Surface Water Hydrology
Professor Rajib Maity
Department of Civil Engineering
Indian Institute of Technology, Kharagpur
Lecture 42
Reservoir Routing: Modified Pul’s Method

Today's lecture will discuss one of the popular desirable routing methods it is called the

Modified Pul's method.
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Concepts Covered

» Hydrologic Method of Reservoir Routing (also known as Level Pool Routing)

» Modified Pul’s Method
e —
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Under this concept cover, it is one of the Hydrological methods of reservoir routing. This
reservoir routing is also known as the Level Pool Routing. And the method that we are

discussing today is the Modified Pul's method.



(Refer Slide Time: 00:55)

Outline

» Introduction: Hydrologic Routing Categories and Methods &=

» Hydrologic Method of Reservoir Routing (Level Pool Routing)

» Modified Pul’s Method A——
» Solved Example &—

» Summary X/

»
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The outline goes like this, first, we will give some introduction to the Hydrologic Routing
categories and their methods. The second Hydrologic method of Reservoir Routing in this
category we will discuss is also known as the Level Pool Routing. And one of the methods is

Modified Pul's method will be discussed with a solved example before we go to the summary.

(Refer Slide Time: 01:32)

Introduction: Hydrologic Routing Categories and Methods

Hydrologic method of flood routing can be broadly categorized as:

@ N4 Channel Routing )&
Modified Pul’s Method * Muskingum Method - @—
* Goodrich Methor

® Standard Fourth-Order Runge-Kutta Method ' - J
by ‘_-ﬂ
v
L A
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Introduction: Hydrologic Routing Categories and Methods

The hydrologic method of flood routing can be broadly categorized as:



i Reservoir Routing

Under this Reservoir Routing, the 3 methods that we will discuss are the Modified Pul's method
Goodrich method and the Standard Fourth-Order Runge-Kutta method.

ii. Channel Routing

Under this Channel Routing also the popular method is the Muskingum method that all these

methods will take upon after another in the subsequent lectures.

(Refer Slide Time: 02:24)

Hydrologic Method of Reservoir Routing

® It is a procedure to calculate the outflow hydrograph of a reservoir with a horizontal water

surface, given its inflow hydrograph and storage-outflow characteristics.

e

= n this method, the reservoir level is assumed to be horizontal. Therefore, it is also known

as Level Pool Routing.

_

* For reservoirs with horizontal water surface, the storage (S) and outflow discharge (0) is a

—_—

invariant, single-valued storage vs discharge relation
ey

® The water level in a reservoir changes with time when a flood wave

. . . x"
function of water surface elevatio 16, S=S(H) and Q = Q(H). From these, a time-
AR I b D!

D
travels through it. Thus, storage and outflow also alter with time. »
So, it is required to find the variation of;f_. H and Q with time, i.c. S ( 7_
=£gt=)_, Q=Q(t)and H = H(t) , given the inﬂox% I= l(t).;
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Hydrologic Method of Reservoir Routing

It is a procedure to calculate the outflow hydrograph of a reservoir with a horizontal water
surface, given its inflow hydrograph and storage-outflow characteristics. In this method, the

reservoir level is assumed to be horizontal. Therefore, it is also known as Level Pool Routing.

For reservoirs with a horizontal water surface, the storage (S) and outflow discharge (Q) is a
function of water surface elevation (H), i.e., S=S (H) and Q=Q (H). From these, time-invariant,

single-valued storage vs. discharge relation, S=f (Q) is obtained.

The water level in a reservoir change with time when a flood wave travels through it. Thus,
storage and outflow also alter with time. So, it is required to find the variation of S, H, and Q

with time, i.e., S =5 (), Q = Q (t), and H = H (t), given the inflow I = I (t).
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Hydrologic Method of Reservoir Routing

The basic equation of hydrologic routing i.c., ? =1-Q
—————— t

can be expressed in the infinite-difference form to express

the change in storage over a time interval as

!
|
|
I
|
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Inflow at the beginning and at end of the ;" time interval

are [ and [, respectively, and their corresponding values
of outflow are ), and 0, .
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The basic equation of hydrologic routing i.e. Prie I — @ can be expressed in the infinite-

difference form to express the change in storage over a time interval as

I + I
Siy1— S5 = jTH-l At — 2 2Q1+1 At

Inflow at the beginning and at end of the j™ time interval are I; and Ij+1, respectively, and their

corresponding values of outflow are Qj and Qj+1.
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Hydrologic Method of Reservoir Routing |
* For an uncontrolled spillway in a reservoir, typically ﬁ{
o

