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Astrearn is a body of water with a detectable current, confined within a
bed and banks. stream also an umbrella term used in the scientific
community for alf flowing nafural waters, regardless of size.
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Tributary: A contributory stream, or a siream which does not reach the

sea but joints another river (a parent river). Sometimes also cafled a
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A river is a large natural waterway. from their source, all rivers flow

downhill, typleally terminating in the ocean. Smaller side stream that join a

river are tributaries.
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1. TYPES OF RIVERS

ke s sfe ke ohe sfe ok she sk sk ofe ke sfe sie si sk e sk sk R s sk sk ok R sl ok

* Braided:

- Extremely Unstable

- Movable Bars

- A Single Channel

- Unpredictable Channel Shifting

b b'

*% Straight:

- Sinuosity<1.5
- Developing Plan Form

c ¢ d d'

b

#%% Meander:
- Composite Cross Section
- More Stable
- Highly Developed and Regular
- Predictable in Channel Shifting

e

Meandering




“uonesnssaul
gy 103 ppey Sundwas B sIago wn)qoid S pessnosip useq Sey 1B
Aem oy3 ul smoy 19a 213 |, o8visar,, 01 9jqissod uaas st 1t eyl jooid ou s
51 21511 p3apul pue ‘Aresseoat 9q Avui yorodde reonusness ay3 jo uoneIGIPOW
SUIOS Je1f2 §35388NS TYep ploy oyl U1 INE0S Jo Junowe oy [ “uonsanb sy sajosas
01 pPapsau SI NIOM 210U PUE ‘SAISTHOUOD SUBIW OU AqQ 2IR SIfNSal 3Soy]

usorsd Qg wey) $59] AQ ISFIP SPOOY YIUOW-SUTY
PUE IIOW-XIS 53U} $I9AL1 AURtl Ul JOJ ‘SnOUSS AjQUIaIIXD 10U §1 §,UOXIN

[eippeD " #5100 Assuno]] (ponuitiucyy) “pr-O1 a4nSry

[ P N

B oan et aeimena? SRR

o ALY TYUNLY FH] {ror g

[3daq £sarng pue spue] pue(esy MaN ASounoeD]

Burespupaiy (g) .
Spauupyy) 4eany JoanipN JoodAT

puv ‘papiosg ()

LYQ4SNYY ] ERIWICIG

P01 ambiy




River morphology

A)
( 1. STRAIGHT &, IAREGULAR MEAMOERS

2. 5HURS .
W 5. REGULAR MEANDERS

3. IRREGULAR -

W 6.TORTUOUS MEANDERS

(B) - [0 _
OCCASIRAL 1. CHANNEL sme MRS 2 Jfgfrfr BARS
2 FREGUENT. % BARS .
e ‘\\M L MID~CHANNEL BARS
: 5, DIAMOND BARS - 6 usw
- T e W&l S T
-l e il
4. BRAIDED o~

7. SARD WA‘-“ES LINGUOID  BARS,
- -, OR LARGER DUNES

”p: o 3;-»

Fig. 2.96. Classification of rivers: {A) — River channei palterns, (B) - Istands, {C) — River channel bars (after
Keilerbals et al., 1976}

C) Channel bars (Fig. 2.56C):

1. Side bars: In entrenched straight or sinuous channel, side bars may deveioped. |
very straight channels they can migrate. More frequently their position is associated thh
slight channel bends and therefore stable.

2. Point bars: These features form on the inside of weil-developed bends..

3. Channel junction bars: Where a tributary joins a larger river, a bar frequently gecurs
immediately downstream, or on both sides of the tributary mouth. :

4. Midchannel bars: The bar position remains stable over decades with bed load trans-
port taking place across the bar. Deposjtion of suspended load in the lee sometimes
converts them into islands.

IAY Cans Liaibdid aialls

5. Diamond bars: Also called lmguoad bars or ‘spool’ bars by sedimentologists, they
are an extreme development of midchannei bars characteristic of braided rivers in sand

or gravel.

6. Diagonal bars: This bar type occurs only ia gravel bed channels.

7. Sand waves, linguoid bars, or large dunes: This type of bar is common in relatively
active sand-bed channels.. The most characteristic property is the dune-like profile. The

length of such bars is of order channel width, and the height is normally more than 50%
ght 15 Dorma’ y moie e 22

of mean bankfull depth.
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1. COWNSTREAM PROGRESSION ooin
e, Pt bar d-eposars

3
.‘r
ot
t2]

LY

3 MAINLY CUTOFFS

=2 )
JCAST2A

S.IRREGULAR LATERAL ACTIMITY . AVULSION
e channe! or siough

Fig. 2.57. Lateral activity of river channels (after Kellerhals et al.,, 1976).

Kellerhals et al. (1976) also presented the predominant type of laterai channel activity
in the reach {(Fig. 2.57). This code. consists of the following terms:

1. Downstream progression: The whole meander pattert moves dowastream without
forming cutoffs.

2. Progression and.cutoffs: Common on well-developed flood piams of meandennv
rivers.

3. Mainly cutoffs: Typical for low-gradient streams with flood plain consisting mainly
of vertical accretion deposits.

4, Entrenched loop development: Rivers workmo dewnwards and sideways into rela-
tively easily erodible materials.

