Drafting Maps for Cavers

Somewhere between Mud and Print
You' ve read all the articles, found a cave, hoodwinked some (former) Friends and
surveyed the thing! Good Job!
Now you are sitting at home, surrounded by hundreds of muddy dlips of paper - and not a
clue of what to do. Relax - hereit is: Drafting maps for cavers.

| ntroduction
What good is a cave map - who needs it? Nobody redly. They do come in handy for figuring
out where you are, where the cave may go, and where we might find new passages, but nobody
is holding us down, pouring water in our ears, and telling us that we have to creste amap. So
what we do, we do for ourselves and for our caving groups. If | am going to do it for mysdf, |
liketo do it to the best of my (limited) ability.
A finished map redly only has one function - to help another person navigate through a cave.
Anything dseisextra But it isthose extrathings, the persona touches, and the artistic additions,
that change the map into something to be proud of.
When | first started drawing maps, | read alot of texts. These texts al went into great detail on
surveying, survey gear, reducing the data, and loop closure. Unfortunately they Ieft out alot on
the actua map making. A lot of texts assumed that the drafter had prior art or surveying training,
and were not written for amoron like me. A lot of detail on pens, and Iettering machines, not a
whole lot on anything else. Even the newer On Station skips alot of the most basic steps. It was
hit or misslearning for me, and | left alot of ink blotches aong the way.
So | have written up the steps | follow to go from survey notes to finished map. | have included
al the steps | use to get to acomplete map on afairly large or complex cave.
Stan by for disclamer:
Thisiswhat works for ME. What you can do istake any of these stepsin any order, in any
way, shape, or form. Fed free to subgtitute, add thins or leave things out. | often leave out things
on smaller maps. Do what works for YOU
Want to know the red trick to mapping? There are redly only two. Firgt - start smal and keep
at it. Drawing maps, like keeping book isalearned art. Y our first map will look alittle rough,
your second alittle better, and it will continue to get better from there. Second, the most
important, DO IT. It won't get Started until you sit down and do it. The hardest part of the map
isover coming theinitid resstance you fed to taking on a project that you don’t feel quite up to.
Remember, we dl started somewhere, some of my origina maps look that the cat threw-up on
apiece of paper after eating crayons. | got better (ok so it took awhile) Y ou will too. Once you
dart, you are on your way!

Chapter 1 - Data Reduction
Data reduction doesn't mean taking haf you notes and throwing them away, dthough that
would make the job shorter! What date reduction means, is taking al those numbersyou
carefully generated in the cave (distance, bearing, azimuth, ect.) and reducing them to a set of




sample numbers that can be used to generate aline plot. These numbers aso tell you thingslike
how long the cave is, and how deep.

These numbers are often called X,Y,Z coordinates. If you where to draw a set of axis, the
verticd axis most usudly isthe Y axis and the horizonta isthe X.
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Normally we put the entrance of the cave a 0,0 and then add the survey pointsin from there.
When you reduce the data, it takes the numbers from your survey book, and tells you where the
survey sationsarein X,Y,Z data, like 2,3 above. Thisway you can connect the points (literdly)
and create aline plot that looks like the cave (more on lineplots later)

Methods to Reduce Data

There are quite afew ways to reduce the data. When | first wrote this article many years ago,
only afew people had computersin their houses. | spent alot of time going over hand
caculaing. | haven't seen anybody do that in along time. | will give the very basics of the hand
methods so you can see what is happening, and you can skip over thisif it bores you.

Hand Cdculating

Used to be, people would come back from a survey, sit down with acaculator (or adide rule)
and generate data. It took along time for short surveys and was impossible for long ones. Y ou
would end up throwing your calculator out the window. The steps are easy but they had to be
repeated over and over. Here are the basics:

1) On apiece of paper, draw in atable for data, labd the first point 0,0,0 (thisisusualy the
entrance)

2) On ashot from A to B, you cannot use the distance as you measured it, because thereis
usualy some dope to the shot. When we draw amap, we are looking for the true horizonta
digance asif you were looking straight down from above. This means that the true horizonta
distance is SHORTER then the measured distance!
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The formulas to generate these distances are Trig and are based on the Inclination (So that's
why we take inclination!)

True Horizonta Distance = Origind distance* Cosine (inclination)

True Verticd Digance = Origind distance * Sine (inclination)

3) Now that we know what distance to use we have to find out where to put the point on the X,
Y graph. Thislooks alot like what we just did to find the true distance, but now we can use the
bearing ingtead of the inclination. In this case we assume that North is straight up
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Each shot has aNorth-South (or YY) component and a East-West (or X) component we must
find to put it on the plot. Thistoo istrig

N
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The Y
component Bearing
Al .
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X =True horizonta distance * sine (bearing)
Y = True horizontd distance * cosing(bearing)



Thisisgmilar to the way vertical coordinates are done

4) The next step would be to do dl these geps for EVERY shot! Thenyou add the X and Y
component from shot 2 to shot 1 and get the position of the next point. Then add the next shot
to get the position of the 4™ shot. And keep going until you are done with your data. This could
takedl night!!

Now you see why we never do this anymore. Thisisjust ashort intro to the math - no need to
go into it deeper unless you are redly interested.

Computer Reduction

But the way to go today is PC. Most everybody ether has a computer or has access to one.
There are quite anumber of programs specificaly design to reduce caving data. Theseinclude
programs like COMPASS, SMAPS, WINKARST. They al perform the same basic function
of reducing survey datato X,Y,Z coordinates, but they vary in how the input is entered, and
how it isviewed. They dl have many extras that will help the map maker with his mgp and dso
some great waysto display data to help understand how the caves are orientated. Most can
downloaded directly from the web with the various documentation that come with them.

