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On the Capability of the Hec-6 Program

to Calculate River Scour
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Introduction

The HEC-6 program, “Scour and Deposition in Rivers and Reservoirs” (Ref. 1),
developed by the US Corps of Engineers was adopted to simulate the general scour
evaluation for the river crossings. This report addressed the validations and limitations of
HEC-6 to perform the scour or deposition simulation in natural streams.

Sediment transport in natural rivers is a very complex process, and general scour esti-
mation within natural streams is heavily dependent upon engineering judgement and
empiricism. The basic difficulty lies in the complete comprehension of the mechanics of
sediment transport in natural channels. Nevertheless, mathematical models for the esti-
mation of scour and deposition in rivers and reservoirs, such as HEC-6, have recently
been developed and applied, with some degree of success, to numerous rivers throughout
the North America.

Since its 1976 publication, HEC-6 was calibrated for river and reservoir scour and
deposition by using both laboratory and field data. Examples and locations of its applica-
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tion include: Red River, Louisiana (Ref. 2); Fort Randall Reservoir on the Missouri
River (Ref. 3); Ozark Reservoir on the Arkansas River (Ref. 3); Barber Reservoir on the
Boise River, Idaho (Ref. 3); Clearwater River, Snake River and Lower Granite Reservoir,
Idaho (Ref. 4); and Cottonwood Creek, Sacramento River, California (Ref. 5).

Background

Despite the reported success of HEC-6 to model scour and deposition of rivers and

reservoirs (reservoir deposition estimated being the most successful of the two), applica-
tion of the HEC-6 model was not found feasible to estimate scour computation on all
river crossing projects. The main reasons are explained as follows:

1.

Numerical Stability — The program has to satisfy the continuity of sediment material,
that is, the Exner Equation. Since an explicit first-order finite difference scheme was
used to advance the time domain, the computation-time interval, At, had to satisfy
the Courant-Friedrichs-Lewy condition,

(1-p)B(1-F?) AX

At < 3G ( 1)
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where Ax is the reach length, G is the sediment transport capacity, B is the erodible
width of channel, p is the porosity, F is the Froude number, and h is the water
depth. Based on the available data, numerical stability required that the time interval
be of the order of 10 minutes for small creeks, and 100 minutes for large rivers.
Under these stability criteria, and for short reaches and readily erodible channels,
the model became extremely expensive to operate. Violation of this stability would
result in the oscillation of the computational results.

Armor Layer — In HEC-6, the scour depth is directly dependent upon two patame-
ters; elevation of the model bed and elevation of the equilibrium depth. (as defined
in the following section). The depth of bed material which must be removed to
scour to equilibrium is determined by the following criteria: (a) If the elevation of
the equilibrium depth is greater than the elevation of model bed, the depth of scour
to equilibrium is equal to the difference between the elevation of the existing chan-
nel bed and the elevation of equilibrium depth. (b) If the elevation of the model bed
is higher than the elevation of equilibrium depth, the depth of scour to equilibrium
is equal to the difference between the elevation of the existing channel bed and the
elevation of the model bed. In this case, the depth of armor layer is equal to the
depth of scour to equilibrium, since when all material is removed from that layer,
the channel bottom is completely armored and no more scour is allowed. A pre-
determined value of the elevation of model bed thus becomes crucial to the com-
putation of scour depth in HEC-6, since the program will prohibit bed scour below
this elevation it the elevation of the equilibrium depth is lower than the elevation of
the model bed. This situation occurred in the cases of highly potential scouring
rivers with high discharges and fine sand bed materials. To circumvent the uncertainty
of the elevation of the model bed, HEC-6 sets a default of 10-feet to armor layer.



(That is, the elevation of the model bed is equal to the thalweg elevation minus 10-
feet). However, in some rivers, by varying the depth of armor layer, maximum scour
depths of from O to 120 feet were observed. It may thus be concluded that scour
depth is not unique and must depend on data verification and sound engineering
judgement. ,

Equilibrium Depth — The equilibrium depth is defined as the minimum water depth
required for a particular grain size to be immobile on the bed surface, and is obtained
by combining the Manning, Stricker, and Einstein equations, resulting in the equation:

%
q
D, = (2)
{ 10.21d%}

where q is the water discharge per unit width, and d the grain diameter. In HEC-6, q
is obtained from the total discharge, without distinguishing between main channel
and overbank flows. As such there may be no problem when rivers are under bank-
full flows, but validity questions arise when overbank flows occur. This problem was
encountered in all types of streams, including single, split, meandering and braided
channels. In most rivers under the Project Design Flood (PDF) condition, overbank
flows were common, and as such and overestimation of the equilibrium depth was
inevitable.

~ Transport Capacity — Three options for calculating sediment transport capacity for
non-cohesive material were available: (a) Toffaleti’s modification of Einstein’s bed
load function, (b) Laursen’s relationship as modified by Madden for large rivers, and
(c)afunctional relationship between transport capacity and the depth-slope product.
(More precisely, there were five options in total, the other two were (d) DeBoy’s
method, and (e) Yang’s stream power method).

