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THESIS.

HYDROGRAPHIC SURVTY 7 PINT TART.
SURVEYED AVD APPED, CPRING TTRU, 1907,

. ¥ Lousee !

P.Ce Schroyo re



HYDROGRAPHIC SURVEY OF PINE LAKZ,

The purpose of thie Thesis was to secure a comploete
hydrographic cortour map of Pine Lake. This is a moandered

lake situated in sectione 2,3,10, 1=d 11, of township of
Hor idian, county of Ingham, Btato of Michigan.

During the spring term of 1907, G.H. Ellis a~d Gare.
Verran, senior studonts of Michi-an S8tate Collego, made as
their Thesis, a topographical survay anl nap of the land
surrounding the lake.

It was our intention to use the trianculation system
of the above survey as a haso for the hydrographic survey.
With this in dnd we examirned carcfully ths ontiro Thosis
of Ellis a~d Verran, mukins a cony of such notos as we
thought necossary to locate tho points of their triansula-
tion syntome

To systonatizc the arra-germont of the subjoct matter
of this Thosis wo use the rollorin~ crdors

I. Mothod used in triar~ulatio- cif 1nko,.

(a) Reconraissance, ard location of base-line and tré

aﬂgulation points.

(o) Heasurement of base-linag.

(¢) Roading angles of triangles.
I1. Hydrographic Datae

(a) Crow andi couipmont.

(b) Mothods of sou-ding and of tying 4n souniinzs,

(c) Datum Plare. 103474
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(d) Inlets and outlets.
(e) Character of shore linc.
(£) Charactor of lake bottome.

III. Tying in triangulation system to gowermmont survoy.
(a) Plotting trianrulation points ~-d shore lino.
(b) Reduction cf notos.

(c) Bymbols usode

(d) Drawing contours.

(a) Arsa of lake.
Conclusions

I. Triangulation.

II. Obtaining hydrographic data.

IITe Possibilities in dmprovomant of lake,

I, Method uced ih trianculation cf laka.

(a) Reccnraiegsance, a-.d location of baso-linc and tri-
angulation pointse.

With Fllis ~d Vorrants - otos s a ~ruide wo made a
roconralessance attexrpting to find the pcints ¢f their base-
line, and other points near tho lake which we1ld servo as
stations from which 40 lay out 1linos across tholake. The
bass-1l4ne was onsily foumd and 7ill hs taken up upder the
hoad of "Moasuromont of baso-line®. But becruse of the #o$
that some of tho poiats had not beon marked or raferonced
in any way, and tho markings of othors had bosn destroyed,
we Bucceeded 1n ri-i1iny but fov ¢f thos points, A1 these
woro wmfortunatoly tor tho most part not suita.le for our
use. We therefors eatablished ~ew points which we consider-

ed better adaptod to our purpose, using only points Nos. 1,
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2,309,531, gqnd 18 of the old triangulation. Where the new
points wero located noar tho oll ones we give thax the

camo numo 'ring, excort lcse. 16 a~d 44, which aro discussed
in -otes on survey urdor dates of April 4th a~d 12th. Where
»o could {ind tho old points we tiod tho nev7 cras in to them,
togothor «ith other witness rarkse For pointc ontirsly Aiff-
oront from tho old, ws continued thi ~umbering as usod by
Fllis and Verran, making ow first poirt o, 44. In our
main trianzulatic: we used fourteon statiors nunhored as
Tollows; enstoerly arount l.ks from vogo-line:1,2,3,4,6,18,
14,16,18,31,29,2:',37, and 27+ Those wero raarked with gas-
Pipo a1l witnessoed as rocordod in tho notese In locating
theso reints t7o 120 ~ero usad, ong rith a transit at Nel3,
a prominent pci-t -~-ar tho rinl1-2111 on Hickory Tsland,
while the ¢ther with £i1sl1 ~lasses wint around to tho diff-
crot stations 11 sot wp stwndlinds with cross-arms at pointe
which could Lo saen by thy rah at lice 3, axldl from which could
bo soan as rmany 18 posnible cr tiio cthor <rianmilation pointa

