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ABSTRACT

Although rates of bed-form growth for steady flogikora and Hicks 1997), have been clarified, pradt
implications and models accessible to the engireraain to be elaborated. For example, how and at vettes

bed forms change for increasing and decreasingsflmmains to be quantified. There has not been much
progress since Julien and Klaassen 1995 in defiainglationship between flow and bed-form charésties.
Sediment transport engineers in the current era haxery good idea of the size and shape of acpéatidune

at various discharges and sediment types. But Ntteyis known about the time it takes to chanbe tune
when the flow was to experience an increase oredser. Previous research in this specific area was Oy
(J.R.L. Allen, 1976) who did an earlier model fam& time-lag in periodically varying unidirectiorfedws.

The research undertook measurements of a rivedatadover discharge and dune wavelength over the ye
This data was then computed on a monthly basis.eMskdowed that hydrograph shape could substantially
influence dune behaviour in unsteady flows. Forstume flow period and extreme discharge valuesgiaction

in the relative duration of the high-water stagasises an increase in the phase differences betdigan
dimensions and flow, and an increase in the dino@ssaveraged over the flow cycle as compared wigh t
similarly averaged dimensions given no lag.

The relative range of dimensions over the flow eysllittle affected. This research is mainly abloonv the bed
form reacts to the change in flow and specificttlg time it requires for a specific bed form to pidids new
bed form in regards to increase/decrease in flohis Tesearch takes an experimental form to develop
stochastic modal for the time required for the geaim bed-form morphology in relation to the chairgéow.
This includes the dune shape and height. The exrpetal analysis is in a flume with controlled seelih
type/density/size, water depth and also the flaw.r@he analysis is for the flow in a uni-directidine depth of
the dunes, shape and the velocity of the flow iasueed by an ADV, and analyzed later using matahdiude

a 3D representation and analysis. Through whicheimporal and special changes in bed form duedog#in
flow is made clear and presented herein.

1. INTRODUCTION

Dunes migrating along bars in a river are movingtligh a spatially changing sediment transport
field that is associated with the larger-scale tmgbgraphy. Dunes respond to this change in their
environment in three basic ways :( 1) by adjustimgir shape,( 2) by adjusting in size, and (3) by
adjusting their rate of downstream migration. Theaenmodation path the dunes take on any
particular section of bar surface seems to be glyatependent on the character of the bar topograph

forcing the change. Conversely the dynamics oflihe cannot be understood without taking into

account the effects of dunes. For example, changhdir shape as dunes move along point bars
strongly affects the transport paths of sedimeaingrof different sizes, thereby affecting the isgrt

of bed material throughout meander bends and thiiteium shape of point bars.

This stream wise change in dune shape is the coaseq of a systematic cross-stream variation in
dune migration rate. In another example, down ciirdecrease in the average size of dunes has been
linked directly to the deposition of sediment amdwgth of languid bars. In this case the average rat
of migration remains constant as dunes become amal transferring sediment into underlying bar
forms. Clearly, the ability to predict the migratioate of dunes is important to forecasting durre-ba
interactions. Because dunes are themselves compbseohsported sand, their rate of migration must
be related to the local sediment transport ratell iSediment moving over dune crests is captured o
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adjacent lee faces, then by conserving sedimeiit iasstraight forward to relate the rate of dune
advance to the volume flux of sediment and vicesaeMany trains of dunes are, however, imperfect
sediment traps, and the behaviors of these dumesthe predicted from the sediment transport in a
channel until the fraction of sediment that is lggiag dunes and therefore not contributing to their
mass is known.

Accurate prediction of stage and flow developméaitsa flood must recognize the transient nature of
erodible-boundary roughness, implying knowledge kmd-form generation and development

processes as flows increase and decrease in iytei8om an experimental / measurement
perspective and probably from a theoretical modefperspective, the transient problem in which
dune characteristics change over time poadditional severe difficulties beyond those of the

equilibrium case. For sediment transport engingeran minimum contribution desired of a theory

~model, understanding! for bed-form development lddae a reliable means of determining which

equilibrium would be established, i.e., delineatstgbility boundaries. Attempts have been made to
base such boundaries on theoretical stability nspdal la Kennedy ~1969!, but engineering

approaches ~e.g., van Rijn 1984a, b, c! have beemaply based on dimensional analysis and
empiricism.

