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Actual sedimentation volume (= 107 m™)
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Dam: 1900

Bypass Tunnel: 1908

Purpose: Kobe city water
A=9.8km?, V=759,521m?, H=33.3m

Cross Section

Diversion weir
=3m, B=12m

l "% Tunnel inlet

Usually flow
in to reservoir

2. 969m

Tunnel Slope=1/75

Tunnel
outlet

' Tunnel length L=258mr

Tunnel discharge: Q=1.
3% Inlet and Outlet sections are covered with -
natural granite stones, while other sections have Usua"y SD'"ed water
no lining materials. flow to downstream

15 50 Lo Slgwy S pow Gules —A =Y S

1XK# i D. sP
- . 2Fm Senzu sG
CAP: Original total storage capacity volume, MAR: Mean 3/E  Yasuoka SG. D, PF
annual runoff, MAS: Mean annual sediment inflow RN e ERSE
100000 | G Tokiwa sSG
No measures (from inner factors) 1= Miura SP
C Check dam 8 M Hiraoka D, PF
. 94&EAM  Sekuma B.D
® Flushing 10/\A% Hakuwa E.D
@ A S aiin 134011 Tkawa SP.E.D. PF
s ot 120 Ysmaguchi SG. PF
a ® Scoring pioe IBHE  Akiba E. D, PF
< 14 %40 Miwa B, E.D.CD
@ @ Bypassing 1540  Mskio  E.D,CD
& : 16 /hi% Koshibu B, E. CD
o B Excavating 17821 Matsukawa B, E. CD
'S ; 1808 Asahi B
[ ¥ @ Dredging 19HHLE Dashidaira F
@
;:3 Iy Sediment check dn*n, 20FHA Unazuki  F
P / Sedintént rcpTemsqmcnt sD 3 g"::'_‘n"‘(g o
. = Flushing (Draw
Q 2 . QY xisis PF : Flushing (Partial draw down)
Sediment bypass, Sluicing S i
Sediment Mushing, Sediment scoring gate SP : Scoring pipe
10 B . Bypassing
0.001 001 0.1 1 10 E : Excavating
Capacity-inflow ratio=CAP/MAR 2 GO

Y4



Matsukawa dam, 1975

Catchment area=60km? T
Dam height =84.3m ' Ga: )
Total capacity=7.4MCM nnrass

Flood control, Domestic water,

Irrigation 7 gl -

Design discharge for
tunnel =200m?¥/s

2278
|
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g U iy “ 5,
v ‘ oo |
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e i”ll’ﬂﬁ.‘" sax
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- s Lam =
Slope=4%

Sy (§ 306 0,5 as gaunliio 9 b MALSUKAWE w50 igusy (g 39me Jigi —Ve-T S

|) ai> u.lw (WEC) u] &:L.a uLm ;)a@ Li o‘).o.m u)l?u L9 C,u).s.\.o Sldlas L;s\...:.of
VY S 50 a8 Wlos,S aily] g aodls Sligw, Jinl glo lig Slhiles olasde 5 >,k ol

Lol 00 00l uLm.s

Diversion

Weir @ @

@ @

“Rule for diversion”, "Volume and grain
size of sediment to be flowed” and "Design
discharge of tunnel” should be
determined considering that thev are a
relative series of svstems.

“Cross sectional shape of tunnel”
“Abrasion countermeasures” and
“Repairing methods” should be
designed considering that they are a
relative series of designs.
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= Tunnel specification(A-1):

| e’ 7 4 Discharge: 500m*/s
Al A Length: 3510m
il ot Slope: 1/37
Diameter: 7.4m/s
0 1 Velocity: 12m/s (n=0.023)

lﬁ‘ D50=4mm
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=== Bypassing sediment volume

Bypassing Efficiency(%)

