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CE 3354 Engineering Hydrology
Exam 3, 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 NOT permitted to use laptops,
tablets, phones to access the internet or communicate during the exam.

1. Which of the following is a hzetograph (as used in this class)? \r\\me_"‘o —> precip
a) A record of infiltration rates (inches/hour) versus time.
@ A record of cumulative rainfall depth (inches) versus time.
¢) A record of discharge rate (cubic feet/second) versus time.
d) Aand B
2. What is a hydrograph (as used in this class)? L\\ddfo -~> d\scha.r%c
a) A record of rainfall rates (inches/hour) versus time.
b) A record of cumulative rainfall depth (inches) versus time.

@A record of discharge rate (cubic feet/second) versus time.

d) A and B
3. What is excess precipitation? excess _9\ qp-tef
a) The amount of precipitation that falls upon a watershed. osse.>
albosra eavys)
The amount of runoff that is produced from a watershed. .
.. t‘uno‘F"l’:'

¢) The equivalent depth of uniformly distributed precipitation.
d) A and B

4. Hydrology is
a) Study of the atmosphere, ocean, and surface waters

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

¢) A study of the processes of evaporation, infiltration, and storage

d) The study of the relationship between rainfall and runoff
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5. To what type of data series would we apply the Bulletin 17B procedure ?
a) Instantaneous discharge
b) Hourly rainfall
¢) Annual maximum rainfall
@ éwl maximum discharge
6. Rainfall behavior is expressed as a combination of éc? w

depth or intensity, duration, and probability or frequency ?g; —> “ nkens ‘{-

+ avohon

c) duration and probability or frequency ad M\’%
d) depth and duration

b) intensity and probability or frequency

7. How can one calculate the Annual Exceedance Probability (AEP) from the Annual
Return Interval (ARI)?

@ AEP =11

) ARI = 3%
) ARI - B2
d) Cannot

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

@l—percent. AEP = -‘—%:- =0.01 = l%

loour
b) 10-percent. \0
¢) 50-percent.
d) 100-percent.
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9. 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
1-\ 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
10. What is a flood frequency curve?
a) A plot of discharge and time
4 \ A plot of estimated exceedance probability and discharge
c) A plot of the frequency and discharge
d) A plot of the discharge magnitude and the Weibull plotting position
11. Rainfall intensity is
a) instantaneous rainfall rate
b) slope of the depth duration curve at a duration of one hour
¥ | @the ratio of accumulated depth to duration
d) integral of the depth duration curve from 0 to 24 hours
12. In the rational equation, Q = CIA, the intensity, I, is
t l the ratio of depth to the time of concentration

b) the ratio of depth to watershed area
the ratio of depth to storm duration

d) the ratio of depth to watershed impervious cover
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13. Figure 1 is a screen capture of a HEC-HMS model run.

f‘—'lll(i HMS 35 [E:\DES: 606 -Modules\Module -17\Example:17\EX17\EX1 7, hms]
Flo Edk View Components Parameters Compute Resuts Tools Hep s S
DEES F +Qae@Fr Ty VEBAEADS

[l {75 Graph for Subbasin Woodlands DichG: Vi

Subbasin *Woodi itchC* Res fov Run ‘un 1 : ‘
r / 2 EKCESS
7

0
18 0 +
1.64 00:00 12:.00 2 - X .
1.44 | 01Jan2000 | 02Jan2000 | 03Jan2000
| 2 124 Legend (Compute Time: 260ck2011, 21:00:34)
: ga.n- Ry
| 2 0.8
3 08 YRew?
& 0.4+
0.2
0.0 u T T T | — e
i 00:00 1200 00:00 1200 0000 12:01 | NOTE 40049: Found no parameter problems in basin model “Basin 1°.
f | otdan2000 | o020an2000 | | |NOTE 10188: Finished computing simulation run "Run 1* at time 250ct2011, 21:00:34.

Figure 1: HEC-HMS Model Run for Woodlands-Ditch C sub-basin.

a) What is the COMPUTED peak discharge for the Woodlands-DitchC sub-basin?

~ UY ers (Noumrer + LNT)
(Ho~45 ok
b) What is the OBSERVED peak discharge for the Woodlands-DitchC sub-basin?
~ A} ocrs (NUMBER, & UNITY)

ClS —20 oW)
c) What is the total RAW input precipitation for the Woodlands-DitchC sub-basin?

~ |.2 INcHes CNLEIBER +UNIT)

Cl . 9 g 2- o] 0K>
d) What is your estimate of the total EXCESS input precipitation for the Woodlands-
DitchC sub-basin?

