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THESIS



Swlle
Precies Level Uurvey of Lansing,
Inghan Co., Yichijan.

The reason for taling uron oursclves a tack of thio‘
nacnitudo wan to £ind out the diffisuliios encountcerad in the !
£4rl1d of actual work,and to goin a facllity in the use of t.he‘
instrunonts of curveying.The object in #ie- is to estadblish a
eysiom of rrocine lovels arcund tle City of Lansing, 4chican,
end to lccate by moans of this systom rolievls Eencl: arks at
voriocus roints,upon which accurate work mey be besod.Trior to
thio tino tho City of Lansing did nct romeese such e evetom.
kurther, 0 city s growing oo rapicly thot such a srsten 68
rrecico levalsignch Narks 48 abnoolutly nocesscary for furthor
work such as roed dbullding,paving,sewer construction,sadewell:s,
and tho extonsion cf the watoer works systom.

The difficultics cncountered were mmerous,the rain
ono Tor us boing to obtain resulis wilcl are reliablo. ‘his
reooms putting oursclvos on o plaw cqual to that of the U.S
Coasnt and Uoolotlic CLurvey,wiich conoiute Of 1vn W0 aro ofie
Ployod by itho Uelesuovemizont as waving lare exporiance and
tecoimical training along this linoe of worke Thw alfficulties
cnoountercd in hondling tho rreciso 1lovel,and tie errors czuscd
by thoge AAfficultlios wil} he dlccussod latoer.

Tho instrurcent vesd in thia work wna ¥ Jonst end
Gecdaiic “urvoy 1700 Irocigo Lovel owmed Ly (1 Civil Lopartmont
of the Liah! on Azrloultural Colleze. “ho rmelor was L.G.Ficher
of the'lahn Op.,it.Louis,. 0. “he makel usod for tho castings is

e ocormnosition of CC parts of coft cast iron,end 74 rerts of prain
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fastened to tiw tube itcolf. “lie viel is oonfined longitudinally
by ocork rings. The level ULtlLe 1s fastencd to the telescope at
the objoctive end by means of a sTiaro hrouod vertiecal clemring

sorew,whild two opposing ecrciws odjinot the lovel laterally.

y enlarsed perti-ns of the telescope
tubo,which are indicated in Fig. ,are turnod to eqnal dlee
moterg,and afe co-axial with tho cbjective head and draw hcad
bearing. By means or vhang collars,e=? suitabio shop oontrivances
tl0 intersection of the vertical snidor thread and the riddle
Lorizontal thread ic so adjustod as t& co-incido with thre
¢eoretric avis of the instrmment,thus aveldin® error Auc to
tne diver-ence of the line of sight,snd tho moticn of tho draw
tuve. 1o letrol vial is also placed parallel tco tre 1line of
sirht in the shop,before tic lnatmrent 18 £in2lly assarblod.
‘the cbiectivo has s focal longth o2 €11 centimeters. Two
Steinheil eyeplocos of €,.6 and 1.5 miliroters rocroctively

equivalent focua are provicoed,k

ving a maonifyive rower of 45
anc 2 ddanctors. “he gyrsten of crider thrando concists of one
vorticel ond thtree herizontel 1lines. Ths yppeor erxd lowsr throads
anbraco a dictance of 30 centietcrs et o Alstanco of 100 metors.

Tie level rezding devisc, tlic eye tube of vhich Las

teon place tinoculer distance from the oro ricce ¢ the

telcoco

erebles tl'e ohsorvor to cerntrole both tho red
end the iovel bubile ot the e.ro timo.

1o Im3eno cf tho bubble and tho cealo divisicns
near tiio contur of tiic bubblo run arc refleocted by the

mirror above tho oroning cf (1o cutcr lcvel tvbhe into two



prisce, uod wro revlcetod Ly Laor fute fun choerver's ceTe,in
a dirocoction rorallo:l Lo Loz Lluteoras Thn2 priesn has curved

surfaces,ad to-pctier with a long »~untel hotwscon then and

9

the ere,reduce tio digltanco veirecn Loy ords of ¢ Lubbhle

and {2 ¢ o to £90 norral distonrce of Qiotired vigion,

w0 cpoentizl Teotures of Livoorianee of tr o rirocise
lovol arof
1. e ireglrucent 1s 1rrovercillce,and es ¢i rlo as pooulidble,
Loence 1lo monimuiation ia neceoarily e rrooan of clinrle

observatico 3

Ce 0 aecim of thwo Inglmurort ic gcuch thil o a chwwio of tormore
aturc will net intrcauce error.