One of the best parts of these computer programsis the large cave file management systems.
After you get three or four surveysin asingle cave, it can start to get complicated to manage al
the data, and what connects to where. These programs were designed for large caves and can
make you life much easier. Many will also generate severd types of lineplots (more on lineplots
in the chapter 3!).

Try afew of these computer programs and decide which one works best for you.

Most can downloaded directly from the web with the various documentation that come with
them. Remember, most of these programs have asmal cost that is charged on the honor
system. If you find yoursdlf usng one, PAY for it.

Chapter 2 - Computer or Hand drawn Map
Let me stop you right here, because you have a choice to make. Are you going to hand draw
your map, or try to generate it on the computer? There are many pros and cons for each.
Computer maps can take longer to generate, and need specidized software, such as Adobe
Illugtrator. Drawing on the computer can be frudtrating if you don't dreedy have alot of skill
using oneto draw, or draft with. However there are bonuses like being able to quickly modify
to map if new caveisfound, or mistakes noticed. Severd specid effects can be added which
enhance the map, such as textures, watermarks, or imbedded pictures. Many copies can be run
off quickly, and rescaled, and the map iswell protected against degrading over time.
Hand drawn maps can be alittle quicker, have that certain handmade look to them, and you
actualy can have arecognized style drafting. | find | have better control over what | want it to
look like. On the other hand, hand drawn maps can be difficult to draw, and once drawn are
next to impossible to update or correct. Also, somewhere there is an original that needs to be
protected like your firgt-born.




| have found that | enjoy the control and look that hand drafting gives me. The bulk of this
atidewill be around hand drafting instead of computer drafting. But that is because thisis what
| know best. | think most people will get alot from reading it, and that most mappers should try
their hand a least once with hand drafting

There are two main ways to computer draft amap. Thefirs isto do the whole thing on
computer, that isimport your lineplot into adrawing program and draw the map completely in
the drawing program. Another, more popular method is to complete the lingplot and sketch map
by hand, scan it into the computer, and finish it in adrawing program. Mogt of the folks | know
doing more then just smple caves do it this second way.

Thus you need to decide early on how you will complete your map.

Chapter 3 - Lineplots and Scale
If everything went well with reducing the data, dl your hard work with the compass, tape and
inclinometer will be reduced to afew pages of paper with abunch of numbers printed (or
scrawled) dl over them. Now you have to turn al those numbersinto alineplot. A lineplot is
exactly what it sounds like, a skeleton drawing of the cave, showing dl your stations and the
shots between them. These are the bones of the map that you will come back and hang the mesat
of the sketches on.
There are severd waysto generate alineplot. Any of the programs used to reduce the data will
now generate alineplot. Oh, and what alineplot they can generate! Colors and rotating and
flythroughs and 3-D. They are beautiful. They are great to see where the cave is headed, and
what it looks like, but | have found they have their limitations when using them to draw the map.
The main problem with computer generated lineplots, isthat most of us only have 8.5 x11”
printers attached to our printers. This meansif you want an origina map larger then 1 page, you
will have to print many pages and tape them together. And most printers won't print out to the
edge so some trimming may be involved. It never ssems | can get them quite right. All of this
issue goes away if you have access to alarge bed plotter, but few of us do.
A second problem iswhen you need to add points, you need to reprint, cut and paste to whole

thing over again.

None of these are fata flaws, and many folks use these as the line plot. I, however, tend to hand
plot my points, and have for many years. | have found it gives me better control, and actualy a
better fed of what the caveisdoing. Then | can add on points as it gets surveyed. | can pick the
exact sce | want, and | don't have to worry that some printers can dightly change scaleswhen
they print (they can ghrink the picture dightly). Hereis how | go about this.

Materia
The best materia is graph paper at 10 squares to theinch. Y ou can pick up severd szesat an
art supply store, the larger the better. Look for plain paper graphing paper, as there are specia



drafting or vellum types that are quite a bit more money. The extra expense is unnecessary for
line plots.

Picking a Scale

The scaleis how many feet in the cave are equd to inches on the map (or kilometers to
millimeters, or furlongs to hectares, or whatever). What you are going to be looking for is the
tota range of the cave, so that you can figure out a scale that will show the cave to its best
advantage, but keep the whole cave on the page. | like to pick alarge scale, and work on a
large piece of paper, and then reduce it later. However, watch out, if you get too large and
reduce to 8.5x11 it may get too smal to read detail!! (note: large scae means less feet to the
inch, 0 the map isless compressed and more data shows)

This can be done with the X,Y,Z data you have generated. The range is the distance from the
farthest east to the farthest west and likewise south to north. Y ou find these by finding the
smalest X and the largest and subtracting them, likewise with north and south. This givesyou
the total range of the cave.

Example
Station X Y
Al 0 0
A2 10 25
A3 -5 35
A4 -15 30

In this example the cave runsfrom -15to 10 in the X (east - west) plane, and 0to 35inthe Y
(north - south) . Therefore you need to make sure you have room to scale your map for 25 feet
inX and 35inY. If thiswas the extent of the cave | might pick ascde of 5 feet to theinch,
then the map would be 5 inches by 7 inches, and it would fit on anorma page without reducing.
But hopefully the caves we map will be a (little) larger then this, after dl thisisn't New York
caving. | normally use scales of 20feet/inch, 50 feet/inch, 100 feet/inch. These are good picks
because you can scde it easily on 10 squares to the inch graph paper.

Entrance Location

Y ou want to make sure that you have a large enough piece of paper, and that the cave is set on
the paper so that it does not run off one side (funny how some of my early caves used to end
right where it ran off the edge of the paper)

Using the data you looked at to scaleit with above, it will give you an idea of how the caveis
roughly shaped. Y ou want to place the first station (usudly the entrance) in on the sheet so that
there isroom for dl the passages around it. In the example above, inthe X (east - west)
direction, there are points on both sdes of thefirst station. Inthe Y (north - south) it just goes
up. So | would place the point on the middle of the bottom part of the paper. This leaves room
for passage on both sides of the entrance east - west, and alows the cave to climb up the page.
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If you screw up, or if you find more cave that does not fit on the current page - don’t panic!
Celebrate that extra cave, and just tape another sheet of graph paper on. Match the grid lines
and carry the scales over.