.5..Irregular tateral activity: The occurrence of side-channels, chutes and slough, indi-
cating shifts in the main channel position, is typical.

6. Aviilsion: Aggrading streams can break. out of levees or former channel zones
completely and adopt an entirely new course.

‘Fujita (1989b) carried out detailed flume experiments on the behaviour of muinplc row
bars leading to braidled streams. In his experiments Froude numbers ranged from 0.68 to
2.12, values normally observed in mountain streams. He concluded that braided patterns
appeared in cases with small depths and presented a criterion for braided streams. Ackers
(1982), based on flume experiments, stated that meander length is strongly dependent on
the dominant discharge with secondary dependence of grain diameter. He defined this
discharge as ‘Dominant discharge is the steady flow, probably lying within the range of
imposed periodicaily varying flow, that would yield the observed meander Iength in an
otherwise similar experiment’. Ackers (1982) main conclusions are as follows: «

1. The meander waveleagth s closely linked to the wavelength of alternate shoals in |
. & straight channel. : ‘
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- — . e Tabie 1 Classification of rivers :
J \_/;-:ajjjubui / cfr;:.a} ol
i pts - spnid (G Size of | Topography | Plan form Sed *Aemarks
] ' Hiver ar stream material
_ slope
] ' Canal | flat straight or | siltor
e gently sand
LY .| meandering
] Channel in any slope - bed rock
. rack or Stable
w , . { entrenched
j D e Al in valley ~
Controlled stream o straight/ silts/
] e dver siope/._- n| -meandered . | sands/ . |. ;’/ P
s i s LS| MG Gridd| gravels | Tl
River oo flat .~ straight/ silts/ Tt
} AN AT meandered sands
7 Qynamical
River f’ﬁ ~ hilly straight/ sands/ 4 stzhle y
I (moderate meandersd gravels- _
) | slopes)
- | River steep~ ¢ straight/ _sand/
]] ' ‘ B . T meandered gravel/ -
. PR
_ (122 cabbles
P ~r - i ==
] River steep - straight/ sands/
@‘ gravels/ ]| Unstable
_ cabbles
] Tidai; ' |72 7T | anyplan | sits /muds
b s ] ”}. d"' : T 4 f/;
, Go | O e e form ¥4
] o, 2.2 General pr:rg:p[es
{n-their ne rohatural state rivers are often considered to be in a state of dynamsc :
B r/ equ:hbnum where the channel dimensions are determined by sediment supply
A . r‘}y "and type and the frequency of discharge occcurrence. A river in this state of -
. dynamic equiibrium is referred to as being "inregime”. When the capacity of

c)ﬂy Ry u’f‘“"""‘ > a channel tg transport sediment is changed due to river :mprovement work,
areas of depesiticn and erosion can be caused.

| —

- &
\“./_',79_.;{)’ P f//?ll" F'-i Uu":-)

el ﬁ/a tn e @ln generai in the United Kin domfthe most frequently carried out river

] 'c)(.,zfr" ‘ e ) improvement_works "are flood” alleviation schemes, which reduce the flow
¢ / velocity ether by increasing the channel capacity or diverting a propertion of

& == P
the fleod flow from the main channel as described in Chapter 3. Therefore the

N W)wf’&—”t/ ,_,a, la:f wJa/LJ}" &
- floed alleviation schemes are {ikefy to generate deposition rather than erosion.

&J‘ ¢ d"ﬂ_.; ) e
L//Q e ”f/”jvﬁ (}} Erosion can occur however when flood flows are allowed to stike an
A G S, unprotected bank. Often the worst cases of erosion ccour downstream of
12 Cf’l"l A P e ““ | structures or on bends and on reaches of river which have been re-aligned.

e
1" e rﬂ“" In all these cases. the problem is caused by the local flow velocities being
}/"yu S 0 E P2k :\’-””{;’ larger than anticipated, especiaily at flocd flaws.
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1)~ River Morphology 2)~ Davis 3)~Youthful
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7. RIVER CHANGES

‘kvk**«k*rk«k«kfk**«k‘k**vkekkvk*«k?krk*rkk****fkrk

- Irregularity in Channel Geometry:

Local Disturbances

- Braidening:

Becomnming Wider and Shallower with Bars and Islands

- Meandering:

Channel Migration
Bends Sharpen and Moving-_Down
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- Cut-off:
Shortening the Length in a Developed Meander Loop

An Oxbow

Progressing

Cut-off

| .
- Avulsion: e ]
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Permanent Change in River Course

