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A STUDY OF THE SRAPE OF CH/1..NNELS FORMED BY NATURAL •. , , ... --- ·- -- --- - ----- - ---
S1'REAMS F'LOWING IN J!IBODIBLE MA.'l'ERI.AL 

INTRODUCTION 

For many centuries man has been concerned vrith the action of rivers. In 

most cases , the highest fo rms of the ear liest civilizations developed in t he 

fertile r iver valleys, ouch aa the Nile, Euphrates and Ind.ua, . and. the life of 

the people vas greatly influenced by tbe action of these streams . ~he import-

. · ance of s t:r,erur.a in the life of t he human race has re..rnn.ined a major f actor do,m 

· to the present. In the past fe,1 centuries rivers have been stu.clied ari.d to a 

minor extent controlled, but in the past half century the idea of de\Teloping 

the total resources of our streams has evolved, which ~r.l.11 result in mate ria.l 

· change in the cond.J.tions under vhich t he streams flow. Cons iderable develop­

ment vork has already been compl eted, and important changes are becoming evi- · 

dent in t he fonns of some of tho controlled atree.ms, which were largely un-

' antic:f.;pated -when the works vere first planned. Interes·t in the total develop­

ment Qf t he streams has spread to the l ess d.eveloped coi.mtr:les , and if the 

present rate of progress is ccntinued, the next haJ.f' century will see t b3 

atreams largely developed in the more fortm1a t e countries, a.T'ld a. very ia.rge · 
. . . . 

degree of progress in development reached in many of the less fortunate ones . 

As a resul.t ·in the near future the .number of cases of changed stream f orms 

viil be greatly increased. : Moreo~er, there i s amp.le re~son to believe t.he.t 
. . 

· _the ma.gni tuo.e of theRe effects m.11 increase with time, so that they w:l.ll be 
. . 

even more important in the future . Some of these changes will be beneficial 

and some, detri mental. It is very importa.'1t that, so far as possible, in 
. . . 

ple.nning future -water resource development projects, these changes be anti-

cipa.tecl and aC:.va.ntage be t a.ken of the favorable ·changes, and. the unfavorable 
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ones, so far as possible, be guanled. against. For best results this must-be 

.done during the period when the works are des igned, so that the necessar,1 

steps can be made during the original -construction, when they usually can be 

built most economically. These changes may be of the nature of a raialng or 

lovering of the stream bed, or may be a change of stream width. T'.aey may also 

involve a change in the stream alignment, in a straightening of the atream or . 

a change in the direction of more crooked alignment. Considerable study has 

been given to the changes involving raising or lovering of the stream bed, 

(1,2) and some study to changes in river width (3) but except for studies of 

meandering streams, little attention. has been paid to changes in align.~ent. 

This is probably because the latter changes go on more slowly, and. the effects 

of past construction has not yet become evident. It is therefore not practi­

cable to preaict the nature of tpe futtlre changes from a study of changes that 

have occurred in the past. The only approach available therefore seems to be 

a study of the for.ms of natural streams and of the conditions vhich give rise 

to these fonns. The changes which will occur can then be inferred from the 

nature of the changes in conditions that have been or will be made by the 

engineering works. 

(1) E.W. Lane: 1955. The Importance of FluviaJ. Morphology in Hydraulic 
Engineering. A.s.c.E. Proceedings Separate 745. 

(2) Retrogression of Levels in Riverbeds below Dams. Eneineer.t.ng News­
Record Vol. 112, June 28, 1934, pp 836-838. 

(3) Leopold; L.B. and Maddock, Thomas Jr. 1953. The Hydraulic Geometry 
of Stream Channels and Some Physiographic Implications - U. s. Geological 
Survey Professional Paper 252. 
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As is so often the case when an advance is made in knowledge. in a. given 

field., the new- information is useful ih ways which were not anticipated. when 

the study lead.fog to the advance was made. Therefore, in.t}:le case of this 

study, it is believed that the increased knowledge of streams will be bene-

ficial. irt ways that cannot now be forE?seen, in a number of fields. One of 

these is in geology, vhere the study of morphology or physiogre.phy is an im­

portant subject. The fonns of streams is an important part of this field of 

knowledge, and it is hoped that this study will be useful in that field. also. 

Because of the great variety of conditions affecting stream fonns,_ to 

have a study of reasonable extent, it was necessary to limit considerably the 

scope of this investigation. · In investigating ar1y coEiplex phenomenon, it is 

necessary to Gtart first with the simpler aspects, for until one can tmcler- · 

·. stand these, there is no hope of understanding the more complex cases. The 
. . . . 

:work will the.refore be confined largely to the forms which strecl.Clls carve for 

· .themselves in erodfole material. In order that the ideas d.eveloped may be 

useful to a wide range of persons, it will be presentea. in as simple terms as 
. . . 

·. possible, with the mathematics reduced. to a m:ininrum, since so many engineers 

a.rid geologists have lost, throug,.'1. disuse, their s.bility to band.le read.Uy ex­

planations in mathematical terms • 

. The channel of a stream may be considered to be an irregular, three dimen­

sional solid. It can be adequately :represented by a topographic map, but few 

maps giving tbe configuration of the stream bottom are available. The material 

. usually available consists of maps, cross sections, and. profiles. In this 

. study, generally only the plans and profiles have been used, as the form of 

3 



cross section has been given co~siderable study by Messrs. L.B. Leopold and 

·Thomas Maddock, Jr.(3 ) and it was believed that further study of that subject 

· . would be less productive. However, since the width is an important factor in 

stream fonn, this study must eventually be considered. Width i .s also inv9lved 

in the quantitative relations which it is hoped later to develop, although it 

has not be~n included in the analysis in the stage develop~d in this paper. 

However, the method of approach used in this investigation is so different 

from that used by Leopold and Y.iaddock that it is believed that no appreciable 

duplication of their work will result, 

In general this study will consist principally of: 

1. A discussion of the principal factors influencing stream channel fonn. 

2. A selection of the principal factors involved, 
I • 

· 3. A detennination of quantitative relations involving the principal 

factors concerning meandering sand streams and braided sand streams, 

4. A preliminary analysis for streams involving coarser material. 

5. A discussion of the nature of a number of other types of streams as 

.. disclosed by the foregoing analysis. 

6. An attempt on the basis of ~he results obtained by this method of 

analysis to develop a better system of classifying types of streams 
· , 

in erodi.ble material including new definitions of meandering and 

·braided streams. 

7. A suggested method of quantitatively defining the shape of stream 

channels. 

8. A statement of further studies to carry this investigation more nearly 

to completion. 

--·---~----------
'(3) Leopold, L. B. and Maddock, Thomas Jr. 1953 . The Hydraulic G€ometry of 

Stream Channel s and Some Physiographic Implications - U.S. Geological 
survey Pr ofes s ional Pa.per 252. 
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·. GENERAL ASPECTS OF STRE.,\M FORMS 

There is a neany infinite variety . in stream forms, if considered fo de -

· . . tail. · No s tream is exactly like a.~y · other streai'11 and 110 part of any str eam is 

· exactly like · any other part of the same stream . . This is because stream forms 

>a:ce the •;esu.1.t of a great many ·ractors·, and the same combination of these 

. fact~rs is ·never exactly repeated. Ho~eve:t, · streani forms are the r e sults of 
. . 

. . 

: physical .laws and if the conclitions controlling .the shape of any part of a 
. . . . . 

. _stream were e xactly reprod~ced, the same form of a stream would result • . One 

·. : 

set of conditions prod.uces orie form, · and another se t gives rise to another 

form. Howev,;!r, certa i~ factors influencing strerua forms are more eff ective 

than others J and -when simila r combinations ' of these maj o r factors occur, 
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roughly similar streruns are produced, In this study an attempt will be made 

to study the principal types of strea..rn resulting from the most com.'Don of these 

combinations of condi tions. 

Stream fonns is ,a subject which falls into the field of both the geologist 

and the engineer, and both have made valuable contributions to the development 
\ 

of the science dealing with them. The geologist encounters the fonn of streams 

in his study of the e ffect of flowing water on the form of the earth's 'surface . 

This study, which was forme rly knmm as physiography, is now more frequently 

called morphology, or the science of the form of the earth's surface. Since 

this paper is concerned only with the effect of flowing water, the field of 

this paper may be classed as fluvial morp11ology. 

A knowledge of geology is very i.mportant in studying 'stream forms, for 

the form which streams now have is l argely the result of the geological condi~ 

tions which have existed in the past, as well as those which exist at the 

present time. The conditions which existed during and since the time of the 

Wisconsin glacier (the last portion of the Pleistocene Epoch) or the great 

ice age, are particularly important. 

of what is called historical geology . 

The study of these conditions is a part 

f'he engineer encou..~ters the pr oblem of the form of rivers in his attempts 

to.develop the resour ces of streams for navigation, flood control, irrigation, 

water power and other uses. Literature throwing light on the subject is avail..: 

able from a wide variety of sources) and covers a long period of time. 

In general, . the geologist is interested in much longer periods of time 

than the engineer. Geologists are conunonly interested in millions of years, 

but in flu vial morphology they study also much shorter periods. The engineer 

nomally considers a century as a long time ) but in dealing with water 
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. resources, evide'nce is . rapidly accumulating to show that his 'vi~wpoint i~ the 

·.· ·.'past has not . covered a sufficient period., ·and for best. r~sults a ionger viev . 

. .;, .'_ -~ 

is necessary. The very short time view of the geologist and . the long time · 
. _ •.. : .. -~--' . . 

· view of the engineer are much the same, and a knowledge of both should be·~· 

mutually benefi~fal. ·,:: . 

Streams have been classified in many ways, .One way that is useful for 

the purposes of this 'study is to dJvid.e them i~to three groups: (1} strea~s . 

in which the form is detennined predominantly by the relativelY: ine~od.ible . 

TOCkS forming the earth IS CrllSt in the region through Which. they flow, (2) 
. . 

. . ··. . : 

· streams whose form is determined predominantly by the action of the -water Of 

-the stream itself and (3) an intermediate·class where the stream form :i.s 

partly determi.ned by the rock of the ea rth's crust and partly by the stream 

itself. 
. . 

There are, of course, no exact boundaries between these classes. .. The ,. 
. . .· ~- . . . . 

fonn . of relatively few streams of considerable size is d~termin~d er~tJ. ; ely by 
. . . . . 

the rocks of the earth's crust in the region through which it flows, for the 

. . •: hardest rocks are worn away by flowing water, and 'over a longperiod of ti;1e · 
. . 

.- -, great changes result from this action. Similarly, while manY stre~ms. ar~ .·· 

. called alluvial strea.ms because their form has b~en p~edo;ninaritly determine~ 

,· .. by the ~cour, transportation and deposit of the material . through which · they 

. ·;, ' flow, in, many of these: streams there a:re rock ledges or short sections of 
. · ·.. . . . . . . . 

on the banks which largely influence their nature. 
. . . .. 

This study, iri the stage . covered by this report, will be concerned with 
~ ... 

the second class, where . the fonn is determined predominantly by the water 

itself. ·. It -will include allu;iai stream~ as mentioned above, where the sur- · 

rounding solid materie.l hns been deposited by the flowlng water, and those 
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flowing in ahy other material which can be scoured by . the action of the flow­

ing water with sufficient rapidity to produce changes during the time interval 

with which the engineer is ordinarily concerned . This study does not include 

~ study of rills or gulleys, which are of such importance in soil erosion, nor 

does it deal ,nth tidal streams, or the steep streams called torrents, the 

. control "f' which is so important in parts of Europe. So far the study has not 

covered intenni ttent s~reams, nor the arroya type of stream so conunon in the 

· western part of thii:; country. It is hoped that this study can eventually be 

extended to cover these forms and the previousJv mentioned third class of 

rivers also. 

Factors Affecting Stream Channel Forms 

A great many fact ors affect stream channel forms. Some affect the form 

directly, and others affect it because of the i r influence on the directly 

affecting variables. The most important variables are (1) stream discharge , 

(2) lonGitudinal slope, (3) sediment load, (4) resista,~ce of banks and bed to 

movement by flowing wat er, (5) veeetation, (6) temperature, (7) geology and, 

,(8) works of man. 'l.'here are no doubt other factors involved, but these eight 
I 
I 

'are believed to be the major one::, . In the following parag:caphs, the influence 
I 
' 
of these factors will be discussed in some detail. These factors are not all 
i 
-independent ones, as many depend, to a greater or less extent on the others. 
I . 

The i nterrelation between longitudinal slope, sediment load and resistance of 

the banks and bed to movement is particularly close and complex. 

Effect of Stream Di scharge 

Everyone interested in the form of strea.-n channels is aware that some 

stream channels are l arge and. others are small, and that, in general, the 
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lnrge stream channels carry large quantities of water and in the lit~le ones 

the flows are small. It may be said that the stream discharge is the most 

obvious factor in detenn:i.ning stream form. A stream channel form, however, 

is the integrated effect of all of the factors influencing it, and sinca the 

discharge of any natural stream is constantly changing, as far as the influence 

of discharge is concerned, 1.he channel fonn of a stream is the integrated ef­

fect of all of these discharges. It is well known that in the fonns of stree.m 

investigated in this study, the change of the banks and bed goes on more 

rapidly with large flows than with small ones, and large flows therefore have 

a greater influence on the form of ·streams than the smaD. ones . Recently 

there has been a tendency to analyse stream action on the assumption that this 

action is largely due to a certain discharge or srnall range of discharges, 

called the "dominant discharge" and for some purposes this is a useful concept 

There is no doubt that usually a narrow range of discharge exercises the pre- . 

dominating influence of discharge on stream fo rm and this may be considered to 

be the dor.iina.nt dische.rge. However, it is not possible to account ·for a ll the 

actions of a stream by a consideration of a single d.ischarge or e. narrow range 

of discharges . A determination of the dominant discharge requires an intimate 

knowledge of the characteristics of the stream, and in this· study, where so 

many si_;reams are compared, it was not practicable to study them all in the 

detail required to detennine their dominant discharges. In the United States, 

however, the discharge of very many streams has been determined and their 

average flows is easily obtained by consulting the pubHcations of the U. s. 

Geological Survey, which collects these data. The average discharge has 

therefore been used in this study as the measure of the discharge factor, 

since it is for the purposes of this sturly, the only flow factor readily available. 
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The consistency of the results obtained indicate that, while not idea:r, it is 

a reasonably good parameter. 

The discharge of a stream influences its form not only because of the 

magnitude of the discharge, but also because of the fluctuations of the flow. 

For example, the banks of the Lower Mississippi River are scoured more on a 

falling stase following a flow of bank full or higher magnitude, than at any 

other time. Therefore the change of form resulting from this caving depends 

to some extent on the number of times the stage rises and falls from bank full 

to a considerably lo~er value. This same action is kpown to occur in a similar 

manner in many other streams. 

The part·of the flow that occurs in the main channel as compared vith 

that which flows over the bank_s in floods, also influences the channel shape, 

and therefore the form of the stream. The water that flows out of the main 

channel usually has a low velocity and does not greatly influence the stream 

fonn, while that vhich flows in the main channel flows with high velocity and 

therefore is capable of cutting the banks more rapidly. Other things being 
I 

equal, the stream in which the greatest portion of the discharge flowed in the 

main channel woui.d therefore scour its banks the most rapidly. 

In e.n increasing number of cases the works of man have changed the flov 

of streams, in e~ther the rate of discharge or the variability of flow~ and 

frequently in both. By means of the study reported in this paper it is hoped 

that more reliable predictions can be made of the effect of these changes of 

discharge on the stream fonns. 

The Effect of the Longitudinal~ 
I 

Because the magnitude of the lon~itudinal slope of a stream flowing in 

erocli..ble materinl cannot ordinarj_ly be detennined by a visual observation, 
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: the effect of slope on stream channel fo rm is not readily observed. . It can 

only be d.emonstrated. from a comparison of the forms of streams having a wid.e . 

range of slopes. Since data on the slopes of stree.ms are not easy to collect, 

11 ttle work on the effect of slope on stream form ha.s been carried o,n, and the 
. . . . . . 

. subject has been. r arely discussed. These studies .however have progressed fa.r 

· enough to demonstrate that stream slope has a major effect on streo.m channel 

.form; tha t it is, in f ~ct, one of the major factors ·influencing the form of 

stream channels. 
·. I 
The slope of a strerun is generally expressed as a ratio of the drop i n 

elevation along the stream to the length of the stream channel. This can be 

expressed as the drop per unit of length, such as feet per mile, or preferably 

as a dimensionless ratio, such as the feet drop per foot of length, or the 

·· . length for a foot drop. 

T'ne longitudinal slope of a stream is set lo.rgely by the tcpograr)hy of · 

the cotmtry through which it flows. Flat pis.ins usually give rise to rivers 

of low . slope, . areas of moderate slope usually produce streams of intennecliate 
. . 

slope and mounta inous country or areas of high hills usualJ.y are · drainecl by 

streams of high slopes. · In an increa.sirig number of cases the works of man 
. . . . . .. . 

· . have changed stream slope, but in most cases the effect of these changes on 
. . · -

the for.m of streains has no~ been determined, As pre;iously mentioned, one of 

the major purposes of this study is to enable reliable predictions to be ma.de 

of the effect of man-made changes on stream. slope on the form of streams. 

The Effect of Sediment Load ---------
There can be little doubt that in most streams in erodible material the 

amount and character of the particle·s composing the · sediment load carr:i,ed by 

the stream exercise an important effect on the shape of its channel. T'nis 
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is particularly true of alluvial streams, whose bed and banks are formed by 

sedimen~ transported by them. The amount and composition of the sediment load 
. . ' ·. . : 

· _carried by a stream is affected by a great nwnber of variables, but this sub-

ject lies outside of the scope of this paper. 

,Although the charact~r of the sediment load is usually set predominantly 

by the hydrology, geology a..,d vegetal cover of the watershed, sediment may 

also exercise. an impprtant effect on the slope, particularly in those sections 

of streruns affected by the ·works of man. The nature of the sediment load ·also 

·strongly influences the resistance of the banks and bed of the stream to scour. 

_When the sediment carried is coarse and/or cohesive, the banks and bed are 

strongly resistant to •scour, but when they are composecl of fine, . non-cohesive 

material, the resistance is small. The fine cohesive material carried by a 

stream usually has little effect on the form of natural streams, unless it has 

an opportunity to settle and consolid.ate, but when this occurs, the effect may 

be considerable. The extent to which this is true is as yet not well worked 

· out. The shape of the lower Mississippi is materially influenced by the large 

beds of highly consolidat~d clay deposits which were formed by the filling of 

the lakes resulting frora cutting off of the bends of the river in times past. 

The Effect of Resistance of the Banks and Bed to Scour 

As previously stated, the resistance to scour of the banks and bed of 

alluvial streams is usually related to the character rf' the sediment moved 

by the streruns. In some cases considered in this study the stream flows in 

erodible materlal which was not placed by the stream ltself, but was deposited 

by other agents in another geological period. T'ne size, shape, specific grav­

ity and cohesive tendency of the particles composing the banks and bed of the 

. stream is very important a.s they control ,the susceptibility of the banks and 

12 



' 

bed to scour. O:f these factors size and. cohes1ve tendency a:re the most 

important. 

For exampl~, a stream flowing in material which is highly resi s tant to 

scour will tend to be much narrower and. deeper than one which flows throue;h 

easily eroded ma terial. This is becam;e the stream widens out until the trac­

tlve force on the sides is no longer sufficient to produce scour, vn1en the 

material is very resistant to scour, it ,rill stand a. deeper flow a.11d hence 

higher tra.ct:I.ve :force in the stream without scouring, than will less r es:l.stf'...nt 

material. Tne nieaning of the term tractive force, as used here, is cliscussed 

in e.n appen dix to this paper. Engineers are finding that tra.ctfve fo rce ia n 

more accurate ind.ex of' scouring ability than velocity. 

Effect of Vegetation~ Stre~ Form.2, 

The effect of a vegetative cover on the bank~; m1d bed of s.mall streams 

in protecting it from scour has been so amply demonstre.tea_ that it need.r; no 

discUS$i On here, but vegetation also affects the shape of streru,, s of med.iura 

size and even large ones. Even in major streams like the Mississippi and 

}tlssouri., the vegetation may have an important effect. Towl·X- has stated the t 

i?- 1804 t he length of the M.i.ssouri between the mouths of' the Big Sioux and 

Platte Rivers was about 250 miles and in 1935 it was about 150 miles. He 

conclude/!;: that the changed. length was due to the removal of heav·.t ti..rnbe.:r . 

· Probably the outstanding case of the effect of vegetation on the rivers 

in this country is that of the "rafts" on the Red and Atchafalaya Rb2rs in 

· Louisiana. 'E,e Red. River* was so choked by :..--a.fts of floating logs and other 

* Roy N. Tmrl. The Behavior Histo!"J of the Big Muddy. Engineering News ~ 
Record Vol. 11.5 August 22, 1935, p. 262-264. 

* Physiography of the Eastern United States. Fenneman p. :u6-J.17. 
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vegeta~ion that it completely changed part of its course and caused numerous 

• lakes to form where tributaries entered it, p robably because of the rise in 

its bottom and water surface which accompanied the choking. Since the raft 

has been removed, the river has materially lowered both its bed and vater 

surface. The Atchafalaya River in Louisiana WllS also complet ely choked by a 

raft~ and on its removal, it ~aterially deepened and widened its channel. 

Another famous case where vegetation has affected the form of a major 

river is in the f amous sudd region of the Nile River in Africa, where for 

many miles the river is so choked by vegetation that it spreads out in a 

great swamp through which travel is very difficult. 

F.!ven in the case of the mighty Mississippi River, it is believed that its 

fonn is to some extent i nfluenced by the heavy growth of vegetation which de­

velops on its banks and overflow areas. This river is very meandering, and 

forms great loops , the ends of which are a short distance apart in a straight 

line, but many-miles distant measured {llong the course of the river. Wben 

this straight line distance becomes small, during high floods much of the 

water flows along the straight line path, and when the river scours its banks 

in such a way as to make this path short enough, the wate r flows with suffi­

cient velocity to scour the earth along the short puth severely enough to form 

a channel, which gradually enlarges sufficiently to carry the e1;1t i re flow of 

the river, thus causing what is called a "cutoff". The length of the short 

path at which scour will occur to a sufficient extPnt to form a cutoff, would 

be much less i:f the ground over which :the short path passed was not grown up 

with the dense vegetation which is found there. Without vegetation the shape 

of the river could therefore never attain the degree of sinuousity which oc­

curs under existing veget a tive conditions . For example, the f amous bends 
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which.fo:r:werly existedcnear the town of Greenville, Mississippi could, under 

· .. natural conditions never have had the narrow necks which they did, without the 
. . 

heavy vegetation that existed on these bends. 

AccoriiUng to G. H. Matthes, the form of the stream channel of the 

Mississipp,i is also influenced by the willow growths which form on the bars. 

As these growths start they cause sediment to deposit on them, and thus build 

the bars hi~11er. · As the willows become larger they become less easily wa shed 

·· ... out and a l.so more effective in causing deposit. The deposits often continue 

until an :i.sla."'1d is formed, whkh materially changes · the shape of the stream 

channel f rom that which existed before the growth starte¢1.. 

In a section of the Kiss:i.m..':lee River in Florida, the channel alignment is 

ver-J tortuous. In recent years there has ·been a great growth of water hya­

cinth, a p).ant introduced from a foreign count:q. This plant has grown so 

profusely in this river that at a nur,iber of places it has so choked the 

channel t.I:!ia t the water spread overbank, and flowed across the necks of bends 

with suffT cient velocity to cause cutoffs, which produced major changes in 

streaJn a lignment. As this plant grows only in wa rn1 _climates th:i.s change , to a 

·• certain extent, may be considered a temperature effect as well as a vegetative 

one, since it would not occur in a cold climate. 

In. f'ect temperature is an important factor in all vee;e t ati ve effects, 

since the vegetation which affects the stream pattern in any case depends on 

the growt h -which ca n take place with the tempe rature which exists there. ·For 

example, one would not expect vegetation to have much effect on stream patterns 

· in a regi,u;r,i whe:;:e the· tempe rature was so low that only a tundra growth occurred . 

· As an actua l ca·se it may be mentioned that the a.ensi ty of vegetation a long the 

streams i n the war.n state cf Florid.a ts very muc:1 greater than along the 
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. streams in the cold state of Hontaria, and therefore changes iri the st.rerun 

~patterns will usually occur less frequently, or more slowly, other conditions 

than temperature being the same, in :Florida than in ~1ontana, 
.. 

It is probable that the differences of density of vegetation in Florida 

· and .Montapa is partly a. result of the Mgher rainfall in the former. This 

adds another factor to those previously discussed as influencing stream fonns. 

Rainfall also has an important effect on stream discharge, which, as previously 

mentioned, is a major factor ;in stream patterns. Since in both cases the effect 

of rainfall is indirect , its influence will not be considered further, but this 

mention of it does serve to indicate the complexity of the subject of stream · 

forms, and of the interrelation .of the influencing factors involved. 

The Effect of Temperature -- ---·- - -~-----
Temperature effects stream forms in various ways (in addition to its ·effect 

on vegetation previously mentioned). These may be classified under four heads 

as follows: 

1) Effect of temperature on resistance of banks and bed to scour. 

2) Ice effects. 

3) Glacier effects • 

. 4) Effect of temperature on transporting power of flowing water. 

These will be discussed in more detail in the following paragraphs. 

Temperature in some cases affects the resistance of the banks and bed of 

·a stream to being scoured or worn away by the flowing water in addition to its 

effect on vegetation. A change of resistance is brough~ about by the freezing 

of' the banks, which occurs in winter in northern rivers, such as the Yukon 

River 1n Alaska. In some areas the .ground is permanently frozen, except that 

a thin layer on the surface thaws out in srnnmer . Unless the banks are thawed 
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out, they would be much less subject to scour than when in their unfrozen 

conditlons . 

In northe111 regions glaciers frequently fonn in the valleys which affects 

the stream discharge and sediment load.. The stream has its maximum flow when 

the temperature is high enough to melt the ice. The flow may cease entirely 

during ~he winter and at night during the surmne r. Most of the nmoff ·occurs 

during a short part of the time and therefore produces high peak discharge 

rates,, 1c"hich are able to produce greater transportation of sediment than if the 

flow was more unifonn. Also the glaciers usually oring down great quantities of 

sediment , which they supply to the streams; causing overloaded strea.~s and 

streams, with braided or interlacing pattern. 

An examination of deta:i.led topographic maps in Alaske. shows n larce 

number c,f' very crooked streams. The cause of this stream patter n is not evi~ 

dent. 'filere is a possibility that it is due to the high reslstance of the 

bank mat erial to scour, since there is some evidence that highly resistant 

bank ma"-,erial tends to produce crooked streams. The high resista.'1ce in this 

case would be because of frozen ba.n.1{ material. 

In .northern reeions the streams freCJ.Uently freeze co1;-ipletely to the 

bottom in winter. In the spring they thaw out and the ice flows dmm with a 

great n.11sh, causing jams which naturally raise the water level and cause cut•• 

offs, and seriously scour the banks and bed. . 

That streams tend to carry more sediment in suspension in ;Tinter than in 

summer bas been _observed on the lowe:r Colorado River'!.·, the Loup Ri vc'!· in 

Nebraska, Niobrara River in Nebraska and the Missourl River. 'l"he effect of 

* 
------------- --------

E. W .. Lane, E. J. Carlson and O. Hanson. 19!~9. I.ow Tcm:pe:rature 
Sediment in the Colorado River. Civil Engineering, Vol. 19, No. 
September 1949. pp. 619-620. 
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temperature on suspension bas also been demonstrated in artificially created 

·turbulence. The effect of temperature on the movement of the coarser particles 

on the stream bed has been investigated. but there is not complete agreement re-

garding the reliability of the conclusions d+awn. It is believed however that 

the evidence shows that under some cond.i tions at least, _such effects exist, 

but the nature and magnitude of them is in doubt. 

