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ABSTRAa

Recent advances in aquifer mechanics have shown that the hydrodynamic 

processes associated with land subsidence and earth Assuring due to fluid withdrawal in 

unconsolidated aquifers are three dimensiontd in scope. Previous mathematical and 

numerical models that use hydraulic head or volume strain as the principal unknown 

variable have traditionally been one dimensional with respect to changes in storage and 

strain because they assume no horizontal strain. These one-dimensional models can 

accurately simulate the total vertical compaction of interbeds in a confined aquifer, but 

they have no way of predicting horizontal changes in strain or granular movement,,and 

hence can not estimate where damaging fissures may occur over time. This report 

describes a new three-dimensional firute-difference numerical model that has been 

developed and integrated into the U.S. Geological Survey's modular ground-water flow 

model. The displacement field of solids is the principal urrknown variable within the new 

model. Because the displacement field of solids is a vector quantity, granular 

displacement resulting from imposed stresses on an imconsolidated aquifer can be 

simulated in three dimensions. The new model is not limited to confined or 

homogeneous aquifers, but can be readily applied to unconfined and heterogeneous / 

aquifers with complex boundaries. /

The three-dimensidnal governing equation is decoupled and each componerU 

direction is solved for, first independently, then corporately with the other principal 

directions. Each of the three decoupled equations is expressed numerically using a 

Crank-Nicolson scheme. Solution of the set of equations is accomplished with a dual­

loop successive overrelaxation technique, while taking advantage of Chebyshev 

acceleration. Simulation of horizontal displacements compare accurately with analytic 

solutions for a homogeneous, isotropic confined aquifer. Simulation of vertical 

displacements of fine-grained interbeds within a confined aquifer compare favorably 

with results obtained using the one-dimensional interbed storage model. The inclusion of 

an overlying horizontal barrier to vertical flow results iii aQ increase in calculated
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subsidence along the edges of the barrier and a decrease in subsiderwre directly above the 

pumped welL A vertical barrier to horizontal flowr tends to increase subsidence above the 

pumped well. The horizontal location of the wellbore tends to be drawn toward the 

barrier resulting in compressional strain between the barrier and the pumped well. 

Displacement is significant on the side of the barrier opposite the pumped well.

'Wv:;:-;:--:;:

/

iv 

subsidence along the edges of the barrier and a decrease in subsidence directly above the 

pumped well A vertical barrier to horizontal flow tends to increase subsidence above the 

pumped well. The horizontal location of the wellbore tends to be drawn toward the 

barrier resulting in compressional strain between the barrier and the pumped well. 

Displacement is significant on the side of the barrier opposite the pumped well. 

j 

\ 



TABLE OF CONTENTS

page

.1

,3

3

A

.11

INTRODUCTION.....................................

THEORETICAL DEVELOPMENT............

Darcy-Gersevanov-Helm Law.......

Bulk Flux.......................................

Governing Equations for the Displacement Field of Solids.

NI.TMERICAL APPROXIMATION TO GOVERNING EQUATIONS........................ 18

Generalized Finite-Difference Expressions....;.......................................  18

Boundary Conditions...................................................................................21

Solution Technique..................................................................................... -24

SIMULATION OF GRANULAR MOVEMENT IN TWO DIMENSIONS...................27

Model Evaluation.........................................................................................27

Nonconstant Pumping, Relaxation, and Injection..........................................38

SIMULATION OF THREE-DIMENSIONAL GRANULAR MOVEMENT................. 46

Model Evaluation.........................................................................................46

Flow Barriers, Heterogeneity, and Multiple Wells.........................................52

MODEL LIMITATIONS............................................................................................63

CONCLUSIONS.,-.^;............................................................................................... 67

REFERENCES CITED............................................................................................... 69

APPENDIX A: MODEL DOCUMENTATION.......................................................... 73

V 

TABLE OF CONTENTS 

page 

INTRODUCTION ....... ............. ...... ........................... ........... ....................... ......... .. .. .... .. ...... ... 1 

TiiEORETICAL DEVELOPMENT ...... ..... ...... ............... ......... ............................. .... .... ....... . 3 

Darcy-Gersevanov-Helrn Law ....................... .... ................ ............. .. ............... ..... ... 3 

Bulk.Flux ......................................... .. ........... ...... ... ................. ................. ... ......... ........ 4 

Gove.ming Equations for th Displacement Field of Solids ................... ............. 11 

NUMERICAL APPROXIMATION TO GOVERNING EQUA TIONS .......................... .. 18 

Generalized Finite-Difference Expressions .... :: ........................... ...... : ....... .... ....... 18 
' 

Boundary Conditions ............ .... ..................... ......... ..... .. .. ............. .................... 21 

Solution Technique .............................. ........................... : ............ ............ ................ .24 

SIMULATION OF GRANULAR MOVEMENT IN TWO DIMENSIONS .... ........... ....... 27 

Model Evaluation .......... ... ...... ........................ ......... ............................. ........ ....... ...... 27 

Nonconstant Pumping, Relaxation, and Injection ....... .................... ......... ............ 38 

SIMULATION OF THREE-DIMENSIONAL GRANULAR MOVEMENT .............. .. .. .. 46 

Model Evaluation .... ..... .......... ....... ........................................ ............ ..... ...... .. ......... .. 46 

Flow Barriers, Heterogeneity, and Multiple Wells ........ ......... ......................... ..... 52 

MODEL LU.11TATIONS ..................... ......... .. .. ............... ......... ...... ............ ...... ........ .... ...... ..... 63 

Y CONCLUSIONS ..... -: ... .... ..... ..................... ......... ....................................... ....... .... ................. 67 

REFERENCES OTED ... .................... ................... ....... ................. ..... ............... ............. .. ..... .. . 69 

APPENDIX A: MODEL IX>CUMENTA TION ......... .......... ..................... ........... .. ......... .... 73 

-- --
\ 



TABLE OF CONTENTS

page

.1

,3

3

A

.11

INTRODUCTION.....................................

THEORETICAL DEVELOPMENT............

Darcy-Gersevanov-Helm Law.......

Bulk Flux.......................................

Governing Equations for the Displacement Field of Solids.

NI.TMERICAL APPROXIMATION TO GOVERNING EQUATIONS........................ 18

Generalized Finite-Difference Expressions....;.......................................  18

Boundary Conditions...................................................................................21

Solution Technique..................................................................................... -24

SIMULATION OF GRANULAR MOVEMENT IN TWO DIMENSIONS...................27

Model Evaluation.........................................................................................27

Nonconstant Pumping, Relaxation, and Injection..........................................38

SIMULATION OF THREE-DIMENSIONAL GRANULAR MOVEMENT................. 46

Model Evaluation.........................................................................................46

Flow Barriers, Heterogeneity, and Multiple Wells.........................................52

MODEL LIMITATIONS............................................................................................63

CONCLUSIONS.,-.^;............................................................................................... 67

REFERENCES CITED............................................................................................... 69

APPENDIX A: MODEL DOCUMENTATION.......................................................... 73

V 

TABLE OF CONTENTS 

page 

INTRODUCTION ....... ............. ...... ........................... ........... ....................... ......... .. .. .... .. ...... ... 1 

TiiEORETICAL DEVELOPMENT ...... ..... ...... ............... ......... ............................. .... .... ....... . 3 

Darcy-Gersevanov-Helrn Law ....................... .... ................ ............. .. ............... ..... ... 3 

Bulk.Flux ......................................... .. ........... ...... ... ................. ................. ... ......... ........ 4 

Gove.ming Equations for th Displacement Field of Solids ................... ............. 11 

NUMERICAL APPROXIMATION TO GOVERNING EQUA TIONS .......................... .. 18 

Generalized Finite-Difference Expressions .... :: ........................... ...... : ....... .... ....... 18 
' 

Boundary Conditions ............ .... ..................... ......... ..... .. .. ............. .................... 21 

Solution Technique .............................. ........................... : ............ ............ ................ .24 

SIMULATION OF GRANULAR MOVEMENT IN TWO DIMENSIONS .... ........... ....... 27 

Model Evaluation .......... ... ...... ........................ ......... ............................. ........ ....... ...... 27 

Nonconstant Pumping, Relaxation, and Injection ....... .................... ......... ............ 38 

SIMULATION OF THREE-DIMENSIONAL GRANULAR MOVEMENT .............. .. .. .. 46 

Model Evaluation .... ..... .......... ....... ........................................ ............ ..... ...... .. ......... .. 46 

Flow Barriers, Heterogeneity, and Multiple Wells ........ ......... ......................... ..... 52 

MODEL LU.11TATIONS ..................... ......... .. .. ............... ......... ...... ............ ...... ........ .... ...... ..... 63 

Y CONCLUSIONS ..... -: ... .... ..... ..................... ......... ....................................... ....... .... ................. 67 

REFERENCES OTED ... .................... ................... ....... ................. ..... ............... ............. .. ..... .. . 69 

APPENDIX A: MODEL IX>CUMENTA TION ......... .......... ..................... ........... .. ......... .... 73 

-- --
\ 



/

Vi

LIST OF FIGURES

Figure Page

1. Schematic diagram illustrating the relation between the initial and ultimate

values of bulk flux........................................................................................... 6
2. Schematic diagram illustrating the permeability ellipse................................... 7

3. Schematic diagram illustrating the radial and tangential components of strain .17

4. Generalized flow chart of the granular displacement model............................ 28

5. Plot showing displacement as a fimction of radial distance from pumping well

for constant pumping rate after 10 days............................. i.............................33

6. Plot showing displacement as a function of Erne since the onset of pumping ....37
i

7A. Plot showing displacement as a function of radial distance from pumping well

for 10 days of pumping followed by 60 days of relaxation................................39

7B. Calculated drawdowns from MODFLOW.........................................................39

8A. Plot showing displacement as a function of radial distance from pumping well

for cycles of pumping and relaxation............................................................... 40

8B. Calculated drawdowns from MODFLOW.........................................................40

9. Plot showing displacement as a function of radial distrance from pumping well

after pumping for 2.5 days then injecting for 2.5 days.......................................43

10A. Plot showing displacement as a function of radial distance from pumping well

after cycles of pumping and injecting at the same rate..................................... 44

lOB. Calculated drawdowns from MODFLOW.........................................................44

11. Conceptual model used to evaluate vertical displacements............................... 49

12. Vector plot showing simulated displacements of model used to evaluate

vertical displacements............................................................  50

13. Planimetric vector plot of layer 4 showing simulated displacements in a

homogeneous aquifer pumped from the center of the model grid..................... 53

14. Cross-sectional vector plot showing simulated displacements along column 26

in a homogeneous aquifer pumped from layer 4................................................54

vi 

LIST OF FIGURES 

Figure Page 

1. Schematic diagram illustrating the relation between the initial and ultimate 

values of bulk flux ....................................... .................................................. ........... .. .. 6 

2. Schematic diagram illustrating the permeability ellipse .. ..... .. ........ .............. .. .. ..... 7 

3. Schematic diagram illustrating the radial and tangential components of strain .17 

4. Generalized flow chart of the granular displacement model ... .... ......... .......... ....... 28 

5. Plot showing displacement as a function of radial distance from pumping well 

for constant pumping rate after 10 days-........ .. ........... .. ........... ............ ..................... 33 

6. Plot showing displacement as a function o~ e since the onset of pumping .... 37 
{ 

7 A Plot showing displacement as a function of radial distance from pumping well 

for 10 days of pumping followed by 60 days of relaxation ........... ............... ........... 39 

7B. Calculated drawdowns from MODFLOW .......................................... ........... ........... 39 

BA. Plot showing displacement as a function of radial distance from pumping well 

for cycles of pumping and relaxation .................. .... ................................................... 40 

8B. Calculated drawdowns from MODFLOW ................................. .. .................... ....... .. 40 

9. Plot showing displacement as a function of radial distrance from pumping well 

after pumping for 2.5 days then injecting for 2.5 days ... ......... .. ..... .... ........... .. .. ... ... .43 

10A. Plot , ha.wing displacement as a function of radial distance from pumping well 0 

after cycles of pumping and injecting at the same rate ............... .... ... ............ ... ....... 44 

10B. Calculated drawdowns from MODFLOW ... ......... ..................... ..................... .......... 44 

11. Conceptual model used to evaluate vertical displacements ......................... .......... 49 

12. Vector plot showing simulated displacements of model used to evaluate 

vertical displacements ·····································································;··························· .50 

13. Planimetric vector plot of layer 4 showing simulated displacements in a 

homogeneous aquifer pumped from the center of the model grid ............. ........... 53 

14. Cross-sectional vector plot showing simulated displacements along column 26 

in a homogen~?~ aquifer pumped from layer 4 ........... ..... .. ......... .. .... .. ............. ..... .54 



vii

15. Planimetric vector plot showing simulated displacements due to a vertical

linear flow barrier..........................................................................................
16. Cross-sectional vector plot showing simulated displacements due to a vertical

linear flow barrier through layers 2-4.............................................................. 56

17. Cross-sectional vector plot showing simulated displacements due to a

horizontal flow barrier through the center of layer Z......................................57

18. Planimetric vector plot showing simulated displacements in a homogeneous

isotropic imconfined aquifer with two pumping wells.................................... 59

19. Planimetric vector plot showing simulated displacements in a homogeneous

isotropic unconfined aquifer with one pumping ancTone injection well.........60

20. Planimetric vector plot showing simulated displacements in an aquifer where 

one half of the aquifer has a hydraulic conductivity that is two orders of 

magnitude greater than the other side. Horizontal hydraulic conductivity of 

both halves is one order of magnitude greater than the vertical hydraulic

conductivity....................................................................................................
V

vii 

15. Planimetric vector plot showing simulated displacements due to a vertical 

linear flow barrier ..... ............. ....... ............. ................................... ........... ...... ............. .55 

16. Cross-sectional vector plot showing simulated displacements due to a vertical 

linear flow barrier through layers 2-4 ............ ........... ........ ..... .... .... ............ ........... ..... 56 

17. Cross-sectional vector plot showing simulated displacements due to a 

horizontal flow barrier through the center of layer 2 ............................................ 57 

18. Planimetric vector plot showing simulated displacements in a homogeneous 

19. 

20. 

isotropic unconfined aquifer with two pumping wells ................. ........ .. ..... ........ .59 

Planimetric vector plot showing simulated disp~eme~ts in a homogeneous 

isotropic unconfined aquifer with one pumping ~e injection well ........... 60 

Planimetric vector plot showing simulated displacements in an aquifer where 

one half of the aquifer has a hydraulic conductivity that is two orders of 

magnitude greater than the other side. Horizontal hydraulic conductivity of 

both halves is one order of magnitude greater than the vertical hydraulic 

conductivity ................ ............................ ........... ................................... ....... .............. ... 62 

0 



viii

LIST OF TABLES

Table
1, Initial conditions and aquifer parameters used to evaluate horizontal

displacements................................................................................................32

Z Analytic versus simulated results of horizontal displacement in a

homogeneous isotropic confined aquifer....................................................... 36

3. Stress period information used for third scenario................... ........................ 45

4. Aquifer properties used for evaluation of vertical displacements.................... 49

5. Comparison of compaction from the interbed storage model with'

displacements from the granular displacement model..................................... 50

/

Si:

viii 

LIST OF TABLES 

Table Page 

1. Initial conditions and aquifer parameters used to evaluate horizontal 

displacements ......................................................... .......... ................................. .......... 32 

2. Analytic versus simulated results of horizontal displacement in a 

homogeneous isotropic confined aquifer ..................................................... .. .......... 36 

3. Stress period information used for third scenario ............ ............. ......... ................. 45 

4. Aquifer properties used for evaluation of vertical displacements .......... .............. 49 
-

5. Comparison of compaction from the interbed storage model wiili 

displacements from the granular displacement model ·····························:············.SO 



INTRODUCTION

Increasing awareness of the connection between horizontal aquifer movement 

and earth fissures in pumped unconsolidated aquifers has triggered concern over the 

effectiveness of available hydrologic models to predict such phenomena. While vertical 

compaction or subsidence models have been succe^fuUy developed and applied to field 

settings (Gambolati and Freeze, 1973; Gambolad and others, 1974; Helm, 1972,1975,1976; 

Narasimhan and Witherspoon, 1977: Lewis and Schrefler, 1978; Leake and Prudic, 1988; 

Leake, 1990), available horizontal or three-dimensional displacement models have been 

intractable or require significant physical limitations for pr^cal application under field 

conditions (Biot, 1941,1955; Safri and Finder, 1979,1980: Bear and Corapdoglu, 1981). 

Helm (1979,1982,1984,1987) has developed a fundamental theory of granular movement 

bcised on an exterrsion of Darcy's law that has the displacement-field of solids as the lone 

dependent variable. Helm's approach makes calculating the displacement field more 

tractable because it does not require the prior calculation of transient values of hydraulic 

head, effective stress, or pressure.

Both field and analytical studies have shown that horizontal movement can be of 

the same order of magnitude as vertical compaction (Poland and Davis, 1969; Yerkes and 

Castle, 1969; Bear and Corapdoglu, 1981). In fact, field evidence suggests that horizontal 

movement of the gramrlar matrix may occur where no vertical compaction is measured 

(Wolff, 1970). Although geologic mfluences such as differential movement along buried 

faults (Bell and others, 1992) and shallow bedrock knobs (Carpenter, 1991) may influence 

the location of fissure development, hydraixlic mechanisms, specifically horizontal 

movement, influence the magnitude and severity of fissure development (Helm, 1993).

The purpose of this dissertation is to develop a model that is capable of 

simulating time-dependent granular movement in three space dimensions and that is 

tractable at the field scale. Such a model would greatly expand the state-of-the-art and 

allow for greater understanding in evaluating displacements in complex geologic settings 

(anisotropic and heterogeneous aquifer properties and application of multiple pumping

...
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and recharge vveUs) and in cases where stresses, such as those caused by pumping, are 

changing in time. From the resulting displacement field one may be able to predict where 

earth fissures would most likely occur. Hence, such a tool would benefit not only 

scientists but water managers who are interested in mmimizing potential risks of 

structural damage from fissure development

This dissertation incorporates Helm's general theory of three-dimensional 

granular movement into the U.S. Geological Survey's modular finite-difference ground- 

water flow model (McDonald and Harbaugh, 1988). The result is a fully three- 

dimensional granular displacement model that is semi-independent fi'om the ground- 

water flow equations used in MODFLOW. That is, transient values ofliydiaulic head 

(MODFLOW output) are not required to obtain the directional components of 

displacement, but they are used in the specification otthe water-table boimdary. The 

displacements are calculated independently from MODFLOW's numerical algorithms 

approximating the groimd-water flow equation.

A detailed discussion of the theoretical and numerical developments are 

presented. Following these developments the model is compared with existing analytic 

solutions in two space dimensions. Additional three-dimensional simulations are 

presented and include a discussion of the development of the water-table boundary. 

Model limitations and assumptions are also discussed. Finally, the detailed model 

documentation is provided in the appendix for the three modules developed for this 

study; (Da module to calculate the initial and ultimate bulk flux, (2) a module to 

calculate displacement and volume strain in each space dimension, and finally (3) a 

module to plot vectors of either displacement or bulk flux in order to analyze and review 

the large amount of data that is produced.
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THEORETICAL DEVELOPMENT

Darcv-Seisevanov-Helm Low
Ground-water hydrologists typically ignore the movement of the granular matrix 

of the aquifer in their analysis of ground-water flow. Helm (1979,1984,1987) has shown 

that such limitations in the evaluation of matrix compression preclude the determination 

of directional components of the displacement field of solids. The approach taken in this 

report involves developing governing equatioi^s of granular movement in three 

dimensions and begins with Darcy's Law, which is expressed in vector form by the 

relation:
q = -KVh <1>

q is th^pecific discharge, ^ is the hydraulic conductivity tensor, and A is the 

hydraulic head. Geisevanov (1934) deduced that Darcy's law describes the flow of 

groimd water relative to the skeletal matrix and should be written more completely as:

$ = «(Vw-v,) =-^VA <2>

where n is the porosity, is the velocity of water, and v, is the velocity of solids (solid 

phase of the aquifer). Biot (1941,1955) independently deduced eq. 2 as being the correct 

expression of Darcy's law. On the basis of volume fraction. Helm (1984,1987) defined the 

bulk flux for a saturated medivun as:
^ qb = nv^n-ii-n)v^. <3>

Using Gersevanov's generalization (eq. 2) vdth Helm's equation for the bulk flux 

(eq. 3) yields a new Dardan expression in terms of the velocity of solids and the bulk 

flux, referred to here as the Darcy-Gersevanov-Helm Law, namely:

= v, + ^ = V,-™, <4>

or
, v^-KVh = qb. <5>

cfcu ;■
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THEORETICAL DEVELOPMENT 

Darcy-Gersevaoov-Helro Law 
Ground-water hydrologists typically ignore the movement of the granular matrix 

of the aquifer in their analysis of ground-water flow. Helm (1979, 1984, 1987) has shown 

that such limitations in the evaluation of matrix compression preclude the determination 

of directional components of the displacement field of solids. The approach taken in this 

report involves developing governing equations of granular movement in three 

dimensions and begins with Darcy's Law, which is expressed in vector form by the 

relation: 

q = -KVh <l> 

where q is ~ pecific discharge, K is the hydraulic conductivity tensor, and h is th.e 

hydraulic head. Gersevanov (1934) deduced that Darcy's law describes the flow of 

ground water relative to the skeletal matrix and should be written more completely as: 

where n is the porosity, vw is the velocity of water, and vs is the velocity of solids (solid 

phase of the aquifer). Biot (1941, 1955) independently deduced eq. 2 as being the correct 

expression of Darcy's law. On the basis of volume fraction, Helm (1984, 1987) defined the 

bulk flux for a saturated medium as: 

Using Gersevanov's generalization (eq. 2) with Helm's equation for the bulk flux 

(eq. 3) yields a new Darcian expression in terms of the velocity of solids and the bulk 

flux, referred to here as the Darcy-Gersevanov-Helm Law, namely: 

or 
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Equation 5 is a simple yet powerful expression of Darcy's law describing both the 

motion of solids and interstitial fluid in an unconsolidated saturated aquifer. For a bulk 

volume V where no mass is produced or destroyed. Helm (1987,1994) showed that the 

divergence of the bulk flux for a two-phase saturated porous media is expressed as

&
.dt

1 - n
P.

3p,
+ V* [nv^+ (l-«)v,] = 0

where and is the density of water and the density of the individual solids, 

respectively. The last bracketed term on the left side of eq. 6 is the definition of the bulk 

flux. If we assume that the individual solid grains are incompressible, that is' 

p^ = constant, and that the fluid is also incompressible, that is p,^ = constant, then 

mass conservation for incompressible bulk flow yields

= 0. <7>

Equation 7 states that if the bulk flux is known along the boundary (such as at a well) it is 

known at all points within the aquifer. Note that can be a function of time. In addition, 

eq. 7 implicitly states that if the divergence of the velocity of solids is nonzero, then the 

compressibility of the solid particles and interstitial water are much smaller than the 

compressibility of the skeletal matrix. This is a valid assumption for unconsolidated 

aquifers. Matrix compressibility for shallow sand-dominated aquifers is one to three 

orders of magnitude greater than the compressibility of water and is two to four orders of 

rrragnitude greater for clay-rich aquitards (Scott, 1963).

Bulk Flux
When a stress such as that caused by pumping is applied to an aquifer system the 

stress iiiunediately responds as a body force on the incompressible constituent materials 

throughout the aquifer. At this initial instant of applied stress, r = (f , both fluids and 

solids move as a single incompressible mass toward the pumping well at the same 

velocity. This velocity is equal to (defined by eq. 3) and is dependent upon the 

pumping rate and the distance to the point of interest from the pumping well The initial
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pumping rate and the distance to the point of interest from the pumping well The initial 
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bulk flux may also be affected by the ratio of vertical to horizontal hydraulic 

conductivity. That is, anisotropy may affect the magnitude of the bulk flux for a given 

radial distance from the pumping well. The change in bulk flux due to anisotropies can 

be easily derived and is discussed in the following paragraphs.
Heterogeneities such as confining beds also ciffect the distribution of bulk flux. 

From eq. 5 one can deduce that once a str^sed aquifer system reaches a new steady-state 

condition, that is after the soUd matrix has come to rest, the final values of bulk flux are 

identical to the new steady-state distribution of specific discharge. These final or ultimate 

values of bulk flux will reflect any boimdary and initial conditions that influence the final 

flow field of water and may therefore be different from the initial values of bulk flux. 

Empirical evidence suggests that the transition from the initial to ultimate bulk flux is 

rapid (Frands RQey, U5. Geological Survey, oral commun., 1993) and occurs while the 

aquifer matrix remains physically in motion. This evidence originates from field 

measurements of water-level reversals in observation wells separated fium a pumping 

well by an impermeable fault. The rise in head in the observation well occurs almost 

instantaneously from the inception of pumping. No ultimate hydraulic gradient exists in 

the part of the aquifer separated from the pumping well by the impermeable boundary. 

What does exist in this part of the aquifer is an initial strain field vrithin the solid matrix 

resulting from the initial bulk flux. The transition from the initial to ultimate bulk flux is 

reflect^ in the head fluctuation observed in the observation weU. Further research is 

needed to define the time dependency of this transient change in bulk flux from initial to 

ultimate values. The transient nature of bulk flux is beyond the scope of this study but 

niunerical simulations suggest that the change may be dependent not only on time but 

also on hydraulic diffusivity. Only the initial and final bulk flux values are used in this 

study and, based on empirical evidence, the transition is considered to be nearly 

instantaneous. Figure 1 shows the relative magnitude and direction of initial and 

ultimate values of bulk flux in a heterogeneous system being pumped from a single well.

bulk flux may also be affected by the ratio of vertical to horizontal hydraulic 

conductivity. That is, anisotropy may affect the magnitude of the bulk flux for a given 

radial distance from the pumping well. The change in bulk flux due to anisotropies can 

be easily derived and is discussed in the following paragraphs. 

Heterogeneities such as confining beds also affect the distribution of bulk flux. 
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From eq. 5 one can deduce that once a stressed aquifer system reaches a new steady-state 

condition, that is after the solid matrix has come to rest, the final values of bulk flux are 

identical to the new steady-state distribution of specific discharge. These final or ultimate 

values of bulk flux will reflect any boundary and initial conditions that influence the final . 
flow field of water and may therefore be'di.ffe ent from the initial values of bulk flux. 

Empirical evidence suggests that the transition from the initial to ultimate bulk flux is 

rapid (Francis Riley, U.S. Geological Survey, oral commun., 1993) and occurs while the 

aquifer matrix "emains physically in motion. This evidence originates from field 

measurements of water-level reversals in observation wells separated from a pumping 

well by an impermeable fault. The rise in head in the observation well occurs almost 

instantaneously from the inception of pumping. No ultimate hydraulic gradient exists in 

the part of the aquifer separated from the pumping well by the impermeable boundary. 

What does exist in this part of the aquifer is an initial strain field within the solid matrix 

resulting from the initial bulk flux. The transition from the initial to ultimate bulk flux is 

refleetect in the head fluctuation observed in the observation well Further research is 

needed to define the time dependency of this transient change in bulk flux from initial to 

ultimate values. The transient nature of bulk flux is beyond the scope of this study but 

numerical simulations suggest that the change may be dependent not only on time but 

also on hyruatilic diffusivity. Only the initial and final bulk flux values are used in this 

study and, based on empirical evidence, the transition is considered to be nearly 
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instantaneous. Figure 1 shows the relative magnitude and direction of initial and 

ultimate values of bulk flux in a heterogeneous system being pumped from a single well. 
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Figure 1. Schematic diagram illustrating how the iiutial and 
ultimate values of bulk flux may change for a heterogeneous 
aquifer system. Arrow lengths mdicate relative magnitude of 
bulk flux. The shaded unit to low hydraulic conductivity 
relative to the units above and below it.

The ultimate bulk flux can be evaluated by determining the steady-state 

hydraulic head values that are produced from MODFLOW for a steady-state simulation 

of the aquifer being simulated. From these heads, the ultimate specific discharge or bulk 

flux values can be evaluated. The ultimate bulk flux is substituted for the initial bulk flux 

after approximately one minute (this is an arbitrary time that is used to establish an initial 

field of maximum velocity of solids). These ultimate values of bulk flux are then used 

throughout the remainder of the simulation.

In a contiguous three dimensioiul homogeneous, isotropic incompressible and 

imdifferentiated media with a single pumping well defined as a point sink, mass balance 

requires that initially
Q = <8>

where Q is the pumping rate and r is the radial distance from the well to a point of 

interest. For spherically symmetric flow
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Figure 1. Schematic diagram illustrating how the initial and 
ultimate values of bulk llux may change for a heterogeneous 
aquifer system. Arrow lengths indicate relative magnitude of 
ht.ilk flux. The shaded unitnas low hydraulic conductivity 
relative to the units above and below it. 
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The ultimate bulk flux can be evaluated by determining the steady-state 

hydraulic head values that are p oduced from MODFLOW for a steady-state simulation 

of the aquifer being simulated. From these heads, the ultimate specific discharge or bulk 

flux values can be evaluated. The ultimate bulk flux is substituted for the initial bulk flux 

after approximately one minute (this is an arbitrary time that is used to establish an initial 

field of maximum velocity of solids). These ultimate values of bulk flux are then used 
y ~-

throughout the remainder of the simulation. 

In a contiguous three dimensional homogeneous, isotropic incompressible and 

undifferentiated media with a single pumping well defined as a point sink, mass balance 

requires that initially 

Q = 41tr2qb 

where Q is the pumping rate and r is the radial distance from the well to a point of 

interest. For spherically symmetric flow 

qb = .JL _ 
41tr2 



Because the bulk flux is known at the pumping well, the bulk flux can be 

determined at any location within the aquifer according to eq. 7. If we assume » K^,

where the subscripts r and z refer to the radial and vertical space dimensions, 

respectively, then the hydraulic gradient migrates outward from the pumping well 

elliptically. The permeability ellipse is expressed as

b
a

<10>

where o is the length of the major axis and fc is the length of the minor axis (fig. 2). 

Whether the aquifer is confined or imconfined does not matter at r = 0* .At the initial 

instant when the well is turned on, the aquifer will behave as a confined aquifer until the 

first pressure transient reaches the water table. After this time the aquifer will behave as 

an unconfined aquifer. However, the initial bulk flux is evaluated at the moment the well 

is turned on. Because an expression for the bulk flux has been defined at the well it can 

now be evaluated directly for any point in the aquifer system.

—
^ lO

c 7^
Rgure 2. Schematic diagram illustrating a permeability ellipse with 
major axis a and minor axis b. The aquifer is being pumped at a 
constant rate Q.

The US. Geological Survey's modular groimd-water flow model makes use of a 

rectangular finite-difference grid network. Hence, radial or spherical coordinates of 

initial bulk flux must be transformed to cartesian coordinates. The eccentricity of an 

ellipse is expressed as:

Because the bulk flux is known at the pumping well, the bulk flux can be 

determined at any location within the aquifer according to eq. 7. If we assume Kr » K z' 

where the subscripts rand z refer to the radial and vertical space dimensions, 

respectively, then the hydraulic gradient migrates outward from the pumping well 

elliptically. The permeability ellipse is expressed as 
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where a is the length of the major axis and bis the length of the minor axis (fig. 2). 

Whether the aquifer is confined or unconfined does not matter at t = o+ . At the initial 

instant when the well is turned on, the aquifer will behave as a confined aquifer until the 

first pressure transient reaches the water table. After this time the aquifer will behave as 

an unconfined aquifer. However, the initial bulk flux is evaluated at the moment the well 

is turned on. Because an expression for the bulk flux has been defined at the well it can 

now be evaluated directly for any point in the aquifer system. 
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Figure 2. Schematic dia~ illustratin_g a permeability ellipse with 
major axis a and minor axis b. The aquiter IS being pumped at a 
constant rate Q. 

The U.S. Geological Survey's modular ground-water flow model makes use of a 

rectangular finite-difference grid network. Hence, radial or spherical coordinates of 

initial bulk flux must be transformed to cartesian coordinates. The eccentricity of an 

ellipse is expressed as: 
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Neither a nor b are known explicitly; however, the ratio of a/b (or b/a) is known from eq. 

10. Ecjuation 11 can be expressed in terms of this ratio,
1

r b 2-|2
X = 1 - (-) <12>o .

When the ellipse is aligned such that its rotation is about the major axis (aligned 

in the radial or horizontcil direction) the ellipse is said to be oblate. The formula for an 

oblate spheroid is given by:

(x-X.)2 (y-y )2 (z-z^)
1

This equation assumes that the aquifer system is transversely isotropic. That is

= Kyy. Now there are two ecprations and two unknowns so that a and b can be 

determined explicitly as follows:

if:-.

ix-xy+ (y-yj2 +
l-x2

and.

b =

where x, y, and z are the spatial locations of a point of interest in the acpiifer system 

(equivalent to the column, row, and layer at a cell center within a finite-difference grid 

network). The variables x^, y^, and z„ represent the spatial locations of the pumping 

well The surhice area of an oblate spheroid is given by ,

5= 2jtfl2+ _/„(_).

Equation 9 written in vector form in cartesian coordinates is

Qb-

<16>
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Ja2-b2 
't = --- <11> 

a 
Neither a nor bare known explicitly; however, the ratio of a/b (orb/ a) is known from eq. 

10. Equation 11 can be expressed in terms of this ratio, 

1 

't = [ 1 - c~/]2 
<12> 

When the ellipse is aligned such that its rotation is about the major axis (aligned 

in the radial or horizontal direction) the ellipse is said to be oblate. The formula for an 

oblate spheroid is given by: 

This equation assumes that the aquifer system is transversely isotropic. That is 

Ku = K YY. Now there are two equations and two unknowns so that a and b can be 

determined explicitly as follows: 

1 

a= [ 
(z-z )2]2 

(x- X ) 2 + (y- y ) 2 + o 
0 0 l-'t2 

and, 

b = aJ1 -'t2, 

,13> 

<14> 

<15> 

where x, y, and z are the spatial locations of a point of interest in the aquifer system 

(equivalent to the column, row, and layer at a cell center within a finite-difference grid 

network). The variables x0 , y 0, and z0 represent the spatial locations of the pumping 

well The surface area of an oblate spheroid is given by \ 

2 1tb2 1 + 't 
S = 21ta +-In(--). <16> 

't 1-'t 

Equation 9 written in vector form in cartesian coordinates is 
.. Q 

qb = -5e ,17> 
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where e represents a unit vector. An expression for the bulk flux can be written for each 

component direction as:

s1

^ 
C

/J

s
1

II <18>

-Q(y-yo) ,
Sr

«19>

-Qiz-zJ
^b^ - e, ' <20>

where r represents the radial distance from the well (the cell containing the well) to the 

cell of concern in cartesian coordinate space, which is defined as

r= [(x-xj^+ iy-yj'^+ <21>

The bulk flux initial condition is now established for a point source or sink. These 

expressions can be applied for any number of point sources or sinks because in general.

1=1
^bi;- I 5.;..

where m is the number of pumping wells and represents the location of the sink or

source in the coordinate direction of concern, 1^ - is the current location within the grid 

system for the coordinate direction of concern, and i represents the current source or sink.

Equation 22 is valid except at the wellbore where the bulk flux approaches 

infinity when = Oandy—y^, = 0. The randy components of bulk flux are

automatically set to zero at the wellbore. At the wellbore where no horizontal component

of bulk flux exists (and where r is set to unity), unusually large values of bulk flux in the z
*

direction occur when z,- - z^, ^ 0 (where and ^are zero). To mitigate these 

problematic values of bulk flux, a five point average of the z component of bulk flux is 

used by calculating its value at each edge of the cell and at the cells center at the r and y 

cell location containing the well. This averaging of the z component of bulk flux along the
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The bulk flux initial condition is now established for a point source or sink. These 

expres$ions can be applied for any number of point sources or sinks because in general, 

where m is the number of pumping wells and ~oi represents the location of the sink or 

source in the coordinate direction of concern, ~i is the current location within the grid 
y ...._.,/ 

system for the coordinate direction of concern, and i represents the current source or sink. 

Equation 22 is valid except at the wellbore where the bulk flux approaches 

infinity when X; - X
0

; = 0 and Y; -y 0; = 0. The x and y components of bulk flux are 

automatically set to zero at the wellbore. At the wellbore where no horizontal component 

of bulk flux exists (and where r is set to unity), unusually large values of bulk flux in the z 

direction occur when Z; - z0 ; * 0 (where qbx and qby are zero). To \mitigate these 

problematic values of bulk flux, a five point average of the z component of bulk flux is 

used by calculating its value at each edge of the cell and at the cells center at the x and y 

cell location containing the well. 'This averaging of the z component of bulk flux along the 
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wellbore (for - z^,- * 0) smooths the ultimate displacement values obtained by making 

the z component of displacement an average over the entire surface area of the cell 

instead of at a point.

Equations 16 through 22 are valid for any three dimensional setting. A 

modification to this general expression occurs when only a one-dimensional case is 

assumed with axial symmetry. In this case the resulting surface area is no longer a 

spheroid but is modeled rather as a cylinder with one layer. The cylindrical surface area 

allows no vertical component of bulk flux. That is, only horizontal components of flow 

and bulk flux are calculated and used in the calculation of horizontal displacement. This 

situation occurs when simulating a single confined aquifer (a single layer within a^finite- 

difference model) with impermeable top and bottom. For this scenario, mass balance 

requires that the bulk flux be expressed for axially symmetric flow as follows,

Qh = A- ‘23.2nrb
where b is the thickness of the aquifer in question. In cartesian coordinates the bulk flux 

for each component direction can be defined as follows:

Qjx-x„) 

iKi^b
,and <24.

_ Qty-yo'^ 

Inr^b ■
<25>

For this one-dimensional case with axial symmetry bulk flux does not vary with time. 

Both the initial and final values are given by eqs. 23 and 24. The directional components 

of bulk flux are used in the governing equation for the displacement field of solids 

developed in the next section. x

..mA.
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q - Q 23 
b - 21trb · < > 

where b is the thid<ness of the aquifer in question. In cartesian coordinates the bulk flux 

for each component direction can be de.fined as follows: 

qbx = 
Q (x-x0 ) 

2 
,and 

21trb 
<24> 
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Both the initial and final values are given by eqs. 23 and 24. The directional components -____, 

of bulk flux are used in the governing equation for the displacement field of solids 

developed in the next section. \ 



Governing Equations for the Displacement Field of Solids

The governing equation for granular displacement can be developed from 

equations of motion without invoking mass balance. As seen in the proceeding section, 

mass balance is used essentially for evaluating

We begin with the expression for Darcy's law in terms of bulk flux (eq. 5). The 

ensuing discussion describes primarily the transformation of dependent variables from 

the hydraulic head to the displacement field of solids.

In a fixed coordinate system, Hubbert (1940) separated the total hydrauUc head, 

h, into a pressure head and elevation head assuming irrotational flow as:
<26>

where p is pressure, is the density of the interstitial water, g is the gravity constant,

and z is the elevation from some known datum. Taking the gradient of each side of this

expression and assuming that the density of water is a constant, eq. 26 can be written as

V>, = ^ + it «27>
PwS 

s

where jfc is a unit normal vector in the vertical direction. Substituting this expression into 

eq. 5 yields

LPh-s

Pressure is also related to the total and effective stress according to Terzaghi 

(1960, p. 45), namely

_0 = C' + Ip, <29>

where a and a’ represent the total and effective stress tensors, respectively, and I a the 

identity matrix. The mean normal values for total and effective stress, and pressure, can 

be obtained from the first invarient (trace) of these tensors to yield

+
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In a fixed coordinate system, Hubbert (1940) separated the total hydraulic head, 

h, into a pressure head and elevation head assuming irrotatienal flow as: 

h = _!!_ + z ,26, 
pwg 

where p is pressure, Pw is the density of the interstitial water, g is the gravity constant, 

and z is the elevation from some known datum. Taking the gradient of each side of this 

xpression and assuming that the density of water is a constant, eq. 26 can be written as 
Vp A 

Vh = -+k ,27, 
pwg 

where k. is a unit normal vector in the vertical direction. Substituting this expression into 

eq. 5 yields 
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Pressure is also related to the total and effective stress according to Terzaghi 

(1960, p. 45), namely 
- -, / --~ -cr = cr + p, 

,28> 

,29, 

where cr and cr' represent the total and effective stress tensors, respectively, and I is the , 
identity matrix. The mean normal values for total and effective stress, and pressure, can 

be obtained from the first invarient (trace) of these tensors to yield 

am = a'm + p, <30> 



where and are the scalar quantities of the mean total and mean effective stresses, 

respectively. Taking the gradient of eq. 30 and, rearranging and substituting this 

expression into eq. 28 yields

h-K

The total and effective stress tensors can be decomposed into an initial hydrostatic 

stress condition and an incremental stress event, namely

m /n tno

= 50’„+0’^,

where and o’^ represent the initial unstrained mean total and mean effective stress

condition, respectively; whereas 5o^ and 5a'^ are the cumulative stress increments of 

interest.
If we assume an elastic or Hookian stress-strain constitutive relation for the stress 

increment of interest, then

V5o’_ = -
.L XX

<34>

where e is the volume strain, and are the bulk compressibilities of the

skeletal matrix in the x, y, and z principal stress directions. Because transverse isotropy is 

assumed with respect to matrix compressibility, minus sign is

included because e is positive for expansion and 8a' is positive for compression. 

Substituting these relations into eq. 31 results in the following expression;

.^ V^_L -Lfe-.±pk)
Ph-«

<35>

Total volume strain, e, is related to the displacement field of solids, u^, as

' *e = V«Hj. <36>

I. 
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where CJ m and a' m are the scalar quantities of the mean total and mean effective stresses, 

respectively. Talcing the gradient of eq. 30 and, rearranging and substituting this 

expression into eq. 28 yields 

V -K k+ m m -[ V ( a - a' ) ] 
s Pwg 

The total and effective stress tensors can be decomposed into an initial hydrostatic 

stress condition and an incremental stress event, namely 

am = 6 am + (Jmo <32> 

and 

a' = ocr' +a' m m mo' 
<33> 

where a mo and a' mo represent the initial unstrained mean total and mean effective stress 

condition, respectively; whereas ocrm and oa'm are the cumulative stress increments of 

ipterest. 

If we assume an elastic or Hookian stress-strain constitutive relation for the stress 

increment of interest, then 

<34> 

--._,,~~ 
where E is the volume strain, au, ayy, and Clzz are the bulk compressibilities of the 

skeletal matrix in the x, y, and z principal stress directions. Because transverse isotropy is 

assumed with respect to matrix compressibility, au = aYY *- n22 .The minus sign is 

included because E is positive for expansion and oa' is positive for compression. 

Substituting these relations into eq. 31 results in the following expression: 

Total volume strain, E, is related to the displacement field of solids, us, as 

· · ·e=v'•us. ,36> 



By rearranging terms, rewriting the velocity of solids as the time derivative of the 

displacement field, assuming homogeneous isotropic skeletal compressibility, and 

incorporating eq. 36, the governing equation now assumes the form:

dus K
dt p^ga.

V (CT -c' )''mo mo'
Pwi

i

where
<38.

\

" X+2C '
and X and G are Lame's constants.

Recognizing that the bracketed term in the right hand side of eqT3^ is simply the 

initial hydrostatic gradient of hydraulic head (which equals zero), the fully three- 

dimensional governing equation for the displacement of solids can be written more 

simply as

<39.

The last term on the right hand side of eq. 38 can be neglected if we assume that the 

change in the gradient of mean total stress is small. Jacob (1950) assumes 6o^ itself is 

negligibly sipall. Equation 37 is essentially the same expression as given in Helm (1987, 

eq. 16) and can now be written in simplified form as

dUs K
dt

= [V (V.5,) ] = qt,.

I'.:
In place of assuming

V(8o.) = 0 <41.

as was done to go from eq. 38 to eq. 39, we now assume stress equilibrium (Biot, 1941, 

1955), namely

By rearranging terms, rewriting the velocity of solids as the time derivative of the 

displacement field, assuming homogeneous isotropic skeletal compressibility, and 

incorporating eq. 36, the governing equation now assumes the form: 

13 

<37> 

where 
1 

a= A.+ 2G , 
and A and G are Lame' s constants. -

Recognizing that the bracketed term in the right hand side of is simply the 

initial hydrostatic gradient of hydraulic head (which equals zero), the fully l hree-

dimensional governing equation for the displacement of solids can be written more 

simply as 

<39> 

The last term on the right hand side of eq. 38 can be neglected if we assume that the 

change in the gi-adient of mean total stress is small. Jacob (1950) assumes ocr m itself is 

negligibly s~ ll. Equation 37 is ~ ~tially the same expression as given in Helm (1987, 

eq. 16) and can now be written in simplified form as 

<40> 

In place of assuming 

\ 

<41> 

as was done to go from eq. 38 to eq. 39, we now assume stress equilibrium (Biot, 1941, 

1955), namely 



BX; 0.

The resulting equation of motion for an isotropic homogeneous aquifer matrix (Helm,

written commim., 1994) is

^5__

dr P^gct
■ [V (V.«,) ] =

where
a' 3X+2G •

In other words, for an isotropic homogeneous poro-elastic aquifer, assuming eq. 41 yields
>

eq. 38 as a physical interpretation of specific storage per unit weight of water, vfifereas 

assvuning eq. 42 yields eq. 44.
Equation 38 is similar in form to the groimd-water flow equation. Both are 

parabolic differential equations. The primary difference is that the principle unknown 

quantity u,, the displacement field of solids, is a vector. The principal unknown in the 

ground-water flow equation is hydraulic head, a scalar quantity. One way to simplify eq. 

39 so that the dependent variable can be treated as a scalar variable is to decouple the 

governing equation into three equations, one expression for each component direction. 

By decoupling eq. 40, the three expressions are written as

du^ K'X

dt p„g
]_ B\ \ ' B\ ^ 1 b\

Bx^ ^

and

du^
dt P^g

I B\ B\ ^ 1 b\
^ B^^ a^y ay2^^ a„ ByBz

<46>

du, K„
dt p^ l“xx BZ^

<47>

'Ls:;,
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acr .. _v=O ax. . 
} 

The resulting equation of motion for an isotropic homogeneous aquifer matrix (Helm, 

written cornmun., 1994) is 

,43> 

where 
a'= __ 3 __ 

3A.+ 2G 
In other words, for an isotropic homogeneous poro-elastic aquifer, assuming.~. 41 yields 

eq. 38 as a physical interpretation of specific storage per unit weight of water\ h'fu-eas 

assuming eq. 42 yields eq. 44. 

Equation 38 is similar in form to the ground-water flow equation. Both are 

parabolic differential equations. The primary difference is that the principle unknown 

quantity us, the displacement field of solids, is a vector. The principal unknown in the 

ground-water flow equation is hydraulic head, a scalar quantity. One way to simplify eq. 

39 so that the dependent variable can be treated as a scalar variable IS to decouple the 

governing equation into three equations, one expression for each component direction. 

By decoupling eq. 40, the three expressions are written as 

,45, 

,46> 

and 

\ 

,47> 



du, K„ ’d\

dt S,, dzciy 3z3x_ L3z2 J

The left-hand side of equations 45-47 can be further simplified if the 

compressibility of the aquifer is transversely isotropic, that is, (X^ = <x^ = . The

specific storage in the horizontal direction can now be written as and the

specific storage in the vertical direction can likewise be written as where

we have assumed incompressible bulk constituents. Typically, hydrologists assume a 

compressible interstitial fluid. However, because the matrix compressibility is generally 

at least two orders of magnitude greater than fluid compressibility, the specific storage is 

not significantly affected by the omission of fluid compressibility within the expression 

for bulk flvix. The set of equations is now stated simply as:

dt S, dxdz

and

, dMj, Kyy h\' Kyy o»
 

__
__

1

/ dt S,, 3^2 ' dydx 3y3z
<49>

The 1^-hand side of each ^tiation (eqs. 48-50) contains three dependent 

variables. The right-hand side contains the directional components of bulk flux which are 

known. Each component direction contains cross-product derivatives of the remaining 

space dimensions. The x, y, and z component directions of displacement are required for 

each expression. The temptation is to assutrie the cross-product derivative terms in each 

expression are negligible. This would yield three second order diffusion equations in one 

space dimension that would be easy to solve directly. However, the cross-product 

derivatives can not be ignored as the following discussion will show. For the purposes of 

example, only two dimensions (x and y) are considered in the following discussion.

Total volume strain is an invariant and can be written for axially symmetric 

displacement in two dimensions as
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The left-hand side of equations 45-47 can be further simplified if the 

compressibility of the aquifer is transversely isotropic, that is, ah = au = ayy· The 

specific storage in the horizontal direction can now be written as Ssh = pwgah, and the 

specific storage in the vertical direction can likewise be written as Ssv = pwgazz' where 

we have assumed incompressible bulk constituents. Typically, hydrologists assume a 

compressible interstitial fluid. However, because the matrix compressibility is generally 

at least two orders of magnitude greater than fluid compressibility, the specific storage is 

not significantly affected by the omission of fluid compressibility within the expression 

for bulk flux. The set of equations is now stated simply as: 

<49> 

and 

The l~-hand side of each Nuation (eqs. 48-50) contains three dependent 

variables. The right-hand side contains the directional components of bulk flux which are 

known. Each component direction contains cross-product derivatives of the remaining 

space dimensions. The r, y, and z component directions of displacement are required for 

each expression. The temptation is to as~~ the cross-product derivative terms in each 

expression are negligible. This would yield three second order diffusion equations in one 

space dimension that would be easy to solve directly. However, the cross-product 
, 
derivatives can not be ignored as the following disrussion will show. For the purposes of 

example, only two dimensions (x and y) are considered in the following discussion. 

Total volume strain is an invariant and can be written for axially symmetric 

displacement in two dimensions as 



£ = +
where the normal strains are

and

3m,

^ee ~ y-
Figure 3 illustrates these normal components of strain. The tail length of the 

arrows schematically represents the distance the aquifer matrix displaces horizontally 

during a unit time interval. The radial strain occurs along a flow line and results when, at 

a specified time of interest, a front grain has moved either a grrater or lesser cumulative 

distance toward the pumping well than the neighboring grain behind it. If the front grain 

has moved farther extension or extensional strain has occurred, if it has not moved as far 

as the back grain compression or compressional strain has occurred. In fig. 3 radial 

compression occurs inside the circle, while radial extension occurs outside the circle. The 

ditle itself represents a circumference of zero radial strain. That is, the front grain and the 

neighboring back grain move the same distance along the flow path during the specified 

time interval. In addition to radial strain, tangential strain also occurs as a result of grains 

moving closer together along two converging flow lines. Tangential strain is everywhere 

compressive in response to pumping.

In cartesian coordinates the relation within brackets expressed in eq. 48

3V
dx^

can be written in terms of normal strains foliov^ring eq. 36 as 

where ___

1 6 

where the normal strains are 

and 

Eee = r <53, 

Figure 3 illustrates these normal components of strain. The tail length of the 

arrows schematically represents the distance the aquifer matrix displaces horizontally 

during a unit time interval. The radial strain occurs along~ w line and results when, at 

a specified time of interest, a front grain has moved either a greater or lesser cumulative 

distance toward the pumping well than the neighboring grain behind it. If the front grain 

has moved farther extension or extensional strain has occurred, if it has not moved as far 

as the back grain compression or compressional strain has occurred. In fig. 3 radial 

compression occurs inside the circle, while radial extension occurs outside the circle. The 

circle itself represents a circumference of zero radial strain. That is, the front grain and the 

neighboring back grain move the same distance along the flow path during the specified 

time interval. In addition to radial strain, tangential strain also occurs as a result of grains 

-,noving closer together jilong two converging flow lines. Tangential strain is everywhere 
l 

compressive in response to pumping. 

In cartesian coordinates the relation within brackets expressed in eq. 48 

can be written in terms of normal strains following eq. 36 as 

a a ax ( Exx) + ax ( Eyy) ' 

where 

0 



i

/

Figiire 3. Schematic diagram illustrating the components of radial 
and tangential strains. Ine arrows indicate direction of movement, 
their indicate relative magnitude of strain displacement. 
Compressional radial strain occurs inside the circle, extensional radial
strain occurs outside the circle.

and where Ej^^and represent the cartesian coordinate equivalent of the radial and 

tangential strain components, respectively. Thus, because the coordinate directions do 

not necessarily coincide with the flow lines, the cross-product derivatives of eqs. 48-50 

can not be neglected. Equations 48-50 represent the governing equations used to simulate 

displacement in the granular displacement model developed in the next section.

r~^~

i 

1 

("l 
\. i 

•Pumping Well 

Figure 3. Schematic diagram illustrating the components of radial 
and 1:r:ntial strains. The arrows indicate direction of movement, 
their · indicate relative magnitude of strain displacement. 
Compressional radial strain occurs inside the circle, extensional radial 
strain occurs outside the circle. 

E = E +E .u yy 

and where E.uand EYY represent the cartesian coordinate equivalent of the radial and 

tangential strain components, respectively. Thus, because the coordinate directions do 

not necessarily coincide with the flow lines, the cross-product derivatives of eqs. 48-50 -~-
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can not be neglected. Equations 48-50 represent the governing equations used to simulate 

displacement in the granular displacement model developed in the next section. 
\ 

0 



I'

form in the same manner; hence, the numerical approximation to only one space 

dimension (eq. 50) is given below. The other two dimensions can be easily written on the 

basis of the space dimension provided. The central difference approximation to eq. 50 for 

all interior cells (cells not at the boimdary) in the 2 direction is:

r
5^ t Az^(Az*^l-fAz4) Azt(Az*_j + AZi) j 5,, [pVC{,DCC,DCF)

V.i+l.i-l
DVC{DCF,-DCB)

DVC(DCC,DCB)

DVC (DCC, DCB) DVC (DCC, DCF) DVC\-DCF, DCB)

’ DVC (DRC,DRF) 

^.tk-l

' DVC (DRF,-DRB) DVC{DRC,DRB)

DVC{DRC,DRF) DVC (-DRF.DRB) DVC(DRC,DRB) = ~^bzj^i.k +

where,

ux, uy, and uz are the displacement in the x, y, and z directions, respectively; 

qbz is the component of bulk flux in the z direction;

j, i, and k represent the .grid spacing in thex, y, and 2 directions, respectively; 

m is the time-step indicator;

At is the length of the current time step;

DRC= Axy-f 0.5 (Axy +1 + Axy _ 1);

DCF= Ay,. + 0.5 (Ay,-^, + Ay,-);

DCC=Ay,. + 0.5(Ay;^,-i-Ay._i);

DCB=Ayi + 0.5 (Ay, + Ay,_ j);

DVF= Azjt + 0.5 (Azj^ j -l- Az^);

DVC=Az'jt-t- 0.5 (Az^^ 1 -I- Az^_ j);

DVB= Az^ + 0.5 (Azjt + Az^ _ j).
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form in the same manner; hence, the numerical approximation to only one space 

dimension (eq. 50) is given below. The other two dimensions can be easily written on the 

basis of the space dimension provided. The central difference approximation to eq. SO for 

all interior cells (cells not at the boundary) in the z direction is: 

m+l m+l m+l m+l 
UYj, i,k + 1 UYj,i-1 , k+ 1 UYj,i + l, k-1 UYj, i, /c-1 

DVC (DCF, -DCB) + DVC (DCC, DCB) + DVC (DCC, DCF) - DVC-( DCF, DCB) - ' 

m+l 
UYj, i-1,/c- l 

..m+l 
U..\j+l,i,k+l 

u.x'!' I u.x'!' + I . 
1,1,k+l 1-I,1,/c,+ l 

DVC (DRF, -DRB) + DVC (DRC, DRB) DVC (DCC, DCB) DVC (DRC, DRF) 

1+I,1,k-l 1,1,k-I j-I,i,k-1 b u.x'!' + 1 . u.x'!' 1 U.X,n + I ) 

+ DVC(DRC, DRF) DVC(-DRF,DRB) DVC(DRC,DRB) = -q zj,i,k+ 

m+I m 
uzj, i, k - uzj, i, k 

!lt 
where, 

ux, uy, and uz are the displacement in the x, y, and z directions, respectively; 

qbz is the component of bulk flux in the z direction; 

j, i, and k represent the pd spacing in the x~ ~d z directions, respectively; 

m is the time-step indicator; 

lit is the length of the current time step; 

DRC= lixj + 0.5 (lixj + 1 + lixj-1) ; 

DCF=liY; + 0.5 (6Y; + 1 + '1y;) ; 

DCC=-1y;+ 0.5 ('1Y;+ 1 + '1yi- 1); 

DCB=-1y; + 0.5 ('1Y; + 6Y; - 1); 

DVF=liz1; + 0.5 ('1z1c + 1 + '1z1c); 

DVC=&A: + 0.5 (liz1c + 1 + 6.z1c_ 1); 

DVB='1z1c + 0.5 (6.z1c + 6.z1c_ 1). 

<55> 

,. 



The comma delimiter in the denominator is synonymous to the word "or". Only 

one of the two terms in the parentheses is used in the numerical approximation. The term 

used depends upon whether a boimdary has been encountered in the y or x directions. 

Boundary conditions are discussed in the following section.

Equation 55 is second-order correct in 2 but is only first-order correct with respect 

to time. To make the time derivative second order correct and imconditionally stable the 

Crank-Nicolson scheme (Remson and others, 1971) is applied to eq. 50 (and synonymous 

expressions for the y and x space dimensions). This technique divides the time step into 

two parts so that the finite-difference equations are essentially evaluated at the m+1/2 and 

the m+1 time intervals. This is accomplished by averaging the second^rder space 

derivatives at the m and m+1 time steps. Increased accuracy is obtained by such an 

approximation. Equation 50 written with the Crank-Nicolson scheme results in the 

expression:

[C] “yr«> 1. *+1-'^yVd+1 + 1+
sh

[F] My”. -1.1+1 + [G] +1, *_ 1“ My"/, t -1 - [^ 1. * -1~ k +1

- [K]ux^;j^,+ lL]ux^.\]a+-,+

mrrl m"
.-,-101 = -ir-4r <56>

where,
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The comma delimiter in the denominator is synonymous to the word "or" . Only 

one of the two terms in the parentheses is used in the numerical approximation. The term 

used depends upon whether a boundary has been encountered in they or x directions. 

Boundary conditions are discussed in the following section. 

Equation 55 is second-order correct in z but is only first-order correct with respect 

to time. To make the time derivative second order correct and unconditionally stable the 

Crank-Nicolson scheme (Remson and others, 971) is applied to eq. 50 (and synonymous 

expressions for they and x space dimensions). This technique divides the time step into 

two parts so that the finit~ifference equations are essentially ~aluated at them+ 1/2 and 

the m+ 1 time intervals. This is accomplished by averaging the sec~ order space 

derivatives at them and m+1 time steps. Increased accuracy is obtained by such an 

approximation. Equation 50 written with the Crank-Nicolson scheme results in the 

expression: 

[ CJ uzf k+ 1 ) + ;:~ (- [DJ uyf t/1 , k+ 1- [EJ uyj,t i + 1 + [FJ uyj,t-\. k+ 1 + 

[FJ UYJ. i-1, k+ 1 + [ GJ uyJ: i+ 1, k- 1- [HJ UYJ.i, k-1 - [/] uyi,i- 1, le- 1-(J] uxj/1~ i, le + 1 

m+l m 

- [N] id" · k- 1- [ OJ id"_ 1 · k- 1 ) J, ,. } ' ,, 

UZ · · le UZ · · le = ---1:..:!_ - - qbz . . flt flt ), I, k 
,56> 

where, 



\

A=l/(Azt(Azt_i+AZfc));

C=l/(AZi(Az*^i + Az*));

B=A+C;
T>=\/{1DVC{DCC,DCF))-,

E=l/ (2D VC {DCF, -DCB));

F=1/(2DVC(DCC,DCB));

G= 1/ (2D VC (DCC, DCF));

H= 1/ (2D VC (-DCF, DCB));

I=1/(2DVC(DCC.DCB));

J=1/(2DVC(DFC,D/?F));

K= 1/(2DVC (DFC,-DFB));

L=1/(2DVC(DFC,DFB));

M=1/(2DVC(DFC,DFF)); —

N= 1 / (2D VC {-DRF, DRB));

0=1/ (2DVC {DRC, DRB)).
The equations for the x and y space dimensions (eqs. 48 and 49) are written in similar 

^hion.

Boundary Conditions
After the general expressioits of the finite-difference equations have been 

developed, boundary conditions need to be applied. For the granular displacement 

model two types of boimdary conditions have been implemented in terms of 

displacement; (1) a zerxHdisplacement (or zero solid velocity) boundary, and (2) a water 

table boimdary which is used for all quasi and fully three-dimensional simulatior«. Other 

boundaries such as constant or general head are inherently included in the ultimate bulk 

flux terms.
The zero-displacement boundary is used at the bottom (base of model grid) and 

sides (lateral extent) of model grid. Because of the type of settings (namely, sedimentary 

basins) in which the model would most likely be applied, this boundary is a logical

A= 1/ (~Z.t (~Z.t-1 + M,t)); 

C= 1/ (~zk (~z.t+ 1 + ~z1)); 

B=A+C; 

D= 11 (2DVC (DCC, DCF)); 

E= 1/ (2DVC (DCF, -DCB)); 

F=ll (2DVC (DCC,DCB)); 

G= 1/ (2DVC (DCC, DCF)); 

H= 1/ (2DVC (-DCF, DCB)); 

I::: 1/ (2DVC (DCC, DCB)); 

J= 1/ (2DVC (DRC, DRF)); 

K= 1/ (2DVC (DRC, -DRB)); 

L= 1/ (2DVC (DRC, DRB)); 

M= 1/ (2DVC (DRC, DRF)); 

N= 1/ (WVC (-DRF, DRB)); 

0= 11 (2DVC (DRC, DRB)) . 

\ , ......... -' 

The equations for the x and y space dimensions (eqs. 48 and 49) are written in similar 

fashion. 

Boundary Conditions 
After~e general expressi~f the finite-difference equations have been 

1 

developed, boundary conditions need to be applied. For the granular displacement 

21 

model two types of boundary conditions have been implemented in terms of 

displacement: (1) a zero-displacement (or zero solid velocity) boundary, and (2) a water 

table boundary which is used for all quasi and fully three-dimensional simulations. Other 

boundaries such as constant or general head are inherently included in the ultimate bulk 

flux terms. , 
The zero-displacement boundary is used at the bottom (base of model grid) and 

sides (lateral extent) of model grid. Because of the type of settings (namely, sedimentary 

basins) in which the model would most lik~y-~e applied, this boundary is a logical 



choice. A zero-displacement boundary refers to a cell edge (for one space dimension) 

where there is no granular displacement in a direction orthogontil to the boundary. Such 

a condition would likely occur at a bedrock contact. Most basin models are designed to 

extend to the basin fill-bedrock contact; hence the zero-displacement boundary is a 

natural choice for the perimeter of the modeled area. However, the program allows the 

user to specify zero-displacement cells if bedrock zones are to be included in the model. 

Orthogonal moving lateral or bottom boundaries have not yet been coded into the 

program.
Zero-displacement boundaries are implemented perpendicular to the cell edge 

representing the outer perimeter of the grid. This is accomplished by using-a'central- 

difference scheme with image theory in order to specify the zero displacement at the cell 

boimdary and not at the cell center. For example, if a zero<iisplacement boimdary is 

encountered in the x direction, the dependent variable of the image cell become the 

negative value of the x displacement in the active cell adjacent to the boimdary as 

follows:.

UXn = -UX,

^NCOL + \ ~ ^NCOL'
where NCOL i^ the total number of columns in the grid. Because the nodes are block 

centered, this approach is needed to establish a zero-displacement boundary at the/=l/2 

and j=NCOL+l/2 grid locations (/ represents the column number). Thus eq. 56 is 

rewritten in the program to include these boundary conditions when j=l or j=NCOL (or 

for the boundary grid cell in the x direction). Similar expressions are used for the 

numerical expression of the governing equation in the y and z directions.

The fact that a boundary has zero displacement in the x direction does not mean 

that they or z component of displacement is zero. In fact, the tangential components of 

strain (y and z) are not zero at the boundaries when evaluating displacement in the x
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choice. A zero-displacement boundary refers to a cell edge (for one space dimension) 

where there is no granular displacement in a direction orthogonal to the boundary. Such 

a condition would likely occur at a bedrock contact. Most basin models are designed to 

extend to the basin fill-bedrock contact; hence the zero-displacement boundary is a 

natural choice for the perimeter of the modeled area. However, the program allows the 

user to specify zero-displacement cells if bedrock zones are to be included in the model. 

Orthogonal moving lateral or bottom boundaries have not yet been coded into the 

program. 

Zero-displacement boundaries are implemented perpendicuJar..to the cell edge 

representing the outer perimeter of the grid. This is accomplished by us~ entral-

difference scheme with image theory in order to specify the zero displacement at the cell 

boundary and not at the cell center. For example, if a zero-displacement boundary is 

encountered in the x direction, the dependent variable of the image cell become the 

negative value of the x displacement in the active cell adjacent to the boundary as 

follows:. 

UXNCOL + 1 = -U.XNCOL' 

where NCOL ~ the total number of cohunns in the grid. Because the nodes are block 
r-,/ 

centered, this approach is needed to establish a zero-displacement boundary at the j=l/2 

and j=NCOL+ 1/2 grid locations (j represents the column number). Thus eq. 56 is 

rewritten in the program to include these boundary conditions when j=l or j=NCOL (or 

for the boundary grid cell in the x directio:Q). Similar expressions are used for the 

numerical expression of the governing equation in they and z directions. 

The fact that a boundary has zero displacement in the x directiop does not mean 

that they or z component of displacement is zero. In fact, the tangential components of 

strain (y and z) are not zero at the boundaries when evaluating displacement in the x 



/

direction, xinless a similar zero-displacement bovmdary is encountered in they or 2 

principal directioia. Thus, it is common for granular movement to occur parallel to a 

nonmoving boundary.
In order for the zero displacement boimdary to also be an impermeable boundary 

(that is, q=0), the bulk flux would also have to be zero at the boundary according to eq. 5. 

This type of boimdary as well as any heterogeneity is inherently included in the ultimate 

bulk flux values that supersede the initial values of bulk flux. Because these ultimate 

values are identical to the values of steady-state specific discharge, they contain all 

boimdary conditions used within MODFLOW. Hence the ultimate bulk flux values also 

contain all the hydraulic-type boundaries of MODFLOW.

The second type of displacement boundary condition included in the model is a 

water table or free water surface. To adequately approximate this boundary two 

assumptions must be made. The first assumption is that the observed change of 

hydraulic head at the water table is a measure of the vertical velocity of a particle of water 

that lies on the water table and moves relative to the local skeletal frame, namely

^ = V -V <57>
dt «

where z refers to the water table. The second assumption is that based on the standard 

definition of specific discharge as a relative velocity term (see eq. 2). In the vertical 

direction the expression is
9, = n(v^,-v„), <58>

where in this water-table case n is the specific yield representing the fraction of water that 

is drained from the oyerlying aquifer. Equations 57 and 58 can be substituted into eq. 4 to 

yield the final expression for the water table in the 2 direction

dt '"dt
Equation 59 can be expressed numerically as follows:

+

direction, unless a similar zero-displacement boundary is encountered in they or z 

principal directions. Thus, it is common for granular movement to occur parallel to a 

nonmoving boundary. 
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In order for the zero displacement boundary to also be an impermeable boundary 

(that is, q=O), the bulk flux would also have to be zero at the boundary according to eq. 5. 
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water table or free water surface. To adequately approximate this boundary two 

assumptions must be made. The first assumption is that the observed change of 

hydraulic head at the water table is a measure of the vertical velocity of a particle of water 

that lies on the water table and moves relative to the local skeletal frame, namely 

dh 
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where z refers to the water table. The second assumption is that based on the standard 

definition '?,!Jpedfic discharge as a relative velocity term (see eq. 2). In the vertical 

direction the expression is 
,58, 

where in this water-table case n is the specific yield representing the fraction of water that 

is drained from the_ oyerlying aquifer. Equations 57 and 58 can be substituted into eq. 4 to 

yield the final expression for the water table in the z direction 

\ 

duz dh 
dt -ndt = qbz 

,59, 

Equation 59 can be expressed numerically as follows: 

uzm:} = qbz - · k~t + n (hm:t}- h':' . k) + uz':' . k j,_l,_ _ ], l, ], I, ), I, ),I, 
,60, 
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where drawdown is positive because displacement is positive downward and n is the 

specific yield. This expression is used only for the z direction in the topmost active layer 

at the water table. Because block-centered nodes are used the displacement is typically 

calculated at the center of the cell of question. In order to simulate the total displacement 

accurately along the water table and to apply the boundary condition given in eq. 60 

appropriately, the finite-difference expression needs to be evaluated at the water table 

To accomplish this, the cell center for the topmost active layer of cells is calculated at the 

water table. In effect, the cell center is moved up by one half the thickness of the topmost 

active layer.

Solution Tectiniaue
Once the numerical expressions for all interior and boundary cells have been 

written, a suitable solution algorithm must be used to solve the set of equations that is 

established for each cell in the finite-difference network. Numerous methods have been 

developed for solving parabolic finite-difference equations in two and three dimensions. 

However, virtually all the literature in the physical sciences describes solving for a scalar 

dependent variable. Vector dependent variables, such as displacement, create complex 

situations in which standard techniques become invalid or essentially intractable 

numericaUy. Equation 56 (and corresponding equations for thex and y directions) 

contain Jhree dependent variables and three equations and where both the initial and 

ultimate values of bulk flux are known. With the included boimdary conditions this 

becomes a well posed problem but typical solution techiuques using banded matrices 

become so large for this type of problem that it becomes imwieldy.

The approach taken here is to solve each directional component of displacement 

independently from the other two directions. In this way, the component directions not 

being solved for are held constant. A successive relaxation (SOR) solution scheme with 

CTiebychev acceleration is used to solve the directioral components of displacement at 

each model cell location. After each displacement within each component direction has 

been solved for and convergence met, the three indep)endent equations are solved
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collectively as a whole. If convergence is not met for this outward iteration loop, each 

directional component equation is solved independently again. This process is repeated 

imtil outer convergence is met. The procedime is referred to here as a dual-loop SOR 

technique.
In the z direction the SOR algorithm can be written as:

where «is the iteration number, to is the relaxation parameter, ^ is the residual at a 

given cell of concern, and <1> is the coefficient of the dependent variable of concern; that 

is, uzj'l\. The equations of the SOR algorithm are identical for the dependent variablein 

the X and y directions.

The residual can be easily obtained from eq. 56 by rearranging the expression as 

follows:
K„At
S,

ic] uzi-^,)+^ (- m *+1-“y;.u+1 +“yy.i-1.*+1

[F] «y”i_ 11+1 + uy^i+i,k-1“ “yl*.1 “ “^y. i-1.1” “^+1.«. *+1

The coefficient, 4>, then becomes

0=1 +
K„At

[B].

.'Pi'' ■ iiL,,.::,.,
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collectively as a whole. If convergence is not met for this outward iteration loop, each 

directional component equation is solved independently again. This process is repeated 

until outer convergence is met. The procedure is referred to here as a dual-loop SOR 

technique. 

In the z direction the SOR algorithm can be written as: 

n+ 1 n Sj, i, k 
UZ · . L = UZ · . L-(1) · --J. ,, .... J, ,., "' Cl> 

where n is the iteration number, co is the relaxation parameter, s .. ,. is the residual at a 'J, ', "" 

given cell of concern, and <I> is the coefficient of the dependent variable of conce.rn; that 

is, uzj, t 1- The equations of the SOR algorithm are identical for the dependent varial:>le-fu 

the x and y directions. 

The residual can be easily obtained from eq. 56 by rearranging the expression as 

follows: 

si, i, k = K;zM { ( [A] uzj, ti- 1 - [B] uzj,t] + [ C] uzj,t l+ 1 + [A] uzj, i, k- l - [Bl uzj, ;, k + 
S\I 

-I f-/ 

[F] uyj,i- 1, k+ 1 + [ G] uyj,i + 1, k- 1- [H] uy.i.\ 1: - 1 - [I] uyj,i - 1, k - 1- [J] u.xj/1 \ k+ 1 

-[J] u.xj+ 1, i, k+ 1-[K] u.xj, i, .t + 1 + [L] u.xj_ 1, i, k+ 1 + [M] u.xj+ 1, i, k-1 
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K Ile 
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To hasten convergence, Chebyshev acceleration is implemented as outlined by Press 

and others (1992 p. 860). In this technique odd-even ordering is used. This process 

involves dividing the grid into odd and even cells. At each half iteration, n=l/2, the odd 

cells are updated. Then during the next half iteration sweep the even cells are updated 

with the newly calculated odd values. At each half sweep the relaxation parameter is 

updated according to the following prescription:

/

l/(l-p2^,„,.©W)

“ ^optimal

where Pyacot/ ^ spectral radius of the Jacobi iteration. The spectred radii;is is a

number ranging from zero to one. A formal discussion of the approximation of this value

for a given problem is given by Press and others (1992) and Remson and others (1971).

For most examples illustrated in this study the optimum spectral radius is determined to 
s.
be approximately 0.998 for all component directions.

The SOR iterative method was tested on a one dimensional problem with a direct 

solution technique. The SOR method produced nearly identical values of displacement as 

the direct method. One drawback to the SOR method as opposed to other possible
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iterative methods is that it is not very efficient for large problems. However, because of 

the vector dependent variable, it is possible that all iterative solution techniques would 

be slow to converge.
A generalized flow chart is outlined in fig. 4 showing the formulation and solution 

scheme used in the computer program for calculation of directioiral components of 

displacement.

SIMULATION OF GRANULAR MOVEMENT IN TWO DIMENSIONS

Model Evaluation
The numerical model must be analyzed to determine whether it produces 

accurate results for a given set of initial conditions and aquifer properties. This is 

accomplished by comparing the simulation results with analytic solutions of 

displacement developed for the Theis aquifer. The Theis-type aquifer is a one­

dimensional radial or two dimensional cartesian coordinate system where vertical flow is 

ignored and the aquifer top and bottom is completely impermeable. Analytic solutions 

have been developed by Helm (1994) for granular displacement in a Theis-type aquifer 

that is pumped at a constant rate. In a contiguous unconsolidated media where the 

aquifer is confined and of infinite radial extent, mass balance requires that the bulk flux 

of incompressible constituent materials responds to a volume rate of discharge as

Q = Inrbqi, <65>

where Q is the pumping rate, b is the aquifer thickness and r is the radial distance from 

the well. For axially symmetric radial flow

q. = - ^, - <66>2nrb
where is the radial component of qi,. For the purposes of this report, horizontal flow is 

assumed, and the aquifer is isotropic and homogeneous. However, the numerical model 

as written does not require these limiting assumptions.
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The numerical model must be analyzed to determine whether it produces 

accurate results for a given set of initial conditions and aquifer properties. This is 

accomplished by comparing the simulation results with analytic solutions of 

displacement developed for the Theis aquifer. The Theis-type aquifer is a one-

dimensional radial or two dimensional cartesian coordinate system where vertical flow is 

ignored and the aquifer top and bottom is completely impermeable. Analytic solutions 

have been developed by Helm (1994) for granular displacement in a Theis-type aquifer 

that is pumped at a constant rate. In a contiguous unconsolidated media where the 

aquifer is confined and of infinite radial extent, mass balance requires that the bulk flux 

of incompressible co~tituent materials respo..)lds to a volume rate of discharge as 

Q = 21trbqb <65> 

where Q is the pumping rate, b is the aquifer thickness and r is the radial distance from 

the well. For axially symmetric radial flow 

qb = _g_ ·- J - ,66> 
21trb 

where q b is the radial component of q b . For the purposes of this report, horizontal flow is 

assumed, and the aquifer is isotropic and homogeneous. However, the numen'tal model .. 
as written does not require these limiting assumptions. 



Figure 4. Generalized flow chart of granular displacement model. Includes inner- 
loop flow chart of Z direction only. X and Y inner loops are synonymous to Z.
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The US. Geological Survey's modular ground-water flow model, MODFLOW 

(McIDonald and Harbaugh, 1988), makes use of a rectangular finite-difference grid 

network in cartesian coordinates. Thus, the bulk flux must be transformed from polar to 

cartesian coordinates. The horizontal component of bulk flux in cartesian coordinates is 

given by the relations:

<lbx =
QU-xJ

and

Qiy-yo)

<67>

<68>

where z -and y-y„ represent the distance along the principal coordinate direction 

from the pumping well to any point of concern within the aquifer, namely, to each grid 

cell center S represents the surface area of equal values of bulk flux that emanate 

outward radially from the pumping well. For an idealized Theis aquifer (one that is 

homogeneous, isotropic, and of constant thickness) pressure transients migrate outward 

over time in a circular fashion. Therefore, the surface area is expressed as 2nrb. The 

radial distance r fi-om the pumping well to the point of interest is expressed in cartesian 

coordinates as

[(x-Xj2+(y_yj2]2 <69>

The bulk flux initial condition is now established for a point source or sink and remains 

constant over time as long as Q remains constant. A new biilk flux would need to be 

calculated if the pumping rate is changed.

Helm (1994) uses the integral form of the Theis solution (Lohman, 1972, p. 8) to 

develop equations for displacement. By taking the divergence of the Theis solution and 

using eqs. 5 and 66 he obtains a Theis-Thiem expression for a confined aquifer. The 

displacement field of solids can be determined by integrating the velocity of solids with 

respect to time. Helm's resulting expression for the displacement field of solids is
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QrS,
iuKb

l-e-\ f-(0
I u <70>

where u - r^S/ {4Kt). Helm (1994) develops expressions of dimensionless 

displacement from equation 71 both for a fixed radial distance where time is variable, 

and for a fixed point in time where the radial distance from the well is allowed to change. 

For a fixed radial distance from the pumping well the dimensionless displacement, 

and the dimensionless time, r^, are

>*td =
&nKbu^
~Q^'

and

Likewise, for a fixed time, the dimensionless displacement,M,.^, and dimensionless 

distcmce, , are calculated by Helm to be:

2%bjK“,

r, = ^ . <74>

To compare the numerical results to these analytic solutions developed by Helm, 

a finite-difference grid network is first constructed. To take advantage of radial \ 

symmetry, only one-fourth of a radial flow field is simulated to optimize computational 

time. A 30x30 finite-difference cartesian<oordinate grid is used for the simulations in this 

report. The grid increases in size geometrically outward from the pumping well The 

pumping well is located at grid location x=l and y=l with grid dimensions of 0.328 m.

ik.-. :
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QrSs (1-e-11 J .. (e-m) ) u = -- ---+ --dm 
s 8nKb u II m 

<70, 

where u = r1S/ (4Kt) . Helm (1994) develops expressions of dimensionless 

displacement from equation 71 both for a fixed radial distance where time is variable, 

and for a fixed point in time where the radial distance from the well is allowed to change. 

For a fixed radial distance from the pumping well the dimensionless displacement, u,d, 

and the dimensionless time, rd, are 

u,d = <1> 

and 

Likewise, for a fixed time, the dimensionless displacement,urd' and dimensionless 

distance, rd , are calculated by Helm to be: 

and 

Jssr r - <74, d-./Kt . 
To compare the numerical results to these analytic solutions developed by Helm, 

a finite-difference grid network is first constructed. To take advantage of radial 

symmetry, only one-fourth of a radial flow field is simulated to optimize computational 

time. A 30x30 finite-difference cartesian-coordinate grid is used for the simulations in this 

report. The grid increases in size geometrically outward from the pumping well. The 

pumping well is located at grid location x=1 and y=1 with grid dimensions of 0.328 m. 
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The geometric relations that determine the dimensions of the adjacent cell (outward from 

the pumping well) are x+0.5x and y+0.5y where x and y represent the current cell 

dimensions. The geometrically increasing cell dimensions are used to approximate an 

infitute radial aquifer (assumed for the Theis solution) and to assure that the zero- 

displacement boundary does not affect simulation results near the pumping well.

For purposes of comparison to the analytic solutions, arbitrary but realistic initial 

conditions and aquifer parameters are chosen. Table 1 lists the initial conditions and 

aquifer parameters used for the simulation. Helm's dimensionless expressions are 

converted to real time and real distance with the data used for the numerical simulation.

Parameter Value(s)

Pumping 

rate, Q

2,450 m^/day

Hydraulic

diffusivity,

K/S,

\.%6x\&m^/day

1.86xl0W/day

1.86j:10^m^/day

Aquifer 

thickness, b

30 m

Table 1: Initial conditions and aquifer parameters used for 
model evaluation

Figure 5 compares the ahalytic solution displacements to the simulated 

displacements as a function of distance from the {jumping weU for the three hydraulic 

diffusivities listed in table 1 after 10 days of pumping. The results indicate that the 

numerical model accurately approximates the governing equations for granular 

movement (eqs. 51 and 52 without the z cross-product terms). The results are not 

significantly affected by time-step size. Only minor differences are noticeable when the 

10 day pumping period is divided into two time steps or 50 time steps. The illustration
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Figure 5. Plot showing displacement as a function of radial distance 
from pumping well for analytic solution and simulation with granular 

^ displacement model using aquifer properties listed in table 1.
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reveals that the displacement field produces a wave form with respect to distance from 

the pumping well. This is a wave-like phenomenon because all iiwterials (water and 

skeletal frame) are moving radially inward. In plan view, the maximum amplitude of this 

wave represents a circumference centered on the pumping well. This circumference of 

maximum displacement moves outward as a function of time cis pumping continues. The 

shape and amplitude of the wave is dependent upon the hydraulic diffusivity, pumping 

rate, and pumping time. For a specified time the Vcilue of maximum displacement 

decreases with an increase in hydraulic diffusivity. Similarly, the point of maximum 

displacement migrates outward from the well with an increase in hydraulic diffusivity 

(fig. 5). The slope at any point on the displacement curve represents the radial strain at 

that point r for a given instant in time. The point of maximum displacement represents a 

dicumference of zero radial strain. From the pumping well to the point of zero radial 

strain the aquifer is experiencing radial compression. That is, porosity and hydraulic 

conductivity decrease as the grains are rearranged to a more closely packed 

configuration. Beyond the region of zero radial strain the aquifer is experiencing radial 

extension. For a given point at distance r from the pumping well, however, there will be 

initially a period of radial extension followed by an instant of zero radial strain, followed 

by a period of radial compression as the wave of maximum displacement moves 

outward. The total length of time for the episodes of extension and compression depends
■V '

upon the pumping rate and the hydraulic diffusivity.

Strictly speaking, for an idealized Theis aquifer no drawdowm (and no change in 

volume strain) occurs only at an mfmite distance from the well. According to Helm (1994)

at a radial distance of = 3.1 jKtTS^ the change in volume strain, 5e, can be considered 

negligibly small. In other words, outward from the boundary identified by is a region 

where porosity volume does not change significantly even though the shape of the pore 

spaces is changing. This occurs because radial extensional strain in this region is equal to 

(or nearly so) tangential compressional strain. Beyond water does not flow relative to 

the solid matrix and hence specific discharge, q, remains zero. Consequently, there is no 

drawdown; that is, ^ = -KV h = 0.
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extension. For a given point at distance r from the pumping well, however, there will be 

initially a period of radial extension followed by an instant of zero radial strain, followed 

by a period of radial compression as the wave of maximum displacement moves 

outward. The total length of time for the episodes of extension and compression depends .., -.,/.,. 

upon the pumping rate and the hydraulic diffusivity. 

Strictly speaking, for an idealized Theis aquifer no drawdown (and no change in 

volume strain) occurs only at an infinite distance from the well. According to Helm (1994) 

at a radial distance of r O = 3.1 JK ti S s the change in volume strain, OE, can be considered 

negligibly small. In other words, outward from the boundary identified by r O is a region 

where porosity volume does not change significantly even though the shape, of the pore 

spaces is changing. This occurs because radial extensional strain in this region is equal to 

(or nearly so) tangential compressional strain. Beyond r O water does not flow relative to 

the solid matrix and hence specific discharge, q, remains zero. Consequently, there is no 

drawdown; that is, q = -KV h = 0. 



From Helm's analytical solution and resulting curve relating dimensionless distance to 

dimensionless cumulative displacement, the product is approxinuitely equal to

unity within this outer region. Thus, from eqs. 73 and 74 a displacement can be calculated 

for the radius at this outer circumference. That is,

M, = ‘75»* 2nbr„

From equation 75 analytically derived values of displacement can be easily calculated for 

the three hydraulic diffusivities listed in table Ifor this outermost region where r ^

Table 2 gives radii, to the outer boundary representing zero change in volume 

strain and zero drawdown. These radii are accompanied by thfe analytically derived (eq. 

75), and simulated (eqs. 61-64), displacements at this outermost boundary for the three 

values of hydraulic diffusivity listed in table 1 after 10 days of pumping. The last column 

in table 2 lists the simulated distance from the pumping well where the drawdown 

becomes nearly zero (less than 0.15 m) for the three hydraulic diffusivity values after 10 

days of pumping. These radii of zero drawdown were simulated from the modular 

ground-water flow model, which is independent of the displacement model.

Several important observations can be made from the results shown in table Z 

First, the aquifer is in motion and displacement does occur in the region of the aquifer

beyond what has traditionally been defined as the "radius of influence" of the pumping
V

well (based on hydraulic head alone). Helm (1994) refers to this outer boundary as the 

transient radius of influence because this boundary moves outward from the pumping 

well with the square root of time. It also represents the circumference of maximum radial 

strain in tension. Field data verify that displacement must occur beyond the "radius of 

influence" of the well because earth fissures are often known to form beyond where there 

is any significant drawdown (Anderson, 1989). The simulation results accurately reflect 

the values obtained from the analytic solutions. Second, the point at which drawdowns 

were simulated to return to their prepumping state (zero drawdown) closely corresponds 

to this outer region of zero change in volume strain (at r^). Hence, not only is the
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From Helm's analytical solution and resulting curve relating dimensionless distance to 

dimensionless cumulative displacement, the product urd · rd is approximately equal to 

unity within this outer region. Thus, from eqs. 73 and 74 a displacement can be calculated 

for the radius at this outer circumference. That is, 

u = _ll!_ 
s 21tbr

0 

<75> 

From equation 75 analytically derived values of displacement can be easily calculated for 

the three hydraulic diffusivities listed in table lfor this outermost region where r r 0 • 

Table 2 gives radii, r 0 , to the outer boundary rep..resenting zero change in volume 

strain and zero drawdown. These radii are accompanied analytically derived (eq. 

75), and simulated (eqs. 61-64), displacements at this outermost-boundary for the three 

values of hydraulic diffusivity listed in table 1 after 10 days of pumping. The last column 

in table 2 lists the simulated distance from the pumping well where the drawdown 

becomes nearly zero (less than 0.15 m) for the three hydraulic diffusivity values after 10 

days of pumping. These radii of zero drawdown were simulated from the modular 

ground-water flow model, which is independent of the displacement model. 

Several important observations can be made from the results shown in table 2. 

First, the aquifer is in motion and displacement does occur in the region of the aquifer 

beyond what has traditionally been defined as the "radius of influence" of the pumping 
-I r-,..,-,'' 

well (based on hydraulic head alone). Helm (1994) refers to this outer boundary as the 

transient radius of influence because this boundary moves outward from the pumping 

well with the square root of time. It also represents the circumference of maximum radial 

strain in tension. Field data verify that displacement must occur beyond the "radius of --
influence" of the well because earth fissures are often known to form beyond where there 

is any significant drawdown (Anderson, 1989). The simulation results accurately reflect ' . 
the values obtained from the analytic solutions. Second, the point at which drawdowns 

were simulated to return to their prepumping state (zero drawdown) closely corresponds 

to this outer region of zero change in volume strain (at r 0 ). Hence, not only is the 



displacement model able to duplicate the analytic results, but the analytic solutions and 

displacement model predict where the simulated "radius of influence" will reach in 

accordance with the ground-water flow model.

Hydraulic 

Diffusivity 

in?/day)

Analytically 

derived 

distance from 

pumping well 

(m)

Analytically

derived

displacement

(m)

Model’s

calculated

displacement

(m)

Ground-water 

model’s calculated 

radius of influence 

(<0.15 m drawdown)

1.861:10^ 455 0.99 0.97 426

1.86;tl0'‘ 1,438 0.31 0.30 1,345

1.86x10^ 4,547 0.01 0.10 4,264

Table 2: Analytic and simulated values for displacement and "radius of influence "at the 
boxmdary representing negligibly small change in volume strain after 10 days of pumping.

It is worth emphasizing that this outward moving "radius of influence" corresponds 

not only to where there is negligible drawdown but also to where there is maximum 

extensional radial strain which corresponds to the inflection point on the curve in fig. 5. The 

standard ground-water model can not predict such a correlation, whereas the equation of 

motion of a^ifer material (eq. i^Tdoes.

Figure 6 shows the analytic and simulation results for displacement at a fixed radial

distance of approximately 490 m from the pumping well for the three hydraulic diffusivities

listed in table 2. Again, the simulation results indicate that the numerical model is capable
^ * •

of accurately approximating the analytic solutions developed by Helm (1994) for

displacement versus time. Therefore, the model represents a good numerical
’•L

approximation to the partial differential equations that define granular movement. The plot 

indicates that the grains initially begin from rest and would eventually reach an asymptotic 

value (ultimate displacement) after a long period of pumping. That is, as total pumping 

time increases, the velocity of solids decreases. The displacements shown are cumulative.

displacement model able to duplicate the analytic results, but the analytic solutions and 

displacement model predict where the simulated "radius of influence" will reach in 

accordance with the ground-water flow model. 

Analytically Ground-water 
Analytically Model's 

Hydraulic derived model's calculated 
derived calculated 

Diffusivity distance from radius of influence 

(m2 /day) 
displacement displacement 

pumping well (<(>.15 m drawdown) 
(m) (m) . 

(m) <mt _--> 
l.86x10J 455 0.99 0.97 426 

l.86xl04 1,438 0.31 0.30 1,345 

l.86x105 4,547 0.01 0.10 4,264 
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Table 2: Analytic and simulated values for displacement and "radius of influence "at the 
boundary representing negligibly small change in volume strain after 10 days of pumping. 

It is worth emphasizing that this outward moving "radius of influence" corresponds 

not only to where there is negligible drawdown but also to where there is maximum 

extensional radial strain which corresponds to the inflection point on the curve in fig. 5. The 

standard ground-water model can not predict such a correlation, whereas the equation of 
-I 

motion of aquifer material (eq. 39 does. 

Figure 6 shows the analytic and simulation results for displacement at a fixed radial 

dis~ nce of approximately 490 m from the pumping well for the three hydraulic diffusivities 

listed in table 2. Again, the simulation results indicate that the numerical model is capable 

of accurately approximating the analytic solutions developed by Helm (1994) for 

displacement versus time. Therefore, the model represents a good numerical 
\ 

approximation to the partial differential equations that define granular movement. The plot 

indicates that the grains initially begin from rest and would eventually reach an asymptotic 

value (ultimate displacement) after a long period of pumping. That is, as total pumping 

time increases, the velocity of solids decreasts. The displacements shown are cumulative. 
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Figure 6. Plot showing displacement as a function of time since the 
onset of pumping for analytic solution and simulation with the 
granular displacement model using aquifer properties listed in 
table 1.
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Figure 6. Plot showing displacement as a function of time since the 
onset of pumping for analytic solution and simulation with the 
granular displacement model using aquifer properties listed in 
table 1. 
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Nonconstant Pumping. Relaxation, and Injection
The analytic solutions of displacement for the Theis-type aquifer (Helm, 1994) are 

limited to a constant rate of pumping. The numerical displacement model, however, is 

capable of simulating displacement fields for any Q (pumping, relaxation, or injection) 

one chooses. Simulation results are presented for three scenarios in which Q is allowed to 

change. The first scenario uses the evaluation simulation (10 days of pumping) with a 

hydraulic diffusivity of 1.86x10^ m^/day followed by a 50 day relaxation period (no 

pumping). The second scenario (presented here) uses a combination of pumping and 

relaxation periods in order to evaluate how turning the well on and off will affect 

granular movement. The third scenario uses a combination of pumping and inj^tion 

periods where the injection rate is equal to the pumping rate. Because injection of potable 

water is becoming more common in arid-zone cities during seasons of low water use, this 

scenario will evaluate how such management practices may affect granular movement. 

The results of these three scenarios are presented below.

Simulation results of the first scenario are shown in figures 7a and 7b. The 

maximum displacement for the set of initial conditions after 10 days of pumping occms at 

a distance of 541m from the pumping well. Figure 7b graphically shows the drawdown 

curve corresponding to the displacement curve in figure 7a after 10 days of pumping. 

After 10 days of pumping the well is shutpff but the grains do not become stationary. 

Rather, they begin to return to their prepumping state (fig. 7a). Simulation results indicate 

that the grains in the aquifer will eventually reach their prepumping state after nearly 2 

years of relaxation. The relaxation of the granular matrix reflects the elastic stress-strain 

constitutive relation used in the theoretical development (eq. 34). Water levels return to 

their prepumping levels much more rapidly than the grains do (compare figs. 7a and 7b).

In the second scenario, the aquifer is subjected to a series of pumping stresses 

followed by episodes of relaxation. Figures 8a and 8b illustrate how this pumping and 

relaxation pattern influences the displacement field of solids and drawdown, 

respectively. The maximum displacement after 2.5 days of pumping at 5.0 n?/day 

(stress period 1) is essentially the same as the maximum displacement after 10 days of
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Nonconstant Pumping, Relaxation, and lniection 
The analytic solutions of displacement for the Theis-type aquifer (Helm, 1994) are 

limited to a constant rate of pumping. The numerical displacement model, however, is 

capable of simulating displacement fields for any Q (pumping, relaxation, or injection) 

one chooses. Simulation results are presented for three scenarios in which Q is allowed to 

change. The first scenario uses the evaluation simulation (10 days of pumping) with a 

hydraulic diffusivity of 1.86x104 m2 / day followed by a SO day relaxation period (no 

pumping). The second scenario (presented here) uses a combination of pumping and 

relaxation periods in order to evaluate how turning the well on and off will-a feet 

granular movement. The third scenario uses a combination of pumping and injection 

periods where the injection rate is equal to the pumping rate. Because injection of potable 

water is becoming more common in arid-zone cities during seasons of low water use, this 

scenario will evaluate how such management practices may affect granular movement. 

The results of these three scenarios are presented below. 

Simulation results of the first scenario are shown in figures 7a and 7b. The 

maximum displacement for the set of initial conditions after 10 days of pumping occurs at 

a distance of 541m from the pumping well. Figure 7b graphically shows the drawdown 

curve corresponding to the displacement curve in figure 7a after 10 days of pumping. 

