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"I'm OK - I'm outside the 1% floodplain”

BUT!

- People outside of marped high-risk flood areas
file nearly 25% of all National Flood Insurance
Program (NFIP) flood insurance claims and
receive 1/3 of Federal Disaster Assistance for
flooding. https://www.fema.gov/

- Most of the homes flooded in Harvey (~75%),
the Memorial Day flood (~55%), and TS Allison
(~65%) were outside the mapped 1% floodplains!
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Extent of Harvey flooding in Harris County

FEMA Flood Zone Flooded Area (square Percent of Flooded
miles) in analyzed images | Area (totals > 100%)
Floodway 26.37 mi? 12.45%
Special Flood Hazard
Area ("100 year" 8940 mi2 o
floodplain; zones A, AE, 32.26%
AH, AO)
VE (Coastal) 2.48 mi? 0.89% °
Shaded X =
adedAzone 37.23 mi? 13.44% ™M
("500 year" floodplain) =)
@ﬂmal flood hazard" 147.94 mi? 53.39% J 8

o
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|__httos://californiawaterblog.com/2017/09/01/.

Why does it flood outside
the mapped 1% floodplain?

1) It might be greater than a 1% rain

2) Not all flooding is by overbank flow along
mapped channels

3) The "100-year” rain/flood/floodplain can
change w/time!
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Depth/Duration/Frequency Table

HARRIS COUNTY HYDROLOGIC REGION 3 RAINFALL (INCHES)

Annual-Chance Event
Duration 10-percent 2-percent 1.0-percent 0.2-percent
3-Minute 0.9 1.1 1.2 1.4
15-Minute 1.5 1.9 2.1 2.5
30-Minute 2.1 2.7 3.0 3.7
60-Minute 2.9 3.8 4.3 5.5
2-Hour 3.7 5.0 5.7 7.7
3-Hour 2 59 6.8 9.4
6-Hour 5.3 1.7 9.1 13.1
12-Hour 6.4 9.5 11.1 159
24-Hour 7.8 11.6 13.5 19.3
2-Day 9.0_ 13.1 f]j 207 P ::::.‘:::
4-Day 10.5 14.8 16.9 223 e
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500-40,000 year event???

The Harris County Flood Control District* estimates
the four-day rainfall from Hurricane Harvey to be a
once in 500 to 40,000 year flooding event.

*HCFCD memo 9/5/17, Immediate Report #1, Hurricane Harvey — Storm and Flood Information

“This area has seen three of these so-called 500-
year rains in the past two years. Either our
definition of a 500-year rain needs updating or
we can hope that we are safe for the next 1,500

ea rS" Michael F. Bloom PE,
y *  https://riparianhouston.com/2017/11/01/responses-to-judge-emmetts-post-harvey-suggestions/
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2) Not all flooding is by overbank
flow along mapped channels

Ponding & Overland Flow?

Ponding or overland flow flooding occurs when intense local
rainfall exceeds the storm sewer capacity, the water can
“pond” in the streets deep enough to flood residences that
are away from the bayou.

It is NOT identified on floodplain maps, and can occur
anywhere!
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FEMA- vs. Vflo-derived Floodplains
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Claims
Blessing et al., 2017
g
*—él | Presentation by W.R. Dupre’,
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3) The "100-year” rain/flood/floodplain
can change w/time!

......but why?

a) More data / longer record
b) Changing land use

c) Structural changes

d) Changing climate
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“1-in-100 chance flood” based on data from 1840-1996

“1-in-100 chance flood” based

1940-1975

STREAMFLOW, IN CUBIC FEET PER SECOND

Highest annual flows

1950 1980 1970 1980 1990
CHEHALIS RIVER NEAR DOTY, WASH

U.S. GEOLOGICAL SURVEY
Presentation by W.R. Dupre’, Univ. of Houston, 2018 Fact Sheet 229-96

Changing Land Use

- Urbanization
Increased impervious surfaces:
- decreased infiltration (increases runoff)
- faster runoff (decreases lag time)
Bridges - (impediments to flow)
Storm drains (decrease lag time)
Failure of storm drains

- Deforestation/agricultural changes
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STREAMFLOW, IN CUBIC FEET PER SECOND

MERCER CREEK NEAR BELLEVUE, WASH.
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Estimated “1-in-100 chance flood”
based on data from 1978-1994

800
iN
“1-in-100 chance flood”
based on data from 1956-1977 I I
400 i !

