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CHAPTER &

IR AT IEI NS

e Brereeni e neeris p g g
SOTL HACHARIOCS ADPRGTE

Previous soeil Investlrpations

A prelininary soils study for the Jharleswood Jew-
ajge Lagoon was carried out in 1961 by Underwood, rclellan
and Associates.® They collected and couzpiled all available
soils dava pértin@nt t0 the general hetropolitan “innipeg
aras. The prime consideration in their study was the detor-
mination of depth of hardpan. In establishing a general pate-
tern of hardpan depth, it was determinegd that the general
solls structure is Zairly unifforms throughout the arsa studled,
An additional soils investigation in the Jharleswoed
Lagoon area pointed out that the hardpan was av moderate depth,
with indications that rock and shallow haprdpan would Lo o=
countered in liortheweast (L. James which could present provlewns
for the interceptor and pusphouse construction. Howevar,
since this area does not require interceptor construction un-~
til after 1931, 1t was felt that a detailed goils study could
be made at that time to determine the extent of the problenm and
tha wost economical method of construction. The remainder of the

area appeired to present no comstruction problems, although

1. Undorwood ¥elLaellan and Assocciates, Winnipeg in Association
with Janes s aclaren issocliates, Toronto, "kaport
on the Seware Vacilities for the douth vistrict
Metropolitan wWinnipeg', {(august 1961}, p. 30,




possible local variations of the hardpun could be encountered
in limited amounts.

In the above report it was pointed out that no diffie
culty with groundwater contamination was expected because of
the lmpermeable nature of the soils. The lagoon efflusnts
would be pips transported directly to the recelving stream
and would present no probvlenms.

Uther miscellaneous soil testing and investigzations
were carried out prior to construction. The results were uzed
only for familarization purposes and no records were kept.

during congtruction, walsén Hiver Coustruction utilized
hand auger holes to faeilitate their construction progcedure.
These were not logred according té $01l mochanics standards,
but wers siumply used to inforn the worigten of the silt excavae
tion necessary.

The construction of the lagoon began with the stripuing
and stockplling of the topsoil. In excavating the lagoon to
design elesvation, when sand or silt was encountered, it was rg-
moved and raplaced with clay as indicated on Pigures 3 to 5.
Tha lagoon floor was not compacted obhsr than that obtained due
to paszage of earth moving equipment. The dikes were conpacted
%o a glven density which was both field and laboratoery conirelled,

Figures 3 to 5 show the typleal dike cross sections uti~
lized and the dike and gore £4ll composition. it should o8 notsd

that type 2 material, which is shown as a s8ilt=clay mixture,
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after construction was found to be predominantly c¢lay due to
the abgenge of anticipated silt quantities in the borcov,

Une well was drrilled on iay 14, 1964 at the Charleswood
Sewayge Lagoon. it wias located at the center of the BeWae

pumping station. The drillers' report reveasled the following

10@,’02
TABLE Yo, 1
BERILLERSG WELL LOG
iell Log Description From ilevation To Slevation
{(Lagoon Bottom) 7860
Top of Concrate slab 7265 695
~ Hed Clay Till 695 57,0
Grey Glay Till 7.0 590
woathered Linsstone 53,0 5he5
rractured Limsstong
{clay in cracks} 5405 2765
Red Gl&x}' shale 27-5 005
Linestone Be 5

Hote: Undetermined quantity of watsr at clevation 510,

fﬁoil Investications Carried Qut.

7he in situ soil at the Charleswood Sowapga Lagoon arsa

over the depth conssrned with the dikes, consists of & top few

2o Water lLontrol and Jonstruction Pranch, Manitoba water wWell
Yriltlers! Raports, January 1 = Jacemhor 31, T1GOL,
(epartment of Lgriculture and sonservation, irovince
of Hanitoba, 1965), p. 130,




feet of orgzanic topsoil followed by fine grained, highly
plastie clays which ars frequently interspersed with phallow
horizontal luyers of sill deposits,

To further evaluate the elays of the dikes, with & view
towards having general data available for an ercsion analysis,
gartain laboratory tests were conducted. To reduce the amcunt
of work required, representative sites were chosen at gsaveral
Primary and Jecondary Cella.

soil samples were taken from the various cells at lo-
cations corresponding to the high water level, mid slope and
at the tos of slope. The samples wers representative ol the top
foot of clay. doutine laboratory classilfication tesiswore gon=-
ducted., The liguid limit varied from 79 to &4 and the plas-
ticity index varied from 43 to 37. The flow index, which should
ba about the sama for clays of the gsame origin and area, varied
from 26 to 22, which 43 an acceptable raange.

hecause tha above work was done in comnection with the
erosion study, bthe laboratory tests wers only carried cut %o
provide sufficient information for that approach. However, it
was notsd that the clays of the Primary Cells tended to have
higher Atterberz Limits than thosé of the Jscondary Uells. Rs-
cause the concentration of the gsewage effluent differsd in
thess cells, an interesting but involved study would be Lo ine-

vestipate the effest of the sewage efiluent on the clay prop-

groies.



he avterbery Limits obtalned wore plotted on the Lasa-

grande ylasticity Chart.s It was found that the wean line

¥

plotted as u straizbt line Just above and slishsly flatte
than the 4 line, . ccording vo the chart classificution, this
is representative of inorganic clays of high plasticity (CH
grouple From the general proparties attributed to this ETOUP,
the most peortinent are:

(a) ¥Yediun Lrost action.

{(b) High conpressibilisty and expansion.

(¢} fractically impervious, drainage characteristic.

Yoils of this group are commonly utilized as blankets
and coras of dike smections. Tha most undesireable property
of these clays is the high shrinking and expanding behsviour
with changing wolsture conditions.

Visual examinations were made of axposad dike banks
winich had baeﬁ proviously subxerged by sewazge effluent. 1t was
noted that drying casused dessication of the 9urfaa®'lmyar?
This effect craated a granular-like layer wade up of small
sized clay particles as was indicated by Picture 10, rage 28,
Chapter 3. 4An individual clay particle was noted to be a very
hard and integral unit. Just below the surface layer, which
was several inches in thickness, the drying effoct did not
appouar affective, and the clay was wolst and cohasive.

ihan the above surfaces apain became submerged, they

30 TewWe Luumbe, S0il Testing for ingineers, (New York: John
wiley & 50ns, InGe, 495k}, Pe 276




ware noted to retain thelr granular-like characteriastics.
The action of ripples or waves readily moved the clay parti-
cles. This can be explained by the fact that clay particles
lack both the density and size of granular materials to bs as
stable. Therefore it can be deduced that a larger and more
stable grain sise would not ba as subject to arosicon.

