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Discovery

August 2016 (post Gold King release

Discussed hazard mitigation with

communities in the Animas Watershed
San Juan County and the Town of Silverton
La Plata County and the City of Durango
Southern Ute Indian Tribe

Discovery Report

Animas Watershed, Colorado and New Mexico
HUC-8 No. 14080104

Colorado: La Plata and San Juan Counties; City of Durango and Town of Silverton;
Southern Ute Indian Tribe

New Mexico: San Juan County; Cities of Aztec and Farmington

October 12, 2016
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Non-Std NRPs

Hot ‘n Cold Flooding Table 16: LPC Mitigation Actions

Hazard Type Mitigation Action Action By S oL

Source or Support

Flood Hazard Analyze post-fire flooding and debris flows
or Debriz Flow to increaze resilisncy.

State/FEMA, CSFS,

Floodplain Administrator CcGS

Animas restudy/PME. bazed on conziderable

Flood number of LOMRs in LPC.

Floodplain Administrator State FEMA

. . Update floodplain mapping along Animas
P ost- F ire F | (0]0) d N g Flood River and potentially other areas within Floodplain Administrator State FEMA
county using updated topographic data.

\A4  Mitigation Action Tracker
Mitigation Action Form

€@ Contact @ Action Data © Action Details mm

Ice Jamming

Responsible Agency Red Estimated Duration R&d
Please indicate the Agency that will be responsible for this Mitigation Please select the approximate duration for the project @
Action
L - Select - M
n OW r r ‘ e Building Code Department
Community Development Estimated Cost
Emergency Management P S JP G
Fire Department Enter the estimated cost for the project €
Planning o - Select - v
Mitigation Category Red Primary Funding Source Red
Select the type of Mitigation effort being undertaken € Please indicate the expected funding source for the project @
Local Planning and Regulations Community
. . Natural Systems USACE
Structure and Infrastructure Projects County
ravel Time Estimator
FEMA o
Category Type Funding Sub-Category
Please select the fype of activily based on the Mitigation Category Please indicate the expected funding source sub-category
- Select - v - Select - k&
Category Sub-Type Additional Details
Please select the sublype of activity based on the Category Type If you wouid like to enter additionai information, please fili in the text box

Questions R

Vi Y Y VAV 5




Post- Fire Flooding

Hermosa Creek and Junction
Creek
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Fire and Flood Risk

* La Plata County and City of Durango
requested post fire flooding analysis to
increase resilience.

* Junction Creek Watershed — heavily forested with
significant development at downstream end

* Hermosa Creek Watershed - added after 416 Fire

* 416 Fire
° June 1-July 31, 2018
* 57,000 Acres (largely in Hermosa)

* Wildfire risk may become increasingly
important as bettle kill continues to move
from the south.




Scenarios

COLORADO WILDFIRE * .=
RISK ASSESSMENT PORTAL
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Base - Hydrology Post-Fire Hydrology

* Gage analysis results from * Post-fire CN adjustments
Risk MAP - Spatial identification of fire
+ USGS Gage Hermosa Creek footprint
Near Hermosa, CO * CN modification based on
- - DA les. F :
* Existing conditions HEC-HMS USDA examples. Factors

e B i
model setup to match gage urn severity

| |  Initial landcover type
* CN Calibration

* Pre-burn soil condition
* New basin composite CN values

* Sediment bulking factor
applied based on empirical
estimates (1.09 —1.12)

* Bulking factor of 1.25
transitions to debris flow
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Hydraulics and
Mapping

* Hermosa and Junction

Creek Models

* Minor revisions to the

ineffective flows as
necessary

* 10 year and 100 year

outputs

* Minimal extents, larger
changes in depth.

Post-Fire Q
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Streamline
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Hermosa

{Post-Fire Q 10-yr 25-yr 50-yr 100-yr  500-yr

LEGEND / S & ¢ 2,140 | 2,830 | 3,380 | 3,950 | 5380
Stcamiine ) o 3,510 | 4,100 | 4,540 | 5120 | 6,660

Restudied - 1% Annual-Chance T . - i _zﬁ.'

& } A 16,530 | 14,790 | 13,040 | 12,850 | 13,890
Post-Fire: 416 - 1% Annual-Chance - i c
iy / % Difference from Ex
g -




Ice Jamming

Animas River & Cement
Creek
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Ice Jamming
Background

The Town of Silverton noted ice
jamming as a historic issue.

Also documented by the US Army
Corps of Engineers CRREL ice jam
database.
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jam locations




M et h Od 4 ik Vg USGS Gage 09358550 ol

" "Cement Creek

1. Separate gage records into
snowmelt only events— FFA
using 17C

2. Determine average ice NS v |
thickness (t;) based on: g ‘V
1. Temperature record B

2. Accumulated Freezing Degree
Days calculation (AFDD)

3. Stefan Equation (C — coefficient) , ,
f. = C(AFDD)O'S § USGS Gage 0935902(1
l P )

e
a
8,

(¥
R :

Animas River ~._ |

3. Determine ice forming flow
and run in HEC-RAS to estimate
ice cover thickness and width
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Method (cont’d)

ldentify locations where jamming
is possible

Set jam parameters and possible
jam locations — run HEC-RAS to
identify ice effected WSELs

Combined probability analysis
using open-water vs. snowmelt
WSEL results can be used to
generate updated profiles

For non-regulatory products, only
looked at mapping

Ice cover
connected to
banks — potential
jam location




Cement
Creek

Streamline

] - Restudied - 1% Annual-Chance

. .“"5 ’_ ' - Ice Jamming - 10% Annual-Chance
‘ i
} Ice Jamming - 1% Annual-Chance
r N8 E g




Animas River

* No WSEL
calibration
data available

* Hypothetical
jam scenarios

* Conservative
results

LEGEND

Streamline

7 - Restudied - 1% Annual-Chance

- Ice Jamming - 10% Annual-Chance
E Ice Jamming - 1% Annual-Chance




Snowmelt

Hermosa Basin &
Silverton




Near-future

Snowmelt
Forecast
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“"And now the /7-day forecast...”
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| | Legend
[ A& USGS Stream Gage

4% SNOTEL Gages
Strearms ™

Overview ==

Elevation Bands (ft.) | /e o 0 F 00k e
. I =10.000
2019 high snowpack year B o0
B 12000

Data available for early warning on
potential snowmelt flooding

Project areas
Hermosa
Silverton

On June 15, 2019:

Mineral Creek basin:

Red Mountain Pass SNOTEL gage:— 17.7
in. SWE (970% of 1981-2010 average)

Hermosa Creek basin:

Columbus Basin SNOTEL gage: 25.7 in.
SWE (1,078% of 1981-2010 average)
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> 10,000 ft,
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Methods — Similarities

Accumulated Fahrenheit
Degree Day (AFDD)
Methodology - Temperature
Index Modeling in HEC-HMS

Simple basin schematic

Met Name: Snowmelt

Only modeled snowpack decay T 7 5

*Base Temperakure (F) |32

— assume d NO SNOW Or ra | N *Wet Meltrate (INJDEG F-DAY) [0.129921
Rain Ruate Limit (IN{DAT) 0

eve n t S ATI-Melkrate Coefficient: |D.9E=

kA TT-Melkrate Function: |Drv Melkrate

Calibrated and validated HEC- Metzatetters [

Coid Limit (IND&Y) [0

H M S Mo d e I us | N g h |St0 r| ca I ATI-Coldrate Coefficient: [0.035

ATI-Coldrake Function: |Cnldrate

re CO rd S Waksr Capacity (%) |3

Groundmelt Method: |C0nstant YValue

Groundmelk (IMIDAY) |0




Methods — Differences

SNOTEL data — assumed
depth and area of snow

coverage
2 gages (10.8k vs 8.8k ftmsl)