L= 551 ciency
Bypassing efficiency

Annual Bypassing Sediment.
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“— Sediment Removal rate
Q Q
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Ql Qm
oo | L | o m/ | (ma/ | weta | B |y | 6B | b | Fr| e
54.2 | 3815 | 7027 | 24.8 | 335 | 135 | - | 008 | 5 | 033 | 20 | 066 1
47.0 | 3055 | 6497 | 22 [ 336|152 | - |008| 5 |033| 20 |0.73 2
20.0 | 2387 | 5067 | 19.7 | 335 | 17 - |008| 5 |033| 20 |080 | 3
33.2 | 2047 | 8863 | 124 | 229 | 185 | - |008| 5 | 033| 20 | 088 | 4
26.3 3097 | 1175 | 74 | 148 | 20 - 008 | 5 |033]| 20 | 097 5
63.7 9119 [ 1430 | 313 | 423 | 135 | - | 008 | 5 | 041 | 25 | 0.66 6
57.1 | 7494 | 1311 | 278 | 424 | 152 | . 008 | 5 | 041 | 25 |0.73 7
45.3 5413 1192 25 | 4.25 1F7 - 008 | 5 |041| 25 | 080 8
40.1 | 4154 | 1034 | 156 | 289 | 185 | - | 008 | 5 | 041 | 25 | 0.88 9
27.1 | 2374 | 8759 | 9.3 | 1.86 | 20 - 008 | 5 |041] 25 |097 | 10
74.5 | 3741 | 5015 | 34.1 | 460 | 135 | - | 008 | 5 05 | 30 | 064 | 11
62.5 | 4615 | 7375 | 276 | 421 | 152 | - | 008 | 5 05 | 30 | 073 | 12
50.5 | 4920 | 9735 | 22.6 | 3.84 1F7 - 008 | 5 05 | 30 | 081 13
35.3 4666 | 1187 | 147 | 272 | 185 | - | 008 | 5 05 | 30 | 088 | 14
28.4 | 3988 1400 9.1 | 1.82 | 20 - 008 | 5 05 | 30 | 095 | 15
68.6 | 3663 | 5337 | 27.2 | 6.26 | 23 - 1012 | 7 |033]| 20 |066 | 16
59.3 | 4349 | 7334 | 227 | 579 | 255 | - | o012 | 7 | 033 | 20 | 0.73 17
50 |4665|9330| 19 | 5.32 | 28 - 1012 | 7 |033]| 20 |080 | 18
36.9 | 4473 | 1212 | 126 | 391 | 31 - 1012 | 7 |033| 20 |08 | 19
23.8 | 3549 1491 8 |272| 34 - (012 | 7 |033] 20 |098| 20
727 | 4403 | 6054 | 29.7 | 6.83 | 23 - 1012 | 7 |041| 25 |066 | 21
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Ql Qm
el Rl Al m/ | 3/ | teta | Y/B |y [ BB | b | Fr | e
62.9 | 3921 | 6229 | 26.2 | 668 | 255 | - | 012 | 7 |041 | 25 | 073 | 22
53.3 3418 | 6405 | 23.4 | 6.55 | 28 - |012| 7 |041| 25 |08 | 23
37.9 | 4164 | 1096 | 15.1 | 468 | 31 - |012| 7 |041| 25 | 089 | 24
21.8 | 3393 1552 93 | 316 | 34 - |012| 7 |041 ] 25 | 098 | 25
78 | 3900 | 5012 | 33.7 | 775 | 23 - 012 7 05 | 30 | 066 | 26
64.0 | 4478 | 6988 | 29.4 | 750 | 255 | - | 012 | 7 05 | 30 | 073 | 27
53.5 | 4797 | 8964 | 26 | 7.28 | 28 - 012 7 05 | 30 | 080 | 28
