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turbeq, Whilst the actual measuring is faking place two
n;:m €arry up a spider and place it at the next spider point
aheaq

At the starting point and all rivet stations, instead of one
O the spiders being placed over the rivet it was placed a
00t or tyg ahead merely as a support for the tape, and the
Teading op the tape was obtained by transferring the point
Q the Tivet up to the tape by means of a transit placed a
Short distance away and at right angles to the tape.

/ This method of measuring required ten men, namely,
?hfef of barty, transitman, recorder, two chainmen, two
ol DlaCers, one thermor:neter reader, one man for fore-
diti}; and one man for tension wheel. Under favorable. con-

R3S Many as 15 to 18 stations were measured in an
our, byt Io stations per hour would make a good average
o a day’g work,
in & € Majority of the work was done‘ in the.: daytime. but

= busy sections of the city it was done during the night,
Hculty being experienced from the darkness, acetylene

mj 5
1ers’ lampg being used.
- avVing made the measurements in the field, the correct
aka_nCeS between the stations were computed in the office,
. sng +h

€ necessary corrections for the reduction of the
to horizontal, for temperature, and the tape correc-
r:mto Standard, the two former being obtained from dia-

S plotted for that purpose.
th ?teat care had now to be taken in reading the f«mgles of
b Ansverse, A Berger tfansit, 7-.inch plate reading to 10
angl, S Was used, In setting the mstrun-lents up over .the

>~ Dointg 5 second transit was used to insure the vertical
the instrument being exactly over the centre of the
e rivet. At the two points sighted at, wooden tar-
DOint:ere used, being set up Vertically and precisely over the
Woo y means‘of a transit. These targets were mz}d"e of
intg r: Inches W}de ax.xd about 3 fee.t high, an'd were divided
Useq ¢ and white triangles. ./‘\.dJustable tripod legs were
Woy] 5 Subport them. In reading the ang]e one obs'erver
ang eead the angle once, and then wrap it up. five times,
ing ¥ tn 80 backwards until zero was reached again on sight-
Deq, 2 first target, to insure that the plates had not slip-
to , ecols would give a very close determination of 'the angle
ent 3 nds, ang this process was repeated by an independ-
Secop erver, thus giving a mean determina.tlo‘n down to 1
strume'nt IEVel'Y brecaution was taken to el.lmmate any in-
th eata €rrors, and also to .pro!:ect the : mstrument. from
.angles thOf the sun. In a3 circuit five miles long with 33
1n aHOtheere was onl}" an error of closure of .1 second, and
“acuy T of three miles and 10 angles the transverse closed
ap Y the angles, angd in none of the circuits was there
of more than a few seconds. All" the important
®S Were duplicated by independent routes giving a
e © Series of closed transverses, and from the base line
about re{nent an average degree of error was found to be

1 40,000,
ed, i eameaSUrements around the mountain being c'onfple.t-

e s es net.:essary to project a line over the mountain in
vertical plane as the tunnel centre line,

0 do thig the minimum number of transit points were
a0d permanent concrete monuments built to hold the
Were disz Setting Up a tramsit at a ‘monument plu.mb-b?bs
Untj) . arded entirely and the transit was bucked into line
ang alsg Cross hairs intersected both the far away back sxg.ht
The the cross scratched on the monument close to it.
timg ¢ was then ‘projected to the monument ahead

Sigh after time, reversing the instrument between each

.lstanc e
tio

or
Vers
Dlete

tra-n s
Coxn

Mean wog taken of all the points obtained at the fore-

Dument apnq the line thrown ahead from that point
e Way. §
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The surveys for the whole work were tied into the same
system of base lines and a series of co-ordinate lines was
adopted so that the latitude and departure of any point could
be readily obtained, hence its distance and bearing from any
other known point. All the survey alignment points in the
tunnel are also being referred to the same co-ordinate lines.
The levels were transferred from the city to the west portal
in as accurate a way as possible with standard instruments ;
18-inch wye levels were used with target rods. The level was
set up three times for each turning point, these never being
more than about 100 feet from the instrument and equidis-
tant therefrom. The whole operation was repeated four
times with independent observers. The difference in their
elevations of Corresponding bench marks being only a few
thousandths of a foot,

In the city itself it was decided to put in permanent sur-
Vey monuments at the more important and strategic stations.
These monuments (Fig. 4) were made by digging a hole
about 7% feet
deep and filling
the bottom to 2
depth of about
2% feet with con-
crete, in which
was set the monu-
‘ment Proper,
made of 6-inch
cast iron pipe at
the bottom, with
a 4-inch pipe in-
serted into it at
the top with a
leaded joint, the
object of this be-
ing to enable the
top of the pipe
to be easily low-
ered again in
case the whole
pipe should he
heaved by frost.
This, of course,
is an unexpected
contingency. In
the top of the
smaller pipe a
piece of brass Was cemented and on.this the precise cross
scratch was made, and also the precise elevation taken.
After the concrete had set, the space surrounding the pipe
was rammed with earth or sand taken from the hole, and on
top of this a cast iron cover plate and base set with concrete
into the sidewalks was placed, " thus making a good per-
manent point free from disturbance and easily accessible.

C.I1. Cover Plafe

RURF.

)
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Fig. 4.—Permanent Monument for
Tunnel Survey,

The surveys angd: measurements for the tunnel, which
were all carried out under the immediate supervision of the
writer, although requiring great accuracy, were comparatively
simple, compared to the alignment work in the tunnel, be-
cause frequent checks on the work could be obtained,
whereas in the tunnel no checks are obtainable until the
headings are run into one.
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The government owned telephone system of Alberta yield-
ed a surplus of receipts over operation and maintenance eg.
penses during 1912 of $62,283, while the earning capacity of
the system on a basis of the capital expenditure amounted to
2.1 per cent. In the six years, 1007-1913, the system has
vielded a profit of $407,502.
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