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 Rainfall
 Design storms and flood 

frequencyfrequency
 Time of Concentration
 Rational Method
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Text Book
 Title: Applied Hydrology

 Authors: Ven T Chow, David R Maidment, Larry W Authors: Ven T Chow, David R Maidment, Larry W 
Mays

 Publisher: McGraw Hill

 Edition: 1988

 Type: Hardcover Type: Hardcover

 Pages: 572

ISBN 0070108102 ISBN: 0070108102
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HYDROLOGY

 Study of movement of water 
through:g
 atmosphere
 land surface
 waterways and waterways, and
 soil (ground water)

 Study of movement of water 
through the hydrologic cycle:

 Hydrology: Science of water’s:
OccurrenceOccurrence
 Distribution, and
Movement

5
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HYDROLOGIC CYCLE
Ten processes of hydrologic cycle

1. Evaporation
 Water evaporates from oceans and land surface to become part of atmosphere (water vapor)

P i it ti2. Precipitation
 Water vapor is lifted and transported in the atmosphere until it condenses and precipitates on 

the land or oceans

3. Interception
 Precipitated water intercepted by vegetation Precipitated water intercepted by vegetation

4. Overland flow
 Precipitated water overflowing on ground surface

5. Infiltration
P i it t d t i filt t d i t d Precipitated water infiltrated into ground

6. Subsurface flow
 Precipitated water flowing through the soil near land surface 

7. Surface runoff (stream flow)
 Precipitated water discharged to streams

8. Recharge
 Deep percolation to water table

9. Groundwater flow

6

 Movement of water table deeper in soil or rock strata

10. Overflow to oceans
 Surface and groundwater returning to oceans
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HYDROLOGIC CYCLE
Book: Applied Hydrology; Authors: Ven T Chow, David R Maidment, Larry W Mays 
Publisher: McGraw Hill; Edition: 1988
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WATERSHEDS
• Watershed: area of land draining into a 

river at a given location (outlet)
• Outlet: the most downstream point onOutlet: the most downstream point on 

the stream where the flow leaves the 
watershed and enters the river

• Sewershed: drainage area of sewer system

OUTLET

g y
• Watershed divide: a line dividing

• land draining towards the given stream, 
and

WATERSHED

• land draining away from that stream
• Manual delineation of watersheds is done 

by drawing drainage divides on 
t hi ( t ) hi h itopographic (contour) maps, which is 
cumbersome

• Automatic delineation of watersheds is 
done using Digital Elevation Models

8

done using Digital Elevation Models 
(DEMs) and Geographic Information 
Systems (GIS) software
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WATERSHED EXAMPLES
WATERSHED

WATERSHED
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RAINFALL SPATIAL DISTRIBUTION

• Rain storms vary greatly in space and time
• Spatial distribution is shown by isohyetal• Spatial distribution is shown by isohyetal 

maps
i f ll d b• Rainfall contour maps created by 

interpolating “point” rainfall data from rain 
gages

• Example: Figure 3.4.1
• Johnstown storm produced the famous 

Johnstown flood and dam break in 1889 that 

11

killed 2000 people.
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ISOHYETAL MAPS

Johnstown flood damage: 2000 g
deaths

• Smaller rainfall (9.8 in)
• Larger rainfall area 
• Larger duration (18 hours)g ( )

Austin flood damage: 13 deaths
• Larger rainfall (11 in)
• Smaller rainfall area 
• Smaller duration (3 hours)Smaller duration (3 hours)

12
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RAINFALL ESTIMATION METHODS
• Areal Rainfall = Average rainfall over a watershed
• Three methods of areal rainfall estimation

1 A i h i h d (Fi 3 4 3 )1. Arithmetic mean method (Figure 3.4.3.a)
• Gages should be uniformly distributed
• Gage data should not vary greatly about the mean (small standard 

d i ti )deviation)

13
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RAINFALL ESTIMATION
2. Thiessen method (Figure 3.4.3.b)

• Some gages are more representative of the watershed and should be assigned a 
higher “weight”higher weight

• Weights = area of Thiessen Polygons formed by drawing perpendicular 
bisectors to the lines joining adjacent gages

• Average rainfall = area weighted meang g

P = areal average rainfall
A l h d x =A = total watershed area
Aj = area of Thiessen Polygon 

for gage j
P = Rainfall at gage j

x =

14

Pj = Rainfall at gage j
J = Total no. of gages
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THEISSEN POLYGONS
GIS application

A Theissen 
polygon is 
defined for eachdefined for each 
rain gage.

