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Purpose of this Presentation

Share some lessons learned and discussion
points raised from CHAMP program on the use
of 2D models for regulatory purposes

Highlight important items communities should
consider when working with 2D models




Current FEMA Regulations

 FEMA regulations allow for use of 2D models, but regulations were created with 1D analyses in
mind

 Difficult to conform 2D results to 1D based formats, also some regulations require additional
clarification for 2D analyses

The water-surface profiles of different flood
SID 78 frequencies must not cross one another

« Some regulations not conducive for beneficial information that can be generated from 2D models

Floodway surcharge values must be between zero

SID 70 and 1.0 ft.
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CHAMP Overview

also REPRESENTATIVE(S) Young, Hamner, Rankin, Becker K.,
DelGrosso, Fields, Foote, Garnett, Ginal, Kraft-Tharp, Lontine, Melton,
Mitsch Bush, Pettersen, Rosenthal, Ryden, Singer, Williams, Hullinghorst
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Led by the CWCB, CHAMP was established after t 3 floods to help
communities become more resilient through comprehensive mapping of
floodplains and other natural hazards.

COLORADO
LY o A=COM
5 Conservation Board



Regulating 2D Models & Tools for
Planning







B
s

Regulating 2D Models &

Tools for Planning

T

=
B
.
o
.

2
()
S

8
o

Q
>
O

-~

3
S
>
()
\q
Q

N
ke
c
©

&

~N

Q

~

CHAMP 2D

Recent Colorado CTP work
(2) 1D/2D combined analyses completed in HEC-RAS Version 5.0.3

(2) 2D analyses completed in SRH-2D

2D models were used because of:
Increase in regulatory flow rates in heavily developed town

Request by community to complete a 2D analysis to utilize previous 2D work
Handle complex flow scenarios after preliminary 1D evaluation

&Example SRH-2D Mesh Grid

Example HEC-RAS 1D/2D Geometry
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2D Developments

 Through Colorado CTP Program, worked with FEMA
to develop approved approach for some regulatory
items

 FEMA guidance indicates floodways using unsteady
flow need to be coordinated with project officers

» Developed process for evaluating 2D floodways, which
included:

» Creating Floodway Data Tables
» Creating Flood Profiles

* Information is available on CHAMP website:
http://coloradohazardmapping.com/

BUT

» Approaches are just a temporary fix to conform 2D
results to 1D based standards

A-ZCOM Technical Memorandum

To: | Thuy Patton, Colorado Water Conservation Board (CWCE) Floodplain Mapping Coordinator and
Corey Elliott, CWCB Hazard Mapping Coordinator

From: | Rigel Rucker, Deputy Project Manager and Tom Wright, 2D Hydraulics

Date: | January 25, 2017 - Revised May 1, 2017

Project Title: | Colorado Hazard Mapping Program (CHAMF) Project Number: | 60436665

Subject: | Calculating 2-Dimensional (2D0) Floodways for Use on Regulatory Flood Insurance Rate Maps
(FIRMs) and Flood Insurance Studies (FIS)

Overview

An approach is needed to develop floodways for new studies using 2D models, unsteady flow models, or mived |-
Dimensional (1D)2D models {all generally referred to as unsteady flow models in this document). This document
outlines a suggested procedure that can create reproducible results in these sitnations.

Although 2D model use is not new, its use has only become more frequent recently, especially with the release of HEC-
RAS 5.0, which includes 2D capabilities at no cost, which are supported and continuously updated by the Army Corps of
Engineers” Hydraulic Engineering Center. HEC-RAS has been the pimary software tool used for the nation’s floodplain
mapping efforts since its release in 1997, Current guidance and procedures related to floodways were created for, and
are more applicable to 1D steady state flow modeling, Ideally, the following options should be considered in order to
comply with existing guidance, where appropriate:

1. Remove floodways from FIRMs where 2D analyses are conducted.  Communities would then be required to
manage development by maintaiming models, or requiring developers to do so and venfy that a cumulative
surcharge in the floodplain is not resulting from new development.

2. Develop a procedure to generate floodways in 1D, 1D/2D or 2D unsteady flow models.

[

Develop and calibrate a steady state 1D model using the results of the 2D model that can then be used to generate
a floodway. The 2D model will then become backup information for the regulatory model.

Option 1 can be costly and prohibitive for communities that lack resources. Option 3 requires use and maintenance of
multiple models; changes in the loodplain would require reconsidering the effects of future encroachments, which is not
efficient. confusing to the end user, and time consuming/costly. Potential disputes through the review and approval cycle
as to what constitutes a calibrated 1D model conld also arise and this memo does not artempt to address that definition.
In addition for Option 3, a floodway would be developed on a separate steady state 1D model that does not include the
detail or results that were included in the original 2D model. In other words, the 1D floodway would not necessarily be
reflective of what would be calculated for a floodway in a 2D model.

For CHAMP, 1t has been determined that floodways should be produced on all streams. For this reason and the reasons
above, this document will focus on Option 2. It should be noted that the other options should be considered. in order (1
to 3), especially if Option 2 does not produce appropriate results. It is also recommended that additional consideration be
given to determining a more cost-efTective, efficient way to maintain floodways in real tme and/or developing guidance
based on new technology. This would likely entail discussion with FEMA abowt modification of standards, use of an
available grid system that can be modified to determine impacts based on development, updated tools from software
developers, and/or development of accepted gnidance and tools to help make the revised floodway procedure more
cificient.

Technical Memorandum — Caleulating the 1-Percent-Flus Flood Discharge 1



http://coloradohazardmapping.com/
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Profile Tie-Ins

ELEVATION IN FEET (NAVT)
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BFE Lines

Based on current standards, Base Flood Elevation (BFE) lines for 1D models are used only at
confluences and to show backwater elevation. Otherwise, 1D cross sections report WSELs. BFEs for
1D/2D and 2D models are contoured from the WSEL grid.@é‘?‘v‘)

2D

—— XS

BFE

1% Annual Chance

0.2% Annual Chance
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—— BFE

1% Annual Chance

0.2% Annual Chance

Example: This point is approximately halfway between BFE contours 4996’ and
4995’ > WSEL =4995.5’

Notes:
« WSEL grids may be better to use in instances like this
« 2D BFE lines are not rounded, so direct interpolation can be applied
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1D vs. 2D Floodways

o3
g  Major diffgrence between a 1D. and 2D 1D Floodway
=g floodway is that the surcharge in a 1D
20 model is averaged across the entire
g cross section, whereas surcharges in X 7 /4
N 1D/2D and 2D floodways are evaluated /Z///////// N
S at each computational cell
£
D § So what does that mean? Surcharge
3 2D Floodway
FW g e 1D/2D and 2D floodwayS tend to be P A7 AT, V77777777
2 much wider because each cell must A?Z{/ 2 222
Q fall within the surcharge range. Ina ,;:ZZ/ AZZ
Q 1D/2D or 2D model there are 10,000s of 747777 7777
A locations that must satisfy the surcharge A%Z/,g AZZ
. 00 0
standard versus in a 1D model where A%éé{ Aéé
there are 10s or 100s. &~ AZZZ/ AZZ
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¢ | Minor encroachment

| causes surcharges above
~10.5"In a localized area,

—{— despite having an average

| | — surcharge well below 0.5’

- . 7 The encroachment must

Bl ~ 48 be reduced.
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Floodway Products

* The tools available for managing a 1D/2D or 2D floodway are the same as those available for typical
1D models, including:

Floodway Data Table @@@ Mapped Floodway

Regulating 2D Models &

Tools for Planning

Table 24: Floodway Data

LOCATION FLOODWAY 1% ANNUAL CHANCE FLOOD WATER SURFACE

ELEVATION ( FEET NAVDSS)
| SEcTIoN MEAN !
CROSS | wioTH . WITHOUT WITH .
Pty NETANCE AREA VELOCITY REGULATORY = . — o ia INCREASE
SECTION {FEET) (sQ. FEET) | (FEET! SEC) FLOODWAY FLOODWAY
33,346 1,538 - 74 49550 49550 49552 02
35,585 2,770 . 69 4,964.0 49640 49640 00
37,219 3167 . 10.3 49660 49660 49661 0.1
»2 38,893 1,848 * 71 45710 45710 49710 00
2 30,18 1,362 . 67 49740 49740 49740 0.0
41,855 2,161 . 7.3 49600 43800 49800 00
42,716 3,100 » 5.7 4,983.0 49830 4963 1 0.1
44,365 2917 . 7.0 49890 49890 49881 04
- 45,454 2143 - 46 49840 45840 48240 o0
Station 45,563
95,222
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"Feet above confluence with St Vrain Creek
*Walues computed using a 20 model. Locations are represented by BFEs on the FIRMs. Additional information is available to help determing floodway
information including depth and velocity grids. Contact the Boulder County Floodplain Administrater for more information
*Data not available
Administrative floocway. Model results net available. Contact the Boulder Courty Floodplain Adminestrator for more in

FEDERAL EMERGENCY MANAGEMENT AGENCY ELOODWAY DATA

BOULDER COUNTY, CO
AND INCORPORATED AREAS

re 378V.L

FLOODING SOURCE: BOULDER CREEK

» But, the information provided within the tools is slightly different and there is additional information
aside from those tools that can help with floodway management.
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1% ANNUAL CHANGE FLOOD WATER SURFACE
3 FLOODWAY ELEVATION ( FEET NAVDSS)
SECTION MEAN
0 WIDTH WITHOUT WITH
= AREA VELOCITY | REGULATORY ; ) INCREASE
9 (FEED | sa FeeT | (FEET) 820) FLOODWAY | FLCODWAY
§ 2 150,199 115 497 10.1 6,074.7 6,0747 6,074.8 0.1
‘= 151,524 49 339 148 6105.8 6,105.8 6.106.0 02
QO c 152,663 50 347 145 6133.9 6,133.9 6.133.9 0.0
N @ 153,337 36 328 15.3 6.162.1 61621 6.162.5 0.4
oo 154,170 80 404 125 6187.3 6,187.3 6.187.3 0.0
c 155171 40 318 158 62250 6.2250 6.225.0 00
= O 156,199 43 327 15.4 62523 6.2523 6.252.4 0.1
< 156,899 a7 821 6.1 6280 4 6.280 4 62805 01
S » 158,224 46 344 145 6318.7 63187 6.318.7 0.0
D O 159,109 58 365 13.7 6.342.8 63428 6.342.8 0.0
0 O 150,194 44 326 15.4 6,362.1 63621 6.382.4 03
o — 2 cT 160,599 64 662 7.6 6.401.1 6,401.1 6,401.4 03
s cu 61186 36 304 16.4 6.418.8 6,416 8 6.419.0 02
3 cv 52141 49 363 13.8 6,478.8 6,478.9 6.478.9 0.0
3 cw 162,910 a2 295 168 6537.3 65373 65375 02
3 cx 153,833 34 298 16.8 6,608, 6,608.6 6.608.8 0.2
2 oy 165,200 24 304 165 66792 6,6792 6.679.2 00
o)) cz 166,325 50 340 147 67433 6.7433 67435 oo
> DA 167,215 67 410 12.2 6.793.8 6.793.8 6.794.2
DB 188,176 53 348 14.4 6,843.8 66438 6.843.5 1% ANNUAL CHANGE FLOOD WATER SURFACE
k) oC 188.874 s 338 149 68751 6.876.1 6876 1 /[—"'XOG“\T ION FLOODWAY ELEVATION ( FEET NAVDES)
Y CROSS wiptH | SECTION MEAN WITHOUT WITH
= DISTANCE' AREA VELOCITY | REGULATORY INCREASE
8) . 0l E—— SECTION x (FEET) | (s FEET) | FEETISEC) FLOODWAY | FLOODWAY
& 2 3,346 1,539 . 7.4 4,955.0 49550 4,955.2 02
FW # 5,685 2,770 . 6.9 49640 49640 49640 00
a 2 7.219 3197 . 10.3 4,966.0 4966.0 4,966.1 01
. 8,893 1,649 . 7.1 49710 49710 49710 00
—| FEDERAL\EMERGENCY MANAGEMENT AGENCY 2 5,818 1392 . 67 49740 49740 49740 00
g & FLOODWAY DATA <2 1,855 21161 . 7.3 4.980.0 49800 4,.980.0 00
© m BOULDER COUNTY, CO : 2,716 3,100 » 57 49830 49830 49831 01
"o . . 4,385 2017 . 7.0 4,989.0 49890 4,989.1 01
' Ql - AND INCORPORATED AREAS FLOODING SOURCE: BOULDER C #2 45,454 2,143 * 46 49940 49940 49940 0.0
' Station 45,563-
N ol
\/ ) $6,222
~
C Sections

"Feet above confluence with St. Vrain Creek
for 1 D/2 D an d 2 D fl OOdwayS . *Walues computed using a 20 model. Locations are represented by BFEs on the FIRMs. Additional information is available to help determine floodway

information including depth and velocity grids. Contact the Boulder County Floodplain Administrator for more information
*Data not available

I n Ste ad , I n fo rm ati O n iS " Administrative floodway. Model results not available. Contact the Boulder County Floodplain Administrator for more information.

refe re nced to B F E I I n eS . FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA

BOULDER COUNTY, CO
AND INCORPORATED AREAS

¥z 31avl

FLOODING SOURCE: BOULDER CREEK




/ — 1% ANNUAL CHANGE FLOOD WATER sunFAE!\ . . .
3 e DOy o - Data (width, mean velocity, etc.) presented in
% /EDJH AREA VELOCITY | REGULATORY F{”(;LHU%J;Y L (_‘g'm Ay | NCREASE . .
3 (sa Feen) | (FEET/SEQ — the 2D FWDT is not comprehensive. To get
o
c 115 497 101 6,074.7 6,0747 60748 01 : :
= o 67055 | et0ss | edos0 | oz data for any other location in the floodway,
O c 50 347 145 6133.9 61339 6.133.9 0.0 . .
& A - I I o B I - R the WSEL, velocity, and depth grids should be
c = 40 318 158 6.225.0 62250 6.225.0 00 d
= O 43 327 15.4 62523 6,2523 6.252.4 0.1
T = a7 821 61 6,280.4 6,280 4 62805 01 used.
=) 46 344 145 63187 63187 63187 0.0
(S)le) 58 365 137 6342.8 56,3428 6.342.8 0.0
O O 44 326 15.4 63621 63821 6382.4 03
o~ » 64 662 76 6,401.1 6.401.1 6.401.4 03
'T 36 304 16.4 64188 6.418.8 6.419.0 02
S 49 363 13.8 647/89 56,4789 64789 0.0
3 32 295 169 65373 6.537 3 65375 02
S 34 209 16.8 6,608.6 6,608 6 6.608.8 0.2
g 34 304 165 6,679.2 6.6792 6679.2 00
Q. 50 340 147 67433 67433 67435 oo
> 87 410 12.2 6.793.8 6.793.8 6.794.2 / Z SN
53 348 14.4 6,843.8 6,643 8 6.843.8 1% ANNUAL CHANCE FLOOD WATER SURFACE
k) e 335 149 6.875.1 6.876.1 6.875.1 Locs fon FLoopwaY ELEVATION ( FEET NAVDSS) N
Y CROS wipTH | SECTION MEAN WITHOUT WITH
S \ SIECQ?N/ DISTANG e | SRFEEAI:_D (E’EEEC}%EE) REGULATORY | iodioeny | mLoooway | INCREASE
% 'Feet above conflugnce with St. Vrain Chegk
x / *? 1,539 . 7.4 4,955.0 49560 4,965.2 02
FW 2 2770 . 69 4964.0 49640 4964.0 00
Q "4 = 3197 . 103 4,966.0 4966.0 4,966.1 0.1
N _—— - 1,649 - 7.1 49710 49710 49710 00
> — FEDERAL EMERGENCY MANAGEMENT AGENCY 2 1,392 . 67 49740 49740 49740 00
c & EL ATA 2 2161 . 73 4,980.0 49800 4,980.0 00
© m BOULDER COUNTY, CO : 3,100 » 57 49830 49830 49831 01
¥ FLOODING SOURCE: BOULDER C + 2017 . 7.0 4989.0 4989.0 49891 0.1
Q - AND INCORPORATED AREAS #2 2,143 * 46 49940 49940 49940 00
/ Q Station 45, 563-
\/ ) ©6 222
~

"Feet above confluence with St. Vrain Creek
R —

Values computed using a 2D mod
rformation including depth anc
"Data not available

Administrative floodway. Model results not available. Contact the Boulder County Floodplain Administrator for more information.

nal information is available to help determine floodway
for more information

FEDERAL EMERGENCY MANAGEMENT AGENCY ELOODWAY DATA

BOULDER COUNTY, CO
AND INCORPORATED AREAS

¥z 31avl

FLOODING SOURCE: BOULDER CREEK




&  Additional Information for 2D Floodways
é - « 1D/2D and 2D FWDT only report information at select locations. To find detailed information about
=g specific locations, the surcharge, WSEL, depth, and velocity grids should be used
N G
o0
pr Surcharge Velocity Depth
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Uses Uses Uses
 Shows the WSEL for the e Supplement for “Mean Velocity’ e Can be used to communicate a
encroached floodplain column in FWDT depth of floodway at a specific
@ » Used to evaluate surcharge at property

individual properties
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Purpose of the Floodway

 The floodway represents the “full build” or “ultimate” condition that can occur without creating
a surcharge greater than the designated height. The benefit of the floodway is that as development
occurs, a new engineering study is not required to determine whether the development will cause a
surcharge over the designated height
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Tools for Planning

* Floodways make the job of a Floodplain Manager easier. However, with the introduction of 1D/2D
and 2D models there are some additional things to consider:

1) Floodway standards and guidance were established for 1D analyses — application to 2D can be:

1D/2D and 2D Floodways

Time Intensive Difficult

2) Applying 1D floodway principles to 1D/2D and 2D models may result in a more restrictive
floodway because of the resolution of the model results.

So with that in mind....




Regulating 2D Models &
Tools for Planning

B

N
=

%
S
ie]
o
Ks!
w
Q
N
ie]
<
@®
&
~N
Q
~

Floodway Options

Decision on floodway development needs to be made with community input

OPTION

Generate 2D Floodway under
Current Standards

Calibrate 1D model to 2D model,
Create Floodway from 1D

Manage without a Floodway

Alternate method for 2D
Floodway (D x V, Full
Conveyance, etc.)

Floodway management is very
similar to 1D

Addtn’l info to help with
regulation

Keep existing practices

Manage development on case
by case basis

Time intensive
Tend to be wider, limiting
potential for development

2 models to update
Lose some detail from 2D
model

Must track cumulative impacts
of development
Maintain “living” model




To demonstrate the difference between managing a floodplain with and without a floodway,
consider the hypothetical case. Floodtown, USA has adopted a 0.5 foot surcharge standard.
Floodtown, USA had a floodway delineated on the previous set of effective FIRM maps.
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Tools for Planning

Scenario 1: Floodtown, USA elects to have a 2D floodway delineated on the revised FIRM maps.
Scenario 2: Floodtown, USA does not have a floodway on the new FIRMs due to creation of the
new regulatory 2D model.

Consider three events:
« Event 1: Release of the new Floodtown, USA FIRM Panels and FIS

« Event 2: Construction plans for a new shopping center submitted by Development Co.
« Event 3: Submittal of a building permit by Resident A to construct a new porch for their
house

1D/2D and 2D Floodways




Scenario 1: A 2D Floodway is
Delineated on the Revised FIRM Maps

Tools for Planning
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1D/2D and 2D Floodways
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Floodtown, USA FIRM Panels and
FIS

Description:

Floodtown, USA's new floodplains
just became effective. Included with
the floodplains are WSEL,
surcharge, depth, and velocity grids
generated from the 2D model, as
well as a 2D floodway.

Development is managed similar to
the way it was prior to release of the
new FIRMS.

Floodtown, USA

Resident A
Proposed
Deck
Footprint
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Floodtown
Condos
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1% Floodplain

0.2% Floodplain




Floodtown, USA

>
Iy
o

new shopping center submitted by
Development Co.

Regulating 2D Models &
Tools for Planning

Description: I
Plans are submitted by ,
Development Co. for construction of g

a shopping center. The Floodtown,
USA Floodplain Manager sees that
the proposed footprint of the
shopping center development is
within the delineated floodway so
they tell Development Co. they
must prove a no-rise or
development cannot occur.
Development Co. is not able to
prove a no-rise so a permit is not

iIssued. 1% FW 1% Floodplain 0.2% Floodplain
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Resident A to construct a new porch for
their house.

Description:

Resident A submits an application to
construct a porch. The Floodtown, USA
Floodplain Manager sees that the
proposed footprint of the porch is outside
of the floodway. As a result, a permit is
issued and Resident A proceeds with
construction of their porch.

Floodtown, USA

1% Floodplain

0.2% Floodplain



Scenario 2: A 2D Floodway is not
delineated on the Revised FIRM Maps
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Tools for Planning

1D/2D and 2D Floodways
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Floodtown, USA FIRM Panels and
FIS

Description:

Floodtown, USA's new floodplains
just became effective. Included with
the floodplains are WSEL,
surcharge, depth, and velocity grids
generated from the 2D model. The
WSEL grid generated is now the
baseline for all future floodplain
development in Floodtown, USA.

Floodtown, USA
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Tools for Planning

1D/2D and 2D Floodways

new shopping center submitted by
Development Co.

Description:

Floodtown Engineering Co. is
contracted to study the impacts of
the shopping center construction.
They find that when compared to
the effective WSEL, the shopping
center does not cause an increase
in the WSELSs above 0.5 foot and
does not cause a shift in the
floodplain extents. As a result, the
shopping center receives an
approved floodplain permit and is
constructed.

Floodtown, USA

Surcharge 0’-0.2’

Surcharge 0.2’-0.5’ I Surcharge >0.5’



Floodtown, USA
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55 Resident A to construct a new porch for
=T their house.
Description:

Floodtown Engineering Co. is hired by
Resident A to study the impacts of _
constructing a porch. The study accounts ;
for the cumulative development, thatis
the proposed porch design plus any '
change caused by the shopping center ;
construction. They find that compared to ;
the effective WSEL, the deck does cause ;
an increase in the WSEL above 0.5 foot |
from the effective WSEL grid. As a
result, Resident A’s floodplain permit is
denied on the basis that it causes an

adverse condition downstream. Surcharge 0’-0.2’ Surcharge 0.2’-0.5’ I Surcharge >0.5’

1D/2D and 2D Floodways
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Tools for Planning

LOMCs and Other Regulatory Processes

CLOMR/LOMR

The CLOMR/LOMR process is the same for either a 1D,
1D/2D, or 2D model.

« Still follow MT-2 procedures
« Same fees

CLOMR/LOMR can be completed using various modeling
techniques as long as the CLOMR/LOMR ties-in with the
effective data (i.e. 1D CLOMR/LOMR completed in area
with 2D model); however, communities should strive to
maintain a continuous model.

CLOMRS/LOMRs may be required more often when
using 1D/2D or 2D models because the models show
more detail.

FEDERAL EMERGENCY MANAGEMENT AGENCY
PAYMENT INFORMATION FORM

Community Hame:

THIS FORM MUST BE MAILED, ALDNG WITH THE APPROPRIATE FEE, TO THE ADDRESS BELOW OR FAXED TO THE FAX NUMBER
BELOW,

Please make check or money order payable to the National Flood Insurance Program.

Type of Requost: LOMC Clearinghouse
I MT-1 application 3601 Eisenhower Ave. Suite 300
I MT-2 application Alexandria, VA 773046426

Attn.: LOMC Manager

FEMA Project Library

[ £DR application } 3601 Eisenhower Ave. Sulte 500
Alexandria, VA 22304-5426
FAX (703) 950-9125

Request No. [if known]: Chedk No.: Amount:

[ mmaLrees [ Finacree [] Fee Baance® [] masTer carp [] wisa [ cHeck [[] MONEY ORDER

*Note: Check enly for EDR and/for Alluvizl Fan requests (as appropriate),
**Note: Check only if a fee for ngoing request.

COMPLETE THIS SECTION ONLY IF PAYING BY CREDIT CARD

CARD NUMBER EXP. DATE

12 3 4 5 &6 7 B 9 10 11 12 13 14 15 16

Manth Year

Date Signature

NAME (ASIT APPEARS ON CARD):
(please print or rype)

ADDRESS:
tfor your
credit card

recefpt-please
print or type]

DAYTIME PHOME:

FEMA Form B1-107 Paymant Information Form
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Regulating 2D Models &

Tools for Planning
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No-Rise Certifications

No-Rise conditions are more difficult to prove when
referenced to 1D/2D or 2D models.

Similar to the discussion of 2D floodways, each cell
must meet the no-rise criteria, as opposed to 1D
models where the no-rise criteria only needs to be
satisfied at each cross section. In a typical 1D/2D or
2D model, there are 10,000s of locations that must
satisfy the no-rise standard versus a 1D model where
there are 10s or 100s.

Needs engineering judgement







Revisiting Old Concepts

» Depending on local capabilities:

1. Use water surface elevation grids to determine base
flood elevations. More accurate than BFEs and
profiles

Regulating 2D Models &
Tools for Planning

2. Use depth and velocity grids to evaluate specific
impacts at locations/structures of interest
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3. Use online resources to publish results
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What's Next?

« CWCB looking to test web applications for 2D results

« CWOCB looking to add trainings and guides
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Tools for Planning

» Discussion on federal guidance and how it could be
revised to incorporate 2D capabilities

Next Steps







Questions?

Isaac Allen
Project Engineer

oRi /) COLORADO —
W | oo e A=COM
5 Conservation Board -—


mailto:Isaac.allen@aecom.com

On your Smartphone or laptop, go to
Enter event code: 4040

What would
YOU estimate as
a Manning’s N
Value for this
overbank?

Choose your
answer (multiple
choice)

aDa
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How uncertain are we?