Just how the above effact will behave over a long period
is difficult to ascertain. However, th@’abova obsarvation
will be subject to further discussion in subsequent chaptors.
A worthy topic of investigation would be the effects of sevw-
age effluent on clay propserties.

another observation worthy of note was the lack of vege-
tation on all interior dike slopes. 4 grass cover atove the
high\watar level mark could reduce wind and rainfzll action
on the clay banke., It would serve to retvain soisture and th@fa«
| by asslist the clay remaining intast. & good example of this
can be seen in Ficture 1, Page 21, Chapter 3. This may also
te 4 means of ?rotaction below the high water level nark bug
it is subJect to sanitary engineering interests which are ba-
yond the scope of this report. It may be mentioned that some
of the likely problems could include emergent growth of £rass
and weeds, mosqulto breeding and trapping of floating grease

which are all undesireabls.

conglusions

The background of previous soll investigations conductad

was reviewed, as well as the studies made by the author. is
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further work is carried out in the erosion analysis other
80il proporties may baecome required and these will be investi-
gatad_and presented as nooded.

Une aspect which should be studied in detail is the
effect of the sewaze effluent on the clay properties. This
study is basyond the scope of this iuvmsﬁigation, but it could
serve as another réaaarch project. Following the literaturs
review of the e¢rosion of soils, this effect will be further

discussed in Chapter 8.
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The Joil liechanies Uepartment of the University of
tianitoba has a neutron moisture and density meter with both
surface and depth probea. This equipnsnt was purchased from
Kuglear inter;yrises (G.5.,) Limited. its purpose is to measure
uoilsture contents and densities of soil in the field uaing
radioactive sources that are lowered into cased holes. Under
the direction of Professor A. Baracos this equipment was uble

lized at the Charleswood Sewage Lagoon.

vssaription of ioisture and Density seasuring Doulmment

553203 (1)

The fully transistorizsed equipment consists of a moige

ture measuring probe, a density mwasuring probs, a portable
aealer unitv type K& 5011, gawmma ray and neutron shialds, care
4rying cases and a cable for depth measurement. Juring tranait
tha probes are endorsed in leadeparaffin and lepd shields, res-
pactively, which give adequate protection against radiation
hazard. Calibration curves are ;rovided which enable times Fox
# praset number of counts to ba directly related to mcisture

content and bulk density of the material being measured.

L. Buelear Interprises (G.D.) Ltde, roisturs end Density Meage
uring Squipnent HE340l, Instruction ranusl, ai&htnill
s ghy Scotland, Hovember 1562,




vensity measurements are obtained with a probe gon=-
taining a 53 Uebalt 60 radicactive source sepurated from a
Geipar counter tube by lead and gontained along with a pree
amplilisr in a stainless steol tube of outside diameter l.5
inches, with an increase in material density the proportion
of gamua~-rays scattered towards the detector tube increaseg,
but the absorption also Iincreazses; the two effocts tending
to ebunteraet one another. Absorption can bes made to pra=-
dominate by sulitable spacing of the detector and source go
that the gamsa rsadiation reaching the detector decreases with
the neaterial density and is roughly inversely proportional
Lo ite

A 580 radium-beryllium source (emitting faat neutrong)
is placed beaide a slow neutron detector (3F3 proportional
counter tube) and anclosed along with & preanplifier in a
steel tube of dismeter 1.5 inches to form the molsture meas-
uring probe. The fast neutrons emitted from the radium-beryle
liws source ars slowed down by the.nuclﬂi of hydrogen present
in the material beling measured and the reaponse from the slow
neutron datector is a measure of the number of slowededown |
neutrons gcattered back and therefors a relizble indicuator
of its hydrogen content. wuigk acourate measuresents c¢an thus
be sbtainéd of the water contant of the material. Allowancss
may have to be made in the measurement if the material contains
wound hydrogen or if neutron absorbers ara present.

The probes are connected through cable to the portabls
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scaler (54 5011) which autcwsatically registers the time taken
for a preset nuwsber of counts. Calibration curves enable the
molsture content to be gbtained directly by relation ¢o the
time taken for a pradetormined numbsr of neutron gounts and
the bulk density to be obtained directly by relation to the
time racorded for a predetermined number of gamma ray counts,
The portable scaler supplies all necaessary operating voltages

for the probos.

Tegt JSite .

A test zite was selected midway along the west dike
of secondary cell number two. Threeo stainless steel tube
casings of l=3/4 inch diameter were installed perpsndicular
to the dike. Zach was placed about 10 feet below the ground
lavel. Cne tube was located on the bank above the high water
lavel on the wet side of the dike, and the others on the dry
gide, one being at the teoe of the dike and the other ahous

LU feet west of 4t.

FrOSran

Originally it was decided to carry out readings at
regular intervals, to enable a cowplete history of moisturs
&nd density conditlons to be logged. However, dug 1o equijpe
‘ument maliwictions and breakdowns and other problems which will
be discussed, the eventunl result was only an irregular syse-
venm of readings over the period July 1906k to Aupust 1965 which

were of questionable accuracy. 4s a result the progras had
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to be abandoned., Although cons&darabla time and affort was
thereby lost, it did provide a certain background and experle

ence to those involved.

froblemns encountered

le The steel casings placed were not plugpged at the
bottom., 48 a result water sesped in, which was not noted
until some time after the program had bagun. This was

later rectified by removing the water before readings.

(2 The equipment tended to give unstable readings.

| Some readings driffgayas much as 100 percent oOr norce.
This was confirmed under carefully controlled conditions
in the laboratory. "Counts® obtained for a fixed soil
moisture content varied so much that no significance
could be attached to their values. This was later at-
tributed to the fact that the drift was possible due to

temparature instability of the circuits.

3e it was found that electric cable comnections on the
probes were not water tight and even small amounts of
moisture would short the circulis. Some molstura 1s un-
avoidable in ordinary field use. In particular undexr
6ur climatic conditions, the access tubss in the ground
are often colder which results in condeusation of wmolisge-
ture in them. Unless the moisture ig removed completely

by some means such as lowering a cloth, short ¢ircuite
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can be experisnced.

Lo secause laboratory verification tests perloraed
to check out the given calibration curve gave poor re-
latlonships, little confidence was placed in accephable

fleld readings.

5 A factor causing some of the problems wmay have been
that numerous neutron equipmant operators were involved
over the poriod the equipment was in use. 1§ one oper-
ator waa involved over this pericd, he may have become
familiar with the peculiarities of the equipment and

theraby have eliminated some of the scattsr of results.

sonclusions

Because of the equipuent and operaticnal dilficuliies
encounterad, it was found that the program of moisture and
density readings carried out wag inadequate %o provide useful
resulte. This program will not be resused until greater con-
fidence can be placed in the results which can be obtained,
Jospite this drawback, the author has zained valuable insipht
into the workinga of a tool of the future, which in all likeli-
hood will form an integrsl part of all 804l wmechunics investie

gatlions.
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To evaluate the freeboard allowance required,; & study
was carried out of the wave action. Because attempts to date
to maintain records of wave halght and éetup at the lagoon
have not been successful, it was necessary to undertske a

thaeoretical svaluation.