2

C, = Coefficient of discharge

where, 1 0=0H) )
i $=5(H) ¢
H = Head over the spillway :
I, = Effective length of the spillway ! S
crest -
(4

= For reservoir routing, the following data are required

» Storage vs Elevation relationship
SHOrAge W 0:6 WION
» Wn relationship ¢

» Inflow hydrograph, - I(1)

D) 747

“ad

-

» Initial values of S, /and Q at time (=0

[—
——
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An uncontrolled spillway in a reservoir, typically



Q= %cd@LeHm = Q(H)

where,
H = Head over the spillway
L. = Effective length of the spillway crest
Ca = Coefficient of discharge
For reservoir routing, the following data are required
» Storage versus elevation relationship,
» Outflow versus elevation relationship.
The above two things are known and that gives the relationship the storage versus outflow.
» Inflow hydrograph, I =1 (?)
» Initial values S, /, and Q at time =0

(Refer Slide Time: 07:43)

Modified Pul’s Method =>——

e T
* Tt is a semi-graphical method to solve level pool routing problem.

The continuity equation for hydrologic routing, discussed in the previous lecture is

given as,

i +1 1 t0Q;
At — At=S,-S
—0 ( 2 ) 2 Pl
For this method, the continuity 2 At Q,At
nt1 . P ae At+ @_ = Sz+_
equation can be rearranged as, 2 2 7
e S e
At the starting of flood routing, the initial storage and outflow discharges are known.
The time inlervzs chosen in such a way that it is
hydrographs between_the interval. The value is approximately

20%to 40% of the time of rise of the inflow hydrograph.
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Modified Pul’s Method

It is a semi-graphical method to solve the level pool routing problem. The continuity equation

for hydrologic routing, discussed in the previous lecture is given as,



L +1 +
(12 z)At_(w)M=52_51

For this method, the continuity equation can be rearranged as,

L+ Q.At Q,At

At the start of flood routing, the initial storage and outflow discharges are known.

The time interval At is chosen in such a way that it is sufficiently short to assume linear inflow
and outflow hydrographs between the interval. The value is approximately 20% to 40% of the
time of the rise of the inflow hydrograph.

(Refer Slide Time: 09:06)

Procedure of Modified Pul’s Method

1. From the known Storage vs Elevation and Discharge vs Elevation data, prepare a

plot 0

=

2. On the same plot prepare @icurve.

3. The information on the storage, elevation and outflow discharge at the starting of

——

. o> wia — .. —
routing are known (initial conditions).
——— e —

Hence, for the first time interval 41, using the known

_—
values of and the value of ,‘
D == ‘:(
(52 + determined. 7
2 o, Y o

’\\’

t

’
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The procedure of Modified Pul’s Method

1. From the known Storage vs. Elevation and Discharge vs Elevation data, prepare a plot

of (S+QAt/2) vs. H.
2. On the same plot prepare a Q vs. H curve.

3. The information on the storage, elevation and outflow discharge at the start of routing

are known (initial conditions).

Hence, for the first-time interval At, using the known values of (11-;2) At and, the
( S, — Q;At) value  of s (52 + szﬂt) determined.
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Procedure of Modified Pul’s Method

4. The water-surface elevation A corresponding to the !Sz ar M! is obtained from the
e

plot of step 1. The outflow discharge value (0, corresponding to the obtained / value is
—_

the value gf (.2— %ﬂ) 1% obtained that is used

6. The procedure from step 3 to step S is repeated till the entire inflow hydrograph is

determined from the plot of step 2.

5. By dcductin@‘rm

in the next time step.

ai— —
routed.

Y

A

&/
- -

:
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Q2At

4. The water-surface elevation H corresponding to the (Sz + ) is obtained from the

plot of step 1. The outflow discharge value Q> corresponding to the obtained H value

is determined from the plot of step 2.

5. By deducting Q2 At from(SZ + QZZM), the value of (Sz — QZTM) is obtained that is used
in the next time step.

The procedure from step 3 to step 5 is repeated till the entire inflow hydrograph is routed.

(Refer Slide Time: 12:18)

Example 42.1:

A reservoir has the following elevation, discharge and storage relationships.

98.5 99, 99.5 100 100.5 100.75 101 1015

403 485 535 590 602 640 685

150 2 52 7 105 120 135 18§

Elevation (H) (m) [
Outflow (Q) (m¥s) 7
When the reservoir level(was at 98.5 m)the following flood entered the reservoir.

