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A method of estimating the peak outflow
rate from a reservoir

Saizo Kumagai
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Fig.1. Relative positions of Ty & T..
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Fig. 2. Relative positions of Ty & Ts.

%5 LT MR 23 ERICTTICN £ O CB 7B TH curve T2 X5
BIE L RUNE, ZOBEONOHEEDN h; Th 3. WOMECRT 2MNH 2 X
O Zs T3 T, bU hy B{FETHE hs<h, THZZIBRCHNTREYEINS. %
DT T, 4% mass curve OZEMAS X ) EHCdNE, Qhy) BRAKMNEO LAY 5
2 %.

3 Wizxk D data CIHENTHERL 2L DOTH 2.

t (hrs) 0 2 4 6 8 10 12 Z Hl4
Q (t) (m3/sec) 20 29 60 120 200 240 250 240
16 18 20 22 24 26 28 30 32
214 178 142 110 76 50 34 24 20

(q(z‘)=7321'5+20(m“/830), zo=0, f(z2)=5x10°(m*). ROF—FHELRS MR
q(z) O, FIMHERE ARE alz) =20 DEMTD 5.
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Fig. 3. Chart for finding he & hs.
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HAlitRAC X oTH b % B llic—T 2. '

OL  Bekibiotts

4 q(z) ¥ t OWKRKRCEEIL, WEOMRL t = o TTROFME t =h T—RD

Py e T, FENOKAEY Q(o)=a(z,) BAUHERE (1) KOS ICK
5_ .

o
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F(zp)—F(z0)+{0.6q(z0)+0-4q(zn)}h = SOQ(t)dt } (V)

Q(h)=q(zn)

EOBHESBILEWEETY, —itic (V) & b O THRRIEMEO TP ¥ 5T 5
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(V) RRWICH X, FEHIRSICRCAREDS 0.6q(z,)+04q (z2) TH 55
SOWMERE mass curve EORELED, T 3H—MHERICFTICE el
DTEE curve O HIR KEDOTWair k5. cOBRMBESLFHET LR E 2R
WEHE S, £ OHAROFETHE ) ERAMSEbNLS. BH kR~ —
ORFRIBIC OWT R L T X vw. Mass curve 5BHAHE Eicmi ik ¥ HiME
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£ (z)=5x108(m?), Q(t)=at+b (m3/sec), q(z)=50z2(m3/sec), z,=0.
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Fig. 4. Inflow curves with corresponding

outflow curves.
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Fig. 5. Outflow-line diagram with
mass curves drawn in.
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Bikic (V) B Le—ME2da 3.

t (hrs) 0 1 2 3 4 5 6 7
Q(t) (m3/min) 20 62 122 180 265 302 278 240
8 9 10 1 12
178 140 65 32 20

q(2)=502z15(m?/min), q(z,)=20 (m*/min), f(z)=3x10+z%5(m?)
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Résumé

Given the inflow-hydrograph and characteristics of a reservoir, to
estimate the maximum outflow rate. The method here proposed to
solve this problem is based on the fact that at the time of maximum
outflow rate the outflow rate is cqual to the inflow rate. Let the
equation of continuity governing the time-stcrage relzticn te:
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f(z)dz/dt=Q (t)—a(2),
where z = clevation of water level in reservoir, f (2) = surfece area of
rescrvoir, t=time, Q (t)=inflow rate, q (z)=outflcw rate.
Integrating tetween the limits t=0 and t=h (the instant of
maximum outflow rate) we have

F(z,)-F(z,)= S Q(t)dt— Shq(z)dt,

where F'(z)=1(z), and z, z, are the values of z at t=h, t=20
respectively. :

On the assumption that q(z) is representable with sufficient
closeness by a quartic in t, having 2nd-crder contact with q(z)att =0
and Ist-order contact at t =h, we get

80 a(z) =(h/5)( 2q(z,)+2Q(h))+(h*/60)q'(z,;Q'(0)/1(z,),

provided Q(0)=q(z,).
Hence

F(s)~Fiz)=| Qt)dt - (h/5)(3a(z)+2Q(R))— (H/60)a/(2) Q(0)/£(2)

and Q(h)=q(z,).

If the last term in the first of these equatlons is neglected, they
can conveniently be solved for h with the aid of a chart. Take a pair
of rectangular axes and draw the inflow mass curve with the horizontal
axis as time axis. Graduate the vertical axis o that the graduation z
on it is at a distance F(z)—F(z,) from the origin, and draw through
z two straight lines with angular coefficients q(z) and 0.6q(z,)+0.4q(z)
respectively. The former set of lines shall be called the first outflow
lines and the latter set the second outflow lines. Then the abscissa of
the point where one of the first outflow lines touches the mass curve
gives an upper bound to the required root of the equations, while the
abscissa of the point where one of the second outflow lines cuts the
mass curve so that the corresponding first outflow line is parallel to
the tangent to the curve at the point gives the required root (Fig. 5).
In practice it will be convenient to draw the mass curve on a shect of
transparent paper and place it on the outflow-line diagram, which, for
a given reservoir, can be constructed once for all. A numerical example

in which is retained the term neglected in the graphical method of
solution is given on p. 121.