After 10 days of pu~ping the well is shu . off but the grains do not become stationary. 

Rather, they begin to return to their prepumping state (fig. 7a). Simulation results indicate 

that the grains in the aquifer will eventually reach their prepumping state after nearly 2 

years of relaxation. The relaxation of the granular matrix reflects the elastic stress-strain 

constitutive relation used in the theoretical development (eq. 34). Water levels return to 

their prepumping levels much more rapidly than the grains do (compare figs. 7a and 7b). 

In the second scenario, the aquifer is subjected to a series of pumping"stresses 

followed by episodes of relaxation. Figures Ba and 8b illustrate how this pumping and 

relaxation pattern influences the displacement field of solids and drawdown, 

respectively. The maximum displacement after 2.5 days of pumping at 5.0 m3 / day 

(stress period 1) is essentially the same as the maximum displacement after 10 days of 
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Figure 7. Simulation results showing A. displacement as a function of 
radial distance from pumping well for one period of pumping followed by 
a prolonged period of relaxation; and B. drawdowns as calculated using 
NtoDFLOW.
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Figure 8. Simulation results showing A. displacement as a fimction of 
radial distance from pumping well for cycles of pumping and 
relaxation; and B. drawdowns as calculated using MODFLOW.
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pumping at 2.5 n?/day (fig. 7a). The different pumping rate is reflected in the radial 

disUmce at which the maximum displacement occurs. In this scenario the radial distance 

where this maximum displacement occurs is at 271 m, or one half the distance that occius 

in the first scenario. Of interest is the fact that the displacement at which the drawdown is 

"zero" is 0.10 m., the same amoimt as observed in the first pumping scenario. 

Fiuthermore, the radius representing zero volume strain, r^, is almost identical as in the 

first pumping scenario after 10 days.

The maximum displacement following the second pumping period (stress period 

3) increases to 0.19 m (fig. 8a). The total volume of water pumped after 7.5 days is 

identical to the volume of water pumped after 10.0 days inlhe'first scenario (fig. 7a), yet 

there is 20 percent more displacement. The radial distance at which this iiiaximum 

displacement occurs is approximately 360 m from the pumping well, or nearly 100 m 

farther than after the first pumping period (stress period 1), but 180 m closer to the 

pumping well than the radius of maximum displacement in the first scenario (fig. 8a). 

Note, in figure 9a, that after the second and fourth stress periods (2.5 day relaxation 

periods) the radius of maximum displacement moves outward to more than twice the 

distance from the pumping well than that which is simulated after the corresponding 

pumping period (stress periods 1 and 2). Although the maximum displacement is farther 

from the pumping well, its maximum displacement is greatly reduced. After 20 days
•y

(additional 10 days Of relaxation) the displacement curve is nearly the same as that of fig. 

8a for the same simulation time. After 60 days (50 days relaxation), the curves in figs. 7a 

and 8a are identical, suggesting that regardless of the pumping patterns, the displacement 

curves during relaxation will eventually look the same for an equal volume of pumped 

water.

Figure 8a shows that the practice of turning the well on and off (second scenario) 

is potentially more damaging to the aquifer (may lead to a higher incidence of fissrire 

development and shearing of well casings) than leaving the pump on at a lower pumping 

rate (first scenario). Not only is the maximum dispbcement increased in the second 

scenario, but the granular matiix'is more dynamically active, experiencing greater strain
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pumping at 2.5 m3 / day (fig. 7a). The different pumping rate is reflected in the radial 

.distance at which the maximum displacement occurs. In this scenario the radial distance 

where this maximum displacement occurs is at 271 m, or one half the distance that occurs 

in the first scenario. Of interest is the fact that the displacement at which the drawdown is 

"zero" is 0.10 m., the same amount as observed in the first pumping scenario. 

Furthermore, the radius representing zero volume strain, r 0 , is almost identical as in the 

first pumping scenario after 10 days. 

The maximum displacement following the second pumping period (stress period 

3) increases to 0.19 m (fig. Ba). The to al volume of water pumped after 7.5 cµys is 

identical to the volume of water pumped after 10.0 days inJ:he' first scenario (fig. 7a), yet 

there is 20 percent more displacement. The radial distance at which this maximum 

displacement occurs is approximately 360 m from the pumping well, or nearly 100 m 

farther than after the first pumping period (stress period 1), but 180 m closer to the 

pumping well than the radius of maximum displacement in the first scenario (fig. Ba). 

Note, in figure 9a, that after the second and fourth stress periods (2.5 day relaxation 

periods) the radius of maximum displacement moves outward to more than twice the 

distance from the pumping well than that which is simulated after the corresponding 

pumping period (stress periods 1 and 2). Although the maximum displacement is farther 

from the pumping well, its maximum displacement is greatly reduced. After 20 days 
(-../. 

(additional 10 days of relaxation) the displacement curve is nearly the same as that of.fig. 

8a for the same simulation time. After 60 days (50 days relaxation), the curves in figs. 7a 

and 8a are identical, suggesting that regardless of the pumping patterns, the displacement 

curves during relaxation will eventually look the same for an equal volume of pumped 

water. 

Figure 8a shows that the practice of turning the well on and off (second scenario) 

is potentially more damaging to the aquifer (may lead to a higher incidence of fissure 

development and shearing of well casings) than leaving the pump on at a lower pumping 

rate (first scenario). Not only is the maximum displacement increased in the second 

scenario, but the granular matru( is more dynamically active, experiencing greater strain 
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and movement both toward and subsequently away from the pumping well. This 

scenario has significance because intermittent pumping is practiced in Las Vegas and 

other arid and semi-arid regions where water use varies significantly from season to 

seasoa After many years of implementing this practice, the total displacements may be 

significantly greater than if a constant but lower pumping rate was used. To what effect 

this practice may have on fissure development is beyond the scope of this report. What is 

clear however, is that both displacements and strains induced by this practice are greater, 

«md greater strains and displacements can be expected to ultimately have adverse effects 

on the aquifer itself and on any structures located on or within the aquifer.

The third scenario is similar to the second one discussed above/The difference is 

that the 2.5 day relaxation intervals are replaced by injection at the same rate as pumping 

and the 50 day relaxation period is omitted (table 3). Figure 9 is designed to reveal the 

rapid influence injection has on granular movement and strain. The top curve is identical 

to the curve shown in fig. 8a after 2.5 days (stress period 1). Injection is immediately 

implemented after the initial 2.5 days of pumping. The remaining curves in fig. 9 show 

the displacements that occur radially outward from the well as injection proceeds 

through time. The time slices are small to illustrate how quickly the grains respond to this 

2.5 day period of injection (stress period 2). In the immediate vicinity of the well, 

displacements become negative; that is, they move farther from the well than their initial 

location (prior to pumping). Within about a hundred meters of the well the grains move 

dramatically (up to 0.2 meter in less than 2.0 days) and from compressional streiin to 

extensional strain. Figure 10a shows the displacement curves for 2 cycles of pumping and 

injection (after 4 stress periods). This illustration reveals the tremendous amount of lateral 

movement that occurs within 300 m of the pumping well within a short period of time 

(2.5 days). Combined with the large strains and changes in strain from compressional to 

extensional and back again, the overaU impact on the aquifer can be expected to be great. 

Figure 10b shows the resulting drawdowns from the ground-water flow model after each 

of the four stress periods.
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and movement both toward and subsequently away from the pumping well. This 

scenario has significance because intermittent pumping is practiced in Las Vegas and 

other arid and semi-arid regions where water use varies significantly from season to 

season. After many years of implementing this practice, the total displacements may be 

significantly greater than if a constant but lower pumping rate was used. To what effect 

this practice may have on fissure development is beyond the scope of this report. What is 

clear however, is that both displacements and strains induced by this practice are greater, 

and greater strains and displacements can be expected to ultimately have adverse effects 

on the aquifer itself and on any structures loca ed on or within the aquifer. 

The third scenario is similar to the second one discussed ~ The difference is 

that the 2.5 day relaxation intervals are replaced by injection at the same.rate as pumping 

and the 50 day relaxation period is omitted (table 3). Figure 9 is designed to reveal the 

rapid influence injection has on granular movement and strain. The top curve is identical 

to the curve shown in fig. 8a after 2.5 days (stress period 1). Injection is immediately 

implemented after the initial 2.5 days of pumping. The remaining curves in fig. 9 show 

the displacements that occur radially outward from the well as injection proceeds 

through time. The time slices are small to illustrate how quickly the grains respond to this 

2.5 day period of injection (stress period 2). In the immediate vicinity of the well, 

displacements become negative; that is, they move farther from the well than their initial 
y 

location (prior to pumping). Wit · about a hundred meters of the well the grains move 

dramatically (up to 0.2 meter in less than 2.0 days) and from compressional strain to 

extensional strain. Figure 10a shows the displacement curves for 2 cycles of pumping and 

injection (after 4 stress periods). This illustration reveals the tremendous amount of lateral 

movement that occurs within 300 m of the pumping well within a short period of time . 
(2.5 days). Combined with the large strains and changes in strairt from compressional to 

\ . 
extensional and back again, the overall impact on the aquifer can be expected to be great. 

Figure 10b shows the resulting drawdowns from the ground-water flow model after each 

of the four stress periods. 



Rgure 9. Plot showing di^lacement as a function of distance from 
the pumping well after 2.5 days of pumping immediately followed 
by 2.5 days of injection. Increment^ time plots are shown during 
injection to indicate how quickly the aquifer responds to stress 
reversals.
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Figure 9. Plot showing displacement as a function of distance from 
the pumping well after 25 days of pumping immediately followed 
by 2.5 days of injection. Incremental time plots are shown during 
injection to indicate how quickly the aquifer responds to stress 
reversals. 
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Figure 10. Simulation results showing A. displacement as a function of 
radial distance from pumping well for cycles of pumping and 
injection; and B. drawdowns as calculated using MODFLOW.
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Figure 10. Simulation results showing A. displacement as a function of 
rarual distance from pumping well for cycles of pumping and 
injection; and B. drawdowns as calculated using MODFCOW. 
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Pumping rate 

n?/day

Stress

period

Length of 

stress period 

(days)

Total

simulation

time

(days)

2.0 (pumping) 1 2.5 2.5

2.0 (injection) 2 2.5 5.0

2.0 (pumping) 3 2.5 7.5

2.0 (injection) 4 2.5 10.0 \

Table 3: Stress period information used for the third scenario.

:

i

Such severe granular movements resulting from cycles of pumping and injection, 

may have long-term consequences. As injection (artihcial recharge) becomes a more 

popular mechanism to store water during seasons of low water demand, increased strain 

on the granular matrix in the vicinity of the well or wells may not only weaken the soil 

structure, but may weaken or rupture nearby well casings and other structures. In Las 

Vegas, for instance, artificial recharge commenced in 1989 and has increased aimually to 

a volume of 20,000 acre-ft. in water-year 1993 (Oct.-May), or approximately one third of 

the total aimual volume pumped. Evidence of buckled and sheared well casings in the 

vicinity of the main well field in the valley point to horizontal movement or 

displacement as the potential cause. Although it is not known at this time whether 

horizontal granular movement is responsible for such failures, more field data and 

further well casing failures in the future may very well point to this overlooked 

phenomenon.
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Total 
Pumping rate 

Stress 
Length of 

simulation 
stress period 

m3/day period time 
(days) 

(days) 

2.0 (pumping) 1 2.5 2.5 

2.0 (injection) 2 2.5 5.0 

2.0 (pumping) 3 2.5 7.5 

2.0 (injection) 4 2.5 10.0- -'\ > 
Table 3: Stress period information used for the third scenario. 

Such severe granular movements resulting from cycles of pumping and injection, 

may have long-term consequences. As injection (artificial recharge) becomes a more 

popular mechanism to store water during seasons of low water demand, increased strain 

on the granular matrix in the vicinity of the well or wells may not only weaken the soil 

structure, but.may weaken or rupture nearby well casings and other structures. In Las 

Vegas, for instance, artificial recharge commenced in 1989 and has increased annually to 

a volume of 20,000 acre-ft. in water-year 1993 (Oct.-May), or approximately one third of 

the total annual volume pumped. Evidence of buckled and sheared well casings in the 
'I -~ 

vicinity of the main well field in the valley point to horizontal movement or 

displacement as the potential cause. Although it is not known at this time whether 

horizontal granular movement is responsible for such failures, more field data and 

further well casing failures in the future may very well point to this overlooked ._ _,_ -

phenomenon. 



SIMULATION OF THREE-DIMENSIONAL GRANULAR MOVEMENT

Model Evalui•llWl

Displacement in a two-dimensional Theis-type aquifer has been accurately simulated 

using the granular displacement model. The approximation of the differential equations 

and numerical scheme used is adequate for approximating the analytic solutions 

developed by Helm (1994) for an areally iidinite aquifer. The same approach is used to 

extend the model to three dimensions. The numerical approximations are the same as 

those used for two dimensions. The major difference arises due to the water table 

boundary condition and the use of ultimate values of bulk flux for the water table and'aU^' 

heterogeneities present in the aquifer system being evaluated.

No known models exist that use displacement as the principal imknown to 

evaluate granular movement resulting from imposed stresses in a fully three dimensional 

setting. Existing models such as COMPAC (Helm, 1975,1976), the interbed storage model 

(Leake and Pmdic, 1988) only evaluate vertical compaction or strain on the basis of 

effective stress changes within ^e-grained interbeds. These vertical strain models 

convert effective stress changes to an equivalent change in thickness of a compressible 

interbed as follows:

5a'
Ab = —S,^o

where Ah is the change in thickness of the interbed, is the skeletal specific storage, 

and is the original thickness of the interbed. The skeletal specific storage may be 

oiacHr or inelastic (virgin) depending upon the previous maximum effective stress 

imposed on the aquifer. If the stress (measured as drawdown) exceeds its previous 

maximum value then the skeletal specific storage is in the virgin range, otherwise it is 

elastic.
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Displacement in a two-dimensional Theis-type aquifer has been accurately simulated 

using the granular displacement model. The approximation of the differential equations 

and numerical scheme used is adequate for approximating the analytic solutions 

developed by Helm (1994) for an areally infinite aquifer. The same approach is used to 

extend the model to three dimensions. The numerical approximations are the same as 

those used for two dimensions. The major difference arises due to the water table 

boundary condition and the use of ultimate values of bulk flux for the water table and ajl_.> 

heterogeneities present in the aquifer system being evaluated. 

No known models exist that use displacement as the principal unknown to 

evaluate granular mo"._ement resulting from imposed stresses in a fully three dimensional 

setting. Existing models such as COMP AC (Helm, 1975, 1976), the interbed storage model 

(Leake and Prudic, 1988) only evaluate vertical compaction or strain on the basis of 

effective stress changes within fine-grained interbeds. These vertical strain models 

convert effective stress changes to an equivalent change in thickness of a compressible 

interbed as follows: 

,76, 

where !lb is the change in thickness of the interbed, S sk is the skeletal specific storage, 

and b 
O 

is the original thickness of the interbed. The skeletal specific storage may be ------
elastic or inelastic (virgin) depending upon the previous maximum effective stress 

imposed on the aquifer. If the stress (measured as drawdown) exceeds its previous 
\ 

maximum value then the skeletal specific storage is in the virgin range, otherwise it is 

elastic. 



These vertical strain models take each compressible interbed as a sepcirate entity 

and then sums the results (eq. 76 is summed for all interbeds). For example, if a series of 

doubly draining clay lenses lies within a single aquifer (see layers 4 and 5 of fig. 11), the 

midplane of each lens (interbed) is represented as impermeable due to vertical symmetry 

of water flow relative to this midplane. Vertical compression of the interbed (relative to 

the nudplane) is opposite and equal to the rate of incompressible water that is squeezed 

out from interbed storage. In other words, for an interbed storage model, the implicit 

equation for velocity of solids (relative to the interbed midplane) is

V =-a = K ^ . <77>

Note that eq. 77 differs from eq. 5 by the bulk flux term, q^,^. That is, if was included 

in this interbed storage model (as it should be) it would specify the rate at which the 

midplane moves vertically relative to a regionally specified point that is fixed in space 

(usually the bedrock bottom beneath the aquifer being simubted, as is done with the 

granular displacement model).

For the granular displacement model mass balance is ei\sured by the bulk flux 

term satisfying eq. 6 and strain compatibility is inherently ensured because the 

dependent variable is the displacement field w,. For the interbed storage model, 

however, although vertical mass balance is ensured within each individual interbed, it is 

nqt necessarily ensured for the system as a whole. In order to approximate strain 

compatibility, the interbed storage model sums the vertical strain of all material (namely, 

for a vertical stack of N interbeds) that is modeled to be compressible within each vertical 

colunm from the water table downwards. In other words, the interbed storage model 

selects each interbed and N tgtal interbeds within a column of interest where

^ztotal S j^zzi^^ <78>
« = 1 i = 1
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These vertical strain models take each compressible interbed as a separate entity 

and then sums the results (eq. 76 is summed for all interbeds}. For example, if a series of 

doubly draining clay lenses lies within a single aquifer (see layers 4 and 5 of fig. 11), the 

midplane of each lens (interbed} is represented as impermeable due to vertical symmetry 

of water flow relative to this midplane. Vertical compression of the interbed (relative to 

the midplane} is opposite and equal to the rate of incompressible water that is squeezed 

out from interbed storage. In other words, for an interbed storage model, the implicit 

equation for velocity of solids (relative to the interbed midplane} is 
i)h 

vsz = -qz = KzZi)z · - ' ,71> 

Note that eq. 77 differs from eq. 5 by the bulk flux term, qb~ t is, if qbz was included 

in this interbed storage model (as it should be} it would specify the rate at which the 

midplane moves vertically relative to a regionally specified point that is fixed in space 

(usually the bedrock bottom beneath the aquifer being simulated, as is done with the 

granular displacement model}. 

For the granular displacement model mass balance is ensured by the bulk flux 

term qb satisfying eq. 6 and strain compatibility is inherently ensured because the 

dependent variable is the displacement field us. For the interbed storage model, 

however, although vertical mass balance is ensured within each individual interbed, it is 

n t necessarily ensured for, the system as a whole. In order to approximate strain 
t-,./ 

compatibility, the interbed storage model sums the vertical strain of all material (namely, 

for a vertical stack of N interbeds} that is modeled to be compressible within each vertical 

column from the water table downwards. In other words, the interbed storage model 

selects each ith interbed and tg@l interbeds within a column of interest where 

N N 

Uztotal = L Uzi = L f Ezzidzi ,78, 
i = 1 i = 1 
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This sum of strains (or "floating" interbeds) is assumed to accumulate at the top of the 

column and, by implication, to represent the vertical subsidence of the land surface. The 

vertical deformation of any material that lies between basement rock and the water table 

that is not modeled as a compressible interbed will escape being included in the interbed 

storage calculation of subsidence.

The vertical velocity of solids for the granular displacement model is expressed as

K (^\ .

and is expressed relative to a fixed regional boimdary. Therefore, not onlyxMi a net 

change in strain within a byer be calcubted, but the total change rebtive to other byers 

(from a fixed reference) can be calcubted so that both extensional and compressional 

strains are simubted and are manifested in the distribution of the dispbcement field. 

Vaibtions in the strain field rebtive to a fixed point in space (namely, strain 

comjjatibility requirements) are included in eq. 79 but not with eqs. 77 or 78. The cross- 

product terms in x and y are inherently absent in eq. 77 but are included in eq. 79. The 

influence of these terms becomes brge enough near the pumping well that they can not 

be ignored and result in calcubted vertical dispbcements that differ fi-om the compaction 

calcubted from the interbed storage model. The granular dispbcement model would 

tend to have lower measured dispbcements within clay interbeds in a confined aquifer 

near the pumping well because the strain field (squeezed water volume) is not entirely 

contained in the vertical component as it is for the interbed storage model. Both 

horizontal components contain part of the volume strain field, particularly near the 

pumping well.

In order to use the interbed storage model to evaluate the accuracy of the vertical 

dispbcements of the granular dispbcement model, a suitable simubtion must be set up 

that is not impacted by the limitations, assumptions, and differences between the two 

models. One possible approach is to evaluate the compaction or displacement within one 

set of interbeds within a confined aquifer. The elastic and inelastic components of skeletal

...f"
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This sum of strains (or "floating" interbeds) is assumed to accumulate at the top of the 

column and, by implication, to represent the vertical subsidence of the land surface. The 

vertical deformation of any material that lies between basement rock and the water table 

that is not modeled as a compressible interbed will escape being included in the interbed 

storage calculation of subsidence. 

The vertical velocity of solids for the granular displacement model is expressed as 

and is expressed relative to a fixed regional boundary. Therefore, not onl~ a net 

change in strain within a layer be calculated, but the total change relative to other layers 

(from a fixed reference) can be calculated so that both extensional and compressional 

strains are simulated and are manifested in the disbibution of the displacement field. 

Variations in the strain field relative to a fixed point in space (namely, strain 

compatibility requirements) are included in eq. 79 but not with eqs. 77 or 78. The cross-

product terms in x and y are inherently absent in eq. 77 but are included in eq. 79. The 

influence of these terms becomes large enough near the pumping well that they can not 

be ignored and result in calculated vertical displacements that differ from the compaction 

calculated from the interbed storage model. The granular displacement model would 
y t-,../~ 

tend to have lower measured displacements within clay interbeds in a confined aquifer 

near the pumping well because the strain field (squeezed water volume) is not entirely 

contained in the vertical component as it is for the interbed storage model. Both 

horizontal components contain part of the volume strain field, particularly near the 

pumping well. 

In order to use the interbed storage model to evaluate the accu.ra_cy of the vertical 

displacements of the granular displacement model, a suitable simulation must be set up 

that is not impacted by the limitations, assumptions, and differences between the two 

models. One possible approach is to evaluate the compaction or displacement within one 

set of interbeds within a confined aquifer. The elastic and inelastic components of skeletal 



specific storage must be equal in order to avoid the differences in methods in which 

inelastic storage is invoked in the two models. Figure 11 outlines the conceptual model 

used to evaluate the vertical displacements calculated using the granular displacement 

model. Table 4 lists the aquifer properties used for the evaluation. Layer 3 serves as the 

confining unit with a horizontol hydraulic conductivity four orders of magnitude less 

than the layers either above or below the confining bed. A constant pumping rate of 

lA5x\Qr'^rr?/d for a 10 day period was used in the evaluation. A longer time period 

was not used because no recharge was implemented to offset the large pumping rate. 

This was done so that all the water would come from storage of the interbeds.

Pumping well

Rgure 11. Conceptual model used to evailuate accuracy of vertical displacements 
cmculated using the granular displacement model. The displacements were 
compared with compaction withm a single layer containing interbeds in a confined 
aquifer using the interbed storage package (Leake and Prudic, 1988).

Property Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

Horizontal K (m/d) 60. 60. 0.006 6.0 6.0

Vertical K (m/d) 60. 60. 0.0006 6.0 6.0

Specific Storage (1/m) 3.28e-9 3.28e-9 6.5e-6 6.5e-6 6.5e-7

Initial layer thickness (m) 15.2 15.2 15.2 15.2 15.2

Vertical conductance (lA) 4.0 0.00004 0.00004 0.4 —

Table 4: Aquifer properties used for each layer in evaluating the granular displacement 
model by comparing vertical displacements of layer 4 with compaction calculated in 

layer 4 using the interbed storage package (Leake and Prudic, 1991).

specific storage must be equal in order to avoid the differences in methods in which 

inelastic storage is invoked in the two models. Figure 11 outlines the conceptual model 

used to evaluate the vertical displacements calculated using the granular displacement 

model. Table 4 lists the aquifer properties used for the evaluation. Layer 3 serves as the 

confining unit with a horizontal hydraulic conductivity four orders of magnitude less 

than the layers either above or below the confining bed. A constant pumping rate of 

2.45.x10-3m3 Id for a 10 day period was used in the evaluation. A longer time period 

was not used because no recharge was implemented to offset the large pumping rate. 

This was done so that all the water w uld come from st~rage of the interbeds. 

Pumping well 

Unconfined a uifer 

Confined aquifer 
Layers 

Figure 11. Conceptual model used to evaluate accuracy of vertical displacements 
calculated using the granular displacement model. The displacements were 
co~pared with compaction within a single layer containing interbeds in a confined 
aquiter using the interbed storage package (Leake and Pruclic, 1988). 

Propeny Layer 1 Layer2 Layer3 Layer4 Layer 5 

Horizontal K (mid) 60. 60. 0.006 6.0 6.0 

Vertical K (mid) 60. 60. 0.0006 6.0 6.0 
--Specific Storage ( 1/m) 3.28e-9 3.28e-9 6.5e-6 6.5e-6 6.5e-7 

Initial layer thickness (m) 15.2 15.2 15.2 15.2 15.2 

Vertical conductance (lit} 4.0 0.00004 0.00004 0.4 --·----
Table 4: Aquifer properties used for each layer in evaluating the granular displacement 

model by comparing vertical displacements of layer 4 with compaction calculated in 
layer 4 using the interbed storage package (Leake and Prudic, 1991 ). 

,. 

49 



/

The results of the evaluation are shown qualitatively using the vector plotting 

package in fig. 12 where the plot represents a cross section along the y direction at row 

26. The actual measured displacements within the region of concern in layer 4 are listed 

in table 5.

DISP. VECTORS
Y Croas-Sactlon, x - 26

' '

Figure IZ Vector plot showing relative magmtu^f^ow

4. "^e boxes indicate where comparisons where made between the mterbed storage 
model and the granular displacement model as listed in table 5.

DISPI.V
ECT ECT ECT ECT ECT ECT ECT ECT

OR 20 2O 22 23 24 25 26

IBS

LIyVr 4
.0O20 .0O37 .0O52 .02O5 .0275 .0350 .0488 .0823

GDM 
LIyVr 4

.0OO7 .0O35 .0O48 .0O85 .0256 .03OO .038O .0540

IBS

SubsidVnSV

.0O86 .0228 .0277 .0344 .0433 .0554 .07R2 .O280

GDM

SubsidVnSV

.0280 .0353 .0430 .0542 .0642 .07R4 .0R2R .O042

Table 5: Downward (z) displacements in centoeters calculated with the graniolar 
displacement model (GDM) and the interbed storage model (IBS) for model layer 4 and at 
the land surface representing total subsidence. Cell spacing is 15Z4 m. The pumping well

is located in row and column 26.

The results of the evaluation are shown qualitatively using the vector plotting 

package in fig. 12 where the plot represents a cross section along the y direction at row 

26. The actual measured displacements within the region of concern in layer 4 are listed 

in table 5. 

DISP. VECTORS 
't Croae-Sec:U.cn, x - 26 
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Figure 12 Vector plot showing relative magnitude (arrow length) and direction of 
displacement (arrow head) for the concepttial model describeo. in fig. 11 and table 
4. The boxes indicate where comparisons where made between the mterbed storage 
model and the granular displacement model as listed in table 5. 

Package Col Col Col Col Col Col Col Col 
19 20 21 22 23 24 25 26 

ms .0120 .0137 .0152 .0215 .0275 .0350 .0488 .0823 
Layer4 _.,,,,. 
GDM .0117 .0135 .0148 .0185 .0256 .0311 .0381 .0540 
Layer4 

ms .0186 .0228 .0277 .0344 .0433 .0554 .0792 .1280 
Subsidence 

GDM :0280 .0353 .0430 .0542 .0642 .0794 .0929 .1042 
Subsidence 

so 

Table 5: Downward (z) displacements in cen~eters calculated with the granular 
displacement model (GDM) and the interbed storage model (TBS) for model layer 4 and at 
the land surface representing total subsidence. Cell spacing is 152.4 m. The pumping well 

is located in row and column 26. 



Net displacements were compared with compaction of layer 4 by subtracting the 

calculated displacements of layer 5 from those of layer 4. Net differences had to be used 

for comparison to compaction values calculated with the interbed storage model. Using 

the net difference eliminated the influence of the location of a fixed boundary at depth. 

SmaU differences in the total displacement versus compaction (total strain over a 

thickness interval of interest) should be expected because of the differences in which the 

two values are calculated. In addition, MODFLOW uses the leakage between layers to 

determine vertical hydraulic conductivity of a layer. That is to say the harmonic mean of 

adjoining layers is used to estimate vertical hydraulic conductivity. The granular 

displacement model uses the vertical hydraulic conductivity of each layer.wilhout regard 

of the aquifer properties of adjoining layers. Consequently, low leakage values had to be 

specified for both layers 2 and 3 to assure that the proper confinement of layer 3 was 

simulated. This difference alone could accoimt for the differences in the two models 

reported in table 5.
raln^la^pH vertical compaction within layer 4 is nearly identical for the two 

models (table 5) except near the wellbore where the interbed storage model has larger 

ralmla»pH values of compaction. These larger values are expected due to the volume 

strain field contained completely within the vertical space dimension for the interbed 

storage model (eqs. 77 and 78). The inclusion of the cross product derivatives used for the 

granular displacement model (eq. 79) distributes the volume strain so that the horizontal 

components accoimt for some of the overall displacement.

At points away from the well, larger total differences in subsidence or 

displacement cire calculated with the granular displacement model. This is in part due to 

the fixed reference frame (the aquifer bottom) which is used and tends to pull the aquifer 

toward this underlying fixed plane. ^
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Net displacements were compared with compaction of layer 4 by subtracting the 

calculated displacements of layer 5 from those of layer 4. Net differences had to be used 

for comparison to compaction values calculated with the interbed storage model. Using 

the net difference eliminated the influence of the location of a fixed boundary at depth. 

Small differences in the total displacement versus compaction (total strain over a 

thickness interval of interest) should be expected because of the differences in which the 

two values are calculated. In addition, MODFLOW uses the leakage between layers to 

determine vertical hydraulic conductivity of a layer. That is to say the harmonic mean of 

adjoining layers is used to estimate vertical hydraulic conductivity. The granular 

displacement model uses the vertical hydraulic conductivity of each l~Ulout regard 

of the aquifer properties of adjoining layers. Consequently, low leakage values had to be 

specified for both layers 2 and 3 to assure that the proper confinement of layer 3 was 

simulated. This difference alone could account for the differences in the two models 

reported in table 5. 

Calculated vertical compaction within layer 4 is nearly identical for the two 

models (table 5) except near the wellbore where the interbed storage model has larger 

calculated values of compaction. These larger values are expected due to the volume 

strain field contained completely within the vertical space dimension for the interbed 

storage model (eqs. 77 and 78). The inclusion of the cross product derivatives used for the 
-I -~ 

granular displacement model (eq. 79) distributes the volume strain so that the horizontal 

components account for some of the overall displacement. 

At points away from the well, larger total differences in subsidence or 

displacement are calculated with the granular displacement model. This is in part due to ---~ 
the fixed reference frame (the aquifer bottom) which is used and tends to pull the aquifer 

toward this underlying fixed plane. 

... 



The granular displacement model provides mformation that can not be obtained 

with the interbed storage model. Displacement data indicate that vertical compressional 

strain exists from the confining imit downward while vertical extensional strain exists 

within the imconfined aquifer after the 10 day simulation period. As time increases the 

unconfined aquifer also becomes dominated by vertical compressional strain.

This numerical experiment indicates that imder controlled conditions where net 

changes in displacement (compaction) obtained with the granular displacement model 

are compared with results of the interbed storage model, nearly identical results are 

achieved. Both horizontal and vertical simub.ted displacements using the newly 

developed granular displacement model have been evaluated agaijishexisting analytic 

and niunerical models. In the following section, various scermrios are developed to 

analyze how displacement fields are influenced by various boimdary conditions and 

heterogeneities.

Flow Barriers. Hetero^eneitv. and Multiple Wells
Coimtless variations in aquifer properties and wells can be used to simulate 

granular movement in three dimensions. Only several will be discussed. In the model 

evaluation we have already discussed how the granular matrix responds to a confined 

aquifer beneath an unconfined aquifer separated by a relatively thick confining unit. In 

the following discussion, granular matrix response to other confined and imconfined 

settings will be analyzed. The impact of heterogeneity and multiple pumping and 

injection wells on granular movement will also be discussed briefly. Results will be 

presented qualitatively as opposed to quantitatively. That is, actual displacement values 

will not be discussed but rather relative displacements (differences between one 

simulation and another).
t

Rgures 13 and 14 are vector plots of an unconfined homogeneous aquifer 

pumped from layer 4. Figure 13 is a plan view of layer 4 showing the radial symmetry of 

displacement vectors toward the pumping well. The greatest magnitude of the horizontal 

displacement occurs in layer 4. Radially, the greatest radial displacement within layer 4
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The granular displacement model provides information that can not be obtained 

with the interbed storage model. Displacement data indicate that vertical compressional 

strain exists from the confining unit downward while vertical extensional strain exists 

within the unconfined aquifer after the 10 day simulation period. As time increases the 

unconfined aquifer also becomes dominated by vertical compressional strain. 

This numerical experiment indicates that under controlled conditions where net 

changes in displacement (compaction) obtained with the granular displacement model 

are compared with results of the interbed storage model, nearly identical results are 

achieved. Both horizontal and vertical simulated displacements using the newly • 

developed granular displacement model have been evaluated ~ xisting analytic 

and numerical models. In the following section, various scenarios are c;ieveloped to 

analyze how displacement fields are influenced by various boundary conditions and 

heterogeneities. 

Flow Barriers, Heterogeneity, and Multiple wens 
Countless variations in aquifer properties and wells can be used to simulate 

granular movement in three dimensions. Only several will be discussed. In the model 

evaluation we have already discussed how the granular matrix responds to a confined 

aquifer beneath an unconfined aquifer separated by a relatively thick confining unit. In 

the following discussion, gran~ matrix response to other confined and unconfined 
-I f--/ 

settings will be analyzed. The impact of heterogeneity and multiple pumping and 

injection wells on granular movement will also be discussed briefly. Results will be 

presented qualitatively as opposed to quantitatively. That is, actual displacement values 

will not be discussed but rather relative displacements (differences between one -~-
simulation and another). 

Figures 13 and 14 are vector plots of an unconfined ho~geneous aquifer 

pumped from layer 4. Figure 13 is a plan view of layer 4 showing the radial symmetry of 

displacement vectors toward the pumping well. The greatest magnitude of the horizontal 

displacement occurs in layer 4. Radially, the greatest radial displacement within layer 4 
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occurs about 2^ m from the pumped welL This reflects the length of the pumping 

period and the value of the hydraulic diffusivity (see discussion on two-dimensional 

evaluation for explanation for the displacement field shown in fig. 13). Figure 14 shows a 

cross section through the pumping well and indicates that much of the vertical 

displacement occurs in the viciitity of the pumped well.

DISP. VECTORS
X CroM-Ssotlon, x - 26

Figure 14. Cross-sectional vector plot along column 26 (pumping well is located at 
row 26 and colunm 26) showing granular displacement in a homogeneous aquifer 
pumped from layer 4.

These two illustrations will serve as reference plots for the four test simulatioits 

that will follow. The reader should be aware that the vector lengths, representing relative 

magnitude of displacement, between planimetric and cross sectional plots (as well as 

from simulation to simulation) can not be compared. The magnitude and subsequent 

vector length is calculated for each plot and is independent of other plots. This can be 

readily seen in viewing the vector lengths of layer 4 in fig. 14. The lengths are 

considerably less than those of fig. 13. This is due to the fact that vertical displacement 

near the pumping well is much greater than the horizontal displacement of layer 4. 

IDisplacement directions can be readily compared between different plots. The author 

will point out instances where displacement magnitude is noticeably increased or 

decreased due to a heterogeneity or implemented barrier.

The first test simulation (figs. 15 and 16) evaluates granular movement with a 

vertical flow barrier (zero permeability) through layers 2,3, and 4 along columns 32 and 

33. Simulated displacements along layer 3 (fig. 15) show how greatly the displacement 

vectors are altered by the impermeable barrier (compare with fig. 13). Displacements
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Figure 15. Planimetric vector plot showing the effect of a vertical linear flow barrier 
shown by the narrow rectangular box) on granular movement along layer 3.
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tend to move toward the pumped well. However within about 2,000 m of the pumped 

well displacements appear to move toward the flow barrier. In fact the location of the 

wellbore itself actually moves toward the flow barrier causing compressional strain 

between the wellbore and the barrier. Upon initial inspection this may seem a 

contradiction. The wellbore, however, is not fixed. The fixed boundaries are at the 

margins of the grid or basin. The wellbore is actually moving, or being displaced, toward 

the flow barrier. On the side of the barrier opposite the well, displacements tend to be 

radially toward the pumped well. This is largely due to the initial values of bulk flux 

which form a radial pattern toward the well. Maximum displacement in this area is not 

near the barrier but at a distance of 2,300 m from the pumped welk Beyond this distance, 

the aquifer is experiencing radial extension.

Figure 16 is the aoss-sectional vector plot along row 26 and is perpendicular to 

the flow barrier. Because of the large vertical displacements near the wellbore the vector 

twilg in the horizontal direction are subdued, but vertical displacement or subsidence is 

enhanced between the well and the flow barrier (not readily seen distinguished on fig. 

16). Subsidence is increased by over 100 percent in colurrms 30 and 31 (directly adjacent 

to the flow barrier). To the right of the flow barrier (opposite the pumped well) 

displacements tend to move downward and beneath the barrier. However, directly 

adjacent to the barrier granular movement is vertically upwards parallel to the barrier 

and over its top.

DISP. VECTORS
X Cro8«~5sciLarr, ~ 26

I I
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Figure 16. Cross-sectional vector plot showing relative granular movement with the 
inausion of an impermeable flow barrier extending along the length of colurrms 32 
and 33. The box indicates the location of the barrier.
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The second test simulation involves implementing a horizontal flow barrier along 

layer 2 within the central part of the model grid of a homogeneous aquifer. In other 

words the barrier does not extend to the perimeter of the grid but only occupies the 

middle 27 cells in the row and column directions. Twelve model cells extending inward 

from the perimeter do not contain the impermeable horizontal barrier. The aquifer is 

pumped from the grid center in layer 4. Figure 17 shows simulated granular movement 

after pumping for a 30 day period. The lateral extent of the barrier is also showir.

Results show that the greatest downward vertical displacements or subsidence 

occur at the edge of the barrier (fig. 17) even though pumping does not occur in the
s.

vicinity of greatest subsidence. This is a classic example'of strain compatibility. Above the 

flow barrier granular movement is upwards. These seemingly anomalous displacements 

may simply result from mass balance because the initial bulk flux values above the 

barrier are much greater than the ultimate bulk flux values. The specific discharge after a 

short period of time is downward, thus requiring the vecocity of solids (and 

displacement) to be upwards. Another explanation might be that the boundary condition 

uses hydraulic heads from MODFLOW which are assumed to be correct for the granular 

displacement model. If pumping were to continue for a longer period of time and a 

greater specific storage value was assigned to the lowest three layers, the displacements 

above the barrier would ultimately tend downwards.

DISP. VECTORS
X CNiss-Ssctlan, - 26

Figure 17. Cross-sectional vector plot showing location of horizontal flow barrier 
(shaded horizontal rectangle) and pumping well (hachured box in layer 4) and 
resulting displacement vectors.
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words the barrier does not extend to the perimeter of the grid but only occupies the 

middle '2:J cells in the row and column directions. Twelve model cells extending inward 
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This simulation is a generalized depiction of what may be occurring in Las Vegas 

Valley. The near-surface aquifer is separated from the principal aquifer by a thick 

confining unit (represented by the barrier in fig. 17). This confining unit covers much of 

the eastern two-thirds of the valley but is largely absent or less significant in the western 

part of the valley. According to Bell (1981) a significant amount of subsidence has 

occurred west of the thick highly-compressible confining unit. Figure 17 indicates that 

such observations are not anomalous or due to over generalization, but represent real 

physical phenomena.
The third test scenario evaluates the effect of multiple wells. In one simulation » 

two pumping wells are placed in a homogeneous isotropic aquifer to evahiate granular 

movement when more than one well is involved in stressing the aquifer. In a second 

simulation, a pumping well and an injection weU (equal but opposite rates) are used in 

the same aquifer. Figures 18 and 19 show the displacement vectors for layer 4 (layer from 

which pumping or injection occurs) for the two-pumping and one-pumping-one- 

injection well simulations, respectively.

Results for the first simulation (two pumped wells) indicate that much of the 

horizontal movement occurs toward the nudpoint of the line coimecting the two wells as 

opposed to the actual well locations (fig. 18). Little horizontal movement occurs along the 

line cormecting the two pumped weUs. This occurs because of the bulk flux established 

for each individual well tending to cause movement toward each individual well. The 

sum of the bulk flux for both wells tends to move the center of mass toward the midpoint 

of the line connecting the two pump>ed wells and not towards a single well.

Results for the second simulation (one pumped and one injection well) reveal that 

large horizontal displacements occur along the line connecting the two wells (fig. 19). 

Based on the locations of the injection and pumped wells one may conclude that the 

vectors (or the wells) do not line up correctly with the magnitude and direction of 

displacement. To imderstand that these horizontal movements are correct, it is best to 

analyze the effect of each individual well on granular movement and then sum the 

results. The pumping well tends to pull the grains toweird it from aU locations vdthin the

58 

This simulation is a generalized depiction of what may be occurring in Las Vegas 
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Figure 18. Planimetric plot of layer 4 showing granular displacement in a 
homogeneous isotropic unconfined aquifer with two pumping wells (black dots) 
locatea in layer 4. 
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Figure 19. Plan~etric_ plot ~f laye! 4 showing granular displacement in a 
homogene?us isotropic aquifer Wlth one pumped well and one injection well 
(black dot is pumping well, open dot is injection well) located in layer 4. 
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aquifer, so immediately the grains in the vicinity of the injection well have already been 

displaced toward the pumping well without considering injection. Now when coupling 

injection with the effects of pumping, movement away from the injection well is 

exacerbated making it appear as though the well should be located farther to the right 

edge of the boundary. In a similar way, the injection well tends to push the grains and 

wellbore farther from the pumped well. Hence, the final result is the correct displacement 

configuration for a pumped- and injection-well setting.

The fourth and final test simulation involves using a similar pumping pattern and 

location of the first simulation of test simulation three; that is, two pumping wells located 

along row 26. However, the hydraulic conductivity and vertical leakage of the right half 

of the aquifer is two orders of magnitude less than the left half, and pumpmg is from 

layer 3. Each half of the aquifer is homogeneous and anisotropic (vertical hydraulic 

conductivity is one order of magiutude less than the horizontal hydraulic conductivity), 

yet the system as a whole is heterogeneous because of the sharp hydraulic conductivity 

contrast of the two halves. This test is done to inquire as to how granular movement may 

respond to abrupt facies changes in alluvial basirrs.

Simulation results (fig. 20) indicate that horizontal granular movement is largely 

influenced by the pumped well within the half of the aquifer with the lower hydraulic 

^conductivity (skeletal specific storage has been kept uniform for both halves of the 

aquifer). In the left half of fig. 20, note that the simulated vectors tend toward the 

pumped well on the left side but then are pulled toward the pumped well on the right 

side forming a type of rounded-step pattern. Displacement vectors tend to be nearly 

orthogonal to the bounary (fapes change). By way of contrast, vertical displacements are 

larger on the side of the aquifer with the larger hydraulic conductivity (20-80 percent 

greater dep>ending on location relative to the pumped well). This may be due to the 

gradient of hydraulic head calculated by way of MODFLOW.

From a practical standpoint, these results suggest that pumped wells from 

aquifers of lower hydraulic conductivity (or in aquifers with lithologies that inhibit 

horizontal groimd-water flow) will tend to exacerbate horizontal displacement leading to
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Figure 20. Planimetric plot showing relative granular movement and direction due 
to an abrupt fades change where tfie hydraulic conductivity is decreased by two 
orders of magnitude (right-hand side is lo.wey-). Each well is pumped the same rate. 
The dots indicate the location of the pumped wells. Wells are pumped from layer 3. 
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a potentially higher likelihood of fissure development in the vicinity of the well pumped 

from low-transmissivity half of the aquifer. Although vertical displacements were greater 

in the more highly transmissive part of the aquifer, had skeletal specific storage values 

been increased for the half of the aquifer with lower transmissivity, vertical 

displacements would probably be greater on the side of the aquifer with lower 

transmissivity as well. Eliminating the dependency of the gradient of hydraulic head 

from MODFLOW may also influence the vertical displacements.

MODEL LIMITATIONS

Due to the complex nature of the mathemafical and numerical models developed 

to simulate three-dimensional graniolar movement, several limitations amd caveats are 

inherent in the mathematical model and computer prograrrt Understanding the basis of 

these limitations will help the user avoid certain pitfalls arid erroneous assumptions in 

developing a conceptual model designed for evaluating granular movement.

As with any numerical model, the quality of the data that goes into the model 

reflects the data that is produced by the model. Great care should be taken in properly 

developing the conceptual model for granular displacement. Unlike MODFLOW which 

is commonly used as a quasi three-dimensional model, the granular displacement model 

produces more accurate results when a more detailed fully three-dimensional model is 

used. That is, confining beds and other low permeable units are best treated as individual 

layers as opposed to employing only a leakage term for estimating vertical hydraulic 

conductivity. Thus, it is better to simulate the upper layer as a water table regardless of 

the nature of the topmost hydrogeologic unit being simulated. One drawback to this 

approach is that more data is needed for the simulation. When specifying a LAYCON=0, 

the user orrly needs to know the transmissivity of the unit but does not explicitly need to 

know the hydraulic conductivity or the thickness of the unit being simulated. When 

specifying this layer type (completely confined) for the granular displacement model, 

however, the user must enter the top and bottom elevations of the unit as well as the 

hydraulic conductivity of the unit. The granular displacement model is based on a fixed
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coordinate system and therefore requires the exact volume extent of each cell for all 

layers. This may be problematic in poorly defined systems where only estimates of 

transmissivities are known. In addition, information on the thickness and horizontal and 

vertical hydraulic conductivities are rarely known because aquifer-test data, when 

available, does not usually provide information about these low permeable units unless 

they were specifically designed for this purpose. The granular displacement model 

requires more detailed data about the system; and a fully three-dimensional model with 

these more detailed data provide more accurate displacements within all units of the 

system.
A second limitation with the granular displacement model is that it requires the 

user to simulate at least two layers to obtain vertical displacements or subsidence. Many 

two-dimensional groimd-water models have been developed for specific aquifer systems 

and are properly calibrated to field data. To extend these existing models by applying the 

granular displacement program would require the user to either add another layer to the 

system which would take considerable time for conceptual reevalioation and 

implementation, or to simply use the granular displacement model to calculate only 

horizontal displacements while using the interbed storage package (Leake and Prudic, 

1991) to simulate subsidence (vertical displacements). This latter approach is the 

recommended method for two-dimensional planimetric models.

The water-table boundary condition developed for the granular displacement 

model presently requires newly updated values of hydraulic head to calculate vertical 

displacements. In regions where thick units of highly compressible clay interbeds occur 

the standard MODFLOW program would estimate erroneous values of hydraulic head. 

Poland and others (1975, p. H38) report that an average of one third of the total water 

pumped from wells in the San Joaquin Valley of California comes from the compaction of 

these clay interbeds. The standard MODFLOW program does not consider subsidence 

and would therefore produce greater drawdowns than would be measured in the field. 

To overcome this problem, the user is recommended to use the interbed storage package 

and implement the necessary specific storage values to simulate the improved values of

' , '. 
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hydraulic head. These boundary heads at the water table are presently used in the 

granular displacement model. The advantage of this approach is that subsidence and 

compaction data are available to compare with displacements. The disadvantages are 

that (1) the heads calculated with the interbed storage package are likely to be somewhat 

different than heads calculated with a granular displacement mathematical model 

because of the three-dimensional nature of the model. In particular, (2) reversal in water 

levels that are observed in the field can not be simulated by the sUmdard version of 

MODFLOW or the interbed storage model. Hence, under in situ conditions when the 

water table would physically rise mitially (when a pump is turned on), the water table 

boundary condition will be in error. OVAdditional data are needed due to the 

implementation of an additional package (or set of subroutines). Not only does this add 

development time, but also computer processing time is increased. In the future, a wate- 

table boundary condition will be developed that is contained intirely within the granular 

displacement model and permits initial water-table reversals to occur.

The granular displacement model requires that steady-state hydraulic heads be 

calculated for a given stress period and used to calculate the ultimate specific discharge 

or bulk flux values. For complex settings this may prove to be quite cumbersome as a 

new set of steady-state heads are required for each stress period being simulated. 

Depending on the nature of the pumping patterns invoked, the set of steady-state 

hydraulic heads calculated during one stress period may be able to be used with another 

stress period if cyclic stress periods are used. This would eliminate the need for 

additional steady-state simulations. However, once these ultimate values are calculated 

and the input data set is developed, the granulcu displacement becomes a powerful tool 

for evaluating three-dimeiisional displacements, strams, and head reversals in a complex 

aquifer system. One powerful aspect of the use of ultimate bulk flux is that these values 

contain all boimdary conditions and heterogeneities present in the conceptual and 

numerical model.
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During the lengthy testing process for the granular displacement model, it was 

discovered that the z cross-product terms in the x and y directions (last term on left-hand 

side of eqs. 48 and 49) cause symmetry problems with the calcvdated displacements in the 

X and y directions. In addition, the inclusion of these z cross-product terms increases 

simulation time by as much as 15 times. Therefore, they have been omitted from the 

simulations presented in this dissertation but they have been retained in the program 

documentation. These z cross-product terms can be easily removed or added as the user 

desires simply by adding or removing the +ZCON term from the expression for RESID in 

calculations for displacement in the x and y directions. Although this problem was 

evaluated extensively, the reasons for the non-symmetry and increased computer—^ 

processing time is not completely imderstood. The problem may reside not in the 

mathematical model but rather in the numerical model and may be related to the 

implementation of the Crank-Nicolson scheme used. The &ank-Nicolson scheme is 

known to produce accurate and stable results for two dimensional problems, but it is 

uncertain if this same approach is completely valid for three-dimensional problems. The 

weighting factor of 0.5 iised for two dimensional problems may need to be reduced to 

one third or some other weight for three-dimensional problans.
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CONCLUSIONS
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Granular movement in unconsolidated aquifers is typically associated with 

vertical compaction of fine-grained interbeds. The significance of granular horizontal 

movement is often overlooked or ignored. The occurrence and location of earth fissures 

resulting from overdraft of imconsolidated aquifer systems in many arid and semiarid 

regions can not be explained or predicted with currently available hydrologic or 

subsidence models. These models are one-dunensional in scope with respect to strain 

(vertical only) and are not capable of calculating the total strain or displacement based on 

a fixed point in space because they use hydraulic head as the pmdpal unknown and do 

not incorporate the bulk flux. Earth fissures are known to be controlled by horizontal 

granular movement. Thus, to accurately describe the strain and displacement fields due 

to applied stresses within an aquifer system of interest, a unified model is needed that 

accounts for changes in volume strain based on a fixed point or plane such as the bedrock 

basin-fill contact at the base of the aquifer system.

This study presents the development and documentation of a fully three- 

dimensional granular displacement model that has the displacement field of solids as the 

dependent variable and incorporates the initial and ultimate bulk flux values to account 

for boimdaries and heterogeneities within the aquifer system of interest.

Y Evaluation of the model is accomplished by first comparing horizontal granular 

movement in a homogeneous isotropic coidined aquifer with available analytic solutions, 

secondly, a test simulation is developed to compare net change in vertical strain 

(displacement within a model layer) within fine-grained interbeds using the already 

published interbed storage model and the granular displacement model. Simulation 

results from the granular displacement model compare favorably with those of the , 

interbed storage model for the test simulation.

Simulation results of horizontal granular movement within a confined aquifer 

have shown that large displacements can occur in the vicinity of the pumping well. These 

displacements are exacerbated by cydically turning the well on and off. When a well is
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pumped and then followed by an episode of injection, the aquifer experiences a rapid 

change from compressional strain to extensional strain. In addition, large displacements 

ran occuT within a short period of time. The change in the rate of pumping or injection 

places immense strain on the aquifer matrix which over time may weaken the granular 

structure making it susceptible to failure, particularly along planes of weakness such as 

preexisting lineaments, faults, or other subvertical heterogeneities.

In distal regions from the main pumping center, where drawdowns are minimal 

or nonexistent, extensional radial strains are at their maximum during pumping and 

horizontal displacements may be surprisingly large. However, the driving mechanism 

remains the same as in regions near the pumping center; namely, the bulk force that 

operates on both the interstitial fluid and granular matrix. Horizontal granular 

movement beyond the radius of influence (determined by hydraulic head) is likely to be 

responsible for most fissure development along the perimeter of heavily pumped 

aquifers. In this outer area the change from extensiorud to compressional strain may not 

be the controlling factor for fissure development. The main factor may be the increasing 

magnitude of radial displacement itself coupled with geologic influences such as shallow 

bedrock knobs and subvertical range-front faults that create potential plains of 

discontinuity where the front grain (closest to pumping well) freely moves while the rear 

grain remains stationary. The important concept to remember is that the granular matrix 

beyond where drawdowns occur in heavily pumped aquifers is vary much in motion.

Vertical and horizontal flow barriers were incorporated into a homogeneous 

unconfined aquifer system to evaluate how these impermeable barriers may influence 

granular movement. The vertical linear barrier tends to irurrease vertical and horizontal 

movement in the viciruty of the pumped well. The net displacement of the well is toward 

the barrier (compressional strain) yet some radially convergent horizontal displacement 

occurs oh the side of the barrier avray from the pumped well. The simulated 

displacement field indicates that pumped wells near hydrologic barriers tend to increase 

subsidence between the well and the flow barrier. Potential fissuring is most likely to 

occur away from the barrier in the region of zero racUal strain.
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A horizontal flow barrier within the interior cells of the model in layer two 

resulted in large vertical displacements at the edge of the barrier even though pumping 

was at the center of the grid network far from the edge of the barrier. This finding tends 

to confirm what is occurring in Las Vegas Valley where a large amoimt of subsidence has 

been measured in the region where a thick confining units transition into coarser grained 

materials in the western part of the valley. Typical subsidence models would not predict 

subsidence to occur in this region.
Simulation resvdts from multiple pumping or injection wells reveals clearly that 

the locations of greatest displacements do not occur at intuitively obvious locations. The 

displacement field from each individual well are additive. The result is a displacement 

field that does not tend to move directly toward or away from any single well.

This work points to the need to focus data collection efforts on both horizontal 

and vertical displacements within a complex hydrogeologic setting. These data will help 

to further evaluate the effectiveness of the granular displacement model in calculating 

the displacement field of solids and potential for fissure development in heavily pumped 

arid-zone aquifers. Although fissure development is typically an arid-zone phenomenon, 

horizontal movements in unconsolidated acjuifers are a consequence of Darcy's law 

regardless of climatic conditions.
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APPENDIX A:

MODEL DOCUMENTATION

/

The documentation of the granular displacement model includes a complete 

discussion of each of the three modules written. The order of each module discussion is 

as follows; (1) bulk flux module, (2) displacement module, and (3) vector plotting 

module. Each module includes an in depth description of subroutines used, design, all 

variables and parameters, and flow paths outlining each routine. Also included are input 

instructions for using the modules. Fmally, the main program of MODFLOW is included 

because modifications were made to this segnient of the code. All sections of the main 

program written in small letters are additions required by the granular displacement 

model. The portions of the main program in capital letters are part of the standard code 

and published modules already available. No documentation for the main code is 

included. The user is referred to the MODFLOW instruction manuel (McDonald and 

Harbaugh, 1988) for further discussion of the main program.
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Bulk Flux Package Input

Input for Bulk Flux Package (QBK)is read from the unit specified in IUNIT(16I5).

FOR EACH SIMULATION
QBK3AL

1. Data: IQBKOC IQBTYP
Format; 110 110

IQBSS
110

/

QBKIRP

2. Data: IQBKFM IQBKUN
Format: 110 110

The following arrays (items 3-5) describe eaclilayer. Whether an array is read depends 
on the layer type code (LAYCON)
FOR ALL LAYER TYPE CODES

3. Data: RATIO
Module: U2DREL

IF THE LAYER TYPE CODE IS ZERO OR TWO
4. Data: BASE
Module: U2DREL
5. Data: QSURF
Module: U2DREL

FOR EACH STRESS PERIOD

Read data set 6 once for every layer 
6. Data:
Module:

QBKIST

HSS
U2DREL

QBKIOT
7. Data: IQBKPR IQBKSV
Format 110 110

Bulk Flux Package Input 

Input for Bulle Flux Package (QBK)is read from the unit specified in IUNIT(16l5). 

FOR EACH SIMULATION 
QBKIAL 

1. Data: IQBKOC IQBTYP IQBSS 
Format: 110 110 110 

QBKlRP 

2. Data: IQBKFM IQBI<UN 
Format: 110 110 ' 

The following arrays (items 3-5) desoibe ea~ er. Whether an array is read depends 
on the layer type code (LAYCON) 
FOR ALL LAYER TYPE CODFS 

3. Data: RATIO 
Module: U2DREL 

IF THE LAYER TYPE CODE IS ZERO OR 1WO 
4. Data: BASE 
Module: U2DREL 
5. Data: QSURF 
Module: U2DREL 

FOR EACH STRESS PERIOD 

Read data set 6 once for every layer 
~- 6. Data: 

Module: 

QBKlST 

Hs.5 
U2DREL 

QBKlOT 
7. Data: IQBKPR IQBKSV 
Format 110 110 

\ 

,. 

74 

0 



Explanation of Fields Used in Input Instructions

lOBKOC-is a flag for printing or saving displacement values
If IQBKOC > 0 Bulk flux data vdll be read and printed or saved.
If IQBKOC<=0 Bulk flux data will not be calculated, printed, or saved. 

lOBSS-is the flag for reading and using ultimate specific dischaige or bulk flux values 
If IQBSS = 0 Ultimate values of bulk flux are not read or used.
If IQBSS >0 Ultimate values of bulk flux are read and used. 

lOBTYP-is a flag for the part of an aquifer simulated when only one pumping well 
location is used. This flag adjusts the bulk flux values according to adjusted pumping 
rates for simulations using one half or one quarter of the areal extent of the aquifer.

If IQBTYP=0 the entire aquifer is simulated. This type is used when 
multiple pumping well locations are used.
If IQBTYP=1 one half o' the aquifer is simulated and the pumping 
location
is centered along one boundary^.
If IQBTYP=2 one quarter of the aquifer is simulated and the pumping 
location is centered at the comer of two converging boundaries. 

lOBKFM-is the print format code for the bulk flux values in all three component 
directions. The print codes are listed in the modular model documentation p. 14-3. 
lOBKUN-is the unit number where bulk flux values will be saved 

If IQBKUN=0 bulk flux values will not be saved
If IQBKUN>0 bulk flux values will be saved on the urut number specified 
according to the time step flag IQBKSV described below.

RATIO-is the ratio of vertical to horizontal hydraulic conductivity of the layer being 
simulated. RATIO can not be greater than 1.0. For a single layer simulation use 1.0. 
BASE-is the elevation of the bottom of the layer; It is synonymous to BOT but is used 
with layer types zero and two.
OSURF-is the elevation of the top of the layer. It is synonymous to TOP but is 

used with layer types zero and two.
HSS-are the ultimate steady-state hydraulic head values obtained by simulating steady- 
ptate conditions with the current aquifer properties while assuming either a constant 
Iirad or constant recharge rate to the topmost active layer. If a rate is used it must be 
equal to the total dischaige from the modeled area. 
lOBKPR-is the output flag for printing bulk flux values

If nQBKPR>0 bulk flux values for each layer will be printed 
If IQBKPR<=0 bulk flux values will not be printed 

lOBKSV-is the output flag for saving bulk flux values.
If 1QBKSV<=0 bulk flux values are not saved for all layers 
If IQBKSV>0 bulk flux values are saved for all layers

Explanation of Fields Used in Input Instructions 

JOBKOC-is a flag for printing or saving displacement values 
If IQBKOC > 0 Bulk flux data will be read and printed or saved. 
If IQBKOC<=0 Bulk flux data will not be calculated, printed, or saved . 

.10!!.S.£-is the flag for reading and using ultimate specific discharge or bulk flux values 
If IQBSS = 0 Ultimate values of bulk flux are not read or used. 
If IQBSS >0 Ultimate values of bulk flux are read and used. 

IOBTYP-is a flag for the part of an aquifer simulated when only one pumping well 
location is used. This flag adjusts the bulk flux values accoxding to adjusted pumping 
rates for simulations using one half or one quarter of the areal extent of the aquifer. 

If IQBTYP=0 the entire aquifer is simulated. This type is used when 
multiple pumping well locations are used, 
If IQBTYP=l one half o" the aquifer is simulated and the pumping 
location - • 

is centered along one boundiey.,:..-> 
If IQBTYP=2 one quarter of the aquifer is simulated and the pumping 
location is centered at the comer of two converging boundaries. 

IOBKFM-is the print format code for the bulk flux values in all three component 
directions. The print codes are listed in the modular model documentation p. 14-3. 
IOBKUN-is the unit number where bulk flux values will be saved 

If IQBKUN=O bulk flux values will not be saved 
If IQBKUN>O bulk flux values will be saved on the unit number specified 
according to the time step flag IQBKSV described below . 

.RATIQ-is the ratio of vertical to horizontal hydraulic conductivity of the layer being 
simulated. RATIO can not be greater than 1.0. For a single layer simulation use 1.0. 
MS,E-is the elevation of the bottom of the layer. It is synonymous to BOT but is used 
with layer types zero and two. 
OSURF-is the elevation of the top of the layer. It is synonymous to TOP but is 

used with layer types zero and two. 
HS.S-are the ultimate steady-state hydraulic head values obtained by simulating steady-
.S-@te conditions with the current aquifer properties while assuming either a constant 0 

head or constant recharge rate to the topmost active layer. If a rate is used it must be 
equal to the total discharge from the modeled area. 
IOBKPR-is the output flag for printing bulk flux values 

If IIQBI<PR>O bulk flux values for each layer will be printed 
If IQBKPR<=0 bulk flux values will not be printed 

IOBKSV-is the output flag for saving bulk flux values. 
-Jf-l~BKSV <=0 bulk flux values are not saved for all layers 
If IQBKSV>0 bulk flux values are saved for all layers 
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Module Documentation for the Bulk Flux Packaae 

The bulk flux package (QBK) has four primary modules and three submodules.
All the primary modules are called by the MAIN program.

QBKIAL
Primary Modules.

Allocates space for data arrays. Reads bulk flux calculation

QBKIRP
flag and type of simulation invoked.
Reads print and save flags. Sets active cells for

QBKIFM

displacement. Initializes bulk flux arrays to zero. Reads 
information needed to calculate eccentricity and cell 
thickness. Calls submodule SQBKIL.
Calculates cell centers where pumping and injection-.^

QBKIST

occurs. Calls SQBKIE. Calculates the bulk flux for each cell 
where recharge is specified.
Reads ultimate steady-state heads and calls submodule SQBKIU.

QBKIOT Reads print and save flags for bulk flux. Prints or saves
bulk flux values for all three component directions after
each stress period when print or save flags are set.

.■ ' s Submodules
SQBKIL Calculates initial thickness of all cells in the grid, even those

where transmissivity has been specified.
SQBKIE Calculates eccentricity, major and minor ellipsoid axes.

Y surface area of ellipsoid and finally bulk flux for each well
Adds component contribution of bulk flux for all pumping

I:-'
i ■ ■ ■ •

or injection wells specified for a given stress period.
SQBKIW Calculates adjustment to bulk flux in z direction at the wellbore.

ii::;:;. SQBKIU Calculates the ultimate specific discharge which is equivalent to
the ultimate bulk flux.^
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Module Documentation for the Bulle Flux Package 

'The bulk flux package (QBK) has four primary modules and three submodules. 
All the primary modules are called by the MAIN program. 

QBKlAL 

QBKlRP 

QBKlFM 

QBK1Sf 
QBKlOT 

SQBKl L 

SQBKlE 

-r 

SQBKlW 
SQBKlU 

Primary Modules. 
Allocates space for data arrays. Reads bulk flux calculation 
flag and type of simulation invoked. 
Reads print and save flags. Sets active cells for 
displacement. Initializes bulk flux arrays to zero. Reads 
information needed to calculate eccentricity and cell 
thickness. Calls submodule SQBKl L. 
Calculates cell centers where pumping and injectio 
occurs. Calls SQBKlE. Calculates the bulk flux for ea~ cell 
where recharge is specified. 
Reads ultimate steady-state heads and calls submodule SQBKlU. 
Reads print and save flags for bulk flux. Prints or saves 
bulk flux values for all three component directions after 
each stress period when print or save flags are set. 

Submodules 
Calculates initial thickness of all cells in the grid, even those 
where transmissivity has been specified. 
Calculates eccentricity, major and minor ellipsoid axes, 
surface area of ·psoid and finally bulk flux for each well 
Adds compo.nent contribution of bulk flux for all pumping 
or injection wells specified for a given stress period. 

Calculates adjustment to bulk flux in z direction at the wellbore. 
Calculates the ultimate specific discharge which is equivalent to 
the ultimate bulk flux. 
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Narrative for Module OBKl AL

/

This module allocates space for data arrays for the bulk flux package. It also 
reads flag for calculating bulk flux terms and whether a single well quadrant or half 
space is simulated, or whether a full aquifer simulation is to be simulated.

1. Identify package.
2. Read flags for calculation of bulk flux terms, and type of simulation.
3. Print the type of simulation.
4. Calculate total number of cells in the model grid.
5. Allocate storage for the following arrays:

QBX Bulk flux in the X direction for each cell in the grid.
QBY Bulk flux in the Y direction for each cell in the grid.
QBZ Bulk flux in the Z direction for each cell in the grki.
SPX Specific discharge in the X direction for each cell in the grid. 
SPY Specific discharge in the Y direction for each c^ in the grid. 
SPZ Specific discharge in the Z direction for each cell in the grid. 
QX Volume fluid flux in the X direction for each cell in the grid. 
QY Volume fluid flux in the Y direction for each cell in the grid. 
QZ Volume fluid flux in the Z direction for each cell in the grid. 
HSS Ultimate steady-state heads for each cell in the grid.
RATIO Ratio of vertical to horizontal hydraulic coirductivity for 
all cells.
BASE The bottom altitude of the cell where transmissivities are 
specified.
(i^URF The top altitude of the cell where transmissivities are 
specified.
DELL Cell thickness.
lACT Bourrdary array for displacement.

6. Print amoimt of storage used by the birlk flux package.
7. RETURN.

Narrative for Module OBKlAL 

This module allocates space for data arrays for the bulk flux package. It also 
reads flag for calculating bulk flux terms and whether a single well quadrant or half 
space is simulated, or whether a full aquifer simulation is to be simulated. 

1. Identify package. 
2. Read flags for calculation of bulk flux terms, and type of simulation. 
3. Print the type of simulation. 
4. Calculate total number of cells in the model grid. 
5. Allocate storage for the following arrays: 

QBX Bulk flux in the X direction for each cell in the grid. 
QBY Bulk flux in the Y direction for each cell in the grid. 
QBZ Bulk flux in the Z direction for each cell in the grid. 
SPX Specific discharge in the X direction for each cell in the grid. 
SPY Specific discharge in the Ydirection for each cell in the grid. 
SPZ Specific discharge in the Z dfrectibn for each cell in the grid. 
QX Volume fluid flux in the X direction for each cell in the grid. 
QY Volume fluid flux in the Y direction for each cell in the grid. 
QZ Volume fluid flux in the Z direction for each cell in the grid. 
HSS Ultimate steady-state heads for each cell in the grid. 
RATIO Ratio of vertical to horizontal hydraulic conductivity for 
all cells. 
BASE The bottom altitude of the cell where transmissivities are 
specified. 
QSURF The top altitude of the cell where transmissivities are 
specified. 
DELL Cell thickness. 
IACT Boundary array for displacement. 

6. Print amount of storage used by the bulk flux package. 
7. RETURN. 
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Flow Chart for Module USLIAL

;:c'.

QBKIOC is the bulk flux calculation flag.
If QBKIOC >0 Bulk flux calculations 
will be made.
If QBKIOC <=0 Bulk flux calculations 
will not be made.

IQBTYP is the flag identifying the type of 
simulation.

If IQBTYP=0 A full aquifer for single 
or multiple wells is simulated.
If IQBTYP=1 The aquifer is 
represented as a half circle with the 
well at the center of the half circle. 
This is a single well simulation only.
If IQBTYP=2 The aquifer is 
represented as a quarter drde with 
the well at the center of the wedge. 
This is a single well simulation only. 
This approach is used to save space 
for symmetric single well simulations.

IQBSS is the flag indicating whether ultimate 
steady-state heads are read.

Flow Chart for Module USUAL 

QBKlOC is the bulk flux calculation flag. 
If QBKlOC >0 Bulk flux calculations 
will be made. 

If QBKlOC <=0 Bull< flux calculations 
will not be made. 

IQBTYP is the flag identifying the type of 
simulation. 

If IQBTYP=0 A full aquifer for single 
or multiple wells is simulated. 
If IQBTYP= 1 The aquifer is 
represented as a half circle with the 
well at the center of the half circle. 
This is a single well simulation only. 
IfIQBTYP=2Theaquiferis 
represented as a quarter circle with 
the well at the center of the wedge. 
This is a single well simulation only. 
This approach is used to save space 
for symmebic single well simulations. 

IQBSS is the flag indicating whether ultimate 
steady-state heads are read. 

ENTER 
QBKlAL 

IDENTIFY PACKAGE 

2 

RE~ 
IQBKOC 
IQBTYP 
IQBSS 

3 
PRINT TYPE OF 
SIMULATION 

4 
CALCULATE 
NUMBER OF 

CELLS 

ALLOCATE STORAGE 
FOR ARRAYS 

PRINT AMOUNT OF 
STORA<SE USED 

7 
RETURN 

5 

6 
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SUBROUTINE QBKl AL(ISUM,LENX,LCQBX,LCQBY,LCQB4LCRAXLCB  ASE, 
lLCQSURF,LCDELL;SfCOLJ^OW,NLAXIN,IOUTJQBKOC,LCIACT,IQBTYP, 
2LCSPX,LCSPY,LCSPZ,LCQX,LCQY,LCQZ,LCHSS,IQBSS

***»**»**»*****»»»*»*****»****»*»*»»»*****************»****»*WI’*»*»

ALLOEATE ARRAY STORAGE FOR QBULK DAEKAGE

SPECmCATIONS:

-IDENTIFY PACKAGE
WRITEaOUT,l)IN

1 FORMAT(/lX/QBKl - QBULK PACKAGE SETS UP INTHAL CONDITIONS 
1 FOR GRANULAR FLOW MODEL, INPUT READ FROM'43)

C
C2- —READ FLAG FOR CALCULATING BULK FLUX TERMS TYPE OF 

1 SIMULATION, AND WHETHER ULTIMATE HEADS ARE NEEDED. 
REAp(IN,2) IQBKOC,IQBTYP,IQBSS 

2 FORMATOIIO)
IFaQBKOC.GT.O) WRITEaOUT,10)

10 FORMAT(lX,'OUTPUT CONTROL RECORDS FOR QBKl PACKAGE WILL 
1 BE READ EACH TIME STEP.') 

fi^aQBSS.EQ.0) WRITE(I0UT,8)
8 FORMAT(lX,'ULTIMATE HEADS ARE NOT REAIX)

IF(IQBSS.NE.O) WRITEaOUT,9)
9 F0RMAT(1X,'ULTIMATE HEADS ARE READ FOR EACH STRESS PERIOIX)

C
C3- -PRINT TYPE OF SIMULATION

IF(IQBTYP.GT.2) IQBTYP=0 
IF(IQBTYP.EQ.O) WRITEaOUT,12)

12 F0RMAT(1X,'FULL CIRCLE SIMULATION') 
IFdQBTYP.EQ.l) WRITEaOUT,14)

14 FORMAT(lX,'HALF CIRCLE SIMULATION') 
IF(IQBTYP.EQ.2) WRITEaOUT,16)

16 FORMAT(lX,'QUARTER CIRCIT SIMULATION')

C 

SUBROlITINE QBKlAL(ISUM,LENX,LCQBX,LCQBY,LCQBZ,LCRAT,LCBASE, 
1 LCQSURF,LCDELL,NCOL,NROW,NLAY,IN,IOlIT,IQBKOC,LOACT,IQBTYP, 

2 LCSPX,LCSPY,LCSPZ,LCQX,LCQY,LCQZ,LOISS,IQBS.S 

C ......... ••••••••••--••••••••• .. •••• .... •• .. ••••• .................. . 

C ALLOCATE ARRAY STORAGE FOR QBULK PACKAGE 
C .................................................................... . 

C 
C SPEOFICATIONS: 
C 
C 
C 
Cl--IDENI1FY PACKAGE 

WRITE(IOlIT,l)IN 
1 FORMAT(llX,'QBKl - QBULK PACKAGE SETS UP INITIAL CONDmONS 
1 FOR GRANULAR FLOW MODEL, INPUT READ FROM' ,13) 

C 
C2-READ FLAG FOR CALCULATING BULK FLUX TERMS TYPE OF 

C 

1 SIMULATION, AND WHETHER ULTIMATE HEADS ARE NEEDED. 
READ(IN,2) IQBKOC,IQBTYP,IQB5.S 

2 FORMAT(3110) 
IF(IQBKOC.GT.0) WRITE(IOUT,10) 

10 FORMATOX,'OlITPlIT CONTROL RECORDS FOR QBKl PACKAGE WILL 
1 BE READ EACH TIME STEP.') 

J}aQBS.S.EQ.O) wru1E(IC)lIT,8) 
8 FORMAT(lX,'ULTIMATE HEADS ARE NOT READ') 

IF(IQBS.S.NE.0) WRITE(IOlIT,9) 
9 FORMAT(lX,'ULTIMATE HEADS ARE READ FOR EACH STRE5.S PERIOD') 

C3--PRINT TYPE OF SIMULATION-
IF(IQBTYP.GT.2) IQBTYP=0 
IF(IQBTYP.EQ.O) WRITE(IOlIT, 12) \ 

12 FORMAT(lX,'FULL CIRCLE SIMULATION') 
IF(IQBTYP.EQ.1) WRITEGOlIT, 14) 

14 FORMAT(lX, 'HALF CIRCLE SIMULATION') 
IFGQBTYP.EQ.2) WRITEGOlIT, 16) 

16 FORMAT(lX,'QUARI'ER CIRCL{ SIMULATION') 
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C
C4-

C
C5-

/

-CALCULATE TOTAL NUMBER OF CELLS 
NRCL=NROW*NCOL*NLAY

-ALLOCATE STORAGE FOR ARRAYS 
IQBLK=ISUM 
LCQBX=ISUM 
ISUM=ISUM+NRCL 
LCQBY=ISUM 
ISUM=BUM+NRCL 
LCQBZ=ISUM 
ISUM=ISUM+NRCL 
LCRAT=ISUM 
ISUM=ISUM+NRCL 
LCBASE=ISUM 
KUM=ISUM+NRCL 
LCQSURF=ISUM 
ISUM=ISUM+NRCL 
LCDELL=ISUM 
ISUM=ISUM+NRCL 
LCIACT=ISUM 
ISUM=15UM+NRCL 
LCHSS=ISUM 
ISUM=BUM+NRCL 
LCQX=ISUM 
ISUM=ISUM+NRCL 
LCQY=ISUM 
ISUM=ISUM+NRCL 
LCQZ=ISUM 
ISUM=ISUM+NRCL 
LCSPX=ISUM 
ISUM=ISUM+NRCL 
LCSPY=ISUM 
ISUM=ISUM+NRCL 
LCSPZ=ISUM 
ISUM=ISUM+NRCL

C 
C4--CALCULATE TOTAL NUMBER OF CELIS 

NRCL=NROW•NCOL •NLAY 
C 
CS--ALLOCATE STORAGE FOR ARRAYS 

IQBLK=ISUM 

C 

LCQBX=ISUM 
ISUM=ISUM+NRCL 
LCQBY=ISUM 
ISUM=ISUM+NRCL 
LCQBZ=ISUM 
ISUM=ISUM+NRCL 
LCRAT=ISUM 
ISUM=ISUM+NRCL 
LCBASE=ISUM 
ISUM=ISUM+NRCL 
LCQSURF=ISUM 
ISUM=ISUM+NRCL 
LCDELL=ISUM 
ISUM=ISUM+NRCL 
LCIACT=ISUM 
ISUM=ISUM+NRCL 
LCHSS=ISUM 
ISUM=ISUM+NRCL 
LCQX=TSOM 
ISUM=ISUM+NRCL 
LCQY=ISUM 
ISUM=ISUM+NRCL 
LCQZ=ISUM 
ISUM=ISUM+NRCl. 
LCSPX=ISUM 
ISUM=ISUM+fl..'RCL 
LCSPY=ISUM 
ISUM=ISUM+NRCL 
LCSPZ=ISUM 
ISUM=ISUM+NRCL 
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E-;;
I."

C6____PRINT AMOUNT OF STORAGE USED BY THE BULK FLUX PACKAGE
ISP=ISUM-IQBLK
WRrTEaOUT,4)ISP

4 FORMAT(lX,I8/ELEMENTS USED IN QBULK PACKAGE') 
ISUM1=ISUM-1
WRlTEaOUX5)ISUMl,LENX

5 FORMAT(lX,I8/ELEMENTS IN X ARRAY USED OUT OF'J8)
C____ IF THERE ISN'T ENOUGH SPACE IN THE X ARRAY THEN PRINT
C-------A WARNING MESSAGE.

IFdSUMl.GTLENX) WRITEaOUT,6)
6 FORMATdX/ ***X ARRAY MUST BE DIMENSIONED LARGER***')

-RETURN
RETURN
END

.. 

C6--PRINT AMOUNT OF STORAGE USED BY THE BULK FLUX PACKAGE 

ISP=ISUM-IQBLK 
WRITE(IOUT,4) ISP 

4 FORMAT(lX,18,'ELEMENTS USED IN QBULK PACKAGE') 

ISUM1=1SUM-1 
WRITE(IOUT,S)ISUM1,LENX 

5 FORMAT(lX,18,'ELEMENTS IN X ARRAY USED OUT OF' ,18) 
C--IF THERE ISN'T ENOUGH SPACE IN THE X ARRAY THEN PRINT 

C--A WARNING ME5.5AGE. 
IF(ISUMl .GT.LENX) WRITECTOUT,6) 

6 FORMAT(lX,' mx ARRAY MUST BE DIMENSIONED LARGER"..,) 

C 
Cl--RETIJRN 

RETURN 
END 
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List of Variables for Module OBKIAL

ilm:

Variable Range

IN Package

lOUT Qobal
IQBKOC Package

IQBLK Module

IQBTYP Package

BP
BUM

Module
Global

BUMl Module 
LCBASE Package 
LCDELL Global 
LCHSS Package 
LCIACT Global 
LCSPX Global
LCSPY
LCSPZ

Global
Qobal

LCQBX Qobal 
LCQBY Qobal 
LCQBZ Qobal 
LCQSURF Package 
LCQX Package
LCQY
LCQZ
LCRAT
LENX

NCOL
NLAY
NRCL
NROW

Package
Package
Qobal
Qobal

Qobal
Qobal
Module
Qobal

Definition

Primary imit number from which input for this package will be 
read
Primary unit number for all printed output. lOUT = 6.
Eag for calculating bulk flux terms.

>0 calculate bulk flux terms.
<= 0 do not calculate bulk flux terms.

Before this module allocates space, IQBLK is set equal to BUM. 
After allocation, IQBLK is subtracted from BUM to get BP, the 
amount of space in the X array allocated by this module.
Flag indicating type of simulation.

=0 Full aquifer is simulated
=1 One half aquifer is simulated with well at center of 
circle.
=2 One quarter of aquifer is simulated with well at center 
of aquifer wedge.

Number of worxls in the X array allocated by this module 
Index number of the lowest element in the X array which has not 
yet been allocated. When space is allocated for an array, the size 
of the array is added to BUM.
BUM-1
Location in the X array of the first element of array BASE. 
Location in the X array of the first element of array DELL. 
Location of the first element of array HSS.
Location in the X array of the first element of array lACT. 
Location in the X array of the first element of array SPX.
Location in the Y array of the first element of array SPY.
Location in the Z array of the first element of array SPZ 
Location in the X array of the first element of array QBX. 
Location in the Y array of the first element of array QBY.
Location in the Z array of the first element of array QBZ. 
Location of the first element of array QSURF.
Location in the X array of the first element of array QX.
Location in the Y array of the first element of array QY.
Location in the Z array of the first element of array QZ.
Location of the first element of array RATIO.
Length of the X array in words. This should always be equal to 
the dimension of X specified in the MAIN program. ,
Number of columns in the grid.
Number of layers in the grid.
Number of c^ in the grid.
Niunber of rows in the grid.

Variable Range 

IN Package 

!OUT Global 
IQBKOC Package 

IQBLK Module 

IQBTYP Package 

ISP Module 
ISUM Global 

ISUMl Module 
LCBASE Package 
LCDELL Global 
LCHSS Package 
LOACT Global 
LCSPX Global 
LCSPY Global 
LCSPZ Global 
LCQBX Global 
LCQBY Global 
LCQBZ Global 
LCQSURF Packa e 
LCQX Package 
LCQY Package 
LCQZ Package 
LCRAT Global 
LENX Global 

NCOL 
NLAY 
NRCL 
NROW 

Global 
Global 
Module 
Global 

List of Variables for Module OBKlAL 

Definition 

Primary unit number from which input for this package will be 
read 
Primary unit number for all printed output. IOUT = 6. 
Flag for calculating bulk flux terms. 

>0 calculate bulk flux terms. 
<= 0 do not calculate bulk flux terms. 

Before this module allocates space, IQBLK is set equal to ISUM. 
After allocation, IQBLK is subtracted from ISUM to get ISP, the 
amount of space in the X array allocated by this module. 
Flag indicating type of simulation. _ 

=0 Full aquifer is simulated 
=1 One half aquifer is simulated with well at center of 
circle. 
=2 One quarter of aquifer is simulated with well at center 
of aquifer wedge. 

Number of words in the X array allocated by this module 
Index number of the lowest element in the X array which has not 
yet been allocated. When space is allocated for an array, the size 
of the array is added to !SUM 
ISUM-1 
Location in the X array of the first element of array BASE. 
Location in the X array of the first element of array DELL. 
Location of the first element of array HSS. 
Location in the X array of the first element of array !ACT. 
Location in the X array of the first element of array SPX. 
Location in the Y array of the first element of array SPY. 
~ti.on in the Z array of the.first element of array SPZ. 
Location in the X array oF'tbe first element of array QBX. 
Location in the Y array of the first element of array QBY 
Location in the Z array of the first element of array QBZ. 
Location of the first element of array QSURF. 
Location in the X array of the first element of array QX. 
Location in the Y array of the first element of array QY 
Location in the Z array of the first.element of array QZ. 
Location of the first element of array RATIO. 
Length of the X array in words. 11us should always be equal to 
the dimension of X specified in the MAIN program. ._ 
Number of columns in the grid. 
Number of layers in the grid. 
Number of cells in the grid. 
Number of rows in the grid. 

, 
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Narrarive for Module OBKIRP

This module reads the format and unit numbers for printing and saving the bulk 
flux terms at the end of each stress period. It also sets the boimdary array for 
displacement, initializes bulk flux arrays, reads the ratio of vertical to horizontal 
hydraulic corrductivity and altitudes of the top and bottom of cells when transmissivity 
is used. These altitudes are used along with those specified in the BCF package to 
calculate cell thickness.

Module QBKIRP calls submodule SQBKIL and performs its tasks in the 
following order

1. Read format and unit numbers for printing or saving bulk flux values, 
respectively.

2. Set active boundary cells for displacement.
3. Irutialize bulk flux vcdues to zero.
4. Read the ratio of vertical to horizontal hydraulic conductivity for all cells in 

the grid. Read the top emd bottom cell elevations when LAVQQN = 0 or 
LAYCON = Z

5. Calculate the initial thickness of all cells in the grid.
6. RETURN.

/

Narrative for Module OBKlRP 

This module reads the format and unit numbers for printing and saving the bulk 
flux terms at the end of each stress period. It also sets the boundary array for 
displacement, initializes bulk flux arrays, reads the ratio of vertical to horizontal 
hydraulic conductivity and altitudes of the top and bottom of cells when transmissivity 
is used. These altitudes are used along with those specified in the BCF package to 
calculate cell thickness. 

Module QBKIRP calls submodule SQBKIL and performs its tasks in the 
following order: 

1. Read format and unit numbers for printing or saving bulk flux values, 
respectively. · 

2. Set active boundary cells for displacement. 
3. Initialize bulk flux values to zero. 
4. Read the ratio of vertical to horizontal hydraulic conducti~ ty for all cells in ' 

the grid. Read the top and bottom cell elevations when LAYG;.ON = 0 or 
LAYCON=2. 

5. Calculate the initial thickness of all cells in the grid. 
6. RETURN. 

; 

\ 
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Flow Chart for Module OBKIRP

IQBKFM is the flag identifying the format 
type for printing bulk flux values. The flag 
number is identified in McDonald and 
Harbaugh (1988, pg. 14-5).

IQBKUN is a flag and unit number to which 
the bulk flux terms will be written.

If IQBKUN<=0 the bulk flux terms
are not saved.
If IQBKUN>0 the bulk flux terms are
saved on the unit number specified.

LAYCON is a layer-type code (one for each 
layer).

0 - confined
1 - unconfined
2 - confined/unconfined but

transmissivity is constant
3 - confined/imconfined

RATIO is the ratio of vertical to horizontal 
hydraulic conductivity. It must not exceed 
1.0.

BASE is the elevation of the bottom of the 
celL It is read only when the LAYCON is 
OorZ

(2SURF is the-altitude of the top of the cell.
It is read only when the LAYCON is 0 or Z

...j-

, 

Flow Chan for Module OBKIRP 

IQBI<FM is the flag identifying the format 
type for printing bulk flux values. The flag 
number is identified in McDonald and 
Harbaugh (1988, pg. 14-5). 

IQBKUN is a flag and unit number to which 
the bulk flux terms will be written. 

If IQBKUN<=O the bulk flux terms 
are not saved. 
If IQBKUN>O the bulk flux terms are 
saved on the unit number specified. 

LAYCON is a layer-type code (one for each 
layer). 

0-confined 
1 - unconfined 
2 - confined/unconfined but 

transmissivity is constant 
3-confined/unconfined 

RATIO · the ratio of vertical to horizontal 
hydraulic conductivity. It must not exceed 
1.0. 

BASE is the elevation of the bottom of the 
cell. It is read only when the LAYCON is 
0 or 2. 

QSURF is the-altitude of the top o~tell. 
It is read only when the LAYCON is O or 2. 

ENTER 
QBK1RP 

1 

READ IQBI<FM 
ANDIQBKUN 

SET BOUNDARY 
ARRAY FOR 

DISPLACEMENT 

2 

v 
INITIALIZE 
BULK FLUX 

ARRAYS 

4 

3 

4A 
FOR ALL LAYERS 

READ 
RATIO 

4B 

IF LAYCON ISO OR 2 
READ BASE AND QSURF 

\ 5 

CALCULATE 
CELL THICKNESS 

6 

RETURN 
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SUBROUTINEQBKlRP(QBX,QBY,QBZ^mBASE,QSURF,NODES,NCOL, 
lNROW,NLAXIN,IOUTMCT,IBOUND,IQBKOC,IQBKFM,IQBKUN,DELC, 
2 DELRDELL, TORBOXHNEW)

**♦»***»♦»»• **J**»***»**4*^

INITIALIZE QBULK ARRAYS AND READ KV/KH RATIO, BASE AND 
SLFRFACE ELEVATIONS

SPECmCATIONS:

DOUBLE PRECISION KNEW 
CHARACTERS ANAME

C~
c
Cl-

DIMENSIONANAME(6,3)TlATIO(NODES),BASE(NODES),QSURF(NODES),
lQBX(NCOL,NROW,NLAY),QBY(NCOL,NROW,NLAY),QBZ(NCOL,
2NROW,NLAY),IBOUND{NODES),IACT(NODES),TOP(NCOL,NROW,
3NLAY),BOT(NCOL,NROW,NLAY),HNEW(NCOL,NROW,NLAY),
4 DELC(NROW), DELR(NCOL),DELL(NCOL,NROW,NLAY)

DATA ANAME(1,1),ANAME(2,1 ),ANAME(3,1 ),ANAME(4,1 ),ANAME(5,1),
1 ANAME(6,1)/' V','ERTVTOH','ORIZ','CON','DUCT7 
DATAANAlv4E(l,2),ANAME(2,2),ANAME(3,2),ANAME(4,2),ANAME(5,2),
1 ANAME(6,2) /' VCELL',' BA,'SE E','LEVA',TION7 
6aTAANAME(1,3),AN'aME(2,3),ANAME(3,3),ANAME(4,3),ANAME(5,3),
1 ANAME(6,3)/' CE','LLS7URFA','CEE','LEVA7TI0N7

COMMON /FLWCOM/LAYCON(80)

-READ FORMAT AND UNIT NUMBER FOR PRINTING OR SAVING QBULK
1 TERMS.
IFaQBKOC.LE.O) GO TO 500 
READ(IN,5) IQBKFM,IQBKUN

5 FORMAT(2I10)
WRITEaOUT,6) IQBKFM

6 FORMATdX,' QBULK PRINT FORMAT IS NUMBER',14)

C 

SUBROUTINE QBKlRP(QBX,QBY,QBZ,RATIO,BASE,QSURF,NODES,NCOL, 
1 NROW,NLAY,IN,IOUf,IACT,IBOUND,IQBKOC,IQBKFM,IQBKUN,DELC, 

2 DELR,DELL, TOP,BOT,HNEW) 

C .......................................... .............................................. . . 

C INITIALIZE QBULK ARRAYS AND READ KV /KH RATIO, BASE AND 

C SURFACE ELEVATIONS 
C .................................................................................................................... . 

C 
C SPECIFICATIONS: 
C------------- ---

C 

C 

C 

OOUBLE PRECISION HNEW 
0-IARACTER"'4 ANAME 

DIMENSION ANAME(6,3),RATIO(NODES),BASE(NODES),QSURF(NODES), 
1 QBX(NCOL,NROW,NLAY),QBY(NCOL,NROW,NLAY),QBZ(NCOL, 
2 NROW,NLAY),IBOUND(NODES),IACT(NODES),TOP(NCOL,NROW, 
3 NLAY),BOT(NCOL,NROW,NLAY),HNEW(NCOL,NROW,NLAY), 
4 DELC(NROW), DELR(NCOL),DELL(NCOL,NROW,NLAY) 

DATA ANAME(1,1),ANAME(2,1),ANAME(3,1),ANAME(4,1),ANAME(S,1), 

1 ANAME(6,1) /' V','ERT ','TO H','ORIZ',' CON','DUCT' I 
DATA ANAME(1,2),ANAME(2,2),ANAME(3,2),ANAME(4,2),ANAME(S,2), 

1 ANAME(6,2) / ' ','CELL',' BA','SE E','LEVA','TION' I 
OATA ANAME(1,3),AlefAME(2,3),ANAME(3,3),ANAME(4,3),ANAME(S,3), 
1 ANAME(6,3) /' CE','LL S','URFA','CE E','LEVA','TION' I 

COMMON /FLWCOM/LAYCON(80) 

C---------------
C 
C1--READ FORMAT AND UNIT NUMBER FOR PRINTING OR SAVING QBU4( 

1 TERMS. \ 
IFaQBKOC.LE.0) GO TO 500 
READ(IN,S) IQBKFM,IQBKUN 

5 FORMAT(2I10) 
WRITEaour,6) IQBKFM 

6 FORMAT(1X,' QBULK PRINT-FORMAT IS NUMBER',14) 
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/

IFaQBKUN.GT.O) WRITEaOUT,7) IQBKUN 
7 FORMATdX/UNTT FOR SAVING QBULK VALUES IS',14)

C------- CALCULATE NUMBER OF CELLS PER LAYER
500 NRC=NCOL*NROW 

C
C2____SET lACT = IBOUND; TEST WHERE lACT SHOULD BE INACITVE.

D0 25I=1,N0DES 
IACTO)=IBOUNDa)

C____ IF IBOUND=9 SET ACTIVE CELL TO ZERO DISPLACEMENT
IF(IBOUNDa).EQ.9) IACTa)=0 

25 CONTINUE
C
C3- -TMTTTAT .TTF. QB(X,Y;Z) ARRAYS T^S^RO

c
C4-
C4A-

D026K=1,NLAY
D026I=1,NR0W
D0 26J=1,NC0L
QBXg,I4O=0.
QBY0,I,K)=0.
QBZai,K)=0.
CONTINUE

-FOR EACH LAYER IN THE GRID:
—READ IN KZZ/KHH RATIO DATA FOR EACH CELL
KR=0
DO 50 K=1,NLAY
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) KR=KR+1 
KK=K
LOC=l+(K-l)*NRC
LOCR=l+(KR-l)*NRC
CALLU2DREL(RATIOaOC)^AME(Ll)^OWJ^COL,KK,IN,IOUT) 
IF(LAYCON(K).EQ.l .OR. LAYCONOQ.EQ. 3) GOTO 50

C4B-------READ THE SURFACE AND B^E ELEVATIONS OF CELL WHERE
C LAYCONISOOR2.

CALLU2DREL(BASE(LOCR)^AME(UXNROWNCOLiCK,INJOUT) 
CALLU2DREL(QSURF(LOCR),ANAME(U),NROW;^COL,KK.IN,IOUT) 

50 CONTINUE

/ 

IFQQBKUN.GT.0) WRITEQOUT,7) IQBKUN 
7 FORMAT(lX,'UNIT FOR SAVING QBULK VALUES IS',14) 

C----CALCULATE NUMBER OF CELLS PER LAYER 

500 NRC=NCOUNROW 

C 
C2--SET IACT = !BOUND; TE.5T WHERE IACT SHOULD BE INACTIVE. 

00 251=1,NODE.5 
IACT(D=IBOUND(I) 

C--IF IBOUND=9 SET ACTIVE CELL 10 ZERO DISPLACEMENT 

IFQBOUNDQ).EQ.9) IACTQ)=0 

25 CONTINUE 
C -
C3-INITIALIZE QB(X,Y,Z) ARRAYS ~ RO 

00 26 K=l,NLAY 
00 26 1=1,NROW 
00 26 J= ,NCOL 
QBX(J,l,K)=0. 
QBY(J,I,K)=0. 
QBZ(J,1,K)=0. 