15
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WATERSHED PRECIPITATION

 GIS applicationpp
 The watershed 

precipitation is the 
weighted average 
(according to the(according to the 
Theissen polygons) 
of the precipitation 
recorded at the 
neighbor stationsneighbor stations.

16
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THIESSEN POLYGON JAVA APPLET
11/4/09 link: http://www.cs.cornell.edu/Info/People/chew/Delaunay.html

 Here is a cool Java Applet that 
shows Delauney Triangulation 
and the formation of Thiessen 
(or Voronoi) polygons(or Voronoi) polygons

17
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RAINFALL ESTIMATION
3. Isohyetal method (Figure 3.4.3.c)
• Weights = area between adjacent 

i h tisohyets
• Average rainfall = area weighted 

mean

x =

• Aj = area between adjacent isohyets
• Pj = average rainfall of adjacent 

isohyetsy
• Should have a fairly dense network 

of gages

18
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RAINFALL ESTIMATION

Which method to use?
All th d i bl lt h• All methods give comparable results when 
time period is long (annual data)
Thi th d i t t b t• Thiessen method is most accurate, but was
difficult to computerize

N t b d i GIS• Not anymore, can be done in GIS
• Isohyetal method is less accurate but easy to 

t t b t i i tautomate because contouring programs exist 
throughout the engineering (CAD, GIS) 

19
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RAINFALL INTENSITY
• The time rate of precipitation, i.e., rainfall depth per unit time
• Units: in/h or mm/h

T t• Two types:
• Instantaneous intensity: changes throughout the storm duration
• Average intensity over the duration of rainfall: mean value over 

a duration t
• Used commonly

P

18.20



tIP
t
PI

intensity average  I
 Where



20

hours)in (usually duration  t 
mm)or (in depth rainfallP



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RAINFALL TEMPORAL DISTRIBUTION
• Temporal distribution is shown 

by hyetographs
A l t f “i e e t l” i f ll• A plot of “incremental” rainfall 
depth or intensity (depth/time) 
as a function of time
E l T bl 3 4 1 d• Example: Table 3.4.1 and 
Figure 3.4.2(a)

• Rainfall mass curve = 
l i i f ll h hcumulative rainfall hyetograph

• Maximum rainfall for a given 
interval is estimated by 
creating a series of running 
totals for that time interval 

21
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INTENSITY AT A POINT

30 MIN RUNNING TOTALS

0 02+0 34+0 10+0 04+0 19+0 48 1 170.02+0.34+0.10+0.04+0.19+0.48 = 1.17

220.76/(5/60) 8.20/2
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RETURN PERIOD
• The frequency of rainfall events is expressed in terms of return 

period (T) defined as
A l th f ti ( i t l) b t• Average length of time (or average recurrence interval) between 
rainfall events of a specified magnitude

• Return period is inversely equal to the probability of occurrence of 
that event
• Examples:  

• A 100-year rainfall event has a 1% (1/100) probability ofA 100 year rainfall event has a 1% (1/100) probability of 
occurrence in a given year

• A 5-year rainfall event has a 20% (1/5) probability of 
i ioccurrence in a given year

24
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DESIGN STORMS
• Design storm is a precipitation pattern defined for use in the design of a hydraulic 

structure (culvert,  detention pond, etc.)
• Usually a design hyetograph

• 100-year / 24-hour
• 2-year / 6-hour, etc.

• Old source for rainfall frequency data: U.S. Weather Bureau Rainfall Frequency 
Atl (TP 40 T h i l P 40)Atlas (TP 40 or Technical Paper 40)
• Six durations

• 30 min
• 1 hour

3 h• 3 hours
• 6 hours
• 12 hours
• 24 hours

• Seven return periodsSeven return periods
• 1 year
• 2 years
• 5 years
• 10 years

25

• 25 years
• 50 years
• 100 years

• Example: Figure 14.1.1 (100-year/24-hour)



© Shamsi, 2009TP 40 RAINFALL ATLAS (SIMILAR TO FIG. 
20.5 IN LINDEBURG)

4”

5”

6”

5.1 in (Interpolated for 
Pittsburgh)

26
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NEW SOURCE FOR RAINFALL FREQUENCY DATA
• Precipitation-Frequency Atlas of the United States" NOAA Atlas 14
• Rainfall values different from TP40
• Available online at hdsc.nws.noaa.gov
• 18 durations from 5-min to 60-day
• 10 return periods from 1-year to 1000-year

100 Year / 
24-Hour 
rainfall = 
4.87 in

0.3 in (5%)
lower than 
TP40 (5.2 in)

27
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NOAA ATLAS 14
• Three data retrieval options:

• Select an existing NOAA rain gauge from the map or a drop-down list
• Enter coordinates