Freeboard Allowance vefined

Fresboard may be defined as the difference in eleva-
tion between the top of the dikas and the maximum sbill waler
elevation in the lagoon. 4 computed fresboard consists of #l-
lowances for wind setup, wave uprush, and frost action or set-
tlement aa‘shown on Pigure 6.

To evaluate the amount of wave action that could occur
a r&aéarch of various references was made which included:

{a} Analysis of wind records for “etrepelitan Yinnipeg.

{b) Feview of wind set up ralations for inland regervoirs.

(¢) heview of rational procedurss and generalived relavion-
ships for estimating the gharacteristics of wind waves
penerated in small inland reserveirse.

{4) Zeview of analysis relevant to the deveslopment of
practical relationships in estimating run-up on on-

bankmentse.
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(e) 3tudy of pertinent recorded hydrauiic medel studies
and related analysis of relevant relatlionships.
The following section will praesent the results ol the
above resesrch and a gomparison of the theoretical computed

fragboard rejuired to the avallable freeboard alldwancag

wind conditions

To selsct a sultable wind velociby it is naecessary to
analyze available wind records and to select a wind of & suite
able duration. #rom automatic lake level recordings it has bean
found that a fll wind setup can taks place within a few hours.
it follows that the wind velocity to be sclected should have
a duration of a few hours ouly.

1t is generally known that the shorter a fetch is, the
shorter the duration of sustained wind required. Vor our pure
poses it would not be unrealistic to select a naxioum wind
veloecity for a wind duration of one houre The use of the maxi-
run recorded wind veloeity for a one hour pericd compensates
for the fact that a smaller wind duration pasriocd was not geleocted,

in analysis was made considering the maxinu daily avere

age winds having one hour duration for the active months (April
to Ugtobar) for wWinnipeg at the winnipes Alrport. hecords were
studied for the period 1921 inclusive to 1964, Because the fetch
length is relatively the same regardless of the direction, thers
wWag no need to select a predominant wind direction. From this

study a maximum wind velocity of 56 miles per hour was obtained.




For large bodies of wataer over land windsg are usually
inereassed by 1D to 30 percent to obtain comparible over water
winds. lowever, for small reservoirs it has been reported
that the effact of wind velocities over water surfaces ig

not substantially higher than velocitles over land surfaces .

wind ﬁatupz

when wind blows over a body of water, & friction force
is belng applied to the surface of the water, in the dirsction
of the winde. A8 a result of this force, the surface wabter will
begin ta.mov& also in the direction of the wind and will begin
to pile up on against the leeward ghore. This will cause a
return {low along the bottom of the lake from the lesward
shors to the windward shore.

Theoretically it has been found that the slope of the
vater suriace is directly proportional to the wind siress and
the baundm stress, and is inveraely proportional to the depth
of water. it has also besn found from field observations and
experiments that the bottor stress is a small portion of the
wind stress which is'praportional to the square of the velocw-

ity. Therefore, the wind setup may be expressed by:

S e Y2F
T

where: o = wind setup above s8till water level {feet)

V = wind velocity (mepeho)

1. To Saville, owe Mesclendon, and A.L. Cochran, "Fresboard
: allowances for waves in Inland hoservoirs”, (iIroc.

s

hoisleiiey Vole 88, No. WW2, PFaper Ho. 3133, bay, 1962,

Pe Iik)«o

2e #dward Eulper, sater iesources Uevelopuent, (Oreat Sritain

Butterworth and Co., 1965] ppe 187=-188,




® »x fetch (miles)

w
1]

avarage depth (Lfeet)

€
i}

soefficient, usually 1,5U0,
however, for shallow water o 1,400

To caleulate the theoretical wind satup for a typiceal
lagoon unit it was assumed that the maximun water depth would
ba 8.0 feet, Therefora this was the depth considered for {reo--
hoard allowance caleulationse.

spplying the above formula, it was found that:
Sa V2P = (;6%2 go.gg = 0.03% fest {use 0.1 Ffast).
5y (1400) (5.4)

wave Tharagteristies

Waves are genersted by winds snd treir characteristics
are d@términed by the velocity of the wind, its duration, and
tha feteh lengthe It has been noted that in relatively shollow
water areas, wave generation iz alfected YWy water depth. The
factors used to define n wave'ls charactoristics are holght,
paricd, and length. Wave helght (M) is defined as the voerti-
cal distance between the eraest of 3 wave and the preceding
srough. The wave length (L) is defined as the horisontal dise
tancé botween successive wave orests measured perpendicular
to the grests. The wave period (T) is delined as the time ro-
quired for n wave crest to traverse a distance egual %o one
wave lengthe

To forecasgt the wave characteristics for the Lharles -
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wood Sewaze Lagoon which can be classified as a shallow water
or transitional area, relatlonships as presenied by the Yeach
Erosion Board wers utilized.’? The results obtained ware also
checked with the valuaes presanted by J.C. Hufft whe supple-
mentad his study of shallow water and transitionzl waves with
hydraulic laboratory studios,®

Because of the inherent varisbility of wind waves, the
concert of "significant wave height™ has been introduced. It
is defined as the average of the highest one-third of the waves
present. This is the coneept which is currently widely accapted
and which the wave height given balow ocan be considersd to core
raspond'tce

Using a wind veloelty of 56 wiles per hour, o depth of
3.0 feaet and n fotch of 1600 feet tha following wave charactere
istics were calculateds

“ave helght a 1.0 fect

“ave length = 16.0 feet

dJave period s 1l.% aseconds.

save Uprush

ahen a wave reaches thoe toe of a sioplng embankment
without major modifications in characteristics, the wave will
ultimately break on the embankment and run up the slope to an

slevation governed by the zlope, the rourhness snd perveapility

Je orps of snglneers, U.i. Army, Shore Froteetion Planning
and Jesipn, (Technical Heport /0. kb, LSeach Lrosion
soard, a96l) pp. 25=2%,

ke John Co MHufft, "Laboratory Ltudy of “ind s“aves in oh
water?, (Proce 4s5.0.0e, VOl 24, Ho. Wik, Pa
Ho. 1705, Ceptember, LG53).

X

a
.
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of the embankment, and the wave charagteristics.

Wave uprush R, 18 the vertical height difflerence batween
the maximus elevation sttained by wave rusm up on a slope and
the water elevation at the tos of the slope, excluding wave
action. 1t should be noted that for all variables kept con-
gtant, the run up increases as the slope becoues steeper.

From the rescarch work done by K.i. Adam who supple=-
mented his work with hydraulic model studies, results were obe
tained for the wave uprush corresponding %o the wave charactor-
istics previously caleulated,” sgsuning a smeoth slope chare
agteristic, for tha one vertigal on six horizontal sids slope
tha wave uprush was found to be 1.0 feet and for the one vere
tical on nine horizontal side slope the wavs uprush was {ound

to be 0.6 faet.