36.1 3793 | 1050 | 16.4 | 5.08 | 31 - l012| 7 05 | 30 | 089 | 29
26.1 3144 1204 9.5 | 323 | 34 - 012 7 05 | 30 | 098 | 30
73.4 | 3937 53‘57 25.5 | 9.69 | 38 - | 016 | 98 | 033 | 20 |064 | 31
68.2 | 4202 | 6156 | 18.7 | 7.85 | 42 - 016 | 98 [ 033 | 20 [073| 32
62.6 | 4354 | 6954 | 13.6 | 6.26 | 46 - | 016 | 9.8 | 033 | 20 | 081 | 33
22.8 4506 | 1052 | 11,1 | 566 | 51 - | 016 | 9.8 {033 | 20 | 088 | 34
226 3187 1409 9.1 | 510 | 56 - | 016 | 9.8 | 033 | 20 095 | 35
77.7 | 3305 | 4249 | 26.2 | 9.96 | 38 - | 016 | 98 | 041 | 25 | 064 | 36
70.0 | 3885 | 5542 | 21 | 8.82 | 42 - | 016 | 98 | 041 | 25 073 | 37
61.8 | 4230 | 6835 | 17 | 7.82 | 46 - | 016 | 98 | 041 | 25 |081| 38
411 4435 | 1078 | 138 | 7.04 | 51 - | 016 | 98 | 041 | 25 |088 | 39
21.2 3126 1472 11.2 | 6.27 | 56 - | 016 | 9.8 | 041 | 25 | 095 | 40
83.1 2756 33—14 353 | 134 | 33 - 1016 | 98 | 05 | 30 | 066 | 41
76.4 3554 | 4649 | 31.3 13.1 42 - 016 | 98 | 05 | 30 |073 | 42
69.7 4173 | 5984 | 30 13.8 46 - 016 | 98 | 05 | 30 | 080 | 43
50.1 | 4850 | 9677 | 18.1 | 9.23 | 51 - 1016 | 98 | 05 | 30 | 088 | 44
29.7 3978 | 1337 | 103 | 5.77 | 56 - 016 | 98 | 05 | 30 |097 | 45
80.4 2872 35A71 30.8 | 416 | 135 | 30 [ 008 | 50 | 05 | 30 | 064 | 46
727 6459 | 8883 24.8 379 | 152 | 30 | 008 | 50 | 05 | 30 | 073 | 47
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Ql Qm
o0 er')(g o | e (n;)s/ (nsw)a/ teta | y/B BB | b | Fr | cus,
55 | 7808 | 1419 | 17.7 | 3.00 | 17 | 30 | 0.08 05 | 30 | 081 | 48
36 |4858 | 1349 | 142 | 263 | 185 | 30 | 0.08 05 | 30 | 088 | 49
25.6 | 3277 1279 | 123 2.47 | 20 30 | 0.08 05 | 30 [ 095 ]| 50
81.6 | 3033 | 3714 | 28.1 | 3.79 | 13.5 | 45 | 0.08 05 | 30 | 066 | 51
56.2 | 4811 | 8561 | 21.8 | 333 | 15.2 | 45 | 0.08 05 | 30 | 073 | 52
39 | 5229 | 1340 15;.1 3.08 1F7 45 | 0.08 05 | 30 | 080 | 53
31.1 | 4575 | 1466 | 13.2 | 245 | 185 | 45 | 0.08 05 | 30 | 088 | 54
27.4 | 4374 1592 | 115 232 | 20 | 45 | 0.08 05 | 30 | 097 | 55
62.1 | 4446 71—50 24.0 | 325 | 135 | 60 | 0.08 05 | 30 | 064 | 56
47.5 | 4878 | 1025 | 179 | 274 | 152 | 60 | 0.08 05 | 30 | 073 | 57
32.9 4401 | 1336 | 16.1 | 2.74 1F7 60 | 0.08 05 | 30 | 081 | 58
26.2 3559 | 1356 | 11.5 | 214 | 185 | 60 | 0.08 05 | 30 |08 | 59