{ was asubsoucmtly “ound nocsscrry to Turthar mark these
standards with rsd razs to m1ks thom roalily diotigguishaole
acrocs the lakae

(v) lhasuroro .t 0% base-1in-,

This was nmeasuroed betwoon stations 1 and 2, as located
Ly Tllis a~.l Verran on a straight-away Lotwaon tho double
tracks c¢® the Grand Trutk R,R, in tho villa-e of Haslett,
anl given by thom as 2100 foot. By our nwacumaent it 1s
210061 feet« Thoe exact location with rojarl to the povern-
ment survey will be given u-~der that headin-,

(o) Roading anglses of triancles.
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The forn of notos for this work was takon from Ellis

and Verran's note hHook a~1 is aas follows:

Transit Shot at Arigla, Bearing Ramarks.
at Bta. Bt )
6 27 212"~ 550 8 75°-30' ¥

Tha mothod of procedurs is as follown: the transit
is oot up at ~ach station in tum and seot at zero o~ one §
of the cther stations, nl ths ~usles to all othor stations
in sight are tumol oif successively. Comnloting the revo-
lution brings thae eioshton tha Jirst point, a.d the vorniex
again on zoro, (if tho lowor nlatoe ramains st :vionary) thus
in a moasure checking tho oporation.

II. Hydrozranhic Dotae

(a) Orew and BEquipmo-:te.

Thn “unbher of non in the crow ~mo variod. Wher four
mnon woro availazle ter scunling, tto woro uscl at instru-
uom$s, ona nan revod tha boat arnd kapt sounlins nétos, and
theo feurth drcpred 4he “ovd.  For shore linn throo morn wexe
rojuired, twe boins transitnoe 11 one a roimane

Total equinmart used in obtainin hydrographic data was

ag follows:

Tvo trancits and aééossorioa. Targots a~d flags.
One flat-bottomel boat. 09 lead 23 lino.
Thrco trasit rnote bocks, Pair field ~lnases.
One sio2l sapo a~d pins. Flag-pola.

One sextant Level-rod.

Pair of hip bootse. A9

The transits, sextant, tapo, pins, levol-rod, nnd flag-pde
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wero obtained from the College equipmznts Tha boat was hir-
od from Wiljiam MoGivern. Th? transit mote books acoompany
thies Thesiss The boots woare nacessary in socurirng chore line
datas Tho rield slasses wero indispens~blo to tho boatman
in obsarving the signals of tho trancit riens The sounding
lire 18 a sixty tive root length ¢t cormonfthroc ¢ trand hemp
ropse. In rroparirg therens, it was firct socked in waton,
stretched botwoen two poats a-1 let dry, then runbed with a
rag scaked with linsoed oil. Who= t“0 0il was dry, the rope
was nmarked crf in one foct ivioiorse Evory ritth oot was
marked wffhfa leathor tag a~d intermodliate points with coxd
tied throuth tho strands. Tho tcn foot loathor tags wero mark-
ed with notohes, ons tor ton foot, two ror twanty, etce

The lead was moulded in tho shane of a cono (eizht inches
hizh and two and one halt inch haso) aroud an iron bolt which
had a locp at tha apex of the cono Icr attachin~ tho rope. A
conical hoklow in thabottom ot tha lead, ir wnich tallow was
placed, racilitatei gottin~ sarplmw of tho 1ako bettome %he
oottom of the load -was made tho zsro of tha 1li-o.

Tho signal rlanms usoed by tho tranoit nen wero about 18®
by 34", ot white maslin, with a 5 by 5 inch rei square of
bunting soved in the ade-tor. Thosoe rlags verc very catisfeo-
tory whenr placed on a 5 foot stick.

(b) Mothcds of seunddins and tying in sountings.

