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CORRELATING MICROFILM MINE MAPS WITH TOPOGRAPHIC MAPS
by

David C. Uhrin!

ABSTRACT

Two improved methods have been developed to transfer microfilmed mine
maps to suitable base maps showing surface features. The methods provide for
(1) positioning and orienting maps; (2) merging adjacent maps; and (3) plot-
ting maps at a common scale.

One method produces an overlay mosaic of mine maps using an integrated
camera-processor. This photographic method shows the details of mine workings
and is most useful for specific limited-area projects. 1In the second method,
outlines of mine maps are digitized, manipulated, and plotted as overlays
using a computer. This computer method can plot mine outlines and spatially
index large numbers of microfilmed maps.

Microfilmed mine maps used in this Bureau of Mines study are on file in
the Mine Map Repository of the Eastern Field Operations Center. The base maps
are U.S. Geological Survey 7.5-minute topographic maps. The demonstration
area is located in the New Kensington East and West quadrangles, Pennsylvania.

INTRODUCTION

Since the Mine Map Repository at the Eastern Field Operations Center
(EFOC) was established in 1970, a logical extension has been considered--
developing a series of maps to indicate the extent of underground mining (g).g
The Repository currently has more than 43,000 mine maps on microfilm, primar-
ily from Ohio, Pennsylvania, and West Virginia. An estimated 500,000 mine
maps for areas east of the Mississippi River are available from State agencies
and private industry for inclusion in the system (2, p. 8). Typical users of
the Repository range from potential homeowners concerned about mine subsidence
to consultants or engineers requesting detailed information about mine work-
ings for studies such as reserve assessments or abatement of acid mine
drainage.

l1Geologist, Eastern Field Operations Center, Bureau of Mines, Pittsburgh, Pa.
2Underlined numbers in parentheses refer to items in the list of references
preceding the appendixes.



Major difficulties in serving these users have been comparing, correlat-
ing, locating, and orienting the mine workings with regard to surface fea-
tures. The purpose of this study is to address these difficulties by
developing methods for using the microfilmed mine maps on file in the
Repository to plot the extent of underground workings on suitable base maps
showing surface features. Two methods--one photographic and the other com-
puter--have been developed to plot underground workings as they relate to sur-
face features.
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NEEDS AND PROBLEMS

To develop a mine map transfer method that utilizes the microfilm maps in
the Mine Map Repository and that best serves Repository users, it was neces-
sary to identify both the needs of Repository users and the problems inherent
in using the existing microfilm system.

The scale and format used for the demonstration area were based on infor-
mation provided by Repository personmnel, Repository users, and land use plan-
ning groups. This information indicated that Repository users needed:

(1) index maps listing the microfilm required to obtain the best and most up-
to-date coverage available for a selected area; (2) 7.5-minute topographic
maps (U.S. Geological Survey [U.S.G.S.]) as base maps; (3) overlays of mine
workings for topographic maps; (4) depth to mining or cover thickness;

(5) dates of individual maps used to prepare the overlays; and (6) as much
detail of mine workings as is possible to show on the topographic map
overlays.

The problems in developing a method for mine map transfer were identified
by examination of several hundred mine maps in the Repository. They are the
same general problems for any geographic region included in the Repository, no
matter what transfer method is employed. These problems relate to five cate-
gories: scale, surface control,® quality, duplication, and quantity of data
available.

The most significant problems are related to map scale. There is no com-
mon scale on the original maps and in order to microfilm a given map in as few
frames as possible, no attempt is made to bring the microfilm to a common

3A glossary of terms used in the text is presented in appendix A.



scale. This creates a need for a transfer method to have a variable blowback
capability. Also, some maps have no scale indicated.

A map lacking surface control is usually not usable. The presence of a
north arrow and surface control on the mine maps is essential to correlating
the mines to the land surface.

Mine map quality is determined by condition, readability, and adequacy of
information such as coalbed names or dates of maps. Microfilm mine maps of
poor quality cannot be used.

Duplication frequently makes the use of microfilm maps time consuming.
Many of the maps in the Repository are updates of earlier maps or are dupli-
cates from a different source or donor. Simple comparison resolves most
duplication. But some maps must be carefully compared because each version
may have certain areas that are more complete than those on another map.