Highest annual flows

1960 1970 1980 1990

Urbanization of Drainage Basin

U.S. GEOLOGICAL SURVEY
Fact Sheet 229-96
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DISCHARGE

1960

Hydrographs from Similar
Sized Storms
on Brays Bayou

U.S. GEOLOGICAL SURVEY

TIME
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Brays Bayou: 1916-1976

A, PFT.I' e,
Brays Bayou, 1976
— f aaly

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Annual Peak Streanflow, in cubic feet
per second

USGS 08075000 Brays Bayou at Houston, TX
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USGS 08075000 Brays Bayou at Houston, TX
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Brays Bayou watershed was developed. 2 960 1976 958 2000

Greater Houston Strategies for Flood Mitigation, 2018

| Presentation by W.R. Dupre’, Univ. of Houston, 2018




48000

B 35000 Peak Floods — m Harvey — 4

« Allison —|¢

g Brays Bayou 08075000

2 30000

2 o o o
o

5 5000 o 00 o ¢ o0

g o

« & 20000 o

E% o oo 00 o0

=N & 6} o

£ 15000 o o

2 [l b

2 b % o o °

< 16660 60 50 o

= o od b o

E 5080 © 900, o ® hd e

£ oo 80 a6 % o3

o oo o o
1948 1952 1964 1976 1988 2AAA oAl

Presentation by W.R. Dupre’, Univ. of Houston, 2018

8/9/2018

Land-use Changes in the Brays Bayou Watershed

Low Intensity Development

|:| Medium Intensity Development

. High Intensity Development

|:| Green Space

http://sspeed.rice.edu/sspeed/downloads/2018_Conference/presentations/D1-10.%20Bedient.pdf

YEAR BUILT
PRE 1945
1945 - 1982

- Majority of development occurred within
the last 35 years: so, it is RAPID.
Houston has a very small early-
century footprint, with only 6.1 percent of
Houston's building stock being pre-1945,
47.7 percent between 1945 and '82, and
46.3 percent after '82

Ka o R
FUDeit | Detas, nirasinuctures;

http://sspeed.rice.edu/sspeed/downloads/2018_Conference/presentations/D2-13.%20Brand.pdf Mobility initiative

Impervious surface in Harris County
increased by 25 % 1996 to 2011

S Cypress

. Land developed 2001-2010

Remaining Coastal Prairie 2010

https://projects.propublica.org/houston-cypress/
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Prairie Vegetation

.1 Root structure of turf grasses versns praivie vegetation (Source: Heidi

Natura for the Conservation Resuuh Iushmle)
Texas Water Development Board Contract Report Number 1248 466

Presentation by W.R. Dupre’, Univ. of Houston, 2018

InvesTigaTion of Prairie Restoration for Flood Control

Calculated Curve N
100 by Land Cover Typa a7

il

Open Space Devedoped

ResidentialCommancial

Reducing the Curve
Number:

¢ Decreased Volume of Runoff
¢ Increased Infiltration Capacity

**Development impact can be
offset in part by restoring Native
Prairie

Texas Water
Board

Texas Water Development Board Contract Report Number 1248321466 Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Role of Native Prairie Plants

“In particular, native prairie plants are thought to absorb a
greater volume of runoff through a higher density of
groundcover vegetation, increased depth and density of
plant roots, and larger percentage of soil pore spaces...

The impact of these root systems is even more prominent
in areas of poorly draining soils, such as in Harris County.”

Texas Water Development Board Contract Report Number 1248321466 Presentation by W.R. Dupre’, Univ. of Houston, 2018

Investigation of Prairie ResTor'ahon for Flood Control

Calculated Curve Numbers
100 by Land Cover Type a7

il

Mative Frairie Open Space
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Investigation of Prairie Restoration for Flood Control
Increased Runoff due to Prairie Development

Calculated Curve N
100 by Land Cover Typﬂ a7

“ |[

Mative Prairie Open Space Devedoped

ResidentialCommercial

- development of a single-family subdivision with an
impervious cover of 50%, would increase runoff volume by
1.02 “ during a 50% (2-year) event, and by 1.79 “ during a 1%
(100-year) event, and

2

Diwect runoff, inches

(]

- development of a commercial or industrial site with an
impervious area of 90% would increase runoff volume by
1.83 “during a 50% (2-year) event, and by 3.21 “ during a
1% (100-year) event.

Tens Walet '.‘._M, !
Development Board - fomren
Texas Water Development Board Contract Report Number 1248321466 Presentatlon by W.R. Dupre’, Univ. of Houston, 2018 Texas Water Development Board Contract Report Number 1248321466 Presentation by W.R. Dupre’, Univ. of Houston, 2018

Structural Changes

Dams

Decreased Runoff due to Prairie Restoration

Restoration of 1 acre of prairie would:

Floodwalls and Levees
- increase the infiltration capacity of undeveloped land by 3.52
inches in a 100-year flood event...

Channelization

Diversion Channels
- offset the volume impact of about 2 acres of a single-family
subdivision, or about 1 acre of commercial or retail development.

Detention/Retention Basins

Tunnels (?)