217 2991 1376 | 11.2 224 | 20 | 60 | 0.08 05 | 30 | 095 | 60
83.6 2904 | 3471 32.9 758 | 23 | 30 | 0.12 05 | 30 | 064 | 61
70.9 2707 | 3818 29.2 7.45 | 255 | 30 | 0.12 05 | 30 | 073 | 62
55 | 2201 | 4165 | 224 | 628 | 28 | 30 | 0.12 05 | 30 | 081 | 63
40.0 | 3698 | 9225 15.1 430 | 30.5 | 30 | 0.12 05 | 30 | 088 | 64
28.7 4113 | 1428 | 11.0 | 364 | 33 | 30 | 0.12 05 | 30 | 095 | 65
82.0 | 2576 | 3139 | 323 | 7.43 | 23 | 45 | 0.12 05 | 30 | 066 | 66
68.5 3906 | 5699 | 25:6 | 6.55 | 25.5 | 45 | 0.12 05 | 30 | 073 | 67
53.1 4389 | 8258 19.0 533 | 28 | 45 | 0.12 05 | 30 | 080 | 68
434 4681 | 1077 14.8 454 | 30.5 | 45 | 0.12 05 | 30 | 088 | 69
25.1 3343 1328 | 10.7 3.54 | 33 | 45 | 0.12 05 | 30 | 097 | 70
74.6 3651 4590 29.6 6.83 | 23 | 60 | 0.12 05 | 30 | 064 | 71
62.3 6129 | 9832 20.4 5.22 | 255 | 60 | 0.12 05 | 30 | 073 | 72
5Ao 7388 | 1477 17.2 484 | 28 | 60 | 0.12 05 | 30 | 081 73
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Ql Qm
el Rl Al m/ | 3/ | teta | Y/B |y [ BB | b | Fr | e
38.0 | 5444 | 1431 | 139 | 432 | 31 60 | 012 | 7 05 | 30 [088 | 74
26.0 | 3611 | 1386 15.7 364 | 34 | 60 012 | 7 05 | 30 | 095 | 75
89.7 1768 19ﬂ7o 351 1133 | 38 | 30 (016 | 98 | 05 | 30 | 066 | 76
81.4 2901 | 3563 | 30.9 13.0 42 | 30 [016 | 98 | 05 | 30 |073 | 77
73.1 | 3769 | 5155 | 26.7 | 123 | 46 | 30 | 0.16 | 9.8 | 05 | 30 | 080 | 78
56.7 4672 | 9214 18.4 942 | 51 | 30 | 016 | 9.8 | 05 | 30 | 088 | 79
28.3 | 3761 | 1327 | 102 | 572 | 56 | 30 | 016 | 9.8 | 05 | 30 | 097 | 80
85.1 | 2447 28‘73 35.8 | 13.6 38 | 45 | 016 | 98 | 05 | 30 | 0.66 | 81
81.1 2887 | 3556 | 28.8 12.1 42 | 45 | 016 | 98 | 05 | 30 |073| 82
77.1 | 3272 | 4240 | 25.4 | 11.6 | 46 | 45 | 016 | 98 | 05 | 30 | 080 | 83
54.8 | 4752 | 8665 | 197 | 970 | 49 | 45 | 016 | 98 | 05 | 30 | 085 | 84
25.5 3925 | 1377 | 106 | 599 | 56 | 45 | 016 | 98 | 05 | 30 | 097 | 85
87.6 | 2160 | 2465 | 340 | 129 | 38 | 60 | 0.16 | 9.8 | 0.5 | 30 | 0.66 | 86
82.1 2847 | 3467 29.0 | 122 42 | 60 [ 016 | 98 | 05 | 30 |073 | 87
76.6 3425 | 4468 24.1 | 11.0 46 | 60 [ 016 | 98 | 05 | 30 | 080 | 88
52.1 | 4686 | 8995 | 17.2 | 881 | 51 | 60 | 016 | 98 | 05 | 30 | 0.88 | 89
27.5 | 3723 | 1352 10.4 585 | 56 | 60 | 0.16 | 9.8 | 05 | 30 | 097 | 90

