


Introduction:
Engineering or applied hydrology – a study concerned with engineering application like design dam, our project given realistic case study (og catchment) in west bank. In our project we want to calculate the peak flow that produced from the excess rainfall at the area that we want to design the Dam.
In this project we want to determine the hydrograph for sub-catchment area 1 and 2 is 84 km² and 64 km² respectively.
Project Analysis:
To estimate the volume, calculate each value for each hour of total rainfall by multiplying the percentage of rainfall by total amount of rainfall (32mm). Calculate the excess rainfall from the total rainfall by subtracting the losses (Φ-index which 2.5mm/hr) from each value for each hour of total rainfall which is not less than 2.5mm/hr.
	time (hr)
	rainfail(%)
	R (mm)
	rainfall%*R = rainfall(mm)
	ⱷ-index
	excess rainfall(mm)

	1
	0
	32
	0
	2.5
	0

	2
	8
	32
	2.56
	2.5
	0.06

	3
	9
	32
	2.88
	2.5
	0.38

	4
	6
	32
	1.92
	2.5
	0

	5
	10
	32
	3.2
	2.5
	0.7

	6
	15
	32
	4.8
	2.5
	2.3

	7
	4
	32
	1.28
	2.5
	0

	8
	0
	32
	0
	2.5
	0

	9
	0
	32
	0
	2.5
	0

	10
	0
	32
	0
	2.5
	0

	11
	0
	32
	0
	2.5
	0

	12
	0
	32
	0
	2.5
	0

	13
	12
	32
	3.84
	2.5
	1.34

	14
	18
	32
	5.76
	2.5
	3.26

	15
	10
	32
	3.2
	2.5
	0.7

	16
	8
	32
	2.56
	2.5
	0.06

	sum
	 
	 
	32
	depth of DRO    =
	8.8


                                                   Data analysis
                                                                     
                                                                   
      


                      


· Estimate the volume of direct runoff and volume of infiltration (in million cubic meters) for 1 and 2 sub-catchments.

                                                         V= d*A

	depth under ⱷ-index

	23.2

	depth of excess rainfall

	8.8


                                                      
	Sub.
	Area(KM² )
	vol. of infil.m³
	vol. of dir. runoff m³
	vol. of infil. Mm³
	vol. of dir.runoff
Mm³

	1
	84
	1948800
	739200
	1.9488
	0.7392

	2
	64
	1484800
	563200
	1.4848
	0.5632





· We calculate the hydrograph then estimate the volume of direct runoff from hydrograph (Compare your results with those of part 1.) Will be discussed in discussion and conclusion part(1).
 We have 1 h.u.H , and the storm divide by 1 hr so, we don’t need convert between D h.u.H.
 for sub-catchment 1 and 2 as follow:
  For 1:
	hydrograph for 1

	time
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	sum

	1
	 
	 
	 
	 
	 
	 
	 
	 
	0

	2
	0
	 
	 
	 
	 
	 
	 
	 
	0

	3
	0.1746
	0
	 
	 
	 
	 
	 
	 
	0.1746

	4
	0.2556
	1.1058
	 
	 
	 
	 
	 
	 
	1.3614

	5
	0.201
	1.6188
	0
	 
	 
	 
	 
	 
	1.8198

	6
	0.1584
	1.273
	2.037
	0
	 
	 
	 
	 
	3.4684

	7
	0.1254
	1.0032
	2.982
	6.693
	 
	 
	 
	 
	10.804

	8
	0.0996
	0.7942
	2.345
	9.798
	 
	 
	 
	 
	13.037

	9
	0.0792
	0.6308
	1.848
	7.705
	 
	 
	 
	 
	10.263

	10
	0.0636
	0.5016
	1.463
	6.072
	 
	 
	 
	 
	8.1002

	11
	0.051
	0.4028
	1.162
	4.807
	 
	 
	 
	 
	6.4228

	12
	0.0408
	0.323
	0.924
	3.818
	 
	 
	 
	 
	5.1058

	13
	0.0324
	0.2584
	0.742
	3.036
	0
	 
	 
	 
