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INTRGOLCTION

Cur purpose in carrying out this project as our
unde; gracvete theesls res been two-fold. Firstly, in
finding and recording the elevations of the Cermpus
Monuments, uwe have contributed valua®le data to thre
Civil Erngineering Department of the College.s The eleva-
tions we have fourd may ke used es e check on the work
done by elementary surveving clesces., Secondly, we hLeve
cained practicel experience in levelinge Neither of us
kad had any previous experience with e nrecise level
and elthough our work on thie control wes only semi-
rrecise due to the nature of the rroblem, we used the
precice level on all lines end now feel well scqueinted
with it. ConseGuently, we have written the following
peceg deccriting our methods of field werk end corpute-
tions en?d rcome tiints cn errcrs we encountered, e hope
tret cur efforts na bteneflit some reader cortempleting
8 eimilar leveliry venture,

ie have discussed none of the technical points of
this work as taken up in the United States Coast end
Geodetic Manual, but rather would refer the reader to thet

publicetion for further information,



Picture of the party and the eQuipment used.




FROCELUAE

At verioue locations on the lichigan State College
Campus, the Civil Iroineering Devartmert has placed
concrete ronurerte, in groups of four, for use in
elerentrory crrveying clesses.s In 1935, Aldrich, Aleton,
and Semppele, in their undergradvate thesis, accurately
establirked the horizontal poeition of eacr mcnumente.

It skell be the purpose of thie thesigs to establish with-
in fairly eccurete limits the verticsl elevstion of esch
monument.,

The enclosed r&p of the Cempue will show the rele-
tive proximity of the groups of monuments and will
indicete to aryone femilier with the topography of the
Campue the difficulties 2t once epperent in running e
precise line over such a ghert distance with a compara-
tively large number of accurste intermediate elevations
required. In but few instences wes more than cne rfet-
up required between eny two groups, The abuncdance of
trees end shrute on tre Jempue made it exceedingly
difficult to keep tlre Yeckesight and foreeicht distances
equal. Early in the term, we ebencdoned the orthodox
wrethod of procecure as outlined for precise leveling
by the United States Coest and Ceodetic Surveying
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Manual, reslizing that we had encountered a problem
different from the ordinary snd requiring epecislized
treatment, Any furveying project should te accomplished
rith due regard for the element of time, After
coneidering seversl methods of apvrozach, we decided to
adopt two lines (LB - B- C=- D - E~- F=-P- G- H -
N- A-MBMend LBM - Z~-L - BisN—-K=-=0=-N- A~ k2N
and to run each both forward end tackwerd meking the
rnost edventageous set-ups attempting, of couree, to keep
the foresight end backsicht cdistarces es nearly equel

as could be approximated by eye end, et the same time,
adapting the set-up to the nature of the ground even et
the expense of unedusl foresight and backsight distances.
Using this method, we were able to cover a coneiderable
amount of line in vhet we considerecd e reasonable time,
&8 will te shown by an inspection of our field notes on
file in the office of Profescsor Allen, Head of Civil
Engineering Department.,

Vhile on the subject of time, it may be well at this
point to mention the fact that we founc & two man party
scarcely adequate to hendle a level circuit of this type.
A heavy burden is placed upon the instrument men who
must not only handle the inetrument but must elso keep
the notes and watch cerefully for eny eccidental errors
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in reading which are likely to eprear., The Coasst and
Geodetis Survey llaruel recommende a five or six men
party for precise werk, Ve bellieve that feir progress
on projects similer to this problem &nd of the sanre
ceneral nature can be made with e three man perty
consisting of cre instrument men, one note keever, end
one rocrian,

Upon corpletion of the lines described tefore, we
examined the date for the errore which we thought
would appear as en expected consecuence of the method
employed, It car truthfully be saild that we were not
direpnointed in this respect. Our attempts to correct
and talence the circuits end the problems encountered
are discussed later in this remort. Ve will 21so0
include en arslreis of our method in regard to its
advantages and disacdvanteges, its attrihutes end feults,
and & generzl diecuseion cf Low we think a problem of
tris kind should be hendled.

