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Section 1
Planning Area Description
[31 TAC 8357.7(a)(1)]

1.1 Introduction

In 1997, Senate Bill was enacted by the 75th Texas Legislature to address experiences
of drought and the needs of utilities and water management entities to meet the water supply
needs of t he Stateos gr owi ng popul ati on anc
development of water plans at the regional level with greater local participation and input in
order to gain acceptance and commitment to implementation. In addition tongdghiei best
information possible to guide future water resource decisions, Senafe dsib provided that
future regulatory and financing decisions of the Texas Commission on Environmental Quality
and the Texas Water Development Board (TWDB) be consigtiém approved regional plans.
As stated in Senate Bill, the purpose of this regional planning effort is to:
AProvide for the orderly devel opment, ma n a
and preparation for and response to drought conditioasdr that sufficient water will
be available at a reasonable cost to ensure public health, safety, and welfare; further

economic development; and protect the agricultural and natural resources of that
particular region. o

The TWDB is the state agency desated to coordinate the overall statewide planning
effort. After seeking public input, the TWDB divided the state into 16 planning regions. In the
South Plains of Texas, a 2bunty area was delineated by the TWDB as Planning Region O,
which was subsequdptnamed the Llano Estacado Regional Water Planning Region (herein

referred to as the Llano Estacado Region). The counties of the region are:

1. Bailey 8. Dickens 15. Lubbock
2. Briscoe 9. Floyd 16. Lynn

3. Castro 10. Gaines 17. Motley
4. Cochran 11. Garza 18. Parmer
5. Crosby 12. Hale 19. Swisher
6. Dawson 13. Hockley 20. Terry
7. Deaf Smith 14. Lamb 21. Yoakum
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HDR-00080268-10 Planning Area Description

The Llano Estacado Regional Water Planning Group (LERWPG) was appointed by the
TWDB to represent elevestakeholder interestais specifiedn Senate Bill 1andto act as the

steering and decisiemaking body of the regional planning effoferms of Office oLERWPG

Table 1-1.
Current Members and Representation of the
Llano Estacado Regional Water Planning Group

Voting Members 8 Water User Group
H. P. Brown, Jr., Chair, 8 Agriculture/Cattle
Jim Conkwright, Vice Chair 8 Water Districts
Doug Hutcheson, Secretary/Treasurer 8 Water Utilities
Tom Adams i Municipalities (Large)
Melanie Barnes, Ph.D. 8 Public
Alan Bayer 8 County Government
Delaine Baucum & Agriculture
Bruce Blalack 8 Municipalities (Large)
Delmon Ellison, Jr. 8 Agriculture
Don Ethridge, Ph.D. i Agriculture
Harvey Everheart 8 Water Districts
Bill Harbin 8 Electrical Generation
Mark Kirkpatrick 8 Agriculture
Bob Josserand 8 Municipalities (Medium)
Richard Leonard & Agriculture
Michael McClendon 8 River Authorities
Don McElroy 8 Small Business
E.W. (Gene) Montgomery 8 Oil & Gas
Ken Rainwater, Ph.D. 8 Public
Kent Satterwhite 8 Water Districts
Jim Steiert 8 Environment
John Taylor i Municipalities (Small)
Non-voting Members & Agency
Angela Kennedy, P.E. 8 Texas Water Development Board
Herb Grubb, Ph.D.d Technical Consultant, HDR Engineering, Inc.
John Clayton 8 Texas Parks and Wildlife Department
Steve Jones 0 Texas Department of Agriculture

Malcolm Laing 8 Texas Commission on Environmental Quality
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HDR-00080268-10 Planning Area Description

membersand methods of replacement are specified in the LERWP&GaRss, with current
LERWPG membershipsted in Tablel-1. Nonvoting members include representatioéstate
agencies
After considerable discussion, the LERWPG adopted a Mission Statement, dated
April 16, 1998, which reads:
ADevel op, promot e, and i mpl ement water con
strategies to provide adequate water supplieshfe Llano Estacado Regional Water

Planning Area of the High Plains of Texas and to stabilize or improve the economic and
social wviability and |l ongevity of the regi

This Mission Statement is meant to keep the LERWPG focusddediact that the economy of
the region is highly dependent upon agribusiness, which is totally depearmen@a reliable
water supply.

The LERWPG designated the High Plains Underground Water Conservation District
No. 1 as the political subdivision to ash behalf of LERWPG as principal contractor to apply
for and administer a grant from the TWDB to develop the Water Plan. The prime planning and
engineering consultant is HDR Engineering, Inc.

On January, 2001, the LERWPG adopted and submitted to the BWDt he ALl an
Estacado Regional Wat er Pl anning Area Region
Senate BilR2 (77" Texas Legislature, 2001), the LERWPG prepared a Scope of Work and
Budget to update and revise the Janar2001, Llano Estacado Regal Water Plan, and on
April 1, 2002, the LERWPG applied to the TWDB for funding to accomplish the update and
revision directed by Senate B2l The updated and revisg@i06Llano Estacado RegiahWater
Plan was adopted and submitted to the TWDBJamary 3, 2006andon April 18 2006, the
TWDB approved the 2006 Llano Estacado Regional Water Plarresponse to the TWDB
requests for proposals of February 8, 2008, on June 13, 2008, the LERWPG submitted an
application and scope of work to the TWDB #@hase Il of the third round of regional water
planning. The application was approved by the TWDB, and the updated and revised 2011 Llano
Estacado Regional Water Plan is presented below.

The planning horizon used by the LERWPG and all other water plagnings for the
2011 plan isthe 50year period from 201 to 2060. This planning period allows for a letegm
forecast of the prospective water situation, sufficiently in advance of needs, to allow for
appropriate management measures to be implementaggased in Senate Bill, the TWDB
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HDR-00080268-10 Planning Area Description

specified planning rules and guidelines [3AC §357.7 and 8357.12) to focus the efforts and to
provide for general consistency among the regions so that the regional plans can then be
aggregated into an overall Stateaidt Plan by Janua@012 Besides specifying overall report

and data formats, the TWDB rules also require the maximum use of existing state water planning
information, except where better information is available. As authorized by Senate &ilk2,

the TWDB has provided for coordination mechanisms among the regions where regions share

common water issues.

1.2  Physical Description of the Region, Including the Economy, Water Use,
Water Supplies, Water Quality, and Major Entities with Water Resources
Management Responsibilities

1.2.1 Description of the Region

The 2Xcounty Llano Estacado Region has an area of 20;894re miles
(12,988,16@acres), about 7per cent of t h@igusel-B tirelié Bcatedaimtde ar e a
upstream parts of four majover basins (Canadian, Red, Brazasd Colorada)Of the total
area, 94quare miles are located in the Canadian Basin, &@&ire miles are located in the
Red Basin, 8,738quare miles are located in the Brazos Basin, and 4gi&fe miles are
locatedin the Colorado Basin. The region is bounded on the west by the-Rexadviexico
border, on the north by TWDB Planning Reginon the south by TWDB Planning Regibn
and on the east bBBWDB Planning Regions Band Ghereg on ext ends ké&yond t
escarpment and the eastern extent of the Ogallala into thegRBlaims, andlthough the region
is located in the upstream parts of the Canadian, Red, Brazos, and Colorado River Basins, almost
no surface water exists within the region.

The regionalpopulation of 453,997 represents about 2g&rcent of the state total
population of about 20.8%illion persons in 2006.Ten major cities with a population greater
than 5,000 persons are located in the region, with these population centers relativilyy equa
distributed within the 21 counties of the planning area. Lubbock County is the only county that
contains more than one population center of 5,000 or n@iteeg of Lubbock and Slaton).

Twelve counties in the region (Bailey, Briscoe, Castro, Cochreogh®, Dickens, Floyd, Garza,

Lynn, Motley, Parmer, and Yoakum) do not contain a city of greater than pedf0ns.

12000 U.S. Census of Population and Housing, U.S. Department of Commerce, Washington, D.C., 2001.
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Figure 1-1. Map of Llano Estacado Water Planning Region
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1.2.2 Climate?®

The climate of the Llano Estacado Region is classified as atdppestype. The regmis
characterized as serarid and experiences wide range in temperatures. In spite of occasional
periods of very low temperatures, the winters in the region are generally mild. Although
afternoon temperatures in the summer are thet,®ason is usually a pleasant ongh cool
nights. Spring offers the greatest variety in weather. It is also the windiest season of the year, and
occasionally strogwinds carry blowing dust.

In an average year, about gércent of the annual rainfathtal occurs during the warm
season (May through October). Monthly rainfall quantities ordinarily decline markedly in the
colder months of the year, when frequent periods of cold, dry air from North American polar
regions surge southward and cut off thg@y of moisture from the Gulf of Mexico. Mean
annual precipitation in the region ranges from a high ah2Bes per year in Crosby County to a
low of 16inches per year in the southern areas of the region. Values for annual net lake surface
evaporatiorrange from a high of 6ches per year for the southern portion of the region to a
low of 53inches per year in the north. A summary of the climatological conditions for the region
is shown in Tabld-2.

Table 1-2.
Climatological Data for LIano Estacado Region
Temperature
Precipitation Mean Daily Minimum | Mean Daily Maximum Anrll_l;akIeNet
Ri Mean Mean Surface
tver Annual | Wettest Driest | Annual | January July January July Evaporation
Basin (inches)| Month(s) [Month(s) (P (P (P (F) (P (inches)
Canadian 23 July Jan. 60 21 67 53 93 53
Red 19 May, June |Jan., Feb. 58 22 65 51 93 53
Brazos 18 May, June Dec. 58 25 67 53 92 54
Colorado 16 May, Sept. Feb. 62 26 67 56 95 65

Source: Texas Water Development Board.

AContinuing Water Resources Pl anni ngopmentBodddk Austih,o p me nt
Texas, Mayl977.
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1.2.3 Physiography, Geology, Soils, and Vegetation®

The Southern High Plains area of Texas, spanning much of the Llano Estacado Region, is
the most southerly extent of the Southern Great Plains of the United States. Land elevations in
theregion generally range from about 1,988tmean sa level (ftmsl) in the southeast to
4,300ft-msl in the northwest. The relatively level plateau of the Southern High Plains contains
many shallow depressions, or playa basins, a few of which hold water more or less permanently
(Section 1.6.4). There isditen terrain in the northwest corner of the planning region and on the
eastern side of the planning region, which is a part of the Rolling Plains physiographic region,
below the caprock escarpment.

Fluvial sands, clay, silts, and gravels of the Tertiaryodéne/Pliocene Ogallala
Formation underlie the majority of the region. The uppermost portion of the formaten is
resistant caprock caliche. The Ogallala Formation is overlain by the Quaternary aged Blackwater
Draw Formation. Throughout the areecentaged fluvial deposits occur along major stream
valleys.

The principal aquifer in the Llano Estacado region, the High Plains aquifer, is
colloquially referred to as the Ogallala aquitedlthough researchers prefer the terminology
High Plains aquifer, in oet to minimize confusionthis document will use the terminology
Ogallala guifer as a substitute for HigRlains aquifer. The Ogallala aquifer (High Plains
aquifer) consists of the saturated sectionhaf ©gallala édrmation as well as those underlying
ard overlying geologic units that are in hgdtic continuity. The Ogallalaofmation consists
chiefly of sediments deposited by streams with headwaters in the mountainous regions to the
west and northwestThe Ogallala drmation was deposited on the erodedfaces of underlying
Triassic and Cretaceous aged seatits. In general, the Ogallalarination is thicker in the
northern part of the area, with the thickness ranging from 400 to 500 feet in central Parrer, west
central Castro, and southwestern Floydrdes to a knife edge where the formation pinches out
against outcrops of older rocks.

The original blanket of sediments which formed the Ogallala Formation extended from

the Rocky Mountains eastward through north central Texas. The Ogallala Formation ha

3 Ibid.

*McGuire, V.L., M.R. Johnson, R.L. Schieffer, J.S. Stanton, S.K. Sebree, and I.M. Verstraeten, 2003, Water in
storage and approaches to growvater management, High Plains Aquifer, 2000: U.S Geological $@ireular
1243, U.S. Department of the Interior, Reston, Virginia, 51p.
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subsequently been eroded such that the segment in southeastern New Mexico and the Southern
High Plains of Texas is isolated in all directions from underground connection with other water
bearing beds, except through underlying older sediments, whicltonégin highly mineralized

water unlike the fresh water in the Ogallala aquifer. This emphasizes the fact that in Texas and
New Mexico, the source of the recharge to the Ogallala aquifer is precipitation falling on the
unconsolidated lacustrine, fluvialné eolian deposits sediments which overlie the Ogallala
Formation. Thus, these Quaternary aged materials serve as important conduits for recharge to the
Ogallala aquifer. The amount of recharge depends on many factors, including the amount,
distribution, ad intensity of precipitation and the type of soil and vegetative cover. Annually the
amount of recharge has been estimated to be from less thdwalbimech to about &hches. One

half inch of recharge on the 12,988, 1fes of the region would equall5f73acrefeet (acft)

of water, whereas iBiches of recharge would equal about 3,247 #ef0of water.

Generally, the water in the Ogallala aquifer occurs under waldde conditions,
although locally it may be under slight artesian pressure. The watde Ogallala aquifer
occupies the pore spaces or voids in the unconsolidated sediments. The thickness of the zone of
saturation in the Ogallala aquifer varies throughout the Llano Estacado region ranging from less
than 1 foot to more than 300 feet. Thensmissivity of the Ogallala aquifer varies widely. Tests
at Amarillo indicate a coefficient of 6,000 to 7,000 gallons per day (gpd) per foot and tests in the
vicinity of Plainview indicate a transmissivity of about 34,000 gpd per foot. Numerous tests,
both in the laboratory and in the field, indicate an average specific gravity yield of about 15
percent. In general the movement of water in the Ogallala aquifer is from the northwest to the
southeast. The watéable slopes roughly parallel to the slopdsbath the bedrock and land
surface withthe average slope of the watable being about 8 t010 feet per mile. The rate of
movement of water in the formation has been estimated to be about 150 feet per year, on a
gradient of 10 feet per mile.

The longterm trend throughout the region has been a steady decline in the water table,
due primarily to large quantities of water withdrawn for irrigation. The depth to water below land
surface is affected by the topography of the land surface, the proximity oadrescharge or
natural discharge, the proximity of pumping wells, and the configuration of the bedrock surface.
The depth to water in the aquifer within the region ranges from less thi@et5® more than
300feet.
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The Ogallala aquifer is classified asnajor drinking water aquifer in the State of Texas.

The water in the Ogallala aquifer in the Llano Estacado Region can generally be said to be of
good chemical qguality, except that it i's fndhat
This causedhie water to consume soap before it will lather. It may result in scale being formed in

water heaters and pipes. It also contains a high silica content, which also can cause scale. Most of
the water is suitable for irrigation and meets the U.S. Public iH&8aitvice recommendations for

public supplies, although the water from some wellsexasssiveluoride content.

Cretaceousmged sediments directly underlie the Ogallala Formation in much of the
central portion of the Southern High Plains, extending fiew Mexico on the west to Garza
County on the east and into the southern portions of Bailey and Lamb counties to the north and
the northern portions of Gaines and Dawson counties to the south. Cretagedusediments
are comprised of the Trinity, Fredeksburg, and Washita groups, consisting primarily of
sandstone, shale, and limestone; the sandstone and limestone being the princigadasiatgr
units. In places where the Cretaceous rocks are in hydraulic continuity with the overlying
Ogallala Formatn, moderate quantities of water can be obtained, particularly from the
limestone. Locally, the Cretaceous rocks may be important aquifers where other water is not
available; however, the Cretaceeaged sediments generally do not constitute a large esadrc
water for irrigation or municipal use.

Upper Triassieaged rocks underlie the Cretaceous or directly underlie the Ogallala
Formation in the Llano Estacado Region. The Dockum sediments are comprised of the Cooper
Canyon, Tecovas, Trujillo, and Santa daoformations. The Cooper Canyon, Trujillo and
Tecovas formations consist chiefly of interbedded siltstone, mudstone, sandstone, and shale,
while the Santa Rosa Formation consists mainly of medium to coarse conglomeratic sandstone.
The formations of the Dikum Group are capable of yielding small to moderate quantities of
water in many parts of the region, particularly in the coarser grained Santa Rosa Formation.
However, in most places, the water quality can be saline to briny and probably unsuitable for
mast purposes. There are some areas, particularly in Deaf Smith Cotetg, good supplies of
fresh water are produced from the Dockum aquifer.

Below the Triassic, rocks of Permian Age underlie the entire area and consist chiefly of
red sandstone and shalentaining numerous beds of gypsum and dolomite. The Permian rocks

are not a significant source of water in the Llano Estacado Region. Water in these rocks contains
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gypsum and salts and is generally unsuitable for domestic use. However, it is usedaltirige R
Plains area for livestock water.

The soils and the characteristics of the soils of the region are described in detail in a 1999
report., nSoils of the LIlano Estacado Regi onal
USDA, NRCS Soil Scientist. Therare 15 general soil types in the region, 80 tpe&ent of
which are suitable for irrigation.

The original vegetation of the High Plains was variously classified as mixed prairie,
shortgrass prairie, and some locations on deegandy soils, as tallgss prairie. Blue grama,
buffalograss, and galleta were the principal natural vegetation on the clay and clay loam soils.
Characteristic grasses that were on sandy loam soils are little bluestem, western wheatgrass,
sideoats grama, and sand dropseed.