Cli k th t l t l ti• Click on the map to select a location
• Provides interpolated results to user specified location

28
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NRCS RAINFALL DISTRIBUTIONS
•Natural Resources Conservation Service (NRCS) 
formerly Soil Conservation Service (SCS)y ( )
•Four NRCS rainfall distributions (Figure 14.3.3)

• Type I and IA: West coast
• Type III: East coast and Gulf of Mexico
• Type II: Rest (most) of the country

29
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SCS HYETOGRAPHS

• Table 14.3.1: 6 
and 24-hour 
hyetographhyetograph 
tables
Fi 14 3 2• Figure 14.3.2: 
24-hour 
hyetograph plot

30
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EXAMPLE: SCS 24-HOUR HYETOGRAPH
SPREADSHEET AND MANUAL CALCULATIONS

• Manual calculation example:
• If 24-hr rainfall = 4.9 in, what’s 

the Type II rainfall at hour 
12:00?

C l ti % i f ll t H• Cumulative % rainfall at Hr. 
11:00 = 24.35%

• Cumulative % rainfall at Hr. 
12:00 = 69.37%

• Incremental % rainfall from Hr. 
11:00 to 12:00 = 69 37 - 24 35 =11:00 to 12:00  69.37 24.35  
45.02% = 0.4502

• Rainfall at Hr. 12:00 = 4.9 x 
0 4502 2 206 i

31

0.4502 = 2.206 in ANSWER
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IDF CURVES
• Intensity-Duration-Frequency (IDF) 

Curves (design storm curves)
I t it d ti f i t• Intensity vs. duration for various return 
periods 

• Depth vs. duration for various return 
i dperiods

• Durations: 5 minute to 24 hour
• Return periods: 1 year to 100 years From PennDOT

SIMILAR TO LINDEBURG FIG. 20.6

• 1 year
• 2 years
• 5 years
• 10 years
• 25 years
• 50 years

32

• 100 years
• Usually state or region specific (Pennsylvania)



© Shamsi, 2009

ATLAS 14 IDF CURVES
Curves for Return Periods
X-axis: Duration
Similar to PennDOT

(Pennsylvania)

• Are PennDOT and A14 IDFAre PennDOT and A14 IDF 
curve shapes different?

• Why?
P DOT

Curves for Durations
X-axis: Return Period

• PennDOT curves are on a 
log-log plot.

33
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IDF CURVES
 Typical equation for IDF curves

 
2.2.14............ Eq

fT
ci e 

 stormofDuration
intensityrainfalldesign




T
i

d

 IDF Eq. for Austin, Texas

  fTd 
tscoefficien,, fec

ai
intensityrainfalldesigni

 cbt
i




tscoefficien,,
stormofDuration

yg




cba
t

16
Storm Frequency a b c

2-year 106.29 16.81 0.9076 

5-year 99.75 16.74 0.8327 

10-year 96 84 15 88 0 7952 8

10

12

14

y 
(in

/h
r)

2-yr
5-yr
10-yr
25-yr
50-yr
100-yr
50010 year 96.84 15.88 0.7952

25-year 111.07 17.23 0.7815 

50-year 119.51 17.32 0.7705 

100-year 129.03 17.83 0.7625 
2

4

6

8
In

te
ns

ity 500-yr
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500-year 160.57 19.64 0.7449 
0

1 10 100 1000
Duration (min)
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SAMPLE PROBLEM: IDF CURVES
 Determine the 10-year, 20-minute design rainfall intensity for 

Austin, Texas

Storm 
Frequency

a b c 

10 96 8 1 88 0 9 2

ha /62584.96

10-year 96.84 15.88 0.7952
 

   
hrin

bt
ai c /62.5

88.1520
84.96

7952.0 





 ANSWER
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FLOOD FREQUENCY
• Recurrence interval = mean time between flood (or storm) events 

of frequency F
P b bilit f h i F t i• Probability of having a F-year event in any year 
= p {F event in one year } = 1 / F … 20.19

  20.20...111
n

F
 n yearsF event inp 






 

36
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EXAMPLE 20.2: Flood Probability

A wastewater treatment plant has been designed to be in use for 40 
yr.  What is the probability that a 1% flood will occur within the useful 
lifetime of the plant?

