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ABSTRACT 

The objective of this thesis is to make clear the extent and urgency of the crisis in 

the water situation for the twenty one counties in the Texas Panhandle known as the 

Llano Estacado, and to suggest ways in which all citizens can take practical and 

affordable steps to be a part of the solution to that crisis. 

The water from the Ogallala Aquifer, primary freshwater supply for this region, is 

being drawn down at a rate that far exceeds its recharge. Therefore, beginning with a 

summation of the facts, the project reviews the problems of the semi-arid region, created 

by nature and exacerbated by the actions of mankind, and looks at the choices being 

made about using the limited water supply. A discussion of the natural forces that impact 

water use explains how these same forces can be garnered to help solve the problem of 

water shortage. 

A review of historic precedents from semi-arid climates around the world gives 

suggestions for water conservation methods that can be adapted today in areas of limited 

water supply. Suggestions then are made for specific solutions citizens of the region can 

adapt to have a positive impact on problem of water shortage. 

The solutions are applied specifically to site of Habitat for Humanity in Lubbock 

as a microcosm of the problem and a case study for changes that can conserve water in 

the region. The solutions focus quite specifically on site design based on needs of the 

Habitat community, harvesting and storing rain water, recycling greywater, holding water 

on the land to be absorbed into the soil, landscaping with native plants and building with 

local materials. 
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CHAPTER I 

INTRODUCTION 

HABITAT FOR HUMANITY HOUSING 

AS A CASE STUDY FOR 

WATER CONSCIOUS DESIGN 

IN A SEMI-ARID LAND 

This study will investigate ways that architectural decisions can be made that lead 

to water conservation rather than water waste. Using the site for Habitat for Humanity in 

Lubbock, Texas, as a case study, houses and public buildings on the property will be 

sited, designed and landscaped in ways that capture the available precipitation, recycle 

the waste greywater, hold water in the soil and utilize native plants and local materials. 

This combination will result in sustainable housing at a reasonable cost with the most 

advantageous impact possible on the local environment and the lives of the people who 

live in the Habitat houses. 

The Llano Estacado area of northwestern Texas is a high steppe region in the 

Panhandle with a semi-arid climate of hot, dry summers and cold, drier winters. It has 

very limited natural surface water and depends for much of the water used by 

municipalities and agriculture on the groundwater supplies of the Ogallala Aquifer. 

Recharge of that Aquifer in this region is solely by annual precipitation, and currently 

that water supply is being drawn down much faster than it is being recharged. 

The area experiences recurrent droughts that can vary from a few years to more 

than a decade in duration. Rainfall comes infrequently, usually in spring and fall months, 

and intense storms bring more water to the ground surfaces than can be absorbed, 

resulting in stormflow and erosion. Some of the mnoff goes into playa lakes around the 

area. Although these play a part in recharging the Aquifer, most of the water in the 

playas is simply evaporated and not used effectively. Windy conditions contribute to the 

rapid evaporation and erosion. Reservoirs have been built to supplement the existing 



water supply. However, these are located many miles from the majority of the users and 

they contain limited and less than optimum quality water. 

In additional to these natural elements, agriculture and feedlots are major 

economic resources in the region and both depend heavily on underground water 

supplies. Lubbock is the largest city in the region and its population is projected to 

continue a slow growth. Without a change in the present water usage pattern, none of 

these can be maintained. MoUison states that fresh water is the final arbiter of successfiil 

settlement and sustainable agriculture. As he points out, if we withdraw water from 

groundwater storage faster than we recharge it, we are only temporary inhabitants of the 

desert (342). 

Social and political traditions also have an impact. Architectural and engineering 

decisions in Lubbock have been made to protect houses from the threat of the 100-year 

flood situation. Residential lots are graded to encourage water to flow away from 

buildings and directly into the sfreets. This unfortunately wastes sprinkler and hose water 

as well as rain. As there are no storm sewers, stormwater mnoff results in the flooding of 

major streets in every big rain with great loss of precipitation potential. Recent changes 

in architectural styles and housing demands have led to the creation of neighborhoods 

where houses, walks, parking, pools and patios combine with wide roads and paved 

alleys to cover most of the available land with impermeable surfaces, significantly 

decreasing the area that can absorb water. What yards are left are planted in water 

hungry, high maintenance grass. Political decisions and bond issues in recent years have 

been more focused on how to get rid of excess rainwater than on ways to save and use it. 

Mollison admonishes that water must be the dominant theme for designers in an 

arid landscape (342). This study seeks to identify ways that ahemative choices could be 

made by homeowners throughout the region if saving water actually were the focus of 

design decisions. In order to clearly demonstrate the result and costs of the changes 

being suggested, the site of Habitat for Humanities housing will be used as a case study. 

This is not intended as a criticism of Habitat, but rather a concrete comparison between 

the design proposal and a specific piece of property for which planning, layout and cost 

information are publicly available. 



This study will illustrate planning and preparation of a site and building design 

decisions based on strategies for water conservation that will result in the recharge of 

accessible groundwater for plants and a subsequent lessening of demand on our 

underground water supplies. It will be based on the four Permaculture aims for 

freshwater catchment (Mollison 342), to: 

1 Store harvested rainwater for cooking and washing. 
2. Divert sheetflow and wastewater from bathing and washing to gardens, 
3. Infihrate water into the soil, the best place to store water, 
4. Produce plant growth on site that reduces wind and water erosion, reduces 
temperature and provides produce and job possibilities for residents. 

The goal is to illustrate these decisions and choices can be made at all income 

levels, not simply by idealistic people with a lot of disposable income. In addition, it is 

hoped that Habitat will be a useful tool for spreading information on good water 

conservation methods. Starting in 1997, from one "green home" which was built in 

Denver to be energy efficient, an Education/communication network called Habitat's 

Environmental Initiative or "The Green Team" has been developed which travels the 

nation to educate affiliates and volunteers about sustainable, energy-efficient materials 

and constmction methods. In the same way, water saving designs might be adapted in 

Habitat sites across the nation, especially in other parts of the Southwest, and thus be 

brought to the attention of other cities and builders as well. 

In addition, this investigation will show that working in concert with nature will 

improve life for the people living on the land. Peter Buchanan says American architects 

are far behind Europeans in environmental design and must reopen themselves to a 

respect for the functioning of the natural world. He challenges us to have: 

an understanding that was once an expected part of an architect's knowledge 
and is the locus of cutting edge discovery and invention in other fields.. .to 
create an architecture consonant with rather than destmctive of the natural 
world; an architecture that supports community; an architecture that offers 
much richer sensual experience of the environment and an intensified sense 
of place; an architecture, in short, that increases the quality of life. (5) 

This project is an attempt to respond specifically to his challenge. 

It will also be an examination of ways to respond to "the 'ings' of things; sitting, 

smelling, hearing, touching, feeling, looking and waiting.. .all the things that humans do" 

as suggested by the Australian architect Glen Murcutt whose work celebrates ways to 



balance good living in the natural environment (47). Finally it will be a response to the 

notion that a house not only attends to the shelter of the bodies, but also "shelters 

daydreaming". When you have protected the spirit of the place, the house protects the 

dreamer and allows one to dream in peace (Bachelard 6). Therefore, to know the spirit, 

it is necessary to know about the place. 
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CHAPTER II 

HISTORY 

Of the Llano Estacado 

In order to find their way across of the Southem i '" CXJ/UMJ^/•wnr. 

High Plains grasslands, which had no hills, rocks or "" ' "' r 

even trees as landmarks, 16*** century Spaniards left "^ 

tall stakes in the ground and called this region of the "* "̂  

Texas Panhandle the Llano Estacado, the staked 

plains. See Fig. 1. Today the Llano Estacado area 

is a 20,294 square mile area of 21 counties with a 

water crisis, a falling water table, and a regional 

water plan which concentrates its efforts on reducing 

agricultural water demand, producing and 

transporting water. This project will encourage 

adding a focus on saving the rainwater and recycling 

gray water. Fig. 2,1, Llano Estacado counties and Yellowhouse canyon 

Of the Brazos 

The poetry in Andy Wilkinson's music resonates with love of the High Plains. He 

sings of the land of the Llano Estacado and for those who know nothing about Lubbock, he 

likes to say he lives on the banks of the river with little water but the world's most beautiful 

name - el Rio del los Brazos de Dios - the River of the Arms of God. The Brazos is the 

longest river within the boundary of the state of Texas. Although there were always months 

when no water was mnning between the river banks, there always were places where 

perpetual clear springs could be counted on to provide life-preserving water. Remains of 

ancient mammoth and bison have been found at the Lubbock Lake Site indicating 

prehistoric life around the spring's waters. Nearby, the Spaniards looking for their cities of 

gold identified the spot, calling the cliffs that glowed golden in the setting sun el canon de 



las casas amarillas, translated by the white man that followed as the Yellowhouse Canyon. 

This spring has dried up in the last twenty years, an icon of what is happening to all the 

waters here in the land of the North Fork of the Double Mountain Fork of the Brazos. 

Of Habitat for Humanity International 

On the south bank of the Brazos in Yellowhouse Canyon is Lubbock's site for 

Habitat for Humanity International, a non-profit, ecumenical housing ministry that seeks to 

provide decent housing for needy people of all backgrounds. Started in 1976 by Millard and 

Linda Fuller, and made famous by the participation of President and Mrs. Jimmy Carter, 

Habitat links volunteer labor with donations of materials and cash to give the poor a chance 

for a home of their own. The simple, adequate houses are sold to families at no profit, 

financed at no interest for the homeowners. Families in need of reasonable shelter agree to 

pay an a cost determined by the local markets, making an affordable down payment 

followed by monthly mortgage payments over a seven to thirty year period. Those mortgage 

payments help finance and build more Habitat houses. In addition, the families invest 

hundreds of hours of their own labor in "sweat equity", building their home and the houses 

of others. With donated materials and the labor of volunteers who help do the constmction 

work to rehabilitate or build the houses, the final value of the properties exceeds the cost the 

families would be able to afford. Over 100,000 homes have been provided around the 

world in these last 25 years. 

Of the Client 

Here we find our second icon, a lady who seems to typify the Habitat families in 

Lubbock where most of the first twenty houses were buiU for single mothers with children to 

raise. The story is a familiar one - the bright and ambitious high school cheerleader and the 

football hero, graduation night and the baby in March that ended the scholarship, the plans 

for college, and the dreams. A second baby arrived as the young man grew bitter in jobs 

that held no cheers or glory, and her night classes drove them further apart. Day care and 

her family's help (his family still bitter and blaming her for "trapping" the golden boy) at 

least got her a good job so there was insurance when one nostalgic night of careless romance 



produced the twins. Realizing one of his sons would be forever in a wheelchair was more 

than our hero could bear and he was gone. Now Habitat gives her hope of sanctuary, a 

home of their own, sheltered beside el Rio del los Brazos de Dios. 

The Challenge 

Wilkinson sings that love is the river that never mns dry. Architects must be part of 

that river designing in ways that reflect love of the land, the resources and the people who 

will be using their stmctures. The Habitat site will show how design decisions might have 

been made differently if the driving intention had been to save water, and it will demonstrate 

that individuals of all income levels can contribute to solutions to the water crisis across this 

area. Cost comparisons will reflect that simple, sensible, affordable changes can both 

preserve our water and enhance our lives. 

This is a cmcial juncture between the Era of plenty and waste and the Era of crisis 

and shortage of the earth's most precious commodity - water. Twentieth century America 

was blessed by an abundance of surface and ground water and a technological revolution 

that enabled access, but then required little attention be paid to care or maintenance. Water 

has been used for convenience, pleasure and profit with little thought of the eventuality of 

mnning out or mining what is left. 

Pliny Fisk HI, director of the Center for Maximum Potential Building Systems in 

Austin, has said that the first step toward a solution is to be aware of the magnitude of the 

problem. The problems of water shortage in the Panhandle region are caused by nature 

on the one hand, and exacerbated by mankind on the other. Therefore, this study will 

examine the specifics of both kinds of problems. After a review of solutions from 

historic and contemporary sources, which have been successful in dealing with water 

shortages, the investigation will then consider specific solutions to use on the Habitat site. 

Finally, an analysis will be done contrasting the expenses of the project with a 

dollar-to-dollar cost comparison between the existing project and the proposed water 

conscious design. In addition, there will be consideration of the actual costs differences 

over the life of the project, from manufacture to fransportation to constmction to cost 

effectiveness during usage. 
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CHAPTER III 

PROBLEMS OF THE REGION 

3.1 Natural Causes 

Climate 

The Llano Estacado is an arid to semi-arid region with a dry steppe climate 

associated with extensive plains, a relatively flat, low-relief area without native trees. 

Located at approximately 33° north latitude, this Southem High Plains region gradually 

slopes from northwest to southeast reaching an elevation of about 3300 ft. around Lubbock. 

Water underground flows almost imperceptibly in the same direction toward the Gulf of 

Mexico. It has abundant sunshine, and is frost free for approximately 211 days a year. 

Normally, there is low humidity. 

Aquifer 

All living things are composed in great part of water and are dependent on it for 

life. Most of the earth's surface is covered with water, but only about 3% of this is fresh 

water. The most visible water sources are streams, rivers, lakes and reservoirs, but 

groundwater comprises more than 97% of all the fresh water on earth. Nature has a 

marvelous process for recycling water that has enabled the planet to maintain 

approximately the same amount of fresh water from its creation to the present, but 

mankind, machinery and buildings are contaminating much of this. 

Groundwater resources are stored in different ways. Unlike aquifers 

which hold large quantities of water in limestone caverns and can be rapidly replenished, 

the limited natural fresh groundwater resources on the South Plains are held in the clay, 

sand and gravel of the Ogallala Aquifer. This extends beneath one of the world's major 

agricultural areas, including the lands of eight states from Texas and New Mexico 

northward to South Dakota. In the Panhandle of Texas, unevenly eroded layers of 

impermeable Triassic clays form a bedrock bottom for the aquifer, which consequently 
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has varying depths of storage capacity throughout the region (See Fig. 3.1). Above this, 

there is limestone in places, playing an 

i DEPTH TO WATER^ ! 

'' HASt or Aaui)^f^^H| 
( BEDMOCK ! ^ 

• — _ LAND SURFACE 

WATER LEVEL 

important role in transmitting water. 

Near the top and also within the 

formation, sediments have been 

cemented by calcium carbonates into 

beds of caliche that resist erosion and 

form a "Caprock", an impediment 

'"'"'"' to recharge (USGS). 
Fig 3.1. Ogallala formation ' 

Ground water accounts for ninety six percent of the water resources in the 

Panhandle Regional Water Planning Area with surface water making up the remaining 

four percent. About 90% of that ground water is pumped from the Ogallala (HPUWCD, 

JAN 2001). Irrigation accounts for 89% of the water used in the region. Lubbock draws 

part of its underground water supply from sources principally in Bailey County and soon 

will add a well field in Roberts County. At the Habitat site, the saturated layer of the 

aquifer is approximately 105' thick and the water table lies about 35' below the surface 

of the ground (HPUWC maps). 

Groundwater is usually of higher quality than surface water because pollutants 

readily can enter lakes and streams through mnoff, agricultural chemicals and industrial 

dumping. Highly dissolved mineral salts and limestone-based geology can effect the 

hardness of the groundwater, but usually these are not problematic to or dangerous for the 

population. However, the Texas Water Development Board says captured rainwater, as a 

mle, is much higher quality than either surface or groundwater. 

Precipitation 

The only naturally occurring/renewable source of recharge for groundwater sources 

of the aquifer is precipitation. Rainfall in this region is problematic both in terms of quantity 

and of timing. According to the U.S. Geological Survey in 2000, this area receives an 

annual average of 18.4 " of rainfall, potentially 20 million acre feet of water over the region. 

In layman's terms, that is over six and a half trillion gallons of water annually! 

12 



(LERWPGWP Table 3-1, 33.5) Some of the water is stored on the surface in 20,000 or so 

playa lakes, which potentially fill after a rain (See Fig. 3.2). Even following a storm, 

however, 95% of the moisture evaporates, with only V-i' recharging back into the Ogallala 

annually (USGS). A few of the playas are perennial, containing water continuously during 

the year, but most of the playa lakes are ephemeral and dry other than immediately after a 

rain. Efforts to increase aquifer recharge through the playa lakes were made by the Water 

Resources Center at Texas 

Tech in the 1980s, but were 

discontinued for fear of 

introducing impurities into 

the Aquifer. As there may be 

some recharge possible into 

the aquifer via the playa lake 

across Erskine Road, great 

care should be taken that soil 

erosion and any chemicals 

from the Habitat site be 

monitored carefial so nothing 

washes down hill into the 

playa. 

Fig. 3. Aerial photograph of playa lakes after a spring rain north of 
Lubbock, Texas. Diagonal highway is a four-lane interstate for scale 
{courtesy of the High Plains Underground Water District #1). 

Fig. 3,2, Playa lakes after a rainfall ̂  

As a mle, the precipitation in the 

region does not fall evenly throughout the 

year, but rather comes in late spring and early 

fall with months of dry weather in between. 

(See Fig. 3.3). This problem of regime is 

exacerbated during periods of prolonged 

drought. The area suffers both from too little 

rain and too much as the precipitation, which does Fig 3.3. Monthly rainfall in Lubbock area ^ 

come often falls in brief intense storms, and the high intensity of rain falling on the dry bare 

soil means greater likelihood of mn off and erosion. 

Jan, Feb. Mar, Apr. May June July Aug. Sept. Gel. Nov. Dec. 

MONTH 
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Soil and erosion 

The soil in this part of Lubbock is predominately the Acuff Urban land complex 3 

variety. Excellent for growing crops, it is well drained and has a high natural fertility. It 

is moderately permeable and its available water capacity is high, so it is ideal for grasses, 

trees and shmbs as well as flowers and vegetables. The 12" topsoil level of sandy clay 

loam cmmbles easily and has a neutral pH. Dovm to 38", it is much the same except 

mildly to moderately alkaline. Below that calcium carbonate is interspersed with the 

clay. It is favorable for terracing and grassed waterways to hold water on the land for 

retention and absorption (Lubbock County Soil Survey, Table 9,11,12. 14 and 15 in 

appendix). 

