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LEO  11  :  AUTOMATED REFERENCE CONVERSION IN KANSAS

ABSTRACT

LEO 11' is a second-generation software system developed for use on the PC, which is designed
to convert lceation references accurately between legal descriptions and geographic coordinates
for locations in Kansas.2   In the LEO 11 system, a FORTRAN3 program accepts locations entered
directly by the user or from a selected disk file, converts from legal to geographic reference or
vice-versa, and writes the converted lceations to the console screen or to a second disk file.   The
conversion prograni comprises one routine that converts between reference systems, two routines
that support special options, and a control routine.   Potential users should be familiar with legal
and geographic reference and with the PC environment in which LEO 11 operates.   The principal
functions of LEO 11 are available to anyone who can create an input data file in the conect form
and with the proper content, with lceations specified according to the standard or optional fomat
and precision.   Users with programming expertise can modify or rewrite parts of the conversion
program to customize file formats, operational procedures, and program functions, and to use the
alternate fom for defining geographic coordinates.   Reference conversion is founded on a large,
"spatial" database containing the geographic locations of all Kansas section comers, which were

taken from the digitized and edited section comers in the Kansas Cartographic Database (KCD).
The system includes a "query" program, which may be used to examine or modify (rarely done)
the contents of the I.EO 11 database.   A small set of Kansas sections is  said to be "nonstandard,"
because of unusual size or shape.   In those sections, the usual processes for subdividing sections
and applying footages (methods for specifying more precise locations within a section) are not
well defined.   The IEO 11 system cannot convert locations in nonstandard sections.   Attempting
to convert a lceation in a nonstandard section is one example of errors that cause LEO 11 to stop
performing a conversion.   When error conditions end a conversion prematurely, LEO 11 identifies
the specific error by writing an error number4 to the terminal or ouq>ut file.   This documentation
describes, in three chapters, the system and how to use it.   The first chapter introduces concepts,
functions, components, operations, and uses of the system.   It is required for those users who are
unfiniliar with reference systems and conversion.   Chapter 11 reviews program-user interaction
(prompts, questions, selections, commands) and details the input and ouq)ut formats for batch
(ffle-to-file) operations.   The third chapter, for programmers, describes the extended options and
capabilities that are accessible only by modifying the LEO 11 software.

]See the "Introduction" section for a derivation of the name LEO 11.

2Previous wok on converting legal coordinates in Kansas can be found in Good (1964) and later,

in Morgan and MCNellis (1969).   Both efforts resulted in computer programs of some value.

3 Names of programs, routines, files, databases, languages, and systems often are written in all

CAPS by computer scientists, publishers. and educators.   a=ORTRAN 77 is used in LEO 11).

4These are defined in Appendix A.
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I.   INTRODUCTION

The constellation of Leo comprises a specific set of stars, which are said to correspond to the
figure of a lion in the sky, except in late June, when it is swallowed by the sun.   The lines that
define this king of the beasts are imaginary segments that connect the stars of the constellation.
Assigning the lion's image to a set of points in the sky is defining a conespondence, or mapping
between the lines of the lion's image and the set of points, the stars, whose locations in space
coordinates are well-defined.   Using the coordinates of the stars, one might be able to construct
an image of the Ifo lion through computer drafting, simply by entering the point coordinates of
the stars (transfomied to fit on a sheet of paper) and supplying connect-the-dot instructions and
move (without drawing) instructions to the comnputer.   And, if someone wanted to know the
location of the left nostril, the existing coordinates could help to determine that lceation.

The IEO 11 software system provides a similar mapping, between the artificial shapes that are
the sections and townships of Kansas - of the legal reference system - which are collections of
imaginary lines that bridge specific sets of points to form (admittedly boring) quadrilaterals.   As
with the stars of the constellation Ileo, the specific points that define the imaginary shapes5 of
sections have well-defined Earth coordinates - in the geographic reference system - commonly
known as longitude and latitude.   The I.EO 11 reference conversion (software)  system maps or
converts reference between the legal and geographic reference systems.   With this mapping, the
system can create accurate maps of sections and townships, and include point or line features (in
legal reference) as well.   And, given a point defined (in legal reference) within the images of the
sections, a fixed geographic location can be determined (and vice-versa).

This dceumentation describes the functions and operation of the LEO 11 reference conversion
system, including the legal and gcographic reference systems, the LEO n spatial database, the
LEO 11 conversion prograni and other software, and the use of custom programming to access
extended functions.   The documentation is divided into three parts:   a.) Introduction to spatial
reference systems, the LEO 11 spatial database and software, and reference system conversion;
(11.) Operation of interactive and batch modes of the conversion and database query programs;
and (Ill.) Programming infomation, including customized programming, extended functions and
options, format control, data files, and database organization.

Users should be generally familiar with reference systems, reference conversion, and the use of
the PC.   Much of the necessary information is given in the introductory section.   This material
requires a general knowledge of the legal and geographic reference, a general understanding of

5As the constellations were idealized images, so were the sections of Kansas.   Many people have

believed (and still do believe) mistakenly that sections are squares, exactly one mile on each side.   To
some, sectious are also laid out with the north and south sides both of constant latitude.   Some even
believe the east and west sides run north-to-south.   These conditions are mutually exclusive.
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conversion, and knowledge of some reasons for converting location references between the two.
The introductory section describes reference conversion and the functions of IEO 11 in a non-
technical way.   The Operation section details using and interacting with programs for conversion
and database query.   The Program section infoms users with minimal progranming expertise
how to modify programs to access new options and extended functions, otherwise unavailable.

The original LEO system (version  1) provided the first accurate conversions between the legal
and geographic reference systems in late  1985 and early  1986, as described in Cxpen File Report
89-10 Qoss,  1989b).   The conversion options were restricted and the locations of section comers
in the database included some erroneous coordinates, but the system produced the most accurate
conversions ever done for most areas of Kansas.   There were operational errors and the system
could not handle footages for identifying locations within sections.   When the second version of
the system, LEO was released, it included new capabilities and new errors, and there were many
sections that were not properly represented in the database.   It made both interactive and batch
operations easier and clearer; added options for footages, four comers, section side lengths, and
the alternate Degrees-Minutes-Seconds (DMS) form for geographic coordinates.   For LEO 11, the
records in the database were restructured to include additional information related to nonstandard
sections.   Also, the system was thoroughly dacumented, far beyond the original version.

Since that release, numerous problems were coITected by rewriting parts of the software, most or
all of the sections with known errors were conected in the database (Collins,  1989), most of the
previously unknown "nonstandard" sections (flags) were marked in the database, and brand new
documentation has been written in a simplified form.   The updated software and database, with
the new documentation comprise (actually, the second release of) version two of the reference
system conversion package, named LEO 11.

A. SYSTEM OVERVIEW

In most sets of scientific data, each element (record, sample.  .  .) includes at least one spatial
component to identify the origin of the associated data.   The spatial component is necessary for
applications that depend on spatial relationships, and often serves as the "key" field, which
uniquely identifies the data record or sample.   For some data sets, the spatial aspect may be
unimportant, non-existent, or implicit in some other aspect of the data set.   For example, the
nane of a file may imply that all elements in the file are located in a particular place.   Most
geologic data, by definition or by nature, are associated fundamentally with lceations on the
Earth's surface.   In such data sets, the most important aspect of each datum is its location.

The manner used to define or express this primary aspect (location) for geologic data varies,
depending on the environment and the application.   All of the usual methods for specifying
locations involve a set of application rules and an artificial or implied mapping from a ``data
space" (where the data arose) to a "theoretical space," which is defined mathematically.   In the
context of IEO n, the data space is the surface of the Earth, while the theoretical space may
take several possible forms, such as:   (1) an artificial grid of longitude and latitude lines on the
surface of an oblate spheroid approximating the Ear(h;  (2) a complex map projection, like the
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Modifled Polyconic, defining a special Cartesian coordinate system based on cones tangent to
the Earth at each latitude; or (3) an irregular grid of point locations which define the boundaries
of land units (such as sections), and which constitute a crude coordinate system.

Each system of rules and the associated theoretical space defines a system of reference, by
which locations are identified.   Within a reference system, each lceation is specified uniquely by
a set of coordinates that collectively apply only to that point.   Usually, every point in the data
space of a reference system can be defined (mapped to a point) in the theoretical space, but the
reverse is not always true.   Two reference systems with these properties are fundamental to the
LEO 11 system.   These are geographic reference (longitude and latitude) and ]ega] reference
(township, range, section ,... ).   A third import system is really a limitless set of systems, it is
called projected reference, with locations in Cartesian coordinates, as on printed maps.

Because the data space for both the geographic and legal reference systems is the surface of the
Earth, it is both reasonable and possible to translate or convert locations expressed in one of the
systems into the equivalent coordinates in the other system.   A location specified as township,
range and section can be converted into coordinates of longitude and latitude that represent the
same location according to the artificial mapping between the systems.   Conversely, a location in
longitude and latitude can be converted into the equivalent legal lceation, using township, range,
and section numbers, and footages from a specified comer.   Conversion from geographic to legal
also results in the description of a small area by successive levels of (quarter-) area subdivision
(NW, SW, SE, NE) such that the point is contained in the final subdivided area.   The process of
changing a location, referenced by coordinates in one system, into the equivalent coordinates in
another system is reference conversion, the principal function of LEO 11.

LEO 11 (the name arises from the  'le' in Jcgal and the  'eo' in geographic) is a computer software
system that can convert locations between legal reference and geographic reference.   I.EO 11
comprises a conversion program, a database of Kansas section comer locations in geographic
reference (longitude, latitude), and a program for examining and modifying the database.   The
software is written in FORTRAN 77 for the IBM-compatible personal computer (PC), with or
without a math coprocessor.   With increased functionality and improved accuracy, LEO 11 is the
second version of the LEO reference conversion system.   The most recent edition of this version
includes conections of some recently discovered, minor defects in the software.   The source,
object. and executable files and database, fit on a 3.5-inch, high-density floppy disk.

The LEO 11 software comprises:   (1) a program (LE02PC) to perform the reference conversion
process comprising:   a large conversion routine a,E02CVT), a control routine (IE02PC), a
routine a.E02SETP) to set up polyconic map projection, and a routine (LE02PRO) to project
comers for finding section side lengths; (2) a database a.E02BASE) containing the lceations of
all Kansas township and section comers stored in longitude and latitude by spatial relationships;
and (3) a program (LE02Q) to examine and modify the database.

There is a significant need to conver( locations in Kansas from legal to geographic reference and
a less significant need to convert from geographic to legal reference.   In most areas of geological
research, and throughout the range of state government and industrial operations there are many
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historical data sets in which the data items have been located using legal reference.   Many such
data sets exist in the geosciences, such as the oil and gas industry, hydrologic concerns, and also
in related governmental oversight and regulation functions.   Because the legal reference system
was land-based and required relatively simple tools, it was easier to use.   And, because the legal
system was the standard for property definition and other applications, nearly all historic data in
Kansas were lceated using legal reference.

Modern applications in science, government, and industry do not use legal reference as the
primary reference system for identifying lceations in Kansas.   Statistical analyses and graphic
presentation (computer display or plotted map) of geologic data are examples of operations that
can not be supported when locations are referenced in non-Cartesian systems, such as in the
legal reference system.   The modem use of digital computers to analyze, display, and map
geologic data, which is based in large part on lceation and spatial relationships, is one of the
many reasons for using geographic reference for data with a spatial component.

For lceating a point accurately on the Earth's surface, such as for ship or airplane navigation,
and many other applications, only one system of reference has been used for centuries.   The
most universal reference system is the "geographic" reference system, in which locations are
defined by intersecting lines of longitude and latitude.   Superior to the legal reference system in
almost every way, geographic reference is more accurate, convenient, and exact.   It has become
virtually universal for locating points and lines on the Earth's surface and for defining
boundaries for areas.   With a comput'er, it is possible to convert between geographic and other
reference systems, including legal (property definition) and projected (map-making) reference.
Advances in computers, software, satellite positioning, and image processing further increased
the use of geographic reference, a natural system for satellites.   The highly accurate geographic
coordinates available from the satellite-based Global Positioning System (GPS), which cane on
line recently, have become the de facto standard for accuracy in locating points on the Earth's
surface, and to support universal, global navigation (IIum,  1989).

A LEO 11 user must be familiar with geographic and legal reference, and should understand the
reasons for converting between the two.   The user should have a working knowledge of the PC
environment: i.e., how to run programs, enter data, locate files and directories, input data by the
keyboard, edit that data, identify ffle pathnames, print files and other basic functions.   It is not
necessary to have programming skills to use the basic functions of the system, but with minimal
programming expertise, users may access the extended options and functions of LEO 11, such as
DMS (Degrees, Minutes & Seconds form for longitudes or latitudes instead of decimal degrees),
four comers (to locate all four comers of the section), and (approximate) section side lengths (to
calculate approximate lengths of the section sides).   To use the extended options and functions, a
programmer must modify or rewrite parts of the LEO 11 programs.   Other changes can be made
to the conversion program, LE02PC, to alter the input and output formats or the process flow,
thereby adapting the program to the content and fom of the user's data sources and products.

The IEO n conversion process requires the spatial database, LE02BASE, which contains all
Kansas seetion comer locations, in geographic reference.    The database was constructed with
section comer locations from the Kansas Cartographic Database (KCD).   The KCD comprises a
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large set (2,3cO+) of individual, digital cartographic databases that contain map data for the state
of Kansas.   (The KCD includes section comers, township and range lines, hydrology, highways,
county seats, raliroads and other features).   The KCD was constructed exclusively by use of the
in-house automated cartography system, GIMMAP aim-map, Geodata Interactive Management
Map Analysis and Production), which is used to capture cartographic data, build and edit digital
cartographic databases, retieve and display maps, and support publication-quality mapping and
electronic transfer of geoscience data.

The IE02BASE database parallels the structure of the legal reference system in Kansas by
containing the locations of all section comers, organized into units by township, and ordered
according to spatial relationships.   The section comers in Kansas are such that most sections are
quadrilateral in shape, and of approximately uniform size at about one square mile.   There are
some areas where section boundaries do not define quads, but polygons, most commonly where
surface hydrology interfered with the original survey.   In other places, sections are six-sided
polygons with the quarter-comers out-of-line with the comers, or even thangles.   In all cases of"nonstandard" sections, the database record associated with the anomalous or irregular sections is

marked to prevent LEO 11 from attempting reference conversion.   In some future version of the
system, perhaps I.EO Ill, these unusual section boundaries and the processes for converting
locations within them may be better defined.

8. REFERENCE SYSTEMS

There are two reference systems of interest to the LEO 11 system:   the legal reference system
and the geographic reference system.   A third reference system, projected reference, which is
actually an infinite set of parallel reference systems, was important in the construction of the
LEO 11 database.   Projected reference systems are the natural reference for maps such as the US
Geological Survey (USGS) quadrangle maps, from which the locations of the section comers in
Kansas were obtained for the KCD project.   The locations of each section comer were digitized
as projected (x,y) coordinates and converted to geographic (longitude, latitude) coordinates by
PROJCT, the map projection software of GIMMAP, so they could be used to form the spatial
database for LEO 11.

In map production, the projected reference system is generally used.   For consistent, and less
distorted views of data, projected reference is also the system used for most graphic displays of
cartographic and geologic data, in which quality and spatial relations are important.   Statistical
analyses and graphic presentation of geologic data by computer map, are examples of operations
not supported in non-Cartesian systems, like legal reference (township, range, section ,... ).

The geographic reference system has long been the bedrock of worldwide navigation.   Recent
advances in computers, software, satellite positioning and imagery have further increased the use
of this more accurate and universal reference system, in which locations are defined by pairs of
coordinates that conespond to the longitude and latitude lines that intersect precisely at the point.
Geographic reference offers more accuracy, convenience, and precision, and it is the universal
reference system for locating points and lines, and defining areal boundaries.
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Of the three reference systems used at the Kansas Geological Survey (KGS) and elsewhere in
Kansas, the gcographic reference system is more universal than the projected or legal reference
systems, at least, for computer applications.   This is because locations expressed in either of the
other systems can be converted into geographic reference and back again.   These operations are
provided by LEO 11 and the PROJcr system (for map projection and deprojection).   For reasons
similar to those of the KGS, most users of geologic data outside the KGS rely on the geographic
reference system.

1. GEOGRAPHIC REFERENCE

The geographic reference system has come to be known as the universal reference system after
its many years of use around the world.   Elements of the system were even used by the Greeks,
prior to the Christian era Qobinson,  1984), perhaps because it is simple in design and easy to
understand, visualize, and apply in a global sense.

Simplified a little, geographic reference is based on a model that includes infinitely many circles
at the surface of the Earth, passing through both poles and perpendicular to the equator.   These
are circles of longitude.   The half{ircles on opposite sides of a longitude circle are "meridians"
of longitude.   Each meridian is assigned a unique value, which is the angular distance (as if at
the center of the Earth) between the meridian and an arbitrarily specified starting meridian.   Also
in the gcographic reference model, there is a set of circles on the Earth's surface, all parallel to
the equator.   Starting at the equator and progressing to the north and south poles, the "parallels"
of latitude grow smaller in diameter toward the poles where they become mere points.   There is
no natural aspect by which circles of latitude are divided into halves as with longitudes.   But, by
noting the angular distance between the equator and a parallel, as it would appear to an observer
at the center of the Earth, a north-south coordinate, is defined for all points along the parallel.

The equator is the circle around the largest part of the Earth.   It is equally distant from the north
and south poles.   It divides the Earth into the northern and southern hemispheres.   It is the place
where the sun is directly overhead at noon on the days of the spring and autumn equinoxes.   The
equator is a "great circle"6 and the primary or starting circle of latitude.   All other latitudes are
defined by (not great) circles parallel to the equator at the surface of the Earth.   Each cirele or
"parallel" of latitude lies at a unique distance from the poles.   Circles of latitude are parallel to

each other (unlike longitude) and each is of a different size (each circle has a unique radius).

Because of the uniqueness of the equator and the poles, assigning values to circles of latitude did
not require any arbitrary points of reference.   The latitude at the equator was defined to be zero
degrees.   Above (to the north) the equator, latitudes were north latitudes; to the south they were
south latitudes.   The angle between the equator and either pole (as measured from the center of
the Earth) is ninety degrees, so the latitude at either pole is ninety.   It is usually advantageous to

6A great circle is formed on the surface of the Earth by any intersecting plane that passes through

the center of the Earth.   Great circles have the property that the shortest path between any two points
on the surface of the Earth is the great circle arc between them.
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have a continuous transition of latitudes from pole to pole, so, latitudes south of the equator are
negative (-90 to 0), to the north, they are positive (0-90), to maintain proper spatial relationships.

Since the Earth is essentially a sphere, it was decided that there would be (as in all spheres and
circles) exactly 360 degrees of longitude to circle the Earth.   Circles of longitude were defined
as great circles passing through both poles, and a "meridian" of longitude is a half of a circle of
longitude, between the poles.   But, which meridian represents which longitude?   Which meridian
is the first (zero degrees)?   For longitudes, there was no naturally defined starating place, such
as the equator was for latitudes, with the poles as natural ending points.   And so, an international
conference was held to determine arbitrarily, a specific and universally agreed upon, meridian at
which longitudes began.   The eventual compromise chose this ``prime meridian" to pass through
the observatory at Greenwich. England. where the longitude became zero degrees, by definition.
The meridian opposite to the prime meridian lies in the vicinity of the International Date Line in
the west Pacific ocean and has a longitude as  180 degrees east (or west).

Longitudes in the US are "west" longitudes.   East of the prime meridian are "east" longitudes.
For modem computer applications, west longitudes are given negative values, as those to the east
are positive.   This differentiates east and west longitudes clearly, preserves the direction of the
positive x-axis for both, and properly maintains spatial relationships.   If east and west longitudes
were both positive, points to the east would progress from left to right when displayed/plotted,
but points to the west would also progress from left to right, contrary to longitudes on the Earth.
If the symbol representing Greenwich, England plotted in the center of the map, then the symbol
for New York City, with a moderately large, positive longitude, would plot well to the east of
Greenwich, near the Russian and Chinese border, above Pakistan.

There are two optional forms for specifying geographic coordinates for LEO 11, and both are
applicable for input and output.   As described, the basic form for geographic reference is a pair
of real values representing the longitude and latitude of the lceation in decimal degrees.   These
two values are given as  "arguments" or "parameters" to the LEO 11 conversion routine, which
expects them to be within a certain range for conversion in Kansas.   Otherwise, the conversion
will not be attempted.   So, all latitudes must be between 36.875 and 40.125 (degrees north), and
all longitudes must be between -102.125 and -94.5  (degrees west).

Expressing longitudes and latitudes as two real numbers, within the ranges specified above, is
called the "decimal degrees" form for geographic reference.   This is the most commonly used
form for entering geographic coordinates for conversion by LEO 11.   In this form, the two values
combine the whole degrees with a decimal fraction of degrees that represents the minutes and
seconds of latitude and longitude.   When legal locations are converted to geographic reference,
LEO 11 produces two real values, the longitude and latitude, in decimal degrees.

Users with programming expertise may use another acceptable fom for longitude and latitude
values, each as a thplet, representing degrees, minutes, and seconds.   This representation is
called the "DMS" (degrees, minutes, and seconds) form or option for gcographic coordinates,
and is equivalent to the decimal degrees form.   Converting between these optional geographic
reference forms can be performed easily using a simple algorithm (see Ill.8.1.,   p42).
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2. PROJECTED REFERENCE

Projected reference is an unlimited class of reference systems, which are based on the use of
map projections and limitless values for parameters of the projections to define each member
uniquely.   Map projections transform or map the points on the surface of the Earth onto some
object of special shape or some purely mathematical object space (most use cones, cylinders, or
planes).   Generally, the projection "object" is then assumed to be unfolded or rolled out into a
planar surface, and by this, all points in geographic space are transformed or translated into a
pair of cartesian coordinates (x,y), usuany feet (or meters) on the ground or inches on the map.

Projected reference systems are used for the production of maps from information gathered from
the real world - the surface of the Earth.   Whenever a three-dimensional image is converted into
a two-dimensional image through projection, something must be distorted in the projected image.
The graphic images produced by map projection always have distortions in one or more aspect
of direction, shape, scale, or area, but such distortions are what we are generally used to seeing.
These products are how we view our world on paper.   The choice of projection determines the
types of distortion, allowing the mapmaker to control the kinds of distortion in maps.   On this,
John Wilford (1981, p.77) wrote:  "The cartographer's task is to design maps that will show the
least distortion or no distortion in those properties the map's intended user deems desirable."

Each projected reference system defines a two-dimensional (2D) Cartesian coordinate system,
with perpendicular axes x and y.   The specific nature of a projected reference system is defined
by a unique map projection, an ordered translation from three-dimensional (3D) locations, such
as on the Earth's surface, to a 2D surface.   If the specific projection parameters are known, it is
possible to "deproject" coordinates into the "universal" geographic reference system.   Geographic
coordinates can then be converted directly to other reference systems of interest (projected and
legal reference), using LEO 11 and the PROJcr projection and deprojection software system at
the KGS.   The latter is described in KGS Open File Report 89-9 Qoss,  1989a), and its function
is illustrated in part 4, Reference Conversion.

Features in the KCD, which completely covers Kansas, were digitized from the  1:24,000 scale
USGS  (7.5') topographic maps, because these maps were considered the highest quality source
of cartographic information available.   All locations in the KCD, including the section comer
locations used for the LEO 11 database, were digitized from these USGS maps and converted
accurately to digital (computer) form.   Because the source maps are projections of the Earth's
surface, the digitized features in the KCD are expressed in projected reference.

3. LEGAL REFERENCE

Legal reference is a complex system and methodology for lceating geographic features on the
Earth's surface.   Identifying a point lceation or a contiguous area by specifying their township,
range, and section (subdivisions, footages„  .  .) is especially useful for describing areas in the
land grid for legal or official purposes.   Although many data sets using legal reference still exist,
modem data collection and generation are referenced usually not to legal coordinates, but to the
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geographic reference Oongitude and latitude) system or a prtyected reference system (such as x
and y in inches on a map).   I.ocatious in legal reference may be included in contemporary data
sets as redundant, less accurate values..  Generally, the legal reference system is no longer the
prefined fom for location reference in Kansas.   Increasingly obsolete in the computer age, legal
reference still retains some value because many historic data sets that use it still exist.

In Kansas, and elsewhere, locations have long been referenced in legal coordinates, primarily by
the government.   Used for many applications, "legal reference" resulted from the creation of the
Public I,ands Survey Q'I.S) by federal mandate following the Revolutionary War.   The goal of
the government project was to raise revenues needed to pay the huge war debts.   To accomplish
this, vast tracts of government ®ublic) land were surveyed through federal funding.   These tracts
were pareeled into officially defined properties, which were then sold to pay off the war debts.
Details of the mechanisms underlying the land surveys in the Kansas Territory were provided in
the  1855 Manual of Surveving Instructions (Moore,  1855), which specified procedures needed by
surveyors to establish the base line, principal meridian, and correction lines for Kansas.

The U.S. Public I.ands Survey System, PLSS, became the first onganized, official, and Systematic
method for defining property (and later, adopted for defining point locations) in the country.   To
support the PLSS in Kansas, a land "grid" was defined and surveyed in the state, with individual
units of approximately one square mile termed sections.   Sections were surveyed in groups of
thirty-six, in six rows and six columns within townships, whose boundaries had been surveyed.
The surveys covered Kansas, moving southward from a "base line," intended to be the Nebraska
border (approx. 40 degrees latitude) and "correction lines," and east and west of the "prime" (the
Sixth Principal Meridian) and "guide" meridians.   Surveyors located and placed physical markers
on the ground for more than 80,000 section corners.   This was the physical grid and the basis of
a reference system, using township, range, section and subdivision, which became the standard
method for identifying areas for property, taxation, and other purposes.   Because it was the basis
for legal property definition, the PLSS became known as the "legal reference"  system.

a. Identifying The Section

Defining a location in legal reference requires a more complex set of values than in geographic
reference.   Unlike the fixed, pair of longitude and latitude coordinates in geographic reference,
the number and type of values required to specify a legal definition is variable.   In general, legal
descriptions designate the township and the section within the township, in which the location to
be convened exists.   The township is designated by three values:  the township (or row) number,
the range (or column) number, and the easvwest range designator (e/w indicator), identifying the
range as east or west of the Sixth Principal Meridian.   An additional number, from one to thirty-
six, is used to specify the unique section within the chosen township.

The four values (township, range, e/w indicator, and section), used to identify the township and
section, are simple and straightforward.   However, identifying locations within a section, with a
greater precision, involves the use of an additional set of forms and formats that complicates the
specification process.   Several foms of section "subdivision" plus optional selection of a "closest
point" within the "target area," (the target area is what results after applying all subdivisions) are
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two methods for locating points within a section.   Another method is the application of footages,
which are two perpendicular distances, that are measured from a starting comer.   These options
are available to any user of LEO 11 who creates a proper data file of locations for entry into the
conversion program (in batch mode) or who can enter appropriate values in response to program
prompts (interactive mode).   All of these options are discussed in this documentation.

