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.An investigation was undertaken of the factors involved

in d.etermining the wind set-up and. the amount of the resülting

flow of water through the Lake Manitoba Narrolrs.

The study was carríed out using DeparÙment of Transport

weather records at severaL stations in the vicinity of the 1ake,

HÍghway Department and. trlater Resource automatic water level

rocords, and. measured current data ab ühe Narrohls. The neconds

an¿ measurements Ìrere for the period Septemben and. OctoberrJ-966,

On the basis of the empírical relationships and theoretj-ca1

analysis of the phenomena, a method. of pred.icting the rise in

water. level ar¡d. amount of flow through the Narnolrs, for different

wj.nd. velocities is pnoposed..

Sn{OPSIS



lllhe authon wishes to acknowledge the actÍve

participation and financÍal support of the Manitoba

Highways Departmenürwithout tn¡hich the proJect could

not have been camied. out.

The work d.one on wind. records by the Meteor'-

olgical Branch of The Department of lnanspont, is also

gratefully ach:owledged.

Tbe author desires to express his sincere

gratitude to Professors E. KuÍper and R. Newbu:ry fon

their valuablo suggestions a¡xd. ad.vj-co.

A fellowship, received from the Canadia¡¡ Good

Roads Association, t¡hÍch was sponsorod by Allied Chemical

Canad.a, Lt'd.., l.ras sincerely appreciated., and helped. to

make this study possible

ACKNOIÙLEDGE},ÎENTS



CHAPTER

GENERAL

DESCRIPTTON OF LAKE MÄNITOBA

.TIIATER LEVELS

LÆCE MANTTOBA }IARROVüS

PURPOSE OF STUDY

PRE\rJOUS TNVESTTGATORS

TT THEORETÏCAL IüTND SET-UP AIIAIYSIS

GENERAL

CLASS]F]CAITON OF hITND TTDES

IüTND TTDE THEORY

AP?LTCATTONS OF THE THEORY

ITI FTELD TNVESTTGATÏON

GENERAL

!üTND RECORDS

CIIRRU{T MEASI]RHqENTS

IôJATER LE\ET., GAGES

CROSS SECTTONS

, 
HORTZONTAT, CONTROL

TV DTSCUSSTON OF REST]LTS

GENERAL

hITND

Ft01^I TIIROUGH TäE NARROIüS

IüATER LEVEL GAGES

TNTRODUCTÏON

TABLE OF CONTÐ\TTS

PAGE

I
L

3

l+

l+

5

B

B

9

10

13

14

lll
1l+

$
t5

t7

L7

1B

LB

1B

L9

20



I/üIND SET-UP

( a) NARRohIS BLoCKED

MODÏFIED ZUTDER ZEE

COUPARISON ÌIIITH MODIFIEÐ

ZUTDER ZEE

(b) EXTSTTNG COND]TTONS

OTITFLOIü THROUGH NARROIüS

BACKI/IIATffi CALCULATIONS

V. CONCLUSTONS AND F'UITURE STÏJDÏES

FIITURE STUDTES

BTBLT OGRAPHY

APPEND]X A

SUMMARY OF IüTND SET-UP EQUATIONS

APPSNDTX B

ÏTATER TEVEL GAGE ELEVATÏONS

APPB{DIX C

STORAGE AITD 0UTFL01'ü CALCULATIONS

2l
2L

23

A+

25

26

27

32

32

3h

'95

103

L32



GNAPIT

1

2

3

h
5
6

7

B

9

L0

11
t2
13

1l+

15

16

L7

LB

hIATER LE\EL GAUGES vs
do

LÏST OF GRAPHS

IÙTND \ELOCTTTES

do

do

d.o

d.o

do

do
do

do

do

do

DATE
oe ü.-J96'6

l+

5
6

tg
20

2L

22
23

?)+ 
o

25

26

27

28

29

30

31

PAGE

9

Lo

11

L2
13

1lT

1g

2L

22

2ì+

25

26
2A

30

3t

do

do

do

do

do

d.o

LÆ(E PNOFILE

d.o

do

d.o

d.o

do

do

do

hq

hl
r+2

l+3

lr4
t+5

I+6

I+l

4B

4q

5o

5t
52
53

5Lr

55

56

57

do

do

d.o

do

do

3r4
\,5,6
9'10

11, L2

13,1l+
tg
2L

22
?-?)+

25

26

29

3o' 31

5B

5e
60

61

62

63

6l+

65

66

67

6B

69

70



32

33
3l+

35
36
37

3B

39
l+o

l+1

42
h3

SET-UP, STORAGE, OUTFLOW, ITTIND

do

do

do

do

do

do

do

do

do

do

do

lrJ+

l+5

46

4t
4B
l+g

5o

\IELOCTTY vs TTME 3,4
4,5,6

, 9rI0
11,12
13,18,

I9
2Lr22

4'25
25

26

29,30

30' 31

MEASURED oUTFLoVü1

I,IEASIIRED OUTFLOI'I2

oUTFLOW1 vs A El
0UTFIO% vs A He

STORAGE vs A Ht
STORAGE vs AHe
WIND SET-UP Vs hIÏND VELOCITY

North lrlind., Narrows Blocked.
I'ITND SET-UP vS hITND VELOCITY

South hlind, Naruows Blocked
hIïND SET-UP vs IfIND VELOCTTY

North Wind, Existing Condition
UTÏND SET-UP vS T{TND VELOCTTY

,Eöuth Ttind, Existing Condition
OUTFLO}.T TITROUGH NARROIüS vS I{IND

North Wind.

OUIFLOI^I THROUGH NARROIíS vs WIND

South ÌtÍnd

5t

vs Á.ht
vs Abe

52

7t
72

73

7l+

75

76

77

7B

79

Bo

B1

B2

53

5t+

55

B3

B4

B5

B6

B7

BB

89

VELOCITY

VELOCTTY

90

91

92

93

9l+



r4.BLE

]. IÙTND SET-UP FOR VARTOT}S RETURN PERTODS

L]ST OF TABLES

SAGE

ad



PLATE

t,

2

3

I+

5

6

7

B

TTST OF PIATES

Ilydro Causeway

tüind Anenomoter

Measurj-ng Current at Hydrt-o Causeway

Stevens A-35 Automatic lJater Level Record.er

hrator Level Recorder in Positi.on

VÍew of l{ater Level Recorder in Lake

Survey Crews Cross-sectioning Through the Ice

Snow Vehiclo Us'ed. by Survey Crews

PAGE

36

36

37

37

3B

3B

39

39



FIggEE

1

2

3

l+

5

7

B

¡'

SÏTE PLAN

LÆ(E MANITOBA

I'IIND SET-UP

WIND SET-UP ANALYSTS

STÏLLING TELL

BACKTTIATER CIIR\rE CAUSEÐ BY CHANNEL RESTRICTION

CHAAACTE¡ITSTÏC }JATER SURFACE PROFILE

LIST OF T'TGURES

PAGE

e

7

B

IL

L6

29

97



LTST OF S]T¡{BOLS

A - the angle botween the wind d.irection and tidal axis (A -0

fon the Lake Manitoba studY).

F - the fetch in nli,tbg the disüa¡rce from the wíndward still-
water shore line to the point the set;up was measurod.

H - ü¡ave height in feet.

MWL - the mean water level.
N - the planform factor which takes the converging or divenging

planforut of the body of water Ínto consÍderation.

S - the d.ifference in wind.ward and leeward waten-surface

eLevations in feet, when the bottom aü the windwa¡rd. end

is nob exposed..

St the elevati.on of the M!üL at the l-eewand. shore above the

honizontal bottom when the botüom at the windward. end is

ox¡posed..

s1 set-up (diffenence in windwand and leewand waten surface

eLevations) due üo the skin frictíon between wind and

traten sunfaceo

set-up ( differonce in r¡indward. and. leeward. water surface

el-evations) due üo the form resistance of the üraves.

the wind velocity j-n ftlsec,
the frfonmula chanacteni-stic velocityrr in îþ/sec. It is
about L.3 times the wind. velociüy necessary to start l¡aves

and was inüroduced by Keulegan.-L /

the still-water Level

still-water depth in feet

the acceleration of gravlty (32.I7 ft/se"z).

sâ-

u-
uo-

slüL

d-
ø-ct



h - the w:ind set-up above S!ùL in ft. (the botüom at the

¡¡j-ndward. shore not exposed.).

hl ühe r^rind set-up above Shll,in ft. (the bottom at the

r,uindward shore ís exposed).

u - ütind. veLocity component in x-direction.
ul - velocity at the boundany Ín Boussinesqtg equation.

u" the velocity aü the waten surface.

v - wind. velocity component in y-direction.
r¡ - wind velocity component in z-d.irection.

x - distanco along x-âxis.

y - distance along l-âxis.
z - distance along z-a.xis.

%, distance fnom the boütom to MlìlL.

{*- unit weight of waten

^ 
- a coefficient depending upon the turbulence in flow.

f - coefficient of dynamÍc viscosÍty.

( - densS.ty;of ühe fJ-uj.d.

f6 shear stness on the bottom.

{t shean stness on the waüer surface .
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This study ¡{as carried. out to determine wÍnd tide effects
on Lake Manitoba, to be more specific, windtid.e effects at

Iake Manitoba Narrows.

DESCRÏPTÏON OF LAKE MANITOBA

Ï.. TNTRODUCTTON

Lake Manitoba is a vast shallow lake and is one of the

remnants of glacial Lake Agassiz, which at one time cover"ed

practical-Iy aÌl of the Province of },IanÍtoba. (Eigune 1)

the Lake is approximately 110 miles long and. is effectively
divided into üwo drainage basins by trThe Narrowsrr. The North

basin is approximatoly forty-seven miles long and the south,

sixty-three miles long. The width of the lake varies fnom

about one-half mÍle wide at the Nanrows to about twenty-eighü

miles wid.e at its widest point. The lake is relatively shallow,

being an average of fifteen feet d.eep Ín the North Basin and

eiglrteen feet deep in ühe South.

The Nanror+s itself is approximately twenty milos long

and vanies f¡rom one-half mile to approxímately five mlles

¡¡ide.,

Lake Manitoba, wiüh a sunface area of 1817 sg. miles is
the t¡¡elfth largest lake in Nonth America a¡rd the twenty-fÍfth
Largest fresh waten lake in the world., in terms of surface area.

For comparison, it should. be noted. that Lake Supenior Ís the

largest fresh water lake in the world., with a surface area of

31'820 se. mlles .J/
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Lake lr{anitoba neceives the waters fnom Lake lrrinnÍpegosis
and a few minon üributaries, and. has a total draÍ.nage area of
311000 s9. miles. T}le ouüflow river from Lake Manitoba to Lake

winnipeg is called tl¡e Fairford. River, which has a mean flow
of about 2'OOO cfs. -L/

The land adjacent ùo Lake Manitoba j.s very flat, and. to
the west and east, is und.erlain by lj¡nestono and. has a nelatively
thín coverage of glaciaLtill. Although the Large part of this
area is covered by fonest ar¡d swamp, the groaten part is now

being used for grazing and mixed. fanming, supporting a nathen

sparse population of only a fow persons per square mÍle.
The area south of Lake blÍnnipeg is covered with nich

Lacustrine and arluvi-aI d.epositions ar¡d. is beÍng used. exten-
sívely for grain fanming.

The lake area compníses cosmopolitan'settlements of many

eühnlc groupso Mosü of the population is now engaged in farming,
fishing or suppontÍng tnad.os.

IArffi rnwg
lllre fluctuations of Levels on Lake Man-itoba consists of

ühnee t¡rpes. The first Ís a long term fluctuation caused. by

aLtennate wet and dry periods exüend.ing oven several years time.
The second t¡le is seasonal, caused. by spring ntrnoff from the
tnibutany süneams, followed. by the low runoff durÍng su¡nmen a¡d
tøinter. These first two ty¡ges of fluctuations are noÌ{ òontrolled.
betl¡een elev. 81L.5-813.5 by niver contnol r.ronks on ühe Fairford
River, (conpleted 1963). The ühird. type of fructuation is
caused by wind seüup. This type may atüain a helght of several
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feot a¡rd. extend. over five to ten d.ays. The highest record.ed.

wind seü-up on Lake Manitoba (at Delta) !üas 3.1+ feet above

mean lake leve1.

Before control of the Lake Levelrd.uning periods of
extremely high l-ake lovels, thousands of acres of agricultural
lands were fLooded., sometÍmes fon yearsr at a time. The high

]-a]te .level-s Ì¡ere aggnavated fur"ther fon shont peniods by wind

set-ups. EstÍmated flooded areas and agnicultunal losses

LgSt+-_56 rrere LSS.OOO acres - S116001000. Z /
LAI(E MANITOBA NARROIìIS

In L963, the Manitoba Hydro built a rock causeway pantially
across ühe Narrows, ad,J.acent to the existing Ferry cnossing.

The causehray was built ouü f:rom both the west and. easü shones,

leaving a central 1600 ft. J.ong opening, and is used. to support

Hydro towers fon the Gnand. Rapids Hydro Developmont.

The Híghways Department plans to neplace the ferry wÍth

a noadway, at the ferry location. This roadway could. consÍst of
a 1600 ft. long bridge, thus equalling the existing watenway

opening or it could consÍst of a nock fiLl completely blocking

the Narrows, or it could. be a parüia1 nock fill i.n combination

wÍth a bridge. The highway u¡ould be located. between gauges

2 ead 7, see figurei-2.

PTIRPOSE OF STUDY

ftre purpose of the investigation was to d.etermine a

r¿lnd set-up equation for each end of the Narrows and an equation

for water fJ-ow through tTre Nanrolrs, as a result of the set-up.

Itris information is need.ed. fo¡r backwater calculations through

the Narnows to ascentain the local effects nesulting from
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ftrrther reducing the waterway area at the proposed bni.dge site.
The f\¡nda¡rental pnoblem d.ears with the wind. set-up on

two bod'ies of r¡ater ( the north and south basÍns ), co4nected by
.-essentually -ar,r open ch.an¡r.el ( the Narnows ) .

Set-up oceurs ín one basin, while simulta¡¡eously set-¿own
.occuls at the adjacent end. of the next basin and. at the sarne

tj¡ner both basins a.ne altered. by the resulting water flow from
one basin into the other, through the Narro.hrs.

The accì'rmulation of field. d.ata was analyzod to determíne
the main govenning factors in the phenomena. Tncid,ental
information had to be neglecùed,, 01â elimínated,, ín ord.er to
arrive at basic conclusÍonso 0n3.y centaj.n r^raten l_evel gauges

were used in the analysis in ord.er to simplify the stud.y. These
gauges were nr¡¡rbers rr3r4r8, & Lo, see fÍgune z.Other gauges

l¡ere affected. by small bays and. inlets.
PREVT OUS TNVESTI GATORS-

trùind set-up effects have been noted for some time. Ar¡

Ínteresting historical note of set-up on Lake Geneva Ís poÍ.nüed.

out by Picot ) /. [Ihe event occurred. in f4g5 and. is ¿escnibe¿
Ln the following word.s:

'Le 9 janvíen, d.isent-ils, it y eut un vent ter que Ie
Rhone nemonta dans re lac jusqura un quant d.e lieue au-

d'essus de Geneve, et iI semgloit etre une montagne dreau,
ce qui dura llespace d.tune heure que lreau ne put d.escend:re.

(on Jarruary 9th., 11195, such a stnong wind bler^¡ that the Rhone

withdrew into the rake as fan as. a quarter of a league above

Geneva, and. the:re seemed to be a mountain of water for a

¡¡hoIe hour during which the r,uater could. noü d.escend.). rl
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llÍnd tid.e stuèios have been t::eated by many investigators,

some of r,rhom are ].isted. below:

HeLLstrom (191{f)

L,angþaar (1951)

Teulegan (]952)

U. S. Corps of ÐegÍneers (1955)

Sibul (t957')

.Ei.na¡r,sson and Lowe (1966)

fn aLl cases however, the stud.ies deaLt with flumest

Lakes or bod.ies of waten vastly different to the problem

deal.t with Ín this stud.y.
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ïï. THORETICAL I,,J-JND SET9P ANALYSIS

SENERAT

tlhen the u¡ind. blows over a water sunface it exerts a

hor.izontal stress on the water, creating a sunface current,

d:níving ít in the direction of the wind. This wind effect

resulüs in a rrpiJ.ing uprt of the Lrater at the leeward end. of

an enclosed body of wate¡., and lowering of the t¡ater level
at the r¡indward end.. This effect is called. wind tide, which

is the cumulative effect of r,¡'ind force and water reacti-on

thæoughout the entire body of water.

The result of raising the t¡ater Level at one end and

lor,rering at the otb.er creates a pressure head. which generates

and. sustains a return cunrent j-n the opposÍ.te ùi.rection to

that occurÍng due to tho wind stress, see Figure 3.

In d.eep J.akes and rosenvoirs, this cument usually returns

aJ-ong the bottom, hourever internaL cuments carr occur duo to

th,ermal stratification in the lake.

Retunn currents in shallor¡ bod.ies of waten may be d.ifferent

agaÍn, in that neturn curnents may occur as sunface currenüs

along the edge of the lalce or in the lee of isla¡¡ds on be

otherwise altened by physical obstructions.

hlindward Shore

ïüind

Return Current

IüIND SET-UP

Figure J

Still Water
Surface

Leewand Shone
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hrind tides may be cLassified into (l) süaüic arid

(2) dynamic tides. The total height of ühe static tide is the
-gum of- the set-up and set--d.or,rrr,at.._opposite _ends .of.,the ìake,
although some lÍteratune troats it as the difference in
elevation between stiÐ rnrater level and that of the waten
level at the ends of Ëhe lake.

.Dynamic tidesr ol seiches, occulâ when the momentum of the
water carries Ít beyond the posÍtion of stati_c equilibrium,
and tidal oscillations resuLt. The occurence of seiches appears
to be a f\rnction of depth, length of the body of waten and

bottom characteristics. The hyd:rodynamics of seiches Ïrave
been investigated. theoretically by Hellstrom
f,angb.aar _L /, and oùhers.

o*ing to the slight friction losses of oscillatory
motion in dd.ep waten, seiches generally become weLl d-evelopod.

in deep Ia-kes. on tho other hand., the static effect bocomes

more pron'oullced or" dominanü in shallov¡ lakes where the cross-
secüion of the cunnent is small-, and. the flow consequently
encounters great resistance which can only be oversome by a
comparaüively large diffenence in water surface elevation.

seiches in a Lake can gênenally be recognÍzed. by an

examinatíon of waüen Level necond.ings at the ends of the rake.
The seiche is characteoi"å by rises in l¡ater level at constant
time pe:riods. For Lake okeechobee, the complete period. of the
fundamental seiche has been found. to be 6 hours or longer 6 /

9

4/
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For fhe Lake Manltoba study, seiches wore not consid.ened.

to be worth whiLe ovaluatj.ng because of ùÏre extneme shallow
depth and J-ongth of the lake. Analyses of r¡Índ. tide pnesonted

in thj.s neport pontaÍ.ns solely to statj.c tidos. Althougtr the
msasured and pnoJected. set-ups incLude both statícal and

dynamic üid.es, the dynarnic effect is assumed. to be practieally
zero. Einanssotl ar¡d. Lone -L/ showed. ühat, fon Lake l{innipeg,
longen and. d.eepen than Lake Man:itoba, the effect of seiches on

wind. tido, hras negllgIble.

lüÏND TTDE THEORY

The a¡1aLysi-s of wÍnd tide data involves trumerous variabLes

which include the wind. velocity and the eïrergy tnansfer between

the air a¡rd waten, which in üunn d.ependson the wave cond.ítions,
temperature gradients, stabiliüy and othen prope:rties of both
ühe aÍr and water. The d.epth and thei geomeüric shape of the

body of nraten and. the roughness a¡rd. configuration of tho bottom

are aLso Í:npontaxrt. ïn very large bodies of waten the rotatÍon
of the ea:.th, a¡rd the attnaction of the sr¡n and, the moon may

aLso be 5.nponüant. Houleven, these fonces were neglected in this
study.

ro sol-ve the problem theoreüica1ly, sevenal sÍmplifying
assunptions must be mad.e which includ.e the flow cond.ÍüÍons

a¡rd. viscosity at or near the ain-water bounda:ry, Ín order to
solve ühe problem.

severaL ínvestigators have stud.ied. this pnoblem using
ùiffenent appnoaclres and assumptions I+r5r6rB12/ 

.



Consf d.en the .símpls f,ü¡q-rìímensio¡al

the foll.owing dketch.

IIITND SET-UP ANAIYSTS

Fon stead.y cond.ítions, the force equation for unit width
perpendicular to the sketch is:

-U- 
( (zs * der)t- +7? = (r ¿ -'

Z , (4" + der)-- e"'f : (4 + Tu ) dx u)

DisregùdÍng ter'¡ns of ord.e:r higher tha¡ the finst of dx and
fu" the d.ifferential equation of tl-e waten sunface is

11

cond.ition repnes ented.

d¿t = (4 oTa)

Keulegan -2.-4", "ooã'Tå-"*res s

as a function of the surface shear, (,
Tb " Z-* /x -r) (s)

substitution of equation 3 in equaüion 2 gives

!3: = Àfi- (4)dx Xzs
Equation 4 is the forro used by most Ínvestigato¡rs in studies

of wind tides;.The value of 
^ 

used. in the integnation of this
equation d.epend.s on the parüicular flow theony that is ad,opted.

in
Ì¡e

This d.ifferential equation was alrrived at by ¡¡"11"¡"o, !-l
1941, in a very compr.ehensive theoretical treatment whereby

d.erived. the equation using the basic Eulen-Navien equaüion

(?)

the bottom shear ?1s,

by the :reLation
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fon the bhree - dímensÍonal motion of a viscous, incompressible

fluid,
P(99 + t,t U. +v èq- rw É^\ =PX--al +.t^ (& +& +&\*'?t ãX a1 2e^' ' aK ' --1Kt 

\. {¿zJ

p(ãv rt^!y + vtY rkrèv\=pY--'l^(* f?¿q- *?'v\ $)
"\

e (Q$ + ug +v}1 +u*\ =eZ-OS-rl^(r3 +r'..r -:¿g\È )t ),< ]1 ã¿ ¿' \ a¿ ' -5*- T. ' az.)