INTERNATIONAL

= ‘Flaw’ of Averages I
= Better Data = Better Decisions! /\

J
= Do communities understand the |/\ /\ I17aNl

. ? !
uncertainty: /N | (N

e Terrain Data & Survey IAL i —
*  Hydrology ot - i
¢ Other model inputs |

https://wall2.sli.do/event/kgnvgwas —

W
LN L

= Effects of Data Errors on Computed Steady-Flow Profiles (ASCE members Burnham & Davis- USACE, 1990)
. 80 USACE Engineers estimating Manning’s n values for 10 streams.
. Average standard deviation of their estimates was 25%

£



Our Approach

INTERNATIONAL

= 3Variables

Manning's N Roughness Values
Discharges

Cross-section placement/geometries
Combined

= 2 Streams- Steep and Flat gradients
= Sensitivity Analysis using HEC-RAS

= 500 model iterations per variable, per
stream

STDEY 99 PCT soeCT 10 pCT 1steCT
00 659853 639853 659053 659853 GSORSD 6S9BS] GSSRS3 5SS 9653 65983 69953 GSORSD GS9AS) €S9RS3 685 sses
ST ESSLTN GSSATD SEBTY GBI GSERTD GSEBTY ESIET GSELTY GSSET 65879 ESSRT
716 eSS o7 esms 16 G eSTRIS €TI0 ESTALS 716

o
598

39674 639,78 639671
w02 sxm02
GIL08 608 GIELOS GMLOG GILOD GMELOD GMLOD I8L0B G8LOS

a8

65595
assa1e
est6.5
et
w1750
o7

L0

ML

a8

65678

ML 3108

o8
5598
ssi

oL

sisTer
x5

suzsy
e
i35
w26
sz
967
ssso




Our Approach

INTERNATIONAL

" |terative modeling performed
using HEC-RAS Controller

* Allows automation and control
of HEC-RAS through an API

* User writes commands in .
Visual Basic — can be done
within Excel

BREAKING THE HEC-RAS CODE

 Monte Carlo simulations using
random values with set
parameters




Our Approach

INTERNATIONAL

= N Values

e Estimation of roughness for entire
cross-section (Natural Channel &
Floodplain)

e Mean N of 0.050 (25% error)
* Values ranged from 0.016 to 0.084

= Discharges

e Steep Stream- Regression (36%
error)

* Flat Stream- Gage Analysis (30%
error)

= Cross-section Placement
* 5 different layouts
* 40 foot shift for each iteration
e 200 foot XS spacing




Results- Manning's n Values

INTERNATIONAL

Mannings n Cross Section -
6630 Mannings n Cross Section -
] — 0-100 percentile values b
b — 10-90 percentile values : — 0-100 percentile values
1 — 25-75 percentile values g — 10-90 percentile values
1 median value 1920 — — 25-75 percentile values
6620 — ground i median value
B 1910
6610 1 e —— Y T | =
= - 1
5 4
@ 5
= 1 S 1900
@ ] |
. 3
] W 7
G600 — i
1 \ 1890 —
6590 1880
1 1870 —
-+ t 7t T T T T T T T Tt T T -ttt T
0 50 100 150 200 [ 2000 4000 6000 8000 10000 12000
XS 24750 station XS 65307 station

Steep Terrain Flat Terrain



Results- Discharges

Michael Baker

INTERNATIONAL

q Cross Section -

Elevation

- 0-10, 90-100 percentile q values

Elevation

q Cross Section -

— 0-100 percentile values
— 10-90 percentile values
— 25-75 percentile values

median value

-
i

—
6000 8000
XS5 65307 stafioning

Steep Terrain
Regression

Flat Terrain
Gage Analysis



Results

INTERNATIONAL

WSEL Difference, 90th Percentile minus Median
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Steep Terrain Flat Terrain

= Manning's 'n" Uncertainty ®m Discharge Uncertainty m XS Placement Uncertainty ®m Total Uncertainty




Takeaways

INTERNATIONAL

WSEL Difference, 90th Percentile minus Median (ft
Uncertainty Source Steep Terrain Flat Terrain

Manning's 'n' Uncertainty 0.12 1.50

Discharge Uncertaint

XS Placement Uncertaint 0.34 0.38

otal Uncertainty 1.53 3.3

=  Mannings n Values
*  There’s potential for greater uncertainty in flat terrain; less so in steep terrain.
*  Spend more time on field data collection and calibration in flat terrain
*  Spend less time reviewing n values for models in steep terrain

= Discharges
*  Uncertainty can be impacted by type of study. Method selection is key .
*  Calibrate!
* Investing more heavily in hydrology can increase reliability and validity of flows.

= Cross Section Placement
*  Appropriate spacing helps to reduce uncertainty associated with placement

= Addressing uncertainty in any of these areas will impact your overall model reliability.



Takeaways- engineers

INTERNATIONAL

Other variables at play:
time/schedule, cost, weather,
study size, years of record,
development.

Stakeholders rely on engineers
to develop data they can use,
for:

* Floodplain management

* Building codes

*  Emergency management,

planning, etc.

Pay attention where it matters.

Shrink the margin of error. 3 v

Narrow the distribution. @ |
Better data = better decision » e .\.
making R M -




Takeaways- Communities

Understand the uncertainty that exists §

and focus efforts to reduce it.

What types of rivers and streams do
you have?

Hydrologic method can be considered
in local regulation- methods/basins
with less confidence/higher
uncertainty could be regulated
differently.

Consider using FEMA’s 1% Plus values
in regulation

Michael Baker

INTERNATIONAL




Takeaways- Communities _
'

INTERNATIONAL

= Enact policies, plans, and
code that account for the
uncertainty that exists:
e Buffers & Setbacks
* Overlay zoning

e Adoption of a 1% Plus
Floodplain

e Additional regulations in
the 500-year floodplain

* Hazard Mitigation Planning
* Other planning tools




Takeaways- Communities

Enact policies and code that
account for the uncertainty
that exists:

* Freeboard

— 0-100 percentile values
—— 10-80 percentile values
— 25-75 percentile values
=== median value

= ground

130
XS 24750 station

FPE

Michael Baker

INTERNATIONAL

WSEL Difference, 90th Percentile minus Median




Next Steps

INTERNATIONAL

= Aworkinprogress!

= Refine the assessment
e Additional stream simulations

» Aretheresultsrepeatableon
other streams with similar
slopes/characteristics?

e What about other channel
gradients?

« Additional variables
* Development

 Hydraulic structures
o LIDARvs.field survey

Channel Gradient (rise/run)

Yellow Line shows 30M DEM cross-section
shows QL2 LiDAR cross-section
White Points show field survey spot elevations

QL2 Profile — =

[

’//..-—?

Actual Survey Elevations




Questions?

INTERNATIONAL

3SD 2SD 1SD Mean




Highway 115 at Pathfinder Park in Florence, CO

July 23, 2018 @ Dewberry' |

COLORADO
Colorado Water
A Conservation Board

Department of Natural Resources

Source: KRDO

Tools to Stay Ahead of the Storm

Dana McGlone!; Kevin Stewart?, PE, Kevin Houck?, PE
'Dewberry Consultants, 2UDFCD, *CWCB

2018 CASFM Annual Meeting



Tools to Stay Ahead of the Storm

= Early detection

* Municipalities
= Mobilizing people and resources

= Project managers
* Protection of project sites

» Understanding heavy rainfall thresholds
* Impervious areas, nature of the threat

# Dewberry



B What is QPF?

Quantitative Precipitation Forecast:

= Adeterministic estimate of how much precipitation will
accumulate at a given location over a given amount of time

= Typically deduced from atmospheric model

= Extremely difficult to accurately and precisely predict,
especially for thunderstorm type rainfall

= Key input for many decision making systems

= Key input into many H&H prediction systems

# Dewberry



North American Monsoon (NAM)

= Monsoon = seasonal
shift in the wind
pattern

= Gulf of California and
Gulf of Mexico
combine in
“monsoon surge”
with this upper-
atmospheric pattern

= Typically ramps up in
July and persists
through August

# Dewberry



Q Q # Dewberry
central CO * southwest CO ©

Q northeastCO 77

Source: Colorado Climate Center

Proof iSE:The Peak (1981-2010)



B Monthly Variability of Rainfall

PRISM Climo Rainfall (May) inches
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B Monthly Variability of Rainfall

PRISM Climo Rainfall (Jun) inches
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B Monthly Variability of Rainfall

PRISM Climo Rainfall (Jul) inches
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# Dewberry



B Monthly Variability of Rainfall

PRISM Climo Rainfall (Aug) inches
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# Dewberry



B Monthly Variability of Rainfall

PRISM Climo Rainfall (Sep) inches
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# Dewberry



I Objective versus subjective forecasts

PROS = Consistency &
= More easily QC’d reproducibility
= More flexible = Easier to improve

“u Subjective Objective

= Labor intensive = Not always
= May haye | intuitive
constraint on skill = Maintenance
CONS

# Dewberry



B What are we doing to stay ahead?

= Probabilistic approach — “ensemble of ensembles”
= Bias correction & post-processing

= Validation!!!

1. Urban Drainage and Flood Control District’s

Heavy Rainfall Guidance Tool: qpf.udfcd.org

2. Colorado Water Conservation Board’s

Colorado Flood Threat Bulletin: coloradofloodthreat.com

# Dewberry



I Objective Forecast

# Dewberry



UDFCD Heavy Rainfall Guidance Tool

http://qpf.udfcd.org

» Objective: Increase lead time for anticipating heavy
rainfall in the Denver metro area

» 5 Forecast Zones covering
~6,000 mi?

Colorado

* Hourly output informs users
on heavy rainfall:

5,500 feet - tlmlng
A: North Foothills - |Ocation
B: South Foothills
C: Palmer Ridge \ | o .
D: Central Metro A ' |nten5|ty

E: Northern Metro = confidence

# Dewberry



UDFCD Heavy Rainfall Guidance Tool

ZONE F: Overall Threat

% precipitation

% exceeding 1in. per Thr

% exceeding 2.25in. per 3hr
% exceeding 3.5in. per 6hr
% exceeding 4.5in. per 24hr

Primetime

Zone D: Central Metro

85%
45%
7%
<5%
<5%

20-4Wed

2.5

2.0+

1.0+

0.5+

ZoneD: Max 1-hour rainfall (inches)

0.0~

r.nhmmcq-mmﬂ-mr.ﬂhmmﬁ
o=

—
g o p— - - od

LOCAL TIME

OO~ N WD
ol od

# Dewberry



. UDFCD Heavy Rainfall Guidance Tool

Daily Summary: June 17, 2018

Updated: N1

CAUTIOM: ARCHIVED FORECAST

Maximum 1-hour rainfall

QPFMAX™ POP1** Threat
All Zones | 1.44 inches 59% -

Zone POP1**  Primetime Threat

A 15% 14-16Sun LOW
B 15% 15Sun LOW
C 26% 13-20Sun -
D 3% 14-18Sun -
E 14% 16-17Sun LOW

QPFMAX*: Maximum 1-hour rainfall.
POP1**: Chance of exceeding 1 inch in 1-hour.

@ Dewberry |



I Operational Process Flow

Retrieve model
OPF

[

Retrieve other
predictor variables

J—

]———[ Bias correction® }

f Combine into J

L single database

-

Post processing*

A

[

Push to website
for display

]

*updated yearly

# Dewberry



l QPE/Rain Gage Data

Objective: Estimate observed daily maximum 1-hour rainfall in
each zone. Value over 1 inch triggers “Flood Day”
classification.

Used the higher of:
= NOAA Stage IV hourly QPE
» UDFCD ALERT Rain Gage Network ~ 200 gages

Used CoCoRaHS (~300 rain gages) and hail reports for
additional quality control.

# Dewberry



I Subjective Forecast

# Dewberry



IM Colorado Flood Threat Bulletin

http://www.coloradofloodthreat.com

» Objective: Increase lead time for anticipating heavy
rainfall over Colorado during the warm season

Colol‘ado = 14 Forecast Zones with a
' | large range in topography

I = Product informs users on
heavy rainfall:
= timing
location
Intensity
confidence
nature of the threat

# Dewberry



B Motivation

Many heavy rainfall events occur with little to no lead
time

Can we estimate a daily “realistic” worst-case scenario?
Can we develop a system that is reliable and
discriminates between higher and lower threat days?

# Dewberry



I Products

¢ Flood Threat Bulletin (FTB)
* [ssued by 1lam daily
» |dentifies areas of flood risk for a 24-hr period

* Possible PM updates

+» State Precipitation Map (SPM)

* [ssued by 1lam daily
= Recaps the past 72-hours of hydrometeorolgical conditions

v Rainfall totals, flooding, antecedent soil conditions

¢ Flood Threat Outlook (FTO)
* |ssued Monday and Thursday by 3PM
= Qutlook of threat and precipitation totals over the next 15
days
» Rapid snowmelt, local heavy rainfall, drought development

# Dewberry



] Flood Threat Bulletin (FTB)

DESCRIPTION

NDHE Mo flood threat is expected.

LOW Low probability (=50%) that isolated/widely scattered flooding will occur. If
flooding occurs, low impact/severity flooding is anticipated.

Moderate probability (50-80%) of flooding occurring.

High probability (>80%) of flooding occurring.

High probability (>80%) of high-impact flooding due to a combination of
factors including, but not limited to: high population density, antecedent
rainfall and/or long-term duration.
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B Flood Threat Bulletin (FTB)

Discussion (not shown)
with an image:

Zone-Specific Forecasts:

Front Range, Urban Corridor, Palmer Ridge, Southeast Plains, Northeast
Plains, Southeast Mountains, Raton Ridge:

Very moist low-level will support heavy rainfall this afternoon. Showers and thunderstorms should Kick off just after noon over the higher
terrains. Over the higher terrains max 1-hour rain rates up to 1.25 inches are possible, which could trigger mud flows, debris slides and local
stream flooding. Rain rates increase over the adjacent plains with 1-hour rain rates around 1.735 inches/hour. Localized 1-hour rain rates over 2
inches/hour are not out of the question in areas of the highest low-level moisture. A High flood threat has been issued for portions of these
regions with the largest threat over the Urban Corridor, Palmer Ridge and Southeast Plains. A High flood threat has also been issued for all
recent burn scars over the Southeast Mountains as storms could trigger debris slides and local stream flooding that track over these areas.
Thunderstorms and showers will continue to rumble into the night, but the flood threat should decrease after midnight.

Primetime: 12FPM to 7TAM

Southwest Slope, San Juan Mountains, San Luis Valley, Northern Mountains, Grand Valley, Central Mountains,
Northwest Slope:

Low-level moisture won't be quite as high over western Colorado. Max 1-hour rain rates up to 0.4 inches/hour are possible over the higher
terrain this afternoon. Upslope flow will be the main driver of thunderstorm development today, and with westerly winds, the rainfall should
remain over the mountains with the greatest cover near the Continental Divide.