 Given Data:
D i  fl d  1%  0 01

 Calculate (?):
 {F t i  40  } 

p

Design flood = 1% = 0.01
n = 40 years

p {F event in 40 years } 

• Solution: From Eq 20 19• Solution: From Eq. 20.19
0.01 = 1/F

• F = 1 / 0.01 = 100 years
F E 20 20• From Eq. 20.20

  %3333.0
100

111years40in  floodyear  100
40







 p ANSWER
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TIME OF CONCENTRATION

Different areas of a watershed 
contribute to runoff at different FARTHEST contribute to runoff at different 
times after precipitation begins

FARTHEST 
POINT

Time of concentration: The time 
required for storm water runoff to 
fl f th f th t i t (tiflow from the farthest point (time 
wise) in a drainage area (watershed) 
to a point of interest (watershedto a point of interest (watershed 
outlet, culvert, etc.) OUTLET
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TIME OF CONCENTRATION
 Time at which all parts of the watershed begin 

contributing to the runoff from the watershed
 Denoted by t Denoted by tc
 For storm or combined sewers, tc is calculated as 

the largest combination of g
1. Surface runoff time (overland or sheet flow)
 For distance < 300 ft (100 m)

2 Swale or ditch flow time (shallow concentrated flow)2. Swale or ditch flow time (shallow concentrated flow)
 For distance > 300 ft (100 m)

3. Storm drain (or channel) flow time
 NRCS fl l l ti t h ld b t l t 6 i NRCS flow calculation: tc should be at least 6 min
 Rational Method flow calculation: tc should be at 

least 10 min

40

 tc calculation equations: 20.5 to 20.12
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TIME OF CONCENTRATION
 tc = tsheet + tshallow + tchannel … 20.5

)(0070 8.0nL

lengthflowOvrelandL
flowsheet for t Coefficien Roughness sManning'n

6.20
)(

)(007.0
4.0

2



 
decimal

o
flowsheet

SP
nLt

%)in (not ft/ft in  line grade hydraulic of Slope  S
inchesin  rainfallhour  24 year, 2  P

length flow Ovreland  L
2

o





(L D fi iti )(Lo Definition)

41
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TIME OF CONCENTRATION
 tshallow = L / vshallow
 L = length of shallow flowg
 vshallow = velocity of shallow flow

20 7[unpaved]134516 Sv 

20.7   [paved]3282.20

20.7[unpaved]1345.16

sec/,

sec/,





decimalftshallow

decimalftshallow

Sv

Sv





ti t d( dl ith l
length channel

channelt

19.12b)  Eq. sManning' from      
estimatedor (measuredvelocity channel

42
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PEAK RUNOFF FROM THE RATIONAL METHOD
 An empirical equation to estimate peak surface 

runoff rate from rainfall intensity
 Used in the design of storm sewers and culverts
 Applicable to small watersheds less than several 

h d d S ld d f t th 1hundred acres.  Seldom used for areas greater than 1-
2 mi2

3602 dAICQ

(cfs) rate runoffPeak   Q

36.02...





p

dp AICQ

 of  time toequalduration for  (in/hr)intensity  rainfallPeak   I
 1)  C  (0t coefficienrunoffC




p

(acres) area Drainage  A
watershedtheofion concentrat

d
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RUNOFF COEFFICIENT
 Typical values in 

Appendix 20.A
 C for lawns: 0.05 – 0.35
 C for driveways: 0.75 –

0.85

 Higher C means higher 
imperviousness

 Higher C means higher 
peak flow (Qp)

 Runoff coefficient is a 
function of the soil 
type, slope, vegetation, yp , p , g ,
and other related 
factors
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EXAMPLE 20.5: RATIONAL METHOD

Two adjacent fields, as shown, contribute runoff to a collector whose 
capacity is to be determined.  The storm intensity after 25 min is 3.9 
in/hr.  (a) Calculate the time to concentration. (b)  Use the rational 

 Given Data:
I  3 9 i /h  f  25 i d ti

( ) ( )
method to calculate the peak flow.

I = 3.9 in/hr for 25-min duration
A1 = 2 ac
C1=0.35
t =15 min t1=15 min 
A2 = 4 ac
C2=0.65
t2=10 mint2 10 min

 Calculate (?):
Peak flow to collector 

46
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EXAMPLE 20.5: SOLUTION

 Time of concentration = t1 + t2 = 15 + 10 = 25 min
 Weighted C for both areas =g

55.0
42

)65.04()35.02(





 From Eq. 20.36, 
Qp = C.I.Ad

0 55 3 9 (2 4)= 0.55 x 3.9 x (2+4) 
= 12.9 cfs ANSWER

47
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48SAMPLE PROBLEM: 

RATIONAL METHOD
What is the peak discharge 
through a single culvert draining 
a forested watershed in Austin 
(TX) of 150 acres with average(TX) of 150 acres with average 
slope during a 10-year storm 
with a rainfall intensity of 6 in/hr?

