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AND NATURAL CHANNELS
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TABLE 3.27 LENGTH OF DOWNSTREAM APRON
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TABLE B.3.1 ADVANTAGES AND LIMITATIONS OF BIORETENTION AREAS

TABLE B.3.2 ITERATIVE DESIGN STEP PROCESS
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REQUIREMENTS
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3.2.1.6.3: Channel or Storm Drain Flow

The velocity in an open channel or a storm drain not flowing full can
be determined by using Manning’s Equation. Channel velocities can
also be determined by using backwater profiles. For open channel
flow, average flow velocity is usually determined by assuming a
bank-full condition. Note that the channel flow component of the
time of concentration may need to be divided into multiple segments
in order to represent significant changes in channel characteristics.

For storm drain flow under pressure conditions (where the hydraulic
grade line is higher than the lowest crown of a storm drain) the
following equation should be applied:

V=0/A [Equation 3.6]

Where:
V = Average velocity, feet/s

Q = Design discharge, cfs

A = Cross-sectional area, ft?

Flow travel time through a channel can be calculated by
Equation 3.7:

T, = YL
60V; [Equation 3.7]
Where:
L, = The i-th channel segment length, feet
V. = The average flow velocity within the channel segment,
feet/s

T, = Total flow travel time through the channel, minutes

Rainfall Intensity (i)

Rainfall intensity (i) is the average rainfall rate in inches per hour
and is selected on the basis of design rainfall duration and design
frequency of occurrence. The design duration is equal to the time
of concentration for the drainage area under consideration. The
design frequency of occurrence is a statistical variable which

is established by design standards or chosen by the engineer

as a design parameter. The selection of the frequency criteria is
necessary before applying any hydrologic method. Storm drainage
improvements in San Marcos must be designed to intercept and
carry the runoff from a 25-year frequency storm (4% annual chance
event), with an auxiliary or overflow system capable of carrying a
100-year frequency storm (1% annual chance event).

The rainfall intensity used in the rational method can be read from
the intensity-duration-frequency (IDF) curves based on the selected
design frequency and design duration. The design engineer can also
calculate the value of rainfall intensity from the best-fit IDF Equation
3.8 to be discussed later in this sub-section with known Tc value for
the entire drainage area of interest.

The depth-duration frequency (DDF) and IDF values are shown

in Table 3.3 and Table 3.4. These tables have been updated to
reflect precipitation-frequency values for San Marcos obtained from
NOAA's Atlas 14 Precipitation-Frequency Atlas of the United States
(NOAA Atlas 14, Volume 11, version 2.0). Rainfall point locations
were taken at the San Marcos City Hall located at 630 E. Hopkins
Street.

TABLE 3.3 DEPTH-DURATION FREQUENCY TABLE FOR THE SAN MARCOS REGION

DEPTH OF PRECIPITATION (INCHES)

ANNUAL CHANCE RECURRENCE INTERVAL
EXCEEDANCE (YEAR) 5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR
50% 2 0.52 1.06 1.95 2.43 2.71 3.19 3.65 415
20% 5 0.66 1.33 2.47 3.11 3.50 418 4.84 5.54
10% 10 0.78 1.56 2.92 3.75 4.28 518 6.04 6.92
4% 25 0.95 1.89 3.56 4.70 5.46 6.74 7.90 9.07
2% 50 1.09 216 4.07 5.52 6.51 8.15 9.58 11.00
1% 100 1.23 2.45 4.62 6.43 7.71 9.80 11.60 13.20
0.5% 200 1.38 2.74 5.23 7.45 9.06 11.70 13.90 15.80
0.2% 500 1.59 314 6.12 8.95 11.10 14.50 17.30 19.90

*Atlas 14 Rainfall Point Location: San Marcos City Hall
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TABLE 3.4 INTENSITY-DURATION-FREQUENCY TABLE FOR THE SAN MARCOS REGION
PRECIPITATION INTENSITY (INGHES PER HOUR)