Diversion
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Row| Date 3.load(g/s) S.load{t/day)
71 79/6/14 | 0944 116.1 43.1 2.70
2 | 79/6/31 | .0.886 130.8 35.2 3.72
3 | 7oy 1223 289.9 79.0 3.67
4 | 797112 1.183 155.8 232.4 0.67
5 | 79/6/14 0.044 116.1 43.1 2.70 ¢
6 | 79/4/29 0.921 2410 128.4 188
7 & 79/3/23 2.529 1166.5 565.3 2.06
g8 1 79/3/3 | 2328 420.4 132.8 3.17
9 | 79/2/11 6.273 106.3 . 2735.4 0.04
10 | 79/2/26 1.745 586.5 153.0 383
11 1 79M/28 | 6487 0943 6099.7 0.16
12 | 79/4/21 1.459 205.9 156.3 1.32
13 1 79/1/8 1.781 332.4 433.3 0.77
14 1 78M2/26 | 2140 343.1 305.5 1.12
16 § 78/11/27 | 1.821 86.5 54.8 1.58
16 } 78/9/ 1969 1. 251.0 155.2 - 1.862
17 | 78/9/9 1.342 172.7 742 2.33
18 | 78/10/5 | 1.882 177.0 111.9 1.58
19 | 78/10/28 | 0.900 2078 |¥ 128 (16.60> |
20 1 78/8118 2:330 480.0 2887 1.88
294 78812 3.101 121.9 2436.9 0.05
22 1 78/1/31 2.572 274.0 10022 | 027
23 1 78/2115 2.876 173.3 725.1 0.24
24 | 78/4/15 | = 1.098 406.6 188.9 2.5
25 1 78/4/31 0.977 203.2 222.2 0.91
26 { 78/5/9 | 0877 99.8 118.5 0.86
27 } 78/5/30 2.887 290.1 27234 - | 0.1
28 | 78/6114 § 0776 1 9438 134.2 Q.71
29 | 77/12022 | 2.580 321.7 181.0 178
2.08
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#1594 Jamuna River (Colemans, 1969; -

-~

—

River and source Drainage ‘ Bank crosion Period of River type

i area, an® fte, in {(m/yr) measuremenis
t. Mississippi River (Brice, 1983) 1145000 574 1880-1944 Sinuous paiat bar
R iocaily braided
2. Mississippi River (id.} 11249) 155 18801944 Sinvous
3. Yellowstone River {id.} 69001} 5. 19381967 Sinvous braided
4 Apalachicoia River (id.} - 17600 4.3 1949.1978 Siauous
5. Sacramento River (id.) § 300 6.7 1947-1974 Sinuous point bar
6. Elkbom River {id.) s8s0 116 1941-197¢ Sineous point bar
7. West Fork White River (id.) T4 5.6 1939.1966 Sinuous point bar
8. lows River (id.) 1300 4 1937-1970 Sinuous point bar
9. Nonh Canadian River (id)) 00 14.3 1936 [966 Sinuous braided
10, Taflabalz Creek {id)) 500 1.6 1942-1970 Stnuous poinl bar
$1. Kanaranzi Creck (id.) 120 0.7 1954-1968 Sinuous point bar
12, Axe, Devon (Knighton, 1984) 284 .15 = 0.4 1974.1976 -
13. Bollia-Dean, Cheshire (id.} 12 =120 009 19671969 -~
14, Cawfordsbum, N. Ireland {id.) 3 00405 1966-1968 -
15, Exe, Devon {id.} ‘ 620 0.62+ 118 19741976~ .
16. Mississippi, Louisiana (id.} - 45 19451962 -
I7. Farrens, 8. Australia (id.} - 78 0.58 1960-1963 -
18. Watls Branch, Maryland (id) -~ 10 035+ 06 1955-1957 -
19. Wisloka, Poland {id.) - 8= I1 19701972 -
20. Caund River, Shropshire 100 0.64 19721974 Irreguiar meznder
(Hughes, 1977} '
21, Gwda River, Poland 4542 25+30 1983-1989 lrreguiar meznder

(Przedwojski, 1989h) ’
22, Uji River (Fujitz et al., 1988) -

19651969 HBratded —ﬁ'ﬁ
19731987

- Kiaassen, 1992)

Efforts have been made to develop theoretical or modelling methods for prediction of
bank ercsion in natural streams. Measurdd rates of bank erosion (£) in m/yr are shown
Jn Table 2.10. However, with so many causes of bank erosion their individual effects

. Cannot Be Separated or an erosional threshold defined. Thus, the detail research of baak

erosion mechanisms requires attention to fong<erm field studies (Knighton; 1984; Neill
and Yaremko, 1989).

The bank crosien along rivers dcpcnd on both the morphological processes in rivers
that determine the erosive forces, and the soil-mechanical properties of the river banks
that characterize their ability to resist erosion. The main factors are:

1. Flow; discharge fow, groundwater flow, ship waves, shear stresses exerted by dis-
charge flow. -

2. Sediment wansport; ¢,g. removal of slump debris after mass failure.

3. Bank propenies; bank material weight and texture, shear streagth including cohesive
properties, electrochemical properties, bank height and cross-sectional slope, groundwa-
ter level and permeability, stratigraphy, tension cracks, n'pan'an vegetation and construe-
tions.

