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- INTRODUCTION

Water is a natural resource vital to all men for their general
well-being. It is undeniably important in the area of recreation,
waste disposal, agriculture, industry and navigation. Man has lived
on waterways or near water sources because of his dependence upon water
for life.

Man's concern over water quality differs from place to place,
often his social and economic growth depends upon the quality main-
tained. Serious changes in water quality have resulted; its change
being dependent upon the nature and extent of the water supply, the
number and kind of users, the geographic placement of water users along
the waterway, and the degree of pollution control (4). Due to in-
creased water consumption and the lack of concern over prevention of
rapid deterioration, a need for annual replenishment has often re-
sulted. This is one reason why work with water has become complicated
by many types of jurisdictional disputes (2).

"Water is one of the materials required to sustain life and has
long been suspected of being the source of many of the illnesses of
man." It is apparent that rivers and other receiving bodies of water
have a limited ability to handle waste materials without creating
nuisance conditions (9). It is essential to collect, collate, and
evaluate all available information relative to the effects of each
potential pollutant on each possible beneficial use of water in order
to establish the current picture of water quality (10).

The increasing emphasis on improving America's streams, lakes, and



coastal waters has created a need to define and to measure the pollu-
tion problem. Data available to man are produced both by traditional °
techniques and by recently developed automatic monitoring systems (6).
The electronic computer is a device that aids man in many ways. It has
rapidly changed the approach of solving many problems and situations.
These might include such things as the design of equipment, storage and
retrieval of information, translation of languages, solution of physi-
cal problems, and simulation of life situations (8). The electronic
digital computer has evidently the speed, capacity, and flexibility
necessary to handle adequately most complicated tasks involved in many
State programs as well as regional or national oriented water pollution
control programs. The need for automatic data processing becomes self-
evident when consideration is given to the effort, time, and cost of
performing the necessary tasks of considering alternate programs for
solving problems of this scope. The application of automatic data
processing techniques makes possible a successful analysis to daily
complex voluminous and varied problems of water quality control. Auto-
matic processing makes possible the rapid and efficient storage and
retrieval of data, thus permitting large volumes of data to be readily
accessible to those who wish to use them. The process also provides
an efficient means of feeding data into computational programs of many
kinds (5).

In order to aid in solving the problems and to meet the needs of
‘all agencies connected and concerned with investigations and research

programs in ground water quality, and in particular the Water Resources



Institute of South Dakota State University, a system of storage and
retrieval named “SODAK" was designed. Although the design of 'SODAK" '
primarily meets the needs of the State of South Dakota, it has adapta-
tions for many other areas and many types of data which requires stor-
age and retrieval. Basically, the system represents the storage and
retrieval system for ground water quality data. 1Its main purpose is
the uniform conversion of data in such a manner that a researcher can
find information which is of interest to him or convince himself of
the absence of such data. The system consists of the processing of
collected data in whatever form it is available and converting it to

a stored record which can be searched by an electronic digital com-

puter.



OBJECTIVES

The three general objectives of this study are as follows: (1) to

devise a storage and retrieval system for rapid and efficient retrieval

of water quality data such as may be available in the State of South

Dakota, (2) to develop a system which would enable the scientist of the

Water Resources Institute of South Dakota State University and other

agencies interested in water quality management to communicate more

effectively with the public. This would aid in obtaining better water

quality management practices and thus allow the best use of water, and

(3) to develop flexibility in the data system so as to meet varying

program needs and conditions.

Specific Objectives of the 'SODAK'" System:

15

To develop procedures to store ground water quality
data so that the origin of the data and the point of
collection can be ascertained.

To develop procedures to record and store water
quality and related parameters.

To devise methods of retrieving the data in any one
of several forms so as to best meet the needs of the
public in general and the users in particular.

To develop a system for the uniform conversion of
data so that a researcher can find particular infor-
mation which is of interest to him or convince himself

of the absence of such data.



5. To develop a program that consists of collecting
data in whatever form it is available and convert
it to a stored record which can then be searched
by an electronic digital computer.

The study was initiated in the spring of 1966, and its develop-
ment as a system was completed in the fall of 1967. The study and its
development was made on the South Dakota State University Campus. The
ground water quality data used in this study was furnished by the

U.S. Geological Survey.



REVIEW OF LITERATURE

A data system is a combination of the steps taken to acquire a
desired objective. All data systems contain the four basic elements of
input (a piece of information recorded on a sheet of paper, special
cards, magnetic or paper tapes, or disks.), storage (where the input or
piece of information is housed or filed.), processing (the calculation
or deduction made on the data by an individual.), and the output (the
results of the processing which is recorded on another sheet of paper,
or punched on similar cards as those used for the input.).

Computers constitute one of the comprehensive data processing
analysis tools available at the present time; besides their capability
of high speed, they can be programmed to perform a wide variety of
arithmetic and logical functions. The need of the agency is an impor-
tant factor to be considered in the design of a computer-oriented
system. The need of the agency should not be limited to possible in-
crease in the volume of data to be handled but more so with the need of
an over-all speed of processing, capacity for increased computational
capabilities, and potential expansion in scope of the design (1).

Literature on this subject is limited. Only a few organizations
are actively using a storage and retrieval system; however, many are in
the planning stage. Some information is based on "in-house' activities
and experiences which are not formally documented (3).

The STORET system (shown in Figure 1) devised and used by the Public
Health Service (1, 5, 6, 12), is the only system of storage and retrieval

of water quality data for both surface waters and ground waters being
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used at the present time. Some national, state, and local agencies are
utilizing the system. Actually, the system employs two methods for |
locating sampling stations: one method deals with the location of
sampling points by river mileage and indices; and the other method uses
geographic coordinates (longitude and latitude) for locating sampling
stations. The two methods of the STORET system treats three general
types of data, each data type being a subsystem representing unique
problems of system design. The three general types of data are the
same for both methods. The three general types of data are chemical,
physical, and related data; water and waste facilities inventory data;
‘and biological data. The odd numbered subsystems (I, III, and V) use
the point location by river mile and index method, whereas the even
numbered subsystems (II, IV, and VI) locate sampling stations by geo-
graphic coordinates method.

The STORET system employs the technique of recording parameters by
use of the '"open ended" data card and the '"floating-point'" technique for
storing parameter values. '"Open ended" data card is essentially an
open-end parameter list to which parameters can be added as needed; that
is, not being limited to a series of fixed field cards for the data.
"Floating-point'" technique is a system for representing a varying range
of numbers with a fixed width of field, that is to say the same number
of columns in a card. The desired number of significant digits of the
value is recorded first, then an exponent is recorded which places the
decimal point in its proper location. An illustration of the '"floating-

point" equivalent of two numbers would be the number 110 and the number



.00011; 110 is represented as .11000000E+03 and .00011 is represented
as .11000000E-03. Note that the significant digits are the same for
both numbers and that the decimal point location is determined by
multiplying the significant digits by the signed power of 10 as indi-
cated by the last two digits.

At the present time, there are two subsystems of the STORET system
that are in operation. STORET I or subsystem I went into operation in
the spring of 1964, and STORET II or subsystem II went into operation
sometime in the fall of 1966. These subsystems are designed to accept
data in a variety of formats to facilitate the use of data collected
by agencies other than the Public Health Service. The STORET system
utilizes the Robert A. Taft Sanitary Engineering Computer Center in
Cincinnati. The equipment consists of a Honeywell 400 computer with
six magnetic tape drives, 4096 words internal memory, high speed card
reader-punch, and a high speed printer.

The STORET subsystems in operation at the present time can be
described and summarized as follows:

STORET I (Subsystem I):

This subsystem basically consists of programs to read machine-
punched cards containing station location information and water quality
data, which in turn are stored on a magnetic tape. There are other
programs in this subsystem that retrieves data by printing them out on

paper or writing them on another magnetic tape for further statistical

or mathematical processing.

Elements of STORET I:
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(a) Location Coding

The basic purpose of this coding is to permit retrieval and listing
of water quality and related data pertaining to stream systems in the
most useful form--the hydrologic sequence. This coding, which is a
necessary first step before using this system, is described as follows:

Within a terminal minor basin, a 3-digit terminal stream number
is assigned to each stream discharging to the ocean or large lake. This
stream then is coded in detail which includes the map measurement of
the mileage from the mouth of the stream to each of the tributaries
entering the stream. An index number is assigned to each of the tribu-
taries. The index numbers for the streams and its tributaries are such
that when facing upstream, all streams entering the terminal stream
from the right side are given even numbers, and all streams entering
from the left side are given odd numbers. The base written index
numbers are preceded by four zeros. All succeeding streams are given
index numbers in such a manner that they increase by 20 if they are on
the same side of the former stream and increase by 10 if they are on
the opposite side of the former stream. An example of this is the
location code 2-000020/1.60. This code would indicate a second level
stream (designated by the 2) with an index number of 000020, and a dis-
tance of 1.60 miles from the mouth of the terminal stream. The even
index number (000020) indicates that this stream enters the terminal
stream on the right side.

The stream coding for STORET I is in progress in various places of

the Southeastern United States, the Ohio River Basin, the Mississippi
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River Basin, the Arkansas-Red River Basins, portions of the Great
Lakes drainage as well as in the Columbia Basin. Stream coding work
has been completed in the Chesapeake Bay and the Colorado River.
Plans are underway for the coding of other major drainage basins in

the Missouri, the Hudson, and the Delaware River.

(b) Station Location Storage

These are spotted sampling point locations on the coded maps and
a six-digit station serial number is assigned to each point. The stor-
age procedure is done by feeding the computer with basin numbers (major
and minor basins), terminal stream number, river mileage, stream index
information, type of station, agency operating the station, and de-
scriptive material concerning the station. All of these items of infor-
mation are fed to the computer only once, and thereafter only the six-
digit station serial number is needed for any additional data pertain-
ing to that sampling station. The six-digit station serial number is
assigned serially by state; the first two digits correspond to the
alphabetical order in number of a given state, and the next four digits
correspond to the individual code number of the station in that state.

(c) Water Quality Data Storage

Each variable is assigned a 5-digit number and this parameter num-
ber allows essentially an '"open end" parameter list to which parameters
can be added as needed. This allows greater flexibility in the handling
of water quality and related data. A major benefit of this system is

that the user is not limited to a series of fixed field cards for the

data.

The data is entered as a parameter number, a value for this pa-
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rameter which has four significant digits and a two-digit number, one .
representing the exponent for decimal place purposes in the printout,
and one for remarks purposes. The 'floating-point' technique is used
for the storage of parameter values. This allows the storage of param-
eters varying widely in value across the country without limiting the
fixed number of columns for a given value. Fixed field cards can also
be entered or stored in this system since there are programs that assign
parameter numbers to the data after the fixed field cards are read.

(d) Data Retrieval

For retrieval purposes, two methods are used in this system: (1) the
specification by the six-digit station serial number of the stations for
which data are to be retrieved (six-digit station serial number is
assigned serially by state; the first two digits correspond to the alpha-
betical order in number of a given state, and the next four digits
correspond to the individual code number of the station in that state),
and (2) the identification of a control point on a river system. - For
the first method, data retrieved is on the station serial number speci-
fied only, which may be in the hydrologic or random sequence. 1In the
second method, data retrieved can be made for a selection of stations
above a control point, below a control point, between control points, or
combinations of stations based on these control points. The data re-
trieved by use of the second method is in hydrologic sequence going up-
Stream on the main stem; that is, the first station on the main stem

above the control point is retrieved and listed first, the second station

on the main stem is listed next, and so on up to the headwaters on the
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main stem. Then stations on the tributary closest to the mouth of the
main stem are listed, followed by the second tributary, etc. The re-
trieval of stations can be restored in such a manner that they can be
limited to certain types, to those operated by certain agencies, or to
those stations located in a certain state.

One to fifty parameters can be retrieved in each retrieval run.

The data can appear in any desired form of printout. For engineers and
the other users not involved in full-time programming, further processing
of data retrieved may be done by specifying that the retrieved data be
written on a magnetic tape.

The processing speeds on the storage of stations and the storage of
parameters are 2400 stations per hour and 45,000 parameters per hour
respectively if location and related non-variable information on stations
involved have been previously stored. Approximately 150,000 items of

variable data per hour can be retrieved.

STORETT II (Subsystem II):

This subsystem utilizes latitude and longitude to identify the
location of data collection points. It is used in handling data collect-
ed from large open bodies of water and from points on land areas which
cannot be associated readily with points on a stream. This is a comple-
mentary subsystem designed to serve in areas such as coastal and estu-
arine waters, groundwaters, areas of large marsh and swamps and where
Stream systems are interconnected in complex patterns. STORET I will

not function effectively under these conditions.

The data storage techniques of this subsystem are similar to that

§io10% SOUTH DAKOTA STATE UNIVERSITY LIBRARY
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of STORET I with only four fundamental differences: (1) latitude and
longitude, which require 15 digits, serve as the station number and
the basic station location, (2) all identifying information for
sampling points is entered on separate cards, (3) water quality data
cards are tied by an arbitrary number to the location cards, and (4)
there is less emphasis on the storage of descriptive material such
as basin designations.

There are four header cards (I, III, IV, and V) used in STORET II
for data storage. They are used for location and identification pur-
poses. Only header card I is required, the other three header cards

-are optional. The optional cards may be stored anytime, simultane-
ously, or following the establishment of the station by header card I.
The numbering system of these four header cards corresponds to the
location cards in STORET I. A water quality data card is used for the
data storage in addition to the four header cards. The 5-digit pa-
rameter number assigned to each variable in water quality data and the
“"floating-point' technique of storing parameter values (four signifi-
cant digits) are retained in STORET II, an approach used in STORET I.

There are three basic types of retrieving data used in STORET II:
(1) all stations within a specified rectangular area, (2) all stations
within a specified circular area, and (3) all stations falling within
a stated distance of a vector. Within the three basic types of re-
trieving data, three control cards are used: (1) parameter control
card, which controls the parameters to be retrieved; (2) station con-

trol card, which provides instructions to the retrievel program con-



15

cerning the areas defined by polygons from which data are to be re-
trieved, the order of listing the data on the printout, and the state
or agency restriction if any; and (3) date control card, which con-
trols the retrieval of data for a specific period of time.

Other information on storage and retrieval systems is now being
developed to meet specific needs for specialized fields of technology.
For example, the National Aeronautics and Space Administration is
developing a system for the large quantity of information gathered by
meteorological satellites. The objective of their study is to deter-
mine how the information can be acquired, annotated, compacted, dis-
tributed, and converted into more appropriate forms from a communica-
tion's theory and human engineering points of view. Another example of
a development of the electronic retrieval of information is the system
being designed by the University of Nebraska for retrieval of material
on water law, both State and Federal.

Being that it is the purpose of this research to develop a system
of storage and retrieval on ground water quality information suitable
for use with modern data processing equipment to process existing and
future available information, adaptation of present systems is perhaps
a logical solution. The STORET system has the desirable characteris-
tics of having an "open ended'" data card for listing variables and
uses the '"floating-point" technique of recording data. This allows
flexibility in a system. However, the manner of searching and re-
trieving material often obtains much more information than is actually

wanted by the researcher or user. Systems which are used for data
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other than water quality information have routines which are adaptable
but cannot be used in their entirety for the purposes desired in thié
study.