Allowanse for Frost action and Sebtlensnt

According to the Corps of ingineers of the U.S. Army,
the usual sattlement of a properly placed and compacted fill,
exclusive of foundation settlenent, will be legs than one parw

O rnerefora, 0.10 fest should be

cent of the embankment height.
assumed.
Frost action on the top of the dike tends to make the

soil frmable and pervicus., This allows weathsring te talke place

S5e Kenneth M. Adams, "A Model Utudy of YWave Runeup on Snooth
and Hough Slopes”™, (Unpublished . aster's Thesils,
The University of lanitoba, winnipeg, huni»ooug 19637 .
O. Corps of Engineers, U,3. Army, Darth Smbankments, { ngin@aw ng
and Deglign Manual, BX llIﬁu§~§300, April, 19591, p. 1G9,
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and sowe allowance must be made for potential changes. OF

importance is the embankaent type and waintenance program,

¥or the lagoon dikes this behaviour should not be significans.
On the basis of the above analysis an allowance of 0.5

feet should be adequate.

Theoretical Fresboard Reguired and Comparison

dumarising the results previously given, the total

theoretical {recboard can be obtalned.
TABLE HO. 2

THEOQRLTICAL FRELBOARD REQUIRED

Daescription Side Ulopes G:1  Side Slopes il
{faet) {feat)

#ind Setup 0.1 0.1

wave Uprush | 1.0 Q.6

Frost idction or Settlement Qe Uab

Total Freeboard 1.6 1.2

For intermediate side slopss the total fresboard could
be obtained by interpolation.

The actual available freuboard for a typical lagoon is
approximately 2.0 feet above the assumed high water level. On
the basls of the above theoretical values oovtained it can be
concluded that this allowance is suffieient,




i1t should be pointed out that 1f a situation had been
chosen corresponding to a very rare wind velocivy end having
a short time duration period, it may have indlsated thai the
fresboard allowance is inadequate. Since there is no human
1life involved the tendency should be to select & wind fre-
guaengy that would corrsspond to an improbable condition rather

than to a maximum possible event.

Conclusions

The theoretical freeboard allowance appraissl made,
indicated that the fresboard allowance for the Charleswood
Lagoon is adequate. However, as futurs lagoons increase in
gize, the type ofvanalysis made can be ropsated to insure
asiple freeboard.

Another very important aspect of the Charleswood La-
goon is the opportunity to undertake inatrumentation and re-
cording of actual relationships between wind and wiave charac-
toristice. In this way, rather than relylng on general for-
aulae it would be posslble to develop unique equations di-
rectly pertinent to Manitoba lagoone or to shallow bedies of
WALEY .

The complication involved in making analysls of the
above, ia.th@ fact that the lagoon effluent is not ordinary
water. The secondary cells have a lower concentration of grouse
and detergent loading then do the primary cells. This has been

seen to affect the wave actian at certain tines begause there
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has been little or no wave development on the primary cells
whereas on the segondary cells significant wave development
has occurred. These observations are substantiated by the
photographe presented in Chapter J. Therefore it appsars that
sewage uoffluont has a surface taension effect which depends
upon the relative concentration of the effluent. 4 laboratory
and field research has been begun by Hetro englnecrs, which
nay lead towards [irm relationships after significant data has
been compiled,

The above programs discussed are definively beyond the
scope of this thesis. However, they do pressnt & desirable

£ield of potential research.
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Gne of the most important aspects of the economy of
sewaze Lagoons is the side slope o be utilized., As has been
covered previously, this aspect iz indeed subject Lo numerous
approaches. It has been pointed out that some installabtions
have used side slopes as stesp as one on two and others are
made as flat as one on ton. The Charleswood Uewage Lagoon
has interior side slopes, which vary from ones on six to one
on nine and the exterior side slope is constant at ona on
five. sside from the ralative performance of each of thess
slopas which will be covered in a subsequent chapter, it is
of importance to consider what side slope would be the optie
gium for local conditions. To make this study the author has
taken advantage of several studies, which have been made with
regzard to the atability of numerous losal rivers, walerways,
and canalse

The comon factors involved in the bshaviour of lagoons
and waterways include the alternate waetting and drying action,
saturation of clays, wind and wave action, Irsesing and thawe
ing action and ice action. The additional conditions that &
waterway is subjeet to include the forces of {flowlng water at
a significant velocity parallel to the banks and also the in-

ereased action of ice as carried by the above flow. It follows
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therafore that a river or waterway slope ig subject to mors
critical conditions and if anything should rsquire a flatter

side slope than that of a lagoon,

fiiverbank Survey in Metropolitan winnipaml

in 1960 a survey was conducted ¢f banks along the fed
and lissiniboine Rivers, woatly within Metropolitan Winnipeg,
to aeﬁarmine at what slopes natural banks were stabla, the
dejree of stability where possible, at what slopes natural
banks failed and at what slopes such failed banks again became
stable.

All banks were visually examined, clasgified as to sta-
bility, and cross-sections were taken of banks consi&er&d & [ree
propriate for the study. Factors affecting this stability, such
as given below, were noted;

(a) Planar aligoment of the banks.

(b) Bstimated degree of top erovsion.

{¢) Vegstation.

(d} Zxistence of shrinkage and tension cracks.

The conclusions made from the above atudy were:

1. Very few gtable riverbanks ware found in vinnipeg and
adjoining areas.

2. ‘'The "convex riverbanks" cannot be used in slope sta-
bility studies because the soils are of fluvial op gin

and are primarily silts,

Lo Ae Baracos, "The Jtability of iiver Hanks in the {etropole
itan winnipgg\&rea”, {Proc. lith Ann. Can, So0il dech.
Qonf., ﬁoCeﬁc&ei‘io, TH 69’ 19(31-)»
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3¢ The majority, about eighty percent, of concave rivars
vanks, in the highly plastle clays, between 25 Lfeat
o LO feet high which failed in a rotational mauner,
becane stable at slopes between 1l on & 1/2 and 1 on
6 3/4. iaturally these falled at slopes steepsr than

the slopes at which they became stabla.

Clopes of Jraing throurhout the 'rovines of Manitobn

Consldering the criteria utlilized for soils similar to
thoss found at the Charleswood Lagoon, a side slope compara-
ble %o a given drain design could ba selecgted. For a helght
of dike of about eizht or nine feet and a {ive Lo eight Loob
depth of waster, a side slope of betweon 4 and O horizoutal to
one vertical would be selected. Field investigations have
verified the fact that these side slopes are adequate {rom

the standpoint of perfornance over & period of years.

