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Abstract
Assumption of Newtonian fluid flow condition, linear stress-strain relationship, fails for
sediment laden fluids with higher volumetric sediment concentrations. As sediment
concentrations increase, they begin to affect the fluid properties which alter the stress-strain
relationship. In this study we developed the debris library, DebrisLib, that assigns a stressstrain relationship under non-Newtonian sediment-laden fluid flow conditions. This study also
developed a linkage architecture to pass the hydrodynamic information to the non-Newtonian
sediment dynamic subroutines and then returns the non-Newtonian sediment dynamic
information. The Gridded Surface Subsurface Hydrologic Analysis (GSSHA) model is deployed
as the hydrodynamic model. GSSHA-computed flow velocity, depth and concentration is passed
to non-Newtonian sediment dynamic subroutines where internal shear stresses are computed
and returned back to GSSHA. Using the volumetric sediment concentration, the Newtonian and
non-Newtonian sediment fluid flow was tested in a 2D hydrodynamic runoff digital flume
model. This test case of digital flume model overland simulation showed that mixed density and
viscous fluid shear stress is significantly underestimated if a non-Newtonian condition is
ignored. This under estimation of shear stress would significantly underestimate the sediment
yield.

Introduction
Estimates of sediment graphs associated with hydrographs are essential for producing sediment
yield estimates for designing efficient sediment control structures and for water quality

predictions. Physics-based distributed prediction of erosion and deposition of sediment is
significant for not only long-term local geomorphological and landform changes point of view
but also for better understanding of the land surface process and sediment sourcing and sinking
mechanisms and its impact on hydrology, ecosystem, transport system, environment and socioeconomy. Land use change and soil physical and chemical properties change also leads to the
change in sediment sourcing, sinking and transport mechanism. One of the natural and/or manmade causes that brings about such changes in land use and soil property is wildfires. A rainfall
event after a wildfire triggers a hyperconcentrated mud and debris flow. Such events with high
concentration of sediment also changes the sediment laden water flow properties. The prime
change of such water flow property is a non-linear shift of the viscosity which ultimately makes
the water flow condition non-Newtonian.
Assumption of Newtonian fluid flow condition, defined by a linear stress-strain relationship,
fails for sediment laden fluids with higher volumetric sediment concentrations. As sediment
concentrations increase they begin to affect the fluid properties which alter the stress-strain
relationship. Debris flows depart from linear stress-strain with no intercept assumptions
embedded in the clear water flow equations. In this study, we developed the debris library,
DebrisLib, that assigns a stress-strain relationship under non-Newtonian sediment laden fluid
flow conditions (Pradhan et al., 2018; Floyd et al., 2019). This study also developed a general
linkage architecture to pass the hydrodynamic information to the non-Newtonian sediment
dynamic subroutines and then return non-Newtonian sediment dynamic information. The
GSSHA model is deployed as the hydrodynamic model in this study. The GSSHA model is a
fully-coupled overland/in-stream sediment transport (Newtonian flow regime) hydrodynamic
model (Downer et al., 2015; Pradhan et al., 2018). GSSHA-computed flow velocity, depth and
concentration is passed to non-Newtonian sediment dynamic subroutines where internal shear
stresses are computed and passed back to GSSHA (Pradhan et al., 2018). Based on the
volumetric sediment concentration, the Newtonian and non-Newtonian sediment fluid flow was
tested in a 2D hydrodynamic runoff digital flume model.

Methodolody
The following steps were implemented as a method to develop the non-Newtonian sediment
fluid flow dynamics capability in the parent hydrodynamic model:
a) The non-Newtonian processes were identified and coded as subroutines / functions.
b) The non-Newtonian process functions were arranged in the parent overland
hydrodynamic code to align in correct order with other Newtonian and hydrodynamic
processes. This arrangement and code development (in the two-dimensional overland
sediment hydrodynamic GSSHA model) followed the linkage architecture
c) A test case, two-dimensional overland flume GSSHA model, was developed to make
basic initial non-Newtonian internal shear stress function tests.
Details of the methodology are provided in the following sections.

