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Figure 1. Plan View of a Coal Refuse Disposal Impoundment 
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conveying structures and/or hauling roads used for transportation of the coarse refuse can be 

installed initially and then extended during subsequent stages. 

Concerns over the potential susceptibility of the hydraulically-placed fine refuse to liquefy 

during an earthquake have forced some designers to abandon the upstream construction method 

for the use of the downstream construction method. In downstream construction, subsequent 

stages of the dam are built downstream of the previous stage with a foundation on natural 

ground. A larger quantity of coarse refuse is required to raise a dam to a given height by the 

downstream method than by the upstream method which typically means that more stages of 

construction are required. Vegetation of the final downstream face of the dam must be 

postponed until the last stage of construction. Furthermore, new conveying structures and/or 

hauling roads are required for each stage of downstream construction which significantly 

increase the cost of coarse refuse placement. Current state and federal regulations require 

placing a cap over the fine refuse to eliminate impounding capabilities upon final abandonment. 

As shown in Figure 2, upstream construction is therefore required during abandonment even in 

those cases where the main dam is being built by the downstream method. 

COARSE REFUSE 
RECIAIMTlON S/ilGE 
TO AlLOW FOR fiNAL CAPPING 
OF THE fiNE REFUSE IMPOUNOMENT 

220(} 

UPSTREAM 
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OOWNSTREAM CONSTRUCTlON METHOO 
IN STAGES 2 - u 

REClAIMED fiNAl 
OOWNSTREAM FACE 

STATION (TrrT) 

Figu re 2. Down-Valley Profile of a Coal Refuse Dam Built by the Downstream
 

Construction Method with Additional Stages Built by the
 

Upstream Construction Method for Abandonment
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A procedure is presented for the design and construction of a coal refuse dam using a modified 

upstream construction (MUSC) method that can be resistant to a loss of strength of the fine 

refuse during an earthquake. Results of triaxial compression, triaxial consolidation, and 

permeability testing performed on coarse refuse compacted to various ranges in density and 

moisture content are presented to illustrate the impact of placement criteria on engineering 

characteristics. Also, results of performance monitoring data (i.e. settlement measurements, 

seepage rates, phreatic levels, and statistical analysis of field density and moisture content 

measurements) from existing coal refuse dams are documented for comparison with the 

engineering data. Placement criteria are proposed for the coarse refuse in a dam built by the 

MUSC method based on the results of this testing and performance monitoring data along with 

supporting engineering analyses. Finally, a potential method of pumping both coarse refuse and 

fine refuse to the later stages of a facility built by the MUSC method is presented to aid in the 

final capping during abandonment. 

MODIFIED UPSTREAM CONSTRUCTION METHOD DESIGN PROCEDURES 

Design Requirements and Considerations 

Typical design requirements and considerations for a coal refuse disposal impoundment built by 

the MUSC method are summarized as follows: 

1.	 year-round disposal capabilities for coarse refuse and fine refuse; 

2.	 economic transportation capability for coarse refuse to the active level of disposal at all 

times during construction; 

3.	 capacity for fine refuse disposal at all times during staged construction after an initial 

starter dam is built; 

4.	 staging calculations based on estimated annual production rates for coarse refuse and fine 

refuse as specified by the owner; 

5.	 ability to cap the impoundment during the final active phase of disposal to meet 

regulatory abandonment requirements; 

6.	 spillways to enable the design storm, typically the probable maximum flood, to be stored 

and/or passed; 

7.	 suitable factors of safety against slope instability for both static and earthquake 

conditions; and 
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8.	 runoff and erosion control for the downstream face ofthe dam throughout construction 

and for the final capped surface during and after abandonment. 

Layout and Sta~in~ 

Several stages of construction are required in the MUSe method to meet the previous design 

requirements and considerations. After construction of an initial starter dam and a downstream 

stage, additional stages of the dam are built using the conventional upstream construction method 

as shown in Figure 3 a) (i.e. structural zone Stages 3 through 6). After the dam achieves a given 

height, the available capacity in the impoundment for disposal of fine refuse will typically 

increase at a faster rate than the capacity of coarse refuse required to build the structural zone of 

the dam. Excess coarse refuse not required to build the structural portion of the dam can then be 

placed downstream of the dam in a buttress zone that is raised intermittently in a single stage as 

shown in Figure 3 b). The required level ofthe buttress stage at any time is that level that 

provides adequate resistance to the potential loss of strength of the fine refuse during an 

earthquake. The downstream slope of the buttress stage can be covered with soil and vegetated 

as each phase of the buttress is completed. 