Red iiver Floodway Slope 3&13ction2

Une of the most iwmportant considerations of the Ked
ddiver Floodway was the soil mechanie's investigation to ase
certain a satisfactory side slopa. Frofessor A. Casagrande
recormended a slope of ona vertical to six horizontal throughout
the major portion of the Floodway. 3lopes of one on thrae
were used through the Bird's H4ll ares because the excavation
was through sand and gravel and this material has a high nae-

tural angle of repose which permits 8 steeper slope to be utilized,

2o dolo Fishtak, "Soil echanics Aspecte of the Red Hiver Flood-
way", (Canadian Geotechnical Journal, Vol. 1, Xo. 3,
July 1964},
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Sconalusions

On the basis of the bank slope study wmade in this sec-
tion and also consldering factors as covered in ths frecboard
and bank srosion sections, it appears that for physical di-
msnsions corresponding to those at the Charleswood Lewage La-
goons, one vertical on six horisonstal side slopes would be
utilized. In the writor's opinion the steepest possible side
slope would be one vertical on four horizontal.

A further study from this standpoint will be made in
Chapter 10, when the dike oross sestion behaviour will be

analyzaed,
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BANK oROCSION LITHRATURIS RSV S

The naturs and axtent of bank erosion can be very
broad,; depsnding on the gituatiuns. Genarally speaking, bank
erogion of clay banks gan be caused bys |

{a) Wave Erosion
saves need not be high %o be erosive. Jmall but
persistent wave wash can leave its marks on & bank,
{b) Static brosion
ixcessive erosion at the toe of a slope, which
creates a steep face in the bank; an internal shear
failure evaentually occurs which causes sliding or
sloughing of the soil.
{e) Aging
| wetting and drying have a deteriorating effect
on the resistance of an embankmant to erosion. This is
gauged by the disruptive effect of slaking on the scil
‘5tructurea Freezing and thawing c¢ycles have a similar
effect, although it is not ag saverse. Continuous sub-
rergence in water also has an effect of making a soil
less stable and more susceptible to ercsiom.
(4) #ind Erocaion
jeting on slopss, wind dislodpes the {iner par-

ticles of soft formations by direect attack. Thus a cut
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slope may be simply scoured back to a dursble surface,
or it may be progressively eroded for an infinitely
long period,
{e) Rainfall :srosien
Generally areas devoid of vege;anion axre marked
by the gulleying effect of rainfall runoff. This efe
fect genorally accelerates with time.
{£) Bank 35ide Hlope Hffect |
ihis was discussed in detail in the praevious
chapter. Genarally the flatter the slope the more
stable the dike bank.
{(g) Ice iction
lce sheet pressurs during winter or cake action
during breakeup c¢an cause considerable damage.,

The factors presented are general, and in fagt, wave
erogion and static erosion appaar to be interlated with the
aging sflect also a factor. Therefore, a detailed study was
made to evaluate the condition more distinctly and if pogsivle
to relate the bank erosion to definite s0il properties.

in general, the scour phenowena can be readily explained,
However, there are nusmarous fagtors which apparaently eflect
it and those are not fully understood. Following a general
asgessment of the phenomena, a summary of various references
will be presented,

Sgour on the bankas takes place when the particles come
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posing the sides are acted uﬁon by forcee suflicient to cause
them to move. A particle is acted upon by the force of water
and also the force of gravity, which tends to make it roll or
slide down this slopes, This is on the assumption of a wavae
naving uprushed and then returning down the slope, as shown
on Figure 7. If the resultant due to the wmotion of water and
the component of the {orce of gravity acting om the particle
are large enough, the particles will move. When cohasive fLorces
on the particle are present, the external forces scting must
be sufficieont to ovarcome this algo before movement can occurs
when the particles are sufficiently small they may be carried
away by being taken into suspension. In addition, it is alaso
possible for the uprush of water to cause major dislodgment,
which will lead to erosion with further wave action.

It should be pointed oub ﬁhat the stabllity of side
slopes of a canal in non-cohesive material involves the angle
of repose of the material. This is quite different in the cuse
of coheaglve solls vhere apparently the cohesive force ig the
dorminant fuector and the angle of repose is not appllcsble.
Uther factors are the size and shape of soil particles,; range
and distribution of particle sizes and various physical and
chanical propsriics. _

To assess the detalls of bank erosion; a regearch was
rade of all available litéranura. The most pertinent reflerences
were obtained frowm articles on the design of channels in coe

hesive soils.
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tnited States Bureau of lHeclamation (U.3.0.H,}

This agoncy has carried ocut the moot widespread and
continuous rascarch on the erosion of cohesive soils. Their
work gained prominence in 1950 as a result of work done by
S.4e Lane, and ls still progressing to dat&al

Pield and laboratory studies of crosion and tractive
forces on cohesive goils have been made to establish the be-
haviour of solls under hydraulic forces, and physical proper-
ties of soils have been compared to hydraulic forces and the
degroe of goil erosion,?

‘The initial observations Indicased that:

For fine=grained cohesive soils the plasticity chirace
teristic appearaed to be the prinecipal property for evaluating
erosion resiscance,

Dengity has some affect on erosion resistance but not
as pronounced as plasticity. For the fine-grained cohesive
s0ils investigated, the density indicated that most of the
goils werae very loose. It ﬁaa apparent that a loose condition
would be a comwmon occurrencs L[or near surface soils of a ca-
nal vhich are subject to erosion, which indicatad that little
reliance should be placed on this property [or erosion roe

sistance.

l. Zmory . Lane, "Jesign of Jtable Channals”, (Trans. AedelDelieg
Vol 1209 I‘&par liCe 27769 1955)9 DPRe 123&”1379?@

2o United States Bureau of Zeclamation, A Study of Lrosion
and Tractive Force Characboristics in elation Lo
J0il iMeghanies rroperties .arth lesearch (resralie
(S0ils sngineering Heport 1o, HLi=0hk3, nDenver,
Golorado, February 23, 1902), pe 7
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o

of clays exgept that some clays can withstand very high bounds

~r~

ary sheare. Ons mipht speculate that resisbance to boundary

shear should be related %o the internal shearing chezracter-
igstics of the clay mass in an undisturbed saturated condition.

For nasurally deposited material, which is not likely to be
complotely homogpencous, the weakest part of the mass would
govern. Srosion of seams or pockets of weak maverial would

expose the adjacent stronger naterial Lo greater forces.