Overland Sediment Detachment

Soil detachment can occur due to rainfall and overland flow. Total detachment is comprised of
the sum of rainfall and overland flow detachment. Detachment by raindrops is considered to be
a function of rainfall momentum, which is related to rainfall intensity (Downer et al., 2015). In
this study, the analysis of the Newtonian and Non-Newtonian sediment transport mechanism is
based on the flow shear stress. Flow shear stress falls under the surface runoff detachment
mechanism.

Detachment by Surface Runoff: Surface runoff detaches soil particles by exerting a
shear stress that breaks the bonds between soil particles. Erosion in rills is lumped and
described as gross rill erosion. Within a grid cell rill erosion and flow within rills are assumed to
be uniformly distributed. The detachment capacity rate by surface runoff has the form

𝑫𝒄 = 𝒂(𝝉 − 𝝉𝒄𝒓 )𝒃 (𝟏 −

𝑮
𝑻𝒄

)

(1)

where
Dc = detachment capacity rate (kg m−2 · s−1),
a,b = empirical coefficients
τ = the flow shear stress (Pa)
τ cr = the critical shear stress (Pa)
G = the sediment load (kg m−2 s−1)
Tc = the sediment transport capacity of surface runoff (kg m−2 s−1)
Shear stress in Newtonian Flow: Most hydraulic and sediment transport simulations
assume that the transporting fluid has “Newtonian” properties. A Newtonian Fluid has two
properties 1) a linear stress-strain relationship (Figure 1), and 2) that has a zero intercept
(Figure 1).

Figure 1. Model of Newtonian Fluids, which have a linear stress strain ratio and a stress-strain intercept of zero.

These Newtonian flow properties are appropriate for most fluids, including sediment laden
fluids with lower volumetric concentrations, 16-530 g/l (Costa, 1988; Hessel, 2002).
Clear water flow resisting force is the boundary friction force and the boundary shear stress
employed in the Newtonian flow condition is defined as:

𝝉 = 𝜸𝑹𝑺𝒇

(2)

where
𝛾 = the specific weight of water (Nm-3)
R = the hydraulic radius (m)
Sf = the friction slope
As sediment concentrations increase, they begin to affect the fluid properties, which alter the
stress-strain relationship. Along with the primary boundary frictional force, these internal forces
are resisting force due to viscosity, resisting force due to particle collision, and resisting force
due to inter-particle friction. In general, as concentration increases (and the solid component
coarsens) and internal shear stresses develop, the fluid crosses the Newtonian flow boundary
and go through non-Newtonian flow regimes classified as:
(a) Hyperconcentrated Flow
(b) Mudflow
(c) Grain Flow
(d) Debris Flow,
The respective component of the total shear stress, 𝝉, are
(a) yield shear stress + viscous shear stress, 𝝉𝒚𝒊𝒆𝒍𝒅 + 𝝉𝒗𝒊𝒔𝒄𝒐𝒖𝒔
(b) turbulent shear stress, 𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕
(c) dispersion shear stress, 𝝉𝒅𝒊𝒔𝒑𝒆𝒓𝒔𝒊𝒗𝒆 and
(d) internal friction dominated shear stress, 𝝉𝑴𝒐𝒉𝒓−𝑪𝒐𝒖𝒍𝒐𝒎𝒃
The combination of the shear stress in non-Newtonian flow is defined as (O’Brien, J.S., and
Julien, P.Y. 1985):
𝝉 = 𝝉𝒚𝒊𝒆𝒍𝒅 + 𝝉𝒗𝒊𝒔𝒄𝒐𝒖𝒔 + 𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 + 𝝉𝒅𝒊𝒔𝒑𝒆𝒓𝒔𝒊𝒗𝒆 + 𝝉𝑴𝒐𝒉𝒓−𝑪𝒐𝒖𝒍𝒐𝒎𝒃

(3)

Figure 2 is the Newtonian fluid rheological plots where Figure 2a is the 𝝉𝒚𝒊𝒆𝒍𝒅 + 𝝉𝒗𝒊𝒔𝒄𝒐𝒖𝒔 plot
with the shear strain, Figure 2b is the 𝝉𝒚𝒊𝒆𝒍𝒅 + 𝝉𝒗𝒊𝒔𝒄𝒐𝒖𝒔 + (𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 and or 𝝉𝒅𝒊𝒔𝒑𝒆𝒓𝒔𝒊𝒗𝒆 ) plot with
the shear strain. The last term on the right-hand side of equation 3 defines the pseudoplastics
fluid which display the opposite properties of dilatant fluid shown in Figure 2c. This study is
focused on the shear stress that falls on the rheological plots Figure 2a and Figure 2b.

