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Philosopher- George Santaya(1863-1952) 

ά¢ƘƻǎŜ ǿƘƻ Ŏŀƴƴƻǘ ǊŜƳŜƳōŜǊ ǘƘŜ Ǉŀǎǘ ŀǊŜ ŎƻƴŘŜƳƴŜŘ ǘƻ ǊŜǇŜŀǘ ƛǘέ

άIƛǎǘƻǊȅ ƛǎ ƴƻǘƘƛƴƎ ōǳǘ ǊŜŎƻǊŘŜŘ ƳŜƳƻǊȅέ

ά¢ƘŜ ŜŀǊǘƘ Ƙŀǎ ƳǳǎƛŎ ŦƻǊ ǘƘƻǎŜ ǿƘƻ ƭƛǎǘŜƴέ

Geologist- Charles Lyell (1797-1875) 

ά¢ƘŜ ǇǊŜǎŜƴǘ ƛǎ ǘƘŜ ƪŜȅ ǘƻ ǘƘŜ Ǉŀǎǘέ

Food for Thought



Outline
ÅEarly and Pre-history of Lake Houston

ÅPost impoundment sedimentation
ÅEstablishment and progradation of a West Fork San Jacinto River delta
ÅUnderstanding deltaic  processes is predictive
ÅThe stream-mouth bar ςa sediment body at river mouth that forces 

water to back up

ÅHarvey Flood fundamentals 
ÅRecord Rain, Human Error and Predictable Geomorphic Processes

ÅOfficial responses to flood remediation
ÅMany stakeholders at local, City, County, State and Federal levels
ÅNo holistic understanding or coherent plan 

ÅCurrent status and the way forward 



USGS Topo Map
Moonshine Hill Quad
1949

West Fork San Jacinto River
Near Humble Texas

Area of Interest

Early and Pre-history 
of Lake Houston

Well developed terraces 
define floodplain



Lake Houston Dam
Å Built 1951-1953
Å Primary City of Houston 

water supply
Å Initial capacity 160k Ac/ft
Å Recognized from the 

outset that sediment fill 
must be monitored and 
periodically removed

Å Area of extensive 
flooding 

Å Harvey flooding south of 
1960 mostly affected 
lake front properties

Å Limited # of Gates / 
Capacity to lower lake

Early and Pre-history 
of Lake Houston

FEMA Inundation Map

Area of Interest



Early and Pre-history of Lake Houston

.ŀƴƪ 9ƭŜǾŀǘƛƻƴΥ нтΩ !{[
wƛǾŜǊ .ƻǘǘƻƳΥ Ϥ нлΩ !{[

Outer Terrace
9ƭŜǾŀǘƛƻƴ срΩ

Inner Terrace
9ƭŜǾŀǘƛƻƴ пнΩ



WLHPBridge

2017
Cǳƭƭ tƻƻƭ 9ƭŜǾŀǘƛƻƴ пнΦнΩ !{[

My House

птΩ ŜƭŜǾŀǘƛƻƴ
20-олΩ ǎŜŘƛƳŜƴǘ

¢ŜǊǊŀŎŜ ŜƭŜǾŀǘƛƻƴ ϤсрΩ

wƛǾŜǊ .ƻǘǘƻƳΥ Ϥ нлΩ !{[



Early and Pre-History Conclusions

ÅPre-Lake Houston the West Fork San Jacinto River had established a 
long-lived flood plain contained within  inner (lower) and outer (higher) 
terraces

ÅPost-Lake Houston, the full pool level corresponds to the inner terrace 
ŜƭŜǾŀǘƛƻƴ ƻŦ пнΦнΩ  

ÅSignificant development exists in the floodplain between the lake and 
the outer terrace set

ÅLake Houston is designed as a water supply lake and the dam has limited 
capacity to moderate water depths
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WLHPBridge

Island??

Post-Impoundment Sedimentation



WLHPBridge

Stream Mouth Bar ςLooking South

Stream Mouth Bar 

Sand bar at river mouth forces flood water to backup

What is a Delta?
Why does it matter? 

