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FOREWORD 

The Assessment of Effectiveness of Geologic Isolation Systems (AEGIS) 
Program is developing and applying the methodology for assessing the far-field, 
long-term post-closure safety of deep geologic nuclear waste repositories. 
AEGIS is being performed by Pacific Northwest Laboratory (PNL) under contract 
with the Office of Nuclear Waste Isolation (ONWI) for the Department of Energy 
(DOE). One task within AEGIS is the development of methodology for analysis 
of the consequences (water pathway) from loss of repository containment as 

defined by various release scenarios. 

Analysis of the long-term, far-field co~sequences of release scenarios 
requires the application of numerical codes which simulate the hydrologic 
systems, model the transport of released radionuclides through the hydrologic 
systems to the biosphere, and, where applicable, assess the radiological dose 
to humans. 

Essentially three modeling technologies are involved in assessing the 
water pathway release consequence. These models are: 1) hydrologic models 
that define the groundwater flow field and provide water flow paths and travel 
times, 2) transport models that describe the movement and concentrations of 
the radionuclides in the flow field, and 3) dose models that determine the 
resultant radiation doses to individuals and/or populations. Figure i is a 
schematic flow diagram for the release consequence analysis. 

The various input parameters required in the analysis are compiled in 
data systems. The data are organized and prepared by various input subrou­
tines for use by the hydrologic and transport codes. The hydrologic models 
simulate the groundwater flow systems and provide water flow directions, 
rates, and velocities as inputs to the transport models. Outputs from the 
transport models are basically graphs of radionuclide concentration in the 
groundwater plotted against time. After dilution in the receiving surface­
water body (e.g., lake, river, bay), these data are the input source terms for 
the dose models, if dose assessments are required. The dose models calculate 
radiation dose to individuals and populations. 
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Hydrologic and transport models are available at several levels of com­
plexity or sophistication. Model selection and use are determined by the 
quantity and quality of input data. Model development under AEGIS and related 

programs provides three levels of hydrologic models, two levels of transport 
models, and one level of dose models (with several separate models). The 
models and data systems are documented as follows: 

• HYDROLOGIC MODELS: 

PNL-3162 

PNL-3160 

PNL-2939 

PATHS Groundwater Hydrologic Model - first level (simplest) 
idealized hybrid analytical/numerical model for two­
dimensional, saturated groundwater flow and single component 
transport; homogeneous geology. 

VTT (Variable Thickness Transient) Groundwater Hydrologic 
Model - second level (intermediate complexity) two­
dimensional saturated groundwater flow, Boussinesq approxima­
tion, finite difference approach; two-dimensional (quasi 
three-dimensional) multiaquifer capability; heterogeneous 
geology. 

FE3DGW (Finite Element, Three-Dimensional Groundwater) 
Hydrologic Model - third level (high complexity) three­
dimensional, finite element approach (Galerkin formulation) 
for saturated groundwater flow; heterogeneous geology. 

• TRANSPORT MODELS: 

PNL-2970 

PNL-3179 

GETOUT Transport Model - first level one-dimensional 
analytical solution considering radioactive chain decay with 
capability for only simple release and hydrologic functions; 
single speciation, constant flow rate, dispersion and 
sorption three-member straight delay chains. 

MMT (Multicomponent Mass Transport) Model - second level, 
one-dimensional numerical, discrete parcel random walk (DPRW) 
algorithm; chain decay, single speciation, equilibrium 
sorption, time-variant leach rate and dispersion, n-membered 
straight or branched decay chains. 
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• DOSE MODELS: 

PNL-3180 

PNL-3209 

ARRRG - drinking water, external exposure to aquatic food, 
water and shorelines, and FOOD - terrestrial food. 

PABLM - Combination of ARRRG and FOOD with additional 
features related to chronic releases. 

BNWL-B-264 KRONIC - chronic external dose from air pathways. 

BNWL-B-351 SUBDOSA - acute external dose from air pathways. 

BNWL-B-389 DACRIN - chronic or acute inhalation dose from air pathways. 

• DATA SYSTEMS: 

PNL-3139 

PNL-3161 

SIRS (Sorption Information Retrieval System) - storage and 
retrieval system for experimental data on sorption/desorption 
analyses for a wide variety of radionuclides, groundwater 
compositions, and rocks and minerals. 

CIRMIS (Comprehensive Information Retrieval and Model Input 
Sequence) Data System - storage and retrieval system for 
model input and output data, including graphical 
interpretation and display. 

This is the second of 3 volumes of the description of the VTT hydrologic 

model. 

Return of the form on the last page of this report is required in order 
to remain on the Distribution List for futUre revisions of the model. 
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INTRODUCTION 

Through many years of ground-water modeling experience, Pacific Northwest 
Laboratory (PNL) has developed a system of computer codes to aid in the prepa­
ration and evaluation of ground-water model input, as well as in the computer 
codes and auxillary programs developed and adapted for use in modeling major 
ground-water aquifers. Volume 1 of this series explains the variable thick­
ness transient ground-water flow model formulation and programs listings. 
Volume 3 of this series contains the computer listings for these programs. 

The ground-water model is interactive, rather than a batch-type model. 
Interactive models have been demonstrated to be superior to batch in the 
ground-water field. For example, looking through reams of numerical lists can 
be avoided with the much superior graphical output forms or summary type 
numerical output. 

The system of computer codes permits the flexibility to develop rapidly 
the model-required data files from engineering data and geologic maps, as well 
as efficiently manipulating the voluminous data generated. Central to these 
codes is the Ground-water Model, which given the boundary value problem, pro­
duces either the steady-state or transient time plane solutions. A sizable 
part of the codes available provide rapid evaluation of the results. Besides 
contouring the new water potentials, the model allows graphical review of 
streamlines of flow, travel times, and detailed comparisons of surfaces or 
pOints at designated wells. Use of the graphics scopes provide immediate, but 
temporary displays which can be used for evaluation of input and output and 
which can be reproduced easily on hard copy devices, such as a line printer, 
Calcomp plotter and image photographs. 

Before going into detail about the system of codes we will first discuss 
computers, computer jargon and,the RSX-11D operating system for the PDP 11/45 
computer. This should help the user better understand the material presented 
in this manual. 
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BRIEF DISCUSSION OF BASIC COMPUTER TERMINOLOGY 
AND OPERATING PROCEDURES 

The PNL computer system uses a RSX-IID operating system, with most 
computer codes being written in FORTRAN IV-PLUS. The system is interactive, 
as opposed to the batch type computer system most users are familiar with. 

A batch system typically requires the user to punch control and/or data 

cards and submit them to a computer center. The cards are then read into the 
computer via some operator and processed at some time depending on the 
computer load. The operators collect the output and collate it. The user is 
then called to pick up the output. 

On an interactive type of computer system, the user operates the computer 
directly through an interactive terminal. There is no need for control cards, 

as normally used on a batch system, since commands are issued directly to the 
computer via the terminal. Data cards and the card reader are also used 
differently; initial entry of large data sets is made with cards, but 
subsequent use and modifications are made with a powerful interactive editor. 

All commands to the basic operating system are made through the primary 
system program, called the ~onitor fonsole ~outine (MCR). The basic request 
to the system to start the MCR is by typing control C. The system responds by 
printing a MCR > at the terminal. At this point, user programs can be 
started; the user can log onto or off of the computer, or can start any of the 
basic system programs. These procedures are covered in the Digital Equipment 
Corporation PDP 11 Reference Manuals. The interactive sequence for each of 
the modeling programs is presented in the individual sections of this document. 

There are two basic data types (file types) with which the user must be 
familiar: Binary and ASCII (files or data). An ASCII file consists of the 
byte codes, which cause a teletype or lineprinter to print the appropriate 

characters, whereas binary files consist of the machine-dependent 
representation of a number. For example, on the PDP 11/45 the ASCII file 
containing the integer numbers: 1, 2, 3, 4, 5, 6, 12 would consist of: 
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061 (base 8) 
054 
062 
054 
063 
054 
064 
054 
065 
015 
012 
066 
054 
060 
062 
054 
015 
012 

The binary file would contain: 

0000000000000001 (base 2 
0000000000000010 
0000000000000011 
0000000000000100 
0000000000000101 
End of record indicator 
0000000000000110 
0000000000001010 
End of record 

byte 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
13 
15 
16 
17 
18 

byte 1, 2 
byte 3, 4 
byte 5, 6 
byte 7, 8 
byte 9, 10 
byte 11 
byte 12, 13 
byte 14, 15 
byte 16 

The main difference between ASCII and binary files is that ASCII files 

may be created and listed directly with system programs like the Editor and 
PIP, while binary files can only be generated and listed via user programs. 
Binary files in general are considerably smaller and easier to use than ASCII 
files. Binary files are generally used in the ground-water modeling programs 
to store matrix data. Each record normally consists of the value of the 
matrix at each column position from 1 to the number of columns. The binary 
file has NLINE records, were NLINE = the number of lines in the matrix. 
Record 1 corresponds to line 1, record 1 to line 2, and so on. 
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BASIC STRUCTURE OF GROUND-WATER MODELS 

The Variable Thickness Transient (VTT) Ground-water Modeling System can 
be classified into the components illustrated in Figure 1. 

2. PROGRAMS 
L PROGRAMS 
TO PREPARE AQUIFER 

RECHARGE AND 
STRESS DATA 

TO PREPARE OTHER 
NECESSARY MOOR 
INPUT (HYDRAULIC 

CONDUCTIVITY, AQU I FER 
BOTTOM, AQU I FER TOP, 
NODALIZATION, ETC. 

, , 
3. PROGRAMS TO 

CHECK, EVALUATE 
AND MODIFY MODEL 

INPUT DATA SETS 

4. BASIC 
4a. PROGRAMS 

TO MODIFY AND 
GROUNDWATER .. ~-.. ! EVALUATE. MODEL 

MODEL WHILE RUNNING 

5. PROGRAMS TO 
RETR I EVE, EVALUATE 

SUMMAR I ZE. AND 
DISPLAY MODEL 

RESULTS 

FIGURE 1. Diagram of the Essential Components of the 
Ground-water Modeling System 
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This user's manual will be organized into five sections according to the 
block diagram of Figure 1 as follows: 

1) aquifer stress and recharge calculations 
2) . programs to aid in preparation of primary input data 
3) programs to evaluate and display model input streams 
4) basic ground-water model codes 
5). programs to retrieve, evaluate, display and summarize model results 

6) programs to establish, run subregion model 

Each of these five sections will contain a description of the function of the 
codes and a description of the use of these codes. The last section of the 
report will contain a brief description of the basic RSX11 system procedures 
necessary to build, edit, and manipulate files and run these programs. 

Briefly, the ground-water model requires the following in order to be run: 
• A matrix of total stress or recharge at each model node. (This binary 

file is calculated from the programs in Section 1 above.) 
• A node type map, which describes the aquifer's lateral extent and 

boundary conditions. (This ASCII file is generated via the Editor from 
the hydrologist's interpretation of the ground-water system and is 
checked out via the CALTYP program of Section 3 above.) 

• Matrix files which define: 
1 } aquifer top elevation 
2} aquifer bottom elevation 

3} initial aquifer potential 
4) aquifer storage coefficient 
5} interaquifer transfer coefficient 
6) aquifer hydraulic conductivity (or transmissivity) 

at each model node. (These binary files are prepared with the CIRMIS 
programs of Section 2 above from the hydrologist's interpretation of 
these values.) These files can then be checked as the programs of 
Section 2 above. 

• An ASCII input file for the VTT ground-water model, which relates to the 
ground-water model, the nodalization, and the names of the binary data 
files that have been prepared. (This file is prepared via the 
interactive editor.) 
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Once the above input files have been prepared, the ground-water model can 
be run. The majority of the input data files will not need to be prepared 
again. Generally, model runs can be made by making only minor changes in the 
existing model input files. New input files would only be prepared when 
building a completely new model. Most model runs will involve changing the 
aquifer recharge-stress file to include the effects of new or proposed 
pumping and/or land use patterns. 

Once the input files have been altered to account for the proposed 
changes, the ground-water model is run and the solution is generated. The 
solution generated is the new spatial variation of potential throughout the 
aquifers. However, from this new potential distribution in conjunction with 
other input data, the following information can be calculated: 

• ground-water velocities 
• ground-water flowpaths 

• travel times 
• new recharge discharge relationships along streams a~d rivers. 

Typical types of model output that can be produced with the programs of 

Blocks 3, 4a, and 5 of Figure 1 include: 
• contour maps of: 

- equal potential 
- equal drawdown 
- equal transmissivity 

• three-dimensional projection plots of: 
- potential 
- drawdown 
- transmissivity 

• cross section plots showing aquifer top, aquifer bottom and aquifer 
potential 

• flow path plots with associated listings of travel times 

• numerical listings of the input data or calculated potentials 

• difference maps showing the node by node predictions of potential changes. 
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As with the model input, the basic control files for producing final model 
output have already been created, so that normally only minor alteration of 

these basic files is necessary in order to produce new model output. 

This brief overview is intended to give the model user a look at the 

modeling system as a whole. The details of the specific programs will be 
covered in the sections that follow. 
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VTT GROUND-WATER MODEL 

Function: 
Simulation of Saturated Ground-water Flow 

Input Requirements: 

Data 

Geologic 

Ground-water Elevations 

Well Pumping Tests 

Recharge and Stress 
Prec i pi tat ion 
Evapotranspiration 

- Well stress 
Irrigation 

Output: 
Time-Dependent Ground-water 

Potentials 
Velocities 
Flow paths 
Flow velocities 
Travel times 

Stream Flow Effects 

Data Formats 
- Contour maps 

Cross section plots 
Difference maps 
Flow path plots 
Data listings 

8 

INTERPRETATION PREPARED FOR THE MODEL 
Aquifer Boundaries 

- Map base and top of aquifer units 
- Define boundary conditions 

Aquifer Potential Maps 
Interaquifer transfer 

Aquifer Transmissivity Distributions 
Storage coefficients 

Recharge and Stress File 



I. AQUIFER STRESS AND RECHARGE CALCULATIONS 

A computer code is developed to define the amount of water recharged or 
withdrawn from each aquifer or distributed in appropriate quantities to each 
model segment or node. This stress is treated independently from the other 
input data. Generally, it is necessary to tailor the aquifer recharge code to 

the specific problem to maintain flexibility in matching the model 
requirements to large volumes of specific data. Data garnered from a wide 

variety of records are used to calculate stress and recharge; e.g., from 
irrigation water permits, application rates, well pumping records, electrical 

power usage of pumps, well permits, actual evapotranspiration (AET) and 
potential evapotranspiration (PET) curves, rainfall records, isohyetal maps, 
soil type, slope, watershed, Landsat photos, base flow analysis, and various 
combinations of these and other data. Combining these with the diverse record 
keeping methods and map coordinate reference problems, necessitates tailoring 
this program for each simulation. 

The final product of the Aquifer Stress and Recharge Code is a file 

combining all the data into values which describe the external stress applied 
at each model node during the time of simulation. In the case of a transient 
simulation, the stress is also transient. 

An example of such a program code is included. 
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PREPARING INPUT Q~FILE FOR VTT MODEL ~ PROGRAM OPR~ .. ~ .. .. ( 

The VTT model requires a flux input file of monthly variations tn nodal 
recharge stress. The steady state version requires the average daily flux or 
stress at each node. This file is prepared from a set of input data cards 
which describe the applicable items such as the P.E.T., A.E.T.~ rainfall, 
surface diversions, runoff and wells for the area being simulated. WIQPG 
is a PDP-ll/45 code which prepares the VTT input data file as well as a 
report on the aquifer stress at each stress point in each of the aquifers. 
wrnPG uses the column of change option. specifying with one card the start 
and StOD line where the flux, Q, is applied and the number of changes on 
those lines. The second card of the pair specifies the column and the Q 
applied in each of the changes. Several pair of cards are needed to fill 
the matrix. 
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II. PREPARATION OF PRIMARY INPUT DATA 

PROGRAMS TO AID IN THE PREPARATION OF PRIMARY 

INPUT DATA FILES 

As discussed in the section on Basic Model Structure in the Introduction, 
there are many kinds of primary data files which must be prepared in order to 
run the ground-water model. The user normally only needs to modify these 
files slightly in order to make a given model run. Many times this can be 

done with the system editor program when the file is of ASCII (or formatted) 
type. Binary files usually require the use of a special program or some of 
the basic CIRMIS programs for manipulating model input files. Since we are 
going to discuss preparation of all the various kinds of model input files in 
this section, we need to organize the presentation so as to reduce the 
confusion which might arise. The following is a list of the files required to 
run the VTT ground-water model and produce an estimation of potentials 
throughout the aquifers. 

• A binary matrix file, which specifies the total stress of recharge at 

each model node for each aquifer. This file is the main input to the 
WISAPQ program, which sets up the Q file for the VTT program. 

• An ASCII (or formatted) input control file for the main VTT input program 
VTTINP. This file contains pointers to other files as well as 
information on nodalization, time steps, numerical simulation parameters, 
and number of aquifers. This file normally contains the file names for: 

an ASCII node type map file which describes the aquifers· lateral 
extent and boundary conditions (WISAP.TYP). 

- various binary (or unformatted) matrix type files which represent 
the hydrogeologist·s interpretation for: 

1) aquifer top elevations 
2) aquifer bottom elevations 

11 



3) initial aquifer potential 
4) aquifer storage coefficient 
5) interaquifer transfer coefficient 
6) aquifer hydraulic conductivity. 

The previous section discussed the preparation of the stress-recharge 

file. The main VTT input file for the VTTINP program is prepared via the 
interactive editor, and its structure will be discussed in one of the 
following subsections of this section. Construction of the calculation type 
map will be discussed in this same subsection with the VTTINP file. The 
binary matrix files for aquifer bottom, top potential, etc., are prepared with 
the CIRMIS program from the hydrologist's contour maps. 

Other kinds of files needed for this ground-water model include: 

• base boundary maps for contour plotting difference maps 
• average annual precipitation matrix files 
• well stress data files. 

The boundary map files, and binary unformatted files, such as average 

annual precipitation, are prepared via CIRMIS programs. Other ASCII (or 
formatted) files are prepared via the interactive editor. 

