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- SYNOPSIS

An investigation was undertaken 6f the factors involved
in determiningAthe wind set-up and the amount of the resulting
flow of water through the Lake Manitoba Narrows.

The‘study was carried out using Department of Transport
weather records at several stations in the vicinity of the lake,
Highway Department and Water'Resource autbmatic water level

records, and measured current data at the Narrows. The records
and measurements were for thé period September and October,1966.

On the basis of the empirical relationships and theoretical
eanalysis of the phenomena, a method of predicting the rise in
water level and amount of flow through the Narfows, for different .

wind velocities is proposed.
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LIST OF SYMBOLS

A - the angle between the wind direction and tidal axis (A =0
for the Lake Manitoba study). |

F - the fetch in ﬂi&és the distance from the windward still-
water shore line to the point the setsup was measured.

H - wave height in feet. |

MWL - the mean water level.

N - the planform factor which takes fhe converging or diverging
planform‘of the body of water into consideration.

S - the difference in windward and leeward water-surface
elevations in feet, when the bottom at the windward end
is not exposed.

St - the elevation of the MWL at the 1eeward shore above the
horizontal bottom when the bottom at the windward end is
exposed.

Sl - set-up (difference in windward and leeward water surface
elevations) due to the skin friction between wind and
water surface.

S§ - gset-up (difference in windward and leeward water surface
elevations) due to the form resistance of the waves.

U - the wind velocity in ft/sec. |

>U° -~ the "formula characteristic velocity" in ft/sec. It is
about 1.3 times the wind velocity necessary to start waves
and was introduced by Keulegan.—é—/

SWL - the still-water level

-4 - still-water depth in feet.

g - the acceleration of gravity (32.17 ft/seca).



h - the wind set-up above SWL in ft. (the bottom at the

windward shore not exposed).

h! - the wind set-up above SWLin ft. (the bottom at the

windward shore is exposed).

u - wind velocity component in x-direction.

u, - velocity at the boundary in Boussinesq's equation.

uy - the velocity at the water surface.

v - wind velocity component in y-direction.
W - wind velocity component in z-direction.
X -~ distance along x-axis.

¥ - distance along y~axis.

2 - distance along z-axis.

%z, - distance from the bottom to MWL.

s
¥-= unit weight of water

" X\ - a coefficient depending upon the turbulence in

M = coefficient of dynamic viscosity.
f - density;of the fluid.
7, - shear stress on the bottom.

T - shear stress on the water surface.

flow.



I. INTRODUCTION

- GENERAL

This study was carried out to determine wind tide effects
-on Lake Manitoba, to be more specific, windtide effects at
Lake Manitoba Narrows.

DESCRIPTION OF LAKE MANITOBA

Lake Manitoba is a vast shallow lake and is one of the
remngnts of glacial Lake Agassiz, which at one time covered
practically all of the Province of Manitoba. (Figure l)-

The lake is approximately 110 miles long and is effectively
~divided into two drainage basins by "The Narrows". The North
basin is approximately forty-seven miles long and the south,
sixty-three miles long. The width of the lake varies from
about one-half mile wide at the Narrows to about twenty-eight
miles wide at its widest point. The lake is relatively shallow,
being an average of fifteen feet deep in the North Basin and
eighteen feet deep in the South.

The Narrows itself is approximately twenty miles long
and varies from one-half mile to approximately five miles
wide..

Leke Manitoba, with a surface area of 1817 sq. miles is
the twelfth largest lake in North America and the twenty-fifth
‘largest fresh water lake in the world, in terms of surface area.
For comparison, it shou1d be noted that Lake Superior is the |
largest fresh water lake in the world, with a surface area of

31,820 sq. miles.—gk/
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Lake Manifoba receives the waters from Lake Winnipegosis
and a few minor triButaries, and has a total drainage area of
31,000 sq. miles. The outflow river from Lake Manitoba to Lake
Winnipeg is called the Fairford River, which has a mean flow
of about 2,000 cfs. —2-/ | |

The land adjacent to Lake Manitoba is very flat, and to
the west and east, is underlain by limestone and has a relatively
thin coverage of glacial till. Although the large part of this
area is covered by forest and swamp, the greater part is now
being used for grazing and mixed farming, supporting a rather
sparse populatidn of only a few persons per square mile.

The area south of Lake Winnipeg is covered with rich
lacustrine and alluvial depositions and is being used exten-
sively for grain farming.

| The lake area comprises cosmopolitan settlements of many
ethnic groups. Most of the population is now engaged in farming,

Fishing or supporting trades.

- WATER LEVELS

The fluctuations of levels on Lake Manitoba consists of
three.types. The first is a long term fluctuation caused by
alternate wét and dry periods extending over several.years time.
The second type is seasonal, causéd by spring runoff from the
'tfibutary streams, followed by the low runoff during summer and
‘;winter. These first two types of fluctuations are now controlled
between elev. 811.5-813.5 by river control works on the Fairford
River, (comﬁleted,l?é}). The third type of fluctuation is

caused by wind setup. This type may attain a height of several
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feet and extend over five to ten days. The highest recorded
wind set-up on Lake Manitoba (at Délta) was 3.l feet above
mean lake level.

Before control of.the Lake Level,during periods.of
extremely high lake levels, thousands of acres of agricultural
lands were flooded, sometimes for yeaﬁs:at a time. The high
1ake'levels were aggravated further for short periods by wind
set-ups. Estimated flooded areas and agricultural losses
195)4=56 were 155,000 acres - $1,600,000. 2 /

LAKE MANITOBA NARROWS

In 1963, the Manitoba Hydro built a rock causeway partially
across the Narrows, adjacent to the existing Ferry créssing.
The causeway was built out from both the west and east shores,
leaving a central 1600 ft. long opening, and is used to support
Hydro towers for the Grand Ré@ids Hydro Deﬁélbpment.

The Highwayé Department plans to replace the ferry with
a roadway, at the ferry location. This roédway cbuld consist of
a 1600 ft. long bridge, thus equalling the existing waterway
opening or it could consist of a rock fill completely blocking
the Narrows, or it could be a partial rock fill in combination
with a bridge. The highway would be located between gauges
2 and 7, see figurev2. '

PURPOSE OF STUDY

The purpose of the investigation was to determine a
wind set-up equation for each end’of the Narrows and an equation
for water flow through the Narrows, as a result of the set-up.
This information is needed for backwater calculations through

the Narrows to ascertain the local effects resulting from
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further reducing the waterway area at the proposed bridge site.
The fundamental problem deals with the wind set-up on

two bodies of water (the north and‘south basins), connected by

.-essentually -an .open .channel (the Narrows).

Set-up occurs in one basin, while simultaneously set-down :
-occurs at the adjacent end of the next bésin and at the same
time, both basins are altered by the resulting water flow from
one basin into the other, through the Narrows.

,The'accumulation of field data was analyzed to determine

the main governing factors in the phenomena. Incidental

 information had to be neglected, or eliminated, in order to

-arrive at basic conclusions. Only certain water level gauges
were used in the analysis in order to simplify the study. These

gauges were numbers 1,3,4,8, & 10, see figure 2. Other gauges

were affected by'small bays and inlets.

PREVIOUS INVESTIGATORS

Wind set-up effects have-been notéd for some time. An
interesting_historical note of éet-up on Lake Geneva is pointed
out by Picot _3 /. The event occurred in 1495 and is described
in the following words:

" Le 9 janvier, disent-ils, it y eut un vent tel que le

Rhone remonta dans le lac jusqufa un quart de lieue au-

dessus de Geneve, et il semgléit etfe une montagne dteau,
cevqui,dura llespace dtune heure que lteau ne put descendre.
(On January 9th, 1495, such a strong wind blew that the Rhone
withdrew into the lake as far as. a quarter of é league above
Geneva, and there seemed to be a mountain of water for a

whole hour during which the water could not descend)."
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Wind tide studies have been treated by many investigators,
some of whom are listed below:

Hellstrom (1941)

- Langhaar (1951)

Keulegan (1952)

U. S. Corps of Engineers (1955)

Sibul (1957)

.Einarsson and Lowe (1966)

In all cases however, the studies dealt with flumes,
lakes or bodies of water vastly different to the problem
~dealt with in this study.



1)

LAKE MANITOBA

@— Gauge Locations

NORTH BASIN

SOUTH BASIN
L AKE

M ANITOBA

FIG. 2




II. THORETICAL WIND SETUP ANALYSIS

GENERAL

When the wind blows over a water surface it exerts a
ihorizonﬁal stress on the water, creating a surface current,
driving it in the direction of the wind. This wind effect
results in a '"piling up" of the water at the leeward end of
an enclosed body of water, and lowering of the water level
at the windward end. This efféct is called wind tide, which
is the cumulative effect of wind force and water reaction
throughout the entire body of water.

The result of raiéing the water level at one end and
‘lowering at the other creates a pressure head which generaﬁes
and sustains a return current in the opposite direction to
that occuring due to the wind stress, see Figure 3.

In deep lakes and reservoirs; this current usually returns
along the bottom, however internal currents can occur due to
thermal stratification in the lake.

Return currents in shallow bodies of water may be different
again, in that return currents may occur as surface currents
along the edge of the lake or in the lee of islands or be

otheryise altered by physical obstructions.

Still Water
_—— = Surface

Windward Shore Leeward Shére

Return Current

WIND SET-UP
Figure 3



~CLASSIFICATION OF WIND TIDES

Wind tides may be classified into (1) static and
(2) dynamic tides. The total height of the static tide is the
-sum of the set-up and set-down .at. opposite ends of. the lake,

- although some literature treats it as the difference in
~elevation between still water level and that of the water
level at the ends of the lake.

Dynamic tides, or seiches, occur when the momentum of thé
water carries it beyond the position of statiec equilibrium,
and tidal oscillations result. The occurence of seiches appears
to be a function of depth, length of the body of water and
bottom characteristics. The hydrodynamics of seiches have
been investigated theoretically‘by Hellstrom _Q;/,

- Langhaar 5 /, and others. '

Owing to the slight friction losses of oscillatory
motion in ddep water, seiches generally become well developed
in deep lakes.vbn the other hand, the static effect becomes
more pronounced or dominant in shallow lakes where the cross-
section éf the current is small, and the flow consequently
encounters great resistance which can only be overcome by a
comparatively large difference in water surface elevation.

Seiches in a lake can generaily be recognized by an
examination of water level recordings at the ends of the lake.
The seiche is characterizéh by rises in water level af constant
time periods. For Lake Okeechobee, the complete period of the

fundamental seiche has been found to be 6 hours or longer 6 /
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For the Lake Manitoba study, seiches were not considered
to be worth while evaluating because of the extreme shallow
depth and length of the lake. Analyses of wind tide presented
in this report pertains solely to static tides. Although the
measured and projected set-ups include both statical and
dyﬁamic tides, the dynamic effect is assumed to be practically
zero. Einarsson and Lowe x/ showed that, for Lake Winnipeg,

longer and deeper than Lake Manitoba, the effect of seiches on

wind tide, was negligible.

WIND TIDE THEORY

The analysis of wind tide data involves numerous variables
which include the wind velocity and the energy transfer betweeﬁ
the air and‘water, which in turn dependson the wave conditions,
temperatﬁre gradients, stability and other properties of both
the air and water. The depth and the geometric shape of the
body of waﬁer'and the roughness and configuration of the bottom
are also important. In very large bodies of water the rotation
of the earfh, and the attraction of the sun and the moon may
alsd be important. However, these forces were neglected in this
study. .

To solve the problem theoretically, several simplifying
assumptions must be made which include the flow conditions
and viscosity at or near the air-water boundéry, in order to
solve the problen.

Several investigators have studied this problem using

different approaches and assumptions &2229’8,9/.
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Consider the simple two-dimensional condition represented

in the following sketch. » ‘
u
— 'fs -<-f
/

el 8
—— dx ——

=

___>,T'b
R AV AV Y LV Ay Sv Ay a4
WIND SET-UP ANALYSIS
Figure I

For steady conditions; the force equation for unit width

perpendicular to the sketch is:

ig (25 + d2 )= %:g = (T +7%) dx )
2
‘Disregarding terms of order higher than the first of dx ang

dx, the differential equation of the water surface is

des - QZE_iEZL) ®)
dx ¥ Zs

Keulegan.—g—/ has chosen to express the bottom shear 1%,
as a function of the surface shear, T, by the relation
To = T (n~1) @
Substitution of equation 3 in equation 2 gives

d2s . A s “4)

, dx Y 3¢
Equation li is the form used by most investigators in studies

of wind tides;.The value of A used in the integration of this

equation depends on the particular flow theory that is adopted.

This differential eqﬁation was arrived at by Hellstrom L/
in 1941, in a very comprehensive theoretical treatment whereby

he derived the equation using’the basic Euler-Navier equation
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. | .
for the three - dimensional motion of a viscous, incompressible

(’Bk FUIL VAL b wak) =p X-2R b4 (R2x 4+ D% + 0w
1 2T 2 ¢ aK*  ay* FES

p(2v vV 4 VIV w-.w __2; (2 w2V a2y (3)
el e vy v YR a2 3y
> R
(':vd yuRW Ludw ;u)';uu 2w D% PWw
ot EY3 3*-1 \ ez —2 ‘-/‘L(Dxb +‘;~\z Yo:

‘:"L + ‘DU A 'DUJ ;-_O
X o4 o2

Here u, v, and w are the velocity components, parallel to

the co-ordinate axis x, y, and z at the time t;() is the density
of fluid; p is the pressure; the coefficient of viséosity;
and X, Y, and Z are the components of Coriolis forces due to
the earths rotation and gravity. Coriolis forces act at right
angles to the direction of velocity, toward the right in the
Northern and toward the left in the Southern Hemispheres.
Hellstrom found N3k for 1a§ﬁinér flow and »:! for turbulent
flow conditions. ~:

#

To solve the equatio,n‘",'? Hellstrom made the following

K4

assumptions: - .
‘(&) the flow is laminar,
(B) the depth is c,énstant and small,
(¢) the water surfacé slope is small,
.{d) the pressure distribution is hydrostatic,
(e) the wind velocity and direction is constant,

(f) all motion is steady and equilibrium is established.

Solving'this equation; the following expressions for the

velocities "™u" and "v" were obtained:

« X 325 (2%
«W Jralic (_2_-__ ~-22) +'§’:-z- w)
s X 2% (2 _2.2) B Q)
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For incompressible fluids:

Sadzco end [Pudeao ®)
hence ' '
2-%—5- -3 :Z_/_S__ = 0O dv\;‘. A3 | (9)
X 2 Y ~5—{' =0 :
.or, .as zsﬂisudependentwonﬂx”only, :
LA NCE 4 (10)
°Y's 72,

The equation demonstrates that for lakes of shallow
fdepth,.the rotation of the earth has an insignificant effect
on results. This is also demonstrated by the fact that Keulegan;g/
arrived at the same results, although he neglected the effect |
of Coriolis force in the original equation. ﬁccordingAto Elman_ 10/
rotation of the earth will reduce the gradient of water surface
in the ratio'of 0.98 when the depth is 150 to 300 feeﬁ; in the
ratio of 0.77 when the depth is 00 to 750 feet; and by 0.66
when the depth is infinite. It can easily be seen that the
effect on Lake Manitoba, with an avarage depth of 15-18 feét,
would be negligible.

APPLICATIONS OF THE THEORY

The application of the differential equation
d%s = ?\’ZJS (Ll')
| dx Y 2
has various forms, as is illustrated by a summary of resultis

by the more prominent investigators, in Appendix A.
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ITI. FIELD INVESTIGATION

 GENERAL

A series of instruments weré set up at Lake Manitoba
Narrows in the fall of 1966,‘to determine the relationship
between wind velocity and duration, and wind set-up at the
Narrows, and the effect caused bythe reéulting flow of water
from one basin into the other. The information obtained was
used to determine wind set-up relationships for two situations,
namely; |

(a) té determine the relationship under existing conditions.

(b) to determine what water level changes would occur

upon construction of a causeway across the Narrows

with various waterway area restrictions.

