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SUMMARY

The geometry of bedforms in large rivers is investigated during average and
flood conditions. The method proposed by van Rijn (1984) for predicting
dune height and dune wavelength is tested against field data from large
rivers around the world, and particularly with field data measured during
the recent floods on the Meuse river and the Rhine river branches. The
method proposed by van Rijn generally underpredicts the dune height of most
large rivers. In large rivers, the parameters describing dune height and
dune steepness do not decrease as the transport-stage parameter T increases
in the range 10 < T < 25. Analysis of the Meuse river and the Rhine river
branches indicates that the method of van Rijn is suitable for most average
flow conditions but underpredicts dune height at high discharge. During
floods, dune height and length generally increase with discharge, while

dune steepness remains relatively constant.
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STUDY OF BEDFORM GEOMETRY IN LARGE RIVERS

In most river engineering problems, the prediction of water level during
floods depends primarily on hydraulic roughness caused by the dimension of
bedforms such as dunes and ripples. In turn, the length and height of dunes
is viewed as a complex function of hydraulic and sediment parameters
pertaining to sediment motion in alluvial rivers. Among existing bedform
dimension predictors, wvan Rijn’s method has become widely used for the
determination of dune height and dune 1length, or dune steepness, in

alluvial channels.

Van Rijn’s method to determine bedform dimension is based on an analysis of
flume and field observations with particle diameters ranging from 190-
3600 pym. Only experiments in the lower and transitional flow regime with
dune-type bedforms were considered. Given the applied shear stress on bed
particles r' and the critical shear stress 7, corresponding to the begin-

ning of motion of bed particles, the relative excess shear stress defines
/-1,

the transport-stage parameter T as T = Van Rijn assumed plane-bed

*c
conditions at low and high wvalues of the transport stage parameter,

respectively when T = 0 and T > 25.

Some doubt has recently arisen, however, regarding the applicability of wvan
Rijn’'s method at high values of the Shields parameter, or high T values, as
expected during floods. This doubt originates from field measurements of
bedform dimensions on the Rhine river branches in the Netherlands, on the
Mississippi river in the USA, and on the Jamuna river (lower Brahmaputra

river) in Bangladesh.

1.k Objectives

The present investigation aims at testing the applicability of van Rijn’'s
method (at high wvalues of the Shields parameter, or transport-stage
parameter T) in order to improve the prediction of bedform height and
length during floods. The analysis is focused on extended laboratory and
field conditions on large rivers, with a particular emphasis on the Rhine

river branches and the Meuse river.
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1.2 Approach

The approach wused for this investigation of bedform dimensions from

laboratory flumes and large rivers consisted of the following:

1) data analysis focused on large values of the transport-stage parameter
T; and

2) specific observations on the Meuse river and the Rhine river branches

during recent floods.

Data bases for the analysis of bedform dimensions include laboratory
measurements from large and small flumes at Colorado State University and
Delft Hydraulics. The field data base includes observations from the
Mississippi, Missouri, Meuse, Rhine, Jamuna, Parana and Red Deer rivers.

More specifically, this investigation stems from the analysis of wvan Rijn
(1984), and particularly focuses on dune height A and dune length X at
large values of the transport-stage parameter T, in the region of possible
transition to upper regime. Van Rijn concluded that transition begins at

T > 15 with plane bed conditions at T > 25.

Three interesting hypotheses are particularly considered:

1) can lower regime bedforms be observed at values of T > 25 at low values
of the Froude number?;

2) can suspension, as described by'-%s be quite low when T is large?; and

3) can boundary conditions change from hydraulically smooth to hydraulical-

ly rough as the result of changes in Re. during major floods?

This report has been subdivided into two major sections: 1) analysis of
bedform dimensions (Section 2); and 2) bedforms of the Meuse river and the

Rhine river branches (Section 3).
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2, Analysis of bedform dimensions

This section provides a general overview and analysis of the changes in
lower regime bedform geometry from laboratory and field observations. Van
Rijn’s method is first presented in Subsection 2.1, with a discussion of
parameter accuracy in Subsection 2.2. Previous investigations of Termes
(1986) and Raslan (1991) are summarized in Subsection 2.3 and 2.4. An
analysis of bedform dimensions in large rivers is then presented in
Subsection 2.5, while Subsection 2.6 presents a discussion of the three

hypotheses stated in the introduction.

2.1 The method of van Rijn (1984)

A method for the classification of bed forms and the prediction of bedform
dimensions has been presented by van Rijn (1984) after defining a dimensi-

onless particle diameter D. and a transport-stage parameter T as follows:

1/3
D, = Dg (‘(s"%] (2.1}

and

ate) = () (2.2)

T =
(i) 2

in which Ds; is the mean bed particle diameter (50% passing by weight);

's is the particle specific density; v 1is the kinematic viscosity; the

critical grain shear velocity u., is obtained from the Shields diagram; the

grain shear velocity =T V9 yaries with depth-averaged flow velocity
C/

U , gravitational acceleration g and grain Chézy coefficient C' = 18 log

(12R,/3Dgp) given the hydraulic radius related to the bed R, obtained from

the Vanoni-Brooks method, and the 90% passing bed particle diameter Dg,.

Van Rijn proposed the bedform classification diagram shown on Figure 1, in
which ripples are found for D. < 10 and T < 3. Dunes occur when T < 15
while washed-out dunes correspond to 15 < T < 25, and flat bed corresponds

to T > 25.
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Bedform dimensions in terms of height and steepness were analysed by van
Rijn (1984) after selecting the data according to: 1) dune bedforms; 2)
width-depth ratio larger than 3; 3) flow depth larger than 0.1 m; and 4)
transport-stage parameter T smaller than 25. Regression analysis was
performed considering 84 data points from flume experiments with particle
diameters from 190-2300 um and 22 field data points with particle diameters
ranging from 490-3600 um.

The best agreement obtained by regression analysis for the dune height A as
a function of the average flow depth h, bed particle diameter D5y, and

transport-stage parameter T is given by:

D 0.3
=0.11 (%] (1-e°-5T) (25-T)

(2.3)

ol

The agreement of the bedform height predictor with laboratory and field

data is shown on Figure 2.

The best agreement obtained for the dune steepness defined as the ratio of
dune height A to dune length ) is similarly written as a function of flow
depth h, bed particle diameter Ds;;, and transport-stage parameter T:

0.3
_2_ = 0.015 (%) (1-e™9-5T) (25-T) (2%

The agreement of the bedform steepness predictor with laboratory and field

data is shown on Figure 3.

Accordingly, the expression for the bedform length X can be derived from
Eqs (2.3) and (2.4), thus:

A =7.3h {2.5)

which is close to Yalin's theoretically derived value A = 2xh.
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2.2 Parameter Evaluation

Van Rijn’'s method figures among the most practically oriented techniques
available for the analysis of the geometry of bedforms. The parameters for
bedform height and steepness are simple functions of flow depth and mean
grain size Ds;. Errors in the evaluation of flow depth may arise from
estimating the average bed elevation for dune beds of large amplitude.
Likewise, the average dune height is perturbed by the presence of dunes of
smaller amplitude, often leading to a separate analysis for large bedforms
called dunes and smaller bedforms called megaripples. Similarly, megarip-
ples of smaller amplitude and wavelength tend to reduce the effective

wavelength of bedforms in natural channels.

The grain size is also subject to interpretation in that the sediment size
distribution locally varies in natural channels. Reasonable accuracy can be
obtained through the analysis of several bed material samples. One may also
appropriately question using the median grain size D5y, instead of a coarser
fraction Dg, or Dgy; obviously, the accuracy increases for uniform sediment
size distributions. In van Rijn’s method, the exponent of sediment size is
far less than unity (0.3), which dampens the effect of inaccuracies in

particle diameter on bedform height and steepness.

Another point of discussion in wvan Rijn’s method is the transport-stage
parameter T which depends primarily on grain roughness and critical shear
stress. As bedforms reach large amplitude, the grain shear stress calcula-
ted from the logarithmic relationship easily becomes of the same order of
magnitude as the critical shear stress, thus at times providing a negative
value of T for large bedforms. Large bedforms are possible at very low
values of the parameter T. This can result in large variability in the
calculation of dune height and dune steepness in natural channels when

using Equations 2.3 and 2.4 at values of T < 2.
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2.3 Analysis of Termes (1986)

More recent laboratory experiments by Termes (1986) led to the observation
that sand bed roughness is decreasing with increasing discharge due to
bedform stretching while the bedform height remains more or less constant.
Klaassen suggested that the bedforms increase in length instead of decrea-
sing in height at increasing discharge. The most relevant conclusions of

the Delft Hydraulics sand flume tests as compiled by Termes (1986) are:

1) the relative bedform height {% from bedform height A and flow depth h
is almost constant at 5 < T < 25, see Figure 4;

2) the Chezy coefficient increases with increasing grain shear stress 7’';

3) complete flat bed did not occur, even for T = 25 and Fr = 0.8, see
Figure 4;

4) Van Rijn's method underestimates the bedform height by a factor 2 at
T > 8

5) the bedform steepness is underestimated by a factor 1.5 at T > 8;

6) both the bedform height and steepness appear not to approach zero when
T = 25, see Figure 4; and

7) at high values of T, the bedform height is not drastically decreasing

but the bedform steepness does decrease.

