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abstract 

Amphibious Landscapes 

by 

Lynn L. Fisher 

The ground in Houston is a shifting landscape of heavy clay soils, flat topography, and 
intense rainfall. When this environment is overlaid with fixed, man-made infrastructures, 
the two systems interact to exacerbate natural phenomena such as subsidence, faulting, 
and urban flooding. In response to an investigation into the relationship between 
Houston’s infrastructure, its ground, and its climate, this thesis proposes the development 
of mid-scale flood control basins. 

Retention basins in the Houston area exist at the two scalar extremes: very large, re¬ 
gional facilities, and small, scattered, individual ponds. Generally, these facilities are not 
only inaccessible when flooding occurs, but also divorced from their surroundings; they 
are not designed to be used even when dry. In contrast, the proposed basins are en¬ 
meshed with a range of programs and infrastructures, designed to simultaneously 
accommodate urban life and water, and work to create a fluctuating character and 
intensity of program and activity. 
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groundwork 



the natural landscape 

The literal ground upon which Houston is built lends little effective support to the city above. In 

most areas of the city, bedrock is more than several miles below the surface of the earth. In lieu 

of solid underpinnings, layers of clay and sand alternate for several miles below the built infra¬ 

structure of Houston. In most of the region, a section of halite (salt), thousands of feet thick, lies 

below even these layers of clay and sand. 1 

The ‘softness’ of the ground is enhanced by soil composition. The southern two-thirds of Harris 

County sits upon layers of heavy marine clays, or ‘gumbo,’ that do not absorb or release water 

easily. (They are characterized by a low permeability rate.) In this region, during summer 

periods of drought and high evaporation, the surface of the dry ground is often hard, and covered 

with deep cracks. Conversely, in the winter, when evaporation rates are lower, the ground is 

usually saturated for several months at a time. 2 

This cycle of drought and saturation is expressed in a phenomenon known as shrink-swell, in 

which the ground literally expands and compresses in accordance with its water content. Marine 

clays are extremely plastic; as they become saturated, they undergo a change in pressure due to 

water, and a corresponding increase in volume. Although these volume changes are relatively 

small, they are quite strong; the upward pressure of the soil can exceed 5 tons per square foot. 3 

In both of these extreme states (dry and saturated), Houston is particularly susceptible to flash 

floods. When the ground is cracked and hard, rain quickly runs into the cracks, but is only slowly 

absorbed by the compacted clays. The remainder pools or runs along the surface. Similarly, 

when the ground is completely saturated it is by definition unable to absorb any more water, 

leaving the entire quantity of rainfall to pool on the surface. This tendency towards flooding is 

exacerbated by the topography and weather patterns of Houston. 

Downtown Houston (City Hall) was 48 feet above sea level in 1993. The Texas coastal plain 

slopes gently in either direction; the plain rises up approximately one foot per mile from the Gulf 

of Mexico. Within the city of Houston itself, elevation varies by only about 20 feet. Because of 

the flat topography, strong gravity flow of any liquid is a problem in Houston. All urban infrastruc¬ 

tures that involve water (storm sewer, wastewater, water supply) rely upon pumping stations, 

which are distributed throughout the city to artificially lift materials, allowing them to flow ‘downhill’ 

to the next station. 
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Shrinking and swelling soils work to create a fluctuating ground plane. 
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Flat topography, heavy rains, and clay soil combine to make flooding a native Houston condition. 



Slow drainage (both into the soil, and across the surface) couples with the intense rainfall of the 

Gulf Coast to make flooding a native Houston condition. In contrast to its ‘wet’ reputation, the 

amount of rainfall that Houston receives is actually moderate; it is the concentration and intensity 

of rainfall that is extreme. Houston receives about 48 inches of rain yearly, compared with more 

than 60 inches in southeastern and northwestern cities.4 Although this averages to three or four 

inches per month, it is not unusual for Houston to record ten to twelve inches in a single tropical 

storm or hurricane. 5 The city’s clay soils can take days to absorb a rainfall of that magnitude. 

