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HYDROGRAPHS
In Math Problems, show all work.

Introduction.  Hydrograph theory has been used with great success to forecast floods once the hydrologist knows the amount of rain and snow melt.  Because every river has a well-defined, specific response to rain and overland flow due to melting snow, the hydrologist uses past hydrographs and rain events to determine the river's response to a simple rain event (such as a 1 cm rainfall in 1 hour). In most cases, the storm flow is proportional to the rainfall rate but the time lag between the rain and the peak flow depends only on the length of the river and does not vary with rainfall intensity. This means that rivers act largely in a linear manner. A basic tool of flood forecasting is to construct a unit hydrograph. The unit hydrograph is the discharge of a stream that results from a unit rainfall that occurs in a unit time. Each unit hydrograph includes both a peak discharge and a time lag between a unit rain event in a unit time and the peak discharge since it takes time for precipitation to run over the land to the rivers and then flow downstream. A basic property of the unit hydrograph is that if rain intensity doubles, so does peak discharge, but the time lag remains the same. Total discharges from complex rain events that vary in time and intensity are then calculated by adding unit hydrographs of each time unit of the total storm rain.

The Storm Hydrograph for a Complex Rain Event: To calculate the total discharge from complex rain events requires several simple steps:

1. Divide the rain event into time segments (e. g., 1 hour).

2. Multiply the rain of each segment by the unit hydrograph starting with the time the rain segment began.

3. Add the contributions of each segment at the appropriate time to the base flow for that time to get the total discharge.

Example: Consider the unit hydrograph

	PRIVATE 
time
	1
	2
	3

	Label
	U1
	U2
	U3

	Value
	20
	30
	10


and the rain event,

	PRIVATE 
time
	1
	2

	Label
	R1
	R2

	Value
	1.5
	.6


Assume the base flow remains constant at qb = 17.

At time t = 0, the rain has not yet begun so the total flow is simply the base flow,


qtot(0) = qb
At t = 1, the rain has begun and adds its first contribution, U1R1.  Total flow is,


qtot(1) = qb + U1R1
At t = 2, both the second (U2) unit hydrograph for the first (R1) rain and the first (U1) unit hydrograph for the second (R2) contribute.  The total flow becomes 


qtot(1) = qb + U2R1 + U1R2
Completing the table yields

	PRIVATE 
t
	qb
	UiR1
	Value
	U1R2
	Value
	qtot

	0
	17
	  -
	  -
	  -
	  -
	17

	1
	17
	U1R1
	30
	  -
	  -
	47

	2
	17
	U2R1
	45
	U1R2
	12
	74

	3
	17
	U3R1
	15
	U2R2
	18
	50

	4
	17
	  -
	  -
	U3R2
	6
	23

	5
	17
	  -
	  -
	  -
	  -
	17


End of storm flow. The stream returns to normal 2 hours after the last hour of rain ends because the unit hydrograph for this stream lasts 3 hours.

River with Several Tributaries  The same approach is used to calculate the total storm discharge for a river that has several tributaries.  The hydrograph from each stream is added to get the total storm flow for the river

The S-Curve  In the example above, the unit hydrograph indicates that the total volume of runoff from a unit rain event (e. g., 1 cm) is,


V = (U1 + U2 + U3)*dt = (20 + 30 + 10)(3600) = 216000 m3
If rain continued at the unit rate each hour forever, the stream would rise until the hourly discharge matched this value, or


qs = U1 + U2 + U3 = 60

Finding the Unit Hydrograph from a Complex Event Nature seldom provides simple rain events.  If one is not available, the unit hydrograph can be calculated (and used for all future floods) by inverting the above approach.  The technique is to proceed in order beginning with time, 0 when there is only base flow.

The base flow is then subtracted from all subsequent times to get the storm flow.  At time t = 1, this yields


qtot(1) - qb(1) = U1R1
Solving for U1 yields,


U1 = [qtot - qb]/R1
At time t = 2


qtot(2) - qb(2) = U2R1 + U1R2
Solving for U2 yields


U2 = [qtot - qb - U1R2]/R1
This can be solved immediately since we already know U1.