\YY




clc;

clear

close all
x=xlsread('data.xIsx);
x(isnan(x)==1)=0;
y=x(:,end);

x(:.end)=[I;
x1=[ones(size(x,1),1) x ];
x2=[ones(size(x,1),1) x log(x+1)];
ql=regress(y,x1);
q2=regress(y,x2);
yl=x1*q1;

y2=X2*q2;

err=abs((y-y1)./y)*100;
mean(err)

max(err)
errl=abs((y-y2)./y)*100;
mean(errl)

max(errl)

EQ=@(q) Var(q,x1,y);

S § i 3951 O 1 — ) Cw g

% xn=ga(EQ,size(x1,2),[1.[].[1.[],-50*ones(1,6),50*ones(1,6));
xn=[ 46.5545 -43.5016 -20.7018 10.3212 0.0601 1.7608];
% xn=[30.5472 -49.9999 -1.0884 7.7621 0.0485 0.6482];

yl=xn*x1";
qag=polyfit(y1,y',1);
yl=polyval(qa,yl);
y2=abs(yl-y);
err=mean((abs(y2./y)'*100))

function [y1]=var(q,x,y)
% yl=q*x"-y";
y2=q*X,

Function @6 Y —o Cuvgw



% yl=mean(abs(yl./y")*100);
% 46.5545 -43.5016 -20.7018 10.3212 0.0601 1.7608

yl=corrcoef(y2,y");
y1=1-y1(1,2);
% 30.5472 -49.9999 -1.0884 7.7621 0.0485 0.6482

\Y¥



S § okl 5951 (SlaT 90 9 38 (Snod i 90 g LIS Aslio—T Cawgw

E(%) | Eq.4 | E(%) | Eq.3 | E(%) | Eq.2 | E(%) | Eq.1 (33 &r) teta | YIB | b/B | Fr | s,
229 | 66.7 | 17.0 | 63.5 | 22.5 | 66.5 | 16.9 | 63.4 | 542 | 228 | o | 008 | 033 | 066 | 1
216 | 57.1 | 17.8 | 55.4 | 21.1 | 56.9 | 17.9 | 55.4 | 470 | 22 | o | 008 | 033 | 0.3 | 2
20.2 | 48.1 | 20.3 | 48.1 | 19.6 | 47.8 | 20.4 | 482 | 400 | 197 | o0 | 0.08 | 033 | 0.80 | 3
322 | 321 | 441 | 317 | 309 | 319 | 404 | 319 | 332 | 124 | 0 | o008 | 033 | 088 | 4
292 | 186 | 27.1 | 19.2 | 30.2 | 183 | 26.4 | 193 | 263 | 74 | o0 | 008 | 033 | 0.97 | &5
141 | 72.7 | 145 | 73.0 | 13.7 | 72.5 | 144 | 729 | 637 | 313 | 0 | 0.08 | 0.1 | 0.66 | 6
926 | 624 | 115 | 63.7 | go1 | 622 | 115 | 63.7 | 571 | 278 | 0 | 008 | 0.41 | 073 | 7
164 | 52.8 | 22.6 | 55.6 | 159 | 52.6 | 22.7 | 55.7 | 453 | o5 o | o008 | 041|080 | 8
134 | 347 | 10.8 | 35.8 | 141 | 345 | 10.4 | 359 | 401 | 156 | o0 | 0.08 | 0.41 | 088 | o
26.6 | 19.8 | 22.1 | 21.0 | 27.6 | 196 | 21.3 | 213 | 271 | 93 | 0 | 0.08 | 041 | 0.97 | 10
243 | 764 | 329 | 770 | 215 | 76.1 | 330 | 770 | 745 | 341 | o | 008 | 0.5 | 0.64 | 11
149 | 616 | 0.68 | 62.1 | 1.87 | 61.4 | 054 | 622 | 625 | 276 | 0 | 008 | 0.5 | 0.73 | 12
415 | 484 | 153 | 49.7 | 464 | 481 | 129 | 498 | 505 | 226 | 0 | 008 | 05 | 081 | 13
150 | 333 | 15.6 | 33.1 | 158 | 33.0 | 150 | 333 | 303 | 147 | o0 | 008 | 05 | o8 | 14
27.2 | 20.7 | 286 | 203 | 284 | 20.3 | 27.5 | 206 | 284 | 91 | o | 008 | 05 | 095 | 15
726 | 736 | 459 | 717 | 603 | 733 | 451 | 717 | 686 | 272 | 0 | 012 | 033 | 0.66 | 16
460 | 620 | 247 | 60.7 | 421 | 618 | 247 | 60.7 | 593 | 227 | 0 | 042 | 0.33 | 0.73 17
254 | 512 | 213 | 510 | 2.06 | 51.0 | 2.02 | 511 | 50 | 19 0 |012|033|080 | 18
153 | 363 | 1.02 | 36.1 | 2.05 | 36.0 | 1.58 | 363 | 369 | 126 | 0 | 0.12 | 033 | 0.89 | 19
225 | 232 | 207 | 282 | 339 | 229 | 2.83 2{-4 238 | 8 0 |012 (033|098 20
373 | 754 | 264 | 746 | 342 | 752 | 261 | 746 | 727 | 297 | 0 | 042 | 041 | 066 | 21

