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Discussion

Introduction

Islamic Community Center of Redlands Project comprises an area of approximately 5.3 acres in the
City of Redlands in San Bernardino County. The site lies on the Northwest corer of Nevada St and
Beaumont Ave.

Purpose

The purpose of this Drainage Report is to determine storm water runoff for the site and the associated
tributary areas and show that the retention basin is adequately sized to convey the runoff in a safe
manner through the site. The retention basin will be designed according to the San Bernardino County
Hydrology Manual.

Criteria

The criteria utilized for hydrologic analysis is the San Bernardino County Hydrology Manual. Civil Cad
and Civild computer software were utilized to perform computations. In accordance with San
Bernardino County policy, the detention basins analysis utilizes the antecedent moisture content (AMC)
of 2. Classification of the soil: type B.

Rainfall Intensities

Rainfall intensities were obtained from the NOAA Atlas 14 Point Precipitation Frequency Estimates,
and are attached in the reference section of this report.

Findings
The total of the storm water runoff will be conveyed into a proposed retention basin in the Northwest
corner of the lot.



Results

From the rational method, the following results were obtained for the 100 year storm event, 1 hour
duration, AMC IL

Predeveloped Condition

The runoff at node 30 is 11.3 cfs.

Developed Condition

The runoff at node 20-70 is 15.8 cfs,
Te = 8.10 minutes= 0.135 hrs

Lag time=0.108 hrs.

SCS curve number=57.8

Pervious area (Ap) = 0.372

Unit Hydrograph, 100 year storm event, 24 hours duration

Unit Hydrographs 100 year storm
Duration Volume (acre ft)
24 hour 1:50

The total volume required is 65,340 ft*, with a foot of freeboard

The volume retained by retention basin is 73,769 cf



Reference Material
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Rational Method

100 year storm AMC II Developed Condition



San Bernardino County Rational Hydreclogy Program
(Hydrology Manual Date - August 1986)

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2005 Version 7.1
Rational Hvdrology Study Date: 11/14/16
Nevada St and Beaumont Islamic Center
Develcoped Condition
AMC IT
100 Year Storm Event

R e Hydrology Study Contrcl Information ***x*wikek

Rational hydrology study storm event year is 100.0
Computed rainfall intensity:

Storm year 100.00 1 hour rainfall =
Slope used for rainfall intensity curve b = 0.6000
Soil antecedent moisture condition (AMC) = 2
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Process from Point/Station 10.000 to Point/Station 20.000
*xx% TNITIAL AREA EVALUATION ****

COMMERCIAL subarea type

Decimal fraction socil group A 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C 0.000
Decimal fraction scil group D = 0.000

I

SCS curve number for soil (AMC 2) = 56.00

Pervious ratio(Ap) = 0.1000 Max loss rate(Fm)= 0.073(In/Hr)
Initial subarea data:

Initial area flow distance = 522.000(Ft.)

Top (of initial area) elevation = 59,390 (B )

Bottom (of initial area) elevation = 48.800(Ft.)

Difference in elevation = 10.590(Ft.)

Slope = 0.02029 s(%)= 203

TC = k(0.304)*[{length”3)/(elevation change)]"0.2

Initial area time of concentration = 8.100 min.

Rainfall intensity = 3691 (Iny/Hr) feor a 100.0 year storm

Effective runoff coefficient used for area (Q=KCIA) is C = 0.882
Subarea runoff = 8.204 (CFS)

Total initial stream area = 2.520(Ac.)
Pervious area fraction = 0.100
Initial area Fm value = 0.073(In/Hr)

T A S L e L S S



Process from Point/Station 20.000 to Point/Station 20.000
**%x%x CONFLUENCE OF MINOR STREARS ***%*

Along Main Stream number: 1 in nermal stream number 1

Stream flow area = 2.520(Ac.)

Runoff from this stream = 8.204 (CFS)

Time of concentration = 8.10 min.

Rainfall intensity = 3.691 (In/Hr)

Area averaged loss rate (Fm) = 0.0734 (In/Hr)
Area averaged Pervious ratio (Ap) = 0.1000
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Process from Point/Station 30.000 to Point/Station 40.000
**xk%k TNITIAL AREA EVALUATION ***%*

RESIDENTIAL({(5 - 7 dwl/acre)

Decimal fraction soil group A = 0.000

Decimal fraction soil group B = 1.000

Decimal fraction soil group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil (AMC 2) = 56.00

Pervious ratio(Ap) = 0.5000 Max loss rate(Fm)= 0.367 (In/Hr)
Initial subarea data:

Initial area flow distance = 131 000 (Et.)

Top (of initial area) elevation = 53.410(Ft.)

Bottom {(of initial area) elevation = 52.000(Ft.)

Difference in elevation = 1.410(Ft.)

Slope = 0.01076 s(°)= 1.08

TC = k(0.389)*[(length”3)/(elevation change)]"0.2

Initial area time of concentration = 6.768 min.

