
ENGINEERING EVALUATION OF WASTE PHOSPHATIC
PLAY FOR PRODUCING LOW PERMEABILITY BARRIERS 1

by

John J. Bowders, Jr.

and

Eric D. Chiado 2

Abstract. The findings of a laboratory study in which the feasibility of using waste phosphatic clay as a low
permeability barrier was evaluated are reported herein. The ability of the waste phosphatic clay to chemically
ameliorate any AMD produced was also assessed and the engineering parameters most important to achieving a
successful barrier were determined. Two mine spoils, one cover soil and one phosphatic clay sample were used to
construct the test specimens used in this study. Experiments consisted of performing permeability tests on
different configurations of these soils, using rigid‐wall, double‐ring permeameters. Analyses of effluents for
various water quality parameters (typical of mining requirements) were also performed. Three different methods
of employing the phosphatic clay were evaluated including; placing the clay into a slurry and then applying it
over top of the spoil, mixing dry phosphatic clay with the cover soil and then applying it over top of the spoil ,
and mixing dry clay directly with the spoil. Results indicated that the optimum method for reducing permeability
and improving effluent quality was to mix the phosphatic clay directly with the spoil. Using this configuration,
average coefficients of permeability were 50 to 5,400 times lower than the average coefficient of permeability of
the spoil alone. Improvements in water quality were also substantial, with reductions in heavy metals and acidity
averaging approximately 95 percent, relative to effluents from spoil alone. Compaction of individual layers had a
dominating effect on permeability. The lowest coefficients of permeability were demonstrated in specimens in
which all layers were compacted. Compaction also appeared to enhance the ameliorative characteristics of the
clay by allowing increased residence times for the drainage to react with the phosphate in the spoil. Finally, 10
percent replacement by weight of the phosphatic clay in either the cover soil or the spoil layer produced the best
results, relative to other replacement percentages.
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Introduction

In northern West Virginia and Southwestern Pennsylvania, mining bituminous coal provides much of the economic
base. Any threat to this industry poses a similar and severe threat to the economic lifeline of these areas. With
the ever‐increasing trend of environmental awareness, one outcome of the mining in these areas looms as a
potential for limiting coal production. This outcome, acid mine drainage (AMD), is especially acute in these
areas. As the environmental focus on water quality increases, mining companies will be increasingly regulated to
reduce the amount of AMD which exits from their operations.

Although there are numerous techniques that are used to control the formation or treatment of AMD, the
effectiveness and cost of these methods vary over a wide range. Thus, there remains a need for the development



and implementation of methods which would maximize the effectiveness and minimize the cost. In the case of
surface mines, active or abandoned, one such technique which shows significant promise is that of waste
phosphatic clay barriers.

Waste phosphatic clay is produced during the preparation of fertilizer from phosphate ore. The disposal of this
waste clay presents a significant problem to the phosphate producers located in the southeastern United States.
It is estimated that by the year 2000, there will be over 1 billion tons of this waste. Areas used to contain the
waste clay are rendered unusable until such time as the clays stabilize. This can be as long as 20 to 30 years.

To significantly reduce the environmental impact of these waste clays requires that any beneficial use must
result in the utilization of a large volume of the clays. Such a use might be achieved by constructing hydraulic
barriers from the waste clay, which could be applied at surface mine sites where AMD is present.

Past researchers (Renton and Stiller 1989) found that phosphatic clay has the potential to chemically ameliorate
AMD. A secondary finding was that the clay reduced the volume of flow through the acidic material when they
were mixed together. Thus, phosphatic clay may offer a "two‐pronged" remedy to the AMD problem by physically
limiting the quantity produced, and chemically ameliorating any AMD that is produced.

The objectives of the engineering evaluation reported herein were to: (1) determine the feasibility of using the
waste phosphatic clay as a low permeability hydraulic barrier and (2) determine those engineering parameters
most important to achieving this goal. The ability of the waste phosphatic clay to chemically ameliorate any AMD
produced was also characterized. In addition, a computer model was used to simulate various arrangements of
waste phosphatic clay barriers using the properties determined in the first two objectives. The results of the
computer simulation are discussed in detail elsewhere (Bowders 1989).

Experimental Program

Two acidic spoils, one cover soil, and one phosphatic clay were used in the testing program. Rigid‐wall, double‐
ring permeameters were used to measure the permeability of the phosphatic clay barrier configurations. Effluent
collected from the permeability tests was analyzed for constituents common to AMD.

Four factors were investigated to determine their effect on producing a low permeability, chemically enhanced
system. These factors included: methods of employing the phosphatic clay (dry or slurry), location of phosphatic
clay in the system by itself, mixed with the spoil, or the cover) and percentage by weight of phosphatic clay
included in the system.

Soil and Waste Materials. The spoil materials used in this study were obtained from a surface mine and a coal
refuse disposal facility in central and northern West Virginia, respectively. No testing was performed to
exclusively determine the mineralogical composition of the spoils; however, the analysis of effluent from each
spoil showed both to have high acid producing potential . The cover soil was also obtained from the surface
mine. Test results indicated that the cover would not contribute to the chemical amelioration of AMD, The
phosphatic clay was obtained from Mulberry, Florida. It is Predominantly smectitic clay with calcium being the
only detectable metal in effluents from the clay alone. The index properties of the spoils, cover soil and clay are
presented in Table 1.

