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Forewcrd:

The name of this thesis
ie suggestive of ite charuacter. The
writer has endeavered to present in a
general way some of the most irmport-
ant details of mine surveying as he
has found thenm in actual practice.

For the sale of uniform-~

il

7 the engineering staff in which he

it
worked prepared 2 set of instructions
to he used by the engineers at the
varicne nines. The methods and il-
lustraticns described in thig parer
have heen adapted from these instruct-
icns and they afford s thorecugh feund-
ation ready to raceive the ninor

details bhest adapted to each particular
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PalRl I. BEWUiPLLHY.
EBguipnment for Vork in the Field.

l.- Uransits. Keuliel and Zsser, Gurley aud Berger
mountain and mining transits with full vertical circle
and auxiliary telescopes. |

2.~ lleasuring Tapes. (a] One-hundred meter steel
tapes one-fourth inch wide and graduated to .5 cm., the
first decimeter to mm. The tape is easily wound by
means of a metal reel provided for this purpose. 4s the
whole tape is exposed to the air whije on the reel, it
is easily dried and kept clean.

(b; Fifty-meter steel tape same 88 above except
in length.

| (c), Steel pocket tapes with spring winding and
gubdivided to millimeters. . |

(d;, lietallic woven tapes in bent leather case with
folding handle.

Clamping handles are provided for the steel tapes
as well as tension handles which enable the engineer to
apply the tension at which the tape is standardized.

3.~ Leveling rods.- The leveling rods are of the

latest designs and the divisions in the metric system.




The target is devised to insure the rod being held
perpendicular to the observer's line of sight by giving
him full control of its positions.

liscellaneous.- Yhe eguipment also provides plumb
‘bobs, acetylene lamps, field books, reading glasses, and

all other paraphernalia used in surveying.

Drafting Roon Eqﬁipment.

The eyuipuwent comprises blue-printing apparatus,
drawing tables, chests of drawers, filing cabinets, etc.,
all of the latest designs. The equipment being that of
a modern drafting room, it comprises the most complets
line of instruments and accessories used by the drafsman.-
Precision pantographs, beam compasses, proportional
dividers, straight edges, German silver protractors with
movable arm, drawing sets, drsawing papers, inks, pencils,
erasers, etc., are but a few of the things th-t go to

make & complete equipment for a modern drafting room.




PARY II.

BURFACH

Location of Base Line.- Accurate surveying
operations should always be wraceded by the location of
a permnaunent surface base line to which must be tied &1l
important surveys. The most important factors control-
ling the length and lccetion of the base liue are: the
nature of the work contemplated, and the limitations
and difficulties met with in surveying such as topography
in mountainous regions. The length of the base line
shcuvld te not less thw: 50U5-500 meters aud if it is
intended to be used in minor triangulation its length
should he accurately determined. Obviously, the stations
at the ends of the base line must be Tirnly set in solid
rock or coucrete, and tied to three or four definite
objects readily found.

llethod Used in Grading Base Lines.- For the
puryouse of grading the base line staktes cut to s
convenient size, varying with the grade, were lined wp
all along the lengtnh of the 1line leaving an interval of
six meters between them. Hvery hundred meters measuriug
posts were set in line and cut to grade on either side
of each a tension post being securely set in the ground

ready to receive the tension apparatus.




HMeasuremant of Base Line.~ A one-hundred meter
steel Tufkin tape standardized by the Department of
Commerce Bureau of Standards, Washington, D. C., was
usged for the measurement of the base line. A copy of
the certificats as issued by the Buresu will be found
on page 16.

Ths tape was stretched over the grade stakes and
the tension applied as shown in figure I. On the top
of each measuring post a piece of tin was securely nailed,
on which wus marked & fine line to measure to. TFour
sets of readings were taken over every course a different
man reading the ends of the tape in each case.

™o thernometers were fastaened to the tape, thirty
three meters apart from either end snd the tenperatare
taken immediately after each set of readings. A unifomm
tension was maintened through out the measuremsnts by
means of a balance arranged as shown in same illustration.
By means of careful levelling the difference in elevation
between the measuring parts was determined and the
original measurements corrected for temperature, sag and
pull.

Observations for Meridian.; When the meridian has
been accurately d etermined in adjoining property and can
be easily transferred without much labor to the established

base line it is best to do so; otherwise it must be




determined by astroncniesl observations.

Three metiods are available for obhservation of
the meridian: (1) By obsorvations on Tolaris, (2) by
observations on the sun by means of the solar sttachment,
and (3; by direct solar observations.

I'o attenpt will be made here to describe in detail
these different methods, as they are given in most text
books on surveying. The true bearings of all other
surveys are computed from that of the base line.