The 35 rows of Kansas townships are numbered from Tis at the nor(h to T35S at the southern
border.   The 'S' = south of the PLS base line (at the northern border of Kansas) may be omitted.
The first township row begins at the PLS base line.   In most township rows, there are 68 (east-
west) columns of townships, 43 west and 25 east of the Sixth Principal Meridian (located at  108
miles west of the Missouri River on the base line).   The range associated with a township, the
"range designation," combines the range number and the direction to the east or west from the

Sixth Principal Meridian, of the column containing the township.   Range designations are from
R43W (range 43 west), and run east to RIW (range  1  west), followed by RIE (range  1  east) and
then east to R25E (range 25 east) at the state border.

Each township is identified uniquely by a township (row) number and a range designation - the
row and column numbers of the township within the township grid.   Sections define a six-by-six
grid within (full) townships.   They are numbered ("baustrophedonically") from  1  in the northeast
comer to 6 in the northwest comer, and from 7 (below 6) to  12 (below  1), to  13 (below  12) to
18 and so on, until ending with section 36 in the southeast comer.   This system was adopted in
1796 for unknown reasons  (White, p.29).

b. Section Numbering Within Townships

6 5 4 3 2 1

7 8 9 10 11 12

18 17 16 15 14 13

19 20 21 22 23 24

30 29 28 27 26 25

31 32 33 34 35 36

Within each township, the sections are numbered in the usual ("baustrophedonic") manner from
one (in the northeast comer of the six-by-six section grid) to six (in the northwest comer of the
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grid) and from seven to twelve coming back from west to east in the next row of sections to the
south.   Section numbers increase to the west in odd rows, then drop down a row, and increase to
the east in even rows.   In the final, sourthemmost row, the first section (in the southwest comer)
is number thirty-one and the last (in the southeast comer) is thirty-six, as shown below.

c. Section Subdivision

Point locations require a more precise definition than the areas defined by sections.   Dividing
sections into smaller and smaller areas is a systematic process that increases the precision of a
lceation specification by a factor of two or four with each iteration.   Sections are divided into
sub-areas which in turn, are further subdivided, to a maximum of four levels, the limit in LEO
11.   Subdivisions are effected by passing from one to four specifications from the control routine
to the conversion routine.   The user does this by setting appropriate values for each level of
subdivision in data records when creating the input data file for batch mode or by responding   to
prompts for user input in the interactive mode of the conversion program.   LEO 11 expects the
largest (which is applied to the section) subdivision first, and the smallest last.   No subdivisions
are required.

Sections and subsequent subdivided-areas may be subdivided into halves or quarters.   Each is
identified by naming the sub-area that is to become the next area for subdivision (or the final,
"target area" of the process).   Sections and sub-areas can be divided into halves by half-area

subdivision using any of four possible halves:   north, south, east, or west,  such that choosing
north results in the north half of the original area and so on.   These half-areas are specified by a
two-character value, comprising the first letter of the indicated direction (n, s, e, w) in upper or
lower case, and a blank, represented as  'x'.

SPECIFYING HALF-AREA  SUBDIVISIONS

NORTTI   =   Nx   or  nx

lh/EST  =    Wx   or  wx EAST   =   Ex   or  ex

SOUTH   =   Sx   or   sx

Quarter-area subdivision divides a section or subdivided-area into four sub-areas and results in
using one of these quarter-areas.   Selection is made via either of two coding schemes.   The most
popular scheme codes the selected quarter-area by the applicable two-letter combination that
indicates the direction of the quarter-area, ('nw,'  'ne',  'sw', and 'se') in upper or lower case.   In
the other scheme, quarter-areas are specified by single letters ('A',  '8',  'C', or 'D') in upper or
lower case.   The two schemes translate into equivalent specifications ('x' represents a blank):

Following quarter-area subdivision, the selected quarter-area becomes the next area of interest,
and is further subdivided, unless it is the target area.   Generally, many legal descriptions include
at most three levels of subdivision.   The operational limits of LEO 11 allow a maximum of four
successive levels of subddivision. and a minimum of zero (no subdivision).   Half- and quarter-
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area subdivisions may be mixed together in any order, up to the limit of four levels.   Non-blank
apecifications other than those listed are reported as errors, or may be ignored.

SRECIFYING OUARTER-AREA  SUBDIVISIONS

NORTTIVIST

NIV or nw or Bx or bx

SVI7 or sw or Cx or cx

SotJTTIVVEST

NORTTIEAST

NE or ne or Ax or ax

SE or se or Dx or dx

SOUTHEAST

With any type of subdivision, all unspecified subdivisions should be blank (xx) or LEO 11 will
attempt to interpret and apply them as additional subdivisions.   If no subdivisions are specified
(all are blank), the section itself is the target area, and is the basis for further specifications (only
the closest point option could be used at that point).   When a blank subdivision specification is
encountered, IEO 11 assumes it is the last subdivision, and ignores any other specifications.

According to usual practice, a legal definition comprising the specifications  '  Cx QA Hx QB  '
would be interpreted (for a point location) as:   "the center of the QA quarter of the H half of the
QB quarter."   Legal definitions commonly list the sub-area specifications from smallest to
largest, as  'A of 8 of C'.   To lceate in gcographic reference the point that was specified in legal
reference in the example, the locations of the four section corners must be known.   The largest
Oast) subdivision,  'QB,'  is applied to the original section to locate the four comers of the QB
quarter-area.   From the result, the H half of that quadrilateral is detemined, folloved by the QA
quarter-area of that half-area.   The result is the set of four comer locations of the QA quarter of
the H half of the QB quarter of the section.   This final sub-area, detemined by the sequentioal
application of all subdivisions, is the "target area".   The center location of this area, calculated
by interpolation, or averaging the four comers, is the default conversion location.

In IEO 11, the order of specifying subdivisions is reversed from the common 'A of 8. . .' order,
so that the order of subdivisions parallels the actual computations.   The largest subdivision is
applied first, to the section, and the smallest is applied last.   LEO 11 expects the specifications to
be in reverse order from what is commonly used.   In LEO 11,   the fip± subdivision is applied to
the section and each subsequent subdivision is applied to the result of the previous subdivision.
So the sequence of subdivision specifications above would be interpreted in the opposite way:
"take the QA quarter of the section, then take the H half of that, and then take the QB quarter of

the result.   Then, find the center of the final target area ."   The center Point of the tarnet area is
the default Point location to be used in the conversion from legal to geographic reference, unless
another is specified, such as with the closest point option.

Because I.EO 11 is concerned with point lceations, a single point must be selected from within
the target area for conversion to geographic reference.   This may be done by setting the closest
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point indicator, with a value conesponding to one of the subdivision specifications or by leaving
it blank for the default (it may be necessary to set this blank).   To select the midpoint of one of
the target area sides, the indicator is set to `'Sx',  'Nx',  'Ex', or 'Wx,'  which selects the south, the
north, the east, or the west side midpoint location.   To select one of the comer lceations from
the target area, a quarter-area specification is used.   The closest point indicator is set to 'NW,'
'NE,'  'SE,' or 'SW,'  selecting the northwest, northeast, southeast, or southwest conler lceation,

respectively.   With the nine possible points in the target area, the closest area indicator can be
used to reduce the maximum enor in locating points by a factor of about two.   After four levels
of quarter-area subdivision, the tanget area is 330 feet square.   Assuming the default center, the
maximum error expected in locating a point is 230 feet, the average error is about 200 feet.

d. Footages

Point locations within a section can also be identified by using the "footages" option, in which
locations are specified as being two given distances ffom the implied section corner within the
specified section.   Footages are two (orth6gonal) distances that apply from a specified or implied
section comer.   Footages are used as a pirate might describe the path to buried treasure:   "walk
1,200 feet north and 2,OcO feet west. staring from the southeast corner."   The footage method of
specifying locations within a selected section has been used for a long time, and is used today in
Kansas by oil companies and others working in the field.   Application techniques for footages
may have been sufficiently well defined for state surveys (White, c.1982), but they are not well-
defined for LEO 11.   With no clear resolution of the issues involved, LEO 11 was forced to make
some simplifying assumptions.   These assumptions do not presume any uniformity in the size or
shape of Kansas sections.   One survey of Kansas sections (Collins and Wong,  1991) showed that
real world deviation from original LEO assumptions is extensive, thus complicating the process
of applying footages accurately.   The LEO 11 conversion routine models the section geometry by
prQjecting the comers of the quadrilateral to approximate the lengths of the section sides.

The footages option can be used in either batch or interactive mode of the conversion program.
Of the two footage values given as part of a legal description to be converted, one represents a
distance, in feet on the ground. that is either north or south.   The other footage value represents
a distance in feet on the ground that is either east or west.   Both footages are specified as single
whole numbers (integers) which may be.positive or negative.   The sin of each footase implies
the direction in which the footage is to be applied.   One value represents a north footage (to the
north from the south) when it is positive, and a south footage (in absolute value) when negative.

This is the "north-south" footage.   The "east-west" footage represents an east (from west to east)
footage when positive, and a west footage when negative.   In all cases, the distance used when
the footage is applied is the absolute value of the oririnal footage value (the amount without the
sign).   The two footage directions combine to imply the starting section comer.   The possible
combinations of footages are given below, with the implied starting comer for each.   V\Then a +
sign precedes a footage, the distance used is the positive, when a - sign precedes, the (negative)
value is negated.   This is equivalent to using the absolute value of the footage.
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FOOTAGE DIRECTION  &  START CORNER

NORTH-SOUTH FOOTAGE
+ FTNS > 0    (to North)
+ENS>0   (toN)
- FTNS < 0   (to South)
- FTNS < 0    (to S)

EAST-WEST FOOTAGE             STARTING CORNER
+ FTEW > 0  (to East)
- FTEW < 0  (to West)

+ FThw > 0  (to E)
- FTEW < 0  (to W)

SW
SE
NW
NI

4. REFERENCE CONVERSION

The main purpose of I.EO 11 is to convert point locations in Kansas that are expressed in either
legal or gcographic reference into the equivalent location in the other reference, and to do so as
accurately as possible for as much of Kansas as possible.   In order to make conversions, there
must be mechanisms that can recognize location descriptions in either system and associate each
location with a unique set of coordinates in the other system.   Convening points between some
reference systems can be accomplished by direct application of a set of mathematical functions,
which map any lceation from either system into its equivalent lceation in the other.

Because the legal reference system is based on the PLSS, locations are not expressible in any
mathematically continuous functions.   And, legal locations can not be described systematically
with acceptable accuracy.   The best and only possibility for conversion between the legal and
geographic reference systems was to find or consmict a set of locations for which coordinates
are known in both systems of reference.   Then, any point location in one reference system could
be approximated with a high degree of accuracy by using the appropriate neighboring points to
estimate the desired location through interpolation.   The accuracy of such a conversion process
would be controlled in large part by the accuracy of the original set of "control points".

The capability to perform conversions between legal and geographic reference in Kansas became
possible once the complete set of section comers (all township comers are also section comers)
for Kansas had been digitized from the USGS 7.5'  topographic,  "quadrangle" maps for the KCD
project at the KGS.   Through a complicated sequence of specialty programs, the comer locations
were extracted from the KCD databases; analyzed to find inherent, spatial characteristics;  sorted
vertically, and horizontally within recognized rows; and analyzed again to generate the first IEO
spatially organiaed database.   A number of structural changes and location updates were made to
the original database to create the more valuable I.EO 11 database.   Using it, I.EO 11 can obtain
the geographic coordinates of the comers of any section and use them to locate precisely points
or areas within the section.

LEo n cONVERsloNs

LEGALREF.   << ------ <<    "GTOL"    << ------ <<       GEOGRAPHICREF.
(Tsmp,RNGE,sEor..)   >> ------ >>     "LTOG"     >> ------  >>        (LONGrruDE,LATrruDE)
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PROJCT CONVERSIONS

GEOGRAPHIC REF.              >> --->>      "PROJECT"    >>-~ -->>    PROJECTED REF.
<<---<< "DEPROJECT" << ---- <<      (X,Y ATMAP SCALE)

C. THE LEO 11 DATABASE

The I.EO 11 system utilizes a "spatial" database, which resides in the "LE02BASE" file and is
about one megabyte (1MB) in size.   It is a spatial database, because it contains a set of section
comer locations in geographic reference (longitude, latitude), which are organized so that each
section comer location (and those of its neighbors) may be accessed directly, given the legal
description for the comer.   The LEO'II database is the key to reference conversion, because it
represents a discrete mapping between the legal descriptions and geographic coordinates for a
large set of discrete points that covers Kansas.   Given a complete set of (reasonably) accurate
geographic locations of all Kansas section comers, it is feasible to approximate the geographic
location of any point, defined in legal reference, .by applying simple geometry and trigonometry
to the lceations of the four comers of the section containing the point or area to be converted.

1. KCD SECTION CORNERS

In  1972, digitizing began at the KGS on the "KDB" project, now called the Kansas Cartographic
Database (KCD).   The KCD is not a single database of cartographic infomation, but a collection
of more than two thousand separate databases, each of which contains cartographic information
from a "county patch."   A county patch is defined as the intersection of a USGS 7.5' quadrangle
map and a single county, and is represented in the KCD by a unique map database.   Quadrangle
maps in Kansas usually have from one to four contiguous areas that are bounded by county lines
and the quad map edge - the county patches.   Hence, there may be one to four distinct databases
representing data digitized from a single USGS quadrangle map.   The cartographic infomation
in each county patch database was originally digitized from the corresponding USGS quadrangle
paper map, rather than the more stable mylar maps, by students at the KGS.

Initial digitizing (by the research staff) began with a pilot project to produce a color-proof map
of the geology of the Lawrence East, Kansas quadrangle, followed by the geologic contacts for
the Geologic Map of the Lawrence West, Kansas quadrangle, beginning in  1979.   In both cases,
the digitizing included basic features for the initial county patch cartographic databases forming
the KCD, as well as the geologic contacts.   The KCD features were digitized from a set of large-
scale. topographic maps published by the U.S. Geological Survey.   This was convenient not only
because they are the most comprehensive and accurate source of map data for the state, but the
reference system inherent in them made them easy to manipulate.   The four comers of each map
are known in both geographic reference and projected reference, as soon as they are digitized.

The USGS 7.5' quadrangle maps, at a scale of 1:24,OcO, were the primary source of data for
construction of the endue KCD and some related projects.   The USGS maps, which completely
cover Kansas at a scale of 1:24,OcO, were the highest quality source of cartographic information
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available for Kansas.   From these maps. operators accurately digitized the locations of all section
comers, producing pairs of projected coordinates in "digital" (computer) form for inclusion in the
KCD.   The 80,000+ section comer locations were represented as Cartesian coordinates in inches
on a map, based on the projection of the map.   That information, encoded in each map database,
guided the convertion to geographic reference .through "deprojection," the inverse of projection.

Extension, expansion, updating, editing and selective redieval of data (for production of geologic
maps and digital data sets) of the county patch databases in the KCD has continued after more
than twelve years.   The building, editing and use of KCD map data requires the use of the KGS
automated cartography system, GIMMAP (Geodata Automated Management Map Analysis and
Ploduction).   The KCD databases contain hydrology, highways, county seats, railroads and other
featues, in addition to the original township and range lines and section comers.   The statewide
cartographic information of the KCD and the GIMMAP automated cartography software support
publication-quality mapping and electronic trans.fer of geologic data for government and private
agencies throughout the state, just as they supported construction of the LEO database.

The student operators at the KGS used the GIMMAP system to capture or "digitize" high-quality
USGS map data and process it through the procedures (and programs) of GIMMAP, culminating
in clean, topologically structured, graphically corrected databases.   The set of processed data in
the cartographic databases becomes the data store for production of "publication-quality" maps.

Using GIMMAP software, KGS  students built and edited about 2,4cO topologically structured,
(county patch) cartographic databases from the maps they digitized.   Other (supervisory) staff
used other parts of GIMMAP to derive secondary databases by selecting and retheving features
from a set of primary, KCD databases and merging selected map features via "reprojection," to a
common system of reference.   The result of these efforts might be a cartographic database for a
county, the state of Kansas, or some other "project area".   The resulting, "project database" was
then used to annotate, update, display, analyze, select, and compile data for various purposes,
including:   the transfer of valuable map data to other agencies; creation of customized research
maps for talks and papers; and production of highquality, color maps for sale or distribution.

2. DATABASE CONSTRUCTION

The I-EO H spatial database is called "LE02BASE," and resides in a disk file of the same name.
LE02BASE originally was constructed from the KCD data in  1985, in a process that involved
several steps.   The first step was to extract all section comer locations from the 2,OcO+ (KCD)
cartographic databases that cover Kansas.   Section comers were extracted on the basis of their
unique feature codes, the four-digit numbers assigned to distinguish feature types (Ross,  1988b).
The resulting set contained about 90,OcO locations, more than expected.   Probably, this was due
to extra comers on correction lines and to the duplication of comers on county lines, one copy to
each county patch.   In this process, comer locations were deprojected to longitude and latitude
(geographic) coordinates, using the map projection and deprojection routines from the PROJCT
library, a part of the GIMMAP system.   The extracted comer locations were doubly sorted, by
latitude, and then longitude within rows to determine spatial relationships.
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Successful construction of the LEO 11 database depended on the completeness and quality of the
section comer locations, which were taken from the KCD.   The database construction software
relied on previous analysis of the spatial nature of the legal system to sort comer lceations, first
into horizontal bands of approximately equal latitude.   Next, they were sorted within bands, by
longitude, making their order in the file .reflect their east-west relationships on the ground.

The result of this double sort was a single file containing 200+ rows of Kansas section comer
locations in geographic reference, ordered from north to south, in bands of latitude.   The section
comer locations were ordered from west to east within each artificially recogniaed row.   Using
this structure, a series of complex analysis programs extracted the appropriate locations of the
section comers of Kansas for the LEO 11 database.   A series of specialized programs determined
which sections shared a common comer location, which was added in geographic reference, to
the appropriate record in the LEO 11 database, point by point, section by section.

When the LEO 11 database was constructed, the true complexity of the supposed "grid" used in
the legal system was unknown.   In the typical model, all sections were a mile square and fitted
together neatly, with only a handful of  known. systematic offsets in some places.   This was the
working paradigm used during the construction of the LEO 11 database.   Because the true nature
of anomalous sections scattered about the state was not discovered until much later, a significant
number of errors, generally involving incomect assignment of comer locations to sections, were
incorporated in the construction of the original IJ30 11 database.

Additional errors in recognizing correct section comer locations were caused by faulty analysis
algorithms.   Errors also arose from mistaken intelpretations of PLSS features on maps prior to
their initial digitization.   A common example of this was the confusion between section lines and
old boundaries of Indian lands.   Some of the errors identified in this documentation have already
been comected in the latest version of the database.   Some grid anomalies, involving incomplete
or nonstandard sections, have been marked in their section flag values to prevent any attempt at
reference conversion.   A distinct set of problem areas await research, software, modifications of
the database, and resolutions to the problems of internal specification for nonstandard sections.
When these are resolved, the entire state will be open to reference conversion.

3. CONTENT AND STRUCTURE

The IEO 11 database contains one record for each township in Kansas and some extra (filler)
records to simplify the mapping from township designation to record in the database.   Kansas
townships form an approxinate grid, with thirty-five (township) rows from north to south and
sixty-eight (range) columns from west to east.   Actually, a grid with 35 rows and 68 columns
would overlap areas outside of the state, especially in the northeast, where the Missouri river is
the state boundary.   Detemining the record number of the database record that contains comer
locations for a particular township, requires only a simple function of the township and range
numbers.   Accessing section comers in that record is a simple function of the section number.
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For most of this township grid, the information associated with a single township, comprising
the 49 section comer lceations in logitude and latitude, in a fixed order, and "flags," which are
single values that indicate the type or state of the township or section.   In each township record,
there is one township flag and 36 section flags, one for each possible section.   Generally, these
flags indicate where section comer infomation is missing (or perhaps, never existed).   For every
township, there is a township record, but not all township records conespond to real townships.
The grid of 35 rows and 68 columns provides a place for each township, and the regularity of
the grid provides for easy calculation of record numbers, given the township and range numbers.
But, to cover the townships in a regular fashion, the grid must overlap areas outside the state.

Usually, the flag values and comer lceations of a township are stored in a single, unique record
in the database, corresponding to the township's position in the grid.   Some database records do
not conespond to any real township, but colTespond to areas inside the grid, but outside of the
state boundary of Kansas.   Records for these areas contain only bookkeeping infomation, kept
in the township flag, but not section flags or comer locations.

Most grid areas lying outside the state are in the northeast, beyond the Missouri River, but some
are in the northwest.   The northernmost row of townships, Tis, extends from range 42W in the
west only to range 20E in the east.   Grid columns to the east of that do not correspond to real
townships.   The tenth row, T10S, begins at range 42W in the west and ends at range 25E in the
east.   All grid elements correspond to actual townships, but range 43W dues not.   South of row
ten, every element in every grid row conesponds to a real townships.   Every column from range
43W in the west to 25E in the east represents an existing Kansas township.   And each township
has a corresponding, unique township record in the database, containing its comer locations and
flag values.   All rows before ten have some areas that correspond to empty township records.

In each full township, the thirty-six sections are defined by a set of 49 section comers, arranged
in an approximately rectangular shape on the Earth's surface.   These comers comprise a grid or
array of seven rows and seven columns.   This seven-by-seven grid is the basis for storage of the
section comers for every unique township record.   LEO 11 arbitrarily numbers the rows in this
grid from one to seven, beginning at the top or northern edge and counting down or south to the
bottom or southern edge of the grid.   Similarly, the columns are numbered from one at the left
or west edge to seven at the right or east edge.   The first row comprises the section comers on
the northern edge of sections six, five, four, three, two, and one.   The second row comprises the
comers on the southern edge of the same sections, and comers of the northern edge of sections
seven through twelve (from west to east).   Columns run from one on the west side of a section
to seven on the east side.   The complete ordering is shown in chapter Ill, Programming Notes.

4. SECTION AND TOWNSHIP FLAGS

In the original IEO system, the "township records" (sd named because each record contains the
section comer locations for a complete township) comprised only the geographic locations of the
(township and) section comers in the township.   With the subsequent discovery of various kinds
of anomalies in the PLS  0egal)  system in Kansas, it' became necessary to create a mechanism for
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marking and recognizing nonstandard sections, where IEO n can not perfom conversions.   So,
a set of section flags were incorporated into the database.   Each section flag is a single integer
value identifying the status of one of the thirty-six sections in the township.   Most section flags
have a value of zero. indicating a normal or standard section whose boundary can be defined by
the four comer points in the database and, within which, the subdivision and footage application
rules apply.   Other values indicate a nonstandard section, where conversion is undefined.

The main purpose for adding section flags to the LEO 11 database was to identify and mark all
sections in which the standard form of subdivision and other intra-section specifications, such as
footages can not be performed.   A primary example is the existence of sections with fewer than
four defined comers, such as the northeast, where the Missouri River is the state boundary.   In
this area, many sections have partially inegular boundaries where the river is the state boundary.
These sections are bounded by complex polygons, not quadrilaterals.   The section flags for these
sections have a value equal to the negative of the number of missing comers.   The section flag
for a section with three known comers would equal minus one (-1) -there is one missing comer.
A section with one defined comer would have a section flag value of negative three (-3).

More generally, the reason for adding section flags was to have a way to identify and mark the
"nonstandard sections", those areas in which standard subdivision and other specifications can

not be used.   The incomplete sections, those with fewer than four defined comers, are but one
example of this phenomenon.   Some other examples include sections that are:

(1) defined by six comers because they bend at the quarter-comers, apparently due to
deliberate corrections at the local level;

(2) defined by five comers where multiple locations exist for a single comer, in turn,
because survey lines did not meet;

(3) divided or distorted by a barrier (a hydrologic feature or government or private lands
that were excluded from the PLS system) and which are all bounded by complex
polygons comprising five or more.points to define; and

(4) bounded by a five-point polygon resulting from the creation of a local conection line
within the township, which resulted in non-matching lines that created multiple comers.

5. ACCURACY AND PRECISION

Several factors affect the accuracy of locations in the KCD and LEO 11 databases.   More than
80,000 Section comers in Kansas were digitized for the KCD.   These were captured from USGS
7.5'  (paper) topographic maps, which cover Kansas at a scale of 1:24,OcO.   Although paper is
not a stable medium and dces contribute to errors, these topographic maps were (and still are)
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considered the best available source of cartographic data for Kansas7, and tests by the USGS on
data digitized (for the KCD) from their paper maps showed a high degree of accuracy.

There are places where LEO 11 will not attempt a conversion, but for the whole of the state of
Kansas, where IJEO 11 does do conversion, the result generally is as accurate as any traditional
source of such infomation.   Obviously, the newer satellite technology (GPS) produces the most
accurate results in today's environment.   But using GPS technology requires putting a person in
the field for every conversion.   The principle factor in the accuracy of the LEO 11 conversions is
the verified, high accuracy of the section comer locations, which were taken from the KCD.

In IHO n, sections can be subdivided into quarters or halves as many as four successive times.
If all four levels are used, the final geographic location is calculated from a sub area of 330 feet
square.   If the legal location has been refined using the closest point option in the "target area,"
(the closest of nine different gcohetrically defined points) the maximum error may be reduced to
100 feet or less.   The Global Positioning Satellite (GPS) network could produce higher accuracy,
but a pg=§gp would be required to locate section comers.   The importance of the GPS system to
the future of geographic location has been compared (Wilford,  1981) to the invention, by John
Harrison of an accurate clack (1735), forerunner of the marine chronometer, which in turn, made
it possible to determine longitude at sea within a half-degree.

The accuracy of the LEO 11 database could be improved with a comprehensive program to check
and correct comer locations.   This has not been done to date, because of the lack of funding and
personnel.   There may be other sources, such as the U.S. Geological Survey, who will provide
superior data that can be incorporated in LEO 11.

D. THE LEO 11 SOFTWARE

LEO 11 is the second generation of a software system developed at the KGS to convert location
references accurately between legal descriptions (township, range, section .  .  ) and equivalent
geographic coordinates (longitude & latitude) for points in Kansas.   Written in FORTRAN 77
for the PC environment, the IEO 11 system consists of two programs and a medium-sized (1MB)
database (IE02BASE) of section comer lceations in geographic reference.   The LEO 11 system
grew out of the original LEO software and database, which was developed in  1985 at the KGS.
LEO 11 represents  significant changes in the content of the database, attendant modifications to
the software, and a number of useful extensions to the conversion capabilities of the software.
The original LEO 11 system was built and designed for the Data General minicomputer at the

7 Digitizing for the KCD began in 1981., using paper maps that were available because the KGS

was a vendor of USGS products.   Much later, around  1990, after testing the quality of the KCD data
against their own (unattainable) standards, the USGS offered a contract for KGS to map data from the
mylar (stable-base) maps they would provide.   In 1981. they wanted about $50 each for the maps.   If
they had offered free maps then, both would have been the richer.   Ironicauy, our tests showed that
the mylar maps were not par(icularly better than the paper ones, and also had comparable problems
passing the USGS standards.
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KGS.   The new version of LEO 11 will not be suooorted on the minicomputer:, it is exclusively
designed for and maintained on the PC, with or without a math coprocessor.

1. CONVERSION AND QUERY PROGRAMS

The principal RE0 11 program, called I.E02PC ("lee oh - two - pee cee"), will convert locations
in legal definitions or geographic coordinates into the equivalent lceation in the other system of
reference.   LE02PC is a reference conversion program for people who have files of data in
which additional information is associated with locations in Kansas, or people who create files of
data with locations in Kansas, referenced in legal or geographic reference.   Given a point or area
within a specified section and township, IE02PC will try to determine the longitude and latitude
conesponding (equivalent) to the legal location.   Within the section, points or areas are specified
more precisely using various methods, such as subdivision and footages.