A not work of linos of sounlings wans chesen that would
give as accuratns a rar of thsa lnke bottom 13 ¢ aculd expeot
to get in the éimo at our Adispocsnl, not rorgoiti-~ that the
werk mistht be contiruod in succeeding yoars,

Tho first mothod used for tying in soundings was by the
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intorsection or two sides of a grlangle, tvo Whles of which
wore moacur~d simultaneously by tramsits on shoree A line
leteminod by t knowqbointn on o-nhomito sides of the lake
wag seloectot on which to taks ~ounli-zy, 2ndt a gransit set
on cn13 of th? points to line-in thiboat. Another transit
wad placed at such a trianrlation pcint that tho rocultig
Sx24pk20 botveen tho beat .1 tho two trneits whs as noarly
ejullateral as vracticrbles Tha lira botwen tho two transits
w7as usedl as 2 bagso-line, trom vthich each transit rurn turmed
off the anglas to tha toat,

"The oporation tor tnki~~ souniin~7s wags as follcws:
The beatma~ having procnoded a distance in hic Juizsment, ogmal
to tho desired so nding interval, anl tho leais:nn's hand
(holdin’the 1load at the side cf tha boat) beins in 1li-o0 ac
directed by thir transitnin, tho lexal ig drorpsed. Simultan-
eously with the droppgng of the load a tlag ie aved by tho
leadsman, at wnich signal beth instruncnt mon sisht on the
leadsn\.'s hande Thoe lovwar limbo of the trancits having been
clamyol or. the base-line of tho trianzle when the leadsman's
signal 1s soen the upper limhs arealamped and tha argle read
and roccrdod. Thoe boatmin koops tha soundins notes (depths
and bottom as calledl out by tha leadsman), and each transit
man his rocori ot ansles., Tha throo noto bcoks ro made to
correspcndt for evory soundinzg,

r'otes in Transit Book <, 1

Lirne |loe cf Angle, Romarksa,
- Soundirg l
(4 28 -14) 3 8" - at Base-line
48 - 028
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Notes in Transit Book 0. Je

Line Yo, of
Sounding Arzle | Romarks.
(28 -14) |

2 | 59°—46' I Baro -lino
48 - 38

Notes in Transit Book Ho. 2

Line iioe of Soundirng
Soundi~g Axxin Romarthse
(38 ~14) I | 4,6 | Sand

We found that -—vith soma caro,tha tra-cit non ranging
in the boatmin co1d got the leadsman on tho line, nd thus
uxkoe the ancle at his i-strumert comstant. This reduced
tho labor of plcttin~ +hé soundirgs by ono half,

Anothor method ucold to tie in socuniings when caly two
or throec 1non were aviilabls was to range in a buoy abcut
300 feet fron tho trianzulation point ard roquire the Loat-
man to range himsolt in 1ine with tho buoy anl 2 Ilag 66t an
the shore points; a trarsit boing usetl at ancther triangula-
tion point to read the 1nzlas dewmminiag tho sucoesdvé posi-
tions of the voat, as in tho r1rat mothod. Only two note
books-aro roquired with this mothed and wo thirk it practically
as accurat2 a3 tho tirat,

Wo securad much ga-oral 1-formatioh, but not accurate dasta,
on depths or water by using twve mon i~ a boat taking soundings
on 1l4nos not covered by tho ncrohecurate metheds. This data
was invaluable Bor plotiiny contcurs.

Thocharacter of the lakn beottom was Zound by observing
the material brousht ur o the mde. Thic data wasplaced
in themto' book u-~der "Remarks®,
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The nain difficu’ty wo oncountorod was ir. gotting the
nots books to ccrrocponis Wo finally used a rod tlag as a
boa# signl ot oevery {ifth ccoundig 1 d a whita {lag for
interm~dinte scunti-1se This nothod wierk:! ~0ll,e

(o) Datum Plana,

The rater surface ms takaon as tho :latum rlar e all de=-
pths boi~z ~egative olevations. Cha zos in %Sadolevation of
the wator surface woriebsorved Ly stages marlsh on a snmall
pilo in the laks owtlat. Tho stagaa were rocordad in the

not -~ bocka ith thn “ate 1 wors o Zelliorse

April 1,08, Tator surlfico «C te Loloer DGl
May 17, " " Gl " " L)
Kay 23, n " $O17% " "
May 27, " " 91 " " "

Avoruane dista-.ce of watar surface bolow B.ife oS00 It Max-
imam ccrraction becausoe c¢f cha ze or ‘tatum, to be appliod®
soundings as roceried, i3 +000 ft. Ve corsidared that to
apply this correctio. would be ineonsist.nt —ith tho accuracy
of taking souridi-g3 30 nou ccrrastions fer change of datum wore
made.

