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El cuervo y la jarra*

Un sediento cuervo vió una jarra, y esperando 
encontrar en ella agua, voló hacia ella con placer. 
Cuando la alcanzó, descubrió que el nivel del agua 
no estaba a su alcance. Él intentó todo lo que podría 
pensar para poder llegar a donde se encontraba el 
nivel del agua, pero todos sus esfuerzos fueron en 
vano. Por fin descubrió que coleccionando tantas 
piedras como él pudiera llevar, y dejándolas caer 
una tras otra con su pico dentro de la jarra, el agua 
subiría hasta llegar a poner su nivel dentro de su 
alcance y así pudo salvar su vida. 

Los momentos de crisis son fuente para el ingenio.

* Esopo
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Estrategias de gestión hídrica, Tejas-2060
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Tejas

Presenter
Presentation Notes
  
Texas comes from the Hasinai Indian word tejas meaning friends or allies

Tejas es el unico estado incorporado a EUA bajo tratado

Texas is the only state to have the flags of 6 different nations fly over it. They are: Spain, France, Mexico, Republic of Texas, Confederate States, and the United States.

Although six flags have flown over Texas, there have been eight changes of government: Spanish 1519-1685, French 1685-1690, Spanish 1690-1821, Mexican 1821-1836, Republic of Texas 1836-1845, United States 1845-1861, Confederate States 1861-1865, United States 1865-present

Texas is home to Dell and Compaq computers and central Texas is often referred to as the Silicon Valley of the south

Población

~25.3 millones (8.25% EUA)
~37% de la población Tejana es de origen hispano; comparado con 16% en EUA

Texas includes 267,339 square miles, or 7.4% of the nation's total area

The state's cattle population is estimated to be near 16 million. �  
More land is farmed in Texas than in any other state. �

http://en.wikipedia.org/wiki/File:Map_of_USA_TX.svg�


Tejas-Gobierno
 Gobernador
 Parlamento
 Condados
 Municipalidades

US EPA

Texas Commission 
on Environmental 

Quality



Tejas-Población: 25.3 millones
Ciudad Habitantes

Houston 1,953,631
Dallas 1,188,580
San Antonio 1,144,646
Austin 656,562
El Paso 563,662
Fort Worth 534,694
Arlington 332,969
Corpus Christi 277,454
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Presentation Notes
Población

~25.3 millones (8.25% EUA)
~37% de la población Tejana es de origen hispano; comparado con 16% en EUA




Tejas- Economía
 Ganadería: 20% del consumo nacional
 Agricultura:  Algodón (#1), viveros forestales y 

ornamentales, maíz, trigo, heno(#3), sorgo (#2), maní, 
arroz (#5), cana de azúcar, sandia, cítricos, pecanas

 Industria manufacturera: Computadoras, aparatos 
eléctricos, comunicación militar y civil (#1), productos 
químicos