· Although the effect of temperature on the transportation of sediment 

can be demonstrated, it is difficult to show just how this effect influences 

the form of streams. However, since t he form of streams is so much influenced. 

by the sediment carried by them, as sho,m in a previous section of this report, 

it seems reasonable that anything which would materially effect the transporta-
1 

tion of sediment in streams would also have some effect on their form. 

Effect of Geology of Watershed and St~ Ch~ 

The importance of geology in stream channel forms has already been briefly 

mentioned. Geology is perhaps the most important factor in stream forms because 

of its effect not only on the form of the stream directly in many ways, but 

also . indirectly in its influence on many of the other variables which directly 

affect stream form. 

For example, the geology influences both the amount and the variability 

of st~eam flow. It. gives ~ise to mountain ranges, which increase the rainfall 

in certain areas and decrease it in others, thus increasing or decreasing the 

stream flow. It also affects the flow variability by producing lakes or swamps 

which tend to equalize the stream flow, or porous rocks ur earth, which have a 

·similar 'effect. The slopes of the streams are largely set by geological 

action, as previously explained, and the slopes of all~vial rivers are some-

. times controlled by rock ledges which cross them at intervals. Geology also 
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materially influences the sediment load by providing easily eroded material 

which produces heavy sediment loads, or-res istant ~aterial ,rhich produces 

light. loads. It •also tends to co.use high or low sediment loads by proclucing 

high or low stream slopes, It further . affects the stream form by provhling 

easily eroded or resistant material in the stream bed. or banks . 

This stttdy bas shown that the geologi cal history of many strenms in the 

. past is au important factor in the form of many streams in erodible. material. 

The influence oi.' the glaciers -which covered most of northern North America 

. in recent geological times, particularly the l a.st great advance of the 

glaciers in rn1at is called. the Wisconsin glaci al stage of the Pleistocen•.3 

epoch, and the recession as the ice mass.es melted ayre.y, ancl largely dis­

e.ppeared, is -stil1 materially influenci11g the form of many streams, although 

this glacier reached its greatest advance at least 5-10,000 years ago. Among 

the s treruns studied in which this glacier still largely i nfluences the fonn 

e.re the Upper Mi ss issippi, Wabash, Illinois, Minnesota, Red River of the North 

e.nd the Milk River (Montana). Al though geology i s no doubt the most important 

' factor influencing stream fo nns, it ·will not be d.iscussed. at length bereJn, 

since -within the limited scope of this report it is usually not directly a 

_major factor, and the geology of most alluvial valleys is, for the purposes 

of this study, very nearly the same. In some cases , however, the pa.st geolog­

ical history of the stream gives rise to strea.ms of unusual forpi, which come 

within the scope of this paper and in these cases the geological aspects must 

·. be treated, in order th.at the fo rms ·may be understood. 

The Works of Man 

The -works of man have materially cha.need the fo rms of channels in numerous 

large and small rivers. 'l'he Lowe r Miss i ssippi has been materially straightened, 
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shortened and steepened by cutting off numerous bends. Many miles of the 

Missouri have been narrowed and straightened by contraction ~orks. Numerous 

small rivers in Iowa, Illinois, Oklahoma and Missouri have been straightened 

by cutoff and auxiliary channels. Dams have been constructed forming large 

reservoirs. Most of these vorks have been so recently coi;1pleted that their 

pennanent effect on river fonns is unknown, but it is believed that as time 

goes on, these effects will become more evident and their importance will be 

greater than is now the case . 

Common Classification of Stream Forms 

There are a number of fo nns of streams that are so frequently encou..l'lte r ed 

· · that they have been given narr.es by :persons dealing with rivers. The names 

most commonly mentioned are meandering, braidec., incised or entrenched 

meanders, and misfit or W1~erfit streams. It is probable that most readers 

of this report will have at least a general idea of what is meant by meander­

ing and. braided strel?JTIS . Because t here is no generally accepted exact defini­

tion of either, they are discussed at length in later sections of this report, 

and what is believed to .be better definitions are proposed . Those who are not 

familiar with the general meaning of these tenns should read these definitions 

first. The definition on meandering streams is on page 52, and that on braj_ded 

streams is on page 89. 

An incised. or entrenched meandering stream is fonned by a meandering 

stream cutting downward into rock or other material usue.lly highly resistant 

to scour, so that whi le it maintains its meandering fonn it no longer scoars 

its banks or shifts its horizontal position rapidly. A misfit stream is one 

that occupies a valley formed by a stream of considerably larger or smaller 
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diachare;e, so that it has o. different cht,nnel size and p1·obably different ple.n 

form than the channel had vhich fo nned the valley. An unde:t·fit riYer i s one 

which occupies. e. valley which was fo nned by a stream of rnuch larger discharge 

than the present one . 

Misfit and Underfit Strea.me 

As previously stated., a misfit stream is one that occupies a valley fo rmed 

by a strea'lt of materially different di.scharge. The va.Uey forming discharge 

could be either smalle r or l arger than the present cl.i~cha.rge . An underfit 

strewn occupies a valley fo rmed by o. stream or greater discharge. A miafit 

stream can t herefore be etther an underfit i:;tream or an overflt otrea'Il, but a 

natural strewn which occupies a. valley formed. by n stream of much smaller dis­

charge i.e., an overfit stream, -would usually soon remove all signs of the 

former srual.ler stream channel and. viden its valley to eonform to its present 

discharge . 'l'herefore overfi t streai11s !\re rarely found. 

Since the tenn underfi t is more definite and accurately d.escript.1 ve than 

the term 111isf:l.t, it is believed tha t it would be better to drop the use of the 

designation misfit, and use only the t erm underfit for the ctreame of the 

underfit type . If one of the opposite type is encountered, it may be called 

an overfit stream. Streams of the und.erfit t.y-pe covered in this stuo..y are 

the Milk Riv·.e r of Montana, -which flo;1s in a formar course of the MissCJuri River 

snd the Minnesota. River, which was the outlet of Lake Agl:l.ssiz. In one sense, 

the MidtUe Mississippi from St. Paul to St. I.cu.is and the lower Illinoi s , 

vhich \Ia8 the former course of the no l onger existing Teays River, mny be 

considered. to be underfi t strea'lls since the present discharge i s much less 

than that vhich flowed in them <luring one r;ta.ge of Pleistocene time . However, 

in. the case of these t wo streams it ia doubtful if this hi gh flow continued 
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long enough to fonn a valley commensurate with the larger discharge. The 

writer therefore pref ers to consider these st~eams as refilling streams. The 

Minnesota valley may also not have been enlarged to a size commensurate with 

its high flows, but i ts valley seems much larger in comparison to its present 

discharge than do the valleys of the Middle Mississippi and the lower Illinois. 

QUANTITATIVE STUDY OF STREAM FORMS 

The Formulation of Plan for 
Attacking the StrerunForm Problem 

Although a number of attempts have been made to develop a science explain- . 

·. ing the formation of' meandering streams, an extensive search of the literature 

in t he field of stream forms has disclosed very few articles attempting to 

develop a science cowering other than meandering fonns. As the subject is 

obviously very complex, it has seemed to the writer that the best line of 

attack would be to :N..nd out from measurements on existing natural streams the 

conditions under which the various forms developed. A study of the relations 

of the principal variables should give clues to the reasons for the various 

foms, and if a gener.al fundamental relation could not be developed, at least 

empirical relations, c ould be developed in various areas which would be very 

useful in many of t he problems which arise in stream engineering, 

To carry out such a plan requires a determination of the principal factors 

involved in the fo rmation of stream channels, and data on these factors for a 

considerable number o f streams covering a wide range of conditions. 

Selection of the Principal Factors Influencing 
the Form .~! Stream Channels Flowing inErodibTe Material 

In the foregoing sections of this report it has been pointed out that 

t here were eight major factors which influ,enced the fo:rra of streams flowing in 

erodible material, ~d1d that each of them, in some streams, exercised a ma jor 
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effect on the channel form. With so many iraria.bles i "\; W-4S net pract:!.cable to 

appraise separately the effect of each factor, a.nd analyze their interrelation, 

by treating all of fhe factors at the same time since_ some of the factors are 

interrelated. 'l'he best procedure in a case oft.his kind is to select vha.t 

appears to be the ~ -=important variables and to try to establish the rela­

tion between these. If such relations can be established., it is then usually 

yossible to proceed to determine, to some extent at least, the effects of some 

· of the other variables . 

. Other points which had to be considered in selecting a plan of attack for 

appraising the effect of the various variables and their interrelations a:..·e 

(1) the possibility of expressing the magnitude of these varia,bles quantita­

tively and (2) the availability of data on. the magnitude or extent of them on 

a · 1arge numbe:r> of streams. It can readily be seen that the vegetational conc'i.i-

. tions, the effect of the works of man and the geological conditions cannot be 

directly expressed in quantitative t erms , nor is there extensive d.nta r eaa.ily 

available on them. 'I'he temperature of the water can be expressed. quantitativeJ.y, 

but very few date on it ere available. 'I'he sediment load transported by the 

atreal!l can also be mea.su:::-ed, enc1 expres sed quantitatively, but data on it also 

are comparatively meagre. The nature of the be.nk and bed material. can, · to some 

extent be e:x"'!)ressed quantitatively, especi ally if it is non-cohes ive, .but data 

on it are widely available only in general terms, such as sand, gravel; and 

clay. The slope and discharge of streai11s however can be readily expressea. 
' / 

quantitatively, the slope used being the longitudinal slope along the channel 
' 

of the stream, o.nd the discharge can best be expressed. as the average discharge 

over a long :pei.~iod. The plan form of streams can be expressed in q_uanti tative 

terms, as will be shown later, but this is l aborious , and no d.ata on stream 



fonns of this type are availab.le. The tortuosi ty ratio of a stream ( the ratio 

of the stream length to the valley length) which in some cases can be used as 

an index of stream patta rn can be expressed quantitatively, but a determination 

of it is time consuming and requires detailed ma~s of the stream • 

. In studying quantitat ively the form of a large number of streams, we are, 

therefore, at present limited to expressing the form in general tenns, such as 

meandering and braided, and comparing this with the variables; slope and mean 

· ~discharge, the bed-bank material, the latter expressed in general terms such 

as sand, gravel and clay. If more time and funds for the study were available, 

it would be possible to extend the relations for a number of streams to include 

tortuosity ratio and other quantitative expres s ions · or plan form and quantita­

tive size of non-cohesive bank and bed material. 

As will·be shown later, a comparison of stream plan fonns -when using 

only the factors of slope, discharge, and bed-bank material, gives very con­

sistent results, with comparatively little scatter of observed points when 

presented in graphical form. This consi ~tency strongly indicates that the 

\/ slope, discharge and bed-bank material are the most i_mportant factors influ- v 

~ncing stream fonn. This is particularly fortunate, since it is these that 

are ·the factors on which data are most readily available. This shows that the 

best plan of attack to the problem of analyzing stream forms is along the line 

of a quantitatj_ve- comparison of these variables, as far as it is possible to 

do so. 

Because of the importance ~hich the sediment load transported has in 

determining the shape of artificial channels for conveying water, such as 

irrigation canals*, it may seem surprising that comparatively consistent 

-----·--·-·--·--- --·---·---· ------- ·--------------·--·----·-------
* Lane, E.W. 1955. Sediment load Charge as a Factor in Stable Irrigation 

Canals. Journal, Cent ral Board of Irrigation and Powe r (of India) Vol.XIr 
. No. 2, ·pp 1-8,. April J,.955. 



l'esults are obtained vhen ignoring this _variable. · That the sediment load 

transported is an important factor in shaping the form of streams cannot be 

denied, That comparatively consiste~t results can be obte.i~ed in analyzing 

data based on a large number of natural streams vi thout considering tM.r:l 

··. factor arises from the fact that this factor is largely the product of the V 

other factors treated, end in natural streams may be considered as a dependent 

variable. In a stream in regime or equilibrium (also soruetimes called a graded 

or poised stream) the stream form is ver~ largely dicteted by the load of 

coarse material -transported, but this load is the result of the factors: dis­

charge, slope and bed-bank materiel. Since most o:f the natural streams on 

·vbich data were secured for use in tM.s study are probably approximately in 

regime, the coarse sediment loaa. is the result of factors: slope, discharge, 

and bed-bank material, e.nd therefore does not have to be treated as an inde-

pendent variable. In artificial cha..'1.nels, the coarse load is not a result of 

the slope, discharge · and bank-bed material, but is imposed on the cha..rmel by 

.. being introduced into it from the stream from which the channel draws its 

vater supply. In studyi.ng the sediment problems of these artificial channels 

the sediment load must be considered as an independent variable, 

· Having selected discharge, slope and bank-bed material as the three prin·­

cipal variables controlling stream fonn, it is necessary to find the magnitud.e 

of these three factors, together with the channel form produced by them in the 

case of a large number of natural streams. Since no compilation of these data 

was ava.i.lable, it was necessary to collect it from any source where it could be 

. found. 
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The data on the mean discho.rg~ of the stream was usually comparatively 

easily obtained from the very complete records of the U.S. Geological Survey 

and published in their Water Supply Papers. Nearly all of the mean discharge 

values for the streams used in this study were obtained from this source. 

The slopes of the streams were largely determined from profiles, pub­

lished in the reports on engineering studies of the streams made in connection 

with their development for various purposes, such as flood control, irrigation, 

navigation, and. water power. Published reports of the U. S, Army Engineers, 

U.S. Bureau of Reclamation, and Miami Conservancy District were extensively 

used. A series of theses of the State University of Iowa, developed unde r the 

supervis i on of Professor C. J. Posey contained valuable data on slope and other 

characteristics of streams . 

Data on the bank-bed material was also largely drawn from these reports 

and from the writer's knowledge of n~~e rous streams scattered·over the country 

gained in engineering studies dealing with them over a period of more than 

forty years. 

The strearn channel fonn developed was also determined from maps in the 

various engineering reports, from the quadrangle sheets of the U. s . Geological 

Survey and from the writer 's personal observations. 

The data used in the study is tabulated on pages 103 t hru 106. More de­

tailed data covP.ring ·some of the individual streams is given in Appendix I. 

Determination of Quantitative Relations Between 
the Princ i pal Factors Controll:(.ng Stream Plan · 
Fom in Meanderin13_ San~ §tre~ -

The principal factors controlling stream plan forrn are beli.eved, as 

previously stated, to be discharge, slope, and bed-bank material. To deter­

mine the.relation between fonn, discharge , slope and bed-bank material, 
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involves f'our variables. To det~rmine their interrelation for a considerable 

range of al.l of these variables with a aiugJ..e · $Olution is difficult, since no 

theory is e.vailab1e to guide the trial analysis,.and e.11 that is available is 

widely scat tered data giving the values of these four variables . for a large 

number of" streams only part of which data is in a quantitative form. By 

selecting a.a.ta, however, it is possible to reduce the variables to two. This 

can be done by selecting only streams havlng one pattern and· one material size. 

By choosing only data from streams which have a. !!1~,illl-de:r'.:!..ng pattern and a bank-
--r- -- -

bed ma.terii l of sand, a plot can be made showing the relation between the 

al.ope and tlle discharge for this type of stream. Figure 1 shows such a plot 

using the available data, plotted on logarithmic co-ordinates. 

The stream o~ this type having the greatest discharge is the li::>we r 

Mississippi , the two main sections of which have meru:i discharge s of about 

500,000 cf's. The smallest stream of this type for which data va.s found is 

the model of the Lower Mississippi River constructea. a.t t he Waterways Exper­

iment Stat.ion at Vicksburg, Mississippi. This model had a Mscharge of 0.10 

0.15 cfs encl was constructed with banks and bed of Mississippi River sand. If 

one draws a straight line through the points (1,2)* representin~ the model and 

averaging those representing the two sections (3, l~) of t he wwer Mississippi 

. 0.0017 River, the line -will be found to have an equation S = ¾- . Since this 

form of ·equation was found to fit approximately a large amou.r1t of the data 

on meandering sand streams, as will be shown later, it can be expressed in 

. K 
general terms·S = 1-- and for this line the value of K is 0.0017. 

{IQ 
Other tortuous streams with sand beds have been plotted on this diagram, 

These are Rapid ( 5), Clear ( 6) and Old MEm Creelrn (7) and MaquoketB. ( 8), 

Raccoon (9),. Iowa (10), Cedar (11) and Des Moines (12) Rivers, all in Io1-1a; 

~-·-__..,.._ 

* These numbers refer to ·the item numbers for these streams in Table I and 
point numbers· on Figure I. 
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the Milk River (13) :!Lin llJO!'ltana, Big Black River (1!~,15) in Miaa1nsipp11 the 

· Minnesota. River (16 ). in Minnesota, Missouri River near Ft. Peck (17), Montana, 

the_ lower part of the Wabash River (18) in Indiana and Illinois, and the 

Middle Mississippi b1 Illinois and Missouri (19,20)' the Verdigris River (22) 

in Oklahoma and the JP. .. ss iniboine River (23) in .M9.nitoba, Canada, Big Blue, 

Kansas (137), and t b..e Smoky Hill, Kansas (135,136). Also included is the 

_ Buyuk Menderes Rive r ({24) in South-eastern ' Turkey, which is the stream fl'Om 

· whJch the term meanderr was derived. For all of these streams the points 

showing the relation rpf slope to discharge falls near the line indicated by 

the Lower Mississipp·i. .River and its model. In other words, in all o:( these 

rivers the relation o if' ~be slope to discha rge is approximately represented by 

- - t - 0.008r7 
the equation S = A--- as they all have K values reasonably close to 

0.0017. - ~ 
However, all of' the points do not lie exactly on this line, or have K ' 

value of exactly 0.00 ~7, but this is not to be expected, One reas on is that 

the streams are not l'.:lkely to be all of the same degree of sinuosity, as will 

be explained later .f:Jn this report. Another reason is that the size of the 

sand is ne>t the same: in all cases. The sediment sizes for the Lower 

_ Miss-issippi River Mor:ii.e.l (1;2) and the Lower Mississipp i (3,4) should be _ close 

to the same size, as, J>lississil'Pi River sand was used in constructing the 

mode1. The sizes o.f' sand in most of the other streams probably differs from 

that of the Lowe.r Mirm:s issippi. For example, the Iowa River (10) material is 

knomi to contain some small gravel, and that in the Des Moines (12) and 

Raccoon (9) probably :does also. The s ame is true of the Mis~ouri (17) near 

Ft. Peck. The Milk River (13) and the Minnesota River (16)-are both _ "widerfit 

rivers" sin!=!e they o.ecupy valleys which were fonned by a larger discharge than 

now exists, the :t-1.ilk: {13) occupying a fo nner bed of the Missouri River and the 
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Mi1mesota (16) formerly being the outlet of the great Lake Agassiz which 

drained a very large area and carried off the veter of the melting glaciers. 

These two streams are very tortuous, and appear to have a more Cl'OO'ked align-

ment than tb.e Lower Mississippi (3,4 ). There is a slight possibility that 

these river s are still refilling the valleys left by their larger flows, · ¥d 

are hence not in equilibrium. These rivers ·are unusually sinuous, but so also 

is the Assinboine ( 23), which is not known to be a refiJJ.ing river. As will 

· be shown l ater, the sinuos:!.ty of these sand streams tend to increase with the 

decreasing .slope. It is, therefore, probable that the explanation of the 

highly sinuous pattern of these tnree streams, Le., the MiL'l( (13), the 

Minnesota {16) and the Assiniboine (23), is their low slope, since this would 

explain all three cases. There is ono meandering stream, the Rea. R:i.ver of the 

North (140, J.41) which does not agT.'ee, even approxima,te:J.y, with the other 

streams. As 'Will be expla ined later, this is a. spedal case. 

Although the plotted points for meano.oring sand. streams do not all fall · 

close to the line representing S :.: Q;._QOll for the f'oD.m!ing four r easons, it !{Jo.--
is believed. that this line very accur ately represents the relaUon between 

discharge and slope for all meandering streams tmder equilibriTu'1l conditions, 

with sedime nt of the size and tortuosity ratio present in the lower Mississippi. 

(1) 'l'he fact that this line is based on polnts having a wide range of 

discharges ha.s already been mentioned, in :fact, -€bey include the smallest a.ml . 

the next to largest discharges used in. this study, thP. next to largest being 

over a miLlion timc::s the smallest. The great range of the a.a.ta t1.sed tends · to 

make the slope of the line very accurate • . There is a. possibility that the 
.. 

model eXI,Jeriments may not represent a concli tion of exact eq_uilibriwn, but a 
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.. very thorough study* of the Lower Mississippi River (perhaps the most thorough 
. . 

geological study ever made of any river) led to the conclusion that this stream 

.had been in equilibrium for about 2000 years, Because of the great range of 

discharges, the magni.t.ude of any correction of the observed slope in the model, 

which it is reasoriable to expect might be necessary to · obtain in it the cor-: · 

rect equilibrium slope , is not sufficiently large to change appreciably the 

slope or position of this line. 

(2) ·The fact t hat the material used in the model was Mississippi River 

. sand, indicating, as previously mentioned, that both model .and prototype used 

the same sand size. 

(3) Accurate .discharge and slope data on both model and prototype were 

available. 

·· (4) The foregoing points deal with the position of the.lin~ at its ends, 

The reliability of the position of it between the ends is indicated by its 

.·general agreement with the data on other meandering sand streams, the position 

of the line in nearly e.11 cases deviating from the positions of the points · 
. . . . 

representing other meandering streams in a systematic and logical manner, in 

the direction that wou1d be expected from the deviations of these streams 

from the material size., tortuosity and slope of the Mississippi River model 

· · : and prototype~ 

Although most of the meandering sand streams agree approximately with 

the equ~tion S = 2f 0017 , the Red River of the North (140-141) ha s a much 
· , . · ~ . . 

· 1ower slope than this r el~tion gives. This indicates that there is more than 

* H. N. Fisk, 1952 Mississippi River Valley Geology in Relation to River .Regime, · 
Trans. A.S.C.E. Vol.. J.17, pp 667-689. 
H, N. Fisk, 1944 Geological Investigation of "the Alluvial Valley of the Lower 
Mississippi - ~li$sissippi River Commiss ion, Vicksburg, Miss. 
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on~ type Qf meandering stream. Although the banks are. of cohesive material, 

the bed contains sand. This is also the case.of the Ve rdigris River (22) 

vhich confonns reasonably well with the other sand streams . 'l'he explanation 

·of .the unusual characteristics of this stream and of the U-shaped bends which 

are typical of it, no doubt lies in its ~ geolQgical h_i£!,..qry. As is dis-

.. cussed in ·detail in Appendix I, this river is a very yotmg one, having been 

formed in the bed of an immense lake, formed by the Wisc<:msin. glacier, as the 

lake drained out -when the glacier retreated northward • . The reason for the 

.U-shaped bends is net knmm. 

As previously shown, some very tortuous meandering sand streams have the 

very low slopes and values of K, and it appears probab.le that high tortuosi ty 

geperally accompanies low slope. As will be pointed out later in the dis ­

cussion of braided streams, for braided. sancl streams tbe lowe r the slope the 

more tortuous the streams become. It appears that thls tendency of braicfod 

strea.i~s continues into the range of meandering sand streams and that there is 

a gradual transition through both braided and meandering streams with de­

creasing braiding tendencies and increas ing tortuosities as the slope de­

creases. There is some evidence, however, that there is a lower limi t to this 

situation since a munber of streams of very low slope tend to be relativel y 

straight. Examples of this are the Yangtze River in C'hina ( 66, 67) and the 

St. Clair in Michigan and Canada (143), and the Lower Nile (ll5). All three 

of these streams have considerable cohesive material .in their cha.~nels, but 

. in the case or' the Verdigris River (22) cohesive mate~ials seem to have little 

effect on the mem1der pattern. 

An interesting conclusion follows, · lf this gradual reduction of tor­

tuosi ty with i.ncrease of slope exists through most of the range of meandering 
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. streE!,Dls: namely, tha t there is probably no simple relation of meander belt 

· width of meandering. streams to strea.m width, which makes meander belt vidth 

a function of stream width only, as Jefferson*, Bates** and others have 

suggested. For a given stream width, the meander belt width tends to be a 

function of the degree of sinuosity or the tortuosity ratio of the stream 

since the more tortuous a stream is, the wider the meander belt will tend 

to be. Since tortuosity seems to vary with ~he stream slope the width of 

. meander belt probabty also is a function of strea:m slope. The data showing 

the relations of meander belt, to stream width as sho;m in the work of 

Jefferson and Bates scatter wi dely, but all give meander belt widths .much 

wider than the stream widths . This results because only highly tortuous 

rivers are included in the data, as they are the only ones which a.r e considered 

to be meandering streams. If the less sinuous rivers were included the 

fallacy of the simple rele.tion of meander belt width to stream width would be 

demonstrated~ 

It 1s well known, that by making the slope of a straight artificial 

channel low enough, it can be made to maintain a straight cour se, but it will · 

also maintain a crooked course if originally given that alignment. · A smaller 

slope; however, is necessary to maintain a stable crooked artificial channel 

than a straight one. The determination of the dimensions of such stable 

ch~nelo from the standpoint of this investigation would probably lead to 

valuable insights on the patterns of low slope streams. A preliminary in-

. vestigation of this point, made in connection with this study indicates that· 

the slopes used in irrigati on canals are considerably less than is usually 

found in meandering rivers. 

- - --- - - --· ------ -------- ---- ··--- - -- ------- ·- --- ---------
* National Geographic Magazine, Octobe r 1902, pp 373-384. 
** Bulletin of the Geological Society of America, Vol. 50, 1939, pp 819-880 
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The relation S =TL-;=-, 

. !1JQ. 
showing that the slope varies inversely as the · 

is quite different from the results obtained for fourth root of the discharge, 

regime channels by Lacey, which was thats varies inversely as the sixth root 

of Q. For meandering sand streams, this fourth root relation seems well es­

··tablished, and Lacey's relation does not fit the data available. As will be 

shown later for other stream patterns and other sizes of material the· dl:'l.ta 

available were not sufficient to indicate unquestionably that the fOt\rth root 

relation holds for them. Further study is needed to settle this point. 
. . . .. . . . 

Determination -of Quantitative Relations for·Braided 
Streams of High Slope and Sand Beds . ----

As will be slJ.mm later, braiding may be caused by the stream having a 

steep slope or because it is overloaded with sediment. By using only the data 

from sand streams having steep slopes it is possible to make a quantitative 

comparison of the . slope-discharge relations for this type of str eam. The 

. stream mos t frequently referred to in this country as a braided stream is the 

Platte River in Nebraska. This stream is steep arid is highly braided . At the 

present time the water of this river, except near the lover end, is so nearly 

completely usect for irrigation, that its discharge is very clifferent from the 

. natural flow which proa,uced the braided condition, which originally existed in 

this stremn·}:. From Colorado State governmental authorities · concerned with 

· ·. water control the best estimate they could give of the . original flow of the · 

.: - _- Platte river (25), has been obtaineci and plotted 'on Figure 2. Other sand bed 

rivers which are highly braided are the Niobrara (26,27 and 28) the lower ends 

of the North Platte (29)*"* and South Platte (30)*'~ in Nebraska, and Cherq 

Creek (31) in Cc;>lorado. Other streams which are believed to be of less 

* U. s. Engineer Department, 1934 Platte River, Colorado, Wyoming, and Nebraska, 
73:rd Congr ess SessionJ House Document No. 197, p 377. 

** The or;tginal discharg~ was also used. for these streams. 
' 
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·highly braided fo1m than the Platte River are the main Loup River (39) a.~d its 

branches, North Loup (40) and Middle Loup (41), all in Nebraska. 

