************************************************************ 
C 

Cl CLEAR RATIN AND RATOUT ACCUMULATORS. 
C 

RATIN=O. 
RATOUT=O. 
IBD=O 

C 
C2 TEST TO SEE IF CELL -BY -CELL FLOW TERMS WILL BE RECORDED. 
C 

IF(ICBCFL.EQ.O .OR. IWELCB.LE.0) GO TO 60 
C 
C3 IF CELL -BY -CELL FLOWS WILL BE SAVED THEN CLEAR THE BUFFER. 
C 

IBD=1 
DO 50 IL=I,NLAY 
DO 50 IR=I,NROW 
DO 50 IC=I,NCOL 
BUFF(IC,IR,IL)-0. 

50 CONTINUE 
C 

C4 PROCESS WELLS 
C 

60 IR=PMPW(2,IW) 
IC=PMPW(3,IW) 
IL=PMPW(1,IW) 
Q=PMPW(4,IW) 

C 
C5 IF THE CELL IS EXTERNAL IGNORE IT. 
C 

IF(IBOUND(IC,IR,IL).LE.0)GO TO 100 
C 
C6 PRINT WELL RATE 
C 

IF(IWELCB.LT.O.AND.ICBCFL.NE.0) WRITE(IWRIT,900) (TEXT(N),N=1,4), 
1 KPER,KSTP,IW,IL,IR,IC,Q 
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900 FORMAT( /,4A4,' PERIOD',I3,' STEP',I3,' WELL',I4, 
1 ' LAYER',I3,' ROW ',I4,' COL',I4,' RATE',G15.7) 

C 
C7 IF CELL -BY -CELL FLOWS ARE TO BE SAVED THEN ADD THEM TO BUFFER. 

C 
IF(IBD.EQ.1) BUFF(IC,IR,IL)=BUFF(IC,IR,IL)+Q 
IF(Q) 90,100,80 

C 
C8 PUMPING RATE IS POSITIVE(RECHARGE). ADD IT TO RATIN. 
C 

80 RATIN=RATIN+Q 
GO TO 100 

C 
C9 PUMPING RATE IS NEGATIVE(DISCHARGE). ADD IT TO RATOUT. 
C 

90 RATOUT=RATOUT-Q 
100 CONTINUE 

C 
C10 IF CELL -BY -CELL FLOWS WILL BE SAVED CALL UBUDSV TO RECORD THEM 
C 

IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT,IWELCB,BUFF,NCOL,NROW, 
1 NLAY,IWRIT) 

C 
C11 MOVE RATES INTO VBVL FOR PRINTING BY MODULE BAS10T. 
C 

200 VBVL(3,MSUM) =RATIN 
VBVL(4,MSUM)= RATOUT 

C 
C12 MOVE RATES TIMES TIME STEP LENGTH INTO VBVL ACCUMULATORS. 
C 

VBVL(1,MSUM)=VBVL(1,MSUM)+RATIN*DELT 
VBVL(2,MSUM)=VBVL(2,MSUM)+RATOUT*DELT 

C 
C13 MOVE BUDGET TERM LABELS INTO VBNM FOR PRINTING. 
C 

VBNM(1,MSUM)=TEXT(1) 
VBNM(2,MSUM)=TEXT(2) 
VBNM(3,MSUM)=TEXT(3) 
VBNM(4,MSUM)=TEXT(4) 

C 
C14 INCREMENT BUDGET TERM COUNTER(MSUM). 
C 

MSUM=MSUM+1 
C 
C15 RETURN 
C 

RETURN 
END 
SUBROUTINE DRWAL( ISUM, LENX,LCDRWW,LCBETD,NPMPW,NDRWW, 

1 NPER,IN,IOUT,IDRWRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR DRAWDOWN RESPONSE FUNCTION PACKAGE * 
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* DEVELOPED 5/12/91 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

CHARACTER *4 DRW(6),RDW(6) 

DATA DRW(1),DRW(2),DRW(3),DRW(4),DRW(5),DRW(6) 
1 f'DRW ',> > 1> > > 7> >f 

DATA RDW(1),RDW(2),RDW(3),RDW(4),RDW(5),RDW(6) 
1 /: ) Y :1 ',' DRA','WDOW','N RF'/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl OPEN WELL FILE 
C 

CALL OPSTAT(1,DRW,IN) 
C 
C2 IDENTIFY MODULE 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'DRW -- DRAWDOWN RESPONSE FUNCTION MODULE, DEVELOPED, 2/5 
1/91'//' INPUT READ FROM UNIT',I3) 

C 
C3 READ NUMBER OF DRAWDOWN OBSERVATION POINTS AND IDRWRP FLAG FOR 
C3 DRAWDOWN RESPONSE FUNCTIONS 
C 

READ(IN,2) NDRWW,IDRWRP 
2 FORMAT(5I10) 

C 
C4 CHECK FOR DATA CONSISTANCY 
C 

IF(NDRWW.EQ.O.OR.IDRWRP.EQ.0) THEN 
NDRWW=O 
IDRWRP=O 

ENDIF 
C 
C5 OPEN DRAWDOWN RESPONSE FUNCTION FILE, IF REQUIRED 
C 

CALL OPSTAT(1,RDW,IDRWRP) 
IF(IDRWRP.GT.0) THEN 
WRITE(IOUT,3) IDRWRP 

3 FORMAT(1X,'DRAWDOWN RESPONSE FUNCTIONS ARE RECORDED FORMATTED ON 
1 UNIT',I3) 

C 
C6A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(IDRWRP,900) 
900 FORMAT('DRAWDOWN RESPONSE FUNCTIONS' 

1 

2 //' OBVW',13X,' PUMP' 
3 f' WELL',13X,' WELL',13X,'TIME' 
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4 /' #',3X,'K',3X,'I',3X,'J',4X,'#',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',5X,'RF [t/1]' 
6 /' 
ENDIF 

C 
C6B SET UP UNFORMATTED FILE 
C 

IF(IDRWRP.LT.0) THEN 
WRITE(IOUT,4) -IDRWRP 

4 FORMAT(1X,'DRAWDOWN RESPONSE FUNCTIONS ARE RECORDED UNFORMATTED 
10N UNIT',I3) 
ENDIF 

C 
C7 START ALLOCATION FOR DRWW AND BETD IN X ARRAY. 

C 
60 ISOLD=ISUM 

LCDRWW=ISUM 
ISUM=ISUM+3*NDRWW 
LCBETD=ISUM 
ISUM=ISUM+NPMPW*NDRWW*NPER 

C 
C8 PRINT THE AMOUNT OF SPACE USED BY THE DRW PACKAGE. 
C 

ISP = ISUM - ISOLD 
WRITE(IOUT,10) ISP 

10 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY DRW') 
ISUM1= ISUM -1 
WRITE(IOUT,5) ISUM1,LENX 

5 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
C 

C9 IF THERE ISN'T ENOUGH SPACE IN THE X ARRAY THEN PRINT 
C9 A WARNING MESSAGE. 
C 

IF(ISUM1.GT.LENX) WRITE(IOUT,6) 
6 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 

C 

C10 RETURN 
C 

RETURN 
END 
SUBROUTINE DRWRP(DRWW,NDRWW,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* VERSION 1 ** 6/2/91 
* THIS SUBROUTINE READS DRAWDOWN OBSERVATION POINTS AND INITIALIZES * 

* THE DRAWDOWN RESPONSE FUNCTIONS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION DRWW(3,NDRWW) 
C 
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***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
C1-- --READ AND WRITE DRAWDOWN OBSERVATION POINTS 
C 

IF(NDRWW.EQ.0) GO TO 50 
WRITE(IOUT,2030) NDRWW 

2030 FORMAT( / / /,1X,'NUMBER OF DRAWDOWN OBSERVATION POINTS: ',I5) 
WRITE(IOUT,2035) 

2035 FORMAT( /,1X,'LAYER ROW COL DRW # 
1 /,1X,' 
DO 20 II= 1,NDRWW 
READ(IN,1000) K,I,J 

1000 FORMAT(3I10) 
WRITE(IOUT,2020) K,I,J,II 

2020 FORMAT(1X,I3,I8,I7,I8) 
DRWW(1,II) =K 
DRWW(2,II) =I 
DRWW(3,II) =J 

20 CONTINUE 
C 
C2 - - -- RETURN 
C 

50 RETURN 
END 
SUBROUTINE DRWRF( HNEW, BETD, PMPW, DRWW,IPW,NPMPW,NDRWW,KPER,NPER, 

1 NLAY,NROW,NCOL,IOUT,IDRWRP) 

* RECORD DRAWDOWN TO UNIT SPECIFIED BY IDRWRP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

C 

DOUBLE PRECISION HNEW 
DIMENSION HNEW( NCOL, NROW ,NLAY),BETD(NDRWW,NPMPW,NPER), 

1 PMPW(4,NPMPW),DRWW(3,NDRWW) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl WRITE DRAWDOWN RESPONSE FUNCTION TO FILE, IF REQUIRED. 
C 

IF(IDRWRP.EQ.0) GO TO 100 
C 
C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IPW) 
IP=PMPW(2,IPW) 
JP=PMPW(3,IPW) 

C 
C3 DETERMINE (K,I,J) LOCATION OF DRAWDOWN OBSERVATION POINTS AND 
C3 ASSIGN DRAWDOWN TO RESPONSE FUNCTION 
C 

DO 10 IOW= 1,NDRWW 
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KO=DRWW(1,I0W) 
IO=DRWW(2,I0W) 
JO=DRWW(3,IOW) 
BETD(IOW,IPW,KPER)=-SNGL(HNEW(JO,IO,KO)) 

C 
C4 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(IDRWRP.GT.0) WRITE(IDRWRP,1000) IOW,KO,IO,JO,IPW,KP,IP,JP,KPER, 
1 BETD(IOW,IPW,KPER) 

1000 FORMAT(I4,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(IDRWRP.LT.0) THEN 

ID=-IDRWRP 
B=BETD(IOW,IPW,KPER) 
WRITE(ID) IOW,KO,I0,J0,IPW,KP,IP,JP,KPER,B 

ENDIF 
10 CONTINUE 

C 

C5 RETURN 
C 

100 RETURN 
END 
SUBROUTINE VELAL( ISUM, LENX, LCSTHK, LCVELW,LCPOR,LCVX,LCVY,LCBETVX, 

1 LCBETVY, NPER, NPMPW, NVELW ,NCOL,NROW,NLAY,IN,IOUT,IVELRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

* ALLOCATE ARRAY STORAGE FOR VELOCITY CALCULATIONS * 

* DEVELOPED 8/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

C 

C 

CHARACTER *4 VEL(6),VRF(6) 

DATA VEL(1), VEL (2),VEL(3),VEL(4),VEL(5),VEL(6) 
1 /'VEL ',' / : > > >> >> >/ 

DATA VRF(1), VRF (2),VRF(3),VRF(4),VRF(5),VRF(6) 
1 /",",",' ',' ',' VEL','OCIT','Y RF'/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl OPEN VELOCITY FILE 
C 

CALL OPSTAT(1,VEL,IN) 
C 
C2 IDENTIFY MODULE 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'VEL -- VELOCITY RESPONSE FUNCTION MODULE, DEVLOPED, 8/15 
1/90'//' INPUT READ FROM UNIT',I3) 

C 
C3 READ NUMBER OF VELOCITY OBSERVATION POINTS AND IVELRP FLAG FOR 
C3 VELOCITY RESPONSE FUNCTIONS 
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C 
READ(IN,2) NVELW,IVELRP 

2 FORMAT(3I10) 
C 
C4 CHECK FOR DATA CONSISTANCY 
C 

IF(NVELW.EQ.0.OR.IVELRP.EQ.0) THEN 
NVELW=0 
IVELRP=0 

ENDIF 
C 
C5 OPEN VELOCITY RESPONSE FUNCTION FILE, IF REQUIRED 
C 

CALL OPSTAT(1,VRF,IVELRP) 
IF(IVELRP.GT.0) THEN 

WRITE(IOUT,3) IVELRP 
3 FORMAT(1X,'VELOCITY RESPONSE FUNCTIONS ARE RECORDED FORMATTED ON 
1 UNIT',I3) 

C 
C6A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(IVELRP,900) 
900 FORMAT('VELOCITY RESPONSE FUNCTIONS' 

1 /' 

2 //' OBSV',13X,'PUMP' 
3 /' WELL',13X,'WELL',13X,'TIME' 
4 /' #',3X,'K',3X,'I',3X,'J',4X,'#',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',5X,'RFx [1/1]',6X,'RFy [1/1]' 
6 /' 

7 '/) 
ENDIF 

C 
C6B SET UP UNFORMATED FILE 
C 

IF(IVELRP.LT.0) THEN 
WRITE(IOUT,4) - IVELRP 

4 FORMAT(1X,'VELOCITY RESPONSE FUNCTIONS ARE RECORDED UNFORMATTED 
lON UNIT',I3) 
ENDIF 

C 

C5 ALLOCATE SPACE FOR ARRAYS STHK,VELW,POR,VX,VY,BETVX,BETVY 
C 

ISOLD=ISUM 
C 

LCSTHK=ISUM 
ISUM=ISUM+NCOL*NROW*NLAY 
LCVELW=ISUM 
ISUM=ISUM+3*NVELW 
LCPOR=ISUM 
ISUM=ISUM+NCOL*NROW*NLAY 
LCVX=ISUM 
ISUM=ISUM+NCOL*NROW*NLAY 
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C 

LCVY=ISUM 
ISUM=ISUM+NCOL*NROW*NLAY 
LCBETVX=ISUM 
ISUM=ISUM+NPMPW*NVELW*NPER 
LCBETVY=ISUM 
ISUM=ISUM+NPMPW*NVELW*NPER 

ISP=ISUM-ISOLD 
C 
C6 PRINT AMOUNT OF SPACE USED BY VELOCITY PACKAGE 
C 

WRITE (IOUT,7)ISP 
7 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY VEL') 

ISUM1= ISUM -1 
WRITE(IOUT,8)ISUM1,LENX 

8 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,9) 

9 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C7 RETURN 
C 

RETURN 
END 
SUBROUTINE VELRP(STHK,VELW,POR, NVELW, NCOL,NROW,NLAY,NODES,IN,IOUT) 

* READ VELOCITY CALCULATION DATA 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

C 

DIMENSION STHK( NODES),VELW(3,NVELW),POR(NODES) 

CHARACTER *4 ANAME(6,2) 

DATA ANAME(1,1),ANAME(2,1) 
1 ANAME(6,1) /'SATU','RATE', 
DATA ANAME(1,2),ANAME(2,2) 

1 ANAME(6,2) /'PORO','SITY', 

,ANAME(3,1),ANAME(4,1) 
'D TH','ICKN','ESS ',' 

,ANAME(3,2),ANAME(4,2) 
> > > > > > > 

,ANAME(5,1), 
'/ 

,ANAME(5,2), / 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl CALCULATE NUMBER OF NODES IN A LAYER 
C 

C 
C2 
C 

C 
C2A 
C 

NIJ= NCOL *NROW 

READ POROSITY AND SATURATED THICKNESS BY LAYER 

DO 100 K =1,NLAY 
LOC= 1 +(K -1) *NIJ 

POROSITY 
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CALL U2DREL( POR( LOC), ANAME(1,2),NROW,NCOL,K,IN,IOUT) 
C 
C2B SATURATED THICKNESS 
C 

C 
CALL U2DREL(STHK( LOC), ANAME(1,1),NROW,NCOL,K,IN,IOUT) 

100 CONTINUE 
C 
C3 READ AND WRITE VELOCITY OBSERVATION POINTS 
C 

IF(NVELW.EQ.0) GO TO 300 
WRITE(IOUT,2000) NVELW 

2000 FORMAT(///,1X,'NUMBER OF VELOCITY OBSERVATION POINTS: ',I5) 
WRITE(IOUT,2010) 

2010 FORMAT(/,1X,'LAYER ROW COL VEL # ', 

1 /,1X,' ') 

DO 200 II-1,NVELW 
READ(IN,1000) K,I,J 

1000 FORMAT(3I10) 
WRITE(IOUT,2020) K,I,J,II 

2020 FORMAT(1X,I3,I8,I7,I8) 
VELW(1,II)=K 
VELW(2,II)=I 
VELW(3,II)=J 

200 CONTINUE 
C 
C4 RETURN 
C 

300 RETURN 
END 
SUBROUTINE VELBD( ANEW, IBOUND, CR,CC,DELC,DELR,STHK,POR,VX,VY, 

1 NCOL,NROW,NLAY) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COMPUTE VELOCITIES IN THE X, Y DIRECTION FOR EACH LAYER * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
DOUBLE PRECISION HNEW,HD 

DIMENSION HNEW(NCOL,NROW,NLAY),IBOUND(NCOL,NROW,NLAY), 
1 CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY), 
2 DELC(NCOL),DELR(NROW), 
3 STHK(NCOL,NROW,NLAY),POR(NCOL,NROW,NLAY), 
3 VX(NCOL,NROW,NLAY),VY(NCOL,NROW,NLAY) 

C 
*********************************************************************** 
C 
Cl INITIALIZE VELOCITIES 
C 

DO 310 K=1,NLAY 
DO 310 I=1,NROW 
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C 

DO 310 J=1,NCOL 
VX(J,I,K)=0.0 
VY(J,I,K)=0.0 

310 CONTINUE 

NCM1=NCOL-1 
IF(NCM1.LT.1) GO TO 405 

C 

C2 FOR EACH CELL CALCULATE FLOW THRU RIGHT FACE, DIVIDE BY FACE AREA 
AND 
C2 POROSITY AND STORE IN VX 
C 

C 

DO 400 K=1,NLAY 
DO 400 I=1,NROW 
DO 400 J=1,NCM1 
IF(IBOUND(J,I,K).EQ.0) GO TO 400 
IF((IBOUND(J,I,K).LT.0) .AND. (IBOUND(J+1,I,K).LE.0)) GO TO 400 
HDIFF=HNEW(J,I,K)-HNEW(J+1;I,K) 
VX(J,I,K)=HDIFF*CR(J,I,K)/(POR(J,I,K)*DELC(I)*STHK(J,I,K)) 

400 CONTINUE 

405 NRM1=NROW-1 
IF(NRM1.LT.1) GO TO 1000 

C 
C3 FOR EACH CELL CALCULATE FLOW THRU FRONT FACE, DIVIDE BY FACE AREA 
AND 
C3 POROSITY AND STORE IN VY 
C 

DO 500 K=1,NLAY 
DO 500 I=1,NRM1 
DO 500 J=1,NCOL 
IF(IBOUND(J,I,K).EQ.0) GO TO 500 
IF((IBOUND(J,I,K).LT.0) .AND. (IBOUND(J,I+1,K).LE.0)) GO TO 500 
HDIFF=HNEW(J,I,K)-HNEW(J,I+1,K) 
VY(J,I,K)=HDIFF*CC(J,I,K)/(POR(J,I,K)*DELR(J)*STHK(J,I,K)) 

500 CONTINUE 
C 
C4---- RETURN 
C 
1000 RETURN 

END 
SUBROUTINE VELRF( VX, VY, BETVX,BETVY,PMPW,VELW,IW,NPMPW, 

1 NVELW,KPER,NPER ,NLAY,NROW,NCOL,IOUT,IVELRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD VELOCITY RESPONSE FUNCTIONS TO UNIT SPECIFIED BY IVELRP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION VX(NCOL,NROW,NLAY),VY(NCOL,NROW;NLAY), 
1 BETVX(NVELW,NPMPW,NPER),BETVY(NVELW,NPMPW,NPER), 
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3 PMPW(4,NPMPW),VELW(3,NVELW) 
C 
************************************************************************ 
C 
Cl 
C 

WRITE VELOCITY RESPONSE FUNCTIONS TO FILE, IF REQUIRED. 

IF(IVELRP.EQ.0) GO TO 100 
C 
C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IW) 
IP=PMPW(2,IW) 
JP=PMPW(3,IW) 

C 
C2 DETERMINE (K,I,J) LOCATION OF VELOCITY OBSERVATION POINTS AND 
C2 ASSIGN VELOCITY COMPONENT TO A RESPONSE FUNCTION 
C 

DO 10 L=1,NVELW 
KO=VELW(1,L) 
IO=VELW(2,L) 
JO=VELW(3,L) 
BETVX(L,IW,KPER)=VX(JO,IO,KO) 
BETVY(L,IW,KPER)=VY(JO,IO,KO) 

C 
C3 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(IVELRP.GT.0) WRITE(IVELRP,1000) L,KO,IO,JO,IW,KP,IP,JP,KPER, 
1 BETVX(L,IW,KPER),BETVY(L,IW,KPER) 

1000 FORMAT(I4,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7,2X,E15.7) 
IF(IVELRP.LT.0) THEN 
ID=-IVELRP 
BX=BETVX(L,IW,KPER) 
BY=BETVY(L,IW,KPER) 
WRITE(ID) L,KO,IO,JO,IW,KP,IP,JP,KPER,BX,BY 

ENDIF 
10 CONTINUE 

C 

C4 RETURN 
C 

100 RETURN 
END 
SUBROUTINE STOAL( ISUM, LENX,LCSTOW,LCBETS,NPMPW,NSTOW, 

1 NPER,ISS,IN,IOUT,ISTORP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR STORAGE RESPONSE FUNCTION PACKAGE * 

* DEVELOPED 5/12/91 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

C 

CHARACTER *4 STO(6),RSO(6) 
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DATA STO(1) 
1 /'STO ',' 

DATA RSO(1) 
1 /' 7 ) 

,STO(2),STO(3),STO(4),STO(5),STO(6) 
) 7 ) ) ) ) 1,1 7/ 

> > 

,RSO(2),RSO(3),RSO(4),RSO(5),RSO(6) 
',' ',' ST','ORAG','E RF'/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
CO CHECK THAT PROBLEM IS TRANSIENT 
C 

IF(ISS.NE.0) THEN 
WRITE( *,9999) 

9999 FORMAT(' ERROR * ** 
STOP 

ENDIF 
C 
Cl 

C 

C 

C2 
C 

C 

C3 
C3 
C 

C 

C4 
C 

C 

C5 
C 

OPEN WELL FILE 

CALL OPSTAT(1,STO,IN) 

IDENTIFY MODULE 

STEADY -STATE STATED') 

WRITE(IOUT,1)IN 
1 FORMAT( /,'STO -- STORAGE RESPONSE FUNCTION MODULE, DEVELOPED, 2/5/ 
191'//' INPUT READ FROM UNIT',I3) 

READ NUMBER OF STORAGE OBSERVATION POINTS 
STORAGE RESPONSE FUNCTIONS 

READ(IN,2) NSTOW,ISTORP 
2 FORMAT(5I10) 

CHECK FOR DATA CONSISTANCY 

IF(NSTOW.EQ.O.OR.ISTORP.EQ.0) THEN 
NSTOW=0 
ISTORP-O 

ENDIF 

AND ISTORP FLAG FOR 

OPEN STORAGE RESPONSE FUNCTION FILE, IF REQUIRED 

CALL OPSTAT(1,RSO,ISTORP) 
IF(ISTORP.GT.0),THEN 
WRITE(IOUT,3) ISTORP 

3 FORMAT(1X,'STORAGE RESPONSE FUNCTIONS ARE RECORDED FORMATTED ON 
1 UNIT',I3) 

C 
C6A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(ISTORP,900) 
900 FORMAT('STORAGE RESPONSE FUNCTIONS' 

1 
) 
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2 //' OBSV',13X,' PUMP' 
3 /' PT.',13X,' WELL',13X,'TIME' 
4 /' 
5 'PER',5X,'RF [t]' 
6 /' 
ENDIF 