the built landscape 

When overlaid by urban infrastructure and human inhabitation, these natural conditions become 

problematic. In fact, most of Harris County is ostensibly unsuitable for development. The south¬ 

ern portion of Harris County, as mentioned before, is characterized by heavy marine clays, 

predominantly of the Lake Charles-Bernard and Midland-Beaumont associations. According to 

the 1976 Harris County Soil Survey, the wetness, corrosivity, and shrink-swell potential of these 

soil associations pose severe limitations to the construction of dwellings, commercial buildings, 

and streets. Their listed potential for urbanization is ‘low.’6 Another hazard to urban develop¬ 

ment is flooding; almost 30 percent of Harris County lies within coastal and riverine 100 year 

floodplains. 7 

Despite the ‘unsuitability’ of the land for urban uses, most of Harris County is, of course, densely 

developed. Natural phenomena thus become urban problems: shrinking and swelling soils 

damage foundations, roads, sid.ewalks and tree roots; flooding can ruin homes and vehicles. 

Urban inhabitation exacerbates these conditions, adding subsidence, faulting, and increased 

flooding to the list. 

subsidence 

Until 1991, Houston acquired more than half of its water supply from groundwater. When water 

(or oil) is removed from an aquifer, it first drains the porous sand layers. As the aquifer depletes 

and the sand dries out, water leaches from the less porous clays in a natural regulating process. 

As the clays dry out, they compress, and net ground elevations lost. This process of compres¬ 

sion is known as subsidence, and it is irreversible. Even if water is reintroduced into the aquifer, 

the clay will not re-expand. A current estimate is that for every 100 feet of groundwater draw¬ 

down, one foot of elevation is lost.8 

Between 1906 and 1987, land elevation near the Houston Ship Channel decreased by nine feet 
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Groundwater withdrawal & subsidence: When I turn on my faucet, does your house sink? 



as a result of subsidence. Nearly all of the Houston-Galveston region has subsided at least one 

foot since 1906. 9 The changes are significant enough for the USGS to regularly ‘re-level’ Hous¬ 

ton, taking new elevation measurements to update their map series. 

In coastal areas, there is a clear relationship between subsidence and increases in both the area 

affected by flooding and the depth of flooding. The former Baytown subdivision of Brownwood, 

located on a bay, is an excellent example of this phenomenon. In 1961, Hurricane Carla dam¬ 

aged more than 400 homes in Brownwood. When the Army Corps of Engineers examined the 

situation, they discovered that the subdivision had lost more than 7 feet of elevation in 25 years. 

At that point they decided that it was not economically feasible to take measures to protect or 

save Brownwood. Residents, however, stayed on, and new residents moved in. In 1972, Sena¬ 

tor Bentson sponsored a failed effort to buyout the homeowners, and to convert the land to park 

land. In 1981, when a 15 foot loss in elevation by 1995 was forecast, Brownwood decreased its 

dependence on groundwater in an attempt to slow the subsidence process. However, in 1983, 

after years of worsening flooding and repairs, Hurricane Alicia destroyed more than 300 homes. 

After the hurricane, the City of Baytown finally passed an ordinance prohibiting occupancy. 

FEMA offered another buyout, and Brownwood, a victim of subsidence, was completely aban¬ 

doned. It is now a wetland/wildlife park.10 

In response to regulation (and to crises like the abandonment of Brownwood) the City of Houston 

aims to overhaul its water supply infrastmcture in all areas of the city by 2020, such that the city 

uses no more than 20% groundwater.11 Due, in part, to this decreased reliance upon groundwa¬ 

ter, subsidence has slowed in the southeastern region of the city since 1987. In fact, most of this 

area has lost no more than six inches in the past ten years. (Given Houston’s low elevation, and 

the flatness of the Houston topography, decreases of six inches could still be considered signifi¬ 

cant.) 

For some areas of the city, this reduced groundwater dependence may come too late. Western 

Houston is one of the fastest developing residential regions of the city. Almost all of the city’s 

current surface water sources are to the east of Houston, so it is also the area that is most 

dependent upon groundwater for its water supply. The Department of Public Works is responding 

to this situation with the construction of a new network of transmission lines that will serve the 

western regions of the city. Groundwater pumping stations will be phased out, and many will be 

converted into intermediary pumping/lift stations. In the meantime, the area is continuing to 

subside at a rate of one to three feet every ten years.12 
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A 1990 study found that “continued subsidence in western Harris County will result in increased 

flood damages along primary flood control channels such as Brays, Sims, and Buffalo Bayous. 