Texas Water Development Board Contract Report Number 1248321466 Presentation by W.R. Dupre’, Univ. of Houston, 2018 Presentation by W.R. Dupre’, Univ. of Houston, 2018




8/9/2018

GREEN RIVER NEAR AUBURN, WASH.
“1-in-100 chance flood” based

30,000

25,000

Dam built in 1961

20,000

Estimated “1-in-100 chance flood”
based on data from 1962-1994

15,000

- 10,000

5,000

Highest annual flows

STREAMFLOW, IN CUBIC FEET PER SECOND

1940 1950 1960 1970 1980 1990

U.S. GEOLOGICAL SURVEY
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T

_ARESER

S N B Dam
ADDICKS  REFERVOIR——\ i\,

e

_ Dive

TEHITE

£ Diversion Canal %' )
2 1o N Y

Presentation by W.R. Dupre’, Univ. of Houston, 2018

'fh_!_ s T (! U : o - : !
/ A o} e
&, -5 -
5
-
' - N / } o
. U T =
" ) i A, el
i I =~ o i .'\‘
- : ¥ .1 1
= i
~ | (55 et 5
2 £08 :
— o -
= - Toalko TN o
- = 2t “ =
e s = s ‘Ba' e AT =
/] :Y_ — 5 ] i
g - Z “f =7

. FAiss 5 ¥ - i a 3
bS Y N o] - - or®
ttp://www.harriscountyfemt.org/ Presentation by W.R. Dupre’, Univ. of Houston, 2018

L
http://www.harriscountyfemt.org/

-

| ' | >

) Presentation by W.R. Dupre’, Univ. of Houston, 2018

I




AR N

- A 3 |
it % Presentation by W.R. Dupre’, Univ. of Houston, 2018

http://www.harriscountyfemt.org/ _—

8/9/2018

During the 1% (100-year)

| event, 83% of the stormwater
volume flowing through
upstream Cypress Creek

overflows into the Addicks

watershed.

| Cypress Creek Overflow

. w0 a1 [r10
Texins Water Developmen Boand Coutrnet Report Niwteer | 248311466

e Buffalo Bayou Flood Con

trol Plan (1940)

- . ,,I \ 3 1 .

rjs»mn\‘
Rt

B e T
Presentation by W.R. Dupre’, Univ. of Houston, 2018

Texas Water Development Board Contract Report Niewider | 2485 21466
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Why the Overflow Occurs

“Leaky” Drainage Divide!

Figure 2.7 Effective special Mood hazard areas (from FIRM Panels effective as of April,
0

14)
Ty Water Development Sourd Contract feport Nuwber | 243321465 Presentation by W.R. Dupre’, Univ. of Houston, 2018 Tixas Water Development Board Contract Report Number 1348331466 Presentation by W.R. Dupre’, Univ. of Houston, 2018
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What Reservoir Pools?

i.e. water that lies above the conservation pool in
reservoirs used to regulate floodwaters.

AFUSSBLEFDUBLEVELSSY HARVEY PO AL GOVERNHENT PROERTY

T0POF AN: fof
| TOPOFSPLLWAY: 2415
HARVEY HiGH PONT : *119.

+ Reservoir Pool — .., . "

ad s et ey DUKIE 200 = Conservation Pool —>
1

—

med he wale

GHFMC Briefing Document 2: How do Addicks & Barker reservoirs work? Presentation by W.R. Dupre’, Univ. of Houston, 2018
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https://www.hcfcd.org/hurricane-harvey/ Presentation by W.R. Dupre’, Univ. of Houston, 2018

Dam Safety Issues

“In December 2010 Addicks and Barker Dams were classified as a DSAC |
by HQUSACE.

Studies conducted since 2004 have determined that the existing dams
Addicks Reservoir and Barker Reservoir are a high risk of failure due to
seepage and piping issues.

The overriding critical issue of this project is the population of the city of
Houston is downstream of the two dams.”

These dams were classified as two of the six most dangerous dams in the
United States operated by the Corps of Engineers due to the risk of
structural failure and its potential impact on people or property.

http://www.swg.usace.army.mil/Portals/26/docs/Plannin,
Addicks%20and%20Barker%20Decision%20Document?%20Review%20Plan.pdf Presentation by W.R. Dupre’, Univ. of Houston, 2018

Predicted Buffalo Bayou Inundation* Map:
August 30, 2017
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*Following dam release |
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www.harriscountyfws.org

Brays Bayou
@ Rice Ave

Buffalo Bayou
@ West Belt 8

o Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Early Channelization Approaches

* Increase channel cross section area to hold more
water (widening & deepening);

* Increase flow velocity, e.g.
* Concrete lining channel
* Straightening channel
* Improving cross sectional efficiency

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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[ CHANGES IN CHANNEL SHAPE: 1916-1976 ]

BRAYS BAYOU - 1916
Sinuosity = 2.4

BRAYS BAYOU - 1976
Sinuosity = 1.2

1 Mile
>

>
1 Kilometer

; Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Detention Basins

* On-site: detains storm water on site before it enters the channel

*In-line: Deep areas along the channel that can store floodwater

once it begins rising in the channel.

* Regional: built by flood control agencies to address flooding on a
larger geographic scale and is funded by taxes or stormwater fees

paid by a number of developers. Regional detention is used to

reduce existing flooding or help prevent increased flooding from

new developments. (may be wet-bottom or dry-bottom)

GHFMC, Strategies for Flood Mitigation, 2018

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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GHFMC Fact Sheet 3
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Levees

FLOOD STAGE

NORMAL LOW FLOW

Top of Levee

NORMAL LOW FLOW

http://www.cnrfc.noaa.gov/wfo_hydro.php

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Natural floodplain
= Q 100 flood

e 1 fa s faXuXal

- 2% 1% 02%

50 yr leves 100 yr leves 500 yr leves

<100 yr. zone . > 100 yr. zone
Properties protected by an accredited levee system
are not mapped into the Special Flood Hazard Area
and are exempt from the insurance requirement.

