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Definitions

 What is an IDF Curve? A graph of rainfall intensity with its duration
and frequency of occurrence. It graphically shows the probability
(storm event) of a given average rainfall intensity event occurring.

 What is time of concentration? The time it takes for stormwater to
collect from the farthest point of a watershed to the final
discharge point.

e TR-55, also known as Urban Hydrology for Small Watersheds
Technical Release 55, or NRCS TR-55

* SCS Method is the method used by TR-55 for calculating flows — it
is the mathematical method behind the curve numbers and time
of concentration (and ultimately the IDF curve)

* TR-55 =SCS Method as far as mathematical calculations go

* What is a storm event? It is a flood frequency, being a probability
of a flood event of a certain size occurring for any given year.
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Figure 9.3-1 —FLOOD FREQUENCY PROBABILITIES

e . Percent chance of event
Recurrence Interval (RI) thal?mt"- ‘f’f FTEM_MWJIHRE oCcurring in any given vear
HL ALY gIven year {Exceedance Probability)
2-year lin2 50%
S-year lin5 20%
10-year 1in 10 10%
25-year 11n 25 %%
50-year 1in 50 2%
100-year 1 in 100 1%
200-year 1 in 200 0.5%
500-year 1 in 500 0.2%

From Chapter 9, Appendix B-2022 of the Montana
Department of Transportation Hvdraulics Manual (January 2022)
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Quick Summary of DEQ-8
Changes

* Additional required information as part of the stormwater
reports, such as depth to limiting layer

 Clarification regarding looking at downstream affects (what
happens during large storm events) and can require
additional information if there are concerns

 Simplified Plan can be used by a greater number of projects
with slope restriction removed — can use spreadsheet or
calculate retention volume via new formula

* Culverts are required for roads crossing drainages, and must
be 12 inches in size minimum

* Some minor overtopping of roadways is now allowed under
certain situations

* Groundwater proximity to bottom of retention, detention or
infiltration facilities needs to be checked
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What are we looking for in a
stormwater design?

* Will stormwater runoff from development cause
flooding

* What kind of soils are present?
* How steep is it?
* What is downstream of the site?

* Does the stormwater run through or cross any
roads or come close to buildings, drainfields or
other infrastructure we don’t want damaged
by a flow of water?
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Using DEQ-8 — Determining
rainfall rates with IDF Curve

* Steps

e Determine the time of concentration for the
pre-development  and  post-development
conditions

* Look up the precipitation intensity for Atlas 14

 Find the storm recurrence interval of interest
(2-year storm event, 10-year storm event, etc)

* Find the rainfall intensity for the storm
duration based on the time of concentration

* Interpolate the final value if needed
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Time of Concentration

* Determines the time it takes for drop of water to
get from one end of the basin to the other

* |t is a time! (velocity over a distance)

* Determined by adding up the time for sheet
flow, shallow flow, and concentrated flow

* The shortest total time allowed is 5 minutes

PR
' L
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Time of
Concentration

* Sheet flow

 Thin sheet of flow
less than 1 inch in
depth

* Limited to 300
feet in length

* Empirical
equation
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Time of Concentration

Sheet Flow

0.007(nL)"*®
(P,)05504

T sheet flow =

Where: T: = travel time (hr),
n = Mannming’s roughness coefficient
L = flow length (ft, max of 300 ft)
P2 = 2-year, 24-hour rainfall (1n)
s = slope of hydraulic grade line (land slope, ft/ft)
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Time of Concentration

* Sheet Flow (con’t)

e So, can’t | use other storm
events for sheet flow (like
10-year or 100-year)?

* NO — empirical equation

is one developed based

on experimental data and
observations, NOT based
on a theory that can be
applied universally

il ol ik
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Time of
Concentration

e Shallow flow

* Flow depths are

approximately 1
inch to 6 inches
(0.1 to 0.5 feet)
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Time of Concentration

Shallow Concentrated Flow

L
Te = 36007
Where: T: = time of concentration (hr),

L = flow length (ft)
V = velocity, ft's

Unpaved: V = 16.1345 % /s

Paved: V =202382+% /s

Where: V = average velocity, ft/s
S = slope of hydraulic grade line (watercourse slope), ft/ft
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Time of Concentration

e Concentrated Flow

* Determine velocity using
Chezy-Manning Equation

* Use Shallow
Concentration equation to
get time of concentration

* Lots of online calculators
available for Chezy-
Manning or Mannings
equation (open channel
flow)

il ol ik
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Time of Concentration

Chezy-Manning Equation to get velocity

0—va_ 186 4 pers,gu
n
_ 1.486 " RE,.-"E & 51,.-"2
In
Where: (Q = channel flow (cf3)

V = velocity (ft's)

n = Manning's roughness coefficient
A = cross-sectional area of flow (fit5)
E = hydraulic radius (ft)

5 = channel slope (ft/ft)

WP = wetted perimeter

E=A"WP
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Finding Rainfall Intensity

e Using NOAA’s Atlas 14

* Go to the Atlas 14 site
* Select “Precipitation Intensity”

* Look at the 2-year storm event column (or 10-
year or 100-year)

* Select the storm with the duration that is equal
to your time of concentration (or interpolate
between two values)