Nearly 50 percent of all microfilmed maps camnot be used for mine map
transfer because of factors such as lack of surface control, extremely poor
quality, duplication, or unsuitable maps (for example, mine-fire maps). A
listing of all duplicate and/or unusable maps should be prepared for each
quadrangle.

The large number of microfilmed maps on file in the Repository and the
fact that many of these documents consist of multiple frame sequences is an
important consideration in the development of a mine map transfer method. The
method developed must be capable of handling large quantities of data.

INVESTIGATIVE APPROACH

The New Kensington East and West quadrangles (fig. 1) were chosen for the
demonstration area because
| 7 (1) more than three-fourths
77 L of the area has been under-
l/f/#J /// //'L\\ mined; (2) surface control
Study area-] 7 exists for approximately 80

percent of the mine maps;
(3) mines extend into adja-

| [
ALLEGHENY J
COUNTY /

l I cent quadrangles; (4) mining
has been confined primarily
! WES.QSS%%-%AND to one coalbed, and (5) WPA
/' maps exist for testing the

qf P / reliability of the mine map

transfer method developed.*
Po' ~ 4WPA maps were prepared
under a Works Progress
L» Administration project
KEY MAP in the 1930's and indi-

FIGURE 1. - Location of New Kensington East and West cate the extent of coal

. d | lvani mining in western
7.5-minute quadrangles, Pennsylvania. Pemnsylvania.




Mine maps for this area characterize most of the basic problems that occur
with microfilm documents in the Repository.

Existing methods and equipment for map transfer were reviewed and persons
currently attempting to solve the problems of mine map transfer and those who
deal with similar problems were consulted. Methods currently used to transfer
mine map data to a selected base map are hand transfer, pantograph, image pro-
jection and tracing, and photographic-darkroom processing A brief descrip-
tion of these methods is provided in appendix B. None of these methods proves
entirely satisfactory for mine map transfer. Each has its drawbacks, such as
being tedious and time consuming, failing to show sufficient details of mine
workings, or requiring darkroom facilities. The review of methods did, how-
ever, indicate that if the need for darkroom facilities could be overcome, a
photographic approach could address many of the problems of Repository micro-
film transfer.

Prior to this study, another method--digitization-computer manipulation--
had not been specifically used for the transfer of microfilm mine maps. Com-
puter systems are used to manipulate various types of map information for such
applications as land use analysis or environmental impact assessment. The
techniques used in these systems are essentially the same as those needed for
development of a system for manipulating and displaying mine maps. A computer
approach also could provide a system for managing the large number of micro-
film maps currently in the Repository.

PHOTOGRAPHIC METHOD

The photographic transfer method developed in this study consists of
steps for (1) microfilm screening; (2) microfilm blowback; (3) mosaic assembly;
(4) outlining areas of mine workings; and (5) overlay photography of the
mosaic, mine outlines, and structure contour map.

The screening of microfilm was conducted to select the usable and most
appropriate microfilm for blowback.® Selected microfilm maps were blown back
to the project scale (1 inch = 2,000 feet) using an Itek Graphic Products
integrated camera-processor.® This machine, a variable-focus camera, delivers
either negative or positive images on film or paper in approximately 2-1/4
minutes. Depending on the blowback required, an aperture card is positioned
either in the microfilm enlarger attachment or on the copyboard of the machine.
The procedure for using the enlarger or the copyboard is similar. A photo-
graphic copy 1s made at the predetermined blowback number (see appendix D).

The properly scaled film is positioned and oriented (and affixed to a
transparent overlay) with respect to the topographic map by matching surface
control features such as roads, streams, or outcrop patterns. If a multiple

5A listing of the microfilm available for the New Kensington West 7.5-minute
quadrangle, with comments on duplicate and unusable microfilm, is provided
in appendix C.

®Reference to specific equipment does not imply endorsement by the Bureau of
Mines.



frame document is being processed, a composite of scaled individual frames
must first be pieced together. Scaled blowbacks for adjacent mines are then
merged by piecing together a mosaic, thereby creating an overlay for the 7.5-
minute topographic map (fig. 2).

