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ABSTRACT

This study was conducted for the Office of Water Resources Research
and Technology in the U.S. Department of the Interior by the Texas Engi-
neering Experiment Station at Texas A&M University. The project was con-
cerned with identifying potential adverse effects of lignite strip mining
and lignite utilization on the hydrology and water quality of the area.

Both field and desk studies were conducted to evaluate the potential impact
of lignite development on water resources of the area. Field studies in-
cluded (1) monthly water sampling for a one-year period of streams, lakes
and wells near the strip-mined areas at Fairfield and Rockdale and at control
stations located away from the lignite development; (2) Teaching studies of
the lignite and overburden at Fairfield and Rockdale; (3} precipitation
samples collected under the airborne waste plume from the lignite-fueled
electric generating plant at Fairfield; and (4) a 1imited trace element en-
richment study in the soils around the plant at Fairfield.

Potential Tignite reserves, as defined by the Bureau of Economic Geology,
include about 41 percent of the outcrop area of the Wilcox Aquifer. Strip
mining can change the hydrologic characteristics of the area and full devel-
opment of the near-surface lignite reserves in east and east central Texas
could have a significant impact on the groundwater resources of the region.
Changes in the recharge rate of the Wilcox aquifer should be considered when
identifying new lignite deposits for development. Also hydrologic charac-
teristics should be considered when developing reclamation plans for the
spoil area.

Lignite-fired power plants cause environmental modifications of con-

siderable magnitude and consume a significant quantity of water.



During the 35-year expected 1ife of a 1,000-megawatt, lignite-fired
power plant, about 21,000 acres of Tand would typically be strip mined.
Approximately 25 percent of the identified near-surface lignite deposits are
comnitted to existing and presently planned lignite-fired power plants in
Texas. The Development of deep-basin lignite deposits in the near future
appear inevitable.

Lignite can contain efevated concentrations of certain trace elements
and power plants tend to concentrate these elements. A 1,000-megawatt
plant requires approximately six million tons of lignite per year. When the
lignite is fired at the plant some trace metals are concentrated in the fly
ash (arsenic, iron, manganese and lead), while others are discharged from
the stack primarily as a vapor (mercury and selenium). Improper handling
and disposal of fly ash could result in poliution of water supplies. Pre-
cipitation samples collected at Fairfield under the airborne waste plume
from the Big Brown plant had elevated concentrations of chromium, iron, i
manganese, selenium and phosphate when compared to background precipitation
samples. A trace element enrichment study of the soils around the plant
should be conducted to monitor the concentrations of those elements that
could adversely affect the plant and animal 1ife of the area.

Small surface streams near Rockdale and Fairfield had elevated levels
of zinc, selenium, manganese and sulfate as compared to other surface waters
observed in the study. Strip mining or power generation was probably not
the primary source of the elevated levels of these parameters. A water
guality study should be initiated to accurately identify the source of these

elevated parameters,
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Water quality in the cooling lakes at the Alcoa plant near Rockdale
and the Big Brown plant near Fairfield was generally good. Highest ob-
served values of many of the surface water quality parameters were in the
spoil lake in the strip-mined area at Alcoa. Since there appears to be a
direct hydraulic connection between water in the spoil lake and the shal-
low groundwater aquifer in the area, poor water quality in the lake could
adversely affect the groundwater. Additional groundwater studies were

recommended for both the Rockdale area and the Fairfield area.
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CHAPTER I
INTRODUCTION

The energy crisis has produced a dramatic increase in demand for coal.
The value of coal has significantly increased to the point where deposits
which were previously uneconomical can now be profitably developed. The
discovery and development of oil and gas has fallen behind consumption and
increased development of Tignite will be necessary.
Near-surface Texas Tignite depoists are found throughout the Texas
Gulf Coastal Plain. Main deposits occur in the Calvert Bluff Formation of
the Wilcox Group, with minor deposits in the Yegua and Jackson Formation.
Recent mapping of tignite lands in the Texas Gulf Coastal Plain by the
Bureau of Economic Geology indicates approximately 1,000,000 acres are possibly
underlain by recoverable lignite (within 200 feet of the ground surface).
The location of the near-surface 1lignite reserves are shown in Figure 1.
Thé objectives of this study are:
(1) Define existing, proposed and potential Tignite development activities,
(2) estimate strip mining land requirements and water consumption for
power generation,
(3) collect and develop grounwater and surface water baseline data that
might be affected by 1ignite development in East Texas,
(4) estimate the impact of the proposed and potential activities on the
quality and quantity of surface and grounwater in East Texas and
(5) identify potential water resources problem associated with development

and make recommendations to minimize the adverse impacts.
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Figure 1. Near-Surface Lignite Deposits in Texas.



CHAPTER 11
LIGNITE DEVELOPMENT ACTIVITIES

Texas Lignite

Lignite represents an early stage of coal formation and contains more
or less clearly separable pieces of plant material. Nature and composition
of the lignite depends on the type of accumulated plant remains and duration
and character of natural processes. Most lignite is brownish black, soft
and friable with a Tow specific gravity and is comparatively porous.

Lignite seams generally have a lenticular cross-section and irreqular
areal shape with individual seams seldom exceeding ten square miles. In
general the strata that includes the lignite deposits dip towards the Gulf
of Mexico.

Studies at the Center for Energy and Mineral Resources at Texas A&M
University indicate that Texas lignite could be a major fuel both for
generating electricity and as a source of raw material for producing
synthetic fuels and petrochemicals. As of 1974, the total amount of oil
located in Texas (146 billion barrels) was about half that of the lignite
reserves.

Lignite reserves in Texas can be divided into near-surface and deep-
basin categories. Near-surface lignite is within 200 feet of the ground
surface and is considered capable of being recovered by traditional strip-
mining methods. According to Bureau of Economic Geology studies, total
near-surface deposits are estimated at 10 billion short tons (equivalent to
about 30 billion barrels of 0il1) with about 80 percent of these reserves in

the Wilcox Group.



Deep-basin deposits of lignite are at depths between 200 and 5000 feet
below the surface and were estimated by the Bureau at 100 billion short tons
(equivalent to 270 billion barrels of oil). Deep-basin lignite deposits
occur coastward and downdip from the near-surface deposits. A major chal-
lenge in lignite recovery is developing economically feasible and environ-
mental acceptable methods for utilizing deep-basin deposits.

According to Kaiser (1975) lignite deposits in East Texas were mainly
formed in the backswamp areas along ancient river systems. Fluvial Tignite
has a high percentage of woody material, low sulfur content (1.0 + 0.4 per-
cent dry basis) and an ash content of 13.8 + 5.6 percent.

Deltaic lignite occurs mainly in central Texas in the Wilcox and in
Yegua-Jackson outcrops. These deposits were primarily formed from marshes
associated with ancient deltas and have a low ash content (12.2 + 3.3 per-
cent), moderate sulfur (1.4 + 0.7 percent) and a wide lateral extent {up to
10 miles) {Kaiser, 1975).

Lagoonal lignite was formed from salt marshes associated with ancient
lagoon systems and occur primarily in the South Texas Wilcox formation and
in the Yequa and Jackson formation. Lagoonal lignites are characterized by
high ash content and high sulfur content. In the South Texas Wilcox forma-
tion, lagoonal lignite ash content is 16.5 + 8.3 percent and sulfur content
is 1.7 + 0.5 percent while the lagoonal deposits of the Yegua and Jackson
formations have ash and sulfur contents of 40.8 + 14.3 percent and 1.9 *
0.8 percent, respectively (Kaiser, 1975},

Figures 2, 3 and 4 show the lignite deposits for the east Wilcox, the
south and central Wilcox and the Yegua and Jackson outcrops. Principal
and potential lignite deposits as delineated by Kaiser (1974) cover about

42 percent of the Wilcox recharge area.
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Mining in Texas

During the early development of the coal industry in Texas, lignite
was mined primarily for local industrial use. Federal Government records
for coal production began in 1884 when 125,000 tons were produced. Annual
production reached 1.4 million tons in 1914, After World War II, pro-
duction declined through 1950 when less than 20,000 tons were mined.
According to the Bureau of Mines report {(1971), accurate data have not
been available since 1950, but production has increased in recent years.

Lignite is being mined near Rockdale, Fairfield, Marshall, and Mt.
Pleasant. The first major Tignite surface mine was opened in 1954 by
Alcoa near Rockdale (Texas Energy Report, 1976). The lignite is used to
generate electricity primarily to be used in aluminum processing. Sixty
megawatts of the 360-megawatt plant is utilized by Texas Power and Light.
The Darco Plant near Marshall, Texas uses lignite to product activated
carbon and coal chemicals.

The Big Brown Plant near Fairfield was the first lignite-fired
power plant built exclusively by Texas Utilities. It consists of two
575-megawatt units. A third, 750-megawatt unit is scheduled for completion
in 1978,

The third and largest of the Texas Utilities lignite plants is the
Martin Lake Plant near Henderson. It will consist of four 750-megawatt
generating units. Three additional Tignite plants are under consideration
by Texas Utilities. These include the 750-megawatt Forest Grove Plant
near Athens, the 1500-megawatt Twin Oaks Plant near Franklin and 1150-

megawatt un-named plant required by 1985.



Texas Municipal Power Pool is planning a1,200-megawatt plant near Bryan
which will utilize lignite from the Yegua-Jackson Formation. A joint
project of the South Texas and Medina Electric Cooperative Pool and the
Texas Municipal Power Pool is being built near Tilden to utilize lignite
from the Yegua-Jackson Formation in South Texas. Existing and proposed
lignite plants are summarized in Table 1.

In 1975 Texas lignite represented approximately 9 percent of fuel
used by the electric utility industry. It is projected that by 1985
approximately 23 percent of the state's electricity needs will be met
by lignite and 20 percent by coal (Texas Energy Report, 1976). The Texas
Utilities Systemconsists of Dallas Power and Light, Texas Electric Service and
Texas Power and Light. Ninety-nine counties and about one-third the population of
Texas are served by the three-company system. In 1973 lignite-fueled,

Big Brown generating plant met 15 percent of the power requirements for
the system. By 1985, 50 to 60 percent of the power production of Texas
Utilities will be based on Tignite (Texas Energy Report, 1976).

Lignite Requirements

An electrical power generating plant will require a considerable
amount of lignite during its 1ife. Annual lignite requirements and mining
area are shown in Figure 5 for various size plants. This plot was based on
a 35 percent plant efficiency and a lignite density of 73 pounds per cubic
foot. For example, a 1,140-megawatt plant operating at 80 percent capa-
city throughout the year would require 6.5 million tons of Tignite (6,000
BTU/1b) per year. If the lignite seam is six feet thick, 700 acres of land
would be required each year or 24,000 acres during the 35-year 1ife of the

plant. Using the same assumptions, the nine existing or proposed electric
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generating plants listed in Table 1 would require approximately 7,000 acres
of mine area per year (72 million tons) or 240,000 acres (2.5 billion tons)
during the 35-year life expectancy of the plants. Approximately 25 percent
of estimated near-surface lignite deposits as defined by the Bureau of Eco-

nomic Geology are committed to these plants.

Water Requirements

As a result of the large increase in electricity consumption, more wa-
ter is needed to dissipate waste heat from the power plants. In Texas about
13,600 acre-feet of water was used in 1970 by power plants. The Texas Water
Development Board (Hoffman and Chandler, 1974) estimated that in the year
2000, water consumption by the power industry will reach 1.2 million acre-
feet per year. The is approximately equivalent to the conservation storage
capacity of Lake Livingston.

A typical 1,000-megawatt, fossil-field power plant operating at 38 per-
cent thermal efficiency will require approximately 2.5 million BTU per
second of input energy and will dissipate 1.5 million BTU per second of
waste heat. Approximately 10 percent of the heat will be lost through the
stack in the flue gas and 5 percent lost to the atmosphere by in-plant
radiation. The remaining 85 percent of the waste heat (1.3 million BTU per
second) can be dissipated by one of several methods including (a) once-
through or flow-through cooling, (b) cooling lake or pond, (c) wet-tower
cooling or (d) dry-tower cooling. The four methods of heat dissipation are
briefly discussed in the following sections.