Post-Impoundment Sedimentation
Establishment and Progradation of a West Fork San Jacinto River Delta

Understanding deltaic processes is predictive



Kamal RoslanMohamed
, 2006

Roger M.Slatt, 2013

May 24, 2001 (USGS EROS Data 

Center Satellite Systems Branch as 

part of òEarth as Art IIó image 

series, NASAGeology Cafe

Mississippi Delta
Comprises multiple 
delta lobes that have 
shifted laterally and 
downdip with time

Understanding deltaic  processes is predictive



Roger M.Slatt, 2013

False-color composite of Mississippi River delta from ASTER instrument on 

NASAõs Terra satellite, May 24, 2001 (USGS EROS Data Center Satellite 

Systems Branch as part of òEarth as Art IIó image series, NASA

Understanding deltaic processes is predictive

Rising topography
Increasingly blocks flow

òThe cycle begins as a distributary channel and its 

river mouth bar prograde basinward. Eventually the 

mouth bar reaches a critical size and stops 

prograding . The stagnated mouth bar triggers a 

wave of bed aggradation that moves upstream and 

increases overbank flows and bed shear stresses on 

the levee (until)ê an avulsion occursó

Edmonds et al, 2009, Geology 

The stream-mouth bar ςa sediment body at river mouth 
that forces water to back up

Delta Environments
One primary feeder channel
Multiple distributary channels  
Mouth bars at channel mouths
Coarse sediments deposited in 
channels and mouth bars



2017

ÅA delta formed in Lake Houston 
after it was impounded  (1953).

ÅBy 1977, deltaic sediments had 
migrated to near the WLHPB 
and included a leveed channel 
(a) feeding a series of stream 
mouth bars (b) 

ÅBy 2017 the river delta (c)had 
migrated 1.6 miles downstream 
and included a large exposed 
stream mouth bar 

ÅDelta front sediments, especially 
the SMB, act as a barrier to flow 
into the lake and are a major 
contributor to flooding

West Lake Houston Pkwy Bridge

Current Stream Mouth Bar

(a) (b) 

(c) 

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river 
mouth that forces water to back up

1977

2017



Delta Front / Stream Mouth Bar ςDec 31, 1977

Delta Front / SMB 
located significantly 
up-river

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςDec 31, 1988

Eastern extent 
of exposed SMB

Extensive Delta 
Front / SMB 
development

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςJan 14, 1995

First Subaerial Exposure 
of Present Day SMBEastern extent of 

exposed SMB (Did flood 
excavate delta front?)

POST-1994 Flood

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front/Stream Mouth Bar ςDec 31, 2001

First Subaerial Exposure 
of Present Day SMB

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςJan 8, 2008

Subaerial Exposure

[ŀƪŜ [ŜǾŜƭ ппΦрΩ

High Water Event

Stream Mouth Bars

Delta Front Fine-
Grained Sediment 
Plumes

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςJan 8, 2010

Subaerial Exposure

[ŀƪŜ [ŜǾŜƭ пнΦрΩ

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςFeb 7, 2016

Subaerial Exposure

[ŀƪŜ [ŜǾŜƭ пнΦонΩ

Pre-2016 Floods

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςJan 1, 2017

Subaerial Exposure

[ŀƪŜ [ŜǾŜƭ пнΦорΩ

PRE-HARVEY -- Post 2016 Floods

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Delta Front / Stream Mouth Bar ςOctober 28,2017

Subaerial Exposure

[ŀƪŜ [ŜǾŜƭ пнΦмоΩ

POST-HARVEY

Post-Impoundment Sedimentation The stream-mouth bar - sediment body at river mouth 
that forces water to back up



Å Above-water area of the mouth bar grew from 1.8 acres in 2011 to 21.7 acres post Harvey (19.9 acres)
Å During Harvey, it grew from 14.8 to 21.7 acres (6.9 acres)
Å 6.9 / 19.9 = 35% - 35% of 767,000 yds3 (from 2011 to 2017 elevation maps) = 268,000+ yds3 added by Harvey 