\Yo




E(%) | Eq.3 | E(%) | Eq.2 | E(%) | Eq.1 (33 &r) teta | y/B | b/iB | Fr | s,
3.74 | 65.2 | 277 | 646 | 3,78 | 653 | 629 | 262 | 0 | 012|041 | 073 | 22
6.97 | 57.0 | 2.81 | 548 | 7.08 57.1 | 53.3 234 | 0 | 012|041 | 0.80 | 23
2.88 | 39.0 | 0.17 | 379 | 3.30 39.2 | 37.9 151 | O | 0.2 | 041|089 | 24
15.2 | 25.1 7.88 235 | 163 | 25.4 | 21.8 9.3 0 | 012|041 | 098 | 25
2:%8 79.8 | 0.70 | 78.5 2.},9 79.8 78 [337| 0 |012| 05 | 0.66 | 26
7.95 | 69.1 | 481 67.1 8.04 69.2 | 64.0 294 | 0 |012| 05 | 073 | 27
12.0 55.9 598 | 56.7 | 12.2 6(5.0 53.5 26 0 012 | 05 | 0.80 28
10.2 | 39.8 6.37 38.4 | 10.8 | 40.0 | 36.1 164 | 0 |012| 05 | 0.89 | 29
757 | 241 | 121 | 229 | 640 | 244 | 261 | 95 0 |012| 05 | 098 | 30
3.17 | 75.8 8._16 794 | 312|757 | 734 | 55| 0 | 016|033 | 064 | 31
114 | 604 | 563 | 643 | 11.4 | 60.4 | 68.2 | 187 | 0 | 0.16 | 033 | 0.73 | 32
235 | 47.8 | 184 | 510 | 233 | 479 | 626 | 136 | 0 | 016 | 033 | 081 | 33
6.21 | 40.1 | 284 416 5.88 203 | 42.8 111 | 0 | 0.6 | 033|088 | 34
47.2 | 33.2 | 444 | 326 | 479 | 334 | 226 | 91 0 0.16 | 0.33 | 0.95 35
2._63 75.7 | 215 | 794 | 2,60 | 75.7 77.7 262 | 0 | 016|041 | 064 | 36
10.1 6£.9 5.80 66.0 10.0 63;.0 76.0 21 0 0.16 | 0.41 | 0.73 37
156 | 522 | 129 | 53.8 | 154 | 523 | 61.8 | 17 | 0 | 016 | 041 | 0.81 | 38
5.;13 433 6.12 436 5.;36 235 | 411 13.8 | 0 | 0.6 | 0.41 | 0.88 | 39
67.2 | 355 | 60.5 | 340 | 682 | 357 | 21.2 | 112 | 0 | 016 | 041 | 095 | 40
6.44 88.5 4,01 86.5 6.42 88.5 | 83.1 353 | 0 | 016 | 05 | 066 | 41
2.63 78.4 1.01 75.6 2.68 784 | 76.4 31.3| 0 | 016 | 05 073 | 42
446 | 728 | 2.08 | 67.6 | 454 728 | 69.7 30 0 |016 | 05 | 0.80 | 43
2.51 48.8 6.44 | 468 | 211 29.0 | 50.1 181 | 0 | 016 | 05 | 0.88 | 44
6.41 316 2.26 30.4 7.40 319 | 297 103 | 0 | 016 | 05 | 097 | 45
292 | 56.9 | 324 | 543 | 289 | 57.1 | 80.4 | 308 | 30 | 0.08 | 05 | 0.64 | 46
410 | 42.8 | 44.8 | 400 | 405 | 432 | 727 | 248 | 30 | 0.08 | 05 | 073 | 47
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E(%) | Eq.3 | E(%) | Eq.2 | E(%) | £q.1 &“) &r) teta | yIB | b/B | Fr | s,