Flow-through Cooling. The 1973 Texas Water Quality Board Water Quality

Standards restrict the maximum temperature rise to 5 degrees F over ambient
for fresh water streams, 3 degrees F over ambient for fresh water impound-

ments and 1.5 degrees F during the summer for tidal and Gulf waters. Since
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natural high temperatures occur regularly in Texas waters, the Water Quality
Board has established a maximum temperature for the various streams in
addition to the maximum rise in temperature. For many streams during the
summer months the allowable temperature rise will probably be less than 5
degrees F.

Because of the large flow rates of cooling water required to limit
temperature rise to 5 degrees F in streams, flow-through cooling can only
be used where large volumes of water are available. For example, a 1,000-
megawatt plant dissipating 1.3 million BTU per second of heat would require
a flow rate of 700 cfs to limit the temperature rise to 30 degrees F, 4,000
cfs for a 5 degrees F rise and 14,000 cfs for a 1.5 degrees F rise. Since
no streams in the area have the minimum flow required to 1imit the tempera-
ture rise to 5 degrees F, flow-through cooling has limited application for
lignite-fueled power plants in East Texas.

Cooling Lake. A cooling Take is an open body of water designed to

dissipate waste heat from the power plant. Cdolihg'Takes are simple, easy

to operate and maintain and can be used for other purposes such as recreation

and aquaculture. Water is withdrawn from “he c601ing Tkae and pumped through

the condenser in the plant where the water absorbs the waste heat from the plant.
[f the dissolved gases in the intake water are near saturation, after

heating in the condenser the discharge water may be supersaturated. Levels

of dissolved gases {Cresluk, 1974) monitored in the intake and discharge

water of the Big Brown Steam Electric Plant at Fairfield indicated that

gas saturation levels increased after passing through the condenser and

ranged from 100.5 to 115 percent. The study also indicated that some gol-

den shiners, longear sunfish and channel catfish held in cages, exhibited

external symptoms of gas-bubble disease after exposure to the gas-supersaturated

effluent water.
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As heated water from the plant is discharged into the cooling lake,
the temperature in the lake will rise until the increase in the heat loss
rate from the lake to the atmosphere by evaporation, convection and back
radiation is equal to the rate heat is added by the power plant. The ef-
fectiveness of a cooling lake depends on the depth, surface area and me-
teorological conditions such as solar radiation, air temperature, relative
humidity and wind velocity. Figure 6 is hased on average meteorological
conditions for East Texas and shows the effect of increased cooling lake
temperatures on heat dissipation rates {see Appendix A for computations}.
The size of the cooling lake is generally based on the capacity of the
plant. Typically about 1.5 acres of cooling lake surface area is provided
per megawatt of plant capacity. A 1,000-megawatt plant with a 1,500-acre
cooling lake would have an average temperature rise of about 9 degrees F
in the summer and about 12 degrees F in the winter. The temperature rise
can be reduced to about 3 degrees F by providing a 5,000-acre cooling lake
for a 1,000-megawatt plant. Temperature reguirements of the Texas Water
Quality Board do not apply to privately-owned reservoirs, constructed pri-
marily for cooling purposes.

As shown in Figure 7, about 65 percent of the heat is lost by evapora-
tion in the summer while in the winter only about 45 percent of the heat is
lost by evaporation. The remainder of the heat is lost by convection and
back radiation. Since heat dissipation by evaporation increases with the
temperature rise, it would appear desirable to limit the temperature rise
by using a large cooling lake. However, a cooling lake also loses water

by natural evaporation. For example, a 1,000-megawatt plant operating
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at a 75 percent load factor with a 1,500-acre lake would lose 9.5 cubic feet
per second (cfs) to the atmosphere to dissipate the heat from the plant and
2.0 cfs to the.atmosphere by natural excess evaporation. Excess evaporation
as defined is the evaporation minus 90 percent (assuming a 10 percent runoff
coefficient prior to building the Take) of the precipitation. If the same
plant has a 5,000-acre cooling lake, 8.8 cfs would be required to dissipate
heat and 6.9 cfs would be lost by natural excess evaporation. Increasing the
cooling lake size from 1,500 acres to 5,000 acres would cause the evaporation
to increase from 11.5 cfs to 15.7 cfs (8,400 to 11,500 acre-feet per year).
Figure 8 shows the water lost by cooling lakes for various size plants.
Water lost includes both natural excess evaporation and evaporation for heat
dissipation but does not include that required for dilution. If only enough
water was added to replace the water lost to evaporation, the dissolved
solids would continue to increase. Additional water is required to flush
the dissolved solids from the cooling lake. If the dissolved solids of the
inflow (Q) is 100 ppm (concentration of inflow (Ci) includes that of the
direct precipitation on the reservoir) and the amount of dilution water (Qd)
is equal to that Tost to evaporation, the concentration of the lake and the

outflow (Co) is given by:

= Q C;
C.= /77
0 Qd
= 200 ppm

for a completely mixed, steady state condition.
The water consumption (not including water for dilution) for the
existing and proposed lignite-fueled electric generating plants listed in

Table 1 (1.5 acres cooling lake per megawatt capacity, 75 percent load factor
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and 12 inches per year of excess natural evaporation)_would amount to
approximately 100,000 acre-feet per year. Because of small differences
in the overall plant efficiencies, the water consumption for lignite-
fueled plants would be slightly higher than that required for gas - or

0il - fueled plants and Tess than that for nuclear-fueled plants.

Wet-type Cooling Tower. In the wet-type cooling tower both the air

and the water serve as coolants. Water is circulated through the heat
exchanges of the power plant where it absorbs the waste heat. The heated
water is then sprayed at the top of the tower and as it falls it breaks
into small water droplets. Part of the waste heat is dissipated to the
air by evaporation and part by direct heat conduction between the air

and water droplets. Since the cooling is mainly by evaporation, part

of the water circulating through the system is lost by evaporation. The
rest of the water is collected at the bottom of the tower and returned to
the cooling cycle. A Targe volume of air is required and most wet towers
in the U.S. are equipped with draft fans to draw air through the tower
rather than naturai-draft towers often used in Europe.

An example of a wet tower is shown in Figure 9 for a 1,000-megawatt
power plant. Under the conditions listed in the figure, 82 percent of the
cooling is by evaporation and 18 percent by conduction. When the plant is
operating at full capacity 16.1 cfs of water is required to make up the
water lost by evaporation. With a 75 percent load factor, the plant would
use about 8,800 acre-feet per year.

Another loss from the cooling tower is that water carried away as very
fine droplets with the air leaving the tower. This is called drift and can

amount to as much as 0.2 percent of the water circulated. However, modern
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design of cooling towers can reduce drift to 0.005 percent of the circulating
water,

Blowdown while not a consumptive use of water is required to flush the
dissolved solids from the system. As a general rule, blowdown amounts to
about 0.1 to 0.3 percent of the circulated water for each 10 degrees F of
cooling. In the example in Figure 9, approximately 4 cfs of water would be
required to flush the dissolved solids from the system. The dissolved solids

in the blowdown water would be about five times that of the makeup water.

Dry-type Cooling Towers. The dry cooling tower operates similar to

a car radiator and consumes 1ittle or no water. The cost of this type of
system is about three times that of a wet-type tower (Woodson, 1971) and
approximately five percent of the plant output is required to operate the
cooling system (Hoffman and Chandler, 1974).

Numerous dry cooling towers are Tocated in Europe. In the United
States, a 330-megawatt, coal-fired unit is being built at Wyodak, Wyoming.
When completed in 1978, it will be the world's largest, single-unit power
plant employing the direct system, dry-type cooling tower.

At least for the near future, it appears that economics will continue
to 1imit the application of the dry-type cooling tower for lignite-fueled

power plants in Eastern and Central Texas.

Solid Waste

In a lignite-fueled power piant, pulverized lignite is combusted in
the furnace to produce heat. Some of the ash which is formed in the process
is a fine dust which is relatively light and is carried out the top of the

furnace with the flue gas. This ash, referred to as fly ash, is removed
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from the hot flue gas with air pollution control devices such as electrostatic
precipitators, fabric filters or liquid scrubbers. Fly ash generally amounts
to 70 to 90 percent of the total ash output of the furnace.

The heavier ash, which does not travel upward with the hot flue gas,
is the bottom ash. The bottom ash ranges from 10 to 30 percent of the total
ash output of the furnace. Major factors affecting the separation of ash into
fly ash or bottom ash are the ash fusion temperature of the lignite and type
of furnace and firing employed. Figure 10 is based on a 38 percent plant
efficiency and a 75 percent Toad factor and shows the amount of ash generated
from a lignite~fueled power plant. A typical 1,000-megawatt power plant
utilizing Wilcox Tignite would produce about 100,000 tons of bottom ash
and 400,000 tons of fly ash per year.

In the production of heat, sulfur in the coal is converted to sulfur

oxides which is discharged primarily in the flue gas as S0 The fly ash

9+
in the flue gas is basic while the sulfur oxides are acidic. Sulfur oxides
can combine with water in the atmosphere to form an acid. Removal of the
basic components in the air waste stream may cause the pH of the rainfall
to drop. A significant reduction in pH has been observed in the rivers
of south Norway and acid precipitation is apparently becoming a problem in
some areas in northeastern United States.

Some Tignite-fueled power plants may be required to install sulfur
oxide stack gas control systems. According to Cooper (1975) wet 1limestone
and wet Time scrubbers have 802 removal efficiency of about 80 and 90 percent
respectively. Approximately 1.4 moles of calcium is required to remove 1.0

mole of sulfur in the wet Timestone scrubbing process while 1.2 moles of

calcium is required in the wet lime process to remove 1.0 mole of sulfur.
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In the scrubber, flue gas is contacted with a recirculating slurry of

lime or Timestone where the following reaction takes place.
502 + Ca(OH)2 + H20 + CaSO3 for lime or
502 + CaCO3 > CO2 + CaSO3 for limestone

Sulfite is converted to sulfates by oxidation.

2Cas0, + 02 + 2CaS0

3 4

Water is required for wet bottom furnace, precipitator units and lime
or limestone scrubber systems. Total water inputs can range from 0.7 to
1.5 galions per minute per megawatt capacity {(Cooper, 1975). Approximately
75 percent of the water added to the scrubber system is evaporated. The
evaporation losses are approximately 10 percent of the wet-type coocling
tower makeup water (Ottmers, Lowell and Noblett, 1975). The effluent water
from the scrubber system contains the solids at a concentration of about 20
percent and flows at a rate of 0.1 to 0.3 galions per minute per megawatt.
The sludge usually passes to a clarifier, a thickner and then to a pond for
sedimentation to about 40 percent solids (Cooper, 1975). STudge generation
and storage requirements are shown in Figure 11. The figure was based on a
38 percent plant efficiency and a 75 percent load factor. The large volume
of sludge associated with sulfur control can be seen in Figure 11. For
example, a 1,150-megawatt power plant utilizing 6,000-BTU per pound Tignite
with 1.0 percent sulfur would generate 260,000 tons of sludge per year re-
quiring about 260 acre-feet of storage. During the 35-year 1ife of a plant,
9,000 acre-feet of sludge storage would be required. Fly ash and bottom ash
are relatively easy to de-water while lime or limestone scrubber sludge is

more difficult to de-water.
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Supernatant waters from ash disposal and scrubber sludge de-watering
stages have dissolved solids concentrations of 5,000 to 7,000 ppm consisting
primarily of sodium, calcium, potassium and magnesium sulfate and sulfite
(Cooper, 1975). Sulfite ion will exert an oxygen demand on the receiving
waters and may require oxidization to sulfate ion before discharging.
Scrubber effluent water normally has a pH of 5.0 to 5.5 and may require
neutralization. According to Cooper (1975) water pollution problems may
result from trace metals such as lead, copper, arsenic, selenium and other
heavy metals concentrated in the fly ash or scrubber sludge. These materials
could pose a potential problem by leaching or overflows caused by rain
resulting in discharge to surface or ground water.

The Big Brown plant at Fairfield generates about 350,000 tons per
year of fly ash and 150,000 tons per year of bottom ash. The Tignite at
Fairfield is Tow in sulfur content and 502 scrubbers are not required.
Currently at Big Brown part of the fly ash is slurried out of the plant
into ponds and part is conveyed dry to silos where it is processed. Once
fly ash is wet and drys, it Toses some of its cementious properties. An
increasing larger percent of the ash produced at Big Brown is being used

as concrete admixture, synthetic aggregate and road surface material.