24-hr model time-step

No overlap between stream
gage and snowpack record —
calibration only based on
snowpack

W

SNODAS data — modeled
forcast of SWE from
National Snow & Ice Data
Center

(no SNOTEL gage)

6-hr model time step

Models calibrated to:  SSISEES

snowpack
streamflow
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2019 Predictions & Outreach

Assumed peak snowpack

Evaluated 3 temperature

scenarios including:
Warm Year (Actual)
Average Year (Actual)
Cold Year (Actual)

Generated predictions in
spring — outreach with
communities

Shared predicted range of flows

Shared draft floodplains for
corresponding recurrence
intervals
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Outreach Sample

W

Timing & Rates
50
Columbus - 2019 Actual
45 1 Cascade - 2019 Actual
Warm Year (2019) Temp - 2019 Proj
e e [P Average Year (2011) - 2019 Proj IJ/F\VA:\ *E ti ted
. 2 stimate
Cold Year (1999) Temp - 2019 Proj 2019 Temperature
35 \ . .. AL . Q Peak (cfs) | Peak Date | Recurrence
/ \\ Projection Scenario
2 \ Interval
§ . [J \\ Warm Year (2012) 3,250 6/3/2019 | 25-50 Year
; \
2 . / m t\\ Average Year (2011) 2,730 6/7/2019 10-25 Year
. r/ / \ “.'\ Cold Year (1999) 2,390 6/24/2019 | 10-25 Year
) S \
5 P /f/ //J \\\ ".\\
0 l : "f/—/_/ ‘ ‘ ‘ ‘ ‘ v : ‘ ‘ ‘
g g g g 8 8 2 ~ 8 8 8 8 8
U GO A S R O S R R A R
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Results: Hermosa

SWE (in)

50

45 -

40 -

35 A

30 -

25

20

15

10

0 -

e Columbus - 2019 Actual Late season
+ accumulation

e Cascade - 2019 Actual
Accumulated

Fahrenheit Degree
Day (AFDD)

= = = \Warm Year (2019) Temp - 2019 Proj

= = = Average Year (2011) - 2019 Proj

Cold Year (1999) Temp - 2019 Proj

Melt-rate

similar to
average/warm

temperature
scenarios

10/1/2018 10/31/2018 11/30/2018 12/30/2018 1/29/2019 2/28/2019 3/30/2019 4/29/2019 5/29/2019 6/28/2019 7/28/2019 8/27/2019 9/26/2019

= Columbus: 2019 Actual (Post-Prediction)



Mineral Creek (SWE)

Results

-----Basin Average (Modeled-Warm Yr)

Basin Average (Modeled-Avg Yr)

Basin Average (Modeled-Cold Yr)

Basin Average (Before Prediction)

— Basin Average - 2019 Actual

| 6102/0€/L
| 6102/87/L
| 6102/92/L
| 6T0C/vC/L
| 6102/TT/L
| 6102/07/L
| 6102/8T/L

| 6T02/9T/L

6T0C/VT/L

\ 6T0C/CT/L

| 6T0Z/0T/L
| 6T02/8/L
| 6T0C/9/L
| 610C/¥/L
| 6T0C/T/L
| 6102/0€/9
| 6T02/8¢/9
| 6102/92/9
| 6T0C/¥C/9
| 6102/CC/9
| 6T02/02/9
| 6102/81/9
| 6T0Z/9T/9
| 6T02/¥1/9
| 6T0Z/CT/9
| 6102/01/9
| 6T02/8/9
| 6102/9/9
| 6T0C/¥/9
| 6102/2/9

6T0C/TE/S
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Results: Mineral Creek (Q)
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1400.0

1200.0

1000.0

Q (cfs)
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Modeled-Warm Yr

— . =Modeled-Avg Yr

Modeled-Cold Yr

Cooler than normal

2019 Scenario

Q Peak (cfs)

Peak Date

Recurrence
Interval

Warm Year (2018)

1,520

6/24/2019

~ 25 Year

Average Year (1999)

1,340

6/29/2019

~ 10 Year

Cold Year (1993)

1,270

7/1/2019

<10 Year

2019 Actual

1,020

6/29/2019

< 10 Year
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Main Points

e
BT .,

Temperature driven, means
> €2 elevation-band based

o, A h N frag
7 A % 2 &
i _hr: ‘\ e

Peak flow is based on slope
(melt rate) not snowpack

Larger snowpack = later
melt/
season = larger rate




Travel Time Estimator




Purpose
Gold King spill

Use model depth and
velocity grids to
estimate travel times
from any point in the
watershed

Early warning system
T=d/v

Webtool that can
toggle varied flows
and locations

29



Questions or Compliments?

A=COM

Geoff Uhlemann
Project Manager
geoffrey.uhlemann@aecom.com

Griffin Cullen

Project Engineer
griffin.cullen@aecom.com

Isaac Allen
Project Engineer
isaac.allen@aecom.com

COLORADO

Colorado Water
Conservation Board

Department of Natural Resources

Thuy Pz;tton

Floodplain Mapping Program Manager
thuy.patton@state.co.us
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Augmented Reality
Flood Walk

Colorado Association of Stormwater and
Floodplain Managers Conference
September - 2019




Why
Communicate
Flood Risk?



Know Your Risk

 Building a culture of resmence
» Mitigation of Hazards & Risks

- EREACEMINDIAL \L ALEED MABAOR

"l.

» Risk Analysis Branch NPT 7 WGy
* Risk MAP Program " 4 ‘
» Risk Communication




Innovative
Communication

i
EVEN HOMES OUTSIDE OF DESIGN
FLOODPLAINS ARE AT RISK
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Get the Flood Facts ‘



https://youtu.be/bgnIzwjhZy0

Creative & Innovative Ildeas

* Youth Engagement
e Social Media

* Risk Visualization
* Immersed — Virtual Reality
» Exploring Other New Options




How Do We Innovate?

Q: How can we portray flood risk to raise

awareness of pre-disaster hazard mitigation and
enhance public safety in a compelling way?

T :
TR e o DL
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Telling A
Compelling Story

"We came to the shallow, yellow, muddy South Platte, with
its low banks and its scattering of flat sand-bars and pigmy
islands — a melancholy stream straggling through the centre
of the enormous flat plain, and only saved from being
impossible to find with the naked eye by its sentinel rank of
scattering trees standing on either bank"

-Mark Twain
Roughing It



Storytelling

* Compelling Stories

» Emotional Connections
» Storytelling vs. Fact Sharing
* Finding The River's Story
* Partners

» City of Denver
» The Greenway Foundation
» Denver Parks & Recreation

» Mile High Flood District



Flood Walk: An
Augmented Reality
Experience
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Flood Walk

* Immersive experience

< BACK

» On and off-site functionality ==t

. = . 20 f
® Storytelllng Capabllltles FLOODE)F1864

18.3 ft = e
> Past, Present, and Future  woerroe

. . 13.1 ft = ©
o SOCIaI Sharlng features FLOOD OF 2015




Flood Walk Experiences

F NN

FLOODWALK

——Flood Mitigation _EBjI_E‘var'reme\EH_

BEGIN

\—\—\

<{ BACK

28 ft

FLOOD OF 1965

20 ft

FLOOD OF 1864

18.3 ft

100 YEAR FLOOD

;-'II.?);]D ‘([.;ll:: 2015 ®




How Does i1t Work?