Gragphing
After dl these decisions, the graphing is the easy part. Put apoint at your picked location for the

firgt gation, usudly 0,0 - thisis A1. Because you can graph only two dimensions a atime, we
usualy pick X and Y. Add the scale dong the bottom and side, marking the distances every 20
or 50 or 100feet (depending on your scae) for reference.

Put the next point at the X and the Y for point A2. Then draw alinefrom Al to A2 (athin ruler
or old credit card works great). Put the next point in and repeat. Make sureto labd you points
with the survey gation. Thiswill help you in the working sketch, associating points to the survey
notes.
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Chapter 4 The Working Sketch
The working sketch isthe heart of the map. It isthefird time you start taking details from the
survey notes and (iry) to assemble them into something that looks like amap of the cave. To me
thisis both the mogt frustrating, and the best part of drawing a map. Take your time, and enjoy
it. The better you do here, the better the final map will be!

Materia

Firg | lay asheet of mylar over the completed line plot. mylar islittle more then plastic paper.
You can buy it in severd thicknesses and Sizes. It can dso come with one, both or neither Sdes
frosted. | usudly get one side frosted - it seemsto hold the pencil marks better.

There are severd reasons for using mylar. Firgt, it is easy to see through, thus you can see you
line plot through the mylar. Second, it stands up to abuse - lots of abusein my case, asyou can
gae, and easeand era=e. ... To much erasing on paper, and eventudly you will wear right
through the paper. But you can erase to your hearts ddlight on mylar and never wear through.
Third, because the paper is tranducent (means you can see through it, dummy), it makesit
ease when comestime for inking.

There are other materids you can use, such as velum. Velum is afine tranducent paper. | never
useit at this stage because it is fragile and easy to erase through and rip.

Set_! Q
Place the mylar over the line plot. Make sure your piece covers the entire line plot, plus alittle,
to sketch out on. If the cave survey is not completely done yet, you are going to have to guess



goproximately where the cave will go and make sure you have enough o cover that section.
Adding mylar is not as easy as adding graph paper, but it can be done.

Secure the mylar down with tape so that it will not move relative to the line plot (it helpsto have
both pieces secured to a drafting table, a board, or adining room table (if you don't mind NOT
eding on it for awhile). | use drafting dots - these are little dots of tape sold precut in art supply
stores. They are quick to work with and are not as sticky as regular tape, so they are easy to
remove and repogition. Regular tape work just as well, but take care removing it from drawings
and sketches.

Place regigtration marks on the mylar. These are just crosses marked in afew locations on the
mylar (away from the cave area), with the location (from the scale on the line plot below)
marked next to it. These areinvaluable if you have to remove the sketch map from the line plot
and then later replace it. This can happen if you have to add more passage after the map has
been started.

Pencil Sets, and Leads

You can buy sats of drafting pencils. If you are going to do alot of this, go ahead and splurge,
buy a good set of pencils, alittle heavy, but baanced, with metd grips.

| use different type of lead for the sketch map. Plagtic lead, made for drafting on mylar, givesa
crigp clean line and doesn’t smudge, but can be harder to erase. It can be hard to find
nowadays, S0 ahard pencil lead will work just as well, just watch you don’'t smudge it

Line Weights

The line weight discusson normaly takes place in the inking chapter. Line weight means using
different width pens to make some lines stland out better then others. For example, cave wdls
should be the firgt things you see, so you will use the heavier line weight (meaning the thicker
ling)

Because we use pencils on the sketch map, we don’'t have nearly as much control over line
welights as we do with inking pens. However we can use a least 3 weightsin pencils. Asthe
pencil point wears, or different pressures are used, thiswill cause variation, but We should be
ableto a least see adifference. | tend to use .7mm for passages, .5mm for dome and important
features and .3mm for details. Don't be upset if it doesn't look alot different, but it usudly helps

Sketching the map

Here comes the fun but hard work - the actua sketching.

Haul out al those muddy dips of paper, now isthe timeto get the rest of the info off of them.
Go through, and at each station, mark out the passage width. With an engineersrule (scaed at
scaeslike 10,20,40,50 divison to the inch) put alittle dot to the left and right of the Station
where the passage wall is. Try to do it at right angles to the shot as marked on the lineplot
below, but you are going to have to interpret.

When these are done, start sketching in the wals. Take your time. Keep looking at the survey
notes for shape, features, and trends between points. If you don't likeit, erase it and start over.
Thisiswhy we use mylar. Keep at it until you think it represents the passage, and you like it.




Make sure one section of wall blends in correctly with the others, thisis especidly important a
the junctions.

There is dways discussion about whether the lines should be smooth or alittle jagged. Thisisa
matter of choice and isup to you - do what you think is good. (Personaly | think thisis a case
of do you crumple, or do you fold, your choice entirely, they both get the job

done)!

A3

A4
A2

Al

Step 1 Step 2

Original Lineplot
g P Mark Passage widths Draw In Passage walls

Now dtart adding in details. Thisis another case of ‘take you time and make yoursalf happy’.
Add as many of the details as are on your note. Add those you remember (a good case for
sketching the map soon after you leave the cavel) Try to make the large features ook exactly
likethey did in the cave. Even try to make the rocks look like they do!

Step 3
Add Detalls

At some point in time, you will get to a point where the cave is so complicated or does
something so strange that you aren’t quite sure how to represent it on the map. Because you are
trying to represent a 3 dimensiona cave on atwo-dimensiona piece of paper, this happensal



the time. And because it happens dl the time, you can be sure someone has tried something to
represent it.