The Hgh Plains area is characteristically free from brush, but sand sagebrush, along with
pricklypear and yucgaave invaded the ranchland that have sandy and sandy loam soils. Honey
mesquite has invaded the ranchland on most soils in the region. Severmlspeages of
dropseeds are abundant on land containing coarse sandy soils. The playa depressions, which can
contain several feet of water after heavy rains, support unique patterns of vegetation within their
confines. Various aquatic species, such as amurémartweed, are associated with the playa

basins.

1.2.4 Natural Resources

1.2.4.1 Water Resources

The Llano Estacado Region includes the upstream parts of four major river basins
(Canadian, Red, Brazos, and Colorado) and overliesahthern part of th®gallala guifer, a
small area of the Seymouquifer, and two minor aquifef®ockum and Edward$rinity (High
Plains) aquifers] as shown in Figures2 and 13. Details about the surface water and
groundwater resources are presented in Section 1.6inWite Llano Estacado Planning Area,
none of the streams carry much water, except briefly after heavy precipitagiois &rmost no
water flows from the region vide rivers.

Precipitation is the only reoccurring/renewable water supply for the Llatecdtko
Region, with an average annual valuel8f4inches (1945 through 2002), or 19,915, 8¢ of
water over the 12,988,16fcre region (Figuré-4). Precipitation meets about fércent of

urban landscape water and irrigated crop demands, providbe alhter available for surface
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reservoirs, rangeland and dryland crop production, wildifa d nat ur al recharge
aquifers.

Less than Dercent of the precipitation escapes from the area as runoff in streams or
rivers, with the remainder of runoff being lealted in approximately 14,000 playa badowated
within the Llano Estacado RegidrPlayas comprise approximatelyp@rcent of the total land
surface. The majority of playa basins are ephemeral, holding walteduringand for a short
period of time after rains, unless augmented by irrigation tailwater. Some of the playas are
planted to crops, some are left fallow, and some are grazed. Approximapedycedt
of playas are modified with pits to recover raihfrunoff for irrigation or to create a water
reserve for grazing livestock or wildlife when the bulk of the water collected in the basin from

rainfall runoff has soaked into the soil@raporated (Section 1.6.4)

1.2.4.2 Land Resources

About 57percentof the 20,294quare miles of land area in the planning region is in
cropland, onghird of which is irrigated. The major irrigated crops are cotton, corn, grain
sorghum, wheat, vegetables, peanuts and soybeans. Winter cereals are used fayraioger
operationsin preparation for feedlotting, and for green chopping and baling for cattle feed.
Rangeland grazing, in the form of caalf and stocker operations, is carried out on about
38 percent of the area, with urban and other land uses constitutintysercent of the regional

land area.

1.2.4.3 Wildlife Resources

Virtually all wildlife habitat in the High Plains is on privatebyvned farm and ranchland.
Quail and mourning dove are abundant, and whitetail deer, mule deer, turkey, and exotic aoudad
sheep provide hunting along the breaks and canyons of the caprock. Pronghorn Antelope were
once common, but now only remnant populations are présdainy playa basins provide
migratory waterfowl habitat, with as many asnilion waterfowl and 350,000 to 00,000

sandhill cranes using playa lakes as wintering areas or as rest stops during annual nfigrations.

*Gut hery, F.S., F. C. Bryant, B. Kramer , A. Stoecker, an
Power Resources Service, Southwest Region, Amarillo, Texas, 1981.
® Steiert, Jim, Unpublished, Ogallala Area Regional Water Planning information, 1996.
7 .
Ibid.
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Pheasants are an economically important gamebird in irrigated areas, but their numbers tend to
fluctuate widely with weather and habitat conditions.

In the region, approximately 25 wildlife species are listed by the Texas Parks and
Wildlife Department as endangered, threatened, or just rare with no official listing (Appendix A).

1.3 Population and Demography
1.3.1 Historical and Recent Trends in Population

The ar eabs growmpftom 41 4il8oirthe yeaal900to 453,997in year2000
(Table1-3 and Figurd-5.* From 1900 to 1920, the region experienced steady population
growth as the large ranches that were predominant in the area, such as tenxhl and the
railroads began to sell land to farmers. As ranchland was converted to row crops and small
grains, the economy of the region broadened to an econonbyoafibasedagribusiness
including the use of agricultural inputs from the #arm mandacturing, trades and services

sectors, including marketing and processing of agricultural commodities.

Table 1-3.
Population Growth (1900 to 2000)
Llano Estacado Region

Year Population
1900 11,420
1910 47,020
1920 80,720
1930 206,020
1940 229,280
1950 309,330
1960 402,530
1970 408,580
1980 449,550
1990 438,490
2000 453,997

Source: U.S. Census Bureau.

82000 U.S. Census of Population and Housing, U.S. Department of Commerce, Washington, D.C., 2001.
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As settlers moved to the area between 1920 and 1930, the population increased
154 percent. During the late 1920s, the number of farms peakdg5&52 however, due to farm
consolidation, the number has declined slightly almost every year $m@807, there were
12,287farms in the region™®

Irrigation was introduced to the area about 1908. In the late 1940s, following World
Warll, an irrigatel agricultural boom began, and during the period from 1940 to 1960,

population growth was almost as high as the growth rate of the 1920s. It was dwwripgritl
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Figure 1-5. Population Growth (1900 to 2000)
Llano Estacado Region

that petroleum prodiion was begun, particularly in the southern counties of the region.
However, the regionds popul at i onidb5)gwitrtomuthlof has |
this slowdown in growth being attributed to the mechanization of agriculture, other

improvenents in farm technology, and a reduction in the petroleum and related work force.

? Inter-University Consortium for Political and Social Researald$t00003: Historical Demographic, Economic,
and Social Data: U.S., 179®70.
2007 Census of Agriculture, Volume 1 Geographic Area
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Ten cities in the region have a population greater than 5,0al0lg1-4). These larger
t he r e g i493/9% swithahe 0 O
majority of this urban population locatenh the City of Lubbock,which had ayear 2000

urban areas constitute@d.3per c e nt of

population of 199,56persons=

Table 1-4.
Major Cities and Population (1990 and 2000)
Llano Estacado Region

1990 2000
Percent of Percent of
City County Population Region Population Region

Brownfield Terry 9,560 2.2 9,488 21
Hereford Deaf Smith 14,745 3.4 14,597 3.2
Lamesa Dawson 10,809 2.5 9,952 2.2
Levelland Hockley 13,986 3.2 12,866 2.8
Littlefield Lamb 6,489 1.5 6,507 1.4
Lubbock Lubbock 186,206 42.5 199,564 44.0
Plainview Hale 21,700 5.0 22,336 4.9
Seminole Gaines 6,342 1.4 5,910 1.3
Slaton Lubbock 6,078 1.4 6,109 1.3
Tulia Swisher 4,703 1.1 5,117 1.1

Total 280,618 64.2 292,446 64.3

Source: U.S. Census Bureau.

1.3.2 Demographic and Socioeconomic Characteristics

In terms of population density, Motley County was the Igasgpulated, with 1,426
residents of..4 persons pequare mile (Tabl&-5). Lubbock County had the highest population
density in the reign, with 242,628 residents @67.2 persos per square mile. The regional

average population density is 22.3 persons per square mile [(Faple

In 2000, the age distribution across the region was fairly uniform from county to county

(Table1-6).*2 The two age groups that included the highesteyeege of the population in 2000
were 5 to 14 years (16pkrcent), and age 60 and above (J#dcent). The age group with the
lowestpercentage of the population in 2000 is the 55 tgezfs group (4.8ercent).

11 i
Ibid.
122000 U.S. Census of Population and Housing, U.S. Deparsh@ummerce, Washington, D.C., 2001.
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With respect to level of education, ofose residents in the Llano Estacado Region who
are 25years of age or older, 65p@rcent have at least a high school diploma (State of Texas
average is 75.percent), while only 12.percent have a college degree (State of Texas average is
23.2percent) Table1-7)** Ther egi onod s
capita income in 2007 was $28,986

unemp!| opemsennih 20084Ree  wa s

Table 1-5.
County Population and Area
Llano Estacado Region

Population® | Area® | Density” Population® | Area’ | Density®

County (2000) (sq. mi.) (sq mi. ) County (2000) (sg. mi.) | (sq. mi.)
Bailey 6,594 843 Hale 36,602 1,033 35.4
Briscoe 1,790 911 1.9 I Hockley 22,716 914 24.8
Castro 8,285 911 9.1 I Lamb 14,709 1,013 14.5
Cochran 3,730 776 4.8 I Lubbock 242,628 908 267.2
Croshy 7,072 904 7.8 I Lynn 6,550 893 7.3
Dawson 14,985 900 16.6 I Motley 1,426 994 1.4
Deaf Smith 18,561 1,485 12.5 I Parmer 10,016 854 11.7
Dickens 2,762 912 30 || swisher 8,378 915 9.2
Floyd 7,771 1,015 7.6 Terry 12,761 904 14.1
Gaines 14,467 1,507 9.6 Yoakum 7,322 798 9.2
Garza 4,872 904 54 Total 453,997 20,294 22.3
! U.S. Census Bureau.
® State of Texas General Land Office.

2 bid.

1 Texas Workforce Commission, Austin, Texatp://www.census.gov/epcd/naics.htr20009.

15 United States Department of Agriculture, Economic Research 8eBfate Fact Sheets: Texas;

http://www.ers.usda.gov/StateFacts/T X.htm
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Table 1-6.
Age Distribution of the Population in 2000
Llano Estacado Region

Total Age Distribution (values are percent of population)
Population

County (2000) 0-4 5-14 | 15-19 | 20-24 | 25-34 | 35-44 | 45-54 | 55-59 60 +
Bailey 6,594 8.1 16.9 8.6 54 11.3 13.5 12.0 4.9 19.5
Briscoe 1,790 6.4 15.7 7.9 3.9 9.2 12.8 14.1 5.3 24.7
Castro 8,285 8.5 18.4 9.5 5.7 10.9 13.4 12.4 4.8 16.4
Cochran 3,730 6.5 17.9 10.6 4.6 104 145 10.9 4.8 20.0
Crosby 7,072 7.8 17.5 8.3 5.7 11.6 12.4 11.1 5.7 20.1
Dawson 14,985 6.3 14.2 7.7 6.3 14.6 16.2 12.6 4.2 17.9
Deaf Smith 18,561 9.0 18.8 8.7 6.5 125 13.0 11.4 4.1 16.0
Dickens 2,762 4.2 10.3 5.6 8.8 14.9 14.8 11.9 54 24.0
Floyd 7,771 8.2 17.5 8.3 4.8 115 12.9 11.5 4.9 20.4
Gaines 14,467 84 20.0 10.1 6.1 11.7 15.0 10.8 4.0 14.0
Garza 4,872 6.5 16.5 7.6 53 13.9 14.7 12.0 4.7 18.7
Hale 36,602 8.3 16.7 9.2 7.4 12.9 14.3 10.4 4.3 16.4
Hockley 22,716 7.2 16.1 10.4 7.2 111 14.8 12.0 4.7 16.7
Lamb 14,709 7.4 16.2 8.8 5.3 10.8 13.4 11.3 4.8 22.1
Lubbock 242,628 7.2 14.1 9.0 11.7 13.8 14.0 11.7 4.1 14.4
Lynn 6,550 7.3 17.9 9.1 4.8 10.7 15.3 11.2 5.0 18.8
Motley 1,426 5.9 12.9 7.2 4.1 8.0 13.1 12.8 6.9 29.1
Parmer 10,016 8.6 18.6 9.0 5.2 12.2 14.0 11.1 4.5 16.7
Swisher 8,378 7.4 15.4 8.3 7.1 12.5 13.0 11.0 4.8 204
Terry 12,761 7.3 15.6 8.5 6.4 12.2 14.8 11.7 4.9 18.7
Yoakum 7,322 7.5 17.8 10.2 4.9 10.7 16.1 12.7 4.7 15.4
Region Totals 453,997 7.3 16.4 8.7 6.1 11.8 14.1 11.7 4.8 19.1
State Totals 20,851,820 7.8 15.7 7.8 7.4 15.2 15.9 12.5 4.3 13.3

Source: 2000 U.S. Census, U.S. Department of Commerce, Washington, D.C., 2001.
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Summary of Selected Socioeconomic Indicators (2000 and 2003)

Table 1-7.

Llano Estacado Region

High School College Median
Graduates Graduates Civilian Unemployment Household
(% of Population) | (% of Population) Labor Force Rate Income
County (2000)* (2000)* (2003)? (2003)* (1999)*
Bailey 61.5 9.3 3,813 55 $27,901
Briscoe 74.8 17.5 711 4.8 $29,917
Castro 65.4 14.7 3,319 5.2 $30,619
Cochran 62.7 10.2 1,426 10.4 $27,525
Croshy 61.8 10.5 2,928 6.9 $25,769
Dawson 65.2 10.5 5,805 6.5 $28,211
Deaf Smith 60.9 11.8 6,941 6.0 $29,601
Dickens 70.6 8.4 835 4.9 $25,898
Floyd 63.5 12.3 3,123 9.0 $26,851
Gaines 56.2 10.5 6,959 4.3 $30,432
Garza 70.1 10.0 2,459 4.7 $27,206
Hale 65.9 14.4 17,162 6.4 $31,280
Hockley 68.2 13.6 11,493 4.5 $31,085
Lamb 63.7 11.1 6,854 6.2 $27,898
Lubbock 78.4 24.4 130,645 3.6 $32,198
Lynn 61.9 13.4 2,777 5.3 $26,694
Motley 73.5 14.7 637 1.7 $28,348
Parmer 60.7 13.4 4,590 3.0 $30,813
Swisher 69.7 16.2 3,682 4.7 $29,846
Terry 62.5 9.5 5,402 6.9 $28,090
Yoakum 59.4 10.2 3,035 5.0 $32,672
Region Totals 65.6 12.7 224,496 5.5 $28,993
State Totals 75.7 23.2 10,910,344 6.8 $39,927
! 2000 U.S. Census, U.S. Department of Commerce, Washington, D.C.
* Texas Workforce Commission., Austin, Texas, 2003.
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1.4 Economy i Major Sectors and Industries

141 The Ll ano Estacado Regionbdbs Economy

The regionos e ¢ ocnltore i vath digaificant congributiang rfrom
manufacturing, oil and gas, and trades and services, swhadssale and retail tradénance,
insurance, legaladvertising, medical, personal, research, entertainment, repair services, and
higher educationAgricultural processingpilfield equipmentand electronics form the core of
the regionds manufacturing b medominant Bagrieufturalc at t | ¢
enterprises, although vegetables and oilseed crops are significant contributors dogtheorn 6 s
economy. Statistics for the major economic sectors are presented below.

The interests o$mall business in the region @he same as agricultural interests, since
without agriculture, the area would never have been developed and would moshdikdilg

very populated today.

1.4.2 Crop Production

Due to the arid climate, limited water, aadelatively shorgrowing season, the region
can only grow certain crops. The major crops grown are cotton, goaghum, wheat, corn,
soybeans, and peanyi&ablel-8). Reported production of these major crops is shown for each
county of the region for 200@nost recent census of agricultyrajong with the 200and 2002
region and state totalgNote: Theregion and statéotals for 2002, as included in th2006
Regional Water Plan, are shovieor comparison purposgdt is important to note that between
2002 and 2007, reported productionnadjor crops of the regiorc@tton, wheat, corn, and grain
sorghum increased significantly in both the Llano EstacaegiBn,and the statas is shown in
Table 18 and stated belowror example, cotton production increased 49 perdemt; 3.06
million bales in 2002 to 4.56 million balen 2007 State production of cotton increased from
5.06 million bales in 2002 to &Imillion bales in 2007, for a 61 percent increase. In the region,
wheat production increased from 12.11 million bushels in 2002 to 32.25 million bushels in 2007
(166 percent increase), while state wheat production increased from 75.13 million bushels to
134.64 million bushels (79 percent increase). In the case of corn production, the regional
increase was from 26.28 million bushels in 2002 to 62.06 million bushel in 2007 (136 percent
increase), while state total corn production increased from 197.1bmmidlishels in 2002 to

286.39 million bushels in 200A4% percent increase). Grain sorghum production in the Llano
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Estacado Region was reported at 20.47 million bushels in 2002, and 32.67 million bushels in
2007, or an increase of about 60 percent. Texas goain sorghum production was reported at
114.13 million bushels in 2008yith 2007 production reported at 153.53 million bushels, for an
increase of about 35 percent. However, for the region, peanut production deaigased
percentfrom 506.21 nllion pounds in2002 to 486.45 million pounds in 2007.

Although, no studies have been done that explain the trends in production nor the
reported differences betwegprars2002 and 2007 levels of production at either the regional or
state levels, it apes that botlpublic policy thatencouraged use of grain for production of-bio
fuels (ethanol, in particular), and 2007 weather conditionsitbegmore favorable than in 2002
contributed to the increasgdainproduction in 2007 in comparison to 2002.

The 2007 values of crop production are presented below for the purpsisaiohg these
contributions to the regional and sAceotdeg econo
to the 2007 (most recent) Census of Agriculture, all crops grown ibléme Estacado Region
had a combined market value of over $dilBon in 2007° Cotton, a somewhat drought tolerant
plant, is the leading crop of the regjomith acalculated value of cotton productiam 2007 of
about $1.3 billion. "

In the Llano Estaado Regionthere has beeman increase in acres planted to grain
sorghum, grain sorghum yields, and use of grain sorghum during theOpges6 In 2007 the
region produced 2fiercent(32.67 million bushelspf the st e 6s gr ai n sor ghum,
value of value ofapproximately $120.5illion.*® Approximately 21.6ercent (62 million
bushels)f the sth e 6 s ¢ wasgnowrtimthe fhlano Estacado Region in 2007, with a market
value of $270 milliort? In 2007, 98,411 bushels of soybeans (include®ther Grains), with a
calculated value of $1.08illion were grown in the Llano Estacado Regf8rSoybeans are
frequently planted it he r egi on aash aop ifi had dadooysecottpn) however,

soybean production requires irrigation, since sayls are not a drylarmdop.

