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PRIFACE.

The reason ror undertaiiin: this work
was, firet, to ascertain the accurate elevziion of the
Bench llarkes on the Michigan Agricultural College Campus
and fzrn; second, to attest to the correctness of the
results.

The elevation of these Bench larks had
never been determined by Precice Leveling. ©Some of

the elevations were known to bz in error by as much

In performing this work we have con-
formzd with ths m:thods uced by the United States
Coast and Geodetic Survey, which are later described
in detzil under the scction entitled "Instructions
for #ield ork".

As an 2id to our work ve have referred
to the U.”.C. & G.S. Revorts of 1908, also to Ingram's

—

"Geodetic Surveying".

93774



INoDEX.

secticen 1. Datum vlane for clevations above sea level.
Section 2. The leveling instruments
Adjustments of the level
Rods and turning points
Section 3. Instructions for field work
Scction 4. The field work
Section 5. The record
Section 6. Irrors in precice leveling
Zection 7. Deccription and location o bench rarks

Section 8. Comnutations

INSERTS.
Views of instrumrent

View of rod =zud party in action

(6]
"

Sample paze of not
Com>utation of *C*

w_teh of level net

PP

Pagze.

2.

0.

25

Sa.
3a.
17a.
17b.

dda.,



-

Section 1. DATUM PLANE FOR ELEVATIONS ABOVE SIZA LEVZIL.

Spirit leveling is the name applied
to the determining differences of elevation by use
of the leveling instrument.

The grade of leveling used in carry- _
ing accurate elevations from the sea coast to the
interior of the country is called vrecise leveling.

The datum plane to which all elevations
are referred ic mean sea level as determined at pointe
on the sea coast by continuous automatic tide zauge
records extending over a period\of several years.

The mean of the hourly elevation of
the surface of the sea as scaled off the graphical
record is taken'as mean sea level and is assumed as
being the same for 2ll noints on the surface of the
several other oceans.

This has been proven by running a
line of precise levels across the United States and

also acress the Isthmus of Panama.
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Section 2. THi LEVELING IIISTRUILINTS.

Previous to the year 1900 the precise
leveling of the U.S.C. & G.S. wos done with the
Zuropean Type of instrument. Commencing with the
summer of 1900 this work hes been done with a type
of instrument designed by the U.5.C. & G.S. and ic
Xnovn as the Coast Survey Level. A view of the level
is shown on page Sa.

The instrument is essentially a dumpy
level, as the telecscope does not rest in wyes, cannot
be removed from its supports, and can meither be
revercsed or inverted.

The base of .the instrument ies of the
usual three leveling screwr type excent that the center
socket 1¢ unusuelly lonz and extends downward through
the trinod head. An outer nrotecting tube, through
which the telescope passes, is rigidly att=ched to
the vertical axis.

The telescope is pivoted at one end of
this outer tube and has its inclination controlled

by a micfometer screw at the other end.

The collimation adjustment is nerman-

ently fixec by the meaker.
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VIEWS OF INSTRUMENT.
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The level tube is attached to the tele-
scope, but has provision for adjustment. The ctrong
point of the instrument ic the proximity of the bubble
to the line of sight, the level tube being let part
way into a slot cut in the top of the telescope tube,
the top of the level *tube comming approximately flush
with a slot in the outer tube. The level vial 1s
charbered for adjusting therlength of the bubble.

The level reading device deserves
especizal attention, as with it rects the credit for
ruch of the superiority of this instrument over
ordinary types.

Attacred to the left side of the
instrument is = lizht auxillary; tube throuch +vhich
an image of the bubble may be seen with the left
eye while the right eye is observing the rod. The
tube is adjustable sideways to sult the eyes of
different obcervers. Besides the lczns in the eyepiece
the tube contains two prisms, adjucstable for length
of bubble, and placed opposite a slot running abreast
of the level vial.

The bubble is brought within the view
of the left eye through the eye lens, the two prisms,



and a mirror =z2ttached to the telcscone.

The vial is ol the chambered type; it
reste within the level tube upon the ends of four
small screws, two at each end, and ic held in place
by a flat snring at each end. Tow cork rings hold
it in place longitudinally. The method of setting
allows the vial to exnand and controct independently
of the metal parte of thz tubve.

The reticle hac one vertical and three
horizontal cross-hairs cemesnted to the reticle ring
vihich is heslé¢ in place by four screws vhich screw
into the ring. These screwe are covered by a cap,
screwed on, to prevent injury, and give a smooth
finieh to the 1level.

The telescope tube and outer casing
ere made of a nickle-iron alley that has & cozfiicient
of expznsion which i¢ only one-fourth that of bracs,
while the micrometer ccresww and other important ccrevs
are made of nickle estzel havin: 2 coefficient of
exnension as low as 0.000001 pe;_degree centi;iade.

Thie level hae two conctents and one

adjustment.
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ADJUGCTLINTS OF TH . LEVIL.
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ection £ con

The conly adjusiment of this instrurent,
vhich ehould be made deily, is as follows: TC LIAKE
THE AXIL OF TH: BUZBBL: PARALLZL TO THI LINI OF SIGHT.
This ac ijustment is made by the ordinzary pes method,
the butble tube bein: reised or lowered at the
adjusting end as mey be required. The cross-hairs
rust not be disturbed at zny tire beczuse they huve
been permanently adjusted for collimation by the
r:zizer ¢f the level. In tecting the acjustment the

rod rsadinz ie taken ar the mean of the three éross-
haeir readings, and the rod intervael as the difference
betwecn the outcide cross-hair readings, the bubble
bein; kept exactly in the center while all of the
three cross-hairs arec bein_; read.

Two turning »ointes are cct about 100
reters enart, each rod bzin; kept on itc oun point
if tvo rodes ere used, or one roc bein; chifted ac
the cose recuires.

