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s=Hv= |D=ar=]t OU CUmW ẁ[wt OQwt QO p=L x@ =D |irDNt |=yVywSB
|=Q@ |y=oW}=tR; |=yxO=O u}rw= '1954 p=U QO |WywSB QO xrtH R= 'CU= xOW
Q=Qk |UQQ@ OQwt s}kDUt w '|r}]DUt '|ki= swri l} QO |v; CQwYx@ OU CUmW
|=yu=} QH |UQQ@ x@ '1992 p=U QO |Qo}O VywSB QO u}vJty [1]"CU= xDiQo
xOW xDN=OQB x=oW}=tR; QO Q=O=vLv= |=yp=v=m QO OU CUmW R= |W=v |Oa)@ wO

[2]"CU=
QO OU CUmW R= |W=v Gwt |xar=]t x@ R}v 1998 p=U QO |WywSB QO
xYNWt VwQ |r}rLD G}=Dv =@ w xDN=OQB |y=oW}=tR; CQwYx@ |ki= p=v=m l}
CUmW |xr�Ut |UQQ@ x@ '2002 p=U QO R}v |v=QoWywSB [3]"CU= xOW xU}=kt

R= |W=v ?q}U =t= 'OQ=O |QW@ |xat=H |=Q@ |O=} R |=}=Rt w O}=wi 'OU E=OL=
x=Qty x@ =Q |Q=@xaH=i w xHwD p@=k |=yCQ=UN ,qwtat nQR@ |=yOU CUmW

"CW=O Oy=wN
j]=vt u}}aD x=Qty x@ u; R= |W=v ?q}U |@=}OvwQ w OU CUmW C=ar=]t
|Q=Pox}=tQU w CrwO |R} Qxt=vQ@ '|y=oWv=O C=ar=]t QO OU CUOu}}=B QO |v=QL@
CUmW x@ \w@ Qt p�=Ut |vt}= C} Q}Ot |=Q@ "OQ=O |Q=}U@ C}ty= =yOU ?=}=B QO
Q=m x@ =yOU |W=B wQi R= |W=v Gwt lqyDU= QO QF-wt |=yQDt=Q=B j}kO u}tND '=yOU
CQwY OU E=OL= pL=Qt |x}rm QO xm |k}kO |=yCQ=_v OwHw =@ w OwW|t xOQ@
"OQ=O OwHw OOaDt w hrDNt pt=wa QF= QO |W=B wQi w CUmW u=mt= 'OQ}o|t
Q}PB?}U; |L=wv Ov=wD|t OU CUmW R= pY=L ?q}U |ovwoJ R= |r@k `q]=
|R=UxO=t; x@ w XNWt 'OQ=O Q=Qk ?q}U Q]N ZQat QO xm '=Q CUOu}}=B
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=@ QDtm |L]U l =m]Y= O}rwD 'Tqo|UmrB ?=NDv= Cra "CU= x=oW}=tR; QO
'CU= xOW x}@aD uRNt |xQ=w}O QO xm |Q=}W pN=O QO xLiY u}= "CU= ?;
u=R}t =@ s}kDUt C@Uv 'CaQU Q=Okt xmv}= p}rO x@ "CU= CmQL p@=k |DL=Qx@
wO |m}DUq Ov@?; Q=wv R= Q=}W pN=O QO 'OQ=O xJ} QO =@ Q=}W QO OwHwt l =m]Y=
pN=O QO =Q l =m]Y= Q=Okt 'sRq |Ov@?; u}t-=D ut[ xm &CU= xOW xO=iDU= xmD
w xJ} QO u}@ l =m]Y= ?} Q[ p}rkD Ea=@ w OyO|t Q}}eD |]N CQwYx@ Q=}W
|QDt|r}t 0 5 Ov@?; Q=wv wO '|v=DLD CWv R= |Q}owrH |=Q@ "OwW|t |Ov@?; Q=wv
QO |v=wQ CyH "CU= CmQL p@=k xJ} QO =@ xm 'CU= xOW xOv=@UJ xJ} QO Q} R