26 CONTINUE 
C 
C4---FOR EACH LAYER IN THE GRID: 
C4A--READ IN KZZ/KHH RATIO DATA FOR EACH CELL 

KR=0 
!'DC) 50 K=l,NLAY 

IF(LAYCON(I<).EQ.0 .OR LAYCON(I<).EQ.2) KR=KR+ 1 

KK=K 
LOC=l+(I<-l)•NRC 
LOCR=l +(KR-1)•NRC 
CALW 2DREL(RATIO(LOC),ANAME(1, 1),NROW,NCOL,KK,IN,IOUT) 

IF(LAYCON(I<).EQ.1 .OR LAYCON(I<).EQ. 3) GO10 sq 
C4B--READ THE SURFACE AND B{\SE ELEVATION~ OF CELL WHERE 

C LAYCON ISO OR 2. 

C 

CALL U2DREL(BASE(LOCR),ANAME(1,2),NROW,NCOLJ(l(,IN,IOUT) 

CALL U2DREL(QSURF(LOCR),ANAME(1,3),NROW,NCOL,KK,IN,IOUT) 

50 CONTINUE 
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C5------ DETERMINE CELL THICKNESS (DELL) FOR ALL CELLS IN THE GRID.
KB=0
KT=0
KR=0
D0150K=1,NLAY
KK=K
IF(LAYCON{K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1 

IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.l) KB=KB+1 
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) KE=KR+1

C____CALL SUBMODULE TO CALCULATE THE VEKHCAL DIMENSIONS OF
C GRID

CALLSQBKlL(KK,KT4CB,KRJOP,BOTBASE,QSURF,DELL,NCOL,I^W,

1 NLAY^iNEW)
150 CONTINUE

C
C6- —RETURN 

RETURN 
END

CS--DETERMINE CELL 11-IlCKNESS (DELL) FOR ALL CELLS IN THE GRID. 

KB=0 
KT=0 
KR=0 
00150 K=l,NLAY 
KK=K 
IF(LAYCON(K).EQ.3 .OR LAYCON(K).EQ.2) KT=KT + 1 

IF(LAYCON(K).EQ.3 .OR LAYCON(K).EQ.l) KB=KB+1 
IF(LAYCON(K).EQ.0 .OR LAYCON(K).EQ.2) KR=KR+ 1 

C-CALL SUBMODULE TO CALCULATE THE VERTICAL DIMENSIONS OF 

C GRID 
CALL SQBK1L(KK,KT,KB,KR,TOP,BOT,BASE,QSURF,DELL,NCOh NROW, 

1 NLAY,HNEW) 
150 CONTINUE 

C 
C6--RETURN 

RETURN 
END 

\ 
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List of Variables for Module OBKIRP

Variable Range Definition

BASE Package DIMENSION (NCOL,NROW,NLAY), Elevation of ceU bottom of 
each cell in layers where LAYCON is 0 or 2.

BOT Global DIMENSION (NCOL,NROW>fLAY), Elevation of the bottom of 
each cell in layers where LAYCON is 1 or 3.

DELC Global DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I.

S DELL Global DIMENSION (NCOL,NROW,NLAY), CeU dimension in the layer 
direction.

DELR Global DIMENSION (NCOL), CeU dimension in the row direction. 
DELR(P contains width of column J.

HNEW Global DIMENSION (NCOLJvfROW,NLAY), Initial estimate of head in 
each ceU in order to determine thickness for topmost layer,

«

I Module Index for nodes and rows 1

lACT Global DIMENSION (NCOL>lROW,NLAY), Boundary array 
identifying active cells in which displacement is calculated.

IBOUND Global DIMENSION (NCOLJsJROWNLAY), Status of each ceU.
<0 constant-head cell 
=0 inactive ceU 
>0 variable-head ceU

IN Package Primary unit number from which input for this package will be 
read.

lOUT Global Primary unit number for aU printed output. lOUT = 6.
IQBKFM Package Flag for identifying what format to use to print bulk flux values
IQBKCX: Package Flag for calculating bulk flux terms.

>0 calculate bulk flux terms.
<=0 do not calculate bulk flux terms.

IQBKUN Package Flag identifying unit number to which bulk flux terms will be 
saved.

J Module Index for columns
K Module Index for layers
KB Module Counter for the number of layers for which the bottom elevation 

is needed (LAYCON = 1 or 3).
KK Module Temporary variable set equal to K. KK is used as an actual 

argument in subroutine c^ to avoid using the DO loop
variable K as an alignment, which causes problems for some 
compilers.

■ ■ . KR Module Coimter for the number of layers for which BASE and QSURF §

r KT
arrays need to be read (LAYCON = 0 or 2). '' -

Module Counter for the number of layers for which the top elevation isr needed (LAYCON = lor 3).
LAYCON Global DIMENSION (80), Layer-type code:

0 - Layer strictly confined.
1 - Layer strictly unconfined.

--
1

Ylli11ble RllllG 
BASE Package 

BOT Global 

DELC Global 

DELL Global 

DELR Global 

HNEW Global 

I Module 
IACT Global 

!BOUND Global 

IN Package 

IOlIT Global 
IQBKFM Package 
IQBKOC Package 

IQBKUN Package 

J Module 
K Module 
KB Module 

KI< Module 

KR Module 

KT M6dule 

LAYCON Global 

List of Variables for Module OBK I RP 

Definition 
DIMENSION (NCOL,NROW,NLAY), Elevation of cell bottom of 
each cell in layers where LAYCON is O or 2. 
DIMENSION (NCOL,NROW,NLAY), Elevation of the bottom of 
each cell in layers where LAYCON is 1 or 3. 
DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I. 
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 
direction. 
DIMENSION (NCOL), Cell dimension in the row direction. 
DELR(J) contains width of column J. 
DIMENSION (NCOL,NROW,NLAY), Initial estimate of head in 
each cell in order to detennine thickness for topmost layer. '\.-> 
Index for nodes and rows 
DIMENSION (NCOL,NROW,NLAY), Boundary array 
identifying active cells in which displacement is calculated. 
DIMENSION (NCOL,NROW,NLAY), Status of each cell. 

<O constant-head cell 
=O inactive cell 
>0 variable-head cell 

Primary unit number from which input for this package will be 
read. 
Primary unit number for all printed output. IOlIT = 6. 
Flag for identifying what format to use to print bulk flux values 
Flag for calculating bulk flux terms. 

>0 calculate bulk flux tmns. 
<=0 do not calculate bulk flux terms. 

Flag identifying unit number to which bulk flux terms will be 
saved. 
Index for columns 
Index for layers 
Counter for the number of layers for which the bottom elevation 
is needed (LAYCON = 1 or 3). 
Temporary variable set equal to K. KI< is used as an actual 
argument in subroutine calls to avoid using the DO loop 
variable K as an argument, whic1rcauses problems for some 
compilers. 
Counter for the number of layers for which BASE and QSURF 
arrays need to be read (LAYCON = 0 or 2). 
Counter for the number of layers for which the top elevation is 
needed (LAYCON = lor 3). 
DIMENSION (80), I.ayer-type code: 

0 - I.ayer strictly confined. 
1 - I.ayer strictly unconfined. 
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List of Variables for Module OBKIRP (Continued)

Variable fiangg Definition

2 - Layer confined/unconfined (transmissivity is
constant).

3 - Layer confined/imconfined (transmissivity is
variable).

LOC Module Pointer to parts of the RATIO arrays corresponding to particular 
layers.

LCXZR Module Pointer to parts of the elevation arrays corresponding to 
particular layers.

NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the grid.
NODES Module Number of cells in the grid.
NRC Module Number of cells in a layer.
NROW Global Number of rows in the grid.
QSURF Package DIMENSION (NCOL,NROW,NLAY), Elevation of cell top of 

each cell in layers where LAYCON is 0 or 2.
QBX Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X direction.
QBY Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y direction.
QBZ Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Z direction.
RATIO Global DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to 

horizontal hydraulic conductivity specified for all LAYCON
'k types.

TOP Global DIMENSION (NCOL,NROW,NLAY), Elevation of the top of 
each cell in layers where LAYCON is 2 or 3.

■:

V

ii'' ■

■ t
\

..

f"

ij:
■ ■

List of Variables for Module OBKlRP {Continued} 

Variable 

LOC Module 

LOCR Module 

NCOL Global 
NLAY Global 
NODES Module 
NRC Module 
NROW Global 
QSURF Package 

QBX Global 
QBY Global 
QBZ Global 
RATIO Global 

TOP Global 

Definition 
2 - Layer confined/unconfined (transmissivity is 

constant). 
3 - Layer confined/unconfined (transmissivity is 

variable). 
Pointer to parts of the RATIO arrays corresponding to particular 
layers. 
Pointer to parts of the elevation arrays corresponding to 
particular layers. 
Number of columns in the grid. 
Number of layers in the grid. V 
Number of cells in the grid. 
Number of cells in a layer. 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Elevation of cell top of 
each cell in layers where LAYCON is O or 2. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Z direction. 
DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to 
_horizontal hydraulic conductivity specified for all LAYCON 
types. 
DIMENSION (NCOL,NROW,NLAY), Elevation of the top of 
each cell in layers where LAYCON is 2 or 3. 

\ 
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Narrative for Module OBKIST

This module reads the ultimate steady-state heads if IQBSS is set. These heads 
are ultimately used to calculate the steady-state specific discharge or ultimate bulk flux 
values which is done in submodule SQBKIU which is called by this module.

This module performs its tasks in the following order
1. Check IQBSS flag
2. Read steady-state heads if IQBSS is set.
3. Call SQBKIU if IQBSS is set.
4. RETURN

/

Narrative for Module OBKlST 

This module reads the ultimate steady-state heads if IQBSS is set. These heads 
are ultimately used to calculate the steady-state specific discharge or ultimate bulk flux 
values which is done in submodule SQBKl U which is called by this module. 

This module performs its tasks in the following order: 
1. Check IQBSS flag 
2. Read steady-state heads if IQBSS is set. 
3. Call SQBKl U if IQBSS is set. 
4.RETURN 

\ 
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Flow Chart for Module OBKIST

IQBSS is a flag indicating whether 
ultimate steady-state heads are read and 
ultimate bulk fluxes are calculated.

=0 HSS not read and ultimate bulk 
fluxes not calculated 
* 0 HSS read and ultimate bulk 
fluxes are calculated 

HSS is the ultimate steady-state head 
array. One array is read for each 
layer

/

Flow Chart for Module OBKlST 

IQBSS is a flag indicating whether 
ultimate steady-state heads are read and 
ultimate bulk fluxes are calculated. 

=0 HS.5 not read and ultimate bulk 
fluxes not calculated 
* 0 HS.5 read and ultimate bulk 
fluxes are calculated 

HS.5 is the ultimate steady-state head 
array. One array is read for each 
layer 

ENTER 
QBK1ST 

READHS.5· 

CALL 
SQBK1U 

RETURN 

\ 
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SUBROUTINE QBKlST(HSS,IBOUND,TRAN,HY,CV,TOP,BOT,DELL,DELR, 
1 DELCNCOL,NROW,NLAXSPX3PXSPZ,QX,QY,QZ,IN,IOUT,IQBSS)

C

C THIS SUBROUTINE READS THE STEADY STATE HYDRAULIC HEAD 
C VALUES FOR THE IMPOSED STRESSES ON THE SYSTEM. THIS 
C ROUTINE ALSO CALLS THE ROUTINE TO CALCULATE ULTIMATE 
C BULK FLUX VALUES.

C SPECmCATIONS:

CHARACTERS ANAME

/

DIMENSION HSS(NODES),IBOUND{NCOL^OW,NLAY),TRAN(NCOL,
1NR0W,NLAY).HY(NC0L;^0W,NLAY),CV(NC0L,NR0W,NLAY),
2TOP(NCOL,NROW,NLAY),BOT(NCOL,NROW,NLAY),DELL(NCOL,
6NROW,NLAY),DELR(NCOL),DELC(NROW)3PX(NCOL,NROW,NLAY),
7SPY(NC0L,NR0W,NLAY)^PZ(NC0L,NR0W,NLAYLQX(NC0L,NR0W;MLAY),
8 QY(NC0L,NR0W,NLAY),QZ(NC0L,NR0W,NLAY),  ANAME(6,1)

DATA ANAME(L1 )ANAME(2,1 )^AME(3,1)ANAME(4,1 ),ANAME(5,1), 
1 ANAME(6,1) /' '/ '/ UL',TIMA'/TE H'/EADS7

COMMON /FLWCOM/LAYCON(80)

Cl—CHECK TO SEE IF ULTIMATE HEADS ARE READ AND ULTIMATE QBULK 
C VALUES CALCULATED 

IF(IQBSS.EQ.0)GOTO70
C2—READ ULTIMATE STEADY STATE HEAD VALUES FOR THIS STRESS PERIOD 

NCR=NCOL*NROW 
DO 15 K=1,NLAY ^
KK=K
LOC=l+{K-lWCR

CALL U2DREL(HSSaOC),ANAME(l,l ),NROW,NCOL,KK,IN,IOUT) 
15 CONTINUE '

; 

C 

SUBROUTINE QBK15T(H55,IBOUND,TRAN,HY,CV,TOP,BOT,DELL,DELR, 
1 DELC,NCOL,NROW,NLAY,SPX,SPY,SPZ,QX,QY,QZ,IN,IOUT,IQBSS) 

C ....................................................................................... . 

C TI-ilS SUBROUTINE READS THE STEADY SfATE HYDRAULIC HEAD 
C VALUES FOR THE IMPOSED STRESSES ON THE SYSTEM. TI-ilS 
C ROUTINE ALSO CALLS THE ROUTINE TO CALCULATE ULTIMATE 
C BULK FLUX VALUES. 
C .............................................................. ......................... . 

C 
C SPECmCATIONS: 

C----------~V- ,------
CHARACTER•4 ANAME 

C 

C 

C 

DIMENSION HSS(NODES),IBOUND(NCOL,NROW,NLAY),TRAN(NCOL, 
1 NROW,NLAY) HY(NCOL,NROW,NLAY),CV(NCOL,NROW,NLAY), 
2 TOP(NCOL,NROW,NLAY),BOT(NCOL,NROW,NLAY),DELL(NCOL, 
6 NROW,NLAY),DELR(NCOL),DELC(NROW),SPX(NCOL,NROW,NLAY), 
7 SPY(NCOL,NROW,NLAY),SPZ(NCOL,NROW,NLAY),QX(NCOL,NROW,NLAY), 
8 QY(NCOL,NROW,NLAY),QZ(NCOL,NROW,NLAY),ANAME(6, 1) 

DATA ANAME(l, 1),ANAME(2, 1),ANAME(3, 1 ),ANAME(4, 1),ANAME(S, 1), 
1 ANAME(6,1) /' ',' ',' UL','TIMA','TE H','EADS' I 

COMM,GN /FLWCOM/LAYCON(BO) 

C----------------
Cl-CHECK TO SEE IF ULTIMATE HEADS ARE READ AND ULTIMATE QBULK 
C VALUES CALCULATED 

IFCTQBSS.EQ.0) GOTO 70 
C2-READ ULTIM.A.'f-E STEADY STATE HEAD VALUES FOR THIS SfRESS PERIOD 

NCR=NCOL •NROW 
00 15 K=l,NLAY 

KK=K 
LOC=l+(K-l?NCR 

\ 

CALL U2DREL(HSS(LOC),ANAME(1, 1 ),NROW,NCOL,KK,IN,IOUT) 
15 CONTINUE • · • · 
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C3—CALL ROUTINE TO CALCULATE ULTIMATE BULK FLUX VALUES
CALLSQBK1U(HSS,IBOUND,TRAN,HY,CV,TOP,BOT,DELL,DELR.DELC, 

1 NCOL,NROW,NLAXSPX^PY^PZ,QX,QY,QZ)
C
C4—RETURN 

70 RETURN 
END

/

C 
C3--CALL ROUTINE TO CALCULATE ULTIMATE BULK FLUX VALUES 

CALL SQBKIU(HSS,IBOUND,TRAN,HY,CV,TOP,BOT,DELL,DELR,DELC, 
1 NCOL,NROW,NLAY,SPX,SPY,SPZ,QX,QY,QZ) 

C 
C4--RETURN 

70 RETURN 
END 
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Variable Range

94

List of Variables for Module OBKl ST

Definition

ANAME Module Label for printout of input array.
BOX Global DIMENSION (NCOL,NROW,NBOT), Elevation of the bottom of

CV Global

each layer. (NBOT is fte number of layers for which LAYCON = 
lor 3.)
DIMENSION O^COL,NROW,NLAY), Conductance in the layer

DELC Global

direction. CV(J,I,K) contains conductance between nodes (J,LK) 
and ai,K+l).
DIMENSION (NROW), Cell dimension in the column direction.

DELL Global
DELC(I) contains width of row I.
DIMENSION (NCOL,NROW,NLAY), CeU dimension in the

DELR Global
layer direction.
DIMENSION (NCOL), Cell dimension in the row directitsh.

HSS Package
DELR(P contains width of coluirm J.
DIMENSION (NCOL,NROW,NLAY), Ultimate steady-state

HY Global
heads used to calculate the ultimate bulk flux values. 
DIMENSION(NCOL,NROW,NLAY), Hydraulic conductivity in

IN Package
layers specified as LAYCON = 1 or 3.
Primary unit number from which input for this package will be

•
lOUT Global

read.
Primary xmit number for all printed output. IOUT=6.

IQBSS Package Flag indicating whether ultimate steady-state heads are read

K Module
.and ultimate bulk fluxes are calculated and used. 
Index for layers

KK Module Temporary variable set equal to K.
LAYCON Global DIMENSION (80) Layer type code:

«'' y

0 - Layer strictly coirfined
1 - Layer strictly imconfined.
2 - Layer confined/unconfined (transmissivity constant).

r.
k-'
r::.'"

■'

LOG Module
3 - Layer confined/unconfined (transmissivity variable). 

Pointer to parts of the HSS arrays corresponding to particular

NCOL Global
layers.
Number of columns in the grid.

NCR Module Number of cells in a layer.
f; ; NLAY Global Number of layers in the grid.

NROW Global Number of rows in the grid.
SPX Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific

ft '' '' "1 • SPY , Global
discharge or ultimate bulk flux in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Ultimate spedfic

SPZ Global
discharge or ultimate bulk flux in the Y direction. 
DIMENSION (NCOLJnIROW,NLAY), Ultimate specific

r, '■

discharge or ultimate bulk flux in the Z direction.

:• - .................. ........ .
. i . ;j.j V.

Variable 

ANAME Module 
BOT Global 

CV Global 

DELC Global 

DELL Global 

DELR Global 

HSS Package 

HY Global 

IN Package 

!OUT G obal 
IQBSS Package 

K Module 
KK Module 
LAYCON Global 

-I 

LOC Module 

NCOL Global 
NCR Module 
NLAY Global 
NROW Global 
SPX Global 

SPY Global 

SPZ Global 

List of Variables for Module OBKlST 

Definition 

Label for printout of input array. 
DIMENSION (NCOL,NROW,NBOT), Elevation of the bottom of 
each layer. (NBOT is the number of layers for which LAYCON = 
1 or 3.) 
DIMENSION (NCOL,NROW,NLAY), Conductance in the layer 
direction. CV(J,I,K) contains conductance between nodes (J,I,K) 
and (J,I,K+l). 
DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I. 
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the 
layer direction. -"\._ , 
DIMENSION (NCOL), Cell dimension in the row directtt5n. 
DELRO) contains width of column J. 
DIMENSION (NCOL,NROW,NLAY), Ultimate steady-state 
heads used to calculate the ultimate bulk flux values. 
DIMENSION(NCOL,NROW,NLAY), Hydraulic conductivity in 
layers specified as LAYCON = 1 or 3. 
Primary unit number from which input for this package will be 
read. 
Primary unit number for all printed output. IOUT =6. 
Flag indicating whether ultimate steady-state heads are read 
and ultimate bulk fluxes are calculated and used. 
Index for layers 
Temporary variable set equal to K. 
DIMENSION (80) Layer type code: 

0 - Layer strictly confined 
1 - Layer strictly unconfined. 
2 - Layer con:nned/unconfined (transmissivity constant). 
3 - Layer confined/unconfined (transmissivity variable). 

Pointer to parts of the HSS arrays corresponding to particular 
layers. 
Number of coh.1~ in the grid. 
Number of cells in a layer. 
Number of layers in the.&£!.g_. 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Ultimate specific 
discharge or ultimate bulk flux in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Ultimate specthc 
discharge or ultimate bulk flux in the Y direction. 
DIMENSION (NCOL,NROW,NLAY), Ultimate specific 
discharge or ultimate bulk flux in the Z direction. 
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List of Variables for Module OBKIST fContinuedl

Variable Ranee Definition

QX Package DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across the 
right cell face in the X direction

QY Package DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across the 
front cell face in the Y direction

QZ Package DIMENSION (NCOL,NROW,NLAY), Volume fluid flux across 
the bottom cell face in the Z direction.

TRAN Global DIMENSION(NCOL,NROW,NLAY), Transmissivity specified 
whenLAYCON = Oor2.

«
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QX 

QY 

QZ 

TRAN 

List of Variables for Module OBKlST <Continued} 

Package 

Package 

Package 

Global 

Definition 

DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across the 
right cell face in the X direction 
DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across the 
front cell face in the Y direction 
DIMENSION (NCOL,NROW,NLAY), Volume fluid flux across 
the bottom cell face in the Z direction. 
DIMENSION(NCOL,NROW,NLAY), Transmissivity specified 
when LAYCON = 0 or 2. 
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Narrative for Module OBKIFM

This module performs the calculations for the bulk flux terms that are needed at 
the start of each stress period.The initial stresses that pnxluce a bulk flux within the 
aquifer are pumping, injection, or recharge. For pumping, a bulk flux is determined on 
the basis of the pumping rate and the eccentricity at each well location. The calculated 
bulk flux for each well is sununed to produce a final bulk flux value that is used in the 
displacement model. For recharge, only the z component of bulk flux is affected because 
it is assumed that recharge occurs from the top of the cell. If rechaige is desired along a 
different face then the Well Package should be used to simulate recharge.

Module QBKIFM calls submodule SQBKIE and performs its tasks in the 
following order

1. Reset bulk flux values to zero at the start of each new stress period.
2. Check to see if initial stress conditions exist.
3. Loop through each well and calculate a bulk flux term for each component 

direction for each well.
4. Make correction in pumping rate for the type of simulation
5. Calculate the actual well location in model units
6. Calculate the total bulk flux for each component direction due to pumping.
7. Check to see if recharge is present. If recharge exists add bulk flux components 

resulting from recharge.
8. RETURN.

/

Iv
I-

,I 

Narrative for Module OBKlFM 

This module performs the calculations for the bulk flux terms that are needed at 
the start of each stress period. The initial stresses that produce a bulk flux within the 
aquifer are pumping, injection, or recharge. For pumping, a bulk flux is determined on 
the basis of the pumping rate and the eccentricity at each well location. The calculated 
bulk flux for each well is summed to produce a final bulk flux value that is used in the 
displacement model. For recharge, only the z component of bulk flux is affected because 
it is assumed that recharge occurs from the top of the cell. If recharge is desired along a 
different face then the Well Package should be used to simulate recharge. 

Module QBK1FM calls submodule SQBK1E and performs its tasks in the 
following order: 

1. Reset bulk flux values to zero at the start of each new stress period. 
2. Check to see if initial stress conditions exist. 
3. Loop through each well and calculate a bulk flux te.rm for each component 

direction for each well. 
4. Make correction in pumping rate for the type of simulation 
5. Calculate the actual well location in model units 
6. Calculate the total bulk flux for each component direction due to pumping. 
7. Check to see if recharge is present. If recharge exists add bulk flux components 

resulting from recharge. 
8. RETURN. 

~- __,_ 
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Flow Chart for Module OBKIFM

NWELLS is the number of wells specified 
in the Well Package for the current stress 
period.

NRCHOP is the recharge option code 
specified in the Rech^e Package.

=1 Recharge is only to the top grid 
layer.

=2 Vertical distribution of recharge is 
specified in array IRCH.

=3 Recharge is applied to the highest 
active cell in each vertical column. 

, A constant-head node intercepts
A recharge and prevents deeper

iirfiltration.

/

c ENTER A 
QBKIFM )

?
RESET BULK 

FLUX VALUES 
TO ZERO

MAKE CORRECTION 
FOR

TYPE OF SIMULATION

1
CALCULATE WELL 

LOCATION 
IN MODEL UNITS

\
CALCULATE 

BULK FLUX FOR 
ALL COMPONENT 

DIRECTIONS

.s'

Flow Chart for Module OBKlFM 

NWELLS is the number of wells specified 
in the Well Package for the current stress 
period. 

NRCHOP is the recharge option code 
specified in the Recharge Package. 

= 1 Recharge is only to the top grid 
layer. 

=2 Vertical distribution of recharge is 
specified in array IRCH. 

=3 Recharge is applied to the highest 
active cell in each vertical column. 
A constant-head node intercepts 
recharge and prevents deeper 
infiltration. 

NO 

ENTER 
QBKlFM 

RESETBULK 
FLUX VALUES 

TOZERO 

1 

YES 

3 
NWELLS 

4 
MAKE CORRECTION 

FOR 
TYPE OF SIMULATION 

CALCULATE WELL 
LOCATION 

IN MODEL UNTIS 

6 

CALCULATE 
BULK FLUX FOR 

ALL COMPONENT 
DIRECTIONS 

5 
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Flow Chart for Module OBKIFM (Continued)

/

CALC. CALC. CALC.
RECH. RECH. RECH.

Flow Chart for Module OBKIFM (Continued) 

=0 

=2C 

CALC. 
RECH. 

CALC. CALC. 
RECH. RECH. 

8 

( RETURN) 

\ 
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SUBROUTINE QBKl FM(NWELLS,DELR,DELC,DELL,WELL,QBX,QBY,QBZ,
1 RATIO,IBOUND,NROW,NCOL,NLAY,NRCHOP,IRCH,RECH,IACT,TOTIM,
2 KPERJQBTYP)

C

C CALCULATE DIRECTIONAL COMPONENTS OF QBULK AS INFLUENCED 
C BY PUMPING AND RECHARGE

C
C SPECmCATIONS:

C
DOUBLE PRECISION HNEW
DIMENSION WELL(4,NWELLS),QBX(NCOL,NROW,NLAYLQBY(NCOL, •

1 NROW,NLAY),QBZ(NCOL,NROW,NLAY),RATIO(NCOL,NROW,NLAY),
2 IBOUND(NCOL,NROW,NLAY),DELR(NCOL),DELC(NROW),DELL(NCOL,
3 NROW,NLAY),RECH(NCOL,NROW),IRCH(NCOL,NROW),
4 IACT(NCOL,NROW,NLAY)

C
COMMON /FLWCOM/LAYCON(80)

-RESET QBULK VALUES TO ZERO EACH TIME STEP
D0 23K=1,NLAY
IX)23I=l,MROW
EX)23J=l,NCOL
QBX0,LK)=0.
QBYa,LK)=0.
QBZa,LK)=0.

23 CONTINUE

-CHECK TO SEE IF INITIAL STRESS CONDITIONS EXIST
if(NWElls.le.o .and. NRCHOP.LE.0) RETURNO

-LOOP THROUGH NWELLS AND CALCULATE BULK FLUX TERMS
IF(NWELLS.LE.O) GOTO 1000 
DO 50 LL=1,NWELLS

t.' / -

C 

SUBROUTINE QBKl FM(NWELI.5,DELR,DELC,DELL, WELL,QBX,QBY,QBZ, 
1 RATIO,IBOUND,NROW,NCOL,NLAY,NRCHOP,IRCH,RECH,IACT,TOTIM, 
2 KPER,IQBTYP) 

C ......................................................................................... . 

C CALCULATE DIRECTIONAL COMPONENTS OF QBULK AS INFLUENCED 
C BY PUMPING AND RECHARGE 
C .............................................................................................. . 

C 
C SPECIFICATIONS: 
C-----------------·-----------
C 

C 

DOUBLE PRECISION HNEW 
DIMENSION WELL(4,NWELI.5),QBX(NCOL,NROW,NLAY),QBY(NCOL, 

1 NROW,NLAY),QBZ(NCOL,NROW,NLAY),RATIO(NCOL,NROW,NLAY), 
2 IBOUND(NCOL,NROW,NLAY),DELR(NCO ),DELC(NROW),DELL(NCOL, 
3 NROW,NLAY),RECH(NCOL,NROW),IRCH(NCOL,NROW), 
4 IACT(NCOL,NROW,NLAY) 

COMMON /FLWCOM/LAYCON(80) 
C-----------------------------
C 
Cl--RESET QBULK VALUES TO ZERO EACH TIME STEP 

DO 23 K=l,NLAY 
DO 23 1=1,MROW 
DO 23 J=l,NCOL 
QBXQ,I,K)=0. 
QBYQ,I,K)=0. 
QBZ(J,I,K)=0. 

23 CONTINUE 
C 
C2--CHECK TO SEE IF INITIAL STRE5.5 CONDmONS EXIST 

. IF(NWELI.5.LE.0 .AND. NRCHOP.LE.0) RETURN0 
C 

\ 

C3---LOOP THROUGH NWELI.5 AND CALCULATE BULK FLUX TERMS 
IF(NWELI.5.LE.0) GOTO 1000 
DO 50 LL=l,NWELI.5 
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c
C4-

C
C5-

m=WELL(2,LL)
IC=WELL(3,LL)
IL=WELL(1,LU
Q=WELL(4,LL)

-MAKE CORRECTION FOR TYPE OF SIMULATION 
IF(IQBTYP.EQ.l) Q=Q*Z 
IF(IQBTYP.EQ.2)Q=Q*4.

-CALCULATE ACTUAL WELL LOCATION IN MODEL UNITS 
DC = 0.
DR = 0.
DL = 0.

DO20I=LIR
DC=DC+DELC(I)
CONTINUE
D025J=1,IC
DR=DR+DEIJ10)
CONTINUE
DO30K=l,IL ^
DL=DL+DELLaC,IR,K)
CONTINUE

sr.
V.1:
i.‘- ■

c
C6-

C
C7-

YOl=DC-DELC(IR)
Y02=DC
X01=DR-DELRaC)
X01=DR
Z01=DL - DELL(IC,IR,IL)
Z02=DL

-CALL SUBROUTINE TO CALCULATE QBULK FOR AN ELLIPSOID
CALLSQBK1E(QBX,QBY,QB4IACXY0LY02^01^02^01;Z02.CINC0L,
lNRdWNLAYRATIODELR,DELC,DELL,IL,IR,IC)

50 CONTINUE

-NOW ADD EFFECTS OF RECHARGE TO QBULK DEPENDING ON

IR=WELL(2,LL) 
IC=WELL(3,LL) 
IL=WELL(l ,LL) 
Q=WELL(4,LL) 

C 
C4---MAKECORRECTIONFORTYPEOFSIMULATION 

IF(IQBTYP.EQ.1) Q=Q'°2. 
IF(IQBTYP.EQ.2) Q=Q•4. 

C 
CS--CALCULATE ACIUAL WELL LOCATION IN MODEL UNITS 

DC=0. 

C 

C 

C 

DR=0. 
DL=0. 

00201=1,IR 
DC=DC+DELC(D 

20 CONTINUE 
002SJ=l,IC 
DR=DR+DE (J) 

25 CONTINUE 
0030K=1,IL 
DL=DL+DELLCTC,IR,K) 

30 CONTINUE 

YOl=DC - DELC(IR) 
'T 

YO2=DC 
XOl=DR - DELRCTC) 
XOl=DR 
ZOl=DL - DELL(IC,IR,IL) 
ZO2=DL 

C6--CALL SUBROUTINE TO CALCULATE QBULK FOR AN ELLIPSOID 
CALL SQBKl E(QBX,QBY,QBZ,IACT,YOl, YO2,XO1,XO2,ZO1,ZO2,Q,NCOb, 
1 NROW,NLAY,RATIODELR,DELC,DELL,IL,IR,IC) 

50 CONTINUE 
C 
Cl---NOW ADD EFFECTS OF RECHARGE 10 QB~~ pEPENDING ON 
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C NRCHOP.
1000 IF(NRCHOP.GT.3 .OR. NRCHOPLT.l) GOTO 2000 

D02IR=l,NROW 
D0 2IC=l,NCOL 

C
C7A---- CALCULATE LOCATION AND RATE OF RECHARGE FOR NRCHOP=l

IF(NRCHOPNE.l) GOTO 100 
IF(IBOUND(IC,IR,1).EQ.O) GOTO 2 
IF(RECHaC,IR).EQ.O.) GOTO 2

QBZ(IC,IR,l)=QBZ(IC,IR,l)-RECHaC,IR)/(DELR(IC)*DELC(IR))
GOTO 2 *.

C .
C7B----- CALCULATE LOCATION AND RATE OF RECHARGE FOR NRCHOP=2

100 IF(NRCHOP.NE.2) GOTO 200 
IL=IRCHaCJR)
IF(IBOUNDaCIR,IL).LE.O) GOTO 2 
IF(RECH(ICIR).EQ.O.) GOTO 2

/ QBZaC,m,IL)=QBZ(IC,IR,IL)-RECHaC,IR)/(DELR(lC)»DELC(IR))
^ GOTO 2

C
C7C---- CALCULATE LOCATION AND RATE OF RECHARGE FOR NRCHOP=3

200 D0 4IL=1,NLAY
IF(IBOUND(IC,IR,IL).LT.O) GOTO 2 
IF(IBOUND(IC,IR,IL).EQ.O) GOTO 4 

V IF(RECHaC,K);EQ.0.)GOTO2
QBZ(IC,IR,IL)=QBZ(IC,IR,IL)-RECHaC,IR)/(DELRaC)*DELC(IR)) 
GOTO 2 

C
4 CONTINUE 
2 CONTINUE

c
C8-------RETURN ^

2000 RETURN 
END

C NRCHOP. 
1000 IF(NRCHOP.GT.3 .OR NRCHOP.LT.1) GOTO 2000 

DO 2 IR.=1,NROW 
DO 2 IC=l,NCOL 

C 
Cl A--CALCULATE LOCATION AND RATE OF RECHARGE FOR NRCHOP=l 

IF(NRCHOP.NE.1) GOTO 100 

C 

IF(IBOUND(IC,IR, 1 ).EQ.0) GOTO 2 
IF(RECHCTC,IR).EQ.0.) GOTO 2 

QBZCTC,IR, 1 )=QBZ(IC,IR, 1)-RECH(IC,IR) / (DELR(IC)'tDELC(IR)) 
GOTO2 

C7B--CALCULATE LOCATION AND RATE OF RECH'AlfGE FOR NRCHOP=2 

C 

100 IF(NRCHOP.NE.2) GOTO 200 
IL=IRCHCTC,IR) 
IFCTBOUND(IC,IR,IL).LE.O) GOTO 2 
IF(RECH(IC,IR).EQ.0.) GOTO 2 

QBZCTC,IR,IL)=QBZ(IC,IR,IL)-RECH(IC,IR) / (DELR(IC)'tDELC(IR)) 
GOTO2 

C7C-CALCULATE LOCATION AND RATE OF RECHARGE FOR NRCHOP=3 
200 DO 4 IL=l,NLAY 

IF(IBOUND(IC,IR,IL).LT.0) GOTO 2 
IF(IBOUND(IC,IR,IL).EQ.O) GO10 4 

IF(RECH(IC,~r.EQ.0.) GO10 2 
QBZ(IC,IR,IL)=QBZ(IC,IR,IL)-RECH (IC,IR) / (DELR(IC)•DELC(IR)) 
GOTO2 

C 
4 CONTINUE 
2 CONTINUE 

C 
C8--RETURN 

2000 RETURN 
END 

·. 
\ 
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List of Variables for Module OBKIFM

Variable fiansg Definition

DC Module Location of the well in model units in the column direction
DELC Global DIMENSION (NROW), Cell dimension in the column direction. 

DELCCD contains width of row I.
DELL Global DIMENSION (NCOL,NROW,NLAY), CeU dimension in the layer 

direction.
DELR Global DIMENSION (NCOL), Cell dimension in the row direction. 

DELRQi) contains width of column J.
DL Module Location of the well in model units in the layer direction.
DR Module Location of the well in model units in the row direction.
I Module Index for rows.
lACT Global DIMENSION (NCOL,NROW,NLAY), Bounda^ array identifying 

active cells in which displacement is calculated:
IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each ceU.

<0 constant-head cell 
=0 inactive cell 
>0 variable-head cell

IC Module Index for column location of pumping or discharging well.
IL Module Index for layer location of pumping or discharging well.
IQBTYP Package Flag indicating type of simulation.

=0 Full aquifer is simulated
=1 One h^ aquifer is simulated with well at center of
circle.
=2 One quarter of aquifer is simulated with well at center 
of aquifer wedge.

K Module Index for row location of pumping or discharging well.
J Module Index for colunms.

i-::v K ,
KPER

Module Index for layers.
'■'V Global Stress paiiod counter.
1' NCOL Global Number of colutrms in the grid.
[''' NLAY Global Number of layers in the grid.
1:':" NRCHOP Global Recharge option:

=1 Recharge is to the top grid layer.
• • =2 Recharge is to the grid layer specified in array IRCH.
"■ ■ =3 Recharge is to the highest variable-head cell which is

not below a constant-head ceU.
NROW Global Number of rows in the grid.
NWELLS Global Number of wells active during the current sfress period.

, Q Global Rate at which the well adds water to the aquifer (negative for'
discharging wells).

II'■ QBX Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X-direction.
QBY Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y-direction.

f:-: QBZ Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Z-direction.r RATIO Qobal DIMENSION (NCOUNROW,NLAY), Ratio of vertical to

s'

..

, 

Variable 

oc 
DELC 

DELL 

DELR 

DL 
DR 
I 
!ACT 

IBOUND 

IC 
IL 
IQBTYP 

IR 
J 
K 

Ewe 
Module 
Global 

Global 

Global 

Module 
Module 
Module 
Global 

Global 

Module 
Module 
Package 

Module 
Module 
Module 

'T Global 
Global 
Global 
Global 

KPER 
NCOL 
NLAY 
NRCHOP 

NROW Global 
NWELIS Global 
Q Global 

QBX Global 
QBY Global 
QBZ Global 
RATIO Global 

, 

List of Variables for Module OBKlFM 

Definition 

Location of the well in model units in the column direction 
DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I. 
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 
direction. 
DIMENSION (NCOL), Cell dimension in the row direction. 
DELRO) contains width of column J. 
Location of the well in model units in the layer direction. 
Location of the well in model units in the row direction. 
Index for rows. 
DIMENSION (NCOL,NROW,NLAY), Boundl\IY ~y identifying 
active cells in which displacement is calculated:-
DIMENSION (NCOL,NROW,NLAY), Status of eaQt cell. 

<O constant-head cell 
=0 inactive cell 
>0 variable-head cell 

Index for column location of pumping or discharging well. 
Index for layer location of pumping or discharging well. 
Flag indicating type of simulation. 

=0 Full aquifer is simulated 
=1 One half aquifer is simulated with well at center of 
circle. 
=2 One quarter of aquifer is simulated with well at center 
of aquifer wedge. 

Index for row location of pumping or discharging well. 
Index for columns. 
Index for layers. 
Stress peil6d counter. 
Number of columns in the grid. 
Number of layers in the grid. 
Recharge option: 

=1 Recharge is to the top grid layer. 
=2 Recharge is to the grid layer specified in array IRCH. 
=3 Rechqrge...is to the highest variable-head cell which is 

not below a constant-head cell. 
Number of rows in the grid. 
Number of wells active during the current sp-ess period. 
Rate at which the well adds water to the aquifer (negative for · 
discharging wells). 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X-direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y-direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the 2-direction. 
DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to 
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List of Variables for Module OBKIFM fContinuedl

■’^ariabls Ranee Ogfinitign

horizontal hydraulic conductivity.
RECH Global DIMENSION (NCOL, NROW), Recharge flow rate. Recharge flux

is read into RECH and then multiplied by cell area to obtain 
recharge flow rate.

TOTIM Global Total simulation time.
WELL Global DIMENSION (4, MXWELL), For each well: layer, row, colurrm.

and recharge rate of the well.
XOl Module Distance in the X direction to the left edge of the cell containing

the well.
X02 Module Distance in theJC direction to the right edge of the cell containing

the weU
YOl Module Distance in the Y direction to the front edge of the cell containing

the well.
Y02 Module Distance in the Y direction to the back edge of the cell containing

the well.
ZOl Module Distance in the Z direction to the top edge of the cell containing

the well
Z02 Module Distance in the Z direction to the bottom edge of the cell

containing the well

y
•

• »
\

-

y---

...
1

Variable 

RECH 

TOTIM 
WELL 

XOl 

X02 

YOl 

Y02 

201 

202 

List of Variables for Module OBK 1 FM <Continued) 

fulnge 

Global 

Global 
Global 

Module 

Module 

Module 

Module 

Module 

Module 

Definition 

horizontal hydraulic conductivity. 
DIMENSION (NCOL, NROW), Recharge flow rate. Recharge flux 
is read into RECH and then multiplied by cell area to obtain 
recharge flow rate. 
Total simulation time. 
DIMENSION (4, MXWELL), For each well: layer, row, column, 
and recharge rate of the well. 
Distance in the X direction to the left edge of the cell containing 
the well. 
Distance in the X irection to the right edge of the cell containing 
the well 
Distance in the Y direction to the front edge of the cell containing 
the well. 
Distance in the Y direction to the back edge of the cell containing 
the well. 
Distance in the 2 direction to the top edge of the cell containing 
the well 
Distance in the 2 direction to the bottom edge of the cell 
containing the well. 
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Narrarive for Module OBKIOT

This module prints or saves bulk flux terms in all three component directions 
according to flags set by the user for each stress period. If flag IQBKPR is set for a stress 
period, then bulk flux values will be printed according to the format set by flag 
IQBKI^. First the X component values of bulk flux will be printed, followed by the Y 
and then Z component values, respectively. Similarly, if flag IQBKSV is set for a stress 
period, then unformated bulk flux values will be saved to disk.

Module QBKIOT is called each stress period and performs its functions in the 
following order

1. Read flags for printing and saving bulk flux terms
2. Print bulk flux terms if flag IQBKPR is set.
3. Save bulk flux terms if flag IQBKSV is set.
4. RETURN.

/

Narrative for Module OBKIOT 

This module prints or saves bulk flux terms in all three component directions 
according to flags set by the user for each stress period. If flag IQBKPR is set for a stress 
period, then bulk flux values will be printed according to the format set by flag 
IQBKFM. First the X component values of bulk flux will be printed, followed by the Y 
and then Z component values, respectively. Similarly, if flag IQBKSV is set for a stress 
period, then unformated bulk flux values will be saved to disk. 

Module QBK10T is called each stress period and performs its functions in the 
following order: 

1. Read flags for printing and saving bulk flux terms 
2. Print bulk flux terms if flag IQBKPR is set. 
3. Save bulk flux terms if flag IQBKSV is set. 
4.RETURN. 

\ 
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Flow Chart for Module OBKIOT

IQBKPR is the print flag for the current 
stress period.

>0 print bulk flux terms
<=0 do not print bulk flux terms.

IQBKSV is the save flag for the current stress 
period.

>0 save bulk flux terms
<= 0 do not save bulk flux terms

/

Flow Chan for Module OBK I OT 

IQBKPR is the print flag for the current 
stress period. 

>0 print bulk flux terms 
<=0 do not print bulk flux terms. 

IQBKSV is the save flag for the current stress 
period. 

>0 save bulk flux terms 
<= 0 do not save bulk flux terms 

ENTER 
QBKlOT 

READ 
IQBKPRAND 
_ IQBKSV 

1 

2 

PRINT 
BULK FLUX 

TERMS 
IF 

IQBKPR> 0 

SAVE 
BULK FLUX 

TERMS 
IF 

IQBKSV > 0 

4 

RETURN 

3 
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C
c
c
c
c
c
c

SUBROUTINE QBKlOT(QBX,QBXQBZ;^COL,NROW,NLAYJQBKOC,I 
1 QBKFM,IQBKUN,IN,IOUT,KPER,KSTP,PERTIM,TOTIM)

PRINTS DIRECTIONAL COMPONENTS OF QBULK
»*♦♦*♦*»♦*»»**♦*****»»♦*♦»»♦♦♦♦♦♦♦*♦»♦***»♦»»♦»*♦♦*♦♦*♦•*»**•♦

SPECinCATIONS:

C
C
Cl-

CHARACTERMTEXT
DIMENSION QBX(NCOL,NROW,NLAY),QBY(NCOL,NROW,NLAYX 
1 QBZ(NCOL,NROW, NLAY),TEXT(4^) x ,
DATA TEXT(L1),TEXT{2,1),TEXT(3,1),TEXT(4,1) /' '/ ^
1 ' X-Q'/BULK7,TEXT(1,2),TEXT(2,2),TEXT(3,2),TEXT(4,2) /'
2 ' V Y-Q'/'BULK7,TEXT(1,3),TEXT(2,3),TEXT(3,3),TEXT(4,3) /
3 ' V '/ Z-Q'/BULK7

-READ FLAGS FOR PRINTING AND SAVING

C
C2-

IF(IQBKOC.LE.O) GOTO 500 
READON^) IQBKPRJQBKSV

5 FORMAT(2I10)
WRITEaOUT,6) IQBKPRTQBKSV

6 FORMAT(/,lX/FLAGS FOR PRINTING AND STORING QBULK VALUES:7 
^ 1 ' IQBKPR IQBKSV 7

2'-------------------7
3 16,110)

-----PRINT QBULK VALUES IF IQBKPR IS SET
IF(IQBKPR.LE.O) GOTO 20 - 
DO 10 K=1,NLAY 
IF(IQBKFM.LT.O) THEN
CALL ULAPRS(QBX(1,1,K),TEXT(1,1 ),KSTP,KPER,NCOL,NROW,K,-IQBKFM, 

1 lOUT)
CALL ULAPRS(QBY(1,140,TEXT(1,2),KSTP,KPER,NCOL,NROW,K,-IQBKFM, 
1 lOUT)
CALLULAPRS(QBZ(l,l,K),TEXT(l,3),KSTP,KPER,NCOL,NROW,K,-IQBKFM,

C 

SUBROlITINE QBKlOT(QBX,QBY,QBZ,NCOL,NROW,NLAY,IQBKOC,I 
1 QBKFM,IQBKUN,IN,IOlIT,KPER,KSTP,PERTIM,TOTIM) 

C ............................................................. . 

C PRINTS DIRECTIONAL COMPONENTS OF QBULK 
C ............................................................... .. 

C 
C SPECIFICATIONS: 
C 

C 
C 

CHARACfER•4TEXT 
DIMENSION QBX(NCOL,NROW,NLAY),QBY(NCOL,NROW,NLAY), 
1 QBZ(NCOL,NROW, NLAY),TEXT(4,3) - '\.._,,, 
DATA TEXT(l,1),TEXT(2,1),TEXT(3,1),TEXT(4,1) /' ',' ', 
1 'X--Q','BULK' /,TEXT(1,2),TEXT(2,2),TEXT(3,2),TEXT(4,2) /' ' 
2 ' ',' Y--Q' ,'BULK'/ ,TEXT(1,3),TEXT(2,3),TEXT(3,3),TEXT(4,3) I 
3 ' ',' ',' Z--Q','BULK' I 

Cl---READ FLAGS FOR PRINTING AND SAVING 
IF(IQBKOC.LE.O) GOTO 500 

C 

READ(IN,5) IQBKPR,IQBKSV 
5 FORMAT(2I10) 

WRITECTOlIT,6) IQBKPR,IQBKSV 
6 FORMAT(l,lX,'FLAGS FOR PRINTING AND STORING QBULK VALUFS:' / 
-I 1 ' IQBKPR IQ~V '/ 
2'-----'/ 
316,110) 

C2--PRINT QBULK VALUFS IF IQBKPR IS SET 
IF(IQBKPRLE.0) GOTO 28 
DO 10 K=l,NLAY 
IF(IQBKFM.LT.0) THEN 

\ . 
CALL ULAPRS(QBX(l, 1,K), TEXT(l, 1 ),KSTP,KPER,NCOL,NROW,K,-IQBKFM, 
1 IOlIT) 
CALL ULAPRS(QBY(l,1,K),TEXT(l,2),KSTP,KPER,NCOL,NROW,K,-IQBKFM, 
1 IOlIT) 
CALL ULAPRS(QBZ(l, 1,K),TEXT(l,3),KSTP,KPER,NCOL,NROW,K,-IQBKFM, 
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I

1 lOUT)
ENDIF
IFdQBKFM.GE.O) THEN
CALL ULAPRW(QBX(L1 ,K),TEXT(1,1 ),KSTP,KPER,NCOL,NROW,K,IQBKFM, 

1 lOUT)
CALLULAPRW(QBY(Ll,K),TEXT(U),KSTP,KPER,NCOL,NROW,K,IQBKFM, 
1 lOUT)
CALL ULAPRW(QBZ(1,1 ,K),TEXT(U),KSTP,KPER,NCOL,NROW,K,IQBKFM,

1 lOLTD
ENDIF

10 CONTINUE

-SAVE QBULK VALUES IF IQBKSV IS SET

/

20 IF(IQBKSV.LE.O) GOTO 500 
DO 15 K=1,NLAY
CALL ULAS AV(QBX(1,1 ,K),TEXT(1,1 ),KSTP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,IQBKUN)
CALLULASAV(QBY(l,l,K),TEXT(U),KSTRKPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,IQBKUN)
CALLULASAV(QBZ(1,LK),TEXT(U),KSTP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,IQBKUN)

15 CONTINUE

:4-------RETURN
900 RETURN 

END

1 IOUT) 
ENDIF 
IF(IQBI<FM.GE.O) THEN 
CALL ULAPRW(QBX(1,1,K),TEXT(1,1),I<STP,KPER,NCOL,NROW,K,IQBI<FM, 
1 IOUT) 
CALL ULAPRW (QBY(l, 1,K), TEXT(1,2),I<STP,KPER,NCOL,NROW,K,IQBI<FM, 
1 IOUT) 
CALL ULAPRW(QBZO, 1,K),TEXT(1,3),I<STP,KPER,NCOL,NROW,K,IQBI<FM, 
1 IOUT) 
ENDIF 

10 CONTINUE 
C 
C3--SAVE QBULK VALUES IF IQBI<SV IS SET 

20 IF(IQBI<SV.LE.0) GOTO 500 
DO 15 K=1,NLAY 
CALL ULASAV(QBX (1, 1,K), TEXT(1, 1 ),I<STP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,IQBKUN) 
CALL ULASAV(QBY(1,1,K),TEXT(1,2),I<STP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,IQBKUN) 
CALL ULASAV(QBZ(1,1,K),TEXT(1,3),I<STP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,IQBKUN) 

15 CONTINUE 
C 
C4--RETIJRN 

500 RETURN r-..... 
END 
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List of Variables for Module OBKIOT

Variable Range Definition

IN Package

lOUT Global
IQBKFM Package
IQBKOC Package

IQBKPR Module

IQBKSV Module

IQBKUN Package

K Module
KPER Global
KSTP Global
NCOL Global
NLAY Global
NROW Global
PERTIM Global
QBX Global
QBY Global
QBZ Global
TEXT Module
TOTIM Global

Primary unit number from which input for this package will be 
read.
Primary unit number for all printed output. lOUT = 6.
Flag for identifying what format to use to print bulk flux values 
Flag for calculating bulk flux terms.

>0 calculate bulk flux terms.
<=0 do not calculate bulk flux terms.

Flag for printing after current stress period.
>0 print bulk flux values.
<=0 do not print bulk flux values.

Flag for saving after current stress period.
>0 save bulk flux values.
<=0 do not save bulk flux values.

Flag identifying unit number to which bulk flux terms will be 
saved.
Counter for layers.
Stress period counter.
■Rme step counter.
Number of columns in the grid.
Number of layers in the grid.
Number of rows in the grid.
Elapsed time during current stress period.
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Z direction. 
Label for printout of input array.
Elapsed time in the simulation.

Yariable Ewe 
IN Package 

IOUT Global 
IQBKFM Package 
IQBKOC Package 

IQBKPR Module 

IQBKSV Module 

IQBKUN Package 

K Module 
KPER Global 
KSTP Global 
NCOL Global 
NLAY Global 
NROW Global 
PERTIM Global 
QBX Global 
QBY Global 
QBZ Global 
TEXT Module 
TOTIM Global 

List of Variables for Module OBK 1 OT 

Definition 

Primary unit number from which input for this package will be 
read. 
Primary unit number for all printed output. IOUT = 6. 
Rag for identifying what format to use to print bulk flux values 
Flag for calculating bulk flux terms. 

>0 calculate bulk flux terms. 
<=0 do not calculate bulk flux tenns. 

Flag for printing after current stress period. 
>0 print bulk flux values. 
<=0 do not print bulk flux values. 

Flag for saving after current stress period. 
>0 save bulk flux values. \,...../ 
<=0 do not save bulk flux values. 

Flag identifying unit number to which bulk flux terms will be 
saved. 
Counter for layers. 
Stress period counter. 
Tune step counter. 
Number of columns in the grid. 
Number of layers in the grid. 
Number of rows in the grid. 
Elapsed time during current stress period. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y direction. 
DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Z direction. 
Label for printout of input array. 
Elapsed time in the simulation. 

" f"-../-· 

\ 
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Narrative for Module SOBKIL

This submodule is called by QBKIRP once for each layer in the grid to calculate 
the thickness of all the cells in the active grid. Modflow only cedculates cell thickness 
when the LAYCON type is 1 or 3. This module assigns thickness to cells where the 
LAYCON type is 0 and 2 because the displacement model requires that cell thickness be 
known. The initial thickness for the water table layer (when LAYCON = 1) is set to be 
the difference between the steady-state water level in the cell minus the base elevation 
of that cell. Hence, it is assumed that the steady-state water levels have already been 
established before the displacement model is used. It should also be noted that if the 
water level rises above this initial thickness, tlie adjustment is made in the displacement 
package.

The Module SQBKIL performs its tasks in the following order
1. Calculate cell thickness based on LAYCON type for the given layer.
2. RETLIRN.

/

Narrative for Module SOBKlL 

This submodule is called by QBKlRP once for each layer in the grid to calculate 
the thickness of all the cells in the active grid. Modflow only calculates cell thickness 
when the LAYCON type is 1 or 3. This module assigns thickness to cells where the 
LAYCON type is O and 2 because the displacement model requires that cell thickness be 
known. The initial thickness for the water table layer (when LAYCON = 1) is set to be 
the difference between the steady-state water level in the cell minus the base elevation 
of that cell. Hence, it is assumed that the steady-state water levels have already been 
established before the displacement model is used. It should also be noted that if the 
water level rises above this initial thickness, t e adjustment is made in the displacement 
package. 

The Module SQBKl L performs its tasks in the following order: 
1. Calculate cell thickness based on LAYCON type for the given layer. 
2.RETURN. J 
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Flow Chart for Module SQBKIL

no

LAYCON is a layer-type code (one for each 
layer).

0 - confined
1 - unconfined
2 - confined/unconfined but 

transmissivity is constant
3 - confined/unconfined

/

c ENTER
SQBKIL

T 1
CALCULATE 

CELLTHK3CNESS 
FOR EACH CELL 
IN THE LAYER 
ON THE BASIS 

OFITSXAYCON 
VALUE

c RETURN
)

I

Flow Chart for Module SQBKl L 

LAYCON is a layer-type code (one for each 
layer). 

0-confined 
1 - unconfined 
2- confined/unconfined but 

transmissivity is constant 
3-confined/unconfined 

ENTER 
SQBK1L 

1 

CALCULATE 
CELL THICKNFS5 
FOR EACH CELL 

IN THE LAYER 
ON'<rHF1 BASIS 

OF rrs-tAYCON 
VALl)E 

2 

RETURN 
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SUBROUTINE SQBKl L(KK,KT,KB,KR,TOP,BOT,B ASE,QSURF,DELL,NCOL,
1 NROW,NLAY,HNEW)

C
Q **♦***»»***#♦**•***»•**•*•*♦*»••»»•»•♦•»**••»•»»•♦*»•*»*»*»**♦»♦♦♦♦*♦»**•»**♦*»*•****♦*♦*••»»♦*

C COMPUTE VERTICAL GRID SPACING AT ROW AND COLUMN LOCATIONS 

C
C SPECmCADONS:

DOUBLE PRECISION HNEW
DIMENSION TOP(NCOL,NROW;^Y),BOT(NCOL>IROW,NLAY),
1 BASE(NCOL,NROWNLAY),QSURF(NCOL,NROW,NLAY),DELL(NqOL,
2 NROW,NLAY),HNEW(NCOUNROW,NLAY) V

COMMON /FLWCOM/LAYCON(80)

C
Cl- -CALCULATE THICKNESS OF EACH CELL IN THE LAYER.

D025I=1,NR0W
D025J=1,NC0L
IF(LAYCON(KK).EQ.O .OR. LAYCON(KK).EQ. 2) GOTO 100
IF(LAYCON(KK).EQ.l) GOTO 40
IF(KK.EQ.1)THEN

DELLai,KK)=HNEWaLKK)-BOT(J,I,KB)
ELSE '' '

DELLaLKK)=TOPa,LKT)-BOTaLKB)
ENDIF 
GOTO 25

40 DELLa,I,KK)=HNEWaiKK)-BOT(J4,KB)
GOTO 25

100 DELLa,I,KK)=QSURF0,LKR)-BASE0,LKR) 
25 CONTINUE

-RETURN
RETURN
END

C 

SUBROlITINE SQBK1 L(KK,KT,KB,KR,TOP,BOT,BASE,QSURF,DELL,NCOL, 
1 NROW,NLAY,HNEW) 

C .................................................................................................. . 

C COMPUTE VEITTICAL GRID SPAONG AT ROW AND COLUMN LOCATIONS 

C 
C 
C 

.................................................................................................... 

SPECIFICATIONS: 
C-------------------- ------------

C 

OOUBLE PRECISION HNEW 
DIMENSION TOP(NCOL,NROW,NLAY),BOT(NCOL,NROW,NLAY), 
1 BASE(NCOL,NROW,NLAY),QSURF(NCOL,NROW,NLAY),DEL~ OL, 
2 NROW,NLAY),HNEW(NCOL,NROW,NLAY) 

COMMON /FLWCOM/LAYCON(80) 

C------------------------------
C 
Cl--CALCULATE THICKNESS OF EACH CELL IN THE LAYER. 

C 

C 

DO 25 1=1,NROW 
00 25 J=l,NCOL 
IF(LAYCON(KK).EQ.0 .OR LAYCON(KK).EQ. 2) GOTO 100 
IF(LAYCON(KK).EQ.1) GOTO 40 
IF(KK.EQ.1) THEN 

DELL(J,I,KK)=HNEW(J,I,KK)-BOT(J,I,KB) 
ELSE "' :---,/ 

DELL(J,I,KK)= TOP(J,I,KT)-BOT(J,I,KB) 

ENDIF 
GOT025 

40 DELL(J,I,KK)=HNEW(J,l,KK)-BOTO,I,KB) 
GOT025 ·-

100 DELL(J,I,KK)=QSURFO,I,KR)-BASEO,I,KR) 
·25 CONTINUE 

C2--RETURN 
RETURN 
END 
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•
List of Variables for Module SOBKIL

VariaMs Range Definition

BASE Package DIMENSION (NCOL,NROW,NLAY), Elevation of the bottom of 
cells in layers where LAYCON is 0 or 2.

BOX Global DIMENSION (NCOL,NROW,NLAY), Elevation of the bottom of 
cells in layers where LAYCON is 1 or 3.

DELL Global DIMENSION (NCOL,NROW,NLAY), CeU dimension in the layer 
direction.

HNEW Global DIMENSION (NCOL,NROW,NLAY), Initial steady-state head 
value initially assigned in the Basic Package.

I Module Index for rows.
J Module Index for columns.
KB Module Counter for layers where BOX is needed (vyhen LAYCON is 1 or 3).
KK Module Index for layers
KR Module Counter for layers whete BASE and QSURF are needed (when 

LAYCON is 0 or 2).
KT Module Counter for layers where TOP is needed (when LAYCON is 2 or 3).
LAYCON Global DIMENSION (80), Layer type code:

/

0 - Layer is strictly confined.
1 - Layer is strictly unconfined.
2 - Layer is confined/unconfined (transmissivity is

constant
3 - Layer is confined/unconfined (transmissivity is

V variable).
NCOL Global Number of columns in the grid.

V NLAY Global Number of layers in the grid.
NROW Global Number of rows in the grid.
QSURF Package DIMENSION (NCOL,NROW,NLAY), Elevation of the top of cells

TOP Global
in layers where LAYCON is 0 or 2.
DIMENSION (NCOL,NROW,NLAY), Elevation of the top of cells

'fl.
in layers where LAYCON is 2 or 3

/

•
\

r:

0

flP

Variable fumie 
BASE Package 

BOT Global 

DELL Global 

HNEW Global 

I Module 
J Module 
KB Module 
KK Module 
KR Module 

KT Module 
LAYCON Global 

NCOL Global 
NLAY Global 
NROW Global 
QSURF Package 

T('.)P Global 

List of Variables for Module SOBK 1 L 

Definition 
DIMENSION (NCOL,NROW,NLAY), Elevation of the bottom of 
cells in layers where LAYCON is O or 2. 
DIMENSION (NCOL,NROW,NLAY), Elevation of the bottom of 
cells in layers where LAYCON is 1 or 3. 
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 
direction. 
DIMENSION (NCOL,NROW,NLAY), Initial steady-state head 
value initially assigned in the Basic Package. 
Index for rows. 
Index for columns. 
Counter for layers where BOT is needed (\.Vhen LAYCON is 1 or 3). 
Index for layers \./ 
Counter for layers where BASE and QSURF are needed (when 
LAYCON is O or 2). 
Counter for layers where 10P is needed (when LAYCON is 2 or 3). 
DIMENSIO (80), Layer type code: 

0 - Layer is strictly confined. 
1 - Layer is strictly unconfined. 
2 - Layer is confined/unconfined (transmissivity is 

constant 
3 - Layer is confined/unconfined (transmissivity is 

variable). 
Number of columns in the grid. 
Number of layers in the grid. . 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Elevation of the top of cells 
in layers where LAYCON is O or 2. 
DlMENSION (NCOL,NROW,NLAY), Elevation of the top of cells 
in layers where LAYCON is 2 or 3 

,. 
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Flow Chart for Module SQBKIE

/

Flow Chart for Module SQBKlE 
--E=NT"'="E=R,--....._ 

SQBK1E 
QBX is the component of bulk flux in the 

X direction. INITIALIZE SPACING TO ZERO 
QBY is the component of bulk flux in the FOR EACH 

Y direction. 

QBZ is the component of bulk flux in the 
Z d irection. 

4 

CALCULATE 
ECCENTRICITY 

5 
CALCULATE 
LOCATION 

OF CELL CENTER 

NO 

6 

CALCULATE DISTANCE 
FROM CELL CENTER 

TOWELL 

CALCULATE 
MAJOR AND MINOR 

AXIS LENGTHS 

CALCULATE 
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8 

CALCULATE 
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10 

( RETURN ) 

7 

9 
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SUBROUTINE SQBKlE(QBX,QBY,QBZ,IACT,Y01,Y02,X01^02^0l^02,a
1 NCOL,NROW,NLAYRATIO,DELR,DELC,DELL,ILIR,IC)

C
c

C CALCULATE QBULK IN THREE DIMENSIONS ASSUMING A PROLATE 
C SPHEROID AT THE CENTER OF EACH CELL. EXCEPTION IS AT THE WATER 
C TABLE WHERE QBULK IS CALCULATED AT THE BOUNDARY 
C

C
C SPECmCATIONS: x ,
C--------------------------------------- -----------------------------------------------------------

DIMENSION QBX(NCOL,NROW,NLAY),QBY(NCOL,NROW,NLAY),
1 QBZ(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY),RATIO(NCOL,
2 NROW,NLAY),DELR(NCOL),DELC(NROW),DELL(NCOL,NROWNLAY)

PI=4.*ATAN(1.0)

C
Cl-

e-
C2-

c
C3-

c
C4-

—SET INITIAL SPACING TO ZERO 
DC = 0.
DR = 0.
DL = 0.

-LOOP THROUGH ENTIRE ACTIVE GRID AND CALCULATE QBULK 
DO 60 KK=1,NLAY 
DO 60 n=i^ow 
DO60JJ=LNCOL

—CHECK TO SEE IF THE CELL IS ACTIVE 
rF(IACT(JJ,n,KK).EQ.O) GOTO 60

-CALCULATE THE ECCENTRICITY AT EACH CELL 
ECC=SQRT(1.0-(RATIO(IJ,IIKK))) 
ESQR=1.0-ECC‘ECC 
D035L=Ln

SUBROUTINE SQBK1 E(QBX,QBY,QBZ,IACT,YO1,YO2,XO1XO2,ZO1,ZO2,Q, 
1 NCOL,NROW,NLAY,RATIO,DELR,DELC,DELL,ILIR,IC) 

C 
C 
C ..................................................... ............................................. ... 

C CALCULATE QBULK IN THREE DIMENSIONS ASSUMING A PROLATE 
C SPHEROID AT THE CENTER OF EACH CELL. EXCEPTION IS AT THE WATER 
C TABLE WHERE QBULK IS CALCULATED AT THE BOUNDARY 

C 
C •••••••••• .. •••••••••• ... •••• .. •••• .. ••• .. •••••••••• .. •••• .. •••• .. •••• .. ••••••••••••••••••••••••• 

C 
C SPECIFICATIONS: 
C 

DIMENSION QBX(NCOL,NROW;NLAY),QBY(NCOL,NROW,NLAY), 
1 QBZ(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY),RATIO(NCOL, 
2 NROW,NLAY),DELR(NCOL),DELC(NROW),DELL(NCOL,NROW,NLAY) 

C 

C 
C 

Pl=4. •ATAN(1.0) 

C1---SET INITIAL SPACING TO ZERO 
DC=0. 
DR=0. 
DL=0. 

f;-./-

C2--LOOP THROUGH ENTIRE ACTIVE GRID AND CALCULATE QBULK 
DO 60 KK=1,NLAY 
DO 6011=1,NROW 
DO 60 JJ=1,NCOL 

C 
C3--CHECK TO SEE IF THE CELL IS ACTIVE 

IF(IACT(JJ,11,KK).EQ.0) GOlp 60 

C 
C4----CALCULATE THE ECCENTRICITY AT EACH CELL 

ECC=SQRT(1.0-(RATIOOJ ,Il,KK))) 
ESQR=1.0-ECC•ECC 
0035 L=1,II 

,. 
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c
C5-

/

c
C6-
C

DC=DC+DELC(L) 
CONTINUE 
DO 45 M=1,JJ 
DR=DR+DELR(M) 

CONTINUE 
DO 55 N=1,KK 
DL=DL+DELL(JJ,n,N) 
CONTINUE

—COMPUTE CELL-CENTER LOCATIONS 
Y=DC-DELC(n)/Z
X=DR-DELR(II)/2. \ ^

IF(KK.EQ.l .OR. (KK.GT.1 .AND. IACT^,lLKK-l).EQ.O)) THEN 
Z=DL-DELL(]J,n,KK)
ELSE

Z=DL-DELL0J,n,KK)/2.
ENDIF
IF(NLAY.EQ.l) Z=DL-DELL(JJ,ILKK)/2.
DC=0.
DR=0.
DL=0.

—CALCULATE THE DISTRANCE FROM THE WELL TO THE CELL OF 
INTEREST AND CALCULATE ITS SQUARE 
IFOhLTIOTHEN
xxo=x-xoi
ELSEIFOJ.GTIOTHEN
XX0=X-X02
ELSE
XXO=0. - 
ENDIF
IF(ILLT.IR)THEN ^
YY0=Y-Y01
ELSEIF(ILGT.IR)THEN
YY0=Y-Y02
ELSE
YYO=0.

C 

OC=OC+DELC(L) 
35 CONTINUE 

0045 M=l,JJ 
DR=DR+DELR(M) 

45 CONTINUE 
0055N=l,KK 
DL=DL+DELL(JJ,II,N) 

55 CONTINUE 

C5---COMPUTE CELL-CENTER LOCATIONS 
Y=OC-DELC(Il)/2. 
X=DR-DELR(JJ)/2. - "' -> ' 

IF(KK.EQ.1 .OR. (KK.GT.1 .AND. IACT(Jj,fi,KK-1 ).EQ.0)) THEN 
Z=DL-DELL(JJ,II,KK) 

C 

ELSE 
Z=DL-DELL(JJ,II,KK)/2. 
ENDIF 
IF(NLAY.EQ.1) Z=DL-DELLOJ,ll,KK)/2. 

OC=0. 
DR=0. 
DL=0. 

C6-CALCULATE THE DISTRANCE FROM THE WELL 10 THE CELL OF 
C INTEREST AND CALCULATE ITS SQUARE 

IF(J},-b'F:IC) THEN 
XXO=X-XOl 
ELSEIFOJ.GT.IC) THEN 
XXO=X-XO2 
ELSE 
XXO=0. 
ENDIF 
IF(Il.LT.IR) THEN 
YYO=Y-YOl 
ELSEIF(II.GT.IR) THEN 
YYO=Y-YO2 
ELSE 
YYO=0. 

\ 
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ENDIF
IF(KK.LT.1)THEN
ZZOZ-ZOl
ELSEIF(KK.GT.1)THEN
7Z0=Z-7O2
ELSE
ZZO=0.
ENDIF

C
C7-

XSQR=XXO»XXO
YSQR=YYO‘YYO
ZSQR=ZZO*ZZO

-CALCULATE THE AXES LENGTHS OF THE OBLATE SPHERIOD
RAD=SQRT(XSQR+YSQR+ZSQR)
IF(RAD.LT.0.01) RAD=1.0 
IF(NLAY.EQ.l)GOT07
IF(ZZO.LT.DELL(IJ,n,IL) .AND. DELL(JJ,n,IL).GT.RAD) RAD=DELL(JJ,n,IL) 
GOTO 8

7 RAD=DELLOJJlKK)
8 ''AMAJ=SQRT(XSQR+YSQR+(ZSQR/ESQR))

IF(AMAJ.LT.O.Ol) AMAJ=1.0 
BMIN=AMAJ»SQRT(ESQR)

C
C8-

C
C9-
C
C

—DETERMINE THE SURFACE AREA OF THE OBLATE SPHERIOD 
IF(ECC.LT.0.0001) THEN 
SA=4*PI*AMAJ*AMAJ 
ELSE
XECC=ALOG((1+ECC)/(1-ECO)
SA=(2*PI*AMAJ*AMAJ)+(PI*BMIN»BMIN/ECC*XECC)
ENDIF
IF(NLAY.EQ.l) SA=2»PI*AMAJ*AMAJ

—CALCULATE BULK FLUX FOR THIS WELL IN EACH COMPONENT 
DIRECTION. THEN ADD THE VALUE TO ANY PREVIOUS BULK FLUX 
FROM OTHER WELLS.

QBX0J,U,KK)=QBX0J,n,KK):HQ»XXO/(SA*RAD)

I.
........................................'• ■

ENDIF 
IF(KK.LT.1) THEN 
ZZO=Z-2O1 
ELSEIF(KKGT.1) THEN 
ZZO=Z-2O2 
ELSE 
ZZO=0. 
ENDIF 

C 
XSQR=XXO-XXO 
YSQR= yyo•yyo 
ZSQR=ZZO•zzo 

C 
,_./ 

C7--CALCULATE THE AXES LENGTHS OF THE OBLATE SPHERIOD 
RAD=SQRf(XSQR+ YSQR+ZSQR) 

C 

IF(RAD.LT.0.01) RAD=l.0 
IF(NLAY.EQ.1) GOTO 7 
IF(ZZO.LT.DELL(JJ,II,IL) .AND. DELL(JJ,Il,IL).GT.RAD) RAD=DELLOJ,Il,IL) 
GOTOS 

7 RAD=DELL(JJ,Il,KK) 
8 AMAJ=SQRf(XSQR+ YSQR+(ZSQR/ESQR)) 

IF(AMAJ.LT.0.01) AMAJ=l.0 
BMIN=AMAJ"SQRf(ESQR) 

CEHL-DETERMINE 'I}IE-SURFACE AREA OF THE OBLATE SPHERIOD 
IF(ECC.LT.0.0001) THEN 
SA=4•PI•AMAJ•AMAJ 
ELSE 
XECC=ALOG((l+ECC)/(1-ECC)) 
SA=(2•p1• AMAJ• AMAJ)-+,(F.-l!BMIN•BMIN /ECC•XECC) 
ENDIF 
IF(NLAY.EQ.1) SA=2•p1•AMAJ•AMAJ 

C 
C9--CALCULATE BULK FLUX FOR THIS WELL IN EACH COMPONENT 
C DIRECTION. THEN ADD THE VALUE TO ANY PREVIOUS BULK FLUX 
C FROM OTHER WELLS. 

QBXOJ,Il,KK)=QBXOJ,II,IeI<r-t-iYXXO I (SA •RAD) 
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QBYaj,n,KK)=QBY(U,n,KK)+Q*YYO/(SA*RAD)
IF(ZZO.EQ.O) GOTO 100
IFCXXO.EQ.O .AND. YYO.EQ.O) THEN
CALLSQBKlW(ZZO,Q,ESQR,DELR(JJ),DELC(n),ECC^QBZ)
QBZ(JJ,n,KK)=QBZ(JJ,n,KK)+0.80*ZQBZ+0.20*(Q*ZZO/(SA*RAD))
GOTO 60
ENDIF

100 QBZ(D,n,KK)=QBZ(JJ,n,KK)+Q*ZZO/(SA*RAD)
60 CONTINUE

CIO------RETURN
RETURN
END

/

C 

QBYQJ,II,KK)=QBY(JJ,ll,KK)+Q•YYO I (SA •RAD) 
IF(ZZO.EQ.O) coro 100 
IF(XXO.EQ.0 .AND. YYO.EQ.0) THEN 
CALL SQBKlW(ZZO,Q,ESQR,DELR(JJ),DELC(II),ECC,ZQBZ) 
QBZ(JJ,II,KK)=QBZOJ,II,KK)+0.80·ZQBZ+0.20·(Q·zzo / (SA ·RAD)) 

G01060 
ENDIF 

100 QBZ(JJ,11,KK)=QBZ(JJ,11,KK)+Q•zzo / (SN RAD) 
60 CONTINUE 

ClO---REWRN 
REWRN 
END 

\ 
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List of Variables for Module SOBKIE

Varia»?ig R^gs Definition

AMAJ Module Length of the major axis of the oblate spheroid. The major axis is 
aligned in the X and Y directions. Thus it is assumed that there is no 
horizontal anisotropy.

BMIN Module Length of the minor axis of the oblate spheroid. The minor axis is 
aligned in the Z direction.

oc Module Distance to cell of interest along a column.
DELC Global DIMENSION (NROW), Cell dimension in the column direction. 

DELCQ) contains the width of row I.
DELL Global DIMENSION (NCOL,NROW,NLAY), CeU dimension in the layer 

direction.
DELR Global DIMENSION (NCOL), Cell dim^ion in the row direction. 

DELR(J) contains the width of column J.
DL Module Distance to cell of interest along a layer.
DR Module Distance to cell of interest along a row.
ECC Module Eccentricity of the cell.
ESQR Module 1-ECC«2.
lACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array for 

displacement.
/ >0 cell is active 

<=0 cell is inactive
n Module Index for rows.

S IC Package Column identifying location of pumping well.
IL Package Layer identifying location of pumping well
IR Package Row identifying location of pumping well.
JJ Module Index for columns.
KK Module Index for layers.

^ L Module Index for current row number. o

^ M Module Index for current column niunber.
' N Module Index for current layer number.

NCOL Global Nmnber of columns in the grid.
NLAY Global Number of layers in the grid.
NROW Global Number of rows in the grid.
PI Module Equivalent to Jt.

1 Q Global Pumping or injection rate.
1 QBX Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X-direcHon.
i QBY Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Y-direction.

QBZ Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the Z-direction.

r RAD Module Radial distance from the center of the cell containing the well to the 
center of the cell of interest.

RATIO Global DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to horizontal

Module
hydraulic conductivity.

SA Surface area of the oblate spheroid.

^ jr"""
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List of Variables for Module SOB K 1 E 

Variable fuIDge Definition 

AMAJ Module Length of the major axis of the oblate spheroid. The major axis is 
aligned in the X and Y directions. Thus it is assumed that there is no 
horizontal anisotropy. 

BMIN Module Length of the minor axis of the oblate spheroid. The minor axis is 
aligned in the Z direction. 

oc Module Distance to cell of interest along a column. 
DELC Global DIMENSION (NROW), Cell dimension in the column direction. 

DELCa> contains the width of row I. 
DELL Global DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 

direction. _ 
DELR Global DIMENSION (NCOL), Cell ~ion in the row direction. 

DELRO) contains the width of co umn J. 
DL Module Distance to cell of interest along a layer. 
DR Module Distance to cell of interest along a row. 
ECC Module Eccentricity of the cell. 
FSQR Module 1-ECC•~. 
IACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array for 

displacement. 
>0 cell is active 
<=0 cell is inactive 

II Module Index for rows. 
IC Package Column identifying location of pumping well. 
IL Package Layer identifying location of pumping well 
IR Package Row identifying location of pumping well. 
JJ Module Index for columns. 
KK Module Index for layers. 
L Module Index for current row number. 0 

M Mcxlule Index for current column number. 
N Module Index for current layer number. 
NCOL Global Number of columns in the grid. 
NLAY Global Number of layers in the grid. 
NROW Global Number of rows in the grid. 
PI Module Equivalent to 7t. 
Q Global Pumping or injection rate. 
QBX Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in the X-direction. 
QBY Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in l'he Y-direction. 
QBZ Global DIMENSION (NCOL,NROW,NLAY), Bull< flux in the Z-direction. 
RAD Module Radial distance from the center of the cell containing the well to the 

center of the cell of interest. 
RATIO Global DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to horizontal 

SA Module 
hydraulic conductivity. 
Surface area of the oblate spheroid. 
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List of Variables for Module SOBKIE ICondnuedl

Variable Ran^e Definition

X Module Distance in the X direction to the center of the cell of interest
XECC Module Termporay variable to combine log-transformed eccentricity values

for computing the surface area
XOl Package Distance in the X directionto the left edge of the cell containing the

well.
X02 Package Distance in the X direction to the right edge of the cell containing

the well
XXO Module Distance in the X direction between edge of cell containing the well

to the center of the current cell.
XSQR Module XXO*XXO. W
Y Module Distance in the Y direction to the center of the cell of interest
YOl Package Distance in the Y direction to the front edge of the cell containing

the well.
Y02 Package Distance in the Y direction to the back edge of the cell containing

the well
YYO Module Distance in the Y direction between edge of cell containing the well

/ YSQR
to the center of the current cell.

Module YYO*YYO i

Z Module Distance in the Z direction to the center of the cell of interest
ZOl Package Distance in the Z direction to the top edge of the cell containing the

well.
Z02 Package Distance in the Z direction to the bottom edge of the cell containing

the well.
ZZO Module Distance in the Z direction between edge of the cell containing the

well to the center of the current cell.
V ZSQR Module ZZO*ZZO

ZQBW Module Correction term for bulk flux in the Z direction

f
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List of Variables for Module SOBKlE <Continued} 

Variable Definition 
X 
XECC 

XOl 

X02 

xxo 

XSQR 
y 
YOl 

Y02 

YYO 

YSQR 
z 
ZOl 

Z02 

zzo 

ZSQR 
ZQBW 

Module Distance in the X direction to the center of the cell of interest 
Module Termporay variable to combine log-transformed eccentricity values 

for computing the surface area 
Package Distance in the X directionto the left edge of the cell containing the 

well. 
Package Distance in the X direction to the right edge of the cell containing 

the well 
Module Distance in the X direction between edge of cell containing the well 

to the center of the current-cell. • 
Module xxo•xxo. \.-/ 
Module Distance in the Y direction to the center of the cell of interest 
Package Distance in the Y direction to the front edge of the cell containing 

the well. 
Package Distance in the Y direction to the back edge of the cell containing 

the well 
Module Distance in the Y direction between edge of cell containing the well 

to the center of the current cell. 
Module YYO"'YYO 
Module Distance in the Z direction to the center of the cell of interest 
Package Distance in the Z direction to the top edge of the cell containing the 

well. 
Package Distance in the Z direction to the bottom edge of the cell containing 

the well. 
Module Distance in the Z direction between edge of the cell containing the 

well to the center of the current cell. 
MOQ,ule zzo•zzo 
Module Correction term for bulk flux in the Z direction 

\ 
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Narrative for Module SOBKIW

Module SQBKl W is called by module SQBKIE if a correction to the bulk flux in 
the z direction needs to be made at ^e wellbore. An adjustment is made at the row and 
column location containing the well so that the bulk flux is not calculated for simply a 
point, but rather is adjusted taking into accoimt the area of the cell containing the 
pumping well. This correction keeps the calculated displacements from becoming 
uiu-ealisdcally large at the wellbore.

This submodule performs its tasks in the following order
1. Determine distance from wellbore center to cell edge contaming the pumping 

well.
Z Calculate directional component of radius from weUbore to cell edge.
3. Calculate radial distance to cell edge and spheroid axes lengths.
4. Determine surface area of prolate spheroid.
5. Determine adjusted bulk flux in z direction
6. RETURN

Narrative for Module SOBKlW 

Module SQBKl W is called by module SQBKl E if a correction to the bulk flux in 
the z direction needs to be made at the wellbore. An adjustment is made at the row and 
column location containing the well so that the bulk flux is not calculated for simply a 
point, but rather is adjusted taking into account the area of the cell containing the 
pumping well. This correction keeps the calculated displacements from becoming 
unrealistically large at the wellbore. 

This submodule performs its tasks in the following onier: 
1. Determine distance from wellbore center to cell edge containing the pumping 

well. 
2. Calculate directional component of radius from wellbore to cell edge. 
3. Calculate radial distance to cell edge and spheroid axes lengths. 
4. Determine._surface area of prolate spheroid. 
5. Determine a¥ted bulk flux in z direction 
6. RETURN 

\ 
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Flow Chan for Module SOBKIW

ZQBW is the adjusted value of bulk flux in the 
Z direction at the wellbore.

/

Flow Chart for Module SOBKlW 

ZQBW is the adjusted value of bulk flux in the 
Z direction at the wellbore. 

---- ..--

ENTER 
SQBKlW 

' 1 

DETERMINE 
DISTANCE TO 
WELLBORE 
CELL EDGE 

1 ~ 

CALCULATE 
COMPONENT DISTANCES 

TO WELLBORE CELL EDGE 

' 3 

CALCULATE 
RADIAL DISTANCE 

AND AXES LENGTHS 

4 

DETERMINE 
SURFACE AREA 

OF OBLATE SPHEROID 

' 5 

DETERMINE 
ZQBW 

1 ' 6 

RETURN 
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List of Variables for Module SQBKl W

VariaMg EsossI Definition

AMAJ Module Length of the major axis of the oblate spheroid. The major axis is 
aligned in the X and Y directions. Thus it is assumed that there is 
no horizontal anisotropy.

BMIN Module Length of the minor axis of the oblate spheroid. The minor axis is 
aligned in the Z direction.
Width of the column containing the pumping well 
Width of the row containing the pumping well.
Eccentricity of the cell.
1-ECC*»2.

DCWELL Module 
DRWELL Module 
ECC Package 
ESQR Package 
PI Module
Q Global
RAD Module

SA
XECC

XSQR
XXOZ
YSQR
YYOZ
ZQBW
ZSQR

Module
Module

Module
Module
Module
Module
Module
Package

Equivalent to 7i.
Pumping or injection rate.
Radial distance from the center of the cell containing the well to 
the edge of the cell containing the well.
Surface area of the spheroid.
Temporary variable to combine log-transformed eccentricity values
for computing the sm face area
XXOZ*XXOZ
Radius of cell contaiiung well in the X direction.
YYOZ*YYOZ
Radius of cell containing well in the Y direction.
Adjusted value of bulk flux in the z direction at the wellbore. 
ZZO'ZZO

Variable .R.l!!!w 
AMAJ Module 

BMIN Module 

OCWELL Module 
ORWELL Module 
ECC Package 
ESQR Package 
PI Module 
Q Global 
RAD Module 

SA Module 
XECC Module 

XSQR Module 
xxoz Module 
YSQR Module 
YYO Module 
ZQBW Module 
ZSQR Package 

,, 

List of Variables for Module SOBKIW 

Definition 

Length of the major axis of the oblate spheroid. The major axis is 
aligned in the X and Y directions. Thus it is assumed that there is 
no horizontal anisotropy. 
Length of the minor axis of the oblate spheroid. The minor axis is 
aligned in the Z direction. 
Width of the column containing the pumping well 
Width of the row containing the pumping well. 
Eccentricity of the cell. 
1-Ecc•-i. 
Equivalent to 1t. 
Pumping or injection rate. 
Radial distance from the center of the cell containing the well to 
the edge of the cell containing the well. 
Surface area of the spheroid. 
Temporary variable to combine log-transformed eccentricity values 
for computing the surface area 
xxoz•xxoz 
Radius of cell containing well in the X direction. 
yyoz•yyoz 
Radius of cell containing well in the Y direction. 
Adjusted value of bulk flux in the z direction at the wellbore. 
zzo•zzo 
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Narrative for Module SOBKIU

This module calculates the ultimate steady-state specific discharge for a given set 
of stresses applied to the aquifer system. This ultimate specific discharge field is 
identical to the ultimate bulk flux field according to the Dcury-Gersevanov-Helm law. 
That is, at the new steady-state the velocity of solids is equal to zero. These new 
ultimate bulk flux values are substituted into the governing equation for the bulk flux 
after approximately 5 minutes of simulation time. The true distribution between the 
mitial and ultimate bulk flux values needs to be determined empirically and is beyond 
the scope of this study.

This module is cailled by QBKIST and performs its tasks in the following order
1. Calculate volume flux through right face of cell
2. Calculate volume flux through front face of cell
3. Calculate volume flux through lower face of cell.
4. Calculate cell thickness
5. Calculate ultimate values of specific discharge in the X direction
6. Calculate ultimate values of specific discharge in the Y direction.
7. Calculate ultimate values of specific discharge in the Z direction.
8. RETURN

/

Narrative for Module SOBKIU 
This module calculates the ultimate steady-state specific discharge for a given set 

of stresses applied to the aquifer system. This ultimate specific discharge field is 
identical to the ultimate bulk flux field according to the Darcy-Gersevanov-Helm law. 
That is, at the new steady-state the velocity of solids is equal to zero. These new 
ultimate bulk flux values are substituted into the governing equation for the bulk flux 
after approximately 5 minutes of simulation time. The true distribution between the 
initial and ultimate bulk flux values needs to be determined empirically and is beyond 
the scope of this study. 

This module is called by QBKlST and performs its tasks in the following order: 
1. Calculate volume flux through right face of cell 
2. Calculate volume flux through front face of cell 
3. Calculate volume flux through lower face of cell. 
4. Calculate cell thickness 
5. Calculate ultimate values of specific discharge in the X direction 
6. Calculate ultimate values of specific discharge in the Y direction. 
7. Calculate ultimate values of specific discharge in the Z direction. 
8.RETIJRN 

\ 
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Flow Chart for Module SOBKIU

QX is the volume fluid flux through the 
right cell face in the X direction.

QY is the volume fluid flux through the 
front cell face in the Y direction.

QZ is the volume fluid flux through the 
lower cell face in the Z direction.

SPX is the ultimate steady-state specific 
storage values in the X direction

SPY is the ultimate steady-state specific 
storage values in the Y direction.

SPZ is the ultimate steady-state specific 
storage values in the Z direction.

/

Flow Chart for Module SOBKlU 

QX is the volume fluid flux through the 
right cell face in the X direction. 

QY is the volume fluid flux thro1J.gh the 
front cell face in the Y direction. 

QZ is the volume fluid flux through the 
lower cell face in the Z direction. 

SPX is the ultimate steady-state specific 
storage values in the X direction 

SPY is the ultimate steady-state specific 
storage values in the Y direction. 

SPZ is the ultimate steady-state specific 
storage values in the Z direction. 

ENTER 
SQBKlU 

CALCULATE QX 

~ CULATEQY 

CALCULATE QZ 

CALCULATE 
CELL THICKNES.5 

CALCULATE SPX 

CALCULATE SPY 

\ CALCULATE SPZ 

8 

RETURN 
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SUBROUTINE SQBKlU(HSS,IBOUND,TRAN,HY,CV,TOP,BOT,DELL,DELR, 
lDELC,NCOL,NROW,NLAXSPX3PXSPZ,QX,QY,QZ)

C

C THIS SUBROUTINE CALCULATES THE UUTMATE VALUE OF BULK FLUX
C FROM STEADY-STATE HYDRAUUC HEAD VALUES FOR THE IMPOSED
C STRESSES ON THE SYSTEM BEING ANALYZED.
Q »****#**»*jM-*********»***»**********»**»****»******»******»*»»»***»****»»*******«***»M-»***

C
C SPECmCATIONS:
c---------------------------------------------------------------------------------- --------------

DIMENSION HSS(NCOL,NROW,NLAY),IBOUND(NCpL,NROW,NLAY),TRAN(
1NC0UNR0W,NLAY),HY(NC0L,NR0W,NLAY),CV(NC0L,NR0W,NLAY),
2TCP(NCOL,NROW,NLAY),BOT(NCOL,NROW,NLAY),DELL(NCOL,
3 NROW,NLAY),DELR(NCOL),DELC(NROW)3PX(NCOL,NROW,NLAY), •
4SPY(NCOL,NROW,NLAY)3PZ(NCOL,NROW,NLAY),QX(NCOL,NROW,NLAY),
5QX(NCOL,NROW,NLAY),QY(NCOL,NROW,NLAY),QZ(NCOL,NROW,NLAY)

COMMON /FLWCOM/LAYCON(80)
C -

C
Cl-
c

DO 11 K=1,NLAY 
DO 11 J=l,NCOL 
DO 11 I=LNROW 
QXa,LK)=0. r-' 
QYaiK)=0.
QZa,LK)=0.
CONTINUE

NCMl=NCOL-l 
IF(NCMl.LT.l) GOTO 105

-FOR EACH CELL CALCULATE FLOW THROUGH RIGHT FACE AND STORE 
INQX 

KB=0 
KT=0

C 

SUBROUTINE SQBKlU(HSS,IBOUND,TRAN,HY,CV,TOP,BOT,DELL,DELR, 
1 DELC,NCOL,NROW,NLAY,SPX,SPY,SPZ,QX,QY,QZ) 

C ........................................................................................... . 

C THIS SUBROUTINE CALCULATES THE ULITMATE VALUE OF BULK FLUX 
C FROM STEADY-STATE HYDRAULIC HEAD VALUES FOR THE IMPOSED 
C STRESSES ON THE SYSTEM BEING ANALYZED. 
C ••••.,.••••••••••..,••••--•••• .. ••••••••• .. ••••·••••••---•••• .. •••••••••• .. •••• .. ••• .. ••••"•••• 

C 
C SPECIFICATIONS: 
C . 