Limiting future subsidence through groundwater regulation will reduce the level of increased 

flooding, but will not completely eliminate it.”13 As in Brownwood, the response to the problem 

may come too late. 

urban runoff 

Houston’s water supply system is not the only urban infrastructure that exacerbates flooding. 

Increases in impervious surface area associated with development (parking lots, roads, rooftops, 

etc.) also contribute to elevated flood levels. In a natural environment, approximately 30% of 

rainfall would be absorbed by the ground, while the remaining 70% would travel as runoff over 

ground to the bottom of the watershed. In situations where there is heavy development (75-100% 

impervious surface), the percentages are inverted: 5% might be absorbed, while 95% travels as 

immediate runoff. The impervious surfaces primarily affect the rate of runoff (all rainwater 

eventually reenters the watershed system), such that the river or bayou at the bottom of the 

watershed has to accommodate a more concentrated volume of storm water.16 As Houston 

continues to be developed, the volume of water that the flood control system must be able to hold 

at any given time continues to increase. 

shifty ground 

My response to this information is a reading of Houston as a city perched upon a shifting, fluctuat¬ 

ing ground plane. In fact, the ground literally does shift; the surface physically moves as the 

volume of water in the ground changes, and the plastic marine clays shrink, swell, and subside. 

The softness of Houston’s foundation is enhanced by the lack of a supportive layer of bedrock; it 

feels as if there is nothing stable below the city’s surface. 

The wet-then-dry nature of the periodically flooded surface also contributes to this ‘shifty’ reading. 

The topography of Houston changes when the city fills with water. As the program of urban 

surfaces temporarily switches from occupiable space to water detention facility, navigation 

through and usage of the city changes too. Street flooding, for example, forces residents to alter 

their knowledge of and familiarity with the road system. The surface changes physically, but it 

also effects a mental and behavior change. 

Once flood waters recede, however, the event seems to be forgotten. As with the residents of 

Brownwood, Houston homeowners who live within the 100 year flood plain seem nonplussed by 

8 
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continual flood destruction. In the fall of 1998, residents in several areas of the city had to 

salvage their homes two or three times. In a fashion similar to the way that Houston residents 

avoid (or negate) the summer heat and humidity by living in a completely air conditioned environ¬ 

ment (including downtown ‘streets’), residents also seem to live in denial of Houston’s flood 

conditions. 
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groundwork notes 

Physical Geography: Climate and Geology, p. 15. 

Environment Profile for Houston, Texas, p. I-3. 

The Citizens’ Guide to Geologic Hazards, p. 14. 

An example of the upward force exerted by swelling soils can be seen in the method by 
which swimming pools are constructed in Houston: After the basin has been poured, but 
before it has been filled with water, a change in soil pressure could easily cause the 
entire basin to be pushed out of the ground. To avoid this, small holes are drilled into the 
empty basin while plumbing is installed and connected. The holes, which relieve soil 
pressure and moisture content, are plugged only when the basin is ready to be filled. 

Public Utilities Profile for Houston, Texas, p. V-5. 

Physical Geography: Climate and Geology, p. 9. 

Soil Survey of Harris County, Texas, p. 92-93. 

Physical Geography: Climate and Geology, p. 8. 

Dr. Phil Bedient. 

To the non-hydrologist (including myself) there is at first an inherent contradiction be¬ 
tween the permanence of subsidence, and the fluctuating action of shrinking and swelling 
soils. I have been assured that there is no contradiction, and that shrink-swell is related 
to temporary pressure from water, not actual groundwater replenishment. 

Public Utilities Profile for Houston, Texas, p. 111-16. 

“Brownwood’s 23-year fight isn’t over yet,” The Houston Post, August 27,1984, p. 8A. 

Although flooding is the primary disaster associated with subsidence, loss of elevation 
due to subsidence may also cause damage to foundations and surfaces, and subsidence 
may also activate movement along faults. In a few extreme cases, property has been 
abandoned because of excessive faulting and resulting damages to foundations and 
concrete surfaces. 

Public Utilities Profile for Houston, Texas, p. III-5. 

Ibid, p. 111-16. 

