What Storm Event Was It?

A Hydrologic Analysis Post September 2013
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Hydrology in Colorado

Hydrology is the scientific study of the movement,
distribution, and quality of water on Earth and other c,i??

W

sustainability, (Wikipedia)
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It (hydrology) encompasses the occurrence,
distribution, movement, and properties of the
waters of the earth.

{Introduction to Hydrology, Viessman, Lewis)
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planets, including the hydrologic cycle, water Bl
resources and environmental watershed
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Various tools to determine runoff
Today talk about




Hydrology in Colorado




Models Available

FEMA Accepted Models

CHemt:

FEMA Website models that are approved



Models Available
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HEC — HMS / SWMM
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Choose your model based on information available and local regulations



Hydrology in Colorado

EPA — SWMM (US Environmental Protection Agency)
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Free download — typical use in the area for Urban Environments




Hydrology in Colorado

HEC-HMS (US Army Corp of Engineers)
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Free Software — More common in larger, less urbanized areas




Hydrology in Colorado

Hydrologic Parameters
* Regulated by Local Agencies

Ralnfall

Infiliation
Losses

Hydrograph
Transformation

Hydrograph
Rauting

Calibiation
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Most hydrologic models require the development of the same hydrologic parameters
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Hydrology in Colorado

Rainfall

*  Frequency Storm
«  NOAA Atlas 14 (2013)
+  NOAA Atlas 2 (1973)
+  Gage Weights
*  Gridded Precipitation
* Inverse Distance
+  Specified Hyetograph

+ Standard Project Storm
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Hydrology in Colorado

Rainfall

*  Frequency Storm
*  NOAA Atlas 14 (2013)
NOAA Atlas 2 (1973)
+  Gage Weights
* Gridded Precipitation
* Inverse Distance
* Specified Hyetograph

* Standard Project Storm
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Hydrology in Colorado

Infiltration Losses

+ Deficit & Constant Rate
* Exponential

¢ Green=Ampt

* Initial & Constant Rate
* NRCS Curve Number

*  Smith Parlange

+  Soil Moisture Accounting
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Hydrology in Colorado

Infiltration Losses
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Deficit & Constant Rate
Exponential
Green—Ampt

Initial & Constant Rate
NRCS Curve Number
Smith Parlange

Soil Moisture Accounting
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Hydrograph Transformation

Hydrology in Colorado

Clark Unit Hydrograph
Kinematic Wave
ModClark

NRCS Unit Hydrograph

Snyder’s Unit Hydrograph RegE '
POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

User Specified Unit Hydrograph
+ Colorado Unit Hydrograph Procedure

4= folider

WITH B0% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
HOAA Allas 14, Yolume 8. Verslon 3

chawm:

Discharge versus time
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Hydrology in Colorado

Hydrograph Transformation
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Clark Unit Hydrograph
Kinematic Wave

ModClark

NRCS Unit Hydrograph

Snyder’s Unit Hydrograph

User Specified Unit Hydrograph
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POINT PRECIPITATION FREQUENCY (PF) ESTIMATES
WiTH §0% CONFIDENCE INTERVALS AHD SUPFLEMEHTARY INFORMATION
HOAA Atlas 14, Volume 8, Veision 2

* Colorado Unit Hydrograph Procedure
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Hydrology in Colorado

Hydrograph Routing

Kinematic Wave

Lag Time

Madified Puls
Muskingum
Muskingum — Cunge

Straddle Stagger
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Hydrology in Colorado

Hydrograph Routing

*

Kinematic Wave

Lag Time

Modified Puls
Muskingum
Muskingum = Cunge

Straddle Stagger

How to route your hydrograph from one location to the next is based on the level of

detail exists
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Hydrology in Colorado

Calibration
* Real World Observation

*  Gage Data / Flood Frequency Analysis

+  Paleoflood Methodology
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Hydrology Post September 2013
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Hydrology Post September 2013

CDOT and CWCB recognized an unmet need for design hydrology for
permanent repair projects.

Seven flood affected watersheds that were critical to CDOT's
reconstruction efforts were identified.

September 2013 was a wide spread storm event
The level of hydrologic detail varied from watershed to watershed
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Post September 2013

Phase | — Mountains / Immediate Need
Phase Il = Plains

Phase Il — South Platte River
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Post September 2013

watersheds.

+  CH2ZM HILL - Boulder Creek, Little
Thompson

+ Jacohs / Muller — Big Thompson,
Lefthand, and St Vrain

+  Ayers = Flood Frequency Analysis

+ URS - Coal Creek, South Platte River ’

A Coalition was formed to re-evaluate the current hydrology for all seven

Applied Weather Assaciates - Rainfall
Bob Jarrett - Peak Flow Estimates
CDOT

CwCB

FEMA

Realized the complexity of the task — Coalition was formed
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Post September 2013

+ Estimate peak discharges from September 2013

* Prepare updated flood-frequency analyses which include estimates of September
2013 peak discharge

* Calibrate rainfall-runoff model to 2013 event

* Use rainfall-runoff model to estimate predictive peak discharges based on NOAA /
NRCS design storms

* Assess recurrence interval of September 2013 event along Boulder Creek using
predictive hydrologic model
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Data Collection
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Boulder Creek Hydrology

[Phase 1|

City of
 Lafayette
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Boulder Creek Hydrology

Critical Depth Method: High water measured at drops, weirs, and long reaches
with bed slopes greater than 0.5%; critical depth assumed to estimate discharge
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Boulder Creek Hydrology

+ Peak Flow Estimates — Boulder Creek at Orodell
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