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ABSTRACT

This updated evaluation of water resources of part of north-central
Texas includes all or portions of Collin, Cooke, Dallas, Delta, Denton,
Ellis, Fannin, Grayson, Hood, Hunt, Johnson, Kaufman, Lamar,
Montague, Navarro, Parker, Red River, Rockwall, Tarrant, and Wise
Counties.  This report is in response to Senate Bill 1, passed in 1997
by the 75th Texas Legislature.  This Act calls for the identification of
areas in the state experiencing or expected to experience critical
groundwater problems within the next 25-year period.

A reduction in groundwater withdrawals since 1990 has slowed water-
level declines in some parts of the study area.  Water levels in the
Antlers and Twin Mountains Formations of the Trinity aquifer have
remained stable since 1989 with the exception of Wise, Tarrant, and
Johnson Counties.  Water-level declines of about 100 feet have occurred
in southwestern Wise County.  The Dallas-Fort Worth metroplex area
in northeastern Tarrant County has experienced water-level declines of
200 feet.  Minor water-level declines of approximately 50 feet have
occurred in southern Johnson County.  The northern parts of Johnson
County, as well as southern Denton and Tarrant Counties, have
experienced a rise in water levels from 50 to 200 feet.  Water levels
have not changed significantly in the Paluxy Formation of the Trinity
aquifer.  Southern Wise County and Denton County have undergone
minor water-level declines of 5 to 30 feet.  Water levels in the Woodbine
aquifer have remained stable with the exception of northern Collin
County, the central to northeastern portion of Denton County, and
northern Grayson County where declines of 10 to 60 feet have been
observed.

Overall, groundwater quality has not degraded appreciably since the
last reporting period in 1990.  Average TDS values for the Antlers and
Twin Mountains Formations of the Trinity aquifer were 718 mg/l.
The Paluxy Formation of the Trinity aquifer had average TDS values of
607 mg/l.  The Woodbine aquifer had the highest TDS values, averaging
877 mg/l.  This is primarily due to high sulfate levels associated with
extensive lignite beds.

Groundwater use is projected to decline in the study area, which would
allow for conservation of groundwater reserves.  Continual conversion
to surface water use within the study area should allow future demands
to be met.  These projections suggest that adequate supplies of usable
surface and groundwater exist to meet current and future needs of the
study area through the year 2030.

ix
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INTRODUCTION

North-central Texas is the most populous region in the State, containing
24 percent of the population and is expected to more than double by
2050 (TWDB, 1997).  The area accounts for approximately 6 percent
of the State’s annual water use.  By 2050, water use in this area is
expected to increase about 90 percent (TWDB,1997).  Water is
important to sustain the area’s growing population and an economy.
Although there has not been any major water deficits in the area,
groundwater levels have declined 100 to 1,100 feet in the Trinity aquifer
and 200 to 400 feet in the Woodbine aquifer since 1900 (Mace and
others, 1994).

This report is an update to Texas Water Development Board (TWDB)
Report 318, Evaluation of Water Resources in Part of North-Central Texas,
by Baker and others, published in January 1990.  TWDB Report 318
was prepared in response to the 1985 passage of House Bill 2 by the
69th Texas Legislature.  This Act, in part, focused on addressing areas of
the State where groundwater quality and quantity were deteriorating.
This report is in response to Senate Bill 1 (SB-1), passed in 1997 by
the 75th Texas Legislature.  This Act requires identification of those
areas of the State that are experiencing or are expected to experience
critical water problems within the immediately following 25-year
period.  This may include shortages of surface water or groundwater,
land subsidence resulting from groundwater withdrawal, and
contamination of groundwater supplies.  Presently, no groundwater
districts have been created in the study area.

This report updates the hydrogeological conditions, water demands,
and water availability in the study area.  Water levels and water quality
were used to assess the current status of the groundwater resource and
possible future trends.  Population, historical water use, and projected
water demands were compiled from TWDB reports and databases and
analyzed for the study area.

The study area is in north-central Texas (Figure 1) and is defined by
the Red River to the north, the outcrop edge of the Trinity aquifer to
the west, the downdip limit of the Woodbine aquifer to the east (as
defined by the slightly saline line), and the southern boundaries of
Hood, Johnson, and Ellis Counties to the south.  The study area lies
within the Red, Sulphur, Sabine, Trinity, and Brazos River basins.  It
encompasses all or parts of Collin, Cooke, Dallas, Delta, Denton, Ellis,
Fannin, Grayson, Hood, Hunt, Johnson, Kaufman, Lamar, Montague,
Navarro, Parker, Red River, Rockwall, Tarrant, and Wise Counties.
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Figure 1.  Location of the study area in north-central Texas.
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HYDROGEOLOGY

Groundwater flow and the groundwater resource is controlled, in part,
by the geology in the region, water levels, and precipitation as it relates
to recharge, and water quality.

Geology

The primary aquifers in the area include the Trinity and Woodbine
aquifers with minor amounts of water also produced from the Blossom
and Nacatoch Sands.  These aquifers are briefly discussed below.  The
geology and hydrogeology of the study area are discussed in more detail
by Muller and Price (1979), Nordstrom (1982), and Baker and others
(1990).

The Trinity aquifer is composed of Cretaceous age formations of the
Trinity Group and extends through the central part of Texas from the
Red River to the north and through the Hill Country to the south
(Ashworth and Hopkins, 1995).  The Trinity aquifer is the only major
aquifer within the study area (Figure 2) and includes the Antlers, Twin
Mountains, and Paluxy Formations.  The Antlers Formation consists of
the Twin Mountains and Paluxy Formations where the Glen Rose
Formation confining layer pinches out.  Because the Antlers and Twin
Mountains Formations are closely related hydrologically, they are often
discussed together (e.g. Baker and others, 1990).