Post-Impoundment Sedimentation

1
/1

/2
0

1
8

The stream-mouth bar - sediment body at river mouth 
that forces water to back up

(10/28/17)

(1/1/17)

Post - 2016 floods

Pre - 2016 floods

Post - Harvey



West Fork of the San Jacinto River and Lake Houston ElevtionProfiles
Grand Parkway to Lake Houston Dam

Implications for Flooding

Depth points in the lake are taken from Elevation maps of Lake Houston area generally along the primary relict river channel

Elevation Map 

Elevation Map 



West Fork of the San Jacinto River and Lake Houston ElevtionProfiles
Grand Parkway to Lake Houston Dam

Implications for Flooding

There is virtually no current or 
coarse sediment movement in the 
lake except during floods



West Fork of the San Jacinto River and Lake Houston ElevtionProfiles
Grand Parkway to Lake Houston Dam

Implications for Flooding

Depth points in the lake are taken from a depth map of Lake Houston (circa 2011) generally along the primary relict river channel

Sand deposition in lake 
only during floods

Post-Impoundment Sedimentation



West Fork of the San Jacinto River and Lake Houston ElevtionProfiles
Grand Parkway to Lake Houston Dam

Implications for Flooding

Depth points in the lake are taken from a depth map of Lake Houston (circa 2011) generally along the primary relict river channelDepth points in the lake are taken from a depth map of Lake Houston (circa 2011) generally along the primary relict river channel

Flood crest data points are from 
river/lake elevation gages and 
high-water mark points.

Harvey Flood Crest Elevation



Post Impoundment Sedimentation 
Implications for Flooding

Depth points in the lake are taken from a depth map of Lake Houston (circa 2011) generally along the primary relict river channelDepth points in the lake are taken from a depth map of Lake Houston (circa 2011) generally along the primary relict river channel

FEMA Inundation Map

{a. ƛǎ  άǎǘǳŎƪέ ƛƴ ǘƘƛǎ 
tight right hand bend



Post Impoundment Sedimentation Conclusions
ÅSatellite images show down-ǊƛǾŜǊ ƳƛƎǊŀǘƛƻƴ ƻŦ ǘƘŜ ²Ŝǎǘ CƻǊƪ ŘŜƭǘŀ ǘƻ ƛǘΩǎ 

current position and recent rapid growth of the SMB

Å¢ƘŜ {a. Ƙŀǎ ōŜŎƻƳŜ ǎƻ ƭŀǊƎŜ ƛƴ ƛǘΩǎ ŎǳǊǊŜƴǘ Ǉƻǎƛǘƛƻƴ ǇŀǊǘƭȅ ŘǳŜ ǘƻ ǘƘŜ фл    
ǎƻǳǘƘ ōŜƴŘ ƻŦ ǘƘŜ ƭŀƪŜ ǊŜǎǘǊƛŎǘƛƴƎ ƛǘΩǎ ŀōƛƭƛǘȅ ǘƻ ŦǳǊǘƘŜǊ ǇǊƻƎǊŀŘŜ

ÅUpper Lake Houston neighborhoods near the West Fork are now in an 
active deltaic environment subject to flooding and rapid sedimentation 

ÅDeltaic processes are well studied and predictable: The SMB acts as a 
dam, restricting flow, causing excess sedimentation upriver and creating 
a back-water effect that elevates flood crest height behind it, turning 
minor/moderate flooding into major flood events

ÅIt is inexcusable that Lake Houston stakeholders have let a predictable 
process progress to the point where major flooding repeatedly occurs 

o 
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Harvey Flood Fundamentals                          Record Rain, Human Error and Predictable Geomorphic Processes

August 26-29 -
Harvey dumped 
26-пуέ ƻŦ Ǌŀƛƴ
across Harris Co. 