12 



MAIN VTT INPUT FILE FOR VTTINP PROGRAM 

As previously mentioned, two programs must be run to set up the disk for 

running the Ground-water Model. The first program is WISAPQ, which requires 
the binary (or formatted) matrix file of total stress-recharge at each model 
node for each aquifer. The second program is VTTINP, which requires an ASCII 
(or formatted) file that describes all the physical and numerical parameters 
required by the ground-water model. Both WISAPQ and VTTINP simply set up the 
data on the File-Q data disk on which the ground-water model operates. 

The structure of the VTTINP input file which is created with the system 
editor program is as follows: 

STRUCTURE OF THE VTTINP FILE 

Line Description of the Input Stream 

1 Title for the run (aOAl) 
2 Name of merged potential files (matrix binary) or NONE for column of 

change input 
3 Name of merged aquifer bottom files (matrix binary) or NONE for 

column of change input 
4 Name of merged aquifer top files (matrix binary) or NONE for column 

of change input 
5 Name of merged aquifer hydraulic conductivity or transmissivity for 

column of change input 
6 Name of the calculational type file (ASCII file) 
7 Name of the merged storage coefficient file (matrix binary) or NONE 

for column of change input 
a Name of the merged interaquifer transfer coefficient (matrix binary) 

or NONE for column of change input 
9 Name of the merged ocean transfer coefficient (matrix binary) or 

NONE for column of change input 
10 Number of aquifers (15), nodes in X direction (15), nodes in the y 

direction (15), switch for normal or totally confined (Y = yes, 
N = confined) (AI) switch for leaky artesian aquifer (Y = yes, 
N = no) (AI), rotation switch (0 = normal 1 = rotated) (II). Bias 
elevation in feet (F10.0), Delta X and Deita Y node spacing in feet 
(2FlO.0), storage coefficient multiplier used when aquifer goes 
unconfined (FlO.O). 

11 Coordinates for the lower left corner model node X, Y (2FI0.0) 
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Line Description of the Input Stream 
12 Mean sea level, leakage coefficient, (only applies when a unmodeled 

leaky artesian aquifer is being simulated and when the model has an 
ocean boundary) (2F10.0). 

13 Transient or steady-state switch (0 = transient, 1 = steady state) 
(IS), ocean transfer switch (0 = none, 1 = ocean transfer (IS), 
automatic or manual operation switch (1 = automatic, 0 = manual) 
(IS), number of iterations for steady-state model (IS), maximum 
number of iterations for any transient model time step (IS), 
convergence criterion for the transient model (normally 
7.0 x 10-3) (F10.0), overrelation coefficient for the transient 
model (normally 1.25 (F10.0). 

14 Starting time (515) (year, month, day, hour, minute) 
15 Ending time (SIS) (year, month, day, hour, minute) 
16 Kind of time input switch (0 = manual, 1 = automatic) (15), a number 

17 
to 

17+number 
of time 
planes 
17 

of time planes (IS), when automatic time input, input total number 
of days (110), and initial delta time in minutes (110). 
Time when first time place is to be stored, ratio, and number of 
steps to be used in getting to this point in time from the first or 
initial time plane. (Year, month, day, hour, minute, ratio, number 
of days.) (SIS, FI0.0, IS) second time plane data, third time plane 
data, etc. 
Number of steps to be used between time planes, one entry per time 
plane (2013) automatic. 

The next lines in the VTTINP file are only required when the NONE option 
is used in lines 2 through 9 above. The order of the columns of change input 
is determined from the order of the NONE's in lines 2 through 9 above. 
Typically, most models do not have storage coefficient definitions nor are 
they ocean transfer type aquifers. Therefore a NONE would have been entered 
on Lines 7 and 9 so that first storage coefficients would be input via column 
of change for all the aquifers followed by the ocean transfer coefficient for 
all of the aquifers. Column of change works as follows: 

Support that we have a node system NX = 43 by NY = 52 and that we wish to 
define the storage coefficient as pictured: 
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20 
52 52 

.0005 . 0001 .0006 
Y30 Y40 

. 0002 . 0001 I .0003 .0004 
~___ 1 1 
1 20 43 30 43 

X X 

Aquifer 1 Aquifer 2 

The column of change input cards would be: 
1, 29, 2, Aquifer 1 storage (starting line, ending line, number of 

changes) 
1, 0.0002, 20, 0.0001, (col, value, col, value) 

30, 52 1, 

1, 0.0005, 

" ____ .J 

'----........ Y'- -
number of change pairs 

1, 39, 2, Aquifer 2 storage (313) 

1, 0.0003, 30, 0.0004 5 (15, F10.0) 
40, 52, 2 

1, 0.0001, 20, 0.0006 

A typical ground-water basin VTTINP input file is as follows: 
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LISTING OF VTT TEST INPUT FILE 

~ISAP DATA- HANF"~n DATA 
DP1:;.I/ISAP.A~1 
OPt pqSAP,,~OT 
f)Pt:"OP.A~1 
DP1:"'lASP.HYC 
[)P1 :wtSAP, TVP 
NONE 
NONE 
NON€: 
1,58,2~,¥Nt,~.~,30~~.,\,~, 
e,0,~.0, 
3.QII,~.;', 
0,0,1,S0,S~,1,E-3,1.25 
19 75,l,1,0,1d,(cI, 
1 q1~, 1, 1 ,~), 0,0, 
V',2,'tI,ltl, 
1915.t,1,O,0,~, 
19 75,1,c,."I1,iC, 
1,25,1, 
1 , " 1 
1,as,1, 
1,i2I.0 
1,25,1, 
l,~.~ 

16 

?OT€NTIAL FILE 
~QIJIFER 80TTO~ ftl.E 
A~lJIFER TOP FILE 
Hvn~AULIC CONuUCTIVITY FILE 
CALCULATION TVPE fILE 
sr~RAGE COEFFICIENT 
!NTER4WJlfER TRANSFER COEF. 
nCEAN T~ANSfER cnEF. 

COL~M~ OF CHANGE INPUT 
(STO~AGE COEFFICIENT) 

(lNT~QAQUIFER TRANSfER) 

[OCEAN rQANSFER) 
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PREPARATION OF THE CALCULATIONAL TYPE FILE 

The calculational type file WISAP.TYP (page 16) (an ASCII or formatted 
file) is a column of change type of file that ;s prepared from the hydrologist's 
interpretation of the aquifer. The hydrologist prepares a line drawing map on 
a base map, which has model node locations plotted and other surface features 
for reference. The lines drawn by the hydrologist represent the 
aquifer-bedrock outcrop impermeable boundaries and the river, lake and stream 
boundaries which act as known potential boundaries for the aquifer. The 
modeler now attempts to match these boundaries with the node types of Figure 2. 

There are basically four kinds of nodal types, and the rest simply arise 
to handle the various shapes and orientations of the impermeable or outcrop 
boundaries. 

• ~ is a potential boundary, i.e., h = H(x,y,t 

• 

• 

• 

is an external node outside of the aquifer. 

is an internal, i.e., a non boundary node which lies within the 
aquifer. 

These basic shapes, with all their possible rotations, are used to 
c::J represent the 24 kinds and shapes of impermeable boundary nodes. 
~ The heavy lines represent the impermeable boundary. 

~ 
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The basic format of the column of change input is (313) for the starting 
and stopping line and the number of changes, and 14(13,02) for the number of 

change pairs. To illustrate the column of change input, the following listing 
is the column of change input file required to produce the node type map 
(Figure 2). The calculational file should not need updating unless field 
observations prove that the hydrologist's interpretation of the ground water 

systems needs to be updated. 

7 ... .t. f3IJ.~.-!!:-, 20. ~... .. 

v-n~~B~ 
6 . . ~. . . ~. . 
5 ~~r.: c ~~. • [J. · t1;, ~;,I 

3 

2 

... If.l.. ... .. ... ... Il}. ... 
(2~ ~(l. 

~. 2f.l... .. ~.. ... f21f. 3r-l 
B(2~ ~ Val~ 

. . ~. . . ~. . 
1 ... ... ~ 'ij. II 1~. ICE? ~.. .. 

~( ;. 1) C :s. 11 ( 6. 11 ~ 

1 2 3 5 6· 7 8 9 

FIGURE 2. Illustration of the 27 Boundary Types Used by the VTT Code 
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" LISTING OF A WISAP.TYP INPUT FILE 

58 25 1 
0,1237 
WISAP AQUIFER 1 (NOO! SPACING 3000,') 
1,1,5 

11211 332~ 3414 4102 41401 
2,2,7, 

101 3024 3114 3230 3300 4302 4401 
3,3,11, 

t01 824 914 1223 1301 2915 3000 430i 44141 4802 5101 
4,4,11, 

101 715 800 1313 1401 as!s 2900 441212 4800 5102 5401 
5,5,11, 

101 424 514 630 700 1431 1514 el730 2800 5302 5401 
6,6,6 

101 224 330 400 5Z02 5301 
1,1,4, 

125 200 5202 5301 
8,Q,4, 

He 2010 5t0~ ~~01 
10,10,4, 

126 i00 5002 5t01 
11,11,5, 

HH 217 300 5002 SHU 
12,12,5, 

101 332 4id0 4902 5001 
13.13,5, 

101 331 400 4902 5001 
14,1 4,5, 

101 215 300 4902 5001 
15,15,5, 

101 202 300 4902 5001 
16,16,8, 

101 302 434 510 933 1000 4802 4901 
17,11,1, 

101 1027 1110 t~33 13014 4102 4801 
18,18,5, 

\01 1311 1400 4&02 4801 
19.1 9,5, 

UH 1402 1500 4611'12 4701 
2O,20,5, 

lQ'11 1502 1&00 4502 4&01 
21,21,8, 

Il11t 1602 1734 1810 233.3 2400 4402 45~1 
22,22,1, 

101 2421 2510 2633 2100 4002 4401 
23,23,5, 

101 i7t? 2800 3802 41d01 
24,24,5, 

10t 2802 3100 3402 3S01 
as.2S,3, 

101 3UJ2 3401 
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* COMPREHENSIVE INFORMATION RETRIEVAL AND MODEL 
INPUT SYSTEM 

The Comprehensive Information Retrieval and Model Input System (CIRMIS)* 

was originally developed to increase data storage and retrieval capabilities 
and ground-water model control for the Hanford site. The overall 

configuration, however, was designed to be flexible for use in other areas. 
This development was sponsored by the Environmental Research and Development 
Administration (ERDA, now DOE). 

Expansion of this system has continued for several years, and CIRMIS has 
proven to be an invaluable tool by furnishing rapid access to data as well as 
rapid input of boundary maps or isopleth surfaces and interactive control of 
ground-water models. 

CIRMIS was used with the WISAP ground water study to provide: 
1) preparation of matrix files for aquifer potential surfaces, aquifer bottom, 
etc., which are necessary input to the ground-water models, and 2) the 
preparation of map files, such as the WISAP background maps which are 

ultimately plotted on one of the plotting devices or displayed on an 
interactive scope for use with the CIRMIS Special Applications Programs. 

* See Volume 1 of Part VII .. Data Systems of this document set (PNL .. 3161-1). 
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CIRMIS PREPARATION OF MATRIX FILES 

The generation, modification and smoothing of matrix files can be 
accomplished very rapidly using the CIRMIS system. Maps containing isopleths, 
whether they be topographic contours, isopotential lines, or any other data of 
this type, can be easily digitized and automatically interpolated to form 
matrix data files that can be used by the ground water programs. Once 
digitized, they may be rapidly retrieved for plotting using the CONTUR program 

or viewing on an interactive scope using the CIRMIS system. Figure 3 shows a 
typical Calcomp plot of such a file. The dotted lines are iso-potential 
contours interpolated from the matrix file which was digitized from the 
original aquifer map. The Ahtanum-Moxee Basalt background map and labels were 
generated using the CIRMIS map generating programs. 

The original contour maps containing the isopleths were placed on the 
digitized table, and digitized and manipulated as described in the CIRMIS 
User's Manual, which is included in Part VII- Data Systems. PNL-3161-1. 
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III. EVALUATE, DISPLAY MODEL INPUT FILES, 
OUTPUT RESULTS 

PROGRAMS TO EVALUATE AND DISPLAY 
MODEL INPUT STREAMS 

Many of the input data files and output prediction files for the 
ground-water model are in the form of binary matrix files and complex 

formatted (ASCII) files. Debugging of these files, to ensure that they are 
free from data errors and are correct representation of the desired input, 

requires the use of many auxiliary codes. The auxiliary codes typically used 
for checking and displaying model input data fils as well as model output 
files include: 

• CALTYP - a program for checking out the calculational type file via 
the use of computer graphics; 

• LIST and LISTI - a program for listing a binary matrix file on the 
lineprinter (either real or integer); 

• THREED - a program for producing a biased binary matrix file for use in 
preparing a three-dimensional plot via P30; 

• P3D - a program for producing a three-dimensional plot from a binary 
matrix file; 

• CNT - a program for producing a contour map from a binary input file 
with a background map produced from a formatted background map file; 

• DIFER - a program for comparing one binary matrix file with another and 
producing a lineprinter difference map and a binary matrix 
difference for contouring; 

• WOlFER - a program for comparing a binary potential file with an ASCII 
(or formatted) file containing well locations and observed 
potential measurements. 

The following show the input trail needed to run the program and a sample of 
the output. 
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Program CAL TYP 

~CR)R~N OP2::RLTYPt 
~NTER NAME OF CALCULATION TYPE FILE (7A4) 
: :a::, :: JI.JISAP. T'T'P 
JUTPUT TO :<'1' co , OUTPUT TO TG .: T) -, 
LRBEL CALCULATIONAL T'r'PES (CR) , LABEL NOC'E NOS, (1) 

C'AL n'p STOP 

Example of the interactive input stream for CALTYP. This 

program displays the calculational types from the calculative 
type input file so this input stream can be checked. This 
input file can be listed via PIP on the lineprinter. This 
listing is shown under Preparation of the Calculational Type 
File. 
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Program LIST 

MCR)RUN DP2:LISTS 
ENTER THE NAME OF THE FILE TO BE LISTED 
ENTER NODESX NODESY 
C213.3JNWISAP. POT 
58~ 25 
[ 212.3 JI-HH SAP. POT 

58 25 

LIST STOP 

Example of the interactive input required to run 'LIST'. 

'LIST' is used to list on the lineprinter any binary format 
matrix input or output file from the VTT code which is in real 
number format. 
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Program THREED 

MCF~>RUN THREED$ 
I ~jPUT FILE NAME 
[207,207JELLEN. BIN 
(207. 207JELLEN. BIN 
NODESX.NODE5Y, NO. OF MATRICES TO SKIP,lHYERTC0=NO,1=YES) 

:a6 33 e o· 
ENTER OUTPUT FILE NAME 
ELLEr·ED. F I L 
E:"'LEN3D. FIL 
ENTER BACKGROUND SUBTRACTION FACTOR 
900. 

900. eeea 
THREED STOP 

Example of the interactive input program for THREED. THREED is 
used to bias and/or invert binary matrix files so they might be 

used to make thr~e-dimensional plots with P3D. The output from 
this program is an appropriately biased and/or inverted binary 
matrix file in real number format. 
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Program P3D 

t1CR)P:D 

.**3-0 PLOTTING ROUTINE*** 

SPECIFY THE CONTROL "INPUT OEY:FILNAME'ELLEN. CNL 

ENTER THE NUMBER OF DATA SETS T6 BE READ)l 

DO YOU WISH THE INPUT FILES TO BE' ECHOED' ON THE L?:)N 

DO YOU WANT BASE LINES TO BE DRAWN?)Y 

ENTER THE OUTPUT DEVICE NAME)XY: 

WHICH DRIVE HOLDS THE FILE-g DISK)1 

.... P3D STOP 

Example of the interactive input stream required to run P3D. 
P3D produces 3-D plots of matrix files for various viewing 

angles. The main input control stream format is shown on the 

following page. 
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Line 1 

. Line 2 

Line 3 

Line 4 

Line 5 

Line 6 

Line 7 

Line 8 

1,106,33,1,1~b,1,33 
7,,1,5,7,5 
yy ~55.,Z0.,a1000~00, 
500,,500,,0,0, 
a 
EL.L.EN30,FIL. 
VHANO OMAwN EL.L.EN5eU~G INT~RpqEr.TtoN 
l,5,8.,,150,Wl. 
END 

Sample of a P3D Input Control File 
(ELLEN.CNL) 

Format for P3D Control File 

Pen number for Title, Nodes X, Nodes Y, starting X node 
for plot, ending X node for plot (715) 

Exaggeration factor, maximum size of plot in the X direction, 
maximum size of plot in Y direction (3F10.0) , 

(only the YY option works), angle of rotation around Z 
arises, angle of elevation from X-V planes distance from 
(0,0) paint from ',oIhich the surface is viewed (2Al, 2X, 
3F10.0) 

Delta X spacing between node points, Delta Y spacing 
between node paints, (always 0, 0, OJ. (2F10.0), 0, 0, O. 

Type of file to be plotted 

Name of file to be plotted } Same fonnat as fOI' eNS 
program data set 5 
records 1 and 2 

Type of units for label location (Y = inches, N = data units), 
Label for the plot (Al, 79Al) 

X location for label, Y location for label, size of label 
(inches), angle that label ;s to be plotted on. (4F10.0) 
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HAND DRAWN ELLENSBURG INTERPRETATION 
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Program CNT 

~CR)CHT$ 

*** CONTOUR PLOTTING ROUTINE CY77.2) *** 

ENTER THE CONTROL FILE SPECIFICATION (26A1»WISAP. CNT 

ENTER THE NUMBER OF DATA SETS TO BE READ (15»1 

DO YOU WANT THE INPUT FILE ECHOED)N 

ENTER OUTPUT DEVICE/FILE SPECIFICATION <26A1»DP0:POT. PLT 

~** CONTOUR FINISHED *** 

Example of the interactive control stream required to run CNT, 

the contour plotting routing for plotting contour maps with 
background overlays. The format for the CNT input control file 
is documented on the following page. 
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SIZING PARAMETERS, 
0,1,58,25,1,58,1,25,0 
BOROER SPECIFICATIONS. 
,1,,1,1 
SCALE ro"ACTORS, 
10962,,1. 
PRIMAk¥ G~IO SIZES. 
3000.,3000" 
MATRIX INPUT FILE SPECIFICATIONS. 
2,0, 
OP0;t213,31~WISAP.AQl 
BACKGROUND FILE SP!CtFICATIONS. 
OP0It213,31WISAP,BNO (8F10,0' 
CONTOUR LEVELS. 

