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+ HYDRAULIC-ELEMENTS GRAPH FOR CIRCULAR SEWERS
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¢ Design and Construction of Sanitary and Stomm Sewers, Water Pollution Control Federation and American Society of Civil Engineers, 1970,
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Approximate rational in
MM to check a design
hyetograph
®* Use SWMM results to adijust
design and produce a HGL
drawing
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Area =400X400/43560

1\\5 CALIBRATE AREA MEASUREMENT TOOL = 3.67 acres

......

®* Measure areas using appropriate

tools I == "}";“-"—-— e
® E.g. Acrobat Pro

®* Need to measure a known area

® Save the conversion factor
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* Save the conversic
2.43 sq.in. == 3.67 acres

Area Tool
Area: 2,43 sqin
Scale Ratio: 1in=1in
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1\\5 ESTIMATE RUNOEF COEFFICIENTS

/ Table 1 Runoll Coefficients for the Rational Method
O FLAT ROLLING HILLY
® ° e Pavement & Roofs 0.90 0.90 090
For each area estimate a runoff coefficient Earth Shoulders 050 050

Drives & Walks 080
Gravel Pavement .85 (1§
City Business Areas 0.80 [LF. 1

® Usually based on a table lookup and Aparmen Dveling Ars o0 0w
. . Nmmal_' _' :Sh:ﬁuu:t#m 0.50
surface descnphon Dense Residential: 6 to 15 units/acre 0.70

Grass Shoulders 0.25
Side Slopes, Earth 0.60
Side Slopes, Turf 0.30
Median Areas, Turf 025
Cultivated Land, Clay & Loam 0.50
Cultivated Land, Sand & Gravel 025
Industrial Areas, Light 0.50
Industrial Areas, Heavy 0.60
Parks & Cemeteries

Playgrounds 0.20
Woodland & Forests

Meadows & Pasture Land

Unimproved Arcas

o [mpervious surfaces in bold
Rolling = ground slope between 2 percent to 10 percent
Hilly = ground slope greater than 10 percemt

from "Oregon Hydraulics Manual (Chapter 7, Appendix F), 2014."
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® Measure the 4( e R

® Save scale factor
1.51 in == 400 feet

Distance Tool
Distance:
Angle:
AN AY:
Scale Ratio: 1in=1in




PIPE 1.1 '
\; | ‘ g WNNE SN

O

® Connects 1.1 to 2.1

® Length = 1.57*%400/1.51
=415 ft

® Repeat for all the other pipes

Distance Tool

Distance: 1.57in
Angle: 89.34

AX: 0.02in  AY: 1.57in
Scale Ratio: 1in=1in
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®* Build a sheet with the information

®* Note the naming convention (a bit
awkward, but faithful to the original

example)

GATHER THE INFORMATION INTO A SPREADSHEET

Drainage Area ID  Drainage
Area (acres)

2.26
1.26
3.85
0.53
0.68
0.45
1.58
2.0
0.66
117
0.66
175
0.54
2.17
15,61

Alignment

R unoff
Coefficient

0.65
0.80
0.70
0.80
0.70
0.85
0.65
0.75
0.85
0.70
0.65
0.55
0.75
0.70

¥ GoodwinStormSewer

Formulas

%,

Murmber

Inlet ID

Data Review

Qe

View »»

f=| Conditional Formatting =

g Format as Table =

& Cell Styles =

Inlet Time
(min)

PipelD

B |

&t Share ~

ModelD-NodelD | Pipe Length

11 1.1-21
1.2 1.2-21
2.2 2.2-31
21 2.1-31
3.2 3.2-41
33 3341
313141
4.2 4.2-51
4.1 4.1-51
5.2 5.2-6.1
3.3 5.3-61
51 5.1-61
6.1 6.1-7.1
717.1-81

(ft)




1 DETERMINE INLET TIMES FOR EACH DRAINAGE AREA

®* Measure actual best-guess flow path

® Find Slope (737.5 —732.3)/(0.92*400/1.51)
= 5.2ft/243.7 ft = 0.021 (2.1%)