C 
C6B SET UP UNFORMATTED FILE 

IF(ISTORP.LT.0) THEN 
WRITE(IOUT,4) - ISTORP 

4 FORMAT(1X,'STORAGE RESPONSE FUNCTIONS ARE RECORDED UNFORMATTED 
1 ON UNIT',I3) 
ENDIF 

C 

C7 START ALLOCATION FOR STOW AND BETS IN X ARRAY. 
C 

60 ISOLD=ISUM 
LCSTOW=ISUM 
ISUM=ISUM+3*NSTOW 
LCBETS=ISUM 
ISUM=ISUM+NPMPW*NSTOW*NPER 

C 

C8 PRINT THE AMOUNT OF SPACE USED BY THE STO PACKAGE. 
C 

ISP= ISUM -ISOLD 
WRITE(IOUT,10) ISP 

10 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY STO') 
ISUM1= ISUM -1 
WRITE(IOUT,5) ISUM1,LENX 

5 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
C 

C9 IF THERE ISN'T ENOUGH SPACE IN THE X ARRAY THEN PRINT 
C9 A WARNING MESSAGE. 
C 

IF(ISUM1.GT.LENX) WRITE(IOUT,6) 
6 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 

C 
C10 RETURN 
C 

RETURN 
END 
SUBROUTINE STORP(STOW,NSTOW,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* VERSION 1 ** 5/12/91 
* THIS SUBROUTINE READS STORAGE OBSERVATION POINTS AND INITIALIZES 
* THE STORAGE RESPONSE FUNCTIONS 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION STOW(3,NSTOW) 
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C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
C1-- - -READ AND WRITE STORAGE OBSERVATION POINTS 
C 

IF(NSTOW.EQ.0) GO TO 50 
WRITE(IOUT,2030) NSTOW 

2030 FORMAT(///,1X,'NUMBER OF STORAGE OBSERVATION POINTS: ',I5) 

WRITE(IOUT,2035) 
2035 FORMAT(/,1X,'LAYER ROW COL STO # 

1 /,1X,' ) 

DO 20 II=I,NSTOW 
READ(IN,1000) K,I,J 

1000 FORMAT(3I10) 
WRITE(IOUT,2020) K,I,J,II 

2020 FORMAT(1X,I3,I8,I7,I8) 
STDW(1,II)=K 
STOW(2,II)=I 
STOW(3,II)=J 

20 CONTINUE 
C 

C2---- RETURN 
C 

50 RETURN 
END 
SUBROUTINE STORF(STRG, BETS, PMPW, STOW,IPW,NPMPW,NSTOW,KPER,NPER, 

1 NLAY,NROW,NCOL,IOUT,ISTORP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD STORAGE RESPONSE FUNCTIONS TO UNIT SPECIFIED BY ISTORP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION STRG(NCOL,NROW,NLAY),BETS(NSTOW,NPMPW,NPER), 
1 PMPW(4,NPMPW),STOW(3,NSTOW) 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl WRITE STORAGE RESPONSE FUNCTION TO FILE, IF REQUIRED. 
C 

IF(ISTORP.EQ.0) GO TO 100 
C 

C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IPW) 
IP=PMPW(2,IPW) 
JP=PMPW(3,IPW) 

C 
C2 DETERMINE (K,I,J) LOCATION OF DRAWDOWN OBSERVATION POINTS AND 
C2 ASSIGN DRAWDOWN TO RESPONSE FUNCTION 
C 

DO 10 IOW= 1,NSTOW 
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KO=STOW(1,I0W) 
IO=STOW(2,I0W) 
JO=STOW(3,IOW) 
BETS(IOW,IPW,KPER)=STRG(JO,I0,K0) 

C 

C3 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(ISTORP.GT.0) WRITE(ISTORP,1000) IOW,KO,IO,JO,IPW,KP,IP,JP,KPER, 
1 BETS(IOW,IPW,KPER) 

1000 FORMAT(14,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(ISTORP.LT.0) THEN 

ID=-ISTORP 
B=BETS(IOW,IPW,KPER) 
WRITE(ID) IOW,KO,IO,JO,IPW,KP,IP,JP,KPER,B 

ENDIF 
10 CONTINUE 

C 

C4 RETURN 
C 

100 RETURN 
END 
SUBROUTINE RIVAL( ISUM, LENX, LCRIVR ,LCBETR,NRIVER,NPMPW,NPER, 

1 IN,IOUT,IRIVCB,IRIVRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR CAPTURE FROM RIVERS 
* MODFLOW MODIFICATION 8/1/90 * 

* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

CHARACTER *4 RIV(6),CBC(6),RRV(6) 

DATA RIV(1),RIV(2),RIV(3),RIV(4),RIV(5),RIV(6) 
1 /'RIV > >> >> >9> >> >/ 

DATA CBC(1),CBC(2),CBC(3),CBC(4),CBC(5),CBC(6) 
1 /'RIVE','R CE','LL-B','Y-CE','LL F','LOWS'/ 
DATA RRV(1),RRV(2),RRV(3),RRV(4),RRV(5),RRV(6) 

1 /' ',' ','RIVE','R CA','PTUR','E RF'/ 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl OPEN RIVER FILE 
C 

CALL OPSTAT(1,RIV,IN) 
C 

C2 IDENTIFY MODULE 
C 

C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'RIV -- RIVER CAPTURE MODULE, MODIFIED, 8/01/90', 
2//' INPUT READ FROM UNIT',I3) 
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C3 READ NRIVER, IRIVCB(UNIT OR FLAG FOR C -B -C FLOWS) 
C3 AND IRIVRP(UNIT FOR RESPONSE FUNCTIONS) 
C 

READ(IN,2) NRIVER,IRIVCB,IRIVRP 
2 FORMAT(3I10) 

C 
C4 OPEN CELL -BY -CELL FILE IF REQUIRED 
C 

IF(IRIVCB.GT.0) THEN 
CALL OPSTAT(1,CBC,- IRIVCB) 
WRITE(IOUT,9) IRIVCB 

9 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE RECORDED ON UNIT',I3) 
ENDIF 
IF(IRIVCB.LT.0) WRITE(IOUT,8) 

8 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE PRINTED WHEN ICBCFL FLAG IS 
1 ON') 

C 
C3B OPEN RIVER RESPONSE FUNCTION FILE IF REQUIRED 
C 

IF(IRIVRP.EQ.0) GO TO 50 
CALL OPSTAT(1,RRV,IRIVRP) 
IF(IRIVRP.GT.0) THEN 
WRITE(IOUT,13) IRIVRP 

13 FORMAT(1X,'RIVER RESPONSE FUNCTIONS ARE RECORDED FORMATTED ON UN 
lIT',I3) 

C 
C4A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(IRIVRP,900) 
900 FORMAT('RIVER CAPTURE RESPONSE FUNCTIONS' 

1 / 

2 //' RIVER',12X,'PUMP' 
3 /' REACH',12X,'WELL ',13X,'TIME' 
4 /' ##', 3X,' K', 3X,' I', 3X,' J', 4X ,'##',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',5X,'RF [O)' 
6 1' 

ENDIF 
IF(IRIVRP.LT.0) THEN 
WRITE(IOUT,4) - IRIVRP 

4 FORMAT(1X,'RIVER RESPONSE FUNCTIONS ARE RECORDED UNFORMATTED ON 
1UNIT',I3) 
ENDIF 

C 

C5 ALLOCATE SPACE FOR ARRAYS RIVR AND'BETR 
C 

50 ISOLD=ISUM 
C 

C 

LCRIVR=ISUM 
ISUM=ISUM+4*NRIVER 
LCBETR=ISUM 
IF(IRIVRP.NE.0) ISUM=ISUM+NRIVER*NPMPW*NPER 
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ISP=ISUM-ISOLD 
C 
C6 PRINT AMOUNT OF SPACE USED BY THE RIV PACKAGE. 
C 

WRITE (IOUT,5)ISP 
5 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY RIV') 

ISUM1= ISUM -1 
WRITE(IOUT,6)ISUM1,LENX 

6 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,7) 

7 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 
C7 RETURN 

RETURN 
END 
SUBROUTINE RIVRP(RIVR,NRIVER,IN,IOUT) 

* READ RIVER LOCATION NODES AND CONDUCTANCES 
* MODFLOW MODIFICATION 8 /4/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION RIVR(4,NRIVER) 
C 

C 

Cl READ AND PRINT DATA FOR EACH RIVER REACH 
C 

WRITE(IOUT,2000) NRIVER 
2000 FORMAT( / //' NUMBER OF RIVER REACHES: ',I5) 

WRITE(IOUT,2010) 
2010 FORMAT( /,1X,'LAYER ROW COL CONDUCTANCE', 

1 /,1X, 7) 

DO 10 II =1,NRIVER 
READ(IN,1000) K,I,J,RIVR(4,II) 

1000 FORMAT(3I10,2F10.0) 
WRITE(IOUT,2020) K,I,J,RIVR(4,II) 

2020 FORMAT(1X,I3,I8,I7,3X,G13.5) 
RIVR(1,II) =K 
RIVR(2,II) =I 
RIVR(3,II) =J 

10 CONTINUE 
C 
C2 RETURN 
C 

RETURN 
END 
SUBROUTINE RIVFM( NRIVER, RIVR ,HCOF,IBOUND,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ADD RIVER TERMS TO HCOF 
* MODFLOW MODIFICATION 8/4/90 
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***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
SPECIFICATIONS: * 

C 
DIMENSION RIVR( 4,NRIVER),HCOF(NCOL,NROW,NLAY), 

1 IBOUND(NCOL,NROW,NLAY) 
C 
************************************************************************ 
C 

Cl PROCESS EACH CELL IN THE RIVER LIST 
C 

DO 100 L=1,NRIVER 
C 

C2 GET COLUMN, ROW AND LAYER OF REACH CELL 
C 

IL=RIVR(1,L) 
IR=RIVR(2,L) 
IC=RIVR(3,L) 

C 

C3 IF CELL IS EXTERNAL, SKIP IT 
C 

IF(IBOUND(IC,IR,IL).LE.0) GO TO 100 
C 

C4 GET CONDUCTANCE 
C 

CRIV=RIVR(4,L) 
C 
C5 ADD TERMS TO HCOF 
C 

C 

HCOF(IC,IR,IL)=HCOF(IC,IR,IL)-CRIV 

100 CONTINUE 
C 

C6 RETURN 
C 

RETURN 
END 
SUBROUTINE RIVBD(NRIVER, RIVR, IBOUND ,HNEW,BETR,IW,NSTP,NPER,NPMPW, 

1 NCOL, NROW, NLAY, DELT, VBVL ,VBNM,MSUM,KSTP,KPER,IRIVCB, 
2 ICBCFL,IRIVRP,BUFF,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* CALCULATE VOLUMETRIC BUDGET FOR RIVERS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DOUBLE PRECISION HNEW 
DIMENSION RIVR( 4, NRIVER),IBOUND(NCOL,NROW,NLAY), 

1 HNEW (NCOL,NROW,NLAY),VBVL(4,20), 
2 BETR( NRIVER, NPMPW ,NPER),BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(4),VBNM(4,20) 
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C 
DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /'RIVE','R LE','AKAG','E s/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl INITIALIZE CELL -BY -CELL FLOW TERM FLAG (IBD) AND 
Cl ACCUMULATORS (RATIN AND RATOUT). 
C 

IBD=O 
RATIN=0. 
RATOUT=O. 

C 
C2 TEST TO SEE IF CELL -BY -CELL FLOW TERMS ARE NEEDED. 
C 

IF(ICBCFL.EQ.0 .OR. IRIVCB.LE.O ) GO TO 10 

C 
C2A CELL -BY -CELL FLOW TERMS ARE NEEDED SET IBD AND CLEAR BUFFER. 
C 

IBD=1 
DO 5 IL=I,NLAY 
DO 5 IR=I,NROW 
DO 5 IC=I,NCOL 
BUFF(IC,IR,IL)=0. 

5 CONTINUE 
C 
C3 FOR EACH RIVER REACH ACCUMULATE RIVER FLOW 
C 

10 DO 100 L= 1,NRIVER 
C 
C4 GET LAYER, ROW k COLUMN OF CELL CONTAINING REACH. 
C 

IL=RIVR(1,L) 
IR=RIVR(2,L) 
IC=RIVR(3,L) 

C 
C5 IF CELL IS EXTERNAL MOVE ON TO NEXT REACH. 
C 

IF(IBOUND(IC,IR,IL).LE.0)GO TO 100 
C 
C6 GET RIVER CONDUCTANCE 
C 

CRIV=RIVR(4,L) 
HHNEW=SNGL(HNEW(IC,IR,IL)) 

C 
C7 DETERMINE RATE OF INFLOW OR OUTFLOW 
C 

RATE = -CRIV *HHNEW 
IF (IRIVRP.NE.O.AND.KSTP.EQ.NSTP) THEN 
BETR(L,IW,KPER) =RATE 

ENDIF 
C 
C8 PRINT THE INDIVIDUAL RATES IF REQUESTED(IRIVCB<O). 
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C 
IF(IRIVCB.LT.O.AND.ICBCFL.NE.0) WRITE(IOUT,900) (TEXT(N),N=1,4), 

1 KPER,KSTP,L,IL,IR,IC,RATE 
900 FORMAT(/,4A4,' PERIOD',I3,' STEP',I3,' REACH',I4, 

1 ' LAYER',I3,' ROW',I4,' COL',I4,' RATE',G15.7) 
C 
C9 IF C -B -C FLOW TERMS ARE TO BE SAVED THEN ADD RATE TO BUFFER. 
C 

IF(IBD.EQ.1) BUFF(IC,IR,IL)=BUFF(IC,IR,IL)+RATE 
C 

C10 SEE IF FLOW IS INTO AQUIFER OR INTO RIVER. 
C 

IF(RATE)94,100,96 
C 

C11 AQUIFER IS DISCHARGING TO RIVER SUBTRACT RATE FROM RATOUT. 
C 

94 RATOUT=RATOUT-RATE 
GO TO 100 

C 
C12 AQUIFER IS RECHARGED FROM RIVER ADD RATE TO RATIN. 
C 

96 RATIN =RATIN +RATE 
100 CONTINUE 

C 

C13 IF C -B -C FLOW TERMS WILL BE SAVED CALL UBUDSV TO RECORD THEM. 
C 

IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT,IRIVCB,BUFF,NCOL,NROW, 
1 NLAY,IOUT) 

C 

C14 MOVE RATES,VOLUMES k LABELS INTO ARRAYS FOR PRINTING. 
C 

200 VBVL(3,MSUM)=RATIN 
VBVL(4,MSUM)=RATOUT 
VBVL(1,MSUM)=VBVL(1,MSUM)+RATIN*DELT 
VBVL(2,MSUM)=VBVL(2,MSUM)+RATOUT*DELT 
VBNM(1,MSUM)=TEXT(1) 
VBNM(2,MSUM)=TEXT(2) 
VBNM(3,MSUM)=TEXT(3) 
VBNM(4,MSUM)=TEXT(4) 

C 
C15 INCREMENT BUDGET TERM COUNTER 
C 

MSUM=MSUM+1 
C 
C16 RETURN 
C 

RETURN 
END 
SUBROUTINE RIVRF(BETR,PMPW,RIVR,IW,NRIVER,NPMPW,KPER,NPER, 

1 IOUT,IRIVRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD RIVER RESPONSE FUNCTIONS TO UNIT SPECIFIED BY IRIVRP 
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***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION BETR(NRIVER,NPMPW, NPER ),PMPW(4,NPMPW),RIVR(4,NRIVER) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl WRITE RIVER CAPTURE RESPONSE FUNCTION TO FILE, IF REQUIRED. 
C 

C 
C2 
C 

IF(IRIVRP.EQ.0) GO TO 100 

DETERMINE (K,I,J) LOCATION OF PUMPING WELL 

KP=PMPW(1,IW) 
IP=PMPW(2,IW) 
JP=PMPW(3,IW) 

C 
C3 DETERMINE (K,I,J) LOCATION OF RIVER REACH 
C 

DO 10 L=1,NRIVER 
KR=RIVR(1,L) 
IR=RIVR(2,L) 
JR=RIVR(3,L) 

C 
C4 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(IRIVRP.GT.0) WRITE(IRIVRP,1OOO) L,KR,IR,JR,IW,KP,IP,JP,KPER, 
1 BETR(L,IW,KPER)' 

1000 FORMAT(I4,1X,I3,1X;I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(IRIVRP.LT.0) THEN 

ID=-IRIVRP 
B=BETR(L,IW,KPER) 
WRITE(ID) L,KR,IR,JR,IW,KP,IP,JP,KPER,B 

ENDIF 
10 CONTINUE 

C 
C5 RETURN 
C 

100 RETURN 
END 
SUBROUTINE EVTAL( ISUM, LENX, LCETDAT ,LCBETE,NEVTN,NPMPW,NPER, 

1 IN,IOUT,IEVTCB,IEVTRP) 

* ALLOCATE ARRAY STORAGE FOR CAPTURE FROM EVAPOTRANSPIRATION * 

* MODFLOW MODIFICATION 8/1/90 * 

* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

CHARACTER *4 EVT(6),CBC(6),RET(6) 
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C 

DATA EVT(1 
1 /'EVT ', 

DATA CBC(1 
1 /'ET C', 
DATA RET(1 

1 /' ' 

),EVT(2),EVT(3),EVT(4),EVT(5),EVT(6) 
7 7 7 7 ) 7 7 7,7 7/ 

: 

),CBC(2),CBC(3),CBC(4),CBC(5),CBC(6) 
'ELL-','BY-C','ELL ','FLOW','S '/ 

),RET(2),RET(3),RET(4),RET(5),RET(6) 
',' E','T CA','PTUR','E RF'/ 

C 
************************************************************************ 
C 
Cl 
C 

C 
C2 
C 

OPEN EVAPOTRANSPIRATION FILE 

CALL OPSTAT(1,EVT,IN) 

IDENTIFY MODULE 

WRITE(IOUT,1)IN 
1 FORMAT( /,'EVT -- EVAPOTRANSPIRATION MODULE, MODIFIED, 8/01/90', 
21/' INPUT READ FROM UNIT',I3) 

C 
C3 READ NEVTN,IEVTCB (UNIT OR FLAG FOR C -B -C FLOWS) 
C3 AND IEVTRP (UNIT FOR RESPONSE FUNCTIONS) 
C 

READ(IN,2) NEVTN,IEVTCB,IEVTRP 
2 FORMAT(3I10) 

C 

C3A OPEN CELL -BY -CELL FILE IF REQUIRED 
C 

IF(IEVTCB.GT.0) THEN 
CALL OPSTAT(1,CBC,IEVTCB) 
WRITE(IOUT,9) IEVTCB 

9 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE RECORDED ON UNIT',I3) 
ENDIF 
IF(IEVTCB.LT.0) WRITE(IOUT,8) 

8 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE PRINTED WHEN ICBBFL FLAG IS 
1ON') 

C 

C3B OPEN EVAPOTRANSPIRATION RESPONSE FUNCTION FILE IF REQUIRED 
C 

IF(IEVTRP.EQ.0) GO TO 50 
CALL OPSTAT(1,RET,IEVTRP) 
IF(IEVTRP.GT.0) THEN 
WRITE(IOUT,13) IEVTRP 

13 FORMAT(1X,'EVAPOTRANSPIRATION RESPONSE FUNCTIONS ARE RECORDED FO 
1RMATTED ON UNIT',I3) 

C 

C4A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(IEVTRP,900) 
900 FORMAT('EVAPOTRANSPIRATION RESPONSE FUNCTIONS' 

1 /' 

2 //' ET ',13X,'PUMP ' 

8-61 



3 /' NODE',13X,'WELL ',13X,'TIME' 
4 /' #', 3X,' K', 3X,' I', 3X,' J', 4X,' #',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',7X,'RF [O]' 

6 /' 'I) 
ENDIF 
IF(IEVTRP.LT.0) THEN 
WRITE(IOUT,4) - IEVTRP 

4 FORMAT(1X,'EVAPOTRANSPIRATION RESPONSE FUNCTIONS ARE RECORDED ON 
1FORMATTED ON UNIT',I3) 
ENDIF 

C 
C5 ALLOCATE SPACE FOR ARRAYS ETDAT (WHICH CONTAINS I,J,K, ET SURF, 
C5 EXTINCT. DEPTH, ET RATE, CASE HEAD SIGNAL, ET SLOPE AND BETE). 
C 

C 

C 

50 ISOLD=ISUM 

LCETDAT=ISUM 
ISUM=ISUM+7*NEVTN 
LCBETE=ISUM _ 

IF(IEVTRP.NE.0) ISUM=ISUM+NEVTN*NPMPW*NPER 

ISP=ISUM-ISOLD 
C 
C6 PRINT AMOUNT OF SPACE USED BY EVT PACKAGE. 
C 

WRITE (IOUT,5)ISP 
5 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY EVT') 

ISUM1= ISUM -1 
WRITE(IOUT,6)ISUM1,LENX 

6 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,7) 

7 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C7 RETURN 
RETURN 
END 
SUBROUTINE EVTRP(ETDAT, NEVTN ,DELC,DELR,NROW,NCOL,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
READ EVAPOTRANSPIRATION NODES, ET SURFACE, EXTINCTION DEPTH, 

MAXIMUM ET RATE AND CASE HEAD SIGNAL - -- CALCULATE ET SLOPE 
AND INTERCEPT. 

MODFLOW MODIFICATION 9/17/90 

* 

* 

ETDAT(1,N) 
ETDAT(2,N) 
ETDAT(3,N) 
ETDAT(4,N) 
ETDAT(5,N) 
ETDAT(6,N) 
ETDAT(7,N) 

= LAYER (K) 
= ROW (I) 
= COLUMN (J) 
= HEAD AT ET MAXIMUM SURFACE 
= HEAD AT EXTINCTION SURFACE 
= MAXIMUM ET RATE PER UNIT AREA 
= SLOPE OF ET CURVE 

* * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
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* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION ETDAT (7,NEVTN),DELC(NROW),DELR(NCOL) 
C 

C 
Cl READ AND PRINT DATA FOR EACH EVT NODE 
C 

WRITE(IOUT,2000) NEVTN 
2000 FORMAT( / //' NUMBER OF EVAPOTRANSPIRATION NODES: ',I5) 

WRITE(IOUT,2010) 
2010 FORMAT( /' LAYER',5X,'ROW',5X,'COL',5X,'ET SURF',5X,'EXT. DEPTH',5X 

1 ,'ET RATE' /,1X,60(' -')) 
DO 10 II= 1,NEVTN 
READ(IN,1000) K,I,J, ETDAT (4,II),ETDAT(5,II),ETDAT(6,II) 

1000 FORMAT(3I10,F10.2,F10.2,2G10.4) 
WRITE(IOUT,2020) K,I,J, ETDAT (4,II),ETDAT(5,II),ETDAT(6,II) 

2020 FORMAT (1X,I4,I9,I8,G12.4,G15.4,G12.4) 
C 
C2 MULTIPLY MAXIMUM ET RATE BY CELL AREA TO GET VOLUMETRIC RATE 
C 

QETMX=ETDAT(6,II)*(DELR(J)*DELC(I)) 
C 
C3 CALCULATE SLOPE OF ET CURVE (ETDAT(7,II) 
C 

ETDAT(7,II)-QETMX/(ETDAT(4,II)-ETDAT(5,II)) 
C 
C4 ASSIGN CELL INDICES 
C 

ETDAT(1,II) =K 
ETDAT(2,II) =I 
ETDAT(3,II) =J 

10 CONTINUE 
C 
C5 RETURN 
C 

RETURN 
END 
SUBROUTINE EVTFM(NEVTN, ETDAT, HCOF,RHS,IBOUND,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ADD EVAPOTRANSPIRATION TERMS TO HCOF AND RHS 
* MODFLOW MODIFICATION 9/17/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION ETDAT(7,NEVTN),HCOF(NCOL,NROW,NLAY),RHS(NCOL,NROW,NLAY), 
1 IBOUND(NCOL,NROW,NLAY) 

C 
************************************************************************ 
C 
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Cl PROCESS EACH CELL IN THE EVT NODE LIST 
C 

DO 100 L=1,NEVTN 
C 

C2 GET COLUMN, ROW AND LAYER OF CELL 
C 

IL=ETDAT(1,L) 
IR=ETDAT(2,L) 
IC=ETDAT(3,L) 

C 
C3 IF CELL IS EXTERNAL, SKIP IT 
C 

IF(IBOUND(IC,IR,IL).LE.0) GO TO 100 
C 
C4 GET ET SLOPE 
C 

SEVT=ETDAT(7,L) 
C 

C5 ADD TERMS TO HCOF 
C 

C 

HCOF(IC,IR,IL)=HCOF(IC,IR,IL)-SEVT 

100 CONTINUE 
C 
C6 RETURN 
C 

RETURN 
END 
SUBROUTINE EVTBD( NEVTN, ETDAT, IBOUND ,HNEW,BETE,IW,NSTP,NPER,NPMPW, 

1 NCOL, NROW, NLAY, DELT, VBVL ,VBNM,MSUM,KSTP,KPER,IEVTCB, 
2 ICBCFL,IEVTRP,BUFF,IOUT) 

* CALCULATE VOLUMETRIC BUDGET FOR EVAPOTRANSPIRATION * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DOUBLE PRECISION HNEW 
DIMENSION ETDAT(? ,NEVTN),IBOUND(NCOL,NROW,NLAY), 

1 HNEW (NCOL,NROW,NLAY),VBVL(4,20), 
2 BETE(NEVTN,NPMPW,NPER), BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(4),VBNM(4,20) 

DATA TEXT (1),TEXT(2),TEXT(3),TEXT(4) / 
1'ET ' ! ' ' ' ' ' ) f 

,/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl INITIALIZE CELL -BY -CELL FLOW TERM FLAG (IBD) AND 
Cl ACCUMULATORS (RATIN AND RATOUT). 
C 
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C 

C2 
C 

C 
C2A 
C 

C 
C3 
C 

IBD=O 
RATIN=O. 
RATOUT=O. 