Recent experimental and theoretical works ~e.glefGan and Melville 1996; Coleman and Fenton
2000! have focused on the bed-form initiation pesceéAre there any implications of initiation and
instability mechanisms for the finite-amplitude @ubed that is of most practical interest? Although
turbulence may not be an essential feature ofrhialiinstability of a sediment bed ~Coleman and
Eling 2000!, does it play a more prominent roldaser stages of bed evolution? While the mechanics
of bed-form development ~Coleman and Melville 1984d rates of bed-form growth for steady
flows ~Nikora and Hicks 1997, have been clarifipthctical implications and models accessible to
the engineer remain to be elaborated. For exanmae, and at what rates bed forms change for
increasing and decreasing flows remains to be fieghtThe problem of transitions to a dune bed
from a rippled or plane bed and from a dune beahtapper-regime plane bed or antidune bed is also
of much practical interest. Has recent work shedligit on this important aspect of non-equilibrium
beds? Does turbulence modulation drive the dunemuggime plane bed transition?

2. PROCEDURE

The aim of this flume experiments is to see how lled form reacts to the change in flow and
specifically the time it requires for a specificdoorm to adopt its new bed form in regards to
increase/decrease in flow. This research takexperienental form to develop a stochastic modal for
the time required for the change in bed-form molpdw in relation to the change in flow. This
includes the dune shape and height. The experiin@madysis is in a flume with controlled sediment
type/density/size, water depth and also the flotg.r&he analysis is for the flow in a uni-direction
The depth of the dunes, shape and the velocitigeoflow is measured by an ADV, and analyzed later
using matlab to include a 3D representation andysisa Through which the temporal and special
changes in bed form due to change in flow is méeler @and presented herein.

In defining dunes and ripples, the following figuse used. Bed form classification is performed
accordingly. Additional Phase diagram formed bynéiating time explicitly between the variation
with respect to time of the independent quantischarge and the variation with respect to timéef t

chosen dune dimension, the dependent variable. @dsop with theoretical models, show that the
dune dimensions vary on the same period as thbalige but on a different phase.

Although time is eliminated explicitly, each hadyoane correct trajectory, namely, anticlockwise in

all the examples The loops differ sharply from tiweoretical relationships between dune wavelength,
height and discharge in the absence of lag, thdiaid the dunes always responded perfectly to flow
changes. The effect of increasing dune excursiaio is1ake the dune assemblages of both series
depart increasingly from this simple theoreticaitipie. At the smallest excursion, the range of mean
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actual wavelength is nearly identical with the tietical range. At the largest excursion , howetre,
wavelength is virtually constant, although the Haage varies nearly six-fold. Mean actual dune
height responds similarly to changing dune excursibough the trend is weaker, because the dunes
individually have some ability to respond in terofsheight to the changes of flow, but no ability to
vary in wavelength.

The two series differ most in terms of the shadeb® phase diagrams . Loops from Series tend to a
smoothly oval form, closely resembling yielded by tearlier model for comparable excursions and
the same simple-harmonic discharge variation Ki-€L). In contrast, graphs from Series B tend to be
either pointed or flattened on the side represgritiw discharges. In these experiments, distinguash
by a long low-water season, there are large reslietin dune dimensions over this extended period
of almost constant flows.

Equivalent phase differences

A guantitative estimate of the phase differencevben the variation of discharge and the variation o

some dune dimension is obtainable using an egsliecedure. Briefly, the area of each loop is

measured graphically, together with the area ofsthallest escribed rectangle that has sides plaralle
with the ordinate and abscissa of the graph. Thsellifference is estimated as an "equivalent"evalu

by introducing the ratio of the two areas into tp@phed function relating area ratio to phase
difference in a doubly simple-harmonic theoretioadel. It was earlier found that the equivalent

phase difference generally increased with incrgasicursion and time ratio, the latter a measure of
the ratio of the long-term mean theoretical dufeedpan to the flow period.
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In each Series the equivalent wavelength phaserdifte increases steeply with the time ratio for
small values of the ratio. At larger ratios, eqieva phase differences comparable with 7r/2rad are
obtained. Some of the phase diagrams are ambighousver, affording a phase difference either
somewhat smaller or a little larger than 7r/2 vdimilar ambiguity was occasionally found earlier.
At the larger time ratios, appear to yield the demalavelength phase differences.