Right here the book *On Station’ excels. It has awhole chapter on drawing up difficult
passages. Y ou can aso pull out various guidebooks and newdetter to check out what other
mappers have done. Its alittle beyond the scope of this article to go into depth on these.
However, agood rule of thumb is; if it is understandable, it will do the job.

Symboals

Cave mappers use symbols to represent features or items we seein acave. Most folks
understand the basic symbols, but there are literally hundreds of symbols that can be used. Try
to stay with asmdler, dandard list of symbols. Again ‘On Station’ has acompletelist. It isok
to use symbols you make up, but they HAVE to be included in the Legend (more on this later).

Garbage
Right about now - when | am adding in fegtures, | get thoroughly disgusted with my work.

Everything | do looks like GARBAGE. Thisisagood time to take a break and come back
later. Y ou get too close and you are blinded by the (hopefully) smdl errors.

Two things to remember here:

Firg, like keeping book in the cave, drawing amap isan art. But it IS alearnable art. The more
you do, the better you get, but you need to keep at it. | persondly have improved greetly over
the period of time | have been drawing. Of course there are those people who are naturds, like
Jeff Streba and Dennis Englert, these guys started good and improved (assholes). Keep at it.
Second, you are you own worst critic. Y ou know exactly where the mistakes are, and you can't
help but stare at them (kinda like looking at that traffic accident on the Sde of the road). If you
are a the point where you want to shitcan the whole thing - let someone else take alook at it.
You may be surprised a their comments.

Cross Sections

When you are done with the plan view, it istime to start on cross section. Y ou probably took
quite afew in the cave, but you may not use dl of them. Pick the ones you want to use.

Y ou want to accurately portray the cross section of the cave but you don't want to clutter up
the map. Look at the cross sections - if a passage stays basicaly the same over along stretch,
put in one or two, but not every one you drew in the book. Put more around mgor changes, or
where the information is important. If you have some interesting cross sections, put them in, but
do not overpower the rest of the map.

If you can put two passages in one cross section (where one passage goes under another), do it
asit looks good. But use the Z data (vertica eevation) data of the passagesto keep it in scale
and redigtic distance between the two.

Scaein relation to plan view isimportant. Y ou can use any scaeyou like from 2X to haf. If
you have room on the map, try to use full scale. However if you are usng alarge scae, the
cross sections may end up being too smdl, so you might have to double cross section scale.
Sketching cross sectionsis smilar to sketching passages. Using the data from the book puit little
dots at right and left walls, dso ceiling and floor. Then sketch in the wals as shown in the notes.



Make sure the cross section looks like the plan view it is supposed to be showing. If the map
shows adot in thefloor at that point, the cross section should reflect it.

Y ou can place the cross section either near the location it represents, or place dl the cross
sections together in alocation away from the main body of the map. It redlly depends on how
complex the map itsdf is and how much room you have for the cross sections. The god isto not
make the map to cluttered and hard to read.

Cross sections have lines drawn from the cross section to the area it represents. The lines have
ticks (smdl lines a right anglesto the main line, or little insets that suck you blood. Y ou figure
out which is used here) that represent UP near the cross section, and direction the section was
drawn from near the map. Mogt cross sections are drawn as if you are facing into the cave. This
makes a difference, as you could draw the cross section opposite hand and or represent it
reversed

Step 4
Add Cross Sections

Summary
Take your time, what you do here will define how the find map looks. Y ou will be directly

copying thisfor your inked copy. Keep at it until you are (mostly) happy.

When you are done with these steps, you end up with what |ooks like a cave map, except it will
not have titles, names, legends, and so on. More on these later.

Sketch maps have severd uses. | usudly have severd sketch maps going at any time, waiting on
more survey data. They can help in the exploration of the cave. Y ou don't have to wait for the
whole thing to be surveyed.

And you can copy the sketch map and bring the copies into the cave to check the map againgt
the origind (the cave, stupid).



Chapter 5 Inking
Inking is the process of generating afind copy of themapinink. It is generdly done by shining a
light through the working copy and a clean sheet of tranducent materid and copying dl the
details from the working copy onto that clean sheet of paper.
At thisstage d lot of people ask “Why Ink?" Why not just use the working copy as the final
map? Good question - here are my reasons.
Firg - The line control is much better. Y ou don't get the varying line weight you often seeasa
pencil point gets duller and duller. Also you get better definition at lower line weights, you can
reglly make some fine detall lines. Inked lines tend to reproduce better on copying machines
because of this.
Second - It looks negater. Y ou can usudly tell the difference between an inked map and a
penciled map.
Third - it gives you a permanent copy that cannot be changed or dtered.
Fourth - It gives me something else to write about!

Inking is not smple, but not red difficult. It takes afair amount of practice and the right
equipment. Mistakes made when inking are pretty much permanent. But it redlly improves the
qudlity of the map, and does not take alarge amount of time.

Thisis aso the point where severa people will be leaving usto go to computer aided drafting.
Y ou can now take your sketch map and scan it into the computer and produce the fina map
digitaly. Y ou can have pretty much the same control on line weights and detail.

However, | find | enjoy the inking and the resultant map, and aso have found it can take alittle
longer on computer. Whichever way you decide, |ets get started!

