
C
W

Sou
und
date
pas
cave
man
Cav
way

C
of re
inte
wor
they
high
Man
sus
prop
to k
eac
alwa

W
with
dau
of th
belo
man
vatio
thre
a tw
with
for f
lack
the 
foun
thro
inve

D
indu
carr
Mas
room
hun
the 
ship
ture
Cav
sary

T
on 
cha
radi
ther
hun
- it 
be n

In
the 
The
and
afte
war
furt
ing 
com

ASE files, it is possible to produce an almost 
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By Jim Nepstad 

ind Cave NP, located in the Black Hills of western 
th Dakota, is an intricate, multi-level maze of 
erground passages of incredible dimension. To 
, explorers have mapped over 52 miles of these 
sages, making Wind Cave the seventh longest 
 system in the world. All indications suggest that 
y more miles of cave await discovery. But Wind 
e is much more than just a collection of passage­
s hidden beneath the hills. 
ontained within this maze is an astonishing variety 
sources, ranging from items of historical or cultural 
rest, to magnificent examples of some of the 
ld's rarest cave formations (or "speleothems," as 
 are more properly called). Woven into this is a tiny, 
ly specialized, and extremely fragile ecosystem. 
aging so many resources with such a high level of 

ceptibility to human impact is difficult. Making 
er management decisions invariably comes down 
nowing precisely what resources are located in 
h area of the cave. For this reason, cave maps have 
ys been invaluable tools for the cave manager. 
ind Cave has traditionally presented its mappers 
 nontraditional challenges. Perhaps the most 
nting of these is the three dimensional maze nature 
e cave itself. The entire known cave is contained 
w a surface area of less than 500 acres. Thus in 
y areas, several passages overlap at different ele­
ns in the limestone. It is difficult to portray the 

e dimensional relationships of these passages on 
o dimensional piece of paper. Resources found 
in the cave have normally been kept off of the map 
ear of "cluttering it up," resulting in a map which 
s some of the most critical information concerning 
cave. Thus, determining what resources may be 
d in any particular passage has meant pouring 
ugh reams of survey notes, trip reports, and 
ntory forms - a time consuming process. 

In Pursuit of a Better Cave Map 
uring 1985 and 1986, with the help of a magnetic 
ction device known as a "cave radio," work was 
ied out which eventually proved that the existing 
ter Map for Wind Cave was not accurate. Many 
s and passages on the map were shown several 

dred feet from their true positions. Concerned that 
map should more accurately portray the relation­
 between the cave and the overlying surface fea­
s and developments, the management at Wind 
e decided that a redrafting of the map was neces­
. 
he original plan had been to produce a typical ink 
mylar drawing of the cave. Since declination 
nges had to be made in the survey data, and since 
o located passages had to be constrained -
eby vastly complicating the problem of closing the 
dreds of surveyed loops in the cave simultaneously 
was immediately apparent that a computer would 
ecessary. 
itially, the idea was to use the computer to reduce 
survey data for the cave's 11,700 survey stations. 
 resulting coordinates could then be stored away 
 used to help produce the hand drawn map. But 
r researching the IBM and IBM compatibles soft­
e market, it seemed that we could take it one step 
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ions at Wind
An Introduction to CAD 

t as a word processor is used to manipulate 
s, sentences, and paragraphs, CAD software is 
ned to manipulate lines, arcs, circles, and the 
ings which contain them. Anything which can be 
 by hand can also be drawn using CAD software. 
bility to draw objects on individual "layers" (simi­
 transparent overlays on conventional drawings) 
e of several features which make CAD drawings 
rior to their paper counterparts. For instance, the 
 for a house can be contained in just one drawing, 
eparate layers for each floor, layers for wiring and 
ing, and even a layer for landscaping. These 
 can be viewed one at a time or together in any 
ination. Once created, they can be plotted at any 
 or orientation. 
as the above capabilities which initially attracted 
CAD. No longer did we have to worry about the 
eing unreadable in vertically complex sections of 
ve. By placing each survey station on a layer 
 on its elevation, we could "turn off" layers in 
lex areas of the cave to zoom in on the area we 
interested in. Layers could be created to portray 
e topography, surface developments, and vege­

 types overlying the cave, providing visual clues 
 links between surface and subsurface worlds. 
 software we chose for the redrafting of Wind 
s map was AutoCAD, published by Autodesk, 
rimarily, this was because AutoCAD was (and 
ues to be) the recognized industry standard. Its 
user base ensures that the program will be con­
y evolving. The program's "open architecture" 
es programmers with an opportunity to develop 
n programs which complement the original. 
AD is extremely powerful "out of the box," but 
ature extends its power significantly. A wealth of 
ation is also available in the form of books, mag­

s, and user groups making it easier to learn some 
 program's finer points. 