* That value is the rainfall intensity for that storm
event
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Rainfall

* NOAA has published Atlas
14, Volume 12 for Idaho,
Montana, and Wyoming

* This updates and replaces
Atlas 2

e Available at
https://hdsc.nws.noaa.gov
/pfds/pfds map cont.html

oy
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NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: MT

Data desgrigti
Dﬂhwq Preciéitation deélh vi unite:| English | Time sense type:| Partial duration v

Select location

1) Manusily-
3) By hocation (- for Sand Wi Lalitude: [ ]_f.'":_:ll_:r_- [ ]| Submit |
) B atation llst of T stanone): | Select station |
© By sddrsas | [a ]
2) Usa map:
: 1) Sslact location
B Torain i Move crasshr or double dick
bj Click on station Icon
Shaw staions on map
CANADA
[Edmniton
Location infarmation:
o, Manianz, LISA®
Galgary ; 470625
Vanesspar Langltude: 7100852
] Elevation: 2423 i *
Suathe
g =
I (=11
Toron
Chinagn Dt
3
Deener UNITED Philasely
n. STATES SiLouts 5
.ﬂ;—.’\ﬂﬁ#w
Disdlas
1D30km
—— e L * Source: ESRI Maps
aaml * Saunce: USGS

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 50% CONFIDEMCE INTERVAL § AND SUPPLEMENTARY INFORMATION
HOAA Atizs 14, Violums 12, Verzion 2

PF tabular PF graphical Supplementary information

S Prirk page

PO 3-based precipitation flEﬂLIEan' estlmales with 30% confidence intervals {in |n¢=hes]1
=g recL

"ce Intanval [yars,
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Storm Event

\ - _____________—
\FF tabular PF graphical Supplementary information

IE'I Print page

\ PDS-based precipitation frequency estimates with 90% confidence intervals
Durafion | ‘ Average recurrence inferval (years)
| 1 I 2 I 5 I 10 I 25 I 50 10 || 200 [ se0  [[ 1000
& i 0.156 0.216 0.313 0.393 0.501 0.583 0.664 0.745 0.851 0.929
{0.136-0.178) || (0.191-0250) || (0.274-0.368) || (0.337-0.467) || (0.413-0.605) || (0.462-0.713) || (0.495-0.829) || (0.521-D.965) (0.547-1.17) (0.574-1.34)
10-rmin 0.216 0.300 0.435 0.545 0.695 0.809 0.921 1.03 1.18 1.29
{0.189-0.247) || (0.265-0.346) || (0.380-0.510) || (0.463-0.647) || (0.572-0.839) || (0.640-0.983) (0.687-1.15) (0.722-1.34) (0.759-1.62) (0.797-1.86)
15 i 0.251 0.348 0.505 0.633 0.807 0.940 1.07 1.20 1.37 1.50
{0.220-0.287) || (0.308-0.402) || (0.441-0.593) || (0.544-0.752) || (0.6E5-0.975) {0.744-1.15) (0.798-1.34) (0.539-1.56) (0.882-1.88) (0.926-2.16)
— 0.306 0.424 0.615 0.772 0.984 1.14 1.30 1.46 1.67 1.82
(0.268-0.350) || (0.375-0.491) || (0.538-0.723) || (0.663-0.917) (0.510-1.19) {0.907-1.40) (0.973-1.63) {1.02-1.90) (1.08-2.30) (1.13-2.63)
— 0.366 0.506 0.733 0.919 117 1.36 1.55 1.74 1.99 217
{0.320-0.418) || (0.448-0.585) || (0.641-0.861) (0.789-1.09) (0.964-1.41) {1.08-1.66) (1.16-1.94) {1.22.2.25) (128-273) (1.34-3.13)
o hr 0.477 0.627 0.870 1.07 1.34 1.55 1.76 1.97 2.25 2.45
{0.422.0.537) || (0.559-0.715) (0.7658-1.01) (0.929-1.25) (1.13-1.60) {1.26-1.87) (1.36-2.17) (1.44-2.53) (1.51-3.06) (1.59-3.52)
“hr 0.561 0.713 0.960 1.16 1.45 1.66 1.88 2.10 2.39 2.61
{0.502-0.627) || (0.640-0.304) (0.852-1.10) (1.02-1.34) (123-1.70) {1.37-1.98) (1.49-2.30) {1.59-2.68) (1.70-3.24) (1.79-3.73)
ehr 0.719 0.876 1.14 1.36 1.66 1.90 2.14 2.38 2.1 2.97
{0.650-0.796) || (0.793-0.975) {1.02-1.28) (1.20-1.54) (1.43-1.91) {1.60-2.22) (1.76-2.58) {1.90-3.00) (2.08-3.64) (2.20-4.19)
12hr 0.893 1.06 1.36 1.61 1.97 2.26 2.56 2.87 3.30 3.64
{0.509-0.933) (0.966-1.18) {1.22-1.52) (1.43-1.31) {1.72-2.25) {1.94-2.62) (2.14-3.04) (2.35-3.55) (2.60-4.34) (2.79-5.02)
1.09 1.28 1.62 1.92 2.36 2.1 3.07 3.45 4,00 443
{0.988-1.20) (1.17-1.42) (1.47-1.81) (1.72-2.15) (2.07-267) (2.33-3.11) (2.59-3.62) (2.85-4.23) (3.19-5.20) (3.44-6.03)
2 1.29 1.52 1.91 2.26 2.75 3.15 3.56 3.99 4,60 5.07
3y (1.17-1.42) (1.38-1.67) {1.73-2.13) (2.01-2.53) (2.41-312) (2.71-3.62) (3.00-4.20) (3.29-4.90) (3.66-5.98) (3.94-6.91)
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NHOAA's National Weather Sernvi