DIMENSION HSS(NCOL,NROW,NLAY),IBO~NCpL,NROW,NLAY),TRAN( 

C 

C 
C 

1 NCOL,NROW,NLAY),HY(NCOL,NROW,NLAY),CV(NCOL,NROW,NLAY), 
2 TOP(NCOL,NROW,NLAY),BOT(NCOL,NROW,NLAY),DELL(NCOL, 
3 NROW,NLAY),DELR(NCOL),DELC(NROW),SPX(NCOL,NROW,NLAY), . 
4 SPY(NCOL,NROW,NLAY),SPZ(NCOL,NROW,NLAY),QX(NCOL,NROW,NLAY), 
5 QX(NCOL,NROW,NLAY),QY(NCOL,NROW,NLAY),QZ(NCOL,NROW,NLAY) 

COMMON /FLWCOM/LAYCON(80) 

0011 K=l,NLAY 
DO 11 J=l,NCOL 
DO 111=1,NROW 
QX0,I,K)=O. .,.._.,.,. 
QY0,I,K)=O. 
QZ0,I,K)=O. 

11 CONTINUE 
C 

NCMl=NCOL-1 - ~ 
IF(NCM1.LT.1) GOTO 105 

\ 
C 
Cl-FOR EACH CELL CALCULATE FLOW THROUGH RIGHT FACE AND SlDRE 
C INQX 

KB=O 
KT=O 
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KR=0
D0100K=1,NLAY
EF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ. 1) KB=KB+1 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1 
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) KR=KR+1 
DO 100 I=l,NROW 
D0100J=1,NCM1
IF((IBOUNDa,I,K).LE.O).AND.(IBOUNDG+l,lK).LE.O)) GOTO 100 
HDIFF=HSSO,W-HSSa+l,lK)
IF(LAYCON(K).EQ.3 .OR. LAYCONOO.EQ.l) THEN 
HD=HSSaiK)
IF(LAYCON(K).EQ.l) GOTO 51 
IF(HD.GT.TOPaU<T)) HD=TOPa,UCT)

51 Tl=HY0,I,KB)*(HD-BOTaJ,KB))
T2=HY0+1 ,I„KB)*(HD-BOTa,I,KB))
ELSEIF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) THEN 
Tl=TRANa,I,KR)
T2=TRANG+U,KR)
ENDIF
IFfn.EQ.O. .OR. T2.EQ.0.) GOTO 100 
CR=2TlT2*DELC(I)/(TrDELRa+l)+T2‘DELRa)) 
QX0,I,K)=HDIFPCR 

100 CONTINUE

105 NRMl=NROW-l
IF(NRMl.LT.l) GOTO 205

C
C2-
C

-FOR EACH CELL CALCULATE FLOW THROUGH FRONT FACE AND STORE 
INQY

KB=0 --
KT=0
KR=0 ^
DO200K=l,NLAY
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ. 1) KB=KB+1 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1 
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) KR=KR+1 
DO200I=l,NROW

KR=0 
00 100 K=l,NLAY 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ. 1) KB=KB+l 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=l<T+l 
IF(LAYCON(K).EQ.0 .OR. LAYCON(K).EQ.2) KR=KR+l 
00 100 1=1,NROW 
00 100 J=1,NCM1 
IF((IBOUND(J,I,K).LE.O).AND.(IBOUND(J+ 1,1,K).LE.0)) GO10 100 
HDIFF=HSS(J,l,K)-HSS(J+ 1,1,K) 
IF(LAYCON(K).EQ.3 .OR. LAYCONO<).EQ.1) THEN 
HD=HS.S(J,I,K) 
IF(LAYCON(K).EQ.1) GOTO 51 
IF(HD.GT.TOP(J,I,KT)) HD=10P(J,l,KT) 

51 Tl =HY(J,l,KB)•(HD-BOT(J,1,KB)) 
T2=HY(J+ 1,1,,KB)•(HD-BOT(J,l,KB)) 
EL5EIF(LAYCON(K).EQ.0 .OR. LAYCONO<).EQ.2) THEN 
Tl=TRAN(J,1,KR) 
T2= TRAN(]+ 1,1,KR) 
ENDIF 
IF(Tl.EQ.0 .. OR. T2.EQ.0.) GOTO 100 
CR=2-TJ-TI•DEtC(I)/(T1 •DELR(J+ 1)+ T2•DELR(J)) 
QX(J,l,K)=HDIFF-CR 

100 CONTINUE 
C 

105 NRMl=NROW-1 ;-.. / 
IF(NRM1.LT.1) GOTO 205 

C 
C2-FOR EACH CELL CALCULATE FLOW THROUGH FRONT FACE AND STORE 
C INQY 

KB=O 
l<T=0 
KR=0 
00 200 K=l,NLAY 
IF(LAYCONO<).EQ.3 .OR. LAYCON(K).EQ. 1) KB=KB+l 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+l 
IF(LAYCON(K).EQ.0 .OR. LAYCON(K).EQ.2) KR=KR+ 1 
DO 200 I=l,NROW 
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DO200J=l,NCOL
IF((IBOUNDa,I,K).LE.O).AND.(IBOUNDai+l,K).LE.O)) GOTO 200 
HDIFF=HSSai,K)-HSSO,I+l,K)
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.l) THEN 
HD=HSSai,K)
IF(LAYCON(K).EQ.l) GOTO 52 
IF(HD.GT.TOP0,LKT)) HD=TOP0,UCT)

52 Tl=HYai,KB)*(HD-BOTa,I,KB)) 
T2=HYai+l,KB)*(HD-BOT0,lKB))
ELSEIF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) THEN 
T1=TRANG4,KR)
T2=TRAN(JJ+1,KR)
ENDIF
IFCTl.EQ.O. .OR T2.EQ.0.) GOTO 100 
CC=2*T1 T2»DELR(P / (T1 *DELCa+l )+T2»DELC(D) 
QY(J,I,K)=HDIFF*CC 

200 CONTINUE

205 NLM1=NLAY-1
IFCNLMl.LT.l) GOTO 500 

C
C3----FOR EACH CELL CALCULATE FLOW THROUGH LOWER FACE AND STORE
C INQZ 

KT=0
vDO300K=l,NLMl
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT+1
DO300I=l,NROW
DO300J=l,NCOL
IF((IBOUNIXU^).LE.O).AND.(IBOUNDO,LK+1).LE.O)) GOTO 300 
HD=HSS0,LK+1)
IF(LAYCON(K+l).NE.3 .AND. LAYCON(K+l).NE.2) GOTO 350 
TMP=HD ^
IF(TMP.LT.TOPO,LKT+1)) HD=TOPaiKT+l)

350 HDIFF=HSSg,LK)-HD 
QZaLK)=HDIFF*CVa,I,K)

300 CONTINUE
C4----CALCULATE CELL THICKNESS

00 200 J=l,NCOL 
IF((IBOUND(J,I,K).LE.O).AND.(IBOUND(J,I+ 1,K).LE.0)) GO10 200 
HDIFF=HS.5(J,I,K)-HS.5(J,I+ 1,K) 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.l)THEN 
HD=HSS(J,I,K) 
IF(LAYCON(K).EQ.1) GO10 52 
IF(HD.GT.TOP(J,I,KT)) HD=TOP(J,I,KT) 

52 Tl=HY(J,I,KB)•(HD-BOT(J,l,KB)) 
T2=HY(J,I+ 1,KB)•(HD-BOT(J,I,KB)) 
ELSEIF(LAYCON(K).EQ.0 .OR. LAYCON(K).EQ.2) THEN 
Tl=TRAN(J,I,KR) 
T2=TRAN(J,I+ 1,KR) 
ENDIF 
IF(fl.EQ.0 .. OR T2.EQ.0.) GO10100 
CC=21tT11tTI•DELR(J) / (fl •DELCO+ 1 )+ T2•DELC(D) 
QY(J,I,K)=HDlFfltCC 

200 CONTINUE 
C 

C 

205 NLMl=NLAY-1 
IF(NLMl.LT.1) GOTO 500 

C3-FOR EACH CELL CALCULATE FLOW THROUGH LOWER FACE AND STORE 
C INQZ 

KT=0 
,'IX) 300 K=l,NLMl r--.. / 
IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.2) KT=KT + 1 
00 300 1=1,NROW 
00 300 J=l,NCOL 
IF((IBOUND(J,I,K).LE.O).AND.(IBOUND(J,I,K+ 1).LE.0)) GO10 300 
HD=HSS(J,I,K+l) -- ~-
IF(LAYCON(K+l).NE.3 .AND. LAYCON(K+l).NE.2)GOT0350 

TMP=HD 
IF(TMP.LT.TOP(J,I,KT + 1)) HD= TOP(J ,I,KT + 1) 

350 HDIFF=HSS(J,l,K)-HD 
QZ(J,I,K)=HDIFPCV(J,I,K) 

300 CONTINUE 
C4--CALCULATE CELL THICKNESS 

\ 
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500 KB=0 
KT=0
DO20K=l,NLAY
IF(LAYCON(K).EQ.2 .OR. LAYCON(K).EQ.3) KT=KT+1
IF(LAYCON(K).EQ.l .OR. LAYCON(K).EQ.3) KB=KB+1
DO20I=l,NROW
DO20J=l,NCOL
IF(IBOUNDa,I,K).LE.O) GOTO 20
IF(LAYCON(K).NE.O .AND. LAYCON(K).NE.2) GOTO 30
THCK=DELL0,I,K)
GOTO 25 

30 HD=HSSa,I,K)
EFCLAYCONOQ.EQ.l) GOTO 28 
IFOiD.GT.TOPaiKT)) HD=TOPaiKT)

28 THCK=HD-BOT(J,lKB)
C5-—CALCULATE ULTIMATE SPECIHC DISCHARGE IN X 

25 IF(NCOL.EQ.l)GOT026 
QX1=0.
QX2=0.
IFa.NE.l .AND. a-l.NE.0.AND.J-l.NE.-l)) QXl=QXa-UK) 
IFa.NE.NCOL)QX2=QXai,K)
XAREA=DELC(I)THCK
SPXa,I,K)=0.5*(QX2/XAREA+QXl/XAREA)

C6—CALCULATE ULTIMATE SPECIHC DISCHARGE IN Y
V 26 IF(NROW.EQ.I KIOTO 27 

QY1=0.
QY2=0.
IFa.NE.l .AND. a-l.NE.O.AND.I-l.NE.-l))QYl=QYai-l,K) 
IFa.NE.NROW) QY2=QYa,I,K)
YAREA=DELR0)*™CK 
SPYa,I,K)=0.5*(QY2/YAREA+QYl / YAREA)

C7----CALCULATE ULTIMATE SPEOHC DISCHARGE IN z
27 IF(NLAY.EQ.l)GOTO20 

QZ1=0.
QZ2=0.
IFOC.NE.l .AND. (K-l.NE.O.AND.J-l.NE.-D) QZl=QZa,LK-l) 
IF(K.NE.NLAY) QZ2^QZ0,I,K)

500 KB=0 
I<T=0 
00 20 K=l,NLAY 
IF(LAYCON(K).EQ.2 .OR. LAYCON(K).EQ.3) KT=KT+l 
IF(LAYCON(K).EQ.1 .OR. LAYCON(K).EQ.3) KB=KB+l 
00 20 1=1,NROW 
00 20 J=l,NCOL 
IF(IBOUND(J,I,K).LE.0) GO10 20 
IF(LAYCON(K).NE.0 .AND. LAYCON(K).NE.2) GO10 30 
THCK=DELL(J,I,K) 
GO1025 

30 HD=HSS(J,l,K) 
IF(LAYCON(K).EQ.1) GO10 28 
IF(HD.GT.10P(J,I,I<T)) HD=10P(J,I,I<T) 

28 THCK=HD-BOT(J,I,KB) 
CS-CALCULATE ULTIMATE SPECIFIC DISCHARGE IN X 

25 IF(NCOL.EQ.1)GO10 26 
QXl=O. 
QX2=0. 
IF(J.NE.1 .AND. (J-1.NE.0.AND.J-1.NE.-1)) QXl=QX(J-1,I,K) 
IF(J.NE.NCOL) QX2=QX(J,I,K) 
XAREA=DELC(I)"THCK 
SPX(J,I,K)=0.S•(QX2/XAREA+QX1 /XAREA) 

C6-CALCULATE ULTIMATE SPECIFIC DISCHARGE IN Y 
"f 26 IF(NROW.qQA)GO10 27 

QY1=0. 
QY2=0. 
IFCT.NE.1 .AND. CT-1.NE.O.AND.l-1.NE.-1)) QYl=QY(J,l-1,K) 
IFCT.NE.NROW) QY2=QY(J,I,K) 
YAREA=DELR(J)"TI:IC-K 
SPY(J,I,K)=0.S•(QY2/YAREA+QY1 /YAREA) 

C7-CALCULATE ULTIMATE SPECIFIC DISC~GE IN z 
27 IF(NLAY.EQ.1)GO10 20 

QZ1=0. 
QZ2=0. 
IF(K.NE.1 .AND. (K-1 .NE.0.AND.J-1.NE.-1)) QZl=QZ(J,I,K-1) 
IF(K.NE.NLAY) QZ2~QZ(J,I,K) 
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ZAREA=DELR(J)*DELCa) 
SPZ(J,I,K)=0.5»(QZ2/ZAREA+QZ1 /ZAREA) 

20 CONTINUE 
C
C8----RETURN

RETURN
END

«

/

V

y
O

\
t

f----------

-

/ 

C 

ZAREA=DELR(J)•DELCO) 
SPZ(J,I,K)=O.S•(QZ2/ ZAREA+QZl /ZAREA) 

20 CONTINUE 

CB-RETURN 
RETURN 
END 

\ 
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List of Variables for Module SOBKIU

Yariabls Range Definition

BOT Global DIMENSION (NCOL,NROW,NBOT), Elevation of the bottom of 
each layer. G'JBOT is the number of layers for which LAYCON = 
lor 3.)

cc Module Temporary variable for conductance in the column direction.
CR Module Temporary variable for conductance in the row direction.
cv Global DIMENSION (NCOL,NROW,NLAY), Conductance in the layer 

direction. CVO/IK) contains conductance between nodes G,I,K)
and aiK+1).

DELC Global DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I.

DELL Global DIMENSION (NCOL,NROW,NLAY), CeU dimension in the layer 
direction.

DELR Global DIMENSION (NCOL), CeU dimension in the row direction. 
DELRQf) contains width of column J.

HD Module Temporary variable for HSS.
HDIFF Module Head difference between adjacent rows, columns, or layers.
HSS Package DIMENSION (NCOL,NROW,NLAY), LUtimate steady-state 

heads used to calculate the ultimate bulk flux values.
• I Module Index for rows.

IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell
<0, constant-head ceU

\ =0, inactive ceU
>0, variable-head ceU.

J Module Index for columns.
K Module Index for layers
KB Module Counter for the number of layers for which the bottom elevation

-• is needed (LAYCON = 1 or 3).
■> KT Module" Counter for the riilihber of layers for which the top elevation is 

needed (LAYCON = 2 or 3).
-

i'

KR Module Coimter for the number of layers for which the transmissivity is 
needed (LAYCON = 0 or 2).

r’. LAYCON Global DIMENSION (80) Layer type code:
0 - Layer strictly confined
1 - Layer strictly unconfined.
2 - Layer confined/unconfined (transmissivity constant).
3 - Layer confined/unconfined (transmissivity variable). ,

NCMl Module NCOL-1.
■■■■■ NCOL Qobal Number of columns in the grid.

■ NLAY Global Number of layers in the grid.

...

NLMl Module NLAY-1.
NRMl Module NROW-1.

W;
f; ■' '

0

^ r-— ■

Variable 

BOT 

cc 
CR 
CV 

DELC 

DELL 

DELR 

HD 
HDIFF 
HS5 

I 
IBOUND 

J 
K 
KB 

KT 

KR 

LAYCON 

. NCMl 
NCOL 
NLAY 
NLMl 
NRMl 

Rrulge 

Global 

Module 
Module 
Global 

Global 

Global 

Global 

Module 
Module 
Package 

Module 
Global 

Module 
Module 
Module 

Moduli 

Module 

Global 

Module 
Global 
Global 
Module 
Module 

List of Variables for Module SOBKlU 

Definition 

DIMENSION (NCOL,NROW,NBOT), Elevation of the bottom of 
each layer. (NBOT is the number of layers for which LAY CON = 
1 or 3.) 
Temporary variable for conductance in the column direction. 
Temporary variable for conductance in the row direction. 
DIMENSION (NCOL,NROW,NLAY), Conductance in the layer 
direction. CV0,I,K) contains conductance between nodes 0,I,K) 
and 0,I,K+l). 
DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I. 
DIMENSION (NCOL,NROW,NLAY), Cell dimension-in the layer 
direction. 
DIMENSION (NCOL), Cell dimension in the row d.irectio11. 
DELRO) contains width of column J. 
Temporary variable for HS.5. 
Head difference between adjacent rows, columns, or layers. 
DIMENSION (NCOL,NROW,NLAY), Ultimate steady-state 
heads used to calculate the ultimate bulk flux values. 
Index for rows. 
DIMENSION (NCOL,NROW,NLAY), Status of each cell 

<0, constant-head cell 
=0, inactive cell 
>0, variable-head cell. 

Index for columns. 
Index for layers 
Counter for the number of layers for which the bottom elevation 
is needed (LAYCON = 1 or 3). 
Counter for the nutnber of layers for which the top elevation is 
needed (LAYCON = 2 or 3). 
Counter for the number of layers for which the transmissivity is 
needed (LAYCON = 0 or 2). 
DIMENSION (80) Layer type code: 

0 - Layer strictly confined 
1 - Layer strictly-unc-onfined. 
2 - Layer confined/unconfined (transmissivity constant). 
3 - Layer confined/unconfined (transmis.5ivity variable). 

NCOL-1. 
Number of columns in the grid. 
Number of layers in the grid. 
NLAY-1. 
NROW-1. 
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List of Variables for Module SOBKIU fContinuedl

VariaMg Ranee Definition

NROW Global Number of rows in the grid.
QX Package DIMENSION(NCOLNROW,NLAY), Volume fluid flux across 

the right cell face in the X direction
QXl Module Volume fluid flux at lowest active colvunn with variable head.
QX2 Module Volume fluid flux at highest active coluirm with variable head.
QY Package DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across 

the front cell face in the Y direction
QYl Module Volume fluid flux at lowest active row with variable head.
QY2 Module Volume fluid flux at highest active row with variable head.
QZ Package DIMENSlON><NCOL,NROW,NLAY), Volume fluid flux across 

the bottom cell face in the Z direction.
QZl Module Voliune fluid flux at lowest active layer with variable head.
QZ2 Module Volume fluid flux at highest active layer with variable head.
SPX Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific discharge 

or ultimate bulk flux in the X direction.
SPY Qobal DIMENSION (NCOL,NROW,NLAY), Ultimate specific discharge 

or ultimate bulk flux in the Y direction.
SPZ Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific discharge 

or ultimate bulk flux in the Z direction.
Tl Module Temporary variable for transmissivity at I or J location

^ T2 Module Temporary variable for transmissivity at I+l or J+1 location.
THCK Module Thickness of ceU.
TMP Module Temporary variable for HD.
XAREA Module Cross-sectional area of cell perpendicular to the X direction.
YAREA Module Cross-sectional area of cell perpendicular to the Y direction.
^AREA

t'-''
Module Cross-sectional area of cell perpendicular to the Z direction. “ ^

4

\

r*

Variable 

NROW 
QX 

QXl 
QX2 
QY 

QYl 
QY2 
QZ 

QZl 
QZ2 
SPX 

SPY 

SPZ 

Tl 
T2 
THCK 
TMP 
XAREA 
YAREA 
_ZAREA 

":"-',,. 

List of Variables for Module SOBKlU {Continued) 

Global 
Package 

Module 
Module 

ackage 

Module 
Module 
Package 

Module 
Module 
Global 

Global 

Global 

Module 
Module 
Module 
Module 
Module 
Module 
Module 

Definition 
Number of rows in the grid. 
DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across 
the right cell face in the X direction 
Volume fluid flux at lowest active column with variable head. 
Volume fluid flux at highest active column with variable head. 
DIMENSION(NCOL,NROW,NLAY), Volume fluid flux across 
the front cell face in the Y direction 
Volume fluid flux at lowest active row with variable head. 
Volum~,_fluid flux at highest active row with variable head. 
DIMENS~COL,NROW,NLAY), Volume fluid flux across 
the bottom cell face in the Z direction. 
Volume fluid flux at lowest active layer with variable head. 
Volume fluid flux at highest active layer with variable head. 
DIMENSION (NCOL,NROW,NLAY), Ultimate specific discharge 
or ultimate bulk flux in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Ultimate specific discharge 
or ultimate bulk flux in the Y direction. 
DIMENSION (NCOL,NROW,NLAY), Ultimate specific discharge 
or ultimate bulk flux in the Z direction. 
Temporary variable for transmissivity at I or J location 
Temporary variable for transmissivity at I+ 1 or J+ 1 location. 
Thickness of cell. 
Temporary variable for HD. 
Cross-sectional area of cell perpendicular to the X direction. 
Cross-sectional area of cell perpendicular to the Y direction. 
Cross-sectional area of cell perpendicular to the Z direction. 0 

\ 
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Displacement Package Input

Input for E>isplacement Package (USD is read from the unit spedhed in IUNIT(13).

FOR EACH SIMULATION
USLIAL

1. Data: lUSLOC KUNTT
Format: no no
2. Data: STEP XCLOSE lOSTP TCLOSE
Format: no FIO.O no no.o

USLIRP

Data arrays (items 3 and 4) are readier each layer.
3. Data:
Module: U2DREL
4. Data: SSV
Module: U2DREL

Data array (item 5) is read for LAYCON type zero or two. Item 5 is read after all of items 
3 and 4 have been read

5. Data: TRAN
Module: U2DREL

If IUSLCX;>0 then read item 6
6. Data: NMAGFMNUSXFM NUSYFM NUSZFM NVSTFM

Format:
NMAGUNNUSXUN NUSYUN NUSZUN NVSTUN 
1015

FOR EACH TIME STEP
USLIOT

7. Data: NMAGPR NUSXPR NUSYPR NUSZPR NVSTPR

NMAGSVNUSXSV NUSYSV NUSZSV NVSTSV 
Format: 1015

~ ._,,, ... 

Displacement Package Input 

Input for Displacement Package (USL) is read from the unit specified in IUNIT(13). 

FOR EACH SIMULATION 
USUAL 

1. Data: IUSLOC KUNIT 
Format: 110 110 
2. Data: ISTEP XCLOSE 
Format: 110 Fl0.0 

USURP 

Data arrays (items 3 and 4) ~~d,>for each layer. 
3. Data: "S.sE 
Module: U2DREL 
4. Data: SSV 
Module: U2DREL 

IOSTP 
110 

TCLOSE 
Fl0.0 

Data array (item 5) is read for LAYCON type zero or two. Item 5 is read after all of items 
3 and 4 have been read 

5. Data: TRAN 
Module: U2DREL 

If IUSLOC>0 then read item 6 
6. Data: NMAGFMNUSXFM NUSYFM NUSZFM NVSTFM 

NMAGUNNUSXUN NUSYUN NUSZUN NVSTUN 
Format: 1015 " 

FOR EACH TIME STEP 
USLlOT 

7. Data: NMAGPR NUSXPR NUSYPR NUSZPR NVSTPR 

NMAGSV NUSXSV NUSYSV NUSZSV NVSTSV 
Format: 1015 

\ 
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Explanation of Fields Used in Input Instructions

TIJSLOC-is the output control flag for displacement
If IUSLOC>0 displacement values will be written or saved
according to
flags specified in item 6.
If IUSLOC<=0 displacement values will not be written or saved. 

KUNIT-is the length unit used in the simulation 
If KUNIT=0 meters are used 
If KUNTT * 0 feet are used.

ISTEP-is the maximum number of times through the inner iteration loop in one time 
step in an attempt to solve the system of finite-difference equations. Two hundred 
iterations is generally sufficient.
XCLOSE-is the individual directional component of displacement change criterion for 
convergence. When the maximum absolute value of residual from all nodes during an 
iteration is less than or equal to XCLOSE, iteration stops,^-
lOSTP-is the maximum number of times through the outer iteration loop in one time 
step in an attempt to solve the system of finite-difference equations. Fifty iterations is 
generally sufficient
TCLOSE-is the total directional component of displacement change criterion for 
convergence. When the maximum absolute value of ctimulative displacement change 
from all nodes during an iteration is less than or equal to TCLOSE, iteration stops. 
SSE-is the elastic specific storage value in the vertical direction 
SSV-is the inelastic or virgin specific storage value in the vertical direction.
TRAN-is the transmissivity specified in the BCF package for laycon types of zero or 
two. It is repeated here because the TRAN read by the BCF package is immediately 
changed to a harmonic mean so these values are never passed to another subroutine. 
NMAGFM-is the output format code for magnitude of displacement.
NTJSXFM-is the output format code for X-direction displacement.
NUSYFM-is the output format code for Y-direction displacement.
NIJSZFM-is the output format code for Z-direction displacement.
NVSTFM-is the output format code for volume strain.
NMAGIJN—is the unit number for saving magnitude of displacement
NIJSXUN-is the unit number for saving X-direction displacement
NUSYlJN-is the unit number for saving Y-direction displacement
NUSZUN-is the unit number for saving Z-direction displacement
NVSTUN-is the unit number for saving volume strain.
NMAGPR-is the print flag for magnitude of displacement of solids.

If NMAGPR<=0 magnitude of displacement is not printed 
If NMAGPR>0 magnitude of displacement is printed. 

NUSXFM-is the print flag for X-direction displacement
If NUSXPR<=0 X-direction displacement is not printed 
If NUSXPR>0 X-direction displacement is printed 

NU.SYFM-is the print flag for Y-direction displacement
If NUSXPR<=0 Y-direction dispbcement is not printed 
If NUSXPR>0 Y-direction displacement is printed 

NUSZFM-is the print flag for Z-direction displacement.
If NUS)ffR<=0 Z-direction displacement is not printed

Explanation of Fields Used in Input Instructions 

IUSLOC--is the output control flag for displacement 
If IUSLOC>O displacement values will be written or saved 
according to 
flags specified in item 6. 
If IUSLOC<=O displacement values will not be written or saved. 

KllN[[-is the length unit used in the simulation 
If KUNIT =0 meters are used 
If KUNIT '# 0 feet are used. 

ISIEf-is the maximum number of times through the inner iteration loop in one time 
step in an attempt to solve the system of finite-difference equations. Two hundred 
iterations is generally sufficient. 
XCLOSE-is the individual directional component of displacement change criterion for 
convergence. When the maximum absolute value of residual from all nodes during an 
iteration is less than or equal to XCLOSE, iteration stop 
.IOS:I:f-is the maximum number of times through the outer iteration loop in one time 
step in an attempt to solve the system of finite-difference equations. Fifty iterations is 
generally sufficient 
TCLOSE-is the total directional component of displacement change criterion for 
convergence. When the maximum absolute value of cumulative displacement change 
from all nodes during an iteration is less than or equal to TCLOSE, iteration stops. 
~-is the elastic specific storage value in the vertical direction 
SSY-is the inelastic or virgin specific storage value in the vertical direction. 
I&Ali-is the transmissivity specified in the BCF package for laycon types of zero or 
two. It is repeated here because the TRAN read by the BCF package is immediately 
changed to a harmonic mean so these values are never passed to another subroutine. 
NMAGFM-is the output format code for magnitude of displacement. 
NUSXFM-is the output format code for X-direction displacement. 
NUSYFM-is the output format code for Y-direction displacement. 
NUSZFM-is the output format code for 2-direction displacement. 

y NVSTFM-is the o'l!PJ.ll format code for volume strain. 
NMAGUN-is the dnit number for saving magnitude of displacement 
NUSXUN-is the unit number for saving X-direction displacement 
NUSYUN-is the unit number for saving Y-direction displacement 
NUSZUN-is the unit number for saving 2-direction displacement 
NVSTUN-is the unit number for saving volume strain. 
NMAGPR-is the print flag for magnitude of displacement of solids. 

If NMAGPR<=O magnitude of displacement is not printed 
If NMAGPR>O magnitude of displacement is printed. 

NUSXFM-is the print flag for X-direction displacement 
If NUSXPR<=O X-direction displacement is not ptinted 
If NUSXPR>O X-direction displacement is printed 

NUSYFM-is the print flag for Y-direction displacement 
If NUSXPR<=O Y-direction displacement is not printed 
If NUSXPR>O Y-direction displacement is printed 

NUSZFM-is the print flag for Z-direction displacement. 
If NUS~f>R<=O Z-direction displacement is not printed 
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If NUSXPR>0 Z-direction displacement is printed 
NVSTFM-is the print flag for volume strain

If NUSXPR<=0 voliune strain is not printed 
If NUSXPR>0 volume strain is print^

NMAGSV-is the save flag for magnitude of displacement
If NMAGSV<=0 magnitude of displacement is not saved. 
If NMAGSV>0 magnitude of displacement is saved. 

NIJSXSV-is the save flag for magnitude of displacement
If NUSXSV<=0 X-direction displacement is not saved.
If NUSXSV>0 X-direction displacement is saved. 

NlJSYSV-is the save flag for magnitude of displacement
If NUSYSV<=0 Y-direction displacement is not saved.
If NUSYSV>0 Y-direction displacement is saved. 

NUSZSV-is the save flag for magnitude of displacement
If NUSZSV<=0 Z-direction displacement is not saved.
If NUSZSV>0 Z-directioridisplacement is saved. 

NVSTSV-is the save flag for magnitude of displacement
If NVSTSV<=0 volume strain is not saved.
If NVSTSV>0 volume strain is saved.

/

If NUSXPR>O Z-direction displacement is printed 
NVS1FM-is the print flag for volume strain 

If NUSXPR<=O volume strain is not printed 
If NUSXPR>O volume strain is printed.. 

NMAGSV-is the save flag for magnitude of displacement 
If NMAGSV<=O magnitude of displacement is not saved. 
If NMAGSV>O magnitude of displacement is saved. 

NUSXSV- is the save flag for magnitude of displacement 
If NUSXSV<=O X-direction displacement is not saved. 
If NUSXSV>O X-direction displacement is saved. 

NUSYSV-is the save flag £or magnitude of displacement 
If NUSYSV<=O Y-direction displacement is not saved. 
If NUSYSV>O Y-direction displacement is saved. 

NUSZSV- is the save flag for magnitude of displacement • 
If NUSZSV <=0 Z-dir~ on cµsplacement is not saved. 
If NUSZSV>O Z-direction-displacement is saved. 

NVSTSV-is the save flag for magnitude of displacement 
If NVSTSV<=O volume strain is not saved. 
If NVSTSV>O volume strain is saved. 
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Module Documentation for the Displacement Package

The displacement package (USLl) has four primary modules, three submodules.
and two utility modules. All the primary modules are called by the MAIN program.

Primary Modules
USLIAL Allocates space for data arrays. Reads output control flags, 

iteration and convergence information, and length units flag.
USURP Initializes displacements, strains, and print flags. Reads specific 

storage values, trairsmissivity if needed, and reads format 
information for printing or saving displacements and volume
strains.

USLIFM Formulates arid^lves numerical approximations to governing 
equations describing the displacement of solids using a dual loop 
successive overrelaxation technique with Chebyshev acceleration. 
Applies all boundary conditions, and calculates volume strains.

USLIOT Reads print and save flags for displacement and volume strain. 
Prints or saves displacement values in each component direction, 
magnitude of displacement, or volume strains after each stress

Ik.

period when the print or save flags are set.

Submodules
SUSLIX Calculates strain in the X direction.
SUSLIY Calculates strain in the Y direction.

/ . SUSLIZ OJculates strain in the Z direction. ®
/

Utility Modules
UBCUSL Calculates magrutude of displacement if print or save flag set.
U2USLR Reads transmissivity information if LAYCON=0 or 2. 

\
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Module Documentation for the Displacement Package 

The displacement package (USL1) has four primary modules, three submodules, 
and two utility modules. All the primary modules are called by the MAIN program. 

USUAL 

USURP 

USL1FM 

USL1OT 

SUSUX 
SUSL1Y 
SUSL1Z 

UBCUSL 
U2USLR 

Primary Modules 
Allocates space for data arrays. Reads output control flags, 
iteration and convergence information, and length units flag. 
Initializes displacements, strains, and print flags. Reads specific 
storage values, transmissivity if needed, and reads format 
information for printing or saving displacements and volume 
strains. -
Formulates ~Ives numerical approximations to governing 
equations desoibj.ng the displacement of solids using a dual loop 
successive overrelaxation technique with Chebyshev acceleration. 
Applies all boundary conditions, and calculates volume strains. 
Reads print and save flags for displacement and volume strain. 
Prints or saves displacement values in each component direction, 
magnitude of displacement, or volume strains after each stress 
period when the print or save flags are set. 

Submodules 
Calculates strain in the X direction. 
Calculates strain in the Y direction. 
Calculates strain in the Z direction. 

Utility Modules 
Calculates magnitude of displacement if print or save flag set. 
Reads transmissivity information if LAYCON=0 or 2. 

\ 
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Narrative for Module USLl AL

/

This module allocates space for data arrays for the displacement package. It also 
reads the output control flag, iteration and convergence mformation, and length units 
flag. This module performs its tasks in the following order

1. Identify package
2. Read flags for calculation and printing or saving dispbcements, arrd length 

units.
3. Print statements for output control, length units, and space allocation
4. Calculate number of cells and direction with maximum number of cells.
5. Allocate storage for the following arrays:

USLX Displacement in the X direction for each cell in the grid. 
USLY Displacement in the Y direction for each cell in the grid. 
USLZ Displacement in the Z direction for each cell in the grid. 
TEMPX Temporary storage for displacement in X direction 
TEMPY Temporary storage for^isplacement in Y direction. 
TEMPZ Temporary storage for displacement in Z direction. 
UOLDX Old value of displacement in the X direction.
UOLDY Old value of displacement in the Y direction.
UOLDZ Old value of displacement in the Z direction.
HC Hydraulic conductivity of each cell in the grid.
STRNX Strain in the X direction for each cell in the grid.
STRNY Strain in the Y direction for each cell in the grid.
STRNZ Strain in the Z direction for each cell in the grid.
VSTRN Volume strain for each cell in the grid.
PS Preconsolidation strain for each cell in the grid.
SSE Elastic specific storage for each cell in the grid.
SSV Virgin specific storage for each cell in the grid.
TRAN Transmissivity for cells where LAYCON=0 or 2.
SSK Horizontal specific storage for each cell in the grid.
MAG Magnitude of displacement for each cell in the grid.
UX single precision displacement in X direction for plotting.
UY single precision displacement in Y direction for plotting.
UZ single precision displacement in Z direction for plotting.

6. Print amount of storage used by the displacement package.
7. RETURN

Narrative for Module USLIAL 

This module allocates space for data ~rrays for the displacement package. It also 
reads the output control flag, iteration and convergence information, and length units 
flag. This module performs its tasks in the following order: 

1. Identify package 
2. Read flags for calculation and printing or saving displacements, and length 

units. 
3. Print statements for output control, length units, and space allocation 
4. Calculate number of cells and direction with maximum number of cells. 
5. Allocate storage for the following arrays: 

USL)( Displacement in the X direction for each cell in the grid. 
USLY Displacement in the Y direction for each cell in the grid. 
USLZ Displacement in the Z direction for each cell in the grid. 
TEMPX Temporary storage for displacement in X direction 
TEMPY Temporary storage ~placement in Y direction. 
TEMPZ Temporary storage for displacement in Z direction. 
UOLDX Old value of displacement in the X direction. 
UOLDY Old value of displacement in the Y direction. 
UOLDZ Old value of displacement in the Z direction. 
HC Hydraulic conductivity of each cell in the grid. 
STRNX Strain in the X direction for each cell in the grid. 
STRNY Strain in the Y direction for each cell in the grid. 
S1RNZ Strain in the Z direction for each cell in the grid. 
VS1RN Volume strain for each cell in the grid. 
PS Preconsolidation strain for each cell in the grid. 
SSE Elastic specific storage for each cell in the grid. 
SSV Virgin specific storage for each cell in the grid. 
TRAN Transmissivity for cells where LAYCON=O or 2. 
SSK Horizontal specific storage for each cell in the grid. 
MAG Magnitude of displacement for each cell in the grid. 
UX single precision displacement in X direction for plotting. 
UY single precision displacement in Y direction for plotting. 
UZ single precision displacement in Z direction for plotting. 

6. Print amount of storage used by the displacement package. 
7. RETURN 

\ 

137 



Row Chart for Module USUAL
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/

lUSLOC is the flag indicating whether 
displacement is calculated and printed or 
saved.

IUSLOC>l Displacements are 
calculated and printed or saved. 
IUSLCXi;<=0 Displacements are 
not calculated, printed, or saved.

KUNTT is the length units flag.
KUNIT=0 Meters are the units for 
length
KUNIT=1 Feet are the units for 
length

BTEP is the number of inner-loop iterations 
used to obtain a solution.

XCLOSE is the inner-loop closure criterion. 
This value should be at least one order of 
magnitude smaller than the smallest 
displacement value calculated.

lOSTP is the number of outer-loop iterations 
** used to obtain a solution

TCLOSE is the outer-loop closure criterion. 
This value should small enough so that at 
least 5 outer iterations are performed before 
closure.

c RETURN 3

Flow Chart for Module USLlAL 

IUSLOC is the flag indicating whether 
displacement is calculated and printed or 
saved. 

IUSLOC> 1 Displacements are 
calculated and printed or saved. 
IUSLOC<=0 Displacements are 
not calculated, printed, or saved. 

KUNIT is the length uruts flag. 
KUNIT=O Meters are the units for 
length 
KUNIT=1 Feet are the units for 
length 

ISTEP is the number of inner-loop iterations 
used to obtain a solution. 

XCLOSE is the inner-loop closure criterion. 
This value should be at least one order of 
magnitude smaller than the smallest 
displacement value calculated. 

IOSTP is the number of outer-loop iterations 
used to obtain a solution 

TCLOSE is the outer-loop closure criterion. 
This value should small enough so that at 
least 5 outer iterations are performed before 
closure. t----',,-

ENTER 
USUAL 

, r 
1 

IDENTIFY PACKAGE 

, r 
2 

READ 
- IUSLOC v KUNIT 

ISTEP 
XCLOSE 

IOSTP 
TCLOSE 

, r 
3 

PRINT OUTPUT CONTROL, 
LENGTH UNITS, 

ITERATION INFORMATION 

, r 
4 

I CALC. TOTAL NUMBER OF CELI..sj 

, r 
5 

ALLOCATE SPACE 
FOR ARRAYS 

, r 
6 

PRINT AMOUMT OF 
\ STORAGE USED 

, ' 
7 

(...__RE_TURN_) 
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SUBROUTINE USLl AL(ISUM,LENX,LCUSLX,LCUSLY,LCUSLZ,LCSTRNZ,LCPS,
1 NCOL,NROW,NLAY,NMAX,LCUMAG,IN,IOUXIUSLOC,KUNIXLCSSE,LCSSV,
2 LCSTRNX,LCSTRNYLCVSTRN,LCTRAN,LCHC,LCSSK,LCUOLDX,LCUOLDY
3 LCUOLDZ,ISTEP,XCLOSE,IOSTP,LCrEMPX,LCTEMPYLCTEMPZ,
4 tclose,lcux,lcuylcuz)

139
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^ *******»**»*•»»»•**»•**••***••*»»***»»*******»•***»*•»»**•*********»»**»*••***•••

C ALLOCATE ARRAY STORAGE FOR DISPLi».CEMENT PACKAGE
»»»»»»»»»»»»»»»»»»»»»»»*>»»•»»»»»»»•»»»»•»»»»»»»»»*»»*<'»»»*»»»•**»»»»»»»»»»»»»»»»

c
C SPECmCATlONS:
C ----------------------- :-------------------------------------------------
C----------------------------------------------------------------------------------
C
Cl-----IDENTIFY PACKAGE

WRITEaOUT,l)IN
FORMAT(1HO/USL1 - DISR PACKAGE CALCULATES HORIZONTAL AND

1 VERTICAL AND HORIZONTAL DISPLACEMENTS AND VELOCITIES OF
2 SOLIDS FROM UNIT NUMBERM4)

C
C2------READ OUTPUT CONTROL FOR DISPLACEMENT, AND UNIT OF
C MEASUREMENT AS WELL AS NUMBER OF ITERATIONS AND CLOSURE
C CRITERION

READ(IN,5) IUSLOC,KUNir 
5 FORMAT(2I10)

READ(IN,9) ISTEP,XCLOSE,IOSTP,TCLOSE 
9 FORMATai0,F10.0,I10,n0.0)

C3-------PRINT STATEMENTS FOR OUTPUT CONTROL, UNITS, ITERATION INFO.
IFOUSLOC.GT.O) WRITEGOUXIS)-

15 FORMAT(lX,'OUTPUT CONTROL RECORDS WILL BE READ EACH TIME 
1 STEF)
IF(IUSLOC.LE.O) WRITE(IOUT,17)

17 F0RMAT(1X,'DISPLACEMENT INFORMATION WILL NOT BE WRITTEN’) 
IFCKUNTT.EQ.O) WRITEaOUT,19)
IFOOJNITNE.O) WRITEaOUT,21)

19 F0RMAT(/,1X,'METERS WILL BETJSED AS THE SPACE DIMENSION')

C 

SUBROUTINE USL1AL(ISUM,LENX,LCUSLX,LCUSLY,LCUSLZ,LCSTRNZ,LCPS, 
1 NCOL,NROW,NLAY,NMAX,LCUMAG,IN,IOUT,IUSLOC,KUNIT,LCSSE,LC5.5V, 
2 LCSTRNX,LCSTRNY,LCVSTRN,LCTRAN,LCHC,LC5.5K,LCUOLDX,LCUOLDY, 
3 LCUOLDZ,ISTEP,XCLOSE,IOSTP,LCTEMPX,LCTEMPY,LCTEMPZ, 
4 TCLOSE,LCUX,LCUY,LCUZ) 

C .................................................................................................................... . 

C ALLOCATE ARRAY STORAGE FOR DISPLACEMENT PACKAGE 
C .................................................................................... . 

C 
C SPECIFICATIONS: 
C 
C 
C 
Cl---IDENTIFY PACKAGE 

WRITE CT OUT, 1 )IN 

C 

FORMAT(lH0,'USLl - DISP. PACKAGE CALCULATES HORIZONTAL AND 
1 VERTICAL AND HORIZONTAL DISPLACEMENTS AND VELOCITIES OF 
2 SOLIDS FROM UNIT NUMBER' ,14) 

C2--READ OUTPUT CONTROL FOR DISPLACEMENT, AND UNIT OF 
C MEASUREMENT AS WELL AS NUMBER OF ITERATIONS AND CLOSURE 
C CRITERION 

READCTN,S) IUSLOC,I<UNPI'~ 
5 FORMAT(2110) 

READCTN,9) ISTEP,XCLOSE,IOSTP,TCLOSE 
9 FORMATCT10,F10.0,110,F10.0) 

C3 PRINT STATEMENTS FOR OUTPUT CONTROL, UNITS, ITERATION INFO. 
IF(IUSLOC.GT.O) WRITECTOUT, 15)- -

15 FORMAT(lX,'OUTPUT CONTROL RECORDS WILL BE READ EACH TIME 
1 STEP') \ 

IFCTUSLOC.LE.0) WRITE(IOUT, 17) 
17 FORMAT(lX,'DISPLACEMENT INFORMATION WILL NOT BE WRITTEN') 

IF(KUNIT.EQ.O) WRITECTOUT, 19) 
IF(I<UNIT.NE.0) WRITECTOUT,21) 

19 FORMAT(/,lX,'METERS WILL BFOSED AS THE SPACE DIMENSION') 
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C
C4-
C

21 F0RMAT(/,1X/FEET WILL BE USED AS THE SPACE DIMENSION') 
WRITEGOUT,?) ISTEPIOSTP 
IF(NLAY.LT.2) WRITEaOUT,80)

80 FORMATdX/NLAY MUST BE AT LEAST 2. USE IBS PACKAGE FOR FEWER
1 LAYERS THAN 2.'/,lX/ONLY HORIZONTAL DISPLACEMENT WILL BE
2 SIMULATEEX)

7 FORMAT(lX,THE MAXIMUM NUMBER OF INNER ITERATIONS FOR 
1 CLOSURE IS', I5,/,1X,'THE NUMBER OF OUTER ITERATIONS B',I5,)
WRITE(IOUT,8) XCLOSE,TCLOSE

8 F0RMAT(1X,'THE CLOSURE FOR INNER DISPLACEMENT IS',E15.8,/,
11X,'THE CLOSURE FOR OUTER DISPLACEMEOT IS',E15.8)

\
-CALCULATE TOTAL NUMBER OTCELLS AND DIRECTION WITH MAX

C
C5-

CELLS
NRCL=NROW*NCOL»NLAY
NRC=NROW*NCOL
NMAX=MAXO(NCOL,NROW,NLAY)

----ALLOCATE SPACE FOR STORAGE
IUSL=ISUM
LCUSLX=ISUM
ISUM=ISUM+NRCL*2
LCUSLY=ISUM
ISUM=ISUM+NRCL»2
LCUSLZ=ISUM
ISUM=ISUM+NRCL»2
LCTEMPX=ISUM
ISUM=ISUM+NRCL*2
LCTEMPY=ISUM
ISUM=ISUM+NRCL*2
LCTEMPZ=ISUM
ISUM=ISUM+NRCL*2
LCUOLDX=ISUM
ISUM=ISUM+NRCL»2
LCUOLDY=ISUM
ISUM=ISUM+NRCL»2
LCUOLDZ=ISUM

21 FORMAT(!,lX,'FEET WILL BE USED AS THE SPACE DIMENSION') 
WRITE0OUT,7) ISTEP,IOSTP 
IF(NLAY.LT.2) WRITE0OUT,80) 

80 FORMAT(lX,'NLAY MUST BE AT LEAST 2. USE IBS PACKAGE FOR FEWER 
1 LAYERS THAN 2.' /,1X,'ONLY HORIZONTAL DISPLACEMENT WILL BE 
2 SIMULATED') 

7 FORMAT(lX,'THE MAXIMUM NUMBER OF INNER ITERATIONS FOR 
1 CLOSURE IS', 15,/, lX,'THE NUMBER OF OUTER ITERATIONS IS' ,15,) 
WRITE(IOlIT,8) XCLOSE,TCLOSE 

8 FORMAT(lX,'THE CLOSURE FOR INNER DISPLACEMENT IS',E15.8,/, 
1 lX,'THE CLOSURE FOR OUTER DISPLACEMEr:'IT IS' ,E15.8) 

C 

C4--CALCULATE TOTAL NUMBE~ ELLS AND DIRECTION WITH MAX 
C CELLS 

C 

NRCL=NROW•NCOL •NLAY 
NRC=NROW•NCOL 
NMAX=MAXO(NCOL,NROW,NLAY) 

CS---ALLOCATE SPACE FOR STORAGE 
IUSL=ISUM 
LCUSLX=ISUM 
ISUM=ISUM+NRCL "2 
LCUSLY=ISUM 
ISUM=ISUM+NRCL "2 

'.'-_,., ·tcUSLZ=ISUM 
ISUM=ISUM+NRCL "2 
LCTEMPX=ISUM 
ISUM=ISUM+NRCL "2 
LCTEMPY=ISUM 
ISl::JM=ISUM+NRCL "2 
LCTEMPZ=ISUM 
ISUM=ISUM+NRCL "2 
LCUOLDX=ISUM 
ISUM=ISUM+NRCL "2 
LCUOLDY=ISUM 
ISUM=ISUM+NRCL "2 
LCUOLDZ=ISUM 

\ 

, . 
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c
C6-

ISUM=BUM+NRCL*2
LCHC=ISUM
ISUM=ISUM+NRCL
LCSTRNZ=ISUM
ISUM=ISUM+NRCL
LCSTRNX=ISUM
ISUM=ISUM+NRCL
LCSTRNY=ISUM
ISUM=ISUM+NRCL
LCVSTRN=ISUM
ISUM=ISUM+NRCL
LCPS=ISUM
ISUM=ISUM+NRCL
LC&SE=ISUM
ISUM=ISUM+NRCL
LCSSV=ISUM
ISUM=ISUM+NRCL
LCTRAN=ISUM
BUM=ISUM+NRCL
LCSSK=ISUM
ISUM=ISUM+NRCL
LCUX=ISUM
ISUM=ISUM+NRCL
LCUY=ISUM
ISUM=ISUM-fNRCL
LCUZ=ISUM
ISUM=ISUM+NRCL
IF(IUSLC)C.LE.O) GOTO 20
LCUMAG=ISUM
ISUM=ISUM+NRCL-- -

-PRINT NUMBER OF SPACES IN X ARRAY USED BY USL PACKAGE

It.

20 ISP=ISUM-IUSL 
WRITE(IOUT,4) ISP

4 F0RMAT(1X,I8/ ELEMENTS USED IN USL PACKAGE') 
ISUM1=ISUM-1 

WRITE(I0UT3)ISUMLLENX

ISUM=ISUM+NRCL "'2 
LCHC=ISUM 
ISUM=ISUM+NRCL 
LCSTRNZ=ISUM 
ISUM=ISUM+NRCL 
LCSTRNX=ISUM 
ISUM=ISUM+NRCL 
LCSTRNY=ISUM 
ISUM=ISUM+NRCL 
LCVSTRN=ISUM 
ISUM=ISUM+NRCL 
LCPS=ISUM v 
ISUM=ISUM+NRCL 
LC5.5E=ISUM 
ISUM=ISUM+NRCL 
LCSSV=ISUM 
ISUM=ISUM+NRCL 
LCTRAN=ISUM 
ISUM=ISUM+NRCL 
LCSSK=ISUM 
ISUM=ISUM+NRCL 
LCUX=ISUM 
ISUM=ISUM+NRCL 
LCUY=ISUM 
ISUM=ISUMtNRtL 
LCUZ=ISUM 
ISUM=ISUM+NRCL 
IF(IUSLOC.LE.0) GOTO 20 
LCUMAG=ISUM 
ISUM=ISUM+NRCL ~-

C 
C6-PRINT NUMBER OF SPACES IN X ARRAY U~ED BY USL PAC~GE 

20 ISP=ISUM-IUSL 
WRITEGOUT,4) ISP 

4 FORMAT(1X,I8,' ELEMENTS USED IN USL PACKAGE') 
ISUMl =ISUM-1 

WRITEOOUT,3)ISUM1,LEN)( 
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3 FORMAT(lX,I8/ ELEMENTS DM X ARRAY USED OUT OF,I8)
C

IFOSUMl.GT.LENX) WRITEaOUX6)
6 FORMATdX/ »***X ARRAY MUST BE DIMENSIONED LARGER”**')

C7------RETURN
RETURN
END

/

3 FORMAT(1X,18,' ELEMENTS IN X ARRAY USED OUT OF,18) 
C 

IFOSUM1 .GT.LENX) WRITECTOUT,6) 
6 FORMAT(lX,' ,..,..X ARRAY MUST BE DIMENSIONED LARGER ... .,) 

C7--RETURN 
RETURN 
END 

... _ .. ' -
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List of Variables for Module USLl AL

Variable Ranee

/

IN

lOSTP

lOUT
ISP
ISTEP

ISUM

ISUMl
lUSL

Package

Package

Global
Module
Package

Global

Module
Module

lUSLOC Package

KUNTT

LCHC
LCPS
LCSSK
LCSSE
LCSSV
LCSTRNX
LCSTRNY
LCSTRNZ
LCTEMPX
LCTEMPY
LCTEMPZ
LCTRAN
LCUMAG
LCUOLDX
LCUOLDY
LCUOLDZ
LCUSLX
LCUSLY

Package

Package
Package

'Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package
Package

Definition

Primary unit number from which input for this package will be 
read.
Maximum number of outer-loop iterations selected for 
convergence.
Primary unit number for all printed output. lOUT = 6.
Niunber of wonJs in the X array allocate by this module. 
Maximum number of inner-loop iterations selected for 
convergence.
Index number of the lowest element in the X array which has not 
yet been allocated. When space is allocated for an array, the size 
of the array is added to I§UM.
ISUM-1 V-'
Before this module allocates space, lUSL is set equal to ISUM. 
After allocation, lUSL is subtracted from ISUM to get ISP, the 
amount of s{>ace in the X array allocated by this module.
Flag indicating whether displacement and volume strain 
information calculated and printed or saved.

>0 Displacements and volume strains are calculated and 
printed or saved according to flags set in the output 
subroutine.
<=0 Displacements and volume strains are not calculated. 

Flag indicating whether english or metric units are used for 
length.

=0 Meters are used as units of length.
=1 Feet are used as units of length.

Location in the X array of the first element of array HC.
Location in the X array of the first element of array PS.
Location in the X array of the first element of array SSK.
Location in the X array of the first element of array SSE.
Location in the X array of the first element of array SSV.
Location in the X array of the first element of array STRNX. 
Location in the X array of the first element of array STRNY. 
Location in the X array of the first element of array STRNZ. 
Location in the X array of the first element of array TEMPX. 
Location in the X array of the first element of array TEMPY. 
Location in the X array of the first element of array TEMPZ. 
Location in the X array of the first element of array TRAN. 
Location in the X array of the first element of array UMAG. 
Location in the X array of the first element of array UOLDX. 
Location in the X array of the first element of array UOLDY. 
Location in the X array of the first element of array UOLDZ. 
Location in the X array of the first element of array USLX. 
Location in the X array of the first element of array USLY.
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List of Variables for Module USL 1 AL 

Variable Range Definition 

IN Package Primary unit number from which input for this package will be 
read. 

IOSTP Package Maximum number of outer-loop iterations selected for 
convergence. 

IOUT Global Primary unit number for all printed output. IOlIT = 6. 
ISP Module Number of wotds in the X array allocated by this module. 
ISTEP Package Maximum number of inner-loop iterations selected for 

convergence. 
ISUM Global Index number of the lowest element in the X array which has not 

yet been allocated. When space is allocated. for an array, the size 

ISUM1 Module 
of the array is added t6'~UM. 
ISUM-1 J 

IUSL Module Before this module allocates space, IUSL is set equal to ISUM. 
After allocation, IUSL is subtracted from ISUM to get ISP, the 
amount of space in the X array allocated by this module. 

IUSLOC Package Flag indicating whether displacement and volume strain 
information calculated and printed or saved. 

>O Displacements and volume strains are calculated and 
,. printed or saved according to flags set in the output 

subroutine. 
<=0 Displacements and volume strains are not calculated. 

KUNIT Package Flag indicating whether english or metric units are used for 
length. 

=O Meters are used as units of length. 
= 1 Feet are used as units of length. 

LCHC Package Location in the X array of the first element of array HC. 
LCPS Package Location in the X array of the first element of array PS. 0 

LCSSK tP...ackage Location in the X array of the first element of array SSK 
LCSSE Package Location in the X array of the first element of array SSE. 
LCSSV Package Location in the X array of the first element of array SSV. 
LCSTRNX Package Location in the X array of the first element of array STRNX. 
LCSTRNY Package Location in the X array of the first element of array STRNY. 
LCSTRNZ Package Location in the X array of the first element of array STRNZ. 
LCTEMPX Packa~e Location in the X array of the first element of array TEMPX. 
LCTEMPY Package - Location in the X array of the first element of array TEMPY. 
LCTEMPZ Package Location in the X array of the first element of array TEMPZ. 
LCTRAN Package Location in the X array of the first element of array TRAN. 
LCUMAG Package Location in the X array <>f the first element of array UMAG. 
LCUOLDX Package Location in the X array of the first element of array UOLDX. 
LCUOLDY Package Location in the X array of the first element of array UOLDY. 
LCUOLDZ Package Location in the X array of the first element of array UOLDZ. 
LCUSLX Package Location in the X array of the first element of array USLX. 
LCUSLY Package __ ~~tion in the X array of the first element of array USLY. 
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List of Variables for Module USLl AL fContinued^

Variable Bangs Definition

LCUSLZ Package Location in the X array of the first element of euray USLZ.
LCUX Package Location in the X array of the first element of array UX.
LCUY Package Location in the X array of the first element of array UY.
LCUZ Package Location in the X array of the first element of array UZ.
LCVSTRN Package Location in the X array of the first element of array VSTRN.
LENX Global Length of the X array in words. This should always be equal to 

the dimension of X specified in the MAIN program.
NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the grid.
NMAX Package Number of cells in either the row, column or layer direction- 

whichever is greatest.
NRC Module Number of cells in a layelT
NRCL Module Number of cells in the grid.
NROW Global Number of rows in the grid.
TCLOSE Package Qosure criterion for outer-loop convergence.
XCLOSE Package Qosure criterion for inner-loop convergence.

/

N

4
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List of Variables for Module USLIAL {Continued} 

Variable Rm 
LCUSLZ Package 
LCUX Package 
LCUY Package 
LCUZ Package 
LCVSTRN Package 
LENX Global 

NCOL 
NLAY 
NMAX 

NRC 
NRCL 
NROW 
TCLOSE 
XCLOSE 

Global 
Global 
Package 

Module 
Module 
Global . 
Package 
Package 

Definition 
Location in the X array of the first element of array USLZ. 
Location in the X array of the first element of array UX. 
Location in the X array of the first element of array UY. 
Location in the X array of the first element of array UZ. 
Location in the X array of the first element of array VSTRN. 
Length of the X array in words. This should always be equal to 
the dimension of X specified in the MAIN program. 
Number of columns in the grid. 
Number of layers in the grid. 
Number of cells in either the row, column or layer direction-
whichever is greatest. 
Number of cells in a lay r. 
Number of cells in the grid . . 
Number of rows in the grid. 
Oosure criterion for outer-loop convergence. 
Oosure criterion for inner-loop convergence. 

\ 
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Narrative for Module USURP

This module sets the initial values of displacement and strain «md irutializes 
flags for printing and saving displacements and heads. It also reads the elastic and 
virgin specific storage values for each layer. Transmissivity is also read if LAYCON = 0 
or 2. Finally, the format for printing and saving displacements and strains is read if 
lUSLOC is set.

Module USLIRP calls utility modules U2DREL and U2USLR and performs its 
tasks in the following order

1. Initializes displacements and strains to zero.
2. Initializes flags for printing and saving displacements and strains to zero.
3. Reads elastic and virgin specific storage values for each layer.
4. If LAYCON = 0 or 2 read transmissivity values.
5. Read formats and unit numbers for printing or saving displacements and 

volume strain
6. RETURN ^ W'

/

Narrative for Module USLIRP 
This module sets the initial values of displacement and strain and initializes 

flags for printing and saving displacements and heads. It also reads the elastic and 
virgin specific storage values for each layer. Transmissivity is also ~d if LAYCON = 0 
or 2. Finally, the format for printing and saving displacements and strains is read if 
IUSLOC is set. 

Module USURP calls utility modules U2DREL and U2USLR and performs its 
tasks in the following order: 

1. Initializes displacements and strains to zero. 
2. Initializes flags for printing and saving displacements and strains to zero. 
3. Reads elastic and virgin specific storage values for each layer. 
4. If LAYCON = 0 or 2 read transmissivity values. 
5. Read formats and unit numbers for printing or saving displacements and 

volume strain 
6.RETURN \_/ 

\ 
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Flow Chart for Module IJSLIRP

LAYCON is the laye>type code (one for 
each layer).

0 - confined
1 - unconfined
2 - confined/unconfined but

transmissivity is constant
3 - confined/unconfined

transmissivity varies

lUSLOC is the flag for printing or saving 
displacement or volume strain 
information.

>0 - displacements or voliune 
strains are printed or saved 
according to specified flags 

<=0 - no displacements or 
volume strains are 
calculated written or saved

/

Flow Chan for Module USL 1 RP 
LAYCON I.a the layer-type code (one for 
each layer). 

0- confined 
1 - unconfined 
2 - confined/unconfined but 

transmissivity is constant 
3-confined/unconfined 

transmissivity varies 

IUSLOC is the flag for printing or saving 
displacement or volume strain 
information. 

>0 - displacements or volume 
strains are printed or saved 
according to specified flags 

<=0 - no displacements or 
volume strains are 
calculated written or saved 

_, 

ENTER 
USURP 

INITIALIZE 
DISPLACEMENTS 

AND VOLUME STRAIN 

INITIALIZE 
FLAGS FOR PRINTING 

1 

2 

OR SAVING DISPLA~ ME,.NTS 
AND VOLUME STRA:lN 

3 
READ ELASTIC AND 

VIRGIN SPECIFIC SI'ORAGE 
VALUES FOR EACH LAYER 

NO 

4 

READ 
TRANSMISSMTIES 

NO 

5 

READ FORMAT AND 
UNIT NUMBERS FOR 

PRINTING OR SAVING 

6 

RETIJRN 
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SUBR0UTINEUSL1RP(USLX,USLY,USLZOTNXOTNXSTRNZ,PS3SE^V,
1 NODES,NCOL,NROW,NLAY,IN,IOUT,ILISLOC,NMAGFM,NUSXFM,NUSYFM,
2 NU5ZFM,NMAGUN,NUSXUN,NUSYUN,NUSZUN,NVSTFM,NVSTUN,
3 VSTRN,TRAN,NMAX)

INmAUZES DISPLACEMENT AND STRAIN ARRAYS BY ASSUMING 
UNSTRAINED CONDITIONS. ALSO READS IN TRANSMISSIVITY VALUES IF 
NEEDED

SPECIFICATIONS:

CHARACTER*4 ANAME
DOUBLE PRECISION USLX,USLY,USLZ

DIMENSION USLX(NODES),USLY(NODES),USLZ(NODES)^V(NODES),
1 SSE(N0DES),ANAME(6,2)OTNX(N0DES)3TRNY(N0DES)3TRNZ(N0DES),
2 PS(NODES),VSTRN(NODES),TRAN(NODES)

DATAANAME(1,1)ANAME(2,1),ANAME(3,1),ANAME(4,1)^NAME(5,1),
1 ANAME(6,1) /'ELAS'/TIC '/SPEC'/IHC'/ STO'/RAGE'/ 
DATAANAME(1,2)ANAME(2,2)^AME(3,2)^AME(4,2),ANAME(5,2),

1 ANAME(6,2) /' INE'/LAST/IC S'/PEC.'/ STO'/RAGE'/

I •

COMMON /FLWCOM/LAYCON(80)
C-
c
Cl-
c
c

---- SET ARRAYS TO ZERO INITIAL DISPLACEMENT, VELOCITY OF SOLIDS,
STRAIN AND STRAIN RATE. ALSO ASSUME THAT 
PRECONSOLIDATION STRAHnJ IS ZERO.

DO10K=l,NODES
USLX(K)=0.D0 ^
ySLY(K)=0.D0
USLZ(K)=0.D0
STRNX(K)=0.
STRNY(K)=0.
STRNZ(K)=0.

C 

SUBROUTINE USL1 RP(USLX,USLY,USLZ,STRNX,STRNY,STRNZ,PS,SSE,SSV, 
1 NODES,NCOL,NROW,NLAY,IN,IOUT,IUSLOC,NMAGFM,NUSXFM,NUSYFM, 
2 NUSZFM,NMAGUN,NUSXUN,NUSYUN,NUSZUN,NVSTFM,NVSTUN, 
3 VSTRN,TRAN,NMAX) 

C .......... •••••••••• .. •••• ... •••"•••• .. ••••.,.••••--••••--••••••••••--•••.,.••••..,••••"•••••• 

C INTI1ALIZES DISPLACEMENT AND STRAIN ARRAYS BY ASSUMING 
C UNSTRAINED CONDITTONS. ALSO READS IN TRANSMISSIVITY VALUFS IF 

C NEEDED 
C .............................................................................................. . 

C SPECIFICATIONS: 
C--------------------:..-\...-> ____ _ 

C 

C 

C 

CHARACTER•4 ANAME 
DOUBLE PRECISION USLX,USLY,USLZ 

DIMENSION USLX(NODES),USLY(NODES),USLZ(NODES),SSV(NODES), 
1 SSE(NODES),ANAME(6,2),STRNX(NODES),STRNY(NODES),STRNZ(NODES), 
2- PS(NODES), VSTRN(NODES),TRAN(NODES) 

DATA AN AME 0, 1 ),ANAME(2, 1 ),ANAME(3, 1),ANAME(4, 1),ANAME(S, 1), 

1 ANAME(6,1) /'ELAS','TIC ','SPEC','IFIC',' STO','RAGE' I 
DATA ANAME(1,2),ANAME(2,2),ANAME(3,2),ANAME(4,2),ANAME(5,2), 
1 ANAME(6,2) /' INE','LAST','IC S','PEC.',' STO','RAGE' / 

COMMON /FLWCOMJf:.A"lCON(80) 

C------------------------------
C 
Cl---SET ARRAYS TO ZERO INITIAL DISPLACEMENT, VELOCITY OF SOLIDS, 

C STRAIN AND STRAIN RATE. ALSO ASSUME THAT 
C PRECONSOLIDATION STRMN IS ZERO. 

DO 10 K=1,NODES 
USLX(K)=0.DO 
l!SLY(K)=O.DO 
USLZ(K)=0.DO 
STRNX(K)=0. 
STRNY(K)=0. 
STRNZ(K)=0. 
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VSTRN(K)=0.
PS(K)=0.

10 CONTINUE
C
C2-
C

C
C3-

—INITIALIZE FLAGS FOR PRINTING AND SAVING DISPLACEMENTS AND 
STRAINS 

NMAGFM=0 
NUSXFM=0 
NUSYFM=0 
NUSZFM=0 
NVSTFM=0 
NMAGUN=0 
NUSXUN=0 
NUSYUI'J=0 
NUSZUN=0 
NVSTUN=0

—READ IN SPECmC STORAGE VALUES
NCR=NCOL»NROW
D0100K=LNLAY
LOC=l+(K-l)*NCR
CALLU2DREL(SSE(LOC),ANAME(l,l),NROW,NCOL,K,IN,IOUT)
CALLU2DREL(SSVaOC)^NAME(L2),NROW,NCOL,K,IN,IOUT)

100 CONTINUE 
C ^
C--- ^TEST TO SEE IF TRANSMISSIVITY NEEDS TO BE READ. IF IT DOES, READ IT

ITEST=0
IX)33K=1,NLAY
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.Z) ITEST=1

33 CONTINUE
IFaTEST.EQ.O) GOTO 200

C
C4- —READ TRANSMISSIVITY DATA IF LAYCON=0 OR 2 

KR=0
D0 72K=1,NLAY
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) KR=KR+1 
LOCR=l+(KR-l)*NCR

t;',:

VSTRN(K)=0. 
PS(K)=O. 

10 CONTINUE 
C 
C2--INITIALIZE FLAGS FOR PRINTING AND SAVING DISPLACEMENTS AND 
C STRAINS 

C 

NMAGFM=0 
NUSXFM=0 
NUSYFM=O 
NUSZFM=0 
NVSTFM=0 
NMAGUN=0 
NUSXUN=0 
NUSYUN=0 
NUSZUN=0 
NVSTUN=0 

C3--READ IN SPECIFIC STORAGE VALUES 
NCR=NCOL•NROW 
DO 100 K=1,NLAY 
LOC=l+(K-1)•NCR 
CALL U2DREL(SSE(LOC),ANAME(1,1),NROW,NCOL,K,IN,IOUT) 
CALL U2DREL(SSV(LOC),ANAME(1,2),NROW,NCOL,K,IN,IOUT) 

100 CONTINUE 
C Y r-v-~ 
C-TEST TO SEE IF TRANSMJSSIVITY NEEDS TO BE READ. IF IT DOES, READ IT 

ITEST=0 
DO 33 K=l,NLAY 
IF(LAYCON(K).EQ.0 .OR. LAYCON(K).EQ.2) ITEST=1 

33 CONTINUE 
IF(ITEST.EQ.O) GOTO 200 

C \ 
C4---READ TRANSMISSIVITY DATA IF LAYCON=0 OR 2 

,. 

KR=0 
DO 72 K=l,NLAY 
IF(LAYCON(K).EQ.0 .OR. LAYCON(K).EQ.2) KR=KR+ 1 
LOCR=1+(KR-1)•NCR 

,. 
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IF(LAYCON(K).EQ.3 .OR. LAYCON(K).EQ.l)GOTO 72 
CALL U2USLR(TRAN(LOCR),NROW,NCOL,K,IN)

71 CONTINUE

149

/

C5-----READ FORMAT AND UNIT NUMBER INFORMATION FOR SUBSIDENCE,
C DISPLACEMENT, AND MAGNITUDE OF DISPLACEMENT IF lUSLOC IS 
C GREATER THAN ZERO.

200 IF(IUSLOC.LE.O) GOTO 300
READ(IN,25) NMAGFM,NUSXFM,NUSYFM,NUSZFM>A('STFM,NMAGUN, 

1 NUSXUN,NUSYUN,NUSZUN,NVSTUN 
25 FORMAT(IOIS)

WRITE(IOUT30)NMAGFM,NUSXFM,NUSYFM,NUSZFM,NVSTFM 
30 FORMAT(/,'MAGNnUDE OF DISP. PRINT FORMAT IS NUMBER',14/

1 ' X-DISPLACEMENT PRINT FORMAT IS NUMBER',14/
2 ' Y-DISPLACEMENT PRINT FORMAT IS NUMBER',14/
3 ' Z-DBPLACEMENT PRINT FORMAT IS NUMBER',14/
4 ' VOLUME STRAIN PRINT FORMAT IS NUMBER',14) 
IF(NMAGUN.GT.0) WRITE(IOUT,40) NMAGUN

40 FORMAT(/,lX,'UNIT FOR SAVING MAGNITUDE OF DISPLACEMENT IS',I4) 
IF(NUSXUN.GT.O) WRITEaOUT,45) NUSXUN 

45 FORMAT(/,lX,' UNIT FOR SAVING X-DIRECTION DISPLACEMENT IS',I4) 
IF(NUSYUN.GT.O) WRITEdOUT^O) NUSYUN 

50 FORMAT(/,lX,' UNIT FOR SAVING Y-DIRECTION DISPLACEMENT IS',I4) 
EF(NUSZUN.GT.O) WRITEaOUT,55) NUSZUN 

55 FORMAT{/,lX,' UNIT FOR SAVING Z-DIRECTION DISPLACEMENT IS',I4) 
IF(NVSTUN.GT.O) WRITEaOUT,60) NVSTUN 

60 FORMAT(/,lX,' UNIT FOR SAVING VOLUME STRAIN IS',I4)
C
C6- -RETURN

300 RETURN 
END

IF(LAYCON(K).EQ.3 .OR LAYCON(K).EQ.l)GOTO 72 
CALL U2USLR(TRAN(LOCR),NROW,NCOL,K,IN) 

72 CONTINUE 
C 
CS--READ FORMAT AND UNIT NUMBER INFORMATION FOR SUBSIDENCE, 
C DISPLACEMENT, AND MAGNITUDE OF DISPLACEMENT IF IUSLOC IS 
C GREATER THAN ZERO. 

200 IFUUSLOC.LE.0) GOTO 300 
READ(IN,25) NMAGFM,NUSXFM,NUSYFM,NUSZFM,NVSTFM,NMAGUN, 

1 NUSXUN,NUSYUN,NUSZUN,NVSTUN 
25 FORMAT(1015) . 

WRITEOOUT,30) NMAGFM,NUSXFM,NU~~1NUSZFM,NVSTFM 
30 FORMAT / ,'MAGNITUDE OF DISP. PRINT FORMAT IS NUMBER' ,14/ 

1 ' X-DISPLACEMENT PRINT FORMAT IS-NUMBER',14/ 
2 ' Y-DISPLACEMENT PRINT FORMAT IS NUMBER',14/ 
3 ' 2 -DISPLACEMENT PRINT FORMAT IS NUMBER',14/ 
4 ' VOLUME STRAIN PRINT FORMAT IS NUMBER' ,14) 
IF(NMAGUN.GT.O) WRITE(IOUT,40) NMAGUN 

40 FORMAT(l,lX,'UNIT FOR SAVING MAGNITUDE OF DISPLACEMENT IS' ,14) 
IF(NUSXUN.GT.0) WRITEOOUT,45) NUSXUN 

45 FORMAT(! ,1X,' UNIT FOR SAVING X-DIRECTION DISPLACEMENT IS' ,14) 
IF(NUSYUN.GT.0) WRITEOOUT,50) NUSYUN 

50 FORMAT(l,lX,' UNIT FOR SAVING Y-DIRECTION DISPLACEMENT IS',14) 
IF(NUSZUN.GT.0) WRITEOOUT,55) NUSZUN 

55 FO~-{7,lX,' UNIT FOR SAVING 2-DIRECTION DISPLACEMENT IS' ,14) 
IF(NVSTUN.GT.0) WRITEOOUT,60) NVSTUN 

60 FORMAT(/,1X,' 
C 
C6--RETURN 

300 RETURN ·-
END 

UNIT FOR SAVING VOLUME STRAIN IS',14) 
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List of Variables for Module USLl RP

Variable Ranee PgfinitiQn

ANAME Module Label for printout of input array.
I Module Index for rows
IN Package Primary unit number from which input for this package will be 

read.
lOUT Global Primary unit niunber for all printed output. lOUT = 6.
ITEST Module Flag for indicating whether transmissivities are read or not.

=0 Transmissivities are not read 
=1 Transmissivities are read

lUSLOC Package Flag for calculating, printing or saving displacements and volume 
strains.

J Module Index for columns. _
K Module Index for layers

Counter for number of layers for which TRAN is read (LAYCONKR Module
= 0or2).

LAYCON Qobal DIMENSION (80), Layer-type code:

;■

0 - Layer strictly confined.
1 - Layer strictly unconfined.
2 - Layer confined/imconfined (transmissivity is constant).
3 - Layer confined/unconfined (transmissivity is variable).

LOC Module Pointer to parts of the SSE and SSV arrays corresponding to
li'': particular layers.

&
LOCK Module Pointer to parts of the TRAN array corresponding to particular 

layers.
NCOL Qobal Number of columns in the grid.

E:-'- NCR Module Number of cells in a layer.
I-''

■

NLAY Global Number of layers in the grid.
NMAGFM Package Code for format in which magnitude of displacement should be

■i; printed.
1 NMAGUN Package Unit number on which ah uirformated record containingI;: magnitude of displacement should be recorded.

NODES Module Number of cells in the grid
NROW Qobal Number of rows in the grid.
NUSXFM Package Code for format in which X-displacements should be printed.
NUSXUN Package Unit number on which an unformated record containing X- 

displacements should be recorded.
i ■ ■■ ■

NUSYFM Package Code for format in which Y-displacements should be printed.
r: . ; NUSYUN Package Unit number on which an unformated record containing Y- 

displacements should be recorded. \
■ NUSZFM Package Code for format in which Z-displacements should be printed.

NUSZUN Package Unit number on which an unformated record containing Z-
T displacement should be recorded.

E ;^V NVSTFM Package Code for format in which volume strains should be printed.
NVSTUN Package Unit number on which an unformated record containing volume

' V'T/■'

■

.i;, .

strains should be recorded. - -

... 

Variable 
ANAME 
I 
IN 

IOUT 
ITEST 

IUSLOC 

J 
K 
KR 

LAYCON 

LOC 

LOCR 

.Ran&e 
Module 
Module 
Package 

Global 
Module 

Package 

Module 
Module 
Module 

Global 

Modul 

Module 

NCOL Global 
NCR Module 
NLAY Global 
NMAGFM Package 

NMAGUN Package 

NODES 
NROW 
NUSXFM 
NUSXUN 

Module 
Global 
Package 
Package 

NUSYFM Package 
NUSYUN Package 

NUSZFM ,Package 
NUSWN Package 

NVSTFM Package 
NVSTUN Package 

List of Variables for Module USL I RP 

Definition 
Label for printout of input array. 
Index for rows 
Primary unit number from which input for this package will be 
read. 
Primary unit number for all printed output. IOUT = 6. 
Flag for indicating whether transmissivities are read or not. 

=O Transmissivities are not read 
=1 Transmissivities are read 

Flag for calculating, printing or saving displacements and volume 
strains. 
Index for columns. 
Index for layers 
Counter for number of layers for which TRAN is read (LAYC N 
= 0 or 2). 
DIMENSION (80), Layer-type code: 

0 - Layer strictly confined. 
1 - Layer strictly unconfined. 
2 - Layer confined/unconfined (transmissivity is constant). 
3 - Layer confined/unconfined (transmissivity is variable). 

Pointer to parts of the SSE and SSV arrays corresponding to 
particular layers. 
Pointer to parts of the TRAN array corresponding to particular 
layers. 
Number of columns in the grid. 
Number of cells in a layer. 
Number of layers in the grid. 
Code for format in which magnitude of displacement should be 
p~ ted. 
Unit number on which~ unformated record containing 
magnitude of displacement should be recorded. 
Number of cells in the grid 
Number of rows in the grid. 
Code for format in which X-displacements should be printed. 
Unit number on which an unformated record containing X-
displacements should be reconied. 
Code for format in which Y-displacements should be printed. 
Unit number on which an unformated record containing Y-
displacements should be recorded. \ 
Code for fo.rmat in which Z-displacements should be printed. 
Unit number on which an unformated record containing Z-
displacement should be recorded. 
Code for format in which volume strains should be printed. 
Unit number on which an unformated record containing volume 
strains should be recorded . 
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List of Variables for Module USLIRP fcontinued^

Enable Eanss Definition

PS Package DIMENSION (NCOL,NROW,NLAY), PreconsoUdation volume 
strain used to determine whether elastic or viigin specific storage 
should be used.

SSE Package DIMENSION (NCOL,NROW,NLAY), Elastic specific storage.
SSV Package DIMENSION (NCOL,NROW,NLAY), Virgin specific storage.
STRNX Package DIMENSION (NCOL,NROW,NLAY), Strain in the X direction.
STRNY Package DIMENSION (NCOL,NROW,NLAY), Strain in the Y direction.
STRNZ Package DIMENSION (NCOL,NROW,NLAY), Strain in the Z direction.
USLX Package DIMENSION (NCOL,NROW,NLAY), Displacement in the X 

direction.
USLY Package DIMENSION (NCOL,NROW,NLAY), Displacement in theX^* 

directioir.
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 

direction.
VSTRN Package DIMENSION (NCOL,NROW,NLAY), Volume strain.

>
/

V

;

V

1 a

;;

V, \

I;;,; —
•'r-

te'

~
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List of Variables for Module USURP (continued) 

Variable Definition 

PS Package DIMENSION (NCOL,NROW,NLAY), Preconsolidation volume 
strain used to determine whether elastic or virgin specific storage 
should be used. 

5.5E Package DIMENSION (NCOL,NROW,NLAY), Elastic specific storage. 
5.5V Package DIMENSION (NCOL,NROW,NLAY), Virgin specific storage. 
STRNX Package DIMENSION (NCOL,NROW,NLAY), Strain in the X direction. 
STRNY Package DIMENSION (NCOL,NROW,NLAY), Strain in the Y direction. 
STRNZ Package DIMENSION (NCOL,NROW,NLAY), Strain in the Z direction. 
USU< Package DIMENSION (NCOL,NROW,NLAY), Displacement in the X 

direction. 
USLY Package DIMENSION (NCOL,NROW,NLAY), Displacement in the 

direction. 
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 

direction. 
VSTRN Package DIMENSION (NCOL,NROW,NLAY), Volume strain. 
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Narrative for Module USLIFM

This module represents the major part of the granular dispbcement model. This 
module assembles the numerical approximations to the governing equations and 
calculates displacements and volume strains for each active cell in the model grid. In 
addition, this module contains the solution algorithm using a dual-loop successive 
overrelaxation iterative scheme with Chebyshev acceleration to solve the system of 
equations. This module performs other tasks such as calculation of hydraulic 
conductivity, and determines the correct value of specific storage for a given cell on the 
basis of the past maximum volume strain.

This module is called by the MAIN program and calls the submodules SUSLIX, 
SUSLIY and SUSLIZ. Module USLIFM performs it's tasks in the following order

1. Set constants.
2. Set estimate of spectral radius.
3. Set current displacement equal to old values.
4. Determine hydraulic conductivity for each cell.
5. Begin outer iteration loop.
6. Set current displacement values to temporary values for error check.
7. Check if displacement for layers is necessary

If displacement is calculated perform tasks A-O (below).
8. Check if displacement for columns is necessary.

If displacement is calculated perform tasks A-O (below).
9. Check if displacement for rows is necessary.

If displacement is calculated perform tasks A-O (below).
10. Check if outer loop convergence is met. Lf not return to step 5.
11. Print number of outer iterations necessary for convergence.
12. Move double precision displacements to single precision storage for plotting.
13. RETURN

A. Set initial omega.
B. Begin irmer iteration loop.
C. Set norm of residual to zero, use odd-even ordering.
D. Loop through cells in component directions not being cedculated.
E. Calculate strain in component direction of concern.
F. Loop through cells along component direction being evaluated.
G. Check for non-active cells.
H. Make correction to hydraulic conductivity (Z-direction only).
I. Calculate correct value of specific storage.
J. Set up coefficients for left-most or topmost active cells.
K. Set up coefficients for right-most or bottommost active cells.
L. Set up coefficients for interior cells.
M. Calculate norm of true error and new displacements. \
N. Calculate omega.
O. Check if inner-loop convergence met. If not, go to step B.

GO TO NEXT COMPONENT DIRECTION OR NEXT OUTER LOOP CHECK

Narrative for Module USLIFM 
This module represents the major part of the granular displacement model. This 

module assembles the numerical approximations to the governing equations and 
calculates displacements and volume strains for each active cell in the model grid. In 
addition, this module contains the solution algorithm using a dual-loop successive 
overrelaxation iterative scheme with Chebyshev acceleration to solve the system of 
equations. This module performs other tasks such as calculation of hydraulic 
conductivity, and determines the correct value of specific storage for a given cell on the 
basis of the past maximum volume strain. 

This module is called by the MAIN program and calls the submodules SUSL1X, 
SUSL1Y and SUSL1Z. Module USL1FM performs it's tasks in the following order: 

1. Set constants. 
2. Set estimate of spectral radius. 
3. Set current displacement equal to old values. 
4. Determine hydraulic conductivity for each cell. 
5. Begin outer iteration loop. 
6. Set current displacement values to temporary values for error check. 
7. Check if displacement for layers is necessary 

If displacement is calculated perform tasks A-0 (below). 
8. Check if displacement for columns is necessary. 

If displacement is calculated perform tasks A-0 (below). 
9. Check if displacement for rows is necessary. 

If displacement is calculated perform tasks A-0 (below). 
10. Check if outer loop convergence is met. If not return to step 5. 
11. Print number of outer iterations necessary for conveigence. 
12. Move double precision displacements to single precision storage for plotting. 
13. RETURN 

A. Set initial omega. 
B. Begin inner iteration loop. 
C. Set norm of residual to zero, use d-even ordering. 
D. Loop through cells in component directions not being calculated. 
E. Calculate strain in component direction of concern. 
R Loop through cells along component direction being evaluated. 
G. Oteck for non-active cells. 
H. Make correction to hydraulic conductivity (Z-direction only). 
I. Calculate correct value of specific storage. 
J. Set up coefficients for left-most or topmast-active cells. 
K. Set up coefficients for right-most or bottommost active cells. 

152 

L. Set up coefficients for interior cells. • 
M Calculate norm of true error and new displacements. \ 
N. Calculate omega. 
0. Check if inner-loop convergence met. If not, go to step B. 

GO TO NEXT COMPONENT DIRECTION OR NEXT OUTER LOOP CHECK. 
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Flow Qiart for Module USLIFM (first of 3 pages)Flow Chart for Module USL I FM (first of 3 pa~es} 

ENTER 

SET CONSTANTS 

SET ESTIMATE OF 
SPECTRAL RADIUS 

1 

2 

3 
SET CURRENT DISPLACEMENT 

VALUES TO OLD VALUES 

4 
DETERMINE 

HYDRAULIC CONDUCTNITY 

BEGIN 
OUTER 
LOOP 

5 

SET CURRENt.._,...---
DISPLACEMENTS TO 
TEMPORARY VALUES 

6 

NO 

CALCULATE 
DISPLACEMENT 
ALONG LAYERS 

(STEPS A-0) 

NO 

CALCULATE 
DISPLACEMENT 

ALONG COLUMNS 
(STEPSA-0) 

NO 

NO 

CALCULATE 
DISPLACEMENT 
ALONG ROWS 

(STEPSA-0) 

YES 

PRINT NUMBER OF 
OUTER ITERATIONS 

11 

12 

MOVE DOUBLE PRECISION 
VALUES to SINGLE FOR · 

PLOTTING 

13 
RETURN 

153 



Row Chart for Module USLIFM (second of 3 pages)

Si.

Flow Chan for Module USLlFM (second of 3 pages) 

DISPLACEMENT ALONG 
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A 
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C 
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EVEN ORDERING 
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i,OOP THROUGH CELLS 
COMPONENT DIRECTION 
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E 
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LOOP THROUGH CELLS 
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NO 
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ACTNECELLS 
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(STEPS 1-5) 

K 
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(STEPS 1-5) 

M 
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CALCULATE OMEGA 

NO 
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Flow Chart for Module USLIFM fthird of 3 oaeesl

Steps 1 and 2 apply to the Z direction only.

/

c STEPS FOR SETTING 
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1
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Flow Chan for Module USL t FM {third of 3 pai:es} 

Steps 1 and 2 apply to the Z direction only. STEPS FOR SETTING 
UP COEFFICIENTS 
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COEFFICIENTS 

2 

3 

-:-,-/ 4 
PUT COEFFICIENTS 
INTO NUMERICAL 
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\ 
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SUBROUTINE USLlFM(QBX,QBXQBZMCT,DELR,DELC,DELL,NCOL,NROW,
1 NLAXSCl ,HY,USLX,USLY,USLZ,STRNZ,PS,IOUT,IUSLOC,DELT,
2 TOTIM,RATIO,KSTRSSE3SV4aJNIXSTRNX3TRNY,VSTRN,
3 TRAN^,HC3SK,UOLDX,UOLDY,UOLDZ,ISTEP^CLOSE,IOSTP,KPER,
4 TEMPX,TEMPY,TEMPZ,TCLOSE,UX,UYUZ,HNEW,BOT,IBOUND,HOLD,
5 SPX, SPY,SPZ,NBULK)

THIS SUBROUTINE CALCULATES THE DISPLACEMENT OF SOLIDS 
THROUGH TIME FOR EACH COMPONENT DIRECTION USING A 
DUAL HERATATIVE SOR SOLVER WITH A CRANK-NICOLSON

APPROXIMATION. CHEBYSHEV ACCELERATION IS ALSO USED TO SPEED
CONVERGENCE. THIS ALGORITHM ASSUMES FIXED BOUNDARY 
CONDITIONS AND USES A WATER TABLE BOUNDARY.

SPECmCATIONS:

DOUBLE PRECISION USLX,USLY,USLZ,ANORM,ANORMF,UOLDX,UOLDY 
lUOLDZ,OMEGA,RESID,COEF,TDIFF,ERR,TEMPX,TEMPYTEMP4 
2 XCON,YCON4CON,HNEW

DIMENSION IACT(NCOL,NROW,NLAY),DELR(NCOL),HY(NCOL,NROW,
lNLAY),USLX(NCOL,NROW,NLAY),QBX^COL,NROW,NLAY),USLY(NCOL,
2NROW,NLAY),QBY(NCOL,NROW,NLAY),USLZ(NCOL,NROW,NLAY),QBZ
3 (NCOLJ4ROW,NLAY),DELC(NROW),SCl (NCOL,NROW,NLAY),DELL(NCOL,
4NROW,NLAY)OTNZ(NCOL,NROW,NLAY),PS(NCOL,NROW,NLAY),
6TEMPX(NCOL,NROW,NLAY),SSE(NCOLJ^OW,NLAY),SSV(NCOL,
7NROW,NLAY),RATIO(NCOL,NROW,NLAY),STRNY(NCOL,NROW,NLAY),
8STRNX(NCOL,NROW,NLAY),VSTRN(NCOL,NROW,NLAY),TEMPY(NCOL,
9 NROW,NLAY),IBOUND(NCOL,NROW,NLAY),TRAN(NCOL,
*NROW,NLAY)3C2(NCOL,NROW,NLAY),TEMPZ(NCOL,NROW,NLAY),
lHC(NCOL,NROW,NLAY),SSK(NCOL,NROW,NLAY),UOLDX(NCOL,
2NROW,NLAY),UOLDY(NCOL,NROW,NLAY),UOLDZ(NCOL,NROW,NLAY),
3UX(NCOL,NROW,NLAY),UY(NCOL,NROW,NLAY),UZ(NCOL,NROW,NLAY),
4HNEW(NC0L,NR0W,NLAY),B0T(NC0L,NR0W;NLAY),H0LD(NC0L,

C 

SUBROUTINE USLl FM(QBX,QBY,QBZ,IACT,DELR,DELC,DELL,NCOL,NROW, 
1 NLAY,SCl,HY,USLX,USLY,USLZ,STRNZ,PS,IOUT,IUSLOC,DELT, 
2 TOTIM,RATIO,KSTP,SSE,SSV,KUNIT,STRNX,STRNY,VSTRN, 
3 TRAN,5C2,HC,SSK,UOLDX,UOLDY,UOLDZ,ISTEP,XCLOSE,IOSTP,KPER, 
4 TEMPX,TEMPY,TEMPZ,TCLOSE,UX,UY,UZ,HNEW,BOT,IBOUND,HOLD, 
5 SPX, SPY,SPZ,NBULK) 

C ........................................................................................... . 

C TI-IlS SUBROUTINE CALCULATES THE DISPLACEMENT OF SOLIDS 
C THROUGH TIME FOR EACH COMPONENT DIRECTION USING A 
C DUAL ITERATATIVE SOR SOLVER WITH A CRANK-NICOLSON 
C APPROXIMATION. CHEBYSHEV ACCELERATION IS ALSO USED 10 SPEED , 

\..--" 
C CONVERGENCE. THIS ALGORITHM AS.5UMES FIXED BOUNDARY 
C CONDffiONS AND USES A WATER TABLE BOUNDARY. 
C .......................................... •••••••••••••••••••••••••••••••••••••••••••·•.,..••••••••••••••••••••• 

C 
C SPECIFICATIONS: 
C------- ------------------
C 

C 

DOUBLE PRECISION USLX,USLY,USLZ,ANORM,ANORMF,UOLDX,UOLDY, 
1 UOLDZ,OMEGA,RESID,COEF,TDIFF,ERR,TEMPX,TEMPY,TEMPZ, 
2 XCON,YCON,ZCON,HNEW 

DIMENSION IACT(NCOL,NROW,NLAY),DELR(NCOL),HY(NCOL,NROW, 
1 NLAY),USLX(NCOL,NROW,NLAY),QBXWCOL,NROW,NLAY),USLY(NCOL, 
2NROW,NLAY), QBY(NCOL,NROW,NLAY),USLZ(NCOL,NROW,NLAY),QBZ 
3 (NCOL,NROW,NLAY),DELC(NROW),SCl (NCOL,NROW,NLAY),DELL(NCOL, 
4 NROW,NLAY),5TRNZ(NCOL,NROW,NLAY),PS(NCOL,NROW,NLAY), 
6 TEMPX(NCOL,NROW,NLAY),SSE(NCOL,NROW,NLAY),SSV(NCOL, 
7 NROW,NLAY),RATIO(NCOL,NROW,NLAY),S'FRNY(NCOL,NROW,NLAY), 
8 SI'RNX(NCOL,NROW,NLAY),VSTRN(NCOL,NROW,NLAY),TEMPY(NCOL, 
9 NROW,NLAY),IBOUND(NCOL,NROW,NLAY),TRAN(NCOL, \ 

• NROW,NLAY),SC2(NCOL,NROW,NLAY),TEMPZ(NCOL,NROW,NLAY), 
1 HC(NCOL,NROW,NLAY),SSK(NCOL,NROW,NLAY),UOLDX(NCOL, 
2 NROW,NLAY),UOLDY(NCOL,NROW,NLAY),UOLOZ(NCOL,NROW,NLAY), 
3 UX(NCOL,NROW,NLAY),UY(NCOL,NROW,NLAY),UZ(NCOL,NROW,NLAY), 
4 HNEW(NCOL,NROW,NLAY),BOT(NCOL,NROW,NlAY),HOLD(NCOL, 

; 
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5 NROW,NLAY), SPX(NCOL,NROW,NLAY)^PY(NCOL,NROW,NLAY),
6 SPZ(NCOL,NROW,NLAY),NBULK

COMMON /FLWCOM/LAYCON(80)
C-
C
Cl-

c
C2-

C
C3-

~SET CONSTANTS 
TDOLD=l.E8

—SET INITIAL SPECTRAL RADIUS 
RJACX=0.998 
RJACY=0.998 
RJACZ=0.998

-SET CURRENT DISPLACEMENT VALUES EQUAL TO OLD VALUES
DO 68 I=l,NROW 
D0 68J=1,NC0L 
D068K=LNLAY 
UOLDXa,I,K)=USLXaXK)
UOLDYa,I,K)=USLYai,K)
UOLDZaiK)=USLZaLK)

68 CONTINUE 
C

IF(NBULK.EQ.1)THEN 
^ D061I=l,NROW-^

D0 61 J=l^COL 
D061K=1,NLAY 
QBX(J4,K)=SPX0,I,K)
QBY0,I4O=SPY(J,LK)
QBZa,I4O=SPZ0,I,KX: - - 

61 CONTINUE 
ENDIF

1

C4----DETERMINE HYDRAULIC CONDUCTIVITY IN LAYERS WHERE LAYCON IS
C EITHER 0 OR 2, SO THAT K VALUES ARE KNOWN FOR EVERY LAYER. SET 
C KB TO THE PROPER LAYER. MAKE CORRECTION TO DELL IF UNCONRNED. 

D02I=1,NR0W 
D02J=1,NC0L

5 NROW,NLAY), SPX(NCOL,NROW,NLAY),SPY(NCOL,NROW,NLAY), 
6 SPZ(NCOL,NROW,NLAY),NBULK 

C 
COMMON /FLWCOM/LAYCON(80) 

C------------------------
C 
Cl---SET CONSTANTS 

TOOLD= 1.E8 
C 
C2--SET INITIAL SPECTRAL RADIUS 

RJACX=0.998 
RJACY=0.998 
RJACZ=0.998 

C 
C3--SET CURRENT DISPLACEMENT VALUES EQUAL TO OLD VALUES 

DO 681=1,NROW 
DO 68 J=l,NCOL 

, DO 68 K=l,NLAY 
UOLDX(J,I,K)=USLX(J,I,K) 
UOLDY(J,I,K)= USLY(J,l,K) 
UOLDZ(J,l,K)= USLZ(J,l,K) 

68 CONTINUE 
C 

IF(NBULK.EQ.1) THEN 
-t DO 61 1=1,NRO . 

DO 61 J=l,NCOL 
DO 61 K=l,NLAY 
QBXQ,I,K)=SPX(J,1,K) 
QBY(J,l,K)=SPY(J,l,K) 
QBZ(J,1,K)=SPZ(J,I,K)C --- -

61 CONTINUE 
ENDIF \ . 

C4---DETERMINE HYDRAULIC CONDUCI1VITY IN LAYERS WHERE LAYCON IS 
C EITHER O OR 2, SO THAT K VALUES ARE KNOWN FOR EVERY LAYER. SET 
C KB TO THE PROPER LAYER. MAKE CORRECTION TO DELL IF UNCONFINED. 

DO 21=1,NROW 
DO 2 J=l,NCOL 
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KB=0
KR=0
D04K=1,NLAY
IF(LAYCON(K).EQ.O .OR. LAYCON(K).EQ.2) KR=KR+1 
IF(LAYCON(K).NE.l .AND. LAYCON(K).NE. 3) GOTO 3 
KB=KB+1
IF(K.EQ.l .OR. (K.GT.1 .AND. IBOUNDa,I,K-l).EQ.O) THEN 
DELLa,I,K)=HNEW0,lK)-BOTaiKB)
IF(DELLai,K).LT.O) DELL0,I,K)=0.
ENDIF
HCaiK)=HYaiKB)
GOTO 4

3 HCO,I,K)=TRANai,KR)/DELLO,I,K)
4 CONTINUE 
2 CONTINUE

C
C5- -BEGIN OUTER ITERATION LOOP FOR ALL THREE DIMENSIONS

NUMOUT=0 
100 TDIFF=0.D0

NUMOUT=NUMOUT+l
C
C6---- ^SET TEMP VALUES FOR OUTER ITERATION CONVERGENCE TEST

DO80K=l,NLAY
DO80I=l,NROW
DO80J^,NCOL
TEMPXaLK)=USLXa,LK)
TEMPYa,I,K)=USLYa,I^)
TEMPZa,I,K)=USLZ(J,LK)

80 CONTINUE
C
C7- -CHECK IF LAYER DIRECTION ITERATION NECESSARY 

IF(NLAY.LT.2) GOTO 1000

C7A—^SET INITIAL OMEGA 
OMEGA=l.D0 

C
C7B---- ITERATE TO SOVE FOR DISPLACEMENT IN Z DIRECTION

C 

KB=0 
KR=O 
00 4 K=1,NLAY 
IF(LAYCON(K).EQ.0 .OR. LAYCON(K).EQ.2) KR=KR+ 1 
IF(LAYCON(K).NE.1 .AND. LAYCON(K).NE. 3) GOTO 3 
KB=KB+1 
IF(K.EQ.1 .OR. (K.GT.1 .AND. IBOUNDO,I,K-1).EQ.O) THEN 
DELL(J,l,K)=HNEW(J,1,K)-BOTO,I,KB) 
IF(DELLO,I,K).LT.0) DELL0,1,K)=0. 
ENDIF 
HCO,I,K)=HYO,I,KB) 
GOTO4 

3 HCO,I,K)=TRAN(J,I,KR)/DELL(J,I,K) 
4 CONTINUE 
2 CONTINUE 

CS--BEGIN OUTER ITERATION LOOP FOR ALL THREE DIMENSIONS 
NUMOUT=0 

100 TOIFF=0.DO 
NUMOUT=NUMOUT + 1 

C 
C6--SET TEMP VALUES FOR OUTER ITERATION CONVERGENCE TEST 

00 80 K=l,NLAY 

C 

DO 801=1,NROW 
00 80 J::!!'I ,NCOL ,:---. ./ 
TEMPXO,I,K)=USLX(J,I,K) 
TEMPYO,I,K)=USLY(J,I,K) 
TEMPZ(J,I,K)=USLZ(J,I,K) 

80 CONTINUE 

-- ---
C7--CHECK IF LAYER DIRECTION ITERATION NECESSARY 

IF(NLAY.LT.2) GOTO 1000 
c, 
C7 A--SET INTI1AL OMEGA 

OMEGA=l.DO 
C 
C7B--ITERATE TO SOVE FOR DISPLACEMENT IN Z DIRECTION 

\ 
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NUMIT=0 
16 DIFFZ=0. 