It will be noticed thet ell of our lines were
returned to tie point of beginning thus gliving us
tre actual error present in eech circuit and offering
2 reliable tasis for correction. As insurance againct
consistent personal error, the instrument man on the
forward running of a line beczrme rodman on the backward

—6-
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runring.

Zerly in the term, we vere rrevented from doing
rmich field vork by an unusuel emount of inclement
weather, The lerger part of our work was accomplished
on clear days end in moderate to £trorg winds., The
advicehility of having a sunshade and a windshield
for the instrument beceme forcedly epperent as we
experienced considera®le difficulty in keeping the
tubtle in the center of the tube long enough for the
instrurent man to tekxe and record tre three readings
necessary.

Cur recsults, in conjunction with those obtained
by Aldrich, Alston, and Semppala for the horizontal
location of the Campus Monuments, we present on the

outline mep of the Cempus enclosed¢ in this report.



EKPCRS

Both la2rge and small errors occurred during our
work on this project. The only glaring error we found
was that of recordirg the wrong meter intervel, that
is, 3.385 instead of 3,385 This is especially ept to
happen after taking a series of recdircs in the two meter
interval and then failing to notice a slight drop in
the ground et the next station, The fact that the
instrument man had to keep the notee offered a likely
source for this type of error. Such mistakes are egsily
located from the reverse running of the line,

Small errors we found to be far more troublesome.
It is difficult to determire whether such an error occurr-
ed &% one point or was eccumulated during the run
through some meledjustment of the instrument, or through
some reveeted personal error in tecknique. ‘e believe
these emall errors to be cdue to neglect in accurately
telancing foresight and beckeight distamces as shown
by the discrepancy in cross-heir intervals, and have
corrected tre circuilts accordingly., Cn an area such
a8 the Campus, it is difficult to run & line according
to accepted methods because of the numerous obstacles
encountered, namely: bushes, treeg, bulldings, roads,
otrer surveying parties, and co-eds, all of which are
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rresent in great abuncence,

Among the personel errors which mey occur is thet
due to & very slight amount of prrallex thet toth of us
noticed occasiorally. It teceme manifest only on
medium short sightes in which with the cross-hairs clear
anc <ne objective focusrred on the rod a elight move-
ment ¢f the eve seemed to move thre cross-heairs about
1l mm., along the rod. This could ueually Ye corrected
somevhat by re-focussing the eyepiece but, efter our
eyes became tired, any off- focus position of the
hairs to overcome persllax made the crose-tairs fade
and readingz beceme exceedingly uncertein,

Ar inexcuselle vereornel error tret could easily
result from having too short or too long a buhble is
thet of not neving the tvwo ends at corresronding
graduations of the tube., V¥hen the Tuhrble is of vrover
length, the ends of the hubile fell neer the marked
craduationsg of the tube ard such 2r error would be
unlikely to oc~ur, However, should such en error occur
it is immedietely apparent upon fwinging the inrstrumrent
180 decrees because, if the revereins point of the
tukthle had been found, the bubble would then be
rerkecly oft center, & condition wiiich would &t once
indicate tl:e error,

Yost of our difficulty in getting cood readings
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ves the result of unfavorable ves*ther, leturally rein
kept us from doing any work outsice ard, eerly in tte
term, mecdiun o strong winds prevented cur zetting eny
Telizble Zata, The ten-second bubhle on the instru-
ment we vere using nrearly dieccuraged ue early in ttre
term by slipping from cre end of the tube tc the otler
witn each ckance in direction or intereity of the wind.
Later in the epring, however, the ¢ays were more
nearly calm but ve had some trouhle vith heat waves
during the last few dave., 1In fact, we bellieve thet
there have been onrnly twec nerfect rreciee leveling cave
for a two nen party this term, A perfect day 1s one
vhich is cloudy with no vind, such concitione reculting
in ro reat wevee, clare on the hubble tube, or shiftirg
of the instrument, ™“e readily concede the necessity for
2n 8dditionel two rmen, one vith s sunehace and one with

e windghield, in a precise leveling perty.



