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ABSTRACT 

A promising and increasingly popular tailings management 
strategy is to place cemented tailings underground as backfill. The 
placement of cemented tailings results in enhanced geotechnical 
stability and a purportedly more geochemically stable tailings form with 
lower leaching potential. Conventional subaerial tailings management 
can negatively affect water quality if weathering causes acid rock 
drainage and metal leaching (ARD/ML) to occur, whereas cemented 
tailings can limit leaching via porosity and permeability reductions and 
contribute alkalinity to limit the potential for ARD/ML. Cemented tailings 
backfill appears to be better, but how can this advantage be proven? 

Currently, cemented tailings backfill is utilized at mining 
operations internationally, but there is limited guidance on performing 
geochemical characterization and associated evaluation of the 
potential impacts to water quality. As a result, various approaches to 
simulating the leaching behavior of cemented backfill have been 
utilized, including some methods that are unlikely to represent 
weathering under site-relevant conditions. American Society for 
Testing and Materials (ASTM) Standard Test Method C1308-08 is a 
diffusion testing method initially developed to assess constituent 
release rates from solid nuclear waste forms. ASTM C1308-08 uses 
intact cylinders that more closely represent actual backfill than 
methods that require crushing or size reduction. It is widely believed 
that leaching from actual cemented tailings is controlled by diffusion 
through small pores that exhibit limited exposed surface area, making 
diffusion testing particularly applicable to cemented tailings placement. 

BACKGROUND 

Backfill can be grouped into two general categories including 
uncemented backfill, such as hydraulic and paste fills, and cemented 
backfill, which includes binding agents such as Portland cement or a 
blend of Portland cement with another pozzolan such as fly ash, 
gypsum or blast furnace slag (ACG, 2005). Local and regional stability 
is improved by backfilling, thereby increasing the safety and efficiency 
of mining operations. For example, cemented backfill allows the 
removal of ore pillars when mining by room and pillar methods while 
also preventing heading collapse and subsidence. The inclusion of 
tailings has the added advantage of reducing or eliminating the surface 
disturbance associated with tailings management. 

The use of cemented tailings backfill has been employed globally 
at numerous mine operations, as demonstrated by the following project 
examples: 

• A cemented paste backfill system has been in place since 
late 1997 at the BHP Cannington underground silver-lead-
zinc mine in Northwest Queensland, Australia (Rankine et 
al., 2001). 

• The Stratoni Operations in northeastern Greece, including 
the Madem Lakkos (ML) and Mavres Petres (MP) lead, zinc 
and silver mines have used cemented paste since the late 
1990s or before (Newman, 2001; European Goldfields, 
2010). 

• The Higginsville gold operation, located 150 km south of 
Kalgoorlie in Western Australia, has a cemented paste plant 

that has been operational since 2009, allowing stopes to be 
mined (Avoca Resources Limited, 2009;Alacer Gold Corp., 
2012). 

• The Zinkgruvan zinc, lead, and silver mine in Sweden 
includes cemented paste backfill as part of the tailings 
management since 2001, with approximately 50% of the 
tailings being backfilled (Moore, 2012a). 

• A paste plant was recently commissioned at the Porgera 
gold mine in Papua New Guinea (2010 to 2011) and is 
producing cemented paste backfill to manage approximately 
10% of the project tailings (Putzmeister, 2012). 

• The Olympic Dam uranium and coppermine has used 
cemented paste backfill to manage a portion of the project 
tailings and waste rock (Grice, 1998). 

• Approximately 60% of the tailings from the Langlois zinc and 
copper mine in northwestern Québec were used in paste 
backfill prior to temporary suspension of mining activities 
(Breakwater Resources Ltd., 2010).   

• The Neves Corvo copper and zinc mine in Portugal has used 
four different backfill systems depending on the mining 
method, including hydraulic fill, cemented rockfill, slinger belt 
cemented rockfill and paste (Moore, 2012b). 

• The BarrickGoldstrike mine will be the first operation in 
Nevada to use cemented tailings backfill once the plant is 
operational in January 2013, following a three month 
commissioning period (Elko Daily Free Press, 2012). 