Y. %he bubblo readin;; dcvise cnanles tiw cbscerver it riand eroct
and malie very accurat: rezdirnzg of toth rad end bubhic alrogst
silrultancounl—-.

8. 170 instrureont has a crall surfoce exrocoetl 9 ¢ o ulind.

C. ‘tho instmurent ic heavily aceisved, vidceh alee 1aol7s to

aveid wind trouvblc as ruch a3 rescibhle.

- . o a-. o . -
12 rods used are those of e rorulaticon Groct and

[§

-

1 croos-scetion ciwvwn in

-

Goodetlc Lurvey tope, hoirgy of ¢
Fiz. o “hovr aro rade of whits rinc,therecu; 1y bLeilza in rarafe
£in: an? ere 3 1/3% roetors lones, “he rod o dividoed inbo reiorc,

daci etors,and combireters,ard rwilictore e eotirated. Uiio red

I5 walntod alternatlr plach ant wiite Ter vraces of ono contie

) . . . . . . ..
nator a3 shinm in i, o« he fijaros sivwin uu Claslancecs

on the rcd are inverted so 4hat ther can bo It grcct whon
soen throurh the toloacarna.

“he rrd is oloo eculrpad with a gnlizriecsl bubble by

P
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The problen of adjusting the error of a line during the
day 18 of great irportance. lessrs J.B.Jolnsén, H.l,Wilsom and
F.J.layford have prosented long technical discussions upom the
subject of error. They all agree upon tho following methods of
edjusting errors as given below in the order of importance.

1. By the method of Least Squares.

2. By tho assumption that tho error is direetly propor-
tionel to the square root of the distance.

3. By the acsumption that the error is dircotly pro-
portional to tho distance.

The first method of adjusting errors is in use in a
large n network of levols often soveral thousand miles in length.
This method is the only reliable one for the case of extemsive
surveys,ond for very precise worke

Tho second method of adjusting eerors is held by most
authorities to be sufficiocntly rigid for level 1ines of several
hundred miles in length.This method is aleo uscd for edjusting
the error of clocuro accuwnlated at the end of a day's circuit.

the third method of adjusting the crrror, e.i. the
eorror is directly proportional to the length of the circuit is
also cormonly used to adjust the error of closure accurulated
during the day. Rosults secured from the above method seem to
stond tho tost requirod of them. Prof. J.B.Johnson holds that this
method is as reliadble as cny of the above for short disstances.
Then too, the matter of adjusting the error should bo a case of
Judgoment in some instances. with theso idoas in view,and elso
the fact that with tho instrumont usod, the only errors which
are due to observations,umstable supports,and atmospheric

7



oonditions aro opt to orccp in,thidc method was usode. Any other
source of error was not of sufficiont nagnitude,therefore it was
moglecteds

%ho Intornational Coodotio fcsoolation have fized tho
tho following linmits for prodeble error of tho moan result as
follows,por kilometere

++1 rm.per kiloreter 48 vory good.

+42 " » ® e g,
-5 9. % LA ® tobdrablo
*5 " L] an Ll .wxa!.ao.

The ebove regults ere ecteblished by mon of broed
exporiance, to-gothor with tho best facilitics for dotng work of
tho extroamest acouracys

The 1imit of tho U.S.Coact and Coodotie Survoy 4s # 4 mm,
por kilomotor,and that of tho Uipeipri River furvey was ¢ 10 rum.
por kilometer. thile this last nomed 1lirit was Cocidod upon as
our critorion in eccuracy,we havo with throo exceptions,
attainod tho dogreo of accuracy equal to that of thoe U,S.Coast
and Ceodotio Survoy,as shown by the following tcoble. =

LINE. Kilorot. Act.irrer. E.por K. Oobets
Beliel, to V.B.cor.l§dk.& Logen. 1.2075 -, 0010 -.0014 o044
¥.B.Logan,noar Hyland to V.S. 1.6520 -. 0050 - 0050 S0
oor.iranizllin & Vash.

VeSoWach.& Fronklin to Bellede 0402 $.0031 +.0033 Nosieza

BelieBl,and V,5e0n cor.Choridan «87C6 «s0021 «.0070 0020
& Ponngylveniae.

