<URFACE RUNOFF AND STREAMFLOW

hydrologic response of the watershed.

Example 6.1: Calculating Water Yield from a Hydrograph

From the U.S. Geological Survey site you downloaded a text file
containing two columns, discharge (m?/s) and date (days), and 42 rows,
each with data for each day. You named it Flow.txt and saved 1t In
C:/SergiO/Hydrology__Second___Book/Chapter6/Q.txt. Fit the hydrograph

data to a smooth analytical curve, integrate it, and express the flow

volume in m?.

Solution

The following worksheet uses the linear algebra commands in Maple.
The data file is first read into the program and given an array named
flowdata. Next the data is converted into a matrix and transposed twice
to place the first column as time and the second as flow rate. Next, cubic
splines are used to fit a nice curve, ((f), to the data and integrated to
obtain volume in m?>. Finally the O(¢) is plotted.

~ Read a list of flow versus time data from a text file called Flow.txt, which has 2 colummns
_ and 42 rows; column 1 is flow, column 2 is time: [[Q1, t=1], [Q2, t=2], . . . [QN.t=N]]
. > Restart: readlib(readdata): '
 flowdata:=readdata("C:/Sergio/Hydrology Second Book
| /chapter6/Flow.txt",float,2): -
. To swap columns, so that time is in the first column, convert this list into a matrix.
- 1> flowdata:=convert (flowdata, matrix) :
E Now, manipulate matrix so that time is the first column. First, transpose matrix.
L > tl:=linalg[transpose] (flowdata): '
_ [ Next exchange the flow and time (1 and 2) rows.
> t2:=linalg [swaprow] (t1,1,2):
- Finally, transpose again to original form.
. L2 t3:=linalg[transpose] (t2):
- Llnterpo late data with acubicsplm N

| %' splipe(linalgleol}(flovdata,2),
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ext file. Modifv the Maple program in Example 6.1 to read the data, fit it ¢
, smooth function and plot the hydrograph. Calculate the tota] annujal wate?-

}*ie]d In ﬁs‘

Table 6.10: Rainfall and Runoff Data for Problem 6.3
O (m°/s) _

1 (hour) _ p(mm/hour)

e
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. watershed-wide infiltration depth dye the

6.8 Inproblem - that all intlltrdtlon became g_.,roundwater recharge

storm. (2) L\ssummg
an average specific yield of
olevation due to the storm.

Table 6.11: Streamflow Data for Problem 6.6

t (hour) Qﬂ(m 3/5)
10 2.5
11 11.2
12 50.0
13 120.0
14 156.0 |
i 15 1720 |
| 16 144.0 |
17 125.0 |
| 18 107.0
19 88.0
20 68.0 |
21 550 |
' 2 410
23 28.0 |
24 200 |
120
2 65

. 6.6 The streamﬂow hydrograph of Table 6 11, was produced by a rainfall of an

. of three hours If the Watershed
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the last inflection point occurred at £,=70hour .

[able 6.3: Streamflow Data and Calculations for Example ¢ ¢

SRH S-hour Ul
Clock Time ¢ (hour) 0 (m’ls) Q, (m /s) Q (m’s) Qi (_?{'l_ff)
mm

SO0AM 0 14 1.4 0.0

10.00 AM S 11.3 11.3 0.0
300 PM 10 1.1 111 0.0 0.0 ‘
8.00 PM 15 66.0 11.3 54.7 3.6 ;a
1:00 AM 20 72.0 11.6 60.4 40 g
6:00 AM 25 65.1 11.8 53.3 36 |
11.00 AM 30 §7.2 12.0 45.2 30 ’
4:00 PM 35 51.0 12.2 38.8 26 ]
9:00 PM 40 43.5 12.5 31.0 2.
2:00 AM 45 34.0 12.7 213 1.4 !
©7:00 AM 50 26.8 12.9 139 0.0
1200Noon S5 21.0 13.] 7.9 !
5:00 PM 60 18.5 14.3 4.2
10:00PM 6 15.1 13.6 1.5 |
300AM 70 13.8 13.8 0.0 i
300AM 75 13.0 13.0 0.0 *
1:00 PM 80 112 112 0.0 i
G L 11.0 11.0 0.0 -
-~ 11:00PM 90 - 106 106 Bl . ;_ ;
|,
Solution “

