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Figure 1. Hierarchical organization of spatial scales in streams and rivers. Numerical
characters indicate spatial dimensions based on in situ channel width. Modified from
Frissell et al. (1986) based on Grant et al. (1990) and Gregory et al. (1991).
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Table 1. Some events or processes controlling stream habitat on different spatiotemporal scales.

Time scale of

Lincar continuous
spatial potential
System scale® Evolutionary Developmental persistence?
level (m) events” processes* (years)
Stream 10° Tectonic uplift, subsidence; Planation; denudation; 105-10°
system catastrophic volcanism; sea level drainage network development
changes; glaciation, climatic
shifts
Segment 10# Minor glaciation, volcanism; Migration of tributary junctions 104-10°
system earthquakes; very large landslides; and bedrock nickpoims; channel
alluvial or colluvial valley floor downwearing; development
infilling of new first-order channels
Reach 10! Debris torrents; landshides; log Aggradation/degradation 102-10"
system input or washout; channel shifts, - associated with large sediment-
cutaffs; channelization, diversion, storing structures; bank erosion;
or damming by man riparian vegetation succession
Pool/riffle 10° Input or washout of wood, boulders, Small-scale lateral or elevational 101-10°
system etc.; small bank failures; flood changes in bedforms; minor bedload
scour or deposition; thalweg resorting
shifts; numerous human activities
Microhabitat 10! Annual sediment, organic matter Seasonal depth, velocity changes; 10°-10-1
system transport; scour of stationary accumulation of fines; microbial
substrates; seasonal macrophyte breakdown of organics; periphyton
growth and cropping growth

* Space and time scales indicated are appropriate for a second- or third-order mountain strean.
U Evolutionary events change potential capacity, that is, extrinsic forces that create and destroy systems at that scale

¢ Developmental processes are intrinsic, progressive changes following a system's genesis in an evolutionary event.

Frissel et al. 1986 &V 6
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The Japan archipelago has large D
climate differences depending on”
the region

Snow fall in winter season

Rain fall in summer season
“Baiu” front and typhoons make heavy rainfall

K[RT Ay FE{E2010 BFKE(F)
Mesh Normal Value 2010 Rainfall (Year) , Japan Meteorological Agency
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It is understood that the main reason is that sand is stored by the upstream dam
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Measurement results of fine sediment 5K e
concentration in Ibi river and Nagara river (2018)

WER-FREE
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EESiE b e e
Ibi '
(2018)
1.000000 — )
¥ Nagara
3 1(2018)
0.100000 2L :
B i
é 8
o000 If the flow rate was about the same level, it was
i s confirmed that the sediment concentration in the
ERkR 1l Ibigawa river was higher by about 1 order than the
o o | Nagara ||| Nagara River.
' 1960s i
i This is the cause of the accumulation of a large amount
2 of fine grain sediment in the Ibi River.
0.000100 = o s4RREJIBRT
S szl The Kiso three Rivers are adjacent to one another,
but have completely different sediment regime!
0000010, 5 100 - 1000 10000 The data plots in 2018 are likely to underestimate the concentration. 6
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Concept of riverbed environment and its modeling

Riverbed environment is dominated by spatiotemporal dynamics by larger scale habitats.

Scope of integrated modeling

External variation

Spatial scale Local condition of sediments Luocal flow and sediment transport factor
Surface topography = Flow resistance and mean flow
. (Outer layer)
in Size classification N Logarithmic layer o . . -
Micro-habitat || Distribution Transport . ~ Ros:ghgress""- | Flow structure in roughness layer Dlscw
_____ populations ___if| ™\ > b fluctuations
Permability | ¢\ Mixed size sediment transport
Porosity == c; . _Sub-sm:,&:cea - ib 5 Pfide S1Ze § ent transpo:
Sediment sorting | |
Horizontal sorting, ! Bedforms TR T Runoff events
Reach Vertical sorting |
Riffle/Pool I
Riverbed topography ]
I | Flow regime,

Three requirements to evaluate the riverbed environment by numerical simulation
1) it is possible to handle the reach scale simulation,
2) the local condition of sediment, local flow and sediment transport
are calculated at the same time
3) the discharge fluctuations of a wide range can be handled with
high accuracy. (usual water level to high floods)