The level ic set up avproximately in
line with ths tvuo points, firet about ten meters
beyond one point, and then about the same distance

beyond the cther point.



The rod rezdin_ 1s taken for each
roint znd for each poesition of the instrument, the
terms "distant rod"™ and "near rod" beins used to
indicate the relative nosition of the rods for each
zet up.

Now having taiien the four readings
e have

(euw: of near rod readings) = (sum of distant
c rod readings)

(eum of aistent rod int-rveles) - (sum of near
rod interwvalsg)

in which C is called the bubble error or constant

for the day's work. If C does not exceed 0.010

(nuerically) it ie not advisable to chongs the

adjustment. Th2 telecsconc looke up when C ic

regzvives and down when C is positive, so that is

an adjucstment is neceseary the line of sizht (here

aken as the middle cross-hair) ic raicsed or lowvered

on the distent rod by C timce that distence, zand the

bubble tube adjustcd to bring the bubble to the center.
A corr:ction ecual to C timees the excecss

interval between the foresights and backcizhte is

anrnlied to the final elevation; if the baclieizhts are

in excess the correction has the same sign as C, and
if the foresichts are in excecs the correction has

the onpocsite sizn.
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Cection 2 cont. RODS ALY TURNING POINTC.

The rods uzed in precise wori are
2.25 meters lons and are graduated in the metric
eystem by the U.S.C. & G.S. The subdivisions on
this rod are to centimeters. 1o targstc are used
but the mean of the three cross-hair readinge is
taken out to tenths of millimeters. The wood of
which the rods are constructed is treated with
varafine to prevent absorption of moisture. A
“wateh glacss™ bubble is fastened to the back of the
rod and also & thermometer reading to degrees cent-
igrede ies set in the rod with a wooden slide near
the handle used for carrying and also to afford a
criv for holdin: the rod plumb while a reading 1is
being teken.

The foot of the rod is 2 small bronze
cylincder sith a becrinz face the segment of 2 sphere.
The center of this face is directly in line with the
face of the rod. The face of the rod is two centi-
meters wide, and has a line running dovn the middle,
the centimeter scuares of the rod are painted

alternately blaci: eand white. The meter and decimeter

greduations are on the body of the rod twvo centimeters
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PARTY IN  ACTION.

VIEw oF Rob.




back of the face. Two silver plucs are cet into the
face of the rod ror comparativz mezcurements with a
eteel tepz2. Ae shown in the illustration, the figures
on the rod are so formed as to reazd with an inverting
instrument.

The turning points are cast iron foot-
vlates about cix inches in diameter with a socket
about an inch 2nd a helf in diameter for the bronze
cylinder oi the rod to szt in. A& chain about two
feet lons is attached to the foot-plate thus enabling
it to be carried very eacily. On the bottom of the
plate are three steel spurs ebout a half inch in
len:th which hold the plate in position after it has

been firmly placed.
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Section 3. INSTRUCTICNS FOR FIZLD WORK.

1. All lines are to be laveled ind-
evendently in both the forward and backward directions.

2. The line of levels ic to be broksen
by temporary bench marks into sections.

3. The vnrogram of observations at

each station is to be =z2s followes:-

Set up anc level the instrument.

Read the three lines of the diaphragm as seen
projected against the front (or rear) rod, each read-
inz being taken to the nearest milimeter (estimated),
and bubble bein’; held continuously in the middle of
the tube.

4, At each rod station the thermometer
is to be read to the nexrest degree cehtigrade and the
temperature recorded.

5. At stations of o0dd nurbers the
backsizht is to be ta:ien before the foresight, and
at even stations the foresight is to be taken before.
the backsight. As the same rod is held on a rod
stction for both the fore- and backsights, the effect
of this is that the same rod is read first at each
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gsetup, it being the rod usod for this backsight at
the first instrument station.

6. The difference in length between
a foresight and the corresponding backsight should
not excead ten meters. The difference is to be made
as small on each pair of si hte as ic feasible by the
use of focd judgement.

7. The recorder shall keev a record
of the rod intervals subtends=d by the extreme lines
cf the diavhracm on each backsight, together with
their continuous sum betveen bench markc. A similar
record shall be kept for the foresights. The two
continuous cums shzll be kept as nearly equal as is
feasible, by setting the instrument beyond (or short
of) thsz middle point hetween the back and front rod.

8. Ivery morning before starting
work the error of the level should be determined.
Take a reading on the rod about 100 meters disteont.
Then take a reading on ﬁhe back rod about 10 meters
distant. Move the instrument to & position cbout
10 meters behind the front rod, read the front rod
and then the baci red.

The rod rezdinzs must be tclken with

the bubble in the middle of its tube. The required
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constant C to be determined, narely, the ratio of
the reguired correction to any rod reading to the
corresponding subtended interval, is

(sum of near rod readings)-(sum of distant rod
c readings)

(sum of distznt rod intervals)-(sum of near rod
intervals)

The level should not be adjusted if C is less than
0.0056. If C is between 0.005 and 0.010 the observer
ié advised not to adjust the level, but if C exceeds
0.010 the adjustment must be made. IIf =z new adjust-
ment of the level i= made, C should at once be redet-
ermined.

9. Notes for future uce in stiudying
leveling errors shall bz inserted in the note btook,
indicating the time of beginning and ending the work
of each section, indicating the weather conditions,
sepecially as to cloudiness and wind, indiczting
whether each section of thé lire is run toward or
awey from the sun and cuch other notes as rmzy te
of value in studying errors.

10. The instrument shall be shzded
firom the direct re;s of the sun, both during the

obecservations and th2 movement from station to

station.
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11. The raximum length of sight shall
be 150 metercs, and the meximum is to bz obtained only
under the most favorahle conditions.

12. The field computations are to
be ent up as ths work progrescses.

12. The allowable error is to be

14. Rods should never be laid on

the cround or taken off foot-plates between readings.
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Section 4. THE FIZLD T/ORK.