Following steps (1) through (4) for problem Type I, we proceed with
the calculations ,
found by Inspection to be at t,=10hour . Prior to the first inﬂectiOﬂ pount
> nd last inflection points, we assume the gro R
low, O, to vary linearly as shown in the fourth column from the K10
Table 6.3, according to n (6 ' ordi

a ®

.
L
il
L |

as summarized in Table 6.3. The first inflection pomt 5

equation (6.14). The SRH ordinates, B¢ :
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Example 6.5: Derivation of a Unit Hydrograph
The stream ﬂf)w hyf:lrograph of Table 6.2 was produced by a rainfall
of an unknown intensity that lasted for a period of two hours. If the

watershed area is 20km?, derive the 2-hour UH. Assume that the ]ast
inflection point occurred at t,=18hour .

Solution

Following steps (1) through (4) for problem Type 1, we proceed with
the calculations as summarized in Table 6.2. The first inflection point 1s
found by nspection to be at #, =9hour . Prior to the first inflection point
and after the last one, the flow rate is assumed to be groundwater flow.
Between the first and last inflection points, we assume the groundwater

flow, QO o» 10 vary linearly as shown in the third column of Table 6.2,
according to the equation

(t-t)),  tststy, (6.14)

where g, and g, are the flow rates at ¢, and t,, respectively. The SRH
in the fourth column is simply Q =0-Q,. Since the effective
precipitation depth is not given, we need to calculate it from the SRV.
The SRV, S is calculated by numerically integrating the SRH and
applying equation (6.6) with At=1 hour:
| N o 4 |

§- At= S x42.1™ _x1hour=151,560m°
§,=¢, izElQ,,At 3600-——x42.1=—x1hour= '

The effective precipitation depth, R, is calculated from equation (6.7);

. 10‘_3 mmm2x15]_,560m3 -
R =f—2§-: =_____________'_?_3_._..a.-——-———-———-—— =7.6mm

4 20bm'




Enmpie 6.6: Derivation of A Unit Hydrograph - '
The streamflow hydrograph of Table 6.3 was produced by a storm

 that started at 10:00 AM with a rainfall intensity of 8.Smm/hour. It
continued with the same intensity until it abruptly ended at 3:00 PM. It
the estimated ¢ mdex is 5 Smm/how, denve the Sﬂhour UH Assume that
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the last inflection point occurred at 1,=70hour .

Table 6.3: Streamflow Data and Calculations for Example ¢ g

SRH

S~hour UK
- Clock Time 1 (hour) Q (m’ls)y  Q, (m’ls)  Q, (ms) Quy ,ﬁf_{{)
mm
T - o "
1000 AM S 1.3 1.3 0.0
3:00 PM 10 1.1 1.1 0.0 0.0
8:00 PM [ 5 66.0 [ 1.3 54.7 34
1:00 AM 20 72.0 1.6 60.4 4.0
- 6:00 AM 25 65.1 1 1.8 33.3 3.6
CL00AM 30 §7.2 12.0 45.2 3.0
4:00 PM 35 51.0 2.2 38.8 2.6
9:00 PM 40 43.5 12.5 31.0 2.1
2:00 AM 43 34.0 12.7 21.3 .4
. 7:00 AM 50 26.8 12.9 13.9 0.0
12:00Noon 8 21.0 13.] 7.9
li S00PM 60 18.5 14.3 42
 10:00PM 65 15.1 136 1.5
30AM 70 38 138 0.0
. 8:00AM 7S 13.0 13.0 0.0
! 1:00 PM _ 80 11.2 1122 00 ;
. 600PM g5 10 110 00 |
L“_:OO PM %) 106 106 0.0
—_— M o
Solution ' .

 Since the precipitation and infiltration
‘watershed area is not, we calcnlate € en, and the
R, (p-9)xt, = (835 SXoum/houwr)xShour=15 Gy, Brooih 0”1
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