ANORMF=O.DO 
NUMIT=NUMIT+1

/

C7C--- SET NORM FOR RESIDUAL TO ZERO AND BEGIN ODD-EVEN ORDERING
ANORM=O.DO
IJSW=1
D099IPASS=1,2
KSW=IJSW

C
C7D--- LOOP THROUGH ROWS AND COLUMNS

DO90I=l,NROW ^
DO90J=LNCOL
KB=0
ZADJ=0.

C7E----CALCULATE STRAIN IN THE Z DIRECTION, UPDATE EACH INNER LOOP
C ITERATION

CALLSUSLlZ(USLZ,IACT,J,I,NLAY,DELL,STRNZ,IBOUND,NCOL,NROW)
C
C7F----INNER LOOP FOR LAYERS

D092K=KSW,NLAY,2
C
C7G----CHECK FOR NON-ACTIVE CELLS AND BOUNDARY

IF(K.EQrl .AND. IACT0,I,K+1).EQ.0) GOTO 92
IF(K.GT.l .AND. (IBOUNDO,I,K-1).EQ.O .AND. IACTa,I,K-Hl).EQ.O))

1 GOTO 92
IF(K+1.GT.NLAY .AND. IBOUND(J,I,K-l).EQ.0)GOTO92 
IF(IACTa,I,K).EQ.O .AND. IBOUNDO,I,K).EQ.O) GOTO 92 
IF(ZADJ.EQ.O)-ZADJ=USLZa,I,K)

C
C7H MAKE CORRECTION FOR VERTICAl. HYDRAULIC CONDUCTIVITY

HV=HC0,I,K)*RATIOaiK)
C
C7I----DETERMINE WHETHER SPECIHC YIELD, OR ELASTIC OR INELASTIC
C SPECIHC STORAGE VALUES ARE TO BE USED

VSTRNO,I,K)=STONXO,I,K)+STRNYa,I,K)-(-STRNZO,I,K)

NUMIT=O 
16 DIFFZ=0. 

ANORMF=0.DO 
NUMIT=NUMIT+1 

C 
C7C-SET NORM FOR RESIDUAL TO ZERO AND BEGIN ODD-EVEN ORDERING 

ANORM=O.DO 
IJSW=1 
DO 99 IPASS=1,2 
I<SW=IJSW 

C 
C7D--LOOPTHROUGHROWSANDCOL~ 

00901=1,NROW 
0090 J=l,NCOL 
KB=0 
ZADJ=0. 

C7E-CALCULATE STRAIN IN THE Z DIRECTION, UPDATE EACH INNER LOOP 
C ITERATION 

CALL SUSLlZ(USLZ,IACT,J,l,NLAY,DELL,STRNZ,IBOUND,NCOL,NROW) 
C 
C7F-INNER LOOP FOR LAYERS 

DO 92 K=I<SW,NLAY,2 
C 
C7G-CHECK FOR NON-ACTNE CELLS AND BOUNDARY 

IF(Iq;o.,r .AND. IACT(J,I,K+ 1).EQ.0) GOTO 92 
IF(K.GT.1 .AND. (IBOUND(J,l,K-1).EQ.0 .AND. IACT(J,I,K+l).EQ.0)) 

C 

1 GOT092 
IF(K+l.GT.NLAY .AND. IBOUND(J,I,K-1).EQ.0) GOTO 92 
IF(IACT(J,1,K).EQ.0 .AND. IBOUND(J,I,K).EQ.O) GOTO 92 
IF(ZADJ.EQ.0)-ZADJ=USLZ(J,l,K) 

C7H-MAKE CORRECTION FOR VERTICAL HYDRAULIC CONDUCTIVITY 
HV=HC(J,I,K)•RATIO(J,l,K) 

C 
C71--DETERMINE WHETHER SPECIFIC YIELD, OR ELASTIC OR INELASTIC 
C SPECIFIC STORAGE VALUES ARE TO BE USED 

VSTRN(J,I,K)=STRNX(J,I,K)+STRNY(J,I,K)+STRNZ(J,I,K) 

,. 
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I

IF(VSTRNai,K).LT.PSO,I,K)) THEN 
SSZ=SSVa,I,K)
PS0,lK)=VSTRN0.I,K)
ELSE
SSZ=SSEa,I,K)
ENDIF
SSK0,I,K)=SSZ
IF(LAYCON(K).EQ.l) SS=SSE0,I,K)
IF(LAYCON(K).NE.l)SS=SCia,I,K)/(DELLaLK)»DELCa)‘DELR(J)) 
IF(KUNrr.EQ.O .AND. SS.LT.4.32E-6) SS=4.32E-6 
IF(KUNIT.NE.O .AND. SS.LT.1.36E-6) SS=1.36E-6

C SET CONSTANT COEFFICIENTS 
FAC=HV*DELT/(CON*SSKa,I,K))
FACH=HV*DELT/(CON»SS)

C
C7J1—CHECK FOR TOPMOST ACTIVE CELL ALONG A LAYER 

IF(K.EQ.l .OR. (K.GT.1 .AND. IBOUNDO,I,K-1).EQ.O)) THEN 
C
C7J2----APPLY WATER TABLE BOUNDARY AND GO TO NEXT CELL

IF(LAYCON(K).EQ.l)CON=SCiaLK)/(DELC(D‘DELRa)) 
IF(LAYCON(K).EQ.2 .OR. LAYCON(K).EQ.3) THEN 
KB=KB+1
CON=SC2aLKB)/(DELC(I)*DELRa))
ENDIF r r^-''
IF(LAYCON(K).EQ.O) CON=.15

USLZaLK)=QBZ0,LK)*DELT+CON»(HOLD0,I,K)-HNEWaLK))+
1 UOLDZai,K)
GOTO 92 

‘ ENDIF 
C
C7K1 SET UP BOUNDARY COEFRCIENTS FOR BOTTOMMOST ACTIVE CELL
C ALONG A LAYER

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT0,I,K+1).EQ.0)) THEN 
C
C DETERMINE THE VALUES OF THE COEFFICIENTS

C 

IF(VSTRN(J,I,K).LT.PS(J,I,K)) THEN 
SSZ::SSV (J,I,K) 
PS(J,I,K)= VSTRN(J,I,K) 
ELSE 
SSZ::SSE(J,l,K) 
ENDIF 
SSK(J,I,K)=SSZ 
IF(LAYCON(I<).EQ.1) SS=SSE(J,I,K) 
IF(LA YCON(I<).NE.1) SS::SCl (J,1,K) / (DELL(J,I,K)•DELC(WDELR(J)) 
IF(I<UNIT.EQ.0 .AND. SS.LT.4.32E-6) SS=4.32E-6 
IF(I<UNIT.NE.O .AND. SS.LT.1.36E-6) SS::1.36E-6 

C SET CONSTANT COEFFICIENTS 
FAC::HV•DELT / (CON~K(J,1,K)) 
FACH=HV•DELT I (CON~) 

C 
C7J1--CHECK FOR TOPMOST ACTIVE CELL ALONG A LAYER 

IF(I<.E,Q.1 .OR (KGT.1 .AND. IBOUND(J,l,K-1).EQ.0)) THEN 
C 
C7J2-APPLY WATER TABLE BOUNDARY AND GO 10 NEXT CELL 

IF(LA YCON(I<). EQ.1) CON=SC1 (J,I,K) / (DELC(WDELR(J)) 
IF(LAYCON(I<).EQ.2 .OR. LAYCON(K).EQ.3) THEN 

C 

C 

KB=KB+l 
CON=SC2(J,1,KB) / (DELC(WDELR(J)) 
ENDIF .., 
IF(LAYCON(I<).EQ.0) CON::. 15 

USLZ(J,l,K)::QBZ(J,I,K)•DELT +CON•(HOLD(J,I,K)-HNEW(J,I,K))+ 
1 UOLDZ(J,l,K) 
GOT092 

.. ENDIF 
----

\ 
C7Kl-SET UP BOUNDARY COEFFICIENTS FOR BOT10MMOST ACTIVE CELL 
C ALONG A LAYER 

IF(I<.EQ.NLAY .OR. (KLT.NLAY .AND. IACT(J,l,K+1).EQ.0))THEN 
C 
C DETERMINE THE VALUES OF THE COEFFICIENTS 

., 
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IF{K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUND(J,I,K-2).EQ.O)) THEN 
DVM=2*DELLai,K)*(DELLa,I,K-l)+0.5*DELL0,I,K)) 
DVB=DELLai,K-l )+0.5‘DELL0,I,K)
ELSE
DVM=DELLai,K)*(DELLO,IJC-l)+DELLa,I,K))
DVB=0.5*(DELL0,I,K)+DELL0,I,K-1))
ENDIF

/

ACOEF=l./DVM
BCOEF=l./(DELL0,I,K)»DELL0,I,K))+ACOEF
FACl=l+FAC*BCOEF

IFa.EQ.l .OR. a.GT.l .AND. IACTa,M,K).EQ.O)) THEN
DCF=DELC(D+0.5»(DELC(D+DELCa+l))
PCOEF=l./(2*DVB*DCF)
QCOEF=PCOEF
RCOEF=0.
GCOEF=PCOEF
HCOEF=-PCOEF
OCOEF=0.

ELSEIFa.EQ.NROW .OR. a.LT.NROW .AND. IACT0,I+1,K).EQ.0)) THEN 
DCB=DELCa)+0.5*(DELCa)+DELCa-l))
PCOEF=0.
QC0EF=4./(2*DVB*DCB)
RCOEF=-QCOEF
GCOEF=0.
HCOEF=-QCOEF
OCOEF=-QCOEF

ELSE
DCC=DELC(I)+0.5‘(DELCa+l)+DELCa-D)
PCOEF=l./(2*DVB»DCC)
QCOEF=0.
RCOEF=PCOEF
GCOEF=PCOEF
HCOEF=0.

tt..

C 

C 

C 

C 

IF(K-1.EQ.1 .OR. (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVM=2•DELL(J,I,K)•(DELL(J,I,K-1)+0.S•DELL(J,I,K)) 
DVB=DELL(J,I,K-1 )+0SDELL(J,I,K) 
El.SE 
DVM=DELL(J,I,K)•(DELL(J,J,K-1 )+ DELL(J ,I,K)) 
DVB=O.S•(DELL(J,I,K)+DELL(J,I,K-1)) 
ENDIF 

ACOEF=1./DVM 
BCOEF= 1. / (DELL(J,I,K)•DELL(J,I,K))+ ACOEF 
FAC1=1+FAC•BCOEF 

IFCT.EQ.1 .OR. CT.GT.1 .AND. IACT(J,I-1,K).EQ.0)) THEN 
DCF=DELC(D+0.S•(DELC(D+ DELCO+ 1)) 
PCOEF= 1. I (2•OVB•DCF) 
QCOEF=PCOEF 
RCOEF=O. 
GCOEF=PCOEF 
HCOEF=-PCOEF 
OCOEF=0. 

El.SEIFCT.EQ.NROW .OR. CT.LT.NROW .AND. IACT(J,I+ 1,K).EQ.0)) THEN 
DCB=DELCa>+o.s·(DELCCT)+DELCCT-1)) 
PCOEF=0. 
QCOEJf=- ;~/(2•DVB•DCB) 
RCOEF=-QCOEF 
GCOEF=0. 
HCOEF=-QCOEF 
OCOEF=-QCOEF 

El.SE 
DCC=DELC(I)+Q.S•(DELC(I + 1 )+ DELCCT-1)) 
PCOEF= 1. I (2•OVB•DCC) 
QCOEF=0. 
RCOEF=PCOEF 
GCOEF=PCOEF 
HCOEF=0. 
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OCOEF=PC0EF
ENDIF

/

IFG.EQ.l .OR. O GT.l .AND. IACT0-1,I,K).EQ.0))THEN 
DRF=DELRa)+0.5*(DELR(P+DELR0+l))
P2COEF=l./(2*DVB*DRF)
Q2COEF=P2COEF
R2COEF=0.
G2COEF=P2COEF
H2COEF=-P2COEF
O2COEF=0.

ELSEIFO.EQ.NCOL .OR. (J.LT.NCOL .AND. IACTa+l,lK).EQ.O)) THEN 
DRB=DELR0)+0.5*(DELRa)+DELRG-l))
P2COEF=0.
Q2COEF=-l ./(2*DVB»DRB)
R2COEF=-Q2COEF
G2COEF=0.
H2COEF=-Q2COEF
02C0EF=-Q2C0EF

ELSE
DRC=DELRa)+0.5*(DELRa+1 )+DELR0-l)) 
P2COEF=l. / (2*DVB»DRC)
Q2COEF=b.
R2COEF=P2COEF
G2COEF=P2COEF
H2COEF=0.
02C0EF=P2C0EF
ENDIF

C
C7K4
C

-NOW PUT COEFHCIENTS INTO NUMERICAL APPROXIMATION TO
GOVERNING EQUATION

XCON=-FACH*(P2COEPySLXg>t-lT,T:)+Q2COEPUSLX0,LK)-R2COEP
lUSLX0-l,I,K)-G2COEPy5LXa+U,K-l)+H2COEPUSLXa,LK-l)+O2COEP
2 USLXO-LLK-1 )+P2COEPUOLDX0+LI,K)+Q2COEF*UOLDXaLK)-R2COEP
3 UOLDX0-U,K)^G*2COE]^UOLDXa+LlK-U+H2CQEPUOLDXa,LK-l)+

C 

C 

C 

C 

OCOEF=PCQEF 
ENDIF 

IF(J.EQ.1 .OR (J.GT.1 .AND. IACT(J-1,I,K).EQ.0)) THEN 
DRF=DELR(J)+0.S•(DELR(J)+ DELR(J+ 1)) 
P2COEF=1. I (2•OVB•DRF) 
Q2COEF=P2COEF 
R2COEF=O. 
G2COEF=P2COEF 
H2COEF=-P2COEF 
O2COEF=0. 

\._.../ 
EI.SEIF(J.EQ.NCOL .OR. (J.LT.NCOL .AND. IACT(J+ l,l,K).EQ.0)) THEN 
DRB=DELR(J)+0.S•(DELR(J)+ DELR(J-1)) 
P2COEF=0. 
Q2COEF=-1./ (2•OVB•DRB) 
R2COEF=-Q2COEF 
G2COEF=0. 
H2COEF=-Q2COEF 
O2COEF=-Q2COEF 

EI.SE 
DRC=DELR(J)+0.S•(DELR(J+ 1 )+ DELR(J-1)) 
P2COEF= 1. / (2•ova·DRC) 
Q2COEF:{o. 
R2COEF=P2COEF 
G2COEF=P2COEF 
H2COEF=0. 
O2COEF=P2COEF 
ENDIF -- ~-

C7K4-NOW PUT COEFFICIENTS IN10 NUMERICAL APPROXIMATION TO 
C GOVERNING EQUATION 

XCON=-FACH•(P2COEP "1'1-r,K Q2COEPUSLX(J,I,K)-R2COEP 
1 USLX(J-1,I,K)-G2COEP SLX(J+l,l,K-1)+ COEPUSLX(J,l,K-1)+O2COEP 
2 USLX(J-1,l,K-1)+P2COE UOLDX(J+l,I, )+Q2COEPUOLDX(J,I,K)-R2COEP 
3 UOLDX(J-1,l,K)-G2COE UOLDX(J+l,l,K-~ H!lC'O 
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4 02C0EPU0LDXa-U,K-D)

YCON=-FACH*(PCOEPUSLYai+l,K)+QCOEPUSLY0,I,K)-RCOEP
lUSLYai-l,K)-GCOEPUSLY0,I+l,K-l)+HCOEPUSLY0,I,K-l)+CX:OEP
2USLY0,I-l,K-l)+PCOEPUOLDY0,I+l,K)+QCOEPUOLDY0,I,K)-RCOEP
3UOLDYai-l,K)-GCOEPUOLDYai+l,K-l)+HCOEPUOLDYai,K-l)+OCOEP
4UOLDY0,I-l,K-D)

RESID=FAC*(ACOEPUSLZa,I.K-l)-BCOEPUSLZai/K)+ACOEP
lUOLDZaiK-l)-BCOEPUOLDZai,K))+QBZaXK)*DELT+
2 +XCON+YCON+UOLDZ0,I^)-USLZa,I,K)

C7K5---- CALCULATE SOURCE TERMS AND CONSTANTS
DF(NUMITEQ.l) COEF=XCON+YCON+QBZaiK)»DELT 

C
GOTO 91 
ENDIF 

C
C7L1 SET UP COEFFiaENTS FOR ALL INTERIOR CELLS THROUGH A LAYER
C
C DETERMINE THE VALUES OF THE COEFRCIENTS

IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNEKJ,I,K-2).EQ.O)) THEN
DVM=2*DELL0,I,K)*(DELL0,I,K-1)+0.5»DELL0,I,K))
DVC=DELL(J,I,K)+0.5*DELL0,I,K+l)+DELLai,K-l)
ELSE
DVM=DELLa,I,K)*(DELLa,I,K-l)+DELLa,I,K))
DVC=DELLaXK)+0.5*®ELLai,K+l)+DELL0,I,K-D)
ENDIF
DVP=DELLO,I,K)*(DELLO,lK+l)+DELLa,I,K))

C
ACOEF=l./DVM
CCOEF=l./DVP \
BCOEF=ACOEF+CCOEF 
FACl=l+FAC*BCOEF 

C
EFa.EQ.l .OR. a.GT.l .AND. IACTa,I-I,K).EQ^)) THEN 
DCF=DELC(I)+0.5»(DELC(I)+DELCa+D)

C 

C 

C 

4 O2COEPUOLDXQ-1,I,K-1)) 

YCON=-FACH•(PCOEPUSLYQ,I+ 1,K)+QCOEPUSLYQ,I,K)-RCOEP 
1 USLYQ,I-1,K)-GCOEPUSLYQ,1+1,K-1)+HCOEPUSLYQ,I,I<-1)+0COEP 
2 USLYQ,l-1,K-1)+PCOEPUOLDY0,I+1,K)+QCOEPUOLDYQ,l,K)-RCOEP 
3 UOLDY0,I-1,K)-GCOEPUOLDYQ,I+ 1,K-1 )+ HCOEPUOLDYQ,I,K-1 )+OCOEP 
4 UOLDYQ,I-1,K-1)) 

RFSID=FAC•(ACOEPUSLZQ,I,K-1 )-BCOEPUSLZQ,l,K)+ACOEP 
1 UOLDZQ,I,K-1)-BCOEPUOLDZQ,I,K))+QBZQ,I,K)•DELT + 
2 +XCON+ YCON+UOLDZQ,I,K)-USLZQ,I,K) 

C7K5--CALCULATE SOURCE TERMS AND CONSTANTS 
IF(NUMIT.EQ.1) COEF=XCON+ YCON+QBZQ,I,K)•DELT 

C 
GOT091 
ENDIF 

C 
C7L1--SET UP COEFFICIENTS FOR ALL INTERIOR CELLS THROUGH A LAYER 
C 
C DETERMINE THE VALUES OF THE COEFFICIENTS 

IF(K-1 .EQ.1 .OR. (K-1.GT.1 .AND. IBOUNDQ,I,K-2).EQ.O)) THEN 
DVM=2•DELLQ,I,K)•(DELLQ,I,K-1 )+0.s•DELLQ,I,K)) 
DVC=DELLQ,I,K)+O.S•DELLQ,I,K+ 1 )+ DELLQ,I,K-1) 
ELSE -I t-,./-

DVM=DELLQ ,I,K)•(DELLQ ,I,K-1 )+ DELLQ,I,K)) 
DVC=DELLQ,I,K)+O.S-(DELL(J,I,K+ 1 )+DELLQ,I,K-1)) 
ENDIF 
DVP=DELLQ,I,K)•(DELLQ,I,K + 1 )+DELLQ,l,K)) 

C 

C 

ACOEF=l./DVM 
CCOEF=l./DVP 
BCOEF=ACOEF+CCOEF 
FACl=l+FAC•BCOEF 

IF0.EQ.1.OR. Q.GT.1 .AND. IACT(J,I-1,K).EQ.O)) THEN .. - .. 
DCF=DELC(D+O.S•(DELC(D+DELC0+ 1)) 
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DC0EF=1. /(2*DVC*EXT)
ECOEF=DCOEF
FCOEF=0.
GCOEF=DCOEF
HCOEF=-DCOEF
OCOEF=0.

ELSEIFa.EQ.NROW .OR. a.LT.NROW .AND. IACT(J,I+l,K).EQ.O)) THEN 
DCB=DELCa)+0.5»(DELCa)+DELCa-l))
DCOEF=0.
ECOEF=-l./(2*DVC*DCB)
FCOEF=-ECOEF 
GCOEF=0.
HCOEF=-ECOEF 
OCOEF=-ECOEF

ELSE
DCC=DELC(D+0.5*(DELC(I+1)+DELC(I-1))
DCOEF=l ./(2*DVC*DCC)
ECOEF=0.
FCOEF=DCOEF
GCOEF=DCOEF
HCOEF=0.
OCOEF=DCOEF
ENDIF

IF(J.EQ.l .OR. O-GT.I .and. IACT0-1,I,K).EQ.0)) THEN 
DRF=DELR(J)+0.5*(DELR0)+DELR0+1))
D2COEF=l ./(2*DVC*DRF)
E2COEF=D2COEF
F2COEF=0.
G2COEF=D2COEF \
H2COEF=-D2COEF
O2COEF=0.

ELSEIFO.EQ.NCOL .OR. O-LT.NCOL .AND. IACT(]+l,I,K).EQ.O)) THEN 

DRB=DELRa)+0.5*(DELRa)+DELR0-l))

C 

C 

OCOEF= 1./ (2•ovc·OCF) 

ECOEF=OCOEF 
FCOEF=O. 
GCOEF=OCOEF 
HCOEF=-OCOEF 
OCOEF=0. 

ELSEIFCT.EQ.NROW .OR. CT.LT.NROW .AND. IACTQ,I+ 1,K).EQ.0)) THEN 

DCB=DELCU)+0.S•(DELC(I)+DELCCT-1)) 

OCOEF=O. 
ECOEF=-1./ c2•ovc•OCB) 
FCOEF=-ECOEF 
GCOEF=0. 
HCOEF=-ECOEF 
OCOEF=-ECOEF 

ELSE 
OCC=DELC(I)+0.S•(DELC(I+ l)+DELC(l-1)) 

ocoEF=1 .;c2•ovc•ocC) 

ECOEF=0. 
FCOEF=OCOEF 

GCOEF=OCOEF 
HCOEF=0. 
OCOEF=OCOEF 

:--v--'ENDIF 

C 

C 

IFQ.EQ.1 .OR. (J.GT.1 .AND. IACT(J-1,1,K).EQ.0)) THEN 

DRF=DELR(J)+0.S•(DELR(J)+ DELR(J + 1)) 

D2COEF=1./ (2•ovc•oRF) 

E2C0EF=D2COEF 

F2COEF=0. 
G2COEF=D2COEF 

H2COEF=-D2COEF 

O2COEF=0. 

\ 

ELSEIFQ.EQ.NCOL .OR. Q.LT.NCOL .AND. IACT(J+ 1,1,K).EQ.0)) THEN 

DRB~°IJELRQ)+O.S•(DELRQ)+DELRQ-1)) 

,. 
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D2COEF=0.
E2COEF=-l./(2»DVC*DRB)
F2COEF=-E2COEF
G2COEF=0.
H2COEF=-E2COEF
02C0EF=-E2C0EF

ELSE
DRC=DELRa)+0.5*(DELRa+l)+DELRa-l)) 
D2COEF=l 7(2*DVC*DRC)
E2COEF=0.
F2COEF=D2COEF
G2COEF=D2COEF
H2COEF=0.
02C0EF=D2C0EF
ENDIF

f.-':
V'.

:r

C7L4----NOW PUT COEFHaENTS INTO NUMERICAL APPROXIMATIONS TO
C GOVERNING EQUATION

XCON=-FACH*(D2COEPUSLXa+U,K+l)+E2COEPUSLXai,K+l)-F2COEP
lUSLXa-l,LK+l)-G2COEPU5LXa+l,LK-l)+H2COEPUSLXa,LK-l)+
202COEPUSLXa-l,LK-l)+D2COEPUOLDXa+l,LK+l)+E2COEP
3 UOLDXa,LK+l)-F2COEPUOLDX0-U,K+l )-G2COEPUOLDXa+l,LK-l) 
4+H2COEPUOLDXO,I,K-1)+02COEPUOLDXO-1,LK-1))

c
YCON=-FACH*(DCOEPUSLYa,I+lJC+l)+ECOEPUSLY0/LK+l)- 

1 FCOEPUSLY0,I-l,K+l)-GCOEPUSLYai+l^-l )+HCOEPUSLYa,IJC-l) 
2+OCOEPUSLYai-l,K-l)+DCOEPUOLDY0,I+14C+l)+ECOEP 
3UOLDYa,LK+l)-FCOEPUOLDY0,I-l,K+l)-GCOEPUOLDY(JJ+l,K-l)+
4 HCOEPUOLDYaiK-1 )+OCOEPUOLDYa,I-l,K-U)

RESID=FAC*(CCOEPUSLZ(J,I,K+l)-BCOEPUSLZaJJO+ACOEP
lUSLZ(JJ^-l)+CCOEPUOLDZ0,LK+l)-BCOEPUOLDZaLK)+ACOEP
2UOLDZaLK-l))+QBZ0,LK)»DELT+XCON+YCON+UOLDZaLK)-
3USLZa,IJ0

C7L5---- CALCULATE SOURCE TERMS AND CONSTANTS*

C 

C 

D2COEF=0. 
E2COEF=-1 ./ (2•ovc·DRB) 
F2COEF=-E2COEF 
G2COEF=0. 
H2COEF=-E2COEF 
O2COEF=-E2COEF 

EI.SE 
DRC=DELR(J)+o.s•(DELRO+ l)+DELR(J-1 )) 
D2COEF=l ./(2•ovc•oRC) 
E2COEF=0. 
F2COEF=D2COEF 
G2COEF=D2COEF 
H2COEF=0. 
O2COEF=D2COEF 
ENDIF 

C7IA--NOW PUT COEFFIOENTS INTO NUMERICAL APPROXIMATIONS TO 
C GOVERNING EQUATION 

XCON=-FACH•(D2COEPUSLXQ+ 1,I,K+ 1 )+E2COEPUSLX(J,I,K+ 1 )-F2COEP 
1 USLX(J-1,I,K+ 1)-C2COEPUSLXQ+ 1,I,K-1)+H2COEPUSLXQ,I,K-1)+ 
2 O2COEPUSLX0-1,l,K-1)+D2COEPUOLDX0+ 1,1,K+ 1)+E2COEP 
3 UOLDX0,I,K+1)-F2COEPUOLDX(J-1,I,K+1)-G2COEPUOLDXQ+1,I,K-1) 
4 +H2COEPUOLDX(J,I,K-1)+O2COEPUOLDX(J-1,l,K-1)) 

C 1 ,:--./' 

C 

C 

YCON=-FACH•(DCOEPUSLY0,1+1,.K+l)+ECOEPUSLYQ,I,K+1)-
1 FCOEPUSLY0,I-1,K+1)-CCOEPUSLY0,I+1,K-1)+HCOEPUSLYO,I,K-1) 
2 +OCOEPUSLYQ,1-1,K-l)+DCOEPUOLDY(J,I+ 1,K+ l)+ECOEP 
3 UOLDY(J,l,K+l)-FCOEPUOLDY(J,l-1,K+1)-GCOEPUOLDY(J,l+1,K-1)+ 
4 HCOEPUOLDYO,I,K-1 )+OCOEPUOLDYO,I-1,I<='O) . 

RESID=FAC•(CCOEPUSLZO,I,K+ 1 )-BCOEPUSLZO,I,K)+ACOEP \ 
1 USLZ(J,1,K-l)+CCOEPUOLDZO,I,K+ 1 )-BCOEPUOLDZQ,I,K)+ACOEP 
2 UOLDZ0,I,K-1))+QBZ0,I,K)•DELT +XCON+ YCON+UOLDZO,I,K)-
3 USLZ(J,I,.K) 

C7L5--CALCULATE SOURCE TERMS AND CONSTANTS . 

165 



166

EF(NUMIT.EQ.l) COEF=XCON+YCON+QBZa,I,K)*DELT 
C
C7M---- CALCULATE NORM OF TRUE ERROR AND NEW VALUE OF
C DISPLACEMENT

91 ANORMF=ANORMF+ABS(COEF) 
ANORM=ANORM+ABS(RESID) 
USLZai,K)=USLZ0,LK)-OMEGA»RESID/(-FACl)

92 CONTINUE 
C

KSW=3-KSW

/

C MAKE ADJUSTMENT TO VERTICAL DISPLACEME^tN DRY CELLS 
KN=0.
D0 88KK=1,NLAY
IF(IACTa,I,KK).GT.O .AND. IBOUNDai,KK).EQ.O) KN=KN+1

88 CONTINUE
IFOCN.EQ.O .OR. KN+l.GT.NLAY) GOTO 90 
D0 89KK=1,KN
USLZa,LKK)=USLZa,I,KK)+(USLZO,I,KN+l-ZADP

89 CONTINUE
90 CONTINUE

C7N-----CALCULATE OMEGA
IJSW=3-IJSW

^ IF(NUMIT.EQ.r;AND. IPASS.EQ.l) THEN 
OMEG A=1 .D0/(1 .D0-O.5D0*RJACZ*»2)
ELSE
OMEGA=l .D0/(1 .D0-0.25D0*RJACZ*»2»OMEGA)
ENDIF

99 CONTINUE 
C
C70-----CHECK TO SEE IF CONVERGENCE IS MET. ^

IF(ANORM.LE.XCLOSE*ANORMF) THEN 
WRITEaOUT,72) NUMIT

72 FORMATdX/NUMBER OF INNER ITERATIONS IN Z IS',I5) 
GOTO 3000 
ENDIF

ui :

IF(NUMIT.EQ.1) COEF=XCON+ YCON+QBZ0,I,K)•DELT 
C 
C7M--CALCULATE NORM OF TRUE ERROR AND NEW VALUE OF 
C DISPLACEMENT 

C 

91 ANORMF=ANORMF+ABS(COEF) 
ANORM=ANORM+ABS(RESID) 
USLZ(J,I,K)= USLZ0,I,K)-OMEGA •RESID / (-FAC1) 

92 CONTINUE 

KSW=3-KSW 
C 
C MAKE ADJUSTMENT TO VERTICAL DISPLACE~ DRY CELLS 

C 

KN=O. 
DO 88 KK=1,NLAY 
IF(IACT(T,l,KK).GT.O .AND. IBOUND(J,I,KK).EQ.O) KN=KN+ 1 

88 CONTINUE 
IF(KN.EQ.O .OR. KN+ 1.GT.NLAY) GOTO 90 
DO 89 KK=1,KN 
USLZ(T,I,KK)= USLZ(T,l,KK)+(USLZ(J,I,KN+ 1-ZADJ) 

89 CONTINUE 
90 CONTINUE 

C7N---CALCULATE OMEGA 

IJSW=3-IJSW 
"f IF(NUMIT.EQ.1:AND. IPASS.EQ.1) THEN 

OMEGA= 1.DO / (1 .D0-0.SDO•RJACZ•~) 
ELSE 
OMEGA= 1.D0/ (1 .D0-0.25DO•RJACZ•~•OMEGA) 

ENDIF 
99 CONTINUE 

C 
C70---CHECK TO SEE IF CONVERGENCE IS MET. 

IF(ANORM.LE.XCLOSPANORMF) THEN 
WRITECTOUT,72) NUMIT 

72 FORMAT(lX,'NUMBER OF INNER ITERATIONS IN Z IS',IS) 

GOT03000 
ENDIF 
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IF(ANORM.GTJ(CLOSE*ANORMF .AND. NUMTT.LT.ISTEP) GOTO 16 
IF(NUMIT.GE.ISTEP) WRITE(IOUX49) ISTEP,KSTP,

1 kperanorm,anormf,numout
49 FORMAT(lX/*”WARNING*” CONVERGENCE NOT MET AFTERM5/

1 INNER ITERATIONS, AT TIME STEP',15,' OF STRESS PERIOD',15,/,
2IX,' IN Z. FINAL NORM OF RESIDUAL CALCULATED TO BE',G12.6,/, 
3 IX,' IN Z. FINAL TRUE ERROR CALCULATED TO BE',G12.6,/,
3 lX,'OUTER ITERATION NUMBER'J5,)

C8----CHECK IF COLUMN DIRECTION ITERATION NECESSARY
1000 IF(NCOL.EQ.l) GOTO 2000 

C
C8A----SET INITIAL OMEGA

OMEGA=l.D0
C
C8B----ITERATE TO SOLVE FOR THE DISPLACEMENT IN THE X DIRECTION

NUMIT=0.
15 DIFFX=0.

ANORMF=0.D0
NUMIT=NUMIT+1

C
CSC----^SET NORM OF RESIDUAL TO ZERO, AND BEGIN ODD-EVEN ORDERING

ANORM=0.D0
IKSW=1
D098IPASS=1,2
JSW=IKSW

C
C8D----LOOP THROUGH LAYERS AND ROWS

18 DO20K=l,NLAY 
D02DI=l,NROW 

C
C8E----CALCULATE THE STRAIN IN THE X DIRECTION

IF(NLAY.EQ.l) GOTO 11
CALLSUSLlX(USLX,IACT,NCOL,I,K,DELR3TRNX,NROW,NLAY)

C
C8F----INNER LOOP FOR COLUMNS

11 DO40}=JSW,NCOL,2

C 

IF(ANORM.GT.XCLOSE'"ANORMF .AND. NUMIT.LT.ISTEP) GOTO 16 
IF(NUMIT.GE.ISTEP) WRITEGOlIT,49) ISTEP,KSTP, 

1 KPER,ANORM,ANORMF,NUMOlIT 
49 FORMAT(lX,''"'"'"WARNING'"'"'" CONVERGENCE NOT MET AFfER',15,' 

1 INNER ITERATIONS; AT TIME STEP' ,IS,' OF STRES.5 PERIOD' ,15,/, 
2 lX,' IN Z. FINAL NORM OF RESIDUAL CALCULATED TO BE' ,G12.6,/, 
3 lX,' IN Z. FINAL TRUE ERROR CALCULATED TO BE',G12.6,/, 
3 lX,'OUTER ITERATION NUMBER',15,) 

C8--CHECK IF COLUMN DIRECTION ITERATION NECESSARY 
1000 IF(NCOL.EQ.1) GOTO 2000 

C 
CSA-SET INITIAL OMEGA 

OMEGA=l.DO 
C 
C8B-ITERATE TO SOLVE FOR THE DISPLACEMENT IN THE X DIRECTION 

NUMIT=0. 
15 DIFFX=0. 

ANORMF=0.DO 
NUMIT=NUMIT+1 

C 
CBC-SET NORM OF RESIDUAL TO ZERO, AND BEGIN ODD-EVEN ORDERING 

ANORM=0.DO 
IKSW=l 

t--.,.--~oo 98 IPASS=l,2 
JSW=IKSW 

C 
C8D-LOOP THROUGH LAYERS AND ROWS 

18 DO 20 K=l,NLAY 
IXUDJ=l,NROW 

C 
CSE-CALCULATE THE STRAIN IN THE X DIRECTION 

\ 
IF(NLAY.EQ.1) GOTO 11 
CALL SUSLlX(USLX,IACT,NCOL,I,K,DELR,STRNX,NROW,NLAY) 

C 
C8F-INNER LOOP FOR COLUMNS 

11 DO 40 Jc=JSW,NCOL,2 
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C8G--- CHECK FOR NON-ACTIVE CELLS
C CHECK FOR ACTIVE CELLS AND LOOP THROUGH CELLS WHERE IACT=1,
C BUT WE WANT TO KEEP ANY CELLS THAT MAY HAVE GONE DRY 

IF(IACTO,LK).EQ.O) GOTO 40 
C
C8I----MAKE CORRECTION FOR PROPER SPECIFIC STORAGE VALUE. THE
C HORIZONTAL DISPLACEMENT USES A STORAGE COEFnCIENT DIVIDED BY 
C THICKNESS, SET CONSTANTS

IF{LAYCON(K).EQ.l) SS=SSEa,I,K)
IF(LAYCON(K).NE.l) SS=SCiaXK)/

1 (DELLO,I,K)*DELR(J)*DELCO))
IFCKUNIT.EQ.O .AND. SS.LT.4.32E-6) SS=4.32E-6 
IFCKUNTT.NE.O .AND. SS.LT.1.36E-6) SS=1.36E-6

/

C CALCULATE STORAGE FOR ALL LAYCON VALUES 
IF(NLAY.EQ.l .OR. USLXO,I,K).EQ.O.) SSKG,I,K)=SS 

C
C SET CONSTANT COEFRCIENTS FOR ALL CELLS REGARDLESS OF BOUNDARY 

H=HC0,I,K)
FAC=H*DELT/(CON»SS)
FACV=H*DELT/(CON»SSK0,I,K))

C8J1 SET UP BOUNDARY COEFnCIENTS FOR LEFTMOST ACTIVE CELL
C ALONG A ROW

IFO^EQ.! .OR. O-GT.l .AND. IACT0-1,I,K).EQ.0))THEN 
C
C THEN DETERMINE THE VALUES OF THE COEFFICIENTS 

DRP=DELRa)*(DELRO+l)+DELRa))
DRF=0.5*(DEj-R0)+DELR0+l))

C
CCOEF=l/DRP
BCOEF=l/DRP+1/(DEERgi^DELRO))'
FACl=l+FAC*BCOEF

IFa.EQ.l .OR. a.GT.l .AND. IACr0,I-l,K).EQ.O)) THEN 
DCF=DELC(D+0.5*(DELC(I)+DELCa+l))

C 
CBC-CHECK FOR NON-ACTIVE CELLS 
C CHECK FOR ACTIVE CELLS AND LOOP THROUGH CELLS WHERE IACT=l, 
C BlIT WE WANT 10 KEEP ANY CELLS THAT MAY HAVE GONE DRY 

IF(IACT0,I,K).EQ.O) GO10 40 
C 
CBI-MAKE CORRECTION FOR PROPER SPECIFIC SlORAGE VALUE. THE 
C HORIZONTAL DISPLACEMENT USES A SlORAGE COEFFICIENT DIVIDED BY 
C THICKNESS, SET CONSTANTS 

C 

IF(LAYCON(K).EQ.1) SS=SSE0,I,K) 
IF(LAYCON(K).NE.1) SS=SCI0,I,K)/ 
1 (DELL0,I,K)•DELRQ)•DELC(D) -
IF(KUNIT.EQ.O .AND. SS.LT.4.32E-6) ~ E-6 
IF(KUNIT.NE.O .AND. SS. LT.1.36E-6) SS= 1.36E-6 

C CALCULATE SlORAGE FOR ALL LAYCON VALUES 
IF(NLAY.EQ.1 .OR USLX0,I,K).EQ.O.) SSK(J,I,K)=SS 

C 
C SET CONSTANT COEFFICIENTS FOR ALL CELLS REGARDLESS OF BOUNDARY 

H=HC0,I,K) 
FAC=H•DELT /(CON>tSS) 
FACV =H•DELT / (CON>tSSK0,I,K)) 

C 
C8J1-SET UP BOUNDARY COEFFICIENTS FOR LEFTMOST ACTNE CELL 
C AlfWGAROW 

IFQ.EQ.1 .OR Q.GT.1 .AND. IACTQ-1,I,K).EQ.O)) THEN 
C 
C THEN DETERMINE THE VALUES OF THE COEFFICIENTS 

DRP=DELRO)•(DELR0+ l)+DELR0)) 
DRF=O.S•(QEJ..RO)+DELR0+ 1)) 

C 

C 

CCOEF=l/DRP 
BCOEF= 1 /DRP+ 1 I (DELRQ)•DELRO))' 
FACl= 1 +FAC•BCOEF 

IF0.EQ.1 .OR. CT.GT.I .AND. IACT(J,I-1,K).EQ.O)) THEN 
OCF=DELC(I)+O.S•(DELC(D+ DELCO+ 1)) 
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DCOEF=l ./(2»DRF*DCF)
ECOEF=DCOEF
FCOEF=0.
PCOEF=DCOEF
QCOEF=-DCOEF
RCOEF=0.

ELSEIFa.EQ.NROW .OR. a.LT.NROW .AND. IACT0,I+1,K).EQ.0)) THEN 
DCB=DELCO)+0.5*(DELCa)+DELCa-l))
DCOEF=0.
ECOEF=-l./(2*DRF»DCB)
FCOEF=-ECOEF 
PCOEF=0.
QCOEF=-ECOEF 
RCOEF=-ECOEF

/

ELSE
DCC=DELC(I)+0.5»(DELC(I+1 )+DELCa-l)) 
EX:OEF=l. / (2*DRPDCC)
ECOEF=0.
FCOEF=DCOEF
PCOEF=DCOEF
QCOEF=0.
RCOEF=DCOEF
ENDIF..-

C

c

ZCON=0.
IF(NLAY.EQ.l) GOTO 33
IF(K+1.GT.NLAY .AND. IBOUNDO,I4<-1).EQ.O) GOTO 33

IF(K.EQ.l .OR. (K.GT.1 .AND. IBOUNDO,I,K-1).EQ.O)) GOTO 33

EF(K.EQ.NLAY .OR. (KLT.NLAY .AND. iACTO,I,K+l).EQ.O)) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDa,I,K-2).EQ.O)) THEN 
DVB=1 .5*DELL0,I,K)+DELL0,I,K-1 )
ELSE
DVB=DELLaLKH-0.5*(DELLaLK)+DELL0,I,K-l))

C 

C 

C 

C 

C 

OCOEF= 1. / (2•DR.POCF) 
ECOEF=OCOEF 
FCOEF=O. 
PCOEF=OCOEF 
QCOEF=-OCOEF 
RCOEF=O. 

ELSEIFCT.EQ.NROW .OR. U.LT.NROW .AND. IACTQ,I+ 1,K).EQ.0)) THEN 
DCB=DELCffi+0S(DELCCT)+ DELCCT-1)) 
OCOEF=O. 
ECOEF=-1. I (2•DRPOCB) 
FCOEF=-ECOEF 
PCOEF=0. 
QCOEF=-ECOEF 
RCOEF=-ECOEF 

ELSE 
DCC=DELC(I)+Q.S•(DELC(I+ l)+DELCCT-1)) 
OCOEF= 1. / (2•DR.POCC) 
ECOEF=0. 
FCOEF=DCOEF 
PCOEF=OCOEF 
QCOEF=0. 
RCOEF=DCOEF 
END~ ~ 

ZCON=0. 
IF(NLAY.EQ.1) GOT033 
IF(I<+l.GT.NLAY .AND. IBOUNDO,I,K-1).EQ.0)GOTO33 

IF(I<.EQ.1 .OR. (I<.GT.1 .AND. IBOUNDO,I,K-1 ).EQ.0)) GOTO 33 

IF(I<.EQ.NLAY .OR. (KLT.NLAY .AND. IACTO,I,K+l).EQ.0)) THEN 
IF(I<-1 .EQ.1 .OR. {I<-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVB=l.S•DELLO,I,K)+DELLO,I,K-1) 
ELSE 
DVB=DELLQ,l;K}+Q.S•(DELLQ,I,K)+ DELLQ,I,K-1)) 
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ENDIF
SCOEF=0.
UCOEF=l. /(2*DRF*DVB)
VCOEF=UCOEF
X2COEF=0.
Y2COEF=UCOEF
Z2COEF=UCOEF

C
ELSE
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDa,LK-2).EQ.O)) THEN 
DVC=DELLa,LK)+0.5*DELL0,lK+l)+DELL0,lK-l)
ELSE \ ,
DVC=DELLai,K)+0.5*(DELl)3XK+l )+DELLa,LK-l))
ENDIF
SCOEF=l./(2*DRF*DVC)
UCOEF=0.
VCOEF=SCOEF
X2COEF=SCOEF
Y2COEF=0.
Z2COEF=SCOEF
ENDIF

C
ZCON=-FACV*(SCOEPUSLZa+l,I,K+l)-UCOEPUSLZa+l,lK)-VCOEPUSLZ
10+l,I,K-l)-X2COEPUSLZai,K+l)+Y2COEPUSLZai,K)+
2 Z2COEPUSLZa,LK-l)+SCOEPUOLDZ0+UJC+l)- 
3UCOEPUOLDZ(J+l,I,K)-VCOEPUOLDZa+l,LK-l)-X2COEPUOLDZ0,I,
4 K+1)+Y2COEPUOLDZa,LK)+Z2COEPUOLDZaiK-l))

C
C8J2----NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO
C GOVERNING EQUATION

33 YCON=FAC»(DCOEPUSLYa+1,1+1 ,K)+ECOEPUSLYa+LI,K)-
1 FCOEPUSLYO+1,I-1,K)-PCOEPUSLYO,I+1,K)+QCOEPUSLYO,I,K)+
2 RCOEPUSLY0,I-l ,K)+EX:bEPUOLDYa+l ,1+1 ,K)+ECOEPUOLDYa+l,I,K) 
3-FCOEPUOLDYa+l,I-l,K)-PCOEPUOLDYa,I+l,K)+QCOEPUOLDYa,I,K)
4 +RCOEPUOLDYG,I-l,K))

C
RESID=FAC*(CCOEF*USLX0+l,I,K)-BCOEPUSLX0,I,K)+CCOEP

C 

C 

ENDIF 
SCOEF=0. 
UCOEF=l . / (2•DRPDVB) 
VCOEF=UCOEF 
X2COEF=O. 
Y2COEF=UCOEF 
22COEF=UCOEF 

ELSE 
IF(K-1 .EQ.1 .OR. (K-1 .GT.1 .AND. IBOUND(J,I,K-2).EQ.O)) THEN 
DVC=DELL(J,I,K)+o.s·DELL(J,I,K + 1 )+ DELL(J~I,K-1) 
ELSE 
DVC=DELL(J,I,K)+O.S•(DEdtr,iK+ l)+DELL(J,I,K-1)) 
ENDIF 
SCOEF= 1./ (2•DRPDVC) 
UCOEF=O. 
VCOEF=SCOEF 
X2COEF=SCOEF 
Y2COEF=O. 
22COEF=SCOEF 
ENDIF 

ZCON=-FACV•(SCOEPUSLZ(J+ 1,I,K+ 1 )-UCOEPUSLZ(J+ 1,I,K)-VCOEPUSLZ 
1 (J+ 1,I,K-1)-X2COEPUSLZ(J,I,K+ 1)+ Y2COEPUSLZ(J,I,K)+ 

'i'-"/ 2 22COEPUSLZ(J,I,K-1 )+SCOEPUOLDZ(J+ 1,I,K+ 1)-

C 

3 UCOEPUOLDZ(J + 1,I,K)-VCOEPUOLDZ(J + 1,I,K-1 )-X2COEPUOLDZ(J,I, 
4 K+ 1)+ Y2COEPUOLDZ(J,l,K)+Z2COEPUOLDZ(J,I,K-1)) 

C8J2--NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO 
C ----GOVERNINGEQUATION 

C 

33 YCON=FAC•(DCOEPUSLY(J+ 1,I+ 1,K)+ECOEPUSLY(J+ 1,I,K)-
• 

1 FCOEPUSLYO+ 1,I-1,K)-P~OEPUSLY(J,I+ 1,_K)+QCOEPUSLYO,I,K)+ 
2 RCOEPUSLY(J,I-1,K)+DCOEPUOLDY(J+ 1,I+ 1,K)+ECOEPUOLDY(J+ 1,1,K) 
3 -FCOEPUOLDY(J+ 1,1-1,K)-PCOEPUOLDY(J,I+ 1,K)+QCOEPUOLDY(J,I,K) 
4 +RCOEPUOLDY(J,I-1,K)) 

RESID=FAC•(CCOEPUSLX(J+ 1,1,K)-BCOEPUSLXO,I,K)+CCOEP 
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lUOLDXa+U^)-BCOEPUOLDXai,K))+YCON+ZCON+QBX0,lK)*DELT+ 
2 UOLDXg,I,K)-USLXai,K)

C
C8J3----CALCULATE SOURCE TERMS AND CONSTANTS

IF(NUMIT.EQ.l)COEF=YCON+ZCON+QBXaLK)*DELT
C

GOTO 39 
ENDIF 

C
C8K1----SET UP BOUNDARY COEFFICffiNTS FOR RIGHTMOST ACTIVE CELL
C ALONG A COLUMN

IF0.EQ.NCOL .ORvO-LT-NCOL .AND. IACTO+LLK).EQ.O)) THEN
c
C THEN DETERMINE THE VALUES OF THE COEFHCIENTS 

DRM=DELR(J)*(DELR0-1 )+DELR(J))
DRB=0.5»(DELR(J)+DELRa-l))

C
ACOEF=l/DRM
BCOEF=l /DRM+1 /(DELROI'DELRQ))
FACl=l+FAC*BCOEF

IFa.EQ.l .OR. a.GT.l .AND. IACTa,I-l,K).EQ.O)) THEN 
DCF=DELC(I)+0.5*(DELC(D+DELCa+l))
GCOEF=l ./(2*DRB*DCF)
HCOEF=-GCOEF
OCOEF=0.
PCOEF=GCOEF
QCOEF=GCOEF
RCOEF=0.

ELSEIFa.EQ.NROW .OR. aLT.NROW IACTO,I+LK).EQ.O)) THEN 
DCB=DELC(D+0.^*(DELC(I)+DELCa-l))
GCOEF=0.
HCOEF=l./(2»DRB»DCB)
OCOEF=HCOEF
PCOEF=0.
QCOEF=-HCOEF

C 

1 UOLDX0+ 1,1,K)-BCOEPUOLDXQ,I,K))+ YCON+ZCON+QBXQ,I,K)•DELT + 
2 UOLDXQ,l,K)-USLXQ,I,K) 

C8J3--CALCULATE SOURCE TERMS AND CONSTANTS 
IF(NUMIT.EQ.1) COEF= YCON+ZCON+QBX(J,I,K)•DELT 

C 

C 

GOT039 
ENDIF 

C8K1-SET UP BOUNDARY COEFFICIENTS FOR RIGHTMOST ACTIVE CELL 
C ALONG A COLUMN . 
C 

IFQ.EQ.NCOL -~-NCOL .AND. IACT(J+ 1,1,~).EQ.O)) THEN 

C THEN DETERMINE THE·VALUES OF THE COEFFICIENTS 

C 

C 

DRM=DELR(WCDELR(J-l)+DELR(J)) 
DRB=O.S•(DELR(J)+DELR(J-1)) 

ACOEF=l/DRM 
BCOEF= 1 /ORM+ 1 I (DELR(J)•DELR(J)) 
FAC1=1+FAC•BCOEF 

IFCT.EQ.1 .OR. CT.GT.1 .AND. IACT0,I-1,K).EQ.O)) THEN 
DCF=DELC(I)+O.S•(DELC(I)+DELCCT+ 1)) 
GCOEF= 1. I (2•DRB•DCF) 

-:-----/ HCOEF=-GCOEF 

·--- c 

OCOEF=O. 
PCOEF=GCOEF 
QCOEF=GCOEF 
RCOEF=O. 

ELSEIFCT.EQ.NROW .OR. CT.LT.NROW -~ - IACTQ,I+ 1,K).EQ.O)) THEN 
DCB=DELC(D+o.r(DELCCT)+DELC_CT-1)) 
GCOEF=O. 
HCOEF= 1. / (2•DRB•DCB) 
OCOEF=HCOEF 
PCOEF=O. 
QCOEF=-HCOEF 
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/

c

c

RCOEF=HCOEF

ELSE
DCC=DELC(I)+0.5*(DELC(I+l)+DELCa-l))
GCOEF=l./(2*DRB*DCC)
HCOEF=0.
OCOEF=GCOEF
PCOEF=GCOEF
QCOEF=0.
RCOEF=GCOEF
ENDIF

ZCON=0.
IF(NLAY.EQ.l)GOT034
IF(K+1.GT.NLAY .AND. IBOUND(J,LK-1).EQ.O) GOTO 34

IF(K.EQ.l .OR. OCGT.l .AND. IBOUND0,LK-l).EQ.0))GOTO34

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. lACTaiK+D.EQ.O)) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUND(J,LK-2).EQ.O)) THEN 
DVB=1 .5*DELL0,IK)+DELL(J,I,K-1 )
ELSE
DVB=DELL0,LK)+0.5*(DELL(J,LK)+DELLai,K-l))
ENDIF
XCOEFii. / (2*DRB*DVB)
YCOEF=0.
ZCOEF=XCOEF
X2COEF=0.
Y2COEF=XCOEF
Z2COEF=XCOEF

ELSE ^
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDO,I,K-2).EQ.O)) THEN 
DVC=DELLai,K)+O.5*DELL0,I,K+l )+DELLg,I,K-l)
ELSE
DVC=DELLaLK)+0.5*(DELLaiK+l )+DELLa,I,K-l))
ENDIF

C 

C 

C 

C 

C 

, 

RCOEF=HCOEF 

El.SE 
DCC=DELC(I)+0.S•(DELCG+ 1 )+DELCQ-1)) 
GCOEF= 1. I (2•DRB•DCC) 
HCOEF=0. 
OCOEF=GCOEF 
PCOEF=GCOEF 
QCOEF=0. 
RCOEF=GCOEF 
ENDIF 

ZCON=0. 
IF(NLAY.EQ.1) GOTO 34 
IF(K+l.GT.NLAY .AND. IBOUND(J,I,K-1).EQ.O) GOTO 34 

IF(K.EQ.1 .OR. (K.GT.1 .AND. IBOUNDO,I,K-1).EQ.0)) GOT034 

IF(K.EQ.NLAY .OR. (K.LT.NLAY .A.ND. IACTO,I,K+ 1).EQ.0)) THEN 
IF(K-1.EQ.1 .OR. {K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVB= 1.s•DELLO,I,K)+DELLO,I,K-l) 
El.SE 
DVB=DELLO,I,K)+0.S•(DELL0,1,K)+DELLO,I,K-1)) 
ENDIF 
XCOEF:;J . / (2•DRB•DVB) 
YCOEF=O. 
ZCOEF=XCOEF 
X2COEF=0. 
Y2COEF=XCOEF 
22COEF=Xeo£F 

El.SE , 
IF(K-1.EQ.1 .OR. (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVC=DELL(J,l,K)+0.S•DELL(J ,l,K + 1 )+ DELL(J,I,K-1) 
El.SE 
DVC=DELL(J,I,K)+0.S•(DELLO,I,K+ 1 )+DELL0,1,K-1 )) 
ENDIF 
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XCOEF=0.
YCOEF=l. /(2*DRB*DVC)
ZCOEF=YCOEF
X2COEF=YCOEF
Y2COEF=0.
Z2COEF=YCOEF
ENDIF

ZCON=-FACV*(X2COEF*USLZaLK+l)-Y2COEPUSLZa,I,K)-
lZ2COEPUSLZai4C-D-YCOEPUSLZa-lXK+l)+XCOEF*USLZa-l.I.K)+
2 ZCOEPUSLZa-1.1/K-1 )+X2COEPUOLDZ0,lK+l )-
3Y2COEPUOLDZ0,lK)-Z2COEPUOl.DZq,I,K-l)-YCOEPUOLDZa-l,I,K+l)+
4XCOEPUOLDZ0-l,I,K)+ZCOEPUOLbZa-l,I,K-D)

/

C8K2----NOW PUT COEFnCIENTS INTO NUMERICAL APPROXIMATION TO
C GOVERNING EQUATION

34 YCON=FAC*(PCOEPUSLYa,I+lJQ+QCOEPUSLYai,K)-RCOEP 
lUSLYa,I-LK)-GCOEPUSLYa-U+LK)+HCOEPUSLYa-l,I,K)+OCOEP 
2USLYa-LMJO+PCOEPUOLDY0,I+l,K)+QCOEPUOLDY0,LK)-RCOEP 
3UOLDYa,I-l,K)-GCOEPUOLDY0-U+LK)+HCOEPUOLDYa-UK)+
4 OCOEPUOLDY0-U-l,K))

C
RESID=FAC*(ACOEPUSLX0-U,K)*BCOEPUSLXa,LK)+

1 ACOEPUOLDXg-l,I^)-BCOEPUOLDXai,K))+YCON+ZCON+ 
2QBX<J,I,K)*DELT+UOLDXa,I,K)-USLXaLK)

C
C8K3--- CALCULATE SOURCE TERMS AND CONSTANTS

IF(NUMIT.EQ.l) COEF=YCON+ZCON+QBX0,LK)*DELT 
C

GOTO 39 ~ - 
ENDIF

t

C
C8L1----SET UP COEFnCIENTS FOR ALL INTERIOR CELLS ALONG A ROW
C
C DETERMINE VALUES OF THE COEFFICIENTS 

DRM=DELR(P*(DELR(J-1 )+DELR0))
DRP=DELR(p‘(DELR(J+l )+DELRa»

C 

C 

XCOEF=O. 
YCOEF= 1. / (2•DRB•DVC) 
ZCOEF=YCOEF 
X2COEF= YCOEF 
Y2COEF=0. 
Z2COEF= YCOEF 
ENDIF 

ZCON=-FACV•(X2COEPUSLZQ,I,K+ 1 )-Y2COEPUSLZQ,I,K)-
1 Z2COEPUSLZQ,I,K-1 )-YCOEPUSLZQ-1,I,K+ 1 )+ XCOEPUSLZQ-1,1,K)+ 
2 ZCOEPUSLZQ-1,l,K-1)+X2COEPUOLDZQ,I,K+ 1)-
3 Y2COEPUOLDZQ,I,K)-Z2COEPU0~DZ(J,I,K-1)-YCOEPUOLDZ(J-1,l,K+ 1 )+ 
4 XCOEPUOLDZ(J-1,l,K)+ZCOEPUOLDZ0-1,1,K-1)) 

C8K2-NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO 
C GOVERNING EQUATION 

34 YCON=FAC•(PCOEPUSLY(J,I+ 1,K)+QCOEPUSLY(J,I,K)-RCOEP 
1 USLYQ,I-1,K)-GCOEPUSLY(J-1,I+ 1,K)+HCOEPUSLYQ-1,I,K)+OCOEP 
2 USLYQ-1,1-1,K)+PCOEPUOLDYQ,I+ 1,K)+QCOEPUOLDY(J,I,K)-RCOEP 
3 UOLDY(J,I-1,K)-GCOEPUOLDY(J-1,1+ 1,K)+HCOEPUOLDY(J-1,1,K)+ 
4 OCOEPUOLDY(J-1,I-1,K)) 

C 
RESID=FAC•(ACOEPUSLXQ-1,1,K)-BCOEPUSLXQ,I,K)+ 
1 ACOEPUOLDXQ-1,1,K)-BCOEPUOLDXQ,I,K))+ YCON+ZCON+ 
2 QBX{J,I,K)•DELT +UOLDX(J,I,K)-USLXQ,I,K) 

C 
C8K3--CALCULATE SOURCE TERMS AND CONSTANTS 

IF(NUMIT.EQ.1) COEF= YCON+ZCON+QBX(J,I,K)•DELT 

C 

C 

GOT03 
ENDIF 

\ . 
C8L1--SET UP COEFFICIENTS FOR ALL INTERIOR CELLS ALONG A ROW 

C 
C DETERMINE VALUES OF THE COEFFICIENTS 

DRM=DELR(W(DELRQ-1 )+DELRQ)) 
DRP=DELR(J)•toELRO+ 1 )+DELRQ)) 

~· 
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DRC=DELR(P+0.5»(DELR0-1)+DELR(J+1))

CCOEF=l/DRP
ACOEF=l/DRM
BCOEF=ACOEF+CCOEF
FACl=l+FAC*BCOEF

IFa.EQ.l .OR. a.GT.l .AND. IACra,I-l,K).EQ.O)) THEN
DCF=DELC(D+0.5*(DELC(D+DELCa+l))
DCOEF=l./(2*DRC*DCF)
ECOEF=DCOEF 
FCOEF=0.
GCOEF=DCOEF 
HCOEF=-DCOEF 
OCOEF=0.

ELSEIFG.EQ.NROW .OR. G.LT.NROW .AND. IACTaJ+l,K).EQ.O)) THEN 
DCB=DELCa)+0.5*(DELCa)+DELCa-D)
DCOEF=0.
ECOEF=-l./(2*DRC*DCB)
FCOEF=-ECOEF
GCOEF=0.
HCOEF=-ECOEF
OCOEF=-ECOEF

ELSE
DCC=DELC(D+0.5*(DELC(I+1 )+DELC(I-l))
DCOEF=l. /(2*DRC*DCC)
ECOEF=0.
FCOEF=DCOEF 
GCOEF=DCOEF 
HCOEF=0. ^
OCOEF=DCOEF
ENDIF

ZCON=0.
1F(NLAY.EQ.1) GOTO 35

-~./ 

C 

C 

C 

C 

C 

DRC=DELR(J)+0.S-(DELRQ-1 )+DELR(J+ 1)) 

CCOEF=1 /DRP 
ACOEF=1 /ORM 
BCOEF=ACOEF+CCOEF 
FAC1 =1 +FAC•BCOEF 

IFCT.EQ.1 .OR CT.GT.1 .AND. IACT(J,I-1,K).EQ.0)) THEN 
DCF=DELC(D+0.S•(DELC(O+ DELCO+ 1 )) 
DCOEF= 1. I (2•DRC•DCF) 
ECOEF=DCOEF 
FCOEF=O. 
GCOEF=DCOEF 
HCOEF=-DCOEF 
OCOEF=0. 

El.SEIF(I.EQ.NROW .OR. CT.LT.NROW .AND. IACT(J,1+1,K).EQ.0)) THEN 
DCB=DELC(D+o.s•(DELCCT)+DELC(I-1)) 
DCOEF=O. 
ECOEF=-1. I (2•DRC•DCB) 
FCOEF=-ECOEF 
GCOEF=0. 
HCOEF=-ECOEF 
OCOEF=-ECOEF 

El.SE 
DCC=DELC(D+0.S•(DELC(I+ 1)+DELC(I-1)) 
DCOEF= 1. I (2•DRC•DCC) 
ECOEF=0. 
FCOEF=DCOEF 
GCOEF=DCOEF 
HCOEF=0. 
OCOEF=DCOEF 
ENDIF 

ZCON=0. 
- - • · IF(NLAY.EQ.1) GOTO 35 
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D

D

DISP.VECTEOR20 E2O3E D456O35IPB3ESLE5y C5T5 r.

DI57ESLE8 E5GE SPECTEV E2O3E D456O3DMuPB8yESLEbyyC5T5r.

SISPESLEOR20 E5GE SPRTEOR20 E2O3E D27TbsDsP.VyESLEbyy TiSO 
DISPB8ESLE8 E5GE SPB8ECTE8 E2O3E ddM56O35s8PBnyESLE5yy TiSO 
314xVE.'3SRRDsRPy.3SRRDsDsPB8y

ELSE
DVB=DELLai,K)+0.5*(DELL0,LK)+DELL0,I,K-l))
ENDIF
SCOEF=0.
UCOEF=l./(2»DRC‘DVB)
VCOEF=UCOEF
XCOEF=UCOEF
YCOEF=0.
ZCOEF=UCOEF

ELSE
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDa,LK-2).EQ.O)) THEN 
DVC=DELLaLK)+0.5*DELLa,LK+l)+DELLa,LK-l)
ELSE
DVC=DELLai.K)+0.5*(DELL(J,I,K+l )+DELLa,I,K-l))
ENDIF
SCOEF=l ./(2*DRC*DVC)
UCOEF=0.
VCOEF=SCOEF
XCOEF=0.
YCOEF=SCOEF
ZCOEF=SCOEF
ENDIF

ZCON=-FACV(SCpEPUSLZa+l ,I,K+1 )-UCOEPUSLZ(J+U,K)-VCOEP
lUSLZa+l,I,K-l)+XCOEPUSLZ0-l,I,K)-YCOEPUSLZa-l,I,K+l)+
2ZCOEPUSLZa-U,K-l)+SCOEPUOLDZa+U,K+l)-UCOEPUOLDZa+U,K)
3- VCOEPUOLDZ0+l,I,K-l)+XCOEPUOLDZa-l,LK)
4- YCOEPUOLDZ(J-l,I,K+l)+ZCOEPUOLDZa-U,K-D)

•c*

C 

C 

C 

IF(K+ 1.GT.NLAY .AND. IBOUNDQ,I,K-1).EQ.0) GOTO 35 

IF(K.EQ.1 .OR. (K.GT.1 .AND. IBOUND(J,1,K-1).EQ.0)) GOTO 35 

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT(J,I,K+l).EQ.0)) THEN 
IF(K-1.EQ.1 .OR. (K-1.GT.1 .AND. IBOUNDQ,I,K-2).EQ.0)) THEN 
DVB= 1.s•DELL(J,l,K)+DELL(J,l,K-1) 
ELSE 
DVB=DELL(J,I,K)+0.S•(DELL(J,1,K)+DELL(J,1,K-1)) 
ENDIF 
SCOEF=0. 
UCOEF=1 ./(2•DR~~ 
VCOEF=UCOEF 
XCOEF=UCOEF 
YCOEF=O. 
ZCOEF=UCOEF 

ELSE 
IF(K-1.EQ.1 .OR. {K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVC=DELL(J,l,K)+0.5•DELL(J,I,K+ 1 )+DELL(J,I,K-1) 
ELSE 
DVC=DELL(J,I,K)+0.5•(DELL(J,l,K+ 1 )+DELL(J,l,K-1)) 
ENDIF 
SCOEF= 1. I (2•DRC•DVC) 
UCOEF=0. 
VCOEF=SCOEF 
XCOEF=O. 
YCOEF=SCOEF 
ZCOEF=SCOEF 

- - ENDIF 
C 

-c·· 

I 

ZCON=-FACV•(~OEPUSLZ(J+ 1,1,~+ 1 )-UCOEPUSLZ(J+ 1,1,K)-VCOEP 
1 USLZ(J+l,l,K-l)+XCOEPUSLZ(J-1,1,K)-YCOEPUSLZ(J-1,l,K+l)+ 
2 ZCOEPUSLZ(J-1,l,K-1 )+SCOEPUOLDZ(J+ 1,1,K + 1 )-UCOEPUOLDZ(J + 1,1,K) 
3-VCOEPUOLDZ(J+l,I,K-l)+XCOEPUOLDZ(J-1,1,K) 
4 -YCOEPUOLDZ(J-1,1,K+ 1 )+ZCOEPUOLDZ(J-1,1,K-1)) 
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C8L2----NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO
C GOVERNING EQUATION

35 YCON=FAC*(DCOEPUSLYa+l,I+l,K)+ECOEPUSLY0+LLK)-FCOEP 
lUSLYa+l,I-l,KKiCOEPUSLY0-U+LK)+HCOEPUSLYa-LLK)+ 
20C0EPUSLYa-l,I-l,K)+DC0EPU0LDYa+l,I+LK)+EC0EPU0LDYa+U,K) 
3-FCOEPUOLDYa+l,M,K)-GCOEPUOLDYa-l,I+l,K)+ 
4HCOEPUOLDYa-U,K)+OCOEPUOLDYa-l,I-LK))

C
RESID=FAC*(CCOEPUSLX0+l,I,K)-BCOEPUSLXai,K)+ACOEP 
lUSLX0-UUC)+CCOEPUOLDXa+l,I,K)-BCOEPUOLDXaLK)+ 
2ACOEPUOLDXa-l,I^))+YCON+ZCON+QBX(JT4C)*DELT+UOLDX0,LK)- 
3USLXai,K) X

c
C8L3---- CALCULATE SOURCE TERMS AND CONSTANTS

IF(NUMIT.EQ.l)COEF=YCON+ZCON+QBXai,K)*DELT
C
C8M----CALCULATE NORM OF TRUE ERROR AND NEW VALUE OF
C DISPLACEMENT

39 ANORMF=ANORMF+ABS(COEF)
ANORM=ANORM+ABS(RESID)
USLXaLK)=USLXa,LK)-OMEGA*RESID/(-FACl)

40 CONTINUE 
C

JSW=3-JSW 
20 CONTINUE 

C
C8N-----CALCULATE OMEGA

nCSW=3-IKSW
IF(NUMIT.EQ.l .AND. IPASS.EQ.l) THEN 

--- OMEGA=l.D0/(l.D0-0.5EX)*RJACX*»2)
ELSE
OMEGA=l .D0/(1 .D0-0.25D0»RJACX**2»OMEG A)
ENDIF

98 CONTINUE 
C
C80---- CHECK FOR CONVERGENCE

' -IF(ANORM.LE.XCLOSE*ANORMF) THEN

CSU-NOW PlIT COEFFICIENTS IN1D NUMERICAL APPROXIMATION TO 
C GOVERNINGEQUATION 

C 

C 

35 YCON=FAC•(DCOEPUSLY(J+ 1,1+ 1,K)+ECOEPUSLY(J+ 1,1,K)-FCOEP 
1 USLY(J+1,I-1,K)-GCOEPUSLY(J-1,1+1,K)+HCOEPUSLY(J-1,1,K)+ 
2 OCOEPUSLY{J-1,1-1,K)+OCOEPUOLDY(J+ 1,1+ 1,K)+ECOEPUOLDY(J+ 1,1,K) 
3 -FCOEPUOLDY(J+ 1,1-1,K)-GCOEPUOLDY(J-1,I+ 1,K)+ 
4 HCOEPUOLDY(J-1,1,K)+OCOEPUOLDY(J-1,1-1,K)) 

RES-ID=FAC•(CCOEPUSLX(J + 1,1,K)-BCOEPUSLX(J,I,K)+ ACOEP 
1 USLX(J-1,1,K)+CCOEPUOLDX(J+ 1,1,K)-BCOEPUOLDX(J,I,K)+ 
2 ACOEPUOLDX(J-1,1,K))+ YCON+ZCON+QBX(J,J,K)•DELT +UOLDX(J,J,K)-
3 USLX(J,I,K) .. 

.-> 
CBl..3--CALCULATE SOURCE TERMS AND CONSTANTS 

IF(NUMIT.EQ.1) COEF= YCON+ZCON+QBX(J,I,K)•DELT 
C 
CBM--CALCULATE NORM OF TRUE ERROR AND NEW VALUE OF 
C DISPLACEMENT 

C 

39 ANORMF=ANORMF+ABS(COEF) 
ANORM=ANORM+ABS(RESID) 
USLX(J,I,K)=USLX(J,l,K)-OMEGA•RESID/(-FAC1) 

40 CONTINUE 

JSW=3-JSW 
20 CONTINUE 

C 
CBN--CALCULATE OMEGA 

IKSW=3-IKSW 
IF(NUMIT.EQ.1 .AND. IPASS.EQ.1) THEN 

·-- OMEGA= 1.00 I (1 .D0-0.SDO•RJACX,.,.2) 
ELSE 
OMEGA= 1.00 I (1 .D0-0.25DO·RJ ACX·-i·OMEGA) 
ENDIF 

98 CONTINUE 
C 
CBO--CHECK FOR CONVERGENCE 

• · • iF(ANORM.LE.XCLOSE• ANORMF) THEN 
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WRITEaOUT,70) NUMIT
70 FORMATdX/NUMBER OF INNER ITERATIONS IN X IS',I5)

GOTO 1000 
ENDIF
EF(ANORM.GT^CLOSE*ANORMF .AND. NUMIT.LT.ISTEP) GOTO 15 
IFCNUMIT.GE.ISTEP) WRITEaOUT48) ISTERKSTP,

1 kperanorm^ormenumout
48 FORMAT(lX/”*WARNING*” CONVERGENCE NOT MET AFTER',15/

1 INNER ITERATIONS, AT TIME STEP,I5,' OF STRESS PERIOI^JS,/
2IX,' IN X. FINAL NORM OF RESIDUAL CALCULATED TO BE',F10.6,/,
3 IX,' IN X. HNAL NORM OF TRUE ERROR CALCULATED TO BE'J10.6,/,
41X,'0UTER ITERATION NUMBER',15,) ~\

C
C9----CHECK IF ROW DIRECTION ITERATION NECESSARY
2000 IF(NROW.EQ.l) GOTO 3000 

C
C9A—SET INITIAL OMEGA 

OMEGA=l.D0 
C
C9B—ITERATE TO SOLVE FOR THE DISPLACEMENT IN THE Y DIRECTION 

NUMIT=0.
17 DIFFY=0.

ANORMF=0.D0
NUMIT=NUMIT+1

C
C9C----^SET NORM FOR RESIDUAL TO ZERO AND BEGIN ODD-EVEN ORDERING

ANORM=0.D0
JKSW=1
D097IPASS=1,2
ISW=JKSW

C
C9D---- LOOP THROUGH LAYERS AND COLUMNS

EX)25K=1,NLAY
D025J=1,NC0L

C
C9E----CALCULATE STRAIN IN THE Y DIRECTION

IF(NLAY.EQ.l) GOTO-12

-"V;..

C 

WRITECTOlIT,70) NUMIT 
70 FORMAT(lX,'NUMBER OF INNER ITERATIONS IN X IS',IS) 

GOT01000 
ENDIF 
IF(ANORM.GT.XCLOSE•ANORMF .AND. NUMIT.LT.ISTEP) GOTO 15 
IF(NUlvflT.GE.ISTEP) WRITECTOlIT,48) ISTEP,I<STP, 

1 KPER,ANORM,ANORMF,NUMOlIT 
48 FORMAT(lX,',.,.,.WARNING••• CONVERGENCE NOT MET AFTER' ,IS,' 

1 INNER ITERATIONS, AT TIME STEP',IS,' OF STRE.5S PERIOD',15,/ 
2 lX,' IN X. FINAL NORM OF RESIDUAL CALCULATED TO BE',Fl0.6,/, 
3 IX,' IN X. FINAL NORM OF TRUE ERROR CALCULATED TO BE' ,F10.6,/, 

' 4 lX,'OUTER ITERATION NUMBER',IS,) ~V 
C9- CHECK IF ROW DIRECTION ITERATION NECESSARY 
2000 IF(NROW.EQ.1) GOTO 3000 

C 
C9A-SET INITIAL OMEGA 

OMEGA=l.DO 
C 
C9B-ITERATE TO SOLVE FOR THE DISPLACEMENT IN THE Y DIRECTION 

NUMIT=O. 
17 DIFFY=0. 

ANORMF=O.DO 
NUMIT=NUMIT+l 

-f C 

, 

C9C-SET NORM FOR RESIDUAL TO ZERO AND BEGIN ODD-EVEN ORDERING 
ANORM=0.DO 
JKSW=l 
DO 97 IPASS=l,2 

ISW=JI<SW --- -
C 
C9D-LOOP THROUGH LAYERS AND COLUMNS 

\ 
DO 25 K=l,NLAY 
DO 25 J=l,NCOL 

C 
C9E--CALCULATE STRAIN IN THE Y DIRECTION 

IF(NLAY.EQ.1) GOT0-12 
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CALLSUSLlY(USLY,IACTJ,NROW,K,DELC,STRNY,NCOL,NLAY)

C9F----INNER LOOP FOR ROWS
12 D045I=ISW,NR0W^

C
C9G---- CHECK FOR NON-ACIWE CELLS
C CHECK FOR ACTIVE CELLS AND LOOP THROUGH CELLS WHERE IACT=1 

IF(IACTO,I,K).EQ.O) GOTO 45 
C
C9I----CALCULATE PROPER VALUE OF SPECIHC STORAGE, SET CONSTANTS

EFOAYCONOO.EQ.l) SS=SSE04JC)
IF{LAYCON(K).NE.l)SS=SCiaLK)/

1 (DELLO,LK)»DELC(I)*DELRa))
IFCKUNIT.EQ.O .AND. SS.LT.4.32E-6) SS=4.32E-6 
IFCKUNTT.NE.O .AND. SS.LT.1.36E-6) SS=1.36E-6

/

C CALCULATE STORAGE FOR ALL LAYCON VALUES 
IF{NLAY.EQ.l .OR. USLYa,I,K).EQ.O.) SSKai,K)=SS

C SET CONSTANT COEFnCIENTS FOR ALL CELLS REGARDLESS OF BOUNDARY 
H=HCa,LK)
FAC=H*DELT/(CON’^)
FACV=H*DELT/(CON‘SSKO,LK))

C
C9J1---- SET UPBOUNDARY COEFHCIENTS FOR LEFTMOST ACTIVE CELL
C ALONG A COLUMN

IFa.EQ.l .OR. a.GT.l .AND. IACT0,I-1,K).EQ.0)) THEN 
C
C DETERMINE VALUES OF THE COEFnCIENTS 

DCP=DELC(D*(DELC(I+l)+DELCa))
DCF=0.5»(DELCa+l)+DELCa)> 

c s
CCOEF=l/DCP
BCOEF=CCOEF+l/(DELCa)*DELCa))
FACl=l+FAC»BCOEF

IFO.EQ.l .OR. a-GTl .‘AND. IACT(J-l,I,K).EQ.O)) THEN

CALL SUSLl Y(USLY,IACT,J,NROW,K,DELC,STRNY,NCOL,NLAY) 

C 
C9F-INNER LOOP FOR ROWS 

12 00 45 l=ISW,NROW,2 
C 
C9G--CHECK FOR NON-ACTIVE CELLS 
C CHECK FOR ACTIVE CELLS AND LOOP THROUGH CELLS WHERE IACT=l 

IF(IACTQ,I,K).EQ.O) GO10 45 

C 
C9I--CALCULATE PROPER VALUE OF SPECIFIC SlORAGE, SET CONSTANTS 

IF(LAYCON(K).EQ.1) SS=SSE0,I,K) 
IF(LAYCON(K).NE.1) SS=SClQ,I,K)/ 
1 (DELL0,I,K)•DELC(D•DELRQ)) 
IFO<UNIT.EQ.O .AND. SS.LT.4.32E-6) SS=4.32E-6 
IF(KUNIT.NE.O .AND. SS. LT.1 .36E-6) 55= 1.36E-6 

C 
C CALCULATE STORAGE FOR ALL LAYCON VALUES 

IF(NLAY.EQ.1 .OR USLYQ,I,K).EQ.O.) SSK0,I,K)=SS 
C 
C SET CONSTANT COEFFICIENTS FOR ALL CELLS REGARDLESS OF BOUNDARY 

H=HC(J,1,K) 
FAC=H•DELT /(CON~) 
FACV=H·DELT / (CO~K0,I,K)) 

C 
-f C9J1-SET UP-130UNDARY COEFFICIENTS FOR LEFfMOST ACTIVE CELL 

, 

C ALONG A COLUMN 
IF0.EQ.1 .OR. 0.GT.1 .AND. IACT(J,I-1,K).EQ.O)) THEN 

C 
C DETERMINE VALUES OF THE COEFFICIENTS 

OCP=DELC(I)•(DEtC(I+ l)+DELCO)) 
DCF=O.S•(DELC0+ l)+DELC0)) 

C 

C 

CCOEF=l/OCP 
BCOEF=CCOEF+ 1 / (DELCO)•DELC(I)) 
FAC1=1+FAC•BCOEF 

\ 

IFQ.EQ.1 .OR. (J.GT.i :AND. IACTQ-1,1,K).EQ.O)) THEN 
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DRF=DELR(J)+0.5*(DELR(P+DELRa+l)) 
DC0EF=1. /(2*DCPDRF) 
ECOEF=DCOEF 
FCOEF=0.
PCOEF=DCOEF
QCOEF=-DCOEF
RCOEF=0.

ELSEIFG-EQ-NCOL .OR. 0-LT.NCOL .AND. IACTO+U,K).EQ.O)) THEN 
DRB=DELR0)+O.5*(DELRa)+DELR0-l))
DCOEF=0.
ECOEF=-l./(2*DCF*DRB)
FCOEF=-ECOEF 
PCOEF=0.
QCOEF=-ECOEF 
RCOEF=-ECOEF

ELSE
DRC=DELR0)+O.5*(DELRO+1 )+DELRG-l))
DCOEF=l. /(2*DCF*DRC)
ECOEF=0.
FCOEF=DCOEF
PCOEF=DCOEF
QCOEF=0.
RCOEF=DCOEF
ENDIF

ZCON=0.
IF(NLAY.EQ.l) GOTO 36
IF(K+r.GT.NLAY .AND. IBOUND(J,LK-1).EQ.O) GOTO 36 

IF(K.EQ.l .OR. (K.GT.1 .AND. mOUNDaLK-l).EQ.0))GOTO36

IF(K.EQ.NLAY .OR. (KLT.NLAY .AND. lACTaiK+D.EQ.O)) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUND(J,I,K-2).EQ.O)) THEN 
DVB=1.5*DELLg,I,K)+DELLaiK-l)
ELSE "*

C 

C 

C 

C 

C 

DRF=DELRU)+0.S•(DELRO)+ DELRQ + 1)) 
OCOEF= 1. / (2•0CPDRF) 
ECOEF=OCOEF 
FCOEF=O. 
PCOEF=OCOEF 
QCOEF=-OCOEF 
RCOEF=O. 

ELSEIFQ.EQ.NCOL .OR Q.LT.NCOL .AND. IACTQ+l,l,K).EQ.0)) THEN 
DRB=DELRQ)+0.S•(DELRO)+ DELRQ-1)) 
OCOEF=O. 
ECOEF=-1./ (2•DCPDRB) "\._,, 
FCOEF=-ECOEF 
PCOEF=0. 
QCOEF=-ECOEF 
RCOEF=-ECOEF 

ELSE 
DRC=DELRO)+O.S•(DELRQ+ 1 )+ DELRQ-1)) 
OCOEF=l./(2•0CPDRC) 
ECOEF=0. 
FCOEF=OCOEF 
PCOEF=OCOEF 
QCOEF=0. 

r-v-JicOEF=OCOEF 
ENDIF 

ZCON=0. 
IF(NLAY.EQ.1) GOT036 
IF(K+t'.GT.NLAY .AND. IBOUND(J,I,K-1).EQ.O) GOTO 36 

IF(K.EQ.1 .OR. (K.GT.1 .AND. IB.OUNDQ,I,K-1).EQ.0)) GOTO 36 

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACTQ,I,K+ 1).EQ.0)) THEN 
IF(K-1 .EQ.1 .OR. (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVB= 1.S•DELLO ,I,K)+ DELLQ,I,K-1) 
ELSE 
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DVB=DELL0,I,K)+O.5*(DELLai,K)+DELLO,I,K-l))
ENDIF
SCOEF=0.
UCOEF=l./(2*DCF*DVB)
VCOEF=UCOEF
X2COEF=0.
Y2COEF=UCOEF
Z2COEF=UCOEF

C
ELSE
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDQ,I4C-2).EQ.O)) THEN 
DVC=DELLa4,K)+0.5*DELLaLK+l)+DELL(J,LK-l)
ELSE
DVC=DELL0,LK)+0.5*PELLaLK+l)+DELL0,LK-D)
ENDIF
SCOEF=l ./(2*DCPDVC)
UCOEF=0.
VCOEF=SCOEF
X2COEF=SCOEF
Y2COEF=0.
Z2COEF=SCOEF
ENDIF

C
ZCON=-FACV*(SCOEPUSLZai+l,K+l)-UCOEPUSLZ(J,I+l,K)- 
lVC5:OEPUSLZai+l,K-!)O(2COEPUSLZ0,LK+l)+Y2COEPUSLZaLK) 
2+Z2COEPUSLZa,LK-l)+SCOEPUOLDZai+LK+l) 
3-UCOEPUOLDZai+l,K)-VCOEPUOLDZa,I+l,K-l)-X2COEPUOLDZa,L 
4 K+1)+Y2COEPUOLDZa,LK)+Z2COEPUOLDZai,K-l))

C
C9J2----NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO
C GOVERNING EQUATION

36 XCON=FAC*(DCOEPUSLX0+U+l,K)+ECOEPUSLXa,I+l,K)-
lFCOEPUSLXa-l,I+l,K)-PCOEPUSLX(I+U,K)+QCOEPUSLX0,I,K)+ 
2RCOEPUSLX(J-LI,K)+IXOEPUOLDXa+l,I+l,K)+ECOEF»UOLDXai+l,K) 
3-FCOEPUOLDXa-l,I+l,K)-PCOEPUOLDX(J+l,LK)+QCOEPUOLDX0,I,K) 
4 +RCOEPUOLDXa-l,I,K))

C

C 

C 

C 

DVB=DELLO,I,K)+0.5'•(DELLO,I,K)+DELL(J,1,K-1)) 
ENDIF 
SCOEF=0. 
UCOEF= 1. / (2*0CPDVB) 
VCOEF=UCOEF 
X2COEF=O. 
Y2COEF=UCOEF 
Z2COEF=UCOEF 

El.SE 
IF(K-1.EQ.1 .OR. (K-1 .GT.1 .AND. IBOUND(J,I,K-2).EQ.0)LTHEN 
DVC=DELLO,I,K)+0.S*DELL(J,I,K + 1 )+ DELLO,I,K-1) \._...-> 

El.SE 
DVC=DELLQ,I,K)+0.S*(DELLQ,I,K + 1 )+DELL(J,1,K-1)) 
ENDIF 
SCOEF=l ./ (2*DCPDVC) 
UCOEF=O. 
VCOEF=SCOEF 
X2COEF=SCOEF 
Y2COEF=O. 
Z2COEF=SCOEF 
ENDIF 

ZCON=-FACV*(SCOEPUSLZQ,I+ 1,K+ 1)-UCOEPUSLZQ,I+ 1,K)-
1 v t oEPUSLZO,I+ 1,K-l}-"X2COEPUSLZO,I,K+ 1)+ Y2COEPUSLZO,I,K) 
2 +Z2COEPUSLZ(J,I,K-1 )+SCOEPUOLDZ(J,I+ 1,K+ 1) 
3 -UCOEPUOLDZ(J,I+ 1,K)-VCOEPUOLDZ(J,I+ 1,K-1 )-X2COEPUOLDZO,I, 
4 K+ 1)+ Y2COEPUOLDZO,I,K)+Z2COEPUOLDZ(J,I,K-1)) 

C9J2-NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO 
C GOVERNINGEQUATION 

C 

36 XCON=FAC*{OCOEPUSLXO+ 1,1+ 1,K)+ECOEPUSLX(J,I+-1,K)-
1 FCOEPUSLX(J-1,I+ 1,K)-PCOEPUSLX(J+ 1,I,K)+QCOEPUSLXQ',I,K)+ 
2RCOEPUSLXO-1,l,K}+DCOEPUOLDXO+1,I+1,K}+ECOEPUOLDX(J,1+1,K) 
3 -FCOEPUOLDXQ-1,I+ 1,K)-PCOEPUOLDX(J+ 1,I,K)+QCOEPUOLDXQ,I,K) 
4 +RCOEPUOLDX(J-1,1,K)) 
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RESID=FAC*(CCOEPUSLYai+l,K)-BCOEPUSLYai,K)+CCOEP 
lUOLDYa,I+l,K)-BCOEPUOLDYai,K))+XCON+ZCON+QBY0,I,K)*DELT+ 
2 UOLDYa,I,K)-USLYai,K)

C
C9J3---- CALCULATE SOURCE TERMS AND CONSTANTS

IF(NUMIT.EQ.l) COEF=XCON+ZCON+QBY0,I,K)*DELT 
C

GOTO 44 
ENDIF 

C
C9K1 SET UP BOUNDARY COEFHCIENTS FOR RIGHTMOST ACTIVE CELL
C ALONG A COLUMN ' ^

IFa.EQ.NROW .OR. a.LT.NROW IACTa,I+l,K).EQ.O))THEN 
C
C DETERMINE VALUES OF THE COEFFICIENTS 

DCM=DELCa)*(DELCa-l)+DELCa))
DCB=0.5*(DELCa-l )+DELCa»

C
ACOEF=l/DCM
BCOEF=ACOEF+l /(DELC(I)*DELCa))
FACl=l+FAC*BCOEF

C
IFG.EQ.l .OR. C-GTl .AND. IACTO-LLK).EQ.O)) THEN 
DRF=DELRa)+0.5*(DELRO)+DELRG+l)) 

r-''GCOEF=l ./(2*DCB*DRF)
HCOEF=-GCOEF
OCOEF=0.
PCOEF=GCOEF
QCOEF=GCOEF
RCOEF=0.

C
ELSEIFG.EQ.NCOL .OR. G-LTNCOL .AND. IACTG+l,I,K).EQ.O)) THEN 
DRB=DELRG)+0.5»(DELRG)+DELRG-D)
GCOEF=0.
HCOEF=l./(2»DCB*DRB)
OCOEF=HCOEF
PCOEF=B.

, 

C 

RESID=FAC•(CCOEPUSLYQ,I+ 1,K)-BCOEPUSLYQ,I,K)+CCOEP 
1 UOLDYQ,I+ 1,K)-BCOEPUOLDYQ,I,K))+XCON+ZCON+QBYQ,I,K)•DELT + 
2 UOLDYQ,I,K)-USLYQ,l,K) 

C9J3--CALCULATE SOURCE TERMS AND CONSTANTS 
IF(NUMIT.EQ.1) COEF=XCON+ZCON+QBYQ,I,K)•DELT 

C 

C 

G01044 
ENDIF 

C9K1-SET UP BOUNDARY COEFFICIENTS FOR RIGHTMOST ACTIVE CELL . 
C ALONG A COLUMN "\_ > 

IFU.EQ.NROW .OR. U.LT.NROW .AND. IACTQ,1+1,K).EQ.O)) THEN 
C 
C DETERMINE VALUES OF THE COEFFICIENTS 

OCM=DELCU)•(DELCU-1)+DELCU)) 
DCB=O.S-(DELCU-1)+DELCU)) 

C 

C 

C 

ACOEF=1 /DCM 
BCOEF=ACOEF+ 1 / (DELC(O-DELCU)) 
FAC1=1+FAC•BCOEF 

IFQ.EQ.1 .OR. Q.GT.1 .AND. IACTQ-1,l,K).EQ.O)) THEN 
DRF=DELR(J)+O.S•(DELRQ)+DELRO + 1)) 

COEF= 1./ c2•oca·oRF) 
HCOEF=-GCOEF 
OCOEF=O. 
PCOEF=GCOEF 
QCOEF=GCOEF 
RC0EF=O. 

, 
ELSEIFQ.EQ.NCOL .OR. Q.LT.NCOL .AND. IACTQ+1,l,K).EQ.O)) THEN 

\ . 
DRB=DELRQ)+o.s•(DELRQ)+DELRQ-1)) 
GCOEF=O. 
HCOEF= 1. / (2•DCB•DRB) 
OCOEF=HCOEF 
PCOEF=U. 
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/

QCOEF=-HCOEF
RCOEF=HCOEF

ELSE
DRC=DELR0)+0.5»(DELR0+l)+DELRa-l))
GCOEF=l./(2*DCB*DRC)
HCOEF=0.
OCOEF=GCOEF
PCOEF=GCOEF
QCOEF=0.
RCOEFCCOEF
ENDIF

ZCON=0.
IF(NLAY.EQ.1)G0T0 37
IF(K+1.GT.NLAY .AND. IBOUND(J/I/K-1).EQ.O) GOTO 37

IF(K.EQ.l .OR. (K.GT.1 .AND. IBOUNDa,I,K-l).EQ.O)) GOTO 37

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. lACTaiK+D.EQ.O)) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDa,I,K-2).EQ.O)) THEN 
DVB=1.5*DELLa,I,K)+DELLa,I,K-l)
ELSE
DVB=DELLaLK)+0.5*(DELL(J,I,K)+DELL0,I,K-l))
ENDIF
XCOEF=l./(2»DCB»DVB)
YCOEF=0.
ZCOEF=XCOEF
X2COEF=0.
Y2COEF=XCOEF.^ .
Z2COEF=XCOEF *

ELSE ^
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDOXK-2).EQ.O)) THEN 
DVC=DELLaLK)+0.5*DELLO,LK+l)+DELLO,I,K-l)
ELSE
DVC=DELLai,K)+0.5*(DELLai,K+l)+DELL0,lK-l))

I:'..

