In-line pressure
temperature gauge

Air compressor

1 (250 & 750 dml

3" gate valve ' \
Down hole pressure gauge
190' Irom surface)

0 )---'
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Up hole pressure gauge
lat well head)

Figure 8-12.-Air Injection Test Layout (From Rauschuber, Wyatt, and Claborn, 1982)

Ground surface

Concrete slab,
30" x 30" x 4",

ra infalls to prevent area flooding and mosquito infestation . The drainage well, drilled
prior to 1950, drains a depression which
extends over a 7-acre area . Drilled to an
approximate depth of 150 feet, the well has a
6-inch diameter st ee l pipe running to t otal
depth . The steel pipe extends 12 inches above
the surface and is slotted. The well is surrounded by a 24-inch diameter steel mesh
cage to prevent well clogging (Figure 8-16).
Figure 8-17 shows a diagram of the Rock spr ings re charge well design.

Not to scale

r- Mud drilled borehole
to 69' depth

r-- 60/1" diameter steel
casing
-Cement
/Packer

Impermeable strata

: r--- Air drilled hole
,

from 45 to lID'
depth

No data are available on the injection
volume of the Rocksprings drain well . The
actual injection volume over a period of time
will depend upon rainfall run off, the efficiency
of the well design, and the permeability of the
injection formation .

: ----- 5" diam~ter slotted
sleel casmg

Total depth lID'

Figure 8-13.-Diagram of Air Injection Well
Design (Modified from Rauschuber, Wyatt,
and Claborn. 1982)

Water which drains by gravity through
the well into the underlying cavernous limestone was sampled in March 1982. A chemical analysis was run on the sample , w ith the results
as shown in Table 8- 4. This recharge water is essentially surface run off from rainfall. From
comparing the local aquifer water sample analysis (Table 8-3) with that of the impounded
recharge water, there presently appears to be a low potential for contamination of the underground water supply . The City of Rocksprings continues to be the sole operato r of the drain well.

Gulf Coast Region
The Department's investigations have found no evidence of artificial recharge injection wells
operating along the Gulf Coast . This geographic reg ion is included, however, because many

8·13

Figure 8-14.-Apparatus Used in Secondary Recovery of Ground Water

Figure 8-15.-Air Injection Hole With Pressure Recording Devices
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Figure 8-16.-Recharge Drain Well in Rocksprings, Edwards County
geologists and engineers believe that art ificial
recharge wells may have future applications
in this area of Texas.

I

112"
: above
, ground
r

24" diameter steel
mesh cage to 24"
above ground - - - t
I
I

Ground level

I

Geohydrology

Thick
ve getati on

Galveston and Harris Counties exhibit
geologic and hydrologic features typical of the
Gulf Coast . Barr ie r islands, lagoons, bays,
marshes, sluggish streams, and grassy plains
are aI/ found in this area . In counties along the
coast, fresh ground water is produced from
the Gulf Coast aquifer (Table 2 -2).l n this aquifer the base of fresh to slightl y saline water
occurs near land surface along the immediate
coastline and deepens to about 1,000 feet in
the subsurface in the western part of Galveston County. Progressing inland across Harris
County, the base of fresh to slightly saline
water deepens to more than 2.000 feet in the
subsurface. The Gulf Coast aquifer is the
major source of ground water for the agricultural, industrial, domestic, and municipal
needs of the area .

Siols in casing

6" diameter casing
to depth of 1O· --~

Open hole
to total
depth of
150·----l

Soil and loose
sediment

Ha rd carbonate rock

Not to scale

Figure 8-17.-0iagram of Recharge Well in
Rocksprings. Edwards County
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Assessment of Subsidence Control Wells
Land-surface subsidence has become very significant in parts of the Houston-Galveston
reg io n of Texas . Some low-lying areas of recent land subs idence along Galveston Bay are now
subject to catastrophic flooding from heavy rainfall and hurricane tides. Withdrawal of water from
the underlying aquifers for municipal use has resulted in a decrease in aquifer hydraulic pressure .
The pressure difference between water depleted sands and the higher pressured clays causes
water to move from the clays to the sands, resulting in compaction of the clays and consequent
lowering of land surface elevation. Because clays are normally inelastic, most of the compaction
is permanent. Less than 10 percent rebound from clay compaction and land subsidence can be
expected from a total recovery of artesian aquifer pressure.
Recharge injection wells have been used to control subsidence in Long Beach, California .
This project used water injection to repressure reservoirs where hydrocarbon withdrawals had
caused a significant amount of subsidence. During th e late 1960's, approximately 700,000 barrels
of wate r per day were injected into the Wilmington Oil Field in Long Beach. Further subsidence
was eliminated over a large portion of the field and a small amount of surface rebound has occurred in the areas of greatest injection.
Presently, Texas does not have injectio n wells to control subsidence in the Galveston area or
any other reg ion in the State. According to the Houston subdistrict of the U.S. Geological Survey,
the wells are presently not feasible, but may be of significance in the future. Galveston area
subsidence control would probably be sim ilar to the meth odology used in Long Beach, California .
A schematic diagram showing the relationship of subsidence cont rol wells to oil wells in the Long
Beach area is shown in Figure B-18.
/'",e--- - -- -- - -- - Subsidence area - - - - -- -- - - - - - I
'/
Waler supply well

Oil production well

Water injection well

Produced
oil

water

fresh

LattG sun aet

.

\0

d_water zone

slightlv saline gro:un~_ _ __

Shale

Saline ground-water zone

Figure 8-18. -Schematic Diagram of Subsidence Control (Water Injection) Wells and
Oil Wells in Wilmington Oil Field, Long Beach, California
(Modified from Allen and Mayuga, 1969)
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These wells generally requ ire more rigorous design standards in casing , cementing, and well
completion than those types of artificial recharge wells which simp ly operate by gravity drainage.
Subsidence control wells are nevertheless judged to have very low potential for ground-water
contamination provided that quality of injected recharge water is maintained as good or better
than that of the receiving aquifer . Also , this assessment of low contamination potential for
subsidence control wells assumes careful regulation of surface injection pressures to prevent
formation fracturing . It is anticipated that subsidence control wells in the Galveston and Houston
areas would be constructed and operated by the Harris-Galveston Coastal Subsidence District.

Assessment of Salt Water Intrusion Barrier Wells
Salt water intrusion barrier wells may be used to prevent migration of seawater inland in
major water production zones along the Gulf Coast . This may be accomp li shed through fresh
water injection into an aquifer. Such intrusions occur where permeable formations outcrop into a
body of sea water when there exists a landward ground-water flow gradient.
Barrier wells used for control of salt water intrusion do not current ly exist in Texas but may be
of use in the future along the extensive Texas coastline . Construction of the wells would likely
resemb le those of the Alamitos Barrier Project in Los Angeles, Cal ifornia . Figure 8-19 diagrams
the construction features of the two types of salt water intrusion barrier wells used in Los
Angeles . Figure 8-20 shows the basic barrier well project design which involves (a) recharging
the aquifer and developing a fresh water mound, with a line of injection wells located just inland
from the zone of salt water exposure and, (b) lowering the ground-water level seaward of the
injection well alignment, by a series of pumping wells. The Los Angeles injection wells are
approximate ly 300 feet deep and have 12- inch diameter stainless steel casing with a gravel pack.
The project includes 18 injection wells to form a freshwater pressure ridge and 4 extraction wells
to form a trough which breaks the landward gradient of intruding salt water. It should be noted
that the barrier well project requ ires: (a) a water supply of adequate quantity and acceptable
quality, and (b) a distribution system to carry water to in jection wells.
Salt water intrusion barrier wells are expressly designed to remedy specific aquifer contamination problems. They are therefore assessed to have very low potential for ground-water
contamination as long as quality of the injected ·recharge water is maintained, and surface
injection pressures are regu lated to prevent formation fracturing . It is anticipated that salt water
intrusion barrier wells in the Houston and Galveston areas would be constructed and operated by
the Harris-Galveston Coastal Subsidence District.

Legal and Jurisdictional Considerations
It is anticipated that artificial recharge wells will continue to be used inTexas; however, their
use will be li mited by technical and economic factors. These wells, for the most part, will be
controlled or regulated by local authorities (i.e ., water districts, special districts, city governments,
county health departments, etc .). Artificial recharge well regulation may include: (1) issuing
permits for the drilling of wells; (2) requiring reports on drilling, completion, and operation of
wells; and (3) acquiring land-use rights to implement aquifer recharge projects .
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Single injection well

Dual inj ection well
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Grout

2 Protective casing

10

7 Gravel pack
8

Perforated casing
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4
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Pneumatic packer

5

Sand packer

11

Measuring pipe

9

Packer pressure line
Aquifer

6 Tremie pip e

Figure S-19.-Diagrams of Salt Water Intrusion Barrier Wells in Los Angeles. California
(Modified from Los Angeles Flood Control District. 1976)
The Department will continue to review well inventory and completion data for these Class V
wells. coordinate with the appropriate local authorities. and conduct site investigations to determine if additiona l regulations or standards are necessary.
The injection of treated domestic sewage effluent in artificial recharge wells will be regulated
by permits under Chapter 26 of the Texas Water Code .
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Plan view

Concluding Statement

Injection wells

Production wells

o

o

,

Artificial ground-water recharge by wells
has been practiced to a lim ited extent in Texas
to augment declining ground-water supplies
and store surplus floodwaters. The major
probl em which has limited the success of art ific ial recharge by wells is sediment in the
recharg e water. The ideal reservoir for
recharge and storage of ground water is the
unsaturated zone of an unconfined aquifer.
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Also included in the category of artificial
recharge wells are injection wells used to control land subs idence and salt water intrusion.
Presently, there are no wells of either type
operating in Texas.

11---

Desired movement
of interface

[

t>

No evidence for ground-water contamination from artificial recharge injection wells
was found in the Department's investigation.
Figure 8-20 .-Design of Salt Water Intrusion
All
types of recharge wells considered are
Barrier Well Project
assessed to have very low potentia l for
ground-water contamination , provided that care is taken in construction and operation of these
wells to keep pollutants from entering the wells or any associated test holes.
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CHAPTER 9
AIR CONDITIONING RETURN-FLOW WELLS

Investigator:
Rhonda Rasco MacKinnon
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AIR CONDITIONING RETURN-FLOW WELLS
Introduction
Air conditioning return-flow wells are used for underground injection of water which has been
produced from a supply well and used for heating or cooling in a heat pump. Also referred to as
" heat-pump wells," these are a specialized type of aquifer recharge well.
For over 30 years, the technology has existed to use the temperature difference between ground
water and other fluid media, such as refrigerants and air, to heat or cool homes and office buildings.
The heating and cooling systems which have been developed are commonly known as ground-water
heat pumps.
A heat pump is a temperature-conditioning device which transfers heat or thermal energy from
one medium to another. An example of a heat pump familiar to everyone is an air-to-air heat pump or
"ai r conditioner" which heats or cools by using air both as a heat source and a heat-receiving medium
(heat sink).
A ground-water heat pump may use ground water as a heat source or heat sink. Ground-water
temperatures remain very constant relative to the great variability of air temperatures in homes and
buildings imposed by climatic conditions. A ground-water heat pump can be an effective air
temperature-conditioning device whenever a significant differential exists between ground-water
temperature and ambient air temperature in the space to be "conditioned. " Water is an ideal medium
for use in heat pumps because of all ordinary substances water has the greatest specific heat. Thus it
can both absorb and yield much more heat in calories per degree change in the temperature of the
med iu m than does an equa l weight of air.
The basic components of a heat pump are an evaporator, a condenser, a compressor, and an
expansion valve. Figure 9-1 diagrams a ground-water heat pump refrigeration loop. The heat pump
consists of a closed loop containing a refrigerant which alternates between liquid and gaseous
phases . For heating buildings, the refrigerant in the gaseous phase is compressed and condensed to a
liquid phase, yielding heat which may be used to warm the air which ci rculates through a building.
Next, the compressed liquid refrigerant is jetted through an expansion valve into an evaporator,
lowering the liquid pressure, and absorbing heat from the ground-water source, to cause the
evaporation of the liquid once again to a gaseous phase.
In order for a heat pump to work properly, the heat source (ground water) temperature must
exceed the refrigerant evaporation temperature . Therefore, the efficiency of heat pumps increases
with the differential between ground-water temperature and refrigerant evaporation temperature . In
yielding heat to the refrigeration loop, ground water is decreased in temperature by about 7 to 10° F in
the heat-pump systems investigated by the Department. When a heat-pump system is used for
cooling bu ildings, heat is absorbed into th e refrigeration loop from the air inside a building, and
transferred to ground water. The general effect of air conditioning return-flow wells is to locally
increase ground-water temperatures in the receiving aquifer when the system is used for cooling
buildings, and to decrease ground-water temperatures when the system is used for heating
buildings.
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Geohydrology
More than 50 percent of the total surface area of Texas is underlain by major or minor
aquifers (Figures 2-3 and 2-4). In addition to the delineated major and minor aquifers, there are
other smaller aquifers which yield small to moderate quantities of water locally. The development
of ground water from all of the State 's aquifers has progressed rapidly during the past half
century. Future development of this va luable natural resource may involve large quantities of
ground water for coo ling in summer and heating in winter. Tables 2-2 and 2-3 provide brief
descriptions of the major and minor aquifers of the State, listing approximate thicknesses,
geologic ages , and water-bearing properties .
The efficiency of a ground-water heat-pump system is la rgely determined by the temperature
of the supply water. Shallow ground-water temperatures correlate fairly close ly with mean
annual air temperatures for part ic ular locations (Figure 9-3). Near-surface ground-water temperatures in Texas typically range from a low of about 60° F in the northwest corner of the Panhandle
to a high of about 80°F in the lower Rio Grande Valley. Below a few hundred feet in the
subsurface, ground-water temperatures begin to be influenced by normal geothermal gradients
which result from the inherent heat of the earth .

Construction Features
Two basic construction designs of air conditioning return-flow wells are shown in Figures
9-4 and 9-5. Designs of return-flow wells are essentially the same used for the heat-pump supply
wells. Diameters of these wells normally range from 3 to 10 inches for heat-pump systems for
single-family dwellings. Well diameter should be determined by water disposal requirements.
Where large amounts of water must be disposed of, as with heat-pump systems for large
buildings, inc reasing well diameter w ill yie ld a correspond ing increase in well capacity. In
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contrast, small-diameter wells are relatively economical to drill and construct. Small-diameter
we lls, however, tend to have more problems from sand plugging the wellbore .