	4.0688

	14
	0.0264
	0.2052
	0.595
	2.438
	3.8994
	0
	 
	 
	7.164

	15
	0.021
	0.1672
	0.476
	1.955
	5.7084
	9.4866
	0
	 
	17.814

	16
	0.0168
	0.133
	0.378
	1.564
	4.489
	13.888
	2.037
	0
	22.505

	17
	0.0138
	0.1064
	0.308
	1.242
	3.5376
	10.921
	2.982
	0.1746
	19.285

	18
	0.0114
	0.0874
	0.245
	1.012
	2.8006
	8.6064
	2.345
	0.2556
	15.363

	19
	0.009
	0.0722
	0.196
	0.805
	2.2244
	6.8134
	1.848
	0.201
	12.169

	20
	0.0072
	0.057
	0.161
	0.644
	1.7688
	5.4116
	1.463
	0.1584
	9.671

	21
	0.006
	0.0456
	0.133
	0.529
	1.4204
	4.3032
	1.162
	0.1254
	7.7246

	22
	0.0048
	0.038
	0.105
	0.437
	1.139
	3.4556
	0.924
	0.0996
	6.203

	23
	0.0042
	0.0304
	0.084
	0.345
	0.9112
	2.771
	0.742
	0.0792
	4.967

	24
	0.003
	0.0266
	0.07
	0.276
	0.7236
	2.2168
	0.595
	0.0636
	3.9746

	25
	0.0024
	0.019
	0.056
	0.23
	0.5896
	1.7604
	0.476
	0.051
	3.1844

	26
	0.0024
	0.0152
	0.049
	0.184
	0.469
	1.4344
	0.378
	0.0408
	2.5728

	27
	0.0018
	0.0152
	0.035
	0.161
	0.3752
	1.141
	0.308
	0.0324
	2.0696

	28
	0.0012
	0.0114
	0.028
	0.115
	0.3082
	0.9128
	0.245
	0.0264
	1.648

	29
	0.0012
	0.0076
	0.028
	0.092
	0.2546
	0.7498
	0.196
	0.021
	1.3502

	30
	0.0012
	0.0076
	0.021
	0.092
	0.201
	0.6194
	0.161
	0.0168
	1.12

	31
	0.0006
	0.0076
	0.014
	0.069
	0.1608
	0.489
	0.133
	0.0138
	0.8878

	32
	0.0006
	0.0038
	0.014
	0.046
	0.134
	0.3912
	0.105
	0.0114
	0.706

	33
	0.0006
	0.0038
	0.014
	0.046
	0.1072
	0.326
	0.084
	0.009
	0.5906

	34
	0.0006
	0.0038
	0.007
	0.046
	0.0938
	0.2608
	0.07
	0.0072
	0.4892

	35
	0.0006
	0.0038
	0.007
	0.023
	0.067
	0.2282
	0.056
	0.006
	0.3916

	36
	0.0006
	0.0038
	0.007
	0.023
	0.0536
	0.163
	0.049
	0.0048
	0.3048

	37
	0
	0.0038
	0.007
	0.023
	0.0536
	0.1304
	0.035
	0.0042
	0.257

	38
	 
	0
	0.007
	0.023
	0.0402
	0.1304
	0.028
	0.003
	0.2316

	39
	 
	 
	0.007
	0.023
	0.0268
	0.0978
	0.028
	0.0024
	0.185

	40
	 
	 
	0
	0.023
	0.0268
	0.0652
	0.021
	0.0024
	0.1384

	41
	 
	 
	 
	0
	0.0268
	0.0652
	0.014
	0.0018
	0.1078

	42
	 
	 
	 
	 
	0.0134
	0.0652
	0.014
	0.0012
	0.0938

	43
	 
	 
	 
	 
	0.0134
	0.0326
	0.014
	0.0012
	0.0612

	44
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0012
	0.0542

	45
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0006
	0.0536

	46
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0006
	0.0536

	47
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0006
	0.0536

	48
	 
	 
	 
	 
	0
	0.0326
	0.007
	0.0006
	0.0402

	49
	 
	 
	 