Outcrops of the Antlers Formation are located mainly in Montague,
Wise, and Cooke Counties.  The Antlers Formation is about 400 feet
in thickness near the outcrop and increases to about 900 feet in
southeast Grayson County.  The Twin Mountains Formation outcrops
in the western part of the study area in Hood, Parker, and Wise
Counties.  The thickness of the Twin Mountains Formation varies from
less than 200 feet near the outcrop to approximately 1,000 feet at the
downdip limit of fresh to slightly saline water.  The Paluxy Formation
outcrops in Hood, Parker, Tarrant, and Wise Counties.  The thickness
of the Paluxy Formation varies considerably, from about 400 feet in
the northern part of the study area to less than 100 feet in the southern
part (Nordstrom, 1982).
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Figure 2.  Location of the Trinity aquifer in the study area.
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Minor aquifers in the area consist of the Woodbine Formation, the
Blossom Sand and the Nacatoch Sand (Figure 3).  The Woodbine
Formation outcrops in Johnson, Tarrant, Denton, Cooke, and Grayson
Counties (Baker and others, 1990).  The Woodbine Formation trends
in a north-south direction extending from the Red River to the north
and to northern McLennan County to the south.  The thickness of the
Woodbine Formation ranges from about 230 feet near the southern
extent of the outcrop to approximately 700 feet near the downdip
limit of fresh to slightly saline water.

The Blossom Sand outcrops in central Fannin, Lamar, and Red River
Counties.  The Nacatoch Sand is exposed in Delta, Hunt, Kaufman,
Lamar, Navarro, and Red River Counties (Baker and others, 1990).
Because wells from these aquifers typically produce small yields of usable
water (Baker and others, 1990), they will not be discussed in this
report. The Blossom and Nacatoch Sands are discussed in more detail
by Muller and Price (1979), Nordstrom (1982), Ashworth (1988),
and McLaurin (1988).

Water-Level Fluctuations

Water-level changes from 1989 to the present are shown in contour
maps, hydrographs, and tables constructed using groundwater-level
elevation data from the TWDB groundwater database for the Antlers
and Twin Mountains Formations, the Paluxy Formation, and the
Woodbine Formation (TWDB, 1998a; control data in Appendix A).
Most of the wells used to investigate water levels in TWDB Report
318 (Baker and others, 1990) are also used in this report.  Wells
19-23-701, 32-37-702, and 33-19-301 were not used due to unreliable
water-level measurements owing to well problems and were replaced
with nearby wells 19-15-701, 19-60-601, and 33-50-502, respectively.

Groundwater flow in the Antlers and Twin Mountains Formations of
the Trinity aquifer is generally to the east-southeast (Figure 4).  A cone
of depression caused by heavy pumpage is centered in northern-eastern
Tarrant County and extends into Dallas and Denton Counties (Figure
4).  Another potential cone of depression may exist in northwest Ellis
County.  The largest change in water level between 1989 and 1997 is
centered around the city of Euless within the Dallas-Ft. Worth
metroplex (Figure 5). Water-level declines in this area range from 50
to 200 feet and extend from northeastern Tarrant County to western
Dallas County.  Water levels have risen approximately 150 feet in
southern Denton County and 200 feet in southeastern Tarrant County
and southwestern Dallas County.  Water levels have recovered in
northern Johnson County but continue to decline in the southern
part of the county.
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Figure 3.  Location of minor aquifers in the study area.
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Figure 5.  Approximate water-level differences in the Antlers and Twin Mountains Formations, Trinity aquifer, between 1989 and 1997.
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Water levels in individual wells in the Antlers and Twin Mountains
Formations show a variety of historical water-level changes (Figure 6).
Some wells show little change over the past 30 years (19-20-801,
19-51-901, 19-15-701) while others show overall declines ranging
from 200 to 500 ft (32-46-907, 19-24-702, 32-16-101).  A well in
Dallas County (33-19-101) shows a water-level decline of 143 feet
from 1970 to 1985 and has recovered 99 feet since 1985.  Since 1989,
water levels in selected wells have declined as much as 235 feet and
rebounded as much as about 75 feet (Table 1).  Rates of water-level
changes between 1989-1997 range from +8.33 to –29.36 feet per
year (Table 1).

Groundwater flow in the Paluxy Formation is generally to the east-
southeast (Figure 7). Water levels have declined in the northern portion
of the aquifer and risen for most of the southern portion since 1989
(Figure 8).  The greatest water-level differences between 1989 to 1997
occur north of Parker and Tarrant Counties.  Water-level elevations in
Denton County have decreased 15 to 35 feet, while most of Tarrant
County shows an increase of 5 to 25 feet (Figure 8).

Average Total
Measurement Yearly Water- Level

Well ID   County Formation Period Difference(ft) Difference (ft)

19-20-801 Montague Antlers 1970-1989 +2.20        +41.87
1989-1997       -0.26 -2.09

19-51-901 Wise Twin Mtns 1970-1989      -0.02         -0.41
1989-1997     +0.52 +4.14

32-46-907 Johnson Trinity 1972-1989 -22.41   -381.00
1989-1997    -12.50        -100.00

19-15-701 Cooke Antlers 1970-1989 -1.40        -26.65
1989-1997       -1.52          -12.17

19-24-702 Cooke Antlers 1960-1989 -7.00  -181.90
1989-1997       -4.12          -32.99

33-19-101 Dallas Twin Mtns 1970-1989  -6.26 -118.81
1989-1998      +8.33         +74.98

32-16-101 Tarrant Twin Mtns 1970-1989 -10.68  -203.00

1989-1997      -29.36        -234.85
Table 1. Water-level differences within the Antlers and Twin Mountains Formations, Trinity aquifer (based on data from

TWDB, 1998a).

Water levels in individual wells in the Paluxy Formation show a variety
of historical water-level changes (Figure 9).  Two wells show little change
over the past 30 years (19-60-601, 32-02-101) while one shows an
overall decline of about 220 ft (18-49-101). A well in Tarrant County
(32-16-201) shows large historical variations including a 220 foot rise
between 1972 and 1976 and 25 to 100 ft variations since 1980.  Since
1989, water levels in selected wells have declined as much as 55 feet
and rebounded less than 3 feet (Table 2).  Rates of water-level changes
between 1989-1997 range from +0.36 to –13.75 feet per year
(Table 2).
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Figure 6.  Hydrographs of selected wells in the Antlers and Twin Mountains Formations, Trinity aquifer.
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Figure 7.  Approximate water-level elevations in the Paluxy Formation, Trinity aquifer, 1997.



