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Suitable Riverbed for Ayu Spawning Redds and Effective Gravel Replenishment in the Tenryu River
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Synopsis

Riverbed is consisted of various habitat types, e.g., riffles, pools, side pools, back

waters, etc. These habitats are changing in time and space by deposition and erosion

processes caused by floods. These processes should be appropriately considered in the

ecological evaluation. This article discusses riverbed characteristics of spawning redds

for Ayu (Plecoglossus altivelis altivelis), in relation to changing patterns of habitats in

the Tenryu River, Japan. Habitat surveys were conducted to understand the riverbed

characteristic by comparing physical parameters of spawning redds with other habitat

types, e.g., water quality, riverbed softness, grain size distributions, photo data via

interval-recording-cameras, aerial photo data, etc. It also examines effectiveness of

sediment replenishment options, applying a 2D riverbed variation model. Two options

of renewing an existing riffle at main channel and creating a new riffle and spring water

at a secondary channel are discussed.
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Fig. 1 The research area in the Tenryu River Japan.
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Fig.2 Correlation of riverbed softness between Shino and

Hasegawa Riverbed Digging Instalment.
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Fig. 3 Hydrograph of the hourly discharge at the

Kashima station in the Tenryu River.
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Fig.4 Spawning redds and eggs found. Downstream and
upstream photos at 16.4 k-point were taken via
interval-recording cameras hourly over the survey period.
Habitat types were identified and two spawning redds

were found.
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Fig. 5 Comparison of Dissolved Oxygen (DO) at surface and interstitial layers among habitats of different types.

Surveys were conducted on 22 November 2013.
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Fig. 6 Comparison of riverbed softness measured by Shino among habitats of different types. Surveys were conducted

on 22 November 2013.
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Fig. 7 Comparison of grain size classifications among
habitats of riffles. Surveys were conducted on 22 November
2013 and analyzed by image processing. Letters described in
() for each riffle refer that U is the riffle head, D is the

riffle tale, and M is in the middle location between U and D.
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Fig. 9 Riverbed changing patterns at a reach scale by Aerial photos from 2010 to 2012 in relation to configuration of

sandbar front and spawning redds.
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Fig. 10 Longitudinal profile of riverbed change volumes by erosion and deposition between 2008 and 2013.
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Table 1 Computational conditions for verifying the 2 D

bed variation simulation model for the Tenryu River.

Item Condition
Period February to December 2013
Length 7 km, 13.0 to 20.0 k-points

Initial riverbed data Survey of cross sections as of February 2013
Geographical mesh Longitudinal: 22 m

data Lateral (channel): 20to 30 m

Lateral (high area): 11 m

Mixing length model

Sediment load: Bed load only

Grains size distributions: survey data in 2007
Flows: hourly discharge data more than 500m3/s
Sediment: none

Turbulence model
Sediment

Upstream boundary

Downstream Water stage: Results of a 1 D unsteady flow
boundary model
100 ‘ ;
- ——Survey result around the
£ 80 )
2w research area in 2007 /
2 560
25 /
% S a0
S O
o
E " 2
(o]
0
0.01 0.1 1 10 100 1000

Grain size (mm)

Fig. 11 Grain size distributions for the initial 2 D bed

variation simulation model
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7o, 723, RLEE 3 AR 120074 A& D b D % H 7= (Fig.
1) .
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(a) Verification result
on 30 Aug. 2013

(b) Verification result
on 16 Dec. 2013

Fig. 12 Verification results of the 2 D bed variation
model on 30 August 2013 (a) and 16 December 2013 (b).
Water and terrestrial boundaries and velocity during
normal flow conditions were compared between
numerical results and interval-recording photo data.
Between the time of (a) and (b), two foods occurred, a
middle flood on 16 September (4,900 m*/s) and relatively

small flood on 26 October (2,120 m?/s).
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Table 2 Numerical cases for renewing an existing riffle at
main channel by sediment replenishment. Numerical
cases are consisted of the replenish location and flood
discharge. For example, Case U-SF refers to sediment is
replenished at the upstream location and receives small
flood with the discharge of 2,100 m’/s.

Condition Parameters

Replenishment  Upstream (U), Middle (M), and Downstream (D)
location

Flood Small Flood (SF) : 2,100 m¥%s,

discharge Middle Flood (MF) : 4,900 m%/s, and
Large Flood (LF) : 6,000 m%/s

Table 3 Numerical cases for creating a new riffle and
spring water at a secondary channel by sediment

replenishment.

Case Size of replenished sediment

Length (m)  Width (m) Height above water surface (m)
A 20 350 0.5
B 20 350 1.5

-1 BRI ORI EO3EATIcE S L4 L CEHA
EATo 7. BEFEORIZE L 0 thiml )1 T IR o i
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7.
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Qy X E— 7 iR [mYs], t, 13— iR ARER
[hour], m IZEHTH 5. 723, Ui, Q,=6,149,
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7. WAKBRICIIAKRZIEE IED D 2 &I X 0 BEETRR

Secondary
channel

ase'A 0.5m height,
Case B 1.5m height

Sediment replenishment
Renewing an exiting riffle at a
mail channel

Creating a new riffle and spring
water at a secondary channel

Fig. 13 Location and form of the replenished sediment
for renewing an existing riffle at a main channel and for
creating a new riffle and spring water at a secondary

channel.
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Location of sediment Upstream (U) Middle (M) Downstream (D)

replenishment
(B SF \L

Small flood
(SF: 2,100m3/s)

Legend for SF

(Bed variation)
deposition(m)

0.03
0.025
0.02
0.015
0.01
0.005
0
-0.005

erosion(m)

Middle flood U-MF
(MF: 4,900m3/s)

Legend for MF & LF
(Bed variation)
deposition(m)

Large flood U-LF
(LF: 6,000m3/s)

erosion(m)

A

Fig. 14 Result of sediment replenishment for renewing an existing riffle at a main channel.

Aerial photo on Dec. 2012 Case A: 0.5m height Case B: 1.5m height

Bed variation
deposition(m)

erosion(m)

Fig. 15 Result of sediment replenishment for creating a new riffle and spring water at a secondary channel.
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