&7 Hydrometeorological Design Studies Cef
‘ Precipitation Frequency Data Server (PEDS]
Homs Sile Map Organization

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: MT

Precipitation intensity s

Selact location

unite:| English s | Time sense type:| Partial duration

1] Manually-
8) By bocaton (i Lz ]_’J":;il_i.'r_- [ ]| Submit |
b} By atation izt of MT stabions): | Select station e
o By sadmas | =N
Z) Uea map:
i ) ssict ocstion
S Mo crasshair or double dick
b Click on atation Icon
Show stations on map
CANADA
Edmonitzn . X
Location information:
Mame: Stanford, Montana, USA®
Fuigary Latifuds: £7.0625
Wansouar
a
Haatbe
2 o
I L]
Toron
Deaver UNITED Fhilage
) STATES 51 Louts
San Fransinea 3 £
3
g Ay e
Dallas e
1000km
—_— il L * Source: ESAI Maps
aami ** Source USGS

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 50% CONFIDENCE INTERWAL § AND SUPPLEMENTARY INFORMATION
HOAA Atias 14, violuma 12, Versian 2

PF tabular PF graphical Supplementary information

2 Prind page

PD5-based precipitation frequency estimates with 0% confidence intervals (in inl::hes.fhi:lur]I

rec e ke
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PF tabular PF graphical Supplementary information

IE'I Print page

PDS-based precipitation frequency estimates with 90% confidence intervalsl(in inchesfhour}" I

Average recurrence interval (years)

Dwration
1 | 2 | 5 | 10 i 25 | 50 | 100 | 200 | 500 i 1000
5 min 1.87 2.59 3.76 4.72 6.01 7.00 797 3.94 10.2 11.1
(1.63-2.14) {2.29-3.00) (3.29-4.42) (4.04-5.50) {4.96-7.28) (5.54-8.56) {5.94-9.95) (6.25-11.6) (6.56-14.0) (6.89-16.1)
10-min 1.30 1.80 2.61 3.2T7 417 4.85 5.53 6.20 7.08 773
(1.13-1.48) {1.59-2.08) (2.28-3.06) (2.81-3.88) (3.43-5.03) (3.84-5.93) {4.12-6.90) (4.33-8.03) (4.55-9.73) (4.78-11.1)
15 min 1.00 1.39 2.02 2.53 3.23 3.76 4,28 4.80 5.48 5.99
{0.880-1.15) {1.23-1.61) {1.76-2.37) (2.18-3.01) (2.66-3.90) (2.98-4.59) {3.19-5.34) (3.36-6.22) (3.53-7.53) (3.70-8.63)
30-miin 0.612 0.248 1.23 1.54 1.97 2.29 2.61 2.93 3.4 3.65
(0.536-0.700) || (0.750-0.982) {1.08-1.45) (1.33-1.83) (1.62-2.38) {1.81-2.80) {1.95-3.26) (2.04-3.79) (2.15-4.59) (2.26-5.26)
&0-min 0.366 0.506 0.733 0.919 147 1.56 1.55 1.74 1.99 217
(0.320-0.418) || (0.448-0.585) || (0.641-0.861) || (0.789-1.09) (0.964-1.41) {1.08-1.66) {1.16-1.94) {1.22-2 25) (1.28-2.73) (1.34-3.13)
> hr 0.238 0.313 0.435 0.535 0.672 0.776 0.2280 0.985 1.12 1.23
(0.211-0.268) || (0.279-0.357) || (0.384-0.503) || (0.464-0.625) || (0.563-0.798) || (0.629-0.936) || (0.680-1.09) {0.717-1.26) (0.756-1.53) (0.794-1.76)
3hr 0.186 0.237 0.319 0.387 0.421 0.554 0.626 0.699 0.796 0.269
(0.167-0.208) || (0.213-0.267) || (0.283-0.365) || (0.338-0.447) || (0.408-0.585) || (0.456-0.660) || (0.496-0.766) || (0.529-0.891) || (0.567-1.08) (0.595-1.24)
6-hr 0.120 0.146 0.189 0.226 0.277 0.316 0.356 0.397 0.453 0.495
(0.108-0.132) || (0.132-0.162) || (0.169-0.213) || (0.199-0.256) || (0.238-0.319) || (0.267-0.371) || (0.293-0.430) || (0.317-0.500) || (0.347-0.608) || (D.367-0.699)
12-hr 0.074 0.088 0.112 0.133 0.163 0187 0.212 0.237 0.273 0.301
(0.067-0.081) || (0.080-0.087) || (0.101-0.125) || (0.119-0.150) || (0.142-0.186) || (0.160-0.217) || (0.177-0.252) || (0.194-0.294) || (0.216-0.360) || (0.231-0.418)
24 hr 0.045 0.053 0.067 0.020 0.093 0112 0127 0.143 0.166 0.124
(0.041-0.049) || (0.048-0.058) || (0.061-0.075) || (0.071-0.089) || (0.086-0.111) || (0.097-0.129) || (0.108-0.150) || (0.118-0.176) || (0.132-0.216) || (0.143-0.251)
2.day 0.026 0.0 0.039 0.047 0.057 0.065 0.074 0.083 0.095 0.105
(0.024-0.029) || (0.028-0.034) || (0.035-0.044) || (0.041-0.052) || (0.050-0.065) || (0.056-0.075) || (0.062-0.087) || (0.068-0.101) || (0.076-0.124) || (D.082-0.143)
3-day 0.019 0.023 0.029 0.034 0.041 0.047 0.053 0.060 0.068 0.075
(0.017-0.021) || (0.021-0.025) || (0.026-0.032) || (0.030-0.038) || (0.036-0.047) || (0.041-0.055) || (0.045-0.063) || (0.049-0.073) || (0.054-0.089) || (0.058-0.103)
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Determining the IDF Curve
values