51.0 | 269 | 55.2 | 24.6 | 50.3 | 27.3 55 17.7 30 | 0.08 | 05 | 0.81 48
51.1 | 17.6 | 60.7 | 14.1 | 49.9 | 180 | 36 | 142 | 30 | 0.08 | 05 | 0.88 | 49
57.1 | 109 | 79.1 | 534 | 553 | 11.4 | 256 | 123 | 30 | 0.08 | 05 | 0.95 | 50
142 | 70.0 | 105 | 73.0 | 14.1 | 70.0 | 81.6 | 281 | 45 | 008 | 05 | 066 | 51
0.12 56.2 6.44 59.8 0.30 56.3 56.2 | 21.8 | 45 | 008 | 05 | 0.73 | 52
195 | 46.6 | 26.2 | 49.2 | 19.8 | 46.7 | 39 | 181 | 45 | 008 | 05 | 0.80 | 53
975 | 342 | 148 | 358 | 104 | 344 | 31.1 | 132 | 45 | 0.08 | 05 | 0.88 | 54
1.04 | 27.1 | 612 | 25.7 o.}o 27.4 | 27.4 | 115 45 | 0.08 | 0.5 | 097 | 55
1.51 61.2 7.17 | 66.6 | 1.33 61.3 | 62.1 | 24.0 60 | 0.08 | 0.5 | 0.64 | 56
1.08 47.0 9.98 52.2 0.68 | 47.2 | 475 | 179 | 60 | 0.08 | 05 | 0.73 | 57
20.7 | 39.7 | 285 | 423 | 21.4 | 399 | 329 | 161 | 60 | 008 | 05 | 081 | s8
908 | 286 | 17.0 | 30.7 | 103 | 289 | 262 | 115 | 60 | 0.08 | 05 | 088 | s9
12.9 | 245 | g15 | 235 | 141 | 248 | 21.7 | 112 | e0 | 008 | 05 | 0.95 | &0
225 | 64.8 | 26.9 | 61.0 | 22.2 | 650 | 836 | 329 | 30 | 012 | 05 | 064 | 61
231 | 54.4 | 306 | 49.1 | 22.8 | 54.7 | 709 | 292 | 30 | 012 | 05 | 073 | &2
289 | 39.1 | 38.0 | 340 | 282 | 394 | o5 | 224 | 30 | 012 | 05 | 081 | &3
456 | 21.8 | 53.7 | 185 | 445 | 22.2 | 400 | 121 | 30 | 012 | o5 | 088 | 64
542 | 13.1 | 705 | g4g | 52.6 | 13.6 | 287 | 11.0 | 30 | 012 | 05 | 095 | 65
0.234 81.3 0._16 81.9 o.ée 81.3 | 82.0 35.3 45 | 012 | 05 | 066 | 66
2.30 66.9 0.29 68.3 2.22 67.0 | 685 | 25.6 45 | 012 | 05 | 073 | 67
109 | 525 | 3.04 54.7 0.08 52.7 | 53.1 | 19.0 45 | 012 | 05 | 080 | 68
4.84 413 3.17 42.0 4.40 415 | 434 | 1438 45 | 012 | 05 | 088 | 69
198 | 30.1 | 16.8 | 29.4 | 20.7 | 30.4 | 251 | 10.7 | 45 | 012 | 05 | 097 | 70
0.31 74.8 3.18 77.0 0:9,7 74.9 | 746 | 296 60 | 0.12 | 0.5 | 064 | 71
10.8 5§.5 4.65 55.4 10.6 55..7 65.3 26.4 60 | 0.12 | 0.5 | 0.73 72
7.;33 260 | 3.8 48.0 7.;13 46.2 5Ao 17.2 60 | 012 | 05 | 081 | 73