A small portion of the site on the north east side has deep Estacado soil, similar to 

Acuff but noted for having good tihh, a soil condition related to plants and associated 

with high noncapillary porosity and stable stmcture. The 900' x 925' Habitat site is 

geologically very flat and both these soils are typified by a slope of 0 - 2% from 

northwest to southeast. Only in the extreme northeast comer of the site is there a drop 

of about 20' at a steeper slope where shallow soils and the moderate hazards of water and 

wind erosion make planting more difficult and restrict the site to buildings. 

According to Dr. Ernest Fish in the Range and Wildlife Department at Texas 

Tech, it takes 400 years to make 1" of topsoil. Soil erosion occurs when soil particles are 

broken down, dislodged and transported. Altemating wet and dry periods, freeze and 

thaw cycles, and trampling the soil especially by hoofed animals all contribute to 

reducing soil to small particles which can then be washed or blown away easily. Any use 

of drylands that reduces vegetation cover tends to accelerate erosion. Row crops such as 

com, which leave the soil bare part of the year, can have erosion levels of 111.7 tons per 

acre per year. 

Wind and Tornados 

Wind 

Both water and wind provide the energy for erosion. "The erosive power of the 

wind, like water, increases exponentially with velocity so the length of unobstmcted 
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DflBtnictlve Winds 

SNKING COLO AfR 

terrain over which it blows is important in allowing wind to gain momentum and increase 

power." (Brooks 142-3.) Lubbock's prevailing winds are from the southwest from 

November to April and are southerly from May to October. In winter, cold fronts from 

Canada cause sharp temperature drops and strong north winds, but these rarely last more 

than 48 hours. March and April are the windiest months with strong southwesterly to 

northwesterly winds blowing dust. Thunderstorms increase in spring and peak in May 

and June, the wettest months. 

Tornados 

Tornados associated with thunderstorms are another natural phenomenon that 

threatens the area. Spring is tornado season. One theory holds that cold air at high ahitudes 

drops down as warm air rises in a spiral motion, originating 

the vortex of the storm. This combination of a downward 

spiraling central vortex and an upward moving exterior 

vortex moving concentrically causes the tornado fiinnel to 

descend destmctively from the thunderstorm mother cloud, 

hit the earth and rise up again (Melaragno 79). Lubbock 

and the Yellowhouse Canyon have been hit by tornados in 

the past and this issue must be addressed when building 

Habitat houses in this location. Destmction comes from Fig, 3,4 Wind vortex diagram" 

winds, pressure changes and flying objects. 

Winds have reached up to 300 MPH in intensely devastating storms according to 

some experts. The storms usually move in a path that curves from southwest to northeast, 

but they vary in both magnitude and direction from instant to instant and consequently are 

hard to predict. Because the tomados spiral in a counterclockwise rotation, the damage is 

most severe on the right side of the path. Foundations reacting against it counter severe 

wind force against walls. Melaragno suggests that this can cause a horizontal moment in 

buildings. In Lubbock where soils have low strength, shear strength and bearing capacity 

decrease as the rate of loading increases. Foundations must be designed to provide twice the 

required minimum reaction to resist the pressure to torque. The path of destmction can be 

RISING WARM AIR 
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over 100 miles long (the longest recorded was 293 miles) and the 1970 tornado path in 

Lubbock was 2 miles wide. 

The second problem, that of pressure changes, occurs inversely proportional to ^mnd 

velocity. Near the vortex, there is almost a vacuum condition. Pressure must be considered 

to make sure the appropriate volume of air escapes from the buildings as pressure outside 

drops or the building will be pulled apart. Vents must be sized so the pressure difference 

between inside and outside the building is balanced. Melaragno says it is also possible that 

the load might become dynamic if the time interval in which the pressure drops is equal to 

the period of vibration of the stmcture (117). 

Finally, objects driven by tornado vvdnds do a great deal of destmction if they 

penetrate solid materials. Lightweight things become part of the vortex and reach the 

velocity of the winds themselves. Heavy things roll or bounce. Boards, nails and metal 

sheets are extremely deadly and dangerous. Lumber, signs, fences, streetlights and even 

vehicles have been throwoi into buildings and done great damage. 

Vegetation 

Scattered honey locusts and cedar trees are the only vegetation on the Habitat site 

today. The fast growing honey locust is drought and heat tolerant and is cold hardy. A 

deciduous tree with small leaves and large bean pods, it provides only moderate shade and 

causes considerable litter including thoms up to 12" long on some varieties. Once 

established, it grows 30' to 70' tall and requires littie maintenance. 

The cedar is a conical shaped evergreen that can be 20' to 50' tall. The narrow trees 

are not good shade trees and have been distorted by the prevailing winds. The males produce 

mildly allergenic pollen in winter. Not a native tree, they are moderately drought tolerant 

and will tolerate heat and cold. With deep roots that can reach down into the water supply, 

they use and transpire a great deal of water, up to 250 gallons per tree per day, which 

contributes to the lowering of the local water table. Only the lots on the Erskine Road side 

of the site retain the native grass covering which is evident on the opposite side of the 

canyon. These grasses hold the soil intact and lessen erosion. Small shmbs might be 

deciduous Acacia or evergreen Pistache, native plants that do well in dry alkaline soils. 
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Wildlife 

Wildlife habitats are vutually all on private farms and ranches in the area. Quail and 

dove, deer and turkey are abundant along the breaks of the Caprock. Pheasants are an 

important game bird but their numbers fluctuate annually. Playa basins and water tanks, 

including those inside the city limits, host as many as 2 million waterfowl. Up to 400,000 

Sandhill cranes winter over or use the playas as rest stops during their annual migrations. 

The Texas Parks and Wildlife Department lists 25 species as endangered or rare including 

the Texas Homed Lizard and the American Peregrine Falcon. 

Prairie dogs, which used to abound, have gradually disappeared. There is an old 

Navajo warning, "If you kill off the prairie dogs, there will be no one to cry for rain". There 

are two ways of getting water recharged into the aquifer - slow interstitial flow through the 

individual grains of soil or movement of water more quickly through macropores created by 

cracks, root tubes from plants and animal burrows. See Fig. 3.5. Is it possible that the 

reduction in the prairie dog population has had 

an impact on the recharge of the aquifer In 

Arizona in an area where burrowing animals 

were exterminated in the 1950s to protect the 

roots of sparse desert grass, there is now a 

virtual wasteland, whereas the Page ranch, a 

dryland rehabilitation exhibit of University of 

Arizona, has prairie dogs and now has a thriving 

patch of permanent Bunch grasses. 

•. pislhs btJiv.'?-^-

i-..̂ ;iiP3red icr.^ ^tovelhtj tigui 

Fig 3,5. USGS diagram of flow paths" 
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CHAPTER III 

PROBLEMS OF THE REGION 

3,2 Man Made Problems 

With this variety of natural problems, one would expect that mankind would be 

extremely carefiil in the way he uses the land of the Caprock region. But instead we find 

people demanding far more from nature than can be sustained. We have become over-

dependent on groundwater supplies. The huge demands for water to support irrigated 

agriculture and feed lots as well as providing for the increasing population in the area 

have resulted in pumpage that greatly exceeds recharge. Or as Wilkinson sings; 

It started with windmills... then it was engines. 
At the flick of the switch, spewing water through ditches. 
Popping the cork on the Sandstone Champagne, 
we were quick to forget the toil and the pain. 
Everything's fed and sustained 
by a pull on the bottle of Sandstone Champagne. 
Three bales to an acre and four if it rains. 
We are all getting dmnk on Sandstone Champagne. 
Just keep drilling deeper; no one will complain 
till the cellar is empty of Sandstone Champagne. (Wilkinson) 

Economic Factors 

Demands by agriculture and livestock 

The region's economy is based on agriculture and livestock production. Cotton is 

the leading crop ($871 million annually) with com, grain sorghum, soybeans and peanuts 

also valuable crops. The Panhandle produces about 60% of the state's cotton and 75% of 

its peanuts. Agriculture has a total business effect in the Llano region of about $3.44 

billion. Much work has been done by the Llano Estacado Regional Water Planning 

Group to make significant improvements in irrigation application methods. This 

increased efficiency plus a reduction in government support programs for farming have 

led them to project a 30% reduction in demand for irrigation water in 2050 from the 1990 
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use of 3,657,740 ac. ft. Stefan Schuster of the Texas Water Development Board 

suggested a way to visualize three million acre feet of water. Picture an area the size of a 

football field with water I'deep. To make the equivalent of one year's water use in the 

Panhandle, you would need to stack those fields 650 miles high! 

Forty nine percent of the cattle feedlots in the state are located in the Llano 

region. Feedlots have increased their capacity to over six million head of cattle, with an 

economic effect of over $6.27 billion annually (LERWPC 8-9). Unlike the agricultural 

figures, projections are for livestock water demands to more than double in that same 

time period, from 34,492 ac-ft to 73,729 ac-ft (11). That is an increase from 11 billion 

gallons to over 24 billion gallons. 

Choice of crops 

The crops farmers decide to plant also have a tremendous effect on the climate 

and loss of productive topsoil through erosion. Row crops like cotton which leave soil 

without vegetative cover for part of the year are most devastating. Adequate ground 

cover year round is more protective and less erosive. For example, oak woodlands and 

Bermuda grass sod in Texas produce .01 tons per acre per year of soil erosion compared 

to 61 tons per acre per year for cotton. Timing also has an effect. Breaking dovra soil 

particles by plowing makes the soil surface rough and open to the absorption of more 

water at the very time of greatest spring rainfall potential, but it also takes place during 

the months of highest wind velocity when bare soil is most vulnerable to erosion. How 

much loss can actually be sustained and for how many more years? 

Effect on the water table 

Texas aquifers supply 56% of the fresh water used in the state. Eighty percent of 

the groundwater available is already being used, and the population of the state is 

predicted to double by 2052. Despite little rainfall and limited recharge, the Texas Water 

Development Board (TWDB) says that 37% of the total irrigation water used in Texas is 

used for irrigation in the Llano Estacado region. (LERWPGWP 11). About 57% of the 

land in the region is cropland and roughly a third of this is irrigated. Some 80,000 wells 

draw fresh water from the Ogallala. As reflected in the freshwater creek in the 
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Yellowhouse Canyon, the water table has fallen precipitously in Lubbock since drilling 

began in earnest in the 1930s. Water levels in the active ground water system here have 

fallen so that wells must be dug much deeper at greater expense to reach the water table. 

See Fig. 8. This graph shows the ground water decline in a Lubbock well which used to 

hit water about 25 feet underground 

and now does not reach water until 255 

feet below the surface. Projections are 

that groundwater storage will continue 

to drop from 120 million ac-ft in 2000 

to only 62 million ac-ft in 2050. Our 

cellar of sandstone champagne is 

precipitously close to dry. 
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Fig. 3.6. Ground-water level, 1936-1996. * 

Political factors 

In November 2000, Senator Buster Brovm was the invited speaker for the Holden 

Lecture Series on Water and Life at Texas Tech University. He was introduced as the 

author of the Brown Lewis Water Management Plan, the founder and Chairman of the 

Texas Water Foundation and the Senate National Resources Conservation Commission 

Chairman. In 1997, the 75th Texas Legislature enacted his Senate Bill 1, creating 

regional water planning for specified regions in Texas. It also mandated that regulatory 

and financing decisions of the Texas Natural Resource Conservation Commission 

(TNRCC) and the Texas Water Development Board (TWDB) be in accord with these 

regional plans. 

He began by discussing water shortage, drought and its causes. He suggested that 

drought is a normal condition in this climate. He said the 1996-98 drought brought $4 

billion losses to the state, and that we should formulate plans similar recurrances rather 

than simply responding to it after the fact. In urging that our perspectives on water must 

change, he quoted Jim Norwin of Texas A & M stating that water shortage is the most 

singular challenge for Texas to face since European settlement. He indicated that the 
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change in perception has begun as evidenced in recent Script Howard polls in the Dallas 

Morning News and the Austin American Statesman showing 91% of those interviewed 

cited water as the most important issue facing the state. A recent Tech survey showed the 

same. A few years ago on a similar poll, water was not even listed among the top 

problems of the state. 

He then discussed Senate Bill 1, which created statewide water management. He 

described water-marketing features of the bill and its intention to make possible inner 

basin transfers of water from one river to another. He said moving water could include 

ground water or surface water. Surface water rights are transferable and the law says that 

rights to surface water are based on seniority in the basin: "the first in time is the first in 

right." The first person to get to the property has first right to the water. In ground water, 

property rights mle: "if I can pump it, it is mine." In light of this, the bill was amended 

in the House to say that if water was moved out of a basin, the right to it became junior to 

all other water rights. This effectively devalued the right and led to an unwillingness to 

buy surface water. This in turn created an increased demand on ground water, a much 

less renewable resource. Brown plans to introduce Senate Bill 2 in the next session to 

remove barriers that inhibit movement of water and hopes to be able to use both sources 

conjunctively. 

He urged that water and wastewater facilities be upgraded and repaired quickly to 

get the infrastmcture in place to move water around the state. Although he indicated that 

80% of our water resources have already been developed, he said that the population in 

Texas is predicted to double in 30 years, and he acknowledged that by 2010 we would 

have a deficiency of water in our urban areas. 

Unfortunately, in his hour-long presentation, he did not mention once water 

conservation, rainwater harvesting or the recycling of gray water or effluent sewage. 

When asked about conservation and reuse at the end of the presentation, the Senator 

responded that both were necessary and that the public needed to be educated about these 

issues. 

Ironically, the Lubbock Avalanche Journal reported simultaneous stories on 

December 14, 2000, the first regarding the State approving $400,000 in loans to South 

Plains landowners trying to conserve water through use of high efficiency equipment and 
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and the second concerning T. Boone Pickens seeking approval to buy landowners water 

rights to enable him to transport water from the Ogallala to other parts of the state. The 

Amarillo oilman, whose corporation Mesa Water presently accesses 150,000 acres and 

plans to expand, bases his project on current Texas water laws, which presume that all 

groundwater is percolating groundwater and that the owner of the land is absolute owner 

of the water below it. At a meeting in Amarillo on November 18, 2000, where this 

proposed project and Senate Bill 1 were discussed, Representative David Swinford 

voiced his concern that Mr. Pickens' water rights could allow him to pump water from 

the aquifer 365 days a year as compared to 110 days pumped by local irrigators. Pickens 

said that his goal was to sell 200,000 ac-ft annually (65,165,760,000 gallons a year) from 

the Ogallala to other parts of Texas. Pickens stated, "I have got to sell my water or else 

it will be drained (by other water rights holders in 

the region)" (HPUWD). The regions south of Mr. 

Zf; Pickens must be alerted that "his" water, like all 

the water in the Ogallala, flows very slowly from 

the northwest to the southeast, and in essence he 

is proposing to drain water that would have been 

flowing into Lubbock's water table to sell to 

Lubbock and other cities in the state. As Mark 

Twain was quoted, "Whiskey is for drinking and 

water is for fighting over." 
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Fig, 3,7 OgaUala far exceeds other aquifers' pumpage. 

Social Factors 

Water demands of a grovying population 

Usage 

The Llano is a young region in the history of this country and the population has 

grown tremendously in the past centtiry from only 11 thousand in 1900 to 447,781 in 

1998. Projections are that by 2050 there will be 586,156 people residing here, with 

nearly 80% living in the Brazos River Basin. Municipal water demand is projected to 

increase by 13.4% (LERWPG 10). Although much of the human body is water, we only 
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need about 3 gallons per person a day for drinking and cooking. Water for hygiene from 

bathtubs, showers, and sinks averages 21 gallons per person per day and for clothes and 

dish washing another 14 gallons (Stein 477). These figures are modest when you realize 

typical top loading washing machine guzzles 50 gallons per wash load and one long 

shower can use 75 gallons (RC 5). The typical U.S. household flushes away 32 gallons 

of drinkable water each day per person from the house! Although most national charts 

list the average daily usage for a single family dwelling at 50-75 gallons per day per 

capita, Lubbock's Water Board anticipates that the average household in the city will use 

175 gallons of water daily per person! Much of this excessive water use is for 

landscaping, evidenced by the fact that water demands increase significantly in summer 

months. 

Presently 80% of Lubbock's water is dravra from Lake Meredith north of 

Amarillo. Lake Allen Henry south of Post may be an additional water source. Water 

from these reservoirs travels as much as 160 miles to holding tanks where chlorine and 

other chemicals such as aluminum sulfate are added. It is cleaned through sedimentation 

and filtration processes. In 1996, over 11 billion gallons of water was supplied to 

Lubbock and surrounding communities by the Lubbock plant (City of Lubbock 

11/29/00). Wastewater is separated into solid and liquid components. The solid portion 

is presently disposed of in landfills. The liquid is treated and used for agricultural 

irrigation at two city land application sites and for industry. 

Impermeable surfaces 

Roads and housing, commercial buildings and parking areas cover the land. 

Impermeable surfaces cover an increasing percentage of our cities and less and less land 

inside the city limits is left with green spaces available to absorb rain water. This leads to 

severe problems with mn off when rains fall at greater intensity and duration than can be 

absorbed by the available soil. Fountains and pools add surfaces for increased 

evaporation without allowing absorption to take place. 
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Heat producing materials and machinery 

Although pavement and rooftops do not absorb water, their dark colored surfaces 

do absorb heat. Air above paving is much hotter than air above shaded or vegetation 

covered surfaces. Warmed by the sun's radiation, heat from buildings and pavements 

raises the temperature of the adjacent soil and overheats it. Heat absorbed from unshaded 

streets, sidewalks and parking areas raises the air temperature. This mass also stores heat 

during the day so it remains hot well into the evening. Corbett quotes a study at the 

University of California that demonstrated that ambient temperatures are as much as ten 

degrees cooler in neighborhoods where streets are well shaded (161). Car exhausts, air 

conditioning equipment, and other mechanical systems also contribute to the heat. 