Time (hour) b0 6 12 18 24 30 36 42 4L 4 60

25 50 75 68 54 40 32 0 25 18 (12

?

i) Route the flood using Modified Pul’s method. &—
ii) Plot the following: i

a) The inflow and outflow hydrograph. w
b) The reservoir elevation vs l'uﬂ curve during the > L
passage of the flood wave “
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Example 42.1:

A reservoir has the following elevation, discharge, and storage relationships.

Elevation (H) (m) 98
Storage (S) (Mm>®) [JREXVTVREE:S bR (& 4.85 5.35 5.90 6.02 6.40  6.85
Outflow (Q) (m¥/s) 0 15 32 52 75 105 120 135 155

98.5 99 99.5 100 100.5 100.75 101  101.5

When the reservoir level was at 98.5 m, the following flood entered the reservoir.

Time (hour) 0

=)}
p—
[3%)
—_—
o0

24 30 36 42 48 54 60 66
Inflow (7) (m?/s) 15 25 50 75 68 54 40 32 50 25 18 12

1) Route the flood using Modified Pul’s method.
i1) Plot the following:
a) The inflow and outflow hydrograph.

b) The reservoir elevation vs time curve during the passage of the flood wave

(Refer Slide Time: 14:15)

Solution

First, a time interval 41 =6 h = 6x60x60 = 21600 sec is chosen.

The value o calculated from the given data and the following table is prepared.

85 99 995 100 1005 100.75 101 10LS

= 9% 9
§ (Mm?) 4 412 403 485 535 59 602 64 685

15 32 52 I5N BR105 8| SR1208 IR 135 8 (155

At @ @
437 541 616 703 732 786 852 -

7y M) "

. . ¥

Then th¢ Q vs H and graph is prepared in the same plot. A\

- { A
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Solution

First, a time interval At =6 h = 6x60x60 = 21600 sec is chosen.

The value (S + %) is calculated from the given data and the following table is prepared.



H (m) 98 98.5 99 99.5 100 100.5 100.75 101 1015
S (Mm?®) A 412 403 485 535 3% 6.02 6.4  6.85

0 (m’/s) 0 15 32 52 75 105 120 135 155

Y
2

S+

(Mm3) 428 437 541 616 7.03 732 786 852

QAt . .
Thenthe Qvs Hand | § + ) Vs H graph is prepared in the same plot.

(Refer Slide Time: 15:39)

Solution 0 (ms)
0 S0 100 150 200 25) |
102 .

s Atthestartof routing, Uy

H=985m ol

Q= 15 m¥s (can be obtained from the @ vs H graph). =

QAt 15 x 0.0216 10
S-——|=|412—-———] ¥3.96 Mm
2 i 2
- 2 @-§+QA12 ()

® Then, calculate the value df (S 1P %) t the end of dodiiiiiiiiiiiniin,

o@ = 6 h using the following expression d 4 5 6 7 § 9

S+QAL/2 (Mm?)

QAt\ (I +1, QAt

———

Surface Water ITydrology: MO2L42 Dr. Rajib Maity, IIT Kharagpur 13

At the start of routing,
H=985m
Q = 15 m*/s (can be obtained from the Q vs. H graph).

QAt 15 x 0.0216
s-=-)=(412-————) =396 Mm?®

Then, calculate the value (S + %) at the end of At = 6 h using the following expression

(s+55) = (5 )ae+(s-55)

2 2 2



Q (m?/s)
0 50 100 150 200 250
102 LI B S B B B B N B B B N B N B B B B
101
E 100 |
= i
= “-S+QAt/2 -0
98 e T T T T O I AN A Y Y Y
3 4 5 6 7 8 9
S+QAt/2 (Mm?)

Figure 3: Modified Pul’s Method of Storage routing

(Refer Slide Time: 17:00)

Solution 0 (m¥%s)
0’_\50 100 150 200 250

02 P
AL\l +1
<S+QT> =(‘ 2)At+ U,
2 P Y g
15425 - Sl
2

= ( ) x 0.0216 @ P
— 99 | @=S+QA1/2%0=()

S i ]
4.39 Mm 9 ¢
* From the (S + %) vs H graph find the  H and—Q : 5+‘; \t,; (an;) v
value corresponding to 4.39 Mm?® next ﬁ
’; .
time step which is 98.60 m and( 18.26 m’/s, "
respectively. \' )
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QAt _ 11+12 QAt
(S+T)2‘( 2 )A”(S_T)l

B (15+25

) x 0.0216 + 3.96

= 4.39 Mm?

From the (S + %) vs. H graph find the H and Q value corresponding to 4.39 Mm? for the

next time step which is 98.60 m and 18.26 m?/s, respectively.