*.1"3ä=Q
Here u, v, and w ar"e the veLocity components, paraI1e1 to

the co-ondinate axis x, lr and. z at tho time t; ¿ is the density

of fluíd.; p is the pressure; V tine coefficient of viscosity;
.arrd, X, Y, and, Z are the components of CorioJ-is forces due to

the earths notation and gravity. Coriolis forces act aü right

angles to the dj.rection of velocity, towand the right in the

Norühern and. toward the left ín the Southern Hemispheres.

, .HelLstrom found X.3/¿ for lamj-nar" flow and À'l for üunbulent

floti cond.itions.

To solve tbe equatÍ-onr Hellstrom made the following
q

assumptions:

' (a) the flow is n amlngr,

(b) the depth is c-onstant and sma11,

(c) the waten surface slope Í.s small,

(d) the pressure distribution is hydrostatÍc,

(e) the wind. velocity a¡rd direction is constantt

(f) all moüion is sleaay and. equilibrium ís estabLished.

Solving this equati-on; the following expressions for the

velocities rrorr and ltvrr were obtained:

cr.,* + (å.-2,")

^r.lL ?_?: ( *r. -Zr¿)'l' tt *-

+ .?r * (')
J4

(])
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Fon incompressiblo fluids :

lo*'* Jz=o a"J I:tvJ¿=a (s)

henco 
?q a. v. (g ){}-]!r =o o.^J ìÈ"e¿x '¿- y?r 

={ 
-

-orr -ås z"- Ís dependent on x onlytÞ?È=\?s (10)
),1 I ès

The equation demonsünates that for lakes of shallow

depth, the rotation of the earùh has an ins5.gnificant effect

on rosuLËs. This is also d.emonstrated. by the fact that Keulegan p/

arrj-ved at the sane results, afthough he neglectod. the effect

of CorÍolis fo:rce in the original equation. iiccording to Elcaan 10/

roùatÍon of the ea:nth will reduce the gradj-ent of water sunface

in the ratio of 0.98 when the depth is l5O to 3OO feet; in the

ratio of O.JJ when the depth is l+OO bo 75O feet; arrd by 0.66

l¡hen the depth is infinite. It can easily be seen that the

effect on Lake Manitoba, with an avarage depth of 15-18 feet,

woufd be neg15-gible

APPLTCATTONS OF THE THEORY

the application of the differential equation
¿¿" È ^Usd.x ) 4s

has varj-ous for-ms, as is illustrated
by the moro prominent j-nvestigatorst

by

i.n

a sunmary of results

Appendix A.

(l+ )
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A senies of instrumonts brere set up aü Lake Manitoba

Narrows in the f all ol 1966, üo d.etermine the relationship
betwoen wínd velociüy and duration, and wind set-up at the

Nanrows' and. the effect caused bythe resulting flow of waten

from .one basin into the other. The Ínformation obtained was

used to d.etonmine wind set-up relati-onships fon two situations,
namely;

(a) to detenmÍne the rolationship under existing conditions.
(b) üo detenmine what u¡ater level changes would occur

ÏÏÏ. FIELD TNVESTIGAT]ON

The measuring apparatus was set up during the fa1l of
L966., however, accurate measurements were only obtained. for
the month of october. This Ínfonmation is tabuLated in the

AppendÍces. The measuning apparatus is d.escribed. in this
chapter.

urINp_REC0Rpq

A wind anenometer was set up ad.jacent to Gage Z, see Fig.
2, on the East fenny landing, from August to November, 1966.

Unforüunately, the insbrument was not senviceable fon a very

Long dunation and few reconds were obtainedrhoweven these

wene companed. to longen necord.s in the area.

ttind record.s, from wind. measuring stations, were examined

aü ltinnipeg¡ Gimli and the outlet of the Red RÍver into Lake

lfinnipegr âs well as Dauphin and. Pontage la Prairie. It was

d.otennined, by comparison with the short record. at the NarroÍ¡s,

upon constnuction of a causebray across the Narrows

with various waterway anea nestrictions.

1l+
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that generally, Dauphin wj.nds v¡ere ind.icutive of North wind.s

and Portage la Prairie of Souüh wind.s. 'Ihese hourly record.s,

then were used. to establÍsh al-l the wÍnd. set-up relationships

and r+ero assr-l¡oed to act over the entine 1ake. A].so it was

,assumed. that over water a¡rd over ].and lrind velocities, in this

case, were similar.

CgREENT IGASUREnmNTS

Grrrent measurements !ùere obtained. Ín the area of the Hydro

crossing 22 times during Septemben ar¡d Qctober 1966 a¡rd. also

12 tjmes in the months of February and. March 1967. The

measurements r,ùere üaken with a Pri-ce cunrent meter from a

boat anchored on a steel line spanning between the Hydro towerst

at specific stations along the 1ine, during September and.

0ctobene sêo Plate J. Dr:ring February a:ad March, curnent

measurements were taken on the same cross secti-on, through

the ice.

yATER tE\Et GAGEÊ

Eight Stevens A-35 automatic waten J.evel recorders l¡ere

installed by the Highways Department, during the fall of 1966,

in positj.ons marked. 4 to 11 inclusive, see FÍgure 6 and Plates

5 ar¡d. 6. originaLly they tüere installed in August, however

because of water surgÍ-ng in the boxes, difficulty was experienced

with the need.Ie, which üore the cTrart paper and. smeared. the j-nk.

PencÍI ¡¡as then used., but had. to be sharpened regularly.

AdditÍonally, several of the boxes upset during storms on the

lake and bad. to be reset and. further stabilized.. Consequently,

lto d.ecent records were obtained. until the begínning of 0ctober.

ftre records end.ed. on Qctober lOth, with freeze-up. However, good

necord.s l¡ere obtained in 0ctober with some severe ¡¡inds.



STILLING WELL
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NOTE: Slevens Woler Level

Aulomotic Recorder Type A 35
wos used in stilling well.
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The records from three permenent Stevens A-35 instruments

bolonging to the Federal lüater Resources, at Locatíons 112 and.

3, see Figure 2, r¡tere aLso used to estabLish ühe wind, set-up

relationships.

{ROSS-SECTTONS

Approxiurately 18 cross-sectíons, over the length of ühe

Narrows, a dista¡ce of approximately 2O miles, were taken by

Higbways Department crer^rs during the winte¡r of 1967. The work

was done by means of survey crews working with snoÌ{ vehicles

on the ice, see Plates 7 and B. The cross-sectj.ons ?Íore taken

to see if arry waterbray area restnictions, besides that of the

IIydro causeway, affecbs the flow through the Nannol^Is, and were

used for the backwater calculations througlr üho Narrol{s. It
l¡as found that tho Hydro cause!üay was by far the largest xês-

trictíon in the Nanrows area. These cross-sections are on file
wiüh the Manitoba Higþways Department.

Additíona11y, tho. survey cre!Ís established the datum

eLevations for all the Uighway Department water leveL g&gges.

HONÏZONTAL CONTROL

Aenial photos of the Narnows area were taken by a commerciaL

firm hired. by the Highways Department, ín October 1966. These

phoüos ltere used to ostablj.sh the location of all the Highway

Department waten level gauges. [hey will a]-so be used as

reference should any claims be filed for flood damages caused

by construction of the ttiglrway cause$ray.

The aerial photos and. mosaj.c &re on fíIo v¡ith the Manitoba

Higbways Department.



(18)

ïv. DISCûSSIoN 0F RESULT!

GENERAL

-"e 

pe:riod. of record for üh,e instn¡nents d.escribed in
.Chapten IfI was fair.ly short, boweve¡r, the authon was able

to estabLish certain r,rind velocity a¡rd. resulting wind. set-

up relationships as desc:ribed. in this Chapter.

-urrüp_

trüeather statÍons, located at Department of Tnansport

Airports, at Dauphin and. at Portage 1a Pnairie, Ì,ìrero used.

for-North É¡rrd South l{inds respectively, as was mentioned in
th.e previous chapter.

Graphs I to 18 show the hourly rcind velocitÍes for d.ays

1n October, when thene werersÍgnificant r¿ind.s a¡rd. also includ.e

th.e water levels fon Gauges 4, B, and. 10, (see Figure 2.).
These particulaæ graphs are representative ar¡d. show the r,rind.

effects on the main recorders used, ín this study.

Graphs 32 lo 43 shor^r h.ow the h.ourly ¡¿inds affect wind.

set-up, basin storage and outflow tÏ¡¡nough the Naruows. These

relationships lrill be described. in l.aten sections of this
chapter.

It should. be noted. tlrat the wind. velocities shornrn are the

components in the d.:irection of the longest fetch, namely L57o

for sbuthr,ri.nd.s and 00 for north winds.

McKayr " 
L( rrÐesign Ïfind.s fon Reservoi¡s in southern

Ma¡litobart'was. used. to cal,culate wind. velocíty retunn peniod.s

and üo d.etel3lnine the reduction facton for 6 hours duratÍon

wind.sr ês shor,¡n in TabLe I which was O.9 tj-mes the one hour

wj.nd. velociüy.



The maximum set-up genenally

continuous .wÍnd, üherefore,

:GoIISQlSvative,

FL01Àl THROUGH THE NARROI/IIS

During the Fall of L966 twelve signifieant curnent

measurements were mad.e at the Hydro Causeway, six being gen-

orated. by North wind.s a¡rd six by South winds, (see Plate J).
The water level reconds rirere examined to ascentai-n which

basin elevation gauges should be used. to coruelate to the

measured flow thnough the Namows o Iü was found. that a h,
(Gauge L0 minus Gauge l¡) should be used for South winds,

see Graph l1J¡, and that oh. (Gauge lt rninus Gauge 10) shou].d

be used. for Nonùh winds, (soe Graph 451.

The relationships obtainod. from these curves and shown on

Graphs I¡6 md li] are as follows: -

South lrlinds

(19)

occuned in L2 to 1l¡ houns of
üho 6 hour dunatÍon was con$ldored.

where,

Outflow,

North lfinds

Otrtflow, e l¡0, OOO " h* ( 3O¡

E¡ 46,600 on.-%

Outflowt 'r

Outf1ow, =

trtow, from tho South basin Ínto the

Nonth basin, througb the Nanrovrs, caused

by a Souüh lüind, in c.f.s
I{Lou, from ühe No¡rüh basin into the

South basin, through the Narnolrs,

caused. by a North ttind, Ín þ.f.s.

(2e)



WATER LEVEL GAUGES

The hounly waten Levels for the va:rious gauges a¡re shown

in Append.ix B. flre recond.s missÍng are due to damaged rocordens,

as mèntioned. in Chapüer. ïIf.
The lake profile for the varÍous tÍmo peniods are shown

on Graphs 19 , tó 31. The Graphs a¡re shor¿n only when signifÍgant
winds occured. and only duning the month of October, as certaj-n

of the important Gauges r¿ero not openative pr.ion to Oèrüober 3rd.
An examinatj-on of al.l the Gauges indicated that the pnofíIe

of the 1ale hlas very Ìurevon, thÍ.s befng caused by certain physical

featunes, such as the presence of large bays ar¡d, inlets whone

waten could be stoned.r. and possible d.iscnepancÍes ín Datum

eLevation. Consequently, the euthor decÍded. to use Gauges 1,

3, ll, B, and. 10 for the lake pnofiles, see Figure 2.

Nó' gauges rÍore available for the end.s of the lake,

consequently, stnaight line water profíIos were assumed, and

the end of Lake elevations were interpolated as shown on Graphs

L9 :;to Jl.
It should. be noted. that Glraphs 19r 2L, 23, 25, 26, 28, and

31, exhibit classical water" surface profÍles showing the set-

up in each basin for Norüh wínds and. simila:rly Graphs 4, ZT ,

and 30 d.o so for Souüh hlinds.

Graph [B roas prepared. shor^ring stonage in the Nonth half
of the South basin for" set-up due to South r¡inds and. Gnaph l+ç

fon stonage in the south half of the Nonth basin fon set-up due

üo North t¡j.nds.These graphs r^rere prepared with the assumption

that tho Nodal po5.nt was located. aü the cenüen of gaviüy of

each basin and, conservatively, that thene lras no appreciable

gain Ín surface area üJi.th increases in lake level.

|20':
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An exarnínatÍon of ühe .waüer leve1 gauges indicated that

Gauge B should be used as the apex for storage in the south

basin, due to South winds, and Guage h for storage in the

north basin, duo to North wi.nds.

Appendix C was pnepared. from ühe stonage and outflow

gnaphs, l+6, \-7, ll8, and. l+9. Fon each of the time peniods shown

in Appendix C, ühe wind. and. wator records lvere exa¡ained. to

detormine when set-up and. outfLor,¡ wene started. by a parbicular

wind. At the tÍme r¡hen wÍnd. neaction was assumed to have occured,

thel-: stonage and. ouüflow wene assumed to be zero, and all
folJ.owing stonage and outflow quantities were calculated on that

d.atum. The reason for this basic assumption hlas that it was

lmpossible to estabLish a still waten level, even after períods

of no wind. lrlater, from previous wind set-up, in storage in

different basins, tend.ed. to flow to an equilibrium position afüer

the wind ceased, however, the I-ake is so large that still waten

elevation is never roached befone another wind begíns.

wJ1\To,_Ënr-u.3

( a) NarI.owS Blocked !üind set-up is calculated at the

Narnows for both a Norüh a¡rd South wind., assuming tho Narrows

bLocked, and consequentlyr no flow from one basin Ínto the

othen. Normal wind. set-up would then occur separately in each

basin. This case is exarnined in order to compare these cal-

culations a¡rd their sinplífying assuraptions previously discussed,

with a general wind. set-up equation, the revised. Zuid.er Zee,
' Al

see Appendix A, u¡hich Sibul L' , in a comparj.son of various

cun¡rent formulas, acknowledges as being most acçurate for

shallow lakes.
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The nevised ZuJ.dan Zee equation, of coturser ca¡ only be

used in a..normal basín where there is no appreciable outflow

out of the lako caused. by wind set-up.

hrith the Narnows blocked. off completely, water would not

flor¡ from one basin j-nto bhe other, but would simply go into

storage and consequently would increase the set-up in the

panticular basin. Hence the sÈorage and. outflow curves were

.added together on Graphs 32 to 43 and the calculabed set-up,

und.er the Narror¡s Blocked cond.ition, was based on this total
quantity. The calculated set-up is assumed to be coruect up

to the point of maximum water neaction, ho!trever, âtr or near

the time of maxj-mum set-up, the return flow in the basin r¡ould

increase due to the increasod pressure head. at the leeward end

of the le}e, thus reducing ühe sot+up and. d.estroying the

addiüi-ve relationship. 
-

It is evj.d.enü ühat wind. set-ups established. in this study,

are maxÍmum set-ups and. not that occurÍng aften equilibrium is
established. This is also evident from a study of Gnaphs 32

üo l+3. Maxj-mum set-up is obsonved. to occur onJ-y for an hour

or two, and then decreases, even unden contÍnuing steady wind

conditions. This effect, no doubt, is caused. by return cunrents

beÍng generated by a pressune head aü the leeward end of the

basín, which whon sufficÍently developed., reduces the initial
set-up, Newbury L6 /, noted. in his laboratory study of waten

set-up in a flume, that initial set-up, occuning within a few

seconds, could be as muctr as twÍce that of set-up reached. und.er

fínaI equilibrium conditions. No doubt in a large lako, equil-

ibrium üakes much J-ongen to develop; .
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Based on the calculated. set-upr (Narrows blocked), the

following equations r^rere established, and Graphs 5O an¿ 5f
were prepared,. The-constant was obtained, fÍr.st by assuming that the

equaùion should be of tho form shown, which has been established

as valid for a shallow lake, Sibul B /r and. then solving

for an averago value of the consbant based. on calculated

set-ups as prevíously describedrfetches and. avenage lake d.epths

for the wind velocities acting on the lake at the particulan

time of set-up. ,

North lrlind.t

AddítÍona11y, the

aLso shown on Graphs 50

by ühe Planfonm facton,

Modified Zuider Zee¡

h=u2rm ã33-ã
South !nlind.:

h
m =u-ffi-

modified. Zuider Zee formula (25), is
and 51. (the equation has been modified

EquatÍon 28).

2r

Nonth I'IÍnd:

whene,

South ltínd: ( Planform

h
m

h
m

= u2¡'
TerÖ-d

(Planform N = 0.87)

h
m

( 3r¡

U

the wind set-up above SWL in ft. at

Lake Manitoba Narrows.

the wind velocity component in the

direction of greatest fetch in m.p.h.

= u2¡,
Tï2õ-r

( 32)

N = r.25)

( 33)

(34)
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F = the fotch in miles. (the longest fetch for the

Nortb. Basin, at a beaning of Oo, ís l+1.6 miles,

and fon the South Basin, ât I57o boaring is
63.7 miLes.

d. = the average depth of the parti-cular basin in
feet. ( the Nonth basín is 15 ft. d.oep and.

the South basin is 1B fü. deep)

CgmpariÞon i,'IÍth The Modified Zuiden Zee Equation

North trrlinds Gnaph 5O ittustrates both equation 31' derivod.

from the empinical data measured on the lake, and the ModifÍed.

Zuider Zee relationship., equation 33. Jt can be seen that

tho two curves are fairly closer.wíth the Zuidot Zee equation

giving a set-up of JZ!/o greaten than that of the Lake Manitoba

equation.

South lrlind.s Graph 5t iltustrates the empirical relaüionship

d.erj-ved. fnom Lake Manitoba ( equati.on 32) and the }4oùifÍed

Zui-d.er Zee equation ( equation 3l+) . The two curves ane closen

tharr for North l¡üinds, the d.ifference being l5%, with the

Zuid.er Zee provid.ing the lol¡er set-üP.

Graph l0 and 51 Íllustrate thaü the woll lanown and r^reI'l

verified Z.uíd.er Zeo equation gives set-up values both a littLe
greater a¡rd a littIe lol¡er" ( depending on the direcüion of

the wind.) than the d.erived relationships.

. It seems reasonable to conclude that there is some facton,

p3-anformr ot depth considenation, that is unique fon each

basi-n and. which could account for the difference in the curves.
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The Zuid er Zee equatÍ-on was correcbed for planform, However,

the cornection was for a trapazoid, which both basj.ns approacht

but only approximately, see FÍgure I;. Additionallyr average

approxímate d.epths wene assumed. for each basinr as there was

very litüIe d.ata available on the und.erwaten topography of

the lalce.
Arr additíonal factor that could. be consídered. is that

the Zuider Zee equation is based. on rlover water wind.srr.

Genenally, it ca.n be assuned., ühat oVor-I¡Iâten winds are

greater by a facüo¡r of 1.3 to 1.5 depend.ing on the wÍnd' velocÍty

ar¡d. nolatÍve temperatures of the aj.n a¡d. water.l7rlB ,/'.

Howeverr Lake Manitoba is relati.vely namol^I compared to its

3-ength, and it is therefore assumed. that the wind. over the

lal<e would. be Ínlluenced by the land rathen thef¡ the water.

(In any caso, ihe land surround.ing i;he lal<e, Íncluding f;he

wind stations at Dauphin and. Portage la Prairio, for the

wind. d.ireetions consi.d.ered., is quite flat a¡rd. without obstructions.)

Tt is tb.erefore assumed. that over waten¡ over lar¡d windst

arrd thaü the Zuid.er Zoe equation can be compared. to the derived

equatj-ons wÍthout j.ncluding a wind. velocity factor based on

the difference in friction between land. and waüer.

(b) Existing Conditions. Graphs !2 anð- 53 have been

prepared for the wind. set-up that could be expected, at the

Nanrows, for various wind velocities, from the North and South.

These graphs are based on the wind set-up acbually

measured. at the Narrows and. wero d.enived from the informatÍon shown

on Graphs 32 to 43. Again ühe form of equation was postulated

as for equations 31 and. 32, r+ith the constant calculated' from

averaging the measured. seü-ups for various wind velocities.



The equations obtained from tho measured set-up are:

NÖrth hrliîds:

South l{ind.s:

OUTFLO!ü TTIROUGH THE

h
m

: u2¡,utr.lrc

Graphs 51+ sr¡d 55 show the outflow that coul¿ be expected

thnough the Nanrows, from one Basin into the other, unden

existíng conditions, as a firnction of wind velocity.

Equation 37 and 38 were. established. from the wínd set-up

equations with the constants evaluated by avenaging the

the constanüs calculated from measured outflows. Tho oquations

tlrus denived. a¡rd. shown on graphs 54 Ðr,d 55 are:

North l,üinds:

h
m = u2r'

1026-ìI

NARROIÙS
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otrtflow =

South lùinds:

ß5)

The above relatj.onships can be assumed üo be reasonably

va1id, as they are basod. on the sa¡ne basic assumptions

which ltere proved valid. in the pnevious sectÍon. No doubtt

if longer records Ìüere available, thero would be more

assurar.lce that the derived relaüionships were more accuratet

especially for the higher wind velocities.

Table one has been prepared. showing wind sot-up and

(36)

0utflow = Bf5 ur

913 uF--ã- ß7')

(38)
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flow through tho Narrows for vanious wj-nd velocity return

periods.

This table and Graphs 50 Eo 55 inclusive show values

extrapolated fan outsíd.e the lÍmits of measuned d.ata. It
should. be noted that there Ís really no justification fon

thís. More measured data is needed, especially fon winds in
excess of 20 m.p.h. The Curvês were extrapolated. in ord.er to

obtain some indication, at least to a first orderrof water

reacti-on üo the higher wind velocítÍes. It should. be emphasiøed

that additional field measunements should be made in order

to jusüify the derived equations for highen wind veLocities.

-ÞACffiATm CArCUilrr

Ttre wind set-up graphs denÍved in this section provide

the increase in elevation of waten level above still water

depth at the Nonth and South ends of the lake as a function

of wind velocity. The outflow graphs pnovide the flow through

tlre NaruorÂrs, also as a function of wind velocity. The eLevation

of water through the Narrows j-tself, has to be obtained

through backwater calculations for ühe alternate waterway

area rostrictions pnoposed. at the future bridge sÍbe' see

figure 7 aÌìd ChoÏ¡ L9,/

The backwater calculations are considered beyond the

scope of this study, howeyerr they are not difficult and car¡

easily be solved wibh the aid. of a compuüer.