%2007 Census of Agriculture, Vblu@Geunt GeSBgmmahy cHiAghk
" Calculated usinghe production value fromTable8 t i mes the reported year 2007
Val ues, 2008 Summary, 0 published by USDA in February
18 Calculated using the production value from Tab®times thaeported year 2007 price of $3.69/bushel from
ACrop Values, 2008 Summary, 0 published by USDA in Febr
19 Calculated using the production value from TabRtimes the reported year 2007 price of $4.35/bushel from

ACrop Val ues, 2 @GhedbyS83IDAm&abnyary®00p.u bl i

% Calculated using the production value from TabRtimes the reported year 2007 price of $10.40/bushel from

ACrop Values, 2008 Summary, 0 published by USDA in Febr
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Table 1-8.
Crop Production -- 2007
Llano Estacado Region

Selected Crops Harvested
Grain Other Hay, alfalfa,
Cotton Wheat Corn Sorghum Peanuts Grains other
County (bales) (bushels) (bushels) (bushels) (Ibs.) (bushels)* (tons)
Bailey 58,599 1,058,577 784,283 2,111,934 10,337,444 192,730 75,719
Briscoe 55,207 696,150 119,678 556,981 0 0 21,897
Castro 74,741 3,901,406 21,517,582 1,761,655 0 31,644 144,284
Cochran 167,324 524,278 D 1,137,380 33,274,443 68,907 2,589
Crosby 311,988 335,890 205,330 1,121,755 D 112,948 11,728
Dawson 409,486 277,734 0 683,383 18,766,611 0 18,483
Deaf Smith 23,525 6,919,758 5,302,261 2,778,897 0 27,748 109,102
Dickens 38,901 388,136 0 231,060 (D) 0 20,674
Floyd 292,216 2,616,377 1,417,490 4,060,825 0 15,286 20,769
Gaines 505,464 899,634 (D) 598,858 228,879,533 0 65,401
Garza 82,610 36,409 0 26,643 D D 7,572
Hale 363,594 1,889,645 6,736,141 3,630,299 0 0 53,225
Hockley 367,299 210,467 34,843 882,397 10,776,950 0 17,717
Lamb 223,026 1,738,298 9,943,166 4,513,180 13,532,678 463,719 87,400
Lubbock 457,246 543,667 445,528 1,516,786 D 47,416 27,882
Lynn 423,888 201,495 (D) 410,014 D 56,804 11,290
Motley 32,873 117,455 0 D D 0 19,819
Parmer 63,741 4,944,341 12,783,871 3,354,437 1,522,486 65,686 83,457
Swisher 120,747 3,868,704 2,714,418 1,639,866 0 0 29,757
Terry 340,765 610,312 D 738,491 66,279,675 81,982 17,447
Yoakum 172,016 475,775 54,000 912,476 103,084,147 186,163 19,403
Region Total*| 4,585,256 32,254,508 62,058,591 32,667,317 | 486,453,967 1,348,033 865,615
State Total 8,147,970 134,643,897 286,386,341 153,531,033 699,723,146 8,878,816 14,477,068
Region % Tx 56.27% 23.95% 21.67% 21.28% 69.52% 15.18% 5.98%
Region 2002 3,059,924 12,112,688 26,284,860 20,047,257 506,213,899 | = - 11,407,323
State 2002 5,060,144 75,131,556 197,109,321 114,127,221 807,510,593 | = - 11,407,323
! Total does not include data that were withheld for individual producers; see (D) below.
(D) 1 Withheld to avoid disclosing data for individual producers.
* Other Grains includes Soybeans, Sunflower Seed, Oats, Barley, and Dry Edible Beans.

Source: 2007 and 2002 Censusesof Agr i cul ture, Volume 1 Geod@roamhiyc SAmena r ye Hi
except where noted.
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Peanut production is relativelnew to the Llano Estacado Region, with peanut
production having become a valuable crop for the region during the @gst& The 2007
Census of Agriculture reported that the area produced abqeéréénto f t h eyeas 20@/t e 0 S
peanut cropwith a value of calculated at $114.32 million for 2087

1.4.2.1 Irrigated Crops

In the semiarid Llano Estacado Region, irrigation from groundwater is used to
supplement precifation to increase crop yields, with the level of irrigation being determined by
the quantities of precipitation received duritige growing seasorand the quantities of irrigation
water available to individual producerfuring wetter years, less irrigation water needs to be
pumped from the adfer than during drought years anduring peiods of severe
drought, such as 1998, only irri go@nCendus ofr ops |
Agriculture indicates thawhile irrigated lands werabout 2.5million acres 82 percent)of the
cropland in the regioncrigationin 2007was responsible fombout $1.3&illion in value of farm
sales, or about 7ercent of the value of major crop production.

When extensiveirrigation was begun in th&940s and for more than two decades
thereatfter little thought was given to irrigation watereugfficiency. However, at the present
time, the LlanoEstacado Region is a leadaradoption and use of highly efficient water use
technology, and as new technology becomes available, it is adopted as rapidly as economics
allow. In fact, the region has wdeoped better and better water conservation methods and
equipment, and in some cases, individual farmers have built prototypes of equipment that have
been produced and sold by specialized manufacturers.

In the Llano Estacado Region, drought planning gag of life as opposed to being a
contingency plan. Farmers are always aware of how precious water is, anaotielgard to
make efficientuse of precipitation while saving the groundwater supply for use when

precipitation is not adequate to grow crops.

1.4.2.2 Dryland Crops

Dryland farming produces crops without irrigation using only the precipitation provided

by nature. Approximately 7percent of the average annual precipitation, or aboutid@n@s,

% Calculated using the production value fromEab8 t i mes the reported year 2007 pi
Values, 2008 Summary, 0 published by USDA in February 2
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occurs during the summer crop growing season, wisclirom May through September.
Maximum conservation of this precipitation is the key to producing acceptable crop yields. This
is accomplished by holding the rainfall, which often falls in high intensity, short duration
precipitation events, in place unti has time to soak into the soil. Methods that are effective at
holding rainfall on the soil include bench leveling, parallel terraces, contour farming, furrow
dikes, deep chiseling, and crop residue management. Minimum tillage using chemicals to contro
weeds instead of plowing also conserves moisture, since plowing provides an opportunity for
moisture to evaporate when moist soil is turned to the surface.

Crops produced by the dryland farming method include cotton, wheat, rye, and grain
sorghum. Accorihg to the 2007 Census of Agriculture, approximately 5rillion acres
(68percent) of the Llano Estacado Regionds tot
production from drylad farming in the region was $488illion in 2007, or about 2%ercent 6

the value of crogales in the region.

1.4.3 Livestock Production

Total livestock water use in 2000 accounted for @&®ent of the water used ihet
Llano Estacado RegiorMajor types of livestock produced in tlagea include fedlot cattle,
range cdte, dairy cattle,swine, and sheep. The largest classification of livestock in the area is
cattle and calves, which includes feedlot livestock, followed by beef cows and sheep and lambs.
The most recennformationavailable about cattle feedlots in thiiho Estacado Region is from
a Southwestern Public Service Company, Amarillo, Texas, survey in 1998, providie by
Texas Cattle Feeders Associatidrhe surveyindicates that the ongme feedlot capacity in
1997 was 1.6@nillion head Table1-9).

1.4.3.1 Beef Cows

Beef cows, which include any cow kept primarily for calf production, make up
6.3percent of the total livestock in the Llano Estacado Region.2007, there were
approximatelyl57,665beef cows in the region, which&p er c ent o btal bebfeows t at e €
population and was 28.87 percegteater than the reported 122,350 hegad002 (Table 19).
The leadig counties in beef cow numberge Deaf SmithCastro, and Motley (Table9).

1.4.3.2 Feedlot Livestock
During the last 25 to 3@ears, he South Plains of Texas observed the development and

growth of the confined feeding of cattle industry to finish weights before slaughter. In the early
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years of development, feedlots were built and operated by individual ranchers to add value to
their owncattle. During the 1960s, feedlot operators expanded the size and numbers of feedlots,
and began feeding cattle for others (custom feeding). This procedure opened a new market for
ranchers across the regiand the stafte they could now have their own daticustomfed in a
custom cattle feedlot. Farmers saw immediate grain marketing benefits from the establishment of
feedlots in the Llano Estacado Region.

Fed cattle markatigs in Texadncreased from 477,000 head in 1960 torilfion in
1969, a 46perent growth rate as new capital flowed into the industry and many
new feedlots were built. During the 1970s, fed cattle marketings grew toilldh head. The
more modest 8B er c e nt growth rate reflected the fAmar
fewer new feedlots and slowed expansion of existing feedlots. During the 1980s, fed cattle
marketings peaked at 5:3illion head in 1986, reflectirgn 8.2 percent growthor the decade,
with expansion during the 1980s beipgedominantly from expansion of isking feedlots.
During the 1990s, the Texas feedlotindustry maturd with a 12percentgrowth rate and
marketings of 6.0@nillion head in 1998 resuling primarily from expansionof existing
feedlots. Of the 142 feedlots iMTexas in 1998, almost iercen were located in the Llano
Estacado Regionin 1998, the cattle feedlots in the Llano Estacado Region marketed over
3.39million head of fed cattlérom 69 feedlots located ithe 21 counties in the regioim 2007,
reportedvalue of sales of cattle an@lees in the Llano Estacado Water Planning Region was
$3.33 bhillion, or 31.75 percent of the value of cattle and calves sold in Texas iff2007.

1.4.3.3 Dairies

In 2002, the number of milk cows in the Llano Estacado Water Planning Region was
reported at 2749; in 2007 the number was reported at 148,421, or td# the number in
2002 (Table 29). In January 2005, the total number of dairies in the six county-pladucing
area of the Llano Estacado Water Planning Region of Bailey, Castro, Deaf Saiéh&mb,
and Parmer was 37, with average daily production of 4.14 million pounds of*nfli.January

of 2006, there were 44 dairies, with average daily milk production of 5.52 million pounds. In

22 Census of Agriculture,Vol. I, Geographic Area Series, Table 11: Cattle and Cafwemntory and Sales, 2007.

ZALI ano Eegibnal&Vater ®lanning Group (Region O) 2011 Regional Water Plan Phase | Report: (1)

Estimates of Population and Water Demands for New Ethanol Industries and Expanding dairies; (2) Evaluation of

Water Supplies and Desalination Costs of Dockum Aquifer ¥Watel (3) Video Conferencing Facilities Available

for Coordination Between Regions A and O, 0 Llano Estac:
Development Board, Austin, Texas, April 30, 2009.
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Table 1-9.
Livestock Numbers -- 2007*
Llano Estacado Region

Planning Area Description

Livestock and Poultry
Feedlot Cattle & Beef Milk Swine Sheep & Layers &
Capacity” | Calves® Cows Cows (Hogs & Pigs) | Lambs Pullets
County (number) (number) (number) (number) (number) (number) (number)
Bailey 68,000 80,544 6,685 17,015 32 665 258
Briscoe 0 19,471 11,269 0 0 305 0
Castro 325,000 365,792 11,458 28,702 323 (D) 50
Cochran 36,000 7,659 4,120 0 (D) (D) 38
Croshy 0 10,951 7,934 0 12 (D) 67
Dawson 0 5,204 4,519 0 256 34 81
Deaf Smith 467,000 527,338 20,783 33,265 77 398 583
Dickens 0 26,170 10,771 0 (D) 742 103
Floyd 35,000 79,644 12,756 3 71 (D) 212
Gaines 35,000 36,490 6,122 0 37 477 (D)
Garza 0 10,651 (D) (D) (D) (D) 227
Hale 83,000 93,924 7,199 14,715 276 446 620
Hockley 16,000 33,209 3,428 3 179 522 205
Lamb 104,000 118,499 7,090 20,860 (D) 165 (D)
Lubbock 48,000 46,795 4,872 16 489 833 (D)
Lynn 0 3,742 2,687 0 (D) 546 (D)
Motley 0 21,810 15,250 0 (D) 0 0
Parmer 303,800 354,035 6,720 33,842 99 1,316 124
Swisher 170,000 219,539 8246 0 (D) 657 161
Terry 0 7,823 (D) (D) 158 677 210
Yoakum 0 16,473 5,756 0 (D) (D) 182
Total 2007* 1,690,800 2,085,763 157,665 148,421 2,009 7,783 3,121
Total 2002 1,691,100 2,085,763 122,350 27,149 4,747 30,323 3,664
% Change 0.00 0.00 28.87 446.69 -57.67 -74.33 14.82

! Source: 2007 Census of Agriculture, Volume 1 Geographic Area Series, "Table 1. County Summary Highlights:

2007" except where noted.

Source: Bil brey, D., B. H onb Capitaldf,the &/orl@: . 1998Fegig L,at it C et tSlug
Southwestern Public Service Company, Amarillo, Texas, 1998, most recent information provided by Texas Cattle
Feeders Association.

fiCattle and calveso includes feedlot cattle.
Total does not include data that were withheld for individual producers; see (D) below.
(D) i Withheld to avoid disclosing data for individual producers.

3
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March of 2008, there were 59 dairies with average daily milk production reported at 9.01 million
pounds, and by August of 2009, there were 62 dairies with average daily production reported at
9.93 million pounds omilk. In 2007, there were approxinely 148,421head of milk cowsn

Bailey, Castro, DdaSmith, Hale, Lamb, and Parm@pounties(Table 19). The dairy industry is
projected to grow to a total obaut 155,750 &éad of dairy cattle (milking andry cows and
replacement heifersih 2010, to about 188,54tea by 2020,andto about 230,06in 2040 and

to 280,700 ir2060** Value of milk sales in the region was $381.97 million or 30 percent of the
value of milk sales from dairies in Texas in 2607.

1.4.3.4 Other Livestock

In the Llano Estacado Water Planning Region, Swine, Sheep, and Poultry are produced,
however the numbers are relatively low, and showed significant declines between 2002 and
2007; i.e.; the number of hogs and pigs was reported at 4,20D%) and 57 percent to 2,009 in
2007 (Table 29). The reported number of sheep and lambs declined from 30,323 in 2002 to
7,783 in 2007 (a 74 percent decline), and the reported number of layers and pullets declined from
3,664 in 2002 to 3,121 in 2007 (Takt9).

1.4.4 Oil and Gas

In the Llano Estacado Region, most of the oil and gas production activity is concentrated
in the southern counties. Gaines County is the leading oil arprgdscing county in the region
(Table1-10). In 2003, oil production ithe Llano Estacado Water Planning Region was 104.97
million barrels, andn 2008had declined 14 percent 8®.34 million barrels, or 25.77 percent of
total production in Texas 2008(Table 110). The 2003natural gas production (casinghead gas
plus gaswell gas) was228.1 mcf, and in 2008 had declineml 80.9 mcf a decline of 64.5
percent. The 2008 regional production aasut 8.9 percent of Texas productior2008(Table
1-10). The welthead value of oil and gas production of the region in 2008tisated at about
$8.9 billion.

Oil reservoirs are developed by drilling wells into the production zones @iilthearing
formations,and as primary production approaches its economic limit, perhaps onlypefegnt

and no more than about p&rcent othe crude oil will have been withdrawn from a given

24 bid.
% |pid.
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Table 1-10.

Oil and Gas Production -- 2008
Llano Estacado Region

Qil Condensate Casinghead Gas Gas Well Gas
County (bbl) (bbl) (mcf) (mcf)

Bailey 0 0 0 0
Briscoe 0 0 0 0
Castro 0 0 0 0
Cochran 3,805,010 1,450 2,228,122 246,317
Croshy 556,525 0 48,679 0
Dawson 4,215,178 0 2,429,257 0
Deaf Smith 0 0 0 0
Dickens 1,286,198 0 119,239 0
Floyd 1,408 0 0 0
Gaines 25,439,660 14,736 20,577,095 14,805,947
Garza 3,663,977 0 720,368 0
Hale 2,806,339 0 1,485,485 0
Hockley 18,384,558 2,049 9,043,266 94,363
Lamb 684,309 0 188,561 0
Lubbock 1,413,921 0 88,858 0
Lynn 268,494 0 103,606 0
Motley 28,083 0 0 0
Parmer 0 0 0 0
Swisher 0 0 0 0
Terry 4,266,824 0 1,138,856 0
Yoakum 23,524,476 121 26,572,132 962,453
Region Total 2008 90,344,960 18,356 64,743,524 16,109,080
Region Total 2003 104,973,722 9,553 214,298,263 13,830,973
Region Change 03/08 | -14,628,762 (14%) 8,803 (92%) -149,554,739 (70%) | 2,278,107 (17%)
Texas Total 2008 350,571,741 50,140,475 739,513,755 6,831,555,360
Texas Total 2003 359,423,559 41,254,871 838,140,027 4,985,436,990
Percent of Tx 2003/08 | (29.2%) (25.77%) | (.02%) (0.04%) (25.56%) (8.75%) | (0.28%) (0.24%)

Source: The Railroad Commission of Texas, 2009.
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reservoir. In esponse to this, the oil industry has developed methods collectively known as
enhanced recovery, which can increase the percentage of recoverable crude oil. In this way, the
production of crude oil can be increased to obtain oveyebent of the oil inhe formation.
Two methods of enhanced oil recovery are in use within the region at this time: water injection
and carbon dioxide injection. Water injection, or water flooding, is a procasgciing water,
and recycling brinewater through the formatioto force the oil out. In the region, some
90 percent of the injected water volumes are recycled water.