EXPLANATION

2 Number of inventoried
wells in county

Figure 9-2.-lnvento ried Air Conditioning Return-Flow Wells

Well depths are determined by the presence of porous and permeable water-beari ng strata
suitab le for storing the injected water . Wells in The Woodlands residential development in
Montgomery County which were inventoried by the Department have an average depth of about
200 feet . These wells inject into water-bearing sands of the Gu lf Coast aquifer . In contrast, two
wells inventoried in Williamson County in central Texas are completed in the Edwards aq uifer
with total depths of about 400 feet.
Polyvinyl chloride (PVC) pipe is most common ly used for well construction because it is
economical, suitably durable, and corrosion resistant . Another material often used in heat-p ump
system wells is galvanized steel. Following casing installation, the wel ls are either completed
with an open hole through the disposal zone in ha rd competent formations such as limestone, or
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with well screen and gravel pack in unconsolidated sand formations. Ca reful slot size selection is
necessary to achieve optimal well performance in terms of maximum water flow with a minimum
influx of solids from the formation into the wellbore.
Figures 9-6 and 9-7 show the general simplicity of wellhead installations for heat-pump
system supply and injection wells . Submersible pumps may be installed on both wells in the
system to enable seasonal reversal of well functions. The systems investigated by the Department, however, used pumps only on the water-supply wells .

Figure 9-3 .-Average Annual Temperature (OF), 1951-80

The literature on the subject of air conditioning return-flow wells includes designs for
horizontal injection wells in which the heat-pump discharge water is dispersed through a
horizontally emplaced well screen into the soil. These wells function best in sandy soils, and
because a trench must be dug to install the horizontal well screen, the wells are necessarily very
shallow. No such wells have been inventoried by the Department.
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Well placement is an important consideration with ground-water heat-pump systems.
If one aquifer is used for both supply and injection, the wells need to be spaced so that the
temperature front traveling from the injection
well does not reach the supply well, affecting
supply water temperature and reducing heatpump efficiency. Figure 9-8 shows a system
using a single aquifer. If two aquifers are
used, one for supply and one for injection,
wells can be spaced closer together, since the
injected water will be stratigraphically isolated from the system supply water. Being
able to use closer well spacing is an advantage
on small residential lots. A diagram of a twoaquifer system is shown in Figure 9-9 .

Figure 9-4. -Air Conditioning Return-Flow Well
Design for Stone Formation

PVC D;oe ---1

Cement (2' slab on surface)

Operating Practices
The basic energy requirements to run a
ground-water heat-pump system cons ist of
electric power to operate the heat-pump com pressor and submersib le pumps forthe supply
and injection wells . Incorporation of a refrigerant reversing valve in the heat pump allows
the functions of the various elements in the
system to be reversed seasonally to increase
Figure 9-S.-Air Conditioning Return-Flow Well
efficiency of heating and cooling . Also, pumps
Design for Sand Formation
on both supply and injection wells allow the
operator to backwash either well to remove
sediment which may hamper well performance. None of the heat-pump systems investigated by
the Department, however, are seasonally reversed, but instead accomplish satisfactory heating
and cooling with a single direction of ground-water circulation.
The most common causes of diminished well performance involve occlusion of the wellbore
by sediment or other debris, particularly in the screened or open-hole completion interval. To
remedy sand plugging problems, wells may be backflowed, bailed, or jetted out. Also, wells may
be chlorinated as needed to control algae and other biological organisms which may find favorable conditions for growth in the thermally altered water of heat-pump wells .

Nature and Volume of Injected Fluids
Standard chemical analyses and heavy-metal analyses of water samples from eight air
conditioning return-flow wells are presented in Tables 9-1 and 9-2. Wells 1 and 2 are in the town
of Round Rock in southern Williamson County. Wells 3 through 8 are in The Woodlands in central
Montgomery County. Each injection (return-flow) well sampled is completed in the same aquifer
that furnished the water supply for the heat-pump system .
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Figure 9-G.-Wellhead of Heat-Pump System Supply Well , Montgomery County

Figure 9 -7 .-Wellhead of Heat-Pump System Injection Well, Montgomery County

9'6

Analyses of samples from wells 6 and 7
show lead concentrations in excess of U.S.
Environmental Protection Agency standards
for drinking water. However, there is insufficient historical ground-water data forthe area
to document the earlier presence of high concentrations of lead. At least one well driller
exper ie nced with air cond it ioning return-flow
wells in Montgomery County has indicated in
conversations with Department staff that
these occurrences of lead in the ground water
predated the use of heat-pump wells, and that
Figure 9-8.-Ground-Water Heat-Pump System
Using Single Aquifer
the ground water has not been used as a
source of drinking water. Department Report
136 on ground-water resources of MontgoDeep aquifer well
Shallow aquifer well
mery County(Popkin, 197 1) indicates that corrosive (acidic) ground waters are found in the
county in the Gu lf Coast aquifer. These waters
may corrode pump parts, plumbing f ixtu res,
and iron casings in less than a year of contact.
The PVC pipes used for the heat-pump wells
are chemically nonreactive to such corrosive
ground water. However, the metallic components of heat pumps may possibly be susceptible to corrosion and dissolution into the
ground water under such conditions. The
Figure 9-9.-Ground-Water Heat- Pump System
Using Two Aquifers
potent ial for contributions of metals to the
acidic ground water by heat pumps is judged
to be no greater than that for conventional domestic plumbing , and very small compared to the
contributions which may have resulted from oil field activities in the immediate area . Production
from the Conroe oil field has occurred over past decades during which time discharges of
produced brines, drilling muds, and industrial chemicals to pits dug into sandy soils were
commonplace .
Supply well

Injection well

On the Gulf Coast, inventoried heat-pump wells serving single-family residences operate at
rates up to about 20 gallons per min ute. In central Texas, a larger -scale heat-pump system which
is planned for an office building is designed for a ground-water flow rate of up to 50 gallons per
minute.

Potential Problems
The potential for contamination of ground water resulting from introduction of pollutants
through air conditioning return-flow wells should be very low when wells are properly cased and
cemented. Properly designed systems are, in effect, closed loops inaccessible to contamination
from surface pollutants.
If ground water has been contaminated at some time prior to heat-pump use, such contamination could, however, spread from the location of the water supply well to the location of the
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Table 9- 1 _-Chemical Analyses of Water Samples From
Air Conditioning Return-Flow Wells
(Constituent concentrations are in mg / l except specific conductance and pH.)

W ell

Date of collection

Nov. 5, 1980

2

3

4

5

6

7

8

Nov. 5, 1980

Mar. 8, 1982

Mar. 8, 1982

Mar. B. 1982

Mar . 8,1982

M ar. 8,1982

Mar . 8, 1982

Temp. of

72

"C
pH

8.6

8.5

72
22.2

7.4

7.5

70

78

79

77

21 , 1

25.5

2B.1

25.0

6.3

7.1

7.2

6. 2

Specific conductance
micromhos at 25°C)

509

510

554

534

296

Dissolved solids (sum)

305

315

364

354

218

.21

Boron (B)

'"Co

22.2

Sil ica lSi)

12

12

Calcium (Ca)

76

80

Magnesium (Mgj

23

22

Sodium (Na)

13

12

8

5

316

326

Su lfate (504)

23

21

Chloride (el)

14

13

Carbonate (C02)

Bicarbonate (He03)

Fl uoride IF)
Nitrate (NOl )

1.4

1.3

<.04

<.04

.n

<.02

Wells 1 and 2 are in the town of Round Rock in southern Wil liamson County and inject into the Edwards aquifer at a depth of approximately 400 feet.
Wells 3 through 8 are in The Woodlands in cen tral Montgomery County and in ject into the Gulf Coast aquifer at a depth of approximately 200 feet .
Analyses were performed by the Texas Sta te Department of Health .

Table 9-2.-Heavy Metal Anayses of Water Samples From
Air Conditioning Return-Flow Wells
(Constituent concentrations are measured in mg / l,)

Well

Data of collection

6

7

8

Mar. 8 . .1982

Mar. 8. 1982

Mar. 8, 1982

Arsenic (As)(mg)

<

.0 1

<

.0 1

<

.01

Barium (8a)

<

.5

<

.5

<

.5

Cadmium (Cd)

<

.01

<

.01

<

.01

.073

<

.028

.02

<

.02

.180

Copper (eu)

Chromium (er)

<

<

.02

Iron (Fe)

.026

.022

<

.02

Lead (Pb)

.4

.07

<

.05

Manganese (Mn)

<

.02

<

.02

<

.02

Mercury (Hal

<

.0002

<

.0002

<

.0002

Nickel (Ni)

<

.02

<

.02

<

.02

Selenium (5e)

<

.002

<

.002

<

.002

Silver fAg)

<

.01

<

.01

.016

.14

.02

Zinc (In)

.240

Wells 6 through 8 are in The Woodlands in Central Montgomery County and inject into the Gulf Coast aquifer at a depth of approximately

200 feet.
Analyses were performed by the Texas State Department of Health.

inject ion well. Similarly, when the wells in a heat-pump system are completed in different
aquifers, water from an already contaminated aquifer may introduce pollutants to an uncontaminated aquifer. The practice of seasona lly reversing the functions of heat-pump wells, however,
wou ld tend to limit the spread of new contamination in an aquifer. In any instance where a
heat-pump injection well spreads pollutants from an existing contaminated aquifer, the injection
well could be backflowed to partially recover the contaminated water.
Other concerns associated with air conditioning return-flow wells involve the effects of
thermal alteration on an aquifer's hydrologic properties . Thermal alteration of an aquifer could
theoretically generate adverse impacts such as precipitation of mineral salts. Salt precipitation
could clog pores in an aquifer, leading to inhibited ground-water movement and decreased well
effectiveness. The solubility of common salts, however, is highly dependent on the degree of
acidity of a solution, and only to a lesser extent on temperature. Heat-pump systems do not affect
the pH of an aquifer. Thus, at the 7 to loaF differential between supply water and heat-pump
discharge water common for the systems which the Department investigated, any impact from
changing the solubility of salts in an aquifer should be noticeable on ly over extremely long periods
of time, and localized to areas of significant well development.
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It should be noted that thermal alteration of an aquifer will also influence the ability of an
aquifer to transmit fluid, because of the inverse relationship between temperature and fluid
viscosity . That is, as ground-water temperature is elevated, viscos ity of ground water decreases
and the aquifer transmits fluids more easily. Although changes in individual well performance
could be observed, no significant hazard would result from aquifer transmissivity changes
induced by ground -water heat-pump systems.
Several stud ies have been accomplished using computer modeling to simulate thermal
impacts on an aquifer used in a heat-pump system (Andrews, 1978; Schaetzle and Brett, 1979).
Factors taken into account in the computer models include rates of ground-water movement,
amounts of the r mal energy added or subtracted in the system, and inherent thermal properties of
the aquifer. All studies concluded that, particularly where air condit ioning return-flow wells were
restricted to areas of low population density, thermal alteration of aquifers would likely be of
minimal proportions and not likely to produce adverse effects.

Legal and Jurisdictional Considerations
Air conditioning return-flow wells are included in the Class V category of injection wells .
These wells are presently authorized by rules of the Department.
The thrust of any new regulatory program for heat-pump system wells should be directed at
large-scale systems involving one or more wells operating to heat or cool multi -unit residential or
office complexes, schools, and hospitals. Because of their assessed low potential for causing
ground-water problems, heat-pump systems for single-fam ily dwellings should probably be given
a lesser priority for regulation . The distinguishing criteria for large -scale versus small-scale
systems would be based primarily upon ground-water pumping rates. For all ground-water
heat-pump systems, the Department would continue to inventory the wells, and ma intain opportunity for review of project proposals for the purpose of issuing permits as necessary to protect
water resources.

Concluding Statement
The Department has conducted a limited field investigation and an extensive literature
review of air conditioning return-flow wells. The total number of such wells in the State is
probably on the order of several hundred. Ground-water heat-pump systems have demonstrated
an increased efficiency over conventional systems in heating and cooling single-family dwellings
and larger buildings. The number of heat-pump system wells is expected to increase greatly in the
future with ever-growing incentives to cut home and office heating and cooling costs by using less
expensive forms of ene rgy. The potential hazards to ground water from heat-pump systems have
been judged to be minimal.
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CHAPTER 10
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AGRICULTURAL DRAINAGE WELLS
Introduction
The Lower Rio Grande Valley is the only sizeable area of the State where conditions of
severely limited surface drainage, soil characteristics, and agricultural practices combine to
create a potential need for agricultural drainage wells. Most of this area consists of a broad flat
plain extending westward from the Gulf of Mexico to central Starr County. Surface water
drainage depends primarily on man-made systems . The climate in the Lower Rio Grande Valley
can be described as semitropical and semiarid . Mean annual precipitation for McAllen, Texas, is
approximately 23 inches. Precipitation is highest from April through September. During this time
14 inches, or 60 percent, of the total annual rainfall typically occurs. This time period also
coincides with the growing season for most crops in the region . Additional irrigation water is
applied as needed.
During the 1950's drainage well systems were first installed in Hidalgo County in the Lower
Rio Grande Valley to help alleviate the problem of perched water tables in agricultural areas.
Widespread zones of montmorillonite clay are present in the soils of Hidalgo County which
impede percolation of surface waters and lead to raised water tables . As evaporation of this water
occurs, salts which in elevated amounts are detrimental to plant life are left behind in the soils.
Drainage well systems act to collect near-surface waters and drain them by gravity flow into a
subsurface formation, below impermeable clay beds.
Agricultural drainage wells are located almost exclusively in the southwestern portion of
Hidalgo County. Approximately 90 drainage wells have been located and plotted on 7'h -minute
topographic maps by the Department. The total number of drainage wells in use has not been
determined, but it is believed to be considerably higher than the present inventory. Figure 10-1
shows the approximate areal extent of drainage wells in Hidalgo County as of 1982, and locations
of drainage wells and water wells investigated by the Department. Records of these wells
including locations, depths, diameters, water levels, and status are presented in Table 10-1 . The
well numbers correspond to map locations on Figure 10-1. Chemical analyses of water taken from
the above wells and from an irrigation canal are given in Table 10-2.