The stability aspects of various backfill strategies are well 
understood and have been the subject of extensive research, whereas 
the environmental aspects have received less attention (ACG, 2005; 
Antonov, 2009). It is generally accepted by the industry that backfilling 
reduces environmental impacts because of the reduction in oxidation 
and leaching compared to convention tailings management strategies. 
However, a Mine Environment Neutral Drainage (MEND) Program 
review of approaches used to characterize cemented and uncemented 
tailings backfill (“MEND report”) found that the available information 
pertaining to the environmental aspects was minimal, with the majority 
of the research being focused on the physical characterization with the 
objectives of meeting the minimum structural requirements (Mehling 
Environmental Management, Inc., 2006). 

CHARACTERIZATION PROGRAMS 

Geochemical characterization of mine materials such as 
cemented tailings backfill typically includes testing using a variety of 
methods such as:  

• Acid-base accounting; 
• Total elemental analyses; 
• Mineralogical characterization; 
• Static leaching testing; and 
• Kinetic testing. 

In addition to the MEND report, there are a number of guidance 
documents that practitioners can reference when developing a detailed 
characterization program for mine materials including, for example: 
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• Prediction Manual of Drainage Chemistry from Sulphidic 
Geologic Materials (Price, 2009). 

• The International Network for Acid Prevention (INAP) Global 
Acid Rock Drainage Guide (GARD Guide) (INAP, 2009). 

• Managing Acid and Metalliferous Drainage (Department of 
Industry, Tourism and Resources, 2007). 

Although these documents are excellent references for 
understanding the available test methods and other environmental 
aspects of mining, ASTM C1308-08, which was originally approved in 
1995, has only recently been used for mine backfill testing. 

Standardized and more innovative approaches to static leaching 
and kinetic testing have been employed when characterizing cemented 
tailings backfill. Conventional water leaching methods, such as the 
United States (US) Environmental Protection Agency (EPA) Method 
1312 – Synthetic Precipitation Leaching Procedure (SPLP) (EPA 1312) 
and the Modified British Columbia Special Waste Extraction Procedure 
(SWEP) (Price, 2009), and humidity cell testing (ASTM D5744-96) 
require a reduction of sample particle size through crushing and/or 
grinding (e.g., to less than 10 millimeters [mm] as per EPA 1312). This 
reduction of particle size results in high surface area to solution volume 
test conditions, as well as particles with high surface energies more 
prone to dissolution. Therefore, resulting leachate has distinctly 
different water quality signatures than leachate produced using larger 
particle size samples. To address this issue, some practitioners have 
adapted the methods by using molded cubes ranging in size from less 
than 1 centimeter (cm) to 3 cm rather than crushing, using multiple 
extract static water leach tests, and customized subaqueous column 
tests (Mehling Environmental Management, Inc., 2006). In September 
2012, EPA published methods as part of SW-846 (Test Methods for 
Evaluating Solid Waste, Physical/Chemical Method (EPA Method 1313 
and 1316) directed at coal combustion products, which address 
perceived shortcomings in available static leaching methods such as 
EPA 1312.These updated methods specify evaluating constituent 
release under various different conditions, including pHand solid to 
solution ratios. Of the methods used for characterizing cemented paste 
backfill leachate, EPA concluded that subaqueous columns and 
multiple leach static testing appear to be best suited for simulating 
post-closure conditions and have some similarities to the passive 
diffusion testing. 

The application of ASTM C1308-08 to cemented backfill can 
arguably replace, or at a minimum supplement, more traditionally used 
static leaching and kinetic testing methods.  

METHODOLOGY 

The following subsections address the initial development of 
ASTM C1308-08 to assess constituent release rates from solid nuclear 
waste and an overview of the methodology as applied to cemented 
tailings backfill.   