\YY




E(%) | Eq.3 | E(%) | Eq.2 | E(%) | Eq.1 (‘;f) (‘;’r) teta | yIB | b/B | Fr | s,
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Abstract

In recent decades, although dam construction has increased in number and multiplicity,
unfortunately, most of these dams are subjected to sediment accumulation during their
operation period. As a scientific way, Sediment Bypass Tunnels (SBTs) could be hired to
solve this problem. They are deviant channels that convey the current containing
sediments from the upstream of the reservoir to the downstream of the dam. In this
research, the effect of hydraulic parameters of flow and changes in the angle of plates on
sediment transport and deviated flow have been investigated through applying submerged
plates on the entrance of a 90-degree diversion channel for sediment transport and then,
compared with the state without using submerged plates. The experiments were
conducted on a 10-meter-long Laboratory Flume, with a main channel of 60 cm width
and a secondary channel of 30 cm width and a height of 75 cm. In this regard, the variables
of Froude number and flow depth in three angles of 30, 45, and 60 degrees were studied.
Then 18 experiments were simulated with SSIIM2 numerical model and compared with
laboratory results and verifiedExperimental results show that increasing the Froude
number from 0.65 to 0.98 on average causes a 20% decrease in deviated flow and a 44%
decrease in deviated sediments to the sediment bypass tunnel. Also, the effect of flow
depth changes on performance is decreased drastically by an increase of 1.5 times in the
relative width of the diversion channel; however, in lower width ratios, the sensitivity of
the diversion tunnels to the flow depth is very significant where with an increase of 1.5
times in the relative width of the diversion channel from 0.33 to 0.50, the Coefficient of
Performance (CoP) increases by 39%. Moreover, by increasing the angle of the
submerged plates from 30 to 60 degrees, the rate of deviated flow decreases by about 6%
at a relative depth of 0.08, 3% and 1% at higher relative depths (0.12 and 0.16
respectively) where the performance sensitivity of diversion channels to flow depth
changes in lower angles is negligible and reaches to 1% at an angle of 30 degrees.
Nevertheless, increasing the angle of submerged plates to 45 and 60 degrees would
increase the Coefficient of Performance (CoP) of sediment bypass tunnels by 10% and
24%, respectively. Consequently, it was observed that by decreasing the flow depth,
submerged plates with an angle of 60 degrees demonstrated the optimum sediment
transport option with the highest performance. Based on dimensional analysis and using
the Genetic Algorithm (GA) the best equation proposed to estimate the deviated
sedimentation flow to the secondary channel. Comparison of numerical simulation results
of the SSIIM model showed that the numerical model error rate was about 18% and the
mean of the Nash-Sutcliffe model efficiency coefficient (NSE) was estimated to be 0.87
for the laboratory and numerical data, Given this value, the correct performance of the
model can be deduced.

Keywords: Sediment Bypass Tunnel, sediment management, deviated flow, secondary
flow
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