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1.0 INTRODUCTION

One of the major environmental problems confronting the coal and uranium

industr~es of the Southwest is the disposal and reclamation of the large

volumes of wastes produced by mining, processing, and on-site utilization of

these resources. Hastes and drainages are produced during coal mining and

cleaning, and the burning of coal in modern boilers produces large quantities

of ash and sludge. Likewise, uranium mining and milling generates large

amounts of solid and liquid waste materials. The wastes from both of these

industries must be carefully deposited in waste disposal sites, and reclama-

tion measures taken to ensure their long term stability. In this paper, the

types of~astes produced by the coal and uranium Industries in the Southwest

will be described, some of the potenti~: ei~ironmental impacts from these

materials will be considered, and the procedures In current use for the

disposal and reclamation of these wastes wI1l be discussed.

2.0 DISPOSAL AND RECLAMATION OF COAL WASTES

Coal is a typeof combustible rock that is fomed from plant remains and

various inorganic components. Because of this, coal is a highly heterogeneous

material that contains a wide variety of rock and mineral impurities In ad-

dition to the carbon-llke matrix. Most of the environmental contamination

and waste materials produced by coals are a direct consequences of these

impurities.



In each step of the coal processing cycle, from mine to eventual utili-

zation, various wastes or effluents are produced that must be treated, stored,

or disposed of (Fig. l.). These for the most part are high volume wastes that

have the potential for causing great environmental damage if not properly

handled.

dramatic -

necessity

The coal industry of tne Southwest is still in its Infancy, but

ncreases in the use of coal from the region (with the accompanying

to devote greater attention and resources to waste disposal and re-

clamation) will be necessary if our nation is to decrease its dependence on

foreign energy sources and meet future energy needs.

2.1 COAL MINING WASTES

Coal is removed from the earth by two principal kinds of mining:

strip mlnlng and underground mining. In the

the dominant form of coal extraction because

mined in this region is deposited relatively

Southwest, strip mining is

most of the coal now being

close to the surface.1 In

the strip mining of coal, heavy equipment

dozers, trucks, and draglines are used to

expose the coal seam, and remove the coal

such as power shovels, bull-

remove the overburden and

from the mine pit. In the

past, many strip mines were simply abandoned with little or no effort to

reclaim them after the accessible coal had been removed, but with the

passage of the federal Surface Mining Control and Reclamation Act (1977)

such practices are no longer allowable, Strip mine reclamation has become

an integral part of the mining operation.

The surface mining act specifies that all surface SCI1 must be care-

fully removed during mine development and stored so

later during reclamation. The remaining overburden

for reuse. As the coal is removed from the ground,

that it can be used

must also be stored

the overburden is



progressively backfilled into the previously mined areas. When the mining

operation is completed the remaining overburden is put into the mine, the

top soil is replaced, and native ground cover is reestablished.

Although adherence to the federal strip mine act elimifiatesthe

necessity to separately dispose of solid mine wastes, the problem of

ground water contamination or disruption during or subsequent to mining

remains a bothersome problem without an easy solution. Much of the strip-

able coal in the southwestern region lies above major aquifers, b~t for

that which does not, diversion and pumping of water from mining sites must

be done. After mining is completed, it is very difficult to restore the

condition of the original aquifers. Western coals and coal spoils are far

less likely to produce Contaminated drainages when gro, water passes

through them than are eastern coals;2 however, it would be a recommended

practice to monitor the groundwater downfield from recently reclaimed

mining areas to assure that undesirable contaminants are not being released.

In the underground mining of coal, access shafts are sunk vertically

into the coal seam or mine shafts are bored directly into coal outcropping;

from these access points mine tunnels are distributed into the coal seam.

Conventional room and pillar mining is most often practiced in the under-

ground mining of coal; however, some hiqhly mechanized forms of mining,

such as long-wall mining, are becoming more popular where conditions

permit their use.3

The underground mining of

mineral wastes. These are the

shafts while gaining access to

coal produces a large amount of spoil or

overburden and rock removed from the mine

the coal seams, and the rock intrusions in

the seams themselves. It has not yet proven feasible to replace under-

ground mine spoils back into the mine, so these wastes must be discarded at

the surface. The usual practice for disposing and rc ‘aiming western
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mine spoils is to place them into a depression or gully, were they

can be compacted and graded to prevent erosion and perhaps seeded

with native vegetation.” Nearby strip mines also provide a convenient

place for the disposal of underground mine spoils.

One of the most serious environmental problems associated with the

underground mining of southwestern coals is the possible disruption and

degradation of aquifers located in the coal seam or associated strata.

There are nocffective remedial measures for restoring the original

aquifer drainage once mining has disrupted it. Therefore, the best

means of avoiding aquifer damage during underground coal mining is to

preplan the mining operation with as much knowledge as possib’c of the

geohydrology of the area.