Topographical Surveying.- The methods used in
making the survey of a region for a topographical map are
many and varied, and their choice should be dependent
on the desired degree of accuracy and on the purpose for
which the map is heing made. Topographic details may
be located from triangulation points or from stations
in the traverse or traverses, whichever way is more con-
venisnt.

Triangulation System- When the district to be
surveyed coversg 8 large area the best method to deter-
mine accurately the position of important points is by
" means of a triangulation system. The degree of accursacy
desired is the one controlling factor which determines
the methods to be followed in the wvarious operations

involved such as the measuring of the base line and




and the determination of its length, the manner of
laying out the triangles, the reading of angles, comput-
ations, etc. If important underground surveys are
dependent on the surface triangulation, an accuracy of
1 in 50,000 should be carried out.

Before laying out a triangulation system a recon-
noissance survey of the district should be made to
determine the best method of procedure. Such a survey
would show the best locations of the base line, the
approximate length of the sides of the different tri-
éngles, the included angles, and much other wvaluable
data indispensable to a careful and systematic arrange-
ment of the various operations involved as affected
by the existing conditions.

Location of Points from the Transit Line.- The
position of points of minor importance such as build-
ings, water and steampipe systems, transmigssion lines,

- etc. is best obtained from stations in the transit line.

Location of Monuments.- In districts where a
triangulation has been established the claim monunents
are usually more easily located by traverses. A degree
of accuracy‘of 1 in 5,000 should be attained in these
traverses which must be closed to eliminate any possidle

error.




PART ITI.

ULDEREROUEND SURVEYIHG.

Stations for Transit Surveys.- In order to nake
the st=tions as permanent as possibl e thsy should be
rlaced whenever it is possible in the solid rock of
roof. In meny instances this is not possible in which
case the station will have to be placed in a less
permanent place such 83 a timber or on the floor. The
gtation point should be always so chosen as to pernit
the setting of the transit either above cr below it,
the reading of the angles and the taking of the neces-
sary measurements.

To establish a station, seasoned wood should be
preferred for the "plug" which is driven in the hole
previously drilled in the solid rock. For spad an
ordinary horseshoe nail may be used by naking a small
hole or groove in its flattened head from which to
suspend the plumb bodb string. Tor the purpose of
numbering pernanent stations brass tags with numbers
5/16 of an inch were used, the tag being secured to the
plug by driving the spad through a hole on the tag.

In addition to what has been stated hefore, it
may be said that the engineer should use his good

judgement in the selection of places for station points




and that these should always be placed in all important
winzes, raises and similar workings.

Hanging Compass Stations.- Thenever possible
thay are to be placed in the solid wall, using an
ordinary nail which is driven through the tag into the
wooden plug. Some hanging compass surveys require &
considerable number of stations. Vhen thie is the
case only enough permanent points are put in o serve
as points of reference from which to run fulure surveys.
For the rest of the stations a nail driven in the wall
is sufficient.

, Surveys in General.- The importance of closing
transit‘surveys ig self evident and should always be
done when possible, all surveys being started from known
stations not two of which are to have the same number.

Details of Underground Surveying.- See illustrat-
ion II.

"Station Occupied™ is the point under or above
which the transit 1s set up.

"Height of Instrument" is the distance from the
point occupied to the center of the telescope. It 1s
positive when the transit is above the point; negative
when below it.

"Point Sighted”.- Under this heading come: "Back




1.

Sight", which is the sight on the station previously
occupvied and "TPore Sight" which are all other sights
located from the back sight.

"Wernier ReadingsV- VWith a fairly good instrument
in general practice it is’sufficient to read one of
the verniers, preferably the A veranier. Iun transit
surveys the angle to be read is salways turned to the
right and in every case repeated.

"Compass Readings™ to be taken to the nearest
five minutes will serve as a check on the computed vear-
ings.

"Wertical Angle™ is the angls recorded by the
vertiegl arc on the point sighted.

"Measured Distance’ is the distance of the line
of sight measured from the center of the instrument
to the point sighted. For this work a 50-meter steel
tape being commonly used; all measurements and angies
on the back sight being recorded.

"Height of Point'" is the vertical distance from
the point sighted to the station point. It is positive
7hen the station point is above the point sighted;
negative when below it.

Elevations are computed from the angles and

measurements recorded in the foresight and are always




checked in the backsight. All elevations being re-
ferred to a permanent bench mark.

Offsets are measured in any desired direction,
this direction being recorded in the note-book

Nete~-books.~- Ileatness and clearness are the two
most important considerations in rnote-taking. The
field book shcould contain at the top of every page what
part of the mine the notes refer to, the name of the
engineer and the date when taken; the notes being
accompanied .by sketches showing all important details.

Allowable Xrror. All trans it traverse work
should be done with an accuracy of not less than one
ian five thousand. (1/5,000)

Transit Compass Surveys.- VWhen it is decided
to make a rapid survey of certain workings in a mine
where there is no magnetic attraction, the following
method, known as the "leap frog'" method, is used.