The measuring apparatus was set up during the fall of
1966, however, accurate measurements were only obtained for
the month of October. This information is tabulated in the
Appendices. The measuring apparatus is described in this
chapter.

WIND RECORDS

A wind anenometer was set up adjacent to Gage 2, see Fig.

2, on the East ferry landing, from August to November, 1966.
- Unfortunately, the instrument was not serviceable for a very

long duration and few recofds were obtained,however these
were compared to longer records in the area.

Wind records, from wind measuring stations, were examined
at Winnipeg, Gimli and the outlet of the Red River into Lake
Winnipeg, as well as Dauphin and Portage la Prairie. It was

determined, by comparison with the short record at the Narrows,
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that generally, Dauphin winds were indicutive of North winds
vand Portage la Prairie of South winds. ‘lhese hourly records,
then were uséd to establish all the wind set-up relationships
and were assumed to act over the entire lake. Also it was
.assumed that over water and over land wind velocities, in this
case, were similar. |

CURRENT MEASUREMENTS

- Current measurements were obtained in the area of the Hydro'
'érossing 22 times during September and October 1966 and also
12 times in the months of February and March 1967. The
measurements were taken with a Price cufrent meter from a
boat anchored on a steel line spanning between the Hydro towers,
“at specific stations albng the 1ine, during September and
October, see Plate 3. During February and March, current
measurements were taken on the same cross section, through
the ice.

WATER LEVEL GAGES

Eight Stevens A-35 automatic water level recorders were
installed by the Highways Department, during the fall of 1966,
in positions marked L to 11 inclusive; see Figure 6 and Plates
5 and 6. Ofiginally they were installed in August, however
because of water surging in the boxes, difficulty was experienced
with the needle, which tore the charﬁ paper and smeared the ink.
Pencil was then used, but had to be sharpened regularly.
Additionally, several 6f the boxes upset during storms on the
lske and had to be reset and»further stabilized. Consequently,
no decent records were obtained until the beginning of October.
The records ended on October 30th, with freeze-up. However, good.

records were obtained in October with some severe winds.



STILLING WELL

NOTE: Stevens Water Level

Automatic Recorder Type A 35
20" was used in stilling well.
<«
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A
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STILLING WELL IS ANCHORED
“WITH IO FT. LONG IRON RODS
DRIVEN DOWN.OUTSIDE OF
BOX INTO LAKE BOTTOM
AND BOLTED TO BOX.

AN ADDITIONAL ROCKFILL
.CRIB WAS BUILT AROUND

I, VALVE WITH OUTSIDE OF WELL APPROX.-

CONTROL AT SURFACE
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" SIDES BY 2"

[Fis. 5
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The recorés from three permenent Stevens A-35 instruments‘
belonging to the Federal Water Resources, at locations 1,2 and
3, see Figure 2, were also used ﬁo establish the wind set-up
relationships. | |

CROSS-SECTIONS

- Approximately 18 cross-sections, over the length of the
Narrows, a distance of approximately 20 miles, were taken by
Highways Department crews during the winter of 1967. The work
was done by means of survey crews working with snow vehicles
-on the ice, see Plates 7 and 8. The cross-sections were taken
to see if any waterway area restrictions, besides that of the
Hydro causeway, affects the flow through the Narrows, and were
used for the backwater calculations through the Narrows. It
was found that the Hydro causeway was by far the largest res-
tfiction in the Narrows area. These cfoss-sections are on file
- with the Manitoba Highways Department.

Additionally, the. survey crews established the datum
elevations for all the Highway Department water level gagges.

HORIZONTAL CONTROL

Aerial photos of the Narrows area were faken by a commercial
firm hired by the Highways Department, in October 1966. These
~photos were used to establish the 1§oation of all the Highway
| Department ﬂater level gauges. They will also be used as
reference should any claims be filed for flood damages caused
by construction of the Highway causeway.

The aerial photos and mosaic are on file with the Manitoba

Highways Department.
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IV. DISCUSSION OF RESULTS

GENERAL

The period of record for the instruments described in
“Chapter III was fairly short, however, the author was able
o establish certain wind velocity and resulting wind éet-

'up relationships as described in this Chapter.
WIND |

Weather stations, located at Department of Transport
Airports, at Dauphin and at Portage la Prairie, were used
for_North &nd South Winds respectively, as was mentioned in
the previous chapter. '

@Graphs I to 18 show the hourly wind velocities for days
in October, when there werefsignificant winds and also include
the water levels for Gauges L, 8, and 10, (see Figure 2.).
These particula®r graphs are representative and show the wind
effects on the main recorders used in this study.

Graphs 32 to 43 show how the hourly winds affect wind
set-up, basin storage and outflow through the Narrows. These
rglationships will be described in later sections of this
chapter.

It should be noted that the wind velocities shown are the
components in the direction of the longest fetch, namely 157O

'for southwinds and 0° for north winds.

McKéy's ;é—{ "Design Winds for Reservoirs in Southern
Manitobawas used to calculate wind velocity return periods
}'and to determine the reduction factor for 6 hours duration

winds, as shown in Table I which was 0.9 times the one hour

wind velocity.



(19)
The maximum set-up generally occured in 12 to 1l hours of
continuous wind, therefore, the 6 hour duration was condidered
conservative.

FLOW THROUGH THE NARROWS

During the Fall of 1966 twelve signifigant current
nmeasurements were made at the Hydro Causeway, six being gen-
erated by North winds and six by South winds, (see Plate 3).

The water level records were examined to ascertain which
basin elevation gauges should be used to correlate to the
measured flow through the Narrows. It was found thatz&hl
(Gauge 10 minus Gauge l.) should be used for South winds,

‘see Graph lli, and that ah, (Gauge It minus Gauge 10) should
be used for North winds, (see Graph L5).

The relationships obtained from these curves and shown on

Graphs L6 and L7 are as follows: .
South Winds

1
2

outflow, = 16,600 Ahy ‘ (29)
North Winds
1
outflow, = 140,000 a h,* : (30)

where,
.. Outi‘lowl = Flbw, from the South basin into the
North basin, through the Narrows, caused
by a South Wind, in c.f.s.
Ooutflow, = Flow, from the North basin into the
South basin, through the Narrows,

caused by a North Wind, in c¢.f.s.



WATER LEVEL GAUGES

The hourly water levels for the various gauges are shown
in Appendix B. The records missing are due to damaged recorders,
as méntioned in Chapter III.

The lake profile for the various time periods are shown
on Graphs 19 :to 3l. The Graphs are shown onl& when signifigant
winds occured and only during the month of October, as certain
of the important Gauges were not operative prior to Oc¢tober 3rd.

An examination of all the Gauges indicated that the profile
of the lake was very uneven, this being caused by certain physical
features, such as the'presence of large bays and inlets wvhere
water could be stored, and possible discrepancies in Datum
elevation. Consequently, the suthor decided to use Gauges 1,
3; li, 8, and 10 for the lake profiles, see Figure 2.

N6 gauges were available for the ends of the lake,
consequently, straight line water profiles were assumed and
the end of Lake elevations were interpolated as shown on Graphs
19 :xaé 31. o

It should be noted that Graphs 19, 21, 23, 25, 26, 28, and
31, exhibit classical water surface profiles showing the set-
up in each basin for North winds and similarly Graphs 2L, 27,
and 30 do so for South Winds. \

Graph 48 was prepared showing storage in the North half
of the South basin for set-up due to South winds and Graph 49
fpr storage in the south half of the North basin for set-up due
to North winds.These graphs were prepared with the assumption
- that the Nodal point was located at the cenbter of gavity of
each basin and, conservatively, that there was no appreciable

gain in surface area with increases in lake level.
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An examiﬁation of the .water level gauges indicated that
Gauge 8 should be used as the apex for storage in the south
‘basin, due to South winds, and Gﬁage Iy for storage in the
north basin, due to North winds.

Appendix C was prepared from the storage and outflow
graphs, L6, L7, 48, and 49. For each of the time periods shown
in Appendix C, the wind and water records were examined to
deterﬁine when set-up and outflow were started by a particular
wind. At the time when wind reaction was assumed to have occured,
the:: storage and outflow were assumed to be zero, and all
following storage and outflow quantities were calculated on that
datum. The reason for this basic assumption was that it was
impossible to establish a still water level, even after pgriods
of no wind. Water, from previous wind set-up, in storage in
different basins, tended to flow to an equilibrium position after
the wind ceased, however, the lake is so large that still water
elevation is never reached before another wind begins.

- WIND SET-UP

(a) Narrows Blocked Wind set-up is calculated at the

Narrows fof both a North and South wind, assuming the Narrows
blocked, and consequently, no flow from one basin into the
other. Normal wind sebt-up would-then occur separately in each

" basin. This case is examined in order to compare these cal-
culations and their simplifying assumptions previously discussed,
with é general wind set-up equation, the revised Zuider Zee,

‘see Appendii A, which Sibul —§—/, in a comparison of various

current formulas, acknowledges as being most acg¢urate for

shallow lakes.
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The revised Zuider Zee equation, of course, can only be
used in a.normal basin where there is no appreciable outflow
out of the lake caused by wind set-up.

With the Narrows blocked off completely, water would not
flow from one basin into the other, but would simply go into
storage and consequently would increase the set-up‘in the
pafticular basin. Hence the storage and outflow curveé were
-added together on Graphs 32 to I3 and the calculated set-up,
under the Narrows Blocked condition, was based on this total
quantity. The calculated set-up is assumed to bs correct up
to the point of maximum water reaction, however, at, or near
the time of maximum set-up, the return flow in the basin would
increase due to the increased pressure head at the leeward end
of the lake, thus reducing the set=up and‘destroying fhe

additive relationship.

It is evident that wind set-ups established in this study,
are maximum set-ups and not that occuring after equilibrium is
established. This is also evident from a study of Graphs 32
to 3. Maximum set-up is observed to occur only for an hour
or two, and then decreases, even under continuing steady wind
condipions. This effect, no doubt, is caused by return currents
being generated by a pressure head at the leeward end of the
basin, which when sufficiently developed, reduces the initial
set-up. Newbury lé—/, noted in his laboratory study of water
set-up in a flume, that initial set-up, occuring within a few
seconds, could be as much as twice that of set-up reached under

final equilibrium conditions. No doubt in a large lake, equil-

ibrium takes much longer to develop: .
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‘Based on the calculated set-up, (Narrows blocked), the
following equations were established, and Graphs 50 and 51
were prepared. The-constant was obtained, first by assuming that the
AéQuation should be of the form shown, which has been established
as valid for a shallow lake, Sibul 8 /, and then solving
for an saverage value of the constant based on calculated
set-ups as previously described,fetches and average lake depths
for the wind velocities acting on the lake at the particular

time of set-up.

North Wind:

ho = UeF (31)
71334
South Wind:
b= UoF (32)
991 d

Additionally, the modified Zuider Zee formula (25), is
.also shown on Graphs 50 and 51. (the equation has been modified

by the Planform factor, Equation 28).

Modified Zuider Zee: .

North Wind: (Planform N = 0.87)
h = U°F (33)
1610 d
South Wind: (Planform N = 1.25)
n, = _U°F | (34)
1120 4 _

" where,

h = the wind set-up above SWL in ft. at
Lake Manitoba Narrows. | -

U = the wind velocity component in the

direction of greatest fetch in m.p.h.



F = the fetch in miles. (the longest fetch for the
Nbrth Basin, at a bearing of 0°, is 1.6 miles,
and for the South Basin, at 157° bearing is
63.7 miles. |

d = the average depth of the particular basin in
feet. (the North basin is 15 ft. deep and
the South basin is 18 ft. deep)

Comparison With The Modified Zuider Zee Equation

North Winds Graph 50 illustrates both equation 31, derived

from the empirical data measured on the lake, and the Modified
Zuider Zee relationship, equatidn 33. It can be seen that

the two curves are faifly close, with the Zuider Zee equation
giving a set-up of 32% greater than that of the Lake Manitoba
equation.

South Winds Graph 51 illustrates the empirical relationship

derived from Lake Manitoba (equation 32) and the Modified
Zuider Zee equation (equation 3lL.). The two curves are closer
than for North Winds, the difference being 15%, with the
Zuider Zee providing the lower set-up. |

Graph 50 and 51 illustrate that the well known and well
verified Zuider Zee equation gives set-up values both a little
greater and a little lower (depending on the direction of
the wind) than the derived relationships.

It seems reasonable to conclude that there is some factor,
planform, or depth consideration, that is unique for each

basin and which could account for the difference in the curves.
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The Zuider Zee equation was corrected for planform, However,
the correction was for a trapazoid, which both basins approach,
but only approximately, see Figure 1. Additionally, average
approximate depths were assumed for each basin, as there was

very little data available on the underwater topography of

 the lake.
An additional factor that could be considered is that

the Zuider Zee equation is based on "over wabter winds".
Generally, it can be assumed, that over-water winds are

greater by a factor of 1.3 to 1.5 depending on the wind velocity
and relative temperatures of the air and water.17,18 /

However, Lake Manitoba is relatively narrow compared to its
length, and it is therefore assumed that the wind over the

lake would be influenced by the land rather than the water.

(In any case, the land surrounding the lake, including the

wind stations at Dauphin and Portage la Prairie, for the

wind directions considered, is quite flat and without obstructions.)
It is therefore assumed that over waterm over land winds, |
and that the Zuider Zee equation can be'compared to the derived
equations without including a wind velocity factor based on

the difference in friction between land and water.

(b) Existing Conditions. Graphs 52 and 53 have been

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

- Narrows, for various wind velocities, from the North and South.
These graphs are based on the wind set-up actually

messured at the Narrows and were derived from the information shown

on Graphs 32 to L3. Again the form of equation was postﬁlated

~as for equations 31 and 32, with the constant calculated from

averaging the measured set-ups for various wind velocities.



The equations obtained from the measured set-up are:

North Winds:

h = U°F (35)

| | m .
South Winds:
5 ,
h = U°F (36)
n 1026 4

OUTFLOW THROUGH THE NARROWS

Graphs 5l and 55 show the outflow that coﬁld be expected
through the Narrows, from one Basin into the other, under
existing conditions, as a function of wind velocity.

Equation 37 and 38 were established from the wind setéup
equations with the constants evaluated by averaging the
the constants calculated from measured outflows., The equations

thus derived and shown on graphs 5l and 55 are:

North Winds:

outflow = 913 UF (37)

South Winds:

outflow 815 UF . (38)

d
The above relationéhips can be assumed to be reasonably
valid, as they are based on the same basic assumptions
which were proved valid in the previous section. No doubt,
if longer records were available, there would be more
assurance that the derived relationships were more accurate,
especially for the higher wind velocities.

Table one has been prepared showing wind set-up and

26



27

flow through thé Narrows for various wind velocity return
periods.

This table and Graphs 50 to 55 inclusive show valueé
extrapolated far outside the limits of measured data. It
" should be noted that there is really no justification for
“ this. More measured data is needed, especially for winds in
excess of 20 m.p.h. The Curves were extrapolated in order to
obtain some indication, at least to a first order,of water
reaction to the higher wind velocities. It should be emphasigzed
that additional field measurements should be made in order

to justify the derived equations for higher wind velocities.

BACKWATER CALCULATIONS

The wind set-up graphs derived in this section provide
the increase in elevation of water level above still water
depth at the North and South ends of the lake as a function
of wind velocity. The outflow graphs provide the flow through
the Narrows, also as a function of wind velocity. The elevation
of water through the Narrows itself, has to be obtained
through backwater calculations for the alternate waterway
area restrictions proposed at the future bridge site, see
~figure 7 and Chow 194

The backwater calculations are considered beyond the
-scope of this study, howeyer, they are not difficult and can
easily be solved with the aid of a computer.
| The waterway area of the various cross-sections
throughout the length of the Narrows, which are on file with

the Highways Department, would be required for these calculations.
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Thé procedure for calculating backwater curves through
the Narrows would be as follows: | _

(1) Establish the design wind velocity based on the
return period desired. McKay 15 / would be valuable for this
step. (Most bridges are designed for a 50 year return period,
although this can be altered, depending on the circumstances).
It should be realized that the full set-up will not occur unless
the wind acts for 10 to 20 hours.