The conversion program converts locations from legal to gcographic or from geographic to legal
reference (the latter is a much less commonly used option).   When the user has only a few point
locations to convert, the LE02PC program can. operate in "interactive" mode.   In this case. users
must supply the input location coordinates by typing them at the keyboard, in direct response to
on-screen prompts by the program.   The equivalent locations, converted to the "other" reference
system, are reported immediately and directly to the user, on the terminal screen.   In interactive
mode, the user can access the entire set of conversion capabilities of LEO 11.   This is not true in
the non-interactive or "batch" mode of IE02PC, unless the user has some programming support
to modify the software.   Onlv bv modifying software can users access the "extended" functions
and options outlined below.

The spatial database, LE02BASE, containing the locations of all Kansas section and township
comers in gcographic reference is of fundamental important to LE02PC.   As described above,
these locations were originany digitized as part of the Kansas Cartographic Database, comprising
a set in excess of two thousand (GIMMAP) map databases containing cartographic information
across Kansas.   The KCD has been created and maintained at the KGS.   Section comer locations
for the KCD were captured in prQjected reference through digitization of USGS source maps and
converted to geographic coordinates ®y PROJcr software) for storage in the LEO 11 database.

In the LEO 11 system, there is a second program, called IE02Q, that allows the user to examine
section conier locations and township and section flag values in the database.   With the LE02Q
program, it is possible to modify any of these values, if it becomes necessary.   This program is
of limited value to anyone other than those with programming support.   On occasion, it may be
necessary to learn the gcographic lceation of a section corner, but modifications are almost never
made.   Necessary corrections will be made by the KGS, on a master database, which would then
be copied and distributed.   All errors found in RE02BASE should be reported to the KGS.
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2. FUNCTIONS AND EXTENDED OPTIONS

The basic functions of the LEO 11 system are to convert point lceations from legal to geographic
reference and vice-versa, whether the data are entered at the terminal or read from a disk file.
The full capabilities of the system are normally available only in interactive mode, but extended
functions are available to progranming users.   In batch mode, only a subset of the functions and
options is normally available.   In batch mode, data must comply with standard formats for legal
or geographic coordinates and specification of program options (standard formats are defined in
the program operation section).   The listed functions are available in batch or interactive mode.

a. LEO 11 Principal Functions

1. convert a legal description with half-or quarter-area subdivisions and an optional
closest point into geographic reference, longitude and latitude in decimal degrees

2. convert a legal description with east-west and north-south footages into geographic
reference, in decimal degrees of longitude and latitude

3. convert a location in geographic reference (decimal degrees) into full legal description
with four levels of quarter-area (nw, sw, se, ne) subdivision and closest point indicator

In interactive mode, the user has access to the full range of capabilities of the LE02PC program.
In addition to those functions available to non-programming, batch users (see previous list), the
interactive user and the batch user who has access to some FORTRAN programming expertise
may use the extended options and functions listed:

b. LEO 11 Extended Options

1. convert any type of legal description and receive the geographic location in degrees,
minutes, and seconds (the "DMS" option) of longitude and latitude

2. provide a legal description of a section and receive the locations of all four comers in
geographic reference, in decimal degrees or DMS

3. provide a legal description of a section and receive the approximate length of the four
sides of the section in feet on the ground

4.  specify a geographic location to be converted to legal description in DMS instead of
decimal degrees
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LEo 11  :  AUTOMATED REFERENCE Cor`IVErsloN IN KANSAs

11.   PROGRAM OPERATION

The IE02PC (reference conversion) program is used to convert between legal and geographic
reference, operating either in batch mode or interactively on a PC.   The second LEO 11 program,
LE02Q (database query), supports examination and modification of the LEO 11 database.   It can
display comer locations for any section, from the IE02BASE database.    IE02Q also allows
the user to change the locations of selected section comers in the database.   Although the ability
to modify comer locations is essential, the need for doing so arises infrequently.   When and if,
changes become necessary, IE02Q can display the original section comer locations, which can
be changed directly and immediately.   The LE02Q program is intended for use by programmers
to maintain and update the LEO 11 database.   Operation of the LE02Q program is described in
the "PTogramming Notes" chapter.   The cunent chapter concerns the operation of the LE02PC
reference conversion program

A. REFERENCE CONVERSION

The IE02PC program comprises four routines, a control routine (MAIN or LE02PC), which
interacts with the user, opens and closes.files, reads input lceations,  sends input locations to the
conversion routine, receives converted locations and outputs the converted locations.   LE02CVT,
the conversion routine, is by far the largest8.   Its function is to reeeive a lceation in geographic
or legal reference, convert it to the other reference system, and return the converted coordinates
to the control routine.   If error conditions occur, LE02CVT will note the type of error and return
a status value that identifies the error.   To do this, it must have access to the comer lceations for
all Kansas sections, which are in the database.   For some conversion functions, LE02CVT must
use I.E02SETP and LE02PRO to initialize polyconic map projection and to project geographic
locations into a preset projected reference system, to approximate section side lengths.

1. OVERVIEW

The main function of the conversion program is to convert point locations from one system of
reference (legal or geographic) into another, producing appropriate coordinates in the "output"
reference system that represent the (approximately) identical lceation as that represented by the
coordinates of the "input" reference system.   In addition to its principal reference conversion
function, the LE02PC program performs two other, related functions:   (1) retLrm the locations, in
geographic reference, of the four comers of any section, and (2) return the approximate lengths,

The size of a program or routine can be measured by the length, in characters, of the source file,
or the amount of memory allocated for execution.   LE02CVT greatly exceeds the other routines in the
conversion program in both categories.
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measured in feet on the ground, of the four sides of any selected section.   Both of these options,
and optional forms for input and ouput data, are available only in extended operations, which
require program changes.   In interactive mode, geographic locations may be expressed in an
alternate form.   The standard is decimal degrees,   real numbers representing whole and fractional
degrees.   The alternate form is DMS (degrees, minutes, seconds), in which two integer values
represent degrees and minutes, and a third I?al value represents whole and fractional seconds.
This option requires program modification.

2. MODES OF OPERATION

The conversion program can be run (executed) in two ways.   When only one, or a few point
locations are to be converted, the program can operate in "interactive" mode, in which users can
enter input locations at the keyboard of the terminal and receive output locations on the screen
of the terminal.   When many locations are to be converted, the user must create a file of input
lceations on the disk and specify the nanre of a second file for the output lceations.   The input
file contains the input location coordinates, w.hich follow the specific, fixed form of input for
LE02PC.   This form of operation is "batch mode," which is the usual fom for operating the
conversion program when many locations, stored in disk files, are to be converted.

In batch mode, interaction with the user is limited to providing fundamental infomation, at the
beginning of the operation.   All input to LE02PC must follow the required and optional forms,
as presented in the introductory material, for defining locations in legal or geographic reference.
The complete fom for input data is fixed in batch mode, but not in interactive operation.   Batch
input locations are described in a disk file according to a fixed format, and the output lceation
coordinates are written to a second disk file, also according to a fixed format.

In interactive mode, the user enters all information required for each conversion, one conversion
at a time.   The format for input coordinates is essentially "free form."   The program prompts the
user for operational choices and input coordinates, and checks each part on the fly.   The user is
prompted for all parts of the input coordinates in interactive mode.   In batch mode, these values
exist in the input file; only the file 'names, the data source (legal or geographic), and operational
choices must be entered.   In interactive mode, ouput coordinates are given directly to the user.

In the input file for batch mode, the precise location (in the file) of each part of legal definitions
or geographic locations, as well as the content, magnitude, and type of each location part; and
the operational choices must fit within acceptable ranges or the conversion will not be performed
successfully.   Values entered in interactive mode are not checked for error to provide realistic
output.   The fixed batch input and output formats, which can be changed by a programmer, are
described in Chapter Ill, Programming Notes.

3. INITIAL CHOICES

Depending on the mode, the user must set values for appropriate options that control operation
of the conversion program.   In interactive mode, the options can be reset at any time.   In batch
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mode, they are fixed for each separate run.   The user first selects the mode of operation, either
"disk files," which is  "batch mode" or interactive mode.   The program prompts the user to enter

the appropriate number for the desired mode.   In either mode, the user must identify the input or
"source" reference system Oegal or geographic), by. setting a value in each batch input record or

entering the value at the interactive prompt.   Output reference is the opposite of the source.

Next, the conversion program, operating in either mode, opens the IEO 11 database and checks
for the presence of version infomation.   The date of the current version of the database is stored
(although not in earlier versions of LEO or IEO 11) in an otherwise unused part of the database.
LE02PC will only operate with the current version of the database, which is included with the
current version of the software.   If an.error occurs in this checking process, the user may have to
replace the database with the current version.   One other unusual event may occur in opening the
database.   When the version date first was plated in the LEO 11 database, the year was stored as
a (negative) four-digit number.   This resulted in unforeseen errors of small consequence, because
LEO 11 programs that check, expect the flag values to be three digits at most, plus a minus sign,
if one is present.   The current version of the software checks for and corrects this condition.

After the database is opened, processing in interactive mode consists of defining a location in
legal or geographic coordinates and viewing the output coordinates and the value of the status
indicator, which indicates either a successful conversion or a specific error number.   The user
may convert any number of locations, exit, or reverse the conversion direction, at any time.

Once the database is opened in batch mode, the user is prompted for the name of the input data
file, which is a complete pathname usually starting at the root of the working drive.   Since the
conversion operations occur from disk to disk and the user normally has no view of that process
in action, the user can select to have the input data "echced" at the terminal screen (=1) or not
(sO).   The program then prompts the user for the complete pathname of the output file for the
converted locations.   The user may wish to append (=1) or omit (sO) the status values (success
or failure) and nonstandard section indicator values (some failures occur in sections that do not
conform to the IEO 11 paradigm and are excluded from conversion) to each output record.   The
meaning of status and nonstandard section values are given in the introductory section.

4. INTERACTIVE CONVERSION

There are three parts to reference conversion using the interactive mode of LE02PC.   First, is to
define the operating conditions; second is to define the input location coordinates according to
LEO 11 rules; and third, is to view the results on the terminal screen.   The first part has already
been described.   The definition of input locations is described here in separate parts for legal and
geographic lceations.   This section covers the process of communicating location information.
The meaning of legal and geographic location information is covered in the introductory chapter.
Following the description of communicating input coordinates, is an explanation of the values
that are output to the user's terminal screen.

In the simulated dialogs used in this section, the user-program interface is defined by example.
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In the context of these dialogs, enries in     SMALL CAPS A^/D JrAL/C        represent prompts, or
ouq]ut from a program, while those in                       BOLD CAPS
are used for operator enthes, which are only shown for unanbiguous choices.

When the user enters a response, as indicated by the bold caps, it is assumed that the response is
followed by a "newline,"  "carriage return,"  "enter," or equivalent character to signal the end of
input to the computer.   These characters do not appear 'in the dialogs.

[ Comments and explanations are in brackets ] ,.... and "/"  separates options:  "0/4" is  "0 or 4."

OPERATING THE LE02PC PROGRAM

To start the LE02PC conversion program from the DOS prompt, the operator types

LE02PC

ENTER MODE   0  --  INTERAICTIVE,   1  --  DISK FILES?       0

[ Enter 0 for interactive mode ("Disk files" means batch). ]

CONVERTING LEGAL COORI)INAThs

In interactive mode, the user is prompted for all input and enters simple free-fomat values.

DA:TA  SOURCE  OPTIONS

1    --   LEGAL   (TO  IAIILONG)
2    --   LXT/LONG   (TO  LEGAL)

sELEcrsouRCEORENTERo   --STop?      1

[ Enter  1  for Legal souree data. ]

ENTER THE TOwNSHlp  NUMBER?       Tr

[ An integer (1-35), see introductory information above. ]

ENTER THE  RANGE NUMBER?       F[R

[ An integer (1-43 West or 1-25 East), see introductory infomation, above. ]
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ENTER E(Asr) oR w(EST)?      FIN

[ A small or capital 'E' or 'W', identifying the range direction. I

ENTER  SECTION  NUMBER?       SS

[ An integer (1-36), as defined above.]

•2    --   SI`OP PROGRAM
-1    --   SEIECT A sEarloN  OR RESET AIL OpTIONs

014    --   SuBDIVIDE To CENIER OR cLOSEsr  POINT
115    --   sELEcr SEcrloNITowNSHlp  CoRNER oR MIDpolNT
216   --   Apply  FOOTAIGEs FROM sEarloN  CORNER
317    --    RE:I`URN  LOCATIONS  OF  SECTION  CORNERS
ENTER OPTION  NUMBER (-2 T07)?       0

[ Selection of the OPTION value determines the process which is followed.   From here,
the user can branch to any of the possible operations.   The program can be stopped with
option -2.   All options can be reset (option -1), including mode and source, or the section
flag value and comer locations for a section, selected by number, can be displayed.   The
selected section can be subdivided one to four times (options 0 or 4), and the closest of
nine standard points may be selected to make the lceation more precise.   Footages may
be applied from a section comer (options 2 or 6), or all four section comer locations can
be retrieved (options 3 or 7).   When OFTION > 3, longitudes and latitudes are each three
real values, whole degrees and minutes, and decimal (whole and fractional) seconds.   If
OPTION <   4, each is one real value for decimal degrees.   If footages (option 2 or 6) are
zero, the program calculates approximate side lengths, in feet.   After each conversion is
completed successfully or not, program control returns to this selection of options.   The
user can continue with same section or enter -1 to change to a new area. ]

ENTER CLoSEST POINI spEclFICA;TloN (COENR)?      CP                | * Only for orfuons o,1, 4, 5* l

[ For options 0/4 and 1/5.   When the target area is the section or subarea of the section,
the location may be made more precise by selection of a closest point.   There are nine
natural options for the closest point - the four comers, the four side midpoints, and the
(default) center of the area.   These are specified by obvious two-letter identifiers: NW,
NE, SW, SE, Nx, Sx, Wx, Ex, and Cx (or xx), where x = blank. ]

FOOTAGES  =  0, 0  FOR  SECTION  SIDE LENGTHS
EJvrER FOOTAGE -NS, FOorAGE -EW?      FTNS FTEW               [ * Only for options 2 and 6 * ]
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[ For options 2 and 6, two real values are entered for the "north-south" footage (FINS)
and the "east-west" footage (FIEW).   A  `north-south footage is applied to the north when
it is positive and to the south (in absolute value) if it is negative.   An east-west footage is
applied to the east when positive and west (in absolute value) if it is negative.   ]

CoNVERsldN 0uTpur

When options and location coordinates are specified, the program calls the conversion routine to
attempt the conversion and displays the results of the operation on the teminal screen.   The first
thing displayed after each conversion is the status value, distinguishing successes from failures.
Enors are identified by a status value.   The program also displays the value of the "nonstandard
section" indicator, which tells if the failure accuned in a nonstandard section.   The remainder of
program output after conversion of a legal location is the equivalent gcographic coordinates, the
longitude and latitude.   This is the case for options 0/4,  1/5, and 2/6 (except for the side lengths
option) with output in decimal degrees for options 0-2, and in DMS for options 4-6.

STA:TUS   --   X            NONSTD   --   Y

I A status value (X) of 1 indicates success.   All errors result in a negative status value.
Status values are defined in Appendix A.   The nonstandard section indicator value (Y) is
set to  1  if the failed conversion was in a nonstandard section, and 0 otherwise.   This part
of the output cecurs for LE02PC conversions, but is not shown with other examples. ]

When both footages are zero for options 2 and 6, the prograni finds approximate lengths of the
section sides, in feet on the ground.   Nomally, this option is not available in batch mode, unless
modifications are made to the prograni, as in the Extended functions.   When the side lengths are
selected, the ouq]ut is displayed as shown:

I,N      (LENGTH  OF  NORTH  SIDE)

I;W     (ITNGTH  OF WEST  SIDE) LE      (LENCITH  OF  BAIT  SIDE)

IS     (LENGTH  OF  SOUI.H  SIDE)

If the north side of the section is approximately 5,122 feet, and the west side is approximately
5,284 feet, and so on.  . .   The output from the program might be:

5122

5284
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Section comer locations are illustrated in spatial order as on the ground.   The converted lceation
is shown in the center:

IJON, LAI   (NI)

ION, IAT     (SW)

I.ON, IAT (CVT)

I.ON, LAI     (NE)

LON, IAT     (SE)

The geographic coordinates can be returned for all of these options in either of two forms, the
default "decimal degrees" form or the optional DMS fom.   With DMS, degrees, minutes, and
seconds are kept separately, but with decimal degrees, minutes and seconds are converted to
fractions of degrees and combined with the whole degrees.   When decimal degrees are used, all
returned locations are represented as two real numbers, the longitude and latitude.   With DMS,
longitude and latitude are both given as three numbers:   degrees, minutes, and seconds.

CONVERTING GEOGRAPHIC  COORDINA"S

To convert from Geographic to Legal reference, select the second (1avlon) option for the source:

DATA SOURCE  OPTIONS

1    =    LEGAL   (TO  LATILONG)
2   --   IAIIIJJNG   (TO LEGAI.)

sElmsouRCEORENIERo   -_   FTOp?      2

[ Enter 2 for Geographic source data. ]

Entering coordinates for locations in geographic reference is preceded by the selection of the
form for the input geographic coordinates as either decimal degrees or DMS.

1  --  DEG  -  MIN  -  SEC     0  --  DECIMAL DEGREES
ENTER OPTION   (~1  --  RESET  OPTIONS)  ?      T"S

[ Selecting 0 or  1  sets the form of the geographic coordinates in the output.   When -1  is
entered, control will return to the beginning and allow the user to reset all options. ]

ENTER LOIVGJTt/DE D, M, S?      < Ion:   deg min sec >                    [ Only when form is  1.  ]

[ For the DMS option, enter whole degrees from 0 to  179, whole minutes from 0 to 59,
and whole and fractional seconds, from 0.0 to 59.999 - Kansas limits for DMS values are
given in the introductory section.   Do not use negative sins for lonritudes. ]
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Erv7EJt IAr7Tt/DE   D, M, S?      < ]at:   deg min see >                      [ Only when form is  1. ]

[ As for the longitude, enter degrees, minutes and seconds for the latitude.   ]

ENTER LONGITUDE, IAIITUDE?       <\On>   <\at> [ Only when fom is 0. ]

[ For decimal degrees, enter real numbers, within Kansas limits.   + or - longitude. ]

CONVERSION OUTPUT

After the conversion is performed, the program will display the results on the terminal screen.
The status and nonstandard values will be printed. followed by the complete legal description:

STA:TUS    --   XX          NONSTD   --   YY

ToWNSH[P    =   rIT
RANGE    =    RREW
SECTION    --   SS
SUBDIVISIONS    --    SI  S2  S3  S4

[ Four subdivisions and the closest point indicator are set.   The first subdivision, sl,
applies to the section to produce the largest subarea, and s2 is applied to that, and so on.
The last subdivision, s4, produces the target area, in which the closest point selection is
applied.   The four subdivisions are expressed in the standard quarter-area (NW, SE ,... )
subdivision designations. ]

COINER   --   CP

[ The comer or closest point option is included when the LEO 11 system creates a legal
location.   The closest point value is one of the comers, side midpoints, or center of the
target area, whichever is closest to the location being converted.   The closest point is
specified by a quarter-area designation (NW,NE ,... ).   It is blank (xx) for the center. ]

5. BATCH CONVERSION

As with interactive conversion, there are three parts to reference conversion in the batch mode of
LE02PC.   First, create the ASCII input data file according to LEO 11 rules for content and form;
second, identify the input and output disk files and select the operating conditions in response to
prompts; and third, examine the conversion results by typing, editing, or printing the ouput file.
What the user must understand in order to do the first part has been described.   Definition of the
input locations according to IHO 11 protocol is described next, in separate parts, one for legal
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input and for geographic input.   This section describes the form and content of the LEO 11 input
file, setting the operating conditions, identifying files, and viewing and interpreting the output.

ENTER  MODE   0  =  INTERACTIVE,   1  --  DISK  FILES  ?       1

[ Enter  1 for batch.   "Disk files" means batch. ]

a. Converting Legal Coordinates

In batch mode conversion of legal descriptions to geographic reference, the input records include
a switch to direct conversion program activity.   The conversion program is able to determine the
geographic coordinates of:   (a) the center, side midpoints, or comers of a section or a township;
(b) the center, midpoints, or comers of the "target area," which results from subdivision of the
section, as described previously; or (c) the location that results from the application of footages.
Half- or quarter-area subdivision of a section may be applied zero to four times.   Two footages
are given.   The north-south footage is north when it is   positive and south when negative.   The
other is east when positive and west when negative.

The first step in batch mode conversion is to create the proper input file.   Then the user must
indicate that the conversion source is legal (to geographic), identify the input and output files,
and conversion begins, with ouq)ut to the named file, in the fixed format.

INPUT FORMAT

In batch mode, the user must first create the input file(s).   When converting legal coordinates, all
records in the input file have the salne form and content, but values in each field will differ from
record to record.   The input record for converting legal coordinates has some fields that contain
location information and other fields with blanks for spacing:

xTTXRRXEWxSSxOxslxs2xS3xS4xCPsFTNSsFTEW

Or with the fields grouped and separated:

x  IT  x  RR  x   EW  x   SS   x   0   x  Sl   x  S2   x  S3  x   S4   x   CP  SFTNS   SFTEW

Each "x" in the exaniple record shown here represents a blank position or column.   The actual
spaces in the disolav records shown are not Dart of the data or the si]acing of the record. thev are
included onlv for readabilitv.   The other fields encode the components of the legal definition, in
the usual manner, but with some options or potential variations, as explained next.   Ranges of
acceptable values for each data field in the record are described in the introductory section.   The
fields shown above represent the values that are listed in the following table.
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LEGAL INPUT RECORDS

COLUMN

blank

blank

blank

blank
10' 11     ....

12   .   .   .  blank
13.....

14   .   .   .  blank
15'16....

17    .    .    .  blank
18'19....

20   .   .   . blank
21'22....
23   .   .   . blank
24'25....
26   .   .   . blank
2:J ,2;8   ....

FIELD NAMB

Tr

RR

.EW

.SS

.0

.Sl

.S2

.S3

.S4

.CP

29-33.......SFTNS........

MEANING

Township number

Range number

Range Direction ('E'  or 'W')

Section number

Option number (0-7, as above)

First subdivision, largest area

Second subdiv.  (applied to result of S1)

Third subdivision

Fourth subdivision

Comer = Closest Point (of nine)

North or South (if s = -) footage * s

36-38  .......   SFIEW   ........   East or west (if s = -) footage *  s

An example data record for the legal location:   center of the east half of the northwest quarter of
the southwest quarter of section  15 of township   T22S, R34W:

column x  10                                     1                                     2                                      3
column x  1    1  2 3 4 5  6 7  8 9 0  1  2 3 4 5 6 7  8 9 0  1  2 3 4 5  6 7 8 9 0  1  2 3 4 5 6 7  8

x 2 2 x 3 4x w x  1  5 x  1  x s w x n w x e x x x x x x x x x x x x x x x x x
^^     ^^     ^     ^^      ^     ^^       ^^      ^^

(IT    RR  etv   SS    apt   subl   sub2   sub3)

A second example for the sane township and section, but with footages  (option = 3) of 2,222
feet north (positive, columns 29-33) and  1,234 feet west (negative, columns 34-38) from the
(implied) southeast comer.   When footages are used,  subdivisions are ignored:
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column x  10                                    1                                    2                                     3
column x  1    1  2 3 4 5 6 7  8 9 0  1  2 3 4 5 6 7  8 9 0  1  2 3 4 5  6 7  8 9 0  1  2 3 4 5 6 7  8

x 2 2 x 3 4 xw x  1  5 x 3 x s w x n w x e x x x x x x x x 2 2 2 2 -  1  2 3 4

The records in the input file for legal data will look more like the first example record, because
the conversion program reads these records according to a fixed format.   Each field value must
be in the column(s) indicated in the table.   One record must be created and entered in the input
file for every legal location that is to be converted.   An input file of these records can be created
by manual or automated (computer) means.   Small files can be created with the help of any text
editor or wordprocessor.   Large input data files usually are generated from other data files by
special programs written for that purpose or by utilities such as a database management system
@BMS).

When the input file is ready, the conversion program can be run.   First, the operathg conditions
or options must be selected:

DATA  SOURCE  OPTIONS

1    =    LEGAL   (TO  LA:TILONG)

2   --   IATII.ONG   (TO  LEGAL)
SEIJ±CIT SOURCE OR  ENIERO    --STOP?       1

[ Enter  1  for Legal source data. ]

ENTER  FILENAME  FOR  INPUT  DATA?       <.rmput fiThe >

[ Enter the pathname (from the root directory) of the file containing the input data.   If the
file is in the current working directory, a simple filename is sufficient.  ]

ENTER  1  TO  ECHO  INPITDAIA,0  IFNOT?       <echo>

[ Enter  1  to monitor the progress of a conversion operation, by echoing data from the
input records on the terminal screen.   Otherwise, enter 0.   The echoed data is not written
to the output file. ]

ENTER  FILENAME FOR OuTpuT VALUEs?       < Output fiihe >

[ Enter the pathname (from the root directory) of the file to which the converted lceations
are to be written.   If the file is in the current directory, the filename alone is sufficient. ]

At this point, the IEO 11 database, LE02BASE, is opened and checked for the presence of the
correct release date in the first record, as explained previously.   The prograni expects the LEO 11
database file, LE02BASE, to be in a directory named DATA, which must be located at the root
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of the default drive (for exanxple, d:\DATA).   Then, the program asks if the user wants to have
the (conversion process) status information appended to each ouq>ut record.

ENTER O To  OMIT,  oR  1  To  INCI.UDE THE sTAITuS  AND
NON-STD  SEcl.ION  INDlcA:TOR VAI.uEs?       < stat >

[ Enter 1 to have the conversion status and nonstandard section indicator values added to
each output record.   The possible values for status are listed in Appendix A, but when the
status is  1, if the conversion was successful, and it is negative when an error cecurs.   The
user should check the ouq)ut data for errors and make appropriate corrections.   If there is
an error and the nonstandard section indicator is not 0, the enor resulted from attempting
conversion in   a nonstandard section, as described in the introductory section. To decline
the status option, enter a  1  with the knowledge that errors may go undetected. ]

The conversion process begins and continues until all records have been read from the input file,
their locations converted to geographic reference, and the results written to the output file.   If the
echoing option is on, input records are copied to the screen, so the user can monitor the progress
of the program.   Output records contain geographic locations that are written to another disk file.

The standard IHO 11 fom for the ouput in geographic coordinates is:

colx  10                                                          1
colx  1         12   3   4   5   6   7   8   9   012   3   4   5   6   7   8   9

-10   0   .12   3   4   5   x   3   8   .12   3   4   5

In this exaniple, the longitude is -100.12345 and the latitude is 38.12345.   Five decimal places
are used for longitude and latitude values written to the output file.   Longitudes are written as
negatives (west of the prime meridian) and latitudes are positive (north of the equator) values.
The last digit of the longitude and first digit of the latitude are separated by a blank.   In batch
mode, geographic output can be sent to the output file in the DMS (degrees-minutes-seconds)
fom as one of the extended options.   Access to all extended options requires a programmer to
make minor changes to the program.   This is described in the section on Program Extensions.