 Minería: petróleo (20% ) y gas natural (33%)
 Pescadería
 Servicios

Presenter
Presentation Notes
Agriculture
Among the states, Texas is ranked #1 for total livestock and livestock product receipts. It's ranked #2 for total agricultural receipts, behind California.
In terms of revenue generated, Texas's top five agricultural products are beef cattle and calves, cotton, broilers (young chickens), greenhouse and nursery products, and diary products.
Livestock
The largest source of agricultural revenue in Texas comes from the sale of beef cattle. Texas produces about 20% of the nation's beef cattle and ranks #1 in the country in the value of cattle raised.
Other important livestock products include broilers (young chickens) and dairy products, followed by chicken eggs and hogs.
Sheep and lambs and turkeys are also commercially raised in Texas. Texas raises more sheep and produces more mohair from angora goats than any other state.
Crops
Cotton is Texas' most valuable crop, generating 9% of the state's total agriculutural receipts amd 29% of the nation's cotton revenues. Texas is the nation's #1 cotton-producer. The state named cotton their official state fiber/fabric in 1997.
Other important products in this category are greenhouse and nursery products, corn for grain, hay (#3 among the states), and wheat. Texas is a leading (#3) producer of greenhouse and nursery products (flowers, ornamental shrubs, young trees).
Other major field crops in Texas are sorghum grain (#2 among the states), peanuts, rice (#5 among the states), and cane for sugar.
The leading fruits produced in Texas are watermelons, grapefruits (official state fruit) and cantaloupes.
Important Texas vegetables include onions (official state vegetable), potatoes, and cabbages. Texas is the #1 producer of cabbages among the states.
Texas is also a leading producer of pecans (official health nut).
Mushrooms are also grown commercially in Texas.
[ More ]
Manufacturing
Manufacturers add value to raw products by creating manufactured items. For example, cotton cloth becomes more valuable than a boll of cotton through manufacturing processes.
Texas is a leading manufacturing state. Ranking first in the manufacturing arena is the manufacture of computers and electronic equipment (computers, electronic components, military communication systems).
The manufacture of chemicals is ranked second in the state. Texas leads the states in this sector, producing benzene, ethylene, fertilizers, propylene and sulfuric acid.
Ranking third is the food processing sector with beverages the majority products. Beer, soft drinks, baked goods, preserved fruits and vegetables and meat are important processed products.
Mining
Texas leads the states in the total value of its mined products, producing large quantities of oil and natural gas.
The state is responsible for about 1/5 of the country's oil production and almost 1/3 of the nation's supply of natural gas.
Texas is also a leader in the production of cement, crushed stone, lime, salt and sand and gravel.
Fishing
Texas' fishing industry is thriving. Its shrimp catch is one of the largest in the country
It also hauls in black drum, crabs, flounder, oysters, red snapper, red drum and sea trout.
Farm-raised catfish are produced in the state as well.
Services
The biggest service industry in Texas is the community, business and personal services group. Industries in this group include private health care, hotels and motels, law firms, engineering companies and repair shops. As might be expected in a leading petroleum producing state, engineering firms that service oil and natural gas companies are the source of a great deal of this income.
Ranking second in Texas is the wholesale trade (food products, motor vehicles, petroleum products) and retail trade (department stores, grocery stores, service stations) group.
The finance, insurance and real estate services group ranks third in the state. Houston and Dallas are the major financial centers of Texas. Dallas also serves as home to many large insurance companies.




Tejas-Clima



Tejas-Clima

Indice Hidrológico de Sequia Palmer



Cuencas hidrográficas



Acuíferos



Acuíferos salobres y acceso al océano



Descargas de aguas residuales
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Usos del agua – Texas*

Municipal 
26%

Manufacturing 
9%

Mining 
0%

Steam Electric
3%

Irrigation 
60%

Livestock 
2%

2007 Water Use Survey Summary Estimates 
Texas

* Texas Water Development Board – Online resources - 2010



Propiedad del agua
 Aguas superficiales
 Propiedad pública
 Sistema concesionario
 Primero en uso primero en 

derecho
 Cuencas administradas 

(Watermasters)
 Caudales ecológicos 

mínimos



Propiedad del agua
 Aguas subterráneas
 Propiedad privada
 Asociada al area superficial
 Derecho de captura
 Adminstracion local (Distritos de 

Conservacion y Manejo de 
acuíferos)

 Adopcion de “Condición Futura 
Deseable”

 Areas de manejo
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Administración del agua
Distritos y Autoridades de Ríos



Administración del agua - Distritos de 
conservación y gestión de acuíferos



Propiedad y administración del agua
 Poderes del gobierno 

federal
 Regulacion estatal
 Requerimientos 

ambientales

 Autoridades de cuenca
 Autoridades de acuíferos
 Distritos de riego
 Municipios
 Individuos
 Industria

 Sistema altamente 
fragmentado

 Implicaciones
 Políticas de desarrollo
 Estrategias de gestión 

del recurso
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Sequía de los años 50s
 Creacion de la Texas Water Development 

Board

 Preparar el plan hídrico estatal para proveer la 
conservación, manejo y desarrollo ordenado 
de los recursos hídricos del estado y de tal 
forma  que, en caso de sequía, exista suficiente 
agua a un costo razonable para asegurar la 
salud, seguridad y bienestar público, el 
desarrollo de la economía y la protección de 
los recursos agrícolas y naturales de todo el 
estado.

 Autoriza la emisión de bonos ($200 millones) 
para impulzar el desarrollo del plan estatal
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1 acre-pie/año = 3.4 m3/día

Presenter
Presentation Notes
If we look at the periods of major drought in the state, we see that this reservoir construction boon immediately followed the two most significant droughts in our history: the Dust Bowl drought in the 1930s, and the drought of record in the 1950s.  In the second half of the past century, we have not had a drought of similar intensity and duration, but we have gotten into this bad habit of closing each of the last few decades with a serious, but short-duration drought.