Example:

	PRIVATE 
t
	0
	1
	2
	3
	4
	5

	R
	 - 
	.8
	.3
	 -
	 -
	 -

	qtot
	13
	21
	48
	33
	16
	13


1. Because the stream returns to base flow 2 hours after the rain ends, we know that the unit hydrograph will have 3 terms.  The base flow is constant at,


qb = 13

The first term of the unit hydrograph is,


U1 = [qtot - qb]/R1 = [21 - 13]/(0.8) = 10

The second term of the unit hydrograph is,


U2 = [qtot - qb - U1R2]/R1 = [48 - 13 - (10)(.3)]/(0.8) = 40

and so on.

Once the unit hydrograph has been found, it can be used to predict all future flood events at that point on the river.
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HYDROGRAPHS
In Math Problems, show all work.

1. Go to the Internet at the web site (recall Lab 03)

http://waterdata.usgs.gov
and obtain daily discharge files for a river in the United States.  For your river, find a series of several days that has a smooth, monotonic increase followed by a smooth, monotonic decrease

River and Station  ________

Start Year, Month, and Date ______   _______  _______

Enter the data and plot it using EXCEL. 

2. PLOTTING A HYDROGRAPH For the hydrograph data listed below, use EXCEL to plot the hydrograph of discharge vs time on the accompanying graph paper. Height is given in feet and Discharge is given in cubic feet per second.

This is taken from Example 12.16 (p. 433-434) in Elementary Hydrology by Singh.

Time

Gage Ht

Discharge
01:00

 8.1

 
 900

02:00

12.2


2205

03:00

15.6


3725

04:00

18.9


5280

05:00

26.2


6425

06:00

19.2


5425

07:00

16.0


3925

08:00

12.7


2445

09:00

 9.7


1305

10:00

 8.2


 780

11:00

 8.0


 705

12:00

 7.75


 642

13:00

 7.55


 592

14:00

 7.20


 505

15:00

 6.30


 324

16:00

 5.80


 249

17:00

 5.50


 208

18:00

 5.30


 184

19:00

 5.10


 162

20:00

 5.00


 152

3. CONSTRUCTING A UNIT HYDROGRAPH FROM A SIMPLE RAIN EVENT
1. Plot q vs t on semilog graph paper to find the end of the hydrograph period.

2. Determine the base flow at beginning and end of period and then interpolate. 

3. Subtract base flow each period to get storm discharge.

4. Divide by amount of precipitation to get unit hydrograph.



Rainfall, R = .75 cm occurred from t=0 to t=1 

	PRIVATE 
t
	qtot
	Base Flow
	qstorm
	Unit Hydrog

	0
	37
	
	
	

	1
	42
	
	
	

	2
	132
	
	
	

	3
	275
	
	
	

	4
	435
	
	
	

	5
	445
	
	
	

	6
	316
	
	
	

	7
	209
	
	
	

	8
	145
	
	
	

	9
	111
	
	
	

	10
	90
	
	
	

	11
	79
	
	
	

	12
	71
	
	
	

	13
	64
	
	
	

	14
	58
	
	
	

	15
	54
	
	
	

	16
	51
	
	
	

	17
	50.5
	
	
	

	18
	50
	
	
	

	19
	49.5
	
	
	

	20
	49
	
	
	


4. DETERMINE THE HYDROGRAPH FOR THE COMPLEX RAIN EVENT USING THE UNIT HYDROGRAPH
Each rain value (RXS) is for the period ending at time t.

	PRIVATE 
t
	Unit
	Base
	RXS
	R1U
	R2U
	R3U
	R4U
	qtot

	0
	--
	29
	
	
	
	
	
	

	1
	20
	30
	0.50
	
	
	
	
	

	2
	80
	31
	0.75
	
	
	
	
	

	3
	280
	32
	1.25
	
	
	
	
	

	4
	450
	33
	0.25
	
	
	
	
	

	5
	500
	34
	
	
	
	
	
	

	6
	400
	35
	
	
	
	
	
	

	7
	200
	36
	
	
	
	
	
	

	8
	100
	37
	
	
	
	
	
	

	9
	50
	38
	
	
	
	
	
	

	10
	25
	39
	
	
	
	
	