Detail shown in figure 2 is not as clear as that in the actual overlay
for the topographic map owing to reduction to page size. To illustrate detail
that is available in the mosaic, a portion of the New Kenmsington West quad-
rangle and the corresponding portion of the mosaic of scaled mine maps are
reproduced at actual scale (fig. 3).

General outlines of the mines in the Upper Freeport coalbed are shown in
figure 4. This overlay includes mine names, document numbers of the micro-
filmed maps used for each specific area, and the mine closure or drafting
dates. The overlay serves as an index of microfilm needed to view details of
a mined area at an enlarged scale on a microfilm reader-printer. Also, it
enables the user to properly orient a mine map.

A structure contour map on the top of the Upper Freeport coalbed was
photographed to produce an overlay (fig. 5) for the New Kensington West quad-
rangle. This overlay is used with the mine mosaic overlay and the New Ken-
sington West topographic map to indicate cover thickness over a mined area (by
subtracting coal elevations from surface elevations).

For reproduction, the original overlays can be microfilmed and then
printed on the reader-printer. They can also be duplicated on paper or on
transparent material using a diazo-type process. To make periodic revisions,
the blownback copy of the (microfilmed) revised area can be added to the
original mosaic and rephotographed.

Maximum discrepancy observed during the study was found to be approxi-
mately 150 feet. When the mosaic of scaled mine maps is overlaid on the
topographic map, there is usually a good match of surface features such as
roads, streams, or outcrop patterns. (No reasonable method exists for check-
ing how well the mine workings relate to surface features shown on the orig-
inal maps.) Considering the age, storage conditions, and the number of
generations for many of the original maps, little distortionm is apparent in
the mine maps when they are blown back to project scale.

Repository users needing mine details find the overlay mosaic of scaled
mine maps extremely useful. They also indicate that the overlay showing gen-
eral outlines of mines is especially valuable as a spatial index for selecting
microfilm for further detailed examination.
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FIGURE 2. - Mosaic of scaled mine maps in the Upper Freeport coalbed, New Kensington
West quadrangle.
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FIGURE 3. - Portion of the New Kensington West quadrangle (reproduced to actual size), 4,
Topographic map; B, corresponding portion of the mosaic of scaled mine maps.
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DIGITIZATION -COMPUTER
MANTPULATION METHOD

To address the problems
of mine map transfer, a
geographical information
system is the type of com-
puter system needed. Such
a system is capable of
handling spatially related
data such as maps (for
example, political bound-
aries or isopachs). How-
ever, geographical infor-
mation systems are in most
instances relatively new and
are still undergoing devel-
opment (1, 3-4). Map output
for these systems is gener-
ated by a plotting pen, a
high-speed line printer,
and/or a cathode ray tube
display (CRT).

The digitization-
computer manipulation method
developed in this study con-
sists of steps for (1) digi-
tizing reader-printer copies
of mine maps; (2) computer
manipulation for scaling and
0 2,000 4000 6000 BOOO feet LEG_EAtﬁc“ne % orienting the digitized

Scale
-Syncline

0 1000 2000meters : information; and (3) plot-
~—600UF - E{euation obove sea leveltop ting the mine outline over-
—""""" Contaur interval, 20 feet 1ays- Experience gained

FIGURE 5. - Structure contour map—top of the Upper from developing the photo-

graphic method made it
unnecessary to repeat all
the investigative steps for
the computer method. For example, microfilm screening was not repeated.

Freeport coalbed, New Kensington West
quadrangle (5).

A computer approach to mine map transfer requires that maps be converted
into numerous groups of discrete values that can be read into a computer.
This is called map digitization. Because of all the detail provided by any
one mine map and the poor quality of many of the original maps, mining details
cannot efficiently be digitized and utilized. Consequently, only the mine
outlines were digitized in the study. A Numonics graphic digitizer, coupled
to a Hewlett-Packard 9815 programable calculator, was used to digitize the
mine outlines. A program to orient the planar map surface (X-Y plane of the
digitizer) to the corresponding geographical coordinates (latitude and longi-
tude) was used in the digitizing process.
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FIGURE 6. - Renton mine (reader-printer copy, reduced
to page size).