Primetime: 1PM to SPM

@ Dewberry |



State Precipitation Map (SPM)

SPM - July 24, 2018
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4.12 inches north of Fountain

1.18 inches in 20min NW of CO
Springs

2.76 inches at Aurora ALERT gage

Discussion (not shown)
with relevant image:
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Flood Threat Outlook (FTO)

Issue Date: Monday, July 17, 2017
Issue Time: 2:10PM MDT
Yalid Dates: ¥/18 — 8M1

Tug Wad Thu Fn Sal Sun Mon Tug Wad Thu Fri Sal Sun Mon Tug
Next15Days | 18-Jul | 19-Jul | 20-Jul | 2-Jul | 22-Jul | 23-Jul | 24-Jul | 25-Jul 20-Jul | X-Jul | 28-Jul | 29-Jul | B)-Ju 3-Jul 1-Aug

FLOOD THREAT LEGEND

Discussion (not shown) with relevant images:
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I The benefit of an ensemble

Max 1-hour precipitation for 6/7/2017
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The benefit of
an ensemble

Duration: 1hr

Ensemble Neighborhood Exceedance Probability (%)
Threshold: 1.0in. per 1hr Monday. July 23, 2018

Ensemble Max Precipitation (inches)
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i
small dot: >3.5in; big dot: >4.5in

Monday, July 23, 2018

@ Dewberry |



Twitter: @COFloodUpdates
Facebook: Colorado Flood Threat Bulletin

7 Aug 2017 v

CO Flood Updates @COFloodUpdates -

m Replying to @COFlcodUpdates

Check out full 24-hour rainfall summary and our new State Precipitation Map
reat.com/?cat=4 #cowx #coflood

here: coloradofloodthreat.co
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CO Flood Updates @COFloodUpdates
Q Heavy rain for Eastern CO yesterday. A CoCoRaHS station in Kit Carson County
recorded 6.2 inches, which is a 1 in 200-500 year event! #cowx
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QPF-Max Application
= Kevin Stewart - UDFCD

® Dewherry UDFCD Heavy Rainfall Guidance Tool

Daily Summary: July 23, 2018
Updated: N1

CAUTION: ARCHIVED FORECAST

Maximum 1-hour rainfall

QPFMAX* | POP1** Threat
All Zones 2.62 inches  =00% 2.5
2
Zone POP1** | Primetime Threat 1.75
A 30%  14-19Mon 15
E 47% 11-20Mon 1.25
1
¢ 4% 42.23Mon
0.75
D 20% ' 13.20Mon 0.5
—0.25
E 17% 13-18Mon
l- —0.05

QPFMAX*®: Maximum 1-hour rainfall.
POP1**: Chance of exceeding 1 inch in 1-hour.

@ Dewberry |



Conclusions

* QPF reliability

= Climatology of warm season, heavy rainfall events
In Colorado

= QObjective vs subjective forecasts

= Heavy rainfall tools available to the public

= Applications for early detection of heavy rainfall
events

For questions contact:
Dana McGlone
dmcglone@Dewberry.com

# Dewberry
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* Plain bed gravel
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behaviors

* Over 5’ of mobile bed
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Fountain Creek: A Perspective

e June 17, 1965: 53 city blocks were inundated with water up to 8 feet

_ deep, damaging 370 homes and 59 businesses. Damage estimated at $3.7
Overview million. Peak flow of the tlood was estimated at 47,000 cubic feet per ﬂ

second.

il

V'eg

_ * June 11, 1864: Flow of 45,000 cfs. Waters rose 20-30 feet, sweeping away =
Colorado City.

4 « May 30, 1894: Flow of 40,000 cfs. Five lives lost and $2 million in
property damage.

i s R

« May 30, 1935: Flow of 35,000 cfs. Damages in Colorado Springs were $1.8 p
million, and four people died. In Pueblo, damages were $500,000. ‘

e June 3-4, 1921: Fountain Creek’s flows were 34,000 cfs, adding to the
worst flood in Pueblo history on the Arkansas River, where tlows were
110,000 cfs. After the flood, 78 bodies were recovered. More than 500
homes and 100 commercial buildings were destroyed. Damage was more
than $10 million.

e April 30, 1999: Peak tlow of 18,900 cfs. A highway bridge at Pinon was
swept away by the waters. Pueblo’s Target store was threatened.
Damages in Pueblo and El Paso County totaled more than $30 million.
Extensive damage in North La Junta as well. By comparison, the most
recent flood on Fountain Creek peaked at 13,800 cfs in Pueblo on June
16.
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Masciantonio Trust Bank Protection

Over 5 acres of
property loss
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Masciantonio Trust Bank Protection
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History

Approach . ,.

. .gy | N SE Fountain Creek
> 8+ WARSSS Study
L Wiodeling <\ S Ty March 2017

Construction

Post-Construction

COLORADO
Colorado Water
Conservation

‘Depanment cFiatural Resoures

Matrix

N
DESIGN GROUP {
AN EMPLOYEE-OWNED COMPANY
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Bank PC003: Total Score =58
High Priority Projects
Fountain Creek WARSSS

| Legend

|:| Parcel

-| Mote: Aerial shown is from 2013

Other Priority Projects (based on 2015 delineation)
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Approach
Data Collection

e June 2015 Flood Event
* Young’s Hollow

@

Alternatives |8 T

Criteria % B

Hydrology Report for Fountain Creek,

Modeling | e

Construction

Post-Construction

s 3
i

FEMA, Region VIII

ver Federal Center, Building 710

D::HL‘:.U;N ;Zza h:_! i ! L . { I;
Recurrence Mean Bankfull 25-Year o
Interval Annual Flow 2-Year | 5-Year | 10-Year (June 16, 50-Year Year
Flow Matrix 2015 Event

D'ffct?;:)ge 300 2,700 3,800 7,000 10,700 19,800 24,200 33,300

Matrix:
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orphology

Impaired Reach

o -

IMPAIRED REACH EXISTING e ‘—"_ﬂ

CONDITIONS oo e

DESCRIPTION VALUE 2105 | 5105

TOTAL LENGTH 2,068 LF [ 5100 = . 5100

TTeleeyl | BANKFULL WIDTH 161.4 LF o0 | o0
CROSS-SECTIONAL : -

AREA 429'4 SQ FT | 5090 5090

AVERAGE SLOPE 0.40% 5085 5085

AVULSION SLOPE 0.70% _ 0475 1400 ___ 2400 3+400 3425
5110 : . ‘ . 5110
o STA 2146917 5185
STA. 15+00.00 EL. = 099137
5100 EL, = B096,17 — . 5100
|1 sma feo000 iﬁﬁﬁ | =

S095 | —1— £1. » s0e0.8¢ = = 5095

5090 = 5090

5085 5085

5080 5080

1+00 2+00 3+00 4+00 5+00 6400 7+00 8+00 9+00 10+00 11400 12+00 13+00 14+D0 15400 16+00 17+00 18+00 19:00 20+00 21+00
. =




‘Morphology

Reference Reach
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orphology

o - i
Departure Analysis
Dimension: f— : -"‘.'?'"""'""
Impaired Reach Reference Reach

Min Avg. Max Min Avg. Max
380 389 398 431 505 639
| width (ft.) [ETE 188 213 145 157 178
e 1.8 2.2 2.5 2.5 3 4.4

Morphology Max Depth (ft.) 2.9 3.1 3.3 3.7 4 5.6
W/D (ft./ft.) 65 33 52

—— - v = e

sl

= e

— > : t‘ ‘7.‘;-7——7 — = -
Parameter Impaired Reference Reach [
Min  Avg. Max Min Avg. Max
Radius of Curvature 375 375 375 520 522 524
Straight-way length 330 615 900 255 324 373

1.7 1.7 1.7 1.2 1.2 1.2
960 960 960 760 760 760
850 850 850 664 794 923
1996 1996 1996 1680 1680 1680
‘ 1400 1625 1850 1072 1072 1072

: :
P
& Ad

Impaired Reach Reference Reach
0.4 0.3
Water Surface Slope (%) 0.4 0.3



Alternatives

Design Considerations
* Creek Alignment

* Floodplain Grading
Approach
:

APPROVED EQUAL (TYP.) DT-03 (TYP.)
.‘ ANCHOR WITH WOODEN SOIL WRAP )
- . am STAKES @ 1.0°'0.C. “— KOIRWRAP 1200 OR
T ™, APPROVED EQUAL : -
| ] ! i 1%10' SOIL o R 14’ SOIL priditdestan ww( D‘EPNI NOTE:
X WRAP SOIL RIPRAP WRAP 1. SOILLIFTS SHALL BE UTILIZED IN RIGHT

DESIGN GROUP

AN EMPLOYEE-OWNED COMPANY

L I L
£ \r VARIES o
_—EXISTING GRADE/ 4; sl PROPOSED 35 L 3,_* EXISTING GRADE/
/" WEGETATION (TYP.) 7 LIVE WILLOW STAKING WIDE CHANNEL |
_________ o

EROSION CONTROL —

Y N 4R
BLANKET (TYP.) i WETLAND/RIPARIAN WETLANDIRIPARIAN BN
R RO WO i SEED MIX (TYP.) SEED MIX (TYP.) | crosionconroL
STAKES @ 1.0 0.C. i A BLANKET (TYP.
/ ANCHOR WITH WOODEN
y - SEE FIG. 2 ANCHOR STAKES @ 1.0 O.C.
KOIRWRAP 1200 OR

14510

NATIVE SOIL/ —"

TOP SOIL (TYP.)
SEE SOIL LIFT DETAIL

/1" STAKING O.C. (TYP.)
P

BRUSH LAYERING

LIVE WILLOW STAKING
1" STAKING O.C.{TYP.)

UPLAND SEED —,

MIX (TYP.)

£

VEGETATION (TYP) .

-

STAKES @ 1.0'0.C.

LIFT SECTION

Lol
1

TRENCH DETAIL ON

AND LEFT BEND SECTIONS. SEE DETAIL
ON DT-03 FOR ADDITIONAL INFORMATION.
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Alternatives
Selected Alternative
* Floodplain Grading and Bendway Weirs

i ow-elevation structures re projected m_to_‘
om a bank d-a __Igled_upstream to redirect flow
" 1trol erosion o] olg

* Bendway Weit

Alternatives




ritel
Bendway Weirs '

ey

* Numerous technical references Pl ——

- - F\I;' E
Criteria y

N

:@Q‘ PAySical bendway weir model, Kinzli.and Thornton (2009), CSU

e

r___ - % ——— h ’
T v L
*Sketch: Water velocities on Geffert River, Neosho River, KS, Balch, Derrick, and Emmert (2001)

P
i



Table 1. Design guidelines for bendway weirs from literature (variables defined in Figure 1)

-

— Lo
riteria

Bendway Weirs

of ¢

b

Length Height Topwdth  Spacing 0 Transverse slope

NCHRsz]s 3% Twi3  Twil2 w2 w 2Dy 3Dy 1.5L 1.5L 80 70 flat flat

HEC-23, Design  1y/100 Tw/3* 0.3 BF** 0.5 BF** 2Di00 3Djee 4L SL 60 85  flat 1VSH
Gudelne 1, 2009*

Juben and Duncan, 2003 longer s better mlA § € none none 2L 3L 60 60 none none

**HEC-23 further recommends structure kength to cross the stream thalweg

**HEC-23 further recommends structure height to fall between annual mean flow and annual low flow water surface elevations
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Modeling

Existing Hydraulics

Selected: 'EXBCDesignFlows' 16JUN2015 14:30:00

Overview
History

Approach
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Modeling

Bendway Weir Analysis

Overview
History

Approach

Morphology

B ra

Alternatives |

/S

: NO BENDWAY WEIRS : BENDWAY WEIRS AT 30 DEGREES
Modeling J% L e 3 B /5 ol ) 33

Criteria

e N

Construction |
e
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BENDWAY WEIRS AT 45 DEGREES

BENDWAY WEIRS AT 70 DEGREES
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Modeling

Bendway Weir Angle Analysis
verage vty (19 MRS
~ StormEvent  StormEvent

© Bankfull  10-Year  Bankfull  10-Year
30-Degrees 0.010 0.405 0.001 0.066
Toe of US 45-Degrees 0.006 0.427 0.001 0.066
Bank 70-Degrees 0.007 0.465 0.001 0.070
No Weirs 0.002 0.451 0.000 0.045
30-Degrees 1.101 2.496 0.096 0.386
Toe of DS  45-Degrees 1.122 2.512 0.102 0.398
Bank 70-Degrees 1.135 2.505 0.100 0.388
No Weirs 0.355 3.008 0.063 0.418
30-Degrees 3.105 4.432 0.338 0.491
45-Degrees 3.086 4.474 0.329 0.481
Toe of Bench
70-Degrees 3.063 4.464 0.322 0.486
. No Weirs 3.215 4.240 0.272 0.437
Modeling . = 30-Degrees 3.949 2.995 0.592 0.267
? - Top of Weir 1 45-Degrees 5.401 3.954 1.151 0.507

70-Degrees 8.013 5.151 0.780 0.825

5 30-Degrees 3.921 2.643 0.630 0.197
X 7 et Top of Weir 2 45-Degrees 4.485 3.423 0.735 0.314
e 70-Degrees 4.734 4.138 0.793 0.512
2 30-Degrees 2.217 2.395 0.228 0.216

Top of Weir 3 45-Degrees 2.618 2.804 0.285 0.583
70-Degrees 2.732 3.113 0.315 0.300

) 30-Degrees 2.246 3.983 0.228 0.420

- Top of Weir 4 45-Degrees 3.133 4.744 0.448 0.583

X 70-Degrees 4.215 5.428 0.692 0.768
30-Degrees 2.359 3.732 0.211 0.361

Top of Weir 5 45-Degrees 2.976 4.426 0.351 0.491
70-Degrees 3.418 4.921 0.406 0.620

30-Degrees 3.819 5.422 0.564 0.770

Top of Weir 6 45-Degrees 4.141 5.762 0.695 0.862
70-Degrees 4.989 6.344 0.973 1.033

30-Degrees 6.472 7.761 1.346 1.501

¢ Top of Weir 7 45-Degrees 7.155 8.261 1.550 1.663

; 7.875 8.621 2.188 2.133

70-Degrees

E
oLl s ST o
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Bendway Weir Length Analysis
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Bendway Weir Height Analysis

i

Overview
History

Approach
Morphology

Alternatives

Criteria

¥

Modeling

Construction

Post-Construction

-
BENDWAY WEIRS 2.5 HEIGHT B%

AN EMPLOYEE-OWNED COMPANY
1caill




Modeling

Modeling

Scour Analysis
Bedform Scour (Simons and Richardson 1966)

— Max = 3.4ft

Local Scour (Simons and Richardson 1966)
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Revegetation

Willow Cuttings — 6,000
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Post - Construction
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Climate Change Impacts on Flood Hydrology

Disclaimer:

This information presented herein is preliminary, and
has not been reviewed for quality assurance or control
purposes by federal or state partners (Sept. 2018).