"|y=oW}=tR; C=R}yHD R= |rm |}=tv "2 pmW

"l}vwU=QDr; QoUL R= |}xvwtv "3 pmW
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RNt

pmW
?}

Q[
Q}F- =D

|y=
oW}

=tR;
|xa

r=]tswri pN=O QO hrDNt \=kv |=Q@ CaQU |=yV}=tR; "CU= xOW xO=iDU= ADV

C}akwt� xJ} QO pLt R= |QDt|Dv=U 150 w 120 '100 '80 '50 |xrY=i x@
QO |Owta CQwYx@ x]kv Qy QO GvUCaQU x=oDUO "CU= xOW s=Hv= �OU pOt
"OQw; CUOx@ =Q CaQU s�=k p}iwQB u=wD@ =D CU= xOW |Q}oxR=Ov= x@ s=Ok= jta 4
QO u=} QH CaQU C@F x@ QO=k '?; R= |tHL uDiQoQ_vQO =@ xQ=wty x=oDUO u}=
Q=DWwv u}= QO "CU= 'OQ=O Q=Qk xOvDUQi QoUL R= QDu}}=B QDt|Dv=U 5 xm |}x]kv
xDiQo Q=Qk |UQQ@ OQwt xJ} QO R= |QDt|Dv=U 80 |xrY=i x@ |}x]kv |=Q@ u=} QH

[16]"CU=

|y=oW}=tR; G}=Dv p}rLD w x} RHD "7
j@] x]kv Qy |=Q@ \UwDt CaQU 'hrDNt |=yjta QO CaQU uDW=O p}rO x@
|=yjta |=Q@ CaQU u}ov=}t 'VwQ u}= T=U=Q@ "CU= xOW x@U=Lt 2 |x]@=Q

%CU= 2 |x]@=Q CQwYx@ 'CU= xOW xO=O u=Wv �u =@ xm Cw=iDt
�u = 1

h

Z z2

z1
u dz

h = z2 � z1 (2)

|vRNt |=Q@ u=tR =@ swri QO ?q}U ?; K]U C=Q}}eD R= |}xvwtv '4 pmW QO
xOW xO=O u=Wv xJ} QO R= |QDt|Dv=U 80 |xrY=i QO 0 095 pmW ?} Q[ =@
u}ty |=Q@ CW=OQ@ hrDNt \=kv QO u=tR =@ CaQU C=Q}}eD '5 pmW QO "CU=

"CU= xOW s}UQD x]kv
\}=QW u}ty |=Q@ u=tR =@ u; C=Q}}eD w x@U=Lt 2 |x]@=Q j@] \UwDt CaQU

"CU= xOW x�=Q= 6 pmW QO x]kv u=ty w

?} Q[ =@ uRNt |=Q@ xJ} QO R= |QDt|Dv=U 80 |xrY=i QO ?; K]U R=QD "4 pmW
"0 095 pmW

"xJ} QO R= |QDt|Dv=U 80 QO CaQU p}iwQB "5 pmW

QO u=} QHCaQU C@F x@ QO=k '?; R= |tHL uDiQoQ_vQO =@ xQ=wty x=oDUO u}=
|=Q@ ?}DQD u}O@ "CU= 'OQ=O Q=Qk xOvDUQi QoUL R= QDu}}=B QDt|Dv=U 5 xm |}x]kv
|QDt|Dv=U 5 =D \ki CaQU Q}O=kt 's�=k |=DU=Q QO CaQU p}iwQB uOQw;CUOx@

"OvDUy CW=OQ@ p@=k ?; K]U

=yV}=tR; s=Hv= |xwLv "6
xOt; CUOx@ [7]'u}W}B C=ar=]t QO xm |}x]@=Q R= pmW ?} Q[ |x@U=Lt |=Q@

%�1 |x]@=Q� CU= xOW xO=iDU=
Sf = Wb �Wd �Hd

Vr
(1)

ZQaWd 'OU CUmW |}q=@ ZQaWb '|UQQ@ OQwt uRNt sHL Vr u; QO xm
"CU= |UOvy pmW Q}F-=D x@ \w@ Qt ?} Q[ Sf w 'OU pm `=iDQ= Hd 'OU |}q=@

[16]"OyO|t u=Wv =Q uRNt |=Q@ xar=]t OQwt |=ypmW C=YNWt '1 pwOH
`=iDQ= w Ov=xOW xDiQo Q_v QO pmW p}]DUt w |}xkvRwP uR=Nt 'VywSB u}= QO

