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= height of bottom outlet

i
= height of bottom sill above bed level ' T

= width of bottom outlet

= width of the reservoir (flume)

= sediment height above bed level
= sediment height above outlet” sill a) Longitudinal Section

= net sediment height above centre of outlet
opening

= flow depth above bed level

= flow depth above outlet’s sill

= net flow depth above centre of outlet
opening

= length of flushing cone b) Plan
= discharge where.
, b, =H-a,
= volume of flushing cone H,, =h-a?
= width of flushing cone h, =Huw—a,
= depth of flushing cone Hypy =h,—al2

2-15 Flushing Cone I[CEAT 2 ERT/NT X —& Ek V& Y EIH)
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£ 2-2 Flushing Cone DR L PHEICAT 2 EBRARKX T D& Y3IA)

Table 1. Empirical equations to predict volume and length of a flushing cone
Reference Empirical equations Eq. no.
1/3 0.0062 0.05 0.0036
v, H H.
Emamgholizadeh et al. (2006) = 06139 — ( S’“e‘) ( ﬂ) 1
Hs net Vi gHw‘ne( ds Hw,nel
where g is the Eﬁceleration due to gravity
185762 4 33273
Powell (2007) Zmax = —DI 2.1
pu ( ds ) :
M Hwnet
W 557802t 1 144557
max
= 22
S )
H Hwnet
720172 4 45656
Lma\ = W 23
L Hwnet
Wrmx
Vs = 0.673Lmax——— 2 Zmax 24
v 0 149 3 082 0.174
u
Shahmirzadi et al. (2010) S =0.042 3.1
\zmel A" gHwaﬂal “ nel Hw.nel
0 104 32
Limax —0.031 u . s net 0.133 A
Hw,net ’ \/&m “ net H\% net
where A is the opening area of the bottom outlet
V. H 2 D 0.89
Meshkati et al. (2010) T =46 " ( snel ) ( ) 4.1
Hw net Y g(Gs - ])ds Hw‘ner Hw‘ner
) 42
Lmax — 002 u (Hs‘ner ) 75( D )034
Hw.nel ’ N, g(Gs — 1)ds Hw,nel Hw,net
where Gy is the specific gravity of sediment particles and D is the diameter of outlet’s
opening
A3 " 0.1 H. 0.046
Fathi-Moghadam et al. (2010) =528 ( *"3‘) 5.1
D g(Gs — 1ds Hs,nel
ol 5.2
Limax —8.19 u (Hw,nel) 0.033
D ) Ve(Gs — 1)ds Hs,net
. Linax ( Iy ) ( u ) (boc + boe )
Dreyer and Basson (2018) = 1.206Ln — 1.4594Ln | —=) + 0.0536Ln| ——— 6.1
4 by — Sl Ty
6.2
Winax ( hw ) ( ) (b e + boa)
= 2.3065Ln —3.4197Ln + 0.136Ln [ ———
Zhw h\,;:— hs ey . hyw .
T —0.7615Ln ( - ) —0.7519Ln ) +0.0278Ln (ﬂ) 6.3
W hyw — hs Ehw hy
s (Lmax ) 1.9529 ( H’max )—OJTST(ZMM) 1.3663 64
b, by hw I ’

where by, is the outlet width over the centreline and by, is the outlet width at the edge
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Return period

HQ100, HQ1000, EHQ
Large wood potential
= Volume chpt.5.2

= Dimensions (LFI, forester, site inspection)
—= periodical reassessment

Spillway hydraulics
= Abroach flow velocity
= Overflow depth

= Freeboard

Impact

Dam and  Srillway, dam, reservoir

Splllway = Type: Free overfall, morning glory, chpt. 2.2
gates etc.

= Clear width and height

= Regulated / unregulated

= Overflow / gate flow
= Superstructures
* Tailwater
* Ratio of reservoir volume

to annual inflow volume

Blocking probability

Qualitative : chpt. 3
Quantitative : chpt. 5.4

Blocking consequence

= Blocking rate and capacity (chpt. 6.5)
= Resulting reservair level rise

= Dam overtopping yes/no

= Dam stability

Madification of spillway

and

Safe passage possible?

safe passage possible ?

Spillway adaption

Increase clear cross section
Increase gate openinga
Remove piers and weir bridges
Smooth designs or casings
Intervension during flood event
ete.