The r¡ate."t"y area of the various cross-secüions

throughout the lengüh of ühe Na¡rrows, which are on file with

the Highways Department, would be roquired. for these calculations.



The pnocedure fon calculating backwater curves through

the Narrows would be as foll-ows:

(1) Establish the design r^¡Índ. velocÍty based on the

return peniod desired. McKay L/ woul-d be valuable for" this

step. (Most bnid.ges are desi-gned for a 50 year return period'

although this can be altened, dopending on tho circumstancos).

It should bo realized ühat the full set-up will not occun unless

the wind acts for 10 to 20 hours.

(2) Using ühe wind velocity found in (1)' wi-nd. set-uP

at water leveL gauge l¡ or 10 can be established. fnom graphs

5z or 53.

(3) Graphs 5\ arta 55 are used to calculate flow thr"ougþ

the Nannows fo:r the North or South wind, fon the wind velocity

established in (1).

(l+) Bacli¡¡ater curves are then calculated for the length

of the Narrows for the various proposod bridge lengthsr âs is

illusünated in Chow f9 /. å c:;'-ÇÌg', cå

A brid,ge ""t"""1_1ocal constriction which affects the

water elevation both up and" downstream of the brige site, see

figure 7. The alüernate backwaten curves will enable the

dosigrier üo ascertain a¡rd d.efine the local effects. It is

probable that lange constnictions will cause local flood.ing

upstream of the brÍdge. Small constrictions will alleviate

the flood.ing effoct but u¡ill cost more money because of the

increase in bridge length. The desÍgners funcüion is to obtain

tho-optimum bridge length based on possible flood d.amage and'

bridge construction cost.

28



MANÏTCIBA I\IARRO1¡S

Set-up ELevation

Proposed Highway Causeway

Upnind Basin

ChanneL Flow carrsed by trfind
Set-up a'rd Wi¡d Set-dovn:
Ín Adja cent Basins

29

(a) praN

1línd --+Baclcvmter hofiLe , Constriction ( Hiehr^ray Causer,uay)
I

(u) sl¡v¿trorü

BACKI'IATER CIIRVE CAUSED BY CHANNEL RESTRTCTION

T,AKE MANTTOBA }IANROïIS

Norrnal ProfÍIe

Setdown Elevation

Fisure ?

Do¡nnui¡d Basin
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RETURN

PERÏOD

( years )

TABLE I
I'IIND SET-UP

L.AKE MAI\TITOBÂ NARROI,iIS

wrND 1üEtocïTY

(m.p.h. )

duration

L hr. 6 hrs.

NONTH WÏND

2

5

10

20

5o

L00

I,ûùIND SET-UP FLOV\I THROUGH NARROI,JS

(ft. ) (c.f's. )

28

35

4o

!4
5o

5t+

25.2

3L.5

36.O

39.6

l+5. o

l+8.6

N

SO1ITH !ÙÏND

NORTH BASTN

Existing Cond.itions

o.73

1.1I1

1.h9

1. B0

2.33

2.72

2

5

L0

20

5o

L00

28

3z

34.5

37.5

L0.0

lr¡

25.2

28. B

31.0

33. B

36.0

38.7

63,5AO

79,500

91, o0o

100,000

- 1l,l+,000

123,000

SOUTH BAS]N

2.lg
2.86

3.21

3.95

lr.l+7

5.t7

73,000

83, oo0

89,500

97,500

101+,000

111,500
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Most of the backwaten curves, d.epond.ing on the t¡ind

velocity and waterway restniction selected, will not exbend

to the ends of the Narnor¡s and. hence do not affect wind

-'--Êet-up on the basins, or3 outflow through the Namows.

However ¡¡ith high winds from the north, it may be found, from

the backwater curve calculaüions, that ühe backwater curve

extend.s i.nto tho Nortb. basin and henco affecüs the flol¡
ùhrough the Narrows. Should this be the case, then the

baclnoaten calculations have üo be repeated with va^ríous

reduced flows, untíl no d.iscnepancy occurs in waüer elevation

at the lake.

Backwater curves will not extend into the south basin,

for south wind.sr âs the distar¡ce is 18 nriles, whích is too

J-ong for the effect to bo felt.
It should be noted ín graphs 32 to l+3 that maximum

set-up usua1ly occurs for only arr hour or two, as !ìras

mentioned in a previous section, a¡rd then receeds, neven

reaching an equilÍbniurn position, even after our maximum

neco::d.ed wind duration of l¡0 b.ounsr or1 Octoben 30-31st.

ftrerefone, for" more refined d.esign consid.erations, the time

aspect should be considered fon backwaten caLculatíons. The

problem would. j.nvolve flood routing and channel storage L/,



Equations have been deri-ved., and. graphs prepared, for
wind set-up and basin outflow at Lake Matritoba Nanrows, fon

winds,"from tho North and. South.

Additionally, equati.ons and. graphs have been prepared.

fon wind set-up which would occur if the Narrolls ürere completely

blocked, primarily in ordo¡. to validate basic assumptions

and pnocedures.

A method. for deti;ermining backwater curves for waten

elevation through the length of the Narnows has been outlined.

A saüisfaetory waterway area for a Highway Causerray design

can be obtained from the basic d.ata derj-ved. in this study.

Future Studies

The study of water reactÍon to wind. volocity on Lake

Manitoba, has revealed. that there is room for ad.ditional

nesearch on the problem. Sevenal possÍble topics for future

süud.y are outlined as folLot^rs:

(1) A study of seiches on Lake Manitoba. Graphs 32 to

43 show that rn¡ind set-up recedes very rapidlyr even unden

steady r^rind conditions, aften maximum sob-up is neached. The

water pushed. up by the wind. at the leeward. shor"e, cannot

maintain its posibion, and qubkely necedesr likely causing

oscitrations in each basÍn. The phenomena was not pursued in
this stud.y, but seems likely üo povid.e inüenestíng research.

(2) Currents due to changes j.n atmospTrerÍc pressure.

Apparontly, f:rom Ioca1 obsenvationsr very strong currents

develope und.er the ice, thnough the Narnows duning the winter.

The cunrents are sÈrong enough to cause signifigant ice erosion

v. O0NCLUSïoNS AND FLTURE STgDLES
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from underneath. The Narrows are d.angorous to ctloss during

the r.rinter becauso of tTre phenomena. A study migf'lt show

that the currents aro caused by differences in atmospheric

..+res.sures in ttre two baslns. The research would. bo inüerestíng

in ùhat waten neactíon due to d.ifferences i.n atmosphenic pnossune

co-u1ê.,ber. seþarated â¡d identifíed from that due to set-up f¡om

wind., ThÍs, to the authors knowledger has never beon done.

(3) trrlind set-up should be studied. òn the basis of

J-onger necords, both before a¡rd after the causer^ray is buiLt.

tlee Higlrways Department has on fi1e, and. will continue to

¡necord. for some time, wind set-up phenomena at the Narrows.

This data should be studied. and. compared. to the r"elationships

. developed. j-n this report.
(l+) The effect of building the causelray' on water

qualÍty could be stud.ied. The Province of l,lanitoba has r'¡ater

quality recond.s on fj-lo, dating from l966, and. in a few casos

earlÍer. Records will be kept for some time after the

causer4ray Ís built. Ï,lhen sufficient records are availabler they

couLd. be stud.ied to d.etermine the causeways effecü on exchanges

of r,¡ate:: thnougþ the Narroürsr from a standpoinü of water

quaLÍty, and. could. give an insight of circulatíon in the Ia.]<e.

The above are but a few possible areas of ftrtune research

on Lalce Manitoba. The read.er, no d.oubt, will also be able to

think of various studies that would. prove worthwhile. As is

evident fnom this report, tho lalce Ís quite vast and. little

is lm,or.¡n about it.
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TFI¡S MARCIN RESERVED FOR BINDINC.

LAKE PROFITC

tF sHEEl ts.RÉAo trrs wav(ront2ôNlaLLY). Ît{ts MU31 sE ÎOP.

rFsHEEl ts tEAÞ 1HÉ oIHER waY (vr*tl"lruv), THts MUsl BE LEFI'HAND slDE.
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t. A rr E pn otitl¿, ç-

TÞTIS MARCIN RESERVED FOR tsINDINC. tF sHEEr rs REAo lHrs w¡v (xonrzoxta¡.t.yr. ît{ts MUer BE lCtP.

rFsHEErrs REAÞ rHEotxERway (vr¡trc¡ruv), tHtsMusl BE LEFT-HANÞ SIDE.
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TI.IIS MARCIN RESERVEÐ FOR E¡NDINC.

L fr XS PRAfl LE

tÊ sHEf:T rs RÉAo ?Ht9 wav(nontzoxr¡luv), r¡rts MUsT EE ÎoP.

ir gxeer¡s REAo rHE oIHER way (vrxtlc¿uuv), THrs Musr BE L€FT-FIANÞ SIDE.
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IAKE flonte

TÞIIS MARCIN RESERVED FOR BINDIhTC.
tFsHEEtt3 REAo lHls wrv(sonlzor¡r¡t-uyl, rets HùÉ1 EE 1OP.

rF sHEET rs REAÞ rHE oIHER way (vrnrlc¡rrv), THts MUel trE LEFI-FIÂNÞ SIDE.
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TFIIS MARCIN RESERVED FOR BTNDIB{C.

¿AI€ FfîçF¡ L Ë

tF sHEEr rs REAo lHts wrv(Honrzoxr¡¡-tvl, rxts Mt rt EÉ TOp.

rF SHEET ts REAÞ Tt{É oIHER w^y (vr¡r¡c¡rrv), lHrs MUsl EE LEFT-HAND SIDE.
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LñKE PÊwr¿

TËIIS MARCIN RESERVED F"OR tsIND¡NC.
tF sHEEl rs REAo tHts wev(xontzott¡t-ty). tHts MU3T EE ÎOF.

rF3HgEl15 REAÞ lHE OlHER WAY (VSNTIC¡TTY), lHtS MUSl BE LEFI'HAND SIÞÉ'
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T,ÆKÊ FÍON¿C

TÞ¡IS MARCIN RESERVED FOR BIT\¡DINC.
t" 

"*""t 
r" READ 1H¡s wtv(ronlzo¡¡t¡t-lv)' tglg MUsr EE ToP'

rF sHeer rs REAÞ rHE orHER wÀY (v¡"rl"arrv), lHts Musr EE LEFT'HAND SlÞE'
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TFIIS MARCIN RESERVED FOR EINDINC. IF3HEEl13 FEAo ?HIE wAY(HonI2oNIALLY). lHIs MtJ31 ÞE ToP.

lF sHEEl ¡3 REAÞ lHE ôTHER wav (vrnrlceruv), tH,s MUsl BÊ LEFT-HAñD s,tÞÉ.
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TÞ¡¡S MA,RCIN RESERVED FOR BISTDINC. lFsHEElrs REAô Îr{tswÂy(HoRtzoñtALLy), lHts MU91 EE ÎOp.

tF sHEET rs REAÞ THE orHER way (vrnr¡e¡ruv), THts MUsl BE LEFT_HAND SlÞ8,
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TFIIS MA,RCIN RESERVED FOR EINDI${C.

Å{xt Ft(orttt

tFsHEEr ts REAo tHts wlv(xontzoxt¡tly), txte ilUaÎ BE TOp,

tr sHÊET rs REAÞ THÉ oTHER wAy (vrnrtc¡rrv), THrs Musr EE LEFT-HANO StDE.
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TËllS MÂRClt{ RESERVED FOR B¡r.¡D¡t{C.
rF sHEElrs REAo lr{ts wAv(uonrzoutlttv), txtc rrUsr EE ÎOP.

tFsHEErrs REAo THEoTHER way (v¡rr¡c¡rrv), THrs MUst ee LEFT-HAND slDE,
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T$IIS MARCIN RESERVED FOR BIND¡NC. IF sHEEI Is REAo lHIs wAY(HôRI2ôNÎALLY,, lHIs MUgT ae ToP.

tF sHEEl ts REÁ Þ tHE oIHER way (rn""r"oaat). THrs Musr ÞE LEFT-HAND SIDÊ.
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TI"IIS MARCIN RESERVED FOR EIP{DINC.
¡F sHEEr rs REAo lHts wAY(HoRtzôH"^LLY). 1t{ts MUrr EÈ TOP.

rF sHEET ¡s Rtao rHE ôTHsR way (vrnrrcerrv), rH¡s Musr r. Lgff-¡ra¡¡o slog.
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TþIIS M,ARCIN RESERVED FOR BIF{ÞI[\SG.
rF gHEET rs REAo rHts,Ívav(rontzoHr¡t-Uv), tgls MUsT ÞË TOp.

rF sHÊET rs REÀo rHE orHER waï (vrrrrcrrrv), tH¡s MUsr EE LEFT-IIAND SIOE,
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TFIIS MARCII{ RESERVED F'OR EINDING. tFgHEÊrrs REAoiHtsway(HoR¡?oNrÂLLvt. tHts MuÊî BE TOp.

rF sHËErt3 REÁÞ THE orHER w¡y (v¡r¡lc¡rry), rHts MUsl EE LEFT-I{ANÞ SIDE.
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TF{IS MARCIN RESERVED FOR B¡NDING. lF sHEET rs READ lHts way(HoFtzôNlaLLv), ?Filg MUsr BE ÎOp,

rF sH=Er rs REAÞ THE otHER way (vrrrrclrrv), THts MUsl BÉ LEFT-I{AND SIDÊ.
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TFIIS MIIRCIN RESERVED FOR B!ND¡[\¡C. tF sHEer rs REAo tHts wav(HoRlzoNtaLLVr. 1¡ils MUsr aE TOp,

lFsH¡:Erls REAÞ IHEoTHERwa? (v¡nrlc¡ruv), THrs MUsr EE LËFT-HAND S|DE,
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ThIIS NNANCIN¡ RESERVEÐ FOR EIIHD¡ruC.
rF sHEEl rs REAo THts wav(xon¡zoxr¡¡-¡-v), rrls MtJer ÞE TOp.

rF sHõÊT rs REAÞ lHE oIHER wAv (va¡rrcnrrv), THrs Muer EE LEFT-HA!\¡D GtDE.
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TÞIIS MIARCIN RESERVED FOR EINDINüG.
tF sHEEl rs Reao fHls wrv(tontzoxt¡lt-v), tgls MUel BÊ TOP.
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SU¡OÎ.ARY OF ÏüIND SET-UP EQUATTONS

APPEND]X A



Ëu¡ß{ARy oF RESULTS OF VARTOUS }ürND SET-UP ïNVESTïGATORS

(1) Hellstrom: integrated the di-fforential equation
zzs = 15 (x + cr) (11)

'r.¡h.ich indicated that the water surface lJas parabollic in for¡a

a¡rd can be r"¡-rÍtten in coordinates $ and 8"" folLows:
oL=¿Irt€ (rz)') ' v

This equatÍ-on, known as the ttcharactenisti.c lrrater surface

Profile:, is plotted in Figure l. The first step is to cut
out a portion of the parabola in length F so that the area

between the curve and. the Ìro:rizontal axis is equal to Fu (cross

hatched area in figure.5), where F is the length of the channel

and. d is tbe stilI-wate:r d.epth. The distance between the z,

and 5 axis gives the constant c, as i.ndicated in Figune !.
The case where the bottom is not exposed. Ís repnesented. by

Figure !a, r^¡here cl is a positive value. Figure 5b represents

the case whene cr= 0 whereÍn tho water surfaee at the beginning

of the basin has the same elevation as the bottom and 5c represents

the caso of exposed bottom where C., is negative.

ï1ina11y, tho set-up h can Ue lomputea

-v6

The nodal-line car¡ be computed fnom this eguatj-on for h= 0

}{hen the depth Ís great as compared. to set-up, the equation

becomes

h= ÀTs-Tã_
The nodal-Line for (14)

the windward shore, ¡r 0, is:

.!,rt (x +C,) - d (13)

hK=o =

/ r.tx-å) (11+)

Ís at x = F,/2 a¡rd the sot-up at

¡Z'f
2 Vd

(15)



- 7'1 "'

CHARACTERISTIC WATER SURFACE PARABOLA
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and. at the leeward shorer x=F

h*= F = ÀfsF-7-Tã-
(2) Langhaar, 5 /fne analysis of wÍnd. tides as gÍven by

approach separates r,sínd. offects into süatical and d¡'namic

components. Two formulas blere deríved. for the solution of

statj-cal bÍdes. For a, condition of none4)osed bobtom, Èhe

setup abovo }4lrrL tlas elcpressed as

h =,TsF
2 vd

r,rhlch is identical with the equation for deep water lakes

presented by HeJ-lstnom i¡hen À= 1.0.

For a condítion in whÍch the rnrindr^¡ard. bottom is exposed,

the set-up can be obtained. from the equation

Langhaarls equations are applícable to any lake with a

horizontal bottom and a fairly synretrical planform. For.{lakes

with vaniable shorelj.ne planfo*t Pd bottom cond.5.tions, ühe

effect of planform must bo evaluated and an integration pro-

cedure employed to obtain the wind. bide profíle. (Indeed., this

is the case in any wind. bide analysi-sr no matter what formula

is used).

The Jacksonville District, Corps of Brgineers, U. S. Army

g / have folrrd numerous applications for this equaüion¡ hor^r-

ever they have modified ít to

9B

h'

( 16)

thÍs

rt*
3 f- d L5

(17 )

N in equatj-on (19) Ís the planform factor. Fon

the bod.y iras a constant width, the planfortn facto:r N=1. F'on a

convergi-ng planform, N > 1 and. for a diverging pla¡form N< I

(18)

.3.3Ji?s Fd N
Y

d _ (19)

tho case where



(J) Keul-egan3 -9-/vsing d.ata obbained. Ín a mod.el Keulegan

separated the total t¡ind tid.e, s into seù-up due to skin friction
between wind and water surface, sl and that duo to tho form

resistance of the waves, S, . For ¡,¡Índ tides without wave action,
the setup i.s _q z

5. : 3.3o x lo u FI -tr
and. for tho a¡rount of i^rin¿ tide due tô u¡aves Ís

The totaL set-up betr^reen windward. and. leeward ends of the

l-al¡e may be exlpressed- as

S = St.* S2 or

S = [a..ô x r"-uj +2,os ] ro-+(U-!Ð
?d 9d

whene Uo is the crítj.cal wind velocity found for initiaüÍng hrave

aetion, equal to abouÈ 3.0 ft./sec. in his mod.el expenÍrnents.

Tho set-up formula for a large body of.water is given as:

S = i.3 ). ro-c [t* 63 ( Ê\"'f * G3)
and it applies when ühe body of water appr.oximates the shape

of a roctangular channeL of uni.form cross-section.
(l+) Zuiden Zee and l,Iod.ifíed. For"mulg . 12' 13 / ,n stud.yÍng

the problem of r,¡ind tides in Ho11and., the Drüch ernplyod. a formula

oníginaIly stated as

g- = z.oe" ro'+J r;:j&fjva 
gd

(å)"

( 20)

ruher"e F is in miles,

r (+\'/'l r

( 21)

d.ifference in r¿ind tide botween windward a¡¡d leeward. shores.

The equation was laüer mod.ified to compute the setup in feet
.?.abovel{lnllas 

h*'u-F

s

U

(22)

in Miles an hour and S

t4oo D
cos A

( 2l+)

is the üotal

(25)



r'¡here A is the angle between the r,¡ind a¡rd tídal axes.
ll' /...(5) Eeach E::osion goard.: L+-/ Ari investigation of observed

wind. tides on Lake Okeech.oboe by the Beach Erosion Board. resulte¿
in the d.ovelopment of an equation in wb.ich the total set-up ,

between the uindward. and leeerard shores, is
I s K À Pa U"-\)- -''-'-_, F cos fl , oF t^1_\l¿olf"1 d

S = l.\("F * tdj UtF co, A

d (27)

The constant K is evaluated. as about equar to 0.003, whích

agrees closely with that obtainod. by Keulegan.

(a. is the ain density

? the density of waüen

^ 
is a coeffici-ent depend,ing oìl the turbulence of flow.

For Larn-lnar flow À = l'ã

turbulent flow ¡ =l,LS

which agrees wibh lleulegan.

SODIFICÆÏNS T0 rUn IDEALCASE

A brj.ef descniption of the factors that may havo an effect
on computing wind !,ide is as follows:

( a) D-epth and Fetch are physical ieatures of the bod.y of
. water" that can usually be obtaíned f:rom hydrogr:aph-i-c maps.

In the Lake Manitoba study, Hydrognaphic maps of the undort¡aùer

featur"es r¡ere not available, consequently numorous sound.ings

had. to be taken to estabJ.ish r^rater depths.

Lake Manitoba is genorally uniform in d.epth so that depth

variations were not taken into account in calculations (other

than average d.epth of each basÍn). Jn lakes of va:eying depth

and shape, an integnation procedure should. be used in which

ruu



the lake is divided up into a sufficíent number of segments

so that ühe varÍaùions in depth and shape can be üaken ínto accou.¡tt.

In rnost cases, the fetch ca¡r be üalcen as the straÍght line

distance that the wind. t'navels across the water surface. How-.

ever, when thore is an appriciable curve in the wind. stream

lines, the fetch shoutd be measured along the curved líne.

Straight IÍne fetch measurements were used. in th*s süudy.

(b) @rT" and 7O ' are the princÍpal unkno¡^¡ns

Ín the wind-tid.e equation. Unfor"tunately¡ the computation of

shear stresses is extnemely complicated.. The surfaee shear

is a functÍon of the velocÍ.ty, temperabure, densÍ.ty, stabilityt

and turbulence of the air, ar¡d. the roughnoss arrd. velocity of

the waten su.rface over which the air i-s moving. The bobtom

shear is a functÍon of temperaüurer viscosity, depthr e':nd

turbulenee of the waten, as r¡o11 as bottomlroughness.

Numerous mod.el studios as well as fulL scale investigations

have been mad.e, however, d.efinite relations botr¡een Z b and

bottom roughness, depth or other factors have not been determined.

Most investigators use empherical d.ata obtained. from stuùies on

Lake Okeechobee.

The fonnulas d.eveloped in this study are unique to Lake

Manitoba only.