U
pdated Evaluation of W

ater R
esources in

Parts of N
orth-C

entral Texas, 1990-1999
N

ovem
ber 1999

��

#

#
#

#
#

#

#
# #

##

#
#

#
#

#

##
#

#

JACK

WISE

ELLIS

HUNT

LAMAR

COOKE

COLLIN

FANNIN

DALLAS

DENTON

PARKER

NAVARRO

GRAYSON

RED RIVER

TARRANT

KAUFMAN

PALO PINTO

MONTAGUE

JOHNSON
HOOD

DELTA

ROCKWALL

-35

-25

-15

15

25

5
-5

-15

-2
5 -15

N

0 25 50 Miles

contour interval - 10 feet

Trinity aquifer
outcrop 
downdip

county
contours (feet above msl)

# wells

Figure 8.  Approximate water-level differences in the Paluxy Formation, Trinity aquifer, between 1989 and 1997.



U
pdated Evaluation of W

ater R
esources in

Parts of N
orth-C

entral Texas, 1990-1999
N

ovem
ber 1999

��

Figure 9.  Hydrographs of selected wells in the Paluxy Formation, Trinity aquifer.
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Average Total
Measurement Yearly Water- Level

Well ID   County Formation Period Difference(ft) Difference (ft)

19-60-601 Wise Paluxy 1970-1989     -2.63  -50.03
1989-1996     +0.36        +2.52

32-02-101 Parker Paluxy 1971-1989    +0.11 +2.03
1989-1997     -2.47     -19.75

18-49-101 Denton Paluxy 1970-1989  -9.99 -189.99
1989-1996      -4.31          -30.16

32-16-201 Tarrant Paluxy 1971-1989    +8.33  +150.00

1989-1993  -13.75 -55.00

Table 2.  Water-level differences within the Paluxy Formation, Trinity aquifer (based on data from TWDB, 1998a).

Groundwater flow in the Woodbine aquifer is generally to the east-
southeast (Figure 10).  Water-level elevations have not changed
significantly since 1989 (Figure 11).  The greatest water-level differences
occur in northern Collin County, the central to northeastern portion
of Denton County, eastern Cooke County, and northern Grayson
County (Figure 11).  Water levels have declined an average of 10 feet
over most of this area, with declines of 60 feet observed in the northern
part of Grayson County.  Water levels in Johnson County have remained
steady from 1989 to 1997.

Water levels in individual wells in the Woodbine aquifer show a variety
of historical water-level changes (Figure 12).  Some wells show little
change over the past 30 years  (18-25-301, 32-39-505, 17-12-101)
while others show overall declines (18-50-202, 18-38-302,
33-50-502).  A well in Fannin County (18-38-302) shows a decline
of about 179 feet from 1971 to 1989 with generally stable water levels
since 1989.  Since 1989, water levels in selected wells have declined as
much as 42 feet and rebounded less than 3 feet (Table 3).  Rates of
water-level changes between 1989-1997 range from +0.34 to –5.94
feet per year (Table 3).

Average Total
Measurement Yearly Water- Level

Well ID   County Formation Period Difference(ft) Difference (ft)

18-25-301 Grayson Woodbine 1971-1989 -0.67 -12.07
1989-1997            -0.17 -1.38

18-50-202 Collin Woodbine 1969-1989  -1.25 -25.05
1989-1997       -1.16  -9.27

32-39-505 Johnson Woodbine 1966-1989 -0.90 -20.69
1989-1997      +0.10 +0.82

17-12-101 Lamar Woodbine 1959-1989     +0.14 +4.12
1989-1997      +0.34 +2.70

18-38-302 Fannin Woodbine 1971-1989 -9.94     -179.00
1989-1997       -0.48 -3.80

33-50-502 Ellis Woodbine 1971-1989 +0.14 +2.45
1989-1996       -5.94 -41.60

 Table 3.  Water-level differences within the Woodbine aquifer (based on data from TWDB, 1998a).
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Figure 10.  Approximate water-level elevations in the Woodbine aquifer, 1997.
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Figure 12.  Hydrographs of selected wells in the Woodbine aquifer.
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Precipitation

The primary source of recharge to the Trinity and Woodbine aquifers
is infiltration from precipitation falling on the outcrop (Nordstrom,
1982).  The amount of recharge to the Trinity and Woodbine aquifers
is estimated to be less than one inch per year (Nordstrom, 1982).
This amounts to about 3 percent of average annual precipitation in
the area.

Annual precipitation varies from 28-32 inches in the western part of
the study area to 44-48 inches in the eastern part (Nordstrom, 1982).
From 1960 through 1996, average annual precipitation at the
Weatherford gage, located on the Trinity outcrop, has been 33 inches
with a minimum of 19 inches in 1963 and a maximum of 49 inches in
1991 (Figure 13).  Precipitation has been above average from 1989
through 1996.

From 1965 through 1996, average annual precipitation at the Denton
SE gage, located on the Woodbine outcrop, has been 38 inches with a
minimum of 27.5 inches in 1972 and a maximum of 57 inches in
1981 (Figure 14).  Precipitation has been above average from 1992
through 1995.

Water Quality

The TWDB collected water samples following standard procedures
(Nordstrom and Beynon, 1991) from the Trinity and Woodbine aquifers
between 1990 to 1998 throughout the study area.  Samples were
analyzed for major anions and cations and selected trace elements
including nitrate, nitrogen (as NO

3
), sulfate, chloride, sodium, calcium,

magnesium, silica, total potassium, strontium, carbonate, bicarbonate,
and fluoride.

Measured concentrations were compared to the primary constituent
levels.  Primary constituent levels are the maximum contaminant levels
for a pollutant that is allowed in drinking water which will cause no
adverse effects on human health.  Secondary constituent levels are usually
based on reasons such as color, taste, odor, staining, and scaling and
are recommended limits (30 TAC §290, 1999).