	

	11
	12
	40
	
	
	
	
	
	

	12
	6
	41
	
	
	
	
	
	

	13
	2
	42
	
	
	
	
	
	

	14
	
	43
	
	
	
	
	
	

	15
	
	44
	
	
	
	
	
	

	16
	
	45
	
	
	
	
	
	

	17
	
	46
	
	
	
	
	
	

	18
	
	47
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HYDROGRAPHS
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1. DETERMINE THE HYDROGRAPH FOR A COMPLEX RAIN EVENT WITH TWO TRIBUTARIES USING UNIT HYDROGRAPHS FOR EACH
Each rain value (RXS) is for the period ending at time t.

	PRIVATE 
t
	qb1
	U1
	R1
	
	
	qb2
	U2
	R2
	
	
	qtot

	0
	15
	
	
	
	
	30
	
	
	
	
	qtot

	1
	16
	10
	0
	
	
	32
	10
	3
	
	
	

	2
	17
	30
	0
	
	
	34
	20
	1
	
	
	

	3
	18
	50
	2
	
	
	36
	50
	0
	
	
	

	4
	19
	40
	3
	
	
	38
	100
	0
	
	
	

	5
	20
	25
	
	
	
	40
	80
	
	
	
	

	6
	21
	15
	
	
	
	42
	60
	
	
	
	

	7
	22
	5
	
	
	
	44
	45
	
	
	
	

	8
	23
	
	
	
	
	46
	30
	
	
	
	

	9
	24
	
	
	
	
	48
	20
	
	
	
	

	10
	25
	
	
	
	
	50
	10
	
	
	
	

	11
	26
	
	
	
	
	52
	5
	
	
	
	

	12
	27
	
	
	
	
	54
	0
	
	
	
	

	13
	28
	
	
	
	
	56
	
	
	
	
	

	14
	29
	
	
	
	
	58
	
	
	
	
	

	15
	30
	
	
	
	
	60
	
	
	
	
	


2. CONSTRUCT THE S-CURVE USING THE UNIT HYDROGRAPH
	PRIVATE 
T
	UNIT
	Lag1
	Lag2
	lag3
	Lag4
	Lag5
	Lag6
	Lag7
	Lag8
	S

	0
	0
	
	
	
	
	
	
	
	
	

	1
	75
	
	
	
	
	
	
	
	
	

	2
	250
	
	
	
	
	
	
	
	
	

	3
	300
	
	
	
	
	
	
	
	
	

	4
	275
	
	
	
	
	
	
	
	
	

	5
	200
	
	
	
	
	
	
	
	
	

	6
	80
	
	
	
	
	
	
	
	
	

	7
	30
	
	
	
	
	
	
	
	
	

	8
	15
	
	
	
	
	
	
	
	
	

	9
	0
	
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	
	
	

	15
	
	
	
	
	
	
	
	
	
	

	16
	
	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	
	
	

	18
	
	
	
	
	
	
	
	
	
	


Asymptotic Value of q = ____________ m3 s-1
4. CALCULATING THE UNIT HYDROGRAPH FROM A COMPLEX RAIN EVENT
	PRIVATE 
t
	qstorm
	RXS
	Equation and calculation
	U

	0
	0
	
	
	

	1
	10
	1.0
	
	

	2
	120
	2.0
	
	

	3
	400
	0.0
	
	

	4
	560
	1.0
	
	

	5
	500
	
	
	

	6
	450
	
	
	

	7
	250
	
	
	

	8
	100
	
	
	

	9
	50
	
	
	

	10
	
	
	
	


3. CALCULATING THE UNIT HYDROGRAPH FROM A COMPLEX RAIN EVENT
	PRIVATE 
t
	qstorm
	RXS
	Equation and calculation
	U

	0
	0
	
	
	

	1
	20
	2.0
	
	

	2
	130
	3.0
	
	

	3
	330
	
	
	

	4
	410
	
	
	

	5
	310
	
	
	

	6
	210
	
	
	

	7
	120
	
	
	

	8
	45
	
	
	

	9
	0
	
	
	

	10
	
	
	
	


How many terms does the unit hydrograph contain? ________

Explain your answer.