With either form of geographic output, the users have the option to have the conversion program
append the status value and the value of the nonstandard section indicator to the output records.
Both values are integers.   The meaning of all possible status and nonstandard section values are
listed in Appendix A.   As mentioned, the status value is  1  for a successful conversion, and it is
negative when an error occurs.   The nonstandard section indicator is usually zero, but is  set to  1
when a conversion fails in a nonstandard section (see introductory section).   With these values
(status = "stat", nonstandard = "ns") appended, the ouq)ut records are eight columns longer:

colx  10                                                         1                                                      2
colx  1         12   3   4   5   6   7   8   9   012   3   4   5   6   7   8   9   012   3   4   5   6   7

-10   0   .12   3   4   5   x   3   8   .12   3   4   5   x   s   t     a   t   x   n   s
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If the conversion is successful, the status value will be  1  and the record may look like:

col x  10                                                          1                                                      2
col I 1      :  :  3  6  .5  €  Z  §  :  3  :  3  3  f  51  g 73  i 95 :  : 2 2 4i#o

If the conversion failed in of a nonstandard section, the status value would be negative (-99) to
identify the specific error type.   The nonstandard indicator value would be nonzero (1), and the
geographic coordinates would not be correct, and should not be used.

col x  10                                                         1                                                      2
colxl        12   3   4   5   6   7   8   9   012   3   4   5   6   7   8   9   012   3   4   5   6   7

-10   0   .12   3   4   5   x   3   8   .12   3   4   5   x   x   -9   9   x   x   1

b. Converting Geographic Coordinates

When the input or source data to a batch operation is in geographic reference. the user creates
the input file, but with a format that is more flexible than for legal input data.   Geographic input
is read by the conversion program in "flee format," meaning that the two values, longitude and
latitude in decimal degrees, can appear in any columns as long as they are separated by one or
more blanks or tabs, and the longitude appears first.   The longitudes may be positive or negative.
All geographic locations are accepted, but only those within Kansas will be converted to legal
reference.   The others result in errors.   An example input record for gcographic data might be:

colx  10                                                                    1
colxl                12   3   4   5   6   7   8   9   012   3   4   5   6   7   8   9

•   10   0   .12   3   4   5   x   3   8   .12   3   4   5

The same values may be entered in many other ways:

colx  10                                                                 1                                                      2
colx  1                 12   3   4   5   6   7   8   9   012   3   4   5   6   7   8   9   012   3   4   5

x   x   1   0   0   .12   3   4   5   x   x   x   x   x   x   3   8   .12   3   4   5

All characters other than the longitude and latitude must be blank.   All digits for longitude and
latitude must be consecutive, including the mandatory decimal point and the optional minus sign.

Given the input file, the conversion program is run and the options are selected:

DA:TA  SOURCE  OPTIONS

1    =    LEGAL   (TO  IJITILONG)
2    --   IATILONG   (TO  LEGAL)

SELECTSOURCEORENTERO    =    STOP?       2

[ Enter 2 for Geographic source data. ]
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ENTER FILENAME  FOR INpuT  DATA?       < input ri+he >

I Enter the pathname (from the root directory) of the file containing the input data.   If the
file is in the current working directory, a simple filename is sufficient. ]

ENTER  1  TO  ECHO  INPUT  DA:TA,0  IF  Nor?       <echo>

[ Enter  1 to monitor the conversion operation, by echoing the input data records on the
terminal screen.   Otherwise, enter 0.   The echced data is not written to the output file. ]

ENTER  FILENAME  FOR OUTPUT VALUES?       < output fiirhe >

[ Enter the pathnane (from the root directory) of the file to which the converted locations
are to be written.   If the file is in the current directory, the filename alone is sufficient. ]

Next, the conversion program opens the LEO 11 database (\DATA\LE02BASE) and verifies the
version of the database by checking the release date in the fust record, as explained previously,
in the introductory chapter.   Next, the program asks the user if the (conversion)  status value and
the nonstandard indicator value should be appended to the output records.

ENTER 0 TO  OMIT,  OR  1  TO  INCI.UDE THE  STATUS  AND
NONSTANDARD  SECTION  INDlcA:TOR VALUEs?       < stat >

[ Enter  1  to have the conversion status and nonstandard section indicator values added to
each output record.   The possible values for the status are shown in Appendix A, but the
status is one (1) when a conversion is successful and negative when an error occurs.   The
user should check all outryut records for errors and make appropriate corrections.   If there
is an error and the nonstandard section indicator is not 0, then the error was attempting to
convert in a nonstandard section, as described in the introductory section. To decline the
status option, enter a  1, knowing that unrecognized errors may exist in the output. ]

The conversion process begins, and continues until all records in the input ffle have been read,
their locations converted to legal reference, and the results written optionally with the status and
nonstandard section indicator values to the output file.   If echoing was selected, each data record
is copied to the screen, allowing the user to monitor the progress.   Each output record contains a
location converted to legal reference, in one of two fixed forms:

x   TT   x  RR   x   D   x   SS   x   0   x   Sl   x   S2   x   S3   x   S4   x   CP

without the status and nonstandard indicator, or with them:
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x   TT   x   RR  x   D   x   SS   x   0   x  Sl   x   S2   x   S3   x   S4   x   CP  x   S   T   S   x   N   S

The form of these records is almost identical to the fomat for legal input in batch, except that
these records do not have footages, and the second form returns status and nonstandard indicator
values (represented by variables  'STS'  and 'NS').   Footages are not generated by the conversion
progran in this operation, because the labor of prograrnming such an operation is greater than
the value of the result, at this time.   The user could generate them from the information provided
or could use the system and this information to produce them indirectly.

This concludes the text for operation of the LE02PC reference conversion program.   The only
other program that can be operated in the LEO 11 system is the LE02Q (Query) program, which
generally, is resdicted to use by programmers or system managers.   It can be used easily by any
operator to locate quickly any section comer in geographic coordinates.   Because of this useful
function, its operation is discussed in brief.

8. DATABASE QUERY

The IE02Q program is used to examine the comer lceations of specified sections, with the
option to modify these locations.   In the process, the program also displays the township and
section flags, values stored in each township record to identify partial and other nonstandard
sections and townships with less than 36 section comer locations.   Operation of the LEO 11
query program is described next.

As before, computer prompts and output are shown in        /7:AI/C, SMAEL CAPJrAL LE7TEJis.

Entries by the operator are typed in              UPPER CASE BOLD,

and comments or explanations are written within    [ square brackets ].

The query program (LE02Q) is a quick and easy way to locate section comers in geographic
coordinates (longitude, latitude), by identifying a township and section, using legal coordinates
as prompted.   The query program operates only in interactive mode, not in batch.   The query
program can also be used to modify the content of the LEO 11 database, in \DATAUE02BASE,
but this is operation not recommended for anyone other than systems staff, and then, only in rare
instances.   KGS updates of the database should make this unnecessary.

ENTER  I  FOR  MODIFY  MODE,0  FOR  QUERT  ONI;I?       0

[ Enter 0 to examine section comer locations without modification.   The modify option is
described in the programming section. ]
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At this point, the RE02Q program opens the database file ODATA\RE02BASE, on the default
drive) and checks the version date as described earlier in this section.

ENTER THE TOWNSHIP  NUMBER,  (0 TO  EXIT)?       TT

[ Enter the township number for the township containing the section of interest.   When
all sections have been examined, the user enters a 0 here to exit the program. ]

ENTER THE  RANGE NUMBER?       TrR

[ Enter the range number of same.   If the range number is less than 26, the program will
prompt for the range direction @ast or West), otherwise the next question is not asked. ]

IS  RANGE  E(AST)  ORW(EST)?       EW

[ Enter the letter (e Of w) of the appropriate choice (case is ignored). ]

The I.E02Q program uses these selections to calculate the record number of the township in the
database, and reads that record.   The township and range numbers and township flag value fom
a header, and the geographic lceations of the four township comers are displayed in their proper
(spatial) relationship - as on a map - in geographic coordinates.   The complete designation of the
township is displayed above the comer lcoations, as:   "T" followed by the township number and
"S" for south, and the letter "R". followed by the range number and "E" or "W" for the direction

(east or west).   Displayed with the township designation is the value of the township flag, which
is a number that may be useful to the programmer or database administrator.

TTSHIP#S      RRANGE#EIW      FIAG   --TFLAG

I+ON,  IAT    (NW)                                                                                                                   LON,  IAT     (NE)

LON,IAT     (SW) I.ON, lAT     (SE)

At this point, the two possible modes of operation. modify or query, follow different paths of
operation.   Use of the modify mode is described in the programming section.

SEIJ3CT  SECTION  (0 TO  EXIT)?       SS

[ Enter the section number of the section whose comer locations are of interest. ]
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The program locates the comers of the selected section and displays their geographic locations in
their natural (spatial) relationships, with a heading that contains the township and range numbers,
in addition to the section number and the value of the section flag:

T##S      R#EIW      SECTIONtt      FLAiG   --SFIAG

roN, LAT   (tw)

IJJN,  LAT      (SW)

IJJN, lJIT     (NE)

ljoN, IAT     (SE)

After this is information is displayed, the program prompts the user for another section number.
The user may enter the numbers of additional sections in the township that are to be viewed or
may enter 0 to select a different township (or to get to other options).   At the township selection,
the user selects a new township, or exits by entering zero.
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LEO 11  :  AUTOMATED REFERENCE CONVERSION IN KANSAS

Ill.  PROGRAMMING NOTES

The original version of the LEO system did not have facilities for applying footages in a legal
description.   It also was incapable of recognizing sections that were "nonstandard" in one sense
or another, such as those with nonquadrilateral boundaries that arose from hydrologic barriers
encountered by the surveys.   Attempts by the original LEO to convert in nonstandard sections
produced results which were uureliable and almost certainly in error, or which might produce an
error status, but without a meaningful message for the user.   The cunent version of the system,
LEO 11, incorporates the ability to handle footages and to identify nonstandard sections, at least,
most of the time.   Additional changes also were made in the evolution to the second version of
the LEO 11 system.   Where they are significant to the user, these modifications will be described
in this documentation.

The new options have been added in such a way that the primary system routines still operate as
they did in the earlier versions, but now they support new capabilities.   Adding several extended
options has made the I.EO 11 system more powerful, but not at the expense of compatibility with
the original system.   To accomplish these two design goals together, it was necessary to provide
communication pathways for new information that is required for the extended features, without
altering the original information pathways or interactions among LEO 11 routines.   In the original
system, information is passed through "arguments" or "parameters" assceiated with each "call" to
a routine.   It was necessary that program changes made for the extensions did not utilize routine
parameters to communicate.   Instead, they must communicate through a different FORTRAN 77
mechanism, the "common area."   The parameters passed through LEO 11 routines and common
areas are described in this chapter.

An added common area (the original system had one such area) where all new parameters are
stored, provides the needed communication among LEO 11 routines to support the new extended
options, while maintaining the original operating modes of the program.   The new version can be
used in the same way as the original has been used.    By maintaining this compatibility, users of
the old system who may have set up other programs or procedures to operate their conversions
in a standerd way will not have to make any changes unless they wish to gain the benefits of the
new version and the extended functions and options.   The price of this compatibility is that the
conversion prograni must be modified to access the new parameters in the new common area.

A. SOFTWARE AND FILES

The LEO 11 system comprises a conversion program, LE02PC; a spatial database, LE02BASE,
containing the gcographic locations of all Kansas section comers and their spatial relationships
to each other; and a database inspection and modification progran, LE02Q (Query) that may be
used for a quick look at the locations of a few section comers.   The structure, content, and use
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of the database is discussed in the introductory section.   The LEO 11 program components that
are relevant to using the extended options, are outlined here.

The FORTRAN 77 source code for these routines is found in files with the same root name as
the routines, and with an extension of .FOR. (for FORTRAN).   For example, the source code for
the conversion routine is in the file named "LE02CVT.FOR."   Files with the compiled   "object"
code have names ending with the extension ".OBJ," and the executable file names all have the
".EXE" extension.   Executable files contain the ready-to-run program.   The program begins to

execute or run when the root name is typed.   For example, typing   "LE02PC"   from the comect
directory (or with an appropriate setting for the PATH variable), which contains the program in
the LE02PC.EXE fiiile, will cause the conversion program to execute or "run."

The LEO 11 database, LE02BASE, is in. a file of the same name.   Normally, the conversion and
query programs expect this file to reside in a directory called DATA, which must be at the root
of the default drive.   If  the DATA directory dues not exist at the root of the default drive, it can
created by typing:   MD u)ATA.   Then, the LEO 11 database file, in the <sourcedir> directory, is
copied into roATA by typing:   COPY  <sourcedir>ujE02BASE   u)ATA.   The database file
must reside in the \DATA directory, because the LEO 11 programs have a fixed pathname for the
database file.   This aspect can be changed so that the user specifies the pathname of the database
file, for every run, by changing the OPEN statements of the programs.

LEO n sysTEM FILEs
FORTRAN 77 Source Code

LE02PC.FOR

LE02CVT.FOR

LE02SETP.FOR

LE02PRO.FOR

LE02Q.FOR

LE02FK.FOR

source code for the control (MAIN) routine, for the reference
conversion program - IE02PC

source code for the conversion routine for LE02PC

source code for the utility routine to setup the map projection, for
the conversion program

source code for the utility routine to use the projection to convert
from gcographic to projected reference (footages and side lengths)

source code for the control (MAIN) routine for the database query
and modify program - IH02Q

source code for the utility routine for determining which neighbor
townships must be also be changed, when updating the database

LE02FIXR.FOR         source code for the utility routine that updates the section comer in
a neighboring township as indicated by LE02FIX
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Object (Comi]iled From Souree) Code

LE02PC.OBJ

LE02CVT.OBJ

LE02SETP.OBJ

LE02PRO.OBJ

LE02Q.OBJ

LE02FIX.OBJ

LE02FIXR.OBJ

object (compiled) code for the control routine for LE02PC

object code for the conversion routine for LE02PC

object code for the projection setup routine for LE02PC

object code for the map projection routine for LE02PC

object code for the control routine for the LE02Q program

object code for the comer update routine for LE02Q

object code for the neighbor update routine for LE02Q

Executable (Readv-to-Run) Code*

IjE02PC.EXE             executable file for the conversion prograni, initiate by typing
LE02PC from the appropriate directory

LE02QEXE               exeeutable file for the database query and modify program, initiate
by typing LE02Q from the appropriate directory

* Executable files are created by linking the associated object files via the system linker

LEO 11 Database*

LE02BASE LEO 11 database of section comers, must be under \DATA

* See chapters I and Ill for information on the database and the programs

8. PROGRAMS AND ROUTINES

The I.E02PC program comprises the following four a]ORTRAN 77) routines:

LE02PC -       the control routine that interacts with the user, opens files and the database, and
(or MAIN)      calls the conversion routine to convert locations from one reference system to

another.   The only routine that must be modified to access the extended options.

Args:         The control routine can have no arguments.

LE02CVT -    the conversion routine that accepts input coordinates that define a location,
described in either the legal or geographic reference system, and which is to be
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converted into coordinates in the other reference system.    This routine also
produces a status value to indicate if the operation was successful, if and which
error occuned, and if the section is nonstandard.

Args:         Arguments for LE02CVT are described in "Passing values."

LE02SETP -  the set-up routine that initializes the map projection software in LE02PRO so that
geographic locations can be projected to Cartesian (x,y) coordinates for applying
footages or for estimating section side lengths.   A particular form of the Modified
Polyconic projection (the central meridian is lceated at the center of the section) is
used at a scale of 1:12, with the result that output projected coordinates represent
feet on the ground.

Args:         There is one argument to the IJ02SETP routine.   CORN is a double precision
array of 9 elements, which returns the lceations of the four comers of the map
projection area, and the minimum y value for the map area (at center-bottom of
the map area), in projected (map) inches.   CORN (1) = xsw, (2) = ysw, (3) = xse,
..., CORN (7) = xnw, and (8) = ynw.   CORN (9) is the minimum y value for
the projection area, a useful value for map display and design purposes.

LE02PRO       accepts a point longitude and latitude (in decimal degrees) and projects the point,
using a particular form of the Modified Polyconic projection, at a scale of 1:12, to
return the rectangular (Cartesian) or projected coordinates of the point with units
equal to feet on the ground.

Args:         There are four arguments for the LE02PRO routine.   The first two, PLOND and
PLATD, are the longitude and latitude, in decimal degrees, of the point in Kansas,
that is to be projected.   The second arguments, XP and YP, are the projected
coordinates in feet on the ground.   All four arguments are double precision.

The IE02Q program comprises three routines:

LE02Q -         the control routine interacts with the user to select all options, identify townships
(or MAIN)      and sections, and, if modify mode is selected, make changes in the database.   This

routine opens and accesses the database, reading township records to obtain and
display township and section com'er locations and flag values.

Args:         No arguments.

FIX-
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a routine that is called by the control routine when modify mode is on and the
user modifies a section or township comer location.   If the modified point is on
the edge of a township. then the equivalent section location in the neighboring
township record must be updated.   And when a township comer is changed, au
three neighboring township records must be updated.   The FIX routine analyzes
and determines which other records must be updated individually, by FIXR.
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Args:         The arguinents fo FIX define where, in the database, a change in the lceation of a
section or township comer was made, and the coordinates of the changed lceation.
The arguments identifying the changed record are:

RECNUM = the township record number containing the changed comer
TSHIP, RANGE = the corresponding legal description (only for a report)
ROW, COL = the row and column of the comer within the record

These arguments are all integer (2 bytes) variables, while the changed location is
expressed in real values by` the arguments, LON and LAT, which contain the new
longitude and latitude for the comer, to be used for updating the equivalent comer
in adjacent records.

FIXR - the routine that receives a township record number and information to identify a
comer to be updated, along with the new location coordinates, and then reads the
record, changes the comer lceation, and writes the record back to the database.

Args:         Arguments to the HXR routine describe the location, in the database, of a section
comer that is equivalent to a modified comer (and must be updated), and the new
location for the comer, in decimal degfees of longitude and latitude.

C. PASSING VALUES BY ARGUMENTS

For the conversion program to work, the control routine and the conversion routine must pass
information to each other about lacatibn coordinates, user-selected options, status information,
and the value of the nonstandard section indicator.   Ptogramming in the FORTRAN 77 language
usually provides two methods for communicating information.   One method is to pass values
through "arguments," the second is through "common areas."   The arguments for all routines but
the main conversion routine, IE02CVT. have been explained in the previous section.   Those for
the conversion routine are detailed in this section.   The operations that involve passing values by
common area variables are those associated with the extended functions.   These are described in
the Extended Options & Functions chapter.

In the argument method, each routine that "calls" or invokes another routine can attach a set of
variable and constant values that are expected by the second routine.   The second routine begins
operation with this set of "arguments" available to its use, usually through a temporary storage
area where the locations of the parameters are passed.   With this method, the parameters sent to
a called routine may differ from one call to the next.   The argument or "parameter" list was used
in the original version of LEO and is used in LEO 11 for the basic functions:  legal/geographic
conversion, subdivision, closest point, and footages.

In order for these arguments to be transfened correctly in either direction, both routines must be
accessing and interpreting them in the same manner.   This occurs only when the number, order,
type, size, and logical content of these arguments are identical as used by the calling routine and
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the called routine.   The arguments used for the IE02CVT routine are shown with names as used
in the program, and in proper calling order.   Descriptions of each parameter follow.

CALL LE02CVT:

(TSHp,   RANG,  Ew,   sEor,   OpT,   SBD,  PLON,  PLAT,  LUN,   STAT,   SORCE)

where:

TSHP      =   township number of a legal lceation, INT*2   (type = integer, 2 bytes)

RANG      =   range number of the legal location, INT*2

EW            =   easvwest indicator for range number, CHAR*1   (type = character,1  byte)

SECT       =   section number for the legal location, INT*2

OPT          =   user's option for conversion type, INT*2 (see program operation).   Options
include township/section comer, subdivision, closest point, and footages.

SBD          =   subdivision specifications, CHAR*2 (4), array (see Introduction) Quarter-or
Half-area subdivisions, first applies to section, unused are blank.

PLON       =   longitude of geographic location in decimal degrees.   Irongitude in Kansas can
be positive or negative, REAL*4   (type = floating point, 4 bytes).

PLAT       =   latitude of geographic lceation in decimal degrees, REAL*4

LUN          =   logical unit number for the already opened database file, INT*2

STAT        =   status of the operation (1=success), INT*2   (see Appendix A)

SORCE    =   source (1=legal, 2=gcographic) of input data, INT*2

D. THE LEO 11 DATABASE

The IEO 11 database is the central focus of the LEO 11 conversion system, because it contains
the geographic locations of all section and township comers, arranged in records by townships
and within townships by spatial relationship within the townships.   This arrangement makes it
possible to perform reference system conversions from legal to geographic or geographic to legal
reference anywhere in the state.   The structure and content of the records in the I.EO 11 database,
access to the infomation in the database, and the meaning of additional values in the database,
are the topics of this section.
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1. TOWNSHIP RECORDS

The original LEO database contained one record per township.   Township records conesponded
to elements of the Kansas township grid, comprising thirty-five rows from north to south, and a
maximum of sixty-eight columns per row, west to east.   This model of townships in Kansas was
used to design the LEO database.   Each township record was located on the basis of its township
(row) number from 1  to 35, and its range (column) number and direction.   Rows were extended
if necessary, to 68 columns, making it easy to determine township record numbers, which might
otherwise be more difficult.   In the northeast, where the Missouri river bounds the state, some of
the rows of townships would have less than 68 columns if they ended at the state boundary.   If
rows ended at the river, some would have less than 68 columns (townships).   With unequal row
lengths, determining a township record number would require additional knowledge.

2. ACCESSING THE DATABASE

Before any conversions can be performed, the LEO 11 database must be opened with a statement
that resembles :

OPEN   a,uN,  FELE=roATAUE02BASE',  AccEss='DIRECT',   MODE='READ',
+            FORM='uNFORMATIED ' ,  REcl.ed66)

To access a record in the database for a particular township or its sections, the conect record
number must be calculated from the township, range, and easvwest infomation:

where:
TREC    =    68   *   (TSHIP-1)   +   RANGE

TSIIIP   =   township number (1-35)             RANGE   =   44 -West Range number, or
TREC   =   township record number                                =   43 + East Range number

To read a township record (which must be done at least once) for a conversion (LUN = unit
number of the file containing the database, probably \DATA\IE02BASE):

READ   a.uN, REc=TREc)   ( (LON(IT), LAT(I,I), T=i,7),   I=i,7),   TFLAG,   SFLAG

3. STORAGE OF CORNER LOCATIONS

When the township record is read, the section comer locations are stored in variables LON(7,7)
(longitudes) and LAT(7,7) (latitudes), hath real*4 arrays of seven rows and seven columns.   The
order of storage for these section comer locations is shown below.   In the diagram, the section
numbers are centered within the sections and are bold and underlined, such as 24.   The pairs of
numbers, each from  1  to 7, inside parentheses, are the row and column numbers of an element in
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the LON and LAT arrays.   Each comer longitude and latitude is stored in the 7x7 array just as it
appears in the 7x7 array of section comers on the ground. The northwest comer of section f is
in row one, column one and the northwest comer of seetion ± is in row one, column two.

NW
(1,1)                        (1,2)
++

6

(2,1)                     (2,2)
++

I
(3,1)                     (3,2)
++

18

(4,1 )                    (4,2)
++

19

(5,1)                     (5,2)
++

30

(6,1)                     (6,2)
++

31
(7,1)                     (7,2)
++

SW

17

20

29

32

(1,3)                      (1,4)                      (1,5)
+++

EJE]

(2,3)                    (2,4)                    (2,5)
+++

210 11

NE
(1,6)                      (1,7)
++I

(2,6)                   (2,7)
++

12

(3.3)                .    (3,4)                     (3,5)                     (3,6)                     (3.7)
+++

1615

(4,3)                   (4,4)                   (4,5)
+++

2122

(5,3)                    (5,4)                    (5,5)
+++

2827

(6,3)                   (6,4)
++

33
(7,3)                    (7 ,4)
++

34

(6,5)
+

(7,5)
+

14

23

26

35

++
13

(4,6)                    (4,7)
++

24

(5,6)                    (5,7)
++

25

(6,6)                    (6,7)
++

36
(J ,G)               (J ,J)
++

SE

4. MISSING CORNERS

Each township record in the LEO 11 spatial database, LE02BASE, contains values representing
the geographic (longitude and latitude) locations of the forty-nine possible section comers that
exist in a complete township.   When townships have fewer than forty-nine known section comer
locations, because of comers whose locations are unknown or to comers that do not exist, the
LEO 11 system has marked the absent comer locations with special values.   All unknown section
comer locations in the database have as their location a positive longitude (9.9) and a negative
latitude (-9.9), neither of which is possible in Kansas. The presence of these markers indicates
that the section comer lceation is unknown or nonexistent.   All LEO 11 conversion and database
operations observe these values, and halt to report an error when these are encountered.
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5. TowrNSH[P AND SECT]oN FLAGS

The database of the new IEO 11 system contains information about townships and sections that
was not available in the original LEO svstem.   Each township record now includes a set of 37
iinteger values, termed "flags," one associated with the township itself, and one associated with
eeach section.   These flags wan LEO 11 of special conditions for some sections in limited areas
of Kansas, in which I.EO 11 can not convert point locations

The first of these values, immediately following the section comer locations in the record, is the
"township flag,"   whose value indicates the status of the overall township.   It has a value of zero

(0) if all 49 section comer locations in the township record are known and defined.   For recnds
that exist only as padding (for a rectangular grid) and conespond to nonexistent townships with
no complete sections (a complete section has four defined corners), the township flag is minus
one (-1).   The township flag for township records with at least one, but fewer than 36 complete
sections is equal to the number of complete sections in the township (1-35).   The township flag
is stored in the integer variable "TFLAG."

TOWNSHIP FLAG VALUES    (TFLAG)

0                      "complete" townships, with 49 defined comer locations
-1                        empty townships, outside the state, with no comers

0 < N < 36           townships with N defined comers
N < -1 or N > 35        are illegal values with no (cunent) meaning

The remaining 36 values in the lEO 11 database records are termed   "section flags."   The value
of each section flag identifies one of three possible conditions.   If a section flag is zero (0), all
four comers exist, their locations are'known, and they are contained in the database.   These are
"standard" sections, with respect to LEO 11 subdivision, footages, and intra-section locations.

The section flags are stored in the integer array "SFLAG."

SECTION FLAG VALUES    (SFLAG)

0                 "standard"  sections with four defined comers
-4 < N < -1       sections with (-N,14) missing comers
0 < N                nonstandard sections, N indicates class (currently unused)

N < 4       illegal section flag values with no meaning

When one or more section comers are missing or are non-existent, the section flag is set to the
negative of the number of undefined comers in the section (-1  to 4).   The section flag may be
set to a positive value, if the section is nonstandard (if the boundary is not a quadrilateral or if
subdivision within the section can not be perfoined in the usual way).   Numerous sections are
known to be nonstandard, but this group is only a very small part of the whole.   To date, little
work has been done to find methods for subdividing or applying other sub-section specifications
for locations in these sections.   Cunently, the only sections with non-zero flag values are those
that, usually due to hydrologic or other boundaries, have one or more comers that are undefined
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or are unknown.   Other classes of nonstandard sections have been identified, but for now, code
numbers for their flags have not been established.   h the future, such code numbers may locate
specific information or procedues used to define locations within nonstandard sections.