Farming Practices
Since the turn of the century agricultural production in the Lower Rio Grande Valley has
grown steadily. Today it is the primary economic activity of the area . Principal crops include
cotton, grain, sorghum, vegetables, and citrus. Emphasis will be placed on citrus management in
this discussion because all agricultural drainage wells investigated by the Department were
instal led in citrus groves.
Citrus trees need approximately 45 to 50 inches of water per year, of which irrigation supplies
approximately 30 inches. Water is applied as needed.
10-1
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Most of the irrigation makeup water is obtained from storage in Amistad and Falcon Reservoirs on the Rio Grande. In 1979, approximately 10,000 acre-feet of ground water was used in
Hidalgo County for all purposes while irrigation use from surface water alone was on the order of
500,000 acre-feet. However, in times of drought, such as in 1952 and 1953, ground water
supplied an estimated 25 percent of total irrigation water in the Lower Rio Grande Valley.
Quality of water from the Rio Grande varies depending upon the season and amount of
precipitation. The U.S. Soil Conservation Service in Mission estimates that total dissolved solids
vary from 700 to 1,500 mg / I (milligrams per liter). One sample was collected for chemical
analysis from an irrigation canal near Citrus City. The dissolved solids content ofthis sample was
1,284 mg / I (Table 10-2).
The most widely used nitrogen fertil ize r for citrus in Hidalgo County is ammonium nitrate
(NH. NO, ). Ammonium sulfate ((NH.j, SO.) is also utilized, but to a lesser degree. Fertilizer is
applied once or twice during the year. If one application is made, approximately 300to 350 pounds
per acre of fertilizer is generally used during winter months. For two applications, 150 to 175
pounds per acre is applied in winter and aga in in late spring . Herbicides are sometimes mixed with
fertilizers .
Table 10-3 is a listing of pesticides used on citrus groves in Hidalgo County. The table
includes information regarding use, toxicity, and persistence of each pesticide. Various combinations of pesticides are applied at different sites. Table 10-4 is an example of pesticide and fertilizer
applications on a 20-acre grove in the study area . On this particular field, pesticides were applied
four times during the year and fertilizer was applied only once.

Geohydrology
The source of ground water in the Lower Rio Grande Valley is the Gulf Coast aquifer, which
includes the Goliad, Lissie, and Beaumont Formations and recent alluvial deposits (Figure 10-2).
In this area, these geologic units are characterized by complexly interbedded laye rs and lenses of
clay, silt, sand, and gravel. Hydrologic continuity occurs between the adjacent permeable beds;
however, locally they are separated by layers of less permeable sediments.
A wide range in water quality exists within the local freshwater aquifer, and quality variations
occur within very short distances both horizontally and vertically. Well data indicate three poorly
defined zones in which beds of sand and gravel are common.
The upper or shallow water-bearing zone occurs from approximately 60 to 100 feet below
land surface in the study area, and contains layers of medium to coarse grained gravel. This gravel
is used as a disposal zone for many agricultural drainage wells . The shallow zone contains highly
mineralized water over most of the study area . The concentration of dissolved solids for this zone
ranges from 1,220 to 14,674 mg / 1. Fresh to slightly saline water (total dissolved solids less than
3,000 mg / I) occurs in the southern portion of the study area near the Rio Grande, and locally in
the north-central portion . Levels of nitrate (NO, ) in the shallow zone are very high throughout the
study area . Nitrate levels exceeded the U.S . Environmental Protection Agency (EPA) maximum
recommended concentration (45 mg / I) for drinking water supply in five wells sampled by the
Department. These levels of nitrate in ground water may indicate agricultural pollution.
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Table 10-3.-Toxicity and Persistence of
Pesticides Used on Citrus Groves in Hidalgo County
Toxicity'
Use

L060 (ratl

Persistence2

Aldicarb (Temik)

Insecticide

0 .93

o

Bromacil

Herbicide

5.200

2

Carbophenothion (Trithion)

Insecticide

10-30

o

Ch lorobenzilate (Acaraben)

Insecticide

700

Copper Hydroxide (Kocide)

Fungicide

1.000

Dicofal (Kelthane)

Insecticide

600

2

Oiuron (Karmex)

Herbicide

3.400

2

Ethion

Insecticide

27-65

o

Fenbutatin · Oxide (Vendex)

Insecticide

2.630

Glyphosate (Roundup)

Herbicide

4.320

Krovar (mixture of
BromacH and Diuron)

Herbicide

Methidathion
(Supracidel

Insecticide

25-48

Oxamyl (Vydate)

Insecticide

5 .4

Simazine (princep)

Herbicide

5.000

3

Zineb

Fungicide

5,200+

o

Pesticide

l L050 (rat): Nu mber of mil ligrams of com pound reQu ired per kilogram of animal w eight to produce mortal ity in 50 percent of test an imals.

lPers istence:

Rating

o
1

2
3

Time (months for
75 to 100 percent
disappearance from soils)
1

1-3
3-10
10-18

The middle water-bearing zone occurs from approximately 100 to 300 feet below land
surface. The dissolved solids concentration for the middle zone ranges from 1,214 to 7,004 mg / 1.
Over most of the study area, the middle zone contains fresh to slightly saline water. Two of the
eight samples in the middle zone reported nitrate levels in excess of EPA recommendations.
The lower or deep water-bearing zone occurs from approxi mately 300 feet to the base of fresh
to slightly saline water. The depth of the base ranges from approximately 600 feet below land
surface at the study area's west and southwest boundaries to about 1,500 feet at the northeast
corner. The dissolved solids concent ration in the deep zone ranges from 1,160 to 4,262 mg / 1.
Nitrate levels were found to be lower than EPA maximum recommended concentrations .
Recharge of water to the local aquifer is derived from adjacent water-bearing beds, or by
perco lation of water from the land surface where streams cross outcrops of permeable sediments
10-6

or where water stands in fields and ditches. In
many areas, zones of montmorillonite clay are
present near the surface, which impede vertical
percolation of surface waters and result in
perched water tables . Generally, movement of
ground water is to the southeast and east
toward the coast.

Table 10-4.-Typical Pesticide and
Fertilizer Applications On a 20-Acre Citrus Grove
Over a 1-Year Period
Dat e of
application

Substance

Amount
applied

Nitrogen Fertilizer

Dec. 1981

100 Ib/ aere

Karmex

Mar. 1982

4lb/ acre

Simazine

Mar. 1982

2 Ib/ aere

Acaraben

Apr . 1982

Y2 gallon/ acre

Methidathion

Apr . 1982

112 gatlonl acre

Construction Features

Agricultural drainage well systems in the
Lower Rio Grande Valley are composed of a
network of drain lines emplaced in a field
Aug. 1982
Karmex
2lb/ acre
approx imately 6 feet below the surface and
Simazine
Aug . 1982
2 Ib/ acre
spaced parallel to each other at intervals
Kelthane
Sept. 1982
1 Y2 gallons/ acre
which vary from 75 to 225 feet. Drain lines are
usually constructed of plastic pipe, but clay
Source: Boyd Davis, Dra inage Tile Contractor, Edinburg, Texas.
and concrete pipe are also used. Drain lines
are perforated and packed in gravel to faci litate percolat ion . Plastic drain lines have a nylon filter fabric covering the perforations to exclude
coarse particles from the system . Drain lines lead to a central collector, which in turn leads to a
discharge po int, or drainage well. Figure 10-3 is a plan view of a typical dra inage tile layout for a
20-acre grove. In this particular f ield, plasti c and concrete dra in tiles are utilized. The drainage
well is located in the center of the diagram .
~,/

'Vo~~~
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~~'6. -G()~

~----------------~~--------------------------------~~.~
c Edinburg

Sea level

Goliad -

Ussie -

Beaumont

Mission Ridge

Weslaco
o

Rio Grande Flood Plain

Sealevel

".-.. -0 ...-·· :............_.. '
...-- -.

:.~.:.
• ••• : ••• : :

;

EXPLANATION
~

Water-bearing material
lower limit of water with a quality generallv considered suitable for irrigation.
Not to scale

Figure 1 0-2,-Block Diagram Showing Water-Bearing Strata of the Gulf Coast Aquifer
in the Study Area (Modified after Baker and Dale, 1961)
FI uids co llected in t he perforated dra in tiles flow by gravity into a centra I collector, or cistern,
before entering the drainage we ll. The cistern collects silt and other suspended material to help
prevent drainage wells from becoming plugged.
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Figure 10-3.-Typical Drainage Tile Layout for a 20-Acre Citrus Grove
Three types of drainage well designs were observed in the study area . All three utilize drain
tiles to transfer fluids to cisterns. The designs differ with respect to location ofthe drainage well in
relation to the cistern, and by the method used to transfer fluids from cistern to drainage well.
Records of drainage wells are presented in Table 10-1.
A typical drainage well of the oldest
design is schematically illustrated in Figure
10-4. In this design the drainage well is placed
in the cistern. The top ofthe drainage well is at
least 2.5 feet above the base of the cistern,
creating a silt storage area in the bottom of the
cistern. A screen filter is placed on top of the
well casing to prevent foreign matter from
entering the well. Figure 10-5 further illustrates this drainage well design. Here the top
of the cistern stands approximately 3 feet
above ground surface making it easy to locate
in the field. In the system shown in Figure
10-5, three tile drain lin es deposit fluids into
the cistern in the silt storage area . When the
cistern fills to the level of the top of the well
casing, the well drains fluid by gravity flow
into a subsurface formation.

,

Concrete cover"

'"

I

land surface
'I \" /lU ' 1\

r- 20" concrete pipe

Reinforced concrete top

-;::...
1---.4' I.D. ~
minimum

V
Free taU1'maXimUm \
F;lter
[

~
~

N

--

~

E

---- -

\

---

Silt
storage

E

.;:::

'E

Concrete or
brick

\ 4" corrugated pi aslic
drain tile

-L
I-- Minimum 4" casing
L.,.

t-- Orain well-usually 75 to 100' deep

The second type of drainage well system,
and a more recent design, is illustrated in Figure 10-6. This system is very similar to the
older design, except the drainage well is

Figure 1 0-4.-0rainage Well Schematic-Older
Type With Well Inside Cistern
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The cistern stands approximately 3 feet above the
ground surface .

Three tile drainage lines
deposit fluids into the base of
the cistern in the silt storage
area .

Figure 1 0-5.-Drainage Well System-Well Inside Cistern
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Figure 1 O-S.-Drainage Well Schematic-We"
Adjacent to Cistern

located adjacent to the cistern. A plastic pipe
transfers fluid by gravity from the cistern to
the drainage well. The top of the drainage well
casing is above ground level, allowing for easy
access to the drainage well when maintenance is required. Figure 10-7 further illustrates this drainage well design.
The most modern drainage well system
observed in the study area is illustrated in
Figure 10-B. In this design fluids flow into the
cistern in the same manner as previous
designs, but from the cistern they are transported to the drainage well using a centrifuge
pump . The pump is placed near the top of the
cistern and is activated when water levels rise
in the cistern to the level of a float which
hangs from a switch on the pump. Plastic pipe
attached to the pump transfers fluids from the
cistern to the drainage well where they are
injected under pressure. A pressure gauge is
placed in the plastic pipe just before the pipe
connects w ith the drainage well.

The first two types of drainage well systems discussed are by far the most common in the
Lower Rio Grande Valley . The third design . because of the additional equipment. is more costly
and is rarely utilized.
Wells are usually constru cted utilizing 4-inch steel casing . Slotted pipe completions are the
most common . The majority of drainage wells are drilled to approximately 70 feet and inject into
permeable gravel (shallow zone). In some areas it is necessary to drill deeper to find a disposal
zone which will readily accept drain fluids . Shallow completions are preferred by the operators,
because construction costs are less.

stituents of drainage fluids as compared tothe
EPA recommended limits for these
constitue nts:

Nature and Volume
of Injected Fluids
Standard chemical analyses of drainage
well fluids sampled just prior to their entry into
the wel ls are given in Table 10-2. As the table
indicates, these fluids are highly mineralized.
The concentration of dissolved solids. sulfate,
chlor ide, and nitrate all exceed EPA recommended maximum concentrations for drinki ng water under The Safe Dri nki ng Water Act.
The following table presents the ranges in
concentration of the principal chemical con-

Range of Drainage
Fluid Concentration
mg / l

EPA Recommended
Maximum
Concentration for
Drinking Water
mg / l

1,754 -6,510

500

Sulfate

571 - 1,361

250

Chloride

371 -2,520

250

6 8 · 203

45

Constituent
TOlal Dissolved
Solids

N itrate (as NOl)
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The top of the well casing is
above ground level allowing
for easy access when maintenance is required.

A plastic pipe transfers fluids
by gravity flow from the cistern to the drain well.

Figure 10-7 .-Drainage Well System-Well Adjacent to Cistern
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Fluids are pumped from the
cistern to the drain well.

-,

•

A centrifuge pump, near the
top of the cistern, is activated
when water levels rise to the
level of a float which hangs
from a switch on the pump.

A pressure gauge is placed in
the plastic pipe just before the
pipe connects to the drain
well.

Figure 1 O-S.-Modern Drainage System Design

10-12

Nitrate levels in drainage fluids are unusually high. This is probably due to the extensive use
of nitrogen fertilizers.
A total of 11 samples were collected from sites in the study area for pesticide analysis. Eight
of the samples were collected from drain t ile systems and the remaining three samples were
taken from water wells . Pesticide analyses are presented in Table 10-5. Sample numbers
correspond to map locations on Figure 10-1 and well data in Table 10-1. Sample results are
reported in micrograms per liter (/l gi l) . Samples were analyzed for 23 different pesticides.
Twenty-one of the pesticides were either absent or in amounts below the detection capability of
the testing equipment. The two pesticides which showed up in the analyses were Bromacil and
Simazine. These two pesticides were found in six drainage wells; they were not detected in water
wells. On well 6, samples for pesticide analyses were collected on two dates (January 15,1982
and June 9, 1982). Bromacil and Simazine were detected only in the second sample. Levels of
Bromacil ranged from 1.2 to 16 /lg / l. Simazine concentrations ranged from 5.5 to 16 /l gi l. The
EPA has no criteria or standards for Bromacil and Simazine levels in water.
Determinations of the volume and duration of drainage well injection are difficult to establish . Drainage wells operate intermittently, and volumes of water they inject vary at each well
depending upon the amount of water in soil which can be collected by drain ti les. It was observed
during investigations in June 1982 that operating gravity flow drainage wells were disposing of
fluids at a rate ranging from 1 to 3 gallons per minute. The total volume of drainage well fluids
cannot be calculated because the number of drainage wells and the dates when each was placed
in service have not been determined.

Contamination Potential
Introduction of high concentrations of nitrate, dissolved solids, and pesticides into ground
water can have negative health effects if the water is consumed . Health effects of human
consumption of high nitrate waters have been extensively documented . Infant cyanosis (methemoglobinemia) or "blue baby" syndrome has been attributed to high nitrate concentrations in
water supplies. There is evidence that consumption of high nitrate water can produce intestinal
pathological conditions resulting in diarrhea . Major objections to high concentrations of dissolved
solids in drinking water are the laxative effects of excessive sulfate and the generally unpleasant
mineral taste of the water. A variety of insecticides, herbicides, and fungic ides are used on crops
in the study area at different times during the year. Pesticide analyses of fluids entering drainage
wells confirmed the presence of Bromacil and Simazine in most of the drainage well samples.
Bromacil and Simazine are persistent herbicides, but are relatively nontoxic to mammals. The
EPA has no standards for Bromacil and Simazine levels in water.