Problems and needs unique to the Habitat community 

Habitat is a community predominately composed of single working mothers with 

several children to raise alone. These are people stmggling to manage their jobs and pay 

for their homes plus cover the costs of maintenance and necessary repairs. Jobs on site 

could be created that would benefit the community. With little free time or disposable 

income, they need lower power bills and ease of upkeep. 

In addition, they donate their time to work on building the houses of their 

neighbors, as they had worked on the constmction of their own home. Cooperative living 

is a natural outgrowth of these endeavors and the community should be designed in a way 

that sustains this neighborly involvement and support. Increased green spaces where 

children safely play among the houses and gathering places for neighborhood activities 

encourage this closeness. It needs the sustenance and encouragement from community 

connections for after-school supervision for the youngsters and close social relationships 

right in the neighborhood. 

Safety is a major issue, and the young children need supervision and well 

designed places to play under the watchfijl eye of aduhs who know them. Roadways 

should encourage driving slowly, with parking off the road to lessen the danger. Walking 

trails in green parkways would encourage moving through the neighborhood safely. 

After school activities and supervised study places should be provided for "latch key 

kids" with working moms. 
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CHAPTER IV 

SOLUTIONS 

4.1. Understanding the Natural Forces 

According to Wilson, architecture of any age is an expression of people doing the 

best they can to solve the problems of their time with the tools they have at hand (1). 

Mollison's Permaculture principles for making design decisions are in accord with this 

and give us suggestions for how to accomplish it: 

1. Work with nature rather than against it. 
2. The problem is the solution. Everything is a positive resource; it is up to us to 

work out how we may use it. 
3. Make the least possible change for the greatest possible effect. 
4. The yield of a system is theoretically unlimited, (i.e., one man's or system's 

trash is another's treasure) (15). 

Are we doing the best we can with the wealth of old and new materials, information and 

technology we have at hand? 

Sun and the Law of Thermodynamics 

To put the forces of nature to work, we must understand the dynamics involved. 

Energy comes from the power of the sun. If we capture the sun's warmth in winter and 

harness cooling breezes in summer, we have found two ways to use the sun's energy that 

help us depend less on expensive and destmctive mechanical means to heat and cool 

homes. If our buildings are designed to catch, store and recycle water, we avoid the 

wastefiil energy when suffering a drought and having to import water, pumping it back to 

the site from another place. We can use the wind for our benefit and reduce the harmfiil 

effects of it by looking carefiiUy at the effects of the vegetation we have available. 

Within that framework, let us look at some laws of physics for natural solutions to 

problems on the Llano. The basic law of thermodynamics as Mollison quotes Watt is that 

all energy entering an ... ecosystem can be accounted for as energy 
which is stored or leaves. Energy can be transformed from one form 
to another, but it cannot disappear or be destroyed or created (13). 
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It can be wasted, however, if it is unavailable for work or is not usefiil to the system. So 

the question becomes how to best use energy before it passes from the site and the 

system. 

Energy comes to earth from our sun, so we must understand the implications of 

the earth's revolutions around it. The sun's position and power change with the seasons 

in respect to our planet. Because the earth orbits around the sun in an elliptical rather 

than circular path, the heat is greater in summer when 
N 

we are closer to the sun and less strong in winter when 

we are the farthest distance away. The earth also tilts 

on its axis, so in the northern hemisphere sun is high in 

the summer sky and low in the southem sky in winter. 

Here at 33° north latitude, the sun rises and sets about 
29 ° north of a line mnning due east and west Fig. 4.1. Sunnse and sunset changes wtththe seasons 

in the summer, and about 29° south of that in the 

winter (Stein 1496). 

When the sun shines on them, buildings, like plants and our bodies, experience 

heat loss and gain through their outside envelope and are cooled by incoming fresh air. 

This heat transfer happens by radiation, convection, and conduction. 

Radiant heat (3) moves in all directions, spreading out in rays from a warm 

center. Radiation then is the process by which a small percent of the sun's vast energy 

heats the earth where it falls on it. Heat flows in electromagnetic waves from hotter 

surfaces to detached cooler ones through any transparent 

medium such as air (Stein 116). Whether in materials, surfaces 

of the ground or plant forms, dark colors absorb the heat and 

light colors reflect it (See Fig. 4.2). 

Convection (2) is heat transfer by circulation or 

movement of the heated parts of a liquid or gas such as air, wind, 

or water. Molecules of cool air absorb heat from a warm 

surface, rise and carry it away. We are aware of this when we climb ladder to change a 

light bulb and find the room is warmer near the ceiling. As it cools, air falls down the 

cooler side of the wall, giving up heat to the outside surface. 

! 

An air apace in a wa M 

Fig, 4,2, Heat transfer by 

(3) radiation and (2) convection' 
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Any solid material 
wall, floor or root 

Heat travels by conduction (1) through contact, ff two 

bodies are touching, heat travels from the warmer to the cooler 

surface. A tile floor in a bathroom feels cold to our feet as the 

warmth from the body is transferred to the cooler tile. Molecules 

from hot building surfaces transfer to cooler solids in contact 

Fig, 4,3, Transfer by conduction, ^ with the building like earth or water. Heat always moves from 

warmer surfaces to colder ones (See Fig. 4.3). 

Water, brick and stone have high specific heat, and so they are good heat 

storages. Insulation helps trap such heat. Air has low specific heat, as do wood, cork, 

sawdust and cotton fibers, which do not transfer heat readily, and, therefore, these are all 

good insulators. 

How do we can utilize this information for our benefit? In our temperate climate, 

we must consider both heating and cooling. In cold weather, we want to welcome the sun 

and maximize heat gain, providing as much heat storage and protection against heat loss 

as we can. In warm weather, we want to avoid overheating and minimize heat gains 

while we utilize ventilation and natural cooling techniques. This is not as impossible a 

task as it sounds at first because of the changes in the sun's position in the changing 

seasons. 

During the months we require heating, the winter sun is low in the southem sky. 

By using of windows in the south walls, the warming sun is invited inside the house (Fig. 

4.4). ff it shines on a dark, absorbent flooring material, its heat will be stored for a time. 

As the air in the house passes over the warm floors, its molecules will absorb heat and 

Fig. 4.4. Solar collection" 

Fig 4.5. Convection heating 

rise by convection, warming the rooms (Fig. 4.5). When that warm air comes in contact 

with cold windows, walls or earth, it will lose its heat, so insulating the shell of the rooms 
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is essential to prevent this loss (Fig. 4.6). Planting evergreen trees on 

the north side of the house or in sheher breaks also will help buffer the 

house from heat loss due to cold winter winds. 

Fig. 4,6, Insulation 

We also can organize the rooms of our buildings according to 

heating and cooling needs. The rooms that are most occupied and need 

the most continuous heating belong on the south side in the sun, while 

service space like baths, halls and storage could be located on the north 

as a buffer zone (Cofaigh 55). (See Fig. 4.7.) Sun spaces need to be 

controlled by good doors and windows to be opened so warmth collected 

during the daytime can be used to heat the house, but closed and sealed 

off once the sun has gone down. This can also be accomplished by 

using curtains or other means to keep the cold glass from letting all the 

daytime heat get away at night. 

. UAXIUISC HEAT COLLECTION 

MIHIMiSE HEAT LOSS 

! LOCATE f^OOMS 
i FOB HEATING OR COOLING 

Fig, 4,7, Strategies* 

On the other hand, in summer the sun is much higher in the sky and sweeps a 

broader angle from sunrise to sunset. Using external shading devices and light shelves to 

keep the sun's direct rays out of a building keeps out unwanted heat 

without preventing light from entering (Fig, 4,8). Avoiding 

windows altogether on the west wall and planting deciduous trees Q-

and vines on the south and southwest for shading compliments 

this strategy. Fig. 4.8. shade and Ught shelf '' 

Hot air will rise inside the house and, if it is encouraged to go out through upper 

windows (Fig. 4.9) or the roof (Fig. 4.10), cooler air can be drawn in to replace it. ff this 

Fig. 4.9 Ventilation " Fig. 4.10. Roof ventilation Fig, 4,11 Water cooling ventilation 

replacement air passes over a body of water (Fig. 4.11), its temperattare will drop still 

fixrther. 
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The Hydrologic Cycle 

{MM.* 
3rm.ux) 

These same forces are at work on the outside world as well as inside our houses. 

The hydrologic cycle is powered by the energy of the sun heating the earth's surface (See 

Fig. 4.12). Air passing over 

the earth absorbs heat from 

warm surfaces and the warmed 

air rises by convection. The 

molecules move farther apart 

and can absorb more water, 

causing transpiration from 

plants and evaporation from 

water bodies and soil surfaces. 

Water molecules accumulate, 

and clouds form. At higher 

'ApMAX^tO 

bl>Tf^u> 

Fig. 4.12, The Hydrologic cycle 

altitudes, temperatures get lower, molecules coalesce and make raindrops and snowflakes. 

Precipitation in the form of rain or snow falls on the earth's surface. Some of the 

moisture falls directly onto the ground. Evaporation takes place at the soil surface, as water 

moves from wet soil layers to dry. So, it is important to give the soil a chance to absorb 

water deeply. If the precipitation can be held on the soil surface long enough, it wall soak 

into the ground. Indeed, earth storage is the cheapest, easiest and most locally self-reliant 

method of water conservation (Mollison 165). 

If the rain is intercepted by the vegetation covering the ground, the plants utilize 

some of the moisture and some of it reaches the earth eventually from the stems and 

leaves. The roots of the plants hold the soil and improve the soil stmcture by adding 

organic matter. The top 6" of soil provides water for most plants' roots although trees go 

deeper, and the remaining water has the possibility of percolating down to become 

saturated storage levels and even seeping back into the water table. 

Water in vegetation greatiy moderates excessive heat and cold, as plants both release 

and absorb water from passing air streams. Like perspiration from skin, some water vapor 

returns to the air through transpiration from the surface of the leaves. This process too 

requires energy from the sun and liquid water at the leaf surface plus vapor leaving the leaf 
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surface. Hot sun and strong wind greatly increase the water loss process through 

transpiration and evaporation. Plants diminish the impact of heavy rainfall, increase surface 

roughness and reduce the velocity of mnoff while improving the rate that water absorbs into 

the soil (Brooks 145). 

Different soils have different capacities to absorb water, so some of the water 

infiltrates but much becomes mnoff. Runoff often can carry away good topsoil before 

flov^ng into playas where it evaporates, or mnning via streams back to the rivers and oceans 

to begin the cycle again. 

Wind 

Brooks notes that water and wind play complementary roles in erosion of the 

drylands. He says any use of drylands that reduces vegetation cover tends to accelerate 

erosion beyond that which is a natural consequence of the environment and should be 

avoided. As part of his guideline for preventing water and wind erosion, he recommends 

planting trees and shmbs in shelter belts, located and spaced to reduce wind velocity (144). 

Nev^on's first law of motion states that a body at rest will remain at rest and a body 

in motion will continue in motion unless it experiences an external resistant force. This 

means a body of air molecules will continue in motion in one direction unless it experiences 

external drag forces from roughness elements such as trees, vegetation and stmctures. When 

wind encounters these obstmctions, air becomes trapped between the roughness elements 

and that causes the wind to change speed and direction. 

Newton's third law states that if two bodies interact, the force exerted on one is equal 

and opposite to the force exerted back to it by the resisting body. In the case of wind, this 

means that wind will go where it encounters the least resistance. Brooks says that the length 

of unobstmcted terrain over which the wind flows is cmcial as it allows the wind to gain 

momentum and the erosive power of the wind increases exponentially with velocity (145). 

Long, broad open roadways, especially those parallel to the westerly direction of the wind, 

offer no resistance and allow the wind to increase its erosive power. 

32 



For all these reasons, windbreaks of evergreens, common in early settlements, would 

be equally beneficial today. These shelter belts are obstmctions that reduce wind velocity 

by causing the air stream profile to be lifted up over a barrier. Energy is transferred upward 

and around the obstacle. The purpose is to create a 

shelter on the leeward side. However, if the 

windbreak is a solid obstacle like a wall or building, 

CAUiCd' fpPl&i), 66,N̂ Avu 
WIMPRIAK *̂® ^^"'̂  increases its speed, resuhing in reduced or 

negative pressure at the sides and behind the obstacle 

Fig. 4.13 Streamlines over a non-porous with eddies forming on the sheltered side (See Fig. 

windbreak- causes leeward eddies 4.13). 

The most effective windbreaks are 40-60% permeable to allow some wind to pass 

through at a reduced velocity (See Fig. 4.14). This both reduces turbulence on the leeward 

side and extends the length of the sheher. The length of protection is determined by the 

windbreak height and density. A single 

line of trees will raise the wind up and -.-.; = LL 

create up and create a shelter for a 

distance of up to 25 times the height of 

~ - • - - > 

407. -60-/ f(a?OUf? Wl NPPF^K .PETTf ̂  £&•• ri^Nfi 

the trees used in the windbreak (Cofaigh 78). Fig. 4,14 streamlines over porous windbreaks -

Plants, therefore, are more productive plants are more effective 

windbreaks than solid walls or fences. 

Increasing the width of the windbreak, however, does not increase the length of 

protection. Wide windbreaks carry the wind parallel to the surface of the treetops and then it 

rapidly falls down on the lee side. A narrow windbreak, on the other hand, allows the wind 

to retain enough energy to propel it fiirther and protect the leeward side for a longer 

distance. Under planting shmbs beneath the trees 

whose branches don't reach the ground prevents 

great negative pressure from forming at ground level 

(See Fig. 4.15). The length of the windbreak, on the 

other hand, is important as wind can swirl around the 

ends. The length of the shelterbelt should be 15 

Ll=f6FfftCnVC -0.) m MOK& PFFECn«E lb) 'WlNPtftEAIC? 

4.% 
•->! 

Fig. 4.15 Less and more effective windbreaks, 

times as long as its height. 
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A planted berm on the windward side, perpendicular to the damaging prevailing 

winds, would act almost like a ski jump at ground level, helping propel the winds up 

into the air. Combined with a property planned windbreak of evergreens, it will also ttap 

and fiher out blowing dust. 

Wind, like sun, can be both friend and foe. Hamessed 

properly, summer breezes, which come predominately from the 

south and southwest, can cool the houses. Prairie dogs and other 

burrowing animals know this instinctively. Their tunnels are 

constmcted for self- ventilation. (See Fig. 4.16.) 

Fig. 4.16 Self-ventilated prairie dog tunnel' 

Palladio's Renaissance villas were designed around open 

central stairwells, allowing hot air escaping from the top of the 

roof openings to draw cool air from underground storage areas for 

relief from humid Italian summer heat (See Fig. 4.17). American 

houses and public buildings, especially in the southern United 

States in the days before air conditioning, were built with cupolas 

on the roof above an open central stairwell. The wooden louvers 

would be painted a dark color to absorb heat in the sun and draw 

the warm air up and out of the building. 
12 

Fig 4.17 Palladio's Villa Rotunda, Vicenza. 

Ancient cities in the East have wind collectors atop each 

house. Wind does not blow down the opening, but rather each is 

designed to pull out the rising heated au- and carry it away in the 

direction of the prevailing breezes, thereby providing ventilation 

even under crowded urban conditions (See Fig. 4,18). More 

recently, the campus at the University of Arizona and the 

University of Nottingham in England were designed with cooling 

stacks to keep fresh air flowing between floors to provide summer 

cooling and winter ventilation. 

Fig. 4.18. "Air conditioners" in the Sind district ofPakistan. 
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Natijral Resources 

Natural energy sources: Solar, Wind and Biomass 

In all the nation, Texas is the state with the greatest renewable energy potential of 

any other. Renewable energy is any natural resource that is regenerated over a short time 

and directly or indirectly is derived from the sun or other natural means or mechanisms 

such as tidal energy or geothermal power. It is essentially any clean, renewable energy. 

Biomass, material derived from plants or animals and used for energy, is particularly 

versatile and available. The Texas Panhandle above all others is blessed with good sun, 

wind and biomass potential (See Fig. 4.19). 

TEXAS 

MONTANA 

KANSAS 

NORTH DAKOTA 

SOUTH DAKOTA 

WYOMING 

NEBRASKA 

NEW MEXICO 

COLORADO 

OKLAHOMA 
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RENEWABLE ENERGY PROTENTIAL (quute) 

Texas is #1 in 
r0n«wabl« polenrial 
This figure, based on data 

from a study conducted for 
the Urtited Nations, indi
cates that Texas has more 
potential to develop clean 
renewable energy resources 
than any other State. 

Fig, 4,19 Renewable energy potential, (Pamphlet from State Energy Conservation OfBce, Austin)''' 

Fisk takes advantage of all these resources in his Laredo Demonstration Farm 

(See Fig, 4.20), Like his Austin office, the 

farm is based on readily available materials 

and life cycle principals. He includes 

technologies such as photovoltaics coupled 

with earth material constmction to harness 

these energy potentials. Educated at the 

Univers i ty o f Pennsy lvan ia and inf luenced Fig. 4,20 Laredo stack chimneys for natural ventilation '* 

35 



by Ian McHarg and Louis Kahn, Fisk produces architertural imagery that is a direct 

reflection of its environmental commitment. His Laredo chimneys are a "witty 

adaptation of the Middle Eastern cooling towers." (Steele 154.) 

The Habitat roofs, too, will be designed with operable clerestory windows in a 

raised roof to allow in the sun's warmth in winter and light year round and to let heat rise 

and escape v̂ dth the prevailing summer breezes. Solar collectors on the Habitat rooftops 

will also to heat the water and provide electric power. As reported in Febmary 2001 on a 

PBS McNeel Leber segment on California's recent power crisis, in a 3000 square foot 

house designed with "green" principles and solar panels, the summer power bill was $17 

a month, the winter bill $40, and the house produced enough excess energy from solar 

power that electricity was sold back to the city. Conceivably this is another possibility 

for eaming extra income on the Habitat site. Windmills will provide power for lifting 

and moving water from cisterns. 