MEASURES

chpt. 6.1

Safe passage cnpt.6.1a63

= Effect on downstream infrastructure

= Residual risk at spillway

= Intervension

= Operating measures: asymmetrical
weir operation

= Piers to align large wood

Large wood retention
chpt. 6.2
Racks in front of spillway
Floating barriers
Retention in catchment
Intervension / removal
Catchment maintenance

MEASURES MEASURES

Bl2-21 XLBAMRZICHITIRAELZFEMICLIZINY—FT7ERAY FOBE (X2 & YEIR)

Waler level of design flood 2, , Hazard level z
“G

Crestz,

Safety freeboard [“I

=

Freeboard /

Overflow depth at design flood 4,
Storage level z,

Tl

Clear width of weir bay 7.,

(a)

222 BHRERAOLLBAHEHEE ()RR, (b)Palagnedra dam DFRER) (XH P& V) 51H)
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D VFC 13#3,000m* £ 72> T\ %, ZiFFK4-1ICRT EED, R3 DHGRFFDOTKAL2S R2
I, K SmARER A 5 7272 L E X i d, Meshkati b IC X B5ETHIZE Dic X 5 &, K
MEAFE USGE, KM MENIEI XY RERFCHBKINE L INTED, Z0H
R LICBNTHERIN, b, T CRIEBEEZEOKEICOVTIE, BEICX3H
250m® @ VFC DR H 0, Z N ZFRVTHE 2T 40m¥/s KR ORGRIE FC DIZAIC
ZHFVHEL VW EHERINS,
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(mm)
101 —F i — okl
o L 561.50
20+ 559.66
30 1,180m/s/ (GHEm7KitE)
R (= & Bk
1,000 SHERKETE
800 Pk )] L 550.00
UKEREIZE 10,000,000m
| IR (6.20~9.30)
Boo = L 545,50
(BAHCTER)
400
L 540.00
Zhe L 537.50
il kAL
(T‘) (rTn)
et el lalialiial o (el elialfle] et {fe] Saililee I
R T S e B e st e e R =
II)OKTFG)'—C"J%(DLDD[DFLO(DOJ\— o«
M|V IO HIERRIJIJIETDE |
2 0 S m e N O oo e oS 60
ﬂ' -0 IR BT S e i N o N c
®4-11 BIEF LHKASGER GE P L Y5IH)
F4-2 EREMH
. RE b2
&2 HRAR iz
(m3/s) | (EL.m)
Casel-1 18 556 |4 — FRIZERS
Casel-2 H30BREE2ST— ) 100 537.5 |RIEKHIEY
Casel-3 260 559.7 |FHEIRKBURE
Case2 MR AEI50° (H30EH\ER—X) | 100 | 5375 |R{EK{EEY
Case3 HERDEBAZIR (H30EEA~A—X) | 260 | 559.7 |FHERAKRE
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RIT, Casel-1 ICH T 2D A G FAIAKFERS) 2K 4-16 1TRF, 22T, LUK
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2ITH 25, ZOHIRWICHEET ZHERD B,

Casel-1TlX, 77— 2L DMMRIF ISMIRETH Y, ZoHEAGHOME LFRMIIC ST
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K7 — FRIELRT 2 5, ZOAICHFELTCWzbDeFEZLLNG,

RIT, AR 100mY/s TH % Casel-2 DILHM I % X 4-17 1SR, Z DHATADE
Ml B B ERETEFGRE E LClE, FO25 2m #HiA T 29m/s, FC oftm+iE (HFO
225 10mH#his) T 1.8m/s TH B,

[ 4-18 1%, Casel-1~Casel-3 I 2T, FO LMK O EmEETR#EZ R L 72 5
DTH 2, BB, X0 ERAI~SREOHEIEAE L CTH Y, WARBFEEL
TG E R E ~5 EA TN 2 EFHIIEKRT 2, 7T, BREPKE WEAICIAD
REWMEE Y 7y —rROEAKREL R EEZ LN, 7= MEEAED Y X 7 I13/hE 0,
T Ehb, PHELLEORBGMA TRHICETT X 0 5] & 38 6 72 R AIE L 1< R
L, RO/NIGRRFICHREN~BBE T2 b0 eEZ LN,
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H30 EREHEWER % b & ic, HERARLE 5008 L 7-HEbSett & X 0GR E 100m/s 151
M E X 4-19, FHESAOFHAGE R A X 4-20 1ICRF, K7 —ATl, FC &0 DA
L2, WA FEEL CTE Y, FC RHIAEH 2> & OEREE-8m A0 IS 234 U Ty
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ROBIRE~DIWMAZ 1T 2 —Kif7e K7 v b & L COERERIAF S 15,
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Z D728, BHENEILFC DSy 7 2 A A HE 5 HERDARIEREIC, 11 - YUK ORE ~
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KRETIE, MAROBENIKE 27— FEAOHEWEIREICEH L, #HEXLIcB T2
H29~R3 EDOHERPHIEAL R & HAMKE E OEFA ORI 21T & & bic, % oHt
TR D ELZ T 547 — PRFEORNAEICOWWT, KEEAIEERIC X 2 RIER%21T - 72,
BoNEHRELTICRT,