A model of the Lower Colorado River (32-38) constructed with s~nd coarser 

than that in the Lower Colorado, to study the intake at the Lrnperial Dam, also 

_had highly braided channels. The discharge-slope relations of these streams 

can be approximately represented by a line having an equation 

(K = 0.01). This represents a slope about six times as steep 

S . 0.01 i 
:: -~ I .e., w . 

a.s that repre-

·sentirtg the meandering sand streams. In this case, the ·1/Q relation is not 

as well established as for meandering streams, since it is more difficult to 

estimate the degree of braiding by visual means than it is to detennine the 

degree of meandering. It may not become possible to determine the degree of 

braiding with sufficient accuracy to establish this slope relation until the 

quantitative me_asures for determining stream form are ':70rked out:, as dlscussed 

later in this paper. Until ·more precise determinations are available, the K 

value of 0.01 can be taken as representing approximately a highly braided form 

of stream in sand. 

It seems likely that theoretically there is no upper limit to the slope 

of braided river, until the limitation is reached of the concentration of 

. sediment that can flow as a fluid. If the slope becomes too steep, the con­

centration of sediment necessary to provide the water with sufficient load to 

maintain the slope may become so great that it ceases to be a water flow and 

becomes a mud flow. Time is not available at present to speculate on the 

probable result of this situation, and its limitations, where the concentra­

tion becomes so high·that movement nearly ceases. 

However, there are streams which have interlacing channels and are said 

to be braided, but do not have steep slopes, as is shown on Fig. 2. One sec­

tion of the Upper Mississippi River (120-121) which is said to be braided has 



a relatively low slo11e, much less th&n the other braided. rivers of similar dis­

charge. A map of this section of this st.:reazn is shown on F'igure 12. Another 

stream vhich may have some braided sections is the lower I:Uinois Rive1• (142), 

As will be shmm later, these two streavus a.re formed und.e r entirely different 

conditions ·tnan e.:re the steep-slope braided streams of the Platte Rl.ver type. 
- . 

For . purposes of compe.:rlson of braided. an.d mea.nd.ering streams re:p:rese11ted. 

b h t . c. 0.0017 ; . 1 dr F' 2 y t e eque. J.on, o ::: 4-- _s a so awn on 1gure • 
. -VO: . 

_:rnere are a number of sand streams which have K values bet·ween t.hoae 

which are d..i.scu.ssed as meandering and \hose which are discussed e.e being 

highly braided and of the steep slope ty)?e. The slope-discharge relations for 

these streams are shown on Figure ·3. In order to show their general r e lation 

to meandering and highly bra:tdetl sand streams shmm on Figures ). and. 2 t.hie 

lines representing K = 0.0017 and 0.01 a.re also placed on this Figure . 
) 

Among these are the Republican (42,43), Red River of the South (44), South 

Canadian (45 ), lower Arkansas e.t four points (1~6 to 49 incl.), Kansas (139 ), 

lowei' Colorado (50, 51), and roost of the Missouri River (54 to 65 incl.). ¥Ariy 

of these streams have meandering as weJ_l a,s braided tendencies, a.no. although 

no quantitative study of the degree of braiding and meandering has been made 

of these rivers there appears to be a strong tendency for the braiding to be 

less pronounced and the rnea.nderlng tendency to become more pronounced as the 

K value decreases. 

Except for the Upper Mississippi and Illinois Rivers the re is thus a 

gradual transiti on from braia.ed to meandering sand streams end :from slig1'1tly 

meandering to highly meandering SP.nd streams. In general the steeper t he 

slope ·the more braJ.ded. the stream becomes and the flatter t lie gradient the 
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more tortuous it becomes extending down through the meandering streams, 

possibly down to a certain limit below which the streams may become more 

straight. 

Some Conclusions Regarding High Slope Braided and Meandering Streams 

Considering streams in erodible material as a whole, the steepest streams, 

other .conditions being the same, tend to adopt a braided fonn, which is rela­

tively straight and those of smaller slope tend to be more sinuous in align­

ment, even into the typically meandering streams . This fact presents strong 

evidence to disprove the view widely held by engineers that a river meanders 

because its valley has ,too much slope and has lengthened its channel to re­

duce the slope to a value which produced a stable channel. If this view is 

sound, how can it be that for the sa.,~e discharge and material size streams 

in non-cohesive material tend to be more nearly straight when they are steeper 

than the meand.ering streams. Why do these steeper streams not lengthen out by 

meandering to the slope of the typically meandering stream, as the above 

mentioned common belief contends. 

In this argument it should be recognized that, to be entirely sound, the 

comparison of streams should be made on the basis of valley slopes rather than 

stream channel s~opes, since the valley slope would represent more nearly the 

original slope if the stream baQ not lengthened itself_as this common hypothesis 

asswnes. Since high~slope braided streams are reJ11.tively s1t:raight, their valley 

slopes are more nearly equal to the stream slope than is the case of the mean­

dering river in which the stream channel slope may be ~uch less .than the valley 

slope. The valley slopes of the steep-slope braided streams are, therefore, 

• not as much greater than the valley slopes of the meandering ones, as a com-

·parison of their stream channel slopes (which are the values used in this study) 
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would ind1-~ate. It is unfortunate that sufficient time has not been available 

to compare the two types of stream on the basis of their valley slopes, but it 

appears to be certain that the length of eve~ very tortuous· streams is not 

enough diff erent from the va.JJ.ey length to invalidate the conclusion drawn in 

the a'\;>ove 8.rgument. For example, it is doubtful if arry stream is so tortuous 

that its stream length is six times the valley length, as would have to 'be the 

case if a :meandering stream with K = 0.00017 like the Lower Mississippi has a 

valley slope equal to a steep-slope braided river like the Platte with a 

K = 0,01. If these valley siopes . were eg_ual, it would. invalidate the argu-

·ment presen ted above th~t meandering streams are not formed because the valley 

is too steep and that the river l~ngthens out to reduce the stream slope to a 

value which will produce a relat ively stable channel. Tnere is no doubt that 

_if a study of t he . relation of valley slopes of alluvial streams to discharge 

was made, s imilar to that made in this study, it would show that steeper 

· valley slopes tend to produce straighter channels, as do the steeper stream 

slopes. The value of the constants compar able to K developed from this new 

stua.y, I hm1ever} would differ less for the two types of streams than d.o the 

values of' K obtained in the study reported he rein. It is hoped that a 

study of this kind will be mad.e in the future. 

As previously mentioned in general in non-cohesive materialJ _as the 

slope flattens J the braided_ stremns become less braided and more meandering 

:until the typical meandering pattern is reached. There is some evidence that 

13.s the slopes become still flatter, the streams t end to become mor8 tortuous, 

and abandon th~ regular bend pattern '?f the typically meandering shape §l-nd 

adopt a tortuous alignment in which there is litt l e similari~y in the bends. 

But in any event a few streams of very low slope studied· such as the Yangtze 
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(66,67) and the upstream section of the St. Clair (143) (Figure· 3) tend to 

have comparativ~ly straight alignment, indicating that there may be a minimwn 

slope for meandering streams and that still lower slopes tend to produce . 

straight sbreams. In other words, there are indications that the slope of 

meandering streams is intermediate between the straighter steep slope braided 
I 

streams and some very low slope relatively straight streams . 

Determination of Quantitative Relations for 
Graveland Cobble Streams --

The data found for streruns with bed-bank material of gravel and cobbles 

·are not extensive. Considerable data for discharge, slope and material size 

are available but only in a few cases were there data on the stream pattern. 

All the available data on these streams are plotted on Figure 4. 

One of the streams on which detailed data are available is a meandering 

section of Fall River (68-69) in Rocky Mountain National Park, .which was sur­

veyed under the direction of Professor C. J. Posey. This is a small, highly 

.. -~ eandering stream in gravel. The mean flow from a five year record is 38. 7 
;~ , .. ~ . 

. J:·. 
sec, ft. The slope varies from about 0.0030 at the upper end to O.OOo81 at 

the lower end. The over-all average bed material size was· about 25 mm, and 

the average size of the largest bed parti~les varied from about 160 mm at the 

upper end to 18 mm at the lower end. In most of the stretch the average size 

of the largest particles wa'S not far from 26 mm. Most of the data are from a 

thesis entitled "A Study of Stream Meanders" written at the University. of Iowa 

in 1944 by D. E. Escobar tmder the direction of Professor C. J. Posey. 

Another stream j,... coarse material on which considerable data were ob­

tained was the Nooksack River (70-76) 'in :i:iorthwestern Washington. This stream 

covers a considerable range of material and stream pattern. The lower end is o 
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comparatively straight, and. fonned in fine material. It also appears to be of 

considerable depth, as it approaches the sea. _· As this part is also subject to 

tidal influence, it is probably too complicated. a condition to analyse at the 

· present time. Above this .the stream is moderately tortuous anq flows in sand. 

Still further ·up it has a meandering pattern and flows in sand and gravel; 

above which is a stretch which is slightl y braided in sand and gravel and 

another which is moderately braided also in sand and gravel. The uppermost 

section classified was highly braided in sand, gravel and cobbles up to about 

.6 inches in size. It is not unlikely. that this strearn may.be somewhat over-

. loaded, as it has shifted its location for the lower 30 miles of its lerigth 

in ~he not too remote past. 

l. •. 

Another stream. on which data were available is the Willamette River (77, 78) 

in Oregon. The material through which this stream flows is mediUJ!i to coarse 

gravel. From a detailed map of this stream in USGS Water Supply Paper No. 890 

the channel seems to have a meandering pattern. It also seems to have a 

relatively low slope. It is probable that this is an overloaded stream. In 

his Physiogre,phy of the Western States , 1913, Fennernan states (p. 450) "Above 

(south of) Oregon City, the Willamette River is a sluggish stream with an in­

tricate series of meanders . Apparently a fault crosses t he stream at this 

place, the block on the south side being uplifted at the edge and tilted 

south, thus helping to stagnate the stream higher up. ---- By reason of in­

sufficient fall and ample load of sediment from the adjacent mountains, it is 

an overloaded strearn". 

The l,iiami River (85-88 ) runs in a bed of sand and medium size gravel . 

Most of the stream is relatively stralght but at the city of Dayton there is a 

well fonned meander bend, which gives data on the conditions in a mea.ndering 

stream in grevel . 
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/e lower end of the Tennessee River (91) runs in a b·ed of sand and 

. gravel, . but the banks seem to be straight and quite -stable. The upper · 

Colorado River for about 27 miles below Grand Junction (92) Colorado runs in 

a bed of sand, gravel and small cobbles, and shows a tendency to form a braided 
. I 

. pattern. 

Data on the discharge, slope and material size of a considerable number 

of' other gravel streams were obtained, but the data on the stream pattern were 
. . . 

not sufficiently well defined to be used, The data is listed in the table 

·. however, and shown on Figure 4. It is hoped that it ,Till be possible to get 
'• 

data for classifying t~ese streams later. 

The Ohio River (93-97) from Pittsburg to Iouisville has a bed which is 

believed to be predominantly sand and gravel, the banks are relatively stable 

~nd the slopes of thi s part of the river are about that for a meandering sand 

river of equal discharge. This is a low slope for a gravel river. It is not 

• unlikely that the low slope was established when the Wisconsin glacier was 

.·. retreating, with its 1'ace a considerable distance north of the Ohio, the Ohio 

· J .being the only outl.e t for the melted ice from a long face ~f the glacier 
: 

.. 1 extending from central Illinois to middle Pennsylvania, Under these circtim-

·; · : : stances the flow would be large, and a low slope was produced by this large 
. l' 

I 
· flow. Under the present condition this stream may receive more sediment from 

its tributaries than it is capable of transporting and the Ohio may also be 

somewhat of a refil1ing stream. 

The Yellowstone River {98-99) in Montana for the length near Billings 

and at Buffalo, Rapids is a meand.ering stream in sano., gravel and cobbles. 

General Equations for Comparing Streams 

As previously pointed out, the relation of S - o.ooi7 is well established -w 
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for <_omparing meand.e ring sand streams, and S 

for highly braided sand streams of the steep 

0.01 
= -r.-- is less well established 

Ver 
slope type. For streams of larger 

bed-bank material size, relations of this type have not yet been well estab­

lished, but the data available indicate that an equation of this type may be 

applicable. To carry this study farther, it is desirable to get more data for 

gravel and cobble rivers to see how closely they follow this general fonn. 

Perhaps the best approach for the present is to express the fonnula in 

K general terms, as S = ~ , -where K is roughly 0.0017 for meandering sand 
~ 

streams, and roughly 0 .01 for high slope braided sand streo.ms , If it is found 

that this form of equation also approximately holds for strea.'ns in material 

coarser than sand, perhaps K can be expressed as a function of the particle 

size, in such a way that all mcand.ering rivers of the same pattern would have 

the same value of this function regardless of material size, (as long as the 

material was non-cohesive), 

By determining the degree of sinuosity of a large number of the streams 

in tenns of their tortuosity ratios (i.e., the ratio of the stream length to 

the valley length), it is believed that an equation can be derived relating 

slope, discharge, material size and strem:i pattern. as repri:: sented by this 

ratio at least for the streams of considerable sinuosity, 

For the present ste.ge of development of the stream fonns it will be 

convenient to compare streams in t erms of their K values, and this value 
,· 

has therefore been computed for each of the streams studied, and is given in 

pages 103 thru 106. 

As previously mentione~, the relation for meandering sand s·tream forms, 

which seems -well established by the data availabl e, does not agree with the 

Lacey relations , whicf'. indicate that for reg:i.me channels the slope varies as 
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the sixth root of the discharge, The slope also plainly varies with the stream 

pattern and the material size as well as Q, Lacey's relations indicate that it 

• varies directly as f, his "silt factor" as well as ¼, but Lacey related f 

only to material size. This indicates that for natural streams the stream · 

. pa~tem is a ~actor which Lacey omitted. 

Of C(2Urse Lacey's relations were primarily intended for use in the de-

sign of stable irrigation canals, but since he compares them with the dimen­

sions of natural streams, such as the Mississippi, he obviously expected that 

they would be used for such streams, They have been extensively used. by 

others in de~ing with river control problems. 

In this study to date the principal effort has been expended in getting 

the data and. in drawing the mor.e plai.nly evident conclusions. No time has 

been available to compare extensively the results obtained with the resuJ.ts 

·. obtained by other authorities, especially Lacey, Blench, Leopold and M~ddock. 

In. extending this study further, the relation of the data it develops to the 

relations of these other authorities should be inve·stigated, 

A . STUDY OF THE TERMINOLOGY OF MEANDERING STRF.,AMS 

In addi tic;m to the quantitative studies previously described, consider­

able thought was given to improving the terminology of meandering streams. 

The most common word used in classifying crooked streams is the term 

"meandering", This word comes from the name of a very .crooked .river in 

south-eastern Turkey, which name has had a variety of spellings but is now 

known as the Buyuk Menderes River, regarding which more data is given in 

.Appendix I. The crookedness of this strea.m has been proverbial since ancient 

times and has come into the English language as the words meander and 
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meandering, which are used in a variety of ways, e.nd are not confined to 

_descriptions of rivers. The word came into the English language from the 

Greek via the Latin. It is also found in the German, French, Dutch and 

Spanish l anguages, where it no doubt had the same origin, and is probably 

found in ~he Italian also. -

In Webster's New International Dictionary the noun meander is defined e,s . 

"(1). a t_urn or winding, as of a stream; hence, a winding path or course; a 

labyrinth.· (2) A tortuous or intricate movement or journeying. (3)° A Greek 

fret or key pattern ---." The intransitive verb meander is defined "(1) To 

wind, turn or twist; to· make flexiqusj° also to entangle , as in a labyrinth, 

(2) To fol.low by meandering," In surveying there is the well known term, 

meander line, which is defined as . "A surveyed line, usually irregular; not 

a boundary line, especially one following the outline of a stream, lake or 

swamp." 

It will be seen that this word usually means a•non-systematic motion 

or direction, although in the Greek fret the direction is systematic, From 

Figure 5,. a map of a typical part of the river from whj_ch the name was de ­

rived, (kindly supplied to the writer by the engineering fi :rm Knappen, 

Tippetts, Abbett and McCarthy) it can•be seen that; while t here _is a tendency 

toward systematic (i.e., alternate right and left) bends, this tendency is . 
. . 

much less than in a large number of strea..'!ls, and in many parts the alignment 

of this stream is quite unsystematic, .The form of the bends also is not uni­

fonn, in fact, there does not seem to be any one typical fonn of bena .• 

As applied to streams in the past, the terms meander and meandering have · 

c9me to be used to designate almost any crooked river, but usually one whose 

pattern is formed by the action of the stream itself on read.Hy erodibl e 



., 

· material. It has been widely used to designate both streams which hsve no 
I. 

systematic pattern and those whose pattern is partly or even distinctly 

systematic. When one considers the origin of the term meander and its sur­

vival . through centuries largely devoid of scientific viewpoint, it is obvious 

that in its common use it could not mean anything very definite, and that any 

attempt to give it an exact or narrow use would be a restriction of the common 

use. 

Previous Efforts to Improve '1.'€mninology of !-'.-::;:.i.:1d..e ring Streams 

Advance in any fie l d of science is necessarily accompanied by the devel­

opment of the more exact tenninology which is required to express the variOU$ 

ideas which this advance develops, In conformity with this general pattern, 

. efforts have previously been made to give a more definite meaning to the term 

. meander, as applied to streams, than could be obtained from the application 

of the widely varying concepts in general use which have developed as the 

meaning of the term meander, 

In Ind:i,a, the problem of c·ontrol of its great rlvers led to a ' major ad­

vance in the science of stream control whi ch required a more exact termin­

ology than was then in use, In July 1939, the Research Committee cf the 
. . . . ' . . . 

Central Board (Annual Report, Technical, 19~8-39 p. 49 and 19?9-40 p. 98) re-

··solved that: Meandering is defin_ed as the adoption of a continually varying 

sinuous path by the deep water channel (thalweg) of an ~lluvial river, not 

imposed by external "restraint", and at its meeting in November 1939, the 

Central Board of Irrigation tentatively accepted this definition. At it.s 

meeting tn November 1940, however, the Board adopted a revised r:ecommend.ation 
. I ' . 

of the Research Conuni ttee by resolving that "A meandering river follows a 

sinuous path due to natural phys ical causes not imposed by external restraint, 
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and occu r s where varying discharges and silt charges lead to curved flow and 

• erosion o f its banks". (Ann. Rept. Technical, 1939-40 p. 115). This meaning 

of the term meander seems to have been widely adopted in India about that time . 

I n a paper published by the American Geophysical Union, Mr. G. TI, Matthes 

Hon. MA.SCE*, a noted river engineer in the United States, states that, "The 

tenn meander is here applied to any letter S channel pattern, f a shioned in 

alluvial. materials, which is free to shift its location and adjust its shape 

as .Part o.f a migratory movement of the channel as a whole down the valley . " 

He also states the term is held "to be strictly appropri ate only when the 

channel i grat.:.on affects both bends and inte rvening straight reaches, and is 

in ' the nature of a fairly consistent and more or less continuous process in 

whi'ch baniks are torn down and others are built up through a transfer of 

materials . Mere tortuosity, or crooked channel alignments, are not classified 

as meanders. When the materials compos ing the alluvium are fairly urli form as 

to grain size and erodibility, migratory processes of t he meander-type produce 

·definite sinuous patterns and are noteworthy for the consistency with whi.ch 

the channel-dimensions are reproa.uced .. " 

A. Schokli tsch-l<-x- states that when the length of a bend becomes greater 

than Q "if , ('where 
2 . 

D is the distance from the oeginning t o the end of the 

bend), the bend is called a meander. Where less than t his length, it is 

serpentining, 

·Al.though ord{.nary dictionaries defi'ne the term meandering, they· do not 

define t he term meande ring river. The geologist also has felt the need of 

more -exact terminology . In "A Glossary of t he Mining and Mineral Industry"**·* · 

* Matt hes, G. · H. Basic aspects of Stream-Meanc1ers , Transactions American 
Geop!zysical Union, 1941, p. 632-636, 

** Scholklitsch, A. Hydraulic Structures, Vol. I. p. 1L~9, transl ated by S. ! 

Shu1.it s , 1937, American Society of Mechanical Engineers , New York. 
*** U. 3 . Bureau of Mines Bulletin 95 (1920 ); also in DictionarJ of Geological 

Terms , C. M. Rice. 



A. H. Fay gives the following definition of a meander as as.cribed to L~I.a Forge: 

• "One of a series of somewhat regular and looplike bends in the course of a 

_stream, developed, when the stream is flowing at grade, through later~l shift­

ing of i<ts course toward the convex sides · of the original curves." This def-
l 

. inition is ~lso given by Rice* and is ascribed to Fay. C. A, Cotton**-states, 

"The development of curvature in the stream cha.rmel tends eventually toward 

the production of regular flowin13 curves, (termed meanders)---" 

Disadvantages of the Suggested Definitions 

Although these suggestions for improvement of the terminology are the 

· results of~ great deal of study by able and experienced engineers and geol­

ogists, and have added to the knowledge of the subject and thus have resulted 

in a further advance of the science, th~ writer believes they do not completely 

meet the needs of the science of rivers, The writer is well aware of the dif­

ficulties of trying to improve on them, but believes that scientific advance 

is possible only by means of constructive criticism of the existing status. 

He will therefore present what he hopes are constructive criticisms of these 

definitions, ~nd then present what he believes are improvements thereon. 

It will be noticed that all of these definitions somewhat arbitrarily 

narrow the field which has -previously been covered by the term meandering 

stream. There are a numb~r of disadvantages in the .attempt to improve the 

terminology of rivers by restricting the use of the widely and loosely used 

·term meander to a much .narrower class of streams than it has covered in its 

common usage. One disadvantage is that the more extented use is so general 

. that ;the restricte.d use will not be adopted, except _by a few persons or where 

- ------- ·-- -···· ·- ·-- ----- -- --·--·----------------·---
* Rice, c. M. 1945, Dictionary of Geological Terms. p. 240. 

** Cotton, c. A. 19h5. Geomorphology, p. 100. John Hiley and Sons, Co. 
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the new use is required by some etrong organizational authority. At best it 

could only come into use slowly, over a considerable period of time. Outside 

of the scope of such an authority, even when it is used in the restricted 

sense, one cannot be sure that it is being used in this sense, -and therefore 

.a good deal of the advantage of the use is lost. Even if its restricted sense 

came . into use by e.uthority or general acceptance, in reading the literature on 

the subject one would have to know when the change took place, to know w:1ether 

or not the article in which it was used was written before or after the re­

striction crune into effect. 

Another objection to restricting a certain term to a narrowe~ me~ning i s 

that, if one wishes to have a terminology covering .the whole range of stream 

forms, it is then necessary to in.vent new terms to cover the cases which have 

been excluded by the restriction. Such a complete tenninolo~y will be necess­

ary if we are ever to have an adequate science in this field, 

Considering now the individual definitions, and first, the final defin­

ition of the Central Board of Irrigation given on page 44, the writer feels 

that the words "follows a sinuous path due to natural physica.l causes not im­

posed by external restraint," is some-what vague. This author presumes that it 

· means that the sinuous path is due to natural physical causes, but that- the 

sinuosity is not caused by the r estraint of the path of the. flowing water by 

relatively inerodible natural material or the works of men, 

Another objection is the stat ement, " ••• e.nd occurs where varying dis­

charges ·and silt charges lead to curved flow ••• " Model tests show that meand­

ers can be formed by uniform flow; in fact, many if not most of the model ex­

periments o~ meanders have been :performed ,.;1th such flow. In many cases i.n 

models the meandering has been formed with a constant flow and constant 



sediment charge, e.nd often with the use of a ·constant flow of water vithout an 

initial sediment load, There is no reason to believe that meanders could not 
I 

fonn in streams of very uni f orm flow, The meanders at the l~wer end . of the 

·. St. Clair River i n Michigan and Canad.a is one case and the outlet to lake 

· Maxinkukee is another case, Both of these streams are described in Append.ix I, 

Still another objection to this definition is that, with it, until one 

bas established that in a certain stream bank erosion and its curved flow 

"{ere "due to varying discharges and silt charges," he has not proved that the 

stream is a meandering one, Since the writer does not know of any case where 

be is sure these conditions exist, he ~snot ·sure that he y-uows of a single 

stream that is "meandering" as thus defined, It would seem that an extensive 

stuey of any stream would have to be made to prove that it was a ,;meandering" 

one according to th.is definition, as the author unde:r:stands it. 

Still another objection to this definition is that it probably places 

the engineers in the anomalous position of deciding that the Buyuk Menderes 

River, from which the term meander originated, is not known to be a meandering 

stream, since probably no one knows that the varying flow and silt charges · on 

it lead to its curved flow. 

·The objections to Mr. Matthes' definition is th~t it limits meandering 

streams to those having Srshaped bends, thus eliminating many streams previ­

ously considered to be meandering. ~is definition also brings in difficul­

ties when one wishes to designate what is commonly called an incised or en­

trenched meander. With the restriction to streams in which the bends bodily 

move downstrea.,~, there are few entrenched meanders, since usually the bends 
. I . 

cease to move downstream when they become entrenched, 

A disadvant age of limiting meandering streams to those whose bends migrate 
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downstream is that the existence of this action can only be established by 

·· observing the river ove.r a long period, preferably with a series of maps show­

. ing -the position of the rive~ at different dates. For · practical purposes 
. ' 

therefore, meandering streams would be limited to those for which there is a 

iong rec~rd ·or behavior, rathe~ than those physical characteristics or action8, 

which could be readily detennined. Both the migrating bend and the S-shaped 

bend requirements would definitely eliminate t;he Buyuk Menderec as a meander-

' ing stream, The limiting of meandering to alluvialstree.ms wou.i.d eliminate 

those_ streams in rock, vhi_ch form the 71 meander cutoffs described by Macar·*, 

. and many other cases of entren·ched or incised meanders , It would not appear 

that this definition would be acceptable to geologists. 

The principal objection to the definition of L. Ia Forge is that :i.t is 

necessary to establish that the stream is flowing at grade, to classify the 

stream as meandering. This would often be very difficult to ,lo, especially in 

view of the widely different opinions among geologists of what constitutes a 

graded strea-rn. 

The 'Wrlter's objections to the statement of Cotton j_s that the develop...; 

rnent ()f curvature in the stream channel does not always tend toward the pro­

duction of regular, flowing curves, It does only where the conditions are 

favorable. The development of curvature ,,here _conditions favpred. braiding 

would tend toward straightening of the channel rather than the formation of 

· more bends. Cotton's defini~ion also limits meanders to curves which are 

regular and flowing which has · the disadvantages previously mentioned of elim-. 

inating some of the forms which have in the past been considered by some as 

meanderins, _The meaning of a "floving cur'le 11 is very ino.efinite, but prob!:1,bly· 

· · means the same as the S-shaped bends discussed later. 

-- - ··-·--·. - ·· ---------·-·------------
* Ma.car, P. F. 1934. Effect of Cut-off Meanders on Longitudinal Profile of 

Rivers • . Journal of Geology, Vql. '-l2, p. 523-536, 
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Proposed Ne~ Definition of Meanderin5 Streams 

In the studies leading to this report, including the examination of a 

· .}.arge number of maps, 1n the strea."lls encountered in his past forty-odd years 

of hydraulic engineering experiences,. from the reading of numerous books and 

articles, and. frotn observations of the country traversed on a considerable 

nwnber of airplane trips, the writer has come in contact with a very large 

ntunber of stre8ll1s. Based on this experience, he believes that there are so 

many variables involved· in meandering streams that the number of combinations 

of these variables, in what might be considered as meandering streams alone, 

makes it evident to him that a very extensive classification will be necessary, 

including the invention of a. number of new terms , if the whole range of cases 

is to be covered by classes of limited range in a systematic a.nd logical 

classification. To devise a classification of this type, which would be un-

. questionably sound with the present state of knowledge, may not, in the 

writer's opinion, be possible. Until the causes of meandering are completely 

understood, ther~ is always danger in adopting a definition . However, the 

writer belfeves that sufficient knowledge is available to take a forward step 

in this direction, and that such a step ,,,ould represent progress and therefore 

should be tal~en. 