Figure 2. Newtonian fluid rheological plots.

From Equation 3 and Figure 2a, 𝝉𝒚𝒊𝒆𝒍𝒅 and 𝝉𝒗𝒊𝒔𝒄𝒐𝒖𝒔 represent the intercept and the linear slope
times the shear rate respectively in the hyperconcentrated fluid flow condition and the shear
stress in this condition is defined as (Julian, 1995):

𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 = 𝝉𝒚𝒊𝒆𝒍𝒅 + 𝝁𝒎 (

𝒅𝒗𝒙
𝒅𝒛

̅
𝟑𝒖

(4)

) = 𝝉𝒚𝒊𝒆𝒍𝒅 + 𝝁𝒎 ( )
𝒉

where
𝝁𝒎 = the viscosity of the mixture (kg m-1S-1)
τyield = the critical shear stress (Pa)
vx = fluid layer velocity (ms-1)
z = distance between fluid layers (m)
h = depth of water (m)
𝑢̅ = effective flow velocity
The turbulent shear is a second order (quadratic) term, making the stress-strain relationship
non-linear as shown in Figure 2b, such that shear increases with the square of strain. From
Equation 3 and Figure 2b, at rheological quadratic turbulent dilatant fluid stage, turbulent stress
is added to hyperconcentrated stress as (Julian, 1995):

𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 + 𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 = 𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 +
̅ 𝟐
𝟑𝒖

= 𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 + 𝝆𝒎 𝒍𝟐𝒎 ( )
𝒉

where
𝜌m = the density of the mixture (kg m-3)
lm = the Prandtl mixing length (Julien, 1995)

𝝆𝒎 𝒍𝟐𝒎 (

𝒅𝒗𝒙 𝟐
)
𝒅𝒛

(5)

The diffusive shear is also a second order (quadratic) term, which is added to turbulent shear
stress at higher concentration stage of sediment in the water. From Equation 3 and Figure 2b, at
rheological quadratic diffusive dilatant fluid stage, diffusive stress is added to summation of
hyperconcentrated stress and turbulent stress as (Julian, 1995):

𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 + 𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 + 𝝉𝒅𝒊𝒇𝒇𝒖𝒔𝒊𝒗𝒆
𝟏⁄
𝟑

𝟎. 𝟔𝟏𝟓
)
= 𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 + 𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 + 𝒄𝑩𝒅 𝝆𝒔 ((
𝑪𝒗

= 𝝉𝒉𝒚𝒑𝒆𝒓𝒄𝒐𝒏𝒄𝒆𝒏𝒕𝒓𝒂𝒕𝒆𝒅 + 𝝉𝒕𝒖𝒓𝒃𝒖𝒍𝒆𝒏𝒕 + 𝟎. 𝟎𝟏𝝆𝒔 ((

𝟎.𝟔𝟏𝟓
𝑪𝒗

)

𝟏⁄
𝟑

−𝟐

− 𝟏)

−𝟐

− 𝟏)

𝒅𝟐𝒔 (

𝒅𝒗𝒙 𝟐
)
𝒅𝒛

̅ 𝟐
𝟑𝒖

𝒅𝟐𝒔 ( )

(6)

𝒉

where
CBd = an empirical parameter
CBd ≅ 0.01 (Bagnold, 1954)
ds = the particle diameter
𝜌𝑠 = particle density
Cv = the volumetric sediment concentration ranging from 0 to 1

