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I. INTRODUCTION

The disposal of dredged material has received much attention from
environmentalists. Section 404(b) of the Federal Water Pollution Control Act
Ammendments of 1972, P.L. 92-500, prohibits discharges of dredged material to
navigable waters of the United States unless permits are issued through the
U.S. Army Corps of Engineers. In 1975 guidelines on the issuance of permits
were published in the Federal Register. Among the ecological impacts from
dredged material disposal to be examined were impairment of the water column
and the covering of benthic communities. There exists a need for mathematical
models to predict the concentration and deposition of suspended solids and
water quality constituents resulting from disposal of dredged material.

The Corps of Engineers currently dredges portions of the upper
Mississippi River to maintain a nine-foot (deep) channel for barge traffic.
The hydraulically dredged material is discharged into open water or onto a
nearby bank. This water contains suspended solids and forms a suspended-
solids plume and a chemical containment plume where it enters the river.

A multidisciplinary consortium called the Great River Environmental
Action Team, GREAT, was formed in 1975 to determine the environmental effects
of dredging and dredge disposal on the Mississippi River. During the second
phase of this study, GREAT II ( from Guttenberg, Iowa, to Saverton, Missouri),
two mathematical models were developed at The University of Iowa Institute of
Hydraulic Research to assess water quality concentrations after dredge
disposal. The three-dimensional, steady-state model of Wechsler and Cogley
(the Walden Plume model) was modified for the case of side-bank disposal of
dredged material in the GREAT II study reach. Also a two-dimensional, steady-
state model was developed by means of an analytical solution to the depth-
averaged equation. It was a recommendation of the GREAT II study that the
model receive further refinement and verification.

In this research, the Wechsler-Cogley model is applied to three sites in
the GREAT III study reach, from Saverton, Missouri, to Cairo, I1linois. This
reach includes different environmental conditions than those encountered in
GREAT II--1.e., open-water disposal of hydraulically dredged material, dustpan
as well as cutterhead hydraulic dredging techniques, and conditions existing
below the lock and dam and pool system of the upper Mississippi River.
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Secondly, the two-dimensional analytic model is developed into a chemical
contaminant plume model. It is applied to a site within the GREAT III study
reach, Chemical kinetics and sorption partitioning are included in the
model. In addition, sediments from seven locations along the GREAT III study
reach are screened via the standard elutriate test. Elutriation kinetics are
delineated.

A primary objective of this research was to refine and verify the
accuracy of a mathematical model of suspended-sediment dispersion, and a model
of desorption and dispersion of toxic materials from dredged sediments. These
models were developed during the GREAT II study, but additional sampling of
suspended-sediment plumes associated with dredge disposal is needed to test
the accuracy of the model at different stream velocities and for different
sediment types. The refined mathematical formulas will provide users with a
quantitative method for assessing water-quality impacts under the Federal
Clean Water Act for dredging. Associated scope and objectives of this
research were to:

1) Measure suspended-sediment plumes (length and width at mid-
depth) associated with open-water disposal channel maintenance
dredging operations.

2) Refine the Wechsler-Cogley particle-dispersion model as modified
by The University of Iowa Institute of Hydraulic Research.

3) Collect water and sediment samples from five designated harbor
and shoreline areas on the Mississippi River, and analyze them
for ammonia, phosphorus, COD, oil and grease, cadmium, chromium,
copper, lead, mercury, nickel, manganese, iron, zinc, and PCB's.

4, Perform particle-size analysis and priority-chemical-pollutant
analysis for the sediments.

5. Conduct standard elutriate and kinetic tests to predict the
extent of release of chemical poliutants from the sediments and
to determine the rate of desorption.

——
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I1. SUSPENDED SOLIDS MODEL

A._Wechsler-Cogley Model Development. The model with which this chapter
is principally concerned is based on a turbidity plume computer model proposed
by Wechsler and Cogley (1977). It was developed for predicting concentrations

)

1

\|

I

E of suspended sediment downstream from a line source (e.g., a hydraulic

L‘ pipeline dredge discharging into open water). These concentrations are

!! predicted as a function of sedimentation data (from jar tests) and hydraulic
parameters such as eddy diffusivity and current velocity. The initial

. simplifying assumptions utilized are unidirectional constant flow, infinite

Ef width, constant depth, and infinite length.