Equipment

Inking pens are the one thing few people own, but are necessary for the job. Y ou can buy the
pens from art supply stores. Recently alot of drafting supply stores have been reducing their
prices as more and more offices go over to CAD. You can buy the pens in sats or individudly. |
only usethree or four Szes, so | tend to buy mine one a atime. | use .18mm (0000), .30mm
(00) and .5mm (2). Like pencils, choose line weights that are easily digtinguishable. Stay away
from the disposable types, they are alittle expensve, and when the tips jam, there is nothing to
do but throw them away. | prefer Rapidograph or Rotring for reliability, but they do not have
interchangeeble parts. If you can afford it buy tungsten points - they seem to last longer. Paper
and vellum can wear the tips over time, leading to awider line.
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They arefarly easy to use. Youfill areservoir with the correct ink for the job (depending on the
materid you are drawing on), shake the pen up and down (over a piece of scrap paper) afew
times, and off you go! The pens have areservoir, aweight with awire atached, and atip - very
litledse

Care and feeding of these beasts is very important. Store them upright with the tip down while
using; this keepstheink in thetip from drying out. Always clean the pen after use. If you get the
tip blocked with dry ink, you are pretty much screwed. Y ou can try to clean with air pressure,
water, or ultrasonic cleaners, but | have never had too much luck. A smdl hint; do not take the
weight with the wire out of thetip. The wireis so smdl, you will never get it back into the tip,
and you will bend and bresk it.

Materids

There are afew different types of materials you can ink; each has pogtive and negative points.
Paper (bond) - Cheap and easy to obtain, but does not work well becauseit is hard to see

through. Also may not stand up to erasure.

Mylar (Plastic Paper) - Rugged and easy to erase, you just scrape theink off). However, my

experience isthat theink does not snk into the mylar, just Sitson top until it dries, so it Says

wet for ever, and tends to run. There are specid inks and pen tips (made to score the surface so

the ink does not run) made especidly for mylar, but | have not been that happy with them

Vdlum - Thisisthedasdc, it isredly just high-grade tracing paper. It is cheap, and you can see

through to ink. It absorbs ink well, and can stand one or two erasures. Thisiswhat | use.

Light

Thefirg thing you redlly need isalight table. This shines light from below, through the working
copy and the paper you plan to ink on. This makes the details from the working sketch stand
out well, so you can easily see them. Y ou can buy these professiondly, but most folks | know
just build their own. They are little more then abox with alight fixture on them, and a piece of
glass or plexiglass on top.



However, for folks that have neither the time, money, or space, there are other tricks. For years
| stole the glass front to my stereo cabinet and put it up on afew books, and positioned a light
to shine up through it. Although the glassis not frosted (it does not spread the light evenly), it
does agood job. Any type of glass or tranducent plexiglass (thick enough to support some
weight of you leaning on it) will do the job.

If your table is not large enough for the whole map, you are going to have to work in sections.
Thisis not to hard provided you tape the inked copy to the sketch in such as way that they
aways stay registered.
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SHting it up

Fird, dean the surface of your light table (or what ever you will be using). Clean it well and let it
dry. If apen hitsahunk of dirt (from the notes, the dogs, or your beard) it will deflect it and the
pen will run off course (and suddenly the passage will have allittle bend there that you just
remembered)

Then tape down the working copy o that the entire areato beinked isin the lighted area. If the
tableistoo smal, or the map too big (we should al be so lucky), pick a section to work on and
make sureit isdl in the lighted are. Use drafting dots, or drafting tape to avoid tragedies.

Tape your chosen materias over the working copy. Make sure you have enough to do the
whole map. You redly don’ want any splices on your fina map.

Turn on thelight. Y ou should be able to clearly see the detail of the working map through the
materid for inking.

Ink that Map!
Now you are ready to begin! Fill your pen with ink - do this AWAY from the light table (and

not over any white carpets either!). It usudly takes only asmall amount of ink to complete a
map. | only fill the ink cartridge about 1/8 to Y4full. On a piece of scrap paper, get the ink
flowing. Shake the pen up and down, not viodlently, just enough to move the weight. If you shake
too hard ink will come out the air holes and go flying ( | know thisto be true). Sometimes



touching the pen to your tongue helps, and sometimesthis just gives you a black tongue (and a
redly bad taste in your mouth). Eventudly, if thetip is not plugged, ink will flow.

Start with the passages. Make sure you use the right size pen (larger for passages) Start avay
from you, drawing the pen towards your body. Work in long, continuos strokes, trying to keep
the pen to the paper aslong as possble (the less you pick it up, the less gaps you may leave).
Wetch where you put your hands and arms, if you hit wet ink it will smear.

Now, put aside the passage pen (leave it capped and standing up, with the tip down), and take
up the detail pan. Follow the same rules. Take your time. Occasondly turn off the light to see
how things are going, and see if you missed inking anything.

All'in dl, if you have agood working copy, the inking is smple. It goes very quickly and can be
donein an hour or two. You areredly just tracing, not much brainwork involved, but you can
see why it isimportant to work hard on the working copy.

Inking Straight Lines

You are going to ink straight lines occasiondly, either for cross sections or for leader lines. |
have found you cannot draw them straight enough by hand to look good (or at least | can't). |
use aruler. But you have to be very careful wheninking aong a straight edge, or atemplate. If
you lay it flat on the vellum, and run the pen dong side of it, capillary action will draw theink in
under theruler, and blotch. Looks like hell, especidly when you were trying to draw a straight
lineto begin with. You'll haveto try to eraseit.

But there are ways to get this doe without blotching. Inking rulers come with little bumps on one
sgdeto raise ruler off the surface. If you don't have one of these rulers, tape adimeto the
bottom of the regular ruler and it will do the same thing.

OOPS

Y ou made amistrake. It happens. Can you blame someone se? No? Well then you will have
to try tofix it.

Firgt though, do you redly haveto fix it? Isit inconsequentid? Do you suddenly remember the
passage did take that little funny urn here anyway? This oneis up to you; if it redlly does not
inaccurately portray the cave, or you can live with it, leaveit.

You can try to erase. Use either ahard eraser, or asharp blade. Rub over the area (after it is
dry) many times with medium pressure. With ether an eraser or ablade, you are removing the
paper theink ison, not just the ink. Most sheets will alow you to do this once or twice without
ripping. BE CAREFUL.