Rainfall intensity = 4.111(In/Hr) for a 100.0 year storm

Effective runoff coefficient used for area (Q=KCIA) is C = 0.820
Subarea runoff = 1.179 (CFS)

Total initial stream area = 0.350(Ac.)
Pervious area fraction = 0.500
Initial area Fm value = 0.367(In/Hr)
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Process from Point/Station 40.000 to Point/Station 50.000
***%*x TRREGULAR CHANNEL FLOW TRAVEL TIME ****

Estimated mean flow rate at midpoint of channel = 0.000{CF8)
Depth of flow = 0.512(Ft.), Average velocity = 2.754 (Ft/s)
*kkdkdkd Trragular Channel Data Hdiokobkdkiduek

Information entered for subchannel number 1

Point number '¥' coordinate 'Y' coordinate
1 0.00 1.00
2 3.00 0.00
3 6.00 1.00
Manning's 'N' friction factor = 0.025
Sub-Channel flow = 2.169(CFS)
r ! flow top width = 3.074 (Ft.)

! ! velocity= 2.754 (Ft/s)



! i area = 0.788(8q.Ft)

d ! Froude number = 0.959
Upstream point elevation = 52.000(Ft.)
Downstream point elevation = 49,000 (Ft.)
Flow length = 212.000(Ft.)

Travel time = 1.28 min.

Time of concentration = 8.05 min.

Depth of flow = 0.512(Ft.)

Average velocity = 2.754 (Ft/s)

Total irregular channel flow = 2.169(CFS)

Irregular channel normal depth above invert elev. = 0.512(Ft.)
Average velocity of channel (s) = 2.754 (Ft/s)

Adding area flow to channel
RESIDENTIAL(5 - 7 dwl/acre)

Decimal fraction soil group A = 0.000
Decimal fraction soil group B 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000

Il

3CS curve number for soil (AMC 2) = 56.00
Pervious ratio(Ap) = 0.5000 [fax loss rate(Fm)= 0.367{In/Hr)
Rainfall intensity = 3.704 (In/Hr) for a 100.0 vear storm

Effective runoff coefficient used for area, (total area with modified
rational method) (Q=KCIA) is C = 0.811

Subarea runoff = 1.884 (CFS) for 0.670(Ac.)

Total runcff = 3.064 (CFS)

Effective area this stream = 1.02(Ac.)

Total Study Area (Main Stream No. 1) = 3.54 (Ac.)

Area averaged Fm value = 0.367(In/Hr)

Depth of flow = 0.583(Ft.), Average velocity = 3.002(Ft/s)
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Process from Point/Station 50.000 to Point/Station 60.000
**** TRREGULAR CHANNEL FLOW TRAVEL TIME ****

Estimated mean flow rate at midpoint of channel = 0.000(CFS)
Depth of flow = 0.670(Ft.), Average velocity = 2.917(Ft/s)
*kkkkxx Trregular Channel Data *dkkxkkskkkokk

Information entered for subchannel number 1

Point number 'X'" coordinate 'Y' coordinate
1 0.00 1.00
2 3.00 0.00
3 6.00 1.00
Manning's 'N' friction factor = 0.025
Sub-Channel flow = 3.925(CFS)

' ! flow top width = 4.018(Ft.)

' d velocity= 2.917(Ft/s)

' ' area = 1.346(Sg.Ft)

! ! Froude number = 0.888
Upstream point elevation = 49.000(Ft.)
Downstream point elevation = 48.000(Ft.)
Flow length = 90.000(Ft.)

Travel time = 0.51 min.



Time of concentraticon = B, 57 it

Depth of flow = 0.670(Ft.)

Average velocity = 2.917 (Ft/s)

Total irregular channel flow = 3.925(CFS)

Irregular channel normal depth above invert elev. = 0.670(Ft.)
Average velocity of channel(s) = 2.917(Ft/s)

Adding area flow to channel
RESIDENTIAL(8 - 10 dwl/acre)
Decimal fraction soil group A = 0.000
Decimal fraction soil group B 1.000
Decimal fraction soil group C = 0.000

Il

Decimal fraction scil group D = 0.000
SCS curve number for soil (AMC 2) = 56.00
Pervious ratio(Ap) = 0.4000 Max loss rate(Fm)= 0.294 (In/Hxr)

Rainfall intensity 3.569(In/Hr) for a 100.0 year storm
Effective runoff coefficient used for area, (total area with modified
rational method) {(Q=KCIA) is C = 0.814

Subarea runoff = 1.645(CFs) for 0.600(Ac.)

Total runoff = 4.708 (CFS)

Effective area this stream = 1.62(Ac.)

Total Study Area (Main Stream No. 1) = 4.14 (Ac.)

