
THE UNIVERSITY OF MANITOBA

DAVI D

THE B-MILE CHANNEL

REGULATION PROJECT

by

GEORGE GILL

A THTSIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES

iN PARTiAL FULFILMENT OF THE REQUIREMENTS FOR THT DIGRIE

OF MASTTR OF SCIENCE

DEPARTMENT OF CIVIL ENCINEERING

li\lINNIPTG, MANITOBA

MAY,1973

MORPHOLOGY OF

LAKT WINNIPEG

t{si*r* 
Dd&}t}



ll

ABSTRACT

The Lake hJ'inn j peg Recul at'ion Proi ect cal'l s for the dredqi ng of the

B-Mile Channel , a large diversion channel at the north end of Lake l,Jinn'ipeg.

The entrance of thi s channel passes throuqh a hr'qh sand r j dge, t^rhì ch may

present difficulties in prec'ise assessment of future hydrau'lic performance.

The predìction of the depth-dìscharcle relationsh'ip is difficult to

ascertajn, and thìs aspect is stud'ied in some detail. Actjve fluvial

processes produce chanqes in channel morpho'loqy and possìhle i'ncreases

in channel roughness values. Most reasonable depths for expected flow

conditions are obtained. This aspect was studied hy utilizing accepted

depth-d'ischarge pred'iction techniques, and a hydraulìc model. It appears

that bedforms urjll not fully develop'in the lower reaches of the channel,

and from thjs the assumed design rouqhness value of n = 0.025 appears

reasonable. Sand removal, and bed movement from the channel entrance

were studied with the aid of a large hydraulic model; recommendations

for the construction of rock-filled dykes or slope cuts to alleviate this

bed material movement are present.

The alignment of the channel entrance was controlled by rock out-

croppìngs w'ithin Playgreen Lake, and th'is alignment was found to

propogate meander tendenc'ies in the lower reaches of the channel. This

meandering wìì1 probably initiate bank cavinç¡ in the downstream portìon

of the channel . Channel'izat'ion and stabil jzat'ion by rock removal and

spur dyke construction were also studied with the aid of the model, and

recommendations are made to control channel meander initjation resultìng

from the a'ì'ignment of the channel .
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CHAPTER I

INTRODUCTION AND CHARACTERISTICS OF THE B-MILE CHANNEL

l.l Introduction

The B-l4ile Channel is a divers'ion channel in Norther Man'itoba

'incorporated into the Nelson River Hydro-Electric Development. The B-

Mi I e Channel fl orvs North-l^lest f rom Pl aygreen Lake to Ki s ki ttogi su Lake.

Thjs Channel has been desìgned for maximum velocities of 4.3 feet per second

in the clay portjon at 56,000 cub'ic feet per second, (maxjmum recorded

flood, .l966), 
and for flows rangìng up to 80,000 cfs, the l/10,000 year

f I ood. 0f concern to the des'igners 'i s the channel entrance, as thi s

portion passes through a large ridge of sand and grave'l . The entrance

has been widened from 500 feet, to 800 feet, and eventua'lly to 'ì000 feet

to reduce the maximum florv veloc'itjes to 2.4 feet per second during the

1966 flood, through this very unstable sand ridge sect'ion. Durìng normal

operatìng condjtìons, 50% duration, the veloc'itìes are expected to range

between l-l 1/2 feet per second for thjs sectjon.

The B-l'lil e Channel as designed by llanitoba Hydro is assessed

through the use of a large hydraulic model. The basic purpose of the

model is to examine the changes ìn morphology or bed configuration. Also

very ìmportant jn the model study is the recent d.iscovery of large rock

outcroppings in the upstream por.tion of the channel. The rock outcroppìngs'

effect on velocity and meanderin'itiation is exanlined with the aid of the

model 
"

Several ìmportant questìons arise fronr the present channel desìgn:



(l) Wnat wjll be the volume of sand movement in the .l000 foot

wide channel entrance under normal operatìng conditjons?

(2) t^ljll the resistance to fìow (channeì roughness) change

apprecì ably vri th sand in mot'ion, and bed forms throughout

the lower reaches of the channel within the design range of

fl ols?

(3) hlill the eroded sand move easily through the lower c'lay and

higher velocity reaches of the channel?

(4) blill the channel entrance aiìgnment have any effect on the

f I olv 'in the channel and i s meanderi ng to be expected i n the

do¡nstream portion of the channel because of this alignment?

(5) l^ljll the rock outcroppings have any effects on channel flow

and meandening initìatjon, and if so what poss'ible remedies

would be recommended bv the use of the model ?

I .2 Locat'ion

The B-Mjle Channel is located at approximately 54

98 Ì,j.'ìongitude at the outflow end of Lake tnljnnipeg ìn

Manitoba. The water in the B-Mile Channel flovis bettveen

and Kiskittogìsu Lake jn a north-west direction.

See location plans, Fjgure l.l, 1.2 and Photo l.l

1"3 Geology

N. I at'itude and

the Province of

P'l aygreen La ke

.a, and l.l.b.

The land area surroundjng the B-Mile Channel has undergone ìce

age consequences. The area was at one tjme at the bottom of gìacjal

Lake Agassiz, subsequentìy covering the area with deep ìayers of lacustrian

lake bed material interspersed with deposits of sand and gravel eroded by



prev'ious glacial movement. The material aìong the channel route js com-

posed of sands, gravels, c'lays, and s'ilts. The entrance, or ì000 ft.
. sect'ion is most'ly non-cohesive sand, with 'intermittent I ayers of graveì

and cìay. The channel then narrovrs first to 525', then to a 425' wide

sect'ion where the material js mostly cohesìve clay. Soil log data uras

obtaìned, analyzed, and graph'ically represented in the three djmensional

channel sojl profììe. Fìgure .l.3.

For the purpose of this study a mean sand s'ize of 0.3 mm. was

est'imated to be representative of the 1000' channel entrance soil

cond'iti ons.

The entrance js a ridge of sand and graveì, be'ing eroded at present

by ìake wave actìon. Photos .ì.2 
through 1.3 shovr the settìng of the

entrance, while photos .l.4 through 1.5 indicate the type of material in

the ridge.

1.4 Model Setup

Many hydraulic prob'ìems are so comp'lex that they are virtuaììy

insolvable by theory or reference to ìmperica'l data. The questions posed

have substant'ial economic 'importance to warrant the use of a hydraulic

model to assess the B-Mile Channel" It should be noted, that w'ith

mob'i I e bed model s, the resul ts must be tempered by experì ence and

judgment, as these results are usual'ly qualitatjve rather than quantitative.

The bas'ic purpose of the model is to examine the changes'in river morphoìogy

or bottom configuration that results from changes jn bed load transport, or

the establishment of the stab'ìe bed forms. Photo 
.l.5.

Model details concernìng choice of scales, ìayout, operation and

instrumentation can be found 'in Append'ix A. Fìgure 
.l.4.



tq Bas'ic Assumpti ons

( I ) Fì ow f requency, Fì gure 'ì 
. 5

% of t'ime equal I ed
to or exceeded r{ Lr5

l oo 3 ,500
B0 I 4,000
50 2l,000
20 28,000
l 0 3'l ,000
I 56,000

l/10,000 80,000

(2) Al I desìgn vrork by Man'itoba Hydro based on backwater stud jes

and Manni ng ' s equatì on

v = 1.49 R2/3 s1/2 (l.t )
n

with n = 0.025

s = 0.0001 (channel bed sìope)

(3) Maximum design velocity for the maximum recorded flow, .l966'

V max = 4.3 ft./sec.

(4) For the purpose of model'ììng ease, ('i .e., space avajlabjlity)

the model layout is the mirror ìmage of the prototype.
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B-MILE CHANNEL

Photo l.l

AERIAL PHOTO OF DREDGING IN PP.OGRESS
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Aerial Closeup Photo of
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Photo 1 .2.a

Sand and Gravel Ridge at
B-Mile Channel . Sand is
by Littoral Currents.

the Entrance to the
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(Lookìng North)
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Fhoto I .3. a

Stratifìed Deposit of Fjne Sand at
Actively Erodjng Bank

Photo I .3. b



Photo I .4.a

Pit 'in the Rìdge at the Entrance to the Channel
(lookìng East)

Photo 'l.4.b

Sand and Gravel Strata shor,vn in Banks of Above P'it
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Photo of Sand and Gravel
Strata in Banks of Pit

Photo 1.4.d
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CHAPTER I I

DEPTH-DISCHARGT PREDICTIC)N



CHAPTER II

DTPTH- DISCHARGE PRTDI CTION

2.1 Introducti on

Thjs chapter deals rvith the predictjon of Depth-Dìscharge

relat'ionsh'ips, and the prediction of probable bed forms I ikeìy to

form in the 8-M'ile Channel. The predictjon of fìow depths for mobile

bed channels is one of the most difficult problems'in rjver hydraulìcs.

The B-Mile Channel ìs composed of cohesive and non-cohesive

bank and bed materìal. The upstream port'ion of the channel has a

desìgn w'idth of 1000 feet, and is mostly non-cohes'ive sand wìth

occasional lenses of gravel and cìay. From the data avajlable a

rough estjmate of mean graìn s'ize is determined to be 0.3 mm. The

channel width of 1000 feet'is ma'inta'ined for about 6000 feet, untjl

the bed material changes to cohesìve clay. The channel is then

reduced to a width of 525 ft., then to 425 ft., where a h'igher

range of velocjties can be majntained wjthout excessjve material

mo vemen t .

One of the aims of this study is to evaluate future flow

depths in the wìde 1000 foot sect'ion, and jn the narrow 425 foot

section. The amount of sand suppljed to the 425 foot section wjll

be less than its capabìlìty for transport. How wjll th'is affect

the bed forms and roughness of the channel ? If the roughness of

the channel is increased, then hìgher depths wì1'l be encountered. '

If the roughness js decreased, hìgher velocjtjes will result, and



more bank and bed erosion will occur than antic'ipated.

In the prototype, deììvery curves for Playgreen Lake and

Kiskittogisu Lake control the water level. For the purpose of

est'imating the possible hjgh vrater depth limits for both the 1000

foot and 425 foot sections, it'is assumed that bed material from

the 1000 foot section r.rill be sand whìch has been transported 'into

the 425 foot sectìon.

t¡lìth a mobile bed channel , bed forms must be consjdered when

predìcting a depth-d'ischarge rel atjonshìp. tinstein and Barbarrossa

(1952) proposed that the res'istance to flow jn an al luvia'l channel

'is no longer onìy reìated to qrain roughness, which is provided by

jndiv'idual grains of bed materìaì, but 'intimately reiated to the

form resistance. Bed forms have a s'ignìficant effect on the flow

resi stance in a channel . Tabl e 2. L

2.2 Bed Form Descrjptjon

In 1966, ASCE attempted to resolve any rema'inìng confusion

in describing bed forms by appointìng a committee with the task of

standardiz'ing the classification of laboratory and natural bed forms.

In their report, the ASCE task force (t000, p. 53) proposed the

fol I owj ng descrì pt'i ons and nomencl atures for bed forms i n al I uvi al

channel s:

(l) Bed Configuration - any array of bed forms, or absence

thereof, generated on the bed of an alluv'ial channel by

the fl ow.

(2) Flat Bed - a bed surface devojd of bed forms.
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(3) Bed Form - any devìat.ion, from a flat bed, that js readily

detectabl e by eye or h'igher than the I argest sed'iment s j ze

present i n the parent materi a] , generated on the bed of an

al I uvi al channel by f I olv.

(4) Ripples - small bed forms with rvave lengths less than

approxìmateìy one (1.0) foot and heìghts less than

approximately 0.1 foot.

(5) Bars - bed forms havìng lengths of the same order as the

channel lv j dth or greater, and he'i ghts comparabl e to the

mean depth of the generating fìow.

(6) Dunes - bed forms smaller than bars but larger than

ri ppì es that are out of phase r^rì th any vrater surface

gravìty lvaves that accompany them.

(7) Transition - a bed configuratìon consìstìng of a

heterogeneous array of bed forms, prìmarì1y low-amp1ìtude

ripples or dunes and flat areas.

(8) Antjdunes - bed forms that occur in trains and that are

ìn phase w'ith and strongly interact vrìth grav'ity water-

surface waves.

(9) Chutes and Pools - a sediment bed confjguratìon occurring

at relatìvely large sìopes and sediment djscharges, that

consjsts of large mounds of sediment which form chutes on

wh'ì ch the fl ow j s supercrì tj cal , connected by pool s, ì n

whìch the fl ow may be suprcrit'ical or subcrj t j cal .

See Fi gure 2. ì .
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2.3 Pred ì ct'ion of Bed Forms i n the B-Mi I e Channel

Engineers in many instances, have designed channels urith

the use of the Manning Equatìon to assess fìow depths. Usually a

constaht value of Manning's 'rì' has been adopted throughout the

entire depth range. More recently, a quantitatjve approach has

been strived folin order to predict probable bed forms in a

channel " Various bed forms have been generated in laboratory f'lumes

or observed'in natural channels, and measured flovr and sedìment pro-

perties, (veloc'ity, particle sìze, rate of sediment transport, etc. )

are related graphically to the bed forms. Approx'imate boundaries

betrveen bed form regimes can be established on the graphs. Various

jnvestigators have proposed graphs relatìng bed forms to hydraulìc

nrnnorfi oc

Bed form predìction is confined to the 1000 foot and 425

foot sections of the B-Mile Channel. In the 'l000 foot sect'ion,

with exceptìon of high floods, the velocitjes are expected to

remain low enough so as to ljmit the bed formatjons to ripples or

small dunes. However, at the higher flows, 40,000 cfs or greater

'in the 1000 foot sectìon, and any flows in the 425 foot section,

we can expect to observe varìous bedforms, dependìng on bed material

avai I abl e at any one I ocat'ion.

The followìng wjdely used techniques are used to predìct

probable bedforms in the'B-l'lile Channel':

(l) Albertson et al. (1958)

Refer to Fìgures 2.2, and 2.3

(a) Fìgure 2.2 - 'Criteria for Bedforms in Alluvial
Channel s'



' 
,n. ordinate 'is a dimensionless ratio of tne snear

ve'l oc ì ty,

J* = (gns)l/2 (2.1 )

to the term'inal veloc'ity of the sedjment, (Vr).

The abscissa is a spec'ial form of the dimensi'onless

Reynoì d's Number,

R = U*d (Z.Z)

"
vrhere d i s a representat'ive d'iameter of the bed

material, and v is the kjnematìc vjscosity of

wa ter.

(b) Fìgure 2.3 - 'Settlìng Veìocìty vs Partjcle Size'

(after Graf et al (1966))

The ordjnate is the mean particle diameter, and

the absc'issa is the settling veìocjty.

Usìng Fìgures 2.2 and 2.3, and the following in-

format'ion:

Q = 56,000 cfs S = 0.0001

drn = 0.3 mm = 0.000983 ft. SG = 2.65

v = 1.4 x lo-5 @ 50"

we obtain:

(a) for the L0q0' sectìon,

U* = (gDS )1/2 = O.Zq ' /s

R - U* dn, = 16.8

Vs = 40 mm/s = 0.ì3 '/s

U* = l.B5
V_'S
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From the figure, the bed forms indicated

are dunes near the transi t'ion zones.

(b) for the 425' sectìon,

U* = (gDS )1 
/2 = 0.295 ' / s

R - U*d*=21 .5

V

\/s 0.13 ft.
U* = 2.27q
From the figure, the bed forms ind'icated

are ant'idunes or Plane bed.

(2) S'imons et al . (1963)

Refer to Figure 2.4 'Relation of Stream Power and fledian

Fall D'iameter to Bed Form"

The ordinate is the stream power, computed as the product

of mean bed shear stress and mean flow ve'locity,

,o = yDS (2.3)

.oV = yDSV (2.4)

The abscissa is the median fall diameter of the bed

material, dm.

Usìng Figure 2.4 and the followìng informat'ion:

Q = VA Q.5)

A = l^jD Q.6)

Q = 56,000cfs S=0.0001

om = 0.3 mm = 0.000983 ft. v = 62.4 lb/ft3 rl

v¡e obtain:

(a) for the .l000' section, D = lB.0'
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A = hlD = 18,000 ftz

V - Q = 3.1 'ls
Ã

.nV = yDSV - 0.348 ft 1b/s/ftz

From the fìgure we find the bed forms indjcated are dunes.