QUICKSTART

OFF-SITE

No matter where you are, you can
experience Floodwalk. Using this app,
you can explore various experiences
from each location without needing
to be there.

Off-site demo

QUICKSTART

ON-SITE

Using the map, navigate to different
experiences throughout your current
location.

On-site demo


https://www.youtube.com/watch?v=aQPyASn5eK4&feature=youtu.be
https://www.youtube.com/watch?v=xld4-_6pTvk&feature=youtu.be

Markers

e

HISTORIC FLOOD PORTALTO PAST PRESENT FUTURE
FLOODS OF 1965 CONFLUENCE
PARK



Flood of 1965




Past and Present
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Past and Present




Release and
Downloads

Citizens for the River Festival — June 22, 2019
Download Totals: 650
Apple: 544
Android: 106
Impression Totals: 3,796
Apple: 3,292
Android: 504




Social Media

9:447 Wl .

Eric Schulte shared this.

[ Kayla Johnson

58 mins

Thanks to FEMA, our neighborhoods don’t look
like Confluence Park in 1965.
#FEMA #ConfluencePark1965

O 199 83 Comments 8.6K Views & ~

o5 Like () Comment ~> Share

Eric Schulte likes Totem

Sharing

SOCIAL SHARING

OlOR_

COMPLIANT




Innovation and Creativity
Is Not Easy




Overcoming Challenges

» Measuring Success
» Scalability into other cities " =
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» Data Usage
 |T and Cyber Security
» Ongoing Maintenance



More Challenges....

* HQ

* Legal

» External Affairs
o IT

» Contracting

* Programs




What's next?

COMING SOON! 1l




Questions?

matthew.buddie@fema.dhs.gov



Working Together to Reduce Flood Risk:

Silver Jackets Interagency Program and Projects in Colorado

Melissa Weymiller
Flood Risk Program Project Manager
Sacramento District

Jamie Prochno, P.E, CFM

Civil Engineer

Flood Risk and Floodplain Management
Omaha District

Jeffrey C. Bohlken, P.E., PMP

Plan Formulator/Project Manager
Omaha District




Flood Risk Management
Water Supply

Water Quality

Ecosystem Restoration
Emergency Response
Cultural Resource Protection

®
US Army Corps
of Engineers
Sacramento District



USACE District Boundaries

Sacramento Colorado

Y o o

Albuquerque

i

’ -I"' } |
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1 1 > v
i 3 E

US Army Corps
of Engineers
Sacramento District




Planning and Technical Services

Tribal Partnership Program

* Planning Assistance to States
Program

* Floodplain Management
Services

* Silver Jackets



Silver Jackets

* Interagency Program to Reduce
Flood Risk

 State Led Teams

* Competitive Project Proposals

* 12-18 month Projects
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Developing
Partnerships:

From Coexistence to
Communication

*Fire in the Upper
Watershed

* Debris Flows and
Flooding

*Support from BIA
and NRCS




Developing Partnerships:
From Communication to
Cooperation and
Collaboration

* Developed Silver
Jackets Proposal to
Develop a Floodplain
Management Plan

* Interagency Project
Brought Together
New Resources




Floodplain Management Plans
Collaboration. Planning. Outreach

What long-term
outcomes do you
want to achieve?

What specific
actions will the
Tribe take to
reduce flood risk?

How will the
actions be
prioritized and
implemented?




Developing Partnerships:

Ongoing Partnerships

* Floodplain Mapping
* Tribal Mitigation Plan
* Flood Risk Mitigation

Measures

Skull Valley Indian Resarvatiaon
Detentlon Basin

Toabks Couniy, Ula




* Nonstructural Floodproofing Workshops — 2015

Estes Park Nonstructural Assessment - 2016
lce Jam Workshops — 2017
Brush and Sterling Nonstructural Assessment — 2018

Advanced Floodplain Management Workshops —
2019/2020

* Post-Wildfire Flood Resource Guide — 2020
* Grand Lake Floodplain Mapping — 2020/2021
* Third Creek Flood Risk Assessment —2020/2021

12



Estes Park
Nonstructural Evaluation
May 2016
0 © stuclres
——— Sireams .
100 year Delineation A

13



Example Structure

Structure InformationData:

Structure/Flood Elevations:

Name Descenption Microbrew and Salon First Floor Elevation (FF) 7541
Address 386 W Faverside D 5 Lowest Adjacent Grade Front (LGF) 7540
Occupancy type Commercial Lowest Adjacent Grade Back (LGB) 7540
Number of Stories 2 Base Flood Elevation Front (BFEF) 75411
Building Construchion CMU Base Flood Elevation Back (BFEB) 7542 4
Foundation Wall Mazonry FF minu= BFE -14
Slab/Crawlspace Basement Slab/Crawlspace FF munu: LG 1
Condition {(Good FairPoor) Good Depth of Flooding Front (BFEF-LGFE) 1.1

15t Floor Window Count 2 Depth of Flooding Back (BFEB-LGE) 24

15t Floor Door Count 2 Max Velocity Front 2.3
Basement'Crawlspace Elevaton (B) | 733935 Max Velocity Back 7

Building Footprint

Side View




Structure InformationData:

Structure/Flood Elevations:

Name Descenption Microbrew and Salon First Floor Elevation (FF) 7541
Address 386 W Faverside D 5 Lowest Adjacent Grade Front (LGF) 7540
Occupancy type Commercial Lowest Adjacent Grade Back (LGB) 7540
Number of Stones 2 Base Flood Elevation Front (BFEF) 7541.1
Building Construchion CMU Base Flood Elevation Back (BFEB) 7542 4
Foundation Wall Mazonry FF minus BFE -14
Slab/Crawlspace Basement Slab/Crawlspace FF munu: LG 1
Condition {(Good FairPoor) Good Depth of Flooding Front (BFEF-LGFE) 1.1

15t Floor Window Count 2 Depth of Flooding Back (BFEB-LGB) 24

15t Floor Door Count 2 Max Velocity Front 2.3
Basement'Crawlspace Elevation (B) | 753935 Max Velocity Back 7

Building Footprint

Side View




Existing Structure ' Flood Flevation Data and Graphics
FF B LG FF-LG BFEB FF-BFE B-BFE LG-BFE
7541.0 75395 7540 1.0 75424 -1.4 -2.9 -2.4
__—® EXISTING STRUCTURE
‘-d—'———-‘ ') -
Proposed Mitigation Measures
FIRST FLOOR 1. Dry flood proof exterior walls to 1.4 + freeboard above first floor elevation.
2. Dry flood proof party ([common) walls if adjacent businesses do not implement exterior dry flood proofing.
3. Incorporate certified flood barriers for all openings, with sump pump and emergency power.
FOUNDATION . 4. Fill crawlspace with uniform material and evacuate utilities and stored items.
d T o5 Incorporate anti-backflow valve into sewer line.
/ GRADE (TYPICAL)
N R Ly - T W EXISTING STRUCTURE
PR mal” g CRAWLSPACE
— ]!
B e T ® pLUMBING AND WII
_m DRY FLOOD PROOFING AND