Amour Yo oF RAW

>0 .48 INcHED (NORBER + UN T
(o —1.36K)
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14. Figure 2 is a screen capture of a HEC-HMS model run. The model appears to have
successfully run, but when the output graph is selected there in no hyetograph nor

hydrograph displayed.

ir; HEG-HMS'3,5 [E:\DES;606:-Moduiles\Module -1 7\Exampleid 7AEX1 TAEX17: hms i
Fio Edk View Components Parameters Computs Resuts Tools Help

SEIBIX

= (yGaget
[T 013202000, 00:00 - 033an2000, 12:00
2 Discharge Gages
3 g&wl
[TF9 0132n2000, 00:00 - 033an2000, 12:00

DB +assE@FrTy EBEEIN

NOTE 10184: Began comuting st un e 2602011, 21,3012
f model Met 1

i TE 20364:
{ wmzmsw Hyetograph gage “Gage 1" for subbasn '“‘"‘u:t&n
| |set to zero,

| |NOTE 40049: Found no parameter problems in basin model

| NOTE 10165: Frished computing semistion rn e 1 e SO0, 2A:3s12. E“‘”(N(‘.

BSCAISE OF

TME MismaTzH |

Figure 2: HEC-HMS Model Run for Woodlands-Ditch C sub-basin.

What is a likely explanation for the unanticipated output?

FRem

M E g Dirtreepor

+5 w sTATE
TIME MNLS M ATEN

+9. \F SA¥ Preuy GAGE No  DaTa
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15. Figure 3 is the unit hydrograph response for a watershed to a 1-hour long excess rainfall
event of intensity equal to 1-inch/hour.

600
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“Buﬂs” RAIN

1‘%' 500
i DrEp” obmerARw || g
=;_ ;;..4\.1“;. L J i 0 0 0 000 8 0 8 A L ;2;
(AN VN _ N O W

0.4 1 ’ S ¥ 200

T BNDS AL L
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Elapsed Time (Hours)

emmmRAIN(IN/HR) ===t OW(CFS)

Figure 3: Unit hydrograph response (red) to a 1-inch per hour constant intensity precipitation
(blue) input.

a) How long is there non-zero (starting from hour zero) direct runoff for the unit hy-

2 drograph? (

Hours To BNpD UH | ok 3 Hes oK PR

UR NoN-~2ERo
b) What is the peak discharge in CFS indicated by the unit hydrograph? CNumgeR « QMG‘)
Y2 Sas CF3S (NUMBG&—\- UNlT>

¢) What is the total volume (in ft*) of runoff indicated by the unit hydrograph?

A3 [CZOOH'*)_‘, co-5+3'> <‘°°‘+)‘136005ec = 2.\6" \OL_E_\_

Sec sec
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+4 d) What is the watershed area (in ms?) of the watershed? N
L(ih’) gfe‘&- ;J'Mrg,, 2..5]2 1o .{{_2 \ac. \M"Co :
()H@\()A(eo\- 2610 ° 53 ) u35Cok" £ca
- - P B L
Areas 210" A7 2 2 2 S 0THE o
\% @BET ) Cumseuumr

v e
.‘.&i- What is the total volume $_S ) of munoff anticipated for the storm depicted in
"

Figure 47 sz ‘r)
Co.hh) [2 cv\) C’-S'c-. lU\\r 2—-“.'“7 e = 5,616 10 ‘R’s (Eocrn?e'gcf>

Lin NumBeR + onv
f) Plot the response toffhe 3€onsecuytfve 1-hour events with the intensities indicated
2 < in Figure 4. E oxe
- ~ 00+ \or \DO T F60cFs
i 7 ) T3 suBwYDros %
ks P b d | o N ~os ,*rl;,
2 1 e - 1 = ¢
Q “*OO‘\' cr—-‘-z a ; — G TE EACH < OSMNFEA T
= 430 ol <alil Flowo (AWE
< | P i
-§1.5 =
NIRRT IR
i P8 ; ROEN
;
B i . ‘ | oo
ol FH resana e
T B e 293 Rl
qxzoa%_ T OE Y SR Cafs| COMPos (TE
o s > @ " 0
2 10 12
Elapsed Time (Hours)
&3 PONSE,  ===RAIN(N/HR) FLOW(CFS)

o R 6V RAIN
Figure 4: 3-hour event comprised of 3 consecutive 1-hour events.
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16. Figure 5 is a schematic diagram of a creek that penetrates a 3-meter thick confined
aquifer. During a long drought the flow in the creek decreases by 1.1 cubic meters
per second between two gaging stations along the creek located 6 kilometers apart. On
the west side of the creek the hydraulic head contours run parallel to the bank of the
creek and the contour levels decrease as one moves away from the creek at a rate of
0.0007 m/m. The head contours on the east side of the creek are also parallel to the
creek and the levels decrease as one moves towards the creek at a rate of 0.0003 m/m.