(b) for the 425' sect'ion, D = 27.0'

A = WD = 11,500 ftZ

V - Q = 4'87'/s
-A'

.oV = yDSV = 0.82ì ft lb/s/ftz

From the fi gure, the bed forms j nd'icated are antìdunes.

( 3) Engeì und et al . ( I 966)

Refer to Fjgure 2.5 - 'Stabiì'ity of Varjous Bed Forms'

The ord'inate is the dimensionless ratjo of average

velocity over the bed shear velocity for the conditions

gìven. The abscissa is the Froude I'lumber,

Nr = -*u (2.7)
( gu/

V - ratio (2.8)
Ú;

Using Fìgure 2.5, and the follouring information:

Q = 56,000cfs S=0.0001

lde obtaì n:

(a) for the 1000' section

Nç - ---V-= 0'.13
(sD) r/'

\/ - 13.0
-U*

From the fìgure, the bed forms indicated are dunes.
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(b) for the 425' section,
\tNf = :-i¡,, = o'.ì65

(gD)t/'

V = 'ì6.5

U;

Frorn the figure, the bed forms indìcated are dunes.

From the previous outl'ined techn'iques and the resul ts

calculated, it ìs concluded that at flot^¡s of 56,000 cfs,

the bed forms w'ill be dunes, or antidunes.

2.4 Depth-Djscharge Prediction Technicìues

As discussed earlier, many 'investjgators have attempted sjnce

Ejnstein and Barbarrossa, to develop techniques capable of reljable

depth-discharge predìction. In th'is section, several of the more

widely accepted methods are anaìyzed and compared. The followìng

technìques are used:

(l) Einsteìn and Barbarrossa (1952) Method

(2) Engeì und ' s l4ethod ( I 966 )

(3) Depth-Adiustment, Ga'lay and Cheung (1972)

(4) Manning's Equation (.l889)

A brjef descrjptìon of each method, computations and graphicai

comparison of methods is prov'ided in Appendìx Bl, and 82.

2.5 Remarks

A graphical comparison, see Fjgures 2.12, and 2.ì3, shows

cìearìy the values predicted by the varr'ous depth-dìscharge Pfe-

diction techn'iques. The graphs showed:

(l) The Ejnstejn-Barbarrossa Method over predicted the depth
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'in both upper and I ovler fl ow regìmes, for an equi vaì ent

graìn roughness value of K = 0.3 mm. Hotvever, a marked

decrease in stage for comparable discharges was observed

when the K value t,Jas 0"2 mm. The k = 0.2 mm curve ìs

the median of all the curves.

(2) The Enge'lund Method yìelded good results in the lower

flovr regìme, but underest'imated the depth of flow in the

upper flow reg'ime. It should be noted that the range of

flows where this predjctjon was low is far beyond the

capacity of the B-Mr'le Channel .

(3) The Depth-Adiustment Method produced good results for the

entire range of probable discharges.

(4) By using the Manning's equatìon,

V = 1.49 R2/3 S1/2
n

(2.e)

the roughness factor, Ír, is a very important parameter in

determ'inìng the shape of the curve, and does not d'irectìy

account for bed form confìguratìon. As seen by the two

values of n used jn the predict'ion, tlte value of n = 0.030

produced a curve rvhich came ver)/ near to being the mean

curve of all the technìques used. In comparìson, the

value of 'Íì' whìch was adopted for the prototype desìgn

was n = 0.025.

(5) An ìmportant cons'ideration to be evaluated jn the

assessment of the Depth-Dìscharge Predict'ions are the

actual observations of bed forms and depths within the

hydraulic model.



14

I

2.6 Model Observat'ions of Bed Forms and Sand l'lovement

The hydraul ic model 'is a very useful tool t^rhen an estimation

of bed forms, major bars, and sand movement ìs attempted. As was

seen from the theoret'ical bed form prediction techn'iques, dunes or

antidunes are expected to be the predominate bed form. Thìs type

of bed form definjtely increases the channel roughness factor.

Comparìson of depth-discharge predjction techniques also proves out

the fact that bed forms do increase roughness, therefore increasing

depths.

Observations made in the model of bed forms and sand movement

downstream were as fol I ows:

(l) At 21,000 cfs, small bedforms were observed on the

channel bed in the 1000 ft. section. See Photo 2.6.1. Bed materìal

movement was confjned to occasionalìy observed individual gra'ins movìng

along the channel bottom. This material uras transported right

through to the 425 ft. sectìon. No bed forms were observed jn the

425 ft. section due to the fact that there was'insufficient bed material

in the sectjon to have any form. f4aterial moved as sheet flow through

the 425' section.

(2) At 40,000 cfs, bedforms were observed in the .l000 ft. section,

and were of notjceable heìght. See Photo 2.6.?. Bojls were observed

in the channel entrance. Sand movement occurred, and the bed material

entered the 425 ft. area and formed travelììng ridges, assumed to be

dunes or transjtion type bed configuratìon. Roughness was increased
I

by observìng deeper water for equivalent flows.

(3) At 56,000 cfs, there were defjnitely defined forms along

both sections of the channel. Boils were observed at the channel
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entrance. The bed forms were large and considered to vary between

dunes and antidunes. See Photo 2.6.3.a. Bed materjal utas readììy

observed moving aìong the entjre iengtlr of the channe'ì , continuous'ly

throughout the test time. Th'is material from the 1000 ft. sect'ion

vras transported 'into the 425 ff . stretch, where bedforms were

shaped, though small and infrequent when compared to the channel

entrance. These forms were probably antidunes, and were observed

to move dov¿nstream. See Photo 2.6.3.a., and 2.6.3.b. The roughness

factor of the channel v¡as def i ni te'ly i ncreased by these bed con-

fì gurati ons .

(4) At 80,000 cfs, the channel became very unstable because

of the increase jn flow velocìty. Bed forms in the .ì000 ft.

section were very pronounced. See Photo 2.6.4.a. Boils and eddjes

rvere observed at this florv. A considerable amount of bed material

was observed mov'ing downstream ìnto and through the 4?5 ft. section.

Bed forms were travel'lìng aìong the 425 ft. channel bed and seemed

to be defined as sheet flow of bed materìa'l. Bed material did not

cover the entire bed, thus not allowìng definite stable bed forms

to build within this portìon of the channel. The travellìng v/aves

of material vuere formed intermittently in the trans'ition to the

425 ft. section. See photos 2.6.4.b., and 2.6.4.c.

(5) Materjal ìn suspension was observed for all flows, but

coul d not be quant'i f i ed. Thìs materi al ori g'inated j n the channel

entrance, where severe scour from overbank flow was occurrìng.

Thìs suspended materjal was carrjed through the entire ìength of the

model without deposition.
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(6) Accurate descriptìons of bedforms in the channel were

not poss'ible due to the fact that ìn a hydrauljc model bed forms

are djstorted and not easìly recognized. The best observat'ion con-

cerning bed form configuratìon was that jn the 425 ft. section of the

channel, there was an jnsufficient amount of bed material being

transported and deposited jn the area to form any stable type of

bed confi guration.

2.7 Conclus'ions

As djscussed before, accurate depth-dìscharge predictjon is a

very difficult prob'lem. From modeì observat'ions and technìque com-

parìson, the followìng conclusions are nlade:

(l) All depth-dìscharge predictìon techniques except for one

trial of Einstein-Barbarrossa ('l 952), us'ing a K value equaì to 0.3

mm, were reasonably close in comparìson in the lovler fìoul reg'ime.

That is to say, the results for the 50% duration, (21,000 cfs) were

wjthin a two foot range, and for the ì% duratìon, (56,000) were

w'ithin a three foot range.

The range of results in the 425 foot section was sìightly

hìgher, and this can be attributed to the jn'it'ial assumptìon that

enough bed materjal vras deposìted in thjs sectjon to form stable

bed forms. The higher results indjcate what conditìons might occur

'in the narrow portion of the channel if indeed enough bed material

did line the channel bottom from the 1000 ft. sect'ion.

(2) A Manning's n value ranging between n = 0.025 and n =

0.030 is considered suitable"
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(3) Predict'ing mean veloc'itjes and subsequent depth-discharge

relatjons in the upper f'low regìme is very uncertain without actual

field:data to support the predìction. More reliable methods are

requi rred i n orden to accurately assess upper f 'l oul regi me parameters .

(4) Flows less than the l% flood can be accurately estimated

when depth predìctjon technìques are assessed.

(5) Seive anaìysjs is an extremely ìmportant factor when

using alì but the Mann'ing's Equation ìn the predictìon of depth-

dìscharge relations. A thorough soil survey with accurate analysis

is requìred if any pred'iction methods are relied on for desìgn

purpos es .

(6) Bed form analysjs in a moveable bcd hydrau'lic model js

lim'ited to a qualitative rather than a quantitat'ive assessment.

Trends and djfferences can be observed when comparìng different

segments of the model, and these can be related, with care, to

prototype conditjons. Roughness factors can be supported from

theoret j cal cal cul at'ion by observati ons of changes 'in the model of

d'i fferent parameters .
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CHAPTER I I I

BED MOVTMENT IN THE

B-MILE CHANNTL



CHAPTER III

Bed Movement in the B-Mile Channel

3.1 Introductìon

The entrance of the B-Mile Channel ìs composed chiefly of

sand, vrith graveì and clay 'lenses. See Figure 
.l.3. 0f sjgnìfìcant

importance is the a1ìgnment of the channel and flow through thjs

portìon. The most important questions ra'ised concernìng th'is 1000

ft. section of the channel are:

(l) lnlill a ìarge amount of sand be removed from the entrance

nder the normal range of flotvs?

(2) lllill the resistance to flow (channel roughness) change

appreciably with erratìc changes 'in entrance morphology?

(3) l^lill the alignment of the channel entrance have any effect

on the flow in the channel, and is meandering to be ex-

pected in the downstream portion of the channel because of

thr's al i gnment?

(4) l'lill the rock outcroppings have any effect on channe'l

flow and meandering initiation?

(5) Can the sand movement and meanderinitiat'ion be controlled

by the use of channel stabjlizatjon and channelizatjon

works?

These important questìons are d'iscussed jn three parts:

(A) Channel entrance cond'itjon (3-A)

(B) Meander injtiatjon condjtion (3-B)

(C) Possible stabil'ization and channel ization works

( Chapter IV)

t9
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2A CHANNEL ENTRANCE COIIDITIONS

3. A. I Introduction

Natural shoreline processes of vlave actìon, bank erosìon, and

slumping ìndjcate that under natural conditions this entrance por-

tion of the channel is undergoing constant change. See Photo 'ì.2.

The alìgnment and water flow variation have very detrimental

effects on the entrance in terms of sand movement, scour, degradation

and aggradati on .

The model study jndicates changes to the channel morphology.

The test'ing i ncì uded d'ischarges between 2l ,000 cf s and 80,000 cfs,

operated for a suffjcjent ìength of tjme for changes to establjsh

themsel ves.

The direct'ion of water fìow approaching the channel is a key

factor in the occurrjng changes. As can be seen from the photographs,

and figures included, overbank flow perpendìcular to the channel

flow direction creates water eddies and increased turbulence. This

turbulence consequentìy produces severe scour jnitjating at the bank

edges, and once the scour has begun, ìt continues on downstream in

varyìng stages dependìng on flow condition. Thjs sand movement,

and scour varies betu¡een s'light bank erosjon to severe scour patterns

whi ch cover the wìdth of the channel . F'igure 3. I .

A detail ed descriptìon of the conditions, v,rìth dìagrams,, and

photos can be found i n the fol I or^r'ing f i gures :

( I ) F'igure 3 
" 
A. I 2l ,000 cf s

(2) Fìgure 3.A.2 40,000 cfs
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( 3) Fi gure 3.4.3 56,000 cfs
(4) Figure 3.4.4 80,000 cfs

3.A,2 Model Observations

See Fìqures 3.4.1 * 3.4.4.

3.4.3 Sed'iment Transport

The quest'ion arises as to how much materìal wjll be removed

from the channel entrance. and what is a fair estìmation of channel

bed degradatìon.

Prel jm'inary computatìons, (Appendix C-'1 ), ind'icate that a

reasonable amount of sand may be removed from the B-Mjle Channel

entrance at higher flows, resultìng ìn an approxjmate rate of

degradatìon of one foot per year. Thjs approx'imated rate should

' decrease in t'ime, due to possib'le paving of the channel bed by

gravel lenses, and possible deposjtjon of sand jnto the entrance

by lìttoral currents jn Playgreen Lake.
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3.8 CHANNEL .MEANDER CONDITIONS

3.8.'l Introduction

The term "meander" 'is derived from "l4a'iandras" the Greek

name of a w'inding river in Asia l4jnor.

Meanderi ng resu'l ts f rom var j at j ons ì n vel oci ti es 'in a x-

section, local bank erosion and consequent local overloadìng and

deposition by the river of the heavier sediments which move a'long

the l¡ed .

Nearly a'11 ri vers exh j b j t some tendency to

wh'ich seem to be proportìonal to the size of the

curves seem to develop in symmetrical patterns.

Meander r^rave I ength ì s empi ri cal ì y rel ated

of effect'ive or domi nant d'ischarqe.

PLAN

Ban kful I
{

Po'int Bar
Depos i tj on

dpvplrìn â nâtfprnvH s Hquús¡

channel . These

to the square root

L
qJ
-o
-rõ
c_.)

E

Erosion

Depos i ti on

Meander l^lave Lenqth

SECTION X-X

Bank Erosion
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Determjning the theoretjcal meander wavelength of the channel

was done by folìowing the relationship deveìoped by G. H. Dury,196b.

The empìrical relat'ion L cr Q0'5 between meander wavelength and

bankfull discharge has proven to be real jstic 'in est'imate because

of the data used in the technique. Leopoì d and l^tolman (.l957) con-

cluded that bed width 'is determined directly by discharge, whereas

wavelength depends directly on w'idth and thus on'ly indìrectly on

dì scharge. l¡Javel ength shoul d range genera'ì 'ly f rom B-l 2 times the

bed wìdth. Sl ightìy higher ratios are used by practicìng eng'ineers

when flow is below bankfull (12:1). The technique ìs proven by

statistical connection. The data ranged ìn magnitude of flows

from 0.02 cfs to I mil l'ion cfs on the ltlissouri River. The sets of

data from the author and Leopo'ld and l,'Jol man accord urel I wi th each

other. Slope and velocity may not be jmmed'iately reievant in

determjning a general equation for vravelength. The basjc form of

the equation is:
R

- v^u_ t\vL

IL

nx

l/
N

B

Thp pn rra f i 6¡

for the data is:

L - 3oQo. 
5

For the B-Mjle Channel Q was

recorded fl ood, r¡rhi ch occurred j n

= power

used for the B-Mile Channel and the best fit

(3.8.1)

stream meander in feet

bankful ì capacì ty

(3.8.2)

taken as 56,000 cf s , tlre maximum

1966" This gìves a meander

= lvavel ength of

= di scharge at

= coeff i ci ent
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wavel ength of:

L - 30Q0. 
5

L = 7130 ft.
.Dury's method was checked usìng the technjques developed by

Leopoìd and l,Jolman (1960) and Inqlish (1947). 0n closer examìnation,

the Inglìs (1947 ) method produces a very tortuous meander pattern,

and was subsequently discarded as Inglis data was for incised rjvers

and rjvers on flood p'laìns, urhich is not the case of the 8-Mile

Channel . The Leopol d and lnlol man (l 960) method produced a wavel ength

of 7,200 feet, very close to the 7,130 ft. predicted by Dury.

See Appendjx C-2 for Leopold 8r lnlolman (.l960) meander wavelength

technique.

Model observations in the 425 foot section of the channel

indicated a channel meander ìength of approxìmately 7000 ft.

3.8.2 Model 0bservations of Meander Condit'ions

The observation of possjble meander patterns in the B-Mile

Channel 'is one of the most 'important purposes of the hydrauì i c model

study. Condìtìons and subsequent patterns can be easily identified

through the use of a moveabl e bed model .

