Welcometo Applied

Hydrology
(EHG 311)

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




TABLE OF CONTENTS

1- Hydrologic Cycle
2- Precipitation
3- Evaporation
4- I nfiltration
5- Surface Runoff
6- Unit Hydrographs
/- Water Budget

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




1- HYDROLOIC CYCLE

1.1 Hydrologic Cycle Elements
Evaporation
Transpiration
Condensation

Precipitation

Runoff

nfiltration

Percolation

1-2 Air masses Types Affecting Saudi

Arabia Climate

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




2- PRECIPITATION
-Definition

- Causes of precipitation
- Types
- Convective Precipitation

- Orogarphic Precipitation
- Cyclonic Precipitation

- Precipitation Measurements

- Types of Raingauges

- Average Rainfall Depth Estimation
- Arithmetic Mean Method
- |sohyetal Method
- Thiessen Polygon Method

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




- Precipitation Data Processing
- Estimation of Missing Data
- Normal Ratio Method
- Optimum Number of Rainguages

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




| 3- EVAPORATION

- Déefinitions
- Factor Affecting Evaporation Process
- Evaporation Measurements
- Field measurements
- Empirical Equations

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




)
“” 4-INFILTRATION

Definitions
- Factor Affecting Infiltration Capacity
- Infiltration Measurements
- Fleld measurements
- Operational methods
- SCS Curve Number method

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




>- SURFACE RUNOFF

- Déefinitions
- Factor affecting surface runoff
- Meteorological characteristics
- Basin characteristics
- Streamflow measurements
- Stage measurement
- Velocity measurement
- Current meter
- Discharge measurement
- Velocity-Area Method
- Dye Method
- Slope-Area Method

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




6- UNIT HYDROGRAPHS
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-WATER BUDGET




1.1 Hydrologic Cycle
Elements

Evaporation:

Aswater Is heated by the sun, It's surface
mol ecul es become sufficiently energized to
break free of the attractive force binding
them together, and then evaporate and rise
as Invisible vapour in the atmosphere.
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Transpiration:

Water vapour Is aso emitted from plant
leaves by a process called transpiration. Every
day an actively growing plant transpires 5 to
10 times as much water as it can hold at once.
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Condensation:

As water vapour rises, it cools and eventually
condenses, usually on tiny particles of dust In
the air. When it condenses it becomes a
liquid again or turns directly into asolid (ice,
hall or snow). These water particles then
collect and form clouds.
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Precipitation:

Precipitation in the form of rain, snow and
hail comes from clouds. Clouds move around
the world, propelled by air currents. For
Instance, when they rise over mountain
ranges, they cool, becoming so saturated
with water that water beginsto fall asrain,
snow or hail, depending on the temperature
of the surroundi ng air.
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Runoff:

Excessive rain or snowmelt can produce
overland flow to creeks and ditches. Runoff
ISvisible flow of water in rivers, creeks and

|akes as the water stored in the basin drains
Oout.
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o
Il“” Per colation:

Some of the precipitation and snow melt
moves downward, percolates or infiltrates
through cracks, joints and pores in soil and
rocks until it reaches the water table where it

becomes groundwater.

All the hydrological elementsare shown iIn
(Fig. 1)
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1-2 Air masses Types Affecting Saudl
Arabia Climate

Four major types of air masses determine the SA's
weather. They can bring anything from scorching
heat to bone-chilling cold depending on the type of
air mass. The SA's most violent weather usually
occurs in winter when continental polar air clashes
with maritime tropical air. These are .
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Continental polar Air Masses CPA):
Maritime polar Air Masses (MPA):
Maritime tropical Air Masses (MTA):
Continental Tropical Air Masses (CTA):

(See Fig. 2)
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..IIH” 2-PRECIPITATION

2-1 Causes of precipitation

Precipitation in liquid form. It consists of drops of
water falling from clouds. Some of the common
forms of precipitation are:

PRECIPITATION
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2-2 Precipitation Types

Convective precipitation
Orographic precipitation
Cyclonic precipitation
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2-3 Measurement of Rainfall

2-4 Rain Gauges Types

Thefollowing types of raingauges can be
used for the measurement of rainfall:

Non- recording gauge: Asshown in
( Fig. 3)

Recording gauge: An example
Tipping Bucket type ( Fig. 4)
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-|||m| 2-5 Precipitation Data Processing