	 
	 
	0
	0.007
	0.0006
	0.0076

	50
	 
	 
	 
	 
	 
	 
	0
	0.0006
	0.0006

	51
	 
	 
	 
	 
	 
	 
	 
	0
	0

	 
	 
	Vol. dir.runoff
	0.749232
	Mm³
	 
	 
	 
	 
	208.12




                                  Hydrograph for sub-cat. 1


For 2:

	hydrograph for 2

	time
	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	sum

	1
	 
	 
	 
	 
	 
	 
	 
	 
	0

	2
	0
	 
	 
	 
	 
	 
	 
	 
	0

	3
	0.1482
	0
	 
	 
	 
	 
	 
	 
	0.1482

	4
	0.1926
	0.9386
	 
	 
	 
	 
	 
	 
	1.1312

	5
	0.1506
	1.2198
	0
	 
	 
	 
	 
	 
	1.3704

	6
	0.1182
	0.9538
	1.729
	0
	 
	 
	 
	 
	2.801

	7
	0.0936
	0.7486
	2.247
	5.681
	 
	 
	 
	 
	8.7702

	8
	0.0738
	0.5928
	1.757
	7.383
	 
	 
	 
	 
	9.8066

	9
	0.0588
	0.4674
	1.379
	5.773
	 
	 
	 
	 
	7.6782

	10
	0.0468
	0.3724
	1.092
	4.531
	 
	 
	 
	 
	6.0422

	11
	0.0372
	0.2964
	0.861
	3.588
	 
	 
	 
	 
	4.7826

	12
	0.0294
	0.2356
	0.686
	2.829
	 
	 
	 
	 
	3.78

	13
	0.0234
	0.1862
	0.546
	2.254
	0
	 
	 
	 