"CU= QDt|Dv=U 40 =@ Q@=Q@ w C@=F =ypmW s=tD |=Q@ 1 |x]@=Q QO OU

?; K]U R=QD V}=tR; "1"6
CQwY l}vwUwQm}t w l}vwU=QDr; |=yQoUL \UwD ?; K]U R=QD |Q}oxR=Ov=
TBU w xQ@}r=m =yQoUL |t=tD 'Q=m CkO CyH 'V}=tR; ẁQW R= p@k "CU= xDiQo
hPL Qw_vt x@ "CU= xOW QB |QDt|Dv=U 40 `=iDQ= =D uRNt 'AtB uOQmuWwQ =@
C@=F uRNt K]U w um =U ?; =D OQm Q@Y O}=@ |mOv= uRNt K]U C=v=Uwv w s]qD
|xrY=i QO w s=Ok= xJ} QO `} QU uOWR=@ CyH \w@ Qt Q=Ri=sQv ltm =@ TBU "OwW
Ov}=Qi Ck}kL QO w xO}Wm q=@ x@ xJ} QO '\w@ Qt lH \UwD x=Dwm Q=}U@ |v=tR
xO=OCW=OQ@ x@ ẁQW =yQoUL w OwW|t swri OQ=w ?; w ẁQW OU|v=yo =vCUmW
`k=w QO =} xJ} QO uOWR=@ R= TB u=tR =@ ?; K]U R=QD C=Q}}eD xH}Dv QO "Ovvm|t
?q}U uOW|Q=H R= TB ?; K]U R=QD |UQQ@ "O};|t CUOx@ OU CUmW u=ty
"CU= xOW s=Hv= xJ} QO R= Cw=iDt |xrY=i =@ w hrDNt \=kv |=Q@ swri pN=O QO

CaQU |Q}oxR=Ov= V}=tR; "2"6
x=oDUO R= xSwQB u}= QO 'OU CUmW R= |W=v u=} QH CaQU |Q}oxR=Ov= |=Q@

"xar=]t OQwt |=ypmW C=YNWt "1 pwOH
CL=Ut ?} Q[ pmW ẁv |xQ=tW
(m2) pmW pmW
6 390 0 040 p}]DUt + xkvRwP 1
4 128 0 063 p}]DUt + xkvRwP 2
2 763 0 095 xkvRwP 3
1 798 0 146 xkvRwP 4
1 334 0 195 xkvRwP 5
0 771 0 337 xkvRwP 6
0 467 0 557 xkvRwP 7
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Qy=] "�OU pLt� xJ} QO |QDt|Dv=U 80 |xrY=i QO uRNt pmW ?}=Q[ |=Q@ xv}W}@ |@O "2 pwOH
0 557 0 337 0 195 0 146 0 095 0 063 0 040 Sf

0 05506 0 07298 0 08154 0 10125 0 1276 0 1334 0 18059 Qpeak (m3/s)

"xJ} QO |QDt|Dv=U 80 |xrY=i QO uRNt pmW ?}=Q[ |=Q@ xOt;CUOx@ OwQi OOa "3 pwOH
0 557 0 337 0 195 0 146 0 095 0 063 0 040 Sf 80cm0 136279 0 180633 0 20182 0 250605 0 315824 0 330179 0 446979 F

|=ypmW Q}=U x@ C@Uv |QDW}@ Gw= |@O '0 04 pmW ?} Q[ =@ |vRNt |=Q@ 'OU
"OQ=O uRNt

uRNt pmW ?} Q[ w OwQi OOa u}@ |x]@=Q "8
QO =@ OwQi OOa Q=Okt '5 |xrO=at x@ xHwD =@ l}B |@O uOQw;CUOx@ R= TB
xar=]t u}= QO xOt;CUOx@ Q}O=kt "O};|t CUOx@ uRNt pmW ?} Q[ uDW=OCUO

%CU= xOW x�=Q= 3 pwOH QO
F = Qp

(Wb)(gD3
b)0 5 (5)

