CE 331

Engineering Hydrology
HW Number 1:
Problem 1:

The chart from a gauge shown represents the record between 6 AM Sunday and Noon Monday. Find the average rainfall intensity during this period. Also find the total precipitation between noon & 9 AM.
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Solution:

Total rainfall  from 6 AM to 12 Noon = 0.35”

Intensity = 0.35/30 hrs =0.01 in / hr

Total ppt between noon & 9 am = 0.35-0.20 = 0.15 inches

Problem 2:
Consider a reservoir with one inlet stream, one outlet at a dam and a surface area of .5 km2. The reservoir level after weeks of drought is falling at a rate of 3 mm/day. The average evaporation rate from the reservoir surface is 10.2 mm/day, the inlet discharge is 100,000 m3/day, and the outlet discharge is 16,000 m3/day. Assuming the only variables in the budget equation are: I,G,O,E (inflow, Groundwater, outflow, evaporation and rate change of storage dV/dt where I + G – O –E = dV/dt. Find the total net rate of groundwater discharge into the reservoir

Solution

I + G – O – E = ∆S/∆t

I = 100,000 m3/d  O = 16,000 m3/d  

E = 0.012 m/d = (0.012)(0.5x1000,000 m2/km2) =6000 m3/d  
∆S = (0.003 m) ((1000,000 x 0.5 ) = 1500 m3/d  
 Then:  G = -76,500 m3/d  
Problem 3:
The   following table gives the measured rainfall and surface runoff from 65 acre watershed. The values given are average over the time interval. Compute the accumulated storage in ft3 of water within the watershed.

Area of watershed = (65 Acre)(43560 ft2/Acre) = 2831400 ft2
	Time (Min)
	Rainfall (in) = ft
	Runoff (ft3 / sec) = ft3/min

	0
	0
	0

	10
	0.07 = 0.006 ft
	2.1 = 126

	20
	0.15 = 0.013 ft
	9.5 = 570

	30
	0.21 = 0.017 ft
	18.9 = 1,134

	40
	0.16 = 0.013 ft
	37.3 = 2,238

	50
	0.09 = 0.008 ft
	48.8 = 2,928

	60
	0.05 = 0.004 ft
	52.6 = 3,156


	Rainfall Volume (ft3+)


	Runoff (ft3)
	Accumulation (ft3)

	0


	0
	

	0.006 ft x 2,831,400 =16,988.4 ft3


	1,260
	15,728

	 0.013 ft x 2,831,400  =36,808.2 ft3


	5,700
	31,108

	0.017 ft x 2,831,400  =48,133.8 ft3


	11,340
	36,793

	0.013 ft x 2,831,400

=36,808.2 ft3
	22,380
	14,428

	0.008 ft x 2,831,400

=22,651.2
	29,280
	-6,629

	0.004 ft x 2,831,400

=11,325.6
	31,560
	-20,2344..

                 = 71,193.6 ft3


HW Number 2:

Problem 1:
The data below shows the location of rain gages relative to the location of the gage with missing data. Find the value of the rainfall at the missing gage using four quadrant method.

	Quadrant
	Gage
	N-S
	E-W
	P (inches)

	I
	A
	4
	6
	3.7

	II
	B
	-8
	11
	1.6

	III
	C
	-22
	-4
	0.9

	IV
	D
	19
	-21
	0.9

	
	X                       
	0
	0
	?



[image: image1]
Station  PPT
      Δx       Δy         D2           W = 1/D2        PxW
     A             3.7                         6           4               52                   0.019                  0.071
     B           1.6                          11         -8              185                 0.005                 0.008
     C           0.9                          -4         -22             500                 0.002                 0.002

     D           0.9                         -21         19             802                 0.001                  0.001

     X             ?                           0             0               0

                                                                                                      ____________________
                                                                                                  Σ  0.027              0.082     X = 3.037”
Problem 2:
For the catchment area shown, find the average precipitation using Isohyetal method.

Areas:  I=2 km2, II=10.5Km2, III=20Km2 and IV=5Km2



Problem 3:
Use Meyer formula and Dunn formula to find the lake evaporation for a lake with mean value of air temperature is 90 F, and for water temperature is 50 F, average wind speed is 15 mph and relative humidity is 30%.

