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Saltating
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Sheet 

Flow

Suspended 

Load

Saltating

Grains

𝜙
Example of bed load in a flume

NOT to scale

Total  =  Suspended Load  +  Bed Load
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Suspended 

Load

Sheet

Flow

𝜙

NOT to scale
Example of sheet flow on a sandbar

~ 2 cm

Saltating

Grains

Sheet 

Flow

Total  =  Suspended Load  +  Bed Load
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Hybrid, fixed profile (near-field scale) with sediment pit

on sandbar crest
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Hybrid, fixed profile (near-field scale) with sediment pit

on sandbar crest

• Median grain diameters, 𝒅𝟓𝟎 = 0.17 (S1) & 0.27 (S2)  mm

• Wave periods, 𝑻 = 5.0, 7.0 & 9.0 s

• Wave heights at the sandbar, 0.49 m ≤ 𝑯𝒃𝒂𝒓 ≤ 0.94 m

Repeat trials of 10 monochromatic waves (1 wave = 1 realization)

19 

wave 

cases

S1: 11 cases

S2:   8 cases

0.17 m

1.22 x 1.22 m

0.46 m 

deep Sediment Pit
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Schematic of

measurement ranges

Near-bed region

0.10 m

0.00 m

0.08 m

0.06 m

0.04 m

0.02 m

𝑢(𝑧)𝜙(𝑧)

- 0.02 m

𝑢(𝑧)
𝜙(𝑧)

1.0 m

0.0 m

0.8 m

0.6 m

0.4 m

0.2 m

𝜙(𝑧)

Full water column

𝑢(𝑧)

p
0

1

2

3

4

5

ADVs (x6)6
FOBS (x2)

Zero up-crossings from 

p0 used to separate 

data by wave

𝜙(𝑧) – Concentration Profile

𝑢(𝑧) – Velocity Profile

CCPs (x8)

ADPVs (x2)
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𝐻(𝑥)max

Plunging point

Measured horizontal velocity (ADV array)

Measured horizontal velocity (ADPV, select bins)

Free-surface measurements

5:1 scale

𝑇 = 7.0 s, 𝐻𝑏𝑎𝑟 = 0.94 m

Break point
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Velocity Concentration Sediment Flux

Boundary layer thickness, 𝛿

Elevation of maximum 

overshoot in  𝑢𝑟𝑚𝑠

*

* =

=
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Highest FOBS 

measurement

Free-stream 

velocity
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𝑆𝑆 =
 𝑞𝑠
𝑠𝑠  𝑡 𝑇

 𝑞𝑠  𝑡 𝑇

1) Net contribution of 

SS to total 

transport rate

2) Net contribution of 

SF to total 

transport rate

𝑆𝐹 =
 𝑞𝑠
𝑠𝑓  𝑡 𝑇

 𝑞𝑠  𝑡 𝑇

 𝒒𝒔
𝒔𝒔

 𝒒𝒔
𝒔𝒇

1) Sheet flow dominates 

suspended sediment 

transport under crest 

for S1 cases

2) Suspended sediment 

transport universally 

dominant in the trough

3) In general, sheet flow 

and suspended 

sediment transport of 

same order of 

magnitude

4) Sheet flow LEADS 

suspended sediment 

transport

S
1

S
2

phase lag

T5H40 T7H45 T9H50
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𝑄 ∝ 𝐶𝑓𝑈
2|𝑈|

𝑞𝑠 𝑡 ∝ 𝑢 𝑡 3

“Net” ≡ Wave-average, 

𝑞𝑠 𝑡 ∝ 𝑢 𝑡 3

Recall, in general:

(Bailard, 1981;

Meyer-Peter & 

Muller, 1948)

*Grey lines represent ±1 standard 

deviation from the ensemble-average

Net transport rate is proportional 

to the third moment of velocity
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Suspended Load Dominant

Sheet Flow Dominant

*Grey lines represent ±1 standard 

deviation from the ensemble-average



U.S. Naval Research Laboratory // Marine Geosciences Division Sediment Dynamics Section  |  32
– Distribution A –

Approved for Public Release

Increasing 

Suspended 

Load 

Dominance

Increasing 

Sheet Flow 

Dominance

Offshore Onshore

P
e
rc

e
n
ta

g
e
 o

f 
s
e
d
im

e
n
t 

tr
a

n
s
p
o
rt

e
d
 a

s
 s

h
e
e
t 

fl
o

w

(p
e
r 

w
a
v
e

)



U.S. Naval Research Laboratory // Marine Geosciences Division Sediment Dynamics Section  |  33
– Distribution A –

Approved for Public Release

BARSED study
 High-resolution concurrent measurements on a sandbar of concentration 

and velocity profiles

 Tested wide range of forcing conditions and sediment sizes

Sediment transport
 Net sheet flow transport rates correlated well with third moments of velocity 

 If SS transport dominated SF transport, net transport rate was offshore

 If SF transport dominated SS transport, net transport rate was onshore
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