


Seepage Analyses

Figure 7(b) shows the results of a finite element seepage analysis presuming that the
coarse refuse is placed in accordance with MSHA recommendations (i.e. minimum 95%
compaction which results in a median compaction of about 100% of the standard Proctor
maximum dry density). Figure 7(a) shows the results of a finite element seepage analysis
with compaction criteria as recommended previously (i.e. minimum 90% compaction which
results in a median compaction of about 95% of the standard Proctor maximum dry density).
Comparison of Figures 7(a) and 7(b) shows that a lower phreatic level is predicted using a
90% minimum compaction criteria because the fine refuse in the impoundment serves as the
primary seepage barrier for the perimeter embankment. As a result, increasing the degree
of compaction to lower the coefficient of permeability of the coarse refuse can have the
detrimental effect of elevating the phreatic level in the dam. Cedergren ® reported a similar
observation for sloping core dams with different permeabilities between the upstream core
and the downstream shell.

An added benefit from the higher coefficient of permeability of the coarse refuse
compacted at a minimum 90% level is the increased rate of seepage from the drains. As
shown in Figure 7(a), a seepage rate of 451 gallons per minute (gpm) is predicted for the
4000-foot long perimeter embankment compacted to a minimum 90% compaction level. As
shown in Figure 7(b), a seepage rate of 126 gpm is predicted for the perimeter embankment
compacted to a minimum 95% compaction level. A sustained seepage rate of 126 gpm is
less than the average rate of slurry pumping into the impoundment and accumulated runoff,
thus requiring that a floating pump station be installed to keep the impoundment dewatered.
At a sustained seepage rate of 451 gpm, the drains alone will keep the impoundment
dewatered. )

Stability Analyses

As stated previously, the critical condition for stability of perimeter embankments is a
post-earthquake static analysis. As shown in Figure 2(a), a minimum factor of safety of 1.21
is predicted presuming a complete loss of strength for the fine refuse foundation. This
analysis was conservatively performed using the strength parameters for coarse refuse
placed at a minimum compaction criteria of 90% (i.e. effective angle of internal friction of 33°
with no effective cohesion). An effective angle of internal friction of 33° is in the lower range
of the strength envelope shown in Figure 4, even considering a broader range of allowable
placement moisture contents than is currently recommended by MSHA. Due to the
conservative nature of this analysis in ignoring the strength of the fine refuse, a factor of
safety in excess of 1.0 is considered acceptable.

If additional stages of construction are needed, in-situ vane shear testing of the fine
refuse can be performed. The undrained steady-state shear strength of the fine refuse can
be estimated using the results of residual shear strength from the vane shear testing as
shown in Figure 8. Figure 2(b) shows that the required minimum factor of safety in excess
of 1.0 can be achieved using the residual shear strength of the fine refuse in a post-
earthquake static slope stability analysis.

Because a perimeter embankment uses previously deposited fine refuse as a part of
its foundation, settlement of the embankment is expected due to consolidation of the
underlying foundation during both static and earthquake loading conditions. As a result,
coarse refuse placed ata minimum 90% compaction criteria is preferred because of its stress-




strain response. As shown in Figure 5, the deviator stress of coarse refuse placed at a 90%
compaction criteria continues to increase at higher levels of strain. The deviator stress at a
100% compaction criteria reduces at higher levels of strain. These analyses show that
MSHA criteria for stability can be met by compacting coarse refuse to a minimum 90%
compaction level for a given test which will result in a median compaction of the perimeter
embankment on the order of 85% of the standard Proctor maximum dry density.

Perimeter Embankments to Mitigate Subsidence Impacts

Many coal refuse disposal sites are underlain by abandoned mine workings. Perimeter
embankments can be used to create a barrier between the abandoned mine workings and
the fine refuse disposal impoundment to reduce the potential for an uncontrolled release.
Figure 9 shows the results of a finite element seepage analysis for a coarse refuse perimeter
embankment used in conjunction with an earthen mine seal barrier and an internal French
drain. This arrangement allows for low hydrostatic pressures to be maintained against a
previously undermined abutment for a later stage of construction of the facility shown in
Figure 1.

Observations and Conclusions
Observations and conclusions from the data included in this paper are as follows:

1) Perimeter embankments allow disposal capacity to be increased at coal refuse
disposal sites by raising the dam above the level of the ridge top.

2) Perimeter embankment construction results in a staged reduction in the surface area
of the impoundment. Coarse refuse placementaround the perimeter of a disposal site
creates a working surface during each construction stage which aids in the eventual
elimination of impounding capabilities during abandonment. This staged sequence
creates flexibility between providing additional storage capacity and beginning the final
reclamation stage of construction. '

3) Perimeter embankments can be used as barriers to mitigate the impacts of potential
subsidence from underlying underground mine workings. Drains installed within the
coarse refuse barrier can reduce hydrostatic pressures against previously mined
abutments and thereby reduce the potential for an uncontrolled release of water/fine
refuse from the impoundment.

4) Due to the relatively slow rate of construction of perimeter embankments, complete
pore pressure dissipation typically occurs in the underlying fine refuse foundation,
which can be verified by monitoring using pneumatic piezometers.

5) Construction of perimeter embankments should begin before the fine refuse in the
impoundment achieves the level of the top of the ridge. This early construction
provides for a coarse refuse zone with sufficient thickness to resist instability during
critical earthquake conditions.



6)

8)

The proposed design procedure presented for perimeter embankments allows the level
of fine refuse strength testing for earthquake loading conditions to be determined
based on the level of strength required to resist slope instability during the design
earthquake.

Specifying minimum compaction criteria for coarse refuse will resuitin an embankment
composed of material that is significantly denser than the specified minimum level.

A broader range in the allowable moisture content, thicker lifts, and a lower minimum
compaction standard than those recommended by MSHA can often be justified for
coarse refuse placement in perimeter embankment construction by incorporating
engineering characteristics based on site-specific data as outlined in this paper.
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Figure 9. Results of Finite Element Seepage Analysis for a Coarse
Refuse Perimeter Embankment Used as a Mine Seal Barrier (Stage 12,
Section B-B)
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