The fol 1ow'ing questi ons are examj ned :

(l) [^ljll meandering occur wjthin the channel due to the

present al ignment?

(2) l^Jill the channel entrance cond'ition, scour, and bed

material movement affect the in'it'iation of channel I

meander?
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(3) l.l'ill the presence of rock outcroppings withjn the

channel have any effect on possible channel meander?

These quest'ions are discussed by mode'ì observations in:

, Fjgure 3.8.1 21,000 cfs
Fi gure 3.8,? 40,000 cf s

Figure 3.8.3 56,000 cfs
Fìgure 3.8.4 80,000 cfs

Note:

(l) Pictures and observatjons are made from a number of tests

at each flow condition.

(2) 0n the figures, the four majn channel outcroppings w'i'll

be named by theìr respective station numbers. Rocks 120+00, 'ì26+00,

l5B+OO, and 172+50.

(3) Dye tracìngs and float observations viere made and recorded

, to establ i sh fl ow patterns.

(4) The t'ime durat'ion for each test v/as suff jc'ient to al I ow

any changes to occur (up to 30 hours).

3.2 Conc'lusions

Channel bed movement is an extreme'ly'important cons'ideration

in the successful des'ign of a waterway. Changes in channel mor-

phology are easjly observable in a moveable bed model study. Care

must be taken when directly applying model results to prototype

condit'ions, as moveable bed model studies are more qual itatr've than

quanti tat'ìve

The following conclusions are made concerning bed movement

and meander in the B-Mile Channel:
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Channel Entrance

Overbank flow from Playgreen Lake r,vill cause bed movement and

scour at the channel entrance. As can be seen by F'igure 3.ì, over-

bank flow js perpendìcular to the maìn body of flow withjn the

channel . The sudrlen interaction of these opposing fl or,rs produces

turbulence, eddieso and water vortexes. The subsequent entrance

scour varied between local for the 2.l,000 cfs fìow, to severe at the

80,000 cfs flow. This bed movement causes scour, bed form formatìon,

and consequentìy increases the channel roughness factor. This

increased roughness factor reduces the expected effjcìency of the

channel .

Bed material d'id move out of the channel entrance at all

flows, and was ejther deposited'in the 1000 ft. section, or trans-

ported entìrely through the model. Large amounts of sand will be

removed from the channel entrance at flor,¡s less than the 50% duration

fl ow.

It is recommended that the excavat'ion of materjal along the

north shore between stat'ions 75+00 and 100+00 be omitted from the

desìgn. This portion of the north bank uras very ìnefficjent in

passìng f'ìow. Aggradat'ion of materjal scoured out of the entrance

occurred here to a s'ignìf icant amount, and because of channel

a1ìgnment, very low velocity urater, or reverse f1ow was observed jn

thi s sect'ion.

The excavation of bed materjal between stations 76+10 and

7B+10 to enable the channel bed to drop 3 feet is impractical.

Because of the nature of the bed materjal in this section, channel

a-l 'ignment and entrance scour, th'is steep sì oped area was ei ther
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qu'ickly eroded l*uu O, water flow, or fiìled in, leaving behind a

much smoother slope trans'it'ion.

It 'is recommended that channel entrance works, or bank slope

alterations be made to avoid the undes'ired bed movement out of the

channel entrance, ìf the origina'l design characterist'ics of the

B-Mile Channel are to be met.

The present al'ignment of the B-Mile Channel entrance will

initiate a meander w'ithin the channel at all flows. Through dye

rel eases, 'it uras observed that the maì n fl ornl stream entered the

channel from Playgreen Lake, along the midd'le of the channel, and

was directed tov¿ards the south shorel'ine. This meander initiation

continued on downstream from the entrance.

Channel Meander

The B-M'ile Channel will meander under all flow conditions,

more readì1y at higher flols due to jncreased water velocities and

bed movement. A theoreticalìy calculated meander length of 7,ì00

ft. wr'll be produced jn the B-Mile Channel, 4?5 ft. section, at flows

of 56,000 cfs. Th'is value l's supported by observed model meander

lengths of 7000 ft.
Present channel aì i gnment wi I I 'i ncrease meander i ni ti ati on .

Rock outcroppings wì'lì increase the meander tendencies at all flows.

Conversly, rock outcropp'ing removal wl'l I decrease the meander patterns.

Bed roughness urill be increased jn the localìty of rock

outcroppìngs due to increased urater velocjties resuìtìng from meander /'

trends. Scour along banks in the dovrnstream portìon of the channel

will be more pronounced due to channel meander, as ìndjcated by



28

II

vel oci ti es observed 'in the model .

Channel ìzation works (j.e.,

recommended to reduce meanderìng,

eros'ion .

spur dykes and

l-horohr¡ nrrnf :i'le¡,u, LvJ

revetments ) , are

ing bed and bank
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21,000 cfs'

The rock outcropptngs ln Playgreen Lake dfd shov evldence of gcour lmedlately

arouncl the rocks. Thls sas expecc ed and 1s not consldered to be the cause of any

712.2 feøt real problems. Thfs scour can be reaClly seer ln photos 3.Â.1.a,b, and c.

The ove¡ bank fLoz pher¿ :hg :ê:(e !a¡Èr i-¿v¿I c:¿.'?1s a1c:g th: ;'oore1lne'ånd

lnto Èhe ch¿nnel showei a 5=ight d?¿:ee oí turbulence Hhaa con:ng 1n:c:i¿c: wlrh

tllc In-cìrannel f1ou, Ti,e turbulence uas obserued by releasing <i7e at ';crÍous

posttlons ou:sIde of rho- channel banks. Thls rurbulence created eddLes anrJ higF

local velocl:tes, ::-.,js c;uslng sone bed naterial to be transported asay fror the

area. Tììfs sco',r Cre to the 21,ûiû flow is not severe and ls conflned to thc over-

flos area close to the bank, and does îot ei:!ìe i¿:re:;eam. lt should be noted that

cne model has rlp,ld banks and eroslon çould occur of ;i¿ berk materlal Èo aome degree.

It is also observcd that scour and bed novemenL oc:ur:¿..l oily at the north

slrore. The scoured Mrerlal deposlted 1¡self directly domscrean of che overbank

flow along Èhe north shore porclon of the channel, 1n the curued porEfon of the

channel between 6tatlon6 8û100 and 9û100.

UIÈ hÁ,L¿Aù:f,

SCOUR

Di,Pos i ricN

Flgure 3. Â.1
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r':-Yõiìjli: Ll,¡3 LjV3L ' 7I+,2 feet
:. j.Jt:I IT0GiSU l.li\.3 E.ìCr:t- ii.-ì LiV jL : 213. k5 f eet

UIÞ ¡1úIJIAòúù

sc0m

Frc. 3.^.3

56,000 cfs.

At 56,000 cfs, there was no appreclable scour around the rock outcropplngg

ln t-he Playgrcen Lakc portlon of the channel, probably due to the fact that Êhe uater

dcpth6 uere 1ar8c. TIrls can be eeen fn plroto 3,¡1.3.a.

ftere was, lrowever, a deftn{ce lncrease ln vater deÞths due to the rlse ln.becl

fom rouglrness. The hfgh flou of 56,000 cfs produced a consfderable amounc snd deprh

of over-bank flow, comlng lnto perpendlcular contact wlth the maln channel floç. Dye

relcases,ln the lake showed conslderoble turbulence uhen the naln chmnei flpw Has

1nÈerccpced, The resultlng eddles, vo¡texes and lncreased local velocftles 1nfÈ1ðred

constderable 6cour and eroslon beglnnlng at the north shore, ånd contlnuing on dom-

Etrean uncll tlre I000 fc. stra{ght section ças encountered, uhere the velocltiea

reached an equlllbrlun, See phoco 3.4.3.b. Scour was also lnlriated aÌong the Eouth

bank and novcd towards tlre center of the channel çhere larze scour holee occurred vhen

the scour pattern from the north bank was contacted. Ihe scoured matcrfal f¡om the

nortlr shore eas depo8fced along the curved portlon of the nortlì bank chere the

velocltlcs are lover than rhe rest of the channel, Thls can be seen ln phoro 3.4.3.b

and l.A,l.c. The bed elevaËlon vas raised up a nunber of feet fn this area, and the

vater 1n thls curvcd sectton wae dead saEer, or uater ufth excremely Lcw velocfÈ1ec.

The enÈrance condlÈfonB produced veloclty, and neander pactems undeelred

1n the channel,

FLgure 3. /,.3
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tß.3.A.4

80,000 cfs.

80,000 cfs Is tlìe one 1n Èen tlrous¡ncl floocj, and thereforc thc model

testfng aÈ thls flow represents the vor6t posslble condiclon that could occur. After

thls flou has ¡un for a number of hours, 1t ls readlly observable thac severe bed

nacerlal erosion and dcgradaclon HlII occur along the entfre Iength of the channel.

Due Ëo tlre hlgh Iake levels, the overbank fl-os from Playgreen l:ke fnÈo rhe 8-¡llle

ClìanneI 1s very slSnfflcant, Dye pac!erns, and observatlons clearLy lndlcace tlre severe

vacer turbulence, hlgh 1oca1 velocltles, and surf¿ce l¡ofls. The htgh flow'prodweo

hlBh velocftles, veloclcles lrigher than deslgned for, and the bed materlal easl1y noves

out of the channel entrance. Eroslon occured at boch the nórth and south channel tranka,

and contlnucd on domstream. The severc scour holes and larre beJ foma reducec to

bedfoms eììcre thc flov became smooth ln the 1000' 6Eralght sectlon. See phoro 3.A.4.a.

Tlrc bed movement dlrl occur, however, along the enttre lengch of the IOOO ft sectlon.

See phoco 3.4,4.b. The maln channel f1os, contacclnB rhe overbank flov perpcndlcutar

to lhe channel prodtrced lurbulcnce enoußh Èo cause scour across the entl¡e channel

vldth. The norch shore edge eroded flrst, bur the south edge folloçed soon ¡fter

untll they ln!eracted near the center of the channel. See photo 3.,\.4.c. The bed

Mterlal e¿s scoured dom to the bed rock ac certain locatlons 1n the channel entrancer.

6ee photo J.¿\.4.c to rhe Left cenÈer of the photograph.

Scour ¿È the rock outcroppings 1n Playgreen Has not slgnlflcant, probably <luc

to the depth of water over che rocks.

The 80,000 cfs flow produced defln1t.e channel entrance norphology changes, whtch

had s deflnltc deÈrlmencal effect on the hydraullc châracterlstlcs of the re6t of rhe

channel,

t¡
!\.'. /

U'

Flgure l. À.4
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FIC, 3.8. I

21,000 cfs.

r\t 21,000 cfs, the Hater depths are small, and consequenÈly, the MJor port.ton of the flos

1a c¡rrIed around ony naJor rock ourcroppings. 0bservaÈlone were made at the followtng polnÈ6

on the dlagram, by traclng dye partems along the channel.

Posltlon (t) channel entrance - vater on enterlng the channel flous along the aouth.bnnt an¿

contlnue stralghÈ domstream Co the flrst outcropp{ng6.

posltlon (2) at the outcropplnBs, IllT\flO and ill26+00, rhe wârer ie channeled around rhe

rocks, flrst to no¡th around the rock I2Gr00, md channeled to the south by rock l2Éf00, towards

the ccnter of che channel. Flov remins falrly stralghc dom the center of the channel until

rocks |.58+00, and I72+50.

poslcion (3) at rocks t58+00, the water flows around lc creating turbulence and scour around

the rock, and Èhe naln dlrecclon of the flos fs rhen dtverted eouth due to rock 172+50.

Posftlon (4) st the constrlctlon to 425: ånd curue In the deslgn of the channel, lntt!areg

a neancler toHarda the norch bank.

Scour 1s lndfcated on plan, aÈ channel entrance, and ourcroppings.

\e-:-<?.¿

Ftgure l.8,1
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40,000 cfs

^t 
40,000 cfe, Èhe flow of uater creacea a depth of sater ehlch-flous over the channel rock

outcropplngs. Dye traclnSs nnd float obsenatlons eere made to establtsh characterlsric flou
pat terns.

Posftfon (l) at the channel entrance, dead water uas observed ln the Mterlal depoalrfon
area along the north 6hore ônd the flow was dlrect.ed tovards the south edge of the channel.
Plroto 3.8.2,a.

Posltlon (2) tlrc maln body of flou uas obscrved to wander ¿ìcross tlìe channel touards
che north eclge uhere rock l2Gn00 dfrected thls uater aÈ the north slìo¡ellne. Velocltles uere
observed to fncre¡se 1n tlris sectlon. Rock 126+00, and the backvacer bcfore lt, redlrected the
wacer fIo? Eovards Èhe south 6horel1ne. SloH vater domstream of rock 12Gf00 preventeà thfB
uater from comlng a1l Ëhe way åcross lhe channel and dlrected the maln flow lnto the tranBftlon
zone,

PoslÈlon (3) rock 158+00 shoued water turbulence and scour around the rock. The water
novlng away from rock 158+00 uas turbulent vlth surface rlpples, and local velocltlea were ht8h
at the cdgcs. Rock 172+50 redirected the flow to Ehe south s'lde of the channel.

PosItlon (4) t¡e m1n body of flow enÈered the 425 foot sectlon along the south portlon of
the channel, and sas observed to meander back acrose the channel towards the north bank.

<tE

FIG.3.B.2

Scour voa evldent st the entr¿nce, and around tlìe ouccropplngs.
Some náterlal sa¡ obseryed movlng domstrean, c .l ..,' ()
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56,090 cfs

At 56,000 cfs, çater depths are large, and vater velocfEies are at roxfnun deslgned for.
Po6ltton (1) slov veloclt.y water area vas observed ln the entrance where deposltlon occurred

slong tlìe nortlr slrorc of thc ch¿nncl. See photo 3.4.3.b. Scour re6ulted from hlgh Iocal velocltles.
Thesc hlglr vclocltles contlnued doq the channel, movlng from the south towarda the north.

Poslclon (2) the flow pattern ls easlly recognfzed by obserulng- the patÈem fomed on the bed

form configuratlon. The htgh velocltfes 1n che min flow produce a pattern of neanderlng bed

foms around rocks l2Gl00, ¡nd I26+00. Scour occurred around both these rocks. Âe fn tlre 40,000

cfs, rock I2ùF00 dlrected thc maln flov to the north, ancì rock 126+00 redirected the flou covarde

thc south. Ac 56,000 cfs there ls enough Hater floslng over rock l2Ol-00 to reduce the dead sster
area domstrcan of the rock somewhat, The meander pattern was dlrected across the.honnå1 tõwards

the north eclge ln Èhe transltlon zone, Material along the north shore was noved out of chls

sectlon and domsrrcam, Scc plìoto 2.6.3.b.
PoslÈ1on (l) rock 158+00 had higlr locaI veloclt1e8 and sevcre vaÈer turbulence dolnstrean

of lt. Rfpples on the Hater surface uere obscrved, 6ee photo 3.8.3.b. Rock 172+50 produced hlgh

local velocltles along the north shorellne, and redl¡ecled the flos tovards the south t¿ok,
PosiÈ1on (4) flow was slong the 6outh bank cornlng lnto the 1¡25r sectlon, but nemdered

across Ètìc channel toua¡dg the north ehore. Thls 1s readlly seen ln photo 3.8.3.c.
Scort¡ vas observed 6t the entrance, the rock outcropplnga, and along the mln atream of fIov,

or the ¡lralwag of the channel. This bed movenenÈ clcarly deflned the po8sl'Dle neander patterns ln
the 8-H1le Channel ac thls 56,000 cfe. See photo 1.8.3.c.
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FIC,1.8.4

80,000 cfs

The 80,000 cfs flov 1s on extrene flood flov and ts deflned as tlre Mxlmro probobl. flor, ïre channel
uas not dcslSned co carry thls ¿mount of vater. Thls was easlly seen by observlng the model under thls
condlrlon.

Posltlon (l) channel entrance scour 1g seen in photo 3.4.4.c. Deposltlon and low veloctty vater la
observed aloug the north shorelloe. The maln flov 1s toçards tlre south edge'of the channel.