2.2 COAL CLEANING WASTES

Coal, as mined, conca!ns a great deal of extraneous rock and mineral

matter. These constituents usually comprise about 10% to 20% of raw coals,

but they can run as high as 50% for some coals.5 The rock and mineral

matter Is expensive to ship, and it dilutes the energy content of the coal,

but, of most Importance from an environmental viewpoint, these impurities

produce undesirable gaseous and particulate pollutants when the coal is

burned. Therefore, about one-half of the total coal mined in the United

States is prepared or cleaned prior to utilization to remove some of the

noncombustible materials. Currently little western coal is washed or

cleaned before combustion, but the demand for higher quality coal will

undoubtedly result in a higher proportion of these coals being cleaned in

the future.

Coal cle~ning is largely a mechanical process, Involving a series of

crushing, sizing, separati~g and drying steps. In most cases, the coal is

separated from the mineral matter on the basis of density. Modern coal



preparation plants can recover about 90% of the energy content of the coal,

while reducing the mineral content of the

The wastes produced by coal cleaning

spoil materials produced by coal mining.

are more finely divld~d than mine wastes,

with regard to disposal and reclamation.

coal considerably.G

are similar in composition to the

However, because cleaning wastes

they present a greater problem

The drafnages from cleaning waste

disposal sites are often contaminated with dissolved and suspended solids.’

Also, because they contain some residual coal, cleaning waste dumps fre-

quently catch f~re; and, because of

cleaning wastes, disposal areas tor

instabilities.’

the poor structural quality of coal

these materials cften exhibit structural

The disposal and reclamation of coal cleaning wastes is governed by the

Federal Coal Mine Health and Safety Act of 1969. Site choice and prepara-

tion methods are clearly defined by Jhe act. Basically, the act specifies

that coal cleaning wastes are to be discarded on an impermeable layer of

clay, crushed refuse, or some other suitable material, and that succt~sfve

additions of waste be compacted as they are added to the dump. Erosion

stability of a completed refuse disposal area Is provided by grading, fol-

lowed by the addition of clay, top SOI1, or some othsr sealant. Although

precautions are to be taken to direct surface and ground waters away from

the dtsposal site, any water that does pass through the site must be im-

pounded and treated, if necessary.

2.3 COAL COMBUSTION WASTES

The burning of coal, and the use of pollution control devices such as

scrubbers and precipitators, produces large volumes of zolld waste materials

that need to be disposed of in environnwntally compatible ways. The bulk of

the residue is bottom ash formed by the nonvolatile mineral matter In



the coal, and fly ash, which is a fine particulate material removed from

the boiler effluents by precipitators or scrubbers. More than 60 million

toils of bottom ash, fly ash and scrubber sludge are produced annually in

the United States from coal combustion.’ There is growing awareness that

the discarded wastes from coal combustion are a serious potential source of

surface and ground water contamination.

There is not yet federal legislation specifically addressing the dis-

posal and reclamation of the various forms of coal combustion wastes. !-!ow-

ever, both the Federal Hater Pollution Control Act (FMPCA) and The Resource

Conservation and Recovery Act (RCRA) apply to coal combustion wastes, and,

in effect, dictate to some extent how these w- JS can be disposed.

Land fil?ing and pending are the two most prevalent methods for dis-

posing of coal combustion wastes.g Land disposal sites for ash include

gullies, natural depressions, excavated areas, and depleted strip mines.

One disadvantage of using land fill methods for disposing of coal ash in

the southwestern region is that considerable maintenance is needed to

reduce ash loses from the dump by the winds that frequent the area.

Much of the ash produced by coal combustion is discharged into ash

ponds. With increasing frequency fly ash and scrubber sludge are being

discharged into the same pond.g In these ponds the solids are allowed to

settle, and the water is decanted off into holding ponds or recycled Tor

process use.

About 4 x 103 acre-ft of land are required for the disposal of the 5 x

106 tons of ash that accumulate in the lifetime of a 1000 MWe coal-f+wd

power plant.g If scrubber sludge is also ponded in the same area, land

requirements increase disproportionately due to the relatively large volume

occupied by the sludge/ash mixtures.g

The reclamation of ash and sludge ponds is tricky business.rlueto high

amounts of residual water that “thesewastes retain. Often it is necessary
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to add cement, thickeners or stabilizing agents to the dried solids before

reclamation can proceed.g’la Frequently stabilizing agents are added

directly to the sludges before pending, thus alleviating the need to rework

the material during reclamation. The final stages of ash and sludge pond

reclamation include compacting the dried stabilized solids, adding top

soil and establishing vegetation to reduce surface erodibility.