The precise level as used at present,
weighs vwith the tripod 27} pounds. The increcsed
weight of the tripod to eneble the obzerver to stznd
erect is more thaen offset by the advantages of being
able to work in this position.

In leveling up, after the instrument
has been set and the legs of the tripod clamped, the
level 1< unclamped from the tripod, the wetch glass
bubble is brousht to the center of its run, then the
micrometer screw ic set at its reversing point,
(determined by reversing the instrument 180 degrees
and bringing the bubble h=1lf way boack to the center)
and the leveling up completed by placing the telescope
over two screws and bringins the bubble to the middle

of the run, then over the third screw. It is
nececser; in levzling up to loox at the images of
the bubble in the mirrors.

It i= nececssary to keep the level at
all times protectad from the direct rays of the sun.
A large wagon umbrella is used for this purpose. It
also serves the double purpose ol protscting the

instrument r1rom vibrations caused by the wind.
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Vhen rezcinge are bein:s taizen, the
rodran chould hold the rod on thc point marked, one

nend gra-ping the handle cnd thiz other raissd za2bove
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The bubble chould be kept ac necr the center of the
vatch lasec ar poscsitle. The face of the rode chould
ke kept clezn.

After the readings have been talken
and beforzs the instrument has been moved, the recorder

iurzs the wire intervals. If they cdo not differ

[

by morzs than two mm. he seyes "check".

The sights cre xept nearly equal by
nacing. Vhen the AQiscrcr»ancy of the continuous
sum of intervals rcachec ary cconcsiderabls amount,
the recorder notifies the observer by callin: the
forecsihts long or short, a2s the cacse may be, telling
him also thz number of intarvales diccrepancy. At
the next cet up the observer ecualizes the sights

by setting ahead or back of the middle point.
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GSection 5. THE RECORD.

The record has opposita pages for
back- and foresichts. These pages are identical
with the exception of the first colurn of each. On
the bacikeight page this column is used for the
recording of the number of the inctrument station,
On the foresight page it is uced for the desicnating
letter of the foresight rod and the temperature of
the backeizht rod. The second column contains the
readinge of the three cross-hcirs z- siven to the
recorcer by the obcerver. The third contzine the
r.cz of the readings, the fourth the diffesrences
betveen the first and sccond znd the second and thirad
and their sum. The fifth colurn contains the
continuous sun.

The mean is talken out by the following
chort method: the quantities in the fourth column
are computed at once, then if the difference between
rszdinge of the firest and cecond wire is equal to
ths differznce between the second and third wire,
the mesan ie the rezding of the middle wire. If the
lotter i one more thzn the former, add 0.3 to the
rezding of the middle wire; if t.o more «2d 0.7; if

less, csubtract instead of eadding.
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A diflsesrence of more thzn two ic
seldom permissable in »nreciss work cnd indicates
toc hezsty re=zdin:. The record chould be nmadz in

v

irk, and no erarsures are permisczble. TFootinse

cormutations of difrf:rence in slevation zre rzdle in
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Section €. ZRRCIT IN PRUCITI LIVILING.

Zrrore ars of tvo claesses: comren-
gaeting and cunulative. The si:all errore in ectiizt-
ing millinetere, in holding the ro¢ on ths turning
nroint, 2nd in the ~osition of the bubble belens to
the formesr clacse. II & rezceonzble erount of care
is tzalien in the exccution of the work thec> errors
tend to cancel out.

rrors c¢ue to riein_ of ths rod
surnerte, to cctiling ol the inctrumsent betrecon
~ointin:s on fore and bzcit rede, =nc errores duc to

uncouczl refraction on grodes belony to the latter

The error due to settling of the
inetrument betuzon tointi ge is eliminated oy reaaing
the rai2 rod firet at ezch est-u», thus iaking the
process a eyvrnetrical one.

If & too hzsty rcocin: 1e¢ talen, the
bubble mz:r not be in the exact centzr ol th2 tube.
A few seconues should alwaye be siven it to coms to
rest. “hen & rcaconable anount of car:z ics talien,

o ¢r.2ll cdisnlzcz.ecnte of the buddble,

ct

any error dus

is coupeacszting.
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The accurate check, go-called, is made
by divicing the sum of the thrsad readinges in the
first column of ezch page by three. The result eguals
the footin: of the backsight (or foresirht) column
or agrees with it within the number of residual tenths

which have been cdded or discarded at each reading.



Section 7. DIZSCRIPTION AND LOCATICN OF BINCH I/ARKS.

Note 1. This station mark consists of a copper
nlate 3" in diameter set flush with the surface in
cement and having 2 horizontal bar across the face.
Note 2. This station mark concistes of a cross

mede with 2 hammer and cold chisel.

Mote 3. This station markx concists of an iron
pipe.
Mote 4. This staticn consiste of & 6"x8"x4!

concrete nost set flush with the surfece of the ground
and having in the centsr of the top an iron or copper

bolt with & punch mark in the center.



B '}l: L] ':'l}:l .

e In front of Dean
N

Shaw'sJHouse 50!' south of S. .

3

v

corner of Shaw's House and 8!' 7.
of 5. E. corner of Said House.

larzed as in Note 4.

B . }.I . 71‘92 .

147' N. Z. of the
M. . corner of the new Cymnasium
and 136' S. 7. of the Z. V. corner
of the Armory and 6!

M.-B. of Evercreen Tree. - "«

Marked =g in Note 4. C”‘M;ys
Ve,




B . I.: 0 ,;13 Y
f In front of

Prof..Veddert's House. 45!

. 3. of Evergreen Tree and

éal

88' S. . gf the S. .
corner of'#éééépis House
and 33' N, /. of iron
hitching pnost on drive in
front of House.

Marked as in Note 4.