DIAGRAMATIC BUILDING SECTION (E

XISTING)

NOT TO SCALE

>

7/ OPENING BARRIERS

)/

@ FILL CRAWLSPACE TO GRADE

DIAGRAMATIC BUILDING SECTION (PROPOSED)

NOT TO SCALE

16




e Study components
* Flood data

Structure characteristics

Flood Insurance

Floodproofing recommendations

Benefit-cost analysis




Assessment Results

FIOOOPTOOTINE

Structure Address Building Type Method Benefits Cost BCR
Recommended
10945 N CAMEROM ST R Elevation 19,184 72,072 0.27
2 416 DESSA ST R Elevation 41,744 54,511 0.77
3 6 CIRCLE DR R Elevation 41,595 102,628 0.41
4 5 CIRCLE DR R Elevation 65,730 136,765 0.48
5 602 ELLSWORTH 5T C VWet floodproafing 33,359 138,436 0.24
7 602 ELLSWORTH ST c VWet floodproafing 1,742 36,693 0.05
9 602 ELLSWORTH ST C Wet floodproofing 1,242 24,472 0.05
11 5 ETHEL CT R - 0 0 0.00
12 411 CUSTER ST R % 0 0 0.00
14 1300 S RAILWAY ST C Dry floodproofing 258,806 113,154 2.29
15 719 EVERETT ST R Fill Basement 3,015 11,896 0.25
16 718 CARSON ST R Fill Basement 2,804 19,582 0.14
17 1049 WILLIAMS ST R Elevation 5,211 103,063 0.05
18 36 MCDONALD AVE R Elevation 79,785 123,907 0.64
19 1038 WILLIAMS ST R Elevation 14,518 98,037 0.15
20 720 CAMEROM ST R Elevation 64,477 103,540 0.62
21 520 CARSON ST R Elevation 21,790 85,405 0.26
22 514 CAMEROM ST R Elevation 6,291 72,446 0.09
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FPMS Ouray Colorado

* Floodplain Management Services
Study

* Corbett Creek, Ouray, CO

* CR 17, Secondary Evacuation
Route

* Engineering Research and
Development Center (ERDC)
Support



USACE Civil Works Construction Authorities

Continuing Authorities Program (CAP)

Shorter-term =» Streamlined Construction

. Feasibility Study & Integrated

NEPA (typ. EA)

. Delegated Approval & Pre-
authorized for Construction

CAP Project on Lower Bould

er Creek

’..

National & Regional
Habitat Connection Map
for Denver Gl Study

Specifically Authorized

Longer-term =» Requires Authorization

. Feasibility Study & Integrated
NEPA

. Upon Approval Construction
Authorized through WRDA
20



Streamlined Construction (CAP)

Pre-Authorized for Construction within Limits

Planning Phase
* Feasibility Study — 50 / 50 above $100K

* Delegated approval authority (NWD
Commander)

Construction Phase
* Cost-share based on project type & program

Section 206 Project in Greeley, CO "’{

. . Cost share % Federal Program limit
seelen A AT (Fed/non-Fed) | Project limit | (competitive funds)
Small erosion risk reduction $25.000,000
14 Emergency Streambank Protection | projects for public infrastructure 65/35 $5,000,000 ,er F%(
and facilities P
205 | Flood Damage Protection Small flood risk management 65/35 $10,000,000 | $68:750,000
projects per FY
206 Aquatic Ecosystem Restoration Restore degraded aqu.atllc 65/35 $10,000,000 $62,500,000
ecosystem in the public interest per FY
o Restore a degraded ecosystem
1135 | Modifications for Improvement of |y o ited from historic 75125 $10,000,000 | $20,000,000
the Environment . per FY
Corps projects
Protect Tribal property and 21
203 Tribal Partnership Program cultural resources, restore 65/35 $12,500,000 n/a
natural habitats



CAP Projects in Colorado

Section 205 — Flood Risk
Management

» St Vrain Creek, Longmont,

CcO

* Feasibility Study
scheduled to be
complete in early 2020

IN-RIVER IMFROVEMENTS

CITY OF DENVER LOCAL

AQLIA GOLF
TRAIL CONNECTION |

Section 1135 —
Ecosystem Restoration in
Corps Project Areas

» South Platte River,

Denver, CO (middle)

* Design anticipated to
start later this year

Section 206 — Ecosystem
Restoration

>

Lower Boulder Creek (left)

e Construction Scheduled to be
done by early 2020.

Cache la Poudre River,
Greeley, CO (right)
* First phase of construction

scheduled to be complete in
2020




Specifically Authorized

Congressionally Directed

Authorized by Phase
Study authority typically a Committee Resolution
Construction authority typically through WRDA

Appropriations are individual line items

Energy and Water Appropriations Acts South Platte River Multi-purpose Gl Study (above)

Limited discretion through workplan (if applicable) & Bear Creek Water Reallocation Study (below)
Limited number of “New Starts” annually

Scope is not constrained
No maximum project cost limit
Allows for multi-purpose projects/watersheds

Approval Authority resides with ASA(CW)

Upon approval report is provided to Congress for
consideration for authorization for construction (WRDA)




Specifically Authorized Projects in Colorado

Chatfield Reallocation Project HEE)7 CEaR (el oeEiem [FrelEet

» Project seeking to reallocate

> Project reallocating >20,000 _ storage within the Bear Creek
acre-ft within the Chatfield Chatfield Storage Reservoir for Water Supply
Reservoir for Water Supply and Reallocation Project - :
Environmental Purposes. J > ;izsdgél%lsg’)cudy siziied

Adams & Denver Counties, CO

= i Reoowted SOUTH PLATTE RIVER REACH 2 .
Bk s Project (left)
» Large scale (¥$520M) Ecosystem
Restoration & Flood Risk
00— Management Project in Denver, CO.

aaaaaaaa

» Chief’s Report signed in July 2019 to
finalized Feasibility Study

RELOCATED
SANITARY SEWER

[
LOW FLOW WETLAND
CHANNEL HABITAT 2




Questions?

1

https://silverjackets.nfrmp.us/State-Teams/Colorado

https://www.nwo.usace.army.mil/Missions/Civil-Works/Planning/




Contact Information

Jamie Prochno, PE, CFM
Colorado Silver Jackets Coordinator
U.S. Army Corps of Engineers, Omaha District
1616 Capitol Avenue
Omaha, Nebraska 68102

jamie.l.prochno@usace.army.mil

Jeffrey C. Bohlken, PE, PMP
Plan Formulator/Project Manager
Planning Branch
U.S. Army Corps of Engineers, Omaha District

Jeffrey.C.Bohlken@usace.army.mil
(402) 995-2671

(402) 995-2348

Melissa Weymiller
Project Manager, Flood Risk Management Program
U.S. Army Corps of Engineers, Sacramento District

Melissa.Weymiller@usace.army.mil

(916)557-5281




& USGS

science for a changing world

ndation Map
Program: Using flood inundation maps and
real-time streamgages with a case study
from Fort Morgan, Colorado

Colorado Association of Stormwater and Floodplain Managers Annual Conference

September 25, 2019

Mike Kohn, P.E. Thuy Patton, CFM

Civil Engineer Floodplain Mapping Coordinator
USGS Colorado Water Science Center Colorado Water Conservation Board
Denver, CO Denver, CO