Materials 

Cofaigh (95) says sustainable building elements are those produced from renewable 

resources in a way that does not damage the ecosystem and are themselves in large measure 

recyclable at the end of their life. Environmentally benign building elements do not harm 

the people who make them nor the occupants of a building where they are used, and use a 

minimum of energy in their manufacture and maintenance. He lists the main building 

related environmental issues as: 

pollution: by CFC's from refiigerants and by CO2 , sulphur and nitrous 

oxides - all emissions from burning fossil fiiel 

resource depletion: consuming non-renewable materials or environmentally 

valuable land 

occupant health: affected by ventilation and material emissions 

climate change: global warming and higher wind speeds 

Concrete as a building material choice has a number of positive aspects such as high 

thermal mass, low maintenance and fire resistance in addition to the speed and versatility of 

constmction. But according to Steele (211), it is extremely energy-intensive to produce. 

Nearly 3500 lb of limestone and clay are required to produce 1 ton of cement, the principal 
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ingredient that combines with water, sand and aggregate to make concrete. Including fiiel 

consumption for mining and transporting the raw materials used in production, neariy 

6 million BTUs of energy resources are required per ton of cement. In addition, CO2 is 

produced both by the fossil fiiels used to fire the kiln to make the cement and during the 

chemical process of calcinating the limestone (calcium carbonate) into calcium oxide or 

lime (211). Fisk says that 20% of the total annual industrial emissions of CO2 in the US are 

from the building industry and the largest single material contributing to that is Portland 

cement-based ready mix concrete. 

Steel notes that the late Egyptian architect Hassan Fathy advocated mud brick 

constmction as superior to concrete, based on his stiidies of concrete housing built in Egypt 

during the constmction of the Aswan High Dam. Fathy cited a number of infant deaths from 

overheating in the new concrete buildings as proof that concrete does not "breathe" the way 

earth material constmctions do, and he decried the importation of expensive constmction 

iyil-A-A*A-A-A*A*||k*lik-#1 "'^' '" '^' "^^'^ ^ ^ ' " ' ' alternative was literally 

y^^-0^ "^"^k. M "under foot" (216). His market at New Baris (see 

Fig. 4.21) in Egypt built in the mid-1960s built of 

viable, traditional massive building materials and 

using courtyards and roof vents for convective 

cooling produced a basement constantly cold enough 
Fig. 4.21 The roofscape market at New Baris in Egypt '* tO SCrVC aS & r e f r i g e r a t e d SpaCC f o r frcsh produCC. 

Fisk also urges that builders should try to meet their needs for energy, water, 

materials and waste absorption capacity locally before placing these demands on distant 

areas (Lemer 30). He has done numerous experiments with indigenous building 

materials over the past 30 years. Working with United Nations committees, in south 

Texas and along the Texas/Mexico border, he has experimented with numerous available 

materials that could be utilized within local areas, thus avoiding transportation costs and 

the environmental impact associated with them. He urges that we use those resources 

"under foof in the immediate area that offer affordable, environmentally sound and 

energetically viable building materials. He provides maps as a planning tool to help us 

understand where earth building sources are plentifial, what area is covered and in what 

quantity, and where to find local contractors for the resources. The maps (see Fig. 4.22) 
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THE OCCURRENCE OF KASSIVE BUILDING MATERIALS IN TEXAS 

CALICHE j . | _ ^ ^ i n - f . T ; POZZOLAN f l . ' ' 

^^-v 

show the wealth and diversity of 

building materials occurring in the 

Panhandle region - caliche, clay, 

adobe and sulfiar being the most 

promising. 

Walls as well as flooring 

and cisterns in the Habitat houses 

cou ld b e m a d e o f ca l i che concrete or Fig 4.22 Maps showing available massive building materials in Texas " 

brick. Caliche has tremendous potential as a low cost building material according to Fisk. 

A calcium carbonate deposit found throughout Texas, extensively in the Panhandle and 

plentifiilly in the Lubbock area, it is easy to mine, inexpensive and readily available from 

suppliers of roadbed material. It is strong and durable and, as a high mass building material, 

stores heat and buffers temperature changes from outside. Fisk notes that earth materials for 

foundations require far less water to produce than steel and concrete made with Portland 

cement. In addition, they off-gas much less CO^and require half the amount of energy in 

production. He says caliche brick walls contain more heat capacity than conventional brick 

walls but require only 25% as much energy to fabricate (Plate 2, Cost Comparison of Energy 

and Labor Costs of Conventional and Indigenous Techniques, Sunpaper. Nov/Dec 1982). 

Being local materials, transportation costs are eliminated. 

In addition to these qualities, Fisk's office notes 

that unlike the adobe clay that is also abundant in the rea, 

caliche comes from soils that are considered unsuitable 

for agriculture and, therefore, is not in competition with 

important agricultural lands. Stmctural building 

materials predominantly made of caliche naturally offer 

thermal and acoustical insulation and are rot-proof, fire 

and weather proof In addition, the low technology labor 

requirements create jobs readily. There is potential for a 

whole new local industry to be buih up around the 

manufacture of these practical building materials. Fisk 

Fig. 4,23 Caliche brick waU in Fisk office Usts a number of methods of constmction for monolithic 

walls and molded blocks or bricks. He reports on one hand-operated mold press called 
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the CINVA-Ram, which produces 200-300 blocks per day with a compressed strength of 

900-1300 psi. The Winget pressed block machine produces over a thousand per day but 

is more difficult to move from site to site. He notes a number of Texas buildings of 

stabilized calcrete that have existed in different parts of the state without problems for 

over 70 years. Using caliche would fiirther reduce the cost of building the houses, 

although it would increase the labor required. 

Sulphur is another resource shown on Fisk's maps. Sprayed on shell stmctures, 

or made with sand into blocks, sulphur has compression strength up to 6500 psi and is 

entirely fireproof and insulated. It is chemically thermoplastic, meaning it can be melted 

and shaped, then re-melted and re-formed. Fisk suggests that buildings and even whole 

communities could be built, mehed and moved, or simply cmmbled and retumed to the 

earth. Texas possesses a fifth of the world's supply of sulphur, and most of it is located 

in the Panhandle. But we need not mine it. Sulphur is a waste product of the oil industry 

(think of the smell of Post and Texas City) and of coal combustion from electric power 

plants. Millions of tons of it are emitted every year into the atmosphere as sulphur 

dioxide and retumed to the earth as acid rain. Sulphur could be retrieved instead from 

emission control filtering devices and used as excellent building material. 

Pozzolan, a fine silica also found in the Llano region, is the original Roman cement. 

It can be combined with lime to entirely replace Portland cement in a calcrete mixture. 

Although this is another possibility for constmction using local materials, this is not 

presently being mined to any great extent. 

Steel is the most energy intensive of all constmction materials when the processing 

of iron ore, limestone and coal are considered, according to Steele (227). Pit mining leads 

^ to erosion and toxic mnoff, and there is a great deal 

of waste as well. Recycled rebars would be used in 

the caliche concrete constmction and scaffolding 

from oil well rigs could be reused for trellis work, 

greenhouse material and interior wall supports, as 

has been done by Fisk in his Laredo farm project and 

his own office in Austin. (See Fig. 4,20, 4.23 and 

Fig,4,24, Fisk Austin office outside and inside'̂  4,29), 
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CHAPTER IV 

SOLUTIONS 

4,2. Historic Precedents for Water Preservation 

Rome and its Empire 

Throughout history, civilizations have lived in semi-arid climates with limited 

water supplies as people learned to locate, collect and conserve water to survive. From 

the Greek Hippocrates, the Romans acquired knowledge of the importance of procuring 

pure sources of water in planning sites of cities (Mumford), Vitmvius laid out the 

principals in his 1^ century AD treatise describing how to find water by observing mist 

close to the ground, recording plant variations and locations, and noting different soil 

types (Vitmvius 227). These suggestions were reiterated in the Renaissance manuscript 

Method/or finding underground springs. 

Fig.4.25 Alberti's sketch of method for finding water " 

of Alberti (329), who also noted elsewhere that "the ancients oriented their buildings to 

the south." (See Fig. 4.25). Forbes explains the Roman work of building sewer systems, 

digging wells and cisterns in Alexandria and Byzantium as well as in Rome and describes 

the huge cistem they engineered in Byzantium (later Constantinople, now Istanbul) that is 

still part of the city water supply almost two thousand years later. Aqueducts began 

bringing in vast quantities of water to Rome beginning with the Aqua Appia in BC 300. 

Frontinus, the chief commissioner of water under the Emperor Trajan, surveyed and 

restored the whole water supply of the city of Rome. Fraud and pillage were noted as 

much a problem as the aqueducts which frequently leaked like sieves. This became even 

worse following Constantine's move of the capital from Rome in AD 330, and Morton 

credits administrative neglect of the city water as much as the attacking Goths for the 
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city's decline. It literally dried up and did not 

recover for a thousand years. Frontinus's writings 

detailing the specifics of the waterworks were 

discovered in the 15* century, which greatly 

facilitated the work of restoration of the waters of 

the city under the Renaissance Popes. 

Whether in the Rome or Africa, the 

Middle East or Spain, Roman buildings were 

designed with roofs and courtyards to collect 

rainwater for cistern storage. Roofs, courtyards 

and sidewalks were sculpted to capture rainwater 

with collection drains designed into the pavement 

patterns. (See fig. 4,26) Richardson's book on 

Pompeii, a city preserved by the emption of 

Fig, 4.26 Sidewalk rain collection drain, Sirmione, Italy, VcSUViuS in A D 7 9 , Carcfillly i l lus t ra tes t h e 

typical rainwater collection systems in the public fomm and in private houses. Rain 

falling on rooftops in public squares surrounded by colonnades was collected in gutters 

along the stylobate on which the columns stood. It flowed into settling basins at intervals 

along the gutter where coarser impurities settled out. Water was then drawn off into 

channels leading to cisterns located under the porticos. 

Early cisterns were hewn into rock, but later 

Romans built cisterns of masonry and concrete. These 

were provided with drawshafts, usually on line with the 

colonnade so as not to be an obstmction, and covered 

with lids large enough for cleaners as tiny as chimney 

sweeps to enter and make repairs. In private houses, 

Jellicoe suggests that the tradition of small courtyard 

gardens was a carryover from the small farms around 

Rome. Gardens, surrounded by cool promenades, 

became an extension of the architecture of the houses. 

Caesar's gift of his own garden to the public introduced , Fig 4.27 Pompeii-stylobate water collection 
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all Romans to this privilege of porticos, pools and fountains plantings and statues, which 

previously had only been known by wealthy Romans acquainted with gardens in Greece 

and Asia. 

Richardson says an entry passage 

called the fauces lead to the focal point 

of the Roman house, the atrium. This 

rectangular space was covered by a roof, 

which sloped toward a compluvium or 

opening in the center, through which 

rain fell. Spouted terra cotta gutters 

directed the flow of rainwater from the 

roof into the shallow rectangular 

impluvium basin in the center. From 

there, water was directed back to the 

street gutter in front or in the opposite 

direction to be stored in a cistem near 

the kitchen for cooking and washing for 

the household. Larger houses would 

have a second inner courtyard, Fig. 4.28 House of Pansa, Pompeii plan and elevation ^̂  

grander and more private, 

surrounded by a 

colonnade called a 

peristyle. Here water 

collection was usually the 

same as in the public 

fomm and the impluvium 

would be a larger pool 

with a fountain and more 

elaborate surroundings. 

(See Fig. 4.30) Water was Fig. 4,30 Pompeii, peristyle colonnade 

Fig. 4.29 Pompeii, atrium Collected along the eves and conveyed to the cistem by 
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downspouts. Most houses had small fountains and pools, and cistem water was also 

used for fountains and for watering the gardens. The fountain was likely to be a single 

stream of water or perhaps a trickle down a stair, requiring little additional water once 

filled, but providing sufficiently pleasing sight 

and sound. 

Citizens, in places like Rome and Pompeii, had access to water from aqueducts. 

There were fountains providing drinking water located with great regularity throughout 

the city so no one had to go far to get water. By the 4* century AD, there were 1,212 

public fountains, 11 great imperial thermae and 926 public baths (Morton). 3000 people 

could use the Baths of Diocletian. The archeologist Rudolph Lanciani speculated that at 

any minute 62,800 citizens could use baths (Mumford). 

They also could buy water from reservoirs, which was 

piped into their houses via lead or terracotta pipes, sized 

according to price. Frontinus estimated that, in his time, 

water capacity was over 208 million gallons per day, with 

vast amounts going into the public baths. They took the 

waters for private and public use and reused it before it 

was discharged. In the great public baths, water ran mills 

in the lower levels of the baths before it was turned out 

into the streets to clean them. In homes, the water used in 

kitchens for cleaning was piped into an adjacent room to Fig, 4,3i Roman bath at Pompeii 

wash out the toilet before the water flowed out of the house and into the sewer. 

The Romans planned for their stmctures to stand for a long time, as indeed they 

have. Anticipating this, they understood that repairs would be necessary and provided 

ways for those cisterns, pipes, towers, sewers and aqueducts to be repaired easily and 

efficiently with the least inconvenience to the citizens. We can take lessons from them 

today. 

Island Cities of Venice and Bermuda 

In Venice and Bermuda, islands surrounded by salt water, people depended on 

rainwater collection from rooftops for drinking water, supplemented only by what could 
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be brought in by boat. Venetian houses were designed to face a canal on the commercial 

side but, on the land side, the houses faced a courtyard shared by others. Rainwater 

flowing off the encircling roofs was collected through a series of drains in the pavement. 

The water fihered through the sand beneath into a central well to be used by all the 

surrounding families. Even today in Bermuda, 

the houses are designed with slate roofs (Fig. 

4.32) configured to capture mn off rainwater 

and store the harvested water in cisterns located 

beneath the houses. Those ridged roofs, 

whitewashed with lime to keep the water pure. 

Fig. 4.32 Bennuda, house with rain collection roof provide fresh water tO the island. 

Gaudi's Barcelona 

In Barcelona, Spain, Antoni Gaudi designed his mountaintop Parque Guell as a 

public park and rainwater collection site to enable people to live on top of a mountain 

with no source of fresh water. Zerbst says that Gaudi, like William Morris in the 19* 

century England, thought both in terms of art and of social reform, and sought to design 

in a way that overcame the distinction between art and craft, so that even the working 

class man could access aesthetically high standards of living (150). Originally intended 

as a housing estate or suburb with a park for residents, Park Guell was built on hilltop 

land almost barren of vegetation and without water. Gaudi did not want to level the land, 

but rather to subject his architecture to the contours of the land as he found it. 

Walls were made of the cheapest material - mbble found on the actual site. 

While carving out the streets as viaducts and cavemed passages, he acquired stone 

material to constmct the buildings. Using waste shards and broken pieces from local 

ceramic workshops, he created gleaming ceramic coverings for the tops of the walls and 

rooftops which not only were highly decorative, but also made the walls waterproof 
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A huge dragon with bright "scales" 

of broken tiles stands guard at the Grarden 

entrance on the lowest level, the guardian 

of the subterranean waters of the cistern 

that lies behind him, but which cannot be 

seen. Here rainwater was stored to irrigate 

the barren parkland on the hilltop, which 

has no natural springs. As a practical part 

of the design, the dragon and a snake that 

appears fiirther up the stairway serve as 

overflow valves. (Fig,4.33) 

The grand stairway leads up to a 

hall of huge columns, which appear to be 

holding up an imaginary net. As is typical 

with Gaudi, nothing is simply what it Fig. 

seems to be, and the columns support not 4,33 Cistem and colonnade levels at Pare Guell '̂ 

just the roof of what he called his "Greek market", but also the floor of the "stage" of a 

huge outdoor amphitheater above. In center of the hilltop site is the meeting place for the 

inhabitants, which he envisioned as a venue for theatre and folklore performances. 

Surrounding the central place of entertainment he did not intend to have seats, but, rather, 

to have the houses that climbed up the south facing slope as audience. 

Surrounded by a winding bench 

that becomes a wall, the great open space, 

too, serves more than one obvious 

purpose. The wall keeps people from 

falling over the edge as well as providing 

intimate seating areas in such a vast space. 

(Fig. 4.34) The outer edges form a gutter; 

Fig. 4.34 Pare Guell amphitheater and surrounding wall/bench ^̂  the inner a bench. Zerbst tells the Story 

that Gaudi was so anxious for the bench to be anatomically comfortable for the human 
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body that he had a naked man sit on the plaster while it was still pliable to be sure he got 

the angles correct (159). 

The central space is not just a stage area, but also is a giant collection basin 

capable of capturing vast amounts of rainwater that falls hard and fast or not at all in this 

semi arid land. And so the columns below 

are hollow and the floor of the theater is a 

complex network of collection pipes. It was 

surprising to discover that it is absolutely 

flat so the water does not flow in any one 

direction but drains into innumerable 

collection vessels that resemble pipes split 

down the middle with small openings 

underneath from which water can flow into 

the pillars (156). The surface of the square 

is not cemented, but sand and gravel filled, 

and is, therefore, the means by which water 

is slowly filtered before collecting in the 

cistern below. The ingenious constmction 

of the park was not understood until the city 

did some restoration work many years later. Fig, 4.35 Gaudi's Greek Market Hall, Pare Guell' 

Austin, Texas and New South Wales, Australia 

Settlers in the dry American West and the 

semi-arid Australian Outback depended on rainwater 

harvesting to sustain them. No home would be built 

without a rain barrel outside the door and large 

cisterns as well. The Wildflower Center in Austin 

celebrates these old cistems in their 1995 buildings 

designed with two focal point rock cistems towering 

above the other buildings. Their rainwater collection 

Fig. 4.36 Central Cistern, Wildflower Center ^̂  
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system is in clear sight, with evidence of water harvesting in over-large gutters, gathering 

drains, aqueducts and concave rooftops. 