Conclusions from both laboratory and field data on the Zaire river, the

Missouri river and the Rhine river branches are:

1) the relative bedform height does not change significantly with increa-
sing discharge, see Figure 5 for the Missouri river;
2) the bedform length increases with increasing discharge; and

3) consequently, the bedform steepness decreases with increasing discharge.
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2.4 Analysis of Raslan (1991)

A recent investigation at Colorado State University with laboratory data

from a 15 cm wide flume by Raslan (1991), and with field data from the Red

Deer river and the Mississippi river indicates, as shown in Figure 6,

that:

1) the dune height at low values of the parameter T (T < 5) are higher than
predicted by van Rijn’s method, and seem independent of the parameter T;

2) the Mississippi river data shows that the dune height does not vanish at
T = 25 but rather remains relatively high at values of T as high as 50;

3) the measured bedform steepness parameters for laboratory data at T < 5
are several times larger than predicted by van Rijn’s method; and

4) the recorded bedform steepness parameters from field data on the Red
Deer and Mississippi rivers are about five times larger tﬁan predicted

by van Rijn’'s method, and extend to values up to T = 50.
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2.5 Bedforms of large rivers

The foregoing analysis of bedform dimensions focuses on dune height and
steepness measured in large rivers around the world. The data sets from
four large rivers are considered, except the Mississippi river discussed in
the previous Subsection, and the Dutch rivers to be detailed in the next
section. The following data sets are included in the foregoing analysis: 1)
Missouri river data from Shen et al. (1978); 2) Zaire river data from
Peters (1978), as previously analysed and reported by Termes (1986); 3)
data set for the Jamuna river provided by G. Klaassen; and 4) data set for
the Parana river provided by L. van Rijn. All four data sets are listed in

Appendix A.

Plots of bedform height and steepness for the four large rivers are
presented on Figure 7. It is observed that van Rijn’s method underpredicts
the bedform height. The bedform steepness is somewhat better predicted by
van Rijn’s method although significant scatter is found in the data. The
analysis, particularly with relevance to bedform height, confirms previous
observations of Termes and Raslan in that bedform height is underpredicted
from van Rijn’s method. Also, van Rijn’s dune height parameter remains

rather constant at different values of T and does not decline at values of

T approaching 25.
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2.6 Analysis of three parameters

This Section discusses the effects of three parameters, namely Fr, u./w,

and Re. at high values of the transport-stage parameter T.

Consider the influence of the first parameter, the Froude number Fr. Van
Rijn assumed that the transition between lower and upper regimes ranges
from 15 < T < 25 with plane bed conditions at T > 25. It is hypothesized
that large bedforms can be observed in large rivers at values of T > 25,
because the Froude number is still quite low. This is evidenced when
plotting the Froude number for large rivers versus the sediment transport-
stage parameter T. As opposed to laboratory data, it is shown on Figure 8
that relatively low values of the Froude number are effectively observed in .
large rivers at high values of T. For laboratory data, T equals 25 as the
Froude number approaches unity. In large rivers, the flow remains subcri-

tical as T approaches 25.

The influence of the parameter u./w is then considered. It has been discus-
sed and argued that the bed material enters suspension at T > 25, hence
preventing the formation of bedforms. The previous hypothesis stating that
suspension can be small although T > 25 is however unsupPorted. One may
first question whether suspension is described by '%f or %E. It is not at
all clear as to whether the suspension 1is related to total shear or grain
shear, but it is obvious that the total shear stress u. is always greater
or equal to grain shear u.’. In any case, since the parameter T is function
of grain shear, large values of T are expected to give large sediment
transport rates in suspension. With reference to Figure 9a, and considering
the most favorable case, u. = u.’, one may expect large sediment transport
rates in suspension for all sand fractions as T increases. At a given T, it
should be added that the suspension rate, as described by the parameter
u./w, increases for finer particles. If the formation of bedforms was
hindered by large suspended loads, this effect would become obvious for
fine particles on Figure 1. Since there is no physical evidence that the
transition zone is shifted for finer sand fractions, there is no reason to

believe that bedform height is reduced because of increased suspended load.

The third parameter Re. describes the type of boundary condition. Figure 9b
illustrates that for most sand fractions, the boundary type is in the

transitional range between hydraulically smooth and hydraulically rough.
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Furthermore, considering the slope, grain size and temperature to remain
relatively constant during floods, an increase in flow depth is represen-
ted by vertical motion on this diagram. It is shown that, other parameters
remaining constant, an extremely large increase in flow depth is therefore
required to change from hydraulically smooth to rough boundary conditions.
Conversely, changes in grain size and water temperature correspond to
horizontal changes on this diagram. It is thus concluded that changes from
hydraulically smooth to rough conditions are not likely to occur during
floods from changes in flow depth and slope, unless significant changes in
water temperature or grain size are observed.

It can be concluded from the analysis of these three parameters that:

1) low values of the Froude number are observed for large T values in large
rivers, supporting the hypothesis that large bedforms can be found in
large rivers at values of T > 25;

2) it is argued that the height of bedforms is not decreasing as a result
of increasing u./w;

3) at a given water temperature, slope, and grain size, extremely large
increases in flow depth are required to change from hydraulically smooth

to hydraulically rough boundary conditions.

STUDY OF BEDFORM GEOMETRY IN LARGE RIVERS 10




3. Bedforms of the Meuse River and the Rhine River Branches

The analysis of bedforms in the Rhine river branches and the Meuse river
specifically focuses on the applicability of van Rijn’s method to calculate
dune height and dune steepness. The analysis of field data from five
reaches shown on Figure 10 first reviews values of the parameters cited in
the literature. Case studies of changes in bedform geometry during recent
floods on the Meuse and Rhine rivers are then detailed in Subsections 3.1,
3.2 and 3.3.

Brilhuis (1988) carried out an analysis of bedform configurations of the
Rhine river branches in the Netherlands based on existing bedform predic-
tors. The bedform predictors considered included the Liu-Albertson diagram,
the Simons-Richardson diagram, the Chabert-Chauvin diagram and the Athaul-
lah-Simons diagram. Most diagrams, shown in Appendix B, indicate a wide
range of bedform configurations, with predominance of dunes suggesting
transition to upper flow regime during floods. The analysis was based on
statistical distributions of the hydraulic parameters, such as discharge
and flow depth, without specific comparisons with field measurements of

dune height and wavelength.

The recent investigations of Termes (1986), Adriaanse (1986), Brilhuis
(1988), Kamphuis (1990), and Wijbenga (1991) included field measurements of
dune height and length of the Meuse and Rhine river branches. The data sets
are listed in Appendix C. The corresponding graphics for dune height and
length parameters are shown in Figure 11 a and b respectively. Note that
although Wijbenga (1991) separately reported the height of dunes and
megaripples, the sum of both heights has been used for the Waal data set as
it better reflects the dune height measured on bathymetric profiles. It is
observed on Figure 11 that most of the data at low values of the parameter
T is in relatively good agreement with van Rijn’s dune height and steepness
predictors. Whereas most of the data points were measured during relatively
average flow conditions, the Bergsche Maas data was measured during the
flood of February 1984 at discharge exceeding 2500 m®/s. The dune heights
during this flood are substantially higher than predicted by wvan Rijn’'s
method. It is also noticeable that although values of T did not exceed 20,
there is absolutely no decreasing trend in van Rijn’s parameters at values
of T exceeding 5. Similar remarks apply to the dune steepness parameter on

Figure 11b. It 1is interesting that all wvalues of dune steepness are
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confined within the range prescribed by van Rijn for the Waal and IJssel,
while all measurements for the Meuse and Bergsche Maas plot above van
Rijn’s upper curve. Likewise, it is noticeable on Figure 1llb that the dune

steepness parameter does not decrease as T increases.

3.1 Bedforms of the Meuse river during the 1988 flood

The 1988 flood of the Meuse river is particularly interesting. The peak
flow discharge reached 1743 m®/s on March 19, followed by a second peak at
1310 m3/s on March 30, as shown on Figure 12. Daily bathymetric records
were available during the falling limb of the hydrograph on a daily basis
from March 19 until March 24. Typical strip chart recordings are shown on
Figure 13 at cross-sections 190 and 200. As the discharge gradually
decreases from 1743 m®/s on March 19 to 1163 m®/s on March 24, both the
dune height A and wavelength ) significantly decrease. Graphs of the

variability of the dune height A and steepness A yith discharge are

presented on Figure 1l4a and b. The corresponding dunz height and steepness
parameters, defined by wvan Rijn, are then presented on Figure l4c and d,
indicating changes in van Rijn dune height and dune steepness parameters
during flood recession. It is found that all parameters increase with

discharge, the dune steepness however, slightly increases with di-

A
l L
scharge. The time scale for the formation of typical bedforms (A = 0.8 m,

A = 10 m) at peak flow discharge is on the order of 3-5 hours. Loop-rating
effects due to bedform growth are therefore not significant on daily

records.

Figure 15 shows the downstream variability in bed sediment size distributi-
on, as described by D;;, Dsp, and Dgy, from samples taken at a 1 kilometer
interval between km 176 and km 201. The corresponding dune height A
recorded on a daily basis between km 176 and km 190 are shown on the same
Figure. Little spatial variation in either grain size distribution or
bedform dimension is observed during this flood. The dune height which is
quite uniform in the downstream direction decreases rather uniformly in

time during the considered period of falling discharge.
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3.2 Bedforms of the Bergsche Maas during the 1984 flood

The 1984 flood of the Meuse river is somewhat larger in magnitude than the
1988 flood. The peak discharge reached 2231 m®/s on February 12 at Lith, as
shown on Figure 16. Bathymetric records of the lower Meuse (Bergsche Maas)
between km 220 and km 250 have been analyzed by Adriaanse (1986). Sequences
of bathymetric profiles at kms 223, 224, 230, 234, 236, 246 and 247 are
compiled in Appendix D for January 8,13,14,15 and 20. Data analysis shows
that the amplitude and wavelength of bedforms change rapidly during floods.
Soundings prior to the flood, Q = 1434 cms on February 8, are quite similar
to those after the flood, Q = 654 cms on February 20. At higher discharge,
the largest bedforms showed rounded crests and some dunes measured up to
3 m in amplitude. Figure 17 from Adriaanse (1986) suggests that the changes
in dune size in the downstream direction may at first glance be somewhat
correlated with the sediment size distribution. A careful interpretation
also requires including transversal changes in sediment size distribution

in this gently curved channel.