Tho B.''s in tha cutlot w3 com: ared by 2 Rine of levols
to a previously e3t~blishal B.'l, ¢~ the top of tha »ilo
sup:-orting tho S,E, cornor of tha Casino. Tho casino B.l.
boing the histher by £.1435 ft.

Vorran ahd Fllis gavo tha alevatic:. of the Cacio B.M.
as 100,28 co» April 37,1907,

Wo found tha elovatlo s ¢f thawater surt~co for the foll-
aring Jates to ba:

April 4,06,101.55 Averagzo for sprinm €8,101.303
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Yay 22,08, 101,22 April 27,07, 100.28
May 27,00 , 101.14 Diffarence in elevation 933

This incroaso 11 the ~levations tor the ver is probably
Iuns to 1 dam acrcas tho cutlet nado after tho Dllis and Verran
survaoy. Wo chtainosld horossay ovidence thattho water would drop
ore 2=l a hilr teet during the surmor. )

™y Casdnoe B.le at tino of survoy was 1el fi. above
water lavel, Tha ;propar correction for Jdopths ol wator as
roc rled on tho wmap is thoe Aiffarsnce botwson tho above
valuo for B.lfe n:d 2 valygs for B.if, ao roasursd at the time

to be corractaed fcr.

(1) Inlets and Outletc.

Ths inlots to thalake ars -umercus therc boeins coven
nore or 1ess clearly dori-ed channols loading into it fram
“he surroundi?g marshose Thesoe inlets and marshy places
ars scparatad from ono ar~other by high krolls or stretches
of hich grourd,

Tha only ~atural outlet knerm is a woll! defined channel
throush ac¢fs earth botven hish hills o~ thoe north west cide
of tha ako. This has quite a substantial dm acroos it
which raises tha !aval or tho lako apout te- irches. Tho
ospillway in tho lam 15 about thireo fost wide a1 six inches
doop. Tho wings aro somowhat lower tha- the madn part of
thi2 lam, which allows the water to run around tho sides dus
ing high water, or ~hen tho spillway is closéd.

The Grwnd Trunk R.R, takos wator from the lake ammcunt-
i-g to from 1,300,000 gnallons por mo:th in the swmer, to

35075,000 gallons lurins tha winter months. This would not
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be noticable in th2 lovel ol the lake au the wator tko: dat
per mo th in swueior would lowor it only 4008 fcot if thowo
wera no water {lowing ir,

(1) Gharactsr £ shere 1179,

Tha grrator part of tho choro is aclid wnl of 2 sBundy
or gravoly -atura, ut on tlec nurith west side nrcund the
outlet thorc is {uite an oxtert ¢f narsh and ths ccil is
bengy, the muck deor a-d extonling cut iato the lake. Around
0'Garn By Just rnorth of Hickery Islwl, -1 ¢n ths south
and »rest sides of South Bay ko chers iv of a liko caturs.
The »iles which support tho dock at tho south ond ¢f tho lake
wereo drivon by hand thirty faet into tho rmd. Alo:~ tho north
eant shoero thoush it i3 parshy, theo soil is soli ol ~andye

(e) Character of bottom ¢f 1-ks.

The soil on tha bottom is varisle Tho ridgas are sand,
the sideg slopes clay 2~ tha hollows £illel —with Llack silt
with eithor clay, cand, or rarl producol Ly weeds, and in
othor places esnecially aroul th- rarshes tho mud is Jdseop
anai rzucky.