Functions required for riverbed evaluation models

Improvement and function expansion

. . Quasi-three dimensional
General horizontal two- |:>

model which focus on the

Three dimensional two- phase

i i . . flow model
dimensional models riverbed environment
7 7 T
™ = b d
¥ Depth-integration ESEUI'HIHQ — ¥ The characteristics of ﬁﬁ;ﬂaw_ﬁaid ¥ A three-dimensional flow fisld is
logarithmic kaw _—' :'—_ including the roughness layer are - directly expressed
. 5 considered | 3z« @0|—1— :
¥ Flow resistance is -::m.mted h:.l uslng ¥ Flow resistance is counted by consldenng v Resistance and stresses are w
Manning's coefficient In:lapandant the roughness hmghtarbd r&lauw’ expressed by flow and interaction !
of surface layer GSD | submergence (e.g Hayrsaquahun] | between individual parbclas . .
" - W
/ 3 L 4 %r o | = "1 {
- I ] - - .
o ‘a‘x]"‘ ;"“ % -
| ¥ Surface topography is NOT considered pv= Surface l:l:rpugraphr is mrvslderedvnm AR L EN
| S e | - surface layer, GSD. ‘ 4 ¥ The 5""15':"5 tupu-gfaphr and,, 1
¥ G50 is given for each layer = < pummy of the riverbed are .
e dg e e ! b GED s given fureanl:iflayer 3 exprﬂmﬁlby |ndmdua! particles
'+~ Porosity is treated as a constant “+* Porosity is treated as a variable with J
GSDin each layer
* Suitable for solving the riverbed —, ¢ Suitable for solving flow and e Itis expected not only to clarify
variation during large flood riverbed variation from usual water the sediment transport
level to large flood phenomenon but also to

* Applicable from reach scale to
segment scale e Applicable from reach scale to
segment scale

elucidate the mechanism of

habitat of aquatic life.

* Calculation accuracy when the
flow rate is low (when the relative ¢ Information necessary for habitat
submergence is small) is not good evaluation of riverbed environment

Precision, but it requires a
considerable amount of

computation, it will be difficult

is included in the model, and

* Physical properties on riverbed

to handle space larger than the

habitat evaluation is possible
directly from analysis results

environment is hardly expressed reach scale

31
Conventional model’s three issues to be solved
B Issue 1: Flow resistance is under " ?
estimated in the shallow condition ]
— Inthe upper and middle streams, the sediment
particles are larger relative to the flow depth / s
when the flow rate is low. In such a situation S i S
where the relative water depth is small, . [ _ J
Manning's law is known to underestimate e e e e e
resistance. R/Dg, relative submergence
_§ 10 ( = —i" ~4o MANNING
— Shallow flow (eg. rifle, shoreline part) in gravel- L; \ M S
. . . ‘ . o | S\ .
bed rivers is considered as ‘Large to medium = | 8 v I
onst S 1.0 S 2
roughness region’. “— S ==t :
8 Velocity is
s overestimated e
» We need the flow resistance law ;0.1
. g ~N e o g 2 9
which can express the flow =) g T - o 7 QA
. . . ~ ™~ -
resistance in large to medium =5 S

roughness region

R/Dg, relative submergence

(Rickenmann and Recking, 2010)
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Conventional model’s three issues to be solved

B Issue 2: Porosity rate is treated as a constant value

* In general 2D simulations, porosity is often treated as a constant. A value of about
0.4 is often used as the porosity, it is a value under uniform particle size condition.

* Actually, the porosity has a width of about 0.2 to 0.4 varying with Grain Size
Distributions. In an actual river, the GSD has a wide width value.

» Porosity is an essential parameter of the riverbed environment
and porosity corresponding to changing GSD must be obtained

A e

-

Spatial distribution of riverbed porosity of gravel-bar in Nagara river
(estimated value from GSD, blue shows the surface value, red shows the sub-surface value) i3

Conventional model’s three issues to be solved

B Issue 3: the characteristics of the flow field including the roughness layer

zy p are NOT considered “

Water surface g

(Nikora et al., 2004) Mean velocity distribution on boulder bed.
(Harada et al. 2017)

as
30 ~ °°
- > > The roughness layer
7 is heterogeneous
N s > and aquatic
10 Z . .
. . . organisms use it.
0 —Zt 0
210 0 10 20 30 40 50 60 70 S0 90100 -10 0 10 20 30 40 50 60 70 80 90100 -10 0 10 20 30 40 50 60 70 80 90100
V (cm/s) V(cm/s) V (cm/s)

(a) Cobble only (b) Cobble with gravels (c) Cobble almost covered with gravels
Spatial-averaging of mean flow velocity with three bed conditions

(oy is spatial variance of mean flow velocity ). (Rahma et al. 2016) ”




Methods

Outline of model development<

EOxFEL

IRy B2 K 5

| Base Model |

» Nays 2D solver, general horizontal two - dimensional riverbed T
variation solver developed by Shimizu et al. (Jang & Shimizu 2005). II

» The model can handle the flow and riverbed variation in shallow
channel with high accuracy, it was widely introduced through the
IRIC Project community (URL: http://i-ric.org/en/) and used

throughout the world.

» Original Nays 2D model can express the blue-colored factors, we try
to clear three more additional issues by improvement.