E. ALGORITHMS

A number of useful algorithms are given to assist the programmer in understanding the workings
of the conversion routine and to assist the programmer in accessing data in the LEO 11 database.

1. STANDARD SUBDIVISION

Standard subdivision is the straightforward way to divide into halves or quarters a quadrilateral.
To halve an area for either the north or south half, the midpoints of the east and west sides are
found by averaging the locations of the corresponding endpoints (northwest and southwst comers
for the west side and the NE and SE comers for the east).   These derived locations are combined
with comer endpoints of either the north or south side to form the half-area.   A parallel process
is used to find an east or west half.

Finding the quarters of an area is similar, except that two lines are constructed, one between the
midpoints of the east and west sides, and another between the midpoints of the north and south
sides.   These two lines intersect at the centroid, a central point of the area (equal to the average
of all four comer locations).   The desired quarter-area is defined by the original comer indicated
in the subdivision specification, the two side midpoints of the original area closest to the comer,
and the calculated center of the original quadrilateral.

The method for standard subdivision, as described, is acceptable for most sections for which all
four comer locations are known.   However, due to techniques used in the original survey. there
is a set of sections for which a different subdivision method could produce more accurate results.
Because the PLS survey started measuring sections in the southeast comer of each township, the
sections laid out in the fist five rows and columns to the north and west are nearer the intended
(one mile square) dimensions than those sections in the northernmost row and the westernmost
column of the townships.   These areas were intended to absorb the errors and differences so that
they would be whatever sire was left.

The sections in the first five rows and columns west and north from at the southeast comer tend
to be divided evenly by lines connecting their quarter-comers, as is done in standard subdivision.
The quarter-comers of sections in the northernmost row and westernmost column of townships
were surveyed, as for all sections, to be a half-mile from the southeast comer of the section.   In
these smaller or larger sections, division into "quarter-sections" can not be fairly represented by
the even division process of standard subdivision.   For these sections, the quarter-sections must
be defined by vertical and horizontal constructed lines, each at one half-mile from the southeast
comer of the section.   The result is that the southeast quarter-section will approximate a quarter-
mile on a side, but the other sections may be larger or smaller.
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These techniques for subdividing the northern row and western column of sections in a different
manner are prefened over standard subdivision as was used in the earlier versions of IEO 11, but
they are just being incorporated at the time of this writing.   Following the printing of the u30 11
documentation, a new version of the software, which incorporates these changes, should be made
available for general distribution.

2. LOCATING SECTION CORNERS

For the programmer who wishes to add or modify code that involves section comer locations,
which are stored in LON and LAT, it is helpful to have algorithms for converting back and forth
between section numbers and row and column numbers of the section comers as they are stored
in the two arrays.   A previous diagram shows the arrangement of the section corners in the lfoN
and LAT anays.   The algorithms for converting section numbers to the corresponding row and
column numbers (and vice-versa) for the NW comer of the section are:

a. Section Number To Row & Column

SROW   =   ( ( SECT   -   1  )   /   6 )   +   1
ScOL   =   MOD ( INT ( SECT), 6 )
IF   ( SCOL .EQ. 0 )   SCOL   =   6
IF   ( MOD ( n`IT ( SRow ), 2 ) .EQ.  1  )   scoL   =  7   -   ScOL

where:
SROW   =  row number of the NW corner of the section, INT*2
ScOL   =  column number of the NW.comer (in LON, LAT), INT*2
SECT   =   section number, INT*2

NOTE:   The NW comer of SEor is   at LON (SROW, ScOL) and LAT (SROW, SCOL).

b. Row & Column To Section Number

IF   ( MOD ( INT ( SROW), 2 ) .EQ. 0 )   TTHN
sEor  =   ( 6   *   ( sROw -  1 ) )   +   SCOL

ELSE
sEor  =   ( ( 6   *   sROw )   +   1  )   -   SCOL

ENDIF
where:

SROW, SCOL, and SECT   are as before.

NOTE:   The longitude of the northwest comer of section SECT is   LON (SROW, SCOL) and
the latitude is LAT (SROW, SCOL).
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3. DECIMAL DEGREES AND DMS

To convert between the two forms for geographic coordinates, decimal degrees and the DMS
(degrees, minutes, and seconds) form, use these algorithms:

a. DMS To Decimal Degrees

DD   =   FLOAT ( WDEG )   +   ( FI.OAT ( WMIN )   /   60. )   +   ( WFSEC  /  3600. )
where:

DD   =   decimal degrees, REAL*4
WDEG   =   whole degrees, INT*2
WMIN   =   whole minutes, INT*2

WFSEC   =   whole & fractional seconds, REAL*4

b. Decimal Degrees To DMS

WDEG   =   INT ( DD )
ThMP   =   @D   -    WDEG) * 60.
WMIN   =  INT   ( ThMP )

where:

[ integral part, (whole degrees) ]
[ whole & fractional minutes ]
[ integral minutes ]

WFSEC   =   ( TEMP - FLOAT ( WMIN ) ) * 60.   [ decimal seconds ]

DD,   WDEG, WMIN, and WFSEC are as before
TEMP   =  temporary storage, REAL*4

F. MODIFYING THE DATABASE

As described in the Program Operation section, the LE02Q (Q = Query) program will display
the contents of the IEO 11 database, for any township that the user selects through responses to
prompts by the program for legal reference coordinates.   Normally, update mode is off, and the
LE02Q program is used only to examine the geographic lcx=ations of section comers.   If update
mode is on, which should be a rare occurrence, the LE02Q program will display the township
and section information, and will also allow the user to modify the content of the record that is
displayed.   When update mode is on, the program prompts the user for selective changes in the
comer location or flag values.

Like the LE02PC conversion program, LE02Q expects to find the LEO 11 database in the file
LE02BASE, which resides in directory \DATA at the root of the default system drive.   This is
one of many aspects of the IJ30 11 software that is open to changes by a programmer that might
benefit users.   Part of the operational dialog common to both the modify and no modify modes
is given in the Ftogran Operation section.   The remainder of the dialog applies only to modify
mode.   Starting with selection of the section, this dialog is  simulated next.
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SELECT SECTION  (0  --TSHIP, -1  =  EXIT)  ?       SSIO

[ To modify the township flag, enter 0.   To modify a section flag or any of the section
comer locations, enter the section number,  1-36. ]

E^/7ER JVEW 7lowIVSHJP FIAG  VA£C/E?      < T-flag >           [ Only with section = 0 option. ]

[ Possible values to enter are described above.   Illegal values are not accepted.   After
this, the program returns to the township display. ]

If a section is selected by entering a Value from one to thirty-six, then the user can modify the
section flag or any comer location in the section, but only for sections whose section flags are
zero in value (standard sections). ]

ENTER POSITION TO  MODIFY (NW)VE,SWSEF--FLAG)?                   | Only wTh sechon --1-36. I

[ Select the comer position to modify using the direction to that comer, or choose to
modify the section flag, whose value is also posted.   Entering a null (newline) value or
any value not in the list, returns control to the "section number" prompt above. ]

TO  DELETE  A POINT,  ENTER (1.,  -1.)

EJvrER NEW LONGITUDE, IATITt/DE?      < Ion lat >             [ Only if a section comer is chosen.  ]

[ Enter the new longitude and latitude for the comer to be changed.   If the location is to
be represented as unknown or undefined, enter +1., -1. and the default location values for
undefined comers are inserted Oongitude = +9.9 and latitude = -9.9, both are impossible
in Kansas).   Any legitimate Kansas longitude and latitude may be entered, and the usual
bounds apply:   longitudes from   -102.125 to -94.5  and latitudes from 36.875 to 40.125.
The new values replace the old ones in the record, the record is updated in the database,
and all bordering townships - those that share the updated comer - are updated as well.
The display is updated, and the program returns to the "position to modify" prompt. ]

ENTER NEW  SECTION  FIAG VAI.UE?

[ Enter the value to which the section flag is to be reset.   Any value is accepted since all
possible values have meaning for section flags.   Care should be taken that this value is
correct or the LEO 11 system may not function properly.   The meaning of these different
section flag values are given above under "The LEO 11 Database - Township and Section
Flags."  I
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LEO  11  :  AUTOMATED REFERENCE CONVERSION IN KANSAS

IV.   EXTENDED OPTIONS & FUNCTIONS

When the original IEO system was revised, changes were made to supplement the functionality
of the system beyone the original primary functions, which were:

1. convert a legal description in Kansas to longitude and latitude

2. convert a geographic (longitude, latitude) lceation to an equivalent legal description

3. locate a specific section or township comer in geographic reference

4. report meaningful error infomation whenever a conversion failed

Changes were made to add footages (measured from a known section comer), to locate all four
of a section's comers in geographic reference in one operation, to approximate the lengths of all
four section sides in feet on the ground, and to provide for entry and output of longitudes and
latitudes (geographic reference) in an alternate, but commonly used form (separate values for
degrees, minutes, and seconds), instead of the usual "decimal degrees" fom.

These changes were mrde without changing the original functioning of the conversion software,
so that existing users could continue their operations without making any changes.   These new
functions and options were implemented without affecting the original functionality of the LEO
(now IEO 11) system.   This was accomplished by means of tools available in the FORTRAN 77
programming language, but not without a price.   In order to access the extended functions, users
must modify the control routine of the conversion program, LE02PC as will be described.   Only
the footages option is available to all users.   The others require the intervention of a programmer
to make small changes.

A. PROGRAMMED EXTENSIONS

There are three basic extensions to the functionality of the conversion program.   Two of these
are functions that will produce results that could not be obtained from the original version of the
system.   Even with the new version of IEO 11, which incorporates footages and other changes,
these two functions are not accessible without making program changes.   The third new aspect
of changes for LEO 11 is an option that allows users to define geographic coordinates (longitude
and latitude) in an alternate form, other than "decimal degrees," which is the default or standard
fom in LEO 11.   This optional form can be used to enter geographic locations for conversion or
it can be applied to geographic ouq>ut from the conversion program.   These expanded functions
and options, described generally in the following three blocks of text, require the existence of
the new common area to communicate values between the main routine and conversion routines.
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1. DMS

"Degrees, Minutes, and Seconds" @MS) is the alternate form for specifying geographic

coordinates for input or output.   Originally, all longitudes and latitudes were expressed in
"decimal degrees" - each a real number that comprises the whole and fractional parts of

degrees (for the minutes and seconds).   In the DMS form, these coordinates can be given
in three parts - whole degrees, whole minutes, and decimal seconds - the latter combines
the whole and fractional seconds into a single real value.   The DMS option can be used
in almost any LEO 11 operation, in place of the standard decimal degrees input or output.
DMS is selected by specifying the appropriate OPTION value.   An method for converting
between decimal degrees and DMS is given in the Progranming Notes chapter.

2. FOUR CORNERS

Some applications that use LEO 11 conversion might require the section comer locations
only.   Sometimes, they might need to obtain the geographic locations of the four comers
of a section.   This was possible with the original program, but it required four separate
calls to the conversion routine.   With the Four Comers option, the user can receive the
lceations of the comers of a selected section in one operation.   Similar to the other
extended options, the four comers option requires access to the new common area, and
hence, requires program modifications, which are described in this chapter.   As with the
other options, the four comers option can produce geographic coordinates of the four
section comer locations as decimal degrees or in the DMS form.

3. SIDE LENGTHS

The I-EO 11 conversion routine a.E02CVT) requires the ability to determine the lengths
of the section sides for any section, given its legal description, in order to be able to
apply footages used in legal lceations.   Calculating approximate section side lengths is
accomplished by two routines that utilize a Modified Polyconic map projection to convert
the geographic coordinates of section comers into Cartesian coordinates.   With those two
routines, it is easy to make available these useful values to users of the system.   LEO 11
users can request and receive the APPROXIMATE side lengths of any section specified
by a legal description.   The side lengths, given in feet on the ground, are subject to many
sources that may induce error.   They should be used only for rough approximations, until
their confidence is thoroughly checked.   As with other extended options, the side lengths
option uses the new common area to pass values.   The side lengths option applies only to
WHOIE sections;  subdivisions are ignored, if present.   The section side lengths option is
invoked by choosing the footages option with both footages = zero (0).   The side lengths
are placed in the common area in the order:   North, East, West, and South (N-E-W-S).

These three extended options can be used only by making small changes in the MAIN (control)
routine of the LE02PC program (The control routine, MAIN, might be named IE02PC, resides
in a named MAIN.FOR or LE02PC.FOR).   Making other changes in the original FORTRAN 77
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source code of the conversion program can alter the program to read lceal data containing legal
or geographic locations to be converted.   The input format can be set to accept whatever data the
user has, and the output data, with converted lceations and the other original data, can be whtten
in any form to the output file.   Thus, the program can be customized to read and write local data
files, and convert the reference from the input data to the output data.   With program changes,
data with local atthbute or location information can be properly maintained for lceal operations.

8. PASSING VALUES BY COMMON AREA

Implementation of the extended functions in the second version of LEO 11 created the need for a
different method to communicate values between IEO 11 routines.   Because a major design goal
was to make the new version compatible with the fiirst - that is, users of the original IJO system
would be able to use the same calls and input format as before.   For them, only the name of the
conversion routine and the database had to be changed.   If an original user had created and was
using a customized version of the conversion. program, then the initialization part and calls to the
conversion routine could remain the same except for the "2" in the routine nalne,  "LE02CVT."

The second form for sharing data between routines dces not allow passing values of different
variables in different calls to the conversion routine.   The COMMON area approach to routine
communication provides for fixed areas in memory for what are essentially  "global" variables,
which are variables that are accessible to all routines that include the appropriate (COMMON)
declaration for the reserved area.   The COMMON area used to communicate values between the
LE02CVT and LE02PC routines is the "labeled" COMMON area, because such areas are given
names or labels, by which they may be referenced.   Each uniquely named COMMON area is
associated with a set of variables, which usually must be identical in number, order, type, size,
and logical content for all routines which refer to the area.

In I-EO 11, the labeled COMMON area is named "LEOXTR" (for LEO extra values).   It contains
variables that are used primarily for extended options, but it also contains variables that are used
for the original LEO functions.   Though this set of tasks seem the same in the two versions from
the user's point of view, some tasks have been implemented differently in LEO 11.   Some tasks
now use the new LEOXTR, labeled COMMON area to communicate values such as longitudes,
latitudes, section side lengths, geographic coordinates in DMS form, footages, the nonstandard
indicator, and the closest point or comer value.   Variables in the LEOXTR COMMON area are:

COMMON /LEOXTR/ LONX (43), LATX (4£), FTNS, FTEW, NONSTD, CORNR

where:

LONX(4,3) - holds longitudes for geographic lceations.   When the option is to return one
gcographic lceation in decimal degrees, the longitude is returned in LONX (1,1), as well
as in the argument PLON.   When a single location is returned in DMS form, the degrees,
minutes, and seconds of the longitude are returned in LONX (1,1-3).   Whole degrees are
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stored in ljoNX (1,1), whole minutes in LONX (1,2) and whole and fractional seconds in
LONX (1,3).   To convert a geographic lceation from DMS, the degrees, minutes, and
seconds of longitude are placed in LONX (1,1-3).      LONX(4,3) is a REAL*4 array.

When the four comers option is selected with output in decimal degrees, the longitudes
of the four comers are stored in LONX (1-4,1) in the order N, E, W, S.   For DMS,
degrees, minutes and seconds of longitude ae ietumed in LONX   (1-4,1-3) as four
groups of three real values.   These groups are the four comer positions; the three values
are degrees, minutes, and seconds for each.   For comer x (x =  1  for NW, 2 for NE, 3 for
SW or 4 for SE) degrees, minutes and seconds of longitude are stored in columns  1-3 of
LONX (x,1-3).

1. STORING SECTION CORNER LONGITUDES

The longitudes (and latitudes) of section comers are passed through the LEOXTR COMMON
area in the variable LONX (and LATX), with the four comers stored as illustrated.

DD      DMS
I.oNx   (iT)   IT3)

(x=1)    NW

(x=3)    SW

QE2    ±2rs
LONX     (3.1)     (3.1-3)

DD      DMS
LONx    (ZT)    ZZT3)

NE     (x=2)

SE    (x=4)

DD      DMS
LONx   (H)   IT3)

Note:   DD = Decimal Degrees,    DMS  = Degrees, Minutes, Seconds

When the footage option is selected with both footages set to zero, the conversion routine
returns the approximate section side lengths in feet on the ground through the IEOXTR
COMMON area.   They are in LONX (I-4,I), in the order: North, East, West, South.
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The LATX (4,3) variable holds the latitudes corresponding to the longitudes returned in
LONX (4,3), and in the same form, either decimal degrees or DMS.   When LONX holds
four longitudes for the four comers option, LATX holds the latitudes, in the order shown.
LATX is not used when LONX returns approximate section side lengths.   LATX(4,3) is a
REAL*4 array.

FTNS - the variable, set by the user, that holds the North(+) (from the south to the north)
or South(-) footage (from the north to the south) value in feet on the ground.   FTNS is a
REAL*4 (scalar) value.

FTEW - the variable, set by the user, that holds the East(+) (from the west to the east)
or West(-) footage (from the east to the west) value in feet on the ground.   FIEW is also
a REAL*4 (scalar) value.

NONSTD - the variable that indicates if the section involved in conversion is standard
(sO) or nonstandard (=1).   NONSTD is set by the program, not by the user.   NONSTD is
an INT*2 (scalar) value.

CORNR - a variable that indicates which of nine geometrically defined points is to be
used as the location within the target area, that is closest to the conversion location - the
closest point option.   The points are the comers, side midpoints, and center of the area,
identified by the appropriate quarter (comers) or half (side midpoints) area specification.
When LE02CVT creates legal ouput, CORNR is set to identify the closest of the nine
points to the conversion location.   The user selects a closest point by setting the value of
CORNR in the input records to the appropriate subdivision specifier.   The nine possible
points thatmay be selected with CORNR, and the optional ways to select them, are shown
in the illustration.   CORNR is a CHAR*2 (character) variable.

2. SELECTING CLOSEST POINTS

The following illustration shows the options for selecting the nine possible closest points in the
target area (comers, side midpoints, and center), the lower case "x" represents a blank.

Bx, bx, nw, Ow

wx' Wx

Cx, cx, sw, SW
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X   Cx, cx, xx
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C. CUSTOMIZED OPERATIONS

One clear advantage of modifying or rewriting the conversion program is to alter the fixed or
standard formats for input and output in batch operations.   These formats dictate the order of
values, the content of fields, and the exact fom (invreal/char) and size (field width, i.e. range of
permitted values) of data in the input file and the content, order, and form of data written to the
ouput file.   The user can alter or completely redefine these formats by making changes to the
conversion program, specifically, the control routine (in the IE02PC.FOR file).   Such changes
create a customized conversion proglani that is more compatible with the local data.

Anyone with files of local data in which there are locations that are referenced either in legal or
gcographic coordinates, and who wants to input their data directly from that file and write ouput
data in a similar format, with similar information attached to the locations could accomplish this
by modifying the program.   As the LEO 11 conversion program is now, this requires three steps:
(1) write a program to extract the locations from the lcoal data file and write the lceations in the
LEO 11 format for input, being careful to preserve the order of the data as in the original file (or
create an index file to save order infomation, which is used in the third step);  (2) use I-EO 11 to
conver( the reference of these lceations and write them in the fixed LEO 11 format to an output
file; and (3) write a second prograni that reads the original, local file (or an intermediate of the
infomation stripped from the locations in the first step) and reads the new lceations, joining the
two and writing the updated records to the final outryut file, and in the desired local format.

By making changes in the inpuvoutput (READ and WRITE) statements in the control routine of
the conversion program, the conversion of a lceal data file can be performed in one step, rather
than three, by customizing the LEO 11 conversion program.   The customized program could read
the data directly from the original, local file, convert locations from one reference system to the
other, and write the original data with converted locations to the output file, in the desired, local
format.   For batch convrsion, only the input statement and two optional ouaput statements, and
their associated formats, need to be changed.   To perform this properly, the list of variables that
are read or written must be changed to reflect the content of the local files.   It is likely that new
variables will have to be created for the extra information (usually, other atributes) that must be
read and written.   Decisions about the information content and fom of the input and output files
are made through consultation between the programmer and the lceal staff.

It is possible that users also may wish to perform additional analyses, calculations, or other types
of computer manipulations of their data, perhaps on the basis of the newly converted locations or
additional data values.   Spatially dependent analysis is not readily done using legal reference, but
after the conversion, any operations may be incorporated into the conversion program.   Gaining
intermediate operations is another reason for modifying or rewriting the program.
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LEo 11  :  AuroMATED REFERENCE CoNVERsloN IN KANSAs

APPENDIX A:   STATUS VALUES

STATUS VALUE                 MEANING

+2   ......   Successful conversion in a nonstandard section (for future use)

+1   ......   SUCCESSFUL    CONVERSION!!!

-12
-13*
-14*
-15*
-16
-17
-18
-19
-20*
-21

.   Township number out of range
.   .   Range number out of range

.   Illegal EW indicator value
.   .   Section number out of range
.   .   Unacceptable Subdivision #1
.   .   Unacceptable Subdivision #2
.   .   Unacceptable Subdivision #3
.   .   Unacceptable Subdivision #4
.   .   Illegal SOURCE value

.   Invalid longitude for LE02/Kansas

.   Invalid latitude for IH02/Kansas

.   Inconsistent or invalid OPTION value
. .   Ire Enor reading LE02BASE
.   . Thrashing elror at township level
.   . Thrashing error at section level

.   Illegal Footage (too large/small)

.   Illegal DMS value in LE02XTR

.   Missing SUBD value for OPTION =  1, 5

.   No usable sections in township record
.   . Point-in-Polygon error

.   One section/township corner missing

.   Two section/township comers missing

.   Three section/township comers missing

.   Four section/township comers missing

.   Unacceptable CORNR specification

.   Illegal option for townships
.   . megal record # in township search
.   . Failed because of missing/unknown comers
.   . Section requires nonstandard subdivision

* PLEASE REroRT MARKED EREORs ro:         KANSAS  GEOLOGlcAL suRVEy

1950 CONSTANT AVE., LAWRENCE,  KS
TELE:     (913)     864-3965        FAX:   (913)     864-5317
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LEO  11  :  AUTOMATED REFERENCE Cor`IVERsloN IN KANSAS

APPENDIX 8:   REFERENCES
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APPENDIX C:   PROGRAM LISTINGS

NOTE:      THE LEO  11 coNVERsloN RouTINE,  LE02CVT, is THE CENTRAL coflE oF "E  LEO  11 sysTEM, AND  rs LrsTED  IN FULL.   ALL o"ER

RouTINEs  ARE Muci+  SMALLER CAN  BE  EXAMINED  FROM "E  souRCE  FiLEs oN  THE  LEO  11  DrsK.

C (roDiFreD 20  Ck)T 93 AND  10 JAN 94  BV CGR)

C
C"""""""   LE02CVT   *
C
C            CoNVEPlsroN  BETWEEN  LEGAL AND  GEOGnAPHK} PEFERENCE  IN  KANSAs

C
SUBROUTINE LE02CVT (TSHP,RANG,EW,SECT,OPT,SBD,PLON,PLAT,
&     LUN,STAT,sOF3CE)

C
C   '..**   ''*.I   ""   '**``   DECLAPIATIONS **
C

IMPLICIT  NONE

C
C*"*******   CHARACTER "
C

CHARACTER  EW+ 1,SBD*2(4),COPINP*2

C
c"""""  cOuBLE pPIEcisroN "
C

DOUBLE  PPIECISION SOUTH,NOPITH,CLON,EAST,WEST,XB,YB,BASE,
&     SCALE,CORN(9),DBLON,DBLAT,XDBL,YDBL

C
C'.**..****.   INTEGER  "

C
INTEG ER+2 TSHP,RANG,SECT,STAT,SOPICE,LUN,TREC, I,J,SPIOW,

&    SCOL,N,S,W,E,VZT(2380),VZTD(2380),RTOP,LEVEL,TROW,TCOL,
&     SEAPICH(6,6),OUTFLG,OPT,TFLAG,SFLAG(36),LEGAL,GEOGPl,ORDEPl,
&    NUM,OFF,NSUB,NONSTD

C
C".`*** .....   LOGICAL "
C

LOG ICAL TPICE/.FALSE./

C
C****M„***    REAL  **

C
REAL  PLON,PLAT,LON(7,7),LAT(7,7),LONNE,LATNE,LONNW,LATNW,

&    LONSW,LATSW,LONSE,LATSE,CTRLON,CTRLAT,DLON,DLAT,XLAT,XLON,
&     LATOMN,LATOMX,LATIMN,LATIMX,LONOMN,LONOMX,LONIMN,LONIMX,

&    WSTLON(7),DELON(7),DELAT,BASLAT,FTNS,FTEW,LONX,LATX,

&    FTMX/5280J,LONDEG,LONM IN,LONSEC,LATDEG,LATMIN,LATSEC,

&    XSW,YSW,XSE,YSE,XNE,YNE,XNW,YNW,PIATNS,RATEW,LENGNS,LENGEW,
&    LONINT,LATINT,LONW,LATW,LONE,LATE,LONS,LATS,LONN,LATN,

&    LONOFF,LATOFF
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C
C„„„  COMMON „
C

COMMON/LEOXTR/LONX(4,3),LATX(4,3),FTNS,FTEW,NONSTD,CORNPI
COMMOM.EOMAP/SOUTH,NOPTH,CLON,EAST,WEST,XB,YB,BASE,SCALE

C
C++„**   DATA  **

C
DATA BASLAT/40.0021 /, D ELA".0145378/, VZ"380*0/,VZTD/2380.0/,
&     WSTLON/-102.19857,-102.1787,-102.14777,-102.12151,-102.09101,

&    ~102.07046,-102.0443/,
&    DELON/.0186716„0186243,.0185299,.0184235„0183046,.0182329,
&    .0182083/, CORNR/'   '/, SCALE/12.DO/

C
C„"     *„„      *****      *„"     ""      *****      „"
C
C                                        VAl]lABLES :

C
C          TSHP = TOWNSHP N"BEP,1-35
C          RANG  = RANG NunBER,1-25  F EW='E',143 iF EW='W
C            EW =  RANG  Dw]ECTroN  mow CENTRAL MEpiDiAN  'E'  oR 'E'=EAST,

C                        'W' OF` 'W'=WEST

C          SECT = SEc")N NUMBEPl,1 -36,  =O To spEcrv THE TowNsm]
C                          AS THE AREA  FOR CORNER/SIDE  Mu)POINT SELECTION OR AS

C                      "E FouR CORNER Lcx)ATroNS For THE 4coRNER opTroN
C            OPT=SPECFIES METHOD OF LOCATING  POINT  IN THE TARGET AREA