Source:
Varrella, 2016
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Climate Change Impacts on Flood Hydrology

Discussion Agenda:

1.CMIP Climate Projections Photo:

Varrella, 2016

2. Initial Results & Impressions

3. HEC-17 Guidance and

Tool Development
4. CMIP Tool Results

5. Summary

COLORADO
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CMIP Climate Projections

Before We Begin; Initial Impressions:

1. Complex process!

2. Whole new language of terminology
and acronyms

3. Research is truly international in scope

4. Incredible amount of information and
different options to sort through

5. Results may generate more questions
than answers

6. No definitive conclusions yet...

COLORADO

Department of Transportation



CMIP Climate Projections

Objective:

The goal of this research project is to understand how to best utilize
the climate projection datasets available online when evaluating
potential impacts of climate change on infrastructure planning, design
and construction. The US DOT CMIP Climate Data Processing Tool
along with internally developed spreadsheets (based on HEC-17
guidance) are being used to extract raw climate projection data from
various scenarios and to evaluate annual maximum precipitation
depths. These results are then being compared with NOAA Atlas 14
point precipitation frequency estimates in an attempt to understand

future trends relative to flood events.

COLORADO
\ Department of Transportation



CMIP Climate Projections
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Laboratory of Numerical Modeling for Atmosphernic Sciences and Geophysical Fluid Dynamics, Institute of Atmospheric Physics, Chinese Academy of Sciences

The First Institute of Oceanography, State Oceanic Administration, China

NOAA Geophysical Fluid [ynamics Library

MNASA/Goddard Institute for Space Studies, USA

Met Office Hadley Centre (additional HadGEM2-ES realizations contributed by Instituto Macional de Pesquisas Espaciais)

Institute for Mumerical Mathematics

Institut Pierre-5imon Laplace

lapan Agency for Marine-Earth Science and Technology, Atmosphere and Ocean Research Institute [The University of Tokyo), and Mational Institute for Environmental Studies

Atmosphere and Ocean Research Institute (The University of Tokye), National Institute for Environmental Studies, and Japan Agency for Marine-Earth Science and Technology

Max-Planck-Institut fur Meteorologie (Max-Flancke-Institute for Meteorology)

Meteorological Research Institute

Morwegian Climate Centre
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CMIP Climate Projections

Background on Climate Projection Models:

 The online archive contains fine spatial resolution translations of
climate projections over the U.S. developed using 3 downscaling
techniques (monthly BCSD,‘ daily BCCA,‘and daily LOCA).

 The archive is meant to provide access to climate projections at

spatial and temporal scales relevant to watershed-scale decisions
facing water resource managers ana\planners such as impacts of

climate change on flood hydrology.

CMIP - Coupled Model Intercomparison Project BCCA - Bias-Correction Constructed Analogs

BCSD - Bias-Correction Spatial Disaggregation LOCA - Localized Constructed Analogs

COLORADO
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Mean Annual Precipitation
% change between observed and projected

CMIP Climate Projections

CMIP3 (Phase 3 - released 2007)

CMIP5 (Phase 5 - released 2013)
Observed Period (1970-1999)

Projected Period (2040-2069)
Southwest U.S. differs in Phases 3 and 5

Colorado is on the boundary (white area)

Bureau of Reclamation, Downscaled CMIP3 and CMIP5
Climate and Hydrology Projections, Tech rep., May 2013

COLORADO
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Mean-annus Precpnation Changes, percent
ChllF3 18701239 [o 2040-2082 SCtile

Mean-annus Precpnation Changes, percent
ChllFS 19701239 [o 2040. 2082 SCRtle




CMIP Climate Projections

° . ) [ mm- - I‘T'Irﬂ- _
Mean Daily Precipitation: 050 025 000 0. 050 025 000 05

future=historical future change difference

e Observed Period (1970-1999) f ~u

I g

« Projected Period (2040-2069) f 8 N

s 5

« BCCA vs. BCSD vs. LOCA ' )

« Slight variations throughout . & 2

the country but Colorado is - I 3 §
consistent in all projections.

o o &

& - - g

g3 ? 2 5

: I

=120 =100 —80 =120 =100 —80
Bureau of Reclamation, Downscaled CMIP3 and CMIP5 Climate lon lon

and Hydrology Projections - Addendum, Tech rep., Sept 2016
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CMIP Climate Projections

Maximum Daily .
Precipitation
e Observed Period (1970-1999) ’ = %
» Projected Period (2040-2069) e “5
e BCCA vs. BCSD vs. LOCA ) . :
e BCCA does not show much : s ;

change in max depth . el *
« LOCA able to project more :

extreme precipitation events. \ %

Bureau of Reclamation, Downscaled CMIP3 and CMIPS Climate ~ lon T T W

and Hydrology Projections - Addendum, Tech rep., Sept 2016
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Climate Change Impacts on Flood Hydrology

Discussion Agenda:

1. CMIP Climate Projections
Doodle by Jessica Hagy,

@JessicaHagy, 2014

2. Initial Results & Impressions

3. HEC-17 Guidance and E xpectations ﬂwﬂuﬁj

Tool Development
4. CMIP Tool Results
5. Summary

COLORADO
Department of Transportation



Initial Results & Impressions

(J New Acronyms and Terminology

CMIP - Coupled Model Inter-comparison Project (primary dataset)

WGCM - Working Group on Coupled Modeling (source of dataset)

CDPT - Climate Data Processing Tool (excel spreadsheet)

BCSD - Bias-Correction Spatial Disaggregation (monthly data - not used)
BCCA - Bias-Correction Constructed Analogs (daily data - CMIP3, CMIP5)
CMIP3 - CMIP Phase 3 dataset (released 2007, 14 international models)
CMIP5 - CMIP Phase 5 dataset (released 2013, 22 international models)
LOCA - Localized Constructed Analogs (promising data, but can’t import)

RCP - Representative Concentration Pathways (emission scenarios)

COLORADO
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Initial Results & Impressions

Request Process — Select Location
o Select location on 12 km X 12 km grid

e 1 grid per request only

Page 1: Temporal & Spatial Extent Page 2: Products, Variables, Projections  Page 3: Analysis, Format, & Notification

Lat: 40.4574 Lon: -106.0189

T T e Hoggsevelt
| s I
D ] ’/ ’&'Na’r!nanaf!:orestr' /

Step 1.1: Time Period ? | NS
| Map Satellite

Laporte

Period | Jan ¥ | 1950 v |through |Dec ¥ |2099 ¥ | \ Fort Collins D

yest oy
- : & A e
Step 1.2: Domain ? @ ph (@7} Timnath
a
® NLDAS | Basin Specific | Missouri A al {
f4 o '|} \
\ : v Irf' I (55
Step 1.3: Spatial extent selection method ? | - |
v CENTERRA
Tributary Area _ 1 ¥l & Loveland
38.038862 -122.265747 . ﬂ { (02)
Map Outlet Location A
Map Outlet Locatio 'fli ' {Ca{ﬂplon ;
{ 287 aes ~ JO
®* Rectangular Area - N b
J’ d > Berthoud
TwinsSisters
Latitude |40 v | 4375 ¥ to|40 v | 43757 N i Pé‘?k East N ‘
Longitude | 105 v | 4375 ¥ | to|-105 ¥ | 4375 ¥ |E ) ; 1
Location I Mead
|39_723525 -104.973267 . @)
66

Map Location

Hygiene
Longmont
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Initial Results & Impressions

Request Process — Select Projection Set (1 per Request)
1. Select Phase - CMIP3 or CMIP5

2. Select Projection Set - BCSD (monthly), BCCA (daily), LOCA (daily)

3. Products - Observed and Projected, Precipitation and Temperature

Page 1: Temporal & Spatial Extent Page 2: Products, Variables, Projections Page 3: Analysis, Format, & Notification

Step 2.4: Select Projection Set (Green text indicates projection set form completed) ?
BCSD-CMIP3-Climate-monthly BCSD-CMIP5-Climate-manthly
BCCAv2-CMIP3-Climate-daily ® BCCAv2-CMIP5-Climate-daily —
BCSD-CMIP3-Hydrology-monthly BCSD-CMIP5-Hydrology-monthly
LOCA-CMIP5-Climate-daily

BCSD-CMIP3- BCCAv2-CMIP3- BCSD-CMIP3- BCSD-CMIP5- BCCAv2-CMIP5- BCSD-CMIP5- LOCA-CMIP5-
Climate-monthiy Climate-daily Hydrology-monthly  Climate-monthly Climate-daily Hydrology-monthly Climate-daily
Step 2.5: Products & Variables -- daily projections ?
On April 42014, the BCCA precipitation files were replaced with a version (BCCAv2) which correct a low precipitation bias. ' '
Products
> ¥ 1/8 degree BCCA projections Variables
¥ 1/8 degree Observed data (1950-1999) ¥ Precipitation Rate (mm/day) [BCCAv2] G——
1 degree Regridded GCM projections L Min Surface Air Temperature (deg C)

1 degree Bias-corrected GCM projections | Max Surface Air Temperature (deg C)
1 degree Observed data (1950-1999)

vg COLORADO
Department of Transportation m ml\lrgj: __|T I?CE R



Initial Results & Impressions

Select Emissions Scenario and Climate Model

Step 2.6: Emissions Scenarios, Climate Models and Runs 2
The original GCM output files for the BNU-ESM model were discovered to have problems, left in the table below as a place-holder

De-select all runs None None None None

Select all runs All All All

Climate Models: Emissions Path: RCP2.6 Emissions Path: RCP4.5 Emissions Path: RCP6.0 Emissions Path: RCP8.5 )
access1-0 Blo oo o0 G
bcc-csm1-1 [ & ] (5] v

bnu-esm

canesm2 B EEal BEEEI il T

ccsmé v ¥

cesm1-bgc [ v

cnrm-cm5S %

csiro-mk3-6-0 I I T
gfdl-cm3 v

gfdl-esm2g [ ] v

gfdl-esm2m 2

inmcm4 [ )

ipsl-cmba-Ir v ¥«

ipsl-cmba-mr [ [ [ 7

miroc-esm 4

miroc-esm-chem v

miroc5 B E ( 2N R

mpi-esm-Ir @ @l 88 v v

mpi-esm-mr [ B 08I v

mri-cgem3 [ [ [ v

noresm1-m [ [ [ v

OLORADO Z4MULLER
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Initial Results & Impressions

] Incredible breadth of data

Emissions Scenario & Climate Model Selection:

Projection | Emissions Emissions # of Climate
Phase . I
. B . Set Scenario Description Models
® 3 Dal Iy PI’OJ ECtIOn SetS a1 LOW, lower emissions technology, g
declining global population
. . . CMIP3 BCCA _— MEDIUI'_.-'E,_ra.pid eConomic gr’nvfth, n
« 2 to 4 Emissions Scenarios declining global population
HIGH, slower technology change, high
AZ 9
- LOW, substantial and sustained
. r
8 to 32 CI I mate MOde IS ; emissions reductions to 475 ppm CO2

MEDIUM-LOW
Stabilized CO2 at 630 ppm
MEDIUM-HIGH

ORGANIZE YOUR FILES!! ' Stabilized CO2 at 800 ppm

HIGH, high emissions continue
1313 ppm CO2

Stabilized CO2 at 630 ppm

HIGH, high emissions continue
1313 ppm CO2

CMIPS LOCA

8.5

COLORADO
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Initial Results & Impressions

Annual Maximum Precipitation

Rapid Emissions Reductions (RCP 2.6) Continued Emissions Increazes (RCP 5.5)
r‘_.". ."l. "
b T‘ﬁw—n'ﬁw
. S TR Y A Fare
SN e T
IR T T
i ; s z}?}
i::} P St
; ' R, i
= e F -
-sf{;
ﬂ'-. 2 ﬂq_'ﬂ__
Change (%)
< | T -
Source: A0 =3 M -3 o 1 2 30 40

HEC-17, 2016
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Initial Results & Impressions

CMIP3 and CMIP5 Spreadsheet Tools
developed by U.S. DOT

Imports ASCII (.csv) files into Excel

Can process up to 4 separate grids
Determines Annual Maximum Time Series
from daily data

Currently not capable of processing LOCA
datasets due to NetCDF file format

COLORADO

Department of Transportation

U5 0OT Coupled Model Intercomparison Project [CMIP) Climate Data Processing Tool
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Initial Results & Impressions

Colorado Test Case: Big Thompson River Watershed

avellance

Upper Big Thompson (Phase 1)

W rb Drake
\6 , pFs ON Ol N

&

Lower Big Thompsgn (Phase 2})|

Upper Littl !
Thompson Lowef Little Thompson (PRase 2)
(Phase 1)

ez
o
A 1E
i . . : o O : o -
Meeker Ridge £ \
Y Anfelops Lyone
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Initial Results & Impressions

Observed Annual Max. Precip. (1950 — 2000)
Average of 4 Grids

Annual Maximum 24-hr Precipitation (in)

Precipitation (in)
]
[=]
[=]
®
*
.