'pkF ?=DW g 'CUmW |}q=@ ZQa Wb '|HwQN l}B |@O Qp '5 |x]@=Q QO
xOW xO=O u=Wv '8 pmW QO 3 pwOH Q}O=kt "CU= CUmW jta |xv}W}@ Db

"CU=
VywSB u}= |y=oW}=tR; G}=Dv R= pY=L xm 6 |x]@=Q '8 pmW x@ xHwD =@

%CU= uRNt pmW ?} Q[ OOa =@ OwQi OOa u}@ |x]@=Q |xOvyOu=Wv 'CU=
F = 0 1067S�0 436

f (6)

u=Q=mty w |UtWQy=] C=ar=]t R= xm '7 |x]@=Q =@ VywSB u}= R= pY=L G}=Dv
|ak=w OU OvJ CUmW R= OwOLt |=yxO=O |Qw;`tH T=U=Q@ 2004 p=U QO

%CU= xDiQo Q=Qk xU}=kt OQwt [6]'CU= xOt; CUOx@
F = 0 0089S�0 7648

f (7)

|y=oW}=tR; pOt R= pY=L uRNt pmW ?} Q[ w OwQi OOa u}@ Q=Owtv "8 pmW
"xOWxar=]t

CaQU C=Q}}eD R}v w u=tR =@ ?; K]U R=QD C=Q}}eD uDW=OCUO QO x@ xHwD=@
4 w 3 |=yxrO=at j@] u=tR Qy QO |HwQN |@O h=QowQO}y 'u=tR =@ u}ov=}t

%CU= xOW x@U=Lt
Qt = Ut �A (3)

A = b � ht (4)

QO "CU= QDt|Dv=U 51 =@ Q@=Q@ w C@=F =yV}=tR; s=tD QO w p=v=m ZQa b 'u; QO xm
"CU= xOW x�=Q= uRNt pmW ?} Q[ Qy |=Q@ xOt;CUOx@ |@O |xv}W}@ '2 pwOH
xOt;CUOx@h=QowQO}y 'uRNtpmW?}=Q[|=Q@l}B|@O|xU}=kt '7pmWQO
"OwW|t xOy=Wt xJ} QO R= |QDt|Dv=U 80 |x]kv QO pmW ?}=Q[ |t=tD |=Q@
CUmW R=|W=v u=} QH|HwQN h=QowQO}y xm OyO|t u=Wv u=} QH C=Oy=Wt

80 |xrY=i QO 0 095 pmW ?} Q[ =@ uRNt |=Q@ \UwDt CaQU "6 pmW
"|QDt|Dv=U

80 |xrY=i QO uRNt pmW ?}=Q[ |=Q@ OU CUmW u=} QH h=QowQO}y "7 pmW
"xJ} QO |QDt|Dv=U
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r=]t"OW=@ Q}N= p}rO R= |W=v Ov=wD|t |O=} R OwOL =D |ak=w Q}O=kt =@ |y=oW}=tR; G}=Dv
l} x@ pwYL =D xm CU= C}ak=w u}= Qou=}@ |D=iqDN= u}vJ OwHw CQwYQy QO
R=}v |QDpt=m w QDW}@ |=yVywSB w C=ar=]t x@ Rwvy Q}o =Qi w 'Q@Dat 'j}kO |xH}Dv