CPERATION OF THE INSTRUMENT

The speed with vhich precise leveling work is carried
on derendg nrimarily upon tre proficiency of the instru-
ment man in setting up the level. One thing we soon
learned was the irnortance of cetting up the trivod in
~a rosition that macde 1t corverient to adjuet the instru-
ment without moving ebout. The accerted positicn is with
a line throuch tvo of the trirod lege parallel to the
line of sirht, Yoving about while adjusting the instru-
ment not only slows the worx, but, on soft turf, may alter
the position of the legs and throw the bvase off level,
vle adonted the following procedure in leveling the
instrument:

1. Loogen the hese clamp nut and vertical
spindle clamp screw,

2. Lower the telescope on the micrometer
adjustment conteact or bearing.

3. Center the circular bubble with the
telescope parallel to one leg of the
base.

4, Center the telescope bubble over esch

f the three base legs in order,

5. Level on the line of sicht with the

ricrometer screw,
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Step 4. bringe the instrument very nearly level, the

fire acdjustment heinc completed on the line of gicht

o

br use of the micrometer screw s indicated in step .,
At first, we encountered ¢ifficulty in step 4. becausee
we Lad not found the revereing point of the micrometer
screw adjrstrent. This vaée eaelly cone by leveling,
syincing the teleccope 120 cegrees, and bringing the
bubble Lack half-wey vith the leveling fForews and half-
var with the microwmeter screw, Three or fcur repetions
of the avove soon locatea the exact reverrsing point,

e found it worthwhile to *take care trat the
tubtle he kept es nearly as possibvle the same length
to facilitate leveling by getting eccustoned to seeing
the Ttubirle ends at neerly the seame tube graduetions,
This was done bty clamping the telescone vefore moving
from one eret-up to the next and carryine the instrument
7ith the telescope Lorizentel so thet ne air cculd

escane to or from the vial et the erd of tre buhnle tube.



ADJUSTVENT CF CIBSUITS

Examination of the notes taken on the two lireg
selected sroved & considerable error c¢f closvre in
most cases, rurther examination srowed that where the
foresight disfa:incese exceedcd the »acksight distances
the circuit feiled tc close tecause the foreeirhts
e¥ceeaed the locksi hte end, conversely, thet where
the backhsig it di«tennes exceeded the foresight dis-
tances the circuilt feailed to close becezuse the hack-
glyrints exceeld=d the foreci:hts., This condition was
present i every line vhich ve ran, Thie fact seered
to offer the moet reliable bacis for correction so we
adonted the metlod of acjustueut cdeescribed kelow,

Firstly, the awourt by whichk tre circuit failed
to close war computed, Tiils velue represented trhe total
error in the line. Cur methcd of adjustment attemnpts
the reduction of this error to zero &né its unifcerm
distribution over the circuit in eacccordsnce withk the
difference in forevipght end backsicht distances or
stacia intervals, Secondly, the difference in fore-
sizr¥t and racksight disteénces as revresented by etadia
intervels wee cornputed. This difference in intervels
was figured from the point of Tegzirnring to each station
considered. ‘Thirdly, the sumaticn of the differences
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in intervzle from the point of berinning to each succes-
elve station for all stations considered in the line ves
taken, Fourthly, & pertial correction to te applied at
eech station wes {etermnired Ly tzkinc e proportion of
the totel error cf clocure by &#n emount represented by
trhe provortion of the difference in intervels to the
etation to the sumation of the differences in intervals,
Fifthly, the total correction to be epplied at ezch
station wss determined by taking the esrwetion of the
partial correcticns to and including the station in
question, S8ixthly, the corrected difference in eleva-
tion between the point of becinning ( !'BY for every
circuit ) and the station in question wes computed by
applying the total correction with proper sign to the
difference in elevation as figured by taking the differ-
ence in the sumation of the foresights and backeights
to the station,

We have assumed the error of each circuit to be due
to & difference in foresight and backsicht distances,
an sssumption which is rased upon a étudy of all the
circuits made whickh, without exception, substentiate
our contention., The method of adjustment uced, however,
assures a constant difference in foresight and backeight
distancee through-out the circuit end essumes further

that the difference will be coneistently on either the
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foresight or the backsicht side, Actuelly, such wes
not the case end it is expected that, following adjust-
ment, some slight error would still remain in the
circuit. Tie belleved, Lowever, that the emount of this
error wovld be emall end would fall within the limits

of accuracy desired.