Given data:
Ad = 150 acres
I = 6 in/hr
T = 10-year (not a distractor)T = 10-year (not a distractor)

Calculate: Qp

Solution:
From Table 15.1.1 for T=10 year, 
C = 0.36
From Eq. 20.3, Qp = C.I.AdFrom Eq. 20.3, Qp  C.I.Ad
Qp = 0.36 x 6 x 150
Qp = 324 cfs ANSWER
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COMPOSITE RUNOFF COEFFICIENT
 For a watershed with multiple surface types 

(land use classes), sub-divide the watershed 
into subareas (or subcatchments) of uniform 
surface types and use Eq. 15.1.2yp q

(cfs)dischargepeakofRateQ

715.1.2/p49Eq....
1



 


jj

m

j

ACiQ

(acres)subareathjofAreaA
subareath -j oft coefficienrunoffC

 (in/hr)intensity  Rainfall  i
(cfs)dischargepeak  of Rate  Q

j

j






watershedin thesubareas ofnumber   m
(acres)subareath -j of Area  Aj




Example 2: In the previous example, if 40% of the area is cultivated land 
on steep slope (C = 0.44) and 60% is asphalt parking (C = 0.81), the 
composite C is
C = (0.4x0.44) + (0.6x0.81), or 

= 0.176 + 0.486 = 0.662 0.176  0.486  0.662
Qp = C.I.Ad
Q = 0.662 x 6 x 150
Q = 595.8 cfs
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NRCS CURVE NUMBER METHOD
 Developed by Soil Conservation 

Service (SCS) in 1972
 SCS is now called Natural Resources SCS is now called Natural Resources 

Conservation Service (NRCS)

 Computes abstractions from storm 
rainfallrainfall

 Estimates runoff  as a function of 
cumulative precipitation, soil type, land FIG 5 5 1p p , yp ,
use, and antecedent moisture

 Classifies soils (60 or 70 types) into 
four hydrologic soil groups: A B C or

FIG. 5.5.1

four hydrologic soil groups: A, B, C, or 
D

 Initial Abstraction = Ia = depression 
storage + evaporation + interceptionstorage + evaporation + interception 
losses
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THREE PRINCIPLES
1. This method assumes that initial abstraction = 20% of 

the storage capacity of soil (S)
I = 0 2 S 20 38

INITIAL 
ABSTRACTION

Ia = 0.2 S … 20.38
2. Runoff begins when gross rainfall (total rainfall without 

losses) Pg is greater than or equal to initial abstraction) g g q
Pg ≥ Ia … 20.39

3. The storage capacity of soil must be large enough to 
b b th i iti l b t ti l i filt ti (F)absorb the initial abstraction plus infiltration (F)

S ≥ Ia + F… 20.40
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NRCS RUNOFF EQUATION
 Total Q in inches (not in cfs) is computed from the NRCS 

runoff equation 
 20 2SPg 

Q = Total (not instantaneous) runoff in inches (not in cfs)

  44.20.
8.0
2.0 Eq

SP
SPQ

g

g
inches 




Q  Total (not instantaneous) runoff in inches (not in cfs)
Pg = Gross (not instantaneous) rainfall in inches
S = Storage capacity of soil in inches

1000

43.20101000


CN
S 

100)CN0Units;(U.S.
10
1000





S

CN

CN = NRCS Runoff Curve Number
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RUNOFF CURVE NUMBERS
 Curve number = a 

dimensionless value ranging 
between 0 and 100

 For impervious and water 
surfaces CN = 100

 For natural surfaces CN < 
100

INITIAL 
ABSTRACTION

100
 CN values tabulated in Table 

20.4 for normal moisture 
conditions called Antecedentconditions called Antecedent 
Runoff Conditions II (ARC II)
 CN depends on land 

cover
 CN depends on 

hydrologic soil group
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RUNOFF CURVE 
NUMBERS FOR

G CAGRICULTURAL 
AREAS

55
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HYDROLOGIC SOIL GROUPS
Curve Numbers depend on soil conditions

Group Minimum Infiltration 
Rate (in/hr)

Soil type

A 0.3 – 0.45 High infiltration rates. Deep, well 0.3 0. 5 g t at o ates. eep, we
drained sands and gravels

B 0.15 – 0.30 Moderate infiltration rates. Moderately 
deep, moderately well drained soils 
with moderately coarse textures

C 0.05 – 0.15 Slow infiltration rates. Soils with 
layers, or soils with moderately fine 
textures 

D 0.00 – 0.05 Very slow infiltration rates. Clayey 
soils, high water table, or shallow 
impervious layerimpervious layer 
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ALLEGHENY COUNTY SOILS
 Most (but not 

all) soils have 
a hydrologic 
soil group of Csoil group of C 
(sandy clay 
loam with low 
infiltration 
rates) or D 
(clay loam with 
low infiltration 
rate)rate).