e Determine Time of Concentration for Site

* Site has a swale and a culvert

* Length of Sheet Flow = 150 feet

* Drains into driveway swale. Swale is 120 feet long.
* Elevation at top of sheet flow path = 4,106 ft

* Elevation at bottom of sheet flow path = 4,101 ft

e Elevation at start of swale at the bottom (shallow
concentrated flow) = 4,100 ft

e Elevation at end of swale at the bottom = 4,094 ft

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

* Find the slope for the
sheet flow:

CAh 4,106 — 4,101
ST T 155
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Determining Time of
Concentration (Con’t)

e Calculate Sheet Flow

n="7

L = 155 T, = 0.007(nL)"®
P2 _ ? (PZ)D'ESD'4

s =0.0323 Where: T: = time of concentration (hr),

n = Manning’s roughness coefficient

L = flow length (ft, max of 300 ft)

Py = 2-year, 24-hour rainfall (in)

s = slope of hydraulic grade line (land slope, ft/ft)
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NOAA™s National Weather Sanvi

&7 Hydrometeorological Design Studies Cer
— Precipitation Frequency Data Server (PEDS]
Homa Sifa Map Organizaiion

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: MT

Data desgrigti
Dﬂhwq Preciéitation deélh vi unite:| English | Time sense type:| Partial duration v

Select location

1) Manusily-
3) By hocation (- for Sand Wi Lalitude: [ ]_f.'":_:ll_:r_- [ ]| Submit |
) B atation llst of T stanone): | Select station |
© By sddrsas | [a ]
2) Usa map:
: 1) Sslact location
B Torain i Move crasshr or double dick
bj Click on station Icon
Shaw staions on map
CANADA
[Edmniton
Location infarmation:
o, Manianz, LISA®
Galgary ; 470625
Vanesspar Langltude: 7100852
] Elevation: 2423 i *
Suathe
g =
I (=11
Toron
Chinagn Dt
3
Deener UNITED Philasely
n. STATES SiLouts 5
.ﬂ;—.’\ﬂﬁ#w
Disdlas
1D30km
—— e L * Source: ESRI Maps
aaml * Saunce: USGS

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 50% CONFIDEMCE INTERVAL § AND SUPPLEMENTARY INFORMATION
HOAA Atizs 14, Violums 12, Verzion 2

PF tabular PF graphical Supplementary information

S Prirk page

PO 3-based precipitation flEﬂLIEan' estlmales with 30% confidence intervals {in |n¢=hes]1
=g recL