Qn
N
S
West 6 km Esst
\1 :{ A

x \W;

m
I
v

Qout

Figure 5: Dog Run Creek Schematic

a) Figure 6 is a representative sketch of a water balance where the term R;, represents
the recharge from the stream into the aquifer.
Nt A A AP D

Rin
~
GWn ——» L SN a > Ot
: T ;
2 Y ‘l‘
¥ L
West East

Figure 6: Dog Run Water Balance

CE 3354 Engineering Hydrology EXAM 3 Page 8 of 13

b P TS PAGE



+ /  Student Name: + S0 A/ SPRING 2016

Write the water balance for the aquifer in the vicinity of the creek.

: A_‘:f o. ooos
/ /rooo'a-

4 6____. .. i " 4’6
l
(N EL oW - OUTFLOW = ig
P > 4)5 S & qu
+2. 4) = KA Ax.
/E STEADY (Towo £
THEN AS_ o 9’.\,=/(,4 A4
A& AX,,
b) Use Darcy’s Law and the water balance to estimate the hydraulic conductivity of

the aquifer.

K= @/ﬂ = Q?,U,. [ﬂl“ﬁ’")
= 1l 3o (Gven)

—1—‘/ /€=4’\v"‘@&'

4 AA
K.AM /<A"" = KA (% "
AXg
//M/ K (3:»)(6000»4/(0 D007 —0.000 3) < SowEe PR K
/ldm3s e ¢

K= = D./53 m/&g e ( Nomeee +umt 7';/\

(3'4)6600&")/0. oao‘/)
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17. During a drought period the following declines in the water table were recorded in an
unconfined aquifer.

Table 1: Water Table Declines

Area Size (mi2) Decline (ft)
A 14 2.75
B 7 3.56
C 28 5.42
D 33 7.78

The total volume of water removed from storage in this aquifer during the time period
was 5.7385 x 10* acre-feet. Estimate the specific yield of this aquifer.

Area |
Sjﬁt\m A
B
<
D

| NAQUFER

\Qei2x 640ac.x 2ASTE -

. 24 6% 0o actt
mi> )

-
-—

TFent i cH0acy 3. 56t \5A48.8  ac-f+
wm = P)
LBt x c40ac x EH2Tt =

QHi2e 4 ac- Y
= J

EBN{CLX é.“\odc.x q;q,g‘&- = \(oq)?,\g,é, qc_,—-‘Fﬁ

M\,"'

EQuafion +
TForMULA T
ARITHMEIL +
NUMRER .
ARITHMETL T
NUMBER 5 1 +

e

> 3.016527 16 Vome
Sevaar
*17» 5‘—&385-104
S = i S . ‘ - O\
d N 3.01¢s. 105"

Sy % 2%
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18. Three wells monitor an aquifer as shown in Figure 7. The head in each well is listed

in table 2 below. Determine the magnitude and direction of the hydraulic gradient in
this aquifer.

Table 2: Moniotring Well Locations and Head

Well ID X4 Y+~ Head 1%

| 10 90 93.2
#2 20 5 88
#3 90 95 & 90
.ﬂi-‘:z M = O.394 M | LABEL WEWS
WL q3.2-93 QAN .
100 - 23" & v DeAcs BN x|
Dist HSL ¥ 3444+ J ~ 3
90 “ . A ™M —*"C.At‘f..w T
bt hel- ‘ X/J /// Db n
/ 3 _) \ | f\,,
‘;E.ov La / 70 qqh'\L *F‘r e 4cu¢ / 7 Veasore
= 0.3g4. |ISHF &5 \\ / uSL
= YYHeft \ // % ’ M ->L
50 Ly
. KNS FH )T -
40 / / ; E: - \ L CotMnBUTE
sh_ 132790 \ A o
— ———3—————“‘ 4230 \ \ // ‘ WEBRSLURE
AL 3“ 20 // /] A ( . \ Al
- 1/ | Fawulne e
0 bl s i AL
Cé" e &S 0 10 20 30 40 50 60 70 80 90 100 Al SHow D R
e
w” ) Figure 7: Map of well locations for Table 2
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This page is for calculations associated with the three-well problem.

Au. CALcg. Prior PG. \

Pa\\ & 2. ComBinen™ AN
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