Outlines of two mines
were digitized from reader-
printer copies made from
microfilm (X 14.5 blowback).
These two mines occur pri-
marily within the New
Kensington East quadrangle
but extend into the New
Kensington West quadrangle.
One mine map, the Renton
mine (fig. 6), is a single
frame, with an original
scale of 1 inch = 1,000 feet
(microfilm reduction X 29);
the other map, the Spring-
dale mine (fig. 7), is four
frames, with an original
scale of 1 inch = 300 feet
(microfilm reduction X 36).
The outlines and three known
points (lying on a right
triangle) for each map were
digitized relative to the
southwest corner of the New
Kensington East quadrangle.

Scaling routines were
developed specifically for
the study and standard soft-
ware packages were utilized
for graphing and plotting
output. The routines manip-
ulated the digitized map
outlines to the project
scale and to the correct
position and orientation
with respect to the topo-
graphic map. The scaling
factor was determined by
using the three known digi-
tized points on both the
mine and topographic map and
comparing the hypotenuse of
the triangle on the quad-
rangle map with the hypote-
nuse of the corresponding
triangle on the mine map.
Programs were run using a
Tektronix 4010-1 CRT termi-
nal through a time-sharing
connection with a PDP-10



FIGURE 7. - Springdale mine (reader-printer copy, reduced to page size).
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FIGURE 8. - CALCOMP plot of the Renton and Springdale mines (reduced to page

size).
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FIGURE 9. - CALCOMP plot showing general outlines of mines in the Upper Freeport
coalbed, New Kensington West quadrangle (reduced to page size). Six-
digit numbers are document identification numbers,
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computer (Digital Equipment Corporation). The CRT display was used to check
data input and to evaluate and refine the computer plots before a final plot
was produced on a CALCOMP plotter. The CALCOMP plot, reduced to fit an 8- by
10-1/2-inch page, is shown in figure 8.

To illustrate how an overlay of an entire quadrangle can be computer gen-
erated, figure 4 produced by the photographic method was digitized and plotted.
The CALCOMP plot, reduced to fit an 8- by 10-1/2-inch page, is shown in fig-
ure 9 (only the solid lines of fig. 4 were digitized).

Copies of computer overlays can be reproduced with a CALCOMP plotter.
Or, as with the overlays produced by the photographic method, computer over-
lays can be microfilmed and printed on the reader-printer or reproduced using
a diazo-type process.

The plot illustrated in figure 9, as well as that portion of figure 8
lying within the New Kensington West quadrangle, compare favorably with fig-
ure 4. Repository users indicate that figure 9 serves equally as well as
figure 4, providing a spatial index for selecting microfilm for more detailed
examination. The plots illustrated in figures 8 and 9 were produced on a sys-
tem having an interactive capability. Thus, the user can interact with the
system and can correct, add, or delete through a remote terminal. This capa-
bility is critical for rapid update and retrieval of information.

CONCLUSIONS

Either the photographic or the computer method can be used to bring mine
maps to a common scale, merge adjacent maps (and frames), and properly posi-
tion, orient, and plot the extent of mine workings relative to the overlying
surface.

The two approaches provide different levels of detail. With the photo-
graphic method, most of the detail on the original mine map is reproduced.
This method should be used when the configuration and details of mine workings
and how they relate to the overlying surface (or adjacent beds) are needed.
The method is time consuming and would be most useful and practical for spe-
cific, limited-area projects.

With the computer method, a system could be developed for plotting and
indexing the large numbers of microfilmed maps in the Repository as they are
spatially related to a standardized mapping system (such as the U.S.G.S. 7.5-
minute topographic map series). An interactive computer system can index maps
at a common scale and can permit rapid and repeated retrieval and display for
correcting and updating data. The computer method can provide only an outline
of mine workings at the present time.
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APPENDIX A.--GLOSSARY

Aperture card.--Tab card on which a 35-mm microfilm frame is mounted.

Blowback. --Process of enlarging or reducing a microfilm image.

Blowback number. --The number of times a microfilm image must be enlarged or
reduced to produce a copy at a specified size or scale (reductions are
expressed as a decimal).

Cathode ray tube (CRT).--Essentially a TV screen display device.

Character -print map.--A map prepared using a line printer to produce geometri-
cal patterns by the proper placement of printer characters.

Composite.--Blownback copies of a multiple frame document that are pieced
together to reproduce the original mine map.