Coal Gasification and Coal Liquefaction

According to Davis and Wood (1974), there are no modern-design,
commercial-scale coal gasification or liquefaction plants in the United
States to accurately estimate water consumption. The Synthetic Gas-Coal
Task Force (1973) estimated the water consumption for a typical coal-

gasification plant using lignite to produce 250 billion BTU per day
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(equivalent to approximately 250 million standard cubic feet (scf) per day of
pipeline quality gas or a 3,000-megawatt electrical plant) to range from 9,000
to 37,000 acre-feet per year depending primarily on the type of cooling employed.
Process and boiler make-up water amounted to 2,000 gpm or 4.5 cfs (3,000 acre-
feet per year with 90 percent load factor) while cooling water accounted for
the balance of the water used. Approximately 6,000 acre-feet per year of water
is required for cooling when 85 percent of the cooling requirements are met by
nonevaporative air cooling while 34,000 acre-feet per year of cooling water
(including blowdown) is required when the cooling requirements are met pri-
marily by evaporative cooling. On a BTU basis, water consumption required
for converting lignite to pipeline gas is comparable to that required to con-
vert lignite to electricity. If the gas produced from the lignite is used as
fuel for electrical power generation, the water requirements for the two pro-
cesses are additive in the total fuel cycle. If the energy is used for space
heating, the water consumption for gasification and electricity are comparable
or perhaps slightly less for gasification. However, if the energy is used
to produce work using motors, electrical motors are about three times as
efficient as fossil-fueled engines and water consumption in generating elec-
tricity would be less than that required for gasification.

In-situ gasification processes involve extraction of Tow-BTU gas through
boreholes linked to a seam of Tignite. Combustion of the lignite begins
along one portion of the seam while product gases are removed. Air or
other gases are forced down the first set of boreholes to aid in combustion
and product gases are removed from the second set of boreholes. The pro-
cessed product gases can be used as Tow-BTU gas fuel or upgraded to pipeline

quality through the process of methanation (Governor's Energy Advisory
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Council, 1976). While in-situ gasification involves no strip-mining, it
creates the possibility of groundwater poltution and subsidence.

Unit water consumption estimates for coal liquefaction range from 0.2
acre-feet per year per barrel of daily (bpd) capacity to as much as 1.3
acre-feet per year bpd capacity (Davis and Wood, 1974). The National
Petroleum Council (1973) adopted a unit consumptive-use value of 0.2 acre-

feet per year per bpd capacity.
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CHAPTER III

WILCOX AQUIFER

Texas is very fortunate to have large quantities of high quality
groundwater in many parts of the state. In 1965, 5,820,000 Texans were
served by groundwater supplies, and 3,630,000 Texans took their water
from surface supplies. Many cities have been able to use groundwater
supplies in the past with 1ittle or no treatment other than adding chlorine
as a safeguard against bacterial contamination. Most of the minerals
present in groundwater are dissolved from the outer Tayer of the earth’'s
crust by the passage of water over or through the soil and rocks. 1In
general, the greater distance the water travels, the greater will be the
mineral content. Therefore, water from deep wells usually have more minerals
in solution than water from shallow wells.

The Wilcox aguifer supplies substantial quantities of water to wells
in the East and Central Texas. The following is a list of 44 municipalities
that obtained at Teast part of their water supply from this source in 1948
(Sundstrom, Hastings, and Broadhurst, 1948): Alba, Arp, Athens, Altanta,
Avinger, Bremond, Buffalo, Calvert, Carthage, Como, Daingerfield, Elgin,
Eustace, Fairfield, Garrison, Gilmer, Gladewater, Hearne, Henderson, Hughes
Springs, Jefferson, Karnack, Kilgore, Kosse, Lindale, Linden, Malakoff,
Marshall, Mineola, Mount Vernon, Naples, Omaha, Palestine, Pittsburg, Quitman,
Rockdale, San Augustine, Tatum, Tenaha, Timpson, Trinidad, Troup, Tyler and

Waskom.

Sails
Land Resource areas are units of lands similar in soils, climate, natural

vegetation, and physiography. Resource units associated with the Wilcox are
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shown in Figure 12. Soils of the East Texas Timberlands, Claypan area in
Central Texas and the Rio Grande Plain in South Texas have formed from
stratified clayey and sandy deposits of tertiary age. Table 2 lists the
soil series on the Wilcox along with the Unified Soils Classification and
permeability of several horizons for typical profiles. The hydrologic
group {group A, B, C or D) which reflects the runoff potential is also
listed for each soil series. The general characteristics of each group are:

A! soils that have rapid infiltration rates even when thoroughly

wetted (low runoff potential),

B. soils that have moderate infiltration rates when thoroughtly wetted,

€. soils that have slow infiltration rates when thoroughly wetted, and

D. soils having very slow infiltration rates when thoroughly wetted

(rapid runoff potential).

To estimate the relative recharge potential of the hydrologic soil
groups, the amount of deep percolation was estimated for soils in each
group for a 6-hour, 2.5-inch rainfall. The return period of this rainfall
is about one year. For the calculation, the deep percoltation was equail to
the rainfall minus the sum of the direct surface runoff, interflow, soil
moisture storage increase, and evapotranspiration. Prior to the rainfall,
the surface soil moisture content was assumed to be half way between the
field capacity and wilting point while the subsurface soils were assumed to
be at field capacity. It can be seen in Table 2 that many of the soils have
a relatively pervious surface layer but a relatively impervious subsurface
layer. In general, the infiltration of water through the soil surface was
not the limiting factor for deep percolation but the subsurface permeability

restricted the deep percolation.
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Table 2. General Soils on the Wilcox

Land Hydro-
Resource Soil Soil Series| Depth| Classification Permeabitity| logic
Area [Association in, Unified in/hr Group
0-7 M orML | 0.63-2.0 o
Lufkin 7-38 CH <0.06 D
38-64 ¢ or CH <0.06
06 SM 0.63-2.0
1-A Axtell 6-82 CH <0.06 D
0-15 | 91, CL-ML 0.63-2.0
- 15-48 “CH..CL <0.06
& Tabor 43-66 CH.CL.SC 0.06-0.20 ] ©
= 66-80 ¢k or CH 0.06-0.20
Z 0-66 SM or SP-SM | 6.3-20
= Patilo 66-137 SC 0.20-0.63 | ¢
3 1-B 132140 M 2.0-6.3
. 0-26 M 6.3-20
Stidham =55 SCorCL_ 1 0.632.0 1 A
: : 0-16 ML, CL | 0.20-0.63
Wrightsville 16-65 MH. CH <0 .06 D
08 Y 0.63-2.0
1-C Susquehanna 5768 CH <0 .06 D
Muskogee C
0-12 SM, SM-SC 2.0-6.3
Bowie 12-47 SC,CL ] 0.63-2.0 B
1278 SC. CL 0.20-0.63
- 0-10 M 2.0-6.3
Kirvin 10-42 SM, MH, CL | 0.20-0.63 ] ¢
a 42-48 L, SC 1 0.632.0
S 053 & 6.3-70.0
S Troup 53-80 5C 0.632.0 | A
& 0-12 M or L 0.63-2.0
= Freestqne 12-46 SC or CL 0.20-0.63 C
= 46-100 CL or CH 0.06-0.20
2 2-B Boxwe1T D
= 0-44 SM or SP-SM | 6.3-20
- kenney a7z SCor CL__| 0.632.0 ] A
< -6 SC-SM, SC 0.6-2.0
- Nacogdoches 670 T CH, CL. W 0.2-0.6 ¢
0- . ML | 0.63-2.0
2-C Ruston 9-7% SC, CL, ML | 0.63-2.0 B
02 SM, SC, GM | 0.20-0 .63
Bub 4-18 G, 6L | 0.20-0.63 1
18-28 CL, CH




Table 2. General Soils on the Wilcox (continued) 33
Land Hydro-
Resource Soil Soil Series | Depth [Classification |Permeability| logic
Area {Association in Unified in/hr Group
. 0-10 | SM, SM-SC 2.0-6,0 C
Miguel 10-33 | _CL. SC. CH <0.06
3-A 0-8 CL 0.8-1.0
San Antonio 8-28 CH 0.7-0.8 C
28-60 CL 0.6-0.8
60-120 CL 0.8-1.0
: 0-35 TH, CL 0.2-0.6 A
Knippa 35-60 CH, CL 0.2-0.6
= 3-B ) 0-52 CL 0.6-2.0 A
< Castrovile ["5p_gg CL 0.6-2.0
& 0-9 CL, CLML 0.6-2.0 C
L Atco =72 | CL, CL-ML 0.6-2.0
= 0-34 CL 0.6-2.0 A
= Uvalde 34-80 cL 0.6-2.0
3-C 0-30 CH <0.06 C
= Montell 3577 CH <0.06
a- ¢, CL 6-2.0
Zapata d 2L, o B
, 0-48 CH <0.06
Catarina g CH, CL <0.06 c
3-D 0-30 CH <0.06
Montell 30-77 CH 0.06 C
, 0-9 GC, GM—GC 0.6-2.0
Jimenez B
] 0-6 CL 0.20-0.63
Wilson 6-108 CL or CH <006 D
4-A 0-7 SM, SC. or ML| 2.0-6.3
a., Crockett 7-68 THor CL <0.06 D
= u 5807 CL or CH <0.0%
g Burleson 0-70 CH <0.06 D
S Houston Black 0-104 CH <0.06 D
oo 4B Heiden 0-50 CH <UJ,Ub D
. 0-34 CH, CL 0.20-0.63
Austin 34-48 CL 0.20-0.63 ¢
i1 0-70 CH <006 5
rhier 70-120 CH <0.06
5-A 0-18 cL 0.63-2.0
8 Norwood  —~a—e5 T o WO 0.632.0 B
<t 0-5 CH, CL 0.06-0.2
- Pledger 5-50 CH. CL <0.06 A
= Kaufman 0-72 CH <0.06 D
5 5-B Trinity 0-75 CH <0.06 D
& T CL 0.06-0.7
Tuscumbia |— A0 7 CH <0.06 A
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The direct runoff was estimated using the Soil Conservation Service
Curve Number procedure for range lands in fair hydrologic condition. Storage
capacity for gravity water of the surface soils was taken as the difference
between field capacity and saturation. Water in excess of that required to
saturate the surface layer was considered to contribute to the runoff. Inter-
flow was assumed to occur where there was a pervious layer on top of an
impervious layer {hydrologic group D) and was estimated at 20 percent of the
gravity water. |

At the end of the rain, the gravity water stored in the surface soils
continued to move downward while some gravity water was also lost to
evapotranspiration. The evapotranspiration was estimated as being equal to
the average lake evaporation of 55 inches per year or 0.006 inches per hour.
When the permeability vaiue of the soil was listed as Tess than 0.06 inches
per hour it was assumed to be equal to the evapotranspiration rate (0.006
in./hr.).

Under the conditions listed above, the approximate contributions to
deep percolation for the hydrologic soil groups are listed in Table 3.

For this preliminary analysis, calculations were based on Darcy's law for
saturated flow rather than the equations for unsaturated flow. From these
calculations, it appears that areas in the Wilcox outcrop with soils in
hydrologic groups A, B, or C could contribute significant quantities of
water to groundwater recharge.

Soil maps from the Soil Conservation Service of the counties along the
Wilcox outcrop were reviewed to identify areas of recharge potential. When
the dominant hydrologic scil group of the several soil series in an associa-

tion was A, B, or C, the soil association was considered to have fair to
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good recharge potential. Figures 13 through 16 show the areas of pervious
soils with recharge potential in the Wilcox outcrop for Freestone, Limestone,
Robertson and Milam counties. The maps also show the area of principal and
potential lignite deposits (Kaiser, 1974). Soil maps were also reviewed for
other counties in the Wilcox and Jackson-Yegua outcrops. Information for the
Wilcox outcrop is summarized in Table 4 and shown in Figure 17. Approximately
40 percent of the previous soils in the Wilcox outcrop are located in areas of
potential Tignite strip mining.