U.S. Department of the Interior
U.S. Geological Survey



Types of Flood Inundation Maps

Modeled Flood Inundation Map Libraries

Probabilistic flows (i.e. 1% chance flood)

Most common examples are FEMA'’s Flood Insurance Rate Maps (FIRM)

Typically, several are created (20%, 10%, 4%, 1%, 0.2% Exceedance Probability

Flows)

Scenario based
Dam break
Levee breach

Deterministic flows — USGS Flood Inundation Mapping Program

Stage Intervals
(i.e. every 2 feet in stage)
Critical stages
(i.e. Moderate and Major flood stages)

ZUSGS

>

[EE——
]
Ares of umcetaioy (where applcable)

USGS FIN sites (WS forecast categury)

Loves comtrine (s apphcsbie)
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Deterministic Flood Inundation Map Libraries

o

|
| Stage
| 30 ft.

| 251t
| 20t
| 15 ft.
L 10f

I 5ft.

|
|

WATER-SURFACE
ELEVATION
(in feet above sea level)

845 ft. —

830 ft. -

800 ft. —

USGS streamgage
_A Ig g 1 | |
River mile 2.5 2.0 15 1.0 0.5 Rivermile0
(upstream) STREAM REACH (downstream)

ZUSGS

Based on even “slices’”’ of
stage or flow

Any hydraulic model
(calibrated to a USGS gage
rating curve)
Presents a full range of maps
Usually ~15 maps
From bankfull to peak of record

Robust as long as base
conditions don’t change



Flood inundation maps can
translate a hydrograph into
operational maps that
communicate risk and
consequences.

Observed i Predicted

32

30

28

26

24

22

20

18

T T T T T T
2/27/15 2/29/15 3/2/15 3/4/15 3/6/15 3/8/15 3/10/15

ZUSGS




USGS and NWS Data Networks

Matbonat OCeanic an Atmosphers. Admiom)

MNational Water Indorm

L ke S

MNevs
Mar 22 0 EDT- A satellite that refays current furmation ks p
s no peesent nme estinate on when the issue will be resolved. More mlumunou will be posted as & becomes available.

USGS Current Water Data for the Nation

Daily Streamflow Conditions

Tharsdoy, Sawreh 39, 2063 Nt

Select a state from the map to access real-time
data

Y unavailable, This mabey alfects western states and there

grapha or Labbes for & senes of

Build Yane Seres

107 0Nt OF MoFe ST0NG.

13th - 24th percartde
@ < 10eh percartie
® Lo
© Mot rankud

wrargie. meaire stage arly

Over 8,100 USGS Gages reporting
current stream conditions in NWIS

ZUSGS

(\/ National Weather Service

M semy

S ol locatwes

N e 315 e Ty e, (7 Mo, Twe Ame Lyt

M - oo S

BB braman s

vrvvvrew

Over 4 OOO NWS Flood
Forecast/Warning locations in AHPS



Surface Water Tech Memorandum 2015.03

USGS Flood-Inundation
Map Development and
Documentation
Standards

United States Department of the Interior
U.S. GEOLOGICAL SURVEY

N1 OF
—5‘“\(‘;\“!//7//5 »
o e
S
o 3 Reston. Virginia 20192
ﬁ’ﬂ/’ECH 3, \‘;A

In Reply Refer To:
Mail Stop 415

February 9, 2015

OFFICE OF SURFACE WATER TECHNICAL MEMORANDUM 2015.03

SUBJECT: USGS Flood-Inundation Map Development and Documentation Standards

Introduction and Purpose

The U.S. Geological Survey (USGS) is a leader in flood-inundation modeling and
mapping. Flood-inundation maps (FIMs) show inundation extent, and in some cases inundation
depth, for a wide range of streamflows and are distinguished from Federal Emergency

ZUSGS

At a USGS gage

Starts with NWS guidelines

but with 10
exceptions/additions

Documentation
Peer-review



Surface Water Tech Memorandum 2015.04

USGS Furnished Flood- At a USGS gage
Inundation Map Policy Meets USGS Requirements
Work with local USGS Water

First approved in ldaho, Dec, 2015 Science Center

United States Department of the Interior
U.S. GEOLOGICAL SURVEY

2RI OF 7
S
=g
s 3 Reston, Virginia 20192
ARcH 3 >

In Reply Refer To:
Mail Stop 415

February 9, 2015

OFFICE OF SURFACE WATER TECHNICAL MEMORANDUM 2015.04
SUBJECT: USGS Furnished Flood-Inundation Map Policy

Introduction and Purpose
The U.S. Geological Survey (USGS) is partnering through the Integrated Water Research

Science an d Services (IWRSS) consortium with the National Weather Service and the U.S. Army

RY

USGS



US FIM Program becomes a tool for flood...

R Preparedness
| “What-if”’ scenarios
Response

Tied to gage & forecast data
Recovery
s A Damage assessment
Mitigation & planning

Flood risk analyses

Environmental & ecological
assessments

ZUSGS




USGS Flood Inundation Map Libraries Wor

Stream Selection
Gather Data

Model Flood Heights
Delineate Flood Extents
Compute Flood Depths
Process Map Library
Publication

|
| Stage
! 30 ft.

|
| 20 ft.

WATER-SURFACE |

ELEVATION

(in feet above sea level)

845 ft.

830 ft.

Kflow

s ! ust St [
S e e e "
| =

|
Stage 20 ft Water-surface elevation: 812.1 ft. abov \—T\
|
| USGS streamgage
Flood depth for each grid cell —A - - : !
aml 751, 1. 1 251 River mile25 2.0 15 1.0
(upstream) STREAM REACH
Stream bank P Stream ba
/.
00, 7,
7055~ _ Stream channel
Sep,
/00



1. Stream Selection

Streamflow information

Flood forecast information

Elevation data availability
Topography
Bathymetry
Structural surveys

Flood impact locations
Critical infrastructure
Populations

e St Pan Gt Norh AmarcanDoumof 165 0 50 100 MILES
0 50 100 KILOMETERS
EXPLANATION
Study area

{207 urban areas

—— Majorrivers

ZUSGS



2. Gather Data

Real-time streamflow information from a gage W|th|n the
selected reach "
Historical flood levels at that gage
Current and historical rating curves at that gage _
Additional flood stage data within the reach :g .

USGS 06759500 SOUTH PLAT'I'E RIVER AT FORT MORGAN co 06753500 - SOUTH PLATTE RIVER AT FORT MORGAN, €0 - D0  Ratng: 80

Morgan County, Color:

Hydr \g Unit Code 10190012

thd 40150&25 Lo gtd 103°48'04.29" NADS3
alnage area 14,648 square miles

Gq drmazsof et above NGVD29

cublc feot

Peak streanflos, in
por secand

§F 8 b 0§08 § 8

Annual




2. Gather Data

High-resolution elevation data (dictates the quality of the
maps more than any other factor)

Existing hydraulic models (if available and recent)

*  USGS Flood Inundation M ap Cross Sections§

AECOM Cross Sections

©  Flood Inundation Map Pressure Transducers|
O USGS Streamgage 06759500

ZUSGS



Table OF Comtees

3. Model Flood Heights T e

T

el

Bt X5 02
2 Lowes
2

Hydraulic Modeling
Any appropriate model is
accepted.