(c) planfol'¡n: A planform factor N is used. vrhen the center

of gravity of a body is not at the ¡n-id. poÍnt of th fetch. For

a tr"i-angular lake, the factor varies from 0.67 when the l¡ind

tide is occuríng along a side of the triangle to I.JJ when tho

r¡ind. tid.e occurs at an apex. Ïf the shonelínes form an approx-

imate trapezoid., the planform factor can be obtained. from

].01



the formula

:i::

whene bo

bis
(d)

is the width of the windr¡ard shore

the width of the leeward. sh.ore.

3-a-nge body of waten, the neductíon in. atmospheric pressure near

the centon of the storm may cause the water level to niso.

This factor should be condj.dened. in computÍng wínd. tides when

the difference in atmospheric pressure may be consid.erable,

suclr as Ín wind bÍdes due bo hurÍcanes. In the Lake Manitoba

süudy atmospheric d.ifferences were consid.ered neglÍgab1e.

N=ä(

Abmosnheric Pressur "t 
\ /

z bo +b
bo + b

'f¡ùhen a storm passes over a

102

(28)



APPENDTX B

hIATER LEVEL GAUGE ELEVATIONS



Hours Gauge 1

1 811.28
2 811.31
3 8IL.32
l+ 811.29
5 811.30
6 811.28
7 B1l.3o
I 81r.30
9 811.28

10 81I"28
11 8LL.27
L2 8rr.28
L3 811.28
u 8LL.2g
15 811.30
1ó 81r.28
L7 BLL.33
18 811.28
19 8rI.27
20 8rL.2g
21 8rl-.3t+
22 8rL.33
23 81r.37
zL 81r.49

Gauge 2

$Lr.35.
gtt.35
gLI.37
$LL.42
811.42
8T]-.t+2
811.43
BII.55
e]..r.65
8r1. ó5
811.62
3LL.57
811.47
9LI.1+2
8r1.39
811.47
grL.57
811.71
1rL.67
811.59
811.65
8r1.65
811.65
8rr. ó7

WATEA LE\EL EI,EVATION AT GAUGE LOCATTONS

Gauge J

8L2,O2
8L2.O5
gr1.g4
8L2"O5
812.08
811.80
811. ó8
$rL.72
8rr.62
811.63
81r.84
81r.88
e11.78
811.80
81r.70
81r.60
9I1.70
81r. ó9
811. óó
ârL.62
811.60
3Lr.52
811.50
911.41

Gauge l¡

911.7ó
811.66
8r1_.64
811.64
81L.61
811.61
811. ó1
811.60
811, ó2
8rr.63
811.63
8r1. ó1
$Lr.57
81r.51
811.50
811.50
811.50
811.56
811.5?
811.51
811.49
91r.45
8r1.41
811.38

o0T0BER 4. l-966

Gauge 5

t:':z.,o5
812.11
812.11
812.10
8r2.09
812.10
812"10
872.O3
811.96
81r.95
81r.95
811. ?8
8L2.O3
8r2.r3
812.14
Br2.L3
8L2"O3
811.9ó
811.95
8r2.O3
8r2"O3
8r2.O3
8l.2.O7
8r2.O?

Gauge 6

$rL.53
8rt_.51
81r.5ó
gr]-.57
811.58
8r1.58
âLr.59
BII.71
âLL.75
grl-.75
611.74
811.67
811,61
81r.55
BLL.55
811.60
81r.74
811.82
911.76
811.71
gLL.7l+
811.75
gTL.75
811.78

Gauge f
811.47
811.50
811" 5?
811. ó1
811.61
8tt. óo
81r.65
811,8I
8]r.86
811.86
811.84
g1l.7g
811. ?0
8r_1.63
811.63
811.71
811.8r
811.98
8rr.g2
811.87
$rL.93
811.9ó
811.97
812,01

Gauge I
811./+7
811.48
811.4?
811.4?
8L1.57
811.71
8t_1,74
811. ?3
8r]-.72
81r.6?
811.61
gLr.53
8I1.5r
81r.53
81r. ó0
$LL.79
8L1.88
811.82
811_.77
811.82
81r.8ó
811.90
81r.93
811.96.

Gauge 9 Gauge 10

610,80
810.89
811.00
811.I1
811.1_l
811,06
811.04
811.Oó
811.36
gr]-.35
811.36
811.62
811.49
gLr.53
811. ó2
81I.78
811.95
811.89
811.81
811.92
81r.94
811.95
812.01
g].z.O7

Gauge 11

811.40
811.41
811.46
811.68
811. ?7
811.?l
811.70
811.7ó
gtr.77
8].1.84
8r1.92
811.9r

l

tsroi
T1



Hours Gauge I
I 811,38
2 811."38
3 811..39
4 8n."37
5 8rL"36
6 811.36
7 811."40
I 811."43
9 811.,44

Lc 811.4ó
11 811"46
12 81L"41
L3 811."39
14 811.40
L5 811..4r
t6 811.48
17 811..48
18 8r7."1r7
19 8U."46
20 8r7."t+7
2L 811..46
22 8rr"b3
23 811,48
2h 811.,51

Gauge 2

911.6?
8lil.68
911"óg
8.LL"72
811.73
8r1.71
911.6?
8r1.62
811,62
811.65
811.67
911"76
811,79
$LL.77
g]-r"73
811"óg
8r1.ó7
8rr.72
$Lr"75
$LL,77
8rr.?2
911.71
811.ó9
grL.72

Gauge 3

911,40
911"39
811,39
911.39
911.40
gtr"32
911"31

. 911031
911"30
8]1,r8
9r1.30
811.43
8r]-.37
8r1.30
811"39
811.39
gl_1.39
811,40
811-.50
8L1,44
811,40
811.38
ïrL"33
911"39

WATER LEI/EL ELEVATTON AT GAUGE Ï¡CATIONS

Gauge l¡

81r,41.
811.43.
81r"47.
911.51.
911"56
911.57
8'Lr.55
811.50
8r1"49
81].4?
gÌ1,50
811.5ó
911,59
911.ó0
811.57
8rL.55.
8l_1"51,
g]..r"53

8rr"54
grr"57.
811"58
911.59
gLro52
gr]."52.

mToBER 5, L966"

Gauge J

912.11
8L2"O9
812,08
812.06
811,99
g11.gg
8L2.02
8r2.O7
8L2'.O9
812.09
gL2"Og

8r2"O3
912,03
811.97
811.93
Bi.r"gg
8L2,O2
gLz"O5
812.0L
911"97
811"97
812,00
g]-.z"03
g]-z.O3

Ciauge 6

811.75
8rr"75
81r,78
811"80
811,80
811"76
911"?0
gÌ1.68
811.67
811,67
811-"78
81r.82
811"88
811"8I
911,ó6
811"62
811.ó2
gl_1"66
8L1"70
811"70
911"66
81Ì,63
81L"63
811,65

Gauge f
812.00
8r2,O2
8r2"O2
8L2."03
812.03
911"96
gt l.gg
811"89
911,92
811.94
811.99
812"06
g]".2"13

8L2,13
912"05
812.01
8r1.99
812.02
812.08
812.08
812"04
g11,gg
8L1.99
8L2,03

Gauge I
811,94
811.94
911"94
911.93
811"91
811.É5
811,80
81L,80
811"82
911.86.
811,95
812.01.
8L2"02.
811"96.
811,91
811"99
911.92
gLl,gg
812.00.
BILO92
811.90
911"91.
811.9¿r
811.98

Gauge ! Gauge 1O

811.88.
811,88
811.87.
911,97.
911"80
8rt"75
gtl"6g.
811,69
8L1"?2
911"76
8L1.t7,
911"96
811"92
811"80
911"78
911.?6
$LL"77
911"92
8]_1"87.
8rr"77
911,79
8]1,82
811.82
811.93.

Gauge lL
911"92
811.9/+
grr.92
gLl,gg
911.81
811,?3
8'LL"73
811.?7
811,82
g11,go
911,97
911.95
gLI,g0
811,82
811,80
811"80
811.97
8L1"88
911"86
811.84
811"82
911"93
911.86
811"90

:

t

I



Hours Gauge 1

1 811"48
2 811.49
3 811,48
t+ 611.49
5 811"48
6 811"48
7 81"1.50
I 811.49
I 81r"50

10 811"48
11 811.48
12 811"48
13 811,48
u 811.46
L5 8]1"48
16 811.50
L7 611.48
18 811"48
19 8II"l+7
20 811.44
?f _ 811"40
22 811.40
23 811.43
Z+ 811"[6

Gauge 2

811"75
gr]."7g
8TI,79
gLL.72
811"óg
911.67
811"68
81r"72
8rr"72
911"69
811"óg
8rr.72
gr]-"77
grL"77
911.69
811"ó5
911.ó5
gLL.62
811.67
911"69
grL"73
gLr.77
811.67
911"66

Gauge J

811"45
gLL"h2
811"40
911"30
8Lt"25
911.30
gLL"32
811.38
811.39
8.LL,l+2
811"4/+
811"44
gll_.50
811,60
811.ó1
911.59
911" 58
g]-.r"52
$rL"52
81r.50
911"54
$LL"55
811.62
811"59

I'IATER IEVIL ELEYATION AT GAUGE I¡CATIONS

Gauge {
$rL"52
811056
911.61
8\L.62
grl.63
811.61
911"59
911,61.
grL.62
811"6?.
811.69
8r1.71
811"69
811"69
911"66.
8r1.62.
811"61.
8LL"62.
911.ó6,
811.67.
81r.74
8LL.73.
g1r"ó6
911.63

October 6, 1966,

Gauge 5

812"08
812"01
812.00
8r2"02
8]".2.O2
8I2,O5
8t2"O3
812"01
812000
gll"gg
811"99
gtl.g?
$rL"g5
811.97
812.00
812.06
812.06
812"03
812,01
811,94
812.01
8]..2"O7
812.08
812"O0

Gauge 6

811"81
8r1,82
811.79
911"75
gLL,72
911"71
911"73
gLL"75
8tr"75
$Lr"73
811.74
grL"75
911"79
8tr.7g
811,71
t]..r.67
911.65
811"66
81t"71
811.75
811.79
gl_1"79

811.?1
811"6?

Gauge f
812"06
8L2.12
812011
812.01
grr"g5
811"94

'911.9ó
812000
812,CO
811.95
811.95
911.9ó
812"01
8L2"O2
811.95
sll"gg
811"87
gi_l,97
811"92
81r.95
811"99
8r2"O2
911,93
911.90

Gauge I
8]..2,O3
812.01
8r1"93
811"8&,
811.83
811,84
811,88.
g11.gg
811"82
gr]-"?g.
81ro82
811"88.
811.90
811,89
811,78
811"63.
BLr"72.
811.?9.
811"80
911"96
g11.gg.
911"95
811"79
8l.I.73

Gauge 9 Gauge 10

811.95
811"86
811,81
gLL"73
911.?0
811"74
811"?6
81r.76
grl"68
811"64
811,64
811,69.
gLL"73
grt.76
8l_1"72
811.6ó
811.62
911"65
8110óg
grr.72
811"71
811"óg
811.69
811.ó5

Gauge 1l

811,87
911"95
911,?g
$LL.74
8Lr.75
911"59
811"81
911,?6
911,óg
811"65
8r1.67
$Lr"72
811"74
811,72
911"66
811"64,
811,63
811.64
811o69
811.70
8rr,71
911.6?
911"65
811"6À



Hours Gauge 1

1 811.44
2 911.44
3 811.41
4 811.38
5 8rL.37
6 911.35
7 81r.36
I 911.39
9 811.40

10 8rr.33
11 8LI.33
L2 811.3613 811.30
r4 8Lr.33
L5 8Lr.37
1ó 8Ir.34
L7 8Lr.33
18 8LI.37
L9 8l-l'.3t+
20 911.29
2L 811-.34
22 8Lr.33
23 811.34
24 811.36

Gauge 2

811. ó2
811. ó6
8L1.67
8r1.69
811. ó7
811.67
811. ó5
$Lr.57
9Ll.5z
$LL.52
811.49
gLt.52
gl-r.53
811.49
8r1.52
$LI,52
BII.55
gLI.57
gLr.62
811. ó7
811. óg
8rr.67
81r.6ó
811.67

Gauge J

811.59
811.58
811.ó2
9IL,62
811.70
8r1.70

. 811.80
8r-1.80
811.81
811.80
$LI.72
811.64
811.68
811. óg
811. ó7
811.67
gtl.65
811. ó4
811.61
811.ó2
8l_1. ó7
8l_1.73
8II,72
8l_1.69

WATER LEÌ¡EL qtEvATION AT GAUGE LOCATIoNS

OCTOBER ?. 1gó6

Gauge 4

811.ó1
8r1. ó3
811.6?
811.73
811.74
$Lr.72
8LL.73
811.64
811. ó3
811. ó5
811. ó2
911.61
811.6t
811.60
811.58
811.58
811.59
811.59
811.58
811.65
811. ó3
811. ór
811.59
gTL,56

Gauge 5

811.95
911.9?
811.97
8L2.O7
812. Og
Br2.t2
8L2.12
8I2.11
8l-2.I2
812.14
812.14
812.13
812,1I
8t_2"Q9
8I2.O5
8L2.O2
8I2.O2
812.04
812.06
8l.2.O2
812.04
8r2"o2
812.04
8I2.O3

Gauge 6

811.65
8t-1.71
gLL.73
911.76
811" 71
811.71
811. óó
811. ó1
811.58
811.57
grL.57
8l-1.59
811.57
811.56
$rL.57
811,5g
811. ó0
811. ó2
811. ó7
811_.?1
811.71
811.69
grL.67
911.71

Gauge J

811.84
811.89
811.91
811.92
811.91
BIL.88
811.85
811. ?8
8r1.74
$Ll..73
81t"72
gLL.73
911.75
grl.73
811.74
81r.75
811.7ó
81I.81
81I.85
811.92
Blt.93
811.93
8t1.91
8r-l-.92

Gauge I

811.73
911.79
8r1.79
811.78
811.76
grl.72
811,67
811.ól
811.60
81L" 5g
811. ó0
811. ó1
811.59
811. ó0
$LL.62
$rt.63
811.69
81r' 71
811.77
8l-1.83
811.81
81r-.80
811.92
8l_1.96

Gauge p Gauge 1O

811.ó7
8rr.65
811.64
811-. óo
8rr.62
$rL,55
811.47
811.4ó
8l_1.44
811.49
811.50
8r1.4ó
811.49
811.51
nLr. ))
8r1.58
81r.53
811.6ó
811.71
811.72
grL,72
$rL.76
811.75
ârL.73

Gauge 11

6.11.6ó
8L1. ó7
8l_1.69
811.64
811" 65
811.39
8LI.52
811.50
811.50
911.49
811.53
811" 53
811.óO
8L1.61
811. óO
811. ó3
8L1.64
811. óó
811.70
$Lr.73
$Lr.72
8l'l-.75
81L. ?6
811.79

H

J



Hours Gauge 1

1 811.36
2 8rr.37
3 8LL.37
l+ 811.36
5 ELt,32
6 811.3ó
7 811.43
I 8l_1.1r0
9 811.38

10 811.38
11 811.38
12 8rt,33
B 811.42
u 811.42
v B]-L.39
t6 8l-L.34
17 811.50
18 811.4ó
rg 811.43
20 8I]-.l+6
21 8l_1.47
22 811.43
23 811.1+8
Z+ 8I1.5O

Gauge 2

811.68
r¡'t't Anv¿¿.v I

8).I.67
9r1.67
Q11 An

8il_.68
Êl 1 trrl
É] I trn
fll -r l^n
Êl I .1<
v-L. I /

811.75
811.82
R'r't Á"
grL.57
811.59
Â'ì I ÁÃv*¿av/

87J.67
BII.77
BLr.77
Ê't I 

"(
811.67
8r]-.67
All Ãoe¿1a ) /

811.57

Gauge l
811.69
p'ì 'ì qo
Él't 

"oe¿&.,) ,/

8i1.84
Élr ÊovL1. v /

É'ì'1 ?70
v*¿. | /

8l.r.59
9rL.59
811.29
8rL.49
É'ì 1 q?

81.\.57
8rr.49
811.49
911.49
811.39
911.44
811.51
g1l .4g
811.4r
911.19
810.9I
at'ì I oeL¿a*/

811.39

],',IêTER L.îVEL ELEVATLqI\ AT GAiIcI ,InCATlClfS

0OTOBER 8, 1966

(iauge 4

811.61
811.53
Er]-.62
atì An
.e] 'l A"
Él I q,7

811.52
Êll Ãn
\.,4!. / v

ÕIa. )r
all Ã(,-,rL. ) )

811.54
811. ó/+

811.59
É1 1 E,Av¿1 a )v

8l-r,53
811.54
8]-I,52
Ê'l'ì E.l

811.60
811.ó1
811.ó1
Ê11 Án
gl,t.57
81r.ó2

Gauge J

8r2.o2
812.00
41" ôovL.Lav /

812.08
812.06
Al, nl
811.98
811.92
*LL.93
812.08
812.06
Áì 

^ ^rë.L<.V)
812.0ó
812.01
811.95
Ê11 Q?

Qll 0av*+. / /

812.01
Bl,z.O3
BI2.I2
8I2.O2
811.96
dt I 

^ÃÖLL.Y¿
8r2.01

Gauge 6

811.71
811.71
Ö'ì 1 n^
t:LLt | É.

âI1.7."
811.71
811.74
811.61
Êl I <a
v*4. t \.

811.71
Qll nnv4¿. f I

8I1,82
sll.86
Ê] 'ì nt,v+*. t?

81r.61
Êl'ì A<

r 
L44.v/

t\1't 4,7
v*-L.v ¡

d1t ñ^érL. [ ¿
ç¡l I ?oe1!a I r

A1 I .qa)

Ql'l .74
(/44. f v

Ê'ì 1 '.71

811.70
811.65/-
öJ-l-. oJ_

Gauge 7

811.91+
É'ì I Ol
vLL. /¿

Êl I o't

811.91
811.90
Êl 1 0/,r'+*. /a
êal ðñ
Õl_-L. Õ 1

'l'l 
I ,7<

\.L¿. I /
x t I vr!eL¿. /'+

Ê12.01
r1'l t n(\;L4aV)

,1.12.10
Ér'r oA\-¿+r /v

811.80
811.82
Qll aovLL.v /

ell oqv1*a //
ó1^ 

^^óL4.V¿
Êl? ôq
ár^ ^^ÕJ-¿.L/V
ó11 

^1.jLL../)

811.90
Â]'t Êq
v¿¿. v/

$rL,75

Gauge I

Ê't'l 4,7

811.81
811.82
811 B0
r)'t Laa
811.8.1
811.66
>. | | x¡l

e11.91
811.98
912.04
eIl.91
811.70
É11 nõv1L. I v

e].r.7g
8r1.87
811.97
tl'ì I Q'7

911.92
811.83
Êlt Êô

811.76
811.63
811.i+9

Gauge 9 Gauge 10

811.75
,Q]'ì Áq
p] 'ì nç
-L¿a | /

811,81
da 1ëLL. (>
Rll ol\)+La /*

811.90
811.97
Bl-1.97
grL.77
811.58
611.66
811.70
Ê't I ë(rrÁ.!.'//

É't't Q?es-ì //

811. S9
8l-1.78
8l-I.72
811.ó1
811.39
8r1.21
810,87
8l_0.48
8l:O.1+2

Gauge 11

Ê1 1 .12

Ê't I .7r7

gl.j-.7l+
É'ì I n2r-¿t.I)
afaf dñcJ-r. I I
gri.56
r11.68
AI 1 AF
v1¿ a v/

âLl-.9l+
P.L2.02
811.90
811.69
Ar'ì 42.v¿1av)

811.54
,c1 'l qÃ
v*1. / t

811.48
811.47
e'l'ì t.AuÅ¿.çv
grl.4ó
811.4?
8l]-.i¿5
811.4?
811,54
8t-I.50



Hor¡rs

1
2
t
4
5
6
7
I
7

10
Lt
T2
I3
uv
I6
L7
18
T9
20
2T
22
23
24

Gauge 1

911.50
811-.29
8rl.22
8rr"37
811"5r
gl-1.óg
811,61
811,5ó
811.i+3
811.47
811.56
911" 5g
811.63
gl_1.68
911"69
8rr.63
Bl_1"49
811050
911,59
811.60
gl-r.66
8rr"53
8.LL"l+5
911.46

Gauge 2

811"49
811"47
811.46
$Lr"37
911.19
$LL.22
gLr"62
911"92
811.87
grr.77
911.6?
811.55
811.49
$Lr"57
811.57
811"56
8IT"4?
811"42
911"31
8T]-,25
811.31
811.47
gLr.55
grr"55

Gauge J

811"69
8I2.L9
911"34
910.69
8r0.Ég
811"08
810,9ó
811.12
811.12
811012
810"99
811"09
811.34
811" 50
811"51
grro52
911.49
811.49
811.51
BTT.37
811.38
911.óg
911,93
811.49

Ïi'IATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge {
911,79
8L2.O2
8L2,O2
81t"gg
8rr"53
911"49
811"48
811.81
811"89
811.99
grr"g3
gLL.g5
911"79
gLI.?g
8r1"93
811.94
811"95
812.01
811,90
811.81
811.?9
8]1"S2
8l_1"94
811,95

October I, l966..