TEST TO SEE IF CELL -BY -CELL FLOW TERMS ARE NEEDED. 

IF(ICBCFL.EQ.O .OR. IEVTCB.LE.0 ) GO TO 10 

CELL -BY -CELL FLOW TERMS ARE NEEDED SET IBD AND CLEAR BUFFER. 

IBD=1 
DO 5 IL=I,NLAY 
DO 5 IR=I,NROW 
DO 5 IC=I,NCOL 
BUFF(IC,IR,IL)=0. 

5 CONTINUE 

FOR EACH EVAPOTRANSPIRATION NODE 

10 DO 100 L =1,NEVTN 
C 

C4 GET LAYER, ROW & COLUMN OF EACH EVT NODE 
C 

C 
C5 
C 

C 
C6 
C 

C 
C7 
C 

IL=ETDAT(1,L) 
IR=ETDAT(2,L) 
IC=ETDAT(3,L) 

C 
C8 
C 

900 
1 

C 
C9 
C 

IF CELL IS EXTERNAL, IGNORE IT. 

IF(IBOUND(IC,IR,IL).LE.0)GO TO 100 

GET ET SLOPE 

SEVT= ETDAT(7,L) 
HHNEW= SNGL(HNEW(IC,IR,IL)) 

DETERMINE: RATE OF INFLOW OR OUTFLOW 

RATE=- SEVT *HHNEW 
IF (IEVTRP.NE.O.AND.KSTP.EQ.NSTP) THEN 
BETE(L,IW,KPER) =RATE 

ENDIF 

PRINT THE INDIVIDUAL RATES IF REQUESTED(IEVTCB <0). 

IF(IEVTCB.LT.O.AND.ICBCFL.NE.0) 
1 KPER,KSTP,L,IL,IR,IC,RATE 
FORMAT(/,4A4,' PERIOD',I3,' 

' LAYER',I3,' ROW',I4,' 

WRITE(IOUT, 

STEP',I3,' 
COL',I4,' 

900) (TEXT(N),N =1,4), 

EVT NODE',I4, 
RATE',G15.7) 

IF C -B -C FLOW TERMS ARE TO BE SAVED THEN ADD RATE TO BUFFER. 
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C 
C10 
C 

C 
C11 
C 

IF(IBD.EQ.1) BUFF(IC,IR,IL)= BUFF(IC,IR,IL) +RATE 

SEE IF FLOW IS INTO AQUIFER OR OUT OF THE AQUIFER. 

IF(RATE)94,100,96 

IF FLOW IS OUT OF THE AQUIFER, SUBTRACT RATE FROM RATOUT. 

94 RATOUT=RATOUT-RATE 
GO TO 100 

C 
C12 IF FLOW IS INTO THE AQUIFER, ADD RATE TO RATIN. 
C 

96 RATIN =RATIN +RATE 
100 CONTINUE 

C 
C13 IF C -B -C FLOW TERMS WILL BE SAVED CALL UBUDSV TO RECORD THEM. 
C 

IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER,TEXT,IEVTCB,BUFF,NCOL,NROW, 
1 NLAY,IOUT) 

C 
C14 MOVE RATES,VOLUMES & LABELS INTO ARRAYS FOR PRINTING. 
C 

200 VBVL(3,MSUM)=RATIN 
VBVL(4,MSUM)=RATOUT 
VBVL(1,MSUM)=VBVL(1,MSUM)+RATIN*DELT 
VBVL(2,MSUM)=VBVL(2,MSUM)+RATOUT*DELT 
VBNM(1,MSUM)=TEXT(1) 
VBNM(2,MSUM)_TEXT(2) 
VBNM(3,MSUM)=TEXT(3) 
VBNM(4,MSUM)=TEXT(4) 

C 

C15 INCREMENT BUDGET TERM COUNTER 
C 

MSUM=MSUM+1 
C 

C16 RETURN 
C 

RETURN 
END 
SUBROUTINE EVTRF( BETE, PMPW, ETDAT,IW,NEVTN,NPMPW,KPER,NPER, 

1 IOUT,IEVTRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD EVAPOTRANSPIRATION RESPONSE FUNCTIONS TO UNIT * 

* SPECIFIED BY IEVTRP 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION BETE( NEVTN, NPMPW, NPER ),PMPW(4,NPMPW),ETDAT(7,NEVTN) 
C 
************************************************************************ 
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C 
Cl WRITE EVAPOTRANSPIRATION CAPTURE RESPONSE FUNCTION TO FILE, IF 

Cl REQUIRED 
C 

IF(IEVTRP.EQ.0) GO TO 100 
C 
C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IW) 
IP=PMPW(2,IW) 
JP=PMPW(3,IW) 

C 
C3 DETERMINE (K,I,J) LOCATION OF EVT NODE 
C 

DO 10 L=1,NEVTN 
KR=ETDAT(1,L) 
IR=ETDAT(2,L) 
JR=ETDAT(3,L) 

C 

C4 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(IEVTRP.GT.0) WRITE(IEVTRP,1000) L,KR,IR,JR,IW,KP,IP,JP,KPER, 
1 BETE(L,IW,KPER) 

1000 FORMAT(I4,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(IEVTRP.LT.0) THEN 
ID=-IEVTRP 
B=BETE(L,IW,KPER) 
WRITE(ID) L,KR,IR,JR,IW,KP,IP,JP,KPER,B 

ENDIF 
10 CONTINUE 

C 

C4 RETURN 
C 

100 RETURN 
END 
SUBROUTINE ALKAL( ISUM, LENX, LCBETA, LCALK,LCQZ,IN,NALKW,NPMPW,NPER, 

1 NCOL,NROW,NLAY,IOUT,IALKRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR AQUIFER- LEAKANCE CAPTURE RESPONSE 
* FUNCTION PACKAGE * 

* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
CHARACTER *4 ALK(6),CBC(6),RAL(6) 

DATA ALK( 1), ALK (2),ALK(3),ALK(4),ALK(5),ALK(6) 
1 /'ALK ',",' ',' 7,1 >> >/ 

DATA CBC(1), CBC (2),CBC(3),CBC(4),CBC(5),CBC(6) 
1 /' CH','B CE','LL- B','Y- CE','LL F','LOWS'f 
DATA RAL( 1), RAL (2),RAL(3),RAL(4),RAL(5),RAL(6) 
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1 /' AL','K CA','PTUR','E RF'/ 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ IN ALK FILE NAME IF NOT ON UNIT INBAS 
C 

CALL OPSTAT(1,ALK,IN) 
C 
C2 IDENTIFY PACKAGE 
C 

WRITE(IOUT,1) IN 
1 FORMAT( /,'ALK -- AQUIFER - LEAKANCE CAPTURE MODULE, DEVELOPED' 
1,', 5/16/91'//' INPUT READ FROM UNIT',I3) 

C 
C3 READ NUMBER OF AQUIFER - LEAKANCE OBSERVATION POINTS AND IALKRP 
C3 FLAG FOR AQUIFER - LEAKANCE CAPTURE RESPONSE FUNCTIONS 
C 

READ(IN,2) NALKW,IALKRP 
2 FORMAT(3I10) 

C 
C4 CHECK FOR DATA CONSISTANCY 
C 

IF(NALKW.EQ.O.OR.IALKRP.EQ.0) THEN 
NALKW=O 
IALKRP=O 

ENDIF 
C 
C5 OPEN AQUIFER - LEAKANCE CAPTURE RESPONSE FUNCTION FILE, 
C5 IF REQUIRED 
C 

IF(IALKRP.EQ.0) GO TO 50 
CALL OPSTAT(1,RAL,IALKRP) 
IF(IALKRP.GT.0) THEN 

WRITE(IOUT,3) IALKRP 
3 FORMAT(1X,'AQUIFER- LEAKANCE CAPTURE RESPONSE FUNCTIONS 
1 ARE RECORDED FORMATTED ON UNIT',I3) 

C 
C6A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(IALKRP,900) 
900 FORMAT('AQUIFER- LEAKANCE CAPTURE RESPONSE FUNCTIONS' 

1 /' 

2 //' OBSV',13X,' PUMP' 
3 /' PT.',13X,' WELL',13X,'TIME' 
4 /' #', 3X,' K', 3X,' I', 3X,' J', 4X,' #',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',5X,'RF [0]' 

6 /' '/) 
ENDIF 

C 
C6B SET UP UNFORMATTED FILE 
C 

IF(IALKRP.LT.0) THEN 
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WRITE(IOUT,5) - IALKRP 
5 FORMAT(1X,'AQUIFER- LEAKANCE CAPTURE RESPONSE FUNCTIONS 
1 ARE RECORDED UNFORMATTED ON UNIT',I3) 
ENDIF 

C 
C7 COMPUTE DIMENSIONS AND ALLOCATE SPACE FOR ARRAYS. 
C 

50 ISOLD=ISUM 
LCBETA=ISUM 
ISUM=ISUM+NALKW*NPMPW*NPER 
LCALK=ISUM 
ISUM=ISUM+3*NALKW 
LCQZ=ISUM 
ISUM=ISUM+NCOL*NROW*NLAY 

C 
C8 PRINT THE AMOUNT OF SPACE USED BY THE ALK PACKAGE. 
C 

ISP= ISUM -ISOL 
WRITE(IOUT,101) ISP 

101 F0RMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY ALK') 
ISUM1= ISUM -1 
WRITE(IOUT,102) ISUM1,LENX 

102 F0RMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT 0F',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,103) 

103 F0RMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C9 RETURN 
C 

RETURN 
END 
SUBROUTINE ALKRP(ALK,IN,NALKW,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ AND INITIALIZE DATA FOR AQUIFER - LEAKANCE CAPTURE * 

* RESPONSE FUNCTION PACKAGE * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION ALK(3,NALKW) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ AND WRITE LOCATION OF AQUIFER - LEAKANCE OBSERVATION POINTS 
C 

WRITE(IOUT,2000) NALKW 
2000 FORMAT( / / /,1X,'NUMBER OF AQUIFER - LEAKANCED CAPTURE OBSERVATION NOD 

lES: ',1I5) 
WRITE(I0UT,2010) 

2010 FORMAT( /,1X,'LAYER ROW COL NODE #', 
1 /,1X,' ) 
DO 10 II= 1,NALKW 
READ(IN,1000) K,I,J 
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1000 FORMAT(3I10) 
ALK(1,II) =K 
ALK(2,II) =I 
ALK(3,II) =J 

10 CONTINUE 
C 

C2 RETURN 
C 

RETURN 
END 
SUBROUTINE ALKBD( HNEW ,IBOUND,CV,QZ,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* COMPUTE LEAKANCE * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
DOUBLE PRECISION HNEW,HD 

DIMENSION HNEW(NCOL,NROW,NLAY),IBOUND(NCOL,NROW,NLAY), 
1 CV(NCOL,NROW,NLAY),QZ(NCOL,NROW,NLAY) 

C 

************************************************************************ 
C 
Cl INITIALIZE LEAKANCE 
C 

DO 10 K=1,NLAY 
DO 10 I=1,NROW 
DO 10 J=1,NCOL 
QZ(J,I,K)=0.0 

10 CONTINUE 

NLM1=NLAY-1 
IF(NLM1.LT.1) GO TO 100 

C 

C2 FOR EACH CELL, CALCULATE FLOW THRU LOWER FACE 
C 

DO 20 K=1,NLM1 
DO 20 I=1,NROW 
DO 20 J=1,NCOL 
IF((IBOUND(J,I,K).LE.0).AND.(IBOUND(J,I,K+1).LE.0)) GO TO 20 
HD=HNEW(J,I,K+1) 
HDIFF=HNEW(J,I,K)-HD 
QZ(J,I,K)=HDIFF*CV(J,I,K) 

20 CONTINUE 
C 

C3 RETURN 
C 

100 RETURN 
END 
SUBROUTINE ALKRF(QZ,BETA,PMPW, ALK, IW,NPMPW,NALKW,KPER,NPER,NLAY, 

1 NROW,NCOL,IOUT,IALKRP) 
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***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD AQUIFER - LEAKANCE CAPTURE RESPONSE FUNCTIONS TO UNIT * 

* SPECIFIED BY IALKRP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

************************************************************************ 
C 

DIMENSION QZ(NCOL,NROW ,NLAY),BETA(NALKW,NPMPW,NPER), 
3 PMPW(4,NPMPW),ALK(3,NALKW) 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl WRITE AQUIFER - LEAKANCE CAPTURE RESPONSE FUNCTIONS TO FILE, 
Cl IF REQUIRED 
C 

IF(IALKRP.EQ.0) GO TO 100 
C 

C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IW) 
IP=PMPW(2,IW) 
JP=PMPW(3,IW) 

C 
C2 DETERMINE (K,I,J) LOCATION OF AQUIFER LEAKANCE OBSERVATION 
C2 POINTS AND ASSIGN AQUIFER- LEAKANCE CAPTURE TO A RESPONSE 
C2 FUNCTION 
C 

DO 10 L=1,NALKW 
KO=ALK(1,L) 
IO=ALK(2,L) 
JO=ALK(3,L) 
BETA(L,IW,KPER)=QZ(JO,IO,KO) 

C 
C3 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(IALKRP.GT.0) WRITE(IALKRP,1000) L,KO,IO,JO,IW,KP,IP,JP,KPER, 
1 BETA(L,IW,KPER) 

1000 FORMAT(I4,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(IALKRP.LT.0) THEN 
ID=-IALKRP 
BQ=BETA(L,IW,KPER) 
WRITE(ID) L,KO,IO,JO,IW,KP,IP,JP,KPER,BQ 

ENDIF 
10 CONTINUE 

C 
C4 RETURN 
C 

100 RETURN 
END 
SUBROUTINE CHBAL( ISUM, LENX, LCBETH ,LCCHN,IN,NCHN,NPMPW,NPER, 

1 IOUT,ICHBCB,ICHBRP) 
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***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

* ALLOCATE ARRAY STORAGE FOR CONSTANT- HEAD - BOUNDARY CAPTURE * 

* RESPONSE FUNCTION PACKAGE * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

C 

C 
CHARACTER *4 CHB(6),CBC(6),RCH(6) 

DATA CHB(1),CHB(2),CHB(3),CHB(4),CHB(5),CHB(6) 
1 /'CHB ',> >,> >,> >,> 7'7 >/ 

DATA CBC(1),CBC(2),CBC(3),CBC(4),CBC(5),CBC(6) 
1 /' CH','B CE','LL-B','Y-CE','LL F','LOWS'/ 
DATA RCH(1),RCH(2),RCH(3),RCH(4),RCH(5),RCH(6) 

1 /' ',' ',' CH','B CA','PTUR','E RF'/ 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ IN CHB FILE NAME IF NOT ON UNIT INBAS 
C 

CALL OPSTAT(1,CHB,IN) 
C 
C2 IDENTIFY PACKAGE 
C 

WRITE(IOUT,1) IN 
1 FORMAT( /,'CHB -- CONSTANT- HEAD - BOUNDARY CAPTURE MODULE, DEVELOPED' 
1,', 5/11/91'//' INPUT READ FROM UNIT',I3) 

C 
C3 READ NUMBER OF CONSTANT -HEAD OBSERVATION POINTS, ICHBCB FLAG 
C3 FOR CELL -BY -CELL FLOW TERMS, AND ICHBRP FLAG FOR CONSTANT - 
C3 HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS 
C 

READ(IN,2) NCHN,ICHBCB,ICHBRP 
2 FORMAT(3I10) 

C 
C4 CHECK FOR DATA CONSISTANCY 
C 

IF(NCHN.EQ.O.OR.ICHBRP.EQ.0) THEN 
NCHN=O 
ICHBRP=O 

ENDIF 
C 
C5 OPEN CELL -BY -CELL FILE IF REQUIRED 
C 

IF(ICHBCB.GT.0) THEN 
CALL OPSTAT(1,CBC,- ICHBCB) 
WRITE(IOUT,9) ICHBCB 

9 FORMAT( /,' CELL -BY -CELL FLOWS WILL BE RECORDED ON UNIT',I3) 
ENDIF 
IF(ICHBCB.LT.0) WRITE(IOUT,8) 

8 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE PRINTED WHEN ICBCFL FLAG IS 
1ON') 
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C 
C6 OPEN CONSTANT- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTION FILE, 
C6 IF REQUIRED 
C 

IF(ICHBRP.EQ.0) GO TO 50 
CALL OPSTAT(1,RCH,ICHBRP) 
IF(ICHBRP.GT.0) THEN 
WRITE(IOUT,3) ICHBRP 

3 FORMAT(1X,'CONSTANT- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS' 
1 ' ARE RECORDED FORMATTED ON UNIT',I3) 

C 

C7A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(ICHBRP,900) 
900 FORMAT('CONSTANT-HEAD-BOUNDARY CAPTURE RESPONSE FUNCTIONS' 

1 /' 

2 //' CNST',13X,' PUMP' 
3 /' HEAD',13X,' WELL',13X,'TIME' 
4 /' #',3X,'K',3X,'I',3X,'J',4X,'#',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',SX,'RF [O)' 

6 /' 
ENDIF 

C 
C7B SET UP UNFORMATTED FILE 
C 

IF(ICHBRP.LT.0) THEN 
WRITE(IOUT,5) - ICHBRP 

5 FORMAT(1X,'CONSTANT- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS' 
1 ' ARE RECORDED UNFORMATTED ON UNIT',I3) 
ENDIF 

C 
C8 COMPUTE DIMENSIONS AND ALLOCATE SPACE FOR ARRAYS. 
C 

50 ISOLD=ISUM 
LCBETH=ISUM 
ISUM=ISUM+NCHN*NPMPW*NPER 
LCCHN=ISUM 
ISUM=ISUM+3*NCHN 

C 
C9 PRINT THE AMOUNT OF SPACE USED BY THE CHB PACKAGE. 
C 

ISP= ISUM -ISOL 
WRITE(IOUT,101) ISP 

101 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY CHB') 
ISUM1= ISUM -1 
WRITE(IOUT,102) ISUM1,LENX 

102 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,103) 

103 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 
C10 RETURN 
C 
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RETURN 
END 
SUBROUTINE CHBRP( CHN, IBOUND ,IN,NLAY,NROW,NCOL,NCHN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ AND INITIALIZE DATA FOR CONSTANT- HEAD - BOUNDARY CAPTURE * 

* RESPONSE FUNCTION PACKAGE * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION IBOUND(NCOL,NROW,NLAY),CHN(3,NCHN) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl READ AND WRITE LOCATION OF CONSTANT -HEAD - BOUNDARY OBSERVATION 
Cl POINTS AND CHECK FOR ERROR AGAINST IBOUND 
C 

WRITE(IOUT,2000) NCHN 
2000 FORMAT(///,1X,'NUMBER OF CONSTANT-HEAD-BOUNDARY CAPTURE NODES: ' 

1I5) 
WRITE(IOUT,2010) 

2010 FORMAT(/,1X,'LAYER ROW COL NODE #', 
1 /,1X,' ') 

DO 10 II=1,NCHN 
READ(IN,1000) K,I,J 

1000 FORMAT(3I10) 
IF(IBOUND(J,I,K).LT.0) THEN 
WRITE(IOUT,2020) K,I,J,II 

2020 FORMAT(1X,I3,I8,I7,I8) 
ENDIF 
IF(IBOUND(J,I,K).GE.0) THEN 
WRITE(IOUT,2025) K,I,J 

2025 FORMAT(1X,I3,I8,I7,6X,'** Error-Disagrees with IBOUND') 
ENDIF 
CHN(1,II)=K 
CHN(2,II)=I 
CHN(3,II)=J 

10 CONTINUE 
C 
C2 RETURN 
C 

! 