To gain accreditation, the levee system has been
designed and constructed to protect against a “1%
annual chance” flood.

http://nas-sites.org/levees/files/2013/03

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Natural floodpliain
= Q 100 flood

cHen: 1 o e faRa e

- 2% 1% 02%

50 yr leves 100 yr leves 500 yr leves

<100 yr. zone . > 100 yr. zone

The certification must demonstrate:
» At least three feet of freeboard above the 100 year protection level.

e Approved levee closure systems
* Embankment protection to prevent erosion

* Foundation stability to show that potential seepage has been addressed

e A plan to assess the potential of future settlement

¢  Pumps and drains to accommodate for interior drainage

* An approved operation and maintenance plan

www.illinoisfloods.org/documents/IAFSM Presentation by W.R. Dupre’, Univ. of Houston, 2018

Levees
But |

1- Encourages development on
prior floodplain

2- Levees can fail, either by:
- overtopping,

- poor maintenance,

- erosion,

- subsidence, or

- under-seeping!

3- Levees can act as dams,
trapping water & flooding homes

Presentation by W.R. Dupre’, Univ. of Houston, 2018

AURRICANE KATRNA FLODDING: 2000

ter surge left the city under more than 10 feet of

look at the maximum standing water depths at the

rartrain leveled off with New Orleans: Line Pastiaerrain
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FBC Floodplain Mapping Tool
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Harvey Tlooded aT 1easT YUU levee-protected homes in Fort
Bend, including about 580 in Riverstone and others in First
Colony, New Territory and Sienna Plantation.

6% of total counties land area
23% of the counties population

<]- 31% of the counties taxable assets
ECN N (T NS 1 7

| 19 Individual Districts Own and Maintain their own Levees l 2 l
\ s}

usace.arm il/Portals/26/{07)%20F grtBendUSACEQ g Presentation.pdf?ver=2016-
145835-400 i o y .j‘i / Presentation by W.R. Dupre’, Univ. of Houston, 2018
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The way it should work...

... which drain into a
Normally, runoff flows ... detention creek. From there, ...into the
into storm drains and... ponds... water flows through Brazos
River.
BRAZOS

RIVER

https://www.houstonchronicle.com/news/houston-texas/houston/article/Harvey-overwhelmed-levee-systems-Future-storms-12424740.php
Presentation by W.R. Dupre’, Univ. of Houston, 2018
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But...homes in seven of the systems flooded during Harvey.

Storm drains and detention ... as the river rose, flood
Harvey dumped ponds filled up and a creek gates closed automatically
too much rain for overflowed because ... to prevent the Brazos fro
the system to backing up into Riverstone.
handle.

https://www.houstonchronicle.com/news/houston-texas/houston/article/Harvey-overwhelmed-levee-systems-Future-storms-12424740.php

Presentation by W.R. Dupre’, Univ. of Houston, 2018

The Riverstone development in Fort Bend County is protected by two levee systems
designed both to carry storm water into the Brazos River and prevent river water
from backing up into the community. Hurricane Harvey overwhelmed those defenses,
flooding more than 500 homes.

As water continued to accurmnulate, pumps inside the levee removed some
of it, but not fast enough to prevent flooding of homes.

\

https://www.houstonchronicle.com/news/houston-texas/houston/article/Harvey-overwhelmed-levee-systems-Future-storms-12424740.php

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Changing Climate

ANALYSIS OF IMPACTS OF NON-STATIONARY CLIMATE ON
PRECIPITATION FREQUENCY ESTIMATES

“There has been a growing concern among users of
NOAA Atlas 14 products that they ..... may not
be appropriate in presence of non-stationary
climate-”

Www.nws.noaa.gov/oh/hdsc/current-projects/progress/201804_HDSC_PR.pdf

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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ANALYSIS OF IMPACTS OF NON-STATIONARY CLIMATE
ON PRECIPITATION FREQUENCY ESTIMATES

- The current NOAA Atlas 14 frequency analysis methods are
based on the assumption of stationary climate in both
historic and future precipitation records.

- As such, they may not be suitable for frequency analysis in
the presence of non-stationary climate conditions...

- It has thus become necessary to assess the potential for
incorporating non-stationarity in precipitation
frequency estimates.

