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CE 3354 Engineering Hydrology
Exam 1, Spring 2016

Students should write their name on all sheets of paper. Students are may use printed
notes and book excerpts to help answer questions. Students ARE permitted to use calcula-
tors. Students are NOT permitted to use laptops, tablets, phones to access the internet or
communicate during the exam.

1. Hydrology is
a) A study of the processes of evaporation, infiltration, and storage
b) The study of the relationship between rainfall and runoff
[c:)] Study of the atmosphere, ocean, and surface waters

+ Z @ The study of the occurrence, distribution, and movement of water above, on, and
below the surface of the earth

2. The fundamental analytical unit of hydrology is?
+2 @ The watershed
b) The main channel slope
c¢) The rainfall depth
d) The main channel length

3. What is the relationship between the Annual Exceedance Probability (AEP) and the
Annual Recurrence Interval (ARI)?

a) The ARI is a plot of probability and magnitude
b) The AEP is a plot of probability and magnitude

c) The ARI is the average number of years between years containing one or more
events exceeding a prescribed magnitude

79 The AEP and ARI are the multiplicative inverse of one another
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4. How can one calculate the Annual Exceedance Probability (AEP) from the Annual
Return Interval (ARI)?

+ 2 @AEP Lyr

) ARI = 4
c) ARI = £k
d) Cannot

5. An annual recurrence interval of 100-years is equivalent to an AEP of what percent?

a) 100-percent.

b) 50-percent. AET’ - ‘%P =861 = 16
) 10-percent. [OO “r _ | ’

o+ 2 ‘1 -percent.

6. What is a flood frequency curve?
a) A plot of discharge and time
+2 @ A plot of estimated exceedance probability and discharge
jA\plot of the frequency and discharge
dﬂ A plot of the discharge magnitude and the Weibull plotting position
7. What is a plotting position?
a) The multiplicative inverse of relative frequency

b) An estimate of probability associated with an observation based on its magnitude
relative to the arithmetic mean

—/'2 @ An estimate of probability associated with an observation based on its position
within a ranked sample set

d) Location in a chart of a data pair
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8. To what type of data series would we apply the Bulletin 17B procedure ?

a) Instantaneous discharge
b) Hourly rainfall
¢) Annual maximum rainfall
-+ 2 @ AnnuaJl. maximum discharge
9. Rainfall behavior is expressed as a combination of
o 2 @depth or intensity, duration, and probability or frequency
b) intensity and probability or frequency
c¢) duration and probability or frequency
d-k)fd’epth and duration
10. Rainfall intensity is
aﬂinstantaneous rainfall rate
b) slope of the depth duration curve at a duration of one hour
+2 @the ratio of accumulated depth to duration
d) integral of the depth duration curve from 0 to 24 hours
11. In the rational equation, QQ = CIA,
a) the intensity, I, is the ratio of depth to watershed impervious cover
b) the intensity, I, is the ratio of depth to watershed discharge
-+ 2_ @ the intensity, 7, is the ratio of depth to the time of concentration
d) the intensity, I, is the ratio of depth to watershed area
12. Regional analysis is used to
a) establish a typical functional drainage area
b) delineate watersheds

c) relate discharge to drainage area

<+ 9 (d))construct regression equations from historical data on many streams within a region
&
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13. Figure 1 is a depth-duration-frequency plot for precipitation.

150
I

— | OO0 -year

~ | () -year

Rainfall depth (mm)

Figure 1: Depth-duration-frequency ¢urve

The approximate depth, in millimeters, for a 4 hour, 100-yr (1% chance) storm is

a) 45 millimeters

7‘ 2 55 millimeters

¢) 75 millimeters

d) 125 millimeters
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Figure 2: Flood frequency curve for a gaging station

14. Figure 2 is a flood frequency curve. The probability of observing a discharge of mag-
nitude of 50,000 C'F'S QLHEEJS

(a) 0.50

4.2 0.10

(c) 0.05
(d) 0.01

15. The median discharge from Figure 2 is I
(a) 90,000 CFS Medin = 0.5 / 50 % >

) 50,000 CFS

T @20 000 CFS

(d) 10,000

5 072 725 o4

CFS
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16. Figure 3 is a topographic map of a small drainage basin. The drawn contour interval is
20 feet. Many of the contours are labeled. A culvert structure is located on the Eastern
portion of the basin, near the outlet shown on Figure 3. The red line is a highway
alignment, beneath which the culvert structure is placed. Figure 4 is a photograph
of the culvert system that is comprised of 4-parallel , 4-foot diameter, 100-foot long
culverts. The lowest portion of the road near the culverts is at elevation 595 feet. The
culverts are laid on a dimensionless slope of 0.02.
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Figure 3: Topographic Map of a portion of the Earth. Elevations and linear distances are in
feet. North (by convention) is up. The light line splitting the watershed is a main channel.
The shaded and hatched line is the watershed boundary.