Natural gas almostwahys occurs alongith oil deposits in the Llano Estacado Region
and is brought to theusface with the oil when an oil wels praduced. Such gas, called
casinghead gas, contains valuable organic elements that are important raw materials of the
natural gasoline and chemical industries. Before natural gas is used as fuel, heavy hydrocarbons
such as butane and propane are extractéiduads. The remaining gas constitutescatled dry
gas, which is piped to domestic and industrial consumers for use as fuels. Composed of the
lighter hydrocarbons, methane and ethane, dry gas is also used in the manufacture of plastics,

drugs, and dyes.

1.4.5 Manufacturing

The leading types of manufacturing plants in the region are food and kindred products,
agricultural and industrial machinery and equipment, printing and publishing, and fabricated
metal products, with ethanol plants having been addeghtly. In 2002 information fromthe
most recentCensus of Manufacturingt h e r e3g8 mamufasturing dablishments
contributed $1.5bi | | i on t o t h e valueeofshipmedtsandepoovided 7dipbs i n
with an annual pagil of $230.7million (Tablel-11). However, the number of manufacturing
establishments had decreased by 4.3 percent between 1997 and 2002, with a decrease in
employment of 1,680 (22.6 percent), a decrease in payroll of $18.7 million (8.1 percent), and a

decrease in value shipments of $556.5 million or 36.8 percent (Tablel).

1.4.6 Wholesale Trade

The wholesale trade classification includes durable goods such as motor vehicles, furniture and
home furnishings, lumber and construction materials, elecgmadls and nordurable goods
such as farm products, chemicals and allied products, and petroleum andupetproducts,

with the leading type of wholesale trade within the Llano Estacado Region behuyiradyie
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Table 1-11.

Manufacturing Activity -- 2002

Llano Estacado Region

Total Total Annual Value of
Number of Number of Payroll Shipments

County Establishments Employees (million dollars) (million dollars)
Bailey 0 0 0 0
Briscoe 0 0 0 0
Castro 0 0 0 0
Cochran 0 0 0 0
Croshy 0 0 0 0
Dawson 0 0 0 0
Deaf Smith 26 701 24.3 303.4
Dickens 0 0 0 0
Floyd 0 0 0 0
Gaines 0 0 0 0
Garza 0 0 0 0
Hale 28 (D) D) )
Hockley 0 0 0 0
Lamb 13 693 211 90.7
Lubbock 261 6,018 185.3 1,1154
Lynn 0 0 0 0
Motley 0 0 0 0
Parmer 6 (D) (D) (D)
Swisher 0 0 0 0
Terry 0 0 0 0
Yoakum 0 0 0 0
Region Total 2002 328 7,412+(D) 230.7+(D) 1,509.5+(D)
Region Total 1997 342 9,092+(D) 249.4+(D) 2,066+(D)
Change 1997 to 2002 -14 (4.3%) | -1,680+(D)( 22.6%) -18.7+(D) (8.1%) | -556.5+(D) (36.8%)
State Total 2002 21,450 855,658 34,105.2 310,815.9
State Total 1997 21,808 959,665 32,760.8 297,657.0
Percent of Tx (97/02) (1.5%) (1.5 %) (0.95% ) (0.86 %) (0.76%) (0.67 %) (0.69%) (0.48 %)
(D) i Withheld to avoid disclosing data for individual firms.

Source: 2002 Economic Census, U.S. Census Bureau, Washington D.C., November 2005.
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Table 1-12.

Wholesale Trade -- 2002
Llano Estacado Region

Total Total Annual Value of
Number of Number of Payroll Shipments
County Establishments Employees (million dollars) (million dollars)

Bailey 20 174 4.1 96.9
Briscoe 4 33 0.6 6.4
Castro 17 (D) (D) (D)
Cochran 3 9 0.1 0.9
Croshy 12 (D) (D) (D)
Dawson 21 139 3.6 49.3
Deaf Smith 36 320 9.9 327.3
Dickens 11 56 0.8 9.7
Floyd 19 (D) (D) (D)
Gaines 22 227 6.1 57.6
Garza 5 19 0.7 3.6
Hale 56 505 14.8 242.6
Hockley 30 232 6.8 45.1
Lamb 23 160 4.5 47.0
Lubbock* 468 6,628* 181.2* 3,867.8*
Lynn 7 30 0.8 6.9
Motley 4 (D) (D) (D)
Parmer 24 163 4.5 66.2
Swisher 17 132 2.6 245
Terry 17 169 4.9 56.6
Yoakum 18 132 4.5 30.3
Region Total 2002 834 9,128+(D) 250.5+(D) 4,939.7+(D)
Region Total 1997 927 9,493+(D) 249.7+(D) 5,274.7+(D)
Change 1997 to 2002 -93 (10%) -365+(D) (3.8%) 0.8+(D) (0.3%) -335+(D) (6.4%)
State Total 2002 31,832 439,755 18,808.6 397,405.1
State Total 1997 33,346 425,750 15,504.9 323,111.7
Percent of Tx (97/02) (2.6 %) (2.1 %) (1.3 %) (1.2 %)
(D) - Withheld to avoid disclosing data for individual firms.

Source: 2002 Economic Census, U.S. Department of Commerce, Washington, D.C., 2005.
*In thecase of Lubbockounty, 1997 values for employment, payroll, and value of shipmsate usedsincethe
2002 Census did not provide values to avoid disclosure for individual firms.
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goods. The regionds 834 whol esal ebillanrtcatlee est a
regonés economy in value of shipments and provi
over $250million in 2002 (Tablel-12). However, between 1997 and 2002, the number of
wholesale trade establishments declined by 10 percent from 927 to 834, wethha thenumber

of employees 0865 (3.8 percent) an increase in annual payroll of $0.8 million (0.3Percent), and

a decline in value of shipments of $335 million (6.4 percent) Tali2)1

1.4.7 Retail Trade

The retail trade classification includes buildimaterials and garden supplies, general
merchandise stores, food stores, automotive dealers and service stations, apparel and accessory
stores, furniture and home furnishing stores, household appliance stores, restaunlargigila
stores.The leadingareas of retail trade within the Llano Estacado Region are restaurants, food
stores, automotive dealers and service stations, and general merchandis® Bta2662, he
r e g i reportedl,867 retail trade esblishments contributed over $4bliontot he r egi ono
economy in value foshipments and provided over 22Bfbbs wth an annual pawtl of over
$424million (Table1-13)?” As inthe cases afmanufacturing, and wholesale trade, the number
of retail trade establishmentscated in the Llano Estado Water Planning Regiateclined
between 1997 and 2002 from 2,026 to 1,867 (7.8 percent). However, employment increased by
4.1 percent, from 21,498 to 22,391, annual payroll increased by 24.7 percent, from $340 million
to $424.4 million, and value of giments increased by 15.8 percent from $3.92 billion to $4.54
billion (Table :13).

1.4.8 Services
The services group of businesses includes hotels and motels, personal services,

photographic studios, beauty shops, barber shops, shoe repair, funecaksénsiness services,
credit reporting, services to buildings, personnel supply services, computer services, auto repair,
automobile parking, motion pictures, amusement services, commercial sports, health services,

legal services, educational servicas;ial services, membership organizations, engineering

%2002 County Business PatterhsS. Department of Commerce, Washington, D.C., 2005.
" Data for 2002 are the most recent data available.
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Table 1-13.
Retail Trade -- 2002
Llano Estacado Region

Total Total Annual Value of
Number of Number of Payroll Shipments

County Establishments Employees (million dollars) | (million dollars)
Bailey 28 273 4.1 42.1
Briscoe 5 20 0.3 3.6
Castro 42 236 35 50.4
Cochran 13 65 1.3 194
Croshy 28 195 3.3 40.9
Dawson 52 473 8.1 87.4
Deaf Smith 83 610 10.5 130.1
Dickens 11 56 0.8 9.7
Floyd 27 173 3.0 41.0
Gaines 58 467 7.5 73.4
Garza 28 142 1.8 21.4
Hale 141 1,581 26.5 268.5
Hockley 87 786 13.5 155.9
Lamb 53 434 7.0 86.8
Lubbock 1,055 15,625 311.7 3,274.2
Lynn 16 91 1.5 17.9
Motley 8 34 0.4 4.0
Parmer 33 243 3.1 38.3
Swisher 25 215 35 39.2
Terry 42 444 9.1 102.1
Yoakum 32 228 3.9 36.0
Region Total 2002 1,867 22,391 424.4 4,542.3
Region Total 1997 2,026 21,498 340.3 3,920.5

Change 1997 to 2002 -159 (7.8%) 893 (4.1%) 84 (24.7%) 622 (15.8%)
State Total 2002 75,703 1,026,326 21,104.6 228,694.7
State Total 1997 74,105 950,848 16,197 182,516.1

Percent of Tx (97/02) (2.7%) (2.5 %) (2.3%) (2.2 %) (2.1%) (2.0 %) (2.1%) (2.0 %)

Source: 2002 Economic Census, U.S. Department of Commerce, Washington, D.C., 2005.
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services, accounting services, research services, management services, and sendedsbgrov
local, state and federal agencies. The leading types of services within the Llano Estacado Region
are health services, business services, social services, and membership orgaffizaftuns.
2002 Economic Census reported 4,84%vices establishmenin the Llano Estacado Water
Planning Region, with a value of receipts of over $illlon (Table :14). These service
establishments ha88,672 employeesand an annual payrblof over $644.6nillion (Tablel-
14)® Between 1997 and 2002, the reportatmber of service establishments increased by
1,059 (27.9 percent), however the number of employees declined by 6,141 (13.7 pemoeial)
payrolls declined by $264 million (29.1 percent), and value of receipts declined an estimated
$947 million (38.5 pecent) (Table 114).

The total number ofocal, state, and federal agencesmployees in 2002 wasl416
which was 2.5 percent of the number of public sector employees in Texas in 2002. However, the
employment reports do not provide coutdyel wage andalary information for public sector

employment.

1.4.9 Finance, Insurance, and Real Estate

The financejnsurance, andeal estate classification includes banks, savings and loans,
nondepository institutions, security and commodity brokers, insuranceersa insurance
agents, brokers and services, real estate holdings and other investment offices. Since the 2002
Economic Census did not report information at the county level for Finance, Insurance and Real
Estate, it was not possible to update thissect Il n 1997, the regionos
and real estate establishments provided over 7,200 jobs with an annual payroll of over
$180million in 1997 (Tablel-15)*°

#2002 County Business Patterns, U.S. Department of Commerce, Washington, D.C., 2005.

# Data for 2002 are the most recent data available.

% Data for fnance, insurance, and real estate were not reported on a county level for the 2002 Economic Census,
therefore, the data are from 1997 County Business Patterns conducted by the U.S. Bureau of the Census.
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Table 1-14.
Services -- 2002
Llano Estacado Region

Total Value of Public
Number of Total Annual Receipts Sector
Establishme Number of Payroll (million Number of

County nts Employees (million dollars) dollars) Employees*
Bailey 65 507 8.0 24.4 631
Briscoe 13 10 0.1 0.4 130
Castro 59 355 7.1 19.3 725
Cochran 19 27 0.3 1.0 389
Crosby 36 33 0.2 0.7 542
Dawson 126 945 16.8 44.7 1,572
Deaf Smith 150 1,188 22.8 53.8 1,332
Dickens 23 60 0.5 1.8 209
Floyd 69 383 6.3 18.9 590
Gaines 99 407 6.1 26.1 1,254
Garza 40 191 24 7.3 409
Hale 341 3,415 59.3 160.3 2,611
Hockley 174 2,251 25.3 73.8 1,966
Lamb 102 694 12.5 31.7 1,114
Lubbock 3,185 26,543 447.0 959.9 24,053
Lynn 35 236 34 8.7 585
Motley 18 14 0.1 0.6 114
Parmer 66 261 4.6 14.6 894
Swisher 64 80 13 5.2 779
Terry 101 738 13.9 37.0 1,123
Yoakum 64 334 6.6 21.3 494
Region Total 2002 4,849 38,672 644.6 1,511.5 41,516
Region Total 1997 3,790 44,813 909.0 2,458.1
Change 1997 to 2002 1,059 (27.9%) | -6,141 (13.7%) -264 (29.1%) -947 (38.5%)
State Total 2002 272,063 4,403,498 147,768.8 278,102.1 1,648,436
State Total 1997 171,136 2,555,781 67,426.9 262,1441 | @ -
Percent of Tx (97/02) (2.2%) (1.8 %) | (1.7%) (0.8 %) (1.3%) (0.4 %) (0.09%) (0.5 %) (2.5 %)

Source: 2002 Economic Census, U.S. Department of Commerce, Washington, D.C., 2005.
*Source: Texas Workforce Commission, Austin, Texas, December 2002.
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Table 1-15.
Finance, Insurance, and Real Estate (1997)
Llano Estacado Region

Total Total Annual
Number of Number of Payroll
County Establishments Employees (million dollars)

Bailey 11 73 1.8
Briscoe 6 33 0.9
Castro 22 118 2.8
Cochran 4 29 0.9
Croshy 20 129 3.1
Dawson 31 225 4.9
Deaf Smith 33 125 (D)

Dickens 9 27 0.7
Floyd 22 75 15
Gaines 22 131 3.1
Garza 12 53 0.8
Hale 85 435 9.8
Hockley 47 214 5.0
Lamb 33 162 3.4
Lubbock 664 4,979 132.1
Lynn 13 72 2.2
Motley 3 10 (D)

Parmer 14 128 2.6
Swisher 19 50 (D)

Terry 23 129 3.3
Yoakum 14 50 1.3
Region Total 1,107 7,247 180.2

(D) - Withheld to avoid disclosing data for individual firms.

Source: Bureau of the Census, U.S. Department of Commerce, Washington, D.C., 1998.
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1.4.10 Recreation

Most of the areads revenue derived from re
hunting and fishing. Based on 1985 data fromWh8. Fish and Wildlife Servigeadjusted for
inflation in a 1989 report bZomptroller Bob Bullock, hunters spent $4&flion in the High
Plains in 1989 on food, lodging, leases, equipment and otheelaied expenses. This equates
to an average of $832 per hunter. Spending on fishing in the High Plains region was r&ported
$32.3million in 1989, or an averagef $736 per angler. Using ap&rcent ra of inflation
(factor of 1.8), spending on hunting in 20@%rojected to be $86.million, while spending on
fishing would be $58.illion, for a total projeted recreatio spending of $144 &illion.

While hunting and fishing will probably remain a substantial part of the outdoor
recreation picture, the activity of ecotourism has been growing rapidly in the region since 1980.
Ecotourism is defined as discretionary trawelnatural areas that conserve the environmental,
social and cultural values while generating an economic benefit to the local community.
Ecotourists engage in activities including bird watching, wildlife viewing, hiking, rock climbing,
backpacking, campingnd outdoor photography. This activity is expected to increase within the
Llano Estacado Region in the future, especially where water is available to attract wildlife. Also,
landowners can increase opportunities to attract hunters and ecotouristly dbviaicost and
little effort.

15 Water Use

There are seven major types of water use in the Llano Estacado Region: (1) municipal;
(2) manufacturing; (3) steawlectric power generation; (4) mining; (5) irrigation; (6) livestock
(feedlots and range); and@)(environmental and recreation. Each of these tgpaegater use is
described below, andrgjections of demand for each type of use are shown in Section 2,
Tables2-4 through 219.

1.5.1 Municipal Water Use

Municipal water use, as defined by the TWDB,lunles water used for residential and
commercial purposes. Residential water use includes water for drinking, cooking, bathing,
flushing toilets, general cleaning and sanitation, swimming pools, car washing, gardening, and
lawn watering. A 1984 U.S. Deparémt of Housing and Urban Development study found that

toilet flushing (39ercent) and bathing (3fercent) are the largest components of inside
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household use. Outside household use ranges from near zero in humid argzes ¢ter@of total
domestic useni arid areas.

The TWDB municipal water use definition also includes water used by commercial
facilities such as hotels, restaurants, laundries, car washes, office buildings, educational
institutions, prisons, government and military facilities, retail @saments, public swimming
pools, fire protection, and irrigation of public parks and open spaces. In the Llano Estacado
Region per capita municipal water use in 2000 was aboutgblansper day(87,322acft/yr -

453,997 people x 325,8%hl/acft- 365days/y) (Tables2-2 and 24).

Effective Januaryt, 1992, the WateEfficient Plumbing Standards Act of the73exas
Legislature required that certain plumbing fixtures (toilets, showerheads, and faucet aerators)
sold after that date be watefficientdevices. In addition, the Federal Energy Policy Act of 1992
required that all new toilets produced for home use must operate gallbiis per flush or less.

Older toilets used 3.5 todallons or more of water per flush. Other {aw plumbing fixtures

include lowflow showerheads that use Zjallons per minute (gpm)nstead of the standai

4.5gpm and faucet aerators that can be installed in sinks to reduce water usecoVsgeving
dishwashers and washing machines are also alailalthough thewre stillmore expensive to

buy than other appliances. As these water conserving fixtures and appliances are adopted, it is
reasonable to assume a decreased per capita water use within the Llano Estacado Region in
future years.