Positlon (2) the naln flow pattem is around the outcropplngs and nor dlrectly over. The t aluag of
the 8-If1le Ch¡nnel 1s secn easlly by dye releases, and by the p¿tEern of scotrr, or bed novement ln the
channel. 5ec photo 3.8.4,a. The maln flov fs direcred north, south and then north agafn a6 1c enter6 the

crtnsltion zone. The bed marerlal on che north 6lde of Èhe channel 1n the transltlon zone vhfch,ls st111

compose<J of sand ls erotlcd and transported domstream. See photo 3.8.4.b,
PoslÈ1on (3) rocks I58+00 and I72+50 have hlgh local velocltles along Ehe shoreltnes, shlch ul1I erode

the b¡nks. Turbt¡lence aod surface rlpples were observed around Èhe rocks. The naln flow and bed matcrlal
are dlrected from Èlte norÈlr sidc ofÈlre clìanne1 towards the south edge JusÈ as 1t enters rhe 425 fc. Bectlon
of channel. Sce photos 3.8.4,c and d,

Posltlon (4) che mln channel flov and movlng bed naterlal enters che 425 foot sectlon along the Eourh

ehorellne ûnd thcn meanders across the channel toçards the nortlì shorellne. This ls readlly ccen ln photoe

3.8.4,c ¿ncì'1,8.4.d.

Bed Mccrtal was observed movlng along the channel and contlnued through to the end of the model.

Conslderable scot¡r and bed movemenc was observed along che entlre lengÈh of che model.
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CHAPTER IV

POSSTBLT STABiLI/ATION AND CHANI.IELITATINN i^INRKS



CHAPTER IV

Possible Stabilization and Channel ization l¡Jorks

4. I introduction

Most rjvers, if left completely to thejr own devices, wììl

develop qual'ities that are at best inconvenjent to man and his

actjvities. One of the most common faults js the development of an

irregular course which offers high resistance to floods. The

remedy'is to tra'in the river jnto a more regular course, usually

by confìning it to some extent, but without interfering too

drast'ical'ly wi th the ri ver's own natural 'incl j nations. For pro-

tection from erosion and floods, channel real ignment, revetments,

' d.ykes, groi ns , I evees , retards , and ban kheads are empl oyed . in al I

cases, the ava'ilabjl jty of local materials and the accessibility of

those materials, may be the deciding factors for project feasibi'lìty.

As was read'ily observed in the model , the B-M'il e Channel is

very susceptible to scour, bed movement, and meandering. These

undesired affects are the result of the followinq Þrocesses:

(l ) a'lìgnment of the B-Mj I e Channel

(2) overbank flour and resultìng scour at the entrance to the

B-Mi I e Channel

(3) ìncreased velocjties from the entrance conditjons

(4) newly discovered major outcroppings in the B-Mile Channel

The B-Mr'l e Channel as desì gned, wìl I be adversely affected

by the resulting conditjons, unìess preventative measures are taken

to reduce the unplanned for alterations.

29



30

I

The dye patterns indicated the directjon of the main channel

flow. The velocìty x-sections and profiles'indicated the response

to var j ous al terat'ions . Si nce vel oc'i ty i s the ma jor parameter i n

bed movement, an accurate comparjson of velocitjes Ìs a good

'indicator as to the success of a particular channel ìayout.

Photographs were taken at the end of each test to vìsually compare

the channel bed under different condit'ions.

4.2 l,lodel 0bservations of Channel Entrance l4orks

As was seen jn Chapter 3.4, the channel entrance cond'it'ions

were undes'irable at all but the low flows, that is 21,000 cfs or

less. Flexible rock simulated dykes were bujlt and placed at

various pos'itions at the entrance to the B-MjIe Channel. A fIow

of 56,000 cfs was run for a sufficient length of tjme to assess

the effectiveness of a particular position.

See Figures 4.ì through 4.5 for further observat'ions and

comments "

As can be seen by notìng these figures, the overbank flow

from Playgreen Lake, flowing perpendicular jnto the ma'in channel

f I ow, caused r^rater turbul ence, edd j es , and vortexes . Rock dykes

were experimented with to establish their effectiveness. It was

qu'ickìy reaì'ized, that by reducing the overbank flov¡ veloc'ity,

scour of bed materjal was reduced to a negì'igible amount, dependìng

on dyke pos'it'ion used. Rock fìlled dykes of this sjze rvould be

very costly to construct, bearing in mjnd the locat'ion and availa-

b'ility of rock fill. An alternative solution to reducing the h'igh

overbank flow velocìty is to decrease the channel sìde sìopes



3l

I

suffic'iently ìn the scoured area to reduce water turbulence, and

allow for a smooth interaction of flows.

Considering that the B-Mile Channel is bejng dredged, the

add'itÍonal cost of increasìng side slopes wouìd be more feasible

than the rock filled dyke construct'ion, as rock js not ava'ilable

'in the ìmmediate area. Various sjde slopes rr'tere studied and a

side slope of 10:ì was decided on to be the most su'itable for model

testing. The l0:l s'lope was bujlt on both the north and south

channel banks, wi th the shorel'ine be j ng approx'imately j n the center

of the l0:l zone. From this slope area, a transjtional sìde-s'ìope

area was formed to blend ìn with the 3:l side slopes. The length

and pos'it'ioning of the l0:l side s'lopes, and transit'ion sìopes were

tested under flows of 40,000 cfs and 80,000 cfs. Observatjons and

, comments can be found on Figure 4.6.1, and 4.6.2.

4.3 Model 0bservat'ions of Meander Reduction

4.3. I Introduction

As was discussed earlier, channel meandering was initiated by

channel a1 ignment, entrance conditions, and rock outcroppings.

With channel a'ìignment being a constant jn the model, and entrance

condjt'ions being observed and jmproved, the changes to rock out-

croppìngs were studied'in order to further reduce the meander.

For the purpose of descrjptìon ease, the four major rock

outcroppìngs were g'iven the name of the station closest to the

rocks' center I i ne" The four rocks are I abeì I ed, #l 20+00, #l 26+00,

#158+00, and y17l+50, and will be referred to by these numbers

throughout the rest of the djscussjon.
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The model enabled experìmentations with various techniques of

stab'il izatjon and channel ìzat'ion, to control the adverse affects.

A number of trials were run with varying degrees of success. These

i ncl uded:

(l) groìns or dykes placed jnto the P'laygreen Lake at the

channel entrance

(2) spur dykes placed wjthin the channel

(3) varìous combinat'ions of rock outcropp'ings removed

(4) entrance sìde sìopes increased from 3:l to l0:l

In regards to the channel entrance, varjous works were tested

at the 56,000 cfs f'low, and upon reachìng a final design recom-

mendation, a range of flot,vs was run through to test the effectiveness

of the end result.

in regard to bed nlovement and channel meanderìng, tests were

run unden three conditions, at three djfferent flows. The condjtions

\^/ef e:

(A) all rock outcroppìnes removed,

(A) all rock outcroppìngs ìn pìace,

(C) partial removal of outcronpìnos.

The fl ows were:

(A) 40,000 cfs,

(B) 56,ooo cfs,

(c) Bo,ooo cfs.

The folìowìng observatjons were made during aìi phases of testìng:

(l) dye patterns,

(2) velocity x-sections, and profììes,

(3) photographs for comparison of bed movement.
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Various model runs t^/ere tried vrith rocks #126+00, and

#l58+00 beìng altered'in position, and spur dykes were placed ìn

. the channel at varjous positions to aid jn the reductjon of meander

patterns. Keepìng ìn mind that velocìty is a key factor in bed

movement and bank eros'ion, it was desjrable to do a velocìty

comparìson under djfferent conditions. A number of channel x-

sections were chosen as representatives of any probìem area. Flows

of 21,000 cfs,40,000 cfs, 56,000 cfs, and 80,000 cfs were discharged

under various rock conditions. These conditions ìncluded the re-

moval of all rock outcroppings beìow the channel entrance, no rocks

removed, or a partial removal of outcropp'ings.

4.3.2 Actual Model 0bservations

A large number of tests were run at various flovis and under

d'ifferent conditions. For the purpose of thìs thesìs, the flow of

56,000 cfs will be analyzed, vrìth photos, dìagrams, and comments

made random'ly concerning the other range of flows. An analysis of

veloc'itjes for all flows and condit'ions js discussed, thereby

indjcating the actual effectjveness of various layouts

Fìgures 4.7 through 4.10 will 'indicate the effectiveness of

the fol'ìowìng comb'inations:

Fìgure 4.7 no rock outcroppings in the channel

Figure 4.8 all rock outcroppings in the channel

Fìgure 4.9 rocks #126+00 and #l58+00 removed

Figure 4.ì0 spur dykes jn channel position I, and position II
All of the tests vrere each run a number of times to ensure

the results of any one test were not the result of some jnvalid



.3.3 Vel ocj ty Pattern Compari son of Rock 0utcroppi ng Removal

The condjtions as analyzed ìn the prevìous sections, Figures

4.1 through 4.10, produced definite vìsual d'ifferences jn bed

movement and meander pattern. In addjt'ional to the dye reìeases

and bed movement photographs, velocjty patterns were measured at

sel ected stat j ons al ong the channel . Mean ve'ì oc'i t'ies al ong the

centre line of the channel were assessed and compared to the velocity

profile calculated by Manitoba Hydro in thejr channel des'ign.

The velocìty was directly measured by the use of a Pygmy meter

along the channel iength. A number of representative x-sect'ions

were chosen, and velocities at various po'ints in the x-section

were measured under different conditions.

Velocjtv Profiles

I

condi tions . The

t'ime to allow the

movement and fiow

A mean channel velocity, V,

usìng Manning's Equation and the
^ r4/t <\/ - l.4g R-'"

n

34

flov¡s were majntained for a suffjcient length of

channel to stabilize itself ìn regards to bed

pa ttern s .

was calculated on computor by

contjnuity equation:

s1/2 (4.1 )

n

R

0

a

V

A

roughness val ue

hydraul jc rad'ius

s1 ope

Vn

di scharqe i n c. f. s.

average velocìty of flow

cross-sectional area of flow

l/1 ,\
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in orcler to compare mean velocjt jes for cl'ifferent channel

flows in the model , t,,rater depths were djrectly measured, the x-

sectional area was determined, and from equatìon 4.1, a mean flow

ve] ocity was cal cul ated . see Append'ix D. I for tabul ated vel oc.it.ies

from both model and l'{an'itoba Hydro data. Agaìn for the purpose of

this thesìs, flows of 40,000 cfs, 56,000 cfs, and 80,000 cfs vrere

run through the model vlith a partìal removal of rock outcroppings,

(i.e., rocks #.]26+00 and #lsB+00 removed). conditions of no rock,

or all rock rvere not calculated as the author feels one condition

indjcates the velocity trends to be expected in all other conditions.

A comparison of mean velocìties w'ilI indicate the closeness

of fit that the model cond'itions s'imulate as compared to prototype

conditions. The model results can also be used to assess the

assumptions of channel roughness used by Manjtoba Hyclro.

A comparison of mean velocjtjes can be found in the follovrinq

fi gures :

Fì gure 4.1 ì 40,000 cfs

Fi qure 4. I 2 56,000 cfs

Figure 4.13 80,000 cfs

Vel ocity X-Sect'ions

(rocks #126+00 and ll58+00 removed)

ll

The compari son of actual moclel vel oc'i ti es under di ff erent

condjtions indicates clearly the velocity trends to be expected.

Aìthough the local channel velocities measured vr,ith'in the model

may not be quant'itative'ly accurate, the general trends indjcated

by. modelìng varjous conditions, can be transposed for use in the

prototype. That ìs to say, any ìnaccuracy of model simulation is
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kept as a constant during the test'ing, and results can be related

to actual cond'itions.

Due to the importance of velocity as a parameterin all

estimations of bed movement and subsequent channel roughness and

meander changes, jt was necessary to conduct a wide range of

accurate velocity tests. For this reason, velocities vlere measured

a number of times under the same cond'itions, to allevjate any error.

The range of tests'involved flols of 40,000, 56,000 and 80,000 cfs

be'ing run through the model under varjous positionìng of rock

outcroppi ngs wì thi n the channel .

By observìng Fìgures 4.14 (40,000 cfs), 4.1 5 (56,000 cfs),

and 4.16 (80,000 cfs), the advantage of rock removal can be seen.

Some 'isolated read'ings may be questìonab'le, but in general , lookìng

, at all d'ischarges, and cross sections, defjnjte trends are observable.

4.4 Conclusions

Thìs chapter has dealt vrjth almost the entjre range of tests

done on the B-l4j I e Channel . For th'is reason, observat jons and

concl us'ions are numerous. Concl usions about observations from eacn

test wjll be presented jn pojnt form under the followjng headings.

A - Channel Entrance l^lorks

B - Meanderinq Conditions

C - Velocìty Comparisons

A - Channel Entrance lnJorks

The hydrauljc model of the B-Mile Channel proved to be

invaluable jn assessìng the effectjveness of channel entrance tvorKS.
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(l) Rock fi1led dykes effectively reduce channel entrance

sc0ur.

(2) Bed roughness is decreased v¡hen dykes are jn pos'ition.

(3) Rock filìed dykes should be pyramid jn shape and extend

above the v¡ater surface.

(4) The dykes should be almost ìmpermeabìe, and vary in

ìength up to lB00 ft.
(5) Effective reduct'ion of bed movement can be realized by

i ncreasì ng bank sì opes to i 0: ì , as outl i ned 'i n Fi gures

4.6.1 and 4.6.2.

(6) Increasing bank sìopes jn the channel entrance is a more

feasible way of reduc'ing bed movement than rock filled
dyl<es

(7) it is recommended that the entrance slopes be cut back

ìn dredged steps according to djmensìons given in Fìgures

4 ,6,1 and 4 .6.2.

B - Meandering Condjtions

The model was invaluable'in determining poss'ible meander

patterns, and in assessinq the effectjveness of varjous comb'inations

of r"ock outcropping removaì.

(l) llo rock outcroppìngs, is concluded to be the optìmum in

regards to minimizing channel bed meander. Fi gure 4.7.

(2) All rock outcroppìngs ìn place, proved to be the u;orst

condition of all studied in regards to bed movement and

meander initiation. Fiqure 4.8.
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(3) Rocks #126+OO and #l58+00 removed, djd reduce bed

movement and channel meander. Fi gure 4. 9.

(4) Channel spur dykes ìn p'lace, proved that by locat.ing sub-

' merged rock fjlled dykes in the channel, meandering ìs

reduced. F'igure 4.i0.

(5) Channel bed meander r.ij I I occur to some degree at al I

flows, regardless of what rock outcroppìng removal re-

commendatjons are ìmplemented.

(6) Removal of rocks 9126+00 and #l58+00 is recommended if
orì g'ina1 des i gn hydrauì 'ic character j st'ics are to be

maintained.

(7) Bed movement, and thalwag development are definite jn-

dicators as to the path of a channel meander.

(B) A moveable bed model study of meander conditjons should be

'incorporated into all channel design procedures where a

I arge capì tai expendì ture i s requì red.

C - Velocity Comparisons

The model was jnvaluable in studying ìocal veloc'ity patterns.

(l ) Mean velocìt'ies calculated us'ing model r,rater depths,

shoured a good correl at'ion wi th mean vel oc'it j es cal cul ated

by Man'itoba Hydro. See Tabl e 4.1 .

(2) The closeness of average velocities indicate that the

model of the B-Mjle Channel adequateìy reproduced prototype

condj ti ons of roughness. I

( 3) For al I fl ow condi tions studì ed, I ocal vel ocj ti es were

lowest v¡hen the channel had no rock outcroppìngs.
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(4) Local velocjtjes were the greatest when all rock out-

croppìngs were'in pìace.

(5) Removal of rocks #126+00 and #l58+00 reduced local

' velocitìes, reduced probable bank erosion around rock

#l5B+OO, and reduced channel meander in the 1000 ft.
secti on .

(6) Measured local veloc'ities in the model can quaì itatìve1y
jndjcate trends to be expected in the prototype.

(7) Local velocities measured in the 425 ft. and 1000 ft.
sections were h'igher than the calculated mean velocjtjes

by 1.0 ftlsec (max.) and 0.6 ftlsec (max.) respectìvely.

(B) Bank slopes and materials should be desìgned us'ing

expected local velocjties rather than mean flor¡r velocjtjes.