Alternatives to Drain Wells
Drainage wells need maintenance to keep them operating efficiently. Frequently wells
become plugged and must be jetted to clean them out . Dra in systems are expensive to install and
maintain. For these reasons, and because in some instances drainage wells do not meet drainage
needs of a particular area , alternatives to drainage wells are be ing considered by local residents.
The following is a discussion of two alternat ives which may reduce or eliminate need for drainage
wells.
10- 13
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A proposition for $26 million in bonds was passed by the voters in Hidalgo County in 1975
which generated funds for construction of a main drainage ditch which now extends from Laguna
Madre through Willacy County into the eastern part of Hidalgo County. In May 1982, a proposal
for an additional $31 million in bonds was defeated in the county. This bond money was needed to
improve the existing ditch and extend it westward toward M ission. In the future, if the drainage
ditch is extended to areas in which subsurface tile drainage is utilized, drain lines could deposit
fluids directly into the ditch, which would eliminate need for drainage wells.
The U.S. Soil Conservation Service, a local irrigation district, and other individuals have been
developing a plan to dispose of drainage fluids into caliche pits. The pits being considered are in
southern Hidalgo County, near Citrus City. They are approximately4.5 acres in size. The plan calls
for drainage tiles to dispose of fluids into a canal which would transport fluids to the pits. This
scheme would eliminate need for drainage wells in areas which could utilize the caliche pits .

Legal and Jurisdictional Considerations
There are a number of governmental institutions in the Lower Rio Grande Valleywhich have
influence on development and use of water and land resources . There are eight drainage districts
in the Lower Rio Grande Valley, organized under State law, which can levy and collect taxes to
construct, operate, and maintain district drainage facilities . Thirty-three irrigation districts in the
region, which are local subdivisions of the State, have the authority to levy and collect taxes;
construct, operate, and maintain works of improvement; acquire land, easements, and rights-ofway; and contract with the Federal government. Soil and Water Conservation Districts were
established under State law to assist fa rme rs and others with erosion control, flood prevention,
and water management operations . The Lowe r Rio Grande Development Council was formed in
1967 and is primarily involved with industr ial and economic development of the region and
strengthening cooperation among local governmental subdivisions . The Council has also supported environmental assessments for the region .
The Agricultural Stabilization Conservat ion Service of the U.S . Department of Agriculture
provides cost-share assistance for development of dra inage well systems under the Agriculture
Conservation Program . Funds are channeled through the U.S. Soil Conservation Service which
provides technical assistance for design and construction of drainage well systems. The Service
has established design specifications for drainage wells in the National Handbook of Conservation Practices (U .S. Soil Conse rvation Service, 1978). These design standards specify that the
practice of drainage well use is applicable only in locations where a determination has been made
that it will not cause pollution of underground waters .
Agricultural dra inage wells are considered Class V wells and are subject to regulation by the
Texas Department of Water Resources as injection wells.

Concluding Statement
Agricultural drainage wells appear to be localized in Hidalgo County. New drainage well
systems are being constructed and their development is expected to continue until a viable
alternative is found . Drainage wells dispose of fluids containing high concentrations of dissolved
solids and nitrate. Two pest icides, Bromac il and Simazine, were found in drainage flu ids but not in
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ground water. Most of the drainage wells are completed in a shallow gravel disposal zone, which
in most of the study area contains high concentrations of dissolved solids and nitrate. It is
reasonable to conclude from available data that drainage wells, along with other agricultural
activities, may have contributed to the poor quality water found in the shallow zone. Generally,
the middle and lower water-bearing zones, as defined in this report, are not suitable for disposal of
drainage fluids.
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SEWAGE DISPOSAL WELLS
Introduction
Sewage disposal wells include all bored or dug holes in which the depth exceeds the
diameter, and which are used for disposal of water-borne human wastes or effluent resulting
from partial treatment of these wastes. Common disposal methods included in this definition are
injection wells, boreholes, cesspools, seepage pits, and seepage wells. This group of wells does
not include those wells which inject treated domestic sewage effluent specifically for the purpose
of aquifer recharge for storage and possible reuse.
In rural areas, septictanks and cesspools replaced the pit privy for domestic waste disposal as
the rural electrification program of the 1940·s made inexpensive pumps supplying water to indoor
plumbing systems easily available . Septic tank treatment of domestic waste frequently employed
the cesspool as an addition or replacement for a conventional soil absorption system . Use of septic
tanks and cesspools increased tremendously during the 1950's and steadily over the following
two decades with rapid development of subu rban areas around cities . Use of sewage disposal
wells can develop in areas where suburban development is not served by municipal sewerage
systems and where soil conditions or lot size are unsuitable for soil absorption systems.
It is difficult to establish the number of single-family residences and other establishments
that use sewage disposal wells , for two reasons . First. there is generally no above-ground
equipment associated with these wells to aid in well location. Like the septic tanks which they are
often associated with , sewage disposal wells generally are buried beneath the surface and are not
easily detected. Figures 11-1 and 11-2 are photographs of the on ly such wells with above-ground
appurtenances located by the Department. Second, lack of regulation has precluded adequate
record keeping of existing well installations.
The Department's investigation has focused upon sewage disposal wells serving 20 or more
persons . This limited category consists of mult iple-unit dwellings such as apartments, dormitories, motels, trailer parks, and nonresidential establishments including schools, restaurants, and
light industries. Most ofthese wells dispose of septic tank effluent, while the remainder dispose of
raw sewage . Inventoried sewage disposal wells serving 20 or more persons are listed in Appendix
4, and are located as shown in Figure 11-3. These include 4 well systems on the High Plains, 10
wells in Edwards County on the Edwards Plateau, 12 well systems in Nueces Count yon the coast,
and 1 well in Hidalgo County.

Geohydrology
Sewage disposal wells on the High Plains penetrate the Ogallala Formation , which is the
major water-bearing unit of the High Plains aquifer. Hydrologic properties vary widely in the
Ogallala due to the heterogeneous nature of the sediments . These sediments are generally a good
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Wastewater holding tank,
submersible pump, and transmission line .

Wellhead

Figure 11-1 .-Above-Ground Features of the Pax Christi Well, Calallen Area, Nueces
County

Figure 11-2.-Seepage Wells With Concrete Pipe Wellheads in Industrial Sector North of
Corpus Christi, Nueces County
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EXPLANAnON

2 Number of inventoried
wells in county
(For listing of individual
wells, see Appendix 4.)

Figure 11-3.-Sewage Disposal Wells Inventoried by the Department,
Each Serving 20 or More Persons
medium for mechanisms of filtering and sorption. Permeabilities range from moderate to high.
Good quality ground water occurs at depths ranging from 100 to 250 feet below the surface.
Sewage disposal wells in the study area range in depth from 20 to 100 feet.
Sewage disposal wells in Rocksprings in Edwards County are completed in the Edwards
Limestone . This formation is the major unit of the Edwards-Trinity aquifer in the Rocksprings
area, and consists offour sub-units or members as described by Rose (1972) and Long (1962). The
Edwards is characterized by honeycombed lim estone with numerous caverns formed by the
dissolution of limestone by water percolating along joints and faults . Since water is conducted
preferentially through this conduit system , the Edwards is a comparatively poor medium for
filtering and absorbing contaminants from wastewater.
Water of good quality occurs in the Edwards in the Rocksprings area, at a depth of approximately 400 feet (Walker, 1979). Sewage disposal wells are drilled to a depth of 100 to 150 feet in
Rocksprings. The Edwards exhibits the abilityto store and cond uct fluids throughout its thickness,
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from the surface to a depth of about 650 feet. The amount of natural recharge in the Rocksprings
area is probably small because of the presence of an impervious clay soil.
Most of the Nueces County sewage disposal wells are completed in unsaturated sands of the
Gulf Coast aquifer. The principal sand unit used by these wells occurs at a depth of 30 to 45 feet.
and is restricted in areal extent to the northeastern part of the county along the Nueces River.
Drillers ' logs indicate that the sand unit is up to 15 feet thick and is sandwiched between layers of
clay. Tight clay soils restrict infiltration as a source of natural aquifer recharge. It is not known
whether this sand unit outcrops nearby in the valley of the Nueces River. Shallow ground water is
not an important source of water in the northeastern part of the county; most water used in this
area is obtained from Lake Corpus Christi. There are, however, local sources of usable-quality
ground water occurring to depths of less than 100 feet.

Construction Features
Most domestic sewage disposal wells are of simple design. A hole is drilled or augered with a
rotary drilling rig or by cable tool techniques . Sewage well diameters vary from 6 inches to as
much as 4 feet, and depths range from about 20 to 350 feet. Some we lls exist as simple open
boreholes , some have concrete pipe and gravel packing , and a few have cemented steel casing
with injection tubing and packer.
On the High Plains, sewage disposal wells are drilled to depths from 20 t o 100 feet, with
diameters generally from 2 to 4 feet. Figure 11-4 illustrates the typical design of High Plains
sewage disposal wells. These wells are essentia lly uncased boreholes, capped with a concrete lid,
and connected directly to indoor plumbing or to a septic tank.
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Ground level
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Sewage disposal wells in Rocksprings,
Texas, range from 1 00 to 150 feet deep. Fig ure 11-5 shows the typical design of these
wells . The Rocksprings wells are boreholes 6
to 1 0 inches in diameter, cased from the surface with a section of pipe several feet in
length, to prevent caving in .

""

72" diameter concrete
cap with handl es

4" PVC

sewage line from house
~

Not to scale

.

48" diameter borehole
(no casing)

Figure 11-6 shows the most common
design of sewage disposal wells in Nueces
County . These wells are usually bored holes,
24 inches in diameter and 30 to 45 feet in
depth. The top 8 feet in each well is generally
cased with 15-inch diameter concrete pipe,
and the wells are filled with gravel from the
bottom of the borehole to the base of the
casing.

Total depth 30 to 10 0'

Figure 11-7 shows a more sophisticated
type of sewage well design capable of han-

Figure 11·4.-Diagram of Typical High Plains
Borehole Type of Sewage Disposal Well
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dling up to 15,000 gallons per day at an injection pressure up to 120 psig . This deSign has
been implemented in four Nueces County
sewage disposal wells, although only one is
still in operation . A disposal we ll of similar
design is in operation in Hidalgo County.
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Figure 1 1-5.-Diagram of Typical Rocksprings
Sewage Disposal Well
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Figure 11 -7 .-Diagram of Nueces County
Sewage Disposal We" with Cemented
Casing, Through-Tubing Injection. and
Annulus Leak Detection System

Operating Practices

All wells drilled to a
suitable sand stratum,
and to square-footage of
wall area required by
local health officials.

Most sewage disposal wells operate by
gravity flow from a septic tank or directly from
a building's plumbing system. In a f ew cases,
an electric pump provides pressure to drive
injection. Very few wells ha ve any pre injection treatment fa cilities other than a septic
tank. Some operators periodically add yeast to
the septic tank to promote waste decomposition, and some treat the final effluent with a
germicide prior to injection in the well.

Nol to scale

Figure 11 -6 . -Diagram of Common Nueces
County Sewage Disposal Well System
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Characteristically, little consideration is given to operation of sewage disposal wel ls on the
High Plains. In rural areas, wel ls are generally cesspools handling raw sewage, whereas in
suburban developments they generally handle septic tank effluent. If a disposal well plugs up or
caves in, another well is simply drilled as a replacement, a short distance away. Both single wells
and multi-well systems are used in conjunction with individual septic tanks. No pumps are used in
these wells; simple gravity flow drives the wastewater injection.
There is generally a single disposal well for each septic tank system in Rocksprings . Some
systems are equipped with a sand filter for more complete removal of solids from the final
effluent. Wells are not equipped with pumps, but operate by gravity feed .
In Nueces County there are generally two or more disposal wells for each 500to 1,000 gallon
sept ic tank . Several septic tanks may serve a single establishment. The wells mostly operate by
gravity feed.

Nature and Volume of Injected Fluids
Chemical constituents found in domestic wastewater consist of dissolved soli ds present in
the water supply and materials added by human use. These human contributions include body
wastes, kitchen wastes, detergents, and miscellaneous chemicals includ ing drugs, solvents, and
pesticides (Meyer, 1973). Human excreta contr ibute about 50 grams of solids pe r capita per day,
diluted in 30 to 100 gallons of water. Of this total , about 50 percent is organ ic and putrescible
(Ehlers and Steel, 1965). Amounts of total solids and total dissolved solids conta ined in domestic
wastewater will vary considerably. Waste sampl es from wells operating with septic tanks ranged
from 500 to 1,200 mg / I in total dissolved so lids and from 300 t o 900 mg / I in total suspended
solids . Table 11-1 , deve loped from Department data, represents an average injection water
composition for sewage disposal well systems operating with septic tanks in the Corpus Chr isti
area . Table 11-2 (U .S. Environmental Prot ection Agency, 1974) presents a generalized analysis of
domestic wastewater, which should be repres entat ive of untreated injection water for sewage
wells w ithout septi c tanks.
High Plains septic tanks and sewage disposa l wells are generally not access ible for sampling
of injection water. The water injected in High Plains cesspools serving as disposal wells for raw
sewage would be expected to have a ma keup typical of domestic sewage as ind icated in Table
11-2. The water injected in High Plains wells serving septic tanks might be similar in constitution
to the septic tank effluent analysis in Table 11-1 . Basically, septic tank treatment alters domestic
sewage by decreasing both suspended solids and organic const ituents. Too little is known about
the operation of the four High Plains sewage wells inventoried by the Department, or any of the
High Plains sewage disposal wells serving single-family residences , to accurately determine
volumes of wastewater injected . A crude estimate would place daily injection volume at 75
gallons per person .
Because the Rocksprings septic tanks and disposal well systems are buried underground, no
injection water samples could be obtained for analysis. The injected sewage would be expected,
however, to have a makeup typ ical of domestic sewage (Table 11-1). The 10 wells inventoried by
the Department are estimated to each inject from 600 to 8,000 gallons of sewage per day. The
total number of sewage disposal wells in Rocksprings, including those serving single-fami ly
dwellings, is reported by local officials to be very large. The total number of such wells may exceed
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Table 11-1 .-Average Injection Water Composition
for Sewage Disposal Well Systems
Operating with Septic Tanks
(Values are in mg / l except pH and
specific conductance.)
Calcium (Ca)

64

Magnesium (Mg)

13

Sodium (Na)
Potassium (K)
Silica (Si02)
Bicarbonate (HC03)
Su lfate (504)
Chloride fCI)

59
17
25 1
58
2 11
.88

Ortho-phosphate as jO- P04)

28

Ammonia fN H4)

44.5

Nitrite (N02)

.Q4

Nitrate (N031

pH

.25
1.267

7.1

Total Dissolved Solids (TDS)

725

Total Hardness as CaC03

186

Phenolpthalein Alkal inity as CaC03
Total Alkalinity as CaC03
Biochem ical Oxygen Demand-5 day (BODS)

Of the eight active Nueces County sewage disposal wells inventoried by the Department, injection volume data are available for
only one well. This well, serving a parochial
school and orphanage, has been permitted by
the Department. Using a standard waste disposal well design of cemented casing with
tubing and packer, this well injects 2,000 to
5,000 gallons per month. Because the total
number of Nueces County sewage disposal
wells, including those serving single-family
residences, is not accurately known, it has not
been possible to estimate the total volume of
sewage injected in the county.