(2) Using the wind velocity found in (1), wind set-up
at water level gauge U4 or 10 can be established from graphs
52 or 53.

(3) Graphs 5l and 55 are used to calculate flow through
the Narrows for the North or South wind, for the wind velocity
established in (1).

(4) Backwater curves are then calculated for the length
of the Narrows for the various proposed bridge lengths, as is

illustrated in Chow 19 /. i vwldg. ca

A bridge causes a local constriction which affects the
water elevation both up and downstream of the brige sité, see
figure 7. The alternate backwater curves will enable the
designer to ascertain and define the local effects. It is
- probable that large constrictions will cause local flooding
upstream of the bridge. Small constrictions will alleviate
the flooding effect but will cost more money because of the
increase in brldge length. The designers function is to obta;n
the :optimum bridge length based on possible flood damage and

bridge construction cost.
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Proposed Highway Causeway

JIAKE MANITOBA NARROWS

(a) PILAN

Set~up Elevation Wind ——3
Backwater Profile

/Constriction (Highway Causeway)

(«Nomal Profile

Upwind Basin \ Set~down Elevation
Channel Flow faused by Wind T~ 7

Set=up a nd Wind Set=down
in Adja cent Basins

Dowrwind Basin

/ Channel. Bottom
,"\__/-\_______.___-\_/‘K____—.\‘ IR
(b) EIEVATION

BACKWATER CURVE CAUSED BY CHANNEL RESTRICTION

LAKE MANITORA NARROWS

Figure 7



TABLE I
WIND SET-UP

LAKE MANITOBA NARROWS

RETURN WIND VELOCITY sWIND SET-UP FLOW THROUGH NARROWS

PERIOD (m.p.h.) (£t.) (c.fes.)
(years) duration
1 hr. 6 hrs. Existing Conditions
NORTH WIND NORTH BASIN
2 28 25.2 0.73 63,500
33 315 1k 79,500
10 10 36.0 1.9 91,000
20 Ly 39.6 1.80 " 100,000
50 50 15.0 2.33 " 14y, 000
100 sl 18.6 2.72 123,000
SOUTH WIND SOUTH BASIN
2 28 25.2 2.19 73,000
5 32 28.8 2.86 83,000
10 3.5  31.0 3.21 89,500
20 37.5 33.8 3.95 97,500
50 40.0  36.0 L7 104,000

100 L3 38.7 5.17 111,500
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Most of thé backwater curves, depending on the wind
velocity and waterway restriction selected, will not extend

to the ends of the Narrows and hehce do not affect wind

—-—get-up on the basins, or outflow through the Narrows.

'~ However with high winds from the north, it may be found, from
" the backwater curve calculations, that the backwater curve |
extends into the North basin and hence affects the flow
through the Narrows. Should this be the case, then the
backwater calculations have to be repeated with various
reduced flows, until no-discrepancy occurs in water elevation
at the lake.

Backwater curves will not extend into the south basin,
for south winds, as the distance is 18 miles, which is too
long for the effect to be felt.

It should be noted in graphs 32 to L3 that maximum
set-up usually occurs for only an hour or two, as was
mentioned in a previous section, and then receeds, never
reaching an equilibrium position, even after our maximum
recorded wind duration of 10 hours, on October 30-31lst.
Therefore, for more refined design éonsiderations, the time
aspect should be considered_for backwater éalculations. The

problem would involve flood routing and channel storage 19 /.



V. CONCLUSIONS AND FUTURE STUDIES

Equations have been derived; and graphs prepared, for
wind set-up and basin outflow at Lake Manitoba Narrows, for
winds:from the North and South.

Additionally, equations and graphs‘have been prepared
for wind set-up which would occur if the Narrows were completely
blocked; primarily in order to validate basic assumptions
and procedures. _ |
| A method for debtiermining backwater curves for water
elevation through the length of the Narrows has been outlined.

A satisfactory waterway area for a Highway Causeway design

can be obtained from the basic data derived in this study.

Fubture Studies

The study of water reaction to wind velocity on Lake
Manitoba, has revealed that there is room for additional
research on the problem. Several possible topics for future
study are outlined as follows:

(1) A study of seiches on Lake Manitoba. Graphs 32 to
I3 show that wind set-up recedes very rapidly, even under
steady wind conditions, after maximum set-up is reached. The
water pushed up by the wind at the leeward shore, cannot
maintain its position, and quickely recedes, likely causing
oscillations in each basin. The phenomena was not pursued in
this study, but seems likely to povide interesting fesearch.

(2) Currents due to changes in atmospheric pressure.
Apparently, from local observations, very strong currents
develope under the ice, through the Narrows during the winter.

The currents are strong enough to cause signifigant ice erosion
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from underneath. The Narrows are dangérous to cross during

the winter because of the phenomena. A study might show

that the currents are caused by differences in atmospheric

~._.pressures in the two basins. The research would be interesting
in that water reaction due to differences in atmospheric pressufe
could -beseparahed and identifiéd from that due to set-up from
wind. This, to the authors knowledge, has never been done.

(3) Wind set-up should be studied on the basis of

longer records, both before and after thelcauéeway is built.
The Highways Department has on file, and will continue to
record for some time, wind set-up phenomena at the Narrows.
This data should be studied and compared to the relationships

. developed in this report.

(L) The effect of building the causeway, on water

_’quality could be studied. The Province of Manitoba‘has water
quality records on file, dating from i966, and in a few cases
earlier. Records will bé kept for some time after the
causeway is built. When sufficient records are available, they
could be studied to determine the causeways effect on exchanges
of water through the Narrows, from a standpoint of watef

guality, and could give an insight of circulation in the lake.

The'above are but a few possible areas of future research
on Leke Manitoba. The’reader,'nb doubt, will also be able to
think of various studies that would prove worthwhile. As is

" evident from this report, the 1ake is quite vast and little

is known about it.
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IF SHEET IS READ THE OTHER way (vEmTIcALLY), THis MusT BE LEFT-HAND SIDE,

IF SHEET IS READ THIS wAY (HORIZONTALLY), THIS MUsT BE TOP.

THIS MARCIN RESERVED FOR BINDINC.
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IF SKHEET IS READ THIS wAY (HORIZONTALLY), THIS MUST RE TOP.

|F SHEET IS READ THE OTHER WAY (VEmTICALLY), THis MusT BE LEFT-HAND SIDE,

THIS MARCIN RESERVED FOR BINDING.
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(HoRmIZONTALLY), THIS MUST BE TOP.

IF SHEET IS READ THIS WAY
IF SHEET IS READ THE OTHER WAY (VERTIGALLY), THis MusT BE LEFT-HAND SIDE,

THIS MARCIN RESERVED FOR BINDINC.
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HAND SIDE.

THIS MUsT B2 TOP.
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IF SHEET 13 READ THE OTHER WAY (VERTICALLY), THIs MusT BE LEFT-

IF SHEET (8 READ THIS wAY (HORIZONTALLY)

HIS MARCIN RESERVED FOR BINDINC.
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IF SHEET 1S READ THE OTHER WAY (VEnTICALLY), THIS MusT BE LEFT-HAND SIDE.

IF SHEET 1S READ THIS WAY (HORIZONTALLY), THIS MUsT BE TOP.

THIS MARCIN RESERVED FOR BINDINC.
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APPENDIX A

SUMMARY OF WIND SET-UP EQUATIONS



5 u.,,.#,fv,«(y,b,_A”,,

SUMMARY OF RESULTS OF VAhIOUS WIND SET-UP INVESTIGATORS

(1) Hellstrom: integrated the differential equation

25 7 22T (x +c\) - (11)

b
which indicated that the water surface was parabollic in form
and can be written in coordinates % and E;as follows:

.Sz=,3_§~£s g (12)

This equation, known as the "Charaéterigtic Water Surface
_Profile:, is plotted in Figure 5. The first step is to cut
out a portion of the parabola in length F so that the area
between the curve and the horizontal axis is equal to Fd(cross
hatched area in figure 5), where F is the length of the channel
and d is the still—watér depth. The distance between the gz
and S axis gives the constant C, as indicated in Figure 5.
The case where the bottom is not exposed is represented by
Figure 5a, where Cq is a positive value. Figure 5b represents
the case where C1= 0 wherein the water surface at the beginning
of the basin has the same elevation as the bottqm'and 5c¢ represents
the case of exposed bottom where Cl isvnegative. |
Finally, the set-up h can be computed

h=m ~d (13)

The nodal-line can be computed from this equation for h= 0

When the depth is great as compared to set-up, the equation

becomes »
\\’\vt >\’Z’5 - Fyv :
S (x- &) (14)
The nodal-line for (1) is at x = F/2 and the set-up at

the windward shore, x= 0, is:

(15)
hx =0 = )\ TS F -
2 ¥a
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ST

and at the leeward shore, x=F
hy=F = N F
2 ¥d
(2) Langhaar: —5—/The analysis of wind tides as given by this

(16)

approach separates wind effects into statical and dynamic
components. Two formulas were derived for the solution of
‘statical tides. For a.condibtion of nonexposed bottom, the

setup above MWL was eXpressed as

2 ¥d
which is identical with the equation for deep water lakes

presented by Hellstrom when A= 1.0.
For a condition in which the windward bottom is exposed,

the set-up can be obtained from the equation

[ 3/—;754’“2’: (18)
N

Langhaarts equatiqns are applicable to any lake with a
horizontal bottom and a fairly symetrical planform. Forilakes
with vafiable shoreline planform and bottom conditions, the
effect of planform must be evaluated and an integration pro-
cedure employed to obtain the wind tide profile. (Indeed, this.
is the case in any wind tide analysis, no matter what formula
is used).

The Jacksonville District, Corps of Engineers, U. S. Army
11 / have found numerous applications for this equation, how-

ever they have modified it to

‘j = \/_'3 37375 Fd N - A (19)

N in equation (19) is the planform factor. For the case where
ﬁhe body has & constant width, the planform factor N=l. For a

converging planform, N » 1 and for a diverging planform N<1



9/

(3) Keulegan: —~—'Using data obtained in a model Keulegan
separated the total wind tide, s_intc set-up due to skin friction
between wind and water surface, Sl and that due to the form
resistance of the waves, 82'. For wind tides without wave action,

the setup is -6 2
.5\:3‘30x (o U F
, ’ 3d
and for the amount of wind tide due to waves is

| glzz.bex\o“tgu;uo\l‘: (é_}l/‘ (21)
9 d v

(20)

F

The total set-up between windward and leeward ends of the

lake may be expressed as

S= 8-+ 8, or
‘7.
S:[%Qsox\o U L2.08x10 (U Uo)F( \[JF (22)
9d

where Ucis the critical wind velocity found for initiating wave
action, equal to about 3.0 ft./sec. in his model experiments.

The seb-up formula for a larse body of .water is given as:
A 4 Y UF
S =33x10 [1+63(F) ]‘%4 (23)

and it applies when the body of water approximates the shape

of a rectangular channel of uniform cross-section.

12, 13 /

(44) Zuider Zee and Modified Formula: In studying

the problem of wind tides in Holland, the Dutch emplyed a formula
originally stated as

: 2
s = U F (2k)
o0 4
where F is in miles, U in Miles an hour and S is the total

difference in wind tide between windward and leeward shores.
The equation was later modified to compute the setup in feetb

above MWL, as

2 UIF cos A

1400 D (25)



where A 1is the angle between the wind and tidal axes.

(5) Beach Erosion Board: —l&—/Aﬁ investigation of observed

wind tides on Lake Okeechobee by the Beach Erosion Board resulted
in the development of an equation in which the total set-up,

between the windward and leeward shores, is

= K n UIE
S _..’;f\d ‘ c_osA-"\ ov (26)

Q= 1 eEx 10 UE oo A
d (27)

The constant K is evaluated as about equal to 0.003, which

agrees closely with that obtained by Keulegan.
fPa 1is the air density
¢ the density of water |
A is a coefficient/dependihg on the turbulence of flow.‘
For laminar flow A= \S
turbulent flow A =123
which agrees with Keulegan.

MODIFICATIONS TO THE IDEAL CASE

A brief description of the factors that may have an effect
on compubting wind tide is as follows:

(a) Depth and Fetch are physical features of the body of

.water that can usually be obtained from hydrographic maps.
In the Lake Manitoba study, Hydrographic maps of the underwaber
features were not available, consequently numerous soundings
" had to be taken to establish water depths.
Lake Manitoba is generally uniform in depth so that depth
variations were not taken inté account in calculations (other
than average depth of each basin). In lakes of varying depth

and shape, an integration procedure should be used in which

B VIV



the lake is divided up into a sufficient number of segments

so that the variations in depth and shape can be taken into account.
In most cases, the fetch can be taken as the straight line

distance that the wind travels across the water surface. How-
ever, when there is an éppriciable curve in the wind stream

lines, the fetch shoulé be méasured along the curved line.

Straight line fetch measurements were uéed in this study.

(b) Shear Stresses:]fs and be , are the principal unknowns

in the wind-tide equation. Unfortunately, the computation of
gshear stresses is extremely complicated. The surface shear

is a funchtion of the velocity, temperature, density, stability,
and turbulence of the éira and the roughness and velocity of
the water surface over which the air is moving. The bottom
shear is a function of temperature, viscosity, depth, and
turbulence of the water, as well as bottom!roughness.

Numerous model studies as well as full scale investigations
have been made, however, definite relations between Z’b and
bottom roughness, depth or other factors have not been determined.
" Most investigators use empherical data obtained from studies on
Lake Okeeéhobee.

The formulas developed in this study are unique to Lake
Manitoba only. |

(¢) Planform: A planform factor N is used when the center
of gravity of a body is not at the mid point of‘th fetch. For
a triangular lake, the factor varies from 0.67 when the wind
tide is occuring along a side of the triangle to‘1.33 when the
wind tide occurs at an apex. ITf fhe shorelines form an approx-

imate trapezoid, the planform factor can be obtained from



the formula

N - 2 < 2 bo ‘¥_b
| 3 bot+ b
where bo is the width of the windward shore

(28)

b is the width of the leeward shore.

(d) Atmospheric Pressure:—g-/ When a storm passes over a

large body of water, the reduction in atmospheric pressure near
the center of the storm may cause the wéter level to rise.

This factor should be considered in computing wind tides when
the difference in atmospheric pressure may be cohsiderable,
such as in wind tides due to huricanes. In the Lake Manitoba

study atmospheric differences were considered negligable.



APPENDIX B
WATER LEVEL GAUGE ELEVATIONS



Hours Gauge 1

811,28
811,31
811.32
811.29
811.30
811.28
811.30
811.30
811.28
811.28
811.27
811.28
811.28
811.29
811.30
811.28
811.33
811.28
811.27
811.29
811.34
811.33
811.37
811.49

Gauge 2

811.35.

811.35
811.37
811.42
811.42
811.42
811.43
811.55
811.65
811.65
811.62
811.57
811.47
811.42
811.39
811.47
811.57
811.71

811.67
- 811.59

811.65
811.65
811.65
811.67

Gauge 3

812.02
812.05
811.94

. 812.05

812,08
811.80

811.68

811.72
811,62
811.63
811.84
811.88
811.78
811.80

811.70

811.60
811.70
811.69
811.66
811.62
811.60
811.52
811.50
811.41

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4

811,76
811.66
811,64
811.64

811.61

811,61
811.61
811,60
811,62
811,63
811.63
811.61
811.57
811.51
811.50
811.50
811.50
811.56
811.57
811.51
811.49
811.45
811.41

811.38

OCTOBER 4, 1966

Gauge 5

812.05

812.11
8l2.11
812.10
812.09
812.10
812.10
812,03
811.96
811.95
811.95
811.98
812.03
812,13
812.14
812.13
812.03
811.96
811.95

812.03

812,03
812.03
812.07
812.07

Gauge 6

811.53
811.51
811.56
811,57
811.58
811.58
811.59
811.71
811.75
811.75
811.74
811,67
811,61
811.55
811.55
811,60
811.74
811.82
811.76
811.71
811.74
811.75
811.75
811.78

Gauge 7

811,47
811.50
811.57
811.61
811.60
811.65
811.81
811.86
811.86

. 811.84

811.78
811.70
811.63
811.63
811.71
g11.81
811.98
811.92
811.87
811.93
811.96
811.97
812,01

Gauge 8

811.48
811.47
811.47
811.57
811.71
811.74
811.73
811.72
811.67
811.61
g11.53
811.51
811.53

811.60

811.79

811.88

811.82
811.77
811.82
811.86
811.90
811.93

811.96.