Poi. Torrell and 3,2, Sorland (19456} )2

it has been noticed that certain cansls scour; wWherg=-
as others under very similar conditions do not. These condi-
tions were similar as o width, depsh, side slopes, veloclitles,
reaszonable fresdom frow sediment load, moechanical analyais,

and clasticicy index of seils. Becauge these factors do not
F3

account for the dissimila

e

ity of rosults, soil samples ware

>

taken for chawical exanination. The examination may show Lhat

?

an ion exchangs between water and soil hydration of soll nae-
terial provides a binder in gome lowcalities. Should this prove
a dependable condition, future eveluaticn of & propossd sese-
tion should include whatever advantage can bo taxen of such

.
benalits.
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The allowable tractive forses for ephe

% « e % 5 4 ® *n =4 e % N, = « % Ly 20 BB e ) ‘s\ﬁ“
eohesive soils are higher than peroennial steams in the same soll

& kg i a5 . g L% ™ A3 o o Y S N Al P AP
50 fRLE e Torrall and Weile A:{}.;,.‘,wn.ug ¥len EREN GX SHaDLE waniLD

vt

and Channels in Srodible Raterial,” (Zr08e feleleiies
Yole 32, No. HYL, Faper Ho. 880, Pebruary, 1950/,
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nalysis of lLasoon Losding History and

Combluning the lagcon loadiag hi story analysis and the
Cross section unalysis, a study was wads of the common Ia ctors
invelved wicth the alm of corrslaving vhe erosion experienced.

indicated was that apparently the irregulors

lo ading of the secondary lagoosns did

the eroslion experienced.

water level

A study of the v ab

TABLE Noe 3
AFRIL 1965 WialEs Dubrns
Sell April 1965
Degth in feet
Primary Coll Koo 1 Y
Primeyy Cell oo 2 Sed
Frimary Cell Ho. 3 Gold
Sacondary Cell Ho., 1 ok
Sgcondary Cell Ho. 2 ol
svidently the secondary lagoons wero subjected wo lesg

ige setion during break-up. Sincs thoey have

wvater depths with the more oritical Lype of Loading, which is
the rapld drawdown condition, this facter should Ls sons idored
as the major causs of the srosion &% the primary goells,.

vince each lagoon has had gignificans erosion and in
particular bessuse the ercs lon at spring breakeup has bean

proven important, it was decided to implement an experimentel



g which would conbrol or pravent

vhis behaviour. By mubtucl agreament it was daecided that the
author would rocommend tha sxperdmental program and the waters
works and waste Lisposal Uivision of Fetro would carry out

the ingtallation,

The following chapter will cover %he details of this

arrangement and outline the proposed prograi.
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The bohaviour to date does nobt appear Lo ba sericus
snougsh Lo warrant an 211 out program of expensive bank ero-

2

sion protection. ilowever, the signilficant eroslon which has
occowrred over the two years of operation does nacessitate
the lnvestigation of inexpensive ravethant works to evaluuta
their effect on future operation. Such an inztallaticn would
serve o estzblish the best form of protectlon in addition

to providing s comparative cost of the alternative schenss.

Urisinsl Hevetment Works Froprap Proposed

The first step taken towsprds sstablishing a potentiasl

program was to deternine test aroas. From the study of the
coll bshaviowr as cutlined in chaptsyr 10, it was decidad that
one representative prinary and one representative gacondary

cell should be used. In selacting the cslls to ve ussd, zhe

test drea accessibility governed, and thereflore primary cell
nusber 1 and secondary cell nusber 1 were chosens

The next step waz to gslsect o test gection from sach
cell. The areas picked were such that they would have similar

fetches, be aligned in the same direciion, and have similar

original side slopes. Pizure 15 shows the test reach locctions.

\

with the experimental sections establishsd, the next
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SECONDARY CELL NO.i

AREA = €2.5 ACRES
Borrany LEV TheE
PIKE TOP ELEvV. 87.6

TEST REACH
Fvas5’ &72.0' 9,5

P P
-

ez’

PRIMARY CELL NO.I
RRER = FEACRES
GOTTOM ELEV.= 78.0
DIKE TOP &LEV.T8T.6

GRAVEL
ACCESS RORD

TEST REACH
&7z.0'

s ~/55.5 1
/555

-4

E
ENTRRNCE ——-{3

. : MRSTER OF SCIENCE IN CIVIL ENGINEERING
S$C. oM = ’
aLE l_ ¢oo ' UNIVERSITY OF MANITOBA

CHARLESWOOD SEWAGE LAGOON

TEST REACH LOCATIONS
ORIGINAL PROPOSAL

PREPRREC 8Y: A.GCRULUK | PATE : AUCUST, 1965

ORAWN 8y: A.G.KULUK FIGURE NO, / 5




phage was 0o set up o revebtvent works program o be in agroae

ment with the shysiecal feutures of the lagoon. The origivel

-

progran get up was beeed on tho following considersticns:
1) T¢ establish optimum side slopes.

The performances of one on g8ix and one on nine =zide
slopes, which correspond to the extremes used in the lagoons,
in additdon to one on four side zlopes, were Lo be studied
and compared. It was felt, however, thai slopes flatter than
ong on Six ware not requlred and the aspect of slindnating it
frow the test program should be congsldered.

2} The general scheme of test ssetlons.
A garies of test reaches with buffer zones or transle

tiong were deslded uwpon. These are to provide & separatlion o

individual test secticns snd slso o

with the Installed zectlons.
3} The design water laevel was sst at & foot deopth for sach
cell.

-

e .
Sm wWas laid out as

The original revebment works prog

iPt

A Py

chown on Flgure lic. 15, The sugrested test sections of revate

mend weorks were chosen after an intensive study of available

leeratura,.

Type A = Hebuilh Slsv Zlone

S

By

1@ purpose of this seotion was ©o provide = noatursl

clay slope cross section that could be used to provide a matse

ure of comparison to the installed sections.
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in varicus areas throughout Manitoba chained televhons

poles or logs have beesn installed to protect river banks feron

‘e - A o gt W o 2 en Ea .
Wave actvlone Generally the arrangemant consists of & series

e
}n«!
(?
[
pet)
&
73
o)
O
&
5t
o)
o
fln
€2
i
§2e
&
bE
£3
[

o0& logs chained togather fu reing

o
chored av intervals, by piles or cabled to the LK.

T ~ - F R I > o3 Ly
LERG e v Lramvilar Lavar (Plgures 17 and 148)

s ren G o 2l
reported installations,

3

From sxparience with numerows
the general procedure 1g to place about o sixc ineh blanket of
graded filter materlal on & dresssd slope, Followed Ly aboun

& twelve inch layer of guarry stong. Soth blamk wis sxlend Irom

3 Ao d mon v b o oo ey A NN
the deslgn water suriace B0 the tog of Lhe BLRS.

1

) & 2 iy . oy . . B R d B
LGOARME 3.0;; ~$--H U@i%\f«n.ﬁ'g qukﬁa?@klaa lo 1y oty %ﬁf—l J.ci-d-uo‘.: J:Z&PPC‘& L&‘{}:"a

3

P -y v Clngagucien T g ol dny ey G g o S, i 3 . A e L T ik g e B o
Iakina }rujwc%:a VASNANEGIN . Lne results of those AL S

s *

ha wosd stable covar biankeld Lor the above siven
73

e

e 2 )
a2sbatlish 8\1

locasvion. Baecause the physical Fosiures iavelved correspond

L

closely Lo vthose encountared on this projact, tha curve w
-

reproduced as shown an Figure 12, and it was suggested that

4 gradatlon be obtained as sloss as possible.