August 29, 4 am, 
Water enters my house

Å мс Řŀȅǎ ŦǊƻƳ ŦƻǊƳŀǘƛƻƴ ƛƴ !ǘƭŀƴǘƛŎ ǘƻ ƛǘΩǎ ŜƴŘ ƛƴ [ƻǳƛǎƛŀƴŀ
Å Came ashore as a Category 4 Hurricane
Å Re-entered Gulf and stalled offshore Houston
Å Over 1 trillion gallons of rain fell on Harris County, Tx.



Harvey Flood Fundamentals
Record Rain

Over 16,000 homes, 3500
businesses flooded in the       
West Lake Houston area 

240K CFS

170K CFS



1

2

Peak Discharge 22,000 cfs

Natural decline in 
watershed drainage

Peak Discharge 79,000 cfs

Record Conroe 
dam release

Harvey Flood Fundamentals
Human Error

1

2

Peak Discharge 22,000 cfs

Peak Discharge 79,000 cfs

Record Conroe 
dam release

The well documented 
history of Harvey flooding 
in the San Jacinto River 
West Fork and adjacent 
drainages 

Natural decline in 
watershed drainage

(storm abating)

240K CFS

170K CFS
Cypress Creek

Spring Creek

Lake Creek

Conroe Dam release 
ramped up to peak rate 
as rainfall ended and 
water shed discharge 
began to decline

2

Huntsville1

Spring Creek

CypresCreek

USGS Gage locations 
and distance to Lake 

Houston

Conroe

Humble

San Jacinto
West Fork



2

3

4

5

1

2

Peak Discharge 22,000 cfs

Natural decline in 
watershed drainage

(storm abating)

Peak Discharge 79,000 cfs

Record Conroe 
dam release

Peak Discharge 79,000 cfs

Record Conroe 
dam release

Peak Discharge 115,000 cfs

Peak Discharge 130,000 cfs

Peak Discharge 240,000 cfs

Flattening curve steepens

Harvey Flood Fundamentals
Human Error

72,000 cfs

5

David Seitzinger, PE

50,000 cfs
80,000 cfs

11,330 cfs

84,000 cfs

168,000 cfs

240,000 cfs

Conroe Dam release 
ramped up to peak rate 
as rainfall ended and 
water shed discharge 
began to decline

USGS Gage locations 
and distance to Lake 

Houston

USGS Gage locations 
and distance to Lake 

Houston
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Huntsville1

Spring Creek

CypresCreek

USGS Gage locations 
and distance to Lake 

Houston

3

4

5

Conroe

Humble



Å 79,000 cfsConroe Dam release, peak rate (>2X 1994) 
Å ~ 90% of Harvey rain had already fallen and rainfall rate 

had slowed
Å San Jacinto West Fork flow rates were beginning to slow 

before the release
Å Peak release rate was hit at noon, August 28, 6 hours 

after Conroe lake level had already begun to fall 
Å Release rates were maintained at or near peak for 

almost 30 hours, dropping Conroe lake level by over 3 ft 
while adding large water volume to downstream areas

Harvey Flood Fundamentals
Human Error

Conroe Dam peak release ramp up 8/28/17

Water enters my house

Dam release felt at Humble gauge
79K cfsadded to 160K cfsflow

San Jacinto West Fork River gauge near Humble

оΩ ǿŀǘŜǊ ƛƴ Ƴȅ ƘƻǳǎŜ

пΩ ƭŀƪŜ ƭŜǾŜƭ ǊƛǎŜ ƻǾŜǊƴƛƎƘǘ



Harvey Flood Fundamentals
Human Error

Tuesday 8/29/17

Note rate 
reduction
before 
Conroe 
release 
arrived

Cypress Creek already cresting at time of Conroe release

Conroe Dam ramps up release 
rate, peaking at 79,141 cfs
(noon 8/28)

¢ƻǘŀƭ ǊŀƛƴŦŀƭƭ Ґ ннΦпέ

Lake
Conroe

Releaserate exceeds inflow