The concentration of suspended sediment downstream from a disposal site
is determined by a balance among four sediment transport mechanisms: removal
by downward settling and deposition, transport by vertical diffusion in the
direction of decreasing concentration gradient, lateral dispersion by
turbulent diffusion, and dispersion in the downstream direction by both
convection and turbulent diffusion. This material balance is given by the
following differential equation:

arlue) + 55 (fwfnaw) - Gz (£, 3%) + 55 (€, 5 + 3 (£, 25y) = 0 (11-1)

where x = longitudinal coordinate (m)

y = vertical coordinate (m)

z = lateral coordinate (m)

u = current velocity (m/s)

(d = sediment concentration (mg/1) %

w = particle settling velocity (m/s) .

f(w) = settling velocity frequency distribution ([sediment mass/w] vs. -
w) N

Ey = diffusion coefficient in the x-direction (m2/s)
= diffusion coefficient in the y-direction (mZ/s) '
E, = diffusion coefficient in the z-direction (m2/s) 7

The necessary assumptions for this relationship are steady, uniform, and ~F
fully turbulent flow, as well as Fickian diffusion (i.e., mass transport by ;
diffusion is proportional to the concentration gradient). ]
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To obtain a useful form of (II-1), further simplifying assumptions must

be included:

1).

2).

3).

Turbulent diffusion in the x-direction (downstream) is negligible
when compared to the convection term, i.e.,

9 acC )
% (Ex a—x) << X (uc)

(11-2)
For fully turbulent flow, the velocity profile will be practically
flat, especially outside the near-bottom zone. Therefore, it can
be assumed that the velocity is constant and equal to the mean
velocity, U, and

2 ac

Y (uc) = U o (11-3)
E.y can be assumed to be approximately equal to the diffusion
coefficient for fluid momentum, E, (the Reynolds analogy). This
assumption has been found to be especially true for fine

particles, which constitute the principal portion of the
suspended-solids plume (Jobson and Sayre, 1970).

A relationship between E, and y can be obtained using four
equations:
a) The first equation is the definition of Ej,

= of,, au (11-4)

Ty Y

b) The second equation 1is obtained by differentiating the

logarithmic velocity profile

u
U == 1n [yM)

(11-5)
¢) The vertical distribution of shear is assumed to be given by

Tyt T, 1 - ymMm] (I11-6)
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d) Finally, the shear velocity and bed shear are related as
follows:

T, = ou,2 (11-7)

Combining these three equations, the following equation is
obtained:

E, = ku,y[l-y/H] (11-8)

= shear velocity (m/s)

= von Karman's constant
= channel depth (m)

= turbulent shear stress (N/mz) ..
= fluid density (kg/m’) =
= momentum diffusion coefficient (m2/s) '
bed shear stress (N/mz)

"
[ AL NN
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Thus it can be assumed that E; varies parabolically from zero at
the surface and bed to a maximum at mid-depth.

The bed shear stress and mean velocity are empirically -
related as follows: Fﬂ
f 2

T =B P U (11-9)

where f is the friction factor (approximately equal to 0.02 for
natural, fully turbulent flows).

If ¢« is assumed to be equal to 0.4, the following relation
can be obtained by combining (II-7) through (I1-9):

.

Ey = Eq = 0.02Uy(1-y/H) (11-10)
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4). Based on experimental studies (Fischer, 1973), the 1lateral
diffusion coefficient can be considered to be approximately
constant and given by the expression

E, = 0.2Hu, (11-11)

Combining (II-9) through (II-11), E, can be expressed as
Ez =2 (Ey)max (11-12)
where (Ey)max is the maximum value of Ey (at mid-depth).

5). An assumption is made that the sediment can be divided into
fractions, and that each fraction can be characterized by a
representative particle size with 1its corresponding settling
velocity. It also is assumed that no flocculation occurs (i.e., w
is not a function of time).

Incorporating all of these assumptions, the material balance equation,
(II-1), can be written as

U %; + W :—; - :—y ((0.02uy(1-y/h)) :—f;
Sl 2 ) 2 . 0 (11-13)
2z y ‘max az

This equation is solved for each sediment fraction. The total concentration

at each point 1is obtained by superimposing the weighted solutions for all
fractions.

Equation (II-13) is solved numerically by a finite-difference method,
using the following boundary conditions:

1). The upstream boundary condition, at x = 0, assumes that a vertical
plane source continuously emits suspended solids at a constant
given strength per unit height, c = c,. The lateral limits of the
source are -b<z<b, where b is small relative to the depth. The
source i$, in general, assumed to extend from the water surface to

S B AN




the bottom. Variations in initial source conditions, such as a
point or a depth-varying source, can also be modelled.

2). A second boundary condition for the solution of. (II-13) is the
physical limitation of no sediment flux across the surface, i.e.,
at y = H

ac
—— = -
Ey 3y We = 0 (11-14)
3). For simplicity, it is assumed that there is no reentrainment of
sediment reaching the bottom, i.e., at y = 0
ac

E, 5o =0 -15

y 2y (I1-15)
Using these boundary conditions, the calculation proceeds downstream step
by step. Over each step, Ax, a finite-difference model of the equation is
used to calculate the concentrations at the end of the step from those at the

beginning.

