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3.1 EVALUATION OF REGIONAL WATER SUPPLIES

This chapter of the regional water plan presents an evaluation of water supplies available to the
Panhandle region for use during a repeat of the drought of record. This evaluation consists of two
major components: 1) evaluation of available water from sources located within the region, and
2) evaluation of the amount of water that is currently available to water user groups within the
region. This section focuses on the first component: availability by source. Section 3.2 discusses
the availability of supplies to water user groups, and Section 3.3 provides a comparison of these
supplies to the projected demands.

In the Panhandle Region water comes from groundwater, surface water sources such as
reservoirs and river diversions, reuse of treated wastewater effluent, and local supplies such as
stock ponds. Most of the region’s water is obtained from groundwater. Groundwater sources
which are identified in this chapter include two major (Ogallala and Seymour) and three minor
aquifers (Blaine, Dockum, and Rita Blanca). The major surface water reservoirs include Lake
Meredith, Palo Duro Reservoir and Greenbelt Reservoir.

Senate Bill 2 (SB2) and Texas Water Development Board (TWDB) guidelines require that
Groundwater Availability Models (GAMs) are to be used to determine available groundwater
supplies, unless more site specific information is available. The GAM program, whose
development was overseen by the TWDB, has completed several groundwater models for major
aquifers in Texas including both the northern and southern Ogallala aquifer models. In addition,
GAMs have been developed for the Seymour, Blaine and Dockum aquifers. The TWDB is still
reviewing the Dockum aquifer GAM and availabilities calculated for the Dockum in this plan are
based on data reported in published reports.

In addition to the State’s GAM program, Texas is currently utilizing a Joint Planning effort for
groundwater. Under this new planning effort, the State has created 16 Groundwater Management
Areas (GMAs), of which two GMAs (GMA 1 and GMA 6) are located within the PWPA. The
GMAs are tasked with identifying the desired future conditions for aquifers within their
geographical area. The desired future conditions are the basis for determining the Managed
Available Groundwater (MAG) values. The Texas Water Code requires that by 2016 the regional
water planning groups rely on the MAG values as the amount of available water by aquifer
source. The GMAs have been diligently working toward the statutory deadline of September
2010 to adopt desired future conditions. Desired future conditions adopted after September 10,
2008 are not required to be utilized in the 2011 regional water plans. On July 7, 2009, GMA 1
adopted desired future conditions for the Ogallala and Rita Blanca aquifers. Desired future
conditions have not been adopted for the other aquifers in the PWPA. The MAG values for the
Ogallala/Rita Blanca aquifers have not been determined as of December 2009. In light of the on-
going nature of this process, the PWPG adopted approaches for determining available
groundwater supplies, which will be used for this water plan. MAG estimates as determined by
the TWDB and adopted by the GMAs will be incorporated in the 2016 regional water plans.

Available surface water supplies were determined using TCEQ-approved Water Availability
Models (WAMSs). WAMs have been developed for each of the river basins in Texas. Because
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the WAMs were developed for the purpose of reviewing and granting new surface water rights
permits, the assumptions in the WAMs are based upon the legal interpretation of water rights and
sometimes do not accurately reflect current hydrologic operation. WAM Run 3, which is the
version required for planning, assumes full permitted diversions by all water rights and no return
flows unless return flows are specifically included in the water right. Awvailabilities for each
water right are analyzed in priority date order, with water rights with the earliest permit date
diverting first. Run 3 also does not include agreements or operations that are not reflected in the
water rights permits and does not account for reductions in reservoir storage capacities due to
sediment accumulation. For planning purposes, adjustments were made to the WAMSs to better
reflect current and future surface water conditions in the region. Further discussion of surface
water availability is in Section 3.1.3.

3.1.1 Groundwater Supplies

In the previous round of planning, the PWPG adopted an approach to define groundwater
supplies for the aquifers within the region to no more than an annual 1.25% withdrawal of
current saturated thickness of the aquifer with a 5-year recalculation of the saturated thickness
remaining. Subsequent to the development of the 2006 regional water plan, the Groundwater
Management Area #1 (GMA 1) adopted desired future conditions (DFCs) for the Ogallala/ Rita
Blanca aquifer. The adopted DFCs include management goals to have 40 percent of the aquifer
storage remaining in 50 years for the four western counties (Dallam, Hartley, Sherman and
Moore Counties), 80 percent of the storage remaining in Hemphill County, and 50 percent of the
storage remaining in the other counties in the GMA. After much consideration by the PWPG,
the management policy adopted by GMA 1 is being utilized as the basis for the groundwater
availability for the Ogallala and Rita Blanca aquifer for this plan. The 1.25% annual withdrawal
is the basis for groundwater availability for the other aquifers in the Panhandle area.

Two major aquifers, the Ogallala and Seymour (Figure 3-1), and three minor aquifers, the
Blaine, Dockum, and Rita Blanca (Figure 3-2) supply the majority of all water uses in the
PWPA. The Ogallala aquifer supplies the predominant share of groundwater, with additional
supplies obtained from the remaining aquifers.

The availability of water from the Ogallala/Rita Blanca aquifer was determined using the current
TWDB Northern Ogallala GAM (see Appendix D). Availability was calculated on a one-square
mile basis, and pumping was adjusted annually to meet the target goals. The source availability
was summed for each county/basin. For counties that are partially located in the Southern
Ogallala GAM (Oldham, Potter, Randall and Armstrong Counties), the availabilities determined
for the 2006 water plan from the Southern Ogallala GAM areas were used. Each of these
counties fall under the goal of having 50 percent storage remaining, which is consistent with the
annual 1.25 percent depletion that was used in the 2006 plan. The volumes of water available
from the Seymour and Blaine aquifers were determined using the GAM analyses conducted for
the 2006 plan (see Appendix D of the 2006 PWPA Regional Water Plan). For the Seymour and
Blaine aquifers, recharge was also considered in the availability calculations. Available supplies
of water from the Dockum were determined using estimates of saturated thickness, specific
yield, and recharge rates from historical studies and published reports.
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As part of this planning effort additional data was collected to refine the Northern Ogallala
GAM. A special study by the Bureau of Economic Geology was conducted to assess the recharge
values in Roberts and Hemphill Counties. (See Appendix E). The findings of this study were
incorporated into the update of the Northern Ogallala GAM. Other data updates include, but are
not limited to, refinements of the red bed data, pumping locations, and historical pumping
quantities. Further discussion of the GAM update and potential impacts to available supplies is
presented in Section 3.1.2.

Ogallala Aquifer

The Ogallala aquifer is present in all counties in the PWPA except for Childress and Hall
counties and is the region’s largest source of water. The Ogallala aquifer in the study area
consists of Tertiary-age alluvial fan, fluvial, lacustrine, and eolian deposits derived from erosion
of the Rocky Mountains. The Ogallala unconformably overlies Permian, Triassic, and other
Mesozoic formations and in turn may be covered by Quaternary fluvial, lacustrine, and eolian
deposits (Dutton et. al. 2000a). Recharge to the Ogallala is limited and water generally does not
move through the aquifer as freely as some other major aquifers in the state. Estimates of storage
volumes in the Ogallala using the pumping assumptions adopted by the PWPG for this plan are
presented in Table 3-1. Table 3-2 shows the estimates of theoretical annual availability based on
the PWPG adopted approach. Figure 3-3 shows the available storage by county.

Table 3-1: Total Water in Storage in the Ogallala/Rita Blanca Aquifer
(\Values in ac-ft)

County 2010 2020 2030 2040 2050 2060
Armstrong 3,983,849 3,527,443 3,140,575 2,768,907 2,465,512 2,178,805
Carson 14,523,374 | 12,748,607 | 11,166,494 9,751,901 8,489,527 7,367,135
Collingsworth 85,792 85,703 85,608 85,514 85,420 85,329
Dallam 15,651,329 | 13,171,909 | 11,022,071 9,172,190 7,596,070 6,270,784
Donley 5,822,805 5,121,980 4,498,266 3,944,520 3,453,986 3,021,052
Gray 13,000,446 | 11,420,486 | 10,008,063 8,744,601 7,618,601 6,621,642
Hansford 20,769,174 | 18,218,902 | 15,883,250 | 13,768,737 | 11,879,677 | 10,213,135
Hartley 23,097,231 | 19,495,348 | 16,428,918 | 13,820,010 | 11,603,668 9,725,660
Hemphill 15,407,023 | 14,834,800 | 14,206,672 | 13,569,550 | 12,947,908 | 12,352,238
Hutchinson 10,542,798 9,248,736 8,078,744 7,025,960 6,087,234 5,257,916
Lipscomb 18,394,426 | 16,186,671 | 14,214,079 | 12,448,522 | 10,873,857 9,477,201
Moore 9,608,708 8,053,014 6,694,926 5,528,205 4,540,089 3,714,338
Ochiltree 19,066,318 | 16,739,260 | 14,648,686 | 12,768,510 | 11,083,298 9,580,902
Oldham 2,361,966 2,305,686 2,265,140 2,191,713 2,189,245 2,164,715
Potter 2,872,857 2,524,917 2,234,142 1,962,552 1,753,081 1,555,489
Randall 5,832,429 5,383,671 5,153,440 4,696,439 5,018,636 4,985,955
Roberts 26,852,172 | 23,590,451 | 20,655,707 | 18,018,243 | 15,657,191 | 13,557,937
Sherman 18,035,001 | 15,203,063 | 12,766,854 | 10,667,622 8,860,604 7,320,539
Wheeler 7,340,143 6,468,071 5,684,345 4,987,318 4,369,708 3,824,747
TOTAL 233,247,839 | 204,328,717 | 178,835,981 | 155,921,014 | 136,573,311 | 119,275,520

. Storage values shown above include 2004 (Dutton) Northern GAM results developed by Intera, Inc. for this
water plan (October 2009) and the Southern GAM results developed by TWDB for the 2006 water plan.