Changes in dune height, wavelength and steepness are plotted as function of
discharge on Figure 18. It is observed that both the average dune height
and wavelength generally increase as a function of discharge. The dune
steepness defined as the ratio of dune height to wavelength remains,
however, quite constant during the flood. A loop rating effect can be
observed for dune height and wavelength, thus indicating that at a given
discharge, both the dune height and wavelength are larger under falling
discharge than increasing discharge. The loop-rating effect pertains to the
time scale required for the formation of bedforms which is on the order of
1-3 days as calculated from bedload equations. The corresponding dune
height and steepness parameters, defined by van Rijn, are also presented on
Figure 19a and b. It is found that the dune height parameter increases with
discharge while the dune steepness parameter was larger prior to the flood

on February 8.
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3.3 Bedforms of the Rhine river branches during the 1988 flood

During the 1988 flood, the discharge of the Rhine river at Lobith reached
10274 m®/s on March 30 after a first peak of 8324 m®/s on March 20 as shown
on Figure 20. Bathymetric records of the Rhine and the Waal were previous-
ly analyzed by Wijbenga (1991) for comparisons between permanent and non
permanent flow conditions. Sequences of bathymetric profiles of the Rhine
between km 863 and 866 are compiled on Figure 21 for the period between
March 18 and April 11, 1988. Dunes are shown to form rather rapidly as a
result of increasing discharge. At high flow, the dune crests are rounded
and irregular profiles form during the falling limb of the hydrograph.
Characteristic dune heights between km 863-867 of the Rhine river and km
867-884 of the Waal are plotted on Figure 22a, showing longitudinal changes
in bedform geometry. Similar graphs for the IJssel river between km 879 and
km 903 are presented on Figure 22b. It is found that the most interesting
reach for the analysis of dune growth is located on the Rhine river between
km 864 and km 866, given the symmetrical cross-sectional profile of this

relatively straight river reach.

The bathymetric profiles of the Rhine river between km 865 and km 866 were
scrutinized to determine the average dune height A from the total bed
elevation drop on the lee side of the dunes divided by the number of dunes

n over the 1 km reach. The average dune length X is calculated from the
reach length over the number of dunes. This average dune height roughly
equals one-half to two-thirds of the maximum dune height A, over the 1 km
reach. It is also noticed that the average dune height is also roughly
equal to the sum of the dune height and the ripple height as reported by
Wijbenga (1991). Figure 23 shows the variability of the average dune height
A, average dune length X, and average dune steepness %— as a function of
time (Figs 23a and b) and discharge (Figs 23c, d and e). The dune length
steadily increases with time while the dune height changes in proportion
with the discharge. The dune height and the dune steepness increase with
discharge. This case is inconsistent because the average wavelength cannot
indefinitely increase with time. Loop-rating effects are not significant on
daily records because the time scale for the formation of dunes is of the

order of 6-12 hours.

The corresponding dune height and steepness parameters are also presented

on Figure 24. It is found that the dune height parameter generally increa-
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ses with the transport-stage parameter T while the dune steepness parameter
slightly increases with T. During floods, it can be concluded that both
parameters increase with discharge and the parameter T. These results
oppose those of van Rijn in which both parameters decrease with T as T > 5.
At high discharge, van Rijn’s method underpredicts both the dune height and

the dune steepness.

3.4 Improved Prediction of Bedform Geometry

This analysis of field and laboratory bedform data suggests the following
improvements in the prediction of dune height and length from wvan Rijn’s

method:

0.3
1) the dune height parameter 1<{%L§L) <4 for values of T>5;
50

0.3
2) the dune steepness parameter 0.2<-%{E$—) <2 for values of T>5;
50

3) higher values of both parameters in 1) and 2) are generally encountered

during floods; and

4) better accuracy can be obtained from site specific measurements and

analysis of bedform geometry.
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4, Summary and Conclusions

This study tested the applicability of wvan Rijn’s method in order to
improve the prediction of dune height and dune length during floods.
Several field data sets from large rivers were scrutinized, particularly

the Rhine river branches and the Meuse river.

Considering an alluvial stream of flow depth h, median grain size Dsy, dune

height A, and dune length A, wvan Rijn defined a dune height parameter

0.3
A(ll and a dune steepness parameter —é~(l
Dgy Dy

h A
transport-stage parameter i

0.3
) as a function of the

The following can be concluded regarding the applicability of the dune

height parameter:

1) the dune height parameter represents quite well the average flow
conditions of the Rhine river branches and the average flow conditions
of the Meuse river (Fig. lla, 24a);

2) van Rijn’'s method significantly underestimates the height of dunes of
other large rivers (Fig. 5a, 6a, 7a); )

3) both the dune height and the dune height parameter increase with
discharge, as observed on the Rhine river (Fig. 23c, 24a) and the Meuse
river (Fig. l4a, l4c, 18, 19a) during major floods;

4) as opposed to van Rijn’s diagram, the dune height parameter does not
decrease with discharge at wvalues of T > 10 , this parameter remains

relatively constant at values of T up to 40 (Fig. 6a, 7a);

With regard to the dune steepness parameter, van Rijn’'s method generally
underestimates the dune steepness of the Meuse (Fig. 11lb), the Rhine river
during floods (Fig. 24b) and other large rivers (Fig. 6b, 7b). The agree-
ment with the Waal and IJssel is significantly better. The dune length
generally increases with discharge (Fig. 18, 14b) while the dune steepness
slightly increases with discharge (Fig. 14b, 18, 23e).

Suggested improvements for predicting bedform height and length during
floods are spelled out in Subsection 3.4. In terms of applicability to the
Meuse river and the Rhine river branches, it can be generally concluded
that the dune height and dune length determined from van Rijn method are
representative of average flow conditions, but underestimate the dune

height during floods. Specific conditions for the Meuse river are given for

STUDY OF BEDFORM GEOMETRY IN LARGE RIVERS 16




average flow conditions (Fig. 11) and flood conditions (Fig.l4, 18, 19).
Field data for the Waal and IJssel can be found for average flow (Fig. 11)
and during extreme floods (Fig. 22). Extreme flood conditions of the Rhine

river are presented on Figures 23 and 24.
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APPENDIX A

Bedform data sets for four large rivers

Missouri river, from Shen et al. (1978), and Termes (1986)
Zaire river, from Peters (1978) , and Termes (1986)
Jamuna river, from G. Klaassen

Parana river, from L. van Rijn
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large bedforms a = all small

River (indices g

bedforms, s = bedforms with steep lee side)

Bedform data from Zaire
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Bedform data sets for four large rivers



Bedform data for the Jamuna River

Q s u Deo A c’
m'/s cm/km m/s wm m m m”/s

8000.0 7.0 10.5 1.3 200.0 .9 30.0 92.4 1.4
8000.0 7.0 12.0 1:3 200.0 .8 29.0 93.3 10.8
8000.0 7.0 13.8 1.3 200.0 1.1 40.0 94.3 10.5
8000.0 7.0 15.6 1.3 200.0 1.6 45.0 95.1 10.3
8000.0 7.0 15.1 1.3 200.0 2.6 15.0 94.9 10.4
8000.0 7.0 18.0 1.3 200.0 2.5 177.0 96.1 10.1
8000.0 7.0 19.5 1.3 200.0 5.1 251.0 96.6 9.9
8000.0 7.0 18.6 1.3 200.0 3.0 188.0 96.3 10.0
8000.0 7.0 1515 1.3 200.0 2.3 205.0 95.1 10.3
8000.0 7.0 16.2 1.3 200.0 1.9 211.0 95.4 10.2
7000.0 7.0 14.2 1.4 200.0 1.0 158.0 94.4 12.0
7000.0 7.0 12.0 1.4 200.0 13 34.0 93.2 12.3
7000.0 7.0 17.0 1.4 200.0 1.3 32.0 95.6 11.6
10000.0 7.0 11.0 1.5 200.0 1.0 86.0 92.7 13.9
10000.0 7.0 10.7 1.5 200.0 24l 55.0 92.5 14.0
10000.0 7.0 1.5 1.5 200.0 2.5 50.0 92.9 13.8
10000.0 720 13.1 1.5 200.0 2.7 98.0 94.0 13.5
10000.0 7.0 8.2 1.5 200.0 24 48.0 90.5 14.7
10000.0 7.0 11.5 1.5 200.0 2.9 68.0 93.0 13.8
10000.0 7.0 17.8 1.5 200.0 2:3 57.0 96.1 12.8
10000.0 7.0 13.2 1.5 200.0 1.1 60.0 94.0 13.5
5000.0 7.0 13.4 1.3 200.0 4.0 156.0 93.9 9.7
5000.0 7.0 14.9 T 200.0 2.6 87.0 94.5 9.5
5000.0 7.0 12.8 1o 200.0 3.3 85.0 93.6 9.8
5000.0 7.0 10.2 1.3 200.0 2.3 61.0 92.0 10.2
5000.0 7.0 13.5 1.3 200.0 3.1 158.0 93.9 9.7
5000.0 7.0 13.4 1.3 200.0 2.8 63.0 93.7 9.8
5000.0 7.0 11.6 1.3 200.0 5.1 34.0 92.9 10.0
5000.0 7.0 10.0 1.3 200.0 2.6 73.0 91.9 10.3
5000.0 7.0 9.1 1.3 200.0 2.8 82.0 91.2 10.4
5000.0 7.0 9.8 1.3 200.0 1.9 42.0 L 10.3
5000.0 7.0 12.9 1.3 200.0 3.4 86.0 93.6 9.8
5000.0 7.0 3 . 200.0 2.9 111.0 92.7 10.0

