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The Challenge

ÅTypically older parts of town

ÅLong-term chronic or nuisance flooding

ÅNo affordable solutions available

ÅHappens fast: gone in an hour or so

ÅOften only brief public attention

ÅDamages may be intangible



The Challenge

ÅGenerally not addressed by NFIP

ÅFlood risk not mapped

ÅConsidered local problem only

ÅNo established recovery process

ÅLow grant priority

Åάbƻǘ ŦƭƻƻŘǇƭŀƛƴέ Ґ όΚύ bƻǘ ƛƳǇƻǊǘŀƴǘ



¦Ǌōŀƴ CƭƻƻŘƛƴƎ !ǿŀǊŜƴŜǎǎ ά!Ŏǘέ ό.ƛƭƭύ

ÅIntroduced into Congress in 2014 & 2015

ÅBased on Illinois law passed in 2014

Å{ǘǳŘȅ ǳǊōŀƴ ŦƭƻƻŘƛƴƎΣ ǿƛǘƘ άǇǊƛƳŀǊȅ 
ŦƻŎǳǎ Χ ƻƴ ǳǊōŀƴ ŀǊŜŀǎ ƻǳǘǎƛŘŜ ƻŦ ǎǇŜŎƛŀƭ 
ŦƭƻƻŘ ƘŀȊŀǊŘ ŀǊŜŀǎέ

ÅStill in assigned committees



¦Ǌōŀƴ CƭƻƻŘƛƴƎ !ǿŀǊŜƴŜǎǎ ά!Ŏǘέ ό.ƛƭƭύ

ÅInadequacy of federal flood risk information

ÅInvestigate causes:
ïglobal climate change;

ïincreasing urbanization

ïundersized, deteriorating stormwater 
infrastructure

ÅEvaluate funding mechanisms

ÅRelevance of NFIP & CRS to urban flooding 
areas outside traditional floodplains



άL ǘƘƛƴƪ ǘƘŀǘ ȅƻǳ 
should be more 
explicit in your 

explanation 
ƻŦ ǘƘƛǎ ǎǘŜǇΦέ



GENERAL CONSIDERATIONS
Issues in Urban (Zone X) Flooding



(1) Water Law

a) No person may divert or impound the natural flow 
of surface waters in this state, or permit a diversion 
or impounding by him to continue, in a manner that 
damages the property of anotherby the overflow of 
the water diverted or impounded.

b) A person whose property is injured by an overflow 
of water caused by an unlawful diversion or 
impounding has remedies at law and in equity and 
may recover damages occasioned by the overflow.

τTexas Water Code §11.086



In other words: LAWSUITS!



(2) No Adverse Impact

άbƻ !ŘǾŜǊǎŜ LƳǇŀŎǘ ŦƭƻƻŘǇƭŀƛƴ ƳŀƴŀƎŜƳŜƴǘ 
takes place when the actions of one property 
owner are not allowed to adversely affect the 
rights of other property owners. The adverse 
effects or impacts can be measured in terms of 
increased flood peaks, increased flood stages, 
higher flood velocities, increased erosion and 
sedimentation, or other impacts the community 
ŎƻƴǎƛŘŜǊǎ ƛƳǇƻǊǘŀƴǘΦέ 

τASFPM, 2008



(3) Hydrodynamic Modeling

ωNeed to track overland flow as well as pipe 
capacity

ωToo complex for traditional modeling and 
calculations

ωNeed fully dynamic flow modeling and 
complex software



(3) Hydrodynamic Modeling

ωDynamic wave modeling looks at effects of 
water rising, peaking and dropping, not just a 
steady flow rate

ωStorage and routing built into the analysis

ωMomentum and continuity expressed as non-
linear differential equations



St. VenantEquations



Software Available

ω Innovyze products

ς InfoWorks® (by Wallingford)

ςXP-SWMM® (by XP Software)

ωMIKE FLOOD® by DHI

ωHEC-RAS 2D

ωFLO-2D

ωSeveral other products



(4) Understanding Risk

Darker 
shading = 
greater 
impetus 
to take 
action
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(4) Understanding Risk