Gauge 9

Gauge 10

810.80
810.89
811.00
811.11
811.11
811.06
811.04
811.06
811.36
811.35
811.36
811.62
811.49
811.53
811.62
811.78
811.95 -
811.89
811.81
811.92
811.94
811.95
812.01
812,07

Gauge 11 =

811.40
8l1.41
811.46
811.68
811.71
811.70
811.76
811.77
811.84
811.92
811.91

ﬁOT ‘




Hours Gauge 1

811,38
811.38
811.38
81137
811.36
811,36
811.40
81143
811.44
811.46
811o46
8ll.41
811.39
81140
8lleh4l
811.48
811.48
81147
81l.46
811o47
811.46
811lo43
811.48
811,51

Gauge 2

811,67
811.68
811,69
811.72
811.73
811,71
811.67
811.62
811.62
811.65
811.67
811,76
811,79
811.77
811.73
811.69
811.67
811,72
811.75
811.77
&8l1.72
811.71
811,69
8l1.72

Gauge 3

811040
811.38

811939 |

811.38
811.40
811032
811,31
811,31
g11.30
811.18
811,30
811.43
811,37

811.30

811.38
£11.39
811.38
811:40
811.50
81144
811,40
B11.38
811,33
811,38

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4

8ll.41 .
811l.43.
811l.47.
811.51.

811056
811,57
811,55
811,50
811.49
811.47

811.50.

811056
811,59
811,60

811,57
811e55.
811,51
811053
81154
811.57.

811,58

81l1.58.
8ll.52
8lle52.

OCTOBER 5, 19660

Gauge 5

812.11
812.09
812.08
812.06
811.99
811.99

812.02

812.07
812.09
812.09
812.09
812,03
812,03
811.97
811.93
811.99
812.02
812005
§12.01
811.97
811.97
812,00
812,03
812,03

Gauge 6

811.75
811.75
811,78
811.80
811,80
811.76
811,70
811.68
811.67
811.67
811,78
811.82
811.88
811.81
811,66
811,62
8l1.62
811,66
811,70
811,70
811,66
811,63
81163
811665

Gauge 7

812,00
812,02
812,02
812,03
812,03
811.96
811.89

811989 ’

811,92
811,94
811,99
812406
812,13
812,13
81205
812,01
811.99
812,02
812,08
812,08
812,04
811,99
811,99
812,03

Gauge 8

811,94

811.94.
811,94

811,93
811.91

811.85

811,80
811.80
811.82

811,.86.
811,95
812.01.
812.02.

811.96

811.91.

811.89

811,92
8.11099
812.00.
811,92

811.90

811.91.
811l.94 .
811.98.

Gauge 9

Gauge 10

€11.88.
811.88
811.87.
811,87
811.80.
811.75.
811.68.
811,69.
811l.72
811.76
811.87.
811.96.
811.92.
811.80.
811,78
811.76
81177
811,92
811.87.
811,77
811,78
8ll.82.
g11.82
811.93.

Gauge llifi

811.92
81194
811.92
811,88
811.81
811,73
811.73
811.77
811.82
811,90
811,97
811,95
811.90

811 082 :

811.80
811.80

811,87

8l1.88
811.86
gll.84
gll.82
811.83
811.86
811.90




WATER IEVEL ELEVATION AT GAUGE LOCATIONS

October 6, 1966,

Hours Gauge 1-  Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge lL};

1 811,48 81l1.75 811045 8ll.52 812,08 811.81 812,06 812,03 _ 811.95 811,87 .
2 811.49 811,79 81l1l.42 811,56 812.01 811,82 812.12 812.01 811.86 8l1.85 |
3 8l1o48 811,79 811,40 811,61 812.00 811,79 812,11 811,93 811,81 811,78
L €l1.48 811.72 811.30 811,62 - 812,02 811,75 812,01 811.84. 811.73. 811.74
5 811.48 811,69 811,25 81163 812,02 811,72 81l1.95 811,83 811,70 811,75
6 811.48 811.67 811,30 811,61 812,05 811,71 811,94 811.84 811.74. 811,58
7 811,50 811,68 811,32 811059 812.03 811.73 811,96 811,88 o 811,76 811,81
8 811.49 = £€11.72 811.38 811,61, = 812.01 811,75 812,00 811.89 ’ 811,76 811,76
9 811,50 811.72 811,39 811.62 812,00 811,75 812,00 811.82 ' 811,68 811.69
10 €11.48 811,69 8l1o42 811.67 811.98 81173 811.95 811.79. T 811.64. 811,65
11 811.48 811.68 811lohl - 811.69 811.98 81174 811,95 811,82 - 811.64. 811.67
12 811.48 811,72 8l1le4ly 811,71 811,97 811,75 | 811,96 811.88. 811.69. 811,72
13 811.48 811,77 811.50 811.69 812,95 811,79 812,01 811.90. : ' 811,73 811,74
1, 811.46 811.77 811,60 811,69 811.97 811.78 812,02 811,89 811,76 811,72
- 15 811:48 811.69 811.61 811.66. 812,00 8l1.71 8l1.95 811,78 = . 811,72 811.66
16 €11.50 81165 811,59 811.62. 812,06 811.67 811.89 811.63. _ 811,66 811.64
17 811.48 811.65 811.58 811,61 812,06 811.65 811.87 811.72. - . 811.62 811.63
18 €11.48 811,62 8l1.52 811.62. 812,03 811.66 811,87 811.79- 811065 811.64
19 811.47 811.67 811.52 811.66. 612,01 811.71 811,92 811,80 : 811,69 811,69 =
20 81lehly 811.69 811,50 811.67. 811.94 811.75 811.95 811.86 . 8l1l.72 811,70
21 . 811.40 811.73 8lle54 811674 812,01 811.79 811.99 811,89 811,71 811,71 .
22 811.40 811,77 811.55 811.73. 812.07 811.78 812,02 811,85 ' 811,69 811.67
23 811e43. 811.67 811,62 811.66 812.08 811.71 811,93 811,78 811.69 811,65 =

24 811l.46 811,66  811.59 811.63. 812,00 811,67 811,90 811.73 811,65 - 811,64




Hours Gauge 1

811.44
811.44
811.41
811.38
811.37
811.35
811.36
811.38
811.40
811.33
811.33
811.36
811.30
811.33
811.37
811.34
811.33
811.37
811.34
811.29
811.34
811.33
811.34
811.36

Gauge 2

811.62
811.66
811.67
811.69
811.67
811.67
811.65
811.57
811.52
811.52
811,49

811.52

811.49
811.52
811,52
811.57
811,62
811,67
811.68
811.67
811.66
811,67

Gauge 3

811.59
811.58
811,62
811,62
811.70
811.70
811.80
811.80
811.81
811.80
811.72
811,64,
811.68
811.69
811.67
811.67
811.65

| 811.64

811,61
gl1l.62
811.67
811.73
811.72
811.69

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4

811,61
811,63
811.67
811.73
811.74
811.72
811.73
811. 64
811.63
811.65
811,62
811,61
811,61
811,60
811.58
811.58
811,58
811.59
811.58
811,65
811,63
811,61
811.59
811.56

OCTOBER 7, 1966

Gauge 5

811.95
811.97
811.97
812,07
812.09
8l2.12
812,12
812,11
812.12
812.14
812.14
812.13

812,11

812,09

812.05 -

812,02
812.02
812.04
812,06
812,02
812,04
812.02
812.04
812,03

Gauge 6

811.65
811,71
811.76

811.71°

811,71
811,66
811.61
811.58
811.57
811.57
811.58
811.57
811.56

811.57 -

811.58
811.60
811.62
811.67
811,71
811.71
811.68
811.67
811.71

Gauge 7

811.84
811.89
811.91
811.92
811.91
811.88
811.85
811.78
811.74
811.73
8l1.72
811.73
811.75
811.73
811.74
811.75
811.76
811.81
811.85

811.92

811.93
811.93
811.91

811.92

Gauge 8

811.73
811.78
811.78
811.78
811.76
811.72
811,67
811.61
811.60
811.59
811.60
811.61
811.59
811.60

- 811.62

811.63

811.71
811.77
811.83
811.81
811.80
811.82
811.86

Gauge 9

Gauge 10

811,67
811.65
811. 64
811.60
811.62
811.47
811.46
811.44
811.49
811.50
811.46
811.49
811.51
811.55
811.58-
811.53
811.66
811.71
8l1.72

8l1.72

811.76
811.75
811.73

Gauge 11

81.66
811.67
811.68
811.64
811.65
811.39
811.52
811,50
811,50
€11.48
811.53
8110 53
811.60
811.61
811.60
811.63
811,64
811.66
811,70
811.73
811.72
811.75
811.76
811.78




Hours Gezuge 1

10

iz2
13

15
16
17
18
19
20
.21
22
23

O 00~ O\ W

811.36
811.37
811.37
€11.36
811.32
811.36
811.43
211,40
811.38
811.38
811.38
811,33
811.42
811.42
811,39
€l1.34
811.50
811.46
811.43

811.46

811.47
811,43
811.48
811,50

Gauge 2

811.68
811.67
811,67
811.67

811.67

811.68
811.57
811.57
811.67
811.75
811.75
811.82
811,67
811.57
811.59
811.65
811.67
811.77
811.77
£11.75

- 811,67

811.67
811.59
811,57

Gauge 3

811.69
€11.59
€11.39
8il.84
€11.89
811.79
811.59
811.59
811.29
811.49
€11.57
811.57
811.49
811.49
811.49
€11.39
e1l.44
811.51
11,49
€11.41
811.19
810.91
€11,19
811.39

WATER LTVEL ELEVATION AT GAUGT TOCATIONS

(rauge 4

811.61
€11.53
211.62
811.60
811,63
&811.57
811,52
811.50
811,51
811,55
g11.54
811.6L
811,59
811,56
811,53
811,54
811,52
811,57
811.60
811,61
811,61
€11.60
811.57
811.62

OCTOBER 8, 1966

- Gauge 5

812.02
812.00
812,09
gl2.08
812,06
812.01
811.98
811,92
£11.93
g12.08
812,08
212,05
812.06
812.01
811,95
811,97
811.99
812,01
812,03
812.12
812.02
811,96
811.92
812,01

Gauge 6

211.71
811.71
211.72
211.73
£11.71
211,74
811.61
811.58
811,71
811.77
211.82
#11.86
811.74
811.61
211,65
811.67
811.72
811.79
811, 80
211.76
811.71
811.70
811.65
£11.61

Gauge 7

811,94
811.91
811.91
11,91
811,90
811.94
211.87
€11.75
211,94
712,01
812,05
712,10
£11.98
€11.80
811.32
811.89
811.95
g12.02
812.05
812,00
811.93
g11.90
811.85
811,75

Gauge 8

€11.87
811.81
811.82
€11 80
£11.88
€11.81
811.66
€11.84
211.91
£11.98
812,04
811,91
€11.70
811.70
811.79
811.87
811,97

811.97 -

811.92
811.83
811.80
811,76
811.63
811.49

Gauge

9

Gauge 10

811.75
811.69
€11.75
811,81
811.75
811,91
211,90
811.97
811.97
811.77

811,58

811.66
811.70
£11.85
211,93
811.89
811.78
811,72
811.61
811.39
811.21
810,87
810,48
810,42

Gauge 11 ::

811.73
811,77
811.74
€11.73
811.77
811.56
£11.68
£11.85
811.94
£12.02
831.90
811.69
811.63
£11.54
£11.55
#11.48
811,47
811.46
811.46
811.47
811.45
811.47
811.54
811,50

ANT



WATER LEVEL ELEVATION AT GAUGE LOCATIONS

October 9, 1966,

Houfs Gauge 1 Gauge 2 Gauge 3 Gauge 4  Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge llf

1 811,50 81l1c49 811.69 811,78 812,25 811,62 811.60 811,37 810.46 811,05 .

2 811.28 81147 812.19 812,02 812.27 811460 811.50 811.28 . 811.67 810,70 I
3 811.22 811.46 811.34 812,02 812,28 811,60 81145 811.24 812,23 810.74

A 811.37 811,37 810469 811.88 811.79. 8llek46 811,36  81l.18 812,01 810,80

5 811,51 811.19 810,89 811,53 811.71 811.28 811,30 811.27 : 811,62 811,75

6 811.68 811,22 811.08 8l1.48 811,69 811.34 811035 811,77 811l.41 812,32

7 811.61 811.62 810496 81148 - 811,75 811.81 €11.81 812,07 T 8l1.15 812,20

8 811.56 811,92 8l1.12 8l1.81 811.85 811.98 812,10 811,95 810,92 811,82

9 811e43 811.87 811.12 811,89 811,92 811,91 812,08 811.77 811.40 811,50
10 8l1lo47 811.77 811012 811.99 811.99 811.84 811.85 8ll¢62 . - | 811,26 811,15
11 811,56 811,67 810,99 811,93 811,96 8l1.74 811,75 811,48 811.08 811.23 |
12 811,58 811055 811.09 811.85 811,93 811,61 811,61 811l.47 810,87 81154
13 811,63 811.49 81134 811,78 811.87 811.61 811,59 811,56 ’ 810463 811,54
14 811,68 811.57 811,50 811.78 811.89 811.66 811.67 8l1.55 810042 81140
15 811.68 811,57 811,51 811,83 811,92 , 811,67 81166 811.42 : : 810,33 811,25
16 811,63 811.56 811.52 811,94 812,05 811,65 811.57 81l1.35 ' 810,76 - 811,00
17 811.48 81l1l.47 811.49 811.95 812.09 811,58 . 811.48 g€l1.25 -, 811.08 810,78
18 811,50 8ll.42 81149 812.01 8l2.12 811.55 8lle42 - 811,16 811.28 810,63 |
19 811,58 811.31 811,51 811,90 811,99 811049 81134 8l1.12 811,16 811,04 -
20 811.60 - 811,25 811,37 811,81 811.89 811.37 811.24 811025 811,13 811.34
21 811,66 811.31 811.38 811.79 811,85 811.46 811.36 811.46 810,95 811,58 ..
22 811.53 811.47 811,69 811.82 81l1.92 811.60 8l1.55 811.51 810,72 811,39
23 811.45 ' 811.55 811.83 81194 811.95 811,66 811,61 8ll.h6 81055 811,15 =
2y

811.46 81155 811.48 811,95 811,91 811.65 811.55 811.38 810,68 810,96




WATER LEVEL ELEVATION AT GAUGE LOCATIONS

OCTOBER 10, 1966

Hours Gauge 1 Gauge 2 Gauge 3 Gauge L Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10  Gauge 11

1 811.48  811l.47 811.39 811.97 811.86 811.57 811.46 81l.32 810,70
2 811.40 811l.42 811.59 811.94 811.86 811.58 811.39 811.27 810.64
3 811.40 811.45 811.82 812.26 811.74 811.62 811.30 811.18 810.44
b 811.40 811.37 812.29 812.03 812.82 811.53 811,29 811.18 810,24
5. 811.38  811.45 812,14 812.34 811.56 811.53 811.23 811.17 809.99
6 811,34 811.42 812.49 812,28 811.56 811.61 811.23 811.12 o 809.97
7 811.36 811.45 812.17 812.39 811.80 811.67 811.21 811.08 - 809.81
8 811.23 . 811.45 812.22 812.44 811.88 811.66 811,16 811,01 810,02
9 811.18 811.37 812.35 812.42 811,96 811.56 = 811.11 810.98 . - . = 810.14
10 811.16 811.29 812.25 812.31 812.13 811.50 811.07 810.92 810.18
11 8l1.23 811.19 811.94 812.17 812.20 811.41 811,02 810.88 810.37
12 811.33 8ll.12 812,00 811.95 812.20 811.28 810.97 810.87 810.74
13 811.43 811.05 811.90 811.83 812.11 811.21 810.95 810.88 811.28
14 811.39 811.05 811.79 811.79 812.01 811.24 810,97 811.02 : 811.29
15 811.38 811.15 811.80 811.74 811.91 811.31 811.12 811.32 ' ‘ 811,36
16 811.38 811,42 811.89 811.82 811.91 811.56 811.42 811.55 .. 811.27
17 811.33 811.56 811.99 811.80 812.00 811.65 811.60 811,58 - 811.24
18 811.29 811.57 811.89 811.80 812.06 811,65 811. 67 811.53 811.17
19 811.38 811.47 811.77 811.64 812,07 811,51 811.57 811.45 811.26
20 811.40 811.39 811.62 811.62 812.01 811.47 811.49 - 811.45 , 811.53
21 811.35 . 811l.39 811.59 811.55 811.95 811.26 811.50 811.62 811.71
2 811.33 811.55 811.70 811.63 811.82 811.66 811.59 811.82 811.85
23 811,28 811.7% 811.82 811,65 811.86 811.78 811.82 811.95 811.8L4

24 811.28 811.77 811.79 811.70 811.90 811.85 811.94 812.83 811.66 .