The "SODAK" system allows storage of data from all sources, and
although not as fast as other retrieval programs, allows extreme
selectivity in its retrieval routine. The system as explained, dis-
cussed, and illustrated is not complex and will handle water quality
data with ease,

The complex design of the STORET system led the author to design
the '"SODAK" system, which is explained, discussed, and illustrated in

this study.
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SCOPE OF THE ''SODAK' SYSTEM

The '"SODAK" system was established to provide uniform storage
and selective retrieval of ground water data. The water quality
information used in this study was obtained from the records com-
piled by the U.S. Geological Survey; however, the system will work
for all forms of available data on ground water quality in South
Dakota.

With the establishment of the South Dakota Water Resources
Institute, it became a logical home for maintenance of such a re-
trieval system. Since ground water quality data is available from
several sources, the system must serve many types of inputs, and if
successful it should also provide flexible output.

From the beginning the goals have remained essentially unchanged,
namely:

1. Develop a technique to accept data in raw form without

dictating the form of laboratory analysis sheets.

2. Convert data to a uniform format.

3. Provide the capacity for both alphabetic as well as

numeric data.

4., Provide the ability to expand and add variables without

requiring modification of previously stored data.

5. Develop a selective search routine having a rather

broad logical capability to accept or reject data in

the retrieval process.
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The computing facilities available consisted of a decimally"
oriented IBM 1620 (7) with card input-output using Fortran II
language, and thus causing some restrictions to be placed on the sys-
tem. These restrictions were limited to items not particularly impor-
tant to the logical flow of the system. Principal restrictions are:

1. Output data is not edited as well as might be desired.

2. Input data is not packed as densely as possible.

3. Comparisons within the program are limited to numeric

data elements.

The first restriction is a concession to the 1620 IBM computer.
When other equipment is available, such as the IBM 360, the restriction
will no longer be present. The fact that the input data is not densely
packed causes the search for errors in a program to be more difficult.
The third limitation is a concession to the programmer.

Should the system prove acceptable to water researchers, all of
the restrictions may be removed with rather simple extensions to the
system. Other improvements in data handling will be quite apparent
when the system is converted to third-generation magnetic tape,
Printer-supported computing facilities.

The design of the overall "SODAK'" system is shown in Figure 2.

The present stored data is in the U.S. Geological Survey form and is
represented as '"Lab (A) Water Test Data'" in the flow diagram. OQther
forms of data different from that of the U.S. Geological Survey form
are represented as '"Lab (B) Water Test Data', '"Lab (C) Water Test Data',

"Lab (D) Water Test Data', etc. There is no limit to the number of
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laboratory forms that can be used.

Data Acquisition

Micro-filmed water quality data obtained from the U.S. Geological
Survey, Huron, South Dakota, was scanned and recorded on their report
form. Data which did not indicate the location and date of sampling
was rejected. The remaining test data was manually transcribed to
work sheets from which card input documents were prepared.

It should be pointed out that these card input documents were in
a format very similar to the source documents. No manual coding was
required and documents which represented ''second-hand'" data were not
‘used. For example, many standard U.S. Geological Survey laboratory
forms were available which contain data collected from water labora-
tories other than those of the U.S. Geological Survey. These sets of

data should logically be collected from the parent laboratories.

Data Translation

Every data element stored in the system is stored as a three-
digit code followed by the data element. Numeric data elements are
converted to ekponential form or '"floating-point", that is, 10.0 be-
comes .1 (10)% or .10E+02, 0267 becomes .267 (10)~! or .267-01, etc.
Presently, eight significant digits could easily be reduced to five
to provide more compact storage. Alphabetic data are converted to a
three-digit code followed by six alphabetic or numeric digits.

Only one translator program was developed. As Figure 2 indi-
cates, a translator program will be necessary for every laboratory

input document should this pilot study be expanded and implemented.
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DATA RETRIEVAL OF THE "'SODAK' SYSTEM

The approach described and discussed in this system is built
around the logic statements 'IF", "AND IF'", '"OR IF'", and '"SAVE".
These statements are contained in the logic program or the user
supplied selective search program. This set of statements allows a
user to construct his own search routine. He may select or reject
any set of data which satisfies the conditions prescribed by his set
of instructions. The best way to illustrate the power of this tech-
nique can be shown by a few examples:

Logic Program Example #1
IF TOWNSHIP 100.0 110.0
AND IF RANGE 50.0 60.0
SAVE TOWNSHIP
RANGE
CALCIUM
IRON
The variables township, range, calcium, and iron will be re-

trieved on all sets of data that satisfies both the township value

of 100.0 to 110.0 and the range value of 50.0 to 60.0 The user or

researcher in this example desires to save the variables township,
range, calcium, and iron with their corresponding values on all sets
of data that satisfies the conditions of both variables in the "IF"

and "AND IF" statements. The user or researcher, however, may save

variables not included in the "IF'" and "AND IF" statements.
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Logic Program Example #2
IF IRON 0.80 10.0
OR IF MANGANESE 0.70 2.0
SAVE HARDNESS AS CaCO3
ALKALINITY AS CaCOj3
SULFATE
DISSOLVED SOL CALC
pH
The variables listed in the "SAVE'" statement with their corre-

sponding values will be retrieved on all sets of stored data that

.satisfies either the iron value of 0.80 to 10.0 parts per million or

the manganese value of 0.070 to 2.0 parts per million. The user or

researcher in this example desires to save the variables hardness as
calcium carbonate (CaCO3), alkalinity as calcium carbonate (CaCO03),
sulfate, dissolved solids calculated, and pH for all sets of stored
data that satisfies either conditions of the "IF" or "OR IF" statements.

Logic Program Example #3

IF DATE OF COLLECTION 500000. 650000.

AND IF DATE DRILLED 450000. 600000.
AND IF SECTION 5.0 10.0
AND IF RANGE 58.0 60.0
SAVE SODIUM

PERCENT SODIUM
SODIUM ADSORP RATIO
pH

SPECIFIC CONDUCTANCE
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The variables listed in the '"SAVE" statement with their corre-

sponding values will be retrieved on all sets of stored data that

satisfies the date of collection of the water sample value of 1950 to

1965, date the well was drilled value of 1945 to 1960, section value

of 5.0 to 10.0, and range value of 58.0 to 60.0 The user or researcher

in this example desires to save the variables sodium, percent sodium,
sodium adsorption ratio, pH, and specific conductance with their corre-
sponding values on all sets of stored data that satisfies the condi-

tions of the statement "IF'" and the three "AND IF" statements.

Logic Program Example #4

IF DEPTH 100.0 800.0
AND IFF DIAMETER 0.125 0.500
OR IF NON CARB AS CaCO3 250.0 500.0
AND IF MAGNESIUM 0.07 2.0
AND IF CHLORIDE 92.0 200.0
SAVE NITRATE

CALCIUM

POTASSIUM

COLOR

The variables listed in the "SAVE" statement with their corre-

sponding values will be retrieved on all sets of stored data that

satisfies either both the depth of the well value of 100.0 to 800.0

feet and diameter of the well value of 0.125 to 0.500 feet; or the

noncarbonate hardness as calcium carbonate (CéCOqlfvalue of 250.0

to 500 parts per million, the magnesium value of 0.07 to 2.0 parts
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per million, and the chloride value of 92.0 to 200.0 parts per million.
The user or researcher in this example desires to save the variables.
nitrate, calcium, potassium, and color with their corresponding values
on all sets of stored data that satisfies the conditions of both logic
statements "IF'" and "AND IF'", or that satisfies all the conditions of
the three logic statements "OR IF", "AND IF'", and "AND IF'".

Further illustrations of these examples and their retrieved re-
sults are shown in the section of this thesis entitled ''Tests on the
""SODAK'" Systems by Use of Examples.'

The flow diagram shown in Figure 3 illustrates the logic program
of the retrieval system of the '"SODAK'" program and is explained as
follows:

1. The computer starts by reading the user program cards

and determining what is asked for in the logic program.

2. A blank card means the end of the user program.

3. 1If the first logic statement is an "IF'", the computer
checks the stored data for the variable requested. 1If
what is asked for is present and satisfies the lower and
upper limit values, the "IF'" statement is satisfied and
the computer checks further for the presence of an '"AND
IF" statement. However, if the "IF'" statement is not
satisfied by the stored data, then the computer immedi-
ately checks for the presence of an '"OR IF" statement

without checking any intermediate 'AND IF'" statements.
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If what was asked for in the "AND IF" statement was in
the stored data, the computer asks if the next statement
is another "AND IF". 1If so, it goes through the same
process in this step; otherwise, the computer repeats
step number 3. If what was asked for in the "AND IF"
statement was not present in the stored data, the
computer again checks for an '"OR IF" statement.

After each set of "IF'", "AND IF", or "IF", "OR IF" state-
ments for which a successful set of data has been found, the
computer seeks another set of these statements. If the
next logic statement is not an "IF", then the computer
checks whether the next statement is a ''SAVE". 1If so,

it prints out the results and goes on to read another

set of data.

If what was asked for in the '"IF" or "AND IF'" statements
was not satisfied by the stored data, then the computer
checks for the logic statement 'OR IF". If what was

asked for in the "OR IF'" statement was present in the
stored data, then the computer checks for an "AND IF"
statement and goes back to step number 4; otherwise,

no results can be retrieved or obtained, since this

would be a failure condition in the system. For a

failure condition, the computer does not give printed

results and immediately reads the next set of data.



27

The user of this system must write the selective search program
or logic program to obtain the desired data. The format in writing
the logic program is given as follows:

1. The "IF", "AND IF", "OR IF'", and '"SAVE" statements

are punched in columns 1, 2, 3, 4, 5, and 6 of the
card.

2. The name of the water quality variable or location

variable, such as township, section, calcium, potassium,
etc., was punched in columns 7 through 26 of the card.

3. The lower limit value of the variable is punched starting

with column 28 of the card. The upper limit value
of the variable is punched starting with column 38
of the card.

4. The variable names to be saved or retrieved are punched

starting with column 7 of the card. This procedure
is identical to that of procedure number 2 above, only
the first card contains the logic statement ''SAVE".

The logic program or user supplied selective search program is a
part of the '"SODAK" system which makes it different from the STORET
system discussed in the literature review of this thesis. An unlimited
number of restrictions can be made on the logic program; it can re-
trieve from one variable data to the maximum number of variable data
elements stored in the system. The user or researcher has the option
of choosing the variables he desires to analyze and evaluate. |

It is necessary for a user or a researcher to observe the follow-



ing reminders to allow the '"SODAK'" system to function properly and
effectively:

1. An "IF" and the "SAVE" logic statements must always be
the first and the last statements of the logic program.

2. The logic statements must be followed by the correctly
spelled variable name and not otherwise; a misspelled
variable name or a variable's code number following
a logic statement will result in the termination of the
program with an appropriate error message.

3. The variable names following the logic statements '"IF",
"AND IF", and "OR IF'", should always have a lower and
upper limit value, since the absence of either value
will cause the system to assume a zero value.

4. There must be only one '"SAVE'" statement. An unlimited
number of variable names can follow the "SAVE" logic
statement.

5. The number of "IF'", "AND IF'", and '"OR IF" logic state-
ments followed by a variable name and their corresponding
lower and upper limit value is unlimited. A user or
researcher can ask for a large number of "IF'", "AND IF",
and "OR IF" logic statements. However, more tests applied
to the data through the use of these statements will

require more computer time to complete the searching

process.

28
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STORAGE PROCEDURE OF THE '"SODAK" SYSTEM

The format of the stored non-translated data or data converted
to computer input is shown in Appendix I. The printed form of the
non-translated data is shown in Table 1. The storage of the non-
translated data is the second step in the '"SODAK" overall design
system as shown in Figure 2.

The stored non-translated data is further transformed into a
standard form of record. Transformation of the non-translated stored
data involved the coding of the variables, changing of the date of
collection from an order of day-month-year to an order of year-month-
day, and the placing of the 999 code. The changing of the order of
the date of collection from day-month-year to an order of year-month-
day was to make a single comparison for years alone rather than to
make three comparisons in terms of day, month, and year which require
more computer time. The form of the translated data (except sub-
section and sample number) is given as:

3-digit code / 14 digits of data / 3-digit code / 14 digits

of data / etc.

The fourteen digits of data consists of nine digits whole numbers and
five digits for the fractional part. The format and coding system
of the translated or transformed data is shown in Appendix II, and

its printed form is shown in Table 2.

A complete set of transformed or translated stored data in the

Present system has the following characteristics:

1. The first card indicates the number of data cards



26011BEAD
26012BEAD
26013BEAD
26014BEAD

26021BEAD
26022BEAD
26023BEAD
26024BEAD

26031BEAD
26032BEAD
26033BEAD
26034BEAD

26041BEAD
26042BEAD
26043BEAD
26044BEAD

110 58 06 CBBB

30054,
013.22 006480 0278420
240 003.0 2139.00 005%9.33
09.00 041.00 000029.
110 58 06 CBBB 110051.
00700 00200 0716400 00780 0293.00
250 00260 2113.00 0020.0C
TeT 98400 061l.0C 000029.
110 60 07 DADC P-5461 042563 12.000
10800 013,00 046000 018.00 0164400 D0.0
190 00020 00690 1980600 201060 040660
02760, Te8 70C0 00990 000048
110 60 26 ABBAl P-6925 010964, 20.000
185400 064.0C 0596400 014,00 0522600 00.0
0e40 010,00 01.70 2710.00 2770.0 0723.0
03150 Te8 6400 C0960 000045
TABLE 1

00.040

425490
000000
1000.

00.040
1073.00
0000.00
1008.

