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Innovative Techniques

« Agency partnership

 Teaming effort

« Rainfall runoff models of this size/scale
« Systematic calibration approach

e Regional DARF curves

« Watershed wide discharge profiles




Partnership & Teaming
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CDOT and CWCB Partnership

« Partnership began in October/November of 2013
during the response phase

 The two organizations rarely
worked together, but a
new bond was formed °
during the flood o

« Recognized the value
of working together
and establishing a
team mentality
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Hydrology Studies

* Recognized an unmet need for design
nydrology for the permanent repair projects

 |dentified seven flood affected watersheds
that are critical to CDOT’s reconstruction

efforts
« Big Thompson River * Boulder Creek
« Little Thompson River + Coal Creek
« St. Vrain Creek * South Platte River

« Lefthand Creek




CDOT and CWCB Hydrology Analysis
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Rainfall Runoff Model - Size/Scale

Callins

Big Thompson (Phase 2)

Little

829 sq mi Big Thompson
978 sq mi St. Vrain R /
1807 sq mi modeled : e

St. Vrain (Phase 2)

Little Thompson (Phase 2)

Left Hand Creek
(Phase 1)




Calibration

105°200°W 105"100°W

105'0°0°W 104"S00°W

1. Detailed rainfall data for _|
2013 event

40"30°0N 0"300N
40°20°0N 0" 200N
105*200°W ms-mn-w. 10 '0‘\-‘ 104°500°W
Total 10-day Precipitation (in)
Sept 8, 2013 - Sept 17, 2013
SPAS #1302
Gauges A
& 1302 Stations _0 _JS 7 g S
0 45 9 ] Fig

Precipitation (inches)
Wo13-100J501-600 [J1001-11.00 [l 1501-16.00 ] 2001-21.00
[l 101-200 [J601-7.00 []11.01-1200 [l] 16.01-17.00
= 201-300[J701-800 []1201-13.00 [l 1701 -18.00
[ 301-400[Je01-9.00 []1301-14.00 ] 1801-19.00

[ 4.01-5.00 ] 9.01 - 10.00 [l 14.01 - 15.00 [] 19.01 - 20.00

0772172014




Calibration

1. Detailed rainfall data for
2013 event

2. 2013 peak discharges
estimates




Calibration

Detailed rainfall data for

2013 event

2013 peak discharges
estimates

Hydrographs at
reservoirs

Inflow Hydrograph Comparison at Lake Estes




Calibration

1. Detailed rainfall data for
2 O 1 3 eve n t s3000 " Big Thompson at Loveland - Ordered Distribution of Annual Peaks

2. 2013 peak discharges =
estimates

3. Hydrographs at
reservoirs
4. Updated flood

frequency analyses \\\\
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Calibration

1. Detailed rainfall data for
2013 event

2. 2013 peak dischargegm
estimates |

3. Hydrographs at h
reservoirs ., :

4. Updated flood SEE S :
frequency analyses R
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Calibration

Routing Parameters

* Kinematic wave
* Muskingham Cunge )
. i eak Flow
Curve Number Reservoirs

» Subbasin parameters\“ Estimates
+ Green-Ampt

Rainfall /-:

\ - Tested Multiple Watersh

Model Development

Flood Frequency
Analysis

+ Storm duration B i
- Spatially concentrated storms .’ * Peer Review
« Depth area reduction “._» Experts Consulted ,
\\\
\.

Calibrated Watershed Hydrolo




Site-Specific DARF

= CDOT Flood Hydrology Committee tasked Applied
Weather Associates to:
= Derive 24-hour ARFs for the Front Range of Colorado
for area sizes of 1- to 1000-sgmi.
» Derive basin specific ARFs for the September 2013
rainfall event for four basins (Boulder Creek, St. Vrain
Creek, Big Thompson River, and Thompson River
basin)
* The Phase Il 24-hour ARF curve extends out to
1,000-sgmi and are only applicable to Phase Il of the

CDOT September 2013 Flood Study




Site-Specific DARF
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Site-Specific DARF

sNOAA defines an ARF as the ratio between area-
averaged rainfall to the maximum depth at the
storm center

= The most common sources for generalized ARFs
from the NOAA Atlas 2 and Technical Paper 29




Site-Specific DARF

= AWA calculated ARFs using a storm centered depth-

area approach based on gridded hourly rainfall data

from the Storm Precipitation Analysis System (SPAS)
= Used SPAS hourly precipitation grids for
calculation

|
Area Average P

Depth-Area-Rediuction Curee

Ouder Boundary

Center

Figure 1 lllustration of Decay of Rainfall Depth from the Storm Center.