The equivalent height phase difference also inezaseeply with the time ratio for small values of
the ratio. There are no ambiguous loops, howeves, larger differences over the full range of

experimental conditions. The generally smaller phdsferences obtained for height as compared
with wavelength may also be attributed to the défééd¢he non-zero coefficient of change, causirgy th

dune assemblages to lag less in height than inleaytn.

Instantaneous phase differences

The phase difference as estimated above is meré&iiaaacteristic" value, which could diminish in
usefulness as the experimental system becomes coonelex in behavior. Following an earlier
discussion, when it was suggested that the lifersgaa bed form was set partly by the prevailing
environmental conditions, it seems likely that ttiigracteristic difference is in truth a time-aggra
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determined by the changing dune properties ovewti@e flow cycle. Because the equivalent phase
difference increases with the time ratio, the dédfeee must also increase with the long-term actual
dune life-span. It follows that, although excursierconstant in each experiment, the life-span of a
large dune created at high discharge will be sulisley more than that of a small dune fashioned at
low stage. Hence when large long-lived dunes tythify bed, we should expect to observe different
values of an "instantaneous” phase difference gp=rlyenerally larger) than when small short lived
forms predominate.

The practical estimation of the instantaneous difiee may be illustrated by the case for dune
wavelength. Dune wavelength in the model theorllyiéslinearly proportional to flow depth, which
itself varies as the discharge to the power 2/3.

3. DISCUSSION

Ripples and dunes in many natural environments safigect to flows having high-frequency
directional variations and can be expected to ¥oltbe same rule of alignment as the experimental
wind ripples and subaqueous dunes. The dominarfolredrend parallels the resultant transport
direction (upper right to lower left), but as theperimental conditions are near the transition to
transverse bedforms, transverse bedforms are praisen

Although the vector resultant is the appropriateapeeter for describing the net rate and directibn o
sediment transport, the problem of bedform genesis different that another parameter is needed to
characterize flow conditions. When sediment isdpamted toward opposing directions, the opposing
transport cancels out-a physical process thatasrately described when the resultant is calculated

It can be argued that all transport should beidensd to have a positive effect, because all frarts
may be involved in creating bedforms. For examplasider a wave-generated onshore-offshore
flow combined with a small unidirectional alongstédiow. If the onshore and offshore components
are equal, then they cancel out, and the resutfatite system is equal to the unidirectional vector
Regardless of the strength of the onshore-offsiiokg, it has no effect on the resultant-yet it is
typically this stronger wave generated oscillatboy that is responsible for producing bedforms.

For problems of bedform alignment, a new paramstaeeded to characterize a multidirectional flow

in such a manner that flow toward opposing diretis represented rather than cancelled.

One such parameter is 'gross bedform-normal trahsp@nsport over any bedform can be resolved
into two components, one normal to the bedformdrand one parallel to the bedform trend. In a

purely unidirectional flow, all transport over pecfly transverse bedforms is bedform-normal, and no
transport over longitudinal bedforms is bedformmat.

Where a bedform is subject to two or more transpectors, bedform-normal transport is defined as
the sum of the bedform-normal components. Net bregfoormal transport is the sum of the bedform-
normal components, considering forward transporoszcthe bedforms to be positive and reverse
transport to be negative. Grosgdform-normal transport is the sum of the bedfaomal
components, considering all transport to be pasitBy treating all transport as positive, no tramsp

is lost to the cancellation of opposing vectors.

A complexity arises when determining bedform norrtrahsport of a flow because the quantity
cannot be determined independently of bedform tatem; a single multidirectional flow has
different amounts of bedform-normal transport fiffedent arbitrary bedform orientations.

Results of the present experiments with subaqudaonss and the previous experiments with wind
ripples indicate that the bedforms take the ort@mtathat for the given pair of flow vectors hag th
'maximum gross bedform-normal transport'
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