ANNUAL CHANCE RECURRENCE
EXCEEDANCE INTERVAL (YEAR) 5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR
50% 2 6.25 4.24 1.95 1.21 0.90 0.532 0.303 0173
20% 5 7.90 5.31 2.47 1.56 117 0.698 0.402 0.231
10% 10 9.34 6.24 2.92 1.87 1.42 0.864 0.501 0.288
4% 25 11.40 7.57 3.56 2.35 1.82 1.130 0.656 0.378
2% 50 13.00 8.65 4.07 2.76 217 1.360 0.795 0.457
1% 100 14.80 9.78 4.62 3.21 2.57 1.640 0.959 0.550
0.5% 250 16.60 11.00 5.23 3.73 3.02 1.950 1.150 0.660
0.2% 500 19.00 12.50 6.12 4.48 3.68 2.420 1.440 0.829

*Atlas 14 Point Location: San Marcos City Hall

The following equation mathematically represents the San

L : , TABLE 3.5 SAN MARCOS REGION INTENSITY-DURATION
Marcos area intensity-duration-frequency curves:

i= ""b - FREQUENCY CURVE COEFFICIENTS
t+ i
(t+b) [Equation 3.8] ANNUAL  RECURRENCE FITTING PARAMETERS FOR IDF
Where, CHANGE INTERVAL CURVES (EQUATION 3.8)
i = Average rainfall intensity, inches per hour EXCEEDANCE (VEAR) A B ¢
o _ 50% 2 46.949 9.522 0.750
t = Storm duration in minutes, which is equal to the 20% 5 54734 8.037 073
time of concentration for the entire drainage area of ° : : :
interest 10% 10 58.315 8.132 0.709
4% 25 62.103 7.109 0.680
a, b, and ¢ = Coefficients for different storm
. 2% 50 64.030 6.398 0.657
frequencies (see Table 3.5)
1% 100 64.735 5477 0.631
0.4% 250 66.309 4.889 0.609
0.2% 500 68.848 4,352 0.581

*Altas 14 Point Location: San Marcos City Hall

The a, b and ¢ parameters listed in Table 3.5 were derived using nonlinear

regression methods and the data included in Table 3.4. The IDF curves and
the IDF equations are applicable for all design frequencies shown. They are
required for use in determining peak flows by the Rational Method or other
appropriate methods.
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3.2.1.7: Drainage Area (A)

The size (acres) of the watershed needs to be determined for
application of the Rational Method. The area may be determined
through the use of topographic maps, supplemented by field
surveys where topographic data has changed or where the contour
interval is too great to distinguish the direction of flow. The drainage
divide lines are determined based on topography, street layout, lot
grading, building structure configuration and orientation, drainage
system layout and other features that are created by the urbaniza-
tion process.

Example 3.1

An urbanized watershed is shown on the following figure. Three
types of flow conditions exist between the most distant point in the
watershed and the outlet. The calculation of time of concentration
and travel time in each reach is as follows:

SLOPE LENGTH  “N” VALUE/
REACH  DESCRIPTION OF FLOW (%)  (FT)  SURFACE TYPE
AtoB  Sheet flow (grass lawn) 1.8 50 0.24
BtoC  Shallow concentrated flow 2.0 840 Paved
(qutter)
CtoD  Storm drain with inlets 15 1,200 0.015
(D=3 feet)

For reaches A-B and B-C, the travel time can be calculated from
Equations 3.3 and 3.4.

Ting) = 0-42(nL)0%/(P,)05504

1(A-B
Tt(A_B) = 0.42(0.24 X 50)°8/(3.44)°5(0.018)°4
= 8.25 minutes

Tt(B-c) = 1/(60(20.3282)(s°%))
Ty = 840/(60(20.3282)(0.020)°?)

= 4.87 minutes

318 San Marcos Stormwater Technical Manual

The flow velocity in reach C-D needs to be calculated from
Manning’s Equation, using the assumption of full pipe flow, as
follows:

V(C-D) = (1.49/n) Ro¥7s05

= (1.49/n) (D/4)*57s05

= (1.49/0.015) (3/4)° (0.015)05
=10.0 /s

The channel flow travel time is calculated by dividing the length by
the velocity.

Tioo) = 1200/(60x10.0) = 2.0 min

1(C-D

The total time of concentration is calculated by adding the compo-
nent sheet, shallow concentrated and channel flow segments.

T,=825+4.87+20=1512min

The runoff coefficients (C) for the three (3) areas are given as
follows for the 100-year storm (1% annual chance event).