Area averadged Im value = 0.340 (In/Hr)

Depth of flow = 0.717(Ft.), Average velocity = 3.053(Ft/s)
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Process from Point/Station 60.000 to Point/Station 70.000
**%* TRREGULAR CHANNEL FLOW TRAVEL TIME ***%*

Estimated mean flow rate at midpoint of channel = 0.000(CFS3)
Depth of flow = 0.741 (Ft.), Average velocity = 3.184 (Ft/s)
*&%kkd* Trregular Channel Data ****x&ddkddd

Information entered for subchannel number 1

Point number 'X'" coordinate 'Y' coordinate
1 0.00 1.00
2 3.00 0.00
3 6.00 1.00
Manning's 'N' friction factor = 0.025
Sub-Channel flow = 5.247 (CFS)
y ! flow top width = 4.447 (Ft.)
g ! velocity= 3.184 (Ft/s)
t i area = 1.648(Sg.Ft)
J ! Froude number = 0.922
Upstream point elevation = 48.000(Ft.)
Downstream point elevation = 46.300(Ft.)
Flow length = 147.000(Ft.)
Travel time = 0. 77 mif.
Time of concentration = 9.33 min.
Depth of flow = 0.741(Ft.)
Average velocity = 3.184(Ft/s)
Total irregular channel flow = 5.247 (CFS)
Irregular channel normal depth above invert elev. = 0.741(Ft.)
Average velocity of channel(s) = 3.184 (Ft/s)

Adding area flow to channel



RESIDENTIAL(5 - 7 dwl/acre)

Decimal fraction soil group A = 0.000
Decimal fraction scil group B 1.000
Decimal fraction scil group C = 0.000
Decimal fraction secil group D = 0.000

SCS curve number for soil (AMC Z) = 56.00
Pervious ratio(ARp) = 0.5000 Max loss rate(Fm)= 0.367 (In/Hr)
Rainfall intensity = 3.390(In/Hr) for a 100.0 vear storm

Effective runoff coefficient used for area, (total area with modified
rational method) (Q=KCIA) is C = 0.808

Subarea runoff = 0.98%0(CFS) for 0.460(Ac.)

Total runoff = 5.698 (CFS)

Effective area this stream = 2.08 (Ac.)

Total Study Area (Main Stream No. 1) = 4.60(Ac.)

Area averaged Fm value = 0.346(In/Hr)

Depth of flow = 0.764(Ft.), Average velocity = 3. 250 (Ft/s)

S a0 o o o e L L e o T i o o o o
Process from Point/Station 70.000 to Point/Station 20.000
**** CONFLUENCE OF MINOR STREAMS ****

Along Main Stream number: 1 in normal stream number 2

Stream flow area = 2.080 (Ac.)

Runoff from this stream = 5.698 (CFS)

Time of concentration = 9.33 min.

Rainfall intensity = 3.3%90(In/HT)

Area averaged loss rate (Fm) = 0.3458(In/Hr)
Area averaged Pervious ratio (Ap) = 0.4712

Summary of stream data:

Stream Flow rate Area TC Fm Rainfall Intensity
No. (CFS) (Ac.) (min) (In/Hr) (In/Hr)
1 8.20 2.520 8.10 0.0%3 3.691
2 5.70 2.080 983 0.346 3.390
Qmax(l) =
1.000 * 1.000 * 8.204) +
1.099 * 0.868 * 5.698) + = 13.638
Qmax (2) =
0.917 * 1.000 * 8.204) +
1.000 * 1.000 * 5.698) + = 13.219

Total of 2 streams to confluence:
Flow rates before confluence point:

8.204 5,698
Maximum flow rates at confluence using above data:
13.638 13.219
Area of streams before confluence:
2.520 2.080
Effective area values after confluence:
4.325 4,600

Results of confluence:
Total flow rate = 13.638 (CFS)
Time of concentration = 8.100 min.



Effective stream area after confluence = 4,325 (Ac.)

Study area average Pervious fraction(Ap) = 0.268
Study area average scil loss rate(Fm) = 0.197(In/Hr)
Study area total (this main stream) = 4.60(Ac.)
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Process from Point/Station 70.000 to Peint/Station 20.000
**%%%x SUBAREA FLOW ADDITION ****

UNDEVELOPED {average cover) subarea

Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000

SCS curve number for soil (AMC 2} = 69.00

Pervious ratio(Ap) = 1.0000 Max loss rate(Fm)= 0.548(In/Hr)
Time of concentration = 8.10 min.

Rainfall intensity = 3.6%1(In/Hr) for a 100.0 year storm

Effective runoff coefficient used for area, (total area with modified
rational method) (Q=KCIA) is C = 0.839

Subarea runoff = 2.113(CFS) for 0.760 (Ac.)

Total runoff = 15.751 (CFS)

Effective area this stream = 5.08(Ac.)

Total Study Area (Main Stream No. 1) = 5.36(Ac.)

Area averaged Fm value = 0.249(In/Hr)

End of computations, Total Study Area = 5.36 (Ac.)

The following figures mav

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational equation.