. Storage remaining at the end of the 50-year planning period is within 0.1% of the volume goals for the
40/50/80 subareas. On a county basis, storage is within 3% of the PWPA volume goals.
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Table 3-2
Available Water Supply from the Ogallala
(\Values are in ac-ft /yr)

March 1, 2010

County 2010 2020 2030 2040 2050 2060
Armstrong 51,374 47,666 42,659 37,938 34,185 30,650
Carson 196,889 178,545 160,493 144,656 129,882 116,336
Collingsworth 1,072 1,071 1,070 1,069 1,068 1,067
Dallam 280,136 253,072 225,124 198,739 173,986 151,305
Donley 82,762 81,347 76,005 69,672 63,613 58,017
Gray 166,636 157,029 143,819 130,646 117,614 105,634
Hansford 276,277 258,780 238,529 217,640 195,835 174,892
Hartley 398,799 361,195 314,995 273,474 236,815 204,661
Hemphill 49,909 44,654 44,129 43,784 43,673 43,579
Hutchinson 135,941 129,548 119,798 108,985 98,239 87,979
Lipscomb 251,789 251,652 247,761 234,999 219,735 203,198
Moore 174,410 164,319 142,529 122,138 103,539 86,974
Ochiltree 257,903 236,618 215,489 195,506 176,566 159,017
Oldham 32,692 32,120 31,865 30,944 30,670 30,162
Potter 41,085 31,886 28,684 25,560 23,216 20,984
Randall 74,440 69,663 66,697 60,842 64,746 64,207
Roberts 345,057 339,518 322,909 301,420 277,509 251,933
Sherman 316,971 298,567 262,820 229,557 198,809 169,672
Wheeler 120,205 114,819 112,163 106,500 99,802 92,993
TOTAL 3,254,347 | 3,052,069 | 2,797,538 | 2,534,069 | 2,289,502 | 2,053,260
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Seymour Aquifer

The Seymour is a major aquifer located in north central Texas and some Panhandle counties.
For the PWPA, the Seymour is located entirely within the Red River Basin in Childress,
Collingsworth and Hall counties. Groundwater in the Seymour formation is found in
unconsolidated sediments representing erosional remnants from the High Plains. The saturated
thickness of the Seymour Formation is less than 100 feet throughout its extent and is typically
less than 50 feet thick in the PWPA. Nearly all recharge to the aquifer is a result of direct
infiltration of precipitation on the land surface. Surface streams are at a lower elevation than
water levels in the Seymour aquifer and do not contribute to the recharge. Leakage from
underlying aquifers also appears to be insignificant (Duffin, 1992).

Annual effective recharge to the Seymour aquifer in the PWPA is approximately 33,000 acre-
feet or five percent of the average annual rainfall that falls on the outcrop area. No significant
groundwater level declines have occurred in wells that pump from the Seymour.

As shown on Table 3-3, the Seymour GAM results indicated small declines to increases in
storage volumes with the pumpage amounts used for the model. These pumpage amounts in the
PWPA ranged from 41,000 acre-feet per year in 2000, decreasing to 26,800 acre-feet per year by
2060. Based on the GAM pumpage and volumes of water remaining in storage, the estimated
annual availability from the Seymour aquifer is shown in Table 3-4.

Table 3-3
Total Water in Storage in the Seymour Aquifer (GAM 2005 Results in ac-ft)
County 2010 2020 2030 2040 2050 2060
Childress 130,000 130,000 140,000 140,000 140,000 140,000
Collingsworth 480,000 460,000 450,000 450,000 460,000 470,000
Hall 200,000 180,000 180,000 180,000 190,000 190,000
Source: TWDB 2005
Table 3-4
Available Annual Water Supply from the Seymour Aquifer (in ac-ft/yr)
County 2010 2020 2030 2040 2050 2060
Childress 1,625 1,625 1,750 1,750 1,750 1,750
Collingsworth 19,400 18,900 17,900 17,900 17,900 17,900
Hall 20,500 20,000 19,000 19,000 19,000 19,000

Source: TWDB 2005
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Blaine Aquifer
The Blaine Formation is composed of anhydrite and gypsum with interbedded dolomite and clay.

Water occurs primarily under water-table conditions in numerous solution channels. Natural
salinity in the aquifer from halite dissolution and upward migration of deeper, more saline waters
limits the water quality of this aquifer. The aquifer is located in four counties in the PWPA,
including, Childress, Collingsworth, a small portion of Hall, and Wheeler. It lies completely
within the Red River basin.

Effective recharge to the Blaine is estimated to be 91,500 acre-feet per year throughout its extent
in the PWPA (TWDB, 2005). Precipitation in the outcrop area is the primary source of recharge.
Annual effective recharge is estimated to be five percent of the mean annual precipitation, with
higher recharge rates occurring in areas with sandy soil surface layers. No significant water level
declines have yet been identified in the Blaine aquifer. Declines that have occurred are due to
heavy irrigation use and are quickly recharged after seasonal rainfall (TWDB, 1997). Total
water in storage is shown on Table 3-5 and the annual availability is shown in Table 3-6. Based
on the 1.25%, the annual availability of water from the Blaine aquifer is considered to be the
greater than either effective recharge or pumpage rates in the PWPA.

Total Water in Storage in the Blzazlizjifer (GAM 2005 Results in ac-ft)
County 2010 2020 2030 2040 2050 2060
Childress 5,000,000 | 5,000,000 | 5,000,000 | 5,000,000 | 5,000,000 5,000,000
Collingsworth 10,000,000 | 10,000,000 | 10,000,000 | 10,000,000 | 10,000,000 | 10,000,000
Hall 800,000 800,000 800,000 800,000 800,000 800,000
Wheeler 2,600,000 | 2,500,000 | 2,500,000 | 2,500,000| 2,500,000 | 2,500,000
Table 3-6
Available Annual Water Supply from the Blaine Aquifer
(1.25% Awvailable Supplies in Storage in ac-ft/yr)

County 2010 2020 2030 2040 2050 2060
Childress 62,500 62,500 62,500 62,500 62,500 62,500
Collingsworth 125,000 125,000 125,000 125,000 125,000 125,000
Hall 10,000 10,000 10,000 10,000 10,000 10,000
Wheeler 32,500 31,250 31,250 31,250 31,250 31,250
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Dockum Aquifer

The Dockum is a minor aquifer that underlies the Ogallala aquifer and extends laterally into parts
of West Texas and New Mexico. The primary water-bearing zone in the Dockum Group,
commonly called the “Santa Rosa”, consists of up to 700 feet of sand and conglomerate
interbedded with layers of silt and shale. Domestic use of the Dockum occurs in Oldham, Potter,
and Randall counties. The effective recharge rate to the Dockum aquifer is estimated to be
23,500 acre-feet per year and is primarily limited to outcrop areas. Oldham and Potter counties
are the main sources of recharge in the PWPA. Differences in chemical makeup of Ogallala and
Dockum groundwater indicate that very little leakage (<0.188 in/year) occurs into the Dockum
from the overlying Ogallala formation (BEG, 1986).

The estimated volume of water in storage in the Dockum aquifer is shown in Table 3.7 and the
groundwater availability of the Dockum aquifer is presented in Table 3-8. The availability of
water from the Dockum aquifer is estimated to be 1.25% of the total storage estimate plus
effective annual recharge (TWDB, 2003).

Table 3-7
Total Water in Storage in the Dockum Aquifer (Values in ac-ft)

County 2010 2020 2030 2040 2050 2060
Armstrong 1,704,600 1,491,600 1,305,600 1,142,600 999,600 874,600

Carson 495,700 433,700 379,700 332,700 290,700 254,700

Dallam 5,741,800 5,023,800 | 4,395,800 3,846,800 3,365,800 2,944,800

Hartley 5,577,300 | 4,880,300 4,270,300 | 3,736,300 3,269,300 2,860,300

Moore 1,389,300 1,215,300 1,063,300 930,300 814,300 712,300

Oldham 5,726,400 5,010,400 | 4,384,400 3,836,400 3,356,400 2,936,400

Potter 2,670,600 2,336,600 2,044,600 1,788,600 1,564,600 1,368,600

Randall 3,477,800 3,042,800 2,662,800 2,329,800 2,038,800 1,783,800

TOTAL 26,783,500 | 23,434,500 | 20,506,500 | 17,943,500 | 15,699,500 | 13,735,500

Table 3-8
Available Annual Water Supply from the Dockum Aquifer
(1.25% Available Supplies in Storage in ac-ft/yr)

County 2010 2020 2030 2040 2050 2060
Armstrong 21,300 18,600 16,300 14,300 12,500 10,900
Carson 6,200 5,400 4,700 4,200 3,600 3,200
Dallam 71,800 62,800 54,900 48,100 42,100 36,800
Hartley 69,700 61,000 53,400 46,700 40,900 35,800
Moore 17,400 15,200 13,300 11,600 10,200 8,900
Oldham 74,400 65,400 57,600 50,800 44,800 39,500
Potter 33,700 29,500 25,900 22,700 19,900 17,400
Randall 43,500 38,000 33,300 29,100 25,500 22,300

Source:

TWDB Report 359, 2003
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Rita Blanca Aquifer

The Rita Blanca is a minor aquifer that underlies the Ogallala Formation and extends into New
Mexico, Oklahoma, and Colorado. The portion of the aquifer which underlies the PWPA is
located in western Dallam and Hartley counties. Groundwater in the Rita Blanca occurs in sand
and gravel formations of the Cretaceous and Jurassic Age. The Romeroville Sandstone of the
Dakota Group yields small quantities of water, whereas the Cretaceous Mesa Rica and Lytle
Sandstones yield small to large quantities of water. Small quantities of groundwater are also
located in the Jurassic Exeter Sandstone and sandy sections of the Morrison Formation
(Ashworth & Hopkins, 1995).

Recharge to the aquifer occurs by lateral flow from portions of the aquifer system in New
Mexico and Colorado and by leakage from the Ogallala. No estimates of recoverable storage,
saturated thickness, or other water availability parameters for the aquifer were located for the
Rita Blanca aquifer. Supplies from the Rita Blanca were modeled in the Ogallala GAM and
these supplies are included in Ogallala availability numbers.

According to TWDB data, pumpage from the Rita Blanca averaged about 5,419 acre-feet per
year from 1980 to 1997. Less than 500 acre-feet per year was pumped by the city of Texline for
municipal/industrial supply over this time period. An average of 5,343 acre-feet per year was
pumped for irrigation supply and an average of 77 acre-feet per year for municipal uses. All
pumpage occurs in Dallam County, and no pumping of the Rita Blanca is reported for Hartley
County. Municipal water well levels in the Rita Blanca aquifer have historically remained
stable, whereas irrigation well water levels have declined steadily. This indicates that irrigation
usage rates are currently mining the Rita Blanca supply. Insufficient data exist to quantify the
rate.

3.1.2 Refinements to Northern Ogallala GAM

The Northern Ogallala Groundwater Availability Model (GAM) (Dutton, Reedy and Mace,
2001; Dutton 2004) was revised and updated to support planning activities in the 2011 planning
cycle. These revisions were needed to incorporate new hydrogeologic data relevant to the GAM
and because additional data had been collected regarding projected groundwater use and in the
region. The two most significant updates to the GAM in this planning cycle are the revised base
aquifer picks (structure) and the updated historical and predictive pumping data sets. These are
most significant because they are the two elements of the model most altered from the previous
GAM model (Dutton, 2004) and because they are two of the most important aspects of the model
which determine aquifer storage. A third important component to future aquifer storage is
specific yield which was not revised from Dutton (2004) model in this effort.