AREA  LAND USE C AREA
LU,  Grass Area (fair condition, flat) 041 3
LU,  Commercial (composite of paved and grassed ~ 0.85 20
areas)
LU, Industrial (composite of paved and grassed 081 30
areas)
Total 53

The rainfall intensity (i) of the 100-year storm can be calculated

using Equation 3.8 together with the coefficients in Table 3.5 for a

time of concentration of 15.12 minutes as 9.60 inches per hour.
The composite runoff coefficient (C) = (0.41 X3 + 0.85X 20
+ 0.81 X 30)/53= 0.80

Thus, the peak flow Q = CiA = 0.80 X 9.60 in/hr X 53 acre =
407 cfs
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3.2.1.8: The Soil Conservation Service Method for
Calculation of Peak Flows

The Soil Conservation Service hydrologic method is widely used by
engineers and hydrologists for analyses of small urban watersheds.
This method is based on extensive analytical work using a wide
range of statistical data concerning storm patterns, rainfall-runoff
characteristics and many hydrologic observations in the United
States.

The SCS method can be applied to urban drainage areas of any size.
The major parameters required to calculate a runoff hydrograph with
the method include the rainfall distribution, runoff curve numbers,
time of concentration and drainage area. For detailed information
regarding the SCS method and the TR-20 program, the user is
referred to the following NRCS publications. These can be obtained
from the Natural Resources Conservation Service at http://www.

wcce.nres.usda.gov/. They are:
NEH-4: “Hydrology,” Section 4, National Engineering Handbook
TR-20: Computer Program for Project Formulation, Hydrology

TR-55: Urban Hydrology for Small Watersheds

TP-149: A Method for Estimating Volume and Rate of Runoff in
Small Watersheds

The HEC-HMS programs can be downloaded from the US Army
Corps of Engineers website at hittp://www.hec.usace.army.mil/.

3.2.1.8.1: San Marcos Twenty-Four (24) Hour Storm Rainfall
Distributions

The City of San Marcos has adopted the use of an SCS 24-hour
storm duration with a frequency temporal distribution of rainfall
depths method. This distribution method is consistent with studies
conducted by the Guadalupe Blanco River Authority (GBRA) studies
for the Blanco River watershed. The DDF and IDF values to be used
for the San Marcos region are shown in Table 3.3 and Table 3.4.
For use in spreadsheet calculations, Table 3.6 provides the
distribution ordinates in 5-minute increments as derived from the
HEC-HMS program. The ordinates should be multiplied by the total
24-hour precipitation depth to produce the design rainfall
distribution. When using the HEC-HMS model, the computational
time interval should be selected based on criteria for the minimum
lag time. The maximum computational time interval used in a HEC-
HMS model should be 6 minutes.
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TABLE 3.6 TYPE Il DISTRIBUTION ORDINATES IN 5-MINUTE TIME INCREMENTS

INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE
TIME RAINFALL®  RAINFALL"  RAINFALL RAINFALL TIME RAINFALL®  RAINFALL"  RAINFALL RAINFALL