Reservoir construction fell off significantly since about 1970 for several reasons: many of the major reservoir sites had been developed, state and federal funding sources were less available, and the passage of major environmental legislation.
1969 – National Environmental Policy Act
1972 – Federal Water Pollution Control Amendments (CWA)
1973 – Endangered Species Act

For all their benefits, dams significantly change the flow regime (timing, duration, magnitude, and frequency of flow events) of streams and estuary inflows, deplete water from the basin (evaporation and consumptive use), destroy bottomland habitat.





 Ley de planificación hídrica regional
 Preparar el plan hídrico estatal para proveer la conservación, 

manejo y desarrollo ordenado de los recursos hídricos del 
estado y de tal forma  que, en caso de sequía, exista suficiente 
agua a un costo razonable para asegurar la salud, seguridad y 
bienestar público, el desarrollo de la economía y la protección 
de los recursos agrícolas y naturales de todo el estado.

 Financiamiento para la preparación de planes
 Regiones
 Representación
 Reglamento para la preparación de planes

Sequía de los años 90s



Representación 
por intereses de 
usuarios



Planificación hídrica regional
 Representación por 

intereses
 Cabildo abierto
 Consenso
 Incentivos
 Financieros
 Concesiones de aguas

 Plan común



• Cuánta agua necesita la 
región?

• De cuánta agua se dispone?
• Hay exceso ó hay déficit?
• Si existe déficit, qué 

medidas se deben tomar?
• Adoptar plan de estrategias 

para el administración de 
las aguas.
• Condiciones de sequía

Elementos básicos del proceso



 Conservación
 Toda estrategia potencialmente factible
 Nuevos embalses
 Renovación de contratos
 Aguas subterránea
 Recolección pluvial
 Reutilización
 Desalación

 Criterio de evaluación equitativo
 Selección de estrategias en cabildo abierto

Estrategias de abastecimiento



Planificación hídrica: información

Presenter
Presentation Notes
7,500 wells
125 real time sites
3,000 water quality samples over 5 years

510 stream gages
 124 lake level monitoring stations





Programa de evaluación de caudales 
ecológicos

Presenter
Presentation Notes
Instream flow program was created through Senate Bill 2 in 2001.

No funding provided by the legislature.

Tri-agency program (three staff at TWDB)

Agencies divide up the technical components, share duties and responsibilities

Technical approach reviewed and endorsed by the National Academy of Sciences

Technical Overview to be published as a TWDB numbered report with a few weeks

Lots of coordination with stakleholders

Lower Sabine, Middle to Lower Brazos and Lower San Antonio currently being studied

Six priority sub-basins scheduled to be completed by 2016



Programa de evaluación de embalses

Presenter
Presentation Notes
120 lake surveys have been conducted since 1991, when the program was created.

Primary role is to determine current capacity and rate of sedimentation of Texas lakes and reservoirs

Cost recovery program

Four members of the team (currently one vacancy)

New technology includes multi-frequency depth sounder for measuring thickness of sediment and multi-beam for very high resolution imagery.

USACE is a big customer, and also provides financial support to lake owners

New rate schedule to be proposed at the February board meeting



Monitoreo de aguas superficiales

510 estaciones en cauce
124 estaciones en lagos

Presenter
Presentation Notes
TWDB contributes over $1m per year to ensure that the flow in the state’s rivers and level in our lakes is monitored.

Federal matching funds have not kept up with inflation

TWDB staff have spent significant time and effort highlighting the issue and seeking additional federal appropriations to maintain and enhance the current network.

There are some 400 active streamflow gages and roughly 100 lake level monitoring stations across the state

The USGS and TWDB identified a Core Network of gages to adequately monitor the surface water resources of the state. Currently, that network is 

Through a network of volunteer cooperators across the state, the TWDB also monitors open water evaporation rates and other meteorological parameters for use in planning and permitting
.