1 Y .07 -1,1 
34'.,520.,10.,1,1 
LABELS. 
lPOTfNTIAL CONTOURS FOR AQUI'ER 1 
V 4000.,2000.,-1&,0. 
END 0' I.ASELS, 
END OF DATA, 

Sample of the CNT input control stream, BASALT.CNT. This is a 

lineprinter listing produced with PIP. 
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MeR> 
PIP)XV:=BASALT.POT 

Example of the method of transferring a disk type plot file to 
CALCOMP 

36 

- 1 



Sample of the ICNT I Output for the Displayed Control Stream 



IO: 

COMPONENT: 

LOCATION: 

DATE: 

AUTHORS: 

SOURCE: 

2-3-2 

CNT--Contour Plotting Program 

[11,1] CONTUR.TSK 

June 1977 

S. W. Ahlstrom, S. E. Wise 

FORTRAN 4 PLUS, MACRO 11 
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DESCRIPTION: 

CNT is a general purpose graphic utility program designed to compute 
and draw contour lines for data surfaces of up to 256 x 256 nodes on any 
of the Device Independent Graphic System devices. It is an important 
auxiliary program allowing the user to present output matrices in a more 
comprehensible form. Depending on specified dimensions of the matrix area 
to be contoured, the program will operate in one of ~RO modes: 1) all data 
will be memory resident, or 2) data will be segmented an a F!LE-Q format 
data disk. This program accepts variable node spacing and negative as well 
as positive contour elevations. CNT also has provisions for plotting a 
background map for the contoured data, as well as various labels, reference 
marks and contour level labels if desired. 

Two input stre~s are required. The first is an interactive conversa­
tion via a console device and is described in Section 1. The control input 
stream described in Section 2 is accessed from any file structured device 
as specified in the interactive stream. 
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1. OPERATING INSTRUCTIONS AND INTERACTIVE IIO 

As previously mentioned, eNT determines from the control input stream 
whether or not a FILE-Q disk is required for the matrix about to be con­
toured. However, the user must also make this determination before running 
the program so that a disk can be properly mounted. A FILE-Q disk will be 
needed if the product of the number of columns and the number of rows in 
the matrix area to be contoured (that is, the total number of nodes) 
exceeds 3025. 

After ensuring that all of the needed devices are properly mounted, the 
user can invoke the program by: 

MCR)CNT(ALT) 

After loading, the program will announce itself with the line: 

*** CONTOUR FLOTTING ROUTINE (Y77.1) *** 

and begin soliciting information from the user. It will first want to 
know the location and name of the control input file: 

ENTER THE CONTROL FILE S?ECIFICATION (26A1) ) 

Any number of data sets can be included in the control input file: 

ENTER THE NUMBER OF DATA SETS TO BE READ <IS) ) 

The user must specify the number of data sets to be processed sequentially 
starting with the first set. If more than one set is to be read, the 
user will be asked: 

DO YOU WANT MULTIPLE PLOT FILES CREATED) 

If the user answers Ilyll, the program will expect to read the plot file speci­
fication for each data set from the control input stream. The following 
questions will also be asked: 

DO YOU WANT A PIP CONTRO( FILE CREATED) 
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If the user chooses to use this option, the program will build a PIP indirect 
command file appending to it the name of the plot files as encountered in 
the control input stream. The program assumes that the plot files are to 
be transferred to XV:, but a simple editing session on the completed file 
can change the output device to whatever the user prefers. When the indirect 
file is eventually used, the files will be transferred in the same order 
they were written and with the proper paging between plots. The user must 
supply the name of the PIP command file: 

E~HER NAi'1E OF PIP CONTROL FILE C,"6~l) ::-

Specifying a file extension of "eMO" will simplify the PIP commands later 
on. A proper response might be "AVGPLTPIP.CMO". 

Regardless of the number of data sets to be processed the program will 
ask the user which echo options are to be used. There is a primary echo 
option that allows the d~ta sets from the control input stream to be echoed 
to the line printer device and a secondary option that will cause the matrix 
that ;s to be contoured to be listed. The primary option must be selected 
before the secondary option is offered: 

DO YOU WANT THE INPUT FILE ECHOED) 

DO YOU WANT THE INPUT MATRIX ECHOED) 

When only a singJe data set is being processed, the name or the output 
device andior file must be specified: 

ENTER OUTPUT DEVICE/FILE SPECIFICATION (26Al) ~ 

The plot file may be directed to a specific file (e.g., DP:PLOT1.PLT) or any 
of the Device Independent Graphics system devices by specifying only a device 
name. Devices currently allowed include disk (DP:, DB:, SY:), magnetic tape 
(MT:), Cal-Camp plotter (XY:), Tektronix 611 display scope (TG:), Gould 5100 
electrostatic printer (GO:) and Mere Dicomed 0-47 Color Film Recorder (DO:). 
If the specified device is file structured and no file name has been given, a 
default file name of PLOTDATA.TMP will be used. However, if the device is not 
file structured, the plot will output directly. 

CNT will notify the user when it has finished processing all of the 
data sets with the line: 

.~* CONTOUR FIN!SHE~ ~** 
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2. CONTROL INPUT STREAM FORMATS 

The current input processing module has been designed to simplify the 
preparation of data sets while maintaining maximum flexibility. Consequently, 
the data that make up a control input stream have been grouped into 14 dif­
ferent data types or categories. Each data type has been assigned a keyword 
phrase identifier which must precede the data. While the additional keyword 
may seem like added work for the user, it offers many advantages regarding 
complex data sets. First, it makes individual data entries much easier to 
find when a correction or update is to be made. In addition, with a couple 
of exceptions, the user does not have to be concerned about the order of the 
sets within the control stream and is able to concentrate on specifying a 
Single category correctly. Same of the data types are optional and can be 
left aut of the control stream, and defaults values used. 

As an introduction to the different data sets, all the keyword phrases 
are listed below with a short explanation of their usage and the data cate­
gories they precede. All keyword phrases are terminated with a period. 

BACKGROUND FILE SPECIFICATION: 

This optional data set is used when the user wishes to have the outlines 
of pertinent features of the contour area drawn on the plat. 

BORDER SPECIFICATION: 

This data sent must be included to specify the length to be used for 
the marks on the plot border. The marks are used to indicate nodal locations. 

CONTOUR LEVELS: 

This data set is used to tell the program which levels are to be con­
toured. This;s an optional data set because it is permissible to draw only a 
background map without any contour lines. 
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END OF DATA: 

It is possible to include any number of complete data sets within one 
control file and this phrase is used to signal the end of a data set and 
must be included. 

LABELS: 

This optional data type is used to specify labels for the plot. 

MATRIX INPUT FILE SPECIFICAT!ON: 

This data ·set informs CNT of the name of the data file to be contoured 
and the format of the data within the file. 

PLOT FILE SPECIFICATIONS: 

The use of this optional data category allows the user to separate 
plots that are described in the same control input stream. 

PRIMARY GRID SIZES: 

This mandatory data set specifies the distances between nodes in both 
the X and V-directions. 

REFERENCE MARKS: 

The Device Independent Graphics User's ~uide describes about three 
dozen different reference marks that can be drawn on a contour plot. This 
optional data set allows the user to exercise this feature of the plotting 
software. 

SCALING FACTORS: 

This keyword is used to input the number of map units per plot inch 
and the overall scaling factor. This set should precede the CONTOUR L~/ELS, 
LABELS and REFERS~CE MARKS. 
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SIZING PARAMETERS: 

The data items in this set include the matrix sizes and some program 
control options that must be specified. If the control set includes a 
title, this data type may be second in the central stream otherwise it must 
be fi rst. 

TITLE: 

It sometimes is helpful to identify a control set and this data set 
provides a labeling mechanism. This optional data set must be placed first 
in the input stream. 

X-IRREGULAR NODES: 

Y-IRREGULAR NODES: 

CNT has the capability of using an uneven grid system. These phrases 
. are used to introduce variations in the X or V-direction in the standard 

grid as defined by the PRIMARY GRID SIZES. 

An explanation of each data type given below consists of the keyword 
phrase, a short description of the data, the record formats and sample 
data strings. The samples are given in both formatted and free field 
form. The free field format is easier·to use because the data items are 
separated by ccmmas. However, the user must be careful when entering alpha­
numeric data items. A complete data set example and the resulting plot 
is given on pages 35 and 36. 
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Keyword Phrase: OACKGROUND fILE SPECIFICATION. 

This option~data set is included to outline the physical features of the area being contoured. 

Format: 26Al.4A4 

1-26 
27-42 

Sample: 

Contents 

OflLE 
Hill 

Description 

26 columns for the background map fHe descriptor 
16 columns for the format to be used when reading the background map flle 

~·-·····---------[-----------·l--·- -.-------.. ---- --j---------I-- ---.---- -.----,----.-- --·-----L------·--··------ . -,. --- --. --. ---.. -J 
j n f t. (, f\ !J lJ Nfl I t 'j f' l I I f I l 1\ I I (I 1/ • . 1 __ LI_L:_.l_I:.J_J .. ~ .-LI~J:.I.1_.J;. C-L .J:.J .. I_.LJ_I_.I:...J:..:I_ .. I_l.1-1...l-L-L.l..._ .L.L.L.l __ l...l __ 1_.1_1._ .1._I-_l-l._I-.l.4.J..J -.l.J..J--I._1-LI._I ___ -1 .• 1.1 .1_L 1 . .1_1_1. 
,··-··--·--···-·--tl·--·-------·-·--·-· .... ·-·--------B~----+ 

,;;I.·~~··.~-.~·:~·~.~~I~J!J~~~~~~I!~~.~:~;h;~.~I-~~~:~ __ ~~[ 1111J1i.~ .!~~_II..l-~=_=J..1._~=_[I~~_·L·j=-=J.-ULJ~=:~~::.-,~[,:~.l .U_lut u.J 
1 I :! :. " ~ 6 ""/ r. 

~ e 0 ~ 0 " C " 

In the above sample. the name of th~ background map fHe 1s 

a) DO: [16 L 201] ONOfRE. MAP and the forma t of the X-V pa 1 rs j s 
b) 8flO.0. Note the presence of the parenthesis in the format specification. 
Oackgr'ound map file format description: Two record types are used to describe a line on the map. 
The first type gives the number of X-V pairs used in defining the Hne and the pen number to be 
used when drawing the line. This is followed by the X-V pairs in the format given above. The 
combination of these two record types can be repeated as often as necessary. 

Record Type 1 format: 215 

Columns 
1-5 
6-10 

Contents 
NPT 
NPN 

Description 

tlumber of X-V coordinate pairs used to describe a line 
Pen number to be u~ed when drawing a line 



Record Type 2: Contains the X-V coordinate pairs defining the boundary line. The fonnat of the 
l1nes is as spec1f1ed in fMTl. 1I0wever, the values will be expected to be 1n sequential X-v pairs. 
A minus X coord1nate will cause the pen to be raised before moving to the coordinate. 

The sample below uses "five X-V pairs to draw a box counterclockwise. Pen number 1 is to be used 
when drawing the box. Only the free field (onnat is shown. 

5,1 
-10 .• 10. ,20 .• 10. ,20. ,20. ,20. ,20. 
10.,10. 



Keyword Phrase: DORDER SPECIfICATIONS. 

format: 

Columns 

1-10 

11-20 
21-25 

Sample: 

2flO.0,15 

Contents 

XTIClN 

VTIClN 
HPHD 

Description 

length of the tic marks to be used on the bottom and top of the border 
box (inches) 
length of the tic marks to be used on the sides of the bm·der box (inches) 
Pen number to use to draw the border box 

,-.- -.-.------.f------ ------t-·---····-- ·--·-1 E-----·--·--I·-·-··---·---3:--·--~--·--I-··-·-··-· --'-'-'-1 ~l!.l'_l~Lt!J....I~l.L 1~L..!.l:.l!l!J! El! ~l."l.LLL.l.LI .... L ~-1_LLLLI.-1. _LI.-1-1....1.-1-LL.L -'_.1....l.1 .... '-1-1._.1.--1... ....I._J..LI..1.-J...J-1._L..!_L.L .1.-'-.1. . .1...I.-l 

C 1:"1: 1~1:.6 _L L _1-LLLLLLI .... 1 . Jl...l._.t...LJ_LLI. ..!_I .... I_...L.l..J...L.L.1... . ..J._I.....I. .... 1. 1.1.....1. ..1 . ....1.. .1._I-I. . .1....1.-.l ..J_LI_L.1.. I.. 1....1_ L _1_LLLL.I.I.LI 
I I :~ ] 4 5 6 7 fl 

ra !.l " " I) eo" 

In the above sample, the length of the tic mark to be used on the bottom and top of the border 
box is 
a) .1 in. The tic marks on the sides of the border box will also be the same 
b) .1 in. The border box is to be drawn with pen number 
c) 2. 



Keyword Phrase: CONTOUR LEVELS 

Important features of this data set include the two methods of inputting the contour levels and 
the labeling options. If the absolute size is to be used. the SCALING fACTORS must precede tllis 
data set. 

Hecord type lforltlat: 15,4X.Al.flO.0.2I5 
Columns Contents 

1-5 NCTYP 

10 CLAD 

11-20 SZ 

21-25 LABDEC 

26-30 LABAll 

Description 
Type of contour level specification 
;;01; read starting level, ending level and increment. The intermediate levels 

are then calculated (see record type 2) 
=2; read each level to be contoured (see record types 3 and 4) 

Primary contour label control 
=Ni no labels 
=Vi label each contour line 
Contour label height (inches). Inputting th1s value as a minus nwnber will 
cause CNT to disregard the overall scaling factor and use the absolute value. 
Number of digHs after the decimal point in the contour level labels. To 
have integers printed. input a minus number. 
Secondary label control; CNT looks for room along the contour line to place 
the label. If there is not enough room a label will not be printed unless 
lAOAll is input as 1. In which case every contour llne will be labeled even 
if some labels ilre overwritten. Of course. if CLAB;;;;N. no labels at all will 
be pdnted. 

ftecord type 2 (to be used when NCTYP=1) format: 3flO.0.315 
Columns Contents Description 
1-10 CSTRT Starting contour level (must be less than CEND) 
11-20 CEND Ending contour level (must be greater than CSTRT) 
21-30 CINC Contour level increment 



Columns 
31-35 

36-40 

41-45 

Contents 
NUN 

NINC 

NLINl 

Description 
Primary contour line type 
;;:;0; solid line 
;1. dashed line 
-2. dash-dot line 
;;3. solid line with triangle symbols 
Spacing of the secondary contour lines. Every NINCth contour line regard­
less of value. will have the Hne type specified by NUNl. 
Secondary contour Hne type (same as NUN) 

Record type 3 and 4 are used when NCTVP=2. 

Record type 3 forma t: 15 

Column 

1-5 
Record 

ColulDll 

1-10 
11-15 

Contents 

NLEV 
type 4 format: 

Contents 

CLEV(I) 
ACNT(I ) 

Description 

Number of contour levels to be read (maximum of 50) 

F10.0.I5 - NLEV records are read 

Description 

Contour level I 
Contour line type for level I (same as NLINi record type 2) 
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Sample 1 

~--- .-- --. -------. ---.--.---. r-- -... .-----. ·---·r·-------] --c- --. -- ----.----]---------------, --- -' ----.- -----. ) 
I:.L.I_ J::Lt:_I_t:_~~!!:.....I::.I.J- L.I..LL I_I _1.L.l_ L.I...l_.L._LJ...L.J.-.l_..L_~ ....L..-L-..J.....L.L.L.L.L . .l_ . ..L._Ll_-L-...I...I....L.....I __ l- ....L....L....L_L1. .L'!J _I. _1...1.1 _1..1 _L.LLI_. o tf } 0 II fl I _ 'J . IS. 

t- ·--li-·---. b.---(-~- .. -·-II-H·-l--. 

[1~=_:.!~.L=-~_JJ!1~~~.I:.!~~L_b~~=.p.~.II~_~...LJ_.l......L....L__L__J-LL.!...I_~~~:I~-].Lt_l~~~~~~~=C~-·~==~~_~-J_~I~J.I_LI_LJ~J 
.-- .. --- --. r --- 'H-'--'- (; '---U' - -- -II----·w-·- 1_--- j--H--- 1(--. 

r.~--:~:_~~I~I~.l~~I= L..L~~::~~·t~=f!:.~~-I·:~=~I._laLL..L~_L.!~_r~_..L..t.!~=_=~~I~_L~~~~:=_=_I__L__Ll~=~~J~~~I--l:-:_~:~ 1 

t
-----· ----1- -.- -----] :El!J.P..,l!J1.L.J~_ t ~-,~ . .!.~L~J_LU..L --' ...LLL.I t...!._1..1._.l ..l_l...L...I.....I....1.-LL 

_.l . .l--'_l~LL1...l._.t! ~&~~l!LI_'- _1_1..l--' __ I....L.I.._.1...l. __ ..l.--L--LJJ....I....L-1_J... 

:_I:.!~·_~LI~I".J~I~ :_2~~~_&.!.t_-'.!.._, .I~ 1....!_LI_l_.l......l ...L....I.....!_....I..~....I_ 
I I 2 ] Ij 

e " 0 B 

In the above sample. CNT will 

a) read record type 1, 

·-f·------..L-1.L...I.--' • .1.-..LL.I_.L..l....L.....I.lJ__L__ 

_L1...l__L__.LL....I....LJ _1 -I....I.....! .1 __ L.1. 

LL_LLt....l.....! _ .1....I.....!....Il...I..l...L_L 
5 6 

I) " 

b) label the contour lines \'llth a label height of 

dc) .14 in. and output 

1 , I 1 1....L~~lI-··,-l.L..I=~-1..-=-I..j 
.....L..L..J....L.L.1._Ll...l. _L..L.l_..I_L.I. .1.....1..1 

...L_LI_L.t...!. _.1.-..LJ_l . ...I ...I . .l .. L..L_ ., e 

" " 

) 2 digi ts to the right of the decimal point 
e) The lines wl1l be labeled only when there is room with no overlapp1ng of labels. 