Revisions and updates to the groundwater pumping data included extending the historical dataset
from 1997 (Dutton, 2004) through 2008 and developing projected groundwater demands from
2010 through 2060. Significant revisions to historical pumping include using an improved
historical dataset for municipal pumping provided by the TWDB. All municipal pumping was
uniquely matched to an owner and location. Staff from Texas AgriLife Research and Extension
Services in Amarillo (Texas AgriLife) updated historic and projected irrigation and livestock
pumping demands. Irrigation pumping was located to individual known metered irrigation well
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locations, where available, in the Panhandle and North Plains GCDs. In areas with no metered
wells, the 2000 irrigated crop survey was used for spatial allocation. Livestock pumping was
updated and centered around Confined Livestock Operations provided by Texas AgriLife.

Additional point estimates of hydraulic conductivity from aquifer tests were collected from the
City of Amarillo, Mesa Water Inc., and Panhandle GCD resulting in twelve new estimates of
hydraulic conductivity in Carson, Potter and Roberts Counties. These estimates were evaluated
for consistency with the model hydraulic conductivity field (Dutton, 2004) and neighboring
support data. These new data were incorporated into the revised model prior to recalibration.

In addition to new hydraulic conductivity data, a large dataset of new base aquifer picks were
provided by North Plains, Panhandle, and Hemphill GCDs, CRMWA, the City of Amarillo,
Mesa Water Inc. and Dr. Alan Dutton. Updates to structure in the last Northern Ogallala GAM
(Dutton, 2004) modified aquifer structure on model cell-by-cell basis and only if the new pick
increased saturated thickness. In this revision, the new structure picks of the base of the Ogallala
were incorporated into the model using a consistent methodology that smoothly interpolated the
aquifer base using all the available data. The aquifer thickness was allowed to increase and
decrease, pending the new data. New data show widespread increases in aquifer thickness in
Dallam, Roberts, Lipscomb counties and reductions in Potter, Armstrong, Donley, and parts of
Gray counties. Some of these reductions are associated with reclassifications of the aquifer. In
Potter County areas that were previously classified as Ogallala are now considered Dockum
formation. The distinction between Ogallala and Dockum is not always apparent from the well
records and drilling logs.

The Bureau of Economic Geology, under funding from the PWPG and the TWDB, performed
recharge studies in the region of the Northern Ogallala GAM (see Appendix E for synopsis of
this special study). Many of their investigations are based upon the Chloride Mass Balance
(CMB) recharge estimation method, which is based in part upon vadose zone or shallow
saturated zone measurements of chloride. The studies provide a range of recharge estimates
under a variety of land uses, many of which are not representative of predevelopment aquifer
conditions. A review of the available data, including a draft recharge map based upon the CMB
method applied to groundwater chloride data, provides a lower limit estimate of recharge for the
region at approximately 0.22 in/year, which is considered by the investigators as being biased
low. The Dutton (2004) calibrated model-wide average recharge rate is equal to 0.32 in/year.
Given the uncertainty in a regional steady-state recharge rate, it is difficult to discriminate
between these two recharge estimates. Because only the steady-state model is sensitive to
natural recharge and because the model is calibrated with the Dutton and others (2001) and
Dutton (2004) hydraulic conductivity field, the Dutton (2004) recharge distribution was
maintained in this revised model. Consistent with the 2004 GAM, return flow is not applied
because it was found to be immaterial to model predictions, given vadose zone transit times
consistent with field estimates (less than 0.5 ft/yr).

The model was calibrated to steady-state conditions (assumed to be prior to 1950) and to
transient conditions from 1950 through 2008. The calibration was performed using a trial-and-
error approach with the objective of decreasing residuals on a county-by-county basis. The
primary parameter adjusted in calibration was hydraulic conductivity. However, it did not
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require significant modification from what is defined in Dutton (2004). The root mean square
error (RMSE) of the steady-state model was reduced from 32 to 29 feet model wide. The RMSE
was reduced in most counties with the most significant reduction of 20 feet occurring in Dallam
County. The TWDB GAM standards stipulate that the model-wide RMSE divided by the range
be less than or equal to 10 percent. The model-wide RMSE divided by the range was reduced
from 1.4 percent to 1.2 percent. The model-wide mean-absolute error (MAE) was reduced from
23 feet to 21.8 feet.

The transient calibration was also improved in most counties. Comparing model error in 1998,
the revised model reduced the RMSE from 53 ft to 46 ft, an improvement of 7 feet. The model-
wide RMSE divided by observed head target range improved slightly from 2.2 percent to

2.0 percent. The revised model simulates through 2008. The calibration model-wide improved
from 1998 to 2007 with a RMSE of 36 feet and a RMSE divided by observed head target range
of 1.6 percent. Overall, the updated GAM appears to better represent aquifer conditions than the
Dutton (2004) model. As more data becomes available, continued refinements will improve its
predictive capabilities.

To assess the impacts of the updates on water availability, the calibrated model was used in the
forward mode to simulate predicted aquifer conditions from 2008 through 2060. These findings
are discussed in Appendix F, and are consistent with previous analyses that show significant
portions of the aquifer becoming depleted over time with the projected pumping. The areas most
impacted include the westernmost counties of the PWPA and parts of Roberts County.

The updated model was also used to assess groundwater availability based upon the criteria
defined by the planning group. These availabilities were compared to the values determined
using the Dutton (2004) GAM. Overall, the updated GAM shows increases in availability in the
PWPA. On a region-wide basis, the updated GAM shows approximately 320,000 acre-feet per
year of additional supply in 2010, reducing to 119,000 acre-feet per year by 2060. However, not
every county shows increased water supplies. As shown on Figure 3-4, five counties show lower
groundwater availabilities, two counties are about the same and the remainder of the region
shows increases in availability. The biggest increases in availability occur in Dallam, Roberts,
Moore, Lipscomb and Hartley counties. In Dallam County there is approximately 80,000 acre-
feet per year on average more water than projected with the Dutton (2004) GAM. This represents
a 37 percent increase in supply. Increases for the other counties generally ranged from less than 5
percent to 20 percent.

While these counties show additional supplies, there will continue to be shortages in the heavily
irrigated counties. The additional supplies projected with the updated GAM may delay irrigation
shortages in the four western counties, but will not eliminate shortages. For counties with
relatively small irrigation shortages (Hansford), these shortages may be eliminated using the
availabilities from the updated GAM.

Further review is needed to assess the potential impacts for the five counties with lower

groundwater availability. The groundwater may be available to meet the projected demands, but
the source may be the Dockum aquifer rather than the Ogallala aquifer.
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3.1.3 Water Supply Reservoirs

Major surface water supplies in the PWPA include Lake Meredith, Palo Duro Reservoir, and
Greenbelt Reservoir (see Figure 3-5). The supply available from these reservoirs is determined
through the Water Availability Models (WAM) of the Red and Canadian Basins which include
evaluations of critical drought, water right diversions, and sedimentation rates. The firm yield for
a reservoir is defined as the dependable water supply available during a critical drought. Ideally,
the period of analysis for a yield study includes the entire critical drought period. This “critical
period” of a reservoir is that time period between the date of minimum content and the date of
the last spill. If a reservoir has reached its minimum content but has not yet filled enough to
spill, then it is considered to still be in its critical period. A definition of the critical period for
each reservoir is essential to determine the yield, or estimate of available water supply. The safe
yield is defined as the amount of water that can be diverted annually, leaving a minimum of a
one year supply in reserve during the critical period. Conservation storage is the storage volume
that is available for diversions for water supply. It does not include storage capacity used for
flood control and, in some cases, sediment accumulation.

All three reservoirs appear to be in the critical drought period. In 2009, Lake Meredith recorded
the lowest historical inflow at less than 26,000 acre-feet. Both Lake Meredith and Palo Duro
Reservoir, which are located in the Canadian River Basin, are at less than 10 percent full as of
July 2009. Greenbelt Reservoir, located in the Red River Basin, is approximately 30 percent full.

As part of the water supply analysis conducted for the 2006 regional water plan, the Canadian
River WAM was updated to address the on-going drought and correct several hydrological
assumptions. The major changes included extending the hydrology from 1998 through
September 2004, adjusting flows from New Mexico to account for major new reservoirs in New
Mexico, correcting channel loss calculations and other hydrological adjustments. The changes to
the Canadian WAM are discussed in detail in the 2006 PWPA Regional Water Plan (Chapter 3.2
and Appendix V). Since completion of the 2006 regional water plan, the TCEQ has adopted the
hydrological changes to the Canadian WAM.

Due to the on-going drought in the Canadian River Basin, the firm yields determined for the
2006 PWPA Regional Water Plan were retained for this plan. Until the reservoir fills, a firm
yield cannot be reliably assessed. To account for the uncertainty of the on-going drought the
available supply from Lake Meredith was reduced based on estimates from CRMWA. There are
also plans to provide a firm supply of 24,000 acre-feet per year are being developed by the
Eastern New Mexico Rural Water System. The initial proposed diversion is 16,450 acre-feet per
year with the potential for expansion to the full project amount. This development could further
reduce the yield of Lake Meredith and should be considered in future updates to the Canadian
WAM.

The continuing decline of the available supply from Lake Meredith is of great concern to the
CRMWA and the region. A special study was conducted to assess the possible contributing
factors for the observed decreasing inflows. This study is summarized in Section 3.1.4 and the
complete report is included in Appendix G.

Surface water supplies in the Red River Basin were estimated using the most recent Red River
WAM..
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The firm yield of the three surface water supply reservoirs for the PWPA (Lake Meredith, Palo
Duro Reservoir, and Greenbelt) will very likely be reduced if low flows continue. However, the
firm yield for Palo Duro Reservoir will remain difficult to define using the available hydrologic
records in the area. A brief description of each of the three major reservoirs is presented below

in Table 3-9.

Table 3-9

Descriptive Information of Water Supply Reservoirs in the PWPA

Palo Duro Reservoir

Lake Meredith

Greenbelt Reservoir

Owner/Operator PDRA CRMWA GM&IWA
Stream Palo Duro Creek Canadian River Salt F_ork
Red River
Dam Palo Duro Sanford Greenbelt
Municipal and Municipal

Use Municipal Industrial; Flood Control; . pal,

. Industrial, and Mining
Sediment Storage
Impoundment January 1991 January 1965 December 1966

Conservation Storage
(most recent survey)

60,897 ac-ft (1974)

817,970 ac-ft* (1995)
(includes sediment storage)

59,110 ac-ft (1965)

Permitted Diversion

10,460 ac-ft/yr

151,200 ac-ft/yr

16,230 ac-ft/yr®

1. The Canadian River Compact allows 500,000 ac-ft of conservation storage. Any water stored in excess of
500,000 ac-ft is subject to release at the call of the State of Oklahoma.

2. Of this amount, 11,750 can be diverted directly from the lake, 4.030 ac-ft/yr diverted from Lelia Lake Creek,
and 250 diverted directly from Salt Fork of the Red River.