After erasing, DO NOT REINK. The paper where you have erased is now much more porous.
Reink in the same place and you are bound to leave a blotchy mess.

| have usualy managed with the last two methods. Other options include white-out, and pieces
of paper glued into position. Both of these work, however | favor the paper over white-out, as
it takesink better. Watch the edges with extra pieces of paper; the pen may want to follow it.
Worse come to worse - start over. It redly does not take that much time to re-ink



Chapter 6 — Finishing the Map

OK! Stand back. Look at that inked map in dl its glory —it's DONE.

But wait!? Where isthe cave name? The legend? The names, the north arrow? | guessit isn't
doneyet.

Finishing the map can be one of the more tedious parts. But it isthe last, and it redly makesa
difference between a professond looking map, and one from Indiana (sorry, just kidding). As
you put the last parts together, you will be amazed at how much of a differenceit will make.

Working with a copy

Work with a copy of your inked map to begin with. Thisway you can practice paste-ups, write
notes on it, correct it, and decide how you want things to look. Copy it — Kinkos can run
anything up to 2x3 for abuck or so. Make sure you handle the origina carefully. Might as well
run 2 while you are there, just in case. Take the origina home and store it — you won't need it
for awhile.

Corrections

Post your copy on your worktable and take a close look at it. Firgt, start looking for errors. |
usudly find errors like lines not meeting, or some details eft out. Look to see if the map needs
more detail to balance out. Mark these in red ink; we will take care of these |ater.

To Compete or Not to Compete, thet is the question

Right about now, you need to ask yourself a question. Do you want the map to compete in the
Cartography sdoon at the NSS conventions, or isjust amap to publish in your grotto

newsd etter/guidebooks?

| often compete, but it isahard process. First you get to post your map on the wall, next to
maps that 1ook like works of art. Then you get to watch it ripped gpart by judges. And usualy
you walk away with little more then a“ good job but...”

If you can go into this as alearning experience and walk away with aton of vauable information
on how to improve your future maps, go for it. If you are thin skinned — be warned.

The reason this becomes important is because there are two standards for what to put on the
map. If it isfor your consumption aone, only put on what you want. Add enough data so that
people will be able to understand and use the map, but not so much that the map appears busy.
Try to get Szing and locations correct but thisis not an absolute.

If you choose to compete, there is ahost of things that HAVE to go on the map. Often winning
maps make the grade by putting dl the required info in and till not appearing cluttered.
Thisisyour choice, but | will list most of the requirements and let you choose.

Choosing what to labd and letter

Regardless of what you choose to add to your map, you want it to ook as neat and balanced as
possible. Take a pencil and draw those things right on a copy of your map, which iswhét the
copy isfor. Try and get Szing and locations about right, but getting it exact is not important.
When you are done, step back and look at it, does it look good? Do you have room for more?




Should you leave things out? Cross out, draw arrows, do whatever to makeit ook the way you
like. Go wild on this copy.

Sudden Left Turn — Computer generated maps (again!)

Before you go on with typesetting and gluing stuff to your inked copy, right here is another spot
where you can choose to hop on the digital bus. Kinkos can digitize the inked map into any
graphics program. Inked maps tend to digitize red well due to the high contrast of the dark ink.
Instead of adding dl the text by hand, you can do this with computer.

Thisway you have the feding of ahand drawn map, but seamless typestting. Try thisif it
interests you. You will till have to add the elements detailed in this chapter.

Elements
Title Block

Pighola Cave

AV A Jerrys Humming Putterack Cave
R ockCastle County, K entucky

Suunte and Tape Survey Sept 94 - Sept 00

Thisis the most important information and should be mounted in a centra location
Name — the most important, and should be the largest font on the map. | used to underline
is, but now thisis ano-no. Use the most common name and add other namesiif they arein
generd circulation.

Cave Location — Along with the name, thisis dso important. We normaly add only county
and gtate. Y ou can add more information, up to exact location, but we normaly do not do
this, asthere is no way to tdl whose hands the maps will fdl into.

Survey grade — There is aranking on survey grades from pacing to tripod mounted Brunton.
| normally state type of compass and ‘ Tape . This can dso be denoted as agrade 5 survey.

Date — gpproximate dates the cave was surveyed



Maor Components

There are other mgor components that need to be added. These can basically be added
anywhere on the map, as long as the map looks baanced. Add them to the map now, with a
marker, and we will talk later about moving them around.

Compass Rose

M

This shows the direction of North. Always mark whether you are using true north, or magnetic

north. In competition maps this needs to be long enough to scale off of and the amount of
declination needs to be displayed.

Scde

This shows the scale that the map was drawn at. Do not use scalesthat say “1 inch = 1 foot”.
Thiswould be OK for your origina, but as maps get copied, blown up, or reduced, it would
no longer be true. Unit less scales are much better, as they blow-up/reduce correctly with the
map and stay in scale.

Make this scale easy to read and make sure you add what units of measurements you are

using. Inthiscasewe are using feet. Notice how the scale does not say 100 feet to the inch.
If we were to reduce the map 50% that statement would no longer hold.

Survey Crew

If you want your friends to remain your friends (and survey with you again), list their names. If

you want them to hate you, leave them out. If you redly want them to hate you, spdll it wrong.
Take care. Place it in asmdl block; it shouldn't take up too much room. If you have too many
names, consder only usng initids.



Legend/Key
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Thisis one of the most important areas of the map. This shows the map-reader exactly what
you meant when you put this squiggle, or that dash on the map. Without it the map-reader
may not have a clue of what you are trying to represent. But in caving today, we generdly use
aset of symbolsthat everybody isfamiliar with and can identify.