(Refer Slide Time: 18.35)

Solution

= For the next time step the value of

QAt QAt 7
S'T = s+7 — QAt = 4.39 - (18.26 x 0.0216) = 3.9955 @3/

= Likewise another set of values of (S + %) H and Q are obtained, which are 4.81 Mm®,

98.96 m and 30.79 m¥/s, respectively.

Tm—— | e—

= The process is repeated for the entire duration of the inflow hydrograph and the values

are shown in a tabulated form.
&
!
)
\*/
- -
\
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For the next time step the value of

QAt QAt
§——-)=|5+=5) — @At =4.39 - (18.26 x 0.0216) = 3.9955 ~ 4 Mm3

Likewise, another set of values of(S + %), H and Q are obtained, which are 4.81 Mm?, 98.96

m, and 30.79 m3/s, respectively.

(Refer Slide Time: 19:02)

Solution

o 3 QAt
Time 1 I 14t (S = T)
(h) ¥s) | (ms) | (Mm?) v
Mm?

[ coll | col2 | col3 | cold | _colS | col6 | col? |

T 0 ‘n 9850 15

e | (B5) @ 043 396 439 9860 1826

12 V w 375 0.81 4.00 4381 A 30.7
18 750 ez50 i3S 414 5.49 5442
24 oo 71 ST 54 431 5.86 65.76
30 54 61 1.32 444 5.76 62.6(
36 40 47 102 440 542 5224
4 k) 36 078 429 5.07 39.88 %
48 30 3067 421 488 33.10 )
54 ol 2750 0se 416 476 29.29 \' /
60 18 215 046 412 459 2421 ./
66 12 10 022 4.06 428 1492 =77 |

/
X
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6
12
18
24
30
36
42
48
54
60
66

QAt
(S ar T) H Q
i - (m) (m3/s)
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Solution

Inflow
80
hydrograph

60 Outflow

m hydrograph

Q (m/s)

20

0

0 10 20 30 40 50 60 70
Time (h)

A. Plot of the inflow (col 2) and outflow
(col 8) hydrograph against time (col 1)

[ coll [ col2 | col3 | cold | col5 | col6 [ col7 ]| col8 |
0 15 98.50 15
25 20 043 396 439 9860 18.26
50 375 08I 4.00 481 9896 30.79
75 625 135 414 549 99.55 5442
68 715 154 431 586 9980  65.76
54 61 132 444 576 9973 62.60
40 47 102 440 542 99.51 5224
32 36 078 429 507 9920 39.88
30 31 067 421 488  99.03  33.10
25 275 059 416 476 9892  29.29
18 215 046 412 459 9877 2421
12 10 022 406 428 9850 14.92

100.0

995

-~

E 990 |
X

98.5

98.0

0 10 20 30 40 50 60 70
Time (h)

B. Plot of reservoir elevation (col 7) against

time (col 1) during passage of flood.

—
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80 Inflow 100.0
hydrograph
99.5
60 Outflow
~ E
40 hydrograph E 99.0

0 (m'fs)

20

0 10 20 30 40 50 60 70
Time (h)

A. Plot of the inflow (col 2) and
outflow (col 8) hydrograph against

time (col 1)

98.5

98.0

0 10 20 30 40 S0 60 70
Time (h)

B. Plot of reservoir elevation (col 7)
against time (col 1) during the passage of
flood.
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Summary

» In this lecture, the hydrologic routing categories and methods are discussed.
» Concept of reservoir routing, also known as level pool routing, is discussed.

» Modified Pul’s method, a semi-graphical approach to solve level pool routing problem

1s discussed.

» The detailed procedure for obtaining outflow hydrograph with the help of a known
inflow hydrograph of a flood using Modified Pul’s method is demonstrated.

» In the next lecture, two other methods for hydrologic ‘,a &j
reservoir routing, i.e., Goodrich method and Standard .
Fourth-Order Runge-Kutta method will be discussed. \ b
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Summary

In summary, we learned the following points from this lecture:

>
>

In this lecture, the hydrologic routing categories and methods are discussed.

The concept of reservoir routing, also known as level pool routing, is discussed.
Modified Pul’s method, a semi-graphical approach to solving level pool routing
problems is discussed.

The detailed procedure for obtaining an outflow hydrograph with the help of a known
inflow hydrograph of a flood using Modified Pul’s method is demonstrated.

In the next lecture, two other methods for hydrologic reservoir routing, i.e., the
Goodrich method and the Standard Fourth-Order Runge-Kutta method will be

discussed.