o HHUKIEE DO ORGRICHEWIER S L5 3 SRR (FO) DB (IR,
R3) 37— o KBGREDHMICHECIERT 2, EABULES —EDYE, i
IKBEAMENS (77— PREDIR E W) 139 23 FC OBIEIZ R Z (7 5,

o HiWpsEic, kit - AP CHERIN TV REAOREANR L LT, FHRICTIZH
30°, RATRYICH) 5008 7 5 2 & AR S Tz,

® (LK L DT — M ERERRER OB Tl LRl ~SiES XA Uk v, B
MENE I HEDEFEOINRET — b ~FlEAENZdbDEEZLND,

o HERDAINE 50°D &M ICHE N T, FRE 100m¥/s DIGE FC #&iR2 b Fitkk O HIBE A HERE
I, %I CHWRIVZHEL, FCREEMITEVIZRICIKT 2 2Ex 6N 5,

® FLUIFIH OB I E 22 2 b, —HARL - KD HHEEATICIZ
725500, FUNEEIOHIKCTHEE L 234 U % AlRetEd im0,

Xoic, SHofEE LT,

o HEfVIE DK DB R UK E o feat

o MEMEEZZ 57 — FEAOTWNGICOWT, ZRITh 7 dFli~ D HLR
[ J
[ J

=

HEWDREEF 1N 3 2 7 — MEREIER OBl 225, FC M X OFFEEO ST
I X 20 E L LT, MARBRICNT 27 — PO @EERT 27201, 7 —F
FREAFERE TR L, Flloa#HH T 2 v — 1 EomET

mEBEZ LN, FlEHEREHED ZHERD D,

PAEoRETNE L, ARREORTTE & 72 2 HEDEIE S X NG ERZNRE L TH Y,
SHIAROEEICIRS 3, 7 — MEM L HEWTZIRDZ AL, Pressure Flushing D HEDZIH 5 X
CIK 2RO MBI L WH BN CEETH 2 EE 2615, Fic, 7 — t ELOHERD
X, —EHBEORGRTTON S 2 & TR THRELZHiFicE 2 e E 2 oh, LD
BlR OB TR, HDIPIREH S LT, WELLZFCREZHMRITZ 2 X 5 Zn—ERELL
Lo EIT> T BERDH L EEZOND, T/, 7—FEEAL LW EHEET 2
T LT, IKHER RO B A R o T F TS Ex b, 5l &kt X a2
D LMERD B,

SE Xk

1) M.E.Meshkati Shahmirzadi & A.A.Dehghani, T.Sumi, Gh Naser, A.Ahadpour : Experimental
investigation of local half-cone scouring against dam, River Flow, pp.1267-1273, 2010.
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5.1 B

AE, BEWRELL BT 57— MEERREEH 22T C, e LcoHibs X
CARICH L, ZoFf%2%ZF 57— MIEBRENRE L TCwd, 4ETRLELED,
+W - VRIS B R 7 7 — P BSRERECR O BT A 51, D7 — MEIEICHE S FLAHERD
B X OUAKRDBRE N ~DRNIRILOIIE & 2 OFFl, @1 - ViR % %5t L&
LWk Ao Hk: 2 ics 0 2 10 - iRicxd 37— FERE o &
7 MegatE DRl & 2 OXRIC X 2 EERERELR, ko onb, LaLl, F— FEfEE, 2%
TRL7zEsy, FHFERALEANCR L CHAARIEARONTE T B2, &b
T % ihE L 72RO EIZH O 22T, HIEX LDBIEAREA 1 = X LD TH 17
fERH X TRy,

4BECHRR7ZEe B, X7 = ELOLWE X CARD F 0K iZ, KKETH S
LB B, —HHANEE LTRMENTH L 0D, Kt oA an%
WO RETWOMEER S E L, 51T, Hid KX 2REHFTOMOKRL AL, 2
A MHICHRfEICRER H D L EZ b DS, hOXEREE LT, %ERPEDC Pressure
Flushing & \» o 72 KRG EE S BGRE 2> o o LW oERic®d 2 X 5 i, HEHEtKkEZ 0/
— 2o tWEH T BB IFTo NS, L, HEoFHIKIEZOFEES — M
MLT, 20X5 RBEREINELZ M2 1C13%& 7 — MERXof&En & L6 - YR 3 2 Mass
P2 R L7 ECcoskEh - il s e Ex bn b,

BIET — P OEFICE T2 LB X CMARDE 2 51X, &4 - BEEFEMEELE (F) D
WRENTWwd ey, £ (BE) mMER [HEICIGLCEETLME] THH, A
DLE I 2mX & & 2m AT D7 — M E EJfRANCR 7 ) — VEORESLE L T, WK
ICBET 2 RiEII I, BEX 20BE, 27 ) —vORBEELEL LT — MK TH
v, BFLUEXOGEES — MgV TEip - MR ZFE L THEBITONIHIIER S DO
IRV L HD, RXLICEOTHRE LZOMECHEIERINL T RN DL
Ezbhb,