(INCHES) (INCHES) ~ (PERCENTAGE)  (PERCENTAGE) (INCHES) (INCHES) ~ (PERCENTAGE) ~ (PERCENTAGE)
0:00 0.0000 0.0000 0.0000 0.0000  12:30 0.1651 8.8637 0.0125 0.6721
0:05 0.0086 0.0086 0.0006 0.0006  12:35 0.1796 9.0433 0.0136 0.6857
0:10 0.0086 0.0172 0.0007 0.0013  12:40 0.1662 9.2096 0.0126 0.6984
0:15 0.0087 0.0259 0.0007 0.0020 1245 0.1554 9.3650 0.0118 0.7101
0:20 0.0087 0.0346 0.0007 0.0026 1250 0.1464 9.5114 0.0111 0.7212
0:25 0.0088 0.0434 0.0007 0.0033 1255 0.1388 9.6501 0.0105 0.7318
0:30 0.0088 0.0522 0.0007 0.0040  13:00 0.1322 9.7823 0.0100 0.7418
0:35 0.0089 0.0610 0.0007 0.0046  13.05 0.1186 9.9009 0.0090 0.7508
0:40 0.0089 0.0700 0.0007 0.0053  13:10 0.1136 10.0144 0.0086 0.7594
0:45 0.0090 0.0790 0.0007 0.0060  13:15 0.1091 10.1235 0.0083 0.7677
0:50 0.0090 0.0880 0.0007 0.0067  13:20 0.1051 10.2286 0.0080 0.7756
0:55 0.0091 0.0971 0.0007 0.0074  13:25 0.1015 10.3300 0.0077 0.7833
1:00 0.0091 0.1062 0.0007 0.0081  13:30 0.0982 10.4282 0.0074 0.7908
1:05 0.0092 0.1154 0.0007 0.0088  13:35 0.0734 10.5016 0.0056 0.7963
1:10 0.0093 0.1247 0.0007 0.0095  13:40 0.0709 10.5726 0.0054 0.8017
1:15 0.0093 0.1340 0.0007 00102 13:45 0.0686 10.6412 0.0052 0.8069
1:20 0.0094 0.1434 0.0007 0.0109  13:50 0.0665 10.7077 0.0050 0.8120
1:25 0.0094 0.1528 0.0007 0.0116 1355 0.0645 10.7722 0.0049 0.8168
1:30 0.0095 0.1623 0.0007 0.0123  14:00 0.0627 10.8349 0.0048 0.8216
1:35 0.0096 0.1718 0.0007 0.0130  14:05 0.0610 10.8959 0.0046 0.8262
1:40 0.0096 0.1815 0.0007 00138 1410 0.0594 10.9553 0.0045 0.8307
1:45 0.0097 0.1911 0.0007 0.0145 1415 0.0579 11.0132 0.0044 0.8351
1:50 0.0098 0.2009 0.0007 0.0152  14:20 0.0565 11.0698 0.0043 0.8394
1:55 0.0098 0.2107 0.0007 0.0160  14:25 0.0552 11.1250 0.0042 0.8436
2:00 0.0099 0.2206 0.0007 0.0167  14:30 0.0540 11.1789 0.0041 0.8477
2:05 0.0099 0.2305 0.0008 0.0175 1435 0.0528 11.2317 0.0040 0.8517
2:10 0.0100 0.2405 0.0008 0.0182  14:40 0.0517 11.2834 0.0039 0.8556
2:15 0.0101 0.2506 0.0008 0.0190 1445 0.0506 11.3340 0.0038 0.8594
2:20 0.0102 0.2608 0.0008 0.0198  14:50 0.0496 11.3837 0.0038 0.8632
2:25 0.0102 0.2710 0.0008 0.0205  14:55 0.0487 11.4323 0.0037 0.8669
2:30 0.0103 0.2813 0.0008 0.0213  15:00 0.0478 11.4801 0.0036 0.8705
2:35 0.0104 0.2916 0.0008 0.0221 1505 0.0330 11.5131 0.0025 0.8730
2:40 0.0104 0.3021 0.0008 0.0229 1510 0.0323 11.5454 0.0024 0.8755
2:45 0.0105 0.3126 0.0008 0.0237 1515 0.0317 11.5771 0.0024 0.8779
2:50 0.0106 0.3232 0.0008 0.0245 1520 0.0311 11.6081 0.0024 0.8802
2:55 0.0107 0.3339 0.0008 0.0253  15:25 0.0305 11.6386 0.0023 0.8825
3:00 0.0108 0.3446 0.0008 0.0261  15:30 0.0299 11.6685 0.0023 0.8848
3:05 0.0108 0.3555 0.0008 0.0270 1535 0.0294 11.6979 0.0022 0.8870
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TABLE 3.6 TYPE Il DISTRIBUTION ORDINATES IN 5-MINUTE TIME INCREMENTS

INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE
TIME RAINFALL®  RAINFALL"  RAINFALL RAINFALL TIME RAINFALL®  RAINFALL"  RAINFALL RAINFALL

