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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. 

• 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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From Chapter 9, Appendix B-2022 of the Montana 
Department of Transportation Hydraulics 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 

• 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

• It 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
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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
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Sheet Flow
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Time of Concentration

• Sheet Flow (con’t)
• So, can’t I 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
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Time of 
Concentration
• Shallow flow

• Flow depths are 
approximately 1 
inch to 6 inches 
(0.1 to 0.5 feet)
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Time of Concentration
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Shallow Concentrated Flow
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Time of Concentration

• 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)
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Time of Concentration
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Chezy-Manning Equation to get velocity
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Finding Rainfall Intensity

• 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

• Available at 
https://hdsc.nws.noaa.gov
/pfds/pfds_map_cont.html
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Storm Event
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Determining the IDF Curve 
values

• 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
• Elevation at start of swale at the bottom (shallow 

concentrated flow) = 4,100 ft
• Elevation at end of swale at the bottom = 4,094 ft
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Determining Time of 
Concentration (Con’t)

24

• Find the slope for the 
sheet flow:
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Determining Time of 
Concentration (Con’t)
• Calculate Sheet Flow

n = ?
L = 155
P2 = ? 
s = 0.0323
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Determining Time of 
Concentration (Con’t)
• Calculate Sheet Flow

n = ?
L = 155
P2 = 1.28 in 
s = 0.0323

Mannings n from FHA Urban Drainage Design:
https://www.fhwa.dot.gov/engineering/hydrauli
cs/pubs/hif24006.pdf
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Note that the closer “n” is to one, the more “rough” the surface



MEHA 2025 –
Using DEQ-8 for Stormwater Review

30



MEHA 2025 –
Using DEQ-8 for Stormwater Review

Determining Time of 
Concentration (Con’t)
• Calculate Sheet Flow

n = 0.15
L = 155
P2 = 1.28 in 
s = 0.0323
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Determining Time of 
Concentration (Con’t)
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• Find the slope for the 
channel:
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using shallow flow 

equation

33

L = 120
3600 is seconds
          in an hour
V = ?
s = 0.05 ft/ft

Velocity equation for unpaved surface
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using shallow flow equation
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L = 120
3600 is seconds
          in an hour
V = 3.6 ft/sec
s = 0.05 ft/ft
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Determining 
Time of 
Concentration 
(Con’t)
• Total Time of 

Concentration is –
Sheet flow plus 
shallow flow plus 
concentrated flow 
(if any)
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Determining Time of 
Concentration (Con’t)
• With a Swale – Total Time of Concentration
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Determining Time of 
Concentration (Con’t)
• 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
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using Chezy-Manning 

Equation

38

n = 0.15
V = ?
S = 0.05 ft/ft
A = ?
WP = ?
R = ?
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using Chezy-Manning 

Equation

39

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

• Swale is trapezoid, with a 1-foot-
wide bottom, 3:1 slopes and is 1.5 
feet deep, with a water depth of up 
to 1 foot

• What is the area and wetted 
perimeter and hydraulic radius of 
the swale so we can find velocity?

)
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using Chezy-Manning 

Equation

B = 1 ft
y = 1 ft (depth)
z = 3

41

• Remember – online calculators will do this!
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using Chezy-Manning 

Equation
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n = 0.15
V = ?
S = 0.05 ft/ft
A = 4 ft2

WP = 7.32 ft
R = 0.55 ft
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Determining Time of 
Concentration (Con’t)
• With a Swale – Velocity using Chezy Manning 

equation

44

L = 200 ft
3600 is seconds
          in an hour
V = 1.08 ft/sec
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Determining Time of 
Concentration (Con’t)
• With a Culvert – Velocity using Chezy Manning 

equation

45

• What about velocity through a culvert? 
• 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
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Developing the IDF Curve values

• Determine Rainfall Intensity (IDF Curve value)

• Go to NOAA Atlas 14 website
• 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
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Developing the IDF Curve 
values
• Interpolate IDF Curve Values

47

• 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
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Developing the IDF Curve 
values
• Interpolate IDF Curve Values

50

• 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

D1 = 15-minute storm
D2 = 30-minute storm
D3 = 19-minute storm
P1 = 1.39 in/hr
P2 = 0.848 in/hr
P3 = ? in/hr
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Developing the IDF Curve 
values
• Interpolate Final IDF Curve Value
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D1 = 15-minute storm
D2 = 30-minute storm
D3 = 19-minute storm
P1 = 1.39 in/hr
P2 = 0.848 in/hr
P3 = ? in/hr
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Developing the IDF Curve 
values
• Final IDF Curve Value

52

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)
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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 

14?
• 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
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Summary

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

• 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
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Questions?
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Connect with us! 
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• Jenifer Ramsey, PE
• Environmental Engineer
• Jenifer.Ramsey@mt.gov
• 406.444.6713 Instagram

Twitter

YouTube

Facebook

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