USACE HEC-RAS is common

Model must be peer-reviewed
and documented.

Calibrate model to streamgage

record and topography

Well-developed rating curves
are crucial.

I8 Profile Output Table - Standard Table 1 - o *
Fle Optans Sid Tobes Locotions Hlp [
e 1 N il
B .. Sope] Vel [row
[ | s | |IH‘
amores o ]LI\“’
0.000855 0.2 1 11|
o000 o0 + 11
e e o2
ABLET 0.001030 [¥= | IR { ‘
0,77 o.000524 o.17] 11
s e I
4280.51 0000945 0.22| -
e S0t o]
2 amss omes omost o
S2rrns s sooeoti o5
s amem s omum o

ZUSGS



3.

Model Flood Heights

Hydraulic Modeling

)
AN

Modeled flood scenarios are
chosen to reflect local
conditions (bridge conditions,
levees, temporary structures,
etc.).

In highly complex flow
situations, a 2D model or
unsteady flow model might be
warranted.

USGS




4. Delineate Flood Extents

Geospatial Processing

Create TIN models using
cross sections and the

modeled water surface Stage 201t
profile.

Intersect the TIN with the
DEM to generate predicted

inundated areas depth Cues ] K
grids. FEgVP NN :
Clean up and QA data. e |

»> o~
Repeat for all modeled b 3
water surface profiles to
generate a library of maps. (upoeam) (downstoan)

ZUSGS



5. Compute Flood Depths v

Flood extents are processed with the topographic data
to produce estimated depths across the floodplain.

Stage 20 ft. Water-surface elevation: 812.1 ft. above sea level

Flood depth for each grid cell

35t 751t 11ft. 111t 251t
Stream bank Stream bank
%0 00'0
705y, Stream channel
B+
’
/o "

RY

USGS



6. Process Map Library

)

The series of flood inundation

maps are incorporated into the Pl /%
USGS Flood Inundation e 4
Mapper Website. 8y = T

Maps are overlaid onto city Stage

maps to aid in planning and o

response. sap

Maps, data, and corresponding

report must complete USGS e

review process prior to public

dissemination. e

ZUSGS



7. Publication

Publicly available on the USGS Flood Inundation Mapper:

OMIO; Blanchard River at Ottawa | =+:~

https://wimcloud.usgs.gov/apps/FIM/FloodInundationMapper.html e e e
Final Report T mmm
Study area and scope e e
Hydraulic model calibration and performance
Accuracy assessment & ZUSGS
Uncertainty and use limitations e

Hydrologic data
GIS FIM layers with metadata
Hydraulic model

)}

ZUSGS


https://wimcloud.usgs.gov/apps/FIM/FloodInundationMapper.html

maps

Turns the modeled
map data into an
operational tool by
combining data
together with tools
that enhance the utility
and don’t require any
modeling or GIS
software or skills.

USGS Real-time streamgage NWS Flood Forecast




USGS FIM Program Website

https://water.usgs.gov/osw/flood inundation/

Outline of FIM Science and library
development processes
Toolbox

Information Sheet
Two page pdf

Mapper

Training

Mobile-Friendly USGS FIM Mapper: '

https://fim.wim.usqgs.qgov/fim/

"ﬁl

ZUSGS


https://water.usgs.gov/osw/flood_inundation/
https://fim.wim.usgs.gov/fim/

"|

WaterAlert form
Site number, sent by mapper

gUSGS — S | USGS Home :

. o Contact USGS

science for a changing world F. - HN W g Search USGS

[ version 1.3 ]

USGS WaterAlert
Subscription Form

Site Info:

Site Number: 04182000

Agency: USGS

Transaction ID: mw3Kc

send Notification To:

& My mobile phone |EUB-239-2T02 ATAT j

© My email address [

Notification Frequency:

Hourly C . f
‘ Contact info
Parameter:

undefined (undefined)
Threshold Condition:

Real-time value is: Greater than |12_[][] ft

v 1 have read and acknowledge the Provisional Data Stat& and Disclaimer.
Submit I Resetl Cancel |
#*Email address is required for a one-time confirmation. Shortly after you submil form, you will receive an email to which you must reply, without

altering, in order to activate this SMS subscription.

Threshold level, selected by mapper

RY

ZUSGS



Questions and Contact Information

Mike Kohn, P.E

USGS Colorado Water Science Center
mkohn@usgs.govVv
303.236.6924

https://water.usqgs.gov/osw/flood nundation/

ZUSGS


mailto:mkohn@usgs.gov
https://water.usgs.gov/osw/flood_inundation/

Projecting changes in future rainfall extremes
across Colorado due to a changing climate

Page Weil, PE
CASFM 2019

Lynker =2




Motivating Question

How to put climate change adaptation tools
iInto the hands of real practitioners?




Intensity-Duration-Frequency (IDF) Curves

« NOAA Atlas-14 Archive; 16— — — . .
) rainfall event... . : . : :
CONUS'Wlde database 14 |...that lasts for 24-hours ... ... SR S SRR S, T i
of rainfall intensities. pp | hathas a 1% chance of occurring each year ——
. e WI rop ~5" ot rain: : : : : ; .

Includes estimates at proR = T -
ungaged sites.

10

e Starting point for many
H&H designs (MHFD)

Precipitation depth (in)

1 2 5 10 25 50 100 200 500 1000

Average recurrence interval (years)
IDF Curve at Stapleton Airport Station




Hydraulic Structure Design

Table 7.2 Table of Design Frequencies

* Design Frequency = Safety Margin =

A Cross Drainage
Multilane Roads - including interstate
In Urban Areas 100-year*
In Rural Areas 50-year

 H&H designs are often performed: 00-yar

In Urban Areas
In Rural Areas

1. Calculate discharge for storm of design Qu - 4000 cf 50-year

. . . 'Q_ﬂ.r = 4000 cfs Ei-y'ear
|ntenS|ty/dUra“on/frequency Culvert Outlet Scour Protection 1 0-year
Pedestrian Walkways and Bikeways 2 to 5-year
. . . Bridge Foundation Scour 100 and 500-year
o 2. Determine optimal culvert size B.  Parallel Drainage
. . Roadway Overtopping and Same as for Cross
Revetment Drainage
« 3. Specify the use of the next largest size oveime g
Side Drains 2 to 10-year
ElE L 1OCALION 1O A ANES5 14 Ralitall Deptr OIT e puinaow U ENel YOUl 0w depins ooralied Mo e W C. Storm Drains
2yr Syr 10-yr 2591 0yr 100-yr  500-yr .\-'lﬂj or System Iﬂﬂ-}'ear
1-hour rainfall depth, P1 (in)=| 083 [ 109 [ 133 | 169 [ 199 [ 231 | 314 |! Denver - Capitol Building Minor System 2 to 5-year
a b c a+P : .
hall Intensity Equation Coefficients =[_28.50 | 10.00 | 0786 ]| [(n/hr) =g+ t:)c' “qu[;*;;;‘;‘;'g;‘;:ﬁ]:’;;‘;”g"y Qlcf D. Detour Culverts monthly discharges
for 2 to S-year
Time of Concentration Rainfall Intensity, | {in/hr) Peak FI )
Notes: Urban cross culverts (not Interstate); if (o < 100 cfs, consider designing the culvert using the
nputed | Regional Selected 291 Syr 101 2yr | S0yr | 100yr | 500yr 2yr 5.yr 101 2 storm drain Minor System Frequency.

