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CE 365K Hydraulic Engineering Design Second Exam Spring 2016

There are four questions on this exam. They are of equal credit. Please do all four questions.

Question 1: Concepts

(a) How do you determine whether the waters of a particular stream satisfy the Texas Water
Quality Standards for E. Coliform bacteria?
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(b) The Austin Drainage Criteria Manual contains a number of rules that define how a
hydraulic design must be performed. Choose one of these rules and describe how it is
used in the design of a particular kind of hydraulic structure
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(c) Draw on the diagram below the inflow, [, outflow, Q, and storage, S, for a detention
pond. Beginning with the equation dS/dt = 1—Q, explain why the outflow from the pond
is maximized when the inflow and outflow are equal.
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Characteristic Highway 183 Delwau Rd
Bed Elevation (Ft) 415 404
Water Surface Elevation (ft) 433 ‘ 4',’ 439 04
“Water Depth (ft) |8. % zg ) aﬂ_

| Energy Grade Line Elevation (ft) 438 |-|q 433, 14

| Velocity (ft/s) 17,44 (b:'l"f

.| Velocity head (ft) 4_ L} ;.’.;.i ST 1.10 ;—’;:- !l
Flow Through Bridge (cfs) 23 o9 v 457, :
Flow Over the Bridge (cfs) 0 l‘%?‘f ) c,
IetaliFe e} 3052 13,0520
Flow Area (ft?) 325,59 340429
Top Width (ft) (7.5 45181
Shear Stress (Ib/ft?)} 61 R 115

Question 2: Bridge Capacity

The data on the following two pages are for Bridges over Boggy Creek at Highway 183 and Delwau Rd.
Make a comparison between the two bridges and the passage of a 100 year flow through them. Where
different values are given for Inside BR US and Inside BR DS, use the Inside BR US values.

Discuss and compare the flow conditions at the two bridges
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Flow Top Width \Eﬁ t::;, S 4 ey b A belangoe Bor e 193

Shear Stress e 3 Livan \v_qw i 183

Make a summary comparison between these two bridges. What characteristics does a successful bridge
crossing have?
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Boggy Creek at Highway 183

Suaten (i,

It Bridge Output - o
File Type Options Help ' ' '
River. |Boogy | Profle: |FEMA_100_YEAR ]
Reach [1 <] ns:  [rse ] 4[E P [Esting ~:
E.G.US. (i) insdeBRUS | IntideBRDS
W.S. US. i) EG. Elev{R) 4318] 4645 |
Q Total [cfs) 3 W.S. Elev [it 43346 | 4098 ;
R Bridge (cs) 23052.00 | Gt W.S. [ 43213} 42043 F
1 Weir [cfs) Max Chi Dpth if) 1874 2% |
Weir Sla LR (1) Vel Total fit/s) 17.46 | 1264
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Wei Submetg Froude # Chi _0es, 059
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Min EVWek Flow [ft) 456,51 | Hyd Depth (1) 1228 1443
Min E{ Prs (i) 48273 [ WP, Tod 15742 201.55
Deka EG fit) 267 | Conv. Tolal [cfs) 202530 2340781
Deta WS it 1.90 | TopWidth (i} 10755 12637
BR OpenArea [sq k) 10936.98 | Ficin Loss () 050 ! o3t
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Boggy Creek at Delwau Rd

D
River. |Boggy > Profle: |FEMA_100_YEAR =l
Reach J1 ~| Rs: |[%183 = Plan:  |Existing =]

. By Faibreg T R e Eranle FERSS 100 T E LD

By a
E.G. US. (i)  433.24 { Element Inside 8 US Inside BR DS
W.5. US. [#) 43218 | EG. Elev (it 43314 43292
Q Total [cfs) 23052.00 | W.5. Elev [f) 43204 ; 42182
Q Bridge [cfs) 401210 { CRW.S. (R) 42931 42910
Q Wei [cfs} Max Chl Dpth [f) 85 250
We Sta Lit (f) Vel Total (ft/s) 677 679
We Sta Rat (1) Flow Asa {sq f) 3404.29 3394.92
Weir Submerg Froude # Chi 028 028
Wer Max Depth [t Spaci Foroe [cu 1) 2544929 2704413
Min EI We¥ Flow [f] 42369 | Hydr Depth (i) 725 745
Min EI Prs 1] 41906 | WP. Total () 56219 563,30
Deta EG [t} ~ 0.43 { Conv. Total[cfs) 2604201 | 270638.8
Deta WS {ff 0.43 | Top 'Width ) 46391 | 45497
BA Open Area (sq f] 493.48 | Frctn Loss (i) 022 0.08
BR Open Vel {ft/s) 813 { CLE Loss(R) 000 0.02
Cosf ol Q | Shear Total fb/eq i) 275, 273
Bt Sel Method Enerqy only | Power Total b/t 3] -530.04 : -529.77
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Question 3 Detention Pond Design

A detention pond is being designed in the Boggy Creek Greenbelt. Its outer boundary is shown below.
Approximate the shape of the pond as a rectangle whose principal axis is along the line AB and assume
that the land surface slopes in a straight line from A to B. 1 acre = 43,560 ft2.

Length AB = 2000 ft A e e/ 4306
en =
Elevationat A = 486 ft ‘T%U\ gr '
Elevationat B = 474 ft ‘3
Area = 24 acres é
414
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% {a) Calculate the average depth of water in the pond (ft) E ‘:

{b) Calculate the total volume of storage In the pond (acre-ft)
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{c) The 100 year flood at this location has a peak discharge of 7000 cfs. If the flood hydrograph is
triangular and has a base time of 4 hours, calculate the volume of water in the flood hydrograph

(acre-ft). 1 acre = 43,560 ft
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(d) What percentage of tl;e 100 year flood hydrograph volume can be stored in this pond?
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(e) The 100 year discharge In this location in Boggy Creek is approximately 7000 cfs. Design a welr
at location B whose crest elevation is 480 ft which will convey this flow without overtopping the
berm at that location. A table of standard weir equations and coefficients is attached.
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It Q=C(L-0.1iH) H™" =1
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Qu= CLH ¥ Engﬂss.gﬁ_’
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- \cg/ I—" Qs c(,e_)ag me(ﬂ)m g.s11n:::d 0.570
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*Refer to FlowMaster help documentation for more information.

FIGURE 1-9: Standard Weirs
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Question 4 Design Methods

i this class, we have examined a number of methods for designing hydraulic engineering components.
+ l Suppose you are in professional practice, describe how you would go about doing the following tasks:

{a) Designing an open channel whose flow capacity whose flow capacity, roughness and slope are
known and whose dimensions are to be determined
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{b) Designing a culvert under a road whose flow capacity is known and whose dimensions are to be
determined.
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{c) Designing a bridge over a stream whose flow capacity is known and whose elevation and length
are to be determined.

- v Pste R do disen
' o Lyocfun 4 deck » Sne
( «Lﬂ‘*@' pens = Hu ”de“’”"fwiw&ﬁtsp J

(d) Designing the outlet structure for a detention pond that consists of both an outlet pipe for
regular flows and a spillway for very high flows.
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