Record type 2 te 11 s CNT tha t the s ta rt i ng 1 eve 1 is 
f) 

~~ 
J~ 
k) 

-.6, tllu ending level is 
-.3 and the increment is 
. 1. This will yield 4 contour 
a solid line and every 
5th line wl1l he a 
dashed 11ne. 

levels of -.6. -.5. -.4 and -.3 . The primary line type 1s 



Sample 2: 

[~~~'~:~~'~-J=J~ f ~ I~I=-l-J_~=-~~[-~~~_-~~~~I-l J.J==L.l-l-l~~'~~L=~~~~~~~_LJ_Ll __ ===~' _~~~L-~L~'== ~:~-~=] 
-t. -- tt-_·. In .---.. - f --_. H· .-- 0 -'H' -- 1;.--... 

[~l_L~LJ J .1=:i1_l-J-LI_LJ.LJ:'J~_=~'~ I_U~-lil_I-L.J_LI-l-l~-l]-l-l-l ~ -I-l..J-lJ~~_I~ ..J":.I-l-l]~_:==~ -II"::._ ='~~-.'I=~J 
-t--- r --. 

r:-:~!LLLL1_J_LLJ-l_WJ .LLJ . .1_1 .. 1 .LLL.LJ~[-Lj~-l-l~IL-IJ_L1-~,_L~-l-I- I r=~~~-~~IJ~-=_:~=~~~:J 
t-- ._-G-"-H--'- 11·--. 

[L-'--==~~.U-L~Ll_LLLr='~~~=-:J~:.~~I_i.l==-LL~r:-~'~J.LJ_~ I r I '~-1.J_-'-l:ILL1~Li=~:I~.~~~~_~~:~ 
-t---- I---H"- J----t 

rJ=-,-.LL.L~:I_1 I-I-!-l-L-_I-~-_-l-·L.U-L-L_L.LL I I 1'1 1 I 1 I I LL1.JJJ-LIIl-.l __ ~=~,--:-r=,-~===~~l=~1--".~l-J 
•. ---K--H"-I_--t 

[::==LJ~J-1J~~;;-I-~~;J~~-L=~L._I~=~J-1-1 ,==r=-,-:~-,-~'~:~=J~~'=',:_'=~-':-':'~]~~'~-;",-=,I.L~iJ-Ll-.~J 

---"-T"'------. .-------.---.---. --.-- ------ ----.-------- .'" 
~ P-l!J!.1!~l!LL!_ UL&J.J_l-LL .LU---,- .. LLL.L.L -l-L-l-J.-l--l-J.-1-,-+4_~1 -l1....JI'-L~._L .. L_ 
LLJ ~LI -L u! j~-'~jL.t.t!J. 
} l_LL.L-LLI.Ll .W-I-L-L __ l_.l_L-l .-l.l_L.I..J_W.LJ. -l-I-LJ.-IJJJ-Ll--I-..L...I'-J-..... .LLJ .. L. .LLLJ_1J-L.J-l.. .L.l.-'---'.-'.L.I..I .. -'.l-L.l . .l..I .L_Ll-. 
~c.J! ~.j .• 1.J.J __ L_W -L _1_L-I-l...1.. .l-l.l .l~. J.J . .1__ _1-LL1..L.~~'-+~-&-Ll-LJ -l-l __ ~ __ LW ..Ll_ 

In Sample 2. the user is going to 
a) SpecHy each level. The lines are 
b! to be labeled wlth a label height of 
c .14 In. The overall scale factor ls to be ignored. The labels will 
d have no decimal point and 
e all of the lines are to be labeled wHhout regard to overlapping. 
f) 3 levels are to be contoured. The first level ls 
g) 1.0 and will be drawn using a 
h) solid line. The second level is 
j) 2.0 and it will be drawn with a 
j) dashed line. The final level ls 
k) 3.0 and a 
1) dash-dot line will be used. 
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Keyword Phrase: END Of DATA 

This keyword phrase announces to CNT the end of one control data set and the beglnn1ng of the 
next. It must be present in all control data sets or the program wi 11 not function properly. 

Sample: 
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Keyword Phrase: LABELS 

This data set allm'Js the user to supply labels that win be drawn on the plot. The set consists 
of two record types that can be repeated as many times as required. The set 15 terminated with 
the phrase IIEND Of LABELS". 

Record type 1 forilla t: I L 77 A 1 

Col ullin 

1 
2-70 

Contents 

NPNA 
LAO 

DescriQtion 

Pen number to be used when writing this label 
77 columns to hold the alphanwneric label text 

Record type 2 format: Al,4X,4flO:O 

Column Contents 

1 DTVP 

6-15 XLAO 
16-25 VLAB 
26-35 lIlA8 

36-45 ALAB 

Description 

Label coordinate units indicator 
=N; coordinates expressed 1n inches 
=¥; coordinates expressed in map un1ts 
X-direction coordinate of label 
V-direction coordinate of label 
Height of the label 1n inches. Inputting this value as a minus number 
will cause CNT to ignore the overall scaling factor when writing the label. 
If this option is used. SCALING fACTORS must, precede this data set. 
Angle of the label. An angle of 0° will cause the label to be plotted 
parallel to the X-axis. If ALAn = 90°. it will be plotted parallel to the 
V-axis. for further 1nfo~lation. consult ~he Device Independent Graphics 
User's Guide. 



1{~~:~~~;r~~~~:~~:~,l~.~~~:~~~:J~~~=:j-~~:~~I~:::::~"-'-'-"-~~:~l-::~~~~;~ 
._'--CI.I. 1.1:. &::.1 lt~--L L:_l:_:_f:l:J _--1'-_= ~ ..J...J.-t _J-_-lt-A- --l--.-l_l-L-t-~1..J._.l-Lt.--l-LL.l.J.. L_LJ -LJ _-L-tJ -A--L-tJ--Li....Ll _LJ __ LI--.-l_Ll~-j 
[ .- -----0--.. ----- ~-----H---- f ---*----- G---. 

t-.== =-~~=_L:t'-'?~~ =:t·",,.: U_.= f~-"'!"'u-'-'-'-i-"-,-&LLL~LLL'-' · · · · · · '-'- ~"~='_L'-'_'~ 
!Ll--.-l_J--LJ _L_LL !1--L-t __ l_LLJ._Ll __ LLl_l __ l-LJ __ l_L __ LLL-t-LL--L_L ---'-_J-LLJ __ '--'------'----_ ---'-_LLLLL-L-L--1- ---l-Ll-LL.LLJ-L J_.l_l..1_1JJ.._.LJ-_ 

~J-!~ltL~-L.1~j~_ I l!t ___ ~_l.£'EL~l!.L -~U b_LI--.-l---1- __ l..1_-L.LL-t--A--l--l- LL.L-t_J-----'----Ll ..1..1-LJ--.-l --LL1---Ll--t -t_J--l--l-A--'---J._ 

" .-----1(--... ----- I-----H------ /1--H------14 • 

f!~~;_=:_~_ LJJ!~~~I: u_ L:]~j~~~...l J-l __ L~L~_L-t_.! I-19-1~-I:.J------1---L--LJ--------'JJJ_t---1-L-l I I II 1-L-L-l-.1--.-l---L.LT-LJ ___ I--_I_L..l-L-L-lJ 

i-- ----.--- 0·------. 
[~ P.j-_-~l~ ~-~ ~li~. I I 1..1_ L.~~L_lj_LJ _l..J.J_-llJ__l JI-L--'-'-.JI.=c--'----1---l-1----L~..1-lJ__lJ..1-L-LJ-"I~L.J..__'_'__'I'___,1_1=_r_'__..J.J J _.J..J_-'--'-----'--I 

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

I I I I I _I...! ..L.LL-tJ..1--L. _1_l..J..J_L-LJ-_l_-l_ -L.l...l._-'-'----t---l-L..1- l-L.L.L..J. I I I I I 

_ L_1J..-L.l. --'-----'----'-----l..l.--L-l---'-_ J..JJJ-'-----'--L-L.L -1----'-----'-1 I I I I I 

L1.L_l_L 

!1!J~!l~LI!~1-J! _.!! .. lll!~l~_I __ L _~LL 
.1_l---'--l_..?l:'~l~~ ·I"I·'·II/~~~J.:L _lLLI 

~J~!'!I~I_I!~U! .!!l-~!f~l~l!L_ -~!!L 

~l _U_-'-_j~!!t:. :llll';":-&-"-l'!'~ :.J~L~L:l 
.lY!_I __ E}.{I_Llt1J! _L~:J..1...l_' J-_l __ I _1.1---1-

----'----'_t I I I I I I -L-L-t--'---- L-tJ..LL ..1-Ll--.-l_L1...l...L..L ' I I I I I L-tJ..J_ 

I I 2 
• II 

_ L-'---J.----1 

_tJ.J_L1_ 

LJ_I_LI_ 
3 
II 

_ l_I_-l-L-t----l--.-l_L_1... 

..J.--l..1_.1..l---L 1_'--'--

,-"..J._1----'--- Ll-J _W_ 

---L-L.-L.l-A---.-l_1.1.-1 _ 

..1 __ -L--L_1....L L LJ _'-_ 

-LL-t-L 1----'----'-'--1 -5 ,. 

J-L-l-J ---l-J __ LW_ 

_ 1-_1--'----1_1----'---'----'--' 

..Ll_--'----'-----1..L.1.--l---L. 
6 
a 

There are two labe 1 sin the above sample. The f1 rs t wlll be drawn us 1 ng 
a) pen number 1 and its text 1s 

~bl"nlIs IS TIlE FIRST LADEL". The coordinates are given in 
inches and the X-coordinate 1s 
2.0 in. and the V-coordinate 1s 

ef ) 5.0 in. The characters wl11 have a height of 
) .14 in. and will be drawn 

g) parallel to the X-axis. The second label will be drawn with 

--L.L-l_ "..1.J-1 ..1 _J._ 

-'-----'--1..J._ 

J..J-LJ----1-...lJ,---l-J_ 

h) pen number 2 and Us text 1s 
1) IITIHS IS THE SECOND LADEl". The coordinates of the second label are given 1n 
j) map units wHh the X-coordinate at 
k) 1000. and the V-coordinate at 

--L-l 

..1_1_ 

..1_ 

_1.1 

.oj. t_ 

"-'--

1) 2000. The label will have a height of 
01) .07 inches and CfH is to ignore the overall scal1ng factor when wr1ting the label at an angle of 
n) 90° which 1s par'allel to the V-axis. 
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Keyword Phrase: MATRIX INPUT fILE SPECIfiCATION. 

CNT is capable of reading the input matrix from four dHferent types of data files: formatted, 

unfonnatted, FIlE-ll random access and flLE-Q random access. This data set identifies the type 

of f11e and provides the program with the fl1e name. 

Record type 1 format: 

Column Contents 

1-5 MTYP 

5-10 NMATX 

Record type 2 fonlla t: 

Column Contents 

1-26 ANAME 
27-42 fMT 

Record type 3 forma t: 

Column Contents 

1-26 ANAME 

Record type 4 forma t: 

Co1un"l Contents 

1-26 ANAME 
27-31 NDLK 
32-36 IOSZ 

215 

Descr1ption 

Data file type 
;1. formatted ASCII (record type 2). 
;2; unfonnatted sequential blnary (record type 3) 
=3. unformatted random access binary. flLE-ll structured (record type 4) 
;4; unforma tted random access binary, flLE-Q structured (record type 5) 

Number of matrices wHhin the f11e that are to be skipped. The first 
matrix to lJe read will be the (NMATX i-l)th matr1x 1n the f11e. 

26Al.4A4 - read when MTYP = 1 

Description 

26 columns for the data matrix flle name 
Data matrix ASCII format specification (16 colwllns) 

26Al - read when HTYP = 2 

Description 

26 columns for the data matrix fHe name 

26A1.215 - read when MTYP = 3 

Descri et i on 

26 columns for the data matrix file name 
Number of records in the fl1e 
Number of real words per data record 



Record type 5 format: A2 .11 ,1 X , 9A 1 - read when MTYP = 4 

Column 

1-2 

3 

4 

5-13 

Sample 1 : 

Contents 

oVlcr 
IORV 
Not Used 

ANAME 

Description 

fIlE-Q dev1ce containing the data matrix file 

Drive number of the Fi1e-Q device 

9 character data matrh fHe name 

fonIlatted ASCII fUe. note the presence of the parenthesis 

t l't-:-;·'H~~~~-IL:-N-:..l ~-I-hJ-J:.-I-I--,l:.-, ,st~'-I[-il-r-l!-I~-J~ ~~-L.J.--l-l-l.....1_l_ -l-.l-l-l--...1..-~' ,±~-,w~~ -~-=l~~u~J 
.L~.LI~.LJ ... .LJ.L.LLJJ-l-.l_LJ ... _. ~L I_LL.l.I_. _1-l.L.Ll-L-L.J. . .J._ ...LLJ _LLI. .L--L_LLL.LJ....L."-t---'-'-L-.>-LI-lJ .. L .1_J.-l-.LI...1...1 . 

. 1~J~I:l!J~el!1! T • 0 _I!LLLJ.l. --L..LJuJ-LI' ,srl l flc.l!.lL -1.lJJ_ ...!....Ll--L . .J Lj-lJ _I_J.l.LL.J.J.--'--L 
1 I 2 3 " 5 6 7 6 

• ID I II II I • I 

Sample 2: unformatted sequential binary f11e. 1 matrix 1s to Le skipped. Processing begins 
with the second matrix. 

Sample 3: unformatted random access binary FllE-ll structured file 

t·l~T~.~J!I~'~&.;.rlL-L!1:t,~'~ll~[LI'~" {UI!~E ·~.t:.L-1-L-J....LLI_L .l.--'--. L.Ll...l..J..LJJ-.·~= ... u-~~~f: '.1 ~ J.=~~~~:'~:·~:~~~l--Lj 
.L .lJ.I~I.L LL.~ ...L..J.J_LL LL L J. _LLLLI . .J..J --L...J.. ..J._J...J...--LJ .. L..L.l.J._ .... 1...L1. L.IJ_I .L.J._J_L.--L--' .. LL.LL.L ....JJ . ..JJJ.....1.J ... LL1..Ll..J-l-l .... L 

II~L !.~I~t..!.t!~ _!c.~l!.I~L1.Ll .. I_1..l_I.L..J...J. .. I.J ..• 1_L..JJ .... J-.l ..... LJ. _.LJ_1..LL.J...J. . .L..1 .L.J..I-.l .. LI-1..l-1 .LlJ. . .J.J . .J •. l . .l..LLJ--'..J . ..LLi 
I I 2 .3 " 5 6 7 II 

o 0 III II jI (I /Il " 



Sample 4: unformatted random access binary FILE-Q structured fHe 



Keyword Phrase: PLOT FILE SPECI fICATION. 

When using multiple control data sets. this data set allows the user to separate the plots into 

individual files. Hm-Iever. this keyword phrase is only active if the user specifies during the 

interactive 1/0 session that lIIultiple plot fl1es are to be created. 

format: 26A1 

Columns 

1-26 

Sample: 

Contents 

MUlFIl 

Description 

26 columns for the plot fl1e specification 



Keyword Phrase: PRIMARY GRID SIZES. 
Format: 2FlO.O 

Col~~ 

1-10 
11-20 
Sample: 

Contents 
XINCP 
YINCP 

Ocscr1nion 
Standard node spacing 1n the X-direction (map units) 
Standard node spacing in the V-direction (map units) 

El!:~~~ilh~t!ll:~&.:-J l-l-~-!.-L u~J-Ll-l-Ll--1-LLLl-l-1LJ--1-LLLLLLL~~~l-L U _LL _LLI. LJJJ -L] J....LJ J~-::l~~.J 
.- --- fI--H-·-- 8---·. 