V.Seon thoriden & Ponn.and 1.2405  4.0008 0047  .Cr400
B.8.7,883°3%0 5.Ponn. 1.0505  +.0019  +,0010  .0C<1
078 S.Fonn.& D8, $4725  =.0042  «,0000  .007%
BulisB to Dalle29. 1.1309  =,0048  «,0043  .C045

/o



Allowable
Lidtanco Actual Lrror por Error for
Lilo. Lrror. Kilo. UeSeCa&eGaS,

B.1.10, to B.l.1l 1,1209 +.0051 +.0027 0043

B.l,11, to V.S.cor. «+7010 -, 0044 -.C080 20032
SteJoo & Logan 5

V.S.cor.St.Joe & 7773 -.0031 -, 0040 .0035
tiche& B.l.1l. 5%

B.l.1, to Bl.l1l3, 1.2347 +,0043 +.0035 #0044

D_oSCIIPTION OF BLITCH MARKS.

PsBuliel, Coventh brick cast of north woot cormer of kichigen
ave.,School,on corner of iichigan and Logane

P B.X.2 Top of the north east corner of bottom step of east
entrance to main BElind Schoolriullding.

P.B.L.3, Top of south west corncr of concrote foundation of
bolow corner window of tho valkor GHuilding,om cornoer
of Franklin and Wochington.

P.B.l.4, Hole on top on north side of water trough on tho morth east

eact cornor of Case énd Franklin.

P.B.ieB, boulli cast cornor of top etep of south emtorance of tho

Franklin Ave. School,on corner of Franklin end New York.

PeBelleG, On the south west cornor of tho top of tho stopping
stone in front of 737 llorth Ponnsylvania.

BeBelie7. Cn the south east corner of tho top ¢f the stepping
stone in front of 1:0 South Pomsylvaniae

P.B.l.8, Comtor of the top of tlio Horth vest portion of west
retaining wall of the Grand Trumk Bridre over the ked
Rivor.

Pebelie9, The gouth east cornor of tho top of tho iron pedestal
supporting the post wiich suprorts the South Bast cormer
of the roof on tho east ond of tho Crand Trumk Deopote

/!



PeBslla10, On tho morth onit cormor of the wost pler of tho Grand
Trmk Rele Bridze ovor tho Grand Liver,Vost of Vachin;e
ton. tone
Poelellells Lolt hoad morth cact cornor of tho morth pier of tho
Logan stroet bridje over tho Grond Rivers
P.Delle12, North wost corner of tho top clop of the north entrence
to the Logan St. Cchools
PeBeliel3, South wost corner of the top stop of wost entrance of
City Halle
The above bonch marks oocn be foumd,martod P.BeM.1,
PeDelieZ,0%0., (Procise Donch ¥ark.) as ghorm aboves -he
Valvo 8tons of tho hydrants wore uses as turning points whom
available,and are loceted on tho mape.acompenying this thosis.
The above procice bonoh marks ere also chowm upon
tho map, tosothor with tho line of tho proocico level survoy,
and tho ommhdurs at five foot intorvals,which woro talon from lovolc
obtainod for stroet intorsoctions obtoined frem tho 6ity onsinoor.
“his map and tho noto book will be found in tho nrocket at tho
back of this thoals. All photagrephs wore tokeon from cuts found
in en artical onntho preciso 1lovel in ¢he ironpaetiona of tho
Amorican Coolety of Civil Ingldoers.

J&x
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VeSeon Hyd.ou N.E.c? 21ind Cchool
suilding.

T.P.4 cor.varner &
Rogers.

T.P.3 on grouvnd,f00 fot Last of

Logan.

Tor:ari

L N
1...1'65

Sacinar 5,17

Check Line.

. ~ND FRAFILIN AVE,

BACH OIGETS
Wire Readings
Upmeor ¥igdle Lowier

Centirveters

11.17 17.01 14,19
R4 7,82

.78 G.01 8.08
5.20 3,49 7.72
21.48 22,75 23,97
.70 25,22 28,71
1.71 2,08 4,28

-

N,/ 10,62 11,70
2.39 3.51 4,60
2,07 3.9% 4,81
4,02 3,13 7.702
1.1¢ Z.2¢ 3,39
8?.32 25.81 26,83
11.02 12.10 13.12
.11 7.01 7.88
27.61 28.81 29,98
18,79 17.88 18,90
2,72 11,29 12,77
7.02 £.,45 9,78
3C.17 31,41 22,61
10,89 11,73 12.52

! {Contimied on Page

.)

