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Riverbed Environment and Benthic Invertebrates in the Downstream of Dams with Sediment Bypass
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Synopsis

In order to understand effects of sediment bypass on downstream ecosystem of dams,
we surveyed riverbed environment and invertebrate community both at upstream and
downstream of 4 dams with sediment bypass tunnel in Japan and Switzerland. Bed
materials were coarse, in terms of a slope-size relationship and dimensionless shear
stress at downstream of dams with new bypass tunnel, while they were as fine as
upstream of dams at downstream of dams with older bypass tunnel. Sites of below dams
and below bypass outlet of new tunnel dams were characterized by the occurrence of
organic microhabitats (e.g., moss-mat, mud, filamentous algae), fewer glider mayflies
against net-spinning caddisflies, and fewer riffle specialist species against pool specialist
species. Our result suggests that sediment supply to downstream by the bypass tunnel
would promote filling or covering of coarse bed materials, increase the frequency of bed
movement while decrease stagnant patches on bottom and periphery, and consequently
encourage a formation of invertebrate community that is similar to upstream reaches
after certain years of bypass operation.
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Keywords: dam, sediment bypass, bed material size, bed shear stress, microhabitats,
benthic invertebrates
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Fig. 1 Location of studied dams (maps from MapQuest) and the outlet of sediment bypass tunnel
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Table 1 Properties of dam and bypass tunnel

Koshibu  Asahi Solis raffen-
sprung

River Koshibu Asahi Albula Reuss

(Tenryu) (Kumano) (Rhein)
Elevation (m) 500 400 800 800
Dam type Arch Arch Arch Arch
Construction (y ear) 1969 1978 1986 1922
Watershed (km?) 288 39.2 900 392
Total storage 10° m®) 58,000 16,920 4,070 150
Dam purpose F,A,P P P P
Bypass tunnel
Construction (year) ~2016 1998 2012 1922
Length (m) 3984 2383 968 282
Max. discharge (m’/s) 370 140 170 220
Gate open (days/year) ~10 ~2 ~200

F: flood control, A: agriculture irrigation, P: hydro-electric power

LUE EWRBRELCIR A B 3 Ak (Rift) OIRTE
IEDNTNEDNE NS T EICHIER L.

2. HAEMERE

2.1 A&

20144E5H 72 52014488 H 22T T, REFIR/N S
L (R#E)IKHR, Bhz@gEn) , RRERES A
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B9) oz LT CHA T o= (Fig. 1, Table
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L7e (GERRBELIAMTUZIE FREEAK) .« £72, brx
NOFEDITEKIO LIREICH 2 ONBEE TH D03,
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WEIA A THMSIEE TR0 D b T H o
EBEZLND.

2.2 FAERNAE
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(1 K&
HHAIZBWCKIR, pH, BREE, WE, &
TEMEFIR LS # % HH K'E# (HORIBA#L#U-53)
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M HWCEREESR, WY >, COD (bFEmy
gk E) ZME L.
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HEAZHEL, ShROEGERD L.

Upst  dam (UD) Koshibu
pstream of dam Asahi
; pr
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Pfaffen.
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Bypass
tunnel
Downstream of dam (DD)
LT
Below dam (DD1) Asahi
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Below bypass out (DD2) i‘:::::bu
INAIRAMATR .
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Pfaffen.
Below tributary (DD3) Asahi
XivERE Solis
Pfaffen.

Fig. 2 Field survey sites for each dam (maps are from
Geospatial Information Authority Japan and Federal

Office of Topography swisstopo)
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Table 2 Water quality of each site

Koshibu Asahi Solis Pfaffensprung
UD DD UD DD UD DD UD DD

Date 24-25, Jul 13, May 28, Aug 30, Aug
Temperature

°C 179 21.5 15 13.9-143 123 94-124 124 104-11.2

pH 82 82 7 6973 81 7682 73 7.1-13
ECmS/em  0.17 0.14 0.1 0.06 049 050-0.55 0.06 0.06
Turbidity

NTU - - 96 36-140 215 48-52 106 216-263
DO % 138 118 108 111-114 120 102-111 107 105-107
COD mg/L - - 8 1-6 6 2 4 6
NH,-NmgL - - 02 026 02 0.2 0.2 0.2
NO;-NmgL - - 1 02-4 02 0.2 0.2 0.2
PO,PmgL - - 01 005 005 005 0.05  0.05

JEABI I E L R FERFEL, FICX - TR
DKEREYE, WMNORBEIZEICLTWD. KEER
e COMBTHEBI T AEICH AT, LKL S
BT, TOHROMMBERESMERREORELZ IR
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AT NERT DD, FAELZZORRIZT THER
<, WBE—EOWIM OB FEEMMIC BT 5.
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LT, Ib/K-Jiik$EE & U Tk PRIzt 3 2 Ak PED
% & Rl L7z,
IEK-FRARFEE = 1bARME/ (EARMEHRAKME)  (3)