Maximum contaminant levels (MCLs) for applicable constituents (30
TAC §290, 1999) include:

· a secondary constituent level of 1,000 mg/l for TDS,
· a primary constituent level of 10 mg/l for nitrate as nitrogen,
· a primary constituent level of 44.3 mg/l for nitrate as nitrate,
· a secondary constituent level of 300 mg/l for sulfate,
· a secondary constituent level of 300 mg/l for chloride,
· a primary constituent level of 4.0 mg/l for fluoride, and
· a secondary constituent level of 2.0 mg/l for fluoride.



Figure 13.  Precipitation at the Weatherford gage, 1960-1996
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Figure 14.  Precipitation at the Denton 2SE gage, 1965-1995.
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Trinity Aquifer

TDS concentrations for groundwater samples from the Antlers and
Twin Mountains Formations of the Trinity aquifer tend to increase
downdip, towards the eastern part of the study area (Figure 15).  Twenty
wells exhibited TDS concentrations in excess of the secondary
constituent level.  Only 2 wells showed TDS concentrations above
2,000 mg/l.  Chloride concentrations averaged 98 mg/l (Table 4),
with 12 samples exceeding secondary constituent levels.  Sodium
concentrations had an average of 245 mg/l (Table 4).  Nitrate
concentrations averaged 1.00 mg/l (Table 4) with 5 samples exceeding
primary constituent levels.

No. of Average Minimum Maximum
Parameter Samples (mg/l) (mg/l) (mg/l)

TDS 131 717.67 221.00  2,038.00

Chloride 131 98.21 3.00 647.00

Sodium 131 245.26 8.80 657.00

Nitrate as N 129 1.00 <0.04 18.50

Sulfate 131 103.10 12.00 725.00

Fluoride 131 0.90 0.04 3.06

Table 4.  Groundwater quality in the Antlers and Twin Mountains Formations,
Trinity aquifer (based on data from TWDB 1998a).

Sulfate levels had an average of 103 mg/l (Table 4) with 4 samples
exceeding 300 mg/l.  The average fluoride concentration was 0.90
mg/l (Table 4) with the highest concentration reading 3.06 mg/l.

The highest TDS, chloride, and sodium levels were recorded in samples
from well 32-06-104, located in north-central Tarrant County.  The
TDS concentration was 3,302 mg/l, chloride was 1,822 mg/l, and
sodium was 1,210 mg/l. This area exhibits higher than normal TDS
values possibly due to contamination from oil and gas production, as
well as various other industries (Baker and others, 1990).  Therefore,
this well was not included in computing the average concentrations
above.

Well 33-26-301, located in south-central Dallas County, is owned by
the City of Lancaster and is currently used for backup purposes only.
The TDS concentration was 2,038 mg/l, with chloride, sodium, and
sulfate concentrations of 326 mg/l, 657 mg/l, and 725 mg/l,
respectively, and probably reflects natural conditions.
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Figure 15.  TDS concentrations in the Antlers and Twin Mountains Formations, Trinity aquifer, 1990-1998.
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The majority of samples exhibiting elevated TDS, chloride, sodium,
and sulfate concentrations were collected from the Twin Mountains
Formation.  The areas showing high TDS concentrations include north-
central Tarrant County and parts of Denton, Collin, Dallas, and Ellis
Counties.  Current TDS ranges are not significantly higher than
historical values reported by Baker and others (1990).

In general, groundwater quality in the Paluxy Formation of the Trinity
aquifer has remained acceptable throughout the study area.  TDS
concentrations for water samples collected from the Paluxy Formation
averaged 607 mg/l (Table 5) with only 4 out of 51 wells sampled
showing TDS concentrations above the secondary constituent level
(Figure 16).  The highest TDS concentration was 1,339 mg/l and was
recorded at an irrigation well (18-58-503) located in Collin County.
Chloride, sodium, sulfate and nitrate concentrations for this well were
31 mg/l, 431 mg/l, 590 mg/l and <0.04 mg/l, respectively.

No. of Average Minimum Maximum
Parameter Samples (mg/l) (mg/l) (mg/l)

TDS 51 606.70 203.00 1,339.00

Chloride 51  36.08 4.00 273.00

Sodium 51 187.76 7.10 444.00

Nitrate as N 51 1.00 <0.04 25.85

Sulfate 51 101.25 0.89 590.00

Fluoride  51 1.06 0.17 4.10
Table 5.  Groundwater quality in the Paluxy Formation, Trinity aquifer (based on data from

TWDB, 1998a).

Chloride and nitrate as nitrogen levels averaged 36 mg/l and 1 mg/l,
respectively, and were all within primary constituent levels with the
exception of one nitrate sample (Table 5).  The highest nitrate
concentration originated from well 32-10-603, located north of
Weatherford in Parker County.  This well is designated as a public
supply well and had a nitrate level of 25.85 mg/l.

Sulfate and fluoride levels averaged 101 mg/l and 1.0 mg/l, respectively
(Table 5).  One sulfate sample (from well 18-58-503, described above)
and one fluoride sample (from well 32-39-805, located in Johnson
County) exceeded secondary constituent levels.

Woodbine Aquifer

Generally, TDS concentrations increase downdip towards the eastern
part of the study area (Figure 17).  Average TDS was 877 mg/l (Table
6) with the highest concentration (2,278 mg/l) from a public supply
well (32-47-805) for the city of Grandview in southeastern Johnson
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Figure 16.  TDS concentrations in the Paluxy Formation, Trinity aquifer, 1990-1998.
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Figure 17.  TDS concentrations in the Woodbine aquifer, 1990-1998.



Updated Evaluation of Water Resources in
Parts of North-Central Texas, 1990-1999
November 1999

��

County.  Chloride had an average concentration of 86 mg/l (Table 6)
with 5 wells exceeding secondary constituent levels.  Well
18-55-401, a public supply well owned by Caddo Basin Special Utility
District located in Greenville (Hunt County), had the highest chloride
concentration of 507 mg/l.