® Determine some kind of cover
* Apply NRCS Velocity, NRCS Upland, or Kerby-Kirpich

® Use method that makes most sense




#§ NRCS-Upland

View

MEdw-J ~

Page Layout

:000

Data Review Developer

= %

Mumber

Insert Formulas

\

®* NRCS Upland Method

. . . L4 Alignment

fx  Forest with Heavy Ground Litter & Meadow

<= Watershed 5lope
(%)

<= Select Watershed

®* Measure actual best-guess flow path

® Path = 243.7 ft
® Slope = 0.021 (2.1%)

a

Input Values

<= Path Length [ft)

<= o vl
< Time it
o] < me o

Computed Values

® |Inlet Time ~ 11 minutes

®* Repeat for each drainage area, populate

#
g
d
:

spreadsheet

w— aved Area (Sheet Aow) andShallow Gutter Flow
e Ny e Ground

o 0 Ml Tllage Cultheation
s vy D2 PR

DETERMINE INLET TIMES FOR EACH DRAINAGE AREA

Q- ©-

&+ Share ~

Cells Editing

Reference: MEH 630 Chapter 15
hitp:/idirectives. sc.egov.usda.gov/OpenNonWebContentaspx?content=27002.wb

— GrssedWaenway
e Short Grass Fasture Lawns
s Forest with Heavy Ground Liter & Meadow




[ [« W M e -3 = %8 GoodwinStormSewer Q- s ‘
|

M Home Insert Page Layout Formulas Data Review View > &t Share ~

1\\; DETERMINE INLET TIMES FOR EACH DRAINAGE AREA

r e = Conditional Formatting «
Y . | . i Forrmat as Table
Repeat for each drainage areaq, Mignment | Namber = L

populate spreadsheet

Drainage Area |0 Drainage Runoff Inlet ID Inlet Time PipelD NodelD-ModelD Pipe Length
Area (acres) Coefficient (min) (ft)

2.26 0.65 . 11 11-21
1.26 0.80 . 12 1.2-21
3.85 0.70 . 2.2 2.2-31
0.53 0.80 . . 21 21-31
0.68 0.70 . . 3.2 3.2-41
0.45 0.85 . . 3.3 3.3-41
1.58 0.65 . 31 3141
201 0.75 : . 4.2 4.2-51
0.66 0.85 . . 4.1 4.1-51
117 0.70 . 5.2 5261
066 0.65 . 5.3 5361
1.75 0.55 . 51 5161
0.54 0.75 . . 6.1 61-71
217 0.70 . 7.1 71-81
15.61

Average: 10.19285714  Count: 14  Sum: 142.7



1& ESTIMATE PIPE SLOPES

O

/]

® Use the node elevations and

topographic map to estimate pipe

slopes



O
® Use the node

elevations and
topographic map
to estimate pipe

slopes

® Populate the

spreadsheet

KE IMATE PIPE SLOPES

cee M g v-

[

Home Insert Page Layout

Calibri (Body) - 12

B I U -~

fx 1

Drainage Area ID | Drainage

Runoff

Area (acres) Coefficient

2.26
1.26
3.85
0.53
0.68
0.45
1.58
201
0.66
117
0.66
175
0.54
217
19.61

0.65
0.80
0.70
0.80
0.70
0.85
0.65
0.75
0.85
0.70
0.65
0.55
0.75
0.70

Formulas

Inlet I

Data

Inlet Time
(min)

¥ GoodwinStormSewer

Review View Developer

General

$ %

} 4.0

[=| Conditional Formatting =

g Format as Table ~

.0

FipelD NodelD-NodelD  Pipe Length

111121
1.2 1.2-21
2.2 2231
21 2131
3.2 3.2-41
3.3 3341
313141
4.2 4.2-51
4.1 4.1-51
5.2 5.2-61
5.3 5361
51 51-61
6.1 6.1-7.1
717181

Average: 1019285714

(ft)