00.810
1170600
027200
0795

03.800
152C.00
0295.00
0768

Form and Appearance of Non-Translated Data

0148.00
¥*

* 04500

00.000
016C.00
240,
* 04500

00070
0092.00
*

* 00125

00080
0029.00
*

* 0el1l25

o€



peTsif:

001

004CBBB
1 110.00
8 e 04
16 425690
21 213900
30 4100
999
001
004CBBB
1 110.00
8 04
12 716600
17 160600
23 20600
29 98,00
33 «50000

10
17
23
31

2

9
13
18
24
30
999

5800000
13.22000
148.00000
5933000
2900000

58,00000
0.00000
780000
250000
000000

61400000

11
18
24
32

10
14
19
25
31

TABLE 2

6.00000
680000
2040000
000000
1000.00000

600000
700000
292.,00000
200000
24000000
29.00000

14
19
29
33

11
16
21
27
32

Form and Appearance of Stored Translated Data

540300,00000
278.20000
3.00000
900000
«50000

511100.00000
2.00000
1073.00000
2113.00000
7470000
1008.00000

[ ]



001
004DADC
1
7
11
15
19
23
29
33

001

004ABBAl

1

7
11
15
19
23
29
33

110.00
12.00
13.00

0.00
«20

406400

7000

«12500

110.00
30600
64400

0«00
10,00

723.00

6400

005P-5461

2

8

12

16

20

24

30
999

005P=-6925

2

8
12
16
20
24
30

12500 999

6000000
«81000
46000000
117000000
«90000
27200000
990000

6000000
380000
59600000
152000000
1,70000
29500000
960000

13
17
21
26
31

13
17
21
26
31

700000
«07000
1800000
92.00000
1980.00000
275000000
48400000

2600000
«08000
14.00000
29.00000
2710.00000
3150.00000
4500000

TABLE 2 (Continued)
Form and Appearance of Stored Translated Data

10
14
18
22
27
32

10
14
18
22
27
32

630425.00000
108.00000
164.00000

1.50000
201000000
780000
79500000

640109.00000
185.00000
522.00000

«40000
2770.00000
780000
76800000

43



Data Set 1

Output as a

Code Variable Variable Real Floating-
Number Value Name Value Point Value
1 110.00 Township 110 .11000000E+03
2 58.00000 Range 58 .58000000E+02
3 6.00000 Section 6 .60000000E+01
4 CBBB Sub-Section CBBB*
6 540300.00000 Date of Collection March, 1954 .54030000E+06
8 .04 Iron .04 ppm¥* .40000000E-01
10 13.22000 Calcium 13.22 ppm .13220000E+02
11 6.80000 Magnesium 6.80 ppm .68000000E+01
14 278.20000 Bicarbonate 278.20 ppm .27820000E+03
16 425.90 Sulfate 425.90 ppm .42590000E+03
17 148.00000 Chloride 148.00 ppm .14800000E+03
18 2.40000 Fluoride 2.40 ppm .24000000E+01
19 3.00000 Nitrate 3.00 ppm .30000000E+01
21 2139.00 Dissolved Sol Calc 2139.00 ppm .21390000E+04
23 59.33000 Hardness as CaCO3 59.33 ppm .59330000E+02
24 0.00000 Non Carb as CaCO3 0.00 ppm .00000000E-99
29 9.00000 Percent Sodium 9.00 % .90000000E+01
30 41.00 Sodium Adsorp Ratio “41.00 ppm .41000000E+02
31 29.00000 Date Drilled 1929 .29000000E+02
32 1000.00000 Depth 1000 feet .10000000E+04
33 .50000 Diameter .50 feet .50000000E+00

999

End of Data Set

*Standard United States Geological Survey Designation
“*¥*Parts Per Million

Table 3.

Identification of Stored Translated Data in Table 2

€€



Data Set 2

Code

Output as a

Variable Variable Real Floating-
Number Value Name Value Point Value
1 110.00 Township 110 .11000000E+03
2 58.00000 Range 58 .58000000E+02
3 6.00000 Section 6 .60000000E+01
4 CBBB Sub-Section CBBB
6 511100.00000 Date of Collection November, 1951 .51110000E+06
8 .04 Iron .04 ppm .40000000E-01
9 0.00000 Manganese 0.00 ppm .00000000E-99
10 7.00000 Calcium 7.00 ppm .70000000E+01
11 2.00000 Magnesium 2.00 ppm .20000000E+01
12 716.00 Sodium 716 .00 ppm .71600000E+03
13 7.80000 Potassium 7.80 ppm .78000000E+01
14 293.00000 Bicarbonate 293.00 ppm .29300000E+03
16 1073.00000 Sulfate 1073.00 ppm .10730000E+04
17 160.00 Chloride 160.00 ppm .16000000E+03
18 2.50000 Fluoride 2.50 ppm .25000000E+01
19 2.00000 Nitrate 2.00 ppm .20000000E+01
21 2113.00000 Dissolved Sol Calec 2113.00 ppm .21130000E+04
23 20.00 Hardness as CaCO3 20.00 ppm .20000000E+02
24 0.00000 Non Carb as CaCO3 0.00 ppm .00000000E=-99
25 240.00000 Alkalinity as CaCO3 240.00 ppm .24000000E+03
27 7.70000 pH ik 7 .77000000E+01
29 98.00 Percent Sodium 98% .98000000E+02
30 61.00000 Sodium Adsorp Ratio 61.00 ppm .61000000E+02
31 29.00000 Date Drilled 192¢€ .29000000E+02
32 1008.00000 Depth 1008 feet .10080000E+04
33 .50000 Diameter .50 feet .50000000E+00
999 End of Data Set

Table 3 (Continued).

Identification of Stored Translated Data in Table 2

e



Data Set 3

Output as a

Code Variable Variable Real Floating-

Number Value Name Value Point Value
1 110.00 Township 110 .11000000E+03
2 60.00000 Range 60 .60000000E+02
3 7.00000 Section 7 .70000000E+01
4 DADC Sub-Section DADC
5 P-5461 Sample Number P-5461
6 630425.00000 Date of Collection April 25, 1963 .63042500E+06
7 12.00 Silica 12.00 ppm .12000000E+02
8 .81000 Iron .81 ppm .81000000E+00
9 .07000 Manganese .07 ppm .70000000E-01
10 108.00000 Calcium 108.00 ppm .10800000E+03
11 13.00 Magnesium 13.00 ppm .13000000E+02
12 460.00000 Sodium 460.00 ppm .46000000E+03
13 18.00000 Potassium 18.00 ppm .18000000E+02
14 164.00000 Bicarbonate 164.00 ppm .16400000E+03
15 0.00 Carbonate 0.00 ppm .00000000E-99
16 1170.00000 Sulfate 1170.00 ppm .11700000E+04
17 92.00000 Chloride 92.00 ppm .92000000E+02
18 1.90000 Fluoride 1.90 ppm .1L9000000E+01
19 .20 Nitrate .20 ppm .20000000E+00
20 .90000 Boron .90 ppm .90000000E+00
21 1980.00000 Dissolved Sol Calc 1980.00 ppm .19800000E+04
22 2010.00000 Residue on Evap 2010.00 ppm .20100000E+04
23 406.00 Hardness as CaCOj 406.00 ppm .40600000E+03
24 272.00000 Non Carb as CaCO3 272.00 ppm .27200000E+03

Table 3 (Continued).

in Table 2

Identification of Stored Translated Data

o€



Data Set 3 (Continued)

Output as a

Code Variable Variable Real Floating-
Number Value Name Value Point Value
- 26 2760.00000 Specific Conductance 2760.00 micromhos***, 27600000E+04
27 7.80000 pH 7.8 .78000000E+01
29 70.00 Percent Sodium 70.00 % .70000000E+02
30 9.90000 Sodium Adsorp Ratio 9.90 ppm .99000000E+01
31 48.00000 Date Drilled 1948 .48000000E+02
32 795.00000 Depth 795 feet .79500000E+03
33 .12500 Diameter .1250 feet .12500000E+00
999 End of Data Set

**%Micromhos Per Centimeter at 250 Centigrade

Table 3 (Continued).

Identification of Stored Translated Data in Table 2

Wee



Data Set 4

Output as a
Code Variable Variable Real Floating=-
Number Value Name Value Point Value
1 110.00 Township 110 .11000000E+03
2 60.00000 Range 60 .60000000E+02
3 26.00000 Section 26 .26000000E+02
4 ABBAL Sub=-Section ABBAl
5 P-6925 Sample Number P-6925
6 640109.00000 Date of Collection January 9, 1964 .64010900E+06
7 30.00 Silica 30.00 ppm .30000000E+02
8 3.80000 Iron 3.80 ppm .38000000E+01
9 .08000 Manganese .08 ppm .80000000E-01
10 185.00000 Calcium 185.00 ppm .18500000E+03
1 64.00 Magnesium 64.00 ppm .64000000E+02
12 596.00000 Sodium 596.00 ppm .59600000E+03
13 14.00000 Potassium 14.00 ppm .14000000E+02
14 522.00000 Bicarbonate 522.00 ppm .52200000E+03
15 0.00 Carbonate 0.00 ppm .00000000E-99
16 1520.00000 Sulfate 1520.00 ppm .15200000E+04
17 29.00000 Chloride 29.00 ppm .29000000E+02
18 .40000 Fluoride .40 ppm .40000000E+00
19 10.00 Nitrate 10.00 ppm .10000000E+02
20 1.70000 Boron 1.70 ppm .17000000E+01
2% 2710.00000 Dissolved Sol Calc 2710.00 ppm .27100000E+04
22 2770.00000 Residue on Evap 2770.00 ppm .27700000E+04
2 723.00 Hardness as CaCO3 723.00 ppm .72300000E+03
24 295.00000 Non Carb as CaCO03 295.00 ppm .29500000E+03

Table 3 (Continued).

Identification of Stored Translated Data in Table 2
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Data Set 4 (Continued)

Output as a

Code Variable Variable Real Floating-
Number Value Name Value Point Value
26 3150.00000 Specific Conductance 3150.00 micromhos .31500000E+04
27 7.80000 pH 7.8 .78000000E+01
29 64 .00 Percent Sodium 64.00 % .64000000E+02
30 9.60000 Sodium Adsorp Ratio 9.60 ppm .96000000E+01
31 45.00000 Date Drilled 1945 .45000000E+02
32 768.00000 Depth 768 feet .76800000E+03
33 .12500 Diameter .1250 feet .12500000E+00
999 End of Data Set

Table 3 (Continued).

Identification of Stored

Translated Data in Table 2

VoE
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containing alphameric variables. These alphameric
data cards must follow this first card.
2. After this set of data, sufficient cards are provided
to contain all the remaining data in the set with
four variables per card.

3. The end of each complete set of data is indicated with
a 999 code.

The code which indicates the number of alphameric data cards
occupies the first three columns of the first card of the translated
data, and the remaining columns are left blank. In the second card,
the first three columns are used for the code of the first data, and
columns 4 through 9 are used for the value of this data. Columns
10 through 18 are left blank. Columns 19 through 21 are used for
the code of the second data, and columns 22 through 27 are used for
the value of this data. This pattern is repeated for the rest of
the card.

For the numeric cards, columns 1 through 3 are used for the code,
and columns 4 through 20 are used for the value of its data. Within
columns 4 through 18 (a total of 15 columns), one column is used for
the decimal point, 9 columns are used for the whole number, and 5
columns are used for the fractional part. The last two columns are
left blank for spacing purposes. All variables in the numeric cards
have identical formats as illustrated in Appendix ITI.

Untranslated or non-translated data, that is data without coding

and in raw uncondensed form, is shown in Table 1. The translator
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program deletes all variables for which no data is available and
supplies the proper coding information as illustrated in Table 2. As
previously explained, this data still contains many blanks which are
there to provide better legibility during the development period.

The present translator program of the '"SODAK" system can trans-
form or translate only eight sets of non-translated data at a time.
The eight sets of data consists of 32 cards. Blank cards are added
to sets of data that are less than eight. However, an unlimited
number of data sets can be translated or transformed with one reading
of the computer on the translator program. The translation of the
eight sets of data takes approximately two minutes to accomplish on
the IBM 1620 computer. The translator program shown in Appendix VI
applies only to the particular form of non-translated data shown in
Table 1 and Appendix I.

In the last card of every set of translated data, the three digit
code 999 is punched after. the field of 20 columns of the last variable.
This code number indicates the end of a set of data and also the maxi-
mum number of variables that can be stored in the "SODAK'" system. At
the present time, 999 variables seems to be adequate. However, should
it ever be necessary to provide for more than 999 variables, this

could be easily accomplished by adding one or more digits to the code.
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RETRIEVAL ROUTINE OF THE ''SODAK'" SYSTEM

The retrieval system of the "SODAK" is shown in Figure 4., The
flow diagram illustrates the following steps: (1) the user supplied
selective search program is read by the computer. This program is
prepared by the user or researcher; (2) the water sample sorter pro-
gram analyzes, searches, and evaluates what is desired by the user or
researcher in the logic program or user supplied selective search
program; (3) in the process of analysis, searching, and evaluation
made by the computer based on the water sample sorter program, the
data bank or stored data is referred to; and (4) upon final successful
analysis, the output for the user or researcher in terms of printed
results is obtained.

The card format and coding of the table illustrated in Appendix
IV and its printed form shown in Appendix VII was used for the printed
results obtained from the retrieval routine. The purpose of the table
is to convert input names of the variables in the user supplied selec-
tive search program or logic program to three digits codes and to
convert the three-digit code number of each variable into the name of
its corresponding variable in the information retrieved. The inclusion
of the table in the retrieval routine facilitates the analysis and
evaluation process made by the user or researcher since the name of
the variable is more convenient than digit coding.

There are four card sets in the .retrieval routine of the ''SODAK"
system: (l) water sample sorter program, (2) table, (3) logic program

or user supplied selective search program including a final blank card,
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and (4) translated data or standard form of recorded data. The four
card sets are read by the digital computer in the order they are
listed above. The presence of the blank card in the logic prograé
or user supplied selective search program is to indicate the end of
the logic program.

At the present time, subsection and the sample number are the
only variables that contain alphameric (alphabets and numbers) data in
the stored data. These variables can be stored as shown in Table 2
and Appendix II, but they cannot be retrieved nor included in the
logic program at the present time. Since inclusion of alphameric data
in the search routine would be difficult on the IBM 1620 computer and
would not materially affect the performance for demonstration purposes,
it was not included. However, this problem can be remedied should the
system be implemented on a state-wide basis. All other variables in
this system have numeric data, and thus information on their data can
be retrieved.

There were several tests made on the retrieval routine of the
"SODAK'" system. The results of seven of these tests are illustrated
in the section of this thesis entitled '""Tests of the "SODAK'" System
by the Use of Examples.'" The results indicate the printed form and
appearance of the information retrieved from this system. All of the
values of the variables are edited in the '"floating-point' form with
eight significant digits. The '"floating-point' technique is a system
of recording the number of significant digits of the value first,

followed by an exponent which places the decimal point in its-proper
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place. An illustration of the "floating-point'" equivalent of the two
numbers .21390000E+04 and .21390000E-04 are 2,139 and .00002139
respectively. The decimal point in the first illustration is moved
four places to the right, since it has a positive exponent (indicated
by E404); and the decimal point in the second illustration is moved
four places to the left, since it has a negative exponent (indicated
by E-04).

Retrieved results obtained on the seven tests depended on the
information requested in the logic program and the stored translated
data or standard form of recorded data. The nonexistence of a variable
in the stored translated data is indicated by the large negative
number -.99999000E+05. The existence of a variable with a zero data
value is indicated by the number .00000000E-99. An illustration of
these representations are shown in Figure 5 of '"Tests of the '"SODAK"
System by the Use of Examples': the nonexisting variables in the stored
translated data are color and alkalinity as calcium carbonate (CaC03),
and the existing variable in the translated stored data having a zero
value is carbonate.

The '"floating-point'" representation of the present system in its
retrieval routine may be refined to the usual procedure of recording
numbers. with some modifications in the present water sample sorter
Further refinement of editing the retrieved results can also

program.

include the proper units of determination for each variable.
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TESTS ON THE ''SODAK' SYSTEM BY USE OF EXAMPLES

The usefulness of the "SODAK'" system can be demonstrated by the
several tests that were applied to the logic program. (The logic-
program may be referred to as the user supplied selective search pro-
gram.) The seven demonstrative tests have various combinations of
possible restrictions and conditions that a researcher or user may
require of a logic program or selective search program by use of
combinations of the logic statements "IF'", "AND IF'", '"OR IF", and
"SAVE"'.