. 8470
2.273%
2,5210

« 2080
1,0858

« 36500

. 3930

.8110

. 2200

IT. 0149

2.5C88
1,20€0
7000
2.8793
1.7866
1.1273

. 423
Z.1%98
1.1713



LIND B07.500 VeS.N0AR YLATD 0702

A VAR AR R 5 A1
(1 PG l-;-.svl',k .

GLTHD VeSeON TIIE
ITL AV,

Yorvard Line.

FORE SICTS PLEVATIIG.

”1ra heoiings . s ad - 109 Coty
18dle i.over Moan Oripinal bOTTBO 18 Jatun

Above
sea Lovel

Upper 2

.yt wor-

H SO L LLTD PAETE o8 AT TN STCTe
829 10,05 11.772 AR 7683 0R,7645 154,100 P60.7R1

Ge20 10,85 11.72 1,0818 GU.CLl27 OC,01i3 103.008 €11,KF93
Le.€1 7,90 ’? 1T 2,7078 03,0041 80,8645 187,000 2R4, 040
13,71 14,47 10,73 1.,4480 04,088 03,1094 Q45,44 (07,078
10,52 11,672 37,17 Q1856 $545702 DL L710 145,716 §i0,T04
H0e12  31.47 70,78 3,1448 04,8300 04,5090 140,880 ©47,447

Sed2 7B RO «7HYC GRLELUD CULREEY 105,068 £09,80]
11,77 12,40 13,00 1,2473 01,6044 02,8088 131,010 £57.B06
144.3u 25‘81 26.8'3 2. Lhte £G. 3050 B‘.“).l":'-i'?ﬁ 1:;3.:,(‘() f.:‘.‘;, Ty \1

LIS I3
CL;C‘QL Li.’!:}.

1,10 Delir ELED GJLIAD QNLLURL BN,
11. WL DLUL GLItn Y erdn 10

tel T 72 DGCL  GFTCL DL IECE LT LTI

Lou. s :»"o'- . ke il oGS T L 2 DI ;

Ladu Oefl 4,37 LU LEJINGS Lk ale

Oedd Yigno Y1loa% 1.¢ TLEESL GE oL

q.‘ “ “e - ‘e .;".',‘.. <.’ -("'«"3."" oy ;'_-_,‘;_-‘- "
B.l.2. AL AR GO 2T 205 C7elusl Lab! £50.:°88
P8ek. T el0 12030705 Lol v -3
21.50 PSRRI DRI PR ATRIPE A0
4.9C e.;)s) 7-7 .C'v-. :'3.‘ AA*(.‘ 9"}.(‘117

« 070
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o
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n5,6141
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oonditions arc apt to orcep in,thic mothod was usode Any other
source of crror was not of sufficiont nmagnltude,therefore 4t was
nozloctods
%hoe Intornational UGoodctio fiosoclation have fized tho
tho following linits for Prodbeble error of tho moan rosult as
follows,por kilongters
++1 rn.por kileroter 4s vory good.
+8 ® w LA " fair.
;3 " W » . ® tobdrable
+5 " W an w ® to large.
%he ebove regults ere established by ren of broed
expcriance, to-gothor with tho best facilitico for dobng work of
tho extroarest acouracys
The 1limit of tho U.S.Coact and Coodotle Curvoy 4s # 4 rm,
por kilonctor,ond that of tho Uisoipri River furvey wos # 10 rm.
por kilometer. (hile this last nemed lirit wes Qocidod upon as
our oriterion in sccuracy,wo have with throo exceptions,
attainod tho dogreo of accuracy equal to that of the U.S.Coast
and Geodotio Survey,as showa by the followin; totle. 3
LINE. Kilorot. Act.Error. L.por Ko Denoors
Bellel, to VeB.cor.H§Bk.& Loson. 1.2775 - 0018 -. 0014 #0044
¥.B.Logan,noar Hyland to V.S. 1.06520 «.COF0 -, 0070 SL0rn
oor.iranizlin & Vash.
VeCoWach.& Fronklin to Bellede 0402 *.0071 +.0033 Neloisiad

BelleB,ond V.G.on cor.Choridan «07¢6 - 0021 «.0070 #0026
& Ponnsylvoniae.

