Problem 1 :

P =105 mm, Area= A =150 ha = 1500000 mz,
Runoff duration =10h at a rate q =2 m’/s

Vo =t*q=(103600) * 2 = 72000 m’;

Vipree =P * A =(0.105) * (1500000) = 157500 m’,

1) Losses :
= V- Vpree = 157500 — 72000 = 85500 m’
2) Ratio of runoff to total precipitation :
R = Vpree /Viisset = 72000/ 157500 = 0.457 = 45.7%

Problem 2 :

CN=77

_ _ _ S
a)VQ =p—s(1.2 p+0'85)

t.= 0.00526L°%((1000/CN)-9)°’5%*
=0.00526(7500ft) *®((1000/77)-9)°7(0.0012)**)

=503.38 min

b)

S =(1000/CN)-10



= (1000/77)-10
=2.987in

2.987

VQ=5-2987(12 —————
Q ( p+ 0.8(2.987))

=2.62 inch
Soil group CN Tc S VQ(inch)
A 77 503 2.98 2.62
B 86 376 1.63 3.47
C 91 309 0.99 3.98
D 94 270 0.64 4.31
Conclusion:

The larger CN number of Soil group, the shorter the time of concentration and the larger the runoff volume.

Problem 3 :

1) Water balance equations:dS /dt=1-0
a. Si:dSi/dt=P-F;
b. Ss:dSs/dt=F,—Qy—1
c. Sg,shall: dSgghan / dt = I - Qg — Percgpan
d. Sg, deep dSg geep / dt = Percghan -Percgeep



2) In order to implement the solution in Excel, we create one column for aech variable and we do the calculations at t=0, 10 min,
20 min, etc. The following equations apply at each time step and were implemented using the IF function in Excel:
1) Si (t+AD)=Si(t)+ At (P - Fy,
2) Sy(t+At) =Ss(t)+ At (F,— Q1)
3) Sgashall(t+At): Sgashall(t)"'At *(I = Qs — Percgpan)
4) Sg’ deep(t"'At): Sg, deep(t)"' At*(Percshan 'Percdeep)
5) F=0 if Si<5 and Ft=P if Si>=5
6) Qsb=0.2*Ss if Ss<12 and Ft-0.1Ft if Ss>=12
7) PCI‘CShaH:O.Ol*Sg,ShaH
8) Percgeep=0.01*%Sy, deep

14.00

12.00
10.00 / Si (mm)
/

8.00 / Ss (mm)
6.00 / / Sg, shallow (mm)
/

4.00 /l / / Sg, deep (mm)
2.00 / l Perc deep (mm/h)
0.00 - = i ; : ; T p=—

2.00 (L 200 400 600 800 1000 1200 1400 1600

Figure 1: time series of storages in the system
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Figure 2: time series of fluxes in the system

) P . : Ft [

Time ) Asi Si (mm/h Ss ASs ) Qsr Sg, shallow Asg, Perc shallow Qsb

(min) h) (mm) (mm) ) (mm)  (mm) h) (mm/h) (mm) shallow (mm/h) (mm/h)
0 5 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 5 0.83 0.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 5 0.83 1.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
30 5 0.83 2.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
40 5 0.83 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
50 5 0.83 4.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
60 5 0.83 5.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
70 5 0.83 5.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
80 5 0.83 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
90 5 0.83 7.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
100 5 0.83 8.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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