	3.0096

	14
	0.0186
	0.1482
	0.434
	1.794
	3.3098
	0
	 
	 
	5.7046

	15
	0.015
	0.1178
	0.343
	1.426
	4.3014
	8.0522
	0
	 
	14.255

	16
	0.012
	0.095
	0.273
	1.127
	3.3634
	10.465
	1.729
	0
	17.064

	17
	0.0096
	0.076
	0.217
	0.897
	2.6398
	8.1826
	2.247
	0.1482
	14.417

	18
	0.0078
	0.0608
	0.175
	0.713
	2.0904
	6.4222
	1.757
	0.1926
	11.419

	19
	0.006
	0.0494
	0.14
	0.575
	1.6482
	5.0856
	1.379
	0.1506
	9.0338

	20
	0.0048
	0.038
	0.112
	0.46
	1.3132
	4.0098
	1.092
	0.1182
	7.148

	21
	0.0036
	0.0304
	0.091
	0.368
	1.0452
	3.1948
	0.861
	0.0936
	5.6876

	22
	0.003
	0.0228
	0.07
	0.299
	0.8308
	2.5428
	0.686
	0.0738
	4.5282

	23
	0.0024
	0.019
	0.056
	0.23
	0.6566
	2.0212
	0.546
	0.0588
	3.59

	24
	0.0018
	0.0152
	0.042
	0.184
	0.5226
	1.5974
	0.434
	0.0468
	2.8438

	25
	0.0018
	0.0114
	0.035
	0.138
	0.4154
	1.2714
	0.343
	0.0372
	2.2532

	26
	0.0012
	0.0114
	0.028
	0.115
	0.335
	1.0106
	0.273
	0.0294
	1.8036

	27
	0.0012
	0.0076
	0.021
	0.092
	0.268
	0.815
	0.217
	0.0234
	1.4452

	28
	0.0006
	0.0076
	0.021
	0.069
	0.2144
	0.652
	0.175
	0.0186
	1.1582

	29
	0.0006
	0.0038
	0.014
	0.069
	0.1742
	0.5216
	0.14
	0.015
	0.9382

	30
	0.0006
	0.0038
	0.014
	0.046
	0.134
	0.4238
	0.112
	0.012
	0.7462

	31
	0.0006
	0.0038
	0.007
	0.046
	0.1072
	0.326
	0.091
	0.0096
	0.5912

	32
	0.0006
	0.0038
	0.007
	0.023
	0.0804
	0.2608
	0.07
	0.0078
	0.4534

	33
	0
	0.0038
	0.007
	0.023
	0.067
	0.1956
	0.056
	0.006
	0.3584

	34
	 
	0
	0.007
	0.023
	0.0536
	0.163
	0.042
	0.0048
	0.2934

	35
	 
	 
	0.007
	0.023
	0.0402
	0.1304
	0.035
	0.0036
	0.2392

	36
	 
	 
	0
	0.023
	0.0402
	0.0978
	0.028
	0.003
	0.192

	37
	 
	 
	 
	0
	0.0268
	0.0978
	0.021
	0.0024
	0.148

	38
	 
	 
	 
	 
	0.0268
	0.0652
	0.021
	0.0018
	0.1148

	39
	 
	 
	 
	 
	0.0134
	0.0652
	0.014
	0.0018
	0.0944

	40
	 
	 
	 
	 
	0.0134
	0.0326
	0.014
	0.0012
	0.0612

	41
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0012
	0.0542

	42
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0006
	0.0536

	43
	 
	 
	 
	 
	0.0134
	0.0326
	0.007
	0.0006
	0.0536

	44
	 
	 
	 
	 
	0
	0.0326
	0.007
	0.0006
	0.0402

	45
	 
	 
	 
	 
	 
	0
	0.007
	0.0006
	0.0076

	46
	 
	 
	 
	 
	 
	 
	0
	0.0006
	0.0006

	47
	 
	 
	 
	 
	 
	 
	 
	0
	0

	 
	 
	Vol. dir.runoff
	0.562003
	Mm³
	 
	 
	 
	 
	156.11




  
                                                Hydrograph for sub-cat. 2

· We use the SCS method to derive a 1hr-UH using the SCS method (Compare your results       with the given UHs.) Will be discussed in discussion and conclusion(2).  By using SCS Dimensionless method unit hydrograph, this method is analyzed and illustrated in the next tables.

For 1:

	Assume tc=4 hr
	 
	1 h.u.h
	 
	T/Tp
	Q/Qp
	T  (hr)
	Q  (m³/s)

	tr=1 hr
	 
	 
	 
	0
	0
	0
	0.00

	Tp=
	2.9
	hr
	 
	0.5
	0.43
	1.45
	25.91

	Tb=
	7.743
	hr
	 
	1
	1
	2.9
	60.25

	Qp=
	60.24828
	m³/s
	 
	1.5
	0.66
	4.35
	39.76

	 
	 
	 
	 
	2
	0.32
	5.8
	19.28

	 
	 
	 
	 
	2.5
	0.155
	7.25
	9.34

	 
	 
	 
	 
	3
	0.075
	8.7
	4.52

	 
	 
	 
	 
	3.5
	0.036
	10.15
	2.17

	 
	 
	 
	 
	4
	0.018
	11.6
	1.08

	 
	 
	 
	 
	4.5
	0.009
	13.05
	0.54

	 
	 
	 
	 
	5
	0.004
	14.5
	0.24





                                                     1hr-UH using the SCS method for 1 

For 2:


	Assume tc=4 hr
	
	1 h.u.h
	
	T/Tp
	Q/Qp
	T  (hr)
	Q  (m³/s)

	tr=1 hr
	
	
	
	0
	0
	0
	0.00

	Tp=
	2.9
	hr
	
	0.5
	0.43
	1.45
	19.74

	Tb=
	7.743
	hr
	
	1
	1
	2.9
	45.90

	Qp=
	45.90345
	m³/s
	
	1.5
	0.66
	4.35
	30.30

	
	
	
	
	2
	0.32
	5.8
	14.69

	
	
	
	
	2.5
	0.155
	7.25
	7.12

	
	
	
	
	3
	0.075
	8.7
	3.44

	
	
	
	
	3.5
	0.036
	10.15
	1.65

	
	
	
	