Area averaged pervious area fraction(Ap) = 0.372
Area averaged SCS curve number = 57.8



Rational Method

100 year storm AMC II Predeveloped condition



San Bernardino County Ratioconal Hydrology Program
(Hydrology Manual Date - August 1286)

CIVILCADD/CIVILDESIGN Engineering Software, (c) 1989-2005 Version 7.1
Rational Hydrology Study Date: 10/14/16
Islamic Community Center of Redlands
Newvada St
Redlands, CA 92373
100 Year Storm Event, AMC II, Predeveloped Condition

e Hydrology Study Control Information **x%=sad&s

Rational hvdrology study storm event year is 100.0
Computed rainfall intensity:

Storm vyear = 100.00 1 hour rainfall = 1.110 (In.)
Slope used for rainfall intensity curve b = 0.6000
Soil antecedent moisture condition (AMC) = 2
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Process from Point/Station 10.000 to Point/Station 20.000
**x*x% TNITIAL AREA EVALUATION ****

UNDEVELOPED (poor cover) subarea

Decimal fraction soil group A = 0.000

Decimal fraction soil group B = 1.000

Decimal fraction soil group C = 0.000

Decimal fraction soil group D = 0.000

SCS curve number for soil (AMC 2) = 78.00

Pervious ratio(Ap) = 1.0000 Max loss rate(Fm)= 0.404 (In/Hr)
Initial subarea data:

Initial area flow distance = 97.000(Ft.)

Top (of initial area) elevation = 54.960(Ft.)

Bottom (of initial area) elevation = Bd; 000 ((EL:)

Difference in elevation = 0.960(Ft.)

Slope = 0.00890 s(3%)= 0.99

TC = k(0.525)*[(length”3)/{elevation change)]"0.2

Initial area time of concentration = 8.237 min.

Rainfall intensity = 3.654 (In/Hr) for a 100.0 vear storm

Effective runoff coefficient used for area (Q=KCIA) is C = 0.801
Subarea runoff = 0.585(CFS)

Total initial stream area = 0.200(Ac.)

Pervious area fraction = 1.000

Initial area Fm value = 0.404 (In/Hr)
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Process from Point/Station 20.000 to Point/Station 30.000
**x*+%x TRREGULAR CHANNEL FLOW TRAVEL TIME ****

Estimated mean flow rate at midpoint of channel = 0.000 (CFs)
Depth of flow = 0.358(Ft.), Average velocity = 2.337(Ft/s)
*hkkdkkx Trregular Channel Data *xxk*dkookdx

Information entered for subchannel number 1

Point number 'X'" coordinate 'Y' coordinate
1 0.00 1.00
2 20.00 0.00
3 40.00 1.00
Manning's 'N' friction factor = 0.025
Sub-Channel flow = 5.987(CFS)
! ! flow top width = 14.316(Ft.)
! 1 velocity= 2.337(Ft/s)
' ! area = 2.562(8g.Ft)
* 1 Froude number = 0.974
Upstream point elevation = 54.000(Ft.)
Downstream point elevation = 43 D20EEE - )
Flow length = 715.000(Ft.)
Travel time = 5. L0 man..
Time of concentration = 13.34 min.
Depth of flow = 0.358(Ft.)
Average velocity = 2.337(Ft/s)
Total irregular channel flow = 5.987 (CFS)
Irregular channel normal depth above invert elev. = 0.358(Ft.)
Average velocity of channel (s) = 2.337(Ft/s)
Adding area flow to channel
UNDEVELOPED (poor cover) subarea
Decimal fraction soil group A = 0.000
Decimal fraction soil group B = 1.000
Decimal fraction soil group C = 0.000
Decimal fraction soil group D = 0.000
SCS curve number for secil (AMC 2) = 78.00
Pervicus ratio(Ap) = 1.0000 Max loss rate(Fm)= 0.404 (In/Hr)
Rainfall intensity = 2.737(In/Hr) for a 100.0 year storm

Effective runoff coefficient used for area, (total area with modified
rational method) (Q=KCIA) is C = 0.767

Subarea runoff = 10.711(CFS) for 5.180(Ac.)

Total runoff = 11.296(CFS)

Effective area this stream = 5.38(Ag.)

Total Study Area (Main Stream No. 1) = 5.38(Ac.)

Area averaged Fm value = 0.404 (In/Hr)

Depth of flow = 0.454 (Ft.), Average velocity = 2.739(Ft/s)
End of computations, Total Study Area = 5.38 (Ac.)

The following figures may

be used for a unit hydrograph study of the same area.
Note: These figures do not consider reduced effective area
effects caused by confluences in the rational egquation.