After conqiderable study the writer has concluded that it is possible to· 

attain the above mentioned desirable tnd for the present by adopting a compre­

hensive definition of meandering which will not seriously conflict wHh the 

widely different uses of the past, and then list a series of qualifying Genns, 

the appropriate ones of which could be applied to each i ndividual stream. 

· This would serve to accur ately describe that stre8ll1' s i mpor tant attributes, 

and thus serve to classify it. 
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Be:fore proposing a definition of the tenn "meandering stream" it is 

desirable that one give some thought to the qualities which, to the extent 

that this is possible, it would be very desirable that the definition possess. 

· The writer believes that the following are the qualities which would be very 

desirable in a definition 6f a meandering s.tream: (1) tho.t it depart as HttJe 

as feasib1e from past usage, (2) that it cover as wide a range of streams as 

feasible and thus reduce the number of primary classifications of streai'!ls, (3) 
f 

· that it enable a classification to be made with a minimum of investigatj_on, 

and (4) that it be acceptable to geologists as well as engineers. 

As :previously pointed out, there is a serious objection to a definition 

of. meander ing which departs materially from that used in the past, as this is 

sure to leaa. to confusion. Also any definition adopted should, as far as can 

be foreseen , be a rational part of a classification which will cover the whole 

range of s treams. It is evident from the extensive literati..1.re dealing wtth 

. meandering streams that they fonn a large section of streams as a whole and. 

therefore a definition of this tenn should cover the whole of this section, 

thus avoiding the necessity of inventing new classifice.tions of the streams 

which might be placed outside the previous classifications, in addition t.o 

the difficulties of secu,ring the acceptance of this new ad.dition. Unless a 

classification can .be made with a :ninimum of investigation it will be of 

limited usefulness, because t.'me ana. effort required to secure the data re­

quired to make the classification will, in most instances, prevent the class­

ification :from being carried out. Since the subject of stream forms is a 

field where the int@:rest pf geologists o.nd engi.neers overlap, and. where the 

-mutual exchange gf JnforJJ)~tion would be of great benefit to both, it is highly 

· desirable that the_y both use the same tenninology, and. therefore that nny 

newclassi i'icatipn§ introduced be acceptable to botlr groups. 

51 

\ 



There are two general aspects of the term meandering which may be used 

when one wishes to define the term meandering stream. ,.One describes the path 

or course, with its many changes of direction, which the flowing water takes 

in passing down th~ stream, the pattern of which is often quite unsystematic 

and'-apparently haphazard. The other one describes the shifting which takes 

place 1n the channel in which the water flows, due to scour, transport and 

deposit of .sediment by the flowing water. The first ·emphasizes the direction 

of the alignment of the channel, and the second, the shifting of the position 

of location of the channel. The second. of these has been advocated by 

R. F. Griggs* . 

The first of these aspects is much broader, and covers a much _greater 

range of cases ( i ncluding the one covered by the second classification). It 

can include practically the whole range covered by past usage of the tenn 

meander. The scope of the second aspect can be included in the first by the 

use of a qualifying term, but the first cannot similarly be included in the 

second. The use of the second aspect in classifying streams as meandering 

limits such streams to those which are kno,m to be actively shifting their 

channels and eliminates those which are not, thus necessitating another 

classification for the non-shifting ones. In view of these objections to the 

second approach, the writer believes that the first of tliese alternatives is . 

much more satisfactory and should th~refore be used in the definition. 

After a great deal of study and many trials, the writer has arrived at 

the following definition: 

"A meandering stream i s one whose channel alignment consists principally 
/ 

of pronounced bends, the shapes of which have no~ been determined predominantl.Y 

by ·the varying nature of the terra in through which the channel passes ." 

- -· ·- ·-- -·· ··------ ------- --------
* Griggs , R. F. The Buffalo River, An Interest ing Meandering Streruu , 

· Bulletin, American Geological Society, .Vol. 38, 1906, pp. 168-177. 
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It is believed that thia definition meets the four requirements previously 

discussed, in that (1) it departs as little as feasible from past usage, since 

it appears to cover practically nil cases of streams that have been refe rred to 

as meandering streams in the past, (2) that it covers a wide range of streams , 

which -will enable it to include a large proportion of them into one of the pri­

mary classifications of streams as a whole, (3) that streruns can be determined 

to belong to .this classification with a high degree of certa inty end compara­

tive ease, and (4) that this definition will be acceptable to most geologists 

as well as engineers, since it is believed to cover the class of streams which 

they have referred to in the past as meandering streams. 

To classify a stream as _meandering, it is only necessary to know t,w 

things. (1) That its alignment consists principally of pronouncecl bends. This 

can be determined from any map or a photograph or view from an airplane or 

other high point. (2) That the channel shapes have not been determined pre­

dominantly by the varying nature of" the terrain through which the chs.n'hel 

passes, 

It is believed that using this definition n stream can be dctemined to 

be a meandering stream by a reconnaissance trip down the stream in a boat 

( except during floods) or by the examimttion of aerial photographs covering 

.the stream taken when the stream is not in flood. 

Classification can also be made -with a high degree of accuracy from a 

geoloj:sical-topographic map since such a map would show the pronour1ced bends 

and probably indicate any variations of terrain which could p·redominantly 

influence the bend shape. A topographic map 'Without geological fo rmations 

vould usually serve the purpose, and, for one experienced in this field, a 

plain map without geology or topography wottld often be sufficient . 
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.. 
In an earlier draft of this definition of a meandering stream, the writer 

included the statement that the form of the curves -was determined predominantly 

by the action of the flowing water. While the writer believes that it is true 

that in meandering streams the shape of the bends is predominantly due to the 

action of the flowing water, it would be more difficult to prove than that 

their .form was not predominantly due to a variable terrain. Geologists and 

engineers commonly (and the writer believes correctly) assume that the form of 

many streams is due to the action of the flowing water, with little or no 

proof beyond the fact that the pattern of the curves is that commonly observed 

to be caused by flowing water. The accuracy of this Judgment is so high that 

the writer believes that no good purpose is served in requiring proof that 

each individual case is so caused, which would be the case if the statement 

were included in the definition. 

One of the advantages of the definition proposed is that it includes 

incised meanders which usually are located in solid rock. These bends can be 

inactive, that is, not shifting their location, as, for example, the famous 

"goosenecks" of the San Juan River in Utah and also those that are slowly 

shifting, such as the bends treated by Viacar-~ previously mentioned. Incident-

ally·a sign of shifting meanders is the fonnation of natural bridges .in 

incised streams. · 

Improvements in the Tenninology Associated with Meanderinf£ Streams 

'l'he adoption of the foregoing broad definition of a meandering stream is 

only a part of the development of an adequate nomenclature for the science of 

meandering streams, and the producing of the nomenclature which is a necessary 

accompaniment of this science. This broad class of meandering streams covers 

* Ma.car, P. F. Effect of Cut-off Meanders on Longitudinal Profile of Rivers -
Journal of Geology Vol. 42, pp. 523-536. 



a _wide range of conditions and a nomenclature must be worked out to classify 

the various fonns which thesE: conditions produce. 

· Tt was .hoped that a study of the words which had meanings similar to 
. . . 

meandering would be useful in making such a classification. A search was 

therefore made in the dictionaries for such words, and the following were 

found: croo!ced, circuitous, tortuous, wandering, winding, twisting, serpen-

· tine, snaky, sinuous, sinusoidal, divagating, undulating, flexiou.s and flex­

uose, roaming . Of these words onlr crooked tortuous, winding and serpentine 

are freq_uently used in descripttons of stream forms • .. 
· r t was hoped that certain of the words would indicate systematic 

patterns and otbers would indicate unsystematic patterns , and that these 

names could be given to streruns having patterns of these types . To a certain 

·. extent this was found to be the case . For example, sinusoidal and undulat ing 

do indicate a definite back and forth pattern which may be thought of as 

systematic. Serpentine, snaky and sinuous are probably more cor.unonl:ir used 

to indicate the back and forth pattern but are not limited to such a meaning. 

However, many, if not all, of the others can indicate either systezaatic or 

non-systematic courses. None of them seemed to indicate exclusively non­

systematic courses. Since no word was found which would serve to definitely 

indicate only a non-systematic pattern, this approach to a better classifi -

cation ·of' streams proved unfrni tful. Another disadvantage of this type of 

nomenclature would be that it would restrict certain tenns to a narrower 

rne-an ing than is now in use, and ·would thus have the same drawbacks as those 

mentioned later in discussing a restricted use of the term mear.dering. 
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A Search of Previous Literature and 
Nomenclature of }.~eandering Streuiiis 

A great de~l of study has been given to meandering st~a.ms in the past 

by very able engineers and. geologists, and much information on this subject is 

available in their writings . Many helpful suggestions on classification and . 

nomenclature for meandering streams are given in this literature. Some of the 

. nomenclature developed therein has been widely used an.d should be adopted in 
. . 

. . 

. I 

· · any attempt to improve the present state of the science. In the folloving 

paragraphs the most important of the existing literature in this field, from 

the standpoint of the scope of this r eport, is discussed and the nomenclature 

developed ther ein is pointed out. 

One of the earliest papers dealing vit11 meandering vas e. pa.per on river 

terraces published i n 1902 by the great American geologist W. M. Davis*. In 
. . . 

this pa.per Davis treats meanders at considerable length, as an aid to under-

standing the formation of river terraces. This pe.ps r includes the following 

statements: "The' space inclosed between tangents dra.~ outside of the curves 

or meanders of the streem is the meander belt". "The progressive movement of · 

the meanders down t he valley will be called sweeping". "The lateral movement 

of .the meander belt from one side of the valley floor to the other will be 

· f referred to as swinging". "The compound movement of sweeping meanders in a 

swinging meander belt vill be called ·wandering". 

In ·tbe same year, 1902 , as the Davis paper appeared, one by Professor 

Mark Jefferson -was published on "The Limitlng Width of Meander Belts".*-~ The 

· 1 * River Terraces in ?rev Eng.land, W. M. Davis. Bulletin of Museum of Compara­
tive Zoology, 1902, XXXIII, pp. 281-3!~6. Republished in 1909 in a collection 
of Davin's essays , portions of -which were recently r epubli shed in Geograph­
ical Essays - H. M. Davis, 195li, pp. 514-586, by Dover Publications, I nc . 

** National Geogra:phic ?~ gazi ne , Oct9ber 1902, pp . 373-384 . 
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writer has not suaceoded in exrunining a copy of this artiol~, but it gives the 
. . 

results ot a study measuring t.hc widths of meander belts on mo.pa of 23 non-

incised meandering rivers end. 30 incis~d meandering rivero, in the United Sta.tea. 

~is represents ono of the earliest attc.m:pts to doa.l quantitatively m.th mean­

dering rl vers . Re deals principally ll'i th the relation bet'Wcen tho ,rid.th of tlla · 

meander belt, finding t~e average non-incised meander belts to avernga 17.6 

times as wide as the river, but for incised meandering streams the ratio a-..rar:.. 
--aged 30.6. 

In 1904 an article was published by W. S, 'rover* in vhich he introduces 

, the term "migration" to descr-J.:be the movement of bend.a dowatrerun . He a1a~1 

defines incised or entrenched meanders, mea.ndor belt, meandering and a meander. 

He also atates that steep sloped rivers tend to have s:nall~r meander vidtbs 

and the bends migrato more ra.pidJ..y dolmstreoJU , 

In 1938 the Central Board of Irrigation of India sent out a que~tionnai1-e 

on meandering to a large number of :persons and organize,tion2 whom t hey tbougnt 

might supply some information on this subject . ~e replie~ to this question­

naire w~ro · summarized by Sir Claude Inglis.** · In JuJ.y 1.940 the Board ' a Re­

search Committee recommended certain d.efiriitiono concerning meandering streams, 

and in November .19llO the Board adopted thesa resolutions with a number of 

modifications and eliminations. The d~fini tior:.s adopted by the Board are e.s 

f'ollovs: 

A "meander" consists of t wo conaocutive loops, one flov.tng clockwise, 

the other anti-cloclntlse. 

A "meandering river" follows a sinuous path due t.o naturc~l physical 

·-------------·------* Tower, W. S. 19o4. The :Development of Cutoff Heano.era. Arnertcm.i. Q,ao­
graphicaJ. Society Bulletin - Vo . 36. October 1904. p. 590. 

* Annu.o.1, Reports T,::icbnical, C-::nt:ral Board of Irrigation, India , 1938-39, 
p. 1~9, 1939-40) pp. 100-116. 
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causes not imposod by external restroiut, and occurs vhere varying discharges 

and silt chargea lead to curved flov and erosion of the ban.ks. 

A "warp" is a bend in a river impo::;cd by external restraint . 

"Meander length" is the tangential dioto.ncc between corresponding points 

at extrema limits of fully developed m~andcrs. 

· "J.'.!:fo.nder belt" ia the distn..nce between lines drnmi tangential to the 

extreme pointi of oucccssivo fully developed mcnndcrs . 

"lfan.ndcr vidth" ia the arupli tude of rming of o. fully developed mcender 

from midstrcrun to midstrc~. 

11K::ia.ndcr ratio" is tbc ratio "meander .rid th" to "mcn.nclcr length". 

"Limits of oscilla.tion" is the ....,'idth vi thin which o. ri vcr ha3 h'.nied 

during historic times. 

A "sub-m:::onder" is a S:i'.all m~and;:::r cont~.incd ,:i thin the be.nks of a. 

perennial ri vor ch:mncl. Thcso arc C[•:us::;d by rclati vcly low dischurgcs 

after the flood has cubsidcd. 

An "incised ri vcr" in one lrhich hc.s cut its ch.mnol through the bed of 

the valley floor, as oppo~cd to ono flo~ing on u flood plain. 

Som".! of thc::;c dcfinitionn cun bc3t be illuntratcd by Fig. 6 (CBI 1939-l~o, 

p. 116). They also udopted a definition of mcru1dcr ratio nn tho ro.tio of 

meander width to meander length. 

In 1939 R: A. Be.ten wrote a :pap~r-:::· ;,hi~.h t nclud.cd a study he re.?..d.o . . ,~.Ji' . 
bringing up-to-date the study of Jcffcrson. pr~viously fil~ntioncd. B~tcG de-

rived a ratio of mce.ndcr belt -width to Dtrc~ vidth of 14 for non-incised 

rivers a.nd 30.8 for incised rivers, ns coopar~d with 17.6 and 30.6 obtained by 

* Goomorphic llistorJ of the Kickapoo Region, Wisconsin. Bulletin of 
Geologicol Society of America . Vol. 50, 1939, pp. 819-880. 



Jefferson. He also attempted to develop a matheree.tical ana.."!.ysis of the ca.use 

of meanders. 

In 194-l. a paper on "Basic Aspects of Stream Meanders "* vas published by 

G. H. Matthes , Hon .. M.A.S.C.E., in 'Wh:i.ch he defines a meandering stream as 

·previously discussed . · He also gives other valuable definitions and ideas , 

· many of which a re indicated grapbicalzy on Fig. 7, which is taken f rom his 

report. 

Another val.ua"ble paper on meanders was published entitled "Factors 

Affecting :rt..eanders of Channels" by Sir · Claude Inglis in 19l1.2·'** dealing largely 

with model tests on meanders. 

· An extensive study of meande ring by Ca.pt. J. I<', Friedkin was pt.blished 
.. 

by th_e u~ S. Waterways Expe riment .s tation at Vicksburg, Mississippi, in 1945 

entitled "A Laboratory Study of the Meo.ndering of Alluvial Rivers". 'fois 

reported ·on the results of a very thorough i nvestigation ma.de i.n thei.r 

laboratory. 

· · Two valuable papers dealing vi th meanders by Sir Claude Inglis a.p:pea.red 

in 1947 and 1:91~9. The first of these is a list of definit1ons and a chapt er 

on "Meandering of Rivers in a two volume r eport on "The Behavior and Control 

of Rivers and Canals*** . The second ,ra.s a paper on "Meanders and Their 

Bearing on River Training*':!**. 

In these papers Sir Cle.1•.d.e Inglis uses the de finitions adopted by the 

Central Board of: Irrigation except that he defines meander rs.tio as "tbe 

ratio of meander belt to meander l ength" instead of the ratio "meander width 

- -·· ------··--- -----. ·---·--- ·------ . - ·- --
* Matthes, G. R. Basic Aspects of Str~am Meanders. American Geophysical 

Union ~ 1941, pp. 632-635, 
** Central Research e.nd Hyd.rodyna.raic Station. 19t~2-43. pp. 51-55. 
*** Research Station, Poona , India. Part I, pp. 1- 5 and 143-166. 
**** Institution of Civil Engineers , Maritime & Waterways Engineering 

Division Paper No. 7, Session 1945-47. 
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to meander length" as ad.opted by the Central Boa:rc,. cf Irrigation. He also 

• adopts the tenn tortuosi ty, which he defines as "the ratio of the length of 

' the river channel to the axial length of the river". This definition is 

practically the same as the definition of tortuosity recommended in 1940 by 

the Research Committee of the Central Board of Irrigation of India , but which 

was not adopted by the Board. 

Two interesting papers containing valuable material on meandering 

streams, written by A. P. Grant are entitled "Channel Improvements in Alluvial 

Streams, i948* and "Soil Conservations" in Nev Zealand., 195o;H<-, and another 

valuable one by M. S. Quraishy giving a detailed description of the fonnation 

of meanders in a l aboratory channel vas published in 1944.*'** 

After the text of this part of his study ~'8.S completed, the vriter 

received from the authors a copy of a paper by them entitled "River Channel 

Patterns; Braided, Meandering and Straight" - L. B. Leopold and. M. G. Wolman. 

(U.S. Geological Survey Professional Paper 282-B 1957). This paper covers 

the same general :field. as the author's paper and contalns a greo.t deal of 

valuable analysis, material and de.ta. The author regrets that the _urgency of 

completing his pape r promptly prevented him from treating it at l ength in his 

paper. Those who Yi.sh to make a thorough study of the field covered by the 

author's paper should include this paper in thei r study. 

----·-------------~ 
* Proceedings New Zealand Institution of Engineers, Vol. XXXIV, 19!1.8, 

pp. 230-304. 

** Proceedings New Zealand Institution of Engineers , Vol. XXXVI, 1950, 
pp. 269-313. 

*** The Origin of Curves in Rivers - Current Science . February 1944, 
pp. 13, 36-39. 
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· - Author's Recommendations for 
_ Nomenclature of ~iea.ndering Streams 

The foregoing listed literature contains a great many valuable def:!:hi-· 

tions for use in developing the science of meandering streams , but they cannot 

· _ be adopted bodily from this literature, since the roea..,ing of the same term fs 

- not the &1?.mc in all the papers. A careful select:!.on of definitions should be 

_ made to remove these conflicts. As the result 0f his studies, the author 

believes t;hat a number of other te rms a.re n~cesse.ry in the development of th1.s 

science. In the following section of this report he has attempted to select 

from the previous literature a series of definitions -which are consistent and 

he has ac!rued to these a number of new definitions which he believes are needed. 

for an ade,~uate development of the science. These latter definitions will 

generally b e accompanied. by a discussion of the reasons why they ·-.1ere selected. 

In order to have the list complete, it will start with the definition of meHn~ 

dering stream previously discusse&. 

A Mea.nderl.ng Stream is one whose channel alignment consists principal1y of 

pronounced bends, the shapes of which have not been detennined predominantly 

by the va:n:;ying nature of the terrain through which the chsnnel passes. 

A Meander consists of two consecutive loops, in one of which the wa.teJ.· is 

· _ flowing i n a clockwise direction and in the other anti-cloclrnfoe . Tbis is 
. . 

-_ practical.J'..y the same as the definition adopted by the Central Board of Irriga-

tion ' ~f I m ia , (page 13) and as used in Inglis' papers. It also agrees with · 

Matthes' u,se as indicated in Fig·. 7. 

Meander f--e ngth is the tangential distance betw2en corresponding points at 

the extre~ie limits of fully developed meande rs. This is the same as the 

deflnition. of the Central Board of Irrigation of India (F1g. 6) and agrees 

vith the u,sage of Inglis and Matthes . 
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Meander Width is the amplitude of swing of fully developed meanders, from 

.midstream to midstream, This is the same as adopted by the Central Bos.rd of 

Irrigation of India, Inglis does not use the tenn and Matthes uses this 

term to designate the distance · from outside to outside of bends rather than 

- f'rom midstream to midstream, as shovn on Fig~ 7, _ The distance used by Matthes · 
. · . . . . . . 

is the meander belt width, as defined later. 

A Meander .Belt is the space inclosed betveen tangents dra,m outside of the 

'.curves or meanders of the stream. This is the definition given by Davis*. 

· The Central Board of Irrigation and Inglis define meander belt as the vid.th 

of this space or strip, in other words, the width of the space rather than 

the space itself, The later usage makes the .rordf'belt" have a significance 

which it .never has in ordinary usage, and therefore the writer believes sho·.Ild 

be avoided, especially since this can easily be done by adopting the term 
. . . . 

': ~a.oder b~lt width for the vidth of this strip. Matthes (Fig. 7) uses 

meander belt to cover the width over ¥hich the stream has wandered in the past 

time, as shown by the position o.f present meanders and past meanders, as in-

- dicated by oxbow lakes. Since none of the other authorities use. ·t,f'"'. ·'· rm ,-. 
·t'i 

meander belt as the name of this wide zone, it is believed to be uhdesirable 

-to adopt such a major change of terminology, and instead (if there· is suf-

· . . · :ficient use for ~uch a term) to give this wide belt a new name vhich vill 

· .· · _· not conflict . with past usage • 

. : Meander Belt Width is the width of the space previous¼ defined as "me~der 
. . . . 

· · belt". This is the same dimension which is define~ as "meander belt" by the 

Central Board of Irri~ation. Inglis also calls this dimension meander belt 

in the text of his papers and in his lists of definitions, but in his graphs 

showing the relation of the width of this strip to the width of the river 

* - Geographical Essays. W. M. Davis . 195h, p. 537. 
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channel he calls it "width of meander belt", the aame as the usage which the 

nuthor bas recommended above in this paragraph. 

The author has not included the term meander ratio in his list of sug­

gested definitions, since it does not appear to have much uae and has been 

used with different meanings. The Central Board of Irrigation defines meande1• 

· ratio as the ratio of meander width, to meander length (as shmm on Fig. 6) 

and Inglis defines it as the ratio of meander belt width (using the termin­

ology recommended by the author above) to meander length. As the meander 

vidth differs from the meander belt width by the width of the river, the 

.author suggests that to avoid confusion, if one v.1shes to use the ratio 1·ecom~ 

mended by .the Central Board of Irrigation, he call it the "meander ,.rd.th~ 

meander length ratio", and if be wishes to use the ratio used by Inglis he 

call it the "meander belt vidth-meander length ratio". 

Tortuosity Ratio is the ratio of the length ~f the stream channel. to the 

length of the stre~ measured along the axis of the valley. This has the same · 

meaning as the term tortuosity which ,ms recommended by the Research Committee 

of the Central Board of Irrigation in 1940 but which W'd.S not adopted by the 

Board. It was, however, used by Inglis in his papers. The author believeo 

that this is an :uuportant definition in the development of the science of 

stream pattern, as it gives an easily measured quantitative value for the 

crookedness or tortuosity of \he stream. Over a long section of the river the. 

· slope of the river multiplied by this ratio gives the slope of the valley. 

This value then is also the ratio of the valley slope to the river channel 

slope and should be ~xtensive:cy studied in future r esearch int.he field of 

river pattern. 



.. , - -

I • 
'· · 
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The author prefers the term tortuos~tz ~ to the term tortuosity 

alone, since the fonner indicates directly that this tenn denotes a 

quantitative rather than a qualitative value; that it is the ratio of tvo 

other quantities, and that it is a dimensionless number, the same in all 

systems of units. 

Migration. Grant* states "By migration of mea.n~ers is meant the tendency of' 

· the vhole pattern of meanders to travel bodily downstream vlthout much change 

in pattern". 'l'his tenn was probably first introduced by Tower-Y.-*. Davia 

·. (page 537) uses the term "sweeping" to designate this action, and in a later 

paper Grant'*-X-X- uses the term "meander creep" instead of migration of meanders 

which he used in his earlier paper, but he gives no reason for his change of 

terminology. The author believes that the term migration better describes 

this action than the term sweeping used by Davis and meander creep later 

. adopted by Grant. The author therefore believes that Grant's first defini­

tion, as given above, is an adequate definition for this phenomenon. 

Deformed Meanders. This term was probably introduced by Matthes-!:-***, vho 

states, ".Major departures from the meander pattern (Fig. 7) are usually 

attributable to interference with the methodical transfer of the bank mater­

ials, causing the river to change its mode of migration by seeking a path of 

less resistance. · Large-scale interference results primarily from three 

natural causes: (a) accelerated er('sion of the banks composed of soft or 

highly erodible alluvium, (b) resistance to bank caving due to the presence 

of lenses of compacted silts or clays, and (c) contacts with non-alluvial 

* Channel Improvement in Alluvtal Streams, p. 244. 

Tower, W. S. 19o4. The Development of Cutoff Meanders. 
Geographical Society Bulletin. Vol. 36, October 1904, p. 

*** Soil Conservation in New Zealand, p. 279, 

~rH- Basic Aspects of Stream ~eanders, p. 635. 
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fonnations ••• " The alluvium laid down by a river, if not homogeneous 1.n 

character, wields a marked influence in promoting distortions of the meander 

pattern, This term has much the same meaning as the term warp, adopted by the 

Central Board of Irrigation, as previously mentioned. The author believes 

that "defonned meanders" is a very useful tenn irt studying the science of 

stream fonns. It can be defined as follows: 

A Deformed Meander is one, the pattern of which di ffe rs mater­

ially from that which the stream would fonn in a homogeneous deposit 

of the prevailing m·aterial, and is due to encountering materiRl of 

non-uniform composition. This definition considers the change of 

pattern due to encountering materials both more and less erodible 

than the prevailing material, or in other words, due to encountering 

both more or less exten1al restraint than usual . 

Chann~l.Shiftin~. The definition of a meandering stream proposed by the 

author, and also those proposed by the Central Beard of IrrigaUon, Matthes 

and I.a Forge , as well as the meaning of this term used by Inglis and Grant 

in their papers, all consider meander or mee.nd,ering in t enns of the shape 

of the pattern of the stream channel. None of them defi ne or use these terms 

as meaning the shifting of the channel due to scour and deposit of sediment, 

vhich latter procedure was recommended by Griggs*, Frequently in the liter­

ature on meandering streams a movement of the :posj_tion of the channel of the . 

stream, due to scour or deposit of sediment, has in the past been referred to 

as meand.ering. For example, if a section of a stream that has experienced 

little change suddenly begins to change its :position due to scour, it is 

frequently said that the stream suddenly started to meander. For one who 

* Griggs. The Buffalo River, An Interesting Meandering Stream, 
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accepts e.ny of the a.Qove mentioned definitions of a meandering stream or a 

meander, this use o:f the t erm meandering also to denote a. changing of position 

· of the stream is not permissible, since it is using the same term with t wo 

conflicting meanings. To a.void this undesi:i::able situation, the term "shifting" 

should be used in t hese cases of change of channel position due to scour or 

deposit, rather than to use the term meandering. Another permissible course 

is to state that the channel ":became active", as will be explained later in 

this report. 

Suggested Additional Terms for Use 
_in the Science of Meandeting-:-strea.iiis 

The author '})elieves that there are a number of terms ,rhich can be used 

in describing stream patterns which have been used little or not at all in the 

. past. Those which v:ill be :found most useful are: ragular, systematic or 

· repetitive meander pattern, :S-shaped meanders, U-shap-ed meanders, active and 

· inactive meanders, confined meanders and restrained meanders. 