Fig. 4.37 Rooftop collection drain over 

the auditorium, Wildflower Center, 

Austin, Texas " 

Glenn Murcutt's Australian architecture 

also celebrates its water gathering 

attributes. 

Fig. 4.38 Bingi Point House, New South Wales' 
Fig. 4.39 Ball-Eastaway House, Sidney ^̂  
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Village Homes, Davis, California 

Fig.4,40 Farmland adjacent to Village Homes 

In addition to collecting and storing rainwater in cisterns, water can be stored in 

the soil itself Village Homes in Davis, California, is brilliant example of this. A farming 

community in northern California, the development is adjacent to the agricultural college 

of the University system. A photograph of their flat and fertile farmland (Fig. 4.36) 

shows how the land appeared when the Village 

Homes subdivision was started in the 1970s. 

Now almond orchards, two small parks, and a 

community garden surround the property of 

narrow tree lined streets and shaded green 

common areas behind the houses. 

In spite of mild winters, Davis has much in common with Lubbock, with its hot 

summers and rich, flat land. Rainwater frequently falls faster than it can be absorbed. 

Gently sculpting the land along the contour lines in swales or terraces holds the water on 

the land long enough for it to be absorbed. This reduces erosion and keeps stormwater 

out of the streets. When Village Homes was 

being designed and built, the city of Davis feared 

I that the water from the neighborhood would 

overflow into the city. Instead, city water floods 

back into Village Homes, and even this can be 

absorbed by the capacity of the swales. 

Even with only 20" of rain annually, 

Fig,4,4i Tree hned swales of common space plants and trees have become almost self-sustaining 

from the natural rainwater alone because swales have been designed to retain the 

rainwater until it soaks in. This process has encouraged roots of trees and plants to grow 

deep into the ground. Water held deep in the soil is less likely to evaporate in spite of the 

summer heat that often exceeds 100 degrees. 

Narrow roads without restraining curbs are contoured to deliver water into swales 

along both sides to provide water for the trees planted to shade them. Shading both 

lowers the ambient temperature of the neighborhood and slows the speed of drivers. 
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Fig.4,42 Typical Village Homes cul de sac 

There are no through streets, and cul de sacs also contribute to the safety and 

beauty of the place. The houses are built close 

to the street with private courtyard entrances, 

instead of having the typical large suburban 

front yards, which encourages neighborliness 

with people greeting one another as they come 

and go from their homes. Head-in parking replaces 

curbside parallel parking for safety and convenience 

On the other hand, without alleys, space is freed up in back so they look out on 

common areas with bike paths and walkways that give a sense of considerable open space 

and encourage people to walk rather than drive 

from one part of the neighborhood to another. A 

survey quoted in the Corbett's book says the 

residents know, on average, about 40 neighbors 

and have 3-4 close friends in the neighborhood. 

In a standard subdivision nearby, residents know 

an average of 17 neighbors and have one friend in 

Fig,4,43 Neighborhood picnic table 

the neighborhood. The "shared green heart" at 

the core of the neighborhood supports a 

heightened sense of community. The curve of 

the roadway and vegetation lining it cuts down 

on wind velocity as well. 

Fig,4,44 Curving streets with no curbs 

Much of the interest in Village Homes has been as a laboratory of energy efficient 

features. One of the earliest places to design with passive and active solar strategies, it 

has been very effective with the use of good insulation, south facing windows and high 

mass materials. Every lot in Village Homes is oriented north-south to take advantage of 

low winter sun for heating in winter, while high summer sun is shaded by carefiilly 

calculated overhangs, deciduous trees and vines. Most houses have solar water heaters 

on the roof and water conservation devices. Trees are planted carefiiUy. Deciduous trees 
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are planted carefiiUy on the south and southwest sides not to interfere with the roof 

collectors but to provide shade in summer for gardens, streets and parking places, and to 

encourage summer breezes. These will lose their leaves in winter (as in these March 

photographs) to allow passive heating. Evergreen trees on the north side sheher houses 

from cold winter wind but also are located with sensitivity not to interfere with solar 

devices on neighboring houses. Solar greenhouses and good ventilation combine with the 

other features to reduce home utility bills by 50%. 

Fig.4.45 Planting - south facing front yard. Fig.4.46 Planting - south facing back yard 
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CHAPTER IV 

SOLUTIONS 

4.3. Site Solutions for Habitat 

Fig. 4.47 The existing 
Habitat site plan, lot orientation 

and drainage design 
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Fig, 4,48 Proposed Habitat site plan 
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And so we turn to the Habitat site specifically. McHarg said in the early sixties: 

The ecological view is the essential component in the search 
for the face of the land of the free and the home of the brave. 
It consists of borrowings from the thoughts and dreams of 
other men, forged into a workman's code - an ecological manual 
for the good steward who aspires to art (29). 

Murcutt says he feels more akin to architecture as an inventive thing than as a form 

of art; that architecture is about solving problems beautifiiUy (76). He urges that we touch 

the earth lightly; that we build so the site is not disturbed (100). He suggests that one begins 

vdth observation: look for the contours, look for the sunlight. Observe the good, and there 

is much good. 

Among the natural elements to celebrate are the views to the north and east across 

playa lake, reed bed and grasslands to the other bank of the Yellowhouse Canyon and the 

vast light show of West Texas sky beyond. The land slopes very slightly from west to east, 

which will allow the west side of the site to be naturally developed as orchard and 

windbreak. The highest point is the northwest comer; the lowest, the eroded edge of the 

northeast comer. The sun shines 67% of the possible days in winter and 78% of summer 

days, with great possibility for passive and active solar heating. Ever present breezes from 

the south and southwest in the summertime combined with low humidity and temperature 

drops in the evenings create great potential for passive cooling and extended outdoor 

activities. To maximize these assets, let us begin by carefiiUy laying out the organization of 

the site and then move to the water conservation features of the houses themselves. 

Roads 

Village Homes in California began its site planning with the basic assumption that 

roads dominate urban design, with differing problems for drivers and pedestrians. Lubbock, 

like Davis, is a small city with limited public transportation and great dependence on the 

automobile, so it is appropriate to begin there as well. Most houses in the neighborhood 

adjacent to the Habitat site have two or more cars parked in front so this number must be 

accommodated. Rather than using the roads as drains for stormwater, designing convex 

roadways to allow mnoff rainwater to flow from a crest in the center toward the sides of the 
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road puts water into swales where it can be held 

until absorbed into the soil, watering trees and 

plantings alongside the roadway. Although 

Village Homes has only 20" of rainfall a year, 

Mollison says that within three or four years of 

planting, the trees had grown enough for self 

shading without supplemental watering and that 

water had penetrated 19' deep in the soil of Fig.4.49 village Homes intersection of road and bike path 

those roadside swales. 

Foremost among the concerns is safety, as the Habitat site is filled with children. 

Corbett says that 39% of all deaths among children aged 12 and younger occur when 

children are hit by a car while walking or riding 

bicycles (58). So the first priority is to design streets 

with their safety in mind. With cul de sacs and no 

through streets, traffic is reduced and slowed, paths 

through the green spaces behind the houses become 

the quickest way to travel around the neighborhood 

and children would not need the streets and alleys for 

play areas. 

Narrowing the streets to 20' feet with 3' foot easements of grass and low plantings 

on both sides would make the streets easier to cross and safer for all pedestrians, especially 

children who unexpectedly dart out from behind parked cars. The roads would be wide 

enough for walking and to accommodate emergency vehicles, but constricted enough to 

eliminate parking lanes on either side of the street. 

As presently constmcted, on the eastern boundary 

of the Habitat property Avenue U is 55' wide and 

Duke Street, which mns down the center, is 33'. 

yl cortfrtilinTuS drairuigr lyjleni i/i j rtphtllHry \>fl>u\ii nn^hhfrhooii. 

Fig. 4.50. Typical stormwater drain and parking' 

Compacted sandy gravel 

road base plated above 

compacted subgrade, 9S% 

modified proctor density. 

Hydrogrow spread before 

Grasspave^ rolls are laid 

and filled witb dean 

sharp sand. 

s g r ^ - . . 

To ensure that the easements would be no 
2 

problem in case of emergency, Grasspave made by 

Invisible Structures of Aurora, Colorado, would be Fig. 4.51 Grasspave^ road base for roadside swales ^̂  

53 



t : t ; I -. > ' . > 
; ; » '. 1 V \ V 

Grasspave^ large rolls for fast installation. 

Fig. 4.52 Grasspave ^ rolls.^ 

installed beneath the plantings in the easement swales to assure a strong solid surface for 

parking. Grasspave^ is a 1 meter wide roll of 2" rings in 

a grid made of 100% recycled HPDE plastic, ft has been 

tested by fire departments and approved to have sufficient 

strength to support fire tmcks and ambulances. Unlike 

masonry pavers, the strong ring shape form has no weak 

comers and allows the least amount of plastic to be used, 

leaving a 92% void area for root development. Sand 

filled rings planted with grass or ground cover allow total 

absorption of up to 5" of rainfall in a 24 hour period as 

compared to 95% mnoff from asphah. 

Replacing parallel parking with intermittent parking bays of four parking spaces 

would preserve a clear view of the streets and driveways for pedestrians of all ages and sizes 

trying to cross streets. Here, too, it is possible to maintain a permeable surface by using 

similar gravel filled product called Gravelpave^ . Here the 2" diameter by 1" high plastic 

rings have been permanently bonded to a filter fabric while the plastic is molten. This filters 

dust and pollutants from vehicles at the same time it prevents particle migration and mtting 

in the totally porous parking surface. In this way, storm water percolates through to 

Fig. 4.53 Graveipavê  for parking areas l'__g|p^, , ^ the soils which allow the naturally has active 

bacterial .^a.JlPgiNMig^g^'^gl^ir j ^ cleaning agents to purify the 

water .j^Lj^K^ttltM/S^IEStSlSfli^,^*<':.' .7?ll~d^j|[^P?efore it reaches the plants or 

^ ' infiltrates the groundwater 

supply. The benefits of 

soil in this way include a 

biodegrading engine oils, and 

ig to produce shade and reduce ambient 

temperature in the area. In addition, the company notes that 100 m^ of the product keeps 

410 lbs. of recycled plastic out of landfills, holds 13,420 gallons of water on the site for 

every 20" of rainfall, supplies 22 adults with oxygen for one year (from turf converted 

carbon dioxide gas) and effects 1,7 tons of air conditioning annually. Fisk also is 

experimenting with a spray on sulphur product to make permeable paving material. 

holding the water in 

reduction of the evaporation rate,^ 

encouraging trees and shmbs to grow 1 
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The surface of Gravelpave^ is well suited to wheeled vehicles other than automobiles 

and emergency vehicles. Children on bikes and in strollers 

as well as people in wheelchairs are easily accommodated by 

the hard, flat surfaces which don't require inconvenient curbs 

and barriers and which can absorb mnoff stormwater. 

Fig, 4,54 Wheelchairs on Gravelpave^ Fig. 4.55 Bike paths can be made of Gravdpave^ 

Houses 

The houses would be clustered in groups of eight, each located close together and close to 

the street in front with small courtyard entries, 

fenced to screen the view of parked cars, to give 

privacy and to provide secure spaces for small 

children and dogs. There are no alleys. This 

arrangement frees up a broad green space 

crossed by bike and walking paths in the back of 

all the houses for the neighbors to share and 

children to play. Occasional pathways between Fig.4.56 village Homes community backyard 

houses also lead from streets to the greenways. These open green spaces enable residents to 

see what is going on, surveillance that is cmcial for safety and security. Space syntax 

suggests that people feel safest in open spaces where no angle is greater than 120°, in order 

for all corners to be observable. According to Corbett (143), in Guidelines for Creating 

Defensible Space, Oscar Newman says if a space is clearly designated as private or 
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semiprivate, residents will protect it, whereas a "public space" always is seen as "someone 

else's" responsibility. 

"/ Tpfflw^nr-̂ , J, nir,,|r|, ij ,1 mvffi jf w7 • - p j ! | , r r r "Fii r trl̂ ^ |H i^m 

pAn-iisi, 

Fig. 4.57 Proposed southem facade for Habitat house 

Every house would have a north/south orientation, with some variation possible by 

rotating 10° toward the southeast or southwest. Major living areas such as living rooms and 

bedrooms would extend along the southem side 

,. where glazing in the south wall provides maximum 

sunshine 

penetration mf ,,^~~r 

during the |r̂  

cold months. 

For the most 

part, there 

Fig. 4.58 Antoine Predock southern facade '^ WOuld be no 

windows in the vine covered west walls of the houses, 

thereby extending privacy to each neighbor and protection from overheating in the hot 

setting sun. It is also possible to add vertical elements along the south wall to keep hot sun 

from the east and west from entering the south facing rooms. Sculpting window openings in 

Fig 4. 59 Antoine Predock house. '̂  

56 



thick walls would grade the light from exterior to interior to avoid glare. This is a way to 

control the impact of solar gain without losing the view. 

The houses would be built on a flexible grid with a series of bays 12'0" wide and 

24'0" deep in plan. The usual three to four bedroom house would be composed of four bays 

or units in a row. Allowing for additions could be accomplished easily by building in 

stmctural requirements for a door when the initial 

pour of the west wall is made. 

The living and bed rooms would occupy the 

southem 12'0" in plan. Living/kitchen areas might 

be on the eastern end of the house to give maximum 

exposure to morning light and sun. Or the master 

bedroom might occupy that end instead, giving 

maximum privacy to the adults and leaving the 

westem end of the house for the children's' area. 

Living room spaces can be extended either to the 

north or south. By the addition of a sun room on 

the south side, passive solar heat gains in winter can be increased. Replacing the sun room 

windows with screens in summer and growing a vine cover would provide a screened porch 

as an aid to passive cooling. The bay could also be 

shifted inward, creating a sheltered outdoor space on 

the south for comfortable, wind protected warmth on 

mild winter days or for outdoor dining in summer, as 

created by the central open area in this James Cutler 

house (see Fig. 4.61). At the same time, pushing the 

kitchen out to the north would bring in the east sun 

of morning and enable the northside porch to be 

easily accessed for summer cooking and dining to 

keep the heat out of the house during warm months. 

Fig. 4.61 Southem fa9ade in a James Cutler house ^̂  

The northern 8'0" of the house in plan would be for the baths and kitchen. 

Bathrooms that only occasionally are occupied and can be separately heated, or kitchens that 

Fig. 4.60 A Glen Murcutt southem facade. 
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produce their own heat from the refiigerators, stoves and washing equipment would serve as 

a buffer zone to protect the well insulated houses 

from the cold north winds. The two zones would be 

separated by a hallway whose roof level is raised to 

provide clerestory windows to bring light deep into 

the interior of the house. In the summer, heat will 

Fig. 4.62 Local warehouse roof detail risc naturally into this high spacc whcrc windows on 

the north side open for ventilation, allowing prevailing southwest breezes to draw out the hot 

air. This common sense design is often found in area warehouses. In case of a tomado, 

opening these sheltered windows would equalize inside and outside air pressure and prevent 

damage to the otherwise air tight stmcture. Because the path of the last tomado in Lubbock 

came down the Yellowhouse Canyon, it is important that we assure safe haven against the 

possibility of another such storm. 

ni J —— r - r t 

Fig, 4,63 Proposal for central cistems, safe room and greywater storage tank. 

The central portion of the northern side of the house would be constmcted with a 

dual purpose - both cistern and safe room for a storm shelter. Underground, within the 

footprint of the house and as an integral part of the foundation, would be a dual cistem for 

collecting and storing rainwater from the roof Poured concrete cistems made primarily of 
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locally available caliche would add ballast to the house in case of tomados, preventing 

torque in the low strength soil. Five thousand gallons of water weighs 40,000 pounds. 

Cistems, coated with sulfiir acquired from waste products in nearby oil fields or coal fired 

electric companies, would be 100% waterproofed when cured, and the sulfiar, which is an 

effective natural pesticide, would help keep the water clean. A second pour extending the 

perimeter cistem walls up to the roof would create a central internal "safe room" for 

protection from flying debris. 

In addition, the underground cistems would moderate temperature in the house. In 

the summer, escaping hot air would draw cool air from the underground chamber across the 

water and up through the house, providing a natural air conditioning. 

The same reusable formwork would be employed for a storage tank beneath a north 

side porch to hold greywater recycled from bathing and washing to use for watering the 

landscape. The porch would become an outdoor kitchen in summer to keep cooking heat 

out of houses. Thus, the cistems would store harvested rainwater, supply the house with 

potable water, and drain and accumulate greywater waste, all within short proximity. 

Thick walls also moderate temperature swings by damping heat gains and losses. 

Therefore, walls and flooring material in these rooms would be of local materials such as 

caliche concrete with heavy thermal mass to hold heat during the day and release it at night. 

Recycling would be a priority, with gathering bins built into each household and a 

central recycling collection center incorporated into one of the public buildings. A job could 

be created for one person to return recyclables to the collection centers imtil such time as the 

city of Lubbock becomes aware of the need for restmcturing their trash pick up to 

accommodate recycling. Compost boxes would be built outside the kitchens for creating 

compost and mulch for the gardens from food leftovers and gardening debris. Thus, the 

volume of remaining trash to be collected would be greatly reduced. The large dumpsters 

on the streets required by the city would be camouflaged behind fencing that allows easy 

access and each box would serve four families, as is the policy in alleys today. 

Berm. Orchard and Garden 

Along the westem boundary of the site at the highest elevation point, another row of 

water tanks would be built, partly submerged and partly above ground. These would form 
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the base of a low berm, being well buried beneath the topsoil displaced when the cistems 

were dug beneath the houses. These would hold overflow greywater from household tanks. 

Water would enter these storage tanks from a central collection pipe beneath the swale. 

Positioning the pipe along the swale would mean it could easily be located if repairs or 

aherations had to be made. Water would 

flow out by gravity at the top level to 

water the windbreak planting along the 

westem perimeter. To prevent erosion, 

grasses, shmbs and wildflowers would Fig.4,64 Sand filter for overflow greywater ^ 

anchor the topsoil over the berm. 