Bedform data sets for four large rivers A -




Bedform data for the Parana River

Q s u Doy c’
m'/s em/km m/s um m*/s
25000.0 5.0 25.5 1.5 370.0 6.0 350.0 93.6 11.5
25000.0 5.0 26.0 1.5 370.0 T3 450.0 93.7 111
25000.0 5.0 24.0 15 370.0 4.5 300.0 93.2 11.3
25000.0 5.0 23.0 1.4 370.0 7.5 350.0 92.9 10.5
25000.0 5.0 26.0 1.4 370.0 Tad 400.0 93.7 10.3
25000.0 5.0 25.5 1.4 370.0 4.8 400.0 93.6 9.3
25000.0 5.0 23.0 1.3 370.0 4.5 250.0 92.9 8.8
25000.0 5.0 23.0 1.3 370.0 9.9 250.0 92.9 9.1
25000.0 5.0 22.5 1.3 370.0 3.0 150.0 92.8 8.1
25000.0 5.0 22.0 1.2 370.0 3.5 200.0 92.7 6.5
25000.0 5.0 22.0 1.2 370.0 3.5 125.0 92.6 6.8
25000.0 5.0 22.0 1.0 370.0 35 100.0 92.7 5.0
25000.0 5.0 23.0 1.1 370.0 4.0 175.0 93.0 5.3
Bedform data sets for four large rivers A -4




APPENDIX B

Bedform predictors for the Rhine river branches
from Brilhuis (1988)



DTN 4 - . DR SRR
————— - —— e |
*
: I b AL e W o RNk 0 - 1
10 ‘:‘:o\ . “. Plang beo ar amtidunes L o
AN — i g s - B Bl =
AY
ISR R R E SRS S S ERET
Ripples ~x Pllame bac or gtanding wevey

: 2
= BOVEN-RIJN- WAAL

A, e

(Mod fien

b MTCuve
4

— - -—

—— e s g e

Piape Ezo o @nfutunes

% TR S | WL S Sl

Rl R A i S aE . T

DI < B SRS (1 O OO

- . > s —- —t—— - - - - - —
Piiagne bed or Standing wawes

WPlane bed ot starding wawes 000000 |

FE LSRR

TT

a
=Sk S Modi'iep »
0 fliwCurwe

10 1 s o e
= o
e —]

10 * CNTTNONLCY, D T iIm T oITmIoiTT] PANN KANAAL,
e omiin N # My = x om0y s e e, WEDEN-KIIN EW LEEK

[N
(Molihe gy i\ S 558 2 Eres @ $AE ——]
]U. llw tufve © \\

N L

— e s - . - s ——

s - - - - - -
A
j e s e
i hielgs
10 | B VRIS M I RS - . - — - -
| Emem e s . e e

Liu-Albertson bedform diagram

Bedform predictors for the Rhine river branches from Brilhuis Bl




e L BOVEN-RIJN - WAAL 10 1IJSSEL
e— v 4 > — J . = e T T T > a—
=== : ‘- > i o s e o o o e i 2 25
B e 9t 60 — S 7 = "
4 N L B~ . 1) G ) = 550 0
‘Anftidjuinien en vigh o~ _ Oyergangspebield Antidjuinen | en viakbed] _ T [Ov r giangsgehie}
28 ih!“ ! 4/:,‘: ' / 2 By I ; i /r J_ ! ‘M
" 10 ~ s O TR O
] ——— L A SR A E: = 5—11 E
1 6 AN 4 & R i —t—t
_ Ve —44— e 570 O 1o WA D ] % 1 {/1
a. 4 " = A + L ? i I ! I
" Tuinen e o /1= : S o |Dujingp ' o | A
E W L / E T ; | +—
= iy S ol i le Ly LA
E . . ; LB i i f
= 1h\h““~;, ¢ ///, Z lhﬁfﬂfﬂﬂ, il ; | | -
= i s 3 T T e e e " - 1 ==
= * — X Z g ety i :
X X R X 7 L W L. B L 1 ;
- "Ribbels .\ A lRLDQS 1 L0 | 1l )
= [ ‘ R LY ‘
YRR REEY i Vel \l/]/E | |
[ Loy rgyfr Ly .
0.0 0 p=—t e + 0ot
—t (N ] +
e =t TYIEINER .l: T lu +
ped [ . : 1
; . . [ [ 1 [ 1
0 01 020304 050607 REBI10 11 12131415 1§ 0 0182 0304050607 980910 11 12 13 14 1518
0 gp'n mm Dsg 0 mm
1o PANN. KAN.NEDER-RIJN EN LEK .
10 ; T 1 Boven-Rijn-Waal
L e . 'Ii ~— & At I Nijmegen - Dodewaard
T G S D O SO e , : 1
Anftidjuinen en vigkbed A Dyergangsgdbied 2Dodewaard- Tiel
' ! he : 3Tiel - 2altbommel
& —,—————
~ ‘ 4 laltbommel - Herwijnen
11 d 'y :
' & %*—'rr""T
o . halEENE lissel
4 —— T
e ) i’/ o e e i Dieren Zutphen
- — ; I 2 Zutphen Deventz:
= 2l .. [Duinen S Aa— 3 Deventer- 0ist
= M~ a Dist-Katerveer
& 1 — P 4
— o i S — . 5 Katerveer Kampen
= T it mio i . i g
S <. i o P Sl S 575
: 23 A Pann Kan Neder Rijn en Lek
S ;E1hbﬂ5 P il . i I
- R \1 k/; 1Arnhem Drie
' ‘ 20riel- Lexkensveer
'R ; i ® 3lexkensveer -Grebbe
::: - s f a — aGrepbe Remmerden
s : ——— AR - sRemmerden Eck en Wiel
A s . | o sfck en Wiel - Amerongen
0 81 02 030405 06 87 08 0910 11 12 1314 15 16

71Amerongen- Wijk bij Duurstede
Wik bijDuurstede- Culemborg
sCulemborg -Herwiynen

Dgg '1n mm

Simons-Richardson bedform diagram

Bedform predictors for the Rhine river branches from Brilhuis B.2




0o
i 11 / BOVEN-RIJN - WAAL
=
Varp 1 // // 1 Lobith —Pann kop
030 -~ R 2 Pann kop—Nijmegen
020 ] 7// d y 3 Nijmegen—Dodewaard
< 4
015 A4 4 laltbommel—Herwijnen
i womwi
1L |/ Dumes Z ;
pods g i B A
J ——’4':;-—‘
oo L VL, 1,/ A
t’/j/ S S
THIE &: U/ Z/ /|
100 [
::: © IJSSEL
= ‘V—“ R &
P 9
» :::-ﬂ*ﬂ‘* 'g’f ; 1 Ilsselkop—De Steeg
e "“_/'ZL of¢ / 2 De Steeg—Doeshurg
. 1] U W 1 =4 ri 3 Doesburg—Dieren
2 e = ok 4 Dieren—Zutphen
- ool | _-.7.{, _,z' y 5 Zutphen—Deventer
e 0080 | |/ g § -
= o".in e's ) | 7 ':/’Duncs U Ruleroee=Rampe
= ‘/ S
=g V042 - T VS 4
< /7 7gL /{
LA o 5.‘ e
= Y S Y*Vl '?7
L&Y “5/ S J
41 7 2
(R 7 { PANN.KAN.NEDER RIJN EN LEK
VA, A, Tk
® o o/
040 ; i/ e P P Vi 1 Pann kop — Pannerden
030 S ialal . v/ ';/"ﬁ' 2 Arnhem— Driel
020 / / 'J'{ LU "/o I A 3 Grebbe — Remmerden
015 / - . / \ » [ 4 Amerongen—Wijk bi) Duurstede
) )i HEVE '7 5 Culemborg— Hagestein
0o 7 [ y A J
Y} aill o ] ), A
cosofiodes)/ | 7 | Jownesly ] dWawin
g P 4 g / 1
004 o T 7/ / / 0 =ﬂ'-( 21 ) ].Bm
&= ; A e/e o ; L4 2
HL‘"_'"'_"":)—/:( Piage |/Bed whin "V/MP‘ on}/ /d
000 P A A y
L T e/ 7 S/ & —--—Reqrenzing originele figuur
T A8 S\ P
1oL B Al S | § / J
o200 20 40 60 B0 100 200 400 6008001000
U' Dm

tz.e 3 18 2

Chabert-Chauvin bedform diagram

Bedform predictors for the Rhine river branches from Brilhuis B.3




Originele figuur:

|
I
|
|

h\‘“““xahﬁxhﬁ‘““=~_ Upper regime

"“-\LLI‘ESITIU'H\...__

0s =
—
06 T ~—
Owe!
04 regime ﬁ\“"““ﬁw
\ --...____‘-4"
~
~—
02 [~
Rijntakken
i
=~
01 G
- ~ e = "= — s = = s * o = - e a =
~ - w o e o = o ® o i
~ - w - 2 o
~ -

Llower regime . Gebied waar ribbels-en duinvorming optreedt
Transition . Overgangsgebied