"O=O x�=Q= |OQ@ Q=m Q_v R= pw@k p@=k w QDj}kO ,=D@Uv |x]@=Q u=wD@ =D 'CU=

|Q}oxH}Dv "9
CUmW R= |W=v ?q}U |@O QO OU uRNt pmW ?} Q[ QF= |UQQ@ Qw_vt x@
|=ypmW =@ |vR=Nt u; ltm x@ w xDN=U x=oW}=tR; QO |m} R}i pOt l} 'OU
|v=yo =v CUmW |xO}OB "CU= xOW |UQQ@ hrDNt pmW ?} Q[ 7 =@ |UOvy
'Ow@ uDiQq=@ p@=k O=} R CaQU =@ xm 'uRNt |xQ=w}O QO xJ} QO l} |x}@aD =@ OU
|rw] x@ pmWp}]DUt `]kt =@ swri l} |xr}Uwx@ CUOu}}=B |xv=NOwQ w O=H}=
\=kv QO u=} QH CaQU R}v w ?; K]U C=v=Uwv "CU= xOW |R=Ux}@W QDt 9 OwOL
|xOt;CUOx@ |=yxO=O ltm x@ w |Q}oxR=Ov= ?q}U O=ONQ R= TB swri hrDNt
|=Q@ OwQi OOa x=ov; "CU= xOW u}}aD \w@ Qt h=QowQO}y w ?q}U |xv}W}@ |@O
"CU= xOW G=QNDU= pmW ?} Q[ w OwQi OOa u=}t |}x]@=Q w x@U=Lt Cr=L Qy
xOt;CUOx@ |x]@=Q =@ xU}=kt QO 'OwQi OOa w pmW?} Q[ u}@ xOt;CUOx@ |x]@=Q
xO=O u=Wv |ak=w OU OvJ CUmW |xO}OB R= |OwOLt OQ=wt x@ jraDt xDWPo QO
lr=Pat 'OQ=O |y=oW}=tR; pOt G}=Dv =@ |@U=vt |Q=oR=U 'C=Q}}eD OvwQ xm CU=
CU= C}ak=w u}= u}@t |y=oW}=tR; pOt w |ak=w G}=Dv u=}t VL=i C=iqDN=
|=yVywSB w C=ar=]t x@ Q}o =Qi w 'QDj}kO 'xv=}=Qo`k=w |H}=Dv x@ |@=}DUO |=Q@ xm
|}xvwo x@ |y=oW}=tR; pOt p}tmD w KqY= R}v w xv}tR u}= QO |QD`t=H w QDW}@
?q}U R= |W=v l}B |@O QO Q=PoQF= w syt |=yQDt=Q=B w pt=wa R= |QDW}@ O=OaD xm

"CU= R=}v 'OQ}o Q@ QO =Q =yOU CUmW

"5 |x]@=Q R= xOWx@U=Lt |@O =@ V}=tR; R= pY=L |@O |xU}=kt "4 pwOH

Sf
Qexp Q

(m3/s) (m3/s)

0 040 0 18059 0 0426
0 063 0 1334 0 0300
0 095 0 1276 0 0292
0 146 0 10125 0 0157
0 195 0 08154 0 0126
0 337 0 07298 0 0083
0 557 0 05506 0 0056

R}r=v; s=Hv= =@ w x@U=Lt OwQi OOa 7 w 6 \@=wQ R= 'uRNt pmW ?} Q[ Qy |=Q@
pY=L G}=Dv "CU= xOW x@U=Lt 5 |xrO=at R= Q_=vDt |xv}W}@ |@O Twmat
w Q=oR=U seQ|ra 'OwW|t x_Lqt xm xvwou=ty "CU= xOW x�=Q= 4 pwOH QO
=yC}tm QO hqDN= 'QwmPt |x]@=Q wO R= pY=L G}=Dv QO C=Q}}eD OvwQ uOw@x@=Wt
C=iqDN= u}= R= |NQ@ "CU= R}ov=Q@pt-=D ,qt=m w O=} R Q=}U@ xOt;CUOx@ Q}O=kt w
w =yQDt=Q=B OOaD w ẁvD R}v w |v=O}t |=yxO=O uOw@OwOLt w sm p}rO x@ Ov=wD|t
xm OW=@ |Q=}U@ |=y|R=UxO=U Ov=wD|t |Oa@ pt=a "OW=@ xO}OB u}= QO QF-wt pt=wa
'uRNt |xO}J}B w s_vt=v |i=QowB wD w xUOvy |v} Ro|=H� |m} R}i pOt CN=U QO
QiY|i=QowB wD w '|UOvy s_vt |=ypmW =@|ak=w |=yOUCUOu}}=B |=yxv=NOwQ
w hm Q=PoQF= ZQ=wa w 'l =m]Y= |x_Lqt p@=k Vy=m =} w hPL 'x=oW}=tR; QO
OU CUmW w '|ak=w |=yOU =@ xU}=kt QO |m} R}i |=ypOt QO u=} QH Q@ =yxQ=OH
uOw@ QDq=@ "CU= xDiQo CQwY |y=oW}=tR; |xar=]t l} QO �|H} QOD Cr=L QO

=yCWwv=B
1. pneumatic
2. Ultrasonic
3. Microsonic
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