Behind it, a windbreak of tall trees would diffuse the harsh west winds and dust 

storms that come in the springtime. The trees planted in this narrow windbreak and along 

the roadsides throughout the site also would greatly enhance the neighborhood in addition to 

protecting the homes. At the West Texas Nursery in Lubbock, the Texas Forest Service 

grows young trees, both evergreen and deciduous, under harsh winter weather conditions to 

be distributed through the county's water and soil conservation program as windbreak trees. 

It is estimated that about 200,000 of the hardwood seedlings would be harvested and 

transferred to local landowners this season, with deliveries made usually in Febmary and 

March. 

Neighborhood gardens and orchards could be designed into the plan of the green 

spaces, to provide fresh produce for the neighborhood and bring extra cash from things sold 

through a farmers market. Flowers, too, could be grown in the gardens or in a greenhouse, 

and sold to local florists as well as used to beautify the area. Vines grown for shade could 

be sources for grapes and berries. Harvesting and gardening would add neighborhood 

projects for cooperatively working together. Recycled greywater would enable trees to grow 

quickly on the site, providing fiiiit and nuts for nourishment and sales in addition to their 

shade and windbreak benefits. 

A large community garden would be located in the northeastern part of the site 

where the best topsoil is located. Here a small section of deep Estacado soil has the greatest 

potential for growing productive trees, flowers, fixiits and vegetables, which could provide 
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fresh food and income as well as pleasure to residents. Harvested rainwater from the roofs 

of the public buildings of the neighborhood would water the produce gardens. 

Public buildings and facilities 

A central park would be the focal point for the community. Overlooking the garden 

and park would be the Yellowhouse, a gathering place for neighborhood suppers and get-

togethers. In the tradition of a gazebo on the 

courthouse square, it would be a bandstand, with a 

modest community kitchen facility, laundry, and a 

maintenance/garden tool room for communal use. Its 

cistems would proclaim the neighborhood focus on 

rainwater collection. Reminiscent of local industrial 

facilities, tools housed there such as mowers 

Fig. 4.65 YeUowhouse industrial prototype and maintenance equipment could be "checked out" 

so each family does not have to buy its own expensive machinery. There would be a job for 

a fiill time maintenance supervisor to oversee this equipment and keep it in good repair as 

well as take charge of tending to the public areas. 

In the same way, families could be given the option of using the neighborhood 

laundry equipment together or purchasing their own. Being part of the main gathering spot, 

the laundry would reflect back to the days when women met on the banks of the Brazos for 

washing their clothes, picnics and visiting. The machines would utilize the harvested 

rainwater, and the greywater produced would flow out to settling tanks to water landscape 

(other than the plants in the gardens). Kitchen wastewater and bathroom blackwater, on the 

other hand, as in all the houses, would flow directly into the city sewer line. 

The Yellowhouse could be opened up on three sides for extended outdoor gatherings, 

or doors could closed during cold weather. Water collection via roof gutters would be 

expressed and yellow caliche rock cistems would be prominently featured as a theme for the 

entire neighborhood, serving both as a water wall to thermally protect the west and north 

sides from heat or cold wind and as storage tanks for harvested rainwater for watering the 

finits and vegetables in the adjacent garden, providing clean water for the laundry and 

filtered water for the kitchen. Its central core would provide clerestory lighting to the 
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interior and operable windows for natiaral ventilation, a windmill to pump water into the 

garden, and a wind chime in place of a traditional clock tower. From the upper level, there 

would be views over the nearby playa lakes, the garden and to the Yellowhouse Canyon and 

the city lights. 

At the northeast edge of the site at street level on the comer of Avenue U and 

Erskine Road, where there is the greatest change in elevation and the least potential for 

growing plants, there would be a dug-out, typical of early Texas constmctions in this almost 

treeless landscape, with an upper level greenhouse, accessed by internal stairs or from 

Fig,4,66 Dugout from Ranching Heritage Center Fig. 4,67 Cahfomia sod roof house 

parking on the garden side. Round metal cistems at the upper level would be on the west 

side to buffer the building from heat and cold. The east side of the greenhouse would have a 

curved glass and cormgated tin facade which would channel the southwest breezes around 

the building and downward into the children's playground below. In summer, extemal 

louvers would shade the facility and draw in cooling breezes from the south/southwest to 

cool and ventilate the spaces below. Cool air would be pulled upward by warm convection 

currents exhausting through upper windows to cool the building in summer. The upper 

level, with views across the canyon, would serve as a farmers' market sales office and 

greenhouse in the beginning, with the idea that it eventually might expand into a restaurant, 

featuring fresh produce from the neighborhood garden and providing more on site jobs. 

Sales of homemade jellies, jams and pickles made by the residents from produce of the 

gardens would offer at-home income sources for families as well. 

The lower level would be the dugout cold storage facility and adjacent to that, a 

library which is partially underground becomes the connector to the day care center that 

occupies the northeast comer of the lot. 
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With a grass covered roof accessible from the green house above, the lower building 

almost would disappear from the garden side view, serving as an outdoor patio. The sod 

roof would collect rainwater and moderate temperatures in spite of the south facing 

greenhouse windows. In addition to a covered drop off for arrivals at the facilities, the long 

westem exposure would have a deep covered porch overhang and windows only in the 

northern part of the saw-toothed fafade. 

The final commercial component of the site would be a multipurpose day care 

building, a little red roofed schoolhouse, on the northeast comer of the site. Having a day 

care center on site for the youngest children would be a tremendous asset to neighborhood 

parents and also to parents with children attending the Mahon Elementary School across 

Avenue U. Erskine Road is the safest place for the public to access the perimeter of the site. 

In addition, neighborhood children would be able to walk to day care via the many greenbeh 

pathways without crossing major streets or confronting parking lots. Parking for the 

employees would be on the north side of the simple L shaped building; drop off, beneath a 

covered drive-through on the west; 
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access for area children would 

down by a slide carved into the 

natural amphitheater on the south 

side. A grape arbor on the south 

and east would serve as a 

playground fence, shade element 

and Mother Nature's vending 

machine. 

The school building would serve many Fig 4.68 Proposed greenhouse/day care facihty 

purposes after regular school hours. The library would be available for after school tutoring 

and homework programs with resource books and computers for the children of Habitat to 

use. The library, classrooms, books and computers also would be usefiil for adult continuing 

education classes. 

Health care facilities included in the building could be staffed to remain open as a 

24-hour minor emergency care center for the neighborhood. It is possible that one of the 

nurses living in the area could staff the small health center. People from the neighborhood 
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could make up the teaching and continuing education staff, work in administration, or 

provide maintenance. Creating jobs near their homes would be a boon to single parent 

famines. 

The playground facilities and the southeast facing courtyard and patios would be 

open to the neighborhood and would serve families after school and weekends with 

playground equipment and park space. The rooms and grounds could be rented out at any 

time it is not used by the day care itself for speakers, plays and performances, bringing 

additional income to the neighborhood association. 

Fig 4.69 Proposed day care/green house facility with southeast facing amphitheater and playground 

As people learn from observing the Habitat successes in water harvesting and 

recycling and wish to emulate them, a company might be developed to install and service 

the cistems, recycling equipment and drip irrigation in this neighborhood and other parts of 

town as well. 
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CHAPTER IV 

SOLUTIONS 

4.4. Housing Solutions Specific to Water Conservation 

4.4.1 Harvesting the Rainwater 

Turning to the actual design of the Habit houses themselves, we carefiiUy 

examine each of the four specific components of water conservation: capturing 

precipitation, recycling greywater, holding water on the land to be absorbed and 

landscaping with native plants in a manner that conserves water. 

Common sense would suggest that we use the simplest possible methods to 

capture the maximum amount of rainwater, to store it in a way that keeps it clean and 

prevents evaporation back into the atmosphere, and to hold it in a place that is as close as 

possible both to its source and its destination. In addition, because one of the other goals 

is to maximize the percent of land available to absorb precipitation, we want to keep 

impermeable surfaces as small as possible. So locating the collection system within the 

footprint of the building seems the wisest choice. 

Cistems 

The rainwater to fill the cistems would be collected from roofs of the houses, 

carports, and public buildings in the neighborhood. The best 

collectors are metal roofs, but tile and other materials can also 

be used. The roof of the typical Habitat house in Lubbock is 

about 1200 square feet. You can expect to collect about 675 

gallons per inch of rain. With an average annual rainfall of Fig. 4.70. nootf/looo x 675 gai x 18.4" 

this roof surface will allow each household to collect over = 12,420 gallons annually"" 

12,000 gallons of water per year. 

Presently, the average Texan uses 8000 gallons a year. We are limited here by the 

size of the collection surface and available storage capacity. By using recycled water, we 

satisfy a large part of the demand. Van der Ryn says that 50% of the water demand is for 
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landscaping and 42% of the water used inside the house is for flushing toilets. If these 

two uses are taken out of the equation, we will drastically reduce the amount of draw 

required. 

The trick with water harvesting is to keep the water mnning downhill. Water 

mnning off the roof into the gutters will flow by gravity into collection tanks as long as 

the inlet into the tank is lower than the downspout. This is cleariy not a problem if the 

tanks are beneath the house. 
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Fig. 4.71 Proposed Cistern, Safe Room and Greywater Storage Tank 

If we incorporate the storage of rainwater with the pouring of the foundation for 

the house, we have provided covered water storage without covering up more land, and 

we have added a great weight to the foundation to anchor the house against the torque of 
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tomado winds. A tank holding 5000 gallons of water weighs 40,000 lbs. Each house 

would have with a pair of 12'0" x 12'0" x 7'0" underground cistems located centrally on 

the north side of the home, made of caliche based concrete. Each cistem would have the 

capacity to hold 6500 gallons of water. 

Cistems, coated with sulfiir acquired from waste products in nearby oil fields or 

coal fired electric companies, would be 100% waterproofed when cured, and the sulfiir, 

which is an effective natural pesticide, would help keep the water clean. Having two 

separate cistems would allow the cleaning or repair of one without emptying the entire 

rainwater resource. 

Simple formwork for making concrete tanks can cost from $.35 to $1 per gallon, 

but formwork for the pours would be reused hundreds of times for all houses and 

buildings in the Habitat neighborhood, greatly reducing the cost. In addition, the same 

forms would be used for greywater storage tanks located beneath northside porches, 

along the westem edge of the property line and elsewhere to handle greywater overflow. 

Soil in Lubbock is relatively easy to dig, unlike hill country limestone in other parts of 

the state where you are excavating solid rock. Nevertheless, this does add an expense. 

Gutters 

Gutters are the key to getting the water from the roof into storage. These historically 

have been made of wood or metal and today are made of many things from copper to 

galvanized steel, plastic to vinyl. Banks says that gutter material typically comes 10' 

long and will need a dovmspout and down pipe for every 40'- 50' length of straight mn. 

A bracket is required along the fascia board every 30" and on each rafter end. Gutters 

should be pitched toward the downspout 14" to Vi' per ten 

feet of mn. Using very large gutters of 5" to 6" diameter 

will help keep "leaves, twigs, pollen and poop", as they say 

in Tank Town, on the move better than screens that trap 

/̂ the debris. 

Fig.4,72 Wildflower Center, Austin "' 
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Large fiinnel like collectors to catch the mnoff would announce cleariy that water 

IS being collected here. Cleanout boxes do not have to be located at roof level but can be 

'f-J^^.-JM. located for accessibility at eye level or even placed 

on the ground, as Murcutt did on his Kempsey 

Museum, where column-like downspouts are 

discontinued before they touch the ground and fiher 

screens for trash can be seen easily and cleaned off 

when necessary. 

Fig,4,73 Kempsey Museum, Australia ""̂  

Austin"' 
Fig,4,74 Wildflower Center, 

• J2-:' 
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Roof washers 

In order to insure that the water is as clean as 

possible when it enters the tank, a commercial roof 

washer can be purchased to fiher out leaves and pollen 

down to 30 microns. These look like plastic shoeboxes 

with filters and need to be maintained carefiiUy. Or a 

simple and inexpensive system is to reject the first flow 

off of water is to divert it into a three-inch PVC pipe, 

which goes to the ground with a cleanout at the 

bottom. The initial rainwater goes into that pipe and, once that is filled, the rest of the 

clean rainwater flows into the storage tank. After the rain has ended, the pipe can be 

drained to water the garden. 

The cleaning process also could be done at the ground level, using a cleanout box. 

Dirty water from the first wash of the roof would flow into a central 10 gallon container 

-MP-
Fig. 4.75 'Toor man's roof washer" 
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filled with gravel and fitted with a slow drip drain pipe. Overflow of clean water 

collected would then flow into the larger outer container from which it would flow into 

j I \.] ^ the cistem. Debris would be trapped in the removable fllters or would 

i yx^ settle out in the bottom of the inside container to be drained to the 

^^W/t/jgg^ garden after the storm event. The filters would be made of layers of 

• • ^ ^ 9 H | fine enough material to prevent most blowing dirt from getting into the 

B J i P ^ ^ ^ i ^ H collection container in between rains. These easily could be washed 

l ^ t e i ^ j s i i ^ e t̂  between precipitation events. This container would also become an 

overflow protection in times of heavy rains if the storage cistems were 

Fig 4.76 Wata- Collection"' Completely filled. 

Because the cistems are located so close to the water taps, and natural 

atmospheric pressure will give water a lift of about 22 feet at 3300 feet above sea level, it 

is possible to consider not using a pump in one story houses. However, to assure 

adequate pressure at all times, water can be pumped from the cistems into the water lines 

of the kitchen and bathrooms using a standard % horsepower well jet pump. These 

pumps are widely available, inexpensive and easy to repair. Although this is adequate 

pressure for household use. Banks suggests that a pressure tank be used that stores water 

under pressure even when the pump is not mnning, so the pump does not have to come 

on every time the water is tumed on. An ahemative is to pump the water into a small 

storage tank in the attic where water could be heated by solar panels and the gravity flow 

would supply necessary pressure. 

Filtering systems 

Mollison, who was raised on cistem water in Australia, says there are three myths 

about cistem storage: 

It is stagnant water (untme; it tastes fresh for years and remains clear and clean). 
It breeds mosquitoes (not tme in covered tanks..,). 
It contains dust, etc. from the roof (tme, but this settles as a biological sediment 
and keeps the water clear.) (339). 

Although the Texas Water Development Board says that rain water provides 
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our highest quality water, before being used for household drinking, cooking and 

washing, the water collected in our cistems would undergo a treatment process, first for 

disinfection to kill any bacteria or vimses and then for conditioning to remove particles, 

minerals and chemicals. Some fUters simply 

screen out sediment Uke dirt, sand and mst. The 

most common types, which Banks recommends, 

are cartridge filters, put in a line larger to smaller, 

to remove successively smaller and smaller 

Fig. 4.77 Tank Town filter system line up"" particlcs from the coUectcd watcr. Activated 

carbon filters often are used to trap and remove small organic molecules and pesticides. 

Filters must be changed regularly for the process to work. An 

easily accessible mechanical room would be provided for 

maintenance. 

As a final extra protection in the system, a UV light to 

disinfect the water from bacteria does not require much power 

to mn and can be added easily. This must be installed at the 

end of the line after all minute particles have been fihered out. 

Otherwise, the bacteria can "hide" behind small particles and 

be missed by the UV rays. All this treats the water without Fig.4.78 uv light 

adding any taste or odor, and without adding chemicals. Chlorine, which is added to city 

water suppUes, has caused some people serious concern over long-term effects because it 

reacts with organic matter to form chloroform and trihalomethanes, which have caused 

cancers birth defects in rats. 

47 
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CHAPTER IV 

SOLUTIONS 

4.4 Housing Solutions Specific to Water Conservation 

4.4.2 Greywater recycling 

Once high quality water has come into the house and been used for the family's 

needs for cooking and washing, it can be recycled. Van der Ryn suggests that blackwater 

from toilet waste and water from the kitchen, which contains the highest concentration of 

food particles, grease and soap, should continue to flow directly into the city sewer lines 

for disposal. He recommends that a separate auxiliary greywater line be added to divert 

the washing water before it drains away into the sewer line. 

Toilets 

Much of the household water use comes from the bathroom so this is the place to 

begin making changes. Because it makes no sense to flush away 5-7 gallons of fresh 

potable water, high efficiency toUets requiring 1.5 to 2.5 gallons per flush would be used. 

European toilets that give a choice of low volume or high volume flush are the most 

efficient. The Los Angeles Water Board sponsored a program to buy old leaky toilets for 

$25 and the gift of a new efficient toilet. The city recognized that it would be salvaging 

millions of gallons of water by replacing the inefficient models, saving the city both 

money and valuable resources in the long mn. 

Sinks 

Sinks fitted with foot controls to tum the water on would simplify making the 

choice to not let the water mn except when it is actually in use. In addition, since the 

volume of water used daily in sinks r-^^- _ 

approximately equals the daily amount of ^"^^H^""^ ^?&^| 

water used for toilet flushing, toUets can be C ^ T ^ ^ = C ^ i 

phimbed, like as these from Australia J=k ^Jsr^^H^^ -^ IS 

( M o l l i s o n 172) , s o that water drained from the Fig. 4.79 sink water for flushing toUets, Permaculture ^ 
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sink would flow first directly into the toilet 's holding tank to be reused before flowing 

away into the city sewer main. Diverting water would be a simple constmction change. 

Showers, tubs and washing machines 

The fihered water for showers, bathtubs and washing machines would come into 

the house from the cistems when volume permits, or would be piped in through the city 

water system. L o w volume shower heads would help reduce the volume of bathing water 

used. Front loading washing machines use less water and less power as well because 

gravity does half of the work of cycling the clothes. Only a part of the grejrwater 

produced would come from the washing machine, so the waste wash water would be 

greatly diluted by the addition of a much greater volume of bath water. Nevertheless, 

attention must be paid to the contents of the washing products used. He suggests 

choosing soap over detergent and that soap flakes are best. Avoid "softening" agents 

because they are sodium based and sodium added to soils destroys soil aggregation. 