Upper regime : Gebied waar afbraak van beddingvormen optreedt

Athaullah-Simons bedform diagram

Bedform predictors for the Rhine river branches from Brilhuis B.4




APPENDIX C

Bedform data sets for the Meuse river and the Rhine river branches

Waal and Rhine, from Wijbenga (1991)
IJssel, from Kamphuis (1990)
Bergsche Maas, from Adriaanse (1986)
Meuse and Bergsche Maas, from bathymetric profiles
Rhine, Waal and IJssel, from bathymetric profiles



Date

870413
870427
870428
870506
870507
870513
870520
870522
870525
870526
870602
870603
870612
870616
870713
870714
870722
870723
870727
870728
870825
870828
870901
870910
870911
870914
870924
870924
870925
870925
870928
870928
870929
870929

Bedform dimensions Rhine River during equilibrium (km 890 - km 894, axis)

Time

9:17
7:58
8:12
8:36
8:09
9:20
10:57
10:04
10:35
12:18
8:32
8:11
7:49
7:56
8:28
8:12
8:09
7:59
8:07
8:03
8:59
8:52
8:40
8:15
10:07
8:31
8:10
8:10
8:18
8:18
8:56
8:56
9:05
9:05

(m’/s)

1851
1697
1654
1523
1626
1851
1969
1922
1989
1989
1688
1741
2296
2413
2487
2413
2079
2148
2100
2089
1523
1572
1617
1593
1675
1487
1263
1263
1304
1304
1315
1315
1252
1252

h

(m)

6,46
6,12
5,9
5,73
5,92
6,51
6,62
6,53
6,63
6,52
6,09
6,20
7,36
7,47
7,51
7,36
6,90
7.11
7,02
7,00
5,70
5,88
6,05
5,9
6,12
5,70
5,14
5,04
5,26
5,19
5,30
5,20
5,18
5,11

Ripples
A

(m)

0,280
0,290
0,275
0,265
0,270
0,295
0,290
0,280
0,345
0,315
0,265
0,295
0,335
0,365
0,335
0,360
0,335
0,330
0,335
0,335
0,295
0,300
0,260
0,270
0,265
0,265
0,260
0,270
0,290
0,260
0,280
0,260
0,260
0,250

Ripples Dunes

A

(m)

7,05
8,11
7,89
8,48
8,22
7,98
8,56
7,83
12,07
9,75
6,29
8,16
8,90
9,56
9,22
9,90
10,12
9,38
10,08
9,99
10,85
12,13
8,22
8,87
7,90
8,70
9,35
9,4k
12,69
10,06
11,75
8,86
8,70
9,27

A

(m)

0,595
0,600
0,630
0,565
0,600
0,605
0,610
0,530
0,720
0,533
0,600
0,660
0,780
0,715
0,705
0,730
0,700
0,690
0,680
0,710
0,660
0,615
0,540
0,455
0,470
0,610
0,550
0,550
0,690
0,540
0,560
0,460
0,460
0,510

Dunes

(m)

69,9
51,4
59,9
59,7
60,1
53,9
54,9
45,8
64,2
48,5
49,5
52,8
57,7
50,2
53,2
52,5
54,3
51,6
52,5
54,0
64,6
63,8
48,0
41,5
41,0
53,1
60,0
58,6
74,2
61,9
64,6
50,8
46,9
59,5

u*’

(m/s)

0,0501
0,0487
0,0491
0,0471
0,0484
0,0496
0,0518
0,0513
0,0522
0,0532
0,0487
0,0493
0,0537
0,0555
0,0569
0,0564
0,0523
0,0522
0,0518
0,0516
0,0474
0,0472
0,0471
0,0473
0,0481
0,0462
0,0440
0,0450
0,0443
0,0450
0,0443
0,0453
0,0433
0,0440

(-)

2,77
2,57
2,63
2,34
2,53
2,70
3,03
2,96
3,10
3,26
2,57
2,66
3,34
3,63
3,87
3,79
3,1
3,10
3,03
3,01
2,38
2,36
2,33
2,36
2,48
2,29
1,92
2,05
1,96
2,04
1,95
2,08
1,82
91

’

d50/h  (km. 890 - km. 894; D90 = 0,0038 m)

(*10°)

0,183
0,193
0,199
0,206
0,199
0,181
0,178
0,181
0,178
0,181
0,194
0,190
0,160
0,158
0,157
0,160
0,171
0,166
0,168
0,169
0,207
0,201
0,195
0,199
0,193
0,207
0,230
0,234
0,224
0,227
0,223
0,227
0,228
0,231

Bedform data sets for the Meuse river and the Rhine river branches Ci=rl




Date Time Q h Ripples Ripples Dunes Dunes  u*’ T d50/h (km. 890-km. 894, 60m left from axis)
A A A s A
(m'/s) (m (m) (m) (m) (my (m/s)  (-) (*10%)

870520 8:17 1969 6,68 0,275 8,52 0,275 27,5 0,0513 4,53 0,136
870525 8:56 1989 6,70 0,290 9,25 0,635 79,4 0,0516 4,61 0,136
870603 12:25 1741 6,24 0,285 8,39 0,535 58,2 0,0489 4,03 0,146
870713 12:37 2487 7,51 0,335 9,38 0,745 55,8 0,0569 5,80 0,121
870722 12:20 2079 6,99 0,330 10,38 0,630 47,8 0,0515 4,57 0,130
870727 12:3%9 2100 7,06 0,330 10,31 0,790 60,4 0,055 4,57 0,129
870825 12:51 1523 5,80 0,280 10,93 0,665 75,4 0,0464 3,53 0,157
870831 12:11 1646 5,99 0,343 13,20 0,613 53,8 0,048 3,92 0,152
870911 12:19 1675 6,13 0,260 7,13 0,535 58,1 0,0480 3,85 0,148
870924 11:21 1263 5,11 0,260 10,30 0,570 63,0 0,04bs 3,14 0,178
870928 11:50 1315 5,28 0,265 9,76 0,630 76,4 0,0446 3,18 0,173

Bedform data sets for the Meuse river and the Rhine river branches c - 2




Date Time Q h Ripples Ripples Dunes Dunes u*’ T d50/h (km. 890-km. 894, 60m right from axis)
A A A A A
(m*/s) (m) (m) (m) (m) (m)  (m/s) (-) ¢*107)

870428 12:03 1654 5,87 0,400 15,61 0,730 60,3 0,0497 1,83 0,249
870428 12:03 1654 6,23 0,450 16,44 0,870 60,8 0,0466 1,48 0,234
870507 12:37 1626 5,90 0,350 12,68 0,730 61,8 0,0486 1,70 0,247
870507 12:37 1626 6,25 0,380 13,89 0,830 66,6 0,0456 1,38 0,234
870513 12:41 1851 6,74 0,370 14,96 0,730 62,2 0,0477 1,60 0,217
870513 12:41 1851 6,24 0,360 15,98 0,840 81,1 0,0520 2,09 0,234
870513 12:41 1851 6,22 0,440 14,43 0,800 61,1 0,0522 2,11 0,235
870522 8:30 1922 6,38 0,360 13,75 0,670 57,5 0,0527 2,17 0,229
870522 8:30 1922 6,85 0,450 14,40 0,960 64,6 0,0487 1,71 0,213
870602 12:41 1688 5,87 0,320 11,45 0,690 57,3 0,0508 1,95 0,249
870602 12:41 1688 6,30 0,380 11,77 0,850 56,6 0,0469 1,52 0,232
870612 12:22 2296 7,30 0,420 12,39 0,80 56,3 0,052 2,35 0,200
870612 12:22 2296 7,68 0,400 10,89 0,820 49,0 0,0512 2,00 0,190
870616 11:52 2413 7,37 0,420 11,72 0,770 50,6 0,0563 2,63 0,198
870616 11:52 2413 7,77 0,450 13,28 0,900 56,5 0,0531 2,23 0,188
870714 12:21 2413 7,23 0,600 23,10 0,880 69,3 0,0575 2,79 0,202
870714 12:21 2413 7,56 0,530 16,73 0,920 61,5 0,0548 2,43 0,193
870723 12:32 2148 6,96 0,410 12,87 0,910 58,4 0,053 2,26 0,210
870723 12:32 2148 7,36 0,420 12,99 0,910 60,3 0,0502 1,88 0,198
870728 12:39 2089 6,82 0,420 14,54 0,840 61,7 0,0532 2,23 0,214
870728 12:39 2089 7,24 0,460 16,27 0,840 65,8 0,0497 1,83 0,202
870901 12:06 1617 6,35 0,260 10,34 0,760 84,8 0,0446 1,27 0,230
870901 12:06 1617 5,76 0,250 7,34 0,620 65,4 0,0497 1,82 0,253
870910 12:10 1593 5,85 0,280 9,93 0,500 44,7 0,0481 1,64 0,250
870910 12:10 1593 6,29 0,310 9,70 0,620 46,2 0,0444 1,25 0,232
870914 12:01 1487 5,58 0,290 11,90 0,640 64,9 0,0473 1,5 0,262
870914 12:01 1487 6,06 0,330 10,96 0,630 47,1 0,0432 1,13 0,241
870925 11:10 1304 5,08 0,330 17,42 0,570 74,2 0,0461 1,43 0,287
870925 11:10 1304 5,51 0,370 18,68 0,720 81,6 0,0421 1,02 0,265
870929 12:35 1252 4,96 0,300 14,57 0,620 75,3 0,0454 1,36 0,294

Bedform data sets for the Meuse river and the Rhine river branches C: =avd




Date Time Q h Ripples Ripples Dunes Dunes u*’ T d50/h km. 902 - km. 906; D90 = 0,0038 m.
A A A A A
(m’/s) (m) (m) (m) (m) (m) (m/s) (=) (*107)