L.J....L-L-J!.2.ll . .J I I I I 12~~bJ~:LJ_~_u~=rJ_~ I I I I II I ,....J.....LJ~ILLLl_LLl.J-1.JLl.....LJ....LJJJ-Ll=J.J..:-~L-=-I_JJ] 

F1!'!I'~~c El' I ,~,w- ,5,., F='-:-:~-I~~~-'-U_~.L-LLLLLLLLIJ-:::'-:"uwl ' , , 'mL lu~===-J 
~~~2I!l:..t!:J~~! • LJ_I.....l_I._L.LJ_I. _.L.I ...... _.l-LLLL1 __ LL.l.-L.J.JJ.. I , I I 1...l.J....LJ_ -l-l-l-l_l_LLLl -LJ......J....L......LJJJ __ L-!.-Ll....J_.l.....1....J~ 
I I 2 l 11 5 6 7 8 

a II /I II g • " g 
The above example snows a standard node spacing in the X-direction of 
a) 1000. map units and 1n the V-direction of 
b) 2000. map units. 



Keyword Phrase: REfERENCE MARKS. 

This data type allows any of the symbols avallable from the Device Independent Graphlcs package to 
be drawn at spec1fled locations. The data can be repeated as often as the user wishes and is 
tenninated with the phrase "END Of REfEHENCE MARKS". 

format: 215.4X.Al.4FlO.0 
Column 
1-5 
5-10 

11-14 
15 

16-25 
26-35 
36-45 

46-55 

Contents 
NPNA 
IRF 

Not used 
DTYP 

XLAO 
YlAB 
ULAn 

ALA8 

Description 
Pen number w1th which to draw the reference mark 
Number of one of the avallable symbols (refer to the Device Independent 
Graphics User's Manual for the available symbols) 

label coordinate units indicator 
;N; coordinates expressed in inches 
-Vi coordinates expressed in map units 
X-direction coordinate of the reference mark 
Y-directlon coordinate of the reference mark 
Size of the reference mark in inches. Inputting thl s value as a minus 
number will tell CNT to ignore the overall sea 11ng factor when drawing 
the symbol. If th1s option is used. the SCALING fACTORS must precede 
this data set. 
Angle of the reference mark. An angle of 0° will cause the symbol to be 
drawn parallel to the X-axis and a 90° angle will cause the symbol to be 
drawn parallel to the Y-axis. 



fiElllt~uJ1l!1!~~~-=-J~-.-J_~~I-_~_-~~~~~-=~~~~J-:~_u _L=~-=l=~_L:~-:-:-:lLu ~ ~_~ , , I IlhLLL_LLu-LI=-L1=Ll~~l 
t- - ft-H-- 8---" Ct- -------- l)----.. -·----l---.. -·---, --..... _-- 13---. 

1_~_L1_1~_-=J_,lllr~=~NL~=,__:~~l=~~~~-~_=r._:;~~=_J_ll I~ 11~!J_JJ__U~C~~~~t:!-~L1.~ II' I I I l-Li-Ll.L~_LL.LLl.~J 
i- -'t--K--- 1--+ .. t-_·_- K-----H-·- --l--.... -·--H--K-'-- tl--" 

bt~_L.LiL_lJ.J!.w_L1_:J~L..L!.l!~:.I_1....t _l.L ,!'!2.c.J_L...L.LL_Le! __ I_Ll_l-,J"-..L-~-I!-l~-· ··--'-J---L,L.-I-'I-'-I -I -..l-l.-....t.-,-ul_t _~_~.~ .. LU] 
t- 0 --. 

[li2._l!.[L.l!UL!i!lif!L~l!lih2.,:,!,=_ .L-'-J-l __ LIL_~_~..-LLL.L1....t]-L L.LL ..l...L...l-..J,.~~~_.L.J_l_L1_lJ-'...J,....t.....'_l--L...l-LL_LL.I-'-:_I.~] 
---------------,,----_._--

t!1:. -_fl.l. 1l:..l!E.l: H. ltIHf.ISI~....t.....t._L .. LL1.-'-'_..l_Ll-L_ .J._t_.J_U_LL....t.. _l_ --.HW_>L:t : :~LUH~. -·L1-L.!.l~~~-L-:~.-l=-L..J,~-
_LL~_~.L..LL..t.!...l I I I 1~~t!.2 :J!..:1:.t.!.&!t!..L.. ...L.L1...LLl-L_I~_ ....t.....t...J.....L1-'..J,_~_L ~.LJ-'- I I I , I I I .... LJ-l....J __ U_I-l-l. _ 

_ L..-L.I_lL1-l.J.~ ..J.....L1_J.J.~ ~ ~I!.!: ! ~,~c..t:u_~ ~ &!. ~~~-LL1.~L _I _~ ..J.-l....LL. -L I.L.!...L L-L.!....L ..LLl-'-U-L.!..J- _L.I.J-'_~.JJ._L...L 

LN.2..L_l!.L. I'll f ',",l,N,~JJ!lll\~~LL1_'_LLL _L.L_LL.J-L..L~_L_ LL1....LLLL_1 _1-l_J_..LL-LLl LLL~...LLL _LJ ..LL...t_LL~. 
I I 2 ') Ii 5 6 7 e 

• Gil. a • /I • 

There are two reference marks in the above sample. The first will be drawn with 
a) pen number 1 and number of the symbol is 
b) 11. The location coordinate are expressed in 
c) inches wlth the X-coordinate at 
de) 2. In. and the V-coordinate is 

) 3. in. frOID the ori gin. The sYlllbo 1 is to be drawn 
f .14 1n. high with 
9 no rotation. The second reference mark 1s to be drawn with 
h pen number 2 and the symbol to be used 1s 
1 number 5. The location coordinates are expressed in 
j map units with the X-coordinate at 
k 150. map units and the V-coordinate at 
1 300. map units. The size of the symbol is 
III) .28 in. and CNT 1s directed to ignore the overall scallng factor when drawing the symbol with 

a counterclockwise rotation of 
n) 45°. 
0) End of lhe reference marks for the control data set. 
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Keyword Phrase: SCALING fACTORS. 

fonDat 2f10.0 

Columns 
1-10 
11-20 

Sample: 

Contents 
DSCAlE 
fSCAlE 

Description 
Data scale factor (map unlts/inch) 
Overall scale factQr that modifies the size of the entire plot. This 
parameter is used as the argument to the D. LG. fACTOR subroutine 

bljt ... Lll!l~LUW.R,S,., , I ~L_LLI-L ,=:J--LLL..l I I I , I LJ.--1-!JJ~_LLL[..J.nL~ I I I I II I , , I I 'I~-_L[=~:~J __ LLLLJ 

i- -- It t.··_-8--. 

[W_J...1-.1J!!~III.LI I 1-1_=:;] l..J....l=LL..l...&.-LI . .L-Ll I I • IJ.I 1.-. I I I , • I I L.Ll--1-!=:J-L.L.L-LJ-L..J.J.J_[J.~~J..l.~, .J...Ll 

In the allove sample. the number of map units/inch is 
a) 100 .• and the overall scale factor is 
b) .5 which reduces all vectors and shes by half. 



Keyword Phrase: SIZING PAftAMETEnS. 

This must be either the first or second data set. It can be preceded only by the TITLE. 

Format: 915 

Column 
1-5 

Contents 
IOVR 

Description 
Paging control variable. This variable can have two functions. When 
multiple control data sets are being processed. the value of the data 
Hem determines the placement of the pen and establ1shment of each plot's 
odgin before it is drawn. If this is the last control data set being pro­
cessed. it determines the placement of the pen after the plot has been drawn. 
-0; this is the most frequently used value. If multiple sets are being 

processed. a new origin is establ1shed before the plot is drawn and if 
this is the last data set. the pen is moved bottom right after the plot 
is drawn. Plot files created with this option can be transferred to the 
plotting device by using a wild card PIP conllland or with an indirect PIP 
cOllllland flle wHhout the user manually moving the pen to keep the plots 
from being drawn on top of one another. 

-li this is the overlay option. If multiple sets are being processed and 
this 1s not the first set, a new origin will not be established before 
drawing the plot and no border. background map. labels or reference marks 
lIIarks will be dra\'m. However. if this option is used in the first data 
set. the border. background map. labels and reference marks will be 
drawn. When used with the 1 as t da ta set. the pen wi 11 be moved bo ttom . 
right after the plot has been drawn. 
rescl'ved for future enhimcements 
used for drawing only the border, background map. labels 
marks. H multiple sets are being processed and th1s is 
set, a new origin 1s determined before drawing proceeds. 
option is used in the last data set, the pen 1s returned 
origin after the plot is completed. 

and reference 
not the first 

When this 
to the plot's 



Column 

6-10 
11-15 
16-20 
21-25 
26-30 
31-35 
36-40 

41-45 

Co~tents Oescrigtion 
IOVR (contd) 

NPNC 
NX 
NY 
NCXF 
NCXl 
NCVF 
NCYl 

CELCEN 

=4i th1s is the zero-zero option. If multiple sets are being processed 
and this is not the first set, the plot will be drawn using the last 
established origin of the previous plot for its starting point. And, 
if this is the last set processed. the pen will be returned to the 
plot's origin after the plot is finished. 

Pen number with which the contour Hnes are to be drawn 
Number of data nodes in the X-direction (256 is maximum) 
Number of data nodes in the V-direction (256 is maximum) 
Starting X-direction node for the plot area 
Ending X-direction node for the plot area 
Starting V-direction node for the plot area 
Ending V-direction node for the plot area 

Note: If (NCXl-NCXf)+I) * «NCYl-NCYf)+I) 1s greater than 3025, the 
matrix is too large to be kept core resident and a fILE-Q disk 
wn 1 be needed for temporary data storage. 

Cell centered data (i.e .• OPRW Transport Model output) - INTEGER 
=0; no offset 
=1; background map will be displaced 1/2 of the first node spacing 

increment in both the X and V-directions. 
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Sample: 

[~L,~-~~Ll~P}t-1!b!L~-.s:!-~~L~-~=~-,-=~~_J==~-L~~C-=-~-~~I~~_j=_~~ I ~-r=~-l-=]~~=-:~~=] 
t- -11--H-- O--H---C--H- -- O--tl-·_-[-H- - f-tt-- G-H---li-W--- 1-' 

[-'~!-U_ !-j~I I 111~!::_l! !l·I~_=~l-L~~lL_~WJ ll~I-L~-1.J--=C.-LlJ_J I I I I 1--'-iJ-LJ-j_l-,-=I=_-l--==-~=_-:J 

In the above sample. 

a~1 nonnal paging will be done and the contour lines will be drawn wHh 
pen number 1. There are 
150 nodes 1n the X-direction and 

---------------

d) 100 nodes in the V-direction for a total matrix size of 15.000 nodes. The starting X-direction 
node for this plot 1s 

e) 1 and the ending X-node 1s 
f) 50 for a total number of X-d1rection nodes of 50. The beginning V-direction node 1s 
g) 25 and the ending V-node 1s 
h) 75 \'lh1ch yields a total number of V-direction nodes of 50. The ultimate matrix she of the plot 

area 1s 2500 nodes and thls plot will not require a fllE-Q structured disk. The data in the 
matrix is . 

1) not cell centered. 



Keyword Phrase: TITLE. 

The t1tle 1s for identification purposes and is used only when the Hne printer echo option 
1s selected. It should be the first set 1n the control data set follm'led by tile SIZING PARAMETERS. 

format: BOAl 

Column 
1-80 

Sample: 

Contents 
TITLE 

Description 
80 columns for the title text 



0"1 

" 

--------'-

Keyword Phrase: X-IRREGULAR NODES. 

CNT is capable of contouring a surface with an irregular grid system and this data set is used to 
introduce irregularities in the X-direction. It consists of two record types. 

Record type 1 format: 15 

Columns 
1-5 

Record 
Colwnns 
1-5 
6-10 
11-20 

Contents 
NEX 

type 2 fonnat: 
Contents 
NSX 
NFX 
XDlf 

Description 
Number of intervals 1n the X-direction that the node spacing differs 
from the standard. 

215,flO.0 - NEX records are required . 
Description 
Starting node lnterva1 in the X-direction for the nonstandard grid syst~n 
Ending node interval in the X-direction for the nonstandard grid system 
Grid spacing to be used for thh variation interval. 

bl~t!l!~!,G,l~~PJ!LIN,OlnL'~i~LJ~_·J=-~I-~=J..I_JI-lJ-LJ.-LLJ.I, , I __ LJ-1~L~_L1_!-1 I~~-~·~~·~~-,-l==_L~~~J 
t·- -ft·-. 

L_.LL.1!1_-l __ L.LJ...w __ LU--L...l-l...l __ L_~_~LLi~1...l...l I I , I , I I I, I , , I I I L.1hLI_LJ , I IILL!-LlJ....l-11-=.~_~:~~:J 
+---- 0-...... ·-c--w---- f} -_ .• 

11 1 .t! !l.U 1! ~L __ u __ uL~.!t! ,1 U--L_ Ll_L-l_I.-L_L-l-1_.LL.1.--L--Li_LL.1...l.J.-l--L-i-I~=-'~l...lJ.--L]-1-!_L!-Ll--! -,- ~l~~--=:~~~~l~-:J 

In the above sample, there is 

a) one variation in the X-direction and it begins with node interval 
b) 10 and ends with node interval 
c) 15 (inclusive). The intervals for nodes 10-15 \,1111 be 
d) 1000. units. 



en 
co 

Keyword Phrase: V-IRREGULAR NODES. 

For an explanat10n of this data set. read the description of X-IRREGULAR NODES and substitute 
a Y for each X. 

..,- -



3.3 RUN TIME ERROR MESSAGES 

CNT performs some internal data consistency checks and will produce 
some run time error messages. All of these are fatal errors in that pro­
cessing of the control set will be suspended, but only one error will stop 
execution immediately without reading the rest of the control stream. The 
run time errors are listed below with a short explanation. 

FILE NOT ON D~'ICE XXY FILENAME IN DATA SET ZZZZZ 
The user has specified a F!LE-Q structured file as the matrix input 

file and the file could not be found. Processing will continue with the 
next control data set if appropriate. 
XX - FILE-Q structured device 
Y - FILE-Q device drive number 
FILb~AME - FILE-Q file name 
ZZTZZ - control data set number where the error was encountered 

IMPROPER FILE-Q D~JICE OR DRIVE NO. XXY IN DATA SET ZZZZZ 

The user has specified a FILE-Q structured file as the matrix input file 
and either the specified device or drive number is in error. Has the device 
been properly mounted? Processing will continue with the next control data 
set if appropriate. 
XX - FILE-Q structured device 
Y - F!LE-Q device drive number 

ZZ777 - control data set number where the error was encountered 

INVALID CONTOUR INPUT SPECIFICATION TYPE XXXXX IN DATA SET YYYYY 

Check the CONTOUR LEVELS data set because the type of contour specifica­
tion is in error. Processing will continue with the next control data set 
if appropriate. 
XXXXX - contour type specification as input 
YYYYY - control data set number where the error was encountered 
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NO VALID KEY IN ABOVE RECORD 

The line that is written prior to the error message contains the buffer 
that was being scanned for a keyword phrase when none was recognized. This 
error will suspend any further processing. 

ONLY THE TITLE MAY PRECEDE THE MATRIX SIZING PARAMETERS IN DATA SET XXXXX 

The SIZING PARAMETERS must be either the first or second data set and 
only the title can precede them. Processing will continue with the next 
control data set if appropriate. 
XXXXX - control data set number where the error was encountered 

THE CONTOUR LEVELS ARE OUTSIDE rrlE DATA RANGE IN DATA SET XXXXX 

The user has specified contour levels that are not present in the input 
data matrix. A line printer echo listing will provide the minimum and maxi­
mum values found in the matrix. Processing will continue with the next con­
trol data set if appropriate. 
XX.UX - control data set number 'Nhere t."e error was encountered . ' 

TOO MANY IRREGULAR NOOE SPECIFICATIONS (50 MAX.) IN DATA SET XXXXX 

Either the number of X or Y-irregular node variations has exceeded the 
maximum allowable of 50. Processing will continue with the next control 
data set if appropriate. 
XXXXX - control data set number where the error was encountered 

TOO MANY LEVELS SPECIFIED XXXXX (50 IS MAXIMUM) IN DATA SET YYYYY 

eNT can only contour 50 levels at one pass through the data matrix. 
If more levels are required, a second pass can be set up with another control 
set using the proper paging options to draw the lines on the same plot. Pro~ 

cessing will continue with the next control data set if appropriated. 
XXXXX - the number of levels specified 
YYYYY - control data set number where the error was encountered 
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TOO MANY NODES (256 MAX.) XXXIX YYYYY IN DATA SET ZZZZZ 

The maximum matrix size that can be contoured' in 256 x 256. Process­
ing will continue with the next control data set if appropriate. 
XXXXX - number af nodes in the X-direction as input 
YYYYY - number of nodes in the Y-direction as input 
ZZZZZ - control data set number where the error was encountered 
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SIZING ~A~A~erE~S. 
~,1,90,55,t,q~,1,SS,1 
8QR()€f.I 5Pt::CIFtr:.).TrlJ)!~. 

.1, .1, t 
SCALI:\G 1='4CTOwS. 
3e4.1~,.S 
P~I~~~v G~lU SrL~~. 
1!J1U, ,1:.J~. 
CONTUl'loi LE I/€L.~. 

3, 
• 5 , t 
1 • , 1 
2 • • 1 

2 Y.l",' 

aAC~G~Ou~r FILE Sp~CrFICATION. 
Op,,~: (t!i.l~,al;'Jl F.lQ~J(jFgt- ,.IAP t.;F1Ci.vJ) 
HATji(Il INPUT FTI.F.: '''''''E:.(;H-IC~IIO''j. 
a, £.1 

DP0:C~SE1~qlS.~V~ 

LA~~Ls. 

1 A V f. ... Ali t:: ~ v q F :. C E r f .~ P ~ ~ " T I ;,., [S F I j ." q / 1 "j 11 b 
Y 1~~.,3J~.,.;~,0. 

1(CON1Uu~ L~V~L~ ~~~ I~ ~~~~~~S CENrlG~A~E) 
y 1 <~~) • , 1 :; '.~ • , • .2" , .-;. • 
E~C OF l..11 t'EI...';). 
RfFEI=ENCE l"io\~KS. 

1 1 1 'If tJ '5 ~·il • , '" Ii 5 ~I • , • ~ t1 , " • ~ 
ENG OF REFE~€NCr- ~Aw~~. 
E~O t1F OATA. 

SAMPLE CONTROL FILE 
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AVf.RAGE SUIlfflCE TEHPE.RATllRf.5 fOR 9/15176 
(CONTOUR LlVlLS ARE IN OEGREES CENTIGAflOf.l 

--- ---
--------------

, . 
-----_. 

SUBSEQUENT PLOT 



Program DIFFER 

MCR>PUN D8B:DIFER$ 
PROGRAM DIFER TO MAKE DIFFERENCE MAPS 
~'JHICH C'Isf::: UNIT L~., ::=[:080: 

...;;. 

ENTER THE BASE FILE NAME 
THEN NEW FILE NAME 
THEN DIFFERENCE FILE NAME 
THEN MODULO NUMBER, NODES-X, NODES-Y 

r 21::::" :: JHWISAP. ::OT 
[213, 3JNWISAP. POT 
TOSS. H10\O\P 
1. , 58, 25 .. 
[ 21::, :: JH~H SAP. BOT 
[ 213:, :: IN!.JI SAP. POT 
TOSS. H1P 

1. 58 25 
~AX-MIN-RMS DIFFERENCE 

E1. 29E:::4E+£G 0. 57140E+0e 0. 12291E+81 
ENTER A TITLE FOR THE PRINTOUT 

AQUIFER THICKNESS MAP 
AQUIFER THICKNESS MAP 

1 
ENTER THE NUMBER OF DIFFERENCE MAPS TO BE PREPARED 

NUMBER OF COPIES= 1 
ENTER 6 ONE CHARACTER PLOTTING SYMBOLS FOLLOWED BY 
SIX UPPER LIMITS ON THE RANGES (IF THE FIRST 
PLOTTING CHARACTER IS RN eE) NO SYMBOL DIFFERENCE 
MAP WILL BE MADE 

A8C[:'EFS8 .. ) 180 .. ,158 .. ,288 .. ,258 .. ' ::00 .. ,158 .. ' 
R ~ 8 C D 

50. OE1 -108. £18 150. 00 200. 130 

ENTER THE BASE FILE NAME 
THEN NEW FILE NAME 
THEN DIFFERENCE FILE NAME 
THEN 1'10HILO NUI18H:, r-JODES-:<:, NOC'ES-1' 

'-'2 

CIIFER STOP 

E 
250. 013 

F 
::(H3. ~30 

DIFER is a program for making lineprinter differences maps of two kinds 
and a binary difference file for plotting purposes. Input can be from 
the File-Q disk if the user wants to look at difference maps only between 
time planes or from binary files to look at differences between any two 
binary files. This interactive input stream differences between a binary 
stress potential file and a binary potential file for the no stress case 
so that the resulting difference may represents drawdown between the 
stress and no stress cases for the Basalt aquifer. 
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BASIC GROUND-WATER MODEL CODES 

Once all the input files have been prepared and checked out the procedure 
for setting up the model input, running the model and retrieving the newly 
calculated potential files is rather simple, as illustrated below: 

,----
I 
I 
I 
I 
I ,----------------: : 

I I I I 

: FILE-Q DATA ! ,---oj 
FILES : I I-~ 

, I I I 

I .------------..., l I I I 

SET UP THE 
STRESS-RECHARGE 
DATA VIA WISAPQ 

SET UP THE 
AQU I FER oESCR I PTiON 

AND OTHER MOoa 
INPUT- VIA VTTINP 

I : :: I: : 
I ' I I ~-------~----~ ,; 'VTTFlaOS' 1-+--1" .1. ___ - - - --- ---- -- - ------- --. 

: ! :: : t 
l ' __ -----------' I , ,..-...:-__ ___ 

I: RUN THE 
: TRANSIEN .. T TRANSIENT 
: Mooa vrr I _____________ ~ t 

l I ' I t 