Cohesive banks usually erode by mass failure. Following mass failure slump, debris
accumuiates at the bank toe, The debris is removed by fateral erosion prior to further bank
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Fig. 2.64. Costs of stream-bark protection by conventional methods generally exceed
benefits, making such work uncconomical from a cost benefit standpoint. The Corps
study concluded that there is no universal jow-cost method for selution of field erosion
problems and that on majar streams and tributaries bank protection will be expensive,
but that on smaller streams innovative méthods can provide short-term, low-cost pro-
tection. However, bank erosion is probably the most common problem faced in river
engineering practice,

The mechanics of bank erosion and the stability of protective structures subject 1o
hydraulic loading are a cempiex problem. The understanding of erosion processes and
failure mechanisms of structures is still in a rudimentary stage, and it is not yet possible
to describe many important phenomena and theit jnteractions by theory. For this reason
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RIVER AND CHANNEL REVETMENTS

Seiore

After g

Alter

{a} Shallow failure
« shallow bank angie
« usualiy in non-coheive banks
kg, = iailure nearly paratiel to slope at o = ¢°
» waler seepage from bank can substanliaily recuce
stable o

{b) Planar [ailure
_+ steep or vertical bank angle
.+ frequently {but not always) in nea-cohesive banks
+ walar tablefchanne! waler lgvel usual]y low =
relative to total bank helght

agetation will normatly help stabilise against failure

Before

Belore . ’ %

Altar

After

¢} Planar/slab failure

* steen of near vertical banks

+ ceep tension cragks

» tailure accurs by stiding and/or toppling
* failure more likaly if crack fills with water

+ fitile atfected by groundwaler table @'ﬁ

{¢} Folational Jaiture in homogensous material
+ usually on maderately high or steep banks
+ usuaily in cohesive material
« lension cracks reduce slability garticulary when
veater-filled ’
« significantly affected by position of water 1able
wdily + faifure may extend beyond toe. ses aiso lype (e)

Figure 2.4.  Typical types of river hank fuilt

re {from Hemphill and Bramiey, 1989
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STABILITY OF CHANNEL BED AND BANKS

Tension crack
/

-
N e e ey e s

Relore Before

+ erosion. of river bank threatens stabilily of whole
vafley side ' : .

« very large volume of slipped material

+ lension eracks up valley side, bulging abave toe, or
noticeabls movement are signs of potential failure

R S N —

B " —= ' g TR T T

« failure surface dictaled by posilion of weak zone
+ sea also commenis lor type d}

- Desiccation
Cohesive

Sand/ ;.?:._
gravel Lot

Sand/ A
gravel . g. Q9.

Before g‘“ K mv!y Bafnrg

i

After , ‘After
, i) Failure of composita bank (in tansion) {h} Failure of composite bank {as beam)
+ ocewrs ondy where upper cohesive layer averlies + peeurs as lype (g o i
erodible sand/gravel « failure with upper soil in tenslon, loliowed by rotatlon
« failure by tension of lower part of overhanging blogk + after failure block usually remains intact with

vegetation tovwards siver
l + failurg can also be by shear

Figure 2.4 (continued) -,

g

After After '
{e) Rotational failure with weak zone {f) Massive rofationat faifure/landstide
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fraided and Meandering Channels
A Tymcol bed contours

The single-thread channel deseribed abave is by no means universal, ftis
also comman for rivers 1o be “braided,” 1.e.. split into many channels which
endlessly divide and rejoin. An example is shawn in Fig, 10-24a. Somctimes
{he binlogical term anastomosis, which describes the branching and rejoining
of bload vessels, is used 1o deseribe the process. [t most commonly occurs in
the steep upper reaches of a river, where the transporting power is high: the
braiding process tends to dissipate this power by spreading the flow over 3
number of channels,

Znunnmnl.:m channels, of which an cxample is shown in Fig, 10-248,
usually occur on lower, gentler stopes towards Lhe river moutly, and the river
flows in one well-defined channe!. The secondary currents described in Sec. 7.3

i Secondary

occur at each meander loop, ¢.g., A-4 in Fig. 10-25¢, and are shown again in LCurrent ‘L Cutreaty
Fig. 10-25, the single cell contrasting with the mullicel pattern of a straight T e gt M el
channel, shown in Fig. 10-25¢, The outer-bank scour and inner-bank de- i ) {6} Section 4-4 l] Typieol section of stroighe
position induced by the secondary current in Fig, 10-256 make the meander thannel, ar ¢rassaver &-5

-

toops gradually extend outwards, and the more pronounced scour on the (e
downstream [aces of the loops makes them gradually migrate downstream, ol
Because of this movement, the geologist regards the meandering form as o
unstable. The engineer, with a shocter time scale in mind, regards the mean-
dering form as fairly well behaved, for two reasons: first, the gentle river stope
and lower lransporting power mean that the meander loops can fairly easily
be stabilized by protective works; and second, that the secondary flow pattern
of Fig. 10-255 tends (0 keep the channel clear. Straight channels on the other
hand have quite a strong tendency to form central bars, and this may be a

i Boundacies af aglurgl channsl

== ==~ — Boundories gl ‘Er:enam channel .