Modelos numéricos de cuencas mayores



Base científica para la planificación hídrica
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Regulaciones

Reutilización directa Reutilización indirecta

 Código Administrativo-
§310 (1990)

 Código Administrativo-
§210 (1997)
 Tipo 1- contacto humano 

es probable
 Tipo 2- contacto humano 

poco probable

 Sin codificación directa
 Ley Federal: Clean Water

Act
 Autorizaciones de descarga 

y eliminación de 
contaminantes

 Estándares de calidad de 
aguas superficiales

 Recarga de acuíferos
 Estándares de agua potable

Presenter
Presentation Notes
Type I
Residential irrigation
Unrestricted urban irrigation, including parks, school yards, and athletic fields
Fire protection systems
Direct irrigation of food crops that will be peeled, skinned, cooked, or thermally processed
Irrigation of pastures for milking animals
Maintenance of unrestricted recreational impoundments
Toilet or urinal flush water
Other similar activities in which the potential for unintentional human exposure may occur
BOD52 or CBOD53: 5mg/L
Turbidity: 3 NTU4
Fecal coliform: 20 CFU5/100 ml (geometric mean)
Fecal coliform: 75 CFU/100 ml (single grab sample)
 Twice per week
Tipo 2
Site not used by public when irrigating golf courses, cemeteries, and landscaped areas
Irrigation of food crops without contact with edible part or with pasteurization
Irrigation of animal feed crops
Maintenance of impoundments/water bodies where direct human contact is unlikely
Soil compaction or dust control
BOD5: 20 mg/L or CBOD5: 15mg/L (for a system other than a pond system) 
BOD5: 30 mg/L (for a pond system) 
Fecal coliform: 200 CFU/100 ml (geometric mean)
Fecal coliform: 800 CFU/100 ml (single grab sample)
 
Once per week






Autorizaciones bajo Código Administrativo-§210 
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Reutilización potable indirecta (no planificada)
 Descargas (autorizadas) a embalses (Requeridas por 

contrato)
 Descargas (autorizadas) a cauces que sirven de suministro 

potable aguas abajo

City of Dallas City of Houston



Reutilización potable indirecta (planificada)
 El Paso (recarga al acuifero Hueco-Bolson)
 Tarrant Regional Water District (agua superficial)
 North Texas Municipal Water District (agua superficial)



Derechos de uso
 Uso directo
 Discreción –bajo términos de la autorización- en el uso 

consuntivo total de la concesión 
 Retorno a aguas superficial

 Abandono del derecho
 Reautorización para uso
 Permiso para uso de cauce

 Uso indirecto
 Bajo disputa
 Caudales ambientales

(1)  www.twca.org/waterissues.html

Presenter
Presentation Notes
Basic Legal Background
Identifies Disputed Issues
Summarizes Arguments Regarding Issues 
Potential Consequences of Policy Alternatives
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Evolución de la reutilización en Tejas



Reutilización en la agricultura

 San Antonio (1890s)
 Amarillo (1920s)
 Lubbock (1930s)
 Odessa (1940s)
 Abilene (1960s)

Presenter
Presentation Notes
Add graphics



Reutilización en la industria

 Big Spring- Cosden Oil 
Refinery (1940s)

 Odessa- Petrochemical 
plant (1950s)

 Amarillo-Texaco Refinery 
(1950s)

 San Antonio- Power plant 
cooling water (1960s)

 Lubbock- Power plant 
cooling water (1970s)

Presenter
Presentation Notes
Add graphics (if can fit some)



Reutilización municipal (No potable)

 Abilene (1990s)
 San Antonio (2000)

 El Paso (1960s)
 Odessa (1980s)
 Trinity River 

Authority/Dallas County 
Utility Reclamation 
District (1980s)

Presenter
Presentation Notes
Add graphics (if can fit some)


http://www.saws.org/�


City of Odessa

Bob Derrington Water Reclamation Plant

Carreteras

Universidad

Parques

Campos de golf

Riego 
Residencial



City of Odessa

University of  Texas Permian 
Basin Park

Memorial Garden

Vista La Paz Residential Area



Trinity River Authority & Dallas County Utility 
Reclamation District-Las Colinas Reuse Project

Elm Fork

LCCC

Detention Pond

Landscaping

LCSC

HCCC

TRA CRWS WWTP



 Capacidad final ~ 120,000 m3/día

 Reemplaza usos de 
agua potable en
 Riego
 Enfriamiento en 

generacion
electrica

 Reposicion de 
caudal en el 
Paseo del Rio

San Antonio

Presenter
Presentation Notes
Proyeccion: 35,000 AFY
Reemplazo de usos potables
Riego
Enfriamiento
Caudal de rio