Bleach should be minimized, and Borax and boron based detergents absolutely avoided. 

Plumbing alterations 

Greywater would be separated into its own greywater line before the wastes flow 

into the main four-inch sewer pipe that services the toilet. Again, this is a simple 

aheration during constmction, much like the separate lines that are now provided for 

water softening, a process which uhimately adds 
rjf_i^v^* 

iQ y a-*~ -^ <.,̂»p*̂  unwanted sah to the soil and will not be needed 

^ ) 'S:r.,-... once "soft" rainwater is collected. 
^ 

< ^ ( ^ 3 r i [ p t O ( ® c : ? ^^ ^^ ^yg^ y^^ jgj. j^yj^ suggests installing a "T" 

Q connection in the waste line using ABS plastic 

M ' ,,, pipe, as per the diagram below (Fig, 4.80), 

CSJ Connected to a threaded PVC gate valve, it v^dll 

S , K^ d.^ allow diversion of greywater into a storage tank 

when the valve is open (94), During the warm 
Vou cjn linen houwii.ilcl prcyi»JliT b) insljlliug I " airintciion 

before ,o,ic. «i«c i,.c months when most of the landscape watering 

Fig. 4.80 T connection to divert greywater to holding tank"' takcs placc, the valvc is Open, and the 
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greywater would flow into the tank. This would lower the draw on the aquifer during the 

months of greatest usage. When supplemental watering is unnecessary or the storage 

tanks have reached their capacity, the valve could be closed and greywater would flow 

directly into the sewer. A set-up of the same kind will allow flexibility in choosing 

whether the in-coming water is from the cistem or the city water system, being carefiil 

not to allow any cross connections between supply line and waste line modifications. 

^ large 

' t 1 

Nand fitUT using irnHlificd scplit tank 

. 1 6 I'jr^ '̂iL 
' 1 
'•-^Si p.p. 

(„,., 

*.cjJ,/,e.^ tlrvKM -̂) 

Storage tanks 

A storage tank for holding the greywater could be constmcted with the same 

formwork used for the cistems, except it would 

have three separate compartments. Van der Ryn 

suggests that the water flow first into two 

altemating settling tanks of the sort designed by 

septic tank consultant T. H, Winneberger, Each 

tank would have layers of sand, then pea gravel 

and finally coarse gravel for the water to fiher 

through (92). Greywater would fiher down 

through the layers. After being cleaned in that 

Fig. 4.81 Van der Ryn greywater sand fitter ^° W a y g r C y w a t C r WOuld floW intO t h e a d j a c e n t 

holding chamber where a submersible sump pump would convey the water into the 

landscape for irrigating nonedible plants. (See 

Fig. 4.70) Texas A&M University reports that 

the Texas Panhandle has near perfect conditions 

for on-site wastewater tteatment systems because 

the soils don't pose a problem, the groundwater is 

deep enough that contaminating the aquifer is 

unlikely and the long, hot, arid summers promote 

evaporation and transpiration to dispose of 

s.c,K,„ ,hr.,u,h ,,cy«.,e, hoid.n, ...nk .„h pun,p, r ,„„.„„„ cfflucnts, Although thls rcport was written 

Fig,4,82 Holding tank for greywater storage and pumping *' COnCCming b o t h b l a c k w a t C r a n d gTCywater i n 
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rural wastewater disposal, the same attiibutes would apply in the Habitat location where 

only greywater is being considered. In addition, as Van der Ryn explains, when 

greywater is discharged into the soil, the abundant soil organisms that are better suited to 

the soil environment destroy potentially harmfiil vimses and bacteria. Trees especially 

have the ability to benefit from recycled water without any harmfiil effects. However, he 

also recommends occasional watering of the area with fresh water to reduce the chance of 

buildup of salts or contaminants and the application of thick compost mulches to 

facilitate natural decomposition. 

Distribution to the landscape 

Van der Ryn suggests that waste water be conveyed from the tank to the garden 

by a % inch or 1" hose, the bigger the better. A central hose or pipe may feed several 

lateral hoses connected by a "wye" junction so the water is distributed over a large 

expanse of the lawn or garden, reducing the chance of puddling and localized residue 

buildup. The water should go directly on to the surface of the land, not through 

sprinklers on to leaves or children playing. Other sources recommend drip system 

irrigation as a way to lessen evaporation and avoid above ground contact v^th the water. 

On the other hand, there is also some concern about repair and maintenance of drip 

systems. 

He stresses the essential objective of the greywater recycling system is to provide 

maximum conformance to health regulations and minimal disturbance of the home's 

existing sanitary system (94). He recommends the following elements to insure this: 

1. Do not in any way modify the 4-inch sanitary lines; they carry toUet waste. 
2. Direct drainage of all existing 1 V-i" and 2" water lines into the sewer must be 

maintained The diversion lines are installed as an auxiliary system to the 
conventional sanitary system, not as a replacement. 

3. To insure gravity flow into the buffer or sump tank, the 1 Vz' or 2" horizontal 
pipes must be installed to slope at a rate of y4" per mnning foot. 

4. Cleanouts should be installed at the entrance and exit ports of the buffer 
dmms and at all intersections of drain pipes to allow maintenance of the 
waster Unes. 

5. Do not collect waste water in open tanks or reservoirs where children may 
gain access to the water or mosquitoes may breed. The buffer and sump tank 
must have a tightly fitting lid. 

6. Buffer tanks must have an accommodation for overflow into the sewer (95). 
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Overflow precautions 

Van der Ryn estimates wastewater collection will exceed 125 gallons per day. 

Given that volume of water produced daily, there is a possibility that the individual 

household storage tanks will fill up and overflow must be considered. Additional tanks 

would be located around the property, beginning at the westem edge where cistems 

would form the base for a berm. Lines connecting the household greywater storage tanks 

and the overflow tanks around the property would be laid along the lines of the swales so 

they can easily be located for necessary inspection or repair. Overflow tanks would have 

a connection to the city sewer line as a final step to prevent over filling. 

Another possible solution to greywater storage would be to use a system such as 

Rainstore, a water storage unit made of a wrapped 

stack of recycled plastic ring and grid forms, so 

stmcturally sound that it can be used under roads, 

parking or driveways, locations that would not 

reduce the square footage of permeable land 

surface. These come in light weight segments 

40" X 40" X 4" that are easily assembled and can 

be 

stacked to any depth and breadth 

necessary. They could be used for holding 

greywater under other impermeable 

surfaces to be used on trees and greenways 

or can store potable water from rainwater 

harvesting. 

Fig.4.83 and 4.84 Rainstore recycled plastic unit interior and as used beneath parking lots 
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CHAPTER IV 

SOLUTIONS 

4.4 Housing Solutions Specific to Water Conservation 

4.4.3 Holding the Water on the Land 

In 1999, the city of Lubbock passed a bond election voting $450,000 to get rid of 

flood waters in case of heavy rainstorms. The Habitat site would offer clear ahematives 

to constmcting stormwater drains by focusing on saving and storing the stormwater. In 

addition, watering of lawns and plants would be greatly improved with less demand on 

the aquifer. 

Floods 

What causes flooding and what corrections will change the circumstances? The 

hydrologists questions apply here: how much rain?... how long?... how hard?... how 

often? How permeable is the land? How much precipitation it can absorb normally? 

How much of that land is covered by roads and houses?.. .bare land or planted? 

In Lubbock, there are few storm sewers. A neighborhood rids itself of water by 

cresting the land beneath the house and having all the water mn off into the street. The 

small streets collect water and dump it into the larger ones. Curbing is supposed to 

contain it. Water mns through town and into playa lakes or the surrounding countryside. 

With too much water at one time, or too hard or too fast or too soon, there are floods. 

Swales and terraces 

Rainwater often falls faster 

than it can be absorbed. Sculpting 

the land along the contour lines in 

swales holds the water on the land 

long enough for it to be absorbed. Cwn section of a common area and drainage !waU in Village Homes. 

The best example of this kind of Fig. 4.85 Contouring the land in swales in Village Homes-

gentle sculpting of the land is found in Village Homes. 
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By eliminating paved alleys which cover the ground behind and between the 

houses, a large green area is freed up to be terraced and planted to hold the water from 

both from rainfall and from garden watering. Molding the land in terraces that follow the 

natural shape of the land both lowers the cost of 

expensive earth moving and allows us to build 

so the site is least disturbed. These swales break 

up the slope length and provide depressions for 

storage of mnoff water. They can be planted so 

they become green terraces between 

precipitation events or else be graveled, as in 

Fig. 4.86 Village Homes graveled swale Fig. 4.86, to avoid wet puddles when it rains and 

encourage dew formation beneath the rocks for extra water when it is very dry. 

Grasspave^ is a commercial product of recycled plastic rings in a grid that aids the 

process of holding water until it is absorbed and protects the grass and groundcover 

planted in the swale. The manufacturer supphes 

hydrogrow - a polymer, fertiUzer and soil 

amendment - to be used when seeding the swale. 

Grasspave^ has the stmctural capacity to support 

vehicular traffic. This would probably be used 

only in the swales created parallel to the roadways 

where emergency vehicles may need extra room 

to maneuver. Fig. 4.87 Grasspave^ for drainage and support in swales ^ 

Swales are not intended for mnning water. 

Rather they are intentional low areas, deliberately 

designed to trap the water and give it two or three 

days to be fiiUy absorbed into the soil. This 

encourages the plant roots to go deep into the soil 

rather than be grown near the surface where they 

are much more vulnerable to evaporation, 

exposure and drought. A usefiil swale is about 6' 

across the base with the spacing between them 

Grasspave^ swale for drainage in vehicular traffic areas. This area can double as a 

detention basin. The width and depth shall be as specified. 

FIGURE 7,23 
Swales on conlout do nol tloiv; Ihey (irst slop and then Intillralo 

overland How, Swales on hillsides are pari of access or production 

systems 

Fig. 4.88 Swales absorb, do not flow 
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anywhere from 40' to 60' Mollison 168). On the Habitat site, that would mean there 

would be a low planted space centralized in the back area between the houses and 

additional swales on both sides of most roads in front. Trees and plantings would be 

chosen with respect to the solar needs of the specific locations. 

Roads and parking 

As noted before, the first step is limiting the width of paved roads and restricting 

parking spots to four cars each. With cul de sacs and no through streets, the traffic would 

be greatly reduced. Eliminating curbs and constmcting streets so the road bed is convex 

rather than concave would change the drainage pattern of the precipitation. 

Carving out swales on either side of the road to create an easement would make 

the streets wide enough to walk and to serve emergency vehicles without increasing the 

paved width. As part of street design, swales capture mnoff from hard surface areas and 

allow all the rainwater on the pavement to wash into these collection basins and stay long 

enough to be absorbed. The captured water would provide sufficient moisture for 

shade trees planted alongside the roads. This would water the trees and ground 

(cover and make them self sustaining within a few years, dependent only on 

natural rainfall. 

Fig, 4.89 Swales to capture runoff along the roadside ^ 

This road design would mean that the houses are only separated by the 26' of 

roadway plus swales, so neighboring driveways and parking areas are quite close 

together. This encourages communication as people come and go from their homes. On 

the other hand, fenced courtyards between the parking and the houses give privacy and a 

convenient place to confine young children and pets when that is desirable. 

Substituting gravel parking areas for asphaU or concrete and providing shade 

lessens the stress that plants normally have from radiated heat when planted next to 

paving. Air temperature above pavement is as fifteen degrees higher than above grass or 
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groundcovers. Planting trees and shmbs on the west side of parking spots assures the 

shade in the hottest part of the day and prevents the build up of heat in the pavement 

which begins to happen around noon, ft provides protection from the harsh west winds. 

Vegetation 

Plants and grasses growing in the swales also contribute to holding and storing 

water in the soil. By blocking the wind and giving shade, they lower the temperature and 

evaporation rate. Vegetation will aerate the soil, making it more absorptive and adding 

rich organic matter. It will also protect the land from the intensity of the rainfall by 

intercepting the raindrops and getting them to the ground more gently. Leaves and debris 

from the plants themselves decay to make natural mulch, which again holds more water 

in the soil and reduces evaporation. 

Trees provide shade and with the shaded narrow roads and graveled parking 

areas, pavement heat sinks would be greatly reduced, as would reflected heat and glare 

from car tops. Even parked cars are shaded or have car port roofs that collect rainwater. 

That means less heat will be conducted into the air. All this combined would resuh in 

reducing ambient temperatures in the neighborhood, lowering the rate of evaporation and 

transpiration in the process. 

Design of the houses 

The design of the houses as well as the landscaping evidences concem for holding 

water on the land. Each roof is a collection surface so rainwater flows into cistems for 

storage rather than being lost by simply washing off an impermeable material and into the 

street. Each cistem is located below the house within the footprint of the foundation, so 

there is no decrease in the land surface available to absorb rainwater. 

Even with the biggest gutters and most well 3~ 

made collection systems, some rainfall is bound to f5«^^^^S 

escape coUection. To assure the even this water is # ^ ^ 

utilized, shaUow swales would be dug around the drip ™^S,^ '. X § 

line of the roof FiUed with pebbles so there would not wwmm^mm^^'^'^^'^ 

be wet places around the perimeter of the house, these __ _ '^Fl> 

small swales would increase water in the saturated Fig. 4.90 Swales trap rainwater near houses '̂ 
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soil layer and provide water for the yard plant roots. On the west side of the houses, 

treUises would protect the walls from heat gain and loss, offer privacy and a green 

backdrop for the garden of the house to the west, and give a stmctiire for vines with 

grapes or berries to harvest. As the houses also provide greywater to nourish and sustain 

the landscape, they lessen the draw on the aquifer, especially during the hot months of 

greatest water demand. 

Built with materials that do not require as much energy and water to produce nor 

transportation to bring in parts for fabrication, they have a life cycle of sustainability. 

Local materials match local conditions. Constmcted with materials of high heat capacity 

but low energy cost in production means they have the right characteristics for passive 

heating and cooling, yet lower costs in terms of energy and water usually associated with 

mechanically accomplishing that work. The use of natural ventilation through rooftops 

and drawing air over the cistem water provides cooling. 

Because the temperature in the area is reduced and natural ventilation possibilities 

are great, there is less need for hot blowing air conditioners and their noisy condensers. 

The houses will have porches on north and south sides, so people will again have places 

to sit outside and watch what is going on in the 'hood. There will be facilities making 

cooking outside in the warm months an easy option. Outdoor sinks could also be used 

for gardening in the green space between the houses. This in tum leads to a more 

neighborly place where people spend more time outside together. 
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CHAPTER IV 

SOLUTIONS 

4.4 Housing Solutions Specific to Water Conservation 

4.4.4 Landscaping with Native Plants 

David Northington, the director of the National Wildflower Research Center in 

Austin, says in his Foreword to Miller's book. Landscaping with Native Plants of Texas 

and the Southwest. 

The cost of maintaining a formal landscape is no longer defensible or even 
economically possible for many of us. And it is not only the financial cost of 
fertilizers, pesticides, gasoline and equipment; it is the cost in free time for labor. 
Most importantly, however, the cost of watering these exotic landscapes can no 
longer be justified. Rapidly lowering water tables and seasonal drought have 
intensified the need to drastically cut back on the use of this most precious natural 
resource, fresh water. 

He continues: 
The fiin of choosing (among native plants)... is almost addictive. Add to that the 
satisfaction of knowing that as one person, one plant at a time, we can all help 
with the repair of our environment. 

Native plants and trees develop in ways that enable them to survive in a county 

with both hot arid summers and cold dry winters. 

They have already made the adaptation to the soil 

and climate for survival. They require less water, 

are low maintenance and are less expensive because 

they do not have to be replaced. Using a mass 

planting of compatible species can be quite visually 

dramatic. Group plants with similar watering 

requirements to avoid overwatering - natives don't 

like wet feet. They give a unique and regional look 

that is most important. As Lady Bird Johnson said, ^T 

"I want Texas to look like Texas." Fig, 4,91 Deciduous tree in fall colors '* 
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Nattire has its own energy conservation program: deciduous plants (Miller 24). 

Deciduous trees (Fig. 4.91) coordinate with 

energy-saving goals when planted on the south 

side where it is hotter and drier in summer, and 

warmer in winter - the best place for sun loving 

and drought tolerant varieties. The mature sizes 

of the species must be considered to anticipate the 

look in five or ten years and understand how close 

they will grow to the roof A tree planted 15-20' 

away from the building but tall enough to shade Bur oak 

the roof will reduce inside temperature by 8°-10°. Fig, 4,92 Native Texas Oak ̂  

Texas oaks, Lacebark elms, green ash, and Golden Rain Trees are good choices with 

pecans, Ginko and Kentucky Coffee trees also viable. They leaf out in summer to 

provide protection from the sun for the house and garden, roads and parking. Trees also 

create their own breezes as hot air rises to escape through the upper leaves and is replaced 

by cooler air from the shade below. And yet, because they lose their leaves in winter, 

they do not interfere with the south facing glass we use to let the winter sun inside to 

warm the house. In addition, nut and fixiit trees give 

fall color, spring flowers and produce to harvest and 

sell, potential for additional income. On the east 

side, low leafy trees like desert v^dllow, mimosa, 

smoketrees and retama (Fig. 4.93) let moming light 

fiher in, but not early moming heat. 

Trees and shmbs can be utilized effectively to 

moderate the effects of sun, wind and rain by locating 

them in places that protect more vulnerable things. 