Composite mapping.--A planning approach that utilizes various combinations of
basic data maps as overlays to identify desirable and undesirable areas for
development.

Diazo.--A method for producing blueprints, maps, and similar documents from a
transparent or translucent original using an ammonia development process and
providing a nonreversed copy.

Document . --Microfilmed mine map.

Frame.--One 35-mm microfilm chip.

Generation. --Designates whether a photograph is the original photograph or
whether it is a subsequent reproduction of the original one.

Integrated camera-processor.--A unit that photographs a subject and develops
the film automatically with no darkroom requirement.

Microfilm reduction. --The number of times a document is reduced when it is
microfilmed.

Mosaic.--Single frame and composites blown back and pieced together to form an
overlay of mine maps for a particular quadrangle.

Multiple frame document.--A mine map that is so large that it requires more
than one frame to record the entire map.

Numerical factor.--The denominator of the numerical ratio of a map.

Numerical ratio.~-Map scale expressed as a ratio.

Pantograph. --An instrument used for the mechanical copying of plans, maps, or
similar documents to desired scale.
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Printout listing.--Computer printout list generated by the Mine Map Repository
computer indexing system.

Reader-printer. --A device that produces paper copies enlarged from a microfilm
image.

Surface control.--Identifiable surface features such as roads or streams that
relate underground mine workings to the ground surface above them.
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APPENDIX B.~--TRANSFER METHODS

Hand transfer.--A mine outline is transferred either from a reader-printer
copy or an original map by scaling the distances and hand-plotting the out-
line onto a topographic map or an overlay. This method is tedious and time
consuming; no details of mining are shown.

Pantograph. --A mine outline is transferred from either a reader-printer copy
or the original map using a pantograph. This method is tedious and time
consuming; no mining details are shown.

Image projection and tracing.--An image is projected to scale (using a stan-
dard darkroom enlarger) and the outline of the map is traced. This method
is relatively fast if only a mine outline is wanted. However, sufficient
light intensity for image projection presents a difficult problem. If min-
ing details are wanted, the method is tedious and time consuming.

Photographic--darkroom processing.--The original map is photographed and
either a darkroom negative or a microfilm is used in a conventional enlarger
to produce a project scale map. The mine outline is traced or a film over-
lay is produced. A photographic approach can provide mine details. However,
photographing the original map and using a negative does not rely on the
Repository microfilm and would require regaining access to over 43,000 maps
already in the system. This is impossible in most instances. Either tech-
nique would require a well-equipped darkroom setup or contracting for the
work.
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APPENDIX C. --LISTING OF MICROFILMED MINE MAPS FOR NEW KENSINGTON WEST 7.5-MINUTE
QUADRANGLE, BY MINE AND GEOGRAPHIC AREA

Document number

Comment

Document number

Comment

338004%..........
323402, .........

303713 . .........

338003 ..........
302353 ..........

300502, .........
306859'..........

322124 ...
3023%...........

316092...........

316519...........
302408...........

302380...........

Bessemer 1 and 2 mines

Russelton mine.

Bessemer 1 and 2 mines (Russelton).
Less extensive than 323402,
Surface features only (shafts).
Property map.

Creighton-Tarentum area

McFetridge Brothers mine.

Essentially the same as 303757 with
some additional detail.

Creighton Coal Works.

Less extensive than 318577 but adds
some detail.

Less extensive than 318577.

Property map for 318577.

Allegheny Coal & Coke Co. mine.
Less extensive than 316056 but clear
detail.

West Tarentum Fuel Co. mine.

Harmar mine

Harmar mine.

Early workings.
Ventilation plam.

Small section of 338003.

Property map for 338003.
Essentially the same as 302356.

Early property map for 338003.
Harwick mine

Harwick mine.

Section of 300502.

Small section of Cheswick.

Very large scale map of 300502 (39
frames).

Section of 300502.

Property map (and small section of
mining).

Small section of 300502.

Indianola mine

Indianola mine.

Less extensive than 302378 but adds
some detail.

Essentially the same as 302378.

Property map for northern section of
302378.

..... (<L P

314581 #41.......

303560...........
303597...........

322137 #1
322137 #6

322137 #2-5, 7...

316612 #41.......
316708..........

322292.....00.0n -
316710...........
306872...........