Two aspects of this process deserve special mention. First, in order
for Ax to be large enough to have an efficient algorithm and to avoid
instabilities of a purely numerical origin, an implicit finite-difference
scheme was selected. For this 1implicit system, the diffusion
term, a/ax(Exac/ax), is expressed at x + Ax rather than at x. This scheme
requires the solution of a system of N equations at each step (N=H/Ay).

Second, the effect of lateral diffusion can be considered separately.
Lateral diffusion could be described by

3
2owe) =% e (11-16)

where C represents the concentration obtained from the two-dimensional
prohlem, The solution of this equation is given by

4nxE_ -1/2 b

2
C(x,z) = E—TrEJ g exp[- Qéféf)—ﬂ dv (11-17)
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where v is a dummy variable which represents distance within the plume. A
change of variables relates this solution to the “error function" (erf).

If E;, is taken to be a constant (largely true, except near the bottom
surface), and

Wyl - (2 (11-18)
2

(11-17) becomes
b
C(x,2) = W% £ exp [-y2/2)dy (11-19)
-b

which can be expressed in terms of the error function, for which an analytical
solution is well known. The analytical and numerical results are computed
separately and then combined to obtain an approximation of the three-
dimensional concentration field.

Modifications to the Wechsler-Cogley computer program are discussed in
Sections C through G. Section F includes a sample model run with its

corresponding computer output. A final version of the modified program is
listed in appendix A.

8. Field Trips: Procedure and Results. To gather data for refining
and verifying the computer model field trips were made to Mississippi River
Mile (RM) 14, RM 254,5, and RM 170. The sampling process used at each site
was as follows:

1). Site Layout. It was attempted to establish a rough grid at each
site to systemize the subsequent sampling. Either buoys or shore
markers, located from a common reference point, were used to
demarcate the different sampling transects. It was estimated that
this grid would encompass the sediment plume. The general layouts
of the three sites are shown in figures II-1 through II-7,

Suspended-solids data for each site appear on these figures as
well,

—
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2).

3).

4).

5).
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Water Samples - Suspended Solids. Water samples were taken at
depths of 2 and 9 feet. Sediment-laden water was pumped
continuously as the boat traversed each transect at an
approximately uniform velocity. A small Cole-Darwin rotary pump
was used to pump discrete samples into pint jars at intervals of
approximately thirty seconds. These samples were analyzed using a
standard suspended-solids analysis (Standard Methods, 1980) at the
Water Plant laboratory of The University of lowa. Figures II-1
through I1-7 show the above-ambient suspended-solids
concentrations for the three locations at 2-ft and 9-ft depths.

Velocity Measurements. To obtain a representative mean velocity
for each site, velocity measurements were taken (with a Universal
Current Meter) at ten equally spaced intervals along the depth,
starting at 1 ft from the bottom, plus one measurement 0.4 ft from
the surface. Thus, it was possible to construct velocity profiles
for different locations at each site. These profiles are given in
figures 1I1-8 through 1I-10. This procedure also provided
representative mean depths at each site.

Bed Samples. To determine a characteristic dredge material size,
bed samples were taken with a Ponar dredge sampler. One sample
was taken at some point which was to be dredged ("above dredge")
and another was taken at the dump site.

These samples were analyzed using the U.S. Bureau of
Standards sieve classification (Lambe, 1951), either by the Iowa
Institute of Hydraulic Research (IIHR) or by the United States
Geological Survey (USGS) in Iowa City, lowa. The grain-size
distribution curves appear in figures II-11 through II-13,

Water Samples - Solids Distribution. To determine the size
distribution of the solids in suspension three water samples,
approximately five gallons apiece, were gathered at each site; at
about 20 ft (as close as possible), 40 ft, and 100 ft from the

disposal point.
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These samples were analyzed by the Vsual Accumulation (VA)
Tube and Pipette methods by the USGS. It should be noted that the
settling velocities of the larger particles in suspension can
easily be determined from the VA graph.

A brief description of each field trip follows:

The first field trip, to RM 14 (near Cairo, Il1linois), was made
between 29 September and 1 October, 1981. The general location
map of the site appears in figure II1-14, The COE dustpan dredge,
“Potter," was operating using near-shore disposal. The layout and
suspended-solids plumes appear in figures II-1 through II-3, with
ambient suspended solids equal to 100 mg/l.

The plume at the 9-ft depth is presented in two parts
(figures II-1 and II-2) because the dredge-disposal point was
moved approximately 500 m upstream before the final two transects
were sampled. Due to a lack of time and the difficulties involved
in reestablishing the grid system, it was assumed that the last
two transects could be incorporated with the first four for
modelling purposes.