"Side drains shall not cause water to flow onto the highway at a greater probability than applies
to cross drainage.

(min) t: (min) tz (min)

MHFD H&H Design Tool for “Rational Method” CDOT Drainage Design Manual, Chapter 7

Lynker 5




CO Stations Studied
S-prings.__ 100-year 24-

e 100-year 24-hour

event depth (inches  HES ¢ P
In 24 hours)

-4in

-5in

#

» Global Climate Model [ Ee it e o
G”d \\ ) GCM Grid

[ ] ecm Grid

R0, JEINE = el e
€S User Ganummiunity




Climate Change Is Happening

. ’
Where We Are: Where We're Headed = . .
Mean precipitation change Mean precipitation change
Global Average Temperature Change at 1.5°C GMST warming at 2.0°C GMST warming
10°F : - Mean rainfall change is
- Higher Scenario (RCP8.5) . 5°C ) .g
—— Lower Scenario (RCP4.5) uncertain, peak rainfall
8 | —— Even Lower Scenario (RCP2.6) is different
o — Observed -4
S 6-
5 -3
)
S 4- Precipitation (%)
I -2 I I
5 0 5 10 20 30 40 50
% 2 1 Projected Change in Total Annual Precipitation
2 Falling in the Heaviest 1% of Events by Late 21st Century

0- -0

Lower Scenario (RCP4.5) Higher Scenario (RCP8.5)
_2 T T T T B _1
1900 1950 2000 2050 2100
Year
IPCC 2015, National Climate Assessment, 2018 Change (%)

<0 0-9 10-19 20-29 30-39 40+



Warmer Means Wetter

* For every 1°C increase Iin Temp,
the atmosphere can hold 7%
more water vapor

 Warmer Mean Temps mean...

...the atmosphere can hold more
water vapor

...and more can fall as rain

...extreme events will become more
Intense/frequent

Lynker 5




Delta Method

e Extract Historic and Future Rainfall from
GCM (24-hour event), ~3000 datapoints
per grid cell

Annual Maximum Precip. Depth (in)
i+

» Create historic and future distributions
and extract relative change in event (ie,
100-year)

 Shift existing IDF curve by relative
change

Precip. Depth (in)
F =9

Lynker 5

(2]

o
L

[=>]
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0 2 &? 6 3-dy
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Change by Stati

% Increase in 24-
hour...

...100-year event
...at 2°C warming

Jumps at grid edges
due to 1-degree
cells.

Assessing other
downscaling projects

o

on (%)

)

? I I’ ‘
™,
2 2 o

3

Stea

#

F A hl::'”—';‘,«._ A, ‘ % 2

JolielGlobe, Gaolyver Earthsiar CaoeliElc

@ GRYENGE N L almel S
Gl User Geonnmiunity

GCM Grid

[ ] ecM Grid

% Increase
in 100-Yr
Depth
100
103 -
110 -
117 -
124 -
131 -




Change by Station (inches)

P
¥

Additional inches of 7 ] °e b Increase in 100-
rain... | Yr Depth (inches)

* e
0 0-0.1in

...during 24-hour 0.1-0.4in

...100-year event | EEGRE e 0.4-07 in
, L ‘e X 0.7-1.0in

...at 2°C warmin B o = 3 o qeii® o ¢
J A Grandyunction ISt o el .
' KO = _ - 0.0 1.3-1.7in

P ) AR GCM Grid

A \ _el® g R [ ] oM Grid

*

v S8 AcreCRlR ICN
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Point Results

Scaled Stapleton IDF Curve for Event of 24-hour Duration

- 10
StapletOn Statl()n The current “100-year” event
® .could become twice as frequent,
g ..equaltoa0.7” increase in rainfall depth
. . 24-hr Event
Climate change will i Uncertainy (30%
. . Range)
shift estimates and 20.hr Event
6 Uncertainty (90%

error bounds.

Range)
Original IDF Curve

Event Depth (in/24 hrs)
(9]

S B 1 = I [ B R New 24-Hour Event
Method extends to all = ; Warming ¢
event durations ,
(5 min to 60 days) 1

0

Return Period (Years)




Change 1n Extreme Rainfall by Scenario

% Change in 100-year event Over Historical Period
(All Cells in CO)

* We use future global average
temperature, not a future time

period.
» Warmer models show larger ¢ | . | ..
increase aligned with 7% per &
degree Warmlng DE: .................. - M T
100% —m | ——m — — . —— | ——
— . . . I
Lynl cr ol . - ,‘ AReE e Chfst’ggﬁario =Dles



Implications of Frequency Shift

* Frequency-Based designs may be
underestimating peak discharge

o Critical facilities may be exposed to
higher risk than expected

Boulder Creek Normal Flow (<1-year event)

 New Designs can Incorporate Climate

e

Boulder Creek, Sep 2013, 40-Year Flow Event




So What Do We Do?

Mitigation and Limiting Emissions are important but
the earth is a big ship with a small rudder

Adaptation and Resiliency are how we move forward
protecting our communities while the world wrestles with
CO2 emissions.

Statewide Action: As of 2019, CWCB has
recommended a 7% safety factor to be applied to PMP
estimates for Dam Safety based on a “1-degree warmer
world”.



How Can Designers Use This?

Local Mandate:
* Municipalities need to decide that climate change adaptation is a priority for their community.
* What facilities should include climate change adjustments in their design?

Local Action:
 |dentify “No Regrets” actions (New Designs)
* Design decision by H&H engineers backed up by planning mandate.

Apply best available data:
* IDF Curves: NOAA Atlas 14, MHFD, others
* Projected event changes from CWCB project




Gridded Results Browser

CWCB IDF P

ArcGIS StoryMap with
relative increases in

b 1 Available Station Data

1 Oo-ye ar, 24- h O u r b 2 Annual Maximum Regressions

eve ntS 4 3 NOAA Atlas 14 IDF Data

| 2 4 IDF Non-stationarity

The colored tiles in the map to the right depict the % change between historical and future
100-yr 24-hr precipitation events, as inferred by Global Climate Model (GCM) ensemble

output. These results were generated by analyzing precipitation cutput from an ensemble
of GCMs. Specifically, we derived two Generalized Extreme Value distributions (GEVs), from
historical and future simulated daily annual maximum predipitation values. Historical and

L]
r O e ‘ t future 100-year 24-hour precipitation events were extracted from the GEVs and the percent
change between historical and future was quantified.

In order to assess changes in extreme precipitation, we extracted and compared data from
historical and future periods. The historical period was defined as a 30-year window,
extending from 1877 - 2006. The future period was defined by two different approaches.
The first approach simply defined the future period as a 30-year window, centered around
year 2050. We considered two emission scenarios for the future peried, RCP 4.5 and RCP
8.5, The second approach defined the future peried as 2 30-year window centered around
the year in which simulated global average temperatures reach specific temperaturs
change thresholds (1, 2, and 3 degrees Centigrade), relative to preindustrial conditions.

. - Toggle layers on and off to see how the 100-yr 24-hour precipitation event changes under
tt S a r C I S a various future scenarios.
[ ] ]
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https://arcg.is/1KaW5S

Questions for you

S your local government Considering State Hazard Mitigation Plans that Include Climate
climate Change adaptation? Chaljge (Columbia Law School, 2019)

What tools do you need to present
climate change risks in a way that is

politically-sensitive can reach your
community?

cccccccc

Questions for me?