(9) Under the present conditions, banl< protectìon wìll be

requìred within the B-Mile Channel to prevent bank erosion,

which jn turn v¡ould alter expected hydraulic characterist'ics,

and aid in channel meander initiation.
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DISCHARGE ! 56,000 cfs

PLÁï0REEN LÁXB LEVEL t 214.2 feet

KISKITT0GISU LaKE BåCKWÀÎER LEIðL ¡

6 - MILE CHANNEL ENTRANCE CONDIÎIONS

I DYE RELgASES

(::5g#I9 SÎOIIE FILLED DYKES

,'!:î1) scorrR

r-----5
=:-:==:-- U¡.l,U) I Ij'tJ¡t

/lJ.q) reet

Posltlon I 56.000 cfs

the dykea were bullt out fnto playgreen Lake, parallel and on the rop

of the bank of the channel. The dykes vere conËlnued along the top of the

bank untll Èhe rock outcropplngs in the lake vere reached. The tope oi the

dykes vere above the vater surface, buÈ the dykes uere not conpletely imper_

vloue, some sater did seep betçeen the JolnËs. Thc dykes vere pyranfd in
shape.

After l8 lrours of runnlng t{he, the dykes produced very un<Jeelred effec¡s.
The cl¡annclfzatlon of thc frow vithrn Èhe dyke confrne increased rhe Eean

veloclty conerderably, and produced vlolent eddles withln the channel. rrfs
lncrcascd veloclty was eufflclenc enough to erode lhe bed, and acour the

materlal dom to the bed r¿ck. Thls can readily be aeen in phocoe 4.1,a ano

4.I.b. The scour holes snd bed movcmenË was mlnly elthln the centcr of thc

channel, but dld acour 6ome naterlal at the norrh Bhore. Large bedfoms were

predonlnate ln the channel, and vere reduced before the I0OO ft. strsfght

Bectlon waa reached, at approxlmtely Eratlon 96+00.

Flgure 4. J.



DISCHARCE ¡ 56,000 cfs

PLÀYGRItsN LÁKE L¿VEL r 714.2 feet

KrsKrrr00rsu LÀi(E BACK/¡ÀT3R lEv-¿L : 713'45 reet

8 - ì.IILô oHAIII¡êL ENÎRÄNCE coNDIIIoNS

DYE RELEåSES

wFÉ9 sroNE FTLLED DYKES

-:-- n?Dôcf TfôN
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Posltlon II 56,000 cfs

The dykes vere agalnbull! out lRto Playgreen Låke, but vere angled auay

ac an approxlmte 45o angle along the 6outh edge, and at a 30o angle along the

north edge. The dykes vere gently cuwed, not 6tralght as the statlng of ån

angle uould lnrllcate.

^fter 
l9 hours of runnlng clme, 1t ças observed thåt thls dyke posltlon

cercalnly rlecrcased the smounc oI bed move¡¡ent and scour ln che cltannel' The

ovcr bank flow from the lake lnto the channel was not perpendlcular but waB

gradrrally'eoscd' lnio the min channel f1ow. Thusly the¡e wae very 11tt1e

turbulcncc, eddy currenÈ8, and veloclfy lncrease' Hovever, there çaa aome

IocaL scour lnnedtately sgainst the channel edges, vhere the dyke becane paralleL

!o che cdge of the channel' Tlrls was noc consldered 6evere' and did not

nlgr¿te domstreom ae previously describcd. The nean veloclty ças kePÈ los'

and a Iarge arcunt of bed moveEent dld not occur in Èhe channel, ao only

rlpples appeaied 1n the channel entrance. All scour vas reduccd by otatlon

8û1.00, See photoe 4.2.a and 4.2.b.

Flgure k.2
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DISCIì.AR0E r 56, ooo crs

PLAYGREEN tÂKE LEVEL ¡ 714'2 reet

KISKITTOGIST LAI(E BACKW¡ITER LEIêL ¡

8 . I'{ILE cHÂNIjaL ÉNTaANoE CONDIIIO}is

M srollE FTLLED DrKEs

UII! tt¿ll!¡iùtrù

,(?,-:*<t scoil'R

lå:: D¡Posrrror

7I3.45 feet

Po6iÈ1on III 56,000 cfs

The dykes wele â8a1n built out lnto Playgreen Lake' wtth thc north dyke

belng placed further out, closer to the edge and then cuwed away at aPProxln¿tely

45o. The south sfde <tyke uae reduced ln length to 500 fc' and gently çuåed

away aLmost lmme<l1acely as iE protruded lnto Pl3ygreen Lak'e'

ilfter l8 hours of runnlng Elme thls posltfon was observed to be.che one

vhfch had leasc 111 effect6 0n the channel. Tte overbank flou vag not peìpcn<tlculr

anyvhere along the dyked nrea, and there vere no scour lloles 1n the channel entran(

The flow vaa obeened to be very unlfom, and strafght' The bed ua6 not dlaturbed

very much as che veloclEles vere kePt lov enough to 6coP all scour and severe bcd

mvenent. Á8 csn be seen ln phoco 4'3'a, Èhere was a deflnlte maln line of flos

vhich dld tend Êo erode a deflntte 1lne of bed movement dom the channel' T1ì[8

llne sould lndlcate the channel talwag' There sere no bed foms obsewed 1n the

entrance, and conaequently, the channel bed rem¡fned stoble 1n the entrancc under

thcse condltlons. There vas howcver, lncreased ecour a¡ourt'l Lrrc outcropPlng ln

the center of the channel furthest out lnto the lake' See Photo 4'l'o and 4'l'b

for pooled vater area.

¡ !gurù '+. J



DISCIiABCE t 56,000 cfs

PLÄYGREEN LAKB LEVEL ¿ 714.2 lEEt

KISKIÎTOGISU LAKE BACKWÂTER Lg\TéL :

8 - MILE CHANIIEL EIIÎÂj,NC¿ CO}IDIIIONS

O--¿ DYE RELEASES

æ srolle FTLLED DYKEs

,=.\ -,.(î1) scorrR

=:--=.--
=-=:_: U¿r.UùIIrUff

713.45 feet

Posltlon lV 56'000 cfs

This Poeltlon vas baslcally the same as III, excepr the 6outh dyke ua6

reduced about 300 ft' ln length and brought closer to the channel edge' A

reductl.on ln cost could be obcalned using th{s posltlon'

^fter 
lhe nomal runnlng tlme of 18 hours, severe reactlon occurred to

thls dyke orientatlon. overl¡ank flou from the lake was ¡erpendlcular oyer 
-

the bank edge, and resulted ln rurbulence, and vlolent eddles vhlch created

Iarge scour holes ln the channel. T'ltese scour holee mlgrated domstream and

touards the center of the channel. See photo 4'4'a and ¿r'4'b' The eouÈh

edge vae relatlvely unaffected by thls change' Sone materlal s¿s placed at the

leailtng coc6 of the dykes' and on che north dyke sas obsened to be eroded

and mvcd out by the Eurbulence of the sater' Thc channel eroslon md acour

vas ¡educed to minor'rlpplee'by statlon 91+00"

Flguro 4.1+
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DISCHARCB t 56,000 cfe

PIáTCREtsN LÁ-Kts LgVtsL t 714.2 feet

KISKITÎOCISU LÀKE Bi,CKr¡ÅTEn L&y"ôL ¡ 713.45 feer

+_-., DYE RELSÀSES

ær RocK FTLLED DrKEs

,'::î1) scoua

-----=:::-=j DEFOSIlI0H

Positlon V 56,000 cfs

The north uas Ieft untouched as 1ts posltlon seemed the nost advantageoua.

The south dyke vas lengthened and curved further ouÈ from the edge of the

channel cuc. 
^fter 

I8 hours of runnlng Èhis positlon proved to be the most

suftable for nlnlmlzfng channel entrance altercatlons,

Thcre uas no perpendlcular overbank flow, and thus turbulence and .HateJ

eddfcs were negllgiblc. The floc veloclty Has kept 1ow and no bed movffent or

6cour occurcd fn the entrance. 0nly sIlght rtpples occurred randomly ln the

channel. See photos 4.5.a and 4.5.b, Scour or movement of mcerial at Eoce of

dykes was ninlml, and no scour vas observed along the north or south banks.

Flous of 2I,000 cfa,40,000 cfs, and 80,000 cfe sere run rhrough rh16

particular eetup, and the same resulte were obsewed as che 56,000 cfs; no

gevere bed moveEent thåt could lncrea6e the channel roughneas.

Flguro 4. J



DISCHA-RGE : \o,000 cfs.

PLAYCREÉN LAK-S LEVÎL : 713.g feer

KISKITTOCISII LAKE BÀCKW,TTER LEVEI :

I - MrLE cHANNEL ENTRA¡;cE c0NDITI0NS

:-:=-_ D¿POSITION

-i î "^) scouR'-ç2-¿

,-ã DYN RELÁÀSCS

388
i++XRå
F{ r{ r{

7I2.9 feat

8R3+++33ã

40,000 cfs
¡tsure q.o.¿
-.- 

rr* 
"-oes 

vere bullt lnto both north and south channeì Ùanks as 1n flrst te6t, ÞuÈ the
transltion zone lcngÈh ças excended along both banks to hopefully ell.evlate all scour problenc.
North slope posltlons vere:

Station 66+00 - end 3: I s1ope, and beßin t¡ansltfon zone
Scatlon 72+50 - end transft.lon zone and begln l0: I slope
Statlon 79+00 - end l0: I slope and begln transÍrlon zone
Statlon 86+00 - cnd tronsiclon zone and contlnue on çlth 3:l elope

Souch slope posltlons aere:

Stat.lon 7l+00 - end 3: I slope and begln traisltfon zone
Statlon 75+50 - end rransltlon zone and begln I0:l slope
Statlon 85+00 - end I0:l 6Iope and begln transltfon zone
Statlon 9Or00 - end transftlon zone and contlnue on slth 3: I slope

After 10 hours of runnlng time che folloç1ng observatlons were mdc:
(l) dye rcleases from the souch lake slde of the channel lndlcated that rire lnteractfon of

flovs uas a srooth process, and t.urbulence and eddies uere mlnor:
(2) scour alonS Èlìe south bank was mlnlnal except for some mlnor local scour agalnst thc

bank tn tlìc cransltlon zone aE station 8lOO. See flgure and photos 4.I.6.a. to 4.1.6.c.
(l) dye releases from the north slde of the channel lndlcated Ehar thc lnteracr{ôn of flos

v¿s rcl.¡tively 6moot)ì, exccpt for the transftlon zone returnlng to the 3:l sfde slopcs, In ¿n

âttcmPt to compLetcly ellmlnate bed movement ¡long the north bank, the trðnslclon zonc waa ex-
tendcd 200 ft., houcver, reconstructlon of the transftlon zone did not resulÈ 1n a amooEh tran-
slcloo of slo¡e, but r¿tlrer a step-llke slope change. The dye releases ln thl8 partlcular €rea,
aror¡nd sÈ¡tlon 8¿+00, indlc¿fed same turbulence and eddles,

(4) due to thc abrupt change 1n slope 1n che t¡ansltlon zonc, scour and bed movement dld
occur a[ stôtlon 84+00, and was carrled ouÈ ln Ehe dlrection of the uln channel flow. and

reduced 1n app¡oxfm¡tely 500 feec, to smooth bed conflguration.
(5) bed trovemcnc ÂIong the channel domstreau vae reduced to elnor bed novement, and che

neanderinê qås not ae slgnlflcant as the test before.
(6) velocftles sere lover fn the channel entrance and 1000 ft. Bectlon vhen conpared to

tesc ln flgure 4.6.1,

ooÕooo+++
-l\OHC'- \o \o

Flgure \,6.2



DISCIIÀRGE : 56,000 cfs

PLÁ.YCREEN L.qX? LEVEL T 714.2 feet
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8 . MILE CHANNEL M¡ÀND¿R CONDITIONS
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56,000 cfs

FlRurc 4,7

The condltfon of no rock outcropptngs vas the crlterla used ln the orlgfnat deslgn of the charu¡eL

An anal)'sls of dye patrerns and bcd movement trends under thls condltlon ls very useful vhen comparlng

other layouts. Âs can be seen from the dye rele¿ses narked on the dlagran, the flow entered the channel

from ¡11 dlrectlons in the Lake. The maln flow of vater vas then dlrected touards the south bank dæ ro

thc channcl lltgnmcnt. Low veloclclcs vere obserycd near Èhe north shore vhere che bank le concave Eo rne

channcl. Thc main floç llnee then gradually wandcred towards the norrh e(tgc, sfth contacÈ belng 1n the

transltlon zone. Thls contact uas reflected 1n the fact that due to the hlgher water vcloclty of the maln

flov, bed materlal u¿s c¡oded fron tlrcnorth slde of the channel, The flow thcn vas ¡ed1¡ccÈed ac¡oaa rnc

channel toçards the south shore uhere 1t entered Èhc 425'sectlon. Once fn the 425'sectlon. ft neandered

scross the channel to the nortìr shorel!ne. Thls phenomenon can be eastly ldcntlfled by looklng âc pirotos

4.7 ' F¡on che <llagrams and photos, a deflnite meander pattern could be seen developlng by obscroing cne

talvag of Èlìe floH. In thfs conditlon of no rockoutcropplnBs, the leaet obvlous neander pas fomcd.

Ra.rQao.oaooo?????î???È\99f\o\oco.-{.-r\oocYry-oo\cocoñev\
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Flture 4.2
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+

cl\
Fl

713.45 feat

DEPOS I 1 IOÍ

^ 
56,000 cfs

Fleure 4.ö

Thc condltlon of no rock outcropplngs removecl ls the most lnportant one. for unttl the decfBlon ro
remove some rock ls nade' the rcsults of thle test HlIl lndlcate the condlclons shlch are llkely to occur
1n the channel. !Itth tlìe advent of the large outcropplngs being wlthln the-channel, a deflniEe ncander
pactcrn ci¡n be observed' by the release of dye, and the examlnatlon of the pactern of eroslon lnduced by
the maln fLou llncs or taluag of tl¡e channcl, The channel entrance condlÈ1ons are tl¡e same for thfs resr
as for the test vtth no rock ouccropplngs,

Tl¡c m¿fn fluH P¿ttern ls dlrcctcd lnto the south slde of the channel at the entrance, and as be[ore,
bcglns to vander towards the north shorellne, Rock //I2ûr-00 is of slgnlficant s1¿e, and acts as a srTb-

mcr¡¡er1 spur <lyke vithtn tl¡e channel, The result of thls, 1s Ehat the maln body of flov ls channeled aÈ

the nortlì shore, around thls large rock, Thls can be readlly seen fn the dlagram an<l on photos 4.8.a
throrrgh 4.8.c. Rock 17t26+00 also acts as a subnerged dyke, and redfrecÈs the Rrfn body flou back across
tlre channcl to tlìe south slde, Tlìe vster 1s then channelcd lnto the transltlon zone touarda thc north
shore llne, because of the rdead uaterr laying behind rock I2Gt-o0. Bccausc of the channel constrlcclon
due to tlre rocks, thc maln flou veLocity fs hlgher than deslgned for, and consequenrly a taluag ls eroded
fnto the channel bed around the rocks. Scour occurs along the north shore in the transition zone. Thc
uater 1s dfrectcd around and tosards tlìc Bouth edge by both rocks l5g+00 and 172+50, where it enrera crre

425' sectton along Èhe souch bank. Ae before, the watcr then vandera towards the north Bl.de of the
channcl. Scour 1s expccted due co hlgh local velocltIes, around rocks 158+00 and 172+50,
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56.oo0 cre

Flgure 4 '10

This l¡st trlal Involves the 1n-channel placement of spur dykes lmedlately doþnstream of rock 01ZO+OO,

The reason for placement {s that the ecour around rock ít2O+00 and the subsequent meander pJttem that uos

713.45 devcloped ças undeslred fron a deslgn polnt of vieu. The spur dykes uere placed approximately 500 fç., and

. 1200 fr. doqrstream of rock i/t2G+00 protrudlng perpendicularly out. from the south bank approximately 250 ft.
lnto ctìe chanrtcl flow. Twô 6pur dyl'-e helght6 uere trled; hefght I plactng rhe top of che dyke above the

' wåter level; lrclfllìc II Placlng the t.op of the dyke approximarely one half of the flou depth. Obvlous
differences çcre aÞDarenÈ,

lJtth ci¡l'.c pao,.u¿fng abovc the H¡ter leve1, the encire channcl flos was dlverted lnto the rem¿tn1nt
x-sectlon. Thls contractlon resulted ln a much hlgher mean velocity, and severc cirannel bed hovement sDd

scour d1d occur' See Plrotos 4.10.s tlrru 4.10.c. Thls scour deflnlrely lncrcased the cllannel rouShness
Wlth dyke onl.y one half of flow depth, very favourable results vere found. Some of the chônnel fIoH

vas allowed to pass over the dyke, but the m1n flow Has et111 channellzecl as rleslred ln the traosttfon zone.
Some local scour occurred around rock 0120+00 but nowhere âs apparent as vfth the dykes above rhe vater
aurface. As a result of the dyke placenent, lhe meander pattem Has reduced and the flow vae allgned
stralghÈ lnto che transltlon zone. Scour dld occur ln the transltion zone, but over Èhe entf¡e channel

. x-6ecÈ1on rsther than along the north 6iìore, ând noc åt a hlgh rate. The meander condltion6 for the rest
of the channel eere the Eame as for the other tegta. See Dhotos 4.10.d thru 4,lO,f,
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CHAPTIR V

CONCLUSIONS AND RECOMI,ITNDATIONS

5.1 Introduction

Th'is thesjs has dealt wjth a number of different topics

relatjng to the B-l4ile channel. For this reason, concìusìons and

recommendations are numerous, and will be presented in poìnt form

where possible under the following headinqs:

A - Depth-Discharge Predìctjon

B - Channel tntrance

C - Channel Meander

D - Channel Stabil'izatìon

5.2 Conclusions

The B-Mìle Channel hydrauìic model study provìded jnformation

about bed movement and channel meander, not obtainable by theoretical

calculations alone.