The Bureau of Economic Geology (1970) on the Waco Sheet divides the
Wilcox outcrop into Calvert Bluff Formation, the Simsboro Formation and
the Hooper Formation. Of the three formations the Simsboro typically
contains more coarse-grained sands. However, from well logs it is difficult
to differentiate the formations of the Wilcox group (Guyton, 1972}. Major
lignite deposits in the Wilcox are located in Calvert Bluff Formation.
Formations of the Wilcox outcrop are shown in Figures 18 and 19 for

Freestone and Milam Counties, respectively.

Aquifer

Wilcox consists mainly of interbedded sands, silts and clays. The
sands are mostly thin-bedded, fine-grained and silty. Particularly in the
middle to lower part of the Wilcox, some sands are fine - to coarse-grained
and thick bedded. Individual beds within the Wilcox Group generally cannot
be correlated from well to well due to lateral changes in the formation.

Typical profiles of the Wilcox are shown in Figure 20 through 26.

From these figures it can be observed that while the Tignite is often
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Table 4. Pervious Soils Located in Potential Strip-Mining Areas in
the Wilcox Outcrop.

County Wilcox Lignite* Pervious Soils** Col, (h)r*
Outcrop Deposits  WilTcox Lignite CoT. (4}
sqg. mi. sg. mi. sq. mi. sg.mi. %

() NOMENE) (4) 5 (6)

Shelby 740 200 450 130 29

Nacogdoches 60 30 - - -

Rusk 480 145 325 145 45

Panola 870 80 600 80 13

Harrison 530 120 530 120 23

Marion 95 85 95 85 89

Cass 70 50 70 50 71

Bowie 440 265 230 140 61

Morris 65 60 35 35 100

Titus 315 185 80 65 81

FrankTin 165 120 90 75 83

Hopkins 315 180 95 35 37

Rains 180 85 75 40 53

Wood 120 70 55 40 73

Van Zandt 520 320 120 70 58

Henderson 370 210 115 95 83

Freestone 635 235 100 85 85

Limestone 430 100 110 0 0

Leon 40 40 - -

Robertson 340 290 90 30 33

Milam 470 215 105 65 62

Lee 90 40 15 15 100

Bastrop 410 215 40 20 50

Caldwell 315 75 20 0 0

Guadalupe 310 125 - - -

Bexar 340 __80 275 80 29

TOTALS 8715 3620 3720 1500 40%

* Principal and potential lignite deposits from Kaiser, 1974

** See text for definition of pervious soils

***Percent of pervious soils in the Wilcox Outcrop that are underlaid
by lignite deposits.
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Figure 18, Formation of the Wilcox Outcrop in Freestone County
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Figure 19. Formation of the Wilcox Outcrop in Milam County



45

QO Fisher, 1963
O TwDB

" S

LIGNITE DEPOSITS

FO

2040 60 80 ' igo
MILES

Figure 20. Location of Profiles in Lignite Areas of the Wilcox OQutcrop
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associated with clay deposits, the overburden which would be disturbed in
the mining operation often contains Tayers which are capable of transmitting
water.

A summary of the Wilcox Aquifer characteristics is provided in Table 5
for 12 counties in East and Central Texas. Typically the Wilcox formation
is about 1000 feet thick, has a slope of about one percent and permeabitity
of 50 gallons per day per square foot. If the slope of the piezometric
surface is assumed to equal the slope of the aquifer and the porosity is 20
percent, the actual velocity of groundwater flow would be about 100 feet per
year. Strip-mining operations which have been in progress for five years
such as those at Fairfield would not be expected to affect the groundwater
for much over 500 feet from areas first mined. This makes it difficult to
monitor groundwater about strip-mining operations utilizing existing wells.

If the average rainfall on the recharge area is 40 inches per year and
the runoff coefficient is 20 percent, 32 inches would infiltrate inta the
soil. As shown in Figure 27, the recharge would be about 2.8 inches per
year (based on the assumptions listed in the preceding paragraph and pro-
vided water available throughout the year for recharge). Approximately 30
inches per year would be consumed by evapotranspiration or rejected by
seepage to surface streams. If the supply of water to plants is not
limited, the free-water evaporation (approximately 55 inches per year)} is
ofted assumed to indicate potential evapotranspiration from a vegetated
soil surface. Monthly rainfall values for Fairfield in Freestone County
are shown in Figure 28 for the last 10 years. It can be observed that most
precipitation occurs in spring and fall with minor amounts falling in summer
and winter. According to Guyton (1972) in the counties of high precipita-
tion, the factor generally limiting recharge is the transmissibility of the

aqui fer,
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Monthly Precipitation for Fairfield,

Figure 28.
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If only 43 percent of the Wilcox outcrop area has soils which allow
significant recharge, the recharge in the pervious soils becomes more im-
portant and about 6.5 inches of recharge per year is required for the
pervious soils to equal the transmissibility of the aquifer.

The water table in the recharge area is controlled by the base level
of the streams and during wet periods slopes toward the streams causing
seepage into the streams. During a dry period there is little flow in the

streams indicating only a small part of the recharge is rejected by seepage.

Strip-Mined Areas

In the lignite strip-mining operation, the overburden is removed, lig-
nite extracted and the spoil reshaped to approximately its original shape.
The overburden expands about 15 percent in the mining operation. Thus
additional voids are available for storage of water in the strip-mined area.
If the porosity of the overburden was 20 percent before mining, it could
increase to about 30 percent after mining. The additional void space would
be provided as noncapillary porosity and could be used to store gravity wa-
ter. A 1,000-megawatt plant operating for 35 years would strip mine about
20,000 acres. If the average depth of overburden is 50 feet, approximately
150,000 acre-feet of additional subsurface void space would be provided.

As shown in Figure 29, subsurface water storage would be limited by seep-
age which depends on the slope of the formation and the location and ele-
vation of streams in the recharge area. Perhaps 20 percent of the total
volume or 30,000 acre-feet of subsurface storage could be utilized. As

pH does not appear to be a problem associated with the Tow sulfur lignite
in East Texas, subsurface storage would have the advantages of (1)} limiting

water loss to evapotranspiration,



57

Figure 29, Subsurface Water Storage Potential of Strip-Mined Areas
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(2) providing more uniform flow in the surface streams by increasing seep-
age, (3) increasing recharge to the aquifer by providing a continuous sup-
ply of recharge water and (4) providing a large volume water supply from
shallow wells. After many years when the overburden has reconsolidated to
its original density, the additional porosity will be Jost and the per-
meability of the overburden will probably be reduced from its original
value.

Musgrave and Holtan (1965) considered infiltration to be affected by
three main factors: surface entry, transmission through the soil and
depletion of storage capacity in the soil, in addition to the character-
istics of the permeable medium and percolating fluid. Prior to mining,
transmission through the soil would probably be the limiting factor while
after mining when the top soil is not replaced, surface entry will probably
be the limiting factor.

Wisler and Brater (1956) listed eleven major factors affecting infil-
tration rate as follows: (1) depth of surface detention and thickness of
saturated Tayer where gravity is the principal force on infiltration, (2)
soil moisture, (3) compaction due to rain, (4) clogging of pores with fine
particles from the surface, (5) compaction due to man and animals, (6) de-
velopment of permeable structure in the soil by natural conditions such as
by burrowing animals and insects, decay of vegetable matter, frost heaving,
and by sun checking, (7) vegetative cover, (8) changes in viscosity of wa-
ter, (9) freezing of water in soil, (10) reduction of infiltration by the
compression of entrapped air, (11) annual and seasonal changes in land use
and vegetation.

Most of the factors affecting infiltration rates are modified during

strip mining and land reclamation. During the mining operation the various
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layers of the soil (sand, clay, etc.) are mixed together (sandy clay, clayey
sand, etc.) and the porosity of the overburden is increased. Reclamation tends
to smooth the surface reducing surface detention and causes compaction of

the surface by heavy equipment which reduces the noncapillary pore space

and the permeability of the surface soil. If the top soil is not replaced

in the reclamation operation, the surface soil will probably change from a
silty to clayey material, storage capacity of the surface layer will decrease
and direct runoff will probably increase. Vegetation cover protects the soil
surface from the impact of raindrops, reduces the clogging of pores with fine
particles through erosion protection and provides root penetration and
organic matter for the soil. During the summer deep soil cracking might
occur and improve the infiltration prior to the fall rains. The permeable
structure of the reclaimed area should improve with time because of burrowing
animals and insects, increased organic matter, root penetration, surface
cracking and development of vegetative cover.

Impoundments are required for controlling the turbidity of surface
runoff from the overburden and could also serve as infiltration basins for
groundwater recharge. How effective they are for this function will depend
on the type of material lining the bottom of the reservoir.

Four satellite views of the Fairfield area are shown in Figure 31.
Landsat imagery (red band} was taken in August 1972, May 1973, June 1974
and March 1975. Figure 30 includes tracings of the imagery in Figure 31
and shows the strip-minedarea, and for reference and scale, Fairfield Lake
and Interstate 45. The first dragline operation and associated strip mining
began in April 1971. In March 1975, the outline of the strip-mined area is

clearly visible including the area that was mined in 1972. Revegetation of
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(c) (d)

Figure 30. Sketch of Strip-Mined Area and Cooling Lake near Fairfield



a. August 30, 1972 b. May 9, 1973

Scale | inch to 55 miles

c. June 27, 1974 d. March 24, 1975

Figure 31. Landsat Imagery of Fairfield Area
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Figure 32.

(b) (c)

Sketch of Strip-Mined Area and Cooling Lake near Rockdale
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a. February 3, 1963 - Aerial Mosaic

Scale | inch to 14 miles

b. May 9, 1973 c. February 25, 1975
Satellite

Scale | inch to 44 miles

Figure 33. Aerial Mosaic and Landsat Imagery of Rockdale Area
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the area nearest Interstate 45 has been completed and the area is pre-
sently being utilized for pasture.

Figure 33 includes an aerial mosaic and two satellite views of the
Rockdale area. Tracings of these scenes are shown in Figure 32 and include
the strip-mined area and Alcoa Lake. The strip-mined area begins about
3 miles southwest of Alcoa Lake and extends along the southeast side of
the lake. The spoil in the northern part is being reclaimed while that
in the southern part is not. Spoil lakes in the southern part of the
strip-mined area indicate a high water table. After strip mining began
at Rockdale, one well located southeast of the mine drfed up apparently
due to de-watering pits in the mining operation (Crump, 1975). According
to the Water Quality Board records (Freeman, 1970), mine de-watering

averages about 1,242,000 gallons per day (1,400 acre-feet per year).
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CHAPTER IV
SPECIAL STUDIES

The primary purpose of the study was to identify potential problems
associated with the development of Tignite reserves on the water resources
of East Texas. The main questions to be answered were (1) what water quality
parameters might be affected by 1ignite development and (2) are changes in
these parameters measureable in the surface water and groundwaters around
existing lignite developments. To help answer these questions, special
studies were conducted and are described in this chapter. These included
trace element enrichment study, precipitation study, leaching study and
water quality study. Samples were collected in the field and analyzed

according to the procedures described in Appendix B.

Trace Element Enrichment Study

Background. Trace elements in lignite are similar to those in the
earth's crust and consist of nearly all the elements in the periodic chart.
Because of the chemical environment during the formation of the lignite, it
can contain elevated levels of certain trace elements relative to the
average concentration in the earth's crust. Lignite may contain elements
that have undesirable physiological affects on plant and animal Tife such
as As, Be, Cd, F, Hg and Se. Il1linois State Geological Survey (Ruch,
Gluskoter and Shimp, 1976) conducted an investigation of trace elements
in coal and found As, Cd, and Hg to be inorganically combined in coal while

Be was organically combined in the coal.
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Large amounts of lignite are being used at single locations in the en-
vironment which might tend to concentrate these elements in harmful concen-
trations. For example, a 1,000-megawatt plant would utilize about 6 mil-
Tion tons per year of lignite. If the concentration of arsenic in the 1ig-
nite is 3 ppm, 18 tons per year of arsenic would be released from the plant
with bottom ash and fly ash or discharged from the stack. There are po-
tential health risks associated with those elements which are highly vola-
tilized (mercury, selenium and arsenic) and those discharged principally as
submicron particulates (lead, cadmium and nickel) (Piperno, 1975). The pro-
cess of lignite combustion releases trace elements to the atmosphere as va-
pors and particles, small particles which pass through the air pollution
control devices have relatively greater concentrations of certain trace
elements than the feed Tignite or the collected fly ash. Studies conducted

by Kaakinen et al., (1975) indicated that the enrichment of As, Pb and Se

was related to specific surface areas of the ash.