Page Well, PE
. Category 4 - Thorough discussion of climate change impacts on hazards
pwell@ Ivn ke rteCh .Com with more inclusion of quantitative info. 18 States have this or better

Lynker 5
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Motivation

e Risk
» Hazard
* Vulnerability

 Media coverage on Climate
Change is inconsistent and the
messages are muddled

 What are some design criteria
CO can consider when
adapting to climate change?

CLIMATE Vulnerability DEVELOPMENT

Natural
Variability

Weather and ‘ DISASTER

Climate

Events RISK
Anthropogenic ‘
Climate Change

|

Greenhouse Gas Emissions

IPCC SREX Report




Extend to Shorter Durations

Hourly = fl(Daily) 15-minute = f(Daily)

15 20 25 30 35
Elevation (10° m)

15 20 25 3.0
Elevation (10° m)

* Relationship between :
- 1 . 0.6
hourly and daily storm O
intensity varies with Bonl® e Lo &,
elevation. 2 Tt e | Pos
— 015 ——— i - .
cemon || ey
* Allows us to extend - |
projections to more IDF g g 0o E |
oY O 04- O 05
curve products § 04 § o2 5
% 0.2 % 291 T;i 0.0-
S 4. S Ei . = & !

hrly=f(dly) 15-min=fdly)




Basics of Global Climate Models

Changes in Extreme Rainfall over time

140% .
Horzontal Grid
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Planning Horizon

Year Global dT Reached for CMIP5 Models
T T T

2150

e CO Water Plan uses 2050 as the e T
representative planning horizon * |

2100

» Benefits of using temperatures
Instead of years for planning

Year Reached

e Paris Accord has targets at 1.5 and . = o
2°C (relative to pre-industrial S +
conditions)
 We are already at 0.75°C Temperature (-C)

Wobus et al 2018

Lynker 5




Warmer Means More Intense Rainfall

 Warmer Mean Temps mean...

...the atmosphere can hold more water
vapor

...and more can fall as rain

...extreme events will become more
Intense/frequent

e Clausius-Clapeyron Scaling

* 7% Iincrease Iin water vapor per degree of
temp increase.

120 -

—_
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Kunkel, K., & Easterling, D. R. (2017). An Approach Toward Incorporation of
Global Warming Effects Into Intensity-Duration-Frequency Values,
H22B-04, presented at 2017 AGU Fall Meeting, New Orleans,

LA, 11-15 Dec 2017. New Orleans, LA.
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What Can We Do About It?

State Hazard Mitigation Plans & Climate Change; 2019 Update, Columbia Law School

Mitigation is important but we’re a big ship
with a small rudder.

Local Action: Climate-Adjusted IDF curves can
be used by any H&H designer

Local Mandate: Municipalities need to decide
that climate change | take their own action on
climate resilience.

Statewide Action: As of 2019, CWCB has - Significant discussion of climate change but typically more
recommended a 7% Safety factor to be app“ed qualitative in nature. 32 States have this or less.
to PMP estimates for Dam Safety based on a “1-

egree warmek\Wwor
Lynker =z




Using ArcGIS Pro and ArcGIS Online for
Hydraulic Field Applications and

Stakeholder Outreach
Anthony Alvarado, PE, CFM

Brian Varrella, PE, CFM ArcGIS' Pro

@ [

ArcGIS Online

Brianna Corsi, El

CASFM Conference
Crested Butte, Colorado
September 2019
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Overview

 ArcMap to ArcGIS Pro
— You need to go pro!

 Field Data Collection Tools
— CDOT C-Plan with Collector/Survey123

» Utilizing ArcGIS Online

— From paper/PDFs to a live map
— Benefits and Limitations
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Benefits of Going Pro
« 64-bit Processing = SPEED -
- Ribbon interface = MORE INTUITIVE ..., -
- Project-based = MULTIPLE LAYOUTS ..
» Easier feature editing e
- Better integration with ArcGIS Online X
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at is ArcGIS Online?

New Map ¥ Create Presentation B Anth ony ™
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Contents

¥ Map Notes
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What is ArcGIS Online?
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CDOT C-Plan
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C-Plan

Welcome to C-Plan - an interactive online mapping platform where vou can find CDOT maps, data, and visualizations. Use the gallery
above to view the most used and highlighted applications and maps. Below are links to go directly to available galleries, ready to use
maps, and CDOT applications. You can explore by category or region. This site will be continually updated so stay tuned! Not sure where
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CDOT C-Plan

Map Scene Groups Content Organization

Content

My Content My Favorites My Groups My Organization Living Atlas

Q| Search My Organization B2 Grid = Date Modified  }{}] Filter

Filters 1-200f 66 Filters  Status: Authoritative | Type: Feature Layers X Clear filters

v Categories

Field Testing (8)
ADA Curb Ramps

MS4 Program

v ltem Type

Maps Oversize/Overweight (OSOW) R... Frontage Roads
o Layers 9 by C-Plan: CDOT Online Maps 8 by C-Plan: CDOT Online Maps

Local Roads Engineering Regions

9 by C-Plan: CDOT Online Maps 9 by C-Plan: CDOT Online Maps
» Feature Layers re Dec 3,2018 C : Nov 28, 2018 I: Feb 14,

4,2019
Tile Layers
Map Image Layers
Imagery Layers
Scene Layers
Tables
Layer Files

Scenes

Apps

Tools

Files

Bridge Vertical Clearances Pilot Escort and Oversize Restrictions
> Location




CDOT C-Plan
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CDOT C-Plan - Field Data Collection

* Maps & info at

X R4 Field Riprap Survey Q& —

y our f i n g e rti ps ! i e e e A
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CDOT SH7 Lower Project
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SH7 Lower Atlas
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leld Data Collection — Avenza Maps
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SH7 Lower ArcGIS Online Map

. http:/bitly[SH7Lower —-
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SH7 Lower ArcGIS Online Map

DEMONSTRATION




-
ArcGIS Online Map — Benefits

* Only need basic proficiency in
ArcGIS

 No need for a GIS Server
» Easy to turn on and off
* Less paper, even with iteration
» Easier for stakeholders to use REALLY GOOD!

 Immediate updates — /ive nesting!
* No waiting for next map revision!

MY LIFEIS Gllﬂ!l




-
ArcGIS Online Map — Limitations

* Might still need paper maps for the field for
stakeholders

 Offline access to Collector needs a GIS server

| SMELL COOKIES
« Cannot group layers

-
|

« Cannot utilize raster layers ‘

* Does not support complex symbolization



-
ArcGIS Online Map — Basic Tips

« Export shapefiles to ArcGIS Online using Pro
 Add to online map and check layer styles

» Each feature then needs to be shared individually
publicly to then share the full map

» Set your permissions correctly within your
organization



Summary

» ArcGIS Pro is a significant upgrade over ArcMap
* Direction of GIS is improving field data collection

* ArcGIS Online can feasibly replace paper maps as
a communication tool

AMEEL TS ArcGIS Online

3




THANK YOU!

Anthony Alvarado, PE, CFM
alvaradoa@ayresassociates.com

Brian Varrella, PE, CFM Brianna Corsi, El
brian.varrella@state.co.us corsib@ayresassociates.com

SH7 Lower Project Map: http://bit.ly/SH7Lower
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