In front of
Taft¥@ House. 12.5' South

of the Main Drive, 26.4' Zast

of shrubbery. An elm zg" diam.

on North side of road bears N37°V

FROF VEDDER,
HouSE

o
i

 ma——7-7 . £ ™A 3
X
)

334

D “—=o/may fbst.

MAaIN DRIVE.

[

distant 38'. Other references are;

a maple bearing S70°E distant 55', 24" diam;

basewood 24" diam., bearing S40°L distant 64.6°

Marked as in Note &.

and a

> L_J

D 24°MArPLE.

24" BAsSwoQD.
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.est and North
of College Hall just M. Z. of
fountain.

Refzrences: -

¥.W. Corner College Iall
to &I. 66.5'; IN..I. Corner Linlk
of fountain 7.2'.

larked ac in llote 4.

Lirectly in front
of library and near top of
slope up to College Hell.
Referencesg;-
l. I'.E. Cerrer Cclleze

rall ©7¢% SCv, distence SO0.10;

co Celn Troe TELS, 24int 0,
2O s
~oelty; T. T'ire Hydrent 53375 die-

tznce 78.0'; 4. Ivergreen 13°%
distance <28.7!',

ilarzed as in lote 4.

CoLLEGE
HaLe.

—\§3 iﬁ%ag( *;?

P
—P
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B.L. #7. Corwes | L a5

In la-m North

\\\§

AN\

s\\\l\\\\\

Hot BeD. GREEN

and ..est of the Greenhouse.

g
&
m

12' ¥N. of I. line of Greenhouse

and 75' V. of sane.
Referencec: -

Yater plur to N. = 30.8' (1" »nipe); Iron clothes vost to
We= 35.0'; N.E. Corner Hot-bed J2ll - 23.6"'.

llariied as in Yote 4.

B.M. :/8.

In front of Yoman's Building.
70 N.Wl. of end of walkx in front of
buildings and S#5' S.W. of S.77. side

of lMain Drive.

laried as in lote 4., N =




B.M. #9.
In front of Bacteriology

Building. 7.5' N. from the center
line of walk leading from building
and 8" West of walk leading to
Horticultural Building.
Refercences: -

Fire Hydrant to &. - 10.5¢'.

l'arked ac in Note 4.

B . I: . :;Ill L]

]

[}
I I
| | ?
< | \V /|
On South cide of poad | 17 Yy
2 & /]
: . . L pe & 7
passing Agricultural Building, at AN N 7
11
13
N.W. corner of pasture lot. — s o o = J {ﬂ’[//Aé
_______ \ “-&‘mu."/ N
2.6' N.7. of corner post j{ _

at South side of large

boulder 3" beneath the AGRICULTURAL

surface. BLoc.

References: -

¥.%. Corner Farm lech. Bldz. 18.2' Bearing W

3... Corner 4Lgricultural Bldg. bearing I'.0. anne.

l‘arked as in Note 4.



B o}\{ . ‘;‘13 o

Farm Lane.
Cn farm

)
Fen

lane situated 32.5' 5.2. of N

concrete gate post at Couth
ontrance to Campus and 17' /. of Zast fence.
References: -

Corner fence -nost - MN.E. 37!

llarkz=d as in Note 4.

Cn Eacst side of

llain Drive 55' North of old

culvert wall at road to athletic¢

field. :
t‘ < To ATHLETIC Fm.n{

Referencss: -

l. Iron electric light »ole

36.9' M.; 2. Cak tree on edge of

bank: to west -blazed~ 54.5!

l'arized ac in llote 4.
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B.ll. jA17.

At intersection of '=zin

\. ) L
Drive and Semtor Iouse Drive. SENIOR

\\ “\ A~ P HOU
References:- ... Corner of zZenior SE.

Hoeuse 129! II.Z.; Fence 30' South.

Jlarkzed acs in liot=z 4.

B.ll. ;-18.

On athletic field just next to
curb on south eside of running track.
References;- 5.E. Corner of Grand Stand 146!

S.8.; Curve in Curb 25' ZL.Z.

-,

ilarizea ©s in llote 4.

ATHLETIC FIELD.
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7,,_"__,,50 b,

? AN DRIVE.

About 450! Vest of B.i1l. 517 and

B oh{o f!;:-lg'

North of the Nain Drive.
References: -

Shrubbery <3' North; !’'ain Drive 20! South; Pine
Tree 50! S.W.

Marked as in Note 4.

In Z1lm Row across ctreet from 216 liichigan

Avanue.

References: -
. | No. 2/6
8' S. of South Rail of MicH.AvE

>z

.U.T. Co.

Larked as in Mote 4.

—= 2
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B 'I\\:Q f}'{210

In 1m Row
on South side of 1'.U.T. Tracks
and .est of Stone .Jzlk.

References: -

. Rail I\;.UOTQ 7' IIOZ’I'O; StOne “J.lrgulk ‘/'
15" N.E.

Marked as in Note 4.

B.M. ‘R4. N
Southwest of Greenhouse
on South side of River Drive, 5' from

9
South edge of Road, &

References: -

A 4 on South trunk of double

oak tree dist=znt 16.8'" to -
' /20’ -

Bastwvard; A A on nain ~ 7o CuLVERT L:* ’:g-al—ﬁll

trunk of a clump of maples to

. 1. [ al '7'-1. \
South distant 17.5'; 4An Oak to S.7 RIVER,
distant 17.7'. _/ A
,/—”'1a£ﬂ

Marked as in Note 4. ;::fff:;




Bal‘.‘:o ,:“: D.Bo DH/R"
On S.E. corner stevs BuiLoine.

of Dairy Building. ¢

]

References: -

3.5' 5. of Pairy 3ldg.; 15' E.
of Center Line of Tairy 3ldg.

Marked 2s in Note 2.

B . I‘.t . ‘:l[,:ABUT .

On S.%w. abutment of Farm

Lane Bridge.

LANE.