Methods 
 first step in producing our digitized map of Wind 
was to enter the survey data into a program 

 could analyze it. Since there are more than 
 stations in the cave, representing roughly 

0 individual measurements, this was no small 
pproximately 600 hours were spent on this part 

 project, the end result being a file which con­
 a unique set of coordinates for each station. 
e this was accomplished, a program was written 

d in the coordinates from this list, placing them 1n 
toCAD ".dxf" file, a file which directs AutoCAD to 
 a drawing on its own. This file instructed Auto­
o draw a line between each survey station, and to 
a triangular symbol at the exact location of each 
, along with the station's name. This provided 
eleton around which the map would be drawn. 
ature of this line plot is that it takes advantage of 
AD's 3D capabilities. The lines between stations 
hree dimensional" in that they may be viewed 
any possible angle. This provided us with an 
tunity to view the profile of the cave for the first 
Other views are providing us with interesting 
into the cave's development by giving us insight 
e structural and stratigraphic relationships of the 
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 Cave NP 
. Passage outlines are drawn with pencil or ink 
d a line plot, then traced over with the digitizing 
, which sends a stream of coordinates to the host 
uter to be stored away. Passage outlines are 
 on layers different from those that contain the 
lot, enabling us to turn off the line plot for more 
cally appealing maps. Layers are also created for 
ge features and contents, so that traditional cave 
 may be plotted if desired. 

The Map Becomes a Database 
ther important feature supported by AutoCAD 
ther CAD packages is "attributes." An attribute 
 thought of as a tag that can be attached to a part 

 drawing. This tag can contain a piece of informa­
oncerning that particular part of the drawing. For 
ce, in a drawing of a house, attributes could be 
ned to the door and window symbols. These 
tes could contain information concerning the 
f door or window needed, its cost, its energy 
ncy, and any other information which seems nec­
y. All of this can be kept invisible if desired. 
e drawing of a cave, attributes could be attached 

rvey stations. The information which could be 
 with each station on a map would include the 
y station's name, its X, Y, and Z coordinates, any 
thems present, items of historical and biological 

st, information regarding the amount of water 
nt, search and rescue information (rigging in­
ions, etc.), travel statistics, and any other bits of 
ation which may be acquired in the future. In 
 everything known about every survey station in 
ve could be included on the map, ready to be 
sed at the push of a button. 
ve much smaller than Wind Cave would work 
ell with the above scenario. But the amount of 

ation inventory trips are bringing in from the field 
 quite simply cripple the drawing by vastly slow­
n the rate at which it generates on the computer 
. It was therefore decided to store inventory 
ation in dBASE Ill + files, with each database 
 corresponding to a survey station in the cave. 
 required a little more creativity, since programs 

 be written to interact between dBASE and Auto­
e can now search the dBASE files for any set of 

ions, at the same time highlighting the survey 
s on the AutoCAD map which satisfy those con­
. Even with the huge database and drawing files 
Wind Cave generates, this process takes less 
ve minutes. 
 this important step that takes the digitized map 
 the realm of the traditional cave map. Tradi­

maps convey most of their information graphi­
ith little or no text. This is fine for a general 
w of a cave. But what if you want to know where 
wet sections of a cave are? What if you want to 
l occurrences of a particular speleothem at a 
lar elevation range? With a little programming, 
e unleashed the real power of the digitized map. 

The Map as a Collection of Maps 
 programs produced at Wind Cave help us mimic 
f the greatest talents of a GIS, the ability to 
e new maps based on the outcome of some 
 query. By manipulating the information stored in 
finite number of maps from the original. Cross refer­
ncing data from two or more fields will produce graphi­
al representations of relationships only dreamed of in 



A vertically complex section of Wind Cave. Large numbers of areas such as this resulted in a map which was 
difficult to read. 

Main Passage 
Highland Creek Cave 

Surveyed on 1/ 1/ 85 by: 
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AutoCAD dra wing by J. Nepstad 
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An example of a digitized cave map showing survey information, passage features, and passage contents, each 
on a different drawing layer. Layers can be turned on and off to attain the level of detail desired. 



the past. What effects are surface developments hav­
ing on the cave? Do all major aragonite occurrences 
occupy the same elevation? What fragile areas are 
experiencing the highest visitation? Maps which will 
contribute to answering these questions can be pro­
duced in very little time. Thus, instead of being limited 
to one map which attempts to show us everything at 
once, we have a collection of maps, which will show us 
practically anything we want to know about the cave. 

Implications for Management 
By allowing such a vast amount of information to 

interact with the map, digitized cave maps such as the 
one under construction at Wind Cave will be of tremen· 
dous value to cave managers in the future. The 
decision-making process will not only be quickened, 
but considerably enhanced. 

It should be further noted that applications for Auto­
CAD at Wind Cave go far beyond the cave itself. Sur­
face maps showing vegetation types, burn areas, cul­
tural sites, and much more can be produced with little 
effort, enabling managers to learn more about relation­
ships between these factors. The information age is 
just beginning at Wind Cave NP. 

Nepstad is Park Ranger Naturalist at Wind Cave NP. 