1550 1970 1950 2010 2030 2050 2070 20590

Year

® Observed
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Initial Results & Impressions

Projected Annual Max. Precip. (1950-2100):
Multi-Model Average of 20 Climate Models

Annual Maximum 24-hr Precipitation (in)
4.00

g CMIP5 Data Set

[ ] [ ]
3.00
Emissions 8.5
£ 250
g5 ¢ ¢
® 2.00 ®
3 . ° ®e ol . y =0.0011x - 1.214
o il
D 150 . N o, R?=0.282
a ..'.“'o.i. O‘aiat.- s i @ Q"“, :““'g’“.“ﬁﬁ 000
- - .. 002 0 ¥ ¥ el . . . .y ! B & 4P p A e T P~
1.00 '04‘ Sy ‘ﬁ':"@.’"&‘.”’.“".' 6* e oty @W.*Hﬂlnﬁ'l. M“IU % ". L e S
050 .
0.00
1950 1570 1990 2010 2030 2050 2070 2080
Year
®  Observed ®  Multi-Model Average — sreeeess Linear (Multi-Model Average)
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Initial Results & Impressions

Projected Annual Max. Precip. (1950-2100):
Model 15, MIROC-ESM-CHEM Japan

Annual Maximum 24-hr Precipitation (in)

. - CMIP5 Data Set
¢ Emissions 8.5

£ 250 - .

S B ! - .

T 2.00 @ ® o .

- @ ™ e L]

2 . - i . . . ® la o * L
5 L I . @ 'O. -

© 1.50 * o ® 0o® e . ) o

& o W %™ e - s O e® o

X e TICADY - AL 3 DA ) w e @
O T Y L L e R R Y r T I s
e * e w * e g ) - ® o o 8, ® . o

0.00
1950 1960 1570 1980 1590 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

® Cbserved ® Multi-Model Average @ Model MIROC-ESM-CHEM Japan
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Initial Results & Impressions

Climate models unable = CMIP 5 - Emissions 8.5 (All 4 Grids)

- B Observed
to reprOduce hlgh > [ Multi-Model Average
observed values. 20 B Model 1

B Model 2
MW Model 3
3.00 -
Observed median value B Model 4
™ 2 H Model 5
is higher than Q3 for . a——
2.50 - .
most models. High gl - ™ M 1eeld
= = .Qo - - W Vicdel 8
outlier for Multi-Model ¢ Ve BF.° e B Models
m 2 - aw
A I I t 3 . e - - . = v = B Model 10
verage is equal to g ol IR - S ) e
observed median. i I Model 12
. B Model 13
Model 14
Multi-Model Average 100 e
M Model 16
dilutes out the high B Model 17
- . B Model
projections from the 050 | - :":l iz
oae
models since they occur B Model 20
in different years. e
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Climate Change Impacts on Flood Hydrology

Discussion Agenda:

1. CMIP Climate Projections

2. Initial Results & Impressions

3.HEC-17 Guidance and

Tool Development
4. CMIP Tool Results

5. Summary
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HEC-17 Guidance and Tool Development

Roger T. Kilgore, et al., Kilgore Consulting and Management

Hydraulic Engineering Circular Number 17, 2" edition

Highways in the River Environment

Floodplains, Extreme Events, Risk, and Resilience

June 2016
Publication No. FHWA-HIF-16-018

 Ch. 4 - Nonstationarity and Climate Change
e Ch. 5 - Climate Modeling (Downscaling/Emission Scenarios)

e Ch. 7 - Analysis Framework (12 Step Procedure)

COLORADO
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HEC-17 Guidance and Tool Development

HEC-17 Analysis Framework provides guidance for State DOTs

when asked to consider extreme events and climate change.

Intended to help identify data uncertainty in climate models
and hydrologic models by considering the resilience of designs

over a range of potential peak discharges.

5 Levels of Analysis depending on the project service life and

evaluation of risks (criticality, vulnerability, and cost).

COLORADO
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HEC-17 Guidance and Tool Development

e Level 1 - standard model based on historical data

o Level 2 - standard model with additional evaluation of
upper and lower confidence limits (LU, precip, discharge)
e Level 3 - Level 2 analysis plus incorporation of projected

precipitation estimates

o Level 4 - Level 3 analysis plus evaluation of confidence

limits on projected precipitation estimates.

e Level 5 - Involve expanded expertise from other fields.

COLORADO
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HEC-17 Guidance and Tool Development

1. Obtain existing NOAA Atlas 14 Annual Maximum Series (AMS)

Quantiles (e.g. 2yr-24hr through 500yr-24hr)

AMS-based precipitation frequency estimates with 90% confidence intervals (in inches]1
i | Annual exceedance probability (1/years) |

Duration

| 12 | 115 | 1710 | 1125 | 1/50 | 1/100 | 11200 | 1/500 | 1/1000
2t 1.61 2.22 2.71 3.39 3.93 4.50 510 593 6.58

(1.34-1.94) (1.83-2.68) (2.22.3.28) (2.70-4.24) (3.06-4.97) (3.38-5.80) (3.676.71) {4.10-7.96) {4.42.8.91)
Fage 1: Temporal & Spatial Extent Page 2: Products, Variables, Frojections  Page 3: Analysis, Format, & Notification
1050

Step 1.1: Ti 2 Ty
F i
2 . I d e ntlfy d Ownscal ed Period [Jan | [1950 ] through [Dec | [2099 = . # : S
. M:rf'ln_n Sta AR

Step 1.2: Domain . :zr eeeeeeee
- ® NLDAS ' Basin Specific Masoun o D mim QL_E;:II u“ggc.

G C M q r I ds to Cove r Step 1.3: Spatial extent selection method 2 = 9

e 0 e
area of interest ooy =

Latitude [39 [ 8875 ~| to[39 <[ 8875 ~| N i Q 5]

5] to[-104 ] 0375 v]€ ; Svenery
(recommend minimum of 3) g
Sheridan (|5 Englewood e e AN - -
@ Iia 3
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HEC-17 Guidance and Tool Development

3. Download CMIP precipitation for selected emission scenario
and GCMs for each grid

Step 2.6: Emissions Scenarios, Climate Models and Runs ?
The original GCM output files for the BNU-ESM model were discovered to have problems, left in the table below as a place-holder

De-select all runs None None None None
Select all runs All All All Al
Climate Models: Emissions Path: RCP2.6 Emissions Path: RCP4.5 Emissions Path: RCPG.0 ﬁiens Path: RCP8 .5
access1-0 “‘

bce-csm1-1 ( ( ( v

bnu-esm

canesmz2 (@R @ | 8 O | N T

ccsm4 (B ( [ v o

cesm1-bgc [ v

cnrm-cmS %

csiro-mk3-6-0 R R T
gfdl-cm3 v

gfdl-esm2g ( [ ]

gfdl-esm2m ( "

inmcm4 [ v

Ipsl-cm5a-Ir B @ [ ( [ v ¥ &
ipsl-cm5a-mr [ v

miroc-esm 7

miroc-esm-chem ¥

mirach ) v o ¥

mpi-esm-Ir @ al B 8 v

mpi-esm-mr [ [ v

mri-cgcm3 [ [ [ v

noresm1i-m ( [ v
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HEC-17 Guidance and Tool Development

4. Extract AMS for each emission scenario, GCM and grid.

Then adjust with point (1.04) and unconstrained 24-hr

(1.12) correction factors

i 1950 1 1 0 0.014 Emissions Scenario 8.5 - Grid 1
Observed Data Meodel Projections
| 1950 1 2 bk 0 .Annual Maximum Annual Maximum 24-hr Precipitation (in)
| 1850 1 3 0.072 0.009 24-hr Precipitation (in) Model1 Model2 Model3 Modeld Model5 Model6 M
| 1950 1 4 0.02 Year Observed Year essl-0.1.rccsmi-1.1.nesm2.1.rcsmd. 1.repinl-bge. 1.nn-cm5. L.remks
| 1950 1 5 1950 1.67 1950 0.81 0.75 1.05 0.85 1.60 1.36 ]
1951 1.63 1951 0.69 0.88 1.07 0.82 1.27 0.75 [
| 1950 1 6 0 1952 1.40 1952 112 1.06 0.66 0.89 1.28 1.65 -
| 1950 1 7 0.002 0.266 1.35 1953 1.47 1.51 0.87 0.99 0.94 1.61
| 1950 1 8 0 0 | 1954 0.82 0.86 0.57 0.70 0.71 0.82 1
1 1955 0.46 0.97 1.76 1.10 0.80 1.25 [
| 1950 1 8 0.019 0.065 1356 1.28 1356 0.73 1.07 0.51 1.71 0.89 1.34 [
| 1950 1 10 0.063 0 1957 2.19 1957 0.92 1.61 1.32 1.28 0.90 0.97 ]
. ) 1958 1.25 1958 0.81 1.52 0.51 1.49 0.64 0.93
.CSV f| I e Of d al Iy 1959 0.84 1959 0.69 0.57 0.84 0.89 1.20 0.85 1
1960 1.17 1960 0.91 0.80 1.11 0.60 0.40 0.83 [
p rec | p | tat | on (m m ) 1961 1.59 1961 0.82 1.29 1.07 0.52 1.40 1.06 1
1962 0.63 1962 0.69 0.90 0.58 0.91 1.30 0.64 (
1963 1.89 1963 1.00 0.45 1.14 0.92 0.48 1.48 ]
1954 1.01 1954 0.45 0.92 1.52 0.77 0.73 0.80 E
1965 1.50 1965 0.63 0.88 1.38 0.85 0.90 0.85 [

Excel file of AMS, converted to inches,
and adjusted for area/point and 24-hr period

COLORADO
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HEC-17 Guidance and Tool Development

5. Select Baseline Period for analysis (e.g. 1950-1999)
6. Select Future Period for analysis (e.g. 2020-2099)

Select Baseline and Future Time Periods

Generalized extreme value densities
Baseline Period Future Period

Start Year 1950 Start Year 2020 e a;_— J /2
End Year| 1999 End Year| 2099 — &=
(e.g. 1950 to 1999) (e.g. 2020 to 2099)

7. Extract Baseline Period AMS

from Step 4 and compute

Baseline 10yr-24hr Quantile
by fitting GEV distribution

COLORADO
Department of Transportation



HEC-17 Guidance and Tool Development

- GEV Distribution (EasyFitXL)
8. Extract Future Period AMS
Observed Baseline Period (1950 - 1999)
NfA Model 1 2 3 4 5
-0.1679 GEV shape, k 0.1422  -0.0958  0.0468 0.1398 0.0517

frOm Step 4 and Compute 0.4426 GEV Scale, o 0.2645 0.2887 0.2935 0.2814 0.2816 _0'.2566

1.1874 GEV Location, p  0.7611  0.9141  0.9029 0.8171  0.8121  0.3665

0.50 10-yr probability, P 0.90 0.50 0.90 0.30 0.90

P rOj eCted 10vr-24h r Ouanti Ie 202 10yr, 2ahr Quantile  1.46 1.50 1.60 1.56 1.48

Future Period (2020 - 2099)
Model 1 2 3 4 5

by fltting GEV distribution GEVshape,k 0.1131 -0.0398 0.1452 -0.0723 0.1037

GEV Scale, o 0.2511 0.3723 0.2753 0.2709 0.2873

GEV Location, p  0.3316 1.0179 0.8763 0.8184  0.8598
10-yr probability, P 0.90 0.90 0.90 0.90 0.90
10yr, 24hr Quantile  1.47 1.82 1.61 1.38 1.59

10-yr, 24-hr RPB (Ratio of projected to baseline)
Model 1 2 3 4 5
RPB (10yr,24hr) 1.01 1.21 1.01 0.88 1.07

9. Repeat Steps 3-8 for each CMIP Tool can
handle all GCMs

GCM In emission scenario simultaneously

COLORADO
Department of Transportation
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HEC-17 Guidance and Tool Development

10-yr, 24-hr Quantile for Baseline Period {1950 - 1999)

10.Compute Ratio of Projected

1 - 3 a 5 6
) Grid1 1.46 1.50 1.60 1.56 1.48 1.43
o Basel Ine (RPB) 10yr-24h|" Grid2| 1.53 1.57 1.73 1.61 1.55 1.50
Grid3| 1.43 1.47 1.52 1.53 1.43 1.38
. ) Grida| 1.44 1.54 1.59 1.52 1.47 1.39
Quan‘“ IeS and assess ratios MEAN| 1.47 1.52 1.61 1.56 1.48 1.42
Select an Appropriate RPB for each Emission Scenario « MW, 24 b Cpmaritile for ol Bevind ENOTL- 21PH)
Emission RPB

: 1 - 3 a 5 6
Seenarjo. | AMeean |lowerCh Upper Gl Grid1 147 1.82 1.61 1.38 1.59 1.68
2.6 1.02 0.81 1.28 Grid2| 152 1.90 1.75 1.49 1.68 1.76
4.5 1.03 0.83 1.28 Grid3| 1.4s 1.79 1.57 1.34 1.58 1.64
6.0 1.03 0.89 1.20 Grida| 1.48 1.84 1.67 1.43 1.62 1.70
8.5 1.04 0.87 1.24 MEAN| 1.48 1.84 1.65 1.41 1.62 1.70

90% Confidence Limits 10-yr, 24-hr RPB [Ratio of Projected to Baseline)
MEAN |Lower CL | Upper CL

1.04 0.89 1.22 - : 2 - S .
ioa e i5a ar1] 101 1.21 1.01 0.88 1.07 1.17
15 0BT 155 Gri 0.99 1.21 1.01 0.93 1.09 1.18
g i e Grid§ 101 137 1.04 0.87 1.11 1.19
Grid S 1.03 1.19 1.05 0.94 1.10 1.23
MEAN | Lower CL| Upper CL MEAN|  1.01 1.21 1.03 0.91 1.09 1.19
T o s « Lowerct| 0.99 1.19 1.01 0.87 1.07 1.17
uppercy 1.02 1.9 1.05 0.94 1.11 1.22

COLORADO
Department of Transportation



HEC-17 Guidance and Tool Development

11.Adjust Atlas 14 Quantiles (Step 1) with selected RPBs

to estimate Projected Future Quantiles

Revie 10.00

Emission | Confi 2.00
Scenario Lir 8.00
M = 700
i
2.6 Low 2 600
]
UPE <© smo
M £ .o
B
4.5 Low £ 30
Upg 200
| M
6.0 Low
- 0.00
Up[] 1 10 Return Period (yr) 100 1000
M Atlas14_Mean - e Atlasld LCL - e Aflasld CL
8.5 Low - 76 _Mean 26 LCL 26 UCL
45 Mean 45 ICL 45 UcL
Upg 60_Mean = ———m—- GHATL. e 6.0_UCL
85 Mean = ====- BS5ICL omm—-- B5_LICL