Area averaged pervious area fraction(Ap) = 1.000



Area averaged SCS curve number = 78.0

Unit hydrographs

100 year storm, AMC II, 24 hour duration developed condition



Unit Hydrograph Analysis
Copyright (c) CIVILCADD/CIVILDESIGN, 1989 - 2004, Version 7.0

Study date 11/14/16
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San Bernardino County Synthetic Unit Hydrology Method
Manual date - August 1986

Program License Serial Number 6019

Nevada St and Beaumont Islamic Center
Developed Condition

AMC II

100 Year Storm Event

Storm Event Year = 100
Antecedent Moisture Conditicn = 2
English (in-1b) Input Units Used
English Rainfall Data (Inches) Input Values Used

English Units used in output format

Area averaged rainfall intensity isohyetal data:

Sub-Area Duration Isohyetal
(Ac.) (hours) (In)
Rainfall data for year 100
5.30 1 1.11

Rainfall data for year 100
5,30 6 2.69

Rainfall data for year 100
5.30 24 4.80
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ARk RRAE Rreg-averaged hax: logs rzatey M OEkkkkaes

SCS curve SCS curve Area Area Fp(Fig C6) Ap Fm



No. (AMCII) NO. (AMC 2) (Ac.) Fraction (In/Hr) {dec.)
57.8 57.8 5.30 1.000 0.710 0.372

Area-averaged adjusted loss rate Fm (In/Hr) = 0.264

*xkokkkkkk Area-Averaged low loss rate fraction, Yb *xddkdksdoxk

Area Area SCS CN SCS5 CN 5 Pervious
(Ac.) Fract (AMC2) (AMC2) Yield Fr
1..97 0.372 57.8 57.8 7.30 0.218
3.33 0.028 98.0 98.0 0.20 0.951
Area-averaged catchment yield fraction, Y = 0.678
Area-averaged low loss fraction, Yb = 0.322

Direct entry of lag time by user

(In/Hr)
0.264

T i I o o o o s

Watershed area = 5:30(Res)

Catchment Lag time = 0.108 hours

Unit interval = 5.000 minutes

Unit interval percentage of lag time = 77.1605
Hydrograph baseflow = 0.00(CFS)

Average maximum watershed loss rate(Fm) = 0.264(In/Hr)
Average low loss rate fraction (Yb) = 0.322 (decimal)
VALLEY DEVELOPED S-Graph Selected

Computed peak 5-minute rainfall = 0.411(In)

Computed peak 30-minute rainfall = 0.841(In)
Specified peak l-hour rainfall = 1.110(In)

Computed peak 3-hour rainfall = 1.910(In)

Specified peak 6-hour rainfall = 2.690(In)

Specified peak 24-hour rainfall = 4.800(In)

Rainfall depth area reduction factors:

Using a total area of 5.30(A¢.) [Ref: fig. E=4)

5-minute factor = 1.000 Adjusted rainfall = 0.411(In)
30-minute factor = 1.000 Adjusted rainfall = 0.841(In)
l-hour factor = 1.000 Adjusted rainfall = 1.110(In)
3-hour factor = 1.000 Adjusted rainfall = 1.510(In)
6-hour factor = 1.000 Adjusted rainfall = 2.6%0(In)
24-hour factor = 1.000 Adjusted rainfall = 4.800(In)

Unit Hydrogzraph

o T I o I A o o

Interval 'S'" Graph Unit Hydrograph
Number Mean values (HERSY)
(K 64.10 (CFS))

1 10.561 6.769

2 60.970 32.311

3 92.932 20.487

4 98.645 3.662

5 100.000 0.868

Peak Unit Adjusted mass rainfall Unit rainfall
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285 4.,7790 0.0070
286 4.7860 0.0070
287 4.7930 0.0070
288 4.8000 0.0070
Unit Unit Unit Effective
Period Rainfall Soil-Loss Rainfall
(number) tLE) (In) (In)
1 0.0070 0.0022 0.0047
2 0.0070 0.0022 0.0047
3 0.0070 0.0023 0.0048
4 0.0070 0.0023 0.0048
5 0.0071 0.0023 0.0048
6 0.0071 0.0023 0.0048
7 0.0071 0.0023 0.0048
8 0.0071 0.0023 0.0048
9 0.0071 0.0023 0.0048
10 0.0072 0.0023 0.0049
1.1, 0.0072 0.0023 0.0049
12 0.0072 0.0023 0.0049
18 B.0072 0.0023 0.0049
14 0.0073 0.0023 0.0049
1.5 0.0073 0.0023 0.0049
16 0.0073 0.0023 0.0050
17 0.0073 0.0024 0.0050
18 0.0073 0.0024 0.0050
19 0.0074 0.0024 0.0050
20 0.0074 0.0024 0.0050
21 0.0074 0.0024 0.0050
22 0.0074 0.0024 0.0051
23 0.0075 0.0024 0.0051
24 00095 0.0024 0.0051
25 0.0075 0.0024 0.0051
26 0.0076 0.0024 0.0051
27 0.0076 0.0024 0.0051
28 0.0076 0.0024 0.0052
29 0.0076 0.0025 0.0052
30 0.0077 0.0025 0.0052
a1 0.0077 0.0025 0.0052
32 0.0077 0.0025 0.0052
33 0.0078 0.0025 0.0053
34 0.0078 0.,0025 0.0053
35 0.0078 0.0025 0:0053
36 0.0078 0. 0025 0. 0053
37 0.0079 0.0025 0.0053
38 0.0079 0.0025 00053
39 0.0079 0.0025 0.0054
40 0.0079 0.0026 0.0054
41 0.0080 0.0026 0.0054
42 0.0080 0.0026 0.0054
43 0.0080 0.0026 0.0055
44 0.0081 0.0026 0.0055
45 0.0081 0.0026 0.0055
46 0.0081 0.0026 0.0055
47 0.0082 0.0026 0.0055
48 0.0082 0.0026 0.0056
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178
178
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
189
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