After the buttress zone achieves the level of the structural zone as shown in Figure 4 a), the 

embankment is raised in a single zone as shown by Stages 13 and 14 in Figure 4 b). As the final 

stage in the construction of the facility, coarse refuse is placed upstream of the dam over the 

settled fine refuse in the final capping of the impoundment. The coarse refuse in this 

"reclamation stage" can be capped with soil and vegetated in increments as areas are completed 

to achieve final abandonment status. 

Selection of En~ineerin~Desi~n Properties for Fine Refuse 

The required level of testing of the fine refuse in a dam built by the MUSe method will depend 

on the resistance required to maintain stability. If seepage and stability analyses indicate that the 

embankment would remain stable even if the fine refuse loses all its strength as a result of 

liquefaction during an earthquake, then only static parameters (i.e. strength, consolidation, and 

permeability) would be required for design. If a nominal strength is required for the fine refuse 

to resist a failure during the design earthquake, then a conservative "liquefied strength" can be 

estimated and confirmed during construction using in-situ vane shear testing. The residual 

strength measured after several revolutions of the vane shear probe can be used to estimate the 

undrained steady-state shear strength of liquefied fine refuse (Poulos 1988). If a higher strength 

is required for the fine refuse during the design earthquake to resist slope instability, then cross­

borehole shear wave velocity and/or cyclic triaxial testing may be required to provide a more 

accurate estimate of the pore pressure build-up and resulting strength of the fine refuse during the 

design earthquake (Thacker et al. 1988, Ullrich et al. 1991, Nofal and Holbrook 1995). 

5
 



1500 

2100 

2000 

1900 

1800~ 
~ 1700 

~ IGOO 

COARSE REfVSE 
SmUCTURAl ZONE 
RAISED IN STACES 2-6 

UOflJ+.':oo:::;---2::-+-'-:oo:::-----:~,-'+oo=----:6:-+':oo=---8::-+.Loo:::---..,.IO:l+--:ooc:------:,2::-+Loo:::---/:-~:':+-=oo:;------=-16c:l+L.,oo:::-----,,-=8L+oo=--20::-:l+-=ooc:------:2.:::''2+oo 

a) Phose I Construction - No Buttress Zone 

CQ4RSf" R£fVS£ BUTmF:SS ZONE 
(RAISED IN A S1NCLE STAG£ AS NEEDED 

2100 To PRO~O£ AO£OlIAT£ R£SISTANC£ TOCQ4RSE RfJl/S£
 
STRUCTURAL ZONE
 SLOPE INSTABILITY DU£ TO POT£NlIAL 

RAISED IN STACF:S 7-10 LIQUEFACTION OF fiN£ RfJl/SE DURING 
mE O£SIGN £ARmOIJAKE) 2000 

l!Joo 
R£CIAJI,IED fiNAL 
DOWNSTR£M/ FAC£ 

UOflJ+·':oo:::;---2::-+-'-:oo::::-----:~,-'+oo=----:6:-+':oo:::;---8::-+-'-:oo::::----;:ID:l+:::oo:::;------:,2::-+~oo::::---/:-~:':+::-oo;;------=-'6c:l+L.,OO:::------:/-=8':-+oo=--20=+:::oo:::;------:2.:::''2+·OO 

b) Phose II Construction - Portiol Buttress Zone 

Figure 3. Down-Valley Profile of Phases I and II of a Coal Refuse Dam Built by the
 

Modified Upstream Construction (MUSC) Method
 

6
 



D 

COARSE RETl/SE BUTTRESS ZONE 
RAISED INICRMITTENn Y UN"t 
BUTTRESS ZONE ACHlflfS Ulfl 
OF STRUCIVRAl ZONE 

2.100 

2200 

COARSE REFUSE STRUCTVIW. ZONE 
RAISEO IN STACES II .t 122100
 

2000
 

1900
 ...	 , ..... 
1800~ 

~ 1700 

~ 1600
 

1500
 SURFACE fi?ENCH STACE I 
ORAIN (TYP) EARTHfiU GAM 

uoo L-----:6~~-:;:00:;-----.f'~~--:oo;:;----2-=~~00::;---O:;-~-'-:00::;----:2c'-~00=---.f'::-~'-::00;:;---:;-6+.J...00::;----:8;-'~-:;:00:;------:I::::O~.L.00::;---1::2:':~-:00:;------;U7~'-:00::;---,:-='6~'oo 

