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NOTATION USED IN TABLES
A Bend arc angie (degrees)
Av. DstElev Average bed elevadon at downsteam crossing (ft MSL)
Av. Upst Elev Average bed elevation at upstream crossing (ft MSL)

Dmax

Maximum scour depth in bend.

dml.... 4 Lowest bed elevatdon above datum. Number indicates 1st. 2nd, 3rd or
4th quarter of bend (ft MSL)

Dst X Loc Locadon of downstream crossing (RM)

Loc. Location of measurement in river miles (RM)

p Sinuosity (Channel length/valley length)

Q Discharge (thousands of cfs)

R Bend radius (ft)

S Water surface slope (ft/ft)

Upst X loc.  Location of upstream crossing (RM)

Vioe Maximum depth averaged velocity at the toe of the outer bank

w Crossing width (ft)

WS Water surtace elevation at bend apex (ft MSL)

A Meander wave length (ft)

% error ((Predicted value - Observed value) / Observed value) x 100

Subscripts ~ Obs = observed value, Pred = predicted value
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“A dara base for bend geometry, flow pattern and bed topography of selected
bends on the Lower Mississippi River was compiled. Preliminary analysis was
undertaken to establish the applicability of analytical and empirical modcis to predict
scour depth and outer bank velocity at bends. '

The results indicate that the @ddge»-(:l9823;modei/of bend flow may be used to
predict scour depth associated with formative flows in the the ciiannel. usually with an
acc-uracy of about j’/ 10 10 20 %. Scour predictions for flows other than those around
the formative discﬁarge are prone to greater uncertainty and tend to underestimate tho
observea scour depth. Application of the model is not recommended for such flows.

Velocity may also be predicted for formative flows provided that the ratio of
bend radius to width is greater than about 4. The WES design line for outer bank
velocity prediction is very conservative in that it always over predicts the observed
outer bank velocity. Itdid not do quite as well as the Bridge model, overall. In many
cases observed near bank velocities were simiiar to or less than the mean velocity at the

rossing upstream. This runs contrary to established theory and observanon and casts
some doubt on the validity of the data. The validity of the field data deserves further

investigadon. -5
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Bend modeling Bend scour  River Meander bends Bank Stabilizagon
Mississippt River Quter bank velocity  Scour predicton Velocity predicton
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TECHNICAL REPORT
1. Methodology

Recent studies of bend flow have illustrated a loose relationship between
geometry, velocity distribution and bed topography over a wide range of channel sizes.
However, there has been a severe shortage of reliable data against which to test existing
equations and models describing these relationships, especially for large rivers. The
purpose of this study was, therefore, to use archive data from the Lower Mississippi
River to develop a data base on bend geometry, velocity distribution and bed
topography and to test some empirical and analytical models for river bend analysis
against the data to investigate their applicability to such a large river.

Data were collected for a series of bends selected by mutual agreement between
the sponsors and the rcscarchers fron. the potamology surveys of the Lower
Mississippi. In view of the limited scope of this project. only a few "representative
locations” could be specified. Within this scope of study, daia for 47 different flows at
10 different reaches of river were collected.

The data were reduced and manipulated by the second author, who was
employed on the project to produce a data base containing the basic parameters of bend
geometry, flow velocity and bed topography. The principal investigator then used that
data base to apply predictive techniques and comgpare observed and predicted values of
maximum near bank scour depth and maximum, near bank, depth-averaged velocity for

each of the flow/bend combinations.

The results were put into graphical form and errors anaiysed to set iimits to the
applicability of the methods.

2. Results

The data base produced by the research assistant is presented in Appendix A,
Table 1. These data were used first to calculate the mean depth at the crossings and the
mean velocity of the river at the crossings. These parameters help to define the
characteristic depth and flow speed of the river excluding the influence of any bend
curvature. Next the data were used to apply the Bridge analytical model of bend flow
and bed topography (Bridge, 1982). In a previous project for the US Army WES this
model had been found to give potentially useful predictions of outer bank velocity
(Thorme and Abt, 1990). The data were then used to apply the empirical prediction
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method for velocity over the toe of the outer bahk used at WES in riprap design for

"bendways. The design curve is shown in Fig. 1.