A - Depth-Discharge Predictjon

Accurate depth-discharge predìct'ion ìs a very diffjcult
probìem. For techn'ique comparison and model observations, the

fol lowing concl usions are made:

(l ) All stage-discharqe pred'ictìon technjques evaìuated

prov'ided comparable results in the lov¡er flow reg-ime

for the 1000 foot section of the channel.
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(2) The ranse of resul ts for the 425 foot sectl'on uras sl ìç¡htly

h'igher than origìnaì assumption of n = 0.0?_5, and this can

be attrìbuted to the in'it'ial assumptìon that enough bed

matenial was deposjted in this sectìon to form stable

bed forms.

(3) From model oh,servatjon of bed movement, insufficjent bed

material was available in the 42S foot sectjon to form

stable sand bed forms.

(4) A Manning's n value rangìnq between n = 0.025 and n =

0.030 is considered to be the most rel iable predict-ion

v,rhen al I techn ì ques are compared .

( 5) Predj ct'i ng mean vel oci tj es and subsequent stage-dì scharge

re'lationships ìn the upper fìow regÌme should be done r,rith

caut'ion vrhen actual fielcl clata to sunnort the prediction

is unavailable.

(6) Bed form analysis in a hydraulic model of thjs t.ype ìs

ljmjted to a quaìitative rather than a guantjtatjve nature.

(7) The sudden interaction of the opposincr flows in the B-Mire

Channel entrance produced turbulence, eddjes, and water

vortexes. The result'inq bed movement produced bed con-

fìguratr'ons i,'hich increased the channel roughness factor

thus reducìng expected efficìency of water conveyance.

B - Channel Entrance

(l) The model shows that overbank flornr from Playqreen Lake

'into the main stream flow of the B-Mile Channel will

cause scour and bed movement in the channel entrance.

The scour and bed movement occurned at the 50% flovt
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(Zl ,OOO cfs) and was maqnified as the flow \¡/as increased.

(2) The sudden jnteraction of the oppos'inq flows in the B-

Mjle Channel entrance produced turbulence, eddies, and

water vortexes. The result'inq bed movement produced bed

configurations urhich 'increased the channel roughness

factor, thus reducing expected efficiency of r^rater con-

veyance.

(3) Bed material, mostly sand, will be transported out of the

channel entrance at all flols, and deposl'ted in the 1000

foot sectìon, or transported entireìy throuqh the channel

to Kiskìttogìsu Lake.

(4) nt continued flols of 21,000 cfs or sreater, the rate of

deqradation of the sand bed would be approxìmateìy one

foot per year.

(5) This anproximated rate of sand movement shourd decrease

wjth time, due to possìble pavìng of the channel bed by

grave'l I ens es .

Channel Meander

( I ) Channel meander w'il I occur

at s us ta'i n ed h'i qher f I ols

and bed movement.

at al I f I ows , and more read'i ì y

due to i ncreased water vel oci t'ies

(2) A meander lenqth of approximately 7000 ft. can bre expected

in the 425 ft. section of the channel at flows of 56,000

cfs (the maxìmum recorded). Model observatjon of 'ìength

was approxìmateìy 7000 ft., while two theoretical

approxìmations of 7100 ft. and 7200 ft. r¡rere calculated.
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(3) channel meander will be increased in the dolnstream

portion of the channel at all flol^rs due to the rise in
channel bedrock outcroppìngs.

(4) Bed roughness r^r'il I be i ncreased in the I ocal'ity of the

rock outcroppìngs due to'increased water veloc'ities re-

sultinq from meander trends.

( s ) scour aì ong the ban ks r¡ri I I be more pronounced due to

channel meanderin the 52s ft. transitìon zone, and 425

ft. secti on .

D - Channel Stabilization

(l) Channelization works in the form of spur dykes, revetments,

and bank s'ìope alterations will decrease bed movement and

channel meanderi ng.

5.3 Recommendati ons

The B-Mile channel moveable bed hydraulic model enabled

research to be conducted with various channel'ization and stabil ization

works. From the numerous tests conducted, the following recommendations

are made:

A - Depth-Djscharge Predjction

(l) It is recommended that further stud'ies be undertaken in

relation to stage-dìscharge prediction in the upper fìovr

reg'ime .

B - Channel Entrance

(l) It is recommended that either of the follor^ring be adopted

in the construction of the B-lyile channel entrance to
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reduce the water turbulence, hìgh 1oca1 velocitjes and

subsequent scour, bed movement, and 'increase jn bed

roughness factors:

(A) Rock fiììed dykes, almost ìmpermeable, constructed from

the shoreline of Pìaygreen Lake, out into the lake, ìength

and position as shown in Positjon V, Figure 4.5. Dykes

are to be pyramìd in shape, and extend above expected

water levels in Playgreen Lake.

Availability and transport of rock fill wourd prohrab'ly be

economicaììy unfeasible, therefore recommendation (B) .is

hìghly favoured.

(B) Channel entrance bank slopes be cut back to appro-

xìmately a l0:ì slope with transition s'lope zones, length

and posjtions as shown in Fjgure 4.6. S'lopes may be

dredged ín steps as the overl-rank flow v¡ill smooth out the

step sì opes.

Channel l4eander

(l) In order to reduce channel meandering it is recommended

that rocks #126+00, and #l58+00 be removed completeiy.

Removal of these two rock outcroppings, #.126+00, and

#158+Og pi11 reduce bed movement and channel meander in

the 1000 ft., and 525 ft. transitjon zone. Bank scour

w'il I then be reduced in these areas.

(2) It is recommended that the dredge removal of material jn

the fol I owì ng areas be el r'mi nated :

(A) Excavat'ion of nlateri al al ong the north shore between

stations 75+00 and 100+00 be omitted from the desiqn.
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Th'is portion of the north bank was very 'ineffective -in

passing f'lor,r. Aggradatìon of material scoured out of

the entrance occurred here to a significant amount, and

because of channel alignment, very lorv velocity water,

or reverse flow was observed in this section.

(B) Excavation of material to desìgn bed elevation a'long

the south bank djrectly downstream of the larqe rock

outcroppìng, #120+oo be omitted. The material in th'is

section should be dredged down oniy to elevation of rock

120+00, and this continued untir the trans'ition zone area

is reached. Tests indicate that the main flornr of the

channel will be aligned much better for entrance into the

525 ft. transition sectr'on, and bank scour due to meander

rv'ill be reduced.

An alternative to the removal of this material would be

the construction of two rock filled spur dykes, length

and posit'ion as shown in Figure 4..]0. Both dykes reaììgn

the main flow into the 5zs ft. section, and reduce bank

scour assoc'iated with the meander pattern.

(3) It is recommended that bank protection be provided in

the transition zone area aìong the banks around station

145+00, and along the banks in the areas adjacent to

rocks #l 58+00 and I 72+50. The meander pattern and

velocity ìncrease in these areas make revetments sensible

recommendat'ions .

(4) It is recommended that bank protection be provided around

station l82+00 aiong the south bank jn the transition
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zone of 525 ft. to 425 ft. It is necessary here, as

bank scour due to hjgher velocjtjes is compounded by the

fact that a natural meander curve occurs at th'is location.
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I4ODEL DETAI LS

A. I Basjc Pri nci pl es

In order to have s jm'il itude v/e must have more than geometrìc

similiarity. similarity may be defined as a known and usua]'ly

ljmited correspondence between the behavior of the model and the

prototype, w'ith or ulithout qeometric sim'i'larity. usualìy ìt is

imposs'ible to satìsfy all the cond'itions for compìete si'm'iìarìty.

Therefore, we often s'impììfy the probìem to the ìnterpìay between

two major forces and develop a set of transfer ratjos wh'ich are

used to predict prototype behav'ior from model results. The desìgn

of a moveable bed river model is often more an art than a scjence,

and it requìres a substant'ial amount of experìence and judgment

to apply their results.

In order to complete simjljtude it requires that the two

systems, model and prototype, be geometricaì l¡1, kinematica'lìy and

jynamicaì ìy simi I ar.

Geometric sjmilarjty. Exists if the ratjos of all l'inear

dimensions are equa1. It is jndenendentof mot'ion of any kind and

jnvolves onìy sjmilarjty jn form.

Kinematic sinrilarity. This is similarity of motion. If
rat'ios of components of velocity at aìì sìmilar po'ints in geo-

metrical]y sjmilar systems are equaì, the status of motjon are

kinematical ly s jmjlar.
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D.ynamìc similarity. This

ì n geometrjcal ly and kj nenlatj cal I y

requìres that the ratios of forces

similar systems must be the same.

4.2 B-Mi'l e Channel lrlodel Des i gn

choice of scales

d'istortion )

distorted scale of

material composed of

(b) Scale rat'ios based on Froude Relatjonshìp

Length ratio X2 = Xr

\-
heìght ratio Y? = Yr

[ 
*subscrìpt:

I denotes model
undistorted model Xr = yr

2 denotes prototype
distorted model Xr I yr

rat'io undistorted distorted scal es

al
I uences verti cal

these factors a

al l:60, and bed

nos en .

(a) Factors vrhjch influenced

(l ) sjmjl itude laws
(2) avajlab'le space
( 3) avaj I abl e di scharge
(4) ava i l abl e bed matðri
(5) type of probìem (inf

0n consideration of

horizontal l:250, and vertjc

crushed walnut shells, was c

hori zon ta I

verti cal

a rea

vol ume

rral n¡ i *rrYUrVU¡UJ

dì scharge

ti me

r0ugnness

Xr

Yr

xr?

Xr"

Y11/2

yy5/2

xr1/2

xr1 /6

Xr

Yr

XrY r

xr2Y r
y11/2

xrY 13/ 2

xr/Yr1/?

y12/3/y71/2

I :250

l:60

ì : ì 5,000

1:7 .74

l :1 1 6,000

l.?? ?
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(c) Layout of model

See figure ì.4, and photos .ì.5.a 
anr.l 1.5.h.

(d) 0peratjon and instrumentation of model

l) discharge is controììed by recirculat.ing water through a

centrifugaì pump and sump system. The actual discharge ìs

control I ed by a val ve into a si x-foot urei r box r,¡.ith a rated

V-notch wier.

80,000 cfs
56,000

40,000

21,000

80,000 cfs
56,000

40 ,000

2l,000

0.689 cfs
0.483

0. 345

0.lBl

0.568 ft.
0. 493

n L7,2

0. 333

I .509

I .389

I .382

(0.768 ft.
0. 693

0 .632

0. 533

2) depth - depths are controred by the use of a dov¡nstream

gate, and the water surface 'is measured by a pojnt gauge

at the downstream end, corresponding to values from back

water curves obtai ned f rom lrlan'itoba Hydro. The pì aygreen

Lake or upstream lake elevation is checked by the use of

a poìnt gauge, to check the closeness of the model condjtjon

to the prototype.

Lake Leve'ls

model end
S' section 425' gauge

720 .9 f t.
714.2

713. B

713.3

7l q q

713.45

712 .9

712.2

0.784

0. 693

0. 666

0. 655
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Depths in channel are determjned by poìnt gauge on moveable track

car.

3) veloc'itjes - are measured by P'icrm.v current meter.

4) flow patterns - are measured by dye releases, or float

observations.

5) In a gìven test the model is operated for suffjcjent time to

al I ow condit'ions to become constant.
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It should be noted here that z varues for ilre equivaient

graÍn roughness were used.

k = 0.3 nlm & k = 0.2 mm

It was suspected that a sììght difference v¡ould produce

notjceable changes jn the shape of the curve.

B-1 .2 Engel und's l"lethod (1966) . A nevr approach was proposed by

Engelund (1966). He adopted carnot's formula for expans.ion

loss'in closed conduits to express the flow resistance due ro

bed forms:

s" = ov2 (r,)2 Bl .4
BgL D

where h and L are the wave height - from trough to crest, and

wave length of the bed form. o, geometrìc factor depends on L,

h and the depth D, s" is based on Einste'in and Barbarossa's

assumptìon that

S = S' + 5" Bl .5

in which the energy gradìent, S, consìsting of two components S'

and S", the gra'in roughness and the bed form roughness, respectiveìy.

Then, Engeìund introduced the djmensjonless shear stress and jts

components into the analysis

I = r| + lll
'* L*

in whjch r* =

_Ittr -

and rï =

r=DS
f(_s¡Ti; T.-TIT;-

DS'

Ts-il-d;
') õ

Ft oé
8- (-s¡-f¡

Bl .6

81 .7

BI .B

Bl .9
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where v ìs the specifjc wejght of the fluìd, s spec.ifìc gravity of

the sediment, l the scale rat'io for different streams, and F the

Froude number. The relatjon suggested by Engeìund and Hansen

(1967) was verifìed by p]otting the data reported by Guy, simons

and Rìchardson (1966) in Fr'gure Z.l .

The value of ti can be calculated by the relatjon of

rl = flSt = nrç- ìr( (s-tfdl 1-s¡Ti;
Bt .10

with D' determined by the logarithmjc resistance formula suggested

by Engeì und

V - 6+2.5 ln D' Bl .lt
/s¡ß

OJ

B-1.3 Depth-Adjustment, Galay & Cheunq (1972)

A concept of determinìng the res'istance to f'ìorv based upon

adjustÌng the measured depth to an equivalent depth in a channel

havìng grain roughness uras introduced by sjmons and R.ichardson

(1966). By ut'i'lizìng the foregoìng concept, based on the analysis

of f i el d data f rom di fferent 'invest'ioatorc - a compì ete depth-

di scharge technì que ì s devel oped.

The resistance to flow and the average veiocìty are evaluated

by adjusting the measured depth D to the adjusted D'which the

channel would have for the same slope, dìscharge and average

grai n roughness. The contj nui ty vrì 1 ì be

q = V'D' = VD Bl .12

where q ìs the discharge per unit w'idth, and v' the mean veloc.itv

of the equìvalent plane bed channel, defìned as
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V' = C'/{l /gDtS Bl .13

considering the diagram of the effect of bed configuratìon

on resistance to flow studied by simons and Richardson (1966),

the points for rìpples and dunes fall below the average roughness

of p'lane bed. The adjusted depth D'can be determ'ined by fìndìng

the difference necessary to adjust the rìppìe and dune form

roughness to average graìn roughness ljne so that

D' = D - ¡D Bl.l4
jn which ¿D is the jncrement in depth resultìng from the form

roughness. This difference, aD, between the measured depth and

adiusted depth is a measure of the effect of the form roughness on

res i stance to f I orv. Therefore, AD 'i s smal I for pl ane bed and

antidunes, reìat'ive]y large for rippìes and dunes and varies from

l arge to smal I val ue in transi t'ion zone.