i

Mipow . . o 9t ¢ rers A LRI
A P8 4. Granular Layer and yirs Nesh {Flpure 1)

From a study of numercus revorted ingtallstions, the

1o Lodo C& rlaon, ”ﬁraval Blaniet dequired to fravent Yuve
* 08 L4 }) 4 LA i Xf l e 8 e I

}. (eFont ng € Q8 e fieidaisaeise GLWEES 55 e ?-a»b,sg
a } ,

aper Ro. 2U0ZL; KAY, 1959
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—— 87& T0P OF DIKE - - ,

DESIGN WRTER ELEVATION &40

SCALES: VERT: 1= z.o"
HORIE. /7= 10.0

NOTES :
_— PASTER OF SCIENCE IN CIVIL ENGINEERING
o FOR O0PTIMUNM GRAROATION UNIVERSITY OF WANITOBA
see FiGurRE wo. 17
2. BASE ANDL BLANKET 70 8¢ ORIGINAL PROPOSAL
PRARRLLEL TO ERACH SLOPE
~ ' TYPE C

BANK REVETMENT WORKS

FPREFPARED BY: A.G.KULUK PR7TE : SEPT., 1965

ORAN BY: A .G.KULUK FIGURE NO . / 8
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perted work done on the swsslan Niver In Californisn, of=-
fered the best roeflerence, A pravel layer was placed on a
dressed slope and then wire wmeash was laild over thils Llankos
and anshored at the top and bobtvow. Under operaticn it was
noved that the wire wesh was not in complete contact with
the gravel blanket and this wag permitting movensnt ol oonw
the gravel down the slope. This conditvion was later rome
odied by driving hoocked rods at intervals through the mesh
to craste ¢loser ¢onbact with the gravel blankst.
Tvea § = Wlre teah over Hebullt Clavy Slave
Swecaunse installavions of wire mesh on original clay
banks have bewen employed succsssfully in various areas, this
aleo became an experinental 2ectivn.
Type F = Fi4 mn Siavy ik (Pigure 20)
Pure cley shrinks and crocks when Lt 48 dryve 2 small
cvunt of sand and gravel in the clay cun substantislly row-
e Lhese ocourrences without destroying the foushnazse of
the slay. Since this maeterdsl is resdily svailable in Metro-
politan winunipeg, this scheme ls very prmc%icala
Type @ - tioeap Placed ovor Uperating danze (Flgurs 21
Experisnce with local projects indicatss tha
rap should vary in sive from & inches to 12 inchas
2o I.He Lteinborg, *Russian hiver Channel dorks,” (Froc.
foPelolhey VOlo 8u3 Hoe Wik, Paper No. 2647,

n&’d’@ bﬁrg 3-(\“0}9 Pe 3l¢
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— &76& TOP OF DIKE

DPESIGN WATER ELEVATION &%4.0

SCRLES & VERT: "= 2.0'
HORIZ. 1"=/0.0°

CELL 8OTTOM ELEVATION ——

|

MASTER OF SCIENCE [N CIIL ENGINEERING
UNIVERSITY OF MANITOBA

ORIGINAL PROPOSAL
TYPE F
BANK REVETMENT - W/ORKS

, | reeperer av: 4.6 kv | osrs: scpT., 1965

ORAWN 8Y: A.G. kutUK | Ficure vo. 2 O
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85 TOP OF DIKE

SO NORMAL HWICH WATER LEVEL

&L.O NORMAL LOW WRTER LEVEL

SCRALES : VERT. 1" =2.0'
HORIzZ. 1" = /0.0’

CELL 80TTOM ELEVATION

NOTES

1
I ROCK RIP RAP SHOULD VARY 1NV MASTER OF SCIENCE IN CIVIL ENGINEERING
SIZE FRON? 3 IN. TO B IN. OVER

A LEYER 121N, THICK RND _ UNIVERSITY OF MANITOBA
ARRANGED SO THRAT THERE ARE
NO LARGE VOIDS EXPOSED BETWEN

THE ROCKS. ‘ ORIGINAL PROPOSAL
2. GRAVEL AND RIP RAP LAYERS TYPE G
70 BE PIRALLEL To EACH
SLOPE . : , BANK REVETHMENT WORKS

PREPIRGDY BY: A.G.KULUK ORTE ¢ SEPT., 1965

PRAWN BY! A.G.KULUK Fisure no. 21
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about 1% inches thick, and arranged so that thers are no
large volds exposed between the stoness About & & inch layer
of coarse bedding material should be provided under the ripe
rap; the reason beling that riprap feilures sre generelly due
o erosion of the wmaterisl beneath the rock.

pecuuse the project invelved is smaller in muapaituds
than locwl projects, the size of rock was reduczoed o be 3 bo
5 dnches and the luyer reduced to 9 inchos.

bue to the cost invelved, It was decidsd thai this ape
prosch would be feasible eﬁlf if the protection would be linlte

od %o provide protection over ths weber level oporating range.
4 $ 19

" oy u iy P S I TP L S R
Tupe H - Collular Ooncrete Diock Devebment

;
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;
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axperinental work in wosbtern low York hos

s Heny a5 % 1. L ovon @ n 1 b ST T iy 5o 07y g e e &
that revelument of speclially desipgned celiular concrebe THVELe

e

vy g gy 5 n v e ) &35 Oy, 2 v e % 2 o o
meant has been very effactive ajainst sposive forces st Ghe

has provaen far superlor. However, unless bhese blocks are
masas=-producsd in great guantvities the cost locally iz proe
hibitative. PBecause the cost fRoLor Was not ascertained ab

the time of the program layout this resained a potential

sehenia,
Jeo Uede Pargons and L.F. nﬂm&ﬂﬂg ”u@liu Janvrctu Block Heow-
vetmant, (Pr@c@ Asiiolsalieny %Glume 9Ly Hoe W2, Paper

Ho, 6’.;3}.3.9 **)&J 9{)5))3 Pea . 2?@»




“he original prepeeal as discussed previcusly was pree

WEQIT SOV8INAL e

r
6]
(44

sented by the suthor at o reneral meoting
=Y Jov]

Presentatives of the Yaterworks and wWasve Disposal Divisico

of Netro and several University of Faniteba professors. i o
result of the meating the following chanres wers nuda:
1y, o

(1) “The ) on 9 mlape Propogal was elininated Jrow furthoer

consileration. In addition to the faets prasented why slopes

flatter than 1 on & wore unnecassary, Metre studlies indicated

that any slope Ilatter than 1 on 6 would be uneconsuical For
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[4:3
4
(2»
w
oF
4]
e

future insvallaticns. Therelore Lhe op
comparison of 1 on & %o 1 on &4 side slopes only.