—

result of the multicel] secondary flow pattern in Fig. 10-25¢. ) (4] Typicol rives rounhq scheme
The main ohjection the engincer has to the meandering form is that if the . :
loops are (oo pronounced the resistance 1o Nlowis too great and the flood levely Figure 10-25. Characterisics af Meandering and Straight Channels

are 100 high. In river training work the aim is usually to cut off loops which
are toe decp, while still preserving, and working in with, the natural meander

pattern. Figure 10-25d shows a typical cxample of this operation. relations between certain of the parameters which stay temarkably consistent
A section like B-8 in Fig. 10-254 is termed a " crossover,” Here the water iz through a large range of stream size, from laboratory streams a foot wide 10
of uniform depth where the “thalweg,” or line of maximum depth. is at fts the Mississippi River nearly 3 mile wide. Many observers have noted such
median position while swinging from one side of the channel 10 the bther, relations, and their work is summarized by Leopold and Wolman [31]. The
At 1he crossovers the mean depth is less and the velocity is greater than at the wavelength L and loop radius 7. (Fig. 10:25a) are related to the width 8 by
loops: in fact the flow at the crossovers may approach the critical condition. ’ these equations :
This variation in mean depth occurs also in straight channels, in the ** pool TL -
and riffle ™ formation shown in Fig. [0-264. [ndecd. the two phenomena seem ’ - Jalt ‘ (10-87)
to be closely akin, for it is lound that pools and riffles in straight channels — )

1 ]

have much the same wavelength as the meander pattern seen from above. Ag . =210.3 . (10-38)

apparently straight channel may also have a concealed meander pattern in ’ : 8
which the thalweg follows 2 sinuous path between straight banks, Fig. 10-265. ) ~ the range shiown for the z,w:.«..ras%ncmucnnm being not as large as the full
Measurements of the horizontil dimensions of meander patterns show range of valucs found in the feld, Values of the ratio */ 8, for instance yare
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Figure 10-24. Typical Notursl River Channels, {a) Braided, and
{b) Meandering T
[Ceurtesy MNew Zealand Lands and Survey Dept.]

Sec_ 107} THe NaruraL River 487

Figure 10-24. { Continued) {Courtesy Geoege H. Caddic}

Mixon's is not extremely serious, for in .amuww...ﬁmcna the six-month and
aine-month foods differ by less than 20 percent,

These results are by no means conclusive, and more work is ‘needed to
resolve the question. The amount of scatter in the Feld data suggesis that some
modification Sf the statistical approach, may be necessary, and indeed there is
stitl no proof that it is even possible to Taverage” the river fow in the way
that has been discussed. The probiem. offers a tempting field for furthet
investigation.
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Table 6.9. Summary of regime relations for hydraulic geometry of rivers.

1 = 1000 al — Lamber's Contraction constant,

a = B/h, ~ shape facior of the cross-section

Rivers in Lhe Soviet Union M = 1.05 -
Grisanin's similarity constant for non-erodible

A 2 0.7 + 0.9 — mountain (gravel bed) rivers
= 1Lb+ L7 - lowland (sand bed) rivers

Source Formulae Remarks
Lambor I'=1T givea
(1966) For Central Europen rivers:
1/373/8
he = 13.34 [Q%—J N = 155+ 21.6 ~ Vistula River
n = {2.0 + 18.2 ~ Oder River
N = 4.6 + 19.1 - Efbe River
N= T.1+89 - Warta River
B = iy
w= L g¥ipn
A= Bhg
Gridanin I'=1T given
(1976)
and pon-silling channels
P=k(Q/
Mot/?
Ry =
YT P
A= Ry
AT
Gri§in =T given Rivers in the Soviet Union;
{Altunin
formula)
B = AQ0S /02 m = L0+ 0.8 ~ gravel bed nivers
= 0.8 + 0.5 - sand bed rivers
a = 8-+ 12 - grave| bed rivers
hy = B™ /g =443 -zand bed rver
Bray (1982) 1. Threshold method
B =483 Q2w
- 428 1y ~0.283
o,
W=333G; 042‘?561 85
I=0968Q, Dl
2. Kelleshals' method
B =326 Q4w
- 0400 /~0.120
h o= 0183 g%m 133%0
u=167Q7 O“Dx;x', o
I =0026 Q5" DY .
Bray (1982) 3. Best-fit dimensionless expressions

B = 2.68 Q44% p 04!

h = 0.20 Q337 pgus

u = 1.87 Q4107 pg.2s3

For Alberta gravel-bed rivers &2 = 2-year flood
flow

The ranges of the parameters:

Q2 = 5.5 + 3920 {mss]

B =143 + 566 [m] (a1 Q;)

h = 0.442 + 6.93 [m] (at Q)

I = 0.00022 + 0.015

Dgp = 19+ 145 [mm)]
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Table 6.9. (Continued).