Evergreen trees belong on the north and the west 

sides. As harsh winter winds blow in from the north, evergreens effectively shield the 

vulnerable parts of the house such as gables, comers and roofs while efficiently 

protecting the house from severe heat loss. Solar collectors and windows need protection 

as wind chill can remove 60% of their heat. Trees with persistent or evergreen leaves 

Retama 

Fig. 4.93 Drought tolerant Retama' 
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Fig 4.94 Texas madrone 

such as Texas madrone (Fig. 4.94), Texas pistache (Fig. 4.95), wild olive (Fig, 4.96), or 

spring shedding live oaks could be a windbreak in 

addition to the usual conifers. The north side is 

^ ^ ^ ^ good for decks and summer "outdoor kitchens" 

I P ^ ^ B H H I -i^ ^ H H R ^^^^^ perpetual shade and summer breezes 

combine to make pleasant spaces. 

Harsh winds and hot sun increase water loss 

by increasing evaporation and transpiration. Plants 

that naturally combat water loss can be recognized 

by their small leaves, needles, and leaves covered 

with waxy or woolly coatings. Narrow, thin leaves present less surface for transpiration, so 

the plant draws less moisture from the soil up 

through the plant. Trees guard against hot sun and 

strong winds by altering the angle of their leaves to 

present a thinner side to wind or having the light 

colored or white surfaces of their leaves, which 

reflect the light, exposed to the sun. In the olive, for 

example, the light colored surfaces are angled up in 

hot months; the darker green side in cooler months 

as the sun's energy is tumed to chlorophyll and stored 

in the tree. 

Planting hardy, wind resistant plants like the olive in a windbreak protects the 

plants and buildings behind it, and permits more delicate plants to survive and crops to 

thrive on the lee side. Miller says tests showed 

that a thirty-foot tall planting group reduced the 

wind velocity downwind by 55% as far away as 

320 feet. Creating a berm and windbreak on the 

westem side of the property will have an impact 

as it intermpts harsh winds and intercepts dust. 

Tall evergreen hedges like American holly, 

waxleaf ligustmm and Rose of Sharon give 

Fig. 4.96 Wild oUve flowering in the springtime *' privacy as well as wind and sun protection. 
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Vines and shmbs create both shade and dead air space that decrease airflow and 

the resuhing heat loss through outside walls and 

windows, moderating the effects of the weather. 

Trellises or vines growing on masonry walls 

protect the west side of the house from the sun 

and insulate it with a dead air space. Arbors 

provide summer shade and enhance porches. 

Japanese honeysuckle, grapevines and Carolina 

Jessamine (Fig. 4.98), for example, add color, 

fruh and sweet smells. 

Roots and compost make the soil more 

absorptive. The most important roots of a plant 

are the surface feeder roots. These absorb the Fig. 4,97 Trumpet creeper on garden wal l" 

moisture and nutrients. If the surface feeder roots die it is very difficuh for the plant to 

recover and growth is inhibited. The plants produce their own mulch and compost with 

leaf and twig litter. Mulching around the base of the plant reduces water loss and heat 

buildup in the soil and keeps grass which competes for water from growing too close. It 

also protects from weed eaters which slice the bark all the way around the tmnk, a deadly 

process. Mulches can be an attractive 

ahemative to grass and groundcovers in 

heavily trafficked areas. Cottonseed, 

peanut and pecan hulls are local waste 

products that make good mulch for the 

garden. 

Watering lawns accounts for 

40% to 60% of the water bill. Lawns 

are highly labor intensive, and a 

Fig. 4.98 Jessamine vine protects the walls *' lawnmower putS aS much pollution in 

the air as an automobile. Buffalo grass is the only native turf grass and the chart (Fig. 

4.99 ) shows the difference in water requirements, ft naturally grows only 3" to 4" high, 

reducing mowing demands. It stays green through hot summer months and survives the 

coldest winters. It does have limitations, of course. It will not tolerate shade and does 
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Gra55 Guzzlers 
Here's what a variety of the 
thirsty blades require each year 

St. Augustine 
Zoysia 
5'ermuda 
^f fa lo 

6 

50 inches 
45 inches 
40 inches 
20 inches 

LJ^AU* 

not like heavy foot traffic, so it can't be used on the play areas. It also does not compete 

well with weeds or other grasses, so it must be 

planted in selective places. Nevertheless, 

combined with mulches and groundcovers, it is 

a great altemative to the other "grass guzzlers," 

Groundcovers are a wonderfiil substitute 

for high maintenance grass. They can provide 

attractive flowers and evergreen foliage to 

attract birds and butterflies. They prevent 

erosion and enhance the beauty of the property. 

They give a cool green space especially to south Fig. 4,99 Tank Town chart of grass varieties ^ 

exposures, keeping reflected heat from the ground from entering the house because their 

dark colors absorb rather than reflect the light. Many also grow in shade. A wide variety 

of these native southwestem ground covers are now readily available in all shapes, sizes 

and colors, Grroundcovers often fail because of lack of care during the first few growing 

seasons according to Whitcomb (536). However, once established, little fiirther 

maintenance will be required. 

Miller points out that it pays to landscape. With "sizzling summers and bone-

chilling blue northers", we need the 

assistance of well chosen landscape 

plants as an extension of the walls of our 

houses to reduce energy bills, to make 

the house more comfortable and pleasant 

to live in, and to realize greater profits 

when it's time to sell. With the high 

costs of utilities and the importance of 

saving our water, in addition to making 

houses more attractive, landscaping in a 

Fig. 4,100 Prairie Verbena, long blooming groundcover *̂  thoughtfill manner can be a bargain. 
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CHAPTER IV 

NOTES 

4.1 Understanding the Natural Forces 

1 Heat fransfer by (3) radiation and (2) convection. Benjamin Stein and John 

Reynolds, Mechanical and Electrical Equipment for Buildings (8* Ed. New York: John 

Wiley and Sons, Inc., 1992) 116. 

2 Transfer by conduction. Stein 116. 

3 Solar collection. Eoin O. Cofaigh, John A. OUey, and J. Owen Lewis, The 

Climatic Dwelling (London: James and James, 1996) 59. 

4 Convection heating. Cofaigh 59. 

5 Insulation. Cofaigh 59. 

6 Sfrategies. Cofaigh 55. 

7 Shade and light shelf Cofaigh 55. 

8 VentUation. Cofaigh 63. 

9 Roof Ventilation. Cofaigh 63. 

10 Water cooling ventUation. Cofaigh 63. 

11 Self-ventilated prairie dog tunnel. Bill MoUison, Permaculture: A Designers' 

Manual (Tyalgum, Australia: Tagari Publications, 1996) 204. 

12 Palladio's Villa Rotunda, Vicenza. Manfred Wundram and Thomas Pape, 

Andrea Palladio. 1508-1580. Architect between the Renaissance and Baroque (Koln, 

Germany: Taschen, 1993) 186. 

13 "Air conditioners" in the Sind district ofPakistan. Bemard Rudofsky, 

Architecture without Architects (Albuquerque: University of New Mexico Press, 1990) 115. 

14 Renewable energy potential. Texas. Comptroller of Public Accounts. State 

Energy Conservation Office. Renewable Energy Resources for Texas. SECO Fact Sheet No. 8. 

#96-688. Oct 1999. 

15 The Laredo stack chinmeys for natural ventilation. James Wines, Green 

Architecture (Koln, Germany: Taschen, 2000) 151 . 

The roofscape market at New Baris in Egypt. Steele 216. 
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17 
Maps showing available massive building materials in Texas. Pliny Fisk, "The 

Future of Indigenous Building Materials." Sunpaoer. Bulletin of the New Mexico Solar Energy 

Association. Vol.7. No.9, Nov/Dec 1982. 
18 

Fisk Austin office outside and inside. Wines 153. 

4.2 Historic Precedents for Water Preservation 

19 
Aberti's sketch of method for finding water, Leon Battista Alberti, On the Art of 

Building in Ten Books Trans. Joseph Rykwert, Neil Leach and Robert Taveraor. (Cambridge, 

Massachusetts: MIT Press, 1994) 329. 
20 

House of Pansa, Pompeii, plan and elevation. Russell Sturgis, Sturgis' Illustrated 

Dictionary of Architecture and BuUding: An Unabridged Reprint of the 1901-2 Edition. (New 

York: Dover, 1989) 423. 
21 

Cistem and colonnade levels at Pare Guell. Rainer Zerbst, Antoni Gaudi. (Koln: 

Taschen, 1993) 147. 

22 
Pare GueU amphitheater and surrounding wall/bench. Zerbst 152. 

^^ Gaudi's Greek Market Hall, Pare GueU. Zerbst 149. 

24 
Central Cistem, Wildflower Center. Lady Bird Johnson Wildflower Center. 

(Austin: Lady Bird Johnson Wildflower Center Press, 1999) Cover. 

25 
Rooftop collection drain over the auditorium. Wildflower Center Press 19. 

Bingi Point House, New South Wales. Francoise Fromonot, Glenn Murcutt, 

BuUdings and Projects. (New York: Whitney Library of Design, 1995). 
27 

Ball-Eastaway House, Sidney. Fromonot. 

4.3 Site Solutions for Habitat 

Typical stormwater drain and parking. Judy Corbett and Michael Corbett, 
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Designing Sustainable Communities: Learning From Village Homes. (Washington, D. C : 

Island Press, 2000) 58. 
29 2 

Grasspave road base for roadside swales. Invisible Stmctures, Inc., advertising 

brochure, Aurora, Colorado, 2001. 

30 2 
Grasspave rolls. Invisible Stmctures. 

31 2 
Gravelpave for parking areas. Invisible Stmctures. 

32 2 
Wheelchairs on Gravelpave Invisible Stmctures. 

Bike paths can be made of Gravelpave^. Invisible Stmctures. 

Antoine Predock southem fa?ade. BradCoUins, ed. Antoine Predock^ Houses. 

(New York: Rizzoli Intemational, 2000). 

Antoine Predock house. Wines, James. Green Architecture. (Koln, Germany: 

Taschen, 2000) 128. 

A Glen Murcutt southem fa9ade. Fromonot. 

37 
Southem fagade in a James Cutler house. Wines 179. 

38 
Sand filter for overflow greywater. Mollison 173. 

39 
California sod roof house. Wines 175. 

4.4 Housing Solutions Specific to Water Conservation 

4.4.1 Harvesting the Rainwater 

'̂ ^ 1200ftVl000 X 675 gal x 18.4" = 12,420 gallons annuaUy. Banks, Suzy. 

Rainwater Collection for the Mechanically Challenged. (Tank Town PubUshing: Dripping 

Springs, Texas: 1997). 

"̂ ^ WUdflower Center, Austin. Ladv Bird Johnson Wildflower Center. (Austin: 

Lady Bird Johnson Wildflower Center Press, 1999) 19. 

"̂ ^ Kempsey Museum, Australia. Fromonot, Francoise Glenn Murcutt, BuUdings 

and Projects. (New York: Whitney Library of Design, 1995). 
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43 
Wildflower Center, Austin. Ladv Bird Johnson Wildflower Center, (Austin: 

Lady Bird Johnson Wildflower Center Press, 1999) 
44 

"Poor man's roof washer" Banks, 
45 

Water CoUection, Banks 19, 
46 

Tank Town fiher system line up. Banks. 
47 

UV light. Banks. 

4.4.2 Greywater Recycling 

48 
Sink water for flushing toilets. MoUison 172. 

49 
T connection to divert greywater to holding tank. Sim Van der Ryn, The Toilet 

Papers. Recycling Waste and Conserving Water (Sausalito, CaUfomia: Ecological Design 

Press, 1995) 94. 

Van der Ryn greywater sand filter. Van der Ryn 92. 

Holding tank for greywater storage and pumping. Van der Ryn 91. 

52 
Rainstore recycled plastic unit as used beneath parking lots. Invisible Stmctures. 

4.4.3 Holding the Water on the Land 

53 

Contouring the land in swales in Village Homes. Corbett 44. 

Grasspave^ for drainage and support in swales. Invisible Stmctures, 2001. 

Swales absorb, do not flow. Mollison 178. 

Swales to capture mnoffalong the roadside. Corbett. 178, 

57 Swales trap rainwater near houses. Corbett. 337. 
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4.4.4 Landscaping with Native Plants 

58 
Deciduous tree in fall colors. George O Miller, Landscaping with Native Plants of 

Texas and the Southwest (Stillwater, MN: Voyageur Press, 1991) 66. 
59 

Native Texas Oak. MUler. 

Drought tolerant Retama. Miller 77. 

Evergreen Texas madrone. Miller 67. 

Texas Pistache. Miller 79. 

Wild Olive flowering in the springtime. Miller 70. 
64 

Tmmpet creeper on garden wall. Miller 11. 

Jessamine vines. Miller 39. 

Tank Town chart of grass varieties. Banks 
67 

Prairie Verbena, long blooming groundcover. Miller 63. 
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CHAPTER V 

CONCLUSION 

The Llano Estacado region of the Texas Panhandle is vastly overspending its 

water budget. Ninety flve percent of the rainwater evaporates. Water flows out of the 

Ogallala Aquifer, our primary source of fresh water, far in excess if its ability to recharge. 

We use 3.7 million acre feet annually from the aquifer - yet the recharge is only V2 an 

inch per year. Within the lifetime of our children and grandchildren, people may no 

longer be able to live on the High Plains. The public must become aware of this crisis 

and take action to change it. This study has shown that reasonable, affordable steps can 

be taken to reduce the amount of water drawn from the aquifer by area households. 

First, we must save as much of the six and a half trillion gallons of annual rainfall 

as possible. Holding the water in cisterns within the footprint of the foundation of the 

house will provide high quality water for household drinking, cooking and washing. 

Covered cistems, as opposed to playa lakes, reduce the staggering evaporation rate and 

protect the water from contamination of air pollutants and agricultural mnoff. 

Second, we must recycle the greywater. One hundred twenty five gallons of 

water per day is available from waste wash water. Flushing toilets and watering the 

landscape with reused water would substantially reduce the drawdown from the aquifer. 

Plumbing adaptations to make this possible are not costly. Wisely choosing water saving 

appliances and fixtures will also contribute to this reduction. 

Third, we must hold water in the soil. Start by maximizing the land surface 

available for water to soak into the ground. Limit the amount of paving and hard surface 

coverage allowed on a site. Contour the roads so excess water goes into the land to be 

absorbed rather than into the streets. Create swales and terraces to hold the water on the 

land to give it time to mfiltrate and recharge the falling water table. The cheapest and 

best place to store the water is in the soil. 

Finally, use native plants in the landscape and local materials for constmction. 

Native plants do not require much water or maintenance. Placed correcfly, they can 
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lessens erosion by holding valuable topsoil on the land, adding organic content and 

nutrients while preparing the soil to receive precipitation. Property locating trees and 

shmbs as windbreaks in well considered places will lower the cost of heating and 

cooling. Strategically planted berms would protect the site from harsh west winds. 

Using local materials Uke caliche which is cheap, abundant and readily available 

for constmction material has immediate benefits. Caliche brick or stiicco-like concrete 

products have buih in strength and durability, twice that of masonry brick and more than 

three times that of commercial cinder blocks. Stabilized properly with lime or cement, 

they have unusual heat storage capacity to buffer both heat and cold. These materials are 

fire resistant and require far less water to produce than ordinary concrete and masonry 

products. The strength of this material in stmctural walls in combination with 

underground cistems would provide protective sheher for people living in a "tomado 

aUey" 

Scroggins, in a paper twenty years ago, suggested that one ovmer-builder could 

make building materials for a 1000 square foot house for less than $300. Given today's 

costs of materials, caliche blocks 4" x 10" x 14" and weighing 39 lbs. apiece would cost 

about $.50 apiece to fabricate; a king size face brick of comparable size is over $1, 

Although increased labor would be required, "sweat equity" at Habitat is the bottom line 

and volunteers could master the simple techniques and devote the needed time. Local 

economic needs for new production and employment possibilities might be met. 

In actual costs, there are fradeoffs that make this proposal affordable to all people 

anywhere in the region and at all income levels. The money saved by eliminating paved 

alleys, curbs and storm drains and by narrowing roads could go to water conservation 

efforts. A local contractor estimated that $3000 savings would be realized from each lot. 

This would help pay the cost of cistems and greywater storage tanks. The soil removed 

when digging the cistems could be reused on site sculpting the extremely flat land by 

building up as well as digging down. Cistem excavations might provide soU for the 

building blocks as well. Instead of heavily grading the land, following the gentle contour 

lines in terraces also would reduce costs by limiting the use of heavy equipment. 

Native trees and plants watered with wastewater would not add costs beyond 

initial purchase, but would add "curb appeal" and tremendous energy savings. The 
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revenue from the sale of fiiiits, nuts and produce from the plantings would help offset 

landscape costs. Carefiil orientation and constmction of the houses using high mass, 

locally available materials plus passive and active solar systems would lower 

constmction costs and subsequent maintenance. These simple adjustments would cut 

energy costs for homeowners by up to 80%. These are time-tested and inexpensive 

adjustments. Long-term benefits would include savings on manufacturing and 

transportation of constmction materials, and elimination of the high cost of energy 

required for producing the building products. 

One major problem in the proposals presented here is the 22 gallons of water Fisk 

says is required to produce one cubic yard of material. Cleaned waste water from the city 

could possibly be substituted to good effect. 

A second problem is that no one is presently producing building products made of 

caliche in the Lubbock area. Resources are plentiful and it is hoped that this might be a 

new avenue of interest to local caliche companies with the abundant local supplies and 

many years of experience with the material. Habitat might prove an excellent 

demonstration site. 

The beauty of a carefiiUy planned and environmentally well-built home in a park

like setting would increase homeowner's property value as well as pleasure. These are 

not expensive changes, but they could have a great financial impact on the residents. 

This has potentiaUy far reaching consequences. In the hope of creating a neighborhood 

that celebrates its community life, takes seriously the safety and weU being of its children 

and the quality of life of all its residents, and understands its unique place in responsible 

stewardship of the High Plains land we all love. Habitat would set a shining example for 

the area and, indeed, for the whole southwest. Listen carefiiUy and perhaps you can hear 

the neighbors out in the greenbeh singing with Wilkinson: 

Let's pitch a blanket on the prairie sod 
On the banks of the River of the Arms of God; 
Wind in our hair... 
Stars up above... 
Here's everything we need to know about love. 
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