O OO0 0000000000000 0C00C00000000CC0O00CO0O000O0O000OCOO00O0D0O00O0000000O0

.0235
.0238
.0244
.0247
0253
.0257
.0264
.0268
.0276
0281
.0250
0295
.0306
L0312
0325
<0333
.0349
.0358
.0378
.0389
.0415
.0431
.0380
.0401
.0455
.0451
.0592
.0668
.0954
v a2
. 4107
L0777
.0535
.0426
.044s8
.0402
.0367
.0340
.0319
.0300
.0285
L0202
.0260
.0250
.0241
.0233
.0225
.0219
+ 0213
.0207
.0202
. 0197
.0192
.0188
«0155
.0152
.0148

ODOOOOOODCJC)C)DDOOODC)DOOOOC)OODDOODOOOOOOOOOOOOOOOOOOOOOOOOO

.0076
.0077
.0078
.0079
.0082
.0083
.0085
.0086
.0089
.0090
.0093
<0083
.0098
.0100
.0105
.0107
.0112
.0115
.0122
+ 0125
.0134
.013%
L0122
: 0129
.0146
.0158
.0190
.0215
.0220
.0220
.0220
.0z220
.0172
D137
.0144
.0129
+0128
.0109
.0102
.0097
.0092
.0087
.0084
.0080
.0078
.0075
.0073
.0070
.0068
.00867
.0065
.0063
.0062
.0060
.0050
.0049
.0048

OOODOC)CJOOOOOCJODOOOOOOOOOOOODDOOOODOOOOOODOOOOOOOOOOOOOOOQ

.0160
.0162
.0165
.0168
.0172
.0174
0179
«0182
.0187
.0190
<0197
.0200
.0208
L0212
L0221
L0226
.0236
.0243
20256
.0264
.0282
.0292
.0257
0272
03069
0333
.0401
.0453
.0734
.1092
. 3887
.0557
.0363
.028%
.0304
0272
.0249
.0231
L0216
L0204
. 9193
.0184
L0177
.0170
.0163
.0158
.0153
.0148
.0144
.0140
.0137
.0133
.0130
.0127
.0105
.0103
.0101



220
221
222
223
224
225
226
228
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
23l
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
2715
276

DOOOOODOOODOODOOOOOCJOOODOODDOOC)DC)OOOOOOOOOOOOOOOOOOOOOOOO

.0145
.0142
0139
.0137
.0134
w130
.0129
.0127
«0125
«0123
L0121
.0119
AU 1T
.0116
.0114
.0112
L0111
.010%
.0108
.0107
.0105
.0104
.0103
.0102
.0100
.0099
.0098
.0097
.009%96
.0095
.0094
;0683
;0092
.0091
.0081
.00%0
.0089
.0088
.0087
.0086
.0086
.0085
.0084
.0084
.0083
.0082
.0082
.0081
.0080
.0080
.0079
.0078
.0078
L0077
L0077
.0076
.0076

OOOOOOOOODOOOOOODODODOOOOOOOOOOOC)OODOOOOOODOOOOOOOOOOOOOO

.0047
.0046
.0045
.0044
.0043
.0042
.0042
.0041
.0040
.0040
.0039
.0038
.0038
.0037
.0037
.0036
.0036
0035
.0035
.0034
.0034
. 0033
.0033
.0033
.0032
.0032
.0032
.0031
.0031
.0031
.0030
.0030
.0030
.0029
.0029
06205
.0028
.0028
.0028
.0028
.0028
.0027
.0027
.0027
L0027
.0026
.0026
.0026
.0026
.0026
.0025
.0025
.0025
.0025
.0025
.0025
.0024

OOOOODDOOOODOOODODOOOOOOC)OOOOOC)C)OOOOOOOOOODDDOOOOOODOOOOD

.0098
.0096
.0094
.0093
.0091
.0089
.00&s8
.008¢6
.0085
.0083
.0082
.0081
.0080
.0078
.0077
.0076
.0075
.0074
.0073
.0072
.0071
.0071
.0070
.0069
.0068
.0067
L0067
.0066
.0065
.0065
.0064
.0063
.0063
.0062
.0061
.0061
.0060
.0060
.0059
.0059
.0058
.0058
.0057
.0057
.00586
.0056
.0055
.0055
.0054
.0054
.0054
.0053
.9053
.0052
.0052
.0052
.0051



277 0.0075 0.0024 0.0051
278 0 0075 0.0024 0.0051
279 0.0074 0.0024 0.0050
280 0.0074 0.0024 0.0050
281 0.0073 0.0024 0.0050
282 0.0073 0.0023 0.0049
283 0.0072 0.0023 0.0049
284 0.0072 0.0023 0.0049
285 0.0071 0.0023 0.0048
286 0.0071 0.0023 0.0048
287 0.0070 0.0023 0.0048
288 0.0070 0.0023 0.0047
Total scil rain loss = 1.40(In)