316239...........

302679...........

New Kensington area

Boyd, Valley Camp, and Kinlock mines.
The same as 314581 but is one frame.
Includes plot and lot details for part
of Valley Camp mine.

Adds detail to Boyd mine.

Less extensive than 314581.

Property map for general area of
Kinlock mine.

Lot plan only at Kinlock.

Cragdale mine, essentially the same as
322137 #1.

Boyd mine, essentially the same as
303597.

Adds detail to 314581 (Valley Camp
mine).

Adds detail to 314581 (Kinlock mine).
Property map for general area of
Kinlock and Springdale mines.

Newfield mine

Newfield mine.
Small section of 338002 at Milltown.
Property map for 338002.

Oakmont mine

Oakmont mine.
Less extensive than 338001.
Early workings.

Renton mine

Renton mine.
Only a small section of 314583 occurs
on New Kensington West quadrangle,

Springdale mine

Springdale mine.

Adds details to western section of
316612 #4.

Less extensive than 316612.

Large scale map of 316612,

Mining in the Pittsburgh coalbed near
Logans Ferry.

General

Extent of "Thick Freeport" ccalbed;
small scale map; mine locations and
coal contours.

Extent of "Thick Freeport" coalbed;
small scale; mine locations.

#--Designates frame number.
lpesignates the mine maps used to prepare the mosaic.

NOTE --This list is an example of how the mine maps for a given quadrangle should be grouped to assist the
Repository users sort through duplicate and unsuitable documents.



20

APPENDIX D.--MICROFILM BLOWBACK

The term Blowback used in the study refers to the process of enlarging or
reducing a microfilm image. The blowback number is the degree of enlargement
a microfilm image must undergo to produce a copy at a specified scale
(reductions are expressed as a decimal). For example,

Numerical factor X microfilm reduction factor
X numerical ratio,

1
24,000 *

Blowback number

]

2,400 X 20 x

= 2.

Table D-1 was developed to establish the range of blowback needed to
bring microfilm maps to the scale of 1 inch = 2,000 feet, given specific
scales of original maps and specific microfilm reductions. The table, used
in conjunction with the findings from a survey of Repository personnel on
map scales and microfilm reduction numbers, helped to establish the blowback
range requirements. Although the blowback number is used specifically in the
photographic method, it is also useful as a general guide for the scaling
factor in the computer method.

TABLE D-1. - Calculated blowback numbers for combinations of scales
and microfilm reductions (for overlays at scale of
1 inch = 2,000 feet)!?

Microfilm reduction (range)
Common scales of Numerical
original mine maps factor 14.5 16 20 25 30 36
Blowback numbers
e — = = =—F —=
1 inch = 50 feet 600 0.36 0.40 {-0.50 0.63 0.75 0.90 4
i
i
1 inch = 100 feet 1,200 0.73 0.80 {1 1.00¢ 1.25 1.50 1.80:
|
1
1 inch = 200 feet 2,400 1.45 1.60 LZ.OO 2.50 3.00 3'604
1 inch = 300 feet 3,600 2.18 2.40 3.00| 3.75 4.50| 5.40
r~—-rF-- "~ —""\/-—"
1 inch = 500 feet 6,000 3.63 4.00 |y 5.00| 6.25 7.501 9.00
. I t
1 inch = 1,000 feet 12,000 7.25 8.00 E0.00 12.50 | 15.00 18.00‘
~=— ="
1 inch = 2,000 feet 24,000 ' 14.50 1} 16.00 20.00 125.00 § 30.00 | 36.00
e —_
1 inch = 5,280 feet 63,360 38.28 | 42.24 52.80 | 66.00 | 79.20 | 95.04
1 inch =~ 1 mile 62,500 37.76 | 41.67 52.08 | 65.10 78.12 1 93.75
(U.S.G.S. 15-minute
series)

1pashed block indicates area of most common scales and reductions and therefore
most common blowback numbers.
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APPENDIX E.--ADDITIONAL INFORMATION ON COMPUTER METHODS

Two types of computer systems should be considered and distinguished when
studying the problems of managing mine maps: Text-handling information sys-
tems and geographical information systems. A text-handling information system
is currently used to index maps in the Mine Map Repository. Textual informa-
tion on each map is machine-encoded and is retrievable as printout listings.
This type of system can only provide a point location for each mine. As noted
in the text, a geographical information system is the type of system needed to
address the problems of mine map transfer, because such systems can handle
spatially related data such as maps. A geographical information system would
be capable of indexing maps and also would establish mathematically defined
maps in a data base for future manipulation as additional data are entered
into the system.