Reference: -

10! vi. of /. side of Bridge.

Marzed ac in Note 2.

Aeur.~

FARN?




. ol

On “iest side of Farm Lane

about 400' South of Bridge over
Red Cedar.
References:-

18' S. of N.E. Corner post of

Field 8; 15.5' E. of E. Fence Field 8.

Marked as in Note 4.

B.M. :S.B. Y

On West side of Farm Lane

about 900' South of North Base.

References: -

ol

13* S. of N.E. corner post
of Field :'10; 12.5' E. of E.
Fence Field ;/10.

Marked as in Note 4.

FieLp No.8.

FieLo No 8.

|

FreLo No. /0

373"

FARM LANE.

=

FARM LANE.

2
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. ) @—GC/—
B.ll. 5GOV. 3.1. HAR. AV, 1

MicH. Ave. @

Across the .,

vvvvv

road from and nezarly in front
of the "‘’hits "lephant" 23' N. of
the center line or Iichican Ave.,
81! N. of center line oi street car
track; 61' .. of sidewzlk crossing

l‘ichigan Ave. U.Z.G.S. Iron pipe 10" above surfeace.

l'arked as in Note ©.

N
/\N
B.ll. i F.
Croes cut on curd on

est side of Pennsylvania Ave. (lansing, 4
liich.). g

References:- 1' N. of Telephone pole g:
2226 on curkb. Qt ~

Yarked as in Note Z. ( MiICHIGAN AVENUE.

-~

PENNSYLVAN/IA

TeLPue ot
2326




B .ILE L] i:”-v-..,' L] B .

7.5' West of S.7. corner

of porch on weather Bureau, Copper

WEARTHER
BurEau.

disc cemented on top of step.

Marked as in Note 1.

}

-—n

B.l. “}FCR.
&" Gaspipe 6' Zast

of Zast fence Forestry Plat

and 83' S. of center line { For DRIVE

Of Po I\Ec Spuro

@3 .
Marked as in NHote 3. ¥ '36‘

v < v v

| " FOR. PLAT.

Pr. SPUR.

—
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B.ll. g

Situated Z24' south of the Northeast
correr of the 1. C. Depot and 14.5' lorth of the North
side ol the smoxins toom door and £.18' above the
navemecnt.

Conper disc set in cement in Tast wall

of 1. C. Denot at L=2ncin;, lich.
N . |



=04 8-

SkercH ofF Lever NEeT.

/5

Asyr
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Section 8. COMPUTATIONS.

The corrections used in these computations
were taken from tables given on pzgees 7 ud ZC of ths
J.5.C. & G.S. Special Publication #18 titled *Fourth
General Adjustment of the Precise Level Net in the
United States znd the Resulting Standard Elevations".

The Level Error was obtainsd by multi-
plying the difference in the continuous sums (B-F) by
the level constant ?C". The former quantity is given
in column 6 of the left hand nage of computation sheet
and the correcticn is nlaced in colunn 2 of the right
hand page. The sign of the correction is fixzd by

the cigns of the zhove two quantities.
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COMPUTATION OF PRECISE LEVELS

No.OoF RoD MEAN RopP READINGS . MEAN

Brs | g28. [ sta-|SUM orfod (NTERVALS] lareroximure | Teme.
warRe | TioNS INTERVALS, ZB'{F 28 =F PIF F. OF ELEV,) R:&.

o Kms, P ™. ™M M.

Se-WB | F | 3/ Len8ss | #9L | #37 |#9813. L | #9.522.9|422897| s
B |34 2#FsS | %97 |-205 tsH1450|S7069 ¢ |-23276| /3

B |37 las/ts | 503 | 217 (57995 1|C3294 ) |-2.29%0| /.

F |34 24809 | #FL| —73 |57L03 755295 €| +2.30d3| 73
Sg-F| F| 4 ot |47 |14 |9/69] F5930 |+4s1t7| /S
Ll Y | avar | 49 |41 | #3421 |EF/¢.0 |-45287| /3

F-E | Fl S| 384 |.77 |#/8 |C6r9.0 10770 C|-4157C] /3
Bl S5 |3h37 .77 |43 Yofoto| Lbse.3|#41557| 13

E-g |\ Fl2lr1957 |.39| -5 | 3927 | 39¢54— 7937 +3
B2 | /757 | .37 |18/ |3%52.4| 315%.0|7. 7759 /3

|\ T-C| F| #|3/8C | . (¥ #73| 7753.0| Sotfr0|—.2890| 13
B #2384 | . e#|+ec| 7939/| 7t 70|-.2927| +3
C-5 | A #lavwws | . ef| 243623 Savrts |-#Css5| 15|
Bl S |3 |, Cll-5t |0t STE3Hr# 8o /3
F-A A #3339 | . (ilrr9/|lsard 2727\ 23017 23]
L #1337 | .C7\24L] to784 t3850|-.3094 13
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COMPUTATION OF PRECISE LEVELS

CORRECTIONS. DIFFERENCE OFf ELEVATION
OIivER-
CuRVATURK LE.ERVRE;—R. ,gao:::‘ LE;;:‘;D‘I.'H T;:?: EACH LINE MEAN G:iwcaa.
AT ™ . ™ ™. M. ™M . MET‘FRB. A,
o . + .j7oz/ +2306s |-284
—/ "/ -2 328/
9 A ./ -2. 24990
O g; N 1 | +2.3l087
SR
M NN
o N N . v | £45 Y70 +45[730 | -So
o Wl | .| -#s5k90
N \
NEED
o o N | L2 | —#risvs | #1538 | #4o
o | & AN | +£155E
\ ‘\)
) N
ol J 1. o | —0.4937 | —0.7|9s50 | #2.C
-/ E KL) o] +0. 7'76.3
X~
o Y
3 NN o | —0d87C | —0. 4905 | #2.9
o | Il S 0 | ro A9s5
~ | .=
< N
—/ \ ) 2 | —lls72 | 406|578 | #13
o N g L1 | rfOSES
NN
NG
+/ | '\ 1) £0 3170 £0.3705 | -/ 0
(&) C -0.3 700
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COMPUTATION OF PRECISE LEVELS

NO.OF

MEAN ROD READINGS.