VeSeon Shoriden & Ponn.ond #2405 #,00T8  &,0047  ,Cra0
B.E.7,8%1°%%8 6.Tom. 1,0365  +.0019  +,0010  ,0C41
026 S.Ponn.& Delle8, 04725  «.0042  =,0C00 00D
Delfe to DBalle20. 1.1300  =,0048  «,0043 .coqar

5



Alloweble
Lidtanco Actual Lrror per Error for
iilo. Error. Kilo. UeSeCa&aGasSe

B.le10, to Blli.1l 1,1209 +.0051 +.0027 «0043

B.M.11, to V.S.cor. 47010 0044 «.C080 .0032

tteJos & Logan y

V.S.cor.St.Joe & 7773 -.0031 _-_.{)04-0 0035

liche& B.llel,

B.M.1, to B.l.13, 1.2247 +,0043 +.0035 0044

DZSCIIPTION OF BLIICH KARKS.

P.B.lie1l, Loventh brick cast of north wost cormer of wkichigan
4ave.,School,on corner of i'ichigan and Logeane

P.B.M.2 Top of tho morth east cornmer of bottom step of east
entrance to main Elind Schoolriullding.

P.B.L.3, Top of south west cormer of concrote foundation of
bolow corner window of the Valkor EBuilding,on corner
of Franklin and ¥achington.

PeBelie4, liole on top on north side of water trough on tho north enst

ecact cornor of Case &nd Franklin.

Pa.alieB, boulh cact corner of top step of south emtoranco of tho

Franklin Ave. School,on cormer of Franklin and New Yorlk.

P.BellaGy On tho south west cornmor of tho top of the stepping
stone in front of 737 llorth Ponneylvania.

BeBalie7. On the south east cormer of the top ¢f the stepping
stono in front of 1°0 South Pormsylvaniae

P.B.l.8, Comtor of the top of tio North i'est portion of west
retaining wall of the Grand Trunk Bridre over the hed
Wiver.

PeBele?, “he south east cornor of the top off tho iron pedestal
supporting tho post wiich supports the South Bast cornmer
of the roof on the cast ond of tho CGrand Trumk Dopote

/"



PJB.lle10C, On tho morth oot cornoer of the wost piler of the Grand
Tl RJRe Bridze ovor tho Grand River,Wosct of Vachinse
tone tone
Polollalle Lolt hoad morth eact cornor of tho morth pler of the
Logan stroet brid;e over tho Grand Rivers
P.Dellel2, Horth wost corner of tho top clop of the north ontrenco
£0 the Lozan St. Cchools
PeBelipel3, South wost cornmer of the top stop of wost entrance of
City Halle
The above bonch marks can be foumd,maritod P.2.1,
PoDelie2,0L0., (Procise Bonch Mork.) as ghotm oboves ~he
Valvo 8tons of tho hydrants wore uses 28 turning points whem
avallable,and are located on tho mape.acorponying this thosis.
“ho abeve procioce bonch marks are also chowm upon
tho map, torothor with tho line of tho procice level survey,
end tho ooevddurs at five foof intorvals,which woro talon from lovolc
obtainod for stroot intorsoctions obhtoined frem tho oity encinoor,
“hic map and tho noto book will be found in tho nocket at tho
back of this thoasis. All photacrephs wore takon from cuts found
in oen articel onntho prociso lovel in tho ironpaetions of tho
Amorican foolety of Civil Ingldoors.

/&
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LIV SETULT EGM,Y AND VOULNTUAR IYLAND ET.

TOorart vz,
oD LT o 1‘7,'_',.‘1.'“37 o,
"’1re R"adj.n‘, i'ny bi*y Lbove
Unmer Mludla Lo oo b 21 Coarrectzd Datur. oa Level

Centinetora lieters @ Lotorn Foot.

(2]
Y
-

TONDC TITE 000N 18R, DE0 AR4L P48

7675 Pl T L LlrTe MR co,eoni 1r0,0RR B4, R41
Casl L0 12,7 T,UTID INT TS LT TGN IR, R6D P06, 147

LG T .77 L.l T CO 10T N6 00T 1RE, 300 161,888

Sed AT LT Dy TN FR,OOME MR TR 1072, R0 AR, P77
12.\’:’» ] -4 !g. ! .( o 1.-"’, ~ "”.pt:‘ : n?.{"\"?g \‘l.:‘.‘:? Rs’.gﬁg

ol TNTI LTt LUTOT O 09,10R1 GLLINER 182,075 £5A,820
Co 1T TWIT SLTE L,TTTe 08 ,240) 07,4407 166,41F BE3.000
17.,8% 15,10 "~ 01 ', 71 e anna ee n101 164,874 881,259
CLUT 0 TLTR NN Yt ot AR AR 0000 157,003 2R3,R%0