For the sake of brevity, these demonstrative tests use only four
sets of stored data rather than all the data stored for the ''SODAK"
system, The data used are shown in Table 2, page 31. The explanation
of the TESTS refers to these four sets of stored data.

TEST 1I1:

The researcher indicates the desire to retrieve data which indi-
cates the amount of dissolved solids in a strip across the State which
is included within the limits of all townships between 100 and 120.

He wishes to know the location of the water supply by township, range,
and section as well as the value for the calculated dissolved solids.
The logic program would indicate the following conditions: (1) "IF"
the variable township is within the limits of 100.0 to 120.0, then

(2) "SAVE" the variables township, range, section, and dissolved
solids calculated.

The retrieved results on the stored data as indicated in Figure 5

show the four sets of data that satisfy the user's supplied selective
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search program. An interpretation of the retrieved data indicates
that in section 6, township 110 and range 58, a water sample had

2,139 parts per million of calculated dissolved solids; in section 6,
township 110 and range 58, the water sample had 2,113 parts per
million, etc. The value for the calculated dissolved solids is read
using the "floating-point' technique. .21390000E+04 and .21130000E+04
represents the numbers 2,139 and 2,113 respectively. The placement

of the decimal point is indicated by the last two digits on the print-
ed form of results. E+04 indicates that the placement of the decimal
point should be four places to the right, E4+01 would indicate one
place to the right, E+00 indicates that the decimal point retains its
original position. A negative exponent would indicate that the decimal
point is to be moved to the left. For instance, the readout in the
printed result of .40000000E-02 would indicate a value of 0.004. The
exception to the above rule is that the large negative number of
-.99999000E+05 indicates that there is no existing value for the
variable and the number .00000000E-99 indicates a value of zero.

TEST II:

The user or researcher indicates the desire to retrieve data from
an area in the State which includes the first 10 sections of each
township in a strip of land which lies within range 60 to 65 inclusive.
The user is not interested in any water sample in which the calcium
is less than 10 parts per million or greater than 200 parts per million.
The water sample must also contain magnesium within the limits of not

less than 3 parts per million and not greater than 65 parts per million.
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The user wishes to obtain the following information on such samples:
location by township, range and section, date of collection of water
sample, silica, iron, manganese, calcium, magnesium, sodium potassium
bicarbonate, carbonate, sulfate, chloride, fluoride, nitrate, boron,
dissolved solids calculated, residue on evaporation, hardness as
calcium carbonate (CaC03), noncarbonate hardness as calcium carbonate
(CaC03), alkalinity as calcium carbonate (CaC03), specific conductance,
pH, color, percent sodium, sodium adsorption ratio, date the well was
drilled, depth of the well, and diameter of the well. The logic pro-
gram would indicate the following conditions: (1) "IF'" the variable
calcium is within the limits of 10.0 to 200.0 parts per million; "AND
IF" the variable range is within the limits of 60.0 to 65.0; '"AND IF"
the variable section is within the limits of 0.0 to 10.0; "AND IF"
magnesium is within the limits of 3.0 to 65.0 parts per million; then
(2) "SAVE" the variables township, range, section, date of collection
of the water sample, silica, iron, manganese, calcium, magnesium,
sodium, potassium, bicarbonate, carbonate, sulfate, chloride, fluoride,
nitrate, boron, dissolved solids calculated, residue on evaporation,
hardness as calcium carbonate (CaCO3), noncarbonate hardness as calcium
carbonate (CaCO3), alkalinity as calcium carbonate (CaC03), specific
conductance, pH, color, percent sodium, sodium adsorption ratio, date
the well was drilled, depth of the well, and diameter of the well.

The retrieved results on this test as shown in Figure 6 indicate
that only one set of stored data satisfies all the restrictions set

forth in condition 1. The retrieved values on the variables saved
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.60000000E+02
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.63042500E+06
.12000000E+02
.81000000E+00
.70000000E-01
.10800000E+03
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.99999000E+05
.70000000E+02
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.12500000E+00
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from the set of data indicate that the sample was taken from section
7, township 110, range 60, on April 25, 1963. The "floating-point"
technique for various element values are interpreted as indicated in
the explanation given for TEST I. It is to be noted that the value
of carbonate is zero in this water sample and that no data was avail-
able on alkalinity as calcium carbonate and color. The well was
drilled in 1948, is 795 feet deep and 0.125 feet in diameter.

TEST III:

The user may desire to have all data where the bicarbonate is
within the limits of 160.0 and 525.0 parts per million and the fluoride
is within the limits of 0.40 and 2.50 parts per million. The user
wants to know the location of such sampling by section number, town-
ship and range as well as other variables listed in the "SAVE'" state-
ment of the logic program. The logic program would indicate the
following conditions: (1) "IF" the variable bicarbonate is within the
limits of 160.0 to 525.0 parts per million; "AND IF" the variable
fluoride is within the limits of 0.40 to 2.50 parts per million; then
(2) “SAVE" the variables township, range, section, date of collection
of the water sample, silica, iron, manganese, calcium, magnesium,
sodium, potassium, bicarbonate, carbonate, sulfate, chloride, fluoride,
nitrate, boron, dissolved solids calculated, residue on evaporation,
hardness as calcium carbonate (CaCO3), noncarbonate hardness as calcium
carbonate (CaC03), alkalinity as calcium carbonate (CaCO3), specific
conductance, pH, color, percent sodium, sodium adsorption ratio, date

the well was drilled, depth, and diameter of the well.
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TOWNSHIP .11000000E+03
RANGE .60000000E+02
SECTION .70000000E+01
DATE OF COLLECTION .63042500E+06
SILICA .12000000E+02
IRON .81000000E+00
MANGANE SE .70000000E-01
CALCIUM .10800000E+03
MAGNESTIUM .13000000E+02
SODIUM .46000000E+03
POTASSIUM .18000000E+02
BICARBONATE .16400000E+03
CARBONATE .00000000E-99
SULFATE .11700000E+04
CHLORIDE .92000000E+02
FLUORIDE .19000000E+01
NITRATE .20000000E+00
BORON .90000000E+00
DISSOLVED SOL CALC .19800000E+04
RESIDUE ON EVAP .20100000E+04
HARDNESS AS CACO3 .40600000E+03
NON CARB AS CACO3 .27200000E+03
ALKALINITY AS CACO3 -.99999000E+05
SPECIFIC CONDUCTANCE .27600000E+04
PH .78000000E+01
COLOR -.99999000E+05
PERCENT SODIUM .70000000E+02
SODIUM ADSORP RATIO .99000000E+01
DATE DRILLED .48000000E+02
DEPTH .79500000E+03
DIAMETER .12500000E+00

Figure 7 (Continued).
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Figure 7 (Continued).
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.11000000E+03
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.26000000E+02
.64010900E+06
.30000000E+02
.38000000E+01
.80000000E-01
.18500000E+03
.64000000E+02
.59600000E+03
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.52200000E+03
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.15200000E+04
.29000000E+02
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.17000000E+01
.27100000E+04
.27700000E+04
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The retrieved data are shown in Figure 7. The four sets of data
satisfied the conditions. 1In the first set of data, it is to be
noted that no data was obtained for silica, manganese, sodium, poéas—
sium, carbonate, residue on evaporation, alkalinity as calcium car-
bonate, specific conductance, pH, and color. Noncarbonate hardness
as calcium carbonate has a zero value. The retrieved data on the
second, third, and fourth set of stored data are interpreted in the
"“floating-point" technique for various element values of the
variables in the "SAVE" statement as indicated in the explanation
given for TEST I.

TEST IV:

The researcher or user indicates the following conditions: (1)
“IF'" the variable chloride is within the limits of 29.0 to 35.0 parts
per million; 'OR IF" the variable potassium is within the limits of
0.40 to 18.0 parts per million; then (2) "SAVE" the variables township,
range, section, date of collection of the water sample, silica, iron
manganese, calcium, magnesium, sodium, potassium, bicarbonate, car-
bonate, sulfate, chloride, fluoride, nitrate, boron, dissolved solids
calculated, residue on evaporation, hardness as calcium carbonate,
noncarbonate hardness as calcium carbonate, alkalinity as calcium
carbonate, specific conductance, pH, color, percent sodium, sodium
adsorption ratio, date the well was drilled, depth of the well, and
diameter of the well.

The retrieved results of this test as shown in Figure 8 indicate

that the second set, third set, and the fourth set of stored data
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Figure 8 (Continued).
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Figure 8 (Continued).
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satisfy the restrictions set forth in condition 1.

TEST V.

The user of the system may incorporate a combination of "AND IF"
'statements with "OR IF" statements. The following logic program uses
the combination: (1) "IF'" the variable township is within the limits
of 100.0 to 150.0; "AND IF* the variable range is within the limits
of 60.0 to 65.0; "AND IF" the variable section is within the limits of
0.0 to 10.0; "OR IF" the variable sodium is within the limits of 460.0
to 720.0 parts per million; "OR IF" the variable noncarbonate is within
the limits of 0.0 to 293.0 parts per million; then (2) ''SAVE" the
variables township, range, section, date of collection of the water
sample, silica, iron, manganese, calcium, magnesium, sodium, potassium,
bicarbonate, carbonate, sulfate, chloride, fluoride, nitrate, boron,
dissolved solids calculated, residue on evaporation, hardness as cal-
cium carbonate, noncarbonate hardness as calcium carbonate, alkalinity
as calcium carbonate, specific conductance, pH, color, percent sodium,
sodium adsorption ratio, date the well was drilled, depth of the well
and diameter of the well,

The retrieved data of this test are shown in Figure 9. All four
sets of stored data satisfy the restrictions set forth in condition 1.

TEST VI.

A user's selective search program can restrict the date on which
the water sample was taken as well as a combination of several other

restrictions. A user program may indicate the following conditions:

(1) YIF" the variable dissolved solids calculated is within the limits
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Figure 9 (Continued).
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Figure 9 (Continued).
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.12000000E+02
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.70000000E-01
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.11000000E+03
.60000000E+02
.26000000E+02
.64010900E+06
.30000000E+02
.38000000E+01
.80000000E-01
.18500000E+03
.64000000E+02
.59600000E+03
.14000000E+02
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.40000000E+00
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.12500000E+00
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of 2,500.0 to 2,715.0 parts per million; "AND IF" the variable date
of collection of the water sample is within the limits of 1963 to
1965; '"AND IF" the variable specific conductance is within the limits
of 2,750.0 to 3,120.0 parts per million; "AND IF'" the variable sodium
adsorption ratio is within the limits 0.0 to 10.0 parts per million;
AND IF'" the variable hardness as calcium carbonate is within the
limits 550.0 to 725.0 parts per million; "OR IF" the variable date of
collection of the water sample is within the limits 1963 to 1965; 'OR
IF" the variable dissolved solids calculated is within the limits of
2,500.0 to 2,715.0 parts per million; "OR IF'" hardness as calcium car-
bonate is within the limits of 550.0 to 725.0 parts per million; "OR
IF" sodium adsorption ratio is within the limits of 0.0 to 10.0 parts
per million; 'OR IF" the variable date when the well was drilled is
within the limits of 1945 to 1950; then (2) "SAVE" the variables town-
ship, range, section, date of collection of the water sample, silica,
iron, manganese, calcium, magnesium, sodium, potassium, bicarbonate,
carbonate, sulfate, chloride, fluoride, nitrate, boron, dissolved
solids calculated, residue on evaporation, hardness as calcium car-
bonate, noncarbonate hardness as calcium carbonate, alkalinity as cal-
cium carbonate, specific conductance, pH, color, percent sodium, sodium
adsorption ratio, date when the well was drilled, depth of the well,
and diameter of the well.

The retrieved data for this logic program is shown in Figure 10.

Two sets of stored data satisfy the restrictions set forth.



Figure 10.

TOWNSHIP

RANGE

SECTION

DATE OF COLLECTION
SILICA
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MANGANESE

CALCIUM

MAGNESTIUM

SODIUM

POTASSTUM
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SULFATE

CHLORIDE

FLUORIDE

NITRATE

BORON

DISSOLVED SOL CALC
RESIDUE ON EVAP
HARDNESS AS CACO3
NON CARB AS CACO3
ALKALINITY AS CACO3

SPECIFIC CONDUCTANCE

PH

COLOR

PERCENT SODIUM
SODIUM ADSORP RATIO
DATE DRILLED

DEPTH

DIAMETER

.11000000E+03
.60000000E+02
.70000000E+01
.63042500E+06
.12000000E+02
.81000000E+00
.70000000E-01
.10800000E+0 3
.13000000E+02
.46000000E+03
.18000000E+02
.16400000E+03
.00000000E-99
.11700000E+04
.92000000E+02
.19000000E+01
.20000000E+00
.90000000E+00
.19800000E+04
.20100000E+04
.40600000E+03
.27200000E+03
.99999000E+05
.27600000E+04
.78000000E+01
.99999000E+05
.70000000E+02
.99999000E+01
.48000000E+02
.79500000E+03
.12500000E+00
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Figure 10 (Continued).

TOWNSHIP

RANGE

SECTION

DATE OF COLLECTION
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MANGANESE

CALCIUM

MAGNESIUM
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SULFATE

CHLORIDE

FLUORIDE

NITRATE
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DISSOLVED SOL CALC
RESIDUE ON EVAP
HARDNESS AS CACO3
NON CARB AS CACO3
ALKALINITY AS CACOj3

SPECIFIC CONDUCTANCE

PH

COLOR

PERCENT SODIUM
SODIUM ADSORP RATIO
DATE DRILLED

DEPTH

DIAMETER

.11000000E+03
.60000000E+02
.26000000E+02
.64010900E+06
.30000000E+02
.38000000E+01
.80000000E-01
.18500000E+03
.64000000E+02
.59600000E+03
.14000000E+02
.52200000E+03
.00000000E-99
.15200000E+04
.29000000E+02
.40000000E+00
.10000000E+02
.17000000E+01
.27100000E+04
.27700000E+04
.72300000E+03
.29500000E+03
.99999000E+05
.31500000E+04
.78000000E+01
.99999000E+05
.64000000E+02
.96000000E+01
.45000000E+02
.76800000E+03
.12500000E+00

Retrieved Printed Results for Test VI
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TEST VII.

It is possible to have a logic program with the following
conditions: (1) “IF" the variable calcium is within the limits of "’

50.0 to 100.0 parts per million; '"AND IF" the variable date of collec-
tion of the water sample is within the limits of January 1, 1955, to
January 1, 1960; "OR IF'" noncarbonate hardness as calcium carbonate

is within the limits of 0.0 to 10.0 parts per million; then (2) "SAVE"
the variables township, range, section, date of collection of the
water sample, silica, iron, manganese, calcium, magnesium, sodium,
potassium, bicarbonate, carbonate, sulfate, chloride, fluoride, nitrate,
boron, dissolved solids calculated, residue on evaporation, hardness

as calcium carbonate, noncarbonate hardness as calcium carbonate, alka-
linity as calcium carbonate, specific conductance, pH, color, percent
sodium, sodium adsorption ratio, date when the well was drilled, depth
of the well, and diameter of the well,

The retrieved results on this test as shown in Figure 11 indicate
that the first and the second set of stored data satisfy the restric-
tions set forth in condition 1; satisfying the calcium value of 50.0 to
100.0 parts per million, the date of collection of the water sample
value of January 1, 1955, to January 1, 1960; or just the noncarbonate

hardness as calcium carbonate value of 0.0 to 10.0 parts per million.