According to the MIT classification (Lambe, 1951), the
dredged material at this site (see figure II-11) appears to be
largely medium and coarse sand with Dgy equal to about 0.5 mm,
There was practically no silt and clay present in the samples.

Figure II-8 illustrates two of the problems encountered at RM
14: extremely high velocities and depths. Although the figure
indicates a relatively high velocity of 4.5 ft/sec and a depth of
14 ft, velocities of over 8 ft/sec "qusting" around the wing dams
were encountered, as well as depths of more than 50 ft. These
velocities and depths made it extremely difficult to set up the
original grid. The sampling itself was also difficult because the
boat was rather ill-equipped to handle these conditions. The
presence of a series of wing dams contributed to the general
unsteadiness of the situation. A1l of these conditions taken
together explain, to a large extent, the absence of well-
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established plumes at this site (see figures II-1 through 11-3).

The second field trip, to RM 254.5, was made between 20 October
and 25 October, 1981, The general location map of the site
appears in figure II-15, Open-water disposal of the COE
cutterhead dredge, “St. Genevieve", was sampled. The general
layout and suspended-solids plumes appear in figures I1-4 and II-
5, with ambient suspended solids equal to 156 mg/1.

The plume at the 9-ft depth (figure I1I-4) is fairly well
established, especially on transects 3, 5, and 6  with
concentration values tapering off at the edges. The plume appears
to be on the order of 200 m wide. The plume at the 2-ft depth
(figure II-5) is less well established.

Figure II-9 shows representative velocity profiles and depths
at this site. The velocities are about 1.5 ft/sec and the depths
are about 15 ft. The sites where velocities were measured appear
in figure II-4 as V1 and V2.

Dgg for the bed samples (see figure II-12) lies between 0.3
and 0.4 mm. Again, there is very little silt and clay; the
dredged material appears to be medium and coarse sand. The
difference between the two curves is probably due to local sorting
at the discharge point.

The third field trip, to RM 170 (near St. Louis, Missouri), took
place between 20 November and 22 November, 1981, The general
location map of the site is shown in figure 11-16. The dredge-
di$posal plume from the “St. Genevieve" was sampled. Both near-
shore and on-shore disposals were used at different times., The

- general layout and suspended-solids plumes for this site are given

in figures 1I-6 (ambient suspended solids = 70 mg/l) and II1-7
(ambient suspended solids = 84 mg/l).

Figure I1I-6 (9-ft depth) shows a fairly well-established
plume with the concentrations along most of the transects tapering
off at the edges. The width of the plume is on the order of 100
m, but it is possible that the whole plume was not encompassed
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within the grid.

The 2-ft depth plume (figure II-7) is considerably less well
established than that at the 9-ft depth. The fourth transect
indicates a drop in slurry concentration.

Figure II-10 indicates representative velocities of about 2.5
ft/sec and depths ranging from about 10 to 20 ft. The measuremen®.
sites are shown as V1, V2, and V3 in figure II-6.

The grain-size distribution for this site (figure II-13)
shows dredge-spoil material consisting of medium and coarse sand
with a Dgg of about 0.4 mm, with little or no silt and clay
present. The difference between the two curves is probably due to
sorting at the discharge point. An empirical relationship between
particle diameter and settling velocity is presented in figure II-
17.

One problem unique to this site was the mode of disposal.
The disposal started out as near-shore in water 2 or 3 ft deep.
As the sand settled out of suspension, it rapidly accumulated and
the disposal became on-shore. This change naturally affected the
dynamics of the whole situation and, therefore, the formation of
the plume itself.

C. Model Predictions - GREAT Il Data. The first modelling objective
of the present project is to attempt, through manipulation of input
parameters, to improve suspended-solids-concentration predictions of field
data from two GREAT II sites (Schnoor et al., 1980).

Figure II-18 shows field data from the Rock Island, Illinois site. The
isopleths superimposed on the data are those predicted by the model as it was
in the GREAT II study, except the source half-width has been increased from
12,5 m to 15 m to improve the transverse scale on the computer output. The
principal problem is too little lateral spread.

Lateral spreading can be increased by increasing either the source half-
width or the lateral dispersion coefficient, E,, Since increasing the source
width essentially increases the width of the entire plume proportionately, it
was decided to concentrate on increasing the plume spread by changing the
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lateral dispersion coefficient.

The lateral dispersion coefficient for figure II-18 was calculated using
the assumption that (see Section A)

£, = 2.2 (0.005UK) = 0.0088 n’/s (11-20)

A number of model simulations were made systematically increasing the
lateral dispersion coefficient while keeping all other parameters the same.
The most satisfactory prediction was obtained using E, = 2.0 m2/s (figure II-
19). Because of its magnitude, this value of E, can no longer be considered
to represent only the effect of turbulent diffusion. For the remainder of
this report the lateral dispersion coefficient will be referred to as the
coefficient of transverse mixing, D,. This coefficient includes effects of
turbulent diffusion, transverse dispersion (Taylor, 1954) associated with
secondary currents, and any transverse velocity component imparted by the
disposal operation itself. This change from E, to D, will be discussed in
more depth in Section E.