In order to determjne the average gra'in roughness over a prane

bed with apprecjable bed materìa1, the von Karman-Prandil equat'ion

of velocìty djstribution near rough boundary of two djmens'ion

flow is adopted.

:L = Alnf*B Bl.l5
I' N
v*

and by ìntegrating

V = V* [A ]n (q) + (a-n¡] sl.lo
K

From the studies of the velocìty profiles, Sjmons and

Rìchardson (1966) proposed the constants A and B were equal, with

a value of 3.2 and the roughness he'ight k r^Jas approximately equal

to the dg' rize of the bed material, that is



V = 3.2tn(D)
v* dgs

jn whjch V* =ufgDs

and V = C'w/g
From equatjon 4.1 and 4.?

D' = VD

vt-

V' = C,/ {9 GDß
Then D' = (VD/C, ,tstt {-ù2/3
and nD - D-( Vo )2/3

r'lJ I Jgs

Appl j cati on

BI .IB

Bl .19

B5

Bl .17

Bl .20

.21

.22

.23

ñ1DI

a'lDI

BI

To present the usefulness of this approach, resìstance

diagrams correlatìng chezy 's discharge coefficjent c//g and the

rat'io of the Reynoìds number to this coefficient Ra, R* = v*D/v,

for different valuesof ¿D/D were developed in Fìgure 2.8 and Fìgure

49.

By appìyì ng the preceding rel at'ions to a rel ati ve'ìy straì ght

and regular alluvial channel with known sìope and sediment sjze

dbg, the average ve'locity may be determjned as follows:

(l) From known values of d5g and S, a selected value of D,

obta'in ¡D f rom Fì gure Z.j 0 .

(2) Compute V* = u(DS, LD/d, and R* = V*D/v

(3) Enter the values of AD/D and Re. in resistance dìagram

(Fìgure 2.8) and read the value of C/ /î.
(4) calculate the average velocl'ty to be expected in the

I ower f I olv reqi me
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V = V* C/[l Bj .24

(5) Determjne the bed form by enterìng the stream power toV and

the knovrn value of median fall diameter from Simons and Richardson's

criterion for bed form jn Fìgure z.ii. If the flovr js not jn the

lower fìow regime, the estimate of v shourd not be allowed.

B-l .4 Mann ì ng ' s Equa tj on

Manning ìn lBBg proposed a formurae which was rater

modifjed to its present well known form:

V = I .49 R2/3 S1/2
n

n = Manning's roughness coefficienr
R = hydrauljc radius
S = slope of channel

V = mean velocity

Th'is formuìae, and velocìty produced, depends on the veìocity

d'istr j but'ion v¡h jch 'is rel ated to turbul ence generated at the

boundari es. The val ue of Mannì ng's 'n' i s of great ìmportance

and can be reasonably evaìuated using the folìowìng procedure

( Cowan I 956)

n=(n0+¡1 +n2+ n3+n5)m5

n = fjnal roughness coeffjc.ient
n0 = ma teri al 'i nvol ved

nl = degree of irrequìarity of surface
nZ = variat'ions in channel x-section
n3 = relative effect of obstructions
n4 = vegetation
m5 = degree of meandering
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The values for these factors are listed in Table B.l.

Typìcaì values for llannìng's n are shor,rn in Table BZ, for

various types of channels.

(a) For the B-Mile Channet (1000'sect'ion)

n=(n0+nì+n2+n3+¡4¡*5

n0 = 0.024 for straiqht channel jn sand or f.ine gravel
nl = 0.005 for good dredged channel

nZ = 0.000 graduaì varjation
n3 = 0.000 not consjdering rock out-crops
n4 = 0.001 for mjnor vegetation growth

m5 = 1.00 for minor meander

n = 0.030

(b) For B-M'ile Channel (4ZS' section)

n0 = 0.020 for stra'ight channeì in earth
nl = 0.005 for good dredged channel

nZ = 0.000 graduaì varjation
n3 = 0.000 not considering outcroppìngs
n4 = 0.001 mìnor vegetatìon
m5 = I .0 for m'inor meander

n = 0.026

n = 0.025 uras adopted'instead of n = 0.026, as this value

v¡as used by Manitoba Hydro, and a comparìson .is he'lpful .

Thus for l'lanning's Equat'ion, two values of channel

roughness vrere used in predìctìng a stage-dìscharge curve.

n = 0.025

n = 0.030

comparing these values for the B-l'lile channer to Tabl e 8.2,

the range varied between 0.025 * 0.033 for a dredged channel,

unìform, stra jght, wìth I jttle or nor vegetat.ion.
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VALUES FOR COMPUTATION 0F MANNING'S 'n'

TABLT B. I

Val uesChannel cond'i ti ons

l,laterial
t' nvo I ved

Earth
Rock cut
Fine gravel
Coarse graveì

Smooth
l'l'inor
Modera te
Severe

n"0

0. 020
0. 025
0.024
0. 028

Degree of
'irregu'lari ty

0. 000
0. 005

r | 0.010
0.020

Variations of Gradual 0. 000
0. 005
0.01 0-0.01 5

channel cross
s ec t'i on

Aìternatìng occasionaì ìy n2
Al ternating frequently

Negf iqible | 0.000
Rel ati ve effect ¡,tjñor I 0.010_0.01 bof obstructjons Appreciable n3 I o.ózo-o.ogo

Severe | 0.040-0.060

Vegeta ti on

Lovl
Med i um
Hi gh
Very high

Iili nor
Apprec j abl e
Severe

11 n
+

0 . 005-0. 0l 0
0.010-0.025
0. 025-0. 050
0.050-0.100

Degree of
meanderì ng

I .000
m- | 1.150" I r.3oo
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VALUES FOR ROUGIINTSS C()E FFI C I Ei\¡T

TABLI 8.2

'n'

Type of channel and descrjption Minimum Normal Maximum

A Excavated or Dredged

a. Earth, stra'ight and unjform
I . Cl ean, recently compì eted
2. Cl ean, after vreatherì ng
3. Gravel , un'iform section, clean
4, Wìth short grass, fevr weeds

b. tarth, wi nd'ing and sì uggi sh

l. flo vegetation
2. Grass, some weeds
3. Dense weeds or aquatic plants'in deep channel s
4 . Earth bottom and rubbl e s-ides
5. Stony bottom and vreedy banks
6. Cobble bottom and clean sides

c. Dragìjne-excavated or dredged

l. No vegetatìon
2. Light brush on banks

Rock cuts

l. Smooth and uniform
2. Jagged and irreguìar
Channel s not maintajned, weeds
and brush uncut

l. Dense weeds, hìgh as flow
depth

2. Cl ean bo.ttom, brush on s j des
3. Same, hìghest stage of flor,r
4. Dense brush, high stage

Natural Streams

B-1. M'inor streams (top rnrjdth at flood
stage I 00 ft. )

a. Streams on pìain
l. Clean, straight, ful'l stage, no

rifts or deep pooìs
2, Same as above, but more stones

and lveeds
3. Cl ean , vrind'ing , some pooì s and

shoals
4. Same as above, but some weec.ls

and stones

d.

B.

0.016
0.018
0.022
0.022

0. 023
0. 025

0. 030
0. 028
0.025
0. 030

0.025
0. 035

0. 025
0. 035

0.01 8 0.020
0.022 0.025
0.025 0.030
0 .027 0. 033

0. 025 0. 030
0. 030 0. 033

0. 035 0. 040
0. 030 0. 035
0. 035 0. 040
0. 040 0. 050

0 .028 0. 033
0.050 0.060

0.035 0.040
0.040 0.050

0. 050
0. 040
0.045
0. 080

0.080 0.
0.050 0.
0.070 0.
0.100 0.

0. 030 0. 033

0.035 0.040

0.040 0.045

0.045 0.050

0. 025

0. 030

0. 033

0. 035



Type of channel and descniption l'li nimum Normal Maximum

5. Same as above, ìower stages,
more ineffective slopes and
secti ons

6. Same as 4, but more stones
7. Sluggish reaches, vreedy,

deep pool s
B. Very weedy reaches, deep pooìs,

or floodways with heavy stand
of t'imber and underbrush

b. Mountain streams, no vegetation'in channeì , banks usual ìy steep,
trees and brush aìong banks sub-
merged at hjgh staqes

I . Bottom: qraveì s, cobbl es, and
few boul ders

2. Bottom: cobbles with larqe
boul ders

B-2. Flood pìaÍns

a. Pasture, no brush

I . Short grass
2. High grass

b. Cultivated areas

I . No crop
2. Mature rovJ crops
3. Mature field crops

c. Brush

l. Scattered brush, heavy rveeds
2. Light brush and trees, ìn

winter
3. Light brush and tress, ìn

s ummer
4 . l'ledi um to dense brus h, i n

wi nter
5. I'1ed j um to dense hrrush, in

s ummer

d. Trees

l. Dense wjllovls, summer,
straìght

2. Cleared land v¡ith tree stumps,
no sprouts

3. Same as above, but with heavy
grolth of sprouts

TABLE 8.2 (cont'inued)

Bl0

0. 048 0. 055
0. 050 0. 060

0. 070 0. 080

0. r 00 0.1 50

0.040 0.050

0.050 0.070

0.030 0.035
0. 035 0. 050

0.030 0.040
0.035 0.045
0.040 0. 050

0.050 0.070

0. 050 0. 060

0. 060 0. 080

0.070 0.1 1 0

0.1 00 0. t 60

0. r 50 0.200

0.040 0.050

0. 060 0. 080

0. 040
0.045

0. 050

0.075

0.025
0. 030

0. 020
0.025
0. 030

0.035

0. 035

0. 040

0. 045

0. 070

0.030

0. 040

0.1l0

0. 030

0. 050
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IABLE 8.2 (contjnued)

Type of channel and descriptjon Mi nimum Normal Maximum

4. Heavy stand of timber, a few
down trees, ljttle underqrowth.
flood stage below branchðs

5. Same as above, but with flood
stage reaching branches

B-3. Major streams (top wjdth at
flood stage 100 ft. ) The n
value is less than that for
m'inor streams of simi lar des-
crìption, because banks offer
less effectìve resistance.

a. Reguìar sectìon with no boulders
or brus h .

b" Irreguìar and rough section

0. 080

0.100

0. 025

0. 035

0.1 00 0.1 20

0.1 20 0.1 60

0. 060

0.100
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BARBARROSSA METHOD
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EINSTEIN AND BARBARROSSA METHOD (1952
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5.5

2.2

t. 83

L .57

r.38

1.22

1. 10

0.734

0.550

,,r/6I\

8.4

12.0

i4 .0

I7 .0

18.5

22.0

24.0

27 .5

33. 0

38 .0

59.0

BB.O

V' = I.68 Dts

RIS

.Z mm = 0.000655 fr.

vtt

r 0.L76

0. 196

0.220

0.220

0.235

0.223

0.226

0.215

0. r95

0.181

0.153

0. L25

Rtt

9 .63

11.9

1s.0

15.0

77.t

15 .9

14 .4

1i.B
r0 .2

7 .27

4 .85

rt
lfr)

10. 6

1? O

18.0

19.0

22.t
2L .5

22.9
)') /,

20. B

20.2

22 .3

24.9

A

G12)

I0, 600

1 3, 900

lB,000

19,000

22, L00

2I ,500
22,900

22,400

20, 800

20,200

22 ,300
24,900

a
\crs,

l5, 800

32,700

55, 500

7 I, 100

96, 000

105,000

t24,000

1 33, 000

134,000

139,000

20 1, 000

27 3 ,000



] - EINSTEIN AND BARBARROSSA METHOD

S = 0.0001

\l = 425 ft.

No.

ft=¡¡tagtt
.)

R" = (V")'
gs

1

2

3

4

5

o

7

8

9

10

11

l1LL

ñlÃ

( 19s2)

') 11.(R') -' -

1^

2.0
?n

4.0
qn

6.0

7.0

8.0

9.0

10.0

15.0

20 .0

1.0

1 5q

2. 0B

2.52

2.93

J.J1

3 .66

4.00

4.34 
|

I4.6s 
I

I6.10 
I

I7.40 |

D35 = .2 mm = .000655 ft.

VEL
('/s)

vel. = 7.66 (es)% (R')2/3

1. 48

3. 0B

3.74

4 .34

4.90

5 .42

5.92

6.BB

9.03

10.95

Yr I v/v"
I fig. 2.6

1I .0

55

3 .67

2.7 5

2.2

r.83

r.38

I.22
r. 10

0.734

0.550

,,L/6r\

a/,

12.O

L4.0

17.0

18.5

22.0

24.0

27.5

33.0

38 .0

59.0

88. 0

\/rl

K = .2 mm = .000655 ft.

Y' = 1.68 Dr_s

R'S

0"L76

0. 196

0.220

0.220

0.235

0.223

0.226

0.215

0. 195

0.iBl
0.153

0 .125

R'' IR
| (ft)

TL.9

15 .0

15.0

t7.r
15.5

r.5.9

L4 .4

II.B
LO.2

7.27

4. Bs

10. 6

13. 9

18.0

19.0

22 .1

2t .5

22.9

¿¿.4

20.8

20.2

22 .3

24.9

ö
Gtz)

4 ,52O

5, 900

7,650

8, 080

9,400
o 1qaì

9,740
q 5?o

B, 850

8, 600

9 ,480
10, 600

a
(cfs)

6,700

13, 900

23,600

30, 200

40, 8oo

44, 800

52,900

56,400

56, 900

59, 100

85, 600

i 16,000



2 - ENGELUNDTS METHOD (1966)

s = 0.0001

W = 1000 ft.

No.

I
2

3

4

J

h

7

R

Y

10

It
L2

I3

I4

15

L6

1'7

18

19

20

2I

s = 2.65

ñtU

(fr)

I

2

?

4

5

h

7

B

9

10

IA

T2

T4

15

L6

17

18

19

20

2I

VEL
('/s)

r.13

L.73

2.22

2.65

3. 03

??e

4.02

4 .3r

4.s9

4.86

5.L2

5 .37

5 .85

6 .08

6.30

6.73

6.94

7 .t4

Ttlt = Dt x S-;---;-ì-----(s-rjd^

h+ I
l"

d65 = .6 mm = 0.00L97 f.t.

0 . 0616

0.r23
0. 185

0.246

0. 308

0.370

0.431

0.493

0 .554

0.616

0.678

0.739

0.801

0.862

0.924

0. 986

1 .05

1.11

T,L7
I 1aL. ¿J

t.29

VEL

"n Lc

rrB. L-t

=6+2.5 \n Dr
¿o65

d, = .3 mm = 0.000983 fr.

0 .392

0.397

0. 559

0.683

0 "787

0 .880

0.963

1.04

1.11

l.18
L . ¿L+

1.30

1.36

r .42

L.+/

I .52

| .57

r .62

r .61

I .7l
L.76

D

(ft)

o.J/

6 .45

9 .07

li.0B
12.78

L4 .3

15.6

L6.9

IB. I

19.1

20.2

2r.2
22 .1

23.0

33.9

24.7

25.5

¿o.J

27 .I
27 .B

)9, q

d
n(f t')

6,370

6,450

9,070

11, 100

12,900

14 , 300

15, 600

t6, 900

18, 100

19, 100

20,200

2I,200

22, L00

23,000

33,900

24,700

25,500

26,300

27,I00

27 ,800
28, 500

a
(cfs)

7,170

LI,200

20,100

29 ,300
3B, 700

48, 300

5B,000

67 ,g0o

77 ,800
87 ,900
98,100

108, 000

llg,000
L29,000

140,000

i50,000

161,000

171,000

1 82, 000

193,000

204,000



2 _ ENGELUND'S I"IETHOD (L966)

S = 0.0001

\t = 425 Ít.

No.

