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HYDROLOGIC RESERVOIR ROUTING

A flood wave I{f) enters a reservotr provided with an outlet such as a spillway. The
outflow is a function of the reservoir elevation only, i.e. @ = Q(%). The storage in the
reservoir is a function of the reservoir elevation, S = S(#). Further, due to the passage
of the tlood wave through the reservoir, the water level in the reservoir changes with
time, # = A(t) and hence the storage and discharge change with time (Fig. 8.1). It is

required to find the

variation of S, 4 and Q "5 $ 0 /\
with time, ie. find §' = S e i I i
S(), Q=0 and h=h(1) inflow Output
given { = I{f). J=k(t) N

If an uncontrolled spill- ;

way is provided in a res- ; ; ‘ X

eyt tyitaully Fig. 8.1 Storage routing (Schematic)

0=2Ci2g LB = 0

where H/ = head over the spillway, L, = effective length of the spiliway crestand C,; =
coefficient of discharge. Similarly, for other forms of outlets, such as gated spillways,
stuice gates, etc. other relations for Q(/) will be available.

For reservoir routing, the following data have to be known:

e Storage volume vs elevation for the reservoir;

e Water-surface elevation vs outflow and hence storage vs outflow discharge;

e Inflow hydrograph, 7 =I(f); and

e Initial values of S, fand Q attime 1=0.

There are a variety of methods available for routing of floods through a reservoir,
All of them use Eq. (8.2) but in various rearranged manners. As the horizontal water
surface is assumed in the reservoir, the storage routing is also known as Level Pool
Routing.

Two commonly used semi-graphical methods and a numerical method are described
below.

MODIFIED PUL'S METHOD

— e —— .
Equation (8.3) is rearranged as

(‘ﬁHz )A£+(S,~—~—~——Qlﬂf)=(53+Qz&f) (8.6)
2 2 2

e

At the starting of flood routing, the initial storage and outflow discharges are known.
In Eq. (8.6) all the terms in the left-hand side are known at the beginning of a time step

‘At. Hence the value of the function L S, + &4 t] at the end of the time step is calcu-

¥,

: AL
lated by Eq. (8.6). Since the relation § = §(h) and O = Q(4) are known, (S - %)
will enable one to determine the reservoir elevation and hence the discharge at the en%i

of the time step. The procedure is repeated to cover the full inflow hydrograph.

For practical use in hand computation, the following semigraphical method is very
convenient,

1. From the known storage-elevation and discharge-elevation data, prepare a curve

: QAL : _
of (5 + ”("2 ) vs elevation (Fig. 8.2). Here Ar is any chosen interval, approxi-
mately 20 to 40% of the time of rise of the inflow hydrograph.
2. Onthe same plot prepare a curve of outflow discharge vs elevation (Fig. 8.2).

3. The storage, elevation and outflow discharge at the starting of routing are known.



HYDROLOGIC RESERVOIR ROUTING

Outflow Q (m?/s)
ot020 40 60 g0 100 120 140 160

r% 1 T 1 i 13 1 i i /]
103.00 - ! / .
b
Lo |
102.50 5%1 Q vs elevation
E q0200 1 B
s |1y
=t ‘ Ai
i H (S = gﬁvs elevation
101.00 b Hi 2 ~
: At=6h
100.5 -
0650 initial elevation = 106050
100.00 [ HE Lt —-’j

3.0 35 40 45 50 55 60 65 7.0

(3+ %Ag in Mm?3

Fig.8.2 Modified Pul’s method of storage routing

I+ QAL
Atand | § +~m—-2-- are known and

For the first time interval Af, (

- L At
hence by Eq. (8.6) the term (_Sz - sz ) is determined.

o

. ' £ . ;
4. The water-surface elevation corresponding to | S; + ) is found by using

the plot of step (1). The outflow discharge Q, at the end of the time step Af i
found from plot of step (2).

: ; : . AL
5. Deducting 0, A t from Sy

\ (o @AY e
gives S—--i— 1 for the beginning of

the next time step. R
6. The procedure is repeated till the entire inflow hydrograph is routed.