Lake Meredith

Lake Meredith is owned and operated by the Canadian River Municipal Water Authority
(CRMWA). It was built by the Bureau of Reclamation with conservation storage of 500,000
acre-feet, limited by the Canadian River Compact. Impoundment of Lake Meredith began in
January 1965 but hydrological and climatic conditions have prevented the reservoir from ever
spilling. Most of the inflow to Lake Meredith originates below the Ute Reservoir in New
Mexico. (TWDB, 1974)

Several yield studies have been published for Lake Meredith since its construction in 1965
(HDR, 1987; Lee Wilson and Associates, 1993, Freese and Nichols, Inc., 2004). The study by
HDR (1987) estimated that the firm yield was about 76,000 acre-feet per year and that
development of New Mexico projects might further reduce the yield to 66,000 acre-feet per year.
Another yield study in 1993 (Lee Wilson and Associates, 1993) estimated a firm yield of
approximately 76,000 acre-feet based on 1991 area-capacity conditions and 1980 sedimentation
rates. The yield study showed the reservoir reaching a minimum content of 59,700 acre-feet in
May 1981. This content represents the lowest elevation from which the water intake structures
can divert water. A TWDB survey of Lake Meredith in 1995 estimated conservation and
sediment storage of 817,970 acre-feet (TWDB, 1995). The Canadian River Compact limits the
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conservation storage to 500,000 acre-feet. The analyses conducted for the 2006 Panhandle
Water Plan using the Canadian Basin WAM with the hydrology ending in September 2004,
shows that the firm yield of Lake Meredith is 69,750 acre-feet per year, assuming full use of Ute
Reservoir in New Mexico. Safe yield for Lake Meredith is approximately 63,750 acre-feet per
year. Since 2004, inflows to Lake Meredith continue to be low. Subsequent studies conducted by
CRMWA, considering recent inflows, indicate that the long-term reliable yield of Lake Meredith
may be approximately 50,000 ac-ft/yr. These estimates assume that the reservoir receives several
years of average to above average inflows. If the very low inflows continue, the reliable supply
will be less. For planning purposes, the CRMWA is planning on using less than 50,000 acre-feet
from Lake Meredith in the near-term to allow the reservoir storage to refill. For this water plan,
the reliable supply from Lake Meredith is estimated at 30,000 ac-ft/yr in 2010 and 50,000 ac-
ft/yr for the following decades.

Projections of conservation storage, firm yield and safe yield for Lake Meredith during the

planning period shown in Table 3-10 are based on the Canadian River WAM. Sedimentation is
not anticipated to adversely affect the yield of Lake Meredith during the 50-year planning period.

Table 3-10: Projected Yield and Available Supply of Lake Meredith

2010 2020 2030 2040 2050 2060
Conservation Storage *(ac-ft) 500,000 500,000 500,000 500,000 500,000 500,000
Firm Yield (ac-ft/yr) 69,750 69,750 69,750 69,750 69,750 69,750
Safe Yield (ac-ftiyr 63,750 63,750 63,750 63,750 63,750 63,750
Available Supply 30,000 50,000 50,000 50,000 50,000 50,000
(ac-ft/yr)

Limited by provisions of the Canadian River Compact.
2 Available supply is the amount of water assumed available to users for regional water planning.

Palo Duro Reservoir

The Palo Duro River Authority owns and operates the Palo Duro Reservoir as a water supply for
its six member cities of Cactus, Dumas, Sunray, Spearman, Gruver, and Stinnett. The reservoir
is located on Palo Duro Creek in Hansford County, 12 miles north of Spearman. The dam began
impounding water in January 1991 and was over 80% full (by depth) in 2000. However, due to
continued drought and reduced inflows, the reservoir was less than 10% full in July 2009.
Construction of transmission systems for delivering water to member cities is anticipated to be
complete by 2030.

The original conservation storage capacity of the reservoir was estimated to be 60,897 acre-feet.
A study by Freese and Nichols (1974) estimated the yield to be approximately 8,700 acre-feet
per year. The most recent yield studies for the Palo Duro Reservoir show that it is currently in its
critical period (Freese and Nichols, 1974, 1984, 1986) and that the yield is estimated to be 6,543
acre-feet per year. The firm yield with the Canadian River Basin WAM estimated the yield of
4,000 acre-feet year considering a hydrology through September 2004.

In all these studies inflows from January 1946 through September 1979 are based on flow

measurement at the gage on Palo Duro Creek near Spearman. This gage was discontinued in
September 1979, but was reactivated in June 1999 and currently is an active gage. The data of
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this gage is missing for most of the critical period of Palo Duro. Estimates of inflow have been
made in several yield studies using correlation with other near gages or mass balance.

USGS gages in nearby watersheds are not well correlated with the Spearman gage, although they
provide the best means of predicting reservoir inflows. The large scatter indicates a degree of
uncertainty in estimated inflow to Palo Duro Reservoir during the critical period. Without a
stronger correlation in inflows between the two gages, the yield for the reservoir is difficult to
define.

Normally, a volumetric balance can be used to estimate inflows to existing reservoirs. However,
the balance for Palo Duro shows large apparent losses from the reservoir. The apparent monthly
net runoff (runoff less losses) is normally negative for the operation period from May 1991 to
September 2004. The negative net runoff estimates mean that some outflow or losses have not
been accounted for in the mass balance. There are some losses due to infiltration and leaking that
are not being quantified. Large losses are not impossible when a reservoir is filling. To quantify
these losses, an independent estimate of inflows is required.

Based on a linear interpolation of the most recent yield estimate, the projected firm yield of Palo
Duro Reservoir is expected to decrease from 4,000 acre-feet in 2000 to 3,875 acre-feet in 2030
and down to 3,750 acre-feet by 2060. Table 3-11 shows the projected yield and available supply
from Palo Duro Reservoir during the planning period. The available supply from Palo Duro
Reservoir is limited during the beginning of the planning period by the lack of a delivery system.

Table 3-11
Projected Yield of Palo Duro Reservoir
2010 2020 2030 2040 2050 2060
Conservation Capacity
(ac-ft) 58,822 57,942 57,062 56,182 55,302 54,422
Firm Yield
(ac-ftryr) 3,958 3,917 3,875 3,833 3,792 3,750

Greenbelt Reservoir

Greenbelt Reservoir is owned and operated by the Greenbelt Municipal and Industrial Water
Authority (Greenbelt M&IWA), and is located on the Salt Fork of the Red River near the city of
Clarendon.  Construction of Greenbelt Reservoir was completed in March 1968 and
impoundment of water began in December 1966 (Freese and Nichols, 1978). The original
storage capacity of Greenbelt was 59,100 acre-feet at the spillway elevation of 2,663.65 feet
(TWDB, 1974).

A firm yield analysis of Greenbelt Reservoir was performed using Run 3 of the state-adopted
Water Availability Model (WAM) of the Red River Basin. This run assumes full permitted
diversions by all water rights and no return flows unless return flows are included specifically in
the water right. Results from this analysis show a firm yield of approximately 8,300 acre-ft per
year in 2010, decreasing to 7,630 acre-feet per year in 2060. The safe yield of the reservoir is
estimated to be nearly 6,900 acre-feet/yr (6.2 MGD). These findings are summarized in Table 3-
12 below.
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Table 3-12
Projected Yield and Available Supply of Greenbelt Reservoir
2010 2020 2030 2040 2050 2060

(C;é[‘]f‘t;”"a“on Capacity | 50651 | 48,628 | 46,606 | 44584 | 42562 | 40,540
Firm Yield 8,297 8,164 8,031 7,898 7.765 7,630
(ac-ftlyr)

Safe Yield 6,864 6,728 6,592 6,456 6,320 6,181
(ac-ftlyr)

3.1.4 Lake Meredith Study

Sanford dam was built in 1965, impounding the Canadian River to form Lake Meredith, which
has never reached its full capacity of around 860,000 acre-feet. Water levels in the lake have
been consistently decreasing since 2000 due to decreased inflows from the Canadian River. The
impact of the reduced supplies to the PWPA is great. Without renewable surface water, the
region must rely on groundwater. This study was conducted to better understand the current
decline in Lake Meredith water supplies. The study evaluated several potential causes of
reduced inflows, including hydrologic loss, groundwater inflows and changes in land use. The
complete study report is included in Appendix G.

3.1.4.1. Hydrologic loss. Historical changes in hydrologic loss in the Lake Meredith watershed
between Logan and Amarillo gages were evaluated. This study area includes only the portion of
the watershed that contributes to stream flows below the Logan gage, effectively eliminating the
potential impacts due to operations of Ute Reservoir. Hydrologic loss is the percent of rainfall
that does not turn into stream flow. Hydrologic loss occurs due to evaporation, transpiration, and
infiltration and can also be used to estimate the watershed’s ability to generate runoff from
precipitation events.

Changes in hydrologic loss can occur for a variety of reasons. Some of these reasons could
include decreased precipitation, increased evapotranspiration, decreased spring flows, increased
infiltration, changes in water use (e.g. increased diversions, or decreased return flows), changes
in land use (e.g. changes in agricultural practices, or spread of salt cedar), increased surface
water impoundments, and climatic variability. This study investigates historical trends in the
rainfall to runoff ratio, rainfall intensities, annual and seasonal temperatures, groundwater levels,
land cover and surface water impoundments.

As shown on Figure 3-6, hydrologic loss over the Lake Meredith watershed has increased over
time. Trends in precipitation data show no decrease in the total precipitation amount over time,
while losses have increased from 94.7 percent to 99 percent since 1940. The historical change in
rainfall to runoff ratio indicates that the watershed is losing its ability to generate runoff.
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Figure 3-6
Hydrologic Loss per Decade
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While rainfall totals have remained relatively constant, rainfall events in recent years may lack
the intensity and duration needed to generate significant run-off. An analysis of daily rainfall
intensities shows increasing trends in the number of days of rainfall, while total rainfall is
remaining about the same. This indicates that the intensities of these rainfall events are
decreasing. Significant rain events (greater than 2 in/day) are also occurring less frequently over
the period of record (as indicated by the number of days between events). This reduction in
intensity may be contributing to the apparent reduction in runoff and stream flows.

Evaporation is an important avenue of hydrologic loss, and air temperature is a key factor in
determining potential evapotranspiration. The annual maximum temperature has decreased
throughout the entire watershed with the most rapid decreases occurring in the central-western
portion. The annual minimum temperature has decreased in the northwestern and southwestern
portions of the watershed and increased in the center and eastern portions of the watershed. With
lower average temperatures we expect lower rates of evaporation.

The range between annual and seasonal maximum and minimum temperatures is converging.
The difference between average maximum and minimum temperatures throughout the year has
decreased by 1.8°C in the past 50 years. The largest decrease in temperature range occurs during
the winter months (a decrease of 2.3°C over the past 50 years).