C 

C 

C 

C 

C 

QCOEF=-HCOEF 
RCOEF=HCOEF 

ELSE 
DRC=DELR0)+0.5'•(DELRQ+ l)+DELRQ-1)) 
GCOEF= 1./ (2•oce·DRC) 
HCOEF=0. 
OCOEF=GCOEF 
PCOEF=GCOEF 
QCOEF=0. 
RCOEF=GCOEF 
ENDIF 

ZCON=0. 
IF(NLAY.EQ.1) GOTO 37 
IF(K+l.GT.NLAY .AND. IBOUND(J,l,K-1).EQ.0)GOT037 

IF(K.EQ.1 .OR. (K.GT.1 .AND. IBOUND(J,I,K-1).EQ.0)) GOTO 37 

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT(J,I,K+ 1).EQ.0)) THEN 
IF{K-1.EQ.1 .OR. {K-1.GT.1 .AND. IBOUNDO,I,K-2).EQ.0)) THEN 
DVB= 1.S•DELLO,I,K)+ DELLO,I,K-1) 
ELSE 
DVB=DELLO,I,K)+0.S•(DELLO,I,K)+ DELL(J,I,K-1)) 
ENDIF 
XCOEF= 1./ (2•DCB•DVB) 
YCOEF=O. 
ZCOEF=XCOEF 
X2COEF=0. 
Y2COEF=XCOEE_ ..---
Z2COEF=XCOEF 

ELSE 
IF(K-1.EQ.1 .OR. (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
DVC=DELL(J,I,K)+0.S•DELLO,I,K + 1 )+ DELLO,I,K-1) 
ELSE 
DVC=DELL(J,I,K)-t-0.S•(DELL(J,I,K+ 1 )+DELL(J,I,K-1)) 
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ENDIF
XCOEF=0.
YCOEF=l. /(2*DCB*DVC)
ZCOEF=YCOEF
X2COEF=YCOEF
Y2COEF=0.
Z2COEF=YCOEF
ENDIF

C
ZCON=-FACV*(X2COEPU5LZaiK+l)-Y2COEPUSLZa,I,K)-
lZ2COEPUSLZa,I,K-l)-YCOEPUSLZai-I/K+l)+
2XCOEPUSLZa,I-l,K)+ZCOEPUSLZ0/I-l/K-l)+X2COEf*UOLDZaLK+l)- 
3Y2COEPUOLDZaiK)-Z2COEPUOLDZa,I,K-l)-YCOEPljbLDZai-l.K+l)+ 
4 XCOEPUOLDZa,M,K)+ZCOEPUOLDZaM,K-D)

C
C9K2----NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO

GOVERNING EQUATION
37 XCON=FAC*(PCOEPUSLX0+l,I,K)+QCOEPUSLXa,I,K)-RCOEP 

lUSLXa-lXK)-GCOEPUSLXa+U-l,K)+HCOEPUSLXai-LK)+OCOEP 
2USLXa-l,I-l,K)+PCOEPUOLDXa+LI,K)+QCOEPUOLDXai,K)- 
3 RCOEPUOLDXa-LLK)-GCOEPUOLDXa+U-l ,K)+HCOEP 
4UOLDXai-l,K)+OCOEPUOLDX0-U-l,K))

C
RESID=FAC*(ACOEPUSLY0,I-l,K)-BCOEPUSLYai,K)+
1ACOEPUOLDYO,I-UK)-BCOEPUOLDYO,I,K))+XCON+ZCON+QBY(JJ,K)
2 *DELT+UOLDYa,LK)-USLYaiK)

C
C9K3---- CALCULATE SOURCE TERMS AND CONSTANTS

IF(NUMIT.EQ.l) COEF=XCON+ZCON+QBY0.LK)*DELT 
C

GOTO 44
ENDIF ^

C
C9L1----SET UP COEFRCIENTS FOR ALL INTERIOR CELLS ALONG A COLUMN
C
C DETERMINE VALUES OF THE COEFFICIENTS 

DCM=DELCa)*(DELCa-l l+DELCG))

C 

C 

ENDIF 
XCOEF=O. 
YCOEF= 1. / (2•ocB•DVC) 
ZCOEF=YCOEF 
X2COEF=YCOEF 
Y2COEF=O. 
22COEF= YCOEF 
ENDIF 

ZCON=-FACV•(X2COEPUSl.Z(J,1,K+ 1 )-Y2COEPUSLZ(J,I,K)-
1 22COEPUSLZ(J,l,K-1 )-YCOEPUSLZ(J,1-1,K+ 1 )+ 
2 XCOEPUSLZ(J,1-1,K)+ZCOEPUSLZ(J,I-1,K-1 )+X2COEeUQLDZ(J,I,K+ 1 )-
3 Y2COEPUOLDZ(J,I,K)-22COEPUOLDZ(J,l,K-1)-YCOEF"DOLDZ(J,I-1,K+ 1)+ 
4 XCOEPUOLDZ(J,l-1,K)+ZCOEPUOLDZ(J,I-1,K-1)) 

C9K2-NOW PUT COEFFICIENTS INTO NUMERICAL APPROXIMATION TO 
GOVERNING EQUATION 

C 

C 

37 XCON=FAC•(PCOEPUSLX(J+1,I,K)+QCOEPUSLX(J,I,K)-RCOEP 
1 USLX(J-1,l,K)-GCOEPUSLX(J+ 1,1-1,K)+HCOEPUSLX(J,I-1,K)+OCOEP 
2 USLX(J-1,1-1,K)+ PCOEPUOLDX(J + 1,I,K)+QCOEPUOLDX(J,I,K)-
3 RCOEPUOLDX(J-1,1,K)-GCOEPUOLDX(J+ 1,1-1,K)+HCOEP 
4 UOLDX(J,I-1,K)+OCOEPUOLDX(J-1,1-1,K)) 

RESID=FAC•(ACOEPUSLY(J,1-1,K)-BCOEPUSLY(J,l,K)+ 
f ACOEPUOLDY0,.~K1-BCOEPUOLDYQ,l,K))+XCON+ZCON+QBY(J,I,K) 
2 •DELT +UOLDY(J,I,K)-USLY(J,I,K) 

C9K3--CALCULATE SOURCE TERMS AND CONSTANTS 
IF(NUMIT.EQ.1) COEF=XCON+ZCON+QBY(J,l,K)•DELT 

C 

C 

GOT044 
ENDIF 

C9L1-SET UP COEFFICIENTS FOR ALL INTERIOR CELLS ALONG A COLUMN 

C 
C DETERMINE VALUES OF THE COEFFICIENTS 

DCM=DELCO)•(DELCCT-1)+DEL-CCT)) 
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DCP=DELC(D*(DELC(I+1 )+DELCa» 
DCC=DELC(D+0.5*(DELC(I+l)+DELCa-D)

c
CCOEF=l/DCP
ACOEF=l/DCM
BCOEF=ACOEF+CCOEF
FACl=l+FAC*BCOEF

c
IF0.EQ.1 .OR. O GT.l .AND. IACT0-1,I,K).EQ.0))THEN 
DRF=DELR(J)+0.5*(DELR0)+DELR0+1))
DCOEF=l./(2»DCC*DRF)
ECOEF=DCOEF
FCOEF=0.
GCOEF=DCOEF
HCOEF=-DCOEF
OCOEF=0.

c
ELSEIFO-EQ.NCOL .OR. a LT.NCOL .AND. IACT0+1XK).EQ.0)) THEN 
DRB=DELRa)+0.5‘(DELRa)+DELR0-D)
DCOEF=0.
ECOEF=-l./(2*DCC*DRB)
FCOEF=-ECOEF
GCOEF=0.
HCOEF=-ECOEF
OGOEF=-ECOEF r--'

c
r- ■■ ELSE

DRC=DELRO)+0.5*(DELRa+l)+DELRO-l))
DCOEF=l./(2*DCC*DRC)
ECOEF=0. —.

r FCOEF=DCOEF
GCOEF=DCOEF ^

si' "
i HCOEF=0.

f-''" ■'

i:
OCOEF=DCOEF
ENDIF

c

E ZCON=0. ------

: y
r----- -

C 

C 

C 

C 

C 

DCP=DELC(D'°(DELC(I+ 1)+DELCCT)) 
OCC=DELC(D+0.S•(DELC(I+ 1 )+DELCCT-1 )) 

CCOEF=l/OCP 
ACOEF=1/0CM 
BCOEF=ACOEF+CCOEF 
FA Cl= 1 +FAC•BCOEF 

IFQ.EQ.1 .OR. Q.GT.1 .AND. IACTQ-1,I,K).EQ.0))THEN 
DRF=DELRO)+0.S•(DELRQ)+DELRQ + 1)) 
OCOEF=l ./(2•occ•DRF) 
ECOEF=OCOEF -v 
FCOEF=O. 
GCOEF=OCOEF 
HCOEF=-OCOEF 
OCOEF=0. 

El.SEIFQ.EQ.NCOL .OR. Q.LT.NCOL .AND. IACTQ+ 1,I,K).EQ.0)) THEN 
DRB=DELRQ)+0.S•(DELRQ)+DELRQ-1)) 
OCOEF=O. 
ECOEF=-1 . / c2•occ·DRB) 
FCOEF=-ECOEF 
GCOEF=0. 
HCOEF=-ECOEF 
OOOEF=-ECOEF t-v' 

El.SE 
DRC=DELRO)+Q.S•(DELRO+ l)+DELRQ-1)) 
OCOEF=l ./(2•occ·DRC) 
ECOEF=0. 
FCOEF=OCOEF 
GCOEF=OCOEF 
HCOEF=0. 
OCOEF=OCOEF 
ENDIF 

ZCON=0. 

\ 
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C

C

IF(NLAY.EQ.l)GOT038
EF(K+1.GT.NLAY .AND. IBOUNDO,I,K-1).EQ.O) GOTO 38

IF(K.EQ.l .OR. (K.GT.1 .AND. reOUND0,I,K-l).EQ.0))GOTO38

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT0,I,K+1).EQ.0)) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDO,I,K-2).EQ.O)) THEN 
DVB=1.5*DELL0,I,K)+DELL(J,I,K-1)
ELSE
DVB=DELL0,LK)+0.5*(DELLa,I,K)+DELLaiK-l))
ENDIF 
SCOEF=0.
UCOEF=l. / (2»DCC*DVB)
VCOEF=UCOEF 
XCOEF=UCOEF 
YCOEF=0.
ZCOEF=UCOEF

ELSE
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. roOUNDO,LK-2).EQ.O)) THEN 
DVC=DELLa,I,K)+0.5*DELLa,LK+l )+DELLa,I,K-l)
ELSE
DVC=DELL0,I,K)+0.5‘(DELLa,LK+l )+DELLa,I,K-l))
ENDIF

V SCOEF=l./(2*DCCJI3VC)
UCOEF=0.
VCOEF=SCOEF
XCOEF=0.
YCOEF=SCOEF
ZCOEF=SCOEF
ENDIF

ZCON=-FACV*(SCOEPUSLZa,I+l,K+l)-UCOEPUSL^0/I+l/K)- 
1 VCOEPUSLZai+l,K-l)+XCOEPUSLZai-l,K)-YCOEF*USLZai-l,K+l)+ 
2ZCOEPUSLZ0,I-LK-l)+SCOEPUOLDZa,I+l,K+l)-UCOEPUOLDZa,I+l,K)
3 -VCOEPUOLDZa,I+l ,K-1 )+XCOEPUOLDZa,M ,K)-
4 YCOEPUOLDZa,I-l ,K+1 )-t-ZGOEPUOLDZ(J,I-l ,K-1))

C 

C 

C 

C 

IF(NLAY.EQ.1) GOTO 38 
IF(K+l.GT.NLAY .AND. IBOUND(J,I,K-1).EQ.0) GOTO 38 

IF(K.EQ.1 .OR. (K.GT.1 .AND. IBOUND(J,l,K-1).EQ.0)) GOTO 38 

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT(J,I,K+1).EQ.0)) THEN 
IF(K-1.EQ.1 .OR (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.O)) THEN 
DVB= 1.s•oELL(J,l,K)+ DELL(J,I,K-1) 
EI..5E 
DVB=DELL(J,I,K)+Q.S•(DELL(J,I,K)+ DELL(J,I,K-1 )) 
ENDIF 
SCOEF=O. 
UCOEF=l ./ (2•occ·DVB) 
VCOEF=UCOEF 
XCOEF=UCOEF 
YCOEF=O. 
ZCOEF=UCOEF 

EI..5E 
IF(K-1.EQ.1 .OR. (K-1.GT.1 .AND. IBOUNDQ,I,K-2).EQ.0)) THEN 
DVC=DELL(J,I,K)+0.S•DELL(J,I,K + 1 )+DELL(J,I,K-1) 
EI..5E 
DVC=DELL(J,I,K)+0.S•(DELL(J,l,K+ 1 )+DELL(J,I,K-1)) 
ENDIF 

1 SCOEF= 1./ c2•ocqQYC) 
UCOEF=O. 
VCOEF=SCOEF 
XCOEF=O. 
YCOEF=SCOEF 
ZCOEF=SCOEF 
ENDIF 

ZCON=-FACV•(SCOEPUSLZ(J,I + 1,K+ 1 )-UCOEPUSI.2(J,I + 1,K)-
1 VCOEPUSLZ(J,I+ 1,K-1 )+XCOEPUSLZ(J,l-1,K)-YCOEPUSLZ(J,1-1,K + 1 )+ 
2ZCOEPUSLZ(J,I-1,K-1)+SCOEPUOLDZ(J,I+1,K+1)-UCOEPUOLDZ(J,I+1,K) 
3 -VCOEPUOLDZ(J,I+ 1,K-1 )+ XCOEPUOLDZ(J ,I-1,K)-
4 YCOEPUOLDZ(J,l-1,K+1)+2GOEPUOLDZ(J,I-1,K-1)) 
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C9L2----NOW PUT COEFHCIENTS INTO NUMERICAL APPROXIMATION TO
C GOVERNING EQUATION

38 XCON=FAC*(DCOEPUSLX(J+LI+l,K)+ECOEPUSLXai+LK)-
lFCOEPUSLX0-LI+l,K)-GCOEPUSLXa+U-l,K)+HCOEPUSLX0,I-l,K)
2+OCOEPUSLXa-l,I-l,K)+DCOEPUOLDX0+l,I+l,K)+ECOEPUOLDXa
3I+l,K)-FCOEPUOLDXa-l,I+l,K)-GCOEPUOLDX0+U-l,K)+HCOEP
4UOLDXai-l,K)+OCOEPUOLDXa-l,I-LK))

C
RESID=FAC*(CCOEPUSLYa4+l,K)-BCOEPUSLY0,I,K)+ACOEP 
lUSLYai-l,K)+CCOEPUOLDY(J,I+l,K)-BCOEF»UOLDYa,LK)+ACOEP 
2UOLDY0.I-l.K))+XCON+;ZCON+QBYa,LK)*DELT+UOLDY0XK)- 
3USLYa,I,K)

C9L3---- CALCULATE SOURCE TERMS AND CONSTANTS
IF(NUMIT.EQ.l) COEF=XCON+ZCON+QBY(J,I,K)»DELT 

C
C9M-----CALCULATE NORM OF TRUE ERROR AND NEW VALUE OF
C DISPLACEMENT

44 ANORMF=ANORMF+ABS(COEF) 
ANORM=ANORM+ABS(RESID) 
USLYai,K)=USLYa,I,K)-OMEGA*RESID/(-FACl)

45 CONTINUE 
C

^ ISW=3-ISW 
25 CONTINUE 

C
C9N-----CALCULATE OMEGA

JKSW=3-JKSW
IF(NUMIT.EQ.l .AND. IPASS.EQ.l) THEN 
OMEG A=1 .D0/(1 .D0-0.5D0*RJACY*»2)
ELSE
OMEGA=l .D0/(1 ,D0-0.25D0*RJACY**2»OMEG A)
ENDIF

97 CONTINUE 
C
C90—ttCheck for convergence

C 
C912-NOW PUT COEFFICIENTS IN10 NUMERICAL APPROXIMATION TO 
C GOVERNING EQUATION 

C 

C 

38 XCON=FAC•(OCOEPUSLX(J+1,1+1,K)+ECOEPUSLX(J,1+1,K)-
1 FCOEPUSLX(J-1,I+ 1,K)-CCOEPUSLX(J+ 1,1-1,K)+HCOEPUSLX(J,l-1,K) 
2 +OCOEPUSLX(J-1,l-1,K)+OCOEPUOLDX(J+l,1+1,K)+ECOEPUOLDX(J, 
3 I+ 1,K)-FCOEPUOLDX(J-1,I+ 1,K)-CCOEPUOLDX(J+ 1,1-1,K)+HCOEP 
4 UOLDX(J,I-1,K)+OCOEPUOLDX(J-1,I-1,K)) 

RESID=FAC•(CCOEPUSLY(J,1+1,K)-BCOEPUSLY(J,l,K)+ACOEP 
1 USLY(J,I-1,K)+CCOEPUOLDY(J,I+l,K)-BCOEPUOLDY(J,1,K)+ACOEP 
2 UOLDY(J,I-1,K))+XCON+? CON+QBY(J,I,K)''DELT +UOLDY(J,I,K)-
3 USLY(J,I,K) '\.--' 

C9L3-CALCULATE SOURCE TERMS AND CONSTANTS 
IF(NUMIT.EQ.1) COEF=XCON+ZCON+QBY(J,I,K)•DELT 

C 
C9M--CALCULATE NORM OF TRUE ERROR AND NEW VALUE OF 
C DISPLACEMENT 

C 

":°"'' 

C 

44 ANORMF=ANORMF+ABS(COEF) 
ANORM=ANORM+ABS(RESID) 
USLY(J,I,K)=USLY(J,I,K)-OMEGA •RESID / (-FA Cl) 

45 CONTINUE 

ISW=3-ISW 
25 CONTINUE 

C9N--CALCULATE OMEGA 
JKSW=3-JKSW 
IF(NUMIT.EQ.1 .AND. IPASS.EQ.1) THEN -----OMEGA= 1.00 I (1.D0-0.SDO•RJACY·~) 
ELSE 
OMEGA= 1.D0/ (1 .D0-0.2500,.RJACY•~otQMEGA) 
ENDIF 

97CONTINUE 
C 
C90-;-£HECK FOR CONVERGENCE 
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IF(ANORM.LE.XCLOSE»ANORMF) THEN 
WRITEaOUT,71) NUMIT

71 FORMATdX/NUMBER OF INNER ITERATIONS IN Y IS',I5)
GOTO 2000 
ENDIF
IF(ANORM.GT.XCLOSE*ANORMF .AND. NUMTT.LT.ISTEP) GOTO 17 
IF(NUMIT.GE.ISTEP) WRITE(IOUT,43) ISTERKSTP,

1 KPER,ANORM,ANORMF,NUMOUT 
43 FORMAT(lX/**»WARNING*** CONVERGENCE NOT MET AFTER',15/

1 INNER ITERATIONS, AT TIME STEP',15,' OF STRESS PERIOD',15,/,
2IX,' IN Y. FINAL NORM OF RESIDUAL CALCULATED TO BE',F10.6,/,
3IX,' IN Y. FINAL NORM OF TRUE E^OR CALCULATED TO BE',F10.6,/, 
4 lX,'OUTER ITERATION NUMBER',I5y^

/

S':"

CIO-----LOOP THROUGH ALL THE COMPONENT DIRECTIONS AGAIN UNTIL
C CONVERGENCE 
3000 D0 81K=1,NLAY 

DO 81 I=l,NROW 
DO 81 J=l,NCOL
ERR=AMAXl(ABS(USLXa,I,K)-TEMPXO,I,K)),ABS(USLYa,I,K)-
lTEMPYO,I,K)),ABS(USLZa,I,K)-TEMPZa,I,K)))
IFIERR-GT.TDIFF) TDIFF=ERR

81 CONTINUE
IFCTDOLD.LT.TDIFF) GOTO 4000
TDOLD=TDIFF
WRITE(IOUT,85)TDIFF

85 FORMAT(lX,'TOTAL DIFFERENCE IS',E15.8)
IFCroiFF.GT.TCLOSE .AND. NUMOUT.LT.IOSTP) GOTO 100 
IF(TDIFF.LE.TCLOSE) GOTO 4000
IF(TDIFF.GT.TCLOSE .AND. NUMOUT.EQ.IOSTP) WRITE(IOUT,82) NUMOUT, 

1 KSTP,KPER
82 FORMAT(lX,'*«WARNING, OUTER LOOP CONVERGENCE NOT MET

1 AFTER',I5,'OUTER ITERATIONS AT TIME STEP',15,' OF STRESS PERIOD',15) 
GOTO 4000 

C
Cll-----PRINT NUMBER OF OUTER ITERATIONS NEEDED FOR CONVERGENCE
4000 WRITEaOUT,-83) NUMOUT

/ 

C 

IF(ANORM.LE.XCLOSE• ANORMF) THEN 
WRITEGOlIT,71) NUMIT 

71 FORMAT(lX,'NUMBER OF INNER ITERATIONS IN Y IS',15) 
GOT02000 
ENDIF 
IF(ANORM.GT.XCLOSE•ANORMF .AND. NUMIT.LT.ISTEP) GOTO 17 
IF(NUMIT.GE.ISTEP) WRITE(IOlIT,43) ISTEP,KSTP, 
1 KPER,ANORM,ANORMF,NUMOlIT 

43 FORMAT(lX,',.,.,.W RNING,.,.,. CONVERGENCE NOT MET AFTER',15,' 
1 INNER ITERATIONS, AT TIME STEP',15,' OF STRF.SS PERIOD',15,/, 
2 lX,' IN Y. FINAL NORM OF RESIDUAL CALCULATED TO BE',Fl0.6,/, 
3 lX,' IN Y. FINAL NORM OF TRUFE~O~ CALCULATED TO BE' ,Fl0.6,/, 
4 lX,'OlITER ITERATION NUMBER',ISY 

ClO-LOOP THROUGH ALL THE COMPONENT DIRECTIONS AGAIN UNTIL 
C CONVERGENCE 
3000 00 81 K=l,NLAY 

C 

00 81 1=1,NROW 
00 81 J=l,NCOL 
ERR=AMAXl (ABS(USLXQ,I,K)-TEMPXO ,I,K) ),ABS(USLYO,I,K)-
1 TEMPYQ,I,K)),ABS(USLZO,I,K)-TEMPZO,I,K))) 
IF(ERRGT.TDIFF) TDIFF=ERR 

81 CONTINUE 
IF(TOOLD.LT.TDIFF) GOTO 4000 
~L-D=TDIFF 
WRITE(JOlIT,85)TDIFF 

85 FORMAT(lX,'TOTAL DIFFERENCE IS ',ElS.8) 
IF(TDIFF.GT.TCLOSE .AND. NUMOlIT.LT.IOSTP) GOTO 100 
IFCTDIFF.LE.TCLOSE) GOTO 4000 
IF(TDIFF.GI.TCLOSE .AND. NUMOlIT.EQ.IOSTP) WRITECTOUT,82) NUMOUT, 
1 KSTP,KPER 

82 FORMAT(lX,'•••wARNING, OUTER LOOP CONVERGENCE NOT MET 
\ . 

1 AFTER' ,15,'OUTER ITERATIONS AT TIME STEP' ,IS,' OF STRESS PERIOD' ,IS) 
GOT04000 

en-PRINT NUMBER OF OUTER ITERATIONS NEEDED FOR CONVERGENCE 
4000 WRITECTOtJT;83) NUMOlIT 
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83 FORMATdX/NUMBER OF OUTER ITERATIONS =',I5,)

-MOVE DOUBLE PRECISION VALUES TO SINGLE FOR PLOTING
DOl9K=1,NLAY 
DOl9I=l,NROW 
D019J=1,NC0L 
UXaLK)=USLXaiK) 
UYaW=USLYai,K) 
UZai,K)=USLZO.lK) 

19 CONTINUE

-RETURN
RETURN
END

r
r.

/

—

83 FORMAT0X,'NUMBER OF OUTER ITERATIONS =',15,) 
C 
C12-MOVE OOUBLE PRECISION VALUES TO SINGLE FOR PLOTING 

0019 K=1,NLAY 
00191=1,NROW 
0019 J=1,NCOL 
UX(J,I,K)=USLXQ,I,K) 
UY(J,I,K)=USLYQ,I,K) 
UZ(J,I,K)=USLZQ,I,K) 

19 CONTINUE 
C 
C13--RETURN 

RETURN 
END 

\ 
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List of Variables for Module USLIFM

Yadabls Range Dsfinidiai
ACOEF Module

1

Coefficient of the cell to the left or above in principal direction.
ANORM Module True error of residual based on LI-type norm.
ANORMF Module LI norm of source terms.
BCOEF Module Coefficient of the cell of concern in the principal direction.
BOX Global DIMENSION (NCOL,NROW,NLAY), Elevation of bottom of 

each layer. (NBOT is the number of layers for which LAYCON = 
lor 3.)

CCOEF Module Coefficient of the cell to right or below in principal direction.
COEF Module Sum of source terms and constants of cell being evaluated.
CON Module Multiplication factor (not used for this governing equation).
DCB Module Grid spacing component of coefficient of cell to left for columns 

along rows or layers;*^'
DCC Module Grid spacing component of coefficient of cell for columns along 

rows or layers.
DCF Module Grid spacing component of coefficient of cell to right for 

columns along rows or layers.
DCM Module Grid spacing component of coefficient of cell to left along 

columns.

/
DCOEF Module Coefficient of USLYa4+l,K+l), USLYO+U+LK), and 

USLXa+U+LK).
DCP Module Grid spacing component of coefficient of cell to right along

s,
DELC Global

columns.
DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I.

DELL Global DIMENSION (NCOL,NROW,NLAY), CeU dimension in the 
layer direction.

DELR Global DIMENSION (NCOL), Cell dimension in the row direction. «
V DELRQf) contains width of column J.

DELT Global Length of ciurent time step.
DRB Module Grid spacing component of coefficient of cell to left for rows 

along columns or byers.
DRC Module Grid spacing component of coefficient of cell for rows along 

columns or layers.
■■ DRF Module Grid spacing component of coefficient of cell to right for rows

along columns or layers.
DRM Module Grid spacing component of coefficient of cell to left along rows.
DRP Module Grid spacing component of coefficient of cell to right along

rows.
DV Module Grid spacing component of coefficient of cell along layers.
DVB Module Grid spacing component of coefficient of cell above for layers 

along rows or columns.
DVC Module Grid spacing component of coefficient of cell for layers along

1. 0

rows or columns.

*

*—**"

Variable 

ACOEF 
ANORM 
ANORMF 
BCOEF 
BOT 

CCOEF 
COEF 
CON 
OCB 

occ 

OCF 

OCM 

/ OCOEF 

OCP 

DELC 

DELL 

DELR 
-;-v'' 

DELT 
DRB 

DRC 

DRF 

DRM 
DRP 

DV 
DVB 

DVC 

Module 
Module 
Module 
Module 
Global 

Module 
Module 
Module 
Module 

Module 

Module 

Module 

Module 

Module 

Global 

Global 

Global 

Global 
Module 

Module 

Module 
·- .,i-

Module 
Module 

Module 
Module 

Module 

List of Variables for Module USL 1 FM 

Definition 

Coefficient of the cell to the left or above in principal direction. 
True error of residual based on LI-type norm. 
L1 norm of source terms. 
Coefficient of the cell of concern in the principal direction. 
DIMENSION (NCOL,NROW,NLAY), Elevation of bottom of 
each layer. (NBOT is the number of layers for which LAYCON = 
1 or 3.) 
Coefficient of the cell to right or below in principal direction. 
Sum of source terms and constants of cell being evaluated. 
Multiplication factor (not used for this governing equation). 
Grid spacing co~ of coefficient of cell to left for columns 
along rows or layers. 
Grid spacing component of coefficient of cell for columns along 
rows or layers. · 
Grid spacing component of coefficient of cell to right for 
columns along rows or layers. 
Grid spacing component of coefficient of cell to left along 
columns. 
Coefficient ofUSLY(J,1+1,K+l), USLY(J+l,1+1,K), and 
USLX(J+l,1+1,K). 
Grid spacing component of coefficient of cell to right along 
columns. 
DIMENSION (NROW), Cell dimension in the column direction. 
DELC(D contains width of row I. 
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the 
layer direction. 
DIMENSION (NCOL), Cell dimension in the row direction. 
DELR(J) contains width of column J. 
Length of current time step. 
Grid spacing component of coefficient of cell to left for rows 
along columns or layers. 
Grid spacing component of coefficient of cell for rows along 
columns or laye.rs. · 
Grid spacing component of coefficient of cell to right for rows 
along columns or layers. 
Grid spacing component of coefficient of cell to left along rows. 
Grid spacing com onent of coefficient of cell to right along 
rows. 
Grid spacing component of coefficient of cell along layers. 
Grid spacing component of coefficient of cell above for layers 
along rows or columns. 
Grid spacing component of coefficient of cell for layers along 
rows or columns. 
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List of Variahlfts for Module USLIFM (Continuedl

/

Variable Rfthgg

DVM Module

D2COEF Module
ECOEF Module
ERR Module
E2COEF Module
FAC Module

FACH Module
FACV Module
FACl Module
FCOEF Module
F2COEF Module
GCOEF Module
G2COEF Module
H Module
HC Package

HCOEF Module
HNEW Global

HOLD Global

HV Module
HY Global

H2COEF Module
I f-' Module
lACT Global

IBOUND Global

IJSW Module
IKSW Module
lOSTP Module
lOUT Global
IPASS Module
ISW Module
J Module
JKSW Module
JSW Module

Definition

Grid spacing component of coefficient of cell below for layers 
along rows or columns.
Coefficient of USLXa+l,I,K+l).Coeffident of USLY0,I,K+1), 
USLYa+l,lK), and USLXai+L-K).
Error of cell measured for each outer iteration.
Coefficient of USLX0,I,K+1).
Constant equal to correct hydraulic conductivity times DELT 
divided by specific storage times CON.
Same as FAC but specific storage is for horizontal direction. 
Same as FAC but specific storage is for vertical direction. 
l+FAC*BCOEF .
Coefficient of USLY(fd^LK+l), USLYC+1,I-1,K), USLXg-LI+LK). 
Coefficient of USLXG-LlK+l).
Coefficient of USLYai+l,K-l),USLYa-l,I+LK), USLXa+l,M,K). 
Coefficient of USLXO+UK-1).
Temporary value of horizontal hydraulic conductivity. 
DIMENSION (NCOL,NROW,NLAY), Horizontal hydraulic 
conductivity evaluated for each cell in the grid.
Coefficient of USLY0,I,K-1), USLYG-LIK), and USLXai-LK). 
DIMENSION (NCOL,NROW>ILAY), Most recent estimate of 
head in each cell.
DIMENSION (NC0L;MR0W,NLAY), Head at the start of the 
current time step.
Vertical hydraulic conductivity equal to HC*RATIO. 
DIMENSION(NCOL,NROW,NLAY), Horizontal hydraulic 
conductivity for cells where LAYCON = 1 or 3.
Coefficient of USLXa,I,K-l).
Index for rows.
DIMENSION (NCOL,NROW,NLAY), Boundaiy array 
identifying active cells in which displacement is calculated. 
DIMENSION (NCOL,NROW,NLAY), Status of each cell 

<0, constant-head cell 
=0, inactive cell 
>0, variable-head cell

Counter in column direction for odd-even ordering.
Counter in column direction for odd-even ordering.
Number of outer-loop iterations.
Primary unit nuniber for cill printed output. lOUT = 6.
Index for odd-even ordering.
Index in row direction for odd-even ordering 
Index for columns.
Counter in row direction for odd-even ordering.
Index for columns for odd-even ordering.
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List of Variables for Module USLI FM {Continued} 

Variable &we Definition 

DVM Module Grid spacing component of coefficient of cell below for layers 
along rows or columns. 

D2COEF Module Coefficient of USLX(J+l,I,K+l) .Coef:ficient of USLY(J,I,K+ 1), 
ECOEF Module USLY(J+ 1,I,K), and USLX(J,I+ 1,.K). 
ERR Module Error of cell measured for each outer iteration. 
E2COEF Module Coefficient of USLX(J,I,K+ 1). 
FAC Module Constant equal to correct hydraulic conductivity times DELT 

divided by specific storage times CON. 
FACH Module Same as FAC but specific storage is for horizontal direction. 
FACV Module Same as FAC but specific storage is for vertical direction. 
FACl Module l+FAC•BCOEF 
FCOEF Module Coefficient of USL {:f;i-1,K+ 1), USLY(J+ 1,I-1,K), USLX(J-1,I+ 1,K). 
F2COEF Module Coefficient of USLX(J-1,I,K+ 1). 
GCOEF Module Coefficient of USLY(J,I+l,K-1 ), USLY(J-1,I+ 1,K), USLX(J+ 1,I-1,K). 
G2COEF Module Coefficient ofUSLX(J+l,I,K-1). 
H Module Temporary value of horizontal hydraulic conductivity. 
HC Package DIMENSION (NCOL,NROW,NLAY), Horizontal hydraulic 

conductivity evaluated for each cell in the grid. 

/ HCOEF Module Coefficient ofUSLY(J,I,K-1), USLY(J-1,1,K), and USLX(J,I-1,K). 
HNEW Global DIMENSION (NCOL,NROW,NLAY), Most recent estimate of 

head in each cell. 
HOLD Global DIMENSION (NCOL,NROW,NLAY), Head at the start of the 

current time step. 
HV Module Vertical hydraulic conductivity equal to HC·RATIO. 
HY Global DIMENSION(NCOL,NROW,NLAY), Horizontal hydraulic 

conductivity for cells where LAYCON = 1 or 3. 
H2COEF Module Coefficient of USLX0,I,K-1). 
I .r,/ Module Index for rows. 
IACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array 

identifying active cells in which displacement is calculated. 
!BOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each cell 

<0, constant-head cell 
=0, inactive cell 
>O, variable-head cell 

IJSW ""lvrociule Counter in column direction for odd-even ordering. 
IKSW Module Counter in column direction for odd-e~en ordering. 
IOSTP Module Number of outer-loop iterations. 
IOUT Global Primary unit nun\ber for all printed output. IOUT = 6. 
IPASS Module Index for odd-even ordering. 
ISW Module Index in row direction for odd-even ordering 
J Module Index for columns. 
JKSW Module Counter in row direction for odd-even ordering. 
JSW ~q_q~e Index for columns for odd-even ordering. 
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Variable Range Definition

K Module Index for layers.
KB Module Counter for layers for which bottom elevation is needed.
KN Module Counter for layers that have gone dry for USLZ adjustment.
KPER Global Stress period counter.
KR Module Counter for byers for which hydraulic conductivity is needed.
KSTP Global Time step coimter. Reset at the start of each stress period.
KSW Module Index for layers for odd-even ordering.
KT Module Counter for layers for which top elevation is needed.
KUNTT Package Flag indicating whether english or metric units are used for 

length.
, =0 Meters are used as units of length.

=1 Feet are used as units of length.
LAYCON Global DIMENSION (80), Layer type code:

0 - Layer stricdy confined.
1 - Layer strictly unconfined.
2 - Layer confined/unconfined (transmissivity is

constant).
3 - Layer confined/imconfined (transmissivity varies).

NBULK Global Flag indicating whether initial or ultimate bulk fluxes are used.
NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the grid.
NMAX Package Number of cells in either the row, column or layer direction— 

whichever is greatest.
NROW Global Number of rows in the grid.
NUMIT Module Counter for inner-loop iterations.
NUMOUT Module Counter for outer-loop iterations.
(XOEF Module Coefficient of USLYa,M,K-l), USLY0-1,I-1,K), USLXa-l,H,K).
OMEGA Package Relaxation parameter for successive overrelaxation.
02C0EF Module Coefficient of USLX(J-1,I,K-1).
PCOEF Module Coefficient of USLY0,I+1,K) and USLX(J+1,I,K).
PS Package DIMENSION (NCOL,NROW,NLAY), Preconsolidation strain. 

Used to determine whether specific storage is elastic or virgin.
P2COEF Module Coefficient of USLXG+1,I,K).
QBX Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in X direction.
QBY Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in Y direction.
QBZ Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in Z direction.
QCOEF Module Coefficient of USLY0,I+1,K) and USLX0+1,I,K).
Q2COEF Module Coefficient of USLXaiK).
RATIO Global DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to 

horizontal hydraulic conductivity.
RCOEF Module Coefficient of USLYa,I-l,K) and USLX0-1,I,K).
RESID Module Residual which defines the error at the cell during inner-loop 

iteration.

ff*
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List of Variables for Module USLlFM <Continued) 

Variable Range Definition 

K Module Index for layers. 
KB Module Counter for layers for which bottom elevation is needed. 
KN Module Counter for layers that have gone dry for USLZ adjustment. 
KPER Global Stress period counter. 
KR Module Counter for layers for which hydraulic conductivity is needed. 
KSTP Global Tune step counter. Reset at the start of each stress period. 
I<SW Module Index for layers for odd-even ordering. 
KT Module Counter for layers for which top elevation is needed. 
KUNIT Package Flag indicating whether english or metric units are used for 

length. 
\_-,, =O Meters are used as units of length. 

=1 Feet are used as units of length. 
LAYCON Global J?IMENSION (80), Layer type code: 

0 - Layer strictly confined. 
1 - Layer strictly unconfined. 
2- Layer confined/unconfined (transmissivity is 

constant). 
3 - Layer confined/unconfined (transmissivity varies). 

NBULK Global Flag indicating whether initial or ultimate bulk fluxes are used. 
NCOL Global Number of columns in the grid. 
NLAY Global Number of layers in the grid. 
NMAX Package Number of cells in either the row, column or layer direction-

whichever is greatest. 
NROW Global Number of rows in the grid. 
NUMIT Module Counter for inner-loop iterations. 
NUMOUT Module Counter for outer-loop iterations. 
OCOEF Module Coefficient of USLY(J,I-1,K-1 ), USLY(J-1,1-1,K), USLX(J-1,1-1,K). 

!"-../' - OMEGA Package Relaxation parameter for successive overrelaxation. 
O2COEF Module Coefficient of USLX(J-1,I,K-1). 
PCOEF Module Coefficient ofUSLY(J,I+l,K) and USLX(J+l,l,K). 
PS Package DIMENSION (NCOL,NROW,NLAY), Preconsolidation strain. 

Used to determine whether specific storage is elastic or virgin. 
P2COEF Module Coefficient of USLX(J+ 1,I,K). 
QBX Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in X direction. 
QBY Global DIMENSION (NCOL,NROW,NLAY), Bulk flux in Y direction. 
QBZ Global DIMENSION (N,COL,NROW,NLAY), Bulk flux in 2 direction. 
QCOEF Mod~t Coefficient ofUSLY(J,1+1,K) and USLX(J+l,l,K). 
Q2COEF Mod e Coefficient of USLX(J,I,K). 
RATIO Global DIMENSION (NCOL,NROW,NLAY), Ratio of vertical to 

horizontal hydraulic conductivity. 
RCOEF Module Coefficient ofUSLY(J,I-1,K) and USLX(J-1,I,K). 
RESID Module Residual which defines the error at the cell during inner-loop 

iteration. 
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List of Variables for Module USLIFM fContinuedl

Variable Range Definition

RJACX Module Estimate of the spectral radius of the Jacobi iteration in X.
RJACY Module Estimate of the spectral radius of the Jacobi iteration in Y
RJACZ Module Estimate of the spectral radius of the Jacobi iteration in Z.
R2COEF Module Coefficient of USLX(J-U,K).
SCOEF Module Coefficient of USLZG+LIJC+1) and USLZai+U^+D-
SCI Global DIMENSION (NCOL,NROW,NLAY), Primary storage capacity 

of each ceU (S*DELC‘DELR).
SC2 Global DIMENSION (NCOL,NROW,NLAY), Secondary storage 

capacity of each cell in the grid.
SPX Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific 

dischaige values in X, equivalent to the ultimate bulk fluxes in X
SPY Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific 

discharge values in Y, equivalent to the ultimate bulk fluxes in Y
SPZ Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific 

dischaige values in Z, equivalent to the ultimate bulk fluxes in Z
S5 Module Current value of specific storage at the cell being evaluated.
SSE Package DIMENSION (NCOL,NROW,NLAY), Elastic specific storage.
SSK Package DIMENSION (NCOL,NROW,NLAY), Specific storage in the Z 

direction
SSV Package DIMENSION (NCOL,NROW,NLAY), Virgin specific storage.
SSZ Module Temporary specific storage in Z direction.
STRNX Package DIMENSION (NCOL,NROW,NLAY), Strain in the X direction.
STRNY Package DIMENSION (NCOL,NROW,NLAY), Strain in the Y direction.
STRNZ Package DIMENSION (NCOL,NROW,NLAY), Strain in the Z direction.
TCLOSE Package Closure criterion for outer-loop convergence.
TDIFF Module Total error for outer-loop iteration at current time step.
TDOLD Module Total error for outer-loop iteration at previous time step.
TEMPX Package DIMENSION (NCOL,NROW,NLAY), Displacement in X #

direction at previous outer iteration.
TEMPY Package DIMENSION (NCOL,NROW,NLAY), Displacement in Y 

direction at previous outer iteration.
TEMPZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in Z 

direction at previous outer iteration.
.-^TOTIM Global Total simulation time.

TRAN Package DIMENSION (NCOL,NROW,NLAY), Transmissivity.
UCOEF Module Coefficient of USLZ0,I+LK) and USLZO+LEK).
UOLDX Package DIMENSION (NCOL,NROW,NLAY), Displacement in X 

direction at previous time step.
UOLDY Package DIMENSION (NCOL,NROW,NLAY), Displacement in Y 

direction at previous time step.
UOLDZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in Z 

direction at previous time step.
USLX Package DIMENSION (NCOLJsJROW,NLAY), Displacement in X

1
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List of Variables for Module USL 1 FM (Continued) 

Variable Range Definition 

RJACX Module Estimate of the spectral radius of the Jacobi iteration in X. 
RJACY Module Estimate of the spectral radius of the Jacobi iteration in Y 
RJACZ Module Estimate of the spectral radius of the Jacobi iteration in Z. 
R2COEF Module Coefficient of USLX(J-1,I,K). 
SCOEF Module Coefficient ofUSLZ(J+l,I,K+l) and USLZ(J,I+1,K+1). 
SC1 Global DIMENSION (NCOL,NROW,NLAY), Primary storage capacity 

of each cell (S•DELC•DELR). 
SC2 Global DIMENSION (NCOL,NROW,NLAY), Secondary storage 

capacity of each cell in the grid. 
SPX Global DIMENSION (NCOL.,NROW,NLAY), Ultimate specific 

d=e values in X, equivalent to the ultimate bulk fluxes in X 
SPY Global D SION (NCOL,NROW,NLAY), Ultimate specific 

discharge values in Y, equivalent to the ultimate bulk fluxes in Y 
SPZ Global DIMENSION (NCOL,NROW,NLAY), Ultimate specific 

discharge values in Z, equivalent to the ultimate bulk fluxes in Z 
ss Module Current value of specific storage at the cell being evaluated. 
SSE Package DIMENSION (NCOL,NROW,NLAY), Elastic specific storage. 
SSK Package DIMENSION (NCOL,NROW,NLAY), Specific storage in the Z 

direction 
ssv Package DIMENSION (NCOL,NROW,NLAY), Virgin specific storage. 
ssz Module Temporary specific storage in Z direction. 
STRNX Package DIMENSION (NCOL,NROW,NLAY), Strain in the X direction. 
STRNY Package DIMENSION (NCOL,NROW,NLAY), Strain in the Y direction. 
STRNZ Package DIMENSION (NCOL,NROW,NLAY), Strain in the Z direction. 
TCLOSE Package Closure criterion for outer-loop convergence. 
TDIFF Module Total error for outer-loop iteration at current time step. 
TOOLD Module Total error for outer-loop iteration at previous time step. 

~,,,.~ 
TEMPX Package DIMENSION (NCOL,NROW,NLAY), Displacement in X 

direction at previous outer iteration. 
TEMPY Package DIMENSION (NCOL,NROW,NLAY), Displacement in Y 

direction at previous outer iteration. 
TEMPZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in Z 

direction at previous outer iteration. 
-- IOTIM Global Total simulation time. 

TRAN Package DIMENSION (NCOL,NROW,NLAY), Transmissivity. 
UCOEF Module Coefficient of USLZ(J,I+ ,K) and USLZ(J+ 1,1,K). 
UOLDX Package D{MENSION (NCOL,NROW,NLAY), Displacement in X 

direction at previous time step. 
UOLDY Package DIMENSION (NCOL,NROW,NLAY), Displacement in Y 

direction at previous time step. 
UOLDZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in Z 

direction at previous time step. 
USLX Package DIMENSION (NCOL,NROW,NLAY), Displacement in X 

.. 
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List of Variables for Module USLIFM fContinuedl

VarisMs Rangg Definition

USLY Package DIMENSION (NCOUNROW,NLAY), Displacement in Y
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in Z
UX Package DIMENSION (NCOL,NROW,NLAY) Single precision 

displacement in X direction used for plotting.
UY Package DIMENSION (NCOL,NROW,NLAY) Single precision 

displacement in Y direction used for plotting.
UZ Package DIMENSION (NCOL,NROW,NLAY) Single precision 

displacement in Z direction used for plotting.
VCOEF Module Coefficient of USLZ0,I+LK-1) and USLZ0+U,K-1).
VSTRN Package DIMENSION (NCOL,NROW,NLAY), Volume strain.
XCLOSE Package Closure criterion for irmer-loop convergence.
XCOEF Module Coefficient of USL^-1,K) and USLZ(J-LI,K).
XCON Module Contribution of cross-product derivatives of USLX for 

displacement in the Y or Z directions.
X2COEF Module Coefficient of USLZai,K+l), and USLZaiJC-1).
YCOEF Module Coefficient of USLZai-LK+1) and USLZG-LLK+l).
YCON Module Contribution of cross-product derivatives of USLY for 

displacement in the X or Z directions.

/
Y2COEF Module Coefficient of USLZaiK).
ZADJ Module Amount of displacement in the Z direction added to previously

active cells.
ZCOEF Module Coefficient of USLZO-l/lK-1) and USLZ(J/I-1/K-1).
ZCON Module Contribution of cross-product derivatives of USLZ for

displacement in the X or Y directions.
ZIM Package DIMENSION (NCOL,NROW), Displacement in the layer of

image cells above the water table.
ZOM Package DIMENSION OMCOL^NROW), Displacement in the layer of 

image cells above the water table at the previous time step.
Z2COEF Module Coefficient of USLZQ+l/I/K).
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List of Variables for Module USLlFM {Continued) 

Variable Definition 

USLY Package DIMENSION (NCOL,NROW,NLAY), Displacement in Y 
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in Z 
ux Package DIMENSION (NCOL,NROW,NLAY) Single precision 

displacement in X direction used for plotting. 
UY Package DIMENSION (NCOL,NROW,NLAY) Single precision 

displacement in Y direction used for plotting. 
uz Package DIMENSION (NCOL,NROW,NLAY) Single precision 

displacement in Z direction used for plotting. 
VCOEF Module Coefficient ofUSLZ0,1+1,K-1) and USLZQ+l,l,K-1). 
VSTRN Package DIMENSION (NCOL,NROW,NLA~, Volume strain. 
XCLOSE Package Closure criterion~er-loop convergence. 
XCOEF Module Coefficient of US , -1,K) and USLZQ-1,1,K). 
XCON Module Contribution of cross-p_roduct derivatives of USLX for 

displacement in the Y or Z directions. 
X2COEF Module Coefficient of USLZ(J,I,K+ 1), and USLZ0,I,K-1 ). 
YCOEF Module Coefficient ofUSLZQ,I-1,K+1) and USLZQ-1,I,K+1). 
YCON Module Contribution of cross-product derivatives of USLY for 

displacement in the X or Z directions. 

/ Y2COEF Module Coefficient of USLZ0,I,K). 
ZADJ Module Amount of displacement in the Z direction added to previously 

active cells. 
ZCOEF Module Coefficient of USLZ(J-1,1,K-1) and USLZ(J,1-1,K-1 ). 
ZCON Module Contribution of cross-product derivatives of USLZ for 

displacement in the X or Y directions. 
ZIM Package DIMENSION (NCOL,NROW), Displacement in the layer of 

image cells above the water table. 
ZOM Package DIMENSION (NCOL,NROW), Displacement in the layer of 

:-,-.,-' image cells above the water table at the previous time step. 
Z2COEF Module Coefficient of USLZQ+ 1,1,K). 

\ 
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Narrative for Module USLIOT

This module prints or saves magnitude of displacement, directional components 
of displacement, and volume strain according to flags set by the user for each stress 
period. If flag lUSLOC is set in Module USLl AL then flags are read for printing or 
saving these data. If the flags are greater than zero the data are saved for the stress 
period. The data are printed or the data saved to disk according to flags set in Module 
USLl AL. Each directional component of displacement has its own flag for printing or 
saving so that the user does not have to print out all component directions if this should 
be undesirable.

Module USLIOT is called each stress period by the MAIN program and calls 
utility modules ULAPRS and ULASAV (see McDoirald and Harbaugh, 1988). Module 
USLIOT performs its functions in the following order

1. Initialize print and save flags
2. Read print and save flags if lUSLCXI is set.
3. Print magnitude of displacement if NMAGPR > 0.

Save magnitude of displacement if NMAGSV
4. Print X-displacements if NUSXPR >0.

Save X-displacements if NUSXSV > 0.
5. Print Y-displacements if NUSYPR > 0.

Save Y-displacements if NUSYSV > 0.
6. Print Z-displacements if NUSZPR > 0.

Save Z-displacements if NUSZSV > 0.
7. Print volume strain if NVSTPR > 0.

Save voliune strain if NVSTSV > 0.
8. RETURN

Narrative for Module USLlOT 
This module prints or saves magnitude of displacement, directional components 

of displacement, and volume strain according to flags set by the user for each stress 
period. If flag IUSLOC is set in Module USL1 AL then flags are read for printing or 
saving these data. If the flags are greater than zero the data are saved for the stress 
period. The data are printed or the data saved to disk according to flags set in Module 
USL1AL. Each directional component of displacement has its own flag for printing or 
saving so that the user does not have to print out all component directions if this should 
be undesirable. 

Module USL1 OT is called each stress period by the MAIN program and calls 
utility modules ULAPRS and ULASAV (see McDonald and Harbaugh, 1988). Module 
USL 1 OT performs its functions in the following order: 

1. Initialize print and save flags 
2. Read print and save flags if IUSLOC is set.___ 
3. Print magnitude of displacement if NMAGP~ > Q, 

Save magnitude of displacement if NMAGSV :>6. 
4. Print X-displacements if NUSXPR > 0. 

Save X-displacements if NUSXSV > 0. 
5. Print Y-displacements if NUSYPR > 0. 

Save Y-displacemen ts if NUSYSV > 0. 
6. Print 2-displacements if NUSZPR > 0. 

Save 2-displacements if NUSZSV > 0. 
7. Print volume strain if NVSTPR > 0. 

Save volume strain if NVSTSV > 0. 
8. RETURN 
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Row Chart for Module USLIOT

/

lUSLOC is the flag to deterniine whether 
displacements are calculated and whether 
displacements and volume strain are 
printed or saved.

NMAGFM and NMAGSV are the flags 
indicating whether the magnitude of 
displacement is printed or saved for the 
stress period, respectively.

>0 values are printed or saved 
<=0 values are not printed or saved.

NUSXPR and NUSXSV are the flags 
indicating whether the X-displacements 
are printed or saved for the stress period, 
respectively.

>0 values are printed or saved 
<=0 values are not printed or saved.

NUSYPR and NUSYSV are the flags 
indicating whether the Y-displacements 
are printed or saved for the stress period, 
respectively.

>0 values are printed or saved 
<=0 values are not printed or saved.

NUSZPR and NUSZSV are flags indicating 
whether the Z-displacements are printed 
or saved for the stress period, respectively. 

>0 valu^ are printed or saved.
<=0 values are not printed or saved.

NVSTPR and NVSTSV are flags indicating 
whether volume strain is printed or saved 
for the stress period.

>0 values are printed or saved.
<=0 values are not printed or saved.

Flow Chart for Module USLIOT 

IUSLOC is the flag to determine whether 
displacements are calculated and whether 
displacements and volume strain are 
printed or saved. 

ENTER 
USLlOT 

INTI1ALIZE FLAGS 

1 

NMAGFM and NMAGSV are the flags 
indicating whether the magnitude of 
displacement is printed or saved for the 
stress period, respectively. NO 

>0 values are printed or saved 
<=0 values are not printed or saved. 

NUSXPR and NUSXSV are the flags 
indicating whether the X-displacements 
are printed or saved for the stress period, 
respectively. 

>0 values are printed or saved 
<=0 values are not printed or saved. 

NUSYPR and NUSYSV are the flags 
indicating whether the Y-displacements 
are printed or saved for the stress period, 
respectively. 

>0 values are printed or saved 
<=0 values are not printed or saved. 

NUSZPR and NUSZ.SV are flags indicating 
whether the 2-displacements are printed 
or saved for the stress period, respectively. 

>0 val~are printed or saved. 
<=0 values are not printed or saved. 

NVSTPR and NVS1SV are flags indicating 
whether volume strain is printed or saved 
for the stress period. 

>0 values are printed or saved. 
<=0 values ~nut printed or saved. 

3 

V PRINTORSAVE 
MAG. OF DISPLACEMENT 
IF NMAGPR OR NMAGSV 

ARE SET 

4 

PRINT OR SAVE 
X-DISPLACEMENTS 

IF NUSXPR OR NUSXSV 
ARE SET 

5 
PRINT OR SAVE 

Y-DISPLACEMENTS 
IF NUSYPR OR NUSYSV 

ARE SET 

6 

PRINT OR SAVE 
2-DISPLACEMENlS 

IF NUSZPR OR NUSZ.SY 
ARE SET 

7 

PRINT OR SAVE 
\ VOLUME STRAIN 

IF NVSTPR OR NVS1SV 
ARE SET 

8 

RETURN 

,. 
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C
C
c
c
c
c
c

SUBROUTINE USL10T(USLX,USLY,USLZ,UMAG,NC0L,NR0W,NLAY,I0UT,IN,
1 IUSLOC,IACXNSTRKPER,KSTP,NMAGFM,NUSXFM,NUSYFM,NUSZFM,
2 NVSTFM,NMAGUN,NUSXUN,NUSYUN,NUSZUN;MVSTUN,PERnM,TOTIM,
3 VSTRN,BUFF)

PRINT AND RECORD DISPLACEMENT OF SOLIDS INFORMATION

SPECIFICATIONS:

CHARACTERS TEXT * ,
DOUBLE PRECISION USLX;USLY,USLZ

DIMENSION USLX(NCOL,NROW,NLAY),USLY(NCOL,NROW,NLAY),
1 i:rSLZ(NCOL,NROW,NLAY),UMAG(NCOL,NROW,NLAY),IACT(NCOL,
2 NR0W,NLAY),TEXT(4^),VSTRN(NC0L,NR0W,NLAY),BUFF(NC0L,
3 NROW,NLAY)

C
c
Cl-
c
c

DATA TEXT(L1),TEXT(2,1 ),TEXT(3,1)JEXT(4,1)
1 /' DIS'/P. M'/AGNI'/TUDE7,TEXT(U),TEXT(2^),TEXT(3,2),
2 TEXT(4,2) /' X-'/DISP/LACE'/MENT7,TEXT(U),TEXT(2^),
3 TEXT(3^),TEXT(4^) /' Y-VDISF/LACE'/MENT7,TEXT(1,4),
4 TEXT(2,4),TEXT(3,4),TEXT(4,4) /' Z-'/DISF/LACE'/MENT7,
5 TEXT(L5),TEXT(2,5),TEXT(3^),TEXT(4,5)/' V'/OLUM'/E ST,
6 'RAIN7

-INITIALIZE FLAGS FOR PRINTING AND SAVING SUBSIDENCE, MAGNITUDE 
-OF DISPLACEMENT, AND DIRECHONAL COMPONENTS OF 
DISPLACEMENT.
NMAGPR=0
NUSXPR=0
NUSYPR=0
NUSZPR=0
NVSTPR=0
NMAGSV=0

C 

SUBROUTINE USL1OT(USLX,USLY,USLZ,UMAG,NCOL,NROW,NLAY,IOUT,IN, 
1 IUSLOC,IACT,NSTP,KPER,I<STP,NMAGFM,NUSXFM,NUSYFM,NUSZFM, 
2 NVSTFM,NMAGUN,NUSXUN,NUSYUN,NUSZUN,NVSTIJN,PERTIM,TOTIM, 
3 VSTRN,BUFF) 

C ............................................................................................ . 

C PRINT AND RECORD DISPLACEMENT OF SOLIDS INFORMATION 
C ••••••• .. •••••••••• ............................................................................ . 

C 
C SPECIFICATIONS: 
C 

C 

C 

CHARACTER•4 TEXT - .,_ 
DOUBLE PRECISION USLX)1st\usLZ 

DIMENSION USLX(NCOL,NROW,NLAY),USLY(NCOL,NROW,NLAY), 
1 lJSLZ(NCOL,NROW,NLAY),UMAG(NCOL,NROW,NLAY),IACT(NCOL, 
2 NROW,NLAY), TEXT(4,S), VSTRN(NCOL,NROW,NLAY),BUFF(NCOL, 
3 NROW,NLAY) 

DATA TEXT(l, 1),TEXT(2, 1),TEXT(3, 1),TEXT(4, 1) 
1 /' DIS','P. M',' AGNI','TUDE' /,TEXT(l,2),TEXT(2,2),TEXT(3,2), 
2 TEXT(4,2) /' X-','DISP','LACE','MENT' /,TEXT(1,3),TEXT(2,3), 
3 TEXT(3,3),TEXT(4,3) /' Y-','DISP','LACE','MENT' /,TEXT(l,4), 
4 TEXT(2,4),TEXT(3,4),TEXT(4,4) /' Z-','DISP','LACE','MENT' /, 

:---./~ 5 TEXT(1,S),TEXT(2,5),TEXT(3,S),TEXT(4,5) /' V','OLUM','E ST', 
6 'RAIN'/ 

C 
C 
C1-INITIALIZE FLAGS FOR PRINTING AND SAVING SUBSIDENCE, MAGNITUDE 
C -OF-DISPLACEMENT, AND DIRECTIONAL COMPONENTS OF 
C DISPLACEMENT. 

NMAGPR=0 
\ 

NUSXPR=O 
NUSYPR=O 
NUSZPR=O 
NVSTPR=0 
NMAGSV=0 
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NUSXSV=0
NUSYSV=0
NUSZSV=0
NVSTSV=0

—READ FLAGS FOR PRINTING AND SAVING IF lUSLOC IS SET

/

IF(IUSLOC.LE.O) GOTO 170
READON^) NMAGPR,NU5XPR,NUSYPR,NUSZPR,NVSTPR,NMAGSV 

1 NUSXSV,NUSYSV,NUSZSV,NVSTSV 
3 FORMATdOIS)

WRrrEaOUT,6) NMAGPR,NUSXPR,NUSYPR,NUSZPR,NVSTPR,
1 NMAGSV,NUSXSVNUSYSV,NUSZSV,NVSTSV “ v 

6 FORMAT!/,1X/FLAGS FOR PRINTING AND STOWNd MAGNITUDE OF
1 DISPLACEMENT, AND DIRECTIONAL COMPONENTS OF DISPLACEMENT:'
2 /' NMAGPR NUSXPR NUSYPR NUSZPR NVSTPR NMAGSV NUSXSV 
3NUSYSV NUSZSV NVSTSV'/
4'---------------------------------------------------------------------------------------
5----------------------'/,I5,9I9)

1----- PRINT MAGNITUDE OF DISPLACEMENT FOR ALL LAYERS
’‘IF(NMAGPR.LE.O) GOTO 80

CALLUBCUSL(USLX,USLY,USLZ,NCOL,NROW,NLAY,IACT,UMAG,IUSLOC)
D08K=1,NLAY
IF(NMAGFM.LT.O) CALL ULAPRS(UMAG(1,1,K),TEXT(1,1),KSTP,KPER,

V 1 NCOL,NROW,K„NMAGFM,IOUT)
IF(NMAGFM.GE.O) CALL ULAPRW(UMAG(1,1,K),TEXT(1,1),KSTP,KPER,

1 NCOL>JROW,K,NMAGFMJOUT)
8 CONTINUE

C
c- -SAVE MAGNITUDE OF JDISPLACEMENT FOR ALL LAYERS

80 IF(NMAGSV.LE.0)GOTO90
CALLUBCUSL(USLX,USLY,USLZ,NCOL,NROW,^^Y,IACT,UMAG,IUSLOC)
D09K=1,NLAY
CALLULASAV(UMAG(l,l,K),TEXT(l,l),KSTP,KPER,PERTIM,TOTIM,NCOL,

1 NROW,K,NMAGUN)
9 CONTINUE

C 

NUSXSV=O 
NUSYSV=O 
NUSZSV=0 
NVSTSV=O 

C2-- READ FLAGS FOR PRINTING AND SAVING IF IUSLOC IS SET 
IFCTUSLOC.LE.0) GOTO 170 
READCTN,3) NMAGPR,NUSXPR,NUSYPR,NUSZPR,NVSTPR,NMAGSV, 
1 NUSXSV,NUSYSV,NUSZSV,NVSTSV 

3 FORMAT(l0IS) 
WRITECTOUT,6) NMAGPR,NUSXPR,NUSYPR,NUSZPR,NVSTPR, 
1 NMAGSV,NUSXSV,NUSYSV,NUSZSV,NVSTSV -"\__ 

1 
' 

6 FORMAT(/, lX,'FLAGS FOR PRINTING AND sTORINd MAGNITUDE OF 
lDISPLACEMENT, AND DIRECTIONAL COMPONENTS OF DISPLACEMENT:' 
2 /' NMAGPR NUSXPR NUSYPR NUSZPR NVSTPR NMAGSV NUSXSV 
3 NUSYSV NUSZSV NVSTSV' / 
4'----------------------
.~-----' /,15,919) 

C 
C3--PRINT MAGNITUDE OF DISPLACEMENT FOR ALL LAYERS 

IF(NMAGPR.LE.O) GOTO 80 

C 

CALL UBCUSL(USLX,USLY,USLZ,NCOL,NROW,NLAY,IACT,UMAG,IUSLOC) 
DO 8 K=l ,NLAY 
IF(NMAGFM.LT.O) CALL ULAPRS(UMAG(l,1,K),TEXT(l,1),KSTP,KPER, 

-r 1 NCOL,NROW,~,;NMAGFM,IOUT) 
IF(NMAGFM.GE.0) CALL ULAPRW(UMAG(l,1,K),TEXT(l,1),KSTP,KPER, 

1 NCOL,NROW,K,NMAGFM,IOUT) 
8 CONTINUE 

C--SAVE MAGNITUDE OE.DISPLACEMENT FOR ALL LAYERS 
80 IF(NMAGSV.LE.O) GOTO 90 

CALL UBCUSL(USLX,USLY,USLZ,NCOL,NROW,NLAY,IACT,UMAG,IUSLOC) 
DO 9 K=l,NLAY 
CALL ULASAV(UMAG(l, 1,K),TEXT(l, 1 ),KSTP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,NMAGUN) 

9 CONTINUE 
C 

.. 
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/

C4----PRINT X COMPONENT OF DISPLACEMENT FOR ALL LAYERS
90 IF(NUSXPR.LE.O) GOTO 100 

DO20K=l,NLAY 
DO20I=l,NROW 
DO20J=LNCOL 
UX=USLX(IJ,K)
BUFFa,I,K)=UX

20 CONTINUE
DO 11 K=1,NLAY
IF(NU3XFM.LT.O) CALL ULAPRS(BUFF(1,LK),TEXT(U),KSTP,KPER,

1 NCOL,NROW,K,-NUSXFM,IOUT)
IF(NUSXFM.GE.O) CALL ULAPRW(ByFF(l,l/K),TEXT(l,2),KSTP,KPER,

1 NCOL,NROW,K,NUSXFM,IOLnt^
11 CONTINUE 

C
C------SAVE X COMPONENT OF DISPLACEMENT FOR ALL LAYERS

100 IF(NUSXSV.LE.O) GOTO 110 
D021K=1,NLAY 
DO 21 I=l,NROW 
DO 21 J=l,NCOL 
UX=USLXai,K)
BUFFO,!,K)=UX

21 CONTINUE 
D012K=1,NLAY

r-eALLULASAV(BUFF(l,l,K),TEXT(l,2),KSTP,KPER,PERTIM,TOTIM,NCOL, 
1 NROW,K,NUSXUN)

12 CONTINUE 
C
C5------PRINT Y COMPONENT OF DISPLACEMENT FOR ALL LAYERS

110 IF(NUSYPR.LE.0) GOTO 120 
EX)22K=1,NLAY 
D022I=1,NR0W ^
D022J=1,NC0L
UY=USLY0,I,K)
BUFF0,I,K)=UY

22 CONTINUE 
D013K=1,NLAY

, 

,, 

C4--PRINT X COMPONENT OF DISPLACEMENT FOR ALL LAYERS 
90 IF(NUSXPR.LE.0) GO10 100 

DO 20 K=l,NLAY 
DO 20 I= 1,NROW 
DO 20 J=l,NCOL 
UX=USLX(J,1,K) 
BUFFO,I,K)= UX 

20 CONTINUE 
DO 11 K=l,NLAY 
IF(NUSXFM. LT.0) CALL ULAPRS(BUFF(l, 1,K),TEXT(l,2) ,KSTP,KPER, 
1 NCOL,NROW,K,-NUSXFM,IOUT) 
IF(NUSXFM.GE.O) CALL ULAPR (BUFF(l,1,K),TEXT(l,2),KSTP,KPER, 

1 NCOL,NROW,K,NUSXFM,IOUT) 
11 CONTINUE 

C 
C--SAVE X COMPONENT OF DISPLACEMENT FOR ALL LAYERS 
100 IF(NUSXSV.LE.0) GOTO 110 

DO 21 K=l,NLAY 

C 

DO 21 I= 1,NROW 
DO 21 J=l,NCOL 
UX=USLX(J,l,K) 
BUFFQ,I,K)=UX 

21 CONTINUE 
DO 12 K=l,NLAY 

'.'"'-e-ALL ULASAV (BUFF(l, 1,K) ,TEXT(l,2) ,KSTP,KPER,PERITM,TOTIM,NCOL, 
1 NROW,K,NUSXUN) 

12 CONTINUE 

CS---PRINT Y COMPONENT OF DISPLACEMENT FOR ALL LAYERS 
110 IF(NUS.¥PRLE.0) GOTO 120 

D022K=1,NLAY 
DO 221=1,NROW 
DO 22 J=l,NCOL 
UY=USLY(J,l,K) 
BUFF(J,I,K)=UY 

22 CONTINUE 
DO 13 ~=-l,NLAY 
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IF(NUSYFM.LT.O) CALL ULAPRS(BUFF(1,1,K),TEXT(U),KSTRKPER,
1 NCOL,NROW,K,-NUSYFM,IOUT)
IF(NUSYFM.GE.O) CALL ULAPRW(BUFF(1,1,K),TEXT(U),KSTP,KPER,

1 ncol;mrow,k,nusyfm,iol)T)
13 CONTINUE

199

/

C----- SAVE Y COMPONENT OF DISPLACEMENT FOR ALL LAYERS
120 EF(NUSYSV.LE.O) GOTO 130 

D023K=1,NLAY 
D023I=1,NR0W 
D023J=1,NC0L 
UY=USLYai,K)
BUFFai,K)=UY 

23 CONTINUE 
D014K=1,NLAY
CALLULASAV(BUFF(l,l,KLTEXT(U),KSTP,KPER,PERTIM,TOTIM,NCOL, 

1 NROWXNUSYUN)
14 CONTINUE

C6----- PRINT Z COMPONENT OF DISPLACEMENT FOR ALL LAYERS
130 IF(NUSZPR.LE.O) GOTO 140 

D024K=1,NLAY 
D024I=1,NR0W 
DOMJ=l,NCOL 
UZ=USLZa,I,K)
BUFFaiK)=UZ 

24 CONTINUE 
D015K=1,NLAY
IF(NUSZFM.LT.O) CALL ULAPRS(BUFF(1,1,K),TEXT(1,4),KSTPKPER,

1 NCOL,NROW,K,-NUSZFM,IOUT)
IF(NUSZFM.GE.O) CALL ULAPRW(BUFF(1,1,K),TEXT(1,4),KSTP,KPER, 

1 NCOL,NROW,K,NUSZFM,IOUT) ^
15 CONTINUE 

C
C------SAVE Z COMPONENT OF DISPLACEMENT FOR ALL LAYERS

140 IF(NUSZSV.LE.O>GOTO 150

,ki

IF(NUSYFM.LT.O) CALL ULAPRS(BUFF(l, 1,K),TEXT(l,3),KSTP,KPER, 
1 NCOL,NROW,K,-NUSYFM,IOUT) 
IF(NUSYFM.GE.O) CALL ULAPRW(BUFF(l, 1,K),TEXT(l,3),KSTP,KPER, 
1 NCOL,NROW,K,NUSYFM,IOUT) 

13 CONTINUE 
C 
C--SAVE Y COMPONENT OF DISPLACEMENT FOR ALL LAYERS 

120 IF(NUSYSV.LE.O) GOTO 130 
DO 23 K=l,NLAY 
DO 231=1,NROW 
DO 23 J=l,NCOL 
UY=USLYO,I,K) 
BUFF(J,I,K)=UY 

23 CONTINUE 
DO 14 K=l,NLAY 
CALL ULASAV(BUFF(l, 1,K),TEXT(l,3),KSTP,KPER,PERTIM,TOTIM,NCOL, 

1 NROW,K,NUSYUN) 
14 CONTINUE 

C 
C6--PRINT Z COMPONENT OF DISPLACEMENT FOR ALL LAYERS 

130 IF(NUSZPR.LE.O) GOTO 140 
DO 24 K=l,NLAY 

C 

DO 241=1,NROW 
D0~=1,NCOL 
UZ=USLZO,I,K) 
BUFFO,I,K)=UZ 

24 CONTINUE 
DO 15 K=l,NLAY 
IF(NUSZFM.LT.O) CALL ULAPRS(BUFF(1,1,K),TEXT(1,4),KSTP,KPER, 

1 NCOL,NROW,K,-NUSZFM,IOUT) 
IF(NUSZFM.GE.O) CALL ULAPRW(BUFFO, 1,K),TEXT0,4),KSTP,KPER, 

\ . 
1 NCOL,NROW,K,NUSZFM,IOUT) 

15 CONTINUE 

C--SAVE Z COMPONENT OF DISPLACEMENT FOR ALL LAYERS 
140 IF(NUSZSV.LE-.0}-GOTO 150 

,. 
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D025K=1,NLAY
D025I=1,NR0W
D025J=1,NC0L
UZ=USLZai/K)
BUFFa,LK)=UZ 

25 CONTINUE 
D016K=1,NLAY
CALLULASAV(BUFF(l,l,K),TEXT(l,4),KSTP,KPER,PERriM,TOTIM,NCOL, 
1 NROW,K,NUSZUN)

16 CONTINUE

/

C7----- PRINT VOLUME STRAIN FOR AI4. LAYERS
150 IF(NVSTPR.LE.O) GOTO 160 

D017K=LNLAY
IF(NVSTFM.LT.O) CALL ULAPRS(VSTRN(1,1,K),TEXT(1,5),KSTP,KPER,

1 NCOL,NROW,K,-NVSTFM,IOUT)
IF(NVSTFM.GE.O) CALL ULAPRW(VSTRN(1,LK),TEXT(1^),KSTP,KPER,

1 NCOL,NROW,K,NVSTFM,IOUT)
17 CONTINUE 

C
C-----SAVE VOLUME STRAIN FOR ALL LAYERS

160 IF(NVSTSV.LE.O) GOTO 170 
DOl8K=l,NLAY
CALL ULASAV(VSTRN(Ll,K),TEXT(l,5),KSTP,KPER,PERTIM,TOTIM,NCOU 
lJNrROW,K,NVSTUN)

18 CONTINUE

C8------RETURN
170 RETURN 

END

/ 

DO 25 K=l,NLAY 
D0251=1,NROW 
DO 25 J=l,NCOL 
UZ= USLZ(J,I,I<) 
BUFF(J,l,K)= UZ 

25 CONTINUE 
DO 16 K=l,NLAY 
CALL ULASAV(BUFF(l, 1,I<) ,TEXT(l,4) ,KSTP,KPER,PERTIM, TOTIM,NCOL, 

1 NROW,K,NUSZUN) 
16 CONTINUE 

C 
Cl--PRINT VOLUME STRAIN FOR A L LAYERS 

150 IF(NVSTPR.LE.0) GOTO 160 
D017K=1,NLAY 
IF(NVSTFM.LT.O) CALL ULAPRS(VSTRN(l, 1,K),TEXT(1,5),KSTP,KPER, 
1 NCOL,NROW,K,-NVSTFM,IOUT) 
IF(NVSTFM.GE.0) CALL ULAPRW(VSTRN(1,1,K),TEXT(1,5),KSTP,KPER, 
1 NCOL,NROW,K,NVSTFM,IOUT) 

17 CONTINUE 
C 
C--SAVE VOLUME STRAIN FOR ALL LAYERS 

160 IF(NVSTSV.LE.0) GOTO 170 
DO 18 K=1,NLAY 
CALL ULASAV(VSTRN(1,1,K),TEXT(1,5),KSTP,KPER,PERTIM,TOTIM,NCOL, 

1~OW,K,NVSTUN) 
18 CONTINUE 

C 
CB--RETURN 

170 RETURN 

END - ~ 
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List of Variables for Module USLIOT

^^oaizls Range Definition

BUFF Global DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate 
information before printing or recording it.

I Module Index for rows
lACT Package DIMENSION (NCOL,NROW,NLAY), Boundary array 

identifying active cells in which displacement is calculated.
IN Package Primary imit number from which input for this package will be 

read.
lOUT Global Primary unit number for all printed output. lOUT = 6.
lUSLOC Package Flag indicating whether displacements are calculated and 

displacements and volume strain printed or saved.
J Module Index for columns \ ,

Index for layersK Module
KPER Global Cotmter for number of stress periods.
KSTP Global Counter for number of time steps.
NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the grid.
NMAGFM Package Code indicating format for printing magnitude of displacement

.. NMAGPR Module Flag indicating whether magnitude of displacement is printed.
,;v NMAGSV Module Flag indicating whether magnitude of displacement is saved.
!■' NMAGUN Package Unit number indicating where magnitude of displacement data

are to be recorded./' •
I;;- NUSXFM Package Code indicating format for printing X-displacements.
to-'- NUSXPR Module Flag indicating whether X-displacements are printed.

.. NUSXSV Module Flag indicating whether X-displacements are saved.
NUSXUN Package Unit number indicating where X-displacement data are to be 

recorded.
\ • NUSYFM Package Code indicating format for printing Y-displacements.

NUSYPR Mfodule Flag indicating whether Y-displacements are printed.III;::; NUSYSV Module Flag indicating whether Y-displacements are saved.
: NUSYUN Package Unit number indicating where Y-displacement data are to be

recorded.

1 NUSZFM Package Code indicating format for printing Z-displacements.
NUSZPR Module Flag indicating whether Z-displacements are printed.
NUSZSV Module Flag indicating whether Z-displacements are saved.
NUSZUN Package Unit number indicating where Z-displacement data are to be

^ ■ ■ ■■ recorded.
NVSTFM Package Code indicating format for printing volume strain.
NVSTPR Module Flag indicating whether volume strain is printeid.
NVSTSV Module Flag indicating whether volume strain is saved.

r'-."; NVSTUN Package Unit number indicating where volume strain data are to be
;k. recorded.
f'k. ■ ' , TEXT Module Label for printout of input array.

[/ ^ TOTIM Global Total simulation time....

i:: •

0

Variable 

BUFF Global 

I Module 
IACT Package 

IN Package 

IOUT Global 
IUSLOC Package 

J Module 
K Module 
KPER Global 
KSTP Global 
NCOL Global 
NLAY Global 
NMAGFM Package 
NMAGPR Module 
NMAGS Module 
NMA Package 

NUSXFM Package 
NUSXPR Module 
NUSXSV Module 
NUSXUN Package 

NUSYFM Package 
NUSYPR Module 
NUSYSV Module 
NUSYUN Package 

NUSZFM Package 
NUSZPR Module 
NUSZ.SY Module 
NUSZUN Package 

NVSTFM Package 
~SI'PR Module 
NVSI'SV Module 
NVSTUN Package 

TEXT Module 
TOTIM Global 

List of Variables for Module usu OT 

Definition 
DIMENSION (NCOL,NROW,NLAY), Buffer used to accumulate 
information before printing or recording it. 
Index for rows 
DIMENSION (NCOL,NROW,NLAY), Boundary array 
identifying active cells in which displacement is calculated. 
Primary unit number from which input for this package will be 
read. 
Primary unit numb r for all printed output. IOUT = 6. 
Flag indicating whether displacements are calculated and 
displacements and volume strain printed or saved. 
Index for columns -v 
Index for layers 
Counter for number of stress periods. 
Counter for number of time steps. 
Number of columns in the grid. 
Number of layers in the grid. 
Code indicating format for printing magnitude of displacement. 
Flag indicating whether magnitude of displacement is printed. 
Flag indicating whether magnitude of displacement is saved. 
Unit number indicating where magnitude of displacement data 
are to be recorded. 
Code indicating format for printing X-displacements. 
Flag indicating whether X-displacements are printed. 
Flag indicating whether X-displacements are saved. 
Unit number indicating where X-displacement data are to be 
recorded. 
Code indicatin~ format for printing Y-displacements. 
Flag indicaflng whether Y-displacements are printed. 
Flag indicating whether Y-displacements are saved. 
Unit number indicating where Y-displacement data are to be 
recorded. 
Code indicating format for printing 2-displacements. 
Flag indicating whether Z-displacements are printed. 
Flag indicating w})ether Z-displacements are saved. 
Unit number indicating where 2-displacement data are to be 
recorded. 
Code indicating format for printing volume S°{1in. 
Flag indicating whether volume strain is printed. 
Flag indicating whether volume strain is saved. 
Unit number indicating where volume strain data are to be 
recorded. 
Label for printout of input array. 
Total simulation tim~-- • . 
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List of Variables for Module USLIOT

Variable Range ■Psfiniaan
UMAG Package DIMENSION (NCOL,NROW,NLAY), Magnitude of 

displacement.
USLX Package DIMENSION (NCOL,NROW,NLAY), Displacement in the X 

direction.
USLY Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Y 

direction.
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 

direction.
UX Module Temporary variable for displacement in the X direction.
UY Module Temporary variable for displacement in the Y direction.
UZ Module Temporary variable for displacement in the Z direction.
VSTRN Package DIMENSION (NCOL,NROW,NLAY), Volume strain.

V

y /

Ijr 41 \

■

*-
'•

■■

Yariable 

UMAG Package 

USLX Package 

USLY Package 

USLZ Package 

ux Module 
UY Module 
uz Module 
VSTRN Package 

List of Variables for Module USL 1 OT 

Definition 

DIMENSION (NCOL,NROW,NLAY), Magnitude of 
displacement. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the X 
direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the Y 
direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 
direction. 
Temporary_ variable for displacement in the X direction. 
Temporary ) ~le for displacement in the Y direction. 
Temporary vanable for displacement in the Z direction. 
DIMENSION (NCOL,NROW,NLAY), Volume strain. 

\ 
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Narrative for Module SUSLlX 
This module calculates the strain in the X direction. This value is used to 

calculate the volume strain which is used to determine whether elastic or virgin specific 
storage is used for a given cell in the model grid. 

Module SUSLlX is called by USLlFM and performs the following tasks 
1. Check to see if NCOL > 1. 
2. Check for active cells in the grid 
3. Calculate strain in the X direction. 
4. RETURN 
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Flow Chart for Module SUSLIX

;i '

NCOL is the number of columns in the 
grid.

lACT is the boimdary array indicating 
the cells where displacement is calculated.

/

Flow Chart for Module SUSLIX 

NCOL is the number of columns in the 
grid. 

IACT is the boundary array indicating 
the cells where displacement is calculated. 

ENTER 
SUSLlX 

CALCULATE 
STRAIN IN 

XDIRECTION 

\ 
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SUBROUTINE SUSLlX(USLX,IACXNCOL,I,K,DELR3TRNX,NROW,NLAY) 

C
Q *#♦♦»**♦*****»**»**»***♦**♦*•**•»**♦*♦*»**•**»•*•♦******♦*»••♦

C CALCULATE THE STRAIN IN THE X DIRECTION
Q *»♦*»*********♦»♦»*•♦*••**#••**•*»•»*•♦*•••*••*••*#*******♦**♦•

C
C SPECIFICATIONS:
C---------------------------------------------------------------------------------------

c
c
Cl-

DOUBLE PRECISION USLX
DIMENSION USLX(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY), 

1 DELR(NCOL)^TRNX(NCOL,NROW,NLAY)

-----LOOP THROUGH ACTIVE CELLS FOR EACH COLUMN

C
C2-

C
C3-

IF(NCOL.GT.l)GOTOn 
GOTO 23

llDO10J=LNCOL

-CHECK FOR ACTIVE CELLS
IF(IACTai,K).EQ.O) GOTO 10

-FOR CELLS ALONG A COLUMN CALCULATE STRAIN
C LOWEST ACTIVE COLUMN

IFG-EQ-l .OR. O-GT.I .and. IACTQ-LLKI.EQ.O)) THEN 
STRNXai^)=(USLX(I+l,LK)+USLXaLK))/(DELR(J)+0.5*

1 (DELRO+D+DELRO)))
GOTO 10 
ENDIF

C HIGHEST ACTIVE COLUMN
IF0.EQ.NCOL .OR. O-LTNCOL .AND. IACTa+U,K).EQ.O)) THEN 
STRNXa,LK)=(-USLXaLK)-USLX0-l,LK))/(DELR(J)+0.5*

1 (DELR0)+DELRa-l)))
GOTO 10 
ENDIF

C INTERIOR ACTIVE CELLS ALONG A COLUMN
IF(IACTa-lXK).GT.O .AND. lACTO+LlKI.GT.O) THEN 
STRNX(J,LK)=(USLXa+LI,K)-USLXO-l,LK))/

..j

SUBROUTINE SUSL lX(USLX,IACT,NCOL,I,K,DELR,STRNX,NROW,NLA Y) 
C 
C ............................................................ .. 

C CALCULATE THE STRAIN IN THE X DIRECTION 
C ......... ••••••••••••••••--••• .. ••••.,.••••••••••--•••• .. ••••" 

C 
C SPECIFICATIONS: 
C 

DOUBLE PRECISION USLX 
DIMENSION USLX(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY), 
1 DELR(NCOL),STRNX(NCOL,NROW,NLAY) 

C 
C 
Cl--LOOP THROUGH ACTIVE CELLS FOR EACH COLUMN 

IF(NCOL.GT.1) GOTO 11 
GOT023 

11 DO 10 J=l,NCOL 
C 
C2---CHECK FOR ACTIVE CELLS 

IF(IACTO,I,K).EQ.O) G010 10 
C 
C3~-FOR CELLS ALONG A COLUMN CALCULATE STRAIN 
C LOWEST ACTNE COLUMN 

IFQ.EQ.1 .OR. Q.GT.1 .AND. IACT(J-1,I,K).EQ.O)) THEN 
r--,..,/. STRNX(J,I,K)=(USLX(J + 1,I,K)+USLX(J,I,K)) / (DELR(J)+O.S• 

1 (DELR(J+l)+DELRO))} 
G01010 
ENDIF 

C HIGHEST ACTNE COLUMN 
Ili(J..EQ.NCOL .OR. (J.LT.NCOL .AND. IACT(J+l,I,K).EQ.O)) THEN 
STRNX(J,I,K)=(-USLX(J,l,K)-USLX(J-1,l,K)) / (DELR(J)+O.S• 
1 (DELRO)+DELR(J-1))) 
G01010 
ENDIF 

, 
\ 

C INTERIOR ACTIVE CELLS ALONG A COLUMN 
IF(IACT0-1,1,K).GT.O .AND. IACT(J+l,l,K).GT.O) THEN 
STRNX(J,l,K)=(USLX(J+ 1,1,K)-USLX(J-1,I,K)) / 
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1 (DELR(J)+O.5*(DELRa+l)+DELR0-l))) 
ENDIF

10 CONTINUE 
C
C4-----RETURN

23 RETURN 
END

/

1 (DELRO)+O.S•(DELRO+ l)+DELRQ-1 ))) 
ENDIF 

10 CONTINUE 
C 
C4--RETURN 

23 RETURN 
END 

,--
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List of Variables for Module SUSLIX

207

Variable Eaoge DefioiriQQ
DELR Global DIMENSION (NCOL), Cell dimension in the row direction. 

DELRO) contains the width of column J.
I Module Index for rows.
lACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array for 

displacement.
>0 cell is active. 
<=0 cell is inactive.

J Module Index for columns.
K Module Index for layers
NCOL Global Niunber of columns in the grid.
NLAY Global Number of layers in the grid. ,
NROW Global Number of rows in the gridr''
STRNX Package DIMENSION (NCOL,NROW,NLAY), Strain in the X direction.
USLX Package DIMENSION (NC0L,NR0W,NLAY), Displacement in the X 

direction.
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Variable 
DELR 

I 
IACT 

J 
K 
NCOL 
NLAY 
NROW 
STRNX 
USLl< 

Range 

Global 

Module 
Global 

Module 
Module 
Global 
Global 
Global 
Package 
Package 

List of Variables for Module SUSL IX 

Definition 
DIMENSION (NCOL), Cell dimension in the row direction. 
DELR(J) contains the width of column J. 
Index for rows. 
DIMENSION (NCOL,NROW,NLAY), Boundary array for 
displacement. 

>0 cell is active. 
<=0 cell is inactive. 

Index for columns. 
Index for layers 
Number of columns in the grid. 
Number of layers in the ~ ':,,> 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Strain in the X direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the X 
direction. 

.. 

~· 
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Narrative for Module SUSLl Y

This module calculates the strain in the Y direction. This value is used to 
calculate the volume strain which is used to determine whether elastic or virgin specific 
storage is used for a given cell in the model grid.

Module SUSLlY is called by USLIFM and performs the following tasks
1. ChecktoseeifNROW>l.
2. Check for active cells in the grid
3. Calculate strain in the Y direction.
4. RETURN

Narrative for Module susu Y 
This module calculates the strain in the Y direction. This value is used to 

calculate the volume strain which is used to determine whether elastic or virgin specific 
storage is used for a given cell in the model grid. 

Module SUSL1 Y is called by USL1 FM and performs the following tasks 
1. Check to see if NROW > 1. 
2. Check for active cells in the grid 
3. Calculate strain in the Y direction. 
4. RETURN 

\ 
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Flow Chart for Module SUSLl Y 

NROW is the number of rows in the grid.

LACT is the boundary array indicating 
the cells where displacement is calculated.

/

Flow Chan for Module SUSLIY 

NROW is the number of rows in the grid. 

IACT is the boundary array indicating 
the cells where displacement is calculated. 
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SUBROlJriNESUSLlY(USLYMCXJ,NROW,K,DELCOTNY,NCOL,NLAY)
C

C CALCULATE THE STRAIN IN THE Y DIRECTION 
^ *♦*•*♦*•♦»••••*»•»♦•♦*»•****♦*»*•**••♦••♦*••♦•••*•*••»*♦*♦***♦**♦

e:

C SPECEFICATIONS: 
C -----------------------

DOUBLE PRECISION USLY
DIMENSION USLY(NCOL^OW,NLAY),IACT(NCOL,NROW,NLAY), 
1 DELC(NR0W)3TRNY(NC0L,NR0W,NLAY)

c
c
Cl- -LOOP THROUGH ACTIVE CELLS FOR EACH ROW

23 IF(NROW.GT.l)GOT0 22 
GOTO 33

22 DO20I=l,NROW
C
C2-

C
C3-

—CHECK FOR ACTIVE CELLS 
IF(IACTO,LK).EQ.O) GOTO 20

-FOR CELLS ALONG A ROW CALCULATE STRAIN
C LOWEST ACTIVE ROW

IFa.EQ.l .OR. a.GT.l .AND. IACT(J,M,K).EQ.O)) THEN 
STRNYa,LK)=(USLY0,I+l;K)+TJSLY0J,K))/(DELCa)+0.5*
1 (DELCa+l)+DELCa)))
GOTO 20 
ENDIF

C HIGHEST ACTIVE ROW
IF(LEQ.NROW .OR. O.LT.NROW AND. IACTai+l,K).EQ.O)) THEN 
STRNY(JJ40=(-USLY04^)-USLY04-W)/(DELCa)+0.5*
1 (DELCa)+DELC(I-l))) ^

' GOTO 20 
ENDIF

C INTERIOR ACTIVE CELLS ALONG A ROW
IF(IACTai-LK).GT.O .AND. IACTa,I+LK).GT.O) THEN 
STRNYa,LK)=(USLYa,I+l,K)-USLY(r,r-LK))/

SUBROUTINESUSLlY(USLY,IACT,J,NROW,K,DELC,STRNY,NCOL,NLAY) 

C 
C ................................................................... . 

C CALCULATE THE STRAIN IN THEY DIRECTION 
C ................................................................. . 

C 
C SPECIFICATIONS: 
C 

OOUBLE PRECISION USLY 
DIMENSION USLY(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY), 
1 DELC(NROW),STRNY(NCOL,NROW,NLAY) 

C 
C 
Cl--LOOP THROUGH ACTIVE CELLS FOR EACH ROW 

23 IF(NROW.GT.1) GOTO 22 
GOT033 

22 00 20 I= 1,NROW 
C 
C2---CHECI< FOR ACTIVE CELLS 

IF(IACTO,I,K).EQ.0) GOTO 20 
C 
C3--FOR CELLS ALONG A ROW CALCULATE STRAIN 
C LOWFST ACTNE ROW 

IFO.EQ.1 .OR. O.GT.1 .AND. IACT(J,I-1,K).EQ.0)) THEN 
STRNY(J,I,K)=(USLY(J,I+ 1~1JSLYO,I,K)) / (DELCO)+o.s• 
1 (DELCO+l)+DELCG))) 
GOT020 
ENDIF 

C 1-IlGHEST ACTIVE ROW 
IF(lEQ.NROW .OR O.LT.NRO .AND. IACT(J,I+ 1,K).EQ.0)) THEN 

SfRNY(J,I,K)=(-USLYQ,I,K)-USLY(J ,I-1,K)) / (DELCG)+0.S• 
1 (DELCO)+DELC(I-1))) 
GOT020 
ENDIF 

C INTERIOR ACTIVE CELLS ALONG A ROW 
IF(IACTQ,I-1,K).GT.0 .AND. IACTO,I+l,K).GT.0) THEN 
SfRNYO,I,K)=(USLY(J,1+1,K)-USLY(f,t-1,K))/ 

,---

\ 
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I"

!

C
C4-

1 (DELCa)+0.5*(DELCa+l)+DELCa-l))) 
ENDIF

20 CONTINUE 

-RETURN
33 RETURN 

END

/

f:?

1 (DELC(I)+OS(DELCCT+ l}+DELC0-1))) 
ENDIF 

20 CONTINUE 
C 
C4--RETURN 

33 RETURN 
END 
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List of Variables for Module SUSLl Y

212

Variable Range Definition

DELC Global DIMENSION (NCOL), CeU dimension in the column direction. 
DELCfl) contains the width of row L

I Module Index for rows.
lACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array for 

displacement.
>0 cell is active. 
<=0 cell is inactive.

J Module Index for columns.
K Module Index for layers
NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the^d.
NROW Global Number of rows in the grid.
STRNY Package DIMENSION (NCOL,NROW,NLAY), Strain in the Y direction.
USLY Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Y 

direction.
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Variable 
DELC 

I 
IACT 

J 
K 
NCOL 
NLAY 
NROW 
STRNY 
USLY 

Global 

Module 
Global 

Module 
Module 
Global 
Global 
Global 
Package 
Package 

·--~ -

List of Variables for Module SUSL 1 Y 

Definition 
DIMENSION (NCOL), Cell dimension in the column direction. 
DELCO) contains the width of row L 
Index for rows. 
DIMENSION (NCOL,NROW,NLAY), Boundary array for 
displacement. 

>0 cell is active. 
<=0 cell is inactive. 

Index for columns. 
Index for layers 
Number of columns in the grid. 
Number of layers in tft~d. 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Strain in the Y direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the Y 
direction. 
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Narrative for Module SUSLIZ

This module calculates the strain in the Z direction. This value is used to 
calculate the volume strain which is used to determine whether elastic or virgin specific 
storage is used for a given cell in the model grid.

Module SUSLIZ is called by USLIFM and performs the following tasks
1. Check toseeifNLAY>l.
2. Check for active cells in the grid
3. Calculate strain in the Z direction.
4. RETURN

J
.. 

Narrative for Module SUSLlZ 

This module calculates the strain in the Z direction. This value is used to 
calculate the volume strain which is used to determine whether elastic or virgin specific 
storage is used for a given cell in the model grid. 

Module SUSL1Z is called by USL1FM and performs the following tasks 
1. Check to see if NLAY > 1. 
2. Check for active cells in the grid 
3. Calculate strain in the Z direction. 
4. RETURN 

\ 
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Flow Chart for Module SUSLIZ 

NLAY is the number of layers in the grid.

lACT is the boimdary array indicating 
the cells where displacement is calculated.

/

■I;:'--

Flow Chart for Module SUSLlZ 

NLAY is the number of layers in the grid. 

IACT is the boundary array indicating 
the cells where displacement is calculated. 
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SUBROUTINE SUSLlZ(USLZ,IACT,J,I,NLAY,DELL,STRNZ,IBOUND,
1 NCOUNROW)

C
^ ****»******»»»****»»»*»********•***»****»**•****»***********»**

C CALCULATE THE STRAIN IN THE Z DIRECTION 
*»**»*****»*******»**»»**«♦****»••******•*»*»»**»•»**•♦**»*»»•

c
C SPECIFICATIONS:
C----------------------------------------------------------------------------------------------

DOUBLE PRECISION USLZ
DIMENSION USLZ(NCOL>IROW,NLAY),IACT(NCOL,NROW,NLAY), 
lDELL(NCOL,NROW,NLAY)3TRNZ(NCOLJ^OW,NLAY),IBdUND(NCOL,
2NROW,NLAY)

C
C

-LOOP THROUGH ACTIVE CELLS FOR EACH LAYER
33 IF(NLAY.GT.l)GOT0 32 

GOTO 41
32 DO30K=l,NLAY

C
-CHECK FOR ACTIVE CELLS

IF(IACTa,I,K).EQ.O) GOTO 30 
IF(DELLa,LK).EQ.O) GOTO 30

V C3------FOR CELLS THROUGH A LAYER AND CALCULATE STRAIN
C UPPERMOST LAYER

IF(K.EQ.l .OR. (K.GT.1 .AND. IBOUNDaLK-l).EQ.O))THEN 
STRNZO,I,K)=(USLZO,LK+1)-USLZO,I,K))/
1 (0.5*DELLa4,K+l)+DELL0,I,K))
GOTO 30 
ENDIF

C HIGHEST ACTIVE LAYER
IFOK.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT(J,LK+1).EQ.0)) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUNDa,I,K-2).EQ.O)) THEN 
STRNZa,I,K)=(-USLZai^)-USLZ(J,LK-l))/(DELLai,K)+0.5*
1 DELLai,K)+DELLO,I,K-D)
ELSE

C 

SUBROUTINE SUSL1Z(USLZ,IACT,J,I,NLAY,DELL,5TRNZ,IBOUND, 
1 NCOL,NROW) 

C ............................................................... . 

C CALCULATE THE STRAIN IN THE Z DIRECTION 
C ................................................................ . 

C 
C SPECIFICATIONS: 
C 

DOUBLE PRECISION USLZ 
DIMENSION USLZ(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY), 

1 DELL(NCOL,NROW,NLAY),5TRNZ(NCOI:-; 
2 NROW,NLAY) 

C 
C 
Cl--LOOP THROUGH ACTIVE CELLS FOR EACH LAYER 

33 IF(NLAY.GT.1) GOTO 32 
GOT041 

32 DO 30 K=l,NLAY 
C 
C2--CHECK FOR ACTIVE CELLS 

IF(IACT(J,I,K).EQ.0) GOTO 30 
IF(DELL(J,I,K).EQ.0) GOTO 30 

C 
-1 C3--FOR CEJ.1$-THROUGH A LAYER AND CALCULATE STRAIN 

C UPPERMOST LAYER 
IF(KEQ. l .OR. (K.GT.1 .AND. IBOUND(J,I,K-1).EQ.0)) THEN 
STRNZ(J,I,K)=(USLZ(J ,I,K+ 1 )-USLZ(J,I,K)) / 
1 (0.S•DELL(J,I,K+ l)+DELL(J,I,K)) 

GOT030 
ENDIF 

C HIGHEST ACTIVE LAYER 
\ . 