Digitizing map information is the most time-consuming aspect of computer
mapping. Converting areal and line information into a computer compatible
format can be accomplished in several ways, such as hand-coding sheets for
keypunching or, more efficiently, using some type of digitizing device. Cur-
rent optical scanners are not suitable for digitizing mine maps.

The CRT plot shown in figure E-1! is equivalent to the CALCOMP plot
illustrated in figure 9. Frequently, when output that is properly scaled for
plotting on the CALCOMP plotter is compressed and viewed on the CRT, it is
difficult to read. It is possible, though, to 'window-in" on a specific por-
tion of the CRT image and enlarge that portion for display on the screen. An
enlarged view of the northeast corner of figure E-1 is shown in figure E-2.
This capability would be very useful in a computer system for managing the
microfilm in the Repository.

The ability of a computer approach to provide an overlay as well as a
composite mapping capability for handling mine map information is illustrated
by the figures that follow.® A character-print map of the areas underlain by
mine workings within the New Kensington West quadrangle is shown in figure E-3
(also see fig. 9). The legend for figure E-3 is given in figure E-4. Urban

1Figures E-1 and E-2 were drafted for publication clarity and are not actual
computer plots.

®Because the computer programs that were available through time-sharing did
not provide the capability needed to explore composite mapping, composite
mapping was explored by using a system developed by the Ohio Department of
Natural Resources. The Ohio Capability Analysis Program--OCAP--is a geo-
graphical information system for "...evaluation of the lands' inherent
ability to accommodate various land uses...." An H. Dell Foster Coordina-
tograph is used for digitizing; the computer is an IBM 370; output
character -print maps are generated by a high-speed line printer.
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302378

338003

323402

)
33800l F #4

338002 000

NEW KENSINGTON WEST PENNSYLVANIA

kilometer mile
| S —|
| 0 i
Scale

FIGURE E-1. - CRT plot (actual size; figure was drafted for

publication clarity and is not actual com-
puter plot). Outlines for mines in the Upper
Freeport coalbed, New Kensington West quad-
rangle, Six-digit numbers are document num-
bers. (See discussion in text regarding
clarity of numbers and letters.)



31857

14303757

302362
316056

303713

514381 #4

FIGURE E-2, - CRT plot (actual size; figure was drafted for publication clarity and is
not actual computer plot). Enlargement of northeast corner of figure

E-1.



24

it

uu

|

r

gL
b

e
Uiy
vy

I8¢ o Pt
§od 0500000 [
# D §§§
i R Op0aaa0a000 nuugg oo o
o8 aRca0aRRa00n 888 000 oa00r N
600000t 060000000000000G0N0D00! UL
000! ADNEQUaNNNNGANNNONHONNDUI gl
000NN0H 1000000G0LOI
o e
A0 60001

0000
Uonnunhm r\[-u

§000(\ Aroooe o abo
35t nogg 8888% o Sn gﬁ R 8nn ggg'mw
i 0000089000 T
useaggxszgﬁ’ﬁ%snasswaaaswm s

nuonunn 0060D00N0000GN0ONDNANCADN!

-
0000 oonou 0o0g00g00n! 0o nuuLounonnn 0JUOUITOLNNA0OLNANE00

0y ppan0 GOO0HOD! e LR AT
808"8 B 8 §SSBBSu8mon 0083383883 nnogg 83 32 nuouuunuuuggn{!r‘uoﬁ
un u 000000UUGUORNLI

vt bt
4

pesovattey
it nﬁwo‘ﬁn ¢ ¢ R85 n§0838§§ §8
N M 8

G000NEO0ANNH

50 snnono ngunuoonouugs 0000000000 10nBO0DN
00000 g 000600000 nnuagu 0000000000000

080 00aR000 ooonoo 000000!