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

wlTHIN THE sECTroN (SEE SuBDIvisroN)   WHEN SoRCE=1,

THE opTroN  MPLiED  Bv TLE OPT VALUE  is:

o=sELECT THE CENTER Or THE AREA DEFINED  By THE FOuR

CORNERS  OF THE  SMALLEST AREA SPECFIED  BY  SBD

(MAY USE CORNR To SELECT cLosEST sreNiFK)ANT POINT)
1 =sELECT THE CORNER/siDE Mx)roINT spEciFED  IN SBD

oF A SELECTED sECTroN (SECT) on TowNSHP (SECT=0)

2=APPLY GIVEN  FcOTAGES  FF]OM  IMPLIED  SECTK)N  COENER

(On RETURN sECTioN siDE LENGTHs wiEN FcOTAGEs=o)
3=RETURN "E LocATroNs oF THE FouR coRNERs oF TH:

spEclFiED sECTroN on THE TowNSHN> (SECT=0)

4=sELECT THE cENTEF}  (As  IN o),  Bun  iN  DEGREEs,

MiNUTEs,AND sEcoNDs oF LON/LAT,THE DMS opTroN

(MAv USE CoRNR To SELECT cLosEST siGNIFroANT poiNT)
5=(As  IN  1 )  SELECT THE SPECFIED CORNER on siDE

MIDpolNT or: A sECTroN,  BUT  PETURN  N  DMS  FoflM

6=AppLy FcoTAGEs FPloM Tre  iMPLED sECTroN op TowNSHw>

CORNER,  BUT RETURN  IN  DMS  FORM  IN  LONX (1,1-3)

AND  LATX  ( 1,1 -3)

7=RETURN THE  SECTKIN 0R  TOWNSHIP FOuR CORNERS,

BUT  IN  THE  DMS  FORM

C           NOTE: For opT=0-2, "E GEOGRAPHK) Lco^TroN ls RETURNED VIA PLON

C                ANI  PLAT WITH A poslTne LONGITix)E.   ALL OTHER oPTroNs UsE

C                LONX AND LATX TO RETupN  1  on 4 vALUEs,  (ALL IN  DMS ExcEPT

C               THE BAsro 4conNERs opTroN=3), WITH posrrrvE LONGrruDE(s)

C
C           NOTE: WHEN  SOPICE=2,THE opTroN  IMPLIED Bv "E OPT VALUE ls

C
0=lNpuT  rs  IN  DEclMAL DEGREEs (IN  PLON  < 0,  PLAT)

1 =lNpuT  rs  IN THE  DMS  FORM  (IN  LONX >  0,  LATX)
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C          SBD=spEciFy 1 4 suBDIvisioNs oF THE SECTrow,EAou AppLED To

C           "E  RESULT OF Ti+E mEvrous oNEs.   SusDivrsroNS ARE DEFINED AS
C           sELECTroN OF A IALF on OUAITER or TrE AIEA BEING  DrviDED,Are
C           AF`E sPECFreD BV LETTEF`S REPRESENTING  rolNTs or "E coWpASS:

C
C            1/4 AREA ....       NE  on AB .... NORTHEAST   (B=BLANK)

C                                    NW oF]  BB„..NOFrmwEST
C                                     SW OF}  CB .... SOuTHWEST

C                                      SE OI]  DB .... SOUTHEAST

C                                               BB ...... UNUSED

c           Ira AREA ....... NB Op N2 .... „Nofl"
C                             SB on s2 ...... Sou"
C                                    EB on E2 ...... EAST

C                                    WB OR W2 ...... WEST

C                                               BB ...... UNUSED

C
C           SBD(1 )=THE LARGEST (" sECTLow) suBDivisroNAND THE OWE

C                         THAT B APpueD msT (TO THE wi+oLf sECTroN).
C          SBD(2)=THE SEcoND LARGEST (1 /N-" sECTroN) sueDivlsroN.
C          SBD(3)=THE SEcoND SMALLEST (1/N-"-" SECTEN) suBDivrsroN
C           SBD(4)=THE SMALLEST (BY AREA  "-1/N-"-1/N SECTK)N) AND THE

C                            LAST SuBDIvrstow TO BE AppiiED  (TO THE REsurT OF THE

C                            pRECEEDiNG THREE suBDlvrsroNS  N  SBD(1 -3))

C                           WHERE  IIN REPRESENTS EITHER  1/2 on  1/4

C                               (WHERE EACH or THE  1/N  rs  EITHER  1/2 on  1/4)

C
C           PLON  =  LONGiTuoE OF  PolNT For on FRou CONVERSKIN (posiTIVE)

C            PLAT =  LATITUDE  OF  POINT

C           LUN  =  UNIT NUMBEPl or (mEvrousLv OPENED)  LEOBASE

C           STAT = CODE  INDK)ATiNG succEss on FAILURE OF THE REouESTED

C                   OPERATION.   THE CODES ARE:

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

C
C
C
C
C
C
C
C

1=SUCCESS
-1 =TOWNSHP NUMBER out OF RANG

•2=RANG  NUMBER out or F]ANG
-3=F3ANG  DiRECTroN (EW)  NOT 'E' on 'W'

4=SEC")N NUMBEF] OUT OF RANG
-5=ILLEGAL/unREcoGNlzED suBDivisloN spEc  #1

6=    I        '             I       I    #
J=   '       '           '      '    ro
8=    I        I            '       '    #
-9=ILLEGAL CONVERSEN Dlfl:cTroN (SoF]CE) VALUE

-10=lNVALD  LONGITUDE  For LEO/KGS

-11 =INVAlu)  LATITIX)E  FOR  LEO/KGS

-12=lNVALD VALUE For OPT

-13=DATABASE (LEOBASE)  ro Emon
•14=THRASHne ERF`on oN THE TowNSHip LEVEL

-15=THRASHue ERRon oN THE  SECTroN LEVEL

-16=ILLEGAL FcOTAGE (TcO LARGE ch TcO SVAIL)

-17=ERROF}  IN DEGREEs,MiNUTEs,on sEcoNDs VALUE

-18=Missue SBD vALix: FOR OPT=1  on 5

-19=ToWNSHp REcoro HAs No USABLE sECTroNs

-20= PolNT-lN -PoiyGON ERroR
-21 =oNE sECTK>N on TowNsrm coF}NER is Mesive
-22=Two sECTroN oR TowNSHp coENERs ARE Mrssue
-23=THREE sECTroN oR TowNSHp coRNERs ARE MrssING

-24=ALL FouR sECTroN oF` TowNSHp coRNERs AF}E mssne

-25=liLEGAL on uNREcoGNRED CORNER spEclFicATroN

•26=opTroN Ls NOT ALLowED For TowNSHps
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C                        -27=lLLEGAL F]EcoF]D # iN TowNsriip SEARCH

C                        -28=FAILED SEARCH wlTHIN NcohipLETE TowNSHm

C                         -99=SpEciAL SECTroN  REouLRES  NON-STANDARD suBDIVLsloN

C
C           SORCE =  sOF]CE,  INDRATES DmECTroN OF "E coNVERsroN:
C                           1 =LEGAL,  CvT FcoM  LEGAL TO GEcoRAPHro

C                            2=GEOGRAPHro,  CvT  FF}ow  GEOGRAPHro TO  LEGAL

C
C            LONX =  HAS  LOwGITUDES  IN  DEGREES,  MINUTES, SEcONDS  FOR THE

C          LATX       DMS orTroN,  IF SORCE=2, TLE GEcoRAPHK) iocA"IN
C
C
C
C
C
C
C
C
C

rs STORED  N  LONX AND   LATX WITH  DEGREEs oF LONGITunE  IN

LONX(1,1) AND  MINUTES AND SEcONDS  IN  LONX(1,2-3).   THE

coRF`EsPoNDNG DEGREEs,MiNUTEs AND sEcoNDs or LATITUDE ARE

sTonED  N LATX(1,1-3).   WreN SORCE=1  (LEGAL),THE

coNVEF}TED ouTpuT LocATioN  IS STonED IN TrE SAME VAINER,AS

WELL As iN  PLON AND  PLAT.   For THE 4 coENEF`s opTroN,THE roun

output CORNER LocATioNs AF`E STORED slMili\RLv wrm THE NW

COENER  IN  LON/LATX(1,1-3),THE NE CORER N LON/LATX(2,*)

"E SW N (3,*) AND THE SE  IN (4,*).

C          FTNS = FcoTAGE AppiiED TO THE NonTH F > 0, sourH (iF < 0)

C           FTEW =  FcOTAGE APPLED TO TRE EAST If > 0, WEST IF < 0

C               NOTE: FcoTAGES AIE AppLED mow THE SECTroN on TowNSHip
C                      CORNER  WPLED  BY THE SIGNS OF THE  FOOTAGE VALUES

C               NOTE: WHEN BOTH FcoTAGES AnE o,THE LENCTHs oF "E SECTroN
C                    siDEs iN FEET ow THE GrounD ARE RETURNED  N  LONX (14,1)

C           NONSTD =  1,  iF "E SECTiow iNvoLVED N EiTHEp cowvEpsion rs
C                  IN  SOME  WAY  IF`REGULJIA  AND  HAS  BEEN  MARKED  TO  INDK)ATE THAT

C               suBDivrsroN or THE SEc")N SHouLD BE PEf}FOENED  iN A roN-STD

C                 MANNER  (I.E.  oTHEF] THAN THE STANDARD  Four EouAL PARTs  SUBD.)

c              = o,F ThE SECTroN  is suBDlviDED  IN TLE STANDARD FASHroN

C            COPINR  =  lF SOURC=1  (LEGAL),  THIS VALUE,  IN THE SAME  FOPM  AS

C                THE SBD VALUES. SPEcflES ONE OF  NINE  POINTS  N THE TARGET

c                 AREA-THE AREA DEFINED  By "E  LEGAL DEFINiTroN,iNCLi/DiNG THE

C               (up To 4)  suBDlvisioNS  N SBD.   THE NiNE roiNTS ARE THE FouR
C                CORNERS,"E SDE  MIDPOINTS (S,N...)  AND  THE DEFAULT CENTER.

C               WHEN SORCE=2 (GEOGRAPHre),Tins ouTpuT VALUE  Ls SET To

c                INDicATE THE CLOsEST or THE NNE roiNTs wiTHIN THE FOuRTH

C               suBDlvisroN,TO THE POINT DEscf}BED N  PLON,PLAT

C           TFLAG  = TOWNSHP  FLAG,  = 0  IF ALL 36 SECTIOwS HAVE  4 DEFINED

C               conNERs,  = -1  F No sECTroNS HAVE 4 DEFNID coRNERs, on = N]

C              O< N d6, N = NUMBER or sECTroNs wl" 4 DEFINED coRNERs
C          SFLAG = SECTroN FLAG,  = o For sEc")Ns wlTH 4 DEFINED coENERs,
C               oR = IN, WH:RE N = NiAIBER or MesNG CORNERS.

C           XC,YC  =  PROJECTED  LcOATIONS OF THE 49 CORNERS OF A TOWNSHIP

C                IN THE  SAME or]DER AS THE ioNGrruDES AND  LATITunES  N  LON,LAT

C      (T/S)Row =  Row NUMBER OF THE TowNSHlp oR SECTroN WITHIN A TowNSHp

C                BASED  ON AN ARTIFK)IAL GRID.   For TowNSHlps,TIE GRID  rs 35

C                Rows  NUMBERED FRou THE  NonTH,AND  68 COLUINS  NUMBERED  FROM

C               THE WEST.   For sECTroNs,"E eniD  ts 7 By 7 REPRESENTING  TM:
C              49 COENER poINTs wi" Plow 1  AT TtE NOF",CounN  1  AT THE WEST
C      (T/S)CoL =  AssoCIATED COLUMN NUMBER OF "E TowNSHip on sECTroN

C           LONNE =  LONGITUDE OF  NE COENER OF SECTroN op suBDivisroN

C            LATNE  =  LATITUDE OF SAME

C            LONSE  =  LONGITIX)E OF  SE  CORNER OF SAME

C            LATSE  =  LATITUDE OF SAME

C           LONSW =  LONGITUDE OF SW COENEN

C           LATSW =  LATITUDE OF SANE

C            LONNW =  LONGITUDE OF  NW cORNEF}

C           LATNW = LATrruDE OF SAME
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C          OUTFLG = CoDE LiKE A cLppue CODE NDXIATEs iF A rour rs N

C              on out AND vmEPE  I out OF A RECTANGLE
C           LONOFF = CIfFSET FRou sECTroN COENER,  N LONGmuDE, cALouLATED
C               AS THE RATro or THE  NS FooTAGE TO THE AVERAGE Eue" or THE

c               Non" AND sOuTH siDEs,MuiTELED By THE CHANGE IN LONGiTu)E
c               mow THE EAST TO Tre WEST ALoue TrosE SDES BUT SCALED

C           LATOFF = THE LATITroE EouIVALENT OF LONOFF
C           LONOMN  =  MININUM  LONGiTu)E or: ouTsiDE RECTANGLE

C            LATOMN=       .       LATITIJDEOFSAME

C           LONOMX =  MAxlwM  LoverTUDE or= SANE
C           LATOMX I      .           LATmuDE OF SAME
C            LONIMN  =  MiNNIUM  LONGmuDE OF  htsiDE  RECTANGLE

C           LATIMN=      .       LATiTroEOFSAME

C           LONIMX =  MAxlNIW  LONcn.UDE or: SAME

C            LATIMX  =      .            LATmuDE OF SAME

C           DLON  =  LENGTH or slDE OF "LAneLE soivED TO FiND XLON,THE

C             LONGITUDE OF AN  INTERSEc")N  roINT

C            DLAT =  SAME  BUT  IN  LATITIDE

C           XLON  =  LONGITu]E OF TiE  NTERSECTEN roLNT OF A VERTicAL RAv

C           pAssNG "RouGH THE roiNT wrm A sure OF THE ouADRuJ\TERAL
C           XLAT =  LATITUDE or: RAv iNTERSECTEN Ti+RoueH rolNT wi" SDE

C
c"""` CHECK TrE iNpuT vALUEs For Emofls Fofl BOTH cONVERsroN TypEs
C

LEGAL=1

GEOGF]=2
NONSTD=O

STAT=O
C**"«+++"+*+***"**+****+„„**+"„„„„„„„******.**+***."
C*  *  *  .  *  * *  .  .  *  *  .  *  *  *  *  *  *  .  *  .  *  *  CHECK  LEGAL  INPUT VALUES

C"*****,****"*+„*,,,*|**„*,I,,*,*,„,,*,,,***,,,*+*"***«"„*
C

IF (SORCE.EQ.LEGAL) THEN

"     lNmAuzE OuTpuT vARiABLEs TO SAFE vALUEs AND

CHECK roR ERFrors  N  LEGAL NpuT pARAMETEF]s

PLONsO.
PLATsO.

LONX(1,1)sO.

LATX(1,1)sO.

IF (TSHP.LT.1  .OF`. TSHP.GT.35) THEN

STATE-1
PIETUPN

ENDIF

IF (EW.EQ.'E'  .OR.  EW.EQ.'E')  THEN

IF (RANG.LT.1  .OR. RANG.GT.25) THEN

STAT=-2
PIETUPN

ENDIF

EW='E'

ELSEIF (EW.EQ.'W  .OR.  EW.EQ.W') THEN
IF (RANG.LT.1  .OR.  PIANG.GT.43) THEN

STAT=-2
RETURN
ENDIF

EW='W
ELSE

STAT=-3

C.     ROSS C-V LEO      11



RETURN

END'F
IF (OPT.LT.0  .OPl.  OPT.GT.7) THEN

STAT=-12

RETURN
ENDIF

IF (SECT.LT.0  .OR. SECT.GT.36) THEN

STATa-4
RETURN

ENDIF

C
C.   CHECK FOPl UECAL FcOTAGE VALUES.

C
IF (OPT.EQ.2  .OR. OPT.EQ.6) THEN

IF (ABS(FTNS).GT.FTMX .OPl. ABS(FTEW).GT.FTMX) "EN
STATE-16
RETURN
ENDIF

FOE) CORNER/slDE opTloN creek FOR spEc IN SBD(1 ) oR CORNR

IF CORNR  rs BLANK BUT SBD  is NOT, copy SBD To CORNR

ELSEIF (OPT.EQ.1  .OR. OPT.EQ.5) THEN
IF  (CORNR.EQ.'   '  .AND.  SBD(1).NE.'   I)  CORNR  =  SBD(1)

C
C. ' . ` I * . . . ` . ' ` ` . ` . . CHECK SUBDIVISK)N SPECS (OPT = 0/4)
C

ELSEIF (OPT.EQ.0  .OPl. OPT.EQ.4) THEN
C
C.   For suBDIvrsiow opTroNs, CHECK SBD
C.   vALUEs AND SET OPIDEPI To GuiDE THE suBDIvrsKIN pflcoEss

C
C
c. * . * * * ..... * * ` . . ' .... CHECK AND CODE suBDivisroNs
C
C
C+   NUMBEf] oF suBoivisroNs USED iNmALLy AsssueD To BE 4, pPlcx)Ess
C*   coNTF`oL rs  INITiALLy zERo, AND unusuAL CENTER spEcs FOR CoRNR ARE

C`   RESET To BLANi(.   ProcEss coNTRor VIA oRDEPl  rs CPEATED Bv ADDING

C*   onE DreIT iN EACH oF 0 To 4 DEc"AL rosITroNs  N ORDER, wlTH EACH

c*   DrelT uNrouELy REPRESENTING ONE OF EK3HT pOssiBLE suBDIvisioN spEcs

C
NSUB=4
0RDER=O
IF (CORNR.EQ.'C '  .OR. COF]NR.EQ.'C ')  CORNR  =  '   '

IF (CORNF].EQ.'CF]'  .OF3.  CORNR.EQ.'CR')  cORNF]  = I   I

DO 50  1=4,1,-1

IF(SBD(I)(1 :1).EQ.'  ')  THEN

SBD(I)=SBD(I)(2:2) // SBD(I)(1 :1 )

ENDIF

IF (SBD(I).EQ.'D '  .OR.  SBD(I).EQ.'SE') THEN

OF}DEF]=10*ORDER+1

ELSEIF (SBD(I).EQ.'D '  .OR.  SBD(I).EQ.'SE') THEN

SBD(I) =  'SE'

ORDER=10*ORDEP+1
ELSEIF (SBD(I).EQ.'A '  .OR.  SBD(I).EQ.'NE') THEN

ORDER=10'ORDER+2
ELSEIF (SBD(I).EQ.'A '  .OR.  SBD(I).EQ.'NE') THEN

SBD(I) =  ,NE,
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50

OF]DER=10*ORDER+2

ELSEiF tsBD(ii.EQ.'B ' .OF]. sBpri).EO.'Nw') THEN
ORDEPl=10.ORDEPl+3

ELSEIF (SBD(I).EQ.'B  I  .OPl.  SBD(I).EQ.'NW')  THEN

SBD(I) =  'NW'

ORDER=10`ORDER+3
ELSEIF (SBD(I).EQ.'C  '  .OR.  SBD(I).EQ.'SW') THEN

ORDER=10*ORDER+4
ELSEIF (SBD(I).EQ.'C '  .OPl.  SBD(I).EQ.'SW') THEN

SBD(I) = 'SW
oRDER=io.oRDERrd

ELSEIF (SBD(I).EQ.'N  '  .OR.  SBD(I).EQ..N .) THEN

SBD(I)  =  'N  '

OPDEP =  10 ` OPIDEPl + 5
ELSEIF (SBD(I).EQ.'W '  .OR.  SBD(I).EQ.'W I) THEN

SBD(I)  =  'W'

ORDEPl=10.OPDEpto
ELSEIF (SBD(I).EQ.'S '  .OR.  SBD(I).EQ.'S ') THEN

SBD(I) =  'S'

OPIDEPl=10.ORDER+7
ELSEIF (SBD(I).EQ.'E  '  .OF].  SBD(I).EQ.'E ') THEN

SBD(I) =  'E'

ORDER=10.ORDER+8
ELSEIF (SBD(I).EQ..   I  .AND. OPIDEPl.EQ.0) THEN

NSUB=I-1

IF (I.LT.1)  NSUB=1

ELSE

STAT=4-I
RETURN

ENDIF

CONTINUE
ENDIF

C
C . . . ` . I . . ' . ` . . . I . ' . . . CHECK GEOGPIAPHIC INPUT VALUES
C,
C"   Now creex TRE APGUMENTs Fop GEOGRAPHic To LEGAL (sORCE=2)

C.
C

ELSEIF (SOPICE.EQ.GEOGPl) THEN
TSHP=O
PIANG=O

SECTsO
EW='   '
SBD(1)='   I

SBD(2)='   '

SBD(3)='   '

SBD(4)=,   I

CORNR='   '

F OPT=1,coNVEnT DMS vALues IN  LONX(1)  AND  LATX(1 )

TO PLON,PLAT AFTER CHECKING "E DMs vALUEs FOF] ERroRs

lF (OPT.EQ.1) THEN
LONDEG=ABS(LONX(1,1))

LONMIN=ABS(LONX(1,2))

LONSEC=ABS(LONX(1,3))

LATDEG=LATX(1,1)

LATMIN=LATX(1,2)

LATSEC=LATX(1,3)
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lF (LONDEG.LT.94.  .OR. LONDEG.GT.102.) THEN

STAT=.17
F]ETUPIN

ELSEIF (LONMIN.GT.59.  .OPl.  LONSEC.GT.59.) THEN

STAT=-17
RETUPIN

ELSEIF (LONMIN.LT.0.  .OR.  LONSEC.LT.0.) THEN

STAT=-17
PIETUPIN

ELSEIF (LATDEG.LT.36.  .OPl.  LATDEG.GT.40.) THEN

STAT=-17
F]ETURN

ELSEIF (LATMIN.GT.59.  .OR.  LATMIN.LT.O.) THEN

STAT=-17
RETURN
ELSEIF (LATSEC.GT.59. .OR.  LATSEC.LT.0.) THEN
STAT=-17
f]ETURN
ENDIF

PLON=LONDEG+LONMIN/60.+LONSEC/3600.
PLAT=LATDEG+LATMIN/60.+LATSEC/3600.

ENDIF

MAKE SuRE THAT  TNI:  INPUT  LONGITUDES AF]E  SET  NEGATIVE  FOR

NTERNAL pRcoEssING  (ouTpuT vALUEs wu BE rosiTrvE)AND
Arso  cHEex Tin:  LONG/LAT  EXTflEMEs  FOPI  KANSAs

IF (PLON.GT.0.)  PLON=-1..PLON

IF (PLON.LT.-102.05  .OF].  PLON.GT.~94.55) THEN

STAT=-10
PIETUPN

ENDIF

IF (PLAT.LT.36.95 .OR.  PLAT.GT.40.05) THEN

STATE-11

RETURN
ENDIF

ELSE
STAT=-9
PIETUPIN

ENDIF

C
C,
C         "   FiF}sT HANDLE TLE opTiow soRCE=1.  SORCE  INFonMATroN

c         "   is  LEGAL (TOwNSHpmANG/sECTroN ETc.) AND THE DEsipED

C          ''   ouTpuT  rs GEOGRAPHro (LONGITUDE,LATITUDE).

C,
C
C**„„„„„„M„„„„„„MM„„„„„„"M*„**+"**"***+*„**
C . . ' ........ ' . * . ' * . . . LEGAL TO GEOGRAPHIC CONVERSK)N
C"**+**+*.***+"„*"*«M**„„+„****+.,*+„*„'.,*+I"*********"*

C
C
c ...... ` . * FiND COPINER LOcATioNs OF sECTroNITSHp
C
C*   CALCULATE  THE  pEcoRD NUMBER AND  READ THE TowNSHp  BEconD

C
IF (SOPICE.EQ.LEGAL) THEN

TREC=(TSHP-1)*68
lF (EW.EQ.'E') THEN
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TRECETREC+43+RANG

ELSE
TREC=TFIEC+44-RANG

ENDIF

PIEAD(LUN,FiEc="Ec,Em=i999)
&        ((LON(I,J),LAT(I,J),J=1,7),l=1,7), TFLAG,  SFLAG

C
C.   CHECK  FOR  EMPTY TOWNSHIP

C
IF (TFLAG.EQ.-1 ) THEN

STAT=-19
RETURN

ENDIF

IF (SECT.NE.0) THEN

C
C*   CHECK FOR MlsslNG sECTroN coRNERs

C
IF (SFLAG(SECT).LT.0) THEN

STAT=SFLAG(SECT)-20
RETURN
ENDIF

C
C*   GET THE Row AND CoiuMN oF THE NW CORNER oF DEslRED sECTroN

C
SROW=(SECT-1)/6+1
ScOL=MOD (INT (SECT),6)
lF (ScOL.EQ.0) ScOL=6
lF (MOD (lNT (SPIOW),2).EQ.1 ) SCOL=7-ScOL

ELSE
C
C*   CHECK  FOR  MISSING TOWNSHP  CORNEPS  (SECT=0)

C
STAT=O

75

DO 75  1=1,7,6

DO 75 J=1,7,6
lF (LAT(I,J).LT.0.)  STAT=STAT-1

CONTINUE
IF (STAT.LT.0)  THEN

STAT=STAT-20
PIETUPIN

ENDIF

CHECK FOR FcoTAGE oF` suBDrvlsioN orTroNs wHKw ARE NOT

ALLOWED  WHEN  THE TOWNSHW'  HAS  BEEN  SELECTED

IF (MOD (lNT (OPT),2).EQ.0) THEN

STAT=-26
RETURN
ENDIF

C
C.   SET SPIOW=ScOL=1  FOR THE TOWNslllp (NW CORNER)

C
SROW=1
ScOL=1

ENDIF

C
C„*****««*„*«*"*„„„„„„*m
C ' ' ' . ` . * I . * . ' ' .... ` . FOUR CORNERS OP")N (OPT = 37)
C*"**"**+"""""**"****"**"
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'  Do "E Four ConNEes opTroN FnsT (OPT=3,7)

100

IF (OPT.EQ.3 .OR. OPT.EQ.7) THEN
DO  1001=1,3,2

LONX(I,1)=LON(SPIOW,SCOL)

LATX(I,1)=LAT(SROW,ScOL)
lF (SECT.NE.0) THEN

ScOL=ScOL+1
ELSE

ScOL=7
ENDIF

LONX(I+1,1)=LON(SROW,SCOL)
LATX(I+1,1)=LAT(SROW,ScOL)
lF (SECT.NE.0) THEN

sRow=snow+1
ScOL=ScOL-1

ELSE
SROW=7
ScOL=1

ENDIF

CONTINUE

C
C+

C' . . . * . ' * . . I ` . * ` . CONVEPIT FOUR COPNERS TO DMS   (OPT = 7)
C.
C
C""   CONVEBT THE FOuR CORNERS TO DMS  IF REOuESTED (OPT=7)

C
IF  (OPT.EQ.7) THEN

DO 200  1=1,4

CONVERT "E 4 LONGITUDES  N DEGF`EES IN LONX(14,1 )  NTO

DEGF`EES (14,1 ),MNUTES (14,2)AND SEcONDS (14,3),

STinT Bv SETTING "E LONGiTUDEs To posi"G vALUEs slNCE
ALL  DEGREE-MINUTE-SEcOND  VALUES  MUST  BE  POSITIVE.

LONX(I,1)=ABS(LONX(I,1))

LONX(I,2)sO.*(LONX(I,1)-lNT(LONX(I,1)))

LONX(I,1 )=lNT (LONX(I,1 ))

LONX(I,3)sO.*(LONX(I,2)-lNT(LONX(I,2)))

LONX(I,2)=lNT (LONX(I,2))

IF (LONX(I,3).GE.60.) THEN

LONX(I,3)=LONX(I,3)cO.
LONX(I,2)=LONX(I,2)+1.

