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Evolving Project Objectives

Project initiated in 2013

Estimate culvert capacity and risk of
capacity exceedance

« Current climate conditions

» Future climate conditions

* Urban build-out scenarios
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Two Analyses

Hydrology (Peak Runoff Rate)
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Capacity

Road surface

Headwater |




Cornell University

Soil & Water Research G

Data Collection

Project Bottleneck




Hydrology analysis based on
USDA-NRCS TR-55 model

Peak Rainfall-

Runoff Rate *
» Land Cover
e Solls —
« Watershed

Area

Response (time of concentration)
» 24-hr Rainfall .
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Watershed Characterization

e Area

 Time of Concentratio
* Average slope
« Longest flow path
 Curve Number
« Land cover
* Solls
(geodatabase for the Northeastern US) 14
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Compare to Culvert Capacity
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Future Climate
24-hr Rainfall

Statistical relationships
between GCM output and

General Circulation weather station
Model (GCM)

serc.carleton.edu



Percent of Culverts Evaluated
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Model Output

m Current
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m Future
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Return Period (y) Map of culverts color coded by return period of peak flow capacity

(inlet control) for current precipitation conditions. UTM, Zone 18
projection, NAD 1983. Culvert data provided by Comell Cooperative
Extension of Tompkins County. Precipitation from the North

Eastern Regional Climate Center. Roads and political boundaries
from the US Census, 2013.
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Watershed Delineation

The GPS location of
culverts I1s one of our
largest uncertainties

To compensate we “snap”
to the nearest NHD stream
or point of greatest flow
accumulation

13



_orne T
Soil & Water Research G

Peak Runoff Discharges

« USDA-NRCS model

» Peak discharge
calculated for 1, 2, 5,
10, 25, 50, 100, 200
and 500 yr events

« Current storm events e
and 2050 projections [

* |gnore upstream
hydraulics, e.g., each
culvert independently
evaluated
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Analyses more-or-less

» Watershed delineation
« Area, CN, Time of Concentration === :

Fun
P [ ccDeo |

 Peak stormflow [ |

[ Close this dialog when completed successfully

- Executing (Snap Pour Point): SnapPourPoint
. u Ve rt Ca aC It I_CD_Culwerts_UTM Culvert_ID Cascadilla_
| 2mDEMface C:\Temp\SnapCD22 4 FID
Start Time: Wed Zug 12 08:42:20 2015

Succeeded at Wed Aug 12 08:42:24 2015 (Elapsed
Time: 4.00 seconds)

- e 2 (Watershed) : Watershed Cascadilla_
- Compare capacity to peak stormflows
= DavesCulvertStuff\Test Run\Temp B

\CD22ws.tif" VALUE
Start Time: Wed Zug 12 08:42:36 2015
Succeeded at Wed Aug 12 08:42:39 2015 (Elapsed
Time: 2.00 seconds)
Executing (Raster to Polygon): RasterToPolygon f
"C:\Users\AZdmin\Documents\DavesCulvertStuff\Test
Run\Temp\CD22ws.tif" C:\Users\Admin\Documents
\Tompkins_2015\Cascazilla\Watershed poly
\CD22ws.shp SIMPLIFY Value
Start Time: Wed Zug 12 08:42:43 2015
Succeeded at Wed Aug 12 08:42:44 2015 (Elapsed
Time: 1.00 =seconds)
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Research — Next Steps

* New 2050 extreme rain estimates

« Compare our results to those using
StreamsStats for current conditions

* Improve peak discharge return periods,
e.g., Shaw and Walter. 2009. WRR. 45: W03404.

» Evaluate impacts of upstream
hydraulics (e.g., SWMM)

* |Include economics

20
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Evolving Project Objectives

Estimate culvert capacity and risk of
capacity exceedance
» Current climate conditions
* Future climate conditions <—
_ _ Not sure how to
» Urban build-out scenarios<— adopt StreamStats

« Mitigation scenarios <« lorthese

Hydrologic analysis based on
USDA-NRCS TR-55 model
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I DIDNT HAVE ANY

ACCURATE NUMBERS

SO I JUST MADE UP
( THIS ONE.

H ®4c29
_ﬁj‘f.l“.ﬂ-'l'_‘-

waww dilberbcom scottsdams Peol.com

STUDIES HAVE SHOLWIN
THAT ACCURATE
NUMBERS AREN'T ANY
MORE USEFUL THAN THE
OMES YOU MAKE UP.

)

MANY
STUDIES  EIGHTY-
SHOLJED SEVEN.
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Watershed Delineation

Inputs:
 Mosaiced Lidar DEM
* Flow direction raster

* Flow accumulation
raster

Outputs:

e Culvert Watershed
Shapefiles
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REPORT NFRASTRUCTURE
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Cap

« Capacity Calculation
* Inlet control:

|

QO

P

=
<

Headwater

Road surface

g =culvert peak flow capacity (m?3 s1)
A. =culvert cross-sectional area (m?)

D=culvert diameter (m)

H,,=headwater depth, from culvert

Invert to top of road (m)

Y,c =tabulated constants (table A.3)
K.=slope adjustment constant; -0.5

(mitered inlets +0.7)



Future Climate
24-hr Rainfall

Coupled Model Intercomparison Project
CMIP 3 (part of 2007 IPCC analysis)

Mid-215t Century would be ~10% greater than
current 24-hr extreme rain events

Regional variations from this are smaller than
variations among models
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Coupled Model Intercomparison Project
CMIP 5 (part of 2011 IPCC analysis)

Mid-215t Century would be ~15-20% greater
than current 24-hr extreme rain events

Will use this going forward with project



Data Collection:

Fulcrum Cellphone App
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Culvert Capacity

* Inlet shape, dimensions, &
type L=

 Pipe material, length, slope ‘

» Bottom material

 Assume: inlet is
submerged but road
IS not over-topped

* Inlet control

(we also calculate hydraulically long conditions)