Concentrations of nitrate (as nitrogen) averaged 0.67 mg/l with only
one well exceeding primary constituent levels throughout the Woodbine
aquifer.  The highest nitrate concentration (10.41 mg/l) was recorded
at a private well (18-13-803) in Grayson County.

Historically, the Woodbine aquifer has exhibited high sulfate levels
associated with extensive lignite beds, especially in the southern outcrop
areas of Tarrant and Johnson counties (Baker and others, 1990).  Recent
groundwater sampling results indicate that sulfate levels have remained
elevated with 28 percent of the sampled wells exceeding secondary
constituent levels.  Elevated sulfate concentrations (>300 mg/l) were
observed in 21 wells, with 4 wells containing concentrations above
500 mg/l.  The wells are generally located downdip of the outcrop,
towards the east.

No. of Average Minimum Maximum
Parameter Samples (mg/l) (mg/l) (mg/l)

TDS 76 877.39  83.00  2,278.00

Chloride 76 85.88 4.07 507.00

Sodium 76  311.76 9.53 825.00

Nitrate as N 76 0.67  <0.04   10.41

Sulfate 76  209.18 5.42   1,263.00

Fluoride 76         1.30     0.24  6.27

Table 6.  Groundwater quality of the Woodbine aquifer (based on data from TWDB, 1998a).
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WATER DEMANDS

Water demands are the projected needs for water in an area. Projected
water demands are based on population projections, extrapolation of
historical water use, and assumptions on water use.

Population

Population estimates by the TWDB are divided into 2 categories: major
city and county-other.  Cities that are county seats or have a population
of at least 1,000 people are classified as major cities.  All other cities
and the rural county population are classified as county-other.
Population estimates for both major city and county-other were divided
using Geographic Information System (GIS) techniques on the basis
of 1990 census data from the Bureau of Census statistics.  Data for
1985 and 1995 (Table 7) are estimates based on county demographic
data and Bureau of Census statistics for 1980 and 1990.  Projected
populations to 2030 (Table 7) are based on projections used in Water
for Texas, A Consensus-based Update to the State Water Plan (TWDB,
1997).

North-central Texas is the most populated region in the State, containing
24 percent of the state’s population with 4.12 million people in 1990
(TWDB, 1997).  From 1985 to 1995, the population in the study
area increased by 22 percent (Table 7), and is expected to increase 63
percent from 1995 to 2030 (Table 7).  The 1985, 1990, and 1995
populations for cities, rural areas, and counties included in the study
area, along with future projections through the year 2030, are shown
in Table 7 (TWDB, 1998b).

Historical Water Use

An estimated total of 86,982 acre-feet of groundwater was pumped
from the study area for municipal, manufacturing, steam-electric,
mining, irrigation and livestock purposes in 1995 (Table 8).  This
reflects a 19 percent reduction in overall groundwater pumpage from
the previous 10 years.
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Table 7.  Historical and projected populations for the study area (TWDB, 1998b).
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Table 7.  Historical and projected populations for the study area (TWDB, 1998b) (continued).
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Table 7.  Historical and projected populations for the study area (TWDB, 1998b) (continued).
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Table 8.  Estimated groundwater pumpage, 1985-1995 (TWDB, 1998a).
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Total groundwater and surface water use in 1985, 1990, and 1995 for
the counties and cities in the study area is summarized in Table 9.  The
total water use was derived by determining the amount of water used
for each category for the portion of each county that fell within the
study area.  These amounts were then proportioned into surface and
groundwater use based on county-wide percentages (TWDB, 1998a).

Estimated total water use in the study area for 1995 was 1,072,879
acre-feet.  Municipal water use was the largest water use category, and
amounted to 903,896 acre-feet in 1995 (Table 9).  Manufacturing
and power (steam-electric) uses were second and third and amounted
to 79,130 and 30,702 acre-feet, respectively.  Estimated groundwater
use for this period was 92,704 acre-feet, which amounts to
approximately 9 percent of the total water use.  From 1985 to 1995, it
is estimated that groundwater use has declined by 14,661 acre-feet
(14 percent).  Estimated surface water use has increased by 133,668
acre-feet (16 percent) for the same period (TWDB,1998a).

Projected Water Demands

Total projected water demands for the year 2000 are 1,277,761 acre-
feet (Table 10).  About 6 percent of these demands (70,515 acre-feet)
are expected to be met through groundwater supplies.  Estimated total
water demands for the year 2030 are expected to be 1,623,218 acre-
feet.  Less than 4 percent of these demands are expected to be supplied
by groundwater.  Between the years 2000 and 2030, projected
groundwater use is expected to decline by approximately 11 percent
from 70,515 to 62,763 acre-feet per year (TWDB, 1998c).
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Table 9.  Historical water use for the study area (TWDB, 1998a).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).



Updated Evaluation of Water Resources in
Parts of North-Central Texas, 1990-1999

November 1999

��

���� ���� ����

2��%�.� ��
�! 2��%�.� ��
�! 2��%�.� ��
�!
����������	
��	�����

������	
����4���*�� ��5

<�*���-�*���8�� ���� ��	�
 �
�
� ����� ������ �	
�

����	
���

/��%�� ���	� 
 ���� 
 ���� 

'���#������� 
 ��	 
 �	
 
 ��	
�������� 
 ��� 
 ��� 
 ���
�� �*#�.*%��� �
� ��
 �
� ����� ��� �����

�
����(��.�1���0�����3�� ����� ����� ����� ����� ����� �����

4�#���0�����3��

!�� =��* ���0 � 
 �� � �� ��
6���0�*��� ����� �
� ��
 �	� ����� �����
,*���@;���*��� 	�

	 �	 	��� �
� ��	�	 ��	
!����0 
 
 
 
 
 