MEAN

Brs. S e s —————— I Tene
™. Kms, mm. ™. ™. M

_ Gow 2l2s37 | B| -3 | 379¢f0|2¢¢33|+13047 7>

3|l 2203 | . 0| Hst.7|£/6€ 3|-12309¢] 7>

Gov BAZ £ 230 | 45| -CHEZs50.7| 5782/ 235884 s3>

2659 | B3| #+557 59987 | 45724 |-3.5927| 13-

20 -2/ 2| 883 | ./g|+47|30707 Fod#S.ol|t. 0227 3

' 2| 883 19 |#€9|2981.0|3002.7|-.02/7| />

2/-08l £l 3| /12¢#]| .25 -4o | #8924 2v00, #|#2.297d +2-

Bl 3| /2t¥#|.25-10L|2375.3| #7793 0|-2.8977| 1%
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COMPUTATION OF PRECISE LEVELS

CORRECTIONS.

DIFPFERENCE OF ELEVATION
' DIVER -~
cmx;r‘;m LEVEL | INDEX l_s;«grn Tz;,n;f’- EACH LINE. MEAMN. GENCE.
R;rmf‘- ERROR. | E RROR. RoOO. ROD. ' B-F
v . Y 2aF vv R - ™. ™ !'ﬂ'iﬁ.—_ml’l'ﬁs. ™.
-3 o | S N o | #FArAcHF | #/ 3070 | 357
2 -/ N N o | —13lo?5
LQ“ AN
NI
+4| o ol NN | A3.5877 | £35907 | A3.5]
AEZARN N L ~35172¢6
N [ R
) X
-/ o | N o | #00|l2>C | fo o224 | 05
_ O AN N o) -0, dz2 3/
» | o
13
4] o | N [IN\¢ | .7 | #2397> | #2397# [#aS
£2| =/ g _ ot | —>3777
DY N
Q AN
< I X

o
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COMPUTATION OF PRECISE LEVELS

[Fomwand| NO.OF MEAN RoOD READINGS MEAN

'y oR | Sum oF Rop ROD OoxIMATE | TEMP
BIM's. sacn *f;":a‘ INTERVALS ;_B":‘;‘: B =T DlF'.orELEW “:Es.

mm. wms, mm. ~M. M. 2

nwWe-9\| F ¢ FosT | « /| =15 | 83147\ 118187 |-3.5034 73~
B| Sl272¢ | .55 -7 | Sr530| #4948 ¥l#35044 74
I/ F| /| G277 | /7| #37|29533| 2702 7| ra &34 /S5
B2 | 7az | /7|-10A37¢83|4C227|-0.858A 77

-8 F| 2| 775 | . /¢ #60|35333| 27053 |r0.828 /€
Bl 7298 | .78 #73|280#¥ 3693 3|-0 5287 /8

B3 ~A| 2| /225 | 25119 | 15247| #9670|-34423] /5
G| 217238 | 25|~ 74\ 4 120| 22703 |#+34457| /8
/3Aawrl A1 7 | €73 | 13|72/ 02800|r525.7|-22%57] 1%
2| €75 | . 3273 |35570|2307 72 |r12493| /8

M F| 3| T3 | /A 139| &29C.7| 20s3. 0| +C.2837 14

8| ¥ iz | rFf|\r288|2702.7| FrF0.0|- €.2823 14

NB-SH F| 2| 14| .27 #36|3C92.7| 32257 |#.6170

Bl 2| r#¥7 | .29 -253|30380|3¢557|-. t177| 1%
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COMPUTATION OF PRECISE LEVELS

7

CORRECTIONS.

DIFFEREBNCE of ELEVATION.

ompnlee meex snern | rere | cacn e | mmanfrecs
e, . AT, ™. . ™Me ®S. T METERS. .
0|l o o —,Zj?.aj —3.Sode |/ >
-2 -/ A . | #3505
‘ N
S [ X
—71 0 IS [IX [ .7 [+ro0ds3 [ +2.3557 | %6
f",.? —/ o/ '—0.5\517 )
R i©
q K
-/ #./ § . , /7 | +0 8287 £0, 81286 | A1/
—/ | £/ ;]x S) ./ | —o0.82%
2 3
AN Q
45| —. / RS 2 | —3Af29 | —3. Y S | A3/
22 -/l 8N |\ L 2> | £3.4%Co
X {
AN \
AN N
22| -/ | N ./ | L2255 | /27 | A3
—/ | £/l S | S | .7 | A 249
\qQ A}
% )
’ N
A/ -/ ' N .3 | AN | #CIHE3H | £ 3
-l #3| \ o | o3| =€.21827
N
g N
[o) ) N ./ | A0, Cl/77 r0.6l/773 | #0.3
+7 ] -3 AR AV ks :
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COMPUTATION OF PRECISE LEVELS