{2} It was also sugrested ﬁhat the deaslzn wabter depth should
be increased by 2.0 feet to 8.0 feet. shis would pormit lagoon

3

operation up vo maximus water level if roquired.

R

the overzll luyout is shown on Pigure 22.
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Ingtallad Nevabmant works

AfGer tha dodlified Froposal was p%ea;:ﬁareai and presanted,
aumerous uwnexpected difficulties arcse which Jeopardincd the
ingtallation of the program. Yue Lo an unuawally wes Latter
summer and fall, congtructlion equipsent and laber Jorcos wore
extrenely diffie ul% L0 obtain. «ith these conditions vrevieil-
ing, in Jeptesber, ‘QGJQ it was decided that an instalistion
of the complete Modified Froposal was not pozsidla. Jor Lhoss
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reasocns the inssalled program as shown on



o~
e

X0 O RS Nmyyg

NN ON FXAD1

$961 YFE0LI0 ¢ SLra

XTI Dty 1 RG GIYHITYS

SYYOM  LNFWLINIY NNy 40
WEY905d 40 ANIHNIOTIATT

“NOCOYT  FOUMIS dOOMSTINEHID

FoLINGWY F0O ALISYIFAING
ONIAIINIONT TIAID NI FONIIOS o NI LSt

S

2

A

g

L0778 W
F0 J0L -~ : :

& 7248 | o Fake | 3 Fdhe l_ d 3kt | O Fahs T FIAL
_‘ N l d i <3
08 ,0F | .05 ,0F 08 | og

< LTIAOLZ = HLONTT S NOLLLS YA on

SAHIOM  LNTWLIATY AIFT7LULSN/

 NMOHS Str SNOILITS 9 —>]

TUS0d0Yd  TIFIFITOLYy

N LITS ZLE = HLONIT © SNOLLISNYYL Twnd3 & ANY SNOILLDIS LSFL 740dT £ —ad
INIg ;
20 JdOLT -
~ = ~ ~
ATISYFASIEAL 082l g w 2 m
ATTHIGNUONOT ,0F =, ST TS & N > N 3
THILLNIAL THY SNOILITS LSTL s m : m 0
17130 ADHWIZS 7 AVEGNODTS m . ¢ S
Iy
STLoN - m e >l ol . n
7407 g .2 g 25 |8
40 0L~ - .
Norarsnwysy NO/LD>3s _1say LQQL\.?\me 3 NOILDIS 1tSs31 | vorLssvezL
b, ze 1 , 88 YL ze ,88 1 zs
TESOSO0YS  TENIDI TS .
R LITL 265 = HLINTT © SNOILISNEYL T608F 2 aney SNOIL>3S USTL TnédF o
INIG
a0 0L ~ W ”
~
g 2 N N S
4 9 o 3
~N
U m 6 @ Y
o O G g
) N ™~ °
" 3 N \
20 I
% ,2e @ ,ze 8\ .ze ,.\m
NotusneyL] NOILOIs USTFsL NOILISNE Y.L T NOILD3FS LSIYL NOILISNEYL
ZE ,821 ,ZE - .82/ , 28




substantially from that gropossd ors ipinally,
The moat lnportant change mode was Shat the PrGITLAm
was limived o an instsllation of seotions at slopas of 2

on 4. The slopes wers sonstructaed by cutiing
&

Jogause the lagoon bowtewm did net have aspls cime o
dry properly, i1t was uot possible to install LYpe 3, wiich
was the belephone pole and pile installastion. Othor Changss
sade are discuggsd below.

Flpures numbered 23 o 27 illustrete the final cross
sections installed. I¢ should be noted That bhe alphabesic
syrbols used for the various types waro kept the game ag
thoso used in the original proposal.

Typa A = debullt Clav Slona

Ezs
@

“his remained the sanme as was praviousliy discusses

Ivpn o - Oranular Laver (Fisure 23

§

raglly acquired logal materisls wore ubilized. 2it
run gravel was used as a bass overlaid by 3 6o 1) inch die
amater orushad stona.

fypa 8 = vire Yesh over a febuilt Glav Slove {(FPlgure 24}

by 6 inch mesh was nob avaliable, 4

noh aquare wire mesh was installed. The anchors wers Sne

3»»

creasgd frowm 12 te 13 inghes to inaura better anchorazo.

Iype ¥ = Pit uap Gleyv kix (Figure 25)

This remained the samse as was wraviousld
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— 876 TOP OF DIKE

PESICN WATER ELEVATION 86.0

C— o— — Ch— C—

SCALES : VERT, 1"= 2.0'
HORIZ. {*= 0.0

CELL BOTTOM ELEVATION

)

ARSTER OF SCIENCE IN CIVIL ENGINEERING
UNIVERSITY OF WANITOBA

INSTALLED PROGRAM
| TYPE C
BANK REVETMENT WORKS

PREPRRED BY ! A.G. KULUK| PATE : OCTOBER /958

ORAWN BY! A-G.KULUK | FIGURE No. 2 3
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—  87¢ TOFP OF DIKE

11¢

SCALES * VERT: 1= 2.0’
HORIZ. 1” = 10.0’

CELL BOTTOM ELEVRTION

AASTER OF SCIENCE IN CIVIL. ENGINEERING
UNIVERSITY OF MANITOBA

INSTALLED  PROGRAM
TYPE F
BANK REVETMENT WORKS

PREPRRED 8BY ' A.G.KULUK
PRAwN 8Y: A.G.KULUK

DATE : OCTOBER, 1965

FIGURE NO. 2 5
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FX& TOP OF DIKE

» DESIGN KWATER ELEVATION &5.0

NORMAL Loy UIRTER ELEV. 810

SCALES: VERT 1"=2.0" .
HORIZ. 1% =/0.0'

CELL 80TTom ELEVATION

i

MASTER OF SCIENCE N CIVIL ENGINEERING
UNIVERSITY OF mMIRANITOBA

R

. INSTALLED PROGRAM
TYPE G

BANK REVETIMENT WORKS

PREPRRED Yt R-G. KULUK PATE @ OCTORBER, 1S5S

DRAWN BY & B.G.KILUK FIGURE No. 2 &
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876 TOP OF DIKE

DESIGN WATER ELEVATION 86.0

SCALES : VERT. 1"=2.0'
HORIZ. 1" =10.0'

Lo’

«  CELL BOTIOM ELEVATION

MASTER OF SCIENCE (N CHVIL. ENGINEERING
 UNIVERSITY  OF MANITOEAR

INSTALLED FROGRAM
TYPE J
BANK REVETMENT WORKS

| PREPARED BY'! A.G.KULWK | PATE: 0CTOgER, 19635

DRAWN BY: A.G. KULUK FIGURE NO, & 7
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