	4
	0.018
	11.6
	0.83

	
	
	
	
	4.5
	0.009
	13.05
	0.41

	
	
	
	
	5
	0.004
	14.5
	0.18





                                                  1hr-UH using the SCS method for 2

· we calculate the hydrograph after 3km because we want to design the dam as follow, first we calculate the constant for the equation 

	k=
	2

	x =
	0.2

	t
	1

	Kx=
	0.4

	k-kx+.5t
	2.1

	 
	 

	C0
	0.05

	C1
	0.43

	C2
	0.52

	 
	1



	sub
	1
	2
	 
	 
	 
	 
	 

	t(hr)
	Q1(m3/s)
	Q2(m3/s)
	∑(Q1+Q2)
	CoI2
	C1I1
	C2O1
	O2

	0
	0
	0
	0
	0
	 
	 
	0

	1
	0
	0
	0
	0
	0
	0
	0

	2
	0.1746
	0.1482
	0.3228
	0.01614
	0
	0
	0.01614

	3
	1.3614
	1.1312
	2.4926
	0.12463
	0.138804
	0.008393
	0.271827

	4
	1.8198
	1.3704
	3.1902
	0.15951
	1.071818
	0.14135
	1.372678

	5
	3.4684
	2.801
	6.2694
	0.31347
	1.371786
	0.713793
	2.399049

	6
	10.8036
	8.7702
	19.5738
	0.97869
	2.695842
	1.247505
	4.922037

	7
	13.0368
	9.8066
	22.8434
	1.14217
	8.416734
	2.559459
	12.11836

	8
	10.263
	7.6782
	17.9412
	0.89706
	9.822662
	6.301549
	17.02127

	9
	8.1002
	6.0422
	14.1424
	0.70712
	7.714716
	8.851061
	17.2729

	10
	6.4228
	4.7826
	11.2054
	0.56027
	6.081232
	8.981906
	15.62341

	11
	5.1058
	3.78
	8.8858
	0.44429
	4.818322
	8.124172
	13.38678

	12
	4.0688
	3.0096
	7.0784
	0.35392
	3.820894
	6.961128
	11.13594

	13
	7.164
	5.7046
	12.8686
	0.64343
	3.043712
	5.79069
	9.477832

	14
	17.8142
	14.2554
	32.0696
	1.60348
	5.533498
	4.928473
	12.06545

	15
	22.5054
	17.064
	39.5694
	1.97847
	13.78993
	6.274034
	22.04243

	16
	19.2854
	14.4172
	33.7026
	1.68513
	17.01484
	11.46206
	30.16204

	17
	15.3634
	11.4188
	26.7822
	1.33911
	14.49212
	15.68426
	31.51549

	18
	12.169
	9.0338
	21.2028
	1.06014
	11.51635
	16.38805
	28.96454

	19
	9.671
	7.148
	16.819
	0.84095
	9.117204
	15.06156
	25.01971

	20
	7.7246
	5.6876
	13.4122
	0.67061
	7.23217
	13.01025
	20.91303

	21
	6.203
	4.5282
	10.7312
	0.53656
	5.767246
	10.87478
	17.17858

	22
	4.967
	3.59
	8.557
	0.42785
	4.614416
	8.932863
	13.97513

	23
	3.9746
	2.8438
	6.8184
	0.34092
	3.67951
	7.267067
	11.2875

	24
	3.1844
	2.2532
	5.4376
	0.27188
	2.931912
	5.869498
	9.07329

	25
	2.5728
	1.8036
	4.3764
	0.21882
	2.338168
	4.718111
	7.275099

	26
	2.0696
	1.4452
	3.5148
	0.17574
	1.881852
	3.783051
	5.840643

	27
	1.648
	1.1582
	2.8062
	0.14031
	1.511364
	3.037135
	4.688809

	28
	1.3502
	0.9382
	2.2884
	0.11442
	1.206666
	2.43818
	3.759266

	29
	1.12
	0.7462
	1.8662
	0.09331
	0.984012
	1.954819
	3.032141

	30
	0.8878
	0.5912
	1.479
	0.07395
	0.802466
	1.576713
	2.453129

	31
	0.706
	0.4534
	1.1594
	0.05797
	0.63597
	1.275627
	1.969567

	32
	0.5906
	0.3584
	0.949
	0.04745
	0.498542
	1.024175
	1.570167

	33
	0.4892
	0.2934
	0.7826
	0.03913
	0.40807
	0.816487
	1.263687

	34
	0.3916
	0.2392
	0.6308
	0.03154
	0.336518
	0.657117