Figure 11.

TOWNSHIP

RANGE

SECTION

DATE OF COLLECTION
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SODIUM

POTASSIUM
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ALKALINITY AS CACOj3

SPECIFIC CONDUCTANCE

PH
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PERCENT SODIUM
SODIUM ADSORP RATIO
DATE DRILLED

DEPTH

DIAMETER

.11000000E+03
.58000000E+02
.60000000E+01
.54030000E+06
.99999000E+05
.40000000E-01
.99999000E+05
.13220000E+02
.68000000E+01
.99999000E+05
.99999000E+05
.27820000E+03
.99999000E+05
.42590000E4+03
.14800000E+03
.24000000E+01
.30000000E+01
.99999000E+05
.21390000E+04
.99999000E+05
.59330000E+02
.00000000E-99
.99999000E+05
.99999000E+05
.99999000E+05
.99999000E+05
.90000000E+01
.41000000E+02
.29000000E+02
.10000000E+04
.50000000E+00
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Figure 11 (Continued).

TOWNSHIP
RANGE

SECTION

DATE OF COLLECTION
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CARBONATE

SULFATE

CHLORIDE
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NITRATE
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DISSOLVED SOL CALC
RESIDUE ON EVAP
HARDNESS AS CACO3
NON CARB AS CACO3
ALKALINITY AS CACO3

SPECIFIC CONDUCTANCE

PH

COLOR

PERCENT SODIUM
SODIUM ADSORP RATIO
DATE DRILLED

DEPTH

DIAMETER

.11000000E+03
.58000000E+02
.60000000E+01
.51110000E+06
.99999000E+05
.40000000E-01
.00000000E-99
.70000000E+01
.20000000E+01
.71600000E+03
. 78000000E+01
.29300000E+03
.99999000E+05
.10730000E+04
.16000000E+03
.25000000E+01
.20000000E+01
.99999000E+05
.21130000E+04
.99999000E+05
.20000000E+02
.00000000E~-99
.24000000E+03
.99999000E+05
.77000000E+01
.99999000E+05
.98000000E+02
.61000000E+02
.29000000E+02
.10080000E+04
.50000000E+00

Retrieved Printed Results for Test VII
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SUMMARY

The "SODAK'" storage and retrieval system was established to
provide uniform storage and selective retrieval of ground water quality
data. The system, designed primarily for the Water Resources Institute
of South Dakota State University, will aid in the study of water prob-
lems and will meet the needs of many agencies concerned with ground
water quality data in the State of South Dakota.

The system accepts data in raw form without dictating the form
of laboratory analysis sheets and converts the data to a uniform for-
mat. The flexibility of the system provides the opportunity to expand
and to add variables without modification of previously stored data.
The selective search routine has a broad logical capability and thereby
allows the user to selectively search stored data with an electronic
digital computer.

"*SODAK'" has three programs in its system: (1) the translator pro-
gram, (2) the water sample sorter program, and (3) the logic or user
supplied selective search program. The translator program supplies the
proper coding information to the data supplied by a laboratory and
deletes all variables for which no data is available. A separate trans-
lator program is necessary for each laboratory document. Only one
translator program was developed for this study. The water sample
sorter program processes the translated stored data as required by the
logic program.

The logic or user supplied selective search program, the retrieval

portion of the system, is supplied by the researcher or user of the
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system. The logic or user selective search program is built around
the logic statements "IF", "AND IF'", "OR IF'", and "SAVE'", thus allow-
ing the user or researcher to construct a search routine that satis-
fies his needs by selection or rejection of any data. Several
combinations of the logic statements may be made to accomplish the
desired search.

The system in its present form can retrieve information_on all
variables with numeric data, that is data in the numerical form. Alpha-
meric data, that is data in the alphabetic and numerical form, cannot
be retrieved and thus eliminates the possibility of retrieving the
laboratory number given to a water sample. It also eliminates the
possibility of locating by subsection the point at which the sample
was taken. These restrictions can be eliminated if necessary. There
are other restrictions placed on the "SODAK" system because at the
time of initial implementation of the system the computing facilities
available consisted of a decimally oriented IBM 1620 (7) with card
input-output. These restrictions are limited to items not particularly
important to the logical flow of the system. The principal restrictions
are:

1. Output data is not edited as well as might be desired.

2. 1Input data is not packed as densely as possible.

3. Comparisons within the program are limited to numeric

data elements.
The first restriction is a concession to the 1620 IBM computer. When

other equipment is available, such as the IBM 360, the restriction
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will no longer be present. The fact that the input data is not densely
packed causes the search for errors in the program to be difficult.
The third limitation is a concession to the programmer.

Should the system prove acceptable to potential users, all of the
restrictions can be removed with simple extensions to the system.
Other improvements in data handling will be quite apparent when the
system is converted to third-generation magnetic tape, printer-
supported computing facilities.

The '""SODAK" system with modifications can be adapted to other
forms of numeric data in need of storage and retrieval systems such
* as management systems and operations problems, up-dating stored infor-
mation, and forms of data dealing with selective search operations.
With a particular translator program to conform with the format and
coding system of the stored data, the system can also process other
forms of compiled information on water quality.

Further refinement of the editing process in the ''SODAK" system
program can change the '"floating-point'" technique of recording data
into the usual method of recording values of determination for the
variables, The inclusion of the proper units of determination for

each variable is also possible.



118

10.

BIBLIOGRAPHY

Water Quality Management, Data Systems Guide, Joint Committee,
on Water Quality Management Data, Conference of State Sanitary
Engineers, Corps of Engineers, Soil Conservation Service,
State and Interstate Water Pollution Control Administrators,
U.S. Geological Survey, Federal Water Pollution Control
Administration, First Edition, May 1967, 68 pages.

Koepsell, Paul L., "Remarks Prepared for Delivery Before the
Rlack Hills Conservancy Sub-District Meeting in Rapid City,"
an Annual Report, July 25, 1967, 4 pages.

Taylor, Phillip L., "A Letter to the Author,' Chief, Data
Operations Branch, Division of Pollution Surveillance, Federal
Water Pollution Control Administration, Washington, D. C.
20242, October 24, 1967.

Middleton, John T., Control of Environment - Economic and
Technological Prospects, The Graduate School Press, U.S.
Department of Agriculture, Washington, D. C., October 1966.

Green, Richard S., Dubois, Donald S., and Tutwiler, Clarence W.,
'Data Handling Systems in Water Pollution Control,'" ASCE Water
Resources Engineering Conference, Mobile, Alabama, March 8-12,
1965, Journal of the Sanitary Engineering Division, pages 55-

67.

Dubois, Donald P., *"Storage and Retrieval of Data for Open Water
and Land Areas,' U.S. Department of the Interior, Federal
Water Pollution Control Administration, 633 Indiana Avenue, N.
W., Washington, D.C. 20242, pages 1-22.

International Business Machines Corporation, Reference Manual
162Q Data Processing System, Data Processing Division, 112
East Road, White Plains, New York, page 5.

National Council of Teachers of Mathematics, Computer Oriented
Mathematics, an Introduction for Teachers, 1201 16th Street,

N. W., Washington, D. C. 20036, pages 1-2.

Sawyer, C. N., Chemlstrl for Sanitary Engineers, McGraw-Hill
Book Company, Inc., 1960, New York, pages SI= 7

Mckee and Wolf, Water Quality Criteria, Second Edition, State
Water Quality " Control Board, Sacramento, California, 1963,

pages 3-4.

7%



71A

11. Green, Richard S., The Storage and Retrieval of Data for Water
Quality Control, U.S. Department of the Interior, Federal
Water Pollution Control Administration, Washington, D. C..
20242, 36 pages.




APPENDIX I
CARD FORMAT OF NON-TRANSLATED DATA

72



KVaria®las

PR ST
PRiiagiinipivnivmiphii

iidiliaguan

Figure 1.1
Card I

1] Tlam

1
"
.ll
gl ek
R -t
( B
A For Water Quality Variables
Sorting | |cal~ gne- chlo-‘
Purposes | |.jum {um ride
‘a " gﬁ?}lﬂ £| I!ﬂ.‘i"lﬂl -n"k‘l*'l lﬂlll';'*l'«l B ) 2 * i v lll!ln?lﬂﬂ'rl Ill%
HIRR IR (R (REIH] i lll'lllll IRREAUE y (RRERIEIE
LT T T i A s
I 1
9] Iy 0 I ' i b | igure 2.1
:3 E ‘E ‘g g g g Card II
&l B Bl E| (& | 2| ]| &
’ gl allald %] @
Al Blo d)s By 2 d &3 &3
! | al g (& ! s &l a
\3 ; «n q 0 q ! @ #‘ n
'l | | X 3 1 | L
ol \ ! oo uasaoloslssaglasslsaslsoaslsaeslaasgelsoosss
ASTAT BT R L ITLE bk st hak i BT S SR b
1 1 ] ) ) 14 . iy
p g i S
For rigbles
Sorting | & Ni- esidue Hard- Noncarb)
ness as s
purposes | |, 4 trate pn
THoqop oo do|dore o o[e oo O G L0 O G 0 S ) T el A R e
v dskoe vnln:lnuurunu‘ul:n 2!)”1!!1‘"'11])ll:tl)')ul{'ﬁlu 1o :uuxs{'.i:nmu:mulnpul 33001 1110 19k 0 s )
IEIREIER """'””1":” K| (RN R (AR ARRRAI AR IIIIIIIIHIIIII:I:IIIH III:I:HH
! i ! i I | l
1 | | \ I Ly i
! | ! 1 B 1 o .
b EI a1 Uy ) i i} g1 Figure 3.1
| 9 i | Sla
" g R gg | c g (S Card III
2 & Bl (S o ;S'g I w £ h
€ b dof e ] g H , ke
= Ol lg @ 5 ! s &8 g | I o el 8
% L - a el & 9 A1 |
S A2 |8 B 'rﬂ g2 4 \ '.g I8 3
& . . IBI ﬁm ! Iy " :5
I ] [} !
: : I : i ! | b 1 ! :s <
squlde 3 ols ¢ ihysdsssasilssdssegelsobssgssaslysysy
T 5 i i A 1 i
el L 11 L L
—
A For water Quality Variables .
Sorting D.::;
EUXpoees PO o000 0]0 0 [0 0 SO oI el0 0000 0Cc00 000060000
000 g o??n.?“, b qwbsruzuﬂxnumm uuu;%m-s b 52933438 54970 8190 iRz 304 n"uurmnn:'d’n‘hunu
pi M [ e I (e v :
i nnl|nn,l:vui:v:nnn,l:ln 1v:|:|nnnn:xlnnnnn:l:nnnn:allnnn |||:n 1
1 ! 1 | | | | e
vl B | §i1 H | gt Figure 4.1
i o1 1t
el |4 |8 |By w | c Card IV
[
w19 ors ra ' @ (O P &l l’,1
9| » %“q q [} “ﬁ 3H
o8 m‘i I 1 @ E
.98 JH| o o5EE E'@s 3
a8 §3323 89| 59 533 2 3R% 8 & AR .
3 a3 |% ol ol l @l MR R @ A i 4
| [ | 1 ! 1 | 3
| Lo ald | gl as999s9s 35elekassggasfdshsds
Cleofsofsbs o sl o oldse o3 a3 3002 4s 02021 00 32 R ARNERANSARARAAY )
\|.x-1 3 L £t i s i picd o =




APPENDIX II
CARD FORMAT AND CODING OF TRANSLATED DATA

74



75

Figure 1,2
Card I

meric Cards

§530898899504596831495856899998985010005001

nBEMLEG o

/
A Card With Alphameric

Data
004 Space 005
OUOFOEOGDGDDCEUBQDbDQ
IERY BRENEE IFRRNUETRR R U
\RRI RERRR IRREREERE IN

Cnde Number
Sampls Number

9999/54805986959999889
ERIEY ERIENTRY) SRR RIS RIRA TR

00000COCO0OCO0C000000C

R R R TRLES R T R B VR e R R LR F S P R P R P R A SR R TR T

I!I‘IIIillllllllIIIIII]IHHII)llIIIIIIIII)I]]IIIHIIII]HIIIH

1698¢569865959998999839¢§
o157 130 £ 82 0L

266660 G135 800 50 59157 S

soo0cco000C0C00CCO0000C0O00000

Codes Names of Location les
001 Townshi: 002 e 3 Section
00[000000000C60000 onuunncnnn CROC00qU00[o0000C00OpTOCOT
1ifeserenmudohissy puanydnboinvnndeaoksse cons dupisssag muxmmnnunqv’:n.mr.:s
I|IHIII|H:I:HII IIIIIH:!'IIIllllllllIIIIlHI:lnIlllllllllllllllllllilllllll
|
s 1! ¢l i
1 o | ¥
! i 11
I
4 | 5
= . - "
[ ﬂ Y E é
i - i .
; 1 | i <3 LA
3 '; 5 § 3 i El
: Fi Sl '5 AR i
] Tl
X o dohs s dsb
gl 959/69959586 shosggls
FE 4 AR ] o cfead o neni p.h, onira e
1 34 [y
=
;’ Codes and Names of Water Qualit} Variab
007| Silica et RLLR LR ool 000000
poops0ssTITAIRTITY 2 o e .05 b o .,...‘s..,,.,,i.l,r..,:".u
13 ? |
;1;1|||II|III|,I|III 1lnnnnn:\.nnnnnnnrnnl|l||1|| nnnnnnv,’u ”“i
I | ! i
X | § Ly
E g & :
£
$ K [ B ~
g 14 fg : L
| o o o
o
[} | o ';‘j o 1 |
2 | 2 ! 4
-] & A a
= I i i 'y
agls aaqgggggg&l!‘ﬁﬁ&i!i?iia ’,.‘..’}.’,.",i."sl”"il,’" szgghz::ugg
[ M § WY

Figure 2,2
Card II

Figure 3,2
Card III

Figure 4.2
Card IV



76

— —t — i =— = &
l’lv"—_ _.Codes and Names of Water fjual Variables ™
—~ =
011 Ma Sodium !I' :
goopooocgooec 00009(1-40 1010 0000C[00000000GCE000ICISG000[0 0 DD 0%
113 Hnlanmm LR DB ERTRS TR ”’“”i“h'”m” uunn,x.u:u'unstu EIRERVES (1%
||IlllI||IHIIIIHILIHIHIIll!llll”llll H 1
Ll kS | h
|| 3 i i Figure 5,2
| I ¥ [
; g 5 % & Card V
b7} ol !
% [ F’.: : =
3 | o| E, o ) | @
2 g g E g g
3 A ] ! 8
Iy Le ,I
9‘5'9993999!99599999999’9‘99999!!999!99!3589&19 295999
b s 9 s efara ol s s 0 s s dnpos s o sdue o oseon gnboss
1.1 il Ll