Gauge I
9r2"25
8]-2..27
812,28
$LL"7g
911"71
811,69
8LL"75
911"95
911092
811"99
811.9ó
811,93
811"97
g11.gg
811"92
8I2.,O5
812"09
8r2"72
g11,gg
g11.gg
811"95
8rr"g2
811.95
811"91

Gauge 6

9rL"62
911"60
8r1"60
811,46
811.28
811,34
811.81
g11.gg
gl_l_og1

811.84
811.74
8r1"61
811.61
91r.66
811.67
911.65
911"59
811" 55
911,49
$Lr"37
911"46
811.ó0
811.ó6
911"65

Gauge f
811,60
911" 50
811.45
811,36
811.30
gLr"35
811.81
812"10
812,08
gIL.g5
8TL,75
811.ó1
811"59
811,67
811"66
811" 57
811"49
811"42
911"34
$LL"2l+
911"36
grL"55
8l_1"61
811,55

Gauge I

$LL,37
811,28
811.2/+
911.19
8rr.27
grL"77
812.0?
811,95
$rL.77
8r1.62
811"48
8]1,47
811,56
8r1.55
811.42
*rL.35
9r]-"25
611.16
811.12
8l.r"25
811"46
811 

" 51
811"46
8r1.38

Gauge p Gauge 1O

810.46
811.67
8r2"23
812,01
811.62
81r"41
811"15
810092
811"40
811_.2ó
sl1"08
810.8?
810"63
910"42
gLO.33
9r0"7ó
811"08
811"28
811"1ó
811,13
910"95
$LO"72
g1:o.55

810.óg

Gauge Ili

911.05
810.70
810.74
810.80
gl-r.75
8L2"32
8r2.20
8I1.82
811" 50
911.15
$rL"23
811" 54
81f"54
811"40
8r1"25
811"00
810.78
810,ó3
811,04
8L1,3/+
811" 5g
811"39
911,15
810"96



Hours Gauge 1

1 811.48
2 811.40
3 81I.4O
4 811.40
5 8l-1.38
6 811.34
7 811.36
8 8LL"23.
9 8U.18

10 811.16
11 8tL.23
12 BLL"33
L3 811.43
14 811.39
L5 811.38
1ó 811.38
L7 8rL.33
18 8tL.29
19 81r.38
20 811.40
21 8rI.35
22 8Lr.33
23 81r.28
24 81r.28

Gauge 2

81r.47
811.42
gl-r.h5
811.37
81r.45
811"42
811.45
811.45
8r1.37
8rr.2g
911.19
811.12
811.05
811.05
811.15
gl.L.h2
81t.5ó
81t.57
811.47
81r.39
811.39
8r1.55.
Bl l.?l
grL.77

WATER LEITEL ETEVATÏON AT GAUGE I,OCATIONS

Gauge l
811.39
81r.59
81r.82
8r2.29
8L2,u+
8].2.1+9
8l.2.I?
8L2.22
8l,2.35
8r2.25
8rr.g4
8L2.00
8r1.90
8l_r. ?g
811.80
811.89
8I1.99
81r.89
811.77
81r.62
81r.59
gl_1.70
811.82
grL.79

Gauge 4

g]-r.g7
8l_r.94
8r2.26
8t2.O3
8l.2.3t+
8\2.28
812.39
8I2"h4
8L2.42
8r2.3r
8L2.I7
Br1. g5
811.83
$rt.7g
811.74
81r.82
811.80
811.80
8r1.64
811.62
$LL.55
811. ó3
811.65
8L1.70

ocroBER ror 196ó

Gauge I
811.86
811.8ó
811.74
8L2"82
811.5ó
811.5ó
81r.80
811.88
8r1.96
8L2.L3
8r2.20
8L2.20
812.11
8L2.0t-
8rr.91
8r1.91
812,00
812.06
812.07
812.01
811.95
8rr.82
811.86
B1r.g0

Gauge 6

gLL.57
81r.58
811.62
8L1.53
811.53
8]-r. ó1
811. ó7
9L1.66
8r1.5ó
8r].50
srl.4l
srl.28
81I.21
811.24
8I1.31
dr I F/örr.20
8r1.65
811.65
811.51
dìlöLL.4(
811.46
81r.66
811.78
8r1.85

Gauge f
8r1.t+6
9LL.3g
Brl.30
911.29
8rr.23
BLL"23
8]}.21
811.16
8Ll.11
81r.07
811"02
810.97
gLO.95
810.97
811.12
811.42
811.60
8r1. ó7
81r.57
811.49
811.50
8rr.59
811.82
g1l.g4

Gauge I
811.32
BLL.27
811,18
811.18
811.17
811.12
8r1.O8
811.O1
810.98
81C.92
810.88
8r0.87
810.88
81I.02
8t-I.32
811.55
81"r,58
BtL.53
81I.45
811.45
$Lr.62
811.82
811.95
812.83

Gauge 9 Gauge 10

910.70
810. ó4
810.44
8L0.24
809.99
809.97
809.91
810.02
810.14
810.18
$LO,37
810.74
811.28
$LL"29
811.36
81L,27
811.24
gl-1.17
81r.26
811.53
911.7r
811.85
811.84
811.6ó

Gauge IL



Hours Gauge 1

1 8tL.29
2 811.30
3 811.31
4 8]r.34
5 811.31
6 811.30
7 811.28
I 811.26g 811.28

10 BlI.2g
11 8t1.28
L2 811,30
L3 811.31
14 81r.29
v gLt.zg
16 8l_r.28
t7 811.28
18 811.30
19 81r.3o
20 811.30
21 811.30
22 8rr.28
23 811.28
2h 8l_1.30

Gauge 2

8rr.72
gLL.57
811.47
8r1.49
8rr.57
8tt. ó3
811.67
811. ó7
gr]-.73
81r. ó9
8r1.69
$LL.72
811.67
811.67
811_.68
811. ó9
811" 73
BLL.73
gl.t.73
8LL.75
81r.69
811.67
8L1.óg
8I1.75

Gauge J

911.óg
8r1.70
811,6g
811.57
811.60
81r.69
811.69

'911.67
81I.67
811.61
811.61
811.65
811.69',
811.69
811.69
81r.69
811.68
8rr. ó5
gLL.65
8r1.67
81r.59
81r.50
8].1.49
8t-1.50

WATER I,EVEL ELEVATTON AT GAUGE ÎÐCATIONS

Gauge l¡

811.64
âtL.59
811.51
B1r" 51
811.5r
81r.54.
81r-.5?
811. ó0
811.58
811.55
8L1" 52
81r.51
gtL.52
81].54
81r.56 '

811.57
811-.59
8r1.56
911.5ó
911.56
8tI.5ó,
811.5ó.
8L1.59 .

gLL.55:

oCToBER ltr']1966

Gauge J

8r2.O2
812.04
8rr.98
811.95
811.92
81r.89
81L.90
g]1.94
811"97
g1l. g7

8r1.96
811.94
81r.92
811.90
811.9r
811.72
8r1.70
$LI.72
$LT.7?
gr]-.73
811.73
811.74
8rr.72
811.72

Gauge ó

811.74
$Lr.57
811.5I
81r.5ó
811. ó5
811. ó8
gL]-.72
8I1.72
811.67
81r.64
81t. ó5
811.6ó
áìröl_L. /J.
811.73
911.74
sll.7ó
gLL.7g
811.79
8rr.79
811.79
BtL.77
grL.73
811.75
8t,r.80

Gauge f
811.87
811. óg
811.62
81r" 62
$rL.72
811.80
811.85
8t_1.87
8r1.80
$LL.77
gl-r.77
811.80
8r1.85
g1l. gg

8tr.8g
811.91
811.97
8rl.gB
8r1. gg
811.98
Brr.93
811.89
8t_1.93
812.00

Gauge I

811.65
811.58
811.63,
811. ?2
811.81
811.84.
811.82
811.77.
8l-1.74.
811.75.
Bll.82
811.87.
811.89
811.89
811"89
911.93
glt,97
8L2.O0.
812.01
811.98
8rr. g2
81r.91
911.9?,
812.06,

Gauge t Gauge 10

811.50 .

811.49
Brr.57.
8rr.67
911,77
911.79
grt.75
81L.67
811. ó6
911.69
811.74
8]1.84
811.85
911, ?ó
811.87
811.90
811,92
811.87
811.90
811.84
8r1.84
811.94
8L2.08
812.12'

Gauge 11

811.óg
,81r.69
8l_1.73

'81r.74
811. ?7
811.79
81r.7ó
811.73
$Lr.73
811.?8
811.87

911.?O
811.74
811,7ó
811.81
811.84
811.80
811.74
811.73
81L.84
811.94
glt. gg



Hours Gauee I

I
/.

l+

6
7
I
Y

10
11
T2
12L)

uv
J-b
l.tJ-(

18
19
20
2L

8]..]-.32
8L7..33
Ê1r aA

öJ_i.JO
ëLL.))
811.35
Ét 1 ?.7

811.38
Q'l I 2nvLLaJ I
rtl I 2A
p'ì'1 2A

811.30
8r7.33
É] I 2'7
pll 2A
atl 2Q

8r7.37
8l.1,..37
8rr.37
t:LL.) (

Ê11 ??

811.34
811.36
t¿l I ?'l

Gauge 2

g]..t.77
811.82
Ê11 nn

8l-1.76
Êrl Aa

8t 1.69
8I]-.72

81.1. B1
fl'ì't ?o
erL.77
811.85
Êl'ì Q,7

É11 ÉO

.el I Ê,7

al't nn
Þ] 1 /,.1

'¡1 
I Er7

81r.57
Êl r 4.1

8rr.72
811.67
óLL.l¿
8]-L.72

Gauge J

811.54
6rr.57
Êll trn
+1 I r.t.
v.J¿a ltLt

8l.:...5l+
^ìröLJ-.)¿
811.50
8]..r.52
Qtl ÃovtLa,t /

n]1 ?O

BIT"22
ql 't ?ova^.) /

Brt.57
ÁII FAÕtIo)Õ
ñl ì tsñ

.Êl 1 qQ
-zLa / /

811.71
ÁlìëLL. ()
pl ì ?'t
()'l'1 aa.-LL. l -

81i.88
Êl'l ,7t7

811.78
All Oôva¿a /v

ITTATER LEVEL ELEVATIO¡I AT , GåUG¿r LOCATIOITLS

OcroBEn L2, Lg66

Sauge 4

Êl I <(eLLa)).

Êt I tr.A
eL+ a lv

BIt.52
Ê11 (?\¿er.. /J
á1 at:Lr.)¿
BrL.52.
all q?
e¿&. j¿,

t)'ì "t tr.l.
lL¿. )*

t¿'l 1 E,A\,++./v

Q] J E.Av1r. )v
rlì I tr.A,*1. )v

811.63.
drì /^éLL.O¿.
Ê11.61
Êl:-.62
ol'ì Er7

e1r.)v

8Ir,5l+
É-r'r <A
vJL. ,tv

A] I tr,l,v ¿¿.4 /+

!. | ì \Ar:+L a )v

811.61
811.61

22
¿)
4l

Gauge J

811,87
Ê'l 1 Q.7

811.91
8i1.92
Êl 1 a/,v1¿a /+

Ê1-t ccv¿L. /)
.Ql'ì ol
VLL. /L

811.88
,Ê"ì I 4.7

Êr I â,.7

Ê'l 1 aÊv¿+ a \- v'

É't I Ê"t
q'ì'r Ql
sl 1 '7îe++r I L¡

Ê1 't Êl
dlr dA
9¿¿ a (JV

f¡] 'l or,u4¿. /T

^al ^ãëLL.> I
\.+4a /v

8II,92
Étl Ên
Êl I ar^t\¿r¿a /v

811.8ó
Ê1 I p..7

Gauge 6

811.84
AìI Aã
v4+. ç I

811. E'2

sIr,80
êati:J_l . /)
.Q'l 1 ,78,

. vLlat/

,Q] ] ,74
v¿¿.. I J

811,84
All 4/

Êl I ftq
Al 1 At,v¿4. v+
p] 'l r¡c
Êl'r o'r
rll'l o/,\/**t /?

Ê11 Q?.-,,¿+ a / J

' Ql'l .rt
v¿*. f e

Ê1 'l '71
All A'7v¿-Lavl

p] "l t71
v¿-. | *

Êl 1 "iQ\tIL. I ¡

Ê11 Qt
811.80
811.84
A1I A?eÁ*. r¿J

Gauge /
812.08
812.08
a:.L/:.V4
dìl 

^^vlLa /.¡

Ê'ì I at,
v++ . _,rrf

pl r q/,

É't I oÃ.rL+. / )

1112.08
.t1^ 

^AÒ1.¿. uö
Èr2.06
812"O/+
812"12
812. r8
o'ì') -to
\. L._ a L./

612.14
A't I QA

Ê'ì'r Ê,t,
v4¿. \.-

Êl'ì ,71
ç-L¿. ¡ ¿

o'ì I t7].u4Á.1Àl
ð1 a ^Êxt | 

^/

811.91
É1 I î9
Ê1t Q?v¿¿a //

Ê'ì I A'tv¿4. /¡

Cauge I

6l'2.12.
ÚL¿.IL,
É12.05.
dl I 

^¿,vÀ*a /v

Q'l 1 0¿ivL+. /)

Êl 1 a,7v+¿. / |

8r2.06,
8L2.I2.
q1? na
s12.06
eL2,O9
?]-2.l:6.
8T2,I2
812.11
(lJ¡i.Uj-
P,;11.94
ala a ñFcLJ.. l>
811.71
911.78
811.90
Êl'l ,Qa
\¿*1 ..* /

qLL.93
811.9/+,
811.91

C.auge 9

Êl't côe¡1a lv

Ê'1 'r a]\¿¿¿a /-
daa d^
!!¿.v/

o] I Q1\JI¿ . U!

^ì 
I ãd

L:-Ll- . / Ct

u4. l9

Êr I ;t<eLL. v)

Êl'ì Êov*¿asl

fì'l I a?vL'. /*

^ìì ^4X¡ ¡ XX

811.90
Élt c?,..LL. / )

Êl "ì ÇÊ
Ê.1 I oÉ
v1L. /v

Ê'r r Êa
ql I r7r7

811. ó2
l¡l'ì 4n
Ê'r'r 4..9L+a v )

ÊTI,72
óat õaÕIr. / l-
811.76
erl..75
8l.r.72

Gauge 10

812.08
81.2.O2
.Qr I ocv*¿a / J

øt-l ()1
vlL. /¿

8r1.91-,
8r2.o7.
elz,I2
812.07
Br2.A3
É'ì 

" 
n?- v-É.vl

812.11
812.11
8l-2.10
8L2.O7
ell .92
dr a õ/OT¿. /Q
e]l.ó9
Êl I ,74
s4¿a ¡ v

Élr ÊavL+av /

^ì 
L4^ëIJ-. ÕU

811.88
811.84
811.80
811.78

Gauge 11

811 .95
Ê1 'l Éat*+a v /

8l-1.80
Ê'ì I ?Ot¿41 t | /

el I -rQ
L!¡. I /

ETT,93
BII.94
811.91
vt ¡ ËÀ
¿'LL. v)l

811 .8ó
811.96
812.04
8rr.97
E11.85
811.7C
8T1.60
Ê't I E,t,
v1¿. )a

81L.70
8l_1,73
911,6ó
811.74
et'l na.vLr'.1)
Ar1
ti¿-L o /u
811.64



Hours

1
¿

3
4
5
6
7
I
9

10
11
12
T3
14
T5
1ó
L7
18
19
20
2L
22
23
24

Gauge I

8rr.33
811.34
gr]-.34
$IL.37
8]_I"39
grL"3g
$LL"3g
Bl.1"3g
B).r"37
81.1.34
811"39
$LL'}6
81.L"33
$Lr.36
811.39
8]'r.37
811.34
$rL.32
811"29
811"28
81.1.28
8i-1.28
grL"2g
811,30

Gauge 2

911"69
8r1"65
911.65
åLL.62
811,61
911"59
811"59
811.58
811"??
BLr"67
911"61
911.59
811.59
911.59
911"65
8rr.57
g]..r"52
811.49
811./+?
811.49
811"52
8t1,55
8rr"47
811./+2

Gauge l
g11"gg
811,8/+
811.99
811"91
911,69
811"91
812.00
8rL"8g
911"óg
911"90
8t1.87
811"71
g11"gg
8L1"gg
g11"gg
811.79
grr"g2
81Ì.9r
8,rL.g7
g11"gg
g11.gg
8r2.O2
912.16
g72.Lg

Gauge /¡.

811.60
911.59
811.61
911.59
8rr"57
911.5?
gtl.5g
911.60
911"69
811,69
gr1"6g
911,71
8rr"73
811"69
911.71
811,ó7
8ll.?4
8rr"75
8Lr"75
911.76
gl-r"73
grr"72
8Lr.74
911"76

October J-3, 1966"

Gauge 5

811"97
812.01
812.00
gr2"o3
812"04
8L2,O5
g].,z.O5

812,03
811"91
811.93
81r.9ó
911.9?
911"97
8tt.g8
911,95
812"01 .

812.01
812"01
812.01
812"01
812"01
812.01
gLz"O5

8L2.06

Gauge 6

811.81
$rL.75
811"74
811.?3
811"71
811"68
811.70
gLL"72
811"83
811"7ó
gIL"72
$rL"73
$Lr.72
$rL.73
811"75
811"68
811"6?
811"64
911"ó5
811.64
grr,67
811.ó7
811"61
911"59

Gauge f
81r.88
811.8r
811.80
8L1.80
811.79
911"?/+
8II"72
811"74
8l_1 .87
811,80
911"74
811.71
811.7O
811"74
9L7"76
811"69
611"60
911"59
gr]-.57
911"5?
811"61
811"62
811 

" 55
811"47

Gauge I
911.95
911"79
$LL,77
811.78
8rr"73
811.67
911,?O
811,78
gÌ1.95
sÌ1"79
811"75
911.?4
$Lr.73
811,7ó
811.77
911"69
911.63
911.ó2
811.61
$rL,63
911"65
811"65
911" 54
811_"50

Gauge t
811o64
911"60
811.59
911"55
8rr"53
811.50
811.50
811.59
811_.62
811,54
gLr"52
811.48
911,49
$Lr.53
8]1.51
811_"49
8L1.44
911,41
811,41
911"45
811.44
911.39
8LI.34
911"31

Qauge 10

811.68
811.óg
911,69
811.ó4
811.59
811.60
1IL"67
911"71
811.56
911,5g
811"51
gr1,50
811.59
911,58
811,44
811_,40
811"39
8r1.39
8I1.44
gr1"4g
911"41
gLr"23
81,1.18
811"2+

Gauge LÍ

911"60
gr]-,"56

811.55
811,50
811"47
8Ì1.45
911,59
g].t.53
811.46
811"45
81I.41
811.44
811.47
911"45
811.36
811"33
8rr.32
811"30
911"36
811.39
arL"26
811"16
811.10
811.16

t
Itl



Hours Gauge 1

1 8LI.2g
2 8LL.7l
3 8l-.]-.22
l+ 811.20
5 81r.19
6 811.20
7 8LT.26
8 8Lr.33
9 8IL.3l+

10 811.28
11 81t.10
L2 811.13
L3 81ì-.18
14 811.26t5 8rr.2ó
L6 8LL.27
17 8LT.27
18 811,20
19 811.20
20 811.23
2L 811.19
22 8l-I.18
23 8tr.r8
24 811.18

Gauge 2

gIL.39
gLL.47
81r.47
811,/+5
811.42
gLL.35
gIL.27
qLL.22
ql-L.22
grL.22
811.17
81t. 17
811.17
gLL.27
gLL.37
8r1.37
811.32
åL]L.27
81L.27
$LL.27
erL.37
8r1.37
8lr.47
BtL.57

Gauge J

8L2.2L
8L2.30
gLz.n
812.09
912.11_
8]..2.23
e]z.24
8r2.37
BLz.50
8L2.27
811.99
8r2.09
812. C4
8L2.O7
812.10
812.11+
812.00
8I?_.I5
e12.19
8L2.21+
812.19
8r2.04
81r.91
Brr.7g

}.IATER LEVBT BI,EVATIOI$ AT GAUGE LOCATIOI.IS

Gauge d

811.79
811.99
811,97
812.04
Blr.gg
811.90
811.90
811.79
811;91
gl*L.g2
8Ir. g&

811.69
811.7ó
81I.70
8r1.68
811.ó3
81r.63
81r.ó2
811.61+
9rL.62
gLL.65
811.ó1
81r.ó4
811.ó0

October 7J+, L966

Gauge I
812.06
g1l.g6
812.01
811.96
812.01
812.11
812.11
BLz.2.L
8r2.16
8i-2.16
812.1ó
812.16
8L2.26
812.21
812.16
8L2.2I
8L2.2L
óI¿.¿O
812.16
8r2.26
8L2.L6
812.1ó
812.16
BI2.'Jó

Gauge ó

gTL,63
sll. ó8
911.óó
B1r.óó
811.ó1
BL]-.52
811.48
8rr.42
911.45
811.43
811.42
811.39
B11.lrt
B.rr.47
811.55
8r1"51
811.46
81r.43
8l-1./+/+
8r1.48
8r1.54
911.54
811.61
BrI.70

Gauge 7

811.47
811.47
811.44
Bll.40
811.34
81r.30
öLL.¿4'811.20

81r_.18
811.1&
8t1.10
811.09
811"14
BLL.27
911.43
811.42
811.38
811.33
8il_.33
811.39
811.4ó
811. /+9

811.59
8r1.70

Gauge I

811.48
811.48
811.44
811.40
8I1.34
8lI.28
BLL.23
8I1.20
811.1ó
BlI.12
811.09
8r-1.10
$LL.22
811.40
Blr_.48
BTT.45
811.39
ÕrI.ro
811.37
811.44
8r1.52
811.51+
81r. ó3
g]-L.77

Gauge 9

sll.26
811.29
9L]-.27
811.21¡
811.16
811.13
811.06'811.06

811.0/+
810.94

'81_0.91

810.96
811.09
811.24
811.2ó
8Tr.22
811.19
811.15
811"19
BIL.27
811.34
8I1.39
911.49
811.49

Gauge 10

811.18
811.06
8r0.99
810.84
810.78
E10.74
810.81
gLO.77
8r0.49
8l-0.48
810.70
811.0/+
811.30
811.30
8Ll"L3
611.00
811.04
81I.12
811.24
grL.36
811.37
811.53
Él I É,4vs¿. /v

e]-r.53

Gauge 1:

811.15;
811.14¡,
811.04i,
8r0.83i
81O.841
810.811
81O.gOi
8ro.72i
810.óof
810.581
8ro.77tr
8t1.ootr
811.25 i

811.25i
g1r.16i
811.04i
811.01
6r.1.12i
8I1.2+i,
gLL.27i
sIl.34
Bll.45,
811.å5,
811./+6



Hours

1
a
3
l+

5
6
7
I
9

10
11
L2
L3
u
L5
L6
T7
18
10
¿v
2L
22
23
24

Gauge I

811.19
8l-1.24
gLL.2t+

811.29
811.28
81.1,26
8r1.23
B7.I.2h
gr]-.26
97J.26
81.1.30
87.I.33
811.30
8r.1.28
81.1,28
811.29
til.L.zg
8rr.32
811.34
8i.1.33
811.34
81.1.36
gtr.36
811.39

Gauge 2

grL.57
81r.56

. 811.58
8r1.65
811.ó5
6rr.57
erj-.57
811.51
BII.57
811.61
811.ó7
81r.ó7
811.62
811.57
811.59
BLL.67
811.ó8
811.68
811.67
911.67
811.ó5
811. ó5
811.6ó
811.ó7

Gauge J

811.77
811.ó9
811.69
81I.8¿l
811.91
811.71
811.71
911.?0
811.70
811.71
811.71
811.70
g1r. óg
811.64
811.ó3
811.61+
8It.ó4
811.64
811.ó4
8]-r.57
811.54
811.51
8I1.51
811.44

}¡ATER LEVËL EI,EVATIOI'I ÁT GAUGE LOCATTONS

Gauge 4

81I.51
811.45
811.43
811.43
811.47
8I1.50
811.54
gL]-.52
Bl.]..52
911.46
811.45
811_.45
811.49
8Il,.52
811.54
811.54
811.53
811.49
811.48
811.47
811.44
811.44
8I1.42
811.40

October l-5, ]-966

Gauge 5

812.16
8L2.2I
8L2.20
812.18
g]..2.L7

8l_2.U
612.16
8L2.Lg
8I2.L6
8!2.I?
812.17
8I2,16
e\2.16
8r2.L7
812.1ó
8r2.11
812.rt
812.13
8r2.U
8].2.L5
gr2.L7
8I2.L7
812.16
812.18

Gauge 6

811.ó5
811.ó7
8Ir.72
811"74
811.72
811.óg
811_.62
811.66
811.70
811.73
811.79
811.7ó
811.70
811. ó7
8l.I.73
811.80
811. 81
811.80
811.80
811.7ó
811.75
811.76
8l'1,77
8r1.94

C.auge f
811.71
811.70
811.80
81r.87
811.82
811.ó5
811.6I
gLl.6g
811.74
811.93
sl1. gg

811.90
811.80
811.71
811.79
811.85
811.91
811.92
811.91
pll Éo

911.96
811.87
811..89
811.94

Gauge I

811.76
811.82
811.92
811.95
811.89
811.79
811.óg
811.74
811.93
811.92
811.99
811.9&
811.92
811.79
811.86
811.94
812.01
B11.gg
BTT.97
811.95
8'11.94
911.9ó
B11.gg
812.04

Gauge 9

911.51
811.59
8L1.63
gl.r.62
811.56
811.4ó
811.41
811.47

- 911.56
911. ó5
911.66
911.5ó- 911"52
811.50
B1l_.5ó
811.ó4
grr.67

; 8'l-1..ó8
811. ó6
811.ó3
811.62
811.ó3
811.66
811.ó7

Gauge 10

811.74
8l_1.97
811.85
8]..L.73
811.63
811.51
811.58
811.67
811.81
811.90
811.?8
811,61+
8t1.63
811.7r
811.77
grl.g6
811.84
811.80
8Ir.77
BIL.77
8I1.78
811.84
sLl. gg

811.90

Gauge ]
I

811.6r,
911.7i,
811.7î
811.ó?