Problem 4:

  Find the average precipitation on the middle of subarea 3    


[image: image2]
Note:

Each subarea is  2x4 KM

Gage 1 is  0.5 inches 

Gage 2 is  0.8 inches 

Gage 4 is  0.9 inches 

Solution:

P3 = [d-22,3P2] / [d-22,3 + d-21,3 + d-24,3] +

       [d-21,3P1] / [d-22,3 + d-21,3 + d-24,3] +

       [d-24,3P4] / [d-22,3 + d-21,3 + d-24,3] 

     =(4-2 x 0.8) / [4-2 + 8-2 + 4-2] + (8-2 x 0.5) /

       [4-2 + 8-2 + 4-2] + (4-2 x 0.9) / [4-2 + 8-2 + 4-2]

      = 0.807”
Problem 5:

Compute the daily PAN EVAPORATION and LAKE EVAPORATION  from a class A pan if the amount of water required to bring the level to the fixed point are as follows:

DAY



            1
2
3
4
5
6
7


RAINFALL (inches):                   
0.65
0.15
0
0.06
0.02
0.5

WATER ADDED (inches):                       0.29
0.55
0.07
0.28
0.1
0.1
0.2

PAN EVAPORATION:
                            0.94     0.70      0.07      0.34      0.12      0.6       0.2

LAKE EVAPORATION:
                            0.658   0.49      0.049     0.238    0.084     0.42     0.14
HW Number 3:

Problem No. 1:


The infiltration rate for excess rain at the beginning of the storm is 4.5 in/hr and it decreased exponentially to an equilibrium of 0.5 in/hr. A total of 30 inches of rain water infiltrated during the 10-hr interval. Determine the value of k in Horton equation.
Solution:

f = f∞ + (f0 -  f∞) e-Kt
f∞ = 0.5 in/ hr  and   ∫0 to 10 f (t) dt = 30 in

f = 4.5 in / hr then    ∫0 to 10 [ f∞ + (f0 -  f∞) e-Kt ] dt = 30  

then: 10 f∞ + (f0 -  f∞)/k [1-e-10K]  =  30  

Then: (10)(0.5) + (4.5-0.5) / k (1-e-10K) = 30

then K = 0.1027 hr-1
Check:                                                  ?
(10)(0.5) +[(4.5-0.5)/(0.1027)][1-e-1.027] =30

5 + 38.948[1-0.358) 5 = 5+38.948[0.642] = 30.002  OK
Problem No. 2:


The standard Horton capacity curve can be given by the equation:

f = 1.2 + (9 – 1.2) e -0.076 t
where f is measured in (in/hr) and t in min. 

a) Plot the standard infiltration capacity curve.

b) Mass accumulation capacity curve if the rainfall intensity is:

Time (min)

Rain Intensity (in/hr)

0   - 20


1.5

20 - 40


1.5

40 - 60    


6.0

60 - 80       

1.5

70 - 100       

2.5

c) Determine the rain excess in inches.

Solution:
a) f = 1.2 + (9 – 1.2) e -0.076 t              then: F = 1.2t +[(9-1.2) / (0.076)](1-e-0.076t)
                                                                    F = (1.2) t + (7.8/0.076) (1- e -0.076 t)
                                                                    F   = (1.2) t  + 102.63 (1- e -0.076 t)

Time (min)
f (in/hr)

Δt (min)

Ave f (in/hr)
ΔF (in) (1)
F
      (1)                     (2)                          (3)                         (4)                       (5)                   (6)
0 9
                                                                                                                 
     

                                                             20                            5.95

    1.98

1.98

20                      2.91      

                                                             20                             2.6                        0.87                     2.85

        40                      1.57                                                        

                                                             20                             1.43                      0.48                     3.33

60                      1.28
                                                                     20                             1.26                      0.42                     3.75

80                      1.22                                                  

(1) Col 3 x Col 4 (1/60)   

[image: image3]
Total rain during 40 minutes = (1.5 in/hr ) (40min/60 m/hr) = 1 in
Plotting F vs. f from the above table (i.e. Plot f = 9 @ F=0, f = 1.57 @ F=2.85)
When total rain = 1.0”  (F=1.0”) gives f = 5.84, the modified equation become

F = 1.2 + (5.84 – 1.2) e – 0.076 t’
Where t’ is the time counted 40 minutes after the start of original rain

                                                              Modified Horton

                                                                                                      F = 1.2 + (5.35 – 1.2) e – 0.076 t’
                                                                                                           Excess rain
                                                        5.84
HW Number 4:

Problem No. 1:

Water is discharged through a rectangular weir of width (L) of 5 meters and a V notch weir of angle (θ) of 30o as shown. If the bottom of the rectangular weir is 2 meters above the V notch weir. Find the total discharge through both weirs at the following stages above the low elevation weir:

a) H= 0.5 m  b) H= 1.0 m  c) H= 2..0 m and c) H= 2.5 m d) H= 3.0
Assume the coefficient of discharge for both weirs ( Cd ) is 0.3

[image: image4]
Problem No. 2:

Tabulated below are total rainfall intensities during each hour of a storm over a drainage basin.

a) Plot rainfall hyetograph (intensity vs. Time)

b) Determine total storm precipitation in inches.