Outside of the home, landgiag that includes directing the water which runs off the
roof, sidewalks and driveways onto the lawn, gardezes and shrubsan reduce irrigation
water demand. Borders can be built around yards, fltweds and gardenso hold their rainfall
runoff urtil it soaks into the soil. Additionally, if mulch is used on the solil surfaces in the garden,
flowerbeds, and around shrubs and trees to reduce evaporation from the soil surface, the rainfall
harvested plus this conservation effort can reduce outside dfome water use by p@rcent or

more.

1.5.2 Manufacturing Water Use

Water is used in a variety of ways for manufacturing purposes, including process uses
(water used in the manufacture of products), cooling of portions of the manufacturing process,
washdown water for cleaning, water for employee drinking purposes, sanitary uses in restrooms,

and landscape irrigation. The amount of water used for each purpose is usually particular to the
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type of industry. In the Llano Estacado Region, the major manuifagtuses of water are for
food processing, industrial machinery and equipment, and fabricated metal products.

In response to the high costs to treat and dispose of wastewater, rising energy costs, and
environmental considerations, industries use wateerafficiently now than they did in the past.
Some specific areas where savings are taking place are process modification or substitution,
cooling water recycling and wee, and steam and hot water conservation. Methods used in
manufacturing to conserve dow water may include use of saline water or treated wastewater,
air cooling, and using recirculating cooling systems. Methods used to conserve water used for
steam and hot water manufacturing processes include energy conservation and waste heat

recovery.

1.5.3 Steam-Electric Power Water Use

A steamelectric plant basically works by heating water in a boiler until it is turned into
steam. The steam is used to turn the turlgererator, which produces electricity, after which
the steam is sent to the conder to be cooled back into water. Most of the water used in steam
electric power generation is to cool the steam back into water. The condensed water is pumped
back to the steam generator to become steam again, while the cooling water is discharged as
wadewater or is recycled through cooling ponds or towers. Within a stéeatric plant, water
is also used for makep water to replace the water lost as steam, blowdown (purging) of boilers,
washing of stacks, andower plant and employee sanitation. Iretihlano Estacado Region,
steamelectric power generation is done in Lamb, Lubbock, and Yoakum Counties.

Steamelectric power generation closely resembles manufacturing uses of water where
steam is required; therefore, conservation practices in the twetireduclosely resemble each
other. Since water used for cooling purposes constitutes the majority of water use in-a steam
electric plant, this is perhaps where the greatest water saving can be achieved. Methods used to
conserve freshwater may include wéesaline water or treated wastewater, air cooling, and using

recirculating cooling systems.

1.5.4 Mining Water Use

Water is used in differing ways in the various types of mining or extractive industries.
The primary water use in the mining industry in tHano Estacado Region is for enhanced

recovery of petroleum, such as with water injection. Water is also used in sand and gravel mining

Llano Estacado Regional Water Plan m
September 2010 1-40 A




HDR-00080268-10 Planning Area Description

operations for washing mined deposits, although there is very little such activity in the Llano
Estacado Region.

Severhstrategies have been used and continue to be used by the oil and gas industry to
conservereshwater. For example, the use of freshwater has been reduced by the use of poorer
quality water for injection. In some giroducing geologic formations, this inot feasible
because of the precipitation of a solid when water that contains a different combination of
minerals is introduced iatoil and gas formations. &ter with a different chemical quality could
be treated before use, although in the past, nigdhis water has proven be cosfprohibitive.

An optional water supply for the oil and gas industry is treatedicipalwastewater. This has

been used in the past, but the water must be treated thoroughly to eliminate oxygen and to
prevent growh of bacteria, which can cloghe formation in the well. Another potentiaption

for conserving freshwater in the oil and gas industry would be to demelegechnologyndor

expand the use of the carbon dioxidethod of petroleum recovery.

1.5.5 Irrigation Water Use

In the Llano Estacado Region, water is pumped from aquifers to supplement precipitation
for crop production. This means that more water is pumped during periods of drought than
during years when precipitation is higher. The five main methods insté® Llano Estacado
Region to apply supplemental irrigation to crops are furrow, sprinklerelmvgy precision
application, surge valves, and drip (trickle) irrigation. Each method is described below.

Furrow irrigation is used to apply water to rowaps, such as cotton, corn, grain
sorghum, and vegetables. Water is siphoned or released into furrows and allowed to flow down
the furrow until the entire length is wetted.

Sprinkler irrigationuses drop lines that are spaced along an elevated pipe and txte
within 16inches of the land surface. A sprinkler head is attached to each drop line to distribute
the water evenly across the field. In the Llano Estacado Region, sprinkler systems are usually of
the centespivot type, most of which are sized toigaite the center 128cres of a onguarter
section (16@cres) of cropland. The center pad is located in the center of the tract to be irrigated
and the system moves in a circular path around the center to irrigate the entire tract. Although
more efficiet than the furrow method, the cenfgvot sprinklers los¢o evaporatiora part of
the water tht is sprayed out
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Low-Energy Precision ApplicatioffLEPA) is a technological improvement upon the
partial drop centepivot sprinkler irrigation system desceth above. LEPA systems use the
centerpivot piping and transport systems; but instead of spraying water into the atmosphere, the
water is delivered through lines hanging from the overhead transport frame and dragged on or
near the land surface between cropis. The advantages of LEPA systems are low pressure to
operate, little evaporation from the application process, and control of rate of delivery of
irrigation water. Also, they can be used with furrow djkekich hold moisture in the furrows
until it soaks into the ground. More uniform and timely applications of irrigation water results in
higher yields (uniform prduction over the entire field), and usually resultesslwatepumped
per acrewhich reduceboth energy and labor cogier acre

Surgevalvesare a variation of furrow irrigation in which gated pipes are used to release
irrigation water into the furrows to be irrigated. The gates of the pipes are spaced to deliver a
stream of water into a set of furrows. Surge irrigation consists afeactontrolled valve placed
between two sets of gated pipe, ahd system alternately waters two sets of furrows in a series
of timed fAsurges, o0 with each cycle supplying
the field. During the off period dhe cycle, the water in the furrewnfiltrates into the soil and
creates a surface sealing effect that reduces infiltration in that section of§whan the valve
recycles to the set. Through this method of alternating watering of the sets, watatdemwthe
previously wetted section of the furrow more rapidly, reducing deep percolation at the top end of
the field. The cycle continues until enough water has been discharged into each set to wet the soil
uniformly throughout the field. Surge irrigatiamproves irrigation efficiency in comparison to
the standard furrow method and is low cost in terms of capital investment.

Drip irrigation delivers small but frequent quantities of moisture to plants by means of
buried smaldiameter, plastic tubes withmsll orifices or holes spaced to allow the release of
water near the plant roots. This method results in a minimum loss of water through evaporation
or deep percolation into the ground. Yields have been increased from 500 t@dyBad8 of lint
cotton peracre on some drip irrigation tracts.

Adoption and use of equipment to improve irrigation application efficiencies was begun
in the mid1980s and has continued at a rapid pace to the préseran example, in 1995,

12,931 center pivot systems were in plakdhis increased to 18,602 systems by&0fh incease
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of about 2.8%ercentper year since 1999 he TWDB inventory of irrigated acres in thé&ano

Estacado Region showed irrigated acreage of 3,28@6acres in 20068 In 2008

Table 1-16.

List of Irrigation Systems and Efficiency
Llano Estacado Region

Range of Application

Efficiency

Irrigation Systems (percent)

Drip Irrigation 96 to 98%
LEPA Center Pivots 96 to 98%
Center Pivots w/ Low Heads (16") 86 to 90%
Furrow w/ Surge & Tailwater Pit (30 to 40%) 80 to 90%
Furrow w/ Surge (10 to 40%) 80 to 90%
Furrow w/ Tailwater Pit (15 to 20%) 70 to 85%
Over Crop Center Pivots 75 to 80%
Furrow w/ Pipeline (15 to 20%) 50 to 70%
Furrow w/ Ditch 40 to 60%

Source: High Plains Underground Water Conservation District No 1, Lubbock,

Texas, 1997.

2,493,373acres were irrigated with center pivot systems, which is abouterd@nt of the

3,274,756 totateported irrigateccres in the region in 2008.These center pivot systems

deliver water at an efficienayf 75percent or higher (Tablke 16).

During the late 1940s and early 1950s, furrow irrigation was the primary method used to

provide irrigation water to crops in the region. Water losses gqiebfent or more occurred

through deep percolation and irrigati tailwater when open ditches were used to transport the

water from the field to the crop. In the late 1950s and during the 1960s, underground pipelines

were installed to replacepen ditches, thereby reducirigsses from deep percolation and

evaporatiorfrom the open unlined ditches. Additionally, during the 1960s and 1970s, irrigation

TWDB,
¥Hi gh

AfReport 347: Sunvdwgust

Pl ains Underground Water

Rr0Milgati on

District

No.
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tailwater return systems were installed on a high percentage of the farms in the tighter soils
(clay) areas to reuse tailwatdrat would have been lost from previousligedtechnologies

During this same time period, higitessure and sid®Il sprinkler systems were used to irrigate

the sandy soil areas of the region. Although an improvement over furrow irrigation, these
sprinkler systems had water losses in the rarfig® percent due to evaporation finothe small

drops of water as water was spraydmbve the crops and from the irrigation water that wet the
crop canopy.

Beginning in the early 1980s, higitessure center pivot irrigation systems were modified
or replacedwith center pivot systems equipped with drop lines, which discharge water at lower
pressure with a large water drop size at abdiget above land surface, reducing losses from
50 percent to about 2fercent, as compared to the previously used furrogairon method.

In 1983, timecontrolled surge valves were added to the underground pipe systems used
to provide water for furrow irrigation. These surge valves provided a method to alternate the
flow of water down two sets of furrows on a timed sequenhkeir addition greatly reduced deep
percolation and irrigation tailwater. Water losses were reduced to abpat@nt.

In the late 1980s and early 1990s, many of the partial drop center pivot systems were
further modified to deliver the water into therdow through socks or drag hoses, further
reducing water losses to as little as 2 @eBcent during irrigation applications.

In 1998, about 7percent of the total irrigated acreage (2,297 4@@s) in the Llano
Estacado Region was irrigated with cenpérot irrigation systemsOf these systems, about
25 percent utilized full drops, and about pércent had drops féet above the ground. Of the
remaining irrigated acreage, about@J¥cent was furrow irrigated, utilizing underground pipe
and surge vah& with the remaining percent irrigated by some combination of side roll
sprinkler systems, hand moved sprinkler line systems, drip irrigation systems, and conventional
furrow irrigation systems without surge valvék 2008, acreages irrigatedtiv certer pivots
were estimated at 2,493,373, an increase from 199&bofit 196 thousandcres however,
information is not available about types of drops, and othestgp sprinkler systems in uga
dates since 1998.)

By the end of the 1990failwater retirn systems had almost disappeared from sisee
there was no tailwater from the irrigation systems being udedever, some have been left in

place to provide holding ponds for water for wildifehere there are small quantities of runoff
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1.5.6 Livestock Water Use

Cattle feedingand dairyoperations constitute approximately 60 top&dcent of water
used forconsumption by cattle, sanitation, and for dust control at feediate Llano Estacado
Region. Reducing the amount of water used for dustraorg an important component of
reducing overall water use at a feedlot. Feedlots continue to experiment and quantify the smallest
amount of water for effective dust control. Additionally, feedlot feedmills use a small amount of

water to steanflake grainand for office and sanitary purposes.

1.5.7 Environmental and Recreational Water Use

As mentioned in Section 1.2.4.3, as many aslRon waterfowl and 350,000 to 400,000
sandhill cranes use playas as wintering areas or as rest stops during annuansigrit
addition, small mammals, amphibians, and reptiles depend on playas for water and habitat.
Those playas and other areas that have been historically important for waterfowl and sandhill
cranes are listed in Tablel7. In years of good rainfall, baat is excellent for big game, upland
game, and waterfowl, and runoff to the region
fish and water recreational opportunities. Wildlife resources indirectly benefit from the Ogallala
and other aquifergrimarily due to irrigation and production of grain crops. In fact, the best
pheasant and waterfowl populations are generally found in areas of intensive irrigated grain
production.

Since the flows of the rivers or streams (or instream flows) are exyrdimated, the
productivity and diversity of aquatic species is quite limited. Nevertheless, these intermittent
streams are a source of inflow to area lakes, helping to support the aquatic environment and
fisheries of those water bodies.

The Llano Estacad®egion has several wateriented recreational facilities, which are

summarized below. The location of these recreational facilities is shown in Eigure

White River Lake: White River Lake, located on the Salt Fork tributary of the Brazos
River in Cro®y County covers 1,80&cres and supplies water for Crosbyton, Post, Spur,
and Ralls. The lake features camping areas, lakeside cabins, boat rentals, picnic areas,
and fishing supplies. Principal recreational activities are fishing and water skiing.

3 Steiert, Jim, Unpublished, Ogallala Area Regional Water Planning Information, 1996.
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Lake Mackenzie: Lake Mackenzie, near Tulia in Briscoe County, covers &96s and
offers facilities for fishing, picnicking, camping, RV hookups, boat ramps, and a
swimming area.

Buffalo Springs Lake: Buffalo Springs Lake is a 26écre lake on the Double Mowm
Fork of the Brazos River in Lubbock County that serves as a fishing, boating, and
picnickingfacility.

Lake Meredith National Recreation Center: Lake Meredith, built by the U.S. Bureau

of Reclamation and operated by the Canadian River Municipal WaiéroAty, is
located on the Canadian River to the north of the Llano Estacado Region and covers
16,504acres. Eight public parks are located around the lake with facilities for camping
and picnicking

Lake Alan Henry: Lake Alan Henry, located near Post imr@&a County, covers
approximately 3,504cres. The primary recreational activities associated with the lake
are fishing, boating, and camping.

Caprock Canyons State Park:Caprock Canyons State Park covers 13&6@s near
Quitaque in Briscoe County. Theux has facilities for hiking, picnicking, fishing, and
swimming in the 10&cre lake.

Armstrong Playa Project: The Texas Parks and Wildlife Department owns a
conservation easement on this property. It is located near Dimmitt in Castro County.

Lubbock City Park Playas: Many of the city parks in Lubbock are located around playa
lakes. Many of these lakes are used for recreational purposes such as bird watching,
fishing, and picnicking.

Lubbock Lake Landmark State Historical Park: This 336.6acre, dayuse ony,
historic site, is an archaeological and nature preserve located in Lubbock County. It is
jointly operated by Texas Parks and Wildlife Department and Texas Tech University.
The park lies along Yellowhouse Draw, a typically dry tributary of the Brazos Riv

Hunting and fishing have become important economic enterprises in the Southern High
Plains area, with an estimated annual expenditure of sportsrgerdd143 million in 2009.
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Table 1-17.

Areas ldentified as Historically Important for
Waterfowl and Sandhill Cranes
Llano Estacado Region

Area Historically Important to Waterfowl|

Location

Armstrong Playa

Dimmitt

Beefco Cattle Feeders

near Easter

Bud Hill Feedlot Dimmitt
Buffalo Springs, Ransom Canyon Lubbock
Bull Lake Littlefield
Cedar Lake Seagraves

Dead Horse Lake (at Bartlett Feedyard No. 2)

north of Hereford

Cargill Beef, Friona

west of Friona

Solutions, Plainview

Plainview

Frost & Gooch Lakes

south of Lubbock

Fry Lake on Frio Draw

near Friona

A-2 Cattle Feeding

Flagg area in Castro County

GW Sugar Playa

Deaf Smith County

Hale County Feedlot Hale Center
Happy Feedlot Happy

Hill Feedlot & Hart Playa Hart
Sugarland Feed Yard Playa Hereford

Ivy Lake (east of Easter)

Castro County

Lake Mackenzie

Silverton

Muleshoe NWR

Needmore

Paco-Bovina Feedyards

western Parmer County

Veigel pasture lake

Summerfield

Rafter 3 Feedyard

west of Dimmitt

Rich & Mound Lakes

Brownfield

Simpson Lake (north of Dimmitt Feed Yard)

Dimmitt

Stud Horse Playa

Parmer County

Tahoka-Gordon Lakes

Tahoka

Upper Paul's Lake

Bailey County

Various City Park Lakes Lubbock
White River Lake Near Crosbyton
Source: Pl aya Lakes Joint Venture Managel

Albuquerque, NM, November 1994.
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1.5.8 Major Demand Centers

Although most of the counties of the Llano Estacado Region have small towns and
communities, several major municipal demand centers exist within the region. The City of
Lubbock is the largesteinand center in the region for municipal and manufacturing water use.
The major water demand centers for water used in oil and gas extraction are in counties located
in the southern portion of the region, while large cattle feedlots, most of which aexllatshe
northern half of the region, are the major demand centers for livestock water. Unlike water
demand for municipal, manufacturing, electric power generation, and mining purposes, water

demand for irrigation is spread throughout the region.

1.6  Water Supplies
1.6.1 Groundwater®

Two major and two minor aquifers supply water to the area. The two major aquifers are
the Ogallala and Seymour Aquifers. The two minor aquifers are the Edwandy (High

Plains) and the Dockum Aquifers.

1.6.1.1 Ogallala Aquifer

The Ogallala Aquifer is the major watkearing formation of the 21 counties of the
Llano Estacado Region. Vertical hydrologic communication occurs between the overlying
Quaternary Blackwater Draw Formatjomvhere present and the Cretaceons Triassic
formations which liedirectly below the Ogallal&ormationin a portion of the planning region.
Although many communities use water from the Ogallala Aquifer as their primary source for
drinking water, approximately Q%ercent of the water obtainecbifn the Ogallala is used for
irrigation.

