Homework 1 Solution	CE374K Hydrology	Spring 2013
Prepared by Gonzalo E. Espinoza
Question 1
The precipitation and streamflow for a heavy rainfall on January 8-9, 2013, on Shoal Creek at West 12thSt in Austin, Texas, are shown below. Calculate the time distribution of storage on the watershed assuming that the initial storage is 0. Compute the total depth of precipitation and the equivalent depth of streamflow which occurred during the period of the data given. How much storage (inches) remained in the watershed at the end of the period? What percent of the precipitation appeared as streamflow during this period? What was the maximum storage (inches)? Plot the time distribution of incremental precipitation, streamflow, change in storage, and cumulative storage. The watershed area is 12.3 mi2.
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Watershed of Shoal Creek at West 12th St in Austin, Texas
	Local Date Time
	Time t (h)
	Time Increment Δt (h)
	Incremental Precipitation Ij (in)
	Instantaneous Streamflow Q(t) (cfs)
	Incremental streamflow Qj (in)
	Incremental Storage ΔSj (in)
	Cumulative Storage Sj (in)

	1/8/2013 22:00
	0.0
	 
	0.01
	1.7
	 
	 
	0.000

	1/8/2013 23:00
	1.0
	1.0
	0.00
	3.4
	0.000
	-0.0003
	0.000

	1/9/2013 0:00
	2.0
	1.0
	0.07
	3.9
	0.000
	0.0695
	0.069

	1/9/2013 1:00
	3.0
	1.0
	0.31
	22.0
	0.002
	0.3084
	0.378

	1/9/2013 2:00
	4.0
	1.0
	0.32
	25.0
	0.003
	0.3170
	0.695

	1/9/2013 3:00
	5.0
	1.0
	0.28
	439.0
	0.029
	0.2508
	0.945

	1/9/2013 4:00
	6.0
	1.0
	0.22
	376.0
	0.051
	0.1687
	1.114

	1/9/2013 5:00
	7.0
	1.0
	0.11
	320.0
	0.044
	0.0662
	1.180

	1/9/2013 6:00
	8.0
	1.0
	0.07
	210.0
	0.033
	0.0366
	1.217

	1/9/2013 7:00
	9.0
	1.0
	0.16
	181.0
	0.025
	0.1354
	1.352

	1/9/2013 8:00
	10.0
	1.0
	0.10
	157.0
	0.021
	0.0787
	1.431

	1/9/2013 9:00
	11.0
	1.0
	0.03
	199.0
	0.022
	0.0076
	1.438

	1/9/2013 10:00
	12.0
	1.0
	0.03
	136.0
	0.021
	0.0089
	1.447

	1/9/2013 11:00
	13.0
	1.0
	0.01
	105.0
	0.015
	-0.0052
	1.442

	1/9/2013 12:00
	14.0
	1.0
	0.02
	99.0
	0.013
	0.0071
	1.449

	1/9/2013 13:00
	15.0
	1.0
	0.01
	76.0
	0.011
	-0.0010
	1.448

	1/9/2013 14:00
	16.0
	1.0
	 
	52.0
	0.008
	-0.0081
	1.440

	1/9/2013 15:00
	17.0
	1.0
	 
	45.0
	0.006
	-0.0061
	1.434

	1/9/2013 16:00
	18.0
	1.0
	 
	36.0
	0.005
	-0.0051
	1.429

	1/9/2013 17:00
	19.0
	1.0
	 
	31.0
	0.004
	-0.0042
	1.425

	1/9/2013 18:00
	20.0
	1.0
	 
	27.0
	0.004
	-0.0037
	1.421

	1/9/2013 19:00
	21.0
	1.0
	 
	23.0
	0.003
	-0.0031
	1.418

	1/9/2013 20:00
	22.0
	1.0
	 
	20.0
	0.003
	-0.0027
	1.415

	1/9/2013 21:00
	23.0
	1.0
	 
	18.0
	0.002
	-0.0024
	1.413

	1/9/2013 22:00
	24.0
	1.0
	 
	16.0
	0.002
	-0.0021
	1.411

	1/9/2013 23:00
	25.0
	1.0
	 
	14.0
	0.002
	-0.0019