I:ri no stream i.s the pattern at one place exactly the same as at any 

other, but in some streams there may be found a long series of meanders vhich 

are very similar. :hi others there are many mee.nd.ers which are _ somewhat 

similar · to the others , and still other streams in wMch the bends are highly · 

r irregular and few, :i:f any of' the bends a.re of the same shape . All of these 

streams may be meand.e rlng streams under the definition recommended by the 

author, or have been so classified under the common usage found in most of 

the literature in tbe past. All three of the tenna, regular, systematic, and 

. repetitive, have much the same meaning, but the l ast "b,ro seem to the author 

to be somewhat more definitive than the first, as the t erm regular has so many 
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meanings. .H present H. appears t hat the le.st two can be used int.erchaoge ­

ably. A n.e:andering stream ca.l'l be ooid to be very systematic, or repetH1ve 

· in its pa.ttem'> \':)'~ <cmly slightly systematic, or repetitive, or one may be 

described as beints '\:tnsys'tematic, or non-repetitive. For example, tbe Red 

· River of the North (Fig. 8'*) bas a very systematic and repetitive pattern; 

the Lower 1"1ississippi (Fig, 9) has a moderately systematic or repetitive 

pattern; the original Meander River has an unsystematic and non-repetitive 

pattern, .and the Souris River (Fig. 1.0* ) of North Dakota has a very ncn­

systema.tlc and very non-repetitive pattern . In the present state of the 

. science ot.> stream patterns, it is not possible to ,establish the bom1dary !lltin~ 

between these classifications, but it is probable that when the quantlta:t'ive 
\ 

measures of stream pattern recommended elsewhere in this report have been 

: developed, it w.i.ll be possible to establish such limits. 

Another set of tenns is necessar.1 to describe the sha.i>e of the bends. 

Most meanderj_ng streams of systematic pa.ttem and moderate to h.igh tort\20sity 

ratios b~ve bends with a shape somewhat like tbe letter S as sbo-.m on W:i g. 9, 

which is a. map of the famous Greenville Be nds on the Mississippi Rivat . ·The 

necks of tbese bends freq_uently come so close together t hat a cutoff ~:esttl.ts. 

On the Red River of the North, however, (Fig. 8), the bend3 take the ffnnn of 

the letter U, ar,d except. near the lo.;-e r end of this stream there ls :Uttlle 

if e.ny tendency to ·fortn• cut'Ciffs. As mentior~ed ·elsewhere in this report, ·this 

stream was formed 'in'th·e 1tetl·of ·,an i mmense 1lo.ke'that became empty and :tbe 

reason why it deve loped i t s system of h5.ghly systemat:l.c · U-shaped. meanders is 

- - - - -·---------- ----·-·-----
* Figure 8 is taken from tr,e map of the Drayton Quadrangle North Dakota and 

Minnesota of the U. S. Geological Survey and Ffgux-e 10 is from their 
Voltaire Quad rangle North Dakota . 



not knmm. ·There seems to be no question, honever, that this is a distinctly 

• different form of bend than the common S-shaped ones. 

The meanders of some streams appear to change their :positions rapidly, 

and some shift their positions little,· if any. It is believed that these tvo 

classes could be distinguished from each other by calling the former an 

1
, • actively shi.fting stream, .and the 1-atte r an inactive one. For exa.ml)le, .the 

· Lower Mississippi is a relatively actively shifting stre8.lll, and the Red River 
.\ 

. of the .. North is an ina.cti ve one. It niight be argued that it would be better 

to call the Lower Mississippi River a relatively actively migrating stream 

and the Red River of the North a non-m~grating one. This classification of 

· · . . · these rivers .is also a sound one, but in the case of the Mississippi we have 

a detailed record of its positions ,over a long enough period to establish 

that it is ·a migrating stream, .and in the case of the Red River of the North 

the topography shows quite conclusively that it ha~ not migrated. · In most 

cases it is difficult to establish t hat a river is migrating, .but to determine 

whether it is active it is necessary only to prove that it is eroding its 

banks, vhi c:;h o.rdinarily can be easily es tablished. 
. ·:"~;.~ . . 

.. Streams are not infrequently found which run through a valley, the 

bottom of which is filled vith alluvium, and t he sides of which are fonned by 

·relatively parallel walls of' rock or other relatively inerodible material. 

Many but not all of these are rivers in the stage of early maturity and have 

·· · been formed in conformity with the classical Davis-K· morphological scheme . In 
. . 

some the conditions of discharge , slope and sediment size are such that a.n 

actively meandering stream is fonued, ·the channel of which frequent)y crosses 

. - --·- -- ------- ---- - ·- ·------·----- -------
* Davis, W. M. Geogr aphical Es says. p. 249-295. 
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from side to side of the valley and impinges on the rock walls. An outstanding 

case of such a stream is the IQaralfvens River in Sweden described in great 

· detail by DeGreer*. In this case the rock walls are close together, their 

distance apart being less than the width of the meander belt which the river 

would fonn if the valls did not exist. As a result the river impi11ges strongly 

on the rock bluffs at intervals, first on one side a.~d then on the other, as 

sho,m in Fig. 11, the impingements on the same side occurring roughlv a,t 

distances of a meander length apart. In this section of the stream all of 

the meanders are deformed. (Incidentally, this river is a migrating one, and 

the period during ~hich it migrates a distance of one meander length is said 

to be 2000 years.) The Missouri River for much of its length runs between 

· roughly parallel rock walls, the distance apart of which in some cases is 

less than its natural meander belt width. L-1 othe r parts of the stream the 

valley width is greater, and the stream i mpinges irregularly on the wall on 

one side or the other at intervals averag:i.ng more the.n one meander l ength 

apart. At the poi nts of impingement of the stream and rock valls deformed 

meanders result. 

It is suggested that in such streams where the walls are less thEill a 

meander width apart, the stream be referred to as a confined mea.ndering 

stream, and where the width is greater than the meander belt width but narroW 

enough to fonn i mpingements at frequent intervals, it be referred to as a 

restrained meandering stream. The upper limit of valley "Width of restrained 

streams is at present indefinite, 1:>ut a reasonable basis for its detenni nation 

----'----
* IG.aralfvens Serpentinlopp och flod plan. Sveriges Geologiska Undersokning 

Ser, C N:O 236, Arsbok !~(1910) No 8. 



· might be worked out by further study. Of course nearly all streams are inter­

fered with somewhat, for example, the Lower Mississippi swings back and forth 

across its valley, which averages 75 miles in width, the river channel itself 

being about a mile wide. In the author's opinion, such a stream should not be 

considered as being restrained. 

A FUR'l'RER STTIDY OF BRAIDED AND SIMILAR STRF...AMS 

Grant·'.* ha§_ given a definHion of a braided stream, vbr:i.chj.s as follows: 
. . --

f3Y a braided river is meant the typicaily wide, steep and sballo-w cour:se of 

an alluvial river consisting of a number of channels with islanas betwee?:i, 
___,.___:_-- - -- ---- -- . 

mer.ati:gz rn:ld div-lding again, and presenting from the air the intertwining 
.-.-- .- -- --- . -:- - --.- -
effect of braid". Friedkin** states as follows: "Rivers are describecL...as 

braided when the channel i s ext rnel y_w. de and shallow, . and t,be flow asses 
~-~-· 

. through a number of s~all, i,nterlaced channels ~ep_a rated by bars. . The channel 
. ' 

as a whole does not me ander although local meandering in minor channels gener-
. ~ - -..,. ____ .. _:_,.·_-~--

ally occur". 
-~ 

Authorities differ on tbe cause of braiding but most of themH"* contend 

: that braiding is due to deposits in the river resulting from the fact that 

. . . . ,' .. - ·--- . - - - --- ~--·-·- - - - - .. -- ··--- - --·-·- -·- - --- -- - -- - -- --- ------·-·--- ·-· -- .. _____ __ -- ----·- -
* Grant, A. P. 1948, Proceedings, New Zealand Institute of Engineers, 

p. 231. Channel Improvements in Alluvial Streams. · · 

H Friedkin, J. F. 1945. A Laboratory Study of the Meandering of Alluvial · · 
Streams. U.S. Waterways Experiment Station~ pp. 16-17, 

**-X· Thornterr;;.r, W. D. 1954. Principles of Geomorphology, p. 126. 
John Wiley and Sons. 
Hinds, N.E.A. _191.1-3. Geomorphology pp. 492, 495, 496, 91-6, 548. Prentice­
Hall, Inc. 
Cotton , C. A. 1954. GeomogphoJOgy pp. 193, 194, 196. John Wiley and Sons. 
von Engeln, 0. D. 191~2. Geomorphology pp. 234, 252. The. Mac?,'J.llan Co. 
Worcester, P. G. 1948. A Textbook of Geomorphology. pp. 66. 
D. Van Nostrand Co., Inc. 
I.obeck, A. K. 1939. Geomorphology. pp. 213-214. McGraw-Hill Book Co. 
Grabau, A. W. 1920. A Textbook of Geology: Part I, General Geology. 
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the stream is supp~ied with more material than it can transport . · 

An. overloading of a. . strea.m may 'be caused in any of many wys. Thornberry 

(P 164) gives a l o ng list of possible causes of stream deposition any of vhich 

could be the cause of overloading which would produce braiding. 

The Platte River in Nebraska. has often been mentioned as a typical 

braided stream. :Hinds mentions the Upper Mississippi River in the vicinity of 

Waukon, !ova as be i ·ng braided, see Fig. l2 vhich is ta.ken from the Waukon, Iowa 

and Illinois USGS quadrangle map. The question whether or not the Mi.ssiosi1)p:i. 

at this point sboo];d be considered a braided river wa.s raised by Nemenyi*(626), 

but he gives no reason, merely stating that the Mississippi "is probably 

dynamically different" from other braided streams. Since both rivers, however, 

have the interlacing channels with many islands which, from their resembla.nce 

to braid, give r ise to the term braided even though the re may be dynamical 

differences as Nemenyi contends, the vriter believes that the Mississippi at 

this point should be considered to be a braided stream. 

The data for these rivers are in Table I and Figure 2 and show that 

vbile the Platte River is quite steep, the Mississippi has a much flatter 

slope, the slope of the Platte being about twenty times as steep as the Upper 

Mississippi. In fa.ct, the Mississippi at this point is, in comparison with 

· other rivers of comparable discharge, a stream of quite low slope while the 

Platte has a relatively high slope. If both the Platte and the Mississippi 
.' 

at Waukon are cons idered to be braJ.ded streams, it follove. that braided streams 

are not necessaril,y steep, but may have either flat or steep slopes. 

· * Nemenyi; P. F'. 1952. Annotated and Illustra ted Bibliographic Material on 
the Morphology of Rivers, Bulletin of the Geological Society of America . 
Vol. 63, June J.952, pp. 596-644. ' 
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T\m Causes of Braided Channels 

As a. result of the studies discussed in this report and bia studies on 

the design of stable channels in irrigation canals, the author**,**"~ has 

concluded that there are two primary causes of braided streams, not Just the 

one, Le., overloading. Either one of these two ca.uses alone may be respons­

ible for the braided pattern, or they may both be acting to cause it. These 

causes a.re (1) overloading, i.e., the .stream may be supplied vith more sedi­

ment that it can carry and part of it may be. deposited, and (2) steep slopes 

causing a wide, shallow channel, in which bars and islands readily form. This 

second cause has been largely overlooked by those enguged in this field, but 

the writer believes that it may be as frequently a ca.use of braiding as over-

loading. 

All steep slope type bmided channels, have many.characteristics in 

·_ common, in addition to that of multiple channels. These are as follmrnt (1) 

relatively straight course of the main channel , (2) steep longitudim,l slopes, 

(3) vide channel, (4) shallow depth, (5) flat bottom, (6) sand or coarser bed 

material, and (7) usually relatively high sediment load. Rivers having these 

characteristics may be overloaded, but all overloaded rivers do not necessa r­

ily have this braided form, nor are all braided rivers necessarily overloaded. 

For example, a part of Sunshine Creek, near Cody, Wyoming, (Fig. 13) has a 

braided .form, with steep slope , but is a degrading stream, due to the addition 

to it of water from another strerun. 

Since the cause which is most important in giving the distinctive form 

to this most common type of b raided stream is t he steep slope, this type is 

** Lane, E. W. 1937. Stable Channels in Erodible Ha.teria.l, Trans. ASCE, 
Vol. 102, pp. 123-194. 

*** Lane, E. W. 1955. Design of Stable Channels, Trans . ASCE Vol. 120 
pp. 1234-1279. 
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designated es t he steep-slope ty:pe. From this cause usually result the rela­

tively straight course and the wide, shallow, flat-botto:r;ied channel vi.th coarse 

. bP.d materi.a.l. In general the slope of a river i s determined. by the formatfon 

of the l and through which the stream flows and the fonn is usu.ally determirled 

in a large measure by geological causes, such as general land slope, le.nd up­

lift and glacier action, '\olhich are independent of the river action. The form 

of the l and may be modified by flowing water, but the effect of this on the 

slope of 1ong l engths of the river is usually secondary t o other ca.uses. In 

certain relatively sho1·t lengths of a stream, however, and pa.rticul arly ....,here 

the works of man have interfered with the naturul river, _the slope mRy be 

principally dete rmined by the interaction 9f the water flow Etnd sediment load. 

A stream with a steep slope tends to have a wide , shallov cross section 

because m..th this shape of cross section the . shear or t ractive fo r ce exerted 

by the wate r on the sides of the channel is belm.1 the value which they can 

stand vithout scouring away more material than t ends to deposit along the 

sides of the channel during lov flows . The ability of flmdng water to scour 

banks of a stream depends on the shee.ring or tractive force which the water 

exerts on them . In the past it has been common to think of the velodty of 

. the flowing strea.il as the factor which causes scour , but recently engineers 

concerned. v ith sediment motion have shifted their viewpoint and now consider 

the shearing force as a much better criterion. The concept of shear or trac­

tive force is a simple but important one. However_. as it requires consider­

able space to explain, it is preferable not to diver~ the reader's attention 

by explaining it at this point in t he report, but rather to cover this in 

Appendix II . 

If a l arge steady flow of water ts tt.rned into a·sm:1.ll, s teep channel, 
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tbe channel vill be made wider by scour of the banks until the shear on the 

banks is reduced to a magnitude equal to that which the material composing 

them can resist. To the case of variable flow~, such as occurs in natural 

streams, stream width becomes stable when the shear is great enough ?-uring 

t:lmes of high flow to scour the banks enough to remove an amount of material 

equal to that which is deposited along the banks during the periods of lov 

r1ow. In other words, -when high flow scour and lov flow teposit on the banks 

· balance each other. 

Since for a given slope of stream the shear .is proportional to the depth 

o:C flow, a vlde, .steep stream produces less shear on the sides than a deep one 

of' equal slope, and the banks of the wide, shallow, steep streams can, there­

rore, resist scour bet ter than deep ones of the same slope. Consequently, 

vben a natural stream vith steep slope is formed in erodible material, it 

tends to adopt this wide, shallow shape. If the shape at any point is such 

that the shear value on the banks is too high, bank scour occurs and the 

channel widens until the shear is reduced to a value 'Which does not produce 

too severe bank scour. 

A given value of' shear in s. stream \/'ill sco\lr the banks more severely 

than the bed because the force of gravity acting on the material on the banks 

assists the scouring by the moving water, but in a stream cross section the 

maximum value of the side shear is less than the bed shear and the effect of 

gravity is thus offset~ The more easily eroded the bank material is, the 

vlder will be the channel fonned. This is probably the origin of Friedkin'a 

vi ew that braided channels result when the banks are extremely easily eroded. 

The '1rlter believes that the relatively flat bottom of steep-slope 

braided streams can be explained as follows: In flowing streams most of the-
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sediment of sand. and l arger sizes is trims::portecl on or near the atrerun bottom, 

Much of it may be rolled along the bottom, If one part of the bottom tends to 

become scoured deeper the.n another a greater slope is set up in the streams 

bet-ween the scoured pe.rt and the remainder of the stream bed which is greater 

than the general alo:pe of 'c.he stream, Hence there is a t endency for more of 

the moving :mat erial to roll down tovard this low spot, since in this di rection 

it has, not only th~ force of the flowing wate r to move lt, but also the for.ce 

of gra.vi ty- tending to roll the particle s down t he slope , Depr-ass ions in t he 

bottom thus t end to be filled a.nd the deeper the depression the greater the 

tendency, Stream beds t end to · have coa.roe materia l on the bed be ce,use such 

streams produce high turbulence in the flowing water and any f:Lne material 

which comes into them i s kept up in the water in suspension and flows down the 

stream without depositing on the bottom. As :previously pointed. out, the wide , 

shallow, flat-bottomed channel of the steep, common t ype of a bra ided. s tre@n · 

is caused .largely by its steep slope, The multiple . ·~nels can be formed by 

deposits of a sme.11 part of the heavy load being carried in certain places 

forming bars -which often cause small islands at low flows , and thus mul ti})l e 

channels. In t:Lmes of l ow flo.; the ba r s themselves form the multiple t:hannelo> 

although they a.re usually rapidly changing. On some of the se bars ·vegetation 

grows, -which causes still more depos it, and islands form which pers ist for 

some time, even with high water flows . These deposits a r-e the result of local 

overloading at the :points where · they are fonnea., but the river as a whole .may 

' ·\ 

be transporting dmmstrearn as much sediment as is being bro1.1ght to it, the ba:rs 

and islands a t some places being fo rmed and enlarged by a r a te of deposi t equal · 

to the rate of scouring with which bars and j_s lands at other :points arc being 

removed. 
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. It is thus possible to have a -balance of scour and deposit which forms a 
. . .. . . . 

"river which is in equilibrium and which has been designated as , graded, in 
. . 

·. regime, in quasi-equilibrium, o~. poised, by various authorities. A braided 

stream is therefore not necessarily overloaded. In fact, there is no reason 

why it is not possible to have a braided river which is underl~aded, and is 

therefore degrading its bed rather than filling it up, · since the predominant 

factor in forming this common type of a braided stream is the steep slope. 

A stream of this degraded braided tY},e is Sunshine Creek in Wyoming, part of 

which is shown on Figure 13, 

·The writer has not found in the literature any explana.tton of why the 

• . general course of this type of braided channel usually tends to be rel.a ti vely 

straight. It is easy to see, why an extremely meandering alighment, in which 

the stream at the two ends of a bend come close together, is less likely to 

· occur in steep streams than in ones of flatter' gradient. When a stream is 

steep the differences of elevation of the water surface at the two ends of the 

bend is much greater for a given length of bend than when the gradient is 

small. Flows across the neck between the ends of the bend, in times of flood, 

with sufficient slope to produce scouring velocities which will cause a 

. channel to form and cause a cutoff. Such cutoffs will t ake place when the 

ends of the bend are much farther apart for a steep stream than for a flat 

gradient one. · Cutoffs will therefore occur in a steep stream of less tortuos­

ity than in one of flat gradient and the steep streams :will therefore tend to 

· be straighter. It is the writer's belief that a similar ection takes place in 

the multiple channels of a braided stream, the straighter ones of th~ many 

channels, which all flow in the general direction of the valley slope, have 

steeper slopes than the other multiple channels and therefor e tend to scour 
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out and carry the most water. Channels vhich d.epart w:l.dely from this d.irect 

patn haie much lower velocities, and with the heavy sediment loads usuelly 

found in·bra.ided channels, have a strong tendency to fill with sediment. 

There is theref'ore a strong tendency for the steep streams with the multiple 

channels characteristic of the steep-slope braided stream to flov in straight 

courses. 

Steep-Slope Braided Streams and the Lacey 
Wetted Perimeter-Discharge Relation 

If' the : fo :regoing analysis of the cause of the steep-slope braided. streams 

is sound, since it indicates that the stream -width is a function of the stream 

slope as well as the d:tscharge, it follows that the Lacey relation P = 2.67Q 

cannot apply ge:r;erally to na. tural strea.ms. Since the wette,1 perimeh!r P of 

most natural streams , particularly of -wide ones, differs relatively very 

· 11ttle :from the .stream width, if the wetted perimeter is a function of the 

discharge alone, the channel width mus·t be also very _ closely a function of the 

discharge alone. This conflicts with t he conclusion drawn_j.n this report that 

steep slope strea.l!Js of the same discharge tend to be wider and shallo~ver than 

streams of the same discharge and of low slope , 5.n other -words that the width 

is at least partly a. function of the stream slope, and not c,f the discharge 

alone. 

Conditions Resulting in Braiding 
in the Upper }ii.ssiisippi River 

As previously stated, the conditions producing braiding in the upper 

Mississippi Rive~ are unusual. The braiding there is of the overloading type 

and is indirectly due to glaciers, but ln a totally different way from that 

which usually exists in bra.ided streams near glaciers previously descrited . 
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· .. The Upper Mississippi may not be unique, in this respect, however, as similar 

· conditions may exist in the lower part of the Illinois River, from the same 

_causes. To understand the conditions in these streams it is necessary to con­

sider the recent geological history of them·. 

Both of these streams were greatly affected by the glaciers which covered 

much of their drainage basins during the Pleistocene time . The glaciers 

advanced southward ove r all of Canada and the northern part of the United 

States, and then melted away, th; front of the glacier moving gradually back 

- toward the north, leaving in North America only small reI!Ulants of this great 

glacier in mountainous regions of the West. vThen the front of the retreating 

·· _- :glacier moved northward past the di vlde between the :Mississippi River water- · 

sheds and those of the St. Lawrence River and streams leading into Hudson Bay, 

the melt water could not flow down the St, Lawrence nor reach the Hudson Bay 

because these stream channels were still blocked by the glacier. Water was 

tbez:i ponded between the front of the glacier and the crest of the divide, 

i- forming immense lakes. The levels of these lakes was at a height such that 
,_. 

I' ·: the melting water could flow over low places in the d.ivide into the Mississippi 
j 

·; River wate rshed, down which it flowed to the Gulf. Some of these lakes 
1 

r 
' 1 

· occupied areas partly covered 'by the present Great Lakes and water reached the 

Mississippi from them, by flowing do"m the channels of the Wabash, Illinois, 

I · Rock; Wisconsin, Chippewa, and St. Croix Rivers . West of the present Great 
' l 
1 ,·· 
I ' .. 

.. Lakes, a very large lake called Lake Agassiz was fo rmed in Minnesota, r:orth 

. Dakota, and Canada, which was larger in area than all of the present lakes 

_combined. This immense lake discharged into the Mississippi River through the 

· channel now occupied by the Minnesota River. The water from this l ake combined 

with the runoff f rom the drainage basin of Upper Mississippi River and the 



! . 

large l akes fo rmed in t he St. Lawrence basin south of the front of the r e ­

treating glacier to produce a much larger flow in the Mississippi than vould 

result f rom the nonna.l -wat ershed of this stream. 

· Because most of this water came from large lakes, and only a small part 

· from ;rotorsbeds -which could produce sediment, it carried ve r-1 _little sediment. 

This large flow of relatively clear water from the lakes increased the velocity 

and shear i n the Mississippi over that which resulted from the runoff of its 

normal drainage area. This greater shea:i· carried away a large quantity of 

sediment from the stream bed, lowering its level, except a.t ple.ces where there 

were rock l edges of very resistant material. Upstream from each of these 

ledges the river vas excavated deeper and with a flatter slope than it had 

before the glacier advanced. 

Another important factor in the lowering of the gradient of t he Missis s:i.ppi 

and Illinois Rivers was the degrading effect of the clear ws.ter from the lakes, 

which existed at their upper ends. The clear water from the l ake, starting 

to flow dov.n the river, within a short di stance continuously picked up largely 

from the stream bottom, as great a load of sediment as tbe stream vas capable 

of carrying, and transported it on down the stream . '!'hat this effect .ts of 

great importance is sho1,m by the _rapid lowering of the bed of the Colorado 

·River, caused by the release of clear water from lake Mead, which is fc med 

by the dam. Similar action due to the release of clear ,rater, has caused 

extensive lo~"ering below many other d.."\llls. It is not unlikely that the effect 
. . . . . . 

of the discharge of clear water down the Upper Mississippi and Illinois Rivers 

has caused even more lowering of their beds than was caused by t he increased 

flow in them due to the blocking by the glaciers of the streams vhich formerly 

eventually discharged into the ocean through the St. Iawrence and Hudson Bay. 
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As the glaciers cont:f!wued to melt and retreated northward hovever, they 

finally uncovered the entire channel of the St. Lawrence and the rivers lead­

ing to Hudson Bay and the water from the lakes escaped to the sea through 

· them, ceasing to flow down the Mississippi. The channel which was excavated 

by the great flow of vater from these glacial lakes, plus the normal runoff 

of the river vatershed hoWl'~ver, ~"8.S on too flat a slope to transport all the 

sediment brought in from t..~e Mississippi watershed with the smaller flow which 

was produced by normal ru..l'lo.f.f from the Upper Mississ1ppi watershed without the . 

glacial water. A great fi l.11.:ing of the stream valley then began, vhicb is 

still going on. In this ~1lling braided channel with a multiplicity of inter-

,..._ lacing channels, islands h..q,;ve been fonned as shown in Figure 12 which was 

taken from the Waukon, Io.re. and Wisconsin Quadrangle of the U. S. Geological 

Survey. The slope of the JitQssissippi River is still too flat to move all of 

the sediment brought to i t.., and filling will continue until the slope is 

steep enough; probably about that which the river had before the glaciers 

arrived. A si.milar condition exists in the lower end of the Illinois River, . 

where much the same action oc~urred. 

' '. ·, 
!. 

The aggrading of this valley goes on very slowly, as it has to fill the 

entire width of the valley and the annual sediment discharge of the tributar-

ies is small. The most or the sediment deposit probably takes place in the 

ponds, lakes, and secondary channels, where the conditions are very favorable 
.. 

for deposition, rathe r thSl.l!il in the main strerull , In fact, the main channel may 

even tend to enlarge , since the tendency is to fill up the side channels and 

thus force the entire flov into the main channel. When the aggradati on has 

progressed to the stage whe r e the river can carry the entire sediment load 

brought to it by its tribu-aries, it seems probable that there will be a main 
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channel largely t:ree from · islands, sloughs, lal~es) ponds an.d secondary 

channels. 

From bis s tudy of the lo~er end of the Illinois River, Rube~ ~oncluded 

that this et1~am was in equilibrium . This may be true of the main channel 

itself, but, cons.idering the river as a vhole, including all of the area in 

the valley , the author is convinced that the lover Illino~a and the middle 

Mississippi are both aggrading streams. 

The eondition of interlacing stream channels formed in the Missiosippi 

near Waukon, !ova which the ~rriter believes should be considered to be braided 

is not confined to the pa.rt of the Mississippi appearing on the Waukon USGS 

quadrangle.. There are other areas however along the Mississippi River between 

St. Paul, Minn. and St. Louis, Missouri in which stream forms are such that 

some persons will probably not consider them to resemble braid closely enough 

· to justify calling them braided. In some sections there are larger lakes and 

fewer channels tha.n are present in the Waukon region. In the lower Illinois 

River are sections vhich do not appear to the writer to be sufficientl y like 

. braid for it to be considered a. braided river. Unfortuna t ely, time was not 

available to study the Upper Mississ ippi .and Lower Illinois Rivers in detail 

and it is ;hoped that further studies of this situation can be made later. 

It is the 'Writer's viev, however, that both of these streams are low slope, 

aggrading streams of the refilling type, since they are refilling thelr beds 

back to t he ir normal pre-glacial levels, and are, of course, overloaded. They · 

. may also be classified as "underfit", as these valleys are now occupied by a 

smaller stream than that vhich fo rmed their present shapes. From the geolog­

ical history of these streams it is believed. that tha refilling process has 

' . ---------------------- ·-------·------------ --
* W.W. 'Hubey, Geology and Mineral Resources of Hardin and Brussels Quad­

rangle (in Illinois ) U.S . Geological Survey Professional Paper 218;pp.l29 . 
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gone .on longer in the Illinois River than in the Upper Mississippi, and that 

\he Illinois has approached more nearly to a condition of equilibrium than the 

. Upper Mississippi. It is believed that the upper end of the Wabash River rep- . 

resents a later stage of the same action that now exists in the. Mississippi .and 

Illinois since the·Wabash was the outlet of a large lake at the site of the 

vest end of the present Lake Erie, and the geological history shows that this 

drained out through the St. Lawrence at an earlier date than the lakes which 

· temporarily discharged through the Illinois and Upper M.tssissippi Rivers re~ 

turned to their original outlets. The present Wabash River (described in 

Appendix I) therefore, represents a later stage of the progress through vhich 

the other two streams are likely to pass in the future. 

