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Hydrology
Syllabus (Course Outline)
3 hour per week

1. Introduction
1.1. Hydrological cycle.
1.2. Hydrology in engineering.
2. Weather and hydrology.
3. Precipitation.
3.1. Formation of type of precipitation.
3.2. Measurement of precipitation.
3.3. Estimating missing precipitation data.
3.4. Average precipitation over area.
3.5. Variations in precipitation.
3.6. Measurements of snow.
4. Stream flow
4.1. Water stage.
4.2. Discharge.
4.3. Stage-discharge relation.
5. Evaporation
5.1. Evaporation from water surface.
5.2. Reservoir evaporation.
5.3. Water budget method.
5.4. Energy budged method.
5.5. Penman's equation.
6. Wells.
6.1. Well with aquifers.
6.2. Well with uniform recharge.
6.3. Super position (no equilibrium hydraulic of wells)
6.4. Multiple wells.
7. Stream flow hydrograph.
7.1. Components of runoff.
7.2. Stream recession.
7.3. Hydrograph separation.
7.4. Analysis of complex hydrographs.



7.5. Rainfall runoff relations.
7.6. Unit hydrographs.
7.7. Derivation of hydrograph.
7.8. S-curve method.
8. Flood waves
8.1. Wave measurements
8.2. Storage equation (water budget equation).
8.3. Determination of storage.
8.4. Reservoir routing.



3.4.Hydrology in engineering.
Hydrology is used in engineering to: ‘

v desién and operategthe hyd%aulio seructires

v’ expect the flood discharge over a spillway,

v’ design the city drainage system,

v’ expect the reservoir capacity to comfort adequate
quantity of water for irrigation,

v’ find the effect of flood discharge or stream on the
reservoirs, canals, and other control works, and

v’ select the practical boundaries for the flood

Plan.

2. Weather and hydrology.

Wind direction:

N-NE

Wind Speed:
Wind speed is given in kilometer per hour, miles per hour,
meter per seconds, or knots.

Km/hr = 0.621 mil/hr = 0.278 m/s = 0.540 kn
Kn=1.852 km/hr = 1.151 mil/hr =0.514 m/s
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3.4.Average precipitation over area.

There are three ways to estimate the average
precipitation over area can be explained below:

Varicus Rainfall Network Analysis Methods

Rain gauge Thiessen Isohyetal
nerwork palygons contours

1) Arithmetic mean:

This method yields good estimates in flat
country if the gage are uniformly distributed and the
individual gage catches do not vary widely from the
mean.

mn
i=1 P

Fyy = N

%

2) Thiessen method:
The Thiessen method attempts to allow for non-

uniform distribution of gages by providing a
weighting factor for each gage.

The method can be described as:

Perpendicular bisectors of these connecting from
polygons around each station. The sides of each
polygon are the boundaries of the effective area
assumed for the station. The area of each polygon is

19
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3.3. Estimating the missing precipitation data.

Many precipitation station have short disruptions in
their records because of absences of the observer or
because of instrumental failure.

A. Simple arithmetic: -

In this method the amounts at the index station
are equal weighted with all other stations. This
method used when the normal annual precipitation at
any index station differs from that at the station in

1
Py =ﬁ*(PA+PB + P¢)
where:
P,= precipitation of station x,
N= number of stations, and
P,, P, Pc= precipitations of stations A, B, and C
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B. Normal-ratio method: -

In this method the amounts at the index station
are weighted by the ratio of the normal-annual-
precipitation values. This method used when the
normal annual precipitation at any index station
differs from that at the station in question by more

than 10 percent.

B = 1[N"P + e p +N"’P]
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3. Precipitation:
3.1.Formation of type of precipitation.
Precipitation is often typed according to the factor mainly

responsible for the lifting which causes it. The types of
precipitation can be classified as:

1) Cyclonic precipitation: - resulting from the lifting of
air converging into low-pressure area or cyclone.

" Low pressure High pressure
{converging air) {diverging air)
L “

PN

Copright 81 S Peneson Preodios Ml g

2) Convective precipitation: - is caused by the raising of
warmer, lighter air in colder, density surroundings.

10



3) Orographic precipitation: - result from mechanical
lifting over mountain barriers.

Orographic precipitation

3.2. Measurement of precipitation:
Rain gages: -
A. The standard 8" gage: -

Rain pass from the collector into a cylindrical
measuring tube inside the overflow can. The measuring
tube has a cross-sectional area one-tenth that collector
that of collector so that 0.1-in rainfall will fill the tube
to a depth of 1-in.

V=A+«H

T
ZDZ * 1 ... cev vve wen o fOT the collector

i
= Zdz * 10 ... ... for the measuring tube

To find the diameter of measuring tube this
form can be used..
D2

d=—
10
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B. Tipping-bucket Rain gages:

In the tipping-bucket gage water caught in
the collector and guided into a two-
compartment bucket 0.1 mm or some other
designed quantity of rain will fill one
compartment (partition) and overbalance the
bucket so that it tips, emptying into a reservoir
and moving the second compartment into place
below the funnel. As bucket is tipped, it
actuates an electric circuit.