Site-Specific DARF

* The hourly gridded rainfall data, based on gauge
adjusted radar data, were used to derive basin specific
ARFs

» Four basins Were used to derive the 24-hour basin

specific ARFs
*Boulder Creek, St Vrain, Big Thompson, Thompson River

= Calculated the point maximum (1-mi%) 24-hour rainfall
within each basin (storm center)

*The maximum average basin 24-hour rainfall depth for
standard area sizes (1-, 10-, 25-, 50-, 100-, 200-, 300-,
400-, and 500-mi?) up to the basin total area were
calculated




Site-Specific DARF

2013 ARFs decrease much more quickly than NOAA Atlas 2
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Little Thompson River

Peak Discharge Profile
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Big Thompson River

Peak Discharge Profile
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Boulder Creek

Peak Discharge Profile
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St. Vrain Creek

Peak Discharge Profile
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South Platte River

Peak Discharge Profile

Peak Discharge (cfs)
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FEMA Best Available Data Memo

« Allows for and encourages
the use of best available

ral Disaster Recovery Coordinator

MEMORANDUM FOR:  Jamus McPherso
t a Colorade DR 41
FROM Roer Public Assistance Branch Dircetor DR 4

Ryan Pietrumali, Risk Analysis Branch Chicf
Portia Ross, EHP Advisor DR 4145

ydrologic Evaluation; Phuse

plion process ta formally sceept the

L L L L
[ SUBJECT: Special Response Memorandum - Guidanee for use of Colorada
Front Range Hydrlogic Evaluations (Phese 1) in complying with
sproach with Phase Tinclu

44 CFR Pant 9 and Executive Order 11988 (Floodpluin

Muragement) for arcs seeing an update.
L L
D o the catasteophic nature of the September 2013 faading in the Calorada Frout Range, the
t h e eX] S t] n re u la to r Federal Emergency Management Agency (FEMA) is committed to providing guidance for 15 Brnckerhoff and Ayves Associates
communities [ situations where lhe effective Flood Insurance Rare Map (FIRM) and Murch 2014
aceompanying Flood Insarance Study (F15) i nol represent eurrent canditions. 1o these rsfted; 'ost September 2013 Fload
. instunees, FEMA recommends the use of Best Availeble Data W inform recovery projects in o Department of Transportation;
regulutory flaodplains, Using Best Available Data during rebuilling efforis ensures a resiliont

easures Federal, State, and loenl resources are used to mitigate fu e
loracks Department of Transpartation:

Following the 2013 flaod event FEMA's Cooperating Technical Partner the Colorado Water srvhed; Post September 2013 Flood
Conservation Board (CWCR) partnered with the Colorado Department of Transportation wherholT aml Ayres Associates for
{CDOT) to update the hydralogy and determine current flood frequency discharges for lhe rch 2014

Calorado Front Range watershedls. These studies inelude analysis of histarical flooding, flaad 15t September 2013 Flood Event;
frequency analysis, and detailed hydrologic ruinf “EMA has reviewed the riment of Transporation; March

0 e F
a rt Of t h -I S effo rt ° studies and detormined that they meet ihe requirements sef forth by the Standards for Flood Risk
A sis and Mapping, issued May 27, 2014 and may be. sider t S la 2l
y iis and Mapping, issued May md may be considered Best Available Data by Tk St B e

cleerhofT and Ayres Assacintes for

¢ headvwaters 1o the canyon mauths

‘mershed, Post September 2013

Best Available Data can be cither: 1) the existing flood hazard data adopted by the community reh 2014

. .
cted on the effective TIS or FIRM or 2) preliminary flood hazard data (new
SB/CDOT data). In order achieve the lower level of risk due to fature flaod evets, the
applicant must apply the more conservative duta that anlicipaes the higher estimared flows and

flood elevations, and th

efre roquires more regulatory restrictions on where and how structuses

Tude the sun

conservative -

1) projects funded through FEMA's
s recovery decisions. For FEMA

sligated as of the date of this memo,
[ ] projects can he designed using the updated CDOT/CWCR hydrologic data referenced in this
special response imemorandum or the date contained in the cursent effective FIRM and
comesponding FIS, whichever anticipates higher flows and results in more effective camveyanee

and flood mitigation. Local flaodplein development pormits will be roquired




Floodplain Mapping and Management

Floodplain Mapping

« SB245 requires CWCB to create new floodplain
mapping for mainstem and tributary rivers affected by
2013 flood

« This mapping must include updated hydrology where
applicable

 Erosion zones and debris flow zones also mapped,
not regulatory

« 3-Year Program, $6.8 million of state funds

Floodplain Management

 Local communities are strongly encouraged to use
new maps for landuse decisions, mandatory after
placement on FEMA maps

« This is not mandatory for NFIP or State of Colorado
rules

« This will become mandatory when data is placed on
FEMA maps




Eig Thompson HUG-8 Watershed:
Toeal Fioed Aflected Streams: 300 mi
‘Streams coversd by Phase | & 1| Hydraiegy: 197 mi

Niote: Mimagu arw mxsimmed
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DRAFT

Floodplain Mapping Evaluation
Big Thampson and St. Vrain Watersheds
December 2014
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Project Summary

Innovative Techniques

« Agency partnership « Systematic calibration approach

« Teaming effort « Regional DARF curves

« Rainfall runoff models of this <+ Watershed wide discharge
size/scale profiles

* Great Partnership
« Career Defining Project
* Moving Colorado’s Flood Recovery Forward