Hours Gauge 1

811.29

- 811.30

811.31
811.34
811.31
811.30
811.28
811.26
811.28
811.29
811,28
811,30
811.31
811.29
811.28
811.28
811.28
811.30
811.30
811.30
811.30
811.28
g11.28
811.30

Gauge 2

811.72
811.57
811.47

811.49

811.57
811,63
811.67
811.67

811.73 .

811.69
811,69
811.72
811.67
811.67
811,68
811.69
811.73
811.73
811.73
811.75
811.69
811.67
811.69
811.75

Gauge 3

811.69
811.70
811.69
811.57
- 811,60
811.69
811.69
811.67

811.67

811.61
811,61
811.65

811.69

811.69
811.69
811.69
811.68
811.65
811.65
811.67
811.59
811.50
811.49
811.50

'WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4

811.64

811.59
811.51
811,51
811.51

811.54 .

811.57

811.60.

811.58
811.55

8ll.52.

811.51
811.52
811.54

811.56 °

811.57
811.59
811.56
811.56
811.56

811.56.
811,56
811.59-
811.55;

OCTOBER 11, 1966

Gauge 5

812,02
812.04
811.98
811.95
811.92
811.89
811.90
811.94
811.97
811.97
811.96
811.94

811.92

811.90
811.91
811.72
811.70
811.72
811.72
811.73
811.73
811.74
811.72
811.72

Gauge 6

811.74
811.57
8l1l.51
811,56
811,65
811.68
8l1.72
811.72
811.67
811.64
811.65
811.66
811.71
811.73
811.74

811.79

811.79
811.79
811.77
811.73
811.75
811.80

Gauge 7 |

811.87
811.69
811.62
811.62
811.72
811.80
811.85
811.87
811.80
811.77
811. 77
g11.80
811.85
811.89
811.89
811.91
811.97
811.98
811.99
811.98
811.93
811.89
811.93
812.00

Gauge 8

811.65

811.58

811.63.

811.72.
811.81.
811.84.
811.82.
811.77.
811.75.
811.82.
811.87.
811.89.
811.89.
811.89
811.93

811.97 .

812,00.
812.01
811.98-
811.92-
811.91
811.97
812,06,

Gauge 9

811.69
811.69
811.73
"811.74
811.77
811.79
811,76
811.73
811.73
811.78
811.87

Gauge 10

811.50.
811.49
811.57.
811.67
811.79.
811.75
811.67
811.66
811.69
811.74
811.8
811.85.
8110 76 .
811.87
811.90
811.92
811.87
811.90
811.8
811.84
811.94
812.08
812,12

Gauge 11 |

811.70
811.74
811,76
811.81
811.84
811.80
811.74
811.73
811.84
811.94
811.99




WATER LEVEL ELEVATION AT GAUGE IOCATIONS

OCTORER 12, 1966

Hours Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 =~ Cauge 8 Gauge 9 Gauge 10 Gauge ll?ﬂ

1 211,32 811,77 £11.54 €11.55. 811,87 811.84 812,08 812.12 811,90 gl2.08 811.95
2 £11,.33 11,82 811.57 811.56 €11.87 £11.87 812.08 212,11, &l1l1.91 812.02. €11.89
3 811.36 811,77 811.57 811.52. €11.91 gl1.¢2 812,04 £12,05. 811.89 811.99 211,80
L 811.36 811.76 811.54 €11.53 811,92 211.80 811.99 £€11.,9%. 211,81 €11.91 €11.79
5 £11.35 811.69 €11.54 811.52 811.94 £11.75 11,9, 811.95 €11.78 811.91. 811.79
6 811.35 - 811,69 811,52 811.52. €l1.95 . 811,75 e11.94 £11.97. 811.78 812.07. €11.93
7 €11.37 - . 811,72 811,50 811.53 811.91 811.78 811.95 812.06. 611.85 g12.12 811.94
8 €11.38 811.79 - 811,52 €11.54 811,88 811.84 812,08 812.12. 811.€9 812.07. €11.91
9 811,37 - g8l1i.81 211.59 811.56: 811.87 211.86 §12,08 g912.09. 811.92 812.03 811.85
10 811.36 811.79 £11.39 811.56 811.87 811.85 212,06 12,06  gli.s8 . £12.03 £11.86
11 811.36 . 811,77 811.22 811,56 g11,88 811.84 812.04 812,09 811,90 g12.11 811,96
12 811,30 211.85 811.39 . 811.63. 811.81 811,89 812,12 £12,16. £11.93 812,11 212,04
13 811.33 811.87 811.57 811.62. 811.81 €11.91 g212.18 812,12 - £11,98 812,10 €11.97
1 £11.37 £11.89 811,58 €11.61 811,78 811.94 £12.,19 6lz,11. €11.98 812,07, 811,85
15 811.36 g11.87  811.57 f811.62. 811.81 811,93 gl2.14 812,01, 811,89 811.92 gl1.7¢
- 16 811.38 811.7 €11.59 811.57. e11.86 = 811,72 811.99 €11.9% 811.77 811.76 €11.60
17 811.37 e11.67 11,71 e11.56 211.94 811.71 811,84 £11.75.  811.62 811,69 811.54
18 811.37 €11.57 211.75 811.54 . 811.97 811.67 811,71 211,71, Bll.57 e11.76 €11.70
19 811.37 811,57 811.71 €11.56 811,96 e11.71 811.74 211,78 811.65 811.89 11,7
20 £11.37 811.67 . #l11.72 811.54 €11.92 811.79 811,87 £€11.90- €11.72 811,80 g11,66
21 811.33 811,72 £11.88 811.61 €11.87 811.82 811,91 £11.89. 811,71 &€l1,.88 811.74
22 811.34 811,67 811.77 £€11,56 £11.90 €11.80 £11.87 811.93. 811.7 811.84 &11.73
23 811.36 ' 811.72 811,78 811.61. £11.86 #11.84 811,93 €11.94, 811.75 g11.80 - 811,70

24 €11.31 811,72 811.90 811.61 €11.87 811.83 811,91 811.91 811,72 811.78 &11.64

e,



- WATER IEVEL ELEVATION AT GAUGE LOCATIONS

October 13, 1966,

Hours Gauge»l Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge lif

1 811,33 811.69 - 811.89 811,60 811.97 811.81 811.88 81185 811.64 811.68 811.60 |
2 811.34 811.65 811.84 811.59 812,01 811.75 811.81 811,78 811.60 811,69 811,56
3 811.34 811.65 811.99 811.61 812,00 811.74 . 811.80 811.77 811,59 - 811.69 8ll.55
L 811.37 811062 811.91 811,58 812,03 811,73 811.80 811.78 811055 811.64 811,50

5 811,39 811.61 811,68 811.57 812.04 811.71 811,78 811.73 811,53 811,58 811.47

6 811,39 811,58 €11.91 81157 812,05 811.68 811.74 811,67 811,50 811,60 Ello45

7 811,39 811.58 812.00 gl1.58 812,05 8l1.70 811.72 811,70 - 811.50 811.67 811,59

8 811,39 811.58 811.89 - 811.60 812,03 811,72 811l.74 811,78 811459 8l1.71 811,53

9 811.37 8ll.72 811.69 811,69 811,91 - 811,83 811,87 811,85 811.62 811,56 811.46
10 811.34 811.67 811,80 811.69 811.93 811,76 811.80 811.79 _8l1l.54 811,58 811.45
11 811.38 811.61 811.87 811,69 811,96 8l1.72 811.74 811.75 8lle.52 811.51 811.41
12 811.36 811,59 811,71 811,71 811.97 €11.73 811.71 811l.74 811.48 811,50 - 811.44
13 811.33 8l1.58 811.89 811,73 811,97 811.72 811.70 811.73 811.49 811,59 811.47
1 811,36 8ll.58 811,99 811,69 811,98 811,73 81174 811,76 811,53 811.58 811.45
15 811.38 811.65 811,89 811,71 811,95 811.75 811.76 811,77 81151 81l1l.44 811,36
16 811.37 811,57 811.79 811.67 812,01 + 811.68 811.69 811,69 .« 811.48 811.40 811,33
17 811.34 811,52 811.92 811.74 812.01 811.67 811,60 . 811.63 81144 811,39 811.32
18 811l.32 811.49 8l1.91 811.75 812,01 811.64 811.58 811.62  811.41 811.39 811,30
19 811,29 81147 811,97 &11.75 812.01 811.65 8l1.57 811.61 81141 . 8ll.44 811,36
20 8l1.28 811.49 811.98 811,76 - 812.01 811,64 811.57 811.63 81145 811.48 811,38 '
21 811.28 811,52 811.98 811.73 812,01 811.67 811.61 811,65 = 8lloks 8llo4l 811.26
22 811.28 811.55 812,02 8l1l.72 812,01 811,67 811,62 811,65 811,38 811,23 811016 -
23 811,29 , 8ll.47 812,16 811a74 812,05 811.61 811.55 811l.54 811.34 8l1.18 811.10

2 811,30 8ll.42 812.19 811,76 812406 811,59 811.47 811450 811.31 81l1.24 8l1.16




Hours Gauge 1

-811.29

811.27
g11.22
811.20
811.19
811.20
811.26
811.33
811.34
811.28
811.10
811.13
811..18
811.26
811.26
811.27
€11.27
811.20
811.20
811.23
811.18
gll.18
811.18
€11.18

 Gauge 2
811.39

811.47
811.47
811.45
811.42
811.35
811,27
811.22
811,22
€1l1.22
€11.17
811.17
811.17
811.27
811.37
811.37
811.32
g11.27
811.27
811.27
811.37
811.37
811.47
811.57

Gauge 3

812.21
812.30
812.27

812.09

€l2.11
812.23
€12.24
812.37
812.50
812.27
811.99
812.09
812.04
€12.07
812.10
812.14
812.00
812,15
812.19
812,24
£12.19
812.04
811.91
811.79

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

GaugeAh

811.79
811.99
811.97
812.04
811.90
£11.90
811.79
811.91
811.92
811.94
£11.89
811.76
811.70
811.68
811.63
811.63
811,62
811.64
811.62
811.65
811.61
811.64
£11.60

October 1, 1966

Gaugé 5

812.06
811.96
812.01
811.96
812.01
812.11
812,11
812.21
812.16
812.16

812.16

812.16
812.26
8l2.21
812,16
812.21
812,21
812,26
812.16
812.26
812.16
812.16
812.16
812,06

Gauge 6

811.63
811.68
811.66
'811.66
811.61
gl1.52
811.48
8l1.42

811.45

811.43
811.42
811.39
811.41
81l1.47
811.55
81l1.51
811.46
811.43
811.44
811.48
811.54
811.54
811.61
811.70

Gauge 7

811.47
811.47
81101-;4
811.40

- 811.34

811.30
811.2
811.20
g11.18
€l1.14
811.10
811.09
811.14
811.27
811.43
8ll.42
811.38
811.33
811.33
&11.39
811.46
811.49
811.59
811.70

Gaugé 8

811.48
811.48
811.44
€11.40
€11.34
811.28
811.23
811.20
- 811.16
811.12
811.09
811.10
811.22
811.40
811.48
811.45
811.39
811.36

811.37

811.44
811.52
€11.54
811.63
811.77

Gauge 9

811.26
811.29
811.27
811.24
811.16
811.13
811.06
"811.06
811.04
810,94
810,91
810.96
811.09
811.24
811.26

_811.22
£11.19
. £11.15

811.19
811.27
811.34
811.39
811.49
811.49

Gauge 10

g11.18
811.06
810.99
810.8,
810.78
810.74
g10.81
810.77
810.49
810,48
810.70
811.04
811.30
811.30
€11.13
§11.00
811.04
gll.12
€11.24
811.36
811.37
€11.53
811.56
811.53

Gauge 1

811.15 -
21l. 1-’+ B
811.04
810.83
810.84
810.81
810.90,
810.72
810.60;
810.58
810.77
811.00
811.25
811.25
811,16
811.04
£11.01
811.12
811.24
811.27.
811.34
8l1l.45: -
E11.45: -
811.46

R e ol R s



WATER LEVEL ELEVATION ATAGAUGE LOCATIONS

'

October 15, 1966

E Hours Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 1
; |

1 811.18 811.57 811.77 811.51 812,16 811.65 811.71 811.76 811.51 811.74 811.6%
2 €11.24 811.56 811.69 811.45 8l2.21 811.67 811.70 g11.82 811.59 811.87 811.7%
3 811.24  811.58 811.69 811.43 g12.20 811.72 811.80 811.92 811.63 811.85 811.77
L 811.28 811,65 811.8, 811.43 812.18 811.74 €11.87 811.95 = 811.62 811.73 811.67:
5 811.28 811.65 811.81 811.47 812.17 811.72 811.82 811.89 811,56 €11.63 - 811.59
6 811,26 g11.57 811.71 811.50 812.17 811.68 811.65 811.79 811.46 811.51 811.4¢
7 €11.23 €11.57 811.71 . 811.54 812.16 811.62 811.61 811.69 g11.41 811.58 811.5¢
8 8l1.24 8l1.51 - 811.70 811.52 812.19 811.66 €11.68 = &11.74 811.47 811.67 B11.5¢
9 811.26 g11.57 811.70 €11.52 g812.16 g11.70 el1l.74 - #811.83 . 811.56 €11.81 811.67%
10 811.26 811.61 811.71 811.46 812.17 811.73 811.83 811.92 811.65 811.90 811.7%
11 811.30 811.67 * 811.71 811.45 812.17 811.78 811.89 811.99 811,66 811.78 811.74
12 7. 811.33 811.67 811.70 811.45 812,16 811.76 - 811.90 811.94 811.56 811.64 811.6¢
13 811.30 811.62 811.69 - 8l1.48 €12.16 811.70 €11.80 811.82 " 811.52 811.63 811.5%
14 811.28 €11.57 811.64 811.52 812.17 811.67 811.71 811.78 811.50 811.71 811.67
15 - 811,28 €11.59 811.63 811.54 812,16 811.73 811.79 811.86 811.56 811.77 - 811.71
16 811.28 811.67 811.64 811.54 812.11 811.80 €11.85 811.94 811,64 811.86 811.7¢
17 811.28 811.68 811.64 811.53 812.11 811.81 811.91 812.01 811.67 811.84 811.7¢
18 811.32 811.68 811.64 811.49 812.13 811.80 811.92 811.99 -; 811.68 811.80 811.7]
19 811.34 = 811.67 811.64 811.48 8l2.14 811.80 €11.91 811.97 811.66 811.77 811.6%
20 811.33 811.67 811.57 81147 812,15 811.76 . 811.89 811.95 -+ 811.63 811.77 811,65
21 811.34 811.65 811.54 811.44 812.17 811.75 811.86 €11.94 811.62 g11.78 811.7z -
22 €11.36 811.65 811.51 811.44 812.17 €11.76 811.87 811.96 811.63 811.84 811.77 -
23 811.36 €11.66 811.51 811.42 812.16 811.77 811.89 811.99 811.66 €11.88 811.8(