COLORADO
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HEC-17 Guidance and Tool Development

12.Repeat Steps 3-11 for each CMIP Tool can handle
all emission scenarios

future emissions scenario simultaneously

Evaluate Climate Change Indicator (CCl)
| T = |

Review Climate Change Indicator {CCl)

Emission Climate Change Indicator (CCl)

Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 | 1/1000
2.6 0.08 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.05
4.5 0.15 0.15 0.15 0.12 0.12 0.11 0.10 0.09 0.09
6.0 0.16 0.16 0.16 0.13 0.13 0.12 0.11 0.10 0.09
8.5 0.20 0.20 0.20 0.1/ 0.16 0.14 0.13 0.12 0.12

CCl < 0.4 (Level 2 Analysis is sufficient)
0.4 < CCl<0.8 (Design Team to determine appropriate level of analysis)
0.8 < CCl (Level 4 Analysis Recommended)

COLORADO
Department of Transportation



Climate Change Impacts on Flood Hydrology

Discussion Agenda: —~

1. CMIP Climate Projections
2. Initial Results & Impressions
3. HEC-17 Guidance and

Tool Development

4.CMIP Tool Results

5. Summary

Source:
Rapp, 2008
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\ Department of Transportation



CMIP Tool Results

&>
Steamboat
Springs: 4

& ‘ i) i _.,._.. . ‘i”‘

Sterling

} ; _.'," -I‘. ' .. "al_‘-; :f.'. "_._
ol - :i,§_E/,r]' _ eld -
g r .'\ i ke
e LA -u : @"?‘h

COLORADO
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CMIP Tool Results

i:fl_.';terling
| Emission RPB Emission Climate Change Indicator (CCI)
Scenario || Mean JLower CL|UpperCL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 1/1000
Ea Ste r n 2.6 1.04 0.50 1.20 2.6 0.22 0.23 0.22 0.18 0.17 J:15 0.14 0.12 0.12
4.5 1.07 0.54 1.30 4.5 0.27 0.27 0.26 0.29 0.28 0.25 0.23 0.20 0.20
o 6.0 1.10 0.96 1.27 6.0 0.49 0.49 0.48 0.38 0.37 0.33 0.30 0.27 0.26
P I a I n S | 8.5 1.04 0.90 1.19 8.5 0.21 0.22 0.21 0.17 0.16 0.14 0.13 0.12 0.11
|
|
|8 Limon
| Emission RPB Emission Climate Change Indicator (CCI)
i scenario || Mean JLower CL|UpperCL Scenario 1/2 1/5 1/10 125 1/50 1/100 1/200 1/500 1/1000
M e a n R P B 2.6 1.04 0.92 1.17 2.6 0.17 0.16 0.16 0.12 0.12 0.11 0.10 0.09 0.09
4.5 1.06 0.88 1.21 4.5 0.25 0.24 0.23 0.19 0.18 0.16 0.14 0.13 0.13
6.0 akan 0.98 1.24 6.0 0.46 0.45 0.43 0.34 0.33 0.30 0.27 0.24 0.24
8.5 1.06 0.92 1.26 8.5 0.24 0.23 0.22 0.18 0.17 0.15 0.14 0.13 0.12
L]
Min 1.03 e
N Emission RPB Emission Climate Change Indicator (CCl)
scenario || Mean JLower CL|UpperCL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 | 1/1000
IVI a X 1 . 1 1 2.6 1.09 0.96 1.30 2.6 0.56 0.55 0.55 0.44 0.42 0.38 0.34 0.31 0.31
4.5 1.10 1.01 1.22 4.5 0.60 0.59 0.58 0.47 0.44 0.40 0.27 0.33 0.23
6.0 s b 1.04 1.24 6.0 0.67 0.66 0.65 0.53 0.50 0.45 0.41 0.37 0.37
8.5 1.07 0.92 1.27 8.5 0.42 0.41 0.41 0.23 0.21 0.28 0.26 0.23 0.23
16 Springfigld
Emission RPB Emission Climate Change Indicator (CCl)
| scenario [| Mean JLower CL Upper CL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1500 | 1/1000
| 2.6 1.06 0.54 1.20 2.6 0.27 0.26 0.26 0.20 0.19 0.17 0.16 0.14 0.14
[ 4.5 1.05 0.98 1.22 4.5 0.22 0.21 0.21 0.16 0.16 0.14 0.13 0.12 0.12
6.0 1.03 0.89 1.20 6.0 0.14 0.13 0.13 0.10 0.10 0.09 0.08 0.07 0.07
8.5 1.07 0.93 1.19 8.5 0.20 0.29 0.28 0.22 0.21 0.19 0.17 0.16 0.16

COLORADO MMULLER

Department of Transportation
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Front
Range

Mean RPB

Min 1.02
Max 1.08

CMIP Tool Results

3 Fort Col jatm—

Emissionl RPB

Scenariol Mean §| Lower CL | Upper CL
2.6 1.03 0.90 1.22
4.5 1.04 0.90 1.24
6.0 1.04 0.89 1.16
8.5 1.06 0.88 1.25

|

|7 Denver

. Emission RPB

| scenariofl Mean || Lower CL|UppercL

" 26 [ 102 | os 1.28
4.5 1.03 0.83 1.28

| 6.0 1.03 0.89 1.20

| 85 1.04 0.87 1.24

11 Coloraflo Spring

Emission RPB

| Scenariol] Mean J§| Lower CL| Upper CL

| 26 [P 0.98 115
4.5 1.05 0.90 1.20
6.0 1.07 0.87 1.22
8.5 1.04 0.93 1.16

15 Walsegburg

i Emissionl RPB

i Scenario} Mean §| Lower CL | Upper CL
2.6 1.08 0.9% 1.20
as [ 106 0.97 A
60 [ 106 0.95 1.23
8.5 1.06 0.97 1.24

COLORADO

Department of Transportation

Emission Climate Change Indicator (CClI)

Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 1/1000
2.6 0.17 0.16 0.16 0.11 0.10 0.09 0.08 0.07 0.07
4.5 0.20 0.20 0.19 0.13 0.12 0.11 0.10 0.09 0.09
6.0 0.22 0.21 0.21 0.14 0.13 0.12 0.11 0.10 0.09
8.5 0.37 0.36 0.35 0.23 0.23 0.20 0.18 0.16 0.16

Emission Climate Change Indicator {CCl}

Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 1/1000
2.6 0.08 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.05
4.5 0.15 0.15 0.15 0.12 0.12 0.11 0.10 0.09 0.09
6.0 0.16 0.16 0.16 0.13 0.13 0.12 0.11 0.10 0.09
8.5 0.20 0.20 0.20 0.17 0.16 0.14 0.13 0.12 0.12

Emission Climate Change Indicator {CCl)

Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 1/1000
2.6 0.28 0.37 0.36 0.26 0.25 0.22 0.20 0.18 0.18
4.5 0.26 0.25 0.24 0.18 0.17 0.15 0.13 0.12 0.12
6.0 0.38 0.37 0.36 0.26 0.25 0.22 0.20 0.18 0.18
8.5 0.23 0.22 0.21 0.15 0.15 0.13 0.12 0.11 0.10

Emission Climate Change Indicator {CCI)

Scenario|  1/2 1/5 1/10 1/25 1/50 1/100 | 1/200 | 1/500 | 1/1000
2.6 0.44 0.42 0.40 0.29 0.27 0.23 0.20 0.18 0.17
4.5 0.36 0.34 0.32 0.23 0.22 0.19 0.16 0.14 0.13
6.0 0.35 0.33 0.21 0.23 0.21 0.18 0.16 0.14 0.13
8.5 0.36 0.34 0.33 0.23 0.22 0.19 0.16 0.14 0.14

GINEE

MULLER

o
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CMIP Tool Results

|2 Steam
| Emission I RPB Emission Climate Change Indicator {CCl)
o Scenario | Mean | Lower CL | Upper CL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 1/1000
H l g h 2.6 1.08 0.99 1.16 2.6 0.39 0.38 0.37 0.28 0.26 0.23 0.20 0.18 0.17
4.5 1.06 0.95 1.15 4.5 0.27 0.27 0.26 0.20 0.18 0.16 0.14 0.13 0.12
O 6.0 1.10 1.00 1.19 6.0 0.45 0.45 0.44 0.32 0.31 0.27 0.24 0.21 0.20
M o u nta | n S 8.5 1.13 0.97 1.26 8.5 0.60 0.59 0.58 0.43 0.40 0.36 0.31 0.28 0.27
|6 vail
| Emission RPB Emission Climate Change Indicator (CCl)
Scenario | Mean | Lower CL | Upper CL Scenario 1/2 1f5 1/10 125 1/50 1/100 1/200 1/500 1/1000
M e a n R P B 2.6 1.08 0.94 1.19 2.6 0.28 0.28 0.27 0.21 0.20 0.128 0.16 0.15 0.14
4.5 1.05 0.94 1.16 4.5 0.19 0.19 0.18 0.14 0.14 0.12 0.11 0.10 0.10
6.0 1.09 0.95 1.22 6.0 0.34 0.34 0.32 0.26 0.24 0.22 0.19 0.18 0.17
8.5 1.11 0.96 1.25 8.5 0.43 0.42 0.40 0.32 0.30 0.27 0.24 0.22 0.22
] _
Min 1.05  lwsie
| Emission RPB Emission Climate Change Indicator (CCI)
| scenario | Mean J Lower CL|UpperCL Scenario]  1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 | 1/1000
M a X 1 . 1 3 2.6 1.08 0.94 1.23 2.6 0.37 0.35 0.35 0.28 0.27 0.24 0.21 0.19 0.18
4.5 1.06 0.90 1.17 4.5 0.28 0.27 0.26 0.21 0.20 0.18 0.16 0.14 0.14
6.0 1.07 0.96 1.22 6.0 0.32 0.31 0.30 0.25 0.23 0.21 0.18 0.16 0.16
8.5 1.09 0.96 1.24 8.5 0.43 0.42 0.41 0.33 0.31 0.28 0.25 0.22 0.21
14 Alamo:
Emission RPB Emission Climate Change Indicator {CCl)
scenario | Mean | Lower CL| Upper CL Scenario 1/2 1/5 1f10 125 150 1/100 1/200 1/500 1/1000
2.6 1.09 0.93 1.24 2.6 0.53 0.52 0.50 0.43 0.38 0.34 0.31 0.27 0.26
4.5 1.05 0.89 1.23 4.5 0.32 0.31 0.30 0.26 0.23 0.21 0.19 0.16 0.16
6.0 1.08 0.94 1.28 6.0 0.50 0.49 0.47 0.41 0.36 0.32 0.29 0.25 0.24
8.5 1.08 0.93 1.24 8.5 0.51 0.50 0.48 0.42 0.37 0.33 0.30 0.26 0.25

COLORADO MMULLER
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CMIP Tool Results

1 Range|yge—
Emissionl RPB Emission Climate Change Indicator {CClI)
Scenariol Mean J| Lower CL| Upper CL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 | 1f1000
We Ste r n 2.6 115 0.95 134 2.6 0.71 0.69 0.66 0.55 0.51 0.45 0.40 0.36 0.34
4.5 1.13 0.94 1.31 4.5 0.61 0.59 0.57 0.48 0.44 0.39 0.35 0.31 0.29
S I o p e 6.0 113 1.00 1.320 6.0 0.64 0.61 0.59 0.50 0.46 0.40 0.36 0.32 0.30
8.5 1.15 0.95 1.28 8.5 0.72 0.70 0.67 0.56 0.52 0.46 0.41 0.36 0.35
|5 Grand J@nction
. Emissionl RPB Emission Climate Change Indicator (CCl)
Scenariol Mean J| Lower CL| Upper CL Scenario 1/2 1f5 110 125 1/50 1/100 1/200 1/500 1/1000
IVI e a n R P B 2.6 1.08 0.97 119 2.6 039 0.38 0.37 0.31 0.29 0.26 0.24 0.21 0.21
4.5 1.09 0.98 1.20 4.5 0.40 0.39 0.38 0.32 0.30 0.27 0.24 0.22 0.21
6.0 111 1.01 1.22 6.0 0.51 0.51 0.48 0.41 0.38 0.35 0.21 0.28 0.27
8.5 1.13 0.97 1.23 8.5 0.59 0.59 0.56 0.48 0.44 0.41 0.36 0.32 0.31
O 1
Min 1.08 v
. Emissionl RPB Emission Climate Change Indicator (CCl)
Scenariul Mean | Lower CL| Upper CL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 | 1/1000
IVI a X 1 . 1 6 2.6 1.12 1.02 1.28 2.6 0.55 0.55 0.52 0.43 0.39 0.34 0.30 0.27 0.25
4.5 1.10 1.01 1.21 4.5 0.49 0.49 0.47 0.39 0.35 0.31 0.27 0.24 0.22
6.0 113 1.00 1.26 6.0 0.62 0.62 0.59 0.49 0.45 0.38 0.24 0.30 0.28
8.5 1.14 1.00 1.28 8.5 0.606 0.606 0.63 0.52 0.48 0.41 0.36 0.32 0.30
13 Durangn
| Emissionl RPB Emission Climate Change Indicator {CCI}
S-cenario} Mean J| Lower CL| Upper CL Scenario 1/2 1/5 1/10 1/25 1/50 1/100 1/200 1/500 | 1f1000
2.6 1.10 0.97 1.22 2.6 0.59 0.58 0.56 0.48 0.46 0.41 0.37 0.34 0.32
4.5 [ 1.11 0.98 1.20 4.5 0.65 0.64 0.61 0.52 0.50 0.45 0.41 0.37 0.36
6.0 r 1.14 1.01 121 6.0 0.80 0.78 0.75 0.64 0.61 0.55 0.50 0.46 0.44
i 8.5 [ 1.16 1.03 1.28 8.5 0.89 0.88 0.84 0.72 0.69 0.62 0.56 0.51 0.49