[FORwWARO| NO.OF oF MEAN ROD READINGS. MEAN
B8 [t el horemms prsripiomn S T
YT Kms. EaEC ™. ™. ™M
7-8 | F| 7| Boo | . 6| -0 | 07923| 2/80.0|-1.3887] =&
S| /| So¥ | . 76| £do |.2/73.0| 0785 0|#,3880| 2T
b-ClFA|l 2] €97 | . /| #57| #321.0| 0584 7|+3 43¢5 2
L2 | €8T | ¥ -#7| /7080 7| 4576.4|-34357] =2
C-S|FA| 7| 34/ | Lo7| -33| /vt 0| 3088.7 |-+ 2747 27
gl 7| 333 | .0l —38|30s80|/2F3.0 |#27750] =S
S-7 | Fla| 88C | . /8| 2 |272743| 3535.0|-0.7¢07] 27
B| 2| Fro | /8| ¥ | 2944 2/ 82.0|r0,7¢2d 24
724 F| 3| 737 | ., 72|07 S72¢C. o|-4fE6S3| 3/
B | 3| S3F| /| #8734 0675 . 0lr4élbo| 27
/8| Al 3| sae| 3H 0 |#1097|hr5.7rat5ed 1S
sl 3| s90| 3A -2 |4 980|847 -04807 /¥
28761 £l 3| Bss | .17 |rr08| Boos.o|-2686.0|r5.3/7d 27
B3| 847 | .77|-753|22337| 7550.0|-5.3/61 27
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COMPUTATION OF PRECISE LEVELS

CORRECTIONS. DIFFERENCE OF ELEVATION
cmw'f LEE;RE‘;‘ ?:::R. L:Ncﬂ;'.ﬂ 1':21;;'.? EACH LINE MEAN. E{E;
VAT, Galasl mm. [azlacH ™ME RS ™ ET RS, mm.
o 27 /3855 | -/ 3§82 |-o7
#/ g / #3874
X \
S N
£/ N | £3H4367 | #IAP LY |~0.7
o | n ST 3| —3ds¢
i
N N i
o N L | -2 778 |~V 72750 |#23
o 3 X | ALAZST
R
o Q
o RN L/ | —0.9lCo8 | -0.726,% | #£2
o 6 1\ ./ | ro.Fba0
N
NI
-/ G L5 | = Fles7 | -#6lto |+l
) N A WARAIE
NI
N <
o ' n . |70 A8CH | £o.43LE | +o.
o " o | .t | —0ASW
> N
S X
£/ (| p53ves | #5.37ée | ro0.3
el A LS | =538
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COMPUTATION OF PRECISE LEVELS

I'OMB NO-OF

_r_————%
BM's. BAck-| STA- 6&:‘3:,:2 DISTANCE InTERVALS MEAN oD REAPINGS. APERONIMAT € r::«ﬂn
wWARD | TIONS, SB-SF sB sF DIFP. OF ELEV. Rggs.
™ ™. Kms. myr. ™. ™. ™M
/-1 | Fl 2| b1 | .13|-9C |S¥atbo| 12390| 4% M70| 2/
LBl R CrF | .3 |#725| y#o bl 55F3.0| -Fr5¢ =€
19-29 £l /| 7 | ., | -3¥|7272, 7| /£586. 7| -+a108Cd 2 /
V24 SZ272 | .12 -C72|/¢/¥7 | 1730. 0 |-0.0853] =2 C
/7-3 | F| 3| /52 | 23| #£:{3566./7| S5223|-) 74/ =20
E| 3l irss|.23|-37 5570|4592 7|41 9577 26
33—/ }/—‘ 2 76¢ /S| —r0 | 37¢27| 36257]-0.%530
Bl R 7205 | .,5-23|3375.7129/80

20
+0,%577| 20—

/)= | Fl2| €7 | /3| —20|/273 0l S550]|-3.2¢3d 50
Bl 2| €727 | « 73| £ CS|¥#CT,H 4777 #3.2¢27] 25
KB A 3| oo | .2/ #7¢15552 3l 1292 C|et ¥ s
B 3| o5 27| —Ro |?SBY4 72| S 70 N-435¢d >
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COMPUTATION OF PRECISE LEVELS

CORRECTIONS

DIFFERENCE OF ELEVATION.

e e Bl R e
eTaal P e CTT . METH ; ﬂ‘qw .
A | .3 | +4M7 +4/870 |-0.5
— 7| +/ N .4 | -4 /808
X | K
NN
A/ o0 | N N o | r0d8ts | roofsz |-0.§
YRR R o | —04853
AN
N
-, 2 A&/ ,\;{ § o) /1 Abrs -A?bodf £/ 3
£/ o | \X X v | £ o
Q
(A~
AN
ol o [}3 I | —o0 #5381 | —0.4530 |42
</ o ~ l\g’. .| +0, 4579
X N
% D
+. / 0 AN L2 | —322(633 | —-3.4¢3>|+0
-/ | +/ ‘ X 3 | A3 2630
TS
NS
-/ (2] | FHASTe | £ H£ANSSC | HLR
A~ 3| -./ Y| - S







)
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COMPUTATION OF PRECISE LEVELS.

: __—__I o Mean

B.MsS. m::lﬂlfs.;” Sum or Rop 1 -0 :T:Rv {MERN Ron Reanwes. | 4, ’”“"”""J 751:12-

%::JT. TIO'S;’ INTERVAL 2BYF Z\B z F £7. oF LY, MoDs.

mm. NmsS. m?m M M N

otk fom | Al S 1. 23,7 . 4| 77107920 S773A+82s5t] 7%

B 375 | | +1r | #8927 o524l ~5:L27A 15

for-NB. F| #larmz | ,sHA ~57|87¢47|536¢C.3#2.798A ¥

Bl ¥ | azrs| .s -4/ |5F52/| L7255 HA-27943] 75

7-2 | Fl 2| 1224 | . 2#| —22 |24#82.7|2832 7 |-0.3570| 27
A

2-,0| F| 2| 1028 |.2/7 |40 |3€Ss. (27884 (#1497> 27
-
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COMPUTATION OF PRECISE LEVELS

3 CORRECTIONS. DIFFERENCE OF ELEVATION.

“Y&?“ LEVEL |INDEX |LENGTH Tf':?' EACHvL!N& ME AN g::tg;
REFrRAc-| ERROR. | ERROR. [ OF RoD. 8-F.
::nN Ta o mQ. T CYoR METE®S | SIETTENRE W,
-/ | *./ NN _— 3 +5. LAST +S a7 | 2 ¥
o o N Q | ¥ |-564083