- Estimation of Missing Rainfall Data
- Normal Ratio Method

- Optimum Number of raingauges
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2-6 Rainfall Estimation Average

1- Arithmetic Mean
2- |sohyetal method (Fig. 5)

3- Thelssen polygon method (Fig. 6)

P =5 AiPi/ TAI
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3 {4) Weighted
Area Thiessen Precip (in)
(sq. mile) Waeight (1) x (4) 7100

52 ri A5

158 23 86
243 35 95

135 19 1.33
112 16 1.41
700 100
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3-EVAPORATION

3-1 Definitions:

As shown above that the water Is heated by the sun,

It's surface mol ecul es become sufficiently energized
to break free of the attractive

force binding them together, and then evaporate and
rise as invisible vapour in the atmosphere.
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.||” ”
‘ 3-2 Factor affecting evaporation process

Solar radiation

Atmospheric humidity

Wind

Size and depth of water body
Water quality
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3-3 Evapor ation M easur ements

- Class A Pan and Class A Pan Coefficient
- Lake Evaporation monograph

- Potential Evapotranspiration (ETP)

- Actual Evapotranspiration (ETA)

3-3-1 Field M easurement
Pan evaporation (Figs. 7 & 8)
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The pan evaporation is related to the
reference evapotranspiration by an
empirically derived pan coefficient:

ETo=Kp* Epan

where
ETo reference evapotranspiration

[mm/day],
Kp pan coefficient [-],
Epan pan evaporation [ mm/day].
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3-3-2 Empirical Equations

1-Penman Formula

n 1944, Penman combined the energy
pudget and aerodynamic approaches.
Penman's derivation eliminates the need for
measuring water surface temperature; only
the air temperature is required. The resulting
equation is as follows:

E=(A/A+y)Er + (y/ A+vy) Ea
where

Er=Rn/lvpw
Ea= K(u)(es-e)
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Rn is net radiation (typical units are W/m2),
lv is latent heat of vaporization (JKkg), pw IS
density of water (kg/m3), K(u) Isamass
transfer coefficient, es s saturated vapor
pressure at air temperature, and eisthe
actual vapor pressure. The Penman equation
Is aweighted average of the rates of
evaporation due to net radiation (Er) and
turbulent mass transfer (Ea). Provided that
model assumptions are met and adeguate
Input data are available, various forms of the
Penman equation yield the most accurate
estimates of evaporation from saturated
surfaces.
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III
l“” 2-Thornthwaite Formula

Potential evapotranspiration can be
calculated using the Thornthwaite water
balance method using the following formula.

E= 1.6 (10T/I)2
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Where:
E= monthly potential evapotranspiration (cm).
T=mean monthly temperature (C).

|=a heat index for a given area which isthe sum of
12 monthly index valuesi. | isderived from mean monthl
temperatures using the following formula:

(T/5)l.514

a= an empirically derived exponent which isa function of
l
a=6.75*10"13-7.71*10> 12+ 1.79* 1021 + 0.49
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3- Turc Formula

Actual evaporation can be calculated using
the Turc method using the following formula:

ET = P/[0.9 + (P/L)? 05

where
P = the mean annual precipitation (mm)
L =300+ 25T +0.05T3 (mm)
T = the mean air temperature ( oC )

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




'I|”H| 4-INFILTRATION

Definitions:
| nfiltration:

Per colation:
| nfiltration capacity fp:

| nfiltration ratef:
Cumulative Infiltration F:

Field Capacity

Moisture Content q: Soil Moisture deficit D:
Porosity :

Capillary Potential:

Hydraulic Conductivity K:

Saturated Conductivity Ks:
Unsaturated Conductivity K(q:
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4-2Factors Affecting I nfiltration Capacity

4-3 I nfiltration M easur ement
1- Field M easur ement

- Use infiltrometer device as shown in
( Fig. 9)
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.|I|m|
2-Operational Methods

| - phi-Index ( @ ): Average Infiltration rate for

a storm, averaged over many stor ms.
Computed by taking the (total rain in cm(P) -
total runoff volume(Q) (in cm.) )/stor m duration

phi Index (@ )= P-Q/t

lI-Accounting Methods:
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1- Horton Moddl:

f = fc+(fo-fc) exp

where:
f=the infiltration capacity (depth/time) at
some (t).
fc=afinal infiltration capacity
fo=the initial infiltration capacity
k= a constant representing the rate of
decrease In (f) capacity