RETURN 
END 
SUBROUTINE CHBRF( BETH, CHN, PMPW, IW,NCHN,NPMPW,KPER,NPER,ICHBRP) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD CONSTANT -HEAD- BOUNDARY CAPTURE RESPONSE FUNCTIONS TO THE * 

* UNIT SPECIFIED BY ICHBRP * 

* 

* SPECIFICATION: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
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DIMENSION BETH( NCHN, NPMPW, NPER),CHN(3,NCHN),PMPW(4,NPMPW) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl WRITE CONSTANT- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTION TO FILE, 
Cl IF REQUIRED. 
C 

IF(ICHBRP.EQ.0) GO TO 100 
C 

C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IW) 
IP=PMPW(2,IW) 
JP=PMPW(3,IW) 

C 

C3 DETERMINE (K,I,J) LOCATION OF CONSTANT HEAD NODE 
C 

DO 10 L=1,NCHN 
KC=CHN(1,L) 
IC=CHN(2,L) 
JC=CHN(3,L) 

C 

C4 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(ICHBRP.GT.0) WRITE(ICHBRP,1000) L,KC,IC,JC,IW,KP,IP,JP,KPER, 
1 BETH(L,IW,KPER) 

1000 FORMAT(I4,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(ICHBRP.LT.0) THEN 

ID=-ICHBRP 
B=BETH(L,IW,KPER) 
WRITE(ID) L,KC,IC,JC,IW,KP,IP,JP,KPER,B 

ENDIF 
10 CONTINUE 

C 

C5 RETURN 
C 

100 RETURN 
END 
SUBROUTINE GHBAL( ISUM, LENX, LCGHBS,LCBETG,NGHBN,NPMPW,NPER, 

1 IN,IOUT,IGHBCB,IGHBRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE ARRAY STORAGE FOR GENERAL- HEAD - BOUNDARY CAPTURE 
* RESPONSE FUNCTION PACKAGE 
* MODFLOW MODIFICATION 8/1/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
CHARACTER *4 GHB(6),CBC(6),RGH(6) 

DATA GHB(1),GHB(2),GHB(3),GHB(4),GHB(5),GHB(6) 
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1 /'GHB >,> >,> >> >> >/ 

DATA CBC(1),CBC(2),CBC(3),CBC(4),CBC(5),CBC(6) 
1 /'GHB ','CELL','-BY-','CELL',' FLO','WS '/ 

DATA RGH(1),RGH(2),RGH(3),RGH(4),RGH(5),RGH(6) 
1 /' ',' ',' GH','B CA','PTUR','E RF'/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 

C 
Cl OPEN GENERAL HEAD BOUNDARY FILE 
C 

CALL OPSTAT(1,GHB,IN) 
C 
C2 IDENTIFY MODULE 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'GHB -- GENERAL- HEAD - BOUNDARY CAPTUE MODULE, MODIFIED' 
1,', 8/01/90'//' INPUT READ FROM UNIT',I3) 

C 
C3 READ NGHBN, IGHBCB(UNIT OR FLAG FOR C -B -C FLOWS) 
C3 AND IGHBRP(UNIT FOR RESPONSE FUNCTIONS) 
C 

READ(IN,2) NGHBN,IGHBCB,IGHBRP 
2 FORMAT(3I10) 

C 
C4 CHECK FOR DATA CONSISTANCY 
C 

IF(NGHBN.EQ.O.AND.IGHBRP.NE.0) THEN 
IGHBRP =O 
WRITE(IOUT,3) 

3 FORMAT( /' ERROR * ** NUMBER OF GHB NODES ARE ZERO, RESPONSE FUNC' 
1 'TION WRITEOUT NOT POSSIBLE' /) 

RETURN 
ENDIF 

C 
C5 OPEN CELL -BY -CELL FILE IF REQUIRED 
C 

IF(IGHBCB.GT.0) THEN 
CALL OPSTAT(1,CBC,IGHBCB) 
WRITE(IOUT,9) IGHBCB 

9 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE RECORDED ON UNIT',I3) 
ENDIF 
IF(IGHBCB.LT.0) WRITE(IOUT,8) 

8 FORMAT(1X,'CELL -BY -CELL FLOWS WILL BE PRINTED WHEN ICBCFL FLAG IS 

1 ON') 
C 
C6 OPEN GENERAL- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTION FILE, 
C6 IF REQUIRED 
C 

IF(IGHBRP.EQ.0) GO TO 50 
CALL OPSTAT(1,RGH,IGHBRP) 
IF(IGHBRP.GT.0) THEN 
WRITE(IOUT,13) IGHBRP 
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13 FORMAT(1X,'GENERAL- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS 
1 ARE RECORDED FORMATTED ON UNIT',I3) 

C 
C7A SET UP TITLE FOR FORMATTED WRITE 
C 

WRITE(IGHBRP,900) 
900 FORMAT('GENERAL - HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS' 

1 /, 

2 //' GHB ',13X,'PUMP' 
3 /' NODE',13X,'WELL ',13X,'TIME' 
4 /' #', 3X,' K', 3X,' I', 3X,' J', 4X,' #',4X,'K',3X,'I',3X,'J',2X, 
5 'PER',5X,'RF [0]' 
6 /' 't) 
ENDIF 
IF(IGHBRP.LT.0) THEN 
WRITE(IOUT,4) - IGHBRP 

4 FORMAT(1X,'GENERAL- HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS 
1 ARE RECORDED UNFORMATTED ON UNIT',I3) 
ENDIF 

C 
C5 ALLOCATE SPACE FOR ARRAYS GHBS AND BETG 
C 

C 

C 

50 ISOLD=ISUM 

LCGHBS=ISUM 
ISUM=ISUM+4*NGHBN 
LCBETG=ISUM 
IF(IGHBRP.NE.0) ISUM=ISUM+NGHBN*NPMPW*NPER 

ISP=ISUM-ISOLD 
C 
C6 PRINT AMOUNT OF SPACE USED BY GHB PACKAGE. 
C 

WRITE (IOUT,5)ISP 
5 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY GHB') 

ISUM1= ISUM -1 
WRITE(IOUT,6)ISUM1,LENX 

6 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,7) 

7 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C7 RETURN 
RETURN 
END 
SUBROUTINE GHBRP(GHBS,NGHBN,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ GENERAL HEAD BOUNDARY NODES AND CONDUCTANCES * 

* MODFLOW MODIFICATION 8/4/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
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DIMENSION GHBS(4,NGHBN) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ AND PRINT DATA FOR EACH GHB NODE 
C 

WRITE(IOUT,2000) NGHBN 
2000 FORMAT( / //' NUMBER OF GENERAL- HEAD - BOUNDARY CAPTURE NODES: ',I5) 

WRITE(IOUT,2010) 
2010 FORMAT( /' LAYER',5X,'ROW',5X,'COL ','CONDUCTANCE' 

1/1X,35(' -')) 
DO 10 II= I,NGHBN 
READ(IN,1000) K,I,J,GHBS(4,II) 

1000 FORMAT(3I10,F10.0) 
WRITE(IOUT,2020) K,I,J,GHBS(4,II) 

2020 FORMAT(1X,I4,I9,I8,G13.4) 
GHBS(1,II) =K 
GHBS(2,II) =I 
GHBS(3,II) =J 

10 CONTINUE 
C 

C2 RETURN 
C 

RETURN 
END 
SUBROUTINE GHBFM(NGHBN, GHBS ,HCOF,IBOUND,NCOL,NROW,NLAY) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ADD GENERAL HEAD BOUNDARY TERMS TO HCOF * 

* MODFLOW MODIFICATION 8/4/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION GHBS (4,NGHBN),HCOF(NCOL,NROW,NLAY), 
1 IBOUND(NCOL,NROW,NLAY) 

C 

C 
Cl PROCESS EACH CELL IN THE GENERAL HEAD BOUNDARY NODE LIST 
C 

DO 100 L=1,NGHBN 
C 

C2 GET COLUMN, ROW AND LAYER OF CELL 
C 

IL=GHBS(1,L) 
IR=GHBS(2,L) 
IC=GHBS(3,L) 

C 
C3 IF CELL IS EXTERNAL, SKIP IT 
C 

IF(IBOUND(IC,IR,IL).LE.0) GOTO 100 
C 
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C4 GET CONDUCTANCE 
C 

CGHB=GHBS(4,L) 
C 
C5 ADD TERMS TO HCOF 
C 

HCOF(IC,IR,IL)=HCOF(IC,IR,IL)-CGHB 
C 

100 CONTINUE 
C 
C6 RETURN 
C 

RETURN 
END 
SUBROUTINE GHBBD( NGHBN, GHBS, IBOUND ,HNEW,BETG,IW,NSTP,NPER,NPMPW, 

1 NCOL, NROW, NLAY, DELT, VBVL ,VBNM,MSUM,KSTP,KPER,IGHBCB, 
2 ICBCFL,IGHBRP,BUFF,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* CALCULATE VOLUMETRIC BUDGET FOR GENERAL HEAD BOUNDARY * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION HNEW 
DIMENSION GHBS( 4 ,NGHBN),IBOUND(NCOL,NROW,NLAY), 

1 HNEW (NCOL,NROW,NLAY),VBVL(4,20), 
2 BETG( NGHBN, NPMPW ,NPER),BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(4),VBNM(4,20) 

DATA TEXT(1),TEXT(2),TEXT(3),TEXT(4) /'HEAD',' DEP',' BOU','NDS '/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl INITIALIZE CELL -BY -CELL FLOW TERM FLAG (IBD) AND 
Cl ACCUMULATORS (RATIN AND RATOUT). 
C 

IBD=0 
RATIN=O. 
RATOUT=O. 

C 
C2 TEST TO SEE IF CELL -BY -CELL FLOW TERMS ARE NEEDED. 
C 

IF(ICBCFL.Eq.O .OR. IGHBCB.LE.O ) GO TO 10 
C 

C2A CELL -BY -CELL FLOW TERMS ARE NEEDED SET IBD AND CLEAR BUFFER. 
C 

IBD=1 
DO 5 IL=1,NLAY 
DO 5 IR=1,NROW 
DO 5 IC=1,NCOL 
BUFF(IC,IR,IL)=0. 
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C 

C3 
C 

C 
C4 
C 

5 CONTINUE 

FOR EACH GENERAL HEAD BOUND ACCUMULATE FLOW INTO THE AQUIFER 

10 DO 100 L= 1,NGHBN 

GET LAYER, ROW & COLUMN OF EACH GENERAL HEAD BOUNDARY. 

IL=GHBS(1,L) 
IR=GHBS(2,L) 
IC=GHBS(3,L) 

C 
C5 IF CELL IS EXTERNAL, IGNORE IT. 
C 

IF(IBOUND(IC,IR,IL).LE.0)GO TO 100 
C 

C6 GET CONDUCTANCE 
C 

CGHB=GHBS(4,L) 
HHNEW=SNGL(HNEW(IC,IR,IL)) 

C 

C7 DETERMINE RATE OF INFLOW OR OUTFLOW 
C 

RATE=-CGHB*HHNEW 
IF(IGHBRP.NE.O.AND.KSTP.EQ.NSTP) THEN 
BETG(L,IW,KPER)=RATE 

ENDIF 
C 

C8 PRINT THE INDIVIDUAL RATES IF REQUESTED(IGHBCB <0). 
C 

IF(IGHBCB.LT.O.AND.ICBCFL.NE.0) WRITE(IOUT,900) (TEXT(N),N=1,4), 
1 KPER,KSTP,L,IL,IR,IC,RATE 

900 FORMAT(/,4A4,' PERIOD',I3,' STEP',I3,' BOUNDARY',I4, 
1 ' LAYER',I3,' ROW',I4,' COL',I4,' RATE',G15.7) 

C 

C9 IF C -B -C FLOW TERMS ARE TO BE SAVED THEN ADD RATE TO BUFFER. 
C 

IF(IBD.EQ.1) BUFF (IC,IR,IL)= BUFF(IC,IR,IL) +RATE 
C 
C10 SEE IF FLOW IS INTO AQUIFER OR OUT OF THE AQUIFER. 
C 

IF(RATE)94,100,96 
C 
C11 IF FLOW IS OUT OF THE AQUIFER, SUBTRACT RATE FROM RATOUT. 
C 

94 RATOUT= RATOUT -RATE 
GO TO 100 

C 
C12 IF FLOW IS INTO THE AQUIFER, ADD RATE TO RATIN. 
C 

96 RATIN =RATIN +RATE 
100 CONTINUE 
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.0 

C13 IF C -B -C FLOW TERMS WILL BE SAVED CALL UBUDSV TO RECORD THEM. 
C 

IF(IBD.EQ.1) CALL UBUDSV(KSTP,KPER ,TEXT,IGHBCB,BUFF,NCOL,NROW, 
1 NLAY,IOUT) 

C 

C14 MOVE RATES,VOLUMES & LABELS INTO ARRAYS FOR PRINTING. 
C 

200 VBVL(3,MSUM)=RATIN 
VBVL(4,MSUM)=RATOUT 
VBVL(1,MSUM)=VBVL(1,MSUM)+RATIN*DELT 
VBVL(2,MSUM)=VBVL(2,MSUM)+RATOUT*DELT 
VBNM(1,MSUM)=TEXT(1) 
VBNM(2,MSUM)=TEXT(2) 
VBNM(3,MSUM)=TEXT(3) 
VBNM(4,MSUM)=TEXT(4) 

C 

C15 INCREMENT BUDGET TERM COUNTER 
C 

MSUM=MSUM+1 
C 

C16 RETURN 
C 

RETURN 
END 
SUBROUTINE GHBRF( BETG, PMPW ,GHBS,IW,NGHBN,NPMPW,KPER,NPER, 

1 IOUT,IGHBRP) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD GENERAL HEAD BOUNDARY RESPONSE FUNCTIONS TO UNIT * 
* SPECIFIED BY IGHBRP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION BETG(NGHBN,NPMPW, NPER ),PMPW(4,NPMPW),GHBS(4,NGHBN) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl WRITE GENERAL -HEAD - BOUNDARY CAPTURE RESPONSE FUNCTIONS TO FILE, 
Cl IF REQUIRED 
C 

IF(IGHBRP.EQ.0) GO TO 100 
C 
C2 DETERMINE (K,I,J) LOCATION OF PUMPING WELL 
C 

KP=PMPW(1,IW) 
IP=PMPW(2,IW) 
JP=PMPW(3,IW) 

C 
C3 DETERMINE (K,I,J) LOCATION OF GENERAL HEAD BOUNDARY NODE 
C 

DO 10 L=1,NGHBN 
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KR=GHBS(1,L) 
IR=GHBS(2,L) 
JR=GHBS(3,L) 

C 
C4 WRITE TO EITHER FORMATTED OR UNFORMATTED FILE 
C 

IF(IGHBRP.GT.0) WRITE(IGHBRP,1000) L,KR,IR,JR,IW,KP,IP,JP,KPER, 
1 BETG(L,IW,KPER) 

1000 FORMAT(I4,1X,I3,1X,I3,1X,I3,2X,I3,2X,I3,1X,I3,1X,I3,1X,I3,2X, 
1 E15.7) 
IF(IGHBRP.LT.0) THEN 

ID=-IGHBRP 
B=BETG(L,IW,KPER) 
WRITE(ID) L,KR,IR,JR,IW,KP,IP,JP,KPER,B 

ENDIF 
10 CONTINUE 

C 
C5 RETURN 
C 

100 RETURN 
END 
SUBROUTINE SIPAL(ISUM,LENX,LCEL,LCFL,LCGL,LCV,LCHDCG,LCLRCH, 

1 LCW,MXITER ,NPARM,NCOL,NROW,NLAY,IN,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE STORAGE IN THE X ARRAY FOR SIP ARRAYS * 

* VERSION 1001 08DEC1983 SIPAL 

* SPECIFICATIONS: 

C 
CHARACTER *4 SIP(6) 
DATA SIP(1), SIP (2),SIP(3),SIP(4),SIP(5),SIP(6) 

1 /'SIP 797 7 7 ,, :, ,,, >/ 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl OPEN SIP FILE 
C 

CALL OPSTAT(1,SIP,IN) 
C 

C2 PRINT A MESSAGE IDENTIFYING SIP PACKAGE 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'SIP -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE' 
1,', MODIFIED, 7/15/90',//' INPUT READ FROM UNIT',I3) 

C 
C3 READ AND PRINT MXITER AND NPARM 
C 

READ(IN,2) MXITER,NPARM 
2 FORMAT(2I10) 

WRITE(IOUT,3) MXITER,NPARM 
3 FORMAT(1X,'MAXIMUM NUMBER OF ITERATIONS ALLOWED FOR CLOSURE:',T55, 
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1I3 /1X,'NUMBER OF ITERATION PARAMETERS:',T55,I3) 
C 
C4 ALLOCATE SPACE FOR THE SIP ARRAYS 
C 

ISOLD=ISUM 
NRC=NROW*NCOL 
ISIZ=NRC*NLAY 
LCEL=ISUM 
ISUM=ISUM+ISIZ 
LCFL=ISUM 
ISUM=ISUM+ISIZ 
LCGL=ISUM 
ISUM=ISUM+ISIZ 
LCV=ISUM 
ISUM=ISUM+ISIZ 
LCHDCG=ISUM 
ISUM=ISUM+MXITER 
LCLRCH=ISUM 
ISUM=ISUM+3*MXITER 
LCW=ISUM 
ISUM=ISUM+NPARM 

C 

C5 CALCULATE AND PRINT THE SPACE USED IN THE X ARRAY 
C 

ISP= ISUM - ISOLD 
WRITE(IOUT,4) ISP 

4 FORMAT(1X,I6,' ELEMENTS IN X ARRAY ARE USED BY SIP') 
ISUM1= ISUM -1 
WRITE(IOUT,5) ISUM1,LENX 

5 FORMAT(1X,I6,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,6) 

6 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C6 RETURN 
C 

RETURN 
END 
SUBROUTINE SIPRP(NPARM,MXITER, ACCL,HCLOSE,W,IN,IPCALC,IPRSIP, 

1 IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ DATA FOR SIP * 

* VERSION 0925 16DEC1982 SIPRP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION W(NPARM) 
C 
************************************************************************ 
C 
Cl READ ACCL,HCLOSE,WSEED,IPCALC,IPRSIP 
C 
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READ(IN,1) ACCL,HCLOSE,IPCALC,WSEED,IPRSIP 
1 FORMAT(2F10.0,I10,F10.0,I10) 
IF(ACCL.EQ.O.) ACCL=1. 

C 
C2 PRINT DATA VALUES JUST READ 
C 

WRITE(IOUT,100) 
100 FORMAT( / /,'SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE' 

1/43(' -')) 
WRITE(IOUT,115) MXITER 

115 FORMAT( /,'MAXIMUM ITERATIONS ALLOWED FOR CLOSURE =',I9) 
WRITE(IOUT,120) ACCL 

120 FORMAT(' ACCELERATION PARAMETER = ',G15.5) 
WRITE(IOUT,125) HCLOSE 

125 FORMAT('HEAD CHANGE CRITERION FOR CLOSURE = ',E15.5) 
IF(IPRSIP.LE.0)IPRSIP =999 
WRITE(IOUT,130) IPRSIP 

130 FORMAT('SIP HEAD CHANGE PRINTOUT INTERVAL =',I9) 
C 

C3 CHECK IF SPECIFIED VALUE OF WSEED SHOULD BE USED OR IF 
C3 SEED SHOULD BE CALCULATED 
C 

C 
C3A CALCULATE SEED k ITERATION PARAMETERS PRIOR TO 1ST ITERATION 
C 

IF(IPCALC.EQ.0) GO TO 150 

WRITE(IOUT,140) 
140 FORMAT( /,'CALCULATE ITERATION PARAMETERS FROM MODEL', 

1' CALCULATED WSEED') 
GO TO 1000 

C 
C3B USE SPECIFIED VALUE OF WSEED 
C3B CALCULATE AND PRINT ITERATION PARAMETERS 
C 

150 P1 = -1. 
P2= NPARM -1 
DO 160 I_1,NPARM 
P1 =P1 +1. 

160 W(I)= 1.- WSEED * *(P1 /P2) 
WRITE(IOUT,161) NPARM,WSEED,(W(J),J= 1,NPARM) 

161 FORMAT( /,I5,' ITERATION PARAMETERS CALCULATED FROM', 
1 ' SPECIFIED WSEED = ',F11.8,' :'//(10X,6E15.7)) 

C 
C4 RETURN 
C 
1000 RETURN 

END 
SUBROUTINE SIPAP(HNEW,IBOUND ,CR,CC,CV,HCOF,RHS,EL,FL,GL,V, 

1 W,HDCG,LRCH,NPARM,KITER ,HCLOSE,ACCL,ICNVG,KSTP,KPER, 
2 IPCALC, IPRSIP, MXITER, NSTP,NCOL,NROW,NLAY,NODES,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE -- 1 ITERATION * 
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* VERSION 1454 02DEC1982 SIPAP 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 

HNEW,DITPAR,AC,HHCOF,RRHS,XI,DZERD,DONE,RES 
Z,B,D,E,F,H,S,AP,TP,CP,GP,UP,RP 
ZHNEW,BHNEW,DHNEW,FHNEW,HHNEW,SHNEW 
AL,BL,CL,DL,ELNCL,FLNCL,GLNCL 
ELNRL,FLNRL,GLNRL,ELNLL,FLNLL,GLNLL 
VNRL,VNCL,VNLLI,ELXI,FLXI,GLXI,VN,HCFHNW 

DIMENSION HNEW(NODES), IBOUND(NODES), CR(NODES), CC(NODES), 
1 CV(NODES), HCOF(NODES), RHS(NODES), EL(NODES), FL(NODES), 
2 GL(NODES), V(NODES), W(NPARM), HDCG(MXITER), LRCH(3,MXITER) 

C 

C 
Cl CALCULATE ITERATION PARAMETERS IF FLAG IS SET. THEN 
Cl CLEAR THE FLAG SO THAT CALCULATION IS DONE ONLY ONCE. 
C 

IF(IPCALC.NE.0) 
1 CALL SSIPI(CR,CC,CV,IBOUND ,NPARM,W,NCOL,NROW,NLAY,IOUT) 
IPCALC =O 

C 
C2 ASSIGN VALUES TO FIELDS THAT ARE CONSTANT DURING AN ITERATION 
C 

DZERO=O. 
DONE=1. 
AC=ACCL 
NRC=NROW*NCOL 
NTH=MOD(KITER-1,NPARM)+1 
DITPAR=W(NTH) 

C 
C3 INITIALIZE VARIABLE THAT TRACKS MAXIMUM HEAD CHANGE DURING 
C3 THE ITERATION 
C 

C 
C4 CLEAR SIP WORK ARRAYS. 
C 

BIGG=O. 