Station Forward Backward Difference
Elevetion Tlevation
ELE 1.4627 1.4e27 .C01
¥-2 . 3169 . 3192 .00086
0-4 . 8E76 8973 00123
N-1 . 7048 . 7047 .0001

A comparison of the elevations conputed for the
four stations tahulated esbove cleerly indicetes that e
fair cegree of accuracy may be obtsined from the
method of leveling &nd edjustment emrloyed., ©Stetions
BM#N, K-2, O-4, end N-1 were selected at random from the
backward and forward running of epproximstely the same
line. It will be noticed that the greatest difference
in computed elevation is ,0013 meter or 1.3 millimeteres,
8 value which well approximates the closest figure to
which the rod can be read, The backward running of the
line closed within ,0001 meter end, the sumation of the
foresight and backsight intervals being epproximately

- ~15-



ecuel, no correction or adjustment was mele, The forwvard
running of the line, however, failel to close by ,00N44
meter and a considerable difference btetreen backsieht
and foresicht intervals wes notlced. This running was
adjusted by the method previouely expleined and, es a
result, checked very favorably with the beckward running
of the line, |

Thie method hes &s its chief acventage speed of
performance both in the field and in the office. The
inconsistency betveen theory of edjustment and the
actual c:zse constitutes the principel fault of the
method but, as we have shovn, only slight errors re-
sult. Ye belileve that, for the purpose intended, such
a method of leveling may be advantageously emploved.

On the fcllowing peges, we present ceveral samples

of data and adjuetments mace,
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LIIE 0. 2 - FCRwARD

From To Sumeation Sumeation Sume tion Sumation
B, &, Intervals F. S. Intervals
vBM (1) 2-2 3.6250 .748  3.8220 .821
MEM  (2) L-2 6.6660 .¢or 4,7550 1.008
MRM O (3) RYAT 7.9407 1.175 €.42€7 1.2%4
M3M  (4) K-3 $.0900 1.224 ©.4120 1,243
My (5) 0-4 9.7543 1.46¢ 10,€5:0 1.5¢4
¥ (6) N-1  12.4870 1,504 11.7860 1.€75
vBM (7)) MEM 15,2326 1.860 15,2370 1,955
Difference Difference Partiel Totel Corrected
Elevation Interval Correction Corr, Elevaticn
(1) - .3270 - .073 + 0008  + ,00068 - ,22¢4
(2) +1.911 - .07¢ + ,0006 + ,0012 +1,9122
(3) + 11,4210 - L05Q + .0005 4 ,0017 +1.4€27
(4) - .3220 - . 049 +.,0004 + .,0021 - ,21%¢@
(2) — .S007 - .128 +,0010 « ,0021 - 8276
(8) + .7010 - .022 + .0007  +.,0078 + ,7C48
(7)) =~ .0044 - .095 + .0007 4 .0045 + ,0001
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From e} Buration Sumation
Be S Intervals
MBM (1) N-1  3.245 214
MBM (3) 0-4 4.2587 . 320
¥EM  (3) K-2 5,832 «544
MRM  (4) Bus 8.162 €58
¥3M (5) L1-1 10,5&8 €71
MEM (&) 2-1 12,827 1.049
MBM (7) IM-1 14.220 1,401
MEM (g) MuM 16,7710 1.930
Difference Difference Partial
Elevation Interval Correction
(1) + 7047 - ,135 0.0
(2) - .ee52 - .121 0.0
(2) — 213 - ,0¢7 0.0
(4) +1.4637 - .095 0.0
(5)+2.3927 - ,127 0.0
(8) - .12 - .177 0.0
(7) - .7€7¢ = .073 0.0
(8) + .0001 -~ ,010 0.0