1

¿

3

4

o

7

I
!l

10

l1

s = 2.65

Ììt

(rt )

I

2

3

4

J

,o

7

8

t0

II
L2

13

T4

15

16

L7

1B

19

20

21

VEL
('/s)

1.13
1 11

2.22

2 .65

3. 03

??a

3.7L

4.02

4 .3r

4.s9

4.86

5.12

5 .37

5.61

5 .85

6. 0B

6. 30

6.52

6.73

o.Y4

7.r4

T*t=DfxS
-t------:-i-(s-r ) d ò̂

I2

13

I4

15

I6

I7

1B

19

20

2l

T+lr..

d65 = .6 mm = 0.00197 ft.

0.0616

0 .123

0. 185

0.246

0. 308

0.370

0.431

0.493

0 .554

0.6L6

0.678

0.739

0.801

0.862

0.924

0. 986

1.05

1.11

I.T7
r.23
I ?a

VEL
gub

rrË. L-t

=6+2.5 ln D'
-"65

d" = .3 mm = 0.000983 fr.

0.392

0.397

0.559

0.683

0.787

O. BBO

0.963

L.04

f . ii
1. 18

1.24

1. 30

I .36

r .42

r .52

r .57

L.O¿

L .67

T,77

1.76

D

(ft)

o.J/

6.45

9.07

11.08

12.78

I4. J

15.6

16.9

18. 1

19 .1

20.2

27.2

22.L

23.0
?? q

')/, 1

25 .5

27 .7

)7 L

?R q

ó
G12)

2,7 L0

2,7 40

3,850

4,7 r0

5,440

6, 090

6,630

7,790

7,700

8,130

B, 5go

9,010

9, 3go

9,780

10,200

10, 500

10, 800

11,200

11,500

11,800

12 , 100

a
(crs.,

3, 050

4,750

B, 560

12, 500

16, 500

20, 500

24,700

28, 900

33,100

37,400

4L,700

46 ,000
50,400

54,900

59, 300

6 3, B0o

68, 300

72,800

77,300

8 1, 900

86, 500



3- DEPTH ADJUSTMENT METHOD

S = 0.0001

l^l = 1000 ft"

0.4

¿.¿

4.3

Rq

QA

1rì q

l1 at

1,y* = (gDS)',

1

5

10

T2

15

IB

20

25

30

DSO = 0.3 mm = 0.000983 fr.

v=l.4x1o-5G50o

0.40

0.44

0 .43

0.46

0.46

o .47

u. ¿+4

0 .42

0.37

Rrx = V)kD

V

0 .0567

o.127

0. 180

0. r97

0.219

0 .24r
0 .254

0. 283

0.311

4 .02

728

r6B

¿JJ

308

361

502

663

V=V*
ì

( o\4\0/

6?

9.5

10.2

10 .7

11.0

11.0

II .7
12.6

i3.8

n ?57

| .2r

I.84
2.LI
2.4r
2 .65

2.97

3.57

4.29

Álô'itr'> i i.r,r

1, 000

5,000

10,000

12,000

15,000

18,000

20, 000

25,000

30, 000

357

6,000

lg ,400

25, 300

36,200

47,700

59 ,400
89,500

Lzg ,7 00



.)
J- DEPTH ADJUSTMENT METHOD

S_ 0.0001

425 ft.

No. AD

fig.2.I0

I

2

3

4

0.4

2.2

qq

6.9

8.5

B.B

i0. 5

11.0

(

D

(ft)

7

B

V* = (gns)%

I

5

i0

I2

i5

18

20

25

30

AD/D

DSO = 0.3 nm = 0.000983 fr.
v=l.4xlo-5G5oo

0 .40

0.44

0.43

0.46

0.46

o .47

0 .44

0.42

o .37

R* = V*D
V

R/. .)

x1 0-'

0.0567

0 .127

0. 180

0 .191

0 .2r9
0.24L

0.254

0.283

0.3i1

4.02

4).-L

r28

i6B

LJJ

308

361

502

663

"/ 
le

fig. 2.8

V*c+
G)n

lo .2

r0.7

11 .0

1i.0
1,1 .7

t2 .6

13.8

VEL
('/s)

0.357

I.2L

7.84

2.tI
2 .4I
2 .65

2 .97

4.29

A

G12)

425

2,I20
4,250

5, 100

6,370

7,650

8,500

10,600

12, 800

Y
| 

^ÎC 
I

752

2,570

7,830

10, 800

I5,400

20, 300

25 ,300
37 ,900
54,700



_ I"IANNINGIS EQUATION

V

a

W

n

111 11.I.49 x R''' x S"'
"

VxA
0.0001

1000 fr.
0. 025

No. D,-
\r L,,

\/FT"""'('/s) ( tf - ) Q ("rr)

1

2

.)

4

t)

7

B

9

i0
1i

I2

13

T4

I5
1/IO

2

4

o

B

10

I2

I4

16

18

20

22

24

¿o

Ltt

30

JZ

ô oq

I .50

r.97
2.39

2.77

3.13

3 .47

3 .79

4 .10

4.40

4.Oö

4.96

5.50

s.76

6.01

2, 000

4, 000

6, 000

B, 000

10,000

12,000

14,000

16, 000

18,000

20,000

22,000

24,00o

26,000

28, 000

30, 000

32, 000

1, Bg0

6, 010

11,800

1g , 100

27,700

3 7, 500

48, 500

60,600

73, 800

87,900

103,000

1 i9, 000

1 36, 000

154, 000

L72,000

t92, 000



4 - },IANNINGIS EOUATION

aìY

S

I^l

n

)la ,_/Z
1.49 x R-'- x S'

"
VxA
0.0001
/,1q, Ç+
-LJ LL.

0.025

No. D,-, r(rrl \/tr'r'"". / | /-\
\ / !;,, ( tt¿ I Q ("r")

i
2

3

4

o

7

x

9

10

It
L2

13

T4

15

t6

2

4

o

8

10

1ô
LL

I4

16

1B

20

22

24

26

28

30

J¿

0. 95

1 .50

r.97
2.39

2.77

3.13

3 .47

3.79

4. 10

4.40

4 .68

4.96

5.24

5 .50

5.76

6. 10

850

1,700

2,550

3,400

4,250

5, 100

5, 950

6, 800

7,650

B, 500

9, 350

10,200

11,050

1I,900

L2 ,7 50

13,600

804

2 ,550
5, 020

8,110

11,900

I5, 900

20,600

25, 800

3t, 300

37 ,400
43,800

50, 600

57, 900

65, 500

73,500

8 1, 800



-" MANNING?S EQUATION

V
) /" 1lZ

L.49 x R-'" x S'

"
VxA
0. 000 l
1000 fr.
0. 030

x

S_

No. D,-I Tr I
\/trT'""'('/s) f f f - |

I
L

J

4

5

o

7

ö

9

10

11

L2

I3

L4

I5

IO

z

4

o

B

10

L2

L4

L6

iB

20

22

24

¿o

2B

30

32

n70

1.25

r .64

1.99

2.3r
2 .6r
?.ca

3.16

3.41

3.66
?on

4.14
¿+. JO

4.sB

4. B0

s .01

2, 000

4,000

6, 000

8, 000

10,000

12,000

14, 000

16,000

I 8, 000

20, 000

22,000

24,000

26,000

28,000

30, 000

32,000

1, 580

5, 000

9, 850

15,900

23,100

31, 300

40,400

50,500

61,500

73,300

85, 900

99, 300

113,000

128,000

IIIL OOô

160, 000



4 - MANNTNGIS EQUATION

a

xR2/3*S r/z=I/,o

"
VxA
0.0001

425 ft.
0.030

No. D._
{ tr I

A^
f 1r4 t Q("r")

670

2, I30

4, lB0

6,7 60

9, 810

13,300

17 ,200
2L ,500
26, r0o

31, 100

<h \tttl

42,200

48,200

54, 600

61,200

6B,200

i
,)

J

6

7

8

q

IO

11

l1
LL

13

I4

15

I6

2

4

6

B

t0

L2

L4

16

18

20

22

24

¿o

28

30

0.79

L .25

| .64

r.99

2 .3r
2.67
)aa

3. r6

3.4r
3 .66

3. 90

4.14
¿+.JO

4.58

4. B0

5.01

850

1,700

2 ,550
3,400

4,250

5,100

5, 950

6, 800

7,650

8, 500

9,350

10,200

11,050

I 1, 900

12,7 50

13,600



APPENDIX C-I

B-MILE CHANNEL INTRANCE

SEDIMENT TRANSPORT CAPABILITI ES



CI

B-MILE CHANNTL INTRANCE

SEDIMTNT TRANSPORT CAPABILITITS

Entrance Channel

IOOO FT.

50% du ra t'i on f I ow

Sìope = 0.0001

Materìal = predomìnately

D, = 0.30 - 0.60 mm.

Sediment Transport

qs = 1.7 tons/daylfoot
or

qs = 1,700 tons/day

If this material is moved out in block

may be 1000 feet wide and 5000 feet 'long the

I ,700 tons/day/feet Im.
= 0.0068 ft/day or 2.5 feet/year.

Q = 21,000 cfs

D = l0 feet

sand with some graveì lenses

For channe'ls with sand beds, colby's charts may be used to

estimate the bed materjal transport. See figure C-ì.

form, the entrance, whìch

degradatìon rate would be:

x 2000 ll / ton
lõO-flreu. ft.



L¿

The actual rate of degradatjon of the entrance would probably be

less than two and one half feet per year, (say one foot per year) for

the fol lowing reasons:

(l ) grave'l I enses may begì n to pave the bottom of the channe] ;

(2) rate of degradatìon will decrease lvith tìme due to a

flattenjng of channel s'lope;

(3) north wind condit'ions may ìnduce Iittorial currents to

depos'i t sand j nto the entrance.

The actual rate and extent of degradatjon is diffr'cult to predìct

with confidence.



rrrn
EXPLANATION

Sogod on ovrttiìtrt€ det6

Erl?dpolô led

OEPTH
1.0 fr

t0

tto
ME.AN VELOCITY. IN FEET

BED - f\4ATERIAL
( ATTER COLBY

r--l-ñ-ril:

Ll-
lo
I

t¡o
PER SECO¡{D

tOA D CHART

, 1964 )

OEPTH
0.t fr

illt-1
'lt Illtr--rltil lillI
iii ltt lill
ll_-_Jllo -lI t.9ll' iill-l

I
II

!,ttti
il

l/t
l il lllt

a[ff
útilL
lri llþ

|",',llff'''

x
Þ-o

ro'
l-oo

u
o-

o
GU
o-
UIzo
z
Uìo
ul
t!o
a¡,(,
E
I()
U7'õ

Flgure C,1



APPTNDIX C-2

MEANDTR I^IAVELENGTH



LJ

Meander l,lavel ength (Leopoì d & t¡Jol ìman) l 960

meander length = I

| = l o.9 (vr¡l 'ot (c-z.l )

Lacey wjdth approximation (Recìme Theory)

w= 2.6Q0'5 (c-z.z\

UsìngQ=56,000cfs

w = 2.6 Qo's

w = 615'

À = lo.9 (w¡ì 'ot

À = 7200 ft.
Note: Almost exactly the same as Dury, (Zl¡O ft.)



APPENDIX D-I

MEAN VELOCITIES



MEAN VELOCITY

*Using Continuìty
DATA FROM MANITOBA HYDRO

Equat'ion and Backlater Studies

STATI ON WATER LEVEL

712.37
712.35
712.32
I t¿.J¿
712.31
712.31
712,29
712.30
712.23
712.21
712.20

71 3. 36
713,32
713.22
71? 2?

713.20
/ rJ.lö
/tJ. tJ
7l 3. l4
712.94
712,85
712.83

714.37
71 4.30
714.14
714.15
714.1 I
7l 4.08
7r 3. 99
7r 3. Br
7l 3. 65
713 . 49
I t J.+i

720.72
720.67
7 20 .53
720,53
720.50
7?0 .47 .

720.40
720.42
7 20 .06
7l 9. 93
7l 9. 90

v

'/c Partial
ll

tl

il

il

ll

tl

tl

I

tl

Partial

Partial
ll

tl

tl

tl

ll

ll

tl

ll

t¡

Parti al

Parti al
tl

tl

I

tl

¡l

tl

tl

il

ll

Partì al

Parti al
tl

tl

tl

tl

il

lt

tl

II

t¡

Pa rti al

DI SCHARGE

2ì,000 cfs
tl

tl

tl

tl

tl

ll
I

tl

tl

21,000 cfs

¡n nnn ^ç-lv!vvv ulJ
tl

tl

il

tl

tl

II

ll

tl

tl

¡^ nrìn ^€-I U 
' 
VUU L I J

56,000 cfs
tl

tl

tl

t¡

tl

¡l

tl

tl

tl

56,000 cfs

orì n^n ^r^gUTVVU LtJ
tl

tl

tl

tl

tl

tl

tl

It

lt

80,000 cfs

4l +69
57+00
73+00
86+00
99+00

ì I 2+00
I 20+OO
I 3z+oo
I 60+00
172+50
ì B2+00

4l+oC
57+00
73+00
B6+00
99+00

I I 2+00
I 20+00
I 32+00
I 6o+00
172+50
I 82+00

4l +00
57+ 00
73+00
86+00
99+00

I I 2+00
I 20+00
I 32+00
I 60+00
172+50
I 82+00

4l +00
57+00
73+00
B6+gg
99+00

I I 2+00
I 20+00
I 32+00
I 60+00
172+50
ì 82+00

nÃ
0.8

.0
rì

n

-l

,7

ncl

/<
10
l.B
l.B
¿.J
l.B
?l

J" I

ll
lo
J.U
¿.+
?.4
/4

?n
2.4
+.¿

+.¿

ll
lot.u
?a
2.6
2.6

?n

¿t. J

4.4



B-MILE CHANNEL

MODEL MEAN VELOCI'IY CALCULATIONS

126+00 ?

158+00 / removed
Q = 40,000 cfs

S ta tion
(mode1)

BZt,
BV

BS

BP

BM

BI' .^ t
OJU

""B6o t

BD

BB

F

T

M

PBSo'

Dis tance
€r

hlater Level Donih

IL.

Area
f¿ I l^/ù

794+7 0
17 5+20

166+20

i5B+70

151+20

741+20

136+20

l2B+70

123+20

I 1B+70

I i 3+70

i 06+20

96+00

BB+50

B 1+00

7 12.9
713.1

714 .9

7L5.2

714.9

715. 3

7t5

7i5.3
715.3

715.3

715.3

2I5.2

715.3

7L5.6

714 .6

¿L+.O

2L .6

23.3

23 .1

') ?. /,

¿J.+

¿).)
23.3

23.2

23.2

23.0

23.0

23.2

22.r

L2,330
12,720

13,930

i4, 680

13, 7 l0
16,400

2 1, 800

24,920

24,720

2L,360

24,900

24,580

24 ,580
24,900

20,9r5

3.25
3,14

2 .88

2.72

2.9r

2 .44

1. 84

r.60

r.62
I.87

I.61
I. OJ

r.63

1.61

r.92



B-MILE CHANNEL

}ÍODEL I'ÍEAN VELOCITY CAI,CULATIONS

ú
126+00 27 removeclr)ö-l-uu./ Q = 56,000 cfs

Station
(model)

Dis tance
fr.

\n/ater Level
fr.

Ilen I h
fr. -)tt. -

v

BZt,
BV

BS

BP

BM

BI63¡ r

BGg6g,

BD

BB

A

C

F

J

M

PBBO'

194+7 0
I7 4+20

166+20

I 58+70

15 1+2 0

l4I+20

136+20

128+70

I23+20

t 1B+70

1 13+70

I 06+20

96+00

BB+50

B 1+00

7 13 .4s
71? q

715.6

715 .9

715.7

715 .7

715.8

7i5.8
715 .9

7 15.9

7 15.9

715 .8

716.0

715 .2

715.3

25.2
22 .4

24.0

24.2

23.9

23.8

23.9

23.8

23 .9

23 .8

23.8
')'), Á

22.8

22.8

L2,690
1 3, 280

14 ,320
I4,480

L4 ,37 0

16,700

22,250

24,200

25,L70

22,0r0
25,550

25,170

25,220

24 ,320
2r ,7 00

4 .40
4. L2

3. 90

3. B7

3. 90

3. 35

2.52

2.32

2.20
) c/,

2 .19

2.22

2.22

¿.Jll

2 .58