2L €11.38 811.67 8ll.44 811.40 812.18 811.84 811.94 812,04 €11.67 811.90 €11.81 -



WATER LEVEL ELEVATION AT GAUGE LOCATIONS
October 16, 1966,

- Hours Gange 1  Gauge 2 Gauge 3 = Gauge 4 Gauge 5. Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 = Gauge 11
1 811.43 811,68 811.34 811.35 = 8l2.24 811,79 811,98 812,06 811,69 811,92 811.85
2 811,38 811.67 811.34  811.39 812,24  811.81 - 811.97 812,06 811,71 811,90 . 811.83 -
3 811,40 811.71 811,39 811l.41 812,21 811,81 811,97 812,06 811,70 811.92 811,88 -
L 811.40 811.71 811,49 811,47 812.20 811.83 811,98 812,07 811,72 811.96 811.87
5 811.38 811,75 811.49 811,55 812,11 811,89 812,00 812,10 81l1.74 811.87 811,80
6 811,33 811.77 811,48 811,60 812,07 811.89 812,01 812.05 811.71 811,70 811,67
7 811,38 811.75 811.43 811,55 812,11 811.80 811,96 811.93 811,60 811,67 811.60
8 811.39 811,63 8l1l.43 811,50 812,19 81171 8l1.81 . 8l1.85 811,52 _ 811.69 811.65
9 811.40 811.59 811o43 811l.47 812,20 811.71 811.79 811.89 811.57 811.81 811.75

10 811.48 811.62 811.39 811.46 812,23 811.76 811.82 8l1.95 811,62 811,86 811,78
11 81146 811,67 8lle44 811452 812,17 811,82 811.90 812.01 - 811.65 811,76 811,72
12 ‘ 811.40 811.72 811054 811,57 812,11 811.83 811.94 811.98 811,65 - 811,70 811,66
13 811,38 811,72 811.49 811.67 812,11 811.82 811,90 811.94 811,60 811.69 811,60
14 811,38  &ll.71 811,39 - 811.64 812,08 811,82 811,87 811,91 811,58 811,67 811,57
15 811.38 811.69 811.48 811.63 812,09 811,80 811,86 811,90 811,58 811.73 811.60
16 811,40 811,67 81147 811.61 812,10 , 811,80 811.84 811,92 - 811,65 811,91 811.76
17 811l.44 811,72 811.41 811,60 812,08 811.89 811,91 812,04 - 811,69 811,93 811.84
18 811ek4ily 81177 811.49 811,60 812,08 811,89 812,00 812,08 - . 8l1l.75 811,90 811.83
19 811.46 811.78 8l1.58 811,62 812,06 811,91 812,01 - 812,09 811.73 8l1.74 811,66 -
20 811lo44 811.77 811.49 811.64 812,04 811,85 81194 811.95 811.62 811,59 8l1.55 -
21 811.46 811.67 811.39 811,63 812,06 811.72 811,84 811,79 811.51 811,61 811.55
22 811.48 811.59 811.39 811.58 8l2.14 811.71 811.74 811,79 811.52 811,68 811,60 -
23 81l1.48 811,62 811,39 811,57 812,16 811,76 811,79 811.85 811.60 811.73 811,67 -

24 811.49 ' 811,67 811,39 811055 812,16 8l1.78 811.84 811,92 811,65 811,83 8l1.75

e



WATER LEVEL ELEVATION AT GAUGE LOCATIONS

OCTOBER 17, 1966

Hours Gauge 1 Gauge 2 ~ Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11 :ﬁ

1 811.48 811.67 811.45 811.56 812,08 811.83 811,90 811.98 811,66 811,76 811.73
2 811.48 811.75 811.47  811.61 812.03 811.86 811.96 811.98  811.64 811,62 811.55
3 811.48 811.73 811.44 811.63 812.03 811.80 811,89 811.84 811.53 811,54 811.46
L 811.46 811.66 811.39 811,62 = 812.06 811.72 811.78 811.78 811.47 811.62 811.53
5 811,46 811.62 811.34 811.57 812.10 811.73 811.79 811.83 811.49 811.74 811.65
6 811.48 811,66 811.34 811.53 812.11 811.80 811.85 811.94 811.59 811.81 811.74
7 811.53 811.69 811.35 811.50 812.11 811.81 811.90 812,02 811.64 811.86 ° 811.80
8 811.56 811.69 811,38 811.47 812.13 811.83 811.94 812.05 811.68 811.93 811.83
9 811.58 811.73 811.39 811.52 812.10 811.89 811.99 812.09 . 811l.70 811.83 811,80
10 811.53 811.77 811.29. 811.54 812.05 811.89 812.02 812.09 811.73 811.95 811,83
11 811.48 811,77 811,29 811.63 812.03 811.96 812,01  812.13 811.76 811.98 811.83
12 811.48 811.87 811.29 811.71 811.92 811.97 812,08 812,16 811.81 812.05 811.92
13 811.43 811.87 811.29 811,66 811.95 812.01 812.13 812.23 = 811.87 812,12 811.98
L 811.48 811.92 811.37 811.66 811.91 812.02 8l2.18 812.26 811.90 812.06 811.97
15 811.53 811.92 811.49 811.67 812.01 812.18 812.24 ‘811.87 811.83 811.77
16 811.53 811.87 811.59 811.68 812.03 812.07 812,02 .  811.68 811.54 811.45
17 811.53 = 8ll.72 811.59 811.70 812.11 811.84 811.72 - 811.54 811.50 811.36
18 811.52 811.59 812.44 811.73 812.15 811.74 811.72 811.45 811.40 811,29
19 811.48 811.57 - 811.41 811.71 812,16 . 811.68 811.69 811l.44 811.38 811.40
20 811.48 811,57 811,44 811.71 812.17 811.69 811.74 811.49 811.60 811.54
21 811.48 811.62 811.47 811.69 812.14 811.80 811.89 811.6kL 811.71 811,61
22 811.49 811.75 811.50 811.69 812.08 811.93 811.99 811.70 811.70 811.56
23 811.50 811,76 811.49 811,67 812,08 811.89 811.91 811.65 811.63 811.45

2L 81l1.52 811,67 811.48 811.66 812.15 : 811.79 811.84 811.53 - 811.46 811.33

a2 —



Hours Gauge 1

811.53
811.53
811.52
811.48
811.53
811.47
811.46
811.48
811.53
811.48
811.50
811.58
811.48

- 811.48

811.54
811.56
811.58

811.43 -

811.56
811.38
811.38
811.46
811.48
811.48

Gauge 2

811.59
811.50
811,55
811.62
811.63
811.57
811.57
811.47
811.41
811.41
811.45
811,52
811,62
811.67
811,67
811.65
811.62
811.57
811.63
811.67
811.67
811,62
811.57
811.47

Gauge 3

811.40
811.41
811.47
811.51
811.50

~ 811,49

811.44
811.49
811.41
811.34
811.39
811.49
811.49
811.49
811.59
811.39
811.44
8l1.54
811.88
811.59
811.64
811.70
811.28
811.39

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4
811.67

811.73
811.75
811.79
811.76
811.76
811.67
811.67
811.66
811.70
811.70
811.76
811.74
811,71
811. 64
811.74
811.58
811.76
811.86
811,81
811.73
811.66
8l1.58

OCTOBER 18, 1966

Gauge 5

812.07
812,12
812,07
812.03
812.01
812.05
812.07
812.16
812.17
812.17
812.14

812.08

812.02
812.01
812.01
812.06
812.02
812.11
812.00

811.93"

811.97
812,06
812.11
812.17

Gauge 6 Gauge 7

811.73
811.64
811.69
811,74
811.74
811.69
811.63
811.54
811.51
811.51
811.59
811.68
8l1.78
811.81
811.84
811.79
811.74
811.69
811.77
811.79
811.79
811.73
811.69
811.59

Gauge 8

811.69
811.65
811.71
811.74
811.74
811.69
811.61
811.55
811.55
811.58
811.68
811.77
811.83
811.83

811.79

811.75
811.74
811.80
811.78
€11.80
811.73
811.68
811.61

Gauge 9

811.42
811,42
811.46
811.46
811.45
811.39
811.31
811.25
811.23
811.28
811.35
811.L4
- 811.52
811,59

. 811.55

811.53
811,56
811l.51
8ll.52
811.54
811.51
811.46

811.42

811.39

Gauge 10

811.37
811.44
811.48
811.41
811.36
811.18
811.09
811.11
811.20
811.28
811.41
811.48
811.56
811.60
811.57
811.57
811.58
811.58
811.54
811.49
811.41
811,40
811.28
811.54

Gauge 11

811.33
811.40
811.40
811.33
811.25
811.16
811.06
811.13
811.20
811.29
811.36
811.44
811.51
811.49
811.47
811.50
811.54
811.53
811.47
811.33
811.35
811.20
811.34
811.47




Hours Gauge 1

811.48
811.46
811.40
811.39

- 811.43

811.44
811.48
811.48
811.47
811.47
811.48
811.48
811.50
811.53
811,56
811.53
811.53
811.53
811.57
811,57
811,56
811.52
811.50
811.48

Gauge 2

811.47
811,65
811.77
811.82
811.67
811.57
811.57
811.56

. 811,68

811.75
811.75
811.75
811.73
811.77
811,87
-811.99
812.02
811.97
811.92
811.97
811.97
811.92

Gauge 3

811.59
811.59
811.57
811.59
811.43
811l.41

811.47.

811.49
811.39
811.40
811.31
811.29
811.39
811.28
811.24
811.29
811.37
811.27
811.13
811.15
811.29
811.50
811.54

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4

811.62
811.68
811.74
811,66
g11.58
811.52
811.52
811.55
811.54
811.54
811,46
811.46
811.38
811.40
811.41
811l.42
811.49
811.50
811.49
811.52
811.58
811.62
811.68

OCTOBER 19, 1966

Gauge 5

812.10
811.94
811,88
811.91
812.03
812.07

812.11

812,07
812,02
812,01
812,02

- 812,06
812,06

812.10
812.04
812,01
811.97
811.92
811.91
811.95
811.93
811,90
811.87
811.88

Gauge 6

811.91
811.98
812.04
812.07
812.07
812.00
811.97
812,02
812.01
811.92

Gauge 7 -

811.65
811.86
811.98
811.92
811.77

- 811.74

811.71
811.81
811.95
812,00
811.98
811.99
812.03
812,09
812,20
812,30
812.41
812,44
812.39
812.34
812.32
812.30
812,28
12,10

-Gauge 8

811.72

812.01
811.90
811.75
811.73
811.94
812.03
812,04
812.05
812,07
812.11
812.22
812.34

812.47°

812.53
812.55
812.47
812.37
812.40
812, 40
812.31
812,12

Gauge 9

811.52
811.64
811.72
811.60
811,54
811.48
811.52
811.74
811.74
811.75
811,76
811,83
811.94
-, 812.04
812.14

812.23

812.22
812,11
812.08
812,09
812.09
- 811.99

811.82

Gauge 10

811.65
811.75
811,64
811.51
811.56
811.51
811.70
811.90
811.84
g11.80
811.90
811.90
812.07
812.32
812.44
812.47
812.44
812.33
812.16
812.21
812,32
812,19
811.96
811.76

Gauge 11 .-

811.67
811.46
811.44
811,44
811.48
811.70
811.79
811.72
811.76
811.76
811.83
812.03
812.15
812.2l
812.25
812.23 |-
812.10 |

811.97 .
812.10 ..
812.16
812.05
811.85
811.60




WATER LEVEL FLEVATION AT GAUGE LOCATIONS

October 20, 1966

Hours Gauge 1 Gauge 2 Gauge 3 | Gauge 4 Gauge 5 = Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 1
811.48 811.77 811.49 811.69 = e11.88 811.79 811.89 811.91 811.63 811.54 811.4C

1

2 &€11.48 811.67 811.40 811.67 811.96 811.67 811.78 811,76 811.45 811.34 811.22"
3 811.49 811.57 811.39 811.61 812.03 811.61 811.69 . 811.63 - " 811.38 811,36 811.36"
b €11.50 €11.48 €11.38 811.59 812.07 811.55 811.61 811.66 811.45 811.67 811,56
5 811.50 €11.49 811.44 811.62 812.00 811.66 811.77 811.85 811.64 811.80 811.74
6 811.49 €11.77 811.49 811.66 8l1.88 8l1.8, 811.98 812.02 811.76 811.81 811.66
7 811.50 811.78 €11.50 811,71 811.85 811.87 812.00 812.02 . 811.73 811.70 811.54
g €11.50 811.77 811.L47 811.70 gll.88 811.86 811.89 8l1.88 811.60 811.50 . 811.37
9 811.49 811.67 811.39 811.70 811.94 €11.67 811.79 811.73 811.49 811.52 811.45
10 €11.50 g11.59 811.39 811.64 811,99 811.64 811.74 811.74 811.54 811.62 - 811.52
11 &€11.51 811.62 811.44 811.62 811.97 811.71 €11.83 811.87 T811.61 811.75 811.70
12 €11.53 811,67 811.45 811.61 811.95 &11.78 €11.90 €11.99 811.74 811.92 €11.81
13 811.53 811.77 811.50 811.61 811.92 €11.85 811.99 812.10 811.83 811.97 811.76
1, €11.53 811.82 811.54 811.64 811.87 811,88 812,08 g€12.11 811.82 811.83 811.64
15 811.48 811.82 811.49 811.64 €11.88 811.85 812.03 812.01 811.73 811.70 811.58
16 €11.48 811.77 811.39 €11.68 811.91 . 811.78 g€11.90 811.91 . 811.67 811.70 811.37
17 811.48 811.69 g11.33 811.66 £11.91 811.77 811.89 811.93 811.62 811.82 - 811.70
18 €11.43 811.77 811.39 811.67 811.91 811.80 . &11.94 812,01 - 811.76 . 811.91 g€11.77
19 811.58 811.77 811.38 811.66 gl1.88 811.84 §12.00 - 812,07 811.84 811.97 811.80, .
20 811.58 811,78 . 811.49 811.60 811.92 811.86 812.04 812.10 811.85 811.97 811.85 -
21 811.48 811.82 811.29 811.71 8€l1.82 811.90 €12.08 81l2.12 811.83 &811.84 €11.65
22 €11.50 €11.87 811.39 811.70 811.86 811.86 812.04 812.02 811.69 811.59 811.48. -
23 811.53 811.77 811.39 - 811.69 €11.91 811.68 811.89 811.79 811.56 811.57 811.50 "

24 811.53 ' 811.61 811.49 811.62 812,00 811,65 811.74 €11.76 811.58 811.78 811.65

.