CENTERLINE RADIUS
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Figure 1. WES design diagram for prediction of outer bank velocity at a bend

The line for natural channcls can be defined by the equation:
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The results of these applications are listed in Appendix A, Table 2 and are shown

graphically in Figs. 2 - 10.




Al

h a

PO e L Weeed e weae G IR DG MR v e

3. Discussion of Results

3.1 Scour Depth Prediction (Bridge Model)

Figure 2 shows that the predicted values of maximum scour depth close to the
outer bank scatter around the line of perfect agreement. There appears to be a general
tendency to under-estimate the observed scour depth, but there is no systematic trend in
the scatter as a function of absolute scour depth. Nearly two thirds of the predicted
values fall within +/- 50% of the observed value and about a third falls within +/- 20%.
Given the inherent difficulties of predicting bend scour, the Principal Investigator
believes that this is a reasonable and somewhat encouraging result.

Exarination of the distribution of etrors in prediction as functions of discharge
(Fig. 3) and R/w (Fig. 4), suggest reasons for the errors and limitations to the
applicability of the Bridge model. If a band of +/- 20% is taken to be acceptable for
design purposes, then Fig. 3 shows that the model tends to under predict observed
scour depths at low flows and, possibly, to over predict at high flows. This pattern of
errors can be at least partially explained on a rational basis.

At low discharges the river inherits the bed topography left by the previous high
flow. Hence, the deep hole scoured by that high flow remains, perhaps to be slowly
filled in by the lower flow depending on the pattern of sediment transport and
deposition. However, Bridge's model starts with a flat bed and a wapezoidal cross-
section and then allows the flow being modelled to excavate a scour hole appropriate to
its particular flow geometry and erosive power. It is, therefore, prone to under-
predicting the cbserved scour depth where that depth is a product of a previous high
flow rather than being adjusted to the actual discharge at the time. It is not possible to
model bend scour dynamically throughout the hydrographic year using the Bridge
model since the bed scour is not adjusted to the prevailing flow and this explains the
under-prediction of scour depth at low flows less than about 500,000 cfs. However, if
the model is required only to predict maximum scour during the year, then this may
not be critical since maximum scour is unlikely to be associated with flows well below
the formative discharge.

For flows greater than 500,000 cfs the model does much better with over half
the predictions in the +/- 20 band. Such flows approach the formative flow for the
channel when it is axpected that bed topography would be adjusted to the imposed
flow. There are still 6 cases where there is a 30%-+ under-prediction and 3 with over-
estimates greater than 30% and these require furthe: investigation to {ind the causes of
the problems.
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If the very high discharges cause overbank flow then strictly the model should
“not be applied to such situations. The results show that scour depth may be over-
estimated. This is because the model assumes that the flow remains in the thalweg
channel and continues to scour ever more deeply, when in fact the flow overtops point
and middle bars, occupies sloughs, and may spill out on to the flood plain. Under these
circumstances the effecuive discharge in the thalweg channel running between the point
bar and the concave bank is unknown, but is considerably less than the total flow.
Further investigation into the specific nature of overbank flow at the particular bends
would be needed to determine if this was the cause of the over-estimated depths.
Two of the under-estimates of greater than 30% come from Marshall Brown's
Point Revetment. The R/w for this bend is less than 0.5 (Appendix A, Table 2 and
Fig. 4). Previous research has shown that the Bridge model is inapplicable to
extremely tight bends where R/w {5 less than 1 and so these two points should be
ignored. Of the other 4 points with serious underestimates of scour depth, three come
from a rising limb and one from a falling limb. The falling limb point may be distorted
by the persistence of a deep scour hole from the preceding peak flow. There is no
obvious explanation for the error in the rising limb flows without further detailed
examination of the bends in question, which is beyond the scope of the present study.

3.2 Outer Bank Velocity Prediction (Bridge Model)

Figure 5 shows the observed and predicted maximum outer bank velocities.
Generally, the Bridge model over predicts the observed values tc a considerable degree.
There are very few under-predictions (and no significant ones) and to this extent the
model would be conservative if used in a design approach.