LINE MO,

-]18-

2 - BACKwaRD

Sume.tion Sumation
Fe S Intervals
2.5403 . 249
£.1523 0441
5,8513 .641
€.65€3 753
8.1842 1.008
13,0783 l.2z8
15,0078 1.473
15,7709 1,240
Totel Corrvected
Torr. FElevation
0.0 4 ,7047
0.0 - ,8¢€3
0.0 - .71¢3
0.0 +1.4837
0.0 +2,%27
0.0 - .,1e83
0.0 -~ 7978
0.0 + -0001



LINE NC. 1 = FCR'ARD

From To Sumation Sumation  Sumatior Sumation
B. S. Intervels Fo Se Intervals
¥zd (1) B-1 1.8233 .107 1.2402 0133
u3u (2) ¢-1  4.,0983 . 271 2.6830 . 449
MEM  (3) D-1 6.9200 .701 4,1£70 .737
Y34 (4)*Thenas.0760 JEED 8.12%€0 «E51
MBM  (5) E1 ©.,153 1.0586 7.4127 1.1¢5
¥eM (8) Vir.10.8052 1.3%6 10,4907 1,353
MEM  (7) F-1 12,3528 1,451 12,5417 1.493
3% (g) P-1 14,8402 1,586 13,9620 1.716
¥Bi (2) G-1 18,1522 1.701 15,7197 1.823
LBY (10) H-1 18,0825 1.054 18,177 2.023
MBY (11)5:i90019.1145 2.,0¢e 12,2527 2.3%573
NEY (13) Pat 21,2438 2.28E¢ 20,4037 2.451
¥Ry (13)Phea 22,7261 2.338 22,3270 2.2¢3
VoM (14) N-1 23,4581 2,418 24,7787 2.661
MBM (15) A-1 28.26¢C 2.512 27,4764 2.727
22 (1e) nEM o2e,zuce 2.E26 28,2477 2,850

* To relieve the rnonotony of the situetion
we nemed turning pointe thusly,
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LINE 110, 1 - FORUARD

Difference Difference Parti=l Total Corrected

Elevation Interval Correction Corr, Flevation
(1)+ .5¢20 - .028 + ,0002  +.,0002 4 .5072
(2)+ .417C -.078 + 0007 + 0002 + .4132
(3) +1.,7370 -.052 + 0008 +.,0018 +1,7%85
(4) +1.93%70 -.0¢ + 0008 +.0021 +1.,97%€1
(5) +2.2¢58 -.070 + .0003 +,0024 +2,3000
(8) + .21458 -.027 + ,000E +.0028 + .T175
(7) + .11c¢ - .0ER + .0005 +.0024 ¢ ,11432
(8) + .283¢ -.120 + 0011 +.0045 + .2214
(9) + .4370% -.122 + .0010 +.0085 4,430
(10) —.1332 - 169 +.0014 +.0088 - .1283
(11) —.2283 - 4255 +.C022 +.00¢1 - .e2¢21
(12) +.8401 -.182 +,0015 +.0108 + .5507
(12) +.3921 -.263 +.0022 +.0128 +,411¢
(14)+ .€874 -.24%2 +,0020 +.0145 + ,7022
(12 )-1.1%€6 -.185 +.001€ +.0124 =1,1702
(18) —.0179 -.172 +.0015 +,017  0.0000



Diff,
Klev.

(1)+ 5930
(2)+ .4123
(3)+1,73270
(4)+1.9370
(5)+3.3258
(8)+ .3148
(7)+ .110¢2
(8) + .2869
(9) +.47%5
(10)-.1382
(11)-.8382
(12)+.8401
(13)+.29¢1
(14)+.68874
(15)31.1886
(16)-.0179

LINE XO. 1 - PCRi/ARD

Diff.
Irt.