WATER LEVEL ELEVATION AT GAUGE LOCATIONS

October 21, 1966

 Hours Gaﬁge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gavge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge

1 811.52 811.62 811.40 811.66 811.85 811,71 811.85 811.94 811.66 811.69 811,5
2 811.56 . 811.77 811.44 811.68 811.82 811.73 811.94 €11.93 811.62 811.48 811.3
3 811.56 811,67 811.39 €11.68 €11.90 811.64 811.79 811.69 . 811.50 811.49 811.3:¢
L 811.53 811.59 811.39 811.67 811.92 811.56 811.69  811.69 81L.45 811.49 - 811.4;
5 8l1.50 811.59  811l.45 811.73 811.89 811.64 &11.75 811.72 811.47 811.52 811.4
6 811.53 811.63 811.4L9 811.67 811.88 811.64 811.76 811.76 811.56 8l1.61 811.5,
7 811.50 811.67 811.54 8l1.74 811.81 g11.71 gl1.8, 811.83 811.57 811.57 811.4
8 €11.50 811.70 811.50 811.71 811.85 811.68 €11.82 €11.80 . 811.58 g€11.51 811.3
9 811.54 811.67 811.50 811.71 811.87 811.66 811.79 811.74 811.53 811.47 €11.3
10 8l1.58 811.62 °  811.49 811.67 811.91 811.61 811.74 811.71 811.51 811.L7 811.3
11 811.56 811.59 811.49 811.68 811,61 811.61 811.74 811.70  811.50 811.58 811.5: -
12 811.54 811.59 811.54 811.69 811.61 811.6l &11.78 811,77 811.57 811.64 811.5]
13 811.52 811.67 811.69 811.74 811.51 811.63 811.90 811.87 811.62 811.59 811.4
14 €11.50 811.75 811.79 811.72 gl1.55 811.73 811.84 811.80 €11.59 811.48 811.3
15 811.50 811.67 811.77 811.73 811.63 811.67 811.77 811.72 811.50 811.38 811.2
16 811.50 811,57 811.80 811.70 811.65 811.60 8l1.64 811.64 811.44 811.28 " 8ll.1
17 811.49 g11.51 811.79 811.72 811.67 811.55 811.60 8l1.57 - 811.35 811,22 8l1.2
18 g11.50 811.47  €11.89 811.70 811.69 811.51 811.56 811.53 811.35 811.29 g811.1
19 811.43 811.47 &811.79 811.83 811.61 811.57 811.56 - 811.53  ° 811.37 811.33 £11.3
20 8l1.43 811.49 811.89 €11.80 811.61 811.56 811,58 811.57 811.39 811.30 811.2¢.
21 811.50 811.53 812.09 811.96 811.52 811.62 C811.54 g11.50 811.39 810.96 810, 8
22 &1l1.43 811.52 812.23 812.03 811.55 811,62 811.44 811.43 &11.29 810.62 810.6;
23 . 811.28 €11.45 812.49 8l2.12 811.53 811.56 811.32 811.27 811.16 810.50 810.7"

2L 811.23 €11.37 812.79 812.12 811.60 811.52 811.26 811.19 811.09 -810.54 810.4i



WATER LEVEL ELEVATION AT CAUGE LOCLTIONS

October 22, 1966

Hours Gauge 1 Gauge 2 Gauge 3 Geuge &4 Gauge.5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 17

1 811.30 811.31 812.92 g12.01 811.92 gl1.42 811.19 811.16 810.99 810.21 810.11
2 811,48 811.27 812.75 812.01 811.94 811.40 811.10 811.05 810,94 809.91 809.9C
3 811.28 811.17 812.48 812.03 £11.93 811.33 811.06 810.98 £10.82 809.64 809 .45
4 g11.28 g€11.17 813.10 812.04 €11.98 811.32 €10.99 810.89 810,73 - 809.43 809.2%
5 811.39 811,07 812.30 811.95 812,07 8ll.22 810,89 810.80 810.59 809.50 809.9C
6 811.33 811.02 €11.16 812.13 811.98 811.23 810.74 810.71 810,63 810.11 €10,2¢
7 811.20 811.05 812.30 812.12 811.97 811.27 810. 8., 810.79 - 810.64 810.09 . 810.2¢
8 811.23 811.09 812.65 812.26 811.89 811.32 810.89  810.79 810.65 809.89 810.04
9 £11.23 811.15 812.35 8l2.22 €11.89 gll.30 810.89  810.80 810.63 ..809.84 £#10.0:
10 811.14 811.17 812.02 812.32 8l11.8L4 811.40 810.94 810.83 . 810,64 809.83 810.0%
11 811.26 €11.17 812.33 812.22 811.92 811.36 810.90 £10.80 - 810.64 £09.60 809,5%
12 811.28 8l1.12 811.78 8l2.22 €11.90 €11.33 £10.90 810.80 810,56 £09.38 809.5¢
13 8§11.30 g11.12 &11.70 812,24,  811.91 811.33 810.88 810.74 810.54 809.49 809.9C
14 811.33 811.07 - 811.78 812.15 811.97 811.26 €10.84 810.70 810.56 810.28 810.47
15 811.38 811.07 811,82 812.09 812.02 811.23 810.89 810.84 . 810,69 810.76 810.9C
16 €11.38 811.07 811.49 811.96 812,02 = 811.26 €11.00 €11.02 * 810.82 810.81 810.9¢
17 €11.38 811.17 811.58 811.91 812.01 €11.33 811.19 811.1  810.94 €11.10 811.2¢
18 811.40 811.27 811,64 811.82 811.96 811.40 811.34 811.34 81l1.14 811,20 811.3¢
19 811.39 811.45 811.65 811.82 g811.87 811.53 811.54 811.50 €11.21 811.06 811,14
20 811.39 8l1.52 . 811,78 €11.83 811.86 811.56 &811.57 811.48 811.19 810.98 811,06
21 811.40 811.49 811.89 811.92 811.82 811.58 811.50 811l.44 811.17 810.84 810.87 .
22 811.40 811.47 811.80 811.86 811.91 811.51 811.44 811.39 811.12 810.79 810,87
23 o 811.43 ' 8l11.39 811.58 811.84 811.94 811.46 811.40 = 811.35 811.09 &10.90 811.0C -

2L 811.48 811.37 811.31 811.76 811.98 811.42 811.39 811.34 g11.11 811.14 811.2ﬁ



WATER LEVEL ELEVATION AT GAUGE LOCATIONS

" October 23, ;966.

Hours Gaugé 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge T Gauge 8 Gauge 9 dauge 10 Gauge 11

1 811.50 811.27 811.49  811.76 811.96 811.k4 811.48 811.k7 811.29 811.36 811.4k
2 811.41 811.47 811.56 811.79 811.88 811.5k 811.6k 811.59 811.40 811,54 811.62
3 811.48 811.62 811.65 811.81 - 811.77 811.69 811.80 811.77 811.58 811.58 811.55
L 811.48 811.75 811.35 811.88 811.61 811.80 811.97 811.87 811.58 811.k46 811.49
5 811.43 811.87 811.50 812.0L 811.62 811.90 811.91 811.84 - 811.57 811.22 811.25
6 811.33 811.73 811.80 812.01 811.67 811.75 = 811.78 811.68 811.L49 811.12 811.1b
T 811.26 811.69 811.70 812.10 811.66 - 811.76 811.69 811.62 811.h1 811.24 811.2k
8 811.27 811.55 811.b0  811.98 = 811.77 811.65 811.59 811.56 811.L0 811.31 811.32
9 811.30 811.67 811.70 812.03 811.72 811.67 811.62 811.58  811.39 811.24 ~811.2h
10 811.33 811.62 811.85 811.98 811.77 811.68 811.60 811.55  811.36 811.00 811.15
11 811.36 811.57 811.90 811.95 811.81 811.60 811.5h4 811.45 811.29 810.91 811.08
12 811.38 811.47 812.08 811.91 811. 86 811.55 811.48 811.38 811.20 810 90 811.03
13 811.38 811.43 812.05 = 811.91 811. 89 811.50 811.41 811.35 811.16 810 89 810.96
1k 811.38 811.39 811.78 811.87 811.92 811.h47 811.38 811.31 811.13 810 87 810.92
15 811.38 811.37 811.70 811.89 811. 92 811.45  811.36 811.31 811.13 810.98 811.10
16 - 811.38 811.37 811.81 811.82 811. 97 811.k2 811.36 811.32 811.19 811.37 811.39 -
17 811.36 811.37 811.78 811.81 811.93 811.46  811.51 811.53 811.k41 811.62 811.54
18 . 811.37 811.57 811.84 811.80 811.81 811.63 811.74 811.77 811.59 811.71 811.71
19 811.38 811.77 811.82 811.78 811.74 ' 811.80 811.94 811.93 \811.7h 811.72 811.64
20 811.39 811.81 811.81 = 811.72 811.76 811.80 811.96 811.92  811.73 811.60 811.50
21 . 811.39 811.69 811.75 811.63 811. 89 811.65 811.81 = 811.72. 811.59 811.53 811.50
22 811.40 811.57 811.75 811.61 811.93 811.57 811.71 811.66 811.50 811.66 811.63
23 811.38 811.58 811.82 811.68 811. 86 811.62 811.78 811.79 811.60 811.71 811.66

2L 811.28 811.67 811.85 811.70 811..77 811.7h 811.89 811.89 811.66 811.68 811.63




Hours
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Gauge 1

811.28
811.28
811.29
811.36

811.36

811.30
811.28
811.28
811.28
811.31
811.31
811.33
811.33
811.36

811.34

811.33
811.38
811.43
811.38
811.40
811.h4Y4
811.k4k
811.42
811.42

Gauge 2

811.77
811.69
811.66
811.58
811.56
811.59
811.67
811.69
811.67
811.67
811.65
811.67
811.69
811.72
811.73
811.77

811.77

811.81
811.79
811.79
811.81
811.83

- 811.82

811.91

Gauge 3

811.71
811.72
811.72
811.72
811.72
811.7h4
811.70
811.66
811.65
811.62

811.6k4

811.62
811.64
811.60
811.60
811.60
811.61
811.55
811.40
811.32
811.34
811.38
811.35
811.40

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 4

811.
811.
811.
811.
811.
811.
811,
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.

October 24, 1966

811.

811.
811.
811.
811.
811.
811.
811.
811.
811.
811,
811.
811,
811.
811.
811.
811.
811.
811.
811.
811.

Gauge 6

811.
811.
.61
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.

811

75
66

Gauge T

811.
811.
811.
811.
811.
811.
811.
‘811.
811.
811.
811.
811.
811.
812.
812.

812

812

812

8l
79

73

Th
82
88

86
87
90

99
03
07

.11
812.
812.
812.
.18
812.

15
17
16

27

.32
812,
812.

36

Gauge 8

811.
811.
811.
811.
811.
811.
811.
.87
811.
811.
811.
811.
812.
812.
812.
812.
812.
812.
812.

811

812
812

82
76
T2
80
8L
88

87
92

01
Oh
o7
1L
19
20

21
.2k
.29
812.
812,
812.

3k
L1
L1

Gauge 9

811.68
811.65
811.57
811.55
811.56
811.63
811.65
"811.65
811.65
811.67
-811.71
811.74
811.77
811.79
811.83

- 811.93
' 811.95
. 811.96

811.95
811.95
812.01
812.07
812.12
812.13

Gauge 10

811.70
811.68
811.63
811.6k
811.73
811.75
811.73
811.73
811.79
811.84
811.89
811.92
811.95
811.98
812.10
812.17
812.12
812.11
812.15
812.24
812.35
812.39
812.34
812.20

Gauge llg;

811.
811.

811

811

811

811

62
61 |-
.58
811.
811.
811.
811.
811.
.65
811.
811.
811.
811.
811.
811.
812.
812.
.95
811.

62
68
69
62
63

Th
81
84
8h
85
98
ok
02

98

.09
812,
812.
812.
812.

02
29
27
13




Hours
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Gauge 1

811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
.33
811.
81l1.
811.
811.
811.
811.
811.
811.
811.
.36

811

811

811.
811.
811.

46
43
L6
39
37
37
39
36
36
36

30
33
32
28
33
23
28
33
36

34
32
28

Gauge 2

811.92
811.92
811.83
811.83
811.85
811.77
811.67
811.67
811.67
811.61
811.57
811.47
811.37
811.31
811.27
811.26
811.47
811.71

811.72 °

811.52
811.39
811.47
811.69
811.81

Gauge 3

811.50
811.55
811.50
811.65

811.65

811.60
811.60
811.90
811.95
812.20
812.10
811.80
811.70
811.76
811.78
812.00
812.10
811.85
811.60
811.60
811.65
811.62
811.70
811.75

WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge b

811.41
811.45
811.49
811.58
811.62
811.63
811.63
811.65
811.66
811.66
811.70
811.72
811.63
811.63
811.65
811.63
811.69
811.68
811.59
811.51
811.48
811.51
811.58
811.60

October 25, 1966.

Gauge 5

811.
811.
811.
811.
811.
.85
811.
811.

811

811
811

811

86
86
86
81
81

86
85

87
.91
811.
811.
812.
812.
812.
812.
811.
.81
811.
812.
812,
811.
811.
811.

ol
97
05
06
11
01
84

95
05
o7
93
85
82

Gauge 6

811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.

Gauge T

812.23
812.24
812.1k4
812.13
812.04

811.89.
811.78.

811.84
811.78
811.69
811.59
811.50
811.39
811.35
811.2h
811.34
811.73
811.90
811.79
811.60
811.53
811.7h
811.94
812.03

Gauge 8

812
812
812
812
811
811
811
811
811
811
811
811

- 811
811.

811

. 811.
.78

811
811

811.
811.

811
811
811

812.

.29
.18
.13
.09
.94
.84
.76
.75
.69
.60
ko
L2
.33
25
.23
L7

.83
62
k9
.52
.79
.98

05 .

Gauge 9

812.
812.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
- 811.
‘811.
811.
811.
811.
811.
811.
811.
.60

811

811.
811.

09
00

96 .
89 .

76
67
61
55
54
Lk
39
32
23
19

29 -

LT
6h
6l
L5
35
L6

80

86

Gauge 10

812.
812.
812.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
811.
812.
811.

09
10
03
84
73
70
6L
54
Lo
24
10
00
91
10
Ll
73
60
4o
28
45
T4
90
02
82

Gauge 11:5

871.97
811.95
811.91
811.73
811.63
811.60
811.57
811.52
811.36
811.21
811.11
811.99
810.83
811.11
811.35

811.6k.

811.47
811.27
811.1k
811.37
811.57
811.82
811.88
811.66

62T



WATER LEVEL ELEVATION AT GAUGE LOCATIONS
October 26, 1966.

Hours Gauge 1 Gauge 2 Gauge 3 Gauge b Gauge 5 Gauge 6 ~ Gauge T Gauge 8 Gauge 9 Gauge 10 Gauge 11 -

811.30 811.82 811.72 811.60 811.86 811.81 812.0k 811.94 811.75 811.6% 811.5h,ﬂ

1

2 811.32 811.77 811.62 811.53 811.9k 811.66 811.89 811.72 811.59 811.62 811.52 .-
3 811.33 811.57 811.62 811.50 811.98 811.52 811.69 811.65 811.53 811.7h 811.63

L 811.34 811.52 811.60 811.48 811.98 811.54 811.73 811.77 811.62 811.84 811.73

5 811.36 811.61 811.58 811.51 811.93 811.66 811.84 811.87 811.70 811.92 811.78

6 811.36 811.67 811.60 811.52 811.90 811.71 811.91  811.95 811.76 811.98 811.84

T 811.3h 811.73 811.61 811.55 811.87 811.76 812.00 812.01 -811.83 811.95 811.8L

8 811.33 811.77 811.61 811.55 811.86 811.78 812.03 812.00 811.82 811.85 - 811.82

9 811.34 811.77 811.61.  811.52 811.90 811.7h 811.99 811.92 811.77 811.83 811.72
10 811.38 811.67 811.60 811.51 811.93  811.66 811.90 = 811.89 _811.75 811.93 811.76
11 - 811.38 811.67 811.60 811.49 811.95 811.66 811.91 811.93 811.76 811.94 811.78
12 811.38 811.71 811.66 811.51 811.91 811.71 812.02 811.97 811.80 811.97 811.80
13 811.38 811.75 . 811.72 811.5k 811.87 811.7h 812.01 812.01 811.84 811.99 811.80
1k 811.33 811.77 . 811.69 811.60 811.83 811.77 812.03 812.04 811.84 811.93 811.76
15 811.30 811.79 811.69 811.63 811.81 811.79 812.03 811.98 811.7h4 811.78 811.63
16 811.33 811.77 811.56 811.60 811.85 *  811.T7k 811.93 - 811.84 ¢ 811.65 811.72 811.60
17 811.34 811.77 811.75 811.59 811.90 811.63 811.82 811.77 . 811.59 811.68 811.55
18 811.36 811.67 . 811.60 811.55 811.93 811.62 811.79 811.75 ' 811.55 811.67 811.65
19 811.38 811.61 ©811.66 811.55 811.94 811.59 811.78 . 811.80 811.63 811.78 811.62
20 811.37 811.67 811.66 811.58 811.90 811.65 811.87 811.8k 811.62 811.68 811.60 -
21 811.37 811.67 811.75 811.63 811.86 811.67 811.84 811.80 811.63 811.72 811.56
22 811.30 811.67 811.70 811.67 811.83 811.68 . 811.87 811.82 811.61 811.6h4 811.52
23 811.30 « 811.69 811.7h 811.69 811.82 811.69 811.84 811.75 811.57 811.61 811.50