ENDIF

IF (LONX(I,2).GE.60.) THEN

LONX(I,2)=LONX(I,2)cO.

LONX(I,1)=LONX(I,1)+1.

ENDIF

CoNVEPT "E 4 LATrTUDEs iN DEGREEs  N  LATX(1 -4,1 )  INTo

DEGREEs (14,1 ),MINUTEs (1 -4,2)AND SEcoros (14,3).

LATX(I,2)=60..(LATX(I,1)-lNT(LATX(I,1)))

LATX(I,1 )=lNT  (LATX(I,I ))

LATX(I,3)=60.*(LATX(I,2)-lNT(LATX(I,2)))

LATX( I,2)=lNT  (LATX(I,2))
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200

lF (LATX(I,3).GE.60.) THEN

LATX(I,3)=LATX(I,3)cO.

LATX(I,2)=LATX(I,2)+1.

ENDIF

IF (LATX(I,2).GE.60.) THEN

LATx(I,2)=LATx(I,2)un.
LATX(I,1)=LATX(I,1)+1.

ENDIF

CONTINUE
ENDIF

C
C.   GO  SET STAT VALUE AND  EXIT

C
GOTO 575

ENDIF

C
C„****"***"„**„„*"++I
C ` ' . * * ' . ` . ' . . . ` . EXTRACT SECTIONITSHP CORNEPI LOCA")NS
C. * . + + ........... FOR ALL O"ER OPTIONS (0/4, 1/5, 2/6)
C„„M„„„„„"„„«M«*
C
C"""   GET THE CORNER LocATloNs FOR ALL opTroNs ExcEPT 4 coRNERs
C

OFF=1
IF (SECT.EQ.0) OFF=6
LONNW=LON(SROW,ScOL)
LATNW=LAT(SROW,SCOL)
LONSW=LON(SROW+OFF,SCOL)
LATSW=LAT(SROW+OFF,ScOL)
LONSE=LON(SROW+OFF,ScOL+OFF)
LATSE=LAT(SPIOW+OFF,SCOL+OFF)
LONNE=LON(SROW,SCOL+OFF)
LATNE=LAT(SHOW,SCOL+OFF)

C
C,
c * * . . * I . ' I * ' ' . . . FOR cORNERIsiDE MiDPT OpTroNs (OpT=i ,5)
C` * * * * . ' ` * . * ' . ' .   FIND APIEA CENTER AND GO TO APPLY CORNR
C,
C

IF (OPT.EQ.1  .OR. OPT.EQ.5) THEN

CTRLON=(LONNW+LONSW+LONSE+LONNEV4.
CTRLAT=(LATNW+LATSW+LATSE+LATNE)/4.

C
C`   GO TO APPLY COPINR, OPTK)NAL  DMS  CONVERSEN,  AND TO  SET  STAT

C
GOTO 510

ENDIF

C
C""********"+„„„„„„„„„„"««**+
C * * I  I *  * *  . * *  * * I *  * I  . *  I *  * * *  *  FOOTAGES (OPT =  2/6)

C**„*+"„„„„„„M„„„„„„„„„+++M**
C
C*

C.   Do FcoTAGEs Fop LEGAL To GEOGRAPHro coNVErsroNs treRE

C,
C

IF (OPT.EQ.2  .OPT.  OPT.EQ.6) THEN

C
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C*   FnsT,SET "E pflcuECTroN AREA To BE "E MiNMUM

C*   BouNDiNG PECTANGLE ABouT "E secTroN coENERs AND
C.   INiTiALlzE THE  pflouECTroN soFTWAnE  wiTH A FixED  MP

c*   pROuECTroN AT scALE=12 TO pRODucE uNITs EQUAL TO

C*   FEET Ow THE EARTH'S SURFACE.

C
C
C* . . . I . ` .... ' . . * . + PROJECT COPINEPIS TO FIND SIDE LENGTHS
C
C

SOUTH=AM IN 1  (LATSW,LATSE)
NORTH=AMAX1  (LATNW,LATNE)

WEST=AMIN 1  (LONSW,LONNW)
EAST=AMAX1  (LONSE,LONNE)

C
C.    INITIALIZE  THE  (MP)  PF`OJECTK)N

C
CALL LE02SETP (COPN)

PROuECT THE FOUR SECTKIN CORNERS (FcOTAGES ARE APPLIED ONLY

FRou THE sECTroN conNERs)

DBLON=DBLE (LONSW)
DBLAT=DBLE (LATSW)

CALL  LE02PBO (DBLON,DBLAT,XDBL,YDBL)
XSW=SNGL (XDBL)

YSW=SNGL (YDBL)

DBLON=DBLE  (LONSE)

DBLAT=DBLE  (LATSE)
CALL LE02PRO (DBLON,DBLAT,XDBL,YDBL)
XSE=SNGL (XDBL)
YSE=SNGL  (YDBL)

DBLON=DBLE  (LONNE)

DBLAT=DBLE (LATNE)

CALL LE02PPIO (DBLON,DBLAT,XDBL,YDBL)
XNE=SNGL (XDBL)

YNE=SNGL (YDBL)

DBLON=DBLE (LONNW)

DBLAT=DBLE (LATNW)

CALL  LE02PPIO (DBLON,DBLAT,XDBL,YDBL)
XNW=SNGL (XDBL)

YNW=SNGL (YDBL)
C
C"""   IF FcoTAGEs ARE (Approx.) EouAL To zEi]o,THE CALL rs To
C*            GET "E  LENGTris oF ALL FouR siDEs or THE SECTioN,MEAsunED
C.             IN  FEET ow  THE GRouND  (mouECTED  UNiTs WHEN  DONE As  rr  is

C*             For THE  FcoTAGE AppLK3ATiow).   THESE  ARE CALcuLATED  AND

C*             STORED  IN  LONX(1-4,1)  IN THE ORDER  N,E,W,AND  S.   THEN

C""".   GO T0 SET THE VALUE OF STAT AND  NONSTD AND EXIT.

C
IF  (ABS(FTNS).LT.1.  .AND. ABS(FTEW).LT.1.) THEN

LONX(1,1)=SQRT((XNE-XNW*.2+(YNE-YNW)"2)
LONX(2,1 )=SQPIT((XNE-XSE) " 2+(YNE-YSE) " 2 )
LONX(3,1 )=SQRT((XNW-XSW) " 2+(YNW.YSW) " 2 )
LONX(4,1 )=SQF]T((XSE-XSvvy " 2+(YSE-YSW) " 2 )
GOTO 575
END'F

C
C""'   CALcuLATE THE NS AND  EW RATros oF FcoTAGE To LENGTH AFTER
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c*          cALOuLATNG "E AppROpRiATE siDE LEueTHs Vlm ARE

C'          DETfflMINED By THE FooTAGE DmECTroNs "AT AIE iM"ED
C*           BY"ESK3NS OFTHEFcOTAGES(+=N,EAND -=S,W)

c"""   WHK)H  IN TURN DETERMiNEs THE conNEF] For AppLK)ATiow

C
C
C' . . . ' ..... ` . ' . . ' APPLY SIDE LENGTH TO FOOTAGE RATIOS TO
C .... * .... ' ..... LONG/LAT CHANGES TO FIND POINT LOCATK)N
C
C
C*   LENGNS AND  LENGEW ARE THE AVERAGED slDE LENGTHs or Tre

C.   SECTroN.  DIVIDE THE FcoTAGES Bv TiEM To GET THE RATros.

C*   (MAKE sunE "E rooTAGEs DON'T ExcEED "E LENGTHs)
c*   (SDE LENGTHs ARE MEAsuRED As cHANGEs  N x On y only)
C

LENGNS=((YNE-YSE)+(YNW-YSW))/2.

IF  (ABS(FTNS).GT.LENGNS) THEN

STAT=-16
RETUPIN
ENDIF

LENGEW=((XNE-XNW)+(XSE-XSW))/2.
IF (ABS(FTEW).GT.LENGEvy THEN
STAT=-16
RETURN
ENDIF

RATNS=ABS(FTNSVLENGNS
RATEW=ABS(FTEW)/LENGEW

C
C*   RATios ARE APpiiED To siDE LENGTHs To FiND oFFSETs FroM THE

c.   cORNEp OF OPlrelN.   THE  LENGTH OF siDE USED  is  NDHECTLy

C*   PRopoRTK)NATE To THE  DrsTANCE  IT  Ls To BE AppLiED As MEAsuRED

c.   FpOw THE O"m PAH OF siDEs.   THAT  rs,  IF FcOTAGEs APE TO BE

c.   AppLED FF]Ou "E NORTH AND THE WEST "EN THE EAST-WEST RATro

c.   rs "E WEST FcOTAGE DMDED By "E AVERAGE ctiANGE iN x FpOw
c*   EAST TO WEST roF` THE  NOF}TH siDE AND THE sOuTH siDE.   THrs RATro

C*   rs APPLu:D To "E LENGTH or THE NOR" Are souTH slDEs, BUT rs
C.   wEreHTED AccoRDNG To DisTANCE FRou EACH siDE To THE POINT AT

C`   WHICH  "E FcOTAGE  IS TO  BE APPLIED.

C
c.   oFFSETs  IN  LONGiTiDE  AND  IATrruDE APIE cALOuLATED  As ExpLAINED

c.   ABOvE ("OueH NOT WELL)
C

LONOFF=RATNS*(LONNE-LONNW)+(1.-RATNS)*(LONSE-LONSW)
LONOFF=RATEW`LONOFF
LATOFF=PIATEW.(LATNW-LATSW)+(1.-PIATEW)`(LATNE-LATSE)
LATOFF=PATNS.LATOFF

C
C*   THE  LONG/LAT OFFSETS ARE CALCULATED sO "E  RATIO OF "E

C.   OFFSETS  TO THE CHANGES  IN  LONGITUDE  AND  LATITUDE  ACROSS  THE

C.   sECTroN  rs PARALLEL To THE RATx)s cALcuLATED ABovE (RATNS

C.   AND  RATEW)  USING THE projECTED (x,v) cooRDINATEs.

C
C
c.   Apply OFFSETs FroM "E AppflopRiATE cOpNEPI
C

IF (FTNS.GT.O.) THEN

IF (FTEW.GT.0.) THEN

PLON=LONSW+LONOFF
PLAT=LATSW+LATOFF
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ELSE

PLON=LONSE-LONOFF
PLAT=LATSE+LATOFF

ENDIF

ELSE
IF (FTEW.GT.O.) THEN

PLON=LONNW+LONOFF
PLAT=LATNW-LATOFF

ELSE
PLON=LONNE-LONOFF
PLAT=LATNE-LATOFF

ENDIF

ENDIF

C
C.   Go To or>TioNAL DMS coNVEPlsroN AND To SET STAT

C
GOTO 550

ENDIF

C
C
C*"**""****"**""""
C . ` I * ' ` . . ' I ' ' * ' SECTION & SUBAPEA SUBDIVISION (OPT = 0/4)
C***"**"**""""""""
C
C*

c"   PERFORM up TO FOuR (STANDARD) suBOIvrsioNs

C*

C.   FIND LcoATioN oF CENTER oF FnsT AREA (sECTroN)

C
C"LON=(LONNW+LONSW+LONSE+LONNEV4.
C"LAT=(LATNW+LATSW+LATSE+LATNEV4.

Do  NOTHING  LF  INDK)ATED,  ELSE  pERFonM  NSUB  suBDlvrsroNs,  sTARTue

WITH  SBD(1 ),  EACH APPIED TO "E AREA CREATED  BY TRE  PREVIOuS OwES,

AND  "E  TYPE  0F  EACH  INDK)ATED  BY THE  CORRESPONDING  CODE  DIGIT  IN

ORDEPl.   SBD(1) wi" THE LEAST siGNiFroANT DreiT,  AND so oN

lF (OPIDER.EQ.0) GOTO 510

DO 500  1=1,NSUB

NUM  =  MOD (  lNT (OBDER),10)

C
C           "   REMovE THE DiGiT FOR THrs  suBDIvrsK)N

C
OPIDER  = OPIDEPl /  10
IF (NUM.EQ.0)  COTO 510

C
C„„M„„„„****„„„„„"„"*«M"**
C *  ` '  * I  ' `  * .  '  * . * *  * .  * .  . *  .  . . QUAPITER-APIEA SuBDIVISION

C„„„„„„„„„„„„„„"*„***M.„"*
C
C           "   FH]ST THE  1/4 AflEAS

C
IF (NUM.EQ.1) THEN

C
C         "   SOu" EAST
C

LONSW=(LONSW+LONSEy2.
LATSW=(LATSW+LATSE)/2.
LONNE=(LONNE+LONSEV2.
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LATNE=(LATNE+LATSE)/2.

LONNW=C"LON
LATNW=CTPILAT
ELSEIF (NUM.EQ.2) THEN

C
C           "   NORTH  EAST

C
LONSE=(LONNE+LONSEV2.
LATSE=(LATNE+LATSEV2.
LONNw=(LONNw+LONNE)ra.
LATNW=(LATNW+LATNEy2.
LONSW=CTRLON
LATSW=CTRLAT
ELSEIF (NUM.EQ.3) THEN

C
C           '.   NORTH WEST
C

LONSW=(LONSW+LONNvvy2.
LATSw=(LATSw+LATNw)ra.
LONNE=(LONNW+LONNEV2.
LATNE=(LATNW+LATNE)/2.

LONSE=CTBLON
LATSE=CTRLAT
ELSEIF (NUM.EQ.4) THEN

C
C         "   SOU" WEST
C

LONNW=(LONNW+LONSVW2.
LATNW=(LATNW+LATSW)A!.
LONSE=(LONSW+LONSE)/2.
LATSE=(LATSw+LATSE)ra.
LONNE=CTRLON
LATNE=CTRLAT

C
C"**„***M„*"„M„M„"+**""„„""*
C * . * . . . * . ' . . ` ` * I ' . * . . * ' . . HALF-AREA SUBDIVISION
C*„****m*""*"**+"M„"++**"*«*****
C
C          "   Now Fop "E 1/2 AnEA suBDIvlsroNs
C

ELSEIF (NUM.EQ.5) THEN

C
C           "   NOplTH
C

LONSW=(LONNW+LONSvvy2.
LATSW=(LATNW+LATSW)A.
LONSE=(LONSE+LONNE)/2.
LATSE=(LATSE+LATNE)/2.
ELSEIF (NUM.EQ.6) THEN

C
C           *.   WEST

C
LONNE=(LONNE+LONNWV2.
LATNE=(LATNE+LATNWV2.
LONSE=(LONSE+LONSW)ra.
LATSE=(LATSE+LATSW)/2.
ELSEIF (NUM.EQ.7) THEN

C
C       "  SOu"
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C
LONNW=(LONNW+LONSwy2.
LATNw=(LATNw+LATsw)re.
LONNE=(LONNE+LONSE)re.

LATNE=(LATNE+LATSEV2.
ELSEIF (NUM.EQ.8) THEN

"   EAST

LONSW=(LONSW+LONSE)/2.
LATSW=(LATSW+LATSE)/2.
LONNw=(LONNw+LONNE)re.
LATNW=(LATNW+LATNEV2.
ELSE
STAT=-4-I
RETURN
END'F

C
c          "   cALcuLATE Tre NEw cENTEfl
C

CTRLON=(LONNW+LONNE+LONSE+LONSW)/4.
C"LAT=(LATNW+LATNE+LATSE+LATSwy4.

500            CONTINUE
C
C
C****„"***.„****""""""""*"*"*
C * * . . + . . ' .......... * . . . APPLICATION OF CORNPI SPEC
C* *  *  I  *  I  *  *  *  *  I  *  *  *  *  *  *  *  *  .  .  *  .  *  * *  I  (OPT  =  0/4,  1/5)

CM„„M„„„*"„**+*"*****+*"*""*
C
C
C           .   lF CORNR oP")N  is USED,SELECT THE  INDroATED roINT OF Tue

c            *   NINE siGNu=icANT pOINTs  iN TLE TARGET AREA,  On  iF BLANK

C           '   USE TtJE CENTEP OF "E AREA AS TH SELECTED POINT

C
510             lF (CORNF].EQ.'   ') THEN

PLON=CTBLON
PLAT=CTPLAT

C
C
C . . ` * . . ' . . . I . . ' ....... I FOUR COPINEPIS OF A SUBAREA
C
C
C          "   lF COPINR spEc rs Bij\NK AND ourpuT is NOT IN DMS, Arso
C          "   put "E COENER LocATiows oF THE TAneET ARE INTO THE
C           "   LEOXTR VAIIABLES  (LONX,  LATX)  lN  DECIMAL DEGREES

C
IF  (OPT.LT.2) THEN

LONX(1,1)  = ABS(LONNW)

LONX(2,1 )  = ABS(LONNE)

LONX(3,1 )  = ABS(LONSW)

LONX(4,1)  = ABS(LONSE)
LATX(1,1 )  =  LATNW

LATX(2,1)  =  LATNE

LATX(3,1 )  =  LATSW

LATX(4,1 )  =  LATSE

ENDIF

C
C . . I . . . I . . * . ` . . . * . . I . ' . ' APPLYING THE CORNPI SPEC
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C
C

ELSEIF (CORNR.EQ.'NE'  .OF].  CORNR.EQ.'A ') THEN

PLON=LONNE
PLAT=LATNE

ELSEIF (CORNR.EQ.'NE'  .OR.  CORNF].EQ.'A ') THEN

PLON=LONNE
PLAT=LATNE

ELSEIF (cORNPl.EQ.'NW'  .OR. CORNR.EQ.'B .) THEN
PLON=LONNW
PLAT=LATNW

ELSEIF (CORNR.EQ.'NW'  .OR.  CORNR.EQ.'B ') THEN

PLON=LONNW
PLAT=LATNW

ELSEIF (CORNR.EQ.'SW  .OR.  CORNR.EQ.'C I) THEN
PLON=LONSW
PLAT=LATSW

ELSEIF (CORNR.EQ.'SW'  .OF}.  CORNR.EQ.'C ')  THEN

PLON=LONSW
PLAT=LATSW

ELSEIF (COPINPl.EQ.'SE'  .OP.  cOPINPl.EQ.'D ')  THEN

PLON=LONSE
PLAT=LATSE

ELSEIF (CORNR.EQ.'SE'  .OR.  CORNR.EQ.'D ') THEN

PLON=LONSE
PLAT=LATSE

ELSEIF (CORNR.EQ.'S I  .OR. COPNPl.EQ.'S ') THEN
PLON=(LONSW+LONSE)/2.
PLAT=(LATSW+LATSE)/2.

ELSEIF (CORNR.EQ.'E  '  .OPl.  COPINPl.EQ.'E ') THEN

PLON=(LONSE+LONNE)/2.
PLAT=(LATSE+LATNE)/2.

ELSEIF (CORNR.EQ.'N  '  .OPl.  COBNPl.EQ.'N .) THEN

PLON=(LONNW+LONNE)/2.
pLAT=(LATNw+LATNE)re.

ELSEIF (cOF]NR.EQ.'W I  .OR.  CORNR.EQ.'W ') THEN

PLON=(LONNW+LONSW)/2.

PLAT=(LATNW+LATSW)/2.
ELSE

STAT=-25
PIETUPIN

ENDIF

C
c            .   POINT  LONGiTunE AND  LATrruDE  HAVE  BEEN  IDENTIFIED,NOw

C            .   TRANSLATE  TO  DMS  IF REQunED,SET STAT VALUE AND  Exrr

C
C
C+*+****„*""**"***„**"*„*«**»*
c ' + I . + ' . . + . + ' . . . + ` ' * + . DMs cONVERsroN (OpT = 4;576)
C************"*„„„„„„„„„,„„„*
C

C
C           *   FOR "E  DMS OP")N cONVEflT TO DEGF`EES-MINUTES-SEcONDS

C
550            lF (OPT.GT.3) THEN

PLON=ABS(PLON)
LONX(1,1)=lNT  (PLON)

LATX(1,1 )=lNT (PLAT)

LONX(1,2)=60.*(PLON-LONX(1,1))
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LATX(1,2)sO.*(PLAT-LATX(1,1))

LONX(1,3)sO.'(LONX(1,2)-lNT(LONX(1,2)))

LATX(1,3)=60.*(LATX(1,2)-lNT(LATX(1,2)))

LONX(1,2)=lNT (LONX(1,2))

LATX(1,2)=INT(LATX(1,2))

C
c          *   CHECK For AND cOF]RECT OvERFiow EmoRs
C

IF  (LONX(1,3).GE.60.) THEN

LONX(1,3)=LONX(1,3)cO.
LONX(1,2)=LONX(1,2)+1.

ENDIF

IF  (LONX(1,2).GE.60.) THEN

LONX(1,2)=LONX(1,2).60.

LONX(1,1)=LONX(1,1)+1.

ENDIF

IF  (LATX(1,3).GE.60.) THEN

LATX(1,3)=LATX(1,3)-60.

LATX(1,2)=LATX(1,2)+1.

ENDIF

IF (LATX(1,2).GE.60.) THEN

LATX(1,2)=LATX(1,2)-60.

LATX(1,1)=LATX(1,1)+1.

ENDIF

ENDIF

C
C*****„„„„*M„*„„**„*"„*"*"*,„*
C* .  *  I .  I *  . *  I *  I *  I *  I  * *  I I  * I  * SUCCESS, SET STAT =  1

C"""„"„„*+*"****"*"„*"„„M„*
C
C          .   SuccEss,set STAT=1.   IF "is rs lN A SECTroN THAT rs
C           *   MAIKED AS NON-STANDARD (SFLAG > 0),NONSTD=1  ELSE 0

C
575            STAT= 1

IF (SFLAG(SECT).EQ.0) THEN
NONSTDsO

ELSE
NONSTD=1

ENDIF

C
C            *   MAKE CERTAIN THE LowGITunE  rs  posITIVE AND  RETURN

C
IF (OPT.LT.3)  PLON=ABS(PLON)
RETURN

ENDIF

C
C*

C       **   Now For THE SEcoND opTlow soF]CE=2,iN WHK>H THE SoRCE
C        "   INFo"ATroN  rs  GEOGRAPHlc (LONGi")E,LATITUDE) AND THE

c       "   cruNG ROu"E WANTS THE LEGAL (TOwNSHpmANGrsECTK>N)
C        "   DEscRlpTroN TO BE RETUENED

C
C"
C******""""""""""""**""""*"**"."**...++***".I+*"
C .......... ` * ....... * GEOGRAPHIC TO LEGAL CONVERSK)N
C*+*****"***""*"**""**".""."**..""*.""""****"".""I
C„
C
C           *   FiRST MAKE AN EDueATED GLEss oN "E TowNsiiip.   THE  RANG
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•   NUMBEL HERE Is ABsoluTE wrTH R43W BEING  1  Are  R25E  rs 68

"Ow=(BASLAT-pLAnyDELAT
TPOW=TPIOW+1
l=(TROW-1V30+1
TCOL=(PLON-WSTLON(I))/DELON(I)
TCOL=TCOL+1
TSHP=(TROW-1)/6+1
RANG=(tool-1)/6+1

*   CALouLATE "E REcoro NuveER For TrE TowNSHlp, cw:cK iF rT I+As
*   ALREADY BEEN ACCESSED  (THRASHING.)  AND "EN READ "E  RECORD

PITOP=1

GOO       TREC=(TSHP-1).68+ENG
IF ("EC.LT.0  .OPl. "EC.GT.2380) THEN

STAT = -27
GOTO 1500

ENDIF

IF (VZT(TREC).LT.2) THEN
READ(LUN,REC=TREC,ERR=1999)

&        ((LON(I,J),LAT(I,J),J=1,7),I=1,7), TFLAG,  SFLAG

IF (TRCE) WRITE(.,.)

&          ". vlsrT TSHP,RANG=  ',TSHP,BANG,' FLAG= ',TFLAG,""
VZT("EC)=VZT(TREC)+1
VZTD(PITOP)="EC
PITOP=F`TOP+1

C
C'   CHECK TOWNSHIP FOPI  LACK OF DATA

C
IF (TFLAG.EQ.-1 ) THEN

STAT--19
GOTO 1500

END'F
C
C           .   lF THls ls  2ND vlslT, SKP TSHP ANALysis -FIND SECTroN

C

lF (VZT(TREC).GT.1 )  THEN

IF  (TRCE) WfllTE(.,')" PflEVKWSLV VISITED TSHP  "

GOTO 700
ENDIF

C
C           *   lF sowE COENERS ARE MrssNG, co Do sECTroN SEARCH

C
IF (TFLAG.GT.O) THEN

IF (TRCE) WPIITE(.,.)".   pAnTIALLv Fun TowNSHlp   "

GOTO 700
ENDIF

ELSE

*   THRASHING  HAs OOcuRRED  IN Tre TOwNSHp SEARCH

STATE-14

GOTO 1500
ENDIF

C
C
C"""""""I...'..*"""""""""""""".*
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C *  * *  . * . I  ' I  *  ' *  * .  * .  . * * *  *  * *  . * * + TOWNSHIP SEARCH

C
C
C
C          .   THE FwrsT SEAICHEs will BE TO LcoATE Tre roiNT AS BEne
C          .   E^slLy ourslDE on INsiDE Ti+ TowNSHip.   For THts,Two
C           *   BoxES ARE USED.  THE FesT is THE ourER Box,DEFINED As

C             *   THE  MINIMUM  BOUNDING  RECTANGLE  DEFIED  BY THE  MINIMUM

C           .   AND MAXINUM oooRDiNATEs oF "E 4 coRNERs.   THE OTreR Box

C           *   is "E iNNEN Box,DEFNED By TrE cooRDINATES  NOT USED
C           *   For THE ourEN Box.   IF THE PONT is ouTsiDE Tr+E OUTER

C           .   Box,"EN IT rs NOT iN "E TowNSHlp.   LKEwrsE,iF rT Ls
C           *   iNsiDE Tre  NNER Box,IT rs  NsiDE THE TowNSHp.