Non-Newtonian Sediment Dynamics in a Hydrodynamic Model

Figure 3 represents the flow chart for a general linkage architecture of the non-Newtonian
sediment laden fluid shear dynamics in a hydrodynamic model. Both for the overland and
channel hydrodynamic and sediment dynamic model, first a threshold for non-Newtonian flow
regime is identified with the calculation of a dimensionless parameter. Julian (1995) shows that
the threshold for non-Newtonian flow regime is identified by the range of a viscous Parameter
defined as:

𝒗𝒊𝒔𝒄𝒐𝒖𝒔 =

𝝉−𝝉𝒚𝒊𝒆𝒍𝒅
𝒅𝒗
𝝁𝒎 𝒅𝒛𝒙

=

𝝉−𝝉𝒚𝒊𝒆𝒍𝒅
̅
𝟑𝒖

𝝁𝒎 ( 𝒉 )

where

𝝁𝒎 = the viscosity of the mixture (kg m-1s-1)
𝝉𝒚𝒊𝒆𝒍𝒅 = the critical shear stress (Pa)
vx = fluid layer velocity (ms-1)
z = distance between fluid layers (m)
h = depth of water (m)
𝑢̅ = effective flow velocity

(7)

𝑣𝑖𝑠𝑐𝑜𝑢𝑠 > 1 employs the non-Newtonian flow, 1 < 𝑣𝑖𝑠𝑐𝑜𝑢𝑠 ≤ 5 < is hyperconcentrated flow and
𝑣𝑖𝑠𝑐𝑜𝑢𝑠 > 5 defines the fluid flow conditions where additional stresses like turbulent and
dispersive internal stresses are developed as shown in equation 6 and in Figure 2.
If the dimensionless parameter value falls in the non-Newtonian fluid flow, the fluid internal
resistance shear stress is calculated as per equation 3 from the hydrodynamic flow information
such as: velocity, depth of water and sediment concentration. The calculated non-Newtonian
shear stress is then passed to the hydrodynamic model which estimates the sediment
detachment capacity in equation 1. Also, this internal shear stresses of mud and debris flows can
be deployed to estimate the hydraulic head slope of the sediment laden flow in equation 2.
Assumption of Newtonian fluid flow condition and a linear stress-strain relationship, fails for
sediment laden fluids with higher volumetric sediment concentrations. As sediment
concentrations increase they begin to affect the fluid properties which alter the stress-strain
relationship. Debris flows depart from linear stress-strain assumptions with no intercept
embedded in the clear water flow equations. In this study we developed the debris library that
assigns a stress-strain relationship under non-Newtonian sediment-laden fluid flow condition
(Pradhan et al., 2018; Floyd et al., 2019).

Dimensionless thresholds for nonNewtonian flow classifications

Sediment
source / sink
Sediment
transport
capacity
Hydrodynamic /
Sediment routing

Newtonian

No

Non-Newtonian?

Yes

Non-Newtonian

 = yield + viscous

 = yield + viscous + turbulent
 = yield + viscous + turbulent + dispersive
 = yield + viscous + turbulent + dispersive +Mohr-Coulomb

Figure 3. Linking hydrodynamics with non-Newtonian sediment fluid flow dynamics

Figure 4 shows a linkage architecture developed by this study to pass overland and channel
hydrodynamic information to the non-Newtonian sediment dynamic subroutines, DebrisLib,
and then to return non-Newtonian sediment dynamic information. GSSHA hydrodynamic
model was deployed as overland and channel hydrodynamics shown in Figure 4. GSSHA model

is a fully coupled overland/in-stream and lake sediment transport (Newtonian flow regime)
hydrodynamic model (Downer et al., 2015; Pradhan et al., 2018). In this study, GSSHA
computed flow velocity, depth and concentration is passed to non-Newtonian sediment dynamic
subroutines where internal shear stresses are computed and passed back to GSSHA (Pradhan et
al., 2018). Although Figure 4 shows both the overland and in-stream non-Newtonian sediment
flow dynamics linkage architecture in the hydrodynamics model, this study presents only the
overland non-Newtonian sediment laden fluid flow condition.