�����*��) ���� ��� ����	 ��� ����� ��

�
����0�����3�� ������ ����� ������ ����� ����� �����

�����
�	
���

������������ 
 
 
 ��
 
 ��
������� ����
 	� ���� ��	 ����	 �
'���� 
 ��
 
 ��� 
 ���
(�**�1��� 
 
 �� �� � ��	
,%����� 
 ���� 
 ��
�
 ��	�� �����
9������*#�� 
 ��� 
 ��� 
 ��

-%�*��1���� 
  
 �� 
 �	
-%�*����0%* 
 �	� 
 ��� 
 �	
�� �*#�.*%��� �� ��		
 �� ��
�� �
 ��



�
����(��.�1���0�����3�� ����� ����� ����� ����� ����� �����

4�#���0�����3��

!�� =��* ���0 ��
�� ��	�� �� �
	� ��
�� ����
6���0�*��� ����	 ���
 � ���� 			 ���	

,*���@;���*��� 
 
 
 
 
 

!����0 ��� �� ��� 
 ��� ��
�����*��) ��

� ��
 ��� �
� ����� ��


�
����0�����3�� ����� ������ ����� ������ ������ ������

Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a)  (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).



Updated Evaluation of Water Resources in
Parts of North-Central Texas, 1990-1999
November 1999

��

���� ���� ����

2��%�.� ��
�! 2��%�.� ��
�! 2��%�.� ��
�!
����������	
��	�����

-
.�/����	
�����4���*�� ��5

4�#���0�����3��

!�� =��* ���0 
 
  
 �
 

6���0�*��� 
 
 
 
 
 

,*���@;���*��� 
 
 
 
 
 

!����0 
 
 
 
 
 

�����*��) �� � 	 	 �� �

�
����0�����3�� ����� �� ����� �� ����� ���

�������	
���

�����0*�� ����� 
 ���
�	 
 ����� 

�?��� ��
 
 ��� 
 ���� 

/��=��� ����� ����� 	�
�� ��	�
 	���� �����
/��1���) ����� ��	�� ��� ���� ��	�	 �����
/� ��!� �� 
 ��� 
 ��� 
 ��
/����� 
 �� 
 �� 
 ���
/ ������� �	� 
 ��� 
 �� 

�����#����� ��
�� ��	 ���
 ��
 ����	 ���
������# 	�� � 	�� ��� ��� ���
������*%��0*���������� ��� �	� ��� �� ��	 ��
;�0����== ��� 
 ��
 
 �� 

; ���� ��
�� ����� ���
� ����
 ���
� �����
;������ � 	� ��
 ��	 �� ��
�����*�'��� ���� ��
 ���	 
 ����� 

���*�-��*% ��

� � �
��� �
 �

�
� �


������(������� 	�� �� ����� ���� ���� �
�
���$������ ��	�� ��� ��	� 
 ����� 

'��*�����*# ����
 ��� ��� 
 ����� 

' ��* �
	 ����� �
 ��� ���
 �
"����� ��� �� ���		 ��� ���	� ��
"�������� 
 	 
 	
� 
 ��
��)��-��*%�9����0� ��� ��
 ��� �� ��� ��
!���=����� ��	� � ���	� 
 ��	�� 

&����) 
 
 �� 
 �� 

&��*%�+��%�����'���� ���	 �� 	���� 
 	���� 	�
(��*�0� 
 ��� 
 �� 
 �
(�������/�# 
 
 
 �� 
 ���
+��%�����'���� �� ��� 		 	� �� ���
+�����.�)� ����� 
 ��
�� 
 ��	 

,�0���� 	�� �� �	
 ��� ���
� 	
,������(��)�9����0� �
 �
� 
 ��� 
 ��

Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 9.  Historical water use for the study area (TWDB, 1998a) (continued).
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Table 10.  Projected water demands by source type for the study area (TWDB, 1998c).
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WATER AVAILABILITY

Water availability refers to the amount of water available for use in an
area during drought of record conditions.  Groundwater availability is
determined by the amount of recharge and an acceptable amount of
water removed from aquifer storage. Surface-water availability is defined
by the firm yield of the reservoirs.

Groundwater Availability

The estimated annual groundwater availability of an aquifer is the
estimated sustainable annual yield, or effective recharge, plus the
acceptable amount of water that can be recovered from storage over a
specified period of time.  This estimate is made assuming withdrawals
occur without causing irreversible effects such as land-surface subsidence
or water-quality deterioration (Muller and Price, 1987).  The estimated
annual groundwater availability of the Trinity aquifer in the study area
has been estimated to be about 63,000 acre-feet, which consists of
51,000 acre-feet of annual effective recharge and 12,000 acre-feet of
groundwater recoverable from storage (Nordstrom, 1982).  The annual
effective recharge for the Trinity aquifer was determined using the trough
method described by Klemt and others (1975).

Approximately 69,875 acre-feet of groundwater was pumped in 1995
(Table 8), which amounts to approximately 140 percent of the estimated
effective recharge.  The estimated annual groundwater recharge and
availability of the Trinity aquifer in the study area for the year 2030
has been estimated to be about 49,981 acre-feet (TDWR,1990).
Estimated groundwater demands from the Trinity aquifer for 2000 are
expected to be 50,337 acre-feet, subsequently declining to 42,491
acre-feet by 2030 (Table 10) (TWDB, 1998c).  Based on these figures,
projected demands will be less than estimated annual effective recharge.
However, recharge is mainly limited to outcrop areas, so local overdraft
of the aquifer in confined areas will continue to result in water-level
declines.

The total estimated groundwater availability for the Woodbine aquifer
is approximately 24,500 acre-feet (Nordstrom, 1982).  The annual
effective recharge to the Woodbine aquifer is approximately 24,000
acre-feet per year and an additional 500 acre-feet of recoverable usable
water in storage (Baker and others, 1990).  Approximately 17,107
acre-feet of groundwater was pumped from the Woodbine aquifer in
1995 (Table 8) (TWDB, 1998a).  The total estimated annual
groundwater recharge and availability in the Woodbine aquifer for the
year 2030 is approximately 24,500 acre-feet (TDWR, 1990).  Water
demand projections estimate groundwater use to rise to 20,178 acre-
feet by the year 2000 and to be 20,272 acre-feet per year in 2030,
only slightly above the year 2000 projections (Table 10) (TWDB,
1998c).  Based on these projections, groundwater demands from the
Woodbine aquifer will remain less than the estimated annual effective
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recharge.  As previously mentioned, recharge is limited mainly to
outcrop areas.  Overdraft of the aquifer can result in water-level declines
in confined areas of the aquifer.

