PROJECTS 1+2: physical and technical hydrology

INTRO AND SHORT NOTE

These two projects are designed to allow the student to deal with real
scientific and engineering problems using real world data.
They are accompanied by two xls files :

Thornwaite.xls
Manning.xls

The first projects is within the scope of Physical Hydrology and aims at
qguantifying the water balance of a catchment. Climate change analysis
can also be performed with the Thornwaite xIs file.

The second project lies in the area of Technical Hydrology and more
particularly its purpose is, for the student to be able to calculate a
design discharge for a specific catchment, in order to decide the
dimensions a hydraulic structure (culvert) using the Manning xlIs file.




PROJECT 1: WATER BUDGET WITH THE

THORNWAITE METHOD

. Choose a catchment in any region of any country(...)

. You’ll have to find a meteorological station within or near the
catchment (for Greece search at http://climatlas.hnms.gr/sdi/)

. Download average monthly temperatures and rainfall heights. We
also need the geographical coordinates ¢,A and the altitude
(elevation) of the station.

. You’ll check to see if you need to correct your data with the help of a
altitude - rainfall grading curve. For this you need to search relevant
publications and find references.

. Construct monthly water budget with the use of the file Thornwaite
Water Balance.xls

. Make some more research and testing (climate change)

. Structure and present your research accordingly (....)
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check catchment’s attributes

1. For Greece (...)

Press into a polygon and you’ll get the
polygon attribute table of the file.
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Find meteorological station

2. For Greece http://climatlas.hnms.gr/sdi/
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Download data from the meteo station

3. Monthly temperatures and rainfall for at least 30 years.
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| Download data from the meteo station
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station on your map and
choose its symbol.
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We also need the geographical coordinates ¢,A and the altltude of the station



| Correct rainfall for elevation if necessary

4. Check to see the difference between catchment’s mean elevation and station’s elevation.
If they differ greatly (more, say, than ~300 m) you might have to look for a elevation — rainfall
gradient curve from relevant publications. In any case check your final rainfall series for
credibility.
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WATER BALANCE CALCULATIONS

5. With the file Thornwaite Water Balance.xls
Py E C B E F G H I J k. L v M 8]
1 THORNTHWAITE-TYPE MONTHLY WATER-BALANCE MODEL ThormEx.xls
2 See Box 7-3. PET computed via Hamon equation [Egn.( 7-63)]. 5.L. Dingman
3 Input Data ¢ Computed Values Physical Hydrology . 2nd Ed.
4
5 Location: Omaha, NE Lat. =  41.3 degree S0lLmax = 100 mm
§ 0.72 rad
T |Declination jdeg)  -21.3  -13.3 20 9.8 188 233 213 137 30 8.0 -188 -233
8 |Declination frad}  -0.37 -0.23 0.03 047 033 041 037 024 005 -016 -0.32 0.4
9 | DayLength (hrj® 93 104 118 132 14.3 150 147 136 124 10.9 97 9.0 Remember to Change ¢

*For lat. > 66.5, replace #NUM! with 24 in summer; 0 in winter.
WATER BALANCE
Temperatures in C, water-balance terms in mm.

—_ —
— |

5

Insert your data here in

13 Month: J F M A M J J A S O N
14 the brown yellow cells CC
15 P 2 24 37 65 8 15 8 101 67 44 32
16 1 54 31 27 109 172 228 258 246 194 132 3.8
17 F 000 000 045 100 100 100 100 100 100 100 063
18 RAIN 0 0 17 65 8 115 8 101 67 44 20 0 603
19 snow 21 4 20 0 0 0 0 0 0 0 12 20 97
20 PACK 45 69 49 0 0 0 0 0 0 0 4 2 Results come as tables and
312 MELT 0 40 49 0 0 0 0 0 0 7 0 9 graphs
w 0 0 & 114 B8 115 8 101 67 44 28 0 700
23 PET 0 29 56 90 130 151 131 88 54 26 0 755
24 W-PET 0 28 58 2 15 65 30 21 10 2 0
25 SOIL 26 26 53 100 98 B85 44 33 26 24 2% 26
26 ASOIL 0 28 47 2 A4 40 12 & 2 2 0
27 ET 0 29 56 90 129 126 113 73 46 26 0 688
28 W-ET-ASOIL 0 0 0 12 0 0 0 0 0 0 0 0 12
29
30
M 4 » M| Graph . GraphData | ThornEx . %J [Ta]




RESULTS - PRESENTATION

6. Results come as tables

and graphs such as the above.