Count: 14

& Cell Styles ~

Pipe Slope

Sum: 142.7

0.0200
0.0041
0.0180
0.0245
0.0175
0.0300
0.0104
0.0026
0.0041
0.0250
0.0060
0.0028
0.0030
0.0030

4B |ncert v

X Delete *

[Tl

/W | Fermat =




hdsc.nws.noaa.gov/ndsc/pfds/pfds_map_cont.htmI?bkmrk=il <
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‘General NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: IL
Infarmation

Data description
Data type: [ Pracinitation intensity %) Units: (English_#] Time series type: [ Partial duration %)

Select location

(O 1) Manually:

Frequency
Data Sarver
GIS Grids
Maps

a} By location

imal degrees, use **for S and |

: Latitude: Longitude:

b) By station (list of IL stations): [ Select station :]

Time Serles.
c) By address [k USA =] 9
Tomparala ) By (Urbena, L, USA %[ O]
Bt B 5 Use map (f ESAI interactive map s not loading, iry adding the host: hitps:iljs.arcgls.comi to the firewall, or cantact us at hdsc. qusstions@@incaa.govl:
Probable
Maximum =
Precipltation Map % &) Select location
Documents Terrain Mave crosshair or double click
Miscellaneous : 2 b) Click on station icon
Publications : Show stations on map
Storm -
Analysis N
Rw:l":‘ Lecation information:
Precipitation : ; : Name: Lircana, linois, USA*
a Latitude: 40.1174"
2 - Longltude: -66.2044°
Contact Us i _thaana Elevation: 710,31 ft =
inquiries Champaign [

* Source: ESRI Maps
** Source: USGS

&
POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
CU r V WITH 80% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 2, Version 3

PF tabular PF grapl Supplamentary Information

y estl with 90% confl Intervals {in Inchas/hour)T

® The basin in the examp 1

Ba0 576 06 15 127 37
{B817-0.54) | (B.8310.6) | (9.67-11.5) | (10.4-125) | (11.4-128) | (12.2414.7)

536 58 580 740 75 56D .38 594
a.07.5.83) | (5.536.50) | (826737 | (676-8.00) | (T28-864) | (778929 | (B.41110.1) | (BET10.T)

Urbdnq, Illinois — Use NOAA Atlds ]4 I . a. :40‘;'.33:- 491 :s_ﬁf:.m (5. D |js.ca-i?1sj (8.45-7. |;s.~;7~;'?42] \;'raaé-zas.gﬂ

2.06 2.4 301 3.4 395 .36 .78 5.77 6.21
[1.91-2.23] 30-2.89) |J278-3.27) | (345-3.70) | (2.63-4.28) | (3.99-4.72) | 1 17) (5.18-6.24) | ( T0)

1.26 . 256 BT . 3.53 3.99 4.36
[1.17-1.3¢] : ) 5-2.05) (2.38-2.78) | (283-3.01) | (281-3.45) | (3.20-282) | (3.58-4.31) | (3.88-471)

0.750 0.904 1.29 1.54 1.76 1 2.29 2.72 3.09
(0.692-0.819) 10.834-0.984) | 1.03-1.21) || {1.18-1.40) | {1.81-1.87) | (1.61-1.91) (2.07-247) | (244-2.83) | (276-3.34)
0.536 0.645 0.795 0.920

1.1 1.28 1.68 2.0 2.30
. m (0.492-0.584) 0.593-0.705 731-0.870) | (0.844-1.01) | {1.01-1.21) | (1.16-1.30) (1.51-1.82) | (1.79-2.18) || (2.04-2 50)
o r e eX q p e U S e q = y r 0.318 0.362 0.469 0.543 0.654 0.752 0.988 1.19 136
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Calibri [Bady) 12 A A ]
g A = = 1
Paste B TI u . el _ =
C15 fx s5.82
A B C D E F
2 |NOAA Atlas 14 Wolume 2 Version 3
3 |Data type: Precipitation intensity
4 | Time series type: Partial duraticn
5 | Project area: Ohio River Basin
& |Location nar [llinois USA
7 |Station Name: -
8 Latitude: 40.1174c<
9 Longitude: -88.2044c