The same modelling procedure was followed for data from the Keithsburg,
I1linois, site. Figure 11-20 shows the model results for parameters used in
the GREAT II report, except that the source width has been increased from 6 to
12 m (again, to improve the computer-output scale). This figure also shows
the inability of the model to adequately predict lateral spread; near-shore
and in-plume suspended-solids concentrations are also poorly predicted. It
should be noted that the lateral dispersion coefficient was taken (in the
GREAT II study) to be equal to 0.03 mz/s, and it was not calculated by (II-
20). The coefficient was increased to include effects of the sloping channel
bottom,

Although the Keithsburg data were quite sketchy, D, = 2.0 m/s (figure
I1-21) again provided the most plausible predictions for a combination of
lateral spread, near-shore concentrations, and to a certain extent, the few
available in-plume concentrations.

D. Model Predictions - GREAT III Data. Having obtained satisfactory
results for Rock Island and Keithsburg data, the modified model was used to
predict GREAT III data. The input parameters for the RM 254.5 site were

-
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as follows:
The mean velocity of 0.5 m/s was determined from figure I[I-9,
The depth of 4 m was determined from figure II-9,

From personal observation, the source width was assumed to be
equal to 20 m,

Above-ambient suspended-solids concentrations at RM 254.5 (see
figures 1I1-4 and II-5) were not substantial enough to provide a
basis for determining the original source concentration. For this
reason, a rough solids balance was used to calculate the strength
of the source.

The “St. Genevieve" dredges an average of 1072 yd3/hr of
material (personal communication with Mr. Matthew Struckel, U.S.
Army Corps of Engineers, St. Louis). Assuming the dredge spoil to
be 85 percent solids, the mass of material discharged from the
dredge is approximately 5 x 108 mg/s. Using the width, velocity,
and depth calculated above, approximately 12,000 mg are discharged
per liter of receiving water. Less than one percent of this
material actually becomes suspended in the river upon disposal.

The next obstacle encountered was modelling the low
suspended-solids concentrations at the head of the plume,
precisely where the highest concentrations would normally be
expected. This phenomenon is discussed in Section E. In trying a
number of different source configurations, the best results were
obtained when the initial plane source was assumed to cover the
bottom tenth of the depth. Therefore, the initial source strength
should be scaled up to 120,000 mg/1. Since 120,000 mg/1 is known
to be too large, the source strength was reduced considerably from
the original value, because the bulk of the material (mainly sand)
settles out of suspension almost immediately after discharge.

It was not possible to accurately determine the size division of
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suspended-dredged sediment from the field analyses. In light of
this situation, the following procedure was followed:

- a) Since the data indicated a fairly constant amount of sediment
in suspension, the sediment was divided into two fractions:
fines and sand.

b) Based on size analyses, the grain size of the sand in
- suspension was taken to be about 125 microns. From these

analyses, the settling velocity for 125 microns is approximately
0.016 m/s. Because the model is unstable for a combination of
this settling velocity and the current velocity at the site (see
figure 11-22), the settling velocity used was 0.012 m/s. Since
even at the reduced velocity the sand settles out quite rapidly,
this reduction has very little effect on the final result.

c) Based on the pipette analyses the representative grain size
for the fines was assumed to be 0,002 mm. The corresponding
settling velocity determined from figure II-17 is about 3 «x 1076
m/s.

d) Based on size analyses, the material is assumed to contain
about 50 percent fines and 50 percent sand.

6). The disposal mode used was open-water discharge.

7). Since the plume spreads out very quickly at first, and then more
gradually, it was decided to introduce a crude scheme (this
assumption 1is discussed more thoroughly in Section E) for
modelling the lateral mixing coefficient. It was assumed that D,
varies as follows:

Dz(x) = Dz*[l+b exp(-x/100)] (11-21)

where

D,* = eventual “"steady state" lateral mixing coefficient
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b = a constant

In other words, the lateral mixing coefficient was assumed to decrease
exponentially until it reached an essentially constant value.

These parameters were modelled for different combinations of Dz*, b, and
original source concentration. The best predictions were obtained using DZ* =
2.0 m2/s and b = 10 for an original source strength of 2000 mg/1. The
predicted isopleths appear in figures I1-23 (9-ft depth) and I1I-24 (2-ft
depth). The lateral spread is predicted well for both depths. Concentration
predictions for the 9-ft depth are quite good, while those at a depth of 2 ft
are too low.