7. Structure and present your study in a proper way.

A possible structureis
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| FURTHER INVESTIGATION

6. YOU CAN INVESTIGATE FOR CLIMATE CHANGE.

For instance you can check your 30-years time series of temperature and rainfall to
inspect for trends (or just compare the means of the three decades).

Then you can add to your temperatures (in the winter months) a couple of degrees, run
again the xls and see what happens. This is for global warming. If there is a trend in
rainfall depth then you can simulate that also.

Finally, you can test various values of SOIL MAX in the xls file. This is the maximum
capacity the soil can retain and depends on local geology and other factors such as
topography and physiography. For instance mountainous hilly valleys have shallow soils
and low SOIL MAX while valleys in lesser slopy terrain can have thicker soils.



PROJE

C
| HYDRAULS
\\§

. Choose a catchment in any region of any country, or take the one you
used in the first project (...)

. To complete the project you will need to find INTENSITY — DURATION
— FREQUENCY (IDF) curves for your region.

. In this project we use the RATIONAL method for the calculation of the
design discharge and the MANNING formula to solve, and find the
right dimension of the (rectangular) culvert. That is, height x width.

. The design discharge will have to pass through the culvert allowing
for a freeboard of 0.5 meters and with a velocity less than 5 m/s.

7 2 DIMENSIONING OF
C STRUCTURE (CUL f~n




DESIGN DISCHARGE CALCULATION
THE RATIONAL METHOD

Q=CiF/36

where:

Q discharge (m3/s)

C runoff coefficient (dimensionless)
| rainfall intensity(mm/h)

F drainage area(km?)

Limitations and assumptions in the Rational Method are as follows:
¢ The drainage area should not be larger than 200 acres.
e The peak flow 1s assumed to occur when the entire watershed 1s contributing runoff.

e The ramnfall mtensity 1s assumed to be uniform over a time duration equal to or
greater than the time of concentration. T,.

e The peak flow recurrence interval is assumed to be equal to the rainfall ntensity
recurrence interval. In other words. the 10-year ramfall intensity i1s assumed to
produce the 10-year tlood.



Note:

THE RATIONAL METHOD
Runoff coefficient

Table 1 Runoff Coefficients for the Rational Method

FLAT
Pavement & Roofs 0.90
Earth Shoulders 0.50
Drives & Walks 0.75
Gravel Pavement 0.85
City Business Areas 0.80
Apartment Dwelling Areas 0.50
Light Residential: 1 to 3 units/acre 0.35
Normal Residential: 3 to 6 units/acre 0.50
Dense Residential: 6 to 15 units/acre 0.70
Lawns 0.17
Grass Shoulders 0.25
Side Slopes, Earth 0.60
Side Slopes. Turf 0.30
Median Areas, Turf 0.25
Cultivated Land. Clay & Loam 0.50
Cultivated Land. Sand & Gravel 0.25
Industrial Areas. Light 0.50
Industrial Areas. Heavy 0.60
Parks & Cemeteries 0.10
Playgrounds 0.20
Woodland & Forests 0.10
Meadows & Pasture Land 0.25
Unimproved Areas 0.10

Impervious surfaces in bold

Rolling = ground slope between 2 percent to 10 percent

Hilly = ground slope greater than 10 percent

ROLLING

0.90
0.50
0.80
0.85
0.85
0.60
0.40
0.55
0.75
0.22
0.25
0.60
0.30
0.30
0.55
0.30
0.70
0.80
0.15
0.25
0.15
0.30
0.20

HILLY

0.90
0.50
0.85
0.85
0.85
0.70
0.45
0.60
0.80
0.35
0.25
0.60
0.30
0.30
0.60
0.35
0.80
0.90
0.25
0.30
0.20
0.35
0.30

C depends

mainly on

* Slope

* Vegetation /
land cover



THE RATIONAL METHOD
Runoff coefficient

Table 1: General runoff coefficients for the rational method.