Spatial scale Laocal condition of sediments

Local Dow and sediment transport

iRIC Software

Changing River Science

External variation

factor
Issue 3 Surface topography Flow resistance and mean flow || 1SSU€ 1
(huter laver)
Caraut saze : Logarithwric layer
Graun Size :hﬁlhcmm " i Flow structure in roughness laver Isstlilg]?_,me
Mhero-habatat  [Distnbution Transport Roughumes - Py
____________ . m- iiyer flchantions
| Pemuhh A \_m_lrt(_ ,3
Issue 2 | Porosity Wl LG S Akl nsia s
Sediment sorting
Horzontal sorting, | | Runoff events
Reach | - i i
Ruffle/Pool Lﬁmt | . et S, Megp e
Riverbed topography 5
Methods i
Methods Outline of model development
Improvement 1: Flow resistance modeling 10 HEY
In Nays 2D, the Manning’s coefficient is used as
a constant to evaluate flow resistance and bed 8 L H [ ¢ ¢ ¢
sheer stress £1.0 ‘F a5
* :) | ]
S~ T 8 & °
Rickenmann & Recking(2010) showed that :)8
. . = Median/Quartiles
Hey’s formula (1979) showed high accuracy in o e
a wide range of dataset. 0.1
We introduced Hey's formula into Nays 2D. 'c\S o : ; ('; Yy 2 R
v o7 N & N
™~ —
Hev [1979] —=6.25+5 =

u, R/Dg, relative submergence

Improvement 2: Porosity modeling

Fujita et al. (2008) developed the method which can evaluate the porosity in the
mixed grain size condition.

This model classify the grain size distribution into log-normal and Talbot distribution,
and the functions to evaluate the porosity value are given for each typical distributions.

The porosity of each grid can be calculated from GSD using Fujita's model on Nays 2D.

The Nays 2D solver of IRIC was improved, and the riverbed environment model
coupled with the grain size distribution, flow resistance, porosity was implemented.

(Rickenmann and Recking, 2010)
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Methods

Validation by experiment results on
meandering flume

* In order to verify the effect of the improvement on the bed variation
result under the mixed particle size condition, we use the experiment data
under mixed particle size condition in meandering flume (Ashida et al.
1984) as a benchmark.

100 T
{ Dpy=1.68 mm, o=1.5) !
(cased, cased) =
2y

(%)

[ Dp=1.74 mm, g=2.2)
(casel, case?)

D=180°

Centerline

IIIIII

J
U 11 M1 1 A1 I LLil
b=360° 0.1 1

®=0" Diagram of the experimental flume Dny (mm) N
Grain Size Distribution of
Tablel. Experimental conditions the experiment
Exp. B L fea 1 Q h &  Da g U. Uin Uicom
Number (en) (em) (1/sy (em) (gr/s} (mm) (en/s) (em/s) (em/s)

[casm1 20 220 35° 0.009 1.2 165 0 174 2.20 381 338 4.28<-Testcase
CASE?2 20 220 35° 0.009 3.6 4.26 6.67 1.74 2.20 6.13 3.38 4.28
CASES 20 220 35° 00089 12 1.70 0.08 168 155 3.87 3.30 399
CASE4 20 220 35° 0.009 36 4.11 534 168 155 602 3.30 399
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Result | Validation by experiment results on
meandering flume
B Velocity distribution and bedform

Velcy(ims-1)
—
0.4

T
LR

% B) Manning-Strickler E E;/
(n as variable) ’

Velocity distribution of the experimental result and model simulations.
* For the improved model, it was expected to improve the calculation accuracy
of the flow velocity and the water depth.
* Comparing Manning's coefficient as a constant, Manning-Strickler formula and

Hey's formula, it seems that the result using Hey's formula seems to be closest
to the experiment. 8




Validation by experiment results on

meandering flume
B Sediment sorting

A) Normal model
(n as constant)

52
" B)Manning-Strickler

(n as variable) MeanDiameter(mm)
[al=#n] 1.20 1.50 1.80 ) 2.10 2.0

2.70 300

Mean diameter distribution of the experimental result and model simulations.

* The calculation result of surface GSD was greatly improved than the flow

velocity and water depth! 39

Porosity predicting method (Fujita et al. 2008 )

r

e A A
Line-2
1.0 /
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distribution 1 "
o A I

B 05

L&) Log-mornsal tvpe

|
ﬁ

b Talbot type ich Bancdal rvpe

modified-Talbot |- -
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0.0 TS 10 = s e adaaion
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g T 4 o] Qe '_'__,.-"'1
o S 1 hew| £y
logdmu - logdpcak -s;;-:m { ‘%" 5 L * ¢ + : EEEEEE%T
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logdma.x - logdmin " 00 02 04 06 08 10 12 14 Lo oo ) )
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lOg dmax - 10gdmin

B4 gy MRHESRORERE
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log, 10 d | log(d,.., /d.rip)




Result | Validation by experiment results on
meandering flume
B Porosity of the bed surface

No Data

Experiment

- %0

* The porosity changed in the range of 0.26 to 0.39 by introducing the Fujita
model.