Wwww.nws.noaa.gov/oh/hdsc/current-projects/progress/201804_HDSC_PR.pdf
Presentation by W.R. Dupre’, Univ. of Houston, 2018
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NOAA's National Weather Service

Hydrometeorological Design Studies CEntes

Home Site Map News Organlzation

PF DOCUMENTS BY STATE/TERRITORY AND DURATION:

© nws @ anNoaa B

| Cregon Arkell & Richards NOAA Atlas 2. Val 10

Duration {3)
State/Territory
D<(<)1hr 1hr={<)D=<24hr
States
Alabama NOAA Allas 14 Vol 9 NOAA Allas 14 Vol 9
Alaska | NOAA Atlas 14 Val 7 NOAA Atlas 14 Vol 7
Ckiahoma NOAA Atlas 14 Vol 8 NOAA Allzs 14V B

D> 24 hr

NOAA Allas 14 Vol 9
NOAA Atlas 14 Vol 7

MNOAA Alzs 14 VeI B
Technical Paper 49

| Pennsylvania NOAMA ATias 14 Vol 2 NOAA Anas 14 Vol 2 MOAA Alas 14 Vol 2
| Rhode 1stana NOAA Allas 14 Vol 10 NOAA Atias 14 Vol 10 NOAA Afias 14 Vol 10
South Carolina NOAA Aflas 14 Vol 2 NOAA Allas 14 Vol 2 NOAA Altas 14 Vol 2
| 2outh Dakota NOAA Atias 14 Vol 8 NOAA Attas 14 Vol 8 NOAA Atlas 14 Vol &
: Tennessee NOAA Allas 14 Vol 2 MOAA Altas 14 Vol § NOAA Atlas 14 Vol 2
[exas | NWS HYDRO-33 Technical Faper 40 Technical Faper 45
¥ ¥ U
Presentation by W.R. Dupre’, Univ. of Houston, 2018 1977 1961 1964

chael I — Depth of 1% Annual
From M'C. ael Bloom’s Chance, 24-Hr Duration
presentation to Greater

Houston Builders Association
on Dec. 6, 2017

Rain Event (Inches)

W368-400 O701-800 DO1101-

12.00 @ 15.01-16.00
B401-500 OB -000 DO1201-1300 @16.01-17.00
O501-600 O801-1000 @1301-1400 O17.01-1600
DO&01-7.00 010011100 B14.01-1500 018.01-18.80

https://riparianhouston.com/2017/12/07/
atlas-14-analysis-method-and-preliminary-
results/

— -
Depth of 1%, Annual Chance, 24-Hour Dusation Rain (Inches)
W366-400 C701-800 O1101-1200 W1S01 - 1600 B
B401.500 O801-000 [1201.1300 B18.01 170
D501-600 D90-1000 B13.01-1400 D701 - 1000
D601 -700 010.01-41.00 W1401-1500 01801 - 1880

WGALVEST ON

PRELIMINARY DATA ONLY
DO NOT USE FOR DESIGN

9

MOAA Atlas 14, Velume 11, Version 1
Texas

https://riparianhouston.com/2017/11/24/harris-county-close-up-of-preliminary-atlas-14-data/
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*Not TSARP to |
Atlas 14! |

(I

| O-1.59--1.00 01.01-200 B401-500 W7.01-7.36
0-089-000 0201-300 H501-600

https://riparianhouston.com/2017/11/24/harris-county-close-up-of-preliminary-atlas-14-data/
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Region Before
1%, 24-hour Rainfall Depths | m | s
R1 124
R1 124
R2 12.4
R2 13.2
R2 13.2
R2 13.2
RZ 13.2
R2 13.2
R2 132
R3 13.5
R3 13.5
R3 13.5
R3 135
R3 13.5
https://riparianhouston.com/2017/11/24/harris-county-close-up-of- R3 1s
preliminary-atlas-14-data/ S 58

g
g
H

After % Increase

1%, 24-hour Rainfall Depths

17.50

1%

§88

zlz |zlzz|z|z & aaaaag

17.50

X8

33%

https://riparianhouston.com/2017/11/24/harris-county-close-up-of-

BIBIBIEBIE(E |BIEREEE| EEEEE

HH

z|z|z|2
&8

preliminary-atlas-14-data/

Oepth of i, i
WI06.400 O707-800 EI1101- 1200 B 15011800
1100 B -1roe
0 B
~1500 O 1801+

DO HOT USE FOR DESIGH
HOAA Atlas 14, Volume 11, Version 1
Texas

https://riparianhouston.com/2017/11/20/draft-provisional-atlas-14-data-out-for-peer-review/
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Depth-Duration-Frequency (boF) Curves
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—
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= [HCFCD, 2009)
0 .
BO0min e 3hr Bhr 12hr 2dhr 2day 3day 4day  Tday 10day

Duration
https://riparianhouston.com/2017/12/07/atlas-14-analysis-method-and-preliminary-results/

HARRIS COUNTY HYDROLOGIC REGION 2 RAINFALL (INCHES)
(Current — i.e. before Atlas 14)

Annual-Chance Event
Duration 10-percent 2-percent 1.0-percent 0.2-percent
5-Minute 0.9 1.1 1.2 1.4
15-Minute 15 1.9 21 2.6
30-Minute 2.1 2.7 3.0 3.8
60-Minute 2.9 3.8 4.3 5.5
2-Hour 3.6 5.0 5.7 7.6
3-Hour 4.1 5.8 6.7 9.2
6-Hour 5.1 7.6 8.9 12.8
12-Hour 6.2 9.2 10.8 15.5
24-Hour 7.6 113 132 18.9
2-Day 8.6 12.5 145 20.0
4-Day 9.8 14.0 15.9 21.1