The historical change in annual and seasonal air temperatures indicates that the potential for
evapotranspiration has decreased. This would mean that actual evaporation and transpiration has
decreased unless surface water impoundments or the area covered by heavily-transpiring
vegetation (e.g. salt cedar) has increased, which they have. In short, while potential
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evapotranspiration has decreased, an increase in actual evaporation and transpiration cannot be
ruled out.

3.1.4.2 Groundwater Inflows. Spring flows can be affected by changes in groundwater levels. Of
the counties pumping from the Ogallala aquifer, Moore County experienced the greatest
decreases in groundwater levels since 1950 (up to a 200 ft decrease). Sherman, Dallam, Carson,
Hartley, Hutchinson, and Hansford Counties experienced draw-downs of up to 120 ft. Spring
flow in these counties could be decreasing due to increased pumping from the Ogallala aquifer,
but in areas with known springs the draw downs have not been significant. Also the areas with
the largest draw downs tend to coincide with the non-contributing portions of the watershed.

Changes in historical water levels in the Dockum aquifer could also be contributing to declining
lake levels in Lake Meredith. The area of greatest drawdown in the Dockum occurs beneath Lake
Meredith and the 30 miles of the Canadian River leading up to the reservoir. According to this
analysis, groundwater levels have dropped by more than 250 ft in some areas of the watershed
since the 1960s. The precipitous decline in inflows to Lake Meredith could be related to draw
downs in Dockum water levels during same period of time.

3.1.4.3 Land Use. Changes in land use can have important implications for rates of infiltration
and transpiration, which impacts the net runoff to local drainages. There have been some shifts in
land use over time, with reductions in irrigated agricultural lands and grasslands and increases in
shrubland and urban areas. These trends are consistent with natural succession. The biggest shift
is the increase in shrubland, which is occurring primarily in the southwestern portion of the
watershed. The increased shrubland increases transpiration and can inhibit rainfall from reaching
the ground surface and impede runoff. This part of the watershed typically experiences between
14 and 17 inches of rainfall per year. While brush management strategies tend to be less effective
in areas that experience less than 18 inches of rainfall per year, there appears to be a correlation
of increased shrubland within the contributing areas of the watershed and reduced inflows.

Much of the irrigated agriculture is located in parts of the basin that do not contribute
hydrologically to Lake Meredith and therefore, changes in irrigation practices and/or irrigated
acreages should have minimal impacts. Urban areas account for only 1.5 percent of the
watershed area. Increases in urban areas would typically result in increased runoff; however, due
to the small percentage of the area in the basin, this change has minimal impacts.

According to the National Inventory of Dams, surface impoundments have increased by over
10,000 ac-ft since 1940. Impoundments not included in the National Inventory include stock
ponds for livestock use and some SCS structures. No data were available on the historical
development of these structures in the watershed. While there may be some impact on inflows
from increases in surface impoundments it is likely that these changes are not causing the
significant decreases being observed today.

3.1.4.4 Conclusions. The study confirmed that the Lake Meredith watershed is losing its ability
to generate runoff and stream flow to the Canadian River. Based on the factors studied there is
no one factor or event that appears to be the major contributor to the decline of inflows to Lake
Meredith. Annual precipitation, potential evaporation, and changes in irrigation practices do not
appear to be contributing factors. Changing trends in the potential contributing factors occur over
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decades with no significant increase in this last decade. It is likely that the combination of
factors, including reduced rainfall intensities, increasing shrubland and declining groundwater
levels, have resulted in tipping the hydrologic balance of the watershed to the point that inflows
to Lake Meredith (generated below Ute Reservoir) is now about 20 percent of inflows observed
in the 1940s. While the activities in the watershed above the Logan gage cannot be ignored with
respect to the total amount of inflow to Lake Meredith, this study confirms that changes in the
watershed below Ute Reservoir have contributed to reduced stream flows.

3.1.5 Run of the River Supplies

According to the TCEQ water rights database there are 107 water rights permit holders in the
PWPA representing a total of 185,992 acre-feet/yr. (TCEQ 2009). Three water rights permits are
associated with water supply reservoirs, which are discussed in Section 3.1.3. These represent a
total of 177,690 acre-feet/year, or approximately 96 percent of the total water rights allocated in
the PWPA. The remaining 104 water rights represent the run of the river supplies, which are
diversions directly from a stream or river. Table 3-13 summarizes these rights by county in the
PWPA. The permitted diversions total 8,302 acre-feet per year. There are no individual run of
river diversions that are greater 1,000 acre-feet/year (note: aggregated diversions total more than
1,000 acre-feet per year for some counties). The reliable supply from these sources is 3,068 acre-
feet per year.

Table 3-13
Total Run of the River Water Rights by County in the PWPA
(Values in ac-ft/yr)

County Basin Name Permitted Reliable Supply
Diversion
Carson Red 445 300
Childress Red 436 28
Collingsworth Red 1,147 867
Dallam Canadian 190 0
Donley Red 664 195
Gray Canadian 2 1
Gray Red 259 33
Hall Red 101 59
Hansford Canadian 530 172
Hartley Canadian 0 0
Hemphill Canadian 0 0
Hemphill Red 0 0
Hutchinson Canadian 646 96
Lipscomb Canadian 122 66
Moore Canadian 345 7
Ochiltree Canadian 0 0
Oldham Canadian 30 0
Potter Canadian 349 322
Randall Red 1,074 215
Roberts Canadian 640 72
Sherman Canadian 275 32
Wheeler Red 1,048 603
Total 8,302 3,068
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3.1.6 Other Potential Surface Water Sources

Ten minor reservoirs in the PWPA have been identified as other potential sources of surface
water. These include Lake McClellan, Buffalo Lake, Lake Tanglewood, Rita Blanca Lake, Lake
Marvin, Baylor Lake, Lake Childress, Lake Fryer, Club Lake, and Bivins Lake. The historical or
current supply of these water bodies has not been quantified through yield studies. The
following paragraphs discuss the available information about each of these water bodies. Table
3-14 summarizes descriptive information about each of the minor reservoirs.

Table 3-14: Descriptive Information of Minor Reservoirs in the PWPA

Reservoir Stream River Basin Use Water Rights * Date of Capacity
Impoundment (acre-feet)
Lake McClellan|McClellan Creek Red soil conservation, U.S. Forest 1940s 5,005 *
flood control, Service
recreation, (recreational)
promotion of wildlife
Buffalo Lake |Tierra Blanca Red flood control, n/a 1938 18,150
Creek promotion of wildlife,
Lake Palo Duro Creek Red recreation n/a 1960s n/a
Tanglewood
Rita Blanca Rita Blanca Creek | Canadian |recreation Dallam & 1941 12,100
Lake Hartley
Counties
(recreational)
Lake Marvin  |Boggy Creek Canadian |soil conservation, U.S. Forest 1930s 553 *
flood control, Service
recreation, (recreational)
promotion of wildlife
Baylor Lake Baylor Creek Red recreation City of 1949 9,220
Childress
397 acre-feet/yr
Lake Childress |unnamed tributary Red n/a n/a 1923 4,725
to Baylor Creek
Lake Fryer Wolf Creek Canadian |soil conservation, n/a 1938 n/a
flood contral,
recreation,
Club Lake n/a Red n/a n/a N/a n/a
Bivins Lake Palo Duro Creek Red ground water recharge |n/a 1926 5,120
Source:  Breeding, 1999

*Permitted capacity (TCEQ, 2009)
n/a — data are not available

Lake McClellan

Lake McClellan is located in the Red River Basin and is also known as McClellan Creek Lake. It
was constructed on McClellan Creek twenty-five miles south of Pampa in southern Gray County.
It was built in the late 1940’s by the Panhandle Water Conservation Authority, primarily for soil
conservation, flood control, recreation, and promotion of wildlife. The U.S. Forest Service has a
recreational water right associated with McClellan Creek National Grassland (TCEQ, 2009).
Lake McClellan has a capacity of 5,005 acre-feet (Breeding, 1999).

Buffalo Lake
Buffalo Lake is a reservoir impounded by Umbarger Dam, three miles south of the city of
Umbarger on upper Tierra Blanca Creek in western Randall County. The reservoir is in the Red
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River basin. The original dam was built in 1938 by the Federal Farm Securities Administration
to store water for recreational purposes. The lake’s drainage area is 2,075 square miles, of which
1,500 square miles are probably noncontributing.

In 1973-1975, a low water dam was built to increase habitat for ducks and geese. In 1978, the
low water dam was washed out and the water was released. In 1982, the low water dam was
rebuilt, and was reworked in 1992 to become a flood control structure (R.N. Clark, Personal
Communication). Several species of waterfowl use the lake as a winter refuge (Breeding, 1999).
Buffalo Lake has a water right for storage of 14,363 acre-feet, without a right for diversion.

Lake Tanglewood

Lake Tanglewood is located in the Red River Basin and is formed by an impoundment
constructed in the early 1960’s on Palo Duro Creek in northeastern Randall County. Lake
Tanglewood, Inc., a small residential development is located along the lake shore (Breeding,
1999). Lake Tanglewood has a water right for storage of 4,897 acre-feet with a diversion right
of 90 acre-feet per year for irrigation purposes (TCEQ, 2009). The lake is also used for
recreational purposes.

Rita Blanca Lake

Rita Blanca Lake is on Rita Blanca Creek, a tributary of the Canadian River, in the Canadian
River basin three miles south of Dalhart in Hartley County. The Rita Blanca Lake project was
started in 1938 by the WPA in association with the Panhandle Water Conservation Authority. In
June 1951, Dalhart obtained a ninety-nine-year lease for the operation of the project as a
recreational facility without any right of diversion (Breeding, 1999). The lake is currently owned
by the Texas Parks and Wildlife Department and is operated and managed jointly by Hartley and
Dallam county commissioners for recreational purposes. The two counties have joint
recreational water rights. The lake has a capacity of 12,100 acre-feet and a surface area of 524
acres at an elevation of 3,860 feet above mean sea level. The drainage area above the dam is
1,062 square miles. The city of Dalhart discharges treated domestic wastewater to Rita Blanca
Lake.

Lake Marvin

Lake Marvin, also known as Boggy Creek Lake, was constructed in the 1930s on Boggy Creek,
in east central Hemphill County by the Panhandle Water Conservation Authority. The lake is in
the Canadian River basin and was constructed for soil conservation, flood control, recreation,
and promotion of wildlife (Breeding, 1999). The reservoir has a capacity of 553 acre-feet and is
surrounded by the Panhandle National Grassland. The USFS has a water right for recreational
use of Marvin Lake (TCEQ, 2009).