L£oete

10,70 1700 In,em 1, oo sy ap, 70T 154,108 B60,781
11,1 T

Chock Lino.

an rror

ol 8.0, F17,.1000

~A I /™ 9y - v ~ o . " 1;‘-1(;. ‘r\.r\ N

i 0 ! ~ kel R PRSP

lﬂ.. » - ro i P A -QP"IV O A 7 ;if?qu:’CD + ’.",:.'J

G0 9N en N _an O ARAN or, el =

16470 P L rorward Line.
3,00 ROO30.74 17Eon fo A0
TV 11. 1 .’4 10 ' ! . 5 Sun of Je -11 1‘,,.

. e 5‘ T 0.9017

e AC v_oAan Lras 0P (4 Che | . N
1 1. 17, 1 7 2l Jﬂifnrenoe - 1.0%0%8

STRTIE NCE NI 3 LR S AT
'74 1'77 »“!.7‘4 ‘17'."1 ﬁ*.r$‘~4

9.4 IN,AR 11.°8 31,6070 £0.2403

-3

8.C0 7.20 8,24 7IR0 1CC.PONT
8,9320



ITICILT TEVPL LTXE ON LOGSN &7, AND FRANVLIN AVE.,

T'or:ard Lirs

VeSeon Hrd.on lLio~an naoar Hylard.
v -~ o

T.P.1l ¢n ¢ground,Z ON0'fro¥ Sa-inav

T.P.2 " " Z monto ®
V.Seon Hv1. ,
T.Fe3,0n Tarnor 207 TLof Logan.
T.P.4, " " & Legors.

T.PeB, 1 20" N.%.ct 3lind Ccloeol

V.8.on Eyd.on N.l.cer.l'ranizlin

& Pine.

Voio" " on W.n." »
& Ohestnut.

Veio" " on N.I.cor. "
& Walnut.

Ve " on N.Y.cor. "
& Seymore.

V.S." " on N.V.cor. "
& Capitol.

Veil" " on N.%.cor. "

& Washington.

BACK OIGHTS

Wire Readings
Upmer ¥iddle Lower

Centimeters

11,17 13.01 14,19
5,17 f.41 7.62
5,78 6.21 8.08
5.20 3,49 7.72
21.42 22,75 23,97

2,70 25,22 26,71

1.1¢ 2.2¢ 3,39

Check Line.

V.G.on Eyd.on N.W,cor. Fronklin
& Washihgton.
Ve.S.cn vd.on M.W.chr.

& Capitol.
V.o.on Hyd.on N,W.cor. .
& Seymore.
V.S.on Hyd.on N.L,cor. "
& Walmut. "
V.s.0n Hid.on Y. K.cor. "
& Chestnut.
VeS.on IIyd.on F.X.cxr b
& FPine.
VeSeon Hyd.on F.E.c? £1lind School
Building.
T.P.4 cor.Varner &
Rogers.
T.P.3 on ground,®80C foot [ast of
Logan.

8?.32 25.81 28,83
11.02 12,10 13.12
6.11 7.01 7.88
27.61 28,81 29,98
18,79 17.88 18,90

2,72 11,29 12,77

7.02 £.45 9,78
3C.17 31l.41 22,61
10.89 11,73 12,52

' /Continued on Page .)

1,20€0
7000
2.87¢3
1.7866
1.1273

. 8423
Z.1%98
1.1713



LIN: B7005S0 Ve3.NE082 ATD LTLANLD THED Ve5,0H TlE
O« ', :-!‘-‘ "-.L “‘ \' . .f\ll~ .[‘;iv'l;.

Yorvard Line.

PORDI CTIC'TS LITRETTN
wire heoiings . -\ e R4 ;ﬁb bitv Above
g OrAipin Corroul ;
Upper liiddle i.over %aug_ rigiral uéd: Uatum  Gea Lovel
A ST 3 AL Vibort . FoCte
Pe29 10,00 11.77° R7683 08,7645 18-4,100 N0, 781

G400 10,55 11.70 1,0518 ©U.CLI7 00,0133 173.066 601,503
L2.61 CT.60 70,10 27070 05,0041 00,0648 147 4, 14E
13,71 14,47 10.°0 1.4450 08,1000 00,1004 146,46 (7.0
20050 11,67 17.17 1,1506  $5.0702 65,6710 143.715  fi0.T04