Depth-Duration-Frequency (boF) Curves

26
» 100 year flood
’Z (after Atlas 14)

24 hr

100 year flood
(before Atlas 14)

Precipitation (inches)

60min 2t 3hr Bhr 12hr 24hr 2day 3day 4day  7Tday 10day

Duration
Presentation by W.R. Dupre’, Univ. of Houston, 2018

Warming has made extreme rain
events more frequent over Houston

(e) GHCN-D 85 stations, Return period
400 T —T — — T

[mm/day]

GEV scale fit 1900 =
GEV scale it 2017 ———
A Hlausr.nln 21:111? :

1 1 1 1
2 5 10 100 1000 10000
Return period [yr]

Van Oldenborgh et al.,, Environmental Research Letters, 2017

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Relative Number of Extreme Events (%)

Decade
https://nca2014.globalchange.gov/highlights/report-findings/extreme-weather#intro-section-2

B
8

.l |

B
8

U.S. Trend in Heavy Precipitation

One measure of heavy precipitation
events is a two-day precipitation total
that is exceeded on average only once

in a 5-year period.

15900 9103 20 19308 19405 19508 19605 19708 19805 19908 20003

Presentation by W.R. Dupre’, Univ. of Houston, 2018

U.S. had more floods in 2016 than any year on record

Dirvle Rics . ULSA TODAY

Pubiisted on Rorsciay dogust 14, J00$ by G amy
Scientists Say Expect More 1,000-Year
Events Like Louisiana Flood

Louisiana's devastating rainfall was the state's second "1,000-year” flood this

vear
by Nika Knight, staff writer

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Number of Global Natural Disasters: 1980-2015

Number of events

Weather-related

Geophysics-related
(Earthquakes & Volcanoes)

_—— Y

1980

Munich Re Topics Geo 15

Time

2015

Presentation by W.R. Dupre’, Univ. of Houston, 2018

What can we do about flooding?

Structural Responses: (1930’s-present): e.g.
building dams, levees, floodwalls, channelization
-Flood Control Act of 1936.

Floodplain Management: (1960’s-present):
Combined floodplain management with structures
-National Flood Insurance Program of 1968;
-National Disaster Protection Act of 1973;

-Biggert-WatersFlood-nsurance-Reform-Act-2012.
Post-flood Non-structural Mitigation: (1980’s-present):

Includes property acquisition and A land use.
Presentation by W.R. Dupre’, Univ. of Houston, 2018
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HCFCD

Project Brays A Catention Basins o\

* “Project Brays”, started in 1998, is a federally and locally funded
partnership between USACE and HCFCD. Total projected cost is now
estimated to be $480 million.

* Phase 1: (2004-2016), Four stormwater detention basins have been
created that will hold approximately 3.5 billion gallons of
stormwater and cover about 900 acres when completed.

* Phase 2: (ongoing) channel widening and/or deepening in more
than 21 miles of its middle and lower reaches and replacing or
renovating 30 bridges.

* When completed in 2021, Project Brays is projected to remove over
15,000 homes/businesses from the current 1 % floodplain.

Willow Waterhole “\ WY ALY
Rk

RPN

. . Y 4

https://www projectbrays.org Presentation by W.R. Dupre’, Univ. of Houston, 2018 02 4 8 12 15 Presentation by W.R. Dupre’, Univ. of Houston, 2018

Floodplains Before and After (?) Project Brays

Other Structural Flood Mitigation Plans

* Channel improvements & detention basins
-e.g. White Oak Bayou, Greens Bayou, Cedar Bayou, etc.

* Remove storm debris (and sediment)

* Repair (and deepen?) Barker and Addicks Dams

; Floodplain
Assumes no change in : . . .
g .g. Fioodway * Add a third dam and reservoir - (Location?)
rainfall probability Remaining 1% AEP
(not a valid assumption!) b e * Storm-surge barrier(s) — (“Ike Dike”?)
GHFMC: Strategies for Flood Mitigation, 2018 Presentation by W.R. Dupre’, Univ. of Houston, 2018 Presentation by W.R. Dupre’, Univ. of Houston, 2018

79



8/9/2018

Non-structural Flood Mitigation Measures

Reduce Susceptibility to Floods

Reduce Impact of Floods

=) Acquisition/buyout and demolition of structures
Land swaps and relocation of structures

mp Elevation of siructures in place
Dry floodproofing (make structures waterlight)
Wet floodproofing (allow water to flow through)
Non-structural berms and secondary levees

m) Floodplain regulations and building codes
Zoning and land use
Development policies

=) Flood forecasting and warning systems
Disaster preparedness and response plans

GHFMC: Strategies for Flood Mitigation, 2018

mp Public education and information access
mp Updated flood maps
Flood emergency measures to reduce loss of life

) [lood insurance lo reduce financial impacts
m) Disaster assistance to reduce financial impacts
m) Tax adjusiments to reduce financial impacts

Long-term recovery assistance

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Harris County approves new building regulations

* The Harris County Commissioners Court unanimously
approved new construction requirements. Starting January 1,
2018 all new buildings — homes as well as commercial —
must be at least 24 inches above the 500 year flood plain.
Harris County Judge Ed Emmett believes these new building
regulations are the nation’s toughest.