"ce Intanval [yars,

DE MEHA 2025 —

MONTANA"SNNG™ Using DEQ-8 for Stormwater Review



|

PF tabular PF graphical Supplementary information

IE'I Print page

PDS-based precipitation frequency estimates with 90% confidence intervals
. | Average recurrence inferval (years)
Dwration
| 1 | 2 | 5 | 10 | 25 | 50 | 100 | 200 500 | 1000
& min 0.156 0.216 0.313 0.393 0.501 0.583 0.664 0.745 0.851 0.929
{0.136-0.178) || (0.191-0.250) || (0.274-0.368) || (0.337-0.467) || (0.413-0.605) || (0.462-0.713) || (0.495-0.829) || (0.521-0.965) || (0.547-1.17) (0.574-1.34)
10umin 0.216 0.300 0.435 0.545 0.695 0.309 0.921 1.03 1.18 1.29
{0.189-0.247) || (0.265-0.348) || (0.380-0.510) || (D.468-0.647) || (0.572-0.839) || (0.640-0.988) || (0.687-1.15) (0.722-1.34) (0.758-1.62) (0.797-1.86)
15.min 0.251 0.348 0.505 0.633 0.807 0.940 1.07 1.20 1.37 1.50
{0.220-0.287) || (0.308-0.402) || (0.441-0593) || (0.544-0.752) || (0.665-0.975) || (0.744-1.15) (0.798-1.34) {0.839-1.56) (D.382-1.88) (0.926-2.16)
20min 0.306 0.424 0.615 0.772 0.924 1.14 1.30 1.46 1.67 1.82
{0.263-0.350) || (0.375-0.491) || (0.538-0.723) || (0.663-0.917) || (0.810-1.19) {0.907-1.40) (0.973-1.63) {1.02-1.90) (1.08-2.30) {1.13-2.63)
S0-min 0.366 0.506 0.733 0.919 147 1.36 1.55 1.74 1.99 247
{0.320-0.418) || (0.448-0585) || (0.641-0.861) || (0.789-1.09) (0.964-1.41) {1.08-1.66) (1.16-1.94) {1.22-2.25) (1.28-2.73) {1.34-3.13)
ohr 0.477 0.627 0.870 1.07 1.34 1.55 1.76 1.97 2.25 245
(0.422-0.537) || (0.559-0.715) || (0.768-1.01) (0.929-1.25) {1.13-1.60) {1.26-1.87) (1.36-2.17) {1.44-2.53) (1.51-3.06) {1.59-3.52)
2hr 0.561 0.713 0.960 1.16 1.45 1.66 1.88 2.10 2.39 2.61
{0.502-0.627) || (0.640-0.804) || (0.852-1.10) (1.02-1.34) {1.23-1.70) {1.37-1.98) (1.49-2.30) {1.59-2.68) (1.70-3.24) {1.79-3.73)
6hr 0.719 0.876 1.14 1.36 1.66 1.90 214 2.38 2.7 297
{0.650-0.796) || (0.793-0.975) {1.02-1.28) (1.20-1.54) (1.43-1.91) {1.60-2.22) {1.76-2.58) {1.90-3.00) (2.08-3.64) {2.20-4.19)
12.hr 0.393 1.06 1.36 1.61 1.97 2.26 2.56 2.87 3.30 3.64
{0.809-0.983) || (0.966-1.13) {1.22-1.52) (1.43-1.81) {1.72-2.25) {1.94-2.62) (2.14-3.04) {2.35-3.55) (2.60-4.34) {2.79-5.02)
. 1.09 1.28 1.62 1.92 2.36 271 3.07 3.45 4.00 443
{0.983-1.20) (1.17-1.42) {1.47-1.81) (1.72-2.15) (2.07-2.67) (2.33-3.11) (2.59-3.62) (2.85-4.23) (3.19-5.20) (3.44-6.03)
> da 1.29 1.52 1.91 2.26 275 3.15 3.56 3.99 4.60 5.07
Y (1.17-1.42) {1.38-1.67) {(1.73-2.13) (2.01-2.53) (2.41-3.12) (2.71-3.62) (3.00-4.20) (3.29-4.90) (3.66-5.98) (3.94-6.91)
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Determining Time of
Concentration (Con’t)

e Calculate Sheet Flow

T 0.007(nL)"®
n=">:7 £~ T (p,)05504
L =155 Where: T: = time of concentration (hr),
— : n = Manning’s roughness coefficient
P2 1.28in L = flow length (ft, max of 300 ft)
s =0.0323 P, = 2-year, 24-hour rainfall (in)

s = slope of hydraulic grade line (land slope, ft/ft)

Mannings n from FHA Urban Drainage Design:

https://www.fhwa.dot.gov/engineering/hydrauli
cs/pubs/hif24006.pdf
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Table 4.2. Manning's roughness coefficient (n) for overland sheet flow (FHWA 2002).

Surface Description n

Smooth asphalt 0.011
Smooth concrete 0.012
Ordinary concrete lining 0.013
Good wood 0.014
Brick with cement mortar 0.014
Vitrified clay 0.015
Castiron 0.015
Corrugated metal pipe 0.024
Cement rubble surface 0.024

Fallow (no residue) 0.05
Cultivated soils: Residue cover # 20% 0.06
Cultivated soils: Residue cover > 20% 017
Cultivated soils: Range (natural) 013
Short grass prairie 0.15

Dense grasses 0.24

Bermuda grass 0.41

Woods: Light underbrush * 0.40
Woods: Dense underbrush * 0.80

*When selecting n, consider cover to a height of about 1 inch (30 mm).
This is only part of the plant cover that will obstruct sheet flow.

Note that the closer “n” is to one, the more “rough” the surface

DE Q MEHA 2025 -
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Table 4.4. Typical range of Manning's coefficient (n) for channels and pipes.