Total effective rainfall = 3.40(In)

Peak flow rate in flood hydrograph = 15.48(CFS)

A s e e o B T e o o O o o o o o o S o o o A 3
24 - HO UR STORM
RuthoE £ Hydrogzraph

Time (h+m) Volume Ac.Ft Q(CFS) 0 5.0 10.0 15.0 20.
0+ 5 0.0002 0.03 Q I | [ I
0+10 0.0015 0.19 ¢ | I [ I
0+15 0.0035 0.28 ¢ | I [
0+20 0.0055 0.30 © | I I
0425 0.0076 0.31 9@ | I I
0430 0.0098 0.31 Q | I I
0+35 0.0118 0.31 0Q I I I
0+40 0.0140 0.31 0O I I I
0+45 0.0161 0.31 Q I I | I
0450 0.0183 0.31 0 i | I
0+55 0.0204 0.31 0Q | | |
1+ 0 0.0226 0.31 0 | | I I
1+ 5 0.0248 0.31 0O | I I [
1+10 0.0269 0.32 0 | I I I
1+15 0.0291 0:32 0 I I [
1+20 0.0313 0.32 ©Q | i |
1+25 0.0335 0.32 © | | I
1+30 0.0357 0.32 Q | | |
1435 0.0379 0.32 QV | I I
1440 0.0401 0.32 QV | I I
1445 0.0423 0.32 @V I I |
1450 0.0445 0.32 ¢V I I |
1+55 0.0468 0.32 QV | I I |
2+ 0 0.0490 0.33 oV I I | I
2+ 5 0.0513 0.33 Qv I | I
2410 0.0535 0.33 oV I I | I
2+15 0.0558 0.33 Qv | [ | |
2420 0.0581 0.33 Qv I | |
2+25 0.0604 0.33 Qv I I I
2+30 0.0626 033 OV | I I



2+35
2+40
2445
2+50
2455
34+ 0
3+ 5
3410
3+15
3+20
3+25
3430
3+35
3440
3+45
3+50
3+55
4+ 0
4+ 5
4+10
4+15
4+20
4425
4430
4435
4+40
4+45
4450
4+55
5+ 0
5+ 5
5+10
5+15
5420
5425
5+30
5+35
5440
5+45
5+50
5+55
6+ 0
6+ 5
6+10
6+15
6+20
6+25
6430
6+35
6+40
6+45
6+50
6+55
7+ 0
7+ 5
7+10
7+15