Subsidence: Land-Surface Subsidence Within the Houston-Galveston Region, p. 14. 

Public Utilities Profile for Houston, Texas, p. V-6. 
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flood control 



Submerged Trailer, Salton Sea, California, 1983 
Richard Misrach, Crimes and Splendors: The Desert Cantos of Richard Misrach. 
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background 

Traditionally, flood control can be broken down into three components: conveyance, detention, 

and infiltration. In the typical modem urban environment, conveyance is concerned with moving 

stormwater as quickly as possible off-site, with the ultimate goal of discharging the water into a 

bayou, river, or bay. In Houston, the city’s network of storm sewers carry stormwater to the 

bayous, where the Army Corps of Engineers’ concrete lined, straightened channels speed the 

water downstream. 

There are a number of problems associated with unmitigated reliance upon conveyance. In the 

natural landscape, rough ground cover and soil contact slow storm runoff, allowing pollutants, 

particulates, and some of the water flow to infiltrate the ground.1 This natural mechanism 

reduces the amount of water which ultimately flows downstream, replenishes groundwater, and 

helps to maintain water quality. In maximized conveyance systems, the speed of flow of the 

water and the impervious channels through which the water flows do not allow any of the storm 

water to infiltrate the ground. As a result, downstream flooding is often dramatically increased 

with indiscriminate use of conveyance. 

Detention has the same end goal as conveyance - to move the water off-site - but it delays the 

process, holding the storm water for a period ranging from a few hours to several weeks. A 

detention facility could take many forms, but its basic iteration is a holding basin with a constricted 

outlet. In Houston, for example, urban storm sewers are sized so as to avoid overloading the 

bayous with a sudden influx of storm water. The streets, in turn, are designed to hold several 

inches of rainwater, if necessary, when the storm sewers back up. 

mtmticm 

stTXtSSf ** 

In theory, detention facilities reduce peak storm flow until after the storm event has occurred. For 

many years, hydrologists believed that detention would solve downstream flooding conditions. 

The current belief, however, is that only selectively placed detention facilities are effective. 

Randomly scattered sites might actually be detrimental flood conditions, in that they prolong the 

period of heavy flow. “When the after-development volumes from different tributaries join down¬ 

stream, there is nothing to prevent them from combining to produce inadvertently high peak rates. 
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When it floods, Houston streets act as temporary holding facilities. 
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In the lucky cases in which flood peaks are consistently reduced, the receiving streams may still 

erode, because in accommodating the great volume of runoff, relatively high erosive flows still 

pass through for longer periods.” 2 

Figure 7.1 Effect of a detention basin on a storm hydrograph. 

{Source: Bruce K. Ferguson, Introduction to Stormwater) 

The final flood control component is infiltration. Infiltration is qualitatively different from both 

conveyance and detention in that the final goal is to release the stormwater on-site, into the 

ground. (The water moves sectionally, rather than laterally.) In theory, while an infiltration facility 

will cause temporary on-site flooding, it should not have a negative impact on a watershed’s 

storm hydrograph. In fact, “urban infiltration constitutes the restoration of a site’s hydrologic 

process. It restores groundwater to the earth and balanced flow regimes to streams. In addition 

to addressing flooding and erosion.—infiltration supports groundwater recharge, stream base 

flows, water quality, aquatic life, and water supplies."3 
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Houston’s facilities 4 

Flood control is an essential part of Houston life, one in which several different agencies have a 

hand in managing. The City of Houston’s Department of Public Works is responsible for storm 
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sewers, the Harris County Flood Control District manages larger detention/infiltration facilities, 

and the Army Corps of Engineers, for the most part, undertakes the largest projects, including 

bayou management. The City of Houston also develops building codes that regulate changes to 

runoff quantity and rate. 

At present, detention facilities in Harris County occur at the two scalar extremes. Any develop¬ 

ment that will increase the impervious surface area of a site is required by the City to include 

detention measures that will temporarily store the increased runoff. (These often take the form of 

a small pond or ‘water feature.’) As a result, Houston’s storm water system includes hundreds of 

very small, randomly sited detention basins. 

At the other end of the scale are the detention/infiltration ‘ponds’ which are managed by the Flood 

Control District and the Army Corps of Engineers. The Flood Control District’s current facilities 

range in size from about 30 acres to 300 acres; the average size is approximately 100 acres. 