To estimate fc, fo and k, plot f vst, pick fc asthe
right asymptote; plot In(f-fc) vst, get k asthe -slope
and In(fo-fc) as the intercept.
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2- SCS Runoff Curve Number Method

F=0Q (1)
S P-la

where F = Actua retention

S = Potential maximum retention (Sis equal to or
greater than F)

Q = Actual runoff volume

P = Precipitation as rainfall (P isegual to or greater
than Q)

la = Initial abstraction

The actual retention (F), when the initial abstraction
(l1a) Isconsidered is:

F=P-la-Q 2)
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.'I”H| Substituting Equation 2 into Equation 1
yields the following:

(P-la)-0= Q €©)
S P-la

Rearranging Equation 3 to solve for Q results
IN:

Q=(P-l1a)2 (4)
(P-la)+S
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III

l“” Theinitia abstraction (1a) isafunction of
land use, treatment and condition;
Interception; infiltration; depression storage;
and antecedent soil moisture. An empirical
analysis was performed by the SCSfor the
development of the rainfall-runoff relation,

and the following formula was found to be
best for estimating |a:

la=0.2S (5)
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Research performed by the Soil Conservation
Service since the development of Equation
(5) has suggested that Equation 4-7 may not
be correct under all circumstances. However,
It remains in use until the SCS performs and
accepts a more comprehensive study. It is
Important to note that Equation 4-7 implies
that the factors affecting lawould also affect
S. Substituting Equation 5 into Equation 4
yields:

Q = (P-0.25)2 ( 6)

P+ 0.8S
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While Equation 5 has two unknowns, laand
S, Equation 6 has been reduced to an
equation with one unknown, S. Empirical
studies indicate that S can be estimated by:

S=(1000/CN) - 10 (7)
where:
CN = Soil-cover complex curve number
S = Potential maximum retention.
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[ Soil Classification J
|
| | | |

{ Group A J [ Group B } [ Group C J { Group D J

Soil Group table for determining Curve Number (CN) and table of Antecedent Moisture
Condition (AMC) will be Distributed in the Class
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T 5 SURFACE RUNOFF

5-1 Definitions

When rain fallsonto the earth, it just doesn't sit there
-- 1t starts moving according to the laws of gravity.

A portion of the precipitation seeps into the ground
to replenish Earth’s groundwater. Most of it flows
downhill as runoff. Runoff is extremely important in
that not only does it keep rivers and lakes full of
water, but it also changes the landscape by the action
of erosion. Flowing water has tremendous power --
It can move boulders and carve out and deposited
elsewhere within the catchment.
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Thewater that flows over the surfaceinto a
stream have the greatest responseto rain and
snow melt. Amount of Runoff depends on:

Intensity and duration of arain or snow
melt event

amount of water lost to inter ception and
depression storage

amount of water lost to infiltration
characteristics of the drainage basin
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5-2 Factor Affecting Surface Runoff

Meteorological Characteristics affecting
runoff

Basin Characteristics affecting runoff

5-3 Streamflow M easur ement

5-3-1 Stage M easur ement (water elevation) -
Using Staff gage. ( Fig. 10a and 10b)
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|
IIlH Satellite or radio

Stage Reading and
Recording Equipment
River and Well levels R ESSEES

arethe same

Inlet Pipes
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- For riversand Streams using the following methods
1- Velocity — AreaMethod ( Fig. 11)

Dischar ge (Q)= Average velocity (m/s) X Area (m?)
by

|||”H||| 5-3-2 Dischar ge M easur ement:

I:'in-lr

Legend

123.n Observation verticals

b,.b,by.. b, Distance infeel or meters, from the
intial point ko the observation vertical

d,,d,dy. d, Depth of water, in fest or meters, at the
observation vertical

vater surface Dashed ines Boundanes of subsactions

-

Wl
2

—

b 5\ Streambed
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II”H“ -V elocity measurement, using current
meter ( Fig. 12)
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.|I|‘H|
2-DyesMethod ( Fig. 13)
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For dry wadis using the following approach
1- Slope— AreaMethod ( Fig. 14)

The discharge of a stream istypically measured
directly by stream gaging or arating curve.

However, conditions sometimes prevent direct
measurement of discharge, such as during flooding
events, or in remote areas. The slope-area method is
used to determine peak discharge along sections of a
river or stream where gages are not present. It is
particularly useful for (1) determining the discharge
needed for flooding along a particular reach of
stream after aflood has passed, (2) or to estimate the
discharge necessary to cause flooding along a
section of river.