134

Fluoride fF)

Specific Conductance (micromhos at 25° C)

200 within an area of 1 square mile. A crude
estimate, assuming that 200 sewage disposal
wells are operating in Rocksprings, is a total
injection volume of 25 million gallons per
year.

0

Contamination Potential

274
71

Septic tanks provide only primary treatment of domestic sewage . In septic tank and
drain field systems, the principal treatment of wastewater is accomplished by the soil. Soil is
generally a very effective treatment system, employing physical filtering , particle sorption processes, and chemical and biological action to attenuate contaminants (McGauhey and Krone,
1967). Many of the wastewater constituents are taken up as nutrients by soil organ isms and
plants . Remaining wastewater constituents which are not attenuated in the soil by physical,
chemical, or biological processes percolate downward to enter ground wat er, causing increased
ground-water mineralization . Sewage disposal wells, cesspools, and seepage pits bypass the soil
zone, disposing of wastes in deeper sediments, primari ly under anaerobic conditions. Less waste
attenuation occurs in these systems .
One of the most significant health hazards from contamination of ground or surface water by
domestic sewage is the potential for spread of viral and bacterial pathogens . Most water-borne
disease outbreaks in this country have been traced to consumption of untreated ground water
(Wellings, 1980). Recent studies suggest that viruses may survive in a ground -water environment
for as long as 1 year, and that viruses may travel as much as 200feet through sandy soil (Geraghty
and M iller, 1982). Table 11-3 lists human viruses which are likely to be present in sewage, and
their associated diseases. In subsurface strata where significant flow may occur in fractures,
bacteria-laden water may move quickly with little filtration (Allen and Morrison, 1973). Aside
from the dangers of pathogens in sewage -contaminated ground water, chemical constituents of
sewage may also cause ground-water problems ranging from the nuisance of mineralized taste of
the water to more serious health problems such as methemoglobinemia .
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Table 11-2. - Typical Composition of Domestic Sewage
(All values except settleable solids are expressed in mg/l.)
Concentration
Constituent

Strong

Solids, total
Dissolved, total
Fixed
Volatile

Suspended, total
Fixed
Volatile
Settleable solids, (mill)

Medium

Weak

1.200
850
525
325
350
75
275
20

700
500
300
200
200
50
150
10

350
250
145
105
100
30
70
5

300
300
1.000
85
35
50
0
0
20
5
15
100
200
150

200
200
500
40
15
25
0
0
10
3
7
50
100
100

100
100
250
20
8
12
0
0
6
2
4
30
50
50

Biochemica l Oxygen Demand,

S-day, 20°C (BODs 20°)
Total Organic Carbon (TOC)
Chemical Oxygen Demand (COD)
Nitrogen, (total as N)

Organic
Free ammonia
Nitrite
Nitrate
Phosphorus (total as PI
Organic
Inorganic
Chloride!

Alkalinity (as CaC03)1
Grease

'Values should be increased by amount in ca rr iage water.

From U.S. Envi ronmental Protection Agency, 1977.

Table 11-3.-Human Viruses Common in Sewage. and Associated Diseases
Diseases or C linica l Syndromes

Virsus
Pol iovirus

Paralysis. aseptic meningitis. undifferentiated febrile illness.

Coxsackievirus Group A

Herpangina, aseptic meningitis, paralysis, exanthem, "common
cold", undifferentiated febr ile il lness.

Coxsackievirus Group B

Pleurodynia , aseptic meningitis, paralysis meningoencephalitis,
myocarditis, perica rditis, upper respiratory illness, pneumonia
undifferentiated febri le illness.

Echovirus

Aseptic meningitis, paralysis, exanthem, respiratory disease,
diarrhea.

Adenovirus

Acute febr ile pharyngitis, phanyngo-conjunctival fever, acute
respiratory disease, pneumonia.

Reovirus

Respiratory illness, diarrhea.

Infectious hepatitis virus

Jaundice.

From Yin, 1970
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Factors which increase the ground-water contamination potential of sewage disposal wells
include low waste attenuation capability of disposal zone sediments, high horizontal and vertical
permeabilities in the disposal zone, and lack of adequate stratigraphic and hydrologic separation
between the disposal zone and the local fresh-water aquifer . Also, contamination potential
undoubtedly increases with both density of on-site sewage disposal systems (including disposal
wells) a nd density of water wells.
Water wells may be affected by sewage disposal in two ways . First, sewage effluent entering
the water table through percolation or injection will cause a contaminated plume to move
down-gradient where it may be picked up in a water well. Second, lateral movement of effluent
through injection strata (or through soil in the case of a soil absorption system) may contact an
uncemented water well and move downward through the annulus to the water table. In evaluating impacts of septic tank systems on ground water, a density of greater than 40 units per square
mile may indicate significant potential for contamination (U .S. Environmental Protection Agency,
1977) if shallow ground water resources exist in the area . Potential for ground-water contamination by the four High Plains sewage disposal well operations inventoried by the Department, and
other High Plains sewage wells in isolated rural situations, is probably minimal. Forthese isolated
wells the subsurface sediments may be reasonably effective in binding up or attenuating contaminants from the relatively low volumes of injected sewage . Any ground-water contamination
which results is likely very localized.
In Texas, the threat of local ground-water contamination has occurred in a few housing
developments where there was a high density of both sewage disposal wells and water wells.
One case investigated by the Texas Water Development Board and the Amarillo Bi-City-County
Health Department in the High Plains study area is discussed in Cooper (1970). The Texas Water
Development Board investigation was conducted at the request of residents concerned about
installation of sewage disposal wells in a housing development north of Amarillo . Each dwelling
in the 530-acre development had an individual water supply well with gravel-packed annulus,
and a septic tank system . Approximately 30 boreholes were drilled to relieve poorly designed soil
absorption systems which had failed . The Board report concluded that "Sewage disposal
wells .. .present a severe hazard to the quality of the ground water in the local area ."
Though no ground-water problems from the operation of sewage disposal wells have yet
been experienced in Rocksprings, there appears to be a significant potential for contamination of
local water supplies . This assessment is based largely upon the reported high density of disposal
wells and proximity of water supply wells. The water supply for Rocksprings is provided by one
main well, with an additional well serving as a backup for times of peak demand. These water
wells have open-hole completions from a depth of about 150 feet, within or near the sewage
disposal zone, to their respective total depths of 625 and 563 feet. The water supply is chlorinated
before distribution. Available chemical analyses for these two water supply wells show no
evidence of contamination .
Contributing to the contamination potential of Rocksprings sewage disposal wells are relatively high permeabilities in both the shallow injection reservoir and the deeper water supply
aquifer, and the thinness of the formation separating these two subsurface zones. Also, in
contrast with the effectiveness of a properly designed septic tank drain field operated under
suitable soil conditions, very little attenuation of sewage contaminants in the injection zone is
likely to occur. The lack of evidence of ground-water contamination could indicate that lateral flow
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of contaminated water away from the supply well locations, rather than its vertical percolation
into the supply well aquifer, is the dominant hydrologic process in the area. Future studies could
investigate the exact relationship between stratigraphy and hydrology in the area, and mechanisms of aquifer recharge.
Contam ination potential of the sewage disposal wells inventoried in Nueces County is judged
to be low, because of the small number of inventoried wells and general absence of significant
ground-water supplies. If single-family residence wells are considered, local contamination
potential may exist. Ground-water contamination would likely correlate with areas of high
sewage disposal well density. A situation similar to the one described in Cooper (1970) existed in
Nueces County. Residential water wells in a small housing development were threatened by
installation of sewage disposal wells, as individual septic tank soil absorption systems in the
development began to fail. A combination of citizen awareness, action by county health officials,
and extension of water uti lities t o the area prevented a health hazard in the community.

Legal and Jurisdictional Considerations
Sewage disposal wells are included in the Class V group of underg ro und injection wells and
are within the jurisdictional authority of the Department. Because jurisdictional authority for
these wells also extends to other state and local agencies, opportunity exists for coordination of
regulatory efforts to discourage or prohibit sewage disposal well use.
Texas law authorizes promulgation and enforcement of standards and regulations governing
use of private sewage facilities . Article 4477-1 ofthe Texas Sanitation and Health Protection Law
(Texas Civil Statutes) and its various sections require proper disposal of human wastes through
methods approved by the Texas Department of Health. Incorporated cities and towns may
regulate private sewage facilities, consistent with Texas Department of Health guidelines, under
this Article .
The term private sewage facilities generally refers to sewage disposal systems which serve
single-family residences. These systems normally use soil absorption lines to dispose of septic
tank effluent, but may occasionally use sewage disposal wells to receive raw sewage or septic
tank effluent for final disposal. For purposes of Sections 26.031 and 26.032 of the Texas Water
Code, the term private sewage facilities has a broader meaning . It means septic tanks, pit privies,
cesspools, sewage holding tanks, injection wells, and all other facilities and methods used for
on-site disposal of sewage at residences and other establishments except for disposal systems
operated pursuant to a permit issued by the Texas Department of Water Resources. Figures 11-1
and 11-2 illustrate a disposal system which is currently regulated by Department waste disposal
well permit and, therefore, not subject to regulation as a private sewage facility.
Sections 26.031 and 26.032 of the Texas Water Code define private sewage facilities to
include injection wells used for the disposal of sewage and authorize the Texas Water Development Board with consultation from the Texas Department of Health to enact orders, county by
county, regulating private sewage facilities, if a public hearing shows that these facilities may
cause pollution or injury to public health. These orders must be initiated at the county level. An
order may also be approved for the area surrounding a lake or associated with a water district.
Figure 11-8 shows counties and other designated areas where septic tank orders exist. Septic
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Figure 11-8.-Areas of Texas With Septic Tank Orders as of December 31. 1983
tank orders contain standards at least as stringent as those recommended by the Texas Department of Health . According to guidelines of the Department of Health. sewage disposal wells
including cesspools and seepage pits are not an acceptable method of on-site disposal for private
sewage facilities unless permitted by the Texas Department of Water Resources .
Texas Department of Water Resources rules regarding the Edwards Aquifer Recharge Zone
require licensi ng of new private sewage facilities and registra tion of existing systems. All systems
must connect to organized sewage collection systems when they become available in an area. Pit
privies. cesspools. or injection wells used to dispose of sewage from private sewage facilities are
prohibited from being constructed on the Recharge Zone.
The disposal of municipal waste by injection well must be authorized by Department of Water
Resources Underground Injection Control Perm it issued pursuant to the Injection Well Act
(Chapter 27 of the Water Code) as originally adopted in 1961. Municipal waste inc ludes sewage or
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other wastes of cities, towns, villages, communities, water districts, and other municipal corporations, which may cause or might reasonably be expected to cause pollution of fresh water.
1981 amendments to the Injection Well Act bring all other sewage disposal wells under
the Department's jurisdiction . The Department's current ru les governing injection wells address
sewage disposal wells, but do not prohibit operation of sewage disposal wells serving single
family residences . Regulation of these private sewage facilit ies is accomplished through Chapter
26 of the Texas Water Code as previously outlined . All other sewage disposal wells must be
a uthorized by rule or permit.
The degree and type of existing regulation varies grea t ly among the three areas ofthe State in
w hich the Department investigated sewage disposal wells . Much of the study area was not
covered by septic tank orders . These areas are, however, subject to regulation by incorporated
towns and county health departments. This regulation usually consists of encouraging proper
system design and installation, and dissemination of information and guidelines . Often, builders,
deve lopers, and architects will consult w ith local public health officials for recommendations on
sewage system design. Another indirect form of regulation is the requ irement of a local health
department inspection and approval of domestic wastewater facil ities for Farmers Home Adm inistration (FHA) f in ancing. This inspection provides a mechanism for enforcing Department of
Health guide lines and upgrading some existing fa cilities.
In the High Plains, three counties and two lake authorities adm inister septic tank orders.
Included w ithin these areas are the cities of Lubbock, Canyon , and Amarillo. These orders cover
only a very small part of the High Plains study area . The City of Rocksprings, on the Edwards
Plateau , has no regulatory order, but reviews septic tank and disposal well installations for basic
design criteria . A similar situation exists in Nueces County, where the Corpus Christi-Nueces
County Health Department reviews plans and inspects construction of septic tank and disposal
well installations for compl iance with design criteria .
Current private sewage facilities regulatory programs are generally of recent origin and are
effective in controll ing design and installation of on-site sewage disposal systems in new construction projects. These programs , however, do not generally assure upgrading of existing
systems.