H0a12 31.47 77,78 3.1448 01,8950 1aQu600 47,447

44,60 C.07 15,6141  1e7,144

7.7° 9.5 11,0 GLH, 6547 144,979

17.0? O, 0CS Tedio, 0 e Q000

A7.R3 0DGTT CN.07 2.0000 02,0087 0L GP07  1ds. 00 (M 900

8e42 Tt £,00  JTHY10 CLLN00 QULARLY 1RLGGS o0, R0
11.77 212,47 19,00 1,247% 01,6044 02,8008 131,010 £57.806
24,32 D661 28,03 2,EBLG  £0.3050 B9,T075  153.000 57,55

rO.adla:
Ciicok Linc.

110 2,05 T.E0 GJLty DULINEG & T, TwE

11.1 TeiT DL UT QLU LY s oy

Aol l T GTI HGEL GITLL DLLINOE LT TG

Lovr  TDetl. kelD ertaf migLunl Qe

Badu Bebl 4,57 LU SE L0450 GG 30

Deddi 1o, 11,45 1.0 A P S I U U SL s 4

31?3 Ce.T e Ch G edl 6 S0 "
zﬁ:é:z..f.lo P ;:§;96\ OFori0F  L7idk laDe03 ED0.0EB
2155 o le. LWTN LRt cvLTRTT o TULFTAT

4.5C €55 T.T  LCEDT (8.I00C 65,0117



PHICIOx LUV LIRE ON LOuAs oi.

Choeck Line.

Ugper

. » ARG Y £
MLV AL

;’LT‘, A
do dad 3

Prr - e gesra-tes e
Dlvvae vl i

Wire Readinrs.

N
drailadlcc

LevGr

Continoevers.

VoS, on cor. of Logan &

WaLsaer . 17,04
T.P.2, 2 500 feet North of Saginaw
, Co Logan. ec.xn
T.P.1, 2 000 fset North of Saginaw
[N I.f{r(_;[']: » Q P E.’“

V.l.cf Hydrant on Logan Lt. near

il“ .-L oS TR

14.1¢

16,20
<C.en

12,080

Yaan .
Yetors.

1.417C
27040

1.0000

20,6018



LY‘,);- ®,T ey H ”~ Y, ‘-", }ﬁ!! ATy
-ths diAsmtrosod -8 e v@.t PR
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FORE STGETS

R pa Na. \ﬁih”ﬂ
Uppor M1ddle Lowsr
(,Uyﬁ.‘hv sLorg

Yoan Coion

Yotora

.r.‘!p. 6.67 7‘61

4,01 8.UIC T W7
AN LT
11 &g {‘73

Forean? Linc,
bm, of I’Jro Lighto « DD, Y40
n fgiaX 'd ” 110014:’
Lorerenee - D LGS

- §.0000
* 050400

Copep - 60050

l‘l (RSB A)

il Uarreoted
Haters

o NG4T OQ BN
LLI0T 00,0000

GE L TEGD

‘;;_,, V Py Logorl L»iI‘J

® oD

Line.

b TiA

TLoWVATIOIG

Tor C4ty  Above

Datum Cea Level
oot

3. 0007
CEL,0117

9;’3 » ':76‘4 3

Cheok Line

Swnooff Lgell LIiue A
" ¥ Fore ®

Lis{eronce +

20,6018
11,7273
e 43



PraiQlld LYV L LING S8 Ve hrt vy,

Fopsr, ™ L.ire.

Vat v o~
- ..

Wire hem'*r 9
Tsaran '3 "o Lestp
ConLiolore
S.on ﬁyd.rn Hetegar. . Franitiin &
- w W aite etk 4400 £
~ef'el, on I'rgnllin Svo.en oot enA
ol :'.‘..(.; S 1.9 17.11 1.7
Tode on Lydoon ereni1lIn, 75 foot

R AT A O 22,4
Lef o822, On I-rx lm 150 fost Lost
CL oanas r‘ & f«\).'\;d ;’44.‘;‘ u'-n{r)

Veueln ::yd.omn N.a.cnr.xrﬂh'l‘n &
Coomoy it 1i.02 12,66 1i.67
Veleon nya.on HeWeoor 'ranklin &
Vo L ta e /% 4:.0‘i t‘.‘.\(‘
1eFal,0n u.u.oor.of Frenrlin &