Conduit Category Conduit Material Manning's n *
Concrete pipe 0.010 - 0.015
, CMP 0.011 - 0.037
Closed conduits

Plastic pipe (smooth) 0.009 - 0.015
Plastic pipe (corrugated) 0.018 - 0.025
Pavement/qutter sections Concrete, asphalt 0.012-0.016
Concrete 0.011-0.015
Rubble or riprap 0.020 - 0.035
Small open channels Vegetation 0.020-0.150
Bare soil 0.016 - 0.025
Rock cut 0.025 - 0.045
Matural channels/streams Fairly regular section 0.025 - 0.050

(top width at flood stage .
Irregular section with pools 0.040 - 0.150

less than 100 ft (30 m)

*Lower values usually apply to well-constructed and maintained (smoocther) pipes

and channels.
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Determining Time of
Concentration (Con’t)

e Calculate Sheet Flow

. _ 0.007(nL)°*?
n=0.15 T (p,))05504
L =155 Where: T: = time of concentration (hr),
— : n = Manning’s roughness coefficient
P2 1.28in L = flow length (ft, max of 300 ft)
s =0.0323 P, = 2-year, 24-hour rainfall (in)

s = slope of hydraulic grade line (land slope, ft/ft)

0.007(0.15 = 155)%# J
T sheet flow = (1.28)950.032304 = 0.303 hours or 18 minutes

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

* Find the slope for the
channel:

Ah . 4,100 — 4,094
L " ° 120

t
= {:-.USf—

ft

) 0
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using shallow flow

equation
T L
L=120 © 3600V
3600 is seconds Where: T: = time of concentration (hr).
in an hour L = flow length (f1)
V=7 V = velocity, ft's
s = 0.05 ft/ft

V =16.1345 + /s = 16.1345 * v/0.05 = 3.6 ft/sec

Velocity equation for unpaved surface

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using shallow flow equation

L

L =120 I = 35007
3600 is seconds

) Where: T: = time of concentration (hr),

inan hour L = flow length (f)
V = 3.6 ft/sec V = velocity, fi/s
s = 0.05 ft/ft

L 120

Tt—shaﬂﬂw concentrated flow — 2600V = 2600 = 3.6
= 0.009 hours or 1 minutes

DE Q MEHA 2025 -

MONTANA"SNNG™ Using DEQ-8 for Stormwater Review




Determining
Time of
Concentration

(Con’t)
e Total Time of
Concentration is —

Sheet flow plus
shallow flow plus
concentrated flow
(if any)

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

 With a Swale — Total Time of Concentration

Ttatal = Tt—sheet flow + Tt—sh.ﬂllﬂw concentrated flow

Tiotq1 = 18 mins + 1 mins = 19 minutes

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

e With a Swale — Total Time of Concentration

* Wait...so what about that concentrated flow Chezy-
Manning thing?

 And when do we use it instead of the velocity
equation used here for the shallow flow?

* You would use the Chezy-Manning equation to find
the velocity of flow in a channel when the depth
exceeds 6 inches, since that is when you can’t use the
simpler velocity equation

* You can use the Chezy-Manning equation instead of
the simpler velocity equation for any depth

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using Chezy-Manning

Equation
1.486
n=0.15 QEVAS T AR S
=7
V=r p_ L1486 o i
S = 0.05 ft/ft n
A - Where: (Q = channel flow (cfs)
) V = velocity (ft/s)
WP = ? n = Manning's roughness coefficient
A = cross-sectional area of flow (ft)
R = ? E = hydraulic radis (ft)

5 = channel slope (ft/'ft)
WP = wetted perimeter
FE=AWP

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using Chezy-Manning
Equation

TOP WIDTH WITH FREEBOARD

- -

* Assume swale is 200 feet long, with
a slope of 0.028 ft/ft.

TOP WIDTH

(I}

e Swale is trapezoid, with a 1-foot- R
wide bottom, 3:1 slopes and is 1.5 2. |\ /
feet deep, with a water depth ofup #2 2 /1,
to 1 foot RES wad /110
/ Z(H)
/
 What is the area and wetted BOTTOM

WIDTH (b)

perimeter and hydraulic radius of
the swale so we can find velocity?

DE Q MEHA 2025 -
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TABLE Q3(b). Open channel flow section geometries
Section Area 4 Top width T Wetted penimeter P
T —
| I?" By B B+1
5 —
Rectangular
e T =
1 1,1' ' 2zy 2yl + 22
Triangular
L= T =
1 , —
- By +zy B+ 2=y B+2ydl1+="
o
___Trapezoidal
be— T —
D* . .
.I —-(20-sin20) Dsin @ oD
Circular

MEHA 2025 —
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using Chezy-Manning

Equation
B=1ft A=By+zy*=1ft+1ft +3ft=(1ft)> =4 ft*
yf ;' ft (depth) WP =B+ 2y 1+ z°
L= =1+2+1J1+32=732F4
A 4 ft>
szpz?_ngt=[].55ft

* Remember — online calculators will do this!
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using Chezy-Manning

Equation
1.486
_ _ e A x P2/3 , C1/2
n=0.15 Q=VAsT AR
=7

V=1 p_ L1486 o i
S = 0.05 ft/ft n
A=4 ftZ Where: (Q = channel flow (¢fs)

V = velocity (ft's)
WP = 732 ft n = Manning's roughness coefficient

A = cross-sectional area of flow (ft)
R=0.55 ft E = hydraulic radis (ft)

5 = channel slope (ft/'ft)
WP = wetted perimeter
FE=AWP

DE Q MEHA 2025 -
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0 —va 485 L poss s
n
V= 1.486 " RE,.-"E " 51,.-"2
n
Where: (Q = channel flow (cfs)

V = velocity (ft's)

n = Manning's roughness coefficient
A = cross-sectional area of flow (ft)
E. = hydraulic radius (ft)

5 = channel slope (ft/'ft)