San Antonio



Factores/incentivos para la reutilización

 Planificación (local, regional y 
estatal)
 Población
 Demanda
 Sequias

 Regulaciones
 Derechos de agua
 Calidad del agua

 Uso eficiente del recurso
 Ciencia
 Tecnología
 Investigación
 Educación

Presenter
Presentation Notes
In 1991, the Texas Legislature passed the Texas Clean Rivers Act (Senate Bill 818) in response to growing concerns that water resource issues were not being pursued in an integrated, systematic manner. The act requires that ongoing water quality assessments be conducted for each river basin in Texas, an approach that integrates water quality and water quantity issues within a river basin, or watershed. The Clean Rivers Program (CRP) legislation mandates that "each river authority (or local governing entity) shall submit quality-assured data collected in the river basin to the commission." "Quality assured data" in the context of the legislation means "data that complies with the commission rules for water quality monitoring programs, including rules governing the methods under which water samples are collected and analyzed and data from those samples are assessed and maintained.



Los caudales de retorno son… “ 
un recurso hídrico valioso y 
esencial que debe ser gestionado 
conjuntamente con otros 
recursos hídricos”

1968 Plan Estatal del Agua

Presenter
Presentation Notes
First official state water plan under TWDB- recognized return flows as important resource.
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Retos para el futuro de la reutilización en 
Tejas
 Salud publica
 Control de calidad
 Monitoreo

 Necesidades ambientales vs necesidades humanas
 Calidad del agua
 Contaminantes emergentes
 Sólidos disueltos
 Nivel de tratamiento requerido
 Regulaciones

 Aceptación publica



Investigaciones
 Application of Microbial Risk Assessment Techniques to Estimate Risk Due to 

Exposure to Reclaimed Waters-WRF-04-011 
 Collecting, Exploring, and Interpreting Microbiological Data Associated with 

Reclaimed Water Systems-WRF-04-12 
 Reaction Rates and Mechanisms of Advanced Oxidation Processes for Water 

Reuse-WRF-04-017
 Selecting Treatment Trains for Seasonal Storage of Reclaimed Water Treatment of 

Influent to and Withdrawals from Storage: A Resource Guide -WRF-04-021
 Evaluating Pricing Levels and Structures to Support Reclaimed Water Systems-

WRF-05-001 
 Guidance Document on the Microbiological Quality and Biostability of Reclaimed 

Water Following Storage and Distribution -WRF-05-002 
 Development of Surrogates to Determine the Efficacy of Soil Aquifer Treatment 

Systems for the Removal of Organic Chemicals -WRF-05-004
 Identifying Hormonally Active Compounds, Pharmaceutical Ingredients, 

and Personal Care Product Ingredients of Most Health Concern From 
Their Potential Presence in Water Intended for Indirect Potable Reuse-
WRF-05-005



Investigaciones
 Selection and Testing of Tracers for Measuring Travel Times in Groundwater 

Aquifers Augmented with Reclaimed Water-WRF-05-007 
 The Effects of Salinity on the Removal of Contaminants of Concern during 

Biological Water Reclamation -WRF-05-008 
 Dewatering Reverse Osmosis Concentrate from Water Reuse Applications 

Using Forward Osmosis-WRF-05-009
 Oxidative Treatments of Organics in Membrane Concentrates-WRF-05-

010 
 Developing a Pragmatic Research Agenda for Examining the Value of Water 

Supply Reliability-WRF-06-002 
 Leaching of Metals from Aquifer Soils during Infiltration of Low-Ionic-

Strength Reclaimed Water: Determination of Kinetics and Potential 
Mitigation Strategies - WRF-06-005

 Low Cost Treatment Technologies for Small Scale Water Reclamation Plants 
- WRF-06-008

 Tools to Assess and Understand the Relative Risks of Indirect Potable 
Reuse and Aquifer Storage and Recovery Projects - WRF-06-018 



Agenda de investigación-Tejas
 Amortiguadores (buffers) naturales
 Humedales
 Recarga de acuíferos
 Optimización de tratamiento
 Procesos de nano-filtración
 Apoyo institucional
 Modelos integrales de la cuenca para el análisis de calidad 

del agua





Conclusiones
 La reutilización del agua es 

una de las bases 
fundamentales para el 
manejo sostenible del 
recurso hídrico

 Los retos para el avance de 
la reutilización son terreno 
fértil para la investigación y 
creatividad



Recursos
 http://www.twdb.state.tx.us/iwt/
 jarroyo@twdb.state.tx.us

http://www.twdb.state.tx.us/iwt/�
mailto:jarroyo@twdb.state.tx.us�
http://www.twdb.state.tx.us/iwt/aboutiwt.asp�
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