0)	 Phose 1lI Construction - Buttress Zone Achieves Level of Structural Zone 

COARSE RETl/SE 
RECi.AAlATION STilG'E 
(RNAl CAPPING' OF fiNE 
RETl/SE IMPOUNOMENT) 

13 

2.100 

2000 

1900 

~ 1800 
"­

~ 1700 

~ 1600 

1500 

; ~:. :

,,' ",:" '~"""--'~~7':>""'­
.' . ~"~;:;":'-' :'.'::::"; .. :. 

:.. ~ .', ..; ..,~,".. 0 

" ,. '~':'",''';:,''''=..,,--.,....,,='<7 

D 

RECWMElJ fiNAL 
OOWNSTR£:-W FACE 

1.f'IJO L--_-:6L+00-:-:-----.f',L~-=00-:-----2"J~..,00:-:---o::-~'-::00c:---2-=~,L00=----.f',-J~-=00-:---6=-~'-::00:::-----=8,L~00=----=IO-,J~Loo:-:---lc2=L~00=---=I.f',-J~..,00:::------":-:'6+00 

b)	 Phose fJ! Construction Combined Structural/Buttress Zone 
Phose Jl' Construction Reclamation Stage 
Phose Jl[ Construction Abandonment 

Figure 4. Down-Valley Profile of Phases III, IV, V, and VI of a Coal Refuse Dam
 

Built by the Modified Upstream Construction (MUSC) Method
 

7
 



En~ineerin~ Desi~n Properties of Coarse Refuse at Various Placement Criteria 

The MUSC design procedure conservatively presumes a loss of strength of the fine refuse during 

the design earthquake. Therefore, the stability of the dam is determined in large part by the 

engineering characteristics of the coarse refuse zones. Laboratory data are presented from two 

existing coal refuse disposal facilities to illustrate the impact of placement criteria (i.e. moisture 

content and degree of compaction) on the engineering characteristics of coarse coal refuse. 

Figures 5, 6, and 7 show the relationship between engineering characteristics and dry density as a 

percentage of the standard Proctor maximum dry density (i.e. percent compaction) for coarse 

refuse from a facility located in Ohio. This coarse refuse classifies as a GW-GM type material 

according to the Unified Soil Classification System with a maximum particle size of about 3 

inches and 6% passing a U.S. No. 200 sieve. The laboratory testing was performed on the 

remolded portion of the sample finer than 3/8-inch size, unless otherwise specified, to account 

for particle break-down during placement and after long-term weathering. Moisture contents 

during sample preparation were on the order of 2% over optimum as defined by the standard 

Proctor test. Results from the laboratory testing indicate that increasing the dry density of the 

Ohio coarse refuse results in a modest increase in its shear strength and a reduction in its 

permeability and compressibility. 
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Figure 11. Triaxial Consolidation Data for West Virginia Coarse Refuse 
(Measured Between Effective Stresses of 30 psi and 60 psi) 

Allowable Placement Criteria Options for Coarse Refuse 

The Mine Safety and Health Administration (MSHA 1990) requires that coarse refuse placed in 

the structural portion of a coal refuse impounding structure meet the following criteria: 

1.	 Material should be compacted to at least 95% of the maximum dry density as defined by 

the standard Proctor test, with the placement water content not exceeding the range of 

-2% to +3% of optimum. 

2.	 In compacting coarse coal refuse, the lift thickness should not exceed 12 inches. 

MSHA (1990) allows less stringent compaction specifications only when justified by extensive 

testing and analyses or in areas which can be shown to be "non-structural" portions of the dam. 

In cases where a less stringent compaction criteria is specified, MSHA requires the designer to 

show that "all potential problems, including settlement, cracking, piping, instability, 

stratification, and seepage, have been taken into account in the design and that compensating 

design features have been incorporated." 
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