* There are some experts that estimate in some areas of the
100 year flood plain, new construction would need to be built
almost eight feet above ground. This new building code is for

unincorporated Harris County only.  pecemper 5, 2017

Presentation by W.R. Dupre’, Univ. of Houston, 2018

https://www.houstonpublicmedia.org/articles/news/2017/12/05/

Legend

[ com e sanvce Lenm
—_— reeni

100 Year Foospiain
Faodway

City of Houston & =
Structural Flooding: < =
Hurricane Harvey
August 25-29, 2017

http://www.houstontx.gov/council/g/chapter19/Floodplain-Mgmt-Data-Analysis.pdf
B Presentation by W.R. Dupre’, Univ. of Houston, 2018

Houston Floodplain Regulations

RULES EXISTING
PASSED (4/4/18)
REGULATED AREA 100-year 100 +[500-year]
ELEVATION 100-year + 1 foot 500-year + 2 feet
ZERO NET FILL 100-year 100 +|500-year
SUBSTANTIAL IMPROVEMENTS 100-year 100-year
ELEVATION OF ADDITIONS 100-year + 1 foot I 500-year + 2 faerl
(exemption for small additions in
500-year)
FOUNDATION All  types permitted outside All types permitted outside
floodway floodway

http://www.houstontx.gov/council/g/chapter19/Floodplain-Mgmt-Data-Analysis.pdf
Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Homes flooded by Harvey but protected by elevation

—#—Harvey Flooded Homes in 100 year and 500 year floadplains Studied
—8— Count of Homes that would hove been prevented from floading by elevation
i
el
el
ol e
—
84% protected!

100 YEAR + 1 500 YEAR 500 YEAR + 1 500 YEAR + 2 500 YEAR
T FEET FEET

NS
http://www.houstontx.gov/council/g/chapter19/Floodplain-Mgmt-Data-Analysis.pdf

Chart | — Horvey flooded Homes Protected by Elevation (Houston Public Works, 2017) (City of Houston, 2017} (Harris
County Flood Confrol District, 2009) (FEMA Current Effective FIRM, 2018) (FEMA Individual Assistance, 2018)

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Repeftitive Loss (RL) properties

Any insurable building for which two or more claims of more than $1,000
were paid by the National Flood Insurance Program (NFIP) within any rolling
ten-year period, since 1978.

Severe Repetitive Loss (SRL) properties™

Any NFIP-insured residential property that has met at least 1 of the
following paid flood loss criteria since 1978, regardless of ownership:

- Four or more separate claim payments of more than $5,000 each
(including building and contents payments); or

- Two or more separate claim payments (building payments only) where the
total of the payments exceeds the current value of the property.

In either case, two of the claim payments must have occurred within 10

years of each other *More than 30,000 “severe repetitive loss properties in
https://www.fema.gov/pdf/nfip/manual201205/content/20_srl.pdf the US have been covered under the NFIP.

Severe Repetitive Loss and Repetitive Loss (FEMA Current Effective FIRM, 2018)

http://www.houstontx.gov/council/g/chapter19/Floodplain-Mgmt-Data-Analysis.pdf

-

i

- s
= {
Repetitive Loss (X0 ““ e o el J
. T Suln, o g B - L . ‘o
e i, Sl -} 5
B .l', oy *“‘ T e - F s
Freesars LS £ 1 “.
Maion i A feest P ‘:i,"i A
FLOOD ZONE B T 1 et i -~ s, b Wy Ry
O e et FEMA has paid out $265 million for flood claims on 1,155 severe
I FLooDvY repetitive loss properties in the program in Harris County.

Presentation by W.R. Dupre’, Univ. of Houston, 2018

- FEMA has paid out $265 million for flood claims on 1,155 severe
repetitive loss properties in the program in Harris County.

- An evaluation of repetitive flood losses in Harris County, Texas, from
1978 to 2008 calculated that over 47% of these losses were located
outside the 100-year floodplain boundary

- Payments for 389 properties in Harris County have cumulatively
added up to more than twice the current value of the property.

- A house in NE Houston has received 18 flood insurance payments
totaling $1.8 million; >15 times the property’s market value.