Initial Applications 
Solidification of radioactive waste through vitrification in a glassy 

matrix, or through addition of grout or cement to form a solid monolith, 
has been used since the 1980s to immobilize radionuclides and to 
isolate them from the environment (USNRC, 1991). The US Code of 
Federal Regulations (CFR) provides strict guidance for near-surface 
land disposal of radioactive waste in 10 CFR 61, Licensing 
Requirements for Land Disposal of Radioactive Waste. Part of these 
requirements include demonstrating that the wastes are structurally 
stable, maintain physical dimensions under loading, and do not leach 
radio nuclides that result in excessive exposure to the public. Leach 
testing of cement waste forms, to meet the requirements of 10 CFR 61, 
was initially performed using ANSI/ANS 16.1, “Measurement of the 
Leachability of Solidified Low-Level Radioactive Wastes by a Short-
Term Test Procedure.” This test involved a sample of the solidified 
waste form placed in deionized water, with the water replaced 
according to a prescribed schedule. The US Department of Energy and 
utilities regulated by the Nuclear Regulatory Commission have recently 
used ASTM C1308-08 to demonstrate compliance with these 
requirements (e.g. Sams et al., 2011). In addition, this method has 
recently been used to demonstrate compliance with waste acceptance 
criteria for liquid low- and high-activity radioactive wastes after 
solidification for disposal at the Hanford Reservation (solidification 

includes combination with fly ash and blast furnace slag, and alkali 
aluminosilicates) (Mattigod et al., 2011). The capability of ASTM 
C1308-08 to provide data to satisfy regulatory requirements for 
radioactive waste disposal indicates that it is a robust method already 
accepted by US State and Federal regulators. 

Recent Applications 
The use of ASTM C1308-08 to characterize mine backfill 

materials was born out of necessity due to the lack of appropriate 
characterization tools to simulate conditions that would be encountered 
in the field. 

BarrickGoldstrike Mines, Inc. (Goldstrike) is the first operator that 
made public the use of passive diffusion following ASTM C1308-08 to 
characterize cemented tailings backfill. Goldstrike proposed the 
method to the Nevada Department of Environmental Protection 
(NDEP) to support permitting of the currently permitted backfill recipe 
and additional recipes   (BarrickGoldstrike Mines, 2010). Passive 
diffusion testing was also used by Nevada Copper Corporation to 
characterize leachate associated with cemented tailings backfill for the 
Pumpkin Hollow Project (Nevada Copper Corporation, 2012). Western 
Environmental Testing Laboratory (Wetlab) is regularly testing 
cemented backfill samples following ASTM C1308-08 (Nick Ross, 
personal communication, October 31, 2012). Wetlab developed a 
Standard Operating Procedure for the testing to address the demand 
and maintain acceptable quality (Wetlab 2012). 

Method Overview 
ASTM C1308-08 utilizes solid sample cylinders immersed in 

leaching solution (either synthetic or site groundwater), with the 
solution volumes replaced sequentially after a given period of time (11 
or more consecutive days). Each volume is analyzed for constituents 
of interest, and through the replacement of each volume of solution, a 
leach profile can be developed. After this analysis is complete, 
diffusion coefficients can be calculated for application in numerical 
models, which are used to simulate the backfill environment. Predictive 
modeling is then performed to evaluate expected concentrations of 
constituents over time. 

Cemented tailings, backfill testing is typically conducted at 20 
degrees Celsius (°C)and assumes the effect of temperature on 
leaching behavior is known. When the effect of temperature is 
unknown, the tests should be conducted at three discrete 
temperatures, as detailed in ASTM C1308-08. 

Based on specific site conditions, the following modifications to 
ASTM C1308-08 may be appropriate: 

• Modified leachant replacement schedules (e.g., extending 
the test interval to beyond 11 days, adding or canceling 
replacement intervals);  

• Modified solution to solid ratio;  
• Synthetic or site groundwater; and  
• Carbon dioxide (CO2) sparging. 

The solution to solid ratio of 10:1 as specified by ASTM C1308-08 
is a balance between providing adequate volume for analysis and 
minimizing leachant handling and disposal concerns. In 2010, 
Barrickspecified solution to solid ratios ranging from 1.9:1 to 27:1. 
Conducting tests over a range of solution to solid ratios provides a 
sensitivity analysis of leaching behavior to variable leachant exposure. 
Testing leaching behavior over a wide range of solution to solid ratios 
allows for a better understanding of leaching behavior under actual 
subsurface placement conditions.  