EXAMPLE 8. 4 A reservoir has the following elevation, discharge and Storage relationships.

.‘_Ei@aﬁﬁ?f : Storage Outflow -dischhr;ge_'_ :
{m} T ao® m* ol _‘:_{m;’!*S}- S
10000 3.350 et T
10050 - 3472 ' 40

101.00 3 88 26

101.50 4383 46

102.00 4.882 72
1025000 5.370 : 100 _
5.527 saange Ty

5.856 s




HYDROLOGIC RES ERVOIR ROUTING 3

When ihe reservoir level was at 100.50 m, the _foIEowiggﬂaoa' hydrograph entered the
reservoir.

T I il Do SETRE B 54 60 66 72
Discharge m’/s) 10 20 53 gu 73 0% 46 36 20 15 13 1

Route the flood and obtain (1) the outflow hydrograph and (i) the reservoir elevation vs.
sime curve during the passage of the flocd wave.

SoLuTioN- Atme interval At= 6 his chosen. From the available data the elevation-
| Y ‘
discharge —| S + T} table is prepared.
At=6x60x60=00216x 10° 5

10000 10050 101.00 10150 102.00 10250 102.75 10300
g 0 W% e T 100 116 130

o gsl s _ e S g
5+-m2~—j(w1m) 335 358 4.6 438 5.00 645 678 726

At
Q2 ) vs elevation is prepared (Fig. 8.2). At the start

A graph of O vs elevation and (S +

"y OAt .
of routing, elevation = 100.50 m, 0= 100 nr'/s, and (S—« LQ—) = 3364 Mm'. Starting

: ; OAt ; : QAL .
from this value of | § — &l . Fg. (8.6)isusedtoget | § +--£- at the end of first time

step of 6 has

_ At [ At
(s . ;Q_..zféi) Gy -%—) — (10+20)x 2216 1 (3.364)=3.688 M
_ A 2 1 '

At
Looking up in Fig. 8.2, the waier-surface elevation corresponding 10 (S +%———} =

3.686 Mn? is 100.62 m and the corresponding outflow discharge J is 13 m’/s. Yor the

32 ks QALY :
next step, Initial value of & = ={5+ o e ofthe previous step — Q Af

={(3.688—13 % 0.0216)= 1407 Mm®
The process ig repaated for the entire duration of the inflow hydrograph in 2 takular form
as shown in Table 8.1.
Using the datain columns 1, 3 and 7, the outflow hydrograph (Fig.83) and a graph

chowing the variation of ceservoi- elevation with time (Fig. 8.4)are prepared.
i

Y OAt : : ; ;
Sometimes a graph of | § ——— | ¥ clevation prepared from known data isplotted in

Tig. 8.2 to aid in calculating the dterns in column 5. Note that the calculations are sequential
in mature and any error at any stage is carrizd forward. The accuracy of the method depends
upon the value of &, sioaller values of Af give greater accuracy.



Discharge (m3s)

HYDROLOGIC RESERVOIR ROUTING

Table 8.1 Flood Routing th

rough a R_esen’roir-mModiﬁed Pul’s method —

Example 8.1
Ar=6h=0.0216Ms, 7 =+
Time  Inflow &« F Ar 08 ".'ZQ' 5+ —g --.E}eﬁzéﬁﬁiii-_ [4)
I (m?fs) (msfs} (Mm®) ) Mm®y (m) (m®/s)
L 2 L 4 5 6 g 8
0 10- 100.50 10
: 15.00 0.324 3.364 <ok 2.688
& 20 ‘ o 100.62 13
e 37.50 0.810 3.407 4217 S
55 ot 101.04 27
- 67.50 1.458 13633, 5.091 _
20 i 101.64 53
1.652 4 3946 3.508 i
1.415 4.107 5.522 do i
58 ! SO 66
e 1.123 4.096 5.219 Peeke
36 44 10172 57
S 0.886 3.988 4874 :
42 36 : . 10148 - 48
L 0.686 3.902 4.588 2
s 275 S H0EE0E: 37
.513 3.789 4302 gl
-~ 54 20 O 106.10 25
0.378 3.676 4,054 ; :
-60 13 100.93 23
S 0.302 3.557 3.859
B i3 100.77 18
e 0.259 3.470 3.729 TR
11 i o 2 100.65 14
Peaklag 7.2 1 _]
20
W %E,__i.__ﬂ _ . |
?Q.._ /° 4’ Eeakattanuaﬁon:wms;s :E: . ixi;gitgvaﬁcﬂ i
. 4 i
80 / < 5 L ; 5
7 =
50 g = g .. L
i L /Oumow | s 102.00 ff\\,
sob /[ / s - S i / T .
0 i ? 2 \a,‘ g 101.00 g’{ \'\.. ot
o Z > ~ e 0 '
10i*” Inflow it Sl = B B
ol T TR I e e J jo000L ¢+t ¢ttt b Aot Aot B
06 15 16 24 30 36 42 48 54 60 65 72 78 0 6 12 18 24 80 36 42 48 54 60 66 72 78