3. #ER

3.1 KiBREKE

KR EAXREL, 1RFAOFHRITH D720, ZO8%HT
DBEHEEENLSBVRLTWENIARHATHS. =
72, HEX LBV TCR—HIZFEHL TS (U
BEIZTFHRR2B I NT) , BORH H5EIEH
HIEEHMIATE S, BRELTUL, FOFLICE
WTH LTI CAKIBESCKEHEBIZREREWVITAD
Nighot= (Table 2) . KIEIZJETIX14CHIE (5
A13H) , /hEETIXI8CHI% (TH24H, 25H) , 8
A FHIZAT - 7=Solis & Pfaffen TiX11°CHiif#% Th - 7=
(ZNnFr8H28H, 30H) .

3.2 CAIRAPIEEAKEE

INERIZ BT, WEORLE AR IZ I 1 2 Dsold & A
E¥E (42mm) X0 H A XX TR (84mm) TR
<, ANARA TR TS (16mmEL T Ok
) W 7eisoiz (Fig. 3, Table3) . # A kBiicht
RCANA NRNA TR TREDOIZLSEDBIETH DR
FERRIIGRA /NS W T &%y (Table 3) , #3 THIVVAL
BRI TWVDI LERLTND. N RATFIT
BT DI ODsolE & HIT KX Dro 7203, WFID B R
WD RSy (2-40mm) (T K D 00 S WIS S
7=, —J, X2 ERTIEEITHE & RS DD THh - 7=
MBGRIF/NE o7, JBIZEBWTIE, Dsold & & L
(75mm) LV ¥ LA FROZMEWE (51mm) TR
RN EoT (Fig.3) . BTHRARNATFRICHEZD
MR (DD2) THRIZBRDAMIEFAR TV WA, FHER
WCHRZBRY Tlix, RERANFIETHHOD, £0
% 6 2 R M BHI SR Gt i O HLA & K & 728
WL 72y o 72, SolisTIX, Dsold# 4 Bt (50mm)
XU H AL RZATH (7T1mm) TRE L, HBE TIH4E
W (Imm) BA RO B D oiz. XAk
DDso (45mm) (X4 & EWRIZHED > 72, Solis®D & A
FVROW TIX2-5SmmD BRI D i 53 D32\ N D IR T
®7%. Pfaffen TiX, Dsold & A Lk (98mm) £V %
NARA T (130mm) TR, ZihH ik
(103mm) X% & FRIZiEd > 7=, Pfaffen® /XA /%
ZTFHOWTIL, SmmLL T OWF| L & H1210-40mm
DINEED RS DI\ N DB FFETH 5. Solis°Pfaffen
TIE, &L EHRICHERTAA ARZA TR TGRA/NE L,
VR RIC S ME > TWAHZEERLTWS., —
RS, 1DOINOHTH Tl & v b Byl TRt
MHADVMEBNICH D, JB & Plaffen DA A TE H L

Koshibu

Solis
Riffle  Pool

Cumulative percentage (%)

Grain size (mm)

Fig. 3 Grain size distribution of bed surface

Table 3 Bed characteristics of riffle each site

Koshibu Asahi Solis Pfaffensprung

UD DD2 UD DD3 UD DD2 DD3 UD DD2 DD3
Dy 22 168 209 11.6 78 272 64 6.7 255 325
Dy, 422 840 747 509 503 714 445 983 1303 103.7
D¢, 573 100.1 858 634 714 949 61.1 1323 177.5 145.7
Dy, 1193 167.6 130.0 105.0 126.3 173.2 132.3 2382 288.6 230.4
GR 11.0 35 27 32 45 25 50 86 3.7 27
size in mm, GR = (D g4/D sy+D 5¢/D 6)/2

B A BN- (MFEITZRL) .
BHEORIRIT, X LEOMNMBERBZRIUACH, W]
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UD DD2or3
O @ Asahi DD sites in
Koshibu other dams Japan
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Pfaffenspr
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Fig. 4 Relationship between channel slope and Dso

RARBL e & OWEFFEDOREEZZ T 5. — ISR
WEL L & HITRBRIRIIRE L 2D, X ATk
DT —% (HZH 5, 2005) & &b, RERE (Do)
EWMRARICH LT ry b5 &, XA EiHA
ORI CIERRAEL & & ISR KX < 22 DA
Btz (Fig. 4) . B & PfaffendD /S /XA T i
XA L EfOEBEORICT ey hEanz. —F, ¥
A THOMSIZBWTIE, R &R MICH
BR7eBAMRIE 22 <, FE 2R EE O R ABRIZ IV T A
LEWED XL TIRTRENREN T, L
Solis®D /S A /XA R D HF I D & A F i O ik
Zay hEh, WRARZEE X TRIRERKE N
EVIRENT. Plaffen T A A B LD /31 %2
THOBENKE DT, T OBV KBS
BRI 56D TH-72.