00 3508 ngennonnobonont el nnunuuoﬂonnu 0OLAN 20800

899099 gucnuonnunnununonunv Ouuucnnu 00NDNANNGNVEINODY

00 8 D! ggnguggnnndﬂgonggﬂonugunﬂ 0! ol

00A00C (0A000AG0NNABOODA00MNI00AI0NADE
0000000 nnuoununnnaouunnuum sl
000060970000000N! 00K nnunuuunnno’mnuonoun 00

00000000 unDanngSrnonn ognuunougnmmnuouuuunon hoLOnNA

000100 00NGONABNO0000ONNN0000H000600)LNGACOLIBO0AD0NANEN0NMRITVILGNGID!

‘mggnangngonuougonn 00000000! 00400N00NGLOLOONCo00NTANDCO0OG JUNDOALUGDONNNGN

i
660006CG00NNANE00ANNANCNEEB0RAONONYNNUNDDCDDIDNDDIVADNLONNLOCHO0E )
nununnngcunnm'nouguunbnunuuu 0000000Q00DONOINAPLOLOIGINHINNRD
Donnggggonnunnonoon B0aR0A0AA00NEN00BA RON000000000CO0 on0o0000nBE0ne0o0

M B PR BB PBBAAAAAA A AP L0 C PO E O O AAATSVSAA

S B T S e o e P A v © Bt A B e © e il A 8 e O

3 00000 00000L000000000000000 00000000110000C000000POCD 0HGOLLEAONONCINUL
9 0000000306a00000000700007 uooounsnunn D ADAInAAAAaD RB0aBaRLAGLALACAOANG
!mo 0904000000000 000000 000000000000000 ounouuog G00BONOLO0AONOLUNOL 1A
10000002090 unnuulmnunm 00000 00
- 8 80000 g negong il . IPnrOIUGRG:
Juo 0! 280! Q0g0g00: 88 gsognnongon oha0a008
g Dgan 0 80 00 0 nuoungncog fit
256 R
W ' 'VBD g 208aahR0) gu R0 ARoCanaoAARGRR
G006 000 U

000D 0000
g UU‘)UD[IL‘DJl]ll'\"u’lOBUlv’JB')U'lLIDI‘
000! 0000000900

ABon noRaNNY

0l u Dﬂuuuuuuwum)uuuuutnu o '
0CTAN0nOH00 m)ou-mv-uczm-
Ga0D0NBLRLOOD DRH0A000ULOLA
0000 UO00C r‘n(mn'u?n LR
h

qogon Polhgey

|
I

A “‘“

FIGURE E-3. - Character-print map for mines in the Upper Freeport coalbed, New Kensington
West quadrangle (reduced to page size).
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Scale 1: 24000 ‘IL iy ]4"3001 - 8,000 feet
Cell width 1 200 feet 0
Cell height 250 feet 1000 2000 meters
Scale
?:?:?e Map Code description
| - 338004 Russelton (1975)
Gampnnrbnd
-n---nm‘-n
2 - FEEE - 323402 338004
ahihl g
3 4 —323402 Bessemer No. 1 &2 (1921)
R

Creighton Coal (1921) (1956)

—303757 McFetridge Brothers (1914)

Allegheny Coke &Coal(I1963)

-302362 Allegheny Coke 8Coal{(1917)

West Tarentum Fuel (I1920)

H— Unmined areas
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19 - 322138

—322138 Kinlock(i929)

Springdale(1968)

—316780 316612 Springdale (1940)

ol Oakmont(1975)

—338002 Newfield(I971)

o} Renton (1975)

— Allegheny River

Total 26

FIGURE E-4. - Legend for figure E-3.
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and rural areas within the New Kensington West quadrangle are shown in fig-
ure E-5. A composite map showing, for example, urban areas underlain by mines,
was produced by having the computer composite or "overlay'" figures E-3 and E-5,
This character-print map is illustrated in figure E-6. Total areas in each
category are indicated, as well as the total area of the quadrangles,a There
are numerous applications for this overlay capability. Additional basic data
maps such as cover thickness, mineral ownership, and coal thickness can be
digitized and composite maps can be generated to focus on areas of potential
conflict for development or potential subsidence.

3Note the symbol '"NN" which demonstrates that the OCAP system has a routine to
detect errors if individual component maps are not properly coded when com-~
positing maps.
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