It is probable that this braided type of refilling river will be formed 

only under special conditions. One of these is that the valley is relatively 

narrow. This condition exists in both the portions of the Upper Mississ:i.ppi 

and Illinois under consideration. These streams are cut down in the surround­

ing terrain in a relatively narrow gorge, but wide enough that the river in 

its present condition does not cover the entire bottom of the gorge. If the 

valley is very wide with respect to the size of the river, it may be that this 

. t'orm of river will not result. Another requirement probably is that consider­

able sediment is brought into the valley by small tributaries along the stream. 

In this way the valley is filled up, although the major stream can transport 

comparatively little sediment, and is responsible only for part of the filling 

of ·· the valley. 

Another requirement probably is a low slope. A medium or high slope 

probably would not form the deep, narrow channels characteristic of the 

Middle Mississippi and Ill inois. 
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In this study the braided rivers investigated were .either of relatlveiy 

steep or of relatively flat slope, Are there braided rive~s of moderate slope 

also? Tc.e ·writer believes that a severely overloaded rivey of moderate slope 

would al.so adopt a braided pattern, at lea.st in some cases, but nor..e of the 

rivers on which the writer obtained adequate data appear to be cf this class, 

It is probable that parts of the Washita River in Oklahom2. and the Cimarron 

River in Kansas~ are of this type, but sufficient time has not been available 

to establish th i.s , 

Classification of Braided Streams 

In the foreg oing discussion H has reen shmm that the braided form of 

a stream may be due to the steep s l ope of the stream, or due t-o a.ggrada.tion 

resulting from the overload ing of the stream vith sediment, or to a. colT!bina­

tion of' these hro causes . Braided strea.'lls may therefore be classified accord­

ing to these t wo causes into two main divisions, (1) braiding due to steep 

slopes, and (2) braiding due to a.ggradation. T'nese t wo main divisions may be 

subdivided, to include ccmbina.tions of these t,w causes , as sh1,j n in the 

follO\.fing class i..fi cation : 

(r. 
Braided~ 

Streams 

II. 

Braiding due to 
steep slope 

Braiding due to 
zggradation 

1. Braiding dt:.e to steep slope with 
degradn. tion 

2. 

3. 

Braiding due to steep slope with 
approximate equilibrium 

Braiding due to ste1.::p slope with 
aggradation 

Braiding due to moder.J.te slope with 
aGgradation 

5, BraidinQ: due to low slope with 
aggraciation 

* Accelerated Channel Er os ion i:1 the Cimarron Valley in Southves tern Ko.nsas. 
T. G. McLaugrtlj _n, 191q, Journal of Geology, Vol. LV No , 2, March 19Lr7. 
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In this classi fication the first three second.a.ry subdivisions are types 

·•. of steep-slope streams, and the l e.st three are types of aggrading streams, the 

·· two · groups overlapp:lng to include the · type which is both steep-sloped and 

· aggracllng. An example of a Class 1 stream is Sunshine Creek in Wyoming, 

shown on Figure 13. It is probable that there a.re many such streams, particu­

larly in a region of .conside rable relief where active channel erosion is in 

. progress. Class 2 probably includes a large number of the steep slope braided 

streams -where conditions a.re not changing appreciably . Class 3 is typified by 

many streams carrying an overload of glacial debris • 

. It is well knm m that glaciers move like rivers of ice, and carry down 

to their ends large quantities of aecliment on their surface and imbedded in the 

, ice. Also large quantities of rock debris are moved a.long the under surface 

of the ice, by the ice and by streams of water under the ice. }fuch of this 

sediment is produced by the very severe abrasive action of the moving glacier 

ice with its imbedded rocks on its bed and banks. Therefore e, glacier can 

ordinarily transport much l arger quantities of sediment than can be moved by 

the stream of water which is produced by the melting ice, that flows avay from 

the glacier. Unless the stream flowing away from the melting ice is very 

steep, therefore, the water coming from the melting front of a glacier is over-
, . 

. : · loaded. It contintm.lly drops part of its load in its channels, filling the 

· · !. channels, forming bars and islands and raising the level of its bed. As 

channels fill they build up higher than adjacent areas and the water breaks 

. •'; 
! .. 
'· 

/,. 
; .· 

out into these lower areas and fonns a new channel. Such cnannels are there-

fore not only braided, but are rapidly shifting. The channels from glaciers 

are usually also r e1atively steep, so that braiding in them is partly due to 

the steep slope. 
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Many streams of this type ar~ found ln the watershed of the North 

Saskatchewan River and other streams in the Rocky Mountain Parks ::."egion of 

Alberta, Canada. As previously s t ated, Cla ss 4 probably includes relatively 

few streams. Class 5 is probably also relatively infrequent, and is typified . 

by parts of the Upper Mississippi between St . . Iouis, Missouri ancl St. Paul, 

Minnesota . 

As previou sly stated, in the steep-slope .type of bra ided stream, where 

· not influenced. by non-erodible material, the channel as a whole is relatively 

straight, steep , '\-Tide and shallow, a..11d ca rries a heavy sediment loacL The 

bottom i s relati-vely fla t and com:9osed of s and or coa r ser ma te r i al. The 

interlacing channels frequently shi ft rapidly and the banks are r e l a tively 

unstable . Frequently these channeJ.s a.re overloaded with s edi ment. The :I.nte r:. 

lacing channels a re not necessari ly sepa ra t ed by i s l ands , but may exist only 

at low flows, and be in the form of bars of small height ·which rapidly shift 

their pos iti on and are entirely covered_ during high flmrn. 

Class 5, t he flat-slope, a ggrad.ing type of b r aided strerun conslsts of 

interlacing channels, with many ponds, s loughs a.na. l akes . The banks a re 

relativel y stable a nd the interJ.a cJ.ng channels do not shift r apidly 011d tend 

to be deeper and narrowe r than in the steep-slope types. The smel ler channels 

of this type are likely to be fonned of fine sediments, such as silts and. 

clays. As previously mentioned, pa rts of the Upper Mississippi e.ncl possibly 

of the Lov er I llinois Rivers are examples of this ~lass, 

It will b e s een from this cla ssification that braided streams due to 

overloading can have any slope, but braiding without a.ggrading can only occur 

in steep streams . Braiding in a stream in balance, or i n a degradi ng stream 

is possible only if the slope is great. 
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I The Enginee rin~ Significance of High Slope Braided Streams 

From the definition of a braided stream as previously given, it vill be 

seen that this type of stream is distinguished by its appearance, due to its 

interlacing or anastomosing channels, and covers streams in which the other 

characteristics are quite different. It is the appearance rather than the 

nature of the stream that distinguishes them, as they have in common only the 

one characteristic of multiple channels. This ·characteristic is a very good 

one for visual classific.ation, but it is one whi.ch seems to have very little 

other practical importance. From an engineering standpoint the branching 

channels ordinarily have little, i mportant effect on engineering structures, 

such as dams, bridges or revetments which are constructed on them, and on the 

overloaded, low-slope type the engineering worl~s ordinarily do not differ much 

from other streams except that there may be several small bridges rather than 

one large one. However, the steep-slope fonn of braided river, from an 

engineering standpoint, is important, since it gives rise to quite different 
j 

forms of engineering structures from those on most other streams . This type 

of stream is characterized, in addition to its multiple channels, by a steep 

slope, z:latively straight ali gnment, wide, shallow, flat bottomed channel 

with high velocity flow and usually with r elatively coarse bed material and a 

high sediment load . 

These characteristics give rise to very differ~nt fonn s of bridges, dams 

and revetment and stream .training works than are usually found in other types 

of streams. For smaller braided streams in the United States , long pile 

su~ported bridges are . commonly used rather than masonry piers supporting 

longer steel or concrete spans such as are commonly used on other type streams. 
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In China. a pile type bridge baa been use c.1. on t11a Yellow Rt ver, vhicb is a veey 

large braided stream, to carry the Peking-Rankow Bailroad. It has been in use 

for over forty years, and is supported on screw piles. 

The d.ams on braided rivera are also commonly confined to long, lou head 

structures of the barrage type. 'l'hey are now usually constru:~ted vl th p~ers 

vith gates between, although originally they were built of loose rock, some ­

times vi.th some ma sonry walls and. paving. Although the bti.rrege type with 

piers and gates is frequently used on other types of' rh-ero, :f.n th~se othe r 

rivers dams are not limi t ea. to this type. High d imD of l a rge otorage ca.pad ty 

are not usually bu1 lt on high slope braided streams because of the vide , sh~l -

. low Yalleys in vhich these straa:ms usually flow makes high dam.El on thern very 

expensive because of the great length and the deep founcle.tlona usually r e ­

quired, anc1 the high sediment content usually present :i.n the wate r ca.uses t he:u1 

to fill 1·a pidly with sediment. 

The form of bank protection on high slope braided ri ve ra is usuallj' quite 

different from thos e used on the d.e epe r, less svlft streams . In India a nd 

Pakistan, extensive use of dikes or groins for steep-slope brai cled stree.ll'\1l ha s 

been developed, largely .based on n:.od.el t est s . J.n this country permeable :pile 

dikea have been extensively used. In this country also :for smaller strerung 

"Jacks", usualJ.y of' steel, have been extensi ve :cy used. These are fo :rmi!?cl of 

units consisting of three straight ba rs of equal l ength, all connected at 

· their mid points and extending at right angles to eAch other, as in tho 

children's toy jacks , None of these thre e types of revetment except the pile 

.dike is commonly used on low slope str.eruns . For lJJw slope , deep streams, re­

vetments in the shape of a mattress of planks, woven ,d.llows, asphalt or c,:m­

crete blocks are widely used, but only infrequently used on b ra:l.ded, steep-
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slope rivers. All of these differences of engineering structures are almost 

entirely·d.ue to the characteristiaa of steep-slope braided rivers rather than 

to the multiple channels. 

Suggested Nomenclature for Braided !:,nd Similar Streams · 

The tenn braided stream has been so extensively used in scientific 

literature that it is unlikely that it will be dropped in the near future • 

. The selection of the term to identify one type of stream is obviously because 

of the resemblance of the form of these streams to braid. This resemblance 

can never be very close since all streams differ considerably from what ia 

commonly designated as a braid. vThen applied to streams, therefore, it is not 

a very exact te:nn because its use depends only on a. resemblance. A wide dif­

ference of opinion can, t he refore, exist in many cases between well-qualified 

persons on how closely a given stream pattern resembles braid. The writer 

believes, however, that at the rather elementary state of development of the 

science of stream forms at the present, it is not desirable to try to depart 

too widely from the pa.st usage of this term, because further study may shov 

that the proposed changes are undesirable. 

Many streams exist vhicb have certain properties in common with streams 

which have as close a resemblance to braid as is possible for a stream, but do 

not in their appearance resemble braid. It is the writer's opinion, however, 

that these streams should not be arbitrarily put in a braided classification 

but that the braided class ification should be confined to those resembling 

braid. 
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Author 's Suggested Dafinition of~ Braided Strea.E, 

The only com..raon cha.ra.cteristic of all streams ·which in the past lmv~ 

been considered to be braided seems to be that they have patterns of dividing 

and reuniting channels from ;1hich the word braid originated. Fl'O:m t he fore:.. 

going definitions and from the analysis of the date asse:nbled in this study, 

the following definition arid de s cription of a braided stream has been evolved, 

the definition being u slight modifie:a.tion of that of Gran'<;, previously sfve!l, 

"A braided stream is characterized: by having a number of alluvial channel s 

with bars or islands bet.;een meeting and divi.ding again, and presenting from 

the air the intert-wining effect of a braid". This a.efi ni tion. differs from 

that of Grant . in omitting the t erms steep, wiq.e end sl1allow since this study 

.. has shcnm. t hat channels which resemble braids do not necessarily have these 

· properties . 

Anastomosing Stre~ 

In reading the geological literature dealing wi.t11 stream fo rms , one 

sometimes finds the tenn "anastomosing". '1.Tnis tenn i s :practically unknown to 

engineers but is occasionally used by geologis ts in describing stream patterns . 

It is usunlly not defined, but is used as if its l!)eaning was practice.Hy the 

same as braided. The word is derived from the word anastomosis, for which 

the dicti onary defi-ni tions are as follows: 

"'I-he rejoining of different branches ·which have a.risen from a common 

· trunk, so as to form R m~t work", * 
"Union or intercommunication of any sys tem or network of lines , branches , 

streams or the lik~"· * 

* Webster's New International Dicti onary, 2nd Editlon, Unabr1.dged . 
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·,A union, interlacing or running together a.a of t vo or more arteries, 

veins or other vessels, whereby their canals have become common Md freely 

intercommunicating"* 

These meanings of anastomosis do not apply directly nnd exactly to 

I 
stream pattern, but with a little adjustment, they can be expanded to cover 

the case of streams with little violence to the original meaning of the term. 

Based largely on the dictionary definitions given above and a. knowledge 

or existing streams, the vriter believes that an anastomosing Btream can be 

defined as: "a watercourse consisting of channels, with or vithout lakes and 

ponds, which usually arise from a common trunk and divide, intercommunicate 

and rejoin as the flov moYes do'Wllstream". lakes and ponds have been included 

in the definition to cover the condition in the Upper Mississippi and Illinois 

Rivers. 

11his definition is a broader and more exact one than the definition of 

braiding, as it does not depend on a similarity on vhich even experta opinions 

could videly differ. The vriter believes that it includes most, if not all, 

of the braided strerun~ vith the five subdivisions previously mentioned. It 

also includes many sections of the Upper Mississippi and Lover Illinois vhich 

do not sufficiently resemble 'br-aid to be classifi.ed as braided rivers. It 

would also include such streams as Cooper 's Creek** in Australia. , the plain 

,* New Standard Dictionary - Funk and Wagnall, 1957. 

** Discussion by W. H. R. Nimms of Paper on the Importance of Fluvial 
Morphology in Hydraulic Engineering publi shed in ASCE Journal of the 
Hydraulics Division No. HYI, February 1956, Paper 881, pp. 38-41. 
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sections of the Kosi Ri ver..:.:-H in India s.nd the lower end of tbe Lower Colorado 

River in lif..exico .*-*** 

These l ast three sections of river are all whs.t may be called land 

deltas , and are formed where a relatively steep channel reaches a flatter 

area where the stream has a lesser slope and is unable to continue to carry 

its load. It drops e part of the load and breaks up into multiple channels 

forming a. sc;>rt of delta. It differs from the ordinary form of delta in that 

the streams. do not flov into a lake or other body of quiet water, but the 

channels re.join and reform a continuation of the original stream. This land 

delta fonlil could be a subdivision of non-braiding a.nastomosing stream. 

It is possible that , as the science develops and the term anastomosing 

stream, as previously defined, becomes more familiar, it would come into 

general use and to a large extent replace the term braided £1tream. It also 

might be 8.dopted as one of the lll.8. jor divi.sions of the vhole field of stream 

patterns , "lith braided streams included as one ma.in subdivision and non~ 

braided forms the other main subdivision under it . 

Mul U.ple _9'nannel Streams 

Because of the fact that the wor d multiple is more widely used than the 

word anastomosing, and its meaning i.s clearer to engineers, since it is in 

current use among them, the writer believes that n better nomenclature of 

braided and similar streams would be secured if the streams in that class 

*** C. C. Inglis. Denudation, Erosion and F'locxis, Central Boa.rd of Irrigation 
Indi a {Technical) 1944, pp. 136-141. 
Rapid "Westerly Movement of the Kosi River. Central Boa.rd of Irrigation 
India {Technical) 1942 pp. 7, 8. 

**H W. Kelly, 1925. The Colon1d_o River Problem. Trans, ASCE Vol. 88, p. 312. 
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be called.Multiple Channel Streruns rather than Anastomosing Streams, as dis­

. cussed in the previous section of this report. 

Webster's Nev International Dictionary, 1935, defines multiple as 

"containing more than once, or more than one; consisting of more than one, 

manifold''. The term multiple channels could therefore .be used in place of 

both the terms braided and anastomosing as previously discussed. 

A multiple channel stream can be defined as "a stream in which the flow, 

for a considerable part of its length, is divided up between two or more 

channels or paths"~ This definition is very broad and includes the var:J.ous 

t;ypes of braided and anastomosing streams previously discussed. · Its scope 

. is shown on Figure 14. It can therefore be used to cover a large class of 

·streams, which constitute an appreciable part of streams as a whol e. For 

example, all streams could be divided into two classes, (1) single channel 

streams, and (2) mul tiple channel streams. Multiple channel streams cover 

the land delta forms previously mentioned and can also cover the channels 

forming a delta in a body of quiet '1'8.ter. There is considerable doubt 

wheth~r this ordina ry form of delta channels should be included in anastomos­

ing streams since the channels in this case do not rejoin. I solated cases 

~an be found where this definition would cover streams with many islands 

which were of non-erodible material such as the Thousand Island section of the 

St. Lawrence River, but the greater part of this class :I.a probably found in 

readily erodible alluvial formations . 

. The writer believes that this classification is the best that has been 

developed, and should be used until a better one is found. 
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THE FORM OF AN ALUJVIAL STREAM ENI'ERING A LAKE OR OCEAN - -. -- -- - __ ._.,_ --- --- -- . - -

·.-. ·, The vrit er some years ago ;ra.s puzzled by the fac;:t t hat the bottoru of the 
. 

. · .Mississippi River, for over a hundred mil e s upstream from the point near its 

,. mouth where it subdivides into several channela, averages about sixty. feet 

below _the 1evel of the water sur face of the Gulf of Mexico, into which it 

. discharges. He wondered what the reM on for this great depth was. He also 

• wondered why small streams tributury to the Great Ia.ltes; vhich for most of 

their length -were so shallow . that at l ov water they were sca.:rcely navigable _ 
. . . 

in a canoe , formed at t heir mouths a harbor of considerable depth, and gave 

rise to grea t ports such as Chicago, Cleveland and numerous others • 

.... From time to time the writer t hought about this phenomenon and bas 

devised what he belie ves is a sntisfactory explanation. As this condition i s 

. a common fonn of the channel of natur a l streams floving i n erodible material , 

it comes within the scope of this report on stream cha.nnel fonns. As ,rill be 
...... f ,.. . 

pointed out, t h~ action which ca.uses this condition ~ay be of considerable 

importance in t he design of a levied floodway discharging into a lake , and 

considerabJ_e t rouble will probably be avoided if this act ion is adequately 

· considered_ vhen such a floodway is clesi gned . 

It i s b elieved tha t a deep cbaxmel will always fom at the mouth of a 

·stream entering a lake if the following conditi ons are p resent: (1) the 

material ' i n the stream and l ake bed i s ~~adily erodible, (2) · the l ake level 
. . . . . . . . . . 

is comparatively constant, (3) the stream is subject to occasional high flows , 

and (4) the stream does not carry a htgh concentration of sediment load. The 

cause of t he action which p roduces t h::.z condition· can -be easn~~ ~,der-atood by 

_visua..Uzing what would t a.~e place· at the end of s.n artificial chari.ri.el . 
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discharging into a lake under the four conditions named above, if the channel 

was not constructed _vith a bottom considerably belov lake level where it Joined 

the lake. For example, suppose the artific-ial channel was built as shown in . 

Fig. 15-A, _witb its bottom A-Breaching the lake at a depth belov lake level 

equal to the depth of low water flow in the stream. Immediately after com­

pletion, at low va.ter the surface profile would occupy the position C-D, but a 

high water flow would produce a surface such as that at E-F, with a drop down 
\ 

curve in the surface profile adjacent to the lake. Such a condition would 

produce high velocities that would cause erosion .of the sides and bed of the 

channel near the,lake and t he lake bedJor some distance out from the end of 

the channel. This scouring of' the channel bottom will cause the flood surface 

prof.ile to be lowered and produce more scour farther and farther upstream . 

The flood flow will therefore cause a deepening of the channel and lake ad­

jacent to the channel, as represented by the crosshatched area. JHK in Fig. 

15-B, and would thus provide a deep water "harbor". In Figs. · 15-A and 15-B 

the vertical scale -~s greatly exaggerated and the deep water extends much 

; . further up the stream and into the lake than the figures indicate if the I . . . 
1 scale exaggeration is ignored. In times of low flow the harbor vill tend to 

fill' up with sediment, and. on streams carrying heavy sediment load, the 

harbor may be entirely filled before another flood comes to scour it out. If 

the lake level should rise rapidly as t~e flood e?ters it, the drop down curve 

might be too small to pr?duce sufficient scour to produce a harbor of consid-

' erable size. 

Most natural str eams in erodible materials tend to approach a condition 

of equilibrium: Under these conditions the movement of sediment past any 

cross-section of the stream over any period of a considerable number of years 



tends to be the srune , and equal to the sediment ~oad .bl'.Ougbt doTm by the . 

stream from its watershed . If the bottom of the stream\ras not deepened near 
. . . . . . _. 

the lake, there vould be severe scour at that point ~d more sediment vould be · 

moved ava.y than ceme domi, giving rise to a net scoU:r and deepan:i.ng of the bed . 

Hence, usueJ_ly t he bed t ends to deepen until, over a considerable pe;iod of 
. ' . . .. ' . . 

tiple, the amount of sediment moved at all points in this deepened section. will 

equal the sediment load carried by the stream i n this . period. This secti.on 

will tend to fill in times of low water, and the deposited sediment wili scour 

out in t imes of high water. · 

In at least one case this ~ction has proved important in the ma.lntenance 

ot: a. levied nood:way. lea.ding into . a. l ake . Such floodways are usually con.: 

structed by buHding t wo . roughly parallel levees, to confine the vater, by 

exca.vatlng earth from borrov pits adjacent to and between the tvo levees. The 

· b.orrow pits are usually placed. between the levees rather than outside of them, 

-since in the former procedure the excavated borrow pit provides aclditional 

discharge capacity for the flood.way ,nth little, if o.ny, e.clded expense. The 

· r1oodwa.y under discussfon follovad this procecture, a.nc1 the . scour 1n the bbrroW 

, pit near the lake , due to the high velocities produced. by the drop dmm cur•ie · 

as shown in Fig. ·15-a, was so great that the channel bottom and sides were 

scoµr?d to such an e:x:tent that the safety of the . levee near the lake vas ser­

iously threatened . In the design of levied floodways leading into a l ake ; 

the possibility of such action should be investigated, and guarded against if 

necessary. In l ong flood.ways the borro,1 pi ts could be placed inside the . 

levees, to take advantage of thei r carryi.ng capacity, down to the point vhere 

the too severe scour will eventually r aach , as the end of the . channel enlarges. 
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Below this·point the levees should. be built from outside borrov· pits and the 

inside borrow pits could be connected to a pilot channel, excavated with dis­

continuous spoil banks, dow the middle of the floodvay. As these channels 

enlarged they would draw the va.ter away from the levee a.nd tend to prev~nt the 

. drop at the end of the channel from endangering the levees, If the floodwey 

is very wide, it may be desirable to construct pilot channels betvoen tr 

·. levees on each side of the floodvay, far enough out from the levees to b---~n- . 

ate the possibility that scour from them vould endanger the levee. The poas­

i~ility should be investigated to determine the probability that natural 

stream channels or other depress ions in the floodvay near the lake might cause 

scour which would progress upstream and end.anger the levees . If the floodway 

is short e.nd has a control structure at i ta upper end, care· should be exer­

cised so that the sc01.1r in the borrow pit or pilot channel does not extend f ar 

enough upstream to endanger this structure. If such scour vill t alce place the 

control stru.cture must be d.etligned to be stable in spite of this scour. 

QUANTITATIVE ID:;FRESENrATION OF CHANNEL PLAN FORMS 

It has been sa.id that no subject baa been perfected to the extent \/here 

1t can be called a science until it can be di scussed in quantitative t erms . 

This is probably an overstatement, since some field.a do not, lend themselves to 

quantitative measurements. It is true, however, · that in any field vhere qua.n­

t .itative relations are possible , the best results cannot be secured if they are 

neglected, 

An attempt should therefore be made to express tha ple,n fonn of stream 

channels in qcantita.tive form, so that the fonns of the various streams mey be 

compared on this basts , rather than by the use of loose descriptive terms· such 



. ' 
as meande z'..ing and braided. In the follo,1ing paragr.nphs an approach to this 

problem i r.a suggested . 

One o f the simplest dimensions of a stream chaI'mel form is the widtp. of 
! 

the channel. . Obviouszy, a natural channel doe s not ,bave a uniform vidth, but .. 
rather a varying width. '!'he wid.tb c~'1 therefore be; expressed as an aYerage. 

width, fou!fld by divid.ing the plan area of the stretch under consideration by . 

its length . A more accurnte description of its width will be given, however, 

by a frequency diagram cif stream widths. This .can perhaps best be presented 

by a curve showing the percent of ·the stream l ength in which the vidth is less 

(or more} tban various values , 

Anot lJ1,e r property of stream c:-iannel foT.'.cas is curvature . Some stree.ms 

have a great deal of curvature ru::.d some very ~ittle. One of the ditnensiono 

of curvatur e is the r adi us of the b ends. Hcweyer, stream b end.s do not have 

a constant radius of curvature, but a. continually ve.rying one . This variation 

_for any s t;:retch of the river may be expressed by a frequency dis.gram showing 

. the proportion of the l ength of the stream which ha s rad.ii of curvature greater 

(or less)' t han various values, or in other -words, a frequency curve of tl::ie 

- various radii of curva ture . 

The 1nidth of a stream and the re.dii of curvature are dimensional qua..>1-

tities. ~"or many purposes the channel form of the stream can probably b e best 

expressed. i n non-dimensional terr.as, Such a non-dimensional basis would be 

obtained by dividing the radii of curvature values of the f requency curve of 
! 

stream curvature radii by the mean· or medlan wi.dth of the stream. Perhapa a 

better way would be to determine the ratio of the rad.ius of curvature to the 

st.ream wid.t.h at a l a rge number of' equally spa ced points along the stream and . 

construct ,a. frequency curve of thene values. 
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Another factor in a ctrerun channel form is the angle the stream turns in 

·one direction (for example, clockwise) before it reverses direction and flovs 

in the other direction ( counter clockwise). · A frequency curve in · tenns of the 

percentage of the to\al number of these atretches between reversals for which 

the angles of deflection vere greater (or less) than various values, could be 

constructed, ~ese angles could be eX})ressed in degrees, or radians, and 

would be non-dimensional. 

It is probable that the length of the stream between points of reversal 

from clockwise to counter-clock.rise and vice versa is a factor in representing 

the shape of the "river, and a frequency curve of these distances could be 

developed. To make these lengths non-dimensional, they could be divided by 

the mean or median stream width. 

In the studies covered by this report the slope value used is the 
, 

longitudinal slope of the river or the ratio of the fall in the section of 

river under consideration to the length of the stream in that section, 

measured along the main channel or talweg, In the case of meandering streams, 

the general slope of the valley is considerably steeper than the slope of the 

stream. As previously discussed, the best index-of the tortuosity of the 

· stream appears to be the ratio of the strc0.m length to the length of the 

valley, covered by tha t length of stream. The ratio of valley slope to the 

stream slope m.11 be the srune as the ratio of the .stream length to the valley 

length. It will prooably be found that in d.escribing quantitatively the fonn 

of stream, this ratio will be found to be convenient, and study of these 

relations should therefo1~ be made . Thought should be given to the possibility 

that other and better methods of expressing channel form than those discussed 
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above might be devi.sed. It seems probable that there ere quantitative rela-

. . tiona betveen the :factors influ~ncing stream form previously discussed and the 

values o:f these r atios, vbich couJ.d be developed. It j.o believed that when 
. . . . : . 

quantitative data on shape of stream channels ia developed, itvill lead. to a 

much more exact classification of stream types and a much better U11derstanding 

of their a ction. 