 Pockets of 
type B soil (silt 
loam or loam 
with moderate 
infiltration rate) 
are present.

SOURCE: USDA SSURGO GIS DATA, DATA DATE 9/14/06
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HOW TO DETERMINE 
CURVE NUMBERS

Use SCS Runoff 
Curve Number Table

Relates CNs to landRelates CNs to land 
use and 4 
hydrologic soil 
groups (HSG):groups (HSG):
A: Most 

permeable (sand 
and silt)

B: shallow loess, 
sand loam

C: Clay loams, 
shallow sandy 
loamloam 

D: Least 
permeable (clays)
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RUNOFF CURVE NUMBER CHART
 Plot of Pg

vs. Q for 
variousvarious 
CN values

 Graphical
Q=4.8 in CN=90

 Graphical 
solution of 
Eq. 20.44

 Example: 
Pg = 5.9 in
CN = 90
Q = 4.8 in P=5.9 in

59
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ANTECEDENT MOISTURE CONDITIONS

Table 20.4 values 
are valid for 
normal antecedentnormal antecedent 
moisture 
conditions (ARC 
II)II).

For abnormal 
conditions, modify 
CN values using
Eq. 20.41 for dry 

conditions 
41.20

058.010
2.4


II

II
I

CN
CNCN




(ARC I), or
Eq. 20.42 for 

wet conditions 42.20
13010

23


II

II
III

CN
CNCN




60

wet conditions 
(ARC III).

13.010 IICN



© Shamsi, 2009

HOW TO DETERMINE HYDROLOGIC SOIL GROUP 
VALUES FROM NRCS GIS DATA

Soil Survey 
Geographic 
(SSURGO) data

www.ncgc.nrcs.usda.gov/products/datasets/SSURGO/

(SSURGO) data

Scale: 1:12,000

Like old County 
Soil Survey data

D l d d Hydrologic Downloaded as 
GIS data 
shapefile

Hydrologic 
Soil Group

p

Have 
Hydrologic 
Soil Group as 
an attribute
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FREE COUNTY SSURGO DATA

soildatamart.nrcs.usda.gov/soildatamart.nrcs.usda.gov/

62
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USING GIS FOR CN ESTIMATION

1. CREATE OR DOWNLOAD LAND USE LAYER

63
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SCS HYDROLOGIC SOILS GROUPS

2. DOWNLOAD SSURGO SOILS LAYER AND MAP HSGs

64
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RUNOFF CURVE NUMBERS

Intersect three layers: subbasins, soils (HSG), land use

A B C D
% Imp. Runoff Curve Number for Hydrologic Soil Land Use

65

A B C D
High density residential 51 69 80 87 90
Medium density residential 28 56 71 81 86
Low density residential 16 49 66 78 83

p
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SOILS GIS DATA
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SOILS GIS DATA
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PROBLEM 1:  
CO OSCOMPOSITE 
CURVE NO.

CN = 0.40(0.40X71 + 0.35X58 + 0.25X55)
+ 0.60 (0.60X72 + 0.25X75 + 0.15X98)
= 0.40(62.45) + 0.60(76.65)
= 24 98 + 45 99= 24.98 + 45.99
= 70.97
≈ 71.0

Q Q
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SAMPLE PROBLEM 2: COMPOSITE CURVE NO.
Gi D tGiven Data
 Rainfall: 5 in. 
 Area: 1000-ac

Step 1. Calculate weighted (composite) curve 
number

 Soils: 
 Class B: 50%
 Class C: 50%

 Antecedent moisture: AMC(II)
 Land use

 Residential 
 40% with 30% impervious cover
 12% with 65% impervious cover

 Paved roads: 18% with curbs and 
storm sewersstorm sewers

 Open land: 16%
 50% fair grass cover
 50% good grass cover

 Parking lots, etc.: 14%
Calculate
 Runoff  in inches
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SAMPLE PROBLEM 2: COMPOSITE CURVE NO.
Hydrologic Soil Group

B C

Land use % CN Product % CN ProductLand use % CN Product % CN Product

Residential (30% imp cover) 20 72 14.40 20 81 16.20

Residential (65% imp cover) 6 85 5.10 6 90 5.40

Roads 9 98 8.82 9 98 8.82

Open land: good cover 4 61 2.44 4 74 2.96

Open land: Fair cover 4 69 2.76 4 79 3.16p

Parking lots, etc 7 98 6.86 7 98 6.86

Total 50 40.38 50 43.40

8.8340.4338.40 CN
subareath -jofnumbercurverunoffCj

1



 


jj

m

j
ACcompCN

watershedin the subareas ofnumber   m
) less)(dimension decimalsin  %or  acres(in  subareath -j of Area  A

j
j



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SAMPLE PROBLEM 2: COMPOSITE CURVE NO.

