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Direct quotation from my abstract

Sediment hydraulics have studied by several historical figures; e.g., H. Albert Einstein, J. F. Kennedy, M. 

Selim Yalin and many others, whose most of their studies have conducted in the experimental flumes. 

Thanks to recent technologies, varieties of the measurement were widely extended. The recent 

technologies here mean not only mechanical aspects (by the largest contribution by Teledyne RDI), but 

also data analysis (by several different researchers). With such a technology, water flow/sediment 

transport rate can be understood in actual river as if we conduct experimental studies. Therefore, it 

could be good way to verify the past achievement with the observational results, regarding bedload 

functions, suspended sediment load, size of bed forms, flow resistance and others. It is also good chance 

to improve the knowledge of the sediment hydraulics. The authors have worked for this kind with 

Acoustic Doppler Current Profiler (ADCP) and others. Here, authors will report the behavior of 

suspended sediment. 
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Water flow

Numerical model (Current Model) as current sediment hydraulics

Suspended sediment and washload 
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𝐸𝑤 = −(1 − 𝜆)𝑝
𝜕𝑧𝑏

𝜕𝑡
(when 

𝜕𝑧𝑏

𝜕𝑡
< 0), 𝐸𝑤 = 0 (when 

𝜕𝑧𝑏

𝜕𝑡
≥ 0)

𝐷𝑤= 𝑤0𝑐𝑤𝑏

𝐸𝑖 = 𝐸𝑠𝑖 + 𝐸𝑤 𝐷𝑖 = 𝐷𝑠𝑖 + 𝐷𝑤This is today’s discussion point 



Field Measurements Dense measurements along the direction of the flow were 
performed by many longitudinal passes over the target 
area (as described by Yorozuya et al. 2014)

𝑇𝑜𝑝 𝑉𝑖𝑒𝑤

… ADCP 

observation 
footprint

flo
w

Teledyne RDI RiverRay 
ADCP (600kHz)

Tethered boat mounted with 
ADCP and STARFIRE WDGPS 

Turbidity meter Water sampler

Dredge sampler

Aerial view of manned boat, tethered 
boat mounted with ADCP and WDGPS
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Measurement site: Brahmaputra river in Bangradesh



Field Measurements
• Map

6

Main channel



Scale – Boat length = 26m
Boat speed 
(along flow direction) = 1.1 m/s
Boil speed = 2.6 m/s

Field Measurements

During field observations in 
Brahmaputra, many boil are 
observed on the water surface



Results – Longitudinal Profile

8
Vertical flow structure 

due to bedform

ADCP transect along the direction of flow.

• Sand wave pattern observed in Area B, flat bed observed in A

• Downward flow over the crests and upwards flow on the stoss side (Bedform)

(No Bedform)



Results – Longitudinal Profile
Observation of Boil of First Kind (Nakagawa & Nezu, 1993) by the ADCP
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w0=0.039
~0.045m/s

Avg. flow velocity=1.5m/s

d40 d50 d60

Particle size [μm] 270 293 320

Fall velocity [m/s] 0.039 0.042 0.045

Time taken to fall from surface to bed [s] 226 210 196

Est. travel distance at avg. flow velocity [m] 339 315 294



6. Analysis of Field Measurement dataset – Grain Size Distributions
• To obtain spatial distribution of suspended sediment and wash load concentration (hereafter mentioned as Sediment 

Concentrations, SC), Acoustic Backscatter data from the dense measurements was tuned up using turbidity data (Okada et al. 
2016, Wood et al, 2012) shown in Eq. 1. 

• Similarly, turbidity and Sediment Concentrations (SC, mg/L) relation is created implying sampled bed material under 
laboratory conditions, shown in Eq. 2.
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ADCP Backscatter (dB)

Eq. 1

Turbidity (FTU)

Eq. 2

Sediment 
Concentrations (mg/l)

Eq. 1:

Eq. 2:

This kind of process can be conducted by Visual ADCP tools produced by Hydro Systems Development, Inc. 



6. Analysis of Field Measurement dataset – Bed form and Boil
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• Patches of high sediment 

concentration observed in area B, 

which is caused by boil

• Concentration suddenly 

decrease downstream

• The location of boil observation by 

the ADCP and geo-tagged 

photographs, can be correlated 

with the bedform

Bed Elevations Near-surface Sediment Concentration



6. Analysis of Field Measurement dataset – Current model

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛( Τ𝑚𝑔 𝑙)

Τ
(𝒛

−
𝒂
)
(𝒉

−
𝒂
)

𝑐𝑤

ഥ𝑐𝑠

Current model for very fine sediment 
(<100μm) :

𝐸𝑤 = −(1 − 𝜆)𝑝
𝜕𝑧𝑏

𝜕𝑡
(when 

𝜕𝑧𝑏

𝜕𝑡
< 0),

𝐸𝑤 = 0 (when 
𝜕𝑧𝑏

𝜕𝑡
≥ 0)

𝐷𝑤= 𝑤0𝑐𝑤𝑏

Rouse (1937):

𝑐𝑖 (𝑧)

𝑐𝑎𝑖
=

ℎ − 𝑧

𝑧
.

𝑎

ℎ − 𝑎

𝑧∗𝑖

,𝑤ℎ𝑒𝑟𝑒: 𝑧∗𝑖=
𝑤0𝑖

𝐾𝑢∗

Current model for fine sediment 
(>100μm) :

Treat it as vertical 
distribution saying as CW

aeiiSi CwE 0=

sbiiSi CwD 0=

Treat it as vertical 
distribution saying as CW

Cwb
Cae



Vertical profile of suspended sediment
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𝑐𝑖 (𝑧)

𝑐𝑎𝑒𝑖
=

ℎ − 𝑧

𝑧
.

𝑎

ℎ − 𝑎

𝑧∗𝑖

𝑧∗𝑖=
𝑤0𝑖

𝐾𝑢∗

Τ
(𝒛

−
𝒂
)
(𝒉

−
𝒂
)

Τ𝑪 𝑪𝒂𝒆

Ashida & Michiue

Equilibrium Concentration near the bed

6. Analysis of Field Measurement dataset – Current model



6. Analysis of Field Measurement dataset – Bed form and Boil
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SC without boil

SC with boil

𝑐𝑖 (𝑧)

𝑐𝑎𝑖
=

ℎ − 𝑧

𝑧
.

𝑎

ℎ − 𝑎

𝑧∗𝑖

𝑧∗𝑖=
𝑤0𝑖

𝐾𝑢∗

Rouse profile fit very well 
where boil does not occurred

Rouse profile does not fit well 
where boil occurred



c)

@75m

d)

@95m

a)

@42m

b)

@58m

6. Analysis of Field Measurement dataset – Observation of boil



7. Summary of this presentation

1. Current model of numerical simulation was introduced.
2. Boil phenomena was observed by ADCP in Brahmaputra river
3. Flow structure by ADCP with/without boil were explained.
4. Rouse Distribution was well verified conditionally.
5. Cae for fine sediment was proposed.
6. Washload should be better to be tread as suspended 

sediment load.
7. Vertical distribution of fine sediment were introduced.
8. Currently, the modeling of Cae with occurrence of boil are 

working 