c) If the net storm rain is 2.00 in, determine the Φ-Index in in/hr for the drainage basin.

d) Determine the area of the basin in acres if the net rain is 2 inches and the measured volume of runoff is 2015 cfs-hr

e) Determine the volume of direct runoff in ft3 that would result from the following storm:

Hour:

             1       
2
3
4

Intensity  in/hr):
           0.4
0.05
0.30
0.2

HW Number 5:

Problem No. 1:


The following is a data from a single storm of 6 hr effective duration. The drainage area is 1.04 km2.

a) Separate the direct runoff using Arc-Length technique.

b) Find the volume of direct runoff.

c) Derive the unit hydrograph

Hour: 


0:00     6          8            10         12         14         16       18         20

Discharge (m3/s)        20.0     15.0     150.0      240.0    270.0    235.0     190     150.0   130.0




22         24       30      36      44      50



          110.0      90.0     50.0  30.0   20.0  10.0
Problem No. 2:

Use storm data above to construct 12 hr duration hydrograph.  
HW Number 6:
Problem No. 1:


The average volume of a confined aquifer per mile2 is 2.5 x 107. If the storage coefficient of the aquifer at location where thickness is 30 meters is 0.002, what is the volume of water recovered from the aquifer per mi2 if the pressure drops down by 20 meter?

Problem No. 2:
The average velocity of flow in an aquifer was found to be 0.75 m/d. The slope of the piezometric surface at that point was 0.002. Determine the hydraulic conductivity of the aquifer if the porosity is =0.2

Solution:                                                                  

q = - K  Δh / L  and  V = q / θ  Then: 
V = - K (Δh / L) /  θ  Then:  K = V θ (L / Δh) = (0.75) (0.2) (500) = 75 m/d
Problem No. 3:

A homogeneous sand-filled tube with diameter of 2 cm is the configuration as semi circle of 
1.0 meter in diameter. The hydraulic conductivity of the sand is 0.00026 cm/s and porosity is 
0.2.  If the pressure head (PA/γ) at point A is 24 cm and the pressure head (PB/γ) at point C is 
4 cm. Determine:

1) The discharge through the tube,

2) The pressure at point B, and,

3) The time water particle takes to travel from point A to point B. φ = 0.2


[image: image5]
                                                                       B

Solution:


1) Q = -K A Δh/L


    Q = - (0.00026) (π x 12) [(-20) / (1/2 x 2 π x 0.5 x 100 cm/m] = 1.04 x 10-4 cm3/s


2) Pressure @ point B = ½ ΔP = 10 cm


3) time = [Distance  from A to B / Darcy velocity q] (1/Porosity)

Problem No. 4:

Water enters the confined aquifer at A and leaves at C in the form of a spring. 

a) Determine the piezometric head at an observation well located at B.

b) What well the piezometric head at C be if the well at B is artesian.

[image: image6]
Solution:

a) Let h at B be hB . From Darcy’s law:  Q = - K1 A (hB – hA)/BA = - K2 A (hC – hB)/BC

Then:  0.1 (hB – 40) / 56.57 = 0.2 (20-hB)/22.36   or: hB = 23.3 m

Q = - (0.1  m/d) (10 m2) ( 23.3 -40) /56.57 = 0.295 m3/d

Check: Q = - (0.2) (10) (20 – 23.3)/22.36 = 0.295 OK

b) If the well at B is artesian then hB = BD

Calculation of BD: 

β = tan-1 (20/10) = 63.43O    Then α = 90 – 63.43o = 26.56O
Then BD cos (26.56O) = 22.36    Then BD = 25 m

Q = -K1 A1(BD – hC) / BC = (0.1 m/d) (10 m2) (25 – hC) / 22.36

0.295 = 1.12 – hC / 22.36   Then: hC = 18.45 m

HW Number 7:

Problem 1:

Two wells are being pumped near a stream and near impermeable boundary as shown. The constant rates of pumping is 0.01 m3 / second at well A  and 0.04 m3 / second  at well B. Given T = 0.0015 m2 / second, the storage coefficient is 0.00087 and the radius of influence, R = 500 m for both wells. An observation well is located at point (20m,10m). Find the drawdown at the observation well after:

a) 15 minutes

b) One hour 

c) Long time of pumping

 SHAPE  \* MERGEFORMAT 



Solution:

U = r2S / 4 t T = [(20+30)2 + (20+10)2] (0.00087) / [(4) (0.0015) (15x60) = 0.548> 0.01 then use the exact method of solution
a) t = 15 minutes (900 sec)

s = Q / 4π T [ W(u)]
sTotal = s RA + s RB + s 1A + s 1B - s R2A - s R2B – s R3A – sR3B
         = (Q/4πT) [ W(URA) + W(URA) - W(U1A) - W(U1B) - W(U2A) - W(U2A) - W(U3A) - W(U3B)
For instance: U3B = r2 S/4tT = [(30 -10)2 + (5 + 20)2] / [(4) (0.0015) (900) 
                                      =0.101
     Then:               W(U3B) = 1.81