; ! : I I I I: 'VTTQS' :~ __ 1..J __ .. , I I I I I "-__________________________ _ 

t ; : : + 
I '-------------- I 
I I [ l SPECIAL HIGH! : 
: SPEED DISK : 
; FILES : 
I ' , ' , ________________ .J 

------- • DATA PATH 

, 
I 
I-
I 
I 
I 
I 
I 
I 
I , 1 _____ -

--. PROGRAM PATH 

RUN THE STEADY 
STATE MODEl 

VTTSSZ 

,-'------- ---.... 
RETRIEVE THE NEW i BINARY , 

CALCULATED POTENTIAL ~ OUTPUT 
FILL OR FILES VIA READN • l FILES : 

~------------
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In addition to the WISAPQ, VTTINP, VTT or VTTSSZ and READN programs used 
to set up the model input, run the model, and retrieve the model results, 
other useful programs will also be presented in this section. These programs 
include: 

• ACHECK for printing out the model data files currently set up for the 
ground-water model on the FILE-Q disk. 

• VTTPNT for summarizing and printing out model results as they currently 
exist on the model's data files on the FILE-Q disk. 

• MXED for examining and/or modifying the model data files that exist on 
the FILE-Q disk. 

These programs can be used to further check and/or list model input, and the 
MXED program can be used to make various simple changes in model input for 
certain kinds of modeling studies. 

The program in this section will always ask which FILE-Q disk and whether 
the user is working with the large or small field. One must be consistent as 
to the File-Q disk he specifies. The small field option h~s to do with 
obtaining a higher resolution potential field within some small region of the 
base nodal (large region) system. If in the future there is a need to use 
this high resolution feature, the additional operating procedures and program 
documentation can be found under programs SUBGEN and BCTRN. 
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Program WIQPG 

MCR>RUN D80:WIQPGf 
THE WISAP FILE Q MUST BE SETUP 
~JHICH FILE Q DISK? L 2, OR DB€!: =1 

ENTER NAME OF BILE 
~ 21 J:, J: JQOUT. (:oAT 

~.J I QPG STOP 

Sample of the interactive input stream required to run WIQPG, 

which utilizes the intermediate Q-File supplied by WISAPQ to 
prepare the VTTQS File-Q file for a VTT model run. 
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Main Model Input, VTTNP 

VTTINP is the main ground-water model input code. It is used to prepare 
all the control and matrix data on the File-Q disk except for the Q data file 
VTTQS. VTTINP should be run after the Q data have been prepared, checked out 
and WISAPQ has been run. All the input data matrices and the calculational 

type files can be checked out as indicated in the previous pages. 

84 



MCR>RUN DP2:YTTINP$ 
WHICH FILE Q DISK 1.2.1 

HAVE YOU RUN QPRG WITH THE PROPER ROTATION???? 
ENTER INPUT FILE NAME 
~ISAP2. CRD 
WISAP2. CRD 
TIME VARING BOUNDARY NODES (0=NO. 1=YES) 
o 
IS A SMALL REGION SIMULATION TO BE RUN (0=NO 1=YES) 
o 
ENTER NAME OF INITIAL CONDITION FILE(OR NONE) 
NONE 

YTTINP STOP 

Example of the interactive control streams necessary to run 
VTTINP 
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WlSA~ OATA- HANFORO nATA 
r)pl:wtSAP.I\~l 

OP1:Nl~AP.fjOT 
OP1:Tnp.At~1 

OP1:WIASP.I"4YC 
OP1:WlSAP.TYP 
NONE 
NONE 
NONE 
1,58,2S,YN1,0.~,3~~~.,1.0. 
0,et,Id,0, 
(11,,"',0,0, 
0,0,1,5~,50,7,e:-3,1.25 
lCJ75,1,1,0,id,id, 
1975,t,1,1.1,1t,),~, 

0,2,0,0, 
lCJ 75,1,1,0,0,12l, 
1975,1,2,0,0,0, 
l,i5,1, 
1 , , 1 
1,25 Ii , 
1.~,0 
l,iS,1, 
1,,,,.~ 

POTE~TI"L FILE 
lQutFER ~OTTOM FILE 
ArJUIf'ER TOP FTLt:. 
~ynRAULIC CUNDUCTIVITV FILE 
C.LCULATION TVPE FILE 
STO~AGE COEFFICIENT 
INrE~AQuIFER T~ANSFE~ COEF, 
OCF.~N T~AN~FER COEF. 

COLUMN OF CHANGE INPUT 
(STORAGE COEFfICIENT) 

(OCEA,1j TRANSFE:.R) 

Example of Main Input Control Stream for VTTINP 
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Steady State Models VTTSSZ 

MCR)RUN DP2:VTTSSZ$ 
WHICH FILE Q DISK 1,2,3 
2 
LARGE OR SMALL FIELD? ;CR=LG.1=SM 
£1 

TTY HEADER INPUT? 
~1 

START OF ITERATION 1 
PRINT? 
a 
START OF ITERATION 2 
PRINT? 
1 
PRINT I1ATRIX ? 
£1 
SOLUTION J THICKNESS ,SOL -BIAS 

1 2 l 
a 
Q -CAL J INT. AQUIFER TRANS. ,Q -tiAO. ,Q -1t!ATIO 

1 2 l 4 
a 
TRANSMISSIVITY MAP ?;(1) =FT**2/DAY ; (2) =GAL/DAY/FT 
£1 

VTTSSZ STOP 

Example of the Interactive Input Stream required to run 

VTTSSZ. The solution at the end of each iteration is stored in 
the VTTFIELDS (large field) File-Q file. There are print 

options available like VTTPNT has. These print options can be 
utilized at the start of each iteration. Typically, five 
iterations are required to obtain the solution to an unconfined 
aquifer problem. Conversely, only one is required for a 
confined aquifer. 
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Program ACHEK 

LARGE OR SMALL FIELD? :CR=lG.1=SM 

HEADER OUTPUT, PRINT 8, C LIST 
1 

L1 ~'IES 
58 

ICO,-
.~ e. --

>J! T 
S(l 

~TART LINE, STOP LINE 214 
1 ":: "=, -, 
~HICH ARRAYS? H 8TM K Q NTP NNO TOP TRN OeN OPT STO Q2 

:- 4 

•. j '1 
23 S3 

~TRRT LINE I STOP LINE :2I4 
: 1: 

,., c: 
;.. -'.' 

:·JHICH ARRAYS ? H 8Tt1 f< Q 

:1 :2 J 4 
.!.i L c:: . 

-'j :'1 LINES 
1329 "'''' 58 ~~. 

~TRRT LINE , STOP LINE :214 

c:: 
0' 

NTP 
c: 
..I 

reOl 
,., c: 
.;. .. 

NNO 
:; 

!COL 
25 

7 

50 

lOP TRN ., .:> 
I '.' 

NIT 
5(1 

.::. 

OCN 
9 

10 

T 'T .... -
• '.' I 

tj 

OPT 
10 

ITCT 
(3 

11 

sTO It s, 0._ 
11 12 

~CH::K :TOP 

ACHEK is a program for producing line printer listings of the 
matrices stored on the File-Q files VTTFIELDS. These listings 
can be used to obtain matrix information as well as the main 
VTT and VTTSSZ control information. This is an example of the 
interactive control stream required to run ACHEK. 
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EXAMPLE HEADER OUTPUT FROM ACHEK 

NO, OF UNK ~'JUWr~S 
HALF 8AN/')WrOT .... 
NO. C1F LltlEIS 
NO, OF COLUMNS 
NO. OF ITTEHATIONS 
I TTe,Q AT HHJ COUNT 
CON~ERG~NCE Ll~rT 
ELEVATION t11AS 
NO, OF AQUIFERS 
OCEAN T~'NS, laYES, ~.NO 
ROTATION laVES, ~.NO 

MAX ~O~ nF ITTE~lrIONS 
NOOE SPACING 
AUTO OPt~ATION laVES ,~ aNO 
OVER R~LAXArION FACTOR 
NO, OF SA~EO rIME P~AN€S 

NO, OF 1;. Tl MES 
TR.N5r~NT nR 51ST, 
,\QUIF'ER loiFHIoj 
OAVS SI~CE START OF TEST 
STARTING Tlr"E 
E"ID P~G TI Me: 
STARTING I)ATE:I'f/M/O/'M/'lt1 
ENDING OATE:/Y/M/~/~/MI 

X -NOCles 
Y -NOQES 
NO. OF Ar.JulFERS 
NO. OF U~CO~FINED NOOfS 
ootT(l1 aN OOtT(~) a J 
STORAGE MULT. 
LEAt<AGE (OFF, 
MEA~ SeAI.t:.Vt::L 
LElKAG€. OFFSET 
TIME VARI~G NOOES (l.Yf~.Nl 

FIELD :C0aLARGE ,t.SM4 lL) 
STORE ~.c. FaR SMALL FIELO (i=V,~ 
X COOROINAT~ OF L.L.C.CFT,) 
Y CO~RnINATc OF L.L.C.(FT.J 
SUBLEvEL (O.STAkTI~G FIELD) 
MAGNiFtCATION FACTOR 
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~ISAP QATA. ~ANFORO OATA 

~c9 

t!5 
SI3 
c!5 
S'l! 

I.) 

3.0:37(1) 
~.1210 

1 
eJ 
1 

510 
3~00,,",Cd 

1 
1.25 

a 
'<:l 
0 

2'S 
ir1. 
121, 
Vl. 

119151 11 11 01 ~I 

119151 11 1/ 01 01 
sa 
as 

1 
d 

l.1t.'! 
J.~~ 

".~fI.I 
~.(1lt1 

~ 

() 

1 
0.fb 
~,0 
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Program VTTPNT 

~CR)RUN DP1:VTTPNTS 
~JHICH DISK UNIT L 2., ]=C'B0: 

.1 
LARGE OR SMALL FIELD? :CR=LG,l=SM 
e 

TTY HEADER INPUT ? 

TRIDENT-TYPE LEAKY AQUIFER 9=NO, l=YES 

WHICH KIND OF SOLUTION 0=CHOLESKY, l=HEWTOH 
!. 
~'R I NT ? 
!. 
P~:IIH I-lATRIX ? 
i -
STRRT LI NE, STOP LINE 
:. 3. :. £1 
START LINE, STDP LINE 

S'JLUTICtN ,THICKNESS .' SOL -BIAS, 
i - 2 

., STRESS 
4 

7.! -CAL, INT. AQUIFER TRANS. ,Q -t1AG. ,Q -RATIO .' OCEAN LEAKAGE 
1 2 4 c: 

~, 

TRANSllISSIVITY I1AP ?: <1) =FT**2,'DA'T' i <;2) =GAL/DA'T'/FT 

VTTPNT is a printing program which can be used to list specific 
matrix output which must be calculated from the VTTFIELDS 
File-Q files. This example shows the interactive input stream 

required to run VTTPNT. 
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TIUN5MI:'SllilTY 
ff .. VilA'!' 

I . i! " 5 I> , 0 9 III I I Ai 

SO ". II. III. II. 10. il. lei. iI. 10. ". III. III. 
5' iI. 0. II. II. II. 0. iii. 0. I~ • III, iI. iI. 
51l II. lei. III. II. It. 0. 0. III. Ill. III, ... iI • 
5S ". II. 0. II. <d. III. iii. ". a. III. 101, iI. 
54 il. iI. a. 101. ". III. ta, 111. ii, iI. .... It. 
S) it. 10. 14. 0. O. 0. •• a. II. III. 01. iI. 
sa "'. iI. .... 0. 0. 0 • 0, It. il. III. <I, iI. 
sa 1'1. 101. ill iI. II, O. D. II. 0. III. ". 0. 
51 III. .t. II. 14. ~ . kI. "'. It. iI. ill. 0. kI. 
OIl III. "'. II. ". 0. iI. iI. y. II. ia. lIUb'l. 9!J~q. 

III U, II. iI. I, III. II. ill. 0. I. 5'.4, UJ"!;. llU1>5, 
41 g, , II. 0. I. ". 0. 0. 19i!a. J97a. HU. 971>b. 1031>5. 

'" III. II. 101. III. is. 0. H911. 37911. 3990. 4"111'1. 'H"4. 91155. 
45 0. I. iI. a. Itl. a1>1II5. )ilill • )1>511. 4051. 4i11111. saIl. 91 Ill! • . , iI. iI • e. a. a"95. 2539. J:S t1. )1151. JUl. 4"'''1. sass. 5353. 
43 III. II. •• all'lS. IlIII. )il9!5. JII19. 3455. 3'" I. 39115 • III.b5. 011t>, 
4a iii. II. •• i!095. all''' • 3i51. nu. nUt )54'. UU. 4194. SU4. 

Vl III ii, II. II. 211195. 211.S. alsa. 2111 •• U30. U7S. UII4 • 3I>QJ. 421>1>. ):0 
110 i6 III. iI. 4590. 17li! • ll4a. ll.a. uu. 2fU. initl. 1958, 3II3~. 3: · 39 .,. I, .. "a ... 115 11 •• 4147 • un, nu. 2514. au •• uu • 2i!!JotI. 31"'. " 30 0. II. lIalita. q!lU. 41199. i!7 t.4. i953. a 11111. ,!JIIO. U99. a "'1, 2859, r 

J7 0, II."". 11841. qb"9, 111911, 1555. 1518. U". JlItl'. hU. 2]1/)101, j!1I95, IT! 

3. III. liH. 114U. 4UI. 480). 4997. un. 198 •• 391 •• ilqU, aC!lQoj. 2145. e 
35 14. 1901). Hill. 1191111. 511'U •• 4910. /lSll, nu. 34711. 3119!:i. ]246. 18U. " 311 01. 19B13, 21955. 2:s731. 1191l1. 5144. 419'. 41QU. )flU. uu. ltia4. 57U. e 
n "tliU0. 25''12. 25U~, 24"98. •• 1S1I. 141111. .:s85. 41411. 4nil • 4353 • 51711. Uil. e:: 
]I 190"16. 201 78. 4Jf9ll. 611134. 1113711. HiII6. IUU. 5895. 6.60. eSihl. 1191111. 1541'. -I 
31 191>1411. 2ilalS. 21914. 1111>)9 • /199.\1. IIIU6. 11187&, UIS. 649, • 17181. )Ij 189. 45",)11. " e:: 
Sil ~. I .. ""' •• illIl44. 2511a4. J5]1II1. UISII. till". aUl. sa5J. ''''', 3915111, 66i!i!b. -I 

1.0 a' Itl, 19 .. lfil. Uln. i511'5 ... Jil747. 38174. IU6. a "I. iUII. 61113. illUI. U593. 
211 14. It/Ililili. 19418. i!'U50. 312111. 30"". Hill'. lUi. Jail. U"jt • !is'H. 38111111. " "'-J :;0 
il1 ". iI. lUU. ill"lo. 35971. 6I571i1. iUSta. aUl. !III. 1192. lililS. hU. e 
2. 14. iI. II. auu. 5aHI. 115059. 461119. 998. 5511. /l91f. II'''. 331]. e 
2! II. I. iI. lU18. U1ll0, IIIU!lQ. 75911]. 551. 1109. ..10. 1114/. lnll. e:: 
",II Itl. 16. II, 3SSC12 • UtllIl. llni5. 7UlIlil. UI. 10Bl. il15C1. 2\1110. oil"!. 

(J 
IT! 

al iii '. I, iii. 45285. "71'''. 69135. 407. UU. UBI. 4;15. 1'11.1'1. 0 · a2 Ill, II. iI. 0. IU9i. S9aflll. 8lil94, 9181. 05/1. U&7. 1261. Ut.8 J. 
it iii If. III, iii. IUS. un6. 685109. 18UiI. ilil. 1"'535, 9b"'. 2U7I. 0::1 

• -< 20 0, ". II. 0. U1l5. UIH. U975. 29111l2, 31tU4. 3 &1153. C!5S2b, 35"'''i. 
19 III. If. iI. a. 91t" •• aU1I4. 4.5110. 50845. U16115, 2i!UiiU. 19"ilIS. 401119. c::: 
18 ". ". 0, 0. 910121. 1911181. i9~36. 45"10. U5U3. III II 16, 52711'41. 135900, -I 

" "'. .a. iI. III. 19973. 19912. 1451il. 411195. la2l11U. 1'9"'8 • 781..,1..,. 4151136. -I 

" II> 0. II. II. iI. 46i!79. S7,1I1o. Ui!98. I 561Ui!. 2300"11. iIl"I.I. i!Ud~". &9933. z 
IS 10. tI. II. e. -. tiIl5ii19. 21"901. 278189. '!aUi! • 111911. a4677 • i .. lIII. -I 
14 10. Ii. Itl, 1.1. II. e. i56lii! I. 2lUilill. 785ZI. i99U. lcli:7. l!! II • 
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Program MXED 

MCR)RUN DP1:MXED$ 
~JHICH ()ISK UNIT 1.2. 3:=D8a: 

1 ' 

LARGE OR SMALL FIR=LG.1=SM 

SPECIF'r' 
H Snl 

*** LPa 
1 2 
4 
LINE NO. 
12,1S:, 

LI HE NO. 

13: 
12 
11 

ARRAY (CR =SAME) 
K Q NNO NTP TOP 
~WT READY 

3 4 5 6 ... 
r' 

• COLUI1N. CR=SAi1E) 

a. e 
e. a 
e. e 

17 

TRN OCN OLDH 

8 9 113 

Q-SOURCE (CFD) 

1935J. 6 
e. a 
a. e 

18 
COLUtm NO. 

CHANGE VALUE ? (CR =NO. 1 ='T'ES) 
1. 
~~E~J VALLIE = 

. 2£1£1eae. 

-LINE NO. 

13 
12 
11 

EXIT? (CR=NO.l=YES) 
1 
f1i<:EI) STOP 

e. e 
8. e 
e. e 

17 

Q-SOURCE (CFD) 

193:53:. 6 
2eeeea. e 

e. e 

18 
C:OLUf1N NO. 

5TO Q2 

11 1'-' ~ 

0. a 
e. e 
\3: a 

19 

a. a 
13. 13 
e. e 

19 

MXED is a VTTFIELD editing program for looking at matrix values and/or 
changing them. It can be used to input new wells, change node types, 
etc. This example illustrates the interactive stream required to use 
MXED. 
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Program DIFERI 

~~qGE OR ~MALL REGION 9 OR 1 
~ 
S~TER 2 DIFFERENCE INDICES/AQUIFER # 
MODULO '·IUr·1BER 
1=POT,2=80T OR TIH(' 7=TOP .. l(l=OLD POT .. 13=BOTTOt1. 14=NULL 
2, 1, 1. 

'-, 

1.. 08 
~. r FE:R1 :RROR 7: 
FLOATING ZERO DIVIDE 
AT PC = 13267£14 

IN ". t1AIN." AT OR AFTER 13131394 

MAX-MIN-RMS DIFFERENCE 
8. 29834E+133 13.573313£+1313 

ENTER TITLE FOR THE PRINTOUT 
:.JI SA}' T R I q L C" A =- E 
oJ! SAP TR I AL CASE 
:·!FER!. STOP 

13.12291E+I33 

Example of the interactive stream necessary to run DIFERI the File-Q 

based version of DIFER. 
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V. RETRIEVE, EVALUATE, DISPLAY, SUMMARIZE MODEL RESULTS 

PROGRAMS TO RETRIEVE, EVALUATE, DISPLAY 
AND SUMMARIZE MODEL RESULTS 

As was the case with model input files, programs are needed which allow 
the user to examine and display the output model results in a meaningful 

manner and consequently evaluate what the model results are indicating. The 
typical large computer generated numerical lists are not necessarily the best 

means to evaluate these results. Graphical or summary methods are usually 
superior. The same evaluation and display programs discussed in the section 

on model input can also be used for model output files: 

• CNT 
• THREED - P3D 

• LIST 
• DIFER 
• WOlFER 

When the VTT model has been run and the steady-state solution or the transient 
solutions calculated, the results reside on the File-Q disk. They must be 

retrieved and put into binary (unformatted) files for permanent storage and 
for use with many of the evaluation programs. The program READN serves this 

function. READN allows the user to retrieve/or restore solutions from/or to 
the File-Q disk. 

As stated earlier, when the ground-water model is run, it only calculates 
the new steady-state potential distribution, or the transient potential 

distributions through the modeled aquifers. From these new predictions for 
potential, one can predict new streamlines or flow paths and new estimates of 

travel times. The program for calculating these streamlines is MXPLOT. 
MXPLOT also allows the user to produce contour plots and cross section plots. 
Since MXPLOT requires most of the other model input files to run it, it runs 
off of the File-Q disk. 
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Program READN 

MCR)RUN DP1:READN$ 
PROGRAt1 READN 
t·JHICH L:·ISK UNIT 1,2, 2=080: 

1 
LARGE FIELD OR SHALL (CR OR 1) 

WISAP 
(2 ) 
(1) 
( B> 
( -1) 

1 

LARGE FIELD 
DATA- HANFORD DATA 
SAVE CALCULATED TIME PLANES' 
RETRIVE CURRENT SURFACE AND 
RESTORE A STARTING SURFACE 
EDIT THE HEADER 8LOCK 

WHICH SURFACE DO TO RETRIVE? 

AND DRAWDOWN FILES 
SAllE IT 

POT=1,80T=2,TOP=J, TRN=4, CAL=5,5TO=6,TRCF=7,OTRCF=8,QS=9 
1 
ENTER INPUT FILE NAME FOR EACH AQUIFER EXCEPT' FOR CAL=5 
£213:, :: JN~JISAP. POT 
EXIT (e> CONTINUE (1) 

~~EADN STOP 

Example of the interactive control stream for READN. READN is a VTT 

input/output/editing program. READN can be used to edit a limited number 
of variables in the File-Q header block, and restore or retrieve matrices 
from binary matrix files to the File-Q disk or the reverse. READN can 
also prepare drawdown files. READN produces user labeled binary files 
when used in modes (2) (1) but simply formats data on the File-Q disk in 

modes (0) (-1). 
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Program MXPLOT 

~C~>RUN DP 1:MXPLT ~ 
:·JHICH DISK UHIT L 2 .. :=DBe: 

L A R G E 0 R S i'1 ALL F! S L D ? : ,:: R = L t3.. 1 = S i1 
9 . I 

4HICH OUTPUT DEVICE? 
SCOPE=CR XY:=i DISK=2 
1. 
S::::05S SECTION PLOTS? : l=Y .. CR=N 

~ODE ANDIOR CONTOUR PLOTS AND STREAMLINES AND/OR TRAVEL TIMES 
MANUAL OPERATION =CR AUTOMATIC =1 

THIS IS A 1 AQUIFER SYSTEM 
EACH AQUIFER IS 25 COLUMNS 

B'r' 58 L!'·IES 
DO YOU WISH TO DISPLAY EVERYTHING CR=YES. l=NO 

SCRLE FACTOR, : F4. 
1 '" ~ '" c: -. ', .... ' .. -' 

;:OTAT!ON :0.1 ? 
1 
~** CALCOMP NOT READY 
'·lDOE TT'PE PLOT ? 
i -
:::-:: T E' "H) '1-' HELD HIT 

i 2 ]' 4 
L 

., 
C:'~ITOUR PLOT ? 
i 
~ v 

;' .. TC:P 80T r.T~C' 
~. _. I 

:1. 2 ":' 4 '5 
1. 
:: CIT l'·J: .. T·JP I III \.,.- .. SPAC 
:;'5,9. 558 .• 2£\ .. , 
:·C!.~ITOUF: PU)T . ., 

NCo. NOS. 
5 

]F6 

Sample of iterative input stream of MXPLOT 

for online model output evaluation. This 
interactive stream produces: 
1) a node and contour plot, 

2) streamlines on this contour plot, and 

3) a cross-section potential plot. 

ST?~AMLINE= AND TRAVEL TIMES l=~E= CR=NO 

~J YOU DESIRE TRAVEL TIMES l=YES CR=JUST STREAMLINES 
1. 

::!HER POROSIT'r' : F6. e 
.1 

TO SET MAX. TRRVEL TIME ENTER A 1 FOR NONE A CR 
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I , 

~0RE STREAMLINES OR TRAVEL TI~ES !=YES CR=NO 

INPUT MODE SELECTION :11 
(1) SINGLE STREAMLINE 
(2) MULT!PLE STREAMLINE 

INPUT AQUIFER NUMBER AND END POINTS OF ~lNE SEGMENT 
AfL # J ;:U J'T'1 ,:':2 .' Y2 .' NLINE5 :4F4. 13 .. 12 
1..,12. ,12., ~!I ... .!.: .. :: 
~p GRAD. DOWN GRAD :1, -1 F4. 
-~ 

A'7!UIFER 1 
TRAVEL TII1E(YEARS) = 16. 41 D!STANCE(FEET) = 

;9IJIFER ·1 ... 
r ::::AVEL TIr1E('r'EARS) = 75. 91 DISTANCE(FEET) = 

=1frn FE R 1 
TRAVEL TIt1E<'r'EARS) = '5813. 36 DISTANCE<FEET) = 

'-1f'WIFER 1 
r:;:AVEL TII1E<YEAR5) = 471. 213 DI5TANCE<FEET) = 

.=!C!IJ I FEF: • -TRAVEL TIME('r'EARS) = 112. .- '"l 0.:. C'I5TFtNCE<FEETl = 
=tG:!U I FER 1 
r~AVEL TIt1E(Ir'EARS) = 1 ,., _ ...... 4~ .... DISTANCE(FEET) = 
PRINT DATA ON STREAI1LINE5 ? : 1='''E5 
1 
~ORE STREAMLINES OR TRAVEL TIMES l=YES CR=NO 

CRDSSECTION PLOTS NOW CR=NO 1=YES 
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11CR)PIP 
PIP)XY:=MXPLT. OAT 
PIP>'··: 

~1CR> 

Example of the PIP command necessary to transfer the contour-streamline plot 
produced by MXPLOT to the CALCOMP. 
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I... ~ . J 