IF(K.EQ.NLAY .OR. (K.LT.NLAY .AND. IACT(J,I,K+l).EQ.0)) THEN 
IF(K-1.EQ.1 .OR. (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
STRNZ(J,I,K)=(-USLZ(J,I,K)-USLZ(J,I,K-1)) / (DELL(J,I,K)+0.S• 
1 DELL(J,l,K)+DELL(J,I,K-1)) 
ELSE 

.. 
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STRNZa,lK)=(-USLZ(J,I,K)-USLZaiK-l))/(DELLa,I,K)+0.5*
1 (DELLO,I,K)+DELLa,I,K-l)))
ENDIF 
GOTO 30 
ENDIF

C INTERIOR ACTIVE CELLS THROUGH ALL LAYERS 
IF(IACTa,LK-l).GT.O .AND. IACTa,LK+l).GT.O) THEN 
IF(K-l.EQ.l .OR. (K-l.GT.l .AND. IBOUND(IXK-2).EQ.O)) THEN 
STRNZa,I^)=(USLZa,LK+l )-USLZaiK-l))/ 
l(DELLa,I,K)+0.5»DELLa,I^+l)+DELL0,LK-l))
ELSE
STRNZ(IXK)=(USLZ04,K+l)-USLZaLK-l))/
1 (DELL0,LK)+0.5»(DELLaLK+l)+DELLai/K-l)))
ENDIF 
ENDIF

30 CONTINUE 
C
C4------RETURN

41 RETURN
END 
s

STRNZ(J,I,K)=(-USLZ(J,I,K}-USLZ(J,I,K-1)) / (DELL(J,I,K)+0.S• 
1 (DELL(J,I,K)+DELL(J,l,K-1))) 
ENDIF 
GOT030 
ENDIF 

C INTERIOR ACTNE CELLS THROUGH ALL LAYERS 
IF(IACT(J,I,K-1).GT.0 .AND. IACT(J,l,K+l).GT.0) THEN 
IF(K-1.EQ.1.OR. (K-1.GT.1 .AND. IBOUND(J,I,K-2).EQ.0)) THEN 
STRNZ(J,I,K)=(USLZ(J,I,K+ 1 )-USLZ(J,I,K-1)) / 
1 (DELL(J,l,K)+0.S•DELL(J,l,K+ l)+DELL(J,l,K-1)) 
ELSE 
STRNZ(J,I,K)=(USLZ(J,l,K+ 1 )-USLZ(J,I,K-1)) / 
1 (DELL(J,I,K)+O.S•(DELL(J,1,K+ l)+DELL(J,I,K-1))) 
ENDIF 
ENDIF 

30 CONTINUE 
C 
C4--RETURN 

41 RETURN 
END 

,:-..,/ 
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List of Variables for Module SUSLIX

Variable Range Definition

/

DELL Global DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 
direction. DELLG,I,K) contains the thickness of layer K.

I Modvile Index for rows.
lACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array for 

displacement.
>0 cell is active.
<=0 cell is inactive.

IBOUND Global DIMENSION (NCOL,NROW,NLAY), Status of each ceU 
<0 cell is constant head 
=0 cell is inactive 
>0 cell is variable head

J Module Index for columns.
K Module Index for layers
NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the grid.
NROW Global Number of rows in the grid.
STRNZ Package DIMENSION (NCOL,NROW,NLAY), Strain in the Z direction.
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 

direction.

Kr.-::-:

Variable 
DELL Global 

I Module 
IACT Global 

IBOUND Global 

J 
K 
NCOL 
NLAY 
NROW 
STRNZ 
USLZ 

Module 
Module 
Global 
Global 
Global 
Package 
Package 

List of Variables for Module SUSLIX 

Definition 
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 
direction. DELL(J,I,K) contains the thickness of layer K. 
Index for rows. 
DIMENSION (NCOL,NROW,NLAY), Boundary array for 
displacement. 

>0 i;ell is active. 
<=0 cell is inactive. 

DIMENSION (NCOL,NROW,NLAY), Status of each cell 
<0 cell is constant head 
=0 cell is inactive -
>0 cell is variable head 

Index for columns. 
Index for layers 
Number of columns in the grid. 
Number of layers in the grid. 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Strain in the Z direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 
direction. 
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Narrative for Utility Module UBCUSL 
This utility module calculates the magnitude of displacement from the already 

calculated directional components of displacement if IUSLOC > 0. This utility module is 
called by USL10T and performs its tasks in the following order. 

1. Check to see if IUSLOC > 0 
2. Loop through all cells in the grid checking to see if they are active 
3. Calculate magnitude of displacement from USLX:, USLY, and USLZ values. 
4. RETURN. 
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Flow Chart for Utility Module UBCUSL

lUSLOC is the flag indicating whether 
displacement is calciilated or not.

>0 displacement is calculated and 
printed or saved.

<=0 displacement is not calculated, 
printed or saved.

lACT is the boundary array flag for 
calculating displacement 

>0 cell is active 
<=0 cell is inactive

USLX is the displacement in the X 
direction.

USLY is the dispbcement in the Y 
direction.

USLZ is the displacement in the Z 
direction.

UMAG is the magnitude of displacement 
calculated as the square root of the sum 
of squares of USLX, USLY, and USLZ.

Flow Chart for Utility Module UBCUSL 

IUSLOC is the flag indicating whether 
displacement is calculated or not. 

>0 displacement is calculated and 
printed or saved. 

<=0 displacement is not calculated, 
printed or saved. 

!ACT is the bountlary array flag for 
calculating displacement 

>0 cell is active 
<=0 cell is inactive 

USLX is the displacement in the X 
direction. 

USLY is the displacement in the Y 
direction. 

USLZ is the displacement in the Z 
direction. 

UMAG is the magnitude of displacement 
calculated as the square root of the sum 
of squares of USLX, USLY, and USLZ. 
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SUBROUTINE UBCUSL(USLX,USLY,USLZ,NCOL,NROW,NLAY, 
1 IACT,UMAG,IUSLOC) 

C .............................................................................. .. 

C UTILITY SUBROUTINE 10 CALCULATE THE MAGNITUDE OF 
C DISPLACEMENT WHEN IUSLOC FLAG IS SET 
C ............................................................................. .. 

C 
C SPECIFICATIONS: 
C 

C 

C 
C 

DOUBLE PRECISION USLX,USLY,USLZ 

DIMENSION USLX(NCOL,NROW,~AY),USLY(NCOL,NROW,NLAY), 
1 USLZ(NCOL,NROW,NLAY),IACT(N€()L,NROW,NLAY), 
2 UMAG(NCOL,NROW,NLAY) 

Cl--CALUCATE THE MAGNTIUDE OF DISPLACEMENT IF 
C IUSLOC IS GREATER THEN 0. 

IFOUSLOC.LE.0) GO10 100 
C 
C2--LOOP THROUGH ENTIRE GRID OF ACTNE CELLS 

DO 8 K=l,NLAY 
DO 8 I=l,NROW 
DO 8 J=l,NCOL 
Jjl:9ACT(J,I,K).EQ.O) GO10 8 

C 
C3--CALCULATE MAGNITUDE OF DISPLACEMENT 

UMAG(J,l,K)=SQRT(USLX(J,1,K)•USLX(J,1,K)+USLY(J,I,K)•USLY(J,I,K)+ 
1 USLZ(J,I,K)•USLZ(J,I,K)) 

s co~ 
C 
C4---RETURN 

100 RETURN 
END 
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List of Variables for Utility Module UBCUSL

Variable Range Definition

I Module Index for rows.
lACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array 

identifying active cells in which displacement is calculated.
>0 cell is active 
<=0 cell is inactive

lusLcx: Package Flag indicating whether displacement and volume strain is 
calculated

>0 displacements and volume strains are calculated 
<=0 displacements and volume strains are not Ccdculated

J Module Index for columns.
K Module Index for layers.
NCOL Global Number of coluiimain the grid.
NLAY Global Number of layers in the grid.
NROW Global Number of rows in the grid.
UMAG Package DIMENSION (NCOL,NROW,NLAY), Magnitude of 

displacement.
USLX Package DIMENSION (NCOL,NROW,NLAY), Displacement in the X 

direction.
^ USLY Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Y 

direction.
USLZ Package DIMENSION (NCOL,NROW,NLAY), Displacement in the Z

V direction.

V
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List of Variables for Utility Module UBCUSL 

Variable .Rfil!ge Definition 

I Module Index for rows. 
IACT Global DIMENSION (NCOL,NROW,NLAY), Boundary array 

identifying active cells in which displacement is calculated. 
>0 cell is active 
<=0 cell is inactive 

IUSLOC Package Flag indicating whether displacement and volume strain is 
calculated 

J Modue 
K Module 
NCOL Global 
NLAY Global 
NROW Global 
UMAG Package 

USD< Package 

USLY Package 

USLZ Package 

,- -

>0 displacements and volume strains are calculated 
<=0 displacements and volume strains are not calculated 

Index for columns. 
Index for layers. • 
Number of col~ the grid. 
Number of layers in the grid. 
Number of rows in the grid. 
DIMENSION (NCOL,NROW,NLAY), Magnitude of 
displacement. 
DIMENSION'(NCOL,NROW,NLAY), Displacement in the X 
direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the Y 
direction. 
DIMENSION (NCOL,NROW,NLAY), Displacement in the Z 
direction. 

\ 
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Narrative for Utility Module U2USLR

This module reads transmissivity values if LAYCON = 0 or 2. Although these 
vcilues are read in the BCF package of MODFLOW the values are modified within the 
BCF package and are not usable for the pnuposes of the dispbcement model. This utility 
module functions much like U2DREL of MODFLOW.

This module is read by USLl AL and performs its tasks in the following order
1. Read array control record.
2. Use LOCAT to see where array values come from.
3. If LOCAT = 0 set all array values equal to CNSTNT.
4. If LOCAT > 0 read formatted records using format FMTIN.
5. If LOCAT < 0 read unformated record containing array values.
6. RETURN

/

..r'

Narrative for Utility Module U2USLR 

This module reads transmissivity values if LAYCON = 0 or 2. Although these 
values are read in the BCF package of MODFLOW the values are modified within the 
BCF package and are not usable for the purposes of the displacement model. This utility 
module functions much like U2DREL of MODFLOW. 

This module is read by USUAL and performs its tasks in the following order: 
1. Read array control record. 
2. Use LOCAT to see where array values come from. 
3. If LOCAT = 0 set all array values equal to CNSTNT. 
4. If LOCAT > 0 read formatted records using format FMTIN. 
5. If LOCAT < 0 read unformated record containing array values. 
6.RETURN 

\ 
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Flow Chart for Utility Module U2USLR

r,-.

/

LOCAT indicates the location of the data 
which will be put in the array.

>0 Represents the unit number 
from which data values will be 
read in the format specified in 
the third field of the array 

-control record (FMTIN).
=0 Every element in the aufay vdll 

be set equal to the value 
CNSTNT.

<0 The sign reversed to give the 
unit number from which an 
unformated record wUl be read.

QsiSTNT is the value that each element in 
the array is set to when LCXIAT = 0.

FMTIN is the format used to read the 
array values.

f'':

Flow Chan for Utility Module U2USLR 

LOCAT indicates the location of the data 
which will be put in the array. 

>0 Represents the unit number 
from which data values will be 
read in the format specified in 
the third field of the array 

-control record (FMTIN). 
=0 Every element in the array will 

be set equal to the value 
CNSTNT. 

<0 The sign reversed to give the 
unit number from which an 
unformated record will be read. 

CNSTNT is the value that each element in 
the array is set to when LOCAT = 0. 

FMTIN is the format used to read the 
array values. 

ENTER 
U2USLR 

, ' 1 

I READLOCAT 

<0 , , 

>0 

1 ' 

=0 , , 
SET 

ARRAYS 
EQUAL 

TO 
CNSTNT 

3 
READ 

FORMATTED 
RECORDS 

USING 
FORMAT 
FMTIN 

4 

READ 
UNFORMATTED 

RECORD 
CONTAINING 

ARRAY 
VALUES 

\ , , , ' 
5 

( RETURN) ..... 
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SUBROUTINE U2USLR(A,U,JJ,K,IN)

THIS SUBROUTINE READS TRANSMISSIVITY DATA THAT CAN NOT
BE OBTAINED FROM THE BCF PACKAGE BECAUSE IT IS ALTERED
*»♦»***»♦*»♦*♦»♦*♦*•#»•»♦♦♦*»**♦»*♦*»#»**♦»♦»♦»♦»•»»•»»*»*♦*•♦****•»»*♦**»*»♦*»»»**»

SPECmCATIONS:

CHARACTERM6 FMTIN 
DIMENSION A0J4I)

C
C
Cl- -READ ARRAY CONTROL RECORD

C
C2-

C
C3-

READ(IN,1) LOCAT,CNSTNT,FMTIN 
1 FORMATai0,F10.0,A20)

-----USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM
IFaOCAT) 200,50,90

-IF LOCAT=0 THEN SET ALL ARRAY VALUES EQUAL TO CNSTNT, RETURN
50 DO80I=l,n 

DO80J=l,JJ 
80 Aa,D=CNSTNT 

RETURN
C ^ '
C3------IF LOCAT>0 THEN READ FORMATTED RECORDS USING FORMAT FMTIN

90 DO100I=l,n
READ(LOCAT,FMTIN)(A04)J=LJP 

100 CONTINUE
GOTO 300 '

C
C4------IF LOCAT<0 THEN READ UNFORMATTED RECORD CONTAINING ARRAY
C VALUES

200 LOCAT=-LOCAT 
READ(LOCAT)
READ(LOCAT) A 

300 IF(CNSTNT.EQ.O) GOTO 320*'

C 
C 
C 
C 
C 

SUBROUTINE U2USLR(A,II,JJ,K,IN) ........................................................................................................................ 
THIS SUBROUTINE READS TRANSMISSMTY DATA THAT CAN NOT 
BE OBTAINED FROM THE BCF PACKAGE BECAUSE IT IS ALTERED 
...................................................................................... 

C SPECIFICATIONS: 
C 

C 
C 

CHARACTER•16 FMTIN 
DIMENSION AOJ,ID 

C1---READ ARRAY CONTROL RECORD 
READCIN,1) LOCAT,CNSTNT,FMTIN 

1 FORMATCT10,F10.0,A20) 
C 
C2--USE LOCAT TO SEE WHERE ARRAY VALUES COME FROM 

IF(LOCAT) 200,50,90 
C 
C3---IF LOCAT=0 THEN SET ALL ARRAY VALUES EQUAL TO CNSTNT, RETURN 

50 DO 801=1,11 
DO 80 J=1,JJ 

80 AO,D=CNSTNT 
RETURN 

C -t 

C3--IF LOCAT>0 THEN READ FORMATTED RECORDS USING FORMAT FMTIN 
90 DO 1001=1,11 

READ(LOCAT,FMTIN)(AQ,I),J=1,JJ) 

100 CONTINUE 
GOT0300 

C 
C4---IF LOCAT <0 THEN READ UNFORMATTED RECORD CONTAI~G ARRAY 
C VALUES 

200 LOCAT=-LOCAT 
READ(LOCAT) 
READ(LOCAT) A 

300 IF(CNSTNT.EQ.O) GOTO 320 •. 
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DO 310 1=1,Il 
DO 310 J=l,JJ 
AQ,I)=AO,WCNSTNT 

310 CONTINUE 
C 
C5--RETURN 

320 RETURN 
END 

225 
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Ust of Variables for Utilitv Module U2USLR

Variable Rangs Definition

A Module DIMENSION (NCOL,NROW), Represents the array of values 
being read. For this module this array represents transmissivities.

CNSTNT Module The value that each cell in the grid is set to when LOCAT = 0.
FMTTN Module The format that is used to read in the data from the unit specified 

in IN.
I Module Index for rows.
n Module Number of rows in array being read.
IN Package Primary unit number from which input for this package will be 

read.
J Module Index for columns.
JJ Module Number of columns in the array being read.
LOCAT Module Indicates the location of the data which vrill be put in the array.

>0 Represents the unit niunber from which data values
will be read in the format specified in the third field of 
the array<ontrol record (FMTIN).

=0 Every element in the array will be set equal to the value
CNSTNT.

<0 The sign reversed to give the unit number from which

/
an unformated record will be read

V

1 .

V

4

\

*
r----- -

0

Yarioble R.il!w: 
A Module 

CNSTNT Module 
FMTIN Module 

I Module 
II Module 
IN Package 

J Module 
JJ Module 
LOCAT Module 

List of Variables for Utility Module U2USLR 

Definition 

DIMENSION (NCOL,NROW), Represents the array of values 
being read. For this module this array represents transmissivities. 
The value that each cell in the grid is set to when LOCAT = 0. 
The format that is used to read in the data from the unit specified 
in IN. 
Index for rows. 
Number of rows in array being read. 
Primary unit number from which input for this package will be 
read. 
Index for columns. , 
Number of columns in the array~g read. 
Indicates the location of the data whl~ will be put in the array. 

>O Represents the unit number from which data values 
will be read in the format specified in the third field of 
the array-control record (FMTIN). 

=O Every element in the array will be set equal to the value 
CNSTNT. 

<O The sign reversed to give the unit number from which 
an unformated record will be read 

,---

\ 
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Vector Plot Package Input

Input for Vector Plot Package CT*LT) is read from the unit specified in IUN1T(16).

FOR EACH SIMULATION
PLTIAL

1. Data: IPLOTV IMANY IDEV IVEC
Format: no no no no

FOR EACH STRESS PERIOD
PLTIRP

2. Data: ITYPE LPXY
Format: no , no

fltem2 is read IMANY times)
3. Data: BTR
Format: 4012

(Item 3 is read NPER times)

s,

1

i
i

/
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Vector Plot Package Input 

Input for Vector Plot Package (PLT) is read from the unit specified in IUNIT(16). 

FOR EACH SIMULATION 
PLTlAL 

1. Data: IPLOlV IM.ANY IDEV IVEC 
Format: 110 110 110 110 

FOR EACH STRESS PERIOD 
PLTlRP 

2. Data: ITYPE LPXY 
Format: ll\_,,> 110 

Otem 2 is read IMANY times) 
3. Data: ISTR 
Format: 4012 

Otem 3 is read NPER times) 
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Explanation of Fields Used in Input Instructions

IPLOTV-is the flag indicating whether vectors for bulk flux or displacement will be 
made at the end of each stress period.

If IPLOTV=l a bulk flux vector plot will be made 
If EPLOTV=2 a displacement vector plot will be made 
If IPLOTV<l or >2 no plot will be made.

IMANY-is the number of plots that will be made at the end of each stress period. 
Determines how many times item 2 will be read.
IDEV-is the device that the vector plots will be plotted to.

If IDEV=I then the plot will be drawn as an X-WINDOW on the 
Data General Aviion Workstations.
If IDEV=2 then the plot will be stored as a postscript file and 
named post# where # is the number of the plot in the order 
designated by item 2.
If IDEV=3 then the plot will be stored as a CGM META file that 
can be imported directly into FIIAMEMAKER.

(Note: The subroutine that calls the various platforms or file conventions can be 
readily modified to include the platform or file type needed by the user).
IVEC-is the flag indicating whether vector heads (arrows) will be printed 

If rVEC=0 no arrow heads are drawn 
IfIVEC # 0 vector heads are drawn 

ITYPE-is the flag indicating the type of plot drawn
If ITYPE=1 a planimetric plot will be made (x-y plot)
If ITYPE=2 a cross-sectional plot will be made (x-z plot)
If ITYPE=3 a cross-sectioned plot will be made (y-z plot)
If ITYPE<1 or >3 no plot will be made.

LPXY-Ls the row, column, or layer designation through which a plot is drawn. For 
example, if ITYPE is 1 and LPXY is 3, a planimetric plot of layer three will be drawn. If 
ITYPE is 2 and LPXY is 25 then a cross sectional plot along plane X-Z through row 25 
(Y) will be drawn.
ISTR-is the flag indicating after which stress periods plots are to be made. IMANY plots 
are made after each stress period when the flag is set. If more than 40 stress periods are 
used, continue item three on the following line.

If ISTR>0 plots will be made for the stress period indicated 
If ISTR<=0 plots will not be made for the stress period indicated.

Explanation of Fields Used in Input Instructions 

IPLOTV-is the flag indicating whether vectors for bulk flux or displacement will be 
made at the end of each stress period. 

If IPL01V=1 a bulk flux vector plot will be made 
If IPL01V=2 a displacement vector plot will be made 
If IPL01V <1 or >2 no plot will be made. 

IMANY-is the number of plots that will be made at the end of each stress period. 
Determines how many times item 2 will be read . 
.IDEY-is the device that the vector plots will be plotted to. 

If IDEV=l then the plot will be drawn as an X-WINOOW on the 
Data Ge era.I Aviion Workstations. 
If IDEV=2 then the plot will be stored as a postscript file and 
named post# where # is the number of the plot in the order 
designated by item 2. • 
If IDEV=3 then the plot will~ s_!S)red as a CGM META file that 
can be imported directly into F'RAMEMAKER. 

(Note: The subroutine that calls the various platforms or file conventions can be 
readily modified to include the platform or file type needed by the user). 
IYEC-is the flag indicating whether vector heads (arrows) will be printed 

If IVEC=O no arrow heads are drawn 
If IVEC 0 vector heads are drawn 

ID:'.f.E-is the flag indicating the type of plot drawn 
If ITYPE=l a planimetric plot will be made (x-y plot) 
If ITYPE=2 a cross-sectional plot will be made (x-z plot) 
If ITYPE=3 a cross-sectional plot will be made (y-z plot) 
If ITYPE<l or >3 no plot will be made. 

~--is the row, column, or layer designation through which a plot is drawn. For 
example, if ITYPE is 1 and LPXY is 3, a planimetric plot of layer three will be drawn. If 
!TYPE is 2 and LPXY is 25 then a cross sectional plot along plane X-Z through row 25 
(Y) will be drawn . 
.ISIR-is the fla indicating after which stress periods plots are to be made. IMANY plots 
are made aftereach stress period when the flag is set. If more than 40 stress periods are 
used, continue item three on the following line. 

If ISTR>O plots will be made for the stress period indicated 
If ISTR<=O plots will not be made for the stress period indicated . 

... 
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Module Documentation for the Vector Plotting Package

/

This plotting package plots vectors at each grid cell location identifying the 
magnitude and direction of either bulk flux or displacement. The length of the vector 
tail represents the relative magnitude of bulk flux or displacement.

The Plotting package (PLT) has three primary modules, one submodule, and one 
function. All the primary modules are called by the MAIN program. This package uses 
the graphics kernel system (GKS) to plot the data; therefore, numerous calls are made in 
the PLTIFM subroutine to GKS routines not described in this documentation.

Primary Modules

PLTl AL Allocates space for data arrays. Reads the type and
amount of plots that will be made each stress 
period.

PLTIRP Reads all datan^ed by the package. Prints the
type of plots that are made after each stress period.

PLTIFM Prepares data and graphics for plotting either the
bulk flux or displacements along user deflned lines 
of section. Calk SPLTID submodule and STR_LEN 
function subprogram.

Submodule

SPLTID Makes a CGM meta file, a postscript file, or makes a 
plot in the X-window environment, of the bulk 
fluxes or displacements according to user defined 
parameters.

Function

STR_LEN Calculates the exact string length of file names or 
labek.

Module Documentation for the Vector Plotting Package 

This plotting package plots vectors at each grid cell location identifying the 
magnitude and direction of either bulk flux or displacement. The length of the vector 
tail represents the relative magnitude of bulk flux or displacement. 

The Plotting package (PLT) has three primary modules, one submodule, and one 
function. All the primary modules are called by the MAIN program. This package uses 
the graphics kernel system (GI<S) to plot the data; therefore, numerous calls are made in 
the PLTlFM subroutine to GI<S routines not described in this documentation. 

PLTlAL 

PLTlRP 

PLTlFM 

SPLTlD 

STR_LEN 

Primary Modules 

Allocates space for data arrays. Reads the type and 
amount of plots that will be made each stress 
period. - • 
Reads all ~eeded by the package. Prints the 
type of plots that. are made after each stress period. 

Prepares data and graphics for plotting either the 
bulk flux or displacements along user defined lines 
of section. Calls SPLT1D submodule and STR_LEN 
function subprogram. 

Submodule 

Makes a CGM meta file, a postscript file, or makes a 
plot in the X-window environment, of the bulk 
fluxes or displacements according to user defined 
parameters. 

Function 

Calculates the exact string length of file names or 
labels. 

\ 
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Narrative for Module PLTl AL

/

This module allocates space for data arrays for the Plotting package. It also reads 
the number and type of plots to be made. These are done in the following order.

1. Set up size parameters for array sizes.
2. Read plot type, number of plots per stress period, how plot is to be stored or. 

printed, and whether arrowhead are to be added to vector plots.
3. Allocate storage for the following arrays.

XANG_ARR Angle of vector for y-z plot at each ceU location. 
YANG_ARR Angle of vector for x-z plot at each cell location. 
ZANG_ARR Angle of vector for x-y plot at each cell location. 
XMAX_ARR Magnitude of vector in y-z plane for each cell 

location.
YMAX_ARR Magnitude of vector in x-z plane for each cell 
location.
ZMAX_ARR Magnitude of vector in x-y plane for each cell 

location. —"
XCNTR Center of each grid cell in y-z plane.
YCNTR Center of each grid cell in x-z plane.
ZCNTR Center of each grid cell in x-y plane.
TJ’XY Line of section along which plot is made.
PTYPE Type of plot: planimetric or cross section.
ISTR Flag indicating whether plots are made after each stress 

period.
4. Print amount of space used for Plotting package.
5. RETURN

Narrative for Module PLTI AL 

This module allocates space for data arrays for the Plotting package. It also reads 
the number and type of plots to be made. These are done in the following order. 

1. Set up size parameters for array sizes. 
2. Read plot type, number of plots per stress period, how plot is to be stored or. 

printed, and whether arrowheads are to be added to vector plots. 
3. Allocate storage for the following arrays. 

XANG_ARR Angle of vector for y-z plot at each cell location. 
YANG_ARR Angle of vector for x-z plot at each cell location. 
ZANG_ARR Angle of vector for x-y plot at each cell location. 
XMAX_ARR Magnitude of vector in y-z plane for each cell 

location. 
YMAX_ARR Magnitude of vector in x-z plane for each cell 
location. • 

ZMAX_ARR Magnitude ~ or in x-y plane for each cell 
location. 

XCNTR Center of each grid cell in y-z plane. 
YCNfR Center of each grid celi in x-z plane. 
ZCNfR Center of each grid cell in x-y plane. 
LPXY Line of section along which plot is made. 
!TYPE Type of plot: planimetric or cross section. 
ISTR Flag indicating whether plots are made after each stress 

period. 
4. Print amount of space used for Plotting package. 
5. RETURN 

\ 
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Flow Chart for Module PLTl AL

/

r-

IPLOTV is the plotting flag.
If IPLOTV=l bulk fluxes are plotted.
If IPLOTV=2 displacements are 
plotted.
If IPLOTV<1 or > 2 no pbts are made.

IMANY is the number of plots that are 
made after each selected stress period.

IDEV is the device or type of file that the. 
plot is written to for plotting or printing.

If IDEV=1 the plot is drawn to an X- 
window on the DG workstation.
If IDEV=2 the plot is written to a 
postscript file with the prefix POST 
followed by the plot number 
designated by the program.
If IDEV=3 the plot is written to a 
CGM meta file with the prefix 
META followed by the plot number 
designated by the program.

IVEC is a flag indicating whether arrow 
heads are drawn at the end of the vectors 
plotted.

If IVEC=0 no arrow heads are drawn. 
If IVEC ^ 0 arrow heads are drawn.

Flow Chart for Module PLTIAL 

IPLOTV is the plotting flag. 
If IPLOTV=1 bulk fluxes are plotted. 
If IPLOTV=2 displacements are 
plotted. 
If IPLOTV <1 or > 2 no plots are made. 

!MANY is the number of plots that are 
made after each selected stress period. 

IDEV is the device or type of file that the. 
plot is written to for plotting or printing. 

If IDEV=l the plot is drawn to an X-
window on the DG workstation. 
If IDEV=2 the plot is written to a 
postscript file with the prefix POST 
followed by the plot number 
designated by the program. 
If IDEV=3 the plot is written to a 
CGM meta file with the prefix 
META followed by the plot number 
designated by the program. 

r--./" 
IVEC is a flag indicating whether arrow 

heads are drawn at the end of the vectors 
plotted. 

If IVEC=0 no arrow heads are drawn. 
If IVEC cl:- 0 arrow heads are drawn. 

'\.-/ 

ENTER 
PLT1AL 

1 

SETUP SIZE 
PARAMETERS 

2 
READ 
IPLOTV 
!MANY 
!DEV 
IVEC 

ALLOCATE 
STORAGE FOR 

ARRAYS 

PRINf 
AMOUNTOF 

SPACE USED 

5 

RETURN ' 
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SUBROUTINE PLT1AL(ISUM,LENX,LCXANG,LCY^G,LCZANG,LCXMAX, 
1 LCmAX,lX2MAX,IPLOTV,IMANY,LCLPXY,LCrrYPE,NCOL,NROW, 
2NLAY,IN,IOUT,IDEV,IVECLCXCNTR,LCYCNTR,LCZCNTR,LCISTR,NPER)

C
c
c
c
c
c
c
c
c
Cl-

c
C2-
c
c
c

c
C3-

ALLOCATE ARRAY STORAGE FOR PLOTTING PACKAGE 

SPECmCATIONS:

—SET UPSIZE PARAMETERS 
BOLD=ISUM 
NRC=NROWNCOL 
NRL=NROWNLAY 
NCL=NCOL*NLAY 
NRCL=NCOL*NROWNLAY

---- READ IN TYPE OF PLOT, HOW MANY PLOTS, AND OUTPUT DEVICE
THE OUTPUT DEVICES ARE l=XWINDOW; 2=POSTSCRIPT; 3=METAFILE; 
4=EXrr WITHOUT A PLOT AND WHETHER VECTOR ARROWS ARE 
ADDED.

READ(IN,7) IPLOTV,IMANY,IDEVTVEC
FORMAT(4I10) 0

---- ALLOCATE STORAGE FOR ARRAYS
LCXANG=ISUM
ISUM=ISUM+NRL
LCYANG=ISUM
ISUM=ISUM+NCL
LCZANG=ISUM
ISUM=ISUM+NRC
LCXMAX=ISUM
BUM=ISUM+NRCL
LCYMAX=ISUM
ISUM=ISUM+NRCL

SUBROUTINE PLT1AL(ISUM,LENX,LCXANG,LCYANG,LCZANG,LCXMAX, 
1 LCYMAX,LCZMAX,IPLO1V,IMANY,LCLPXY,LCITYPE,NCOL,NROW, 
2 NLAY,IN,IOUT,IDEV,IVEC,LCXCNTR,LCYCNTR,LCZCNTR,LCISTR,NPER) 

C 
C 
C 
C 
C 
C 
C 
C 
C 

............................................................... 
ALLOCATE ARRAY STORAGE FOR PLOTTING PACKAGE 
.............................................................. 

SPECIFICATIONS: 

C1---SET t1P'§IZE PARAMETERS 

C 

ISOLD=ISUM 
NRC=NROW•NCOL 
NRL=NROW•NLAY 
NCL=NCOL •NLAY 
NRCL=NCOL •NROW•NLAY 

C2---READ IN TYPE OF PLOT, HOW MANY PLOTS, AND OUTPUT DEVICE 
C THE OUTPUT DEVICES ARE 1=:XWINOOW; 2=POSTSCRIPT; 3=METAFILE; 
C 4=EXIT WITHOUT A PLOT AND WHETHER VECTOR ARROWS ARE 
C ADDED. 

C 

READ(IN,7) IPLO1V,IMANY,IDEV,IVEC 
7 FORMAT(4I10) 

C3---ALLOCATE STORAGE FOR ARRAYS 
LCXANG=ISUM 
ISUM=ISUM+NRL 
LCYANG=ISUM 
ISUM=ISUM+NCL 
LCZANG=ISUM 

\ 
ISUM=ISUM+NRC 
LCXMAX=ISUM 
ISUM=ISUM+NRCL 
LCYMAX=ISUM 
ISUM=ISUM+NRCL 
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c
C4-

LCZMAX=ISUM
ISUM=ISUM+NRCL
LCLPXY=ISUM
ISUM=ISUM+IMANY
LCITYPE=ISUM
ISUM=ISUM+IMANY
ISP=ISUM-ISOLD
LCXCNTR=ISUM
ISUM=ISUM+NCOL
LCYCNTR=ISUM
ISUM=ISUM+NROW
LCZCNTR=ISUM
ISUM=ISUM+NLAY
LCISTR=ISUM
ISUM=ISUM+NPER

---- PRINT AMOUNT OF SPACE USED
ISP=ISUM-ISOLD

WRITEaOUT^)ISP
2 FORMAT(lX,I8/ ELEMENTS IN X ARRAY ARE USED BY PLT') 

ISUM1=ISUM-1
WRITEaOUT^) ISUMLLENX

3 FORMAT(lX,I8/ ELEMENTS OF X ARRAY USED OUT OF',I8) 
IF(ISUM1.GT.LENX) WRITE(IOUX4)

4 FORMAT(lX/A**X ARRAY MUST BE DIMENSIONED LARGER***')
C
C5- -RETURN

RETURN
END

C 

LCZMAX=ISUM 
ISUM=ISUM+NRCL 
LCLPXY=ISUM 
ISUM=ISUM+IMANY 
LCITYPE=ISUM 
ISUM=ISUM+IMANY 
ISP=ISUM-ISOLD 
LCXCNTR=ISUM 
ISUM=ISUM+NCOL 
LCYCNTR=ISUM 
ISUM=ISUM+NROW 
LCZCNTR=ISUM 
ISUM=ISUM+NLAY 
LCISTR=ISUM 
ISUM=ISUM+NPER 

C4---PRINT AMOUNT OF SPACE USED 
ISP=ISUM-ISOLD 

WRITECTOUT,2) ISP 
2 FORMAT(lX,18,' ELEMENTS IN X ARRAY ARE USED BY PLT') 

ISUMl=ISUM-1 
WRITECTOUT,3) ISUMl,LENX 

3 FORMAT(lX,18,' ELEMENTS OF X ARRAY USED OUT OF',18) 
IF(ISUMl .GT.LENX) WRITECTOUT,4) 

-f 4 FORMAT(lX,. •x ARRAY MUST BE DIMENSIONED LARGER""') 
C 
CS--RETURN 

RETURN 
END 

\ 

,-

,. 
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List of Variables for Module PLTl AL

/

Variable

IDEV Package

Definition

IMANY Package 
IN Package

lOUT Global
IPLOTV Package

ISOLD Package

Flag indicating device that the vector plots will be plotted to.
=1 plot will be displayed in an X-window on the DG.
=2 plot will be stored as a postscript file.
=3 plot will be stored as a CGM meta file.

Number of plots that will be made after specified stress periods. 
Primary unit number from which input for this package will be 
read.
Primary unit number for all printed output. lOUT = 6.
Flag mdicaling whether vector plots will be made,

=1 bulk flux vector plots will be made.
=2 displacement vector plbtS^will be made.
<1 or >2 no vector plots will be made.

Before this module allocates space, ISOLD is set equal to ISUM. 
After allocation, ISOLD is subtracted from ISUM to get ISP, the 
amount of space in the X array allocated by this module.
Number of words in the X array allocated by this module.
Index number of the lowest element in the X array which has not 
yet been allocated. When space is allocated for an array, the size 
of the array is added to ISUM.
ISUM-1
Flag indicating whether arrow heads are drawn on vectors.

=0 no arrow heads are drawn.
^ 0 arrow heads are drawn.

Package Location in the X array of the first element of array ISTR. 
LCTTYPE Package Location in the X array of the first element of array ITYPE. 
LCLPXY Package Location in the X array of the first element of array LPXY. 
LCXANG Package-'" Location in the X array of the first element of array XANG_ARR. 
LCXCNTR Package Location in the X array of the first element of array XCNTR. 
LCXMAX Package Location in the X array of the first element of array XMAX_ARR. 
LCYANG Package Location in the X array of the first element of array YANG_ARR. 
LCYCNTR Package Location in the X array of the first element of array YCNTR. 
LCYMAX Package Location in the X array of the first element of array YMAX_ARR. 
LCZANG Package Location in the X array of the first element of array ZANG_ARR. 
LCZCNTR Package Location in the X array of the first element of array ZCNTR.

ISP
ISUM

ISUMl
IVEC

LCISTR

Package
Global

Module
Package

LCZMAX Package Location in the X array of the first element of array ZMAX ARR.
LENX Global Length of the X array in words. This should always be equal to 

the dimension of X specified in the MAIN program.
NCL Module Number of cells through a row of the grid.
NCOL Global Number of columns in the grid.
NLAY Global Number of layers in the grid.
NPER Global Number of stress periods in the simulation.
NRC Module Number.of cells in a layer.
NRCL Module Number of cells in the grid.

' Variable Rfil1ge 

IDEV 

IM.ANY 
IN 

IOUT 
IPLOTV 

JSOLD 

ISP 
ISUM 

ISUMl 
IV.EC 

Package 

Package 
Package 

Global 
Package 

Package 

Package 
Global 

Module 
Package 

LCISTR Package 
LCITYPE Package 
LCLPXY Package 

-I LCXANG Packa 
LCXCNTR Package 
LCXMAX Package 
LCYANG Package 
LCYCNTR Package 
LCYMAX Package 
LCZANG Package 
LCZCNTR Package 
LCZMAX Package 
LENX Global 

NCL 
NCOL 
NLAY 
NPER 
NRC 
NRCL 

Module 
Global 
Global 
Global 
Module 
Module 

List of Variables for Module PLTl AL 

Definition 

Flag indicating device that the vector plots will be plotted to. 
= 1 plot will be displayed in an X-window on the DG. 
=2 plot will be stored as a postscript file. 
=3 plot will be stored as a CGM meta file. 

Number of plots that will be made after specified stress periods. 
Primary unit number from which input for this package will be 
read. 
Primary unit number for all printed output. IOUT = 6. 
Flag indica ing whether vector plots will be made, 

=1 bulk flux vector pl~ l>e made. 
=2 displacement vector pibtt" will be made. 
<1 or >2 no vector plots will~ made. 

Before this module allocates space, ISOLD is set equal to ISUM. 
After allocation, ISOLD is subtracted from ISUM to get ISP, the 
amount of space in the X array allocated by this module. 
Number of words in the X array allocated by this module. 
Index number of the lowest element in the X array which has not 
yet been allocated. When space is allocated for an array, the size 
of the array is added to ISUM. 
ISUM-1 
Flag indicating whether arrow heads are drawn on vectors. 

=0 no arrow heads are drawn. 
"* 0 arrow heads are drawn. 

Location in the X array of the first element of array ISTR. 
Location in the X array of the first element of array ITYPE. 
Location in the X array of the first element of array LPXY. 
Location in the X array of the first element of array XANG_ARR. 
Location in the X array of the first element of array XCNTR. 
Location in the X array of the first element of array XMAX_ARR. 
Location in the X array of the first element of array YANG_ARR 
Location in the X array of the first element of array YCNTR. 
Location in the X array of the first element of array YMAX_ARR. 
L~oon in the X array of the first element of array ZANG_ARR. 
Location in the X array of the first element of array ZCNTR. 
Location in the X array of the first element of array ZMAX_ARR. 
Length of the X array in words._ This should always be equal to 
the dimension of X specified in the MAIN program. 
Number of cells through a row of the grid. 
Number of columns in the grid. 
Number of layers in the grid. 
Number of stress periods in the simulation. 
Number.of cells in a layer. 
Number of cells in the grid. 

,---
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Variable Ranee

List of Variables for Module PLTl AL

Definition

NRL Module Number of cells through a colunnn of the grid.
NROW Global Number of rows in the grid.

Variable 
NRL Module 
NROW Global 

List of Variables for Module PLTlAL 

Definition 

Number of cells through a column of the grid. 
Number of rows in the grid. 

\ 
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Narrative for Mcxlule PLTIRP

This module prints the number and type of vector plots that will be made after 
specified stress periods. This module eilso reads the information dealing with the line of 
section where the plot will be taken from. In addition, the module reads the flag to 
determine after which stress periods the vector plots will be drawn.

Module PLTIRP performs its tasks in the following order
1. Print plotting information. Prints whether plots will be bulk fluxes or 

displacements, and prints the number of plots that will be made for the stress 
period.

2. Set coimter for stress period plots
3. Read line-of-section information for each plot that will be made.
4. Read stress period plotting flag to determine whether plots are made for this 

stress period.
5. RETURN

Narrative for Module PLTlRP 

This module prints the number and type of vector plots that will be made after 
specified stress periods. This module also reads the information dealing with the line of 
section where the plot will be taken from. In addition, the module reads the flag to 
determine after which stress periods the vector plots will be drawn. 

Module PLTIRP performs its tasks in the following order: 
1. Print plotting information. Prints whether plots will be bulk fluxes or 

displacements, and prints the number of plots that will be made for the stress 
period. 

2. Set counter for stress period plots 
3. Read line-of-section information for each plot that will be made. 
4. Read stress period plotting flag to determine whether plots are made for this 

stress period. 
5. RETURN 
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Flow Chart for Module PLTIRP

ITYPE is a line-of-secdon flag.
If ITYPE=1 a planimetric plot will be 
made (x-y plot).
If ITYPE=2 a cross-sectional plot will 
be made (x-z plot).
If ITYPE=3 a cross sectional plot will 
be made (y-z plot).
If ITYPE>3 or <1 no plots are made

LPXY is the row, column, or layer designation 
through which a plot is drawn. For ITYPE = 
LPXY represents a layer number. For ITYPE 
= 2 LPXY represents row number. For ITYPE 
= 3 LPXY represents a column number.

IMANY is the number of plots that are drawn 
for the stress period when ISTR is set

ISTR is a flag indicating that IMANY plots will 
be made for the stress period

If 1STR>0 vector plots are made for this 
stress period.
If ISTR<=0 plots will not be made for 
this stress period.

NPER is the number of stress periods spedfled 
in the Basic Package Input.

/"ENTER\ 
( PLTIRP )

PRINT 
PLOTTING 

INFORMATION

1
SET COUNTER 

FOR STRESS 
PERIOD PLOTS

IMANY TIMES
-----►<

READ
ITYPE
AND
LPXY

NPER TIMES

READ ISTR

^ RETURN^

Flow Chart for Module PLTI RP 

ITYPE is a line-of-section flag. 
If ITYPE= 1 a planimetric plot will be 
made (x-y plot). 
If ITYPE=2 a cross-sectional plot will 
be made (x-z plot). 
If ITYPE=3 a cross sectional plot will 
be made (y-z plot). 
If ITYPE>3 or <1 no plots are made 

LPXY is the row, column, or layer designation 
through which a plot is drawn. For ITYPE = 
LPXY represents a la)!er number. For ITYPE 
= 2 LPXY represents ro"'w number. For ITYPE 
= 3 LPXY represents a co~ number. 

!MANY is the number of plots that are drawn 
for the stress period when ISTR is set 

ISTR is a flag indicating that !MANY plots will 
be made for the stress period 

If ISTR>0 vector plots are made for this 
stress period. 
If ISTR<=0 plots will not be made for 
this stress period. 

NPER is the number of stress periods specified 
in the Basic Package Input. 

\ 

ENTER 
PLTlRP 

., r 1 

PRINT 
PLOITING 

INFORMATION 

., r 2 

SET COUNTER 
FORSTRESS 

PERIOD PLOTS 

IMANYTIMES .... ' .. ... 
., r 3 

READ 
ITYPE 
AND 
LPXY 

. 
NPER . ..... 

..... 
., I, 4 

READISTR I 
. 

r 5 
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C
C
c
c
c
c
c

c
c
Cl-

SUBROUTINE PLTl RP(IPLOTV,ITYPE,LPXXIMANY,IN,IOUT,IDEV,ISTR,NPER, 
IKPE)

»•»»»»»»»»»•»»»»»»»»»»»*•»»»»•»•»»»»»»»»««»»»»»»»»»»**»»»»»»»•»»*«»»»•»•»»»••»»»

PRINT TYPE OF VECTOR PLOT TO BE MADE
READ AND INmALIZE DATA FOR THE TYPE OF PLOTS DESIRED

SPECIFICATIONS:

DIMENSION rrYPE(IMANY),LPXY(IMANY),ISTR(NPER)

-PRINT OLIT PLOTTING INFOfeMATION
IF(IPLOTV.LE.O .OR. IPLOTV.GE.3) THEN 

WRITE(IOUT,8)
8 FORM.\T(lX/ NO PLOTS WILL BE MADE')

ENDIF
IFOPLOTV.EQ.l) THEN 

WRITEaOUT,9) IMANY
9 FORMAT(lX,I5/ QBULK VECTOR PLOT(S) WILL BE MADE')

ENDIF
IF(IPLOTV.EQ.2)THEN 

WRITEaOUT,10) IMANY
10 FORMAT(lX,I5/ DISPLACMENT VECTOR PLOT(S) WILL BE MADE') 
f'^-ENDIF 

C
C2----- SET COUNTER FOR STRESS PERIOD PLOTS

C
C3-

KPE=0

-READ ITYPE AND LPXY (SECTION LINE) IMANY TIMES.
DO50I=LIMANY 
READON^) ITYPE(D,LPXY(D ^ 

5 FORMAT(2I10)
50 CONTINUE

C
C4- -SET FLAG FOR PRINTING AFTER SPECIFIED STRESS PERIODS

READ(IN,55)(ISTR(K),K=1,NPER)

"' 

SUBROUTINE PLT1 RP(IPLOTV,ITYPE,LPXY,IMANY,IN,IOUT,IDEV,ISTR,NPER, 
1 KPE) 

C ••••••••••• .. ••••..,•••• .. •••• .. ••• .. •••• .. •••••••••• .. •••••••••• .. ••• .... •••• .. ••• 

C PRINT TYPE OF VECTOR PLOT TO BE MADE 
C READ AND INmALIZE DATA FOR THE TYPE OF PLOTS DESIRED 
C ................................................................................. . 

C 
C SPECIFICATIONS: 
C 

DIMENSION ITYPE(IMANY),LPXY(IMANY),ISTR(NPER) 
C 
C 

Cl--PRINT OUT PLOTTING INF~TION 

C 

IF(IPLOTV.LE.O .OR IPLOTV.GE.3) THEN 
WRITECTOUT,8) 

8 FORMAT(lX,' NO PLOTS WILL BE MADE') 
ENDIF 
IF(IPLOTV.EQ.1) THEN 

WRITECTOUT,9) !MANY 
9 FORMAT(lX,IS,' QBULI< VECTOR PLOT(S) WILL BE MADE') 

ENDIF 
IF(IPLOTV.EQ.2) THEN 

WRITECTOUT,10) !MANY 
10 FORMAT(lX,15,' DISPLACMENT VECTOR PLOT(S) WILL BE MADE') 

NDIF 

C2---SET COUNTER FOR STRESS PERIOD PLOTS 
KPE=O 

C 
C3--READ ITYPE AND LPXY (SECTION LINE) IMANY TIMES. 

C 

DO SO 1=1,IMANY 
READUN,5) ITYPE(D,LPXY(I) \ 

5 FORMAT(2I10) 
SO CONTINUE 

C4---SET FLAG FOR PRINTING AFTER SPECIFIED STRESS PERIODS 
READUN,SS)(ISTR(I<),K= 1,NPER) 
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55 FORMAT(40I2) 
C 
CS--RETURN 

RETURN 
END 
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List of Variables for Module PLTIRP

Variable E>efinidon

I Module Index for number of plots (IMANY) per stress period.
IDEV Package Flag for device that the vector plots will be plotted to.

=1 plot will be display^ in an X-window on the DG. 
=2 plot will be stored as a postscript file.
=3 plot will be stored as a CGM meta file.

IMANY Package Number of plots that will be made after specified stress periods.
IN Package Primary unit number from which input for this package will be read.
lOUT Global Primary unit number for all printed output. lOUT = 6.
IPLOTV Package Flag indicating whether vector plots will be made.

=1 bulk flux vector plots will be made.
=2 displacement vector plots will be made. , 
<1 or >2 no vector plots will be made.

ISTR Package DIMENSION (NPER), Flag indicating whether plots are to be nuide
for the specified stress period.

If 1STR>0 plots are made for this stress period.
If ISTR<=0 plots are not made for this stress period.

ITYPE Package DIMENSION (IMANY), Flag indicating whether plot is planimetric
or cross sectional in x or y.

f If ITYPE=1 planimetric plot will be made (x-y plot).
If ITYPE=2 cross-sectional plot will be made (x-z plot).
If rTYPE=3 cross-sectional plot will be made (y-z plot).

Ji'' K Module Index for number of stress periods
; KPE Package Counter for stress periods where plots are to be made.
i’.' LPXY Package DIMENSION (IMANY), Row, column or layer designation through

which plot is drawn. Whether LPXY is a row, column or layer 
depends on the value of ITYPE. •

E'
|,
f-

1 ■

«
\

V

—

0

List of Variables for Module PLTI RP 

Variable Definition 

I 
IDEV 

IMANY 
IN 
IOUT 
IPLOTV 

ISTR 

ITYPE 

K 
KPE 
LPXY 

Module Index for number of plots (!MANY) per stress period. 
Package Flag for device that the vector plots will be plotted to. 

=1 plot will be displayed in an X-window on the DC. 
=2 plot will be stored as a postscript file. 
=3 plot will be stored as a CGM meta file. 

Package Number of plots that will be made after specified stress periods. 
Package Primary unit number from which input for this package will be read. 
Global Primary unit number for all printed output. IOUT = 6. 
Package Flag indicating whether vector plots will be made. 

= 1 bulk flux vecto plots will be made. 
=2 displacement vector plots will be 
<1 or >2 no vector plots will be made. 

Package DIMENSION (NPER), Flag indicating whether plot$ are to be made 
for the specified stress period. 

If ISTR>0 plots are made for this stress period. 
If ISTR<=0 p lots are not made for this stress period. 

Package DIMENSION (!MANY), Flag indicating whether plot is planimetric 
or cross sectional in x or y. 

If ITYPE=l planimetric plot will be made (x-y plot). 
If ITYPE=2 cross-sectional plot will be made (x-z plot). 
If ITYPE=3 cross-sectional plot will be made (y-z plot). 

Module Index for number of stress periods 
Package Counter for stress periods where plots are to be made. 
Package DIMENSION (!MANY), Row, column or layer designation through 

which plot is drawn. Whether LPXY is a row, column or layer 
depends on the value of ITYPE. 
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Narrative for Module PLTIFM

This module makes two dimensional plots of either displacements or bulk 
fluxes. This is accomplished by calculating the magnitude and direction of each vector 
relative to the maximum displacement or bulk flux in the grid; hence the vector tails 
represent the relative magnitude of the value of bulk flux or displacement. The user can 
make a plot along any user defined line of section. IMANY plots are made after each 
stress period where ISTR is set. The plots can be drawn directly to the screen in the X- 
windows environment, or they can be directed to a postscript or CGM meta file.

Module PLTIFM calls submodule SPLTID and function STR_LEN. Module 
PLTIFM performs its tasks in the following order

I. Set coi^tants.
Z Check to see if plots are made for this stress period.
3. If plot flag is set write plot number emd plot type.
4. C^culate the maximum displacement for each plane in the grid.
5. Determine the real world dimei\sions of the grid.
6. Calculate the ratio of map length to real world length to obtain a scale.
7. Etetennine titles for each IMANY plots for each stress period.
8. Set plot number counter. This is to distinguish file names when writing to 

disl^.
9. Check ITYPE to determine the line of section where plot is made. If ITYPE = 1 

make a planimetric (x-y plot). If ITYPE = 2 make a cross-sectional plot (x-z 
plot). If ITYPE = 3, make a cross-sectional plot (y-z plot). Items 10-15 below 
are read for each ITYPE specified.

10. Set up box and labels by using the GKS software routines.
II. Determine angle for eaA vector in the grid.
12. Print the maximum displacement for the plane of interest.
13. Determine location for drawing each vector relative to grid size.
14. Calculate magnitude of each vector in the grid.
15. Draw the vectors.
16. RETURN.

,r^'

Lit-

/ 

Narrative for Module PLTlFM 

This module makes two dimensional plots of either displacements or bulk 
fluxes. J'his is accomplished by calculating the magnitude and direction of each vector 
relative to the maximum displacement or bulk flux in the grid; hence the vector tails 
represent the relative magnitude of the value of bulk flux or displacement. The user can 
make a plot along any user defined line of section. IMANY plots are made after each 
stress period where ISTR is set. The plots can be drawn directly to the screen in the X-
windows environment, or they can be directed to a postscript or CGM meta file. 

Module PLTlFM calls submodule SPLTlD and function STR_LEN. Module 
PLTl FM performs its tasks in the following order: 

1. Set constants. 
2. Check to see if plots are made for this stress period. 
3. If plot flag is set write plot number and plot type. 
4. Calculate the maximum displac~ent for each plane in the grid. 
5. Determine the real world dimensio~ the grid. 
6.Calculate the ratio of map length to real world length to obtain a scale. 
7. Determine titles for each IMANY plots for each stress period. 
8. Set plot number counter. This is to distinguish file names when writing to 

disks. 
9. Check ITYPE to determine the line of section where plot is made. If ITYPE = 1 

make a planimetric (x-y plot). If ITYPE = 2 make a cross-sectional plot (x-z 
plot). If ITYPE = 3, make a cross-sectional plot (y-z plot). Items 10-15 below 
are read for each ITYPE specified. 

10. Set up box and labels by using the GKS software routines. 
11 . Determine angle for each vector in the grid. 
12. Print the maximum displacement for the plane of interest. 
13. Determine location for drawing each vector relative to grid size. 
14. Calculate magnitude of each vector in the grid. 
15. Draw the vectors. 
16. RETURN. 
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Flow Chart for Module PLTl FM

/

f:
: :■?

ISTR is a flag indicating whether plots are 
made for the current stress period.

<=0 no plots are made
>0 plots are made.

IMANY is the number of plots to be made 
for each stress period.

IJK is the index for the plot number for the 
entire simulation.

ITYPE is a flag indicating whether plot is 
planimetric or cross sectional in x or y.

=1 planimetric plot will be made 
(x-y plot).

=2 cross-sectional plot will be made 
(x-z plot).

=3 cross-sectional plot will be made 
(y-z plot).

XANG_ARR, YANG.ARR, and 
ZANG_ARR are arrays of angles of bulk 
flux or displacements for each 
component direction.

XMAX, YMAX, AND ZMAX are the largest 
values of bulk flux or displacement in thi 
X, y, and z directions, respectively.

XCNTR, YCNT^, and ZCNTR represent 
the locations of each grid center in the x, 
y, and z directions, respectively.

XVCTR, YVCTR, and ZCTR represent the 
location of each vector endpoint whose 
origin is the grid cell center.

Flow Chart for Module PLTIFM 

ISTR is a flag indicating whether plots are 
made for the current stress period. 

<=0 no plots are made 
>0 plots are made. 

IMANY is the number of plots to be made 
for each stress period. 

IJK is the index for the plot number for the 
entire simulation. 

ITYPE is a flag indicating whether plot is 
planimetric or cross sectional in x or y. 

=1 planimetric plot will be made 
(x-y plot). 

=2 cross-sectional plot will be made 
(x-z plot). 

=3 cross-sectional plot will be made 
(y-z plot). 

XANG_ARR, YANG_ARR, and 
ZANG_ARR are arrays of angles of bulk 
flux or displacements for each 
component direction. 

XMAX, YMAX, AND ZMAX are the largest 
values of bulk flux or displacement in th, 
x, y, and z directions, respectively. 

XCNTR, YC , and ZCNTR represent 
the locations of each grid center in the x, 
y, and z directions, respectively. 

XVCTR, YVCTR, and ZCTR represent the 
location of each vector endpoint whose 
origin is the grid cell-c-enter. 

____ ,- -

ENTER 
PLTlFM 

SET CONSTANTS 

NO 

3 

PLOT FLAG SET 
WRITE PLOT NUMBER 

AND PLOT TYPE 

4 

CALCULATE MAXIMUM 
DISPLACEMENT OR BULK FLUX 

FOR EACH 2D PLANE 

5 
DETERMINE REAL WORLD 
DIMENSIONS OF THE GRID 

6 
CALCULATE RATIO OF 
MAP LENGTH TO REAL 

WORLD LENGTH 

IMANYT 

7 

LABEL TITLES 
FOR EACH 

STRESS PERIOD PLOT 

,. 
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Flow Chart for Module PLTIFM (Conrinued'>
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Flow Chart for Module PLTlFM (Continued) 
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SUBROUTINE PLTl FM(XVAL,YVAL,ZVAL,DELR,DELC^ ANG.ARR, YANG.ARR,
1 ZANG_ARR,XMAX_ARR,YMAX_ARR,ZMAX_ARR,DELL,NCOL,NROW,NLAX
2 IPlX)TV,ITYPE,lPXY,IMANXIN,IOUT,IDEV,IVEC,IACT,XCNTR,YCNTR,
3 ZCNTR,ISTR,NPER,KPER,KPE)

C

C THIS SUBROUTINE WILL PLOT QBULK OR DISPLACEMENT VECTORS ALONG 
C A USER DEFINED LINE OF SECTION.

C
C SPECIFICATIONS:
C-------------------------------------------------- ----------------------- ---------------

DIMENSION XVAL(NCOL,NROW,NLAY),Y\^At:(NCOL,NROW,NLAY),
1 ZVAL(NCOL,NROW,NLAY),DELR(NCOL),DELC<NROW),
2 XANG_ARR(NROW,NLAY), YANG_ARR(NCOL,NLAY),ZANG_ARR(NCOL,
3 NROW),ZMAX_ARR(NCOL,NROWNLAY), XMAX_ARR(NCOL,NROW,NLAY),
4 YMAX_ARR(NCOL,NROW,NLAY),rrYPE(IMANY),LPXY(IMANY),
5 DELL(NCOL,NROW,NLAY),IACT(NCOL,NROWNLAY),
6 XCNTR(NCOL),YCNTR(NROW)^CNTR(NLAY),ISTR(NPER)

C
C

PARAMETER!
A XORG = 0.,
A YORG = 0.,
A ZORG = 0.,
A XLEN = 10.,
A YLEN = 10.,
A ZLEN = 2.0,
A PENTHK =.0001
A HHEIGHTj=.25,
A PAGEX = 12.,
A PAGEY = 12.,
A PAGEZ = 11
A )

CHARACTER TnLEP*24, TnLEY^4, TirLEX*24, VIEW16, CNCHAR»2

C 

SUBROUTINE PLT1 FM(XV AL,YVAL,ZV AL,DELR,DELC,XANG_ARR, YANG_ARR, 
1 ZANG_ARR,XMAX_ARR,YMAX_ARR,ZMAX_ARR,DELL,NCOL,NROW,NLAY, 
2 IPLOTV,ITYPE,LPXY,IMANY,IN,IOUT,IDEV,IVEC,IACT,XCNTR, YCNTR, 
3 ZCNTR,ISTR,NPER,KPER,KPE) 

C ............................................................................................................ . 

C THIS SUBROUTINE WILL PLOT QBULK OR DISPLACEMENT VEC10RS ALONG 
C A USER DEFINED LINE OF SECTION. 
C ••••••••••••••••••••••••••••..,•••• ... ••••••••• ... •••••••••• ... •••• .. ••••••••••••••• .. •••••••••• .. •• 

C 
C SPECIFICATIONS: 
C 

DIMENSION XVAL(NCOL,NROW,NLAY),0ALCNCOL,NROW,NLAY), 
ZVAL(NCOL,NROW,NLAY),DELR(NCOL),DELC(NROW), 

2 XANG_ARR(NROW,NLAY), YANG_ARR(NCOL,NLAY),ZANG_ARR(NCOL, 
3 NROW),ZMAX_ARR(NCOL,NROW,NLAY), XMAX_ARR(NCOL,NROW,NLAY), 
4 YMAX_ARR(NCOL,NROW,NLAY),ITYPE(IMANY),LPXY(IMANY), 
5 DELL(NCOL,NROW,NLAY),IACT(NCOL,NROW,NLAY), 
6 XCNTR(NCOL),YCNTR(NROW),ZCNTR(NLAY),ISTR(NPER) 

C ---------------------------
C 

C 

C 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

I\ 

PARAMETER( 
XORG =0., 
YORG =0., 
Z~Re = 0., 
XLEN = 10., 
YLEN = 10., 
ZLEN = 2.0, 
PENTHK = .0001, 
HHEIGH'.L= .25, 
PAGEX = 12., 
PACEY = 12., 
PAGEZ = 12. 

) 

\ 

CHARACTER TITLEP'°24, TITLEY'°24, TITLEX'°24, VIEW·l 6, CNCHAR'°2 
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DOUBLE PRECISION PI 
C ------------------------------------------
c
Cl------SET CONSTANTS

DCYMAX=AMAXl (NCOL,NROW) 
PUER=XLEN/FLOAT(IXYMAX) 
PI=4.*ATAN(1.)

C
C2-
C RETURN,
C IF ISTR>0 INCREMENT KPE.

IF(ISTR(KPER).LE.O) GOTO 99999 “
KPE=KPE+1 
WRITEaOUX99) KPER 

99 FORMAT(//,lX,'STRESSPERIOD',I3)

GHECK STRESS PERIOD TO SEE IF PLOTS ARE TO BE MADE. IF ISTR=0

/

C3-—PRINT PLOT NUMBER, SECTION TYPE, AND LOCATION OF PLOT 
DO50I=l,IMANY 
IJK=(KPE-1)*IMANY+I 
WRITEaOUT,12)IJK

12 FORMATdX,' PLOT NUMBER',13,' WILL BE A')
IFaTYPEa).LE.O .OR. ITYPEa).GT.3) GOTO 50 
IFOTYPEai.EQ.l) THEN 
WRITEaOUT,6) LPXY(I)

6 FORMATdX,' PLANIMETRIC X-Y PLOT ALONG LAYER',13)
ENDIF
IF(ITYPEa).EQ.2) THEN 

WRITEaOUXT) LPXY(I)
7 FORMATdX,' X-Z SECTION PLOT ALONG ROW',13)

ENDIF
IF0TYPEa).EQ.3) THEN 
WRTTEaOUXlDLPXYa)

11 FORMATdX,' Y-Z SECTION PLOT ALONG COLUMN',B)
ENDIF

50 CONTINUE 
C
C4---- CALCULATE THE MAXIMUM DISPLACEMENTS FOR EACH PLANE

C 
C 

DOUBLE PRECISION PI 

Cl--SET CONSTANTS 
lXYMAX=AMAXl(NCOL,NROW) 
PLIER=XLEN /FLOAT(IXYMAX) 
PI=4. • ATAN(l .) 

C 
C2---CHECK STRESS PERIOD TO SEE IF PLOTS ARE TO BE MADE. IF ISTR=O 

C RETURN, 
C IF ISTR>0 INCREMENT KPE. 

IF(ISTR(KPER).LE.0) GOTO 99999 
KPE=KPE+l 
WRITE(IOUT,99) KPER 

99 FORMAT(//,lX,'STRESS'PERIOD',13) 
C 
C3--PRINT PLOT NUMBER, SECTION TYPE, AND LOCATION OF PLOT 

DO 50 1=1,IMANY 
IJK=(KPE-l)"'IMANY + I 
WRITE(IOUT,12) IJK 

12 FORMAT(lX,' PLOT NUMBER',13,' WILL BEN) 
IF(ITYPE(I).LE.0 .OR ITYPE(I).GT.3) GOTO 50 
IF(ITYPE(I).EQ.1) THEN 

WRITE(IOUT,6) LPXY(I) 
6 FO~T(lX,' PLANIMETRIC X-Y PLOT ALONG LAYER',I3) 

ENDIF 
IF(ITYPE(I).EQ.2) THEN 

WRITE(IOUT,7) LPXY(I) 
7 FORMAT(lX,' X-Z SECTION PWT ALONG ROW',13) 

ENDIF 
IF(ITYPE(I).EQ.3) THEN 
WRITE(IOUT, 11) LPXY(I) 

11 FORMAT(1X,' Y-Z SECTION PLOT ALONG COLUMN',13) 

ENDIF 
50 CONTINUE 

C 
C4--CALCULAIBTHE MAXIMUM DISPLACEMENTS FOR EACH PLANE 

,.. 
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ZMAX=0.
YMAX=0.
XMAX=0.
D0 35K=1,NLAY 
EX)35I=i;^JROW 
D035J=1,NC0L 
IF(IACTai,K).EQ.O)GOTO 35
ZMAX_ARRa,I,K) = SQRKXVALaiK)*-^ + YVAL0,I,K)**2) 
ZMAX = AMAXl(ZMAX^MAX_ARRa,I,K)) 
YMAX.ARRaiK) = SQKTOCVALaLK)-^ + ZVALQ,IK)**2) 
YMAX = AMAXl(YMAX,YMAX_ARRaiK)) 
XMAX.ARRaiK) = SQRT(YVALaj,K)*»2 + ZVALg:,I,K^*»2) 
XMAX = AMAXl (XMAX^MAX_ARR(I,I^))

35 CONTINUE

/

C5—DETERMINE THE REAL WORLD DIMENSIONS OF THE GRID 
SUMR=0.
SUMC=0.
SUML=0.
D036J=l,NCOL 

” SUMR=SUMR+DELRa)
36 CONTINUE 

D037I=1,NR0W 
SUMC=SUMC+DELC(D 

V 37CONTINUE ^
DELB=0.
DO 38 I=l,NROW 
D038J=1,NC0L
IF(DELLaXNLAY).GT.DELB) THEN 
DELB=DELLa,LNLAY) ^
m=]
m=i

ENDIF
38 CONTINUE

DO 39 K=1,NLAY 
SUML=SUML+DELL(JJJ,m,K)

39 CONTINUE ----

ZMAX=0. 
YMAX=0. 
XMAX=0. 
00 35 K=l,NLAY 
00351=1,NROW 
00 35 J=l,NCOL 
IF(IACT(J,I,K).EQ.O)GO10 35 
ZMAX_ARRQ',I,K) = SQRf(XVAL(J,I,K),."2 + YVAL(J,I,K),."2) 
ZMAX = AMAX1 (ZMAX,ZMAX_ARR(J,I,K)) 
YMAX_ARR(J,I,K) = SQRf(XVAL(J,I,K),."2 + ZVALQ,I,K),."2) 
YMAX = AMAX1 (YMAX,YMAX_ARR(J,l,K)) 
XMAX_ARR(J,I,K) = SQRf(YVAL(J,1,K),."2 + ZVAL'(J,I,K ,."2) 
XMAX = AMAX1 (XMAX,XMAX_ARR(J,I,K)) 

35 CONTINUE 
C 
CS-DETERMINE THE REAL WORLD DIMENSIONS OF THE GRID 

SUMR=0. 
SUMC=0. 
SUML=0. 
DO 36 J=l,NCOL 
SUMR=SUMR+DELRO) 

36CONTINUE 
00 371=1,NROW 
SUMC=SUMC+DELC(O 

T 37 CONTINUE 
DELB=0. 
00 381=1,NROW 
00 38 J=l,NCOL 
IF(DELL(J,I,NLAY).GT.DELB) THEN 
DELB=DELL(J,I,NLAY-)-
JJJ=J 
ill=I 
ENDIF 

38CONTINUE 
00 39 K=l,NLAY 
SUML=SUML+DELL(JJJ,ill,K) 

39CONTINUE 

\ 
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C6----CALCULATE RATIO OF MAP LENGTH TO REAL WORLD LENGTH TO
C OBTAIN A SCALE 

XRAT=XLEN/SUMR 
YRAT=YLEN/SUMC 
ZRAT=ZLEN/SUML

/

C7—DETERMINE TITLES FOR PLOTS 
DO 210 n=l,IMANY 
IFaTYPE(n).EQ.l)THEN 
VIEW = TLAN-VIEW/

ELSE
IF OTYPEOI) .EQ. 2) THEN 
VIEW = -X CROSS-SECTION/ 

ELSE
IF (ITYPEaD -EQ. 3) THEN 
VIEW = 'Y CROSS-SECTION/ 

ENDIF 
END IF 

ENDIF

LENV = STR_LEN(VIEW)
C
C8—SET PLOT NUMBER COUNTER 

IJK=(KPErl PIMANY+n 
C
C9A----IF ITYPE IS 1 THEN MAKE AN X-Y PLOT ALONG A SPECIFIED LAYER Z
ClOA—SET UP BOX AND LABELS 

IFOTYPEOD .EQ.DTHEN 
WRITE(CNCHAR,'(I2)') LPXY(n)
TITLEP = VIEWILLENV)//' LAYER V/CNCHAR 
LEN = STR.LENOTTLEP)

CALL SPLTID (IJK, IN, lOUT, IDEV, 99999)
CALLNOBRDR 
CALL PHYSOR (.9,1.)
CALL PAGE (PAGEX,PAGEY)

ft--

C 
C6--CALCULATE RATIO OF MAP LENGTH TO REAL WORLD LENGTH TO 

C OBTAIN A SCALE 

XRAT =XLEN /SUMR 
YRAT=YLEN/SUMC 
ZRAT=ZLEN/SUML 

C7-DETERMINE TITLES FOR PLOTS 
DO 210 Il=l,IMANY 
IF (ITYPE(II) .EQ. 1) THEN 

VIEW= 'PLAN-VIEW,' 
ELSE 

IF (ITYPE(II) .EQ. 2) THEN 

VIEW = 'X CROSS-SECTION,' 
ELSE 
IF (ITYPEGI) .EQ. 3) THEN 
VIEW = 'Y CROSS-SECTION,' 

ENDIF 
END IF 

END IF 

LENV = STR_LEN(VIEW) 

C 
CB--SET PLOT NUMBER COUNTER 

IJK=(Kftfu-1 )•IMANY + II 
C 
C9A-IF !TYPE IS 1 THEN MAKE AN X-Y PLOT ALONG A SPECIFIED LAYER 2 
Cl0A-SET UP BOX AND LABELS 

IF (ITYPE(Il) .EQ. 1) THEN 
WRITE(CNCHAR,'(12)') LPXY(II) 

TITLEP = VIEW(l:LENV)/ /' LAYER'/ /CNCHAR 
LEN= STR_LEN(TITLEP) 

\ 

CALL SPLTlD (IJI<, IN, IOUT, IDEV, 99999) 

CALLNOBRDR 
CALL PHYSOR (.9,1.) 
CALL PAGE (PACEX,PAGEY) 
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CALL AREA2D (PAGEX,PAGEY)
CALL HEIGHT (HHEIGHT)
IFOPLOTV.EQ.l) THEN
CALL MESSAG ('QBULK VECTORS$M 3^.7,10.65) 

ENDIF
IF(IPLOTV.EQ.2)THEN
CALL MESSAG ('DISP. VECTORSSM 3^7,10.65) 

ENDIF
CALL HEIGHT (HHEIGHT * .6)
CALL MESSAG CnTLEP(l:LEN),LEN,3.8,10.3) 
CALL STRTPT (XORG,YORG)
CALL CONNPT (XLEN,XORG)^
CALL CONNPT (XLEN,YLEN)
CALL CONNPT (XORG,YLEN)
CALL CONNPT (XORG,YORG)

C
CllA- -DETERMINE ANGLE FOR EACH VECTOR IN THE GRID

DO 10084 N=LPXY(n),LPXY(n)
DO 10088 M=l,NROW 
DO 10088 L=l,NCOL 
IF(IACT(L>1,N).EQ.O)GOTO 10088 
IF (XVALa,M,N) .EQ. 0. .OR. YVAL(L,M,N) .EQ. 0.) THEN 
IF (XVAL(L,M,N) .EQ. 0.) THEN 
IF (YVAL(L,M,N) .GT. 0.) THEN 
ZANG_ARR(L,M) = PI/2.

ENDIF
IF (YVAL(L,M,N) .LT. 0) THEN 
ZANG_ARR(LJ^) = 3*PI/2.

ENDIF 
ENDIF
IF (YVAL(L,M,N) .EQ. 0.) THEN 
IF (XVALa,M,N) .GE. 0.) THEN 
ZANG_ARR(L,M) = 0. ^

ENDIF
IF (XVAL(L,M,N) .LT. 0.) THEN 
ZANG_ARR(L,M) = PI 

ENDIF

C 

CALL AREA2D (PAGEX,PAGEY) 
CALL HEIGHT (HHEIGHT) 
IF(IPLO1V.EQ.1) THEN 
CALL MES.SAG ('QBULK VECTORS$',13,3.7,10.65) 

ENDIF 
IF(IPLO1V.EQ.2) THEN 
CALL MES.SAG ('DISP. VECTORS$' ,13,3.7,10.65) 

ENDIF 
CALL HEIGHT (HHEIGHT,. .6) 
CALL MESSAG (TITLEP(l :LEN),LEN,3.8,10.3) 
CALL STRTPT (XORG,YORG) 

CALL CONNPT (XLEN,XORG}- V 
CALL CONNPT (XLEN, YLEN) 
CALL CONNPT (XORG,YLEN) 
CALL CONNPT (XORG,YORG) 

C11A-DETERMINE ANGLE FOR EACH VECTOR IN THE GRID 
00 10084 N=LPXY(II),LPXY(ID 
00 10088 M=l,NROW 
00 10088 L=l,NCOL 

IF(IACT(L,M,N).EQ.0)GOTO 10088 
IF (XVAL(L,M,N) .EQ. 0 . . OR. YVAL(L,M,N) .EQ. 0.) THEN 

IF (XVAL(L,M,N) .EQ. 0.) THEN 
IF CYVAL(L,M,N) .GT. 0.) THEN 
ZANG_ARR(L,M) = PI/2. 

END IF 
IF (YVAL(L,M,N) .LT. 0) THEN 

ZANG_ARR(L,M) = 3•Pl/2. 
END IF 

.EN[)IF 
IF (YVAL(L,M,N) .EQ. 0.) THEN 

IF (XVAL(L,M,N) .GE. 0.) THEN 
\ 

ZANG_ARR(L,M) = 0. 

END IF 
IF (XV AL(L,M,N) . LT. 0.) THEN 
ZANG_ARR(L,M) = PI 

ENE>IF 
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END IF 
ELSE
IF (XVALa,MJ'D .GT. 0. .AND. YVALa,M,N) .GT. 0.) THEN 
ZANG_ARRa,M) = ATAN(YVAL(L,M,N)/XVALa,M,N))

END IF
IF (XVALa,M,N) .LT. 0 .AND. YVAL(L,M,N) .NE. 0.) THEN 
ZANG_ARR{L,M) = PI + ATAN(YVAL(L,M,N)/XVALa,M,N))

END IF
IF (XVAL(L,M,N) .GT. 0. .AND. YVAL(L,M,N) .LT. 0.) THEN 
ZANG_ARR(L,M) = 2*PI + ATAN(YVALa,M,N)/XVAL(L,M,N))

END IF 
END IF

10088 CONTINUE 
10084 CONTINUE 
C
C12A-----PRINT THE MAXIMUM DISPLACEMENT

WRITEaOUT,124) ZMAX
124 FORMATdX/MAXIMUM DISPLACEMENT IN THE X-Y PLANE IS',1PE12.5) 

C
C13A—DETERMINE LOCATION FOR DRAWING EACH VECTOR RELATIVE TO 
C GRID SIZE 

XUNE=0.
YUNE=0.
D051 J=i;SlCOL 
XSTEP=XRAT*DELRa)
XLINE=XLINE+XSTEP
XCNTR(J)=XLINE-(XSTEP*0.5)

51 CONTINUE
D0 52I=1,NR0W 

^ YSTEP=YRA'TDELCa)
YLINE=YLINE+YSTEP
YCNTR(D=YUNE-(YSTEP^.5)

52 CONTINUE

C14A—CALCULATE MAGNITUDE OF EACH VECTOR IN THE GRID 
DO 10060 N=LPXY(n),LPXY(U)

"•DO 10040 M=l,NROW

END IF 
El.SE 

IF ()(VAL(L,M,N) .GT. 0 .. AND. YVAL(L,M,N) .GT. 0.) THEN 
ZANG_ARR(L,M) = ATAN(YVAL(L,M,N)/XVAL(L,M,N)) 

END IF 
IF ()(VAL(L,M,N) .LT. 0 .AND. YVAL(L,M,N) .NE. 0.) THEN 

ZANG_ARR(L,M) =PI+ ATAN(YVAL{L,M,N)/XVAL(L,M,N}) 

END IF 
IF ()(VAL(L,M,N) .GT. 0 .. AND. YVAL(L,M,N) .LT. 0.) THEN 
ZANG_ARR(L,M) = 2•p1 + ATAN(YVAL(L,M,N)/XVAL(L,M,N)) 

END IF 
ENDIF 

10088 CONTINUE 
10084 CONTINUE 
C 
C12A-PRINT THE MAXIMUM DISPLACEMENT 

WRITEOOlIT,124) ZMAX 
124 FORMAT(lX,'MAXIMUM DISPLACEMENT IN THE X-Y PLANE IS',1PE12.5) 

C 
C13A-DETERMINE LOCATION FOR DRAWING EACH VECI'OR RELATIVE TO 

C GRID SIZE 
XLINE=O. 
YLINE=O. 
DO 51 J=l,NCOL 

~-/ XSTEP=XRAPDELR(J) 
XLINE=XLINE+XSTEP 
XCNTR(J)=XLINE-(XSTEP~.5) 

51 CONTINUE 
DO 52 I=l,NROW 

--- - YSTEP=YRAPDELC(I) 
YLINE=YLINE+YSTEP 
YCNTR(D= YLINE-{YSTEptQ.5) 

\ 
52 CONTINUE 

C 
C14A-CALCULATE MAGNITUDE OF EACH VECI'OR IN THE GRID 

DO 10060 N=LPXY(II),LPXY(ID 
- · 'DO 10040 M=l,NROW 

_, 

,.., 
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DO 10040 L=l,NCOL 
IF(IACT(L,M,N)EQ.0) goto 10040
IF (ZMAX_ARR(L,M,N).EQ.O. .OR. ZMAX_ARRa,MJM).EQ.ZMAX) THEN 
VCTRLEN = 0.

ELSE
VCTRLEN = PUER*(l./(ALOG(ZMAX/ZMAX_ARR(L,M,N))))

END IF
IF(VCTRLEN .GT. 2»PLIER) VCTRLEN=2*PLIER

DISP. V DSEP.CTO R S20C34E564..CTIBOO S ISP.TLE 
yISP. V ySEP.CBO R 0rEC34E564..C.BOO S ISP.TLE

C15A-----DRAW THE VECTORS
IF(IVEC.EQ.0)THEN 
CALL STRTPT(XCNTR(L), YCNTR(M))
CALL CONNPTOCVCTR, YVCTR)

ELSE
CALL VECTOR(XCNTRa),YCNTR(M);(VCnLYVCTR,1101)

ENDEF
C
10040 CONTINUE 
10060 CONTINUE 

ELSE 
C

----- IF ITYPE IS 2 THEN MAKE A X-Z PLOT ALONG A GIVEN SECTION OF Y
ClOB----SET UP BOX AND LABELS

IF (ITYPE(n) .EQ. 2) THEN 
WRITE(CNCHAR,'(I2)') LPXYOI)

TITLEY = VIEW(1:LENV)//' Y = 7/CNCHAR 
- LEN = STR.LENOTTLEY)

CALL SPLTID (UK. IN, lOUT, IDEV, *99999)
CALLNOBRDR
CALLPHYSOR(l.,5.)
CALL PAGE (PAGEX.PAGEZ)
CALL AREA2D (PAGEX.PAGEZ)
CALL HEIGHT (HHEIGHT)
IFOPLOTV.EQ.DTHEN

DO 10040 L=l,NCOL 
IF(IACT(L,M,N).EQ.O) GO10 10040 
IF (ZMAX_ARR(L,M,N).EQ.0 .. OR. ZMAX_ARR(L,M,N).EQ.ZMAX) THEN 
VCTRLEN=0. 

ELSE 
VCTRLEN = PLIER•(l ./(ALOG(ZMAX/ZMAX_ARR(L,M,N)))) 

END IF 
IF(VCTRLEN .GT. 2•PLIER) VCTRLEN=2·PLIER 

C 
XVCTR = XCNTR(L) + COS(ZANG_ARR(L,M)) • VCTRLEN 
YVCTR = YCNTR(M) + SIN(ZANG_ARR(L,M)) • VCTRLEN 

C ' 
Cl SA-DRAW THE VEClORS \.---' 

IF(IVEC.EQ.0) THEN 
CALL STRTPT(XCNTR(L), YCNTR(M)) 
CALL CONNPT(XVCTR, YVCTR) 

ELSE 

. 

CALL VEClOR(XCNTR(L),YCNTR(M),XVCTR, YVCTR,1101) 
ENDIF 

C 
10040 CONTINUE 
10060 CONTINUE 

ELSE 
C 

:---,,-C9B- -IF ITYPE IS 2 THEN MAKE A X-Z PLOT ALONG A GIVEN SECTION OF Y 
ClOB--SET UP BOX AND LABELS 

IF (ITYPE(Il) .EQ. 2) THEN 
WRITE(CNCHAR,'(12)') LPXY(Il) 

TITLEY = VIEW(l:LENV)/ /' Y = '/ /CNCHAR 
- bEN = STR_LENCTITLEY) 

CALL SPLTl D (IJK, IN, IOlJf, IDEV, ~999) 
CALLNOBRDR 
CALL PHYSOR (1.,5.) 
CALL PAGE (PAGEX,PAGEZ) 
CALL AREA2D (PAGEX,PAGEZ) 
CALL HEIGHT (HHEIGHT) 
IF(Il'LOTV.EQ.1) THEN 
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CALL MESSAG ('QBULK VECTORS$M3^.3^.6) 
ENDIF
IF(IPL0TV.EQ.2)THEN
CALL MESSAG (T)ISP. VECTORS$M3^.3^.6)
ENDIF
CALL HEIGHT (HHEIGHT * .6)
CALL MESSAG (nTLEY(l:LEN),LEN3.2^.3) 
CALL STRTPT (XORG^ORG)
CALL CONNPT (XORG^LEN)
CALL CONNPT (XLEN,ZLEN)
CALL CONNPT (XLEN,ZORG)
CALL CONNPT (ZORG^ORg)

-CALCULATE ANGLE OF VECTORS FOR EACH CELL IN THE GRID
DO 10095 M=LPXY(II),LPXY(n)
DO 10099 N=1,NLAY 
DO 10099 L=l,NCOL 
IF(IACT(L,M,N).EQ.O)GOTO 10099 
IF (XVALa,M,N) .EQ. 0. .OR. ZVAL(L,M,N) .EQ. 0.) THEN 

IF (XVAL(L,M,N) .EQ. 0.) THEN 
IF (ZVAL(L,M,N) .GT. 0.) THEN 
YANG_ARRa;M) = -PI/2.

ENDIF
IF (ZVAL(LM,N) .LT. 0) THEN 
YANG_ARR(L,N) = -3*PI/2.

ENDIF
ENDIF
IF (ZVAL(L,M,N) .EQ. 0.) THEN 
IF (XVALa,M,N) .GE. 0.) THEN 

-- YANG_ARR(L,N) = 0.
ENDIF
IF (XVALa,M,N) .LT. 0.) THEN 
YANG_ARRa,N) = -Pl'

ENDIF 
END IF 

ELSE
TF-(XVALa,M,N) .GT. 0. .AND. ZVALa,M,N) .GT. 0.) THEN

C 

CALL MESSAG ('QBULK VEC10RS$',13,3.3,2.6) 

ENDIF 
IF(IPLO1V.EQ.2) THEN 
CALL MESSAG ('DISP. VEC10RS$',13,3.3,2.6) 
ENDIF 
CALL HEIGHT (HHEIGHT,. .6) 
CALL MESSAG (TITLEY(l :LEN),LEN,3.2,2.3) 
CALL STRTPT (XORG,ZORG) 
CALL CONNPT (XORG,ZLEN) 
CALL CONNPT (XLEN,ZLEN) 
CALL CONNPT (XLEN,ZORG) 
CALL CONNPT (ZORG,XOR ) 

Cl lB-CALCULATE ANGLE OF VECTORS FOR EACH CELL IN THE GRID 
DO 10095 M=LPXYUI),LPXY(Il) 
DO 10099 N=l,NLAY 
DO 10099 L=l,NCOL 

IF(IACT(L,M,N).EQ.0)GOTO 10099 
IF (XVAL(L,M,N) .EQ. 0 .. OR. ZVAL(L,M,N) .EQ. 0.) THEN 

IF (XVAL(L,M,N) .EQ. 0.) THEN 
IF (ZVAL(L,M,N) .GT. 0.) THEN 

YANG_ARR(L,N) = -PI/2. 
END IF 
IF (ZVAL(L,M,N) .LT. 0) THEN 

-:--..,/ YANG_ARR(L,N) = -3"Pl/2. 

END IF 
END IF 
IF (ZVAL(L,M,N) .EQ. 0.) THEN 
IF (XVAL(L,M,N) .GE. 0.) THEN 

-- - YANG_ARR(L,N) = 0. 
END IF 
IF (XVAL(L,M,N) .LT. 0.) THEN 

\ 

YANG_ARR(L,N) = -PI 

END IF 
END IF 

ELSE 
-1.F"(XVAL(L,M,N) .GT. 0 .. AND. ZVAL(L,M,N) .GT. 0.) THEN 

,. 

251 



YANG_ARR(L,N) = -ATAN(ZVALa,M,N)/XVALa,M,N))
END IF
IF (XVAL(L,M,N) .LT. 0 .AND. ZVAL(L,M,N) .NE. 0.) THEN 
YANG_ARR(L,N) = -PI - ATAN(ZVALa,M,N)/XVAL(L,M,N))

END IF
IF (XVAL(L,MJSJ) .GT. 0. .AND. ZVALa,M,N) .LT. 0.) THEN 
YANG_ARRa,N) = -2*PI - ATAN(ZVAL(L,M,N)/XVAL(L,M;^)

END IF 
END IF

10099 CONTINUE 
10095 CONTINUE

ft

C12B----- PRirNJT THE MAGNITUDE OF THE M>cXti^IUM Y DISPLACEMENT
WRITE(IOUX122) YMAX

122 FORMATdX/MAXIMUM DISPLACMENT IN THE X-Z PLANE IS MPE1Z5)

/

C13B-—DETERMINE LOCATION FOR DRAWING EACH VECTOR RELATIVE TO 
C GRID SIZE 

XUNE=0.
ZLINE=0.
D0 61 J=l,NCOL 
XSTEP=XRA'PDELR(P 
XUNE=XLINE+XSTEP 
XCNTR(J)=XLINE-(XSTEPn).5)

61 CONTHSIUE 
D062K=1,NLAY 
KK=NLAY+1-K 
ZSTEP=ZRA'TDELLaj],nLKK)
ZUNE=ZLINE+ZSTEP
ZCNTR(KK)=ZUNE-(ZSTEP»0.5)
CONTINUE62

C
C14B -CALCULATE VECTOR MAGNITUDE k)R EACH CELL IN THE GRID

72 8GGD8 rVTMDyCuOITMDyCuO 
72 8GGDb sV8IET4y 
72 8GGDb iVdIES2T 
rnCr4SPCiIrI1xL'>5O52P2 8GGDb

YANG_ARR(L,N) = -ATAN(ZVAL(L,M,N)/XVAL(L,M,N)) 
END IF 
IF (XVAL(L,M,N) .LT. 0 .AND. ZVAL(L,M,N) .NE. 0.) THEN 
YANG_ARR(L,N) = -Pl - ATAN(ZVAL(L,M,N)/XVAL(L,M,N)) 

END IF 
IF (XVAL(L,M,N) .GT. 0 .. AND. ZVAL(L,M,N) .LT. 0.) THEN 
YANG_ARR(L,N) = -2•PI - ATAN(ZVAL(L,M,N)/XVAL(L,M,N)) 

END IF 
END IF 

10099 CONTINUE 
10095 CONTINUE 

-
C12B--PRINT THE MAGNITUDE OF THE~ Y DISPLACEMENT 

WRITE(IOUT,122) YMAX 
122 FORMAT(lX,'MAXIMUM DISPLACMENT IN THE X-Z PLANE IS ', 1 PE12.5) 

C13B-DETERMINE LOCATION FOR DRAWING EACH VECTOR RELATIVE TO 
C GRID SIZE 

XLINE=O. 
ZLINE=O. 
DO 61 J=l,NCOL 
XSTEP=XRAPDELR(J) 
XLINE=XLINE+XSTEP 
XCNTR(J)=XLINE-(XSTEP~.5) 

61 co~ 
DO 62 K=l,NLAY 
KK=NLAY+l-K 
ZSTEP=ZRAPDELL(JJJ,ll,KK) 
ZLINE=ZLINE+ZSTEP 
ZCNTR(KK)=2L.INE-(ZSTEP"0.5) 

62 CONTINUE 
C 
C14B-CALCULATE VECTOR MAGNITUDE OR EACH CELLIN THE GRID 

DO 10071 l=LPXY(Il),LPXY(Il) 
DO 10073 J=l,NLAY 
DO 10073 K=l,NCOL 
IF(IACT(K,I,J).EQ:O)GOTO 10073 

252 



IF (YMAX_ARR(K,IJ).EQ.O. .OR. YMAX_ARR(K,I,J).EQ.YMAX) THEN 
VCTRLEN = 0.

ELSE
VCTRLEN = PLIER*(l./(ALOG(YMAX/YMAX_ARR(K,IJ))))

END IF
IF(VCTRLEN .GT. 2*PUER) VCTRLEN=2*PUER

XVCTR = XCNTR(K) + COS(YANG_ARR(KJ)) * VCTRLEN 
ZVCTR = ZCNTRO) + SIN(YANG_ARR(KJ)) * VCTRLEN

C15B-----DRAW THE VECTORS
IF(IVEC.EQ.O) THEN 
CALL STRTPT(XCNTR(K), ZCNTR(J))
CALL CONNPT(XVCTR, ZVCTR)

ELSE
CALLVECTOR(XCNTR(K)^CNTR0),XVCTR,ZVCTR.1101)

ENDIF

10073 CONTINLnE 
10071 CONTINUE 

ELSE 
C
C9C----- IF ITYPE IS 3 THEN MAKE A Y-Z PLOT ALONG A GIVEN SECTION X
CIOC----SET UP BOX AND LABELS

^F (ITYPEai) .EQ. 3) THEN 
WRITE(CNCHAR/(L2)') LPXY(II)
TITLEX = VIEW(1:LENV)//' X = 7/CNCHAR 
LEN = STR.LENOTTLEX)
CALL SPLTID (IJK, IN, lOUT, IDEV, *99999)
CALLNOBRDR
CALLPHYSOR(l.,5.)
CALL PAGE (PAGEX, PAGEY)
CALLAREA2D(PAGEX,PAGEY) '
CALL HEIGHT (HHEIGHT)
IFOPLOTV.EQ.DTHEN
CALL MESSAG ('QBULK VECTORS$M3,3.5,2.6)

ENDIF

Ir 

C 

C 

IF (YMAX_ARR(K,l,J).EQ.0 .. OR YMAX_ARR(K,l,J).EQ.YMAX) THEN 
VCfRLEN=0. 

EL.5E 
VCfRLEN = PLIER•(1. /(ALOG(YMAX/YMAX_ARR(K,I,J)))) 

END IF 
IF(VCfRLEN .GT. 2•PLIER) VCTRLEN=2·PLIER 

XVCfR = XCNTR(K) + COS(YANG_ARR(K,J)) • VCfRLEN 
ZVCTR = ZCNTRO) + SIN(YANG_ARR(K,J)) • VCfRLEN 

C15B--DRAW THE VECTORS 
IF(IVEC.EQ.0) THEN 
CALL STRTPf(XCNTR(K), ZCNTRQ)) 
CALL CONNPT(XVCTR, ZVCTR) 

EL.5E 
CALL VECTOR(XCNTR(K),ZCNTRQ),XVCTR,ZVCfR,1101) 

ENDIF 

10073 CONTINUE 
10071 CONTINUE 

EL.5E 
C 
C9C-IF ITYPE IS 3 THEN MAKE A Y-Z PLOT ALONG A GIVEN SECTION X 
ClOC-SET UP BOX AND LABEL.5 

!( (ITYPE(IJ) .EQ. 3) ~ )'l' 
WRITE(CNCHAR,' (12)') LPXY(II) 
mLEX = VIEW(} :LENY)// ' X = '/ /CNCHAR 
LEN= STR_LEN(TITLEX) 
CALL SPLT1D (IJI<, IN; IOUT, IDEV, "99999) 
CALLNOBRDR 
CALL PHYSOR(l .,5.) 
CALL PAGE (PAGEX, PAGEY) 
CALL AREA2D (PAGEX,PAGEY) 
CALL HEIGHT (HHEIGHT) 
IF(IPLOTV.EQ.1) THEN 
CALL MESSAG ('QBULK VECTORS$',13,3.5,2.6) 

ENDIF 

\ 
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IF(IPLOTV.EQ.2) THEN 
CALL MESSAG (T>ISP. VECTORS$M33 5,2.6) 

ENDIF
CALL HEIGHT (HHEIGHT * .6)
CALL MESSAG CnTLEX(l:LEN),LEN3.4^.3) 
CALL STRTPT (ZORG^ORG)

254

* CALL CONNPT (ZORG^LEN)
CALL CONNPT (XLEN,ZLEN)
CALL CONNPT (XLEN,XORG)
CALL CONNPT (ZORG^ORG)

C
CllC—CALCULATE ANGLE OF EACH VECTOR IN THE GRID 

DO 10077 L=LPXY(n),LPXY(n) w
DO 10075 N=1,NLAY 
DO 10075 M=l,NROW

i
1

IF(IACra,M,N).EQ.O)GOTO 10075
IF (YVALa,M,N) .EQ. 0. .OR. ZVALa,M,N) .EQ. 0.) THEN

/

IF (YVALa,M,N) .EQ. 0.) THEN
IF (ZVALa,M,N) .GT. 0.) THEN 
XANG_ARR(M,N) = -PI/2.

K ENDIF
IF (ZVAL(L,M,N) .LT. 0) THEN 
XANG_ARR(M,N) = -3TI/2. 

ENDIF 
ENDIFV
fF"(ZVAL(L,M,N) .EQ. 0.) THEN 

IF (YVAL(L,M,N) .GE. 0.) THEN 
XANG_ARR(M,N) = 0.