| Description | Runoff Coefficient |
Business
Downtown Areas 0.70-0.95
Neighborhood Areas 0.50-0.70
Residential
Single-family 0.30-0.50
Multi-family detached 0.40-0.60 C depends
Multi-family attached 0.60-0.75 malnly on
Residential suburban 0.25-0.40
Apartments 0.50-0.70 ° Slope
Parks, cemetaries 0.10-0.25 ° ;
Playgrounds 0.20-0.35 Vegetatlon /
Railroad yards 0.20-0.40 land cover
Unimproved areas 0.10-0.30
Drives and walks 0.75-0.85
Roofs 0.75-0.95
Streets
Asphalt 0.70-0.95
Concrete 0.80-0.95
Brick 0.70-0.85
Lawns; sandy soils
Flat, 2% slopes 0.05-0.10
Average, 2% T% slopes 0.10-0.15
Steep. 7% slopes 0.15-0.20
Lawns; heavy soils
Flat, 2% slopes 0.13-0.17
Average, 2% 7% slopes 0.18-0.22
Steep. 7V slopes 0.25-0.35




THE RATIONAL METHOD
Rainfall intensity —IDF curves

4. Storm Intensity

Storm intensity, 7, is a function of geographic location and design exceedence frequency
(or return interval). It is true that the longer the return interval (hence, the lower
the exceedence frequency), the greater the precipitation intensity for a given storm
duration. Furthermore, the longer the length of the storm, the lower the storm average
precipitation intensity.

The relation between these three components, storm duration, storm intensity, and
storm return interval, is represented by a family of curves called the intensity-duration-
frequency curves, or IDF curves. The IDF curves can be determined by analysis of

storms for a particular site or by the use of standard meteorological atlases, such as
TP-40 (1963) and HYDRO-35 (1977).

For IDF curves, TxDOT? uses a formula for approximating the intensity-duration-
frequency curve. The formula is

B
(te +d)e’

=

(3)



Average ntensity (mm/hr)

THE RATIONAL METHOD
Rainfall intensity —IDF curves

Rainfall Intensity Duration Frequency Graph for London, UK
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THE RATIONAL METHOD
Rainfall intensity —IDF curves

General expression

cT"
(t+d)

Where
| rainfall intensity(mm/h)
T return interval (years)

t time of concentration (hr)
c,d,m,n coefficients

Simpler expression

i=a/tP

where a,b coefficients

Return interval a b

(=2 18,10 | 0,254
=5 24,95 10,241
=10 29,49 10,235
=20 33,810,232

IDF coefficients for Milos Island, Greece




THE RATIONAL METHOD
Rainfall intensity —IDF curves

For IDF curves, TxDOT* uses a formula for approximating the intensity-duration-
frequency curve. The formula is

b
S )

where:

i = design rainfall intensity (in/hr),
t. = time of concentration (min), and

b, d, e = parameters.

For Lubbock County, the parameters are shown on table 2.

Table 2: IDF parameters for Lubbock County.

Return Interval (years)
Parameter 2 5 10 25 50 100
e 0.830 | 0.821 | 0.813 | 0.816 | 0.808 | 0.810
b A7 60 69 82 88 101
d 10.0 | 10.1| 10.1 ] 10.1| 10.1| 10.0




THE RATIONAL METHOD
Rainfall intensity — IDF curves — time of concentration

To calculate time of concentration t_, that will be input in the IDF expression, we
use various methods. The following is an empirical formula by Giandotti.

Formula Giandotti 4./A +1.5L

where t O 8\/2
t. time of concentration (hr)

A drainage area (km?)

L length of the main stream (km)

Z difference between the average
elevation of the basin and the
elevation at the outlet (m)



THE RATIONAL METHOD
general view

Physiography

and topography . all IDF curves
of the basin

Q=CiF/3.6



project 2: dimensioning of hydraulic structures

In your basin a new road is constructed.

At some point the road’s centerline meets the axis of a stream.

You will have to decide on the dimensions of a culvert that will accommodate the safe
passage of the flood discharge of the stream under the road.