The Army Corps of Engineers developed and continues to maintain the two largest flood reser¬ 

voirs in the county, Addicks Reservoir and Barker Reservoir, which occupy 16,000 and 14,000 

acres, respectively.5 

In general, retention and infiltration ponds in Houston (small & large) are clearly demarcated 

areas, some off-limits to the public, with no function aside from the periodic holding of water. 

Addicks and Barker Reservoirs, which were built in the 1940’s in an attempt to mitigate flooding in 

downtown Houston, do accommodate park facilities. However, even though they do have public 

uses, when it floods, they ‘switch’ over to a flood function, and are temporarily closed to public 

recreation. The closed nature of the County’s retention/infiltration basins effectively separates 

flood control measures from the public urban life of the city. This stands in sharp contrast to the 

integrated role that flooding holds in the landscape of Houston. 

The sizes of the facilities are also problematic. The very small basins are inefficient, and their 

random locations (as discussed above) have a potentially detrimental effect on their watersheds. 

The larger facilities occupy vast tracts of bounded land that form holes, or disjunctions, in city 

neighborhoods and communities. 

a proposal 

A series of mid-scale infiltration and retention basins is needed, to work in conjuction with existing 

facilities. These basins should be integrated into their surrounding areas, and enmeshed with a 

range of programs, such that they simultaneously accommodate urban life and water. Change 

17 



picnic area 

park offices (inaccessible) 

softball field softball field 

Bear Creek Park, Addicks Reservoir The park is unusable when the reservoir is flooded 



and fluctuation become integral operational elements; as water enters and leaves the basin, 

program and activity would compress and disperse accordingly. 

Materials and building elements also begin to be important as the not-wet-not-dry landscapes are 

developed. Different surfaces, for example, suggest different programs and can tolerate varying 

degrees of wetness. Vertical elements can serve as graphic markers when the landscape is 

flooded, or begin to create a sectional hierarchy of dry spaces. 

While the basins should be located on hydrologic need, that is outside the scope of this thesis 

project. Instead, this proposal develops a ‘test’ site that aligns with an HL&P (Houston Light and 

Power) transmission tower right of way. The basins thus begin to utilize the residual space 

formed by another infrastructure. The test site also coincides with a freeway (Highway 59), a 

future City of Houston bike path, and a METRO transit center (commuter parking, HOV access, 

and bus depot), creating a dense convergence of infrastructures. 

One goal of this project is to bring flooding and its control mechanisms to the forefront of Houston 

consciousness. The strategies developed here would ideally be implemented at key locations in 

the city. On the test site, accessibility is suggested through the layering of recreational and 

transportation programs on the flood basins themselves. The coincidence of the basins with 

other infrastructures, and the concentrated grouping they form, should make each, in turn, more 

visible and prominent. Finally, in theory, the surrounding neighborhood would begin to associate 

with and connect to the site, by requiring owners of adjacent property to accommodate all of their 

own run-off on site, through their own retention and infiltration mechanisms. 



Addicks Reservoir: When the reservoir is dry, agricultural animals have free range over almost all of the 15.000 
acre area. When it’s flooded, the animals adapt, compressing themselves onto the few areas of high ground. Activity 
and program in the proposed flood control basins could fluctuate in a similar manner When the basins are dry, 
program could be dispersed throughout the site; when wet, uses and functions would overlap and condense. (In 
times of crisis, or extreme flooding, this might happen in unpredicted ways.) 
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Parking Lot and Tennis Court Overlay 
Alex MacLean, Taking Measures Across the American Landscape 

Unidentified lot, Reseda 
Edward Ruscha, Thirtyfour Parking Lots in Los Angeles 
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parking lot 

playing field 

basketball court 

skateboard surface 

playground 

hike/bike trail 

park/garden 

wetlands 

pond 
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Surfaces have inherent programs and degrees of 
wetness with which they can be associated. 
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Poles 
When lamp posts and 
other vertical poles (fence 
posts, etc.) extend above 
the plane of the flood 
water, they serve as 
markers and tracers of 
the edges, surfaces and 
programs below. 