Bolton, et al (1973), conducted a trace element mass balance for the
coal-fired Allen Steam Plant in Memphis. The study indicated that electro-
static precipitators were effective in removing most trace elements in the
flue gas. Exceptions were those elements (mercury, selenium and arsenic)
forming volatile compounds and discharged with the flue gas as a vapor.
For example, more than 80 percent of the mercury entering with the coal
was emitted with the flue gas as a vapor.

Airborne trace metals resulting from fossil-fuel combustion is fre-
quently cited as a source of metals in lakes. Bertine and Goldberg (1971)
consider fossil fuel consumption to be a potentially significant source

of atmospheric discharge of many trace metals.
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In a study designed to detect fallout from a major coal burner equipped
with a precipitator, Klein and Russell (1973) showed that many trace elements
were deposited in the surrounding soil. They were able to correlate the en-
richment with the wind rose pattern around the plant. Except for mercury,
the highest surface soil concentration occurred about 1.5 miles downwind
from the plant.

Given, et al., (1975) conducted a study on major, minor and trace ele-
ments in the Tiquid products and solid residue from catalytic hydrogenation
of coals. This study indicated that the oil produced from the coal was a
cleaner fuel than the original coal as most trace elements concentrated
in the residual material from the process. However, some of the more toxic
elements such as mercury, selenium, fluorine and cadmium were not considered
in the study.

Figure 34 illustrates potential contamination from the combustion of
Tignite. Chemical binding of certain trace elements with the soil may

inhibit the transport to streams, lakes or groundwater.

Trace Elements in Lignite, Fly Ash, Lake Sediments and Overburden.

Recent studies have indicated that significant amounts of trace elements
might be concentrated and redistributed in the surrounding environment
while mining and utilizing Tignite for generating electricity. Acid
extractable trace metals were analyzed for two lignite samples from the

Big Brown plant near Fairfield and two samples from the Alcoa plant near
Rockdale. These values are summarized in Table 6. For comparison average
trace element concentrations for seven coals from Arizona, Montana, Colorado

and Utah were included in the table. It can be observed that the Texas
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Tignite was Tower in Fe and Pb but higher in Mn, Hg and Se than the average
values for the seven western coals.

Comparing the concentrations of the trace elements in the lignite
(column 3) to overburden (column 5) indicates that the concentration of Cu,
Cr, Hg and Se are greater in the Tignite than in the overburden.

The concentration of trace elements in fly ash from the literature and
from the Big Brown plant are also included in the table. It can be ob-
served that the sample of fly ash from the Big Brown plant was lower in Cr,
Cu, Fe, Ni, Pb and Zn but higher in As, Mn and Se than the average values
reported by Fisher (1976) and Kaakinen and Jordan (1975). The final
column is the ratio of concentration in the fly ash to that in the lignite.
Since about 10 percent by weight of the Tignite is converted to fly ash,
it appears that most of the As, Fe, Mn and Pb leaves the plant with the
fly ash.

Trace metals in the cooling lake sediments were also analyzed. Trace
metals in Fairfield Lake and Alcoa Lake sediments are compared with Spring-
field Lake and Somerville Lake sediments in Table 7. No significant dif-
ference in trace metal concentrations were observed for cooling lakes and
non-cooling lakes. Rather than being associated with burning of lignite
and cooling, trace metal concentrations in sediments appeared to be asso-
ciated with age and were generally higher in the older lakes (Springfield
and Alcoa) than in the younger lakes (Somerville and Fairfield).

Surface overburden samples were collected in the reclaimed strip-mined
areas at both the Big Brown plant near Fairfield and the Alcoa plant near
Rockdale. While collected at the surface, the overburden samples prior to

mining were probably located near the lignite seam. For control, surface
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soil samples of the 'A' horizon were collected adjacent to but outside of
the strip-mined area. The overburden samples were clayey material while
the control samples were sandy material. Trace metals in the soil and
overburden samples are given in Table 7. It appears that Cu, Mn, Ni, Se,
and Zn are significantly higher in the spoil than in the adjacent surface
soil at the Big Brown plant and only As is significantly higher in the

spoil at the Alcoa plant.

Soil Trace Eiement Enrichment Study. As discussed previously, the

burning of large amounts of lignite at a single location has the potential
of concentrating contaminants. The fallout from the airborne waste could
be deposited in the surrounding area. If the plant is a significant source
of contaminants the concentration of those elements found in the lignite
should be increased in the surface soils about the plant and the pattern of
increased concentration should be related to the dominant wind direction.
Surface soil samples were collected at various locations about the
Big Brown Power Plant near Fairfield. Sample locations are shown in Figure
35 and the acid extractable concentration of the various metals are Tisted
in Table 8. Only the top one inch of soil was sampled and analyzed accord-
ing to the precedures listed in Appendix B. Approximately half the time
the wind is from the SE, SSE, S, SSW or SW (Orton, 1964). Plotting the
surface soil concentrations of the parameters listed in Table 8 on maps of
the plant area did not reveal any definite patterns related to the plant lo-
cation or wind patterns. It appears that the natural variation in concentra-

tion of these parameters in the surface soils is greater than the increased
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concentrations which may have occurred as a result of the plant being in
operation since 1971. In order to measure any increase in concentration
caused by the operation of the plant, a more extensive sampling program

would be required.

Precipitation Study

pH Rainfall. The importance of the carbon dioxide-biocarbonate
system in determining the pH of rainfall has been recognized by various
investigators (Reuss, 1975). The reaction of 602 and water can be

represented by
+~ + -
CO2 + H20-+ H + HCO3

The logarithm to the base 10 of the equilibrium constant at 77° F is
-7.81. The natural CO2 concentration in the atmosphere is approximately

316 parts per million or a partial pressure of 3.16 X 10°"* atmospheres.

[H'] [Heo, ]
[co,1g

= ]0-7-81

77

where [H+] and [HCO3'] are considered to be the concentration in moles per

liter and [Coz]g is the partial pressure of CO, in atmospheres.

If CO, is the only source of HC03_

[H+]2 = 10" 11.31
']

1075-65
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The pH of pure rainwater in equilibrium with atmospheric C02 at 77° F
would be about 5.6. CO2 can be shown to be an effective buffer in prevent-
ing the pH from increasing but is not effecting in preventing a drop in pH
(Reuss, 1975).

Sulfur may be released from the power plant stack as sulfur dioxide.

The sulfur dioxide could form with water to give

+ H,0 » 2H  + S0,

50 2t Hy 1

o * 40

which would result in a decrease in pH.

Precipitation Samples. Rainfall samples were collected both under the

airborne waste plume from the discharge stack at the Big Brown plant near
Fairfield and away from the influence of the plant. The samples were col-
Tected on a 4 feet by 8 feet polyethylene sheet suspended in a rectangular
frame 3 feet above the ground. Prior to collection samplies the sheet was
washed with a 4 percent hydrochloric acid solution and rinsed with deionized
distilled water. At the start of the rainfall, the polyethylene sheet was
rinsed thoroughly with the rain. Samples were collected in quart cubi-
tainers at one corner of the polyethylene sheet. The cubitainers were also
rinsed with 4 percent hydrochloric acid solution, deionized distilled water
and rain before sampling. Although attempts were made to collect samples
on eight separate days in the spring, sampling was completed twice. The
weather was exceptionally dry until April 1976 and sampling was accom-
piished one in May and once in July 1976. Results are shown in Table 9 for
both filtered and unfiltered samples. The duration of the May rain was too

short to obtain adequate samples. The July sampling results show the pH



79

= 10°0 90°0 €9 0L 90 60 - 2L°0 = 60 - - A R | X,
Ol> 20°0 ¥1'0 8°0L €€ 9L 8¢ 08> {v'0 001> §'¢ [4d > - 8¢ X
L% 0l> L[0°0 8L'0 6 2> L L 05> £'0 001> ¢ 2> > - 2> 6 d
0y Ol> #0°0 610 0¢ g L> S 05> - ooLl> L g > - £ rg d
L't ol> 20°0 oOL'0 9 2 L € 08> v'0 o00l> ¢ 2> > - 1 rZy
L'y Ol> 20°0 [0°C 8 g € ¥ 05> €°0 o00L> ¢ 2> > - L ro
(ALNP) PaURILLIUN - 4y (|04U0D) Bun|d wody Aemy
2 00 20°C 0'9 0 2L 6L & Sl°0 €8 80 €v 80 8'¢ L9
L £0°0 I1'0 2°22 89 6°¢ L't ¢sl #£°0 28l2 2'S 9'1L £l 2’6 X
= 0l> 60°0 SO0 8 9 L I 00 9°0 o0sev ¢ Le > - 124 rs o
9°¢ Ol> 210 1I°0 LL L 4 L> 002 2°L o092 ¢S £¢ > - L v o
v's 0L> 90°0 OL'0 1 g L> £ 0oL 6'0 O6ll € L | E L CE o
8¢ OL> 90°0 SL'O of 6 8 LL 08 E£°0 09 L £ ¥ - 1 re ¥
9°'t SL ¥0'0 910 A% L 8 L 08 L°0 08t L 1/ £ - ¥ CL o
(ALnp) paJal|Liun -~ ¥0e3S wody awnid a3pup
- - - - £e 2> 8L 8 05> ¢2°0> 002> 6 2> 2 10> 2>x(I)HE Y
- - - - 92 2> ¥S 8 06> 2°0> 00L 8l £ ¢ L' ¢ WE ¥
Aol xx(1043u00) atin|d wodj Aemy
- - - - 62 2> Oy 9 05> 270> 002> 9l 2> ¢ L'0> € x(4)ML ¥
- - - - Le c> el oL 0g> 2°0> 00/ 92 L £ 1'0> ¢ Wi d
(Ael) yoe3s woay awnid Japupn
W YOO Tudd” “wdd %ﬁ_ﬂmﬁmm&m&ﬂm%ﬂﬂm%ﬂﬂn& 3 dues
05 d="0d N-"ON Yz 8 aqd IN W BH 83 ny Uy py ey sy
ploLjate] aeap sajdwes urey ‘g F|Lqel



*yoe]S 9yl 1O SUOLSSLWS ISBM SUI0GULE BYJ O dJUSNLJUL Y3 WoLS Aeme pajda)(00 SIduesS ULRY yx

‘pa4al|ij dLdueg

i

t'e 2°1L - 80 - €0 - - X,
g'0L 0°¢ 1> 81 05> 8'¢ L> L> X
- - - - 6 2> L> 17 05> - - Z - > - 1> »(3)06 ¥
- - - - 0¢ 1 L[> Z 05> - - £ - > - > »(3)08 ¥
- - - - 9 ¢> L> L> 0g> - - € - E 1> »{4)0L ¥
- - - - 8 S L> 1> 08> - - £ - > - [> »(4)09 ¥
(ALnp) paad3ils - x{l0O43u0D) aun)d wou) Aemy
' v'0 0L 91 8'0 L0 6'1 X,
p'le v°9 <22 8¢ 2'S gL B'¥ X
- - - - g8 9 L L> 05> - - 14 - > - 21 x(3)0S Y
- - - - L L L> 1> 0s> - - S - > - S x(3)0r Y
- - - - vl G L[> £ 08 - - |3 - > - £ x(4)r€ ¥
- - - - %€ ! g 8 05> - - L - y - 2> x(3)rz
- - - - ¢t L 1 L 05> - - L - rA - £ «(4)0L ¥
(ALnp) padslLi - oe}s wody awntd aapun
hd gdd “udd - ugd Gdd Gdd qdd qdd qdd qdd <qdd qdd qdd qdd qdd ‘qdd  Sidues
0S d-'0d N-"ON UZ as qd LN Ul BH 94 nJ 4) PS> @8 Sy
(panuijuod) plaLjuaLed JesN sajdwes uLey °*6 21qel

80




81

to be lower under the plume and away from the influence of the plume

than the expected value of pure rainwater in equilibrium with atmospheric
co, (5.6). Cr, Fe, Mn, Se, PO, and pH were all significantly higher under
the plume than away from the influence of the plume for the unfiltered
samples. For the filtered samples, the precipitation collected under

the plume had a significantly higher concentration of As, Cu and Se

than the precipitation collected away from the influence of the plume.