Concluding Statement
In Texas, regulatory authority over sewage disposa l wells serving single-family residences is
shared by the Department of Water Resources, the Department of Health, counties, local water
districts, and local health departments. These various authorities have established mechanisms
for the regulation of private sewage facilities. Regulatory programs for private sewage disposal
have proven to be effective in counties where regulatory orders have been enacted . It is recommended that regulatory orders for private sewage facilities be adopted in the study areas which
are not already protected. These regulatory orders should be based on current minimum stan dards for sewage disposal as published by the Department of Health and appropriate site-specific
considerations. Sewage disposal wells for private sewage facilities are not acceptable under
Texas Department of Health standards, and should be phased out and replaced by alternate
methods of sewage treatment and disposal.
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The investigation carried out by the Department has not identified pollution resulting from
sewage disposal wells, but has shown the potential for such pollution to occur. These Class V
wells differ from other Class V injection activities with regard to the fluid being injected, which in
this case is clearly a waste material. The potential for contamination from these waste disposal
activities varies with location . It is recommended that each proposed sewage disposal well,
excluding single-family residence sewage facilities, be authorized by site-specific permit rather
than by rule, and that existing wells be individually reviewed for contamination potential with
appropriate action taken in each case .
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MINE BACKFILL WELLS
Introduction
Mine backfill wells are usually defined as wells drilled into mined-out portions of subsurface
mines for the purpose of filling them by injection of a slurry of sand , mill tailings, or other solids.
The term " mine backfill wells" has also been used in a different sense in reference to water wells
or monitor wells drilled into backfill of surface mines. This use of the term will not be considered
further in this chapter.
Only four underground mines are believed to be active in Texas : two salt mines, a limestone
mine, and an abandoned silver mine being reactivated. None of these mines are believed ever to
have utilized mine backfill wells in their operations. As far as can be determined, this technique of
backfilling underground mines has never before been utilized in the State.
The largest, and at one time the most important, underground mines in Texas are those ofthe
Terlingua mercury district and smaller genetically related districts in the Trans-Pecos region . Now
comp letely abandoned, the very extensive Terlingua district workings yielded over 150,000
76-pound flasks of mercury from a number of mines during the first half of the present century.
The Chisos Mine alone has over 23 miles of underground workings.
A recent project involved sealing off or filling some of the abandoned Terlingua mercury
mines and prospect workings. This project included the first use of mine backfill wells in Texas.
The Terlingua mercury district, which includes the mine backfill project area , is in southern
Brewster County about 80 miles south of the City of Alpine and consists of a rather narrow band
extending westerly from the town of Study Butte for about 20 miles. The mining district lies just
north of the western portion of Big Bend National Park as shown in Figure 12-1 . The Terlingua
Abandoned Mine Land Project encompasses an area within the Terlingua mercury district
extending westerly from Study Butte along Farm to Market Road 170 (FM 170) about 16 miles to
near Lajitas Mesa.
The major industry in this sparsely populated area is tourism. During the tourist season
accomodations in and near Big Bend National Park are in short supply. Many tourists travel FM
170 enroute to and from facilities in Laj itas. Adobe and stone ruins associated with the former
mine activity are clearly visible from FM 170. The land is almost entirely unfenced, and tourists
attracted by the ruins can unknowingly enter areas rendered extremely dangerous by the presence of open and unmarked shafts . In 1982, a boy fell almost 300 feet to his death in one of the
shafts, and in mid-1983 another person was reported missing in the area . Probably hundreds of
shafts and prospect workings exist within the mercury district. Only a limited number, all easily
accessible from FM 170, are included in the project.
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Figure 12-1.-Location of the Terlingua Mercury District in Trans-Pecos
Texas (Modified after Sharpe, 1980)

Geohydrology
The Terlingua area is part of the Chihuahuan desert, which is characterized by an arid
subtropical climate . Annual rainfall averages less than 12 inches, most of which occurs during
the late summer months. Summer rains are often torrential and are usually highly localized.
Vegetation is sparse to moderate in density, consisting mainly of desert forms such as yucca,
cacti , and agave . Creosote bush , mesquite, and catclaw occur mainly along usually dry watercourses . The few trees in the area are cottonwoods which grow along the major arroyos. The
abandoned mine area is located in a heavily dissected terrane of rocky slopes and ravines. Its
elevation ranges from about 2,500 to 3 ,300 feet.
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Stratigraphy and Structure
The rock strata of concern in the Terlingua area are Cretaceous sediments, dominantly
limestone and shale. These are intruded by Tertiary sills, dikes, laccoliths, and plugs of variable
igneous composition . Faults and tectonic fractures are abundant. The stratigraphic nomenclature
utilized herein is that of the Emory Peak-Pres idio Sheet of the Geologic Atlas of Texas (Bureau of
Economic Geology, 1979).
The oldest stratigraphic unit entered by the deeper mine shafts of concern is the Santa Elena
Limestone of late Lower Cretaceous age . Mercury is not known to occur in significant quantities
below the upper part of the Santa Elena. The Santa Elena Limestone is white to light gray, fine
grained, and massive in character. Its thickness is unknown in the proj ect area, but elsewhere in
the Big Bend region it is known t o range from about 500 feet to more than 900 feet. The Santa
Elena is the primary aquifer in the Terlingua district.
Overlyi ng the Sa nta Elena is the Del Rio Clay, wh ich ra nges up to about 180feet in thickness.
The Del Rio is dominantly bluish to gray structureless clay with some interbedded flaggy
limestone.
Less than 100 feet of Buda Limestone overlies the Del Rio. The Buda is a grayish white
limestone containing a middle member which is argillaceous and marly.
The Boquillas Formation , the basal unit of the Upper Cretaceous, is the most prominently
exposed unit in the project area . The lower Ernst Member is a bluish gray, flaggy, silty limestone
grading to siltstone; the overlying San Vicente Member consists of thin to medium bedded, chalky,
argillaceous limestone flags interbedded with gray marl.
The Pen Formation overlies the Boquillas . The Pen , the youngest formation of pertinence to
the Terlingua mining project. is about 1,000 feet thick in the area and consists dominantly of clay,
which is calcareous with thin chalk beds in the lower part and sandywith some sandstone beds in
the upper part.
With one notable except ion, to be discussed , the Tertiary igneous intr usions in the region
have no direct relationship with the hydrology of the'project area and need not be considered here.
These intrusions also lack a direct relationship with the mercury mineralization, which took place
later, although there is probably an indirect genetic relation in that the intrusions may have
differentiated at depth from the same parent magma that was the later source of mercury-bearing
hydrothermal solutions.

Aquifers
Because of complex faulting of the rock formations and extreme paucity of well data in the
area, few generalized statements can be made regarding the hydrology of the Terlingua area
other than to say that the Santa Elena often yields potable water and is the most important aquifer
known in the area. Ragsdale (1976) records that when the Chisos Mine shafts penetrated below
the 700-foot level, a large quantity of water unsuitable for household use was encountered and
sealed off. Usable water was later discovered near t he 800-foot level. The usable water undoubtedly came from the Santa Elena , but the source beds of the unusable water must be considered
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uncertain at present. The Little Thirty-Eight Mine reached a maximum depth of 375 feet without
any report of water being encountered . It is probably safe to state that in most of the project area
there is no ground water above a depth of several hundred feet.
A major exception to the preceding statement occurs in the vicinity of Study Butte at the
eastern extremity of the project area . The Study Butte intrusion, of fine-grained quartz soda
syenite, forms the hill of the same name. It is intruded into clays of the Pen Formation. The
intrusion is cut by abundant joints and fractures, enabling it to function as a local aquifer. This
intrusion is mentioned here because a mine shaft located near the road at Study Butte is part of
the abandoned mine project. The shaft will be covered by a steel grating and is not one of the
proposed mine backfill wells . The water level in the shaft is about 20 feet below land surface,
approximately where water was encountered when the shaft was first opened .

Abandoned Mine Project Ground-Water Impact
The Terlingua Project plans provide that the mine shafts deeper than about 100 feet will be
sealed off by emplacement of steel grates in concrete collars at the shaft open ings at ground
surface . These deep mine shafts, at least near the surface, are roughly square to rectangular in
horizontal section . In contrast, the shafts and various prospect workings shallower than this
arbitrary depth are to be filled with available solids which will include local soils and mine spoil.
Shafts and work ings of the shallower category will be regarded as mine backfill " wells," being
generally deeper than they are wide. The backfill wells are highly variable in shape and size. While
the deeper of these backfil l wells resemble the deepest mine shafts in cross-sectional size and
geometry, some of the shallower ones may be little more than infillings of irregularly oblong pits
barely large enough for one man to have worked with hand tools .
Unl ike more conventional mine backfill wells, the injected materials for the Terlingua project,
usually consisting mainly of spoil removed in digging the original shafts and prospect workings,
w ill be essentially dry, as will the wells themselves. As mentioned earlier, ground water is not
known t o occur above a depth of several hundred feet in the project area , except in the local Study
Butte aquifer. The ground-water contam ination potential of the project is apparently nil.
It is of course recognized that any open shaft into permeable sediments or any shaft backfilled
with permeable material which is allowed to collect rainfall or runoff may constitute a minor
source of water recharge to the unsaturated zone overlying the local aquifers. The possibility of
mobilization of toxic mercury compounds from mine tailings used as backfill should be insign ificant, considering that the possible effect of the mercury ore minerals on the water quality of the
local aqu ifers has been a natural and pre-existing condition in the Terlingua mine district.
The only pract icable alternative to the methods proposed (i. e., steel gratings at shaft openings, and use of mine backfill wells) is the erection of fences around the shafts . This opti on would
be more expensive , and as demonstrated by fenced shafts in Big Bend National Park, would
involve heavy ma intenance expense. Some tourists have already tried to cl imb or burrow under
fences around shafts in the park.
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Legal and Jurisdictional Considerations
To eliminate the dangers of open mine shafts, the Governor declared a state of emergencyon
December 3, 1982, and requested federal assistance for the Terlingua Abandoned Mine Land
Project. As a result , the Railroad Commission of Texas received an Administrative Grantforfunds
under Section 409 of Public Law 95-87 (Abandoned Mine Land Program)to remedy the hazardous situation. Railroad Commission personnel have identified 88 mine shafts or prospect workings within the mercury district which are easily accessible from FM 170 and, therefore,
constitute public hazards.
The Department's authority Tmder Chapter 27 of the Texas Water Code extends to regulation
of injection wells . It has been determined that, for regulatory purposes, the shallower group of
shafts and workings which are to be filled with solids are mine backfill wells, a category of Class V
injection wells.

Concluding Statement
It has been shown that the Terlingua mine backfill project should have no impact upon
ground-water resources . If other mine backfill wells should be proposed in the future, their
potential effect upon ground-water quality should be evaluated on a case by case basis .
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Appendix 1
(~suffixed

Well
number
shown on
figure 3-'

Industrial Waste Disposal Wells in Texas. 1983
to well number designates commercial waste disposal well.)

Co.
well
Company. plant name and address

no.

Monsanto Chem ica l Intermediates Co.
Chocolate Bayou Plant
Alvin. Texas
2

Monsanto Chemical Intermediates Co.
Chocolate Bayou Plant
Alvin. Texas

3

Potash Company of America
Dumas Plant
Dumas. Texas

4

13

14

Brazoria

2

E. I. duPont de Nemours and Co .• Inc.
Victoria Plant
Victoria. Texas

4

Monsanto Chemical Intermediates Co.
Chocolate Bayou Plant
Alvin. Texas

3

Miocene sands
4. 987-5.309 II

Moore

Glorieta sands

Celanese Chemical Company
Bay City Plant
Bay City. Texas

2

Victoria

Oakville and Catahoula
Formations

Brazoria

Miocene sands

5.300-7.000 II
Matagorda

Miocene sands

3.400-3.700 II

Diamond Shamrock Corp.
McKee Plant
Amarillo. Texas

3

E. I. duPont de Nemours and Co .• Inc.
Victor ia Plant
Victoria . Texas

5

E. I. duPont de Nemours and Co .• Inc.
Victoria Plant
Victoria. Texas

6

E. I. duPont de Nemours and Co .. Inc.
Victoria Plant
Victoria. Texas

7

Celanese Chemical Co.
Bay City Plant
Bay City. Texas

2

32

Brazoria

3.000-4. 700 II

20

30

Miocene sands

1. 125-1.25011

EI Paso Products Company
Odessa Petro-Chemical
Odessa, Texas

29

Formation and depth

2.000-6.400 II

16

28

County

Ector

San Andres Formation
5.000-5.800 II

Moore

Glorieta sands

1. 108-1 . 240 II
Victoria

Oakville and Catahoula
Formation

3.000-4. 200 II
Victoria

Oakville and Catahoula
Formation

3.000-4.200 II
Victoria

Oakville and Catahoula
Formation

3.000-4.200 II
Matagorda

Miocene sands

3.300-3.700 II

33

Celanese Chemical Co .
Clear Lake Plant
Houston. Texas

Harris

Miocene sands
4 .600-5.400 II

34

GAF Corporation
Texas City Plant
Texas City. Texas

Galveston

Miocene sands

Arco Chem ical Co.
Lyondett Plant
Channelv iew. Texas

Harris

36

3.624-4.018 II
Frio sands

5.500-6.950 II
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Appendix 1
(~suffixed

Industrial Waste Disposal Wells in Texas, 1983
to well number designates commercial waste disposal well.l-Continued

Well

Co.

number
shown on

figure 3·1

45

49

51

54

well

no.

Company. plant name and address
Celanese Chemical Co.
Clear Lake Plant
Houston. Texas

2

Celanese Chemical Co .
Bay City Plant
Bay City. Texas

4

County

Harris

Formation and depth
Miocene sands

4,600·5,400 It
Matagorda

Miocene sands

3,350-3,575 It

Badische Corporation
Chemical Operati ons Plant
Freeport. Texas

Brazor ia

M jacene sands

5,900·6,200 It

AON

E. L duPont de Nemours and Co .• Inc.
Sabine River Works

Orange

#3

M iocene sands

4,300-5,000 ft

Orange. Texas
55

56

E. I. duPont de Nem ours and Co .. In c.
Sabine River Works
Orange, Texas

4

E. I. duPont de Nemours and Co .• Inc.
Sabine River Works

5

Orange

Miocene sands

4,300-5,000 It
Orange

M iocene sands

4,300· 5,000 It

Orange. Texas
57

67

68

70-c

73-c

80

82

83

88

E. I. duPont de Nemours and Co., Inc.
Sabine River Works
Orange, Texas

6

Ora nge

Miocene sands

4,300-5,000 It

Phillips Petroleum Co .
Plains Co. Polymer Plant
Borger, Texas

0 -2

Ph illips Petroleum Co.
Plains Co. Polymer Plant
Borger, Texas

0 -3

Hut ch inson

Granite wash

3,840-5,000 It
Hutchinson

Granite wash

3,840-5.000 ft

Chemical Waste Management
Corpu s Christ i Facil ity
Corpus Christ i, Texas

Nueces

Malone Serv ice Company
Malone Plant
Texas City, Texas

Galveston

American O il Company
Texas City Plant
Texas City, Texas

Galveston

E. I. duPont de Nemours and Co ., Inc.
Houston Plant
La Porte , Texas

Harris

Miocene sands

3.470·4, 700 It
Miocene sands

4,000-5,000
Miocene sands

5,830-7,000 It
Miocene sands and
Frio Formation

4,800-7,000 It

E. I. duPont de Nemours and Co ., Inc.
Houston Plant
La Porte, Texas

2

EI Paso Products Company
Odessa Petro-Chem ical Complex
Odessa , Texas

2

Harris

M iocene sands and
Frio Formation

4,800-7,000 It
Ector

San Andres Formation

4, 900·5,900 It
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Appendix 1
Industrial Waste Disposal Wells in Texas, 1983
(!C suffixed to well number designates commercial waste disposal well .)-Continued
Well
number
shown on
figure 3-1

91

92

99

100

101

Co.
well
no.