The results must, however, cast some doubt on the applicability of the observed
data in as much as many of the observed near bank velocities are actually slower than
the mean velocity at the crossings (calculated from observed discharge, width and mean
depth using the continuity equation). Conventional thought on bend flow is that
skewing of the velocity field at a bend results in the velocity maximum being located
close to the outer bank at the bend exit. The Bridge model will always predict an
elevated near bank velocity downstream of the bend apex. Since the observed data do
no show this, it suggests that further examination of the way in which they were
collected and selected needs to be undertaken to confirm that they are appropriate for
use in this analysis.

A plot of error in prediction versus discharge (Fig. 6) shows no systematic
trend in the over-prediction with errors of 0 to 60 percent possible at any flow.
However, a plot against R/w (Fig. 7) does suggest that the upper bound to the errors
tends to increase as R/w decreases. For R/w greater than about 4, only three points
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shows an error greater than 50%, and these appear as outliers from the main trend, but

_the top of the cluster of points for R/w less than 4 is greater than 50%.

Further examination of the observed data is required to verify that they are true
representative values for the maximum velocity adjacent to the bank anywhere in the
bend. Particularly, this further investigation would center on the way in which the
measurements were made in the field, the way they were piotted and the way in which
these plots were used to derive depth-averaged velocities over the bank toe.

3.3 Outer Bank Velocity Prediction (WES Empirical Line)

Outer bank velocity predictions based on the WES line also tend to over-predict
the observed values (Fig. 8). This is inevitable because the WES method is an upper
bound approach and because it always predicts that the maximum outer bank velocity at
a bend is higher than the mean velocity in the approach channel. Since the observed
data do not show this, there is further support for a re-examination of those data.

The error plots for the WES method in Figs 9 and 10 show no systematic
variaiion with discharge, but again indicate that (ignonng outliers) the general degree of
over-prediction increases as R/w decreases. In absolute terms the errors associated
with the WES design approach are similar to those of the Bridge model. Bridge has 13
points within the +/- 20% band, and 25 within +/- 50%: the figures for the WES
method are 8 and 24, respectively.

CONCUITISIONS AND RECCMMENDATIONS

Based on an initial analysis of the data base for selected bends of the Lower
Mississippi River, the following conclusions may be drawn:

1. The analytically derived bend flow and bed topography model developed by
Bridge can be used to make predictions of maximum scour depth associated with
formative discharges between about 500,000 and 900,000 cfs. It is likely that the
predicted values may be too low by 10 to 20%, but in some cases they may be as great
as 30% too low and in one case it is 50% too low. For flows greater than 900,000 cfs
over-prediction was likely, with some errors greater than +20%. While some of the
under-predictions may be discounted because they came from extremely tight bends
where the Bridge model is known to be inapplicable, some further investigation is
required to determine the cause of the larger errors for other specific situations.

2. The bend flow model under-estimates the scour depth associated with low
flews. This is the case because at such low flows the scour depth is not adjusted to the
prevailing flow, but persists from the previous, formative flow. Consequently, the
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bend flow model cannot be used to model annual scour depth dynamics due to

-changing discharge.

3. It is questionable whether the model should be applied to discharges which
produce over-bank flow although it would be likely to produce conservative results for
design scour depth.

4. The limited data obtained in this study suggest thar the Bridge model may have
the potential to be used to predict maximum outer bank velocity for bends with R/w
values greater than about 4. The predicted values may over-estimate observed values
by up to about 50%.

3. The observed data seem to indicate that, contrary to conventional thinking, outer
bank velocities at bends of the Mississippi are actually lower than the mean velocity at
the crossings, especially in bends with R/w ratios less than 4. [urther investigation is
needed to venfy this significant finding, which could have important implications. or
could be a function of the way in which the data have been collected or analysed.

6. The WES design line for outer bank velocity is very conservative and in
practically all cases over predicted the observed velocity.

7. Compared to the Bridge model's predictions (with 60% of predictions lying
within 50% of the observed value), the WES approach only produced 40% of its
predictions witnin 50% of the observed value.

3. The data base established in thic study should be a valuable tool in further
testing and evaluation of analytical and empirical design approaches.
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APPENDIX TABLE 2. RESULTS OF APPLICATION OF PREDICTIVE
METHODS
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