HL&P Transmission 
Towers 
Towers act as a strong, 
linear spine for the site, 
both physically and visu¬ 
ally. They are also the 
tallest element, marking 
the site from a distance. 
There Is also a surreal 
quality to the image of a 
flooded electrical tower. 

The towers could begin to 
be integrated into the 
structural support of 
paths and other raised 
surfaces. 

Metal Grate 
Super hard, yet super 
permeable. As water fills 
a basin, it could slowly 
filter up through the grat¬ 
ing. 

Gravel/Rocks 
Gravel straddles the 
line between soft 
and hard surface. It 
could serve as a 
porous, yet firm, 
parking or walking 
surface. 

Lawn Grass 
Short domesticated grass 
(one option is 
buffazlograss). These 
areas need to stay rela¬ 
tively dry. Lawn is used 
primarily for playing 
fields. 

23 



Graphics 
Graphics suggest uses 
for surfaces, direct pat¬ 
terns of movement and 
flows of traffic, and define 
areas. (2 or 3 dimen¬ 
sional) 

Meadow 
Meadowgrasses can 
withstand standing water 
for short durations: 

Sideoats Grama 
GulfMuhly 
Little Bluestem 
tndiangrass 
Wildflowers 

Permeable Pavement 
This can be used in lieu 
of traditional concrete or 
asphalt. Permeable 
pavement uses a larger 
aggregate than regular 
concrete, leaving enough 
air holes to allow water to 
drain through the surface. 
It is usually underlaid by a 
course of large aggregate 
that serves as a collecting 
well and infiltration basin 
for the first flush of storm 
water. 

Because the pavement 
does not hold water on its 
surface, it is good for wet 
visibility. 

Sand 
Soft & dense, sand can 
be either dry/loose or wet/ 
hardpacked. Like wood 
decking, it is suggestive 
of coastal, wet land¬ 
scapes. 

Terraced Steps 
Steps are another way 
of structuring a hillside. 
Terraces act simulta¬ 
neously as vertical 
circulation paths and 
programmed surfaces. 

Meadows can remain 
unmown (-2 feet) or they 
can be mown infrequently 
(8-12 inches). 
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Tallgrass Swale 

Swales hold the ‘wettest’ 
of the grasses, which can 
withstand clay soils and 
longterm standing water: 

Indiangrass 
Big Bluestem 
Brushy Bluestem 
Switchgrass 
Sugarcane plumegrass 

These grasses can grow 
to be 2-5 feet. Their tops 
could be in plane with an 
adjacent surface, 
visuually extending it. 
Also, their height and 
mass could be used to 
discourage traffic through 
areas of unpredictable, 
fluctuating wetness. 

Concrete 

As an alternative to per¬ 
meable pavements — 
particularly when a 
smoother, slicker surface 
is needed (skateboard, 
roller skates, ?) or when 
water cannot be allowed 
to drain below a surface. 

Retaining Wall/Struc¬ 
tured Hill 
Beyond a 2:1 slope, a 
grass hill needs to be 
reinforced via netting, 
pavers, rocks, metal 
mesh, etc. These walls/ 
hills help to contain flood 
water within the site. 

(Flood walls are high, 
grassy berms that look 
like giant, hairy, green 
walls.) 

Quenu} tfifw 
White Oak. p W 

Taxodium dutuhum 

BiW Cypww, p. 219 

/fe. 

Trees & Hedges 
Including: 

Coastal Live Oak 
Bald Cypress 
White Oak 
Yaupon Holly 
Swamp Chestnut 
Oak 

Shrubs and trees 
can be used to de¬ 
fine edges, serve as 
a vertical datum line 
(you are either be¬ 
low, in, or above the 
trees), or act as 
markers when the 
ground is flooded, 
(see Poles) 

Querns virginiana 

Live Oak. p. 217 

Marsh/Pond 
Always wet 
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Grass Pavers 
Plastic or concrete 
open-cell pavers 
can be used to rein¬ 
force a grass sur¬ 
face. The plastic 
pavers are soft 
enought for use as a 
playground surface, 
but strong enough 
to support vehicular 
traffic/parking. 

‘Artificial’ Water 
Swimming pools, foun¬ 
tains, etc. can serve as 
counterparts to more 
‘natural’ wet areas, there 
is also the potential for a 
nested water-within-water 
condition during floods. 