DO 100 I= 1,NODES 
EL(I) =0. 
FL(I) =0. 
GL(I) =0. 

loo V(I) =0. 
C 
C5 SET NORMAL /REVERSE EQUATION ORDERING FLAG (1 OR -1) AND 
C5 CALCULATE INDEXES DEPENDENT ON ORDERING 
C 

IDIR=1 
IF(MOD(KITER,2).EQ.0)IDIR=-1 
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IDNRC=IDIR*NRC 
IDNCOL=IDIR*NCOL 

C 
C6 STEP THROUGH CELLS CALCULATING INTERMEDIATE VECTOR V 
C6 USING FORWARD SUBSTITUTION 
C 

DO 150 K=1,NLAY 
DO 150 I=1,NROW 
DO 150 J=1,NCOL 

C 
C6A SET UP CURRENT CELL LOCATION INDEXES. THESE ARE DEPENDENT 
C6A ON THE DIRECTION OF EQUATION ORDERING. 
C 

IF(IDIR.LE.0)GO TO 120 
II=I 
JJ=J 
KK=K 
GO TO 122 

120 II=NROW-I+1 
JJ=J 
KK=NLAY-K+1 

C 
C6B CALCULATE 1 DIMENSIONAL SUBSCRIPT OF CURRENT CELL AND 
C6B SKIP CALCULATIONS IF CELL IS NOFLOW OR CONSTANT HEAD 
C 

122 N=JJ+(II-1)*NCOL+(KK-1)*NRC 
IF(IBOUND(N).LE.0)GO TO 150 

C 
C6C CALCULATE 1 DIMENSIONAL SUBSCRIPTS FOR LOCATING THE 6 
C6C SURROUNDING CELLS 
C 

NRN=N+IDNCOL 
NRL=N-IDNCOL 
NCN=N+1 
NCL=N-1 
NLN=N+IDNRC 
NLL=N-IDNRC 

C 
C6D CALCULATE 1 DIMENSIONAL SUBSCRIPTS FOR CONDUCTANCE TO THE 6 
C6D SURROUNDING CELLS. THESE DEPEND ON ORDERING OF EQUATIONS. 
C 

IF(IDIR.LE.0)GO TO 124 
NCF=N 
NCD=NCL 
NRB=NRL 
NRH=N 
NLS=N 
NLZ=NLL 
GO TO 126 

124 NCF=N 
NCD=NCL 
NRB=N 
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NRH=NRN 
NLS=NLN 
NLZ=N 

C 

C6E ASSIGN VARIABLES IN MATRICES A & U INVOLVING ADJACENT CELLS 
C6E1 NEIGHBOR IS 1 ROW BACK 
C 

126 B=DZERO 
ELNRL=DZERO 
FLNRL=DZERO 
GLNRL=DZERO 
BHNEW=DZERO 
VNRL=DZERO 
IF(I.EQ.1) GO TO 128 
B=CC(NRB) 
ELNRL=EL(NRL) 
FLNRL=FL(NRL) 
GLNRL=GL(NRL) 
BHNEW=B*HNEW(NRL) 
VNRL=V(NRL) 

C 
C6E2---- NEIGHBOR IS 1 ROW AHEAD 
C 

128 H=DZERO 
HHNEW=DZERO 
IF(I.EQ.NROW) GO TO 130 
H=CC(NRH) 
HHNEW=H*HNEW(NRN) 

C 
C6E3---- NEIGHBOR IS 1 COLUMN BACK 
C 

130 D=DZERO 
ELNCL=DZERO 
FLNCL=DZERO 
GLNCL=DZERO 
DHNEW=DZERO 
VNCL=DZERO 
IF(J.EQ.1) GO TO 132 
D=CR(NCD) 
ELNCL=EL(NCL) 
FLNCL=FL(NCL) 
GLNCL=GL(NCL) 
DHNEW=D*HNEW(NCL) 
VNCL=V(NCL) 

C 
C6E4---- NEIGHBOR IS 1 COLUMN AHEAD 
C 

132 F=DZERO 
FHNEW=DZERO 
IF(J.EQ.NCOL) GO TO 134 
F=CR(NCF) 
FHNEW=F*HNEW(NCN) 
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C 
C6E5---- NEIGHBOR IS 1 LAYER BEHIND 
C 

134 Z=DZERO 
ELNLL=DZERO 
FLNLL=DZERO 
GLNLL=DZERO 
ZHNEW=DZERO 
VNLL=DZERO 
IF(K.EQ.1) GO TO 136 

Z=CV(NLZ) 
ELNLL=EL(NLL) 
FLNLL=FL(NLL) 
GLNLL=GL(NLL) 
ZHNEW=Z*HNEW(NLL) 
VNLL=V(NLL) 

C 
C6E6---- NEIGHBOR IS 1 LAYER AHEAD 
C 

136 S=DZERO 
SHNEW=DZERO 
IF(K.EQ.NLAY) GO TO 138 
S=CV(NLS) 
SHNEW=S*HNEW(NLN) 

C 
C6E7 - - -- CALCULATE THE NEGATIVE SUM OF ALL CONDUCTANCES TO NEIGHBORING 
C6E7 - -- -CELLS 
C 

138 E=-Z-B-D-F-H-S 
C 
C6F CALCULATE COMPONENTS OF THE UPPER AND LOWER MATRICES, WHICH 
C6F ARE THE FACTORS OF MATRIX (A +B) 
C 

AL=Z/(DONE+DITPAR*(ELNLL+FLNLL)) 
BL=B/(DONE+DITPAR*(ELNRL+GLNRL)) 
CL=D/(DONE+DITPAR*(FLNCL+GLNCL)) 
AP=AL*ELNLL 
CP=BL*ELNRL 
GP=CL*FLNCL 
RP=CL*GLNCL 
TP=AL*FLNLL 
UP=BL*GLNRL 
HHCOF=HCOF(N) 
DL=E+HHCOF+DITPAR*(AP+TP+CP+GP+UP+RP)-AL*GLNLL-BL*FLNRL-CL*ELNCL 
EL(N)=(F-DITPAR*(AP+CP))/DL 
FL(N)=(H-DITPAR*(TP+GP))/DL 
GL(N)=(S-DITPAR*(RP+UP))/DL 

C 
C6G CALCULATE THE RESIDUAL 
C 

RRHS=RHS(N) 
HNW=HNEW(N) 
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HCFHNW=HNW*HCOF(N) 
RES=RRHS-ZHNEW-BHNEW-DHNEW-E*HNEW(N)-HCFHNW-FHNEW-HHNEW-SHNEW 

C 
C6H CALCULATE THE INTERMEDIATE VECTOR V 
C 

C 

V(N) =(AC* RES- AL *VNLL- BL *VNRL- CL *VNCL) /DL 

150 CONTINUE 
C 
C7 STEP THROUGH EACH CELL AND SOLVE FOR HEAD CHANGE BY BACK 
C7 SUBSTITUTION 
C 

DO 160 K=1,NLAY 
DO 160 I=1,NROW 
DO 160 J=1,NCOL 

C 
C7A SET UP CURRENT CELL LOCATION INDEXES. THESE ARE DEPENDENT 
C7A ON THE DIRECTION OF EQUATION ORDERING. 
C 

IF(IDIR.LT.0) GO TO 152 
KK=NLAY-K+1 
II=NROW-I+1 
JJ=NCOL-J+1 
GO TO 154 

152 KK=K 
II=I 
JJ=NCOL-J+1 

C 
C7B CALCULATE 1 DIMENSIONAL SUBSCRIPT OF CURRENT CELL AND 
C7B SKIP CALCULATIONS IF CELL IS NOFLOW OR CONSTANT HEAD 
C 

154 N=JJ+(II-1)*NCOL+(KK-1)*NRC 
IF(IBOUND(N).LE.0)GO TO 160 

C 
C7C CALCULATE 1 DIMENSIONAL SUBSCRIPTS FOR THE 3 NEIGHBORING CELLS 
C7C BEHIND (RELATIVE TO THE DIRECTION OF THE BACK SUBSTITUTION 
C7C ORDERING) THE CURRRENT CELL. 
C 

NC=N+1 

NR=N+IDNCOL 
NL=N+IDNRC 

C 
C7D BACK SUBSTITUTE, STORING HEAD CHANGE IN ARRAY V IN PLACE OF 
C7D, INTERMEDIATE FORWARD SUBSTITUTION VALUES. 
C 

ELXI=DZÉRO 
FLXI=DZERO 
GLXI=DZERO 
IF(JJ.NE.NCOL) ELXI=EL(N)*V(NC) 
IF(I.NE.1) FLXI=FL(N)*V(NR) 
IF(K.NE.1) GLXI=GL(N)*V(NL) 
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VN=V(N) 
V(N)=VN-ELXI-FLXI-GLXI 

C 
C7E GET THE ABSOLUTE HEAD CHANGE. IF IT IS MAX OVER GRID SO FAR. 

C7E THEN SAVE IT ALONG WITH CELL INDICES AND HEAD CHANGE. 
C 

TCHK=ABS(V(N)) 
IF (TCHK.LE.BIGG) GO TO 155 
BIGG=TCHK 
BIG=V(N) 
IB=II 
JB=JJ 
KB=KK 

C 
C7F ADD HEAD CHANGE THIS ITERATION TO HEAD FROM THE PREVIOUS 

C7F ITERATION TO GET A NEW ESTIMATE OF HEAD. 
C 

C 

155 XI=V(N) 
HNEW(N)=HNEW(N)+XI 

160 CONTINUE 
C 
C8 STORE THE LARGEST ABSOLUTE HEAD CHANGE (THIS ITERATION) AND. 

C8 AND ITS LOCATION. 
C 

HDCG(KITER)=BIG 
LRCH(1,KITER)=KB 
LRCH(2,KITER)=IB 
LRCH(3,KITER)=JB 
ICNVG=0 
IF(BIGG.LE.HCLOSE) ICNVG=1 

C 
C9 IF END OF TIME STEP, PRINT # OF ITERATIONS THIS STEP 
C 

IF(ICNVG.EQ.0 .AND. KITER.NE.MXITER) GO TO 600 
IF(KSTP.EQ.1) WRITE(IOUT,500) 

500 FORMAT(/) 
WRITE(IOUT,501) KITER,KSTP,KPER 

501 FORMAT(1X,I5,' ITERATIONS FOR TIME STEP',I4,' IN STRESS PERIOD', 
1 I3) 

C 
C10 PRINT HEAD CHANGE EACH ITERATION IF PRINTOUT INTERVAL IS REACHED 
C 

IF(ICNVG.EQ.0 .OR. KSTP.EQ.NSTP .OR. MOD(KSTP,IPRSIP).EQ.0) 
1 CALL SSIPP(HDCG,LRCH,KITER,KSTP,KPER,MXITER,IOUT) 

C 

C11 RETURN 
C 

600 RETURN 
C 

END 
SUBROUTINE SSIPI(CR,CC,CV,IBOUND,NPARM,W,NCOL,NROW,NLAY, 
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1 I OUT ) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* CALCULATE AN ITERATION PARAMETER SEED AND USE IT TO CALCULATE * 

* SIP ITERATION PARAMETERS. 
* VERSION 1743 26APR1983 SSIPI 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

C 

C 

DIMENSION CR( NCOL ,NROW,NLAY),CC(NCOL,NROW,NLAY) 
1 ,CV(NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY),W(NPARM) 

DOUBLE PRECISION DWMIN,AVGSUM 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl CALCULATE CONSTANTS AND INITIALIZE VARIABLES 
C 

PIEPIE=9.869604 
R=NROW 
C=NCOL 
L=NLAY 
CCOL=PIEPIE/(2.*C*C) 
CROW=PIEPIE/(2.*R*R) 
CLAY=PIEPIE/(2.*L*L) 
WMINMN=1. 
AVGSUM=0. 
NODES=0 

C 
C2 LOOP THROUGH ALL CELLS, CALCULATING A SEED FOR EACH CELL 
C2 THAT IS ACTIVE 
C 

DO 100 K=1,NLAY 
DO 100 I=1,NROW 
DO 100 J=1,NCOL 
IF(IBOUND(J,I,K).LE.0) GOTO 100 

C 

C2A CONDUCTANCE FROM THIS CELL 
C2A TO EACH OF THE 6 ADJACENT CELLS 
C 

D=0. 
IF(J.NE.1) D=CR(J-1,I,K) 
F=0. 
IF(J.NE.NCOL) F=CR(J,I,K) 
B=0. 
IF(I.NE.1) B=CC(J,I-1,K) 
H=0. 
IF(I.NE.NROW) H=CC(J,I,K) 
Z=0. 
IF(K.NE.1) Z=CV(J,I,K-1) 
S=0. 
IF(K.NE.NLAY) S=CV(J,I,K) 
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C 
C2B FIND THE MAXIMUM AND MINIMUM OF THE 2 CONDUCTANCE COEFFICIENTS 
C2B IN EACH PRINCIPAL COORDINATE DIRECTION 
C 

DFMX=AMAX1(D,F) 
BHMX=AMAX1(B,H) 
ZSMX=AMAX1(Z,S) 
DFMN=AMIN1(D,F) 
BHMN=AMIN1(B,H) 
ZSMN=AMIN1(Z,S) 
IF(DFMN.EQ.O.) DFMN=DFMX 
IF(BHMN.EQ.O.) BHMN=BHMX 
IF(ZSMN.EQ.O.) ZSMN=ZSMX 

C 
C2C CALCULATE A SEED IN EACH PRINCIPAL COORDINATE DIRECTION 
C 

WCOL=1. 
IF(DFMN.NE.O.) WCOL=CCOL/(1.+(BHMX+ZSMX)/DFMN) 
WROW=1. 
IF(BHMN.NE.O.) WROW=CROW/(1.+(DFMX+ZSMX)/BHMN) 
WLAY=1. 
IF(ZSMN.NE.0.) WLAY=CLAY/(1.+(DFMX+BHMX)/ZSMN) 

C 
C2D SELECT THE CELL SEED, WHICH IS THE MINIMUM SEED OF THE 3. 
C2D SELECT THE MINIMUM SEED OVER THE WHOLE GRID. 
C 

WMIN=AMIN1(WCOL,WROW,WLAY) 
WMINMN=AMIN1(WMINMN,WMIN) 

C 
C2E ADD THE CELL SEED TO THE ACCUMULATOR AVGSUM FOR USE 
C2E IN GETTING THE AVERAGE SEED. 
C 

C 

DWMIN =WMIN 
AVGSUM= AVGSUM +DWMIN 
NODES = NODES +1 

100 CONTINUE 
C 
C3 CALCULATE THE AVERAGE SEED OF THE CELL SEEDS, AND PRINT 
C3 THE AVERAGE AND MINIMUM SEEDS. 
C 

TMP =NODES 
AVGMIN = AVGSUM 
AVGMIN = AVGMIN /TMP 
WRITE(IOUT,101) AVGMIN,WMINMN 

101 FORMAT( /,'AVERAGE SEED = ',F11.8 /1X,'MINIMUM SEED = ',F11.8) 
C 
C4 CALCULATE AND PRINT ITERATION PARAMETERS FROM THE AVERAGE SEED 
C 

P1=-1. 
P2=NPARM-1 
DO 50 I=1,NPARM 
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P1 =P1 +1. 
50 W(I) =1.- AVGMIN * *(P1 /P2) 

WRITE(IOUT,150) NPARM,(W(J),J= 1,NPARM) 
150 FORMAT( /,I5,' ITERATION PARAMETERS CALCULATED FROM', 

1 ' AVERAGE SEED:' //(10X,6E15.7)) 
C 
C5 RETURN 
C 

RETURN 
END 
SUBROUTINE SSIPP( HDCG, LRCH ,KITER,KSTP,KPER,MXITER,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* PRINT MAXIMUM HEAD CHANGE FOR EACH ITERATION DURING A TIME STEP * 

* VERSION 1504 08DEC1982 SSIPP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION HDCG(MXITER), LRCH(3,MXITER) 
C 
************************************************************************ 
C 

C 

WRITE(IOUT,5) 
5 FORMAT( /,'MAXIMUM HEAD CHANGE FOR EACH ITERATION:'/ 
1 /,5(' HEAD CHANGE LAYER,ROW,COL') /1X,132(' -')) 
WRITE (IOUT,10) ( HDCG( J),(LRCH(I,J),I= 1,3),J= 1,KITER) 

10 FORMAT((1X,5(G12.4,' (',I3,',',I3,',',I3,')'))) 
WRITE(IOUT,11) 

11 FORMAT( /) 

RETURN 

END 
SUBROUTINE SORAL( ISUM, LENX, LCA,LCRES,LCHDCG,LCLRCH,LCIEQP, 

1 MXITER ,NCOL,NLAY,NSLICE,MBW,IN,IOUT) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE STORAGE FOR SOR ARRAYS 
* VERSION 1638 24JUL1987 SOR1AL, MODIFIED 01MAR1991 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

************************************************************************ 
C 

CHARACTER *4 SOR(6) 
DATA SOR(1), SOR (2),SOR(3),SOR(4),SOR(5),SOR(6) 

1 /'SOR ,,, r,7 7') ,/ 

C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl OPEN SLICE -SUCCESSIVE OVERRELAXATION FILE 
C 

CALL OPSTAT(1,SOR,IN) 
C 
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C2 PRINT A MESSAGE IDENTIFYING SOR PACKAGE. 
C 

WRITE(IOUT,1)IN 
1 FORMAT( /,'SOR1 -- SLICE- SUCCESSIVE OVERRELAXATION PACKAGE' 
1,', MODIFIED, 3/1/91',//' INPUT READ FROM UNIT',I3) 

C 
C3 READ AND PRINT MXITER (MAXIMUM # OF ITERATIONS) 
C 

READ(IN,2) MXITER 
2 FORMAT(I10) 
WRITE(IOUT,3) MXITER 

3 FORMAT(1X,I5,' ITERATIONS ALLOWED FOR SOR CLOSURE') 
C 

C4 ALLOCATE SPACE FOR THE SOR ARRAYS 
C 

ISOLD=ISUM 
NSLICE=NCOL*NLAY 
MBW=NLAY+1 
LCA=ISUM 
ISUM=ISUM+NSLICE*MBW 
LCRES=ISUM 
ISUM=ISUM+NSLICE 
LCIEQP=ISUM 
ISUM=ISUM+NSLICE 
LCHDCG=ISUM 
ISUM=ISUM+MXITER 
LCLRCH=ISUM 
ISUM=ISUM+3*MXITER 
ISP=ISUM-ISOLD 

C 

C5 CALCULATE AND PRINT THE SPACE USED IN THE X ARRAY 
C 

WRITE(IOUT,4) ISP 
4 FORMAT(1X,I8,' ELEMENTS IN X ARRAY ARE USED BY SOR') 

ISUM1= ISUM -1 
WRITE(IOUT,5) ISUM1,LENX 

5 FORMAT(1X,I8,' ELEMENTS OF X ARRAY USED OUT OF',I8) 
IF(ISUM1.GT.LENX) WRITE(IOUT,6) 

6 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 
C6 RETURN 
C 

RETURN 
END 
SUBROUTINE SORRP( MXITER ,ACCL,HCLOSE,IN,IPRSOR,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ PARAMETERS FOR SOR 
* VERSION 1005 16MAR1983 SOR1RP * 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
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Cl READ THE ACCELERATION PARAMETER /RELAXATION FACTOR (ACCL) THE 
Cl CLOSURE CRITERION (HCLOSE) AND THE NUMBER OF TIME STEPS 
Cl BETWEEN PRINTOUTS OF MAXIMUM HEAD CHANGES (IPRSOR). 
C 

READ(IN,1) ACCL,HCLOSE,IPRSOR 
1 FORMAT(2F10.0,I10) 

IF(ACCL.EQ.O.) ACCL=1. 
IF(IPRSOR.LT.1) IPRSOR=999 

C 

C2 PRINT ACCL, HCLOSE, IPRSOR 
C 

WRITE(IOUT,100) 
100 FORMAT( / / /57X,'SOLUTION BY SLICE -SUCCESSIVE OVERRELAXATION' 

1/57X,43(' -')) 
WRITE(IOUT,115) MXITER 

115 FORMAT( /,47X,'MAXIMUM ITERATIONS ALLOWED FOR CLOSURE =',I9) 
WRITE(IOUT,120) ACCL 

120 FORMAT(63X,' ACCELERATION PARAMETER = ',G15.5) 
WRITE(IOUT,125) HCLOSE 

125 FORMAT(52X,' HEAD CHANGE CRITERION FOR CLOSURE = ',E15.5) 
WRITE(IOUT,130) IPRSOR 

130 FORMAT(52X,' SOR HEAD CHANGE PRINTOUT INTERVAL =',I9) 
C 

C3 RETURN 
C 

RETURN 
END 
SUBROUTINE SORAP(HNEW,IBOUND, CR,CC,CV,HCOF,RHS,A,RES,IEQPNT, 

1 HDCG, LRCH, KITER ,HCLOSE,ACCL,ICNVG,KSTP,KPER, 
2 IPRSOR, MXITER, NSTP, NCOL,NROW,NLAY,NSLICE,MBW,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SOLUTION BY SLICE -SUCCESSIVE OVERRELAXATION -- 1 ITERATION * 

* VERSION 0936 09MAY1983 SOR1AP * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

************************************************************************ 
C 

C 

DOUBLE PRECISION HNEW,DIFF,DP,EE,R,HCFHNW,HHCOF 

DIMENSION HNEW(NCOL,NROW,NLAY), IBOUND(NCOL,NROW,NLAY), 
1 CR(NCOL,NROW,NLAY), CC(NCOL,NROW,NLAY), 
1 CV(NCOL,NROW,NLAY), HCOF(NCOL,NROW,NLAY), RHS(NCOL,NROW,NLAY), 
2 HDCG(MXITER), LRCH(3,MXITER),A(MBW,NSLICE),RES(NSLICE), 
3 IEQPNT(NLAY,NCOL) 

C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl CALCULATE # OF ELEMENTS IN COMPRESSED MATRIX A AND 
Cl INITIALIZE FIELDS TO SAVE LARGEST HEAD CHANGE. 
C 

NA= MBW *NSLICE 
BIG =O. 
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ABSBIG=0. 
IB=0 
JB=0 
KB=0 

C 
C2 PROCESS EACH SLICE 
C 

DO 500 I=1,NROW 
C 
C3 CLEAR A 
C 

DO 110 J=1,NSLICE 
DO 110 K=1,MBW 

110 A(K,J)=0. 
C 
C4 ASSIGN A SEQUENCE # TO EACH VARIABLE HEAD CELL. 
C 

NEQT=0 
DO 200 J=1,NCOL 
DO 200 K=1,NLAY 
IEQPNT(K,J)=0 
IF(IBOUND(J,I,K).LE.0) GO TO 200 
NEQT=NEQT+1 
IEQPNT(K,J)=NEQT 

200 CONTINUE 
C 

C5 FOR EACH CELL LOAD MATRIX A AND VECTOR RES 
C 

DO 300 J=1,NCOL 
DO 300 K=1,NLAY 

C 
C5A IF SEQUENCE # IS 0 (CELL IS EXTERNAL) GO ON TO NEXT CELL 
C 

NEQ=IEQPNT(K,J) 
IF(NEQ.EQ.0) GO TO 300 

C 

C5B INITIALIZE ACCUMULATORS EE AND R 
C 

EE=0. 
R=RHS(J,I,K) 

C 
C5C IF NODE TO LEFT SUBTRACT TERMS FROM EE AND R 
C 

IF(J.EQ.1) GO TO 120 
DP=CR(J-1,I,K) 
R=R-DP*HNEW(J-1,I,K) 
EE=EE-DP 

C 
C5D IF NODE TO RIGHT SUBTRACT TERMS FROM EE & R, MOVE COND TO A 
C 

120 IF(J.EQ.NCOL) GO TO 125 
SP=CR(J,I,K) 
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DP=SP 
R=R-DP*HNEW(J+1,I,K) 
EE=EE-DP 
NXT=IEQPNT(K,J+1) 
IF(NXT.GT.0) A(1+NXT-NEQ,NEQ)=SP 

C 
C5E IF NODE TO REAR SUBTRACT TERMS FROM EE AND R 

C 
125 IF(I.EQ.1) GO TO 130 

DP=CC(J,I-1,K) 
R=R-DP*HNEW(J,I-1,K) 
EE=EE-DP 

C 
C5F IF NODE TO FRONT SUBTRACT TERMS FROM EE AND R 
C 

130 IF(I.EQ.NROW) GO TO 132 
DP=CC(J,I,K) 
R=R-DP*HNEW(J,I+1,K) 
EE=EE-DP 

C 
C5G IF NODE ABOVE SUBTRACT TERMS FROM EE AND R 
C 

132 IF(K.EQ.1) GO TO 134 
DP=CV(J,I,K-1) 
R=R-DP*HNEW(J,I,K-1) 
EE=EE-DP 

C 

C5H IF NODE BELOW SUBTRACT TERMS FROM EE k R AND MOVE COND TO A 
C 

134 IF(K.EQ.NLAY) GO TO 136 
SP=CV(J,I,K) 
DP=SP 
R=R-DP*HNEW(J,I,K+1) 
EE=EE-DP 
IF(IEQPNT(K+1,J).GT.0) A(2,NEQ)=SP 

C 

C5I MOVE EE INTO A, SUBTRACT EE TIMES LAST HEAD FROM R TO GET RES 
C 

136 HHCOF= HCOF(J,I,K) 
A(1,NEQ)= EE +HHCOF 
HNW= HNEW(J,I,K) 
HCFHNW=HNW*HCOF(J,I,K) 
RES(NEQ)= R- EE *HNEW(J,I,K)- HCFHNW 

300 CONTINUE 
C 

C6 IF NO EQUATIONS GO TO NEXT SLICE, IF ONE EQUATION SOLVE 
C6 DIRECTLY, IF 2 EQUATIONS CALL SSOR1B TO SOLVE FOR FIRST 
C6 ESTIMATE OF HEAD CHANGE FOR THIS ITERATION. 
C 

IF(NEQT.LT.1) GO TO 500 
IF(NEQT.EQ.1) RES(1)=RES(1)/A(1,1) 
IF(NEQT.GE.2) CALL SSORB(A,RES,NEQT,NA,MBW) 
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C 

C7 FOR EACH CELL IN SLICE CALCULATE FINAL HEAD CHANGE THEN HEAD. 
C 

DO 400 J=1,NCOL 
DO 400 K=1,NLAY 
NEQ=IEQPNT(K,J) 
IF(NEQ.EQ.0) GO TO 400 

C 

C7A MULTIPLY FIRST ESTIMATE OF HEAD CHANGE BY RELAX FACTOR TO 
C7A GET FINAL ESTIMATE OF HEAD CHANGE FOR THIS ITERATION. 
C 

DH=RES(NEQ)*ACCL 
DIFF=DH 

C 

C7B ADD FINAL ESTIMATE TO HEAD FROM LAST ITERATION TO GET HEAD 
C7B FOR THIS ITERATION. 
C 

HNEW(J,I,K)=HNEW(J,I,K)+DIFF 
C 
C7C SAVE FINAL HEAD CHANGE IF IT IS THE LARGEST 
C 

C 

ABSDH=ABS(DH) 
IF(ABSDH.LE.ABSBIG) GO TO 400 
ABSBIG=ABSDH 
BIG=DH 
IB=I 
JB=J 
KB=K 

400 CONTINUE 

500 CONTINUE 
C 
C8 SAVE LARGEST HEAD CHANGE FOR THIS ITERATION 
C 

HDCG(KITER)=BIG 
LRCH(1,KITER)=KB 
LRCH(2,KITER)=IB 
LRCH(3,KITER)=JB 

C 
C9 IF LARGEST HEAD CHANGE IS SMALLER THAN CLOSURE THEN SET 
C9 CONVERGE FLAG (ICNVG) EQUAL TO 1. 