The slope-area method is based on the Manning's
equation for determining discharge,

Q:(A * R2/3 * 51/2) /n
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| e
A= isthe cross-sectional area (ft2),
R= isthe hydraulic radius (cross sectional area/wetted perimeter

(fo),
S= isthe slope (drop in elevation/length (dimensionless), and
n = is the Manning roughness coefficient (dimensionless).

Thus, the dlope-area method is a function of (1) slope, (2) channel

dimensions and (3) channel roughness, and therefore field data are
required for estimation of peak discharge. These data include
determining the elevation and location of high-water marks along
the stream, measurement of channel cross section and wetted
perimeter by surveying, tape and compass, or GPS, and selection
of aroughness coefficient for the section of stream in question.
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6-UNIT HYDROGRAPHS

The unit hydrograph of a drainage basin or
watershed is defined as a graph of direct runoff
resulting from one inch of effective

rainfall generated uniformly over abasin areaat a
uniform rate during a specified time or duration.

6-1 Definitions

Unit Hydrograph Duration:
Rating Curve:

Reach:

Stream flow:

Storm Hydrograph:
Surface Runoff:

Travel Time:
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6-2 Hydrograph Components

-Rising Limb

- Crest Segment

- Recession Limb

- Point of Inflection ( See Fig. 15)
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6-3 Hydrograph development:

Among other uses, a hydrograph is usually needed
for reservoir design. The hydrograph represents the
unsteady input into the system. Since observed
hydrographs are seldom available, they usually
must be fabricated. Some methods used are:

Unit hydrograph

Synthetic hydrograph
The first method requires runoff data which are
usually not available for small watersheds. The
second method assumes a given shape after which

a determination of the peak and volume runoff
values would define the hydrograph.

L sl ansd — Cll a2 sema [ 3Sl) ALY
Y asle IS — ol




6-4 Synthetic Unit Hydrograph
A. Rational Method
B. SCSMethod
C. Snyder’sMethod

A- Rational Method

The Rational Method isbased on the following
assumptionsfor the determination of peak
discharge:

the peak discharge can be calculated as:

Q=CIA
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C = Runoff coefficient which represents the ratio of runoff to
rainfall for the drainage area considered.

| = The average rainfall intensity in inches per hour for a period
of time equal to the time of concentration (Tc) for the
drainage area under consideration.

A = The drainage area, in acres, contributing runoff to the
point of consideration.

'I|”H| Q = Peak discharge in cubic feet per second.

Runoff Coefficient (C)

Tables1&2 presents recommended "C" values
based on generalized land use types. (It will be
Distributed in the Class)

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




Rainfall Intensity (i)

Rainfall intensity (i) isthe average rainfall rate in
Inches per hour, and is selected on the basis of
design rainfall duration and design frequency of
occurrence. The design duration is equal to thetime
of concentration for the drainage area under
consideration. The design frequency of occurrenceis
astatistical variable which is established by design
criteria.
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Drainage Area (A)

The size (acres) of the watershed needs to be
determined for application of the Rational M ethod.
The area may be determined through the use of maps
and supplemented by field surveys where
topographic data has changed or where the contour
Interval i1stoo great to distinguish the direction of
flow. The drainage divide lines are determined by
street layout, lot grading, structure configuration and
orientation, and many other features that are created
by the urbanization process.
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.,Il ”
“ B- SCS method

A method devel oped by the Soil Conservation
Service (SCS) for constructing synthetic unit
hydrographs based on a dimensionless
hydrograph (Fig. 16) . This method isthe
result of an analysis of alarge number of
natural unit hydrographs from a wide range
In Size and geographic locations. It needs
only the time peak and the peak discharge.
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“ C- Snyder’s Synthetic Unit

Snyder’s Hydrograph ( See Fig. 15)

1- The basin lag is (=tp)
where Ct is a coefficient ranging from 1.8 to
2.2, L Isthe length of the basin outlet to the

basin divide, Lcathe length along the main
stream to a point nearest the basin centroid.
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tp= Ct (L .Lca)%3

2. Thepeak dischargerateis

Qp =640Cp A/ tp

where 640 will be 2.75 for metric system, Cp isa
storage coefficient ranging from 0.4 to 0.8 where

larger values of Cp are associated with smaller
values of Ct , A iIsthedrainage ar ea.
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III
l“” 3. Thebasetimeis
For a small watershed, the basetimeis
determined by multiplying tp by a valueranging
from 310 5.