	1.409

	1/10/2013 0:00
	26.0
	1.0
	 
	12.0
	0.002
	-0.0016
	1.407

	1/10/2013 1:00
	27.0
	1.0
	 
	12.0
	0.002
	-0.0015
	1.406

	1/10/2013 2:00
	28.0
	1.0
	 
	11.0
	0.001
	-0.0014
	1.404

	1/10/2013 3:00
	29.0
	1.0
	 
	9.6
	0.001
	-0.0013
	1.403

	1/10/2013 4:00
	30.0
	1.0
	 
	8.6
	0.001
	-0.0011
	1.402

	1/10/2013 5:00
	31.0
	1.0
	 
	7.7
	0.001
	-0.0010
	1.401

	1/10/2013 6:00
	32.0
	1.0
	 
	6.9
	0.001
	-0.0009
	1.400

	1/10/2013 7:00
	33.0
	1.0
	 
	6.2
	0.001
	-0.0008
	1.399

	1/10/2013 8:00
	34.0
	1.0
	 
	5.7
	0.001
	-0.0007
	1.398

	1/10/2013 9:00
	35.0
	1.0
	 
	5.3
	0.001
	-0.0007
	1.398

	1/10/2013 10:00
	36.0
	1.0
	 
	4.6
	0.001
	-0.0006
	1.397

	1/10/2013 11:00
	37.0
	1.0
	 
	4.6
	0.001
	-0.0006
	1.396

	1/10/2013 12:00
	38.0
	1.0
	 
	4.1
	0.001
	-0.0005
	1.396

	1/10/2013 13:00
	39.0
	1.0
	 
	3.7
	0.000
	-0.0005
	1.395

	1/10/2013 14:00
	40.0
	1.0
	 
	3.5
	0.000
	-0.0005
	1.395

	1/10/2013 15:00
	41.0
	1.0
	 
	3.5
	0.000
	-0.0004
	1.395

	1/10/2013 16:00
	42.0
	1.0
	 
	3.4
	0.000
	-0.0004
	1.394

	1/10/2013 17:00
	43.0
	1.0
	 
	3.0
	0.000
	-0.0004
	1.394

	1/10/2013 18:00
	44.0
	1.0
	 
	2.9
	0.000
	-0.0004
	1.393

	1/10/2013 19:00
	45.0
	1.0
	 
	2.4
	0.000
	-0.0003
	1.393

	1/10/2013 20:00
	46.0
	1.0
	 
	2.3
	0.000
	-0.0003
	1.393

	1/10/2013 21:00
	47.0
	1.0
	 
	2.2
	0.000
	-0.0003
	1.392

	1/10/2013 22:00
	48.0
	1.0
	 
	1.9
	0.000
	-0.0003
	1.392

	1/10/2013 23:00
	49.0
	1.0
	 
	1.8
	0.000
	-0.0002
	1.392

	1/11/2013 0:00
	50.0
	1.0
	 
	1.7
	0.000
	-0.0002
	1.392

	
	
	∑
	1.75
	
	0.35
	
	



The total depth of precipitation was 1.75in
The equivalent depth of streamflow during the period was 0.35in
The storage remained at the end of the period was 1.39in
The percentage of precipitation that appeared as streamflow was 
The maximum storage was 1.45in
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Question 2
Calculate the velocity and flow rate of a uniform flow 4 ft deep in a 200-ft-wide stream with approximately rectangular cross section, bed slope 1 percent, and Manning’s  of 0.045. Check that the criterion for fully turbulent flow is satisfied.

Hydraulic Radius:


Velocity:





Flow Rate:




Criterion for fully turbulent flow:

(The criterion for fully turbulent flow is satisfied)

Question 3
Compute the flow of water through a 20m long conduit filled with fine sand with hydraulic conductivity of 0.01 cm/sec under a piezometric head difference of 0.2m between the ends of the conduit.  The cross-sectional area of the conduit is 5.0 m2.






Question 4
The incoming radiation to a lake is 100 W/m2.  Compute the net radiation if the albedo is  = 0.06, the surface temperature is 20°C and the emissivity is 0.97.