Leaching Studies

To determine the potential of contaminants in the Tignite, overburden
and fly ash to be transferred to the water, leaching studies were conducted
in accordance with the procedures of the Texas Water Quality Board except
that triplicate runs were not conducted on all samples. The procedures
are summarized in Appendix C. Chemical parameters are listed in Table 10
and trace elements are listed in Table 11.

There does not appear to be a large difference between the concentration
in the leachates for the three lignites (Alcoa, Big Brown and Darco), but
there does appear to be a significant difference in the leachates from
the spoil.

Surface soil samples for control were collected adjacent to but
outside the strip-mine area at both Big Brown and Alcoa. Comparison of
the chemical parameters of the leachate for the spoil and control samples
shows only the sulfate to be higher in the spoil at both Tocations. In
general the trace metals concentrations were higher in the leachate from
the surface soil samples than the spoil at Big Brown while the trace metals
were higher in the leachate from the spoil samples than the soil samples at

Alcoa.
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The acid extract concentration of trace metals of the spoil at Big
Brown tended to be higher than the acid extract trace metals of the control
soil samples (As, Be, Cr, Cu, Fe, Hg, Ni, Se, and Zn). The leachate from
the spoil at Big Brown was higher than the control soil samples in only
two trace metals (Ni and Pb). At Alcoa the Acid extract concentration of
the spoil was higher in As, Cu, Fe, Ni, Se and Zn than the control soil
samples. The Teachate from the spoil at Alcoa was higher in As, Be, Cd,
Cr, Cu, Fe, Ni, Se and Zn than the leachate from the surface soil control
samples. The major difference might be that the pH of the leachate was
higher at Big Brown for the spoil than the control samples, while at
Alcoa the pH of the leachate was Tower for the spoil than the control

samples.

Water Quality Study

Sampiing Stations. Water quality sampling stations were established

near active strip-mine operations at Fairfield and Rockdale. Stations
were sampled monthly for one year and analyzed for both chemical parameters
and trace metals. Locations of the stations are shown in Figures 36, 37
and 38.

Eight groundwater stations were located about the strip-mined area
near Fairfield, three stream stations along Tehuacana Creek, two stream
stations along Cottonwood Creek and one lake station at Fairfield Lake.
Fairfield Lake was completed in December 1969 and has a surface area of
2,350 acres and a storage capacity of 50,600 acre-feet. It is the

cooling lake for the 1,150 megawatt Big Brown Power Plant. The present
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strip-mined area at Fairfield drains into Cottonwood Creek which enters
Tehuacana Creek below station T-2. The water quality at stations C-1,
C-2 and T-3 might have been affected by the strip mining activity while
water quality of stations T-1 and T-2 was not.

Three groundwater stations were Tocated near the strip mining at
Alcoa. Alcoa Lake is the cooling lake for the 360-megawatt power plant
and was formed by a dam across East Yegua Creek. Two sampling stations
were located along East Yegua Creek. EY-2 was located just downstream
of the dam while EY-1 was Tlocated about three miles downstream. Sampling
station AL-1 was located in the 880-acre cooling lake. Alcoa Lake was
completed in 1952 and was filled by pumping from Little River. The
reservoir has a drainage area of only 6 square miles and up to 18,000
ac-ft of water per year can be pumped from Little River to provide water
for the plant. Sampling station AL-2 was in a spoil lake in the strip-
mined area.

In addition to the stations established near the strip mining
operations, three stations were established along Little River, three
stations along the Navasota River and two stations in Springfield Lake.
Springfield Lake is primarily a recreational Take associated with Fort
Parker State Park. It is Tocated on the Navasota River, has a capacity
of 4,200 acre-feet and has a surface area of 750 acres. Samping station
N-1 is Tocated just downstream of the Springfield Lake, N-2 is located
about eight miles downstream and N-3 is located about 30 miles down-
stream. Three sampling stations (LR-1, LR-2 and LR-3) were located

north of Rockdale about 20 miles apart along Little River.



93

Wells FD-1, FD-3, FD-5, FD-7 and FD-8 are dug wells 30 to 50 feet
deep. FD-4, FD-6 and FD-9 are drilled wells approximately 50 feet deep
while FD-2 is also a drilled well but approximate]y'zoo feet deep. In
general, the shallow wells yield little water of relatively poor water
quality. Water in wells FD-1, FD-3, FD-4 and FD-5 is apparently from
above the lignite. Groundwater stations FD-3, FD-4 and FD-5 are located
down slope from the strip mining area; however, as groundwater movement
is only about 100 feet per year, any effect of strip mining on ground-
water quality is not expected to be reflected in the water quality at
these stations.

Three well sampling stations were located in Rockdale area. Wells
RK-1, RK-2 and RK-3 are deep wells and apparently obtain their water

from below the lignite.

Background Water Quality Data. Background information on water

quality in the area was obtained from the U.S. Geological Survey Water
Quality Data for Texas for the years 1969 to 1974. Location of U.S.G.S.
water quality stations are shown in Figure 39. Three stations were selected
on the Trinity, three on Navasota and one each on Yegua Creek, Littlie River
and Tehuacana Creek. Dissolved solids, sulfates, pH and iron were plotted as
a function of flow rate, Figures 40 through 48. It can be observed that
in general the dissolved solids varied between 100 and 1000 mg/£, sulfates
varied betweeh 10 and 400 mg/£ and pH between 6.5 and 8.5, depending on
the flow rate. The iron concentration did not appear to be a function of
the flow rate. The dissoived solids and sulfates were higher in the

Trinity River than the other streams for the same flow rates. The
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dissolved solids in Tehuacana Creek appeared to be higher than in Yequa
Creek. The station on Yegua Creek was located below Somerville Reservoir.
The Texas Water Development Board Groundwater Reports for Anderson,
Bastrop, Cadwell, Freestone, Nacogdoches and Wood Counties were reviewed
to find pairs of similar wells, one with Tignite reported in the screened
interval and the other well without Tignite reported in the screened in-
terval. The concentrations of sulfate and iron for the pair of wells were
obtained from the report and tabulated in Table 12. 1t can be observed
from the table that there was no significant difference in the sulfates and
iron in the wells reported with Tignite and those not reporting lignite
within the screen interval. In general the sulfates tended to be higher

in the shallower wells.

Results of Sampling Program. Results of the monthly water quality

sampling program are Tisted in Appendix D. When reviewing the data, the
reader should be aware of two factors. First, the July, August and Septem-
ber results are totals while during the remainder of the year the samples
were filtered through a 0.45u filter and the values Tisted in the tables
for the last nine months represent dissolved. The second consideration is
that little rain fell until April and the streams were very low until that
time.

It can be observed that in general the pH values of the groundwater
stations were lower than the pH of the surface water and the pH values of
lake waters were higher than the pH of the streams. It appears that the

pH of water drained from strip mined areas was not significantly
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different from that of runoff from non-strip mined areas. While the
pH in Cottonwood Creek and East Yegua Creek is lower near the strip
mined areas and increase downstream, the pH in Tehuacana Creek also
increases downstream.

During the sampling period the dissolved solids in Fairfield
Lake {cooling lake for Big Brown Plant) was not significantly higher
than the dissolved solids in Springfield Lake. The dissolved solids in
the cooling Take, spoil Take and Yequa Creek near Alcoa were signifi-
cantly higher than the dissolved solids in Cottonwood Creek near Big
Brown. Dissolved solids observed for this study are within the range
of values reported by the U.S.G.S., displayed in Figure 40-42. It
can also be observed that there is a wide range in dissolved solids
for the groundwater stations. In general, the shallow wells had a higher
dissolved solids value than the deeper wells.

The maximum concentration of sulfates in raw water for drinking
supplies has not been established but was recommended to be 250 mg/L
(U.S. E.P.A., 1973). This limit was usually exceeded at three locations
(Alcoa spoil lake (AL-2), East Yequa Creek about three miles downstream
of the strip mining area (EY-1) and at the groundwater station near the
strip mine area near Fairfield (FD-4)).

High nitrate values were observed at three groundwater stations near
Fairfield (FD-1, FD-5 and FD-9). The higher values probably indicated
surface contamination and apparently were not associated with either
the mining or electric generating activities. Little River stations

were high in both nitrate and phosphate values.
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High values of phenols did not appear to be associated with lig-
nite activity in these areas but may be associated with natural pro-
cesses.

The highest values of arsenic were found in Tehuacana Creek (15 ppb
at the upstream station, decreasing to 10 ppb downstream), spoil lake
at Alcoa (38 ppb) and two groundwater stations near Fairfield (54 and 43
ppb). Except for perhaps the spoil lake, the higher levels of arsenic
do not appear to be associated with lignite development. EPA (1975)
recommended maximum concentration for public water supply sources is 50
ppb.

Only at a few stations were the concentrations of cadmium above the
detection 1eve1.of the equipment (2 ppb). The EPA (1975) recommended a
maximum concentration for pubiic water supply sources of 10 ppb. The
highest consistent values of 4 ppb were observed at the Alcoa spoil
lake (AL-2).

The analysis for chromium was discontinued in January as this
trace element did not appear at significant levels in any samples.
Highest observed values of copper were at the groundwater stations and
were about one tenth the U.S. EPA (1973) recommended maximum for
drinking water.

The highest mercury concentrations were observed in Fairfield Lake
(8 ppb) in the first three months of the study when the water samplies
were not filtered. Beginning in October samples were filtered with
a 0.45y filter and the mercury levels in the filtered samples were at

or near the detection level.
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Highest observed values of manganese were in the spoil lake at
Alcoa (AL-2) which had an average of 5,000 ppb. The 1973 U.S. EPA
Water Quality Criteria recommends a maximum of 50 ppb for drinking
water. Concentrations at nearly all stations exceeded this recommended
maximum. Concentrations in the cooling lakes (FL-T1 and AL-1) were
relatively low while concentrations in Yegua, Cottonwood and Tehuacana
Creek were relatively high. Groundwater stations in the Rockdale area
generally had higher concentrations of manganese than those in the
Fairfield area.

Lead cbncentrations in the surface waters generally ranged from 1
to 4 ppb while the values in groundwater ranged from 2 to 12 ppb.
Higher values were not in any particular location nor did they appear
to be associated with power generation. U.S. EPA {1975) maximum con-
centration for drinking water is 50 ppb.

The highest average concentration of nickel (91 ppb) was observed
in the spoil lake at Alcoa (AL-2). In general the higher values in
surface waters were observed at those stations that include runoff
from strip mined areas (C-1, C-2, T-3, EY-1, and EY-2). Wells just
east of the strip mined area at Fairfield generally had the higher
concentrations of nickel than those on the west side of the strip
mined area.

High selenium concentrations were observed in the surface waters
near Fairfield (10 to 21 ppb), surface waters near Rockdale (16 to 51 ppb)
and groundwater stations (< 79 ppb). The 1975 EPA maximum allowed con-
centration is 10 ppb for public water supply sources. Average concentra-

tions at all stations on Cottonwood, Tehuacana and Yegua Creeks
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exceeded the recommended maximum concentration while average concentra-
tions at all stations on Navasota and Little Rivers were under the
recommended maximum value. Since the concentration of selenium was

the highest in Tehuacana Creek above the strip-mined area, it appears
that the Tignite mining activity is not the primary source in the Fair-
field area. However, the spoil lake at Alcoa (AL-2) had the highest
concentration (51 ppb) of selenium in the Rockdale area.

Concentration of zinc in samples from Cottonwood Creek were general-
ly higher than those in Tehuacana Creek indicating runoff from the strip-
mined area at Fairfield could be a major source of zinc. The highest
average concentration of zinc (339 ppb) at a surface water station was
in the spoil Take at Alcoa (AL-2). No samples exceeded the EPA 1973
recommended maximum concentration of 5,000 ppb for public water supply.
Only one groundwater station at Rockdale (RK-3) exceeded 1,000 ppb.

The high zinc values in the wells, FD-2, FD-9, RK-1, RK-2 and RK-3 may
have been caused by galvanized plumbing.