NN

D A
At | NI Q| .2 22,7987 |£2.798% |-z o
#. 6 o (\(Q L2 | —2. 7477

NG NN

i N
23| ol N N o |—-03kt7 |-0.3¥27 | o

Q | (=

N

N
#3]| o W X ./ | AL H#P2C | A2 4¥7C o

< X

I

ST =

= N




ADJUSTMENT OF CIRCUIT

MEAN DIFFERENCE

CORRECTED DPIFFERENCE

LINE DISTANCE ORRECT -
+ — + —
Sie-#B| 498487 2.3065 feckErren fean - 4 Aywwmmes |
INTEAMEAYsTE BM| - OnLY.
| Se-F| . #1| 45730 £3 | #5733
£ | .77 $1534 | . ¢ #1533
-7 | .39 07950 A, ¥ 0. 7944
TJ-C . b | 0.270¢€ £ 3 0.290 3
c-81 .64 VALY +.3 H6575
B-A| .61 | o0 3/05 .3 | 037108
Wonirl 44 | 4 2070 +.2 | 13072
Cmon-zd A4 | 35907 +.2 | 359/
Lo-2/1 .16 | 0.022% .1 | 00335
2r-#8| .25 | .39 7 +.3 | 2.39726
493 22002 | 28972 | 2.5 |13,20>S5 | 48960
+9. 83973 -9.89 € o
-2, 3o 4o t 2. 30 LS5+
2. 3065 CHECK
EAAX S
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FINAL ELEVATION

BIM's.

ELEVATION (METERS)

ELEVATION FegT)

Se 258.768 SH#9. €3¢
w. B 26/ 2745 8572./97
S,z 258.968 S349. &3y
£ 2635473 Bl (34
£ 2593879 SS5 1 cob
2 258.593/ S48 #o/
C 258. 3o0ad S #4L
s 253, 6453 832 /67
A RS53,95¢/ J33. 787
Gov: B. 7 255.2633 $37 475
pA 258. 854 849257
2/ 258 8769 549, 329
W= 261 2745 852 /97
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ADJUSTMENT OF CIRCUIT

MEAN OIFFERENCE CORRECTED PIFFERENCE
LINE DISTANCE CORRECT -
+ . ion + -
WB-7) .58 3.50 4o +. 3 Se3¥
7-// | .79 | o, 8559 t, 2> | 0.85C/
/-78| ./ | 0.828¢ .3 | 05288
JB-13| 25 ZHYLS | £ 3 3. 4443
Apur| ./3 [ 247% | £,/ 1.2 73
Veur-nd ¥ | 6.283 4 #. 1 | b.og35
4/&_—,24 27 | o tr7> 0. 417>
(B-for| . TY 2798 | £.5 2.7979
for-2€| . #6 5. lr7/ | #+.5 S 626C
248 | . 3¥ | o#8LS 1.3 | 0487/
/8-/61 .17 | 53/7¢C¢ .3 | 5.3/88
J6-171 > | #7870 £/ #4187/
/779 1> | 0.0857 7./ 0.0§.53
/7-3 | .23 L7608 | #.2 ). 9606 |
3/ | .15 04580 | .2 0.4574
/-4 | .13 | 3243 | £,/ 3363/
$wB| 21 | Hassi £.2 | #2558
372 Whal99( 223034 | 3.8 2.30s70 |22.30/0
Ha2299¢ CHEQK.

ER Lo

34
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FINAL ELEVATION

R . —1 ]
B.IVM'S, ELEVATION (METERS) ELEVATION (FeeT)
=% 26/ 27245 852797

9 25 2727/ I 720+
// 258. 6273 SY8 573
78 257,45 bo 8BS, 232
/3. 256.0/77 339730
AByr 25Y% 7L HY S35 538
N B 264 0429 B856. 452
S. B 26/ ¢S/ SSB 4#79
[or 253. 2500 8472 275
24 252 a3 ¥ S28 8,4
/5 RS53. /05 S3o0. #r2
/6 253, Y4273 B4 £5C
/7 26> b/44 861593
/7 262.900> E6 1 875
J 260 7396 SSB. HF/

/ 2602878 853 939

+ 2572, 0r87 843 233

W, By 2612745

JsS 72 /97 CHecn







ADJUSTMENT

—

-0

OF CIRCUIT

MEAN DIFFERENCE

CORRECTED DIFFERENCE

LINE DISTANCE CORRECT-
+ _ ] + _
24| 49 S1477
7-8 | . /¢ /.388> | #/5 /3867
8-¢ | .14 | 34£3C £s.3 | 3.4377
6-S| .ol ). 7750 + . L ) 224
S-721 .78 0.2674 | #4.7 0.7597
7-24 .15 #éLeo | 1 #ee4d
.69 | 3434 | 8.590L LS | 34377 | -4 SRs#
+ 3.4 L¥F + 3. ¥377
-G /S Hs -'5-/‘/‘77),
-5, 1477 CHECK
o bS5
7-/C| #5 | ,.1/393
7-Z | 24 0.35¢72| -8 0.35 7.5~
2-/C| -, 21 | 1.497¢ -8 | 149¢S
=4S | 1497¢ | 0.35¢7 | -/ ) 49468 03525
-0.35¢ 7 -0.35 75
+/. 1409 +/. /)39 3| CHECK
-/ 1393
Ekror —/. 4
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FINAL ELEVATION

ELEVATION (METERS)

ELEVATION (FeeT)

BIM's.
4 2SS Z 22// 8‘/5/'70¢
< 25¢. 3844 S4L 124
VA 259822/ 852 #33
5 258. 0477 8#¢ Log
7 257 2880 g4 179
o 252. 623 28 814
5 257 288 c SH44 779
P 2I56. 7305 82 745
/¢ 258. #4273 S¥ 2856
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