,811"5i
Bu.4q
8Lr.5q
611.54
811.ó?i
811.7?j
811.74
811. óq
811.5îj
811.63
su.7rl
811.7(ì
8u.?4
811.7];
811.6?
81Ì. óti
$LL.72i
811. ?î
811.9(
811. gl



Hours

1
¿

3
l+

5
6
7
I
9

10
11
T2
13
14
I5
ró
17
18
L9
20
2L
22
23
2l+

Garrge I
811.43
811.38
911"40
811.40
811"39
$LL.33
811"39
gLr"3g
811./+0
811,48
911.46
811"4O
911"39
911,39
8r1"38
8r1.40
9LI.hl+
811"44
811"46
8r1.44
911"4ó
911,49
911,49
811"49

Gauge 2

811"69
åTL,67
8I1.71
911.71
g]=r"75
97L"7?
8tL"75
8rr.63
911"59
911.62
gr]-.67
g].r.72
gLL,72
911.?1
811-.69
gLL.67
8Lr"72
BLT"77
811.78
811.77
811"67
811"59
gLL"62
gLT"6?

Gauge J

811.34
811,34
811.39
811.49
811.49
911"49
8l_1.43
gLr.l+3
$IL"l+3
811"39
811"4/+
811.54
811.49
gl_1"39
811-"49
811.47
8I1"41
811"/+9
911"59
glt.4g
911.39
gLL"3g
811"39
81L.39

rATER f,EVEt ET,EVATIoIü AT GAUGE I¡CATÎONS

Gauge /a,

grL"35
81L"39
811.1¡.1
911,4?
gr]-o55
811.60
$rL"55
911.50
811"47
811"46
grL"52
8LL"57
81r"6?
811.64
91r,63
911.6I
811,60
911"60
811,62
911.64
gi_1,63
911"59
811.57
811.55

October 76, 1966o

Gauge 5

8I2"2h
8I2.21+
gr2"2I
8I2.20
812"11
8L2"O7
812"11
812"19
8L2"20
8I2.23
8I2"L7
812"lL
812.11
812"08
8L2"09
812"10
8i-2.08
812"09
8I2.06
8L2"O4
812"06
812"14
8L2"16
912"16

Gauge 6

911,?g
811.81
811"81
911"93
8t_1e89
811"89
811.80
811"71
911.?1
8r1.7ó
8r1"82
811,93
811-,82
811"82
811.80
811.80
8]1"89
gÌ1"99
811,91
811.95
gLr"72
911"71
9r1.76
911"78

Gauge /
811,99
811.97
911,97
811"98
812.00
812.01
911.96
811.81
811"79
811"82
811.90
811"94
g11,go
811"87
811,96
811-,84
81Ì.91
9r2"00
812,OI
811"91+
811" 8¿+

811.74
8r1.79
811.8/+

Gauge I

812ó06
8r2.06
812.0ó
8l.2"A7
812"10
8l-.2.05
gl-r"g3
811.95
g11"gg
811,95
812"0I
811.99
811"94
gI1"g1
8t1.90
gLl"92
812"04
812.08
8t2"09
8U.95
81t.79
811"79
gl_1,95
grr.g2

Gauge 9

911,óg
911"?1
911.70
8rr"72
$Lr.7t+
811"71
81L.60'911.52

8rr"57
811"62

.811"ó5
8Ì1"65
811"60
811"59
911,59
811.65
911"69
811.75
81L"73
811.62
811"5I
811"52
811"óO
g]-r"65

Gauge 10

gLL.g2
811.90
911"92
811"9ó
811.87
811"70
8r1.67
gr1,6g
911.91
811.86
811,76
811.70
911"óg
8r1"ó7
$LL,73
811.91
811"93
811"90
8L1.74
gLI.59
811,61
811.69
8rr.73
911.93

Gauge

811" g5

911"93
g11,gg
811,8?
8I1.80
81Ì.67
811.60
grL"65
8rr"75
811.?8
gl_1"72
811.66
811.60
81.L.57
81r"60
81t.76
8I1.81+
g1r,g3
911"66
8l_L"55
8t1"55
811"60
gLL,67
8rr.75

11r



Hours

1
2
3
l+

5
6
7
I
a

10
1I
L2
L3
14
L5
1A

L7
18
19
¿v
2L
22
23
24

Gauge 1

811.48
811.48
8r1.48
g1r.Àó
811,46
gl1.4g
gLL.53
grr.56
811.58
3Lr.53
8l-1.48
811.48
9L1-.l+3
811.48
9Lr.53
gLr.53
BLI.53
$LL.52
811.48
811.48
811.48
811.49
811.50
$Lr.52

Gauge 2

9LL.67
gLr.75
grL.73
811. ó6
gr]-.62
911,6ó
811.69
811.69
8rr.73
811.77
8rr.77
8lr.87
811.87
81r.92
811.92
81r.97
$LL.72
81r.59
BLL.57
gLL.5?
9LL.62
$LL.75
gLL,76
811.67

idATER LEVEL gLEVATT0_N AT GAUGE IOCATI_ONS

ocroBER r7, L966

Gauge 3

811.45
811.4?
811.44
gLL.39
grL.3t+
81r.34
$LL.35
811.38
gl'r.39
$LL.22.
811.29
grL.2g
g1r.2g
8rr.37
811.49
8rr.59
811.59
8L2.44
811.4r
811./y'+
81L.47
811.50
811.49
811.48

Gauge 4

811.5ó
81r.61
8r1.63
8.LL.62
8]..r.57
BLL,53
811.50
811.47
8rr.52
81r.54
81r. ó3
811.71
811" 66
8r1.66
81r. ó7
811. ó8
811.70
91r.73
911.71
8r1.71
811.69
g]1. óg
8rr.67
811.66

Gauge 5

812.08
8l-,2,O3
BLz.O3
8r2.06
812.10
8r_2.1I
812.11
8L2.L3
812.10
8L2.O5
8l.2.O3
8rr"g2
911.95
911.91
8I2.01
8r2.O3
812.1r
8L2.15
8l_2.16
8r2.L7
812.14
812.O8
812.08
8L2.L5

Gauge 6

811.83
811.86
811.80
8TT.7?
81L.73
811.80
811.81
811.83
8r1.89
g1l.8g
911.9ó
8rr.g7
812.01
8l.2.O2

Gauge 7

811.90
8r1.96
811.89
8].1.78
8Ir. ?g
8r1.85
811,90
gr1. g4
8t1. gg
8r2.O2
812"01
812.O8
8L2.r3
812.18
812.18
8r2.O7
811.8i+
811.74
81r. ó8
8l_t. óg
8L1.80
911.93
811,89
811.79

Gauge I
gtl.gg
81].98
81r.84
811.78
81r.83
81r.94
8r2,O2
8L2.O5
8L2.O9
8L2.O9
812.13
812.16
8L2.23
8L2,26
8r2.2h
8r2.O2
gr]-.72
8l.r.72
811.69
811. ?4
81r.89
81t_.99
811.91
8Ì1.84

Gauge 9

811.66
611.6i+
8r]-.53
811.4?
811.49
811;59
811.64
811.68
81r.70
811.73
8rr.76
8r1.81
81r.87
811.90
'811.87
,8r1.68
811.54
811.45
811.44
811.49
811.ó4
811. ?0
811.65
gtr.53

Gauge 10

911.?ó
81r.62
911.54
811.62
811.71+
81L.81
811.86
811,93
81r.83
911.95
g11.gg
8l_2.05
8r2.r2
8L2,06
811.83
811.5/+
8L1.50
811.40
811.38
811.óO
811.71
911. ?0
811. ó3
811.4ó

Gauge 11

911.?3
811.55
811./+6
$LL.53
811. ó5
811.?4
811.80
811.83
81r.80
811,83
811.83
grL.92
81r.98
8tr. g?
911. ?7
811.45
8r1.36
$LL,29
811.40
811.54
811.61
811.5ó
8r1.45
811.33



Hours Gauge 1

1 8].'L.53
2 8Lr.53
3 srr.5z
t+ 811.48
5 8rI.53
6 811.47
7 811,46
I gr1.4g
9 8rr.53

10 81r.48
11 811.50
L2 811.58
13 81r.48
w 811.49
15 81r.54
16 8rL.56
17 811.58
18 811.43
L9 811.56
20 811.38
2L 811.38
22 811.46
23 8U./+8
24 811.48

Gàuge 2

811.59
811.50
$Lr.55
årL.62
81r.ó3
gLL.57
grL.57
9L]-.l+7
811.41
811.41
9LI.l+5
8]-I.52
8rr.62
9LL.67
1Lr.67
811.65
8r-1. ó2
811.57
811. ó3
811.67
811.67
8r-1.62
gLr.57
BrL.t+7

l,\I4TEli_I,EimL ELEVATION AT GAUGE LOCATIONS

Gauge l
811.40
8r1.41
811.47
811.51
8rr.5c

- 811.49
811.1+i+
911.49
81I.41
$rL.3b
Br1.3g.
911.49
811.49
811.49
glt-.59
811.39
811./+4
8lr.5t+
811.88
811.59
811.64
811.70
811.28
811.39

Gauge i1

811.67
811.66
8]-]-,73
8rL.75
8l_1.79
811.76
811.76
811.67
8L1.67
811.6ó
8t-1.70
811.70
9rL.76
8r1.74
811.7I
811.64
8t-1.74
8Ìr.58
81r.76
811.86
811.8r
$LL.73
81r. óó
811.59

ocroBER 18, 196ó

Gauge J

812.07
8r2.I2
8r2.o7
8L2.03
8t-2,01
BLz.O5
BLz.O7
8L2.16
8L2.I7
8L2.I7
8l-2.14
812.08
BL2.O2
812.01
812.01
8L2.06
8L2.O2
812.1_I
8I2.00
8l-r,93
8r1.97
8L2.06
8I2.l-l_
8r2.L7

Gauge ó Gauge f
811"73
8l_1.64
811-.69
81I" 7/+
811. ?4
811.69
811. ó3
811.54
811.51
811.51
811.59
811. óg
8rr.78
811.81
811.84
gLr.7g
811.74
gtl.6g
811. ?7
811.79
811.79
811.73
8r1. óg
81r.59

Gauge 6

811. óg
811.65
811.71
811.74
8t_1.74
811. óg
811.61
811.56
911.55
811.55
8r1.58
811.68
gtt,77
811.83
811.83
8r]-.7g
$rL,75
811.74
811.80
811.78
81r.80
811.73
8l r.68
81r-. ó1

Gauge 9

9LL.l+2
811.42
811.4ó
91r.46
811:45
BLL.39
811,31
$LL.25
8TT,23
81r.28
gLL.35
811.44
.grL.52
811.59

, 811.55
8r]-.53
8r1" 5ó
811.51
$L]-.52
81t_.54
811.51
811.4ó
81r_.42
811.39

Gauge 1O

8I]-.37
911.44
811.48
81I.41
$rL.36
811.18
811.09
811.11
811.20
811.28
811.41
811.48
911.56
811.60
81r.57
811.57
811.58
811.58
811.54
81r.49
811.41
81r.40
811.28
811.51+

Gauge 11

èrL.33
811.40
8r1.40
$tL"33
$Lr.25
8r1.16
81r"06
81r.13
811.20
8rI.2g
811.3ó
811.44
811.5r
81r.49
811.47
811.50
811,54
ftl'1 Ë,2

$rL.47
gLL.33
9tr.35
811.20
811.34
81r.47



Hours Gauge 1

I 811.48
2 811..4ó
3 8ll-.40
1+ 811.39
5 811..43
6 811.44
7 81r.48
I 811.48
9 811.47

I0 811..47
11 811_.48
12 811.48
13 811.50
14 8n..53
L5 81t-.56
1ó 8rL.53
l7 8rL.53
18 8rL.53
L9 8LL.57
20 8rr,57
21 8l_t.56
22 8LL.52
23 811.50
24 811.48

Gauge 2

8r1.47
811. ó5
81r.77
811.82
gLL.67
gr]-.57
811.57
811.56
811.68
grL.75
9LL.75
8LL.75
gtL.73
BLr.73
911.77
811.87
gl1.g7
8r1. gg
8L2.O2
911.97
8l-1.92
811.97
81r.97
811.92

WATER LEIiEL EI,EVATION AT GAUGE LOCATIONS

Gauge J

911.59
9LL.59
grL,57
811.59
gr]-.43

. 811.41
grl-.47
81r.49
811.39
81r.40
811.40
811.31
g1I.2g
áaaöLL. )Y
81r.28
8l-1.24
gt_I.29
8LL.37
gLL.27
81r.1_3
911.15
gl.r.2g
811.50
811.54

Gauge l¡,

811.62
811.68
911.73
gLr.7t+
81Ì. ó6
811.58
81r.52
gLL.52
9Lr,55
811.54
811.54
811.4ó
811.46
811.38
811.40
81r.4r
8r1.42
811.49
811.50
811.49
gLL.52
811-.58
$LL.62
811. ó8

ooToBER l-9, 1966

Gauge J

812.10
811.94
811.88
81t.91
8L2.O3
8l-2.07
8I2.11
8L2.O7
8l.2.O2
812.01
8l.2.o2
812,0ó
8r2.06
812.10
812.04
812.01
811.97
ârL.92
811.91
glt.g5
811.93
811.90
81I.87
811.88

Gauge 6 Gauge /
811.65
811.8ó
81r.98
gLL.g2
81I.77
Bl-]-.7l+
811.71
811.81
811.95
812.00
8r1.98
811,9g
8I2.O3
8l.2,Og
8r2.20
8L2.3O
8L2.t+L
8L2.4h
8r2.39
8I2.3t+
8r2.32
8L2.38
8r2.28
812. rO

Gauge I

$LL.72
811_.89
812.Or_
8I1.90
8rr.75
81r.73
811.73
811.94
8L2.O3
8L2.Ol+
8r2.05
BLz.O7
812.11
8r2.22
872.34
8L2.47
8L2.53
8L2.55
8L2.47
8L2.37
812.4C)
812" 40
Bl.2.3L
812.12

Gauge 9

gL]-.52
811.64
$Lr.72
811.ó0'811.54

811.48
BLr.52
'811. óg
911.74
911.74
gLL,75
8l-r,76
811.83
81I.94

, 812.04
812.14
8r2.23
8l.2.22
812.11
812.08
8L2.Og
8L2..Og

. 8LL.9g
811.82

811.91
811.98
8L2.Ol+
BT2.O?
Btz.O7
812.00
8t_1.97
8r2.O2
812.01
81I.92

Gauge 10

811.65
81]-,75
811.ó4
811.51
811.56
811.51
811.70
81r.90
811.84
811.80
811.90
811.90
Br2.O7
.\1 

^ ^^öL¿. )¿
8L2"t+4
8r2.47
8L2.4/'+
8L2.33
8L2.L6
8l,2,2L
8L2.32
8L2.r9
811.96
811.7ó

Gauge 11

811. ó6
811.67
811"46
811.4i+
811,41+
811.48
811.70
811.79
gLL.72
811. ?ó
811.7ó
811,83
8l-.2.03
8r2.I5
8l.2.2t+
8r2.25
8r2.23
812.10
g1r. g7
812.10
812.16
BLz.O5
811.85
811.60



Hours Gauge I
1 811.49
2 811.49
3 811.49
t+ e11.50
5 8u.50
6 811.49
7 811.50
I 811.50
9 811.49

10 e11.50
tl 611.51
t2 8]-.]-.53L3 8rr.5314 8rr.53
15 811.48
16 EI1.4B
L7 811.49
18 811.43
L9 911.58
20 911.59
2I g1r.4g
22 811.50
23 eLr.53
24 811.53

Gauge 2

$Lr,77
811.ó7
9LL.57
811.48
8t1.49
8r]-.77
8rt.78
811.77
911.67
ell.5g
811. ó2
gLr.67
81]-.77
811.82
811.82
gL]-.77
811.69
BTT.77
811.77
811.78
8l-1.82
eu. 87
8L]-.77
811.61

Gauge J

811.49
811.40
qrl..39
g]tl.3g
811.44
811.49
8II.50
811.47
811.39
8l_1.39
811.44
811.45
811.50
811.54
8I1.49
Bl-1.39
811.33
811.39
Bl.l_.39

. 811.49
811.29
811.39
811.39
811.49

October ZO, L966

Gauge 4

8LL.óg
811.ó7
811.óI
gLr.59
811.62
91L.66
811.71
811.70
811.?O
811.64
err.62
811.óI
811.61
811.ó4
811.64
811.68
911.6ó
911.ó7
911.óó
81I.óO
811.7I
81r.70
8L1.69
BLL.62

Gauge 5

811.88
8r1.9ó
8].2.o3
812.07
812.00
811.88
811.95
8I1.88
811.94
BII.gg
8rr.97
811.95
811.92
811.97
811.88
911.91
811.91
Br1. g1
8r1.88
811.92
811.82
811.8ó
811.91
812.00

Gauge ó

811.?g
811.ó7
811.ór
$Lr"55
öl-l-. oo
811.8/+
811.97
81L.8ó
811.67
811.64
811.71
811.78
811.85
811.99
811.85
811.78
grl.77
BÌ1.80
811.8¿|
811.86
BIr.9O
811.8ó
811.68
811.ó5

Gauge f
811.89
811.78
8L1.69
811.ó1
811.77
811.98
812.O0
811"89
811.79
811.74
8l_1.93
8L1.90
8L1.gg
812.08
812.03
Bl1. g0
811.89
811.94
812.00
8r.2.04
812.08
8r2.04
811. Bg
811.74

Gauge I
911.91
811.7ó
811.ó3
911.66
811.85
812.O2
8L2.O2
8IL. gg
811.73
811,?4
811.87
811.99
812.10
812.11
9r2.01
BLl.gL
811.93
812.01
812.07
812.I0
812.12
812.02
811.79
811.76

Gauge t
8jil.63
811.45' 811.39
811.45
811. ó4
8ft.76

. 811.73
811.60
811.49
811.54'911.61
811.74
811.83
8L1.82
gtl.73

; 811.ó7
B1r. ó2

,811.7ó
811.94
811.95
81t-.83
811.óg
811.56
811.59

Gauge 1O

811.5/+
8r1.34
811.3ó
811.ó7
811.90
811.91
811.70
8r1.50
811,52
811.62
BLI.75
811.92
811.97
811.83
8Lr.70
8Lr.7O
811. 82
811.91
8L1.9?
811.97
Bl-1.8i4
811.59
811.57
81r.?8

Gauge 1

811.4C
B1l^.22 ,

8rl "3ól
811.5ól
811.71+l
811.ó61
811.54i
81J.37
811.451
811.5E
811.7q
811.81Í
811.76i
811.ó4J
SI1.5Si
811.37
811.?0
8It.77i
811.801,
811. 85 Ì

3Ll_.65:
611.48
811.50ì'
811.ó5



Hours Gar.rge 1

1 8IL,52
2 811.56
3 811.56
t+ 8l-]-.53
5 8:11.50
6 8Lr.53
7 811.50
I 811.50
I 811.54

10 811.58
11 811.5ó
12 811.5&
13 8.11.52
L4 811.50
15 811.50
16 811.50
17 811.49
18 8:1I.50
L9 811./+3
20 811.43
2L 8L1.50
22 811./13
23 811.28
2J+ 8LL.23