In Tehuacana Creek and Cottonwood Creek near Fairfield, the highest
values of selenium, manganese and sulfate occurred during low flow
conditions. This would tend to indicate that the high values are not

associated with surface runoff or fallout from the power plant.
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CHAPTER V
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

This study was conducted for the Office of Water Resources Research,
U.S. Department of the Interior by the Texas Engineering Experiment Station.
The study was concerned with the affect of Tignite strip mining and lignite
utilization on the hydrology and water quality of the area. Both field and
desk studies were conducted to evaluate the impact of lignite development on
the Water Resources of the area. The following conclusions and recommendations

were developed by the project.

1. Lignite development will consume a significant quantity of water.

Most lignite-fired electric generating plants will probably utilize
cooling lakes to dissipate waste heat. A 1,000-megawatt plant will consume
approximately 8,000 acre-feet of water per year (not including blowdown or
flushing water). When all the lignite plants that are presently in the
planning stage (12,000 megawatts) are in operation, approximately 100,000
acre-feet per year of water will be consumed by these plants. This js equiva-
Tent to the water requirement for a city of about 600,000 people. Lignite-
fired power plants, because of their lower efficiency, require slightly
more water (about 10 percent) for heat dissipation than 0il- or gas-fired
plants. Nuclear plants require considerably more water (about 30 percent)
for heat dissipation than lignite-fired plants.

While there are no modern-design, commercial-scale coal gasification

or liquefaction in the United States to accurately estimate water consumption,
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it appears that the water consumption will be about the same for these pro-
cesses as converting Tignite to electricity. If the output from a gasifica-
tion or liquefaction plant is used as fuel for electric power generation,
the water requirements for the two processes are additive and the consump-

tive use of water would be approximately doubied.

2. Full development of the near-surface lignite reserves in east and east

central Texas could have a significant impact on the groundwater re-

sources of the region.

Eighty percent of the near-surface lignite reserves in Texas are located
in the outcrop area of the Wilcox aquifer. The Wilcox is a major aquifer in
east and east central Texas and provides the water supply for many of the
cities in this region. Lignite reserves as defined by Kaiser (1975) cover
about 41 percent of the outcrop area. A study utilizing the U.S. Soil
Conservation Service soil maps of the Wilcox outcrop area revealed that
Some areas are relatively pervious and contribute significant recharge to
the aquifer while other less pervious areas contribute little recharge to
the aquifer. If all the potential near-surface Tignite reserves are devel-
oped, approximately 40 percent of the pervious soils in the recharge area
would be affected.

It is recommended that changes in the recharge rate of the Wilcox

aquifer be considered when identifying new lignite deposits for development.
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3. Strip mining can change the hydrologic characteristics of the mined

areadas,

The soils over much of the Wilcox Tignite area have a sandy surface
and a clayey subsoil. The sandy surface soil permits relatively rapid
infiltration of precipitation and provides storage capacity for the gravity
water while it slowly percolates through the clayey subsoil. While the
lignite is often associated with clay deposits, the overburden which is
disturbed in the mining operation usually contains layers which are
capable of transmitting groundwater along the formation.

The material over much of the lignite was generally deposited as
alternating layers of sand and clay. The sandy material is capable of trans-
mitting water along the slope of the formation while the clayey material
transmits little water. In the mining process, the overburden is removed
and the layers mixed together. In the process, the overburden expands
about 15 percent and the pore space is temporarily increased. After
the spoil has been reclaimed, the surface soil is generally clayey. When
the top soil is not replaced on the leveled spoil material, the infiltra-
tion capacity of the reclaimed area will generally be reduced.

Before mining, the factor Timiting recharge for most of the Wilcox area
is the transmissibility of the aguifer. When the top soil is not replaced
after the spoillhas been reclaimed, surface entry will probably limit re-
charge. Vegetation and time should improve the infiltration capacity of
the reclaimed area. However, after many years when the overburden has
reconsolidated to its original density, the permeability of the overburden

will probably be reduced from its original value.
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It is recommended that several small watersheds both in the reclaimed

strip-mined area and similar, natural watersheds for control be instrumented

and monitored for several years to evaluate the change in the hydrologic

characteristics of the area.

4. Lignite-fired power plants cause environmental modifications of consid-

erable magnitude.

Based on average characteristics of the Wilcox lignite, a T1,000-megawatt
power plant requires that approximately 600 acres per year of lignite be
strip mined to provide fuel to keep the plant in operation at an 80 percent
Toad factor. During the 35-year expected life of a Tignite-fired power
plant, about 21,000 acres of land would be strip mined. Existing and pre-
sently planned Tignite-fired power plants in Texas have a combined capacity
of 12,000 megawatts and would require about 240,000 acres of land for strip

mining during the 35-year 1life of these plants.

It is recommended that hydrologic characteristics be considered in

developing reclamation plans for the spoil area.

5. Development of deep-basin lignite deposits appears inevitable.

Approximately 2.5 billion tons of Tignite or about 25 percent of the
identified near-surface lignite deposits are committed to existing and
presently planned lignite-fired power plants in Texas. Deep-basin lignite
occurs downdip from the near-surface lignite, between 200 and 5,000 feet

below the surface, and was estimated by Kaiser (1975) to be more than 100
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billion tons. Underground gasification of lignite is technically feasible

but poses environmental hazards as well as environmental advantages over strip
mining.

It is recommended that the groundwater quality be carefully monitored

around all underground gasification projects.

6. Lignite-fired electric generating plants tend to concentrate certain elements.

Lignites can contain high amounts of certain trace elements depending upon
the local chemical environment associated with the decay of plant material during
the formation of the lignite.

The utilization of lignite for electric power generating requires that
large amounts of lignite be moved, hauled to the plant and burned. For example,
a 1,000-megawatt plant requires approximately 6 million tons of lignite per year.
Texas lignite analyzed in the study indicated higher than average concentrations
of manganese, mercury and selenium.

After the lignite is fired at the plant some of the trace elements are
concentrated in the fly ash {arsenic, iron, manganese, and lead). While others
are discharged primarily as a vapor from the stack (mercury and selenium). If
the concentration of selenium in the lignite was 7 ppm, a 1,000-megawatt plant
would release approximately 40 tons of selenium per year primarily as a vapor

from the stack and with the fly ash.

It is recommended that the levels of certain trace elements concentrations

be considered when identifying lignite deposits for utilization by electric

generating plants.
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7. Lignite-fired power plants can increase the concentration of trace ele-

ments in the precipitation.

Precipitation samples were collected under the airborne waste plume
from the Big Brown power plant near Fairfield and compared to precipitation
samples collected away from the influence of the plant. Concentrations of
chromium, iron, manganese, selenium and phosphate were significantly higher
at a 90 percent confidence level in precipitation samples collected under
the plume from the plant when compared to the concentration in samples col-
lTected away from the influence of the plant. However, limited trace element
enrichment study of the soils surrounding the Big Brown plant near Fair-
field did not reveal any significant increases in concentration that could

be attributed to the plant operations.

It is recommended that a more extensive sampling program be established

about the Big Brown plant and a trace element enrichment study of the soils

be repeated at five-year intervals to accurately monitor the increase in

concentrations of those elements that could have adverse affects on plant

and animal life in the area.

8. Improper handling and disposal of fly ash could result in the pollu-

tion of water supplies.

A 1,000-megawatt power plant utilizing Tignite with an ash content be-
tween 10 to 20 percent would generate between 300,000 and 600,000 tons per
year of fly ash. Acid extract of the fly ash revealed elevated levels of

arscnic, copper, chromium, iron, manganese, lead, and selenium as compared
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to the Tignite and soil samples. Seven-day leachate test on the fly

ash indicated high values of pH, alkalinity, arsenic and selenium.

9. Lime or limestone scrubbers for sulfur oxide stack gas control generate

large amounts of sludge and could create water pollution problems.

The sulfur content for central and east Texas lignite is relatively
Tow. However, if 1ime or Timestone scrubbers are required for sulfur control
in the stack gas, they would generate large amounts of sludge. A typical
1,000 megawatt plant utilizing lignite with a 1.0 percent sulfur concentration
would generate about 200,000 dry tons of sludge and would require about 200
acre-feet of storage space each year. Supernatant waters from scrubber
sludge de-watering typically have highconcentrations of sodium, potassium,
and magnesium sulfate and sulfite as well as certain trace metals and

could pose a potential water pollution problem by Teaching or overflow.

10. Water quality in the cooling lakes at the Alcoa plant near Rockdale

and the Big Brown near Fairfield was generally good.

The water quality parameters monitored in the cooling lakes were not
significantly different from those of other surface waters. Alcoa Lake
at Rockdale had stightly elevated levels of dissolved solids (750 ppm),

apparently due to the cooling process by evaporation.

11. Small surface streams near Rockdale and Fairfield had elevated levels

of zinc, selenium, manganese and sulfate as compared to other surface

waters observed in the study.
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High vaiues of zinc, selenium, manganese, and sulfate were observed
in East Yegua Creek near the Alcoa plant and Tehuacana Creek and Cotton-
wood Creek near the Big Brown Plant. Observed values of selenium ex-
ceeded the 1975 EPA maximum values for drinking water. Not all stations
included runoff from strip-mined areas. At the Big Brown Plant near
Fairfield, the highest observed values of selenium and sulfates were
in Tehuacana Creek above the strip-mined area. Strip mining and power
generation may not be the primary source of the elevated levels of these

parameters.

It is recommended that a water quality study be initiated to accurately

identify the source of these elevated parameters.

12, Spoil lakes in the strip-mined area at Alcoa could cause groundwater

contamination of the shallow aquifer.

Highest observed values of many surface water quality parameters were
in the spoil lake in the strip-mined area at Alcoa. Average observed
values for these parameters in the lake were: dissolved solids, 2400 ppm;
sulfates, 1100 ppm; arsenic, 38 ppb; cadmium, 4 ppb; manganese, 5050 ppb;
nickel, 90 ppb; selenium, 50 ppb; and zinc, 340 ppb. Sulfates, manganese
and selenium exceeded both the EPA 1973 recommended drinking water criteria
and the observed values for water wells in the area. Since there appears

to be a direct hydraulic connection between water in the spoil lakes and
the shallow groundwater aquifer in the area, poor water quality in the

spoil Takes could adversely affect the groundwater.
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It is recommended that several groundwater wells be established

about_the area and developed in the aquifer above the lignite seam to

determine permeability of the aquifer, compute the velocity and direc-

tion of movement of the groundwater and monitor groundwater quality.

13.  Groundwater quality in the shallow aquifer at Fairfield was generally

poor; however, it did not appear that the poor quality was associated

with strip-mining or power generation.

Analyses of water samples from the shallow wells developed above the
lignite at Fairfield indicated a poor water quality. Most of the shallow
wells are not being utilized for domestic supplies since rural water systems
were installed in the late 1960's. Three shallow groundwater wells sampled
in the study are located several hundred feet downdip of the strip-mined area.
Groundwater movement is estimated to be about 100 feet per year. The effect
of the mining operation on the water quality and recharge rate should be
observable at these wells within several years.

It is recammended that the existing shallow wells near the strip-

mined area at Fairfield be monitored for several years to evaluate the

effect of the mining on groundwater quality and recharge rates.
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APPENDIX A

CONSUMPTIVE USE OF WATER FROM COOLING LAKES

The heat budget for a cooling lake can be expressed as:

AH =

where

st * H]w - (Hb * Hc * He)

net heat tgansferred through the air--water interface in
BTU/(hr-ft )

2
net short-wave solar atmospheric radiation in BTU/{hr-ft )

2
= net long-wave atmospheric radiation in BTU/(hr-ft )}

outgoing long-wave back radiation

B0 (T, + 460)" in BIU/(hr-ft )
Convective energy flux in BTU/(hr-ftz)

Yy H.l (a + bW) 0.01 (TS - Ta) Pa/29.92 )
Energy lost by evaporation in BTU/{hr-ft )
Ty Hp (8 + bW) (ES - Ea)

Air temperature in °F

Surface water temperature in °F
Stefan-Boltzman Constant

1.73 X 1072 BTU/(hr-ft2 °R%)

Emissivity of water (0.97)

Unit weight of water (62.4 lbs/fta)

= Average latent heat of evaporation (1054 BTU/1b)

~l
6.8 X 10 ft/{hr-in. Hg)
~y
2.7 X 10 ft/{hr-in. Hg-mph)
Wind speed 6 ft above water surface in mph

Water vapor pressure 6 ft above water surface in in. Hg

Ewb - 0.000367 Pa (Ta - Ts) (1.0+ (wa - 32)/1571)
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EWb = Saturation vapor pressure at wet bulb temperature in in. Hg

-
i

Wb = Wet bulb temperature °F

m
|

= Saturation vapor pressure of the air at the temperature of
the water surface in in, Hg.