8.83CN

101000


CN
S

in93.110
8.83

1000
S

    in25.3
93.18.05
93.12.05

8.0
2.0 22










SP
SPQ

Runoff = 3.25 in ANSWER
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SAMPLE PROBLEM 3: WET AMC

Previous Problem: Average AMC
CN in Pr. 1= 83.8; 

This Problem: Wet AMC or AMC III
From Eq. 20.42

;
larger CN than for 
AMC II (normal) 
conditions.
Wet soil  more 
imperviousnessFrom Eq. 20.42

3.92
8.8313.010

8.8323
)(13.010

)(23)( 








IICN
IICNIIICN

imperviousness

in83.010
3.92

1000
S

S in Pr. 1= 1.93; less storage than for AMC 
II (normal) conditions.
Wet soil  less infiltration  less storage 
in soil

    in13.4
83.0*8.05
83.0*2.05

8.0
2.0 22










SP
SPQ ANSWER

Q in Pr. 1= 3.25; more runoff than for AMC 
II (normal) conditions.
Wet soil  less infiltration  more runoff
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INTERNET RESOURCES

75

http://danpatch.ecn.purdue.edu/~sprawl/Tools/index.htm
11/12/09
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SUGGESTED READING: CHAPTER 19
10 to 12. Unit Hydrographs
18 to 20. Reservoir sizing

76





© Shamsi, 2009

20
)

XA
M

 
PT

ER
 

C
E 

 E
X

(C
H

A
P

R
A

C
TI

C
LO

G
Y 

PR
YD

R
O

L

78

H
Y



© Shamsi, 2009

PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

Unlike a pond with a permanent pool of water, a dry basin fills during a 
storm and empties completely through an outlet at the bottom of the 
basin. Based on field studies by Environmental Protection Agency 
(EPA) it appears that a properly designed dry basin can be expected to 
remove 50% to 70% total suspended solids (TSS), 20% to 40% organic 
matter, and 75% to 90% lead.

A 100 acre residential development has a runoff coefficient of 0.50. The 
mean annual rainfall volume is 1.0 inches and the mean annual rainfall 
intensity is 0.2 inches/hour.
Ref.: Storm Water Detention For Drainage, Water Quality, and CSO Management. Peter 
Stahre and Ben Urbonas, Prentice Hall, 1990.

 Given Data:
Dry basin pollutant removal rates: 50-70% TSS, 20-40% OM, 75-90% lead
Ad = 100 ac
C  0 50

79

C = 0.50
P = 1.0 in
I = 0.2 in/hr
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

1. Volume of rainfall (cubic feet) is:
A. 181,500
B. 363,000
C. 0.0006C. 0.0006
D. 4,356,000
E. 2,178,000

Volume of rainfall (cubic feet)
= Depth of rainfall x area= Depth of rainfall x area
= (1/12) ft x (100 x 43,560) ft2

= 363,000 cubic feet
Correct Answer: BCorrect Answer: B
2. Volume of runoff (inches) is:

A. 1.0
B. 100.0
C 0 50C. 0.50
D. 0.2
E. 20

Volume of runoff in inches 

80

= volume of rainfall in inches x runoff coefficient
= 1.0 x 0.50 = 0.50 inches 
Correct Answer: C
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

3. Volume of runoff (cubic feet) is:
A. 181,500
B. 90,750
C. 0.0003
D. 2,178,000
E. 1,089,000

Volume of runoff in cubic feet 
= area (ft2) x rainfall (ft) x runoff coefficient( ) ( )
= (100 x 43560) x (1/12) x 0.50 = 181,500 cubic feet 
Correct Answer: A
4. The "design" volume is defined as the volume of the dry basin required to 

detain the runoff from a storm which is twice as severe as an averagedetain the runoff from a storm which is twice as severe as an average 
storm.  The design volume (cubic feet) is:
A. 181,500
B. 0.0006
C 4 356 000

• Runoff volume  = 181,500 from Question 3
• Example of cascading question: If yourC. 4,356,000

D. 2,178,000
E. 363,000

Design volume
= 2 x volume of runoff from the average (mean annual) storm

Example of cascading question: If your 
answer for Q3 was wrong, this answer 
may also be wrong.