870413 9:17 1851 6,38 0,330 7,62 0,610 50,4 0,0505 4,69 0,136
870427 7:58 1697 6,05 0,320 8,04 0,635 50,9 0,0491 4,38 0,144
870428 8:12 1654 5,97 0,320 7,81 0,695 53,1 0,0486 4,27 0,146
870506 8:36 1523 5,61 0,290 7,60 0,660 56,8 0,0480 4,1 0,155
870507 8:09 1626 5,82 0,315 8,44 0,795 66,6 0,0491 4,38 0,149
870513 9:20 1851 6,48 0,330 8,87 0,660 51,6 0,0496 4,49 0,134
870520 9:56 1969 6,58 0,330 8,86 0,630 47,1 0,0520 5,02 0,132
870522 10:064 1922 6,56 0,325 8,51 0,605 51,4 0,0509 4,77 0,133
870525 10:35 1989 6,56 0,330 9,36 0,620 48,9 0,0526 5,17 0,133
870526 10:28 1989 6,65 0,350 9,96 0,675 50,9 0,0519 5,00 0,131
870602 8:32 1688 6,05 0,310 6,97 0,610 44,4 0,0489 4,32 0,144
870603 8:11 1741 6,10 0,310 7,51 0,710 56,5 0,0500 4,57 0,143
870612 7:49 2296 7,29 0,38 9,70 0,715 48,5 0,0540 5,50 0,119
870616 7:56 2413 7,34 0,395 10,57 0,740 48,7 0,0564 6,08 0,119
870713 8:28 2487 7,55 0,355 8,93 0,645 44,0 0,0563 6,07 0,115
870714 8:12 2413 7,48 0,350 9,25 0,610 47,0 0,0552 5,78 0,116
870722 8:09 2079 6,90 0,385 10,71 0,675 50,5 0,0520 5,03 0,126
870723 7:59 2148 6,99 0,365 9,91 0,675 46,1 0,0529 5,25 0,12
870727 8:07 2100 7,05 0,340 9,63 0,655 47,1 0,0513 4,86 0,123
870728 8:03 2089 6,95 0,360 10,08 0,690 47,9 0,0518 4,99 0,125
870804 9:48 2241 7,21 0,380 10,49 0,690 47,1 0,053 5,35 0,121
870825 8:59 1523 5,75 0,315 10,09 0,615 49,9 0,0467 3,86 0,151
870828 8:52 1572 5,8 0,310 9,20 0,615 50,0 0,0472 3,96 0,148
870901 8:40 1617 5,90 0,305 8,35 0,515 37,7 0,0481 4,16 0,147
870910 8:15 1593 5,73 0,305 9,01 0,600 45,6 0,0490 4,35 0,152
870911 8:33 1675 6,00 0,290 8,30 0,550 40,9 0,0489 4,34 0,145
870914 8:31 1487 5,64 0,300 9,27 0,590 47,7 0,0466 3,84 0,154
870924 8:10 1263 4,99 0,270 7,18 0,605 57,1 0,045 3,59 0,175
870925 8:18 1304 5,11 0,295 9,06 0,575 53,5 0,0456 3,63 0,170
870928 8:56 1315 5,20 0,275 7,58 0,620 61,4 0,0451 3,53 0,167
870929 9:05 1252 5,10 0,270 7,88 0,535 53,6 0,0439 3,29 0,171

Bedform data sets for the Meuse river and the Rhine river branches C -4




Date Time Q h Ripples Ripples Dunes Dunes  u*' T d50/h km. 902 - km. 906; D90 = 0,0038 m.
A A A A A
(m’/s)  (m) (m) (m) (m) (my (m/s) (=) (*10%)

870713 12:37 2487 7,51 0,320 7,73 0,650 59,0 0,0566 3,30 0,172
870722 12:20 2079 6,96 0,320 7,98 0,600 47,9 0,0515 2,56 0,185
870727 12:39 2100 7,13 0,330 7,50 0,685 54,2 0,0506 2,44 0,181
870825 12:51 1523 5,92 0,295 7,82 0,525 46,6 0,0452 1,74 0,218
870831 12:11 1646 5,90 0,363 11,18 0,750 51,4 0,0490 2,22 0,219
870911 12:19 1675 6,23 0,290 6,84 0,570 44,8 0,0469 1,95 0,207
870924 11:21 1263 5,17 0,275 7,22 0,475 41,2 0,0436 1,55 0,250
870928 11:50 1315 5,37 0,280 7,73 0,470 44,1 0,0435 1,54 0,240

Bedform data sets for the Meuse river and the Rhine river branches G -5




Date Time Q h Ripples Ripples Dunes Dunes  u*’ T d50/h km 902 - km. 906; D90 = 0,00365 m.
A A A A A
(m*/s) (m) (m) (m) (m) (m) (m/s) =2 (*10%)

870428 12:03 1654 5,77 0,380 11,93 0,765 52,4 0,0505 1,29 0,305
870507 12:37 1626 5,73 0,370 12,17 0,695 53,8 0,0501 1,25 0,307
870513 12:41 1851 6,35 0,443 14,42 0,850 60,4 0,0508 1,31 0,277
870522 8:30 1922 6,36 0,430 14,29 0,740 54,0 0,0527 1,49 0,277
870602 12:41 1688 5,83 0,365 9,95 0,740 45,3 0,0510 1,33 0,302
870612 12:22 2296 7,19 0,375 10,29 0,735 46,4 0,0549 1,71 0,245
870616 11:52 2413 7,29 0,430 11,61 0,755 46,7 0,0568 1,89 0,241
870714 12:21 2413 7,15 0,585 17,69 0,890 59,0 0,0580 2,03 0,246
870723 12:32 2148 6,87 0,425 11,50 0,840 47,1 0,0540 1,62 0,256
870728 12:39 2089 6,78 0,450 12,06 0,905 52,0 0,0533 1,55 0,260
870804 11:59 2241 7,09 0,460 12,86 0,865 52,3 0,0544 1,66 0,248
870901 12:45 1617 6,11 0,283 7,18 0,597 55,0 0,0463 0,92 0,288
870910 12:10 1593 5,77 0,335 10,28 0,740 52,8 0,0487 1,13 0,305
870914 12:01 1487 5,57 0,340 10,20 0,720 49,4 0,0472 1,00 0,316
870925 11:10 1304 5,02 0,390 15,27 0,785 68,4 0,0465 0,9 0,351
870929 12:35 1252 4,95 0,370 13,37 0,705 60,9 0,0454 0,85 0,356
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Date Time Q h Ripples Ripples Dunes Dunes  u*’ T d50/h km. 916 - km. 920; D90 = 0,0034 m.
A A A i A
(m'/s) (m) (m) (m) (m) m)y (m/s)  (-) (*107)

870429 10:22 1605 5,77 0,308 7,41 0,610 45,1 0,0486 3,52 0,170
870518 11:51 1937 6,40 0,300 7,75 0,580 46,3 0,0522 4,22 0,153
870527 12:36 1948 6,49 0,345 9,16 0,685 45,7 0,0518 4,13 0,151
870615 11:48 2301 7,10 0,378 9,33 0,690 41,0 0,0553 4,86 0,138
870715 10:76 2274 7,02 0,358 8,87 0,700 45,5 0,0554 4,86 0,140
870721 10:80 2042 6,76 0,35 8,33 0,705 45,3 0,0518 4,14 0,145
870729 9:45 2073 6,80 0,365 9,48 0,680 45,1 0,0523 4,22 0,144
870805 9:49 2257 7,10 0,358 8,86 0,765 48,8 0,0543 4,63 0,138
870827 11:68 1585 5,71 0,310 8,50 0,653 50,1 0,0485 3,50 0,172
870902 11:21 1572 5,81 0,300 8,06 0,50 38,9 0,0472 3,27 0,169
870909 10:49 1511 5,63 0,290 8,51 0,603 45,6 0,0470 3,22 0,174
870923 11:49 1213 4,90 0,283 9,07 0,593 52,7 0,0441 2,71 0,200
870930 11:29 1293 5,08 0,285 8,53 0,545 47,6 0,0452 2,90 0,193
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Date Time Q h Ripples Ripples Dunes Dunes  u*’ T d50/h km . 916 - km. 920; D90 = 0,0034 m.
A A A A A
(m’/s) (m) (m) (m) (m) (m)  (m/s) () (*10%)

870429 7:56 1605 5,95 0,270 6,37 0,570 55,9 0,0470 3,84 0,148
870615 10:06 2301 7,28 0,295 6,8 0,640 55,5 0,0538 5,36 0,121
870715 8:54 2274 7,32 0,290 7,40 0,630 58,8 0,0528 5,13 0,120
870721 8:17 2042 6,93 0,300 7,08 0,685 59,7 0,0505 4,59 0,127
870729 8:14 2073 6,93 0,285 7,57 0,695 58,3 0,0512 4,75 0,127
870805 8:19 2257 7,31 0,290 7,49 0,720 56,7 0,0526 5,07 0,120
870827 9:37 1585 6,06 0,270 6,76 0,540 43,1 0,0456 3,57 0,146
870831 12:11 1646 6,31 0,380 11,77 0,890 58,6 0,0451 3,47 0,139
870902 8:50 1572 5,8 0,335 11,25 0,665 52,5 0,0470 3,85 0,151
870909 11:44 1511 5,92 0,270 6,87 0,530 41,6 0,0445 3,35 0,149
870923 10:07 1213 5,13 0,280 8,64 0,550 47,0 0,0419 2,86 0,172
870930 9:07 1293 5,26 0,285 7,32 0,590 46,5 0,0434 3,14 0,167
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Date Time Q h Ripples Ripples Dunes Dunes u*’ T d50/h km. 916 - km. 920; D90 = 0,0034 m.
A A A A A
(m’/s) (m) (m) (m) (m) (m) (m/s) () (*10%)