Specimen Preparation. Three different configurations were used to evaluate the phosphatic clay barriers (Fig. 1).
Each configuration produced a layered system which represented the hydraulic barrier similar to what would
exist at a reclaimed surface mine site. The four soils were used to construct five distinct layers: Phosphatic clay
placed in slurry form (Chiado, Bowders and Sencindiver 1988), cover soil mixed with phosphatic clay, cover soil
alone, spoil mixed with phosphatic clay, and spoil alone.

The spoil and cover layers were either uncompacted or compacted to standard Proctor energy (12,375 ft‐lb/ft3).
For spoil or cover soil which contained dry phosphatic clay, the clay was added at either 5, 10, or 20 percent by
weight. Placement gravimetric water contents of the slurries ranged from 150 to 375 percent. The configurations
of all the tests are given in Table 2.

Permeability Testing. The major objective of this work was to determine if a suitable low permeability barrier
could be developed using the phosphatic clay. Thus, permeability testing was a major emphasis of the work.
Rigid‐wall, double‐ring permeameters (Fig. 2) were used to measure the permeability. Using these permeameters



permitted the detection of any "side‐wall" leakage, a sometimes common problem with rigid‐wall permeameters
(Daniel, Anderson and Boynton 1985).

All of the specimens were permeated with distilled water. Hydraulic gradients of 10 to 200 were used throughout
the testing. The selection of a gradient was based on the need to expedite the testing process.

The permeability was calculated using Darcy's law (Eq. 1). The volume of flow into the specimen over a known
period of time was used to compute permeability.

K = Q/(t i A) (1)
Where: K = coefficient of permeability (L3/T)

Q = quantity of inflow (L3)
t = time for flow Q to occur (T)
i = hydraulic gradient (dimensionless)
A = cross‐sectional area of flow (L2)

          Constant‐head permeability tests were used throughout the program. Tests were ended after two pore
volumes of flow had passed through the specimen and the coefficient of permeability had achieved equilibrium.
Effluent from each permeability test was collected. periodically, samples of the effluent were analyzed to
determine the concentration of iron, manganese, magnesium, aluminum, calcium, and sulfate. The acidity, pH
and electrical conductivity of each effluent sample were also measured. For the permeability tests in which the
phosphatic clay layer was present from the beginning of the test, effluent samples were taken from near the
initial and final pore volumes of flow in order to ascertain the effect of time on the chemistry of the system.

Results and Discussion

Results of thirty‐four permeability tests are reported in this article. The tests are grouped according to the
phosphatic clay placement scheme. The results and ensuing discussion are in the following order: test using
phosphatic clay slurry, phosphatic clay mixed with cover soil, and phosphatic clay mixed with spoil material.
Permeability results are considered first followed by the effluent chemical analysis results.

Permeability Results. The results of the permeability tests in which the phosphatic clay was placed in the form of
a slurry are shown in Table 3. With the exception of tests 5(l), 5(2), and 7(2), the addition of phosphatic clay
slurry decreased the permeability of the layered system. The magnitude of these decreases was not consistent.
The slurry appreciably decreased the permeability of the systems containing the uncompacted spoil, but were
relatively ineffective when applied to compacted spoil. However, the lowest permeabilities were demonstrated
in systems where the spoil was compacted. This result was attributed to the compaction and not the presence of
the slurry. When applied to uncompacted samples, the low water content slurries produced the largest change in
system permeability. The thickness of the slurry did not appear to be an important variable in producing low
permeability systems. However, hairline cracking was found in several specimens. Thicker slurry layers may
reduce the event of crack propagation through the entire slurry layer.

Results from the tests in which dry phosphatic clay was mixed with the cover soil and applied overtop of the spoil
are presented in Tables 4 and 5. The spoil layer was compacted in all of these tests. The results in Table 4 are
for incremental tests, i.e., the permeability of the spoil was measured, then the cover/clay mixture was added
and the permeability of the system was measured. The addition of the uncompacted clay/cover material to Spoil
1 resulted in a reduction of the permeability on average by a factor of three. This was only slightly more
effective than the addition of the slurry to the acidic systems. The addition of uncompacted clay/cover to Spoil
2 resulted in an increase in the permeability of the system. No explanation exists for this behavior. Thus, the
addition of uncompacted clay/cover to the acidic system is deemed ineffective.

The results presented in Table 5 show the effect of adding compacted clay/cover above the spoil layer.
Permeabilities of the system were reduced by more than two orders‐of‐magnitude when compared to the
uncompacted clay/cover system. Perhaps more important is the fact that when compared to the average
permeability of the compacted spoil alone, the results of the compacted clay/cover represented a 30‐fold
decrease. Thus, even for a compacted spoil, the addition of the compacted clay/cover substantially reduced the
system permeability.



Within the scope of clay/cover mixtures, the percentage of clay was varied from 5 to 20 percent by weight.
Permeability results indicated that the 10 percent replacement resulted in the lowest permeabilities.