Site conditions over the life of the mine should be carefully 
considered when developing a characterization program that utilizes 
ASTM C1308-08. For example, the use of Portland cement as a binder 
to consolidate and strengthen the backfill can result in highly alkaline 
water (pH greater than 10) under atmospheric partial pressure of 
carbon dioxide (PCO2). This pH increase is due to the initial hydroxide 
alkalinity and subsequent formation of cement hydration products. 
Under these alkaline conditions, metalloids such as arsenic and 
antimony are likely to be more mobile. This information may prove 
useful for assessing operational water quality, but is not applicable to 
the post-closure conditions of a flooded mine with elevated 
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groundwater PCO2 (typically 1 to 2% as a result of biogeochemical 
processes). In this post-closure scenario, diffusion testing using site 
groundwater that is maintained under the appropriate PCO2, as 
determined from geochemical modeling, will provide CO2 acidity that 
will offset some of the alkalinity and result in distinctly different and 
more representative post-closure leachate quality. 

The physical and chemical representativeness of the material and 
leachant is paramount to obtain relevant and useful results. It follows 
that material specimens should be prepared following the same 
composition as on the full-scale system (Figure 1 and Figure 2).  
Diffusion test cylinders can easily be prepared using the recipe(s) that 
most closely represent the composition used for the paste production 
plant design. Depending on the project stage, it may be more efficient 
and cost-effective to have cylinders prepared for diffusion testing at the 
same time the backfill is being testing to meet the design parameters 
for viscosity and strength. Cemented tailings backfill samples typically 
have a 1:2 diameter to height ratio, such as 6 inch (in) x 12 in and 3 in 
x 6 in cylinders (Wetlab, 2012).A 6 in x 12 in cylinder requires 
approximately 4.5 liters of leachant to obtain 10 times the surface area 
of the cylinder, as detailed in ASTM C1308-08.  

Samples can be subjected to diffusion testing immediately after 
preparation; however, a 28 day curing period will provide sufficient time 
to achieve 90% of the anticipated strength as illustrated by a typical 
strength-gain curve for cement (Smith, 2005). 

Initial characterization of the material and leachant is essential to 
inform site-specific modifications to the method and to design an 
appropriate leachant analysis program, which may include routine 
chemistry, major ions, and dissolved metals. Additional parameters 
may be included based on project objectives, site data and regulatory 
requirements. Physical characterization may include grain size and 
material composition and distribution (i.e., tailings, waste rock, and 
pozzolans like Portland cement and fly ash). 

 
Figure 1.  Tailings backfill sample cylinder (courtesy of WETLAB, 
Sparks, NV). 

CONCLUSIONS 

Guidance related to performing geochemical characterization of 
cemented tailings backfill and associated evaluation of the potential 

impacts to water quality is limited. ASTM C1308-08 has potential to 
replace more traditionally used static leaching and kinetic testing 
methods, which may not adequately represent leachate quality 
associated with cemented tailings backfill. Similar to other laboratory 
test methods, ASTM C1308-08 provides imperfect simulations of 
storage conditions due to the inherent limitations of the laboratory 
scale and conditions. To increase the validity of results obtained using 
ASTM C1308-08, practitioners should take site-specific design 
parameters and conditions into consideration when setting up the 
testing program. The method is regularly used to demonstrate that the 
wastes are structurally stable, maintain physical dimensions under 
loading, and do not leach radionuclides that result in excessive 
exposure to the public as required by 10 CFR 61. Application of ASTM 
C1308-08 to test cemented tailings backfill is relatively new but the use 
of the method in Nevada to demonstrate that cemented tailings backfill 
will not negatively impact waters of the State suggests that the method 
has potential to be considered by companies and regulatory agencies 
in other states and countries. 

 
Figure 2.  Transferring cylinders (courtesy of WETLAB, Sparks, NV). 
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