It was believed that the Toffaleti’s and Laursen’s methods might be acceptable for
the sand bed channels (d < 2mm), but not suitable for the gravel bed channels (2 <
d < 64mm). As pointed out by Prasuhn and Sing (Ref. 5), the most recommended
Toffaleti’s transport method was found to greatly underestimate gravel movement,
when Cottonwood Creek and the Sacramento River were tested. Therefore they
recommended the Schoklitsch’s bedload function (Ref. 6). As far as gravel transport
was concerned, the Meyer-Peter and ‘Mueller method (Ref. 7) seemed the most
reliable approach.

The selection of an appropriate transport capacity function is an important step in
scour and deposition modeling. The confidence of the simulated results may only be
justified by the data verification procedure.

Data Requirements — To run the HEC-6 program, three data categories are needed.
They were geometric, sediment and hydrologic data. As emphasized before, calibra-
tion is imperative to assess the validity of the model before scour prediction may be
made. In most river crossing projects, only very limited sediment and hydrologic
data are available, and due to the generally inadequate, or the complete lack of data,
successful calibration could not be conducted.



Tested Examples

Two alluvial streams were initially chosen to assess the performance of the HEC-6
program for the scour computation. The first one is a small creek (Hereafter will be
named The Creek) with fine sand bed material. The second one is a large river (Hereafter
will be named The River) also with fine sand bed material.

The Creek

The only available data for the Creek were the geometric characteristics of the
channel and the bed material gradation. Hydrologic data were taken from the derived
PDF hydrograph, and the sediment transport-discharge rating curve was estimated
by using Colby’s method (Ref. 8). There were no observed data to calibrate the model,
hence HEC-6 was used directly to predict the scour and deposition processes without
model verification. The Creek consists of a sand bed with ds, equal to 0.09 mm. Back-
water computations for the PDF indicated that overbank flow occurred at all locations
within the study reach. Figure 1 gives the bed material gradation curve, and Figure 2 the
hypothetical PDF hydrograph. Channel cross-sectional data were taken from the HEC-2
format (Ref. 9), and transferred into the HEC-6 program. The results of simulation
indicated that when the armor layer was limited to 10-feet, it took less than three days
for the Creek to scour to 8.94 feet for the most critical section. However, when the armor
layer was set equal to 20-feet, the most critical section of the Creek scoured to 17.88
feet within three days. The results indicate that without data calibration, scour depth
estimation is directly dependent upon determination of the armor layer.

The River

The scour and deposition of the River using HEC-6 was carried out similarly.
Measured water surface profiles and the sediment load rating curve were used for the
model calibration.

Figure 3 shows the comparison of the measured and simulated water surface profile
for the study reach using the observed discharges. The calibrated Manning coefficient
was then used in the HEC-6 program. The bed material gradation is given in Figure 4,
and the hypothetical PDF hydrograph together with the corresponding water tempera-
tures given in Figure 5. Figure 6 gives the observed sediment rating curve. These geome-
tric, sediment and hydrologic parameters were inputed into HEC-6 to test scour and
deposition of the River. As indicated in Figure 6, good correlation was obtained between
measured and simulated sediment transport-discharge relationship. The sediment load
rating curve was obtained from the available data at the observed gaging station.
Checking of correct sediment capacity for the corresponding water discharges was nec-
essary to assure the quality of the computed scour depth. The HEC-6 predicted a net of
7 feet scour at the most critical section during the PDF event.

Conclusions and Recommendations

Two alluvial rivers were selected to test the feasibility of using HEC-6 to evaluate the
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scour depth. A comparison of some of the hydraulic parameters computed are given in
Table 1. It may be shown from the Exner equation that, under the same sediment
transport values, the rate of scour or deposition for the River was almost 65 times
slower than that of the Creek. In reality, sediment transport of the Creek is far greater
than that of the River, whereas it took only 3 days for the Creek to reach the specified
scour depths. The scour duration of the River could last for 22 days. The high scour
potential of the Creek is due to the small width of deposit, the short channel reach,
high velocity, and fine bed material.

A striking difference between the two rivers lies in the fact that the River had the
observed data to calibrate the model, while there were no data available to verify the
Creek. This makes the estimation of scour depth of the Creek very difficult.

Caution must be taken in choosing the methodology of the sediment transport
capacity. The existing options for calculating sediment transport capacity for non-
cohesive material in the HEC-6 model were tested on sand bed channels. As far as gravel
bed streams are concerned, some modification was recommended. Also calibration
procedures to verify the simulated results are necessary to obtain a viable routing model.

In general, the model may be applicable to medium and low flow streams where
scour potential is low, such as in the modeling of sediment deposition in reservoirs (see
Ref. 2 to 4). In the other rivers, including the gravel bed channels, the HEC-6 model
was not found satisfactory for degradation or aggradation computation.

Table 1: Comparison of the Hydraulic Characteristics of the Creek and the
River computed from the HEC-6 model.

Mean Mean Max Computation
deposit width reach length ~ flow velocity time interval
(ft) (ft) (ft/sec) (sec)
The
Creek 187 763 11.7 600
The 1,594 5,766 9.6 6,000
River
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