Baylor Lake
Baylor Lake is on Baylor Creek in the Red River Basin, ten miles northwest of Childress in

western Childress County. The reservoir is owned and operated by the city of Childress.
Although the City has water rights to divert up to 397 acre-feet per year from the reservoir
(TCEQ, 2009), there is currently no infrastructure to divert water for municipal use.
Construction of the earthfill dam was started on April 1, 1949, and completed in February 1950.
Deliberate impoundment of water was begun in December 1949. Baylor Lake has a capacity of
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9,220 acre-feet and a surface area of 610 acres at the operating elevation of 2,010 feet above
mean sea level. The drainage area above the dam is forty square miles. (Breeding, 1999).

Lake Childress

Lake Childress is eight miles northwest of Childress in Childress County. This reservoir, built in
1923 on a tributary of Baylor Creek, in the Red River Basin, adjacent to Baylor Lake. In 1964 it
was still part of the City of Childress' water supply system, as was the smaller Williams
Reservoir to the southeast [Breeding, 1999]. It is no longer used for water supply. The reservoir
is permitted to store 4,725 acre-feet for recreational purposes (TCEQ, 2009).

Lake Fryer
Lake Fryer, originally known as Wolf Creek Lake, was formed by the construction of an earthen

dam on Wolf Creek, in the Canadian River Basin, in eastern Ochiltree County. After the county
purchased the site, construction on the dam was begun in 1938 by the Panhandle Water
Conservation Authority. The dam was completed by the late summer of 1940. During the next
few years Wolf Creek Lake was used primarily for soil conservation, flood control, and
recreation. In 1947, a flash flood washed away the dam, but it was rebuilt in 1957. During the
1980s the lake and the surrounding park were owned and operated by Ochiltree County and
included a Girl Scout camp and other recreational facilities (Breeding, 1999).

Club Lake

Brookhollow Country Club Lake, a private fishing lake with cabin sites, is six miles northeast of
the city of Memphis in Hall County. The reservoir is in the Red River basin. No estimates of
lake capacity are available.

Bivens Lake

Bivens Lake, also known as Amarillo City Lake, is an artificial reservoir formed by a dam on
Palo Duro Creek, in the Red River Basin, ten miles southwest of Amarillo in western Randall
County. It is owned and operated by the city of Amarillo to recharge the groundwater reservoir
that supplies the City's well field. The project was started in 1926 and completed a year later. It
has a capacity of 5,120 acre-feet and a surface area of 379 acres at the spillway crest elevation of
3,634.7 feet above mean sea level. Water is not diverted directly from the lake, but the water in
storage recharges, by infiltration, a series of ten wells that are pumped for the City supply.
Because runoff is insufficient to keep the lake full, on several occasions there has been no
storage. The drainage area above the dam measures 982 square miles, of which 920 square miles
are probably noncontributing (Breeding, 1999).

Playa Lakes
The most visible and abundant wetlands features within the PWPA are playa basins. These are

ephemeral wetlands which are an important element of surface hydrology and ecological
diversity. Most playas are seasonally flooded basins, receiving their water only from rainfall or
snowmelt. Moisture loss occurs by evaporation and filtration through the soil to underlying
aquifers. In some years there is little to water in area playa lakes.

Wetlands are especially valued because of the wide variety of functions they perform, and the
uniqueness of their plant and animal communities. Ecologically, wetlands can provide high
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quality habitat in the form of foraging and nesting areas for wildlife, and spawning and nursery
habitat for fish. Approximately 5,457 playa lakes are located in the PWPA, covering
approximately one percent of the surface area (NRCS, 2009). Playa basins have a variety of
shapes and sizes which influence the rapidity of runoff and rates of water collection. Playas have
relatively flat bottoms, resulting in a relatively uniform water depth, and are generally circular to
oval in shape. Typically, the soil in the playas is the Randall Clay.

Playa basins also supply important habitat for resident wildlife. The basins provide mesic sites
in a semi-arid region and therefore are likely to support a richer, denser vegetative cover than
surrounding areas. Moreover, the perpetual flooding and drying of the basins promotes the
growth of plants such as smartweeds, barnyard grass, and cattails that provide both food and
cover. The concentric zonation of plant species and communities in response to varying moisture
levels in basin soils enhances interspersion of habitat types. Playas offer the most significant
wetland habitats in the southern quarter of the Central Flyway for migrating and wintering birds.
Up to two million ducks and hundreds of thousands of geese take winter refuge here. Shorebirds,
wading birds, game birds, hawks and owls, and a variety of mammals also find shelter and
sustenance in playas. Table 3-15 shows the estimated acreage and water storage for playa lakes
in the PWPA.

Table 3-15: Acreage and Estimated Maximum Storage
of Playa Lakes in the PWPA

Estimated Area Estimated Ma;dmum
County (acres)’ Storage
(acre-feet)

Armstrong 15,541 46,623
Carson 18,198 54,595
Childress 98 293
Collingsworth 0 0
Dallam 4,245 12,736
Donley 1,846 5,537
Gray 12,958 38,873
Hall 0 0
Hansford 7,047 21,142
Hartley 4,055 12,166
Hemphill 100.48 301
Hutchinson 3,360 10,081
Lipscomb 233.01 699
Moore 4,694 14,083
Ochiltree 16,560 49,680
Oldham 4,252 12,755
Potter 3,332 9,995
Randall 16,802 50,406
Roberts 1,069 3,207
Sherman 4,515 13,546
Wheeler 0 0

TOTAL 118,907 356,720

1. NRCS SSURGO Dataset

2.Source: Fish, et. al., 1997 *Based on average depth of 3 feet
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A number of other small reservoirs are currently used for private storage and diversion purposes.
In order to use any of the minor reservoirs for water supply purposes, water rights for diverting
the water for a specific use may be needed. Other issues may be associated with diverting water
from playa lakes. Therefore, these surface water sources have not been included as sources of
available water supplies.

3.1.7 Reuse Supplies

Direct reuse is used in the PWPA for irrigation and industrial water uses. Currently, the largest
producer of treated effluent for reuse is the city of Amarillo. Most of the city’s wastewater is
sold to Xcel Energy for steam electric power use. The city of Borger also sells a portion of its
wastewater effluent for manufacturing and industrial use. Most of the other reuse in the PWPA
is used for irrigation. A summary of the estimated direct reuse in the PWPA is shown in Table
3-16.

Table 3-16 Direct Reuse in the PWPA
(\Values are in ac-ft /yr)

County 2010 2020 2030 2040 2050 2060
Carson 67 64 62 61 56 50
Childress 146 148 150 151 151 147
Collingsworth 50 50 50 50 50 50
Dallam 430 421 409 391 379 379
Gray 0 0 0 0 0 0
Hall 0 0 0 0 0 0
Hemphill 0 0 0 0 0 0
Hutchinson 1,045 1,045 1,045 1,045 1,045 1,045
Lipscomb 0 0 0 0 0 0
Moore 547 592 633 664 684 696
Potter 21,803 25,567 27,230 29,125 31,192 34,169
Randall 700 700 700 700 700 700
Roberts 0 0 0 0 0 0
Wheeler 95 95 95 95 95 95
Total 24,883 28,682 30,374 32,282 34,352 37,331

3.1.8 Local Supplies

Local supplies are those surface water supplies that cannot be quantified from the WAM models.
These include water sources that do not require a State water right permit, such as local stock
ponds for livestock use and self contained storage facilities (old gravel pits, etc.) for mining. The
amounts of available supplies for these uses are based on data collected by the TWDB on
historical water use. A summary of the local supplies by county is shown in Table 3-17.
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Table 3-17
Summary of Local Supplies in the PWPA
(Values are in ac-ft /yr)

| 2010 | 2020 | 2030 | 2040 | 2050 | 2060
LIVESTOCK LOCAL SUPPLY
Armstrong 121 121 121 121 121 121
Carson 284 284 284 284 284 284
Childress 100 100 100 100 100 100
Collingsworth 750 750 750 750 750 750
Dallam 741 741 741 741 741 741
Donley 1,225 1,225 1,225 1,225 1,225 1,225
Gray 2,732 2,732 2,732 2,732 2,732 2,732
Hall 301 301 301 301 301 301
Hansford 2,464 2,464 2,464 2,464 2,464 2,464
Hartley 1,702 1,702 1,702 1,702 1,702 1,702
Hemphill 888 888 888 888 888 888
Hutchinson 493 493 493 493 493 493
Lipscomb 657 657 657 657 657 657
Moore 981 981 981 981 981 981
Ochiltree 2,506 2,506 2,506 2,506 2,506 2,506
Oldham 1,249 1,249 1,249 1,249 1,249 1,249
Potter 516 516 516 516 516 516
Randall 516 516 516 516 516 516
Roberts 515 515 515 515 515 515
Sherman 699 699 699 699 699 699
Wheeler 1,561 1,561 1,561 1,561 1,561 1,561
OTHER LOCAL SUPPLY
Childress 21 21 21 21 21 21
Total Local Supply 21,022 21,022 21,022 21,022 21,022 21,022

3.1.9 Summary of Water Supplies in the PWPA

The currently available water supplies in the PWPA total over 4,100,000 acre-feet per year in
2010, decreasing to 2,600,000 acre-feet per year by 2060. Most of this supply is associated with
groundwater, specifically the Ogallala aquifer. Surface water supplies are an important
component of the available supply to counties where groundwater is limited. However, if the
reliability of surface water supplies decreases due to on-going droughts, the reliance on
groundwater will increase.

The supplies shown in Table 3-18 and Figure 3-7 represent the amount of water supply that is
located in the PWPA and includes supplies that are currently developed and potential future
supplies that could be developed. For reservoirs, the firm yield is shown. For groundwater, the
theoretical annual withdrawals that meet the PWPG adopted definitions for availability are
shown. These values do not consider infrastructure constraints, contractual agreements, or the
economic feasibility of developing these sources. Nor do they consider the ultimate location of
use (e.g., exports to Regions O and B). These values are reported by its source location (PWPA).
In some counties the available groundwater supplies are significantly greater than the historical
use. In other counties, current groundwater use exceeds the available supply based on the
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region’s definition of available supply. Consideration of the amount of water that is currently
connected and available to water users in the PWPA is discussed in Section 3.2.