Nearly tho whols betton Loars mora or less woodss The
sandy opots re grom: rith rushes, the nmarl «with the weede
which proluece it, and tis rucky portions 7ith snatter-lock -
anl other wools.

IIT, Tying in triangulatio: srstem to goverwment survay,

Intorsection of baso-line 211 saction 1lino vetroon
10 a~d 11, 1e 371.,1 fast from tha + soction cerner botwoen

soctiors 10 and 1l. Tho bage-=line lios "4Be 1~d B.T. and
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makes anmgle of 62°~16' with tho sectior line. Tho inter-
soction in 870.4 feat along the base-liro from tria.gulation
staticn o, 1.

Iv. Ii‘a‘: Pini;o

(a) Plotting sriar-ulatic- poirts, chers lino, o.i loca-

tion ¢ souwdincs,

Wa docide. that with 2 protractor reading t6 minutos we
could plet the triarzulation as ccourately as by Jatitullos
anl deparrtvroe 2 -d with groater facilitye

A Feulfel & Toser protractor ravig a cowileto 8 i-ch
circls, a 6} irch arm,  hers contar, it 2 vornior reading
to r1-utes w7as uned to plot all trin-zulation soi-ts, shore
lina, A seundi-ice

Two tria~zleos ~hich wer: vsmar cjuilateral as possible
U hiech chocknd rithin o3 mi-uito of are, wers usel to lo=-
cate each trin:sulatidon peinte Tho two lo:ations ere made
0: the papoar 21 chockodse Tho shore 1lino was plottod by lay-
17 olf an 2:glo from oach ord of a bnaa line bLotwesn two
trian~ulation 1.¢into,. Tlic irtersoection of Lhe sidoes of the
triagle in this roknt on chore,

Tha ooundings ~ere plottol by draving 4o 1ino on which
tho soundldnza were tnken a-i intcersectiry it with 1lines
1244 ¢If v1th a protractor from the vaseo liie boetwoen theo
transit pointo.

(b) Raduction of notoes.

Althoush mmuch cars wian exorciocd in »reoparirns tho cound
1:g lirno, we found ftar 23cmo uss that it hal shrunk. It
was reasured at (i Tfoont times and corroction factors dotor-

ninod for “has soundings ~s rocrded.s Tha difforoc:ce 1~ the
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depth at s place vocoriod as 36 feat, 1n computed by the use
of the oxtremo [iCiurs wag 32 foote Thic was so emall that
tho avoraco ¢f tlLo corroctio- factors -rar used on all record-
od sow il .

(¢) Swnruols ustla

The cerrocial doptha in o2t wore nlaced diractly over
the gorrospealing point ca dhe gp.  Only such ~oundings whose
location i3 accuratoly detarmi od Lei-3 thus dosigiated.

A A vas used to donoto a priﬁlry tria qulatio: pcint and a
cleclo thus, O , wa3 veel to Jo-ote = scecondary ‘riangula-
tlon pzinte ©Pho swoiid shors li:o ws put in rith a heavy
cottiruous li.o ard at such :luces ag woro vrshy tho edged
cloar wator was chor. by o dettad 11 0.

(d) Drawi « cc tours.

Tra sourdl-gs which wero approximuboly locatel wore of
ruch as-istance 4n draminz cotourse. But ag ve did not wish
thecw tc oz ear upon the criyi al iy, o $ricing (npo2r was
uced tc record all true doptha it taedr rropor csitions,

2 the coriours drawn on tho samo pavore A contour interval

o

G

1

5 feul w2 chosa, nol tho :rroper irterrelzticor made from
thn corroctald sowll g to lec b2 the co-tcurses The firal
traed-g of thn lecated wowridng: and %ic contourn, was made
Srers Bz tracing paper nd the tracins of tho triangulatier,
chowra Xirs, 3i4lo, etce 1ndo from tho ordigl-0l ape Zoro
co:tour is chowm by ful? cvhore lino; dotied shoro line mean-
1rg an aveorape of ¢ o Toot of woter lorm 4hia morshese

(e) Arca cf 1:Yo.