CC 
lLl 
CD 
~ 
~") 
L 

Z 
:>: 
::) 
__ J 
LJ 
L) 

..... ..... 
W 

5 

5 

I~ 

11 

,2 

IJ 

1-. 

b 

16 

.7 

Je 

~ :II 

lJ 

21 

-'L 

~j 

~ ..• 
L:.. 

L J NE- NUHBt fiS 

Example of the Node Type Contour and Streamline Plot Produced by 
MXPLOT on the Large Region 



MCR)RUN DP2:MXPLOT$ 
WHICH FILE Q DISK 1,2, l 
2 
LARGE OR SMAll FIELD? :CR=LG.l=SM 
a 
WHICH OUTPUT DEVICE? 
SCOPE=CR XY:=1 DISK=2 

CROSS SECTION PLOTS? :1=Y,CR=N 
1 
MANUAL = CR OR AUTOMATIC =1 
e 
CROSS SECTION OPTIONS 
(1) PLOT POTENTIAL 
(2) PLOT POT. ,TOP, BOT. : PENS 1,2,:! 
1 
SCALE FACTOR, : F4 . 
. 5 
INPUT POINT PAIR 
COlL-a ,LINEa ,COLL-1 ,LINE1 :413 
lB, 4a, 18, 70 
NEW GRAPH SCALE? :l=Y, CR=2ea0(FT/IN) 
1 
NEI·j SCALE O::FTlHD : F6 
4a0a. 
MORE PROFILES? :l=Y, CR=NO 
e 
t'lHPLOT STOP 

Cross section plot example control commands 
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910. 

90111. 

890. 

880. 

810. 

860. 

850 • 

..... . 
t- 61.l0. u. ..... 
...J a: - 830. t-:z 
UJ 
t-o 

820. 0-

810. 

800. 

790. 

780. 

770. 

760. 

0. 200111. 6000. 

DISTANCE (FT.) 

STflRTINI; POINT 
X0(FT) =107666. 
Y0(FT) =46666. 

ENDING POINT 
XlCFT) =11:5000. 
n(FT) =1l6666. 

8000. 10000. 

CROSS SECTION PLOT 

VERTICAL EXAGGERATION = 100.0 
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VI. ESTABLISH, RUN SUBREGION MODEL 

PROGRAMS TO ESTABLISH AND RUN SUBREGION MODEL 

The generation of a subregion within the large grid requires several 

programs to be run and requires two new data files. The data files are: a 
list of well pumpage to occur in the small region with their x,y location in 

the large model in feet from x=O, y=O, and a file of calculation types for the 
small subregion boundaries. The latter must be generated by the modular by 
way of the system editor. 

The sequence of program runs to establish the subregions is as follows: 
1) remove all well pumpage from the large region model FILE-Q disk files, 
2) run SUBGEN to establish the subregional grid, 
3) run READN to load the calculation type file into the subregion, 
4) run BCTRN to load the well pumpage into the small grid, 
5) run ACHEK to create a listing of all the subregion data, 
6) check to make sure data are filled in on all held boundaries, 
7) if data are not complete, load missing data with MXED, and 
8) run MXED to re-number the nodes in their proper sequence. 

Model of subregion is then ready to run VTTSS3, the primary ground water 
modeling program on the subregion. 
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PROGRAM BCTRN 

I1CR)HEL (5, 4] 
f'ICR>RU~~ BenN" 
WHICH FILE Q DISK 1,2,1 
2 
TRANSFER SHALL TO LARGE REGION? :l=Y,CR=NO 

TRANSFER POTENTIAL TO SMALL REGION? :l=YES,CR=NO 

WELL QS 10 ? :1=V 
1 
PRINT OUT WELLS AND LOCRTIONS ?: l=Y 
1 
CR= STOP ,1: SET QS ,2= CLEAR QS :12 
1 
LARGE OR Sl'tRLL REG. ?: CR=-LG, 1=511 
1 

. TRANSFER SHALL TO LaRGE REGION ? :1~Y,CR=NO 

TRANSFER POTENTIAL TO SMALL REGION ? :l=YES,CR~NO 

WELL QS 10 ? :1=Y 

CHANGE LERKAGE COFF. ? CR==N9,1='I'ES 

BCTRN STOP 
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PROGRAM SUBGEN 

MCR)RUN SUBGEN$ 
WHICH FILE Q DISK 1.2,3 
2 
INPUT UNROTATED COORDINATES OF SUBREGION 
Xa-COll ,Xl-COll lYe-LINE IY1-LINE ,MAG :511 

SUBGEN STOP 

SUBGEN will generate a subregion model from the large region from the 

grid x,Y specifications 
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VII. BASIC RSX11 SYSTEM PROCEDURES 

The operating system on the PDP 11/45 used in conjunction with the ground 
water model is the DEC (Digital Equipment Corporation) RSX-11D system. All 
user interaction between the machine and the user is through the RSX-11D 
operating system. This system can facilitate either batch or interactive 
control. The ground water model is operated via interactive control. The 
user's guide for the RSX-11D operating system can be used in addition to this 
User's Manual for reference purposes. The following sections are included to 
provide a more user specific reference of areas covered in more general terms 
in the RSX-11D User's Guide. 
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MCR COMMANDS 

All initial interaction between the user and the Ground-water Model 
programs or any other RSX-11D system programs is through the Monitor Console 
Routines, (MCR). The MCR provides an interface between the user and the 
system. The MCR is used to start system or user programs, to log on, to 
obtain information about the system status etc. Typical MCR commands required 
by the ground-water model user include: 

ABORT (abort a program) 
ACTIVE TASK LIST (obtain an active task list) 
BYE (log off the computer) 
HELLO (log on the computer) 
MOUNT (mount a disk, magnetic tape etc.) 
RUN (run a program) 
TIME (obtain system time) 
SYS (obtain information on the system) 
WHO (determine who is logged on what terminal) 

Typical system programs that the ground water modeler will need to use 
include: 

EDITOR 

Peipheral Interchange Program (PIP) 
FORTRAN COMPILER (F4P) 
Task Builder (TKB) 

The use of the above MCR commands and system programs will be discussed in 
this and the following sections by example. 

Before proceeding with the discussion of the MCR commands, we need to 
discuss the teletype or terminal input structure. The MCR, system and user 
input from the terminal is always in a line by line mode. Until the line 
terminator is typed, the user may modify the input on a given line to correct 
errors. The other feature of the terminal input system is that up to eighty 
characters may be typed ahead, and they are remembered and sent to the 
programs on a first-in-first-out (FIFO) basis. An example of this will be 

120 



I _ 

shown later. The only input character that violates this FIFO relationship is 
the GTRL G character. When a GTRL G is typed, it migrates immediately to the 
head to the FIFO que. The special characters and their function with respect 
to terminal input are as listed in the following table from the RSX-11D User's 
Guide. RSX-IID CONVENTIONS 

! 

I 
I 
l 

KEYS 

CTRL C 

CTRL Z 

RETURN 

RUBOUT 

ALT 

CTRL I 

CTRL K 

CTRL L 

Table 3-5 
Terminal Control Conventions 

FUNCTION 

Causes MCR to be activated. 
prompt characters, MCR>. 

The system prints the 

NOTE 

Typing CTRL C does not affect the execution 
of any tasks currently running. 

Logical end-oE-file; when typed in response to a 
prompt from most system programs, causes that program 
to exit. 

. 
Terminates the c~rrent line ar.d causes the system to 
print the prompt for the next command. All lines are 
terminated using RETURN unless otherwise noted in the 
documentation. 

Causes the most recently typed character to be deleted 
from the command string. RuaOUT echoes as a backslash 
(\). Successive typing of RUBOUT causes. the mOiOt 
recently typed characters to be deleted. One character 
is deleted for each successive pressing of RUBOUT. 

Terminates MCR. 
program (user 
ogerator after 
... MAC (ALT). 

Normally used when requesting a 
or system) that is to interact with the 
the comm~nd is executed (e.g., RUN 

NOTE 

On some ~eyboards, the ALT key is labeled 
"ESC". 

Caus.s a horizontal tab. Tab stops are set, hy the I 
software, at ever? eighth c~aracter position (e.g., 9, I 
17,25,33). - I' 

Causes a vertical tab of one line. 
I 

J .Causes a form feed to the to? of the next page. 
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CTRL 0 

CTRL R 

CTRL U 

CTRL X 

CTRL :3 
and 

CTRL Q 

RSX-llD CONVENTIONS 

Table 3-5 (Cont.) 
Terminal Control Conventions 

FUNCTION 

Interrupts system output to the terminal. Successive 
pressings of CTRL 0 cause output to start and stop. 
For example, it directory listing on the terminal is 
requested and the first few lines present the desired 
information, CTRL 0 can suppress the printing of the 
rest of the directory. (Large TTY Handler only)* 

Causes the system to print the current terminal line. 
~hen errors make the line difficult to read, press Lng 
CTRL R produces a clear copy. Input can continue en 
the newly-printed line (large TTY handler only)_ 

Cancels the current i.nput line. The prompt (e.g., HCR> 
or PIP» is not pr inted on the next line, but the 
system is ready for the typing of a new command. 

Causes a user-written program named TTYNnn to execute; 
nn is the two digit unit number of the terminal with 
which the program is to interact during execution. 

These two keys correspond to XON and XOFF respectLvely. 
(Pressing CTRL Q (XOFF) stops output to the terminal 
until CTRL S (XON) is pressed. Unlike CTRL 0, the 
XON!XOFF function stops and starts output without any 
loss of characters. The silo of the VT05 ter~lnal 
generates XON/XCFF automatically_ (Large TTY Handler 
only)* 

The RUBOUT or Delete key cannot be used to delete a RETURN (CR) or ALT 
(esc) or any CONTROL character that has been entered into the 80 character 
input buffer. The RUBOUT only deletes characters on a given line. An example 
will be shown in the following paragraphs. 

The monitor console routine is requested by depressing the CTRL C key and 
striking the f key. The system will envoke the MCR and the terminal will 
response with MCR >. The format for an MCR command is MCR > Command Name 

{command string}, where the command string in pointed brackets is an optional 
input. We will utilize this convection of putting optional input in pointed 
brackets throughout the other parts of this section. 
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HELLO Command 

To log on the system the user can type CTRL CHEL urc RETURN. Here urc 
stands for the user identification code assigned to the system user. It 

consists of two up to 3 digit octal numbers separated by a comma. A typical 
UIC is [73, 710]. For a user to log on under this UIC he would type CTRL C 
HEL [73, 7101RETURN. The computer would echo this input string as follows: 

MCR>HEL [73, 710] 
MCR> 

If the ALT (or esc) key were used for a line terminator instead of the RETURN, 
the computer would echo the input strings as follows: 

MCR HEL [73, 710J$ 
Note that the dollar sign is typed for the ALT (esc) and that the control is 
not returned to the MeR. Once a user has logged on, he does not have to 
specify a ure for files which reside on his ule. The following illustrates 
the use of the other MCR commands with a simple description of their 
function. The detailed description of these MeR commands and their use is 
contained in the RSX-11D User's Guide. 

123 



- HELLO to Log on ~ICF. HEL r 6, :; J 
~IC~ B'r'E 
nCR ABO 

- BYE to Log off 

PLEASE LOGON WITH ·rUICJ~ 
HEL>C G, :: J 
I1CR)?I? 
PI?>LP: =/LI 
~ICIDReo '" PIn - ABORT to abort a running program 

TASK "," PIp· TERMINATED 
ABORTED VIR DIRECTIYE (OR MCR) 
AND ~ITH PENDING 1/0 REQUESTS 

PC=167764 
P5=1{,4Ela4 
R9=004772 
Rl=81Z66tl 
Rz::eaaaa0 
R;:::tl06Be: 
R4:::aaaa40 
P5:::a14a~6 

sp::aaa240 
,'ICR>ACT 
DP, , " .,0 TTaB 

____ ~ to determine the active tasks on your terminal 

TT, , " ~H) naE! 
LP" lola nee 
~H, , ,. lola nSB 
CR ... , lola Tras 
DL. , ,. IolEi neB 
.. ,ACT RN TTtlS 
F HAC? SU THIEl 
IHAAC? WEl TTGEl 
"10, , .. we nee 
X'r', , .. we nGS 
TO. , " we TTetT 
~ICR}C~IO CP 1: 

_ DMO to dismount a device 

DHD -- DP1: ~~ DISMOUNT COMPLETE .~ 
MCR>MOU DP1:/CHA-rFOR.ATCH] 
MOUHT-~.VDLUHE INFORMATION** -MOU to mount a FIL::-Q disk 

C'E'IICE =IiFl 
CLRSS ~FOREIGN 
UIC :Cl,l] 
ACCESS =(RWED,RWED,RWEO.RWEDl 
CHRRAC ~CFOR,ATCH,DCFl 

MeR}CoI'IO HZ: 
FllRC? -- DP2: •• DISMOUNT COMPLETE «* 
~CR)"OU DP2.FCRSRY 
MOUNT-*.VOLUI1E INFORMATIONk* ----~ to mount an RSXII disk 
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=DP2 
~FILE l.l 
~FCRSRV 

DEVICE 
ClRSS 
lRBEL 
UIC 
RCCESS 
CHflRAC 

~C 1. 1 J 
~[RWED.RWED,RWED.RWEDJ 
a[ J 

I1CR>RUN E;':AIU 
ENTER THE FILE-Q DISK 

11CR)RUtl ... PIP~ 
PIP>~: 

ftCR;'· T I!,\ 
85/24/77 1:::2:0~ 

ftCR;'S'r'5 

ATl. 

_ ~ to run a user program 
UNIT 

~ to run an MeR program 

-TIM to determine time 

-m to determine system status 

liP. . TT. . .. LP... . IH... . CR.. .. ilL.. .. FllACP I'ITAACP ... S'r'S 

ftO. . .. EDI ... PIP X'i.... TG .... 

MRL: 

~IO HITRIES 

CKQ: 

TT. . 

ftCR;'·WHO 
TTa (6,31 PRIYLEGED 
TLa NOT LOGGED ON 
TTS NOT LOGGED ON 
TT4 NOT LOGGED ON 
TT: NOT LOGGED ON 
TT2 [166, 215 J 
TTL [H9, 131 J 
ttCR)-: 

-!i!:!9. to determine who is logged on 
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FILE NAMING CONVENTIONS 

Using the ground-water model and the RSC-11D system requires that the 

user be aware of file naming conventions. A complete file name has the 
following word form with the optional parts in pointed brackets. The device 

when not specified is the system disk DP0: 
{device descriptor} {UIC} (up to 9 character name) 

(up to 3 character extension { octal vers i on number} 

Other typical devices are DP (n): or MT (N):. The UIC when not specified is 
the UIC that the terminal is logged under. The up to 9 character name is any 
combination of numers and letters. The extension is any combination 0 up to 3 
letters and numbers. Version number is optional. When not specified the 

default is the latest version number. Files are stored according to UIC. The 
directory of files that belong to any user's UIC can be listed with PIP as 
shown in the following section on PIP usage. 
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USE OF THE SYSTEM EDITOR 

In this and the following sections an example will be presented in order 
to illustrate the use of these programs. A simple FORTRAN program and the 
required input files will be created with the editor, listed with PIP, 
compiled with F4P, built into a task with TKB, and run with the MCR RUN 
command. This example will use the File-Q disk, an RSX-11 type disk other 
than the system disk, and a magnetic tape. This will serve to make the user 
aware of the various input and output options available. 

The program chosen for this example will take binary (unformatted) 
aquifer bottom and aquifer potential files and copy them to the FILE-Q disk. 
The program will then read a formatted or (ASCII) input file that requests the 
saturated aquifer thickness to be printed for certain random lines. The 
following is a list of the FORTRAN Coding form upon which the program was 
created. 

The following is the teletype stream produced when this program and ASCII 
input file were created with the system editor. It illustrates the use of 
many of the editor commands. 
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USE OF PIP 

The following teletype trail illustrates the use of Peripheral 
Interchange Procedure (PIP) to obtain a directory listing of the UIC and of 
the program and input file created with the EDITOR. This trail also 

illustrates the procedure for mounting a FILE-Q disk, a RSX-11 type disk, and 
a magnetic tape, and the procedure for getting a directory listing from the 

magnetic tape. Detailed usage of PIP is contained in the Utility Programs 
Procedure Manual for the PDP-11 series computer available from Digital 
Equipment Corporation. 
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EXAMPLE OF THE LINEPRINTER LISTING OBTAINED WITH PIP 

flCR) F'! P 
PIP)LP;a\\\\TI.a/LI-R 
TI:=ILI 

DIRECTORY DP9:(6,3J 
24-I1AY-('( 12::2 

E:<RM. Fnl; 1. 
E:<AMPLE. HIP; 1 

4, 
1. 

24-I1AY-77 12:10 
24-I1RY-77 12: 11 

TOTAL OF 5, SLOCKS IN 2. FILES 

PIP)LP: =C;:iiH1. FHI 
PIP)TI. =EXFlMPLE. HIP 
EXAMPLE FORTRAN PROGRAM TO CALCULATE SPECIFIED SATURATED THICKNESS'S 
4:;. 52, ~IODES;;, NODES'" 
29,29 
1S,25, 
1.6.1.G 

MC~>INI MT9:EXAMPL 
MCR>MOU MT9:EXAMPL 
MOUHT- •• "OLUHE INFORMATION** 

DE'll CE =1'110 
CLASS =FILE 11 
LASEL =EXAI1PL 
U I C aC 1, 1 J 
ACCESS =CRWED.RWED.RE,Rl 
CHARAC ;( J 

I1CR)MOU DP2:FCRSAV 
MOUNT- •• VOLUI1E INFORMATION** 

DEVICE =OP2 
CLASS =FILE 11 
LABEL =FCRSAV 
UIC =(1,11 
ACCESS =[RWED, RWED, RWED, RWEDl 
CHARAC .. ( J 

I1CR)MOU DP1:/CHR=[FOR,ATCH1 
MOUNT- •• VOLUME INFORMATION** 

DEVICE :OP1 

l1CR)PIP 

CLASS =FOREIGN 
UI C a( 1, 11 
ACCESS =CRWED,RWED,RWED,RWEDJ 
CHARAC =(FOR,ATCH,OCFl 

PIP)DP2:C6,S] •. AB1/lI 
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DIRECTORY DP2;(6,'1 
24-I'IA'r'-fi 12: 52 

CC057S. RB1; 1 

TOTRl OF 19. 

1S1. 

BLOCKS 

PIP)MTe;·DPZ;[6.51CCO~76. RBi 
PIP>DP2:C6.51~. PT1/lI 

DIRECTORY DP2: [ 6,5 J 
24-I1AY-r7 lZ;~: 

CLKDAI'ISIC. PH; 1 H. 
CC0576. PH; 1 H. 

TOTRl OF j:S. SlOCKS 

C 99-FES-7( lZ:~6 

IN 1. FILE 

C 9S1-FES-n ll: ~4 
C aSl-FES-n l~:~o 

IN Z. FILES 
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, 
C EXAM~! ~ROGR'M TO IL~USTRAT! R8Xl1-0 USE 
C 
C ********EXlM.FTN********** 

OI~ENS'UN TRANS(60),FI~E(1),FILi(7),FIL1CT),SNOPCT(~01,SNOTHKC~01 
lilA 'OR~ATC7A4' 

WRIT!(5,*,- ENTER NAME OF SANO THICKNESS FILE' 
R!AO (5,1231) FILl 
N.ICHR(FtLl) 
O~!N(UNIT.2fNANE.'1~1,TYPE.'O~U',FORM.'UNFORMATTEO',REAOON~11 
WRITEC5,*)' ENTER OUTPUT 8IN FI~E NAME' 
UAO(S,1234,tI'IL2 
N.rCHRCFtL.2) 
OPENCUNIT.l,N'ME.Fl~2,TYP!.'NE.·,FORM·'UNFORMATTEO'1 
wRITECS,*) • ENTER THE PERMEABIL.ITY FACTOR· 
REAO C5,*) PMBLTY 

C ZERO 1HE ~ATRIX 
IlO 121'58 J.t,fJ'5 
00 321'51 I.f,U 
TRANsen·,. 

12151 CONTINUE 
REAO (2) (S~OTHK(t),I*1,~0) 
00 3215" I*l,bfl 
TRANS(I)·8N~TH~Ct)·PHSLTV 

li!15~ CONTINUE 
WRIT!(l) (TR'NSC!),l.l,~~J 

321'58 CONTINUE 
20 CLOSE (UNIT.l) 

CLOSE (UNITd) 
STOP 
ENO 
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USE OF THE FORTRAN COMPILER 

The following teletype trail illustrates how to compile our example 
program and obtain a compilation listing and object module for task building 
purposes. See the Fortran IV Plus User's Guide (Digital Equipment 
Corporation) for complete details on the F4P compiler usage. 

MCR)F4P 
F4P>EXAM,LP=EXAM/TR/CK 
F4P)~: 

MCR) 
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EXAMPLE OF THE LINEPRINTER LISTING OF 
EXAM.FTN PRODUCED BY THE F4P COMPILER 

FOPT~A~ IY-P~U! V0Z-510 10156143 PAGE 1 
EXAM.FT~ ICK/TRI'LL/~R 

C EXA~LE P~OGRAM TO ILLUSTRATE RSXll-0 USE 
C 
C ********EXAM.FTN********** 