811.30 811.67 811.72 811.66 - 811.86 811.6k4 811.79 812.73 811.56 811.61 811.48

™
=




WATER LEVELFELEVATION AT GAUGE LOCATIONS

October 27, 19660

Hours Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11

1 811.30 811065 811,64 . 811.66 811,86 811.63 811,77 811.72 811455 811.57 8llohd -
2 81130 811062 811.66 811,59 811.92 811.62 811,76 8l1.71 - 8l1l.54 811,59 €11,50 |7
3 8l1.32 811,57 811.72 811.59 811.93 811.57 811l.74 81l1.71 811.57 811.72 811.60

L . 811.32 811.62 81l.71 811,60 811.90 811.64 811.82 811.83 811.65 811.74 811,61

5 811,30 811.71 811,73 811.63 811.85 - 811.68 811.87 811.85 811.67 811.75 811.61

6 811.29 &11.71 . 811.90 811.66 811.83 811.69 811.85 8l11.83 811.66 8l1.75 811,61

7 811.27 811,67 811.92 811.67 8l1.81 811,68 811,86 811.83 811.65 811.67 8l1.52

8 81125 8l1l.72 * 811.91 8l1.71 8l1l.81 811.70 81l1l.84 811,76 811,61 811,60 811,49

9 811,23 - 811.67 811.90 811.66 811.86 811.65 - 811,78 811l.74 811,59 811.62 811.49
10 811.25 811.62 811.92 811.64 811.89 811.61 811.75 811.72 811,56 811.60 - 81ll.46
11 811,27 811.64 811.85 811.61 811.91 811.59 811l.74 811.71 8l1.55 ° 811,58 811.46
12 811.25 811.57 811.84 811.59 811.95 811.57 811,71 811,67 811.54 811,60 81149
13 8l1.28 811,57 811.83 811,60  811.94 811.55 811.70 811,66 811,52 811,59 811.50
14 811,29 811.57 - 811,93 811,58 811,96 811,56 811.70 811.65 811.51 811,57 - 811,50
15 81125 8l1.55 812,01 811.62 811.94 81155 811.68 811.63 - 81l.51 811.58 811.43

16 811.27 811,50 812,07 811.57 811.95 8lle55 811.68 811.64 811.49 8ll.55 811.49
17 811,28 811,51 - 812.00 811.59 811.97 811,51 811.64 811.63 ~ 811.49 811.55 811.41
18 811426 811.53 812,00 811,61 811.95 81154 811.67 811,62 -  8lll.46 811,48 811.37 .
19 - 8l1.23 811.49 811.95 811.56 811.98 811,50 811.62 811,57 811.42 811.40 811,32 -
20 811,26 811.47 812,00 811.58 811.98 811.48 811,59 811,53 C8l1le42 8lloh4 811.38
21 811,27 811.43 812,02 811,54 812.02 811lelly 811,56 811.53 811.43 811,50 811,37 .
22 811,27 811.49 812,00 811,56 812,00 8l1o47 811,59 811.56 811.42 811,48 €11.38 -
23 811.25 81147 811.95 811.54 811.99 811,53 811,61 811,57 = 8ll.h4 811¢50 8ll.41

2L 8lle22 811.48 811.90 8l1.59 811.96 811,50 811,64 811.60 8lloh4 8l1.50 811.38 |




~ Hours
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Gauge 1 Gauge 2

11,23
811,23
811,24
811,28
€11.29
811,28
811,22
811.28
€11.30
€11,.30
811,38
811.37
£11,18
811,18
811.38
811,28
€11.23
811,32
811,28
811,33
811,32
811,20
811,20
811,24

811,52

811.55
811,57
811.63
811.62
811,59
811,57
811.47
81147
811,47
811,57
811,67
811,77
811,72
811,76
811,59
811.77
811,37

- 811.32

811,37
811.47
811,65
811.67
811,67

EN

Gauge 3

€11.75
811.75
811.76
811,76
811.76
811,76
811,75
811,72
811,59
811,56
811,70
811,80
811,95
811,98
812,05
812,00

812,00

811.82

811,74

811,75
811.82
811,78

811.78
811,78

Gauge L
811.56

811,56

811,55
811,55
811,54
811,64
811,58
811,53
811,51
811.46
811.54
811,71
811,81
811,86
811..83
811.86
811.76
811.66
811,62
811,61
811.63
811,71

811,71 -

811,64

October 28, 1966,

Gauze 5

811.96
811.96
811.93
811,93
811,94
811,88
811.97
812,02
812,04
812,05
811,95
811.77
811,73
811.75
811.81
811,85
811.95
812,04
812006
812,02
811,92
811.83
811,81
811,86

Gauge 6

811,52
811.53
811,56
811.61
811.60
811.59
811,55
811 oA?
811.46
811,46
811,54
811,67
811.76
811,71
811.65
811,61
811,49
81141
811,37
811,39
811,49
811 0610-
811,68
811.69

| WATER LEVEL ELEVATION AT GAUGE LOCATIONS

Gauge 7

811.67

811,68
811,76
811,79
811.79
811,74
811,68
811,59
811.59

' 811063

811,76
811,85
811,89
811,79
811,68
811,59
811.46
811,40
811,39
81144
811.62
811,80
811.83
811.82

Gauge 8

811.83
811,67
811,74
811,76
811,73
811.64
811,58
811,56
811,56
811,66
811,77
811,82
811,81
811,73

811,63

811,51
811.39

811,34

811.34
811,48
811,66
811,77
811.81
811.76

Gauge 9

811.45
811.48
811.60
811,57
811.54
811,43

. 811.39

811,38
811.39
811.45

811,56

811,62
811,59
811,54
811,44

811,36

811,26

811,20
gl1.21
811,36
811.49

811.56

811,60
811.61

Gauge 10

811,52
811.60
811,64
811,66
811,57
811.43
811,38
811.40
811,53
811,62
811,70
811,68
811,52
811,38
811,17
811.00
810,98

811,09
811,31
811.46
811,58
811.63
811.63
811.66

Gauge liﬁ

811.46
811,52 -
11,56
811,56
811,49
811,37
811.933
811,31
811,44
811,54
811563 3
811,57
811,45
811,30
811,10
810¢96 ]
810.97
811.10 |
811,27
811l.45
811,50
811,53
811053
811.53

2T



Hours

FPOREEOEEREEEREBvmwowrwhm

Gauge 1 Gauge 2

811,24
811,28
811,28
811.28
811,26
811,27
811.27
311,28
811,33
811,36
311.38
311,38
811.38
811,43
811,46
311,48
811.56
311,58
811,56
311,58

811,60

811,57
211,58
811.63

' 811062

811,59
811.57
811,59
811,67
811.71
811.67
811,67
811,67
811,67
811,72
811,77
811,79
811.79
811.87
811,87
811.92
811,97
812,07
812,17
812,31
812,32
812,37
812,37

Gauge 3

811,70
811.68
811,69
811.69
811,65
811.64
811,59
811,55

- 811,50

811,38
811,35
811,31
811.32
811.35
811,30

: 811020

811,00
811,00
811,10
811,10
811,02
811.00
810,92
811.10

WATER LEVEL ELEVATION AT GAUGE LOCATICNS

Gauge 4

811.56
811,50
811.48
811.49
811,53
811,52
811,50
811,46
811.41
811.40
811,39
811.38
811,31
811.31
811,26
811,23
811,21
811.26
811,30
811.33
811,40
811.41
81l1l.41
811937

October 29, 1966,

Gauge 5

811.95
811.97
811,98
811,95
811,90

811,88 -

811,94
811.95
811,97
811,98
811.96
- 811.95
811,97
811.95
811,96
811,96
811995

- 811.90

811,81
811.77
811,68
811,65
811,64
811,67

Gauge 6

811.60
811,58
811,55

811,60

811,71
811,69
811,65
811,65
811,64
811,66
811.74
811,78

811.80 .

811.81
81.1087
811.89
811.91
811,97
812,09

- 812,18

812,25
812,33
812,35
812,33

Gauge 7

811.77
811,76
811,75
811.85
811,90
811,92

. 811,89

811.89
811,91
811,95
812,00
812,09
812,15
812,20
812,28
812,36
812,44

812,51

812,64
812,78
812,88
812,96
812,96
812,89

Gauge 8

811.74
811.74
811,79
811,86
811,92
811.89
811.86
811,91
811,94
812,02
812,11
812,19
812,24
812,31
812,39
812,45
812,58

812,69

812,84
812,94
813,03
813,07
813,05
813.01

Gauge 9

811,59
811,59
811,63
811,66
811,69
811,69

. 811,69

811,69
811,72
811.75

- 811,81

811.86
811,95
812,07

- 812.08

812,15
812,35
812,35
812.46

812,52

812,72
812,73
812,73
812,65

Gauge 10

811.69
811.70
811.82
811.88
811.83
811,79
811,85
811,89
811,96
812,05
812,13
812,21
812,31
812,39
812,41
812,54
812,71
812,59
812,49
812,40
812,38
812,50
812,59
812.71

Gauge l.

811@55 .
811,58}
811,71
811,75
811.69.
811,67
811,71
811,76
811.89

811098 '
812,02
812,13
812,20
812,23
812,26
812,34
812,46
812062
812°76 SN
812,87 .
812@80 ’
812069
812,61
8120510 )

_62T



Gauge 1

811,63
811.58
811.56
811.48
811,48
811.50
811.50
811.58

811,60

811.63
811.73
811.16
811.36
811.48
811.48
811.44
811.40
811.40
811.40
811.33
811.24
811.28
811.32
811.40

Gauge 2
812.29

- 812,26

812,18
812,21
812,17
811.97
811.82
811.77
811.77
811.77
811,72
811.63
811.57
811.42
811.27
811.27
811.37
811,47
811.67
811.65
811,61
811,57
811.47
811,32

Gauge3 ~

811.15
811.25
811.30
811.30
811,20
811,20
811.25
811.04
811.04
811.52
811.55
811,06
811.20
811.36
811.65
812.00
811,70
812.02
812.22
812.30
812,20
812,30
812,05
812,00

WATER LEVEL ELEVATION AT GAUGE LOCATTONS

Gauge 4

81il.41
811.43

811.53

811.59
811.55
811,51
811.45
811.47
811.59
811.78
812.02
812,16
812.11
811.96
811.90
811.89
811.85
812,09
812,15
812.23
812,30
812,24
gl2.c8
812,03

October ‘30, 1965,

Gauge 5

811.68
811.69
811.66
811.63
811.73
811.85
811.90
811.90
811.85
811.74
811.66
811.65
811.74
811.90
811.96
811.95
811.91
811.68.

C811.65

811.62
811,62
811.67
811.81
811.90

Gauge 6

812.28
812,22
812,18
812.19
812.09
811.89
811.80
811.78

- 811.79

811,79
811.73
811.67
811.59
811.49
811,38
811.39
811.44
811.64
811.74
811.73
811.73
811,44
811.54
811,41

Gauge 7

812.82
812.77
812,72
812,64
812,44
812,19
812,08
812,07
812.06
811.90
811.71
811.59
811.44
811.29
811.24
£11.28
811.40
811.71
811.64
811.56
811.44
811.34
811,26
811.19

Gauge 8

812.89
812,80
812,76
812,62
812.34
812.19
812,13
812.09
812.00
811.79
811.53
811.44
811.29
811.21
811.16
811.29
811.49
811.64
811.52
811.48
811.34
811.23
811.14
811.04

Gauge9

812.59
812.54
812,44

812.24

812,05
811.95
812,91
811.89
811,74
€11.39
811,25
811.15

811.09

€10.59
811.05
811.14
g11.35

811.39 °

812,44

811,29

€11.19
811.10
810.99
810,85

Gauge 10

812,70
812,71
812.49
812,17
812.08
812.08
812,04
811.98
811.69
810,95
810.54
810.30

1810.26

810.54
811.02
811.24
811.48
811,26
€10.85
810.54
810.28
810.00
809.85
810.02

Géuge 11

812,53
812,50
812,23
811.95
811.89
811,93
811.94
811.85
811.74
811.13
810.53
810.43
810,40
810,78
811.05
811.35
811.34
811.25
810.85
810,58
810,20
809.85
809.90
810,28




WATER LEVEL ELEVATION AT GAUGE LOCATIONS

October 31, 196845

E
|
|
|
|
|
[

 Hours Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 Gauge 7 Gauge 8 Gauge 9 Gauge 10 Gauge 11

1 811.38 811,22 812,08 811,96 811.97 811,31 811.09 810,96 810,82 810.39 810,53
2 811,38 " 8l1.17 812.35 811.96 811.98 811,30 811,04 810,96 810.91 810,80 810,80 |-
3 €11.43 811,13 812,51 811,96 811,98 811.27 811,06 811.07 810,96 810,88 710,87
4 &€l1,38 811,23 812,65 812.10 811,86 811.40 811,16 811.12 810,99 810.60 810,60
5 811.30 811,28 812,40 812,00 811,92 811.41 8l1.16 811.07 810,96 810,34 810.25
6 811.30 811,27 812,30 812.11 811,87 811.40 811,14 811,02 810,86 810,08 810,09
7 €11.29 811.27 812,21 812,06 811,91 811.39 811.06 810,97 810,81 809.99 810,02
8 811.29 811,17 812,20 812,04 811,95 - 811,33 811.00 810,90 " 810,79 810,06 810,31
.9 €11.33 811.16 -+ 812,10 811,96 812,01 811.27 810.97 810.88 810,79 810,51 810,63
10 811.30 811,08 812,30 811.97 812,04 811.23 . 810.99 810.95 - 810485 810,80 810,88
11 811,28 811,17 812,40 811.91 812.00 811.29 811.08 €11.05 ~810.98 811,01 810,95
12 811.28 - 811.19 = 812,25 811,90 - 811,98 811,32 811,18 - 811,15 811,02 810.84 810,81
13 €11,30 811.27 812,20 811,86 811,98 811.38 811,22 811,15 811,01 810,70 810,74
14 €11.30 811.25 812,30 811,80 812,05 811.22 = 811.99 811.10 810,99 810.70 810,72
15 811,30 811,17 812,28 811,81 812,05 811,28 811.14 811,08 810,99 810,86 810,95 |
16 €11.30 811.17 812.40 811,71 812,11 811.27 811,14 811,10 . 811,05 811,05 811.06 |
17 €11.27 811,17 812,55 811.79 812,00 811.28 . 811,17 811,16 811,12 811,23 811,16
18 €11.20 811025 - 812,65 811,82 811.98 811.34 811,24 811.23 . 811,16 811,13 811.13
19 €11.13 811,27 812.40 811,80 811.99 811,36 811.29 811.28 811,20 811,08 810,97 |
20 811.26 8l1l.28 812,00 811.79 g11.97 811.39 811,31 811.28 811,15 811,03 810,98
21 €11.23 811,31 811,95  811.83 811,97 811.40 811,29 811.24 811,19 811,09 811,10
22 811.18 811.28 812.10 811.82 811.98 811,40 811.29 811.26 811,19 811,14 811,18 ;.
23 811.16 811,29 812.10 811,79 811.99 811,40 811.35 €11.32 811.19 811,26 811,30
2L 811.18 8l1.32 811.90 811,81 811.93 81144 811ekdy 811l.42 811,24 811.34 811,35




APPENDIX ©
STORAGE AND OUTFLOW CALCULATIONS
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STORAGE AND QUIFLOW CZ\ICUU&TTCNS At 4-€ cont.
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‘ STORAGE AND OUTFIOW CALCULATIONS Neovih Wind Oct 4~10/46
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