81

 2 x volume of runoff from the average (mean annual) storm
= 2 x 181,500 (From Q3) = 363,000 cubic feet 
Correct Answer: E
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

5. Based on EPA data given below, the design volume (cubic feet) to 
remove 60% TSS, 30% organic matter, and 80% Lead is:
A. 363,000
B. 181,500
C. 2,178,000
D. 1,089,000
E. 4,356,000

• Basin design volume  = 363,000 from Question 4
• Example of cascading question: If your answer for 

Q4 was wrong, this answer may also be wrong.

Pollutant Target Pollutant 
Removal Rate

EPA Removal
Rates

TSS 60% 50% to 70%
Organic matter 30% 20% to 40%
Lead 80% 75% to 90%

 Since all the target removal rates are within EPA removal rate 
ranges, the design volume estimated in Q4 will be sufficient

82

ranges, the design volume estimated in Q4 will be sufficient
 Design volume = 363,000 cubic feet (From Q4)
Correct Answer: A
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

6. Based on EPA data, the design volume (cubic feet) to remove 100% 
TSS:
A. 605,000
B. 302,500
C. 363,000
D. 0
E. None of the above

 100% removal of TSS is outside the 50% to 70% removal rate 
reported by EPA.  Thus regardless of the design volume, this 

l t t b hi dremoval rate cannot be achieved.
Correct Answer: E

83
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

7. The basin should overflow only when the design volume is 
exceeded. If only one acre of land is available to construct the 
basin and if the bottom of the basin is at an elevation of 100.00 feet, ,
the crest elevation of an overflow weir (feet) should be most nearly:
A. 8
B. 104
C 108C. 108
D. 4
E. 10

 D th f b i d i l / f Depth of basin = design volume / surface area
= 363,000 / (1 x 43560)                     (1 acre = 43,560 ft2)
= 8.33 ft

 Overflow elevation = elevation at bottom of basin + depth of basin Overflow elevation = elevation at bottom of basin + depth of basin
= 100 + 8.33
= 108.33
≈ 108

• Basin design volume  = 363,000 from 
Question 4

84

 108
Correct Answer: C • Example of cascading question: If your 

answer for Q4 was wrong, this answer 
may also be wrong.
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

8. The overflow should be:
A. Treated
B. Discharged to river
C R l dC. Recycled
D. Spilled for overland flow
E. Abandoned

 A. Treated: Not correct.  If treatment was a feasible option, the 
detention basin would not have been considered.

 B. Discharged to river: Correct. Had there been no detention, the 
ff i t d i th irunoff was going to end up in the river anyways.

 C. Recycled: Not correct. Cannot recycle because there is no 
pumping.

 D Spilled for overland flow: Not correct Spilling on the ground is D. Spilled for overland flow: Not correct.  Spilling on the ground is 
not a good option as it will cause flooding.

 E. Abandoned: Not correct.  Overflow cannot be abandoned 
because it is an integral (required) part of the detention facility.

85

because it is an integral (required) part of the detention facility.
Correct Answer: B
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

9. If the detained water should drain in no less than 40 hours , the 
diameter (in inches) of the bottom outlet should be most nearly 
(assume hydraulic head = depth of the basin, and orifice discharge 
coefficient = 0.60):
A. 3
B. 6
C. 12
D. 24
E. 0

 Maximum discharge rate from the bottom outlet
= (design volume) / (detention time)= (design volume) / (detention time)
= 363,000 / (40 x 60 x 60) = 2.52 ft3/s (cfs)

 Orifice equation for bottom outlet
Qo = Co x Ao x (2xgxh)1/2 … Eq. 17.75Qo  Co x Ao x (2xgxh) …  Eq. 17.75
2.52 = 0.60 x Ao x (2x32.2x8.33)1/2

Ao = 0.18 ft2

(π/4) do
2 = 0.18 • Basin design volume  = 363,000 from Question 4

Hydraulic head = 8 33 from Question 7

86

( ) o
do = 0.47 ft ≈ 6 in

Correct Answer: B

• Hydraulic head = 8.33 from Question 7
• Example of cascading question: If your answer s for 

Q4 and Q7 were wrong, this answer may also be 
wrong.
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PRACTICE EXAM: HYDROLOGY (CHAPTER 20)

10. More pollutants can be removed from the design storm, if:
A. Overflow elevation is increased
B. Overflow elevation is decreased
C Si f th b tt tl t i i dC. Size of the bottom outlet is increased
D. Size of the bottom outlet is decreased
E. None of the above

 More pollutants can be removed if design storm is detained for a 
longer period of time.  This is possible only by decreasing the size 
of the bottom outlet.

C t A DCorrect Answer: D
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