	1.025175

	35
	0.3048
	0.192
	0.4968
	0.02484
	0.271244
	0.533091
	0.829175

	36
	0.257
	0.148
	0.405
	0.02025
	0.213624
	0.431171
	0.665045

	37
	0.2316
	0.1148
	0.3464
	0.01732
	0.17415
	0.345823
	0.537293

	38
	0.185
	0.0944
	0.2794
	0.01397
	0.148952
	0.279393
	0.442315

	39
	0.1384
	0.0612
	0.1996
	0.00998
	0.120142
	0.230004
	0.360126

	40
	0.1078
	0.0542
	0.162
	0.0081
	0.085828
	0.187265
	0.281193

	41
	0.0938
	0.0536
	0.1474
	0.00737
	0.06966
	0.146221
	0.223251

	42
	0.0612
	0.0536
	0.1148
	0.00574
	0.063382
	0.11609
	0.185212

	43
	0.0542
	0.0402
	0.0944
	0.00472
	0.049364
	0.09631
	0.150394

	44
	0.0536
	0.0076
	0.0612
	0.00306
	0.040592
	0.078205
	0.121857

	45
	0.0536
	0.0006
	0.0542
	0.00271
	0.026316
	0.063366
	0.092392

	46
	0.0536
	0
	0.0536
	0.00268
	0.023306
	0.048044
	0.07403

	47
	0.0402
	0
	0.0402
	0.00201
	0.023048
	0.038495
	0.063553

	48
	0.0076
	0
	0.0076
	0.00038
	0.017286
	0.033048
	0.050714

	49
	0.0006
	0
	0.0006
	0.00003
	0.003268
	0.026371
	0.029669

	50
	0
	0
	0
	0
	0.000258
	0.015428
	0.015686

	 
	 
	 
	 
	 
	 
	total=
	364.215





                                           Hydrograph after 3 Km that produce from storm

Discussion and Conclusion:
(1) From part 1, the volume of direct runoff and volume of infiltration (in million cubic meters) for 1 and 2 sub-catchments.

	Sub.
	vol. of dir.runoff
Mm³

	1
	0.7392

	2
	0.5632



From part 3, the volume of direct runoff from hydrograph (in million cubic meters) for 1 and 2 sub-catchments.
	Sub.
	vol. of dir.runoff
Mm³

	1
	0.749232

	2
	0.562003



By comparing between it, approximate equal but there very small error , this inequality is because the depth of the given 1-mm UH for each catchment doesn't equal 1-mm.
(2) Compare between derive a 1hr-UH using the SCS method and results with the given UHs.

From 1hr-UH using the SCS method:
Catchment 1:
	Tp=
	2.9
	hr

	Tb=
	7.743
	hr

	Qp=
	60.24828
	m³/s



From given 1hr-UH


As we shown 1hr-UH



The peak of the given 1-hr UH and the peak of the estimated 1-hr UH by SCS method are the same for each catchment. But the time base different from those in the given 1-hr UH.

The time base of 1 catchment for the given 1-hr UH is 35 hrs, but for the estimated 1-hr UH by SCS method is 14.5 hrs. 



Catchment 2:



The peak of the given 1-hr UH and the peak of the estimated 1-hr UH by SCS method are the same for each catchment. But the time base different from those in the given 1-hr UH.
The time base of 2 catchment for the given 1-hr UH is 31 hrs, but for the estimated 1-hr UH by SCS method is 14.5 hrs. 
Also, note that the two time base for the estimated 1-hr UHs by SCS method for the two catchments are the same and equal 10 hrs. 
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