Source - Formulae Remarks
~0,375 0.
T=0063Q; " DYRT
4, Best-fit expressions
- 0.528 rmy~0.070
B =383 on 3311)50 Lo
h = 0246 Q> D™
u = 105 Qg'l“:ggbﬂgss
= ~0.334 130,586
I'=0M8Q; """ Dg
Hey (1982) Ry = 0.161QJ#1 D3 fﬁi data from 66 sites of gravel-bed rivers in the
The ranges of the parameters:
huax = 0.252 Q978 D36 Qss = Q1.5 — bankfull discharge = 1.5 year
flood
Qrp = 2,12+ 820 [m?/s]
I =0.679 Q; % s DY Sp=17.5-1077 +3.74- 102 [m¥/s]
Dsp = 0.021 + 0.190 [m]
. osp = 2.03 + 8.52
pxIr/I Op = [D&;/Dm]l/z
g4 = 7.92 + 83.76 per cent
Ly =218 I = 0.000334 + 0.0215
Hey (1985) B =433Q}7" Vegetation I Data from 62 gauging stations of gravel-bed
rivers in the UK (with bankside vegetation).
The ranges of the parameters:
B =333 Qf‘fﬂ Vegetation Il @y = bankfull discharge
Qvy = 3.9+ 424 [m*/s]
Sy = 0.001 + 14,14 [kg/s]
B=1273 Qg:fu Vegetation Il Dy = 0.014 + 0.176 [m]
ap = {1/2)log(Dgs/ D1g) == 0.24 + 0.68
I = 0.0219 + 0.00166 '
B =234Q%7 Vegetation IV
— 0.37 n—0.11
h=022Q8 Dy o
hmax = 0.2009790 @326 D>
T = 0.08708405 Q;fﬁ.% ng’?S 5010
p=1InfI
L,=631B
Brownlie Flow depth for the lower regime Range of data used in analysis:
(1983) - Dsg = 0.088 -+ 2.8 [mm)]

'D%E = 0.3724 gQ654 [~0254 50105

Flow depth for the upper regime

h 02836 q0:625 [~0.288 0,080

q*z-.‘ ferA
¢=Q/B

g = 0.012 -+ 40 [m?/s]

Q = 0.0032 + 22000 [m®/s]
T = 0.000003 + 0.037

Ry, = 0.025 + 17.0 [m]

T = 0+ 63°C (temperature)
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Table 6.9, {Continued).

Source Formulae Remarks

Hércu h=803Dg (Qb;/Dg‘o)o'N Ficld data collected on earth canals in India, and
and on certain stable reaches of some Romanian
Batuca nVers

(1988)

Wilson (1988)

0.56
B =021 D (Qay /D) .
0.1

u = 0.61 (gDs50)"* (Qsy /D)
052 oad
B = 0056 D5

B Qifa D(éu-—i)ﬁa 6"31”’ 9}]4

B ~ QU+lx)/a D-{lgda)/b gl/b @;{H—a)/a

u Qa/a D(l-—x)/a al/s @:/4
I~ Q-tle DS/t @(T+6a)/b 8;’”"
where

a=2+3x

b= 4+ 6

B ~Q*
h~ QP
I~ Q-(e—8)

Values of exponents ot and B are shown in
Fig. 6,13

«B TTTTT
Q4 2 -
"__.-”—'_"""*-—..___.M
'."'_,— . it
£OR C =001
0 b fEOR (=0001 o
PR iy M
FOR (=
02 for —
@ bt il bbbl

at

% pimm]

Fig. 6.13. Exponents for Wilson's regime relations
(after Wilson, 1988).

equations, can be used for the design of stable gravel-bed rivers with small sediment
transport. The Kelilerhals’ method can be acceptable for estimating channel slope; how-
ever, this method for estimating channel width, depth and mean velocity is the poorest
(se¢ Table 6.10). Bray explained this by the fact that Kellerhals’ channels were pri-
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an actively meandering river is straightened, causing an increase j»
and power, the resuit could be accelerated bank erosion as the rivsr attempts
{o regain~is previous slope and meander pattem. A siiter effect may be
seen if laterahghifting of part of a channel takes plac®..

During the construction phase<d] a project vegetation may be removed, and
z wibed, leading o erosion of bed and banks
and an increased sediment load durind~and immediately after construction.
_nstru\ct'mn works, however are-

g

The eifsets resulting from disturbance due to ¢s
liksly only to be short lerm.
— (\»45}] Methods available for studying morphological
' e . . - .o
effects \a ils ) Lk iSse VA Gor B

Al the design stage of river improvement works there are several steps which
can be taken which will identify any potential momphological probiems in a
qualitative manner.

As a first step, 1t is useful to identify the river type as described in Table 1 and
Section 2.1. When the river is identified as being unstable then, f changes are
made to the river, morphological problems are more likely to occur or will accur
more quickly than in a stable river. For rivers that fransport insignificant
amounts of bed material load, fowland rivers, the adjustment process will be
. relatively siow and mainienance of the unnatural condition may not be too
expensive. Upland rivers, in contrast, transport considerabie amounts of bed
material load and quickly respond to any imposed changes. Maintenance of

the artificial condition may prove to be very costly.

After determining the stability of a river a useful initial indicator for predicting
" channel change is stream power. The calculation procedure is relatively
simple and given below.

4.1 Stream power : .

Stream power may be used as a basis for predicting channel change. Stream
power is highly dependent on gradient and can be defined as the rate of
energy expenditure per unit length of channel is the rate of doing work.