Table 3-18
Summary of Available Water Supplies in the PWPA (Firm Yield)
(\Values are in ac-ft /yr)

Source 2010 2020 2030 2040 2050 2060
Lake Meredith 69,750 69,750 69,750 69,750 69,750 69,750
Palo Duro Reservoir 3,958 3,917 3,875 3,833 3,792 3,750
Greenbelt Lake 8,297 8,164 8,031 7,898 7,765 7,630
Canadian Run-of-River 773 771 768 766 762 762
Red Run-of-River 2,802 2,798 2,795 2,792 2,789 2,789
Total Surface Water 85,580 85,400 85,219 85,039 84,858 84,681
Ogallala Aquifer 3,254,347 | 3,052,069 | 2,797,538 | 2,534,069 | 2,289,502 | 2,053,260
Seymour Aquifer 41,525 40,525 38,650 38,650 38,650 38,650
Blaine Aquifer 230,000 228,750 228,750 228,750 228,750 228,750
Dockum Aquifer 338,000 295,900 259,400 227,500 199,500 174,800
Other Aquifers 676 676 673 671 671 671
Total Groundwater 3,864,548 | 3,617,920 | 3,325,011 | 3,029,640 | 2,757,073 | 2,496,131
Local Supply 21,022 21,022 21,022 21,022 21,022 21,022
Direct Reuse 24,883 28,682 30,374 32,282 34,352 37,331
Total Supply in PWPA | 3,996,033 | 3,753,024 | 3,461,626 | 3,167,983 | 2,897,305 | 2,639,165

Figure 3-7
Summary of Available Supplies in PWPA
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3.2 CURRENTLY AVAILABLE SUPPLIES TO WATER USER GROUPS

As part of the regional water planning process, water supplies are allocated to water user groups
based on the most limiting factor to deliver or use the water. These limitations may include the
availability of the water source (such as firm yield of a reservoir or the adopted aquifer storage
depletion restriction), well field capacity, water rights permits, contractual agreements, delivery
infrastructure constraints, and water treatment capacities where appropriate.

Appropriate constraints were identified for each of the PWPA water user groups. Agricultural
water use considered locations of irrigable acreages and historical use data provided by the
TWDB and local groundwater conservation districts (GCDs). For some counties irrigable acres
are limited in extent across the county. Figure 3-8 shows the locations of irrigable acres in the
PWPA as reported in 2002 and underlying groundwater sources (TWDB, 2009). Most of the
crops in the PWPA are irrigated with groundwater. Allocations to other water user groups
considered sales from wholesale water providers and historical water use as reported by the
TWDB.

The allocation of water supplies also considers the source of water, the location of the water, and
current imports and exports of water in the region. All water supplies from groundwater aquifers
stated in this plan comply with the adopted PWPA definitions for groundwater availability as
discussed in Section 3.1.1.

Voluntary transfers of water between water user groups were not considered during the
allocation process, but will be considered as a strategy in Chapter 4. It should be noted that in
some cases, local Groundwater Conservation District rules may be more restrictive in certain
areas as permitting requirements based on geographic extent may limit withdrawals beyond the
availability shown in this plan.

3.2.1Allocation of Ogallala Supplies to Water Users

In the PWPA the Ogallala aquifer provides most of the water in the region and some water to
users outside of the region. Considering the demands on this resource and the available supply
determined for regional water planning, the demands exceed the supply in several counties.
Table 3-19 shows the projected demand on the Ogallala aquifer by county.

To better understand the capability of the aquifer to meet these demands with current
infrastructure, a baseline analysis using the TWDB Northern Ogallala GAM was conducted. The
simulation used the updated pumping demand distribution for the model from 2010 through
2060. Figure 3-9 shows the saturated thickness of the aquifer simulated by the GAM in the year
2010. By 2010 most of the aquifer Northern Ogallala GAM in Texas has a finite saturated
thickness with the largest amount of depleted storage (inactive cells representing dry aquifer
conditions and white in the figure) are in Dallam County. By 2060 Figure 3-10 shows
significant portions of the aquifer in Dallam, Hartley, Moore and Sherman Counties have
become inactive. These areas may not represent completely dry conditions, but rather there
would likely be a thin saturated thickness in these portions of the aquifer in the future because
pumping efficiency will decrease to such a degree that desaturation of the aquifer is not possible.
However, these regions would not support irrigation rates of pumping. In the decade between
2050 and 2060 the annual
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average demand for the Ogallala is 1,517,667 acre-feet per year. However, the model predicts
that users will only be able to pump an average annual amount of 521,150 acre-feet per year for
that decade, a reduction of 45 percent of the desired demand.

The baseline analyses show that with unrestrained pumping there will be significant areas of the
aquifer with depletions greater than the PWPG’s criteria for regional water planning. Many of
these areas occur in heavily irrigated areas. Irrigated water users have limited options for new
water sources and are constrained by geographical location. Other users with known well field
locations and potential constraints on existing supplies include cities and wholesale water
providers.

Table 3-19
Projected Demand on Ogallala Aquifer in PWPA
(Values are in ac-ft /yr)

County 2010 2020 2030 2040 2050 2060
Armstrong 5,845 5,528 5,373 5,122 4,643 4,158
Carson 73,133 63,056 60,415 56,619 46,358 44,467
Collingsworth 0 0 0 0 0 0
Dallam 284,653 | 277,232 | 268,998 | 254,961 | 226,434 | 197,867
Donley 32,381 30,046 29,121 27,587 24,541 21,489
Gray 31,251 28,063 28,481 27,718 26,332 24,196
Hansford 133,631 | 118,324 | 115181 | 109,727 98,401 87,105
Hartley 299,526 | 288,400 | 279,949 | 266,074 | 237,789 | 209,762
Hemphill 5,422 5,310 4,979 4,405 3,855 3,363
Hutchinson 67,149 65,356 65,574 64,843 61,798 59,609
Lipscomb 19,278 17,892 17,298 16,284 14,541 12,819
Moore 146,124 | 135446 | 133,839 | 130,026 | 118,945 | 107,785
Ochiltree 64,994 56,259 54,822 52,211 46,977 41,790
Oldham 4,131 3,823 3,684 3,454 3,026 2,590
Potter 4,485 15,281 16,385 17,558 23,789 21,563
Randall 29,581 26,766 26,786 26,515 25,231 23,729
Roberts 67,471 76,029 75,713 75,170 74,383 73,656
Sherman 225437 | 206,304 | 200,559 | 189,405 | 170,630 | 150,589
Wheeler 13,264 11,491 11,010 10,166 8,904 7,704

Note: The demands on the Ogallala aquifer shown above represent the expected demands less supplies from other
sources. This differs from the allocated supplies from the Ogallala aquifer. Allocated supplies may be greater in
some counties and less in other counties, pending availability and infrastructure constraints.

To assist with the allocation of Ogallala water to irrigation and municipal users, the Northern
Ogallala GAM was used. Model grid cells were assigned to a specific user group using data
provided by the Groundwater Conservation Districts, TCEQ and TWDB. The availabilities were
estimated based on the summation of the pumpage for the associated grid cells. The irrigation
zones generally followed the irrigated areas shown on Figure 3-8. For irrigation water users, the
lesser of the demands or the availabilities were assigned to the irrigation WUG. Six counties
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were shown to have irrigation demands greater than the estimated water availability. These
include Dallam, Hartley, Hansford, Hutchinson, Moore and Sherman Counties.

The allocation of Ogallala water to municipal water users considered several factors, including
the availabilities determined using the GAM, production capacities and information received
from the water user. Allocations to other users (manufacturing, livestock and mining) were
generally not constrained if there was sufficient supply in the county. Water supplies to
manufacturing users that receive supply from a wholesale water provider were limited if the
wholesale water provider did not have sufficient supplies.

3.2.2 Imports and Exports

A small amount of water is imported to the PWPA from a well field owned by Amarillo in Deaf
Smith County. No other water is currently imported from outside of the PWPA to the region.

There are several exports of water to users in adjoining regions that are associated with sales
from CRMWA and Greenbelt M&IWA. CRMWA provides water to eleven cities, of which eight
are located in the Llano Estacado RWPA. Water from Lake Meredith and CRMWA'’s Roberts
County well field are exported to CRMWA'’s member and customer cities in the Llano Estacado
RWPA. The Greenbelt M&IWA owns and operates Greenbelt Reservoir. Water from this source
is exported to three cities in Region B and the Red River Authority that provides water to
county-other in Region B. Mesa Water has expressed an interest to export water from the PWPA
to other regions, but at this time Mesa Water is not exporting water. Approximately 56,000 acre-
feet per year of water may be exported from the PWPA. Table 3-20 shows the amount of water
imported and exported from the region.

Table 3-20
Summary of Exports and Imports with other Regions
(\Values are in ac-ft /yr)

Source 2010 2020 2030 2040 2050 2060
Exports:

Lake Meredith 15,607 20,512 20,512 20,512 19,196 19,196
Greenbelt Reservoir 1,778 1,746 1,737 1,710 1,701 1,641
Ogallala (Roberts County) 31,212 28,307 28,307 28,307 26,491 26,491

TOTAL 48,597 50,565 50,556 50,529 47,388 47,328

Imports:
Ogallala 125 125 100 100 50 14
(Deaf Smith County)

TOTAL 125 125 100 100 50 14
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Developed Water Supplies to Water User Groups in PWPA

(Values are in ac-ft /yr)

Source 2010 2020 2030 2040 2050 2060
Lake Meredith* 14,391 21,118 21,080 21,028 20,949 20,873
Greenbelt Lake? 2,785 2,582 2,587 2,575 2,559 2,489
Palo Duro Reservoir? 0 0 0 0 0 0
Canadian River Run-of- 773 771 768 766 762 762
River
Red River Run-of-River 2,802 2,798 2,795 2,792 2,789 2,789
Total Surface Water 20,751 27,269 27,230 27,161 27,059 26,913
Ogallala Aquifer* 1,052,305 952,026 887,530 817,222 735,414 664,215
Seymour Aquifer 37,431 27,043 26,213 24,965 22,370 19,775
Blaine Aquifer 16,986 12,887 12,418 11,836 10,473 9,210
Dockum Aquifer 24,420 24,420 23,620 21,920 20,520 19,220
Rita Blanca Aquifer 0 0 0 0 0 0
Other Aquifer 676 676 673 671 671 671
Total Groundwater 1,131,818 1,017,052 950,454 876,614 789,448 713,091
Local Supply 21,022 21,022 21,022 21,022 21,022 21,022
Direct Reuse 24,883 28,682 30,374 32,282 34,352 37,331
Total Other Supplies 45,905 49,704 51,396 53,304 55,374 58,353
Total Supply 1,198,474 1,094,025 1,029,080 957,079 871,881 798,357

1. Quantity of water allocated to PWPA users only. Supplies from these sources are also used in other
regions. Supplies in excess of the allocations are assigned to the wholesale provider and are not reported in

this table.