12



Weather station
rain counter

C. The weighing-type gage: -

The weighing-type gage is weighs the rain which
talls into a bucket set on the platform of spring or level
balance. The increasing weight of bucket and its
content is recording on a chart. The record thus shows

the accumulation of precipitation.

WEIGHING BUCKET TYPE

' Funnel and
| R LT e CPGLET OOFVET

e Collecting bucket

Baulance linkage
e FTEOChIise

e Praae mrers
~ Ruosating ohart
~ Bxrension spebng

13



D

Example: find precipitation of station & using data in Table (3-1).

Station name  Precipitation (cm) nnual

3.5 36.8

SHIIES

Solution:

__precipitation (cm)

16
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Example:

determined by geometrical method; where the area
can be classified as a geometrical shapes; or by using
Planimetry. Weighted average rainfall for the total
area is computed by multiplying the precipitation at
each station by its assigned percentage of area and
totaling.

By using Thiessen method find the average

precipitation of gages located as shown in figures below where.

P

&

SR o

20



Fig. (3-B)

H.W1: Estimate the average precipitation over the sector area
shown below using Thiesen polygon method.

14 km
Pl@’ P2
10 km Psﬁ&&mm A e D ——
.
5km
& ¥ ®

P3 P4



3.5.Variation of precipitation:
3.5.1. Geographical variation:
In general precipitation is heaviest near the
equator and decreases with increasing coordinate.

3.5.2. Time variation:

With the allowance of daytime and seasonal
variation, no persistent steady cycles of any
considerable magnitude have been conclusively
demonstrated.

The time distribution of rain fall within storms
is important for estimating flood hydrographs.
Distribution vary with storm type, intensity, and
duration; there is no typical distribution that is
applicable to all situation.

23
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4. Stream flow
4.1. Water stage.

Evaluation of water (L)

1) Manual Gages.
a) Simple stuff gages: it is a simplest method to
measure the water stage.

Manual staff gauges installed in sequence: -
O -
40m . — f&] — =
Banchmarks ~> |, ., 1,
19m —
. River bank
3 "_ 20m —Gaugesin . 2.0m . |-
Support post i sernEnes
il S 1.0dm
Beck platc —
Lowest Eiaﬁ' gz;ug"é :—L

/] e -
2) Suspended weight gages. ™| ~=wet
3) Recording gages.
4) Bathymetric method survey field.
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4.2. Discharge measurement (Q)
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Current-Meter measurements:

A discharge measurements requires determination of
sufficient point velocities to permit computation of an average
velocity in the stream. Cross-sectional area multiplied by the
average velocity gives the total discharge.

Practical method to find the discharge of rivers:

The practical procedure involves dividing the stream
into a number of vertical section. No section should include more
than about 10% of the total flow; thus 20 to 30 vertical sections
are typical, depending on the width of stream.

Velocity distribution can be shown as below:
\ /<
A

D“?P?%
%

Velocity equations:
Ve=12V, =09V,

_ Y024 + Vosga
av 2
¢ At river approaches the average velocity can be calculated
at 0.6 of the depth.

Vav = Vosa

+» The total discharge can be calculated from :E.he summation
of discharges of the section (N 4,4, = =_ g,
Iy

?(‘-: V“V,‘C! ;‘A,‘{'
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n
Qtotal = Z Vavi * 4;
i=1

n
Qtotal = Z qi
i=1

% The equation below can be used to calculate the velocity
from a Current-Meter:

He w-

V=a+bxN

Example: Compute the stream flow discharge from the

measurement data below?

—

Distance from bank (m) |0 5 t 11 18
River Depth (m) 0 4 2 0 0
Average velocity (m/s) |0 1.5 0.5 1.0 0
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A- ZY X - €X ijyj (/3-2%!.lzfj,(z-s;(ef-a):"ggé |
hZXL(i X) (7,@/.129 — (2-3)"

R =z NZXYy — X Zy — 15
hZzxt __ (ZX)? |
A= Logk o [k = 707 /o"ggéz 27-32
L@ = K Chowo)bs 29.20 (h-20)"%?
=500 —p boo = 24. 32 ( h- ?o)"fa

H/Z(D: jf‘—’-@—*)%gzﬁ h:Z?’ Bﬁgn')

2432

11



: ‘W-
L Example: given data below of stage-discharge find:
¢ the relation of stage-discharge where
g =k *(g+0.103)P,
¢+ what is the discharge when the stage of water 20
m, and

3
+¢+ what is the stage of water if the discharge 500 ::7?

Stage (m) ' Discharge (m—g_)
20

s

B 80

o T

< CJ‘\:UI:

S .. — e
o S
- e
17 920

éOlU.tiOIlI o
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H.W. The recorded discharges and water levels are shown below

estimate the following relation and find Q when g =13 m

Q=k=*(g—3)"
Q(m3/s) |1 2 4 10
g (m) 6 8 10 11
Solution:

13



Equations to find the discharge:
1) Chezy formula

V=CVR=*S
A drea

= R==

Hﬁd}/ou//rc l/aJ/'u; J2
C chety’s coett. m/f
jraﬁ//'{"yf (Lohj. Sfu()t’)

—

we tted Pfyz’mc?/('f

S i kﬂ&’}’ﬁu//?(

Example: Given canal section what is the hydraulic radius?
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