The Ogallala is composed primarily of sand, gravel, clay, and silt deposited during the
Tertiary Period. Groundwater, under watale conditions, moves slowlyrthugh the aquifein
a southeasterly direction towatde caprock edge or eastern escarpment of the High Plains.
Saturated thickness of the aquifer is generally greater in the northern part of the region and
thinner in the southern part where thenfation overlaps Cretaceous rock units. The saturated

thickness which isgreatest where sediments have filled previously eroded drainage channels,

¥Ashworth, John B., anMi dami Aq Hofpki sisof AMax @30 aRaeport
Development Board, Austin, Texas, November 1995.
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ranges up to approximately 368et. Well yields range from as little as §0m to as much as
1,000gpm. The majorityof wells yield betwee200 to 600ypm.

Recharge tahe aquifer occurs primarily by infiltration of precipitation from the surface
andto a lesser extent, by upward leakage from underlying formations. Recharge rates vary from
0.3 inches to 3.0 inches per year, depending upon annual rainfall and geographiPlaya
basins appear to la@eas of focused recharge.

Since the expansion of irrigated agriculture in the-t8d0s, greater amounts of water
have been pumped from the aquifer than have been recharged. As a result, some areas have
experienced watereVel declines in excess of 1t#et. However, conservation efforts have

resulted in a reduction in the rate of water level declines.

1.6.1.2 Seymour Aquifer

The Seymour Formation consists of isolated areas of alluvium found in parts of 23 north
central andPanhandle counties, including parts of Briscoe, Motley, Dickens, and Crosby
Counties of the Llam Estacado Region. The Seymoquier supplies small quantities of water

for municipal uses in these four counties.

1.6.1.3 Edwards-Trinity (High Plains) Aquifer

The EdwardsTrinity (High Plains) aquifer is a minor aquifer in the State of Texas that
includes Cretaceous aged wabearing formations of the Fredericksburg, Trinity, and Washita
groups. These formations underlie the Ogallala Formation in 11 csuntide southwestern
corner of the Llano Estacado Region and extend westward into New Mexico. The majority of the
wells completed in the aquifer pide yield 50 to 20@gpmand provide water for irrigation

Two distinct groundwater zones occur in the Edigd rinity (High Plains) aquifer. One
occurs in the basal sand and sandstone deposits of the Antlers Formation (Trinity Group) and is
usually under artesian pressure. The other waaring zone occurs primarily in the joints,
solution cavities, and beuhd) planes in limestones of the Edwards Formation. In much of the
area, the EdwardsIrinity (High Plains) zone is hydrologically connected the overlying
Ogallala aquiferwith recharge occurrindirectly from the bounding Ogallala Formation along
northen and western parts of the subcrop and by downward percolation from overlying units at
other locations. Upward movement of groundwater from the Triassic Dockum aquifer into the

EdwardsTrinity (High Plains) aquifer is also believed to occur in Lynn Couripme
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groundwater may also occur in the porous and permeable sections of the Duck Creek and
Kiamichi formations.

Groundwater movement is generally to the southeast. In many places, the groundwater
potentiometric surface in the Edway@ignity (High Plaing aquifer is higher than in the Ogallala
aquifer, resulting in upward movement of water from the Edwarahsty (High Plains). In these
areas, the EdwardErinity (High Plains) has a significant impact on the water levels and quality

of the overlying Ogdla.

1.6.1.4 Dockum (Santa Rosa) Aquifer

Triassic DockumGroup rocks underlie the Ogallala Formation in portions of the High
Plains area of Texas and New Mexico, the northern part of the Edwards Plateau, and the eastern
part of the Cenozoic Pecos AlluviuriWhere the Dockum Group is exposed east of the High
Plains caprock and in the Canadian River Basin, the land surface takes on a reddish color. In the
Ssubsurface, the Dockum is commonly rbearilgrred t
zone in the famation, the Santa Rosa, consists of up to fé@0 of sand and conglomerate
interbedded with layers of silt and shale at the base of the Doséction.

1.6.2 Surface Water

Although the Llano Estacado Region lies within four river basins, the regionengs v
little surface water (Figurg-2). Dams have been built to take advantage of what surface water
exists. In other segments of rivers, surface water amounts to a trickle. Very little, if any, water
leaves the region via streamflow. The surface wateuress of the region are described below.

1.6.2.1 Canadian River Basin

Beginning in northeastern New Mexico, the Canadian River flows eastward across the
Texas Panhandle into Oklahoma and merges with the Arkansas River in eastern Oklahoma. Total
drainage aga of the basin is 12,7@Quare miles, of which ®Quare miles are located in the
Llano Estacado Region (Figute?).3> Most of its course across the Panhandle is in a deep gorge.

A tributary dips into Texas® noncetiththe mdhanhanc

channel in Oklahoma. Lake Meredith, formed by the Sanford Dam on the Canadian, provides

®AWat er for Texas, 0 Texas Water Development Board, Aust
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water for 11 Panhandle cities, i ncluding Brov

Plainview, Slaton, and Tahoka within the Llano EstacadgidRe

1.6.2.2 Red River Basin

In the Llano Estacado Region, this basin is bounded on the north by the Canadian River
Basin and on the south by the Brazos River Basin (Fitni@e The Red River Basin extends
from the headwaters in eastern Curry County, Wéxico, across the Texas High Plains to the
southwestern corner of Oklahoma, near Childress, Texas, where the river becomes the Texas
Oklahoma border. The Red River Basin encompasses §gb@ite miles in the regidA.The
uppermost tributary of the Red \Rr in Texas is Tierra Blanca Creek, which rises in Curry
County, New Mexico, and drains into the Prairie Dog Town Fork a few miles east of Canyon.
However, these tributaries do not supply significant quantities of water to water users of the
Llano Estacad Region. Major population centers located in the basin includeCiines of
Hereford (Deaf Smith County) and Tulia (Swisher County).

1.6.2.3 Brazos River Basin

In the Llano Estacado Region, the Brazos River Basin is bounded on the north by the Red
River Basin and on the south by the Colorado River Basin and includesRj@d& miles in the
Llano Estacado Region (Figute2).®” In the region, the Brazos River rises in three upper forks,
the Double Mountain, Salt, and Clear Forks of the Brazos. HoweeeBrtros River proper is
considered to begin where the Double Mountain and Salt Forks flow together in Stonewall
County, east of the Llano Estacado Region. Major population centers located in the basin include
the Cities of Muleshoe (Bailey County), Littfeeld (Lamb County), Plainview (Hale County),
Levelland (Hockley County), Lubbock and Slaton (Lubbock County), and Post (Garza County).
Alan Henry Reservoir on the Double Mountain Fork in southeastern Garza County was built to
supply municipal water andduistrialwaterto Lubbock, and at the present time (2009), Lubbock
is in the advanced stages of plans to build a treatment plant and pipeline to bring water from

Lake Al an Henry for Lubbockds use.

%8 |bid.
3 bid.
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1.6.2.4 Colorado River Basin

In the Llano Estacado Regiothis basin is bounded on the north by the Brazos River
Basin and on the south by the Rio Grande Basin (Fity2)e The Colorado River Basin contains
4,787square miles in the Llano Estacado Redfbfhe headwaters of the Colorado River occur
in eastern N&@ Mexico, and the river course is to the southeast across Texas approximately
600miles, discharging into Matagorda Bay and the Gulf of Mexico. However, there is very little
flow within the Llano Estacado Region. Major population centers of the planrgiranréhat are
located in the basin include tt@ties of Brownfield (Terry County), Denver City (Yoakum
County), Lamesa (Dawson County), and Seminole (Gaines County). However, neither the

Colorado River nor its tributaries supply water to any of thesesciti

1.6.3 Developed Surface Water Resources

Development of surface water supply sources has been limited in the Llano Estacado
Region simply because the area does not have flowing streams of any significance
(Sectionl.6.2). However, four reservoirs aachted nearby and supply water for municipal and
industrial uses within the region (Figutes). These four reservoirs are identified and described
below. Those cities that do not receive water from these reservoirs rely on groundwater to supply

their wate needs for both municipal and industrial purposes.

1.6.3.1 Lake Meredith

Lake Meredith, located in Region A in the Canadian River Basin in Potter, Moore, and
Hutchinson Counties, has a total storage capacity of 92&&0@nd can supply approximately
76,000acft of water per year when at conservation pool eleva##@sociated supplemental
projects to supphgroundwaterfrom Roberts County in Region Aave been implemented to
firm up the reliability and improve the quality of currently contracted sapplFrom Lake
Meredith, a pipeline extends southward and delivers water for municipal and industrial purposes
to Brownfield, Lamesa, Levell and, Lubbock, Pl

the Llano Estacado Region.

38 |bid.
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1.6.3.2 Mackenzie Reservoir

Mackenzie Reservoir is located in the Red River Basin in Swisher and Briscoe Counties,
and supplies water to Silverton, Tulia, Floydada, and Lockney. The reservoir has a total storage
capacity of 45,50@cft and can supply approximately 5,206t of waterper year when at
conservation pool elevation. During recent dry conditions, Lake Mackenzie was unable to meet

its contracted demands.

1.6.3.3 White River Lake

White River Lakeis located in the Brazos River Basin in the southeast corner of Crosby
County. It is owned and operated by the White River Municipal Water District, which supplies
water to Ralls, Spur, Post, ar@rosbyton. The lakéhas a surface area of 1,80&es at
conservation pool elevation, a drainage area ofshjfi@dre miles, a total storagapacity of
44,897acft, and a water right of 6,0@eft/yr. White River Municipal Water District has
purchased groundwater rights and has drilled wells to supply its customers should the water
levels in the reservoir drop below the level at which waterbearemoved.

1.6.3.4 Lake Alan Henry

Lake Alan Henry is located on the Double Mountain Fork of the Brazos River in Garza
and Kent Counties and is owned by the City of Lubbock. The lake has a total storage capacity of
115,937acft and a firm yield of apprimately 22,500acft of water per year. Lake Alan Henry
was developed to serve as a future water supply for the City of Lubbock and at present is open
for recreational purposes. In 2003, the Texas Legislature enacted legislation to create the Lake
Alan Herry Water Supply District for the purpose of supplying water from the lake to
developing areas adjacent to and near the lake. The District was confirmed in 2004 by voters of
the service aredAt the time of this planlLubbock is in the advanced stages arpiing and
construction of water treatment, storage, pipeline(s), and pumping facilities to bring Lake Alan

Henry water to the city for use.

1.6.4 Playa Basins

In addition to the rivers and streams in the planning area, there are as many as 20,000

playa bains located on the High Plains of Texas, of which about 14,000 are located in the Llano
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Estacado Region (Table18)3° Playas are naturally occurring depressions in the landscape of
the Southern High Plains that provide the internal drainage for mubk oégion.

Playa watersheds are closed systems, with playa floors representing the deepest point of
the watershed. In times of abundant rainfall, they collect water and form lakes. Playas have little
elevational change as one proceeds across them inzartal gradient; playa floors are flat.

Some playa floors are defined as wetlands by the presence of hydric, vertisol clay soil, usually

Table 1-18.
Number and Total Area of Playas in Planning Area
Llano Estacado Region

Acres Acres

County Number Covered County Number Covered
Bailey 598 4,772 Hale 1,383 23,263
Briscoe 787 12,266 Hockley 1,171 8,388
Castro 621 19,756 Lamb 1,280 13,405
Cochran 395 1,815 Lubbock 934 15,503
Croshy 925 18,278 Lynn 842 9,172
Dawson 702 7,074 Motley 0 0
Deaf Smith 451 14,069 Parmer 455 9,935
Dickens 0 0 Swisher 910 20,117
Floyd 1,783 40,605 Terry 532 3,022
Gaines 65 210 Yoakum 38 187
Garza 283 4,676 Total 14,155 226,513
Source: Guthery, F.S., F.C. Bryant, B. KramerudyA.0 Sk.dSec

Power Resources Service, Southwest Region, Amarillo, TX, 1981.

Randall Clay, anddespite being surrounded by intensive agricultural activities, the playas
perform many functions beneficial to humans and biota of the region, as wkplbsned below.

The majority of playa basins are ephemeral, meaning that they only hold water during
and for a period of time after rainfall events. In earlier days, irrigation tailwater kept many playa
basins partially supplied for part or all of theaye However, as irrigation efficiency has
improved, most playas have water in them only after a rainfall event, with the quantity of rainfall
received during the spring months of March, April, and May being a critical factor in the life

expectancy of a watlaya. Some playas have been modified by landowners to concentrate the

®Pl aya Lakes Joint Ventumpl Mmeagemeoh Bbando ®W¥buogler qu
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stored water into deeper pools with smaller surfaces, which decreases evaporation. Some farmers
recirculate this water for irrigation. However, tbapacities of many playas to hold terahave

been reduced, since in the days of straight row furrow irrigation, soil was washed down the
furrows into the playas. As they gradually silted in, the whtdding capacity has been lowered,

and at the present rate of siltation, playas in hedallgned areas may disappear in the next
20years?

Given their sheer number and ability to retain water in arid and-aedperiods, playas
are especially important to numerous wildlife species. However, the abundance and diversity of
wildlife species thiuse them depend on several factors, including the size of a basin and
agricultural activity around the playa. Since larger basins are less likely to be tilled for crops or
weed control, a large basin is more likely than a small basin to have naturaltioeg® support
wildlife yearround. With respect to activity around the playa, studies have found that playas
surrounded by grain fields such as grain sorghum, small grains, corn, or some combination of
these crops support a wider diversity of spedimes tplayas surrounded by cotton, potatoes, or
sugar beets, but cropping activity without a grass buffer around the playas contributes a heavy
load of silt to the basins.

Most, if not all, species of wildlife in the region use playas and many species are
dependent on playas for their existence. Nearly 200 species of birds have been identified in
playas. Nine species of amphibians, which consume a multitude of agricultural pest insects,
would not exist in much of the region without playas. A minimum o§@%ies of mammals
have been associated with playas. Several species of reptiles use playas throughout the year. In
fall and spring, migratory birds rest at playas during migration to and from wintering and
summering grounds. Playas are of critical importaadabitat for wintering waterfowl. Some
birds also use playas as breeding and nesting areas. A total of 346 plants are now reported in
playa basins.

About 30 feedyards use playa basins and catchment ponds for feedlot runoff. Testing of
pond water and sbbelow and around the pond shows no leaching of nutrients beldee®0
and testing around the pond shows no sign of pollution. In fact, research by the Texas A&M

“0 Steiert, Jim, Unpublished, Ogallala Area Regional Water Planning Information, 1996.
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Extension Service has shown that a natural Randall Clay bottom on a playa seals th@a$®ottom

effectively as anpther liner**

1.6.5 Springs

According to fAMajor and Historical Springs
are four active springs located within the planning area (Hylsey, Roaring, Buffalo, and Couch
Springs)*? Hylsey Springs iocated approximately 8iles north of Vigo Park within Palo Duro
Canyon in Briscoe County. Hylsey Springs produces water from the Santa Rosa Sandstone,
which is the primary watdbearing unit of the Dockum Aquifer. Roaring Springs is located
approximatelyt miles south of th@own of Roaring Springs in Motley County. Roaring Springs
produces water from the Santa Rosa Sandstone (Dockum Aquifer) and the Ogallala Aquifer.
Buffalo Springs is located approximatelynmfles southeast of the City of Lubbock. Budfa
Springs produces water from the Edwafdmity (High Plains) Aquifer. Couch Springs, located
approximately 8niles east of Crosbyton in Crosby County, produces water from the Ogallala
Aquifer. Information obtained from area residents indicates th#wimlg unusually heavy

rainfall in 2004 there has been renewed spring and seep flows in some locations (Appendix B).

1.7  Water Quality
1.7.1 Groundwater Quality*
1.7.1.1 Ogallala Aquifer

The chemical qality of water in the Ogallalacaifer is generallyfresh; however, both
dissolvedsolids and chloride concentrations increase from north to south. In the Northern portion
of the Llano Estacado Region, total dissolved solids are generally less thaemll#p@ms per
liter (mg/L). Total dissolvegolids comentrations typically exceed 408y/L in the Southern
portion of the regional planning area, with some parts of the area having groundwater with
concentrations exceeding 1,00@/L of total dissolved solids, especially in the vicinity of alkali

lakes. Upwad leakage and subsequent mixing of water from the underlying Cretaceous aquifers

“Smith, B.A., et al., ANitrate and Other Nutrients Ass:«
Agricultural Extension Service, Novemb#993.

“TWDB, fAMajor and Historical Spr976gs of Texas (Report I
“Ashworth, John B., and Janie Hopkins, fMajor and Minoi
Development Board, Austin, Texas, Nouber 1995.
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probably influences the chemical quality in the south. Fluoride content is commonly high, and
selenium concentrations locally are in excess of drinking water starfdards.

In the spring of 2002, the Texas Commission on Environmental Quality determined that
perchloratga salt comprising a chlorine atom and four oxygen atoms), whichdathdded to
the USEPAs 6 Cont ami nia 1998 wasgprestnndgeotndwaterioms well fields
that supply water to the City of Midland, Texas, and funded a sampling program to determine
sources and distribution of perchlorate in the southern High Plains of Pefaschlorate was
detected in 56 percent of the more than 1,000 wellspsed, with measured concentrations
ranging from 0.19 to 179 ug/®. However, the study was not conclusive ash®sourcés) of

perchlorate.