(INCHES) (INCHES)  (PERCENTAGE) (PERCENTAGE) (INCHES) (INcHES)  (PERCENTAGE)  (PERCENTAGE)
3:10 0.0109 0.3664 0.0008 0.0278  15:40 0.0289 11.7267 0.0022 0.8892
315 0.0110 0.3774 0.0008 0.0286  15:45 0.0284 11.7551 0.0022 0.8914
3:20 0.0111 0.3885 0.0008 0.0295  15:50 0.0279 11.7830 0.0021 0.8935
3:25 0.0112 0.3996 0.0008 0.0303 1555 0.0274 11.8104 0.0021 0.8956
3:30 0.0113 0.4109 0.0009 00312 16:00 0.0270 11.8374 0.0020 0.8976
3:35 0.0114 0.4223 0.0009 00320  16:05 0.0266 11.8639 0.0020 0.8996
3:40 0.0114 0.4337 0.0009 00329 1610 0.0262 11.8901 0.0020 0.9016
3:45 0.0115 0.4452 0.0009 00338  16:15 0.0258 11.9159 0.0020 0.9036
3:50 0.0116 0.4569 0.0009 0.0346  16:20 0.0254 11.9412 0.0019 0.9055
3:55 0.0117 0.4686 0.0009 0.035  16:25 0.0250 11.9662 0.0019 0.9074
4:00 0.0118 0.4804 0.0009 0.0364  16:30 0.0247 11.9909 0.0019 0.9093
4:05 0.0119 0.4924 0.0009 0.0373 1635 0.0243 12.0152 0.0018 0.9111
410 0.0120 0.5044 0.0009 0.0382  16:40 0.0240 12.0392 0.0018 0.9129
415 0.0121 0.5165 0.0009 0.0392  16:45 0.0237 12.0629 0.0018 0.9147
4:20 0.0122 0.5288 0.0009 0.0401 1650 0.0233 12.0862 0.0018 0.9165
4:25 0.0124 0.5411 0.0009 0.0410 1655 0.0230 12,1092 0.0017 0.9182
4:30 0.0125 0.5536 0.0009 0.0420  17:00 0.0227 12.1320 0.0017 0.9200
4:35 0.0126 0.5661 0.0010 0.0429 1705 0.0225 12.1544 0.0017 0.9217
4:40 0.0127 0.5788 0.0010 0.0439  17:10 0.0222 12.1766 0.0017 0.9233
4:45 0.0128 0.5916 0.0010 0.0449  17:15 0.0219 12.1985 0.0017 0.9250
450 0.0129 0.6045 0.0010 0.0458  17:20 0.0217 12.2002 0.0016 0.9266
4:55 0.0131 0.6176 0.0010 0.0468  17:25 0.0214 12.2416 0.0016 0.9283
5:00 0.0132 0.6308 0.0010 0.0478  17:30 0.0211 12.2627 0.0016 0.9299
5:05 0.0133 0.6441 0.0010 0.0488  17:35 0.0209 12.2836 0.0016 0.9315
5:10 0.0134 0.6575 0.0010 0.0499  17:40 0.0207 12.3043 0.0016 0.9330
5:15 0.0136 0.6711 0.0010 0.0509  17:45 0.0204 12.3047 0.0015 0.9346
5:20 0.0137 0.6848 0.0010 0.0519  17:50 0.0202 12.3449 0.0015 0.9361
5:25 0.0138 0.6986 0.0010 0.0530  17:55 0.0200 12.3649 0.0015 0.9376
5:30 0.0140 0.7126 0.0011 0.0540  18:00 0.0198 12.3847 0.0015 0.9391
5:35 0.0141 0.7267 0.0011 0.0551  18:05 0.0150 12.3997 0.0011 0.9403
5:40 0.0143 0.7410 0.0011 0.0562  18:10 0.0148 12,4145 0.0011 0.9414
5:45 0.0144 0.7554 0.0011 0.0573 1815 0.0147 12.4292 0.0011 0.9425
5:50 0.0146 0.7700 0.0011 0.0584  18:20 0.0145 12.4437 0.0011 0.9436
5:55 0.0148 0.7848 0.0011 0.0595  18:25 0.0144 12.4581 0.0011 0.9447
6:00 0.0149 0.7997 0.0011 0.0606  18:30 0.0142 12,4723 0.0011 0.9458
6:05 0.0197 0.8193 0.0015 0.0621 1835 0.0141 12.4863 0.0011 0.9468
6:10 0.0199 0.8392 0.0015 0.0636  18:40 0.0139 12.5002 0.0011 0.9479
6:15 0.0201 0.8593 0.0015 0.0652  18:45 0.0138 12.5140 0.0010 0.9489
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TABLE 3.6 TYPE IlI DISTRIBUTION ORDINATES IN 5-MINUTE TIME INCREMENTS

INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE
TIME RAINFALL"  RAINFALL"  RAINFALL RAINFALL TIME RAINFALL"  RAINFALL"  RAINFALL RAINFALL