Wood Decking 
Raised wooden platforms 
are reminiscent of coastal 
boardwalks, and familiar 
in ‘wet’ architectures, this 
could be one of the pri¬ 
mary surfaces of the bike 
path. 

Fence 
Open fencing (cyclone 
fence, etc.) works in a 
manner similar to metal 
grating: it defines a 
boundary or vertical sur¬ 
face, yet still allows water 
to pass through. Green 
vines could be grown on 
the surface of the fence, 
creating a thin, vertical, 
green plane. 
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What might be: Two possible ways in which private property owners might begin to incorporate storm water onto their 
building sites...This page: Buildings are raised above a wet, shifting landscape, and the parking lot is paved with open-celled 
pavers; water can move and infiltrate the entire site. Next page: The parking lot is designed to hold several inches of water. 
Permeable paving and a gap between the walking surface and the sidewalls of the parking lot allow water to exit the basin. 
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flood control notes 

1 Introduction to Stormwater, p. 113-114. 

2 Ibid, p. 164. 

3 Ibid, p. 191. 

4 Much of the information regarding Houston’s storm water system was gradually accumu¬ 
lated from diverse sources such as informal phone conversations, newspapers, park 
brochures, etc. 

5 Public Utilities Profile for Houston, Texas, p. L-1. 
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sitework 



HL&P transmission line 

Highway 59 

HL&P substation 

At the west end of the site, there is an 
existing METRO transit center that 
accommodates 1000 cars, and HOV 
lane, and 8 bus routes. 
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Westpark Drive 

HL&P transmission line 



The east end of the site is currently 
empty. It will be developed as a 
flood zone, and as a recreational 
facility. 

The ‘test’ site is a one-mile strip with a major site at either end (like bookends, or anchors), to be managed by the city or 
county. The west site incorporates a heavy convergence of infrastructure -- buses, commuter parking, HOV access, the 
freeway, a proposed bike lane, a power substation, transmission lines, and now, flood control. The other end is seemingly 
the converse -- an urban park, a ‘natural’ site that is surrounded by dense apartments. It will serve as both a neighborhood 
and a city-wide facility. Between the two anchors is the ‘saturation zone,’ a segment of private property and HL&P right-of- 
way where run-off will be contained on-site. 
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west site 



The west site is the locus for a convergence and concentration of infrastructures. HL&P power 
transmission, the freeway, flood control,and Metro transit intersect to create a super-charged 
infrastructure site. 
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When flooded, the west site (a Metro transit center) mantains its essential programatic functions: a 
bus station for eight separate Metro routes, parking for 1000 cars, HOV access, and retention water. 



When the same site is dry, the program expands and spills into the concrete basin. Activity 
increases, multiplies. Possibilities include after work basketball, weekend roller skating, 
skateboarding, and, during dry spells, outdoor movie projection. 
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east site 



Section I East Sit* I - Surface* 

‘Natural’ surfaces, more so than ‘built’ surfaces, have an inherent wetness capability; a pond can survive a bigger 
influx of water than a mowed soccer lawn. Likewise, tall prairie grasses are more adapted to standing water than 
meadow plants. Because water flows to the lowest point, surfaces begin to carry inherent sectional implications. 
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When the east site is dry, program is separated and dispersed 



When it’s wet, activity is pushed to high points on the site. Program overlaps and adapts. 
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appendix 



city/cell 



soil & bayous 



freeways 



HL&P transmission lines 



composite 



4001 Greeley Street, #15 



4001 Greeley Street, #15 



4001 Greeley Street, #15 



reference data 



Harris County Soils 

scale in miles 

0 1 2 3 4 5 

Legend Source: U.S. Department of Agriculture 
March 1995 

HI Lake Charles-Bernard □ Wockley-Gessner □ Segno-Hockley 

E3 Midland Beaumont El Katy-Aris ■ Nahatche-Voss-Kaman 

(^3 Clodine-Addicks-Gessner m Aldinc-Ozan   Harris County 

For generalized planning purposes only 

from Environment Profile for Houston, Texas, p. 11-15. 