Th=3+1tp/8

4. The Snyder’ duration is

D=tp/55

For other rainfall excess duration, the adjusted
basin lag is
tp\=tp + 0.25 (D\ - D)
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I ”
H -WATER BUDGET

The general equation of groundwater balance is

|nput — Output =+ AS
By mean:
P-E-T-Int-Ds+ Qin+ Gin - Qout - Gout + AS=0
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.I|”H
| wher e

P = Precipitation;

E = Evaporation;

T =Transpiration;

Int = Inter ception;

Ds = Detention Storage;
Qin = Surface I nflow;

Qout = Surface Outflow;

Gin = Groundwater | nflow;

Gout = Groundwater Outflow; and
AS = Changesin Storage.
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.||HH| Basic Hydrology Terms

Attenuation = The process where the flood crest is reduced as
It progresses downstream.

Automated Local Evaluation in Real Time (ALERT)= A
local flood warning system where river and rainfall data are
collected viaradio signalsin real-time at an ALERT base
station.

Bankfull Stage/Elevation = An established river stage/water
surface elevation at a given location along ariver whichis
Intended to represent the maximum water level that will not

overflow the river banks or cause any significant damages from
flooding.

Base Station = A computer, which accepts radio signals from
ALERT gaging sites, decodes the data, placesthe datain a
database, and makes the data available to other users.

Base flow -- Stream flow, which results from precipitation, that
Infiltrates into the soil and eventually moves through the soil to
the stream channel.
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Basin= The area, which contributes flow past a specified point.
Crest= The highest stage or water level of aflood wave as it
passes a point.

Cross-Sectional Area = Area perpendicular to the direction of
flow.

Cubic Feet per Second (CFS) = The flow rate or discharge
egual to one cubic foot (of water, usually) per second.

Current Meter= Device used to measure the water velocity or
current in ariver.

Discharge= The rate at which water passes a given point.
Discharge is expressed in avolume per time with units of L3/T.

Flash Flood= A flood which follows within a few hours
(usually 6 hours) of heavy or excessive rainfall, dam or levee
failure, or the sudden release of water impounded by an ice
jam.

Flood= Any high flow, overflow, or inundation by water,
which causes or threatens damage.
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reach above which arise in water surface level isdefined as a
flood.

Gage Datum= The arbitrary datum, which all stage
measurements are made from.

Headwater s= Streams at the source of ariver.

Headwater Basin -- A basin at the headwaters of ariver. All
discharge of the river at this point is developed within the
basin.

|||”H| Flood Stage= An established gage height within a given river

Hydrograph= A graph showing the water level (stage),

discharge, or other property of ariver with respect to time.

Hydrograph Separation= The process where the storm
hydrograph is separated into base flow components and surface
runoff components.

| nches of Runoff= The volume of water from runoff of agiven
depth over the entire drainage.

| mpervious= The ability to repel water or not let water enter.
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| nfiltration= Movement of water through the soil surface into
the soil.

| nfiltration Capacity= The maximum rate at which water can
enter the soil at a particular point under a given set of
conditions.

| nter ception Storage Requirements= Water caught by plants
at the onset of arainstorm. This must be met before rainfall
reaches the ground.

Lag= The time it takes a flood wave to move downstream.

Parametric Data= Data such as rating curves, unit
hydrographs, and rainfall/runoff curves which define
hydrologic variables in models.

Per colation= The movement of water within the soil.

Porosity= The ratio of pore volume to total volume of the soil.
Sandy soils have large pores and a higher porosity than clays
and other fine-grained soils.

Reach= The distance in the direction of flow between two
specific points along ariver, stream, or channel.
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Staff Gage= A vertical staff graduated in appropriate units,
which is placed so that a portion of the gage is in the water at
all times. Observersread the river stage off the staff gage.

Stage= The level of the water surface above a given datum at a
given location.

Stream flow= Water flowing in the stream channel. It is often
used interchangeably with discharge.

Storm Hydrograph= A hydrograph representing the total flow
or discharge past a point.

Travel Time= The time required for aflood wave to travel
from one location to a subsequent location downstream.