=.026
-. 078
= 065
-.068
-.039
-.057
-.0€2
-.130
-.122
- 169
-.255
-.187
-.083
~.R243
—.1d5
-.172

Change in
Diff., Int,

Part,
Corr,

+.0027
+.0054
-.0013
+,0002
=.0030
+,0019
+ ,0005
+ .0070
-.0008
+,0048
+ .00¢0
- .0078
+,0084
- .0020
- .00€1
- .,0C14

Total Corr.
Corr. ZFlev.
+.0027 + ,E957

+.C081 + ,4204 -
+.0068+1,7438
+,007041.9440
+.0040+2, 2006
+.0059 +.3205
+.0064 +,1173
+.0134 .3003
+.,0128 + ,44€1
+,0175 —.1177
+.0265 —.,2117

+,012Q +.88¢0

+,0353 +,7127
t,0192-1.1654
+.,0178 -,0001



LIXE TO. 1 - FOR7VARD

I+ will e noticed thet Lire Yo, 1 - TForwerd has
a considereble error of closure. On pege 20 is the 2d-
justment of tkis circuit sccording to the method nre-
viouely explained. The elevatione obtairec did not
check with those derived from the rtackward running of
the line, a line in which no large error was present.
It ie more than likely that a blunder wess made somewhere
in the forward ruﬁning which would account for the error
but, 2s an experiment, we tried & second method of ad-
justment, the figures for which are given on page 21.
This method is similar to the first except that the
correction was epplied not on the basis of e difference
in intervals, but rather on the hasie of the change in
the difference in intervsls from one station to the
next. The results of the cecond correction failed to
check with the beckward running but came much cioser
than did those of the first correction. Ve enclose this
information to illustrate a possible method of edjust-
ment which, although we did not use it, is more neerly
theoretically correct than the firet method.

Following is the backward rurrning of avproximately

the same line.
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LINE 0. 1 - BACEVARD

From To Sumation Sumaticn Sunaticn funation
R, 8. Interval F. 8. Interval
u2M (1) TP1 2.132 74 1.€04 «2370
Moy (3) B4 2.4277 W452 3.,2553 .405
¥TM (3) G-1 £.8067 E4 E, 4536 . 544
uBy (4) P-1 743507 .756 7.0829 675
MBM (8) P21 9.0764 .S78 8.25329 570
el (6) E-1 11,5717 1.2%6 c.18e¢  1,1€6

MRY (7) TP 2 12.83547 1.843 10,6879  1.4F5
¥B% (8) BY R 14,5490 1.824 13.5%68 1,709
vau (o) 22 15,7177  1.950 15,2393 1.801
WRY (10)5-1 18,4500 2,231 17.8526 2,104
MR O(11)'BlY 18.6173  2.365 18,6122 2,212



Difference
Tl evation

(1) +
(2) -
(3) +
(4) +
()
(6) +2,3818

o 2240
1276
o 4461
. 2978

+ 1222

(7) +23.1438
(8) +1.0124
(9) + .4784
(10)+ .5c74
(11)+ .0050

LINE YO, 1 - BACKVARD

Difference
Interval

+ J0U0&
+ .047
+.,120
+.0e1
+.148
+.070
+.0€8
+,115
+.149
+ .17

+,152

Partial

Correction

-0.0

—

L0003
0005
0004
0007
.0C03
0004
.0005
.QC07

0005

-.000%7

-04-

Totel
Corr.

Corrected
Elevation

0.0

-

.0002
. 0C07
0011 + ,2¢a7
0018 +
0021 +2.3797
.0C25
.0030
L0037 + ,4747
L0047

« 5231

#0020 +0,0000



CCIImNTE

The preceding paces of computatione indicate the
method by vhich our results vere obtzined, Needless to
say, we have included only a sample of the vork done,
Ve have previously expleined the factors causing us to
vary from the accepted stancards of leveling practice.
e have presented the theory of ocur &adjustment. There
now rexain but few words to be vritten end, therefore,
we have recerved this section for comuwent upon our own
work and upon leveling practice in general,

For short lines of levels, we believe the method
presented in this paper thorourtly practical and
sufficiently accurate for work reguiring considershle
refinement. For long lines, there can be no qQuestion
but that the accepted procedure of precise leveline
as defined by the United States Coast and Ceodetic
Surveying llanual is, &t the present time, the best.