The final configuration of the barrier system included mixing dry phosphatic clay directly with the acidic spoil
and compacting it. The results of the permeability tests are listed in Table 6. Addition of the dry phosphatic clay
to the spoil material produced the lowest permeabilities of any of the systems investigated in this project. The
average permeability of Spoil 1 was found to be 3.3 X 10 cm/sec. It appeared that this method of using the clay
provided the best means of reducing the permeability of an acidic system.

Effluent Analyses. Only effluents from two of the eleven permeability tests which included slurry were analyzed
for quality. The results are shown in Table 7. The addition of the phosphatic clay slurry to the acidic system
significantly improved the effluent water quality. All of the metal s present in the pre‐slurry effluent analysis
showed drastic reductions in concentration after the slurry was added to the system. The only increase in
concentration was for the case of calcium which was expected since the other metals replace the calciums on
the phosphate radical. The pH of the effluents were not significantly altered by the presence of the clay slurry.
Even though the slurry was placed in an individual layer, it was still able to exert a positive influence on the
chemistry of the system.

Results of the effluent analyses from the tests with the clay mixed with the cover soil are shown in Tables 8 and
9. The incremental tests (Table 8) indicated large decreases in the iron and manganese effluent concentrations.
The calcium concentrations increased while the pH again remained unchanged; however, the acidity levels were
sharply reduced. This indicates that the effluent could be buffered to a neutral pH without much difficulty
relative to that for an effluent from a system without phosphatic clay.

In the one‐step tests (Table 9), the phosphatic clay was present from the beginning     of permeation. The
concentrations of the metals in the effluent were reduced to levels more near to those of the slurry
arrangement. Thus, it appears beneficial to include the phosphatic clay from the onset of permeation. The
passage of large pore volumes of water through the specimens did not appear to exhaust the capacity of the
phosphatic clay to contain the metals from the effluent. Even after 18 pore volumes of flow the metals
concentrations were low as illustrated by test number 11(2) in Table 9.

Results of the analyses of the effluents from the permeability tests on phosphatic clay mixed with the acidic spoil
material are listed in Table 10. This system appeared to optimize the ameliorative capacity of the phosphate as
evidenced by the reduced concentration of metals, sulfates, and acidity relative to tests in which the clay was
used in other manners. Compaction of the layer did not reduce the capacity of the clay to improve the effluent
quality. As the quantity of clay was increased, the quality of the effluent continued to improve; however, the
amount of improvement decreased for increasing quantities of clay. The optimum clay addition was about 10
percent by weight.

Conclusions

The findings of this research program have shown that waste phosphatic clay can be effective in reducing the
permeability and improving the quality of the effluent water of an acidic system. The following conclusions are
based on these findings:

1. Reduction in permeability varied depending on the method of application and location of the clay in the
system.

2. Slurries of phosphatic clay were ineffective in significantly reducing the permeability of acidic systems.
3. The addition of dry phosphatic clay to either the cover soil or the spoil material produced systems with

exceptionally low permeabilities.

4. Compaction appeared to be the most dominant engineering parameter for reducing permeability in these
systems.

5. The inclusion of phosphatic clay provided further reductions in the coefficient of permeability even in those
systems that were compacted.

6. A 10 percent by weight replacement of phosphatic clay in either the cover soil or spoil provided the



optimum configuration for reducing the permeability.

In regard to the quality of the effluent water, the following conclusions are advanced:

1. All methods of phosphatic clay application produced significant reductions in metal, sulfate, and acidity
concentrations.

2. Mass transfer of phosphate did not appear to be inhibited when dry phosphatic clay was used.
3. Compaction of the layers enhanced the clay's ameliorative capacity by creating longer residence times

through reduced permeability.
4. Although the effective chemical life of the phosphatic clay was not determined, the movement of water

through the different systems did not reduce the effectiveness of the clay over time, in any test.
5. The incorporation of larger percentages of clay in the system resulted in better water quality.

The most efficient use of the physical and chemical properties of the phosphatic clay occurred in systems
containing a compacted layer of dry clay mixed directly with the spoil material. This configuration produced
systems with average permeabilities 5,400 times lower than the average coefficient of permeability for
uncompacted spoil alone and 50 to 300 times lower than the average permeability for compacted spoil alone.
These exceptionally low permeabilities were matched by substantial improvements in effluent quality. Generally,
metal concentrations were as low or lower than those produced by other system configurations, and acidity
concentration was greatly reduced relative to other systems.

Finally, it must be noted that these results were obtained from controlled laboratory tests. As such, the
coefficients of permeability and chemical characteristics may not be exactly duplicated in a field setting.
Attention to engineering detail during the construction of a barrier employing phosphatic clay could help to
achieve similar results. Careful control of compactive effort, adequate mixing of the clay and spoil, obtaining the
proper barrier water content and thickness, and limiting desiccation, will be required to produce a phosphatic
clay barrier which satisfies its intended function; namely substantially reducing the volume of flow through the
backfill spoil, and improving the quality of the seepage that is generated.
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