:
Codes and Names of Wate
015 ﬁm#- 01 017 Fluarida
000PGOU060000I0G000G00[0CS o] 000 0000CEOO0DCLITCH0
1rsftse i anm Nn|n nuouaf vifnnoposnaian g v ol 1636567026220 M AT 9535 M 14 ol
NI NRRRRRRRIERN] 1lIll|IIIIIIII'I|IHII|IIHIHIlIIHII|II'I IllI,IHHII1HHII|I|IIH)H
! | [
Hy
It Il .
i U 0 ' Figure 6.2
W %]
u Lg " o ] H E' Card VI
o i Y B o ol
1 &l i . -
=] I 3
¥ g |d3 a8 |94 8 |44 4 |3
3 :3 §] 9 I 9 [ 4 8
3 a |43 # |& 3 g |48 g |3
[ | | ' '
:' :I I I
899 assswslsase ! 99999595819193999|965981695699559'99535599
l\_]]j.( ndapes B A5 65 30 (343 50 51 SQSIEA S G 9 Y )!Llixt!UFIH}UHE!N!I'l))ltﬁli"7Yllll 'J
SRR T & i) T ==

r . .
/ Dissolved Sol

019| Nitrate Calculated
[X]
3
i

500000000060 00[00

2 i
S 2 0 319 nhe s e v 2qm 2 a0ba 2% 3627 2028 38 3 32 1104 3836 1 apa o 1 2 oo ‘,nuu-mm‘uh:s”wu

lllHIIII'I'IIHILHHHIHIl||'lIHIIlIlIIIIIH‘HIllll||1|

Figure 7.2
Card VII

“DeCIMRY PoimT T T

“Decimal Point

| l
i i |
X 5995899595399 §5859953lshgg54og
)¢ aaaasuNi e h.uuu,nmnnun"»:.‘)
i1 % 11
/ Codes and Names of Water Quality Variables . '\
Hardness As Alkalinity Specific
3 CaCo as CaC03 26| Conductance, u’
N [ ] T el s Rl b ) 500
n:ca:n-nnvmxnn URE RS BRI u~nznn)n|n"uunmu o @ afes 660 s sgehks s s s sl oo o o) mumm,.nr)umnunrr,u
HIlI)II!IﬂHlHlUlllHIl)llllllllIlIHIHllHIlHIIIIIIHllIllllllllllll'lllllllll
1 1! :: iy
| .
i 4 h 3 Figure 8.2
' g 4 2 Card VIII
' # & &
. 7 i .
1
Lg }g E g
I
| I
Ig I& [2 -
! : 1l : I !
qelssoes lls g ssslsslsasfesssssasalsasanslgliss 9!55&959’9?3!9';
bt s 39b: 333 31 d u:.u:.u.wml‘-mm s cofe 22 pe €303, mu»ndlnlmzm 2 /
Ll L L




Codes and Names of Water Quality Variables ™
Sodium
Percent Adsorption®
0 Rati,
000p0O00OODNGC i 00yCco0C00I000G 0] HUDDECEEE,EE(‘E 0
h? s er e l:lllllt l)n|l||:l: 119D ullﬂ‘n BN nllnll B IR AR R LT HPXHY:\IS gL U KEEUTAISISRRIRE B2/ LIRS ERF
11 IIIIIIIII]I.IIIIILIII!II!IIlIIIII:HIIIII'IIIIHIIIIII|I|IHI|IIIIIIIIIIIII||l|I|IIIII '
| | | [
[ I .
0 ¥ ' i Figuge 9.2
| |
& « e o Card IX
i ) N - La N
i o o A o p
! ™ | ) E E r)
g b J ¢ B Y o lg
b g 2 ] d 3 ] a9 9 i
3 AL 4 (&3 % 14 3 &
i M I )7
| I !
999 9'95!1‘ 9999S99999§99I9l995999399959!!!599!!9'99!99S99 98809559'985959' 9
W PR AR B I mmuLnfn EERRL I m:uhuuumnuu.ul 5 55 91 13590081 €2 ¢ :m;uu:nann:nhnn niged
L 1

”1 &
Diameter
0 (Dia) S
500 9160000 po0000[0}0 C00j00BO0O0DO0000000000
313 o vy 0 qn nnl us:m:l:lumﬂ::p-)mvnm a2 i 4508 0 0001 3 R 803 SsFE B D QB RN TN I N
111 |1lllllIlllLlllllllllllll:lﬂ‘lllIlll|ll||Ill‘||||||I||ll|l|l||l|lll||l|‘1]||
1 |
[ | ! Iy
¥ | (! Figure 10.2
| !
y 3 ly Card X
|
ol o
5 A . é
1 £ I
\ 9 | o o
9 =
i1y
Lz
1 1 I
!IB‘S!,Q, ?93!!!95939!'5‘!97!!!!!!5!!!9599!9!!’599!!
ik gk e s SR e o ann s sl bes s vl adu o ok e aoc nnununnmu::n_’ll
SO TSSO iy SSS ol W Y




APPENDIX TIII
CARD FORMAT OF LOGIC PROGRAM

78



Location or Water
Quality Variable

TR R R R R R R R e

1
IRRRRRRRERER RS R RN RN

Variable's
Lower Limi Variable's Upper
Value Limit Value

] 00 CCaGC000506000C5C3050006600003C00

phinns s suhinecenusGe HRRBUNNBOCOGEGLOGHEN TN RNL LY

IR AR R N R R R R AR R R R R R RN R RN ERRRRR R

e

e T ™ o ".

I Variable's

1 Location or Water Lower Limi{ Variable's Upper
hndl fiflQuality Variable Value Limit Value
GOo0DPOpOO0OOOCEO000OCO0GODCO0 000009000]0000000000006000900G000C0CU00CEEAGO000GICO0
LR CP eI RDHBE RS RN NRNEYDIIIM I ENH B MBI CQNUCECGODE NINNEIN SURCEOBNUONR N XD N BET NN
Togpaprrrrrrrrrrrgrtrr e rnrnrr et rrrr e rr e rrrrr e rrrrr s

99085999

R RIRIEISY

§9999

2139413 0 1 1

Location or Water
Quality Variable

0000000000000060000[G000000030

000 iz 1 T Y 1 200 220202 T30 32 v i3s3 0

[RRRRRRERRRSRRRRE

If

5,
Variable's '
Variable's Upper
Lower Liumis Limit Value
Value

60000000000600000000000000000000000000000000

0 23 40 01 42 100 43 45 7 40 2 8051 47535435 383733 SAOM 2V ELINBIAR N AT NI E N Wi 82

[ SRR RN IR R AR R R R R R R R R R R AR R R RRR ]

999979599999959393
nnGesG s

TUdy e 4t et AT AT Y

Space

Asave Location or Water
Quality Variable
Hoocliooo0o000000020000G0000
23 afiefre IR R R P R R R LR B
BEEIEIERERRERARRRRSRIRERER!
b |
3 |
595695 9998959999
Qi R
0

S 000000000000250666C060000C06CCOCS00E000003008
D DO iU asB0G6E s 110 115

I)I!lIIIIIIIIIIIIIIIIIIII\IIIIIIIIIIlIIIIIlIIHIIIIlII

s 659898999059599896985398959389
EEEEEEREREERE ERAS SRS I A LR

Figure 1,3
Card I

Figure 2.3
Card II

Figure 3.3
Card III

Figure 4.3
Card 1V

79



o = R B~ o s o o

/ Space Location or Water
Quality Variable ETate

G0CCCopo0000CG0000000000GCODOOCO000CEOTG0000000000600000AGOO0COCO00CCE0GO00C00C00
125 ¢5CR EINUROUNBRELEGANNDHEBNIINIENHEE INNQ QAL ES CBONHNINISBN RO RONGIEREOIN NN BN D 1ITE)
IRERE] R AR AR RN R R R R R R RN R R AR AR RN R RN R R R RN ANRRRARRRARARER

Figure 5.3
Card V

98
W

2w

599999!9999959%559 9999 99959999399& 989998
o

9
202220 2325 310 1319333002 11 3¢ 15X 1 393900 0042 65 40 4366 4 34350 % 319354 183 91 53 9903 41 €2 QG183




APPENDIX IV
CARD FORMAT AND CODING OF TABLE

81



\NEREREREREREE]

Space

iOODﬂOOOU_GED-H-UUIJOGGODBODHllﬂ0DI)ﬂ00IlDllIJDG00nnﬂﬂl‘hﬂﬂﬂoononocnunnnnonnnnnoononnﬂ

5 €1 0 910NN 0 AN 2204 13i939 037 2300500130940 012 (1M S 4R A0 4 A9IISN IS SILS TSN € IR T AR DU N A6

SRR R R R R R R R R R R R R R R AR R R R AR R

0|
3
i
O
&)
9998999599902999996993999599998599999 9398999959595999 3 i
?,,. : gg&guqunu“nnm.nt"unn"",nanh.,"uuunnu“u"iunyu“uifzﬂg;gzuzgagug"ggagg;gggndf
...... rw- s _ﬂ\
Town- |
ship Space b01 Space
pT000G00 TCOCOT000TOouOro00T0Ta0TG 0000800000605 E000C00000C00006CEGE000060000080
V23S TP INBL Y E IR ERTNIN P NHNBENNNB G0 AN LG T GORNNANNSLYNLOUCORSOS0O00OZN RSN LR
(RRRRRRE R RN R R R R AR RN RN R R R RN R RN R RN RN R RR R
g
g o g9
o~ Or|
- 0 .0
o oe o
@ -t [l
9 : U:
32 32
9059690690999999559939899986959999999959599989098599895599
N RDPBBVBINANNHBRIRNOUQCUBEU GHLIN LY l'5)'5151QHULII‘HHNHHII’ITJHllﬂllﬂﬂﬂlll!ﬂ‘dll

Range
pO0 G 0000000600600

Space

[EERE

11

R ECER LR RI!

IRRRRERRRERRRRA|

Far labin

Lt iom

Space

660000006020 0000CI000000000000000C000CHE0EO00CEC0000060C00
00 2342535 0TI 30 10023350 2535 1 34394 0 10k 455 (2451 9351 57530 531100 L2 M RO EGCS O EN DN 1IN0 18 N M ED

BRI R R R RN R R R R R R R R R R R RRR RN

=
]
-
“
o
o
3

99995998999995599880938
L AN AR a s a0 an iRy win

9

% o

/.
Section|

Space

Space

00000000000000000000000000000000060000

600C000000000]

RO ETE TR

ARRRRERRERENI

Location
Variable

T90000000000000000

CRHNANNYRDHRBVENG A

N EEEEREEER R AR RN RRRR]

QU AR NBHBRIU BV UNOHBHOGABI RN LT WSS

EREEERRERARAR AR AR RN AR RRRRRRE}

Location
Varizshle Cade

593593959

11U91% 8 5006

95999

1t

9996595989999
M e

Figure 1.4
Card I

Figure 2 .4
Card II

Figure 3.4
Card III

Figure 4.4
Card IV



Subsection | Shace 1004 Space
000000000¢c/foco0006({o00[0000000000G000009000000000000GE0GGO00CO0CCHCO00GO00000000

ey e e nnfTas s oron Mo fere s aT1aTe 23030003535 1319369 60 300 4508 42 43431081 423342333 MM UEIEISACI IO TIOII N N2 1 IS D 16y

R R R R RN R R R R R R R R AR R R R AR RN AR R R R R

Figure 5.4
Card V

Lssation Vafiable

- -
R
ample er| Space L0 Space
00000'0 ununolnooononooaunnaaouiifiiouononnuonunouonconnononennnunuuuncnounnnoun
12348 HYI S0 s 05 0 22 09 22 AT IR0 2 0030009508 02 000340 €1 2 4141 45 06 7 4R4A 8800 L2 S LSS S SALIUI G RN MR USRIETAI LIS M I N IS 2 0T BN ke
11111 IIIIIlIIIIlILilIIIlllllllllllllllllllll"‘I]llllllllllIIIlIlII]lIlllIIIIII
& 3
2 Figure 6.4
-
¥ Card VI
=
-] [l gg
k-
g 3 b
I} - L]
i
k | k
tERER] 9199599l999R999!5999399999599!!95!999!9!5!995959999999993!999959!59!!99
\ 12340 1 I’I' " I’IJ]ll)Il NHOH DB NDNINNNNRSEDINOCTC OGBS DNUNSEHRBROSTOWSHIONL PPN NBRT N

/

ICollection 06

00000pPO0PPO0OOODODOOK0000 0000000 0000000000000000000000000000060800000000000000008
)
1

g
L]
B

b pnncousnual fln aNARN AR R NN NN BNH CQOUBHINIRIRRNBRE RABIOUARERON AN I NAR I N
(L ERRRR R R SRR AR R R R R R R R R R R R R R R R R R R R R R AR R R RR R R

Figure 7.4

>
Z Card VII
-
[ 0 'é"
-
M c O K
Q - [T}
3 |8 8 ]
= |0 > a2
9999 9!!!!!’!&!!!!9!!!!9!!!!!!!!!9!!l!!!l!!!!!!!!!i!!“'!!!!!!!!!!!!!!l!!!!!
124 NEOHERN AP NANINBENANRRRDUBADNUBBUROHARNHOINS NBUNKI AN AHNUTRBTININNAR ﬁ)lﬂlh-fl
I I
/ G
lsilica Space 007 Space
P 00000000000000000000000000000000020000000000000000000
I???g? ??Iotﬂloﬂguz2anlnlvui10|Inlgl“)o‘ﬁ‘“ﬂ“’ﬂfn'!l!'Hliu!lﬁ“ll”l.""llul:l&llllllﬁlll’nu'.lwﬂ!ll"lnul!li“ll"ll"ﬂ’lHlln’lﬁ"n"ll
REERR] RRRRRR R R R R RN (RN ERER R R RN RN R R R R R R RN RN R R R R R R R R R R R R RN

Figure 8 .4
Card VIII

Water Quality
Variable

Water Quali

Variaplecgisd




84

Iron Space 008! Space
BOOOM0CCO00DCCODO0UOO[OCD Bﬂﬁl‘DDDODL‘CEDODI’JOﬂDOGDUDBEDDODUﬂEﬂDDtOUUﬂﬂﬂOBﬂGﬁDﬂDﬂOCUV

PERaperrsounnnsnycuinnnf NNV YIEH VAR QEROHCHCGOONNDNBENNROCROOEBOGOLE RN IS N D

'11Illllllll1|ll|l|LXlI|ll|Hllllll|IHIII\IlllIlllllllllIlllllllllllilllllllllll '

Figure 9.4
Card IX

Water Quality
Variable
Water Quality

;

Space 009 Space
00 002000000 auuﬁﬁﬂhn0Uo—ﬂﬂﬂoﬂﬂﬂﬂﬂIlDDDDDﬂﬂllﬁﬂﬂﬂoﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂnﬂﬂoﬂﬂnnoﬂﬂn
11 ¢ B LEE DRRE: £ MENTAIN IR UBBNINO R OUSHINONN IUUS LTI IIVUROHBSHVEOXN 2NN RS WA
[ERRERRRRERERERENY 1|||||1|llllIIII”llllll||lll1l||l||l||l|||||||||||]||||||||