Drainage features, Harris County, 1993 

Legend Source: Federal Emergency Management Agency (1990) 
  May 1994 

MUÉ Floodplain Houston city limits 

* Rain guagc (av. annual rainfall, 1970-1988) 
Harris County 

For generalized planning purposes only 

Drainage area boundary 

from Public Utilities Profile for Houston, Texas, p. V-9. 



Surface water sources in the Houston area, Houston, 1990 

ill 

Lake 1 
Livingston 

■iii 
Laket 

Coniot 

fill ’^ttke 

Houston 

V3 Galveston 

( “”>■ 

Legend 

City of Houston area 

Major waterways 

Surface water purification plant 

For generalized planning purposes only 

Source: Pate Engineers, Inc. 
  May. 1994 

  Houston city limits 

  Harris County 

^ Source of water for purification plant 

from Public Utilities Profile for Houston, Texas, p. 111-13. 



Water supply areas & facilities, Houston, 1993 

Legend Source: Dept, of Public Works A Engineering 
May 1994 

— Ground & surface 
water supply Area 

Surface water supply service area 

] Ground water only 

For generalized planning purposes only 

• Major groundwater plant ^ Proposed surface water repumping 

★ Surface water purification plant ▲ Groundwater plant (to be abandoned) 

■ Major groundwater plant/existing 
surface water repumping —   Houston city limits 

ll Major groundwater planl/proposed surface — 
water repumping 

  Harris County 

from Public Utilities Profile for Houston, Texas, p. 111-11. 



1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

[HI Groundwater | | Surface water 

Note: Data is from January through December of each year. 
Source: City of Houston, Public Works & Engineering Dept., Surface Water Transmission 
Program 

from Public Utilities Profile for Houston, Texas, p. 111-16. 



Water supply service area for 2010 and 2020f Houston, 1993 

Legend Source: Surface Water Transmission Program (Draft) 
  March 1994 

I Existing service area 

10 - year boundary 

20 - year boundary 

Fbf generalized planning purposes only 

Houston city limits 

Harris County 

from Public Utilities Profile for Houston, Texas, p. 111-7. 



LAND-SURFACE SUBSIDENCE 
Harris-Galveston District, 1978-1987 

(Subsidence in Feet) 

from Subsidence: Land-Surface Subsidence Within the Houston-Galveston Regionf p. 7. 



Harris County Flood Control District detention facilities, Harris 
County, 1994  

Legend Source: Harris County Flood Control District 
March 1994 

Detention facility 

Proposed detention facility 

Note: numbers correspond to Appendix A 

For generalized planning purposes only 

Houston city limits 

Harris County 

from Public Utilities Profile for Houston, Texas, p. V-12. 



Appendix L: Harris County Flood Control District 
Detention Facilities 

. *- # Name Acres 

V : 1 Clear Creek 79 — 
2 Sims Bayou @ Hillcroft Rd. 297 

. • • 3 Brays Bayou « 48 
' 4 White Oak Bayou 29 

White Oak Bayou #2 @ Fairbanks-N. Houston Rd. 75 
6 Cypress Creek/Little Cypress * 115 

. *7 Little Cypress @ Roberts Rd. * 139 
. 8 Dinner Creek X* 88 

9 Langham Creek @ Logenbaugh Rd. 190 

. -10 Greens Bayou @ Ella Blvd. * 131 
. 11 Brays Bayou ♦ 135 

12 Carpenters Bayou 173 

# 13. Sims Bayou @ S. Post Oak & Fuqua 121 . 
, 14 Sims Bayou #2 * 280 
- 15 Little Cypress Creek @ Kluge Rd. * 182 

16 Greens Bayou @ Tidwell Rd. * 1,529 
, 17 wWestbrae Park 27 
„ 18 Cypress Creek NW of House Hahl Rd. 80 

19 Baybrook Mall •* 46 
, > 20 Greens Bayou @ Cutten Rd. ♦ 166 

* 21 V'Grèens Bayou @ Gamers Bayou XI 1,456 
. -22 Langham Creek @ Spencer Rd. XI 14 

•23 White Oak Bayou #2 @ Tidwell Rd. __ XI 15 
. 24 ^ Addicks Reservoir 16,000 

, *25 ^Barker Reservoir 14,000 

* Proposed detention facility 

from Public Utilities Profile for Houston, Texas, p. L-1. 
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