870429 11:26 1605 5,80 0,390 13,43 0,770 59,3 0,0484 2,04 0,150
870513 12:41 1851 6,59 0,480 14,56 0,910 56,6 0,0483 2,04 0,132
870518 11:20 1937 6,45 0,370 12,88 0,670 53,8 0,0518 2,50 0,135
870527 12:06 1948 6,41 0,430 15,17 0,805 58,9 0,0525 2,58 0,136
870615 11:49 2300 7,15 0,470 13,03 0,795 49,5 0,0549 2,93 0,122
870715 10:30 2274 7,22 0,420 13,00 0,885 58,0 0,0536 2,75 0,120
870721 12:16 2042 6,69 0,475 12,44 0,845 48,3 0,0524 2,58 0,130
870723 14:42 2148 7,36 0,490 13,32 0,970 54,3 0,0496 2,20 0,118
870729 10:01 2073 6,79 0,460 13,34 0,900 56,0 0,0524 2,57 0,128
870805 10:15 2257 7,12 0,490 13,73 0,855 51,1 0,0541 2,81 0,122
870827 11:14 1585 5,79 0,390 11,76 0,690 48,9 0,0478 1,98 0,150
870901 13:22 1617 5,74 0,300 7,25 0,560 38,5 0,0492 2,16 0,152
870902 10:30 1572 6,28 0,270 6,76 0,690 49,0 0,0433 1,45 0,139
870909 9:03 1511 5,72 0,335 9,77 0,660 47,1 0,0462 1,78 0,152
870923 11:50 1213 5,00 0,355 15,10 0,685 67,5 0,0431 1,41 0,174
870930 10:41 1293 5,18 0,325 12,11 0,640 61,3 0,0441 1,54 0,168

Bedform data sets for the Meuse river and the Rhine river branches C -




Bedform data Waal unsteady conditions 1988 (Wijbenga, 1992)

Reach
Date Q begining end Dunes “"Ripples”
(m*/s) (km) a A . A

880318 5188 864 B66 0 0 + 531 12.84
880319 5522 864 B66 0 0 8 15.32
880322 5345 864 B66 0 0 .83 19.88
880325 4869 864 866 0 0 .81 21.78
880328 5943 864 866 .81 73.32 .78 18.74
880329 6341 864 866 .73 46.11 .83 18.4
880331 6553 864 866 .94 39.9 .78 14.9
880401 6172 864 866 .94 71.14 1 23.27
880402 5728 864 866 .78 52.99 .86 20.96
880405 4774 864 866 .78 52.72 .64 18.66
880406 4504 B64 866 .82 59.13 T4 21.26
880407 4284 864 866 .76 59.9 .76 23.5
880411 3560 864 866 .52 62.6 L4 22.36
880318 5188 866 868 51 13.74
880319 5522 866 B68 42 43.05 42 12.2
880321 5555 8686 868 .55 44,49 .52 16.86
880322 5345 866 868 .74 19.21
880322 5345 866 868 A 48,51 .31 13.33
880325 4869 866 B68 .57 73.49 .68 20.28
880328 5943 866 868 .97 24,52
880328 5943 866 868 W47 26.5 .34 9.75
880329 6341 866 868 .78 63.63 .75 19.15
880329 6341 866 868 .58 27.17 .42 " 9.68
880331 6553 866 868 .73 43.73 .72 16.12
880401 6172 866 B68 .69 45.9 .6 14.61
880402 5728 866 868 7 54.79 .85 23.04
880405 4774 866 B68 .78 66.89 .6 19.25
880406 4504 866 868 .65 50.42 .56 18.65
880406 4504 866 868 .63 57.37 .42 13.62
880407 4284 866 868 .71 58.43 .58 20.43
880407 4284 866 868 .54 65.42 L43 23.24
880411 3560 866 868 55 78.56 .31 17.94
880319 4126 870 872 0 0 .5 11.76
880321 4159 870 872 .54 4994 55 13.03
880322 4030 870 872 .94 181.68 .71 17.558
880328 4380 870 872 .69 53.91 .75 17.57
880329 4597 870 872 .74 41.31 .58 13.55
880406 3484 870 872 o | 53.09 .59 17.52
880407 3340 870 872 .73 53.73 .61 18.96
880319 4126 872 874 S 93.05 .42 10.53
880321 4159 872 874 .64 83.4 .42 9.98
880322 4030 872 874 .58 71.66 s 12.8
880328 4380 872 874 .55 43.77 .48 12.02
880329 4597 872 874 .62 41.33 .57 13.64
880406 3484 872 B74 .61 50.32 .69 20.26
880407 3340 872 B74 .58 43.68 o5 14.84
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Bedform data lJssel (from Kamphuis 1990)

Q Deo h u A T c’
m’/s m m m/s m m m*/s
141.0 500.0 5.0 .828 1.8 80.0 3.6 75.6
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Bedform Data Bergsche Maas (February 13, 1989) from Adriaanse (1986)

Q s v ds A ¥ c!

m’/s cm/km m/'s wm m m*/s

2160.00 12.50 8.60 1.35 480.00 1.50 22.50 9.09 81.62
2160.00 12.50 8.00 1.35 410.00 1.00 14.00 9.05 84.23
2160.00 12.50 10.50 1.30 300.00 1.50 30.00 8.15 89.61
2160.00 12.50 10.00 1.40 500.00 1.60 32.00 9.41 82.54
2160.00 12.50 7.60 1.40 520.00 1.40 21.00 9.88 80.45
2160.00 12.50 8.40 1.40 380.00 1.50 22.50 10.05 84.40
2160.00 12.50 8.70 1.70 300.00 1.50 30.00 16.18 85.83
2160.00 12.50 7.50 1.55 250.00 2.50 50.00 13.55 87.97
2160.00 12.50 8.30 1.50 260.00 1.80 36.00 12.38 88.03
2160.00 12.50 9.50 1.35 230.00 1.80 36.00 9.62 90.76
2160.00 12.50 8.80 1.35 240.00 1.80 36.00 9.97 88.68
2160.00 12.50 9.00 1.30 240.00 1.80 36.00 9.13 88.85
2160.00 12.50 9.60 1.50 220.00 2.20 33.00 12.25 90.99
2160.00 12.50 8.70 1.50 370.00 1.90 28.50 11.86 84.22
2160.00 12.50 8.20 35 330.00 2.00 36.00 10.32 82.50
2160.00 12.50 8.20 1.35 480.00 1.40 22.40 10.88 75.24
2160.00 12.50 8.10 1.40 350.00 1.00 20.00 10.68 83.34
2160.00 12.50 8.00 1.50 420.00 .60 9.00 12.25 81.16
2160.00 12.50 7.80 1.50 410.00 .60 9.00 12.00 82.07
2160.00 12.50 6.80 1.50 400.00 .40 8.00 11.91 83.07
2160.00 12.50 6.40 1.50 270.00 .60 6.00 12.68 86.69
2160.00 12.50 5.80 1.50 220.00 1.00 10.00 13.16 88.46
2160.00 12.50 6.20 1.50 210.00 1.20 24.00 13.04 89.53
2160.00 12.50 6.60 1.50 210.00 1.00 50.00 12.90 89.97
2160.00 12.50 8.30 1.50 180.00 .90 36.00 11.79 91.82
2160.00 12.50 8.10 1.35 400.00 1.50 22.50 9.34 83.36
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Bedform data Meuse River from March 1988 profiles
Q 5 h v Deo A 2 T c’