The final phase of the present study consisted of verifying the modified
model using data gathered at RM 170 (see figures II-6 and II-7). The
parameters used for this verification were as follows:

1). Mean velocity = 0.8 m/s (from figure II-10),

2). Mean depth = 4 m (from figure I1I1-10).

3). Source width = 20 m.

4). The source configuration and original source strength were assumed
to be the same as those used at RM 254.5.

5). Even though there was a higher percentage of fines present in
suspension than at RM 254.5, the distributions were quite
similar. Because the grain-size distributions at the two sites
(figures II1-12 and 11-13) were also very similar, the same
sediment division and settling velocities as were used at RM 254.5
were chosen. The smaller amounts of sand in suspension at the
head of the plume are probably due to the fact that the dredge
spoil often traveled over land before entering the river, and
therefore the sand had more opportunity to settle out. Given the
similarities in distribution already mentioned and the fact that
the fines predominate in the plume, the assumption that the
sediment parameters were also similar is justified.

6). Since the spoil discharge alternated between near- and on-bank,
the intermediate disposal mode was used.

7). Since the depths and velocities were of similar magnitudes at both

T
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sites, b = 10, and DZ* = 2.0 m2/s were used for determining the
traverse mixing coefficient.

The predicted isopleths using these parameters are shown in figures I11-25
(9-ft depth) and I1-26 (2-ft depth). The predicted concentration values for a
depth of 2 ft are extremely low. This fact may be due to the failure to
obtain adequate samples for determining ambient suspended-solids
concentrations, which also explains the difference in ambient values used at
the two depths.

At a depth of 9 ft the magnitudes of the predicted values are much closer
to those of the data. In fact, if the whole distribution were rotated away
from the bank, the predicted values would agree quite well with the data.
This fact indicates an abrupt increase in the depth at about 50 m from the
bank. This ledge would prevent spreading and would virtually constitute a
bank from which suspended solids below a certain depth would "reflect". This
possibility is borne out by the inability of the boat to approach closer than
50 m from the river bank when sampling at a depth of 9 ft.

It should be noted here that it was impossible to model the data from RM
14, due principally to the fluctuating depths, fluctuating velocities, the
presence of wing dams, and the moving dredge disposal.

E. Discussion. The purpose of this section is to justify the major
modifications made to the model by explaining why they were successful in
improving the model's predictions.

1. Transverse Mixing Coefficient. The amount of transverse mixing in
an open channel can be represented by the dimensionless
quantity ¢ = Dz/u*H, where ux = shear velocity and H = river
depth. D, is the coefficient of transverse mixing which includes
turbulent diffusion as well as transverse dispersion (Taylor type)
associated with any secondary currents present (Taylor, 1954;
Elder, 1959; and Brooks, 1972).

The Wechsler-Cogley model was based on the assumption
that 6 = 0.2, as reported by Fischer (1973). This value was
obtained in flume experiments. Yotsukura and Cobb (1972) report
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values of 8 for natural streams and irrigation canals varying from
0.22 to 0.65.

Okoye (1970) showed that 6 is a function of the aspect
ratio A = H/W, where W is the river width., Figure [I-27 shows
this relationship and indicates values of & measured in the field
of up to 0,72, If a depth of 15 ft and a width of half a mile are
assumed at sites sampled for the present study, the aspect ratio
would be equal to about 0.005. A rough extrapolation in figure
11-27 would indicate a value of @ equal to nearly 2.

Okoye also reported a variation with depth of the transverse
mixing coefficient due to bed shear and the nonuniform
distribution of the vertical diffusivity with depth. A typical
example of this phenomenon 1is illustrated in figure I1-28,
where £ = x/H and ea = average value of 6. Okoye reported a
maximum variation of 35 percent for 6(n) from its mean value.
Since the sampling for the present study was done at what appears
(from figure II-27) to be a depth of above-average 6, a further
increase of 8 by 20 percent is reasonable.

Another assumption made for the Wechsler-Cogley model is a
friction factor, f, equal to 0.02. This value does not take into
consideration the effect of bed-form drag on the friction
factor. Using the Alam-Kennedy friction factor method (Vanoni,
1977), a rough estimate of f = 0.1 is obtained for RM 254.5. A
five-fold increase in f would translate into an increase in shear
velocity by a factor of 2,2,

Taking all of these factors into consideration, a transverse
mixing coefficient of between 0.6 and 0.8 mz/s could be expected
at RM 254.5 and RM 170, Though these values are considerably
lower than the 2.0 m2/s used in obtaining the best model
predictions, the relative magnitude is quite reasonable.