C 
ICNVG=O 
IF(ABSBIG.LE.HCLOSE) ICNVG=1 

C 

C10 IF NOT CONVERGED AND NOT EXCEDED ITERATIONS THEN RETURN 
C 

IF(ICNVG.EQ.0 .AND. KITER.NE.MXITER) RETURN 
IF(KSTP.EQ.1) WRITE(IOUT,600) 

600 FORMAT( /) 
C 
C11 PRINT NUMBER OF ITERATIONS 
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WRITE(IOUT,601) KITER,KSTP,KPER 
601 FORMAT(1X,I5,' ITERATIONS FOR TIME STEP',I4,' IN STRESS PERIOD', 

1 I3) 

C 
C12 IF FAILED TO CONVERGE OR LAST TIME STEP OR PRINTOUT 
C12 INTERVAL SPECIFIED BY USER IS HERE THEN PRINT MAXIMUM 
C12 HEAD CHANGES FOR EACH ITERATION. 
C 

IF(ICNVG.NE.0 .AND. KSTP.NE.NSTP .AND. MOD(KSTP,IPRSOR).NE.0) 
1 GO TO 700 
WRITE(IOUT,5) 

5 FORMAT( /,'MAXIMUM HEAD CHANGE FOR EACH ITERATION:'/ 
1 /,4(' HEAD CHANGE LAYER,ROW,COL') /1X,120(' -')) 
WRITE (IOUT,10.) (HDCG(J ),(LRCH(I,J),I =1,3),J= 1,KITER) 

10 FORMAT((1X,4(4X,G12.4,' (',I3,',',I3,',',I3,')'))) 
WRITE(IOUT,11) 

11 FORMAT( /) 
C 
C13 RETURN 
C 

700 RETURN 
END 
SUBROUTINE SSORB(A,B,N,NA,MBW) 

C VERSION 1359 31MAR1983 SSOR1B 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SOLVE A SYMMETRIC SET OF EQUATIONS * 

* A IS COEFFICIENT MATRIX IN COMPRESSED FORM 
* B IS RIGHT HAND SIDE AND IS REPLACED BY SOLUTION * 

* N IS NUMBER OF EQUATIONS TO BE SOLVED * 

* MBW IS BANDWIDTH OF A * 

* NA IS ONE- DIMENSION SIZE OF A * 

* VERSION 1359 31MAR1983 SSOR1B * 

* SPECIFICATIONS: * 

C 
DIMENSION A(NA),B(N) 

C 
************************************************************************ 
C 

NM1=N-1 
MBW1=MBW-1 
ID=1-MBW 

C 
Cl SEQUENTIALLY USE EACH OF THE FIRST N -1 ROWS AS 
Cl THE PIVOT ROW. 
C 

DO 20 I=1,NM1 
C 

C2 CALCULATE THE INVERSE OF THE PIVOT. 
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C 

ID=ID+MBW 
C1=1./A(ID) 
LD=ID 
L=I 

C 

C3 FOR EACH ROW AFTER THE PIVOT ROW (THE TARGET ROW) 
C3 ELIMINATE THE COLUMN CORRESPONDING TO THE PIVOT. 
C 

DO 15 J=1,MBW1 
L=L+1 
IF(L.GT.N) GO TO 20 
IB=ID+J 

C 
C4 CALCULATE THE FACTOR NEEDED TO ELIMINATE A TERM IN THE 
C4 TARGET ROW. 
C 

C=A(IB)*C1 
LD=LD+MBW 
LB=LD-1 

C 
C5 MODIFY THE REST OF THE TERMS IN THE TARGET ROW. 
C 

DO 10 K=J,MBW1 
C 
C6 SUBTRACT THE FACTOR TIMES A TERM IN THE PIVOT ROW 
C6 FROM THE CORRESPONDING COLUMN IN THE TARGET ROW. 
C 

LB=LB+1 
A(LB)=A(LB)-C*A(ID+K) 

10 CONTINUE 
C 
C7 MODIFY THE RIGHT SIDE OF THE EQUATION CORRESPONDING 
C7 TO THE TARGET ROW. 
C 

B(I +J)= B(I +J)- C *B(I) 
15 CONTINUE 
20 CONTINUE 

ID =ID +MBW 
C 
C8 SOLVE THE LAST EQUATION. 
C 

B(N)=B(N)/A(ID) 
C 
C9 WORKING BACKWARDS SOLVE THE REST OF THE EQUATIONS. 
C 

DO 70 I=1,NM1 
ID=ID-MBW 

C 
C10 CLEAR THE ACCUMULATOR SUM. 
C 

SUM =0.0 
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L=N-I 
MBW1M=MINO(MBW1,T) 

C 

C11 ADD THE KNOWN TERMS IN EQUATION L TO SUM. 
C 

DO 60 J= 1,MBW1M 
SUM = SUM +A(ID +J) *B(L +J) 

60 CONTINUE 
C 

C12 SOLVE FOR THE ONE UNKNOWN IN EQUATION L. 
C 

B(L)= (B(L)- SUM) /A(ID) 
70 CONTINUE 

C 

C13 RETURN 
C 

RETURN 
END 
SUBROUTINE PCGAL( ISUM, LENX, LCV ,LCSS,LCP,LCCD,LCHCHG,LCLHCH, 

1 LCRCHG, LCLRCH, MXITER, ITER1 ,NCOL,NROW,NLAY,IN,IOUT,NPCOND) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ALLOCATE STORAGE IN THE X ARRAY FOR PCG ARRAYS * 

* VERSION 0002 01MAY1989 PCG2ALC, MODIFIED 01MAR1991 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

CHARACTER *4 PCG(6) 
DATA PCG(1), PCG (2),PCG(3),PCG(4),PCG(5),PCG(6) 

1 /'PCG > ' > > > > > > > > 7/ 
C 
************************************************************************ 
C 
Cl OPEN PCG FILE 
C 

CALL OPSTAT(1,PCG,IN) 
C 

C2 PRINT A MESSAGE IDENTIFYING PCG PACKAGE 
C 

WRITE(IOUT,1) 
1 FORMAT( /,'PCG -- CONJUGATE GRADIENT SOLUTION PACKAGE' 
1,', MODIFIED, 3/15/91',//' INPUT READ FROM UNIT',I3) 

C 
C3 READ AND PRINT MXITER,ITER1 AND NPCOND 
C 

READ(IN,2) MXITER,ITERI,NPCOND 
2 FORMAT(3I10) 

WRITE(IOUT,3) MXITER,ITER1,NPCOND 
3 FORMAT(' MAXIMUM OF',I4,' CALLS OF SOLUTION ROUTINE'/ 
1 ' MAXIMUM OF',I4,' INTERNAL ITERATIONS PER', 
2 ' CALL TO SOLUTION ROUTINE'/ 
3 ' MATRIX PRECONDITIONING TYPE :',I5) 
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C 

C4 ALLOCATE SPACE FOR THE PCG ARRAYS 
C 

ISOLD=ISUM 
NRC=NROW*NCOL 
ISIZ=NRC*NLAY 
LCV=ISUM 
ISUM=ISUM+ISIZ 
LCSS=ISUM 
ISUM=ISUM+ISIZ 
LCP=ISUM 
ISUM=ISUM+ISIZ 
LCCD=ISUM 
IF(NPCOND.NE.2) ISUM=ISUM+ISIZ 
LCHCHG=ISUM 
ISUM=ISUM+MXITER*ITER1 
LCLHCH=ISUM 
ISUM=ISUM+3*MXITER*ITER1 
LCRCHG=ISUM 
ISUM=ISUM+MXITER*ITER1 
LCLRCH=ISUM 
ISUM=ISUM+3*MXITER*ITER1 

C 
C5 CALCULATE AND PRINT THE SPACE USED IN THE X ARRAY 
C 

ICG = ISUM -ISOLD 
WRITE(IOUT,4) ICG 

4 FORMAT(1X,I7,' ELEMENTS IN X ARRAY ARE USED BY PCG') 
ISUM1= ISUM -1 
WRITE(IOUT,5) ISUM1,LENX 

5 FORMAT(1X,I7,' ELEMENTS OF X ARRAY USED OUT OF',I7) 
IF(ISUM1.GT.LENX) WRITE(IOUT,6) 

6 FORMAT(1X,' * * *X ARRAY MUST BE DIMENSIONED LARGER * * *') 
C 

C6 RETURN 
C 

RETURN 
END 
SUBROUTINE PCGRP(MXITER,ITERI ,HCLOSE,RCLOSE,NPCOND,NBPOL, 

1 RELAX, IPRPCG,IN,IOUT,MUTPCG,NITER) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* READ DATA FOR PCG * 

* * 
* VERSION 0002 01MAY1989 PCG2RP 
* 01SEPT1990 IPCGCD OMITTED; NITER ADDED * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ HCLOSE, RCLOSE ,RELAX,NBPOL,IPRPCG,MUTPCG 
C 

READ(IN,1) HCLOSE,RCLOSE,RELAX,NBPOL,IPRPCG,MUTPCG 
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1 FORMAT(3F10.0,4I10) 
C 

C2 PRINT MXITER,ITER1,NPCOND,HCLOSE,RCLOSE,RELAX,NBPOL,IPRPCG, 
C2 MUTPCG 
C 

WRITE(IOUT,100) 
100 FORMAT( / /57X,'SOLUTION BY THE CONJUGATE -GRADIENT METHOD' 

1/57X,43(' -')) 
WRITE(IOUT,115) MXITER 

115 FORMAT( /,38X,'MAXIMUM NUMBER OF CALLS TO PCG ROUTINE =',I9) 
WRITE(IOUT,120) ITER1 

120 FORMAT(42X,'MAXIMUM ITERATIONS PER CALL TO PCG =',I9) 
WRITE(IOUT,122) NPCOND 

122 FORMAT(49X,'MATRIX PRECONDITIONING TYPE =',I9) 
IF(NPCOND.EQ.2) WRITE(IOUT,123) 

123 FORMAT(58X,'THE MATRIX WILL BE SCALED') 
WRITE(IOUT,124) RELAX,NBPOL 

124 FORMAT(26X,'RELAXATION FACTOR (ONLY USED WITH', 
l' PRECOND. TYPE 1) = ',E15.5,/, 
2 19X,'PARAMETER OF POLYMOMIAL PRECOND.' 
3 ,' = 2 (2) OR IS CALCULATED :',I9) 
WRITE(IOUT,125) HCLOSE 

125 FORMAT(43X,'HEAD CHANGE CRITERION FOR CLOSURE = ',E15.5) 
WRITE(IOUT,127) RCLOSE 

127 FORMAT(39X,'RESIDUAL CHANGE CRITERION FOR CLOSURE _',E15.5) 
IF(IPRPCG.LE.0)IPRPCG =999 
WRITE(IOUT,130) IPRPCG,MUTPCG 

130 FORMAT(30X,'PCG HEAD AND RESIDUAL CHANGE PRINTOUT INTERVAL =' 
1,I9, /,23X,'PRINTING FROM SOLVER IS LIMITED(1) OR 
2 SUPPRESSED ( >1) =',I9) 
NITER =O 

C 

C3 RETURN 
C 

RETURN 
END 
SUBROUTINE PCGAP(HNEW,IBOUND ,CR,CC,CV,HCOF,RHS,V,SS,P,CD, 

1 HCHG, LHCH, RCHG, LRCH, KITER ,NITER,HCLOSE,RCLOSE,ICNVG, 
2 KSTP,KPER,IPRPCG,MXITER,ITER1 ,NPCOND,NBPOL,NSTP,NCOL,NROW, 
3 NLAY,NODES,RELAX,IOUT,MUTPCG) 

* SOLUTION BY THE CONJUGATE GRADIENT METHOD - * 

* UP TO ITER1 ITERATIONS * 

* VERSION 0002 01MAY1989 PCG2AP * 

* 01JULY1990 COMMENT STATEMENTS ADDED AND MODIFIED * 

* 01SEPT1990 IPCGCD OMITTED; STATEMENT 590 ADDED * 

* 27SEPT1990 STATEMENT IN DO 155 LOOP CHANGED * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

PARAMETER (DZER0= 0.DO,DONE =1. D0) 
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C 

DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 
DOUBLE PRECISION 

HNEW,HHCOF,RRHS,RES 
Z,B,D,E,F,H,S,ALPHA 
ZHNEW,BHNEW,DHNEW,FHNEW,HHNEW,SHNEW,HCHNEW 
SRNEW,SROLD,SSCR,SSCC,SSCV,VCC,VCR,VCV 
CDCC,CDCR,CDCV,CDN 
PN,VN,SSN,HCHGN,RCHGN,PAP 
FCC,FCR,FCV,FV 

DIMENSION HNEW(NODES), IBOUND(NODES), CR(NODES), CC(NODES), 
1 CV(NODES), HCOF(NODES), RHS(NODES), 
2 V(NODES), SS(NODES), P(NODES), CD(NODES), HCHG(MXITER*ITER1), 
3 LHCH(3,MXITER*ITER1), RCHG(MXITER*ITER1), LRCH(3,MXITER*ITER1) 

C 
************************************************************************ 
C 
Cl 
C 

C 
C2 
C 

ASSIGN VARIABLE EQUAL TO THE NUMBER OF CELLS IN ONE LAYER 

NRC=NROW*NCOL 

C 
C3 
C 

C 
C4 
C 

INITIALIZE VARIABLES USED TO CALCULATE ITERATION PARAMETERS 

SRNEW =DZERO 
BPOLY =O. 
IF(NPCOND.NE.1) RELAX =1. 
NORM =O 
IF(NPCOND.EQ.2) NORM =1 

INITIALIZE VARIABLE USED TO TEST FOR NEGATIVE CHOLESKY DIAGONAL 

CD1=0. 

CLEAR PCG WORK ARRAYS. 

DO 100 N=1,NODES 
SS(N)=0. 
P(N)=0. 

100 V(N)=0. 
C 
C5 FOR NPCOND=1, INITIALIZE CHOLESKY DIAGONAL 
C 

IF(NPCOND.EQ.1) THEN 
DO 105 N=1,NODES 

105 CD(N)=0. 
ENDIF 

C 
C6 CALCULATE THE RESIDUAL. IF NORM =1, CALCULATE THE DIAGONALS OF 
C6 THE A MATRIX,AND STORE THEM IN HCOF. 
C 

DO 115 K=1,NLAY 
DO 115 I=1,NROW 
DO 115 J=1,NCOL 

C 
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C7 CALCULATE 1 DIMENSIONAL SUBSCRIPT OF CURRENT CELL AND 
C7 SKIP CALCULATIONS IF CELL IS INACTIVE 
C 

N=J+(I-1)*NCOL+(K-1)*NRC 
IF(IBOUND(N).EQ.0) THEN 
CC(N)=0. 
CR(N)=0. 
IF(N.LE.(NODES-NRC)) CV(N)=0. 
IF(N.GE.2) CR(N-1)=0. 
IF(N.GE.NCOL+1) CC(N-NCOL)=0. 
IF(N.LE.(NODES-NRC).AND.N.GE.NRC+1) CV(N-NRC)=0. 
HCOF(N)=0. 
RHS(N)=0. 
GO TO 115 

ENDIF 
C 
C8 CALCULATE 1 DIMENSIONAL SUBSCRIPTS FOR LOCATING THE 6 
C8 SURROUNDING CELLS 
C 

NRN=N+NCOL 
NRL=N-NCOL 
NCN=N+1 
NCL=N-1 
NLN=N+NRC 
NLL=N-NRC 

C 

C9 CALCULATE 1 DIMENSIONAL SUBSCRIPTS FOR CONDUCTANCE TO THE 6 
C9 SURROUNDING CELLS. 
C 

NCF=N 
NCD=N-1 
NRB=N-NCOL 
NRH=N 
NLS=N 
NLZ=N-NRC 

C 
C9A GET CONDUCTANCES TO NEIGHBORING CELLS 
C9A NEIGHBOR IS 1 ROW BACK 
C 

B=DZERO 
BHNEW=DZERO 
IF(I.NE.1) THEN 

B=CC(NRB) 
BHNEW=B*(HNEW(NRL)-HNEW(N)) 

ENDIF 
C 

C9B NEIGHBOR IS 1 ROW AHEAD 
C 

H=DZERO 
HHNEW=DZERO 
IF(I.NE.NROW) THEN 
H=CC(NRH) 
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HHNEW=H*(HNEW(NRN)-HNEW(N)) 
ENDIF 

C 
C9C NEIGHBOR IS 1 COLUMN BACK 
C 

D=DZERO 
DHNEW=DZERO 
IF(J.NE.1) THEN 
D=CR(NCD) 
DHNEW=D*(HNEW(NCL)-HNEW(N)) 

ENDIF 
C 
C9D NEIGHBOR IS 1 COLUMN AHEAD 
C 

F=DZERO 
FHNEW=DZERO 
IF(J.NE.NCOL) THEN 
F=CR(NCF) 
FHNEW=F*(HNEW(NCN)-HNEW(N)) 

ENDIF 
C 
C9E NEIGHBOR IS 1 LAYER BEHIND 
C 

Z=DZERO 
ZHNEW=DZERO 
IF(K.NE.1) THEN 
Z=CV(NLZ) 
ZHNEW=Z*(HNEW(NLL)-HNEW(N)) 

ENDIF 
C 
C9F NEIGHBOR IS 1 LAYER AHEAD 
C 

C 

S=DZERO 
SHNEW=DZERO 
IF(K.NE.NLAY) THEN 
S=CV(NLS) 
SHNEW=S*(HNEW(NLN)-HNEW(N)) 

ENDIF 

IF(I.EQ.NROV) CC(N) =0. 
IF(J.EQ.NCOL) CR(N)=0. 

C 
C10 CALCULATE THE RESIDUAL AND STORE IT IN RHS. TO SCALE A, 
C10 CALCULATE THE DIAGONAL OF THE A MATRIX, AND STORE IT IN HCOF. 
C 

E=-Z-B-D-F-H-S 
RRHS=RHS(N) 
HHCOF=HNEW(N)*HCOF(N) 
R.HS(N)=RRHS-ZHNEW-BHNEW-DHNEW-HHCOF-FHNEW-HHNEW-SHNEW 
IF(NORM.EQ.1) HCOF(N)=HCOF(N)+E 
IF(IBOUND(N).LT.O.) RHS(N)=0. 

115 CONTINUE 
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C 
C11 
C 

SCALE CC,CR,CV,RHS AND HNEW IF NORM =1. 

IF(NORM.EQ.1) THEN 
DO 120 K=1,NLAY 
DO 120 I=1,NROW 
DO 120 J=1,NCOL 

N=J+(I-1)*NCOL+(K-1)*NRC 
IF(IBOUND(N).EQ.0) GO TO 120 
HHCOF=SQRT(-HCOF(N)) 
IF(N.LE.(NODES-NCOL).AND.CC(N).GT.0.) 
CC(N)=CC(N)/(HHCOF*(SQRT(-HCOF(N+NCOL)))) 

IF(CR(N).GT.0.) CR(N)=CR(N)/(HHCOF*(SQRT(-HCOF(N+1)))) 
IF(N.LE.(NODES-NRC).AND.CV(N).GT.0.) 

CV(N)=CV(N)/(HHCOF*(SQRT(-HCOF(N+NRC)).)) 
HNEW(N)=HNEW(N)*HHCOF 
RHS(N)=RHS(N)/HHCOF 

120 CONTINUE 
ENDIF 

C 

C12 CALCULATE PARAMETER B OF THE POLYNOMIAL PRECONDITIONING METHOD 

C 
IF(NPCOND.NE.2) GO TO 152 
IF(NBPOL.EQ.2) THEN 

BPOLY=2 
GO TO 151 

ENDIF 
DO 150 K=1,NLAY 
DO 150 I=1,NROW 
DO 150 J=1,NCOL 

N=J+(I-1)*NCOL+(K-1)*NRC 
IF(IBOUND(N).LE.0)GO TO 150 

NCF=N 
NCD=N-1 
NRB=N-NCOL 
NRH=N 
NLS=N 
NLZ=N-NRC 

B=DZERO 
IF(I.NE.1) B=CC(NRB) 
H=DZERO 
IF(I.NE.NROW) H=CC(NRH) 
D=DZERO 
IF(J.NE.1) D=CR(NCD) 
F=DZERO 
IF(J.NE.NCOL) F=CR(NCF) 
Z=DZERO 
IF(K.NE.1) Z=CV(NLZ) 
S=DZERO 
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IF(K.NE.NLAY) S=CV(NLS) 
C 
C14 NOTE : ABS. VAL. OF THE DIAG. OF THE SCALED A MATRIX IS 1. 

C 
HHCOF=HCOF(N) 
IF(NORM.EQ.1) HHCOF=DONE 
T=DABS(Z)+DABS(B)+DABS(D)+ABS(HHCOF)+DABS(F)+DABS(H)+DABS(S) 
IF(T.GT.BPOLY) BPOLY=T 

150 CONTINUE 
151 CONTINUE 

C 
C15----- CALCULATE ITERATION PARAMETERS FOR POLYNOMIAL PRECONDITIONING 
C15 METHOD FOR A NEGATIVE DEFINITE MATRIX. 
C 

C0= (15./32.) *(BPOLY * *3) 
C1= (27. /16.) *(BPOLY * *2) 
C2= (9. /4.) *BPOLY 

152 CONTINUE 
C 
C16 START INTERNAL ITERATIONS 
C 

I ITER =0 
IF(KITER.EQ.1) NITER =0 
ICNVG =0 
IICNVG =0 

153 CONTINUE 
IITER=IITER+1 
NITER = NITER +1 

C 

C17 INITIALIZE VARIABLES THAT TRACK MAXIMUM HEAD CHANGE AND RESIDUAL 
C17 VALUE DURING EACH ITERATIONS 
C 

C 

C18 CHECK NPCOND FOR PRECONDITIONING TYPE AND EXECUTE PROPER CODE 
C 

BIGH=O. 
BIGR=O. 