Company. plant name and address

County

Monsanto Company
Texas City Plant
Texas City, Texas

Galveston

Cities Service Fract io nators
Mont Be lvieu Plant
Mont Belvieu , Texas

Chambers

Miocene sands

5.000-7,500 It

Pl iocene sand

2,104-2.120 It

Badische Corporation
Freeport Plant
Freeport. Texas

2

Brazoria

Catahou la Formation

6,700-7,400 It

E. I. duPont de Nemours and Co., Inc .
Beaumont Works
Beaumont, Texas

Jefferson

Miocene and Frio Formations

3.800-4,900 It
6.800- 7,700 It

E. I. duPont de Nemours and Co., Inc.
Beaumont Works

2

Jefferson

Miocene and Frio Formation

3.800-4.900 It
6,800-7,700 It

Beaumont, Texas

102

Formation and depth

Diamond Shamrock Corporation

4

Moore

Granite wash

4,790-5,080 It

McKee Plant
Amarillo, Texas

105

106

107

109

110

111

113

114

115

E. I. duPont de Nemours and Co .• In c.
Victoria Plant
Victoria, Texas

8

E. I. duPont de Nemours and Co .• Inc.
Victoria Plant
Victoria, Texas

9

Witeo Chem ical Company
Marshall Plant
Marshall, Texas

2

E. I. duPont de Nemours and Co .• Inc.
Ingleside Plant
Ingleside, Texas

2

Victoria

Miocene and Oligocene sands

3,200-4,600 It

Victoria

Miocene and Oligocene sands

3.200-4.600 It

Harrison

Blossom Formation

2.450- 2.500 It
San Patricio

Oakville Formation

4,050-4, 140 It
l-A

Celanese Chemical Company
Bay City Plant
Bay City, Texas

Matagorda

Miocene sands

3.300-5,900 It

Witco Chemical Corporation
Retzloff Chemical Plant
Houston, Texas

Fort Bend

Frio Formation

5.450-7,500 It

GAF Corporation
Texas City Plant
Texas City, Texas

3

GAF Corporation
Texas City Plant
Texas City, Texas

2

Galveston

Miocene sands

3,750-5,800 It

Galveston

Miocene sands

3, 550-5,700 It

Cominco-American
Camex Operations
Borger Plant
Borger, Texas

Hutchinson

Granite wash and
Ellenberger Formation

3.450-6,300 It
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Appendix 1
Industrial Waste Disposal Wells in Texas, 1983
(l;. suffixed to well number designates commercial waste disposal well.)-Continued
Well
number
shown on

figure 3·1
117

Co.
well

no.

Company. plant name and address
JetCQ Chemicals Inc.

County

Formation and depth

Navarro

Woodbine Formation
2. 500-3. 200 It

Potter

Wolfcamp limestones and
dolom ite
4.000-5.000 It

San Pat ricio

Catahoula Formatio n
5.147 -5.242 It

Harris

Frio Formation
6.000-6.700 It

Live Oak

Yegua Formation
3.550-4. 500 It

Amine Plant
Corsicana. Texas

120

Iowa Beef Processors. Inc.
Amarillo Hide Processing Plant
Amarillo. Texas

121

E. I. duPont de Nemours and Co .• Inc.
Ingleside Plant
Ingleside, Texas

122

3

Pennwalt Corporation
Lucidol Divis ion
Crosby Plant
Crosby. Texas

123

U.S. Steel Corporation
Texas Uranium Operations
Clay West Mining Project
George West. Texas

124

U.S. Steel Corporation
Texas Uranium Oper ations
Clay West Mining Project
George West, Texas

2

Live Oak

Yegua Formation
3.550-4. 500 It

125

Velsicol Chemical Corporation
Beaumont Plant
Beaumont. Texas

4

Jefferson

Miocene sands
3. 500-5. 100 It

126

EI Paso Products Company
Odessa Petro-Chem ical Complex
Odessa , Texas

3

Ector

127

Amoco Oil Co.
Texas City Plant
Texas City, Texas

2

Galveston

Miocene sands
5.830-6.459 It

128

Amoco Oil Company
Texas City Plant
Texas City. Texas

3

Galveston

Miocene sands
5.830-7,000 It

129

Asarco, In c.
Amarillo Copper Refinery
Amarillo, Texas

San Andres Format io n

4.900-5.900 It

Potter

Brown dolomite

4.000-5,700

130

U.S. Steel Corporation
Texas Uranium Operations
Burns Mining Project
Corpus Christi , Texas

3

Live Oak

Yegua Formation
3. 600-4.600 It

132

E. I. duPont de Nemours and Co., Inc.
Sabine River Works
Orange, Texas

8

Orange

M iocene sands
4. 230-4. 380 It

133

American Magnesium Co.
Snyder Plant
Snyder. Texas

Scurry

Clear Fork Format io n
2. 600-2.700 It
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Appendix 1
(~suffixed

Well
number
shown on
figure 3-1

Industrial Waste Disposal Wells in Texas, 1983
to well number designates commercial waste disposal well.l-Continued

Co.
well

no .

Company. plant name and address

County

Formation and depth

,
134

135

136

138-c

139

140

141

142

143

144

145

146-c

147-c

148

149

Chevron
Palangana Dome Site
Benavides, Texas

Duval

Texaco, Inc.
Amarillo Pla nt
Amarillo, Texas

Potter

Yegua Formation

5.968-6.597 It
Wolfcamp limestone and
dolom ite

3.950-5,300 It

Texaco, Inc.
Amarillo Plant
Amarillo, Texas

2

Malone Service Company
Oil Reclamation Plant
Texas City. Texas

2

Witco Chemical Company
Retzloff Chemical Plant
Houston, Texas

2

U.S. Steel Corporation
Texas Uranium Operations
Boots Mining Project
Corpus Christi. Texas

4

U.S. Steel Corporation
Texas Uranium Operations
Johnson Mining Project
Corpus Christi , Texas

5

Potter

Wolfcamp limestone and
dolom ite

3,950-5,300 It
Galveston

Miocene sands

3.800-7,000 It

Fort Bend

Frio Formation

5,400-7,400 It

Live Oak

Yegua Formation

3,550-4.550 It

Live Oak

Yegua Formati on

3, 240-4,150 It

E. I. duPont de Nemours and Co., Inc.
Victoria Plant
Victoria. Texas

Victoria

Catahoula and Greta Formations

3,000-4,700 It

E. I. duPont de Nemours and Co., Inc.
Victoria Plant
Victoria. Texas

2

E. I. duPont de Nemours and Co., Inc.
Victoria Plant
Victoria , Texas

3

E. I. duPont de Nemours and Co., In c.
Victoria Plant
Victoria , Texas

10

Victoria

Catahoula and Greta Formations

3,000-4,700 It

Victoria

Catahou la and Greta Formations

3,000-4,700 It

Victoria

Oakville , Catahoula and
Greta For mat ions

3,000-4,700 It

Chaparral Disposal Company
Odessa. Texas

Ector

Merichem
Haden Road Plant
Houston, Texas

Harris

Arco Chem ical Co.
Channelview Plant
Channelview, Texas

Harris

San Andres Formation

4, 900-5.750 It
Frio Formation

6.400-7, 200 It

Frio Format ion

4 ,900-7.200 It

E. I. duPont de Nemours and Co.. Inc.
Houston Plant
La Porte, Texas

3

Harris

M iocene sands

4.850-4.900 It
5,180-5,340 It
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Appendix 1
(~ suffixed

Industrial Waste Disposal Wells in Texas, 1983
to well number designates commercial waste disposal well.)-Continued

Well
number

shown on
figure 3-1

Co.
well

no.

Company, plant name and address

County

Formation and depth

Duval

Vegua Formation
3.780-4.370 It

Duva l

Yegua Formation
3. 780-4.370 It

Nueces

Jackson Group
7. 130-7.800 It

2

Nueces

Jackson Group
7. 130-7.800 It

EI Paso Product Company
Odessa Petro-Chemical Complex
Odessa, Texas

4

Ector

San Andres Formation
4.900-5.900 It

Velsicol Chemical Corp .

5

Jefferson

Miocene sands
4.600-6.400 It

2

live Oak

Wilcox Group
6.200- 6. 700 It

150

Nutuels Corporation
Holiday-EI Mesquite
Corpus Christi , Texas

151

Nutuels Corporation
Holiday- EI Mesquite
Corpus Christi. Texas

152

Corpu s Ch risti Petrochemical Co.
Oletins Plant
Corpu s Christi. Texas

153

Corpus Christi Petrochemical Co.
Oletins Plant
Corpus Ch risti. Texas

154

155

2

Beaumont Plant
Beaumont, Texas

156

Wyoming Minerals Corp .
Lamprecht M ining Project
West inghouse Uranium Resources
Three Rivers, Texas

157-c

Empak. Inc. (Geo-Ject )
Houston. Texas

Harris

Frio Formation
6.800- 7. 600 It

158

Mobil Oil Corporation
Beaumont Refinery
Beaumont, Texas

Jefferson

Oakville Format ion
3.700-4.800 It

159

IEC Corporat ion
Zamzow Mine
Tuleta , Texas

live Oak

Vegua Formation
3.050-3.740 It

160-c

Chemical Waste Management
Port Arthur. Texas

Jefferson

Miocene sands
6. 700-7.200 It

161-c

Chemica l Waste Management
Port Arthur, Texas

2

Jefferson

Miocene sands
6. 700-7.200 It

162

Arco Chemcia l Co.
Channe lview Plant
Ch annelview, Texas

2

Harris

Frio Format ion
5.1 50-7.250 It

163

Vistron Corporation
Port Lavaca, Texas

Calhoun

Frio Formation
6. 750-8. 250 It

164

Vistron Corporation
Port Lavaca, Texas

2

Calhoun

Frio Formation

Vistron Corporation
Port Lavaca. Texas

3

165

6.750-8.250 It
Calhoun

Frio Format ion

6.750-7. 500 It
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Appendix 1
Industrial Waste Disposal Wells in Texas, 1983
(£ suffixed to well number designates commercial waste disposal well. l-Continued
Well
number
shown on
figure 3·'

166-c

167-c

168

169-c

170

172

173

174

175

176

180

182

183

185
186-c

Co.
well

no .

Company, plant name and address

2

Chem ical Waste Management. Inc.
Corpus Christi Facility
Corpus Christi , Texas

County
Nueces

Formation and depth
Oakville and Catahoula

3.470-4.450 ft

Waste Water, Inc.
Houston. Texas

Brazoria

Everest Minerals Corporation
Hobson Mine
Hobson, Texas

Karnes

Disposal Systems, Inc. (DSI)
Houston . Texas

Harris

Westinghouse Electric Corporation
Brun i Mine. South Texas
Westinghouse Urani um Resources
Bru ni, Texas

Webb

Shell Chemica l Co .
Deer Park Manufacturing Complex
Deer Park. Texas

Harris

Anahuac Formations

6, 150-6, 350 ft
Wilcox Group

5,610-6,500 ft

Frio Formation

6,800-7,300 ft
Yegua Format ion

2.900-3,950 ft

Frio Formation

6, BOO- 7, 650 ft

Shell Chemical Co.
Deer Park Manufacturing Complex
Deer Park. Texas

2

U.S. Steel Corporation
Texas Uranium Operation
Brown Mine
Corpus Christi , Texas

6

Harris

Frio Formation

6,800-7,650 ft

live Oak

Yegua Format ion

3,200-4,300 ft

American Magnesium Company
Snyder Plant
Snyder, Texas

A

American Magnesium Company
Snyder Plant
Snyder, Texas

8

Scurry

Ellenburger For mation

8, 100-8.500 ft

Scurry

Ellenburger Format io n

8, 100-8,500 ft

Wilco Chemical Company
Marshall Plant
Marshall , Texas

3

Mobil Oil Corporation
Nell Mining Project
Corpus Christi , Texas

2

u.S. Steel Corporation
Texas Uranium Operations
Burns Mining Project
Corpus Christi , Texas

7

Harrison

Rodessa Form at ion

5.724-6,040 ft

Live Oak

Wilcox Group

6, 180-7.BOOft

live Oak

Yegua Formatio n

3,500-4,500 ft

Caith ness Mining Corp.
Hebbronville, Texas

Duval

Gibraltar Wastewate rs, In c.
Austin , Texas

Smith

Yegua Formation

4.100-4,900 ft
Woodbine Group

5, 200-5.700 ft
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Appendix 1
Industrial Waste Disposal Wells in Texas. 1983
(£ suffixed to well number designates commercial waste disposal well.l-Continued
Well
number
shown on

figure 3-1

187

Co.
well

no.

Company. plant name and address

2

Everest Minera ls Corp.

County
Duval

Formation and depth
Vegua Format ion

4. 250·5. 200 It

Las Palmas Mining Project

Corpus Christi. Texas

188

189

E. I. duPont de Nemours and Co. , Inc.
Beaumont Works Plant
Beaumont. Texas

3

Jefferson

Fr io Formation

5.300·6. 150 It
6.800· 7. 700 It

Conoca Inc.
Trevino M ine
Hebbronville. Texas

Duval

Vegua Formation

3.800·4.700 It
Vegua Formation

I.E.C. Corporation
Pawnee Mine
Tuleta , Texas

2

191

E. I. duPont de Nemours and Co .• Inc.
Sabine River Works
Orange. Texas

9

Orange

Miocene sands

192

Diamond Shamrock Corp.
McKee Plant
Amarillo, Te)(as

5

Moore

Granite wash

Everest Minerals Corp .
Mount Lucas M ine
Corpus Christi , Texas

3

190

194

195

8ee

2.500-3.400 It

4.808· 5.092 It
Live Oak

Vegua Form ation

5.200· 5. 900 It

Tenneco Uranium
Bruni Mine

Webb

Queen City Formation

5.650· 6. 150 It

Houston. Texas

196

Monsanto Company

2

Galveston

197
201
207

210
212
213
222

Miocene sands

6, 100·7.200 It

Texas City. Texas
Nufuels Corporation
Corpus Christi, Texas

3

Velsicol Chemical Corp.
Beaumont, Texas

6

Duval

Vegua Formation

3.550·4.400 It
Jefferson

Miocene sands

4, 200·6.000 I.