Even though regional annual effective recharge estimates exceed
projected demands as a whole, Cooke, Denton, Grayson, Johnson,
Parker, Tarrant, and Wise counties have experienced continuing local
water-level declines in the Antlers, Twin Mountains, Paluxy, and
Woodbine Formations.  Based on the available estimates of effective
recharge and estimated groundwater availability (Table 11) and
historical groundwater pumpage and estimated supply (Table 12),
groundwater use significantly exceeds available supply in Cooke,
Denton, Grayson, Johnson, Parker, and Tarrant Counties. Continued
production at similar rates could result in additional water level declines
and depletion from storage.  Continued conversion to surface water
use will be necessary to compensate for the lack of groundwater
availability in these areas.  The 1997 State Water Plan (TWDB, 1997)
for the above counties shows a gradual switch to surface water through
2030 to make up for a lack of groundwater availability (Table 13).

Surface Water Availability

There are 34 major surface water reservoirs with storage capacities greater
than 5,000 acre-feet within the study area that contribute all or part
of their respective yields to meet water needs (Figure 18).  These
reservoirs have a combined capacity of approximately 10,221,501 acre-
feet of water and have a combined firm yield of approximately
1,979,470 acre-feet of water per year (Table 14) (TWDB, 1997).

Based on current surface-water supplies, adequate amounts of water
exist to supply the needs of the study area through the year 2030.



Updated Evaluation of Water Resources in
Parts of North-Central Texas, 1990-1999

November 1999

��

Table 11. Estimated groundwater availability for Cooke, Denton, Grayson, Johnson, Parker, Tarrant and Wise Counties
(TDWR, 1990).
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Table 12. Historical groundwater pumpage and supply for Cooke, Denton, Grayson, Johnson, Parker, Tarrant and Wise
Counties, as per the 1997 Consensus State Water Plan.
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Table 13. Future water allocations based on the 1997 Consensus State Water Plan.

���� ���� ���� ����
����������	
��	�����

	

���	
��� ��� ����*�� ��� ���� ����
 ����

, �=����-�*�� ���
 ��	� ����� ����

�
��� ����� ����� ����� �����

���
�	
��� ��� ����*�� ����� ��
�� ����� 	����
, �=����-�*�� ������ ����	� ��
�	�� ��	���	

�
��� ������ ������ ������� �������

�����
�	
��� ��� ����*�� ���
� ����� ����� ��
	�
, �=����-�*�� �	���� �����
 ����	� ���	�

�
��� ������ ������ ������ ������

"
#�
�	
��� ��� ����*�� ��
�� ��

 ��
�� �����
, �=����-�*�� ������ �
�
�	 ����	� ����	

�
��� ������ ������ ������ ������

,������	
��� ��� ����*�� ���
 ���� 	���� ����
, �=����-�*�� ����� ���		 �
��
	 �����

�
��� ������ ������ ������ ������

�������	
��� ��� ����*�� �	�� �		� �	�
 �	�
, �=����-�*�� ��
�	�� ��
�
�� ������	 ��	��	�

�
��� ������� ������� ������� �������

0����	
��� ��� ����*�� ���	� ���	� ���	� ���	�
, �=����-�*�� ������ ���� ����
� �����

�
��� ������ ������ ������ ������



U
pdated Evaluation of W

ater R
esources in

Parts of N
orth-C

entral Texas, 1990-1999
N

ovem
ber 1999

��

0 25 50 Miles

N

Brazos River
Basin

LAKE TEXOMA

LAKE 
TAWAKONI

LAKE 
WHITNEY

LAVON 
LAKE

COOPER 
LAKE

LEWISVILLE 
LAKE

LAKE
 RAY 

ROBERTS

LAKE 
BRIDGEPORT

LAKE 
RAY 

HUBBARD

RICHLAND-CHAMBERS 
RESERVOIR

POSSUM
 KINGDOM 

LAKE

CEDAR CREEK 
RESERVOIR (HENDERSON)

LAKE
 GRANBURY

JOE 
POOL 
LAKE

GRAPEVINE 
LAKE

PAT MAYSE 
LAKE

EAGLE 
MOUNTAIN

 LAKE

LAKE 
WORTH

BENBROOK
 LAKE

NAVARRO MILLS 
LAKE

NEW BONHAM 
RESERVOIR

BARDWELL 
LAKE

PALUXY 
RESERVOIR

SQUAW CREEK 
RESERVOIR

LAKE 
PALO 
PINTO

LAKE 
ARLINGTON

LAKE 
NOCONA

MOUNTAIN
 CREEK 

LAKE

LAKE 
CROOK

VALLEY 
LAKE

LAKE PAT 
CLEBURNE

LAKE
 BONHAM

NORTH 
LAKE

LAKE
 KIOWA

WHITE
ROCK 
LAKE

LAKE AMON G 
CARTER

LAKE 
WEATHER-

FORD

HUBERT H 
MOSS LAKE

NEW
 TERRELL 

CITY 
LAKE

COFFEE 
MILL 
LAKE

LAKE 
HALBERT

LAKE 
WAXAHACHIE

LAKE 
MINERAL 

WELLS

RANDELL 
LAKE

LOST CREEK
 RESERVOIR

Trinity River
Basin Sabine River

     Basin

Sulfur River
Basin

Red River
Basin

county
surface reservoirs or lakes
River Basin Boundaries

Figure 18.  Surface reservoirs and river basins within and in the vicinity of the study area.
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Table 14.  Reservoir capacity and firm yield (TWDB, 1999).

-�+���<��� -����+
�� 	�1�.��� ���&�=���!