Unit Hydrograph= The discharge hydrograph from one inch
of surface runoff distributed uniformly over the entire basin for
agiven time period.

Unit Hydrograph Duration= The time over which one inch of
surface runoff is distributed for unit hydrograph theory.

Flood Hydrology= isrelated to interflow and surface runoff.
These factors are direct response to arainfall or snowmelt
event.

Gravity=is aforce or movement of water in adownward
direction.
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Groundwater Flow= moves water through the subsurface to
river channels when water cannot percolate downward, collects
and forms groundwater.

| nter flow=is water that enters the soil, percolates a short
distance, and then moves horizontally to the stream channel
due to a much less pervious soil (pervious. capable of
transmitting water).

directly contributes to the amount of water found in ariver
direct response to rainfall and snow melt
depends on soil structure of the drainage basin
Stream flow= consists of three components:
base flow
Interflow
surface runoff

L sl ansd — Cll a2 sema [ 3Sl) ALY
o2 Y asle IS — ol




HOME WORK

Problem (2) Station X remained inoper ative for a certain period during which a

storm occurred. The storm rainfall at the three surrounding stations A, B, and C was
recorded as 14.4, 13,8 and 16.8 mm respectively. The normal rainfall at stations X, A,
B, and C was observed as 130, 144, 136, and 156 mm respectively. Find the storm
rainfall at station X.

Problem (3) Deter mine optimum number of raingauges in the basin from the
following data so asto limit the percentage error within 10 % ;

(i) Number of existing stations=5

(ii) Averagerainfall at the stations (mm) = 900, 800, 540, 450 410.
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In the following figure , using the arithmetic mean, the Thiessen

'|
Il“” Problem (4) Compute the mean annual rainfall for wadi basin
polygon and the isohyetal method.

Problem (5) By using class A Pan the monthly evaporation
rate has been determined close to dam lake as shown in the
following table . Compute the water volume that loss by the
evaporation process and determined the height of the water
level after this process.

Month Evapo. Rate | Pan Coeff. Surface Lake
(mm) Km2

Jan 121 0.65 35

Feb 157 0.65 3.7

179 0.72 3.1

165 0.72 34
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Problem (6) Using the Thornthwaite
method to calculate the potential
evapotranspiration form the
following data
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Problem (7) Using the Turc method to calculate the actual
evapor ation form the following data

Mean Temperature (C) Mean Annual Rainfall (mm)

22 121

34 117

27 123

29
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Problem (8) Using the slope — area method cal culate the flood
discharge, where the cross-section areais 46 m2 the hydraulic wet 18
m, the basin slope 0.02 and the Manning coefficient is 0.004.
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flood water in a drainage basin hasan area of 150 km2 area , where the

'l
I”H| Problem (9) Use the Phi-Index for determined the infiltration rate from
direct unoff was 1.79 cm from rain storm illustrated in the following

table.

Time (hour) Rainfall amount
(cm)

13-14
14-15
15-16
16-17
17-18
18-19
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|
|||”H| Problem (10) M easur ements from an infiltrometer with 35 cm diameter are

given in thefollowing table. Hence,
a- plot infiltration ratewith time
b- find the Horton equation constants, fo and fc c¢c- Calculate theinfiltration

capacities at time 10 and 30 min. where K =2.

TIME 0] 2 5 10 20
(min)
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Illl“
Problem ( 11 ) Using the velocity —ar ea method, find the discharge of theriver
at the cross section X according to the following data

Distance

from the
left Bank

(m)

0
4
)
5.2
6.4
4.7
2.5
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Problem (12) Usetherational method to find the 10-year design runoff
for thearea 18 km2. Theintensity duration frequency rainfall curve
(4.2mm) and the runoff coefficient = 0.53.
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Problem (13) From following data and a dimensionless method , construct
a 3 hour s synthetic hydrograph from Snyder’s method:
Areaof drainage basin (A)= 450 km2
Length (L)=32 km
(Lca)=25km
(Ct)= 0.9
(Cp)=50
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Problem (14) A lake has 15 km2 of surface area. The average inflow and
outflow during April were 0.50 m3/sec and 0.44 m3/sec respectively. The
monthly rainfall and evaporation amounts are 45 mm and 105 mm,
respectively. It isestimated that the infiltration height during the same
month from the lakes bottom is 25 mm

Find the following;

-the change in the volume of water during this month using the water
balance equation;

-interpret your results.
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