Tl Ll 40,07 14.5C 15,
Veboon k£yQ.100 £i. Voot of leovot

Cop JTLIVIIIET LVYe 16,07 11,11 12
VeleOn iiyd.in front of Loller Chon

(I3 !;V’\'...'&:..:;tA PESEOIY ':".C‘J i.:“; !3.'/"1

si.4y:016 in od.¢ of water trourh

"t "\»--.';9‘»»‘.;0 v--{ L&s«U
Cheok Line.
teitetson water troulih on cov Ceose ¢

frorllin v, 1T.9A411. 65 16D
Vewacn iyd.dn frent of Trdler Chop

oa ot Yin LT 400 4,04 fol:l
Y.L.on lyd. 10“ cot Webt “of Dewot
o Aiin vl Bp.-r welC PP
Lel’eE,0N d.n.oor. Franiilin Ave.2
-.4-- bt L:‘-.L--‘. :5.71 Q:Qiu
VenoeOn de O'l Hek.00r.Trant:lin &
Grite Lt Seuil F.CS G0
ValeONn iiydeon el ecor Franklin 2
codo L 310 ©,84 4,17

Gelelly0n Ernnklin,lso Toet sast of

.1. 6 3', n‘g ':’_ 6‘,
'°“'0n ‘«rwhll "‘70 7_.\ f’et ;n?‘ ® 1) 9 -

3 R bk LI -~ e atad R
)- I ;a YR e -
.Pel, on hout ‘n ol eidr ovor
“hao oo S LT 101 R
Ueliad, top ol Lelegor.or Loneretn
eryrort ol Ccoiwor Lvicw

of thc Lalnor 2ldr,.

Ve Y
1.0
+4070

15‘"1' R4
1.1000

Fr

11,8347

1,070
«4°0A
JAD T

e [TIF
5018



LTV GGCORIALIITI S0 AV AND Boll.4.

LIV I

Forvard lLine.
Fore &islhits LLITTATTICNG.
Ve n:¢4ing~ . watny - 27T Lity  Above
'rizinsl Corrcctod * o :
Upper lLiddle Lowsr lean Cridinal Gorrostod Uatur  Lca Lavel
& A
~ r

1
Comilzntora L; 2 Tatomy Tegt,
E3.7675 RO ,TUATL 18U, P00 213,051
17,00 15,04 14,00 1,302938 60,4115 &7 ,4314 0 119,004 £.8.489
4,00 BBl (0B (JEBLOGC £2.7015 E£3,08017 104,000 €00 LG7
e, TS TUD7CVE 9, BRGUBES lao.4En Ci0.043
®, .08 4.7 ACHE G010 60X, 010 108,000 84Z, I8

B0 A9 6,01 L4U%3 94.007A 04,0060 1T¢, EF' £45,173

24,60 TLgTE LGS o710 81,8300 0l.0372 1 o LiD.07]1 ¥.B.3
oeL0n 2.,000CT 03,4066 (92.4CE5) 1 : i?' E0H.871 V.S,

3,00 G000 FoI0 LAGGC OR,ER0F 02,9402 174,709 B841.%74

3.720 4,70 [.20  .4770  £3,40%7 83,4212 a6

./l

843,447
10,04 11,00 15,00 ..1;¢r €3.1GH6 053.1614 130,618 £42,206

Chock Lino Chogiz Line.
03.1870 03,1334 173,013 A2,

7,00 e,uA o
» ~ - - L8

3 e 7% LIS 05,40 05,4010
Tors~~4 lLine.

10,00 1112441.2,45 1,1200 Ge2.B8LC 9240711 uum of F.L.+11,0.4r

® Seoi. 201001
12,03 121,14 15.22 1.41. n cl.8425 oI 8anr Lif?i?cnoo + [ .70C4
7-,;"» ,‘.".r‘ ”—.l ’( ’ Al !“?.":?(: "‘:.' r o "‘,r_o
Z.74 $.8% &.:1 .4?-: OALCEd sl oo Clrecir liine.

S ol e LD, B I - Mo o)

DR

- NEIATN v R T w [ ] Ry .
11.e3 10,00 13,01 1,000 o eoeg 08,000t w.Ce €.14.7
PITOCTAIC - N
DITJAR 03480 P4,00 LT3 NL,ui0 QLlRull :
1 o} AN
CRLID DGR SO, U0 DLV BLLEG4E L0 B + oW
- gt

L0020 L gtere
3.45 4,70 .08 IS T S PRI 41: T S TR A

3.48 442 RO (¢ 1\) £0.000Y £, B3¢0
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