4����@=��*5 4����@=��*5

+���+���� &����� ���

 ��


' 1��*�'3�!��� �����
 	��


<�>��� ��	����

 �
�



(�*�!�#�� ����

 ���


/��%�� ���


 ����

+������ ��

 ���

����) ��		� ��



�
��� ��������� �������

, �$% ��+���� ���$�� ��
�


 �����


�
��� ������� �������

,�1����+���� <���)��� ������
 ����	


�
��� ������� �������

<����*#�+���� /���0�$��* ��	���
 ���



;�0���!� �*��� ��
��	
 �
�	


��������*�� ����� ��	


-��*% �����
 ���


-��*%��=��� ���	
 ��



/��1���) ���	 ���


���$����� ����
 �����

+�#�+�1��*� ����	

 ��
�



���������� 	�
���	 ��
��


�����0*�� �����
 ��


:���(��� �����

 �	��


����� �	�

 �
��



+�#�' 11��� ��
�


 	���


<������ ���
 ��	

����������) 	���

 �	��


-�>�%��%�� ���

 ���


/������� ���

 ���


'��1��* ����
 	


&�������!���� 	���

 ����


+��%������%��1��� ���
����	 ����




�
��� ��������� ���������

/��?���+���� (��� ��"��0��� ����� ����


(����(��*� ���	
 ����


!�������-���� 	��	
 ��


����1 �# ���	�� 		�


(�*����1 ��� ����
 ��	



�
��� ������� �������



Updated Evaluation of Water Resources in
Parts of North-Central Texas, 1990-1999
November 1999

��

Table 14.  Reservoir capacity and firm yield (TWDB, 1997) (continued).
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CONCLUSIONS

Water levels have remained relatively stable within the Antlers and
Twin Mountains Formations of the Trinity aquifer since 1989 with the
exception of Wise, Tarrant, and Johnson Counties.  The southwestern
part of Wise County has shown water-level declines of about 100 feet.
Additionally, water-level declines of 200 feet have occurred in
northeastern Tarrant County within the Dallas-Fort Worth metroplex.
Minor water-level declines of approximately 50 feet have occurred in
southern Johnson County.  Southern Denton and Tarrant Counties, as
well as northern Johnson County have experienced a rise in water levels
from 50 to 200 feet.

Water sampling of wells in the Antlers and Twin Mountains Formations
show TDS concentrations to be generally low in the outcrop area and
elevated downdip to the east.  Average TDS concentrations for the
Antlers and Twin Mountains Formations were 718 mg/l.  Average
sodium concentrations were 245 mg/l.

Water levels in the Paluxy Formation of the Trinity aquifer have not
changed significantly since 1989.  The greatest water-level declines
have occurred in southern Wise County and in Denton County where
declines of 5 to 35 feet have been recorded.  Water levels have risen 5
to 25 feet in most of Tarrant and Parker County.  TDS concentrations
averaged 607 mg/l in the Paluxy Formation.  Average sodium
concentrations were approximately 188 mg/l.

Water-level elevations for the Woodbine aquifer have been stable since
1989 with the exception of northern Collin County, the central to
northeastern portion of Denton County, and northern Grayson County.
Water levels have declined an average of 10 feet in parts of Denton and
Collin Counties.  Water-level declines of 60 feet have been observed in
northern Grayson County.

The highest reported TDS concentrations within the study area are in
the Woodbine aquifer, with most of the elevated concentrations
occurring downdip.  These high TDS concentrations are primarily
due to high sulfate concentrations associated with extensive lignite
beds.  The Woodbine aquifer had an average TDS concentration of
877 mg/l with sodium concentrations averaging 311 mg/l and sulfates
averaging 209 mg/l.

Groundwater use is projected to decline in the study area, which would
allow for conservation of groundwater reserves.  Continued conversion
to surface water from groundwater should allow future demands to be
met and is necessary to reduce water-level declines in Cooke, Denton,
Grayson, Johnson, Parker, Tarrant, and Wise Counties.  These projections
suggest that adequate supplies of usable surface and groundwater exist
to meet current and future needs of the study area through the year
2030.
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APPENDIX

Figure A-1. Water-level elevations for selected wells in the Antlers and Twin Mountains Formations, Trinity aquifer, 1997.

Figure A-2. Water-level differences for selected wells in the Antlers and Twin Mountains Formations, Trinity aquifer, between
1989-1997.

Figure A-3. Water-level elevations for selected wells in the Paluxy Formation, Trinity aquifer, winter 1997.

Figure A-4. Water-level differences for selected wells in the Paluxy Formation, Trinity aquifer, between 1989-1997.

Figure A-5. Water-level elevations for selected wells in the Woodbine aquifer, 1997.

Figure A-6. Water-level differences for selected wells in the Woodbine aquifer, between 1989-1997.
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Figure A-1.  Water-level elevations for selected wells in the Antlers and Twin Mounains Formations, Trinity aquifer, 1997.
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Figure A-2.  Water-level differences for selected wells in the Antlers and Twin Mountains Formations, Trinity aquifer, between 1989-1997.
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Figure A-4.  Water-level differences for selected wells in the Paluxy Formation, Trinity aquifer, between 1989-1997.
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Figure A-5.  Water-level elevations for selected wells in the Woodbine aquifer, 1997.
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Figure A-6.  Water-level differences for selected wells in the Woodbine aquifer, between 1989-1997.

#

#

# #
#

# #

#
#

#

#
#

#

#

#

#

#

#

#

#
#

#
#
#

#

#

#

#
#

JACK WISE

HUNT

LAMAR
COOKE

COLLIN

FANNIN

DALLAS

DENTON

PARKER

NAVARRO

GRAYSON

RED RIVER

TARRANT

KAUFMAN

PALO PINTO

MONTAGUE

JOHNSON

HOOD

DELTA

ROCKWALL

2

-8
-64

-1
-1

-20 -2
-2

6

11

4
-16

-4

-17

-9
0

5

-11

9
11

3

-2
1

1

-2

-24

5

0
-9

DALLAS

ELLIS

N

0 25 50 Miles

Woodbine aquifer
outcrop
downdip

county
# wells

water level differences in feet