IF(NPCOND.EQ.2) GO TO 165 
C 
C19 CHOLESKY PRECONDITIONING 
C 
C19A STEP THROUGH CELLS TO CALCULATE THE DIAGONAL OF THE CHOLESKY 
C19A MATRIX (FIRST INTERNAL ITERATION ONLY) AND THE INTERMEDIATE 
C19A SOLUTION. STORE THEM IN CD AND V, RESPECTIVELY. 
C 

DO 155 K=1,NLAY 
DO 155 I=1,NROW 
DO 155 J=1,NCOL 

C 
N=J+(I-1)*NCOL+(K-1)*NRC 
IF(IBOUND(N).LE.0)GO TO 155 

C 
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C20 CALCULATE V 
C 

C 

C 

H=DZERO 
VCC=DZERO 
IC=N-NCOL 
IF(I.NE.1) THEN 
H=CC(IC) 
IF(CD(IC).NE.O.) VCC=H*V(IC)/CD(IC) 

ENDIF 

F=DZERO 
VCR=DZERO 
IR=N-1 
IF(J.NE.1) THEN 
F=CR(IR) 
IF(CD(IR).NE.O.) VCR=F*V(IR)/CD(IR) 

ENDIF 

S=DZERO 
VCV=DZERO 
IL=N-NRC 
IF(K.NE.1) THEN 
S=CV(IL) 
IF(CD(IL).NE.O.) VCV=S*V(IL)/CD(IL) 

ENDIF 
V(N)=RHS(N)-VCR-VCC-VCV 

C 

C21 CALCULATE CD - FIRST INTERNAL ITERATION ONLY 
C 

IF(IITER.EQ.1) THEN 
CDCR=DZERO 
CDCC=DZERO 
CDCV=DZERO 
FCC=DZERO 
FCR=DZERO 
FCV=DZERO 
IF(IR.GT.O.AND.CD(IR).NE.O.) 
IF(IC.GT.O.AND.CD(IC).NE.O.) 
IF(IL.GT.O.AND.CD(IL).NE.O.) 
IF(NPCOND.EQ.1) THEN 

IF(IR.GT.0) THEN 
FV=CV(IR) 

E MODIFIED FROM HILL(1990) 9/27/90: 2 REPLACES 
IF(K.EQ.NLAY.AND.((J+I).GT.2)) FV=DZERO 
IF(CD(IR).NE.O.) FCR=(F/CD(IR))*(CC(IR)+FV) 

ENDIF 
IF(IC.GT.0) THEN 

FV=CV(IC) 
IF(K.EQ.NLAY.AND.(I.GT.1)) FV=DZERO 
IF(CD(IC).NE.O.) FCC=(H/CD(IC))*(CR(IC)+FV) 

ENDIF 
IF(IL.GT.0) THEN 

CDCR=(F**2)/CD(IR) 
CDCC=(H**2)/CD(IC) 
CDCV=(S**2)/CD(IL) 
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C 

IF(CD(IL).NE.O.) FCV=(S/CD(IL))*(CR(IL)+CC(IL)) 
ENDIF 

ENDIF 
IF(NORM.EQ.0) THEN 

B=DZERO 
H=DZERO 
D=DZERO 
F=DZERO 
Z=DZERO 
S=DZERO 
IF(I.NE.1) B=CC(IC) 
IF(I.NE.NROW) H=CC(N) 
IF(J.NE.1) D=CR(IR) 
IF(J.NE.NCOL) F=CR(N) 
IF(K.NE.1) Z=CV(IL) 
IF(K.NE.NLAY) S=CV(N) 
HHCOF=HCOF(N)-Z-B-D-F-H-S 

ENDIF 
IF(NORM.EQ.1) HHCOF=-DONE 
CD(N)=HHCOF-CDCR-CDCC-CDCV-RELAX*(FCR+FCC+FCV) 
IF(CD1.EQ.0..AND.CD(N).NE.0.) CD1=CD(N) 
IF(CD(N)*CD1.LT.0.) THEN 
WRITE(IOUT,510) 

510 FORMAT(//,' CHOLESKY DIAGONAL LESS THAN ZERO -- 
1 EXECUTION TERMINATED (MATRIX NOT DIAGONALLY DOMINANT)') 

STOP 
ENDIF 

ENDIF 

155 CONTINUE 
C 
C22 STEP THROUGH EACH CELL AND SOLVE FOR S OF THE CONJUGATE 
C22 GRADIENT ALGORITHM BY BACK SUBSTITUTION. STORE RESULT IN SS. 
C 

C 

C 

DO 160 KK=NLAY,1,-1 
DO 160 II=NROW,1,-1 
DO 160 JJ=NCOL,1,-1 

N=JJ+(II-1)*NCOL+(KK-1)*NRC 
IF(IBOUND(N).LE.0)GO TO 160 

NC=N+1 
NR=N+NCOL 
NL=N+NRC 

C 
C23 BACK SUBSTITUTE, STORING RESULT IN ARRAY SS 
C 

SSCR=DZERO 
SSCC=DZERO 
SSCV=DZERO 
IF(JJ.NE.NCOL) SSCR=CR(N)*SS(NC)/CD(N) 
IF(II.NE.NROW) SSCC=CC(N)*SS(NR)/CD(N) 
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IF(KK.NE.NLAY) SSCV=CV(N)*SS(NL)/CD(N) 
VN=V(N)/CD(N) 
SS(N)=VN-SSCR-SSCC-SSCV 

160 CONTINUE 
C 

C24 SKIP OVER OTHER PRECONDITIONING TYPES 
C 

GO TO 199 
165 CONTINUE 

C 

C25 POLYNOMIAL PRECONDITIONING 
C 

DO 170 N=1,NODES 
V(N)=RHS(N) 

170 CONTINUE 
CALL SPCGE(IBOUND,RHS,HCOF,CR,CC,CV,V,SS,C2,NORM,NCOL,NROW, 

1 NLAY,NODES) 
CALL SPCGE(IBOUND,RHS,HCOF,CR,CC,CV,SS,V,C1,NORM,NCOL,NROW, 

1 NLAY,NODES) 
CALL SPCGE(IBOUND,RHS,HCOF,CR,CC,CV,V,SS,CO,NORM,NCOL,NROW, 

1 NLAY,NODES) 
199 CONTINUE 

C 
C26 CALCULATE P OF THE CONJUGATE GRADIENT ALGORITHM 
C 

C 

SROLD=SRNEW 
SRNEW=DZERO 
DO 200 N=1,NODES 

IF(IBOUND(N).LE.0)GO TO 200 
SRNEW-SRNEW+SS(N)*RHS(N) 

200 CONTINUE 

IF(IITER.EQ.1) THEN 
DO 205 N=1,NODES 

205 P(N)=SS(N) 
ELSE 

DO 210 N=1,NODES 
210 P(N)=SS(N)+(SRNEW/SROLD)*P(N) 

ENDIF 
C 
C27 CALCULATE ALPHA OF THE CONJUGATE GRADIENT ROUTINE. 
C27 FOR THE DENOMINATOR OF ALPHA, MULTIPLY THE MATRIX A BY THE 
C27 VECTOR P, AND STORE IN V; THEN MULTIPLY P BY V. STORE IN PAP. 
C 

PAP=DZERO 
DO 290 K=1,NLAY 
DO 290 I=1,NROW 
DO 290 J=1,NCOL 

N=J+(I-1)*NCOL+(K-1)*NRC 
V(N)=0. 
IF(IBOUND(N).LE.0)GO TO 290 
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C 

C 

C 

C 

NRN=N+NCOL 
NRL=N-NCOL 
NCN=N+1 
NCL=N-1 
NLN=N+NRC 
NLL=N-NRC 

NCF=N 
NCD=NCL 
NRB=NRL 
NRH=N 
NLS=N 
NLZ=NLL 

B=DZERO 
IF(I.NE.1) B=CC(NRB) 
H=DZERO 
IF(I.NE.NROW)H=CC(NRH) 
D=DZERO 
IF(J.NE.1) D=CR(NCD) 
F=DZERO 
IF(J.NE.NCOL) F=CR(NCF) 
Z=DZERO 
IF(K.NE.1) Z=CV(NLZ) 
S=DZERO 
IF(K.NE.NLAY) S=CV(NLS) 

IF(NORM.EQ.0) PN=P(N) 
IF(NORM.EQ.1) PN=DZERO 
BHNEW=DZERO 
HHNEW=DZERO 
DHNEW=DZERO 
FHNEW=DZERO 
ZHNEW=DZERO 
SHNEW=DZERO 
IF(NRL.GT.0) BHNEW=B*(P(NRL)-PN) 
IF(NRN.LE.NODES) HHNEW=H*(P(NRN)-PN) 
IF(NCL.GT.0) DHNEW=D*(P(NCL)-PN) 
IF(NCN.LE.NODES) FHNEW=F*(P(NCN)-PN) 
IF(NLL.GT.0) ZHNEW=Z*(P(NLL)-PN) 
IF(NLN.LE.NODES) SHNEW=S*(P(NLN)-PN) 

C 

C28 CALCULATE THE PRODUCT OF MATRIX A AND VECTOR P AND STORE 
C28 RESULT IN V. 
C 

PN= HCOF(N) *P(N) 
IF(NORM.EQ.1) PN = -P(N) 
VN= ZHNEW+ BHNEW +DHNEW +PN +FHNEW +HHNEW +SHNEW 
V(N) =VN 
PAP = PAP +P(N) *VN 

290 CONTINUE 
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C 
C29 CALCULATE ALPHA 
C 

C 

ALPHA = SRNEW /PAP 

C30 CALCULATE NEW HEADS AND RESIDUALS, AND SAVE THE LARGEST 
C30 CHANGE IN HEAD AND THE LARGEST VALUE OF THE RESIDUAL. 
C 

C 

DO 300 K=1,NLAY 
DO 300 I=1,NROW 
DO 300 J=1,NCOL 

N=J+(I-1)*NCOL+(K-1)*NRC 
IF(IBOUND(N).LE.0) GO TO 300 

C 
C31 HEAD 
C 

HCHGN=ALPHA*P(N) 
IF(DABS(HCHGN).GT.ABS(BIGH)) THEN 

BIGH=HCHGN 
IH=I 
JH=J 
KH=K 
NH=N 

ENDIF 
HNEW(N)=HNEW(N)+HCHGN 

C 
C32 RESIDUAL (V IS THE PRODUCT OF MATRIX A AND VECTOR P) 
C 

RCHGN=-ALPHA*V(N) 
RHS(N)=RHS(N)+RCHGN 
IF(ABS(RHS(N)).GT.ABS(BIGR)) THEN 

BIGR=RHS(N) 
IR=I 
JR=J 
KR=K 
NR=N 

ENDIF 
300 CONTINUE 

C 
C33 UNSCALE LARGEST CHANGE IN HEAD AND LARGEST RESIDUAL, AND 
C33 CHECK THE CONVERGENCE CRITERION 
C 

IF(NORM.EQ.1) THEN 
BIGH = BIGH /SQRT(- HCOF(NH)) 
BIGR= BIGR *SQRT( -HCOF(NR)) 

ENDIF 
IF(MXITER.EQ.1) THEN 

IF( ABS (BIGH).LE.HCLOSE.AND.ABS(BIGR) 
ELSE 

IF(IITER.EQ.I.AND. 
1 ABS (BIGH).LE.HCLOSE.AND.ABS(BIGR) 
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ENDIF 
IF(ABS(BIGH).LE.HCLOSE.AND.ABS(BIGR).LE.RCLOSE) IICNVG=1 

C 
C34 STORE THE LARGEST UNSCALED HEAD CHANGE AND RESIDUAL VALUE 
C34 (THIS ITERATION) AND THEIR LOCATIONS. 
C 

II=NITER 
HCHG(II)=BIGH 
LHCH(1,II)=KH 
LHCH(2,II)=IH 
LHCH(3,II)=JH 

RCHG(II)=BIGR 
LRCH(1,II)=KR 
LRCH(2,II)=IR 
LRCH(3,II)=JR 

C 
C35 GO TO NEXT INTERNAL ITERATION IF CONVERGENCE HAS NOT BEEN 
C35 REACHED AND IITER IS LESS THAN ITER1 
C 

IF(MXITER.EQ.1) THEN 
IF(ICNVG.EQ.O.AND.IITER.LT.ITER1) GO TO 153 

ELSE 
IF(IICNVG.EQ.O.AND.IITER.LT.ITER1) GO TO 153 

ENDIF 
C 
C36 UNSCALE CR,CC,CV AND HNEW 
C 

IF(NORM.EQ.1) THEN 
DO 310 N=1,NODES 
IF(IBOUND(N).EQ.0) GO TO 310 
HHCOF=SQRT(-HCOF(N)) 
IF(N.LE.(NODES-NCOL).AND.CC(N).GT.0.) 

# CC(N)_CC(N)*(HHCOF*(SQRT(-HCOF(N+NCOL)))) 
IF(N.LE.(NODES-1).AND.CR(N).GT.0.) 

# CR(N)=CR(N)*(HHCOF*(SQRT(-HCOF(N+1)))) 
IF(N.LE.(NODES-NRC).AND.CV(N).GT.0.) 

# CV(N)-CV(N)*(HHCOF*(SQRT(-HCOF(N+NRC)))) 
HNEW(N)=HNEW(N)/HHCOF 

310 CONTINUE 
ENDIF 

C 
C37 IF. END OF TIME STEP, PRINT # OF ITERATIONS THIS STEP 
C 

IF(ICNVG.EQ.0 .AND. KITER.NE.MXITER) GO TO 600 
IF(MUTPCG.GT.1) GO TO 590 
IF(KSTP.EQ.1) WRITE(IOUT,500) 

500 FORMAT( /) 
WRITE(IOUT,501) KITER,KSTP,KPER,NITER 

501 FORMAT(1X,I5,' CALLS TO PCG ROUTINE FOR TIME STEP',I4, 
1' IN STRESS PERIOD',I3, /1X,I5,' TOTAL ITERATIONS') 
IF(MUTPCG.EQ.1) GO TO 590 
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C 

C38 PRINT HEAD CHANGE EACH ITERATION IF PRINTOUT INTERVAL IS REACHED 
C 

IF(ICNVG.EQ.O .OR. KSTP.EQ.NSTP .OR. MOD(KSTP,IPRPCG).EQ.0) 
1 CALL SPCGP( HCHG, LHCH, RCHG ,LRCH,IITER,KITER,KSTP,KPER, 
2 ITER1, NITER,MXITER,IOUT,NPCOND,BPOLY) 

590 NITER =O 
C 
C39 RETURN 
C 

600 RETURN 
END 
SUBROUTINE SPCGP( HCHG, LHCH, RCHG, LRCH ,IITER,KITER,KSTP,KPER,ITER1, 

1 NITER,MXITER,IOUT,NPCOND,BPOLY) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* PRINT MAXIMUM HEAD CHANGE AND RESIDUAL VALUE FOR EACH ITERATION * 
* DURING A TIME STEP * 

* VERSION 0001 01MAY1988 SPCG2P 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DIMENSION HCHG(MXITER *ITER1), LHCH(3,MXITER *ITER1) 
DIMENSION RCHG(MXITER *ITER1), LRCH(3,MXITER *ITER1) 

C 

************************************************************************ 
C 

IF(NPCOND.EQ.2) WRITE(IOUT,2) BPOLY 
2 FORMAT( /,'B OF THE POLYNOMIAL PRECONDITIONING METHOD: ',E12.4) 

WRITE(IOUT,5) 
5 FORMAT( /,'MAXIMUM HEAD CHANGE FOR EACH ITERATION:'! 
1 /,4(' HEAD CHANGE LAYER,ROW,COL') /1X,120(' -')) 
WRITE (IOUT,10) ( HCHG( J),(LHCH(I,J),I= 1,3),J= 1,NITER) 
WRITE(IOUT,11) 
WRITE(IOUT,15) 

15 FORMAT( /,'MAXIMUM RESIDUAL FOR EACH ITERATION:'! 
1 /,4(' RESIDUAL LAYER,ROW,COL') /1X,120(' -')) 
WRITE (IOUT,10) (RCHG(J ),(LRCH(I,J),I= 1,3),J= 1,NITER) 
WRITE(IOUT,11) 

C 
RETURN 

C 
10 FORMAT((1X,4(4X,G12.4,' (',I3,',',I3,',',I3,')'))) 
11 FORMAT( /) 

C 

END 
SUBROUTINE SPCGE(IBOUND,RHS,HCOF,CR,CC,CV,VIN,VOUT,C,NORM,NCOL, 

1 NROW,NLAY,NODES) 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* MATRIX MULTIPLICATIONS FOR POLYNOMIAL PRECONDITIONING * 
* * 
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* VERSION 0001 01MAY1989 SPCG2E 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

DOUBLE PRECISION VN, CRHS, Z, B, D,F,H,S,ZV,BV,DV,FV,HV,SV,DZERO 
DIMENSION IBOUND( NODES) ,CR(NODES),CC(NODES),CV(NODES), 

1 RHS(NODES), VIN (NODES),VOUT(NODES),HCOF(NODES) 
C 
************************************************************************ 
C 

DZER0=0. 
NRC=NROW*NCOL 
DO 290 K=1,NLAY 

'DO 290 I=1,NROW 
DO 290 J=1,NCOL 

N=J+(I-1)*NCOL+(K-1)*NRC 
VOUT(N)=0. 
IF(IBOUND(N).LE.0)GO TO 290 

NRN=N+NCOL 
NRL=N-NCOL 
NCN=N+1 
NCL=N-1 
NLN=N+NRC 
NLL=N-NRC 

NCF=N 
NCD=NCL 
NRB=NRL 
NRH=N 
NLS=N 
NLZ=NLL 

B=DZERO 
BV=DZERO 
IF(I.NE.1.AND.IBOUND(NRL).GE.0) THEN 
B=CC(NRB) 
BV=B*VIN(NRL) 

ENDIF 
H=DZERO 
HV=DZERO 
IF(I.NE.NROW.AND.IBOUND(NRN).GE.0) THEN 

H=CC(NRH) 
HV=H*VIN(NRN) 

ENDIF 
D=DZERO 
DV=DZERO 
IF(J.NE.1.AND.IBOUND(NCL).GE.0) THEN 

D=CR(NCD) 
DV=D*VIN(NCL) 
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ENDIF 
F=DZERO 
FV=DZERO 
IF(J.NE.NCOL.AND.IBOUND(NCN).GE.0) THEN 
F=CR(NCF) 
FV=F*VIN(NCN) 

ENDIF 
Z=DZERO 
ZV=DZERO 
IF(K.NE.I.AND.IBOUND(NLL).GE.0) THEN 

Z=CV(NLZ) 
ZV=Z*VIN(NLL) 

ENDIF 
S=DZERO 
SV=DZERO 
IF(K.NE.NLAY.AND.IBOUND(NLN).GE.0) THEN 

S=CV(NLS) 
SV=S*VIN(NLN) 

ENDIF 
C 

C1 CALCULATE THE PRODUCT OF MATRIX A AND VECTOR VIN AND STORE 
Cl RESULT IN VOUT 
C 

VN= HCOF(N) *VIN(N) 
IF(NORM.EQ.1) VN =- VIN(N) 
CRHS= C *RHS(N) 
VOUT (N)= CRHS +ZV +BV +DV +VN +FV +HV +SV 

290 CONTINUE 
RETURN 
END 
SUBROUTINE UBUDSV(KSTP,KPER, TEXT, IBDCHN ,BUFF,NCOL,NROW,NLAY,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* RECORD CELL -BY -CELL FLOW TERMS FOR ONE COMPONENT OF FLOW. * 
* VERSION 1305 28DEC1983 UBUDSV * 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
DIMENSION BUFF(NCOL,NROW,NLAY) 

CHARACTER *4 TEXT(4) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl WRITE AN UNFORMATTED RECORD CONTAINING IDENTIFYING 
Cl INFORMATION. 
C 

C 

WRITE(IOUT,1) TEXT, IBDCHN,KSTP,KPER 
1 FORMAT(1X, " ",4A4, "' BUDGET VALUES WILL BE SAVED ON UNIT',I3, 
1 ' AT END OF TIME STEP',I3,', STRESS PERIOD',I3) 

WRITE(IBDCHN) KSTP,KPER,TEXT,NCOL,NROW,NLAY 
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C 
C2 WRITE AN UNFORMATTED RECORD CONTAINING VALUES FOR 
C2 EACH CELL IN THE GRID. THE ARRAY IS DIMENSIONED 
C2 (NCOL,NROW,NLAY) 
C 

WRITE(IBDCHN) BUFF 
C 
C3 RETURN 
C 

RETURN 
END 
SUBROUTINE UCOLNO(NLBL1,NLBL2,NSPACE,NCPL,NDIG,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* OUTPUT COLUMN NUMBERS ABOVE A MATRIX PRINTOUT * 
* NLBL1 IS THE START COLUMN LABEL (NUMBER) * 
* NLBL2 IS THE STOP COLUMN LABEL (NUMBER) * 
* NSPACE IS NUMBER OF BLANK SPACES TO LEAVE AT START OF LINE * 
* NCPL IS NUMBER OF COLUMN NUMBERS PER LINE * 
* NDIG IS NUMBER OF CHARACTERS IN EACH COLUMN FIELD * 
* IOUT IS OUTPUT CHANNEL 
* VERSION 1446 20APR1983 UCOLNO 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
CHARACTER *4 BF(130),DG(10),DOT,SPACE 

DATA DG( 1), DG( 2), DG( 3), DG( 4), DG( 5), DG(6),DG(7),DG(8),DG(9),DG(10)/ 
1 '0 ','1 ','2 ','3 ','4 ','5 ','6 ', 

2 
77 7,78 7,79 

'/ 
DATA DOT, SPACE /'. ',' '/ 

C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl CALCULATE # OF COLUMNS TO BE PRINTED (NLBL), WIDTH 
Cl OF A LINE (NTOT), NUMBER OF LINES (NWRAP). 
C 

WRITE(IOUT,1) 
1 FORMAT(1X) 
NLBL=NLBL2-NLBL1+1 
N=NLBL 
IF(NLBL.GT.NCPL) N=NCPL 
NTOT=NSPACE+N*NDIG 
IF(NTOT.GT.130) GO TO 50 
NWRAP=(NLBL-1)/NCPL + 1 

J1=NLBL1-NCPL 
J2=NLBL1-1 

C 
C2 BUILD AND PRINT EACH LINE 
C 

DO 40 N=1,NWRAP 
C 
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C3 CLEAR THE BUFFER (BF). 
C 

DO 20 I=1,130 
BF(I)=SPACE 

20 CONTINUE 
NBF=NSPACE 

C 
C4 DETERMINE FIRST (J1) AND LAST (J2) COLUMN # FOR THIS LINE. 
C 

J1=J1+NCPL 
J2=J2+NCPL 
IF(J2.GT.NLBL2) J2=NLBL2 

C 
C5 LOAD THE COLUMN #'S INTO THE BUFFER. 
C 

DO 30 J=J1,J2 
NBF=NBF+NDIG 
I2=J/10 
I1=J-I2*10+1 
BF(NBF)=DG(I1) 
IF(I2.EQ.0) GO TO 30 
I3=I2/10 
I2=I2-I3*10+1 
BF(NBF-1)=DG(I2) 
IF(I3.EQ.0) GO TO 30 
BF(NBF-2)=DG(I3+1) 

30 CONTINUE 
C 
C6 PRINT THE CONTENTS OF THE BUFFER (I.E. PRINT THE LINE). 
C 

WRITE(IOUT,31) (BF(I),I=1,NBF) 
31 FORMAT(1X,130A1) 

C 
40 CONTINUE 

C 

C7 PRINT A LINE OF DOTS (FOR ESTHETIC PURPOSES ONLY). 
C 

50 NTOT=NTOT+5 
IF(NTOT.GT.130) NTOT=130 
WRITE(IOUT,51) (DOT,I=1,NTOT) 

51 FORMAT(1X,130A1) 
C 
C8 RETURN 
C 

RETURN 
END 
SUBROUTINE ULAPRS(BUF, TEXT, KSTP ,KPER,NCOL,NROW,ILAY,IPRN,IOUT) 