Elevation [USGS): 710131 ft

PRECIPITATI

by duration f
5-min:
10-min:
15-min:
30-min:
B0-min:
2-hr:
3-hr:
B-hr:
12-hr:
24-hr:

2-day:
3-day:
4-day:

7-day:

10-day:
20-day:
30-day:
45-day:
60-day:

ON FREQUENCY ESTIMATES

]
4.9]
3.8]
3.17
2.0¢
1.2¢
0.75]
0.53¢
0.314
0.184
0.107

2
5.82
4.54
3.7
2.48
1.52
0.504
0.645
0.382
0.221
0.128

0.062
0.044
0.035
0.024
0.019
0.013
0.011
0.009
0.008

0.074
0.053
0.042
0.028
0.023
0.015
0.013

0.01
0.009

Date/time [GMT): Mon Oct 25 18:25:55 2018
pyRunTime: 0.0194705300955

0.785

0.063

0.05
0.033
0.026
0.018
0.014
0.012
0.011

10

0.52

0.072
0.057
0.037
0.029
0.019
0.016
0.013
0.012

25

111

0.086
0.068
0.043
0.034
D.022
D.018
0.015
0.013
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i calibri (Body) ; - : [=] Conditional Fermatting » A= nsert v A?
i o leody) T |
d L 7 Format as Table + S te ¥ z
gato B | I |U |l ) ! Sort &

(8] Format » Filter

0.84701833
51.1022062
933398728
log(time)  log(intensity)
0.69897 0.72835378 535766551 5.876E-05 Intensity
() D I d h bl 1 0.62117628 415816603 0.00047672 15 3.42209136
owniod 1. e 1.0 e 15 117609126 053275438 3.42209136  0.0001462
147712125 035793485 2.27846284  2.3629E-06 - -
177815125 0.14612804 140969286 9.3952E-05
207918125 -0.0798767 0.83134315 4,3146E-07
2.25527251 -0.2269453 0.6019845 B8.0721E-05 Set Objective:
o U S e ‘I'h e 2 - n d CO I U m n 25563025 -0.4534573 0.34181292 0.00010378

2.8573325 -0.6903698 0.1920828 0.00014202 To: O Max © Min O valweof [0 |
315836249 -0.9318141 0.1073673_9.2789E-05
i _7-1?_|€= SSE : By Changing Variable Cells:

$G31:3G53 ]

. I r 1- fiT Subject to the Constraints:
Use solver to

B -
LTI T

=
(TC n D)E NI

Make Unconstrained Variables Non-Megative

Select a Solving Method: [ GRG Nonlinear ||

Solving Method

Select the GRG Nenlinear enging for Solver Problems that are smooth
nenlinear. Select the LP Simplex engine for linear Solver Problems,
and select the Evolutionary engine for Solver problems that are non-

. . N
intensity and runoff | kS

® Use this equation for estimating
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- ¥ Conditional Fermatting
Calibri (Body) ~+ 12 General Rlconionalioaing

1\\5 INTENSITY EQUATION

y, 54,8244734
921697499
log(time)  log(intensity)
0.69897 0.76492298 582688737 4.7436E-05 Intensity

O . 1 0.65705585 451763552 0.00050017 11 432818717
117609126 0.56820172 3.71616189 0.00026121
() I o f 0 f h I . 147712125 039445168 2.4734118 4.34D4E-05
ntensity tunction tor the example: . rrsisizs 0dsieao 153085161 00001172
. 2.07918125 -0.0438316 0.9036067 1.5469E-07
2.25527251 -0.1904403 065478262 9.57E-05
2.5563025 -0.4179366 037232531 9.36E-05
5 4 82 . 2.8573325 -0.6556077 020956144  0.00013084
. ! 3.15836249  -0.89279 011733262 0.00011373

0,00140363 <= 55E

(T, + 9.21)0844

® This can be coded into an

analysis spreadsheet directly
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eimmfyiodel