(INCHES) (INcHES)  (PERCENTAGE)  (PERGENTAGE) (INCHES) (INcHES)  (PERCENTAGE)  (PERGENTAGE)
6:20 0.0203 0.8797 0.0015 0.0667  18:50 0.0136 12,5276 0.0010 0.9500
6:25 0.0206 0.9002 0.0016 0.0683  18:55 0.0135 12,5411 0.0010 0.9510
6:30 0.0208 0.9210 0.0016 0.0698  19:00 0.0134 12.5545 0.0010 0.9520
6:35 0.0210 0.9420 0.0016 0.0714 1905 0.0132 12,5677 0.0010 0.9530
6:40 0.0213 0.9633 0.0016 00730  19:10 0.0131 12.5808 0.0010 0.9540
6:45 0.0215 0.9848 0.0016 0.0747  19:15 0.0130 12.5938 0.0010 0.9550
6:50 0.0218 1.0066 0.0017 0.0763  19:20 0.0129 12.6067 0.0010 0.9559
6:55 0.0220 1.0286 0.0017 0.0780  19:25 0.0127 12.6194 0.0010 0.9569
7:00 0.0223 1.0509 0.0017 0.0797  19:30 0.0126 12.6320 0.0010 0.9579
7:05 0.0226 1.0735 0.0017 0.0814  19:35 0.0125 12.6445 0.0009 0.9588
7:10 0.0229 1.0964 0.0017 0.0831  19:40 0.0124 12.6569 0.0009 0.9598
7:15 0.0232 1.1196 0.0018 0.0849  19:45 0.0123 12.6692 0.0009 0.9607
7:20 0.0235 1.1431 0.0018 0.0867  19:50 0.0122 12,6814 0.0009 0.9616
7:25 0.0238 1.1669 0.0018 0.0885  19:55 0.0121 12.6935 0.0009 0.9625
7:30 0.0241 11911 0.0018 0.0903  20:00 0.0120 12.7055 0.0009 0.9634
7:35 0.0245 1.2156 0.0019 0.0922 2005 0.0119 12.7174 0.0009 0.9643
7:40 0.0248 1.2404 0.0019 0.0941  20:10 0.0118 12.7291 0.0009 0.9652
7:45 0.0252 1.2656 0.0019 0.0960  20:15 0.0117 12.7408 0.0009 0.9661
7:50 0.0256 1.2912 0.0019 0.0979  20:20 0.0116 12.7524 0.0009 0.9670
7:55 0.0260 1.3171 0.0020 0.0999 2025 0.0115 12.7639 0.0009 0.9679
8:00 0.0264 1.3435 0.0020 01019 20:30 0.0114 12.7753 0.0009 0.9687
8:05 0.0268 1.3702 0.0020 01039  20:35 0.0113 12.7866 0.0009 0.9696
8:10 0.0272 1.3975 0.0021 0.1060  20:40 0.0112 12.7978 0.0009 0.9704
8:15 0.0277 1.4251 0.0021 01081 2045 0.0111 12.8090 0.0008 0.9713
8:20 0.0281 1.4532 0.0021 01102 20:50 0.0110 12.8200 0.0008 0.9721
8:25 0.0286 1.4818 0.0022 01124 2055 0.0110 12.8310 0.0008 0.9730
8:30 0.0291 1.5109 0.0022 01146 21:00 0.0109 12.8418 0.0008 0.9738
8:35 0.0296 1.5406 0.0022 0.1168  21:05 0.0108 12.8526 0.0008 0.9746
8:40 0.0302 1.5708 0.0023 01191 21:10 0.0107 12.8633 0.0008 0.9754
8:45 0.0308 1.6015 0.0023 01214  21:15 0.0106 12.8740 0.0008 0.9762
8:50 0.0314 1.6329 0.0024 01238 21:20 0.0106 12.8845 0.0008 0.9770
8:55 0.0320 1.6649 0.0024 01262  21:25 0.0105 12.8950 0.0008 0.9778
9:00 0.0326 1.6975 0.0025 0.1287  21:30 0.0104 12.9054 0.0008 0.9786
9:05 0.0473 1.7448 0.0036 01323  21:35 0.0103 12.9157 0.0008 0.9794
9:10 0.0482 1.7931 0.0037 0.1360  21:40 0.0103 12.9260 0.0008 0.9802
9:15 0.0492 1.8422 0.0037 01397 2145 0.0102 12.9362 0.0008 0.9809
9:20 0.0501 1.8923 0.0038 0.1435  21:50 0.0101 12.9463 0.0008 0.9817
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HOW TO MANAGE STORMWATER