                               S3B = (0.01 /[(4 π)(0.00087) (1.81) = 0.505 m
HW Number 8:

Problem 1:

A well is pumped at a rate of 500 gallons per minute . For the data listed, find S and T. Use Theis method and choose 2 cycle paper u from 0.01 to 1.0.

     r2 / t                                     Average drawdown (ft)
1250 3.24

5000 2.18

11,250



      1.93
      20,000



      1.28
      45,000


                  0.80

      80,000


                  0.56

      125,000                                            0.38

      180,000

 
                  0.22

      245,000


                  0.15

      320,000



       0.10
Problem 2:

Tabulated below are data of 2 hr aquifer test at 350 gallons per minute. The drawdowns are measured in number of observation wells. Determine T and S

Well 

1
2
3
4
5
6
7
8

Distance,ft
29
35
44
60
85
100
125
163

Drawdown, ft14.9
13.8
12.7
11.7
10.1
9.6
8.6
7.0
Problem 3:

A well discharging a confined aquifer with Q = 40.2 ft3/minute. The aquifer transmissibility is 2270 ft2/day and its storage coefficient is 4x10-4. Find the drawdown after a) 1 minute and b) 1 day at distances: 1, 5, 10,20,100 and 200 ft from the well.

Problem No. 5:
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Problem No. 3:

The circular laboratory watershed is 5 meters in diameter. The watershed is subjected to controlled rainfall resulting in isohyets having the circular shapes as shown. Determine the average rain over the watershed.

Watershed radius = 5 m                                              Isohyete Radius = 8 m of 6” rain

                           
[image: image9]
                          Isohyete Radius = 4 m of 2” rain

                                                                                            Point Isohyets = 0.4” rain

	SEGMENT
	AREA
	ISOHYETE
	(1) x (2)

	1
	Ππ42=50.265
	(2+0.4)/2 = 1.2
	60.318

	2
	πΠ52 -50.265= 28.275
	(1/8) (6-2)+2=2.5
	70.688


Ave = 131.006/78.54 = 1.668”
Problem No. 4:

Given the simplified Horton curve that can be approximated as f = 2 – 0.32 t

a) Correct the Horton Curve by shifting it.

b) Find the total runoff.

[image: image10]
f = 2 -0.32 t    

F = 2t – 0.16 t2 = 1

Then: 

t2 - 12.5 +6.25 = 0           t = 0.522   this is the time it takes to infiltrates  1 cm of rain

f @ t 0.522 = 2 – 0.32 (0.522) = 1.833 hr

The new equation (modified) :  f = 1.833 -0.32 t
                                                                                 2.22                           [(2.2-1.833) + (2.2-1.513)/2] (1hr)
                                                      1.833                                                                      

                                                                                                            1.513
Problem No. 5:

The hydrograph shown below represents two hours rain on a (0.031 mi2) watershed.

a) Use the arc method to separate the direct runoff from base flow.

b) Find the peak flow of the 2-hr unit hydrograph.

c) Find the peak flow of a 2-hr hydrograph representing 5 inches of rain.

4.4 inch/hr
0[image: image11.png]



                        0                           1                            2                           3                           4        time (days)                                          

	T (Day)
	Q
	Base Flow
	Ordinate

(3)
	UH

(3)/96

	 0
	1.2
	1.2
	0
	

	0.5
	1.8
	1.0
	0.8
	0.008

	1.0
	2.4
	0.8
	1.6
	0.017

	1.5
	3.0
	0.6
	2.4
	0.025

	2.0
	3.6
	0.4
	3.2
	0.033

	 2.5
	1.6
	1.6
	0
	


 N=A02  = 0.5 day

Area = volume of direct R.O.= (2dx24hr/d) {[(1.2+3.6)-(1.2+0.4)]/2] }+(0.5x24) {[(3.6+1.6) - (0.4+1.6)]/2}

         = 76.8 + 19.2 = 96 in
 0.9”                                                          1.1”                                  0.85”
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Segment		Area		ppt		AXP





  I                                   2                      1.05                2.1


  II                                 10.5                 1.05               11.025


  III                                 2                     0.925             18.5


   IV                                5                     0.795              3.973





                                Σ    37.5                                    Σ  35.598





Ave PPT = 0.949”
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									  40 m


                             C            D                     		     hB (for part B) 


			        A1=A2


			        = 10m2


			


  20 m       K1 =0.2 m/d	  α		K2 = 0.1 m/d


                                        β        B


                          L1=10 m                                             L2=40 m