OO0 0O0 00O OO0 COOOoOD OO0 OOCOOOO0COC OO0 CODOOOCOO0000CCOCOCO0O0OO0O

.0649
JO6T2
.0696
.0719
.0742
.0766
.0789
.0813
.0836
.0860
.0884
.0908
<0932
<0956
.0980
.1005
.102%
.1053
. 1078
« 1103
L1127
L1152
- L1
.1202
.1228
. 1253
.1278
.1304
.1330
: 1,355
.1381
.1407
.1433
.1459
.1486
. 1012
. 1.539
.1566
.1592
.1619
.1646
L1673
.1701
« L.728
1756
.1784
.1811
.1839
.1868
.1896
.1924
;1953
.1982
.2010
.2039
2069
.2098
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36
.36
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.36
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w37
.37
35
537
+ 37
.38
.38
« 38
.38
.38
.38
.
. 39
.39
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«39
.40
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.43
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7+20
7+25
7+30
7+35
7+40
7+45
7+50
7+55
8+ 0
8+ 5
8+10
8+15
8+20
8+25
8+30
8+35
8+40
8+45
8+50
8+55
S5+ 0
9+ 5
9+10
9+15
9+20
9+25
9+30
9435
9+40
9+45
9+50
9+55
10+ 0
10+ 5
10+10
10+15
10+20
10425
10+30
10+35
10440
10+45
10+50
10455
11+ O
11+ 5
11+10
11+15
11+20
11+25
11+30
11+35
11+40
11+45
11+50
11455
12+ 0
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<2427
o e
L2187
#2213
L2247
L2277
.2308
2339
L2370
.2401
.2432
.2463
.2495
RS
+.2559
: 2591
L2623
.2656
L2685
L2722
2555
2D
L2823
2857
.2891
. 2925
.2960
.2995
.3030
.3066
.3101
: 3134
. 83174
.3210
.3247
« 3285
3322
. 3360
.3398
.3437
.3475
.3515
.3554
.3594
.3634
.3675
+3716
+3TET
+3799
.3841
.3884
.3927
L3971
.4015
.4060
.4105
.4150
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.43
.43
.43
.44
.44
.44
.44
.45
.45
.45
.45
.46
.46
.46
.47
.47
.47
.47
.48
.48
.48
.49
.49
.49
B0
.50
.50
51
.51
.52
.52
: B2
« 53
.53
.54
.54
.54
- 55
.55
.56
.56
+ 57
+ 57
=08
+ 58
+D 3
.60
.60
6l
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)
.83
.63
.64
.65
.65
.66
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12+ 5
12410
12415
12420
12+25
12+30
12+35
12+40
12+45
12450
12+55
13+ 0
13+ 5
13+10
13+15
13+20
13425
13+30
13+35
13+40
13+45
13450
13455
14+ 0
14+ 5
14410
14415
14420
14+25
14+30
14+35
14+40
14+45
14+50
14455
15+ 0
15+ 5
15+10
15+15
15420
15+25
15+30
15+35
15+40
15+45
15+50
15455
16+ 0
16+ 5
16+10
16415
16+20
16425
16+30
16+35
16+40
16+45
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L4197
L4249
.4304
.4361
.4418
L4475
.4534
.4593
.4653
<4713
LATT5
.4837
.4900
.4863
.5028
.5094
.5161
.5228
s D297
. 53867
.5438
+ Bl
.5584
.5660
. D736
.5814
.5894
. 59786
. 6060
.6146
.6234
.6324
.6417
.6513
.6612
: 6715
.6821
6032
L7048
«71869
w294
L7414
w1335
.7666
.7810
L7977
.8179
.8469
+9011
.0078
.0799
.1076
«124.3
w1377
1502
.1616
L1721
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.68
£ 15
.80
.82
- 83
.84
.85
.86
<8
.88
89
.90
.81
95
.94
.95
.97
.98
.00
.02
.03
+ 09
.07
.09
o .
.14
.16
.19
-l
- 25
.28
« 31
: 35
+39
.44
.49
.54
.61
.68
v 16
.82
.74
o, 2]
.90
e
.42
83
.22
w87
.48
AT
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.42
.94
.81
.66
5.3
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16+50
16+55
17+ 0
17+ 5
17+10
17+15
17+20
17+25
17430
17435
17+40
17+45
17+50
17+55
18+ 0
18+ 5
18+10
18415
18+20
18+25
18+30
18+35
18+40
18+45
18+50
18+55
19+ 0
19+ 5
19+10
15+15
19+20
19+25
19430
19+35
19+40
19+45
19+50
19+55
20+ 0
20+ 5
20410
20415
20420
20425
20+30
20435
20440
20+45
20450
20+55
21+ 0
21+ 5
21410
21+415
21420
21425
21430
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.18189
w191
+1.399
.2082
~21 61
.2237
2311
23281
.2450
.2516
.2580
.2643
.2704
.2764
.2822
.2878
.2928
2975
.3020
.3064
.3107
.3149
.3190
3230
.3270
.3309
.3348
+. 3385
.3422
.3459
.3495
.3530
<3565
.3600
3633
.3667
.3700
.3732
+ 37165
.3796
.3828
.3859
.3889
+ 3920
+ 3850
+ 3979
.4008
.4037
.4066
.4094
L4122
.4150
.4178
. 4205
L4232
.4259
L4285

CO0O 000 0000000000000 0000000CO0000000C000C00000O000OOOORRERHRERRER

.42
.34
A2
.l
15
"
.06
w03
99
.96
.94
D,
.89
.86
.84
.81
$13
.68
.65
.64
.62
.61
.60
DB
.58
.27
.56
;5
.54
+ 53
s 52
;5.
s .
.50
.49
.49
.48
.47
.47
.46
.46
.45
.44
.44
.43
.43
.43
.42
.42
.41
.41
.40
.40
.40
.39
« 39
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21435 1.4312 0.38 0 \ 1
21440 1.4338 0.38 0 \ |
21445 1.4364 0.37 Q ! \
21450 1.4389 0.37 Q | |
21455 1.4414 0.37 0 | |
8 4 1.4440 0.37 0 | L
22+ 5 1.4465 0.36 0 { |
29510 1.4489 0.36 0 | |
22+15 1.4514 0.36 ©Q | |
SBgT 1.4538 0.35 Q | |
22425 1.4562 0.35 0 | |
22430 1.4586 0.35 ©Q | |
22+35 1.4610 0.35 ©Q | |
22+40 1.4634 0.34 ¢ | |
22+45 1.4657 0.34 0Q | |
22+50 1.4681 0.34 0 | |
22455 1.4704 0.34 Q | |
23+ 0 1.4727 0.33 0 | |
23+ 5 1.4750 0.33 Q | |
23410 1.4772 0.33 0 | |
23+15 1.4795 0.33 0 | 1
23+20 1.4817 0.32 ©Q | \
23425 1.4839 0.32 ©Q | {
23+30 1.4861 0.32 ©Q | \
23+35 1.4883 0.32 0 | x
23+40 1.4905 0.32 0 \ t
23+45 1.4926 0.31 Q \ |
23+50 1.4948 0.31 0 | |
23455 1.4969 0.31 0 | |
24+ 0 1.4990 0.31 0 \ |
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Hydrology Exhibits