* Since the porosity was not measured in the experiment, it is not possible to
verify the simulation result. But since the porosity has a physically close
relationship with the GSD, it is considered that a more correct value is

obtained by using Fujita model than handling the porosity as a constant
value.
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Why did the improved model significantly improve
the accuracy of river bed variation and sorting effect?

* Asaresult of improvement, the riverbed environment model coupled with
the GSD, flow resistance, porosity was implemented. In result, the
precision of riverbed variation calculation itself improved.

. ] Treated as
Calculation procedure [before improvement] constant
Grain Size Distribution | Porosity |

Not connected

2 2 2
n‘uvu? + v
Roug.hr.mess Bed shear stress.| -* = +
coefficient p d1/3

Treated as
constant Water depth .
Sediment transport rate
@ Balance e /
Flow velocity Continuity equation of sediment
Continuity equation and Bed deformation and
Momentum equation of flow GSD change
|
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Why did the improved model significantly improve
the accuracy of river bed variation and sorting effect?

* Asaresult of improvement, the riverbed environment model coupled with
the GSD, flow resistance, porosity was implemented. In result, the
precision of riverbed variation calculation itself improved.

Calculation procedure [After improvement]

Fujita model
Grain Size Distribution Connected —>{ Porosity
\1/ Connected
Roughness T n*uvu? + v2
e Bed shear stress | =% = 7
Hey’s coefficient p dl/3
equation Connected
Water depth

Sediment transport rate

Balance

Flow velocity

Continuity equation and
Momentum equation of flow

Continuity e-'qUatio___n of sediment

Bed deformation and
GSD change
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Conclusion

EoExFEL

Summary & Conclusiofrs iggxs:

1. The outline and results of numerical simulation model aiming at
evaluating habitat of riverbed environment currently being developed
are reported.

2. The Nays 2D solver of IRIC was improved, and the riverbed environment
model coupled with the grain size distribution, flow resistance, porosity
was implemented.

3. Asaresult, it became possible to obtain not merely the necessary
information for habitat evaluation of the riverbed, but also the precision
of riverbed variation calculation itself improved.

4. Next step is estimating the flow velocity profile including the roughness
layer (issue 3), we will continue to develop the simulation model which
include the information necessary for habitat evaluation of riverbed
environment, and habitat evaluation is possible directly from analysis
results.
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Fig.1. Physical properties of riverbed environment
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Problem of mixed-sized sediment transport formula
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EERKIES

HHETER=
MR | RDE (TR TR w0 | ﬁ*;‘ o |8
a(l/s) |Qs(em®/s)| H(m) | u(m/s) | u*(m/s) 0 i -‘F-ﬁ]ii'ﬁﬁ'é" .
Az (cm >

0.057 0.41 0.05 0.44 0.12 0.48 0.10 0.78

13 3 0.4 0.069 0.48 0.06 0.49 0.15 0.66 0.13 0.61

18.8 0.083 0.57 0.06 89 0.54 0.18 0.73 0.15 0.54

9.4 0.054 0.44 0.05 8.5 0.43 0.11 0.42 0.09 0.80

133 0.80 0.068 0.49 0.06 8.5 0.49 0.14 0.55 0.11 0.74

18.8 0.081 0.58 0.06 9.2 0.53 0.17 0.64 0.13 0.69

9.4 0.047 0.50 0.05 10.4 0.40 0.10 0.16 0.03 0.73

13.3 1.60 0.063 0.53 0.06 9.5 0.47 0.13 0.24 0.05 0.59

18.8 0.076 0.62 0.06 10.1 0.51 0.16 0.36 0.07 0.47

9.4 0.051 0.47 0.05 9.3 0.41 0.11 0.48 0.10 0.49

m 13,3 0.44 0.062 0.54 0.05 9.8 0.46 0.13 0.66 0.14 0.42
it 18.8 0.075 0.62 0.06 10.3 0.51 0.16 0.73 0.15 0.39
8 9.4 0.050 0.47 0.05 9.4 0.41 0.11 0.42 0.09 0.58
i3 3.3 0.80 0.061 0.55 0.05 10.0 0.46 0.13 0.55 0.11 0.42
18.8 0.075 0.63 0.06 10.4 0.51 0.16 0.64 0.13 0.35

9.4 0.049 0.48 0.05 9.8 0.41 0.10 0.16 0.03 0.57

133 1.60 0.059 0.56 0.05 10.4 0.45 0.13 0.24 0.05 0.55

18.8 0.074 0.64 0.06 10.6 0.50 0.16 0.36 0.08 0.49
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