The survey is continued from the last nurbered
station, say 105, then at some convenient distance
the transit is set up at what will be station 106. A
back sight is taken on station 105 and the verticsal
angles, bearing, distances, offsets and all other neces-
sary details recorded. A foresight is then taken on

station 107 and the vertical angle, bearing, and all

-10-




other data rccorded as before. The instrument is then
talren to station 108 and the same process continued.
Dransferring a Veridian into a llize.

The methcd to be used in transferring the neri-
dian down in%o a mine depends on the existing condi-
tionsg., Of the several metheds =2vailable to the engin-
ser that will be used which gives the most accurate
results regardless of lahor and expense, provided the
work is of sufficient importance tc warrant such nroced-
ure.

Two-Shaft llethod.- Accessibility to two ehafts
or to & shaft and an adit both on surfsce and under-
ground &are an indispensahle prereguisite of this method,
which is the most accurate way of transferring the
meridian into a mine.

liethod of Procedure.- A soft steel or pisano
wire to which a »nlumb bob of sufficisnt weight has been
attached is suspended at each shaft, the plumb htobt at
the bottom of the shaft heing immersed in a viscous
liguid in order to bring it to rest in a shorter time.

A traverse ACDHEB is run on surface and the length

<€ 14
13
A B.
H'\’\ | 8
~ & - |
~ //\ [
~ e Y
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and bearing of the line AB (see figure on npage 11, are
computed. The points & and B having been plumbed down
the shaft, their corresyponding points A' and B' are
established underground. L\ traverse A'FGHKB' is then
run underground to ceonnect points AT and B'. Since
the meridian in the mine is unkmown the bearing of
A'B' is assumed thus enahling the computation of the
traverse underground., Having computed the traverse
AYRGIHB' the difference hetween the true and assumed
bearings of A'™D' is determined and the corresponding
correction applied to all the lines of the underzround
traverse.

Plurbing the lleridian Down a Shaft.- Mo effort
should be spared in securing the most accurate results
in shaft plumbing, a8 upon this most delicate operation
depend to a great extent future connectiouns.

A number 20 steel pianc wire is well adsaspted for
plumbing purposed and for cenvenience in haundling,
two reels firmly suppo=rted on a suitable platferm may
be used.

o lower the wire down the shaft a plumb bob of
light weight is to be used and the regular plumb bob
attached at the bottom. 4s mentioned before the wires

are brought to rest by immersing the plumb bob in a




busizet containing come viscous liguid. A code of
signals foxr a good understanding of the *wo parties
above and helow tha shaft, greatly frcilitates the
TSN M.!f'
LLERRREVS W }

TaRT IV,

TELTNTIIN
didhld L1iTe

Under this heading will be given an sxtract of
the general scheme used in the variocus nines operated
under the same naunageient.

Details of System Used in laying out laps.- 1In
laying out a map the €-0 of coordinate is so fixed

oii the map that it will rcuder the location of the

workings of the mine to the north and east of this

Coordinate lines are light‘lines of black colorx,
and separated frowm one another by an interval of ten
centineters.

Tvery map nust have an arrow indicating the
astronemic and magnetic north with the declination and

P

date. This arvovw being placed where it will not inter-

h

F

ere with present or future workings.
All waps rmust have the standard tittle from that

style of map placed in the lower right hand corner.

-]




To make all the maps uniform, s system of con-
icenal signs has been devised. For conventional
signs see list of llustrations.

General Schemne.~ When the importance of the mine
or nining district warrants it, the scheme provides
for the following distinet sets of maps: (1; lkin De
velopuent. (2] inin Level. (3) Stope. (4) Slice. (5)
Composite. (6} Pockat Laps. (7, Vopographical. (8)
Surface liaps.

Main Jevelopment laps.- This set of maps con-
gsists of one plan and two sections on a scale of 1 to
2,000 on mounted paper. The sections are made North
and South and East and lest except in cases where veins
or ore bodies follow a well defined strike, in which
case the sections are mude along the strike and at
right angles to it.

Plan.- The plan which covers all the claims
owned by the company shows all important geological
features; property lines, claim monuments, main levels,
cross cuts, tunnels, shafts, etc., with their names and
elevations.

To accomplish all this without confusion or over-
erowding conventional signs and different colors are

used, thus giving to the plan a very neat appearance

-14-




most pleasing to the orye.

Jomogeayiesd lap.-  Th2 vurpose of this map is
tc show at a gl nce &ll inportant topograrhicesl feat-
ures such as contours, woeds, claim nmonuments, streams,
etc. A scele of 1-2,000 heirg generally used.

Surface liaps.- This may which in drawn te the
scale of 1 - 500 shows the locaticr of buildings,
shafts, telephone syctem, pipe lires, sewers, and =2ll

other important transmission lines.
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