The control of contaminated leachates and seepages from disposal ponds

for fly ash and scrubber sludge represents, perhaps, the most significant

environmental problem facing the soutilwesterncoal and utilities industries.

Many trace contaminants that are present in the fly ash or sludge can be

mobilized by the waters present in the ponds.g’lo The transport OF contami-

nants from the disposal ponds into shallow or deep aquifers could result in

degradation of the quality of these waters. Frequently, ash and sludge dis-

posal areas are lined with impermeable materials to reduce the loss of

water from them.g’lo Nonetheless, careful monitoring of the surface and

subsurface effluents from disposal ponds is a necessity in any well plannea

disposal and reclamation schume for coal combustion wastes.

3.0 DISPOSAL AND RECLAMATION OF URANIUM MINING AND MILLING WASTES

In addition to coal, the southwestern region of the United States is blessed

with an abundance of uranism ore. In fact, about 50% of our current natior~al

production of ~ranium concentrate comes from the San Juan Basin.1’ The uranium

contents of the ores of the region are quite low (usually about 0.2%)12 hence,

a relatively large volume of waste material is produced by the uranium mining

and milling industries compared to most other primary minerals extraction processes.

Precluding the possible disposal of reactor wastes in southwestern sites,

the major types of wastes and effluents produced by the uranium industry in the

region are depicted in Fig. 2. There are many analogies between the disposal and

r~clamation of cual mine and combustion wastes and uranium mining and milling

1



wastes; however, the mobile radioactive and nonradioactive components in many

uranium wastes pose a far greater potential for environmental harm than do most

coal wastes, dictating that much more care and judgernentbe exercised in disposing

of uranium industry wastes.

3.1 URANIUM MINING WASTES

There are three forms of mining practiced by the uranium industry: open

pit, underground, and in situ leach mining. Most of the uranium ore in the

Southwest is extracted either by underground or open pit mining.]3 Nationally,

about 2% of the total uranium concentrate produced results from in situ

leach mining, although this form of mining is likely to become more prevalent

as dwindling resources force the exploit,!t~onof lower grade ores.

Underground mining of uranium ore produces many of the same types of

waste materials as does the mining of coal. These include both mine spoils

and mine drainage. Mine wastes (rock and soil) are generated while gaining

access to the ore bearing strata, and associated rock and lower grade ores

are rumoved as waste during the development of the mine. Often groundwater

intrudes into the mining area and mine dewatering is required. The volumes

of water pumped from active underground uranium mines vary between 20 and

4000 gal/min.1” The quality of these wate:-discharges is variable, but

sometimes treatment may be needed to reduce contaminant levels, or contami-

nated water is ponded and evaporated.

The solid wastes or spoils produced by underground mining of uranium

ore is usually discarded in convenient nearby disposal sites. Uranium mine

spoils and ores are generally not considered to be highly hazardous materials;

however, there are documented instances where

from surface accumulations of these materials

damage to plants and animals.15

the contaminated drainages

have caused severe environmental
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Mine water from underground uranium mines is usually pumped into

surface drainage channels or into evaporation ponds. Some mine water is

also used as process water for mining and milling operations. Where the

volumes of water involved are very large, care must be exercised in dis-

posing of them. Seepage from mine water holding ponds can pass through

tailings or mine spoil disposal sites, picking up contaminants from these

sources, and transporting these contaminants into the environment.

In some parts OF the Grants Mineral Belt, mine dewatering has been

shown to result in degradation to the quality of aquifers in the area.lG

This w~s due to the acute drawdown of the aquifer volume and subsequent

increases in the salt contents of the water. Such consequences of mine

dewatering activities may dictate in the future that mine waters be re-

infected back into the strata in which they originated.

Open pit mining of uranium ore is practiced where the ore deposits are

located relatively near the surface, usually at depths of less than 500 ft.1’

In a fashion similar to coal mining, overburden is removed with front end

loaders, and scrapers. Additional spoils are produced during the mining

operation when low grade ores are discarded or stored, or additional over-

burden must be removed to expose ore pockets. Water encountered during the

open pit mining of uranium is either diverted away from the mining site c,r

is pumped to the surface and released or impounded. Here too, aquifer

disruption and loss of ground water quality are difficult problems to

circumvent.

There are no federal laws pertaining specifically to mine spoils or

reclamation following either the strip or underground mining of uranium ore.

The recently enacted Uranium Mill Tailings Radiation Control Act (UMTCA)

does instruct EPA and NRC to report to Congress by 1980 concerning the

locations and potential environmental hazards of uranium mine wastes,

along with recorrunendationsto eliminate these hazards. For the time

.
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being FWPCA and RCRA provide the major guidelines for the dipsosal and

reclamation of these wastes. Reclamation practices for both underground

and open pit mine wastes produced by uranium extraction are similar to

these employed for coal mine wastes.