Figure 4: Multiple-barrel outlet structure
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a) Estimate the drainage area in square feet of the drainage basin. The boundary is
already drawn on the map.

| D e . - o/ “i
-}"f'” At 1 PuUAkE ERGA R e / 2/ ;? o M“CD/
4 ) P97 4 &
444 J zdo »S;'ﬂ”’r#é&#"/"*“ 55 e#” é(‘?'i) 7/l y 200 #
~ bbb P, /77y 1527 g y |
Eact SIDE D ¢ /0y 75 00 /452')&/_,
b) Convert the drainage area /from square feet 18&0\acres A7 // 23 Xocres
e v & e D
AcrL
£s,#/, zoa o = 36,8 acres
Y332 YL L 4/)>-v 2240 Geres
c) Convert the dramage area from acres into square miles. it
o) 2 , 10V, 2 .Focne
2{:’3& e { REres o ........_...{._m - 3./g Veali & .’
@ ESvacres &) 0% 3. 5acre:
Ab e e RoadwayCrest Elevation = q?f ﬂ
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™m0 cos (\) o\a)= ry =l tat
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Figure 5: Culvert system elevation view sketch

d) The water surface area when the culvert system (like a dam, with 4 holes in the
wall) impounds water to a water surface elevation of 565 feet is zero. Complete the
elevation (side) view sketch of the road embankment and culvert system in Figure
5 by indicating the elevations on the sketch of the roadway crest in feet, the culvert
outlet elevation in feet, and the culvert barrel length in feet.

~
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e) Estimate the water surface area (area of the pool on the upstream side of the road
embankment) when the embankment impounds water to a water surface elevation

Es Pmare of 590 feet. Describe how you made the estimate.

9 B Nre s \sgq: = UY3ST ‘(’fl Q,\
Y @ _
/ 2LQ Squees X kNa sszfrx =\73363\2 4 4?3
ﬁ \ ')
| /\ éé’“’f/b.m 12663124 L2 Nacne = 245, 2 OCre 3
\ Ua )
Nj _ = . » ; b 8 —/0% 26S qeres
\ f) Estimate the main channel length in feet. L +/0%, 325 gere o
ALY EHANNEL s ey (+¢0) ,ZL B ) 385 Er
Zaok ¢onfour MQVJW”&'; ’gééé/-‘/ = /,;?3‘/ L/ ‘4 5‘/{ ]
10 F S 82

- 6

’/ OR CAN MEgsultF /NG Tl Wb Avar 75»//*//‘)06")

g) What is the elevation at the most upstream of the main channel (where the main
channel would intersect the watershed boundary), in feet?

2 =452/ (2

h) What is the elevation of the outlet point of the watershed (the culvert invert ele-
vations)? (7 ?)

zr_S'és-ri[%

i) Using these values, estimate the average watershed slope along the main channel.
Express the result in dimensionless slope and percent slope.

P

‘, 50t —S45H4 +2)
UA&%}' = — = . 005 3
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17. Figure 6 is a chart for applying the NRCS-Overland method.
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Figure 5-4. Velocities for Upland Method of Estimating Time of Concentration--English
(Adapted from the National Engineering Handbook Volume 4)

Figure 6: NRCS Upland Method Chart for Estimating Time of Concentration

a) What is the watercourse slope in percent for the watershed in Figure 37 (Draw a
horizontal line on the NRCS chart above fqr the watercc‘)}cse slope).