1.7.1.2 Seymour Aquifer

Water quality in these alluvial remnants generally ranges from fresh to slightlg.salin
Total dissolved solids range from 500 to 3,@0¢/'L in Motley County, while parts of the aquifer
underlying Dickens County have a total dissolved solids concentration greater thamg/R00
High nitrate concentrations in excess of drinking water statsdin Seymour groundwater may
also occur in these two counties. However, as was noted in Section 1.6.1.2, very little water is
used from this aquifer in the Llano Estacado Region.

1.7.1.3 Edwards-Trinity (High Plains) Aquifer

Water quality in the aquifas typically fresh to slightly saline and is generally poorer in
guality than water in the overlying Ogallala Aquifer. Water quality deteriorates in the vicinity of

the saline lakes in Lynn, Dawson, Terry, and Gaines Counties.

1.7.12.4 Dockum Aquifer

Coneentrations of dissolved solids in the groundwater range from less thanmg@00
near the eastern outcrop to more than 35m0Q in the deeper parts of the aquifer in Garza,
Hockley, Lubbock Lynn, and Terry Counties. Relatively high sodium concentatimake the
water undesirable for irrigation use in some areas, although this aquifer is used for irrigation in

other areas of the region. Irrigation and public supply use is limited to the areas of the Dockum

“WaterQuality Evaluation of the Ogallala Aquifer, Texas, Texas Water Development Board, Austin, Texas, 1993.
““Rajagopal an, Srinath, fiDistribution #@md dSRegienBEy al @
Dissertation, Depament of Civil Engineering, Texas Tech University, Lubbock, Texas, 2006.
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Aquifer where water quality is acceptable. T@iies of Dickens, Happy, Hereford, and Tulia

use or have used water from the aquifer. In addition, some livestock feedlots use water from the
aquifer as their primary water supply. In areas where the water quality is not acceptable for
irrigation, public supply, or livestock, the water may be suited for use in petreleilated

activities.

1.7.2 Surface Water Quality*’

1.7.2.1 Canadian River Basin

The principal water quality problems in the Canadian River Basin are elevated total
dissolved solids and chide levels. The Canadian River at the New Mexiexas state line is
moderately saline during low flow due to natural conditions. Additionally, a natural brine
artesian aquifer with total dissolved solids greater than 30v@D seeps into the river netre
TexasNew Mexico border. The high chloride levels affect water quality in Lake Meredith. The
Canadian Rer Municipal Water Authority owner of the lake, has implemented a chloride
control project to alleviate this problem. T8éies of Brownfield, Lanesa, Levelland, Lubbock,

Pl ainvi ew, O6Donnel I, Sl aton, &KRagbnare providkda | o c &
water by the CRMWA from Lake Meredith.

1.7.2.2 Red River Basin

High concentrations of total dissolved solids, sulfate, and chloride arpesiad problem
in most streams of the Red River Basin under low flow conditions. These high salt
concentrations are caused, in large part, by natural conditions due to the presence of saltwater
springs, seeps, and gypsum outcrops. Saltwater springs atedoe the western portion of the
basin in the upper reaches of the Wichita River, the North and South Forks of the Pease River
and the Little Red, which is a tributary to the Prairie Dog Town Fork of the Red River. Gypsum
outcrops are found in the areanging westward from Wichita County to the High Plains
Caprock Escarpment. The water in these areas usually contains extremely high levels of
dissolved solids. At times, the total dissolved solids are comparable to those found in seawater.
However, sincetseams of the basin supply practically no water to the Llano Estacado Region,

the water quality in the basin is of little, if any, importance to this planning effort.

46 ||
Ibid.
““Wat er for Texas, 0 Texas Water Development Board, Aust
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1.7.2.3 Brazos River Basin

Water quality in most reaches of the upper Brazos River Bagionsidered to be good,
although in some areas of the upper basin high concentrations of natural salt contribute salt loads
to area streams and rivers. Primary sources of salt include the watersheds of the Double
Mountain and Salt Forks of the river. TBeazos River segment from the confluence with the
Salt Forkof the Brazos River in Kent County to White River Dam in Crosby County contains
above average concentrations of chloride, sulfate, and total dissolved solids. Since this is a
source of water fosome cities of the region, this quality condition is important torégsonal
water supplyplanning effort.

1.7.2.4 Colorado River Basin

Due to a lack of perennially flowing streams in the upper Colorado River Basin, there are
no regularly monitored wateguality gauging stations along these streams ficewater, no

water quality concerns).

1.7.3 Water Quality Issues

1.7.3.1 Drinking Water Standards Governing Drinking Water Quality for Public Water Systems

The Texas Commission on Environmental Qualtis adopted standards to assure the
safety of public water supplies with respect to microbiological, chemical, and radiological
quality*®* Maximum Contaminant Level¢MCLs) have been adopted for the following 15
inorganic compounds: Antimony, Arsenic, Asibos, Barium, Beryllium, Cadmium, Chromium,
Cyanide, Flouride, Mercury, Nitrate, Nitrite, Nitrate & Nitrite (Total), Selenium, and Thaflftum.

MCLs have been established for the following 8¢nthetic organic contaminants
Alachor, Atrazine, Benzopyren&Zarbofuran, Chlordane, Dalapon, Dibromochloropropane,
Di(2-ethylhexyl)adipate, Di(thylhexyl)phthalate. Dinoseb, Diquat, Endothall, Endrin,
Ethylene dibromide, GlyphosateHeptachlor, Heptachlor epoxide, Hexachlorobenzene,
Hexachlorocyclopetadiene, Linda, Methoxychlor, Oxyamyl (Vydate), Pentachlorophenol,
Picloram, Polychlorinated biphenyls (PCBs), Simazine, Toxaphene, 2J3;DB (Dioxin),
2,45TP, and 2,4D.°° MCLs have been established for the following 21 volatile organic

contaminants:  1;Dichlorethylene,  1,1-Trichlorethane, 1,1;Zrichlorethane, 12

“8 Texas Commission on Environmental Quality, ChapterR@blic Drinking Water, Austin, Texasaduary 2008.
49 114;
Ibid.
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Dichlorobenzen,1,2-Dichloropropane, 1,2;4&richlorobenzene, Benzene, Carbatrachloride,
cis-1,2-Dichlorethylene, Dichloromethane, Ethylbenzene, Monochlorobenzene; 0
Dichlorobenzene, patichlorobenzene, Styrene, Tetrachloroethylene, Toluene, -fr@ns
Dichloroethylene, Trichloroethylene, Vinyl chloride, and Xylenes (total)

In addition to the MCLs listed above, secondary standards have been established for the
following 16 constituents: Alumum, Chloride, Color, Copper, Corrosivity, Flouride, Foaming
agents, Hydrogen sulfide, Iron, Manganese, Odor, pH, Silver, Sulfate, Total Dissolved Solids,
and Zinc>?

In 2006, USEPA presented a status report on the assessment for perchlorate without
proposng a regulatory determination, and in 2008 issued a preliminary regulatory determination
t hat a National Primary Drinking Water Regul
meani ngf ul opportunity for heal th ninerkn r educ
Drinking Water Health Advisory Level of 15 ug/L based upon analysis by the Office of Water
(USEPA, 2008c§® Before these actions were taken, several states, including Texas, established
guidelines or enforceable limits for perchlorate in drigkimater. The Texas action level is 4
ug/L>* However, at this time (December 2009), the regulatory environment for perchlorate is
uncertain. The AWWA 2009 national assessment of perchlorate occurrence within the United
States concluded that perchloratedirinking water is widespread but at concentrations of less
than 12 ug/L. Extrapolations from the AWWA 2009 Assessment Report indicate less than 1
percent of drinking water systems would be affected at maximum contaminant levels (MCLSs) of
20 ug/L, 4 pecent would be affected at MCLs of 2 ugiL.

1.7.3.2 Natural Chlorides

Chloride contamination of groundwater in the Ogallala Aquifer in several of the southern
counties in the Llano Estacado Region appears to be from wind blowing dry soil material that
coniins chlorides and other minerals out of some of the older lake basins located in the region.

Storm runoff water collects in the lake basins, as does water discharged from springs from the

0 |bid.
%1 |bid.
%2 |bid.
“AA Review of Perchlorate Occurrence in Public Drinking
Works Association, November 2009.

5 bid.
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Ogallala. Even though the Ogallala water is considered to be ftedbes contain minerals.

When the water evaporates from the basins, the minerals are left behind. When these minerals
dry, they are picked up by the wind and distributed across the countryside. They are then
dissolved in rainwater, some of which may fiigl way into the aquifer (see Sections 1.7.2.1,

1.7.2.2, and 1.7.2.3 for references to natural chlorides in surface water).

1.7.3.3 Saltwater Disposal

Oilfields developed throughout the Llano Estacado Region contribute brine to area
aquifers, lakes, stress, and rivers. Collective efforts of several state and local agencies have led
the oil industry to eliminate the evaporation pit method of brine disposal. By 1983, most of the
produced oilfield bring not utilized in secondary recovery operatiomgas beng properly
disposed of by injection into deep formations. Both injection and disposal operations are
performed under permits issued by fRailroad Commission of Texaklowever, residual salts
contained in and on soils near disposal sites that weresteage prior to 1983 continue to seep
into groundwater aquifers in the general proximity of each active or inactive oilfield. Other
contributing sources are identified as originating from failures of abandoned watisvére
improperly plugged, comingling between saltwater injection zones and freshwater formations,
and accidental spills.

1.7.3.4 Pesticides

Several water quality studies that tested for the presence of pesticides in the groundwater
have been conducted in the planning regiim.1988, the Hjh Plains Underground Water
Conservation District Ndl sampled approximately 90 wells located within thetDisi ct 6 s
boundaries. Theamplesanalyzedndicated no significant contamination from pesticitfeghe
few wells from which water samples showedc&raamounts of pesticides were revisited, and
further investigation indicated that the pesticides may have been introduocethénwells
through openings d@he wellheads Follow-up samples indicated no traces of pesticides.

In addition, in Augusfi993, he TexasWater DevelopmentBoard released a report
entitl eQualifMadlevati on of t he QRppolt N@343 whicqui f er |

%5 |bid.
®AThe Cross Section, 0 HiGpmsenmtioaDistrist NdJ h, dubbogkrTexasn Nbvekiaet e r
1988.
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covered all or parts of the 21 counties in the Llano Estacado Region. This study also concluded

pesticides were i@ significant contaminant in the groundwater underlying the region.

1.7.3.5 Urban Stormwater Runoff >’

Stormwater runoff from city streets generated during a storm event is perceived as a
source of possible contamination of surrounding playa basins. t€ardee if contamination is
occurring,the City of Lubbock initiated the sampling of two local playas in 1993 as a part of the
application process for the Cityds National
playas sampled in this study wdoeated at Buster Long Park and Maxey Park. The results of
the sampling showed that lead in both locations exceeded water quality standards on more than
one occasion, but the level of pesticides was found to be low in both locations, with the
exception ofchlordane at the Buster Long Park location. Overall, the water quality remained
high in both playas. Water in urban playas continues to be monitored to be sure quality remains
high.

1.7.3.6 Nutrients Associated with Agricultural Production

As explained irSection 1.2, the serairid climate, uniform topography, lepermeability
soils, large depth to groundwater, and gradually sloping terrain of the Llano Estacado Region
restrict the movement of agricultural nutrients. The geographic features of the ragion, i
combination with farm and livestock management practices, reduce the threat to surface water
and groundwater quality.

Best Management Practices (BMPs) implemented by farmers include application of
fertilizers at rates equal to the nutrient requirements drops, wellhead buffers for land
application of fertilizers, incorporation of fertilizers following application, and tillage practices
to minimize runoff from fields.

Confined Animal Feeding Operations (CAFOs) are required to use BMPs, pursuant to
TexasCommission on Environmental Quality (TCEQ) permits. Some of these BMPs include
buffer zones around water wells, constructiorbefms to diert rainwater around the facility
protection of retention facilities from 168@ar flood events, proper removal wdnd sediments

to maintain retention capacity, and proper removal of morta(diead animals)

*" Information from Stormwater Management Water Quality Report, City of Lubbock, Felira@8y
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Fetilizers enhancelant growthand thereby contribute to increagedduction of cotton,
corn, grain sorghum, peanuts, vegetables, and wheat throughduanioeEstacaddregion In
addition to commercially prepared fertilizers, manure from CAFOs is used in the production of
cotton and grains, since it contains many crop nutrients and enhances soil quality by improving
the organic matter content in the s@ihich increases the water holding capacity of the soil and

reduces the demand for irrigation.

1.7.3.7 Confined Animal Feeding Operations

There are approximately 69 cattle feedlots in the planning area, which utilize manmade
retention ponds and playa lakes, allowed by state and federal permits, to contain runoff from
the feedlot surfacePotential point sources of groundwater contamination in livestock feeding
operations include open, unpaved feedlots, ruhoffling ponds, manure treatment and storage
lagoons, silosand manure stockpiles. Insectieidpray equipmengnd disposal sites for waste
pesticides, rinsates or containers also may contribute to localized groundwater contamination
because of the possibility of direct entry runoff or infiltratemound or through well casings or
abandoned welldHowever, results from a 1990 study of water samples from wells at 26 large
commercial feedlots in Castro, Deaf Smith, and Parmer Counties, ,wdticthat time,had
operated for more than 25 yeaghowed hat feedlots had not contaminated groundwater in their
respective vicinities®

The primary constituents of livestock manure that can contaminate groundwater include
pathogenic organisms, nitrates, and ammonia. Other constituents such as potassium, sodium,
chloride, and sulfate also may leach through the soil and impair the quality of an aquifer.
However, studies to evaluate playas as runwfding ponds conducted by the USDA
Agricultural Research Service in Bushland, Texas, at the time the feedlots weyedtablished
indicated this was an environmentally sound practice, because the playa clay bottoms were
impermeable and the underlying watable was generally more than 2@@t below the soil
surface>?

Results from a recent study conducted by TexasMA&niversity, Texas Tech

University, and the High Plains Underground Water Conservation District involving beef and

®Davis, Kathleen, AStudy Shows Area Feedlots ,WWave Not
High Plains Underground Water Conservation District, No. 1, Lubbock, Texas, January 1992.
“Smith, B.A., et al., fANitrate and Other Nutrients Ass:«

Agricultural Extension Service, NovemhE993.
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dairy operations support earlier views that the playas having Randall Clay bottoms and other
properly constructed retent ponds can be udéor facility waste runoffétorage without posing

a significant contamination threat to the underlying groundwater. However, caution needs to be
observed around the coardgextured playa rim, because this area is a more permeable zone,
where deeper leaity of soluble nutrients may occtft At the conclusion of the study, it was
determined that most accumulations occurred in the top foot of the playa soil surface. Nitrate was
the nutrient that leached most. Its maximum concentrations in the felg 6f ®il were, on
average, about gxarts per million (ppm) reported as N. At no location was there evidence that
nitrate had penetrated the playa bottom proper belofgetQindicating no aquifer contamination
associated with any feedlot.

Environmental protémn has been an integral part of designing, building, operating and
maintaining cattle feedlots in the Llano Estacado Region. The dry climate, low average annual
rainfall, large depth to groundwater, and farmland application of manure as fertilizer, have
provided a means by which feedlots can operate without threatening the natural resources of the
region®

For more than 3@ears, cattle feedlots have been permitted to operate by the Texas water
and air quality agencies, currently the TCEQ. TCEQ permitsiarong the most stringent in the
nation, requiring certification of pond lingrermeabilityand certification of retention pond
capacity by a licensed professional engineer. In addition, feedlots must conduct periodic
inspections of the site and docum#érgse inspections in a Pollution Prevention Plan maintained
at each feedId¥

Feedlot manure has provided nutrients for cotton, corn, grain sorghum, and wheat in parts
of the region. Manure provides nutrients such as nitrogen, phosphorus and potassium, and
micronutrients such as iron, magnesium, and sulfur. The addition of organic matter from manure
also improves soil structure and water holding capacity of the soil, somewhat reducing the
demand for irrigatiofi®

TCEQ permits also require implementation dfBs, such as buffer zones around water

wells, construction of berms to divert rainwater around feedlots, protection of retention facilities

Osweeta, John M., fAGroundwater Quality Protection for Li\
Service, Octobet993.
2; Correspondence with Texas Cattle Feeders Association, Amarillo, Texas, July 13, 1999.
Ibid.
% Ipid.
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from 10Qyear flood events, proper removal of pond sediments to maintain retention capacity,

and proper removal of ontalities®*

1.8 Threats to Agriculture and Natural Resources

Playa basins occupybaut 1.74 percent of the total area of the Llano Estacado Region
(226,513 acres shown in Tablel@ ofte ar eads 12, 98 8 pnlPadge UpAsr es me
discussed in S#ion 1.6.4, playa basins serve not only as crop and grazing land, but are the
principal habitat for wildlife in this flat, arid region. Threats to playas are identified and

described below.

1.8.1 Modification and Reduction of Playas and Corrective Measures

Playa basin habitats appear to be subject to the following threats:

(a) Management of Drainage Areas: If the drainage area above a playa basin is
improperly managed, soil erosion from washing can occur and the basin can, over
time, be filled with silt tilat robs it of wateholding capacity. In areas of intensive
row-cropping, siltation of playas has resulted in diminished playa basin capacity over
a large portion of the Llano Estacado Region, particularly where irrigation rows have
run directly downhill hto playa basin® Some playas have lost H@rcent or more of
their capacity to siltation, and may disappear withiny@érs unless this trend is
reversed. BMPs, such as farming parallel to the slope of the watershed and leaving
buffer strips of native gisses around playa perimeters, protect playa basins from
siltation, ensuring their ability to seasonally pool water and provide wildlife habitat.