In many instances, it is not practical to mine certain uranium ores,

due to the inaccessibility of the deposits or to the low quality of the

ore. Such deposits may instead be exploited by in situ leaching tech-

niques.lB In situ leach mining involves the pumping of chemical leach

solutions into the ore deposit through an injection wel’. forcing the

leachate through the ore to dissolve or mobilize the uranium compounds,

and collecting the pregnant leach solutions at a series of recovery

wells, The uranium-bearing solutions are then processed at the surface

to recover the ur~nium.

In situ leach mining is advantageous in that it p~-educesvery small

amounts of waste materials or aqueous effluents to he disposed and reclaimed.

However, these apparent advantages may be more than offset by the environ-

mental problems caused by the escape of the chemical leach solutions into

subsurface water systems. Unfortunately, even the best efforts at geologic

mapping cannot result in the total assurance that a leach mining site is

hydrologically isolated from its surroundings.

3.2 UR.4NIUMMILLING WASTES

Uranium milling is Lbe process in which crushed and powdered uranium

okss are subjected to a series of chemical leaching ar.dextraction steps to

remove the minute amount of uranium from the ore. These chemical processing

steps partially break down the structure of the ore matrix, thereby releasing

the uranium contained wfthin. As mentioned earlier, more than 99% of the

contents of the uranium ore are eventually discarded as mill wastes.

Cne very important consequence of the milling operation is that it also



mobilizes other potentially harmful components in the ore (such as toxic

trace elements or other radioactive substances) that are released as wastes i

taili~lgsdisposal sites. In addition mill tailings also contain small

amounts of chemicals and solvents used in the milling processes.

Tailings are discharged from uranium mills in the form of aqueous

slurries. Typical mill tailings slurries contain water, sand, silt and

various slimes. The slurries are pumped into impoundments where the solids

settle out and the remaining water is decanted into evaporating ponds, or

is recycled back into the mill. However, se~page or overflow from tailings

popds or holding ponds often escapes into the environment. When th”

happens there is the strong likelihood that these waters will carry

sirable quantities of radioactive and nonradioactive contaminants w“

them.lg~zo

Until recently the legal basis for regulating the disposal and

s

u~lde-

th

reclama-

tion of uranium mill wastes was quite confusing. NRC (or individual states

in agreement with NRC) held licensing authority over active tailings disposal

operations, but this authority terminated when the license was withdrawn at

the cessation of the mill operation. The responsibility for inactive tailing

disposal areas was left piecemeal up to the individual states. In late 1978,

Congress passed UMTCA, which directs that NRC provide licensing authority

over both active and inactive mill tailings disposal sites. EPA is charged

by the act with developing standards for tailings areas, and DOE is responsib”

for the development of control and reclamation methods for both active and

inactive disposal areas.

Environmentally,mill tailings disposal ites are particularly trouble-

some because they can be the source of both atmospheric and water-borne

contaminants.19’20 Radon, a radioactive gas, is produced by radioactive
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decay within the tailings materials, and may be emitted to the atmosphere

if precautions are not taken to seal the surface of the tailing pile.lg

In addition, as alluded to earlier, the large volumes of contaminated water

in or near tailings dump sites can seep or discharge into surface or ground-

water systems. Thus, the disposal and reclamations of uranium mill tailings

must provide for the containment of radon gas, the containment of aqueous

solutions, and long-term resistance to erosion.

Past practices, where mill tailings were discarded without much regard

to environmental consequences, are no longer acceptable. Although the

details of current mill tailings disposal and reclamation strategies will

depend ooth on the nature of the disposal site and the volume of the materials

involved, several key components will be present in each.2’ In the future,

mill tailings will more than likely be deposited into impoundments or

settling ponds that are lined with an impermeable layer of rock, clay or

other stable material. Frequently, stabilizing and floccing agents will be

used to more efficiently promote dewatering, and to assure the stability of

the dried tailing solids. All waste water will be recycled, evap~rated or

treated prior to release. Upon completion of a disposal site, the entire

site will be capped with another impermeable layer of clay, asphalt or

concrete to retain radon and promote stability. Finally, the capping agent

may be covered with soil and plant growth reestablished.

4.0 SUMMARY

The types of solid wastes and effluents produced by the southwestern coal

and u anium mining and milling industries were considered, and the current methods

for the disposal and reclamation of these materials were discussed. The major means

of disposing of the solid wastes from both industries is by land fili or in some
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instances pending. Sludges or aqueous wastes are normally discharged into

settling and evaporative ponds. Basic reclamation measures for nearly all coal

and uranium waste disposal sites include solids stabilization, compacting,

grading, soil preparation and re’.egetation. Impermeable liners and caps are

beginning to be applied to disposal sites for some of the more harmful coal and

uranium waste materials.
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