Point of intersection




FIRST STEP: Find T, the storm return interval.
This depends on the significance (the category) of the road.
Else, take T=50 years.
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FOR GREECE LOOK HERE
https://floods.ypeka.gr/index.php?option=com content&view=article&id=174&Iltemid=604

E®APMOIH OAHIIAZ 2007/60/EK
KATAPTIZH OMBPIQN KAMIYAQN ZE EMIMEAO XQPAZX

SECOND STEP: FIND THE IDF CURVES FOR THE REGION OF YOUR PROJECT

250000 450000 0500? uuoe:)
I 1

T
4400000

T
4200000

300000

T T U T
250000 450000 650000 850000

ABnva, Mawog 2016


https://floods.ypeka.gr/index.php?option=com_content&view=article&id=174&Itemid=604
https://floods.ypeka.gr/index.php?option=com_content&view=article&id=174&Itemid=604

THIRD STEP a: decide on the RUNOFF coef. — C-
« Average slope 15 %.

GOING TO USE
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_THIRD STEP b: CALCULATE THE TIME TO CONCENTRATION USING

the Giandotti formula
4. /A +1.5L

0.8VZ

Elevetnon at the o ect H . =100 m.}
Length of main watercourse in the basm L 2 km in km).

Zis the difference between mean elevatlon of the basin and elevation at the project

—- r 8 \
" €8 \\ \" :

After you calculate time of concentration (in hours usually calfculfate the rtns of the
rainfall (in mm/h, usually) from the IDF curve with T—SO ears.g i T |

< — . : et
s ‘ st ¢ > b - 5 22 .
- 5 ? \“ -~ - - - o~




THIRD STEP c: CALCULATE THE storm intensity —i-




FOURTH STEP: CALCULATE Q

Q=CiF/3.6 nm




fifth STEP: given Q, decide on the dimension of the culvert

given:

Up to 3 meters of height. Longitudinal slope S = 0,5%. V not over 5 m/s and freeboard = 0.5 m.
That means that the height of the water in the prism —y- should not be more than the height of the

structure minus half meter .

USE Nyanning = 0-015.

YOU HAVE TO USE THE AVAILABLE DIMENSION GIVEN IN TABLE 9.1-.1 next page.
If you need to use two rectangles side-by-side, for instance two 4x2 (height x width, uxp), solve

Manning with b = 8m.

8 m.

4m.

4m.

2m.



HEIGHT m.

AVAILABLE ORTHOGONAL CULVERTS DIMENSIONS:TABLE 9.1-.1

Mivakac 9.1-1: Tumomoinueves Siaoracac KIfwroeiBwy oXeTwy [uxp)

Avorype oxerod WIDTH m.

o m]
2| 4,00
teg’
| 350
g 3.00
2 280
& | 2.00
2 | 1,560
LEd

1.00




USE Manning.xls (resources, eclass) with the GOAL SEEK tool.
! m" v W ‘ 'ManMComMModMsoftM -~ ' E’ @

Home Insert Page Layout Formulas Data Review View a e [

B 8| Connections al A /\T K Clear — = @ |2 Data Validation % Group J% % Solver
— [ Properties A 3 Reapply $# Ungroup - ==
Get Ext | Refresh Sor Filter J
eDataeina FV;;‘ = Edit Links "l : // Advanced i}iul.‘ic-ta\
Connections Sort & Filter Qutline Analysis
E24 v fe |
Al e (e [0 [PRER e [ e [oar [ e g [P ae e [ [N
1
- N|
3
4 | \I( T V ,
> = z I { Goal seek L2 [
; ‘ 1 ¥ Set cel: E24
g | l To value: 55 i
10 . By changing cell: $E518 7
11| b T R
2 p ) ; o ] [ cone ]
13 | A
14
12 T=b+2zy. P=b+2yf1+2%. A=(+2)y
17 S b N[ y A P R _[nMamn.| V Q=VA | P
18 | 0.003 6 1 )/ 2.7805067 24 41425 [ 13.86446 | 1.761 0.03 2.662 64.999 set cell —mpr nou
19 ‘ BZAoupe yia TNV napoxn
20
21|
22
22

Note: for the prism to be rectangular, z has to be set to zero.



PRESENT YOUR PROJECT IN A NICE WAY

_PRESENTATION: /|
424 SCOPE — STUDY AREZ
.~METHODS AND AVAILABLE DATA
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