So we have achoice. You can ether note on your map that you are using a certain group’s
symbols (such as NSS or CRF or AMCY) or you can ad alegend. | tend to add the legend
for afew reasons. Firg, it usudly looks good on ama. Second, it gives beginners, or those
without access to symboals ligts, a clue to what is going on.

Get ready for the big secret - Y ou can use any symbol you want, aslong as you identify it on
the key! If you want to make one up that fits your particular circumstances go right ahead.
Just aslong asit isidentified. In mapping Greet Sdtpetre Cave, | was faced with alot of
sdtpeter trailing dumps (or dien burid piles take your pick). | could use the symbol for apile
of dirt, but that wasn't clear enough for me. So | combined two symbols and made a newer
symbol, and | dlearly identified it on the legend. Map judges will crucify you if you usean
unknown symbol and don't include it on the legend.

Make sure your legend is clearly readable, and remember it will most likely be reduced, so
don't start too smdll. There is aways a controversy on whether you put the symbal first and
then the description, or the other way around. | usudly put the symboal first but here is another
secret — it does't matter!

When you get done, make sure you have dl the symbols on your map listed!

Cross Section Lines and Identifiers
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These are the lines you draw from the cross sections to the areas in the cave they represent.
These are important to add to make sure you can match cross section with area. Try to keep
them dtraight. Don't et them run into passage walls — keep a gap between the line and the
passage. If you have st the cross section off to one side, you have to label the location on the
map with an identifier usudly just asmall script latter) and match thet identifier with the cross
section

PR,




Just for the and oriented — the letter should be on the same Side as the in the passage drawing
as the cross section. Don't forget to add your direction ticks either.
Passage Names

/
= ~Jhe HELL

These are important too! How else can we refer to a passage if we don’t have the passage
name? These should be straightforward. Add what names you prefer, but don’t go overboard
and name every smdl section. Place them close enough to the area they represent so there is
no confusion. Use leader lines— smdl lines that go from aname or anumber to the areathey
represent. These can cross the passage lines if needed. Make sure you use asmaller line
weight then the passage.

Passage Heights, Drop Depth, and Depth Below Surface

Stat marking these in also. Y ou get these numbers from your notes and the reduced data
Use the same rule as before, add enough to show information, but not so much you clutter the
map. Make sure you label your zero datum for the depth.

Other Thingsto Add

Cartoaraphy by H.J. Kahnitz -copyrignt ZOO

- Cartographer - How are they going to know whose great work thisisif you don't add
your name?

- Copyright - good ideaiif the map may be published

- Totd length and depth — needed in judging

- Date of Drawing

- Grotto Affiliation

- Survey number, such as Alabama cave survey number.




Chapter 7 Typesetting and Labeling, and Paste-up
OK! Now you should have a copy of your inked map, scribbled al over with numbers, names,
legends, and the like. 1t's not done yet, but at least you have a clue of what it might look likel
What's next? Typesetting and gpplying the labeld

Typesetting

There are many different ways to produce good-1ooking labels for your maps. Books are full of

them. | use one or two exclusively, but | want to share the others and problems | have seen with

them:
Hand Lettering — If you are good enough to do this, | hate you. Most mortas cannot hand
letter well enough to make it look good. If you are one of thefew — have at it.
Rub On Letters— These come in sheets and you rub them off onto a piece of paper to
make words and sentences. They are getting harder and harder to find, and they are hard
to keep in asraight line as you apply them. Thisisrapidly becoming alost art. Besides,
you dways run out of the letter you need, leaving you with sheets of Zs, Fs, and Qs
Inking Templates— Inking templates are pieces of plagtic with guides for sticking your pen
through to produce letters. Thistoo is becoming alogt art. There are dignment problems,
not alot of good fonts, and | dways seem to smear something. Want to redlly piss
yoursdf off? Ink an entire map, and then have to trash it because you screwed up inking a
word (smear OR misspelled!)

There are redlly only two ways | would recommend, and they both involve computers:

Computer Generate the Labeling

Once the map is done, and you know where you want dl of your labels and text, you can jump
to computer and finish therest. As | have explained before thisinvolves going to Kinkos or the
like, scanning in your map, and then adding the rest of the data via a computer gpplication such
as Photoshop, or Illugtrator.

This has the benefit of a hand drawn map and computer labels and can look good. There are
some problems with getting the right sized fonts and positioning, but these are overcome with
time and experience. Make sure you have access to the applications needed for this, and when
the work is done, afull bed printer/plotter to generate the completed map at the size you want
(again — Kinkos can usudly do this)

Computer Generated L abels and Paste-Up
Thisisthe way | have doneit for years. Y ou generate the labels via computer, print them out,
cut them agpart and glue them to the map. This takes some time, but isfairly easy to do and low
tech!
Generating the labels
Firgt, write down everything you hand labeled onto you map in the last section. Put into the
computer in aword document type application. Once dl the dataisin you can start playing
with Font types and Sizes. Keep playing around till you have one that looks good. Y ou may




have to use adrawing program for things such as the north arrow and the scale, but these are
graightforward. Jam them dl onto one page. Print out afew with different fonts and sizes so
you can pick. Use alaser printer. If you don’'t have one a home or work, find afriend with
one, or go to Kinkas. They are getting alot easier to find in the last few years.

Final Check.

Firdt, take one of those printouts of your components and start cutting it up. Don’'t worry
about straight lines now, thisisjust for checking. Tape each component to the map (you can
use the one you wrote on) in the location it is supposed to be in (don’t worry about some of
the minor components such as ceiling heights). Step back. How does it look? Do the sizes
look correct? Not too big or smal?

How about the layout? Thisisyou last chance to change things. It is easy to change sze and
fonts on the computer.

Check the balance. It shouldn’t be too cluttered, but it shouldn’t have too much white space.
Move things around, try different arrangements. Nothing is set in stone, yet.