Figure 10.4

I > aq

Sk 193

3 B 3 Card X
3% &

y S 5

8 3

1 g

10NN NG GO G EN U RN Qe OUG 0NN IR s R

i
999599998993299999599959 9!999?!9793995399!55’59!999!”‘!!999995!9!!9599999599595 J
IEREERER] EREEN 'i"””' 2l5)

Calcium| Space 010 Space
000000040000860000000[000[000000000000000000000000000000000000000000000500000000000

R A TR LR TR R TR RTE R R R R R R P T R P A O T R S R T T T

IEERE]
LURRRE R R R R R RS R R R R R R R R R R R R R R R R R R R R R R R R R R R ERE R

Figure 11 .4

& 28
|
<
a4 a¢ Card XI
35 ER
& o
H O -
o> 37
= 2
= =5
999999!*9999!9999'!9 9999999999999999999999999999999999999999999999999999999995§9
\ 123458 1% s8UN uunl|).n)unnn‘(ﬂ}‘nl‘nwn"l!)(nl)Y)l!!ﬂ!ll”lﬂl!“l]l;uuill”l)ﬂ’!!’ NUUROUSHNIBRNIINASEN RN
havaT)
——— (TS -
Magne-
sium Epmca ITIL'L Space
i 00060000 DDGI‘:IJIJUI)UIIIJOIJDCIIIJIJIIDDIIIJﬂﬂ00ﬂﬂuﬂﬂﬂﬂﬂMlUMH'HJDDDIJD!Dﬂcﬂoﬂl}bﬂﬂcﬂﬁbncnnn.,nn
h2iaserrafounnnsne i dunnEUEERININIRNNY BVRNACROUCHOBONINVRSBNUPBQURDELEGUOOBANIINS S NEE
IRRRRERE! ]IIHlIIHHIHHIIHIIIHHIIIIIlllltlllllllllllllllllHIII

FIIIIIIIIU

Figure 12 4
Card XII

Water Quality
Variable

§859396832998385599665999988'599
L i pad |u 91548358 8 8202 1 €2 0 ml:un:snnnnm;nnm:ﬂ

99959395/59559559899
IEREERER) " b




85

##1“‘_ [

| Sodiw Space 012 Space

FDDGDO 000000000000000000000000DTGtT000000000000000000000000C0000000060000000000

3y U5 Ol 0 Yo v e 122 2T 2N 023 TO0 5 1 0 1940 4143 €0 ea 4546 41 4R 2SO SI S2 43545538 5T 059601626 68 USES A ESCITO M TL I M XS D 00 Ty D

[EEERI ERR R AR RN RS R R R R R R N R AR R R R R R R R R R R R R RN AR R R R EE R '

Figure 13.4
Card XIII

Water Quality
Variable

9996980999392299399999/9999999999999999999999999999999999999999999999999999996+679
R R R B R T T R PR S R M TR R TP R R PP P e i -
Rr i) i

#; Potas-

sium Space _ [=1 ) Space

900000000 C0CCCOGO0[CO00NOCO00000006000000000000023000C0060000C000C0G0000000000000
X A e AP RGNS AN I RLINBN N NN GG HG RO CEIN NN UNNGDGROROEG OGO NN 155359
IERRRER R RER R R RN (RNl KRR R R R R R R R R R R R RN AR R R RR AR R R R R RN RRERRRERRRRRRERE

Figure 14 .4

> k)
g, 2 Card XIV
33 3
84 &
L
y & 5
& o
S
2 =
8939999999K4009599599/969/9099929999999999599996996959595959999999959999998999899999
"H...\_ 173¢s I,L—‘--E.J.a 10253100 100105 2 22N 25 100000 310024520 0 033004160 63 445 4541 G520 2SI B0 LI O L (SRIRIEN 10 1 i DI BTan 1 u_,.ll'l

p—————— =+ - g — -

ff Bicar-

bonate Space |01 Space
BBODOQDUDHBDUEDDGDD&DDUDGDBDMHHJCN)_H]l]00000000000000005DGBDONMIMM!NMGONI('DOEnn

IEEEEXRAREEY RS EERs 1) PHNNPRBHNBVANACANMCLEBONDY NVHBUUBBVOHQONBEOUODNNINIBED WD

RERRRERRR Rl RN RN IR (R RN AR R RN R R R AR R R AR R R R R R R R R R RN R AR AR R R R ER R

Figure 15.4
Card XV

Water Quality
Variable
Water Quality

9999999995959983999

y.u e 6 0 643975 5791 1 1

Carbonate Space 015 Space

00D 000D T s 335 5 15033481t 501 AR 21554502030 001 201D 43 0 e 7 1 e
|)l|1|ll|||l||lllILIIIIHIIIIHIIIIIIIIIIIIIIIIIIIIIlllllll!lll)lllll||l||lll|ll

Figure 16 .4

z, 23 Card XVI
e -

sz ]

o -

] u

i s

s s l

599"359'!3

EEEEEE




ulfate Space

R .

016 Space
L

Water Quality
Variable

fannuensnn:

ofoecoco00d00
)
I RRERERRERERN

ojcGojDcor0D0000GCO00000C00000¢C0 nnnnnnnonunennncnuanncnnnnnn'no

AR NN NN N GGG ALY NN RS LIRS OECNRBGRGOENRDNRET DD

lllllllllllllllllHllllIllIl\IIHHHIHHIIIIIHHIIIIIIIIII

Chloride| Space

L]‘I.l Space

Water Quality
Variable

999596009 S99996958¢¢
(EERERSE]

ifuneonsruene

mmrrrrrnanyg

1NN

lﬂDDCDDGGDEDOOHHDGDDDEUDE

) 600000000000000000000C000COC00N0CCOC0000GC00

M B RN R N P RN BE VRO M NUCEIGOS IIN S S B A BOOHGRCORN DR BL T UR D

IR IR R R R R R R R R R R R R R R R R R RN

Water Quality

9959999999595999999399999999586599939599509559¢869 5,95'9999’9'$49
o 3 [t

122 21 2835 20 932333 300233 3¢ 75 2 31 35 38 4 4142 €5 46 43 45 47 3435051 83814 %3 55 5737 10001 € OLIEILS T 65

pouhnnnnh |

luoride Space

=

pEs Space

Water Quality
Variable

IRRRRRRRRNY

00000000000{000j000000

0 (M)
shumunnussrunafnanfursnanden:
1 1nn

9133340 € Q005G O G0N K TNSIISINN BN OLEHNENNN RN D Nk

00C0000000000000000000000000000006006G00000000C00
ux
1 [BRR R R R R R R R R R R RN R

IRRIIRRR RN

le Code

Water Quality

!!9"!3"3!;’19‘)99895599!9599935339!"5 59!
Nt FSITES

L% e G060 TS Sy e 6L

—

W 3
Nitrate Space 0B Space
I 1 DUUOE('BUUE_EEYTO-DUCUDOUBDHUU ﬂl]ﬂﬂ"nhﬁﬂl‘uﬂnﬂﬂﬂ“cnﬂﬂ 06000CLGD
O TR R P A A A e S S e A
llllllllllllllllllLl|||||||||l|||||||||||1|lllllllllll||||||||||11|||||1|||I||||
5
£ 2 :
53 3
%
P -
s S 3
] =
= =
$892999900898853686586869889°988
S sesessssnnsstesssen sttt te N ARERAAALRARARANAR ARG
123458 CELRIRER)

Figure 17.4
Card XVII

Figure 18.4
Card XVIII

Figure 19.4
Card XIX

Figure 20 .4
Card¥ 3¢

86



87

Borofd Space n Space
00006) UGO0000CLOOONCOGGOOCOCO0000COCC0000000605000000056GC00CCOCO000CEOG000CEORDD

B m a0 n00ns s an NN InD RN E NN CR0MSK01H0D3 25 GUNHCONGUEEONN R BIG NS

IR R R R RS R R RN R R R R RN R R R R R R R AR R R R AR AR R N o

Figure 21.4
Card XXI

Water Quality
Variable

Water Quality

Yariable Code

9959996599599599902999996999958599939

AR len B RHBERINNNOINNNBOBO CEHEGGEENHNUNG

999595955959¢69
S0 C OEIL G LN DN

9869919
nn

ninsn _‘l'

[ ™

Dissolved |Sol| Ca 21 Space

00000000006 00jopooopo[0000000000000000000000000000000000000000C00E00GO0000000000-00

V2o ey w Ml ps s v R 0N 2N D N0 I NIMISHUNBOO0QOUGUIAENI VHBUNHBONQOUBEONEEIRNNSLTBIN

trrrrrrrprthirrgurerrrrrrrnrrrrnr e nrrrnn e rrntr e

Figure 22.4

>0
&
| Card XXII
©
2| 2| 22
- - CAE NG
] o wHlow
o g8 Mlgw
9 alw
- (=7 > |z
!!!!!99!°!b!§ S!Qrd!!!!9!!!9!§!!!!!!!!!9!999!!!!!5!9!!!!99!99! 999999999999999
11345818 II-E DWMWES B U B DB NN NNHIERN BN QMO UBHEOGHNHI INUNHENIBIRUSIOUBSHTININIDUBB NIz
. Waved I = >
Ny
Residue| jon| [EvapiSpace022, Space

anlufron Bl N H R AN AR DI NN BN LHB B UNCARGUGEN GIRY RVHBHNRNRNCOUSEIGUNARRNERI IR D

oonioounnon 'ﬂiinnTWnnounonnnnio'o'innunnnnnnnnnonnnnnnnnooonnonunnnnonnnnnnunnn
;;|||||||||||L||l|||IllIlII|II|)|||I||I||I)Illllllllllll|I|I||I|I|I|I|l||ll

Figure 23.4
Card XXIII

Water
T

guallty

Variable

99999999999999999999999999999999999999999999999999999999
SN0 NI MISK I HIG A0 UGN INUSHIBURECOHSEINANINDRBER DL 0 _.l‘l
=

—— 23,

Hardness |as| €aCO3 023! L Space
500500000 do|coovofotocojpcores000G0CE0000E000000006000300C000COE000CEEEO0OREENEDD

crddoddonspufnduunhrzaasnrenunnransenaucausonsnsusiNRBEEROUCEOBARE BRI A U

:’I’I;ll frorrend L!IHll'll!IIIHlIIIlllHIIHIIIII|||||I|H|11|||I|Illlllllllll

Figure 24.4
Card XXIV

Water Quality
ariable Code

Variable

Water

space

g‘_)ualitv
ACE




Non, |Car kaco3 Space

00000060 0000 000000000000 E-ﬂ0000Dﬂﬂ0000nﬂl’oﬂﬂ'ﬂﬂnunﬂncﬂﬂﬂﬂooﬂﬂﬂﬂﬂn0003500

Vaafas e T THT9N0 2009 T30V 00D €0 €142 104 4S 43 AT AR aIII $293 5 4555 5190398 6462 IGSESURNTOTOI M N N T2 208 TH ) 0% 60 i
RE R IR R AN KRl KRR R R R R KRR AR R R R AR N R R R R R R R R R R R R R R R

Figure 25.4
Card XXV

Variable
Space
Water
Variab.

9999999399 9!995!5!9359!!!!ﬁ999}$59!!95!9
; g "

NP BIOOE GGG

= r ) ~
f’)l Alka- |
linity as| |CaCO Space
00000000 00C|00ftf o000 00000ICOO0GIEULO0O00000BO0COOG00C030000COOCLOG000C000009000
URIEECIR I RE RN AL (AR Y ERSRURTRT M MR IENN CRCRCRIR I BRI RIS FEDRT IRTR LR LL ) lllllilll’;liullll'.l‘!".H!Hﬁiﬂ”NCZHleH)NHllﬁllll"—')l N NNEN NN
IR R RN R RN RN AR R RN RN RN AR RN AR R R RN RERERER RN
Figure 26.4
Card XXVI
@
-~
% k|
: p
-
[ a S
>
999995398994
1348808
8 KA.

r/Specific Conductanceli26 Space
600000C( 6000000 D_C-NH!DDIHIOIJﬂDﬂl‘ﬂtﬂII(HIBHBODOODGDBDHHDUDFOOEﬁﬂt00

[ERREREN E) E R IR TR RIS ) ORI NI QMG BaD 0NN RO R ONGERENN A RN S NN B8

1
IIIIHIIIIIHIIIIII.IIIIllllllIIIIIIIIIIIIII|IIIIHIIIIIIIIIIIIIIIIII|||||I|IIIII

Figure 27 .4
Card XXVII

Water Quality

!3!99!595!98!Q$99ﬂ9!!!$:$599

9
PO GGG SN LS G EQ OGN

Space
00 50000000 )90000000000000CC0CCO00VOO0CO0C0000008BD00000000
v e rrr r E R e N P R L LR TR N U U BRI UL S U E R SH LT ]
ERIRREEE R AR R RE AR R R R R R R R R A R R R R R AR R AR R R RRERRR ]

0000000000000
IR L

[RRERREARERRN'

Figure 28 .4
Card XXVIII

Water Quality

s wsu 9689943
R i .

e m—

24




/4

IColor Space

] "

|025I Space

Water Quality
Variable

00000H0G00C0CODR000D
fdbiA e nneersEY
IR IRRERERRRERRREN

21

060/00CCO000CO00G0CO000000F00C220G0GE000000C00CEGCSODCA0O0000GED

RN EVRABANNNBBVANGOQ 0L GG CHRINNEBHIBNOULORGEOGO RN 2D NI LY

'
R R R R R R R R R R R R R R R R AR R R R R RR R

|

Water Quality
3 ble

Percent

odium |Space

9998 9995860059¢29099999999999999982959¢6959599998995959999995889995'91989

12308 W Bl HR NN AN EBEIINOATCAGEEGHANTNUNSIIREUROUBCADBDAIDNIR DD Y

- T s " SoS .
L

029 Space

[PRENENE]

IRRRRRR!

;’"L

fooooocej
0
1

Water Quality

Variable

0000GH0000G000[0C0000000000000000000006SG0000500G000C0CUCOCOCAGO00000E00
wunnne g
RN R R R R R R R R R R R R R R R R R R R R R RN

222132 2027 THTII00 2 3 HOI5I N INI243 0041 004 545 €2 34353 31 SRS 15%E S84 50000062 00 (1 Cx 8 TS €O 03 0 XD 1 SIS M AN 1E)

Water Quality
Variable Code

599599985999999
i

221333 31103¢ 5 X

v
1

Ty nuin

9399499999593
Tesnn

Ew:m.n

QS'BFFQSPS 5699
JREEN 31} 230 0

| y
Sodium Adsorp LRatid-bBO Space
I! I ﬂDDDDDUﬂ-UUi]sﬂ0000000UDUHDUDDODUDUUUDDUUUOQODUDUOUDDDBOO0
|n ? E ',) ? ? ? E?qﬂagggghs:sgy ?nl'ﬂ‘g,ﬂ‘;ﬂmx""m”mm 93517 309404 €2 41 ¢4 $545 43 40 4253 31 52535 483355788 $360 $1 42 €3 L LS €6 Y63 €110 1 T2 VY Ja 75 75 T T8 9 69
IRERRHIIRRRRRIIIREE] IIIll||‘||||1||I||||||Vllllllllllllllll||1|l|||||]|||||1]l||||
28
o
Lol
-
[ qﬂ)
=l = E;E
“ k] cB PIG
b} — P )
8 3 §ldsd
3 & | 5 m=zs

Py AR o . —

Date| Drilled| Space |031.