~~~1 ot~ENSION TRANS(&d],FILE(,],FIL2(1),F1L1C71,SNOPcr(b0),SN~TM~(&0) 
0002 la34 'OR~AT(1A4) 
0003 ~HtT!C5,*)' eNTER NA~E OF SAND THICKNESS FILE' 
00~4 AEAO (5,1234) FILl 
0005 NarCHRCFtLl) 
000& OPEN(UNIT*I,~AME.'IL1,TYPEa'OLn·,FORMa'UNFORMATTEO',RE'DO~LY) 
~001 ~~ITE(5,*,' ENTER OUTPUT SIN FILE NAME' 
0008 AEAO(5,1134)FILi 
000q N*tcH~('tLe) 
00t0 OPEN(UNIT*3,~A"E*FIL2,TVP!*'Nt~',FORM.·UNFORMATTEO'1 
00tt WRITECS,*, , ENTER THE PERMEA8ILITV 'ACTOR' 
00te REAO C5,.) -MeLlV 

C ZERO THE "ATAIX 
0013 00 32158 J*1,b5 
0014 00 '2157 I*1,b0 
0015 TRAN!Ct)*~. 
0010 32151 CONTINUE 
0011 REAO (2) (SNOTM((I),1.1,b0] 
0018 00 32150 r*1,o0 
aetq TRA~S(I)*SNDTHK(r)*PM~LTV 
0010 3e156 CONTINUE 
0021 wRYT!C]) CT~ANS(I),I'1,&0) 
0ell 3e758 CONTINUE 
eel] 20 CLOSE tUNITe3) 
002_ CLosE (UNITee) 
eeas STOP 
0016 ENO 

PROGRAM SECTIONS 

NAME SIZE 'TT~18UTES 

ICOOfl 001034 l70 ~w,l,CON,LCL 
SPOATA ~0a140 48 .wfO,CO~,LCL 
IIDATA ft00l&0 ~. ~w,O,CO~,LCL 
IVAR! 001456 ~01 RW,Q,CON,LCL 

TOTA~ SPACE ALLOCATED. 00303Z 18' 
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USE OF THE TASK BUILDER 

Once the user's program has been compiled error free and an object module 
prepared with the compiler, the task file can be prepared. The function of 
the task builder is to line the user's object module with existing system and 
library programs to create a core-ready disk version of the user's task. The 
following trail illustrates the procedure required to build our compiled 
example program into a core ready task. See the Task Builder Reference Manual 
(Digital Equipment Corporation) for complete details on the task builder usage. 

MCR)TKB 
TKB)EXAM,LP:/SH=EXAM,rl,11BNWLIB/LB 
TKB)I 
ENTER OPTIONS: 
TKB>ASG=TI:S,DPO:2:3 
TKB)I 
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EXAMPLE OF THE LINEPRINTER TASK BUILD MAP 
OF EXAM PRODUCED BY TKB 

FILl! !XA~.TSK'l M!MORY .LLOCATION MAP 
THIS AL~OCATION WAS DONE O~ 30_MAY.19 
AT lel59 8' TAa~ 8UILOER VERSION Rt0 

*** ROOT SEGMENT. EXAM 

It/W Nf'" LIMITS. 0001.300 055247 0552513 
STACI( ~HUTS' 010000 Cc100117 001000 
DISK 81..1<, LIMITSI 000003 000".1 011057 
IDENTIFICATION I JIMAY 
PRG XFR AOORESS. 020320 
TASI< ATTRIBuTES' FP,NF,TA 

PROGRAM SECTION ALLOCATION SY~OPSIS' 

c, eLK," 001000 020311 1113221 
clcaDEI" 02ra320 ~21353 8011134 
cIIOATl" 021354 011!33 1'11'1 
cSPDAT'" iiU5J. 02Ut73 021("140 
clVA1t1 " 021674 2123351 00145' 
cl'AOTS" 0233!2 024351 001010 
cISOEvT" 024352 ",25'561 {t)01Z10 
cS'OEvU" 02556i 0255b2 00w.1000 
CS.FIOC" 02556i 12132251 004410 
cIIFIOO. 032252 032551 ~0d30" 
c11F101" 032560 033263 000504 
cIIFtOL" 033i!64t 03331\ "'0"'106 
cSIFIO"" 133372 035523 Id16i132 
cllFlo2. 1135524 035561 014003. 
cSSFS~1· 03556i (1141&b1 004100 
CSIFSR2· 041&62 QlOl'tt5 ~Hl!'" 104 
cllIOfU. 0417b& 04cl1t 000204 
c1II082" 042172 04cH 12 k10QJ000 
clsoe". 042171 042271 \II~~100 

cSS08F2" 042212 (lt4c1a72 ~0~000 
cllOTIO. 042&!12 2143051 0005&& 
cllOTll. 143160 054305 ~1130b 
CISRESL· 0543f,& 055tt45 \,IJ0lr1bftt'l 
c, ASS." 01'"'' 0 'lll~'" '" 1.1'" 001()V1t'10 
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RUNNING A PROGRAM 

Now that our program has been edited, compiled, and task built, we are 
ready to run the program. Previously we have prepared the ASCII input file 
and have mounted the FILE-Q disk, RSX-l1 type disk, and magnetic tape so that 
we can now run our program. The following teletype trail illustrates the 
procedure along with the lineprinter output produced. 

MCR:>RUN EXAM$ 
ENTER NAME OF SAND THICKNESS FILE 

HNETSAND.THK 
ENTER OUTPUT BIN FILE NAME 

SANDTRANS.TRN 
ENTER THE PERMEABILITY FACTOR 

!:'j() • 0 
EXAM STOP 
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