detachment
OverlandSediment
Sediment
Sink / Source

Shear stress, Viscosity, Unit Weight , Fall Velocity

a) Sediment detachment by ‘Raindrops’ b) Sediment detachment by ‘Surface Runoff’

(a)Raindrop detachment (b)Surface runoff detachmentVelocity, depth, concentration
Sediment ‘transport capacity’ of surface runoff

Debris Lib Link

Lake sediment flux ‘input to channel’

b) bed load
a) Suspended load

Overland sediment flux ‘lateral input to lake’

Lake sediment flux ‘input to overland’

Debris Lib
Overland sediment flux ‘lateral input to channel’

Overland Hydrodynamics

Overland sediment ‘transport / routing’

Debris Lib Link

GSSHA Channel Hydrodynamics

Channel Hydrodynamics

SEDLIB-LINK
Channel Sediment Sink / Source
Channel sediment transport capacity

Velocity, depth, concentration

Shear stress, Viscosity, Unit Weight , Fall Velocity
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Channel sediment
transport / routing
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Figure 4. Linking non-Newtonian sediment fluid flow dynamics in a hydrodynamics model.

Test Case Model Development

For this study a simple linkage model was developed which includes:
(a) the non-Newtonian flow regime identification employing equation 7,
(b) passing of flow velocity, flow depth and the sediment concentration to non-Newtonian
subroutines from the hydrodynamics model under non-Newtonian condition,

(c) calculation of the respective non-Newtonian shear stress employing equations 3 through
equation 6, and
(d) calculation of the detachment capacity in equation 1using the non-Newtonian shear stress
for each grid under non-Newtonian condition.
A gridded digital flume model was developed as shown in Figure 5 to test the Newtonian and
non-Newtonian shear stress that would develop for sediment sourcing force. The contrived
model included a uniform precipitation, two-dimensional overland flow and overland sediment
erosion processes (Downer et al., 2015). Figure 5a shows the length and the slope of the flume
which is based on the USGS debris flow flume (Iverson, 2010). Figure 5b shows the plan view of
the GSSHA flume model where the elevations are hypothetically adjusted to maintain the slope
defined by Figure 5a. The grid resolution of the GSSHA flume model in Figure 5b is two meters,
which is also the width of the flume. Figure 5c shows the two-dimensional flow vector of the
overland flume model.

(a)

(b)
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10m
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(c)

Figure 5. A gridded digital flume model: (a) side view with the length and the slope of the flume (b) Plan
view with elevation of the GSSHA flume model (c) two-dimensional overland flow vector.

Results and Discussion
Based on the volumetric sediment concentration, the Newtonian and non-Newtonian sediment
fluid flow was tested in 2D hydrodynamic runoff digital model. A sediment concentration
boundary condition of 0.05 m3m-3 was deployed at the beginning of the flume (0 m of Figure
5a). This sediment concentration was gradually increased until the hyperconcentration stage
was reached as shown by equation 4 and Figure 2a. The total shear stress (yield shear stress +
viscous shear stress) was calculated employing equation 4. At the hyperconcentrated stage,
Newton boundary shear stress, defined by equation 2, was also calculated as to compare the
difference in magnitude of shear stress, if the Newtonian assumptions are employed even when
the non-Newtonian condition already existed. Figure 6 shows a huge difference in the
magnitude of non-Newtonian and Newtonian shear stress. Figure 6 shows that shear stress is
significantly underestimated if a non-Newtonian condition is ignored. This underestimation of
shear stress would underestimate the sediment yield predictions unless unrealistic parameter
values and initial conditions are imposed during the calibration process. The boundary sediment
concentration was further increased until a turbulent shear condition was identified with the
dimensionless parameter value defined by equation 7. Figure 6 shows this turbulent shear stress
added to the hyperconcentrated shear stress in shear thickening fluid or dilatant condition. The
result could be different from Figure 6 for shear thinning, pseudo plastic condition, which is yet
to be tested.

Shear stress (Pa)

400
300
200
100
0
(Newtonian
boundary shear
stress)

(Yield shear stress (Yield shear stress
+ Viscous shear
+ Viscous shear
stress)
stress + turbulent
shear stress)

Figure 6. A comparison of simulated non-Newtonian total shear stresses with the Newtonian shear stress
under non-Newtonian condition.