-
"

Barometric pressure in in, Hg.
Using the following average conditions for winter and summer:

Table A-1. Average Meteorological Conditions.

Winter Summer
Air Temperature 53°F 85°F
Water Temperature 60°F 80°F
Wind Velocity 14mph 10mph
Relative Humidity 68% 60%

results in the following table assuming st and H]w remain constant

Table A-2. Increase in Heat Dissipation Rates Caused by Cooling
Lake Temperature Rise.

AT AHb ) AHC ) AHe ) Total Change
ff_ BTU/ (hr-ft ) BTU/{hr-ft ) BTU/ (hr-ft ) BTU/ (hr-ft )

Winter

1 0.9 2.8 2.6 6.3

5 4.8 14.2 12.8 31.8
10 9.7 28.4 30.4 68.5
15 14.8 42.7 53.3 110.8
20 20.0 57.0 82.6 159.6
Summer

1 1.0 2.2 5.3 8.5
5 5.3 10.9 26.7 52.9
10 10.8 21.8 59.5 92.1
15 16.8 32.8 98.9 148.5
20 22.3 43,7 145 .9 211.9

Table A-2 shows to raise the temperature of a lake one degree in the winter
would require adding 6.3 BTU/(hr-ftz) of heat while in the summer 8.5
BTU/(hr-ftz) of heat is required,

A 1000-megawatt plant operating at full capacity would require 5.5 X 109
BTU/hour of heat be dissipated in the cooling lake. The heat loss rates and

Take temperature rise are listed in Table A-3,
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Table A-3. Cooling Lake Temperature Rise for a 1000-Megawatti Plant.

Cooling l.ake Heat Loss Temperature Rise
Size Rate Summer Winter
Acres 1 BTU/ (hr-ft?) oF __©OF
1000 126.4 13.1 16.7
2000 63.2 7.0 9.3
5000 25.3 3.0 4.0

10000 12.6 1.5 2.0
15000 6.3 0.8 1.0
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APPENDIX B

PROCEDURES FOR DETERMINING
WATER AND SEDIMENT QUALITY

Water Quality

Water quality work included the following parameters: suspended solids

dissolved solids, dissolved oxygen, pH, N02-N, N03-N, Kjeldahl Nitrogen, PO,-P,

4

504, Phenols, and selected trace element concentrations. The trace elements

investigated include: As, Be, Cd, Cr, Fe, Hg, Mn, Ni, Pb, Se and Zn.
Suspended solids were determined gravimetrically as presented in Standard

Methods for the Examination of Water and Wastewater Treatment, thirteenth edition,

1971, p. 537. Dissolved solids determination was conducted in accordance with

procedures published in Standard Methods for the Examination of Water and Waste-

water Treatment, thirteenth edition, 1971, p. 535.

Dissolved oxygen was measured with a Y.S.I. model 51A oxygen meter on site

and cross-checked with a Winkler alkaline azide method presented in APHA Standards

Methods for the Examination of Water and Wastewater Treatment, thirteenth edition,
1971, pg. 477. |

pH was measured on-site with a Brinkman model E488 Metrohm pH meter. A
neutral standard was used after each reading to insure calibration.

N02—N was analyzed colorimetrically on an auto Analyzer II system utilizing

the diazotization-couping reaction on pages 135-194 of Methods for Chemical Analysis

of Water and Wastes, U.S. Environmental Protection Agency, 1971. After every eighth

sample, a standard was run to insure calibration. Nutrient samples were collected
in the field and frozen until they were analyzed in the laboratory. NO3-N was
determined colorimetrically on an auto Analyzer II System through reduction with
hydrazine sulfate to form nitrite. Once nitrite is formed, the standard diazoti-

zation coupling reaction is used. The procedure is contained in Methods for Chemical

Analysis of Water and Wastes, U.S. Environmental Protection Agency, 1971, pp. 185-194.
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Kjeldahl nitrogen was measured colormetrically using a Bauch and Lomb spec-
tronic 20 after preliminary distillation and Nesselerization as per Methods

for Chemical Analysis of Water and Wastes, U.S. Environmenta] Protection

Agency, 1971, pp. 157-163. P04—P determination used the molybdate-potassium

antimonyl tartarate reaction procedure contained in Methods for Chemical

Analysis of Water and Wastes, U.S. Environmental Protection Agency, 1971,

pp. 241-258,
SO4 concentrations were determined utilizing the automated cholranilate

method with an auto Analyzer II System as per Methods for Chemical Analysis

of Water and Wastes, U.S. Environmental Protection Agency, 1971, pp. 283-291.

The sulfate ion is converted to a suspension of barium sulfate. Since the
suspension alters the turbidity of the solution, a colorimeter measures the
turbidity and the resulting values are compared to a graph of standard sul-
fate solutions. A blank is used after eight samples to insure a lack of in-
terference.

Phenols were analyzed using Hach Chemicals for the d-aminoantipyrine

method with chloroform extraction which is contained in Standard Methods for

the Examination of Water and Wastewater, thirteenth edition, 1971. Once ex-

traction has occurred, a Bauch and Lomb Spectronic 20 is used as the color-
imeter. The initial reaction occurs when the phenols react with 4-amino-
antipyrine at a pH of 10 in the presence of potassium ferricyanide to form
a colored antipyrine complex. The colored complex is extracted using chloro-
form and the absorbance of the mixture is measured at 460 nm.

Trace element concentrations were run on water samples taken. From July
1975 through October 1975, the data reflected total metal concentration.
After October, the samples were filtered and the soluble trace element concen-
trations were determined. The trace elements vary in physical and chemical

characteristics and necessitated four different procedures for analysis.
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Cd, Cu, Ni, and Zn utilized procedures for filtering and methyl isobutyl

ketone (MIBK) extraction, as per Methods for Chemical Anafysis of Water and Wastes,
U.S. Environmental Protection Agency, 1971. Once prepared ﬁsing these techniques,
the samples were analyzed using a Perkin-Elmer Model 403 Atomic Absorption
Spectrophotometer according to manufacturer's recommended procedures.

Mn and Fe were measured directly using a Perkin-Elmer Model 403 Atomic
Absorption Spectrophotometer in accordance with the procedures recommended by the
manufacturer.

As, Cr, Pb, and Se required a HGA-2100 heated graphite furnace on a Perkin-
Elmer Model 403 Atomic Abscrption Spectrophotometer in accordance with procedures
established by the manufacturer. Hg analysis utilized flameless atomic absorption
spectrophotometer method developed by Hach and Ott which is a slight variation
requiring a single pass of the vapor with respect to the procedure contained in

Methods for Chemical Analysis of Water and Wastes, U.S. Environmental Protection

Agency, 1971.

Sediment Quality

The acid extractable metals in the sediment, lignite and soil samples were
determined as described below.

Mercury was analyzed utilizing the Flameless Atomic Absorption Procedure
or Cold Vapor Technique. For all other metals, sediments were digested with 30%
hydrogen peroxide and nitric acid to dryness twice. The acid extract was then taken
up in 10% (volume-volume) hydrochloric acid and analyzed utilizing atomic absorption

spectroscopy techniques.
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APPENDIX C

TEXAS WATER QUALITY BOARD
STANDARD LEACHATE TEST

TWQB Standard Leachate Test
In an attempt to be able to correlate all data Ssubmitted for eval-
uation, the TWQB has determined that the following procedure should be
followed to obtain a "leachate" solution to analyze to determine the
Hazardous Index of a solid waste. It should be noted that the procedure
outTined is a modification of the Pennsylvania Standard Leachate Test.
The leachate procedure is as follows:

1. Triplicate 250 gram representative samples of the "dry"
material should be taken according to AOAC or ASTM Standard
methods, and placed in 1500 ML Erylenmeyer flasks*

2. One liter of distilled or de-ionized water should be added
to the flasks and the material stirred mechanically at a
Tow speed, or sTowly by hand for five (5) minutes.

3. Stopper the flasks and allow to stand for seven (7) days.

4. Filter the supernatent solution through a 0.45, M (45 mi-
cron) glass filter.

When the "leachate solution” is collected it should be subjected
to the same procedure outlined in Step 1 for a liquid, slurry, or sludge

material.

* Since 1500 ML Erylenmeyer flasks were not available 2000 ML Erylen-

meyer flasks were used for the lignite study.
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APPENDIX D

WATER QUALITY SAMPLING
RESULTS
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Table D-10.Water Quality Sampling Results (1975-76), Phenols* in ppm. 157

Station Sept Feb June
Lakes, Streams and Rivers in the Fairfield Area
FL-1 0.05 0.03 0.08
C-1 - 0.03 0.04
c-2 0.08 0.07 0.04 .
T-1 - <0.01 0.03
T-2 0.05 0.08 0.03
T-3 - - 0.11
SL-1 - 0.06 0.05
SL-2 - 0.70 0.04
N-1 - 0.06 0.04
N-2 - 0.05 <0.01
N-3 - 0.10 0.03
Streams and Rivers in the Rockdale Area
EY-1 - 0.03 0.11
EY-2 - 0.04 0.04
LR-1 - 0.01 0.01
LR-2 - <0.01 0.02
LR-3 - - <0.01
Groundwater Stations Near Fairfield
FD-1 - 0.08 0.04
FD-3 - 0.04 0.02
FD-4 - 0.06 0.04
FD-5 0.14 - 0.03
FD-6 - 0.04 0.06
FD-7 - <0.01 0.03
FD-8 - 0.01 <0.01
FD-9 - - 0.09
Groundwater Stations Near Rockdale
RK-T - 0.05 0.06
RK-2 - 0.02 0.02
RK-3 - 0.06 -

* 1973 EPA Water Quality Criteria recommends a maximum concentration of
0.001 ppm. The 1975 interim Drinking Water Standards did not 1ist

phenols.
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TableD-15. Water Quality Sampling Results (1975-76), Fe* in ppm

**

Station Aug Sept**  Oct***  Nov***  June**+

Lakes, Streams and Rivers in the Fairfield Area

FL-1 <0.1 <0.1 <0.1 <0.,1 <0.3
C-1 1.2 1.5 - <0.1 <0.3
Cc-2 1.2 2.3 - <0.1 <0.3
T-1 0.5 0.8 - <0.1 <0.3
T-2 1.4 2.7 - <0.1 <0.3
T-3 1.8 3.4 - <0.,1 <0.3
SL-1 0.9 1.6 <0.1 <0.1 <0.3
SL-2 3.4 1.9 0.1 <0.1 <0.3
N-1 0.5 0.1 - <0.1 <0.3
N-2 2.0 1.6 <0.1 <0.1 <0.3
N-3 2.3 6.1 <0.1 <0.1 <0.3
Lakes, Streams and Rivers in the Rockdale Area
AL-2 - - 0.5 - 0.6
EY-1 4.2 1.7 - <0.1 <0.3
Ey-2 1.1 1.6 - 0.5 <0.3
LR-1 2.9 1.3 - <0.1 <0.3
LR-2 5.3 14.0 - <0.1 <0.3
LR-3 11.0 4.2 - <0.1 <0.3
Groundwater Stations Near Fairfield
FD-1 <0.1 <0.1 - <0.1 <0.3
FD-2 9.1 1.0 - -
FD-3 2.3 1.8 ~ <0.1 <0.3
FD-4 15.0 3.2 - <0.1 <0.3
FD-5 0.4 0.4 - <0.1 <0.3
FD-6 4.6 16.0 - <0.1 <0.3
FD-7 - - 1.1 <0.1 <0.3
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Table D-15. Water Quality Sampling Results (1975-76), Fe* in ppm (Continued)

Station Aug** Septx* Octr** Noy*** June***
Groundwater Stations Near Rockdale

RK-1 24.0 15.0 <0.1 15. <0.3

RK-2 2.7 1.9 <0.1 <0.1 <0.3
RK-3 - 14.0 <0.1 5.8 <0.3

* 1973 EPA Water Quality Criteria recommends maximum acceptable
soluble iron in raw water for drinking of 0.3 ppm.

**  Total iron.

**% Samples filtered through a 0.45: filter. Value represents the
dissolved Fe.
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