WIRHKEE 1, SolisZ FiR< 32D & ATIE, KHLAIC
BTN O BT b R EWHIIZ & - 72 (Fig.
5) . 2O LEEBMOFROMEIL L DENL, FAE
BT 21X 2% 07128, /MMESSolisTIEL & i
ETWMICEDHBRENTIRON R o7, JBE
Pfaffen Tix, WMOFORRLMEELZBEL T, ¥4
EW LD b AT CRRKEN NS VEHANIZH -
7= (Fig. 5) . /DO CILWREKE D) 03 4em%
TEIZEERZ <, BEPIIRPZE)» 72 2 &2
@z 2. —/C, KRR E & b ISR I3/ &
Kb EtFHREIND., AL ZAOHEORTIEZEDO X
D PR RIS LR E ORI oA OBBEN R Sz
2, AAROHETIEE S LRI R, 61,
A A A D TE FE O3] FRLEE D Mg b~ T PR
PNE D o7 (Fig. 6) .

3.3 WMAERE (R4 7ANEZY )
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Fig. 5 Bed softness (mean+sd) of each site (1, 2, 3 are
upper, middle, lower part within riffles)

UD DD2or3
O @ Asahi
Koshibu
O @ solis
Pfaffenspr
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1 © o
Lo 4
[%2]
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S
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Q
m -
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Grain size Dy, (cm)

Fig. 6 Relationship between Dso and bed softness

INEIZBWTIE, MARSOEES (HEBELEY
ATOH) X, XLl (6 W6 Kvi A
ANATW G- 8, I :8) Tmhorz (Fig. 7) .
S5 RIS T DB MAER X A T ORI e HEE
L, XhERICRTBH LA TROEDEFITHES
&, B 2B HMAERBER O Z2 7T (Fig.
8) . BRMESORESNDL L AL E THROE
WOFREEER, Z O/ 56X A Eickt LTk
TEW - D WAERBSE X A THREBTE S, N
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Fig. 7 Microhabitat richness in riffles and pools at each site
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Fig. 8 Relative abundance of microhabitat in pools and riffles for UD and
the difference in the relative abundance between UD and DD

IZBWT, # A EICZEANTHE AT T, R0,
EAv v b, JE, RRESY BRZN—FT, W
WNI DI o 7z (Fig. 8) .

JE T, EOMHRTHWICH S THTHRAERSLD
BEINE,Lo. MEEROEE SITIRAKEFT
L& E:s5 W6, XAERE AT
ILFREChH o7 (-8, Wil :10-11) (Fig. 7) .
A0 L & BRRE T CIEMAE R SRER b K& B
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AT T, SR~y FOERA~ Y b () 3%
W35, BRI, R, REIR, HERTRLY X —Ry 7,
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Solis TiX, MWHDOMAERLOEE IIX, & A R

BARTH A TWROFFICIREE T TR 2o 722,
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MR TEPo Tz, F b BRI RTAA R FHR
X E s T, AR, UV E2—Ry 2, BRE
EAY Yy MREL, W2 #—s_y 7 —HEFER 3D
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Pfaffen CiX, W & O W F THMAERSL O BE I,
NARATRRLZIRETE LY XA ERTRE»PoT.
UL, HoFZ AT~ D EX L ERE TRIZED
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ThBIELS, NARRAFWTH L L L FREIC
HEICH o T-. Fiz, X Lb EFRICHSTAA (2
TU T, R, MIKE, EA~ v b, B, SRR
B~y NRENZV—F, BRIV, #FiC
PNAPRZIEHELL D720 « INE W[ L Solis TE D
fE A xR o 7.

3.4 EXEEMEHE
INERIZBWT, oM EHITS A EREY B
RNARATTE D> 7208, MO HBFERII%E T
bl m o7 (Fig. 9) .« Fiz, WL OMmIT T
BEBEOWMSTIIH T T OHBRBEEN DR e
T OMBREBNE Do 7. HEE O OEN
%, BEsEERE, AEE, WRROgEo TN TN
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Fig. 9 Taxonomic richness at each site (upper: riffle, lower: pool)
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Fig. 10 Community structure of benthic invertebrates at each site (upper: riffle, lower: pool)
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Fig. 11 Relationship between dimensionless bed shear
stress and community index (upper: net spinner-glider
index, lower: lentic-lotic index)
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Fig. 12 Expected changes of bed environment by sediment bypass operation
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Practices on outlet flow and water
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Fig. 13 Practices on outflow and sediment for restoration below dam and remaining environmental issues
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