C„,
C*"****+**„+*„„*,„„„„„„„"**,
C * . . . I ............... SEAflcH  INTEPlloR AND EXTEPlloR
C ..... ' ......... ' . ` . ` . . PIECTANGLES (EASY SEARCH)
C**„**"***"****,*,„,*+„„**"**,„
C
C         * So row FiND THE "o BoxEs
C

IF (LON(1,1 ).LT.LON(7,1 ))  THEN

LONOMN=LON(1,1)

LONIMN=LON(7,1)

ELSE
LONOMN=LON(7,1)

LONIMN=LON(1,1)

END'F
IF (LAT(1,1 ).GT.LAT(1,7)) THEN

LATOMX=LAT(1,1)

LATIMX=LAT(1,7)

ELSE
LATOMX=LAT(1,7)

LATIMX=LAT(1,1)

END'F
IF (roN(1 ,7).GT.LON(7,7)) THEN

LONOMX=LON(1,7)

LONIMX=LON(7,7)

ELSE
LONOMX=LON(7,7)

LONIMX=LON(1,7)

ENDIF

IF (LAT(7,7).LT.LAT(7,1 ))  THEN

LATOMN=LAT(7,7)
LATIMN=LAT(7,1)

ELSE
LATOMN=LAT(7,1)

LATIMN=LAT(7,7)

ENDIF

"   LOoit FOR roINT OuTslDE "E OuTER BOx.   IF FOuND,RESET

"   TSHP AND/OP RANG TO SEARCH THE NEXT TOWNSHIP

OUTFLG=O

IF (PLON.GT.LONOMX) THEN

OUTFLG=1
RANG=RANG+1

ELSEIF (PLON.LT.LONOMN) THEN

OUTFLG=1
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RANG=RANG-1

ENDIF
IF (PLAT.GT.LATOMX)  THEN

OUTFLG=1

TSHP=TSHP-1
ELSEIF (PLAT.LT.LATOMN) THEN

OUTFLG=1
TSHP=TSHP+1

ENDIF

IF("CE  .AND. OUTFLG.NE.O)THEN

wRrTE(*,I)"` ouTsu)E T-Box, NEw TSHP,RANG= ',
&             TSHP,RANG,""

wRrrE(*,*)'       PLON,  PLAT  =  ',PloN,PIAT

WRITE(*,')'++ OUTERBOX AT:  ',LONOuN,lATOuN,LONOMX,LATOMX

ENDIF

IF (OUTFLG.NE.0) GOTO 600

*   CHECK THE  INNER BOx FOR poiNTs ErsiLy iNslDE.   wl+EN FOuND,

*   GO TO SEARCH  FOR "E sECTroN wiTHiN Ti+E TOwNSHlp

OUTFLG=O
IF (PLON.LT.LONIMN)  THEN

OUTFLG=1

ELSEIF (PLON.GT.LONIMX)  THEN

OUTFLG=4
ENDIF

IF (PLAT.LT.LATIMN) THEN

OUTFLG=OUTFLG+2
ELSEIF (PLAT.GT.LATIMX) THEN

OUTFLG=OUTFLG+8
ENDIF

IF (OUTFLG.LT.1 ) THEN

IF ("CE) WPllTE (.,.) "   lNSDE TSHP BOX   "
GOTO 700

ENDIF

C
C,
C            .'   TRESE  POINTS WERE  NOT  ELIMINATED  BY THE EASY RETHOD,sO

C          "   onECK "E polNT AGAINST "E Foup siDES AS Follows.   IF THE
C            .'   roiNT  rs  OUTSDE THE ENDroiNTs oF THE siDE  INDicATED  By

C          "   "E ABovE EVALUA">N,"EN SEND IT OFF TO ANo"En TowNSHp.
C           "   oTHEnwrsE,FIND THE  iNTERSECTroN polNT OF A VERTicAL op

c          .*   roRLzONTAL LINE THrouGH "E poiNT wi" THE SDE.   IF mrs
c           ..   INTERSECTDN poiNT  is lNsiDE "E roiNT,"EN THE POINT is

C            `.   OUTSDE THE TOWNSHIP.

C
C****+*+***+*„"*""***""********,
C ' . * . . ' ' * . I * . * .... + I . . `SEARCH BETWEEN  INTEPlloR AND
C' .... ' . + . . + . ' . . . + .... EXTEF`loR  RECTANGLES (COMPLEX)
C**+M„***"**+*„**+„**„*„*„*"„**
C

IF ("CE) WPITE (.,') '"   FANCY TSHP TESTS   "
lF (OUTFLG.GT.7) THEN

"   HERE  TO TEST THOSE  ABOVE TRE  NOPTH SDE

OUTFLG=OUTFLG-8
lF (PLON.LT.LON(1,1 )) THEN

TSHP=TSHP-1
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RANG=RANG-1

GOTO 600
ELSEIF (PLON.GT.LON(1,7)) THEN

TSHP=TSHP-1
RANG=RANG+1

GOTO 600
ENDIF

"   FIND  INTERSEC")N OF VEfl"3AL THROUGH PONT WITH NORTH SDE

DLAT=(LAT(1,7)-LAT(1,1))*(PLON-LON(1,1))

DLAT=DLAT/(LON(1,7)-LON(1,1))

XLAT=LAT(1,1)+DLAT

IF (PLAT.GT.XLAT) THEN
TSHP=TSHP-1
GOTO 600

ELSE
GOTO 700

ENDIF

ENDIF

IF (OUTFLG.GT.3) THEN

"   Now roPl "E EAST siDE TESTs

OUTFLG=OUTFLG-4
C
C          '.   ls "E rolNT ABovE OR BELow THE sroE?
C

IF (PLAT.GT.LAT(1,7)) THEN

TSHP=TSHP-1
RANG=RANG+1

GOTO 600
ELSEIF (PLAT.LT.LAT(7,7)) THEN

TSHP=TSHP+1
RANG=RANG+1
GOTO 600

ENDIF

C
c          "   NO, FiND iNTErsECTroN wl" HonizoNTAL

C
DLON=(LON(7,7)-LON(1,7))*(PLAT-LAT(1,7))

DLON=DLON/(LAT(7,7)-LAT(1,7))

XLON=LON(1,7)+DLON

IF (PLON.GT.XLON) THEN

RANG=RANG+1

GOTO 600
ELSE

GOTO 700
ENDIF

ENDIF

IF (OUTFLG.GT.1 ) THEN

"   Now TESTING Fop "E soimi siDE

OUTFLG=OUTFLG-2
C
C           "   is POINT BELOW THE BOTTOM SDE?

C
IF (PLON.LT.LON(7,1)) THEN
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TSHP=TSHP+1

F]ANG=RANG-1

GOTO 600
ELSEIF (PLON.GT.LON(7,7)) THEN

TSHP=TSHP+1
F]ANG=RANG+1

GOTO 600
ENDIF

"   FIND  iNTERSECTroN  poiNT wlTH VERTK)AL AND  TEST

DLAT=(LAT(7,1)-LAT(7,7))*(PLON-LON(7,1))

DLAT=DLAT/(LON(7,7)-LON(7,1))

XLAT=LAT(7,1)+DLAT

IF (PLAT.LT.XLAT) THEN
TSHP=TSHP+1
GOTO 600

ELSE
GOTO 700

ENDIF

ENDIF

IF (OUTFLG.GT.0) THEN

"   TEST Tre WEST SDE

OUTFLG=O
C
C           "   ls rolNT ouTsiDE THE SEGMENT?

C
IF (PLAT.GT.LAT(1,1 ))  THEN

TSHP=TSHP-1
RANG=RANG-1

GOTO 600
ELSEIF (PLAT.LT.LAT(7,1 )) THEN

TSHP=TSHP+1
RANG=RANG-1

GOTO 600
ENDIF

C
C           "   FIND  HonEONTAL  INTErsECTroN  AND CHECK

C
DLON=(LON(1,1)-LON(7,1))*(PLAT-LAT(7,1))

DLON=DLON/(LAT(1,1)-LAT(7,1))

XLON=LON(7,1)+DLON

IF (PLON.LT.XLON) THEN

RANG=RANG-1

GOTO 600
ENDIF

ENDIF

C
C
C„„„*"„,*"*„„„„„+""**
C . . ` . . . ` ........... TOWNSHIP FOUND, SEAPICH FOR SECTK)N
C„„M,M„„„„„„„*"M„„****
C
CM*

c           TLE roINT rs (pROBABLy)  iNSDE mrs TOwNSHip, AT LEAST

C           ACcoroLNG TO THE FouR TowNSHlp conNERs.   THE ACTUAL

c           SECTEN BOuroARiES MAy NOT ALWAys AGREE.   ANywAy,NOw
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n+E rosT uKEiv sECTroN rs SELECTED AcooRDue To roFLD

KNowLEDGE oF "£ SLZE oF sECTroNs  iN vAFtrous PAF)T§ oF

THE STATE.   Tre sECTx]N  8 sEAF`cLED  N THE Ti+OROuGii

MANNER As THE TOwNsi+lps wEF`E.   If THE PONT is FOuro TO

LE OUTSDE "E SECTEN,A NEW TARGET SECTKIN IS TRIED.

IN THrs pRocEss,IT rs possiBiE To rovE To A DIFFERENT
TARGET TowNSHip.   WHEN THE conF)ECT sECTroN IS FouND,

"E suBDIvisioNs ARE GENERATED Fcm TLE coMpuETE iEGAL
DESCRIPTK)N AND "E TASK IS COMPLETE.

*   ZEro Tne sEAF`cH MASK (SEAICH) To iNDk)ATE TRAT ro sECTK>Ns

*   HAVE BEEN SEARCHED For THis TowNSHFi.   As TLEy

*   ARE SEARCHED,  "E VALUE  is SET To  1  To PREVENT TrmASHING.

DO 725  1=1,6

DO 725 J=1,6
SEARCH(I,J)=0

725       CONTINUE
IF (TFLAG.EQ.0)  THEN

"   Now To SELECT "E iNrriAL sECTroN Fofl Tne sEAroH

"   FOR Full TowNSHlps cALc`unE TIE Row AND COLUMN
"   or TriE NW CORNER oF TrE MosT LiKELv sECTroN,
"   BASED ON  TtN=  SPATIAL RELATIONSHIPS OF "E cOENEF`S

SROW3.(LAT(1,1)-PLAT)/(LAT(1,1)-LAT(7,1))
SCOL=6*(PLON-LON(1,1))/(LON(1,7)-LON(1,1))

SF]OW=SROW+1
SCOL=SCOL+1
lF (TRCE) WRITE(*,*)I" INITIAL Snow,  SCOL = ',Snow,ScOL

ELSE
C
c           "   FOR TOwNSHips wiTH FEWER THAN 36 cOwLETE SECTIons
c           "   ALL SECTroNs will BE CHECKED  iF NECEssAfly.   STAIT

C          "   NTHE NWcoflNER(sECTroN6) AND SEAncHSEc">NS
c           "   THAT HAVE 4 coflNEfls uNTiL A SECTroN cONTAiNS THE

C           "   roiNT.   IF NONE DOEs,  END wmu AN Ermon.

C
SROW a  1
ScOL =  1
GOTO 775

ENDIF

C
C           '   MAKE SURE TLE SECTroN  rs  N THrs TowNSHlp.   THrs  rs roRE

c           *   iMponTANT whEN REcycLING For A NEreHBORiNG SECTroN.   (lF

c           .   NECEssARy,GO SEAICH THE NEreHBORiNG TOwNSHp.)

C
750      0UTFLGsO

IF (SF]OW.LT.1 ) THEN

OUTFLG=1
TSHP=TSHP-1

ELSEIF (SROW.GT.6) THEN

OUTFLG=1

TSHP=TSHP+1

ENDIF

IF (SCOL.LT.1) THEN

OUTFLG=1
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C
C
C

RANG=RANG-1

ELSEIF (ScOL.GT.6) THEN
OUTFLG=1
F]ANG=RANG+1

ENDIF

IF (OUTFLG.GT.0) THEN

OUTFLG=O
GOTO 600

ENDIF

*   SET roiNTERs To coRNERs oF sEc")N.  IF sECTroN HAs rot
*   BEEN sEARciiED,cHEex For um\iowN vALUEs iN LE02BASE.

C
775       N=SROW

S=SPIOW+1
W=SCOL
E=ScOL+1

C
C
C

C
C

C

"    lF sECTroN  I+As AiREADy BEEN sEAf]cLiED-A THRASHiN3  ERROF`.

"   oTHERwrsE,MARi( THE sECTiow rs IAVNG BEEN sEARcitD.

IF (TFLAG.EQ.0  .AND.  SEARCH(N,W).NE.O) THEN

STAT=-15
GOTO 1500

ELSE
SEARCH(N,W)=SEAPICH(N,W)+1

ENDIF

•   CALouLATE THE sECTron  NUMBER  FROM  Row AND COLUIN

*   CHECK For MISSING  coRNEF}  vALUEs viA TrF SECTK)N  FLAG

IF (MOD (lNT (SROW),2).EQ.0) THEN

SECT=6`(SROW-1)+ScOL
ELSE

SECT=6.Sflow+1-SCOL
ENDIF

IF ("CE) WRITE (.,.)  '. + .   SECTKIN = ', SECT

*   FOR pARTiAL TOwNSHips, jusT pF}OcEED TraoueH THE sECTiows

lF (TFLAG.GT.0)  THEN

IF (SECT.GT.35) THEN

STAT = -28
GOTO 1500

ENDIF

*   sECTIOws WITH 4 conNERs VAy BE SEARCHED

IF (SFLAG(SECT).GT.-1 ) GOTO 780

•   Tny "E NEXT SECTEN

SCOL = ScOL + 1
lF (SCOL.GT.6) THEN

ScOL = 1
SROW = SROW + 1
IF (SROW.GT.6) THEN

STAT = -28
GOTO 1500
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ENDIF

ENDIF
GOTO 775

ENDIF

IF (SFLAG(SECT).LT.0) THEN
STAT=SFLAG(SECT)-20
GOTO 1500

ENDIF

C
c I .... I .................. siMPLE sECTroN SEARCH
C
C""""*   CREATE INNER AND OuTEF] BoxEs FOF} sinpu: cASEs
C
780        IF (LON(N,W).LT.LON(S,W)) THEN

LONOMN=LON(N,W)
LONIMN=LON(S,W)

ELSE
LONOMN=LON(S,W)
LONIMN=LON(N,W)

ENDIF

IF (LAT(N,W).GT.LAT(N,E)) THEN

LATOMX=LAT(N,W)

LATIMX=LAT(N,E)

ELSE
LATOMX=LAT(N,E)
LATIMX=LAT(N,W

ENDIF

IF (LON(N,E).GT.LON(S,E)) THEN

LONOMX=LON(N,E)

LONIMX=LON(S,E)

ELSE
LONOMX=LON(S,E)

LONIMX=LON(N,E)

ENDIF

IF (LAT(S,E).LT.LAT(S,W)) THEN

LATOMN=LAT(S,E)
LATIMN=LAT(S,W)

ELSE
LATOMN=LAT(S,W)

LATIMN=LAT(S,E)

ENDIF

I   Look For polNT ouTsiDE THE OUTER Box.   IF FouNI],  RESET
•   THE SRoW AND/on SCoL roiNTEps Fop "E NEXT sEAflcH.

OUTFLGsO
IF (PLON.GT.LONOMX) THEN

OUTFLG=1

SCOL=SCOL+1
ELSEIF (PLON.LT.LONOMN) THEN

OUTFLG=1

SCOL=SCOL-1
ENDIF

IF (PLAT.GT.LATOMX) THEN

OUTFLG=1
SPIOW=SROW-1

ELSEIF (PLAT.LT.LATOMN) THEN

OUTFLG=1

SROW=SPIOW+1
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ENDIF

*   lF roiNT 8 OUT (OUTFLG=1),co Fort NEXT sECTroN

IF (OUTFLG.NE.O) THEN

IF(TRCE)  WRITE(*,*)

&              " OuTSDE SECTKIN BOX, Snow, ScOL= ',Snow,Scol,"
GOTO 750

ENDIF

"   CHECK "E NNER BOx FOR roINTs EAslLy NsiDE

OUTFLG=O
IF (PLON.LT.LONIMN) THEN

OUTFLG=1
ELSEIF (PLON.GT.LONIMX) THEN

OUTFLG=4
ENDIF

IF (PLAT.LT.LATIMN) THEN

OUTFLG=OUTFLG+2
ELSEIF (PLAT.GT.LATIMX) THEN

OUTFLG=OUTFLG+8
ENDIF

lF (OUTFLG.LT.1) THEN

IF  (TRCE)  wF`ITE (*,')  '*  I  *   NslDE sECTroN  Box   +  *  "

GOTO 800
ENDIF

C
C„„«„„„*„*"„M„„„„„*****„**„*
C ` ` . . . ` ....... ` ........ (COMPLEX) SEAPCH BETWEEN
C. . . ' . . . ' ....... ' ....... ' INNEP AND OUTEPI BOXES
C„„***"„"****„***"**„**+***+*+***+*

C,
c           *   THESE roINTs wEF`E NOT ELINiNATED By THE EAsy ueTHOD,sO

C            *   CHECK THE PONT AGAINST THE FOuR SIDES AS  FOLLOWS.    IF TLJE

c           .   poiNT rs ouTslDE THE ENDpoiNTs or Tne slDE  NDicATED By

C           .   THE ABovE  EVALUATiow,"EN SEND  iT orF TO ANOTHEPI TowNSHp.

c           '   oTHERwlsE,FIND TRE  NTERSEc")N poiNT OF A VEPTroAL OR

C           *   I+oRLZoNTAL LiNE TrRouGH "E roNT WITH THE slDE.   IF THrs

c           *   iNTERSECTiow POINT  ls  INSDE THE roNI,THEN ": POINT rs

C            `   OUTSIDE THE TOWNSHW'.

C********„****

C
IF (TRCE) WPllTE  (',.)

&               '.  * FANcv sECTroN TESTs, ouTFLG= ',OUTFLG,'  "'
IF (OUTFLG.GT.7) THEN

"   HERE To TEST THosE ABovE Tre Non" SDE

OUTFLGcOUTFLG-8

lF (PLON.LT.LON(N,W)) THEN

SROW=SROW-1
ScOL=ScOL-1
GOTO 750

ELSEIF (PLON.GT.LON(N,E)) THEN

SPIOW=SPIOW-1
ScOL=ScOL+1
GOTO 750
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ENDIF

'   FIND  INTERSECTroN oF vEFiTroAL "roucil rolNT wrrH Top

DLAT=(LAT(N,E)-LAT(N,W))*(PLON-LON(N,W))

DLAT=DLAT/(LON(N,E)-LON(N,W))

XLAT=LAT(N,W)+DLAT

IF (PLAT.GT.XLAT) THEN
SPIOW=SROW-1
GOTO 750

ELSE
GOTO 800

ENDIF

ENDIF

IF (OUTFLG.GT.3) THEN

"   NOW FOR "E EAST SIDE TESTS

OUTFLG=OUTFLG-4
C
C           *   ls THE POINT ABovE OR BELow TrE siDE?

C
IF (PLAT.GT.LAT(N,E)) THEN

SF`OW=SROW-1
ScOL=ScOL+1
GOTO 750

ELSEIF (PLAT.LT.LAT(S,E)) THEN

SF}OW=SPIOW+1

ScOL=ScOL+1
GOTO 750

ENDIF

C
C           *   No,  FND THE  iNTERSECTroN wrTH HonBowTAL

C
DLON=(LON(S,E)-LON(N,E))*(PLAT-LAT(N,E))

DLON=DLON/(LAT(S,E)-LAT(N,E))
XLON=LON(N,E)+DLON

IF (PLON.GT.XLON) THEN

ScOL=ScOL+1
GOTO 750

ELSE
GOTO 800

ENDIF

ENDIF

IF (OUTFLG.GT.1 ) THEN

"   NOW TESTING FOP THE SOu" SIDE

OUTFLG=OUTFLG-2

I   ls THE poiNT OuTsiDE Tne sOuTH siDE?

lF (PLON.LT.LON(S,W)) THEN

SROW=SROW+1
ScOL=ScOL-1
GOTO 750

ELSEIF (PLON.GT.LON(S,E)) THEN

SROW=SBOW+1
ScOL=ScOL+1
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GOTO 750
ENDIF

•   CALOuLATE  INTERSECTEN  POINT Wl" VERTICAL AND TEST

DLAT=(LAT(S,W)-LAT(S,E)).(PLON-LON(S,W))
DLAT=DLAT/(LON(S,E)-LON(S,W))
XLAT=LAT(S,W)+DLAT
IF (PLAT.LT.XLAT) THEN

SROW=SROW+1
GOTO 750

ELSE
GOTO BOO

ENDIF

ENDIF

IF (OUTFLG.GT.O) THEN

"   TEST Tne WEST SDE

OUTFLG=O

C
C           *   ls p0lNT OuTSIDE TtJE SEGMENT?

C
IF (PLAT.GT.LAT(N,W))  THEN

SPIOW=SROW-1
ScOL=ScOL-1
GOTO 750

ELSEIF (PLAT.LT.LAT(S,W)) THEN

SROW=SROW+1
ScOL=ScOL-1
GOTO 750

ENDIF

C
C            *   FIND  ropizoNTAL  iNTEnsECTroN AND CHECK

C
DLON=(LON(N,W)-LON(S,W)).(PLAT-LAT(S,W))
DLON=DLON/(LAT(N,W)-LAT(S,W))

XLON=LON(S,W)+DLON
IF (PLON.LT.XLON) THEN

ScOL=ScOL-1
GOTO 750

ENDIF

ENDIF

C
C*"**m***+**M**„„MM„„„„M*„
C . . . I . * ` . . ` * * . . . ' . .  ` .  POINT FOUND -SET SuBDIVISIONS
C .......... * . . * ' . . ' . . AND CLOSEST OF 9 POINTS (COPINR)
C**„**„„„„„„M„„M„„„„*Mm
C
C           THE rolNT  rs  usiDE THis sECTloN!!!

C
C          APpLv u] TO FouR SuBDIvisroNS Are ExlT.
C
C          "   GET cooRDINATEs or CORNERS For suBDlvision

C
800       LONSW=LON(S,W)

LATSW=LAT(S,W)
LONSE=LON(S,E)
LATSE=LAT(S,E)
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LONNE=LON(N,E)

LATNE=LAT(N,E)
LONNW=LON(N,W)
LATNW=LAT(N,W)
lF (TRCE) WF]ITE  (*,*)  " . I   PORT NSIDE SECTloN  !!   *  * "

C
C*"„*,"**
C           '   SUBDIVDE EACH RECTANGLE ACCORDNG TO "E OuAITER THAT

C           *   THE roINT LLES N (NW,SW,SE,NE) ONCE For EACH OF Ti+E

C            .   FOuF` SUBDIVISK)NS TIAT ARE SET ALONG Tl+E WAY (SBD).

C*****""**.*

C
LEVEL=1

C
C*   FND siDE MDroNT AND cENTEF] Lcx)ATioNs

C
iooo      LONN=(LONNw+LONNE)ra.

LATN=(LATNW+LATNE)/2.
LONE=(LONNE+LONSE)ra.
LATE=(LATNE+LATSE)ra.
LONsalLONSE+LONsvvy2.
LATS=(LATSE+LATSw)re.
LONW=(LONSW+LONNWV2.
LA"=(LATSW+LATNW)/2.
C"LON=(LONSW+LONSE+LONNE+LONNW/4.
C"LAT=(LATSW+LATSE+LATNE+LATNW)/4.
IF (LEVEL.GT.4)  GOTO  1100

I   To SEE WHERE PoiNT  rs,FIND LONGITix)E oF NTERSECTroN or

•   I+ORlzoNTAL LiNE TicouGH  PONT wn.H  LiNE THROur;H  NORTH AND

`   sou" MiDpoiNTs AND LATrruDE or  iNTEflsECTroN oF vEnTK}AL

*   LINE THROueH roiNT WTH iiNE "ROuGH EAST & WEST MDroINTs

LONINT=LONN-(LONN-LONS).(LATN-PLATV(LATN-LATS)
LATINT=LATW+(LATE-LATW).(PLON-LONWV(LONE-LONW)

*   SET THE  1/4-AREA suBDIvrsroN  For THE CURRENT LEVEL (LEVEL)

lF (PLON.GT.LONINT)  THEN

IF (PLAT.GT.LATINT) THEN

SBD(LEVEL)='NE'

LONSW=CTPILON
LATSW=CTPLAT
LONNW=LONN
LATNW-LATN
LONSE=LONE
LATSE=LATE

ELSE
SBD(LEVEL)='SE'
LONSW=LONS
LATSW=LATS

LONNW=CTPILON

LATNW=CTRLAT
LONNE=LONE
LATNE=LATE

ENDIF

ELSEIF (PLAT.GT.LATINT) THEN

SBD(LEVEL)='NW
LONNE=LONN

C.     ROSS C - XXX LEO      11



LATNE=LATN

LONSE=C"LON
LATSE=CTF]LAT
LONSW=LONW
LATSW=LA"

ELSE
SBD(LEVEL)='SW
LONNE=CTPILON
LATNE=CTPILAT
LONSE=LONS
LATSE=LATS
LONNW=LONW
LATNW=LATW

ENDIF

*   CvcLf UNTIL 4 suBDivlsroNs ARE SET

lF (LEVEL.LT.5) THEN

LEVEL=LEVEL+1

GOTO 1000
ENDIF

C
C*„*+*"****
C           "   SET CORNR VALUE To lNDroATE CLosEST or NiNE poiNTs

C„**"""
C
1100      lF (PLON.LT.CTRLON) THEN

IF (PLAT.LT.CTRLAT) THEN

IF (C"LON-PLON.GT.PLON.LONW) THEN
IF (LATW-PLAT.GT.PLAT-LATSW) THEN

cORNR='SW'
ELSE

cORNR='W I
ENDIF

ELSEIF (CTRLAT-PLAT.GT.PLAT-LATS) THEN
CORNR='S '
ELSE
CORNR='   ,
ENDIF

ELSE
IF (CTRLON-PLON.GT.PLON-LONW) THEN
IF  (LATNW-PLAT.GT.PLAT-LATW) THEN

cOPINPl='W I
ELSE

cOF]NR='NW'
END'F
ELSE
IF (LATN-PLAT.GT.PLAT-C"LAT) THEN

cORNR='   I
ELSE

cORNR='N I

ENDIF

ENDIF

ENDIF

ELSEIF (PLAT.LT.C"LAT) THEN
IF (LONE-PLON.GT.PLON-C"LON) THEN

IF (CTRAT-PLAT.GT.PLAT-LATS) THEN
CORNPl='S '
ELSE
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CORNR='   ,
ENDIF

ELSEIF (LATE-PLAT.GT.PLAT-LATSE) THEN
CORNPl='SE'

ELSE
COPINF]='E  '

ENDIF

ELSE IF (LONE.PLON.GT.PLON-CTRLON) THEN
IF (LATN-PLAT.GT.PLAT.CTRLAT) THEN

CORNR='   ,
ELSE

CORNPl=.N  '

ENDIF

ELSE
IF (LATNE-PLAT.GT.PLAT-LATE) THEN

CORNPl='E '
ELSE

CORNR='NE'
ENDIF

ENDIF

C                               ***.***********"m                ***

C.""""I...".  S U C C E S S ! I !  ..........
C                 M"M"«"„"         ***

STAT=1
lF (SFLAG(SECT).EQ.0) THEN

NONSTDsO
ELSE

NONSTD=1

ENDIF

I   NOTHING  i£FT To Do BUT SET "E PIANG  INDroATons To THE

*   ExpECTED  E AND w vALUEs,AND  RESET THRASHue  MONITOR

+   ABRAys TO ZEBO Fof} ANy suBSEOuENT cALrs

IF (RANG.LT.44)  THEN
RANG=44-RANG
TIN-_'V,

ELSE
RANG=RANG43
EW='E'

ENDIF

C
c            *   PIESET THE THRASHING  MONn.Ons  iF NECEssARy

C
1500      lF(RTOP.GT.1)THEN

DO  1600  l=1,RTOP-1

VZT(VZTD(I))=O

VZTD(I)=0
1600           CONTINUE

RTOP=1
ENDIF

RETURN

C
C            .   FOR  ERR=  ERROPS,  SET  ERROR FLAG  AND  PIETUPIN

C
1999      STAT=-13

IF (SORCE.EQ.2) GOTO  1500
PIETURN

END

C.     ROSS C - XXXII LE011


	img20231121_15432532
	img20231121_15453271
	img20231121_15583592