Gauge 2

811.62
. 8rL.77

911.ó7
811.59
8r1.59
811.63
g1r. ó7
811.70
811.67
8I1. ó2
811.59
811.59
911.ó7
8l.r.75
811. ó7
811.57
811.51
811.47
811.47
811.49
811.53
8l.I.52
811.i+5
81r.37

Gauge J

811.40
811.44
811.39
811,39
811.45
811.49
811.54
811.50
811.50
811.49
8l_1.49
81r.54
811.69
sIl.79
BLL.77
811.80
81r.79
611.89
81r.79
81r. gg

Bt2.Og
8L2.23
8I2.49
8L2.79

r;iATER ï,I'VEI ELIf/ATIOI'I AT GAUGE LOCÍ\Tï0NS

Gauge /¡

811.66
811.68
B1r.ó8
811.67
8rr.73
811.ó7
811.74
811.71
811.71
91L.67
8rr.68
gl_1.óg
811.74
81r.72
8rr.73
811.70
811.72
BIr.70
8r1.83
sll.80
811.96
8l,2..O3
812.I2
8I2-.1.2

October

Gauge I
811.85
8l_1.82
811.90
81L.92
B11. gg
811.88
811,8L
81 1. 85
811.&7
a'l I otv¿1. / L

8r1. ó1
811.ó1
811.51
811.55
811.ó3
8L1.65
u.Ll.. o /
811.69
811.ót
8r1.61
81.1.52
gLr.55
811.53
Blr_.óO

2L, Lg66

Gauge 6

811.71
grr.73
811.6/+
811.56
q]-r.64
81I. ó4
811.71
811. ó8
811.6ó
811.6I
811.ór
811.ó4
811. ó3
61r.73
811.ó7
811.ó0
8r1.55
811.51
811.57
811.5ó
811.62
811.62
BIL.56
8I]-.52

Gauge 7

811.85
611.94
911.79
81r.ó9
8tL.75
811.7ó
811.84
811.82
811.79
811.74
B1l.71r
811.?g
811.90
811.84
81r.77
811.6t+
811.ó0
81I.56
811.5ó
811.58
811.54
F.LI.44
gIL.32
8r1.2ó

Gauge I
811.94
811.93
911.óg
811.óg
811.72
8rL.76
8II,B3
8l1.BO
B].L.7l+
Bl_1.71
911.70
8t1.77
81.1. t7
811.80
911.72
811. ó4
811.5?
B]-]-.53
$rL.53
8Ir.5?
811.50
8rr.l+3
grL.27
811.19

Gauge 9

811.ó6
811.62
8rl.50
BLL"t+5
BrL.b7
811.56
811.57

.811.58
8rI.53
811.51

_ 811.50
81r.57
811.62
811.59
811.50
811.44
8r1.35
gLr.35
$LL.37
811.39
8rr.39
811.29
8r1. 16
81r.09

Gauge 10

811.óg
8I1.48
8rt.t+9
aì1 ,.ovLL.L+/

811.52
811.61
81r.57
811.51
811.47
811.47
811.58
811.64
811.59
811.48
811.38
81r.28
$l-L.22
8r1.29
8rr.33
8rL.30
810.96
8r0.ó2
810.50
810.54

Gauþe

8rL.5i
all ?1

811.3i
811.4j
811.41
811.5.1
811.41
slI "3ìÊl'r ei
811"3i
Bl_1.5j
811.51
811.4i
811.3{
811.2j
ell li
81].2i
Bu.lj
ri1l.3i
81I.2(
810"8¿
810.6t
810"7i
810.¿þ



Hours Gauge 1

I 811.30
2 811.48
3 811.28
l+ 811.28
5 8rl..39
6 81L.33
7 811.20
8 8rL.23
9 81r.23

10 €ì1r.14
11 81.1.26
L2 81.1.28
L3 81.1.30
14 87r.33
v 811.38
1ó 81.1.38
L7 811.38
t8 Bl.1.4o
19 811.39
20 811.39
2L 8ll-.40
22 81.1.40
23 81.1.43
zL et.t.48

Gauge 2

811.31
grr.27
gll.u
811.17
811,07
811.02
81i.05
8r1. og
811.15
911.17
811.17
811.12
811.r2
81r.07
811.07
B1r.û7
911.17
grL.27
811.45
8I1.52
811.49
9r1.47
gLr.39
811.37

Gauge j

8]..2.92
8L2.75
8L2.1+8
813.10
8L2.30
811.16
8L2.3O
8L2.65
8L2.35
8L2.O2
8r2"33
611.78
911.70
811,78
811.82
911.49
8t1.58
911.64
8l-1.65

. 811.78
911.89
611.80
811.58
81L,31

I^ATER TTT/EL ËLEVATION AT GAUGE IOC¿TIONS

Ga.uge d

812.01
812.01
8L2.O3
812.04
811.95
8I2.L3
812.12
8L2.26
8L2.22
8r2.32
8L2.22
8L2.22
8L2,2h
8r2.L5
812.09
8I1.9ó
gl_1.91
8r-1.82
811.82
811.83
8I1.92
811.8ó
811.84
911.7ó

October 22, L966

Gauge 5

911.92
811.94
911.93
eIl.98
8r2.O7
grr.g8
911.97
811.89
611, Bg
8r1.84
811.92
B11.gO
911.91
911.97
81.2.O2
8I2. 02
812.01
81r.96
B11. B'7

811.86
8I1.82
8I1.gr
811.9/+
811.98

Gauge 6

811.42
811.1$O
8L1.33
811..32
8L1.22
g:-r.23
8rr.27
8l.I.32
8Il-.3r:
811.40
811.36
BIL.33
811.33
911.26
gL]-.23
811.26
81r.33
911.40
gLr.53
811-.56
811.58
911.5r
srl.46
811"42

Gauge J

811.19
811.10
811.06
g10.gg
g10. gg

810.?4
810.81+
810.89
810.89
810.94
810.90
Ê1ô AÕv\va /v

810.88
810.84
810. 89
811.00
811. rg
gl.r.3l+
811.5('
8rr.57
811.50
8.1.1,4/+
811.40
811.39

Gauge I

811.1ó
811.05
8L0.98
810.89
810.80
8r0.71
810.79
8r0.79
810.80
810.83
810. BO

810.80
8Ì0.?4
810.70
8r0.84
811.02
8]1.L4
811.3/+
8r1.50
911.À8
811.44
811..39
811,35
811.34

Gauge 9

810.99
81org4
810.82
gLO.73

910.59
81O.63

' 810.ó4
810. ó5
810.63

. 81O.ó4
81O.64
810" 56
81O.54
81O.5ó
910.69, 810.É2
910.94
811.14
811.21
811.19
8r1"17
8lr.12
811.09
811.11

Gauge 10

810.21
809.91
909.64
BOg.43
809.50
810.11
810.09
gog.8g
909.84
809.83
809.60
Ë09.38
809./+9
810"28
910.?6
810.8I
811.10
811,20
811.06
810.98
8L0.84
810.7?
810.90
811.14

Gauge l
8lo.ljlr
gog.gÇ,,
8C)9.49,
8O9 "221
8o9.9Ci
810,2q
810.22
8l-0.041
810.0:
8]o.oã
809.5'¿
809.5q
809"9q
810.4?
810.9(l
910.g€
811.2(
811.3(i
811.14,
911. OÉ'''

810.ü
810.8?
811.O(
8rr.2i



Hours

I
¿

3
L
5
6

T

I
10
11
T2
1?

1l+
1<

IO
17
LB
19
20
2I
22
23
24

Gauge J.

811.50
8u. hr
Bu.hB
Bu. \B
81r.1+3
811.33
Bu.z6
811.27
811. 30
811.33
Bu.s6
811.38
811.38
Bu. ¡B
Bn.gB
Bu.sB
Bn. s6
811.3?
Bu. ¡B
811.39
811.39
Bn.\o
Blt.3B
811.28

Gauge 2

811.27
Bu.hT
B:-t.6z
8TI,T5
811.87
811.73
gn. 6g
811. 55
Bu.6T
$tt.6z
811.57
Bu.l+T
Btt.l+3
811.39
811.37
811.37
811.37
811.5?
811. ?T
811. 81
Bt:-.6g
811.57
811. 58
Bn. 6T

Gauge 3

B11.l+g
eu.56
8u.65
811.35
811. 50
Bu. Bo
8'''70
Bu.l+o
Bu.To
Bn.B5
8n.90
8rz. oB
Btz.oj
811.78
811.70
811_. B1
B11.TB
Brr. Bl+

811.82
Bu. Br
B]1.?5
811.75
811.82
811. 85

WATER LEVE¡ ELEVATION AT GAUGE LOCATIONS

Gauge l+

3tt,76
811.?9
B11. 81
Brr. BB
Brz. ol+

Bre. or
Bre.to
8n.98
Bta. 03
B1r.98
811.95
811.91
811.91
8u.Bf
811. 89
8u.Bz
811_. 81
Bn.Bo
Bu. tB
9t:-.Tz
Bn.6g
811.61
8u.68
81r.70

October 23, t966.

Gauge I
811.96
Brr. BB
811.77
Bn.6r
BLt.62
B11. 6T
9n.66
Bn. TT
811. T2
811. ??
811. 81
811. B6
811. 89
811. 92
811. 92
811.9?
811.93
811. 81
Bn. tl+
Bn. T6
811. 89
811. 93
811. 86
811. ?T

Gauge 6

8n.l+h
B11. th
Bn. 6g
Btl. Bo
811.90
811.?5
811.76
B11.6:
Bn.6T
8n.68
Bu.6o
811.55
811.50
B11.h7
8n.\5
Bu.hz
811.46
8n.6s'8n.Bo
811. B0
8n.65
811.57
8u.62
Brr.Tl+

Gauge J

Bn.l+B
gn.6l+
811. B0
811.97
Bu.9r
Brr. TB
8n.69
811.59
Br.t.6z
811.60
B11.:4
B11.hB
811. hl
811.38
Brr.:6
Bn.E6
811.51
Bn.T4
Brl.9l+
Brr.96
811. 81
Bn. ?r
BI1. TB
811.89

Gauge I
811. l+T

811.59
811.?7
Bn.Br
Bll.8¡+
Bu. 68
Btr.6z
8]..1.56
Brr. :B
811. 55
8n.L5
811.38
811.35
81r-.31
811.31
811.32
811_.53
811. ??
811.93
811.92
811. T2
8n.66
811. ?g
Bl1. Bg

Gauge p

B]-I.29
Bu.l+o
Brr.:B
BlL.58
811. 57
Br1.l+9
Bn.l+r
Brr.l+o
811.39
Bn. s6
811.29
811.20
Brr.t 6
811.13
811.13
811.19
811. hl
Bn.5g
,Btt. Tl+
Bn.T¡

' Bn.59
811. 50
811.60
811.66

Gauge 10

81r.36
err.:h
Btt.58
811.1+6
grt.22
Bn. lz
8u. zl+
811.31
Bu. zl+
811. o0
810.91
Bro 9o
810 89
B1O 87
,B1o.98
811.37
87L.62
811. T1
811. ?2
Bn. 6o
8i-L.53
811.66
811.71
811.68

Gauge 11

Bn. hh
Bu.6a
811.55
Bu. h9
Bn.e5
Bn.r\
Bn.eh
8n.¡z
Bu. z4
811.15
811.08
811.03
Bro.96
Bro.9e
8tr. to
811.39
gn. 5l+

811. T1
B11.6l+
BIL.5o
Bu.5o
Bn.6¡
8n.66
Bn. 6s



Eours

1
2
3
l+

6
7
B

9
10
l_1
12
13
1l+

L'
T6
17
l_o
19
20
2L
22
23
2I+

Gauge L Gauge 2

Bn. eB
81r..28
Brr.29
Bn.¡6
Bu.¡6
B11.30
Br1.28
811.28
Bu.eB
811.31
81r.31
811.33
811.33
Brr. ¡6
8n.¡h
811,33
Bn. sB
Brr.l+¡
BTr.:B
Brr. bo
8t1.l+l+
Btt,l+l+
Bn.4a
Bu. he

811.?T
8u.69
8u.66
8u. jB
8n.56
Btt. 59
B:,:-.6l
8u.69
Btt.6T
Bt:-.6T
Bt:-.6j
Bu.6T
811.69
811. ?2
811. ?3
81r. ?T
811.77
811. 81
811.79
811.79
Bu. 8r
811.83
Bn.Bz
Bn.9r

Gauge 3

8u. Tr
Bn.?z
9:-t.Tz
Bu. Tz
8II.T2
Bn.Tl+
811.?0
8u. 66
8u.65
Bn.6z
8n.64
B:-:-.6z
B:.r.61+
8u.60
Bn.6o
Bn. 6o
8u.6r
811.55
8tt. ¡+o

811.32
Bu. ¡l+
8u. S8
811.35
Bn.4o

WATER LTX/EI ELEVATION AT GAUGE LOCATIOIIS

Gauge h

811. ?0
811.60
811. 55
8u.l+9
811. 50
811. 51
811. 58
811.53
811. 55
Bn.L9
Bu. ¡+8

8n,46
Bn.l+6
Bi-I.43
Btl. hl+

Bn.l+a
8tt. )+2

811.37
Bl1. 35
8l_1.31
811.31
811.33
8il.:h
Bu.¡B

October Z1+, t966

Gauge 5

811.81
8u. 88
811.9b
Bu.98
Bl-]-.9T
811.9h
8r1.89
Bn.9r
811.92
8n.96
8u.95
811.95
Bn. gl+

Btr. gl+

Bu.9g
Bu.9s
811.91
Btt.9l+
8n.95
8n.96
Bu.g6
811.93
B11. 89
811. 87

Gauge 6

811.75
811.66
8u. 6r
8rr.65
811.57
8u.6a
8u.68
8u. 68
Btt.66
81r.65
Bu.6t
Bu.6g
Bu. Tr
Bu. Tz
811.73
811.75
811.81
811.81
8n.Bo
811.8L
81t.82
811. 85
811. 89
811.93

Gauge 7

811.91+
811. Bl+

811.79
Bn.Ts
Blt.Tl{
811. 82
811. BB
'811. 88
811. 86
811. 8T
811.90
gu. g6
811.99
812.03
8t2. oT
812.11
BT2.I'
Br,z.tI
8rz. 16
812.18
9r,z.zT
8r2.32
Bl.z.s6
BI2 36

Gauge B

Bn. Bg
811. 82
Bt:-.T6
B1I,T2
Bu.8o
B11. Bh
811. BB
Bn. 8T
811.85
811. BT
9tt.9z
8u.96
8rz. or
Brz. ol+

812.07
Bre. rh
Brz. r9
3:*z.zo
BLz.zt
8rz.2t+
Br2.2g
Bre.:¡+
Bre. Lr
8re.l+r

Gauge I
Bu. 68
B1t_.65
Bn.5T
811. 55
Brr. 56
811.63
Btt.6,'81t.65
811.65
8u.67

- 811.71
Bu.Th
811.77
811.79
8u. Bs
Bn.9s,Btt.9,

, 8rr.96
811.95
811.95
8r2. ol
8r2.0?
Btz.tz
812.13

Gauge 10

B11.?0
Blt_.68
Bn. 6E
Bu.6l+
811. T3
811_. T5
8n.TE
811.73
811. T9
811.81+
Btt.89
B::l..9z
8n.95
Bu.98
812.10
8r-2. rT
9tz.tz
8re. u
8rz. r5
Bl,z.zt+
8r2.35
8r2.39
Bre. ¡l+
Btz.zo

Gauge LL

Bn.6e
Bn.6r
Bu.58
Bu. 6a
8u.68
gn.6g
B:-t.6z
Bn.6¡
9n.65
Brr. Tl+
811. 81
Brr. Bl+

8u.8h
8n.85
8u. 98
Brz. o\
9:,z.oz
811.95
8u.98
811.09
812.02
Btz.z9
Btz.z'f
812.13



Hours

I
2
3
l+

q

6
T
a

10
11
12
13
1l+

l_o.

TT
18
10
20
2I
22
23
211

Gauge 1

Bu.h6
Bn.4¡
8r:-.1+6
B1l_.39
811.37
Bll_.37
81i.39
Br:-.:6
Bt_i_.36
Bu_.36
811.33
811,30
8t 1.. 33
811.32
B]r.28
811..33
811..23
811.28
8u..33
Bu.E6
Bu. g6
811.31+
811.32
8rr.28

Gauge 2

8n. 92
B:-:-.9z
811. 83
811.83
Bu.85
811.77
1tt.6T
Bu.6?
Bu. 6T
Bn.6r
Bu.5T
Bu.l+t
811.37
811.31
B:-:...zT
Bu. e6
Bn.l+T
B11. T1
811.?2'
Bu.5e
811.39
Bu.4T
4n.69
811.8r

Gauge 3

811. jo
811. 55
8r:_. 5o
8u.65
811.65
8n.60
811.60
811.90
811.95
Br2.2o
Brz. ro
811. B0
811.70
B11. ?6
811.78
812.00
8rz.ro
811. B5
8u.60
8n.60
8u.65
Bu.6z
811.?0
B:-:-.T5

WATER LEV'EL ELEVATTON AT GAUGE LOCATIONS

Gauge l+

Bn.l+r
Bn.h5
Bn.l+9
811.58
Brr.6z
Bn.6¡
811.63
ô- - /-olL. o)
Bt:-.66
9tt.66
8u.To
BIT.72
Bn.6s
Bn.6¡
Bn.6>
8n.63
8n.69
8u.68
811. 59
Bu.5r
Bn.l+B
Bn.5r
81r.58
Bu. 6o

October 25, t966.

Gauge I

8n. 86
811. 86
Br1. B6
Bn. Br
Bu. Br
811.85
Brr. 86
B11.85
811. BT
811.91
Btt.9l+
Bu. gT
Bre. o5
Brz. o6
812.11
Bre. or
Bn.Bh
8n. Br
Bn.9t
Brz. o5
Br2. o?
811.93
811. 85
811. B2

Gauge 6

811.92
811.89
811. 83
8n.Bh
811.83
B11. ?o
811.67
Bn.6g
Bn.6:
Bu.6o
811.53
8u. l+T

811.39
Bn. s6
Bll-.30
811.35
8u.6h
Bn. Tz
811.59
Bu.bL
Bu. \r
Bu.5h
Bn. Ta
811.79

Gauge J

8r2.23
8r2.24
Brz.rl+
812.13
Brz.ol+
811. 89
Brr.?B
Bu.Bl+
Brr.TB
Bn.6g
811.59
811.50
Rr'ì ?o
811.35
Bu.zh
Brr.s\
811.73
811.90
Bl1.T9
Bu.6o
811.53
811.74
81r.9l+
81e.03

Gauge I

B:.z.z9
Brz. rB
812. 13
Br2. 09
8tt.91+
811.81+
811. T6
81t.75
811.69
Bn.6o
Bn.l+g
B:-t.t*z
811.33
1r.:-.zj
811.23
8rr.l+?
Bn. TB
811.83
BTL.62
Bn. \g
811. 52
811.79
Bu.98
Bre. o5

Gauge P

8re. o9
Brz. oo
Bu. g6
811. 89
B11. ?6'811.67

Bu.6r
811.55
811.5\
811.1+l+
811.39
811.32
811.23
811.19
'Bn. a9
Bu. bT
8n.6b
8u. 64
8rr. \5
811.35
Brr.l+6
Bn.6o
811.80
8u. 86

Gauge 10

8re. o9
Bre.ro
812.03
8u. 84
811. ?3
811. ?o
811.64
ÖrJ-. )4
8n.Lo
Bu. zh
Bu. ro
Bn. oo
B11.9r
8u. ro
8u.l+h
811. T3
Bn. 6o
Bn.\o
811. 28
Bn.h5
811. ?l+
Bn.9o
9tz.oz
BLI. 82

Gauge 11

B..L.gT
811.95
Rrr 01v¿+. /¿

811. ?3
Bu.6s
Bu.6o
81r.57
811.52
Brr.:6
Btr. zr
Bu.n
811.99
Bro. Bs
811. 11
811.35
Bu.6l+.
Bn.l+T
Bu. zT
811. r\
811.37
811.5?
811. 82
811.88
811.66

l-l
N\¡



Ilours Gauge 1

L
¿

3
l+

5
6
'(
B

9
t_0

11
T2
13
1l+

t,
ú
r7
18
T9
20
2T
22
23
2'l+

811.30
Bu.3z
811.33
B11.¡\
Bu.s6
8n.E6
Bu.3h
811.33
Brr.s\
B11. :8
BTT.:B
Brr.:B
811.38
811.33
Bu.¡o
81r.33
B:.r. ¡l+
8n. s6
Bn.sB
81.1.37
811.37
81r.30
Br.1.30
811.30

Gauge 2

811. 82
811.77
811. 57
Bu.5e
Brr.6r
Bu.6T
811.73
8rr.T7
Bu. T?
Bu. 6t
Bn.6?
811.?1
811. T5
Bn. ?T
811.79
811. ?7
811.77
8u.6?
Bn.6r
Bn.6T
Bn.6T
8n,6?
BTL.69
811.67

O",rU" S

Bn. Ta
1t:-.6z
Bt:-.6z
811.60
811.58
8u.60
811.61
Bu.6r
Bu.6r
Bn.6o
8n.60
Bt:-.66
Bn. Te
Bn.6g
Bu.6g
811.56
B1r.T5
81r.60
8n.66
8rr.66
811.75
Bn.?o
Btt.?l+
8rr.72

WATER LEIJIEL ELEVATION AT GAUGE LOCATIONS

Gauge l+

8n.60
Bn.5s
Bn.Io
8n.l+8
8u.5r
Bn,5z
811.55
811.55
Bn.5e
8n.5r
8n. h9
8u. 5r
8rt.5l+
Bn.6o
Bu.6¡
Bn.6o
Bu.59
811. 55
811. 55
B11.58
Bu. 6¡
Bu.6t
8u.69
8n.66

october 26, t966.