COLORADO MMU LER
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CMIP Tool Results

Durango, CO

7.00
6.00
5.00
4.00

3.00

Precipitation Depth (in)

200

1.00

000
1 10 Return Period (yr)

Atlas14 Mean - Atlasld LCL

- 26_Mean S A e
45 Mean 45 LCL
60_Mean = ===e=- 6.0_LCL
B5 Mean @ ====- 8.5_LCL

COLORADO
N Department of Transportation

100 1000
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HEC-17 Guidance and Tool Development

1,491 Stations from the HCDN (1948-2007)

Source:
HEC-17, 2016

Figure 4.4. Trends in annual instantaneous peak streamflow (from Lins and Cohn, 2011).
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CMIP Tool Results
Denver, CO (Average of All GCMs)

Select an Appropriate RPB for each Emission Scenario on the Quantile Summary worksheet

Emission RPB
Scenario Mean |LowerCL|UpperCL Max Min
2.6 1.02 0.81 1.28 0.81 1.28 1.30 1.28 131 0.79 0.78 0.80
a5 1.03 0.83 1.28 0.83 1.28 1.30 1.25 1.34 0.78 0.76 0.79
6.0 1.03 0.89 1.20 0.89 1.20 1.19 1.18 121 0.87 0.85 0.89
8.5 1.04 0.87 1.24 0.87 124 124 1 1.27 0.88 0.86 0.91
Review Climate Change Indicator 10.00
Emission 2
Scenario 1/2 1/5 8.00
2.6 0.08 0.08 £ 700
-
4.5 .15 0.15 3 600
(=]
6.0 0.16 0.16 S 500
8.5 0.20 0.20 £ 400
E 3.00

CCl<0.4 (Level 2 Ana 200
0.4 < CCl < 0.8 (Design 1.00
0.8 < CCl (Level 4 Ana 0.00

1 10 Return Period (yr) 100 1000
Atlas14_Mean - e Atlasid LCL - e Aflasld UCL
- 26 Mean 256 LCL 26 UCL
45 Mean 45 1CL 45 UL
6.0 Mean  ===m- EOFICE. 0 sesa 6.0 UCL
85 Mean = ===== B51CL @ mmee- B.5_UCL

COLORADO

Department of Transportation ENGINEERING COMPANY




CMIP Tool Results
Denver, CO (Minimum GCM)

Select an Appropriate RPB for each Emission Scenario on the Quantile Summary worksheet

Emission RPB
Scenario Mean |LowerCL|UpperCL Avg Max
2.6 1.02 0.81 1.28 1.02 0.81 1.28 1.30 1.28 1.31 0.78 0.80
a5 1.03 0.83 1.28 1.03 0.83 1.28 1.30 1.25 1.34 0.76 0.79
6.0 1.03 0.89 1.20 1.03 0.89 1.20 1.19 1.18 1.21 0.85 0.89
8.5 1.04 0.87 1.24 1.04 0.87 1.24 1.24 1.3 1.27 0.86 0.91
Review Climate Change Indicato 10.00
Emission 9.00
Scenario 1/2 1/5 800
2.6 -1.01 -1.00 E 700
N
4.5 -1.07 -1.06 2 600
(=]
6.0 -0.62 -0.61 S 500
a.5 -0.58 -0.57 g 4.00
£ 300

CCl<0.4 (Level 2 An, 2.00
0.4 < CCl <0.8 (Desig 100
0.8 < CCI (Level 4 An 0.00

1 10 Return Period (yr) 100 1000
Atlasl4_Mean - Arlasld LCL - e Aflasld LICL
2.6_Mean 26 LCL 2 1w |
45 Mean 45 LCL 45 UcL
6.0 Mean = mmme- EOLEE smme 6.0_UCL
85 Mean = =mm==- B5LCL ommem—- 8.5 _UCL

COLORADO mMULLER
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CMIP Tool Results
Denver, CO (Maximum GCM)

Select an Appropriate RPB for each Emission Scenario on the Quantile Summary worksheet

Emission RPB

Scenario Mean |LowerCL|UpperCL Avg Min
2.6 1.02 0.81 1.28 1.02 0.81 1.28 1.28 1.31 0.79 0.78 0.80
4.5 1.03 0.83 1.28 1.03 0.83 1.28 1.25 1.34 0.78 0.76 0.79
6.0 1.03 0.89 1.20 1.03 0.89 1.20 1.18 1.21 0.87 0.85 0.89
8.5 1.04 0.87 1.24 1.04 0.87 1.24 121 1.27 0.88 0.86 0.91

Review Climate Change Indicato 10.00

Emission 9.00
Scenario 1/2 1/5 8.00
2.6 1.44 143 = w
4.5 1.44 143 % s
6.0 0.95 0.94 < s
8.5 1.19 118 £ am

E 3.00

CCl<0.4 (Level 2 An 200
0.4 < CCl < 0.8 (Desig 1.00
0.8 < CCl ({Level 4 An 0.00

1 10 Return Period {yr) 100 1000
Atlasl4_Mean - Atlasld LCL - AflEs14 LICL
2.6_Mean -—===2 0 LCL -2.06_UCL
4.5 _Mean 45 LCL 4.5_UcL
6.0 Mean =  ====- 60 LCL === 6.0_UCL
BS5 Mean @ = ====- B LCL === BS5 UCL

COLORADO
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CMIP Tool Results
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CMIP Tool Results

Ratio of Projected to Baseline (RPB)

Results below organized based on USA Map

Source:
Varrella, 2012

Seattle Billings |Minneapolis| Augusta
Tahoe City | Denver St Louis |Washington
San Diego Tuscon Houston Miami
Scenario 4.5 RPB Mean

1.13 1.11 1.12 1.10

1.09 1.03 1.10 1.10

1.07 1.11 1.04 1.06
Scenario 8.5 RPEB Mean

1.17 1.18 1.11 1.13

1.17 1.04 1.14 1.06

1.13 1.13 1.06 1.09

COLORADO
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Climate Change Impacts on Flood Hydrology

Discussion Agenda:

1. CMIP Climate Projections
2. Initial Results & Impressions
3. HEC-17 Guidance and
Tool Development
4. CMIP Tool Results

S5.Summary

“Hula Moose,”
Varrella, 2014

COLORADO
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Summary

Complex process!
New language of terms
International dataset

Myriad of info and options

oo B~ W DN B

Downscaling limitations and

dampening of extremes (LOCA?)

6. Difficult to select appropriate GCMs without bias
7. Wide NOAA Atlas 14 Confidence limits often envelope results

8. No definitive conclusions - but will press on!

COLORADO
\ Department of Transportation



Summary

Final Thought...

the

“However beautiful
strategy, you should
occasionally look at the
results. ”

!
L]
L ]
I
= Sir Vinston Charchill -J

COLORADO
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Climate-Modified Hydrology

Questions?

Derek Rapp, P.E., CFM
drapp@mullereng.com

Jim Wulliman, P.E.
jwulliman@mullereng.com

Brian K. Varrella, P.E., CFM
CDOT Reg. 4 Hydraulics Unit Lead

(970) 350-2140
brian.varrella@state.co.us

http://www.linkedin.com/in
/brianvarrella/

COLORADO
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Evolution of the 2-D Base Level
Engineering Across FEMA Region
VIII and a Case Study from
Garfield County, Colorado

cOmpass ¢om,

Identify
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Overview

* What is 2D Base Level
Engineering (BLE)?

e Garfield County BLE

—Process refinements

—|ssues and Limitations
* Where do we go from here?

* Research and Development

CDM
Smi

Ty COmpass

Identi



2D Base Level Engineering (BLE) "‘

e Whatis 2D BLE?

— Watershed-level hydraulic modeling Accuracy
and floodplain mapping &
— Automated processes Efﬁciency

* HEC-RAS 5.0

* Produce results for previously
unmapped areas and/or non-
model backed SFHAs

* Help drive scoping decisions for
future detailed studies (scalable)

Cost &
Time




2D BLE Modeling Concepts

Terrain

2D Grid

Mesh

Model
Execution '_

Floodplain
Mapping

A Stream Gage
= Comparison Location

cOmpass

Identify, Interpret. Integrate



Model Area Delineation

* Main considerations for model areas:
1. SIZE: Max model area ~ 1,300 sq mi

2. DRAINAGE: Account for all contributing basin area (Rain-on-Grid +
external inflows)

3. DATA Leverage gage data for mflows and callbratlon

~ | cOmpass

Identify, Interpret. Integrate



BLE Rain-on-Grid Hydrology

e Applied directly to 2D Mesh

* No hydrologic losses in HEC-RAS 5.0
— Simple HMS model

 ISCS CN Method — 24-hour storm
e INOAA Atlas 14 precip raster
e INRCS Soils + NLCD = Average CN

e Excess Precipitation Hyetograph

Time

cOmpass

Identify, Interpret. Integrate



HEC-RAS 5.0 Hydraulic Parameters "‘

e Grid cell mesh

— 200-foot nominal cell size Decrease Increase
- Run Time Accuracy &
* Manning’'s n Stability

— NLCD 2011 spatial coverage
e Boundary Conditions Cell Size

Cell Size

e Computational options

— Diffusion Wave Equation
— Timestep options Timestep Timestep

cOmpass

Identify, Interpret. Integrate



Breaklines

e Used to refine grid and represent
— Road embankments
— Structures
— Levees
— Dams
— Other Terrain Features

No Breakline With Breakline
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BLE Outputs

Annual Chance H&H Floodplain ‘
Exceedance Modeling Mapping

10%
* Provide county-wide floodplain data 4%

for 7 recurrence intervals 2%

o
 Mapped SFHA data for 1% and 0.2% 11%:||T:S

ACE events 1%
0.20%

NNENNNN -

* Final BLE models and reports
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P

!Z:«_;__ -
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d., ”':’- : ‘- - u b .y
. .. g

Floodplain Mappin ied
%T PasSsS
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Raw Model Output Depth Grid Identity County, CNIMS and E ffective Flood Zones




Garfield County, CO 2D BLE

[ state Boundary [__] County Boundary [__] Garfield County ~ - Work Area Model Boundary ? 10 2II.'| Miles A

N
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Garfield County Model Background

e LiDAR data from CWCB

* Produced floodplain data
for full county

e Gage analysis for three
major external inflows:

— Colorado River
— Roaring Fork
— Crystal River

® H |g h Iy Va r | a b I e te rra I n a n d Photo from Glenwood Springs Chamber of Commerce

hydrologic conditions
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Hydrologic Conditions ‘ g

Challenge:

* Represent variable hydrologic conditions

—Small streams and washes < 8,000’ controlled
cloudburst rainfall events

— Larger basins driven by snowmelt or rain-on-snow
Solution:

* Model “calibration”

— Calculate target 100-yr peak flows (gage or regional
regression) at various points in model

— Compare model values to target values

— Adjust rain-on-grid hydrology and re-run model until
best match at most points

September 27, 2018 13 Cq)mpass
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“Calibration” Results

Model Area Within 1-Sep Within 2-Sep Outside 2-Sep

UC-1 69% 31% 0%

RF-1 76% 24% 0%

CHP-1 81% 19% 0%

CHP-2 (Lower) 73% 27% 0%

CHP-2 (Upper) 100% 0% 0%

CHP-3 88% 12% 0%

CHP-4 93% 7% 0%
Standard Error +/- 35% to 75%

e~ ,

- @

D A Y
@ . .. .cgngpper ‘:‘\"3. \\: ;j'
& - o} , ../5 P '
CHP4 ° ® CH.B ! e L \ g
.. e ‘& @ CHEZL wer 0 H[ d ° ® . * N
tL _— " o
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Steep & Variable Channel Slopes ‘ g

Challenge:

* Disconnected mapped floodplains

—Map rendering issues in steep streams (>3%) with
low discharge

Solution

» Targeted grid cell mesh refinement

—Streams with existing/prelim FEMA data and/or
within municipal boundaries

—Decrease cell size from 200ft to 40ft along stream
centerline

eeeeeeeeeee 208 s % cOmpass
Identify, Interpret. Integrate



Garfield Results Examples

TIN Method

Sloping Method




Refinement Areas
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Mesh Refinement Results

Before

Smaller grid cells
JUENEIRAENE




Where do we go from here? ‘ s

* 2D BLE process is capable of producing
approximate Zone A floodplains in most areas

» Garfield County highlights some challenges to
address

Experience and
lessons learned

IMPROVEMENTS!

Software
capabilities




Ongoing Research & Development "‘

|ldentify

S Develop
opportunities : .
for Innovative

process limitations : solutions
improvement

Evaluate Document
current BLE major
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Ongoing R&D Activities ‘ .

* Pre-project watershed evaluation process

 Testing sensitivity to slope vs grid cell size vs
discharge

* Sub-basin specific hydrologic parameters
—Rainfall distribution/Precip/CN

* Methods for representing structures

* Improving results rendering and mapping

eeeeeeeeeee s . % cOmpass
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R&D Next Steps?

Process

Improvements

Pilot Testing

Validate
Selected
Process

September 27, 2018



Key Takeaways ‘ g

e 2D BLE is an efficient and (relatively) accurate
method for producing floodplains

* Engineers should evaluate whether method
can achieve desired project outcome

* Process limitations provide opportunities to
improve....stay tuned!



Questions?
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Map Rendering Options

* Sloping — Interpolates from cell faces;
tendency to overestimate

e Compass TIN Method: TIN interpolation
from calculated value at center of cell

Cell E : == == Sloping WS
e ace
! = wmm Horizontal WS

aaaaaaaaaaaaaaa

Sl

HEC-RAS 5.0.3 Sloping Interpolation Compass TIN-based Interpolation

cOmpass
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