Q =pgQs

where  Q = the rate of loss of potential energy
p = unit weight of water = 1000 kgm™
g = gravity = 9.81 ms™
Q = discharge
S = bed slope

We can determine the energy per unit width or specific stream power (w) by
dividing the above equation by channel width.

m.—.ﬂ = YT

w
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where W = channel width
V = mean velocity
¢ = mean bed shear slress

The specific stream power allows comparison of the stream power of rivers of
different sizes. From studies carried out by Brooks, (1987} in England and
Waies, measurements of discharge and siope were taken at river improvement
sites. At some sites changes occurred in the river in the region of the
improvement works or downstream and at other sites no changes were noted,
The results of these studies are shown in Figure 3 where slope is plotted
against discharge per unit width, The lines of equal stream power are also
plotted. It can be seen from the graph that the two sets of schemes fall into
distinct categories those which experienced post scheme changes and those
which did not. The schemes which did not experience changes mostly fail
below the 25 Wm stream power line. The majority of these schemes can be
found in lowland Britain. Those schemes where post scheme changes
occurred mainly lie above the 35 Wm stream power line and are generally
upland rivers or streams. This graph should not be used in a quantitative way
but as a guide giving a general indication of the possibility of change.

4.2 Sediment transport _

There is a relationship between sediment transport and discharge. This
relationship, however is non-linear, with the majority of sediment transport
ocourring at high discharges.

Some of the many sediment transport theories have been compared, White,
Milli and Crabbe {1975), based on almost 1000 flume experiments. The
conclusion drawn was that the most reliable theory, over a wide range of flow
conditions and particle characteristics, is that of Ackers and White (1973).
Since 1973 the procedure has been updated HR Wallingford (1990).

it is recommended that the sediment transport rates both pre and post scheme
are estimated, using the Ackers and White theory, for a number of discharges
towards the upper limit of those that can be expected. If the sediment
concentrations and the sediment transpert rates are low both before and after
the scheme it is unlikely that major sedimentation problems will be caused as
a result of the scheme. If problems do occur due to a change in sediment
transport rates these are likely 1o develop over a number of years.

If sediment transport rates were high before the scheme was implemented or
the sediment concenlrations have increased or decreased significantly as a
result of the scheme, then sedimentation probiems could occur. These
problems can resutt in long term maintenance commitments for the relevant
authorities.

Calculating sediment transport rates requires data both from the pre-

improvement scheme conditions and design data or postimprovement scheme
data if the scheme has already been constructed.
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A list of required data is given below:

Pre-improvement | Post-improvement Description

W, Wy width of water
surface in
channel at
design
discharge (m)

d, dsy design depth
of water (m)

side slope of
channel

A, . A, cross—s.eactional
area (m®)

P, P, wetted
perimeter {m)

Q, Q, design
discharge
(m/s)

Dag D_35 sediment
size (mm)

S S, gradient of
channel

z, . Zy | bed level (m)

The Dyg sediment size can be estimated by collecting samples of the bed
sediment which are then analysed in the laboratory. Ideally bed samples
should be collected by hand during low flow conditions. In situations where
this is not practical, samples can be coliected using a grab lowered from a
boat or bridge. When taking a sample, care should be taken to collect a
sample which is representative of the bed sediment, ensuring that finer
sediment is not lost,

The sediment sample can be analysed in the laboratory to determine the
particle size distribution. The techniques for determining the distribution are

described in British Standards publications BS 1377, BS 410, BS 17%6. The

Ackers and White theory recommends that the representative patrticle size to
use is the Dy of the sand fraction.

The Ackers and White theory is only valid for non-cohesive sediments which
are classified as sand or larger. Anything which is approximately 60 microns
or less, in diameter is classified as sit. For bed materials consisting of more
than 10% sit or clay it is recommended that expent advice is sought on
astimation of transport rates.
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4.3 Sediment transport calculation procedures

As river works can affect channal morphology it is important that an estimate
of the rate of sediment transport is made at the design stage of new channels
or when channel improvements are planned.

The pre-improvement scheme and design or post improvement scheme
sediment concentrations can be compared. The caleulation procedure is given
below:

From the data collection (see above) obtain estimates of:

depth of water (d);

waler surface siope {S);
flow velocity (V); o
discharge (Q).

The velocity {v) can be estimated from the discharge (Q) and the cross-
sectional area (A).

2

For the sediment in the river obtain estimates of the following:
D, sediment size (Dyg);

specific gravity (sg).

viscosity {v)

Calculale the dimensionless particle size Dg{:

;
s,~1)
Dgr = Dss(g( g3

Use value for D calculated above to caiculate Ackers-White parameters
n, A, mand c.

If Dg, > 60 then: n = 0.0; A = 0,17; m = 1.78; and ¢ = 0.025,

1< Dgr < 80 then:

n=1 "0.561091 GDQF

A=028 0514

ar

- 6.83 -
me e + 1.67
5]

gr

log06=2.7910g005,~0.98(l0goDyn?-3.46
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5  Caloulate the shear velocity at the bed v.

v, = gdS

g Calculate

7  Caleulate

F

o
G,.=cl 1]
A

ar
g Calculats the sediment concentration, X:

AN

_ 5 Sgtas
X = Ggrgt v,

g Calculate the sediment transport rate, dg by multiplying sediment
concentration X, calcuiated above, by discharge Q.