m/s cm/km m m/s um m m m*/s

1743.00 14.14 9.00 1.95 650.00 .73 9.90 9.98 80.73
1743.00 14.14 8.80 1.32 500.00 .78 11.15 9.31 79.88
1743.00 14.14 8.60 1.45 620.00 .7 7.03 9.16 80.15
1743.00 14.14 9.30 .89 610.00 .83 9.79 3.12 78.18
1743.00 14.14 9.25 1.30 520.00 .81 11.49 8.55 80.20
1743.00 14.14 9.20 1.22 620.00 .78 12.62 6.06 81.08
1743.00 14.14 8.85 1.3 540.00 .66 11.33 8.58 79.58
1743.00 14.14 8.60 1.35 650.00 1 12. 71 7.64 79.38
1743.00 14.14 8.77 1.28 550.00 .62 13.13 7.93 79.88
1743.00 14.14 9.03 1.25 580.00 .83 13.42 8.33 74.01
1731.00 13.79 8.80 1.57 650.00 .78 9.36 10.38 80.58
1731.00 13.79 9.00 1.28 500.00 .85 13.00 8.68 80.03
1731.00 13.79 8.51 1.45 620.00 .58 7.80 9.25 80.08
1731.00 13.79 9.52 .87 610.00 .60 8.70 2.86 78.35
1731.00 13.79 9.05 1.32 520.00 .62 9.70 8.89 80.04
1731.00 13.79 9.04 1.24 620.00 .68 11.75 6.24 80.95
1731.00 13.79 8.80 1.3 540.00 .69 12.87 8.57 79.55
1731.00 13.79 8.50 1.36 650.00 .66 13.31 7.7 79.30
1731.00 13.79 8.22 1.36 550.00 .62 12.24 9.16 79.42
1731.00 13.79 8.68 1.29 580.00 .73 11.04 9.05 73.74
1593.00 13.21 8.10 1.57 650.00 41 7.73 10.57 80.01
1593.00 13.21 8.20 1.30 500.00 .50 9.81 9.06 79.38
1593.00 13.21 8.20 1.39 620.00 .53 9.10 8.42 79.82
1593.00 13.21 8.70 .87 610.00 .60 10.60 2.98 77.70
1593.00 13.21 8.30 1.32 520.00 .60 11.28 9.13 79.44
1593.00 13.21 8.33 1.23 620.00 .65 11.64 6.34 80.38
1593.00 13.21 7.92 1.34 540.00 .62 9.98 9.22 78.80
1593.00 13.21 8.10 1.3 650.00 .61 10.90 T:23 78.96
1593.00 13.21 8.00 1.28 550.00 .59 10.10 8.13 79.23
1593.00 13.21 8.20 1.25 580.00 .65 9.84 8.65 73.34
1472.00 12.50 7.40 1.59 650.00 49 10.76 11.06 79.38
1472.00 12.50 7.60 1.29 500.00 .48 9.09 9.16 78.84
1472.00 12.50 7.60 1.38 620.00 .61 8.22 8.50 79.28
1472.00 12.50 8.10 .87 610.00 .50 9.66 2.98 77.18
1472.00 12.50 7.80 1.30 520.00 .57 10.66 8.9 79.00
1472.00 12.50 7.80 1.22 620.00 .50 9.70 6.24 79.91
1472.00 12.50 7.80 1.26 540.00 .59 10.00 8.02 78.70
1472.00 12.50 7.80 1.26 650.00 .56 11.16 6.64 78.70
1472.00 12.50 7.60 1.25 550.00 .53 10.65 7.72 78.87
1472.00 12.50 .55 1.26 580.00 ST 10.60 8.89 72.75
1256.00 12.50 7.20 1.40 650.00 ST 5.50 8.29 79.19
1256.00 12.50 7.20 1.16 500.00 .50 7.78 7.3 78.46
1256.00 12.50 7.24 1.24 620.00 .52 8.69 6.68 78.94
1256.00 12.50 7.76 T 610.00 4T 9.60 2.18 76.87
1256.00 12.50 7.30 1.19 520.00 .51 10.07 7.34 78.53
1256.00 12.50 7.40 1.10 620.00 .48 10.54 4.91 79.54
1256.00 12.50 7.30 1.15 540.00 a7 11.31 6.59 78.23
1256.00 12.50 T30 1.15 650.00 21 11.58 5.42 78.23
1256.00 12.50 7.00 1.16 550.00 .51 11.84 6.60 78.28
1256.00 12.50 7.00 1.16 580.00 53 1112 7.51 72.21
1163.00 12.50 6.90 1.35 650.00 .35 5.71 7.74 78.89
1163.00 12.50 7.20 1.08 500.00 .40 8.00 6.12 78.46
1163.00 12.50 6.90 1.20 620.00 .48 9.95 6.32 78.60
1163.00 12.50 7.30 .76 610.00 Jbb 11.36 2.12 76.43
1163.00 12.50 7.20 1.11 520.00 .45 10.25 6.36 78.44
1163.00 12.50 7.20 1.04 620.00 45 10.97 4.38 79.34
1163.00 12.50 7.00 1.1 540.00 .54 10.59 6.13 77.93
1163.00 12.50 7.00 1.1 650.00 .52 10.54 5.04 77.93
1163.00 12.50 6.70 1.12 550.00 .50 10.54 6.17 77.97
1163.00 12.50 6.80 1.10 580.00 49 9.55 6.77 72.00
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Bedform data Meuse from March 1988 profiles

River Date Q Dgo Dgo A by
km day m'/s um am m m
176 19 1743 650 1030 0.73 9.9
177 19 1743 500 1150 0.78 11.15
180 19 1743 620 1080 0.7M 7.03
181 19 1743 610 1550 0.83 9.79 f
182 19 1743 520 1150 0.81 11.49
183 19 1743 620 1030 0.78 12.62
187 19 1743 540 1200 0.66 11.33
188 19 1743 650 1200 0.71 12.71
189 19 1743 550 1150 0.62 13.13
190 19 1743 580 2500 0.83 13.42
176 20 1731 650 1030 0.78 9.36
177 20 1731 500 1150 0.85 13
180 20 1731 620 1080 0.58 7.8
181 20 1731 610 1550 0.6 8.7
182 20 1731 520 1150 0.62 9.7
183 20 1731 620 1030 0.68 11.75
187 20 1731 540 1200 0.69 12.87
188 20 1731 650 1200 0.66 13.31
189 20 1731 550 1150 0.62 12.24
190 20 1731 580 2500 0.73 11.04
176 21 1593 650 1030 0.41 Tl
177 21 1593 500 1150 0.5 9.81
180 21 1593 620 1080 0.53 9.1
181 21 1593 610 1550 0.6 10.6
182 21 1593 520 1150 0.6 11.28
183 21 1593 620 1030 0.65 11.64
187 21 1593 540 1200 0.62 9.98
188 21 1593 650 1200 0.61 10.9
189 21 1593 550 1150 0.59 10.1
190 21 1593 580 2500 0.65 9.84
176 22 1472 650 1030 0.49 10.76
177 22 1472 500 1150 0.48 9.09
180 22 1472 620 1080 0.61 8.22
181 22 1472 610 1550 0.5 9.66 I
182 22 1472 520 1150 0.57 10.66
183 22 1472 620 1030 0.5 9.7
187 22 1472 540 1200 0.59 10
188 22 1472 650 1200 0.56 11.16
189 22 1472 550 1150 0.53 10.65
190 22 1472 580 2500 0.57 10.6
176 23 1256 650 1030 0.37 5.5
177 23 1256 500 1150 0.5 7.78
180 23 1256 620 1080 0.52 8.69
181 23 1256 610 1550 0.47 9.6
182 23 1256 520 1150 0.51 10.07
183 23 1256 620 1030 0.48 10.54
187 23 1256 540 1200 0.57 11.31
188 23 1256 650 1200 0.51 11.58
189 23 1256 550 1150 0.51 11.84
190 23 1256 580 2500 0.53 11.12
176 24 1163 650 1030 0.35 5.7
177 2 1163 500 1150 0.4 8 |
180 24 1163 620 1080 0.48 9.95
181 24 1163 610 1550 0.44 11.36
182 24 1163 520 1150 0.45 10.25
183 24 1163 620 1030 0.45 10.97
187 24 1163 540 1200 0.54 10.59
188 24 1163 650 1200 0.52 10.54
189 24 1163 550 1150 0.5 10.54
190 24 1163 580 2500 0.49 9.55
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Bedform Data Bergsche Maas from February 1989 profiles
River Date Q Dgo Doo A A
km mo/day m'/s pm um m m
223 208 1434 450 910 0.52 5.06
223 213 1990 450 910 0.61 6.06
223 214 1735 450 910 0.6 5.97
223 215 1519 450 910 0.53 5.48
223 220 654 450 910 0.29 b4.44
2264 208 1434 350 590 0.48 4.26
224 213 1990 350 590 1.11 13.79
224 214 1735 350 590 0.62 5.97
224 215 1519 350 590 0.63 5.97
224 220 654 350 590 0.32 5.41
230 208 1434 370 595 0.65 7.25
230 213 1990 370 595 0.99 25
230 214 1735 370 595 1.9 29.461
230 215 1519 370 595 1.3 18.52
230 220 654 370 595 0.45 10.87
234 208 1434 320 540 0.67 7.14
234 213 1990 320 540 1.4 19.05
234 214 1735 320 540 1.58 22.22
234 215 1519 320 540 1.09 16
234 220 654 320 540 0.39 7.41
236 208 1434 365 605 0.59 8.96
236 213 1990 365 605 1.26 31.58
236 214 1735 365 605 0.77 13.64
236 215 1519 365 605 0.86 13.95
236 220 654 365 605 0.36 12.5
246 208 1434 275 400 0.54 7.35
246 213 1990 275 400 0.87 40
246 214 1735 275 400 0.94 29.41
246 215 1519 275 400 0.86 25.64
246 220 654 275 400 0.45 1.1
247 208 1434 275 400 0.49 7.25
247 213 1990 275 400 0.78 31.25
247 214 1735 275 400 1.04 23.26
247 215 1519 275 400 0.9 24.39
247 220 654 275 400 0.45 10.75
— E——
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Bedform Data Rhine-Waal from 1988 profiles
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Bedform Data Rhine from 1988 profiles

Date Q d, Am A
mo/day m'/s wm m m
318 7476 990 0.43 0.9 14.29
319 8143 990 0.56 1.1 18.18
320 8324 990 0.68 1.5 21.74
322 7789 990 0.92 1.5 23.81
325 6838 990 0.91 1.6 29.41
328 8985 990 1:25 2.3 30.3
329 9782 990 1.32 2.4 32.26
33 10206 990 1.7 3.6 40
401 9444 990 1.5 2.5 40
402 8556 990 1.48 2.7 37.04
405 6648 990 1.13 1.7 35.7M
406 6108 990 1.27 1.9 41.67
407 5668 990 1.12 1.7 43.48
411 4219 990 0.96 1.8 52.63
=
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APPENDIX D

Bathymetric profiles of the Bergsche Maas, 1984 flood
at kms 223, 224, 230, 234, 236, 246, 247,
on February 8, 13, 14, 15, 20, 1984.
from Adriaanse (1986)
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Length soundings Meuse, km. 223 - 223% during period of high discharge,
8-20 February 1984

Bathymetric profiles of the Bergsche Maas
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- 224" during period of high discharge,
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Length soundings Meuse
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Bathymetric profiles of the Bergsche Maas
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Bathymetric profiles of the Bergsche Maas
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Bathymetric profiles of the Bergsche Maas
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- 236% during period of high discharge,

Length soundings Meuse, km. 235°

8-20 February 1984
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Bathymetric profiles of the Bergsche Maas
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Bathymetric profiles of the Bergsche Maas