‘ihen running cur lines, we, at every opportunity,
tied our circuit in on the o0ld set of cawpus monuments,
the elevations of which eare stamped on the monument to
the nearest ten-thousandth of a foot. All of our
circuits started and ended at MBM in front of Olds Hall.
The elevation of this bench mark ve carried from station
STATE. 1In checking over the circuits, we found the old
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set of monuments to be in error in excess of ,5 foot.
From a practical point of view, it is difficult to
understand how e&n elevation deemed sufficiently accurste
to be givern to such fine limits could posslbly te in

error by such & largce amount. This condition would ,pre7

4/6 sin BV
7;//(

seem to indicate that such elevations carried over a >(/Z§V
long distance could not properly be given to mucﬂ less 2 ) 7(,7
than the nearest foot, For this reason, we have 1list- '

ed our results not only as elevations zbove what we

must assume to be sea-level Lut lave sleo referred

thenm to NBM taken as a datum of elevetion 100,00 feet.
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ELE7ATIONS CF CALPUS MCLULELTS

tation Klevation Elevation
MH1-100,000 Sea-level
v
A-1 ©6.168 ££0,0%1
3
A-2 $8,207 £40.4%0
Q )
-3 $6.585 £40.842 N
A 8 i* ot
. - T 4
A4 6,707 £40.945 NSNS
- J oty
B-1 101,946 846,140 g
B3 101,878 £46.125 '
B-3 101,760 5315:664
3.4 101,720 845.9@4
c-1 101,742 £45 jge
18
0-2 101,557 845,801
<
oz 101.626 R45,870
0.4 101.622 e45.eﬁe
. 49.9%
-1 105,757 £50+651
D-2 1C6.11¢ 820, 313
073 106,293 950.5$7
I
D-4 10€.€17 850.qp7
Bl 107.903 852.1Zh
-2 107,807 asz.qzl
%
-3 107.600 fZ1.844
q
B4 107.370 821,574
%
71 100,596 944.§fb
F-2 100,470 844,714
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Staetion Llevation Elevation

1BM=100.000 Sea-level
F-3 100.569 944,3%3
F-4 100,713 244,646
G-1 101,461 €45,205
-2 161.733 £45,¢17
G-2 161.997 946.2?1
0-4 102, 360 e4o.qz4
H-1 99,530 a43.@£4
H-2 9e.€18 543.%&2
H-3 9¢,7C8 843,270
H-4 100,212 £44,.4%4
r-1 G¢,.824 £44 .08
K-2 on,gE1 943.1}5
r-2 €8,484 842,§g%
¥-4 ©R, 206 ?43.6‘0
L-1 107,653 EE2,0L7
1.-2 107,40 351.664
1-3 106,274 £50.578
L-4 105.220 949.5}2
V-l 97.416 £41.6£0
L2
M O7,45¢ 841,983
M-z 7,428 £41.Eff0
1-4 97.264 GA1:;28
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Station

¥-1
-2
N-3
-4
0-1

M evation
HRT=100.000

102,312
102,739
103,125
103,621

$7.027
100,273
1C01.172
101,077
101.074
105,528
€9, 385
©8.357

Zlevation
vee-level

847,20¢
£47,.8¢E
£40,1€¢
£40,550
40,083
£41.201
845,201
£45,418
45, 221
€45.218
849,772
£43,629
842,201



SORCLULICH

In trhis thesis, we have @tiempted to solve the
problemw undertaken and, at the seme time, to experimernt
#ith something new and different in leveling practice,
Future curveys vill show vlrether or not cur results are
accurate but, accurate or not, we feel that this project
has been of ~reat value to ve in experience, Ve founrd
the work enjoyanle ana interesting., All through the
term ve acted #s much &s ncscirle on our ovh, feeling
tr=24%, in our Iinal term, we should plece to test tle
judgement and knowledge acquired during our cereers 28s
stuientg et this institution, ‘e submit thie vsper
not as a statement of fect and mathematicsl resuvlts
but as a narrative of our exnerier.ces in carryinc out

t~is work.,
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