From the calculation i can be seen that # the sediment concentration for ;he
pre-improvement situation, X, is greater than that for the design situation, X,
this suggests that the some of the sediment being carried in the river will be

deposited. if the cross-sectional area can be reduced the sediment

. concentration, X,, will increase, therefore reducing the risk of sediment

deposition. :

in general, if the sediment transport rates are high either before or after the
scheme then sedimentation problems could occur resulting in long term
maintenance commitment. Under these circumstances, techniques such as
numerical or physical mobile-bed modeis can be utilised see Chapter 5. Itis
recommended that expert advice be sought on the use of these techniques.

An example calculation can be found in Appendix A.
f from these initial procedures, river type, stream power and sediment
transport, it seems that there is a possibility of erosion or deposition and that

the equilibrium of the channel may change then the morphological impacts can
be predicted using methods in Chapter 5.
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Apperidix A - Example calculations

1 example of use of regime tables for design of stable alluvial channels

A channel is required lo cary a discharge of 10m™/s at a slope of 0.2 x 107,
the Dgg of the bed malerial being 0.35mm. What are suitable slable
dimensions for the channel?

The appropriate table from the regime tables is reproduced in Figure A1, If
one looks down the column corresponding to a discharge of 10m/s one can
see that the slopes corresponding to sediment concentrations of 10, 20, 40
and 80 ppm are 0.08 x 10°°0,13 x 10%, 0.19 x 107 and 0.24 x 10,

The slope 0.18 X 103 is closest to the required slope of 0.2 x 107
corresponding to a sediment concentration of 40 ppm. Sc an approximation
to the required channel characteristics are given by:

velocity = 0.63mV/s

depth = 1.32m

surface width = 12.1m

sediment concentration = 40 ppm

Imerpolaﬁon-within the table could be used to refine this estimate

— @ Example of sediment transpont calculation

Since river works can affect channel momphelogy it is important that an
sstimate of the rate of dediment transport is made at the design stage of new
channel or when channel improvements are made. Using the Ackers and
White sediment transpert theory outfined in Section 3.5 an example application .
is-given here.

Example Calcuiation

A channel has the following dimensions: width 24m, depth 2m. If the channel
comprises sand with a D45 of 1mm and a specific gravity of 2.65 what is the
sediment transport for a discharge of 48 m3/s with a velocity of 1 m/s and a
surface water slope of 0.00047

1, d=2m
V=1 mvs
S = 0.0004
Q =48 m%s

2. Dyg=0.001 m (1 mm)

sg = 2.65
i
3. Dg,:o.om[ia_‘.(_zf_s__”i?.]‘ﬁzs
0.00000114%
4. n=0.2374

BR-300-0HH 202



“A=0,188
m= 1.97
C = 0.0333

5. v =/8.81+2+0.0004 =0.0886

Tt

g - a. 08860 2374 [ i (.7626

» 1 -0.3877
9.81+0.001(2.65-1)) 0% )
V( J—_iog 10+ 001

1.97
7. G, —00333(03877 1) 20,0375
0.2-3?4
8, x=0.0375(%88:0001, 1 0.000088 =88ppm
3 5.0866
9. q5=0.000088 +48=0.00424 lonnes/s

— If the channel dimensicns are changed so that the width is increased by 10
the discharge capacity of the channel will increase from 48 m¥/s to 70 mals
All the other dimensicns remain the same.
1

1, d=2m

V=103 m/s

§ = 0.0004

Q=70 ms

2. Dgg=0.001 m{1 mm)
5q = 2.85.

1
3. 0y=0.001(2EN2ES )T g

0.000001142

4. n=02374

A =0,188

m= 197

C =0,0333
5. v,=9.81+2+0.0004 =0.0886

. : 237 ‘qa. . 0.7628 -
. F 0.0886%-2%74 ( 1.03 ] 0.3968

af‘f___________—
9.81+0,001(2.85 -1
( ﬁé‘xog(wo Oom
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0.3865

1.87
13 =0.0408
0.188

G g;=0.6333(

-4

0,2374
8 x=0.0408(28520.001, .03 \2 4 000097 =97 ppm
5 \G.0888

9. q,=0.000097 «70=0.00677 tonnes/s

if the depth is increased instead of the width to provide a channe! with capacity
ot 70 msls The depth would increase from 2m o 2.83m

1. d=283m
Vo= 1.03 mvs
S = 0.0004
Q = 70 m%fs

2. Dyg = 0.001 m (1 mm)
sg = 2.65

1

9.81(2.65-1)13 o3

3. Dg=0.001
0.000001142

4, n=102374
A=0,188
m=1.97
C =0.0333

5. v_=/3.81+2.83+0.0004 =0.1054

0.10540-2%74 { 1.03 0.7628

For= | =(.4025

gr
(.81 +0.001(2.65-1)) f—gg'loggg*g_ai‘z )
.001

0.4025 . 1.97

7. Ggr0.0333( 1) 7 =0.0432
0,788 ;
2 6540.001,, 1.03 ,9.2374
8. X=0.0432 : <0,0000724 =7
E (g o.oaas) 2ppm

8. q4<0.000072+70=0.00507 lonnes/s
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The sediment transport rate increaces [of both the cases of channel
improvement. This indicatas lhat thare is mora likelihood of deposition as the
rver is camying more sediment, However the exact nalure of any
morphological problems cannot be determined from thesa simple calculalions
and it is recommended that a morphological model study be carried out.
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