WP = wetted perimeter

R=AWP
1.486 1.486
V= R?/3 x §1/2 = TR 0.552/3 % 0.028%/2 = 1.08 f /s

DE Q MEHA 2025 -
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Determining Time of
Concentration (Con’t)

* With a Swale — Velocity using Chezy Manning

equation
T _ L
L =200 ft £ 3600V
3600 is seconds Where: T: = time of concentration (hr).
in an hour L = flow length (f1)

V = velocity, ft's

V =1.08 ft/sec

L 200
T,

t—shallow concentrated flow — 3600V = 3600 * 1.08
= 0.051 hours or 3.1 minutes
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Determining Time of
Concentration (Con’t)

* With a Culvert — Velocity using Chezy Manning
equation

* What about velocity through a culvert?

e Still would use Chezy Manning equation, same way as
swale, only would need internal angle (see open
channel geometries table)

* Online calculators will do this

DE Q MEHA 2025 -
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Developing the IDF Curve values

e Determine Rainfall Intensity (IDF Curve value)

e Go to NOAA Atlas 14 website

e Select “Precipitation Intensity” from upper left
hand drop down menu

* Choose your location

« Use the time of concentration as the storm
duration (so 19-minute storm in our example)

* Interpolate value if needed
* Value found is the rainfall intensity is in/hr

DE Q MEHA 2025 -
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Developing the IDF Curve
values

* Interpolate IDF Curve Values

e Rainfall during the 2-year storm event (recurrence)
with a duration of 19 minutes is what we want for the

rainfall intensity value
* 19-minute duration storm is not directly presented, so

we need to interpolate between closest two duration
storms — the 15-minute and the 30-minute

DE Q MEHA 2025 -
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NHOAA's National Weather Sernvi

&7 Hydrometeorological Design Studies Cef
‘ Precipitation Frequency Data Server (PEDS]
Homs Sile Map Organization

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: MT

Precipitation intensity s

Selact location

unite:| English s | Time sense type:| Partial duration

1] Manually-
8) By bocaton (i Lz ]_’J":;il_i.'r_- [ ]| Submit |
b} By atation izt of MT stabions): | Select station e
o By sadmas | =N
Z) Uea map:
i ) ssict ocstion
S Mo crasshair or double dick
b Click on atation Icon
Show stations on map
CANADA
Edmonitzn . X
Location information:
Mame: Stanford, Montana, USA®
Fuigary Latifuds: £7.0625
Wansouar
a
Haatbe
2 o
I L]
Toron
Deaver UNITED Fhilage
) STATES 51 Louts
San Fransinea 3 £
3
g Ay e
Dallas e
1000km
—_— il L * Source: ESAI Maps
aami ** Source USGS

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WITH 50% CONFIDENCE INTERWAL § AND SUPPLEMENTARY INFORMATION
HOAA Atias 14, violuma 12, Versian 2

PF tabular PF graphical Supplementary information

2 Prind page

PD5-based precipitation frequency estimates with 0% confidence intervals (in inl::hes.fhi:lur]I