2. There is no currently available supply from Palo Duro Reservoir because there is no infrastructure.

Table 3

-23

Unallocated Water Supplies in PWPA

(Values are in ac-ft /yr)

Source 2010 2020 2030 2040 2050 2060
Lake Meredith 0 0 0 0 0 0
Greenbelt Lake 2,564 2,582 2,587 2,575 2,559 2,489
Ogallala Aquifer 2,170,830 2,068,148 1,877,964 1,684,757 1,522,159 1,357,322
Seymour Aquifer 4,094 13,482 12,437 13,685 16,280 18,875
Blaine Aquifer 213,014 215,863 216,332 216,914 218,277 219,540
Dockum Aquifer 313,580 271,480 235,780 205,580 178,980 155,580
Other Aquifer 0 0 0 0 0 0
Total Groundwater 2,701,518 2,568,973 2,342,513 2,120,936 1,935,696 1,751,317
Other Supplies 0 0 0 0 0 0
Total Unallocated 2,704,082 2,571,555 2,345,100 2,123,511 1,938,255 1,753,806
Supply

The amount shown for unallocated supplies account for water that is used outside of the PWPA.
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3.3 WATER SUPPLY AND DEMAND SUMMARY

This section discusses the comparison of the developed supply in the PWPA to the projected
demands developed in Chapter 2. This comparison is made for the region, county, basin,
wholesale water provider, and water user group. If the projected demands for an entity exceed
the developed supplies, then a shortage is identified (represented by a negative number). For
some users, the available supplies may exceed the demands (positive number). For groundwater
users, this water is not considered surplus, but a supply that will be available for use after 2060.

Considering only developed and connected supplies for the Panhandle, on a regional basis there
is a projected regional shortage of over 428,000 acre-feet per year in 2010, increasing to a
maximum shortage of 479,000 in 2040. This is shown graphically on Figure 3-12.

Figure 3-12: PWPA Supplies and Demands (ac-ft/yr)
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On a county-basis, there are eight counties with shortages over the planning period. These
include Dallam, Hansford, Hartley, Hutchinson, Moore, Potter, Randall and Sherman. Table 3-
22 presents current available supply versus demand by county. Figure 3-13 shows the spatial
distribution of shortages in the region for years 2010, 2030 and 2060. Typically the counties
with the largest shortages are those with large irrigation demands. The shortages by category
and county for years 2000, 2030 and 2060 are summarized in Tables 3-24, 3-25 and 3-26,
respectively. Based on this analysis, there are significant irrigation shortages over the 50-year
planning period. The municipal shortages shown are typically attributed to growth, allocation
limitations in developed water rights, or infrastructure limitations. A brief discussion of these
shortages is presented in the following section.
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Table 3-24: Comparison of Supply and Demand by County

(Values are in ac-ft/yr)

Year 2010 Year 2030 Year 2060
Currently Currently Currently
County Basin Available Demand Available Demand Available | Demand
Supply Supply Supply
Armstrong Red 6,902 6,068 6,197 5,598 4,893 4,386
c Canadian 16,764 15,525 13,998 12,970 10,874 9,881
arson
Red 48,370 47,206 39,842 39,156 30,546 29,501
Childress Red 9,748 9,456 7,735 7,542 6,389 6,104
Collingsworth | Red 31,754 29,844 24,254 22,468 18,754 16,783
Dallam Canadian 164,401 297,251 139,942 281,566 93,063 210,433
Donley Red 34,751 34,383 31,267 31,126 23,631 23,499
G Canadian 18,124 16,353 17,469 15,314 16,554 14,351
ra
y Red 22,612 20,482 20,777 18,472 16,324 14,650
Hall Red 18,018 17,416 11,863 11,143 8,820 8,377
Hansford Canadian 137,130 136,267 119,152 117,814 87,286 89,735
Hartley Canadian 119,520 301,252 221,007 282,033 70,326 212,405
. Canadian 4,419 4,131 6,120 3,845 3,109 2,822
Hemphill
Red 2,517 2,179 2,358 2,022 1,764 1,429
Hutchinson Canadian 58,459 71,970 73,180 70,931 56,941 64,963
Lipscomb Canadian 20,211 20,033 19,371 18,053 13,763 13,574
Moore Canadian 111,021 163,586 86,685 150,268 67,939 119,280
Ochiltree Canadian 68,877 67,502 59,113 57,332 45,351 44,303
Canadian 6,101 4,958 5,754 4,700 4,970 3,796
Oldham
Red 1,270 1,175 1,189 1,094 1,033 874
Pott Canadian 44,524 42,240 48,615 49,248 54,434 60,675
otter
Red 20,602 19,902 22,492 22,546 18,721 26,426
Canadian 73 11 72 16 64 22
Randall
Red 51,461 49,312 51,440 51,287 41,944 54,693
Canadian 8,308 7,596 6,521 6,876 5,689 4,907
Roberts
Red 349 332 1,396 299 234 216
Sherman Canadian 154,008 226,168 147,487 201,290 82,374 151,320
Wheeler Red 18,180 15,746 15,921 13,546 12,567 10,239
TOTAL 1,198,474 1,628,344 1,201,217 1,498,555 798,357 1,199,644

Note: Supply values are shown for the county in which it is used, which may differ from the county of the

supply source.
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3.3.11dentified Shortages for the PWPA

A shortage occurs when currently available supplies are not sufficient to meet projected
demands. In the PWPA there are 27 water user groups (accounting for basin and county
designations) with identified shortages during the planning period. Of these, there are four cities
and county other water users in three counties that are projected to experience a water shortage
before 2060. The largest shortages are attributed to high irrigation use and comparably limited
groundwater resources in Dallam, Hartley, Moore, and Sherman Counties.

Total shortages for all water user groups are projected to be approximately 454,726 acre feet per
year in 2010, increasing to 484,176 acre feet per year in 2030 and nearly 415,317 acre-feet per
year by the year 2060. Of this amount, irrigation represents approximately 99 percent in the
2010 projections and over 84 percent of the total shortage in 2060 with shortages ranging from
454,000 to 381,000 acre-feet per year. The shortages attributed to the other water use categories
total approximately 34,000 acre-feet per year in 2060.

A summary of when the individual water user group shortages begin by county and demand type
is presented in Table 3-28. To account for the level of accuracy of the data, a shortage is defined
as a demand greater than the current supply by more than or equal to 10 acre-feet per year.

Table 3-28: Decade Shortage Begins by County and Category

Steam
County Irrigation | Municipal | Manufacturing Mining Electric Livestock
Power
Armstrong - - - - - -
Carson - - - - - -
Childress - - - - - -
Collingsworth -
Dallam 2010 - - - -
Donley - - - - - -
Gray -
Hall -
Hansford 2020 2030 - - - -
Hartley 2010 - - - -
Hemphill - - -
Hutchinson 2010 2040 2030 - - -
Lipscomb - - -
Moore 2010 2020 2010
Ochiltree - - - - - -
Oldham - - -
Potter - 2030 2040 - - -
Randall - 2030 - - - -
Roberts -
Sherman 2010 - - - -
Wheeler - - - - - -
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Irrigation
Irrigation shortages are identified for Dallam, Hansford, Hartley, Hutchinson, Moore, and

Sherman Counties. All of these counties rely heavily on the Ogallala for irrigation supplies.
Shortages are observed in five counties starting in 2010.

Table 3-29: Projected Irrigation Shortages in the PWPA
(Values are in ac-ft /yr)

COUNTY 2010 2020 2030 2040 2050 2060
DALLAM 132,889 140,984 148,630 149,134 133,737 117,396
HANSFORD 0 856 1,337 4,402 2,933 1,496
HARTLEY 181,732 180,523 183,457 179,983 161,368 142,079
HUTCHINSON 15,008 12,175 11,652 10,612 7,534 5,455
MOORE 52,317 48,090 52,425 54,994 50,321 45,420
SHERMAN 72,532 69,367 79,690 82,955 77,118 69,190
Municipal

Municipal supplies in the PWPA are typically groundwater while surface water is used in
counties with limited groundwater and by river authorities and their member cities to supply their
customers. For some cities, there is additional groundwater supply but it is not fully developed.
At this time, these cities do not show a shortage during the present planning period. Other cities
do not appear to have sufficient water rights through the planning period. A list of the
municipalities indicating a shortage is presented in Table 3-30.

Table 3-30: Projected Municipal Shortages in the PWPA
(Values are in ac-ft /yr)

2010 2020 2030 2040 2050 2060
AMARILLO 0 0 4,097 9,042 14,065 18,337
BORGER 0 188 376 464 526
CACTUS 0 204 262 309 354
CANYON 0 422 1,245 1,903 2,452 2,859
COUNTY-OTHER MOORE 0 0 264 505 652 741
COUNTY-OTHER POTTER 0 103 329 885 1,574 2,139
COUNTY-OTHER RANDALL 0 5 597 1,273 2,009 2,619
DUMAS 0 387 1,163 1,672 2,219 2,478
GRUVER 0 77 229 282 333 334
LEFORS 0 0 0 29 35 36
MEMPHIS 0 81 140 140 140 142
SPEARMAN 0 0 276 611 831 849
SUNRAY 0 0 0 27 108 127
TOTAL 0 653 7,487 15,163 23,164 29,405
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Manufacturing
There are three counties with manufacturing shortages identified in the PWPA. Most

manufacturing interests buy water from retail providers or develop their own groundwater
supplies. For each of these counties, much of the shortage is associated with shortages associated
with wholesale water providers. Moore County, these shortages are the result of limited
groundwater supplies for the City of Cactus. In Potter County, the shortages are associated with
shortages identified with the city of Amarillo. In Hutchinson County the shortage is associated
with the city of Borger.

Table 3.31: Projected Manufacturing Shortages in the PWPA
(Values are in ac-ft /yr)

2010 2020 2030 2040 2050 2060

HUTCHINSON 0 5 597 1273 2009 2619
MOORE 0 0 664 1244 1752 2450
POTTER 173 800 1066 1453 1753 2110
Total 173 805 2,327 3,970 5,514 7,179

Mining
There are no mining shortages in the PWPA.

Steam Electric Power

There is only one steam electric power shortage identified in the PWPA. A shortage of less than
100 acre-feet per year is projected in Moore County beginning in 2010; by 2060 this shortage is
projected to be approximately 150 acre-feet per year. All of these shortages are expected to be
met by increasing the supply coming from groundwater.

Livestock

There are no identified livestock shortages in the Panhandle Planning Area. This is because it
was assumed if there was sufficient supply available within the county, this supply would be
developed by livestock producers. For most counties, water for livestock is from groundwater
and/or local stock ponds. In the heavily pumped counties, there will be competition for
groundwater supplies. It is assumed that the decrease in water used for irrigation will be
available for livestock use.

3.3.2 Conclusions

On a water user group basis, the total demands exceed the total available supply starting in 2010,
largely attributed to the limitations of available supply. Most of the shortages are associated with
large irrigation demands that cannot be met with available groundwater sources. Other shortages
are due to limitations of infrastructure and/or growth. The evaluation of regional water supplies
indicates that groundwater supplies could be further developed. However, often the needed
infrastructure is not developed or the potential source is not located near a water supply shortage.
Further review of the region’s existing supplies and other options and strategies to meet
shortages is explored in more detail in Chapter 4 and the impacts of these strategies on water
quality are discussed in Chapter 5.
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