„ ENDIF
k ■

:i. IF (YVAL(L,M,N) .LT. 0.) THEN
[ XANGrARR(M,N) = -PI

ENDIF
ENDIF '

ELSE
IF(YVAL(L,M,N) .GT. 0. .AND. ZVALa,M,N) .GT. 0.)THEN 
XANG_ARR(M,N) = -ATAN(ZVAL(L,M,N)/YVAL(L,M,N)) 

ENDIF

■ .

C 

IF(IPLOTV.EQ.2) THEN 
CALL MESSAG ('DISP. VECTORS$',13,3.5,2.6) 

ENDIF 
CALL HEIGHT (HHEIGHT • .6) 
CALL MESSAG (TITLEX(l :LEN),LEN,3.4,2.3) 
CALL STRTPT (ZORG,XORG) 
CALL CONNPT (ZORG,ZLEN) 
CALL CONNPT (XLEN,ZLEN) 
CALL CONNPT (XLEN,XORG) 
CALL CONNPT (ZORG,XORG) 

CUC-CALCULATE ANGLE OF EACH VECTOR IN THE GRIO 
' DO 10077 L=LPXY(Il),LPXY(II) 

DO 10075 N=1,NLAY 
DO 10075 M=1,NROW 

IF(IACT(L,M,N).EQ.0)GOTO 10075 
IF (YVAL(L,M,N) .EQ. 0 . . OR. ZVAL(L,M,N) .EQ. 0.) THEN 
IF (YVAL(L,M,N) .EQ. 0.) THEN 
IF (ZVAL(L,M,N) .GT. 0.) THEN 
XANG_ARR(M,N) = -PI/2. 

END IF 
IF (ZVAL(L,M,N) .LT. 0) THEN 
XANG_ARR(M,N) = -3•PI/2. 

END IF 
END IF 

(ZVAL(L,M,N) .EQ. 0.) THEN 
IF (YVAL(L,M,N) .GE. 0.) THEN 
XANG_ARR(M,N) = 0. 

END IF 
IF (YVAL(L,M,N) .LT. 0.) THEN 
XANG_ARR(M,N) = -PI 

END IF 
END IF 

ELSE 

\ 

IF(YVAL(L,M,N) .GT. 0 . . AND. ZVAL(L,M,N) .GT. 0.)THEN 
XANG_ARR(M,N) = -ATAN(ZVAL(L,M,N)/YVAL(L,M,N)) 

END IF __ • . 
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IF(YVAL(L,M,N) .LT. 0 .AND. ZVALa,M,N) .NE. 0.) THEN 
XANG_ARR(M,N) = -PI - ATAN(ZVALa,M,N)/YVAL(L,M,N))

END IF
IF(YVAL(L,M,N) .GT. 0. .AND. ZVAL(L,M,N) .LT. 0.)THEN 
XANG_ARR(M,N) =-2»PI- ATAN(ZVALa,M,N)/YVAL(L,M,N))

END IF 
END IF

10075 CONTINUE 
10077 CONTINUE 
C
C12C—PRINT THE MAXIMUM DISPLACMENT 

WRITEaOUT,126)XMAX 'w'
126 FORMATCIX/MAXIMUM DISPLACEMENTINTHE Y-Z PLANE IS',1PE12.5) 

C
C13C—DETERMINE LOCATION FOR DRAWING EACH VECTOR RELATIVE TO 
C GRID SIZE 

YUNE=0.
ZLINE=0.
D0 63I=1,NR0W 
YSTEP=YRAT*DELCa)
YLINE=YLINE+YSTEP
YCNTR(I)=YLINE-(YSTEP*0.5)

63 CONTINUE
Dp 64 K=LNLAY 

^10C=NLAY+1-K 
ZSTEP=ZRAT*DELL(JJJ,ni,KK)
ZLINE=ZLINE+ZSTEP
ZCNTR(KK)=ZLINE-(ZSTEP*0.5)

64 CONTINUE 
C
C14C----CALCULATE THE MAGNITUDE OF EACH VECTOR IN THE GRID

DO 10070 L=LPXY(n),LPXY(n)
DO 10072 J=1,NLAY 
DO 10072 K=l,NROW 
IF(IACT(L,KJ).EQ.O) GOTO 10072
IF (XIV^^ARRa,K,J).EQ.O. .OR. XMAX_ARR(L,KJ).EQ.XMAX) THEN

IF(YVAL(L,M,N) .LT. 0 .AND. ZVAL(L,M,N) .NE. 0.) THEN 
XANG_ARR(M,N) = -PI - ATAN(ZVAL(L,M,N)/YVAL(L,M,N)) 

END IF 
IF(YVAL(L,M,N) .GT. 0 . . AND. ZVAL(L,M,N) .LT. O.)THEN 

XANG_ARR(M,N) =-2•PI- ATAN(ZVAL(L,M,N) /YV AL(L,M,N)) 
END IF 

END IF 

10075 CONTINUE 
10077 CONTINUE 
C 
C12C-PRINT THE MAXIMUM D1S£.LACMENT 

WRITEQOUf,126) XMAX V 
126 FORMAT(1X,'MAXIMUM DISPLAC~MENT IN THE Y-Z PLANE IS',1PE12.5) 

C 
C13C--DETERMINE LOCATION FOR DRAWING EACH VECfOR RELATNE TO 
C GRIDSIZE 

YLINE=O. 
ZLlNE=O. 
DO 631=1,NROW 
YSTEP= YRAPDELCO) 
YLINE=YLINE+YSTEP 
YCNTR(D= YLINE-(YSTEptQ.5) 

63 CONTINUE 

DO 64 K=1,NLAY ..-..,,--
KK=NLAY+1-K 

ZSTEP=ZRAPDELLOJJ,III,KK) 
ZLINE=ZLINE+ZSTEP 
ZCNTRCKK)=ZLINE-(ZSTEP•0.5) 

64 CONTINUE 
C 
C14C--CALCULATE THE MAGNITUDE OF EACH VECIBR IN THE GRID 

DO 10070 L=LPXY(II),LPXY(II) ' 
DO 10072 J=1,NLAY 
DO 10072 K=1,NROW 
IF(IACT(L,K,J).EQ.O) GOTO 10072 

IF CX~,....ARR(L,K,J).EQ.O . .OR. XMAX_ARR(L,K,J).EQ.XMAX) THEN 
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C
C15C-

VCTRLEN = 0.
ELSE

VCTRLEN = PLIER*(l./(ALOG(XMAX/XMAX_ARR(L,K,J)))) 
END IF
IF(VCTRLEN .GT. 2*PUER) VCTRLEN=2*PLIER 
YVCTR = YCNTROO + COS(XANG_ARR(KJ)) * VCTRLEN 
ZVCTR = ZCNTRO) + SIN(XANG_ARR(KJ)) * VCTRLEN

-DRAW THE VECTORS
IF(IVEC.EQ.O)THEN 
CALL STRTPT(YCNTR(K), ZCNTRO))
CALL CONNPTCYVCTR, ZVCTl 

ELSE
CALL VECTOR(YCNTR(K);ZCNTR0),YVCTR,ZVCTR.1101) 

ENDIF
10072 CONTINUE 
10070 CONTINUE

/ ENDIF
ENDIF
ENDIF

I

CALL ENDPL (0) 
210 CONTINUE 

CALLDONEPL 
C
Cl 6------RETURN
99999 RETURN 

END

/ 

C 

VcrRLEN=0. 
ELSE 

VcrRLEN = PLIER•(1.f(ALOC(XMAX/XMAX_ARR(L,K,J)))) 
END IF 
IF(VcrRLEN .GT. 2•PLIER) VCTRLEN=2•PLIER 
YVcrR = YCNTR(K) + COS(XANG_ARR(K,J)) • VCTRLEN 
zvcrn = ZCNTR(J) + SIN(XANG_ARR(K,J)) .. VcrRLEN 

Cl5C--DRAW THE VECTORS 
IF(IVEC.EQ.0) THEN 
CALL SI'RTPT(YCNTR(K), ZCNTRO)) 
CALL CONNPf(YVCTR, zvc~ 

ELSE \_> 
CALL VECIDR(YCNTR(K),ZCNTR(J),YVCTR,ZVcrR,1101) 

ENDIF 
10072 CONTINUE 
10070 CONTINUE 

C 

END IF 
END IF 
END IF 

CALL ENDPL (0) 

210 CONTINUE 
CALLDONEPL 
. f---/' 

C 
C16---RETURN 
99999 RETURN 

END 

\ 
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List of Variables for Module PLTl FM

Vari^big Range Definition

/

CNCHAR Module String length for label defining location of line-of-secOon for plots. 
DELB Module Maximum cell thickness of all cells iiv the grid.
DELC Global DIMENSION (NROW), CeU dimension in the colimm direction. 

DELC(I) contains the width of row I.
DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 
direction.
DIMENSION (NCOL), Cell dimension in the row direction. 
DELR(J) contains the width of column J.

HHEIGHT Module Height in inches of labels for plots.

DELL

DELR

Global

Global

I
lACT

IDEV

n
m
IJK

,IMANY
IN

lOUT
IPLOTV

ISTR

ITYPE

IVEC

IXYMAX
J

Module Index for rows and number of plots 
Global DIMENSION (NCOL,NROW,NLAYLStatus of each ceU for 

displacement.
<=0 inactive 
>0 active

Package Rag for device that the vector plots will be plotted to.
=1 plot will be display^ in an X-window on the IX].
=2 plot will be stored as a postscript file.
=3 plot will be stored as a CGM meta file.

Module Index for IMANY plots.
Module Index for row location of cell with maximum thickness.
Module Index for plot number (all stress periods).
Package Number of plots that will be made after specified stress periods. 
Package Primary unit number from which input for this package will be 

read.
Global Primary unit number for all printed output. lOUT = 6.
Package Rag indicating whether vector plots will be made.

=1 bulk flux vector plots will be made.
- - =2 displacement vector plots will be made.

<1 or >2 no vector plots will be made.
Package DIMENSION (NPER), Rag indicating whether plots are to be 

made for the specified stress period.
>0 plots are made for this stress period.
<=0 plots are not made for this stress period.

Package DIMENSION (IMANY), Rag indicating whether plot is planimetric 
or cross sectioital in x or y.

=1 planimetric plot will be made (x-y plot).
=2 cross-sectional plot will be made (x-z plot).
=3 cross-sectiorral plot will be made (y-z plot).

Package Rag indicating whether vector arrow heads are to be drawn 
>0 draw arrow heads 
<=0 no arrow heads are drawn

Module Constant equal to the largest value of either NCOL or NROW 
Module Index for columns or layers.

-{ 

List of Variables for Module PL Tl FM 

Variable Range Definition 

CNCHAR 
DELB 
DELC 

DELL 

DELR 

Module String length for label defining location of line-of-section for plots. 
Module Maximum cell thickness of all cells in. the grid. 
Global DIMENSION (NROW), Cell dimension in the colutm direction. 

DELCa) contains the width of row I. 
Global DIMENSION (NCOL,NROW,NLAY), Cell dimension in the layer 

direction. 
Global DIMENSIO (NCOL), Cell dimension in the row direction. 

DELRO) contains the width of column J. 
HHEIGHT Module Height in inches of labels for plots. 
I Module Index for rows and number olplots 
IACT Global DIMENSION (NCOL,NROW,~ tatus of each cell for 

displacement. 

IDEV 

II 
ill 
IJK 
!MANY 
IN 

IOUT 
IPLOTV 

ISTR 

!TYPE 

IVEC 

IXYMAX 
J 

<=0 inactive 
>0 active 

Package Flag for device that the vector plots will be plotted to. 
=1 plot will be displayed in an X-window on the DG. 
=2 plot will be stored as a postscript file. 
=3 plot will be stored as a CGM meta file. 

Module Index for IMANY plots. 
Module Index for row location of cell with maximum thickness. 
Module Index for plot number (all stress periods). 
Package Number of plots that will be made after specified stress periods. 
Package Primary unit number from which input for this package will be 

read. 
Global Primary unit number for all printed output. IOUT = 6. 
Package Flag indicating whether vector plots will be made. 

=1 bulk flux vector plots will be made. 
,:--./- =2 displacement vector plots will be made. 

<1 or >2 no vector plots will be made. 
Package DIMENSION (NPER), Flag indicating whether plots are to be 

made for the specified stress period. 
>0 plots are made for this stress period. 
<=0 plots are not made for this stress period. 

Package DIMENSION (IM.ANY), Flag indicating whether plot is planimetric 
Or cross Sectional in X Or y. 

=1 plani.metric plot will be made (x-y plot). 
=2 cross-sectional plot wµl be made (x-z plot). 
=3 cross-sectional plot will be made (y-z plot). 

Package Flag indicating whether vector arrow heads are to be drawn 
>0 draw arrow heads 
<=0 no arrow heads are drawn 

Module Constant equal to the largest value of either NCOL or NROW 
Module Index.fPr !=olumns or layers. 

,. 
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List of Variables for Module PLTIFM fContinuedi

Variabk Range Pgfinippn

JJJ Module Index for column location of ceU with maximum thickness
K Module Index for layers or columns
KK Module NLAY+l-K.
KPE Module Coxmter for stress periods where plots are to be made.
KPER Global Stress period counter.
L Module Index for columns, LPXYdl).
LEN Module Character length of title for plot.
LENV Module Location of last character in title string.
LPXY Package DIMENSION (IMANY), Row, column or layer designation

!

through which plot iS'dravyn. Whether LP)^ is a tow, column or 
layer depends on the Vcdtfe of ITYPE.

N Module Index for LPXY(II) or number of layers.
; NCOL Global Number of columns in the grid.
1; NLAY Global Number of layers in the grid.
E. NROW Global Number of rows in the grid.
h PAGEX Module Page size in inches in X direction for plots.
F PAGEY Module Page size in inches in Y direction for plots.

/
PAGEZ Module Page size in inches in Z direction for plots.
PENTHK Module Parameter identifying line thickness for plots.
PI Module Constant equal to 7i.
PUER Module Constant identifying the ratio of plot length in inches divided by

IXYMAX.
SUMC Module Sum of length of all DELC(I) in the grid.
SUML Module Sum of length of all DELL(J,1,K) in the grid.
SUMR Module Sum of length of cdl DELR(J) in the grid.
TITLEP Module Title for planimetric plot (x-y plot).

V TITLEX--' Module Title for cross-sectional plot (y-z plot).
UTLEY Module Title for cross-sectional plot (x-z plot).
VCTRLEN Module Length of vector multiplied by angle to obtain vector endpoint.
VIEW Module Character string containing title for plots.
XANG.ARR Package DIMENSION (NCOL,NROW,NLAY), Angle in radians of XVAL

for each vector in the grid.
XCNTR Pactege DIMENSION (NCOL), Center of each cell in the grid in the X

direction.
XLEN Module Length of plotting vrindow in X direction. ,
XLINE Module Cumulative distance to center of each grid cell in X direction.
XMAX Module Maximum magnitude of displacement or bulk flux in y-z plane.

l: XMAX.ARR Package DIMENSION (NCOL,NROW,NLAY), Magnitude of displacement
t - or bulk flux in y-z pkne.
r XORG Module Origin of plotting window in X direction.

!■’

_

I
‘: • 

h-

0

XRAT Module Ratio of XLEN to SUMR.
XSTEP Module Length between cell centers in X direction.

-----

/ 

List of Variables for Module PLTIFM <Continued} 

Variable Range Definition 

JJJ 
K 
KK 
KPE 
KPER 
L 
LEN 
LENV 
LPXY 

N 
NCOL 
NLAY 
NROW 
PAGEX 
PAGEY 
PAGEZ 
PENTHK 
PI 
PLIER 

Module Index for column location of cell with maximum thickness 
Module Index for layers or columns 
Module NLAY+1-K. 
Module Counter for stress periods where plots are to be made. 
Global Stress period counter. 
Module Index for columns, LPXY(Il). 
Module Character length of title for plot. 
Module Location of last character in title string. 
Package DIMENSION (IMANY), Row, column or layer designation 

through which plotls~rawn. Whether LPXY is a row, column or 
layer depends on the value of ITYPE. 

Module Index for LPXY(Il) or numt:,er of layers. 
Global Number of columns in the grid. 
Global Number of layers in the grid. 
Global Number of rows in the grid. 
Module Page size in inches in X direction for plots. 
Module Page size in inches in Y direction for plots. 
Module Page size in inches in Z direction for plots. 
Module Parameter identifying line thickness for plots. 
Module Constant equal to 1t. 
Module Constant identifying the ratio of plot length in inches divided by 

IXYMAX. 
SUMC Module Sum of length of all DELCCT) in the grid. 
SUML Module Sum of length of all DELLQ,I,K) in the grid. 
SUMR Module Sum of length of all DELR(J) in the grid. 
TITLEP Module Title for planimetric plot (x-y plot). 
TITLE .~ Module TIUe for cross-sectional plot (y-z plot). 
TITLEY Module TIUe for cross-sectional plot (x-z plot). 
VCfRLEN Module Length of vector multiplied by angle to obtain vector endpoint. 
VIEW Module Character string containing title for plots. 
XANG_ARR Package DIMENSION (NCOL,NROW,NLAY), Angle in radians of XVAL 

for each vector in the grid. 
XCNTR Packa__ge DIMENSION (NCOL), Center of each cell in the grid in the X 

direction. 
XLEN Module Length of plotting window in X direction. , 
XLINE Module Cumulative distanc~ to center of each grid cell in X direction. 
XMAX Module Maximum magnitude of displacement ·or bulk flux in y-z plane. 
XMAX_ARR Package DIMENSION (NCOL,NROW,NLAY), Magnitude of displacement 

XORG 
XRAT 
XSTEP 

or bulk flux in y-z plane. 
Module Origin of plotting window in X direction. 
Module Ratio of XLEN to SUMR. 
Mod.ul~ Length between cell centers in X direction. 
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List of Variables for Module PLTIFM fContinued)

259

Variable Ea0S£ Definition

/

XVAL Module DIMENSION (NCOL,NROW,NLAY), X-direction component of 
displacement or bulk flux.

XVCTR Module Location of vector endpoint in X direction for each cell in the grid.
YANG_ARR Package DIMENSION (NCOL,NROW,NLAY), Angle in radians of YVAL 

for each vector in the grid.
YCNTR Package DIMENSION (NROW), Center of each cell in the grid in the Y 

direction.
YLEN Module Length of plotting window in Y direction.
YLINE Module Cumulative distance to center of each grid cell in Y direction.
YMAX Module Maximum magnitude of displacement or bulk flux in x-z plane.
YMAX.ARR Package DIMENSION (NCOL,NROW,NLAY), Magnitude of displacement 

or bulk flux in x-z plane.
YORG Module Origin of plotting window in Y direction.
YRAT Module Ratio of YLEN to SUMC.
YSTEP Module Length between ceU centers in Y direction.
YVAL Package DIMENSION (NCOL,NROW,NLAY), Y-direction component of 

displacement or bulk flux.
YVCTR Module Location of vector endpoint in Y direction for each cell in the grid.
ZANG.ARR Package DIMENSION (NCOL,NROW,NLAY), Angle in radians of ZVAL 

for each vector in the grid.
ZCNTR Package DIMENSION (NCOL), Center of each cell in the grid in the Z 

direction.
ZLEN Module Length of plotting window in Z direction.
ZLINE Module Cumulative distance to center of each grid cell in Z direction.
ZMAX Module Maximum magnitude of displacement or bulk flux in x-y plane.
ZMAX_ARR Package DIMENSION (NCOL,NROW,NLAY), Magnitude of displacement 

r- ' or bulk flux in x-y plane.
ZORG Module Origin of plotting window in X direction.
ZRAT Module Ratio of ZLEN to SUML.
ZSTEP Module Length between cell centers in Z direction.
ZVAL Package DIMENSION (NCOL,NROW,NLAY), Z-direction component of 

displacement or bulk flux.
ZVCTR Mo<du}e London of vector endpoint in X direction for each cell in the grid.

Variable Ranee Definition of GKS Graphics Subroutines Called bv PLTIFM

AREA2D Module Defines the subplot area based on axis length.
CONNPT Module Connects successive points with straight lines.
DONEPL Module Signs off the plotting device and ends plotting.
ENDPL Module Terminates a plot page.
HEIGHT Modixle ^ Changes the height of all subsequent strings, numbers and labels.

" 

List of Variables for Module PLTIFM <Continued} 

Variable Definition 
XVAL Module DIMENSION (NCOL,NROW,NLAY), X-direction component of 

displacement or bulk flux. 
XVCTR Module Location of vector endpoint in X direction for each cell in the grid. 
YANG_ARR Package DIMENSION (NCOL,NROW,NLAY), Angle in radians of YVAL 

for each vector in the grid. 
YCNTR Package DIMENSION (NROW), Center of each cell in the grid in the Y 

direction. 
YLEN Module Length of plotting window in Y direction. 
YLINE Module C mulative distance to center of each grid cell in Y direction. 
YMAX Module Maximum magnitude'&f ~lacement or bulk flux in x-z plane. 
YMAX_ARR Package DIMENSION (NCOL,NR6W,NLAY), Magnitude of displacement 

YORG 
YRAT 
YSTEP 
YVAL 

or bulk flux in x-z plane. . 
Module Origin of plotting window in Y direction. 
Module Ratio of YLEN to SUMC. 
Module Length between cell centers in Y direction. 
Package DIMENSION (NCOL,NROW,NLAY), Y-direction component of 

displacement or bulk flux. 
YVCTR Module Location of vector endpoint in Y direction for each cell in the grid. 
ZANG_ARR Package DIMENSION (NCOL,NROW,NLAY), Angle in radians of ZVAL 

for each vector in the grid. 
ZCNTR Package DIMENSION (NCOL), Center of each cell in the grid in the Z 

direction. 
ZLEN Module Length of plotting window in Z direction. 
ZLINE Module Cumulative distance to center of each grid cell in Z direction. 
ZMAX Module Maximum magnitude of displacement or bulk flux in x-y plane. 
ZMAX_ARR Package DIMENSION (NCOL,NROW,NLAY), Magnitude of displacement 

.r--/ or bulk flux in x-y plane. 
ZORC Module Origin of plotting window in X direction. 
ZRAT Module Ratio of ZLEN to SUML. 
ZSTEP Module Length between cell centers in Z direction. 
ZVAL Package DIMENSION (NCOL,NROW,NLAY), 2-direction component of 

displacement or bulk flux. 
ZVCTR Modu e Location of vector endpoint in X direction for each cell in the grid. 

# 

Variable Rfil!ge Definition of GKS,praphics Subrouti_nes Called by PLTl FM 

AREA2D 
CONNPT 
OONEPL 
ENDPL 
HEIGHT 

Module Defines the subplot area based on axis length. 
Module Connects successive points with straight lines. 
Module Signs off the plotting device and ends plotting. 
Module Terminates a plot page. 
Modql~. _Changes the height of all subsequent strings, numbers and labels. 
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Variable Ranee

MESSAG Module

PAGE Module

PHYSOR Module
STRTPT Module
VECTOR Module

List of Variables for Module PLTIFM (Continued!

Definition

origin.
Sets the page dii 
a page border. 
Defines the phys 
Moves the point 
Draws a vector \ 
physical origin.

/

Variable 

MFS5AG 

PAGE 

PHYSOR 
STRTPT 
VECTOR 

,, 

List of Variables for Module PLTlFM <Continued} 

Module 

Module 

Module 
Module 
Module 

Definition 

Draws the specified string at specified distance from physical 
origin. 
Sets the page dimensions wherein the plot is centered and draws 
a page border. 
Defines the physical origin. 
Moves the point without drawing a line. 
Draws a vector with the end points specified in inches from the 
physical origin. 

-- 4 
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/

Narrative for Module SPLTID

This subroutine sets the variables and pcuameters to make plot into one of three 
types. They include, a CGM meta file for importation into FRAMEMAKER, a PS 
postscript file that can be printed from the E)G to a postscript printer or other software 
package that can read postscript files, or to an X-window that is automatically opened 
on Data General Aviion Workstations. These devices can be modified or expand^ as 
needed.

Module SPLTID is called by module PLTIFM and makes numerous GKS 
graphics subroutine calls to make graphics files or plots to an X-window screen. The 
module SPLTID performs these functions in the following order

1. Check IDEV type.
2. If IDEV = 1 the plot is drawn to an X-window environment on the DG 

workstation. IMANY plots are made after each stress period. Each successive 
plot will be made by pressing the ENTER key on the terminal keyboard.

3. LF IDEV = 2 then make a postscript file with the file irame beginning with POST 
followed by a suffix representing, tjK, the number of the plot for the 
simulation.

4. If IDEV = 3 then make a CGM meta file with the file name begiiming with 
META followed by a suffix representing, IJK, the number of the plot for the 
Simula tioix.

5. RETURN

/ 

Narrative for Module SPLTlD 

This subroutine sets the variables and parameters to make plot into one of three 
types. They include, a CGM meta file for importation into FRAMEMAKER, a PS 
postscript file that can be printed from the OC to a postscript printer or other software 
package that can read postscript files, or to an X-window that is automatically opened 
on Data General Aviion Workstations. These devices can be modified or expanded as 
needed. 

Module SPLT1D is called by module PLTlFM and makes numerous GI<S 
graphics subroutine calls to make graphics files or plots to an X-window screen. The 
module SPLTlD performs these functions in the following order: 

1. Check IDEV type. 
2. If IDEV = 1 the plot is drawn to an X-window environment on the OC 

workstation. IMANY plots are made after each stress period. Each successive 
plot will be made by pressing .the ENTER key on the terminal keyboard. 

3. If IDEV = 2 then make a postscript~ with the file name beginning with POST 
followed by a suffix representing, !JI<, the number of the plot for the 
simulation. 

4. If IDEV = 3 then make a CGM meta file with the file name beginning with 
META followed by a suffix representing, IJK, the number of the plot for the 
simulation. 

5. RETURN 

\ 
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Flow Chart for Module SPLTID

262

/

IDEV is the device or type of file that the 
plot is written to for plotting or printing. 

If 1DEV=1 the plot is drawn to an 
X-window on the IX^ workstation 
If 1DEV=2 the plot is written to a 
postscript file with the prefix POST 
followed by the plot number 
designated by the variable I]K 
If IDEV=3 the plot is written to a 
CGM meta file vwth the prefix 
META followed by the plot number 
designated by the variable IJK.

k.-,:.:L

, 

Flow Chan for Module SPLTlD 

IDEV is the device or type of file that the 
plot is written to for plotting or printing. 

If IDEV=l the plot is drawn to an 
X-window on the DG workstation 
If IDEV=2 the plot is written to a 
postscript file with the prefix POST 
followed by the plot number 
designated by the variable IJK 
If IDEV=3 the plot is written to a 
CGM meta file with the prefix 
META followed by the plot number 
designated by the variable IJK. 

=3 

\ 

\._.,> 

ENTER 
SPLTlD 

=1 

. MAKE 
X-WINDOW 

PLOT 

5 

RETURN 

MAKE 
POSTSCRIPT 

FILE 

5 

2 

3 

(RETURN) 
4 

MAKE 
CGMMETA 

FILE 

5 

RETURN 
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C
C
c
c
c
c
c
c
c
c
c
c

SUBROUTINE SPLTlOajK, IN, lOUT, IDEV, •)

SETS THE VARIABLES AND PARAMETERS TO MAKE PLOT INTO ONE OF THREE 
TYPES. COM META RLE FOR IMPORTATION INTO FRAME, PS POSTSCRIPT 
FILE THAT CAN BE PRINTED FROM THE DC TO A POSTSCRIPT PRINTER OR 
ON THE SCREEN USING GS (GHOSTSCRIPT), OR THE PLOT CAN BE PLOTTED 
DIRECTLY TO THE DG SCREEN IN X-WINDOWS. THESE DEVICES CAN BE
MODIFIED OR EXPANDED AS NEEDED. 
»»»»»»»»»»»»»»»»»»»»•»»»»»»»»»»»»»»»»»»*»»»»»»»»»»»»»»»»»»»*»»»»

SPECIFICATIONS:

INTEGER LXARG(IO), I_BUF(16), J_BUF(16)

/

c
c
Cl-
c

CHARACTER*6 PSTFIL, MTAFIL 
CHARACTER*2SUFFX

EQUIVALENCE a_BUF(l), PSTRL)

------IF IDEV = 1 THEN MAKE THE PLOT DIRECTLY TO THE X-WINDOW
ENVIRONMENT 

IF (IDEV .EQ.l) THEN 
^.^LXARG(1) = 112

C
a-

I_XARG(2)=1 
I_XARG(3) = 1 
I_XARG(4) = 6 
I_XARG(5) = 6 
I_XARG(6) = 0 
I_XARG(7) = 3 
I_XARG(8) = -1
I_XARG(9) = 0 '
CALL XWNDOW(l,I_XARG,9)

---- IF IDEV = 2 THEN MAKE A POSTSCRIPT FILE
ELSE

, 

SUBROUTINE SPLTlDCTJK, IN, IOUT, IDEV, •) 
C 
C ................................................................ . 

C SETS THE VARIABLES AND PARAMETERS TO MAKE PLOT INTO ONE OF THREE 
C TYPES. CGM META FILE FOR IMPORTATION INTO FRAME, PS POSTSCRIPf 
C FILE THAT CAN BE PRINTED FROM THE ex:; TO A POSTSCRIPf PRINTER OR 
C ON THE SCREEN USING GS (GHOSTSCRIPT), OR THE PLOT CAN BE PLOTTED 
C DIRECTLY TO THE ex:; SCREEN IN X-WINOOWS. THESE DEVICES CAN BE 
C MODIFIED OR EXPANDED AS NEEDED. 
C ........... ........................................... ........... . 

C 
C SPECIFICATIONS: 
C 

C 

C 

C 
C 

INTEGER I_XARG(10), I_BUF(16), J_BUF(16) 

CHARACfER•6 PSTFIL, MTAFIL 
CHARACTER~ SUFFX 

EQUIVALENCE (J_BUF(1), PSTFIL) 

Cl--lF IDEV = 1 THEN MAKE THE PLOT DIRECTLY TO THE X-WINOOW 
C ENVIRONMENT 

C 

IF (IDEV .EQ. 1) THEN 
!'"'v"'I-_XARG(l) = 112 

I_XARG(2) = 1 
I_XARG(3) = 1 
I_XARG(4) = 6 
I_XARG(S) = 6 
I_XARC(6) = 0 

I_XARG(7) = 3 
I_XARG(8) = -1 
I_XARG(9) = 0 
CALL XWNDOW(l,I_XARG,9) 

\ 

C2--IF IDEV = 2 THEN MAKE A POSTSCRIPT FILE 
ELSE - · - · 
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C
C3-

IF(IDEV.EQ.2)THEN 
I_BUF(1) = 5
CALL IOMGR(I_BUE-102)
IFdJK.LT.lO) THEN 
WRITE(SUFFX/ai)') IJK 

ELSE
WRITE(SUFFX/(I2)') IJK 

ENDIF
PSTFIL='P0ST7 /SUFFX
INQUIRE (FILE=PSTHL, EXIST=LOGnL, OPENED=LOGOPN) 
IF(LOGFIL)THEN 
WRITE(IOUX100\
RETURN 1 ^

ENDIF
CALL IOMGR(J_BUF/-103)
I_BUF(1) = 1
CALL IOMGR(I_BUF,-104)
CALL PSCRPT (0,0,0)

—IF IDEV = 3 THEN MAKE A CGM META FILE FOR IMPORT TO FRAME 
ELSE
IF (IDEV .EQ. 3) THEN 
IF(IJK.LT.10)THEN 
WRITE(SUFFX,'ai)') IJK 

ELSE
WRITE(SUFFX,'(I2)') IJK 

ENDIF
MTAHL='META7/SUFFX
INQUIRE (FILE=MTAFIL, EXIST=LOGnL, OPENED=LOGOPN) 
IF(LOGFIL)THEN 
WRITE(IOUT,100)
RETURN!

ENDIF ^
LEN.MTA = STR_LEN(MTAFIL)
CALL CGMBO (MTAFIL(1;LEN_MTA),LEN_MTA,0)
ENDIF

ENDIF

C 

IF (IDEV .EQ. 2) THEN 
I_BUF(l) = 5 
CALL IOMGR(I_BUF,-102) 
IF(IJK.LT.10) THEN 
WRITE(SUFFX,' 01 )') IJl( 

ELSE 
WRITE(SUFFX,' 02)') IJK 

ENDIF 
PSTFIL='POST' I /SUFFX 
INQUIRE (FILE=PSTFIL, EXIST=LOCFIL, OPENED=LOCOPN) 
IF (LOCFIL) THEN 
WRITE(IOUT, 100)'\._-, 
RETURN1 

ENDIF 
CALL IOMGR(J_BUF,-103) 
I_BUF(l) = 1 
CALL IOMGR(I_BUF,-104) 
CALL PSCRPT (0,0,0) 

C3--IF IDEV = 3 THEN MAKE A CGM META FILE FOR IMPORT TO FRAME 
ELSE 
IF (IDEV .EQ. 3) THEN 
IF(IJK.LT.10) THEN 
WRITE(SUFFX,'(11)') IJK 

ELSE 
WRITE(SUFFX,'02)') IJK 

ENDIF 
MTAFIL='META' / /SUFFX 
INQUIRE (FILE=MTAFIL, EXIST=LOCFIL, OPENED=LOCOPN) 
IF (LOCFIL) THEN 
WRITE(IOUT, 100) 
RETURN 1 

END IF 
\ 

LEN_MTA = STR_LEN(MTAFIL) 
CALL CGMBO (MTAFIL(l :LEN_MTA),LEN_MTA,0) 
END IF 

- · • · END IF 
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END IF

100 FORMAT!//*• FILE ALREADY EXISTS**',/) 
C
C4—RETURN 

RETURN 
END

/

END IF 

100 FORMAT(!,'•• FILE ALREADY EXISTS • .,,/) 

C 
C4--RETURN 

RETURN 
END 
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Variable Ran^e

List of Variables for Module

Definition

I_BUF Module DIMENSION (16), Integer array used by GKS graphics subroutine 
lOMGR to prepare postscript file.

IDEV Package Flag for device that the vector plots will be plotted to.
=1 plot will be display^ in an X-window on the DG.
=2 plot will be stored as a postscript file.
=3 plot will be stored as a CGM meta file.

I[K Package Index for plot number.
IN Module Primary unit number from which input for this package will be

read.
lOUT Global Primary imit number for all printed output. lOUT = 6.
I_XARG Module DIMENSION (10), Integer array used by (3KS graphics subroutine 

XWNDOW to prepare X-Wmdow enviroiunght for plotting.
J_BUF Module DIMENSION (16), Integer array used by GKS graphics subroutine 

lOMGR to prepare postscript file.
LEN_MTA Module Length in bytes of meta file name.
LOGFIL Module Temporary file assigned in parameter list for INQUIRE statement.

If LOGFIL exists (representing already existing POST or META 
file) return without writing plot file.

LOGOPN Module Temporary file opened by INQUIRE statement.
"WtAFIL Module Name of ciurent CGM meta file being written.
PSTFIL Module Name of current postscript file being written.

Variable Range Definition of GKS Graphics Subroutines Called bv SPLTl D

CGMBO Module Stores plot information in CGM metafile.
lOMGR Module Sets up and queries I/O environment for graphic output.
PSCRPT Module Stores plot information in postscript file.
XWNDOW Module Sets up X-Window environment for plotting to the screen.

List of Variables for Module 

Variable Definition 
I_BUF 

IDEV 

IJI< 
IN 

IOUT 
I_XARG 

J_BUF 

LEN_MTA 
LOGFIL 

LOGOPN 
MTAFIL 
PSTFIL 

Module DIMENSION (16), Integer array used by GKS graphics subroutine 
IOMGR to prepare postscript file. 

Package Flag for device that the vector plots will be plotted to. 
=1 plot will be displayed in an X-window on the DG. 
=2 plot will be stored as a postscript file. 
=3 plot will be stored as a CGM meta file. 

Package Index for plot numbe . 
Module Primary unit number from which input for this package will be 

read. 
Global Primary unit numb r for all printed output. IOUT = 6. • 
Module DIMENSION (10), Integer array used ~ KS~raphics subroutine 

XWNOOW to prepare X-Window enviro~t for plotting. 
Module DIMENSION (16), Integer array used by GKS graphics subroutine 

IOMGR to prepare postscript file. 
Module Length in bytes of meta file name. 
Module Temporary file assigned in parameter list for INQUIRE statement. 

If LOGFIL exists (representing already existing POST or META 
file) return without writing plot file. 

Module Temporary file opened by INQUIRE statement. 
Module Name of current CGM meta file being written. 
Module Name of current postscript file being written. 

Variable Definition of GKS Graphics Subroutines Called by SPLTI P 

CGMBO Module Stores plot information in CGM metafile. 
IOMGR Module Sets up and queries 1/0 environment for graphic output. 
PSCRPT Module Stores plot information in postscript file. 
XWNDOW Module Sets :up--X-Wmdow environment for plotting to the screen. 

\ 

,, 
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Narrative and Flow Chart of Function STR LEN

This function subprogram calculates the character string length in bytes of labels 
and file names. It is called by modules PLTIFM and SPLTID. It perfoms its tasks in the 
following order

l.Set constants.
2. Calculate exact string length.
3. Return.

CHAR_N is the length in bytes of the 
character string. It resides in a do loop 
that is NBYTE long (specified in 
character declaration statement). The 
do loop subtracts one byte through 
each pass of the loop tmtil CHAR_N is 
the exact length of the string.

/

ENTER ^ 
I STR.LEN J

SET
CONSTANTS

CALCULATE 
STRING LENGTH BY 

SUBTRACTING 1 
BYTE FROM DMITIAL 

CHARACTER STRING 
LENGTH

Narrative and Aow Chart of Function STR LEN 

This function subprogram calculates the character string length in bytes of labels 
and file names. It is called by modules PLTl FM and SPLT1 D. It perfoms its tasks in the 
following order: 

1. Set constants. 
2. Calculate exact string length. 
3. Return. 

CHAR_N is the length in bytes of the 
character string. It resides in a do loop 
that is NBYfE long (specified in 
character declaration statement). The 
do loop subtracts one byte through 
each pass of the loop until CHAR_N is 
the exact length of the string. 

__ ,-

ENTER 
STR_LEN 

SET 
CONSTANTS 

1 

2 

CALCULATE 
STRING LENGTH BY 

SUBTRACTING 1 
BYTE FROM INITIAL 

CHARACTERSTRING 
LENGTH 

YES 

RETURN 
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/

C
C
c
c
c
c
c

c
c
C1-

FUNCnON STR.LEN (STRBUF)
»•****•••****•*•*»•*••»•**••**••**•****••**•*
JOHN C WATSON, SNVCRS, 9/15/88 
DETERMINE THE CHARACTER STRING LENGTH 
»♦*»**»•***•*»***•*•*******•*»•»****••**»**

SPECmCATIONS:

CHARACTER*C) STRBUF 
CHARACTER*! CHAR_N, BLNK

-SET CONSTANTS

C
C2-

BLNK = ''
NBYTE = LEN(STRBUF)

STR_LEN = NBYTE

—DETERMINE EXACT LENGTH OF STRING
DO 100IBYTE = NBYTE, 1, -1 

CHAR_N = STRBUF(IBYTE:IBYTE)
IF (CHAR_N .NE. BLNK .AND. ICHAR(CHAR_N) .NE. 0) RETURN 
STR_LEN = STR_LEN-1 

100 CONTINUE
C
C3- -RETRyN

RETURN
END

FUNCTION STR_LEN (STRBUF) 
C ................................................ . 

C JOHN C. WATSON, SNVCRS, 9/15/88 
C DETERMINE THE CHARACTER STRING LENGTH 
C ............................................. .. 

C 
C SPECIFICATIONS: 
C 

C 
C 

CHARACTER•(•) STRBUF 
CHARACTER•1 CHAR_N, BLNK 

Cl--SET CONSTANTS 

C 

BLNK= II 

NBYfE = LEN(STRBUF) 
STR_LEN = NBYfE 

C2--DETERMINE EXACT LENGTH OF STRING 
DO 100 IBYTE = NBYfE, 1, -1 

CHAR_N = STRBUF(IBYfE:IBYfE) 
IF (CHAR_N .NE. BLNK .AND. ICHAR(CHAR_N) .NE. 0) RETURN 

STR_LEN = STR_LEN-1 
100 CONTINUE 

C 

C3-~ 
RETURN 
END 

\ 
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List of Variables for Function STR LEN

:^i^dat2l£ Ean££ Definition

BLNK Module Null or blank byte.
CHAR.N Module Current string length in bytes.
IBYTE Module Index for bytes.
NBYTE Module Number of bytes initially assigned to character string by 

character dedaration statement.
STRBUF Module Butfer for holding file or label name passed into STR LEN. If 

the file or label are less than the character string length
specified by the character declaration statement then the string 
contains null characters.

STR_LEN Package Exact length of desired character string in bytes.

/

V

y

1:
-

»
f'. \
jV:;

1:'
*

4

V-'

—

-

•

Yarii&ble 

BLNK Module 
CHAR_N Module 
!BYTE Module 
NBYTE Module 

STRBUF Module 

List of Variables for Function STR LEN 

Definition 
Null or blank byte. 
Current string length in bytes. 
Index for bytes. 
Number of bytes initially assigned to character string by 
character declaration statement. 
Buffer for holding file or label name passed into STR_LEN. U 
the file or label are less than the character string length 
specified by the character declaration statement then the string 
contains null characters. 

STR_LEN Package Exact length of desired character string in bytes. 

\ 
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Q ,«*„»*»****»****»♦*********•****•»*****»***•***»*••»<»»•*••*••••**••»•**•**

C MAIN CODE FOR MODULAR MODEL- 7/2/92 
C BY MICHAEL G. MCDONALD AND ARLEN W. HARBAUGH
C modified by Thomas J. Burbey 
C----VERSION 0212 Feb. 18,1994; MAINl
Q *,*****»**»**»♦»*******»**•»************»**••**••»**»*•**»•*»*•***»*»****•»•*»

c 
c 
c

c
c

SPECIHCATIONS:

COMMON X(1200000)
COMMON /FLWCOM/LAYCON(80)
CHARACTER*4 HEADNiG,VBNM
DIMENSION HEADNG(32)A7BNM(4,20),VBVL(4,20),IUNIT(24) 
INTEGER*2 rnMl(28),ITIM2(28)
DOUBLE PRECISION DUMMY 
EQUIVALENCE (DUMMY,X(1))

-SET SIZE OF X ARRAY. REMEMBER TO REDIMENSION X.
LENX=1200000

-ASSIGN BASIC INPUT UNIT AND PRINTER UNIT. 
INBAS=5 
IOUT=6

—DEFINE PROBLEM_ROWS,COLUMNS,LAYERS3TRESS PERIODS,PACKAGES 
CALLBASlDF(ISUM,HEADNG,NPER,ITMUNI,TOTIM,NCOL,NROW,NLAY,
1 NODES,INBAS,IOUT,IUNrr)

C4r^ALLOCATE SPACE IN "X" ARRAY.
CALLBASlAL(ISUM,LENX,LCHNEW,LCHOLD,LCIBOU,LCCR,LCCC,LCCV,

1 LCHCOF,LCRHS,LCDELR,LCDELC,LCSTRT,LCBUFF,LCIOFL,
2 INBAS,ISTRT,NtOL,NROW,NLAY,IOUT)
IF(IUNIT(1).GT.0) CALL BCFl AL(ISUM,LENX,LCSCl,LCHY,

1 LCBOT,LCTOP,LCSC2,LCTRPY,IUNIT(l),ISS,
2 NCOL,NROW,NLAY,IOUT,IBCFCB)

* IF(IUNrr(2).GT.O) CALL WELl AL(ISUM,LENX,LCWELL,MXWELL,NWELLS,

C ................................................................................ . 

C MAIN CODE FOR MODULAR MODEL - 7 /2/92 
C BY MICHAEL G. MCDONALD AND ARLEN W. HARBAUGH 
C modified by Thomas J. Burbey 
C-VERSION 0212 Feb. 18, 1994; MAINl 
C ............................................................................... . 

C 
C SPECIFICATIONS: 
C 

C 
C 

COMMON X(1200000) 
COMMON /FLWCOM/LAYCON(80) 
CHARACTER•4 HEADN_G,~NM ' 
DIMENSION HEADNG(32r,VBNM(4,20),VBVL(4,20),IUNIT(24) 
INTEGER~ ITIMl (28),ITIM2(28) 
DOUBLE PRECISION DUMMY 
EQUIVALENCE (DUMMY,X(l)) 

Cl--SET SIZE OF X ARRAY. REMEMBER TO REDIMENSION X. 
LENX=1200000 

C 
C2-ASSIGN BASIC INPUT UNIT AND PRINTER UNIT. 

t--./--c 

INBAS=S 
IOUT=6 

C3--DEFINE PROBLEM_ROWS,COLUMNS,LAYERS,5TRESS PERIODS,PACKAGES 
CALL BASl DF(ISUM,HEADNG,NPER,ITMUNI,TOTIM,NCOL,NROW,NLAY, 
1 NODES,INBAS,IOUT,IUNIT) 

C 
C4::.:~_-ALLOCATE SPACE IN "X" ARRAY. 

CALL BAS1AL(ISUM,LENX,LCHNEW,LCHOLD,LCIBOU,LCCR,LCCC,LCCV, 
1 LCHCOF,LCRHS,LCDELR,LCDELC, CSTRT,LCBUFF,LCIOFL, 
2 INBAS,ISTRf,N OL,NROW,NLAY,IOUT) 
IF(IUNIT(l).GT.0) CALL BCF1AL(ISUM,LENX,LCSC1,LCHY, 

1 LCBOT,LCTOP,LCSC2,LCTRPY,IUNIT(1 ),ISS, 
2 NCOL,NROW,NLAY,IOUT,IBCFCB) 

- -IF(IUNIT(2).GT.0) CALL WELl AL(ISUM,LENX,LCWELL,MXWELL,NWELLS, 
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s

1 IUNIT(2),IOUT,IWELCB)
IF(IUNIT(3).GT.O) CALL DRNl AL(ISUM,LENX,LCDRAI,NDRAIN,MXDRN,

1 njNrr(3),IOLJXIDRNCB)
EF(IUNIT(8).GT.O) CALL RCHl AL(ISUM,LENX,LaRCH,LCRECH,NRCHOP,

1 NCOL,NROWJUNlT(8LIOUT,IRCHCB)
IF(ILrNIT(5).GT.O) CALL EVTl AL(ISUM,LENX,LCffiVT,LCEVTR,LCEXDP,

1 LCSURF,NCOUNROW,NEVTOP,IUNIT(5),IOLrr,IEVTCB)
IF(IUNIT(4).GT.O) CALL RTVl AL(ISUM,LENX,LCRIVRA1XRIVR,NRIVER,

1 IUNIT(4),IOUXIRIVCB)
IF(IUNIT(13).GT.O) CALL STRl AL(ISUM,LENX,LCSTRM,ICSTRM,MXSTRM,

1 NSTREM,IUNIT(13),IOUXISTCBl,ISTCB2,NSS,NTRIB,
2 NDIV,ICALC,CONST,LCTBAR,LCTRIB,LCIVAR,LCFGAR) 

IF(IUNIT(7).GT.O) CALL GHBl ALaSUM,L.ENX,LCBNDS,NBOLrND,MXBND,
1 IUNIT(7),I0UXIGHBCB)
IF(IUNrr(9).GT.O) CALL SIPl AL(ISUM,LENX,LCEL,LCFL,LCGL,LCV,

1 LCHDCG,LCLRCH,LCW,MXITER,NPARM,NCOL,NROW,NLAY,
2 IUNIT(9),IOUT)
IFOUNmiD.GT.O) CALL SORl ALaSUM,LENX,LCA,LCRES,LCHDCG,LCLRCH, 

1 LaEQP,MXITER>JCOL,NLAXNSLICE,MBW,njNIT(ll ),IOUT)
IF(ILINIT(14).GT.O) CALL PCG2AL(ISUM,LENX,LCV,LCSS,LCP,LCCD,

1 LCHCHG,LCLHCH,LCRCHG,LCLRCH,MXITER,ITERl,NCOL,NROW,NLAX
2 ILrNIT(14),IOLJXNPCOND)

if(iunit(15).gt.O) call qbklal(isum,lenx,lcqbx,lcqby,lcqbz,lcrat,
1 lcbase,lcqsnrf,lcdell,ncol,nrow,nlay,iimit(l 5),iout,
2 ^ jqbkoc,lciact,iqbtyp4cspx,lcspy,lcspz,lcqx,lcqy,lcqz,
3 lchss,iqbss)

if(iunit(17).gt.O) call usllal(ismn,lenx,lcusb<,lcvislyjcuslz,
1 lcstmz,lcps,ncoLnrow,nlay,ntnax,lcumag,iunit(17),
2 iout,iusloc,kunit4csse,lcssv4cstmx4cstmy,lcvstm,
3 lctran,l$hc,lcssk,lcuoldx,lcuoldy4cuoldz,istep,xdose, 

iostp,lctempx,lctempy,lctempz,tclose,lcux,lcuy,lcuz)
if(iunit(16).gt.O) call pltlal(isum,lenx,lcxang,lcyang,lczang,'

1 lcxmax,lcymax,lczmax,iplotv,iinahy,ldpxy,lcitype,ncol,nrow,
2 nlay4unit(l 6),iout,idev,i vec,lcxcntr,lcycntr,lczcntr,
3 ldstr,nper)

IF (IUNTT(19).GT.O) CALL IBSl AL(ISUM,LENX,LCHC,LCSCE,LCSCV,
1 LCSUB,NCOL,NROW,NLAY,IIBSCB,nBSOC,ISS,IUNlT(19),IOUT)

1 IUNIT(2),IOUT,IWELCB) 
IF(IUNIT(3).GT.0) CALL DRNIAL(ISUM,LENX,LCDRAI,NDRAIN,MXDRN, 

1 IUNIT(3),IOUT,IDRNCB) 
IF(IUNIT(B).GT.0) CALL RCHIAL(ISUM,LENX,LCffi.CH,LCRECH,NRCHOP, 

1 NCOL,NROW,IUNIT(8),IOUT,mCHCB) 
IF(IUNIT(S).GT.0) CALL EVTl AL(ISUM,LENX,LCIEVT,LCEVrR,LCEXDP, 

1 LCSURF,NCOL,NROW,NEVTOP,IUNIT(S),IOUT,IEVTCB) 
IF(IUNIT(4).GT.0) CALL RIVIAL(ISUM,LENX,LCRIVR,MXRIVR,NRNER, 

1 IUNIT(4},IOUT,IRIVCB) 
IF(IUNIT(13).GT.0) CALL STR1AL(ISUM,LENX,LCSTRM,ICSTRM,MXSTRM, 

1 NSTREM,IUNIT(13),IOUT,ISTCB1 ,ISTCB2,NS.S,NTRIB, 
2 NDIV,ICALC,CONST,LCTBAR,LCTRIB,LCN:AR,LCFGAR) 
IF(IUNIT(7).GT.0) CALL GHB1AL(ISUM,1::ENX,LCBNDS,NBOUND,MXBND, 

1 IUNIT(7),IOUT,IGHBCB) 
IF(IUNIT(9).GT.0) CALL SIPlAL(ISUM,LENX,LCEL,LCFL,LCGL,LCV, 
1 LCHDCG,LCLRCH,LCW,MXITER,NPARM,NCOL,NROW,NLAY, 
2 llJNIT(9),IOUT) 
IF(IUNIT(l 1).GT.0) CALL SORlAL(ISUM,LENX,LCA,LCRES,LCHDCG,LCLRCH, 
1 LCIEQP,MXITER,NCOL,NLAY,NSLICE,MBW,IUNIT(ll ),IOUT) 

IF(IUNIT(14).GT.0) CALL PCG2AL(ISUM,LENX,LCV,LCSS,LCP,LCCD, 
1 LCHCHG,LCLHCH,LCRCHG,LCLRCH,MXITER,ITERl,NCOL,NROW,NLAY, 
2 IUNIT(14),IOUT,NPCOND) 
if(iunit(15).gt.O) call qbklal(isum,lenx,lcqbx,lcqby,lcqbz,lcrat, 

1 lcbase,lcqsurf,lcdell,ncol,nrow,nlay,iunit(lS),iout, 
2 ·qbkoc,lciact,iqbtyp,lcspx,lcspy,lcspz,lcqx,lcqy,lcqz, 

.... 
3 lchss,iqbss) 

if(iunit(l 7).gt.0) call usllal(isum,lenx,lcuslx,lcuslyJcuslz, 
1 lcstmz,lcps,ncol,nrow,nlay,nmax,lcumag,iunit(17), 
2 iout,iusloc,kunit,lcsse,lcssv,lcstmx,lcstmy,lcvstm, 
3 lctran~hc,lcssk,lcuoldx,lcuoldy,lcuoldz,istep,xdose, 

iostp,lctempx,lctempy,lctempz,tdose,lcux,lcuy,lcuz) 
if(iunit(l 6 ). gt.O) call pltl al(isum,lenx,lcxang,lcyang,lczang,' 

1 lcxmax,lcymax,lczmax,iplotv,imany,lclpxy,lcitype,ncol,nrow, 
2 nlay,iunit(16),iout,idev,ivec,lcxrntr,lcyrntr,lczcntr, 
3 lcistr,nper) 

IF (IUNIT(19).GT.O) CALL IBSIAL(ISUM,LENX,LCHC,LCSCE,LCSCV, 
1 LCSUB,NCOL,NROW,NLAY,IIBSCB,IIBSOC,15.S,IUNIT(l9),IOUT) 
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EF(IUNIT(21).GT.O) CALL HYD3AL(1SUM,LENX,LCHYD3,NHYD3,IHYD3UN, 
1 IUNIT(21)J0Lrr)

IF(ILINIT(22).GT.O) CALL TLK2AL(ISUM,LENX,NUMCNCOL,NROW,NLAY,
1 LCRAT,LCZCB,LCTLK,LCTL,LCSLU,LCSLD,LCAA,LCBB,LCALPH,
2 LCBET,LCRMLLCRM2,LCRM3,LCRM4,NODESl,NMl,NM2,
3 NTMLITLKSV,ITLKRS,IUNrr(22),IOlJT,ITLKCB)

C5-----IF THE "X" ARRAY IS NOT BIG ENOUGH THEN STOP.
IF(ISUM-1.GT.LENX) STOP 

C
C6-----READ AND PREPARE INFORMATION FOR ENTIRE SIMULATION.

CALLBASlRP(X(LCIBOU)^(LCHNEW),XaCSTRT)^aCHOLD),
1 ISTRT,INBAS,HEADNG,Nc6L;NROW,NLAY,NODES,VBVL,X(LCIOFL),
2 IUNrm2),IHEDFM,IDDNFM,IHEDUN,IDDNUN,IOUT) 
IF(IUNIT(l).GT.O) CALL BCFlRP(X(LCIBOU),X(LCHNEW),X(LCSCl),

1 XaCHY),X(LCCR)^aCCC)^aCCV),X(LCDELR),
2 XaCDELC),XaCBOT),XaCTOP),XaCSC2);<(LCTRPY),
3 IUNIT(1),ISS,NC0L;^IR0W,NLAXN0DES,I0UD 

IF(IUNIT(9).GT.O) CALL SIP1RP(NPARM,MXITER,ACCL,HCL0SE,X(LCW),
1 IUNIT(9),IPCALC,IPRSIPI0UT)
IF(IUNIT(ll).GT.O) CALL SORlRP(MXITER,ACCL,HCLOSE,IUNIT(ll),

1 IPRSOR,IOUT)
IF(IUNIT(14).GT.O) CALL PCG2RP(MXITER,rrERLHCLOSE,RCLOSE,

1 NPCOND,NBPOL4lELAX,IPRPCG,IUNIT(14),IOUXMUTPCG,
_ ;. NITER)

if(iunit(15).gt.O) call qbklrp(x(lcqbx),x(lcqby),x(lcqbz),
1 xQcrat),xQcbase),xOcqsurf),nodes,ncol,nrow,nlay,
2 iunitd 5),ioutpcGdact),xGcibou),iqbkoc,iqbkfin,iqbicun,
3 xGcdelc)pcGcdelr),xGcdell),xGctop),x(lcbot),xGchnew)) 
ifGunit(17).gt.O) call usllrp(xGcusb<),xGcusly),xGcuslz),

1 xGcstmx),xGcstmy)AGcstmz),x(lcps)pcGcsse)p(Gcssv),
2 nodes,ncol,nrow^y,iunit(17)4out,iusloc,
3 nmagfm,nusxfm,niisyfin,nusifm,nmagun,nusxun,nusyun,nuszun,
4 nvstfm^vstun^Gcvstm),xGctran),ninax) 
ifGunit(16).gt.O) call pltlrp(iplotv,xGcitype),x(lclpxy),

1 imanyiunitd 6),iout,ide v,xGcistr),nper,kpe)
IF(IUNrr(19).GT.O) CALL IBSlRP(XO.CDELR);<a.CDELC);<(LCHNEW),

...

IF(IUNIT(21).GT.O) CALL HYD3AL(ISUM,LENX,LCHYD3,NHYD3,IHYD3UN, 
1 JUNIT(21),IOUT) 

IF(JUNIT(22).GT.O) CALL TLK2AL(ISUM,LENX,NUMC,NCOL,NROW,NLAY, 
1 LCRAT,LCZCB,LCTLK,LCTL,LCSLU,LCSLD,LCAA,LCBB,LCALPH, 
2 LCBET,LCRM1,LCRM2,LCRM3,LCRM4,NODES1,NM1,NM2, 
3 NTMl,ITLI<SV,ITLKRS,JUNIT(22),IOUT,ITLKCB) 

C 
CS--IF THE ''X" ARRAY IS NOT BIG ENOUGH THEN STOP. 

IF(ISUM-1.GT.LENX) STOP 

C 
C6-READ AND PREPARE INFORMATION FOR ENTIRE SIMULATION. 

CALL BASlRP()((LCIBOU),X(b~ HNEW),X(LCSTRf),X(LCHOLD), 
ISTRT,INBAS,HEADNG,NCOL.,NROW,NLAY,NODES,VBVL,X(LCIOFL), 

2 JUNIT(12),IHEDFM,IDDNFM,IHEDUN,IDDNUN,IOUT) 
IF(IUNIT(l).GT.O) CALL BCF1RP(X(LCIBOU),X(LCHNEW),X(LCSC1), 

1 X(LCHY),X(LCCR),X(LCCC),X(LCCV),X(LCDELR), 
2 X(LCDELC),X(LCBOT),X(LCTOP),X(LCSC2),X(LCTRPY), 
3 IUNIT(l),ISS,NCOL,NROW,NLAY,NODES,IOUT) 

IF(IUNIT(9).GT.O) CALL SIPlRP(NPARM,MXITER,ACCL,HCLOSE,X(LCW), 
1 IUNIT(9),IPCALC,IPRSIP,IOUT) 
IF(IUNIT(ll ).GT.O) CALL SORl RP(MXITER,ACCL,HCLOSE,IUNIT(l 1 ), 

1 IPRSOR,IOUT) 
IF(IlJNIT(l 4).GT.O) CALL PCG2RP(MXITER,ITER 1,HCLOSE,RCLOSE, 

1 NPCOND,NBPOL,RELAX,IPRPCG,IUNIT(14),IOUT,MUTPCG, 
NITER) 

if(iuni t(l 5). gt.O) call q bk 1 rp(x(Icq bx) ,x(Icq by) ,x(Icq bz), 
1 xOcra t) ,xOcbase) ,x(lcqsurO ,nodes,ncol,nrow,nla y, 
2 iunit(15),iout,x0ciact),x0dbou),iqbkoc,iqbkfm,iqbkun, 
3 xOcdelc) ,xOcdelr) ,x(lcdell) ,xOctop) ,x(lcbot) ,xOchnew)) 

if(i~_ill7).gt.O) call usllrp(x(lcuslx),x(lcusly),x(lcuslz), 
1 xOcstmx),xOcstrny),xOcstmz),x(lcps),x(lcsse),x(lcssv), 
2 nodes,ncol,nrow,nlay,iunit(l 7),iout,iusloc, 
3 nmagfm,nusxfm,nusyfm,nus'zfm,nmagun,nusxun,nusyun,nuszun, 
4 n vstfm,nvstun,x(lcvstrn) ,x(lctran) ,nmax) 
if(iunit(16).gt.O) call pltlrp(iplotv,xOcitype),x(lclpxy), 

1 imany,iunit(16),iout,idev,x(lcistr),nper,kpe) 
IF(IUNIT(19).GT.O) CALL IBSlRP()((LCDELR),X(LCDELC),X(LCHNEW), 
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1 xaCHC),XaCSCE),xaCSCV)^(LCSUB),NCOL,NROW,NLAY,
2 NODES,nBSOC,ISUBFM,ICOMFM,IHCFM,ISUBUN,ICOMUN,IHCUN,
3 IUNIT(19),IOUT)

IF(IUNIT(22).GT.O) CALL TLK2RP(X(LCRAT),X(LCZCB),
1 XaCRMl)^(LCRM2)^aCRM3)^(LCRM4),
2 X(LCAAa(LCBB)^(LCBUFF);<(LCALPH)^(LCBET),
3 NROW,NCOL,NUMC,NODESl,NMl,NM2,NTMl,rrLKRS^aCDELC),
4 X(LCDELR),TOTIM,DELTMl,IUNIT(22),IOLJT)

IF(IUNIT(21).GT.O) CALL HYD3RP(X(LCHYD3),NHYD3,NUMH,IHYD3LIN,
1 XaCDELR)^(LCDELC),NCOUNROW,M-AY,LCHNEW,LCSUB,
2 LCHC,IUNIT(21),IOUT)

C '
c-----WRITE STARTING HYDRCX3RAPH RECOfeO

IF(IUNIT(21).GT.O) CALL HYD30T(X,ISUM,XaCHYD3),NUMH,
1 IHYD3UN,0.0)

C
C7---- SIMULATE EACH STRESS PERIOD.

DO300KPER=LNPER
KKPER=KPER

C
nbulk=0
if(itmit(15).gt.O) call qbklst(x(lchss)^Odbou)A(lctran),

1 xOchy)AOccv)pcOctop),x(lcbot),xQcdell)pcflcdelr),
2 xOcdelc),ncol,nrow,nlay,xOcspx),xOcspy),xOcspz),
3 xQcqx),x(lcqy),x0cqz)4unit(l 5),iout,iqbss) 

c
C7A----READ STRESS PERIOD TIMING INFORMATION.

CALLBASlST(NSTP,DELT,TSMULT,PERTIM,KKPER.INBAS,IOUT)
C
C7B-—READ /^ PREPARE (formulate) INFORMATION FOR STRESS PERIOD. 

IF(IUNIT(2).GT.O) CALL WELlRP(XaCWELL),NWELLS,MXWELUUNIT(2),
2 X(LCAA);<(LCBB)4CaCIBOU)^aCALPH),X(LCBET),
3 NROW,NCOL,NLAY,NLJMC,DELT,TOTIM,DELTML
4 NM1,NM2,NTM1,IUN1T(22),I0UT)

C
C7C2—ITERATIVELY FORMULATE AND SOLVE THE EQUATIONS.

DO 100 KTTERfLMXITER

/ 

1 X(LCHC),X(LCSCE),X(LCSCV),X(LCSUB),NCOL,NROW,NLAY, 
2 NODES,IIBSOC,ISUBFM,ICOMFM,IHCFM,ISUBUN,ICOMUN,IHCUN, 
3 rtJNIT(19),IOUT) 

IF(rtJNIT(22).GT.0) CALL TLK2RP(X(LCRAT),X(LCZCB), 
1 X(LCRM1),X(LCRM2),X(LCRM3),X(LCRM4), 
2 X(LCAA),X(LCBB),X(LCBUFF),X(LCALPH),X(LCBET), 
3 NROW,NCOL,NUMC,NODES1,NM1,NM2,NTM1,ITLKRS,X(LCDELC), 
4 X(LCDELR),TOTIM,DELTM1,rtJNIT(22),IOUT) 
1F(IUNIT(21).GT.0) CALL HYD3RP(X(LCHYD3),NHYD3,NUMH,IHYD3UN, 

1 X(LCDELR),X(LCDELC),NCOL,NROW,NLAY,LCHNEW,LCSUB, 
2 LCHC,IUNIT(21),IOUT) 

C -
C -WRITE STARTING HYDROGRAPH ~OORD 

IF(rtJNIT(21 ).GT.0) CALL HYD3OT(X,ISUM,X(LCHYD3),NUMH, 
1 IHYD3UN,0.O) 

C 
C7-SIMULATE EACH STRESS PERIOD. 

C 

C 

DO 300 KPER=l,NPER 
KKPER=KPER 

nbulk=O 
if(iunit(15).gt.O) call qbklst(x(lchss),x(ldbou),x(lctran), 

1 x0chy),x0ccv),x0ctop),x(lcbot),x0cdell),x(lcdelr), 
2 x(Icdelc) ,ncol,nrow,nlay,xOcspx) ,x(lcspy) ,x(lcspz), 
3 x(lc x.),x(Icqy),x0cqz),iunit(15),iout,iqbss) 

C7 A-READ STRESS PERIOD TIMING INFORMATION. 
CALL BASlST(NSTP,DELT,TSMULT,PERTIM,KKPER,INBAS,IOUT) 

C 
C7B-READ AND _PREPARE (formulate) INFORMATION FOR STRESS PERIOD. 

IF(rtJNIT(2).GT.O) CALL WEL1RP(X(LCWELL),NWELLS,MXWELL,IUNIT(2), 
2 X(LCAA),X(LCBB),X(LCIBOU),X(LCALPH),X(LCBETY, 
3 NROW,NCOL,NLAY,NUMC,DELT,TOTIM,DELTMl, 
4 NM1,NM2,NTM1,IUNIT(22),IOUT) 

C 
C7C2-ITERATIVELY FORMULATE AND SOLVE THE EQUATIONS. 

DO 100 KITERi:J,MXITER 
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KKITER=KmER

C7C2A—FORMULATE THE FINITE DIFFERENCE EQUATIONS.
CALL BASlFM(X(LCHCOF);<(LCRHS),NODES)
IFdUNTTdl.GT.O) CALL BCFlFM(X(LCHCOF);((LCRHS)^(LCHOLD).

1 XaCSCl),X(LCHNEW),X(LCIBOU)^(LCCR)^aCCC)^aCCVL
2 X(LCHY)^(LCTRPY)PC(LCB0T)^(LCIDP),X(LCSC2),
3 XaCDELRaaCDELC),DELT,ISS,KIOTER,KKSTP,KKPER,NCOL,
4 NROW,NLAY,IOUT)

IF(IUNIT(2).GT.O) CALL WEL1FM(NWELLS,MXWELL,X(LCRHS),X(LCWELL),
1 XaCIBOU),NCOL,NROW,NLAY)
IF(IUNIT(3).GT.O) CALL DRN1FM(NDRAIN,MXDRN,X(LCDRAD,X(LCHNEW), 

1 X(LCHCOF)*X(LCRHS),X(LCIBOU),NCOL,NROW,NLAY)
IF(IUNIT(8).GT.O) CALL RCHlFM(NRCHOPAaCIRCH)^(LCRECH),

1 XaCRHS),X(LCIBOU),NCOL,NROW,NLAY)
IF(IUNIT(5).GT.O) CALL EVT1FM(NEVT0P^(LCIEVT)^(LCEVTR),

1 XaCEXDP),X(LCSURF),XaCRHS),X(LCHCOF),X(LCIBOU),
1 X(LCHNEW),NCOUNROW,NLAY)
IF(IUNIT(4).GT.O) CALL RIV1FM(NRIVER,MXRIVR,X(LCRIVR),X(LCHNEW),

1 XaCHCOF);(aCRHS)^(LCIBOU),NCOL,NROW,NLAYI
IF(IUNIT(13).GT.O) CALL STRlFM(NSTREM,X(LCSTRM)^aCSTRM),

1 X(LCHNEW)^aCHCOF)^aCRHS)^aCIBOU),
2 MXSTRM,NCOL,NROW,NLAY,IOUT,NSS,X(LCTBAR),
3 NTRIB,X{LCTRIB),X(LCIVAR),XaCFGAR),ICALC,CONST) 

IF(IUNIT(7).GT.O) CALL GHBlFM(NBOUND,MXBND^(LCBNDS),X(LCHCOF),
1 XaCRHS),X(LCIBOU),NCOL,NROW,NLAY)
IF(IUNIT(19).GT.O) CALL IBSlFM(XaCRHS)^(LCHCOF),X(LCHNEW),

1 X(LCHOLD);({LCHC)^(LCSCE),X(LCSCVa(LCIBOU),
2 NCOL,NROW,NLAY,DELT)

IF(IUNIT(22).GT.O) CALL TLK2FM(X(LCTL)^(LCTLK)^(LCSLU),X(LCSLD),
1 XaCCV),X(LCHCOF),X(LCRHS),NROWjSlCOL^^XNUMC,
2 XaCIBOU)^aCRAT))

C7C2B—MAKE ONE CUT AT AN APPROXIMATE SOLUTION.
IF(IUNIT(9).GT.O) CALL SIPl AP(X(LCHNEWLX(LCIBOU)A(LCCR),X(LCCC),

1 X(LCCV);«LCHCOF),XaCRHS);(aCEL),X(LCFL)A(LCGL)P<aCV),
2 X(LCW),XaCHDCG),X(LCLRCH),NPARM,KKITER,HCLOSE,ACCL,ICNVG,

.i'/ 

,--"' 

KKITER=KITER 
C 
C7C2A-FORMULATE THE Fil\i1TE DIFFERENCE EQUATIONS. 

C 

CALL BASlFM(X(LCHCOF),X(LCRHS),NODES) 
IF(IUNIT(l).GT.O) CALL BCFlFM(X(LCHCOF),X(LCRHS),X(LCHOLD), 

1 X(LCSCl),X(LCHNEW),X(LCIBOU),X(LCCR),X(LCCC),X(LCCV), 
2 X(LCHY),X(LCTRPY),X(LCBOT),X(LCIOP),X(LCSC2), 
3 X(LCDELR),X(LCDELC),DELT,15.5,KKITER,KKSTP,KKPER,NCOL, 
4 NROW,NLAY,IOUT) 
IF(IUNIT(2).GT.0) CALL WELlFM(NWELLS,MXWELL,X(LCRHS),X(LCWELL), 

1 X(LCIBOU),NCOL,NROW,NLAY) 
IF(IUNIT(3).GT.0) CALL DRNlFM(NDRAIN,MXDRN,X(LCDRAD,X(LCHNEW), 

1 X(LCHCOF)~CRHS),X(LCIBOU),NCOL,NROW,NLA Y) 
IF(IUNIT(8).GT.0) CALL RCHl FM(NRCHOP,X(LCIRCH),X(LCRECH), 

1 X(LCRHS),X(LCIBOU),NCOL,NROW,NLAY) 
IF(IUNIT(S).GT.0) CALL EVTlFM(NEV'IDP,X(LCIEVT),X(LCEVTR), 

1 X(LCEXDP),X(LCSURF),X(LCRHS),X(LCHCOF),X(LCIBOU), 
1 X(LCHNEW),NCOL,NROW,NLAY) 
IF(IUNIT(4).GT.0) CALL RIVlFM(NRIVER,MXRIVR,X(LCRIVR),X(LCHNEW), 

1 X(LCHCOF),X(LCRHS),X(LCIBOU),NCOL,NROW,NLAY) __ 
IF(IUNIT(l3).GT.0) CALL STRlFM(NSTREM,X(LCSTRM),XOCSTRM), 

1 X(LCHNEW),X(LCHCOF),X(LCRHS),X(LCIBOU), 
2 MXSTRM,NCOL,NROW,NLAY,IOUT,NSS,X(LCIBAR), 
3 NTRIB,X(LCTRIB),X(LCIVAR),X(LCFGAR),ICALC,CONST) 

IF(IUNIT(7).GT.0) CALL GHBlFM(NBOUND,MXBND,X(LCBNDS),X(LCHCOF), 
1 X(LCRHS),X(LCIBOU),NCOL,NROW,NLAY) 
IF(IUNIT(l 9).GT.0) CALL IBSl FM(X(LCRHS),X(LCHCOF),X(LCHNEW), 

1 X(LCHOLD),X(LCHC),X(LCSCE),X(LCSCV),X(LCIBOU), 
2 NCOL,NROW,NLAY,DELT) 

1 
2 

IF(IUNIT(22).GT.0) CALL TLK2FM(X(LCTL),X(LCTLK),X(LCSLU),X(LCSLD), 
X(LCCV),X(LCHCOF),X(LCRHS),NROW,NCOL,NLAY,NUMC, 
X(LCIBOU),X (LCRAT)) 

\ 

C7C2B-MAKE ONE CUT AT AN APPROXIMATE SOLUTION. 
IF(IUNIT(9).GT.0) CALL SIPl AP(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,KI<ITER,HCLOSE,ACCL,1CNVG, 
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3 KKSTP,KKPER,IPCALCIPRSIP,MXITER,NSTP,NCOL,NROW,NLAY,NODES,
4 lOUD
IF(IUNIT(ll).GT.O) CALL SORl AP(X(LCHNEW),X(LCIBOU)^(LCCR).

1 XaCCC),X(LCCV)^(LCHCOF)^(LCRHS),X(LCA)^aCRES)^aCIEQP),
2 XaCHDCG),X(LCLRCH),KKITER,HCLOSE,ACCL,ICNVG,KKSTP,KKPER,
3 IPRSOR,MXITER,NSTP,NCOL,NROW,NLAY,NSUCE,MBWJOUT) 

IF(IUNrra4).GT.O) call PCG2AP(X(LCHNEW)^aCIBOU)^(LCCR),
1 X(LCCC),X(LCCV)^(LCHCOF),X(LCRHS)^(LCVU(LCSS),X(LCP),
2 X(LCCD)^(LCHCHG),X(LCLHCH)^(LCRCHG),X(LCLRCH),KKITER,
3 NITER,HCLOSE,RCLOSE,ICNVG,KKSTP,KKPER,IPRPCG,MXITER,ITERl,
4 NPCOND,NBPOL,NSTP,NCOL,NROW,NLAXNODES,RELAXJOUXMUTPCG)

C7C2C—1F CONVERGENCE CRITERION HAS BEEN MET STOP ITERATING. 
IF(ICNVG.EQ.l) GO TO 110 

100 CONTINUE 
KITFR=MXITER 

110 CONTINUE 
C
C7C3—DETERMINE WHICH OUTPUT IS NEEDED.

CALL BASlOC(NSTP,KKSTP,ICNVG^(LCIOFL),NLAY,
1 IBUDFL,ICBCFL,IHDDFL,IUNIT(12),IOUT)

C
C7C4—CALCULATE BUDGET TERMS. SAVE CELL-BY-CELL FLOW TERMS. 

MSUM=1
IF(IUNIT(22).GT.O) CALL TLK2BD(XaCHNEW)^aCTLK)^(LCTL),

1 X(LCSLU);<(LCSLD),X(LCRAT),X(LCCV),VBNM,VBVL^aCIBOU),
2 MSUM,NUMC,NCOL,NROW,NLAYDELXKSTPKPER,ITLKCB,ICBCFL,
3 XaCBUFFUOUT)

IF(IUNIT(1).GT.0) CALL BCF1BD(VBNM,VBVL,MSUM^(LCHNEW),
1 X(LCIBOU);((LCHOLD),X(LCSCl)^(LCCRU(LCCCaaCCV),
2 X(LCTOP)A(LCSC2),DELT4SS,NCOL,NROW,NLAY,KKSTP,KKPER,
3 IBCFCB,ICBCFL,XaCBU^),IOUT)

S ^1F(IUNIT(2).GT.0) CALL WeLiBD(NWELLS,MXWELUVBNM,VBVL,MSUM,
1 X(LCWELL),X(LCIBOU),DELT,NCOL,NROW,NLAY,KKSTP,KKPERTWELCB,
2 ICBCFL^(LCBUFF),IOUT)

IF(IUNIT(3).GT.O) CALL DRN1BEXNDRAIN,MXDRN,VBNM,VBVL,MSUM,
1 X<LCDRAI),DELTX(LCHNEW),NCOL,NROW,NLAY,XaCIBOU),KKSTP,

, 

3 KI<STP,KKPER,IPCALC,IPRSIP,MXITER,NSTP,NCOL,NROW,NLAY,NODES, 
4 IOUT) 
IF(IUNIT(l l ).GT.O) CALL SORl AP(X(LCHNEW),X(LCIBOU) ,X(LCCR), 

1 X(LCCC),X(LCCV),X(LCHCOF),X(LCRHS),X(LCA),X(LCRES),X(LCIEQP), 
2 X(LCHOCG),X(LCLRCH),KKITER,HCLOSE,ACCL,ICNVG,KKSTP,KKPER, 
3 IPRSOR,MXITER,NSTP,NCOL,NROW,NLAY,NSLICE,MBW,IOUT) 

IF(IUNIT(14).GT.0) CALL PCG2AP(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,KI<STP,KI<PER,IPRPCG,MXITER,ITER1, 
4 NPCOND,NBPOL,NSTP,NCOL,NROW,NLAY,NODES,RELAX,IOUT,MUTPCG) 

C - • 

C7C2C-IF CONVERGENCE CRITE~~ HAS BEEN MET S10P ITERATING. 

C 

IF(ICNVG.EQ. l) GO 10 110 
100 CONTINUE 

KITER=MXITER 
110 CONTINUE 

C7C3--DETERMINE WHICH OUTPUT IS NEEDED. 

C 

CALL BASIOC(NSTP,KI<STP,ICNVG,X(LCIOFL),NLAY, 
1 IBUDFL,ICBCFL,IHDDFL,IUNIT(12),IOlIT) 

C7C4-CALCULATE BUDGET TERMS. SAVE CELL-BY-CELL FLOW TERMS. 
MSUM=l 

t---,-/ IF(IUNIT(22).GT.O) CALL TLK2BD(X(LCHNEW),X(LCTLK),X(LCTL), 
1 X(LCSLU),X(LCSLD),X(LCRAT),X(LCCV),VBNM,VBVL,X(LCIBOU), 
2 MSUM,NUMC,NCOL,NROW,NLAY,DELT,KSTP,KPER,ITLKCB,ICBCFL, 
3 X(LCBUFF),IOUT) 
IF(IUNIT(l).GT.O) CALL BCF1BD(VBNM,VBVL,MSUM,X(LCHNEW), 

1--X(LCIBOU),X(LCHOLD),X(LCSC1),X(LCCR),X(LCCC),X(LCCV), 
2 X(LCIOP),X(LCSC2),DELT,ISS,NCOL,NROW,NLAY,KI<STP,KKPER, 
3 IBCFCB,ICBCFL,X(LCBUFF),IOUT) 

\ . 
' (IUNIT(2).GT.0) CALL WEL1BD(NWELLS,MXWELL,VBNM,VBVL,MSUM, 

1 X(LCWELL),X(LCIBOU),DELT,NCOL,NROW,NLAY,KKSTP,KI<PER,IWELCB, 
2 ICBCFL,X(LCBUFF),IOUT) 
IF(IUNIT(3).GT.0) CALL DRN1 BD(NDRAIN,MXDRN, VBNM,VBVL,MSUM, 

1 :)((l.CDRAI),DELT,X(LCHNEW),NCOL,NROW,NLAY,X(LCIBOU),KI<STP, 
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/

2 KKPER^RNCB,ICBCFL^(LCBUFF),IOUT)
IF(IUNIT(8).GT.O) CALL RCHlBD(NRCHOP,X(LCIRCH),X(LCRECH),

1 X(LCIBOU),NROWJ>JCOL,NLAXDELT,VBVL,VBNM,MSUM,KKSTP,KKPER,
2 IRCHCB,ICBCFL,X(LCBUFF),IOUT)

IF(ILINrr(5).GT.O) CALL EVT1BD(NEVT0P^(LCIEVT),X(LCEVTR),
1 X(LCEXDP)^(LCSURF);((LCroOU)^(LCHNEW),NCOL,NROW,NLAY,
2 DELT,VBVL,VBNM,MSLfM^KSTP,KKPER,IEVTCB,ICBCFL^(LCBUFF),IOLrD 

IF(IUNrr(4).GT.O) CALL RIVlBD(NRIVER,MXRIVR^(LCRIVRUaCIBOU),
1 X(LCHNEW),NCOL,NROW,NLAY,DELT,VBVL,VBNM,MSUM,
2 KKSTP,KKPER.IRIVCB,ICBCFL,X(LCBUFF),IOUT)
IF(IUNIT(13).GT.O) CALL STR1BD(NSTREM,X(LCSTRM)^(1CSTRM), XaCBOU),
1 MXSTRM^aCHNEW),NCOL,NROW,NLAY,DELT,yBVL,VBNM,MSUM,
2 KKSTP,KKPER,ISTCBl,ISTCB2,ICBCFL^aCButo0UXNTRIB,NSS,
3 X(LCTRIB)^(LCTBAR),X(LCIVAR)^aCFGAR),ICALCCONST,IPTFLG) 
IF(ILINIT(7).GT.O) CALL GHBlBD{NBOUND,MXBND,VBNM,VBVL,MSUM,

1 X(LCBNDS),DELT^(LCHNEW),NC0L;MR0W,NLAY,X(LCIB0U),KKSTP,
2 KKPER,IGHBCB,ICBCFL^(LCBUFF),IOUT)

IF(IUNTr(19).GT.O) CALL IBSlBD(XaCIBOU)^(LCHNEW),X(LCHOLD),
1 X(LCHC),X(LCSCE)^aCSCV)^(LCSUB)^(LCDELR)^(LCDELC),
2 NCOL,NROW,NLAY,DELT,VBVL,VBNM,MSUM,KSTP,KPER,nBSCB,
3 ICBCFL,XaCBUFF),IOUT)

rt-:: c-----WRITE HYDROGRAPH RECORD
IF(IUNrn21).GT.O) CALL HYD30T(X,ISUM^aCHYD3),NUMH, 

V 1 -IHYD3UN,TOTIM)
C
c----Perform calculations for directional components of displacement

if(iunit(17).gt.O) call usllfm(xQcqbx),xflcqby)pc(lcqbz),
1 xQdact)pc(lcdeb-)pcQcdelc),xOcdell),ncol,nrow,nlay,
2 xOcscl),x(lchy),x(lcusk),xOcusly),x(lcuslz),x(lcstmz),
3 xOq>s),iout,iusloc,delt,totim,xflcrat),kkstp,xOcsse),
4 xQcssv),kunit,x(lcstmx),xflcstmy),x(lcvstm),
5 xGctran),x0csc2),x(lchc),x(lcssk),x0cuoldx),x(lcuoldy),
6 xGcuoldz),istep,xclose,iostp,kkper,xOctempx),
7 xGctempy),xGctempz),tclose,xGcux),xGcuy),x(lcuz),xGchnew),
8 xGcbot),xGcibou),xGchold),xGcspx),xGcspy),x(lcspz),nbulk)

C 

2 KKPER,IDRNCB,ICBCFL,X(LCBUFF),IOUT) 
IF(IUNIT(8).GT.O) CALL RCHl BD(NRCHOP,X(LCIRCH),X(LCRECH), 

1 X(LOBOU),NROW,NCOL,NLAY,DELT,VBVL,VBNM,MSUM,I<KSTP,KKPER, 
2 IRCHCB,ICBCFL,X(LCBUFF),IOUT) 
IF(IUNIT(S).GT.O) CALL EVTl BD(NEVTOP,X(LCIEVT),X(LCEVTR), 

1 X(LCEXDP),X(LCSURF),X(LCIBOU),X(LCHNEW),NCOL,NROW,NLAY, 
2 DELT,VBVL,VBNM,MSUM,KKSTP,KKPER,IEVTCB,ICBCFL,X(LCBUFF),IOUT) 

IF(IUNIT( 4).GT.O) CALL RIVl BD(NRIVER,MXRNR,X(LCRIVR),X(LCIBOU), 
1 X(LCHNEW),NCOL,NRO ,NLAY,DELT,VBVL,VBNM,MSUM, 
2 I<KSTP,KKPER,IRNCB,ICBCFL,X(LCBUFF),IOUT) 
IF(IUNIT(l 3).GT.O) CALL STRl BD(NSTREM,X(LCSTRM),XOCSTRM), X(LCIBOU), 
1 MXSTRM,X(LCHNEW),NCOL,NROW,NLAY,D}lLT,'{BVL,VBNM,~UM, 
2 I<KSTP,KKPER,ISTCB1,ISTCB2,ICBCFL,X(LCBUFFf,IOUT,NTRIB,NS.S, 
3 X(LCTRIB),X(LCTBAR),X(LCIVAR),X(LCFGAR),ICALC,CONST,IPTFLG) 
IF(IUNIT(7).GT.O) CALL GHBl BD(NBOUND,MXBND,VBNM,VBVL,MSUM, 
1 X(LCBNDS),DELT,X(LCHNEW),NCOL,NROW,NLAY,X(LCIBOU),I<KSTP, 
2 KKPER,IGHBCB,ICBCFL,X(LCBUFF),IOUT) 
IF(IUNIT(19).GT.O) CALL IBSlBD(X(LCIBOU),X(LCHNEW),X(LCHOLD), 

1 X(LCHC),X(LCSCE),X(LCSCV),X(LCSUB),X(LCDELR),X(LCDELC), 
2 NCOL,NROW,NLAY,DELT,VBVL,VBNM,MSUM,KSTP,KPER,IIBSCB, 
3 ICBCFL,X(LCBUFF),IOUT) 

C -WRITE HYDROGRAPH RECORD 

y 

C 
1 

IF(IUNIT(21).GT.O) CALL HYD30T(X,ISUM,X(LCHYD3),NUMH, 
:----IHY03UN, TOTIM) 

c--Perforrn calculations for directional components of displacement 

C 

if(iunit(17).gt.0) call usllfm(xOcqbx),xOcqby),x(lcqbz), 
1 x0ciact),x(lcdelr),x0cdelc),x0cdell),ncol,nrow,nlay, 
2 xOcscl),x(lchy),x(lcushc),x(lcusly),xOcuslz),x(lcstmz), 
3 xOcps),iout,iusloc,delt,totim,xOcrat),kkstp,xOcsse), 
4 x(lcssv),kunit,xOcstmx),x(lcstmy),x(lcvstm), 
5 x0ctran),x0csc2),x(lchc),x(lcssk),x0cuoldx),x0cuoldy), 
6 x(lcuoldz),istep,xclose,iostp,kkper,xOctempx), 
7 xOctempy) ,x(lctempz) ,tclose,x(lcux) ,x(lcu y) ,x(lcuz) ,x(lchnew), 
8 x(lcbot) ,x(lcibou) ,x(lchold) ,x(lcspx) ,x(lcspy) ,x(lcspz) ,n bulk) 

... _r--
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c-----print and or save subsidence, magnitude of displacement and
c-----directional components of displacement.

if(iimit(17).gt.O) call usllot(xflcuslx),xQcusly),xOcuslz),
1 x(lcumag),ncol,nrow,nlay,iout,iunit(l 7),iusloc,x0dact),
2 nstp,kper,kkstp,nmagfm,nusxfm,nusyfm,nuszfm,nvstfm,
3 nmagun,nusxun,nusyun,nuszun,nvstun,pertim,totimpcOcvstm),
4 xOcbufO)

C7C5—PRINT AND OR SAVE HEADS AND DRAWDOWNS. PRINT OVERALL 
C BUDGET.

CALLBAS10T(XaCHNEW),X(LCSTKr)dSTRT,X(LCBUFF),X(LCI0FL),
1 MSUM,XaCIBOU),VBNM,VBVL,KKSTP,KKPER,DELT,
2 pertim,totim,itmuni,ncol,nr6w,nlay,icnvg,
3 IHDDFL,IBUDFL,IHEbF^d,IHEDUN,IDDNFM,IDDNUN,IOUT)

C
C7C5A-PRINT AND OR SAVE SUBSIDENCE, COMPACTION, AND CRITICAL HEAD. 

IF(IUNrra9).GT.O) call IBS10T(NC0L,NR0W,NLAY,PERTIM,T0TIM,KSTP,
1 KPER,NSTP,XaCBUFF),X(LCSUB),X(LCHC),nBSOC,ISUBFM,ICOMFM,
2 IHCFM,ISUBUN,ICOMUN,IHCUN,IUNIT(19),IOUT)

C
C7C6—IF ITERATION FAILED TO CONVERGE THEN STOP.

IF(ICNVG.EQ.O)STOP 
200 CONTINUE

c-----print and or save qbulk terms to output
if(iunit(15).gt.O) call qbklot(x(lcqbx),x(lcqby)pc(lcqbz),

1 ncol,nrow,nlay,iqbkoc,iqbkfm,iqbkun,iunit(l 5),iout,
2 kper,kkstp,pertim,totim,x(lcbufO) 

c
c----plot bulk fluxes (iplotv=l) or displacements (iplotv=2)

if(iplotv.le.O .or.iplotv.ge.3) goto 205 
—. if(iunit(15).le.O .and. iunit(lT).le.O) goto 205 

ifdplotv.eq.l) then
if(iunit(16).gt.O) call pltlfm(x(lcqbx),x(lcqby),x(lcqbz),

1 x(lcdelr),xflcdelc),xOcxang),xQcyang),xOczang)pcOcxmax),
2 x(lcymax),x(lczmax),xflcdell),ncol,nrow,nlay,iplotv,xOcitype),
3 xOclpxy),imany,iunit(l 6),iout,idev,idev,xflciact),x(lcxcntr),
4 xOcycntr),xOczcntr),x(lcistr),nper,kper,kpe)

—endif

c-print and or save subsidence, magnitude of displacement and 
c--directional components of displacement. 

if(iunit(17).gt.O) call usllot(x0cuslx),x0cusly),x0cuslz), 
1 x(lcumag),ncol,nrow,nlay,iout,iunit(l7),iusloc,x(lciact), 
2 nstp,kper,kkstp,nmagfm,nusxfm,nusyfm,nuszfm,nvstfm, 
3 nmagun,nusxun,nusyun,nuszun,nvstun,perti.m,totim,x(kvstm), 
4 x(lcbuff)) 

C7C5-PRINT AND OR SAVE HEADS AND DRAWDOWNS. PRINT OVERALL 

C BUDGET. 
CALL BASlOT()((LCHNEW)X(LCSTRr),ISTRT,X(LCBUFF)X(LCIOFL), 

1 MSUMX(LCIBOU),VBNM,VBVL,KKSTP,KKPER,DELT, 
2 PERTIM,TOTIM~,NCOL,NROW,NLAY,ICNVG, 
3 Il-IDDFL,IBUDFL~lliEbJtM,Il-lEDUN,IDDNFM,IDDNUN,IOUT) 

C 
C7C5A-PRINT AND OR SAVE SUBSIDENCE, COMPACTION, AND CRITICAL HEAD. 

C 

IF(IUNIT(l 9).GT.0) CALL IBS1OT(NCOL,NROW,NLAY,PERTIM,TOTIM,I<STP, 
1 KPER,NSTPX(LCBUFF),X(LCSUB),X(LCHC),IIBSOC,ISUBFM,ICOMFM, 
2 IHCFM,ISUBUN,ICOMUN,lliCUN,IUNIT(l9),IOUT) 

C7C6--IF ITERATION FAILED TO CONVERGE THEN STOP. 
IF(ICNVG.EQ.0) STOP 

200 CONTINUE 
c-print and or save qbulk terms to output 

if(iunit(15).gt.O) call qbklot(x(kqbx),x(lcqby),x(kqbz), 
:-/ 1 ncol,nrow,nlay,iqbkoc,iqbkfm,iqbkun,iunit(l5),iout, 

2 kper,kkstp, pertim,totim,x(lcbuff)) 
C 

c--plot bulk fluxes (iplotv=l) or displacements (iplotv=2) 
if(iplotv.le.O .or.iplotv.ge.3) goto 205 

--~ if(iunit(15).le.O .and. iunit(l 7).le.O) goto 205 
if(iplotv.eq.1) then 
if(iunit(16).gt.0) call pltlfm(x(lcqbx),x(lcqby),'x(lcqbz), 

\ . 
1 xOcdelr),xOcdelc),xOcxang),xOcyang),x(lczang)~Ocxmax), 
2 x(kymax),x(lczmax),xOcdell),ncol,mow,nlay,iplotv,xOcitype), 
3 xOclpxy) ,iman y,iunit(l 6) ,iout,idev,idev,x(lciact) (lcxcntr), 
4 x(lcycntr),xOczrntr),x(lcistr),nper,kper,kpe) 

- - ·endif 
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if(iplotv.eq.2) then
if(iunit(16).gt.O) call pltlfm(x(lcux),xGcuy),x(lcuz),

1 xOcdelr),xOcdelc),xflcxang),xOcyang)pcOczang),xOcxinax),
2 xOcymax),xflczmax),xflcdell),ncol,nrow,nlay,iplotv,x(ldtype),
3 xOclpxy),imany,iunit(l 6),iout,idev,ivec,x0dact),x0cxcntr),
4 xOcycntr),xGczcntr),x(lcistr),nper,kper,kpe) 
endif

205 continue 
300 CONTINUE

/

C7C7—WRITE RESTART RECORDS
C7C7A~WRITE RESTART RECORDS FOR TLK2 PACKAGE

IFaUNIT(22).GT.O) CALL TLK2RS(rrLKSV,Xacto),XaCRM2), 
1 XaCRM3)^G.CRM4),NMLNM2,DELTMl,TOTIMJOUT)

C
C8-----END PROGRAM

STOP
C

END

if(iplotv.eq.2) then 
if(iunit(16).gt.O) call pltlfm(x(lcux),xOcuy),x(lcuz), 

1 x0cdelr),x(lcdelc),x0cxang),x0cyang),x(lczang),x0cxmax), 
2 x0cymax),x0czmax),x0cdell),ncol,nrow,nlay,iplotv,x0citype), 
3 xOclpxy) ,imany,iunit(l 6) ,iout,idev,ivec,x(lciact) ,xOcxcntr), 
4 xOcycntr),xOczcntr),x(ldstr),nper,kper,kpe) 
endif 

205 continue 
300 CONTINUE 

C 
C7C7-WRITE RESTART RECORDS 
C7C7 A-WRITE RESTART RECORDS FOR TLK2 PACKAGE 

IF(IUNIT(22).GT.O) CALL TLK2RS(ITLKSV,X(LC~),X(LCRM2), 
1 X(LCRM3),X(LCRM4),NM1,NM2,DELTM1,TOTIM,IOUT) 

C 
CB---END PROGRAM 

S10P 
C 

END 

r----/ 
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