ÅUsually public safety not a major threat

ÅZone X: nothing hinders rebuilding

ÅChronic flooding vs. periodic flooding

ÅManage flooding like other risks in life

ÅFlood risk management:

ïAvoidance: move out

ïCoping: minor prevention and repair

ïInsurance: limit economic losses
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Issues in Urban (Zone X) Flooding



Typical urban drainage patterns



Typical urban drainage patterns



Typical urban drainage patterns



Typical urban drainage patterns



Main Causes of Urban Flooding

ÅPre-1960 lower design standards meant storm 
drains often severely undersized compared to 
current standards

ÅStreet grid often ignored drainage patterns, 
leading to mid-block sumps

ÅHouses and buildings constructed over storm 
drains in some cases



Typical Older Neighborhood



June 28, 2004 ςArlington Heights in Fort Worth



HOW CAN WE SOLVE THIS?
Issues in Urban (Zone X) Flooding



NEW PIPE ON 
EXISTING ALIGNMENT



Three houses and 
several garages 

must be removed 
ŦƻǊ ǘǿƻ сΩȄсΩ ōƻȄŜǎ 



The only place 
ŦƻǊ о сΩȄмлΩ 

box culverts in 
ǘƘƛǎ ǎǘǊŜŜǘ ƛǎΧ

where the 
houses are!



CAN WE FOLLOW THE STREET GRID 
TO REDUCE HOME BUY-OUTS?



онΩ ŘŜŜǇ



онΩ-DEEP 
TRENCH

Buried telephone  
line to be relocated

Street to be 
reconstructed

Water line to 
be relocated

Sewer line to 
be relocated 5ƻǳōƭŜ сΩȄсΩ 

box culvert 
онΩ ŘŜŜǇ

Excavation trench

People 
live here!

Gas line to be 
relocated



WHAT ABOUT TUNNELING?



Tunneling 
preserves 

neighborhood

ΧChw Ϸол aL[[LhbΗ



Tunneling 
allows direct  

discharge 
to river



HYDROLOGIC CONSIDERATIONS 
WITH CONVEYANCE

Issues in Urban (Zone X) Flooding



(1) Unit Hydrograph 101



Effects of Urbanization

ÅTotal Volume greater 
due to less infiltration

ÅTime to peak shorter 
due to faster flow on 
paving and in pipes

ÅPeak flow rate may 
be doubled or tripled



Eastland Creek Eastern Fort Worth

Å800 acres

ÅMostly 
Residential

ÅExtensive 
Storm Drain 
System in 
top 3 basins



Storm Drain Flow Paths

Å18,000 Ft

ÅAverage  

4 ft/s 
Velocity



Overland Flow Paths

Å17,000 Ft

ÅAverage  
1.5 ft/s 
Velocity



Sub-basin
Area Tc (min) Peak Discharge (cfs)

% 
Difference

(acres) Overland Storm drain Overland Storm drain

6a 272 57 25 1,023 1,561 34%

7a 342 68 28 1,118 1,804 38%

7b 177 54 22 695 1,069 35%

Sub-basin
Area Tc(min) Peak Discharge (cfs)

% 
Difference

(acres) Overland Storm drain Overland Storm drain
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7a 342 68 28 1,118 1,804 38%

7b 177 54 22 695 1,069 35%
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Å50% Longer 
Time to Peak

Å38% Lower Q



Hyetographs
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Combined Hydrograph

ÅDouble peak 
hydrograph

Åссέ ǇƛǇŜ 
capacity  = 
250 cfs
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Hydrograph Comparison

ÅSimilar Time 
of Peak as 
Overland

ÅQ within 1% 
of overland

ÅOutfall is an 
упέ w/t ϧ 
осέ w/t

0

200

400

600

800

1000

1200

1400

1600

1800

2000

11:00 AM 12:00 PM 1:00 PM 2:00 PM

D
is

ch
a

rg
e

 (
cf

s)

Time

SUB-BASIN 7a 100-YR HYDROGRAPH COMPARISON

Overland Tc

Storm System Tc

Combined Tc



Hydrograph Comparison
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Conveyance improvements 
would increase peak at 

outfall by over 60%! 