The effect of secondary currents (caused by bottom shear and
channel irregularities) on transverse mixing 1is significant.
Yotsukura and Sayre (1976) report values of @ up to 10 for sharp
bends on the Missouri River. Fischer (1968) reports that higher
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values of 8 are also found near the banks of rivers. Therefore,
even though the field values of figures 11-27 already include
effects of secondary currents present in all natural rivers, the
fact that the dredge spoil is discharged near the bank might
increase 6 even further,

Any channel irregularities present would also increase 9.
Irregularities caused by the dredge operation itself (in adding
large amounts of material to the river bed) might be enough to
cause substantial cross-currents. Therefore, when these two
additional factors are taken into account a lateral mixing
coefficient of 2.0 m2/s would not be unexpected.

Decreasing Transverse Mixing Coefficient. Although it would be
impossible to rigourously justify the decreasing-coefficient
scheme used, two factors do help to justify it qualitatively.

The method of disposal (ejection of the material against a
deflector plate) tends to give the dredged material a transverse
velocity component which is not accounted for in the usual mixing
coefficient. The transverse velocity component 1is even more
substantial for bank disposal, where the discharge runs off the
bank into the river.

Various investigators (Brooks, 1972; Bradsma and Divoky,
1976; and Prych, 1970) indicate that density differences enhance
lateral spreading. Since the effluent is more dense than the
receiving water, it will sink, inducing secondary currents., This
sinking, of course, is especially true near the discharge point,
where the density difference is especially pronounced. Both of
these factors decrease as mixing progresses. Therefore, the model
scheme for calculating the transverse mixing coefficient is
qualitatively consistent.

Submerged Source. As stated in section D the source was assumed
to be at the bottom of the river to account for the low suspended-
solids concentrations at the head of the plume, where the heaviest
concentrations would normally be expected. The effluent falls
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very quickly to the bottom of the river and particles which have
not settled out of suspension are distributed over the full depth
as the turbulent diffusivity of the river takes over.

Bradsma and Divoky (1976) refer to the first part of this
phenomenon as "“convective descent", during which the material
tends to fall as a cloud (or a series of minute clouds) under the
influence of gravity. The slurry acts as a relatively dense
liquid, and as such is affected by negative buoyancy.

This convective descent is further enhanced by the method of
disposal. On both the "Potter" and the "St. Genevieve", the spoil
slurry, upon emerging from the pipe, hits a deflector plate. So
for much of the material, the momentum is directed downward.
Material which is deflected horizontally also attains downward
momentum as it falls into the river because the discharge point is
ten or fifteen feet above the water surface.

F. Computer Program Modifications and Sample Model Run. The principal
modification of the original Wechsler-Cogley model included as part of the
GREAT II study (Schnoor et al., 1980) was to convert open-water disposal (one
of the Wechsler-Cogley assumptions) to bank disposal. A  "reflection
principle" was introduced to simulate the effect of the river bank. This
principle is illustrated in figures I1I-29 and 1I-30.

Figure 11-29 shows a typical computer output of concentration values
predicted at a given depth, using open-water disposal. The edge of the
original source is considered to represent the bank which becomes a reflection
axis. All concentration values above this "folding" axis are added to the
corresponding values below it. Concentrations along the folding axis are
doubled, except for the value at the source which remains the same. These
concentrations are doubled because the open-water values of the lateral
spreading coefficient along the original source edge are averaged with zero,
thus halving them. The folded distribution corresponding to figure II-29 is
shown in figure I11-30.

Although this principle was used in the GREAT II study, it was not
incorporated into the computer program. The first modification included as
part of the present study, therefore, was to include the folding operation as

) P ION RSO

- Y

-4

4
A

-1

chemtdmdd




T W

DISTRIBUTION OF SEDIMENT IN HORIZONTAL PLANE AT DEPTH 1.20 M

'10000
‘9500
-%0.0

1
[ 2]
OO N S
L J

)
PRTRT LT | e pehd
Sadumouncuion

* ©® & & & o ¢ ¢ ® o o¢
OO OO0 OO0 S

-

35.0
0

* folding axis

0.

0.
0.

123,
=
125,
125,
0.
0.

50,

0.
0.

12,
21,
31.

23,
60.
43,
60,
o3,
42,
31.
21,
12,

6,

1.
0.
0.
0.
0.
0.
0.
0.
0,
0,

100.

0.
0.
0.
0.
0.
0.
0.
0.
0,
1.
2,
4.

10.
14,

5

3%,
7.
36,
29.
24,
19.
14,
10,

A,

1,
0.
0.
0.

0,

0.
0,
0.

L]

150,

0.
0.
0.
0.
0.
0.
0.
1.

é
9.
12,

5
33

30.
31.
30,
28,
26,
23.
19,
12,

b

3.

200.

0.
0.

0.
0.
1.

21.

26+
27,
26+
25+
23,
21,
18,

6

13,
10.
é
4,

3.
2.