Gauge I

Bu. 86
Bn.9\
811.98
Bu.98
811.93
Bn.9o
811. 87
Bn. B6
8u. 90
811.93
811.95
811.91
811. BT
811.83
Bu. Br
811. 85
811.90
811.93
811.9l}
8u. 90
Bn. 86
811.83
811. 82
8u. 86

Gauge 6

811. 81
8u.66
811. 52
8n.5h
Brr.66
Bn.?r
Bt:-.T6
8n. TB
Bu. T4
Bt:-.66
8u.66
8n. Tr
Br:-. Tl+
BU.TT
811.79
Bu. Tl+
811.63
Bn.6e
811. 59
ô- - a-
oJ_r, þ>
811.67
8n.68
8n.69
8u.61+

Gauge 7

Brz. oh
Brr.89
Bu.6g
Bn. Ts
B1r. Bl+

Bu.9r
8rz. oo
812.03
B11. 99
Bn.9o
Bn.9r
9tz.oz
Brz. or
812.03
Bt2. 03
811.93
811. 82
811. T9
Bn. TB
8n. BT
8u.Bh
811. BT
811. Bl+

8u.79

Gauge B

Brr.91r
811.72
Bu.6:
811.77
811. B?
811.95
Bre.or
Bre.oo
811.92
Bu.8g
8r1.93
8n.97
812.01
8r?.04
8n.98
Bu.Btr
Brl.TT
811.75
Bn. Bo
Qr: al,u-LJ- . ur
Bu.8o
Bn.8z
811.T5
812.T3

Gauge I

Bu.?:
811.59
811.53
1tt.6z
Bn.To
8u.f6

. B11. 83
Bn. Be
Brr. ?T

. 811. T5
Bu.T6
811. B0
811. Bh
811. Bl+

Bu.T4
; 8u.65

811.59' 811.55
811.63
B:-r .6z
8r1.63
Bn.6r
8L1_.57
8n. >6

Gauge 10

Bn. 6l+
8u:62
Bn. Th
Brt. Bl+

Bu.9a
8n.98
81r.95
811.85
8n. Bs
811.93
Bn.9l+
Blt.9T
811.99
811.93
Bn. TB
gat.T2
Bu.68
Bu. 6T
Bu. TB
8n.68
811.72
Brr.6h
Bn. 6r
8u.6r

I

Gauge J-j

Bu. >l+
Bu.5z
Bn. 6s
811.T3
811. T8
8r1. Bl+

Brr.8l+
Br1.82
B11. T2
811.76
Bn. TB
B11.BO
Bn.8o
B11. T6
8n. 63
Bn.6o
811.55
811.65
Bn.6z
8n. 60
B''.:6
Bn.5e
811.50
8u. )+8



Hours

t
2
3
4
5
6

7
I
9

10
11
T2
13
14
15
l_6

17
18
L9
20
2L
22
23
24

Gauge I
911"30
811.30
gLr.32
$LL.32
8:11.30
81I.29
g.Lr.2?
$Lr.25
g'LL"23
gLL"25
$.Lr"27
g.Lr,25
811"28
8.11.29
8rr.25
8:LL.27
8.11.28
811.26
gLL.23
811"26
$:L]-"27
811.27
glr"25
8rr.22

Gauge 2

811"65
gLL"62
8I]-.57
811.62
811"?1
81r.71
911"6?
gtL"72
811.67
81r.62
811"64
8.tL"57
grL"57
$LI.57
911.55
811"50
8l_1.51
811"53
811.49
811.47
811.43
811.49
811"47
811.48

Gauge J

811.64
911.66
$Lr"72
811.71
8rr"73
811,90
gLL.g2
811"91
911"90
grL.g2
g1r.g5
811"8'+
911.93
811,93
812"01
8L2"O7
8]2"00
812"00
911.95
81,2.00
8L2.O2
812.00
811.95
8Lr.g0

TATER LEVI]T ELE'VATION AT GAUGE TÆCATIONS

Gauge l¡

911.66
911"59
811"59
811.60
gr]-"63
gl-1"6ó
81t.ó?
81I.71
811.6ó
81L64
811"61
811"59
81r"60
8lt,5g
âLL.62
911"57
8Ir.59
81r.61
911"56
811" 58
grL"54
811.56
8t-1"54
811"59

October 27, L966"

Gauge J

8LL.g6
grl-.g2
911.93
811"90
81r.85
g1r"g3
811"É1
811"81
811"86
glr"gg
811.91
8lr.g5
8]1.94
811.96
811"94
8U.95
81r.97
911"95
g11.gg
811-"98
8L2.O2
812"00
811.99
811.9ó

Gauge 6

gTL,63
811.62
årL.57
811.64
81r.68
g1r.6g
811.68
811-.?O
91r,65
811"61
911"59
91r.57
811.55
911.56
8'rL"55
811.55
811.51
811"54
811"50
811"1+g
811.44
8I1.47
9L1.53
91r.50

Gauge f
811.77
911"7ó
8l-1"7l+
811"82
911,97
811"85
911"8ó
811"84
gl_1.79
8rr"75
gr]-"7b
911.71
81I.70
811.70
811"ó8
811.68
811.64
811"67
811"62
911"59
911"56
811"59
81r.61
811"64

Gauge I
,,

8'l.La72
811.71
811"71
81r"83
g1I"g5
811"93
g1r"g3
gLL"76
811.74
81]-"72
811.71
811"67
811"6ó
911"65
811"ó3
811,64
8L1"63
811.62
811"57
8rr"53
811.53
811.5ó
911"5?
911.60

Gauge 9

8L1.55
grl.54
911"57
911"65
911"6?

_ 911,óó
91r"65
911.ól
911,59

'811" 
56

8.LL"55
81r.54
grr"52
811"51

; 811"5I
811"l}9, 811.49
811.46
811.42

.$Lr"42
811"43
81r"42
811"44
811.41+

Gauge 10

81L.57
811"59
gr]-"72
g1Ì"?4
81L.75
8LL.75
81r,ó?
811.ó0
îLL"62
811.60
g1r.5g
811"60
911.59
811"57
911"59
811.55
811"55
g1r"4g
811.40
811"44
911,50
81r"48
8r1"50
911.50

Gauge Ili

811.44
É11.50
811.60
8l_1,6r
911.61
811,61
a]-r.52
811"49
811"49
8I1"46
gLL.t+6

81r"åg
811.50
811"50
9r1"43
811.49
811.41
8l-1"37
9L1"32
911"39
$Lr"37
811,38
811.41
811_"39



1
2
3
l+

5
6
7
I
I

10
u
12

.13
14
L5
16
T7
18
1g
20
2L
22
23
2l+

Gauge 1

gLL.23
911"23
911,24
8LL,2g
grl.2g
8rr"2g
8}}o22
8L["29
91r"30
grl"30
8ï1"39
gLL"37
8u-,18
.grl"lggl1,3g
811.28
gl-r"23
gr].,"32
8tI"2g
$Lr"33
8,LL.32
8l-1.20
6lIo20
8r1"24

Gauge 2

. 81r.52
911.55
glJ."57
glt.ó3
911"62
811"59
8tÌ"57
911"4?
811.47
$LL.47
81r.57
8l_1"ó7
8It"77
8Ir"7e
811.76
8r[.59
gLL.77
911"37
gLL"3?-

811"37
8L1,47
811"65
gLL"67
$LL.67

Gauge J

811.75
911.75
glr.76
811.?ó
glt.76
8r1"7ó
8tr"75
glr"72
8rt"5g
811.56
gr[.70
g1l"go
gLL"g5
8rL,g8
912.05
812"00
812"00
811,92
81.l.74
811.75
811.82
gLL"7g
811"79
gLL.7g

October 28, Lg66.

Gauge l+

8r1.56
911,56
gLL.55
gl,I.55
811,54
81L.6J+
g1I,5g
$LL.53
gIL,5l
8I1"46
gI1" 54
811"71gl],gl
811.8ó
Br1"g3
811"96
811.?6
Blr.6ó
811.é2
glt.6I
gLL.63
811"71
8rL.7l
8ll"ó4

Gau6e 5

811.96
8rt.gó
8r1"93
811"93
81I"9/+
gLL,gg
grl"g?
812"02
BI2.04
812"05
gt r.g5
811.77
$LL"73
811.75
8r[,gl
8II.85
gLL"g5

812,04
812"06
812.02
8I1"92
811.83
8IL"g1
811"96

Gauge ó

8ü.52
8.LL.53
grl,56
g1r"óL
B1l,ó0
Blt,5g
8rt"55
8r1"47
811./+6
8r1,46
8l.l"5t+
811,ó7
811"76
811.71
811,65
811"ól
811"/+9
grL"À1
811,37
811"39
811"i+g
8Ì1"ól+
81r"óggrl.óg

Gauge ?

911"67
8tl,6g
gr["?ó
8]'1"79
811.79
8L1"7+
8lil.és
811,59
8lr.59
glt"63
glt"7ó
gl1"g5
81r.Sg
8I1"79
811.óS
slr"5g
811,46
811'l+0
8tr"3g
811"44
91r"62
8l1.go
8trt"93
8UL.g2

Gauge I
grl.g3
8rL,ó7
8rL"?4
8r1.7ó
gL["?3
8L1.64
8I1"58
8I1"56
8rt"56
811,66
811.77
g1l"g2
BrL.gl
811"73
811"63
811.5L
8u_,39
811,3l}
811-"3/+
grl"49
g1l.óó
911"77
8ï1.81
911.76

Gauge 9

811,45
8rL.4g
811.ó0
811"5?
81r"54
811"/+3

. g1l"3g
8LL"3g
811.39
81I,45-811.56

811,62
9tr1.59
8l"l.5l+
811,44

i 911.36
81t,26
811"20gll.2l
811.36
811.49
911.56
811.60
8rL"óL

Geuge IO

gLL"52
9r1.60
911.64
911,66
8.LL.57
811./+3
glt,3g
811.1+O
811"53
81J.62
9}}"70
8lL"6g
811"52
8rL"3g
91L"17
811.00
810"99
8l1"Og
8I1"31
glt,46
811"59
glt"63
grl"63
811.óó

Gauge 1l

811.4ó
gLL.52
..J11.56
811"56
8L1,49
811,37
gLL"33
911"31
811"4.ls
8I1"54
811"ó3
81r.57
811.45
911"30
811"10
8]ÄO"96
81O.97
811.10
811.27
8t"1"45
811.50
811.53
81r,53
811"53

l-.
i\
a



Houre

1
2
3
b
5
6
7
I
9

10
It
)2
13
14
L5
].ó
L7
t8
19
20
2L
22
23
24

Gauge 1

8}1"2/+
Bl1,?g
811,28
8L1"28
ßu,,26
811"27
ÊLr"27
8}},28
8Tr"33
ß11,36
grl"3g
811"39
8IL"3g
8r1"43
¡311"1+6

8rL,4g
8I1.56
i3Ì1"59
811.5ó
glL.5g
8r1"60
8I1"5?
811.59
9LL"63

Gauge 2

sll.62
8tr"5g
8rI.57
8rL"5g
gI1"ó?
8rL,7l
grt"ó?
87r"67
8rL.ó7
811"ó7
8[o72
arL"77
8rL.7g
Blt"7g
8r1.87
911.87
8LL"g2
81r,97
812.07
8I2"I7
gLz"3L
872.32
g)2"37
9L2"3?

Gauge 3

8IL.70
grl.óg
Brl.6g
811.óg
811,ó5
811.ól+
8Lt"59
811"55
811,50
8rt.38
811.35
8r1"31
91r"32
8r1.35
8IL.3O
811"20
8tr1"O0
8L1.oo
811"10
8LL,lO
8rl.02
8IL"OO
810,92
8D'lO

l¡IATER LEVEL EI{ÐVATION AT GAUGE IÐCATIO$S

Gauge l+

811"5ó
81Ì,50
glr.4g
8ltr"49
811,53
8I1.52
811,50
811"1+ó
8lr,4l
811"1+O
81to3g
8ll.3g
9u"31
811.31
811.26
811"23
8rL"2l
8t1.2ó
9tr1"30
BIL"33
911"40
811./+1
8r1.41
8L1"3?

October 29, L966,

Gauge I
811"95
8ll.g7
8Ll"gg
8r[,95
8LL"90
811ogg
81r"94
811"95
81r"97
gl"1"gg
8.ra"g6
911"95
8l,t"g7
8i1.95
811"96
8LL.g6
8L1.95
glL"go
gt}"g1
8.LL"77
8ll,óg
gr}"ó5
811"6/+
8u..67

Gauge 6

8rt"60
g1l.5g
811,55
811"60
81"1,?I
8tr1"69
gl1"ó5
81r"é5
8lI"6Il
81"1"ó6
91x"74
gr1"7g
8}}"80
81"1,81
911"97
8L1"89
8l1"gl
8Lr"g7
812"09
812"18
8L2"25
8L2"33
872"35
8L2,33

Gauge ?

$LL.?7
811.7ó
8i.I.?5
911"85
gLL,g0
811"92
B11"gg
811.99
811"91"
8L1"95
gl-2,00
812,09
812.15
812"20
812.28
8L2"36
912.&4
gl"?,51
812"ód+
812"?8
812o88
812"9ó
812"96
81e.89

Gauge I
8LL"7b
911"?4
8I1.79
81t"86
8Il"g2
8l1.gg
81L"96
8Ì1.91
8Il'91+
812o02
g12"IL
912,19
8L2"2h
81,2"3I
8L2"39
8L2"45
8L2.58
g1-?"69
812"81+
8r2"9t+
813.O3
813"07
813"05
813.01

Gauge t
8rL.5g
8rL.5g
81"1,63
81I"ó6
8L1"óg
81t.69
811"69
811,óg
811"72
gl"t.?5
8r["9]
811"9ó
8tl"95
912.07
81"2"08
8L2"L5
8)2"35
8L2"35
812./+6
8L2"5?
8L2"72
g!2"73
8L2.73
8\2.65

Gauge I0

8r[.69
9r1,70
8LL.g2
8IL"g8
911"93
911.?g
911.95
8}tr"gg
8I1"96
812"05
912.L3
8L2,2L
gv."3L
gL?"39
912.4L
872.5h
8Ì2,71
8I2*59
Bþ"1r9
81e"40
812,38
8L2"50
8L2"59
812.71

GaWe I
i

8rt"55i
8u..581
8il..?l"l
811"?5i
8Lr,6gl
811.6?j
811.7Ii
811.?ói
811"8g1
811"gBl
BLz.Q?,i
812,13f
8I2.2Ol
8L2.23i
8L2,26i
8L2"34i
812.46i
812,6?ì
8I'-"76i
g12"g7i
BÏ2.gOi
8I2.69i
812"ó1i
8W"51+i

i

H
N
\c,



Hours

I
2
3
4
5

7
I
9
10
11
L2
13
14
L5
16
L7
18
r9
20
2L
22
23
24

Gauge I
811.63
811.58
811.5ó
811.48
8r1.48
811.50
811.50
811.58
811.60
911.63
$LL.73
811.16
811.36
811.48
811.48
811..+4
811.40
811.40
811.40
8rr.33
811..24
811.28
gLr.32
8l.l..l+0

Gauge 2

8L2.29
8l-.2.26
812.18
8L2,2I
g]..2.L7
gtr.g7
8L1.82
911.77
Brr.77
811.77
gLL.72
811.ó3
811.57
gLL.h2
gl-r.27
8]".L.27
8]-L.37
811_.47
o1 'l LrlçI!.U I

911.65
811..61
îLl..57
811.47
8l.1.32

Gaugel

811.15
grL.25
811.30
811.30
81I.20
811.20
8]..]-.25
8r1.04
8r1.04
åLL.52
íLL.55
gt-1,06
811.20
8rr,36
811.65
812.00
8I1.70
8L2.02
8I?_.22
8L2.3O
8L2.20
8L2.30
$L2,O5
812.00

l,fATER LEVEL ELEV.ATION AT GAUGE LOCATIONS

Gauge 4

8.¡.1,41
811,43'8Lr.53
811.59
8rr.55
811.5I
811.45
8r1.47
911.59
Bt1.7g
812.02
8L2.16
812.11
9rL.g6
811.90
g11.gg
811.85
8l.2,O9
gr2.r5
8I2.23
8r2.30
8r2,24
812.08
812.03

October '3A L965"

Gauge I
811.68
811.69
81r.66
8L1.63
8rr.73
911.95
811.90
811"90
811.85
811.74
911.66
911.65
B1I.?4
811.90
811.96
811.95
811.91
811.68
91.1.65
811"62
811.62
grr.67
811.81
8rL.g0

Gauge 6

8r2.28
8L2,22
812.18
812.19
8L2.09
811.89
811.80
811.79
911, ?g
811.79
911.?3
8II.ó?
811.59
911.49
811.38
911.39
811.44
911.ó4
811. ?4
gr]-,73
8L).73
811.64
911.54
811.41

Gauge ?

912.Êe
8r2.77
8I2.?2
8r2.6t+
812.41&
8L2.Ig
BÌ2.08
8L2"O7
8r2.06
8l_1.90
811.?r
811.59
811.44
811.29
811.24
811.28
811.40
911. ?r
811.ó4
811.56
811.44
811.34
611.26
811.19

Gauge I
912. åg
812.80
8L2.76
8r2.62
8L2.7+
912.19
8L2"I3
8I2.09
812.00
811.79
8rr.53
911.44
$Lr.2g
811.21
811.16
811.29
811.49
811.64
811_.52
811. ¿!8

81r.34
8l-T,23
811.14
811.04

Gauge$

8]..2.59
8l-2.51+
8L2.1+l+
8I2.21+
8I2.05
gtj-.g 5
812.91
sl1.8g
811.74
el1.39
$Lr.25
911.15
8tr.09
Êln ca
811.05
g1r.l4
Ê't'l ?Ã
grl-.3g
8]..2.1+4
811.29
611.19
811.10
810.99
810.85

Gauge 10

812.70
8T2.TL
8r2.49
8T2.L?
812.08
812.08
812.04
81r.98
811.69
810.95
810.54
810.30
810.26
810.54
811.02
811.24
811.48
8rr.26
810.85
8r0.54
810.28
810.00
809.85
810.02

Gauge 11

8I2,53
812.50
8L2.23
911.95
811.89
81r.93
8r1.94
811.85
911.?+
911.13
810.53
810.43
810"¿+O
810.78
81r.05
811.35
911.34
8TT,25
810.85
810.58
810.20
809.85
g0g. g0
810,28

H
L.Ì
Cì



Hours

I
2
2

4
5
6
7I
9

10
11
12
L3
u
T5
16
L7
18
19
20
2T
22
23
2l+

Gauge I
811"39
811.38
811"43
811.39
911.30
811.30
811.29
$]-L.2g
8r1,33
811.30
811"29
911,29
911"30
811.30
811"30
811"30
$IL"27
811,20
811.13
$rL.26
grr.23
811.1_g
811.1ó
811"19

Gauge 2

811.22
'811.17
811"13
811"23
911029
grr"27
$Lr.27
811"17
811.16
g1l,0g
811"17
911.19
gL]-.27
gLI"25
811.17
911.17
811.17
8rr"25
8L]-"27
811.28
811"31
811"29
8].-I"2g
$LI"32

Gauge J

812.09
8L2.35
8L2."5I
8l.2,65
8l.2"ho
8L2.3O
8r2"2I
8L2"20
812.10
9r2"30
912.40
8L2,.25
9L2"20
9L2"30
8].2,29
812.40
8r2"55
8r2,"65
812,40
812"00
911"95
812.10
812.10
811.90

l,lATER IÆ-lIEt ETEVATION AT GAUffi Otû1S

October 3I, ]]g6il/=

Gauge /ç

811"96
811.96
911"96
812,10
812.00
812"11
812.0ó
812"04
811"96
grr"g7
911.91
811.90
811"9ó
811090
811,91
911"71
grr"7g
811"92
8l10go
Br1.7g
811.93
gl1.g2
8l_1"79
811.9]

Gauge 5

glt.97
8i-1.99
gr1.gg
811"9ó
8rL"g2
911,97
911"91
8rr"g5
812"01
812,04
812.00
811"99

'811,99
gl.z"O5
912"05
812"11
812.00
B11.gg
811.99
81I.97
811"97
811.99
8t1.gg
811"93

Gauge ó

811"31
811.30
8.TL,27
811"40
811.4L
8L1.4O
811,39

,8rL"33
$LI"27
911"23
811"29
gLL"32
81.1.39
8'j-L,22
811.29
$LI"27
911"29
811"34
grL"36
gj-r"3g
811"40
811.40
811.40
811"/+4

Gauge f
811"09
811.04
811.06
811.16
911.L6
811"1t+
811,0ó
811.00
810.97
$LO"gg
811.09
811"19
811"22
811.99
811,14
811.1/+glt"u
811.24
811.29
911.3]
BIT,29
$LI,29
gTL'35
811"/y'+

Gauge I
910"96
810.9ó
8t1"07
911.12
811"07
811"02
810"97
910,90
B10.gg
810"95
811,0J
811,15
811.15
811.10
811"09
8L1"10
811"16
8rr.23
811,29
811,29
811.24
811.26
$rL.32
$IL'.42

Gauge 9

910.É2
810.91
910"9ó
gLo"gg
g1o"96
910.8ó
810,81'810.?g

8IO,79
810o85

-g10"gg
811.02
811.01
8l_0"99
g10.gg

i 811"05
811012
811.ró
811.20
811"15
gLl,1g
8t 1.19
811"19
811o2/+,

Gauge 10

$Laåg
810,80
g10,gg
810"60
810,34
810"09
80g,gg
810,0ó
810.51
810.90
911.01
810.94
810"70
8l_0.70
910,96
911.05
811,23
811.13
911,09
811"03
811.09
811.14
8i_1"26
811.34

c"auge ui

8ro,53
810.90
f]-:o.g7
910"60
8'LO.25
8l_o.09
810.02
8l_0"31
910,63
810.99
810.95
810"91
810"74
g]:o,72
810,95
811"0ó I

811.16
9L1"13
8L0.97 

i

8to,gg
811"10
811,19
911,30
8rl,.35



APPENDTX C

STORAGE AND OUTFLOW CALCULATTONS



lrræ-',i, u--,.
I (in, jr.n",

:::i_-l

T'{j
¡ - tC hrs.
r¿a ! 1.6

z
3

D"

+
ç
6
-l

a
I
fo

ll

rag
lo, o

SMRAGE

C+|tr $
IÌLev"

ll.o
9.o
lã.O

a.l
r5.L

It.o
tl.¿

13,s

tg
t1.o

?AO

16.o

tj.8
tdì
r?.o

t,t.0

20.O

¿o,o

r3.8
q.4

tz.o
It. o

8tt.ts
8tt.6,
8tt.s1
8lt.{'z
8u.64
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