In Equation 4, yield stress, 𝜏𝑦𝑖𝑒𝑙𝑑 , is empirically defined. Yield stress (O’Brian and
Julian, 1985; Julian, 1995) is defined as:

𝝉𝒚𝒊𝒆𝒍𝒅 = 𝒂𝒆𝒃∗𝑪𝒗

(8)

The yield stress equation has two user-specified parameters, a linear coefficient ‘a’ and
exponential multiplier of the concentration ‘b’. Julian (1995) provides Table 1 to guide
parameter selection:

Table 1. Yield stress parameters from Julian (1995)

Most of these empirical relationships are derived from laboratory scale physical models.
Fitting of the ‘a’ and ‘b’ parameter values listed in Table 1 was performed in the virtual
laboratory digital flume model. Costa (1988) specifies the dirty water concentration for nonNewtonian /Newtonian flows as shown in Table 2.

Table 2. Dirty water concentration (g/l) of different types of flow (based on Costa, 1988; Hessel, 2002)

Normal stream flow
concentration (g/l)
16-530

Hyperconcentrated flow
concentration (g/l)
530-1285

Debris flow
concentration (g/l)
1285-2088

Table 2 shows that approximately 50% or 0.5 m3m-3 of concentration would transition
the Newtonian flow towards non-Newtonian fluid flow condition. Therefore, 50% concentration
was used as a boundary condition in the flume model. ‘a’ and ‘b’ parameter values were adjusted
by employing this boundary concentration in Equation 8 so that the viscous parameter defined
by Equation 8 fell within the flow condition defined in Table 2. This process resulted parameter
value of a = 0.03 and that for b = 18.9 for this test case. Figure 6 was analyzed based on this
identified values of ‘a’ and ‘b’.

Conclusion
Newtonian fluid flow condition with linear stress-strain relationship are not applicable for
sediment-laden fluids with high volumetric sediment concentrations. As sediment
concentrations increase, they begin to affect the fluid properties, which alter the stress-strain
relationship. In this study, the debris library was developed that calculates a stress-strain
relationship under non-Newtonian sediment laden fluid flow conditions. This study also
developed a linkage architecture to relate the hydrodynamic information to the non-Newtonian
sediment dynamic subroutines and return the non-Newtonian sediment dynamic information to

the hydrodynamic parent code. The Gridded Surface Subsurface Hydrologic Analysis (GSSHA)
model is deployed as the hydrodynamic model. GSSHA-computed flow velocity, depth and
concentration information is linked to non-Newtonian sediment dynamic subroutines. The
non-Newtonian sediment dynamic subroutines computed the internal shear stresses which are
returned to GSSHA. Based on the volumetric sediment concentration, the Newtonian and nonNewtonian sediment fluid flows were tested in a 2D hydrodynamic runoff digital flume model.
2D overland simulation of this test case digital flume model showed that mixed density viscous
fluid shear stress is significantly underestimated if a non-Newtonian conditions are ignored.
This underestimation of shear stress would therefore significantly underestimate the sediment
yield. In this initial phase of the coupling and testing research and development effort, the result
analysis is limited only to the internal resisting shear stress of the overland flow process. The
research and development effort so far includes:
1) Development of the non-Newtonian sediment dynamics subroutines. We define
these combined non-Newtonian sediment dynamics subroutines as DebrisLib and is
still in progress.
2) Linkage of these non-Newtonian sediment dynamics subroutines with the overland
hydrodynamics so that the linkage architecture represents the mathematical model
of physically-based sediment and hydrodynamic processes aligned in order to
calculate the internal shear stresses.
3) Development and numerical testing of a sediment hydrodynamic digital flume model
for internal shear stresses calculations and to identify the parameter value ranges.
Development and coupling of the non-Newtonian overland sediment transport and routing
mechanism in the overland hydrodynamic model is in progress. Development of the nonNewtonian fluid flow processes in the 1D instream hydrodynamic model will follow the 2D
overland non-Newtonian fluid flow processes.
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