TABLE 3.6 TYPE IlI DISTRIBUTION ORDINATES IN 5-MINUTE TIME INCREMENTS

INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE INCREMENTAL  CyMyLATIVE  INGREMENTAL  CUMULATIVE
TIME RAINFALL®  RAINFALL®  RAINFALL RAINFALL TIME RAINFALL®  RAINFALL®  RAINFALL RAINFALL
(INCHES) (INcHES)  (PERCENTAGE)  (PERGENTAGE) (INCHES) (INcHES)  (PERCENTAGE)  (PERGENTAGE)
9:25 0.0512 1.9435 0.0039 0.1474  21:55 0.0101 12.9564 0.0008 0.9825
9:30 0.0522 1.9957 0.0040 01513 22:00 0.0100 12.9663 0.0008 0.9832
9:35 0.0534 2.0491 0.0040 0.1554  22:05 0.0099 12.9763 0.0008 0.9840
9:40 0.0546 2.1037 0.0041 0.1595  22:10 0.0098 12.9861 0.0007 0.9847
9:45 0.0559 2.1595 0.0042 01638  22:15 0.0098 12.9959 0.0007 0.9855
9:50 0.0572 2.2167 0.0043 0.1681  22:20 0.0097 13.0056 0.0007 0.9862
9:55 0.0587 2.2754 0.0044 01725 2225 0.0097 13.0152 0.0007 0.9869
10:00 0.0602 2.3356 0.0046 01771 22:30 0.0096 13.0248 0.0007 0.9877
10:05 0.0618 2.3974 0.0047 01818  22:35 0.0095 13.0344 0.0007 0.9884
10:10 0.0636 2.4610 0.0048 0.1866  22:40 0.0095 13.0438 0.0007 0.9891
10:15 0.0655 2.5265 0.0050 01916  22:45 0.0094 13.0532 0.0007 0.9898
10:20 0.0675 2.5940 0.0051 01967  22:50 0.0094 13.0626 0.0007 0.9905
10:25 0.0698 2.6637 0.0053 02020  22:55 0.0093 13.0719 0.0007 0.9912
10:30 0.0722 2.7359 0.0055 0.2075  23:00 0.0092 13.0811 0.0007 0.9919
10:35 0.0966 2.8325 0.0073 0.2148 2305 0.0092 13.0903 0.0007 0.9926
10:40 0.0998 2.9323 0.0076 0.2224 2310 0.0091 13.0994 0.0007 0.9933
10:45 0.1032 3.0356 0.0078 02302 2315 0.0091 13.1084 0.0007 0.9940
10:50 0.1070 3.1426 0.0081 02383 23:20 0.0090 13.1174 0.0007 0.9947
10:55 0.1113 3.2538 0.0084 0.2467  23:25 0.0090 13.1264 0.0007 0.9954
11:00 0.1160 3.3698 0.0088 0.2555  23:30 0.0089 13.1353 0.0007 0.9960
11:05 0.1292 3.4990 0.0098 0.2653  23:35 0.0089 13.1441 0.0007 0.9967
11:10 0.1353 3.6344 0.0103 0.2756  23:40 0.0088 13.1529 0.0007 0.9974
11:15 0.1424 3.7768 0.0108 0.2864  23:45 0.0087 13.1617 0.0007 0.9980
11:20 0.1507 3.9275 0.0114 0.2978  23:50 0.0087 13.1704 0.0007 0.9987
11:25 0.1606 4.0880 0.0122 03100  23:55 0.0086 13.1790 0.0007 0.9993
11:30 0.1726 4.2606 0.0131 03231 0:00 0.0086 13.1876 0.0007 1.0000
11:35 0.1563 4.4169 0.0119 0.3349  *Rainfall in inches is the 1% annual chance (100-year), Atlas 14 rainfall for a
11:40 0.1754 45923 0.0133 0.34g2 24-r duration
11:45 0.2023 4.7947 0.0153 0.3636
11:50 0.3162 51109 0.0240 0.3876
11:55 0.3934 5.5043 0.0298 0.4174
12:00 0.7162 6.2205 0.0543 0.4717
12:05 1.2238 7.4443 0.0928 0.5645
12:10 0.4977 7.9420 0.0377 0.6022
12:15 0.3484 8.2903 0.0264 0.6286
12:20 0.2206 8.5110 0.0167 0.6454
12:25 0.1876 8.6986 0.0142 0.6596
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