Cumulative Storage
Cumulative Storage	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	0	-3.2125579520258005E-4	6.9218907478330996E-2	0.37758743196936101	0.69462683934690594	0.94539886111671045	1.1140609252166902	1.1802189578713969	1.2168335517032856	1.3522039407377544	1.4309128703890344	1.4384879560572463	1.4473858597057043	1.4422049485990727	1.4493547167909695	1.4483312336222536	1.4402683430759928	1.4341581838339046	1.4290558859100988	1.4248354666397904	1.4211819693610159	1.4180324027413829	1.4153237754484984	1.4129301048175773	1.4107883995162267	1.4088986595444468	1.4072608849022377	1.4057490929248138	1.4043002922797825	1.4030026708324936	1.4018562285829472	1.4008294698649468	1.399909796412014	1.3990846099576701	1.3983350131021974	1.3976421084458781	1.3970184942551906	1.3964389739971781	1.395890949405362	1.3953996170126992	1.3949460794194721	1.3945051400927235	1.3940704998992142	1.3936673553719012	1.3932957065107845	1.3929618524491034	1.392665793186858	1.3923823321910911	1.3921240677282811	1.3918909997984283	1.391670530135054	Time (h)
Depth (in)
Incremental Precipitation and Streamflow
Incremental Precipitation	0	5	10	15	20	25	30	35	40	45	50	0.01	0	7.0000000000000007E-2	0.31	0.32	0.28000000000000003	0.22	0.11	7.0000000000000007E-2	0.16	0.1	0.03	0.03	0.01	0.02	0.01	Incremental Streamflow	0	5	10	15	20	25	30	35	40	45	50	3.2125579520258005E-4	4.5983672646643815E-4	1.6314755089699652E-3	2.9605926224551497E-3	2.9227978230195521E-2	5.133793590002015E-2	4.3841967345293283E-2	3.338540616811126E-2	2.4629610965531137E-2	2.1291070348720013E-2	2.2424914331787942E-2	2.1102096351542025E-2	1.5180911106631724E-2	1.2850231808103203E-2	1.1023483168715983E-2	8.0628905462608331E-3	6.1101592420882873E-3	5.1022979238056834E-3	4.2204192703084046E-3	3.6534972787744401E-3	3.1495666196331381E-3	2.7086272928844987E-3	2.3936706309211847E-3	2.1417053013505338E-3	1.8897399717798828E-3	1.6377746422092318E-3	1.5117919774239063E-3	1.4488006450312433E-3	1.297621447288853E-3	1.146442249546462E-3	1.0267587180004031E-3	9.196734529328764E-4	8.2518645434388228E-4	7.4959685547268688E-4	6.929046563192903E-4	6.2361419068736117E-4	5.7952025801249725E-4	5.4802459181616588E-4	4.9133239266276952E-4	4.5353759322717187E-4	4.4093932674863932E-4	4.346401935093731E-4	4.0314452731304173E-4	3.716488611167103E-4	3.338540616811126E-4	2.960592622455149E-4	2.8346099576698241E-4	2.5826446280991725E-4	2.3306792985285224E-4	2.2046966337431966E-4	Time (h)
Depth (in)
Change in Storage
Incremental Storage	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	-3.2125579520258005E-4	6.9540163273533573E-2	0.30836852449103003	0.31703940737754488	0.25077202176980451	0.16866206409997986	6.6158032654706711E-2	3.6614593831888746E-2	0.13537038903446885	7.8708929651279985E-2	7.5750856682120574E-3	8.8979036484579735E-3	-5.1809111066317241E-3	7.1497681918967979E-3	-1.0234831687159825E-3	-8.0628905462608331E-3	-6.1101592420882873E-3	-5.1022979238056834E-3	-4.2204192703084046E-3	-3.6534972787744401E-3	-3.1495666196331381E-3	-2.7086272928844987E-3	-2.3936706309211847E-3	-2.1417053013505338E-3	-1.8897399717798828E-3	-1.6377746422092318E-3	-1.5117919774239063E-3	-1.4488006450312433E-3	-1.297621447288853E-3	-1.146442249546462E-3	-1.0267587180004031E-3	-9.196734529328764E-4	-8.2518645434388228E-4	-7.4959685547268688E-4	-6.929046563192903E-4	-6.2361419068736117E-4	-5.7952025801249725E-4	-5.4802459181616588E-4	-4.9133239266276952E-4	-4.5353759322717187E-4	-4.4093932674863932E-4	-4.346401935093731E-4	-4.0314452731304173E-4	-3.716488611167103E-4	-3.338540616811126E-4	-2.960592622455149E-4	-2.8346099576698241E-4	-2.5826446280991725E-4	-2.3306792985285224E-4	-2.2046966337431966E-4	Time (h)
Depth (in)
image1.png
040

035

030

025

020

015

010

Precipltation - International Inch

005

2

0.00 *—]\’L t

8-Jan 00:00 10-Jan 00:00
Date and Time

12-Jan 00:00

—— 306761 Precipitation. ID: 6
> Shoal Ckat W 12th St, Austin, TX, Discharge, cubic feet per second, |

500

400

300

200

100

0

Discharge, cublc feet per second




image2.png
USGS 08156800 Shoal Ck at W 12th St, Austin, TX
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DESCRIPTION:
Latitude 30°16'35", Longitude 97°45'00" NAD27
Travis County, Texas, Hydrologic Unit 12090205
Drainage area: 12.3 square miles
Contributing drainage area: 12.3 square miles,
Datum of gage: 455.33 feet above NGVD29.
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