(b) Production in Playa Basins: Plowing, planting and cultivating of playas that harbor
native vegetation caspread noxious weeds onto farmland on surrounding upslopes,
denude the basin of emergent vegetation, deprive wildlife species of habitat, and may
even diminish the basinds ability to hol
grazing is an historiand contemporary use of playa basins, employed in continuous
or seasonal patterns. BMPs of prescribed, short duration, or limited grazing that does
not remove all vegetation from the basin, can allow utilization of valuable forage, yet
ensure protection afaturallyoccurring plant and seed production activities of moist
soil plants. These plants provide wildlife cover and feed during winter and spring
months when they may represent the only pool of available habitat.

(c) Irrigation Water Application Metha Largescale conversion from furrow irrigation
to more efficient sprinkler irrigation has become a practical watarserving
necessity and a BMP to prolong the life of the Ogallala Aquifer in the Llano Estacado
Region. Conversion to more efficient iraigon methods has eliminated the tailwater
runoff that once supplemented many playa lakes, thus impacting wildlife habitat.

64 yja:

Ibid.
®Luo,HongRen, e ditEs§ fof Land Use on Sedi ment Deposition in PI
Texas Tech University in partial fulfilment of the requirements of the degree of Master of Science, May 1994.
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With little or no irrigation tailwater flowing into playa basins in years of low rainfall,
little open water may be available to #acgeese, sandhill cranes, and shorebirds in
the playas.

1.8.2 Playa Enhancements and Protective Measures

Playa habitats may be enhanced, as follows:

(a) Supplemental Sources of Water: (1) Overflow from watering troughs in cattle
feedlots can collect innal sustain a water level in some playas used as drainage
basins. During dry years and in periods of cold weather when shallow playas freeze,
overflow from feedlot waterers into drainage playas can be especially important in
providing open water areas to grating and wintering waterfowl. Feedlot drainage
playas and municipal and industrial effluent playas provide the only available surface
water in dry times and the only open water during freezing weather. (2) Irrigation
tailwater flowing through drainagetdhes can supplement the water in playa lakes
and create edge vegetation in playa basins that might otherwise be dry. Moist soil
management techniques that manipulate water in playa basins may also enhance
production of moist soil plants that benefit viild as food and habitat. It is noted,
however, that these sources of water are being reduced through improved irrigation
efficiency and water conservation measures on the playa watersheds.

(b) Soil Erosion Control on Playa Watersheds: A BMP of contounifag to minimize
soil erosion that results in silt transport into playas is important to wildlife in the
region and to contributing to recharge of the Ogallala Aquifer. Silted playas will not
hold the volume of rainfall runoff that nesilted playas can cwain’® A BMP of
maintaining a native grass cover in areas surrounding playas protects the basins from
volumerobbing siltation through natural filtration and can allow playas to more
significantly contribute to aquifer recharge.

Best Land Managememracices and rainfall enhancement can benefit wildlife in the
Llano Estacado Region without severely impacting groundwater supplies and can protect and

enhance playa basins.

1.8.3 Drought

1.8.3.1 Drought Impact on Agquatic Ecosystems

Freshwater rivers and strea and reservoirs within the Llano Estacado Region are
vulnerable to the effects of drought conditions and are manifested as reductions in streamflow
and, primarily, in declines in the level of area reservoirs. Immediate drought impacts to
freshwater ecosfems in the Llano Estacado Region can be losses in available habitat and a

reduction in water available to municipal water supply systems from reservoirs.

% |bid.
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Reservoir fisheries can be affected by drought. Reduced reservoir levels can have
considerable impas on reservoir fisheries as the amount of available habitat for spawning,
feeding, nursery cover, and resting declines. As water levels decline, brush piles, rocks, and
vegetated areas are exposed, affecting habitat complexity. The relative impactgratest to
those species that utilize habitat close to shore or those fish that prey on such species. Negative
impacts to the largemouth bass population in Lake Meredith (Section 1.6.3.1) due to reduced
lake levels as a result of drought have been redo8imilar declines in available habitat for fish
have also been noted at Lake Mackenzie and White River Lake within the Llano Estacado
Region. Impacts include increased mortality of young fish, increased competition for space and
food, impaired reproddaion and growth rates, and reduced food sources.

Water quality problems may develop with reduced inflows to reservoirs. Lower dissolved
oxygen levels, coupled with higher water temperatures, can limit fish distribution or contribute to
diminished survivalrates. Additional problems could develop or current problems worsen if
surrounding land practices or municipal/industrial effluent contributes nutrients, organic matter,

and/or toxic material.

1.8.3.2 Drought Impact on Terrestrial Ecosystems

Drought condibns during the croggrowing season dramatically increase pumpage for
irrigation water from the Ogallala Aquifer. In addition, populations of terrestrial wildlife are put
under stress when severe drought conditions develop. Habitat quantity and qualifrachaally
decline from lack of moisture and increasing competition for limited resources. Both wildlife and
domesticated animals may suffer from lack of drinking water, a shortage of forage and cover,
and heat stress, although this impact may be mitigsltgdtly in irrigated areas of the Llano
Estacado Region.

Deer on poor range conditions can be severely impacted by drought, as can antelope.
Pheasant and wild turkey populations in the Llano Estacado Region are severely reduced in the
presence of droughénd quail suffer significant losses due to drought. However, data show that
no significant or longerm impacts for waterfowl are typically detected for overwintering
populations, although lack of playa water in the Llano Estacado Region can leavdipopuf
up to 400,000 sandhill cranes andnlion waterfowl short of wintering habitat that they must

then find elsewhere. Drought has triggered severe outbreaks of botulism in past years that have
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affected waterfowl and shorebirds. Botulism may ocnuhe region when playas are drying and
anaerobic conditions are created.

In the past, during droughts, migratory waterfowl have been crowded on roosting playas.
Under these conditions they are more vulnerable to disease transmission outbreaks of avian
chdera that have the potential to kill thousands of birds.

Periodic drying of playas can encourage me@t plant growth in their basins. If
mudflat conditions that give rise to momtil plant populations are followed by fall rains,
significant quantitie of moistsoil plant seeds can be available as food to wintering birds.

Currently, terrestrial wildlife recreation and sportfishing account for an estimated
$125million impact to the Texas High Plains economy (Section 1.4.10). Drought has significant
adwerse effects upon aquatic and terrestrial ecosystems in the Llano Estacado Region and
participation in and value of terrestrial wildlife recreation and sportfishing activities.

1.8.4 Water Quality

At the present time, the quality of Ogallala Aquifer watke, principle source of water
for all water user groups of the region, is well suited for current uses. Obviously, if
contamination of existing supplies occurs, the quantities contaminated could become unusable or
only usable after treatment, and theréfy quantities of supply would be reduced to the extent

that contamination occurs.

1.9 Major Entities with Water Resources Responsibilities
1.9.1 Federal and State

1.9.1.1 U.S. Army Corps of Engineers

The U.S. Army Corps of Engineers (USCOE) was charge@dmygress in 1972 in the
Feder al Cl ean Water Act, Section 404, as one
waters (including lakes, rivers, aquifers and coastal areas) from the discharge of dredge and fill
material in defined U.S. waters. TRee d er a | Cl ean Water Actods prir
and maintain the integrity of the nationbs wa
national goals:

1. ElIi minate the discharge of pollutants int
2. Achieve water quality levels that are fishable and support contact use.
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Practically speaking, construction activities occurring in and around defined U.S. waters
require the acquisition of a Section 404 permit and associated National Environmental Policy
Act (NEPA) review. The USCOE also regulates the construction of dams in navigable waters

through its Section 10 permit program.

1.9.1.2 U.S. Environmental Protection Agency

The U.S. Environmental Protection Agency (USEPA) administers several environmental
programs athorized by Congress. The three principal acts and related programs are described
below.

The Clean Water Act requires major industries to meet performance standards to ensure
pollution control, charges states and tribes with setting specific water quréthtiya appropriate
for their waters and developing pollution control programs to meet them, provides funding to
states and communities to help them meet their clean water infrastructure needs, and requires a
permitting process to ensure that developmentl other activities are conducted in an
environmentally sound manner. The Clean Water Act had its beginnings in the Water Pollution
Control Act of 1948, which authorized the Surgeon General of the Public Health Service, in
cooperation with other Federatate, and local entities, to prepare comprehensive programs for
eliminating or reducing the pollution of interstate water and tributaries and improving the
sanitary condition of surface and underground waters. With the Clean Water Act Amendments in
1977 ,the Federal Water Pollution Control Act became known as the Clean Water Act.

Also included in the Clean Water Act is the National Pollutant Discharge Elimination
System (NPDES) Permitting process. Facilittbat discharge pollutants from point sources
(such as discharge pipes) into waters of the United States are required to obtain a NPDES permit.
The NPDES program falls under Section 402 of the Clean Water Act. Wastewater discharges
regulated under the NPDES program include industrial wastewater, stemaead treated
effluent from municipal sewage treatment plants.

The primary objective of the Safe Drinking Water Act of 1974, as amended in 1986 and
1996, istwofold: (1)t o pr ot ect the Nati onds tospmteat publis o f
healthto the maximum extent possible, using proper water treatment techniques. The Safe
Drinking Water Act directs the USEPA and states to establish national primary and secondary
drinking water standards and to establish techniques to meet those standaeds.afétat

responsible for enforcement and must submit regulatory programs to the USEPA for approval.
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Underground sources of drinking water are also protected through applying the same drinking
water standards, identifying critical aquifer protection aread,pgiagrams to protect wellhead
areas from contaminants.

The Resource Conservation and Recovery Act (RCRA) of 1976 governs the disposal of
solid waste. Subtitle D of the Act, as amended Noverh®@4, establishes Federal standards
and requirements for staé@d regional solid waste authorities. The objective of this subtitle is to
assist in developing and encouraging methods for the disposal of solid waste which are
environmentally sound and which maximize the utilization of valuable resources recovered from
solid wastes. Subtitle C of this law establishes standards and procedures for the handling,
storage, treatment, and disposal of hazardous wastes. Generators, transporters, and owners of
treatment, storage, and disposal (TSD) facilities are subjectregiitatory schemdrCRA also
regulates the transportation and tracking of hazardous waste; establishes standards for the storage
and treatment of hazardous wastes by generators; provides a procedure for identifying waste as
hazardous; provides minimum textogy standards for TSDs; provides for corrective actions for
historic solid and hazardous waste management units; establishes land disposal prohibitions and
restrictions; regulates the installation, testing, and removal and remediation of underground

starage tanks; regulates the management of used oil; and provides an enforcement mechanism.

1.9.1.3 Texas Water Development Board

The TWDB was established in 1957 through a state constitutional amendment. The
agencyo6s original f u n cidtance no pelical subdivisiops forvthed e | ¢
development of surface water supply projects that could not be financed through commercial
channel s. During the 1960s, the Boardbés respo
and develop water consetiom storage facilities, prepare a state water plan, and assume
operations of the Texas Water Commission not related to the question of water rights. The state
water planning functions are described in more detail later in Section 1.10.1.

Currently, the TVDB has a number of broad responsibilities. One primary function is
still providing loans and grants for local governments for:

1 Water supply, water treatment, and distribution;

1 Wastewater treatment and other pollution control;
1 Municipal and solid waste magement;

1 Economically distressed areas;

1 Flood protection;
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1 Agricultural water conservation; and

1 Regional water, wastewater, and flood protection planning.

The agency is also responsible for collecting data and conducting studies regarding
agricultural waterconservation, freshwater needs of Texas estuaries and bays, and surface and
groundwater resources. As the agency responsible for developing a state water plan, the TWDB
uses a number of research programs to assess and project water availability, entatonmen
impact, and water uses for both agricultural and municipal areas. The Board continually collects
surface and underground water information through hydrologic monitoring. It provides technical

evaluation of water resource problems and promotes prognamsnservation education.

1.9.1.4 Texas Commission on Environmental Quality

The TCEQ was formed by the Texas Legislature in 1991 by joining the former Texas
Water Commission, the Texas Air Control Board, portions of the Texas Department of Health
and othe smaller agencies into the s@environmental regulatory and enforcement agency.

The TCEQ operates a number of watkated regulatory and pollution prevention
programs, including:

Water rights permitting;

NPDES wastewater and urban stormwater pengitt

Clean Rivers (water quality) Program;

Leaky underground storage tank removal and remediation program;

Priority Groundwater Management Area program (in conjunction with TWDB);
Injection and disposal well permitting (in conjunction with Railroad Commission
of Texas;

Wellhead protection;

Solid waste permitting;

Weather modification permitting; and

Others.

= =4 =4 -8 48 -9

= =4 =4 -4

1.9.1.5 Railroad Commission of Texas

The Railroad Commission of TexdRRC) is the state agency responsible for regulating
the oiland gas industtys s af ety and compliance. The cornet
environmental effort are two programs funded by the Oilfield Cleanup (OFC) Fund, which was
enacted in 8nate Bill 1103 in 1991. The OFC Fund provides money to administer the
Commissio® s we |l | plugging and site remediation pr

(UIC) program requires a RRC permit for every injection and disposal well in both productive
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and norproductive formations. The UIC program coordination has been delegatieel RRC

by the USEPA, as mandated by the Safe Drinking Water Act. The RRC rules have been
approved by the USEPA and they set very specific standards for well construction and testing to
protect fresh water zones.

The RRC also administers several otheriremmental services. The Rule 8 Permitting
Section handles permitting for management of oil and gas wastes at the surface including the use
of pits for storage or disposal of waste, disposal methods including discharge to surface water or
landspreading andommercial hauling of oil and gas. The Hazardous Waste Program regulates
management of hazardous oil and gas wastes under Rule 98. This section coordinates with the
TCEQwhi |l e actively seeking RCRA authorization
hazardos waste program. The Waste Minimization Program works with the oil and gas industry
to reduce the volume of waste that must be treated or disposed. The RRC is also responsible for
the permitting and monitoring of underground hydrocarbon storage in salihsaand depleted
reservoirs. The UIC program administers that portion of the federal UIC program relating to
injection/disposal wells for disposal of oil and gas wastes and enhanced recovery of oil and gas
under Rules 9 and 46. The RRC rules have bepnoaped by the USEPA and they set very

specific standards for well construction and testing to protect fresh water zones.

1.9.2 Regional
1.9.2.1 Underground Water Conservation Districts

The establishment of underground water conservalistnicts (UWCDs)was authorized
by the 51siTexas Legislature in 1949 to provide for the conservation, preservation, recharging,
and prevention of waste of groundwater, and to control subsidence. C3&uiEthe Texas
Water Code lays out numerous powers and duties, legiinred and allowed, of underground
water conservation districts. Underground water conservaisnicts can make and enforce
rules providing for the conservation, preservation, protection, and control of those resiources
addition, these districts magyarticipate in the Agricultural Water Conservation Loan Program
administered by the TWDBThe Agricultural Water Conservation Loan Program was
established in 1985 with authority to issue up to $2@0on in agricultural water conservation
bonds The TWDB may make loans to Districts that in turn make loans to irrigation farmers to
make improvements to their irrigation facilities, and for the purchase and installation of more

wateruseefficient irrigation equipmeniThe funds may also be used to prepaigated lands to
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be converted to dryland conditions and to prepare drylands for more efficient use of natural
precipitation

Six districts are currently in operation in the Llano Estacado Region. They are the High
Plains, Sandy Land, Mesa, South Plainarza County, and Llano Estacado. Figivé shows
the area served by each of these districts. The districts have adopted and are enforcing well
spacing ruleand other regulationsuch as prevention of wastia addition they have extensive
water qualiy and water level monitoring nebrks, and public education programs that have
been designed to meet the needs of their respective constituents, as is presented below.

High Plains Underground Water Conservation District No. 1

The Texas State Board of Watengineers delineated the original boundaries of the High
Plains Underground Water Conservation District Nan March1951, and on Septemb#®,
1951, the people in all or parts of 13 Southern High Plains counties voted to create the District in
accordace with the Underground Water Conservation Districts Act of 1949. Additional territory
has been annexed, with the District now consisting of six whole counties (Bailey, Cochran, Hale,
Lubbock, Lynn, and Parmer) and parts of nine counties (ArmstrongoC&stsby, Deaf Smith,
Floyd, Hockley, Lamb, Potter, and Randall). The activities and programs of the District are
described below and in Tablel®.
The purpose of this District, as stated in the Texas Water Code, Chapter 36, is to provide
for the consenwng, preserving, protecting, and recharging of the underground water and
prevention of waste of the underground waliére fivemember Board makes and enforces rules
with the advice and consent of @ppointed County Committee méers toaccomplish the
pumposes of the DistrictDuring its history, the High Plains Underground Water Conservation
District No.1 has developed a management philosophy and associated management strategies.
The Districtés current ac tcolleciiot aneddistritutiod pr o g
(A database of water quality and approximate quantities of water in storage in the formation is
maintained and made available to the public by publication of the hydrologic atlas series and in
t he di strict 6s.), (hoNonPointy Sounce wredl Rointt Source Regulations
(Contamination of groundwater I s addressed un
Hi gh Pl ains Underground Water District rul es

underground watereservoir of the District by means of salt water or other deleterious material
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admitted from some other stratum or from the surface of the gynd ( ¢ ) Publ

(The Cross Section monthly newsletter, web sitgvatv.hpwd.com frequent public service

Figure 1-7. Underground Water Conservation District Boundaries
Llano Estacado Region
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