E. I. duPont de Nemours and Co., Inc.
Sabine Rivers Works
Orange, Texas

10

Orange

Miocene sands

4.300·5.710 It

Ce lanese
Bishop, Texas

3

Celanese
Bishop, Texas

2

Nueces

Anahuac Formation

4.200·4. 670 It
Nueces

Anahuac Formation

4. 200· 4.670 It

Arjay, Inc.
Houston, Texas

Harris

W . R. Grace & Company
Organ ic Chemicals Division
Lexi ngton, Massachusetts

Harris

Catahou la Format ion

4.000-4,500 It
Frio Formation

6.600·7. 535 It
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Appendix 1
(~suffixed

Well
number
shown on
figure 3-1

Industrial Waste Disposal Wells in Texas. 1983
to well number designates commercial waste disposal well .)-Continued

Co.
well

no.

Company, plant name an d add ress
W. R. Grace & Company
Organic Chemicals Division
Lexington , Massachusetts

2

224

Monsanto Chemical Intermediates Co.
Chocolate Bayou
Alvin , Texas

4

225

Diamond Shamrock Corp.
McKee Plant
Amarillo, Texas

226

Dia mond Shamrock Corp.
M cKee Plant
Amarillo, Texas

223

County
Harris

Formation and depth
Frio Formation

6.600-7.535 It

2

13 -9

Brazoria

M iocene sands
5.800-6.150 It

Moore

Glorieta Formation
1.106- 1.200 It

Moore

Glorieta Formation
1.106- 1. 146 It
1.160- 1. 210 It
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Appendix 3
Brine Stations in Texas as of July 1984
Station
number

Station

shown on

figure 5-'

Owner

Permian Brine Sales, Inc.

do

3

County

name

Location

Status
in operation

Crockett West

Crockett

27 miles west of Ozona on Interstate 10

Imperia l

Pecos

2 miles south of Imperial

Do.

4

EI Rey Salt Company

Lubbock

Lubbock

7 miles east-northeast of Lubbock

Do.

5

John Greer

Sheffield

Pecos

5 miles northwest of Sheffield

Do.

6

Hix Brine Company

Kermit

Winkler

1.2 miles north of State Highway 115
and 18 in Kermit

Do.

7

Mansell Brine Sales, In c.

Andrews

Andrews

1 mile east of Andrews on Highway '176

Do.

8

do

Barstow

Ward

1.5 mi les northwest of central Barstow

Do.

9

do

Basin

Ector

0.4 of a mile east-northeast of Loop 338
in northwest Odessa

Do.

10

do

Crane No.1

Crane

12

do

Goldsmith

Ector

0.15 of a mile east of the junction of
Farm Road 866 and State Highway 158
in eastern Goldsmith

Do.

13

do

Kermit

Winkler

0.3 of a mile east-northeast of the intersection of State Highway 302 and 115
southwest of Kermit

Do.

14

do

Mentone

Loving

1.5 miles southwest of Mentone

Do.

15

do

North Odessa

Ector

0.6 of a mile north-northeast of the
intersection of State Highway 385 and
Loop 338 near Odessa

Do.

16

do

Semino le

Gaines

3 miles southwest of the intersect io n of
Southwest Avenue and State Highway
181 in Seminole

Do.

17

do

Sheffield

Pecos

5 miles northwest of Sheffield

Do.

11 miles northwest of Crane

Do.

18

Mansell Brine Sales. Inc.

South Odessa

Ector

located on Pool Road about 3.3 miles
east of the intersection of Grandview
a nd Pool Roads

Do.

19

Cox Transport Company

Monahans

Ward

0.2 of a mile northwest of the inter section of Loop 464 and U.S. Highway 80
west of Monahans

Do.

20

Permian Brine Sales, Inc.

Amar illo

Potter

0.25 of a mile east of Western Avenue
on St. Francis Avenue in Amarillo

Do.

Andrews

Andrews

2 miles north of Andrews on Highway

Do.

21

do

385
22

do

Barstow

Wa rd

east of Farm Road 516 near its ju nction
with Pecos Street in northern Barstow

Do.

23

do

Coyanosa

Reeves

3 miles north of Coyanosa

Do.

24

do

Fort Stockton

Pe cos

2.4 miles west of the junction of State
Highway 18 and U.S. Highw ay 290 in
Fort Stockton

Do.
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Brine Stations in Texas as of July 1984- Continued
Station
number
shown on
figure 5-1

25

Station
name

Owner
Permian Br ine Sates, Inc.

County

Location

Grandfalls

Wa rd

on the north corner of the intersection of
First Street and Avenue G in Grandfalls

Status
in operation

26

do

East Kermit

Winkler

1.2 miles north of the intersection of
State Highway 18 and 115 in Kermit

Do.

27

do

Mobeetie

Wheeler

2 miles west of Mobeetie on State Highway 152

Do.

28

do

North Pecos

Reeves

northeast of U.S. Highway 80 in Pecos

Do.

29

do

Odessa

Ect or

on Tenth Street , 1.6 miles north of the
inte rsection of Farm Road 1936 and
Interstate Highway 20 in Odessa

Do.

30

do

Orla

Reeves

0.5 of a mile southeast of the intersection of U.S. Highway 285 and State
Highway 652 in Orla

Do.

31

do

Ozona

Crockett

22 miles northwest of Ozona

Do.

32

do

Pyote

Ward

1.9 miles northwest of the intersection
of Farm Road 2355 and State Highway
115 in Pyote

Do.

33

B & L Brine Sales, tnc .

Seminole

Gaines

4 miles east of Seminole Highway 385
on the north side of U.S. Highway 180

Do.

34

Salty Brine, Inc.

Denver City

Yoakum

0.8 of a mile east of the junction of State
Highway 83 and East County Road east
of Denver City

Do .

36

Texas Brine Corporation

.Spindletop

Jefferson

on property adjacent to West Port
Arthur Road in Beaumont

Do.

38

Trey Trucks Division of
Norton Wells Service, tnc.

Andrews

Andrews

west of the northwest truck bypass in
Andrews

Do.

39

do

McElroy

Crane

0.2 of a mile south of the intersection of
East County Road and State Highway
329 in Crane

Do.

40

Vulcan Materials Company

Denver City

Yoakum

east 01 Denver City

Do.

41

Wilson Systems. Inc.

Fort Stockton

Pecos

3.75 miles north 01 the intersection of
State Highway 18 and U.S. Highway
290 in Fort Stockton

Do.

42

do

McCamey

Upton

5.4 miles northwest of McCamey

Do.

43

do

Midland

Midland

3 .6 miles east-southeast of the intersection of Interstate Highway 20 and
State Highway 158 in Midland

Do.

44

do

Monahans

Ward

3.4 miles northwest of the intersection
of State Highway 18 and U.S. Highway
80 in Monahans

Do.

45

do

Pecos

Reeves

6.7 miles southeast of Pecos

Do.

13-13

Appendix 3
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Station
number
shown on
f igure 5 -1

Ow ner

Station
nam e

Cou nty

Location

Status
in operation

46

Ford Chapman

Mentone

Loving

0.25 of a mile west of Mentoneon State
Highway 302

47

Cox Tr ansport Compa ny

North Mine

Winkler

12 miles northwest of Monahans

Do.

50

Perm ian Bri ne Sales. Inc.

West Kermit

2.7 mi les west of the intersectio n of
State Highway 302 and 115

Do.

51

Trey Production Company

Crane

11 miles southof Imperial on Farm Road

Do.

do
Crane

1053
52

Chief Tr ansport

Monahans No. 1

Ward

i n Monahans at 3705 South Loop 4 64

Do.

54

D. D. Poyner Construction
Company

Big Lake

Reagan

2 blocks south of U.S. Highway 67 outside of Big Lake

Do.

55

S. D. Compa ny

S. D. Brine

do

0. 9 of a mi le west of Big Lake on U.S.
Highway 67

Do.

56

Salty Sales, Inc.

Imperial

Pecos

north of Imperial. off of Farm Road 1053

Do.

57

Diamond Shamrock

McKee

Moore

7 miles south of Sun Ray and 10 miles
north of Dumas located on Farm Road

Do.

119
58

Mansell Brine Sales, Inc.

Lineberry

Loving

10 mi les northeast of Mentone

Do.

60

PPG Industries. Inc.

Pa langano

Duval

6 miles north of Benavides on the east
side of Farm Road 3 196

Do.

61

Permian Brine Sa les. Inc.

Big Spring

Howa rd

north at the Salem ex it off Interstate 20
near Big Spri ng

Do.

Loving

10 miles east of Mentone on the north
side of State Highway 302

Do.

0.75 of a m ile north of Mentone at the
.'y" of County Roads

Do.

62

do

East Mentone

63

do

North Mentone

do

64

Norton Well Service dba
Cox Transport Company

Wickett

Ward

0.3 of a mile west of the intersection of
FM 1219 and U.S. Highway 80 near
Wickett

Do.

65

Pe rmian Brine Sales. Inc.

Sand Hills
Ranch

Crane

Loc ated at the j un ction of Farm Road

Do.

1233 and 105 3

66

Mansel l Brine Sales. Inc.

Levelland

Hockley

North of State Highway 1585. 2 miles
west of its intersect ion with U.S. Highway 385

Do.

67

M-P Construction Co.

Crane

Crane

0. 5 of a mi le south of the inte rsection of
East County Road and State Highway
329 . east of Crane

Do.

68

United Salt Corporation

Blue Ridge
Dome

Fort Bend

3 miles east of Missouri City

Do.

69

Permian Brine Sales. Inc.

Snyder

Scu rry

2 miles north of Snyde r along State
Highway 208 (College Avenue)

13-14
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Station
number
shown on
figure 5-1

70

71

Station
name

Owner
K. E. Davis dba
Snyder Brine Company

do

County

do

Snyder No. 1

Snyder No.2
Northyard

location
100 College Avenue in Snyder

do

0.75 of a mile north of the Snyder city
limits, 2 blocks east of Highway 208
(College Avenue)

Status
in operation

Do.

72

Southwest Brine, Inc.

Plains

Yoakum

On the south side of Highway 82,0.6 of
a mile west ofthe intersection of Highway 380 and Highway 82

Do.

73

Permian Brine Sales, Inc.

Midland Farms

Andrews

2 .5 miles east-southeast ofthe Midland
Farm Oi l Fie ld

Do.

74

OBI Service, Inc.

Seminole

Gaines

4 mi les north of Seminole on the west

to be constructed

side of Highway 385

76

Mansell Brine Sales, Inc.

North Andrews

Andrews

8 miles north of Andrews off of U.S.

in operation

Highway 385

77

do

do

West Andrews

12 miles southwest of Andrews, south
of State Highway 115

to be perm itted

78

Mr. Harold Massey

Massey

Ward

5 miles north of the intersection of FM
1219 and U.S. Highway 80 near Wickett

in operation

79

Pace Brine, Inc.

levelland

Hockley

3.5 miles south and 1.0 mile west of
levelland

Do.

80

Pool Company, Inc., dba
Pool Well Servicing
Company

Pool

Reagan

2.5 miles north of Big lake, on the east
side of Highway 33

to be permitted

81

Permian Brine Sales, Inc.

Stanton

Martin

North of Stanton on the west side of
Highway 137

Do.

82

Permian Brine Sales, Inc.

lamesa

Dawson

0.5 of a mile northwest of Lamesa

Do.
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Appendil< 4
Inventoried Sewage Dtspoqal WeIll in Tel<as That Se rv e 20 or More Peraons
as of December 31. 1983

Number

of

Well location
lati tud e and lonRi tude

Owne r

Nllture of business

~

DatI!
co:np l eted

People
~

COInIJIents

NlJECES COUNTY

V051 ' SJ"
2 7°5 1 '4J"
27°S 1 'S2.S"
27°SI ' t,7"
27°49 ' J1 "
27"49 ' 29 "
24"48 ' S6"
27°48 ' S6"
27·48 ' 57"
27·48 ' 56"
27°48 ' 56"

97")7 ' )1"
97"37'47"
97°37'30. 5 "
97")7'49"
97°J8 ' 08"
9 7° 32 '47"
97"28'40"
97°28'39"
97°28'38.5"
97°28 'J8"
97"28 ' 34"

CalaUen Independtmt Sc hool District

do
do
Pill! Christl ReSidence
Deh Engineering
Texa s Barbeque
Mack Body Shop
Frell Industries
Nueces Grain
Hack Services
Cunnins Oieael

do

':'

'"

JOo02 'O J "
JO·O l '01"
30·00'60 "
30·01 'OS"
30"01 'OS"
30"01 '03"
JO·Ol'04 "
JO·OO '60"
JO"00'54"
JO·oo'40"

100 1J'04"
100"12'37"
100· 12' 30"
100"12 '2 3"
100"12'12"
100"12 ' 15"
100"12'15"
100"12'13"
100"12 '25"
100"12 ' 22"

J5·17 ' 43 "
3S"18 ' 42"

101°S0'07"
101 °50 ' 08"

08k Lane Mobt Ie Park
Edwa rd s Cou n ty Memorial Hospital
Sprin8 Inn
Villareal's
Rocks prings Independent School District

do
do
do
Ken Motel

Villareal Hobile HOllIe Splice

1

Elemen tary school
Or phansge
Otlfi eld urvice company
Reltaurant
Body ahop
Tllnk fsbr i cetor
Crain wllrehouse
Dlent .ales and service

do
ROCKS PRINGS

0

19 ~4

J r. and Sr. high school

1

,.,
2

18-20
2 .

,
,,

1973
1966
1974
1967
1979
1975

300+

350
40

Plugged and IIbandOnl!d 1981.
wnw-I08. Plugged and abandoned 1981.
WOW -27 . Plugged and Gbandoned 1981.
WOW-1I2 .

20+
20+
20

1975

,0

197 5
196 7

20
22

1975

60-100
20+
20-50
20-25
20+
100+
llJ

2

EDWARDS COUNTY

Mobile home park
Hospital
lIotel
MohUe home pork (rental)
Held house
GYlNlll8 tum
IItgh school
Elementary schoo l
Motel
Hohtle home park

465
1975

20 -40
40-50

IITGII PLAINS, POTTER COUNTY
Che rr y Avenue Mobil l10me Park
Dumss l1iway Tratler Park

Mobile home park
Trall e r park

Sanden Mobile Home I'ark

Hoblle hOllle park

CRAY COUNTY

80 - 200
40-200

,.,

20+

OLDHAM COUNTY
Beat Western Motel

Motl!l

HIDALGO COUNTY
Bentson Grove Trnller Park

Trat1er pBrk-laundromot

1980

20+

COOta: COUNTY

J)")7 '08"

97·07 ' 54"

Aughcry ' s Ylowen

Flower shop-water sorU ner

27"SJ ' S4 "

97·14'51"

San Patricio Mun icipal Water District

Washdown water

1965

WOW-22. Plugged Gnd absndoned 1974 .

1968

Plugged lind IlO llndoned 1979.

SAN PATRICIO COUNTY

------------------------------__________________...,.••
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