·rt 1s:probab~e that the above sugges ted quantitative representations of 

: . stream ·channel fo rm cannot be applied to braided channels, but if so, the fact 

that they cannot be used for all forms of stream doe s not mean that they could 

not be use:ful. in some cases. If braided strea.mo cannot be ha.ncUed. by t he 

methods p reviously suggested, further study shovJ.d be given to the problem to 

see if some other :method could be devised vhicb would hanclle them. For 

example, a plot could be made of the varintion of tha number of channel s in 

cross sections at any place along the stream by plotting the number of channels 

. in the cross section against the distance along the stream from some in1.tiaJ. 

. :point. Another vay might be a plot of the ratio of the t otal width of the 

. bars and islands to the total channel vidth at the various points along the 

. channel. 

SUC'tGESTED Flf.RTIIE.R STUDIES 

This report may be regarded as a :progress report, as :tt does not repre­

sent a completed study. The folloving studies aro suggested :f.n this field 

. which seem most likely to increase our knowledge of the plan forms of stream 

· channela. Macy of' these have bee·n previousJ.y suggested in this paper, but 

to make this stat ement complete, a.re repeated herein, 

Additional data should be colle cted on the slope, discharge and material 

size of natural s·t:reruns, pa rticularly those with banks a.nd becls of gravel and 
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coarser material, in order that the relations bet~een the factors affecting 

.the form for these material sizes can be more clooely determined. Data of a 

quantitative nature on material s izes should be collected, in order that more 

accurate quantitative relations involving size may be obtained. 

These data should be analyzed in an attel11J)t to find a general equation 

for strearas in erodible material vbicb -would have one constant for a given 

strerun pattern regardless of the size of sedimentary material involved, end a 

general equation including slope, discharge, material aizc and stream form all 

expressed quantitatively. 

Data should be collected on the relation of valley slope to stream slope 

or the tortuosity ratios of meandering and other streams in order that their 

form may be expressed in quantitative terms. The other methods of quanti ta­

tively expressing the fonn of rivers, as discussed previously in this paper, 

should be studied, in order that the best methods may be detennined, and that 

the laws governing the form may be developed in the best quantitative terms. 

An attempt should then be made to relate these quantitative expressions of 

shape to the other variables such as slope, discharge and material size . 

Since tortuosity ratio is the easiest method of expressing stream pattern in 

quantitative tenns, at least for the relatively sinuous streams, perhaps one 

of the first studies should be the relation of this ratio to the discharge, 

slope and material size for meandering streams. 

A comparison of discharge to valley slope of meandering streams should 

be made, similar to the one made herein comparing dischar ge e..nd stream channel 

slope, to prove or disprove the author's contention previously mentioned that 

the streams do not lengthen their channels to reduce their slope to a value 

which will produce relatively stable channels. 
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A study should be made of the various attempts* to develOl) quanti ta­

tively the causeo of meandering streams, as given in the literature on the 

subject, and to see to what extent they agree with the relations developed 

so far in this study. Since this study does not disclose any satisfactory 

relations or rational reason for the formation of meanclers, an attempt should 

be made to develop one. 

A comparison should be mo.de of the relations developed by Lacey, Blench, 

and Leopold ~d Maddo;k, to explore the interrelatlo~ of the data, ideas and. 

conclusions given in their reports· to thone developed by the method of 

approach used herein. 

Data should be collected on the properties of stable chBnnels used for 

irrigation and. other purposes , to study the relation of such channels to the 

patterns of nr.tural channels, as developed in this stt:.dy. 

This study should. be extended to some of the more unusual types of 

streams , such e.s the arroyo type so common in the western portion of this 

country. Other types of streams which should be studied are misfit or underfit 

streams, deltas , tidid stree.ms, alluvial cones, nnd the effect of confinement 

by non-erodible material in the valley walls of a mea..11dering stream. Estuaries 

should al.so be included. An attempt should be ma,:te to develop a systematic 

classification of all streams. A detailed study should be made of the Red 

River o:f the North an¢. its tributaries to see H an explanation of the form of 

this unusual stream can be found. As many of the tributaries of this stream 

* Uber die Urschen der Ma.anderbildung der . Flusse und des Baer' schen Geselze 
Albert Einstein ( the Senior Einstein) - Die Naturwissensche.ften Vol. 14 
1926 pp. 223 -225 (abstracted. by Nemenyi Bull. Geological Society of 
America. J une 1952 pp. 613-614) Republished in Ideas and Opinions -
Albert Eins tein 1954 or 1955 Crown Publishers Inc., 
Geomorphic History of the Kicka.poo Re glon; Wisconsin R. E. Bates 1939. 
Bu.11. Geological Society of America Vol. 50. pp. 844-850. 
On the Ori gin of River Meand.er s , Werner, P. W. 1951 Trans . AGU Vol. 32 
No. 6 Dec. 1951 p. 898 . 
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have .a form similar t o that of the ma.in stream, they should therefore be in­

. eluded in the study. The Souris River of Montana. and the Tisza River in 

Hungary, vhich are very tortuous and probably vere formed in an old lake bed, 

should also be examined . 

A study should be made of the lower end of the D.linois River and the 

_Upper Mississ ippt to detennine the extent of braiding in these two streams 

and the conditions which result in this braiding. Also the sequence of steps 
\ 

through which they (together vith the Wabash River) have passed or may be 

expected to pass in t he future . 

Included in"this study should be an examination of the effect, if any, 

on the present form o~ the Upper Mississippi, Illinois and Wabash Rivers of 

the earth tilt which i s still.going on in this region. 
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'Bf'<M ON S'l'R!WI CIW/N!:L fOIS}C'l 

~~ 
Ave n:ge 

Fall Length D1scharse V&lu<! 
llooe tocaUon St~tch rtL~u1e L!! r.tth Fall i n Sec . Ft . Mater!tl Pattern or K . ~Q?'k 5 

l. 1.cvc:- Ml utaaipp1 
M,dd M,del Pla te ~ l• ,7 .0028 359.2 0 .15 Sand Hea.r.deri.ng .00174 

z. i1ate 15 17 .6 .0034 296. 6 0.10 .00192 

] . love r M!sa\~eippi Cairo-Arke.n!lac City o.i.o .000076 l],200. 0 •43,000 ,001~ 

'· ~.;,(I~···.:'. Arb.nsas C1 ty - ~d o .28 .000053 18,857.6 5J7,000 .001•1 
River I.dg . 

'0:-•_z . . ,. ~ptd Creek Iova Rea.r Io,.'ll City, I•. 3,611 ,000($ 1,450.5 13.0 .00131 

6. Clear Creek 3 ,75 .00011 l,4C'8 .o 70,0 ,00205 

1. Old ,... .. ..,"\ Creek 3.01 ,00057 l, 754 ,2 105.0 ,00132 

8. Maquoketa River Juat. Above ~th 2.28 .00043 2, 3.15 .8 921 ,00237 

9, P.e.ecoon Rive r Ad.el Dtlm - Ctl,::,crce 2.1 .ooo4o 2,514 ,J 1,000 .00225 Contains some sniill g,-o.vel 

10. !ova River Belov Iova City 1.16 .OO()JJ 3,000 .0 1,476 ,00205 Contains acr.e am:tl.1 gn.vi: l 

u. Cedar River The ~ miles b el ov 1.55 .00029 3, 406,5 3, 020 .00215 
flt>ec:ov, Io,.-. 

12, Dea Mo lnes River De:i !-bl~s - n!d 5oc-k l.~ . oro.65 3, n1.• 3, 480 .0C20 Con~.ains sor-..c ~r,all g:-svel 

13, MUk ~iver Montana Ra •rtt - '16.nd.alia l.12 .00021 ,, 714,3 712 .00109 

l•. Bi g Bl ack Rive r }lias iulppl Jlea.r I'lekens , Miss, .99 ,OOOJ.80 5,333 . 3 1,966 ,00125 

15 . ltcar Bovinc!a l.40 .000265 1.n1.4 . 3, 61'! .00201 

16, Ml nnesota Ri. ver Minnesota €8 m1leo belov 0,76 .OO'll4 ~. 947 ,4 2, 160 .00095 
MJ.nl.:ato 

17 . Mlssou!'i River ~km.ui.na Be l ow F't. Peck. Iha 0.925 .OC<ll75 5, 7c(l ,1 7,519 .000165 Contslns acne sr..all grave l 

18 . WabAsh Rt vc r Il11no1 s ffc:a.r Mt , Camel 0,76 .ocxn4 6,947.4 25, 41,o .00163 

19. Kiddle Hias1ss1pp1 Mi sa-;,uri St . Lou.ts - Che ete r 0 .52 .00.,'090 10, 153.8 1:,1,000 ·.00196 

20. Chester - C.e.~ 0,57 .000108 9,263.2 172,000 .00215 
01.rnd'! o.U 

21 . Ohio Riv<!!r Lo\,ltavllle to o.26 ,000053 18, 857.1 111,300 ,00192 
Evansvi lle 

22. Venligrls Rt vcr O',clahor.a Miles 23 t.o 4 3 above 0.73 ,OC<)lJil 7,232,9 ~,170 .OCll05 Sorve cohes i'le ca~.erial 
>l:>u t b in .bM 

23 , A.uini bo!r:e Rive r l·bn1toba 1 4o to 75 rn llc:a a'e.ove l.05 . 0002() 5, 028.6 1, 650 ,00128 
C.noda !ot:,,1th 

2'1. I!uyuk Mendercs Turkey Belov A,Ycl~n fo r 8o l.05 . 00020 5,028.6 3, 000 . 00148 
kilometers 

25 , Platte Rive r Kcbra:Jka 85 l'liles 1:-elow Junc tlon 
or N & s Platte 6,5 .00123 812.3 4,850 Brniding .0102 

26 . 1'1obrs.ra Nebn ska Verdel, Nel:.rn3~!1. 6,7 .00127 788 .t 1, 595 .oca 

27. Spem:er, Ucbiaska 7 .2 .00136 73) .3 1,280 .00815 

26 . · Mcadev!lle, Nebr. 8.8 . 00157 636.1 1,048 .00999 

29 . Korth Platte R!vi? r J'ua t above ~ th 6.32 .0012 835,4 2,200 ,0084 

JO. South Plat te Rive r 7 .68 .00145 687 .5 2, 6.."0 .0140 

31. Che rry Creek Col o rado 3 . 5 m:.les nbo'le 
Mt!lvin, Colo . 22.6 .W~Z7 234 ,6 22.6 ,00935 

32. Col~rado Rive r l!>del 37 .o .00701 142 ,7 .2.o6 .0084 

33. Model 42.0 .00795 125 ,7 2 .08 ,0095 

3' . 29,0 ,00548 182.l 5.94 ,0091 

35. 26.• ,00518 200.0 2.08 .0062 

J6. 31 .7 .oofoo 166 .6 2.08 .00'/2 

JI, 21 . 5 .wi,n 245 ,6 J,96 ,00572 

]8, 21 , 5 .C0'<07 245,G 1 ,87 .oo4;o 

39 . Lo.rp P.iver 1'ebrnsk l!l n~nr Collll:l't:u.:,!:cbr. 4.00 .cm?6 1, 320 . 0 295,2 ,0056 

,o. Pl'o rth I.oup R1 vcr Abo~ St. Paul, "".eb r . 5,25 ,00099 1,005 .7 873 .005'4 

, 1 . Middle Wup Rive r 5.48 . OOlol• 963,5 1, 162 Betveen b raided .oo6o5 
& mecir.dcr tng 

,2 . RcpublicNl Riv ~r Below B1~1 nc;ton·, . 3 ,71 .OC0'70 1,423 .2 730 Bc tveeu hlghly ~00364 
ff('t> r .. . bra ided & meandering 

•). Ka.nso.a &low Cl~ Conte r, Kn . 2.$0 ,00053 1,005 .7 1,U4 ,00307 

lal1. Red RJver Tex u ~cn-.la . Denni son - .P.c toe rve 1.63 . C<",O Jl 3, 239.3 5,~62 .00267 
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DATA OM STPFAM Cl!ANl1!:L l'O!KI 

~ 
Annp 

Pill Le114th Dl•charge Yalu• .... location Stretch P't{!!ll• ~ n~h hll ln Sec . rt. ~tort&]. Patten1 erk Jlle:gar'i.t 

,,. South Canad.i&n Oklaha,a tbut.b to J-1.;;utb or 1,94 . 000366 2,121.6 6,,52 - ll!'twi!n lligh.l.J' ,0033 
a. Can&d.ian \ra14'4. 

lloan4or1"' 

,6 .• Anatlee.a JU.nr Arl<M•u Mouth to Lit Ue Rock 0,70 .0001)2_ 7,:;J,2.8 ,3, 700 .00191 

•1. Litt.la F,oell;: to 0,70 ,0001)2 ··1,'42.8 ,2,880 .0019 
Dud.enelle 

"8, Ar ....... Mouth or On..,d. R1 ver 0.95 ,0001.6 ,. 557 ,9 32,000 ,002\ 
• CkJ.aha,a - Ds.rd.enell• 

,9_. oltl.i.c,,,,, Tulu to lbuth or Or&ndl .,.. .. 2,07 .00039 2,550,7 7,71~ .011367 

,o. Colon.do Rl Mr Ca.l.Uo:nu & Pa.lo Yerde Va.11.ay 1.57 .00030 3,363.1 17,900 .00]1>7 
Arbon& 

!11, Colorado JU ver C&lltorn!a • llcar ~ed.l..e , 1.67 ,000)2 3,161,7 17,500 .0037 
Arhoua 

52 . Ml•aourl River 

_...,,. 
1't. he'k to Volt Pt. 1 .0:;i. O,OCC2 5,009 .5 7,2?+0 Jllea.""Jdertng .ooJ.B!o 

lbnt. 

53. K:,rit,u,.s & Wol..C Pt • .,~r1t&.r1a t.o .86o .00010. 6,06'!.9 lJ,'40 .001n 
IJo • Dakota WUl.lat.on, Jl!.D. 

"'· llorth llol<otB V1111aton to Biuarck, .na .000117 ,6, 786.6 19,960 !ietveen 'braided. ~001 ~ 
•• I), I eea.rderlnc 

"· •• • s. Dakota l!hx:&rC~ , 1.0. to ,71.6 .000136 7,353.8 20,980 .0010. 
M:>brid.~, 8. D. 

~ 

'6. South De.:c:ot& ,t:,brtd$C to Pierri, ,872 . • 0001.65 6,0116,o 21,915 . ,002 
a. o. 

.,1. Pie"" to Y&nkton,s .n . ,688 .000166 5,9'>5,9 23,880 ' ,0021 -. < 
,a, a. Dakota• S. Dllkota a. t ova 1,023 .000191, ,,161,3 27,220 . ,002.a 

row Tant:ton to Sioux ctt, 
• 

59. tova Ii !kbraalta S1 owr: City-, I ova to ,lt/8 .000166 6,013,7 28,370 .00216 
~, Rcbraak.a 

60. lebraska. Cl>BM to l<,,bruka Clt,1,060 ,000205 ,,901,1 30,210 .0021 

61.. Jlcbraslta I, lte:brt1.'U& Clt7 to ,926 .000176 5,689,7 )II,"<> .002]8 
~HO\IZl st. • .Joseph, Mo. 

62. JU.Houri St • .Joeepb to J:a.n1u .915 ,000173 5,no.5 '°,370 -~5 
City 

63, kC to W11.veri,, lb. ,863 .o,m63 6,us .2 r,1,,330 .00236 

"'· Wa...erly to Boonville, ,802 .000152 6,583.5 50,060 .00227 
lb. 

65, looo.¥111• to Ren:ian, 
lb. .e6o .000163 6,13~ . , 63,teo .00257 

66. Yangtze Jt!vu China Ka.okov to IC1ukb.n; ,123 .0000233 •2,926 ,8 ~ 900,0CO !rl\l4e4 . ,00071.6 Scat cob~eht •t.erlal 

67 , llukiang to \-1'.J.hiu ,105 ,00002 50,285,7 900,000 .000718 

68. Pall R!vtr Colorado Jl'..eandertng Section ... 16.0 .00304 330,0 39 Cranl R!ehl,y .00204 

69. .. ll'ppcrl:!n 
Bone Shoe Parle .. ,.21 .oooa1 1,236.5 . 39 

Me~rlng 
,003<1 

· ~rEnd.. 

70. l'b)kuck River l11uhin&t-9r. Proo O to 6,57 mil•• 9ubJect to tid.&l lnficl'lllCe 

· 71, 1'ta1, 6,57 to i, 2,< .00045 2,200.0 3,300 1'1oe Ca,parothel.7 .00525 
lbtertal Stnt.l.&ht 

72, Fron 1• to 15.8 3,9 .0007. .1,353.8 3, ]00 ,0071 

l], Pt..15,8 to 1.6,5 3,7 .00070 l,-'Z7.0 3,200 - lbl.eratol.7 ,009< 
Tortuou• 

7<, l'to> 1.6,5 to 20,5 ,.o ,00095 1,0%,0 3,200 .o~ 

75 . 1rcft 20 .5 to 23.2 6,, .00123 812.~ 3,100 Sand • Mc!l.nd.crin,g ,0131 
~ravel 

76. 7- 2J,2 to 35,7 9,3 .00176 567 ,7 3,100 Cravel , Bnl<led .~18 
Cobble 

1-1 , V1lla.mette Rive r, Or!lscn "Sa.lea (.,..,) · 1,8 .000)41 2,933.3 22,370 nra.ru )les.nde ri na . ,003c6 

78 . Al.....,. (near) 1,5 .00:X104 3,520,0 lJ,7!>J .ooi205 

19, Va.bub JU.Yer Indlon.,. tarayette (ne.s.r ) 0.16 .000145 6,9/i1., 6,170 Sand Be~n bnsidM ,001207 
, aieanderino 

8o, Ind.18M. Cortngt&.1 (r~a.r ) 6,229 .901"°7 

81. lobn t:eur~ .(nead 8,89li .oot•Jll 

82 , Terre Baute (near) 9, 723 .001u~ 
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~~•.IE/J.I Cli.A~l. f'JiOoL; 

~ 

iill Length 
A~nce 
Dischnrge ,aiue 

"""° Inca tion Stretch rt.L~~1. Le~th Fall in :=:ec. rt. M\terial Pattern or I< Jleearl: s 

83 • . Waba..,h River Indiana Riverton (near ) 0.76 .0001,5 6,9"1 ., 9,&fa Sond Betveen brnided .0011;51 
6 r.e&ndertng 

81>. Wabash Rher Wear Vincennes 0.16 .0001,5 6,9"1., 10, 510 GraTel 0cmp<,n t tve I.)' .001~5 
Stral&J\t 

85. Mi&.'111 Jtlvrr 11,to klov Sydney 6.50 .00123 812.3 "81 Sand' .00575 
Cravel 

8G . h,;/lorville • 2.0\ .00050 2,000 950 .OOl2775 
Da.yton 

87. Pren. ~ton to 2.611 .00050 2,000 2,202 .003"2 
M1. !Ud8bUJ"E 

88 . Wear Ra.ol:ilt.on 3.70 .00070 1,1'27 ,0 3,332 .001682 

89 . Phd River Abo,.·~ !buth ror 6.68 .00126 790-~- l',2o .0063 
99 1111lea 

90. St1llvater RJ.ve:r Above lbuth ,.20 .oooeo l,257 .l 554 .003t'.B 

91. Tenoeasee 1U ver TenDessee Above lbuth 0.36 .oooo.:.a 1,, 666 .7 61>,ooo .00166 

92. - Colo:rado R1 ve r Colorad.o Be-lov Grand Junction 5,9 .00112 139' .9 6,900 Sa.nd,Gnvel Bral'ded .00102 
• Cobble 

93. Ohio- River Pcnnsylve."'1 1& Pithbure to o.m .oco147 6, 795.1 31,""° 3and& He&no!erlng .00196 
• Ve at Va. ...,,eeling: Gravel 

9". u. Yir,;tn1a \lheeltr.« to o.587 .ooolll 8,9')4.9 54,ooo .0016<) 
R.mt1nc ton 

95. II, Y1rg1EU.a Hunlinrrto:i to 0.352 .0000666 15,000,0 ~J ,OC>.J .oou~ 
& ~entuc)cy Loui,wille 

96. Xentuc:k,y I Louis;i lle to o.266 .0000';04 19,~9.0 lll,JOO ·= Jndie.na E'Vansvtlh: 

"'· hdJana !elow Zvnnsville 

98. Tell0'-ls tonc fUYer Pbntana Rear Bnl!ncs 8 .2 .00155 61>3.9 ~.,?6 Sand, Gravel .01395 
& Cobble 

9'}. &ltfnlo ?.ap!.d.5 '·°" .00076 1,3o6 .9 10,700 .00666 

100. CUnnition River Colorado Belov Ou."1:\.1.!lon 17 .1 .00324 30il .8 0,.7 . Jlot ICno\ffl .0175 

101 . Big ThOIDpSOD Belov £st.ea Parlt 35 .6 .00675 1"8.3 131 M!anderlng .0226 

102. Su5qUP.hennn. ru ,..er Penn. \liU:.c s 8nm: 1.61> .000}1 J,219. 5 l],~.O Sand & ~ratl<r-1,y .00334 
Gravel Stra.ight 

103. Twin Creek Chio Above }buth 6.90 .00130 765.2 265 .00525 

104. KlMl I1iver Ohio Mitvii sbure • 25 oi. 3.70 .00070 l,427 3,332 .00;376 
belov lL.'"U;lllton 

105 . Scioto Rive r Above 0.Jblin, Ohio 7 .5 .00142 1,~ 76o r.ot Knovn .0007115 

)06. Hear Colw:lb1.1s ,Ohlo 1.65 .000312 3,200 l,330 Co,~rat! vely .00169 

r,. tlear Ci?'C'le ·,Ulc," 0.93 .000176 5,677.4 2,1,i; 
Stru! cJ,t 

Jlot K,')O'W) .00122 

sia . Jlear Chillicothe," 1.90 .000360 2,na.9 ·3,345 !lot Known .0015~ 

'P]. Rear RlGbY, Chio 1 .90 .OOOJ6o 2,na.9 4,216 .001611 

110. Oovlitz River llashlr.gton Above J.becy ~k 15.2 .00286 3•7 .4 5,311 .0137 

111. Susquebs.nna Rive r Pe nnayln.nia Near rar.vtlle , Pa, 1.69 .000321 3,124.J 15, 220 .00356 

112. llea.r T0""8.nda, Pa. 2.70 .000521 1,955.5 10,310 .00'.,2 

113. Juniata FU.vt-r Jlear H::luth 2.a1 .000;32 l,il'/9 ,, 30; .ooi.31 

114. SuaqueMJlna Rl ve r PcMaylva.nia 1'e8.r \.i'i lli ar.i r.port 2.31 .ooo'>J8 2, 285.7 8,3o'.l .ooi.25 

115. Ille R.!.ver ~· A•V:tn to Pc-da o.41 .000078 12,DN 90,200 SMd Braided .00135 Ban.~s cla.y, bed ean:1 

116. Yellow River China 134 r.il bel:,v 11,H, o.94 .000178 5,617 "2,8oo Very fine aand. Braided .00256 
f\y'. Brtdcc 

117. &At. r:ii. abov~ Tl'Jiruu, o.58 .000111 9,103 .4 55,000 Jlot KnoYn .00170 
Shan tun& 

us. Upper M!.uisl'liPJ'l Minneaota St . Pnul - P.edvlns, 0.379 .000072 1),931.~ 11,>.l('I &u,d Br.t ided 0 00075 
Minn, 

119. Minn - Wh. Wlnona, K!M - 0.459 .OOO<J/l7 ll, 503.J 25, 78() .oono 
Iaero5oe, \'111, 

120. \lis, - I0'\13 LaCtos3e , Wis - 0 . 3570 ·= 14,790 25, 7Qo .ooo86 
l.Ans lr,e, Io"'l'.l 

121. I own • Vi~. Lanolng, Iovu -
Pre.!rie <.!u Ch 1:n, 

0 .257 .ruoo49 20, 541• ,7 31, S.?O .00065 

Vlacond:t 
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MTA Off 6TP'""...AK Cl!A.w:L ro= 

~ Avera,ae 
Dlacbarge 

fill Gaeth 1n Sec . Pt. falU!I - I.ocatioa Stt"e t.ch rt[~.1le ~nir_..h hll llaterial Pattern or K J\eetirh 

. 122, Upper Hiuiulppl Wt.a •• Iova Prairie d u Chic:,., 0.346 ,000066 15,260.1 '°,16o Sand lraided. ,000<}3 
Via . -D.ibuqUf!,la. 

12]. lova D.it.uc;ue, low - 0,29] .000056 18,020.5 56,670 ,Cl0066l, 
CU.nton, Iova 

. -12,. Cl.J.nton, love - 0.228 .000043 , 23,157 .9 56,670 . ,C).J0663 
LeCaire, Iova 

125. Dm:•uiport to 
"1.:ic atine , ·tava 

0,337 ,C0()061. 15, 667 ,7 63,,70 ,00101 

126, llllnois W'a.reav to ~ , 0.%79 .000091 u,022 .9 61,150 .001,3 
Illinol• 

127, Wt.noll->b. Q.ilnc7., Ill - o.i.i.1 .ooco65 11, 812.1 61,TIO ,0013, 
Sannlbel., tt>. 

126, Miuou.rt. lltt.M1bal to 0.,37 ,ooco62 12,0132 ., 61,TIO .00129 
Lottb l az,& 

129, )b 0 •lll1.noia Loula1L"lll
1 

M::, 0 • 0 . ,55 .000086 11,60' ., 63,i.i.o .00136 
era.rt.on, lll. 

1)0. Sout.!J Caru,.d.Js.n Jtev Jil'.extco Bel.av Conchaa 6.06 .00115 871.J 276 Sand, gJ"'llTel Caeyon .ooi.58 
lles ervolr • boulden Section 

131. llorth Ca.nRdi M O'tl&.~c::c.& We b.adc.a Kl le 2 . 54 .000476 2,078.7 = Sard !n1de4 .00255 
J.85 ,3 to 1,1.8 

132, Cimarron CJ<.lahcua ·~~·, 61111• 2.03 .000)85 2,Eio1.o 1,1~9 .0Cl?21< 

133. tlieep Pork R1Yer Deeg,., MU~ 85.2 1,87 .000354 _ 2,823.5 966 10t know Meandoring ,00196 
to !Ille 159 

. l]l . J'apaloa.po.n River Mexico !cl.aw CoosMt&loapan o.'JS!J .0000159 62,857.1 14 , 200 .rwit,• 
135. !boky Rill River K.vuas i::u.vorth to 3,22 .ooo6J. 1,639,8 252 SMd ,002\3 

Kirquet .. 

·136, lhnr.i.e'tte to Sol.in.a 2 .36 ,000447 2,237 ,3 252 .001 9 

1,37. Ilg Blue Bi ver Ra."llf.c.lph to Clebuniei..88 .000355 2,SoB , 5 1,681! .00228 

1)8. llepobllcan JU.·,er C1JQ' Oenti'r to 2 ,)8 .000'>52 2,21B.5 1,195 Sandb<d Both bn..la.4 , .00265 
.Ju:,ction City M'9.nd.er1.na 

'1)9, Jeanaa.s fl!ver Jbuth to Hile 90 1 ,73 ,000)26 3,052,0 6,™ - !etvun bffl1ded .00299 
6. aea.-,derlng 

l'°· ~ River of Jbrth Minnesota ... Jlea.r Fargo, I. D. o,67 ,000127 7,88o,6 '62 Sand. llighl,y .000588 &rik.s ot cohest Te 

lor-UI Dakota. Me&ndering aaterial. Sate r1ne 

1,1. Jlea.r Crand. Forh, 0,258 ,oooo489 20, ,65.1 2,198 .0003'2 
~ t n. bed. 