Paste-up
Thisisthe part | like the least. | dways end up gluing my finger to my ear or something worse

(Guys — use the restroom BEFORE this step).

When you are finaly happy with the working copy, put it where you can see it and pull out the
origind inked copy. It istime to Sart pasting!

Firdt, put some graph paper under the inked map. Make sure the map sheet is sraight with
the graph lines on the paper (as much as you can makeit). Thiswill dlow you to place the
labels straight in respect to each other and the edge of the map. The paper you inked on
should be tranducent enough to see the lines through it.

| use aglue stick to paste with becauseiit is easy to control, and gives you alittle time to move
the labd before the glue sets up. On the other hand it can ball up and leave glue boogers (do |
have to explain?) on the paper. Be careful.

Cut thelabe from your print out. Trim close to the letters, but do not cut into them. A Straight
line helps placement. | usudly use asmal set of sharp succors, or an Exacto knife here. Turn
it face down on a scrap of paper and completely coat it with glue, over shoot it alittle to make
sure you have glue on the edges (or else they will pedl up and bend). Be care full not to set the
next pices doen in the glue from the overshoot — throw out the scrap frequently.

Face it on the inked map. Using your fingers, postion it correctly. Make sure the letters are
sraight, not just the edge of the paper as you may have cut it alittle skewed. Make sure the
paper does not cover any inked features. Make sure your fingers are clear of any glue
boogers (or any other kind) before touching the label to pogition it.

When you use redlly small labels (such as passage heights, names, or cross section identifiers)
| trim redl close and place the blank side right on the glue stick. Wipe it off to the Sde and
placeit. Be careful not to get glue on your fingers, it will pick up dirt and transfer to the paper
where you touch it.

This process can seem like it takes forever, but only needs to be done once, and redlly gets
over quickly.



OOPS

If you notice a mistrake after the glue has s, there are one or two things you can do. You
can re-labd right over the mistake, or try to ped it (very dowly and carefully) from the mep
with asharp blade to help ped it. The sooner you notice the problem, the softer the glue will
be — but it sets up strong enough to rip in amatter of minutes.

Leader Lines.

You can't add leader lines until the labeling is done, because you don't know exactly where
the labels are going to end up, and you don’t know how much paper you are going to leave
on the labdl. The exception is lines required for cross sections. Because the sections are
inked, you can add the lines at the sametime.

S0 you need to add them after the labdling. Thisis not a problem. | usudly fire up theink pen
—at asmdl lineweight and add them in. Careful when using the ruler and careful where the
paper edgeis. If your pen hangs up it will blotch, so go from the paper to the velum.

Y ou can aso use the pen at thistime to make your fina corrections.

Stripit.

Good-looking maps usudly have aborder. The easest way | found is strip chart. It is sticky
tape in varying widths that you can find in art sores. Pick awidth, unroll some, and tick it to
your map. Take careit isgsraight; it iseasy to seeif it is crooked. If it iswrong, ped it up and
do it again, this suff isforgiving. Take care not to sretch it too tight, it will cause the map to
buckle!

ALL RIGHT —itisdone
Chapter 8 Copying and Reducing

Wl the map istechnicaly done. But it redly doesn't look al that nice— it has al these paper
gripsonit, and it redly doesn't roll well. Y ou need to make copies.

Photocopying
There are redly three types of photocopying for large documents and one is better then the

other for what we are doing. For years the best you could do with alarge map wasto have it
photo reduced, in other words have a picture shot of it and have it photographicaly reduced.
We are lucky now we have afew options which are quicker and awhole lot cheaper!

Roll type Photocopiers

Thisisthe old sandard. Y ou would fed your map in ovr aroll and it would copy &t the same
time. These were problematic with paste-up maps because two things tend to happen. Firt, it
can ped off the paste-ons, rip them, or at least bend back an unglued corner. Also, because the
light isonly on one side, and the copying element on the other, the paste ups tened to cast small
shadows, and it was obvious they were there.

Scanner Bed Photocopiers



When | started mapping these were only found in large blueprint companies. But now-a-days
Kinkaos has them in mogt of their sores and they are well worth it!!! These units are redlly just
high qudity large scanners. They scan your map over aflat piece of glassand send it either to a
computer file or another piece of paper. It doesn’t show the paste-ups at al and you have a
good looking find production. What's more these units can dso automeaticaly reduce the map
to standard size pages (you will want to do this for publications!)

Go in and scan you map. Have afew large size copies made on the large scanner and at least
one of the smdl ones. Take the smdler one and bring it to the regular machine and make some
more copies. It will cost afew bucks (I think Kinkos charges by the output inch) but again it is
wdl worth it.

Y ou may aso consder getting a scan on disk to play with later, or have a permanent record of!

Make sure you make enough of the large copiesto give one to each person on your survey
crew — you couldn’ t have done it without them and they will gppreciate it (maybe you will be
able to suck them in for more trips).

Take your origina home and put it somewhere safe. Keep it warm, dry, and happy. Try to store
it flat if possble, the paper patcheswon't fall off as quick that way. Make sure you permanently
store agood fina copy aso to reproduce later if needed. Take care of it — it isawork of art!!

Summary
That'sd thereisto it. Sounds complicated but it redly isn't. Thered trick isto START. Get off

your butt and do it — that’ sthe only way it will ever get done!

Disclamers
If you think thisisdl my origina work, thank you, but it isn't. | have unashamedly stolen from
the best sources | could find, and rewritten to fill the gaps, blanks, and to make it easier to
understand.
| have stolen from:
On Station George Dasher (available from the NSS)
MSS Survey Specid Published by the Missouri Speleologica Survey (dso avalable
from the NSS)
CREF Persond Handbook
For advanced data on al surveying subjects, please consider these volumes

Howard Kanitz nss20678