rec e ke
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PF tabular PF graphical Supplementary information = Print page
e
PDS-based precipitation frequency estimates with 90% confidence intervalsl(in inchesfhour}" I
. | Average recurrence interval (years) 5 i
Dwration
1 | 2 | 5 | 10 i 25 | 50 | 100 | 200 | 500 i 1000
i 1.87 2.59 3.76 4.72 6.01 7.00 7.97 8.94 10.2 1.1
(1.63-2.14) (2.29-3.00) (3.29-4.42) (4.04-5.60) (4.96-T 26) {5.54-58.56) (5.94-9.95) (6.25-11.8) (6.56-14.0) (6.89-16.1)
. 1.30 1.80 2.61 3.27 4.17 485 5.53 6.20 7.08 7.73
(1.13-1.48) (1.59-2.08) {2.25-3.06) (2.31-3.88) (3.43-5.03) {3.84-5.93) (4.12-6.90) (4.33-5.03) (4.55.9.73) (4.75-11.13
15 i 1.00 1.39 2.02 2.53 3.23 3.76 4.28 4.30 5.43 5.99
{0.880-1.15) (1.23-1.81) {1.76-2.37) (2.18-3.01) (2.66-3.90) {2.95-4.59) (3.19-5.34) {3.36-6.22) (3.53-7.53) (3.70-8.63)
— 0.612 0.848 1.23 1.54 1.97 2.29 2.61 2.93 3.34 3.65
{0.536-0.700) || (0.750-0.982) {1.08-1.45) (1.33-1.83) (1.62-2.38) {1.81-2.80) (1.95-3.26) (2.04-3.79) (2.15-4.59) (2 26-5.26)
— 0.366 0.506 0.733 0.919 1.17 1.36 1.55 1.74 1.99 247
{0.320-0.418) || (0.448-0585) || (0.641-0.861) (0.789-1.09) (0.964-1.41) {1.08-1.66) (1.16-1.94) {1.22.2.25) (1.28-273) (1.34-313)
o hr 0.238 0.313 0.435 0.535 0.672 0.776 0.880 0.985 1.12 1.23
(0.211-0.268) (0.279-0.357) || (0.384-0.503) || (0.464-0.625) || (0.563-0.793) || (0.629-0.936) (0.680-1.09) (0.717-1.26) (0.756-1.53) (0.794-1.78)
S hr 0.186 0.237 0.319 0.387 0.481 0.554 0.626 0.699 0.796 0.869
{0.167-0.208) || (0.213-0.267) || (0.283-0.365) || (0.338-0.447) || (0.408-0.565) || (0.456-0.650) (0.496-0.766) || (0.529-0.591) (0.567-1.08) (0.595-1.24)
6hr 0.120 0.146 0.189 0.226 0.277 0.316 0.356 0.397 0.453 0.495
{0.105-0.132) || (0.132-0.162) || (0.169-0.213) || (0.199-0.256) || (0.238-0.319) || (0.267-0.371) (0.293-0.430) || (0.317-0.500) || (0.347-0.608) || (0.367-0.699)
12.hr 0.074 0.088 0.112 0.133 0.163 0.187 0.212 0.237 0.273 0.301
{0.067-0.081) || (0.080-0.097) || (0.101-0.125) || (0.119-0.150) || (0.142-0.136) || (0.160-0.217) (0.177-0.252) || (0.194-0.294) || (0.216-0.360) || (0.231-D.418)
dhr 0.045 0.053 0.067 0.080 0.098 0.112 0.127 0.143 0.166 0.184
{0.041-0.049) || (0.048-0.058) || (0.061-0.075) || (0.071-0.089) || (0.086-0.111) || (0.097-0.129) (0.108-0.150) (0.118-0.176) || (0.132-0.216) || (0.143-0.251)
2. day 0.026 0.031 0.039 0.047 0.057 0.065 0.074 0.083 0.095 0.105
{0.024-0.029) || (0.028-0.034) || (0.035-0.044) || (0.041-0.052) || (0.050-0.085) || (0.056-0.075) (0.062-0.087) || (0.068-0.101) || (0.076-0.124) || (0.082-0.143)
3day 0.019 0.023 0.029 0.034 0.041 0.047 0.053 0.060 0.068 0.075
{0.017-0.021) || (0.021-0.025) || (0.026-0.032) || (0.030-0.038) || (0.036-0.047) || (0.041-0.055) (0.045-0.063) || (0.049-0.073) || (0.054-0.089) || (0.058-0.103)
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Developing the IDF Curve
values

* Interpolate IDF Curve Values

* 15-minute storm for the 2-year storm event is 1.39
inches/hr

* 30-minute storm for the 2-year storm event is 0.848
inches/hr

P, - P
5-minute storm P, + (Fy —13) « (D, - D,)
0-minute storm (Dy — D,)

1

3 =P
19-minute storm

1.

0.

?

UUU

39in/hr
848 in/hr
in/hr

-

P
P2
P
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Developing the IDF Curve

values

* Interpolate Final IDF Curve Value

D, = 15-minute storm

D, = 30-minute storm P+ A -F) (D. —D,) =P
D; = 19-minute storm Dy -Dy) 3
P,=1.39in/hr
P,=0.848 in/hr
;=?in/hr 1304 (13970848) o [ imeh/hour
(15 — 30)
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Developing the IDF Curve
values

* Final IDF Curve Value

So for the 2-year storm event, where the time of
concentration is 19 minutes, the IDF Curve value is:

1.25 inches/hour =i (rainfall intensity at the time of
concentration)

This is the rainfall intensity used to calculate the
flowrates (such as with Q=C *i * A)
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Review Tips

* Recommendations
to keep in mind
when reviewing

stormwater
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Review Tips (con’t)

* Check the TR-55/SCS Method results against the
Rational Method (DEQ-8 spreadsheets)

 How much difference can you allow? Per the TR-55
documentation:

“The procedure (TR-55) should not be used to
perform final design if an error in storage of 25
percent cannot be tolerated ...

(for 1000 cf of storage, you would have plus or minus
250 cf)

DE Q MEHA 2025 -
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Review Tips (con’t)

* Does the time of concentration make sense? (Is the
pre-development time more than post-?)

* Is the rainfall rate within the range listed in Atlas
147

* What kind of velocities are the flowrates? (4 ft/s
starts moving solids — erosion an issue?)

* Do not be afraid to use online calculators for open
channel flow

* DEQ-8 has examples — this presentation is based on
Appendix F in DEQ-8

DE Q MEHA 2025 -
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Summary

* This is a lot of information — use this presentation
and Appendix F in DEQ-8 for help

e Stormwater is based on ranges of numbers and
probabilities with margins of error

* Many design decisions for stormwater are based on
best judgement, documentation is important

* Always feel free to ask questions

DE Q MEHA 2025 -

MONTANA"SNNG™ Using DEQ-8 for Stormwater Review



uestions?
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Connect with us!

Facebook
Twitter

Jenifer Ramsey, PE

Environmental Engineer

Jenifer.Ramsey@mt.gov

406.444.6713 Instagram
YouTube
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https://www.instagram.com/montanadeq/
https://twitter.com/MTDEQ
https://www.youtube.com/channel/UCZpuxN606ueNWkZBg7udweA
https://www.facebook.com/MTDEQ
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