929689985933999556859955939998599599996995999597
N - n

A G G e ot R i

Space
Variable

PR R R &

DDDDFEUGDGDH €000080C
113 dfs e
IR RN REREERI ERRRRR RN

Space
: T0TC600000000000CCCC0GICICOCOCOO0CCEGC00C600600000
D 0L i et e M nanc bncetn o s

1]|Illl1l|llllIIITIIHIIII||IIIIIIIIII111|III|IIIIIIIIIII

Water Quality
de

Yari

9895959989898¢599¢895§
SR OUSEREERARDRERY

89

Figure 29.4
Card XXIX

Figure 30.4
Card XXX

Figure 31.4
Card XXXI

Figure 32 .4
Card XXXII



90

Depth Space ] 3d Space

ooooopeocoooccoooooojoscjoco0o00000 0030ODOBDOOBOOCUCOOHUOHGUDDEUDDOOCEDBUODBFDGEDO

D235 NSO VNSE 003 T 2 2 20 1N 0TI 0 0 02 1330 0835 M 00230 €2 1A 454G 1 43 5B S ABH LS 15 5 2000 R A2 LDENCSERY GO I M T LTS Y MRS i

RN R R RS IR R R R R R RN RN R R AR RN RN R R AR RN R EEERERER R R

Figure 33.4
Card XXXIII

Water Quality
Variable
Water Quality

Diameter Space 033 Space
|0 C000000000000000000000000000000060000C000000006000000000C

100003 K00 06 17 20 32234 22 TS TITAI0 0052 31 003 35 12 340040 442 4140 546 41 €4 4333 31 SIS S8 99 8903 00 E1MCE ELET LILANI N NI B 5 0 WA
B

RN RN R RN RN RN RN RN RN R R RN RN R RN R RN AR RRERR AR RN

Figure 34.4
Card XXXIV

Water Quality
Variable
Water Quality

§969999899¢ 989999959999
IEEI R P SN AN BTN

99
- p ¢ R W,

9p9099999918
\




APPENDIX V.
WATER SAMPLE SORTER PROGRAM
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22J0B 5 WATER SAMPLE SORTER
2ZZFORXS5
DIMENSION KODE(50)sITEM(50)+sBOTOM(50) s TABLE(100+5)9sDATA(5092)
DIMENSION DAT(492)sTOP(50)9ID(4)
C BEGIN INITIALIZATION OF TABLES
500 DO 1 I=1450
KODE(I)=0
ITEM(I)=0
BOTOM(1)=060
13 TOP(I)=0.
1 CONTINUE
DO 38 1=1450
DO 38 J=195
38 TABLE (I9J)=0.0
READ 29N
DO 3 1I=1oN
READ4 s (TABLE(I9d)9J=195)
FORMAT(I4)
4 FORMAT(5A4)
IMIN=0
K:
I=1
20 READ 59TYPEsVARASVARBs VARCsVARDS VARE 9BOTOM(1) s TOP(I)
5 FORMAT (A4 92X95A492F10e2)
IF(TYPE-6e49460000)7 9697
T IF(TYPE-e¢56590049)9+8+9
9 IF(TYPE-e41554400)11510911
11 IF(TYPE-e62416545)203512+203
203 TYPE 14
14 FORMAT(24H IMPROPER STATEMENT TYPRE)
PAUSE
GO TO 20
6 KODE(I)=1
GO THOL B0

N W

*
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10
12
30
32
33
34
35
36
31
37
40
42
41
43
44
46
47
48
49

45

KODE(I)=2

GO TO 30

KODE(1)=3

GO TO 30

KODE(1)=4

IMIN=1I

DO 31 J=1,100
IF(VARA-TABLE(J91))31932+31
IF(VARB-=TABLE(J92))31933931
IF(VARC-TABLE(J93))31934431
IF(VARD=TABLE(Js4))319354931
IF(VARE-TABLE(J95)) 31936431
ITEM(1)=J

GO TO 40

CONTINUE

PRINT 37

FORMAT(22H VARIABLE NOT IN TABLE)
PAUSE

GO TO 20
IF(KODE(I)=4)41942941

K=1

IF(K)46946943

READ 449sVARAsVARBsVARCsVARDsVARE
FORMAT (6X 95A4)
IF(VARA)49+45 449

I=1+1

IF(I-50)20+20547

PRINT 48

FORMAT(17H PROGRAM TOO LONG)
PAUSE

GO TO 500

I=1+1

IF(I-50)30930947

IMAX=1]
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600
100
101

102

104

106
19
109

108
110

105
128
el

4 23
124
25
126
ey

122

THIS IS WHERE PROGRAM

BEGINS STORING A SET OF DATA.
DO 100 I=1,IMAX

DO 100 J=152
DATA(I9J)==99999.

READ 101sNUM

FORMAT(1I3)

IF (NUM) 12851285102

DO 105 I=1sNUM

READ 1049 (ID(J)sDAT(Js1)sDAT(Js2)9J=194)
FORMAT (4 (1392A499X))

DO 105 J=1ly4
IF(ID(J)=-999)10657005106

K=1

IF(ID(J)-ITEM(K)) 10851095108
DATA(Ks1)=DAT(Js1)
DATA(K92)=DAT(J»2)
IF(K=IMAX)11051055105

[ AP

&t 7@ 107

CONTINUE

READ 1215 (ID(I)sDAT(Is1l)el=1s4)
FORMAT (4(135E1768))

DO 122 I=1s4

IR 1)=9991123.5. 7010 1229

J=1
IFCID(II=ITEMtJ)Y128+2125,5126
DATA(J»1)=DAT(I+1)
IF(J=-IMAX)127912249122

J=Y il

GE TO' 18w

CONTINUE

GIO™OF M8
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700
703
701
705
702
77

750
707
708
704

751
709
LRk
A0
N2
800
805
806

801

807
808

809

BEGIN TEST OF DATA

J=1

IF(KODE(J)=1)70297015702

IF (DATA(Js1)-BOTOMI(J)) T0&4s705+705
IF(DATA(Js1)=TOP(J))T7069706+704

IF (KODE(J)=4) T77+800+777

J=J+1

IF (J=-IMIN) 70357035805

J=J+1

IF (J=IMIN) 75097509805

IF (KODE(J)=3) 70397075703

IF (DATA(Js1)-BOTOM(J)) 70497085708
IF(DATA(J91)-TOP(J))T065s7069704
J=J+1

IF (J=IMIN) 75147519805

IF (KODE(J)=2) 7109709,71

IF (DATA(J91)-BOTOMI(J)) T04sT711s711
IF(DATA(Js1)-TOP(J))70697069704
IF(KODE(J)=1)712+96009712

IF (KODE(J)=4) 70496009704

IF (IMIN) 801+805+9801

PRINT 806

FORMAT (19HNO SAVE INSTRUCTION)
PAUSE

GO TO 500

BEGIN PRINTING SAVED VALUES

DO 807 I=IMINsIMAX

J=ITEMI(I)

PRINT 8089 (TABLE(JsK)9sK=195)9sDATA(Is1)
FORMAT(5A49E144e8)

PRINT 809

FORMAT (2H 1

GO TO 600

END
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22J08

5 TRANSLATOR

ZZFORX5

1C1
102

200
201
202
203
400
105

106

401
402
403
100
109
110
L
118
113
116
1%
118
130
505
506

FORMAT (10X9I391X9I291X912921XoFT7e096XsF6e394X9F6e3 94X9F6e3)

3*

FORMAT (10X 9F6e292X9F6e292X9FT70292X9F6e292X9FTe293X9F5e293X9FTe293%

1X9F7e2)

FORMAT (10X9A391XsA291X9A291XsA496XsALsOEXsALITIXIALIEXsALIOEX9AL)
FORMAT (10X AL 94X sALs4X AL IOXsALs4XsALsOXsALIG4XsALIEXsAL)
FORMAT (10XoAL 92X sA4 94X 9ALsBIXIALIOXIALIOXsALsEXsALITXAL)
FORMAT (12X 9sA494X9A394X9A294X9AL 95X AL 94 XsALsTX9ALITIXsAL)
FORMAT (20X 9sA4sA294X9AL9A2)

*
3*
*
*

FORMAT (10X 9F4e292X9F6e292X9F5e292X9FTe293X9Fb6elstXsFTe293X9FTe294%

1XsF5e1)

FCRMAT (11X9F7el92X9F3el9t4XoF2el94X9F5e294X9F60292X9FTe094XsFTel96%

1X9F5e3)

FORMAT (3XsA4)

FORMAT (3XsA3)

FORMAT (18X sA4)

FORMAT (6HRELOAD)

FORMAT(4(I39F15e592X))

FORMAT (3H000)

FORMAT (3HOO49A49A299X93H0059A49A2)

FORMAT (3HO049A45A2)

FORMAT (3HOO59A45A2)

FORMAT (3H999)

FORMAT(I39F156592X93H999)
FORMAT(I39F15e592X9I39F15e6592X93H999)

FORMAT (3HOO01)
FORMAT(I39F15e592X9I39F15e592X9139F156592X93H999)
FORMAT(I39r156592X9139F15e592X9I39F15e592X9I39F15e5)
DIMENSION Z(33)

DIMENSION QUE(8)

DIMENSION DATA(33,+8)

DIMENSION TRUE (33,8)

DIMENSION D(34+8)
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11

1'5
14
b
26
28

Vi
147

29

128
)

DIMENSION A(33,8)
DIMENSION B(7+8)
DIMENSION THERE(7+8)
DO 11 II=1,8

READ 4009B(1sII)sB(29I1)eB(35II)+sB(4sI1)
READ 401+B(5511)

READ 402+B(6511)

READ 403sB(7,511)
CONTINUE

DO 12 1J=1,8

DO 12 IK=1,7

IF (B(IKsIJ)) 14515514

THERE(IKsIJ)=0o
GO TO 12
THERE(IKsIJ)=1e
CONTINUE

LG I3 JL=1e8
NFRIERE (L IL ) 26926527
IF(THERE(35IL))28928529
QUE(IL)=0.

GO TO 13
IFUTHERE (30 IL Y1228, 028,127
QUE(IL)=4.

GO-Te 12

QUE(IL)=3.

GO TC 13

QUE(IL)=1.

CONTINUE

PRINT 100

PAUSE

DO 20 N=1,8

READ 2005 (DATA(MsN) sM=1+9)
READ 2015(DATA(MsN?} sM=10+517)
READ 2025 (CATA(MsIN) sM=185925)

86



20

23

24
22

10

READ 2039 (DATA(MsN) sM=26+933)

CONTINUE

DO 10 N=1,8

DO 22 M=1+33
IF(DATA(MsN) ) 24923424

TRUE(MsN) =00
GO TO 22
TRUE(MsN)=1s
CONTINUE

TRUE(4sN)=0s
TRUE(55sN)=0e
CONTINUE
PRINT 100
PAUSE

DO 35 N=158

READ 1019D(19sN)9sD(29N)sD(3sN)sD(69sN)sD(T7sN)sD(8sN)sD(9sN)
READ 102+ (D(MsN)9sM=10917)
READ 1059 (D(MsN)9sM=18925)
READ 1069 (D(MsN)9sM=26+933)

35

40

CONTINUE

IX=6

DO 40 K=1,8
Y=D(IXsK)
W=Y/100e

I=W

v=1

C=V*100.
X=Y-C
F=X%*10000+
G=F+V

IX=6
DUIXsK) =G
CONTINUE

DO 9999 I1=1+8
IF(QUE(TI)=1e)45946946

66



45

46
49
50
51

52
56

513
54
59

60
61

9998
T4

75
a7
78

76
80

82

PUNCH 110

GO TO 49

PUNCH 130
[IF(QUE(I)=1e)50951452
GO TO 55

PUNCH 112sB(1s1)sB(2s1)
GO TO 55
IF(QUE(I)=36)53954456

PUNCH 111s8(19I)sB(2s1)9B(391)sB(4s])

GO TO 55

GO TO 55

PUNCH 1139B(3sI)9B(4s1])
CONTINUE

M=1

DO 9998 K=1,33
IF(TRUE(KsI))60+s605601
GO TO 9998

CONTINUE
A{Ms1)=D(KsI)

Z(M)=K

M=M+1

CONTINUE

SAVEAL1=0.

G=

K=K+1

IF (TRUE(KsI)) 77977578
GO* 0. 76
SAVEAL1=SAVEAl+1le.
IF(K=33)75580+8
AFNL=SAVEAl/ 4.
IL=AFNL

P=IL*4

C=SAVEAl-P
IF(C)81982+81

HERE=0.

00T



81
84

83
86

85
88

90

92
9
o8

94
98

97

D999

GO T0 1
IF(C-1¢)83+984+83
HERE=1+

GO TO0 1
IF(C=2¢)85986+985
HERE=2+

GO TO 1
IF(C~34)89988989
HERE=3+

GO TO 1

PAUSE

M=1

DO 90 K=1sIL

M1=M+1

M2=M+2

M3=M+3

PUNCH 1099Z(M) sA(MoI)9Z(M1)9sA(MLloI)oZ(M2)sA(M2s1)9Z2(M3)sA(M3,1) *
M=M+4

CONTINUE

M1=M+1

M2=M+2

IF(HERE=1e) 91993594
PUNCH 116

GO TO 9999

PUNCH 1179Z(M)sA(Ms1])
GO TC 9999
IF(HERE~3¢)9899799999
PUNCH 1189Z2(M) sA(M9I)eZ(M1)osA(M1lsI])
GO TO 9999

PUNCH 50592 (M) 9sA(MeI)9eZ(M1)sA(MLlol)eZ(M2)sA(M2sI)
GO TO 9999

CONTINUE

GO TO 5

END
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APPENDIX VII.
PRINTED FORM OF TABLE



0033

TOWNSHIP 01
RANGE 02
SECTION 03
SUB-SECTION 04
SAMPLE NUMBER 05
DATE OF COLLECTION 006
SILICA o7
IRON 08
MANGANESE 09
CALCIUM 10
MAGNESIUM 11
SODIUM 132
POTASSIUM 13
BICARBONATE 14
CARBONATE 15
SULFATE 16
CHLORIDE 1N/
FLUORIDE 18
NITRATE S,
BORON 20
DISSOLVED SOL CALC 021
RESIDUE ON EVAP 22

HARDNESS AS CACO3 023
NON CARB AS CACO3 024
ALKALINITY AS CACO3 025
SPECIFIC CONDUCTANCEO0Z26

PH 2 ik
COLOR 28
PERCENT SODIUM 29
SODIUM ADSORP RATIO 030
DATE DRILLED 3l
DEFTH 272

DIAMETER 281
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