Time (h}

Fig. 8.3 Variation of inflow and outflow

discharges — Bx, 8.1

Time (1}

Fig.8.4 Variation of reservoir elevation with time—Ex.

8.1



HYDROLOGIC RESERVOIR ROUTING 5

GOODRICH METHOD

Another popular method of hydrologic reservoir routing,
utilizes Eq. (8.3) rearranged as

known as Goodrich method

R e 35, 28
Bila Kot At
where suffixes 1 and 2 stand for the values at the beginning and end of a time step At

respectively. Collecting the known and initial values together,

(+ L)+ 25 s +0 8.7
L)+ | S0 | =g e ®.7)
For a given time step, the left-hand side of Eq. 8.7 is known and the term (% + Q]

. 2

s determined by using Bq. (8.7). From the known storage-elevation-discharge data,

the function 29 +©0 | is established as a function of elevation. Hence, the dis-

charge, clevation and storage at the end of the time step are obtained. For the next time

step,
K%‘% s Q) 20, } of the previous time step
/2

= (%—j— - } for use as the initial values
) 1

The procedure is illustrated in Example 8.2.
EKAMPL 8.2 Route the following flood hydrograph through the reservoir of Example

8.1 by the Goo&ﬂcfz method:

4 30 36 42 48 84 60 66
s 35 25 0

AT g e 12wl
o 10 180 85 140125 BB 75 80

The initial conditions are: when t = 0, the reservoir elevation is 100.60 m.

SoruTION, A time increment Af =6 b = 0.0216 Ms is chosen. Using the known storage-elevaticn
-discharge data, the following table is prepared. A graph depicting @ vs elevation and

[_2":3 +Q) s elevation is prepared from this data (Fig. 8.5).
JaY4 ‘
T 100.00 100.50{ 101, 00 101.50. 102.00 102,50 102.75 103.00

S 353 4518 5240 3972 627138 6123

T

At £ =0, Elevation = 100.60 m, from Fig. 8.5, 0= 12 m’/s and
(3:5- i Q} =340 /s

(,_2_‘5, o Q) =340 - 24 =310 m/s
i

For the first time interval of 6 h,
I, =10,5,=30,0; = 12, and

(%w) = (10+30) + 316 =356 ms
f2



HYDROLOGIC RESERVCOIR RO UTING 6
Outflow @ (m?/s)

140 160

80 100 120

Beaervair elevation (m)

At=8h
initial elevation = 100.80 m

I 1 ] i i Fomer ‘ I i 1
500 800 700

(%S— 4 Q] {m3/s})
At
Fig. 8.5 Goodrich method of storage routing — Example 8.2

. . ki i
From Fig. 8.5 the Teservoir elevation for this (E% +0 } is 100,74 m

For the next time increment

(21- ) —1356 - 2% 17 =322 m’/s
AT i

The, procedure is repeated in 4 tabular form (Table §.2) till the entire flood is routed.
In this method also, the accuracy depends upon the value of Af chosen ,
Table 8.2 Reservoir Routing —Goodrich Method—Ex, 82 &1=60h= 0.0216 Ms

Elevation Discharge G

102.92 S

16154

101.28

101.02
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