Z ZTARETE, £ - IRCRT 27— OREN Y A2 0% 1T) -0, TEE
0—27 =KL L7 40 Y ) —5087 (Fault Tree Analysis, LAY FTA) %7z
YR ZERDHZIT o RIT, FTA IKHE D EPFEX LB WTE LT — FMEFEAREICD
WC, 7 — MREERRERE 2 HEIHR £ T E BN R BRI &2 A 7z,

REBIC, TWs X OMARICERST 27 — FMEEAREL W O B ICH LT, BRI ICHE
DL FRED T RPEIC OV TEEL 72,
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X BT 57 — FEEARREROREZIT) 2o, Livs XUMARICERT 25
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JEWE )72 &7 — + BHBARFICHRPT & 7 2 U WIEREHIRF O T ER ISR L ¢, £fb - YEARIC X 2 BARA
HEEMC X 230 (KF@D~W) 1o TRIEE{To 72, K531, FERO~ODH
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AEITIE, FEEX L0757 — MMEEAREEFNIC L, FIETCIER L 72 FT D@ IC X 2 1(F
AREER DHEE 21T o 7oA RICO VTR,

53.1 fRIEX L7 — MRETEIRES &L UEIRBE

2ETHRLzEBY, HEL L, FEHAKkEE S — b 2 MEIERAKHE 7 —
3G E N CH Y, FHEE/KIE 1,180m%/s IR L, FHERABITE 520m’s &35 —
ER—ERAROBKFMHGIHTH 5, WHIKE XX, BKHRATSZENCED T —FE
KD X LI XK BB N2 RE RO G HEBURE AR AL X W RALIcR T s TEs D,
F—tMeRxEEe -7 77—, KEFRXFIFY Y MEER, BHBAZEE ZMES Y v 2K
THh 5,

2017 4F 8 HOWIEX Lk, #okifiiho 25 (GREAD &Mk 7 — b 535
FEHIC Sd4em (77— PRIOR & 28ecm) & 7n o 72 WES T, [BAlERE | 258 & U CHRAE
gL otz 7ok, [BRMERT] L1377 — b oBEIFICHES Y v X~y FHIES
DEEIC ER (13MPa A1) L7SGE, Bl - Ronzfrtv, 77— Ml e {(Fik X 8 2 R5E
Thd, BIERREL T2 o7z 2 57 — FHOERITIXILAR DR IAB SR T 17z (K 1-5),
BAFEIRICIE, MBS 2R 4 » ARZE L <5, FIHEER, FHI— 28
B L, iiE2=y b D)) —T7HREZHT 2 2 & TEWTES %2 YWD 14MPa 2> 5 Bt
BErictgim s 2 & c, AR TH 2> ) v A% ER &, BHBAEREEZ A A 7=,
BASHIIC X, EMIETI A 17MPa DI R CHIEENTIREL 7 o 72 (R 5-1). ¥, ZORA
Ti O BRI % 1 50 A kit 2 FEL RoTWn 5,

£51 7 — MEEFERD> SEIRX TORE
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FEROMERNCER T 3 729, Zou[EEIC Wi 2{To7, LaL, =V v 7%
ICHERD - TR - ILKRDORTELER L 25 &1ICEs»Tdh, KIEMEDS FRIC/ER L 2k
HBHI Db, BEMENT ZICRESL R0, QRS e L,
Itk v, K 521CRTFTICEWT, 7 — MEMERREERE LTid, © [HEfbfir
HOMEH] & @ TKES DB AAR ] 1 X 2 BABAREIEIN O H I 6 7z,

5.3.3 HMFEDEAS L KEIBDOEYEHLAHICET B85S

Wit CRELZ 2 BERIcoWT, ZNENEMMER S IcoLTUToAEI L bt
2179,

HEFRME OERIC D WTIE, X4 - BN EEIOR I T w2 IR EZ AL, 7
FEAREL Ce=0.60, HEJED R A © AL AARIE R W=184m’(18.0kN/m®), HE 8 0 % [ K
v=045 &35, hBiReeE (AF v 7L — ) BOBEEREGEIL X L - 8 i 5L
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PRI 03~059% 5810, WmAMTH S 0.5 & LTHETL 7,

Ki, HKEERDRYE LA IO NTRU TOEIC X VAR 2T o7, [EEXDKE
R, 7= MRERICES SRR S AT 3 0 TRIFRICR D IK2 S5 2e ShTw
%o X070, EEMBRRFOKERIC LS X ORI AAL 562 0E L, FHPAR
\EAEH L, FHEEAREOETIIREER -0, KICEW23/KE I 4 L FEAROKE (1mm)
CEEF D FENICL ) SARFE I NS L I ORRELZ L2 5, hBKEDL
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