250,

0.
0.
0.
1,

1.
20

23,
24,
23,

21,
20.
18.

13,
11,

.

L4
S
4,

3.
2,

300,

0.
0.
0.
1,
1,
20
3
-0
8.
9.
11,
13.

17.
18,

21,
22,
21.
21,
20,
18,
17,
13,
11,

6
5.
A,

2,

350,

0.
0.
1,
1.
2,
3.
3,

L]
.

8.
10,
11,
13.

i:

20.
20,
20.
19,
18.
172,
16,

13,
11,
10.

8.
74
6,
4,
3.
3.

1,
1
0.

400.

0.
1.
1,
2,
2.
3.
4,

6,
7
8.
10,
i1,

13,
14,

1.

8.
18,
18,
18.
17,
16,
15,
14,
13,
11,
10,

7.
8,
S
4,

3.

2,
1.
1.
0.

450,

1.
1.

2.
3.
3.
4,
3.
6
7.
9.
10,
1,
12,
13,
15.
15,

17.
17,
17,
16
15,
15,
13,
12,
11,
10,

(M6/7L)
500.

1,
1.
2.
2.
3,
4.

6.
7,
8.
9.
10,
11,
12,
13,
14,
13,
15,

16,
16,
14,
14,
15,
15,
14,
13.
12,
11,
10,

9
8.
7.
6.
4.
3.

2. -

2,
1.
1,

49

Figure I1-29 Folding axis on open-water concentration distri-
(m) vs.

bution (transverse distance
distance (m)).
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part of the program,

The second modification made for the present study was to make available
the option of different types of disposal. The program now accommodates three
disposal modes:

1). The open-water disposal mode essentially uses the original version
of the model.

2). The bank-disposal mode makes use of the reflection principle, as
described above.

3). The near-shore or intermediate disposal mode also makes use of the
reflection principle. The only difference from bank disposal is
that the program operator is asked for a folding parameter, NBANK,
which is the number of units of DELZ (lateral distance unit) which
should be put between the bank and the nearer limit of the source
plane.

The program provides two sediment-division options: fines/sand and
silt/clay/sand. These divisions affect output headings and computer prompts,

and can be overridden simply by entering (on prompt) a number of sediment
fractions (NSEDF) larger than 3.

The fourth modification included in the final version of the program is
tc provide the following options for source configuration:

1). The first option is a rectangular source of constant concentration
reaching from the water surface to the river bottom.

7). The second option is a rectangular source covering any given
portion of the river depth.

2). The third option is a triangular source reaching from the water
surface to the river bottom. The original concentration varies
from zero at the water surface to a maximum at the river bottom,

Finally, the transverse mixing coefficient can be assumed to be constant
(EXPCO = 0) or to decrease exponentially to an essentially constant value.
This second option was discussed previously.

The computer program is written in FORTRAN and appears in appendix A. As

y —

ainnd
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listed, it is for use on an interactive terminal and a PRIME 750 computer.

Figure I1I-31 shows an example of the prompts and entered parameters which
constitute a model run; RM 254.5 parameters and data are used (see Section
D). Figures I1-32 through II-40 show the output resulting from the example of
figure II-31. The vertical concentration distributions for fines and sand are
shown in figures II-32 and II-33; the total distribution is shown in figure
I11-34, These three tables are basicaly the results of the numerical solution
discussed in Section A,

The results of the analytical solution, the lateral spreading
coefficients, are shown in figure II1-35, It should be noted that the values
appearing in figure II-35 correspnd to the decaying mixing coefficient
discussed in Section D.

The final concentration predictions are given in figures I[I1-36 through
11-40. Essentially, these tables constitute horizontal “slices" of the
suspended-sediment plume taken at five different depths, from the water
surface (0.00 m) to a plane 0.80 m above the bottom. These concentration
values are obtained by successively multiplying the original concentration
(2000 mg/1, in this case) by the corresponding coefficients from figures 11-34
and I1-35. It should be remembered that the coefficients from figure II-34
are percentages; they should be divided by 100 before using them to obtain the
final concentrations.

The graphical representation of figure II-37 appears in figure 1I1-24, and
that of figure I11-39 in figure I1I-23. It should be noted that the depths of 2
ft and 9 ft are rounded off to 0.80 and 2.40 m respectively.

G. Model Sensitivity Analysis. The objectives of this section are (1)
to give an idea of how the model behaves by performing a sensitivity analysis,

and (2) to provide a method of quickly and easily estimating the spread and
concentrations of a dredge-disposal plume,

1). Instability. In its present form, the model 1is numerically
unstable for a combination of 1low river velocities and high
settling velocities. Since only high settling velocities are
affected, this problem is of no consequence for finer material,
which constitutes most of the above-ambient suspended load. The
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Figure II-31 Sample interactive session.
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