* PRINT A 1 LAYER ARRAY IN STRIPS 
* VERSION 1448 20APR1983 ULAPRS * 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 
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************************************************************************ 
C 

C 

DIMENSION BUF(NCOL,NROW) 

CHARACTER *4 TEXT(4) 
C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl MAKE SURE THE FORMAT CODE (IP OR IPRN) IS BETWEEN 1 

Cl AND 12. 
C 

IP=IPRN 
IF(IP.LT.1 .OR. IP.GT.12) IP=12 

C 
C2 DETERMINE THE NUMBER OF VALUES (NCAP) PRINTED ON ONE LINE. 
C 

IF(IP.EQ.1) NCAP=11 
IF(IP.EQ.2) NCAP=9 
IF(IP.GT.2 .AND. IP.LT.7) NCAP=15 
IF(IP.GT.6 .AND. IP.LT.12) NCAP=20 
IF(IP.EQ.12) NCAP=10 

C 
C3 CALCULATE THE NUMBER OF STRIPS (NSTRIP). 
C 

NCPF=129/NCAP 
ISP=0 
IF(NCAP.GT.12) ISP=3 
NSTRIP=(NCOL-1)/NCAP + 1 

J1=1-NCAP 
J2=0 

C 
C4 LOOP THROUGH THE STRIPS. 
C 

DO 2000 N=1,NSTRIP 
C 
C5 CALCULATE THE FIRST(J1) & THE LAST(J2) COLUMNS FOR THIS STRIP 
C 

J1=J1+NCAP 
J2=J2+NCAP 
IF(J2.GT.NCOL) J2=NCOL 

C 
C6 PRINT TITLE ON EACH STRIP 
C 

WRITE(IOUT,1) TEXT,ILAY,KSTP,KPER 
1 FORMAT( ///,10X,4A4,' IN LAYER',I3,' AT END OF TIME STEP',I3, 
1 ' IN STRESS PERIOD',I3 /11X,71(' -')) 

C 
C7 PRINT COLUMN NUMBERS ABOVE THE STRIP 
C 

CALL UCOLNO (J1,J2,ISP,NCAP,NCPF,IOUT) 
C 
C8 LOOP THROUGH THE ROWS PRINTING COLS Ji THRU J2 WITH FORMAT IP 
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C 

C 

C 
C 

C 
C 
C 

C 
C 

C 

C 
C 

C 

C 
C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

C 

C 

DO 1000 I=1,NROW 
GO T0(10,20,30,40,50,60,70,80,90,100,110,120), IP 

FORMAT 10G10.3 

10 WRITE(IOUT,11) I,(BUF(J,I),J=J1,J2) 
11 FORMAT(/,I3,2X,1PG10.3,10(1X,G10.3)) 

GO TO 1000 

FORMAT 8G13.6 

20 WRITE(IOUT,21) I,(BUF(J,I),J=J1,J2) 
21 FORMAT(/,I3,2X,1PG13.6,8(1X,G13.6)) 

GO TO 1000 

FORMAT 15F7.1 

30 WRITE(IOUT,31) I,(BUF(J,I),J=J1,J2) 
31 FORMAT(/,I3,1X,15(1X,F7.1)) 

GO TO 1000 

FORMAT 15F7.2 

40 WRITE(IOUT,41) I,(BUF(J,I),J=J1,J2) 
41 FORMAT(/,I3,1X,15(1X,F7.2)) 

GO TO 1000 

FORMAT 15F7.3 

50 WRITE(IOUT,51) I,(BUF(J,I),J=J1,J2) 
51 FORMAT(/,I3,1X,15(1X,F7.3)) 

GO TO 1000 

FORMAT 15F7.4 

60 WRITE(IOUT,61) I,(BUF(J,I),J=J1,J2) 
61 FORMAT(/,I3,1X,15(1X,F7.4)) 

GO TO 1000 

FORMAT 20F5.0 

70 WRITE(IOUT,71) I,(BUF(J,I),J=J1,J2) 
71 FORMAT(/,I3,1X,20(1X,F5.0)) 

GO TO 1000 

FORMAT 20F5.1 

80 WRITE(IOUT,81) I,(BUF(J,I),J=J1,J2) 
81 FORMAT(/,I3,1X,20(1X,F5.1)) 

GO TO 1000 
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C FORMAT 20F5.2 
C 

90 WRITE(IOUT,91) I,(BUF(J,I),J=J1,J2) 
91 FORMAT(/,I3,1X,20(1X,F5.2)) 

GO TO 1000 
C 
C FORMAT 20F5.3 
C 

100 WRITE(IOUT,101) I,(BUF(J,I),J=J1,J2) 
101 FORMAT(/,I3,1X,20(1X,F5.3)) 

GO TO 1000 
C 
C FORMAT 20F5.4 
C 

110 WRITE(IOUT,111) I,(BUF(J,I),J=J1,J2) 
111 FORMAT(/,I3,1X,20(1X,F5.4)) 

GO TO 1000 
C 
C FORMAT 9G11.4 
C 

120 WRITE(IOUT,121) I,(BUF(J,I),J= J1,J2) 
121 FORMAT ( /,I3,2X,1PG11.4,9(1X,G11.4)) 

C 
1000 CONTINUE 
2000 CONTINUE 

C 
C9 RETURN 
C 

RETURN 
END 
SUBROUTINE ULAPRW(BUF, TEXT, KSTP ,KPER,NCOL,NROW,ILAY,IPRN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* PRINT 1 LAYER ARRAY * 

* VERSION 1245 04MAY1983 ULAPRW * 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

C 

C 
DIMENSION BUF(NCOL,NROW) 

CHARACTER *4 TEXT(4) 
C 

************************************************************************ 
C 
Cl PRINT A HEADER 
C 

IF(ILAY.LE.0) GO TO 5 
WRITE(IOUT,1) TEXT,ILAY,KSTP,KPER 

1 FORMAT( ///,10X,4A4,' IN LAYER',I3,' AT END OF TIME STEP',I3, 
1 ' IN STRESS PERIOD',I3 /11X,71(' -')) 

C 
C2 MAKE SURE THE FORMAT CODE (IP OR IPRN) IS 
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C2 BETWEEN 1 AND 12. 
C 

5 IP=IPRN 
IF(IP.LT.1 .OR. IP.GT.12) IP=12 

C 
C3 CALL THE UTILITY MODULE UCOLNO TO PRINT COLUMN NUMBERS. 
C 

IF(IP.EQ.1) CALL UCOLNO(1,NCOL,0,11,11,IOUT) 
IF(IP.EQ.2) CALL UCOLNO(1,NCOL,0,9,14,IOUT) 
IF(IP.GT.2 .AND. IP.LT.7) CALL UCOLNO(1,NCOL,3,15,8,IOUT) 
IF(IP.GT.6 .AND. IP.LT.12) CALL UCOLNO(1,NCOL,3,20,6,IOUT) 
IF(IP.EQ.12) CALL UCOLNO(1,NCOL,0,10,12,IOUT) 

C 
C4 LOOP THROUGH THE ROWS PRINTING EACH ONE IN ITS ENTIRETY. 
C 

DO 1000 I=1,NROW 
GO T0(10,20,30,40,50,60,70,80,90,100,110,120), IP 

C 
C FORMAT 11G10.3 
C 

C 
C 
C 

C 

C 
C 

C 
C 
C 

C 

C 
C 

C 
C 
C 

10 WRITE(IOUT,11) I,(BUF(J,I),J=1,NCOL) 
11 FORMAT(/,I3,2X,1PG10.3,10(1X,G10.3)/(5X,11(1X,G10.3))) 

GO TO 1000 

FORMAT 9G13.6 

20 WRITE(IOUT,21) I,(BUF(J,I),J=1,NCOL) 
21 FORMAT(/,I3,2X,1PG13.6,8(1X,G13.6)/(5X,9(1X,G13.6))) 

GO TO 1000 

FORMAT 15F7.1 

30 WRITE(IOUT,31) I,(BUF(J,I),J=1,NCOL) 
31 FORMAT(/,I3,1X,15(1X,F7.1)/(5X,15(1X,F7.1))) 

GO TO 1000 

FORMAT 15F7.2 

40 WRITE(IOUT,41) I,(BUF(J,I),J=1,NCOL) 
41 FORMAT(/,I3,1X,15(1X,F7.2)/(5X,15(1X,F7.2))) 

GO TO 1000 

FORMAT 15F7.3 

50 WRITE(IOUT,51) I,(BUF(J,I),J=1,NCOL) 
51 FORMAT(/,I3,1X,15(1X,F7.3)/(5X,15(1X,F7.3))) 

GO TO 1000 

FORMAT 15F7.4 

60 WRITE(IOUT,61) I,(BUF(J,I),J= 1,NCOL) 
61 FORMAT(/, I3, 1X ,15(1X,F7.4)/(5X,15(1X,F7.4))) 
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C 
DIMENSION BUF(NCOL,NROW) 

CHARACTER *4 TEXT(4) 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl WRITE AN UNFORMATTED RECORD CONTAINING IDENTIFYING 
Cl INFORMATION. 
C 

WRITE(ICHN) KSTP, KPER, PERTIM ,TOTIM,TEXT,NCOL,NROW,ILAY 
C 
C2 WRITE AN UNFORMATTED RECORD CONTAINING ARRAY VALUES 
C2 THE ARRAY IS DIMENSIONED (NCOL,NROW) 
C 

WRITE(ICHN) ((BUF(IC,IR),IC=1,NCOL),IR=1,NROW) 
C 
C3 RETURN 
C 

RETURN 
END 
SUBROUTINE UIDREL(A,ANAME,JJ,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ROUTINE TO INPUT 1 -D REAL DATA MATRICES * 
* A IS ARRAY TO INPUT 
* ANAME IS 24 CHARACTER DESCRIPTION OF A * 
* JJ IS NO. OF ELEMENTS 
* IN IS INPUT UNIT 
* IOUT IS OUTPUT UNIT * 
C VERSION 1436 20MAY1983 UIDREL * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
DIMENSION A(JJ) 

CHARACTER ANAME(6) *4,FMTIN *20 
C 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

Cl READ ARRAY CONTROL RECORD. 
C 

READ (IN,1) LOCAT,CNSTNT,FMTIN,IPRN 
C 

1 FORMAT(I10,F10.0,A20,I10) 
C 
C2 USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM. 
C 

IF(LOCAT.GT.0) GO TO 90 

C3 IF LOCAT =O THEN SET ALL ARRAY VALUEEQUAL TO CNSTNT. RETURN 
C 

DO 80 J=1,JJ 
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80 A(J)= CNSTNT 
WRITE(I0UT,3) ANAME,CNSTNT 

3 FORMAT( //,6A4,' = ',G15.7/) 
RETURN 

C 
C4 IF LOCAT >0 THEN READ FORMATTED RECORDS USING FORMAT FMTIN. 
C 

90 CALL OPSTAT(1,ANAME,LOCAT) 
WRITE(IOUT,5) ANAME,LOCAT,FMTIN 

C 
5 FORMAT( //,6A4,' WILL BE READ ON UNIT',I3, 
1 ' USING FORMAT: ',A20 /) 

C 
READ (LOCAT,FMTIN) (A(J),J =1,JJ) 

C 

C5 IF CNSTNT NOT ZERO THEN MULTIPLY ARRAY VALUES BY CNSTNT. 
C 

IF(CNSTNT.EQ.O.) GO TO 120 
DO 100 J=1,JJ 

100 A(J)=A(J)*CNSTNT 
G 
C6 IF PRINT CODE (IPRN) = >0 THEN PRINT ARRAY VALUES. 
C 
120 IF(IPRN.LT.0) RETURN 

WRITE(I0UT,1001) (A(J),J =1,JJ) 
1001 FORMAT ((1X,1PG12.5,9(1X,G12.5))) 

C 
RETURN 
END 
SUBROUTINE U2DINT (IA,ANAME,II,JJ,K,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ROUTINE TO INPUT 2 -D INTEGER DATA MATRICES * 

* IA IS ARRAY TO INPUT * 

* ANAME IS 24 CHARACTER DESCRIPTION OF IA * 

* II IS NO. OF ROWS * 

* JJ IS NO. OF COLS * 

* K IS LAYER NO. (USED WITH NAME TO TITLE PRINTOUT UNLESS K IS 0)* 
* IN IS INPUT UNIT * 

* IOUT IS OUTPUT UNIT * 

* MODFLOW MODIFICATION 7/15/90 * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 
DIMENSION IA(JJ,II) 

CHARACTER ANAME(6) *4,FMTIN *20 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ ARRAY CONTROL RECORD. 
C 
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READ (IN,1) LOCAT,ICONST,FMTIN,IPRN 
1 FORMAT(I10,I10,A20,I10) 

C 
C2 USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM. 
C 

IF(LDCAT) 200,50,90 
C 
C3 IF LOCAT =0 THEN SET ALL ARRAY VALUES EQUAL TO ICONST. RETURN 
C 

50 DO 80 I=1,II 
DO 80 J=1,JJ 

80 IA(J,I)=ICONST 
IF(K.GT.0) WRITE(IOUT,2) ANAME,ICONST,K 

2 FORMAT(//,6A4,' =',I15,' FOR LAYER',I3/) 
IF(K.LE.0) WRITE(IDUT,3) ANAME,ICONST 

3 FORMAT(//,6A4,' =',I15/) 
RETURN 

C 
C4 IF LOCAT>0 THEN READ FORMATTED RECORDS USING FORMAT FMTIN. 
C 

90 CALL OPSTAT(1,ANAME,LOCAT) 
IF(K.GT.0) WRITE(IOUT,4) ANAME,K,LOCAT,FMTIN 

4 FORMAT( //,6A4,' FOR LAYER',I3,' WILL BE READ ON UNIT', 
1 I3,' USING FORMAT: ',A20 /) 
IF(K.LE.0) WRITE(IOUT,5) ANAME,LOCAT,FMTIN 

5 FORMAT( //,6A4,' WILL BE READ ON UNIT', 
1 I3,' USING FORMAT: ',A20 /) 
DO 100 I =1,II 
READ (LOCAT,FMTIN) (IA(J,I),J =1,JJ) 

100 CONTINUE 
GO TO 300 

C 
C5 LOCAT<0 THEN READ UNFORMATTED RECORD CONTAINING ARRAY VALUES 
C 

200 CALL OPSTAT(1,ANAME,LOCAT) 
LOCAT = -LOCAT 
IF(K.GT.0) WRITE(IOUT,201) ANAME,K,LOCAT 

201 FORMAT( //,6A4,', LAYER',I3, 
1 ' WILL BE READ UNFORMATTED ON UNIT',I3 /) 
IF(K.LE.0) WRITE(IOUT,202) ANAME,LOCAT 

202 FORMAT( //,6A4, 
1 ' WILL BE READ UNFORMATTED ON UNIT',I3 /) 

C 
C5A READ AN UNFORMATTED DUMMY RECORD FIRST. 
C 

READ(LOCAT) 
READ(LOCAT) IA 

C 
C6 IF ICONST NOT ZERO THEN MULTIPLY ARRAY VALUES BY ICONST. 
C 

300 IF(ICONST.EQ.0) GO TO 320 
DO 310 I=1,II 
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DO 310 J=1,JJ 
IA(J,I)=IA(J,I)*ICONST 

310 CONTINUE 
C 
C7 IF PRINT CODE (IPRN) = >0 THEN PRINT ARRAY VALUES. 
C 

320 IF(IPRN.LT.0) RETURN 
IF(IPRN.GT.5) IPRN=0 
IPRN=IPRN+1 

C 
C8 PRINT COLUMN NUMBERS AT TOP OF PAGE. 
C 

IF(IPRN.EQ.1) CALL UCOLNO(1,JJ,0,10,12,IOUT). 
NL= 125 /IPRN /5 *5 
IF(IPRN.GT.1) CALL UCOLNO(1,JJ,4,NL,IPRN,IOUT) 

C 
C9 PRINT EACH ROW IN THE ARRAY. 
C 

DO 110 I=1,II 
C 
C10 SELECT THE FORMAT 
C 

GO TO(101,102,103,104,105,106), IPRN 
C 
C FORMAT 10I11 
C 

101 WRITE(IOUT,1001) I,(IA(J,I),J=1,JJ) 
1001 FORMAT(/,I3,2X,I11,9(1X,I11)/(5X,10(1X,I11))) 

GO TO 110 
C 
C FORMAT 60I1 
C 

C 
C 
C 

102 WRITE(IOUT,1002) I,(IA(J,I),J=1,JJ) 
1002 FORMAT(/,I3,1X,60(1X,I1)/(5X,60(1X,I1))) 

GO TO 110 

FORMAT 40I2 

103 WRITE(IOUT,1003) I,(IA(J,I),J=1,JJ) 
1003 FORMAT(/,I3,1X,40(1X,I2)/(5X,40(1X,I2))) 

GO TO 110 
C 
C FORMAT 30I3 
C 

104 WRITE(IOUT,1004) I,(IA(J,I),J=1,JJ) 
1004 FORMAT(/,I3,1X,30(1X,I3)/(5X,30(1X,I3))) 

GO TO 110 
C 
C FORMAT 25I4 
C 

105 WRITE(IOUT,1005) I,(IA(J,I),J=1,JJ) 
1005 FORMAT(/,I3,1X,25(1X,I4)/(5X,25(1X,I4))) 
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GO TO 110 
C 

C FORMAT 20I5 
C 

106 WRITE(IOUT,1006) I,(IA(J,I),J =1,JJ) 
1006 FORMAT(/, I3,1X,20(1X,I5)/(5X,20(1X,I5))) 
110 CONTINUE 

C 
C11 RETURN 
C 

RETURN 
END 
SUBROUTINE U2DREL(A,ANAME,II,JJ,K,IN,IOUT) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* ROUTINE TO INPUT 2 -D REAL DATA MATRICES * 

* A IS ARRAY TO INPUT * 

* ANAME IS 24 CHARACTER DESCRIPTION OF A * 

* II IS NO. OF ROWS * 

* JJ IS NO. OF COLS * 

* K IS LAYER NO. (USED WITH NAME TO TITLE PRINTOUT UNLESS K IS 0)* 
* IN IS INPUT UNIT * 

* IOUT IS OUTPUT UNIT * 

* MODFLOW MODIFICATION 7/15/90 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS: 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

C 

DIMENSION A(JJ,II) 

CHARACTER ANAME(6) *4,FMTIN *20 
C 
***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 
Cl READ ARRAY CONTROL RECORD. 
C 

READ (IN,1) LOCAT,CNSTNT,FMTIN,IPRN 
1 FORMAT(I10,F10.0,A20,I10) 

C 

C2 USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM. 
C 

IF(LOCAT) 200,50,90 
C 

C3 IF LOCAT =0 THEN SET ALL ARRAY VALUES EQUAL TO CNSTNT. RETURN 
C 

50 DO 80 I =1,II 
DO 80 J =1,JJ 

80 A(J,I)= CNSTNT 
IF(K.GT.0) WRITE(IOUT,2) ANAME,CNSTNT,K 

2 FORMAT( //,6A4,' = ',G15.7,' FOR LAYER',I3 /) 
IF(K.LE.0) WRITE(IOUT,3) ANAME,CNSTNT 

3 FORMAT( //,6A4,' =',G15.7/) 
RETURN 
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C 
C4 IF LOCAT>0 THEN READ FORMATTED RECORDS USING FORMAT FMTIN. 
C 

90 CALL OPSTAT(1,ANAME,LOCAT) 
IF(K.GT.0) WRITE(IOUT,4) ANAME,K,LOCAT,FMTIN 

4 FORMAT( //,6A4,' FOR LAYER',I3,' WILL BE READ ON UNIT', 
1 I3,' USING FORMAT: ',A20 /) 
IF(K.LE.0) WRITE(IOUT,5) ANAME,LOCAT,FMTIN 

5 FORMAT( //,6A4,' WILL BE READ ON UNIT', 
1 I3,' USING FORMAT: ',A20 /) 
DO 100 I =1,II 
READ (LOCAT,FMTIN) (A(J,I),J =1,JJ) 

100 CONTINUE 
GO TO 300 

C 
C5 LOCAT<0 THEN READ UNFORMATTED RECORD CONTAINING ARRAY VALUES 
C 

200 CALL OPSTAT(1,ANAME,LOCAT) 
LOCAT = -LOCAT 
IF(K.GT.0) WRITE(IOUT,201) ANAME,K,LOCAT 

201 FORMAT( //,6A4,', LAYER',I3, 
1 ' WILL BE READ UNFORMATTED ON UNIT',I3 /) 
IF(K.LE.0) WRITE(IOUT,202) ANAME,LOCAT 

202 FORMAT( //,6A4, 
1 ' WILL BE READ UNFORMATTED ON UNIT',I3 /) 

C 
C5A READ AN UNFORMATTED DUMMY RECORD FIRST. 
C 

READ(LOCAT) 
READ(LOCAT) A 

C 
C6 IF CNSTNT NOT ZERO THEN MULTIPLY ARRAY VALUES BY CNSTNT. 
C 
300 IF(CNSTNT.EQ.0.) GO TO 320 

DO 310 I=1,II 
DO 310 J=1,JJ 
A(J,I)=A(J,I)*CNSTNT 

310 CONTINUE 
C 
C7 IF PRINT CODE (IPRN) = >0 THEN PRINT ARRAY VALUES. 
C 

320 IF(IPRN.LT.0) RETURN 
CALL ULAPRW (A,ANAME,0,O,JJ,II,O,IPRN,IOUT) 
RETURN 

C 
C8 RETURN 
C 

END 
SUBROUTINE CLS 

*********************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* THIS SUBROUTINE CLEARS THE SCREEN * 
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C 

CHARACTER*1 C1,C2,C3,C4 
C 

C1=CHAR(27) 
C2='[' 
C3='2' 
C4='J' 

C 

WRITE(*,1000) Cl,C2,C3,C4 
1000 FORMAT(1X,4A1) 

C 
RETURN 
END 
SUBROUTINE OPSTAT(ITSK,ANAME,IN) 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* THIS SUBROUTINE CHECKS OPEN STATUS OF A FILE * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
* SPECIFICATIONS * 

***************************************** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
C 

CHARACTER *4 ANAME(6) 
CHARACTER *30 FNAME 
LOGICAL L 

C 

************************************************************************ 
C 

GO TO (10),ITSK 
10 IF(IN.GT.0) THEN 

INQUIRE(UNIT=IN,OPENED=L) 
IF(.NOT.L) THEN 
WRITE( *,2000) ANAME,IN 

2000 FORMAT(6A4,' ON UNIT',I3,T40,'ASSIGN TO FORMATTED FILE: ', \) 
READ( *,1000) FNAME 

1000 FORMAT(A30) 
OPEN( IN,FILE= FNAME,STATUS ='UNKNOWN') 

ELSE 
WRITE( *,2010) ANAME,IN 

2010 FORMAT(6A4,' ON UNIT',I3) 
ENDIF 

ELSEIF(IN.LT.0) THEN 
INN = -IN 
INQUIRE(UNIT =INN, OPENED =L) 
IF(.NOT.L) THEN 
WRITE( *,2020) ANAME,INN 

2020 FORMAT(6A4,' ON UNIT',I3,T40,'ASSIGN TO UNFORMATTED FILE: ', \) 
READ( *,1000) FNAME 
OPEN( INN, FILE= FNAME, STATUS= 'UNKNOWN',FORM ='UNFORMATTED') 

ELSE 
WRITE( *,2010) ANAME,INN 

ENDIF 
ELSE 

WRITE( *,2030) ANAME 
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C 

2030 FORMAT(6A4,'ASSIGNED ZERO UNIT * ** ERROR * * *') 
STOP 

ENDIF 

RETURN 
END 
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