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CE 365K Hydraulic Engineering Design Second Exam Spring 2015
There are five questions on this exam. Please do all five questions.
1. Hydraulic Engineering Design Methods

(a) Design Programs. In the first part of the semester you used FlowMaster and Culvert Master
to specify the size and performance of hydraulic design components. In the second part of the
semester, you’ve used Pond Pack to design detention ponds. Describe and contrast these two

types of design programs.
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(b) Hydrologic Modeling. You have been shown how HEC-HMS can be used to do the same
kinds of computations as Pond Pack for detention pond routing. How does HEC-HMS differ
from Pond Pack? What are the advantages and limitations of HEC-HMS compared to Pond
Pack?
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(b) GIS Application You have seen various examples of how GIS can be used to provide input
data for hydraulic design. Provide one example of this and describe what information is
determined by GIS analysis of landscape data.
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2. Risk and Hydraulic Design

(a) At a particular location on a river, the annual maximum flood Q has a probability P(Q> Qr) =
p of exceeding a value Qr in any year. If this event has a return period of T years, what is the
relationship between p and T? '
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(b) Beginning with the equation stated in part (a), show that the probability, R, that at least one
flood whose magnitude exceeds Qt will occur in N years is given by: :

S
PLO > Q& ong yer) '

NP VN
(3) (6@ ony oo

=
(= L (cremplomendacy prOonkiiy)
o PLB Qs v Ny (“‘?3“ ((tnsupandind avewts)
N
P(RQ% Qo o loasy sNeL am qu,,; B (l" (?:\

ml\/&w&uﬂ Prsbeby n.-b)

(c) What is the probability that a 10 year flood magnitude will be exceeded at least once in the
next 10 years? How many years would it take to achieve the same probability of exceeding a
100 year flood magnitude?
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3. Storm Runoff

(a) A watershed of 3 square miles in Travis County has a time of concentration of 30 minutes.
Suppose you wish to apply a 100 year design storm to this watershed and have the storm
precipitation defined by two 15 minute rainfall periods with the heaviest rainfall occurring in the
first 15 minutes and a lesser amount in the second 15 minutes. A table of depth-duration-
frequency values for Travis County is attached at the end of the exam.
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(i) What is the total depth of rainfall in the storm? (inches) 3.04

u N
(ii) What depth falls in the first 15 minutes (inches) 2.3 second 15 minutes 0SS

(iii) If the watershed has an SCS curve number of 85, how much direct runoff will occur?
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(iv) Determine the peak discharge (cfs), the time to the peak (hr) and the total duration (hr) of an
SCS triangular unit hydrograph for this watershed, and draw a diagram of this unit hydrograph.
Verify that the hydrograph contains 1 inch of direct runoff over the watershed. Take rainfall
duration of unit hydrograph to be 15 mins.

ﬁb“""“*a‘- t—‘s4\2
L. ob4e (e

P
= 0.4
> 0.425 1134
" Vs L |
'er IS sy - V —r (&3
Ay

ot edys B0 e 2550 - 0 5L

L= 267 267004 W3dea

R, = {9‘4/5‘__ 434x3 | 34172 e
e TP - ©.&38 rv\i\_z\f’

Chudet Vy = 1 Qpdy = Iy »3dv2x3ieox 1134 = L 64, 574 £

VAIA - b/q6+é:,‘4'_ - 00%33! - [‘bo
R g?%o‘b SAAAn

> u




4. Detention Pond Specification

(a) The base area of a square detention pond is 1 acre in area and has side slopes of horizontal:
vertical of 3:1. If the pond is 10 ft deep, determine its elevation (ft) — area (acres) — storage
(acre-ft) relationship in 2 foot increments from 0 to 10 feet. 1 acre = 43,560 fi2.

Elevation (ft) Area (acres) AS(acre-ft) Storage (acre-ft)
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(b) The pond has a circular orifice outlet of 1 ft diameter whose invert is at elevation 0, and a
rectangular weir of length 30 ft at elevation 8 ft. Determine the elevation (ft) — discharge (cfs)

relation in two foot increments from 0 to 10 feet of depth of water in the pond. Take the orifice
coefficient to be 0.6 and the weir coefficient to be 2.6.
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5. Detention Pond Design
(a) You have used the Pond Pack program for design of detention ponds. Draw a diagram that
shows how the watershed in Question 3 and the pond and outlet in Question 4 would be

symbolized in Pond Pack.
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(b) Describe the steps in the computational process that Pond Pack would use to route the storm
described in Question 3 through the watershed and detention pond in Question 4. Start with the
storm rainfall hyetograph and end with the discharge hydrograph from the pond outlet.
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(c) Suppose that as a designer you were looking at this watershed and detention pond
combination and seeking to optimize its performance and functioning on a client’s property.
What are the things you would consider in looking at design variants? What alternatives to the
project choices that have been made in Questions 3 and 4 would you consider in looking at ways
to make a better design?
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Table 2-3. Depth-Duration-Frequency Table for Austin and Travis County>

Depth of Precipitation (in inches)
Recuvence | Smin* [ 15min [ 30min | v 24 3hr 6w 124 pyre
trinrvad
tyean)
2 0.48 0.98 1.32 1.72 2.16 2.32 2.67 3.06 3.44
5 0.62 1.26 .71 2.28 2.89 3.13 3.56 4.07 4,99
10 0.71 1.47 1.98 2.68 3.42 3.71 4.21 4.81 6.1
25 0.84 1.76 2.36 3.28 4.2 4.55 5.14 5.9 7.64
50 0.94 2.0 2.68 3.79 4,88 5.28 5.94 6.86 8.87
100 1.05 @ 4.37 5.66 6.11 6.85 7.96 10.2
250 1.21 2.73 3.57 5.26 6.86 7.38 8.24 9.67 12
500 1.33 3.11 4,02 6.06 7.94 8.51 9.47 11.2 13.5

* The 5-min rainfall depths were calculated using the 5-min rainfall intensity values from Table 2-4.
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