I, D, 

1,2. tllinoil R1 V8l' Illinolt Cover 120 miles 0,172 ,0000326 30,697 ,7 15,000 lra1d.ed .000324 

1,1. st. Cl.Atr IU.~r _ Michigan Port Huron ... 0.121 .000023 ,3,636,l 189,000 ,oc,o,.ao Some cohesive material 
AJ.,;on&c 

14'. Seline River !Consu Dovnat.n:an, · rrom 3,20 ,000607 1,650.0 156 Meandering .0021% 
&ylYM Orove 
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.. -
;_ '. ·.· -MORE -D~A:i:1~0 DATA on ~'Em Arn -RIVERS 

In these studies a n~ber of rivers ~ere e·ncmint~rod which wre either 

_ unusual i n :eome _WY: or bad a ·special significance -1i1 re'gard to stream forms • 

. As their ch:a.racteristics crumot adequately be given in the brl.et notes of the 

tabula r data, the r ~ are -- described 1~ the following pa:rag.raphs in tenns · or the 

:f'acta reganting them Vhich seem ·to the ',,Titer to be ~O;t significant f rom t hs _ 
. . . . . 

standpoint ~ f s ·tre~ forms . 

. . ., 

- 'l"hig ;stream, vh:tcb in ancient times vas called the Meander, _is the 
. . . . . . 

. , · ; stream f rom -which the t erm "meander" came . It . bas also been varlouaJ.s- spelled 

, Mennderea, l<~e.nder, Maia.ndros, o.nd Menclerez, but is _n;.,r ·kilo~m o.s the Duyu.k 
. . ··, .. -. · · . . 

' ·.Menderes. 'It i s iocated in southwest ern Turkey and dtscllargea into t he 
. .. . . .·. . . . .. ' . 

. ·., . :.,:. 

. . .. , .. , 

; __ ... 

.. : ... ..: . 

Medi terran~ Sea about 265 m1ies southeast of I stanbul ( C~nstnntinople ). :tt 

has ·a valley about 11.5 miles lo~g and. 6 miles ~"ide . -~ . . 

; ..... · . .... . · ... . . . 

The longi tuc1inal s l ope 
. . . . . . . 

is _compara:tively small, and. over mucll of its l ength it i s very maana.ering . 

·. - Sea Fig. 5. 

Thi.a. stream bas recently been s·l;udie<l for the Turkish Government by the 

engineering finn of Knappen, Tippetts , Abbett, end l~Cai--tby of New York . 

The foliowi~g i nf'o~ination bas b.ee-n supplied by the l ate Mr. Charles F. ~r"ravi a , 

. · ' ' : vho· was i rt cllarge of this 6tUGy ~ C 

· ·., . :·, ..... -,,.· _"T'.aa Ne.r..deraa i s a, very s inuous stream ; It sevcrozy e rodes its banks 

:_, and bas. for. .ed ancl still. forms many cut-offs. !i:be banks of the stream are 

:- ~~·. •. 
. erodible bu t it is believed that the t erm ,;'silty .. sand" ;,,ould b~tte r d~sign~te 

the type oi" so11 rather than "sand"." 
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''IIe.ving been here only from 1949 to date (1955), it is not possible to 

·detennif!e from observation whether or not the bends of Menderes move unifonnly 

dovnstream. From observation of past occurrences, w do not bel,ieve this to 

be the case. There are many old ox bows and. silted up channels vhich a.re nov 

under cultivation, but there is no presently visible evidence to indicate 

that these bends were formed by unifonn movement downstream, '!'he evidence is 

that the river has made cut-offs of considerable leugth and tha.t thene cut­

offs eventually attained about the s_ame length as that of the previous 

channel. For example, there is positive evidence that in the lover valley 

above the town of Soke , the rlver made a cut-off of over six kilometers and 

the present channel is on a.n average more than two kilometers south of the 

previous channel. Without actual measurement it is believed that the present 

channel is about the same length as the previous channel. " 

''Bolo..,, Soke the river switched. from the north side of the plain to the-

i eouth side, a distance of a.bout t welve kilometers maxiDJum . The distance from 

the bead of this cut-off or switch-over to the sea is about forty kilometers 

airline and the length of the present cba.nnel, again without actus.1 measure­

ment, is probably about the same aa the previous ~ annal . " 

"From these observations , it .rould seem to me therefore that there has 

not been progressive movement of the bends dovnstree.m but rather a lateral 

· movement of the channel back and forth across the valley, \Tith the over-all 

.. length of channels r emaining approximately the same and vi t hout any appreciable 

.uniform downstream movement of the bends. " 

"About the only other cbaract eriatio of the B1.~ruk lv'.enderea River vhich 

may be of interest is that while it is a perennial stream, t here is a 

dis~inct vet and dry season and during the dry season which corresponds to the 
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annual crop ping season, the river carries progressively l ess ,rater downs.tream1 

and belov tlle to1o"ll of Aydin in years of un,usually lov rainfall, all the va.ter . 

. has been r Z!moved from the river for irrigation, and the che.nnel is ·dry. 11
· 

The slope of the stream, ao determined from the report, seems to be 
' ' 

about as f'ollova : Yenice to .Aydin, 17!~ km, slope 0.00074. .Aydin-Eski 

Menderes 91. km, slo:pe 0.00020, Eski-Menderes to the sea, 83 km, slope 0.00019 , 

At the t ime the report \fas p repared, the stream flov cie.ta 'W.8 meagre, n 15 

month record at .Aydin indicatlng giving a mean c.ischarge of very close to 3000 

cfs. As s:I~mm on Figure 5 the stream alignment is very crook1;:d and the bends · . 

. do not have ·any ty:picid shape, radius of cu:cvature , or central angle . 

The Red River of the North i s a very unusual stream from the standpoint 

of stream t'orms; since it is very mee.nd.ering, but has a: slope -which is very 

much flatter t han most meandering rivers, and the shape of the meand.era is 

somewhat cli:fferent from the usual form. 

. !I.'h1a stream, ,rhtch fo rms the bound.ary between the Sta to of Minnesota 

. : . and North Dakota, is c&lled the Red River of tne North, to distingu5-sh it from 
. . . -

. the Red Rivero~ the South which forms the boundary line between· the States 

of Oklahor..a and Texas. It is one of the few larger streams in the United 

States tha t flo-rn northward, its course l eading into Canada, the water even­

tually rea ching Hudson Ba.y. The stream is fo rmed by the jum:tion of the Bois 

de Sioux an:d. the Otter Tail Rivers and has a length of 391~ miles to the 

Canadian line and about 140 more to :J.ts mouth in Lake Winnipeg. Detailed ms.ps 

. and considerable other information on j_t vas given by P. T. Simons. and 

· F / V. King j_n 1922 in a "Report on Dra:l.nage a.lld Prevention of Qverflov in the 

·valley of' the Red River of the North" - U.S. Depa rtment of Agriculture 
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Bulletin No, 1017 and much of its course is now covered by U,S.G.s. topographi­

.c~l quad~angle maps. 

The material thr ough which the stre8.liJ flows is clay, clay loam and a 

very little fine sand, There is some fine sand in the stream bottom, The 

stream is unusually crooked, the length along the stream being about twice the 

length of the strerun valley, There are very few natural cutoffs and ox-bow 

. lakes. Unlike many meandering streams in which many of the curves are about 

the sai:Je shape, those in this stream are of a wide variety of shapes, varying 

: from bends of very small radius to those having very large ones, but in general 

the bends tend to he U-shaped rather than S-shaped, A typical section of the 

. river is shown in Figure 8 which is taken frol!l the USGS Drayton Quadrangle Map 

North Dakota - Minnesota, This river has a very flat slope, for the first 100 

·. miles bein3 about 1 foot per mile and below this to the Canadian border it de­

_ creases from 0,6 to 0,3 foot per mile, 

In his pr:.per, "The :9uffalo River, an Interesting Meandering Stream*" 

R, F. Griggs describes in the following three paragraphs the lower part of the 

Buffalo River, which he says is typical of the streams of the Red River Valley, 

which lie in the old l ake bed, since tr1:::y are all fanned in the same ·material. 

"Like all strearns of the R~d River Valley, it is extremely crooked; but 

; its crooks are relatively stationary, not rapidly shifting, Though bends, 

·. often approach quite close to each other, cutoffs are of rare occurrence, 

Frequently the river is actively cutting on both sides of its bed, and de-

• position, such as is a necessary part of rneandering in filling up the ·cut-offs, 

is entirely insignificant, There is no flood plain, but the crooks are deeply 

sunken into the pl ain over which the river flows, They belong, therefore, to 

* Ain, Geoes, Soc, Bull. Vol. 38, ,1906, pp, 168-177. 



... · the cla.ss. of entrenched meanders. In the lower portion, though the velocity 

is lower, lateral .randering goes on only very slowly, even , rhere the stream is 
· not sunk belov the level of the country. " 

1'The Buffalo, in portions of its lo1;cr course, is cutting both of its 

banks: and vhile the cut on the 1.nside bank seems not to be sufficient in 
.. . 

this case to result in straightening the stream, it certainly mus·i; retard 

its .lateral "Wandering and tend to keep it in its bed." 

!'The, sticky gumbo clay of the Red Ri~er Valley through which the lowr 

reaches flow, i s only with difficulty t aken up by running water, 'acd :ls then · 

in a finely-divided state, giving the vater t he turbid appea rance character­

istic of the stres.ms of the region. This gumbo, once i.n suspenslon, settles 

. out but very slowly, so that there nre no de:poai ts in ba:-.1s and the like 

. along its bed, but its . cha..,nel i s s,rept deep and clean like a. ca.na.l." 

Most streams that meander are what is kno,m geologically as me.ture or 

old. streams, but the Red River of the N'orth is a very young stream, since it .. 

· is .probably less than 5000 years old.. The history of thi.s stream is quite 

· .rell known. It has been formed in the bed of an extinct lake, called Lake 

Agassiz, which was formed by the glaciers in the l atter par'G of the · glacial 

epoch. This l.e.ke covered parts of the States of ¥dnnesota and North Dakota · 

and a large area in Canada . It wa.s formed vhen the · g'.La.ciers, coming .domi 

from the north, formed a dam a.cross the outlet 'of the valley of this north · 

flowing river; e.nd formed a great shallow 1£..ke with an area greater than the 

combinecl area. of all five of the :present Great Lskes. · The level of this 
. . . . 

lake rose until it r an over t he divide betveen its vatershed and that of the 

Minnesota River. The outflow of the l ake then flowed a.mm what is no'W' the 

valley of t he .1.vli.nnesota River to the JA.ississippi. River a.t St. Paul. Nea.r 
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the end of the glacial epoch the glacier retreated northward. sufficiently to 

allow 'the va.ter impounded in the lelce to escape northward., draining the lake, 

the bottom of which had been covered vith fine sediment brought in and depos­

ited in the lake. As the lake water receded, a stream to carry the runoff of 

the watershed fonned, running down the lowst part of the lake bottom. Just 

how the bends wre fonned is not clear, because the lake bed material was very 

fine but little solidified, the flow, even on the flat slope existing in the 

· . stream "Was sufflc:I.ent to carry a.way material from the stream bed. It there­

fore started to deepen its course, forming "7hat amounts to incised (intrencbed 

or entrenched) meanders in the fine material of the old lake bottom forming a. 

deep groove in a very flat plain. The tributary streams where they flov 

through the old lake bed are similar to the main stream in having lov slopes 

and very crooked alignment. The current is not strong enough to attack the 

banks severely, and therefore the stream does not rapidly widen or change its 

position, causing cutoffs. 

The Illinois River (Mo. 1421 

The following paragraphs contain some facts not brought out in the 

previous discussion of the Illinois River. This stream, like the Upper 

Mississippi below St. Paul, is composed of many sloughs, lakes and islands, 

but for most of its length seems to have a fairly vell defined main channel. 

The refilling process here is probably further developed than the Middle 

Mississippi, since a longer time bas probably elapsed since it served as an 

outlet for water from the glaciers. T'ne ma.in channel ia quite straight and 

stable and there is little if any bank cutting. T'ne slope is very lov; in the 

lower 261 miles of its length it ls e.bout O .172 feet per mile. Another 
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unusual condition on tbis strerun has bean reported by Rubcy*. Mr. Rubey 

/.· _ ,:- states~ "The current as ~arked by the main channel on _ the deepest part of the 

. . ' ~ .. Illinois Rive~ has · the a.lmost unique characteris tic of flowing, · not Hke most · 
- . . . . . . 

. streams. against the outside, but close against the :i.nslde of the curves in the 

: river's course. The cbe.ri.nel of the Illinois River is proportionately much 

deeper than any of the other rivers of the region," It is believed that the 

unusual phenomenon of the curren-t _ro:µowing the inside of the bends in this 
,. 

very low slope river may furnish a valuable clue in the search for the ex-

planation of meande ring. 

A channel in which there is a great thickness of sediment between the 

·. river bottom and the bedro,ck e~ists at the lower end of the Illinois River. 

It is probably related to the fact that this section of the Illinois occupies 

the site of a part of the Tea.ya Ri ver*-l<-, -which was the a.ncesto1· of the Ohio 

River. It started in North Carolina, crossed Virginia, Ohio and Indiana to 

Central Illinois where it was joined by its principa,l tributary, the Upper 
. . . 

. • iilssissippl, whi~h had a some-what - different location than at present, and. 

flowed into the Gulf of Mexico which then reached to near St. Louis, Missou.r!. 
. . 

Parts of this stream survive as parts of the New a.'lcl Kanawha Rivers, a very 

short section of the Ohio River and the lover end of the Illinois, but all 

that part; of i.t in Ohio and Indiana has been 'fi iled with glacial d.ebris . . 
. . . 

The channel of this extinct streruq he.a been l~ca.ted ,pri11cipally from th~ 

records of borlngs for water wells, but at Lafayette, Indiana, and perhaps in 

------
* ··. Geolo·gy and Mineral Resources of Hardin and Bntssels Quadrangles 

(in Illinois) W.W. Ru.bey. U.S. Geological Survey Professional Paper 
·218, p. 129. 

** Janssen, R. E. 1952, ~'he History of a River, Scientific American, 
Vol. 186, June 1952, ~P· 74-80, 
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other places, it can be truced on airplane photographs. · 

!fa detailed, thorough study of this river is undertaken, on investiga­

tion should be made to determine what effect, if any, the earth tilting which 

is nov going on in the Great Lakes region may have hnd on the slope of the 

stream. The existence of such a tilt since glacial times is shown by the 

slope which now exists in the beach lines of the lakes which were in this 

region during the glacial periods. That such earth movement is now going on 

is proved by the changing elevation of the zeros of the wate r level gauges 

which is ta.king place, as indicated by the continuous .readings of the lake 

level on these gauges. 

The Wabash River (No. 84) 

Another gravel stream for which data are available is the Wabash River 

·· in Indiana and Illinois. This is an unusual stream in having a very uniform 

slope over a considerable par~ of its course. This stream served as an outlet 

for the glacial lakes which vere located at different times at what is nov the 

western end of Lake Erie, but these lakes drained out to the eastward much 

earlier than the lakes -which formed at the lower end of Le.lee 1-lichigan and 

drained do,m the Illinois. The · stages the Wabash passed through are thus the 

same as t _he Upper Mississippi and the Illinois but the process has gone 

farther than in the other t wo streams. In the vicinity of Lafayette, Indiana, 

the bed of the Wabash (79-84) is formed of .sand and gravel and. the sides a.re 

of a resistant, cohesive material . As a result the channel is very stable 

. except at a few places where islands tend to form. Under the present condi­

tions it may be a refilling stream. Between Terre Haute, Indiana and the 

mouth of this stream there . are a number of bends which are cutting the banks 



· .. · . and threatening to cut-off, or have b~en cut-off artificially, It is believed 

that the material in the lower end of this stream is sand, and these meander­

ins sections are, therefore , classified with the other meandering sand 

streams. 

· Lower Yan&:tze River, China (No. 6I1 · 
The lower Yangtze River, extending from the ocean to Hankm,, · ls an unus­

ual· river becauSe of its fl~t slope and great discharge , It shifts its 
·. - . 

channel to some extent although its movement is somewhat restrained by numer-

ous rock out-crops. In some places there ara bends resembling meanclera, but 

the stream shifts very slowly and it is not a meandering river as is the Lower 

Mississippi. The bed is of fine sane and the banks are probably largely of 

silt and clay. The writer believes that the low slope is due to the rising 

of the sea level and the lov sand load of the strP.am. A large part of the 

sediment from the Middle Yangtze and three of its four principal tributaries 

is stopped by Tungting and Pao Yang Lakes, and the remaining sediment load 

has not been large enough to form deposits in excess of those required to keep 

up with the rise in sea level, to form a steeper river. It is probable that 

· these two large lakes have been formed because the sediment load of the trio­

. utaries in whose valley they vere fomed vas insufficient to fill their 

valleys as fast .as the Yangtze raised its bed, as the sea level rose during 

the latter part of the last glacial period as a result of the melting of the 

glaciers. 

· 'l'his stream conne cts Lake Huron with Lake St. Clair, which in turn, 

· connects with Lake Erie through the Detroit River. · At its lower end it forms 
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what is probably a delta in Lake St. Clair, depositing here the ·sand which it 

brings down from the wearing away of the beaches on the _east side o!, .the 

southern en~ of Lake Huron, and which is carried into the river at its upper 

end by littoral currents. The upper end of the stream runs through a dense 

· clay deposit in a very atraight channel with almos t no shifting. Near the 

lover end, in the de1ta section, the river divides and the streams have a 

meandering pattern. The water is clear and the sediment lo_ad is probably far 

less than the stream would carry if it were supplied ,Tith as much as it could 

. carry. Slope data is available only in th~ upper, straight section. The 

river is unusual because of its relatively ·high discharge, lov slope, low sed­

iment content and ve.ry unifonn· flow. 

The Nile River in E~ (No . 115) 

Another interest1ng river is the famous Nile in Egypt. !rhis stream also 

bas a low slope and a comparatively straight channel 'With a deep sa.ndbed and 

banks of tenaceous clay which fills the valley from bluff to bluff. This 

stream ·shifts very l.ittle. The clay valley fill is believed to have been de­

posited by the river as t he level of the stream rose, follo'Wing the rise of 

the J,foditerranean Yater levels due to the melting of glacial ice since the 

glacial epoch. The ,compoai tion of the bed sand is said to be very similar to 

that in the 1'H.ssour! River. 

The Yellov River in -~ {116-117) 

This stream ca r ries probably the heaviest sediment concentration of any 

large stream in .the world, its annual sediment production being about 2000 

million tons. In t he plains region there are two sections m. th somewhat 

different character:i.stics. In the upper section the stream has a braided 
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pattern, but the slope is about that which, in the ordinary sand strerun, would 

produce a meandering strerun. It carries a very heavy sediment load, a.t times 

reaching a concentration of about 50 per cent. The lower section is much 

narrower and has a lover slope than the upper section. It has a gently sinu­

ous alignment, but does not cut its banks as actively as does the llississippi. 

The sediment load in the downstream section is much less than the upstream 

one, the difference of the two loads being largely deposited overbank~ as the 

stream breaks its levees in large floods. Near the upper end of the lower 

· section during extreme floods the largely clarified water from this overbarL~ 

flov rejoins the ma.in stream. Both section.s of this stream are rapidly 

building up their beds (vhich are composed of very fine sand and silt), and 

are therei'ore not in equilibrium. 

Ma.xinkucke,e lake Outlet 

The outlet of a small lake of unknmm name vhicb is Just downstream from 

Lake Maxlnkuckee in northern Indiana, is extremely sinuous. The bends aro 

believed to be of the letter S type similar to the fonner famous Greenville 

· bends on the Lower Mississippi. The lnflmr into Ls.ke J.iax:inkuckee is said to 

be largely due to springs. No data on discharge or slope of this stream is 

available. T"ne purpose of recording thia case is that since the st~am is the 

outlet of a spring fed lake, it has a relatively constant flov and carries 

very little, 1:f any, sediment load.. It therefora indicates that this type 

of meande·r s may form in a stream vi th a practically constant flov of clear 

vater, a. fact which may have a bearing in developing the reason for the 

fonnation of meanders, since it has been claimed that variable flov and 

sediment movement are causes of meandering. 
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Appendix II 

THE COTICEFT OF TRI\.CTIYE FORCE OR Sill'.AR 
APPLIED '1.10 'l'HE FOill! OF' STREAli CIIAf iiJ!;lS 

Hydraulic engineers and geologists have been accustomed to explaining 

the action of r ivers in the terms of the velocity of the floi.ing water. 

Although velocity is n useful concept for this purpose , it does not satisfac­

torily expla in many phenomena . In recent years hydraulic engineers have been 

using more .ddely the concept of shear or tractive force to explain many 

phenomena, and have found it to give a clear explanation of them. The con-· 

cept vas fi rst applied to rivers by M. P, du Boys* in 1879, but it has only 

recently come to be extensively used principally in the field of fluid mechan­

ics, but to some extent in river engineering. It has been found to be partic­

ularly valuable in studyins the l avs of the movement of sediment by floving 

vater and t he ftTiter believes that it offers a means of better insight into 

the causes of :the shapes of many channels. Because this concept of shea.r or 

tractive for ce i s unfa.~iliar to many engineer s and geologists , and is used 

in numerous places in this report, it oeems desirable to explain it at some 

length, in order that this paper may be more clearly understood., and t hat 

engineer s and geologists vho are not acquainted vith it may acquire a very 

useful tool for their work, 
...... 

· When one starts to coast down a bill on a bicycle or in an automobile; 

his ~peed g...radually increases until (if the elope of the hill is un:f.forn1 ) he 

reaches a nearly constant speed, beyond. which no appreciable change of veloc­
. \ 

ity occurs, no ms.tter hov long the hill is. This . constant speed is reached 

when the res istance to the motion of the bicycle or auto from the air or the 

., 
* The Rhone and Streams ~i t h movable Bedo , Anals des Ponts et Chausaees 

Tome XVIII, 1879 . 
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ground, or from the friction of tho intcrn:::i.l movinr; n:-.chincry, boconoo equ.nl 

to tht? force vbic~ cattoca tho bicycle or uutonobHe to z:::ove do,m the hill. 

This latter force is due to the force of 6ravity o.nd io oqu::u. to the voigbt 

or tho moving bo~ t ines the sine or the a.nGle of alop3 of the hill. I:f 

'there were no resistance to the movcmont of the bicycle or automobile, it 

would continue to speed t1:p indcfini tely. 

Sf:nilnrly, vhcn water at root starts to flow do;,-n a cho.nnel of uniform 

slope and cross section, it increases in speed until it rcnchca a velocity 

nt vhich the resistance to its motion is cquo.l to tb0 force co.using it to 

move, and after this point is reached, no further increase in velocity of tho 

water occurs aa it moves on dovn. the cho.nncl. When this condi t:!.on of unifonn 

· motion i s roached, both the force cnuoing motion and tho resiato.nco to motion 

of the w.ter d.o-wn the channel, is equal to the ,reight of the vater times the 

: · sine c,f the angle of slope of the channel. This resistance to the motion of 
l 
I 

1 · ·the va.ter is in the form of a force wich the air nbove the channel and the 

, . 
; ' . i 

sldes and bottom of t he channel exert on the movins ,rater. The air resistance 

force hmrevor is so small in comp3.r:l.~on to the bed and bank resisting force 

that the air reaistance usu.a11-Y can be ignored. In practically all natural 

channels tberofora, except -where the \Tater is speeding up or ·slou:!.ng dmm, 
. . . . . I 

the force that the b ank.G and be". exerts on the vater is practka.J...ly equal to 

.:, the veight of the :water tiiaes the s ine of the .slope of tho stream. Unless tb.e 

slope is very lar~e the sine of the ane]..e of slope is practically equal to the 

tangent of the slope., which tai."lgent is the gradient of the channel or the fall 

or drop in elevation of the V!l.ter Burfnce elevation per foot of horizontal 

· distance of travel along the channel. According to one of Newton's fundamental 

la-ws of motion, v.hcn the bnnk and. bed exerts a force on the ,:a~er r e tarding 

_its moticn, the vnter must exert an cqu,~l force on the banka nnd b ed, but 
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1i1 the opposite direction. The banks and bed exert a force on the moving 

vs.tor in the diz,ection opposite to that. of its movement, and the va.ter exert$ 

on the b anks o.ncl bed an equal force in the dlrcction of flow. This force in 

the case of mov~ water is called the tractive force, and is also called the 

sh€:.o.ring !'orce or more frequently is referred to s.a the shear . 

. In & section of channel ,nth constnnt shape and slope in vhich the vater 

is f'lowlng at a. lil.!lliform velocity, let us consider the ;rater between tvo verti­

cal planes at right angles to tho direction of the ch::i.nnel and a unit length 

apart. The "w't'light of the lm.ter bct'\fCen the planes is equal to the area of 

cross sectton o:f tbe ,rater in the channel times the unit weight of the ·water, 

and this weight., times the slope of the ·chanm?l is equal to the forca vhlch 

tho banks and bed exert on the flowing water in a direction opposite to that 

of the flm,r . It. 1.s also equal to the tract! ve force or shear vhich the water 

exerts on the b anks and bed in the direction of flov. This tractive force is 

not equally distributed over the bed and banks but is greater on those parts 

where the velocity is higher. The average tractive force per unit area vhich 

the ,rater e xerts on tho banks anc1 bed bctvcen the t1-10 planes , is equal to the 

total tractive :f'o:rce due to the ·wat er b etween the t wo pla.~es, divided by the 

area of tb2 bed and banks bet~een the planes , ,Tith which the water is in 

contact. Since t.he planes are one untt dis;t ce apart; the aver~ge t ractive 
.. - . , ... ~ 

force is nu:mericaJ-1y equal to the total t racfave force divided by the length 

of the strip of unit ·width on ,rhich the "Hater is in contact with the bed and 

banks . Thi£1 length is called the vetted perimeter of the cros s eection of the 

strerun. In a sect ion -uhich is very vids, the wetted perimeter is very close 

to being the ne..me as the vidth, nnd the averoge tractive f~rce per unit area. 

on the bottom and. banka is practically numerically equa l to the total t ractive 

force divi ded by t he channel width. 
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Consider next, the case of uniform flow in nn infinitely vide channel ot . 

conste.nt slope. The volume of vater in a prism between the t wo vertical pJ..anes 

a unit di st ance a.part across the channel and also betw·een tvo other vertical 

planes a unit distance apart, at right nnzlea to the other plsnes, or in the 

direction of thq channel,. . :foms a vertical r ectangular prl.sm one square unit 

in orosa sectional area . ~en the tractive force exaT'Ged by thls vater on the 

bottom vlll be equ.a! to the wight of the vater in t his priam t imes the slops 

of the channel. ·sine~ the prism has a cross s ection of one unit area, its 

volume is nu.11edco.lly equal to the depth of the flov, and its w:J.ght is numer­

ically equal to. this depth multiplied by the weight of ;m;ter per unit of 

volume. The" tractive force which it exerts on the bottom is therefore tlio 

depth of the water, times the w.iit we:tght of the .rater, times the slope of tho 

channel. Since the area of contact of this prism vith the bottom is one unit 

of o.rea, the intensity of this tractive force or shear per unit of area i s 

equal to tha product 0£ t he depth of w.ter and the unit veight of water and 

the slope of the channel. Studies to develop the boat method for the design 

of artificial cbannels through erodible materials have shovn that the t ractive 

. force is the best crl terion for analyzing this problem, and it is believed 

that it · v:i.ll al.so be i'ou..1.d to b e e.n equally 'useful tool in the analy~ia of 

natural stream channe ls. The .concept of. tract:f.vo force or shear i a wide:!,y 

uaed in solving many other hydraulic m:ra. r:l..uia .ae'Olnmics lt)rro'bJLems. 
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