. 6‘0/) //7 o /é ,j' “if’/)
b) What is the estimated travel velocity from the chart in feet/second? (Draw a verti-
cal line where the horizontal slope line 1nte1,sects the GRASSED WATERWAY line)
il "?7‘// /d’é f’ l \
¢) What is the main channel length in feet for the watershed in Figure 37
/5 9§ e (32 (

d) What is the travel tlme for water tlavehng from the most remote point on the mam
channel to the outlet in hours? 4 g) N\ \

/5' :j%‘:,;( ‘ ‘ ot \ / P ),
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18. Figure 7 is a tabulation of an observed storm and runoff for the drainage area depicted
by the map in Figure 3. The runoff was measured at the location indicated by the blue

circle on the map. m‘»)LT_?pL\/ NOT“ 2eR08 Y 300 Tt
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Figure 7: Cumulative rainfall for a 24-hour period on watershed determined for Figure 3
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a) How many seconds in one hour? SE00 see 4 ( #7)

b) If water flows past an observation location at 1.0 cubic feet per second, for one

hour, what volume in cubic feet have passed the observatlop_locatlon"
(# 2

/'/7L 35005@:: /é/ = 34004 B =

S C r
c) Use ;Ee results above to complete the column labeled INCREMENTAL-FLOW (CUBIC
FEET) in Figure 7. Provide a sample calculation below where you show how you

determined the incremental volume for HOUR 17. ( 4 2 )
§08.7 4 Seoveec 5, - = 29/[32074*
Sec /hr

d) Use the results above to complete the column labeled CUMULATIVE-FLOW(CUBIC
FEET) in Figure 7. Provide a sample calculation below where you show how you
determined the value accumulated at the end of HOUR 8 (beginning of HOUR 9).
fow & tom = 2.0

>
Lo & M, = S0/0H |
tom = 0.0 45V > = Sodo by P

oz 7
e) What is the total volume of runoff in cubic feet from the storm? Enter the result

+ 2

in the box labeled TOTAL RUNOF / Figure 7. / \».\
(#7
Arovr &. 4 /0 b
f) Enter the watershed area in square feet in the box labeled WATERSHED AREA

/' + /

in Figure 7.
Gorvr F8.7.b°H*

g) Convert the runoff volume from cubic feet into watershed feet, then watershed feet
into watershed inches. Enter the appropriate values in the boxes labeled TOTAL
RUNOFF (FT" 3)/WATERSHED AREA (FTA 2) and TOTAL RUNOFF (WA-
TERSHED FEET*12) in Figure 7. 1/ 7// .
Worersiy, Fr = L 7/0(/ = 0,07 (20 . p Siche s
&yx.7 /0" ) 77

h) What is the fraction of rainfall that becomes runoff?

/6/1/0/7' 0 gg//’

= r & / g 7
o7 P 0.285 % /o = 25724

7 ;‘}
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19. The watershed in Figure 3 is located in Briscoe County, Texas. Figure 8 is a map of
counties in Texas. Figures 9 and 10 are excerpts from the Texas DDF Atlas.

a) Circle Briscoe county on Figure 8. 4/
b) Circle Briscoe county on Figure 9.# /
c) Circle Briscoe county on Figure 10.7 /

d) Write the formula that converts the Annual Exceedence Probability (AEP) into an
Annual Recurrence Interval (ARI).

Aer = __/Zf @

Aep

e) Estimate the precipitation depth in Briscoe county for a 3 hour storm with an
Annual Exceedence Probability (AEP) of 0.2 (20 %).

, /i v
T Aer= 4L - - *
O 0.2 5/ 57’, 36@97 7 v 2.3ches
f) Estimate the average rainfall intensity in Briscoe county for a 3 hour storm with
an Annual Exceedence Probability (AEP) of 0.1 (10 %). .
2.8 rncre

= /qv _ ‘ i i
Ko ﬁ : /p// /”7// 3/”/@ i Shrss
@ =0,930/4,
g

Using the results from the prior problem, estimate the runoff volume in watershed
inches for a 3-hour, 10-year storm.

\340/0‘?/ Jgaﬂ; s 2,F 2

Cowors = ,_/5-257)?1//#/4/{#&4) [0,257)/2-9”,&@;)
@> = 0,7 2mches

h) Is a 3-hour storm a good duration based on the time-of-travel for water along the
main channel?

/Z /yﬁ %9 /s Loare
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Figure 8: Map of Texas Counties
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Figure 20. Depth of precipitationdor 5-year stornyfor 3-hour duration in Texas.

Figure 9: Cumulative rainfall for a 3-hour period on watershed determined
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Figure 32. Depth of precipitation f@tormf /r3-ho;}1ration in Texas.

Figure 10: Cumulative rainfall for a 3-hour period on watershed determined for Figure 3
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