ACTUAL EXISTING 
PEAK FLOW

PEAK FLOW ASSUMING 100-YEAR 
CONVEYANCE IMPROVEMENTS



(2) Valley Storage

¢ƘŜ ƳŜŀǎǳǊŜ ƻŦ ŀ ǎǘǊŜŀƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǎǘƻǊŜ 

water as it moves downstream.



Valley Storage in Neighborhoods 
όά[ƛǾƛƴƎ wƻƻƳ 5ŜǘŜƴǘƛƻƴέύ



(3) Downstream Effects

ÅState Water Laws

ÅNo Adverse Impacts policies



Floodplain Hydraulics

ÅDifference in 100-Year inundation of north overbank

HYPOTHETICAL COMPARISON



Conclusions

Åά[ƛǾƛƴƎ ǊƻƻƳ ŘŜǘŜƴǘƛƻƴέ όōŀŘύ Ґ 
valley storage (good)

ÅUpland flooding caused by undersized storm 
drains reduces flooding downstream.

ÅIncreased conveyance (larger pipes) likely to 
move flooding downstream.



WHAT ABOUT DETENTION?
Issues in Urban (Zone X) Flooding



Mimicking Pre-Developed Hydrology



Why Detention?

ÅFlood hazards often 
due to undersized 
drainage systems

ÅPipe and channel 
improvements can 
be very expensive



Why Detention?

ÅConveyance 
improvements 
can push flooding 
downstream

ÅLegal implications 
for causing 
downstream 
impacts



Why Detention?

ÅDetention 
decreases 
flooding impacts 
continuously

ÅDetention is much 
cheaper to build 
(except for land 
costs)



2002 study: 
108 acre-feet 
for detention

POSSIBLE 
DETENTION?



108 acre-feet = ŦƛƭƭƛƴƎ ǘƘŜ ōƻǿƭ ƻƴ ¢/¦Ωǎ !Ƴƻƴ 
/ŀǊǘŜǊ {ǘŀŘƛǳƳ Χ TWICE

108 acre-ŦŜŜǘ Ґ ŦƛƭƭƛƴƎ ǘƘŜ ōƻǿƭ ƻƴ ¢/¦Ωǎ !Ƴƻƴ 
Carter Stadium Χ TWICE

108 acre-ŦŜŜǘ Ґ ŦƛƭƭƛƴƎ ǘƘŜ ōƻǿƭ ƻƴ ¢/¦Ωǎ !Ƴƻƴ 
/ŀǊǘŜǊ {ǘŀŘƛǳƳ Χ TWICE



108 ac-ft =
35 mil gal =
76 homes



Larger pipesheds likely requires several 
ponds occupying 150+ homes



115ô

90ô

PUMPS

DETENTION 

STORAGE:     

320 ACRE-FEET 

= 104 MILLION 

GALLONS

3.5 

ACRES

Deep Detention 
with Pumps
Exorbitantly 
Expensive!!!



Historic Detention

ÅHistorically, detention 
viewed as fenced-off 
drainage facility

ÅEnds up as eyesores 
and wasted land



Challenges to Detention

ÅLocation! Location! 
Location!

ÅHigh cost of land

ÅUnderground 
detention is very 
expensive

ÅDifficult to justify if 
flooding is sporadic



Neighborhood Integrity

ÅBuy-outs leaving empty lots destroy 
neighborhood integrity

ÅBecome 
an eyesore

ÅDiscourage 
investment

ÅEncourage 
crime





Multi-Use Detention

Detention areas can 
be used for aesthetics 
and water quality



Multi-Use Detention

Detention areas can be 
used for recreation and 
open space



Multi-Use Detention

Recent CFW-FWISD partner project:

Eastern Hills Detention Basin



Multi-Use Detention

Recent CFW-
FWISD 
partner 
project:

Luella 
Merrett 
Detention 
Basin



Multi-Use Detention

Neighborhood project in construction:

Bryce-HulenDetention Basin





Daylighting Streams

81