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Severe Repetitive Loss (SRL) Flood Claims 1978-2015* - Harris County

Greenspoint

5| 2IP Coda: 77037

Map sources:
FEMA via Natural Resources
Defense Council, FEMA

FEMA 100
Yaas Flood

Maore severe repetitive loss properties —

. Meyerland
*doesn’t include those added 130 Code: 11000 GALVESTON BAY
after the April 2016 floods and
. Southeast Houston
2017 Hurricane Harvey. 2P Coda: 77034
https://projects.propublica.org/graphics/houston-srip Presentation by W.R. Dupre’, Univ. of Houston, 2018

Structures Flooded
3x since 2015

P =y
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Structures Flooded
by Harvey

https://features.propublica.org/houston-buyouts/hurricane-harvey-home-buyouts-harris-county/ EI l
Presentation by W.R. Dupre’, Univ. of Houston, 2018

https://features.propublica.org/houston-buyouts/hurricane-harvey-home-buyouts-harris-county/
Presentation by W.R. Dupre’, Univ. of Houston, 2018

"Home Buyouts in the "Hopelessly Deep Zone"

https://features.propublica.org/houston-buyouts/hurricane-harvey-home-buyouts-harris-county/

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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Harris County Buyouts

Home buyouts are used by the Flood Control District to reduce Hurricane
flood damages in areas hopelessly deep in the floodplain where .., e
structural projects (i.e. channel modifications or detention basins) to
Tiopical  reduce flooding are not cost effective and/or beneficial. (HCFCD)
J1'™ - Harris Count Flood Control District considers the house’s history of
repeated flooding, and only commits to a buyout if the area is at
least five acres in size, or if the district can acquire at least 10
connected properties of any size.

o Tax Day
floods

Damaged s
in flood z

Memarial
D

Cumulative Harria
County home
buyouts

floods

2000 2002 2004 20086 2008 2010 202 204 2016

https://features.propublica.org/houston-buyouts/hurricane-harvey-home-buyouts-harris-county/

Source: Harris County Flood Control District, FEMA

Presentation by W.R. Dupre’, Univ. of Houston, 2018

HCFCD HOME BUYOUT ELIGIBILITY REQUIREMENTS

* Source of flooding.
* Location and depth within the floodplain.

* Cost effectiveness as a solution to the property’s flooding
problem.

* Potential for future floodplain preservation and/or flood damage

reduction projects.

* Compatibility with community and natural values.

https://www.hcfcd.org/hurricane-harvey/home-buyout-program/

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Flood Control District
Home Buyout Considerations

BEFORE

10% Flood (10-Yr) 1% Flood (100-Yr) 0.2% Flood (500-Yr) a

A =
Eall
Bayou
HOUSE A HOUSE B HOUSE C
Hopelessly deep in the 1% (100-year) Located partially in the QOutside of the floodplain,
floodplain, and floods frequently due to 1% floodplain. Structural rarely floods from out-of-banks
out-of-bank bayou flooding. Structural ~ modifications would bayou flooding.

modifications are not a cost-effective effectively address flooding NOT IDEAL CANDIDATE
or feasible option for flood damage in this area.
reduction at this location. NOT IDEAL CANDIDATE

HOME BUYOUT CANDIDATE

https://www.hcfcd.org/hurricane-harvey/home-buyout-program/

Flood Control District
Home Buyout Considerations

AFTER

HOME REMOVED
FROM FLOODPLAIN

L_l:o\% F\on (10-Yn) 1% Flood|(1OD—Yr) 0.2% Floold (soof‘mﬁ

- * -~ —— 4 —

£ w T

g .§ Bayou

= 0 ne ot New Detention Basin
.r_% - Channel Modifications  (with potential new park space)
Q ©

g &

£

= o

X =
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o —

https://www.hcfcd.org/hurricane-harvey/home-buyout-program/

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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and federal moneys

Policy Support | Oppose | Nonresponse
A program to buy homes in areas that
have repeatedly flooded with local state 63.2% 27.5% 9.2%

Construction of a new reservoir to protect
l west Houston

(84.7% 8.2% 7.1%

l‘ Greater restrictions on construction in

prevention of regional flooding

o, 0,
flood plains 10.7% 6.7%
Establishment of a regional flood agency
with taxing authority to plan for the 67.1% 22.0% 10.9%

to homeowners whose homes that have

l ’ Denying federally financed flood insurance
flooded three of more times since 2001

42.0% 9.4%

www.uh.edu/class/hobby/harvey/

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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‘ Policy

Support ‘ Oppose ‘Nonresponse

Not allow homes that have flooded three or
more times since 2001 to be rebuilt by
buying out these homeowners with local
and federal moneys

61.5% 28.4% 10.1%

‘ Requiring sellers of homes to fully disclose
l prior flood damage to their homes and prior
flooding in the surrounding neighborhood

E 6.6% 42%

Preventing development/construction on
native prairies and wetlands in western and
northwestern portions of Harris County

67.3% 19.2% 13.5%

Require government compensation for
homes that are flooded due to the release
of water from local reservoirs

14.7% 8.1%

Mew building codes that require homes
I buit in flood prone areas be
elevated/raised to avoid flooding

85.6% 9.9% 4.5%

www.uh.edu/class/hobby/harvey/

Presentation by W.R. Dupre’, Univ. of Houston, 2018

Increase in property tax?

www.uh.edu/class/hobby/harvey/

Increase in sales taxes?

Presentation by W.R. Dupre’, Univ. of Houston, 2018
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