The plotted shore 1i-o was traced with a= integr:tor, and
the total area found to bo 447,38 ncrose The area in the
respoctlve sactions bhoinz as followes

Baction 3, D232.65 acres.

" Sy 1l37.93 @
& 20, 176 *
" 11, 84453 "

447,67 Aores

The differanco 18 «29 acros or 1~ errcr cf o0 in fiftoe:n
m- drode
Co~clusions.

I. Triarpgulatior.

Marny anmles taken 1~ our ficld =work of triansulation
wero supdrfluous, as alsc was tho bearinz of each linee. A
ruch bottor rethed than that vsed,would be to choose good
triangles and read their arnles only,~ 1 by ropetition. The

follewirg foeum 07 mote:s could bo usals

TLi- Arzle | Anglo. Three Avorage
arrle rcad tives 4 valua Remarks,.
1-2-8 | 2-1-3 [30°-42¢ 6:° 5! 20°-421 - 40®

" 23l

" =]

Tha fiest twe cclums shonld e £illed oub b -fors rolng into
the fislle This vas “he mathol vsed in chacki:is un some of

the n-.2las of thy griv gulitio. ~lthoush this foxm of notes

ag ~ot put %o the nouio bLeok,

IT. Ovtadrdn~ hrlrographic data.

In taking sounlings ws foud that by having tho boat
man wave a red flag at evory fifth soungding and a white flag
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£0r intermodiate soungi:ge it avoilod confusion of tho transit
m:1 as t0 tho propar ~unbsr of any sounding.

Yo Tound 4lso that tho use of a bvoy as doscrdbed under
*Hydrographic Data® reduced tho numbor of ths crow, transits
a~d ~ote books by 00 2nd gave as corsistant a4 practical
rysults as the weo of a trn-sit on tho line.

Whon usinz thse bHuoy mothod carse chould bo takes to so
place the or0 trangit as to facilitate the changinz of the
buoy froh one 1line to another.

Data Lor a more complote map cculd have voen obtained
by reasori g the marshes a:d swunps surrowiiing the lake,
on the actual chcro 1lire, or goro contour.

Th3 loces ¢f water throuzh ths outlot coculd bte :dotermined
by constructing a wior and measuring tho fluve The siZe and
shape of {thec outlat strcam iz such that a wier could ecasily
be co:structed.

Tho lous of wator Uy ovaporatio:n could be roushly com—
putod and the threa lcsgos, Lty ovaporatica, outilow, a:d
Gr:-.d Trurk pumps, would colstitute the total lose of water
from the lako,

IiI. Pousibilities i~ irr-rcvemo t of laka.

Tha sihere 110 has veon much improvoed in sons places by
seropirng bac)k the warsh, thue raicing tho banks and nnking
Jeepar watsr ¢lousg tc shorse Huch mers cc.lld be 50 improved,
It is {houzht that the work cculd w2 facilitatod by lovaring
tLho 1iko lovol tomperacily o 1 uedsy tcwus o0 acrolers on fhe
1l thus left dry. 'The pseticablility of loweri:g the lake
chsaply ccall be detzrminel) by runring a 1370 c¢f levols down

the outlot a shert dlet:nce.
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Tho zhero ino in Vest Bay, G'Gara Bay (horth of
Hickery Inlad) nil gouth Bay conll be 1ittls imrroved vithe
out zrasal sxponse, a8 the bottcw is nucky o .1 tho rnursh aroa
auite larcg e

The foportant veiacsuiatio: poinis wro markol by wréught
iro: nipe 2 i.chow belov thy surfacoe .. <ell wit os:ed as
rocorGol ia ths ot2 books, nad Belite. ostnirlished so that
data for tao snove accurato globtiny of ths couteurs cat be

coutaineld at ary timo.



SUPPLEMENTARY
MATERIAL




NMICHIGAN STATE UNIV. LIBRARIES
LRI AT
31293101814824



